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OB ABTOPE

Pon CruBenc HauMHAM CBOIO Kaphepy Kak MaTeMaTHK, OJHAKO BO BPeMsI yIeOn!
B MaccauyceTcKoM TeXHOJIOTHYeCKOM MHCTUTYTE OH BCePbe3 YBJIEKCS aJlOPUTMAMU,
Ipolles Bce CBsI3aHHbIE ¢ HUMU KYPCHI M 3aHSJICS HallMCAaHWEM JIOBOJIBHO CJIOKHBIX
nporpamMm. EMy I0BeJIOCh IPUMEHUTD CBOU 3HAHUST 00 2JITOPUTMAX BO MHOTUX c(epax:
KOMMYTAIust Tele(pOHOB, yU€T BHI30BOB U BPEMEHU PAa3roBopa aboHEHTa, OTIepaTUBHOE
yIpaBJIeHue PEMOHTHBIMU PabOTaMu, HATOTOOBIOKEHIE, BOTOOUNCTKA, KapTOTpadst
U Iaske TIOJITOTOBKA TTPO(eCCHOHATBHBIX (HhyTOOTUCTOB.

Kpowme toro, Pog Ctusenc — oauH U3 BeAyIIUX CIIeNraaincToB mo Microsoft Visual
Basic u iperogiaBaTestb BBOHOTO Kypca MPOTPaMMUPOBAHUS B TEXHOJIOTUYECKOM MH-
crutyte ITT, a Takke aBrop 6osiee 20 KHUT, TIEPEBEJECHHBIX Ha HECKOJBKO HHOCTPAH-
HBIX SI3BIKOB, U cBbitiie 250 KypHanbHbIX cTaTeir o C#, Visual Basic, Visual Basic for
Applications, Delphi u Java.

YV CruseHca ectb HeCKOJIbKO caiitos: VB Helper (vb-helper.com)’, kyza exxemecsuto
3aXO/ISAT HECKOJIBKO MUJIJTAOHOB TIOJIb30BATEN €l U T/Ie COAEeP;KaTCs TOCKA3KH, CeKpe-
TBI, a TaKKe TpUMepbl iporpaMM Ha Visual Basic, a taxske C# Helper (csharphelper.com)
€ QaHAJIOTUYHOTO Pojia MaTepuaiamMu /st iporpammuctoB Ha C#. CBs3aThCsI C HUM MOK-
HO 110 2JieKTpoHHOMY azipecy RodStephens@vb-helper.com nin RodStephens@csharphelper.com.

BJIATOOAPHOCTH

ABTop BbIpakaer cBoe npusHanue boOy dimory, Tomy duncy, Teitny xoHcoHY
u [Tatuasy CkpuGHepy 3a Te YCHJIKSL, KOTOPBIE OHU ITPUJIOKIIIN, 4TOOBI 9Ta KHHUTa BBIIILIA
B cBeT. BoJibItioe cracbo XoueTcst CKasaTh TEXHUUECKUM pegakTopam JIxopmky Kokypy,
JlpiiBy Konmeny u J[skeky Kunxuy Xao 3a TOUHOCTH UBJIOKEHHOU 3/1eCh MH(MOPMAITUH.
B mi06bIx ommbKax, KOTOPbIE MOTJIM OCTAThCSE B KHUTE, BUHOBAT I CaM, a He 9TH JIIO/IU.

1BCe YKa3aHHbI€ B KHUTE CaﬁTbI AHTJIOA3bIYHDIC. I/I3[[3T€JIBCTBO He HeCeT OTBETCTBEHHOCTH 3a UX
COMEPKMMOE U HAITOMMHAET, YTO CO BPEMEHM HAIMCAHU KHUTH CAliThl MOTJIN N3MEHUTHCS I BOBCE
ucuesnytb. — [pumeu. peo.



BBEAEHUE

AJropuT™Mbl — 5T0 HABOPBI KOMaH/1, cocobcTByOIINE dPPEKTUBHOMY TIPOTPAMMHU-
poBammio. OHn 06BSICHSIOT, KaK COPTUPOBATH 3AITICH, ICKATH SJIEMEHTDI, DPACCIUTHIBATH
YUCJIOBbIE 3HAYEHUsI (HAIprUMep, TTPOCTble MHOKHUTENH ), HAXOAUTh KPaTuyaliui myTh
MeXKAY ABYMS TOYKAMU Ha KapTe, OIpe/esIsiTh MaKCUMaAbHO BO3MOKHDBIN II0TOK UH-
dhopmaruu 1mo cetu u T. . XOPOIIU aJlfOPUTM CITOCOOEH PEIINTh 3a/auy B CUUTAHBIE
CEKYHJIBI, TIIOXOH TOTPeGYeT Ha 3TO Yachl UM JKe He PETITUT ee BOBCE.

V3yueHune aaropuT™MOB MOMOKET BaM OBJIAJIETh PA3JIUYHBIMU ITOJE3HBIMU METO/IA-
MU U HAYYHUTHCS BBIOMPATh T€ U3 HUX, YTO HAWIYYIIUM 00Pa3oM MOAXOAAT K BalleMy
cieHapuio. Besb [uist pernieHust Kakoii-nbo 3aiau MOKHO MCHOJIb30BaTh Pa3HyIo
METO/IMKY, HO TOJBKO OIpe/IeIeHHAs OKa)keTCsl ueanbHoil. Kpome toro, aeiictBust,
IIOKA3aBIINe OTIUYHbIE PE3YIIbTATHI ¢ OAHUM HAGOPOM JIAaHHBIX, C APYTUM MOTYT IIPOC-
TO He cpaboTaTh.

I/I, 4qTo enie 6oatee Ba’KHO, BbI TIO3HAKOMUTECH C HEKOTOPBIMN O6].T.[I/IMI/I criocobamu
penieHnda TeX NN MHBIX 3a/1a4. "nu JlayKe eCjin HpI/IBEIIeHHHﬁ AJITOPUTM HE CMOJKET OBITD
I1oJIe3€H B KOHKPETHOM CJry4dae, 9TO IMMO3BOJIUT IMO-APYTOMY B3TJIAHYTbH Ha CTOMAILYIO
rnepea BaMu HpO6JIeMy, a TaKiKe /1aCT BOSMOKHOCTD ITPOAHA/IN3NPOBATH cOOCTBEHHBIE
AJITOPUTMBI 1 HalTH HeO)KHlIaHHbeI c1nocob ux IIpUMEHEHUA.

V3y4eHnbie METOBI OyIyT HEJTUITHAMHE U B Balllel TIpoeCCnoHaIbHOMN e TeTbHO-
cti. MHOTHE KPYITHBIE KOMITAHUH, 3aHUMATOIIecs TH(POPMAIIMOHHBIME TEXHOJOTUSMH,
takue kak Microsoft, Google, Yahoo!, IBM u ap., X0TAT, 4TOOBI UX IIPOrPAMMIECTHI 10-
HMMAJIY aJITOPUTMbI ¥ CBSI3aHHbIE C HUMU CIIoco0bl penrenns 3a1ad. Ha cobeceoBanum
B I10J06GHBIX KOPHOPALMSAX BaM BIOJIHE MOTYT IIPEJI0KUTD II0X0KEE TECTOBOE 3a/IaHHe.
Jlaxke ec/iM y BaC HE OJIyYUTCS €r0 BHIIOJIHNATH, OTPOMHOE 3HaueHune OyAeT MMeTh TO, KakK
BbI IIOIIBITAETECD IIOJYYUTh PE3Y/IbTaT U KaK CTaHeTe PellaTh HE3HAKOMYIO pobJieMy.
He nck1i04eHo, 4To B IPOLIECCE PACCYKAEHUI BaM OTKPOETCsI, KaKUe aJlfOPUTMIYECKIE
IOAXOBI CJEAYET MCIIOIb30BATh II0 OTHOLIEHHUIO K 3agade. <51 ne 3nai... MoxeT GbITb,
IOMIILY YTO-TO IOXOkKee B VIHTepHeTe» — ILIOXOM OTBET. A BOT IIPIMEP XOPOLIETO OTBETA:
«B03MOKHO, 311€Ch MOT GBI TOMOYb PEKYPCUBHBII METOZ Pa300IIeHUST».

Jannast kuura — cBoeoOpasHast HHCTPYKIIMSI, M3JI0KeHHas IIPOCTBIM 3bIKOM. B Hell
paccMaTpUBaeTCd MHOKECTBO BAXKHEHTIINX KIACCUUECKUX aJITOPUTMOB; PACCKa3bIBACTCS,
B KAKKUX CJIy4asxX U KAKMe U3 HUX CTOUT MCIIOJb30BaTh; OOBSACHSIETCS, Ha KAKUX MPUH-
IIUTTIAX CTPOUTCS MX PaboTa; COODIIAETCST 0 METOAX, KOTOPBIE MOKHO TIPUMEHSITH JIJIsT
MTOMCKA CAMOCTOSITEJIbHBIX PEeTeHU.

Bot yacTb Toii mmos1e3u0ii nHpopMaiuu, KoTopast IPUBOAUTCS B 9TOM U3/IAHUN:

" YHCJEHHBIE AMTOPUTMBI (PAHIOMU3AINS, Pa3IoKeHne Ha MHOKUTENH, paboTa
C TIPOCTBIMU YU CJIAMH, YUCJIEHHOE NHTETPUPOBAHIE);
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METO/BI PabOThI ¢ OOIIUMU CTPYKTYPaMU JAHHBIX (MaCCUBAMU, CBS3HBIMUE CIIH-
CKaMH, JIePEBbSMH, CETSIMU);

ucnosb3oBanue 6osee COBEPIIEHHBIX CTPYKTYP AaHHBIX (HEYIOPSAI0YEHHBIX MaC-
CHUBOB, cHATTAHCHPOBAHHBIX JIEPEBBEB, B-1IepeBbeB);

COPTHUPOBKA U ITOUCK;

ceTeBble aJTOPUTMBI (KpaT4alnil 1yTh, CBA3YIOIIee JiepeBo, TOMOJI0THIecKast
COPTUPOBKA, PAaCYeThl IIOTOKA).

Huxe nepedyncaeHbl HEKOTOPbIE 13 O6H_II/IX METO/I0B peIIeHudA 3a/1a4, o0ObsicHEHNE
KOTOPBIX BbI HalijieTe Ha CTpaHHUIlaX KHUT'U:

HOUCK € TIOMOIIIBIO IIPSAMOro HoA060pa;
METO/T «Pa3/esIsTi U BIACTBY»;

nepebop ¢ BO3BpaTaMu;

pekypcus;

MEeTOJI BETBEU U TPAHUII;

JKaj[HbIe aJITOPUTMBI U TIONCK 9KCTPEMYMA;
AJITOPUTMBI COYETAHUS PECYPCOB;
CXKUMaHUe TPeIeTIOB;

9BPUCTHKA.

Jluist GoJiee JIETKOTO YCBOEHHSI MAaTEPHATIa B KOHIIE KAK/IOU TJIABBI PUBOISITCS YIIPAK-
HEHUs, TI03BOJISTIONME U3MEHUTD aJITOPUTM MJIN UCII0JIb30BATh €r0 B HOBBIX CUTYaIIUSIX.
OHu TakxKe MOMOTYT 3aKPENUTDb IIPOIEMOHCTPUPOBAHHBIEC METO/IBI.

Haxownerlr, B KHUTE cofiepsKaTcss HEKOTOPbIE COBETHI, KOTOPBIE OKAKYTCS MOJIE€3HbBI-
MM Ha CO6€C€I[OBaHI/II/I. MCTO,/II)I aJIFOpI/ITMI/ISaI_[I/II/I HOMOFyT peH_II/ITb MHOTI'ME€ TEeCTOBbLIE
3afanus. M naxke ecau BRI He CIIPABUTECH C KAKOW-TO KOHKPETHOU TOJOBOJIOMKOM, TO
CMOJKETE JI0KA3aTh, YTO 3HAKOMBI CO CIIOCOOAMM PEIIEeHKs IPYTUX 3a1a4.

BbiOOp anroputma

Kazplit aropuT™ BKIIOYEH B KHUTY 110 HECKOJIBKUM TIPUYITHAM.

On II0JIE3EH, ITIO9TOMY OIIBITHBIN IIPOTPaMMUCT AOJIZKEH IMTIOHUMATDb ITPUHITUIL €TO
pa6OTbI 1 YMETDb UCIIOJIb30BATh B IpOI'paMMax.

On JAEMOHCTPUPYET Ba’KHbIC TEXHOJIOTUN AJITOPUTMHNYIECKOTO ITPOTrpaMMUpPOBa-
HUA, KOTOPbIE MOJKHO ITPUMEHUTD K /IPYTHUM 3aJadaM.

OH mpemaraetcst 1711 usydeHns ctyeHTam U T-cnenmanbHocTett 1 MoKeT BCTpe-
TUTBHCSI Ha TEXHUUECKOM COBECe/I0BaHIH.

O3HAKOMUBIIKCH C TIPEJIAraeMbIM MATEPUAJIOM ¥ TTOPabOTaB HaJl yIIPaKHEHUSAMH,
BBI Oy/eTe pacmoiarath I0CTATOUHOM 6a30il 3HAHUI O ATTOPUTMAM U METO/IaM, KOTO-
pble UCIIOJIb3YIOTCS JIJIs1 PellleHrsI MHOTHX 3a/1a4 ITPOrpaMMUPOBAHUS.
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AOna koro npeagHasHa4yeHa KHUra

IT0 1I0COOME B OCHOBHOM PACCUUTAHO HA TPU KATETOPUM YHMTATENEN: mpodeccro-
HAJIBHBIX TIPOTPAMMHUCTOB, Te€X, KTO TOJBKO TOTOBUTCSI K COOECE0BAHUIO IIPU YCTPOK-
cTBe Ha paboTy, 1 CTY/IEHTOB.

[TepBoit kaTeropuu GYAYT MOJIE3HBI AJTOPUTMBI i METOJIBI PEIICHIS, CBSI3aHHbIE
HETIOCPEJICTBEHHO ¢ pabounmu 3a1adamu. J[axke ecyid BbI CTOJIKHETECH C TIPOOJIEMO,
KOTOpas 371eCh He OIMCaHa, OJIydeHHbIe 3HAaHUSI TI03BOJIAT B3IVISIHY Th Ha Hee TI0-HOBOMY.

BTOpaH KaTeropusa YUTaTeIel CMOKET OTTOUNTD HaBBIKKA AJITOPUTMU3AITNN. Ectb
BEPOATHOCTD, YTO Ha CO6€C€I[OBaHI/II/I IIpUBEACHHBIEC ITPUMEPDBI BaM HE IOIMaAyTCd, HO
paccMaTpuBaeMbie METOANKHN BIIOJTHE TIPUTOAATCA 1JIA PEIIEHU ITOXO0KUX BOIIPOCOB.

TpeTtnbeit kaTeropun cjemyer MOMHUTD, YTO TPUHITUTIBI, OTTICAHHBIE B KHUTE, SIBJIS-
10TCSI TPOCTBIMU ¥ 3(hheKTUBHBIMU. He ¢ Kask/bIM U3 HUX BaM MPUAETCS CTOJTKHYTHCS
B PEAILHOI JKU3HM, HO 6e3 TaKUX, KaK, HATIPUMED, PEKYPCHS, «Pa3/IeJisiii U BJIACTBY»,
METOJI BETBEI U IPaHULL, IPOrPAMMUCTY IIPOCTO He OGOUTIHCE.

—==_ 3AMEYAHMUE

| JIN4HO 9 cunTalo, YTO anropUTMbI — CNIJIOLIHOE YA0BONLCTBUE! OHN 3aMEHSAIOT MHE
KpoccBOpAbl 1 CyaoKy. A 060Xato TO YyBCTBO, KOFIA CMOXHbIV afiropyuTM COCTaB-
JIeH, B HEro BBEAEHbl AaHHble U BUAHO, Kak NosIBASIETCS KpUBas, MOCTPOEHHas Mo
MHOXECTBY HaNEHHbIX TOYEK, UK Kakaa-H1ByOb TpexmepHas ourypa.

Kak naeneyb Hando0NbLUYIO MNOJIb3Y U3 KHUTU

KOHG‘-IHO, Bbl MOJKETE IIPOCTO YHUTATb 3TO HOCO6I/IG, 3HAKOMICH C IIpe/ijlara€MbIMU
aJITOpUTMaMU U METO/IaMU, HO, 4TOOBI ZIeﬁCTBHTe]IbHO XOpOoHIO OBJIAaI€Th MaTEPUAJIOM,
BaM CTOUT MPUMEHUTD BCE HA MIPAKTUKE, TO €CTH IMMOMNBbITATHCA NCITOJIB30BATDh ITOJTYyYE€HHDBIC
3HAHUA B KAKOM-JIN00 A3BIKE IIporpaMMmnpOBaHMA. He nennrech IKCIIEpUMEHTUPOBATH —
HU3MEHATD aJITOPUTMbI, HaXOAWTb HOBbI€ BapWaHTDI JIJIS PEIIECHU CTaPbIX 3a/la4. He ocras-
ndiiTe 6e3 BHUMaHUA IIprBe/ICHHbIEC YITPAKHEHU S U BOTIPOCHI V1A CO6€C€ZIOB8.HI/II'71 — OHH
MOTYT HaTOJIKHYTb BaC Ha HeOOBIYHOE UCIIOIb30BAHNE YK€ 3HAKOMOTO ME€TO/la.

Kpome Toro, st HaCTOSITESIbHO PEKOMEH]TIYO TPOPAbOTaTh KAK MOKHO OOJIbIIIEE YnC-
JIO AJITOPUTMOB U JKeJIaTEeJbHO HA PA3HBIX SA3BIKAX IIPOTPAMMUPOBAHMS. ITO MO3BOJIUAT
YVBUJIETD, KaK pa3Hble 43bIKW BJIULIOT Ha PellleHre O/[HOM U TOM ke 3ajauu. TiaTebHbIM
06pa3oM u3ydaiite ypaxxHeHUsT U AHATU3UPYHTE TIPUHITUITB UX PENIEHYs], B UI€AJIE BbI
JIOJLKHBI YAEJIUTh BHUMaHE KGKIOMY U3 HUX. YacTo Ba)KHOCTD BKIIIOYEHHOTO B KHUTY
AJITOPUTMA CTAHOBUTCS TIOHATHON TOJILKO MTOCJIE TOTO, KK C €70 TOMOIIBIO BaM YaCTCs
PEIUTh KOHKPETHYTO 33/1a4y.

Eme oann mosnesnsiit coser. [lonmure B VHTEepHETE 3a/aun, IpearaeMble Ha
cobeceloBaHKAX, U MOAyMaliTe, Kak Gbl BBI ¢ HUMHU CIIPABMAMCH. BO3MOKHO, BaM He
IPE/JIOKAT YTO-TO 1MOA00HOE, HO UMETh XOTs Obl 00liee IpeAcTaBIeHue O pelleHun
He IIoMenIaeT. Bpems, saTpaueHHOe Ha IPAKTUKY, HE IIPONALET 3PS — TaK BBl YKPEIIU-
Te CBOM 3HAHMUA.

M3yauTh aJrOpUTMbI MOKHO TOJIBKO B JIEHCTBUH, IOTOMY He GOUTECH OTIOKUTH
KHWUTY, OTKPBITh KOMITUJISTOP 1 HATIKCATD KO/
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CaiiTbl C MaTepunasamMmm KHUMM

Koz paccmaTprBaeMbIX B 3TOM M3JAHUH aJITOPUTMOB BBl MOJKETE 3aTPY3UThH C JIBYX
caiitoB. Oun 3 Hux npuHaAIexxuT usnareabctsy DKCMO, BoiycTuBIlEMy T1epe-
BOJI KHWUTH, U HaXOoAUTCs o azpecy http://eksmo.ru/upload/Algorithms_examples.zip. /Ipyroit
npejcTaBsier co0oii BeO-cTpaHUIy caMoro aBTopa. Ee Bbl MOJKETe OTKPBITh 110 CChLIKE
CSharpHelper.com/algoritms.html.

CTpyKkTypa KHUrmn

I'maBa 1 «OcHoOBBI AJITOPUTMOB» COAEPIKUT OCHOBHbBIE CBE/ICHN I, H€O6XOI[I/IMI>I€ JJI
aHaJ/In3a aJITOPUTMOB. B neit PaCCKa3bIBACTCS O pa3HUIEC MEIKY aJITOPUTMaMU U CTPYK-
TypaMH JaHHBIX, 00 aCHMIITOTHYECKUX O6OSHa‘~IeHI/I§IX, a TaKyKe OIIMChIBAIOTCA CJIy4dau,
B KOTOPBIX IMPAKTUYECCKNE COO6pa>KeHI/I§I BaKHEE, YeM TECOPETUYECKNE PACUYCThI.

B rnaBe 2 «UuciaeHHble aIrOpUTMbI» Peub HeT 00 alrOpuTMax, KOTOPbIE PAHI0-
MU3HUPYIOT HOMEPA ¥ MACCUBBI, HAXO/AT HAUOOIIBINET OOIHIT IeTUTENh U HAUMEHbIIIee
o611ee KpaTHOE, OCYTIECTBISIOT GBICTPOE BO3BEECHUE B CTETIEHD, & TAKKE OMPEIEISIOT,
SIBJISIETCST JIV YHCJIO TIPOCTBIM. 3/1eCh BBI TaK:Ke MO3HAKOMHUTECH C BAKHBIMI METOaMN1
aJaITUBHON KBAJIPATyPhl U MOZIeJIMPOBanueM 1o Metoxy MonTe-Kapao.

B rnaBe 3 «Cricok ¢ ykazareasiMu» PacCMaTPUBAIOTCsI THOKHE CTPYKTYPBI IAHHBIX,
MeTolIie BU CBSI3HOTO crrcka. OHM XOPOIIN TeM, YTO MOTYT HMCIOJIb30BAThCS IS
XpaHeHN!s CIUCKOB, pa3Mep KOTOPBIX CO BpeMeHeM yBeIndnBaeTcs. V310keHHbIe 3/1ech
MOHATHUS MPUTOAATCS U JIJIS TIOCTPOCHUS JAPYTUX CTPYKTYP NAHHBIX, HATPUMED TaKUX,
KaK /IePeBbs U CETH.

I'naBa 4 «MaccuBbl» I10CBslIeHa aArOpUTMaM, KOTOpble IIpe/lHa3HaqyaloTcs 11
paboTHI ¢ Pa3HOTO POJA MACCHBAMU, B TOM YHCJIE TPEYTOJbHBIMEU U Pa3PEKEHHBIMI,
1 TIOMOTIOT 5KOHOMUTD BPEeMsI 1 ITaMsTh ITPOIPAMMBbI.

B rnaBe 5 «Crexu v ouepeaus» ujieT peub 06 alropuT™Max U CTPYKTYpax JAaHHbIX,
KOTOPBIE TTO3BOJISTIOT TTPOTPAMMe XPAaHUTh M OTBICKWBATD 3JIEMEHTBI, OPTaHN30BAHHbBIE
T10 TIPUHIIUAITY <IIEPBBIM BOIIIEJ — TIEPBBIM BBIIIE» U «ITOCJIEIHIM BOIIIEJ — IT€PBBIM BbI-
ey, Ita nngopMalust OKaKeTCs TTOJIE3HOM /I MOJIETMPOBAHIS HEKOTOPBIX PEATIbHbBIX
CIleHapUeB, HAIIPUMED OYepe/iv B KacCy Mara3uHa.

B rinaBe 6 «CopTHpoBKay y/ensgeTcss BHUMaHUE MHOTOUMCJICHHBIM METOJIAM COP-
TUPOBKU. Bbl y3Haere, Kakie airopuTMbl ¢ KAKUMU JaHHBIMU JIyUIIle CIIPABJISIOTCS 1 Ka-
KOBBI MX paboune uKJIbl. [IpIMedaTesIbHO TO, YTO B 3TOM IJIaBe MIPUBOJSITCS OTHU U3
HEMHOTUX KOJIOB, /IJIsl KOTOPBIX U3BECTHBI TOUHBIE TEOPETHUECKUE TIPE/IEJIBI TPOU3BO-
JIUTENBHOCTH.

T'naBa 7 <Ilouck» COMEPKUT CBEIEHUST 00 alTOPUTMAaX, KOTOPBIE MOTYT HUCIIOJIb-
30BaThCs IIPOIPAMMOi JIJIs1 TOMCKA 110 OTCOPTUPOBAHHBIM ciiuckaM. Ha ux npumepe
HArJISHO JIEMOHCTPUPYIOTCS TAKUE BaXKHBIE METO/IbI, KAaK OMHAPHOE pas/iesieHIe U NH-
TEPIOJIAINS.

B rnage 8 «Xem-taGauipi»> U3y4aioTcs CTPYKTYPBI JAHHBIX, UCTIOAB3YIONINE J10-
MOJIHUTEJBbHYIO TTAMATD JIJI1 YCKOPEHHOTO MOUCKA OTAEIbHBIX 371eMeHTOB. OHU HATJISTHO
JIEMOHCTPUPYIOT OY€HDb BasKHOE BO MHOTHX IIPOTPaMMax paciipe/iesieHre IMpocTpaHcTBa
U BPEMEHHU.
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T'naBa 9 «Pekypcus» 1MOCBsIIEHa aJITOPUTMAM, BBI3BIBAOIIUM camMux celst. B He-
KOTOPBIX CIyYasIx 9TO MOKET OBITH MOIE3HO, HO MHOT/[A CTAHOBUTCS TIPUUHHON TIPOOIEM.
3mech BBI y3HaeTe, Kak yOpaTh PEKYPCHIO U3 ATTOPUTMA, €CJTH 9TO BO3HUKIIA TaKast HE0O-
XOJIUMOCTb.

B rnaBe 10 «/lepeBbsi» paccMaTpUBAIOTCS IPEBOBUIHBIE CTPYKTYPBHI TAHHBIX C BBI-
COKOI peKypCUBHOCTbIO. OHU TOJIE3HBI /U1 XPaHEHUS U U3yYEHUS NePapXUYecKu op-
TaHM30BAHHOW WH(MOPMAINH, a elife paboThI ¢ Hell, HATIPUMEP B TAKUX HEOKMIAHHDBIX
CITyvasx, Kak BBIYUCIEHNE 3HAYCHUH apu(pPMeTUIECKIUX BEIPAKECHIH.

B riage 11 «CoanancupoBaHHbI€ J€PEBbsi> Bbl Y3HAETE O TOM, KaK M30e5KaTh Upes-
MEPHOTO Pa3BETBJIEHNUSI IAHHBIX. DTO OYEHb BAJKHO, TIOCKOJIbKY MACCHUBHbIE [PEBOBU/IHbIE
CTPYKTYPbI 3aMeLIsA10T 3 (PEeKTUBHOCTD pabOThI aJITOPUTMOB.

B riaBe 12 «JlepeBbs peleHuii» paccKasbiBA€TCs O METOAAX PAaOOTHI CO CIOKHBIMU
3aJa4aMy, KOTOPbIE IIPEACTABIISIOT COO0I CEPUIO MOCIeA0BaTENbHbIX penreruii. dacto
TaKHE€ aJropuTMbl JalOT JINIIb HpI/I6JIPI3HT€]IbeIﬁ OTBET, HE BCETrla ]Iy‘-IH_H/II‘/JI 13 BO3-
MOJKHBIX. TeM He MeHee OHI OYeHb FI/I6KI/I€ 1 IIPUTO/THBI JIA IMUPOKOTO IIPUMEHEHN .

B rnage 13 «OcHOBHBIE CETEBBIE AJITOPUTMbI> AHATU3UPYETCsI pad0Ta AITOPUTMOB,
006ecTednBaIOINX MOCEIEHNe BCEX Y3I0B CETH, OOHAPY KeHHe TIUKIOB, CO3AHNe CBsI-
3YIOIINX /IEPEBbEB, a TAKXKe HAXOKIEHME ITyTell Yepes3 ceTb.

I'naBa 14 «/Ipyrue cereBble aJropuTMbI»> 1POJIOJIKAET 3HAKOMCTBO C CETEBbIMU
AJITOPUTMAMHU Ha TIPUMEPE TOIIOJIOIMYECKON COPTUPOBKHU 00YCIOBIEHHBIX 3aj1ay, pac-
Kpacku rpadoB, KIOHUPOBAHUS ceTell U pacipe/esieHust paboThl COTPYTHUKOB.

B rnase 15 «Kpunrorpaduueckue airoputMpl»> UieT pedb 06 aITOPUTMAX, yIpaB-
agonux crpokaMu. OHN W3 HUX, HAIPUMep TIONCK TIOJICTPOK, B TOTOBOM BH/E YK€
BCTPOEHBI B HHCTPYMEHTBI OOJIBIINHCTBA SI3BIKOB MPOrPAMMUPOBAHUS, IPYTHE, TAKHE
Kak mogbop cKoGOK ¥ TOUCK B HUX OTJIHYHUEL, TPEOYIOT IOMOTHUTENBHOI PabOTHI.

B rnaBe 16 «Kpunrorpadus» pacckaspiBaeTcs 0 TOM, Kak midpoBaTh U genmd-
poBaTh MHGOpMaLUIo. Bbl TO3HAKOMHTECh C OCHOBAMU KPUNTOrpaduy, a TakKe ¢ He-
KOTOPBIME MHTEPECHBIMEU MeToaMu (udpoBaHUE OTKPBITHIM KJIIOUOM) U T paMu
(Buskenepa, 6mounbim). Takue anropurmbl mingdposanus, kak DES (Data Encryption
Standard — crangapr mudposanus qanHbix) 1 AES (Advanced Encryption Standard —
YCOBEPIIEHCTBOBAHHBIN CTAH/IAPT IMN(DPOBAHNS ), B JAHHON KHUTE HE PACCMATPUBAIOTCS,
MTOCKOJIBKY SIBJISTIOTCSI [IPEIMETOM CIEIUATH3UPOBAHHON JIUTEPATYPBL.

I'naBa 17 «Teopusi CI0KHOCTH»> TIOCBSIIIEHA IBYM Ba)KHEHIINM B KOMIIBIOTEPHOM
HayKe kjaccam 3az1a4: 1 (pemraioTcst B 00yCJIOBJIEHHOM MOJMHOMUATIBHOM BPEMEHM )
u HII (peratorcs B HeoOyCI0BJIEHHOM IOJUHOMUATBHOM BpeMeHH! ). 371eCh BbI Haiigere
7X ONHCaHNe, y3HaeTe O TOM KaK OTPeIe/TNTh, K KAKOMY U3 HUX OTHOCHTCSI KOHKpeTHasI
3aj1a4a, a Takxke u3yunte B3aumoszamenseMocts [1 u HIL.

B riase 18 «PacnpeaeseHHbie alrOpUTMbI> PACCMAaTPUBAETCS paboTa CO MHO-
JKeCTBEHHBIMU TIPOIECCOPAMU, KOTOPbIE CETO/IHS YCTAHABJIUBAIOTCS TIOYTH HA BCEX
COBpPEMEHHBIX KOMITbIOTepax. /laHHbIe AITOPUTMBI BAXKHBI T€M, YTO TTIOMOTAIOT TTOJIHO-
CTHIO UCIIOJIb30BATH MOTEHI[UAbHBIE BBIYUCIAUTENbHBIE MOITHOCTU KOMIIBIOTEPHOM
TEXHUKHU.

B riase 19 «Bonpocsl Ha co6eceoBaHUM» TIPUBOIATCS 0JIE3HbIE COBEThI U 13-
YYaIOTCsI METO/IbI, KOTOPBIE MOKHO MCIIOJIb30BaTh VISl PEIEHMs 3ajiay, Ipe/iaraeMbixX
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MPOrpaMMHUCTaM BO BPeMsi cOOeceIoBaHs TIPU yCTPOiicTBe Ha paboTy. 3/1eCh TaksKe CO-
MEPAKUTCS CITUCOK CAfTOB ¢ MOOOHBIMU TOJOBOJIOMKAMHU, Ha KOTOPBIX MOKHO TTOTTPaK-
TUKOBATbCS B TPUMEHEHUH TTOJTyY€HHbBIX 3HAHUT.

B npuioskennu A «OCHOBHbIE IOHATUS AJTOPUTMOB> COOPaHbI UJIEU 1 CTPATErUH,
KOTOPBIE UCITOJB3YIOTCS B aJITOPUTMAX, ONMMCAHHBIX B KHUTE. OTMpasch Ha HUX, BbI MO-
JKeTe HAMTH pellieHre CaMbIX Pa3HbIX 3a/1a4.

B npunosxennn b «OTBeThI K ypaskHEHHSIM» TPUBE/IEHBI KJIIOYH K PEIIEHUIO 3a-
JAHWH, COePKAIINXCS B KOHIIE KaXKI0H II1aBbl.

B rioccapuu farotes oripesiesieHnst BAKHBIX aJITOPUTMUYECKUX TTOHATHH. BeposiTHo,
BaM Oy/IeT MOJIE3HO TIPOCMOTPETH UX Tepejl CoHeceIOBAHIEM.

Y10 HY)XHO Ana paboTbl C KHUrom

I[JIH YTEeHUA BaM HE HOHaI[O6HTC§I CliennrajabHbIe YCTpOI';ICTBa. OlIHaKO €CJIN BbI ,z[eﬁ-
CTBUTEJIbHO XOTUTE YCBOUTH MaTe€puaJ, CTapafITer OTpa6aTbIBaTb €ro Ha TOM A3bIKE
IMporpaMMHupOBaHuA, KOTOPbIM BJIa/I€ETE. ITO TIOMOJKET BaM He TOJbKO p8306paTbCH
C aJITOPUTMaMU, HO 1 JIy4dlIlle ITIOHATH 0COOCHHOCTU A3bIKA.

TewM, KTo cobMpaeTcs BILIOTHYIO 3aHATHCA IIPOrPAMMUPOBAHUEM, IOTPEOYETCS KOM-
IBIOTEP, a TAKIKe JII00ast MOAX0AsIIas cpea paspaboTku. [IpuMepsl U3 9TOI KHUTH, KO-
TOpBIE BBLIOKEHbI Ha IIPUBEJEHHBIX BbilIe caiiTax, Hamicadbl Ha C# B cpenge Visual
Studio 2012. Eci BbI 3aX0TUTE BOCIIOIb30BAThCS MU, BaM IIOHAZOOUTCST YCTAaHOBUTD
C# 2012 na xoMIIbIOTEp, II03BOJIAIONI paboTats ¢ Visual Studio. 910 goKHA OBITH
JIOBOJIHO OBICTPast BLIYMCJIUTEIbHAS MALIMHA ¢ OOJIBIIUM 00bhEMOM KECTKOIO AUCKa
U OTIEPaTUBHON MaMsATH. JINYHO MHE BIIOJIHE XBaTaeT KOMIThIOTEPA, MMEIOTIETro TIPoIlec-
cop Intel Core 2 ¢ wacroroii 1,83 I'Tu, 2 I'Gaiita onepatusaoil mamsatu 1 500 ToaiiT Ha
sKecTKoM jucke. Ha camom jiesie aToT 00beM HECKOIBKO GOJIbIIIE TOTO, YTO HY/KEH, HO
JIMCKOBOE MPOCTPAHCTBO SIBJISIETCSI OTHOCKTEIBHO JIEIIEBBIM, TaK II0ueMy Obl He TIPHOG-
PECTH €To C 3a1macom?

Visual Studio MOKHO 3aIlyCTHTD U Ha MEHee MOIIHBIX CHCTEMAX, OJHAKO B HTOM CJIy-
gae paboTa KOMITPIOTEPA MOKET CYNMIECTBEHHO 3aMELJIUThCS, MOCKOJIbKY JaHHAS Cpeaa
TpeGyeT TOBONBHO OOIBITOrO 00beMa MaMsITH.

ITporpaMmbt Oy Iy T 3arpysKaThest 1 3amyckarhbest mpu nopaepskke C# Express Edition
(nozpobHee 06 91O cpejie MOAKHO [IPOUYECTb 3eCh: Microsoft.com/visualstudio/eng/downloads#d-
express-windows-desktop), Tak uTo HeT HEOGXOIMMOCTH B yCTaHOBKe GoJiee 0POroil Bep-
cuu C#.

YcnoBHble 0003HaYeHus

Yto6bl BaM OBLJIO Jierde yCBOUTh MaTepuall, B KHUTE UCIOJIb30BAHBI HEKOTOPbIE
YCJIOBHBIE 0GO3HAYECHUSL.

JononHutensHasa nHpopmMauus, a Takxke 6onee nogpobHble CBeAEHUs Mo pac-

V BCEBO3MOXHbIE BPE3KU
cMartpvBaemMon Teme.
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BeeneHne

I BHUMAHUE

BaxHaa nHbopmaLms, HanpsaMytlo OTHOCALLLAACA K PaCrnoJIOXXEHHOMY PAOOM Tek-
CTy, Ha KOTOpYlo crieayeT o6paTnTb BHUMaHMeE.

3AMEYAHUE

PasHoro poga 3amevaHunsi, COBETbI, NOLACKA3KM, TOHKOCTU U OTCTYIMJIEHUSA OT TEMBbI.

Heckonbko cj10B 0 cTUIAX.

= BakHble cjioBa U TEPMUHLI IIPpU IIEPBOM yHOTpe6JIeHI/H/I Bbl/I€JIEHBI KYPCHUBOM.
Muorme nx HUX BBl CMOKeTe HAlTH B TJIOCCApUH B KOHIIE€ KHUTH.

= Hcnoab3yembie B paboTe KOMOUHAITMN KIABUIIT 0603HAUAIOTCS CJAEYIONUM 06-
pasom: CtrH+A. Ita 3ammuch roBOPUT O TOM, YTO HYKHO yaepskuBats Cirl u siumib 3a-
TeM HaskaTh KJIaBUIIY A.

AJlpeca MHTEPHET-PECYPCOB U DJIEKTPOHHON MTOYTHI BBIAEISIOTCS CIEAYIONIM 00-
pazom: CSharpHelper.com, RodStephens@CSharpHelper.com.

It mabopa Kofia NCTOIb3YeTCsT OIUH 13 ABYX CIOCOOOB:
MOHOWMPWHHEY WPpudbT 06e3 BHOeNeHUs OJis OONBIMHCTBA IIPUMEPOB KOHAa;

MOHOI.I.MPMHHLHZ nonympnan I.IJ.PMQT AJIsI BHOEJIEHMSI KOOa, BAXHOI'O B OAaHHOM
KOHTEeKCTe.

OOpaTHaga cBS3b

Ecin y Bac BOSHHKHYT BOIIPOCHI JIOO BbI 3aXOTUTE YTO-TO IIPOKOMMEHTHPOBATH UJIH
IPE/JIOKUTh, IUIIKNTE Ha 9J1eKTPOHHbIIT axpec RodStephens@CSharpHelper.com. 1 He obemiaio
PEILIUTD BCE AITOPUTMUYECKHE 3aa4H, HO 00sI3aTe/IbHO YKaKY IIPABUIbHOE HATIPABJICHHE,



Maea 1
OCHOBbI AJITOPUTMUN3ALIUA

[Ipesk/ie uemM TPUCTYTIUTH K U3YUEHUIO AJTTOPUTMOB, PACCMOTPUM HECKOJIBKO BaXKHBIX
MOMEHTOB. J{J1s Haua/ia Bbl J{OJIAKHbI 3HATD, YTO aI20PUmMm — 3T0 HaOOP KOMaH,1, He0OX0-
JIUMDBIX JIJIsl pENIeHusT ToM niu nnoi 3agaun. OH orpejesisieT maru, CorJiaCHO KOTOPbIM
oHa OyIeT BBITIOJIHATHCSL.

Takoe olpeiesieH1e KaxeTcs JOBOJIBHO IIPOCTBIM, OJJHAKO HUKTO He CTaHeT II1caTh
AJITOPUTMBI JIJIST BBITTOJTHEHUS TPUMUTHUBHBIX 33/1a4 WJIM CO3/1aBaTh WHCTPYKIINH, YTO-
ObI TTOJIYYHUTH JOCTYII K YETBEPTOMY 9JIEMEHTY MaccuBa (MOAPa3yMeBaeTCsT, UTO BbI YIKeE
BJIaJIe€Te MUHUMAJIbHBIMU HABBIKAMU [TPOTPAMMUPOBAHUS 1 3HACTE, KAK 3TO JIEJIACTCS).
Kak ripaBusio, alropuTMbl ALY TCSA TOJIBKO JJI1 CJIOKHBIX 33/1a4, HAITPUMED B TOM CJIY-
yae, KOT/Ia Hy’KHO HaiiTM KpaTyallInil MyTh Yyepe3 CeTb U3 COTEH YJWI] NN OTBICKATh
HAWTY YN BAPUAHT WHBECTHUIUIT /TSI OTUMUBATINN TTPUOBLITH.

B aroii riiaBe 06bACHAIOTCS HEKOTOPbIE OCHOBHBIE MTOJIOKEHUS AJITOPUTMU3AIUH,
0 KOTOPBIX BaM CJIEZIyeT UMETh MOJIHOE MPe/ICTaBIeHre, 0COOEHHO eClIU €CTh JKeJaHue
U3BJIEYb MAKCUMAJIBHYIO T10JIb3Y OT YTeHUs KHUTH. BO3MOXKHO, BbI 3aXOTUTE IIPOITYCTUTD
IIpUBE/IEHHYIO 3/1ech UH(MOPMAIUIO U CPa3y HPUCTYIIUTb K U3YUYEHUIO CIIeIIMaIbHbIX
asropuT™MoB. OIHAKO JTydliie XOTst Obl TOBEPXHOCTHO 03HAKOMHTHCS C U3JI0KEHHBIM Ma-
tepuasioM. [Topo6HO u3yunTe MOAPasIesa « ACUMIITOTHIECKAS CIOKHOCTD AJITOPUTMAas
B pazzesie «AJTOPUTM U CTPYKTYPa JAAHHBIX» TEKYIIE IJIaBbl, TOCKOJbKY MTOHNMAHNE
BPEMEHU CYIIECTBEHHO JI7isT BBIOOpa HY;KHOTO asiroputMa. O4eHb BasKHO, CITPABUTCST OH
C 3a/IAaHUEM 32 CEKYH/IbI, YaChl UJIM HE CIIPABUTCS BOOOIIIE.

MeTop

YT06bI MOHATH PAGOTY AJITOPUTMA, HEAOCTATOYHO MMPOCTO PACCMOTPETH €0 THATH.
Hy’KHO BBISICHUTD ellle HECKOJIbKO Ba)KHbIX MOMEHTOR.

= JloBeaenue anropurma. Haxonut i on Hammydiee 13 BO3MOKHBIX HJIH TTPOCTO
xoporiree perreHre? Mosket Jii ObITh HECKOJIBKO HAUJIYUIINX pernernii? EcTb
CMBICJI OTZIATH MIPENIOYTEHNE OHOMY U3 HUX?

= CkopocTb aaropurma. BeicTpbiii OH nim Het? 3ameziser Jiu paboTy TOIbKO ¢ He-
KOTODBIMH BXOJTHBIMU JTAHHBIMU ?

= Tpe6GoBauus K mamsTu ajaropurmMa. CKOJIbKO KOMIIbIOTEPHBIX PECYPCOB eMy HeoO-
xoaumo? SIBjgercs u Takoil 00beM prueMeMbiM? Hy KHbI 1T aJITOPUTMY MILI-
JIMOHBI TepabaiiTOB MaMATH, KOTOPHIMU KOMIIBIOTEP He paciioyiaraer (1o Kpaii-
Hell Mepe, celiuac)?

= OCHOBHbBIE METO/IbI, UCTIOJIb3yeMbI€ B aJIropuT™Me. MOKHO JiH 33/IeHICTBOBATDH NX
MOBTOPHO JIJIsI pellieHnst HOJAO0OHBIX 3a1ay?
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OcHoBbl an ropnTtMmnsaumnmn

B nanHOM M3/aHWY 3aTPArMBaIOTCs BCe BBINIETIEPEUnCIeHHbIE TeMbl. BMecTe ¢ TeM
g He CTaBJIIO 1eJIbIO IeTATHHO PACCMOTPETDh KaXK/bIH aJITOPUTM — UCIIOJIb3YETCS IIPen-
MYTIECTBEHHO WHTYUTUBHBIH MOAXO/, €3 M3IUIITHE AeTATFHOTO aHAIN3a €ro paboTHI.
[Moapo6Hoe N3yUeHne OTHUMAET MHOTO BPEMEHH, K TOMY JKe He TPeGyeTcst GONBITHHCTRY
IPOTPaMMUCTOB. TeM He MeHee KHUTA OPHEHTHPOBAHA B TIEPBYIO OUepeh Ha mpodec-
CUOHAJIOB, KOTOPBIM HY>KHBI JIeiiCTBEHHBIE 1 3(D(EKTUBHBIE PEIICHUS.

Bce mpuBesieHHbIE AITOPUTMBI KITACCH(DUITPOBAHDI OTTpeiesIeHHbIM 06pazoM. O6be/u-
HSTOIIUM TTPU3HAKOM MOXKET BBICTYTIATh, HAITPUMep, 33/1a4a, KOTOPYIO OHU BBITTOTHSIOT
(copTHpoOBKa, TIONCK), UCTIOTb3yeMble CTPYKTYPBI JaHHBIX (CBSI3HBIE CITUCKHA, MACCHUBHI,
XeT-TabJIHIIBL, IEPEBbsT ) UJI METObI (PEKYPCHSL, IEPEBBSI PEIIEHH, PAaCIPE/IEsIEMbIE aJi-
roputmbl). THOT/Ia 00 beIMHEHIE aJITOPUTMOB B TPYIIIBI MOKET IIOKA3aThCsA CTPAHHBIM, HO
0 Mepe HaKOTLIEHUsI TH(MOPMAIIUK BBl yOEIUTECH, YTO TAKOH BHIOOD CIETIAH HE CITyJaiiHo.

MHoOr#e aJITOPUTMBI BKJIFOYAIOT HECKOJIBKO 00X MOMEHTOB, KOTOPbIE YIIOMUHA-
10TCSI B pasHbIX TJiaBax. Harmpumep, apeBoBujitbie aaroputmbl (riaBbl 10—12) 06b1aHO
MMEIOT BBICOKYIO cTeleHb pekypcuBHocTH (ry1aBa 9). CBg3uble criucku (ryiaBa 3) MOTYT
UCIIOJIb30BaThCs AJIst POPMUPOBAHUA MaccuBOB (Ty1aBa 4), xenr-rabaui (raasa 8), cre-
KOB (Ty1aBa 5) u ouepezieil (ryaBa 5). CChUIKY U yKa3aTe Il TPUMEHSIIOTCSI IJIsT TOCTPO-
€HUS CBSA3HBIX CITUCKOB (T71aBa 3), nepeBbeB (riaBbl 10—12) u cereit (rmaswt 13 u 14).
ITpu ureHnn KHUTE oOpalaiiTe BEUMAHUE Ha TIOJ0OHYO CBsi3b. B ipuiioskennu A 0600-
I[EHBI KCIIOJIb3YEMbIE B IIPOrPAMMaX CTPATEruu. ITO CAEJAHO JJIST TOTO, YTOObI CJIe/0-
BaTh UM OBLIO JIEeTYe.

ANropuTtm n CTPyKTypa AaHHbIX

Kax ckazamo BblIlITe, aITOPUTM TTPEICTABISIET COOO HAOODP KOMAH/T /7TsT BBITIOTHEHNST
Kakoit-mn6o 3amayn. IIpu 9TOM Bee faribie, HeOOXOINMBIE IS €€ PETTEHNST, OPTAaHU3YIOT-
¢s1 0cOOBIM 06PA30M B TaK HA3bIBAEMYIO CIPYKMYPY. ITO MOKET OBITH MACCUB, CBSI3HbII
CIIUCOK, JIEPEBO, Tpad, CeTh UK YTO-TO HOJIEE 3aMBICJIOBATOE.

AJITOPUTMBI HE MOTYT CYIIECTBOBATh 03 CTPYKTYP AaHHbIX. Hampumep, ajaroputm
PENaKTOPCKOTO PACCTOSTHUS, KOTOPBIN OMUCHIBAETCS B TyiaBe 15 U yCTaHABJIUBAET CXO-
JKECTh JIBYX CTPOK, TECHO CBsI3aH C CeThio U Ge3 Hee He paboraer. TouHO Tak ke HET
CMBbICJIA CTPOUTH CTPYKTYPY JJAHHBIX, €CJIM Bbl He IIAHUPYETe NCII0JIb30BaTh €€ BMeCTe
C AJITOPUTMOM.

MceBpokopn

JlJ1s1 ontucanust aJIrOPUTMOB B KHUTE HCTIOJIb3YIOTCS UHTYUTUBHO TIOHSTHBIE AHTJIN -
CKHe TEPMUHBL. ITO CAEIAHO [JIsI TOr0, 4T00bI pacCMaTPUBAEMBbIE IIPUMEPBI MOKHO OBLIO
[PUMEHATD B OOJIBIINHCTBE SI3BIKOB IIporpaMMupoBaius. OIHAKO 4acTO UCIIOAb30BaHUE
QJITOPUTMA CBSI3aHO C HEKOTOPBIMHU HIOAHCAMU, KOTOPbIE TPUBOJISITCS B TICEB/IOKO/IE.
IIce60ok00 — 9TO TEKCT, TIOXOKUI Ha S3BIK IPOTPAMMUPOBAHUS, HO He SIBJISIFOIIIAIACS
TakoBbIM, OH OIMCHIBAET CTPYKTYPBI U JIETAIU, KOTOPbIE BaM TTIOHAIX00STCS IS TIPU-
MEeHEHU aJITOPUTMA B TIOJTHOTIEHHOM KOJIe BHE 3aBUCUMOCTH OT UCIIOJIb3YEMOTO SI3bIKa
[IPOTrPAMMUPOBAHMSI.

B caenytoriiem (pparmMeHTe mokazaH IpUMep MCEBA0KO/A JITst BRIUMCICHIS Hanb0JIb-
mrero o6miero geaurens (HO/D) aAByX LesbIX YrceL.
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maBa 1

// HaxomuMm HambonbmmMiy OOmMUN HenuTenb OJsS a U b.
// GCD(a, b) = GCD(b, a Mod b).
Integer: Gcd(Integer: a, Integer: Db)
While (b != 0)
// BHUYMCIIIEM OCTaTOK.
Integer: remainder = a Mod b

// Haxomum HaubOonbmMi OOmMUM OeluTens OJIsS b M ocTaTka.

a=>,
b = remainder
End While
// Hambonpumi obmmit menurens njas a m 0 — 2T0 a.
Return a
End Gcd
ONEPATOP MOD

V Onepatop mod UCMoNb3yeTcs A1 HAXOXAEHUsE ocTaTka OT AeSIeHUs MO MOAYJO.
Hanpumep, 13 mod 4 = 1, nockonbky ecnu 13 pasgenutb Ha 4, NOAy4nTCS LLenoe
yncno 3 n 1 B octatke. Camo ypaBHeHMe 06bIMHO YMTaeTcs kak «13 mopg, 4» unu

«13 no moaynio 4».

[IceBnokos HAUMHAETCS ¢ KOMMEHTAPUS, KOTOPBIN IIPeABapIETCs CUMBOJIOM //.

B nepBoii cTpoke Kojia MpoucxoanuT oObsIBIeHNEe aaroputMa. B Harrem ciydae
3TO aJTOPUTM Gcd, KOTOPBIM BO3BpalllaeT pe3yabTaT B BU/E 11eJI0T0 Yncya U TPUHN-
Maer /[Ba IlapaMeTpa ¢ UMEHaMM a M b, Kax/blil 13 KOTOPBIX TaK)Ke SIBJISETCS lie-
JIBIM YHCJIOM.

- _ 3AMEYAHUE

' YacTu koaa, KOTopbIe BbINOHAOT 3a4a4y U Mo TpeboBaHMIO BO3BPALLAIOT Pe3ynbTar,
W ,6L1uHO HA3bIBAIOTCS MOANPOrPaMMaMU, METOAAMM, MPOLEAYPaMU, CyGrnpoLeay-
pamu U GYHKUMUAMMU.

[lanee cienyet cam metos. Ero HaunHaet ctpoka While, oTkpbiBatornias nukir. Ko,
MY [TOCJIe 9TOTO omepaTopa, OyIeT UCIOMHITHCS 0 TeX TI0p, MOKa JAeiicTByeT 3a-
JAHHOE YCJIOBUE.

[Hwukn 3akagumBaeTcsd onepatopoM End While. Mcnosbp3oBaTh MOCAETHUN HE
006s13aTeIhHO — Ha KOHEI[ [TUKJIA YK€ YKA3bIBAET OTCTYII, HO BCE JKe JIydliie 0603HAUUTh
OJI0K KOMAH/I.

O 3aBepleHNN METO/IA CBUIETEJIbCTBYET OlepaTop Return. Pg4ioM ¢ HUM yka3zaHa
BEJIMYMHA, KOTOPYIO /IOJ;KEH BEPHYTh IPUBEACHHBIN aJTOPUTM. EC/n 11eJ1b10 aaropuT-
Ma ABJIACTCA He [TOJIyYeHNe KOHKPETHOTO 3HAYeHNU, a, HAIIPUMED, CUCTEMATU3aIuA Be-
JINYWH WJIU TIOCTPOEHNE CTPYKTYPBI JAaHHBIX, TO ITOCJIE ollepaTopa Return Bo3Bpaniae-
Mas BeJIMYMHA He CTaBUTCSL.

PaccMOTpeHHBI KOJ HUYEM He OTJAMYaeTcs OT 0OBIYHOTO HPOrPaMMHOTIO.
B nocieayomux npuMepax Bbl MOXKeETe BCTPETHTD ONKMCAHUE UHCTPYKIUU J16O
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OcHoBbl an ropnTtMmnsaumnmn

BEJIMYMHDI, IPUBEJEHHOE HA PYCCKOM SI3BIKE B YTJIOBBIX CKOOKax (< >). DTo 3Ha-
YUT, YTO MPOrPAMMHBIN KOJ HA OCHOBE UHCTPYKIMN BaM HYKHO [OMUCATH CAMO-
CTOSATEJBHO.

[Tocse 06bsABICHUS rapameTrpa ujiu repeMeHHo#H (B ajiropuTMe Ged 3TO lapaMeTphl
a ¥ b, a TakKe lepeMeHHasd remainder) 3ajiaeTcs UX THII ¢ 006513aTETBHBIM UCIIOJIB30-
BaHueM aBoetouns. Hampumep, Integer: remainder. /I MPOCTHIX IMTUKINUYECKUAX
[EePEMEHHDIX C L[eJIBIMK YACIAMU OA00HON TIPOIEeTy POt MOSKHO nperedpedb, J0CTaTOUHO
Hanucathb For 1 = 1 To 10.

EIHG(HHH)OTHHHPKEHCeBﬂOKOHa(YFHPyFHXfKHﬂKOB]TpOFpaMAHdeBaHHHTA’BOSMOﬂO
HOCTb UCIIOJIb30BaTh IUKJI F'Or BMECTE C OIIEpaTOPOM St ep, YKa3blBalOIIUM Ha BEJIN-
4YunHy, 110 KOTOpOI';I N3MEHAETCA MUKJINYECKad IIepeMeHHasd. B KOHIIE ITMKJIa HE 33.6y11bTe
HamucaTh Next i (rne i— InepeMeHHasA HI/IKJIa), YTOOBI HAIIOMHUTD O €I0 OKOHYaHU.

OG6pature BHUMaHKE HA CJELYIONIUN IICEBLOKO/L:

For 1 = 100 To 0 Step -5
// BBYMCIISIEM...
Next i

On paBHO3HaYeH HUKeNpuBeaeHHoMy Kory C#:

for (int i = 100; 1 >= 0; 1 -= 5)
{
// BHYUCIISIEM...

}

B niceBmokomax 3 aToit KHUTH BBl BeTpetute I £-Then-Else, Case W HEKOTOpbIE
npyrue Boipaskenus. OHU ABAAIOTCS 6a30BBIMU 75T BCEX SI3BIKOB ITPOTPAMMUPOBAHIIST
1 IOJKHBI OBITH BaM 3HAKOMBI. OCTalbHOE, YTO MOKET TOHATOOUTHCS /TSI KOJIA, 3aTTH-
CBIBAETCS B KOMMEHTAPUAX.

CTpyKTypa JaHHBIX, KOTOpPas MOKET OBbITh BaM HE3HAKOMa (B HEKOTOPBIX SI3bIKAX
[IPOrpaMMUPOBAHUS ee HeT), — 9T0 List. Ona mogobHa caMopacIInpsIOmeMyCs Mac-
cuBy. C nomoipio Meroga Add K KOHIY UMEIOIIErocs CIIMCKa JaHHbIX MOKHO 00aBUTh
ele ofuH aneMeHT. Hampumep, ciaenyionuii mceBnokos co3gaeT List Of Integer,
B KOTOPOM cojiepskarcst uucsa ot 1 go 10.

List Of Integer: numbers

For 1 = 1 To 10
numbers.Add (1)

Next i

ITocJie TOTO Kak Crucok 0ObsBIIEH, IICEBAOKO MOKET paboTaTh ¢ HUM, KaK ¢ OObIY-
HBIM MaCCHBOM, U OOPAIAThCs K JII0O0MY ero aiemMeHTy. O[HAKO B OTJIHYHE OT MACCHBOB,
CIIMCKM II03BOJISIOT YAAIATh KaKoii Obl TO HU OBLIO 3JIEMEHT U J00ABJIATH €r0 B KAKYIO
YTOJHO TIO3UIUIO.

MHorue ajiropuTMbl B KHUTE HAITMCAHBI B BUJIE METO/I0B 1 (DYHKIIN, BO3BPAIIAIOIITITX
pesysbrar. B aTOM ciiydae B 06bsiBICHUN (DYHKIIMU HY/KHO YKA3aTh TUIT MOJTyYaeMbIX
naHHbIX. Ecoin byHKIMS BbIOMHSAETCS Ge3 BO3BPAIICHUST Pe3yJIbTara, THIT JaHHBIX He
3a/aeTcsl.
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maBa 1

B crenyroinem 1ceBiokozie coiepsKaTcs 1Ba METO/IA.

// Bo3BpamaeT yOBOEHHOEe 3HaYeHMe BBENEeHHOTO Yucia.
Integer: Doublelt (Integer: value)
Return 2 * value
End DoubleIt
// Crenyomasi OyHKIIMS BHIIOIHSETCsS 6e3 BO3BpalleHUs pe3yibTaTa.
DoSomething (Integer: values|[])
// Kom.

End DoSomething

[TepBas dbynkmsa Doublelt mojyyaeT U BO3BpAIIAET 11€10€ YUCIIO, Y/IBAUBas €ro
3HaueHwue B npoiecce paboTel. Bropas dymkims DoSomething UCHonb3yeT B KauecTse
napaMmeTpa MacCHUB LIeJIbIX YMceJi, Ha3blBaeMblX BeanunHamu. OHa TaksKe BBIITOJIHSIET
3a/1aHue (HalpuMep, epeMeninBaeT Ui COPTUPYET BEJIMUUHDI ), HO Pe3yJIbTaT He BO3-
Bparmaer. O6paTrte BHUMaHKE U Ha TO, YTO B KHUTE WHAEKCAIHS 2JIEMEHTOB BHYTPH
MaccuBa HaunHaeTcs ¢ 0, TO ecTb ec/iM MacCUB COCTOUT U3 TPEX 9JIeMEHTOB, UH/IEKChL
y #ux 6ymyT 0,1 1 2.

[TpuBeneHHbDIE TICEBIOKO/IBI IOJKHBI OBITh MHTYUTHBHO TIOHSITHBL. B ciyuae Kakmx-
6o 3aTpyIHEHU T BB BCerjia MoskeTe 3aiiTu Ha (hopym www.wiley.com/go/essentialalgorithms
U 3a/[aTh WHTEPECYIONHIT BaC BOTPOC JUGO HANUCATh MHE HA SJIEKTPOHHBIN ajpec
RodStephens@CSharpHelper.com — s mocTapaioch 1aTh MOACKA3KY.

[Toxxamyii, eIMHCTBEHHBIN CyIIeCTBEHHBINT HEIOCTATOK MCEBIOKO/a — OTCYTCTBHE
KOMIIMJISITOPA, CIIOCOOHOrO 00HAPYKUTH OIMOKU. BOIBIIMHCTBO aJIrOPUTMOB, PeaJiu-
3oBanHbIx Ha C#, a TaKKe IPUBEJICHHbBIE B KHUTE YITPAKHEHIS MOKHO CKayaTh Ha yKa-
3aHHBIX BO BBEJIEHUU CaliTax. ITO MO3BOJIUT BAM [IPOBEPUTH COOCTBEHHYIO BEPCHUIO KOJIA
WJIN NOJIYYUTD HYKHYIO TTO/ICKa3KY.

CeoiicTBa anroputma

Xoporuii aIropuT™ J0JKEH OBITh IPaBUJIBHBIM, HaZleKHBIM 1 a9(hekTuBHbIM. Eciiu
OH He CIIpaBJIseTcs ¢ 1I0oCTaBIeHHOH 3aauel, oT Hero MaJio 11os1b3bl. HeT cMblcia B nem
U TOT/Ia, KOT/Ia OH aeT HEIPABUJIBHOE PEIICHNE.

SAMEYAHME

HekoTopkle anroputmbl cpabaTbiBaloT HYXXHbBIM 06pPa30oM He BCeraa, a Nnilb Bpe-
MSA OT BDEMEHMU, HO AaXe 3TO AeflaeT ux rnonesHbiMu. bnarogapsa vm Bbl MOXeTe
NONYYnUTb HYXHYIO MHDOPMaUUIO C ONpeneneHHon fonen BeposTHOCTU. YToObl
y6eanTbCsl, YTO OTBET NPaBUIbHbIN, BaM NMPUAETCS BbINOHUTL KO, HECKObKO
pas. [MpuMepoM Takoro anroputMa BnsieTcs TECT NPOCToThl Pepma, onucaHHbIN
B rnase 2.

Ecau anroputm He sSBJsETCS HA/IEKHBIM, UCITOJB30BATh €TO B IIPOTPaMMe CTaHO-
BuTCst HebesonacHo. [To-HacTosIeMy XOPOIINI KOJL 10JIZKEH OBITh TPOCTHIM, HHTYUTHB-
HO MOHSATHBIM U U3SITHBIM. TOJBKO B 9TOM CJIyyae BbI OJIYYUTE IPABUJIBHBIN PE3YJIb-
TaT MU CMOYKETe BHECTH HeOOXOAMMbIe UBMEHEHUsI B CTPYKTYPY IIporpaMMbl. Eciu
AJITOPUTM CJIOKHBIN ¥ 3aIlyTaHHBIA, Y BAC BOSHUKHYT IIPOOJIEMBI He TOJIBKO C €0 pe-
aJI3aleil, HO U ¢ yCTpaHEHHEM BO3MOKHbBIX OmmOOoK. [1o1 cOMHeHrEe MOKHO OyeT
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OcHoBbl an ropnTtMmnsaumnmn

IOCTaBUTb U CaM pPe3yJibTaT: BEAb €CJIN aJTOPUTM HEIIOHATEH, KaK Y3HAaTh, IIPpaBUJIb-
HO OH paboTaer Wi HeT?

BoaburHeTBO pa3paboTIMKOB MHOTO BPEMEHH YAETSIOT 3 (heKTUBHOCTH ajiro-
putmoB. U He 3p4. [IpaBusibHbIN pe3yabTaT, JIETKOCTh peau3alii 1 BO3MOKHOCTD
HCTIPABUTH OMMMOKN — BCE 9TO CBEETCS K HYJIO, €CJIN AITOPUTM OKOHYUT CBOTO Pa-
60Ty TOJILKO Yepes ceMb JieT Uin noTpedyer 0o6beM naMsaTh HOJIbIIe TOTO, YTO €CTh
B KOMIIbIOTEPE.

3AMEYAHUE

Bbillecka3aHHOE He 03HA4YaeT, YTO CJIOXKHbIE U 3anyTaHHbIE alIFOPUTMbI HE HY>XKHO
n3yyatb. [laxke ecniv y Bac BO3HUKAIOT TPYAHOCTU C UX peannaaumeit, nonsitka pa-
306paTbCs B NpeaaraeMoM Koae yXXe MHOroro ctont. CnycTs HEKOTOPOe BPeMS
Bbl YJIYHLUIMTE HaBbIKM BRaAeHus anroputMamMm, n pabotatb CTaHeT ropasao fier-
ye. TeM He MeHee Bcerga TLaTeNbHO NPOBEPSTE anropuTMbl, YTOObI yoeanTbes
B TOM, 4TO OHU AAI0T NPaBWUJIbHbIE PE3YNLTaThI.

Yro6bl TpoBepUTh AHPEKTUBHOCTD AJITOPUTMA, TPOIPAMMUCTBI 33/IAI0TCST BOIIPOCOM:
KaK U3MEHUTCS [IPOU3BOJUTEIBHOCTD KOJIA, €CJIM CKOPPEKTUPOBATb PA3MEPHOCTD 3a/1a-
yu? Ecim yABOUTD KOJIMYECTBO IIePEMEHHBIX B aJITOPUTME, He YABOUTCS JIM BPeMs ero
paboThI? A eciii BO3BECTH HaYaIbHOE KOJMUYECTBO TIEPEMEHHBIX B UETBEPTYIO CTETIEHD,
He CTaHeT JIM MOJIyYeHHbIN aJITOPUTM BBIIOJIHATHCI HECKOJIBKO JIeT?

B TakoMm ke KiTfoUe CIefyeT pacCysKAaTh O Pacxojie ONepaTHBHON MaMATH U APYTUX
pecypcax, HeoOXOMUMBIX /i7ist PaboTh aroput™a. CTOUT 03a60THTHCST U TPOM3BOIUTEb-
HOCTBIO aJITOPUTMA TTPH PasiIMYHBIX ycaoBusaX. KakoB Hanxyanmii BapuanT? CKoJb BesTnKa
BEPOSITHOCTD €TI0 BO3HUKHOBEHU ? ECJIH 3aI1yCTUTD QJITOPUTM C HCTIOJIb30BaHIEM OOJIBIIOTO
o6beMa PON3BOTBHBIX TAHHBIX, TO KAKOBA OY/IET €T0 CPEIHSIS TIPOU3BOIUTETHHOCTD?

YT00bI TOJYIUTH MPECTABIECHUE O TOM, KaK CJIOKHOCTD 3a/[a4l BJIMSIET HA TIPOU3BO-
JIUTEJIbHOCTD, TPOrPAMMHUCTDI IT0JIb3YI0TCS OHSATHEM «aCUMIITOTHYECKAs CII0KHOCTb>.
O6 5TOM MbI U TIOTOBOPUM HUKE.

AcvMnToTMYECKas CJIOXXHOCTb an ropyutmMma

Acumnmomuueckas ciojcHocmy (npoussooumenvhocmy) onpenessercsa GpyHkImeii,
KOTOpast yKa3blBaeT, HACKOJbKO yXy/IIaeTcss paboTa aJiropuT™Ma ¢ YCJIOKHEHUEM T10-
craBJieHHOl 3anaun. Takyo (HYHKIMIO 3aMUChIBAIOT B KPYIJIbIX CKOOKAX, TIpeABapsisi
nponucHoit 6yksoit O.

Hampumep, O(N?) o3Havaer, 4To 110 Mepe YBeJTMIeHUsI KOJTUYeCTBA BXO[HBIX [[aH-
HBIX BpeMsi paboThl aaropuT™a (MCIOJAb30BaAHUE MAMITH JTUO0 APYTOH U3MepsieMblil
mapamMeTp) BO3pacTaeT KBaApaTHuHO. EcaM TaHHBIX cTaHeT BABOe OOJIbIINe, TPOW3-
BOAUTETBHOCTD AJITOPUTMA 3aMeIJIUTCS TPUOIM3UTEIHHO B ueThipe pasa. IIpu yBe-
JIMYEHUW KOJUUECTBA BXOIHBIX IAHHBIX B TP Pa3a OHA CTAaHET MEHBIIIE B IEBATH Pa3.

- 3AMEYAHUE

| Buipaxenme O(N2) untaetcs kak «nopsinok N & keampates. Hanpumep, anroputm
W G5,,CcTpoil COPTUPOBKY, OMMCAHHBIY B FaBe 6, MEeT HanxXyALLYio NPOM3BOAMTENb-
HoCTb nopsaaka N2,
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CyHleCTByIOT IIATHb OCHOBHBIX ITPAaBUJI U1 pacdeTa ACUMIITOTUYECKON CJIOKHOCTH
aJITOprUTMa.

1. Ecom st MaTeMaTuueckoil (yHKIMY f alropuT™My HeOOXOANMO BBITIOJHUTH OIIPe-
nesennbie aeiictsus f(N) pas, To 1s1 aToro emy noHagoburcst caenars O(f(N))
11aroB.

2. Ecjii aJiropit™ BBIIOJIHSET OJIHY olepaiuio, cocrosiyio 13 O(f(N)) maros, a 3a-
TeM BTOPYIo onepaiiuio, Briaovaniryio O(g(N)) maros, To 0011ast IPOM3BOAUTEb-
HOCTD anroputMa Jist pyukiuit f u g cocrasut O(f(N) + g(N)).

3. Ecnu anropurmy Heobxoaumo caeatb O(f(N) + g(N)) miaros u 06J1acTh 3HaUEHUIT
N dyuruun f(N) 6osbuie, ueM y g(N), To aCUMITOTHYIECKYIO CIOKHOCTh MOMKHO
yrpoctuth 10 Bbipakerust O(f(N)).

4. Ecam asnropurmy BHYTpH Kaskaoro mara O(f(N)) oHOl omepamuy IpUXOIuTCs
BoITTIOJHATH ete O(g(N)) 1maroB Apyroii omeparu, To 00Iast MIPOU3BOAUTEb-
HocTb asiroputMa coctaBut O(f(N) x g(N)).

5. TTocTosTHHBIMU MHOKUTEISIMU (KOHCTaHTAMU ) MOKHO TipeHeOpeun. Eciu C siBJist-
ercst koHcranToi, 1o O(C x f(N)) wiu O(f(C x N)) moskno sanucarh kak O(f(N)).

[TpuBeeHHbIE MPABUIA KAKYTCS HEMHOTO (OPMATBHBIMU M3-32 aGCTPAKTHBIX (DYHK-
it f(N) u g(N), Ho Ha caMOM JieJie UMU OUEHb JIETKO [T0JIb30BaThCsl Ha IpakTuke. Hike
MPUBEIEHO HECKOIBKO MPUMEPOB, KOTOPbIE 06JIeryaT MOHNMAaHUE.

IIpaBuiio 1

Ecnu ons mamemamuuecxotl pyrxuuu f arzopummy 1eo6xo0Umo 6oinoiHums onpeoe-
sennvle Oeticmeus f(N) pas, mo ons amozo emy nonadobumcs coenamv O(f(N)) wazos.

PaCCMOTpHMIHEBHOKOHC&HFOPHTMONIHOHaXOXHeHHK)HaH6OHmeFOH8HOFOqHCHa
B MaCCHBe.

Integer: FindLargest (Integer: arrayl[])
Integer: largest = array|[0]
For 1 = 1 To <HaubONBNUNA MHIEKC>
If (array[i] > largest) Then largest = array[i]
Next 1
Return largest
End FindLargest

B xavecTBe BXo/HOTO MapamMeTpa anropuT™ FindLargest UCIOMb3yeT MAaCCUB
IEJIBIX YN CeJI, Pe3yJIbTaT BO3BPAIlaeTCs B BU/IE OJIHOTO 11eJI0T0 yncsa. B camom Hauaste
rnepeMeHHoll largest NpucBanBaeTcs 3HaUeHne MePBOTO dJIeMeHTa MAaCCUBA. 3aTeM
AJITCOPUTM nepe61/1paeT OCTaBIINECS 9JIEMEHTBI U CpaBHUBaeT 3HaYEHUE KayK/0ro 13
HUX ¢ largest. Ecam on HaxoauT 6OJIbIHyIO BEJINYNHY, TO IPUPaBHUBAET largest
K Hell ¥ 110 OKOHYaHUM IIMKJIA Bo3BpalaeT Hauboibliee HallleHHOe 3HaUeHHe,

AJITOpUTM TIpoBepseT KaxkAbli 13 N 9JIeMEHTOB MAaCCHBA BCETO OIMH Pa3, TI03TOMY
€ero rnpousBouTesbHOCTh coctaBsieT O(N).

- 3AMEYAHUE

| Kax npaBuI0, OCHOBHAas YacTb PaboTbl anropuTMa NPUXOANTCS Ha LMKIIbI. Jpyroro
W (r0c06a, NO3BONSIOLLEr0 COBEPLNTL 6osiee N LWaros ¢ hUKCUPOBAHHBIM YICTOM
CTPOK KoAa, HeT. N3yunTe upkibl, YTOObI BbIICHUTL, CKOSIbKO BPEMEHW OHU 3aHUMAIOT.
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IIpaBumo 2

Ecnu anzopumm svinonnsiem o0ny onepauuro, cocmosiugyto uz O(f(N)) wazos, a samem
emopyio, mpebyiowyio O(g(N)) wazos, mo 06uas nPoUE0OUMEILHOCTb ANZOPUMMA OJLSL

Gyrcuuii [ u g 6ydem O(f(N) +g(N)).

Bepuemcs k anroputmy FindLargest. Ha aToT pas 06paTI/ITe BHUMaHUE,
YTO HECKOJIBKO CTPOK B IEHICTBUTEJIbHOCTU He BKJIOYEHBI B IIUKJ. B cienyioniem
IICEBJOKO/€ B KOMMEHTAPUAX CIIpaBa IMPUBEJEH MOPAJOK BPEMEHN BbIITOJTHEHU
BCe TeX JKe I1aros.

Integer: FindLargest (Integer: arrayl[])

Integer: largest = array[0] // O(1)
For 1 = 1 To <HaubOIBNINUIA MHIEKC> // O(N)
If (array[i] > largest) Then largest = array[i]
Next 1
Return largest // 0O(1)

End FindLargest

Wrak, npuBe/IeHHBII aJITOPUTM BBITIOJIHSET OJIUH TITAT OTJIA/IKY TIepe/l ITUKJIOM U eIiie
o/ nocse Hero. Kaxkapiit n3 Hux umeeT mpousBoanTeabHocTh O(1) (3T0 0iHOKpaTHOE
neiicTBre), M03TOMY ob1ee BpeMs paboThl ajaroputMa coctasut O(1 + N+ 1). Ecau uc-
M0JIb30BaTh 00BIUHYI0 arebpy 1 Tpeobpa3oBaTh BhIpaskenue, To moayantcs O(2 + N).

IIpaBuiio 3

Ecnu anzopummy neobxooumo coenamv O(f(N) + g(N)) wazos u o6aacmo snavenuii N
pynxuuu f(N) 6onvue, uem y g(N), mo acuMnmomuuecKyro croiCHOCIb MOICHO YNPOC-
mumw 0o eviparcerust O(f(N)).

B nipebiyiem IpruMepe Mbl BbISICHIJIN, 4TO BpeMs paboThl anroputMa FindLargest
onpenensiercs BoipaxkenueM O(2 + N). Ecau nmapamerp N HauHeT Bo3pacTaTh, €T0 3Ha-
YeHHUE MMPEBBICUT TTOCTOSTHHYIO BEJIMYNHY 2 ¥ TIPEIbIAYIIee BhIPaKeHHEe MOKHO Oy/eT
yrpoctutb 10 O(N).

VrHopupoBanue MEHBIITNX (QDYHKIHH TTO3BOJISIET PeHeGpedyb HeOOMBITNMU 3a1a4aMi
OTJIaJIKK M OYUCTKH, YTOOBI COCPEOTOUNTh BHUMaHIE Ha ACUMIITOTHYECKOM MOBEICHUH
aJITOPUTMA, KOTOPOEe OOHAPYKUBAETCS TIPH YCJIOKHEHUH 3a1aui. JIpyTUME CJIOBaMH,
BpeMs, 3aTpavueHHOE aJTOPUTMOM HA TIOCTPOEHUE TTPOCTHIX CTPYKTYP JAAHHBIX Mepes
BBITIOJIHEHIEM 00BEMHOTO BBIYUCIIEHUS, SIBJISIETCST HECYIECTBEHHDBIM 110 CPABHEHUIO
C JVIUTEJIbHOCTBIO OCHOBHBIX PACYETOB.

IIpaBuno 4

Ecau anzopummy enympu xaxcoozo waza O(f(N)) 00noil onepavuu npuxooumcs 6vt-
nonnsmo euwe O(g(N)) wazos dpyeoti onepavuit, mo 00uwas NPOU3EOOUMENLHOCID 120~
pumma cocmasum O(f(N) x g(N)).

PaccmoTpuM anropuTm, KOTOPBII OIpe/iesiseT, COMePKATCs I B MACCUBE ITOBTO-
patomuecs saeMeHTbl. (CTOUT OTMETUTD, YTO 9TO He caMblil 9(phEeKTUBHBINA c10cob
obHapysKeHUsT LyOJUKATOB. )

Boolean: ContainsDuplicates(Integer: arrayl[])
// LMK IO BCeM BJIeMeHTaM MacCCHuBa.
For 1 = 0 To <HanbonbumMil MHIEKC>
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For j = 0 To <HaubONBWUNA MHIEKC>
// TpoBepsieM, SBISAOTCS X OBa D3JIeMeHTa OyObiMKaTaMu.
If (i != j) Then
If (array([i] == array[j]) Then Return True
End If
Next jJ

Next 1

// BECnay MBl OOWIM IO DTOM CTPOKM, TO OyOIMKaATOB HET.
Return False
End ContainsDuplicates

AJITOPUTM COZIEPKUT /1B ITUKJIA, OJIMH U3 KOTOPBIX SABJISETCS BJIOKEHHBIM. BHeITHMit
LUK Iepebupaet Bee saeMenThl MaccuBa N, Boinousss O(N) maros. BHyTpu kaskaoro
TAKOTO IIIara BHYTPEHHUH IIUKJI TIOBTOPHO ITepecMaTpuBaeT Bce N 91eMEeHTOB MacCUBa,
coseprmas e ke O(N) mraros. CiieoBaTebHO, 06IIast TPOU3BOIUTENBHOCTD ATOPUTMA

coctaBut O(N x N) = O(N?).

IIpaBwuio 5

IHocmosnnvimu muoxcumensamu (KoHcmanmamie) mosxcro npenedpeuv. Ecau C aens-
emcs koncmanmott, mo O(C x f(N)) uau O(f(C x N)) mooxcno sanucamo xkax O(f(N)).

CHoBa nocMoTpuTe Ha aNTOpuTM ContainsDuplicates U3 MpeAbIYIIEero Mpu-
Mepau O6paTI/ITe BHUMaHUe Ha BHYTPEHHUH ITUKJI, KOTOPBIH TIPe/IcTaBeH ycaoBueM I f.
B pamxax aToro ycioBus ornpejiessieTcs, paBHBI JIN IPYT APYTY wHAeKcH 1 n j. Ecam
HET — TOT/Ia CPABHUBAIOTCA BeJIMUMHbL array [1] marray [J], B cJlydyae ux COBIIAJCHUSA
BO3BpalllaeTCs 3HadeHue True.

[Tpenebperast AOMOTHUTEIbHBIM IATOM B BBIPasKEHUHM Ret urn (Kak MPaBUIIo, OH BbI-
MOJTHAETCS OJIMH Pas), TPEAON0KNM, 4To cpabaThiBatoT 06a oneparopa T f (a Tak 1 npo-
HCXOIMT B GOJIBIIMHCTBE CJIydaeB), TOrJa BHYTPeHHUN nuki Oyaer mpoiigen 3a O(2N)
maroB. CiieIoBaTenbHO, 00111ast IPOU3BOAUTETLHOCTH anroputMa coctaBuT O(N x 2N) =
= O(2N?). [Tocaeanee npaBuIo MO3BOJIAET IpeHeOpedb Koa(MPUIMEHTOM 2 U 3a11MCaTh
[IPOU3BOAUTENBLHOCTH asiroputMma B Buze O(N?).

Ha camom sieste MBI BO3BpAIaeMcst K CYTH aCHMITTOTHYECKOH CITOKHOCTU: HYKHO
BBISICHUTD, KAK TIOBEIET cesT alTOPUTM, eciii N HA4HET BO3PACTATD. [IPETOTOKITM, BbI
yBesimuute N B /IBa pasa, TO ecTh Oyere oneprposarth snauerneM 2N. Ternepb eciu noj-
craBuTh (hpasy B Beipakenue 2N?, moayunrcs caepyoree: 2 x (2N)? =2 x 4N? = 8N%. It1o
1 ecTh Halma BeandrnHa 2N?, TOJbKO yMHOKeHHAs Ha 4. Takum 06pa3zom, BpeMst paboTh
aJITOPUTMa YBEJUUUTCS B YE€THIPE Pasa.

Temeps naBafiTe OleHNM IPOU3BOAUTENTBHOCTD AITOPUTMA, HCIIOTB3Y YIIPOIIIEHHOE
o paBuiy Boipaxkenue O(N?). Ilpu mopcranoBke B Hero 2N MOJyYUM CJIEAYIOIIEE:
(2N)? = 4N?. To ectp Halla n3HavaIbHas BesndrHa N? BO3POCIa B YeThIPe Pasa, KaKk
U BpeMst paboThI AJITOPUTMA.

13 BCero BBITIIECKA3AHHOTO CJIEAYET, UYTO HE3ABUCUMO OT TOTO, Oy/IeTe BBI HC-
[10JIb30BaTh Pa3BepHyTyi0 dhopmyay 2N? Uiu OrpaHUYUTECH IPOCTO N?, Pe3yibTar
OCTaHEeTCS TPEKHUM: YBEJIMYEHHE CIOKHOCTH 3a/[a4d B BA pa3a 3aMelIuT paboTy
anTopuTMa B YeThipe pasa. TakuM 06pa3oM, BaKHOM 3/1eCh SIBISIETCST HE KOHCTAHTA 2,

32




OcHoBbl an ropnTtMmnsaumnmn

a TOT (aKT, YTO BpeMs PadOThl yBEINIUBAETCI BMECTE C yBEIMYEHHEM KOJIMYeCTBA
BBO/0B N2

== _ 3AMEYAHMUE

' BaxHO MOMHUTb, 4TO aCMMNTOTUYECKAA C/IOKHOCTb AAET NPeACTaBNEHME O Teope-
- L ueckom noBeaeHUn anroputma. NpakTnyeckne pesdynbtatbl MOryT OTAMYATLCS.
Mpeanonoxum, Npon3BoaANTENBHOCTL anroputma pasHa O(N); ecnm He npeHe-
OperaTb LeNbiMu1 YncraMin, peasnbHOe KOMNYECTBO BbIMOSIHAEMbIX LUAroB COCTaBUT
npnonmnauntensHo 100 000 000 + N. B aTtom cnyyae, noka N He CNULLKOM BENVKO,
3HAYEHWNE KOHCTAHThbI Ny4LUE YYNTbIBATb.

OOblyHble pYHKLUM paboyero uukna

[Ipn M3yYeHUN ajJrOPUTMOB BbI 4acTo Oy/eTe BCTPEYaTh OHU U Te Ke (DYHKIIH.
PaceMoTpyuM HEKOTOPBIE U3 HUX, YTOOBI MOTYYUTh 06Iee MPeICTABICHUE U BO3MOK-
HOCTb C XOJTY OTIPE/IEIISATh, SIBJISIETCS JIH, HATIPUMEP, AJITOPUTM C TPOU3BOAUTETHHOCTHIO
O(N?) yMeCTHBIM.

1

Anroputm c niponsBoauTeabHOCTh O(1) BBITIOTHSIETCS 32 OIUH U TOT K€ OTPE30K
BPEMEHM, HE3aBUCUMO OT CJIOKHOCTH 3aaun. Kak mpaBuiio, peys uaet 06 orpannyen-
HOM Kpyre KoMaHs, I10cKosbKy 3a O(1) BpeMeHU HEBO3MOKHO Jlaxke IIPOCMOTPETh BCe
BXO/IHBIE JJAHHBIE.

Hanpumep, B Kakoii-To MOMEHT aJIrOpUTMY ObICTPOI COPTUPOBKU HEOOXOAMMO BbIOPAThH
113 MACCUBA YKCET TO, KOTOPOe OYAET PaBHO CPeAHeMy 3HAYEHNIO. TO eCTh €C/IM Y HAC €CTh
MaccuB 1esbix unces ot 1 o 100, Hanmryummmm 3HadeHrneM okaxkeTcst urcsao 50. B mpuse-
JIEHHOM HIZKE aJITOPUTME [T0Ka3aH OOILHIT II0X0/] K PEIIeHUIO 9TOI 3aja4u.

Integer: DividingPoint (Integer: arrayl[])

Integer: numberl = array[0]
Integer: number2 = array|[<nociemHmii MHIEKC MacCUBa>]
Integer: number3 = array [<IocnemHuy MHOEKC MaccuBa> / 2]

If (<numberl mexmy number2 m number3>) Return numberl
If (<number2 mexmy numberl m number3>) Return number?2
Return numbers3

End MiddlevValue

[Tono6HbIH aJITOPUTM BEIGUPAET TPY BEJIMUMHBI (B HAYAJIE, KOHIIE U CEPEJNHE MACCHU-
Ba), CPaBHUBAET MX MEXK/Ty cOOOM 1 Bo3Bpaiaer cpearee snadenue. He dakr, uto Bei6op
OKayKeTCs HAUJIYUIIIUM, HO BIIOJIHE BEPOSITHO, UTO XY/IIINM TaKxkKe He Oyer.

[TockoJIbKY aJIrOPUTM BBITIOJHSIET JIMIITb HECKOJIBKO OIIPe/IeIEHHBIX TATr0B, €T0 MPO-
usBoauTebHOCTD paBHsieTcss O(1), a BpeMst pabOThI He 3aBUCUT OT KOJIMYeCTBa BBOIOB N.
(KoneuHo, paccMOTPeHHBIH (hparMeHT sIBJISIETCS JIUIIb MaJION YacThio GoJIee CI0KHOTO
AJITOPUTMA.)

Log (N)

AuropurM ¢ ipoussoautebHocThio O(log (N)) AenuT KOJHYeCTBO paccMaTpUBae-
MBIX UM 9JIEMEHTOB Ha (PUKCUPOBAHHBIN KOI(DMUIIMEHT TIPU KAKIOM IIIare.
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JIOTAPUDMBI

Jorapudm yncna no onpefeneHHoMy OCHOBaHMIO — 3TO CTEMEHb, B KOTOPYIO HY>KHO
BO3BECTU OCHOBaHMe, 4To6bl MONy4nTh JaHHoe Yncno. Hanpumep, log,8 = 3, no-
ckonbky 2% = 8, rae 2 — ocHoBaHue norapudma.

Kak npasusio, B anroputMax OCHOBaHME PaBHO 2, MNOCKOJIbKY BXOAHbIE AAHHbIE
[enaTcsa Ha age rpynnbl. Kak Bbl CKOPO yBUAUTE, OCHOBaHME norapudma He BaxkHO
[OJ1S aCUMIMTOTUYECKOW CJIOXHOCTU, MO3TOMY €ro 0ObI4HO OMyCKaloT.

Ha pucyske 1.1 mokasato ymopsiioueHHOe ToTHOe OMHAPHOE JIepeBo. Bunaphoe oHO
MOTOMY, UTO KaskJas BepIIrHa uMeeT He OoJjiee ABYX BeTBei. [1010e IOTOMY, UTO KakK-
Il ypoBeHb (KpoMe II0CJIe/[HEr0) IeJIMKOM 3aIl0JIHEH, a BCe BePUIMHBI Ha [10CJIeHEM
YPOBHE CTPYIIMPOBAHBI B JIeBO#T yacTu. U, HAKOHET, ynopsadouenioe MOTOMY, 4TO 3Ha-
YeHMe Kask/[01 BepIIMHBI CPABHUMO 110 BeJIMYMHE CO 3HAUEHUEM JIEBOTO I0YEPHETO y3J1a
u He GOoJIbIIe 3HAYEHUST TPABOTO.

%
:

Puc. 1.1. IIpumep ynopsiioueHHOTO MOJHOTO OMHAPHOTO JepeBa

CuaieIy1omiuii TICeBIOKO/I OTIMCHIBAET MTOUCK OTIPEIEJIEHHOTO 9JIEMEHTA 110 JIEPEBY,
n300pakeHHOMY Ha pucyHke 1.1.

Node: FindItem(Integer: target_value)
Node: test_node = <KOpeHbL nepeBa>

Do Forever
// Ecnm MB BHIIaZaeM 13 OepeBa, 3Ha4YUT, MCKOMOM BEIMYMUHE HET.

If (test_node == null) Return null
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If (target_value == test_node.Value) Then
// test_node COmEpPXUT MCKOMYH BEIMIUHY .
// 9TO M ecThb Ta BepIllrHa, KOTOPYI MBE MCKaJll.
Return test_node

Else If (target_value < test_node.Value) Then
// llepexonouM IIO JIEBOM BETKE.
test_node = test_node.LeftChild

Else
// llepexonouM IIO IIPaBOJ BETKEe.
test_node = test_node.RightChild

End If

End Do
End FindItem

Hanee B rnase 10 Bbl HalizeTe 0APOOHOE OIKMCAHUE HTOIO AJITOPUTMA, HO ceidyac
BaM HYJKHO TIOHSITb €T0 CyTbh. AJITOPUTM OOBSIBJISIET IEPEMEHHYIO test_node u mpu-
CBaWBaET eif HavYaJIbHOE 3HAYEHUE, PACTIOJNIOKEHHOE BBEPXY JepeBa. (B otimuue ot Ha-
CTOSIIUX JIEPEBHEB, Y KOMITBIOTEPHBIX KOPHU HAXOMATCS BBEPXY.) 3aTeM 3aITyCKAETCS
6eCKOHEeUHbIH KL

Ecau mepemennas test_node paBHSAeTcS null, UCKOMOI BeTUYUHBI HA JlepeBe
HeT — 1 aJITOPUTM Bo3BpaiaeT null.

- 3AMEYAHUE

' Null — ocobGas BenmumHa, KOTOPYI0 MOXHO UCMOJIb30BaTh B KAYECTBE NEepeMeH-
HOW Ans yka3aHus Ha 06bEKT, Hanpumep Ha BepLUMHY Uix Ha Aepeso. Ee 3HavyeHune
MOXHO NEPEBECTM Kak «3Ta NepPeMeHHast H/ Ha YTO He yKa3blBaeT».

Ecmm test_node COAEPIKUT NCKOMYIO BEJIMYNHY, TO IIEPEMECHHAs ABJISAECTCSA BEP-
H_H/IHOIL/,I, KOTOPYIO Mbl UIIIEM, 1 aJITOPUTM BO3BPAIIA€CT €€.

Korma nckomas BesmmunHa target _value MeHbIIe BEIMYMHDBI test_node, ajro-
pPUTM NMPUpPaBHUBAET test_node K J04YepHeH BepIInHe cjieBa, TO ecTh K LeftChild.
(ITpn test_node, Haxopsmemcst BHU3Y fepeBa, LeftChild paBrsercsi null, a aju-
FOPUTM MCIIPaBJIseT I10JI0KeHMe BO BpeMs CJEAYIONIEro IPOX0XKIeHUS 1IUKIIA. )

Ecnu Besmunna test_node HepaBHa target_value M He MEHbIIE ee, 3HAYUT,
oHa 6oubirie. B 9TOM ciTydyae arTOpuT™ CYUTAET 3HAYeHNEe test_node paBHBIM 3HaUE-
HUIO JIouepHel BepPIINHBI cipaBa, To ecTb RightChild. (M cHoBa, ecain test_node
pacrosiaraeTcs BHU3Y JiepeBa, To Right Child pasugercsanull, a aIfOPUTM UCIIPABJIACT
MOJIO’KEHUE [IPU CJIeIYIONEM ITPOXOKIEHUH IIUKJIA. )

Takum 06pa3oM mepemMeHHas test_node MOCTENEHHO TPOXOINT TI0 IEPEBY CBEPXY
BHU3 1, HAKOHEIl, TH60 06HAPYKIUBAET NCKOMYIO BEJIMYKUHY, TUO0 BBINAIAET U3 JIepPeBa
(test_node paBusieTcsi null).

B stom QJITOPUTME BaKHO 3HATh, HACKOJIBKO HU3KO IlepeMecTuTcd test_node,
MOKa He HaiijleT target_value b0 He BhIAJET U3 fepeBa. Eciiu moBeseT, ucKoMast
BeJIMYMHA OTBIIIETCS CPa3y — Hampumep, ynucyio 7 (cm. puc. 1.1) obHapykuTcs 3a oauH
mar. [TpoBepka HeGOBINON YaCTH IepeBa MOXKET TTOTPebOBATHCS M B TOM CJIydae, KOT/a
HY)KHOE 3HaU€HUe pacrojiaraeTcs He B KOPHEBOI BepIInHe, Kak, HAlTPUMED, YUCTO 4.
CaMbIM Xy/IITUM BaPUAHTOM CYUTAETCS TOT, IPU KOTOPOM aJITOPUTMY TIPUETCS MPO-
MU3BOJIUTD TIOMCK TI0 BCEMY JIepeBY — OT KOPHEBOU BEPIIUHBI /10 HI3A.
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Ecan nprcMoTpeTbest, CTaHOBUTCS 3aMeTHO: TIOYTH TT0JI0BUHA BEPIITNH JilepeBa cocpe-
JI0TOYEHA BHU3Y, IPUYEM Y HUX OTCYTCTBYIOT louepHue OTBeTBJIeHusI. B noanom nepese,
r7le Kak/1ast BeplInHa COIePKUT 110 /[Be JoUuepHUe BepIINHbI NN He UMeeT UX BOBCe, Ha
HUKHUHN yPOBEHD IIPUXOJUTCS POBHO II0JIOBMHA BCEX BEPIMH. B aTOM cityyae 11pu 11o-
HCKE CTyYaiiHO BRIOPAHHBIX BEJTMIUH GOJIBIITYIO YacTh BPEMEHH aJITOPUTM 3aTPATUT Ha
TO, YTOOBI TTPOTH TIOYTH TIO BCEH BBICOTE IEPeBa.

Clrienyiomuii BayKHbIN BOIIPOC — HACKOJIBKO BBICOKUM siBJisieTcst jiepeBo. [TosHoe
3aBepIleHHOe IBOMYHOE JiepeBO BbicoTOl H BkouaeT mpumepto 27 seprunet. Ecin
HCXOAUTD U3 00paTHOrO, TO N BEpPUINH COCTaBAT Jepeso BbicoToit log, (N). Ilockon-
Ky aJITOPUTM JIBUJKETCS 110 JIePeBY CBEPXY BHU3 B Xy/IiieM (1 6IM3KOM K HeMy) ciryJae,
a camo JiepeBo umeet Bricoty npubmsutenbho log, (N), pabota anropurma saitMeT Bpe-
ms, pasroe O(log, (N)).

Ha atom artarie oGHapysKUBaeTCst MHTepecHast 0cOOeHHOCTh. Bbl MokeTe mpeobpa-
30BaTh Jiorapu@m ¢ ocHoBanueM A B jiorapudm ¢ ocHOBaHUEM B, UCToib3yst (hopMyy
log, x =1log,x /log, B.

Ecau mpeacraButh, uTo B = 2, To 3aMeHa ocHOBaHUS A B jorapudMe U3 BBIpAKEHUS
O(log, (N)) 6yner Boirasaznets caexyiomum obpasom: O(log, (N)) = O(log, (N) /log , 2).

3nauenue 1/log, 2 nocrosnno mpu moboM A, I TOCKOIbKY aCUMITOTHYECKOe 000~
3HayeHue npereOperaeT BeIMYMHAMH, yMHOXeHHbIMU Ha KoHcTauTy, To O(log, (N)) Gy-
et pasen O(log, (N)) nns kakoro yrozno jorapudma ¢ ocnoanuem A. Ilo aToii nmpu-
urHe BpeMs paboThl MOkHO 3ammcaTh kak O(log (N)) 6e3 ykasanus ocHOBaHUA U 6e3
BHYTPEHHUX CKOOOK.

JlaHHBII aITOPUTM — TUITMYHBINA TTPUMEP TEX, UTO UMEET TTPOU3BOTUTEITHHOCTD
O(log (N)). Ha kaxk/10M 111are OH JIeJIUT KOJUYECTBO PACCMATPUBAEMbBIX 2JIEMEHTOB IIPH-
MepHO HazBoe. Ho /1711 acuMITOTHYECKOH CI0KHOCTH OCHOBaHUE Jorapudma He mMme-
€T 3HAUCHUS, TO3TOMY HEBaKHA U JI0JIs1, KOTOPYIO UCIOJIB3YET AJITOPUTM JIJIS JIeJICHUS.
ITpoussoautensuocts O(log (N)) coxpanunach Obl JaKe B TOM CJIydae, eciu Obl OCTaB-
IIMECS 9JIEMEHTBI JeUInch Ha Koadduiuent 1/10 u kaskapiii mar aaropurMa ObL1 Obl
6osee nporpeccuBed 60 Ha 9/10 1 KaxkAbIi mar ObLT ObI IIPOrPECCUBEH Ky1a MEHbIIIE.

Jlorapudmuueckast pyurius log (N) ¢ yBenuuerreMm N BO3pacTaeT CPaBHUTEIBHO
MeJIJIEHHO, TOTOMY aJITOPUTMBI ¢ Tpou3BoauTebHOCThI0 O(log (N)) 06bI4HO OCTaTOU-
HO GBICTPBI. B 3TOM 1 3aK/II09a€TCS UX TJTaBHAS MOJIB3A.

sqrt (N)

Anroputmsl ¢ mpousBoguTerbHOCTBIO O(sqrt (N)), Te sqrt — GyHKITUS U3BIeve-
HUST KBJIPATHOTO KOPHSI, He SIBJISIIOTCS OOIIMMU U He PACCMATPUBAIOTCS B IAHHON KHU-
re. ITa HYHKIMST BO3PACTAET OYE€Hb MEJIEHHO, XOTsI U HECKOJIbKO ObicTpee, ueM log (N).

N

Anroputm FindLargest (cm. myHKT «IIpaBuso 1» nozxpasnena «Acumnroruye-
CKast CIOKHOCTD aJITOpUTMa» B pasjesie « CBONCTBO allropuT™Mas TEKYINEl IIaBbl) UMeeT
npousBoauteabHocts O(N). Oyuknus N Bozpacraet 6oictpee, ueM log (N) u sqrt (N),
HO BCe JKe He Tak OBICTPO, TI03TOMY OOJIBIIIMHCTBO MOA0OHBIX aITOPUTMOB JIEMOHCTPU-
pyeT Ha MpaKTHKe XOPOIIYIO TIPOM3BOAUTENLHOCTb.

Nlog N

[TpearnonoRuM, 4To aIrOPUTM TIepebrpaeT Bee aJIeMEHThI B TIOCTABJIEHHO 3a1aye,
a 3aTeM B OT/IEJIbHOM IMKJIE BBIIOJIHSET ¢ ajeMeHToM Kakyio-To oneparuio O(log (N)).
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B sTOM cityuae pousBOUTENLHOCTD aropuT™a orpesessiercst BoipaskeHreM O(N x log N)
i O(N log N). Kak BapuaHT, 33/1a4a MOKET BBITJISIIETh TAK: a/ITOPUTM BBITIOJHSIET Olle-
panuio O(log (N)) 1 Ha KasKIOM ee Ilare 4TO-TO JeJaeT ¢ KaK/IbIM 9JIEMEHTOM.

[Tpenmosnoxum, y Bac ecTb OTCOPTUPOBAHHOE JIePEBO, cojiep:kaiiee N 3JeMEHTOB
(Kak oIrcaHo BbIllIe) U TAKOM jKe pa3MepHOCTH MaccuB. Bam Haji0 y3HATh, KaKue U3
3JIEMEHTOB MACCHBA MPUCYTCTBYIOT B JiepeBe. OIMH U3 C1I0COO0B BBISICHUTH 3TO — OCY-
ITECTBUTDb HUKJINYECKOE IIPOXOJK/IECHNE I10 BEJIMYNHAM MaCCHUBa, SaﬂeﬁCTBOBaB OIIMCaH-
HBII paHee METOJ[ TIOMCKA 110 iepeBy. B mpoitecce paboTsl asropur™ mposeput N aJie-
MEHTOB U BBITIOTHUT log (N) MIaroB JUist KaKI0TO U3 HUX, TaK Y4TO 00I1ast MPOU3BOIN-
tesbHOCT Oyetr O(N x log N).

JlJ1s1 MHOTUX QJITOPUTMOB COPTUPOBKU, OCHOBAHHBIX HA CDABHEHUY 9JIEMEHTOB, BPe-
Mmst paboThl coctasisger O(N x log N). Ha caMoM ziejie MOKHO JI0Ka3aTh, YTO J0O0H 110-
TOGHBII AITOPUTM IPOXOAUT KaK MEHAMYM TaKOe KOJIMIECTBO IIAroB, 9TO OYEHD yI00-
HO JIJIS1 ONPEIeTeHIst aCUMITOTUYECKON C1oKHOCTH. OHAKO HEKOTOPBIE AJITOPUTMBI
ABJIAIOTCS BCe 5Ke Oosee ObICTPBIMI Oarogapst MeJIbIM YICIaM, KOTOPhIe UTHOPUPYIOT-
€Sl ACUMITTOTUYECKAM 00603HAYEHUEM.,

N2

AnropuTM™, KOTOPBIIT M3HAYAILHO TIepebUpaeT Bce BXOHDIE TaHHBIE, A 3aTeM Tepe-
CMaTPHBAET UX €Ile Pa3 I KAKIOTO eIUHIYHOTO 3HAUEHWSI, IMEET TIPOU3BOANTEh-
Hoctb O(N?). Hanpumep, asnroputm ContainsDuplicates (cMm. myHkr «IIpaBuso
4» Tozipasena « ACUMITOTHYECKAS CJIOXKHOCTD aITOpUTMa» B pasyiesie «CBOICTBO aj-
rOpUTMa» TEKYIIEel TJI1aBbl) BHITIOIHSIETCS UMEHHO 32 TaKoe BpeMsi. Bo3MokHbI U py-
rue crerienu N, npezanonoxum O(N?) uau O(N'). OxHako OHU SIBJISIOTCS 3HAYNTENBHO
6osiee MmeieHHbIME, 4eM O(N?).

ToBOPAT, AJITOPUTM UMEET MHO20ULEHHOE BPEMSI PAOOTDI, €CJIM OHO BKJIIOYAET B cebst
muorounen N: anpumep O(N), O(N?), O(N®) u gaxe O(N*). B mo6om ciydae mogo6-
Hble 32/[a41 MOKHO PEIIUTh. A BOT 9KCIIOHEHIINATbHOE U (DAKTOPUAIBHOE BPEMsI pa-
GOTBI, ONMCAHHOE HUKE, BO3PACTAET OUEHD OBICTPO, TOITOMY AJTOPUTMBI ¢ YKa3aHHOI
MIPOU3BOANUTENBHOCTDIO OYIyT IPUMEHUMbI TOJIBKO JIJIsT HEOOJIBIIIOTO KOJUYECTBA BXO/I-
HBIX JIAHHBIX.

2N

BKCHOHGHHI/IaJIbeIG (pyHKIII/II/I, TaKue Kak 2N, BO3pacCTalOT MOJIHUEHOCHO U II0O9TOMY
TIOJIE3HDI AJI PEMICHUSA OTPAHUYEHHOTO KPpyTa 3a/1a4. O6bryHO TTOCPEACTBOM aJITOPUTMOB
C HOZIO6HbIM BpeMeHeEM pa6OTI)I WIIETCST OIITUMAIbHBIN Ha6op BXO/JHbIX JaHHbIX.

B kauecTBe nprMepa pacCMOTPUM CJIEAYIOILYIO 3a1a4y. JJoIycTiM, y Bac €CTh PIOK3aK
ONpe/eJIEHHOM IPy30MOABEMHOCTH 1 HAOOp MPUHALIEKHOCTEH, KasKAbIIH 13 KOTOPBIX
HMEET CBOIO Maccy U 3HaueHue. Bam Heo6X0AMMO HALIOIHUTD PIOK3aK IIpeIMETaMU Tak,
yTOOBI UX 0011lee 3HAYeHUE 0KA3aJ10Ch HAMOOJIBIIIM.

3ajlaua MOXKET 110Ka3aThCs IIPOCTOH, HO BCe U3BECTHDBIE aJIFOPUTMBI /LIS HaXOxK/le-
HUSI HAWJIYYIIIETO PEIeHusT MOTPeOYIOT U3yUUTh KAKIAYI0 BO3MOKHYIO KOMOUHATIMIO
npeamMetoB. Ecin ydects, 9To 060i mpeaMeT crocobeH mpebbIBaTh TOABKO B IBYX CO-
CTOTHUSAX (HAXOIUTHCS B PIOK3aKe WJIH BHE €r0), TO, YMHOKUB KOJTUYECTBO COCTOSHUI
Ha KOJMUYECTBO [IPEAMETOB, OJIyUnM 2 x 2 X ... x 2 = 2V BapraHTOB BbIOODA.
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VHora HeT HeOOXOAUMOCTH ITPOBEPSTH BCe BO3MOsKHbIE KoMOuHaiu. Harpumep,
€eCJIM NIePBhIii IPe/IMET 3aM0JIHAET COOOH PIOK3aK, TO I0OABJIATH K HEMY €II[e YTO-TO yIKe
He uMeet cMbicaa. OHAKO B GOJIBITMHCTBE CTyYaeB BaM He YAACTCS UCKITIOYUTH I0CTA-
TOYHOE KOJIMYECTBO BAPUAHTOB, YTOOBI 3HAUUTENHHO CYy3UTh 00JIaCTh MOUCKA.

[Ipu perieHny 3a1a4 ¢ HSKCMOHEHITMATLHBIM BpeMeHeM paBoThI 4acTo MOTb3YIOTCST
IBpUCMUKAMU — ATITOPUTMAMU, KOTOPbIE JIAI0T XOPOILINe Pe3YJIbTaTbl, HO HE FapaHTUPYIOT,
9TO OHU GY/IyT HAVTYYIITHMU.

N!

Oyukuusa N (uuraercs Kak «N GakTopraj» ) PEKOMEHAYETC 11t pabOThI C LEeJIbIMU
yrcsiamu Gouibiie 0 u onpegensercs popmysoil Nl =1 x 2 x 3 x ... x N. Ona Bospacraer
HAMHOI0 ObICTpPee, YeM aKCIIOHeHIMaabHasd GyHKius 2V,

B AJITOPUTMax C Q)aKTOpI/IaJII)HI)IM BpeMeHEM p3.6OTI)I, KaK IIpaBUJIO, MIIETCS OIITH-
MaJIbHO€E pacIlipe/ieJieHrne BXOAHbIX JaHHbIX. Haan/IMep, Y TOProBoro npeacTaBruTe st
HNMEETCA CIIMCOK I'Opo/10B. Ero 3a/ladya — COCTaBUTHb MapHIpyT TaKUM 06pa30M, 4TOOBI
IIOCETUTDH Ka)KI[beI HaceJIeHHbII ITYHKT OJVH Pa3 U BEPHYTHCA B OTIIPAaBHYIO TOUKY, IIpe-
0/10J1€EB MUHNMaJIbHOE PACCTOSAHUE.

Ecyu ropo/1oB HEMHOT0, TO BCe [IPOCTO, HO €CJIN CIIMCOK JVIMHHDLI, 3a/1a4a yCI0XK-
HsteTcs Ha mopsiok. Hanbosree ogeBuaHbIN criocob permemus — mepebGpaThb Bce BO3-
MOJKHBIE BADHAHTBI MapiipyTa. Tak, ¢ MOMOIIbIO aJTOPUTMA MOKHO BhIGpaTh N 6.J1113-
JIeKAIUX HACEJEHHBIX IIYHKTOB /s 1iepBoro ropoja. Ilocie atoro y Bac ocraner-
¢ N — 1 BO3MOXXHBIX IIYHKTOB, KOTOPBIE €llle HY>KHO TTOCETUTh, 3aTeM N — 2 1 T. .
CuezmoBaTenbno, obliee KOJIUIECTBO BAPMAHTOB MapuIpyToB cocTaBuT N x (N — 1) x
x(N-2)x..x1=N\.

Busyanusauusa pyHkuuni

B ra6mie 1.1 npecrasiienbl 3HadeHUs A7 GYHKIMIL, KOTOPbIE OIIPEAEIISIOT BpeMsI
pabOoTHI AITOPUTMOB, OMTMCAHHBIX B TPEABIAYITNX pa3aeaax. OHa MOMOKET OIeHHUT, Ha-
CKOJTLKO OBICTPO BO3PACTAIOT ITH (DYHKIIH.

Ta6nuua 1.1. BennuuHbl GyHKLUMIA ANS PasIYHbIX BXOAHBIX JaHHbIX

N log, N sqrt (N) N N? 2N N
1 0 1 1 1 2 1
2,32 2,23 5 25 32 625
10 3,32 3,16 10 100 1024 1x10°
15 3,90 3,87 15 225 3,3 x 104 2,9 x 101
20 4,32 4,47 20 400 1x 108 5,24 x 10*
50 5,64 7,07 50 2500 1,1 x 10 1,8 x 10%°
100 6,64 10,00 100 1x 101 1,3 x1 0% 1x 1018
1000 9,96 31,62 1000 1x10° 1,1 x 10%! —
10 000 13,28 100,00 1x 101 1 x108 - -
100 000 16,60 316,22 1 x10° 1x10'° - -

Ha pucynxe 1.2 npusezneHsl cooTBeTCTBYIONIME rpaduKu. {1 HarisiHOCTH MacInTab
HEKOTOPBIX M3 HUX ObLI U3MEHEH, HO U TaK MOHITHO, Kakast OHU cebst BELYT MPHU YBeJIH-
YeHn™ X (GYHKIUA JECITUIHOTO Jorapudma, KBaJ[paTHOTO KOPHS, JUHEHHBIX U JJaske
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MHOTOYJICHHBIX YPaBHEHUI BO3PACTAIOT C YMEPEHHOI CKOPOCTbBIO, B TO BPEMSI KaK KC-
HOHEHIMaJIbHbIe U GaKTOPUAIBHbIE JIEJAIOT ITO YPE3BBIYAITHO OBICTPO.

o) RuntimeFunctions - oIEl
PO} /
o
1 3 o
| = /
TR
S| /
g
15+ /
S
/ 3
10+

* Sqﬂ(ﬂ
y= 15

y = Log(x)

/..;é::::1b::::1'5 2:0

Puc. 1.2. I'pacduku BozpacTanus pa3iudHbixX (PYHKIUI

NMpakTnyeckune pekoMmeHaauum

Teopust TI03BOJISIET TIOHATD, KAaK M3MEHSIETCsT PabOUMil IIMKJI aJITOPUTMA, OJTHAKO HE
MeHee BasKHBI M IIPaKTHYecKre MoOMeHThI. Harpumep, Ipy aHasnmnse airopuTMa cuuTaeTcs,
YTO BCE LIaru 3aHUMAalOT OJMHAKOBOE KOJNYECTBO BPEMEHH, 1asKe eCJIU 9TO He COOTBET-
CTBYET AEHCTBUTENBHOCTH. B3sTh XOTsT GBI CO3/1aHMe U yIaTeHe HOBBIX 00HEKTOB — Ha
HUX TpebyeTcst HAMHOTO GOJTbIe BpDEMEHH, YeM Ha TTepeMeTTieH e MeTbIX YUCeNT U3 OHOI
4acTH MaccuBa B APYyryio. B TakoM ciydyae aaroputm ¢ MaccuBamu Gyjer paboTarh
JIydlIiie, YeM TOT, YTO MCIIOJIb3YET COMUIHOE KOJIUIECTBO OOBEKTOB U BBITJIAUT JIy4Ille
B ACUMIITOTUYECKOM 0003HAYCHU.

Kpowme Toro, MHOTHE Cpe/ibl TPOrPaMMUPOBAHUS TIPEAOCTABISAIOT 10CTY K (hyHK-
I[USIM OIIEPAIUOHHOI CHCTEMBI, KOTOPbIE SIBAISTIOTCsI O0J1ee 3 heK TUBHBIMHU, Y€M OCHOB-
HbIe TeXHOJIOTUH ajroputmusanuy. Harprumep, 4acTb anropuTMa, KOTOPbIH BBITTOIHSAET
COPTUPOBKY, TpeOYET TIepeMeleH s 2JIEMEHTOB MACCHBA HA OJIHY MTO3UTIAIO BHI3, 4TOObI
nepe;i HUMU MOKHO OBIJIO TOCTABUTH HOBBI 3JIEMEHT. DTOT I0BOJBHO MEIJIEHHBII TIPO-
Tece MPUBOJIUT K TOMY, UTO paboTa anropurma onpeesercs Kak O(N?). OqHako MHO-
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rHe IPOrpaMMBbl MOTYT UCIIOJIB30BaTh 0COOYI0 (GDYHKIIUIO, IIEPEMEIIAONTY0 OII0KH MaMs-
T (Hanpumep, RtIMoveMemory B .NET-nporpammax u MoveMemory B iporpaMmax
Windows C++). Takum 06pazom, BMECTO [IEpEMEIEHHS OHOTO 2JIEMEHTa IIPU IIPOX0K-
JICHUW Yepe3 MacCUB IIPOTPaMMa 3aCTaBJsgeT (DYHKITUHY TIePeIBUTATD TIOCIEIOBATEIbHO-
CTH BEJINYVH, 3HAYUTETIBHO YCKOPSISI TIPOIIECC.

Jlaske ecim aJICOPUTM MUMEET ONITUMAJIBHYIO ACUMIITOTUYECKYIO CJIOKHOCTD, /LIS
YBEJIMYEHUST IPONU3BOUTENBHOCTH JJOTTYCTUMO MCII0JH30BATh HHCTPYMEHTHI, KOTO-
pble mpejaraer cpeja nporpaMmupoBanusa. HekoTopble u3 HUX CIIOCOOHBI BBIITOJI-
HATH Te e 3a/lauk, KOTOPble pacCMaTPUBAIOTCS B 9TOi KHure. Hanpumep, MHorue
OUOIMOTEKN COAEPKAT IIPOTPAMMBL COPTUPOBKU U OTJIUYHO HOAXOAAT A1 pabOThI
¢ MaccuBaMu ganHbiX. Tak, Microsoft NET Framework, ucnosnssyemas B C# u Visual
Basic, BraoyaeT MeTo/l Array . Sort, peaqusanuio KOTOPOTO BaM BPSI TN YIAACTCS
[IPEB30UTH B COOCTBEHHOM KoJie. XOTs B 0COOBIX CJIydasX BbI CMOYKETE 9TO CleJiaTh,
ecain OyzeTe pacioaraTh ZOMOJHUTENbHON nHOpManneil 0 faHHbIX (CM. raBy 6).

[MonobHbie crierubuueckie GuOGINOTEKH MOTYT OBITH OOIIEOCTYITHBI U BEChMA T10-
JIE3HBI TIPY BBITIOJTHEHWH OPe/IeIeHHbIX 3aa4. Hanpumep, a(hhekTHBHO HCTIOIb30BATh
6UGIMOTEKY CETEBOTO aHAN3a, BMECTO TOTO YTOOBI CAMOMY Pa3pabaThIBaTh HEKOTOPHIE
MHCTPYMEHTBI, ¥ CAKOHOMUTH BPEMs, IPEITIOI0KAM, Ha TIOCTPOEHUH JE€PEBbEB WU
copTupoBke. KOoHEUHO, HUYTO He MeMIaeT BBITIOJNHATD 9TH 33/[a4l COOCTBEHHOPYYHO, HO
06paTUThCs K TOTOBOM Hase IJAHHBIX HAMHOTO TTPOIIIE.

Ecam B Bammx WHCTPYMEHTAX POrPAMMUPOBAHUSA eCTh (DYHKIIMH, 3aMEHSITONNE
paboty Kakoro-mu6o arropuTMa, 06s13aTesIbHO BOCTIOb3yiiTech uMu. Tak BbI 106bETECH
Jrydieil MpOu3BOAUTENbHOCTH U 3aTPATUTE MEHBIIE CUJT Ha OTJIAJIKY.

Haxkomen, s ouenb 60JIbIIKMX 32124 caMblil 9 GEKTUBHBII aJrOPUTM He BCeria
SIBJISIETCST CAMbBIM GBICTPBIM. JIOIyCTHM, BBI COPTHPYETE JUTHHHBIH CIIMCOK yrcest. B atom
cilyyae ajaropuT™ ObICTpoii copTrpoBKu cpaboraer xopoino. Ho ecim y Bac Bcero tpu
4IICJIa, IPOCTOM Ps OIepaTtopoB If, BO3MOKHO, IPOIBUT cebsl Kyza aydiie. Bps iu
OyleT UMeTh 3HAUY€EHIe, CIIPABUTCS IIporpaMMa ¢ 3ajgadeii 3a 1 wim 3a 2 mc. Ecom BBl He
coGupaeTech BHIOJTHITH COPTUPOBKY MHOTOKPATHO, pa3yMHee IIPUOETHY Th K TPOCTOMY
aJITOPUTMY, KOTOPBIH JIeTUe MTOIIAETCST OTIAIKE, & He K CJIOKHOMY, KOTOPBIH CAKOHOMUT
Bcero 1 Mc.

Ecuiu BbI 10J1b3y€eTECH OMOIMOTEKAMU, KOTOPbIE AHAJIOTHYHBI TEM, YTO OMUCAHBI
BBIIIIE, BO3MOKHO, BaM He MPUAETCSA Pa3pabaThiBaTh BCE AJITOPUTMBI CAMOCTOSATEBHO,
HO TIOHMMATh TIPUHIIUI UX AEHCTBUS KpaliHe He0OX0AUMO, YTOOBI U3BJIEUb KaK MOKHO
GOJIBIITE TIOJTB3BI U3 UHCTPYMEHTOB, KOTOPBIE TIPUMEHSTIOTCS IUIsT UX peanm3arimi. Ha-
[IPUMeEP, eCJIN BaM U3BECTHO, UTO PEJIATIMOHHbIE 6a3bl JAHHBIX PabOTAIOT ¢ B-/IepeBbaAME
U YeM-TO MOA0OHBIM JIJIsT XPAHEHUST HHIEKCOB, TO GY/IET ICHO, HACKOJIBKO BasKHBI KO9(]-
(UTIMEHTHI TPEIBAPUTENHLHOTO PACTIPENIEIEHUS 1 3aTOMHeH sI. Ecaun ske BbI pa3bupae-
TECh B AJITOPUTMe OBICTPOIT COPTUPOBKH, TO BAC BPSI/ JIK YAUBUT, YTO HEKOTOPBIE JIIO/IN
He cunTaloT Metof Array . Sort .NET Framework kpunrocroiikum (cMm. nyHkT «Hc-
MOJTb30BaHue GBICTPOI COPTHPOBKIY MOfIpasziesia « BBICTpas COpTUPOBKay pasfena «A-
roput™bl O(N x log N)» B riase 6).

[Toanmanme AJITOPUTMOB MOJKET IPUTOAUTHCA U B IPYTUX CUTYyaAIUAX. BOSMO}KHO,
BaM He HOHa[[O6I/ITC$I CaM aJITOPUTM COPTUPOBKU CIUAHUA, HO 6YI[€T II0JIE3EH €TI0 Me-
TO/J «paS[[eJIHfI n BﬂaCTByfI» UL pelienns 3a/ia4 CO MHOKECTBEHHBIMU ITPOIECCOPAMMU.
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OcHoBbl an ropnTtMmnsaumnmn

Pe3iome

YT00BI TOMYYUTh MAKCUMAJIBHYIO TIOJIb3Y OT aJITOPUTMOB, HEOOXOIUMO TOHUMATh
MIPUHITKI UX JAEHCTBUS U UMETh MPEJICTaBIeHNE 06 OCHOBHBIX XapaKTEPUCTUKAX TIPOU3-
BOIUTENBHOCTH. B 3TOM T71aBe MBI pacCMOTPEN ACUMITTOTHYECKYTO CTTOKHOCTD U Y3HAIIH,
KaK Ha ee OCHOBe TIPe/ICKa3aTh IMOBeIEHNE TOTO WM MHOTO AJITOPUTMA IIPU U3MEHEHU N
Pa3MepHOCTH 33/1a4H, a TAKKE TO3HAKOMUJIMCH C HEKOTOPBIMU TUITMYHBIMU &JITOPUTMAMU
1 06muMY (PYHKIUAME, KOTOPBIE OMMCHIBAIOT UX PaOOUMiT TIHKJT.

PucyHoKk 1.2 03BOJIHII OIIEHUTH, HACKOJIBKO OBICTPO PAcTeT TpaduK Kaskaoi TaKkoil
dyurimu. Ha mpakTike aJIrOpuT™MBbI ¢ MHOTOWIECHHBIM BpeMeHeM PaGOThI OKa3bIBAIOTCSI
OTHOCUTEJIHLHO OBICTPBIMU, TI0ITOMY K HUM yI0OHO 0OPaTUTHC JIs PEIIEHIS YMEPEHHO
CHOHﬂﬂﬂXBOHpOCOB,BOTHHQHGOTaﬂFOpHTMOBCSKCHOHGHHHaHbemﬂlHﬂMXbaKTOpHaﬂb-
HBIME PabOYNMU LIMKJIAMU, Y KOTOPBIX IPOU3BOAUTENBHOCTD U3MEHETCS OUEHD OBICTPO
1 K KOTOPBIM JIyUIlle areTupoBaTh B HETPYIOEMKHUX TTPOTIECCaX.

Tenepp, KOrIa y Bac €CTh HEKOTOPOE TIPEACTABIEHUE O TOM, KaK aHATM3MPOBATH CKO-
POCTDH aJITOPUTMOB, BBl MOJKETE HpI/ICTyHI/ITb K I/I3yquI/HO YJaCTHBIX CJIy‘IaeB, HarmpuMep
YHUCTIEHHBIX aTOPUTMOB., OOBIYHO OHU MMEIOT HECTIOKHYIO CTPYKTYPY MaHHbBIX, TIO3TOMY
paboTaioT cpaBHUTEIHHO OBICTPO.

YnpaxHeHus

BBESZIO‘{KOI;'I 0603HaYEHbI 3a/laun ITOBBIIIIEHHON CJI0KHOCTH.

1. B mynkTre «IIpaBmio 4» mozapasnena « ACUMIITOTHYECKAS CJIOKHOCTD aJITOPHUT-
Ma» B pasjiesie «CBONCTBO aJrOpUTMa» TEKYIIEN TJIaBbl OBLT OMUCAH AJTOPUTM
ContainsDuplicates, umemomnmii Bpemst pabotsl O(N?). PaccMOTpUM €ro yiryd-
HIEHHYIO BEpPCHIO.

Boolean: ContainsDuplicates (Integer: array[])
// UuKJ IO BCEM BJIeMeHTaM MacCuBa, KpoMe IIOCIIeIHEero.

For 1 = 0 To <HauboONBLLMUIA MHOEKC> - 1
// LMK IO BJIeMeHTaM II0CJie DJIeMeHTa 1.
For j = i + 1 To <HanbOIbIMIA MHIEKC>
// TpoBepsieM, SBISOTCH M OBa DJIEeMeHTa OyOIMKaTaMu.
If (array[i] == array[j]) Then Return True
Next j

Next 1

// Ecnam BB OOUJIM OO BTOM CTPOKM, TO IOybIMKaTOB HET.
Return False
End ContainsDuplicates

Omnpenenute BpeMst paGoTHI 71 HOBOU BEPCUE JITOPUTMA.

2. B tabsmie 1.1 mokasana B3aMOCBSI3b MEK/IY CI0KHOCTBIO 3a7a4n N 1 IIpOMU3BO-
JINTETLHOCTHIO AJITOPUTMOB, OTTMCAHHBIX PA3HBIMU (DYHKITUSAMU. JTY JKe 3aBUCU-
MOCTb MOKHO ITPOJIEMOHCTPUPOBATH €1lle OJHUM CII0COOOM — OIPEETUTh MAKCH-
MaJIbHYIO CJIOKHOCTD 3aIaui, KOTOPYIO CIIOCOOEH BHIIIOJTHUTH KOMITBIOTED € OIIpe-
JIeJIEHHON CKOPOCTBIO B TeUeHe KOHKPETHOTO BpEMEHH.
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maBa 1

[Tpeamomnoxum, KOMITBIOTED TIpoOjiebiBaeT 1 MJIH 11aroB ajroputMa 3a 1 ¢ u aro-
pUTM BbITIoJHsIeTcs B Tederne Bpemernt O(N?). B takom cirydae yepes 1 4 Mainuma
perut 3aa4y, y kotopoir N = 60 000 (mockossky 60 000? = 3 600 000 000 — ato
KOJTMYECTBO TIPON3BE/IEHHBIX TITATOB 33 YKA3aHHBIH IIPOMEKYTOK).

Cospaiire tabauny, rae Oyner IIpeacTaBieH pasMep Hanboblleii 3agaun N, Ko-
TOPYIO CMOKET BBIIOJIHUTD KOMITBIOTED JJIs Kak 101 13 (PyHKIIUIA, IIPUBEAEHHBIX
B Tabmune 1.1, 3a ceKyHIy, MEHYTY, 4ac, I€Hb, HEEJII0, TOJ.

3. MlHOor/1a KOHCTAHTDI, KOTOPBIME TIPEHEGPETAal0T B ACHMIITOTHYECKOM 0603HaYe-
HUU, UTPAIOT OUYeHb BAKHYIO PoJib. [IpencTaBbre, 4TO ABA aJTOPUTMA BBITIOJIHSI-
10T OIMHAKOBYI0 3a1a4y. [y pabotsl iepsoro Tpebyercsa 1500N 1maros, BTopoii
cripaBJisieTcst ¢ TeM ke 3azanueM 3a 30N? maros. [Tpu kakux snavenusix N BbI OT-
JlaiuTe MpenoYTeHre TOMY UJTH UHOMY aJITOPUTMY ?

4". Y Bac ectb aBa ajaropur™a. Oaun coctout u3 N°/75 — N?/4 + N + 10 waros, apy-
roit — u3 N/2 + 8 maros. KakoBo 105kHO ObiTh 3HaueHue N, 4To0bl Bbl BbIOpAJIK
TIePBBIil/BTOPOH alrOpUTM?

5. IIporpamma Geper B KauecTBe BXOAHBIX ITapaMeTpoB N OYKB U TeHepUPYeT 13 HUX
Bce Bo3MosKHbIe apbl. Harpumep, u3 6ykB ABCD BbICTpanBaiOTCs CJIEAYIOLIIe
komOunanum: AB, AC, AD, BC, BD u CD (niogpasymesaercst, uto AB 1 BA — oxHa
u ta ke napa). Kakoso Bpems paboTbl ajaropurMa?

6. AJITOPUTM C YMCJIOM BXOJAHBIX TAHHBIX N TeHepupyeT BeJIMYUHBI I KasK/0T0
eIMHMYHOTO KBajJpaTa Ha moBepxHocTu Kyba NxNxN. Haiinure Bpems paGoTs
aJropuTMa.

7. Y Bac eCcTb QJITOPUTM C UUCJIOM BXO/IHBIX IaHHBIX NV, KOTOPbBIH reHepupyeT Besu-
YMHBIL I KaXK0T0 dJIeMeHTapHoro Kyba B coctaBe KyOa NxNxN (puc. 1.3). Ka-
KOBO BpeMst pabOThI aIropuT™Ma?

P4
I
IN

\

Puc. 1.3. CrenepupoBatHbie KyObl
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OcHoBbl an ropnTtMmnsaumnmn

8" Anroput™ nosydaer N BXOJIHbBIX JAaHHBIX U TeHEPUPYET 3HAUEHUE [T KasK/I0-
o 9JIeMEHTAapHOro Kyba B peziesiax onpeneaeHusix euryp (puc. 1.4), nobasJiss
eTle OINH YPOBEHb IPH YBEJIUUEHIH UCXOAHOTO mapamerpa. Haiinure Bpems pa-
60ThI anropuT™a (YUTHUTE, YTO HEKOTOPbBIE KyObl TIPUCYTCTBYIOT Ha 3a[HEM TLIa-
He, HO Ha U300PaKEeHUN He BU/IHbI).

—

Puc. 1.4. CrenepupoBanubie purypbl

9. Kak BbI [yMaeTe, MOKET Ji GBITH AITOPUTM Ge3 CTPYKTYPHI IaHHBIX? BO3MOKHO
JIV CYTIECTBOBAHUE CTPYKTYPBI JAHHBIX €3 anropuTMa?

10. PaccMoTpuM J[Ba airOpUTMa MOKPacKu 3abopa.

Algorithml ()
For i = 0 To <KONIMYECTBO OOCOK B 3abope> - 1
<KpacuMm HOCKY IIOI HOMEepoM 1i.>
Next 1
End Algorithml

Algorithm2 (Integer: first_board, Integer: last_board)
If (first_board == last_board) Then
// ViMeeTcs TOJNBKO OOHA OOCKa. KpacuM TOJIBKO ee.
<KpacuMm n[ocky 1on HoMepoMm first_board.>
Else
// HOOCOK 6OJblle ONHOM, HOEeMVM MX Ha OBEe TPYIIE ¥ KpacuM PEeKYyPCWBHO.
Integer: middle_board = (first_board + last_board) / 2
Algorithm2 (first_board, middle_board)
Algorithm2 (middle_board, last_board)
End If
End Algorithm?2

Kakoso BpeMst paGoThl aTuX airoputmos (N — KOJIMYeCTBO LOCOK B 3a6ope)?
Kaxoit BapuanT sryure?

11", Yucra Guborauun MOKHO ONPEAETUTH PEKYPCUBHO € MOMOIIBIO CJEAYIONNX
MIPaBUIL
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maBa 1

Fibonacci(0) =1
Fibonacci(l) = 1
Fibonacci(n) = Fibonacci(n - 1) + Fibonacci(n - 2)

ITocaenosarenprocts Mubonavun naunnaercs ¢ uncen 1, 1,2, 3,5, 8, 13, 21, 34,

35, 89.

Kakum 06pazoM MoxKHO cpaBHUTH PyHKIMI0 DuboHauun ¢ GyHKIUAMEI BpeMe-
HU PabOThI AJITOpUTMA Ha pucyHKe 1.27



Maea 2
YUACJNIEHHbBIE AJIFTOPUTMbI

Yuc/leHHbIE aJTOPUTMBbI UCIIONb3YIOTC st paboThl ¢ yncaamu. OHU pacioJia-
raloT BEJIMYUHBI B CyYailHOM TOPsiIKe, PasOMBAIOT YKCIa HA TIPOCTBIE MHOKUTEIH,
HAXOJAT HAUOOMBIINIA OOV IETUTETh U ONPEIESIIOT TeOMETPUUECKUE TITOTAIN.
U xoTs Takue aJropuTMbl IIPUMEHUMbI JIUITh B HEKOTOPBIX CJIyYasX, JexXallue B UX
OCHOBE TEXHOJIOTUH OY€Hb MOJIE3HbI, HAPUMED AT TUBHbIE AJITOPUTMbI, MOJIEJIPO-
Batue 1o Metoxy Mownrte-KapJiio nin ucnosib3oBanue TabJIull AJist XpaHEHUs IIPOMe-
JKYTOUHBIX PE3yJTbTaTOB.

Panpomusaumsa paHHbIX

Panpomuzanus urpaet BaxkKHYIO poJib BO MHOTHX NpuJokeHnsaX. OHa 03BOJISAET
IIporpaMMe MOJEJIUPOBATHL HEKOTOPbIE IIPOIECCHI, IPOBEPATH ITOBEACHNE aJTOPUTMOB
npu paboTe cO CAYIANHBIMU BXOAHBIMU BEJIMYUHAMH, & TAKIKE UCKATh OTBETDI JIJISI CIOK-
HBIX 3a71a4. MIHTerpanus Monte-KapJio, onmcanuas B paszesie «HucieHHoe HHTEerprpo-
BaHMe» TEKYINE TJIaBbl, MCTIOMB3YeT CTyIaiiHO BRIOPAHHbIE TOUKY JIJIST OT[EHKH TLIOTA-
1TV CJIOJKHOM TEOMETPUUECKOH (pUTypBhI.

I[TepBbiii miar B J1060M aJTOPUTME PAHAOMU3AINN — TEHEPUPOBAHUE CAYYANHBIX
quceJl.

FleHepupoBaHMe cry4alHbIX BEJINYUH

B neiicTBUTENBHOCTH HU OIMH JITOPUTM, UCTIOTIB3YEMbIH KOMITBIOTEPOM [IJIS1 TIOJTY -
YEHUST UUCET, HE IBJISCTCS «CIydalHbIM». Eciii GbI BbI OBLIM 3HAKOMBI C €70 BHY TPEHHEI
CTPYKTYPOIi, TO HaBePHsIKA CMOTJIHN ObI TIPEBUAETD T€ 3HAUEHUST, KOTOPbIE OH TeHEPH-
pyet. Yto6s1 106UThCsT aGCOMOTHON HEMPEICKa3yeMOCTH, HeOOXOMNMO NCTIOTb30BATH
HEUTO OTJIMYHOE OT KOMITBIOTEPHOI mporpammbl, OJIHUM 13 TAKUX BAPUAHTOB MOT ObI
CIIY’KUTD JIETEKTOP U3Jy4eHUs, U3MEPSAIONIUI YaCTUIIbI, KOTOPbIE UCITYCKAET Pajiio-
akTUBHBII o6pasell. [T0CKOIbKY HEeJb3s1 TOUHO MPeICKa3aTh, KOTA MOABSATCS YaCTHIBI,
TeHEePUPOBAHKE YHUCEJ HAa CAMOM JieJie OYeT MPOUCXOJUTh Caydaiito. J[pyrumMu Bo3-
MO’KHBIMM MCTOUHHUKAMM TaK Ha3bIBA€MOH XaOTUUHOCTHU BBICTYIIAIOT UTPAJIbHbIE KOCTH,
AHAJIN3 CTATUIECKOTO ITEKTPUUECTBA B PAMOBOJTHAK, & TAK/Ke OPOYHOBCKOE IBIKEHHE.
Caiit random.org, HaripuMep, TO3BOJIIET TEHEPUPOBATD CyJYaitHbIe BETMUUHBI HA OCHOBE
u3MepeHnit arMochepHOTO TIyMa.

K coskanenuio, reHepaTopbl HCTUHHO CJYYAWHBIX YUCEJT SIBJSTIOTCS TOBOJBHO CJIOK-
HBIMU U MEJUICHHBIMU, II03TOMY B OOJIBIIMHCTBE 3a/1a4 HCIIOJIb3YETCSI 6outee 6bICprII>’I
redepatop rcesnocaydaitibix yncen (FTICH). Eciu nmogobpaHHbie ¢ €ro HOMOLIbIO Be-
JIMYWHBI B OIIPEACJIEHHOM CMbICJIE OCTATOYHO «Cﬂy‘{aﬁHbI», Ha UX OCHOBE IIporpaMMma
JIEMOHCTPUPYET XOPOIIIHE PE3YJIbTAThI.
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I'enepupoBanue BeJIUYUH

[IprMepoM MPOCTOTO 1 0OIIEr0 METO/IA CO3IAHUSA TICEBOCTYYANHBIX UMCET SIBJISAETCST
JUHEUNDLI KOHZPYIHMHBLIL 2eHepamop, UCTIOMb3YIOMNUH CJIeTYIONTYI0 3aBUCUMOCTD IS
(hopmupoBaHUs BETUUMH:

X . =(AxX + B)mod M, rae A, B,u M — nocrosHHbie.

Bemmuunna XO Ha3bIBAETC HauaibHbim yuciom. OHa WHUIUAJIU3UPYET reHepaTop, 11o-
9TOMY pa3/INYHbI€ BEJTMYNHDI XO J1alOT HEO/IMHAKOBbIC KOM6I/IHaHI/II/I quceJI.

HOCKO]IBKy BCe 3HAYEHMSI B UNCJOBOI IMOCIEI0BATETHHOCTH 66pyTCH 110 MOy JIIO M,
KaK TOJIBKO reHepaTop JOCTUTa€T MaKCUMYMa, OH ITPOMU3BOJAUT YUCJIO, ITOJIy4€HHOE UM
paHee, a MoCJae0BaTCJIbHOCTD YU CEJI IOBTOPAETCA C TOTO MeECTa.

Pacemorpum npumep. lano A =7, B=5u M = 11. Ec/m navars ¢ X, = 0, npezbityiee
ypaBHeHMe [IpUBeieT K cJielyIolieil 10c/1e/[0BaTeIbHOCTH YU CeL.

X,=0

X, =(Tx0+5)mod 11 =5
X,=(7x5+5)mod 11 =40 mod 11 =7
X,=(7x7+5)mod 11 =54 mod 11 = 10
X, =(7x10+5)mod 11 =75mod 11 =9
X.=(7x9+5)mod 11 =68 mod 11 =2
X,=(7x2+5)mod 11 =19 mod 11 =8
X =(7x8+5)mod 11 =61 mod 11 =6
X,=(7x6+5)ymod 11 =47 mod 11 =3
X,=(7x3+5)mod 11 =26 mod 11 =4
X,=(7x4+5)mod 11 =33mod 11=0

[Tockombky X, = X, = 0, 10CI€10BATENILHOCTD TIOBTOPSAETCSL.

Benuuuner 0, 5,7, 10,9, 2, 8, 6, 3, 4 BRITJISAAT OTHOCUTETHHO CIYIATHBIMU, HO Te-
1epb, KOT/Ia U3BECTEH MUCIOJb3yeMbIll B TPOTPaMMe METO/I, 3Hasl TEKYIee YHCJIO0, BbI
CMOJKeTe TTPaBUIBHO CITPOTHO3UPOBATH BCE TTOCIEAYIONTHE.

Hexkotopsie anropurmpt ITICY ncnonb3yioT MHOSKECTBEHHbBIE JIMHEITHBIE KOHTPY9HT-
HbI€ TEHEPATOPBI C PA3HBIMU [TOCTOSTHHBIMU U TIPOU3BOJISAT BBIOOPKY U3 BEJUUHH, CTeHe-
PUPOBAHHBIX Ha KAKIOM Tare. TO IeTAETCS 15T TOTO, YTOOBI TONTyIeHHbIe YHCTa Ka-
3a7mch «HoJiee CAYIAHHBIMITY, 4 IEPUOJT TIOBTOPEHMSI TIOCTEI0BATENLHOCTH YBETUYILII-
cs. OHaKO ¥ TaKue MeTO/Ibl He SBJIAI0TCS UCTUHHO CJIydallHbIMU.

- 3AMEYAHUE

BOoNbLWMHCTBO A3bIKOB NMPOrpaMMmnpoBaHns obnagaeT BCTPOeHHbIMU TICH. 3Tn
reHepaTopbl B OCHOBHOM [0BOJIbHO ObICTPbLIE M MPON3BOASAT OYEHb AJIMHHBIE MO-
cnepoBaTeslbHOCTY YMcen, Npexae YemM NoBTopuTbCS. 1o Takown NpuyYmHe nx ygooHo
NCNONIb30BaTh BMECTO TOro, 4TOObl MMCaTh COOCTBEHHbIE.

46



YucneHHble aJilrfoOPUTMbI

Onnolt u3 ocobennocreit ['TICY gBasercs TO, YTO MOKHO BOCIIOJIb30BATbCS
oTIpe/leIEHHBIM HavYaJIbHBIM YUCJIOM IJIs1 (hOPMUPOBAHUS TAKOM K€ MOCIe/[0BATEb-
HOCTH «CJIYYaHHBIX» YMCEJ HECKOJBKO pa3. ITO JIETKO PACIEHUTh KaK HEJIOCTATOK,
MTOCKOJIBKY O3HAYaeT, 4To yucja 6ojiee MpeacKasyeMbl, OJHAKO BO3MOKHOCTh HC-
[0JIb30BATh OJMHAKOBBIE YMCJIA HECKOJIBKO Pa3 3HAUMTENbHO 06JIerdaeT OTIaIKy
HEKOTOPBIX TTPOTPAMM.

Croco6HOCTD MOBTOPSITH TTOCJTE0BATEIBHOCTH YHCET TaKKe Pa3PEeIiaeT HeKO-
TOPBIM TIPUJIOKEHUSIM XPAaHUTDH CJIOKHBIE JaHHBIE B 04eHb cxkaToi (opme. [Ipesn-
MOJIOKUM, TTPOTPaMMe HYKHO 3aCTaBUTh OOBEKT MPOUTH JOJTHI U CITOKHBIN TICEB-
JOCTy4YaiHbIN 1y Th 110 KapTe. IIporpaMma MoXKeT creHepupoBaTh IIyTh U COXPAHUTh
€r0 KOOPJUHATHI, YTOOBI [103K€e TIEPEPUCOBATH MAPIIPYT, UJIU K€ OCTABUTH B AMSITH
TOJIBKO 3HAYEHUE HAYATHHOTO YMCJA, YTOOBI HA €r0 OCHOBE MPOBECTH TIOBTOPHYIO
nanimaansanuio TICY.

Ha pucysnke 2.1 mpejicraBieHo OKHO clieliuaibHoi nporpammbl RandomTrees,
KOTOPas pUCyeT /IepeBo, UCIOb3yd 3a/laHHOe UCXOHOe 3HAaYeHre. BBeanTe nmpons-
BOJIBHOE YHCJIO B OKHO Seed U HaskMuTe KHOMKY GO, 4T0OBI yBU/AETH pe3yabraT. Ecim
HavYaJIbHble 3HAYEHUsT OYAYT OTINYATHCS XOTS OBl Ha €UHUILY, IePEBbsI TOTYyYaTCsT
abCOJTIOTHO PA3HBIMIL

ozl RandomTrees - B

Seed: | 2160550 [ Go || Random

Puc. 2.1. Oxno nporpammbl RandomTrees

Brozaumoe Bamu uncio iporpamma RandomTrees BCHOIb3yeT 115t TEHEPATIY TAKUX
apaMeTpoB, KaK KOJIMYECTBO BETBei, (POPMUPYEMBIX IePEBOM IIPU KaXKIOM IIare, yroJ
UX HAKJIOHA OTHOCUTEJbHO MATEPUHCKOM BETBU U OTJIMYME OT Hee B pa3Mepax. Eciiu Bbl
3a/1aIUTe OJIHO U TO e YMCJIO JiBa pasa IoAps/L, TO HOJyYnTe /1Ba OANHAKOBBIX JepeBa.
(ITporpamMmy MOKHO CKa4aTh € OJTHOTO U3 CATOB C MaTepuajaMy KHUTH, KOTOPBIE YTIO-
MSHYTBI BO BBE/IEHUU. )
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aga 2

KPUNTOCTOMKUE rMcYy

v J1t060I NMHEMHbIN KOHIPY3HTHbIN FeHepaTop MMeeT Nepunoa, NoBTOPEHUs], 4To aena-
eT ero 6ecnosesHbIM s kpuntorpadum. Hanpumep, Bbl NbiTaeTech 3awwmdpoBaTb
TeKCT ¢ ncnonb3doBaHuem MCYH n ong sToro reHepupyeTe cny4yaliHble BENUYUHBI,
a 3aTem pobaBnseTe vx K Kaxaoi Oykse B coobiieHnn. Jonyctim, Gykea A + 3 6y-
net D, nockonbky D HaxoauTcs 4epes Tpu nosunumm ot A B aHruiickom andasute.
Ecnu Bbl oGepeTech Ao Z, To BepHeTecb KA. Tak, Y+ 3=B.

OT1a TeXHONOrnsa OOBOJIbLHO XOPOLLO paboTaeT, noka NocsieoBaTeslbHOCTb YACET
cryyanHa, 04HaKO JIMHENHbIN KOHMPY3HTHbLIV FeHePaTop UMEET OrPaHNYEeHHOE Y1C-
J10 HaYanbHbIX Yncen. Bce, 4To BaM HYXHO, 4TOObI B3/iloMaTb Ko, — nonpoboBaTtb
newmndgposaTb CO0OLLEHME C MOMOLLBIO NI060ro HavyanbHoro ymicna. C uenbio ge-
LM POBKM NMporpamMmMa oLleHMBaeT pacnpeneneHme 6yks, 4To6bl yBUOETh, BbIMAONT
NN pe3ynbTaT Kak peanbHbli TEKCT. ECnv HavanbHOEe YMCo BbIOpaHO HEMPaBUIIbHO,
Kaxkgas 6ykBa 4OMKHA NOSBASTLCS C NPMOAM3nTENIbHO 0AMHAKOBOM YacToToN. Ecnn
HavanbHOe YNCJIO NpPaBuibHOE, 0OHN ByKBbI, AonycTuM, En T, 6yayT noaBnaTbea
HaMHOro YalLe, yem apyrue, Hanpumep J n X. Ecnn 6ykebl pacnpeneneHbl HepasHo-
MEPHO, BO3MOXHO, Bbl yraganan Ha4allbHOE 4YnUCIO.

MoxeT nokasartbcs, 4TO Takas 3a4a4a 3anMeT MHOIrO BpEMEHW, OAHaKO AJ151 COBpe-
MEHHbIX KOMMbLIOTEPOB 3TO HE TaK Y> U CNOXHO. Ecnn HavanbHoe yncno — 32-6utHoe
Lenoe, BO3MOXHO N1LLb 4 MH BapnaHTOB. COBPEMEHHbIN KOMMbIOTEP MOXET MpPO-
BEPUTb KaXA0€ HaYaNlbHOE YNCIO 32 HECKOJIbKO MUHYT UM JaXe CEKYHN,

KpunTtocTtovikuii reHepatop rnicesaocay4qariHbix ynces (KIFMCY) ncnone3yet 60-
Jlee CNOXHble anropuTMbl AN FeHepaLnm Y1Cen, KOTopble TpyAHEe CNPOrHO3u-
poBaTb, a TakxXe OJj1s NPon3BoAcTBa 6osiee ANIMHHbBIX NOocriegoBaTeibHOCTEN 6e3
BBeaeHus unkna. OHM 06bl4HO 061aaalT 60bLLIMMUY HaYalbHbIMW 3HAYEHUSIMN.
MpocToin KIMCY moxeT ncnonb3oBatb 32-6MTHOE HavanbHoe 4ncno. KMCY
MOTYT B COCTOSIHMM paboTaThb C kitodamu gnmHoi go 1000 6uTt gna nHnumanu-
3auun anropmTma.

KIMCY nHTEpPECHbI N [OBOMBHO «ClyY4alHbl», OAHAKO Y HUX €CTb HEKOTOPbIE
HepocTaTkn. OHU CNOXHEEe 1 NO3TOMY MeJJjieHHee NMPOCTbIX anropuTMoB. OHK
TakXe MOryT He MO3BOJINTb COBEPLUNTL BCIO MHULMANN3ALNIO BPYYHYIO, Tak
4TO, BOBMOXHO, BaM He ygacTCs CreHepupoBaTb NOBTOPSEMYIO MOCNenoBa-
TeNIbHOCTb. ECnn Bbl XOTUTE NCNO/Ib30BaTh Ty XE CaMylo MNocnefoBaTesibHOCTb
6onee 04HOro pasa, BaM HYXHO 3aaencTBoBaTtb NpocTthle NMCY. K cyacTblo,
MHOrMe anroputmbl He HyxaatoTcs B KITY, noatomy MmoxHo paboTtaTb ¢ 6onee
NPOCTbIMW aNropuTMamMu.

Oolecneyenne paBHONPABUS

OO6BIYHO B MpOrpaMMax HY’KHO MCII0JIb30BaTh pasHonpashbie [TICU. Pasnonpas-
nowv [TICY HazbrBaeTcs TOT, KOTOPBII TPOU3BOIUT BCE BO3MOKHBIE BBIXOHbIE IAHHBIE
¢ onunakoBoii BeposTHocTbio. [TICY, sBsioniuiicss HepaBHOIIPABHBIM, HA3bIBAIOT He-
npasuivnoim. Haripumep, crydaii ¢ MOHETOM, TTAIAIONIEH OPJIOM B 2/3 cirydaes, sSIBJISET-
CsT HETIPABUJIBHBIM.

MHorue S3bIK1 TPOrPaMMUPOBAHMST PACTIONATAIOT METOIaMU, TIPOU3BOSTITIMU CJTY -
JaifHbIe YMCIIA B TIOOBIX JKeTAEMbIX PEIENaxX, HO eCTN TPEOYeTCsT HAITICATD KO IS TIpe-
obpaszopanus Benund ITICY B 0co6blii uanasoH, HyKHO GbITh OCTOPOKHBIM IIPH CO-
GITIOIEHU Y PABHOTIPABHSL.
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JIMHENHBII KOHTPYSHTHBIN TeHepaTOp MPOU3BOAUT Y CJI0 Mexay 0 (BKIIOUUTEh-
HO) U M (MCKJIIOYUTETIHLHO), T/ie M — MOJIYJib, UCIIOJIb3YEMBIi B yDaBHEHUY reHepaTopa
X =(AxX + B)mod M.

[t mporpaMMBl, KakK IIPABUJIO0, HY’KHO ITPOU3BOJIbHOE YUCJIO, HAXOISIeecs 3a
npeznesaMu auanazona ot 0 10 M. TIpocTbiM, HO HENPAaBUJILHBIM CIIOCO60M 0TOOpa-
JKEHUsI YUCJIa, TPOU3BEIeHHOTO reHepaToOPOM B TPAHUIAX OT Min 0 max, siBJsIeTcst
UCIIOJIB30BAHUE CJEAYIONETO yPaBHEHU: pe3yibTar = min + yuciao mod (max —
—min + 1). Hanpumep, uro6st mosyunts Besmunny Meskay 1 u 100, Bam Heo6x0auM0
MIPOU3BECTU BOT TaKo# pacuert: pesysbrar = 1 + uncso mod (100 — 1 + 1). TIpobiema
3aKJTI0YAETCS B TOM, YTO HEKOTOPbBIE PE3YIBTATHI MOTYT OBITH Ky/1a 60JIe€ BEPOSTHBHI-
MU, YEM JIPYTHE.

YT00BI TIOHSITH, TOYEMY 5TO TaK, PACCMOTPUM TIprMep, riae M = 3, min = 0 u max = 1.
Ecsi reHepatop paboTaet mpaBuIbLHO, OH pousBoanT yrcia 0, 1 u 2 ¢ npubInusnTebHO
OJIMHAKOBOI BEPOSITHOCTHIO. ECJIN OZICTaBUTD 9TU 3HAYEHUS B TIPEIBILYTIEe ypaBHEHHE,
MOJIyYaTCst BEIUNYUHBI, TPEICTaBAeHHBIE B Tabsmie 2.1,

Ta6nuua 2.1. Mokasanus MMCY

Bsoaumoe Pesyabrar
3HAYEHHE

0 0

1 1

2

Yucsio 0 BO3HMKAET B JiBa pa3a yaiile, ueM 1, Tak 4To (hUHAIBHBII PE3YJIbTAT SIBJIS-
ercst HerpaBUIbHBIM, B Hacrostux TTICY, e Moy b M odetb GoJIbINOH, ipobieMa
HE CTOJIb OYEBH/IHA, HO TEM HE MEHee CYIIECTBYET.

Jlyuie Bcero kouBepTupoBath npoussenernyio I'TICY sesmunny B 1pobb Mex 1y 0
n 1, a3aTeM yMHOKHUTH €€ Ha JKeJIAeMbIil I1ara3oH, Kak B cjeayiomleil hopmyJie: pe3yJib-
Tat = min + (uncyao / M) x (max — min).

Metozom npeobpasoBatms MICEBAOCIYYaiiHON BEJIMYUHBI U3 OJHOIO AMalia3oHa
B IPYTOil SIBJIAETCS U MIPOCTO UTHOPUPOBAHKe JIOOBIX Pe3Y/IbTaTOB, BHIIALAIOMINX 3a
JKeJlaeMble TIpeJiesibl. B mpebliyiemM mprumMepe Bbl MOTJIM BOCIIOJIB30BAThCS OTPAHU-
yeraHbiM ['TICY n7151 renepupoBanus Beanaunbl Mesxay 0 u 2. Ecau mosyyaercs 2, Ha-
XO/I1TIeecs 3a TPAaHUIAMN JKeJIaeMOTro JINara3oHa, ero He yYUTHIBAIOT U PAaCCYMTHIBAIOT
ZIpyTOe YUCJIO.

[TpuBeneM npumep, TPUGIKEHHBIN K PeAIbHOCTH. [IPEIITOI0KIIM, BbI XOTUTE IaTh
nevyeHbe OTHOMY M3 YeThIpex JApy3el 1 y Bac ecTb UTpajbHasl KOCTh. BaM cTOUT MpocTo
HECKOJIBKO pa3 GPOCUTH KOCTh, TOKA He MOTyIUTCs BeJmurHa Mexky 1 u 4.

HOJIy‘{eHI/Ie pPaBHOIIpaBUA OT HENIPABUJIbHBIX HCTOYHUKOB

Haxe ecu TTICY siBiisieTcst HEMPaBUIBHBIM, €CTh CIIOCO6 TEHEPUPOBAHMUST PABHO-
npaBHBIX ynces. [Ipearnosox M, Bbl cyuTaeTe MOHETY HEPaBUIbHOI. Bam ciioxHo
CIIPOTHO3MPOBATh BEPOSTHOCTD TOTO, BBITIA/IET ¥ BAaC OPEJ WJIN PEIIKa, OJHAKO MOXKHO
HPE/TOJIOKUTD, UTO 3Ta BEPOSITHOCTD He paBHa 0,5. CIreyommii aIropuT™ peCTaBIsIET
moibpachiBaHUE TIPABUIBHON MOHETHI.
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IlonObpaceBaeM HENPaBUIIBHYI MOHETY OBaXIHl.
Ecim pesynbTar npexncraeiyser cobor {Heads, Tails}, Bo3Bpamaem Heads.
Ecnu pesynbTaT npencraBiseT coboi {Tails, Heads}, Bo3Bpamaem Tails.
Ecnu pes3ynbTaT BHIJISOUT KaK-TO MHade, TIOBTOPSEM OEeNCTBUE.

Yro6bl TOHATE, TOYEMY 9TO PabOTaET, IPEANOI0KUM, UTO JIJIs HEMPABUIBHON MO-
HETBHI BEPOSTHOCTD BBINIJIeHUs opJia paBHa P, a pemku — 1 — P. Torma BepogTHOCTD
BBITTAJICHUST OPJia, a 3aTeM PEIIKK paccunThiBaercst Kak P x (1 — P), u HaoGopor, peri-
KH, a 3aTeM opJia Kak (1 — P) x P. /IBe ykazaHHble BeJIMYMHDI OJJMHAKOBDL, [I03TOMY Be-
POATHOCTb BO3BpallleHUs aJrOPUTMOM OpJld UJIU PellKU TO)Ke OJMHAKOBa, a 3HAUYUT,
pe3yIbTaT PaBHOTIPABHBIN.

Ecam nenpaBrsibHAs MOHETA BBITIAJIAET OPJIOM, & 3aT€M OPJIOM WJTH PEIKOH, HyKHO
MOBTOPUTH ATNTOPUTM. BO3MOKHO, TPUIETCS IIPOJIEJATh 9TO MHOTO Pas, MPEK/Ie YeEM Bbl
[oJIy4rTe PaBHOIIPaBHbBIN pesybraT. Hanpumep, eca P= 0,9, To opes OyaeT Bblagarh
nBa pasza moapsia B 81 % ciydaes, a B 1 % ciiydaes [1Ba pa3a MOAPSI BBIIAET PEIIKa.

I BHUMAHUE

[Mony4yeHne paBHOMPABHOMO BbINaAEHMS C MOMOLLLbIO HEMPABUIIbHOW MOHETHLI BPS,
v 6yaeT None3HbIM B peasibHoM nporpaMmme. TeM He MeHee 3TO XOPOLLUYA NpUMepP
NCNOJNIb30BaHNS BEPOSTHOCTEN, KOTOPLIN MOXET NPUroauTLCSA BaM Ha cobeceo-
BaHMM Mpu nNpueme Ha paborTy.

[Toso6HYI0 TEXHOJOIMIO MOKHO UCIIOJIb30BATh JJIsl paCUIMPEHMs JuamnasoHa
I'TICY. [TpearmonokuM, BB XOTUTE YTOCTUTD TIeY€HbEM OIHOTO U3 CBOUX TISATH APYy3eit
1 BalllUM €/IMHCTBEHHBIM UCTOYHUKOM CJIYUYAHHOCTH SABJISIETCS TPAaBUIbHAS MOHETA.
B TakoMm ciydae MOKHO IIOAOPOCUTH MOHETY TpU pasa u 06paboTaTh pe3yJbTaThl
KakK JIBOMYHbIE Yncya ¢ opyioM ajst 1 u pemrkoii asst 0. Hanipumep, opest, pelika, opest
cootBercTByeT 3HaveHuto 101 B 1BoMUHOI cucTeMe U 5 B fecsaTudnoi. Ecau mo-
JlydaeTcsl pe3yJibTaT, HaXOSAIMICS 32 Mpe/lejlaMU XKeJlaeMOoTo irarna3ona (B 3TOM
npuMepe opeJi, opes, opes faaeT peayabtat 111 B nBowdHON Miau 8 B mecATUYHON
cucTeMe UCUNCIIEHH, UTO OOJIbIIEe KOJIMYECTBA APY3eil), Bbl cOpachiBaeTe pe3ybTaT
u mpobyeTe 3aHOBO.

B zaxsiouenue HeoOXOMMO OTMETUTD, YTO JIJIst OOJIBITMHCTBA CJIyYaeB BaM Oyier
JIOCTATOYHO BCTPOEHHOTO B si3bIK TTporpammupoBanust [TICY. Ecom ske Bl Hy:K/1aeTeCh
B GOJIbIIEN CTelleHH CiIydaiiHoCTH, MoKeTe oOpartuTh BHuMaHue Ha KTTICY. Hcmosbzo-
BaHUe PABHOIPABHONW MOHETHI € TEJIBIO BbIOOpa cirydaiiHoro uncaa Mexay 1 u 100 m6o
HEMPaBUJIbHOTO NCTOYHUKA WH(MOPMAIIUN IS TEHEPUPOBAHUS PABHOIIPABHBIX YHCEJT
sIBJIsIEeTCST GoJIee TOIE3HBIM MTPU HEBBISICHEHHBIX 06CTOATENBCTBAX.

PaHpomMusauusa maccuBoOB

[loBOJIbHO pacpocTpaHeHHOW 3ajaueil B TporpaMMax SIBJSETCS PaHOMU3AINs
2JIEMEHTOB MaccuBa. [lomycTiM, TporpaMMe KaJleHIapHOTO TVIAHMPOBAHUS HY>KHO Ha-
3HAYUTh CMEHBI JIJIs PaOOTHIKOB OpraHu3alii. Eciy mporpaMmMa opranusyer CMeHbI
B ashaBUTHOM TIOPSITKE TI0 MePe UX MOSTBIEHS B 6a3e TAHHDIX FUTH B KAKOM-TTHO0 IPYTOM
CTaTUCTUIECKOM ITOPSIIKE, COTPYAHUKH, KOTOPBIX ITOCTOSTHHO 3aMMICHIBAIOT HA HOUHYIO
cMeny, OyZyT HEIOBOIbHBIL.
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B HexoToppixX aaropuTMax TaksKe MOXKET UCIOJIb30BaThCA CAYYAUHOCTD C IEJIBIO
IpeAOTBpallleHrsd HauxyAliei curyanuu. Hamnpumep, craHzapTHbIA aaroput™ ObICT-
POi COPTUPOBKK OOBIYHO pabOTaeT XOPOIIO, OJHAKO, €CJIU BEJIUYUHBI, KOTOPbIE OH
AOJIKEH YIIOPAJLOYUTD, YiKE 6BI]II/I OTCOPTUPOBaHbI, IPOU3BOJUTEJIbHOCTb CHUIKACT-
cs1. OHUM U3 c1toco6OB BBIXO/IA U3 TOJIOKEHUST Oy/IeT paHIOMHU3aIUsT BEJIUYUH I1e-
pell UX COPTUPOBKOM.

B CJIeAYIOIIEM aJIrOpUTMeE IIpeAJiaracTcAa c1ocob PaHAOMM3allUN MaCCHBa.

RandomizeArray (String: array[])

Integer: max_1 = <BepXHss CpaHulila MacCuBa>
For 1 = 0 To max_1 - 1
// Bobupaem 2JeMeHT s 1-7 [IO3ULIMK B MaCCUBE.
Integer: j = <IICEeBOOCIYYalHHN HOMEP MEXOy 1 UM max_1 BKIIOUYMTEILHO>

<MeHsieM MeCTaMu 3HadYeHusI BenuuuH array[i] u array[j].>
Next 1
End RandomizeArray

[IpencraBieHHBII aITOPUTM MTPOXOAUT Yepe3 KKAYIO TO3UIINI0 B MACCUBE OJIIH
pas, Tak 4To BpeMst ero paboTsl paBHO O(N), UTO ABJISAETCS TOBOJBHO GBICTPBIM JIJIsT
GoJIbIIIell YACTH IPUIIOKEHUIA.

CTOUT OTMETHTB, YTO TIOBTOPEHNE JAHHOTO aJITOPUTMa He JejlaeT MaccuB «boJiee
caydaiiHeiMy». Korzia BBI TacyeTe KapTOUHYTO KOJIOY, HAXOASIINECS PSIZIOM KapThl IO
IIPEUMYIIECTBY TaK U OCTAIOTCS BMECTE, TaK YTO BaM HYXKHO IlepeTacoBaTh KOJIOLY He-
CKOJIBKO Pas3, 4T0ObI MOJTYYUTh JOCTATOYHO CIYIANHBIN pe3y brar. Tekyuuii airopuTM
MOJIHOCTBIO PAHZOMHU3UPYET MAaCCUB 32 OJHO IIPOXO’KACHME, IOITOMY €0 TTOBTOPHBII
3aITyCK SIBJISIETCST OECTIONIE3HON TPATOil BpEMEHH.

V PABHOIMPABHO PAHOOMU3WPOBAHHbIA MACCUB

Jpyrnm BaXXHbIM BOMPOCOM, KaCaloLWMMCH AAHHOIO afirOpUTMa, SIBASETCS Takon:
JaeT N1 OH paBHOMpPaBHbI NOPSAoK? Apyrumu cnoBamum, eCTb i BEPOSITHOCTb
TOro, 4TO 3NEMEHT, 3aHMMAIOLLMNI AaHHYIO NO3MLMI0, OCTaHeTCsa B Hel? Hanpu-
Mep, MJIOX0, ECIIN 3NIEMEHT, YCTAHOBJ/IEHHbIV B NEPBYIO MO3MLNIO, OCTAHETCS B HEW
B MOJIOBUHE CIy4aEB.

Bo BBEOEHUM 9 TOBOPWUI, YTO B KHUME HE ByaeT AJIMHHBIX MaTeMaTUYecKnx aoka-
3aTenbCeTB. [pu XenaHum Bbl BNpase NponycTUTb ClieayloLlee pacCyXaeHue 1 rno-
BEPUTb MHE Ha CJIOBO — aNropuTM paHaoMn3auum paBHonpaseH. Ecnv Bam ns-
BECTHO 4TO-NIMOO O BEPOATHOCTU, BMOSIHE BO3MOXHO, YTO PACCYXAEHUS BbI3O-
BYT UHTEPEC.

[na onpeneneHHoro afieMeHTa B MacCcrBe pacCMOTPUM BEPOSITHOCTb €ro pasme-
LeHMa B no3nummn K. YTobbl 3aHATL €e, OH He J0JIXeH cTaTb B nosvumn 1, 2, 3,...,
k-1,a3aremBK.

Onpepenum P_/ Kak BEPOSITHOCTb HepasMeLleHns afieMeHTa B Nos3uumn i npm
YCOBUK, YTO OH He Obl paHee B nos3numax 1, 2, ..., i — 1. Takxe onpenennum Pk Kak
BEPOSATHOCTb Pa3MELLLEHUS 3NIEMEHTA B NO3uLMK K Npu YCNOBUMK, YTO OH He Obin
B no3numsax 1, 2, ..., K — 1. Torga o6L1asa BEPOATHOCTb TOr0, YTO 3/IEMEHT 3anmeT
noauumio K, pasHsieTcs P x P ,x P_ x ... x Pf(kq) xP,.

Ecnu P, paBnsietca 1/N, 1o P_ paBnsietca 1 -P,=1-1/N=(N-1)/N.
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Mocne Toro kak 3agaH nepsbiii aiemMeHT, anemMeHTbl N — 1 MoryT GbiTb NOCTaBsIEHbI
B noauumio 2, Takuto P,=1/(N-1),aP_=1-P,=1-1/(N-1)=(N-2)/(N-1).
B obwmx yeptax umeem: P.=1/(N-(i-1)uP =1-P=1-1/(N-(i-1)) =
=(IN-(-1)-1)/(N-(-1)=(N-I)/(N-i+1).

Ecnv nepeMHOXUTL BEPOATHOCTY ApYr Ha apyra, P x P ,x P x ... x Pf(kq)x Pk
0acT cnefylowee ypaBHeHue:
N—1 N—-2 N-—-3 N —(k—1) N-—1
X X X ou X
N N—1 N—-2 N—(k—1)+1 N—(k—1)

BUAHO, 4TO YMCUTESb KaXO0r0 YsieHa 1 3HaMeHaTe b CeayloLero 4ieHa co-
Kpawatotcs. Koraa Bbl COBEPLUMTE BCE COKPaLWLEHUS, YypaBHEHME YNPOCTUTCS
no 1/N.

3TO 03HA4aeT, 4TO BEePOATHOCTb PACMONIOXEHNS 31eMeHTa B No3nuum K asnaeT-
ca 1/N BHe 3aBUCUMOCTN OT 3Ha4YeHus K, Tak 4TO pasMeLleHe PaBHOMNPaBHO.

Emte onna 3asaua, mogobHast paHIOMHU3AIUN MaCCUBa, — BBHIGOP OTPeEeJIeHHOTO
KOJIMYECTBA CJIydaiiHbIX 2JIEMEHTOB U3 MaccuBa 6e3 yasoenus. Hanpumep, y Bac ectb
crcok u3 100 gesoBeK, KOTOPBIM BBl XOTUTE OTIPABUTH 9K3EMIJISAP cBoeH KHUTH. O/IuH
13 crocob0OB BBIOPATH TISITh UMEH — 3TO BBECTH BCEX IPETEHIEHTOB B MACCHB, PaH/IO-
MU3UPOBATH €T0, @ 3aTE€M OTIPABUTH KHUTH TIEPBBIM TISITH JIIOASM U3 C(hOPMUPOBAHHOTO
crrcka. BeposTHOCTE TOTO, 4TO Kakoe-Tuh0 MMsT HAXOANUTCS B OJIHON U3 MSATH BBIUTPA-
BIIMX MO3UIINIA, OTHAKOBA — CJIEZI0OBATEIBHO, CXeMA PABHOIIPABHA.

leHepupoBaHue HepaBHOMEPHbIX pacnpeaesneHni

B HEekoTOPBIX TpOTpaMMax HY>KHO TeHEPUPOBATH TICEBIOCAyYallHbIE YHCIa, Pac-
npezesnsgemMble HepaBHOMepHO. Hepeko Takue mporpaMMbl UMUTHPYIOT ApyTHe hop-
MBI TeHepaIy CIyJIaiiHbIx yncen. Hampumep, mporpaMme MOXKeET TOHAZOOUTHCS
CTEeHEepUPOBATH YKcaa MeKay 2 U 12, 4To6BI CHIMUTHPOBATH GPOCOK JBYX IMIECTH-
IPAHHBIX KOCTEH.

Bbl He MoKeTe IPOCTO BBIOPATH IICEBAOCTyYaiiHble uncaa MeKIY 2 1 12, TOCKOIbKY
BEPOATHOCTD MOJTYYEHUsT KaXK/IOTO YHCIIa TPU OPOCAHUY JBYX KOCTel oTcyTeTByert. [lst
pelIeHus 3a/[a4i HYKHO UMUTUPOBATh OpOCaHUE KOCTel, 4TOObI CreHEPUPOBATH /[Ba
gyucya Mexkay 1 u 6, a 3aTeM CI0KUTH TIOJyYeHHBIE PE3YIbTATHI.

HaxoxpaeHue HaubonbLiero
oOLwiero apenutens

Haubomvwuii obuguit deaumens (HOJ) ABYX TeJbIX duceT — HauOOJIbIIIee MeI0e
YKCJI0, HAa KOTOpoe oHM 00a aensites 6es ocrarka. Hanpumep, HOJI (60, 24) pasen 12.
JlanHas (pyHKIUST MOJKET TTOKA3aThCs IOBOJIBHO CTPAHHOI, HO HA CAMOM JIeJie OHa OYeHb
MmoJie3Ha B KPUNITOrpamuecKux 3ajadax, KOTOPbIe IMUPOKO UCIONB3YIOTCST B I€TTOBOI
cdepe, B YACTHOCTH JIJIST 3aITUTHI (PUHAHCOBBIX KOMMYHUKATIHIA.
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-  3AMEYAHUE

Ecnn HOL, (A, B) = 1, roBop4T, 4TO A 1 B B3aMHO rpoCThIE.

B o6mem ciygae uTo6s1 moxyunts HO/I, 10CTaTOYHO PasIoKKUTh ABa YKCIA Ha MHO-
SKUTEIN 1 HaiiTy o01ne Koadduunentsr. Onnako emte 0kos10 300 I. 10 H. 3. rpedecKuit
maremaTuk EBkimz B cBoeM TpakTate «Hauazna» onucan 6ojiee GbICTPbIN c110co6, KOTO-
PBIII TIPeICTaBIIeH B CJIEAYIONIEM TceBoKozie. [lockoIbKy alropuT™ CO3/1aH HA OCHOBE
paborbl EBKIMA, OH HA3bIBAETC e8KAUOBbIM, WK anzopummom Eexnuda.

Integer: GCD(Integer: A, Integer: B)

While (B != 0)
Integer: remainder = A Mod B
// HOI(A, B) = HOI(B, oCTaToK) .
A =B
B = remainder

End While

Return A

End GCD

B kauectBe npumepa paccmorpum Haxoxaenue HOJT (4851, 3003). B tabuuite 2.2
puBeAeHbl 3Hadenust 111 A, B u A mod B 114 Kax0ro mara.

Ta6nuua 2.2. 3Hayenus, ucnonbayemble ais pacyeta HOJ, (4851, 3003)

A B Amod B
4851 3003 1 848
3003 1 848 1155
1 848 1155 693
1155 693 462

693 462 231

462 231 0

231 0 —

[Ipu B = 0 nepemennast A u ectb uckombrii HO/I. B namrem cyvae ato yucio 231.
ITpoBepUTH IPABUIBHOCTD PE3yJIbTaTa MOXKHO clemayromuM obpasom: 4851= 231 x 21
u 1848 = 231 x 8. ITosyuaercs, uTo 06a urca aesstes Ha 231 6e3 ocTaTka, a BEJTNYHHbL
21 u 8 He UMEIOT OOIIUX MHOKUTEIIEH.

CAMBbI BOJIbLLUO U3 OBLUUX JEJIUTENEN
@ [Janim HekOTOpOoe MaTeMaTMHECKOe NOSICHEHME, KOTOPOE MPU XENaH!M Bbl MOXe-

Te nponycTuTtb. CyTb anroputma Eeknmaa ceoamtes kK Tomy, yto HOZL, (A, B) = HOA,
(B, A mod B). YTo6bl NOHATL, NOYEMY 3TO Tak, HYXXHO 3HaTb, YTO NpeacTaBseT
co6oli onepaTop aenexHusa no moayno. Mpeannonoxum, octatok R =A mod B, Tor-
naA=mxB+ R, rne m — HekoTopoe Lenoe 3HaveHne. Ecnu g — ato HOZ anst A
n B, T0 B nonxHo nenntbca Ha Hero 6e3 octaTka, Kak 1 m x B. AHanornyxsim 06-
pasoM ONIXKHO AenuTbes U A, onpeaensemoe dopmynoin m x B + R. OTciopa cne-
LYeT, 4T0 pa3 g AenuT Hauenio m x B, To oHo cnoco6Ho aenvtb 1 R. Takum o6pa-
30M, BbllLieCKa3aHHOE [0Ka3biBaeT, 4To g nenut 6e3 octatka Bu R.

Y106kl cumTaTh g pasHbiM HOZL, (B, R), no-npexHemy Hy>HO 3HaTb, 4TO OHO SBJISI-
eTcsi caMblM 60J1bLLINM LIeSIbIM YMCOM, Ha KoTopoe aenstcs B u R. Mpeanonoxum,
4TO ecTb Hekoe 3HauveHune G, Ha koTopoe aenstca B u R v koTopoe Gonblue, 4em g.
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Torga G 0onmxHO aennTb Haueno m x B+ R, To ecTb camo A. Ho 3T0 roBOpUT 0 TOM,
yTO g He siBnsieTca HOL (A, B) v npoTuBopeymT HaweMy ycnoeuto. [lenaem BoliBoa;
Takoro G He cyuiecTeyeT, a g v ectb HOO ana A n B.

[TpuBeICHHBII AJTOPUTM SIBJISIETCS OBOJBHO OBICTPBIM, MTOCKOJBKY BeJUYNHA B
YMEHBINAETCST KaK MUHIMYM Ha KoadbduimenT 0,5 7151 KasKAbIX IBYX TPOXOXKIEHIIT de-
pe3 nukJa While. Takum 06pa3oM, MaKCUMATbHOE BpeMst pAOOTHI JITOPUTMA COCTABJIS-

et O(log (B)).

Monpobyem pasobpaTbCs, NoYemy 3HadeHne B B eBkIMa0BOM anroputMe ymeHb-
waeTcsa kKak MUHMMYM Ha KoadduumeHT 0,5 ang kaxabix ABYyX MPOXOXAEHNI Yepes3
umMkn while. 4na aT0ro 0603Ha41Um ¢ I'IOMOLLI,bIOAk, Bk 7 ka BenninHbl A, Bu R k-1
nTepaumum n 6yaem cumtate, 4T0 A, =m, x B, + R, ang uenoro umcna m,, a Bo BTO-
poii utepaumn A,= B nB,=R,.Ecnn R, <B,/2,Tornpa B,< B,/ 2.

V XKAXOA CKOPOCTH

Mpeanonoxum, yto R, > B,/ 2 n B TpeTbeit utepaumm A,= B,= R, a B,= R,.
Mo onpepenenunio R,= A, mod B,, 4To aHanorun4Ho 3anucu B, mod R,. Ecnm no-
nyctuth, 4to R, > B,/ 2, Torna B B, Bennunna R, yknaaeisaetca poBHO 0MH pas,
coxpaHsisi B octatke B, - R,.

Mockoneky R, > B, /2,70 B,- R,<B, /2. Tenepk BepHemcs K ypaBHeHusm: B, - R =
=B,mod R,=A,mod B,=R,= B,. CnenosatensHo, B,< B,/ 2, 4To u Tpe6osanocs
nokasatb.

Bo3BeneHue B cTeneHb

MHoraa ajist peleHus 3agadn TpedyeTcst BO3BECTH YUCJIO B LIEIYIO creletb. Ecim
CTeIleHb HU3KAs, 9TO He CI0KHO0. Harpumep, 7° JIerko BBIYKCIUTD Iy TEM IIPOCTOr0 YMHO-
skeHus 7 x 7 x 7 = 343. Jlna 60see BBICOKUX 3HAUYEHUH, TakuX Kak 7'%% 187 291 nanplil
c110c00 ABJISAETCSA OYEHD MEJJICHHBIM.

- _ 3AMEYAHUE

Bo3BeneHne yncen B BbICOKYIO CTENEHb HEPEAKO 3aHMMaeT A0BOJSIbHO MHOIO
o BpeMeHn. ATomMy hakTy MOXHO ObIno 6bl HE NpuAaBaTh O0JLLLIOIO 3HAYEHUS, ECNN
Obl JaHHaa MaTeMaTU4eckas onepaums He UCMNOJIb30BaSIOCh B HEKOTOPbIX BAXHbIX
Buaax kpuntorpadun.

K cuacrbio, ectb c11ocob yckoputh mpoiiecc. OH OCHOBAH Ha JIBYX KJIIOUEBBIX (hop-
MyJIax:

n A2XM = (AM)Q;

m AMEN= AM x AN

[TepBast 103BOJIsIET OBICTPO BHIYUCIUTD CTEIEHD YUCTa A, BO3BOASA B KBAJIPAT 9TO
K€ 4HCJIO B I/ICXOI[HOI;JI CTEIleHU; BTOPad ImoMoraeTt KOM6I/IHI/IPOBaTB cTerneHnmn JIIO6BIM
YIOGHBIM JIJIsT Bac 00pasoM.

PaCCMOTpI/IM C]IeHyIOH_[I/Iﬁ IICEB/IOKO/ /1JIs BO3BE/I€eHHA YK CJla B CTCIIEHb.
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// Bo3BemuM dYMCIIO A B CTEIleHbL P.

Float: RaiseToPower (Float: A, Integer: P)
<JIcrionb3yeM IepByl GOpMysly, YTOOB OBICTPO BHYUCIUTE A, A?, A, A®
M T.O., IIOKa He [OoJydYMM 3HadeHme AY, rme N + 1 > P.>
<JICTIONB3YyeM 3TU CTENeHM A UM BTOPYD GOpMy Ty, YTOOH BBUUCIUTE AF.>
Return AF

End RaiseToPower

[Tpeanonokum, BbI XOTUTE € €T0 TIOMOIIBIO PACCUUTATh 3HaueHwue st 75 Cravasna
AJITOPUTM OTIPEJIEITUT, CKOJIBKO Oyzer 7', 72u 71. Ha 5TOM OH 0CTaHOBUTCS, MTOCKOTBKY
cenyioliee 3HaYeHNe cTerenn (Yncsio 8) PeBbICUT HYKHOE BaM (YHco 6):

7'=17,;
2= (71)2=72= 49;
7i= (72)2= 49°= 2401.

3aTeM aJropUTMY TIOHaIOOUTCST BTOPast KitoueBast popMyJia, 4TOOBI IOy IUTDh YUC-
JI0 6 U3 yiKe UMEOIITUXCSI HCXOIHBIX CTETIEHEl, BO3BEIIEHHBIX B KBaJIPaT, TO €CTh 6 =2 + 4,
Taxum o6paszom, 76=72x 71= 49 x 2401 = 117 649.

Yro6bl MOJYUIUTHh UCKOMOE 3HAUEHUE, HaM TIOHAJ0OUIIOCh BBITTOJIHUTD /[Ba YMHO-
JKEeHUsT JUUIs pacdyera 72u 74U elie o[HO — JIJisl HAXOXK/IEHUST HTOTOBOTO TIPOU3BE/IEHNSL.
B pesyJibraTe 1aroB mosyqraoCh MEHBIIE, YeM TIPH OOBIYHOM YMHOKEHUHU 7 X 7 x 7 X
x 7 x 7 x 7,X0TsI B JTaHHOM MIPUMepe pazHuIa HeGobInas.

B 0611ux ueprax, nMest 9KCIIOHEHTY P, aJiropuT™ paccunThiBaet crernern log (P) mist A.
3aTeM OH MpPOoBepsieT ABOUYHBIE U(MPbI P, 4T0ObI YBUIETh, KAKKE M3 TTOJYUYCHHBIX CTe-
TeHelt eMy HY’KHO TTepeMHOXKUTD JIUIST HaXoxk/IeHns pesyabTata. (Ecam nBondanas nnd-
pa P paBHa 1, KOHEYHBIH Pe3ysIbTaT IO/KEH BKIIIOUATh COOTBETCTBYIONIYIO CTEMEHD 2.
B nipesbiaytiem pumepe ABoMUHOE TipezicTasieHre 6 pasHo 110. Takum 06paszoM, BKIIO-
YeHbI BTOPAst ¥ TPEThsI cTernenn 2: 221 21.)

B nBouutiom ncuuciiennu Besnyrta P BKIodaeT log2 Puudp. CrenosarenbHo, 06-
mtee Bpemst pabotsl coctasisier: O(log (P)) + O(log (P)) = O(log (P)). Maxe eciu P =
1000 000, snauenue log (P) noayuutcs okoo 20, HOSTOMY aJTOPUTM UCIIOIb3YET OKO-
g0 20 mraroB (10 40 ymHOKeHuUit), yTo HamHoro MeHbIire, 4em 1 000 000.

JleiicTBUsSI OrpaHMYMBAET JIMIIb TO, YTO BEJUYNHBI, BO3BEJE€HHbIE B BHICOKHUE
CTeIeHH, BO3PacTaloT 10 OTPOMHBIX 3HaueHU . J{ake Takast «CKpOMHasi» BEeJIMYNHA,
Kak 7% comepxkut 254 necaTudnbie UG pPbl. ITO 3HAYUT, YTO YMHOKEHME OOJMBIINX
quceJI IPU PpacyeTe BhICOKMX CTeleHel 3aHMMaeT MHOTO BpeMeH! M MeCTa.

K cuacrpio, yaie BCero BbICOKUE CTEIEHU BBIYUCISIOTCS B KPUIITOPADUIECKUX
aJITOPUTMaX, TJIE BCE OIEPAITUH BBITIOHSIOTCS B A0COMIOTHOM 3HAUEHUH, KOTOPOE Orpa-
HUUYUBAET pasmep unciaa. Hanpumep, eciin B aGCOTIOTHOM 3HAYEHUH YHCIIO COJEPIKUT
100 tudp, TO B MpoUsBeJEHNH ABYX TaKUX dnces nudp Moxker ObTh He Gogiee 200.
3aTeM pe3yJbTaT CBOJAT ¢ aGCOJMIOTHBIM 3HAYEHUEM, YTOOBI CHOBA MOJIYYUTh YHCJIO
aumnoii ve 6osee 100 uudp. Ipu cBegeHnn Kak0ro yncia ¢ abCoNMOTHBIM 3HaYueHUEeM
MIPOIIECC BBIYUCIEHUS 3aMEIJISIETCSI, 3ATO MOKHO PACCYUTHIBATH BEJIMYMHDI TPAKTUIECKN
HEOTPAHUYIEHHOTO Pa3Mepa.
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PaboTa c npoCcTbiMU YMCIaMu

Kak usBectHo, npocmoe uucio — 310 HaTypaibHoe (IeJI0e MOJTOKUTENBHOE) YUCIIO
60]11)1116 €IMHUIIbI, KOTOPOE JIEJIUTCA Ha €AMHUIY U Ha CaMO Ce69[. Bce ocranbhble Ha-
TypaJibHbI€ YK CJia 60.71]3]]_[6 CANHUIBI ABJIAIOTCA COCMABHLIMU.

[TpocThie Yrcia UTPAIOT BAKHYIO POJIb: OHU MOTYT Kak 00JIETYatTh, TaK U YCAOKHITH
oT/iesIbHBIE oniepaliui. HarmpuMmep, B HEKOTOPBIX BUAAX KPUNTOrpadun, 4To6bI CAETATH
aJropuT™ OoJiee HaJeKHBIM, HCIIOJIb3YETCsT TIPOU3BECHIE IBYX GOIBIIMX MPOCTHIX
TIICeTL.

I[aJIee MbI TIOTOBOPUM 06 0OBIYHBIX AJITOPUTMaAX, pa60T8.IOH_[I/IX C TAaKMMMH YN CJIaMMU.

HaxoXxaeHune npocTbiX MHOXUTENIEN

Camplit ierkuil criocob HallTH TPOCThIE MHOSKUTEIH JIJIST YACJIa — MOTMBITATHCS Pas-
JIeJTUTD €TO Ha BCE YNCJIA B IPOMEXKYTKE MEXKY 2 1 UUCIOM, KOTOPOE MEHBIIEe NCXOTHOTO
3HAUYeHUs Ha eINHUILY. Ec/i BO3MOXKHBIM MHOKUTEJIb JIEJIUT YUCJIIO HAIlesI0, COXpPAHUTe
€ero. 3aTeM BO3bMUTE YaCTHOE OT JEJIEHUSI U ITPOJIOJIKUTE Mouck ¢ HuM. O6parute BHU-
MaHue: Tiepejl TeM Kak B34Th cJaelyonlyio mudpy U3 psga IPOCTBIX YKUCes, Bbl CHOBA
JOJIKHBI TTOMPOGOBATH TOT JKE CaMblii MHOKUTENb, TOCKOJIBKY MCXOIHOE YUCIO MOJKET
cozepskath GoJiee OIHOTO TAKOTO MHOKUTEIS.

Harnpumep, 4To6bl HaliTH MPOCThIe MHOKUTEH st uncaa 127, nonpodyiite pas-
JeJnTh ero Ha 2, 3, 4, 5 u T. /1., MoKa He jgouagere 10 126.

PaCCManHBaEMBﬁiaHFOpHTN[MOXﬁﬂ)HpeﬂCTaBHTbCHeHyKHHHNIHCBBHOKOHOM.

List Of Integer: FindFactors(Integer: number)
List Of Integer: factors
Integer: i = 2
While (i < number)
// TpoBepsieM OenIMMOCTH Ha 1.
While (number Mod i == 0)
// 1 saBusgercs MHoxuTeneMm. NobaBiisieM eTo B CIMCOK.
factors.Add (1)

// HenuM 4ucio Ha 1.
number = number / i
End While

// TIpOBepsieM CIIenyomnii BO3MOXHEIM MHOXUTEND.

i=1i+1
End While

// ECny OT YMCJla 4TO-TO OCTaJIOCh, OCTaTOK — TOXE MHOXUTEND.
If (number > 1) Then factors.Add (number)
Return factors

End FindFactors

Ecuit unciio pasto N, To BpeMst pabotst asnropurMma coctaBut O(N).

Yro6bl yCOBEPIIEHCTBOBATD JAHHBIA METOZI, BOCIIOIb3yeMCS TPEMS BasKHBIMU Ha-
OOZICHUAMU.
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= He cTrouT nIpoBepsTh, AEJUTCS JIU YKCIO Ha TI000€e YETHOE, KPOME 2, IOCKOJIbKY
YyeTHbIE YNCIA YKe CaMU 110 cebe KPaTHBI ABYM. JTO 0O3HAYAEeT, YTO HYKHO pac-
CMOTPETh JIUIIb JAJTMMOCTh Ha 2 U Ha HEYETHbIE YMCJIA, BMECTO TOTO, UTOOBI I1e-
pebuparh Bce BO3SMOKHbBIE MHOKUTEN. B TakoM ciiydae BpeMsi paboThI COKpa-
TUTCS B/IBOE.

= Cremyert IpOBEPSITh MHOKUTEJU TOJBKO /10 KBJ[PATHOTO KOpH yucya. Ecimn =
=P X ¢, TO p WU ¢ TOJKHO ObITh MeHblIIe 1100 paBHo sqrt (7). (Ecau p u g 60J1b-
nire sqrt (1), UX TpousBeieHue TPEBBICUT 71.) [IpoBEPUB BOZMOKHBIE MHOMKHUTEITH
1o sqrt (), BeI HalileTe HAMMEHBINHT Cpei HUX, a, TOAETUB 7 Ha TAKOW MHOKH-
TeJib, OIIPeIeIUTe elle OANH. ITO COKpaTuT BpeMs paborsl 10 O(sqrt (1)).

= Bceakuit pa3 Ipn eJIEHNN Y1 CJIa Ha MHOKHUTEJIb Bl MOJKETE 00HOBUTb MaKCUMaJIh-
HOE KOJIMYECTBO ITOTEHIINAJIbHBIX MHO)KI/ITGJIGIL/,I7 KOTOpPbIE HeO6XOZII/IMO TIPOBEPUTD.

YCOBepI_HeHCTByeM AJITOPUTM COTJIAaCHO BbIIIIEUIJIOKEHHOMY.

List Of Integer: FindFactors(Integer: number)
List Of Integer: factors

// TpoBepsieM OelMMOCTb Ha 2.
While (number Mod 2 == 0)
factors.Add(2)
numpber = number / 2
End While

// VmeM HedeTHHE MHOXUTEIIN.
Integer: i = 3
Integer: max_factor = Sqgrt (number)
While (i <= max_factor)
// TpoBepsieM OenmMMOoCThb Ha 1.
While (number Mod i == 0)
// 1 saBuseTcst MHOXuTeneM. JobaBisieM ero B CIIMCOK.
factors.Add (1

// DenuMm 4ucio Ha 1.
number = number / 1

// VcTaHaBIMBaeM HOBYID BEPXHIL TPAHUILY .
max_factor = Sgrt (number)
End While

// TlpoBepsieM CIenyolNnii BO3MOXHBY HEYEeTHB MHOXKUTED.
i=1+2
End While

// ECiy OT 4mMcila 4TO-TO OCTaJIOCh, OCTaTOK TOXe MHOXUTEND.
If (number > 1) Then factors.Add (number)

Return factors
End FindFactors

3AMEYAHUE

| AnropuTM, KOTOPBIN PABNArAET YMCIIO HA MPOCTHIE MHOXMTENM, IMEET BPEMSs paGo-
¥ 1, O(sqrt (N)) (rae N — NCXogHOe YMCH0) U IBASIETCS OTHOCUTEbHO BbICTPbIM 4151
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Manbix Yucen. 4ns gencrentenibHo 6onbunx N ata dyHKums paGoTaeT yxxe 3Hauum-
TenbHo MeanexHHee. Hanpumep, ecnun N umeet anuny 100 undp, 1o sqrt (N) 6yaeT
coaepxaTb 1x 50. Mpwu ycnosum yuto N — npoctoe uncno, gaxe ObICTPbIN KOMIMbIO-
Tep He CMOXeT onNpob0oBaTb BCE BO3MOXHbIE MHOXMUTENN 332 Pa3yMHbI/i OTPE30K
BPeMEeHU. DTO MOMOXET 3aLUNTUTb HEKOTOPbIE aNrOPUTMbI LULUDPOBAHUS.

HaxoxaeHune NMPOCTbIX 3JIEMEeHTOB

[TpeanooKuM, Balieil IporpaMMe HysKHO BbIOpaTh GOJIBIIOE MTPOCTOE YHCIO (T10-
JOOHbIE 3ajlaHIs He PEAKOCTH B aropuT™ax Imudposanust ). OauH U3 crocoboB cleaarh
3TO — MCIOJIb30BATD KOJI, OMMMCAHHBIN PaHee, U TPOBEPUTD, ABJISTOTCS JIN YUCJIA TIPOCTBI-
Mmu. C pa3syMHO MaJIbIMU 3HAUEHUSIMU TaKOU BapuaHT cpabOTAET XOPOIIIO, HO JIJIST OUEHb
GOJIBIITUX YHUCEJT OH MOKET OKA3aThCs YePecuyp MeJIEHHBIM.,

Eute o1 MeTO/1 HAXO0XKIEHUS TPOCTDIX YHUCEJ [JIS1 YKa3aHHOTO 3HAUCHUS — peulemo
Ipamocghena. OH TaksKe XOPOII JIJIST TOCTATOUHO MATBIX BETUYNH, TOCKOIBKY TpeGyeT
co3/ianust TAGJIUIIBI C 3aTMCSMU 75T KasKI0TO aHaIn3upyeMoro uncia. Eciv snavennst
GYIYT CAUTIKOM BETUKH, TOHATOOUTCS HEOTIPaBAAHHO GOJTBITON 00HEM TaMsITH.

Vyiest 3akim0uaercst B TOM, 4TOObI CO3/1aTh TaGIHILY ¢ OJJHON 3aITUCHIO TS KasKI0TO
Yucsa MeX/y 2 1 yKazaHHBIM ITpeziesioM. {1 Hayasa BoluyepKHUTE BCe YETHbIE YUCIIA, He
cynTas 2. 3aTeM MpOCMOTpUTE TabIHILY, YTOOBI HAWTH CJEAYIONIEE HEBLIYEPKHYTOE YKCIIO
(B TaHHOM cJryyae 3TO 3), M UCKJIIOUNTE BCe 3HAUEHUS, KpaTHbIe eMy (He CUnTas cCaMoro
uucsa). ObpaTruTe BHUMaHIE: HEKOTOPbIE 3HAUEHUS YK€ MOTYT OBITh BHIYEPKHY THIMH,
IIOCKOJIbKY Jlesinanch Ha 2. [ToBropute Te ke feficTBUS CO CJIe/yIONIMM HeBbIYEPKHY-
TBIM YKCJIOM | T. ]I, TIOKa He J0lIeTe 0 KBJPATHOTO KOPHSI U3 BEPXHETo npejena. Bee
OCTaBIIIHECs YUCa U OYAYT NUCKOMBIME IIPOCTHIMU.

[TposemMoHCTPUPYEM OTIMCAHHBIH BBITIE AJITOPUTM.

// HaxomomM NPOCTHE YMCIIa MeXOy 2 ¥ max_numpber (BKIIOYUTEIBHO) .
List Of Integer: FindPrimes (long max_number)

// OmnpenernsieM MacCUB OV YMCeI.

Boolean: is_composite = new bool [max_number + 1]

// VIckiodYaeM 4Yucia, KpaTHHE 2.
For 1 = 4 to max_number Step 2

is_composite[i] = true
Next 1

// VIckKio4dYaeM 4Yuciia, KpaTHBHE HaWUIeHHHM IIPOCTHBM YMCIIaM.

Integer: next_prime = 3

Integer: stop_at = Sgrt (max_number)

While (next_prime <= stop_at)
// VICKiIo4dYaeM 4Yuciia, KpaTHHE HaHHOMY MIPOCTOMY YMCITY .
For 1 = next_prime * 2 To max_number Step next_prime
Then is_composite[i] = true
Next 1
// llepexomyM K ClenyoleMy IIPOCTOMY YUCIY, IIPOIIyCKasl YeTHHE dYUCia.
next_prime = next_prime + 2
While (next_prime <= max_number) And
(is_composite[next_prime]) next_prime = next_prime + 2
End While

End While
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// 3aHOCUM IIPOCTHE YMCJia B CIUCOK.
List Of Integer: primes
For 1 = 2 to max_number
If (Not is_composite[i]) Then primes.Add (i)
Next 1

// Bos3BpamaeM IpOCTHE YUcCia.
Return primes
End FindPrimes

Janubiii anroputM obmazaer BpemereM pabotsl O(N x log (log N)), oxHako poka-
3aTeJIbCTBO 9TOTO He BXOAUT B 3a/[a4y KHUTH.

MpoBepka Ha NPOCTOTY

AJITOPUTM, KOTOPBIN PACKJIA/[BIBAET YMCJIa HA MHOKUTENN (CM. TToipasient « Ha-
XOJKJ[€HUE MPOCTHIX AJIEMEHTOB» pasjesa «Pabora ¢ IPOCTHIMU YUCTAMU» B Te-
KyIIeil rraBe) MOKHO MCIOTb30BaTh U JAJs OTpeNeJeHNs MPOCTHIX uncel. Maes
3aKJII0YAETCS B CJAEAYIONIEM: €CJIH aJITOPUTM He BBITTOJHUT CBOIO 3a/auy, 3HAYUT,
YHUCJIO IPOCTOE.

Kak y>ke roBOpUIIOCH, TPOU3BOAUTETBHOCTD JAHHOI IIPOrPAMMBI XOPOIIIA [I7isI OTHO-
CUTEeJbHO MaJbIX ymcest. J{mst uncia, cocrosmiero n3 100 mudp, kKommdecTBo M1aros airo-
purma O6yzet yxe 50-3HaunbIM. [laske cambie OBICTPBIE KOMITLIOTEPHI HE CIIOCOOHDI BbI-
TIOJTHATH TaKOH 06BEM OTIepaIuii B pa3yMHBII TIPOMEKYTOK BpeMeH. MaliuHe, coBep-
marorieil 1 TpsiH onepanuii B ceKyH iy, moHagoburcst 6osee uem 3 x 103 jier. B cuiry ato-
T JIJIsl HEKOTOPBIX AJITOPUTMOB TG POBAHUS, HYKAAIONMXCSI B UCIIOIb30BAHUHU OOJIb-
WX YKCEJT, PACCMOTPEHHBIN METOJI TPOBEPKH MPOCTHIX unces He cpaboraet. Ho, k cua-
CTbIO, €CTh ATTbTEPHATUBA, HALTpUMED mecm npocmomvt Depma.

Mautast reopema Depma riracut: ecyim p — npocroe unciio, a 1 <n<p,ton? 'modp=1.
JlpyruMu cI0BaMH, €CJIM Bbl BO3BEJIETE 1 B CTEIEHb p — 1, a 3aTeM BO3bMETE pe3yibTar
110 MOJLYJTIO P, TO OTBETOM CTaHeT 1.

ITpennonoxum, uto p = 11,an=2. Tornan?~'mod p = 2'mod 11 = 1024 mod 11.
B cBoo ouepenp 1024 = 11 x 93 + 1, crepoBaTensno, 1024 mod 11 = 1, uto u Tpebosa-
JIOCh I0Ka3aTh.

O6pature Buumanwe: n?~'mod p = 1 crpaBessIiBo, JajKe eCIU P He SBJISAETCS TPO-
CTBIM YHCTIOM. B TakoM cirydae BesrmanHa 7 Ha3biBaeTCst oomanuuxom Depma, TOCKOTIbKY
OHa OMMOOYHO YKa3bIBAET HA TO, UTO YUCJIO p — TpocToe. Ecan ske n?~'mod p # 1, 10
7 Ha3bIBAIOT ceudemenem Pepma, v HTa BeTHUNHA TOKA3BIBAET, UTO P HE SABISAETCS TPO-
CTBIM YHCIIOM.

CTtporo roBops, /711 HATYPATBHOTO YNCJIA P MUHUMYM TI0JIOBUHA 3HAYEHUN 77 MEXK-
ny 1 u p — cBunerenu Mepma. [loydaercs, eciiu p — 3TO He IPOCTOE YUCIO U BbI BbI-
Gupaerte m060e 3HAUEHNE MEXKTY 1 1 p, TO € BEPOATHOCTBIO 50 % 71 OKAKETCSI CBUIETETIEM
Depma un?~'mod p # 1. Bam MOKeT He TIOBE3TH, 1 BbI BO3bMETE B KAUECTBE 72 OOMAHIITIKA
®epma. Ho ecsin TOBTOPUTH TECT MHOTOKPATHO, TO MIAHCHI BHIOPATH CBUETES (eCu
OH CyLIEeCTBYeT) BO3PaCTyT.

Ecsm yuecTh, 4TO B Ka:K/IOM TeCTe B TTOJIOBUHE CJIyYaeB BBl MOKETE CTOJKHYTHCS
co ceunereseM Depma 1 p TPOXOAUT k TECTOB, TO BEPOSTHOCTH BHIOOPA OOMAHIIINKOB
Depma kaxkapiil pas 6yner pasHa 1/2¢ [IpyruMu ciaosaMu, cyiiectsyer 1/2% ciydaes,
YTO p JIUIITH KaXKETCS TIPOCTBIM, HO HA CAMOM JIeJIe SIBJISIETCSI COCTABHBIM.

39



aga 2

Hamnpumep, p npoxonut tect 10 pas, Torga BepOsSITHOCTD, YTO YUCJIO He IIPOCTOE,
cocrasut 1/2'%~ 0,00098. Qs Goabiueii yeepentoctu mosropute tect 100 pas, Torma
3HaYeHNE BEPOSITHOCTH n3MeHuTest Ha 1/21%0~ 7.8 x 10-31,

[TpuBezieM TMCEBIOKO/ IS Pean3alii METO/IA, TPUHUMAIOTIETO PEIIEHNUE O TOM,
KaKoe 4yncJio (BO3MOYKHO) SIBJISIETCST TTPOCTHIM.

// Bo3BpamaeMm true, eciaM 4YMCIO P (BO3MOXKHO) IIpPOCTOE.
Boolean: IsPrime(Integer: p, Integer: max_tests)
// TIpoBOOMM TIPOBEPKY max_tests pas.

For test = 1 To max_tests
<BeOMpaeM ciydayHoe YMCIIO N Mexny 1 M p (DKCKIIO3MBHO) .>
If (np-1 Mod p != 1) Then Return false

Next test

// BO3MOXHO, YMCJIO TIPOCTOE.
// C BepoaATHOCTBI 1/2 max_tests UMCIO HE ABISETCS MIPOCTHM.
Return true

End IsPrime

- _ 3AMEYAHUE

' lMpuBeaeHHbIN Bbille anropuTM Ha3blBaeTCH BEPOSITHOCTHLIM, MOCKOJIbKY AaeT
npaBUbHbIA pe3ynbTaT C ONpeaeNeHHOol BEPOATHOCThIO. Mpu paboTe ¢ HUM
crneayeT yuuTbiBaTh TOT GAKT, YTO OH HEPEAKO OKa3blBAETCSA HEMpPaBuibHbIM. Oa-
HaKO Bbl MOXeTe NOBTOPSATb TECThbI A0 TEX NOP, NOKa HE AOCTUTHETE XenaemMoro
YPOBHS YBEPEHHOCTM.

Ecit uncsio p ouerb 60Jbinoe (3TO €IMHCTBEHHBIN MO-HACTOSIIEMY HHTEPECHbII
ciryyait), To pacuer 7” ! ¢ HCTOIb30BAHUEM YMHOKEHUST MOKET 3aHITh MHOTO BDEMEHM.
K cuacTpio, BBl 3HaeTe, KaK yCKOPUTh PabOTy aJIrOPUTMA, UMesl JeJI0 ¢ BO3BEIEHUEM
B cTerenb (cM. pasziest «Bo3Beenue B crerenby TEKYIEN TJIaBbl).

HayuuBmnimch onpeessith, ABASETCS JU YUCA0 (BO3MOKHO) ITPOCTBIM, BBl MOKETe
COCTABUTD AJITOPUTM JIJIsI BEIOOPA MPOCTBIX YUCEL.

// Bo3zBpamaeM (BO3MOXHO) IPOCTOE YMUCIJIO a minHOi max_digits.
Integer: FindPrime (Integer: num_digits, Integer: max_tests)
Repeat
<BubupaeMm ciydaiHoe 4mucio p ¢ num_digits digits.>
If (IsPrime(p, max_tests)) Then Return p
End FindPrime

YucneHHoe MHTerpupoBaHue

YQucnennoe unmeepuposanue (Keaopamypa, Wi YUci06asi K8AOpamypa) — MUCIOIb30-
BaHWE YUCJIEHHBIX METO/IOB JIJISI ATITPOKCUMAITUY 00JIACTH TIOJT KPUBOIL, UTO ONPEIEIACTCST
HekoTopo# gyHKImeit. Hare Bcero aTo pyHKIIMS OIHON NTepeMerHoi iy = F(x), koTopas
o6pasyer IByMepHYyTo 061acTh. B HEKOTOPBIX CITy4asix 067aCTh MOJKET GBITh TPEXMEPHOI
" ompeiesisaThest hyHKiuei z = F(x, y). JlomycTuMbr 11 60Jiee MHOTOMEDPHbBIE BAPUAHTHI.

Yem miporite hyHKIUS, TEM TOUHEE PacueT 3aHnMaeMoii obactu. Biipouem, ecTb Be-
POATHOCTD, YTO BaM He YJacTCs HAMTH JIJ1s Hee Heollpe/iesieHHbli nuterpas. Hanpumep,
CJIATITKOM CJIOJKHOE MJTM HEM3BECTHOE YPaBHEHNE, B CIIyJae ec/ii JaHHbBIE TTOJIYIeHBI OT
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YucneHHble aJilrfoOPUTMbI

KOHKPETHOTrO (hU3nvYecKoro mpoiiecca. Torga BMECTo pacueToB Jiydllie BOCIIOIb30BATh-
sl YHCJeHHBIM uHTerpupoBanneM. OHO BBIMOJIHAETCSA HeCKOJIbKUME criocobamu. Ca-
MBIIl TPOCTON M3 HUX IpeamnosaraeT pabory ¢ ¢popmyoil Heiorona — Koreca, re ar-
MPOKCUMAITHS (DYHKIIUU TPOUCXONT C TIOMOIIBIO HECKOJTBKUX MHOTOUJICHOB. YacTHBIMU
CITyYasIMU BTOTO CIIOCO0A SIBJISIIOTCS (hOPMYIA NPAMOY2OJILHUKOS U (POPMYAA MPANCUUL.

dopmyna npaMoyrosibHUKOB

B sTom criocobe utst anmpokcuMaiui 00/1acT Mo KpUBOH MCII0Ab3YETCs HECKOJIBKO
HpHMOyFO]H)HI/IKOB OlIHHaKOBOﬁ IMPUHBI. Ha pI/IcyHKe 22 ITOKa3aHO OKHO IIPOrpaMMBbI
RectangleRule (ee merko HaliTu Ha caiiTe ¢ MaTepraJaMi KHUTH ), pabOTAOIIEl M0 yKa-
3aHHoiT (hopmy.ie. Kpome Toro, BbI MOXKETE BUETh PACYET TOUHOH 00IACTH TI0/] KPUBOI
U CPaBHUTDH, HACKOJILKO JJAJIEK TIPUOJIVKEHHbBII PE3yJIbTaT OT IPaBUIBHOTO.

oy RectangleRule = o IEM

y=1+x+5Sn2"x)

x[ ot 4

# Intervals: 10
Integrate
Est. Area:  |17,227604741
% Em £471%
True Area: | 18.419535764 '

Puc. 2.2. Oxno nporpammbl RectangleRule
(anmpoxcumanust 061acTy 110/ KPUBOM ist pyHKIMK iy = 1 + x + sin2x)

Hwuske nmpejicTaBieH NCEeBJOKO/, C aITOPUTMOM, PEAIN3YIOIIUM (OPMYJLy TIPAMO-
YTOJIbHUKOB.

Float: UseRectangleRule(Float: function(), Float: xmin, Float: xmax,
Integer: num_intervals)
// BBYMCIISIEM WMPUHY IPAMOY TOJIBHUKA .
Float: dx = (xmax - xmin) / num_intervals

// HobaBisieM 06acTyU IIPSMOYTOJIBEHUKOB.

Float: total_area = 0

Float: x = xmin

For 1 = 1 To num_intervals
total_area = total_area + dx * function(x)
X = x + dx

Next 1

Return total_area
End UseRectangleRule
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ITOT aJITOPUTM TIPOCTO JAETUT 0OJACTD Ha TIPAMOYTOJILHUKH TTOCTOSTHHOMN ITUPUHBI
U BBICOTOH, PaBHOII BesmuuHe (DYHKIMK ¢ JIEBOTO pebpa IMPsSIMOYTOJIbHUKA. 3aTeM OH
OIMKCBIBAET TIETJTIO HAJT TPSIMOYTOIbHUKAMH, T0OABIISAS UX 0OTACTH.

dopmyna Tpaneunin

Ha pucysnxe 2.2 BUAHO, UTO TPIMOYTOJBHUKHN HE TOJXO/AT K KPUBOM BIIOTHYIO, 32
CYEeT Yero MOSIBISIETCSI TIOTPEITHOCTH B pacdetax obmacti. QoK MOKHO YMEHDITHUTD,
€CJI UCTIONh30BaTh HoJiee y3Kue MPSMOYTONLHUKY. Tak, B BBIIEITPUBEICHHOM MPUMe-
pe yBesmyeHne KoJn4ecTBa mpsaMoyroabHukos ¢ 10 10 20 cHU3HT HOrpentHocTsb ¢ 6,5
10 3,1 %.

AnbTepHaTUBHAS CTPATErus sl alllPOKCUMAIIMN KPUBOW — 3aMEHUTD IMIPSIMO-
yroJpuuky Tpanenuamu. Ha pucynke 2.3 mokasano okno mporpammsl TrapezoidRule,
paboTaroIiel Mo ATOMY MPUHITUTTY (BB MOJKETE CKAYaTh €€ C CAllTa ¢ MATEPUATIAMU KHUTH).

o TrapezoidRule = D“

y=1+x+Sn(2"x)

X 0| to 5

# Intervals: 10

Est. Area: | 18,341593463 |

: % Em: 0423%
True Area: | 18.419535764

Puc. 2.3. OxHo niporpammbl TrapezoidRule

Caeyrontuii ceBIOKO TPEACTABIISET AITOPUTM IIPIMEHEHNUS (DOPMYJIBI TPaTIeIIuii.

Float: UseTrapezoidRule (Float: function(), Float: xmin, Float: xmax,
Integer: num_intervals)
// BHYMCIISIEM WUPUHY TPATIELINUM .
Float: dx = (xmax - xmin) / num_intervals

// IobasisieM 06JIaCTH TpPAIIeLINA.

Float: total_area = 0
Float: x = xmin
For i = 1 To num_intervals
total_area = total_area + dx * (function(x) +

function(x + dx))/2
X = xX + dx
Next 1

Return total_area
End UseTrapezoidRule
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YucneHHble aJilrfoOPUTMbI

EnuncTBeHHAs CyliecTBeHHAS PA3HUIIA MEK/LY STUM aJTOPUTMOM U TEM, KOTOPbII
paboraet ¢ hopmMyIOi MPSAMOYTOJBHUKOB, 3aKII0OYAETCS B OTIEpaTope, 106aBIIsAIONeM
06J1acTh K Kaskaoi yacTu. B mantom ciydae ucmoabayercst popmyia st TOCTPOEHMUST
Tpameluii: 001acTh = MIMPUHA X CPeHee AJIMH TapalleIbHbIX CTOPOH.

Bbr MokeTe paccMaTpuBaTh IPABUIIO MPSIMOYTOJIBHUKOB KaK MOCTPOEHUE KPUBOI
C TIOMOII[BIO CTyIIeHYaTON (DYHKITNH, TePENPBITMBAIONIEH ¢ OJHON BEJIMUUHBI Ha IPYTYIO
Ha KasKIOM BepXHEM pebpe TIPSIMOYTOBHITKA, a TPABUIIO TPATIEIHI — KaK BBICTPAMBAHUE
KPHUBOI TIOCPEZICTBOM JIOMAHBIX JIMHUH.

Eme onnum npumepoM dhopmyaisl Heiotona — Koreca sBnsgercs popmyna Cumncona,
MCHOJIb3YIONIAsd /ISl alllIPOKCUMAIMKY KPUBOI MHOTOYJIEHBI BTOPOIi cTerieHn. B apyrux
METO/IaX YIIyUIIeH s Pe3yIbTaTa TOOUBAIOTCS € TIOMOIIBIO MHOTOYJIEHOB GOJTBIITEl CTETeHN.

ApanTuBHas KBagpaTtypa

Takast pasHOBUIHOCTb YNCJICHHOU HHTETpaIii 0OOHapy KUBaeT 06J1aCTH, B KOTOPBIX
ATIPOKCUMAIIHSI IMEET HauOOJIBIITY IO TOTPEITHOCTD, U COBEPIIEHCTBYET MCIIOIb3YEeMbIi
st pabotel MeToz. Elite pas B3rJistHUTE Ha PUCYHOK 2.3: TaM, rjie KpuBast TPpUOIMKaeTcst
K TIPSAMOIT JIMHKM, TPATIEIUH TIOAXO/AT K Hell 04eHb GJIM3KO0, HO TaM, IJl€ OHA PE3KO U3-
rubaeTcst, TpATEIuu OTCTOST OT Hee. [IporpaMma, Hemosb3yolast alallTHBHYIO KBapa-
TypY, UIIET 061acTH, T/ie (GUTYPHI He MPUMBIKAIOT BILTOTHYTO K KPUBOH, U YBETNYHUBAET
WX KOJIMYECTBO HA 3TUX yUaCTKaX.

Ha pucynxke 2.4 nokasano oxHo nporpamMbl AdaptiveMidpointIntegration, pa-
6otaloieil Ha ocHOBe (hOPMYJIbI TpallelUil ¢ afalTUBHOI KBaapaTypoii. Ee cyTh 3a-
KJTIOYAETCST B CJAEYIONEM: YaCTh alPOKCUMUPYIONIEN 061acTi BHAYATE 3aMOTHSIETCST
OTHOM Tparenyeti, a 3aTeM pasziesisieTcsI Ha /IBe MeHbIe (hurypsl. Ecsn pa3Hnia MexxIy
006J1aCThI0, 3aHUMAaeMON GOJIBIION TPaTEIel, 1 CyMMOI 06JIacTell MEHBIIUX TPATIEIHil
MIPEBBINIAET OTPENETCHHBINA MPOIEHT, IPOrpaMMa BeIOUpaeT pasdueHue u mepexopnT
K QHAJIOTHYHOMY PacyeTy Kaskioil OTIebHOM 06JIaCTH.

s  AdaptiveMidpointintegration = C’

y=1+x+5n2"%)

Initial Intervals: 2

Max Siice Emor: 1%

Integrate
Est. Area: | 18,413159148
% Em: -0.035%
True Area: |18,419535764

# Intervals: 24

Puc. 2.4. Oxno nporpammbl AdaptiveMidpointIntegration
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OnrcaHHbIi aJTOPUTM TIPEACTABIISIET CJIELY IO TICEB/IOKOI.

// VIHTerpupyeM, MUCIONb3Yys amalTUBHYD GOpMyIy Tpalelun.
Float: IntegrateAdaptiveMidpoint (Float: function(),
Float: xmin, Float: xmax, Integer: num_intervals,
Float: max_slice_error)
// BBUYMCISEM IMPUHY HadaJIbHEIX Tpallelui.
Float: dx = (xmax - xmin) / num_intervals
double total = 0

// IobasisieM 06JIaCTM TpPAIIeLINA.

Float: total_area = 0
Float: x = xmin
For 1 = 1 To num_intervals

// DobaBisieM Kycodek obiacTu.
total_area = total_area +
SliceArea (function, x, x + dx, max_slice_error)
x = x + dx
Next 1

Return total_area
End IntegrateAdaptiveMidpoint

// Bo3zBpamaeM Ijiomanb NaHHOM objacTiu.
Float: SliceArea(Float: function(),Float: x1, Float: x2,
Float: max_slice_error)

// BRMMCIISIEM 3HaYeHMe OYHKIMY Ha KOHEYHBX U IIEHTPaJIbHOM TOYKax.
Float: yl1 = function(x1l)

Float: y2 = function(x2)

Float: xm = (x1 + x2) / 2

Float: ym = function (xm)

// BBYMCIISEM IUIomanb OOJNBION Tparelyy UM OBYX MEeHBIMX Tpalrleliui.

Float: areal2 = (x2 x1) * (y1 + v2) / 2.0
Float: arealm = (xm - x1) * (yl1 + ym) / 2.0
Float: aream2 = (x2 xm) * (ym + y2) / 2.0
Float: arealm2 = arealm + aream2

// OuleHuBaeM, HACKOJIBKO MH OJIM3KO.

Float: error = (arealm2 - areal2) / areal2

// OlleHuBaeM MNOTPENHOCTE.
If (Abs(error) < max_slice_error) Then Return arealm?2

// TIOTPEemHOCTH CJIMIKOM OoJbliast. [HenuM Tparelnmo 1 IpobyeM eme pas.
Return
SliceArea (function, x1, xm, max_slice_error) +
SliceArea (function, xm, x2, max_slice_error)
End SliceArea

Eciu sanyctuts nporpammy AdaptiveMidpointIntegration u BBIIOTHUTH TIOCIE-
JIoBaTeJIbHOE paszelienne 00J1acT, HaunHas ¢ 2 yacreii 70 24 (cM. puc. 2.4), a 3aTeM
OLIEHUTD MOTPEIIHOCTh, TO OHA coctaBuT Bcero 0,035 %. Eciu jxe Bbl BOCIIOJIb3yeTeCh
nporpammoii TrapezoidRule, rie Bee 24 yactu GyayT paBHOM IMUPUHBI, TO BEPOITHOCTb
OIUOKHU OKasKeTCst IPUMEPHO B iBa pasa 6osibiine — 0,072 %. Taxkum 06pasoM, [IPU paBHOM
KOJIMYIECTBE YacTel alallTUBHbII anroput™ 6osree apheKTHBEH.
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YucneHHble aJilrfoOPUTMbI

B nporpamme AdaptiveTrapezoidIntegration perienne o ToM, Korja cjieiyer pas-
6uBaTh 06JaCTh Ha MOA06JACTH, IPUHUMAETCS Ha OCHOBE 0coboro metoza. Criepsa
BBIUMCJISIETCS BTOPad IPou3BoiHag (GyHKIUU B HAYaIbHOM TOUKE X Ha OTPe3Ke, 3aTeM
WHTePBAJ Pa3buBaeTCsa Ha OHY YacTh IUTIOC OHO 3HAYEHWE TTPOU3BOIHON B CEKYHTY.
Harmpumep, eci BTopast Tpou3Bo/[HAsI PaBHA 2, TO IPOTPaMMa JIEJTUT HHTEPBAJ HA TPH
gactu (opmyia Obiia BbIOPaHA TPOU3BOJIBHO, IS YIYUIIIEHUS PE3YIbTATOB Bl MOJKETE
KCIIOJIB30BATD JIPYTYIO).

- 3AMEYAHUE

' [na cnydasa korga BCe pacyeThbl BbIMOSHAOTCS NpUbAnN3nTenbHO, NPpon3BoaHas
i bYHKUMN cooBLaeT 0 CBOEM OTKJIOHEHUW B Kaxao0l Touke. BTopas nponssogHas
rOBOPUT O CTEMNEHW UCKPUBNEHUS KPUBOW 1 O TOM, HACKObKO BbICTPO 9TO Npouc-
xoauT. Mpon3BoaHbIE 6onee BbICOKNX CTEMEHEN 03HAYAOT, YTO KpuBas u3rnbaeTca
eLle cunbHee, Nnoatomy nporpamma AdaptiveTrapezoidintegration pas6ueaeTt 06-
nacTb Ha 6oNbLUEE KOIMYECTBO YacTeN.

Omnncannass MeTOAUKa He cpaboTaer, ecM Bbl HE CMOKETE PacCYMTaTh BTO-
pPyIO MPOM3BOAHYIO I KPUBOW. A TEXHOJIOTHS, MCIOJb3yeMasl B IpoTpaMMe
AdaptiveMidpointIntegration, 10/KHa IOKa3aTh XOPOIIHE PE3YJIbTAThl B TIDOOM CIydae,
TaK YTO BaM CJIEYeT MPUOETHYTD K HETA.

AnanTuBHBIE TEXHOJOTUU TTPUMEHSIIOTCSI BO MHOTHX aJTOPUTMAaX, MOCKOJbKY
[O3BOJISIIOT MOJYYUTh OTJIMYHbIE PE3yJIbTaThl 6€3 JHUIIHUX ycuanid. B mporpamme
AdaptiveGridIntegration (puc. 2.5) ¢ HX TIOMOIIIBIO PACCUNTHIBAETCS TUIOMIA b 3aKPaTlCH-
HOU obJtacTu, KoTopast 00pasyeTcst U3 IBYX MEePIEHUKYJISPHBIX JAPYT APYTY JIUIICOB
(3a BBIUETOM TpeX BHYTPEHHUX KPYTOB).

s AdaptiveGridintegration = o IEE

I

[
\
Pl
Rows/Columns: | 4_ Integrate
MinBoxAea: | 0001 | Reset

Aea:  |21.733474731445)
#Boxes: | 19217

Puc. 2.5. Oxno nporpammbl AdaptiveGridIntegration
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ITporpaMma 3axio4aeT ClI0KHYI0 GUTYPY B paMKy 1 pasOMBaeT Ha CErMEHTBI C 110~
Motibio pemierku. Ha pucyHke 2.5 pelerka BbICTpOeHA M3 YeThIPEX BePTHUKAIbHbBIX
1 YeThIPEX TOPU3OHTATBHBIX PAOB. /Iy Kakloro cerMeHTa mporpamMmma omnpejesserT,
pacriojiaraeTcst JIk OH BHYTPHU WJIM CHapY KK 3aKpalieHHoi obacti. Tak, ecyin HU ofiHa
13 TOYEK CeTMEHTA He BXOAUT B 3aKPAIIEHHYIO 00J1aCTh, BECh CETMEHT UTHOPUPYETCSL.
B ciaydae korza B 3aKpalieHHy0 061aCTh MOMAMAET KakIast TOUKa, IporpaMma jgo0as-
JISIET ILIOIIAAL CETMEHTA K ILIOMALN OlleHnBaeMoii obaactu. IIpy yc1oBum 410 BHYTpU
3alITPUXOBAHHON (QUTYPhI HAXOAATCS JIMIIb HEKOTOPbIE TOUKHU, IPOrpaMMa pasduBaeT
UCXOMAHBII cerMeHT Ha GoJiee MeJIKUe YaCTH ¥ UCIIOJNb3YeT Ty Ke TEXHOJIOTHIO AJIS Bbl-
YUCJEHUS OCTATBHON TIJIONAAN (DUTYPHI.

BarsinyB Ha pucyHoK 2.5 elie pas, Bbl yBUANUTE, KAKUM 00Pa3oM Mporpamma
AdaptiveGridIntegration pasgesmaa GuUrypy Ha cerMeHTsbI. JIErKo 3aMeTUTh, 4TO KOJIU-
YECTBO 9TUX CETMEHTOR TI0 KPasiM 3aKpallieHHO 06J1acTi HAMHOTO GOJTBIIE, YeM BHYTPH
nim cHapy»ku. Beero e nx nmomyunsioch 19 217.

UHTerpauna MoHTe-Kapno

ITO elle 0/[HA Pa3HOBUAHOCTD YNCJAECHHON WHTErpaluu, TP KOTOPOH IIporpam-
Ma reHepupyeT MHOXKECTBO PAaBHOMEPHO paclpe/le/IeHHbIX IICeBIOCTyYaiiHbIX TOYEK,
OTIpeIesIsieT, KaKie N3 HUX HAXOJSATCS BHYTPU IeJIEBOiT 001acTH, a 3aT€M OTIEHMBAET
HCKOMYIO TIJTOTIA/Ib.

[IpearmonosknuM, TOYKN reHepupyIoTcst BHYTpU kBaapara 20x20, miomaab KOTopo-
ro coctasiseT 400 kBazpaTHBIX eqnHUIL. [Ipn yemoBun 4to 37 % TCEBIOCTYYIaiHBIX
TOYEK TIOTAZyT BHYTPh HCKOMOU 00J1acTH, TIIOMIA/b HY;KHOU HaM (DUTYPBI OTIPEIe/IIT-
cst o opmyiie 0,37 x 400 = 148 kBagpaTHbix exunuil. B mporpamme MonteCarlo-
Integration (puc. 2.6) paccuuTbiBaeTCs IJIONA/b TOM Ke (DUTYPBI, YTO U B IIPOrpaMMe
AdaptiveGridIntegration.

s MonteCarlolntegration = o IEH

s .
« M, oot

Poits: 1000 | integrate | | Reset
Area: 29
Total Points: 1000

Puc. 2.6. Oxno nporpammsr MonteCarloIntegration (Toukn BHyTpH
3aKpalleHHoi 06acTn 0603HAYEHbI YePHBIM 1IBETOM, 34 €€ [TPEe/IeIaMI — CEPBIM)
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YucneHHble aJilrfoOPUTMbI

Wnurerparus Mone-Kapiio MeHee coBepilieHHa, 4eM MHTerPaIust Tpareliuy Ui aiar-
THBHas MHTerpaiust. TeM He MeHee MHOT/IA [POIIE UCTIOJIb30BaTh UMEHHO €€, TIOCKOJIbKY
31ech He TpebyeTcst, YTOOBI BbI XOPOIIO MPEACTABAAIN (GUrypy, MIoIaab KOTOPOH co-
Oupaerech pacCUYUTHIBATH. JLOCTATOUHO CTEHEPUPOBATH TOUKH U TIOCMOTPETH, CKOJIBKO
13 HUX TIOTa/IaeT B HYKHYIO BaM 00J1aCTh.

- 3AMEYAHUE

| B paHHOM rmaBe nceBaocny4ariHblie BENVMYMHbBI UICMOMb3YIOTCH AJ1s pacyeTa nioLa-
ner, ogHako Nofgo6HbIe TEXHOIOMMU NPUMEHUMbI U ANS PeLIeHNs Opyrux 3agay.
B mogenuposaHum no metoany MoHte-Kapsio BeiOpaHHble NCEBAOCIyYaliHbIE BE-
JINYNHBI NTOMOTatoT BbIYNCIINTL NPOLEHT, KOTOPbLIN YA0BNETBOPSAET OnpenesieHHOMY
KpUTEPUIO, N HA Ero OCHOBE CMPOrHO3MpPoBaTh 0OLLEE KONNYECTBO MOAXOASALLMNX
BENINYNH.

HaxoxapeHue Hyneun

WNuorza nporpamme HYKHO BbISICHUTb, I/le yDaBHEHUE MepecekaeT och . pyrumu
cloBamu, UMes ypasHenue y = f(x), tpebyercsa Haiitu x, npu KotopoM f(x) = 0. Takue
BEJINYMHBI HA3BIBAIOTCI KOPHAMU YPABHEHUS.

Memod Hviomona (MHOT A €10 HasbIBaIOT Memodom Hviomona — Paghcona) no3Bosser
OTIpeNeIuTh KOPHY YPaBHEHU: ITyTeM I0CJIe[0BATEIbHON anpokcumanuu. [lepsoim
jieioM BbIOKpaeTcs Hekoe HavanbHoe npubmskenue X,k kopmo. Ecu dynkuus /(X))
OKa3bIBaeTCst HE[OCTATOYHO GJr3Ka K (), aJITOPUTM JIBHSKETCS 110 KaCaTeJabHOMN, BHICTPO-
eHHOI 3 TOUKU HAYATbHOTO NPUOJIVEKEHNST, U HAXOUT NEPecedeH e ¢ OChIo X. DTa HOBast
TOYKa ¥ Oy/eT CIIeyIONNM MPeATnoN0KUTeIbHbIM Tpubmikenuem X, 1 kopus. Tax
IPOJOJIKAETCA 10 TEX 10P, TOKa He OTHINIETCA BeJuunHa X, Ipu KOTOPOi (yHKIus
f(X,) 6yner nocrarouno 6;mska 0.

EI[I/IHCTBCHHaH CJIOJKHOCTD B IOHMMaHUM 3TOI'O METO/Ia CBA3aHa C TeM, KaK 3aCTaBUTh
AJITOPUTM JIBUTATBLCS 110 KacaTesJbHOU. Ecin y Bac ecThb hopmy.ia /17151 HAaX0KIEHUS ITPO-
n3BOAHON yHKIMK [ (x), 3arucbiBaeMoii Takxe Kak dfdx(x), To 6aarogapsi cieayiomnemy
YPaBHEHUIO MTPOrPaMMa CMOKET OOHOBUTD MPUOTMAKEHNE 1T KOPHSL:

oy
J X))

X=X

- _ 3AMEYAHUE

' B pamkax gaHHOM KHUMM HaXOXAEHNE NPON3BOAHbIX QYHKLNIA HE pacCMaTpuBaeT-
cs1. Ecnun BaM Hy>kHa fononHuTensHas nigopmMaums, nonwmuTe ee B IHTepHeTe unu
y4yebHMKax No MaTemaTuKe.

Ha pucynke 2.7 onricannblii Bbitiie mpoiiecc mpezactanie rpadudecku. [udpoit 1
0603HaUY€eHA TOUKA, COOTBETCTBYIONIAsT HAYATBbHOMY MPUOJIVZKEHUIO IJIst KOPHST. SHAYCHHUE
dbyHKIUN ¥y B Heil nqaseko ot (), M0ITOMY aJTOPUTM CJIEAYET BJOJb KACATEIbHOIA, TIOKA
Ta HE TEPECEUET OCh X. 3aTeM OH PACCUMTHIBAET (DYHKIIHIO /IS HOBOTO MPUOIMKEHST
U TIOJTyYaeT TOUKY 2, B KOTOPOH 3HadeHne GyHKIUN y Takxke gasexo ot 0. Beco mporiecc
MTOBTOPSIETCS] U HAXOAUTCS TOUKA 3, a mocJie 4. Y TOUKHU 4 OpAMHATA JIOCTATOYHO OJIM3KA
k 0, ceoBaTeIbHO, AITOPUTM OCTAHABINBACTCSL.
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Ocb X 4

Puc. 2.7. Meton Heiorona: KopH1 (DyHKIINY OTIPEIEIISTIOTCS ITyTeM CJIeI0BAHUS
BJIOJIb KacaTeJIbHBIX, IPOBE/ICHHBIX K rpaduKy

Paboty paccMOTPEHHOTO aITOPUTMA MOZKHO [TPEACTABUTD CJIELYIOIIUM TICEBIOKOIOM.

// Ucmonb3yeM MeTon HBOTOHAa IS OoIpeneieHus KopHs oyHrumm f(x).
Float: FindZero(Float: f(), Float: dfdx(), Float: initial_guess,
Float: maxError)

float x = initial_guess

// OcranHaBnmBaeMcsi rnnociye 100 NOBTOpeHMUM, eCiM YTO-TO He Tak.
// BHUMCIISIEM 3Ha4YeHMe B IaHHOM TOdYKe.
float v = f(x)
// ECnIu TOTPEemHOCTH HOCTaTOYHO Majla, OCTaHaBIMBAEMCH.
if (Math.Abs(y) < maxError) break

// OBHOBIISIEM X.
x = x — vy / dfdx(x)
Next 1

Return x
End NewtonsMethod

B kauecTBe MCXOMHBIX ITapaMeTpoB ajropuT™ Geper GyHkiwmo y = f(x), ee mpo-
U3BOAHYIO dfdx, HayaabHOE TPUOIMKEHIE I KOPHS U JIOMYCTUMYTO MOTPEITHOCTb.
[TepemenHast X TPUPABHUBAETCS K HAYATBHOMY TPUOIMKEHUTO U UCTIOIb3YETCST B IIUKIIE
For, KoTopbiii MoskeT cpabarbiBath g0 100 pas. O6bIYHO aJIrOpUTM OBICTPO HAXOIWT
peliienne, HO ecn (HYHKITHS NMEET COBCEM HeOOJBIITYTO0 KPUBU3HY, ATTOPUTM HEPETKO
OTKJIOHSIETCSI B CTOPOHY U «3a0bIBA€T» O PEIIEHUN UJIH JKE «3aCTPEBAET», BLIOMPAst TO
OJIHO, TO ZIPYTOe HavabHOe NpubmKenue. [IpexycTaHoBIeHHOE KOJMIECTBO UTePaIluii
MO3BOJIUT IIPOTPAMMeE BBIMTH U3 IIUKJIA.

B 1iukiie For aJrOpuT™M paccuuThiBaeT GYHKIUIO f() U, €C/in pe3yJIbTaT HeloCTa-
TOYHO GJIM30K K HYJTI0, OGHOBJISIET X J7IE COBEPIIEHU ceyolel nombitku. O6parure
BHUMaHWeE, 4TO HEKOTOPBIE (DYHKITMU UMEIOT GOJIbIIe 0HOTO KOPHs. B TakoM cirydyae Bam
cJielyeT 3alyCTUTh alrOpUTM FindZero HeCKOJIbKO pas3, UCIIO0JIb3ys HOBOE HayaJIbHOE
npubTKeHe st 0GHAPYKEHUsT HOBOTO KOPHSI.
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L] NewtonsMethod - olEN

i‘*é\—j/&

Zeros: [ 00
(1.38, 0.00)
(3.62.0.00)

Puc. 2.8. Oxno nporpammbl NewtonsMethod

Ha pucynke 2.8 niokaszano okuo mporpammbl NewtonsMethod (8b1 MokeTe ckauaTh
ee Ha caiiTe c MaTepuaIaMu KHUTH ), KOTopas 3ajieiicTByeT MeTosi HbioToHa /1151 Toncka
Tpex KopHell pyHkiuu y = x°/ 5 — x*+ x. Touku Ha rpacduke — 3TO HAYAJIbHbIE [IPH-
GIIKEHYIST, BRIOPAHHbIE TPOTPAMMOIA.

Pe3iome

ITo cpaBHEHUIO ¢ PaHAOMU3AIINEH JAHHBIX TAKUE YUCJEHHbBIE aJITOPUTMbI, KaK Pas-
JIOJKEHUEe Ha MHOJKUTENIU U HaXOKIeHUEe HanOOoJIbIero 0O1Iero AeJUTeIs, B YUCTOM BUJIE
HMEIOT JIOBOJILHO OTPaHWYEHHYTO chepy mpuMeHeHus. TeM He MeHee MCIOoIb3yeMble
B HUX METOJIbI ¥ WJIEU B OT/IEJBHBIX CUTYAIMSIX OKA3bIBAIOTCST IOBOBHO TIeHHBIMI. Ha-
[IPUMEP, MBICJIb O TOM, YTO AJITOPUTM MOKET GbITh BEPOSTHOCTHBIM, IPUTOANTCS JIJISk
HATMCAHVS JAPYTUX AJITOPUTMOB, He pabOTAIONIMX ¢ OTIUYHON JOCTOBEPHOCTHIO (110-
JTOOHBII BOITPOC MOKET BCTPETUTHCST U HA COOECEIOBAHNN).

B 2701 r1aBe BbI OMYYHITH MPEJICTaBIEHNE 00 M/iee PABHOIIPABHUS 1 TPEAB3SITOCTH —
JIBYX OU€Hb BaKHBIX TIOHSITUSX JIJIsI TIOOBIX QJITOPUTMOB PAHIOMU3AIIUH, HATTPUMED JIJIST
anropuTMa unTterpaiun Monte-Kapso. Kpome Toro, y3Hamu, 4To Takoe ajaniTuBHAS
KBa/[paTypa, U MO3HAKOMUJIUCH C TEXHOJOTUSIMU, ITO3BOJISIONIMMI IIPOrpaMMe cocpe-
JOTauMBaThCS Ha Hosiee 3HAUMMbBIX MOMEHTAX PEIIeHUs 3ala4i U MeHbIIe 00paliarh
BHUMAaHUS HA TO, C YeM JIETKO CIIPABUTHCA. 110106 HbIe TPOrpaMMBbl, CIOCOGHBIE TTO/T-
CTPaMBaTHCS O OGCTOSATETBCTBA, BCTPEYAIOTCS BO MHOTHX aJITOPUTMAX.

Eiite ogtHa ocobertocTs uncaeHHbrx aaroputMos (monck HO/I, tect mpoctorsr Mep-
Mma, unterpaius Mounre-KapJio, hopmyJibl IpAMOYTOIBHUKOB U TPAIIEINH ) 3aKII049aeTCs
B TOM, YTO OHU He HY’KAAIOTCSI B CJIOKHBIX CTPYKTYPax AaHHBIX. OHAKO OOMBITHHCTBO
JPYTHUX IPOTPAMM, OITUCAHHBIX B KHHTE, BCE JKe TIOTPEOYIOT CIIeIHaIM3UPOBAHHBIX CTPYK-
TYP, TAKUX KaK, HAIIpUMep, CBI3HbIe CITCKU. VIMEHHO 0 HUX MTOHIeT peyb B Cie/yforen
riase. ITO ATEKO HE CaMbIil CIOKHBIN CTOCOH OPTAaHM3AIINI TAHHBIX CPENN TeX, C KO-
TOPBIMU BbI TTO3HAKOMUTECH, HO, GE3YCJIOBHO, OUeHb T0Je3HbIH. KpoMe Toro, nousaTue
«CBSI3HBIE CITUCKI» TIPUTOIUTCSI BAM ¥ TIPK paboTe ¢ APYTUMU CTPYKTYPaMHU, HAIIPUME]
C ZIepeBbAMU WJIU CETSMU.
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YnpaxHeHus

3Be3/10YKO0I OTMEUYEHBI 3a/[aull ITOBBIIIIEHHON CJI0KHOCTH].

1.

Hanummre AJITOPUTM, B KOTOPOM UTpaJbHasaA KOCTb 6yII€T TEHEPUPOBATH IO/~
6paCI)IBaHI/IH MOHETBI.

. B ITYHKTE «HO]Iy‘-IeHI/IQ PaBHOIIPpAaBUA OT HENTPAaBUJIbHBIX HCTOYHUKOB» (CM. 1o/~

paszen «l'emepupoBanue caydaiiHbIX BeIUYMH»> padzena «PanmoMmusanus naH-
HBIX» B TEKYIIel TaBe) 0ObsICHATIOCH, KaK JBAK/bI MOAKUHYTast HETPABUIbHAS
MOHETa TIOMOTaeT MOJYIUTh CIIPAaBEIMBOE o0 packiBatue MoueTsl. Ho mHorIa
TaKoe JIefiCTBHUE He JaeT Pe3yJsIbTaTa, M BaM HY>KHO TOBTOPUTH mpotiecc. [Ipemro-
JIOKMM, MOHETa BBITIAJIaeT opJioM B 3/4 curyuaeB u perikoit B 1/4. Kakosa Bepo-
SITHOCTb, YTO BBI HE TMOJIYUUTE HYKHBII PE3YJIbTAT MOCHE IBYX MOAOPACHIBAHUIT
U BaM TIPUJIETCsT TIPOGOBATH CHOBA?

. Bepremcs k monere u3 ynpaskHenus 2. IIpeano1os;Kum, Bbl OIINOAIICh U MOHETA

Ha CAMOM JIeJIe SIBJISIETCS] IPABUIIBHOM, HO AJITOPUTM BCE €Il UCTIOMb3YETCs ISk
MOJIyYeHtsT PAaBHOMPABHBIX 1T0A0PAChIBAHUI HEMPaBUIbHON MOHeThl. KakoBa
BEPOSITHOCTD, YTO BbI He MOJYUUTE Pe3yJIbTaT MOc/Ie ABYX MOA0pachiBaHU 1 BaMm
pUETCs TTOTTPoHOBATh CHOBA?

. Pagpaboraiite aJroput™ ¢ UCIOJIH30BAHUEM HETIPABUIBHON UTPATTHBHON KOCTH JIJIST

reHeparuy PaBHOMPaBHBIX BeamuanH Meskay 1 u 6. Kakosa ero agdexTuBHOCTDL?

. Hamummure anroput™ jist BBIOOpaA CIydaiiHbIX BeJuunH M 13 MaccuBa, cojep-

skamtero N aiementoB (tae M < N). Onpezennte BpeMst €ro paboThl U MprMe-
HUTE K TIPUMEPY, Tie HeOOXOMNMO Pa3iaTh KHUTH TISITH JIIOJISIM, BEIOPAHHBIM 13
100 (usm 10 000) 3amnuceti.

. IIpomymaiiTe anroput™ 71t UTPBI B ITOKEP, T/ KaXkK/AbIH UTPOK MOJIyYaeT 10 MATh

kapT. Mmeer s 3Havenve, Kak pasaioTcsi KAPThL: MO OAHOI KaXKIOMY UTPOKY
(Toxa y Ka)k/I0TO He OKasKeTCsI HYKHOe KOTMYIeCTBO) MJTH BCe TISITh Cpasy?

. Hamummure mporpamMmy, KOTOpast UMATHPYET GPOCAHIE [IBYX UTPAIHHBIX KOCTEM

1 pUCyeT THCTOTPaMMY WJIH rpad K, MOKa3bIBAIOIIIE, CKOJIBKO Pa3 BhITTAIa Kask/1ast
BesnunHa. CpaBHUTE KOJMYECTBO BBINAQJCHUH BEJIMUNH C 0XKM/IAeMBIM paclipe-
neserreM GPOCKOB JIBYX TIPABUJIbHBIX KOCTEH ITPU TOM K€ KOJIMIECTBE MOMBITOK.
CKOJIBKO TIOTBITOK BaM TIOHAJOOUTCST OCYIIIECTBUTD, YUTOOBI PE3YIbTATHI COBIAIN
C O’KU/IaeMBIM PacIpeieIeHueM?

8. YUTo cayuuTcs ¢ eBKJIUOBBIM aJITOPUTMOM, ect A < B?

9. Hanwmermbiree obiiee kpatHoe st A 1 B — 9T0 HauMeHblIlee 1esioe Yrcio, Ha Ko-

10.

11.

12

Topoe A u B siensitest 6e3 octatka. Kak MosxHO ucmosb3osath HO/JIL st pacuera
HAUMEHBITET0 06IIETO KPATHOTO?

Asroput™ GBICTPOTO BO3BEIEHSI B CTENEHD, TIPEICTABIECHHDIN B 9TOM TJIaBE, SIB-
JisieTcsl BbICOKOYypoBHeBbIM. Hamuimmre HU3KOypOBHEBbBIH aJIrOPUTM.

Kak namennTn AJITOPUTM U3 IPEABIAYIIETO YIIPAKHCHU, 4TOOBI TIPUMEHUTDH OBI-
CTPOE BO3BE/CHNE B CTEIIECHD 110 MOIIyJIIO?

. Hanmummre nporpammy, kotopas paccunteiBaeT HO/I 1151 HecKobKUX 1ap 1ces-

JOCTyYallHbIX Yrcesl U oToOpaskaeT B Bue rpadrKa KOJIUYECTBO 1Iaros, Tpedye-

70



YucneHHble aJilrfoOPUTMbI

13.

15.

16.

17.

18.

Mbix asroputMoM HO/I B cpaBHEHUY C a/ITOPUTMOM HAXOXK/ICHUS cpeiHero apud-
METHYECKOTO /IBYX UMCes. BBIMISANT 1 pe3ysibraT jorapuMuiecKum?

Cutery oniii mceBIOKOJT TOKA3bIBAET, KaK pereTo JparocherHa BBraepKuBaeT ync-
JIa, KpaTHbIE IIPOCTOMY next_prime.

// BBYMEpKMBaEM 4Yucia, KpaTHHE OaHHOMY I[IPOCTOMY YMCILY .

For 1 = next_prime * 2 To max_number Step next_prime Then
is_composite[i] = true

Next i

[IepBoe BbryepkHyTOE YNCTIO — 9TO next_prime * 2. OpHaKO BbI 3HAETE, YTO
OHO yKe UCKJII0YEHO, TOCKOJIbKY KPaTHO 2 (QJIrOPUTM IIEPBbLIM /IeJIOM BIYEPKHY.T
taxue uncaa). Kak uameHuTs Uk For, 4To6bI M36e5KaTh TTOBTOPHOTO MTEPECMO-
Tpa UCKIIOYEHHBIX YNCET?

. B GeckoneynoM psizie cocTaBHBIX yrcelI (Tak HasbiBaeMble unca Kapmaiikia) kasxk-

7I0€ OTHOCHUTEHHO TIPOCTOE MATI0e YHCIO siBJsieTcst oomantiimkom Mepma. JIpy-
TUMU CJIOBaMH, p — uncso Kapmaiikia, eciii p — HedeTHOe U Kask0€e 712 — 0OMaH-
muk Oepma, ipu yemosun uro 1 <n <pu HO/I (p, n) = 1. Hantmmure axropurm
co crimckoM yncent Kapmaiikia ot 1 710 10 000 1 ux mpocThiMU MHOKUTEISIMHU.

[Tpu ncrnorp3oBarNM (hOPMYJIBI IPSIMOYTOJBHITKOB YaCTH HEKOTOPBIX (DUTYD OKa-
3bIBAIOTCA Ha/l UJIN IO/ KpI/IBOI(/JI7 yBean4unBas Wjin yMEHbIIasA PaCCUUTBIBAEMYTO
TIJIOTIA/Th COOTBETCTBEHHO. UTO MPOM30MIET, €CJIN /11T BBICOTHI IIPSIMOYTOJBHUKA
BbI BO3bMeTe 3HaueHre (DyHKITUY U3 IIEHTPA PSIMOYTOJIbHUKA, & HE U3 ero JIEBOTO
pe6pa? Hanummre nporpaMmy JI7ist IPOBEPKU CBOEH TUTIOTESBI.

BoamosxHO 1 co31aTh TPOTPAMMY, MCITOJNB3YIONIYIO AJAITHBHYIO MHTETPAIIAIO
Mounte-Kapiio? Byner v ona aphekTnBHOIM?

Hanwummmre BHICOKOYPOBHEBBIN alTOPUTM, KOTOPBIH UIIET 00HEM TPEXMEPHOI
¢urypsr ¢ momorpio nuaTerpanun MonTe-KapJio.

Wcnionbayiite metos HpioToHa /17151 HAXOK/IEHNS TOYEK [TepecevdeHmst JIByX (hyHKITHIA.



Maea 3
CBHA3HbLIE C[MTUCKHA

CBsi3HbIe CITIUCKU — BO3MOKHO, CAMbIE ITPOCThIE CTPYKTYPBI IAHHBIX, KOTOPbIE BaM
NPUETCST co371aBaTh. TeM He MeHee HEKOTOPbIE METO/BI UX ITOCTPOEHMS TPUMEHIMBI
st hopMupoBanust 6oJee CIOKHBIX CTPYKTYD, OMICAHHBIX B KHUTE. J[JIs1 HCTOTb30Ba-
HWA CBA3HBIX CIIMCKOB BaM H€O6XO[[I/IMO MMETD IIPECTaBJICHNE O CChIJIKAaX N H‘IeIL/,IKaX,
BKJIIOUAsT CIIOCOOBI UX HAXOKICHUsI, BCTABKY ¥ YAAJIECHUS. ITH K€ TOHITHs (DUrypu-
PYIOT [IPH TIOCTPOEHUHY CJOKHDIX CETEN U JIEPEBBEB, B TOM YHUCJIE COAIAHCUPOBAHHDIX.

B nannoii riaBe Bbl HO3HAKOMUTECH C OCHOBAMU, HEOOXOAMMBIMU JJIsi pabOThI CO
CBSIBHBIMU clMcKaMu. B mocienytomux raasax (4, 5, 8, a Takske 10—14) mMbr GyeM Bo3-
BpAIIaThCs K PACCMOTPEHHOMY 3/I€Ch MaTepUAy.

OCHOBHbI€E NOoJIOXXeHUs

Cea31blil CNUCOK IOCTPOEH U3 00BEKTOB, 0OIYHO HA3bIBAEMBIX SUCTKAMU. DTOT KJIACC
COJIEPKUT BCE JTAHHBIE, KOTOPBIE JIOJKHBI XPAHUTHCS B CITUCKE, W CCBHIJIKY Ha JIPYTYIO
stuetiky. Cevbuika TpezicTaBisieT coOOl CIpaBKy WM yKaszaTesb Ha 0OBEKT TAKOTO JKe
kiacca. [lone Tuma «ykasaTeaby» B S4elike 4acTO Ha3biBaeTcd Next.

Hampumep, mpuBefeHHBIN HUXKE KOJA IPEACTaBJAET ONpejeseHue KJjacca
IntegerCell B C#. B sauelike copeprkarcs 1ies10e YUCI0 U yKa3aTe/lb Ha CJeAyIONnii
00beKkT IntegerCell B CBSI3HOM CIIMCKE.

class IntegerCell

{

public int Value;

public IntegerCell Next;
}

I'paduyecku cBsi3HbIE CIIUCKU MIPECTABJSIOT, KAK [IPABUJIO, B BU/E KBAJPATHKOB
(s19eex) u crpesok (cebliok). CeblIKy, KOTOPasi HU Ha YTO He yKasblBaeT, 0003HAYaIoT
KBaJIPAaTUKOM ITOMEHBIIIE C KOCBIM ITepPeKpecTHeM BHYTPH (Ha sI3bIKe TPOTPAMMHUPOBA-
HUST 3HAYEHWEM YKa3aTest, COOTBETCTBYIONIETO TAKO CChLIKE, OyA€T HIYTO, HYJTh OO0
ZIpyToe crenraabHOe 3HaYeHne, KOTOpPoe NMeeT aHAJOTMYHBIN CMBICJT ).

Yr006bI KOJI IPOTrPAMMBbI CYMeJ HAUTH CITUCOK, TPeGYeTCs Onpe/iesieHHast TlepeMeHHasl,
KoTOpast Oy/ieT Ha HeTo yKkasbiBaTh. Hepeako oHa HasbiBaeTcst top (IIOCKOJIBKY Mpes-
CTABJISIET BEPIINHY CIIMCKA) K MOKET OBITh IIePEMEHHOIT KITacca sSTYeKI NN yKaszaTeJeM
Ha [IePBYIO SI4YeiiKy B CIIMCKe.

Ha pucynke 3.1 mokasaHsl /iBa CBSI3HBIX CITUCKA, B KOTOPBIX COZEPKATCS 1UDPHI
31,72,47 n 9. Bepxusd nepemeHHas top — 3TO yKasaTeJsb Ha MePBYIO STUYEHKY CIUCKa,
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CBAA3HbIE CNNCKN

a HUJKHAA — I1epBad a4gelika B criicke. O6a CIMcKa 3aKaHYUBAIOTCS KBa/IpaTUKOM C KOCbIM
IIEPEKPECTUEM — TaK 0603HaYaeTCA Hy]leBOfI YKa3ateJib.

top
31 > 72 > 47 > o —[X]
top
31 > 72 > 47 >9—>@

Puc. 3.1. IIpumepsI CBSA3HBIX CITUCKOB

CBsI3HbBIE CIIUCKU — XOPOIIHUi COCO6 XPAHUTDL IEMEHTBI, KOJTMYECTBO KOTOPBIX
MOZKET CO BDEMEHEM YBEJMUNBATHCS I YMEHBIIATHCSL. UTOOBI IIPHUCOBOKYITUTH HOBYIO
STYENKY, HY’KHO BCETO JIUTITh T0OaBUTDH €€ B HAYAJIO MJIH B KOHEI[ CBSI3HOTO cIicka. Mac-
cuB pacrosaraeT (PUKCUPOBAHHBIM Pa3MEpPOM, IIO3TOMY €T0 CJI0KHO yBEJIUYUTD, €CIN
TpeGyeTcst BKIKOYUTh HOBbIE 3JIEMEHTHI.

B CJIEYIOMIEM pa3/iesie PaCCMATPUBAIOTCA HEKOTOPbDIE aJITOPUTMbI, KOTOPbIEC MOJK-
HO MCITOJIb30BaTh [JId yIIpaBJIEHW S CBA3HbIMUA CIIMCKAMMU. MHorue 13 HUX JieTde BCEro
OIINCbIBATb C IIOMOIIbIO ]_[I/I(l)p, IIOKa3bIBAIOIINUX CIIMCOK 10 U IIOCJI€ BBIIIOJTHEHUA
orepanunm.

OIJ,HOHaI'IpaBﬂeHHbIe CBfYi3Hbl€ CIMMTUCKMA

B odnonanpasaennom cessmom cnucke (cm. puc. 3.1) Kaxaas sueiika cBsizaHa co
CJIEYIOTIEN ¢ TOMOIIBIO OIUHAPHOM CCHUTKH. UTOOBI HCIIOIB30BATH TAKOI CITHUCOK, BaM
MOHAOOSITCS ATITOPUTMBI JJTsT IEPEABUIKEHMUST IO CITUCKY, TTOUCKa, 100aBICHUS U yia-
JIeHWS 37IEMEHTOB. PacCMOTPUM HEKOTOPBIE U3 HUIX.

MepepBuXxeHne No cnuckam

Ecau nporpamMma cofiepskuT BCTPOEHHBIE WU CBSI3HBIE CITUCKU, TEPEXO0] 110 ee sS4eii-
KaM OCYIIECTBJISIETCSI OTHOCUTENBHO TTPocTO. Cileyonuii arTopuTM TIOKa3bIBaeT, KaKk
9TO CeJIaTh 1 KakK paboTaTh CO 3HAUEHUSIMU B sfueiiKax. B puBeIeHHOM HUKE IIPUMEpPE
WCTIONB3YEeTCS MeTO/T Print (OH BBIBOAUT 3HAYEHUS STYEEK ), OHAKO BbI MOJKETE 3aMe-
HUTb €ro JIOObIM JIPYTUM.

Iterate(Cell: top)

While (top != null)
Print top.Value
top = top.Next

End While

End Iterate
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3AMEYAHUE

| B nopo6HbIX aJiropntMax npegnonaraetcd, 4To 3Ha4eHne npoxoaounT napamMmeTp
top. Takmm o6pasoM, KO, MOXET N3MEHATb €ro, COXpaHsaa 3Ha4eHne top B Koae
BbI30OBa.

JlaHHbBII aJIrOPUTM HaYMHAETCA ¢ IUKIa Whi le, KoTopbiii paboTaer 0 TeX mop, IoKa
BEPXHUI yKazaTesh sT9eiiky He cTaHeT null. BHYyTpH 1UKJa aJITOPUTM CliepBa BBHI3BIBAET
MeToJl Print, yTOOBI TIOKA3aTh 3HAUEHUE SUeHKN T Op, a3aTeM C €€ IIOMOIbIO yKa3bIBa-
€T Ha CJIeIyIONIYIo d4eiiKy cBsA3HOTO crucKa. [Ipoiiecc mpomoskaeTes 10 TeX 1mMop, oKa
top He cTaHeT yKa3blBaTb Hanull B KOHIE CIIMCKA U IUKJI While He OCTaHOBUTCS.

ITpuBeicHHBIH aITOPUTM U3YYaeT KAK/YIO STICHKY B CBI3HOM CIIUCKE, T03TOMY eCIIH
uxX KoJm4ecTBO paBHO N, To BpeMmst pabotsr coctaBut O(N).
HaxoxpeHune sueek

[Touick S9€iiKY BBITJISINT TaK: ITOPUTM TIEPEABUTAETCS TIO CBSI3HOMY CITHCKY U OCTa-
HaBJIUBACTCS, HAUIS HYKHYIO.

Cell: FindCell(Cell: top, Value: target)

While (top != null)
If (top.Value == target) Then Return top
top = top.Next

End While

// ECIM MH IOWNM IO DTOY CTPOKM, MCKOMOTO 3HAaYeHMd HeT B CIMCKE.
Return null
End FindCell

Asroput™ BBOAUT IIMKJ Whi1e, KOTOpbIil paboTaet, ToKa top He CTaHeT PaBHBIM
null. BHyTpu 3TOro 1IUKJIa CpAaBHUBAETCS 3HAYEHUE TYEHKU tOp € MCKOMBIM 3Haye-
HueM. Ecii oHE coBNazatoT, aIropuT™ BO3BPAIIAET t Op; eI HeT, t op MpeBpaniaeTcst
B yKa3aTeJsb Ha CJIEAYIONIYIO STUeHKY B CIHICKE.

Ecmm top CTaHOBUTCS PaBHbIM null 1ocje Toro, Kak 6yI[€T II€peCMOTPEH BECH CITHN-
COK, — MCKOMOI'O 3HAaYE€HH A HET. Boamoskno TaKJKeE, YTO B aJITOPUTME BbI3BAHO NCKJIIOUYCHNE
HHHBO3HHKHaKaKaHﬂINHHH6Ka(SaBHCHTOTHCHOHBSyeMOFOHSHKaHpOFpaMMHPOBaHHH)

B cienyionmx pasaenax Bbl yBUAUTE, YTO JIETYe BCETO PAOOTATD C IYEHKOIL B CBSIZHOM
CITUCKE, €CJIN €CTh YKa3aTeJb HA Ty, YTO CTOUT Tiepet Heil. [IpuBeieHHbIN HUZKE aTOPUTM
HaXOJUT sSTYeiKy, TPeIIecTBYONTYTO 1eJIeBO.

Cell: FindCellBefore(Cell: top, Value: target)

/ / Ecnm crmcok IIyCcT, MCKOMOTI'O 3BHa4YeHMda HeT.

If (top == null) Return null

// TIOMCK MCKOMOTO 3BHa4YeHUS.

While (top.Next != null)
If (top.Next.Value == target) Then Return top
top = top.Next

End While

// ECnu MB OOIJIM OO DTOM CTPOKM, MCKOMOTO 3HAYEHUS HET B CIIMCKE.
Return null
End FindCellBefore

74




CBAA3HbIE CNNCKN

Koz HO/:[06eH npeablayIieMy, HO B HEM €CTb [Ba OTJIUYHUSL. HepBoe 3aKJII0YaeTcda
B TOM, YTO IIepe]] HadagoM paboThl IIPOBEPsIeTCs, IIPUHUMAET I top 3HaueHue null.
ITO MOMOraeT MOHATh, MOKHO JI pacCcMaTpuBaTh top . Next 6e3 pucka. Beap eciu
top.Next oKaxKeTcsI Heollpe/ieJIeHHBIM, TIPOTPaMMa, UCTI0JIb3YTOTasi TAKOW allTOPUTM,
3aBUCHET. B ciryyae Korjia t op He siBJsieTcss null, airopuT™ BBOAUT UK While, of-
HaKO Ha 3TOT pa3 BMeCTO top . Value paceMaTpuBaercs top . Next . Value. Ecau yna-
€TCd OTBICKATh UCKOMOE 3HaUeHue, t Op YKa3bIBaeT Ha STYelKy Iepesl TOH, KOTopasi ero
COZIEPIKUT, U JITOPUTM BO3BpalllaeT top .

Ucnonb3oBaHue orpaHnunTenen

Ecau BHUMaTesbHO U3YYUTH NPUBEIEHHBIN BbIIIE aJlTOPUTM, JIETKO MPEJACTaBUTD
cJarydaii, mpr KoTopoM oH gact c6oit. Harpumep, Korja nckomMoe 3HaueHue COAePKUTCS
B IIEPBOI sA4YeliKe CBA3HOIO CIIMCKA, TO Iepe/l Hell He OKaXKeTCs STYeiKU U aJITOPUTM He
CMOXKET HIIETO BEPHYThH. [lepBoe 3HaUeHMe, KOTOPOE OH CTaHET PACCMATPUBATD, GYIeT
HaXOAUTLCS BO BTOPOH s4elike CIIMCKA, a aJITOPUTM HUKOI/Ia He BO3BpAlllaeTcs Hasa/l.

Opun 13 cr10co60B CIPABUTHC ¢ OMICAHHON IIPOOIeMOIl — 06ABUTH ClIEUATbHBII
KOJI, KOTOPBI OTBITIET NCKOMOE 3HaYeHNE HETIOCPEJICTBEHHO B TIepBoii stueiike. Ho ecom
porpaMMme MpHIeTcs PACCMATPUBATh 9TY CUTYAIUIO B KadecTBe 0co00TO cirydasi, OHa
MOJKET 3aIyTaThCs.

I[pyl'OfI MO/IX0/1 — CO3/1aTh 0Zpanudumesivb B Hadajie CIIMCKa. On IIpeaCTaBJIACT coboit
quﬁKy, KOTOPpas ABJISACTCA YaCTbhIO CBA3HOTO CITMCKA, HO HE COJAEPIKUT Kkakue-1160 3Ha-
YHMbI€ JaHHbIC. OFpaHI/ILH/ITeJIb HCITOJIb3YETCA TOJIBKO B KA4Y€CTBE METKN-3aIlOJTHUTEJIA,
TI0O9TOMY aJITOPUTMbBI MOTYT CBO6OIIHO O6paH.[aTbCH K HEMY.

Craenyonmuii 1ceBIOKO/ TpeACTaBsgeT MPUBEACHHDIN BbIIIE AJTOPUTM
FindCellBefore, HO yXke C UCIIOJb30BAHUEM OIPAHUYUTEJI.

Cell: FindCellBefore(Cell: top, Value: target)
// TIOMCK MCKOMOTO 3HAYEHUS.

While (top.Next != null)
If (top.Next.Value == target) Then Return top
top = top.Next

End While

// ECnm MB OOWJIM IO DTOM CTPOKM, MCKOMOTO 3HAYEHUs HET B CIIMCKEe.
Return null
End FindCellBefore

JTa Bepcus He HyK/aeTcs B TIPOBEPKe TOTO, IPUHUMAET JIN t op 3HaYeHne null, mo-
CKOJTBKY B CBSI3HOM CITHICKE BCET/IA €CTh XOTSI OBI OIIH OTPAHNYUTEND. B cHuTy yKazanHoO#
MPUYUHBI IIUKJI While MoxeT HauaThes cpady. [IpoBepka 3HaueHUs B IIepBoil sueiike
CITMCKA TAKKe OCYIIECTBIISIETCS, TOATOMY aJITOPUTM OyieT paboTath U B TOM CJIydae,
KOT/Ia KCKOMOE 3HAaU€HUE HAaXOAUTCA B HEHl.

Mannas Bepcus Kofa MOKET BO3BpallaTh A4eilky ¢ orpanuyuresieM epes 1epBoi
peasbHON (BepxHel ) suelKoM, eciiu 910 1esiecoodpasno. Takum 06pasoM, IporpaMme He
Tpebyercst CreluaIbHbII KO/ ISt pPaOOThI ¢ 0COOBIM CJIyYaeM, KOT/la HCKOMOE 3HaYCHUE
pasMelleHo B Hayaje CIIMCKA.

[Tpu nmoucke HyKHOIO 3HAYEHUS BaM MOXKET II0Be3TH — OHO OTBILIETCS Cpasy.
B xymmem cirydae airopuTMmy IpUaeTcs IPOMTHUCH 110 O60JIbINei 4aCTH CBA3HOTO CIIMCKA.
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Ecau nckomoro sHaueHus He OKasKeTcs, B IOJIe 3peHus monajieT Kaxaas ssueiika. To ecTb
eCJIM CIIUCOK comepKuT N sueek, BpeMs paboThl airopuT™a OyIeT OMPeAesaThCs KaKk

O(N).

Ha miepBbiii B3TJIS, MOXKET IMTOKA3aThCA, YTO OTPAHUYUTEIb TOJBKO 3aHUMAET MECTO.
Ha camom geste on oTMensieT HeoOX0AUMOCTD UCIIOAb30BATh CIEIUAIbHbII KO U YIIPO-
IIAeT aJITOPUTM, a TAKKe JeJIaeT ero 6oJiee U3SIHbIM.

B caiepytomux paszesiax npearoiaraeTcs, YTo CBA3Hble CIIUCKU UMEIOT OrpaHYUTe I
1 BEpXHUH yKa3aTeJb.

JoGaByieHne A4eeK B Ha4ano crnmcka

CBsI3HBIE CTIMCKH UCTIOB3YIOTCST IS CO3IAHMUST TAKOH CTPYKTYPBI TAHHBIX, KOTOPAsT
MOJKET XPAHUTD JIEMEHTBHI TOM0OHO MACCUBY, HO CITOCOOHA PACTITUPSITHCS, €CITH TTOTPe-
Gyercs 6oabiie mecta. ITo6bI 106aBUTH SUEHKY K TAKOMY CITICKY, I0CTATOYHO BCTABUTD
ee B HAuaJIo, Cpasy MoCje OrPaHuIUTEIS.

AddAtBeginning (Cell: top, Cell: new_cell)
new_cell.Next = top.Next
top.Next = new_cell

End AddAtBeginning

A]IFOpI/ITM yCTaHaBJIMBa€T HOBBII YKa3aTeJsb SYEKN Next TaKuM O6p3.30M, 4TOOBI
OHyKa&ﬂB&HBHaqaﬂeHaTyﬂqeﬁKyJKHDpaHHHETHGPBOﬁDDCHGOFpaHHqHTeHHBCHHCKQ
a 3aT€EM Ha HOBYIO. HOJIy‘{aeTCH, YTO HOBas sSueitka pasMeniaeTcA Mocjie OTPaHNInTEe A
1 CTaHOBHUTCA HepBOﬁ B CBA3HOM CIINCKE.

Ha pucytke 3.2 npeicraBiieH CBI3HBII CICOK /10 U IOC/Ie 100aBJIeHUS HOBBIX SIUEEK
B HaYaJIO CTIMCKa (3aKpaIleHHbIN KBapaT — OTPAHUUUTED ).

Hosas
ayerika

OrpaHnuntenb — —3p

Y
\ 4

Hosas

ayerika "‘T

OrpaHnuntenb ——3

|

—iX

Puc. 3.2. /lo6aBiienne 31eMeHTa B HAuajIo CBA3HOTO CIIMCKA

VKasaHHBII aJITOPUTM COCTOUT BCETO U3 [IBYX IIATOB, TOITOMY BPEMsI €r0 pabOThI
paBuo O(1), HeE3aBUCUMO OT KOJIMYECTBA SIU€€EK B CITUCKE.
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JobGaBneHue ayeek B KOHeL, Cnucka

Bcerasuthb quﬁKy B KOHEIL CITMCKa HEMHOTO CJIOJKHEE, YEM B Ha4aJ10, ITOCKOJIbKY
aHFOpHTﬂlCHaanaIKNDKGPIHpOﬁTHIH)CHHCKy,qTO6bIHO6paTbCHZK)HOCHeﬂ}KﬁineﬁKH.

AddAtEnd(Cell: top, Cell: new_cell)
// HaxomouM IIOCJIeOHII STYEeNKY .

While (top.Next != null)
top = top.Next
End While

// HobaBiisieM HOBYI sS4YelKy B KOHeIl.
top.Next = new_cell
new_cell.Next = null

End AddAtEnd

Koz mpoxoauT 1o ¢BA3HOMY CHHUCKY BILIOTD 0 TIOCTeNHeH S4eliku U fesaeT Tak,
4TOOBI ee CChIIIKA YKa3bIBAJIa CHAYAIA HA HOBYIO sTUeiiKy, a Ta B CBOIO ouepesib Hanull.
Aunroputy™ Bbirsiziest 6b1 GoJiee GeCIOPSIIOUHbIM, eCJii Obl B CIIICKE OTCYTCTBOBAJ OrPa-
HUYUTENb. Bbl MOXeTe NCIO0b30BaTh ClIEIUANbHbII KO/ B TOM CJIydae, eCJIM CIIICOK
IyCT, a top yKasbiBaeT Hanull.

Ha pucynke 3.3 saToT niporiecc ripejicraBjiet rpagpuyecku.

HoBas
a4yenka

4

Y
Y

OrpaHnunTten ——

HoBasi
ayerika

|

OrpaHnuntens —————»

Puc. 3.3. [lo6aBiieHue s1eMeHTa B KOHELL CBA3HOTO CIIMCKA

AJITOPUTM I0JI’KEH TIPOWTH Yepes BECh CITHCOK, TIOITOMY, €CJIH B CITIICKE COAEPIKUTCS
N stueex, BpeMmst ero pabotst coctaBut O(N).

BcTaBka s4eek

B npenpiaymmx pasjgenax Mbl pacCMOTPEIH, KakK A00aBUTh SYCHKU B HAYAIO MJIK
KOHEI[ CBS3HOTO CIIMCKa. A 4TO ecin X Tpebyercs BCTaBUTh B cepeauny? Jomycrum,
y Bac ecTh nepeMeHHasi after_me, yKasbIBalollas Ha SYEHKY, II0C/Ie KOTOPOH HY/KHO
100aBUTH 2JICMEHT.
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InsertCell (Cell: after_me, Cell: new_cell)
new_cell.Next = after_me.Next
after_me.Next = new_cell

End InsertCell

CorracHO aJITOPUTMY, CCHLITKA HOBOM STYEHKH YKa3bIBAET Ha STYEHKY, CJEAYIOIIYIO 32
after_me, acchika after_me — Ha HOBYIO siueiiky (puc. 3.4).

after_me Hogas

\ ayerika

OrpaHnuntens —p|

\ 4
\4

]

after_me HoBas
\ (‘ﬂqel?u(a ‘l
OrpaHnunteNb — 3 > > _»&

Puc. 3.4. BcraBka HOBOI ssUeiiKy 1TOC/I€ OTMEUYEHHOI STYeiiku

ITockoJIbKY aJITOPUTM IIPOXOIMT BCETO JIBa iara, oH paboraer B Tedenue O(1) Bpe-
MEHH, XOTsT MOKeT moHago6uThest 1 O(N) BpeMeHH, uToObl HAlTH siueiiky after_me.
Hampuwmep, ecu BbI XOTHUTE BCTABUTH STYEHKY TMOCTe STUYEUKH, CofiepsKalieil MCKoMoe
3HaueHUe, [IJIs Hauaja MPUIETCS €€ OThICKATD.

YpaneHue aueek

YT0OBI YAATUTD TENEBYIO UKy, HYKHO YCTAHOBUTD MPEABIAYIYIO CCHIIKY Ha
SYElKy, KOTopas ujeT 3a neneBoid. Ceayonuil IceBIOKO TPEICTABISET aITOPUTM,
onpe/esIAonui ssueiiky after_me.

DeleteAfter (Cell: after_me)

after_me.Next = after_me.Next.Next
End DeleteAfter

Ha pucynke 3.5 anroputm mokasan rpaudecKku.

after_me

N

OrpaHnuutens 3|

\ 4
\ 4
\ 4

after_me

R

»
>

OrpaHuunTens >

!

Puc. 3.5. Yaanenue sgueiiku U3 CBA3HOIO CIIICKA

78



CBAA3HbIE CNNCKN

B C# u Visual Basic /151 ynpaBJieHUsI TaMSTBIO KCIIOJIB3YETCst METOJ, «COOPKI Mycopas,
KOTOPBIN aBTOMATUYECKU YTUIU3UPYET YIATIECHHBIE STYEHKH, eCIIU [IPporpaMme TpedyeTcst
Gopire maMsiT. OTHAKO B HEKOTOPBIX SI3bIKAX ITPOTPAMMUPOBAHIISI MOTYT TIOHATOOUTHCST
JIOTIOJIHUTE IbHBIE ieticTBrst. Clieyrolasi BEPCHs aJlrOPUTMa JeMOHCTPUPYET OCBOOOIK-
JieHNe TiesIeBoit ssueiikn B C++.

DeleteAfter (Cell: after_me)
Cell: target_cell = after_me.Next
after_me.Next = after_me.Next.Next
free(target_cell)

End DeleteAfter

OT s13bIKa TPOTPAMMUPOBAHUST 3aBUCHT U TO, KaK BbI Oy/I€Te YAAJSITh CBSI3HbIH CITH-
cok. B C# u Visual Basic mocraTo4Ho prpaBHATDH BCE CCHIIKU Ha CIIMCOK K 3HAYEHUIO
null, u «c60opka Mycopas ero yruiusupyer. A 8 C++, Hanpumep, Hy)KHO TIPOUTH TIO
CTIUCKY U OCBOOOAUTD KAKIYIO sTYEHKY HETIOCPEICTBEHHO, KaK TIOKA3aHO B CIELYIONIEM
[ICEBJIOKOJIE.

DestroyList (Cell: top)
While (top != null)
// CoxpaHsieM yKazaTelb Ha CIeOybIyl SYenKy .
Cell: next_cell = top.Next

// OcBoboxmaeMm siueliky top.
free(top)

// TlepexomuM K clenyoimern sdelke.
top = next_cell
End While
End DestroyList

HTak, 3al10MHUTE, YTO OCBOGOKIEHIE PECYPCOB 3aBUCHUT OT A3bIKA IIPOTPAMMUPO-
BaHWSI ¥ [TPU yIJICHUN STYEHKU UK IPYTOTO OOBEKTA U3 CTPYKTYPBI IAHHBIX BAM MOTYT
MOHAOOUTHCS JIOTIOTHUTETBHBIE ICHCTBHSL.

nByHaﬂpaBﬂeHHble CBAA3HbIE CIMMTUCKM

B aByHnanpaBieHHbIX CIIUCKAX CChLIKU YeeK YKa3blBaIOT Ha CJIeAyIOolue U IIPeblLy -
e styeiikn. Bropele yacTo HasbIBalOT Prev, nin Previous.

B 1o106HBIX CTPYKTYpax AaHHBIX Y0OHO UMETh BEPXHUIA M HUKHUIT OTpaHUYATE I
(puc. 3.6), 4To6BI TPOrpaMMa JIETKO YIIPABJIsLIa CIIMCKOM ¢ 000X KOHIIOB, HAITPUMeEP 00aB-
JISJIA M YIAJISATTa 3IIeMEeHTRL. Takoi TIoIX0/1 TO3BOJISET 3TO c/IeJaTh 3a BpeMs, paBHoe O(1).

BepxHuit orpannymTens ~\\¥
DX~

\ 4
\ 4

Y

—i
\

HWXHWIA orpaHnyanTens

A
A
A

Puc. 3.6. [Ipumep 1ByHANIPaBIEHHOTO CIMICKA
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AropuT™BI 171t pabOTHI ¢ BYHANIPABJEHHBIMK U OJIHOHATIPABIEHHBIMU CITMCKAMHK
OYEHb MOXOKH, 32 UCKJIIOYEHUEM TOTO, YTO [IEPBbIE J0JIKHbI BBITOJIHATD IOHOJHUTEbHbIE
NeHCTBYSI 1Tt YITPABJIEHHUS ellle OHUM HaGoPOM CCBLITOK. BOT Kak BBITJISUT MICEBIOKOI,
TMOOABJISIOIINI sTUEHKY MTOC/TIe BRIOPAaHHOM.

InsertCell (Cell: after_me, Cell: new_cell)
// OOHOBIISIEM CCHUJIKM Ha CJIEOYDIYI0 SYelKy .
new_cell.Next = after_me.Next
after_me.Next = new_cell

// OOHOBIISIEM CCHUJIKM Ha IIPEenbOylylo sS4YerKy .
new_cell.Next.Prev = new_cell
new_cell.Prev = after_me

End InsertCell

OcHOBHAsI TPYAHOCTH MOMOOHBIX ATTTOPUTMOB 3aKTIOYAETCST B OTCJIEKUBAHUH CCBITOK,
CIOCOGHBIX OOHOBJIATHCA B 1000 MOMEHT BpeMeHHU. B IpuBeIeHHOM BhIIIe aJITOPUTME
TPETHUIl OMepaTop ¢ KOHIIA YCTAHABIUBAET CCHLIKY Prev, KOTOpas J0JIKHA YKa3bIBaTh
Ha HOBYIO STYEHKY.

after me.Next.Prev = new_cell

OlIHaKO KOTI'la OIiepaTop 3allyli€eH, after_me.Next yoKe O0OHOBJIEH 1 YKa3bIBa€T
Ha HOBYIO H‘{eﬁKy, ITO3TOMY BMECTO HETO CJIEAYET UCIIOJIb30BaTh new_cell.Next.

Ha pucynke 3.7 asroput™ 1pezictaBiieH rpaduuecku.

after_me Hosast

BepxHuin orpaHmnynTens \ \ ayenka
X[

Y
\ 4

_,X

A
A
A

HWXHWIA orpaHnyanTens

Hoeasa

after_me ayeiika
BepxHuin orpaHmnyntens \ \ / Y\
D—

—[X

Y
\ 4

A
A
A

HWXHWIA orpaHnynTens

Puc. 3.7. O6HOBJICHUE [IBYHAIPABJIECHHOTO CIIUCKA

CopTupoBaHHbIe CNUCKN

WHora a/1eMeHTBI CBSAIBHOTO CIMCKA YI0OHO XPAaHUTh B OTCOPTHPOBAHHOM BH/IE.
B atom cirydae uTo6bl 106ABUTH 3JIEMEHT, HYKHO HATH TTO3UIIMIO, K KOTOPOI OH TIPH-
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HaAJIEeKHUT, U 0OHOBUTD COOTBETCTBYIOIINE CCHIJIKU. PaCCMOTpI/IM, KaK BbIIIOJIHAETCA 110~
ﬂO6HO€H€ﬁCTBHeHﬂHCOpTHpOBaHHOFOOﬂHOHaHpaBHeHHOFOCHHCK&

// BcCTaByisseM HOBYI AuYelKy B COPTMPOBAHHEI ONHOHANPABJIEHHHI CIMUCOK.
InsertCell (Cell: top, Cell: new_cell)
// HaxomuMm sYelky Iepen TO¥W, B KOTOpyl OyaoeM BCTaBIATH HOBHEIM DJIEMEHT.

While (top.Next != null) And (top.Next.Value < new_cell.Value)
top = top.Next
End While

// BcCTaBiseM HOBYID S4YelKy IIoCie sS4Yelku top.
new_cell .Next = top.Next
top.Next = new_cell

End InsertCell

B xyamiem cirydae aaropuTMy HOHaZ00UTCS MEPECMOTPETh BECH CITUCOK, YTOOBI
HalTH BepHOE MECTOHAXOKAEHUE HOBOrO saeMenTa. Takum o0pasoM, eciu sueek N,
BpeMst pa6otel coctaBuT O(N), U, XOTSI TEOPETUYECKH €0 YJIYUIITh HEBO3MOKHO, Ha
[PAKTHKE aJITOPUTM IIOJyYUTCI YCKOPUT, 0OABUB HUKHUI orpanuynTesb. Korjga sua-
yeHre Value HIKHEro OrpaHuIUTe sl OYAeT IPEBBIIIATh JTI060€e aHAIOTHYHOE 3HAUeHIe
13 sueek, TecT top.Next != null MOMXKHO yAaJuThb. Takoe AOMYyCTUMO, TOCKOJIbKY
KOJ BCE PAaBHO OTBIIIET MECTOIIOIOKEHNE [JIs1 HOBOU sYeiiKi, 1ae eCJiu OHO OyLeT Ha-
XOIUTBCA MPSIMO TIepe/l HUKHUM OTPAaHUYUTEJIEM.

[Ipeamnosoxum, B siueiikax cojiepskarcs UMeHa, ucroJb3ytommue cumBosbl ASCII.
Bbi MoskeTe ycTaHOBUTD Value HUKHErO OTPAHUYUTE S Ha ~, TIOCKOJIBKY 3TOT CUMBOJT
caeLyeT moce Jo0oro AeHCTBUTEIBHOrO UMeHU. EC/I peyb UAeT o e/IbIX Yic/ax, TO
B KadecTBe Value HMKHEro OrpaHNuyYUTE/ I JIyYIle UCII0Ab30BaTh HanOOIbIIEE LEN0e
uucsio (s GosbimuncTBa 32-6uTHBIX cructeM 910 2 147 483 647).

Husxe nipesicraBsiiena ncnpasiieHHas Bepcud 1cesokoza. [Ipeamosnaraercs, 4To
B CIIUCKE HAXOMUTCsI HUKHIIT OFPAHUYUTEIb CO 3HAUeHUeM GOJIbIINM, 4eM JII000e IPyroe
3HaYeHUe B sUeliKax.

// BcCTaBiseM HOBYID S4YelMKy B COPTUPOBAHHBI ONHOHAIIPABJIEHHHI CIIMCOK.
InsertCell (Cell: top, Cell: new_cell)
// HaxomuMm siYelky Iiepen TO¥W, B KOTOpyl OyaoeM BCTaBIISATH HOBHY DJIEMEHT.
While (top.Next.Value < new_cell.Value)
top = top.Next
End While

// BCTaBJIsIEM HOBYIW SYeNKy IIOCJIe s4Yeliku top.
new_cell.Next = top.Next
top.Next = new_cell

End InsertCell

Anroputmbl gnsg pa6oTbl
CO CBSAI3HbIMU cNUCKaMM

[lo cux 11op B 970 I71aBe pacCMaTPUBAIMCh AJITOPUTMBI, € IIOMOII[bIO KOTOPBIX CTPO-
SITCSI CBSI3HBIE CITUCKU M TIPOUCXOAUT yIIpaBieHre uMi (00aBIISIIOTCS 3JIEMEHTbI B Ha-
9710, KOHEIT M CEPENNHY, & TAK/KE HAXOATCS U YAATSIOTCsT ). Jlamee GyIyT OMICHIBATHCST
HEMHOTO JIPyTHe KOJIBI.
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KonuposaHue

(:HOMOHHﬂOaHFOpHTMOBCHHCKHBM”KHOHeperpynHHpOBHBaTb.STOTHCHGHYKHHHG
pa3ziesabl 6yZIyT TTOCBAIIECHBI COPTUPOBKE 9JIEMEHTOB. Ecym BbI XOTHTE OCTaBUTH HAYATh-
HBIH CITICOK B IIEJIOCTHOCTH 1 COXPaHHOCTH, TO IIPEABAPUTEIIHHO cliesaiiTe ero KOmuio.

HpI/IBelIeHHbIﬁ HHUIKE TICEBAOKOA JEMOHCTPUPYET, KaK MOKHO CKOIIMPOBATh O/[HO-
HaHpaBHEHHbﬁiCHHCOK.

// KommpyeM CIIUCOK.

Cell: CopyList(Cell: old_sentinel)
// CozpmaeM OTpaHMYUTENIb HOBOTO CIIMCKAa.
Cell: new_sentinel = new Cell()

// OTcClexuBaeM IOCIeOHUN NOOAaBIIEHHEI SJIEeMEeHT.
Cell: last_added = new_sentinel

// IlpomnyckaeM OTIpaHUYUTellb.
Cell: old_cell = old_sentinel.Next

// KomupyeM SIJIeMeHTH .

While (old_cell != null)
// Co3maeM HOBHI DJIEMEHT .
last_added.Next = New Cell

// llepexonouM K HOBOMY DJIEMEHTY .
last_added = last_added.Next

// VcTaHaBIMBaeM 3HaYeHMEe HOBOTO DJIEeMeHTa.
last_added.vValue = old_cell.Value

// TOTOBMMCSI KOIMPOBATH CIEOYOIYID SIelKy .
old_cell = old_cell.Next
End While

// BakaHumBaeMm s4derko’ null.
last_added.Next = null

// Bo3BpamaeM OTPaHUYUTENIb HOBOTO CIIUCKA.
Return new_sentinel

}

AJITOPUTM BBITJISIUT OBOJBHO MTPOCTO, HO CTOUT YIIOMSHYTH 00 OTHOH €ro ocobeH-
HOCTH — nepeMeHHoi 1ast_added. OHa HysKHa JIJIs1 TOTO, YTOOBI CJIEIUTD 32 TUEHKOI,
KOTOPYIO HEaBHO A00ABMJIN K KOMUU criucKa. ITOOBI CKOTTMPOBATh HOBBIN 9JIEMEHT,
AJITOPUTM TIPUPABHUBAET €70 K last_added.Next U IepeBOJUT B KOHEII CITUCKA. 3a-
TeM 00HOBJIsIeTCs MiepeMenHas 1ast_added (Tenepb oHa OyeT yKa3blBaTh HA HOBBII
3JIEMEHT), U B Hee KOIUPYeTCs OPUTHMHAJIbHOE 3HAaYCHUE SYCHKH.

Taxum 00pa3oM, CIIUCOK YBETMUMBAETCSI CHU3Y, a HE CBEPXY. DTO MOXO0Ke Ha J06aB-
JIeHUe 9JIEMEHTOB B KOHEI| CITUCKa U3 yrpaskuenus 1 B KOHIlE TeKYIIeN TIaBbl.

CopTupoBKa BCTaBKOM

AJITopuT™MaM COPTHPOBKH MOCBSINEHA T1aBa 6, HO 0 ABYX M3 HUX — COPTHPOBKE
BCTaBKO M METOIOM BBIGOPA — MBI [TIOTOBOPUM YKe ceifuac.

82




CBAA3HbIE CNNCKN

B ocHoBe 11iepBoOro yrnoMsHyTOro aJropuT™ma JexKuT cJaeayloniast ujes: U3 cimucka
BBOJIA BLIGUPAETCS HIEMEHT U BCTABJISIETCSI B COOTBETCTBYIONLYIO MO3UIHIO B OTCOPTH-
POBAHHOM CIIMCKE BBIBOJ/IA, KOTOPBIN BHayaJe 1mycT. IIpuBeseHHbIN HIKE TICEBIOKO/
TIPEAICTABIIAET PealInu3aliio 9TOTO MPoIecca Ha MpUMepe OHOHAIPABICHHOTO CIIMCKA
C BEPXHUM OTPaAaHUUYNUTEJICM.

// Vcnonb3yeM OyHKIMO Insertionsort s COPTMPOBKM CIMCKA.
Cell: Insertionsort(Cell: input)

// VcTaHaBnMBaeM OTPaHUYUTENDL IIJIs CIMUCKAa BHBOIA.

Cell sentinel = new Cell()

sentinel.Next = null

// TpollyCcKaeM OTpaHM4YUTEeNb CIMCKa BBOIA.
input = input.Next

// ToBTOpsieM IO TexX IIop, IIOKa He BCTaBMM BCE B3JIEMEHTH B HOBHIN CIUCOK.
While (input != null)

// BepeM cienyoumylo SYenky s nobaBJIeHuss B CIMUCOK.
Cell: next_cell = input

// 3amensieM input Ha input.Next mis clemyolero IPOXOKIEHMS LIMKJIIa .
input = input.Next

// CMOTPMM, KyIla IOOABUTEL CJENyOINMI DJIEMEHT B CIMCOK BHBOHIA.
Cell: after_me = sentinel
While (after_me.Next != null) And
(after_me.Next.Value < next_cell.Value)
after_me = after_me.Next
End While

// BcTapisdgeM BJjeMeHT B CIIMCOK BEIBOIIA .
next_cell.Next = after_me.Next
after_me.Next = next_cell

End While

// Bo3BpamaeM OTCOPTUPOBAHHEIN CIIUCOK .
return sentinel
End Insertionsort

B camoM Hawaste aTOPUTM BBICTPAWBAET MTYCTON CIIMCOK, KOTOPHIH GYIET COMepKaTh
OTCOPTUPOBAHHBIN BBIBOJ. 3aTeM B IIMKJIE TIEPECMAaTPUBAETCS HEOTCOPTUPOBAHHBIN
CIIMICOK BBOZIHBIX STU€eK U /TSI KasKI0H 13 HUX OIIpeiesisieTcs HoBoe MecTo. Ko MOXXHO
VIPOCTUTDb, TPUMEHNB JITOPUTM InsertCell us noxapasnena «BcraBka sueek» pas-
nesa «OHOHAIIpaBICHHbBIE CBA3HbIE CITUCKU» B TEKYIIEH ryaBe.

Eciiu aieMenTsl B ClICKe BBOJA COPTUPYIOTCS B IIOPs/IKe BO3pACTaHus, B alTOPUTME
KasK/Iblil U3 HUX BCTABJIAETCS B Hadaslo HOBOIO CIIMCKA 3a HEeCKOJIbKO 1aros. IIpu ycio-
BUM uTO B crincke N siueex, ist T0OaBJIeHUs BCeX aieMeHToB notpebyercst okosio O(N)
IIATOB — HTO HAWJIYYIIUI BAPUAHT PabOTBI.

Ecomi ameMeHTBI COPTUPYIOTCST B OPSIIKE YOBIBAHUS, TO OHU TOOABISIOTCS B KOHETT
BBIBOIHOTO crincka. Kaskbiii pas, 4to6bl epeMecTUThes Ty/a, TOTPeOyeTCst BBITOJTHUTD
elle OJIMH JONOJHUTENBHBIN 1mar. TakuM 06pa3oM, JIJist BCTABKY BCEX 9JIEMEHTOB TIOHA-
noburca 1 +2+3+ .+ N=Nx(N-1)/2= O(N?) maros.
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[Ipu cayyailHOl COPTUPOBKE 3IEMEHTOB OJHU M3 HUX MOTYT J00aBJIATHCS OBICTPO,
Apyrue OTHUMYT Gosibiiie BpeMeHu. B pesysibraTe paboTa asropurMa Gy/IeT OrpeiesiThest
kak O(N?), XOTsI Ha IPAKTUKe OHA He TIPEBBICUT BPEMsI XY/IIIETO CIydasi.

Muorue anropurmbl copTupoBku 3anuMaor O(N log N) BpeMeHH, II0TOMY IIPOU3-
BOJIUTEJILHOCTD ajroputMa O(N?) siBJisieTcs1 OTHOCUTENLHO HU3KOM. DTO JIejIaeT ajiro-
puT™ Hea(PGEKTUBHBIM /1151 OOJIBIINX CITMCKOB, HO TOAXO/SIIMM /171l pAOOThI ¢ MAIbIMU
1 CBSI3HBIMHU CITCKaMU.

CopTupoBKa meToaoM BbiOopa

B manHoM ciydae aJiropuTM MIIET 1O CHUCKY BBOA HAUOOJIbIIINIL 9JIEMEHT, a 3aTeM
I00aBIISIET €r0 B HAYAJIO YBEJUUMBAIONIEr0Cs CIIMcKa BhiBoaa. CleqyIoNmii IICeBI0KOL
MIPEAICTABJISIET AJITOPUTM COPTHUPOBKU JIJIsI OTHOHAIIPABJIEHHOTO CITMCKA, COAEeP KAIIero
1[eJIble YKCJIa.

// Vcnonb3yeMm dyukrimio Selectionsort miss COPTUPOBKU CIMCKA.
Cell: Selectionsort(Cell: input)

// VcTaHaBiIMBaeM OTPaHUYUTENb [OJIs CIOMCKa BHBOMOA.

Cell: sentinel = new Cell

sentinel.Next = null

// TloOBTOpsieM OO Tex IIop, IIOKa CIMCOK BBOZa He OymeT IIyCT.
While (input.Next != null)

// HaxomuMm HaubONbNNMY SJIeMeHT B CIMCKEe BBOIA.

// duevika after_me mpenmecTByeT g4YelKe C HaubOOJILUIMM DIJIEMEHTOM.
Cell: best_after_me = input

Integer: best_value = best_after_me.Next.Value

// HadmHaeM MCKaThb CJenyoluil 2JIeMeHT.
Cell: after_me = input.Next
While (after_me.Next != null)

If (after_me.Next.Value > best_value) Then
best_after _me = after_me
best_value = after_me.Next.Value

End If

after_me = after_me.Next

End While

// VoanseMm JIydmyio sS4Yeiiky M3 CIMCKa BBOIA.
Cell: best_cell = best_after_me.Next

best_after_me.Next = best_cell.Next

// DobaBisgeM Jyulyld sSYelKy B Hadaljlo CIMCKa BHBOIA.

best_cell.Next = sentinel.Next
sentinel.Next = best_cell
End While

// Bo3BpamaeM OTCOPTUMPOBAHHHM CIIMCOK .
Return sentinel
End Selectionsort
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ITOT AJITOPUTM MOKHO HECKOJIBKO YIIPOCTUTD, €CJIU BBIZIEJTUTD KO, KOTOPBI HaXO0-
AUT HauGOJIBIIYTO SUEHKy B CITUCKE BBOJIA, a 3aT€M MOMECTUTD €0 B JIPYTO aJrOpuT™
1 3aIlyCKaTh y»Ke U3 Hero.

Ecou B crincke BBosia copiepskutest K a7IeMEHTOB, TO 7151 TOUCKA HAUOOJIBIIETO U3 HUX
nionao6uTest poiitu K mraros. I1o Mepe paboThbl aIropuT™Ma CIIUCOK GY/IeT YMEHBITATHCS.
Taxum 06pa3oM, ecJii M3HAYATLHO B HeM OBLT0 N 9JIeMEHTOB, 001Iee KOJTNYECTBO 1TaroB
coctaBUT N+ (N—- 1)+ (N-2)+..+2+1=Nx(N-1)/2= O(N?). I1o coBmamaer co
BpeMeHeM PaboThI AJITOPUTMA COPTHPOBKH.

MHOronoToKkoBbl€ CBAA3HbIE CMUCKM

B omHOHANIPAaBIEHHOM CBA3HOM CIIUCKE KaxK/as sS4yeiika COMEPKUT CCBIIKY Ha cJie-
JYIOIILYIO STYElKY, B IBYHATIPABICHHOM — Ha CJIEAYIONIYIO U MPEABIAYINY0. DTO HeOOXO-
JIUMO JIJIST TOTO, YTOGBI 06€CeyrTh /iBa criocoba mepeMerenust — MPsMOil U 06paTHHIIA.
OjiHaKO K stueiiKaM CITUCKA MOXKHO JJOOABJISITD U IPYTHE CCHLIKU, YTOOBI TPEYCMOTPETH
HHbIE CITOCOObI TIEPEMEIIECHISL.

[Tpeniosnoxum, Bbl IOCTPOUIN KJ1ace Planet i XpaHeHus HH(OPMaIUK O II1aHe-
Tax CoJIHEYHOH CHCTEeMBl M HA3HAYMJIM €My T10JIe ¢ UMeHeM NextDistance, B KOTOPOM
HaXOJSITCS cBefieHnst o paccrostaue 10 CosHita. C yueToM 3TOTo CICOK Oy/IeT OpraHu-
30BaH B cJeayiomieM nopsiike: Mepkypuii, Benepa, 3emusa, Mapc, IOmurep, Caryph,
Vpan, Henryn (u TLinyToH, eciin 3aX0TUTE BKJIIOYUTD ¥ €ro). AHAJIOTUYHBIM 06pasoM
MOSKHO JI06ABUTH U IPYTHE TIOJIs, 4TOOBI OTCOPTUPOBATD TUIAHETHI IO X MACCE, IMAMETPY
u T. 1. Kaxkmoe Takoe poxoskaeHue depes sTueiiku, onpejieieHHbie HaboPOM CCBLIOK,
Ha3bIBACTCS NOMOKOM.

C oHUM MOTOKOM paboTaTh JIETKO, €CJIM MPEACTABUTh €ro KaK MPOCTON CBSA3HBII
CIIHCOK, HO BU3yaJM3UPOBATh BCE MOTOKHU OJTHOBPEMEHHO JI0BOJIBHO CJI0KHO. Ha pu-
cyHKe 3.8 MoKas3aH CBSIBHBIN CIMCOK IITAaHET ¢ TpeMst moTokaMu. CehlIKH, 0003HAYEH-
HbIE TOHKOM JIMHUEH, YKA3bIBAIOT HA COPTUPOBKY 110 yaaneHHocTH oT COJHIA, TyHKTHD-
HOI — TI0 Macce, a TOJICTON — TI0 InaMeTpy.
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==. 3AMEYAHMUE

MoToKM MOTYT UMETb U APYre CTPYKTYPbI AaHHbIX, HAanpUMep aepeso. B atom cny-
yae OHO MNO3BOJISIET MPOrpPaMMe NOCETUTb BCE ero BEPLLVHbI B HETUMNYHOM MOPSAKE.

CBA3HblIe CNUCKMU C LUKJ1aMm

Koavyesoii c6s13nwvitl cnucok — 3TO CBSI3HBIN CITMCOK, B KOTOPOM TIOCTIE/THSST CChLITKA
yKa3bIBaeT Ha MepBbIi asieMeHT crucka (puc. 3.9). OH MOKeT OBbITh TIOJIE3€H B TOM CJIY-
yae, KOrja B paMKax MK/ Hy)KHO GECKOHEUHO IIPOXOAUTD Yepes MOCIeA0BaATeIbHOCTD
aJ1eMeHTOB. Tak, onepaioHHas CCTeMa CIIOCOOHA IIOBTOPSATD LUKJI IIPOLIECCOB, YTOOBI
3aIlyCTUTh KaXKIblil 13 HUX. EC/I Hayascs HOBBIN IPOLECC, OH MOKET OBITh J00aBjIeH
B J1I000€ MECTO CITHCKa, HAPUMEP 34 OPAaHMYUTEIEM, YTO TIO3BOJIUT €My Cpa3y 3aIry-
CTUTBCS.

OrpaHunynTens

Puc. 3.9. [Ipumep K0IbII€BOTO CBSI3HOTO CIIUCKA

Erte oM mpuMepoM CITysKHUT UTPa, KOTOpast GECKOHEYHO TIMKIMYECKH TIPOXOUT
0 CITUCKY 00BEKTOB, MO3BOJISAST KAKIOMY U3 HUX TePEIBUTATHCS 1Mo 9Kkpany. U cHoBa
HOBBIE OOBEKTHI MOKHO T0OABIATH B CIIUCOK Ky YTOAHO.

Ha pucynke 3.10 mokasaH KoJIbIIeBOI CBSI3HBIN CITUCOK, B KOTOPBIN BKJIIOYEHBI HE
Bce A4eliku. B 9ToM ciydyae BO3HMKAIOT /iBa HHTEPECHBIX Bollpoca. Bo-11epBbIX, Kak
OTIPEIEINTD, COMEPKUT JIN CBI3HBIN CIUCOK TaKol MUKI? Bo-BTOPBIX, ecn CBSI3HBIN
CITUCOK COJIEPIKUT TTOOGHBIN TIUKJI, KaK Y3HATb, T/I€ OH HAYMHAECTCS U KAK €r0 TPEepBaTh?
[Mocaepnuii BOpoc, 1Mo CyTH, CBA3aH C OIpe/IeJIeHUEM KOHIIA CITHACKA.

OrpaHnunTenb

Puc. 3.10. KoJibiieBoii CBI3HBIN CIIICOK U STYEIKH, He BKJIIOYEHHbBIE B I[KJI
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Barianys eniie pa3 Ha pucyHOok 3.10, BB MOJKETE OTIPE/Ie/INTD, YTO KOHEIT CIIUCKA — 3TO
sueiika [, TOCKOJIbKY ee TTOCEIAIOT IoceIHell TTepel TeM, KaK HAUHeTCsT OuepeIHOI 1Mo-
BTOD JleficTBHiL B cienyionux pasjesiax oniucaHbl HEKOTOPbIE 13 HanboJiee MHTePECHBIX
AJITOPUTMOB, TOMOTAIOIIIIE OTBETUTH HA ITOCTABIEHHBIE BOTIPOCHI.

MapkupoBka sueek

B03MOKHO, caMblil JIErKUI CI10c00 OIPEAEIUTh, UMEET JI CBSA3HbII CIIMCOK LUK, —
MPOWTHU Yepe3 ero sSTYeKU M MMOMeTUTh Kaxayto. Ecau ouepennast paccMaTpuBaeMast
g4eiika OKaKeTCsT TIOMEUEHHOI, 3HAUNT, B CIIUCKE €CTh IIMKJ U OH HAUMHAETCS B 9TOM
Mmecte. [IpuBe/ieHHBIN HIKe aTOPUTM MTPE/ICTABIISIET CJAEAYIONNIT TICEBIOKO/IL.

// Bo3BpamaeMm true, eCiM B CIMCKE eCTb LIMUKII.
// ECIM B CIMCKe eCTb ILMKJI, Pa3pHBaeM ero.
Boolean: Has_loopMarking(Cell: sentinel)

// llpenrionaraeM, dYTO LMKIa HET.

Boolean: has_loop = false

// TIpOXOI¥M TIO BCEMY CIIMCKY .
Cell: cell = sentinel
While (cell.Next != null)
// CMOTpuM, OBJIM NIV MH B CleOyllen sdyerke.
If (cell.Next.Visited)
// DTO HadYalio ILUKIA.
// Pa3pHBaeM IUKII.
cell.Next = null
has_loop = true
<Pas3puBaeM 1mkn While.>
End If

// llepexonuM K clenyblei sdenke.
cell = cell.Next

// TloMedyaeM s4YelKy KaK IIPOMOeHHYD.
cell.visited = true
End While

// Eme pa3 NpOXOOVM II0 CIMCKY, YTOOH CHSATH OIIaXKM.
cell = sentinel
While (cell.Next != null)
cell.visited = false
cell = cell.Next
End While

// BozBpamaeM pe3ybTaT.
Return has_loop
End Has_loopMarking

[Tomo6Hbrit prHITUTI PaGOTHI peainzoBaH B iporpamMme Break LoopMarking, koto-
PYIO BbI MOJKETE 3aTPY3UTh Ha caiiTe ¢ MaTepuajaMy KHUTH. AJITOPUTM ITPOXOIUT Yepe3
ITVIKJT IBAKIBT: BHAYATTE, YTOOBI TIPUCBONTD (QIIasKKy Visited B KaKI0i siueiike 3HAYEHIIE
true, a 3ateM, 4TOOBI MOMeHSTH eT0 Ha false. Ecm B crimcke N siueek, TO alropuT™
cosepinaer 2N maros u paboraet B teuerue Bpemenu O(N).
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Kpowme toro, anroputm tpebyet, 9To0bI IJIst KaKI0H sTaeiiku ObL10 106ABIEHO T0JIe
Visited, nosromy emy nonanoburcs O(N) pemenn. [IoCKOIBKY CIMCOK YK€ 3aHH-
maet O(N) MecTa 17T XpaHEHUST STYEEK U UX CCHIIOK, 3TO He JIOJKHO CTAaTh TTPOOIEMOT.
OnHako cieyer TOMHUTD, 9TO aJITOPUTM BCe Ke TPebOBATEeH K TTaMSITH.

-  3AMEYAHUE

' MapkunpoBky siueek yaobHO UCnonb30BaTh 1 NMpu paboTe ¢ ApyriMn CTPyKTypamm
[AaHHbIX, B YaCTHOCTU C CETAMW. DTOT METO/, peaniM30oBaH B HEKOTOPbIX aIFOpPUTMaXx,
onuncaHHbIX B rmasax 13 u 14.

Hepenxo B momo6HBIX 3aa9ax eCTh JOMOJTHUTENHHOE YCAOBIE, 3aTPEIAToIee 10-
GaBJIATD 110JIe Visited. ITOMY OTPaHUUYEHUIO COOTBETCTBYIOT PACCMOTPEHHDIE HIKE
AJTOPUTMBI.

Ucnonb3oBaHue xew-tadbnuy,

Bosee 1opo6HO Xeli-TabIUIIbl OMUCHIBAIOTCS B riiase 8. Bee, uTo BaM HEOOXOAMMO
3HATh O HUX celiuac, — Takue TabJIIIbl IIOMOTaloT OYeHb ObICTPO COXPAHSTh U HAXOIUTh
2JIEMEHTBI, & TAK)KE BBISIBJISATh UX HAJINYUE B IPUHITHTIE.

[IpencTaBaeHHDIN HITKe AITOPUTM MTEPEMETIAETCST TT0 CIIUCKY U TOOABISET KAXKIYIO
STYENKY B XeTI-TabJIuIly, TPeIBAPUTENHHO TPOBEPSIs, HET JIi ee yxke TaM. Ecau oH 10-
XOJIUT JI0 AYeHKK, KOTOpast IPUCYTCTBYET B XenI-TabJIuile, 3HaUuT, ¢ Hee B CIIUCKEe Ha-
YUHAETCS UKL

// BozBpamaeM true, ecyiy B CHOMCKE eCThb LMKII.
// Ecium B CIMUCKe eCTb LMKJI, pPa3peBaeM ero.
Boolean: HasLoopHashTable (Cell: sentinel)

// Co3maeM xXem-Tabimuily .

Hashtable: visited

// TpoxommMm TO BCEeMy CIIMCKY .
Cell: cell = sentinel
While (cell.Next != null)
// CMmoTpuM, OBUIM M MB B CJIenyolel sderke.

If (visited.Contains(cell.Next))
// DTO Hadasio LMKia.
// PaspeBaeM LIMKJI M BO3BpamaeMm true.
cell.Next = null
Return true
End If

// IDobaBisieM si4elKy B Xell-Tabiuily .
visited.Add (cell)

// llepexonuM K clenyblei sSdenke.
cell = cell.Next
End While

// ECNIYM MH IOOWNM IO STOV CTPOKM, LIMKJ& B CIMUCKE HeT.
Return false
End HasLoopHashTable
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Pabory npuBeieHHOro Koja fieMoHcTpupyeT mporpamma Break LoopHashtable, koto-
PYIO BbI MOJKETE 3aTPY3UTH Ha CAUTE C MATEPUATAMY KHUTH. AJITOPUTM ITPOXOJIUT Yepe3
STYEH KU CITUCKA OJIVH Pa3, IOITOMY €CJIU B CIIICKE COAEPKUTCS N siueeK, TO BBITTOJTHSIETCST
N maros, a Bpemst pabotsi coctasiisier O(N).

JLJ151 5TOrO aIropuT™Ma TaKKe HysKHa Xell-Tadauia. Jlydiie Beero, ecau ee pasmep Oy-
JIET IIPEBBIIIATh KOJIMIECTBO AeHCTBUTEIbHBIX 3HaUeHNI. B TakoM ciyuae xen-rabmia
JIOJIKHA paciioyiaraTh IIPOCTPAHCTBOM st Oosiee uem N sanuceii, nanpumep 1,5N. Ito
TTOBBICUT TIPOU3BOINTENBHOCTD 1 3aiiMeT O(N) MecTa.

PaCCMOTpeHHbeI KO/l TIpUAEPKUBAECTCA OTpaHUYECHUA (He]leH N3MEHATDb KJiaCcC
H‘ieﬁKH), HO UCIIOJIB3YET NOIIOJIHUTEJIbHYIO ITaMATh. B CJIeAyIOINX pas/aesiax OlMMCaHbl
AJITOPUTMBI, KOTOPBIE OIIPEACJIAIOT ITNKIIbI, O6XOI[§ICI) 6e3 Hee.

MoBTOpHas TpaccMpoBKa cnucka

I[IpecTaBiaeHHbINA HIKE AJITOPUTM IIPOBOJUT MO CIIUCKY OJMH 0OBEKT, a 3aTeM B €10
MOMCKAX Yepe3 KaK/IYIo MOCEIEHHYIO STUeiKy MPOXOUT BTOPOH 00BEKT. ITO cJierka
3amyTaHHoe 0OBICHEHNE JIETYe TIOHATH, ECITU B3TJISTHYTh Ha CTEAYIONNHN TICEeBIOKOI.

// Bo3BpamaeMm true, eciaM B CIMCKE eCTb LMKII.
// Ecim B CHUCKe eCTb LMKII, pas3peBaeM ero.
Boolean: HasLoopRetracing(Cell: sentinel)
// TlpoxXonuM IIO0 BCEMY CIIUCKY .
Cell: cell = sentinel
While (cell.Next != null)
// CMOTpMM, OBUIM JIM MB B CJleOybuel sdYeike.
Cell: tracer = sentinel
While (tracer != cell)
If (tracer.Next == cell.Next)
// DTO Ha4ayo LMKIa.
// PaszpeBaeM IMKIJ ¥ BO3BpamaeM true.
cell.Next = null
Return true
End If
tracer = tracer.Next
End While

// TlepexonuM K CIlenyoliel s4eike.
cell = cell.Next
End While

// Ecnu MBI OOIUIM HO DTOM CTPOKM, LMKIIa B CIMCKe HeT.
Return false
End HasLoopRetracing

PaGory sToro anaropurMa gemoHcrpupyer nporpamma BreakLoopHashtable, koto-
PYIO MOKHO CKa4aTh Ha caiiTe ¢ MaTeprajaMi KHUTH.

[Ipeamosnoskum, uto B crcke N saeek. Korma o0bekT anmroputma cell mpoBepsieT
K-10 stueliky, 00beKT tracer JA0JIKEH MPOWTH BBEPX 10 CIIUCKY 10 3TOH Touku. Takum
06pa3oM, OH BBITIOMHUT K aros. To 3HAYUT, 4TO 0bI1ee BpeMst paboThl aITOPUTMA CO-
craBur 1 +2+ 3+ ..+ N=Nx (N - 1)/2 = O(N?). OHo MeHbIIIe, YeM y TPEABILY X
ATOPUTMOB, HO 3aTO He TPeOyeTCst OMOTHUTENLHOM TTAMSITH.
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Cueprytomuii aropuT™ TaksKe He HYKIaeTCs B IOTIOTHUTENbHBIX pecypcax, HO pa-
6oraer B Tedenue Bpemenu O(N).

PeBepcupoBaHue cnucka

AJITOPUTM IIPOXOJUT TI0 STYEHKAM CIIUCKA, MEHSIS KasKYI0 CChLIKY TaKKM 00pasoM,
4TOOBI OHA YKa3bIBaJIa HA IIPEJIBILYIIYIO TUEHKY, a He Ha MOCTIeLY Y0, Eciu anropurm
obHapy KUBaeT 3HaueHue null o OrpaHMYKTeE s, KA B criucke HeT. KoHeuHo, omnu-
CaHHOe JIefiCTBHE TPeobpasyeT CChLIKMU, II09TOMY aJTOPUTM OIISITh IIPOXOAUT II0 CITCKY
1 BOCCTAHABJIMBAET WX, YTOOBI OHI CHOBA YKa3bIBaJIl Ha M3HAUYAJIbHBIC TUCHKU.

[TposicauT ox00HBIN npuHIKI prucyHOoK 3.11. BepxHuii pparMeHT — 3TO OpUTH-
HAJIbHBIM CITMCOK, a 3aKpallleHHas g4eiika — Ta, 4yepe3 KOTOPYIO MPOXOIUT aJITOPUTM
B HacTosIIee BpeMsi, peBepcupys ccoliiki. Ha cpesiHeM hparMenTe BUAHO, UTO aJITOPUTM
poctur gueiiku I (M3MeHeHHbIe CCIJIKY MTOKa3aHbl TOJICTBIMU CTPEJIKAMM) U JIOJIKEH
MPOCJIeZIOBATh B siUeliky D, a U3 Hee 10 PEBEPCUPOBAHHBIM CChITKaM B sueiiku C, B
n A. B pe3ysibTaTe cOBEpPIIEHHBIX ACHCTBUIN CCHIIKA N3MEHSITCS CHOBA, YTO OTPA’KEHO
Ha HWKHeM (parMeHTe IIyHKTHPOM. B aTOM MecTe ajiropuT™ BO3Bpalaercs K Iep-
BOIi siueliKe 1 OIIpeesIsieT, UTO CIIMCOK COAEPKUT KA. OOpaTuTe BHUMaHME: HOBBII
CIUCOK BBITJISUT TaK K€, KaK M CTapblil, TOJBKO CCHUIKU B IUKJE UMEIOT 06paTHOE
HalpaBJieHNe.

OrpaHuninTens

OrpaHununTens

OrpaHuinTens

Puc. 3.11. OGHapysKeHue [UKJIA B CBA3HOM CIIUCKE
C TIOMOIIIBIO PEBEPCUPOBAHISI CCHLIIOK
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[TockosibKy Takoit aJITOPUTM JIOJKEH PEBEPCHPOBATH CITMCOK /IBAYK/IbI, OH HAUMHAETCS
CO CJIEZLYIOIIETO METO/IA.

// PeBepcupyeM LIMKJI ¥ BO3BpallaeM HOBOE HadaJlo CIIMCKa.
Cell: ReverseList (Cell: sentinel)

Cell: prev_cell = null

Cell: curr_cell = sentinel

While (curr_cell != null)
// PeBepCUpPYEM CCHUJIKY OaHHOM S4YeVKN.
Cell: next_cell = curr_cell.Next

curr_cell.Next = prev_cell

// TlepexonuM K CIlenyolien sdeike.

prev_cell = curr_cell
curr_cell = next_cell
End While

// Bo3BpamaeM IIOCJIEOHO IIPOMIEeHHYID SYeVKY .
Return prev_cell
End ReverselList

HpI/IBelIeHHblf/'I TICEB/IOKO/I ITIEPEMEHIAECTCS T10 CITMCKY, MEHSET CChIJIKH 1 BO3BPallla€T
TTOCJIETHUI HOCCHIBHHBIﬁ 1M 9JIEMEHT, KOTOprfI TEeIepb CTAaHOBUTCA ITEPBbIM.

CJieyomuii airOpuT™ UCTIOJIb3YET TIPEABILYIIAN TICEBIOKO/, YTOOBI OIPEIETUTD
HaJIn4yue IUKJIa.

// Bo3BpamaeM true, ecau B CIMCKe eCTb IUKII.
Boolean: HasLoopReversing(Cell: sentinel)

{
// ECnm CHIMCOK IIyCT, IMKJla B HEM HeT.
If (sentinel.Next == null) Then Return false

// TpoxXommuMm IO BCEMy CIIMCKY, DPEeBEepCUpPYsl CCHIIKMU.
Cell: new_sentinel = ReverseList (sentinel)

// Eme pas NpoXOoIMM II0 BCEMY CIIMCKY, YTOOH BOCCTAHOBUTEL CCBUIKIN.
ReverselList (new_sentinel)
// ECnu peBepCHMPOBaHHHM CIMCOK Ha4YMHaEeTCs C TOM Xe S9elKu,
// 9TO ¥ OPUTUHANBHHINM CIOMCOK, 3HAYUT, B HEM €CTb IUKII.
// Bo3BpamaeM pes3ynbTarT.
If (new_sentinel == sentinel) Then Return true
Return false
End HasLoopReversing

YkazaHHblil aITOPUTM BbI3bIBa€T PeBEPCUPYIONINI MeTOJI ReverseLi st BasK/bl:
criepBa, YToObI MOTYYUTH MEPBYIO TYCHKY UBMEHEHHOTO CITHCKA, 8 3aTeM, YTOOBI BOCCTa-
HOBUTb HayaJIbHbIe 3HAYEHUS CCBIJIOK. ECiu 1Py 9TOM OrpaHNYUTEb OKAKETCS TAKUM
’Ke, KaK U B IePBOM sTuelike HOBOTO CIMCKA, alTOPUTM BepHET 3HaueHue true; ecin
Her — false. B nienom ke Boinosiusiercst 2N = O(N) 1iaros.

Anroputm pabotaet 3a BpeMst O(N) u He TpebyeT JOMOJHUTETBHBIX PECYPCOB.
Ho y nero ecTb 1 HEIOCTATOK, KOTOPBIH 3aKJII0YA€TCSA B TOM, YTO OH CIIOCOGEH JIHIIh
06HAPYKUTD TIUKJI, HO HE OCTAHOBUTH €r0. CIIe YOI aITOPUTM peIaeT U 9Ty 33/1a4y,
3aTO SIBJISTETCST, BO3MOKHO, HAMOO0JIEE CTOKHBIM 13 BCEX OTIMCAHHBIX B TEKYIIIEM Pa3/ieie.
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Yepenaxa n Kponuk

Anzopumm KporuKa u uepenaxu, KOTOPblil TakKe Ha3blBAETCS ANZ0PUMMOM Ha-
xoaxcoenus yukioe Ouotida, npunyman Pobeprom Duoiigom B 1960-x rr. Jleskarmumii
B €r0 OCHOBE IIPUHIIMII HE CJAUIIKOM CJOKHbBIA, HO 0OBSICHUTD €r0 HEIIPOCTO, II09TO-
My €cJld BbI He JobuTe MareMaruniyeckue (POpMyJibl, TO HUKEINPUBEAEHHOE OMUCA-
HHE MOKHO IIPOIyCTUTD.

AJII‘OPI/ITM 3alTyCKa€eT /IBa 00beKTa: <«4geperaxy» U «<KpoJinKa». Onn JABUTalOTCA U3 Ha-
YaJia CIIMCKa, HO C pa3HBIMU CKOPOCTAMU: «Uepelaxa» ImpeooJeBaeT 3a OJIUH IIar 00y
quﬁKy, d «<KPOJIMK» — IBE. Korpa mocieganii qocTUTaeT CChIIKM €O 3HaUeHneM null —
CIIMCOK OKOHYEH 1 ITMKJIa B HEM HET. Ecmm xe miuxr €CTb, «KPOJIMK» BXO/IUT B HETO 1 HA~
yyHaet 6eraThb 110 Kpyry. Tem BpEMEHEM «Uepelriaxa» IMoJI3€T, ITIOKa He JIOUJeT 10 IUKJIa
¥ B KaKOM-TO MOMEHT He OKasKeTCsI B HeEM BMeCTe C <«KPOJIMKOM».

[Iyctb L — KOIMYECTBO sTYeeK BHYTPU ITUKIA, T — KOJTUIECTBO IIAroB, MPONIeHHBIX
«gepernaxoit», YToOBI MOMACTD B TIUKJ, a H — paccTostHme OT Havasia MIKJIa 0 TOTO T0-
JIOJKEHUS, B KOTOPOM 3a 9TO JKe KOJIMYEeCTBO [IaroB 0Ka3aJIcs «KpoJuks». Torza, cornacHo
pucynky 3.12, L =5,T=4, H=4.

T

Y

Y

\

\
O

H

Puc. 3.12. /IBukenne «<kpojiMKa» U «4eperaxm:
T — paccrostaue, KOTOPOE TTPOXOUT «depernaxar, UTOObI IONTH 10 UKJITa,
H — paccrosinue oT Havana MUK/ 10 <KPOJIMKa» 3a TO JKe BPEMS

[TocKOMbKY «KPOJIMK» TIepeMeniaeTest B ia pa3a ObicTpee «depernaxus, OH JOXOAUT
1o imkia yepes T siaeex u mipeosiosieBaet ene T stueek BHYTPY KA, 4TOOBI OKA3aThCsI
B MTO3UITNH, KaK Ha pucyHke 3.12. 9to mpuBoanT k (akty Ne 1.
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DAKT Ne 1
V Ecnu Bbl nepeMeltaetech Yepes T aueek BHYTPU LIMKNA, TO 3aKaHYMBaeTe CBOW NyTb
3a H aueek oT TOro MecTa, rae ero Havanu.

OG6paruTe BHUMAHNUE, YTO «KPOJIMK» MOT IPOOEKATH HECKOJIBKO KPYTOB TIO IIUKJLY,
ecn L namuoro menbine 1. Hanpumep, ecin L = 5,a T'= 102, yepemnaxa A0iaeT 10 MHUK-
na 3a 102 mara. «Kposauk» e gobupaercs 1o nukia 3a 51 mar, cosepuraer 50 maros
(npeoponesaer 100 sueek), mpoberas 20 KPyroB MO HUKJLY, a 3aTeM IIePeMeIaeTcs elle
Ha ojuH mmar (2 sueiiku) BHYTpH UKJIa. B Takom ciayuyae H = 2.

BosHmkaet BoIpoc: Korfa ke «KpoJInK» JOTOHUT «uepenaxy»? Kak Tosbko «uepe-
naxa» MoTmajieT B IINKJI, <KPOJUK» OKaskeTcd Ha H mraros Briepenu nee (cum. puc. 3.12).
OiHAKO TTOCKOJIBKY «U€eperaxa» U «KPOJIHK» MPeObIBAIOT B IIUKJIE, BBl MOKETE PACCMa-
TPUBATH MOCJEHETO KaK oTcTatoniero Ha L — H siueex. 113-3a TOT0, 4TO «KpPOJIMK» TIEepe-
MeTIAeTCs Ha JIBe STYEHKH, a «deperiaxay Ha O/IHY, OH HATOHSET 110 OJTHOM sS9eliKe 3a Irar.
ITO 0O3HAYAET, YTO «KPOJUK» T0OEPETCsT 10 «depenaxuy 3a L — H mraros.

Ha pucynke 3.12, rne H = 4, a L = 5, «<KpOJIUK» JOTOHUT «4epernaxy» 3a 5 — 4 =
= 1 mmar. OHu BcTpeTsATCs B sTueiike E. B 9TOT MOMEHT «deperaxas TepeIBUHETCS B IT1-
kie Ha L — H aueek, u 06a oObexta Oyayt Ha L — (L — H) = H sueek Givske K Hadajry
nukna. Orciona daxt Ne 2.

DAKT Ne 2

V Koraa «kponunk» IOroHUT «4epenaxy», oH1 6yayT HaxoauTbes 3a H aueek oT Havana
umkna.

Ecuiu Gb1 BbI MOIJIU IIEpEMECTUTh 00bEKT «deperiaxa» Ha H siueek 0T TOYKU BCTPeyn,
OH OKasaJics Obl Kak pa3 B HauaJie IuKa. K coxkanennio, 510 3HaueHUe BaM HEU3BECTHO.
Tem re meHee u3 hakta Ne 1 BbI 3HaeTe, UTO ecyy Yepernaxa MpoxoauT yepe3 1T siaeex 1mo
IUKJTY, OHA 3aKOHYUT CBOU IyTh HA paccTosiHuu H sideek 10 TOTO MeCTa, OTKYy/1a CTap-
TOBaJIa, TO €CTh OCTAHOBUTCS B HavaJIe [[1KJja!

3nauyenue T Toxke /71 Bac TaliHa, TIO9TOMY IIEPEMECTUTD «uepelaxy» Ha yKa3aH-
HOE PacCTOsTHUE BBl OIATH He MoxKeTe. OHAKO €CJU 3allyCTUTD «KPOJIMKay» OT HavaJia
CBSI3HOTO CITHCKA U TI03BOJINTH €My IIPOXO/IUTD 32 Pa3 TOJbKO OJIHY sTYeiiKy BMeCTO JIByX
(BOBMOJKHO, OH yCTaJT, Gerast 1o MUKy ), OH TAKKe OKAKETCST B HAvaIe KA TTOCJIE TOTO,
Kak mepecedeT T sTueek, To eCcTh 00a 00HEKTA BCTPETSITCS CHOBA.

Curerytomuii IceBIOKO/T IEMOHCTPUPYET AJITOPUTM BBICOKOTO YPOBHSI.

1. 3anyckaem «yepernaxy» M3 Hauaja CIIMCKAa CO CKOPOCTBIO OJIHA sA4elika 3a Iar
U «KPOJHKAa» CO CKOPOCTBHIO /IBe sTUeiiKu 3a IMIar.

2. Ecin «kpoJsivky» HalijleT cChlIKy null, CITMCOK He CONEPKUT IUKJIA.

3. Ecom <«KPOJIMK» JOTOHUT <«4Y€peIaxy», Iepe3allyCKkaeM €ro n3 HadaJjla CIIMCKa CO
CKOPOCTbIO O/THa sueiika 3a miar, B TO BpEMs KaK «4deperaxa» MmpoAoJKaeT ABU-
TaTbCd C B IIPEKHEM TEMIIE.

4. Korz[a <«KPOJIMK» 1 «4Yepeliaxa» CHOBA BCTPETATCA, OHU 6yI[yT HaXO0AUTbHCA B Ha-
YaJjie IuKJa. OcraBisieMm <«KPOJIMKa» B 9TOM MeCTe, 4yTOOBL OH MOT «OTAOXHYTb»,
TIOKa «4Jepernaxa» ABUKETCA 110 IMUKITY. MOMeHT, Korjla yKa3zaTtejlb Next «4depe-
ITaX1» IIOKaKeT Ha smef/’le, T/Ae KIET «KPOJIMK», 1 6yIIeT O3Ha4YaTb KOHEIT ITUKJIA.

5. UTo0bl IpepBaTh IUKJ, yCTAHABINBAEM YKA3aTelb «dyepernaxu» Next Hanull.
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I BHUMAHUE

MHe HyKoria He BCTpeyanack NporpaMma, B KOTOPO AeNCTBUTENBHO BObLI0 HY>XXHO

U NCNONb30BaTb a/ITOPUTM KPOJIMKa 1 HYepenaxu. Ecnun Bbl BHUMATENbHbI B NpoLecce
paboTbl, BALLMM CBSI3HLIM CMIMCKAM HE CMOTYT MOBPEeaUTb CllydYaliHble LKLl TeM He
MeHee 06HapyXXeHMe LKII0B — [0BOJIbHO NOMYJIsiPHbINA BONPOC Ha cobecefoBaHnu,
noaToMy 06 3TOM METOAE MONE3HO 3HATb.

U,I/IKﬂbI B ABYHaAMNpaBJIeHHbIX CBA3HbIX CNNCKax

OG6HAPYKUTD IIUKJIBI B IBYHATIPABJICHHBIX CIIMCKAX OYEHb MPOCTO: €CJIU OHU ECTh,
yKasaTesib Next BO3BpalllaeTcs K paHHel yacTu criucka. IIpu arom Prev GyJer yKasbl-
BaTh HA y’Ke CYIIECTBYIOILYIO sTUEHKY, a He Ha Ty, KOTOPYIO co3/1aJ1 UKJL. Takum 06pasom,
4TOOBI BBISIBUTD I[UKJI, TPOCTO MIPOUIMTE YePE3 CIIMCOK U TIPOBephTe cell st Kaxk 101
sadeiiku: Next .Prev == cell.

Bce ato nmpeanonaraet, 4to sgueiiku 06pa3y10T JIByHAIIPaBJICHHBIN CBA3HBIN CITU-
COK U IIUKJI, €CJIM OH CYHIECTBYET, SIBJSETCS o6b1yHBIM. Eciu criicku Next u Prev
II0JITHOCTBHIO HECOIJIaCOBAHDI, METO/I II03BOJISIET 06Hapy>1<1/1Tb IIyTaHuIly, HO He IIOMOraeT
HCIIPAaBUTDH €€. D10 GOJIbIIE TTOX0XKE Ha ciydail ¢ AByMS TIOTOKaAMU Yepe3 OHU U Te Ke
SYEUKHU, YeM Ha IBYHATIPABJICHHBIN CIIUCOK C IUKJIOM.

Pe3iome

B 570ii I1aBe Mbl paCCMOTPEJIN CBA3HBIE CIIMCKK 1 HEKOTOPBIE Ollepalliu, KOTOPbIe
MOJKHO ¢ HUMHU COBepIaTh. Bbl y3HaJIM, 4TO TaKOe O[HOHAIIPABJICHHbIE, IBYHAIIPABJICH-
HbI€ U MHOT'OIIOTOKOBBIE CIIUCKH, 2 TAKKE II03HAKOMUJIUCH ¢ OCHOBHBIMU AJITOPUTMAMU,
[TO3BOJIAIOIUMU HAXOAMTD, H00aBAATh U yAAJIATH DJIEMEHTbI, 00HAPYKUBATH IIMKJIbI
1 n30aBJIATHCA OT HUX.

Pa6ora ¢ ykazaTtesiMu — 9TO CBOETO POJia MOACIIOPhE JJIst HOHUMAHUS TIOCTIELYIOIIIX
IJIaB, TJI€ PACCMATPUBAIOTCS IEPEBbsI (B TOM Uncie COATAHCUPOBAHHBIE), CETH U JIPYTHE
CBA3HBIE CTPYKTYPbI TaHHBIX. OuepeziHas TaBa MOCBANIECHA UCIOJIb30BAHUIO CBA3HDBIX
CTPYKTYP JaHHBIX [JIs1 pabOTBI C Pa3pesKeHHBIMI MACCUBAMHU.

YnpaxHeHusa

1. B mozapaszere «/[obaBienne siaeek B KOHEI CIHCKa» pasmerna « OaHoHampaBieH-
HBbIE CBSI3HBIE CIIUCKWU» TeKyIel raaBbl npuBoantcs anroputM O(N). Ecam Bbr
COXpaHuTe APYTyIo MePeMEHHYI0 — bottom, — YKa3bIBAIOIIYIO Ha ITOCJIEIHIOIO
sIUelKy B CIHCKE, TO CMOKeTe J00ABJISATH BIEMEHTDI K KOHILY CIHCKA 32 BPEMsI
O(1). Hanummure koa. Kakum 06pasoM OH yCJIOKHSIET IPYTHE aJITOPUTMbL, KOTO-
pble HaXO/IAT, YAAJSIOT WJIH 0OABISIOT 37IEMEHT B Hadasto (KoHelr) crucka? Pe-
aJu3yiiTe aIropuTM I yAQJIEHUS 9JIeMeHTa U3 TaKOI'o CIIMCKA.

2. Pa3pa60TaﬁTe AJITOPUTM JIA HAXOKAECHU A Haub6OoJIbLIEro 3J1eMeHTa B HECOpPTUpO-
BaHHOM O/THOHAIIPAaBJIEHHOM CIINCKE C H‘-IefIKaMI/I, COJZIEPIKaIlllNMU 11€JIbI€ YK CJIA.

3. Hanumure anroput™ ajist JoOaBieHys 3JIeMEHTa B Ha4ajlo JABYHAIIPaBJIEHHOIO
CITUCKA.
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4. Cospaiite aaroput™ 1151 J0OABIECHUS 9JIEMEHTA B KOHEL] ABYHAIIPABICHHOTO CIIICKA.

5. Ecyv BbI cpaBHUTE a/ITOPUTMBI U3 YIIPAsKHEHUH 3 1 4 ¢ airoputMoM InsertCell

13 paszena «/|ByHarnpaByieHHbIE CBSI3HbBIE CITUCKW» TEKYIEH IJIaBbl, TO 3aMeTH-
Te, YTO OHU OYeHb TOX0XKU. [lepenuinuTe aaropuTMbl i YIIpaskHeHni 3 1 4 Tak,
4TOGbI OHY BBI3BIBAJIN JITOPUTM TnsertCell, BMECTO TOrO YTOGBI OGHOBIIATE
CCBIJIKU CITMCKA HAIIPSMYIO.

. Hanmwmmure anropuT™, yAaJSIONINN ONpeieJIeHHYT0 SUeiKy 13 IByHAITPABIEHHOTO

crincka. [IpezicTaBbTe JaHHBIN MPOITECC B BUlE PUCYHKA.

. HpellHOJIO)KI/IM, Yy BacC €CTb COpTHpOBaHHBIﬁ ZIByHaHpaB]IeHHbeI CIIMCOK C UM€EHa-

MU. MOXKHO JIW yJIYYITATH AJITOPUTM, HAuaB MOUCK HE C BEPXHETO, & C HUKHETO
orpaHnunTessi? VIBMEHUT JIK 9TO BPEMsI €r0 paboThI?

. Harmmumure AJITOPUTM BCTAaBKU 2JIEMCHTA B COpTHpOBaHHbIﬁ lIByHaHpaBJIeHHI)H‘/)I

CITUCOK, rae BerHI/IfI 1 HUKHUAHT OTPaHUYHNTEJIN CO/ICpKaT MUHUMAJIbHO 1 MaK-
CUMaJIbHO BO3MOJKHbBIC 3HAYCHHNA.

9. PeanuayliiTe anropuT™, KOTOPBIH OITPe/IeIsieT, OTCOPTUPOBAH JIN CBI3HBIN CITUCOK.

11.

12.

. ¥ anropuT™MOB COPTUPOBKY BCTABKOW M METOZIOM BBIOOPA TEOPETHYECKOE BPEMSI

pabots ouHakoBo — O(N?). O6bscHUTE, TOUEMY Ha TPAKTUKE BTOPOH aJITOPUTM
paboraer JoJblie.

Hanummre mporpaMmy, co3/1af01I[y 0 MHOTOTIOTOKOBBIH CITMCOK TIIaHeT (CM. pas-
nes «MHOTOTIOTOKOBBIE CBSI3HBIE CITUCKHU» TEeKYIeil TJaBbl). Pagpemmnre moJb-
30BaTeJIIO BHIOPATh HY/KHBIH MepeK/IIoYaTesb UK MIyHKT BbINAJAIOIIero CIuCKa,
4TOOBI OTCOPTUPOBATS IIAHETHI 110 PasHbiM noTokaM. ([Toackaska: cospaiite kiace
Planet cnoysiMu Name, DistanceToSun,Mass,Diameter,NextDistance,
NextMass u NextDiameter.3aTeMm Ucoab3yliTe MeTog AddPlanetToList,
4TOOBI 100ABUTH IIJTAHETY K TOTOKAM B OTCOPTUPOBAHHOM MOPSIZKE. )

CospnaliTe mporpamMmy, peajusyIomiylo aJropuTM yepenaxu 1 KpoauKa.



Mmaea 4
MACCUBDLI

Maccusvt — 0GBIKHOBEHHBIE CTPYKTYPbI JAHHBIX, HHTYUTUBHO MOHSATHBIE, JIETKIE
B UCIIOJIb30BAHUY U TOJJIEPKUBAaEMble OOJIBITMHCTBOM SI3BIKOB TPOTPAMMUPOBAHUSI.
OHU HACTOJIBKO ITPOCTBI, YTO 3AKOHOMEPHO YCOMHUTBCS, CTOUT JIM MX PACCMATPUBATD
B KHUTE 00 anroput™Max. B G0IBITHHCTBE CTyYaeB MAaCCUBBI UCTIOIB3YIOTCS TI0 TIPSIMO-
My Ha3HAYeHUIO, HO WHOT/[A UM HAXOMAT 0cOO0e MPUMEHEHHe, TOATOMY BCE K€ CTOUT
pacckasaThb O HUX.

B TeKyLueﬁ TJIaB€ OIMMCBIBAIOTCA TEXHOJIOTUN aJTOPUTMU3AIN, KOTOPbIE MOKHO 3a-
I[el';ICTBOBaTI) LI YCKOpeHHOfI pa6OTI)I C MaCCHMBaMH, a TaKiXe JIJId CO3/laHnA MaCCBOB
C HEHYJIEBbIMU HNKHUMU IIPpEAC/IaMN 1 9KOHOMUUN o0beMa ITaMATH.

OCHOBHbIE MOoJIOXKeHUs

Maccue — 310 60JIbIIOE KOJIUYECTBO HEIIPEPHIBHOI MAMATH, JOCTYII K KOTOPOI 0Cy-
HIECTBJISETCS € TIOMOIIBIO MHIEKCOB (MX KOJMYECTBO YKa3blBaeT Ha Pa3MEPHOCTH Mac-
cuBa). Ero sierko npezacraBuTh B BU/le COBOKYITHOCTH SIIIMKOB, B KOTOPBIX IIPOrPaMMa
XpaHuT 3HadeHus (puc. 4.1).

Puc. 4.1. IIpumeps! 0iHO-, ABYX- U TPEXMEPHOTO MacCHBa

[Tpu coszpanny MaccuBa MporpamMma, Kak IpaBuiio, 3aIaeT ero pa3MepHOCTD U Ipa-
HUIBI HTON pasmeprocTH. Harpumep, B cieayiomieM koje Ha s3bike C# 00bsiBIeH Mac-
cuB numbers, umeommuil 10 crpok u 20 cToI0110B.

int[,] numbers = new int[10, 20];
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MaccuBsbl

B C# rpanuiipl MaccuBa OTCUYNUTBHIBAIOTCST C HYJIS, TO3TOMY MHIEKCHI CTPOK MOTYT
npuHUMaTh 3HaYeHus ot 0 10 9, a uugexcer cros6os — ot 0 go 19.

Kpome Bcero mpouero, IporpaMMa HETJIACHO Ha3HAYaeT AOCTATOUHOE KOJITIECTBO
HETPEPBIBHON MaMSTHU JIJIsl XpaHEHUS JaHHBIX MaccuBa. OHa BBITJIAIUT KaK JJIUHHbBIT
psizi 6GaliTOB, ¢ KAXKIBIM U3 KOTOPBIX COMOCTABJIEH OTPEEIEHHBIA HHIEKC MACCHBA.
B omHOMepHOM MaccuBe Ha3HAUEHVE WHAEKCA TIPOUCXOIUT MTPOCTO: UHAEKC i COOTBET-
CTBYET 3aITUCH i. B IByMepHOM aHAJIOTUYHAST OTIEPAITHST OCYIIECTBIISIETCS OHNM U3 IBYX
c110c000B: MyTeM PasBePTHIBAHMSI [0 CTPOKAM WJIH 110 cToabam (puc. 4.2).

= [Ipu pa3BepThIBaHUM 110 CTPOKAM IIPOTPAMMa ITPUBA3BIBACT MIEPBYIO CTPOKY 3a-
nucell MaccuBa K epBoMy HabOpy sSUeek MaMsITH, BTOPYIO — K CJIE/YIONEeMY Ha-
GOpy sTYeeK U T. 1. IO OTHO# CTPOKe 3a Pas, TIOKa BCe 3aIiCH He OYyAyT MpuBee-
HBI B COOTBETCTBUE.

= [Ipu pasBepThIBAHUY IO CTOJAOIAM C IEPBBIM HAGOPOM siueek maMsiTu Gy/eT co-
OTHOCHUTCS TIEPBbIH CTONOEI] 3ancell MacCHBa, CO BTOPHIM — BTOPOI U T. 1.

Crtpoka Crtpoka Ctpoka
0 1 2
A
Crpoka
0
Ctpoka
1
CTtpoka )
2
CronbeL, CronbeL, CronbeL,
0 1 2

J J

jj
s

CtonGeu |Ctonbeu, |CtonbeL,
0 1 2

Puc. 4.2. CooTHecenue 3ammceii MaccuBa ¢ TYeKaMU TTaMSITH:
10 CTPOKaM (88epxy )V cTOJIOIaM

ATy e MBICJIb O PA3BEPTHIBAHUU JAHHBIX MOMKHO IIEPEHECTH M Ha MACCUBBI ¢ 6OJIb-
el pasMepHocThio. HampuMep, 771 XpaHeHNUST TPEXMEPHOTO MacCHBa B TTOCTPOYHOM
HOPSIZIKE TIPOTPaMMe MTOHAJ00UTCS COMOCTABUTD MEPBBIN ABYMEPHBIN CJIOI MaccuBa
C HYJIEBBIM TPETbUM WHAEKCOM. HazHaueHne mMpouCcXoauT B TTOCTPOYHOM TOPSIIKE, TO
€CThb BTOPOI CJIOH Oy/IET COOTBETCTBOBATD TPETHEMY UHJEKCY 1OJI HOMEPOM 1 1 T. [1.

PaccmoTpum anaropuT™ HazHaueHUs TPEXMEPHOTO MaccuBa. IIpeArnomoxmM, BB
OTIPEICTTUITN METOT Map2 DAr ray, KOTOPBIH cO3/1aeT ABYMEPHBI MAaCCHUB, U HA €T0 OCHOBE
MIBITAETECh MOJTYUYUTh TPEXMEPHBIN MAaCCUB.
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For 1 = 0 To <BepXHUN TIperes TpeTbel KOODPAMHATH MacCuBa>
Map2DArray (<MaccmupB, Yy KOTOPOTO TPEeThbs KOOPAMHATA YyCTaHOBJIeHA Ha 1>)
Next i

[IpuBeneHHbIl BbINIE KO TOMOXKET COTOCTABJMATH € AYeKaMU MaMsATH MaCCUBBI
U ¢ Kyga 60JIbliieil pasMepHOCTHIO.

OO6BIYHO IPUBSI3KA 3AIIMCEl MACCHBA K sTYeliKaM IIaMATH He 3aBUCUT OT KaKOii ObI TO
HY GBIJIO TPOTPAMMBI, TOATOMY TEPEKMBATH HA TOT CYET HE CTOWT. J[0CTaTOYHO TOTO,
9TO KOZ PAbOTAET ¢ 3aMICSIMI MACCUBA, 2 KAK OHU XPAHSITCS, BAM 3HATH HeOOsI3aTeNDb-
Ho. TeM He MeHee MOHUMAHUE MTPOTIECCA TTOJIE3HO JIJISI CO3/IaHus COOCTBEHHBIX CTPYKTYP
JAHHBIX C IIOCJIeYIONUM IIPUMEHEHUEM B TPEYTOJIbHBIX MacCuBax (0 HUX PAcCKa3blBa-
eTcsl B pasziesie « TpeyroabHble MaCCUBBI» TEKYIIEH IIaBbl).

OpnHomMepHbie MacCuBbI

AJITOPUTMBI, B KOTOPBIX MCIOJAB3YIOTCS 00HOMEPHbLE, WU JUHElHble, MACCUBBI,
KaK [IPaBIJIO0, K&Ky TCst TPUBUAIBHBIMU. X yacTo nmpeaiararor K 06CyKICHHUIO Ha CO-
GeceoBaHUSX TI0 MPOTPaMMHUPOBAHUIO, TOTOMY OCTAHOBUTCSI Ha 3TOM BOIIPOCE BCE
ke crout. Onepanuu ¢ JTUHEHHBIMI MAaCCUBAMU CBOETO POJia MOJCIIOpbe JJist pabo-
TBI ¢ 60JIe€ MHTEPECHBIMU CTPYKTYPAMU JIAHHBIX, TAKUMU KaK CBA3HbBIE CIIUCKHU, CTe-
KU 1 o4epe/in.

Haxo)xxpeHue anemMeHTOB

B rsiaBe 7 npuBOAUTCS HECKOTBKO MHTEPECHBIX AJITOPUTMOB, 3aHUMAIOTIUXCS TIONC-
KOM TIeJIEBOTO 3JIeMEHTA B OTCOPTUPOBAHHOM MaccuBe. Eci ske aieMeHTB MaccuBa He
OTCOPTUPOBAHBI, TO UCIOJIb3YETCS JUHEHbLI, NI ucuepnolearowuti, nouck. Ilpu aTom
paccMaTpuBaeTcsl Kax/IbIH 9JIEMEHT MACCHBA, MOKA He HAXOAUTCS TeJIeBOH Jub0 He
CTAHOBUTCSI OYEBUIHBIM €TI0 OTCYTCTBHE.

Integer: IndexOf (Integer: arrayl[], Integer: target)
For 1 = 0 to array.Length - 1
If (array[i] == target) Return i
Next 1

// lleneBOoro BjeMeHTa B MaccCuBe HeT.
Return -1
End IndexOf

B Hauxy/IieM ciiydae 1esieBoi 3JieMeHT MOKET ObITh CAMBIM MTOCJIEHIM B MACCUBE.
Eciu Bcero anemenToB N, TO aJrOPUTM 3aKOHUUT ITOUCK, TPOU/ISCH 110 KAXKAOMY U3 HUX.
Taxum o6pasom, Bpems ero pabotsr coctautr O(N). To ke camoe IPOU3OIAET, eCIn
1IeJIEBOTO dJIeMeHTa B MaccuBe HeT. YToObl IIPOBEPUTH KaxK bl 9JIEMEHT B MACCHBE T10
ouepesu, B cpeaHeM moHanoourest N/2 maros, uto Takske papasercss O(N).

HaxoxaeHne MMHUManbHOMU,
MaKCUMasibHOW N cpeaHen BesINYUH

B uncnoBom maccuse HEpeKO Tp86yeTC${ HalTH MWHHMaAJIbHY1O0, MaKCUMaJbHY1O
WJI CPEAHIOI0 BEJIMYNHY
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Integer: FindMinimum(Integer: arrayl[])
Integer: minimum = array[0]
For 1 = 1 To array.Length - 1
If (array([i] < minimum) Then minimum = array[i]
Next 1
Return minimum
End FindMinimum

Integer: FindMaximum(Integer: arrayl[])
Integer: maximum = array[0]
For i = 1 To array.Length - 1
If (array[i] > maximum) Then maximum = array[i]
Next 1
Return maximum
End FindMaximum

Float: FindAverage (Integer: arrayl[])
Integer: total = 0
For 1 = 0 To array.Length - 1
total = total + arrayl[i]
Next 1
Return total / array.Length
End FindMaximum

Kak u B ciydyae ¢ HaxoK[IeHHEM OTIpe/IeJIEeHHOTO 3HAYEHUs B MAaCCHUBE, aJITOPUTM
JIOJIZKEH ITPOCMOTPETD KasKAbIH 2JIEMEHT, M0TOMY BpeMst ero pabotsl coctaBut O(N).

AHasmorn4HeiM 06pa3zoM MOKHO PACCUUTATD APYTUE CTATUCTUYECCKUE BEJTMYMHBI,
CKayKeM, CTaHAAPTHOE OTKJIOHEHVE WK Aucepcrio. HanGobImyio TpyIHOCTD BHI3BIBAET
MTOWCK CPEAMHHOTO 3HAYEHNUS, TO €CTh TAKOTO, KOTOPOE HAXOMUTCS TIOCEPENHE B PS/TY
Bcex 3HaueHuit maccuBa. Harpumep, cpenu uucen 1, 3, 4,7, 8, 8,9 cpenunnbiM okaxercs 7,
IIOCKOJIbKY €CTh TPH YrcIa Menbine ero (1, 3, 4) u tpu 6obiie (8, 8,9). 3a oguH mpoxo
10 MACCUBY BbI HE TIOTyYHTE Beeil MHMOPMAITNH, HeOOXOMNMON JIJIsT OTIPEIESICHUS Cpe-
JIMHHOTO 3HAYEHUS, TaK KaK JIJIst 9TOT0 HysKHa GoJtee 001ast HHGOPMAIIHs O BETHYNHAX.

Opun 13 ctoco60B PeNTuTh MOA0OHYIO 331a4y — CPABHUTH € KaXKIBIM OT/ETHHO
B3SATBHIM 3HAYCHUEM OCTaBIINECS 3HAYCHUS U3 MACCHUBA U IIPOCJICIUTH 32 TEM, MEHBIIE
OHU WU GOJIBINE TECTOBOTO. ECIN KOJTNYIECTBO MEHBIINX BETMINH OKAKETCS PABHO
KOJIMYECTBY OOJIBbIINX, TECTOBOE 3HAYeHUe U OyaeT cpeautubiM. Jlaiee npuBoanuTCs
OCHOBHOI1 2JITOPUTM.

Integer: FindMedian (Integer: arrayl[])
For 1 = 0 To array.Length - 1
// HaxomyM KOJIMYECTBO DJIEMEHTOB OOJBIMX M MEHBIMX, 4YeM array [i].
Integer: num_larger = 0
Integer: num_smaller = 0
For j = 0 To array.Length - 1

If (array[j] < array[i]) Then num_smaller = num_
smaller + 1

If (array[j] > array[i]) Then num_larger = num_larger
+ 1

Next j

If (num_smaller = num_larger) Then
Return array[i]
End If
Next 1
End FindMedian
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B nipuBeieHHOM airopuT™Me ecTh HeCKOJIbKO HegoctaTkoB. Harpumep, oH He cpabo-
TaeT B cJlydae, KOrja B MaccuBe OyyT IIPUCYTCTBOBATh OJMHAKOBbIe 3HaueHus. [Tpero-
soxkum takue: 1, 2, 3, 3, 4. On HeapdekTBeH 1 /15T MACCUBOB C YETHBIM KOJTMYECTBOM
AJIEMEHTOB: B MOJOOHOI CUTYaI[MK CPEIUHHOE 3HAUEHUE ONPeIe/IsIeTCs Kak cpeHee
NIBYX TIEHTPAJIbHBIX ajeMeHToB. Hampumep, B psaay 1, 4, 6, 9 TakoBbIM cTaHET YUCIIO

(4+6)/2=>5.

HecmoTps Ha onucanuble HEJOCTATKU aJTOPUTMA, IPOAHATIU3UPYEM BpeMs €ro
pabotsl. Eciin B MaccuBe N 3HaueHUH, BHENIHUN UK For 1 BbInosHsiercss N pas.
Jlist KakI0i M3 9TUX UTEpaInii BHYTPEHHUN UK For 1 cpabartbiBaet Takke N pas.
Crasio 6bITh, BO BHyTpeHHeM 1uKie cosepinaercss N x N = N? maros, 4to jieiaet Bpemst
paborbr asroputma paBHbiM O(N?).

Emte 60s1ee GBICTpBIE AITOPUTMBI 3aHIMAIOTCST TIOMCKOM CPEIUHHOTO 3HAYEHNST
B TIPEIBAPUTEHHO OTCOPTUPOBAHHOM YMCJIOBOM Psifty. B riiaBe 6 Bbl TTO3HAKOMUTECH
C Pa3JIMYHBIMU CIIOCOOAME COPTUPOBKU MaCCUBa, cofiep:kaiiero N s1eMeHTOB, 3a Bpe-
M O(N x log N) u y6enutecs, uto ono s dexrusnee, yem O(N?).

BcTaBka 3nemeHTOB

Jl06aBUTH 3JIEMEHT B KOHEI IMHEHHOTO MACCUBa JIOBOJIGHO TPOCTO ITPU YCIOBUH, UTO
A3BIK IPOTPAMMHUPOBAHUS MOXKET PACIIUPUTD MACCUB HA OZIUH 3JieMeHT. [0paszio ciox-
Hee TTPOM3BECTH BCTABKY B IPOM3BOJIbHYIO MO3UIINI0. PaccMOTpUM anTropuTM, KOTOPbIi
106aBJISICT HOBBIH 9JIEMEHT B TIO3UIIUIO POS 1t 1on B IMHEHHOM MacCHBe.

InsertItem(Integer: array[], Integer: value, Integer: position)
<PacmypsieM MaccCuB, UYTOOH NOOGABUTH BJIEMEHT B KOHEeIl. >

// CMemlaeM BJIEMEHTH IIOCJIe LIeJIeBOM IIO3UILIUM,
// 49TOOH OCOBOOOUTHE MECTO I HOBOTO DBJIEMEeHTa.

For 1 = array.Length - 1 To position + 1 Step -1
array[i] = array[i - 1]
Next 1

// BcCTaBisieM HOBHI DJIEMEHT .
array [position] = value
End InsertItem

OO6paruTte BHUMaHKe, YTO IUKJI aJITOPUTMA FOr 3allycKaeTcsl B KOHIIE MacCHBa
U epexXoAuT K Hayamy. Takum oOpasoM OH 3allOJIHSIET CIIepBa HOBYIO [IO3MIIUIO B KOH-
I1e MACCHBa, a 3aTeM KasKAYI0 TPEABIAYILYIO Cpasy Iocje TOro, Kak ee 3HaueHue ObLIo
CKOTIUPOBAHO B JI[PYTOE MECTO.

Ecim B ucxognom maccuse 66110 N 9/1eMEHTOB, LUK/ For cpaboraer N— position
pas. B HauxyieM cirydae, KOrja sJ1eMeHT OHaZmo0MTCsl BCTAaBUTh B Hauasio MaccrBa (To
ecth position = 0), quki 6yaer BbizBad N pas, H09TOMY BpeMst pabOThI TAKOTO aJl-
roputMa ornpeiessiercs kKak O(N).

SAMEYAHUE

' MHormne a3biku nporpaMmMmmpoBaHna pacnonaratoT 6onee coBepLUEHHbIMN METO-
ﬂaMMYHaﬂeHMH6HOKOBnaMﬂTM.OHM3aCTaBﬂﬂDT3ﬂeMeHTbICMeCTMTbCﬂBHMSHa
OAHY NO3UNLNIO HAMHOIo 6bICTpee.
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Ha npakTuke BcTaBKa 2JIeMEHTOB B JINHEHBIIT MAaCCUB He TaK YK PaclpocTpaHeHa.
OIHAKO MCIIOIB3YeMBIH METO/] CMEIIEHUsT, KOTOPBIH TI03BOJISIET 0CBOOOUTH MECTO JIJISk
HOBOT'O 3JIEMEHTA, IIHPOKO IIPUMEHSIETCS B IPYIUX aJITOPUTMAX.

YpaneHue 3sieMeHTOB

VY najenue k-ro sseMeHTa M3 MacCHBa IOX0Ke Ha BcTaBKy. Ko criepsa cMmelaer Bee
CJIEIYIOIIUE 32 11JIEBBIM DJIEMEHTHI Ha OJ[HY [IO3UIIIO OJIMKE K Hauauly, a 3aTeM M3MEHsIeT
pasMep MaccuBa, YToObI TMKBUAUPOBATH MOCJIEIHIOI HEHYKHYIO 3alIUCh.

B nauxyairem cayvae, Koria Hy>KHO y/IaUTh TIEPBLI 2JIEMEHT MAaCCHUBA, AITOPUTMY
IPUAETCS CABUHYTH BCE 3aIlCU. JTO 03HAYAET, YTO BpeMs ero pabotsl coctaBut O(N).

3AMEYAHUE

B HEKOTOpbIX C/y4asix 3anMchk MOXHO He YAansaTh, a MOMETUTb Kak HEUCTOb3YEMYIO.
Hanpumep, ecnn B MaccuBe COAEPXaTCA CCbINKU UKW YKa3aHUA Ha 00beKTbl, UM
[0CTaTOYHO MPUCBOUTL 3HaYeHne null. MNoaobHbIN MeTon 0COBEHHO nosneseH
B XeLl-Tabnmuax — n3MeHeHve pa3MepoB MacCurBa No3BosseT COKOHOMUTL BPEMS.

OpHako ecnu NOCTOSTHHO NMOMeYaTb 3anMcu Kak Hencnosib3dyemMble, MacCuB B KO-
HEYHOM CYETE NePEnOIHUTCS 1, YHTOObI HANTN KOHKPETHbIV 31IEMEHT, BaMm NpuaeTcs
NPOBEPATbL MHOMO MYCTbIX NO3ULMA. B Takon cutyaumn B onpenesieHHbIi MOMEHT
BPEMEHU HYXHO NMPON3BECTU CXaTne MaccuBa 1 YOANIUTb BCE HEHYXHOE.

HeHyneBble HNXHUE npepensl

Bo MHOTHX s3bIKaX IIPOrpaMMHUPOBAHMs HUMKHUM IIPEeJIOM MaccuBa Jio6oil pas-
MepHocTH aBiisietcst 0. Hanmpumep, nunelinsiil Maccus, coctodnmii n3 10 ameMeHTOB,
MoskeT uMeThb nnzekce ot 0 10 9, Ho He ot 1 10 10. O1HAKO MHOTIA pa3MEPHOCTH MAacCUBa
y100HO paccMaTpuBaTh Tak, OYATO ero HUKHKUE IPeeibl He PaBHbI HYJIIO.

ITpearoIoKIM, BbI CO3IaeTe IPOrPaMMYy, 3allMChIBAIONLYI0 06beMbl pojask ¢ 2000
1o 2010 r. aug gecsatu paGOTHUKOB ¢ MAeHTU(PUKAIMOHHBIMKU HOMepamu oT 1 10 10.
B sTOM ciydae Jryuiiie 0ObSIBUTH MACCHUB CJEAYIOMIM 00Pa3oM.

Double: sales[1l to 10, 2000 to 2010]

Ecnu mnyseBoit nHIEKC SBISETCST 0OSI3aTENBHBIM /IS SI3BIKA TTPOTPAMMIPOBAHNS,
MOZKHO MepeBecTr yI0OHBIE [IJIsI BAC TIPEJIEJIbI B TaKKe, KOTopbie HaunHatoTes ¢ 0. B cire-
IYIOTIHX JIBYX TO/IPasfiesiax 00 bsICHSETCS, KAK UCTIOJIb30BATh HEHYJIEBbIE HUKHIE MTPeie-
JIBI JIJIST MACCUBOB C JIBOWHO# 1 GOJIbINEl pa3MePHOCTBHIO.

AByMepHble MacCuBbl

Pa6ora ¢ MaccuBaM, MMEIOIIUMI HEHYJIEBbIe HIKHILE IIPE/IeIbl, He TaK oK CJIOMKHA.
CHoBa paccMOTPUM TIPUMED, T'/le B KAYECTBE UCXOHBIX JAHHBIX (DUTYPUPYET UAEHTU-
dbukarmonnsiii Homep paborauka (ot 1 10 10) 1 rox (¢ 2000-ro o 2010-it). ITockonbKy
y HaC B HAIMUnH /iBa inanazoHa — 10 mpenTndukamorasix Homepos 1 11 jiet, HagHaunM
maccus ¢ 10 crpokamu u 11 crosbiamu.,

Double: sales[10, 11]
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YT06BI MOAYYUTh JOCTYI K 3AIUCH LI pabOTHUKA e 3a TOf v, HeOOXOAMMO pac-
CUUTATh CTPOKY M CTOJIOEI] B TEKYILEM MACCUBE.

row = e - 1
column = vy - 2000

Ceiiuac nporpamma paboTaer ¢ 3alKCcbhio array [row, column]. Ho Bbl Moxere
VIPOCTUTD 33/1a4y: 3aKII0YUTH MACCUB B KJIACC U CO3/1aTh KOHCTPYKTOP, yCTaHABJINBAIOIINN
00BEKTY HyKHbIE IIPE/IeJIbl, Ha OCHOBE KOTOPBIX OY/IyT PACCUNTHIBATHCS CTPOKHU U CTOJIOLIBL.

HekoTopbIe I3bIKM TIPOrpaMMUPOBAHNST TIO3BOJISIOT CAETaTh METOBI get U set MH-
JleKcaMu Kiiacca 1 paboTaTh ¢ 0ObeKTaMM IIOUTH TaK e, Kak eI Obl OHU ObLIM MaCCH-
Bamu. Hanpumep, B C# MOXKHO MCIIOIB30BATh CIEAYIONUI KO/, YTOObI yCTAHABIUBATH
U [0JIy4aTh 3HAYEHUS B MACCUBE.

array[6, 2005] = 74816;
MessageBox . Show (
«In 2005 employee 6 had» + array[6, 2005].ToString() + « in sales.»

ITOCKONBKY KasKABIA 3bIK IIPOrPaMMUPOBaHus crenuduuet, 6oree moapoOHbIil
KO/l IpuBecTH HepeasbHo. Ha calite ¢ MaTeprnasaMu KHUTU BBl MOKETE 3aTPy3UTh
npumep mporpammbl TwoDArray, 4To6bI YBUAETH TIOJHYIO PEATU3AIUI0 AJTOPUTMA
Ha g3bike CH#.

MaccuBbl BbICOKOW pa3smMepHOCTU

MeToz, OIMCAHHBINA B IPEbIAYIIEM IOAPa3ie/ie, XOPOILO HCII0Ib30BaTh, KOIA 13-
BECTHA Pa3MEPHOCTh MacCHBa. B IPOTHBHOM cilydae BO3HUKAET CJIOKHOCTD, CBA3aHHASI
¢ Tem, uTo g N pasMepHOoCTel BaM IIOHaZ00UTCA HazHaYnTh N-MepHBINA MacCuB, 4TOOBI
OH MOI COZIepKaTh Bce JaHHble. KOHEeuHO, Bbl MOKETE CO3/[aTh OT/AEIbHbIE KIACChI [
paboThl ¢ ABYMsI, TPEMSL, Y€THIPbMs U OoJjiee PasMEPHOCTIMM, HO Jiydllne Haiitu 6oJiee
001t crocoo.

Bwmecto Toro uto6bl XpaHUTh 3HAUEHMUSI B IBYMEPHOM MacCHBE, MOIPOOYIiTe 3a1mako-
BaTh UX B OJ/IHOMEPHBII B TIOCTPOYHOM Mopsijike. [loceHii MacCuB MPU 9TOM JIOJIKEH
OBITD JI0CTATOYHO GOJIBIITIM, YTOOBI BMECTUTD BCe aieMeHThL. Tak, eciim umeercs N CTPOK
B M cronbiax, To Jydile 3a4aTh MACCUB ¢ KOJIUYECTBOM 3anuceil NxM.

Double: wvalues[N * M]

YT06bI HAIITH [10JI0KEHYE DIeMeHTa B MaccusBe, pacch/ITaﬁTe CTPOKY 1 CTOJI6GL[, KaK
ITOKAa3bIBAJIOCH BhIIIe. Ecu ajieMeHT oTBevaeT pa6OTHI/IKy e nroay vy, To pacuer 6y11eT
BHTHHHGTBCHGHyKHHHWIO6p330M.

YOW = e - <HUKHSAS T'paHmuila MaccuBa C WO paboOTHUKOB>
column = y - <HUXKHSS TI'paHMlla MacCcuBa CO 3HaYeHUsIMU Toma>

Ternepb KOT/Ia U3BECTHBI CTPOKA U CTOJIOEI] d/IeMeHTa, HeOOXOANMO HAWTH €ro WH-
Jekc B MaccuBe values. [lepBbIM /1e710M HY’KHO BBISICHUTD, CKOJIBKO TMOJHBIX CTPOK
MTOMEIIAETCST B MACCUBE Hepe]] HEOOXOIUMbBIM 3JieMeHTOM. ECJIN 3/1eMeHT HAXOAUTCST
B CTPOKE ¥, 3HAUMUT, [Iepe/l HUM T TIOJTHBIX CTPOK, TPOHyMepoBaHHbiX Kak 0, 1, ..., r — 1.
[TockosbKy B Kask/101i CTPOKE <rOwW S1ize>3JIeMEHTOB, TO Iiepe/l Hy KHOI HaM 3aIIUChIO
ux rx<row size>.Ha cieayiomiem araie CTOUT OIPEAESUTDH KOJNYECTBO 3JIEMEHTOB,
KOTOPBIE TIPE/IITIECTBYIOT I[eIeBOMY 3HAYEHWIO M HaXO/ISITCSI C HUM B OJTHOM cTpoke. Ecom

102




MaccuBsbl

HOMep CTOJIONA ¢ HY;KHOU HAM 3alliChI0 PABEH C, TO MEPe]] Hell B TOil JKe CTPOKe CTOUT
c anemenTos: 0, 1, ..., ¢ — 1. Takum o6pasom, oblee KOJUYECTBO IIPEAIIECTBYOMINX
3JIEMEHTOB OTIpe/esisieTcs ceaytomieil hopMyJIoi.

index = row X <row size> + column
Temepb BbI MOKETe HAWTH 3JIeMeHT values [index].

[TpennoxeHHast TEXHOJIOTHST HEMHOTO CJIOJKHEE TOM, UTO OMKUCAHA B TIPEABIAYIIEM
HoZpasiesie, 3aTo IIPUMEHUMA 1151 10001 pasMepHOCTH. [TpeaIIon0KIM, BbI XOTUTE CO3-
JIaTh MacCUB pa3MepHOCTH N, COXpPaHUB HUKHUE MIPe/Iesibl B MaccuBe 1 ower_bounds,
a BepxHue — B MaccuBe upper_bounds. Ilepsblii mar, KOTOPbIN MOHALOOUTCS ¢lie-
JIaTh, — CO3/IaTh OJIHOMEPHBII MACCHB C IOCTATOYHBIM KOJIMUECTBOM MECTA JIJIsT XpaHe-
HUS BCeX 3HaUYeHu . [[JIs1 9TOro mMpocTo BBIYTUTE KaXK /bl HUXKHUI TIPEIes U3 KasKI0ro
BEPXHETO IIPefeia, YT00BI YBUAETh, HACKOIBKO «ITHMPOKUM» TOJKEH ObITh MACCHUB 9TOMI
Pa3MepPHOCTH, a 3aTEM ITEPEMHOKbTE ITOJTyYeHHbIE «ITTUPUHDI>.

Integer: ArraySize(Integer: lower_bounds[], Integer: upper_bounds[])
Integer: total_size = 0
For 1 = 0 To lower_bounds.Length - 1
total_size = total_size * (upper_bounds[i] - lower_bounds[i])
Next 1
Return total_size
End ArraySize

CJieyIoniuii aTam — IMPUBECTH B COOTBETCTBHE CTPOKU U CTOJIOIBI C TO3UIHSAMU
B OJfHOMepHOM MaccuBe. C/iesraTh 3T0 HEMHOTO cIoKHee. BCITOMHNTE, Kak B MPEABITY-
IIeM TIPUMepe CTPOKA U CTOJIOETT TIPUBSI3BIBATIICH K MHIEKCY B MaccuBe values. Cha-
YaJia KOJI OTIPEIEIISI KOJTMYECTBO MOJHBIX CTPOK B MACCHBE, a 3aTeM YMHOXKAJ €T0 Ha KO-
JIMYECTBO HJIEMEHTOB B CTPOKE. 3aTeM OH 0OABJISIT eIMHUILY K KaXK/I0H TO3UITUY TPEJI-
HIECTBYIOIIETO 3JIeMeHTa B TOH CTPOKe, I/le HAaXO/IUJIACh HYKHAs 3aIHCh.

[Ipomgenats TO Xe caMoe AJSA TPEXMEPHOTO MacCHUBa He HAMHOTO CJOX-
Hee. Ha pucynke 4.3 mpejicTaBiieH TpeXMEPHBIE MacCUB Pa3MEPHOCTHIO 4x4x3
(BbIcOTaxcTpokaxcronben). Hyskublil HaM ajieMeHT ¢ Koopaunatamu (1, 1, 3) 06o-
3HAYEH CEPLIM 1IBETOM.

0&90\4:&

(1,1,3)

BbicoTa

;Z } Cnoii
/

Ctonbel,
Puc. 4.3. [Ipumep TpexMepHOro Maccusa

Yrobbl cooTHecTH asieMeHT (1, 1, 3) ¢ nHueKcoM B MaccuBe values, BHaYaIe CTOUT
OTIPEJICJTUTH KOJMIECTBO TIEJIBIX CJIOEB, KOTOPBIE eMY MTPENIeCTBYOT. B mpeicTaBieHHbIX
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KOOP/IMHATAX BBICOTA PaBHA 1, TO9TOMY Iiepel HYKHON HAM 3aIMChIO €CTh OJUH TI0JI-
HbI c1oi. Ero pasmep paBeH <row size>x<column size>. Eciu nepeo6o3naunthb
KOOpAMHATHI KaK (h, ¥, C), TO KOJTMYECTBO MPEANIECTBYIONINX 2JIEMEHTOB B UMETOIITIXCST
CTI0STX MOKHO HAUTH TI0 cJyieytonieii hopmy.ie.

index = h x <row size> x <column size>

Jasee HEOOXOANMO ONPEIETUTh, CKOJIBKO 3JIEMEHTOB CTOUT Tiepe/l HYKHBIM HaM
B MOJIHBIX cTpokax. CoriacHO BTOPOI KOOpAMHATE, TIOJTHAs CTPOKa Beero ofgHa. C yde-
TOM TIPUHATHIX 0603HAUEHU T HEOOXO0MMO NPUGABUTH K MHJEKCY T JIJIUH CTPOK:

index = index + r X <row size>

HyskHO 106aBUTH BCE 9JIEMEHTBI, TIPE/IIECTBYIONIIE 1IEJEBOMY B €r0 CTOJIOIIE.
index = index + c

MeTot MOJKHO YCOBEPIIEHCTBOBATD ¥ ITPUCIOCOOUTSD /1ist paboThI € etife GOJTbII-
Mu pazMepHocTsIMU. YToOBI 00JIerYnTh pacyeT WHIEKCOB B MaccrBe values, co3/aii-
Te MaccuB slice_sizes, COXpaHUB B HErO pa3Mep CJOs I KaxA0i pa3MepPHOCTH.
B TpexmepHOM MacCHBe 9THMHU BeTHYNHAME OYIyT <row size>x<column size>,
<column size>wul.

ITpu pabore ¢ GoJee CIOKHO OPraHU30BAHHBIMU MACCUBAMU Pa3MEP CJI0SI MOKHO
HalTH, yMHOKWB pa3Mep CJIEYIONIETO CI0s Ha pa3Mep TeKyieil paamepHoctu. Harpu-
Mep, ISt YEThIPEXMEPHOIo MaccuBa pacdeT OyeT BBIMISIETh Tak: <height size>x
X<row size>x<column size>.

Terepb, 3Has1 9TH OCOOEHHOCTH, BBI TOTOBBI YBUJIETD MOJIHBIN asroput™. [1peioio-
JKUM, MaccuB bounds COAepKUT U3MeHsaeMble HUKHUI U BePXHUN [IPe/iesIbl I sKela-
emoro N-mepHoro Maccusa. CieyIoniuii IceB1oKo/l MHUIIMAIU3UPYeT MaCCHB.

InitializeArray (Integer: bounds[])
// VcTaHaBIMBaeM IIPEEeIH .
Integer: NumDimensions = bounds.Length / 2
Integer: LowerBound[NumDimensions]
Integer: SliceSize[NumDimensions]

// VuuimanusupyeMm LowerBound m SliceSize.

Integer: slice_size =1

For 1 = NumDimensions - 1 To 0 Step -1
SliceSize[i] = slice_size
LowerBound[i] = bounds[2 * 1]

Integer: upper_bound = bounds[2 * 1 + 1]
Integer: bound_size = upper_bound - LowerBound[i1] + 1
slice_size *= bound_size

Next 1

// OmnpemnerssieM MeCTO [Jisi BCeX DJIEMEHTOB.
Double: Values[slice_size]
End InitializeArray

Yro0bl paCCUUTATh KOJIUYECTBO U3MEPEHMIA, JAHHBINA KO/ ACJIUT KOJUYECTBO 3HA-
yeHul B MaccuBe bounds Ha 2. 3aTeM co3zlaeTcss MaccuB LowerBound JI71sT XpaHEHUST
HWZKHUX TIPEJIEJIOB M MacchB S1iceSize ¢ padMepaMy CJI0EB B PA3HBIX PA3BMEPHOCTSIX.
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[Tocasie kon 3aaer 3HaueHue slice_size, paBHoe 1. ITo pa3Mep cJios B HAUBBICIIEH
Pa3MEPHOCTH, SIBJISIONIUIICS CTOJIOIOM B ITPEBIYIIEM TPUMEDE.

Ha cienyrorieM aTare B paboTy BCTYIAET IUKJ, KOTOPbII TIPOXOAUT TIO PasMep-
HOCTSIM, HAUWHAs C HAUBBICIIEH W 3aKaHUMBASA HYJEBOH (3TO COOTBETCTBYET ITyTH OT
cToJbI[a K CTPOKE TI0 BBICOTE B MIPOIILIOM cJiydae). Ko ycraHaBauBaeT TeKyIuii pazmep
cnos Ha slice_size U coXpaHseT HWKHUI ITpeiesl pasMEPHOCTH, a 3aTeM YMHOXKaeT
MaHHOE 3HAUEHUE Ha MOKA3aTeJh HBIHEITHEH Pa3MEPHOCTH, YTOODI TOMTYIUTh BETHUHHY
CJI0S1 11 Pa3MEPHOCTH 1IOMEeHbLIIe.

ITo oxoHvyanuu nukIa B slice_size OYAyT COmePKAThCS IEPEMHOKEHHBIE 3HA-
YeHUs BCEeX PasMEPHOCTEN MaccuBa. ITO U eCTh 00Iee KOJUYECTBO 3JIeMEHTOB, KOTO-
pble KOJI UCIIOJIB3YeT it 0ObABIeHU MaccuBa Values, e OyAyT pasMellaTbes JaH-
HbIe Ha4aJIbHOIO MacCUBa.

B cnenyromiem riceBnokoie 3aseiicTByoTcst MaccuBbl LowerBound u SliceSize
JUL IIPUBEJIEHNS B COOTBETCTBME UHIEKCOB U3 MaccuBa indices ¢ uHJeKCaMu U3 Mac-
cuBa Values.

Integer: MapIndicesToIndex (Integer: indices[])

Integer: index = 0
For 1 = 0 to indices.Length - 1
index = index +
(indices[i] - LowerBound[i]) * SliceSizel[i]
Next 1

Return index
End MapIndicesToIndex

Kon 3amaer HauanmbHOe 3HaUeHWe index, paBHoe (), a 3aTeM TTPOXOINUT ITUKJIOM IO
pa3MepHOCTSIM MaccuBa. J{J1st Kax ol pa3MepHOCTH OH YMHOKAaeT KOJTMYeCTBO HaX0/IsI-
IIUXCS B HEH CJI0€B Ha pa3Mep CJI0sT 1 HpI/I6aBJI$IeT pesyabTaT K index. [Tocse Toro kak
KOJ[ TIPOUJIET TIO BCEM Pa3MEPHOCTSM, B index 6yz_[eT pasMeniaTbCs MHIEKC 9J1eMEeHTa
13 MaccuBa Values.

BrI MOKeTe yCOBEPIIEHCTBOBATH IAHHBII A7ITOPUTM, 3aKJTIOYHB €T0 B Kacc. KoHCTpyK-
TOP YKaKeT 0OBEKTY, KaKHe Pa3MePHOCTH HYKHO UCTIOTB30BaTh. B 3aBUCHMOCTH OT sI3bIKA
IIPOrPaMMUPOBAHMS Bbl CMOXKeETE CO3/1aTh METO/IbI JIOCTyIIa get U set, Tak Ha3bIBaeMble
axceccopul. Takum 06pa3oM, mporpamMmma Gy/IeT paciieHUBaTh 0OBEKT KaK MACCUB.

Yrobbl yBUAETD IPUMEHEHIE 9TOr0 aJIrOpuT™Ma Ha sisbike C#, 3arpysuTe Iporpam-
My NDArray c caiita c MaTeprasaMyu KHUTH.

TpeyrosnbHblie MacCuBbI

B HEKOTOPBIX CIIyYasX IPOCTPAHCTBO MOKHO COKOHOMUT, UCIIOJIb3Y$sl BMECTO 0ObIY-
HBIX TIPSIMOYTOJIBHBIX MAaCCUBOB mpeyzoavhvie (puc. 4.4). B mpeyzonvrnom maccuse sie-
MEHTBI, PACTIOJIOKEHHBIE HAJl IMATOHAJIBIO (TaM, T7Ie MHEKC CTOJI01a OOJIbIIe, YeM HHIEKC
CTPOKHU ), UMEIOT 3HaUeHUs 110 yModanuio: 0, null Win mycToe MecTo.

BosbMeMm, HaIpUMep, MAmpuyy CMeicHoCmu, KOTopas IPeCTaBIeT CBA3U MEXKIY
TOUuKaMu B ceTu. B kauecTBe HOC]IeZIHeﬁ MOTYT BBICTYIIAaThb aBUaMaPIIPYThbI, IIPOJIOKEH-
HbIe MeXK/ly Pa3HbIMU asporiopTamu. Eciu coBeplaeTcs oJIeT OT a9polopTa 1 10 adpo-
mopra j, To 3anuch MaccuBa connected[1i, j] mpupaBauBaercd K 1. [Ipeanosoxum
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TaK’Ke, 4TO CYIIeCTBYeT OOPaTHBIA MapIIPyT OT adpPOIopTa j [0 a9poIiopra i, 9To Jaer
HaM 3anuck connected([i, j] = connected[j, 1i].llosyuaercs, yTo HeT He-
006X0AUMOCTH XpaHUTh connected[i, j] W connected[j, i], HOCKOJBKY OHU
OJIMHAKOBBLL Y ciieoBaTesIbHO, IIPOrPpaMMa MOKET COKOHOMUTD IIPOCTPAHCTBO, IIPE00-
Pa30BaB MAaTPUILY CMEKHOCTHU B TPEYTOJIHHBI MAaCCHUB.

I |

m==----r-------A

s |

Puc. 4.4. IIpumep TpeyroibHOrO MaccuBa

—=_ 3AMEYAHMUE

' B03MOXHO, He CTOUT co3aaBaTh TPeyrosbHbIi MaccmB 3x3 nnu 100x100, nockonb-
e Ky B 3TOM CJly4ae Bbl COXpaHuTE BCero nuwb 3 nnn 4960 3anucer COOTBETCTBEH-
Ho. Tak BaM yOacTcsi COKOHOMUTb COBCEM HE MHOIo namsTu, a paboTtaTb 6yaet
CNoXHee, 4eM € 0OblYHBIM MaCCUBOM, @ BOT TPEYrOJibHbI MAaCCUB Pa3MepPHOCTLIO
10 000x10 000 coxpaHuT nopsiaka 50 MH 3anuncein, No3TOMY MOXET ObITb MONE3EeH.

[TocTponTh TPEYTOJNBHBIN MACCUB HECJTIOKHO: IOCTATOYHO YITAKOBATh BCE NCXO/[HbIE
3HA4YeHUs B OJITHOMEPHBIN MacCHUB, MPOIYCTUB HEHYKHbIE 3aUCh. TPYIHOCTH MOTYT
BOBHUKHYTb MIPU OTIPEAETEHUH TOTO, HACKOJIBKO OOJBIIMM JI0JKEH OBITh O[HOMEPHbII
MAacCCHB U KaK HA3HAYUTH ¥ CBS3aTh CTPOKU M CTOJIOIIBI C €0 MHIEKCAMUL.

B rabuuie 4.1 npuBeseHo KOJMYECTBO 3alceid, HeoOX0IUMOE sl TOCTPOEHUS
TPEYroJbHbIX MACCUBOB Pa3/IMYHbIX Pa3MEPOB.

Ta6nuua 4.1. MocTpoeHue TpeyrosbHbIX MacCUBOB

KommecTJBo KomuyectBo cTpok
3anuceit B MaccHBe
1 1
3 2
6 3
10 4
15 5
21 6
28 7

Ecsmm ipoanaiusuposath tabsuity 4.1, MOKHO HATH 3aKOHOMEPHOCTb: KOJIUYECTBO
staeex 7ist N CTPOK PaBHO KOJMYECTBY stueek, Heobxoaumomy it N — 1 ctpox mioc N.
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BariistHyB Ha TPEYroJIbHBIE MaccuB 60siee BHUMATEILHO, BbI OMIMETE, 4TO TI0YTH M0~
JIOBUHA €r0 3aIuceli yMelaeTcs B KBaJ[PATHOM MACCUBE C TAKUM K€ KOJIMYeCTBOM CTPOK.
Ecom crpox N, To B kBagpaTHOM MaccuBe Oyzer N? 3amviceit, moaToMy OU4eBHIIHO, YTO UX
KOJITIECTBO B COOTBETCTBYIONIEM TPEYTOJHHOM MACCHBE OY/IET TaKsKe BKITIOUATH BETIN-
y N2. Basi 06bruHOe KBamparHoe ypaBhenne A x N? + B x N+ C 1 TIO/ICTaBUB 3HAYEHIST
u3 Tabauiiet 4.1, Bor ortpeniesite A, B u C v TIpH/ieTe K BBIBOALY, YTO YPABHEHIE CBOIUTCST
K (N? + N) /2. Takum 06pa3oM, 4T0ObI MOCTPOUTH TPEYTONBHBIN MACCUB € KOJTUIECTBOM
cTpok N, Hy>KHO HA3HAYUTD OJIHOMEPHDII MaccuB, coziepxkauii (N? + N) /2 ajieMeHTOB.

Ha cnenyromeM ararnie ciaenyer BbIICHUTD, KaK IIPUBECTU B COOTBETCTBUE CTPOKU
7 CTOJIOITBI ¢ MHIEKCAMH OJIHOMEPHOTO MacCHBa. YTOOBI y3HATD MHAEKC /IJIST 3ATHCH CO
CTPOKO#i T U CTOJABIIOM C, HYKHO OIPEJIeJUTh, CKOJIBKO JIEMEHTOB el MIPeJIIIeCTBYeT
B OJJTHOMEPHOM MaCCHBe.

ITocMoTpHTE Ha PUCYHOK 4.5 1 00paThTe BHUMAHIE Ha KOJIMIECTBO 3aMUCEH, Uy X
nepeq; sueiKkoil ¢ koopaunatamu (3, 2). [losHble cTpOKM BbIEIEHBI KUPHON JTUHUEH.
KomnuvecTBo 3amuceil B HUX PaBHOIIEHHO KOJIMYECTBY 3aITCEll B TPEYTOJBHOM MACCHUBE
C TPEMSI CTPOKAMH, a BBI YK€ 3HAeTe, KAK €r0 PACCUNTHIBAT.

B it T ]

Puc. 45 [Touck HHJ/IEKCa 3allMCU B TPEYTOJIbHOM MaCCHBeE

DJIeMEeHTHI, U/yIINe Tepe]] 1eJieBOl 3annchio B stueiike (3, 2) u He BXOASIIME
B ITOJTHYIO CTPOKY, Pa3MenIaioTcs cjieBa. B 1aHHOM IpuMepe Hy KHas HaM 3aIHCh pac-
[0JIOKEHA B CTOJIOIE 2, a 1Iepe]| Hell B TOl 3Ke CTPOKE CTOAT ellle JBa ajaeMenTa. B obuem
cirydae (popMmyJia MHIEKCA JJIS 3allUCH CO CTPOKOIL T 1 ¢TONIOLOM ¢ Oy €T BBITJISIAETD TaK:
(r=1)?+(r—-1))/2+c.

It 1Be hopMyJIbl 00IerdaroT paboTy ¢ TPEYroNbHBIME MaccuBamit. Vcmosb3ayiiTe
MIEPBY10, 4UTOOBI Y3HATH, CKOJIBKO 3JIEMEHTOB JIOJIKEH COEPIKATh MACCHB ¢ KOJIMIECTBOM

cTpok N, a BTOPYIO, YTOOBI TIPUBECTH B COOTBETCTBUE CTPOKH U CTOJOI[BI ¢ HHIEKCAMHE
B OJ/IHOMEPHOM MAaCCUBE.

Integer: FindIndex (Integer: r, Integer: c)

Return ((r - 1) * (r - 1) + (r - 1)) / 2 + ¢
End FindIndex

[IpuBeieHHbII AITOPUTM JIETKO YIIPOCTUTb, 3aKIIOYUB TPEYTOJIbHBIN MAaCCUB B KJIACC.
Co3szaB MeTO/IbI get U set, Bbl CMOKETE PACCMATPUBATD JAHHBIA MACCUB KaK OObIYHBIIA.

107




maea 4

[locrentee, 9TO CTOUT PACCMOTPETD, — KAK KJIACC TPEYTOIBHOTO MACCUBA BOCIIPUHU-
MaeT 3aIIPOChI K HECYIIECTBYIONINM dJieMeHTaM. UTo, Harpumep, A0JKHO TPOUCXOAUTH,
€CJTM TIPoTpaMMa TOTBITAETCST TIOJYYNUTh OCTYI K 3anucy (1, 4) B BepxHeil TOJIOBUHE
TpeyronbHuKa? Bee 3aBUCHT OT 06CTOSATENHCTB: BB MOXKETE BEPHYTH 3HAYEHIE TT0 YMOJI-
YAHUFO, MTOMEHSITh MECTAMU CTPOKY U CTOJIGEIT U BEPHYTH MOJYIEHHOE 3HAUCHIE WU JKE
CTEeHEePHPOBATD UCKJIIOUEHIE.

MaccuBbl c pa3pbiBOM

BeSyCJIOBHO, TPEYTOJbHbBIE MaCCUBDI TTO3BOJIAIOT TPOTpaMMe CYIMIECTBEHHO 9KOHO-
MUTD TaMsTh. Ho ecyin BbI 3HaeTe, 4YTo 3arnmcei 6y11€T COBCEM MaJIO, 3TN PACXOJAbI MOKHO
COKpaTHTbGHR36OHC€3HaqHTeHbHO.

BepHeMcst Kk MaTpHIle CMEKHOCTEN ¢ aBuaiuHusMu, tae 1 B samuen [1, 51 060-
3HAYAET TOJIET MesKy ropojiamul 1 u j. [ToretoB Mosket ObiTh Beero 600, U coeAMHSAT
oun 6ymyT TospK0 200 ropomos. B Takom ciayuae B Maccuse u3 40 000 3amiceit okaxeT-
cs1 600 HeHyJIeBBIX 3HAUEHUIL. J[aske ecin T10JIeThl Gy/IyT CUMMETPUYHBIMU (Ha KK Iblii
TMOJIeT 3 1 B J Oy/ET PUXONTCS TOET M3 J B 1) ¥ BBI COXPAHUTE MX B TPEYTOIHHOM
MmaccuBe, u3 20 100 3ammceit HenyeBbIMEU OKaXKyTCs TOJIBKO 300. ITO 3HAYUT, UTO TTOY-
i 99 % MaccuBa He UCTIOIb3YEeTCsI.

Maccue ¢ pa3pvigom T03BOJSIET CAKOHOMUTH MPOCTPAHCTBO, TOCKOJIBKY He TPEeJI-
CTaBJISAET HEAOCTAIONIME 3aucy. Ecm mporpaMmMa HaXO[UT 2JIeMEHT B TAKOM MAaCCHUBE,
OHa BO3BpAIIaeT ero 3HAYEHNE; €CJIN AJIEMEHT OTCYTCTBYET, BO3BpAIaeTCs 3HAYEHNE TI0
YMOJIYaHUIO (B TIPUMEPE MATPUIIBI CMEKHOCTH 3TO 0).

Maccus ¢ pa3pbIBOM UCHOJIB3YeTCs AJISI CO3/[aHUS CBSI3HOTO CIIMCKA U3 CBSI3HBIX
CIUCKOB. B TakoM ciryyae HOBBIH CIIMCOK XpPaHUT UHGOPMAIUIO O CTPOKaxX. B HeMm kax-
TIBIH 9JIEMEHT YKA3BIBAET HA JPYTOIT CBSIZHBIH CIIMCOK, COMEPIKATITIN 3ATHUCH 13 CTOIOIOB
MaccHBa JIJIs1 9TOH CTPOKU.

BbI MOKeTe TOCTPOUTH MACCHB C PA3PBIBOM C IBYMsI KJIACCAMU sTUeek: ArrayRow
JLJTST TIPEJICTaBJIECHUS CAMOU CTPOKYU U Array Ent ry JIJIs IPeICTaBIeHUS ee 3HAYeHUH.
IlepBaiii k1ace OymerT XpaHUTh HOMeP sYEHKH, CChLIKY Ha ClAeAyoUii ArrayRow
¥ Ha MePBBIN ArrayEntry B aTol cTpoke. Huske mokasaHo pacmosiokeHue JaHHO-
TO KJacca.

ArrayRow:
Integer: RowNumber
ArrayRow: NextRow
ArrayEntry: RowSentinel

Kmacc ArrayEntry COAEPKUT KOJIMIECTBO CTOJIOIOB B 3alliucu, BHE 3aBUCUMOCTHN
OT 3Ha4Y€HU B MaCCHUBE, a TaKJK€ CChIIKY Ha 00beKT ArrayEnt ry B 9TOI crpoxke. Huxe
II0OKa3aHO pacloJoKeHne Kiaacca ArrayEntry, rae T — 100011 THIL JJAaHHBIX, KOTOPbIE
MOIYT COZEpKaTbCsI B MaCCUBE.

ArraykEntry:

Integer: ColumnNumber
T: Value
ArrayEntry: NextEntry
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Yrob6bl 66110 Jierde 106aBIATh U YAAIATh CTPOKH, UX CIHCOK MOXKET HAUMHATHCS
C OTPAHUYUTEJIS, KaK U CITUCOK 3HAYeHUI B KOHKPETHOH cTpoke. Ha pucynke 4.6 mokasan
MacCCHB C Pa3pblBOM, OTPAHUYMTENH 3aKPallleHbl CEPBIM 1IBETOM.

Ctpoka .
maccumBa >0
Y
CTtpoka > 3anucb > 3anucb > 3anuncb > 3anuncb
mMaccvsa maccusa mMaccuBa mMaccusa mMaccusa >
Y
Crtpoka 3anuck 3anucek
> > —»X
MaccuBa Maccusa MaccuBa
\
Ctpoka | 3anmch _| 3anuco _| Samvce
MaccuBa > maccuBa > maccuBa > vaccnsa [ PK
Y
Crtpoka .| S3anvch .| 3anuce
mMaccuvBa | wmaccuBa | maccuBa >
X

Puc. 4.6. [Ipimmep maccuBa ¢ pa3psIBOM

Xpanenue 00beKTOB ArrayRow B BO3pacTaloleM HopsiaKe RowNumber moMora-
€T OTIPE/IEJINTD, KOT/Ia 3HaYeHNe B MacCHUBe OTCYTCTBYeT. Hampumep, eciiv BbI uiiere
B CITMCKE KOHKPETHBII HOMEP CTPOKH U HaXOAUTe 0ObEKT ArrayRow, UMEIOIIiT HUK-
HUiT RowNumber, To 3HalTe, YTO UICKOMOTO HOMEPAa CTPOKK B MaccuBe HeT. [1o aToit ke
npuurHe 0ObeKThl Array Ent ry XpaHsaTcsa B BO3pacTalonieM mopsiike ColumnNumber.

CTouT OTMETUTH, YTO 0OBEKTHI ROWENL ry, PAaCIOIOKEHHbIE Ha pUCYHKE 4.6 110
OJIHOW BEPTUKAJIH, He 00SI3aTe/IbHO TIPECTABIISIIOT OHHU 1 Te JKe CTOJIObL. Tak, mepsblii
00beKT ROWENt ry B IIEPBOIi CTPOKE MOKET HaxoAuThes B crosbdie 100, a anasormdHbiit
eMy TI0 cueTy 0OBEeKT BO BTOPOI cTpoke — B cTosibIe 50.

Ha miepBblii B3 cxema Ha pUcyHKe 4.6 BBITJISUT HECKOJIBKO 3aITyTAHHOM, HO el
JIETKO TIO/IB30BaThes. UTOOBI HAlTH OTIpe/ie/ieHHOe 3HAYEHUE, OTBIIUTE HYKHYIO CTPO-
KY, CIIyCTUBIINCH CBEPXY BHU3, a 3aTeM KeJlaeMbIil cTosibell B Heil. Ecsiu Bam He yaet-
sl BBISIBUTD CTPOKY MJIM CTOJIOEI, 3HAYEHUs B MACCHUBE HET.

XoTs1 B MacCHBE € Pa3pbIBOM TIPUCYTCTBYIOT 0OBEKTH ArrayRow M OTpaHHYHTE-
JIV, He COfIePKaliie 3HAYeHIH, OH BCe PAaBHO sIBJIsieTCs Gosee 2(h(heKTUBHBIM, YeM TPEY-
TOJTbHBIH. B HanxyimeM ciydae kaxaast cTpoka 6yzer cofepkaTh ofHO 3Hadenue. Toraa
npu pasmepHocTi MaccuBa NxN sazeiicteyercst N + 1 00bekT0B ArrayRow u 2N 00b-
ekTOB ArrayEntry. Cpean HuX TObKO N O6yayT comepkaTh (hakTHUIECKUe BETUYH-
HBI, 2 OCTAJIbHBIE CTAHYT OTPAHIMYUTEJISIMU VTN TTOCJTY>KAT JJIs HABUTAIIMY TI0 MACCUBY.
B o6muieM cirydae 10sist 00beKTOB €O 3HaueHussMu okazkercss N/(N + 1+ 2N) = N/(3N +
1) wim npubausurensro 1/3. CpaBHUTE 9TO ¢ ONMUCAHHBIM PaHee TPEYrOJIbHBIM MaCCH-
BOM, KOTOPBIH OBLI IycT mouTh Ha 99 %.
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B cayyae co cTpyKTypoii TaHHBIX, TOKA3aHHOI HA PUCYHKe 4.6, BaM Bce ke OHAI0-
GUTCS HATIMCATH AJITOPUTMBI, YTOOBI OCYIIECTBUTD TPHU THIIA OTIEPAIIHI.

1. TloryunTh 3HAUEHNE B CTPOKE U CTOJIOIE UM BEPHYTH 3HAUEHHE TI0 YMOJTYAHUIO,
€CJIN TAKOBBIX HET.

2. YcraHoBUTH 3HAYEHUE JIJISE CTPOKU U CTOJIONA.
3. Ypanurh 3HaueHue B CTPOKE U CTOJIOIIE.

4. CocTaBUTD 9TU AJITOPUTMbI 6yaeT HEMHOTO JIerde, €CJIi CHavdaJia OIIpeaeJIMTb Me-
TOIDI JIJIA HaXOKAECHUSA HYKHBIX CTPOKU U CTOJI6]_Ia.

HaxoXxpaeHue CTpoKu u cTonoua

Yro0bl OTHICKATh 3HAUEHKE YA00HO UCIIOAb30BaTh MeTo FindRowBefore. On
niier 00beKT ArrayRow neped MecToM, Tie JoJKHA ObITh 1ejieBas cTpoka. Eciu ee
B MacCUBE HET, BO3BPallaeTcs ArrayRoOw IIepe/l TeM MECTOM, IJie OHA MOrJia Obl ObITb.

ArrayRow: FindRowBefore(Integer: row, ArrayRow: array_row_sentinel)
ArrayRow: array_row array_row_sentinel
While (array_row.NextRow != null) And
(array_row.NextRow.RowNumber < row)
array_row = arrayRow.NextRow
End While
Return array_row
End FindRowBefore

ITOT aJITOPUTM TIPUPABHUBAET MMEPEMEHHYIO array_row K OTPAaHUIUTENIO CTPO-
K1 MaCCUBQ, 3aTEM IIPOJIBUTAET €€ K CJAEAYIOIEMY O6"I>€KTy array_row B CIIMCKe, II0Ka
TOT He cTaHeT paBeH null nian RowNumber CIeayIoiero oObeKTa He 6y1:LeT KaK MUHH-
MYM TaKUM ke, KaK YUCJIO 11eJIeBOI CTPOKHU.

Cutyanms, Koraa caeayomuii 00beKT paBHsercss null, TOBOPUT O TOM, 4TO TPO-
rpaMMa IIPOCMOTpPEIa BeCh CIIMCOK CTPOK M He Halllaa HyKHOii. Eciu Obl Takas cTpoka
ObLIa, OHA PACIIOJIaraach Obl IOCJIE TEKYIIET0 OOBbEKTa array_ rOw.

AJITOPUTM HaJIeT [eJIEBYIO CTPOKY MPY YCIOBHUHU, UTO 3HAUEHUE CIIEAYIONIETO 00b-
ekTa RowNumber paBHO eil. Eciiu oHO OoJibllle, 3HAUUT, TAKOW CTPOKU B MACCUBE HET.
B cityuae npucyTcTBUSI OHA pa3Meniaiach Obl 3a TEKYIIUM OOBEKTOM array_row.

[Tomo6HBIM 06pa3OM MOJKHO ONIPEAETUTh MeTO/ FindColumnBe fore JJist HaX0xK-
neHus o0beKTa ArrayEnt ry mepeil MECTOM, T/Ie OJKEeH ObITh IIeIeBOM cTos1bel. 31ech
B KaueCTBe TapaMeTPOB BBICTYIIAIOT YUCJIO I[EJIEBOTO CTOJIONA 1 OTPAHUYUTEND CTPOKH,
B KOTOPOM HY?KHO 9TO YUCJIO UCKATb.

FindColumnBefore (Integer: column, ArrayEntry: row_sentinel)
ArrayEntry: array_entry = row_sentinel
While (array_entry.NextEntry != null) And
(array_entry.NextEntry.ColumnNumber < column))
array_entry = array_entry.NextEntry;
Return array_entry
End FindColumnBefore

Eciu 8 maccuse naxoaurcs N 00bekTOB ArrayRow, TO BpeMsi paboThl MeTo/a
FindRowBefore cocraButr O(N). [Ipu ycinoBuu uto cTpoka coiepskutT M s71eMeHTOB,
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HanGoJIee OTIIMYHBIX OT 3aJ[aHHBIX [0 YMOJYAHWIO, BpeMsi MeTo/a FindColumnBefore
okaxkercst paBubiM O(M). Bosiee Tounast ahheKTUBHOCTb METO/IOB PACCUUTHIBAETCS
MCXOJISI M3 KOJIMYECTBA M PacTIpe/ie/IeHIs 3HAYeHN I B MACCHBE, OTINYHBIX OT 3aJaHHBIX
IO YMOJTYaHHIO.

Mony4yeHune 3Ha4yeHns

[Tonyuuts 3HaueHWe U3 MaccuBa MOMOTYT MeTo/Abl FindRowBefore
1 FindColumnBefore.

GetValue (Integer: row, Integer: column)
// HaxomuM CTPOKY .
ArrayRow: array_row = FindRowBefore (row)
array_row = array_row.NextRow
If (array_row == null) Return default
If (array_row.RowNumber > row) Return default

// HaxomuMm cToibel] B IIeJIeBO CTPOKEe.
ArrayEntry: array_entry =
FindColumnBefore (column, array_row.RowSentinel)
array_entry = array_entry.NextEntry
If (array_entry == null) Return default
If (array_entry.ColumnNumber > column) Return default
Return array_entry.Value
End GetValue

ITOT AITOPUTM UCIOTBh3yeT FindRowBefore, 4T0OBI YCTaHOBUTb array_row Ha
CTPOKY TI€peT TIeIEBOIT. 3aTeM OH IPO/IBUTAET array_entry K CIeayIoneMy CTOI0ILy,
BO3MOJKHO, K 1lesieBoMy. Eciin array_entry paBer null su6o cChlIaeTCs HA HEmpa-
BUJIbHYIO KOJIOHKY, MeTOJl GetValue BO3BpallaeT 3HaYeHe MaCcCUBa 110 YMOJIYaHUIO.
B cityyae korga anroputM 10Xo[AUT 10 CTPOKH, OH 06Hapy>KI/IBaeT [IPaBUJIbHBIN 06BeKT
ArrayEntry ¥ Bo3BpallaeT 3HaueHHe 0ObeKTa.

B mpuBenienHOM KO/Ie BBI3BIBAIOTCS MeTO/Ibl FindRowBeforen FindColumnBefore.
Ecau B maccue N cTpok ¢ M 3HaueHUSMHU, OTJUYHBIMU OT 33/JJaHHBIX 110 YMOJYAHUIO,
TO 00111€ee BpeMst paboThl MeToga GetValue cocrasur O(N + M). D10 HaMHOTrO 60JIb-
nre Bpemern O(1), Kotopoe TpebyeTcst sk MOMyYeHIs 3HAYeHUS 13 00BIYHOTO MaCCH-
B2, OTHAKO MACCUB C Pa3PBIBOM MCIIOJIb3YET TOPA3/I0 MEHBINE MECTA.

YcTaHOBKa 3Ha4YeHus

YcranoBka 3HaueHUS HOlIO6Ha HAaXOKACHNIO, 3a UCKJIIIOYCHNUEM TOTO, YTO aJITOPUTM
DOJIZKEH BCTaBUTHb HOBYIO CTPOKY HJIN CTOJI6€LI B MaCCHUB, €CJIN 9TO H€O6XOIII/IMO.

SetValue (Integer: row, Integer: column, T: value)
// Ecnm pobaBisieMOe 3HadeHMe SIBJIISeTCsl 3HadeHMeM 10 YMOJIYaHMI,
// MBl HEe yCTaHaBIMBaeM ero, a yhalseM.

If (value == default)
DeleteEntry (row, column)
Return

End If

// HaxomuM CTPOKY Ilepen 1eJIeBOM CTPOKOM.
ArrayRow: array_row = FindRowBefore (row)
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// ECnu 1I1eJIeBOM CTPOKM HeT, nobaBisgeM ee.
If (array_row.NextRow == null) Or (array_row.NextRow.RowNumber > row)
ArrayRow: new_row
new_row.NextRow = array_row.NextRow
array_row.NextRow = new_row

ArrayEntry: sentinel_entry
new_row.RowSentinel = sentinel_entry
sentinel_entry.NextEntry = null

End If

// TlepexonuM K 1leJIeBOM CTpPOKe.
array_row = array_row.NextRow

// Haxomwum cTojbell mepen IeJIeBEM CTOIOIIOM.
ArrayEntry: array_entry =
FindColumnBefore (column, array_row.RowSentinel)

// Ecnu 1eneBoro cTojblila HeT, mnobaBiseM ero.
If (array_entry.NextEntry == null) Or
(array_entry.NextEntry.ColumnNumber > column)
ArrayEntry: new_entry
new_entry.NextEntry = array_entry.NextEntry
array_entry.NextEntry = new_entry
End If

// llepexonyM K l€JIeBOMy 3JIEMEHTY .
array_entry = array_entry.NextEntry

// YcTaHaBnvBaeM 3HadYeHue.
array_entry.Value = value
End SetValue

[TepBBIM Ee7TOM ATOPUTM TIPOBEPSIET 3HAUECHIIE, KOTOPOE YCTaHABJIUBAETCS B MAaCCH-
Be. Ecii 0HO 3371aH0 10 yMOTYaHUTO, TO YAAISETCS N3 MACCUBA, yTOOBI MUHUMU3UPOBATD
€ro pa3mep (C 3TOM LIEJIbIO BhI3bIBAETCS MeTO/I Del et eEnt ry, OIIMCAHHbBIN B nmojpasjesie
«Y nanenue 3HaueHUI» TEKYIIEro pasaeﬂa), M KOJI IIpeKpaliaer pa60Ty.

Ecam HOBOE 3HaUeHMe He SBJSeTCsT 3HAYeHNEM 110 YMOJTUYAHUI0, aJITOPUTM o6paLua—
ercs K Metolly FindRowBefore, uToObl HallTH CTPOKY 1iepe] 1ejaesoi. Eciu cTrpoxa,
pa3MeliieHHas 3a TOU, YTO BO3BpalllaeTcs ¢ IIOMOIILbIO FindRowBefore, He IBJsIeTCS
1[eJIeBOM, 3HAYUT, AJITOPUTM JIOCTUT KOHIIA CITUCKA 6o cJielyromiast CTpoka uJeT 3a le-
JeBoii. B o6oux CJIy4asix aJIrTOPUTM 7106aBJIseT HOBBII 0OBEKT ArrayRow MEXKIY IIpe-
BIIYIIEH U cIIeyIolieil 32 HUM CTPOKaMHU.

OrnucanHblii Ipotlecc MoKa3aH Ha pucyHke 4.7. B cricke cieBa 1iesieBasi CTpoKa OT-
CYTCTBYET, OHa 0O03HAYEHA MYHKTHUPHBIM OBAJTIOM.

YT06bI BCTAaBUTH O0BEKT AT Tray ROW, JITOPUTM CO3/IAET HOBBII 00EKT U YCTaHABJIN-
BAeT ero CChIKY NextRow Ha 3HaUeHUe array_row o0bekra Next Row, a 3aTeM Ipu-
cBauBaeT HOBOMY OObEKTY HOBBIN OrpaHUUYUTENb CTPOKU. Kora crincok cchopMupoBa,
OH BBITJISITAT MOI0OHO MPaBoii YacTu pUCYHKa 4.7, r/ie ceblika Next Row YKa3bIBaeT Ha
HOBBIIT OOBEKT.

[Tocse TOTO KaK aITOPUTM HAXOUT 11€JIEBYIO CTPOKY MJIN CO3/IaeT €€, OH BbI3BIBACT
MeToz FindColumnBefore, uToObl OTBICKATh OOBEKT ArrayEntry, KOTOPBIH TIpe/I-
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cTaBJisteT 1esieBoii crosbel. Eciu Takoro oObekTa He CyIIeCTBYET, allOPUTM CO3/aeT
€ro ¥ BCTaBJISAET B CBA3HBIN CIUCOK 00beKTa ArrayEntry aHaJOTMYHO TOMY, KaK [0~
GaBisin ArrayRow. HakoHell, airoputm mepemMeniaer mepeMeHHylo array_entry
B ArrayEntry, COOTBETCTBYIOIIYIO CTPOKE, M YCTAHABJIWBAET €€ 3HAUCHUE.

Ctpoka Ctpoka
Maccusa MaccuBa
\ 4
array_row array_row
Sao g new_row
; v’j_)
Ctpoka Ctpoka
MaccuBa MaccuBa

X

Puc. 4.7. BcraBka HOBOI CTPOKHM B MacCUBE C Pa3PBIBOM
IIPU OTCYTCTBUU 1€JIEBOIT CTPOKU

AsroputM SetValue MokKeT 00paTUThCs K aIrOPUTMY DeleteEntry, omucaH-
HOMY B MTOfIpasjiesie <Y ajeHne 3HaueHUsT» TEKYIIero pasziesa, a TOT B CBOIO oYepe/b —
K MeToaM FindRowBefore n FindColumnBefore. Ecam ke anroputm SetValue He
BBI3bIBaET DeleteEntry, Metonbl FindRowBefore m FindColumnBefore mnpamo
WJTF KOCBEHHO ¢PabaThIBAIOT BCE PABHO.

[Tpennonoxum, maccuB umeeT N ¢Tpok ¢ M 3HaYeHUSIMU, OTJIUYHBIMU OT 3a-
JAHHBIX 110 yMoJ4anuio. B takoMm ciyuyae ¢ ydyeTroM MeTon0B FindRowBefore
1 FindColumnBefore BpeMs paboThl ajaroput™a SetValue cocraBut O(N + M).

YpaneHue 3HayeHusd

AHFOpHTNIyﬂaHeHHHSHaquHHpa6OTa€rHOTOMyJKerHHHHHy,KOTOpbﬁiHCHOHB-
3YeTCd [JIA ero 1noJiydeHna nian yCTaHOBKU.
DeleteEntry (Integer: row, Integer column)
// HaxomuMm CTPOKY IIepen IIeJIeBOM CTPOKOM.

ArrayRow: array_row = FindRowBefore (row)

// BEcnu 1eJeBOil CTPOKM HeT, HaM He HYXHO HUYErOo YHaJIsaTh.

If (array_row.NextRow == null) Or
(array_row.NextRow.RowNumber > row)
Return
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// HaxomuMm BIIeMeHT Iepel IIeJIeBHM CTOJIOIIOM B CIenyolel CTpOoKe.
ArrayRow: target_row = array_row.NextRow
ArrayEntry: array_entry =

FindColumnBefore (column, target_row.RowSentinel)

// ECnmu 11eJIeBOTO DJIeMeHTa HeT, HaM He HYXHO HUYero yHalsaThb.
If (array_entry.NextRow == null) Or
(array_entry.NextRow.ColumnNumber > column)
Return

// VoansieM LiejeBoy cToibeir.
array_entry.NextColumn = array_entry.NextColumn.NextColumn

// ECnu B II€JI€BOM CTPOKE OCTalIUCh CTOJIOIE, MB 3aKOHYWIIN.
If (target_row.RowSentinel.NextColumn != null) Return

// VioansgeMm IIyCcTyo 1IeJIeBYI0 CTPOKY .
array_row.NextRow = array_row.NextRow.NextRow
End DeleteEntry

[IpuBeeHHBIN aITOPUTM BbI3bIBAET FindRowBe fore, uTOOBI HAITH CTPOKY Mepes
nesieBoit. Eciiv TakoBoIi He CyliecTBYyeT, alTOpUTMY He Ha/lo HUYEro yAJIATh, I09TOMY
OH OCTAHABJINBAETCS. 3aTEM aJTOPUTM BBI3bIBaeT FindColumnBefore, 4ToOBI HAUTH
cTostbelr mepejl 1eJIeBbIM B HY/KHOI cTpoke. Ecii TakKOBOTrO He CyIIeCTBYET, 3HAUMNT,
CHOBA HUYETO YAAJISTh He TPeOYeTC st U KOJ| IpeKpariaet padoTy.

[Torom alropuT™ HaXoAUT 0GBEKT Array Ent ry Mepe/ MeJeBoH 3aiChio B CBA3HOM
CIIMCKeE 3aIIiceli CTPOKU U YIAJISIET 11eJIeBYIO0 3allUCh, IIEPeHAlIPaBUB CChIIIKY NextColumn
C TIPeABIYIIeil 3alMCH Ha TY, YTO UJET TT0CIe I[eTeBOI.

W3snoxxenHas Boliie Mpolieypa nokasana Ha pucyHke 4.8. Bepxuuii crimcok siBisieTcs
HCXOJIHBIM, a IlepeMeHHas array_entry OTHOCUTCS K 3alIUCH, CTOSIIIEH Iiepe/l 1eJIeBOi.
YTo6b! yAATUTD TETEBYIO 3aTHCh, AJITOPUTM JIETAET TaK, YTOOBI cChlka NextColumn
yKa3bIBaJsla Ha CJEYIONIYIO 3aIHCh.

Ctpoka 3anuchk 3anucb
maccmBa > maccusa >| array_entry > target_entry > maccuea >
Ctpoka _ | 3amuce = _| Sammce
maccusa | maccuea > array_entry w target_entry >| Mmaccusa —>

Puc. 4.8. Y nanenue 11esieBoii 3a1cu B MacCUBe ¢ Pa3pbiBOM

AJITOpUTM He MeHSIeT CChLIKY TleJieBol 3arucu Next Column — OHa BCe elle OTHO-
cuTcs K caepyionieit 3anuc. Ho mocKoJIbKy CChIIKU Ha 11eJIEBYIO 3alich GOJIbIle HET,
JUUI4 TIPOTPAMMBI OHA TIOTEPSIHA.

ITocne Toro xak rporpamMma yauia LHeseByIo 3alliCh U3 CBA3HOIO CIIUCKA CTPOKY,
OHA IIPOBEPSIET OTPAHUYUTENb CTPOKU ArrayRow. Eciu ceblika 06bekTa Next Column He
null, CTPOKA BCE elIe COAEPIKUT APYTHE 3ATUCH CTOJIOIOB, IOITOMY aJITOPUTM OCTAHABJIU-
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Baetcst. Eciiv B 11es1eBoii cTpoke 6oJibliie HeT 3anuceid, aJirOPUTM YIAJIseT ee U3 CBAZHOTO
CIIUCKa 0OBEKTOB ArrayRow TOf06HO TOMY, KaK OH JIeJIall 9TO JJIsT 1IeJIEBOTO CTONIOIA.

~=_ 3AMEYAHUE

' Kak TOnbKO anroputm yaanun CTPoky nnm ctonbew, HyXHO 0CBOOOAUTb COOTBET-
et CTBYIOLLMI yHacTOK NamsaT. KonnyecTBo CoOBEPLUAEMBIX A1 3TOrO AEACTBMIA 3aBUCUT
OT UCMONBb3YEMOr O A3blka MPOrpamMMMpoBaHust. Hanpumep, nporpaMmma, HanmcaHHast
Ha C++, LOMKHA 9BHO BbI3biBaTbh GYHKUMIO free ang yananeHHoro o6bekTa, 4toobl
caenaTb NamMaTb MPUrOAHOM K MICMOb30BaHMIO. Y OPYrvX i3bIKOB MPOrpaMMNUPOBaHAS
nHoi noaxoa. Hanpumep, B C# 1 Visual Basic npumeHsieTcs metog c6opku Mycopa.
MosTomy B cneayoLLmii pas, koraa yoopLUMK Mycopa 3anyCTUTCS, OH aBTOMATUYECKN
yoanuT nobble 06bEKTHI, K KOTOPLIM Nporpamma 60sbLLe HE UMEET 0CTyra.

Anroput™m DeleteEntry BbidbiBaeT FindRowBefore n FindColumnBefore.
Ecnu B maccuBe umeercst N cTpok ¢ M 3HAaUEHUSIMU, OTJIMYHBIMU OT 33/ITAHHBIX 110 YMOJI-
yaHuto, ob1Iee BpeMst paboThl MeTozia DeleteEntry coctaButr O(N + M).

MaTtpuubl

MaccuBbl HIMPOKO IPUMEHSIOTC [ TIPE/ICTABJICHUS MATPHUIL U BBITIOJTHEHUS C HUMU
pasnuyHOro poja onepanuit. Hampumep, 94To6bI CIOKUTE ABE MATPUILBI 3x3, HYKHO
CJIOKUTH COOTBETCTBYIOTIHE 3amicy. Huzke npeicTaBiieH aJiropuTM, IEMOHCTPUPYIOTITUT
ATy OIEPAIHIO JIJIS IBYX BYMEPHBIX MAaCCUBOB.

==_ 3AMEYAHMUE

' Ecnun Bbl HE 3HAKOMbI C MaTpuuamMm 1 onepaungamm Hag HUMKM, Bbl MOXKeTe Npo4vun-
= arb cratbio «Matpuua (matematuka)» Ha ru.wikipedia.org/wiki/Marpuua_(maremaruka).

AddArrays (Integer: arrayl[], Integer: array2[], Integer: result[])
For 1 = 0 To <MakCuUMaJIbHHIM Mpenes s pa3MepHOCTu 1>
For j = 0 To <MakCUMaJIbHHYV Tpenes s pa3MepHOCTU 2>
result[i, j] = arrayll[i, j] + array2[i, Jjl
Next 1
Next 1

End AddArrays

Coieny onuii aJIrOpUT™ TIOKA3BIBAET YMHOKEHNE JIBYX OOBIUHBIX IBYMEPHBIX MATPUIL

MultiplyArrays (Integer: arrayl[], Integer: array2[], Integer: result[])
For 1 = 0 To <MakCuMaJbHBEM [Ipenes OIS pPa3MepHOCTr 1>
For j = 0 To <MakCUMaJIBbHHM Tpenesn s pa3MepHOCTU 2>
// BeumcnsieMm pesynbTaTr [i, Jjl.
result[i, j] = 0
For k = 0 To <MakCuMaIbHHEYM Ipenei s pa3MepHOCTU 2>
result[i, j] = result[i, j] + arrayl[i, k] *

array2 [k, Jj]
Next k
Next j
Next i
End MultiplyArrays
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ITH AITOPUTMBI PabOTAIOT € TPEYTOJIBHBIMU MACCUBAMHU M MACCUBAMU C PA3PbIBOM,
OIHAKO OHU Hea(PHEKTUBHBI, TTOCKOJIBKY MPOBEPSIOT KAKIbINA 9JIEMEHT B 000MX BXOJI-
HBIX MACCHBAX, JIaKe ecJiu TaM 3anuceil Het. Hanpumep, B TpeyrosbHOM MacCUBe OTCYT-
CTBYIOT BCe 3HaueHus [i, J],rzme j > i, MO3TOMY MTPH CJAOKEHUN UM YMHOKEHUH Ta-
KHX 3aMUCeil Hy’KHO YIUTHIBATH HEKOTOPBIE 0cOOeHHOCTH. EC/IHM MPEANoNIoKITh, 4TO He-
nocrarotiye sarucu cogiepskar 0, ux mpubasJjieHUe UM YMHOKEHUE HE BJIMSIET HA PE3YJIb-
taT. Korja 3amucu umerot pyroe 3Ha4eHUeE 10 YMOJYAHUIO, PE3YJIbTATOM TeX JKe oTepa-
1Ml GyzIeT yske He TPeyroNbHbIN MaccuB. Tora BaM MOKeT OTpebOBaThCS TIOJIHOE CJI0-
JKEHUe NI YMHOKEHNE MAaCCUBOB.

BMecTo TOro 4ToObI paccMaTpuBaTh KadkK/Aylo 3alliCh, aJITOPUTM JOJIKEH YIEJUTh
BHUMAaHUeE TOJIbKO TEM 3aIUCSIM, KOTOPBIE JIECTBUTEJIBHO CYIIECTBYIOT. B ciryuae ¢ Tpe-
YTOJIbHBIMHU MaCCHBAMU ATO HE OYEHb CJIOKHO. VIX cI0KeHre U YMHOKEHHS PacCMaTPU-
Baetrcd B ynpaxHeHusx 12 u 13 coorBercTBeHHO. Ecii BBI He cMOkeTe ¢ HUMU CTIpa-
BUTBCS, TIOUIIUTE OTBET B IIpUIOKeHun b.

CI/ITyaHI/IH OCJIOJKHAETCA, KOT/[a PeYb 3aXO/IUT O MaCCHMBaX C Pa3pbIBOM, XOT:A T10-
TEHIIMaJIbHasA 9KOHOMUA BPEMEHU ITPU 9TOM NUMEET 60JIbllIee 3HAYCHHE. HaHpI/IMep, 1pu
CJIOKEHUU [IBYX TaKUX MaTpUIl HET HeO6XOI[I/IMOCTI/I IIPOBOAUTDb UTEPAILIHIO II0 CTPOKaM
n CTOJI6H3_M, KOTOPbIE HE CYIIIECTBYIOT B obonx BXO/IHBIX MaCCHBax. CJIelIyIOH.H/Iﬁ aJiro-
PUTM BBICOKOT'O YPOBHS CKJIQ/[BIBACT IBE MATPUIIBI C Pa3PbIBOM.

AddArrays (SparseArray: arrayll[], SparseArray: array2l[],
SparseArray: result[])
// YcTaHaBIMBaeM yKazaTenu Ha CIUCKM CTPOK B MaTpullax.
ArrayRow: arrayl_row = arrayl.Sentinel.NextRow
ArrayRow: array2_row = array2.Sentinel.NextRow
ArrayRow: result_row = result.Sentinel
// HOBTOpHeM ,HeIZCTBMSI, IIOKa B O6eMX BXOOHBIX CTPOKAX MMEKTCsS DJIEMEHTH .
While (arrayl_row != null) And (array2_row != null)
If (arrayl_row.RowNumber < array2_row.RowNumber) Then
// KommuecTBO CTPOK B arrayl_row MeHble. KommpyeMm 3HadeHVe.
<KommpyeM CTPOKY arrayl_row B pe3ynbTarT.>
arrayl_row = arrayl_row.NextRow
Else If (array2_row.RowNumber < arrayl_row.RowNumber) Then
// KommaecTBO CTPOK B array2_row MeHble. KommpyeMm 3HadeHVe.
<KonmpyeM CTPOKY array2_row B pes3yibTarT.>
array2_row = array2_row.NextRow

Else
// Konmmd4ecTBO CTPOK B O0eux MaTpullax OOUHAKOBOE.
// CkiuameiBaeM 3Ha4YeHUs U3 oberx MaTpull.
<JobaBnsgeM 3HadeHus M3 arrayl_row and array2_row
B pes3ynbTaT. >
arrayl_row = arrayl_row.NextRow
array2_row = array2_row.NextRow
End If
End While
// KommpyeM BCe OCTaBlIMeCs DJIEMEHTH BXOIHEIX MaTpUII.
If (arrayl_row != null) Then
<KommpyeMm oCTaBuMecsi CTPOKM arrayl_row’s B pes3ynbTarT.>
End If
If (array2_row != null) Then
<KommpyeM OCTaBIMEeCss CTPOKM array2_row’s B pes3ynbTarT.>
End If

End AddArrays
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[Tono6HBIM 06PA30M MOYKHO HAMUCATDH U AJITOPUTM YMHOMKEHUST JIBYX MATPHIL C Pas-
PBIBOM, HE YUUTBIBAsI BCE HEJIOCTAIOIIUE CTPOKH 1 CTOJIGIIBL. ITO 3a/IaHIE PACCMATPHBAETCSI
B ynpaskaernu 15. Eciiu Bl He cripaBuTech ¢ HIM, TO MOJKETE HAMTH OTBET B IPHJIOXKeH!H b.

MATPULbI C PASPbIBOM, OTCOPTUPOBAHHBIE MO CTOJIBLLAM

V B HekoTopbIX anropMtMax yaobHee nosyymTb AOCTYN K 3an1csiM B MaTpuLEe C paspbl-

BOM M0 cTonbuam, a He o cTpokam. Hanpumep, npy yMHOXEHWM ABYX TPEXMEPHbIX

MaTpuL, Bbl yMHOXaeTe 3anunciy B CTPOKax NepBoi MaTpuLbl Ha 3anMcK B CTONOLLAaxX

BTOpoOW. YT06bI YyNpOCTUTL 3Ty Npouenypy, MOXHO NPUMEHSATb CBSA3HbLIE CMUCKN

ON1st npeacTaBneHns cTonbuoB BMECTO CTPOK. ECnn BaM HYXHO NONy4mTb 4OCTYN

K MaTpuLe C paspbiBOM B NOpsiaKe CTPOK 1 CTONOLLOB, BOCMOJIb3yTECH 060MMMU
npeacTaBneHUsaIMU.

Pe3iome

OO6bIuHbIE MACCUBBI UHTYUTUBHO MOHSITHBI M JIETKH B UCIIOJIb30BAHNH, OJIHAKO B He-
KOTOPBIX CJIYYasIX POTITE PabOTATH C MACCUBOM, UMEIOTITM HEHYJIEBbIE HIKHITE TPEIENBI.
[l 3TOTO TOMONIYT METO/IbI, ONMCAHHBIE B OTHONMEHHOM pasjiesie TeKYIel TIaBbl.
BriBaer u tak, 4To 06BIYHBIE MACCHBBI OKa3biBaioTCs HeaddbekTuHbiMU. Hamprmep, ecim
3alMCU TPUCYTCTBYIOT TOJILKO B HUKHEN MTOJIOBUHE, JIyYIlle UCIIOIb30BATh TPEYTOJbHBIN
MAaCCHB, YTOOBI COKOHOMUTD IPUOIUZUTENHHO TIOJIOBUHY PACXOYEMOH TTaMSITH, 2 KOT/[A
3amcell ere MeHbiie — 0OPATUTHCS K MACCHBAM € pa3phiBoM. Komeuro, MaccuBeI ¢ He-
HYJIEBBIMY HYKHIMU TIPEIEIaMHU, TPEYTOJbHBIE H C PA3PhIBOM CJIOJKHEE OOBIKHOBEHHBIX,
KOTOpBIe TPUBBIYHBI /IJIsI MHOXKECTBA SI3BIKOB IIPOTpaMMHUpoBaHust. OTHAKO B HEKOTOPBIX
caydasx oHu 6oJiee YIOOHDI M TO3BOJISIOT 9KOHOMUTH TIAMSTh.

Erte oftira BaskHast 0COGEHHOCTH MACCHBOB 3aKTIOYAETCST B TOM, YTO OHU TIPETOCTAB-
JISTIOT IOCTYTI K JII060MY 3s1eMeHTY. MOKHO TIOJIYYUTh WTH T0OaBUTH JIIOGYIO 3aTTHCh, CITH
u3BecTeH ee MHEKC. B ciepyroleli riiaBe peyb MOM/ET 0 IBYX BU/IaX KOHTEHHEPOB: CTeKax
u ouepessix. [1o106HO0 MacCHBaM 3TH CTPYKTYPbI JAHHBIX COZIEPKAT HAGOPBI JIEMEHTOB,
HO METO/IbI UX BCTABKU U YJlaJICHUA BeCbMa OTPAHNYECHBI.

YnpaxHeHus

SBBSHO'-IKOP'I 0603HaYEHBI 3a/laun IMOBBINIEHHON CJI0KHOCTH.

1. Hanwmmmre aJiroput™ pacyera BIOOPOUHOI AUCTIEPCHH JIJIST OJHOMEPHOTO MACCH-
Ba, coziepskaiiero N aj1eMeHTOB, KOTOPasi OIIPeIesIsSieTCsI Ce/IyIOINM YPaBHEHUEM:

1N—1
= — _7)2
s N;(xf P,

rjie X — Cpe[Hssd BeJTMYWHA 3HAUCHUN B MaccuBe, a £ — CyMMa BCeX 3HAYeHUI
x, mngior 0 mo N — 1.

2. CospaiiTe aJITOPUTM pacyeTa CTAHIAPTHOTO OTKJIIOHEHHST BRIOOPKH JIJISI O[HOMEPHO-
IO MAaCCHBA YUCEJ, KOTOPOE OIIpe/IeJiTeTCs KaK KBaJ[PATHbIN KOPEHb 13 IUCTIEPCUN.
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3. PaspabotaiiTe aJropuT™ A/ HAXOKIEHUS MEIUAHBI OTCOPTUPOBAHHOIO OLHO-
MEPHOT0 MaccuBa (IIPOBEPHTE, C KAKUM KOJNYECTBOM 2JIEMEHTOB BaM IIPUXOJAUTCS
VMMETb JIeJIO — C YETHBIM WJIM HEYETHBIM ).

4. B nogpasnene «Y nanenue asieMeHTOBy pasziesia «OHOMEPHbIEC MACCUBBI» TEKY-
1iell riaBbl OBbLIO OIKMCAHO, KaK YAAJISATh dJeMeHT M3 JUHeiHoro Maccusa. Ha-
MTUTITATE COOTBETCTBYIOTIUM TICEB/IOKO/I.

5. TpeyroJibHbie MACCUBBI MHOT/IA HA3BIBAIOTCST HUKHUMU TPEYTOJBHBIMIU, TOCKOJIb-
Ky BCe 3HAUEHWsI XPAHSITCS B HIZKHEN JieBOH moJioBuHe. [TonpobyiiTe moIyduTh
BEPXHUI TPEYTOJbHBIN MACCUB CO 3HAYEHUSAMU B BEPXHEM ITPABOM YTJIy.

6. IlomprTaiiTech N3 HIKHETO TPEYTOJIbHOTO MaCCHBa CO31aTh BerHHﬁ, B KOTOPOM
3amucu OyIyT XpaHUTCSI B BEpXHEH JieBoi rostoBrHe. Kakasi CBsI3b MEK/LY CTPOKOIL
1 CTOJIBIIOM JIJIS KaK/IOTO BJIEMEHTA TAKOTO MacCHBa?

7. 1lpenmnosnoxum, 4TO BaM HY>KHO ITPOBECTH INATOHAJb B IPSIMOYTOJTBHOM (He KBa-
JIpaTHOM ) MAacCHBe M3 JIEBOTO BEPXHEro yrJja B MpaBblil HUKHUN. Hamummure
AJITOPUTM, KOTOPBIN IPUPABHUBAET 3aTTUCU BJIOJIb IUATOHAJIA WJIH TI0]] Hell K 1,
a HaJl 1uaroHaspio K 0.

8. JIlmaroHajb B MPSMOYTOJBbHOM MaCCHBE HAUMHAETCS C TIPABOTO BEPXHETO U UIIET
K JIEBOMY HIZKHEMY. PazpaboTaliTe ajrOpUTM™, IPUCBAMBAIOIIIIT 3aTHCSIM BIIOJTb
[UaroHaa uian Hax Hell 1, a mox quaroHasnnbio 0.

9. HamumwuTe AJITOPUTM, T/I€ 3HAYECHME KasK0I'0 9JIEMEHTA IIPAMOYTOJbHOI'O MaCCH-
Ba — 9TO paCCTOAHUE 10 OumsKainIero Kpad MacCHuBa.

*

10". ITpeobpasyiiTe METO IIOCTPOEHHUS TPEYTOJIbHBIX MACCUBOB JIJISI TPEXMEPHBIX Ye-
ThIpeXIpaHHbIX, cogepkamux 3anucu value[i, j, kl,rmej < iumk < j.

Kax 651 BbI yCOBEPIIEHCTBOBAIN 3TOT METOJ JITIsT e11le GOJTBIITNX Pa3MePHOCTEN?
11. Kax co3naTh TpeyroyibHbII MaCCUB C Pa3pPbIBOM?
12. Hamwimure ajqropuT™ JIJISE CIIOKEHUS IBYX TPEYTOJIBHBIX MACCUBOB.
13. PazpabotaiiTe aJropuT™ JIJIsl yMHOXKEHUST [IBYX TPEYTOJIHbHBIX MACCHBOB.

14. 1IpuBeseHHBIN aITOPUTM CJIOKEHUS IBYX MATPHIL C Pa3PBIBOM SIBJISIETCST BBICOKO-
ypoBHeBbIM. JlomnuinnTte He0OXOAUMbIE KOMAH/IbI BMECTO WHCTPYKIIUN BHYTPH
yraoBeix ckoOoK. (TTogckaska: /JIs1 KOMUPOBAHUS 3aMUCEH U3 OHOTO CIHCKA
B IPYTO#l MOXKHO c03/1aTh MeTo/l CopyEntries, a /yii KOMOMHUPOBAHUS 3aTU-
ceil B IByX CTPOKax C OJJMHAKOBLIM HOMepPOM — MeTo/ AddEntries.)

15. Hamuiure BBICOKOYPOBHEBBIN aJITOPUTM JIJisI YMHOXKEHUsI IBYX MATPHIL C Pa3-
PBIBOM, KOTOPBIE UMEIOT 3HaUeHUe 110 yMOTYaHuIo, paBHoe (.



Maeab
CTEKU N OMEPEOMU

Creku 1 ouepesit — OTHOCUTENBHO MPOCTBIE CTPYKTYPBI IAHHBIX, KOTOPBIE XPAHST
00BEKTBI B TIOPSIIKE <IIEPBBIM IIPHIIIE, IEPBIM BBIIIEI» WU «IIOCJIEHUM IIPUIIIE]L, TIeP-
BBIM BbILLIEN>. I10 Mepe Heo6XOAMMOCTI UX MOKHO PACLIMPATH, 4TOOBI 10OABUTD AOIIOJI-
HUTEJIbHBIE DJIEMEHTBHI, HOZ00HO CBA3HBIM cIckaM (cM. riasy 3). ITo cyTu, s cosza-
HUS CTEKOB U 0Yepe/iell MCTIOJIb3YIOTCST CBSI3HbBIE CITHCKU.

Creku 1 ouepesi n1ea TbHO MOAXOAAT I MOJIEIMPOBAHNS PEAJbHBIX CUTYAIIUN —
KaHAJIOB 00Cay:KMBaHUs B GaHKe wiiu cyrepmapkeTe. O[HAKO Yallle BCETO B HUX XPAHSIT
06BEKTHI, KOTOPBIE OY/IYT B lasibHeiieM 06pabaTbiBAThCS ¢ TIOMOIIBIO IPYTHUX ATOPUT-
MOB, HalIlpuMep CeTeBbIX aJITOPUTMOB KpaTyailiero myTu.

B aToii riiaBe BBOJATCA MMOHATUA «CTEK» U «OUYEPE/Ib»>, 4 TAKIKE [AIOTCA COITYTCTBY-
IoIfasi TEPMUHOJIOTUSA M METO/Ibl, KOTOPbIE CTOUT ITPUMEHATD JIJISI UX CO3/IaHUA.

Ctekn

Cmek — 9TO CTPYKTYpa MAHHbBIX, B KOTOPOH 9JEMEHTDI TOOABISIOTCS 1 YAATSIOTCST
B TIOPSIIKE «ITOCJIEHUM TIPUIIIEST, IEPBBIM YIiiesi». 13-3a TAKOTO MOBEAEHUS UX MHOT/A
HasbiBatoT cnuckamu LIFO, wiu npocto LIFO (ot aura. last in first out).

Crek JIeTKO MPENCTaBUTh B BU/E CTOTIKY KHUT, JIEXKAIIeN Ha CTOJE: MOKHO 100a-
BUTH WJIN yOPaTh KHUTY CBEPXY, HO HEJIb3sT BBIHYTH €€ U3 CePeIUHbI U CHU3Y, He pa3-
PYIIUB BCIO KOHCTPYKIUIO. Ellle 0/1H XOpOoInii TpuMep — CTOIKA TapeJIoK € TIPY>KUH-
HOU (buKcalumeii, Koropast ucrojb3yercs B kaderepusix (puc. 5.1). Eciau gobasurs Ta-
PEJIKY CBEpXY, TO MPYKIUHA COXKMETCS U BCSI CTOTIKA OKAXKETCsT BDOBEHB CO CTOJIEITHH-
1eit. To ske camMoe TIPOU3OU/IET TTPU CHATUH TAPETKU, KOT/IA TIPYKUHA OCTabHET.

X7 X]/r

BpasnuBaHuve BbiTankusaHue

Puc. 5.1. TIpezcrasierne cTeka B BI/E CTOIIKH TapeJoK
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Takyio CTpyKTYpY JaHHBIX WHOT/IA ellle Ha3bIBAIOT CMEKOM MA2a3unH0z0 Munda; 0-
Gasyienne oObeKTa — 60ABIUBAHUEM B CTEK, & YIATICHUE — BbUMAIKUBAHUEM U3 CTEKA.
Kiacc crexa 06bI9HO MpeycMaTpUBaeT METO/IbI Push 1 Pop J1is1 106aBIIEHYs 9JIEMEHTOB
W UX YIQJI€HUs COOTBETCTBEHHO.

B ciiegyionem pasjesie OIchbiBaeTCst HECKOJIBKO OOLIEITPUHSATHIX METOIOB CO3aHMUsI
CTeKa.

CTeKkun CcBA3HbIX CMMNCKOB

Crek JIerko peajarsoBaTh ¢ HOMOIIBIO CBI3HOTO CIIMCKA: MeTO/l Push 106aBUT B Ha-
yaJio S4eiKy, a MeTo/l Pop yAaJIuT ee OTTyAa. B caenyioiiem riceBaoKo/ie IpeicTaBieH
QJITOPUTM BCTaBKHU dJIEMEHTA B CTEK HAa OCHOBE CBS3HOTO CIIUCKA.

Push(Cell: sentinel, Data: new_value)
// CozpmaeM sS4YenKy OJisS 3alucCy HOBOTO 3HAYEHUS.
Cell: new_cell = New Cell
new_cell.Value = new_value

// IobaBisieM HOBYIO SIYEMKYy B CBSI3HHIN CIIMCOK.

new_cell .Next = sentinel.Next
sentinel.Next = new_cell
End Push

Huxe NPpUBOJAUTCA AJITOPUTM yAaJICHUA dJIEMEHTa N3 CTEKAa Ha OCHOBE CBA3HOTO
CIIMCKa.

Data: Pop(Cell: sentinel)
// TlpoBepsieM, €CTb M DJIeMEeHT IJIsI YVIOAJIeHNS .
If (sentinel.Next == null) Then <d®opMupYEM UCKIIOYEHNE . >

// llonmydaeM 3Ha4YeHUE BEPXHEN SYEeMKN.
Data: result = sentinel.Next.Value

// VDansgeM BEepxXHO A4YelKy U3 CBA3HOTO CIIMUCKA.
sentinel.Next = sentinel.Next.Next

// Bo3BpamaeMm pes3yiabTarT.
Return result
End Pop

PaccMoTpeHHBII TIpoliece MoKa3aH Ha pucyHke 5.2. Bepxuuii ¢pparmenT orpa-
JKaeT COCTOSIHUE CTeKa IocjIe TOTo, KaK IIporpaMMa BCTaBua B Hero OyKBol A, P, P,
L u E; cpeHuii — TOT e cTek noce gobapaeHust OYKBBI S, HUKHUI — [OCJIe ee ke
yaajgeHus.

3AMEYAHUE

Bonee noapo6HO 0 CBA3HbIX CNNCKax pacckasaHo B rnase 3.

I[Ipu pabote co CBSI3HBIMU CITMCKAMU KaK BCTABKA, TAK U YAJE€HUE SIEMEHTOB 3aHNU-
Mmatot Bpemst O(1), To ecTh 00¢ omepaliy IBJISFTC A0BOJIbHO ObicTpbiMU. KpoMe Toro,
CTIUCOK He TPeOYeT MOTIOMHUTETBHON TAMSITH — IOCTATOYHO CCHIITOK MEKIY sTYeKaMH,
II03TOMY CYIIECTBEHHO 3KOHOMUT PECYPCBL
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Crekun 1 ovepenm

orpanurens —| E | (P> P X

=]
\BﬂaBHMBaHMe
OrpaHuyutens _> n “ X

=
BobiTankusaHue
Orpanmurens —>| E | Pl P A L

Puc. 5.2. Crex co CBA3HBIM CIIUCKOM

CTteku maccuBoB

Peaszanus creka Ha OCHOBE MACCHBA HE CJIOKHee, ueM Ha 6as3e CBA3HOrO CIUCKA.
Hasnauybre gocTaToOuHOE MECTO JIUIST MACCUBA, YTOOBI COXPAHUTH JIEMEHTHI, KOTOPhIE
cobupaeTech BRIOYUTH B CTEK, U UCTIOIB3YHTE TIEPEMEHHYIO, 4UTOOBI OTCIEKUBATE Clle-
AYIOLLYIO IIyCTYIO IIO3UIIUIO B CTEKe.

Huxe TIpeaCTaBJEH aJTOPUTM BCTaBKM 9JIEMEHTA B CTEK Ha OCHOBE MaCCHBa.

Push (Data: stack_values [], Integer: next_index, Data: new_value)
// TlpoBepsieM, eCTb M MeCTO s NoOaBJIeHMSI HOBOTO B2JIEMEHTa.
If (next_index == <mmuHa stack_values>) Then <dopMMpYEM UCKIIOYEHME . >

// IobaBisieM HOBHI DJIEMEHT .
stack_values[next_index] = new_value

// VBenmuumBaeM next_index.
next_index = next_index + 1
End Push

CHeﬂyKHHHﬁIKEBHOKOHCOHerHTaﬂrOpHTMyﬂaﬂeHHH3HeMEHTaH3CTeKaHaOCHOBe
MacCcHuBa.

Data: Pop(Data: stack_values[], Integer: next_index)
// IlpoBepsieM, eCTb JM DJIEeMEeHT [Jis yOaJleHUs .
If (next_index == 0) Then <dopMMpYyeM MCKIIOIYEHNE.>

// YMeubmaeM next_index.
next_index = next_index - 1

// Bo3BpamaeM BepxHee 3Ha4deHUe.
Return stack_values|[next_index]
End Pop
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Orucanublil poiiecc mokasan Ha pucynke 5.3. Bepxuuii parment — aTo cTex,
B KOTODBIIA nobasnenbl OykBbl A, P, P, L u E; cpepnuii 1 HUAKHUN (HparMeHTbl — CTEK
MocJie BCTaBKY W yAaJIeHUs GYKBBI S COOTBETCTBEHHO.

Nextlndex

V20 00 10 s

Nextlndex
B,uaBnMBaHme

ﬂﬂ--

Nextlndex

BbITaﬂKVIBaHI/Ie

ﬂﬂ---
Puc. 5.3. Coszanue cTeka Ha OCHOBE MacCBa

B cirydae ¢ MaccuBaMu OTiepaIiiy BAABIMBAHUS U BBITATKIBAHUS 9JIEMEHTOB 3aHIIMA-
101 BpeMst O(1) 1 ABJISIOTCA JOBOJIBHO ObICTPbIMU. KpoMe TOTo, yeTaHOBKA U IOy YEHIEe
3HAYEHUS U3 MACCUBA TIPOUCXOMST OBICTPEE, YeM CO3aHNe HOBOH SYEHKN B CBA3HOM
CIIHCKE, a TOTOMY TaKoi MeTo 6oJiee ahPeKTUBEH.

OCHOBaHHBII HA MACCUBE CTEK HE HYKAAETCS M B JIOMOJHUTEIbHON TaMITH JJIsT
XPaHEHUsI CCHUIOK MEXKIY sTYelKaMu, HO eMy TPeGYEeTCsT MECTO 17t HOBBIX 9JIEMEHTOB.
O6bem TaKOTO MECTa 3aBUCHUT OT MCTIOJIB3YEMOTO TIPIJIOKEHNS 1 OT TOTO, U3BECTHO JIN
BaM 3apaHee KOJMUYecTBO 3amuceil. Eciu HeT — mpu HeOOXOAMMOCTH MOKHO U3MEHUTh
pasMep MacCHuBa, HO 3TO 3aliMeT 0NOJIHUTeIbHOe BpeMsl. Eciu B MaccuBe N 3JIeMeHTOB,
TO MIPU U3MEHEHUH eT0 pa3Mepa ToHa06UTCs BoIMoaHUTh O(N) maros, 4to6bl CKOTIN-
POBaTh yrKe UMEIOIIUECS 3aTTHCH.

B 3aBuCHMOCTH OT TOTO, KaK UCIHOIB3YETCS CTEK, pe3epBUPOBAHIE MECTa TS J10-
MTOJTHUTEJILHBIX 3IEMEHTOB MOKET OBITh KpaiiHe Hea(beKTHBHBIM. [IPEIToNT0KIM, 4TO
B KaKOH-TO MOMEHT aJIrOpPUTMy IoHazo0urca coxpanutb 1000 samnuceil B cTeke, XOTs
GOJIBIITYIO YaCTh BPEMEHH €My HYKHO BCETO HECKOJIBbKO. B Takom cirydae MaccuB 6yzer
TPaTUTh HEOTIPaB/IaHHO MHOTO PecypcoB MaMsTh. Eciu ke BBI 3HaeTe, YTO B CTEKe BCeET-
na GyJIeT XPaHUTBCS BCETO HECKOJBKUX 9JIEMEHTOB, TO UMEET CMBICJI BBICTPAUBATH €T0O
Ha OCHOBE MacCHBa.
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Crekun 1 ovepenm

ABOiiHbIe CTEeKn

[IpeanonoKumM, alrOpUT™M HyKAAETCS B NCIIOJIb30BAHUY IBYX CTEKOB C OFPaHUYeH-
HBIM 00IMM pasMepoM. Bel MoskeTe coxpanuTtbh 06a B OJJHOM MAaCCHUBE C Pa3HbIX CTOPOH
TaKUM 00Pa3oM, 4UTOObI OHU PACIIUPSIIKCD B cepeanty (puc. 5.4).

Nextindex1 Nextindex2

ALPLP LD L E L L L L LA LNALN A LS

Puc. 5.4. MaccuB ¢ IByMsT CTEKaMH,
UMEIONIMMU OrPaHUYeHHbIIi 00K pasMep

B cnemyromem 1iceBOKoIe TTOKA3aHbl AJITOPUTMBI BAABJIWBAHUS U BBITAJIKUBAHUS
AIIEMEHTOB U3 JIBYX CTEKOB, COJEPIKAIIIXCA B OTHOM MaccuBe. UTo6bI yIIPOCTHUTH 3aIIHCh,
MaccuB Values nnepeMennble Next Index1 n Next Index2 XpaHATCS 3a [IpeeIaMu
MeTOoZ0B Push.

Data: StackValues[<max items>]
Integer: NextIndexl, NextIndex2

// VHUIIMaIu3MpyeM MacCCUB.
Initialize()

NextIndexl 0

NextIndex2 = <pmmHa StackValues> - 1
End Initialize

// IobaBisieM SJeMeHT B Hadalo CTeKa.

Pushl (Data: new_value)
// IlpoBepsieM, €CTb JIM MeCTO IJIsI IOOaBJIEHUS HOBOTO DJIeMeHTa.
If (NextIndexl > NextIndex2) Then <®opMMpyeM MCKIIOYEHUE.>

// IDobaBisieM HOBEIY DIJIEMEHT.
StackValues [NextIndexl] = new_value

// YBenuuuBaeMm NextIndexl.
NextIndexl = NextIndexl + 1
End Pushl

// DobaBisieM BJIeMeHT B KOHEeIl CTeKa.

Push2 (Data: new_value)
// TlpoBepsieM, eCTb M MeCTO IJjis OoOaBJIEHMS HOBOTO BJIEMeHTa.
If (NextIndexl > NextIndex2) Then <dopMupyeM MCKIOYEHUE . >

// ILobaBiisieM HOBHI DJIEMEHT .
StackValues [NextIndex2] = new_value

// YmenbmaeM NextIndex2.
NextIndex2 = NextIndex2 - 1
End Push2

// VoanseMm sJeMeHT U3 Hadajla CTeKa.
Data: Popl ()
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// TpoBepsieM, €CTb M BJEeMeHT IS yOalleHus .
If (NextIndexl == 0) Then <®opMMpyeM MUCKIIOYEHUE.>

// YMmenbmaeMm NextIndexl.
NextIndexl = NextIndexl - 1

// Bo3BpamaeM BepxHee 3HadYeHMe.
Return StackValues [NextIndexl]
End Popl

// VioansgeM 2JeMeHT M3 KOHIla CTeKa.

Data: Pop2 ()
// TlpoBepsieM, €CTb JIM DJIEMEHT IJIs YIaJIeHUs.
If (NextIndex2 == <pnmHa StackValues> - 1)

Then <dopMupyeM MUCKIIYEHNUE . >

// YBemuuuBaeMm NextIndex2 .
NextIndex2 = NextIndex2 + 1

// Bo3BpamaeM BepxHee 3HadYeHue.
Return StackValues [NextIndex2 ]
End Pop2

AﬂrOpI/ITMbI C ncnonb3oeaHmnem CTeKkoe

Creku UCIOb3YIOTCS BO MHOTMX aJTOPUTMaX, HAIIPUMeEP /LISl HAXOKICHUS Kpart-
yaiinrero myTH (cM. TiaBy 13). Onmcanme HeKOTOPBIX X HUX TPUBOANTCS B CJIEAYIONTNX
nojpasjesiax.

PeBepcupoBanne MmaccuBa

ITepeBepHYTH MACCUB € TIOMOIIBIO CTE€KA JOBOJILHO MIPOCTO: 100aBBTE BCE DJIEMEHTBI
B CTEK,  3aT€M BBITOJIKHUTE UX 00paTHO. Biarogapst MpUHIIUITY «[TOCJAEIHUM TIPHIIET,
MIEPBBIM YIIIesI» OHU BEPHYTCSA B 0OPATHOM TIOPSAIKE.

ReverseArray (Data: values|[])
// IobaBiseM DJeMeHTH M3 MacCuBa B CTEK.
Stack: stack = New Stack
For 1 = 0 To <KONMMYECTBO 3HAYEHUN> - 1
stack.Push(values[i])

Next 1

// BHTAaAJKMBaEeM DJIEMEHTH M3 CTeKa B MacCUB.
For 1 = 0 To <KONMMYECTBO 3HAYEHUMN> - 1

values[i] = stack.Pop()
Next 1

End ReverseArray

Eciu B Mmaccuse N asiemMenToB, anroput npoiijer 2N niaros. Takum 06pa3oM, BpeMst
ero pabotsr coctaBut O(N).
COpTI/IPOBKa BaroHOB I10€31a

[TpencraBbTe, UTO M3 ZEMO BBIEXAJ MTOE3]I, K KOTOPOMY MPUIIETJIEHBI BATOHBI, UJTY-
I[1e B pa3HbIe MyHKTHI HA3HAYEHUST. BbI I0JUKHBI BOCIIOIb30BATHCSI TIEPETOHAMU, YTOOBI
MpaBUJIbLHO c(hOPMUPOBATDH COCTAB.
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Crekun n ovepeam

B steBoii yacTu pucyHka 5.5 IOKa3aH 03/l ¢ BATOHAMHE, HANIPABJISIONIMUCS B I'O-
pona 3, 2, 1, 3, 2. JIOKOMOTHUB MOKET MOJIOUTHU K TIEPETOHY U TIPUIIETTUTH CBOM KPATHU
NpaBblil BaroH K JIOGOMY CTOAIIEMY TaM KpaiiHeMy JieBoMy BaroHy. Ero 1enb — BbI-

HOJIHUTD COPTUPOBKY.
N T T T A
N I I I B B I\

lMeperoHsbl

IIIIIIIIIII/

BxogHom nyTb BbixogHOM nyTh

Puc. 5.5. MO,HQ]II/IPOBB.HI/IG COPTUPOBKH BaroHOB Ha OCHOBE CTE€Ka

3amauy ymo6HO penaTh ¢ MOMOIILI0 HECKOABKUX cTekoB. OMUH 13 HUX OyaeT
MPENCTABISTH MPUOBIBAIOMINIT Toe3/. VIcmonb3yss MeTOn Pop, OH YAAIUT BarOH
¢ TpaBoOH CTOPOHBI, a Gimarogapst MeToAy Push MPHUIENUT €TO K MPaBOMY Kpaio
JIOKOMOTHBA.

JIpyTie cTeKu MPeCTaBIAAIOT cOOOT TTePETOH U OTXOASIUN MyTh. VIX MeTOIBI
Push IepeBOJIAT BarOH Ha JIEBBII KOHEI[ TyTH, @ METOIBI Pop yOUPAIOT €r0 OTTY/IA.

B caemyioriem mceBoKo/Ie TporpaMMa UCIOJIb3yeT CTeKH 7151 (hOPMUPOBAHUS CO-
CTaBa, MOKa3aHHOTO Ha PUCYHKE 5.5. 3/1eCh train — 310 MPUOBIBAOIIHIT 10371, trackl
1 track2 — BepXHUHN U HUKHUU EeperoHbl, output — OTXOASIIUN MY Th.

holdingl.Push(train.Pop()) // llar 1: IlepeBomMM BaroOH 2 Ha BEPXHUI IEPETOH.
holding2.Push(train.Pop()) // llar 2: IlepeBoauMM BaroOH 3 Ha HUKHWI [IE€PETOH.
output.Push(train.Pop()) // Wlar 3: IlepeBoOguM BaT'OH 1 Ha BHXOIOHON IIyTh.
holdingl.Push(train.Pop()) // llar 4: IlepeBOoOuMM BaroH 2 Ha BEPXHUN II€pPEerOH.
train.Push(holding2.Pop()) // llar 5: IpuilernnseM BaroH 3 K [OE31y .
train.Push (holdingl.Pop()) // llar 6: IlpuilernisieM BaTOH 2 K IIOE3MY .
train.Push(holdingl.Pop()) // llar 7: IpuilennsieM BaToOH 2 K IIOE3NYy.
train.Push (output.Pop()) // llar 8: IlpunlerigeM BaT'oOH 1 K II0Oe3y.

OmnucanHbiil poiece mokasaH Ha pucyHke 5.6. [lepemeriiaemMbiii BaroH 0OBe/IeH
TOJICTOM JIMHUEH, CTPeJIKa yKA3bIBACT HAIIPABJIEHUE [[BUKEHUS.

3AMEYAHUE

B HacTosLeM aeno, kak NnpaBuio, GopMupyeTcs cpasdy HECKOIbKMX COCTABOB C eLLe
60JIbLLUVM YMCJIOM BarOHOB U MEPEroHOB, MO3TOMY peasibHas 3a4a4a ropasao Clox-
Hee, YeM Ta, 4YTO onmcaHa B npumepe. A NOCKOJIbKy MEPECTAaHOBKA BarOHOB Ha Kax-
[OM Lare 3aHMMaeT HECKOJIbKO MUHYT, BaXHO HANTU PELUEHNE C HAUMEHbLLIUM KO-
NIN4ECTBOM BO3MOXHbIX ENCTBUN.
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Puc. 5.6. ITaru o opMupoBaHUIO cOCTaBa
C UCTIOJIb30BAHUEM JIBYX TIEPETOHOB U BBIXOHOTO Iy TH

XaHolickas OanrHs

B rosoBosiomke «Xanoiickast Oamrast» (puc. 5.7) ecTh Tpu KoJbika. Ha oguH us
HUX HAHU3AHBI IUCKH, OTCOPTUPOBAHHBIE TTO PA3MEPY — OT CAMOTO GOJIBIIIOTO 10 CAMOTO
MaJieHbKOTO. Balra 3ajjaua — riepeMecTUTb UX € OTHOTO KOJIBITIIKA Ha IPYTON, COXPAaHUB
nopsaok. ITpu aToM Hesrbas 6paTh GOJIbIIE OHOTO AMCKA 32 Pa3 M KAACTh G0N I1CK

Ha MEHBIIIHIA.
I I

Puc. 5.7. TonoBonomka «Xamoiickas GarmrHs»

l'0/10BOJIOMKY JIETKO CMOJEeMPOBATH € IOMOIILIO TPEX CTEKOB — II0 OJHOMY Ha
Kak/blii kosrbiek. OObekTaMu B HUX Oy/yT BBICTYIATH PAUYChI IICKOB.

Citepylomuii 1ceBIOKO/ MOZIEJIUPYET IlepeMelleHre JUCKOB C JIEBOIO KOJIbIIIKA Ha
CpemHui.

peg?.Push(pegl.Pop())
peg3.Push(pegl.Pop())
peg3.Push(peg2.Pop())
peg?.Push(pegl.Pop())
pegl.Push(peg3.Pop())
peg?.Push(peg3.Pop())
peg?.Push(pegl.Pop())
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[TpuBenentbie mary MOKa3aHbl HA PUCYHKE J.8.
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Puc. 5.8. Pemenue ronososomku «XaHoiickas GamiHs»

3AMEYAHUE

[na obneryeHns BOCNpUATUS B NpMMepe Ha pUCYHke 5.8 ncrnosb3yeTcs BCEro Tpu
ovcka. Ytobbl nepemectuts N anckos, noHagobutca 2V — 1 waros, npuyem mx
yncno 6yneT ObICTPO yBenuumnBaTbca ¢ Bo3pactaHem N. Ecnu 6bl y Bac Obina
ctonka 13 35 gMcKkoB 1 Bbl NepekiaabiBaam no 0gHOMY AUCKY B CEKYHAY, pPeLleHne
rosIoBOJIOMKM 3aHs10 6bl 6onee 1000 ner.

Etite opuH Xopomimii crrocob pernTh roJIoBOJIOMKY « XaHOMCKas GalllHsI» — UCITOJIb-
30BaTh peKypcuio (cM. TiaBy 9).
CopTHpoBKa CTEKOB BCTaBKOM

B ruaBe 6 MBI errie BepHEMCST K aJITOPUTMaM COPTUPOBKH, a MOKA BCIIOMHUTE COP-
THUPOBKY CBS3HBIX CIIUCKOB METOJIOM BCTAaBKH, IIPUBE/ICHHYIO B TJiaBe 3. OCHOBHAA ee
ujes 3aKJI0Yaiach B TOM, YTO M3 CIIMCKA BBOJA BBIOUPAJICS HIEMEHT W TIOMEIAJICS
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B COOTBETCTBYIONIYIO MO3UIMIO B OTCOPTUPOBAHHOM CIIUCKE BBIBOA (KOTOPHII M3Ha-
YaJIbHO OBLJI IYCTHIM ). DTOT Ke CHOCO0 TPUMEHUM U K CTEKAM.

B takom CJiy4dae 9JIEMEHTBI PAa3HOCATCA 110 obenum CTOPpOHaM CT€Ka: B Ha4YaJIo I10-
IMaal0OT HEOTCOPTUPOBAHHBIE, B KOHEIl — OTCOPTUPOBaHHbIE. ITo YMOJIYaHW1O HU OJINH
13 9JIEMEHTOB HE OTCOPTUPOBAH U BCE€ OHU HAXOAATCA B COOTBETCTBYIOIIEM pa3/ieJie.

AJIropuTM co3j1aeT BTOPOi, BpeMeHHbIH, cTek. [l Kak/10ro ajieMeHTa aJlrOpuT™
3abupaeT BePXHUN DJIEMEHT M3 CTEKA U XPAHUT €r0 B MEPEMEHHOI. 3aTteM OH Tiepe-
MellaeT BO BpeMEeHHbI CTeK BCe HEOTCOPTUPOBAHHbBIE 2JIEMEHTDI, a /lajiee 0TCOPTUPO-
BaHHbIE, TIOKA He HAMET Ty MO3UIINIO, K KOTOPOI OTHOCUTCS 3JIeMEHT. B 3TOT MOMEHT
JITOPUTM BCTABJIET HOBBIHM 2JIEMEHT B MCXO/IHBIN CTEK U ITePEMEIaeT BCE 3JIeMEHTHI
U3 BPEMEHHOTO cTeKa 06paTHO B MCXOHBII. [Ipoliece moBTOpsETCs 10 TEX Mop, MoKa
Bce BJIEMEHTBI He OyIyT J0O6aBIEHBI B OTCOPTUPOBAHHBII Pas/iet.

B caieptytoriiem riceB/10K0/1€ TIPe/ICTaBJIEH BEICOKOYPOBHEBbIN aJITOPUTM COPTUPOBKU
BCTaBKOIL.

// CopTupyeM DBJIeMEeHTH B CTEKe.

StackInsertionsort (Stack: items)
// Co3maeM BpEMEeHHHI CTEeK.
Stack: temp_stack = New Stack

Integer: num_items = <KOIUYIECTBO DIIEMEHTOB>
For i = 0 To num_items - 1
// VmeM TO3MIMI0 CIenyonlero 3JIeMeHTa.
// 3abupaeM TEepBHI DIIEMEHT .
Data: next_item = items.Pop()

<I[lepeHOCHUM elle He OTCOPTUPOBaHHEE DJIEMEeHTH
BO BpEeMeHHH) cTek temp_stack. Ha »ToM 2Tare y Hac
(num_items - i1 - 1) HEOTCOPTUPOBAHHEIX DJIEMEHTOB.>

<IlepeMemaeM OTCOPTMPOBaHHEE DJIEMEHTH BO BTOPOM CTEK,
TI0OKa He HanmeM MecTO IJid next_item. >

<JobaBnsgeM next_item B 3Ty IIO3ULIMIO.>
<Boz3BpamaeM SJIEeMEeHTH U3 BPEMEeHHOTO CcTekKa temp_stack B MCXOOHEBI. >
Next 1
End StackInsertionsort

JL71s1 KasK10TO 2JIeMeHTa aJITOPUTM TIePEMEIIaeT BO BpEMEHHBIN CTEK CHavYaIa HEOT-
COPTHUPOBAHHbBIE 3JIEMEHTBDI, 3aTEM HEKOTOPbIE OTCOPTUPOBAHHbIE, & TIOCJIE BO3BPAIIaeT
BCE B UCXO/IHBIN cTeK. Ha pasHbIX aTanax KoJiM4ecTBO HEOTCOPTUPOBAHHBIX 3JIEMEHTOB,
KOTOPbIE HYKHO mepeMecTuTh, paBHo N, N— 1, N— 2, ..., 2, 1. Takum o6paszom, ob1iiee
KOJIMYECTBO IepeMelneHubix ajiemeHToB: N+ (N—- 1)+ (N-2)+ .. +2+1=Nx
x (N +1)/2= O(N?). 910 03HaYaET, 4TO aATOPUTM obaagaeT BpemeneM paboTer O(N?).

CopTUPOBKa CTEKOB BHIOOPOM

B rzaBe 3 Taxike onmchiBasach cOpTHPoBKa BhibopoMm. OHa mpejmoaraia moUcK
HaMMEHbIIEro Cpen HEOTCOPTUPOBAHHBIX 3JIEMEHTOB 1 €TI0 ITepeMeEIleHre B KOHEIL OT-
COPTUPOBAHHOTO CIIUCKA. DTOT K€ METOJI ITOIXO/IUT JIJII CTEKOB.
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Kax u B npesibiytiem caydae, 9JileMEHTbl HCXOHOTO CTEKA PACIOJIaraloTcst B IBYX
paszesax: OJKe K KOHILY — OTCOPTUPOBAHHBIE, B CAMOM HadaJjle — HEOTCOPTUPOBAHHBIE.
[To ymosruanuio HY OJIUH U3 DJIEMEHTOB HE OTCOPTUPOBAH.

AJITOPUTM CO3IaeT BTOPOI, BPEMEHHBIH, CTEK 1 TePEMEIaeT B HETO BCe HEOTCOPTH-
POBAHHbIE DJIEMEHTDI JI/IST KAsKIOTO DJIEMEHTA, OTCJIEKMBAS HANOOIBINI U BAABIUBAS
ero. 3aTeM Bce HEOTCOPTHUPOBAHHBIEC 3JIEMEHTBI U3 BPEMEHHOTO CTE€KA BO3BPAIIAIOTCS
B UCXOJIHBIH cTek. IIporiece moBTOPsieTcs 10 TeX Mop, TOKa BCe 3TIEMEHTDI He OKaKyTCS
B OTCOPTUPOBAHHOM pasjieJie.

B ciieyrolieM reeBaoKoie MpeACTaBIeH BbICOKOYPOBHEBbI aJITOPUTM COPTUPOBKU
BBIOOPOM.

// CopTHpYyeM 3JIEMEeHTH B CTEKe.

StackSelectionsort (Stack: items)
// Co3pmaeM BpPEMEHHHI CTeK.
Stack: temp_stack = New Stack

Integer: num_items = <KOJIUYIECTBO DBJIEMEHTOB>
For 1 = 0 To num_items - 1
// VmeM MHO3MLIMD CIIeOylIero 3JIeMeHTa .
// Haxomymm 2IJIeMeHT, TpUHAaIJIeXAMUA TO3UIIUMU 1 .

<[lepeHOCKM eme He OTCOPTUPOBAaHHEE DJIEMeHTH BO BpPEMEeHHHI

cTrek temp_stack, orTcrnexmBas Haubonbmuii. CoxpaHsieM HaubONbIWM
3JIeMeHT B IlepeMeHHyi largest_item. Ha »ToM »Tamne y Hac
(num_items - 1 - 1) HEOTCOPTUPOBAHHEX DIJIIEMEHTOB.>

<JlobaBnsgeM largest_item B OpMIMHANBHBN CTEK B KOHEI]
TIpenBapnuTesIbHO OTCOPTHMPOBaHHEX DJIEMEHTOB. >

<Bo3BpamaeM HEeOTCOPTUMPOBAHHEE BJIEMEHTH 3 BPEMEHHOTO CTeKa
temp_stack B MCXOMOHEHI, MUHYS HalOeHHHN largest_item.>
Next 1
End StackSelectionsort

J1J1s1 KasK1oi 3aI1CH aJITOPUTM TIepeMeInaeT HeOTCOPTUPOBAHHDIE 3JIEMEHThI BHAYAJIE
BO BPEMEHHBII CTeK 1 J00aBJIsIeT HauOOJIbILIIIA B OTCOPTUPOBAHHBII Pasze/l OPUTHHAIBHOIO
CTeKa, a 3aTeM Bo3BpalaeT ux ooparHo. [Tosryyaercs, HeOTCOPTUPOBAHHBIE DJIEMEHTBI IIepe-
HOCSITCSI JIBAYK/IBL, IPUYEM Ha Pa3HbIX ATarax nx HacuutsiBaercsi N, N— 1, N- 2, ..., 1. Otciona
ob1ee YyrcsIo nepemMenieHHbix ajgeMeHToB N+ (N—1) +(N-=2) + ..+ 1=Nx (N+1)/2 =
= O(N?), a Bpemst paGotbl asropurma O(N?).

Ouepenun

Ouepeds — 3T0 CTPYKTYPa JAHHBIX, B KOTOPOU 2JIEMEHTBI I0OaBJISIOTCS U YIaJISIOT-
Cs1 B MOPSIZIKE «IIEPBBIM IMIPHIIIEJT, IEPBbIM yIies». V13-3a TAKOTO ITOBEIeHNs] CTEKU UHO-
ra HasbiBaloT cnuckamu FIFO, wiu ipocto FIFO (ot auri. first in first out).

Ouepe/yt 1006HBI Mara3uHHBIM OYePe/IsIM B KACCY: Bbl IIOAXOAUTE K KOHILY U IIPO-
JIBUTaeTeCh K HavyaJy, rie Kaccup Oeper y Bac eHbI'M ¥ BbIIAeT YeK.
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Mero, 106aBISIONIIIT DII€MEHTBI K O4€pe/iM, Ha3blBaeTcsl Enqueue, a METOJI, y/a-
JIAIONIN 2JIeMeHTBI U3 ouepein, — Dequeue.

B ciieyromnux pasesiax OmuChbIBAETCS HECKOIBKO OOIIETIPUHITHIX METOIOB PabOThI
C o4YepessIMU.

Ouepepnu CBA3HbIX CIIUCKOB

Pa6oty ¢ ouepe/ipio 06/1€r4aioT CBsI3HbIE CIINCKU. YTOObI yAAINTH U3 Hee TOCJeAHII
AIEMEHT, CTUCOK TOJUKEH OBITh IBOHHBIM. MeTon Enqueue 106aBIsIeT sSueiiky B Hava-
JIO CIIMCKA, a MeToJ, Dequeue yalsdeT ee 13 KOHIIa.

HpI/IBe,ZleM IICEBAOKO/ /IJIA ITIOCTAHOBKU 9JIEMEHTA B OUEPEb.

Enqueue (Cell: top_sentinel, Data: new_value)
// CozpmaeM sS4YenKy OJIsS XpPaHeHMs HOBOT'O 3Ha4YeHMs.
Cell: new_cell = New Cell
new_cell.Value = new_value
// DobaBnsgeM HOBYW SYEVKY B CBSI3HHN CIMCOK.
new_cell.Next = top_sentinel.Next
top_sentinel.Next = new_cell
new_cell.Prev = top_sentinel

End Engueue

B CJIeyIo1ieM ICeBAOKO/I€ JIEMECHT YIAJAAECTCA N3 OUEPCIN.

Data: Dequeue(Cell: bottom_sentinel)
// IlpoBepsieM, eCTb JM DJIEeMEeHT [Jis yHOaJleHUs .
If (bottom_sentinel.Prev == top_sentinel) Then <dopMupyeM MCKIIOYEHME . >

// llonmydaeM 3Ha4YeHUe IIOCIJIeNHEN SYeVKU.
Data: result = bottom_sentinel.Prev.Value

// VoanseMm TOCJenHoo SYelKy U3 CBS3HOTO CIMCKA.
bottom_sentinel.Prev = bottom_sentinel.Prev.Prev
bottom_sentinel.Prev.Next = bottom_sentinel

// Bo3BpamaeM pes3yibTarT.
Return result
End Dequeue

3AMEYAHUE

' Bonee noapo6HO 0 CBA3HbLIX CNCKax YATanTe B rnase 3.

B cBSA3HBIX CITUCKAX TTOCTAHOBKA 3JIEMEHTA B 0Yepe/Ib 1 y/IaJIeHUE U3 Hee TPOUCXOJSAT
3a Bpema O(1), To ecTb 00€ omepanuy ABIAIOTCA JOBOJBHO ObicTpbiMu. KpoMme Toro,
TIOCKOJIBKY JIJIsI CITUCKOB HE TPEOYeTCst AOMOTHUTETbHOM TaMsITH (JIOCTATOYHO CCHLIOK
MEKIY STUeiKaMI ), OHU 9KOHOMST PECYPCHI.

Ouyepenu maccuBoB

COSJIS.HI/IG oyepesn B MaCCMBE B HEKOTOPOM CMbICJIE CJIOJKHEE, YEM B CBA3HOM CIIMCKE.
II]IH OTCJICKMBaHUA HOBI/IHI/IfI HOHaHO6HTC${ JiBe mepeMennbIe: Next (‘{TO6bI OTMETHUTD
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CJEYIONIYIO OTKPBITYIO TO3UIMI0) U Last (4T06bI OTMETUTD MO3UIIMIO, KOTOPast UC-
0JIb30BAJIACH J10JIbIIIE BCeTO). Eciii Bl yieTe cOXpaHATh 3JIEMEHTBI Ha OJ[HOH CTOPOHE
MacCcUBa U YJAJIATD UX € IPYTOH, 3aHATOE IPOCTPAHCTBO IPOCTO CMECTUTCS BHUS.

[Ipeanosoxum, ouepeb cO3IaeTCs B MACCUBE, MMEIOIIEM BOceMb 3anuceil. PaccMoT-
PUM TIOCTAHOBKY 3JIEMEHTA B OUEPE/Ib U €r0 y/laJieHue U3 OYepe/Iu.

)
)
)

Enqueue
Enqueue
Engqueue
Dequeue
Dequeue
Enqueue
Enqueue
Enqueue
Dequeue
Dequeue

(M
(O
(v
() // Vnoansiem M.
() // Vmansiem O.
(1)
(N)
(G)
() // Voansiem V.
() // Voansiem I.

[TocremoBaTeIbHOCTD IPUBEIEHHBIX OIIepalliii OTpakeHa Ha prucyHke 5.9. M3Hauab-
HO Next n Last OTHOCATCST K OJJHOH 1 To# ke 3anucu. [lomyyaercs, uto ouepensp my-
cra. [Tocse nukia onepaiuil Enqueue u Dequeue s 400aBIeHUsI HOBBIX 2JIEMEHTOB
JIOCTYTTHBIMU OKaKYTCS JIUTIb JBE sTuelku. /{anee aTo AeficTBUE CTaHET HEBO3MOKHBIM.

MocnepHuin Cneaytowwmin

¥

MocnepgHun Cnepnytowmin

v

MocnepHunin  Cnepyowmii

MocnepHnin Crepytowmi

L W VILINIG] [

Mocnegnnin  Cnenyownin

oL L INIG

Puc. 5.9. IToctaHoBKa 9/1eMEHTOB B o4yepeb U yaajieHue n3 Hee

Pernnthb 0CTaBIeHHY 10 33/1a4y TIOMOKET yBeJIMYeHIe MaCCUBA B TOT MOMEHT, KOT/Ia
13 Hero Bbinajiet Next. K coskazneHmio, co BpeMeHeM MAaCCUB CUITBHO Pa3pacTeTcsl, a IIpo-
CTPAHCTBO TIEPeJl 3aIMChIO Last oKaxkeTcst Gecrioie3HbIM. MOKHO TorpoboBath Tak:ke
HepeMeNaTh 3aMicy MacCHBa K HaYaly Kaskblil pas, KOT/ia M3 Hero BIagaeT Last.
ITOT crocob OyzeT paboTaTh OTHOCUTETHHO MEITEHHO.
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Bouee achhexTuBHO GyIET TOCTPOUTD KOIbUEE0H Maccus. B HeM paboTa ¢ Tocie/ITHuM
AIIEMEHTOM OCYIECTBISIETCS TaK, OYATO OH HAXOIUTCS TPSIMO Hepejl epBbiM. B atom
caydae, Korja Next BB aeT U3 MaCCHBa, OH Kak ObI BO3BPAIIAETCS K TIEPBOU TTO3UIIH
U Y IIPOTPaMMBbl CHOBA €CTb MECTO /IJ1s XPaHEHUSI HOBBIX 9J1EMEHTOB.

Ha pucynke 5.10 iokazana KoJbIieBast ouepe/ib, conepskaiiasi snauennst M, O, V,I, Nu G.

WA
O\'\B“\J\O\“

2
Q
2
[
%
<

<

Puc. 5.10. [Tpumep KOJIBIIEBON OUepeIn

OnHako TosBJsIETCST HOBast MpobieMa: KOTa ovepesib mycra, Next COBIafaeT
¢ Last. Eciu BbI 106aBUTE OCTATOUHOE KOJMIECTBO HJIEMEHTOB B OUepeiib, Next co-
BEPIIUT MOJIHBINA KPYT 1 CHOBA I0UET /10 Last. Takum 00pa3oM, HEBO3MOKHO OTIpe/ie-
JINTD, SIBJISIETCS] OYepe/lb IIyCTON WU MOJTHOM.

CripaBuThCS € 3aa9€ell MOJKHO HECKOJIBKUMH CTTOCOGAMI: OTCIEKUBATH 001IIee KO-
JIMYECTBO TEMEHTOB, HEUCTTOIb3YEMbIE TIPOMEKYTKU OO0 2JIEMEHTDI, T0OABIISIEMbIE
B ouepe/b U yaansiembie u3 Hee. [Iporpamma CircularQueue (ee Bbl MOKeTE CKayaTh Ha
caiiTe ¢ MarepuaJiaMy KHUTH ), HATIPUMEP, MOCTOSTHHO OCTABJSET OMMH U3 TPOMEKYT-
KOB CBOGOIHBIM. B aTOM ciyuae, ecii 106aBUTD B ouepesib Ha pucynke 5.10 apyroii ase-
MEHT, OHA OY/IET CYMTATHCS TIOJTHO, KoT/ia Next CTOUT epe/ Last, 1ake HeCMOTPsT Ha
OITHY TTyCTYIO 3aTIHCh.

Citeryioniuii IceB/IOKO/] TIOKA3bIBAET AJITOPUTM, UCITOJIb3yEeMbIH JIEMOHCTPAIIMOHHOM
Bepcueil IPOrpaMMBbl Il TOOABIEHMs 9IEMEHTA B OUEPE/lb.

// TlepeMeHHHE OJis yNpaBJIEHUs Ouepenbi.
Data: Queue[<paszMep ouepeny>]

Integer: Next = 0

Integer: Last = 0

// LobaBlsieM 3JIeMEeHT.

Enqueue (Data: value)
// IpoBepsieM, eCThb JIM MeCTO IJjId HOOaBJIeHMsI HOBOTO DJIEMEHTa.
If ((Next + 1) Mod <pa3smep odepemu> == Last)
Then <®opMMPYEM MCKIIOYEHUE. >

Queue [Next] = value
Next = (Next + 1) Mod <pasMep odepenm>
End Engqueue
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[IpuBeneHHbIN HUKE TICEBAOKO/ BBIBOJIUT 3JIEMEHT U3 OYEPEIN.

// VmansieM SIJeMeHT.
Data: Dequeue ()
// TlpoBepsieM, eCTb M DJIEMEeHT IJIs yIOaJIeHUS .

if (Next == Last) Then <d®dopMUpYEM MUCKIOYEHMUE.>
Data: value = Queue[Last]
Last = (Last + 1) Mod <pa3Mep odepenu>

Return value
End Dequeue

ITpo6ieMbl B KOJIBIIEBOI 04Yepey BO3SHUKAIOT U TOrJA, KOrJa OHa MOJHOCTHIO 3a-
noJiHeHa. B TakoM ciydae HeoOX0auMo 100aBUTh 9JIEMEHTHI, HA3HAYUTb OOJIbIINI Mac-
CUB, CKOITMPOBATH JIAHHBIE B HOBBII MAaCCUB WJIU UCIIOJIb30BATh HOBBIII MACCUB BMECTO
CTapoTO. DTO MOKET 3aHATh HEKOTOPOE BPEMSI, TOITOMY TIOMBITANTECH CIEJATh MACCHB
JIOCTAaTOYHO BMECTUTEIBHBIM C CAMOT0 HadaJa.

CneunanusupoBaHHble o4yepean

Jlobas odyepeab — 9TO YK€ JOBOJIbBHO CIIEIIUAJIM3UPOBaHHAasA CTPYKTYpa JaHHbBIX.
Ho ecTs emie Takue MHTEPECHbIE PA3HOBU/ITHOCTH, KaK O4Yepe/Iu C IPUOPUTETOM 1 IECKH.

Ouepeau ¢ npuOpUTETOM

B paccMaTpuBaeMbIxX 0UEPEIAX KaxK bl 27IEMEHT MMEET CBO IPUOPUTET 1 YAAIACTCST
TOT, Y KOTOPOTO 3TOT MIPUOPUTET HAUBBICIIHUIL. J[€710 B TOM, 4TO 3JIEMEHTBI ¢ BBICOKUM
[IPUOPUTETOM 06PabATHIBAOTCS IEPBBIMIL

B cTpyKTypax mogoOHOro pojia 31eMEHThI MOKHO XPaHUTh OTCOPTUPOBAHHBIMU 110
npuopurety. [Tpu gobaBieHrN HOBOM 3aIlKCH OUY€EPE/Ib TIEPECMaTPUBAETCS 1 HAXOAUTCS
HYy’KHas TIO3UIUA, B KOTOPOit Ta GyIeT pazMenieHa. Y 1ajeHue 9JIeMEHTOB OCYIIeCTBIIsI-
€TCST ¢ CAMOTO BEPXHEro. B TakoM cirydyae MOCTaHOBKA 3JEMEHTA B OUEPE/b 3aHUMAET
O(N) Bpemenn, a ynanenue u3 nee — O(1).

DJIEMEHTBI MOKHO XPAaHUTH U B TIPOMU3BOJBHOM MOPS/IKE — TOM, B KOTOPOM OHU JI0-
GaBsIOTCS B 09epeh. Torma mpu yaasennn GyaeT MPOUCXOANTD MOMCK SJIeMeHTA ¢ Hal-
BBICIINM IIpHOpUTEeTOM. IIpn TakoM TO/IX0/ie TIOCTAaHOBKA 3JIeMeHTa B 04epe/lb 3aiiMeT
O(1) Bpemenu, a ynasnenuie u3 nee — O(N).

Oba METO/Ia ABJISIOTCS JOBOJIBHO ITPOCTBIMU, U UX JIETKO UCITOJIb30OBATh ITPU pa60Te
CO CBA3HbIMU CIIMCKaMU.

[TupamuzanpHas CTPyKTypa JaHHBIX, OIMCAHHAS B ozipa3zese «[lupamupaapHaast
coprupoBkas pasuena «Anropurmbl O(N x log N)» ruassl 6, ipeiaraer 6osee addex-
TUBHBII c11ocob cozmanust ouepeau ¢ npuoputeroM. OH OCHOBAaH Ha MUPaMUAATbHON
COPTUPOBKE, II09TOMY MOKET H06aBJISTh U yAAIATh ajieMeHThl 32 BpeMst O(log (N)).

Jleku

/lex — 910 OUepesIb € IBYCTOPOHHIM 0CTYIIOM. OHa T03BOJISIET J06ABIISITH JJIEMEHTHI
1 YIATSATH UX ¢ 000UX KOHIIOB.

I[GKI/I ITOJIE3HBI B aJITOPUTMaX, Ir1€ HH(bOpMaL[HH O IPUOPUTETE IJIEMEHTOB N3BECTHA
JIMIIb YacTUYHO. To ecTh BbI 06J1a/:[aeTe CBeICHUAMU, YTO HEKOTOPbBIE 9JIEMEHTBI UMEIOT
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BBICOKUET TIPUOPUTET, & UHbIE — HU3KUIL, HO KAaKOI TOYHO — BaM 3HATH He 00s13aTeIbHO.
B rakom ciryuae BbI MOsKeTe 106ABIISITh 3JIEMEHTBI ¢ BBICOKUM MPUOPUTETOM K OJTHOMY
KOHILY /IeKa, & 9JIEMEHTBI ¢ HUI3KUM IIPUOPUTETOM — K JIPYTOMY.

Z[CKI/I JIETKO peaim30BaTh C IOMOIIbIO IBYHAITPAaBJIEHHBIX CITMCKOB.

Pe3iome

B 37011 rmaBe onuchIBaINCh CTEKU U 0YEPEIN — JIBE CTPYKTYPBI, 4ACTO UCITOJIb3ye-
MbI€ PYTHMHU JITOPUTMAMU JIJIST XpaHEHUsT TaHHBIX. B cTeke mobaBieHre U yaaneHe
3JIEMEHTOB OCYIIECTBJIIETCA C OJTHOTO U TOTO K€ KOHIIA B OPJIKE <IIOCJEHUM TIPUILIEJI,
[IePBbIM BbILIE», B 04epean — A0OaBJIeHre IIPOUCXOIUT B OJAUH KOHELl, a yIaJleHie U3
JIPYTOTO B TIOPSIJIKE «II€PBBIM MTPHUIIIEJI, TIEPBBIM BBITIIEI .

[TocTponTh cTEK MOKHO Ha OCHOBE MacCHBa MJIN CBSI3HOTO CIMCKa. B mepBom ciry-
yae BaM HY>KHO 3ape3epBUPOBATH IOCTATOYHO MECTA, BO BTOPOM 3TO YCJIOBUE HE UMEET
HUKAKOT0 3HaueHUd. MaccuB OIXOIUT U JIJI TOCTPOEHUS 0Uepe/n, TTPaB/ia, €ro pa3Mep
IPUAETCS MEHATD, €CJIM 9JIEMEHT JOCTUTHET KoHIIA. YToObI n30€eKaTh TAKOI CUTYaIMH,
yano0OHee 10JIb30BaThCsI ABYHAIIPABICHHBIMU CIIMCKAMIL.

Creku U ouepenu MO3BOJISIOT OTCOPTUPOBATH dieMenThl 32 O(N?) BpemeHu, HO Ta-
KI€e aJITOPUTMbI IIPUTO/HBI, CKOPEE, /IJIsI BBIIOJIHEHUS YIIPAKHEHI, yeM jiuist ek TuB-
HOiT paboThl. B ciepyiomieii riiaBe paccMaTpUBAIOTCs CIOCOOBI COPTUPOBKH, 06eCTIeun-
Barollre 3HaUNTeIbHO GoJIbIIyI0 TipousBoguTeibHocTh — O(N x log N) u gasxe O(N).

YnpaxHeHus

3B€3HO'—IKOI>1 0603HAYEHBI 3aJIa41 TTOBBITIIEHHON CJI0KHOCTH.

1. KakoBo cooTHomenne Mexay nepeMeHHbIMI Next Index1 u Next Index2 1id
JIBYX CTEKOB, €CJIN OJINH U3 HUX TIOJTHBII?

2. Paspa60Ta1‘/’ITe AJITOPUTM JIJIA TTIOJTYyYE€HU S BBIXOAHOTO CTEKA, B KOTOPOM 3JIEMEH-
ThI BXOZIHOTO CTE€Ka PACITIOJIOKEHDI B O6paTHOM TopsaaKe.

3. Hanummre IIporpamMmy, KOTOpasA IMporn3BOJIUT CODTUPOBKY BCTaBKO JIJIST CTEKA.

4. BpITOTHSST COPTUPOBKY BCTaBKOU B CTeKe, AJITOPUTM JIJIsT KAXK/IOTO 3JIeMeHTa
HepeMeliaeT Bo BpeMeHHbIH CTeK cHavajla HeOTCOPTUPOBAHHbIE JIeMEHTDI, 3a-
TeM HEeKOTOPbIe U3 OTCOPTUPOBAHHDIX, a /lajlee BO3BPallaeT BCe B UCXO/IHBIH CTEK.
[eficTBUTEIBHO JIU €My HY’KHO BO3BpalllaTh BCE 2JIEMEHTbl B UCXOAHBIN CTEK?
MO3KHO JIH yCOBEPIIEHCTBOBATH PabOTY aJITOPUTMA, MU3MEHUB IaHHBIH 1Tar? Kak
9TO TIOBJIUSIET HA BPEMsI PabOThI aJITOPUTMA?

5. Kak npuMeHUTH aJITOPUTM COPTUPOBKU BCTABKOI IJIsT CTEKA K 3a/1a4€ 110 (hopMu-
POBaHMIO COCTaBA MMOe371a?

6. Hanumure mporpaMmy, OCYIIECTBIISIONIYI0 COPTUPOBKY BEIOOPOM [IJIst CTEKOB.

7. Kak npuMeHnTh aJIropuT™ COPTUPOBKU BHIGOPOM JIJIS CTeKa K 3aj1aue 1o (hopMu-
POBaHMIO COCTaBA 1oe371a?

8. Pazpabotaiite mporpaMMmy, KOTOpasi peajinu3yer ouepe/ib ¢ IPHOPUTETOM.
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9. Cospalite nporpaMmy, peajiu3yionryio JIeK.

10", TIpezicTaBbTe, 4TO B GAHKE KIMEHTHI BBICTPAUBAIOTCS B OZHY OYePe/lb, KOTOpasi 00-
CITy>KMBaeTCsT HECKOJTbKMMU Kaccupamu. HoBbIl KIMEHT 3aHUMaeT MeCTo B KOH-
1e OYepeid U MIPOABUraeTCd K ee Havyasly, e HeOOXO0AUMYIO Ollepaliio IPOBO-
JIT OCBOOOAMBIINICS Ha JaHHBIIH MOMEHT Kaccup. CMoe/IupyiiTe ouepe/ib «C He-
CKOJIBKMMU TOJIOBAMU» Ha OCHOBE OOBIYHOI, KOTOPYIO 00CAYKUBAIOT HECKOJIBKI-
MU KacCUPaMHU.

Coszpaiite mporpammy, mogo0HYIO TOit, KoTOpast n300pakeHa Ha pucyske 5.11,
4TOGBI CHIMUTUPOBATH OUYEPE/b «C HECKOJILKUMHU TOJIOBaMU». Pasperure moJb-
30BaTeJII0 YCTAHABINBATD KOJIIMYECTBO KACCUPOB, BPEMsI MEK/TY KIMEeHTaMU, Bpe-
MsT HAXO3K/IEHIST KaK/IOTO KIIMEeHTA B OU€PEe/IN, @ TAKKe CKOPOCTh CUMYJIAIINN. 3a-
MyCTUTE MOJIETh ¢ BBEIICHHBIMU TTapaMeTpaMit, YTOObI YBU/ETh, KaK BEAET celst
odepe/b. Kak KOJMIeCTBO KACCHPOB MOBJIUSET HA CPETHEE BPEMsT OXKUIAHUS?

8  MultiHeadedQueue - © n

Parameters
ATeles: 2 |3
Aival Mins: [1 |3 to (3 [3] minutes
Duration: :2 = o |7 —:— minutes
Speed: 5 12| steps persecond
| Stop
Queve: (g1 82 83

Tellers: |73 80
Time: :thus.d'fnhs
Wat: [6min, 42 sec

Puc. 5.11. Oxno norpammbl MultiHeadedOueue

11. Hammmwure mporpaMMy, OCyTIECTBISIONIYI0 COPTUPOBKY BCTABKOH /71T OUePeIH.

12. Cospaiite mporpamMmy, OCYIIECTBIAIONLYIO COPTUPOBKY BHIGOPOM JIJIst OUEepeIu.



MraBa 6
COPTUPOBKA

AJIropruTMBI COPTUPOBKU HEPE/IKO OIIUCBIBAIOTCS B KHUTAX 110 aJITOPUTMU3AINH, U HA
TO €CTh HECKOJIBKO MTPUYUH. BO-TIepBBIX, OHU MHTEPECHBI M HA WX OCHOBE XOPOIIO U3Y-
yaTb TaKye TeXHOJIOIUU, KaK PeKypCUsd, pasjiesienue 3a1ad Ha [103ajauu, Kyuu, a Tak-
JKe iepeBbsl. BO-BTOPBIX, 9TH aITOPUTMBI SBJISIOTCS OJHUMU U3 HEMHOTHUX, JIJIsI KOTO-
PBIX U3BECTHO TOUHOE BpeMst paboThl. Hanbosiee GbICTphIE M3 HUX, HATIPUMED, BBITIOJ-
usiorest 3a Bpemst O(N x log N), eciin KoJIM4ecTBO COPTUPYEMBIX 3JIEMEHTOB PaBHO N.
Takoil ypoBeHb IIPOU3BOAUTEILHOCTH B OT/IE/IbHDIX CIIy4asdX CYUTACTCS OIITUMAJIBHBIM.
N B-TpeThUX, aITOPUTMBI COPTUPOBKH MOJIE3HBI, TOCKOJIBKY TTO3BOJSIOT YIOPSIOIATh
MaHHbIE OMPeeTEHHBIM 00Pa3OM.

B 2T0i1 ry1aBe onmcano HECKOJIBKO PA3JUYHBIX AJITOPUTMOB COPTUPOBKH. OnHU 13
HUX — COPTUPOBKA BCTABKOM, BHIOOPOM U CIUSTHIEM — GOJIee CI0KHbBIE, HO 3aTO OBICTPO-
neiicTBeHHbIe. /[pyrue, HampuMep COPTUPOBKA TIOJCYETOM, HEe MCTIOIb3YIOT CPABHEHME
AJIEMEHTOB ¥ MOTYT mipeozosieBath orpanuderne O(N x log N), paborast yIMBUTENEHO
adekTUBHO TTPU TTPABUIBHBIX YCIOBUSIX.

B CJIeIyIoleM pasjiesie aaropruTMbl paClipe/IeJIEHbI 110 KaTETOPUAM C YIETOM UX
IIPOMN3BOIUTEJIBHOCTI.

SAMEYAHUE

| MHorune nporpaMmmHbie 6M6ANOTEKN COaepXaT BCTPOEHHbIE ObICTPOAENCTBYIO-
LLME VHCTPYMEHTbI COPTUPOBKN, KOTOPbIE YA0OHO MCMONb30BaTh NPW HANMcaHUN
1 oTnagke cobcTBeHHOro koga. Ho noHMMaTb NPUHLUMIMBLI PabOoThbl TAKUX anropuT-
MOB BC€ Xe HeobXxoAnMO, MOCKOJIbKY MHOIAa CaMOCTOSATENIbHO CO3AaHHbIE MHCTPY-
MEHTbI MOIyT OKa3aTbCH Ny4ylle BCTPOEHHbIX. Hanpumep, ana o4eHb MasbiX Crv-
CKOB MNy3bIpbkOBasi COPTUPOBKA OyaeT addekTnBHEe Nobo CNoXHON BLUBIMoTEKN,
Kak 1 COPTUPOBKA CHETOM, EC/IN JlaHHbIe MEIOT ONpeaeeHHble XapakTepPUCTUKNA.

Anroputmbl O(N?)

Asroputmbl O(N?) SIBASIIOTCS. OTHOCUTEIBHO MEIJIEHHBIMH, 3aTO MPOCThIMU. T1o-
cliefiHee KauyeCTBO TO3BOJISIET UM WHOT/IA TIPEBOCXO/IUTH CPABHUTEIBHO OBICTPHIE, HO
GoJtee CIOKHBIE ATTOPUTMBI JIJIST OY€Hb MATBIX MACCHBOB.

CopTupoBKa BCTaBKOW B MaccuUBax

AJITOPUTM COPTUPOBKHU BCTABKOI MBI YK€ pacCMaTPUBAJIU B IVIaBe 3, KOT/la peyub
1JIa O CBA3HBIX CIIMCKAX, U B [VIaBe 4, KOIjia u3ydaau creku 1 odepean. OcHOBHad njes
TaKOTO METO/Ia 3aKTI0YAETCST B BBIOOPE DJIEMEHTA U3 CITHCKA BBOJIA 1 €T0 BCTABKE B COOT-
BETCTBYIOIIYIO TIO3UIIUIO OTCOPTUPOBAHHOTO CITMCKA BBIBO/IA, KOTOPBIN M3HAYAIHHO ITYCT.
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AH&HOFHQHyK)TGXHOHOFHK)MOHGH)HCHOﬂbSOBaTbIIﬂHHCOpTHpOBKHJwaCCHB&

Insertionsort (Data: values[])
For 1 = 0 To <KONMMYECTBO 3HaYEeHUN> - 1
// TlepeMemaeM BJIEMEHT 1 B COOTBETCTBYOIYI II03ULMD0
// B OTCOPTMPOBaHHOM 4YacCT¥ MacCCHUBa.
<HaxomuM TIEpBHIY MHIOEKC Jj, IPM KOTOPOM j < 1
n values[j] > values[i].>
<lloMemaeM 3JIeMEeHT B TIO3UIMIO J.>
Next 1
End Insertionsort

[Tpu nuKIMYeCKOM ITPOXO3KAECHUY 110 3JIeMEHTaM MaccuBa Ha OCHOBE MHJIEKCa 1 Ha-
GJrroiaeTCst CIIeytoliee pasiesieHue: 3JIEMEHThI ¢ HHIEKCOM MeHee 1 MPU3HAITCST OTCOP-
TUPOBaHHBIMU, & ¢ HHIEKCOM 00JIee MU PAaBHBIM 1 — HeOTCOpTUpOBaHHBIMU. [Tocie TOoTo
KaK KOJl [IePeCMOTPUT Bee MHIeKChI MaccBa (0T 0 710 TIOCTIEIHETO ), OH ITEPEMETIAET 2JIEMEHT
C MHJIEKCOM 1 B COOTBETCTBYIOIILYIO MO3UIIMIO BO BTOPOU YacTu Maccusa. YToObI 06HAPY-
JKUTh TY TO3UIIUIO, TIEPEGUPAIOTCS YIKe OTCOPTUPOBAHHBIE 3JIEMEHTBI U HAXOIUTCS TIeP-
BBIi 5JIEMEHT, KOTOPBIE GoJibiie, yeM values [ 1 1. [Tepemernienne MOKeT 3aHITH KAKOE-TO
BpeMst. Bezib eciii HOBBIN MHJIEKC BJIeMeHTa JI0JIKEH ObITh J, KOJI OJI’KEH CABUHYTh BCE
DJIEMEHTBI MEK/Ty MHAEKCAMK J U 1 Ha OJIHY MO3UIIUIO BIIPABO, YTOOBI OCBOGOIANTH MECTO.

Ha pucynke 6.1 nokazanbl OCHOBHbBIE IIATH aATOpUTMa. BepxHuuii pparmeHT npe-
craBJisteT coH0M UCXOHBII HEOTCOPTUPOBAHHBIN MaccuB. Ha cpeziiiem hparmerTe epBbie
JeThIpe ajieMeHTa (OHU 0OBEIEHBI TOJICTON JIMHIEN) YKe OTCOPTUPOBAHBI, @ AJITOPUTM
TOTOBUTCS M0OABUTH K HUM CJIeAyIoNuil co 3HadenneM 3. Ko mepecmarpuBaeT oT-
COPTUPOBAHHBIE 2JIEMEHTBI, TIOKA HE ONPENEeTUT, YTO YUCI0 3 HY;KHO BCTaBUTD MEpe]]
grcsioM 4. Ha nuskraem pparmente BUAHO, UTO AJITOPUTM IE€PEABUHYJI 3HAYeHus 5, 6 u 7
BIIPaBO, 4YTOOBI OCBOOOIUTH MECTO /ISt 3HaueHus1 3. BcTaBuB ero, OH MPOIOIKUT 1K
For, 4TOOBI YIOPSIOUNTE CJEAYIONIH 9JIEMEHT CO 3HAYEHUEM 2.

7 516 1 3 2 8 0

Puc. 6.1. CopTupoBKa BCTaBKOIT

[IprBemeHHBII aITOPUTM COPTUPYET 3TEMEHTHI B MICXOTHOM MAaCCUBE, TO3TOMY €My
He TpeGyeTCsT IOTMOTHUTENBHON TaMITH (MCKITIOYEHIE COCTABISIOT HECKOTBKUX TIepe-
MEHHBIX JIJIs1 KOHTPOJISI IIUKJIOB U [TepeMellleHNsT 3JIEMEHTOB).

Ecan B MaccuBe comep:kutcs N 3JeMEHTOB, aJTOPUTM paccMaTpUBaeT BCe.
[l kask/101 TIO3UIINY 1 OH JIOJIKEH HAUTH MPeABIAYIINEe OTCOPTUPOBAHHBIE 3JIeMEHTHI
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U OTIPEe/IETTUTh HOBOE MECTO JIJII COPTUPYEMOTO 3HAUEHUS. 3aTeM eMy HYKHO Tepe/[BU-
HYTDb 9JIEMEHTBI MEK/y 3TUM IIOJIOKEHNEM U TTOJIOKEHNEM NH/IEKCa iHa OHY ITO3UINIO
BIPaBo. Tak, eciim aJIeMeHT 1 JIOJIKEeH CMECTUTBCST Ha TIO3UIIUIO §, TTIOTPeOYeTCs BHAYAIe
J 1aroB, a MOTOM ellle i — J JiUIsk IIePeCTaHOBKHU 5JieMeHTOB. B pesysbrare obtiee KoJu-
YeCTBO IAroB OyeT PaBHO 1.

Ecanu cymmuposars 1maru, Tpebyemble jiJist TIO3UIIMOHNPOBAaHUS BCEX 9JIEMEHTOB,
obee Bpems paboTsl coctaBur 1 + 2 + 3 + ..+ N = (N> + N)/2, orcioja npousBo-
IUTeNbHOCTD anroputma — O(N?). DTo He 0YeHb XOPOIIHH TOKA3aTelb, OJHAKO IS
OTHOCUTETHHO MaJTbix MaccuBoB (MeHee 10 000 s1eMeHTOB) OH ABJSETCS JOCTATOYHO
6bicTphiM. K TOMY ke alnropuT™ I0OBOJIBHO TIPOCTOM, TOITOMY JIJIst COBCEM MAJIbIX Mac-
CUBOB MOKeT paboraTh a(pdekTuBHEe, ueM OoJjiee CI0KHBbIE aIropuT™Mbl. HackoJbKO
MaJIbIM /1OJIZKEH 6BITI) TaKou MacCCHuB, 3aBUCUT OT Balllell CUCTEMBL. O6BI'-IHO peub uaeT
0 5—10 anemenTax.

CopTupoBKa BbIGOPOM B MacCuBax

[TonobHas cCOPTUPOBKA PACCMATPUBAJIACH B IVIaBe 3 /st CBSI3HBIX CIIMCKOB U B IJIaBe 4
IS CTEKOB 1 oueperieil. Ee cyTh cocTonT B TOM, 4T06bBI HAITH B CITUCKE BBOJIA HAUOOITb-
I 3IEMEHT U I0OABUTH €T0 B KOHEI] OTCOPTHPOBAHHOTO crivicka. Kak BapuaHT, MOKHO
WCKATh HAMMEHBIINH 2JIEMEHT U TIePeMelaTh ero B Ha4ajo OTCOPTUPOBAHHOTO CITHCKA.

B crepyiommeM mceBaoKoe IpeacTaBIeH alropuT™, paboTaIoIIil ¢ MAaCCHBAMIL

Selectionsort (Data: values|[])
For 1 = 0 To <KONMYECTBO 3HaYeHUMN> - 1
// Haxomymm BIJeMeHT, TpUHAaIJIeXaAmUn TTO3UIINMU 1 .
<HaxomouM HaVMMEeHBINWI 2JIeMeHT, Y KOTOPOTO MHOEKC j >= 1.>
<MensieMm MecTamu values[i] u values[j].>
Next 1
End Selectionsort

KOZI IIPOXO/UT B paMKaX IMUKJIA IO MaCCUBY 1 BbI6I/IpaeT HaVMeHbIITNI IJIEMECHT, KO-
TOprﬁ €Ie He lIO6aBJIeH B OTCOPTUPOBAHHYIO 4aCTb CITUCKA, 3aTEM MEHACT €Iro MeCTaM1
C 2JIEMEHTOM B IIO3UILINH 1.

OcCHOBHBIE IIary aJTOPUTMA MTPeICTaBIeHbl Ha pucyHKke 6.2. Ha Bepxmem dparmen-
Te BUJIEH UCXOHBIN HEOTCOPTUPOBAHHBIN MaccuB. Ha cpe/iHeM mepBbie TPH dJ1eMeHTa
yKe OTCOPTHPOBAHBI (OHU 0OBEIEHBI TOJCTON JUHUEI), a aITOPUTM TOTOBUTCS TIO-
MEHSITh MTO3UIHIO cyieiytoniero aaemenTa. OH UIEeT HEOTCOPTUPOBAHHDIE HIEMEHTHI,
4TOOBI BBISIBUTE CPEIUM HUX TOT, KOTOPBIH UMEET HaMEHbIee 3HaUeHUE, — B TAHHOM
caydae 310 3. HalifienHoe 4uciio nepeMeniaeTcst B CIeAyIonyio HeOTCOPTUPOBAHHYIO
nosunuio. Ha HukreMm dhparMeHTe MOKa3aH MACCUB MOCJE TOTO, KAK HOBBIN 2JIEMEHT
6bL1 106aBJIEH B OTCOPTUPOBAHHYIO YacTh. [[UKI FOr MPUCTYTIAaeT K CIEAYIONeMy
2JIEMEHTY CO 3HAYEHUEM J.

Kak 1 B ciryyae COpTUPOBKH BCTABKO, JITOPUTM PACIoJIaraeT yIOPsZI0YeHHbIE dJIe-
MEHTBI B UCXOJIHOM MAaCCHBE, TI09TOMY JIOTIOJTHUTEILHON TaMATH eMy He Tpebyercst (Kpo-
Me HECKOJIbKUX MePeMEHHBIX JIJTs1 KOHTPOJIS HaJl IUKJIAMU U TIepeMeIIeHUs 9JIeMEHTOB).
Ecam B maccuBe cojiepxutcst N 9j1eMeHTOB, aJITOPUTM M3ydaeT Kask/(blil 3 Hux. /[ist Ha-
JaJia OH JIOJDKEH TepecMoTpeTh N — i ellle He OTCOPTHPOBAHHBIX 3JIEMEHTOB, 4TOOBI HANTH
MIPUHAJJICKAIIH TTO3UIUN 1, & 3aTeM MePEABUHYTh COPTUPYEMBIil 3JIeMEHT Ha TIOCJIE]I-
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HIOIO TIO3UITHIO 32 MaJIoe KOJMYeCTBe MmaroB. TakuM o6pasoMm, Jist repeMeleHrst BCex
asemenToB norpedyercsa (N — 1) + (N—2) + ..+ 2+ 1 = (N*+ N)/2 maros. IT0 3Ha4uUT,
4TO AITOPUTM Ob1azaeT BpemMereM paboTbl O(N?), Kak 1 aJIrOPUTM COPTUPOBKH BCTABKOIA.

7|56 1]13]2(|8]0

) HanmeHbluee
! 3HaueHve

v

oj112|3|7|8]|6]5

Puc. 6.2. Copruposka BbIG0pOM

CopTHpoBKa BHIOOPOM TaKsKe SABJISAETCS JOCTaTOUHO OBICTPOI AJIsi OTHOCUTEIBHO
Masbrx MaccuBoB (Menee 10 000 asmemenToB). Kpome Toro, OHa TIpOCTA 1 €CJTN 3JIEMEHTOB
coBceM HemHOTO (0T 5 710 10), paboraer adekTrBHee, yuem HoJiee CIOKHDIE ANTOPUTMBDI.

My3bipbKOBas COPTUPOBKA

HySI)IpbKOBaH COPTHUPOBKaA IIpeIiogaracT caeayomniee: €CJIn MaCCUB HE OTCOPTUPO-
BaH, mo0bIe /IBa CMEKHBIX 9JIEMEHTA B HEM HaXOJAATCA B HEIIPABUJbHOM I1OJIOJKEHUU.
W3-3a aToro AJITOPUTM JOJIKEH ITPOXOAUTD IO MAaCCUBY HECKOJIBKO pa3, MEHAA MECTaMU
BCe HEITpaBUJIbHBIE ITaPhI.

Bubblesort (Data: values|[])
// TloBTOpsieM, IIOKa HE OTCOPTUPYEM MacCCUB.
Boolean: not_sorted = True
While (not_sorted)
// llpemmnonaraeM, YTO HENPaBWIBLHHX IIap HET.
not_sorted = False
// VIeM CMexHEEe DJIeMEeHTH MacCUBa, CTOSIMEe B HENPaBWILHOM IIOPSIKE.
For 1 = 0 To <KONMYECTBO 3HaYeHUN> - 1
// TlpoBepsieM, CTOSAT M DiIeMeHTH 1 um 1 - 1
// B TIPaBWUJIBLHOM IIOPAIKE .
If (values[i] < values[i - 1]) Then
// MeHsieM UX MeCTaMMu.
Data: temp = values[i]
values[i] = values[i - 1]
values[i - 1] = temp

// MaccuB eme He OTCOPTMPOBAH.
not_sorted = True
End If
Next 1
End While

End Bubblesort
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B kojie ucnosib3yercsi OyJieBcKasi iepeMeHHast not _sorted, KOTOpast OTCJAEKIMBAET
nepeMelleHue 3JIeMeHTOB IIPU IIPOXOsKAeHUN Yepe3 MaccuB. Iloka oHa MCTUHHA, TIMKJI
paboTtaeT — UIIET HeMPaBIJIBHBIE TTAPI 2JIEMEHTOB ¥ TIEPECTPANBACT UX.

WNanmoctpariueit 9TOro aroputMa MoKeT CIyKuTh pucyHok 6.3. [1epBbrit Mmaccus
BBITJISZIUT 0 GOJIBIIEN YacTH OTCOPTUPOBAHHBIM, HO, TIPOH/SACH 110 HEMY, aJITOPUTM
BBISIBUT, UTO Tapa 6 — 3 HaXoAUTCA B HEIIPABUJIBHOM ITOJOXKEHUN (UUCI0 6 TOKHO
caenoBath nocise 3). Koz nmomensier HailieHHbIE 9J1eMEHTBI MECTaMU U T10JIyYUT BTO-
POl MaccuB, B KOTOPOM B HENIPABUJILHOM I10JIOXKeHUN oKaxkeTcst mapa 5 — 3. [Toce ee
HCTIpaBJIeHUsT 00pas3yeTcst TPETHil MacCuB, Tie HeBepHa mapa 4 — 3. TloMmeHsB ee aute-
MEHTBI MECTaMU, AJITOPUTM CHOPMUPYET Y€TBEPTHIH MACCUB, COBEPIIUT €IIe OJTUH KO-
HEYHBIH IIPOX0/] 1, He Hali/is Iap, CTOSIIINX B HEITPABUIIHLHOM MOJIOKEHU U, OCTAHOBUTCSL.

0 0 0 0
1 1 1 1
2 2 2 2
4 4 4 3
8 8 3 4
6 3 5 5
3 6 6 6
7 7 7 7
8 8 8 8
9 9 9 9

Puc. 6.3. ITy3sippKoBasi COPTUPOBKA

B my3sIpbKOBOiT COPTUPOBKE HEYMOPSOUEHHBIH 371€MEHT 3 Kak OBl MEIJICHHO
«BCILJIBIBAET» HA TPABUJIBHYIO MO3UIINIO, OTCIONA U crielu(ruecKoe Ha3BaHIe MeTO/IA.
Kaxxmoe mpoxox/ieHne 4epe3 MacCHB CTAaBUT HA HY>KHOE MECTO KaK MUHUMYM OJINH 3JIe-
MeHT. B MaccuBe, IpuBeIeHHOM Ha pUCYHKe 6.3, TPH TEPBOM TIPOXOKAEHUHT HA TPABUITh-
HOI1 TIO3UIIUN OKa3bIBAETCSI YUCJIO 6, TPU BTOPOM — I, IIPU TPeThbeM — 3 U 4.

Ecyi Ipe/InonosKuTh, 4To B MACCUBE COAEPIKUTCST N 3JIEMEHTOB 1 XOTsI ObI OIMH U3
HUX 3aHUMAET CBOE MECTO B Pe3yJIbTaTe OJHOKPATHOTO IMEPECMOTPA 3HAYEHU T, TO aJITo-
PUTM MOJKET cOBEpIIUTH He Gosiee N npoxoxaenuii. (Bee N onagobstes, Koria MacCcus
M3HAYAIbHO OTCOPTUPOBAH B 00paTHOM mopsizike.) Kakmoe takoe mpoxXosKIeHe BKITO-
vaeT N 1maros, orctozia obuiee BpeMst paboTsl aaroputma — O(N?).

Kak u 1Be TIpEeAbIAYIINE COPTUPOBKHU, MMYy3bIPbKOBAA ABJAAECTCA JOBOJBHO ME/JICH-
HOI>'Iy HO MOJKET ITOKa3aTh IIPUEMJIEMYIO ITPOU3BOJAUTETBHOCTD B MaJIbIX CIIMCKaX (MeHee
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1000 aremenToB). OHa Tak:ke ObICTpPee, 4eM HoJiee CIIOKHBIE AJITOPUTMBI JIJIsT OYeHb Ma-
JIBIX CITUCKOB (OKOJIO 5 3JIEMEHTOB).

BbI MOskeTe HECKOJIBKO YCOBEPIIIEHCTBOBATD MY3bIPBKOBYIO COPTUPOBKY. B Maccu-
Be, TIPHBE/IEHHOM Ha PHCYHKe 6.3, 3I1eMeHT co 3HaUeHNeM 3 HaXOAUTCS HIKe CBoei Ko-
HEYHOH TO3UINHU. A 9T ecJiit OH Oy/IeT BhIliie Hee? ANTOPUTM OTIPEIETUT, YTO DJIEMEHT
He TaM, TJie eMy TI0JI03KEeHO HAaXOJIUTHCS, U TIOMEHSIET MECTaMU CO CJIEYIONINM dJIeMEeH-
TOM, 3aTeM CHOBA MePECTaBUT, OOHAPY/KUB HEBEPHBII pactiopsanok. Tak mpososKUTCs
BHN3 IO CTIICKY /IO TeX MOp, TIOKa He OTHINIETCsT KOHeTHAsT Mo3uIns. Yepeays mpoxok-
JIEHUsT BBEPX U BHI3 TI0 MACCHBY, BB MOJKETE YCKOPHUTH PAGOTY ajropuT™a: TiepBbie Gbi-
CTpee MOCTABAT HAa MECTO Te 3JIEMEHTBI, KOTOPbIe HAXO/SATCS CIUITKOM HU3KO B CIIHCKE,
BTOPbIE — T€, YTO CJAUITKOM BBICOKO.

Enie oun crioco6 ycoBepiieHCTBOBaHKS — BBIIIOJIHATH HECKOJIBKO IIEPECTAHOBOK 3a
npoxo/. Hammpumep, mpu IBUKEHNH BHU3 TI0 MAaCCUBY 3JIeMeHT (Ha3oBeM ero K) MoxeT
CMEHUTD CBOIO MMO3UINIO HE OJINH pa3, TIPesK/ie YeM 3aliMeT HysKHOoe MecTO. Bbl cakoHO-
MHTE BpeMsl, ec/ii He OyzeTe epeiBUraTh ero 1o MacCUBY, a COXpaHKTe BO BPEMEHHOIT
TepeMeHHOU U, CMeCTUB JIPyTHE 3JIeMEHTHI BBEPX, Hali/ieTe 1eJieByI0 MO3uIuio A K,
BCTaBUTE €T0 Ty/Ia U TIPOIOJKUTE TTPOXOKICHUE.

[TpenonoxKuM, 4TO B HallleM MAacCUBE COAEPKUTCS HauOOJIbIINii djeMeHT L,
KOTOPBIH CTOUT He Ha cBOeM MecTe. [[Burasicb BHU3, aJIlTOPUTM 00UPaeTCs 10 HEro
(BO3MO3KHO, COBepIIIas JpyTHe ePeCTAHOBKH ) 1 3aTeM ITepeMeliaeT BHU3 MO CIIHUCKY,
MOKa TOT He JIOCTUTHET KOHEYHOU nmo3unuu. Bo BpeMs mocyeiHero npoxoskjaeHns
110 MAaCCUBY HU OJIH 3JIEMEHT He MOXKET BCTaTh MOcJje L, TOCKOJbKY dTOT 3JIEMEHT
yiKe HAaXOJIUTCS HAa HY;KHOM MecTe. SHAYUT, AJITOPUTM MOKET OCTAaHOBUTbHCS, KOT/1a
JIOCTUTHET 2JieMeHTa L.

Ecan 0606muTh BBITECKa3aHHOE, MOJYYAETCST, YTO AITOPUTM 3aBEpPIaeT Mpo-
XOJKJIeHUE Yepe3 MacCUB, 10OPABIINCH /10 TO3UIMH MTOCIEHEH epecTaHOBKH, KOTO-
PYIO BBITIOJIHUII BO BPEMST MIPEBIIYIIET0O TPOXOsKAeHUs. Takum 06pa3oM, OTCIIEIUB
IIOCJIC/IHUE TIePECTAaHOBKY IIPU IBUKCHUM BHU3 U BBEPX 110 MACCUBY, BBl MOYKETE
COKPATUTH Ny Th.

PaccMoTpeHHBIE YCOBEPIIEHCTBOBAHUS TIPONJLTIOCTPHPOBAHBI Ha PHUCYyHKe 6.4.
Ha xpaitHem sieBoM (bparMeHTe BUIHO, YTO BO BPEM:I MIEPBOTO MTPOXOKAECHUS BHU3 TI0
MAaCCHBY &JITOPUTM BCTABJIIET DJIEMEHT 7 BO BDEMEHHYIO IIEPEMEHHYIO U MEHSIET MECTaMU
casiemenTamu 4, 5, 6 u 3. JIpyruMu cioBaMu, aIropuTMy He TpeGyeTest XpaHUTh 9JIeMEHT 7
B MacCHBe JI0 TeX Mop, TOKa OH He 3aifiMeT KOHEUHYIO MTO3UITHIO.

PasmecTiB 7 TOTKHBIM 0OPA30M, ATTOPUTM MPOIOJIKAET IBIKEHTE TT0 MACCUBY 1 He
HaXO/UT APYTUX JIEMEHTOB /IS IlepecTaHOBKU. Telepb eMy U3BeCTHO, UTO 7 U CJIe/Ly-
TOII[FE 32 HIM HJIEMEHTBI CTOSIT B CBOMX KOHEUHBIX TIO3UIHSIX U PACCMATPUBATH UX GOJIBIIE
He Hy»HO. Ecain 661 Kakoii-HUOY /b 9JIEMEHT, PACIIONOKEHHBIN OJIMKe K BEPXY MacCUBa,
OKa3ascst HOJIbIIe 7, TO IPH TIEPBOM K€ MTPOXOKAEHIN OH MEPEMECTUIICS OBl BHI3, MUHYST 7.
Ha cpexrem dhparmenTe 21eMEHTHI HA KOHEYHBIX MO3UIUSX 3aKPAIIeHbl CEPhIM — BO
BpeMs IIOCJIeYIONINX [TPOXOXK/ACHUI OHU He HyK/Ial0TCs B IIPOBEPKE.

Ha xpaitaem nmpaBom hparmeHTe ajJropuT™ COBEpIIaeT BTOPOe MPOX0sKIEeHUE 0 Mac-
CUBY BBePX, HAUMHASI C 3JIEMEHTa, CTOSIIETO Tiepe/]] 7. B Haiem ciaydae 3To 3. Ajiroputm
MEHSIET er0 MeCTAMU C dJieMeHTaMu 6, 5 U 4, yIepKuBas BO BPEMEHHOI! TlepeMeHHOI],
MTOKa He MOCTABUT Ha KOHEYHYIO TIO3UIHIO. Terneph 3 ¥ IpeiliecTBYIONTUE eMY 3JIEMEHTBI
HaXoJ[SITCS HA CBOMX MECTaX — OHM 3aKPAIleHbl CEPBIM TIBETOM.
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HOCJIGI[HGG ITPOXOKAECHNE OCYIIECTBJAETCA BHNUS 110 MaCCUBY, HAYMHAA CO SHAYEHU A 4
1 3aKaHYMBasg 3HayeHrem 6. Bo BpeMs HETO IEPECTaHOBKU HE BbIITOJIHAIOTCSA, U aJITOPUTM
OCTaHaBJ/IMBAETCA.

0 0 0
1 1 1
2 2 2
—| 7 4 3
N J
4 5 4
DR
6 5
) J
6j 3 6
k>3 7 7
8 8 8
9 9 9

Puc. 6.4. YcoBepuieHCTBOBaHHAS ITy3BIPHKOBAsT COPTHPOBKA

Takue ycoBepIIeHCTBOBAHUS HA TIPAKTUKE YCKOPSIIOT My3bIPHKOBYIO COPTHPOBKY
(B xoze Tecta 10 000 aseMeHTOB OBLIM OTCOPTUPOBAHBI OOBIYHBIM 06pa3oM 3a 2,5 ¢,
a ycoBepiencrBoBanHbiM 32 0,69 ¢). Ho Bce ke Bpemst paboThI 00OGHOTO alirOpUTMa
octaercst O(N?), TO eCTh OH IPUMEHUM JIJIsI CIIMCKOB C OTPAHUYEHHBIM Pa3MepPOM.

Anroputmbl O(N x log N)

Asropurmbr O(N x log N) sHamuoro Geictpee anropurmoB O(N?), 1o Kpaitteii Mepe, pu
pabore ¢ Gosbiimmvu MaccuBamu. Hampumep, ecotr N = 1000, To Bpemst pabotst O(N x log N)
nokaxer pesy/bTar 1 x 104 a N> — 1 x 109, o ectb mpumepno B 100 pas Gosbute. Takas pas-
HHUI[A B CKOPOCTH JIEJIAET AJITOPUTMBI [IEPBOTO POJia GoJiee MOJIe3HBIMHU HA ITPAKTHKE,

MupamupanbHas cOpTUPOBKA

[MTupamugaabHast COPTUPOBKA MOAXOAUT JI7ist pAOOTHI ¢ HOJTHBIMU OMHAPHBIMU JIEPe-
BbsIMU B MaccuBe. B Hell ucnosibdyeTcst CTpyKTypa JaHHBIX, Ha3blBaeMasi Kyueu.
XpaHeHHe MOJHbIX OMHAPHBIX JIEPEBHEB B MACCHBAX

BuHapH()e 8ep860 — 9TO JIEPEBO, B KOTOPOM Ka’K/las BEPIINHA COeJNHEHA C XOTA OBl
ABYMs IOUEPHUMHU 3allUCAMMU. Ecnm Bce ero YPOBHU 3aITOJIHEHbI, KpOME, BO3MOYKHO, 110~
CJIeHETO (rz[e BC€ BEPUIMHDBI CABUHYTHI B]IeBO), TO TaKO€ JePeBO HA3bIBACTCA 1OJIHOLIM.

142




CopTtupoBka

Ha pucynke 6.5 nokaszaHo nojHoe 6uHapHoe sepeBo ¢ 12 BeprinHaMu: nepsbie Tpu
YPOBHSI [TOJIHBIE, YETBEPTHII COAEPKUT IIATh BEPIIUH, CIBUHYTHIX BJIEBO.

Puc. 6.3. [Toanoe 6unaptoe nepeso

[TosHble GUHAPHbIE 1EPEBbs JIETKO COXPAHUTH B MACCUB: IIPUCBONTE KOPHEBOMY
yaay ungekc 0, a Jo4epHUM 3alncsaM JT1000ro yala ¢ MHAEKCOM 1 — WHAeKchl 21 + 1
n2i+ 2urT.

Ec/m y3/1y npucBoeH MHJIEKC J, TO POAMTENbCKAs 3alIUCh /I HEro Oy1eT UMeTb MH-
nexc (5 —1)/2], rae |l losnauaior oxpyrienue pesyabrara 0 C1ey0Iero MEHbIIETO
nesoro uncia. Hanpumep, 12,91 =2 u (2] = 2.

Ha pucynke 6.6 nokaszano nepeBo (cM. puc. 6.5), iepeBejieninoe B maccuB. CBepxy

YKa3aHbl BXOJHbIE UHAEKCHL. Tak, y3my 6 mpucBoeH WHIEKC 4. 3HAYWT, €T0 JOUYepHIe
sanucu 5 1 12 6yayT nmerb uHAeKeh 4 x 2 + 1 =914 x 2 + 2 = 10 COOTBETCTBEHHO.

0 1 2 3 4 5 6 7 8 9 10 11

e i e e

Puc. 6.6. [Tosnnoe Gunaproe 1epeBo, epeBeIeHHOe B MACCUB

Ecim unzpexe kakoii-mm6o gouepHei 3aIiCy IPeBbILIaeT HAOOIbIIMNA MHAEKC MaCCH-
Ba — TaKOW 3amucy B iepese HeT. Hanpumep, y3en 9 uMeet HHAEKC 5, TOT/IA €T0 T0YePHSIST
3aIuCh CIpaBa I0JLKHA HOCUTD HHIEKC 2 X 5 + 2 =12, Ho 9T0 4110 BBIXONT 32 TIPEIEIIbI
MacCHBa, U €CJIU TIOCMOTPETh Ha PUCYHOK 6.5, TO MOKHO yOEIUTHCS, YTO Y 3JIeMEHTa
co 3HaueHueM 9 cripaBa JjouepHeii 3amcu HeT. PaccMOTpUM Tak:Ke ToJydYeHre HHIeKca
POIUTENBCKOM 3aITMCH TS 3JIeMeHTa co 3HaueHneM 12, koTopomy npucBoe unzexc 10.
CorJiacHo BBIIIETPUBEEHHON (hOpMYJIe, POAUTENbCKAS 3AITMCh JOJKHA UMETh MHIEKC
[(10 — 1)/2] = 4,51 = 4. B maccuse emy cooTsercTByet aement 6. Ha Hamem nepese
(cm. puc. 6.5) 9TO U eCTh POAUTENLCKUN Y3€JT IJIsT BEPIIUHBI CO 3HaYeHneM 12.

Kyua

Jeouunas xyua (puc. 6.7) — 970 MOJHOE OMHAPHOE JEPEBO, T/IE KajKash BEPIIMHA
CONEPIKUT 3HAYEHNE, KOTOPOE HE MEHbIIIE TEX, YTO HAXOAATCA B €0 JOYEPHUX 3allUCAX.
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Ha pucynke 6.5 nsobpasxena He Kyua. Eciii B3ATb 1711 mpuMepa KOPHEBOM y3es1 7, MOAKHO
3aMETHTB, YTO €ro MpaBast JOUepHsis 3amch umeet sHadenue 10, To ectb ona GoJblie

POIUTENBCKOM.

Puc. 6.7. /[Bonunas kyua

Bbr MOsKeTE BBICTPauBaTh Ky4y, 100aBJIsis 10 OHON BepiinHe 3a pa3. Haunute
C ZlepeBa, COCTOSANIETO U3 OHON BepmuHbl. [T0CKOIbKY y HErO HET 0YEPHUX 3a-
nuceii, oHo yxe gBisercs Kydeil. HoBbIll y3es HyKHO 100aBJIATh B KOHEl] JepeBa.
Y106l OHO OCTABAJOCH MOJHOCTHIO OGUHAPHBIM, 3TO JOJKEH OBITH MPABbIl Kpail
HUKHETO YPOBHS.

Ternepb cpaBHUTE HOBOE 3HAUEHME CO 3HAUEHMEM POJIUTENbCKON 3anucu. Ecim nepsoe
GoJrbliie, TOMeHstiiTe X MecTaMu. [10CKOIbKY JIepeBo H3HAYATIbHO (hOPMUPOBAIOCH KaK
Ky4a, TeKyllee POAUTEIbCKOE 3HaYeHHe JOJKHO IIPEBBIIATD YiKe UMeIoleecs ouepHee
(ecam ono ectp). [lToMenaB MecTaMy pOUTENBCKUI 1 HOBBIH IOYEPHUI 2JIeMEHTDI, BbI
COXpaHuTe HY>KHOE OTHOIIEHKE B JAHHOM y3Jie, HO MOXKeTe HapYyUIUTh ero B y3Je Bbl-
nrectodieM. [ToqnumuTech Ha ypoBeHb BBEPX, OIIEHUTE PACIIOJIATAIONLYIOCS TaM POJH-
TeJIbCKYIO 3AIUCh U, €CJId HY»KHO, ITpousBeaute 3ameny. [Ipogosrkaiite ato aeiictsue /10
TeX 10p, II0Ka He 10iiieTe 10 KOPHEBOii 3arucu. Tak Bbl IOJIyuynTe Kydy.

Ha pucynke 6.8 1mokasa 1poiiecc, B X0/ie KOTOPOTO K JiepeBy, N300pakKeHHOMY Ha
pucytke 6.7, 106aBISIOT HOBYIO 3amuch 12. OGHOBIEHHYIO Kydy BbI MOJKETE YBUIETH
Ha pucyske 6.9.

Puc. 6.8. /loGaBiieHne HOBOrO 3HAYEHUS K Kyde
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Puc. 6.9. O6HOBIIeHHAsE KyYa

Ecsm Kyya XpaHUTCST B MACCHBE, €€ OGHOBJIEHHE BBITIOJHUTD elife mpoiite. OuepeHoit
3JIEMEHT, TIPUCOEMHSIEMbI K KOHILY JlepeBa, aBTOMAaTHYeCKH 3aHUMaeT COOTBETCTBY-
IONIYIO TIO3UIIUIO0 B MaCCUBE.

Cuerytomuii IceBIOKO/] TPEBpAIaeT MacCUB B KyUy.

MakeHeap (Data: values|[])
// DobaBnsgeM KaxOull BJIeMeHT B Ky4dy (II0 OIHOMY) .

For 1 = 0 To <KONMYECTBO 3HaYeHUMN> - 1
// HadmHaeM C HOBOTO DJIeMeHTa M paboTaeM IO KOPHS.
Integer: index = i
While (index != 0)

// HaxonouM MHOEKC POIUTENIBLCKOM 3alllCH.
Integer: parent = (index - 1) / 2

// ECNM IOYEpHSs 3alMcChb MeHBbIe MM PaBHa POOUTENBLCKON,
// MBl 3@KOHYMJIM ¥ BHEXOIOUM M3 IMKia While.
If (values[index] <= values[parent]) Then Break

// MeHsieM MecTaMy DPOIOMTEJNIBCKYID M IOYEepHI 3alucCu.
Data: temp = values[index]

values[index] = values|[parent]

values[parent] = temp

// TlepexonuM K POOUTEIBCKOM 3allcCy.
index = parent
End While
Next 1
End MakeHeap

Kyuwm xoporu juist coznanust ouepe/eil ¢ IpUOPUTETOM, TTOCKOJIbKY YeM (oJIblie
AIIEMEHT B JiepeBe, TeM OJIMKe OH K KopHeBoMy y3iy. ClieoBaTeIbHO, IPH yAAIeHUH
AJIEMEHTA U3 OUEPe/IH JOCTaTOUYHO yOpaTh TOT, 4TO sABJIsIETCs KOPHEBBIM. K coxkaieHuo,
TaKas orepaiys pa3pylaeT MUPaMUIaIbHYI0 CTPYKTYpyY Kyun. Ho cuTyaiuio jerko mc-
MIPaBUTb, €CJIH TEPEMECTUTH ITOCJIETHU 2JIEMEHT JiepeBa B KopeHb. Ha ciemyiorem atare
MOHAI0OUTCST BOCCTAHOBUTD OCHOBHOE CBOMCTBO Ky4w. [T 5TOTO MOKHO HCIOTIb30BATh
TOT METO/I, KOTOPBIM (hUTrypupyer 1 mpu MOCTPOCHUHU: eCIM HOBOE 3HAUYECHUE MEHbIIIE
KaKOT'O-TO JI0YePHEero, IoMeHsiTe UX MecTaMy. VicpaBuB TekyIuil y3es, poBepbTe
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TOT, YTO UJIET Ha YpoBeHb HUKe. [IpooskaiiTe nepecTaHOBKY Y3JI0B BHU3 110 JIEPEBY,
MOKa He HalijleTe TOUKY, B KOTOPOH CBOMCTBO Ky4H yske OyIeT BHITIOJHEHHBIM, MO0 He
JOCTUTHUTE KOHIIA JlepeBa.

B cjaeaymomeM IICeB/IOKO/JE TIPEACTaB/JICH aJTOPUTM YIaJ€HUA dJIEMEHTA N3 Ky4yHn
1 BOCCTAHOBJIEHUSI €e OCHOBHOTO CBOICTBA.

Data: RemoveTopItem (Data: values[], Integer: count)
// CoxXpaHsieM BEepXHUM DJIeMeHT, 4YTOOB BEepHYTBLCS K HeMy IIO3IHEee.
Data: result = values[0]

// TlepeMemaeM IIOCJIEOHMI BJIEMEeHT K KOPHI.
values[0] = values[count - 1]

// BoccTaHaBIMBaeM CBOMCTBO Ky4l.
Integer: index = 0
While (True)
// HaxomyM MHIEKCH IOYEePHMX 3allicei.
Integer: childl = 2 * index + 1
Integer: child2 = 2 * index + 2
// Ecnu MHOEKC OodYepHel 3alucu BHIIamaeT M3 IepeBa,
// WCIHONBL3YEeM MHOEKC POOUTEIHLCKON 3aryCu.
If (childl >= count) Then childl = index
If (child2 >= count) Then child2 = index

// ECnm CBOMCTBO KYy4YM BEBIIOJIHEHO,

// MBl 3@KOHYMJIM ¥ BHEXOIOUM M3 IMKia While.

If ((values[index] >= values[childl]) And
(values[index] >= values|[child2])) Then Break

// TlonmydaeM MHIOEKC IOYEepHEN 3amnMcyu C OOJNbINUM 3HAYEHUEM.
Integer: swap_child
If (values[childl] > wvalues[child2]) Then
swap_child = childl
Else
swap_child = child2

// MeHsieM MecTaMy C OOJBIIUM OOYEPHVM SJIEMEHTOM.
Data: temp = values[index]

values|[index] = values[swap_child]
values|[swap_child] = temp

// TlepexomuM Ha OOYEPHO BETKY .
index = swap_child
End While

// Bo3zBpamaeM 3HadeHMe, KOTOpOoe YIaluiIu U3 KOPHS.
return result
End RemoveTopIltem

[TpuBeAeHHBIN AITOPUTM B KauecTBe MapaMeTpa 6epeT pasMep Jepesa, 0aTOMY
OH MOJKET HAWTH MECTO, T/ie 3aKaHYMBAETCS Kydya BHYTPU MAacCHBa. 3HAUYEHUE CO-
XpaHsAETCS B KOPHEBOM y3JI€, 4YTOOBI TOTOM ObLIa BO3MOKHOCTh K HEMY BEPHYThCSL.
3aTeM TIOCJTETHUI BJIEMEHT JiepeBa TepeMenaeTcss K KopHueBomy yaay. [list aToro
aJITOPUTM HasHayaeT UHAEKCY KOPHEBOIO y3Ja lepeMeHHylo index U BBOAUT Oec-
KOHEUHBIN IIUKJ While.
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BHyTpu 1LMK/Ia alrOpuTM pacCYMTHIBAET MHAEKCHI ZOYEPHUX 3aIIMCEH TEeKYLIEro
yana. Eciiu onu 06a BbInagaior 13 AepeBa, TO UX 3HaueH s IPUPABHUBAIOTCS K POAUTEb-
ckoMy. B Takom cirydae pasnbHelinee cpaBHEHNE MHAEKCA TIPOMCXOAUT C CAMUM COOOM.
A mockosbKy Jitoboe 3HaueHne GoJIbIle WM PAaBHO caMoMy cebe, MOMOGHBIN MOIX0/
YIOBJIETBOPSET CBOWCTBY Ky4M U HEOCTAIONIHIA y3€/1 He 3aCTABISET aITOPUTM MEHSTD
3HAYCHUS MECTaMH.

[Tocjte TOrO KaK aATOPUTM PacCUNUTAET JOYEPHIE UHIEKCHI, OH IIPOBEPSIET, COXPaHsI-
€TCST JIN CBOMCTBO Ky4H B TEKyIIeM MecTe. Eciin 71a, To arTOpuT™ MOKK/IAeT UK While.
To ke caMoe TIPOUCXOUT, ECITH HET 0OEHX JOUEPHUX 3aIICEl MJIN B OTCYTCTBUH OJTHOI
U3 HUX JIpyTas COOTBETCTBYET CBOMCTBY KyUH.

Eciu cBoiicTBO Ky4M He BBIIIOJIHSAETCS, aJlTOPUTM yCcTaHaBanBaeT swap_child na
MHJIEKC IOYEPHEHT 3aICH, CoflepKaliiii GoJIbIliee 3HAYCHIE, M MEHSICT MECTaM U 3HAUCHUST
POIUTEBCKOTO ¥ JIOUEPHETO Y3JI0B. 3aTeM OH OOHOBJISIET MIepeMeHHY 0 index, 4ToObI
C/AIBUHYTb €€ BHU3 K IIepPeCcTaBJeHHOMY JI0UePHEeMY Y3JLy, U IIPOJIOJIKAET CITyCKAThCs 110

7IepeBYy.

OcyuiecTBieHre NMpaMUIaJIbHON COPTUPOBKHU

Terepsb, Kora Bbl 3HAKOMBI C IIOCTPOEHUEM Ky4H U 3HAaeTe, Kak ¢ Heil paboTaTh, 0Cy-
MECTBUTD MUPAMUIATTBHYIO COPTUPOBKY JI7IsT BAC He COCTaBUT Tpy/a. [IpuBeenHbIN HITKe
ITOPUTM CTPOUT Kyuy. OH HECKOJIbKO pa3 MEHSIET ee TIEPBBIN U MOCJIEHUI HIIEMEHTHI
MecTaMU U TiepecTpamBaeT Bce AePeBO, UCKIoYasd mocaequuii aaemMenT. [Ipn kaxaom
IIPOXOKAECHUH OJUH DJIEMEHT YAAASETC U3 Ky4n 1 106aBJIseTCs B KOHEI[ MaCCUBa, /e
PaCIIOJIOKEHDI 2JIEMEHTBI B OTCOPTUPOBAHHOM TIOPSI/IKE.

Heapsort (Data: values)
<Ilpeobpa3zyeM MacCuB B Kydy.>

For 1 = <gRoMMYeCTBO 3HadeHmii> - 1 To 0 Step -1
// MeHsieM MecCcTaMM KOPHEBOW U IIOCJIeOHUM DJIEeMEeHTH .
Data: temp = values|[0]
values[0] = values[i]
values[i] = temp

<OmpemernseM 3JIEMEHT B TO3UIINM 1, KOTOPHNM HYXKHO YIAIUTHL U3
Ky4dnu. Ternepb Kyda CcomepxuT 1 - 1 srmemMeHTOB. OIyCKaeM 3HaYeHue
HOBOTO y3Jjla BHU3, 4TOOE BOCCTAHOBUTEL CBOMCTBO Ky4dnm. >
Next 1
End Heapsort

[TpescraBieHHBINA aJITOPUTM HAYMHAET CBOIO paboTy € TOTO, YTO IPEBPAIaeT Mac-
CHB B Ky4y. 3aTeM OH HECKOJIbKO Pa3 yJajsieT BepXHUI dJIeMeHT, caMblil GOJBIION 1
nepeMelnaeT ero B KoHel Kyur. KoamdecTBo 2JIeMeHTOB B Kyde IPU 9TOM COKpaIaeT-
CsI M BOCCTAHABJIMBAETCST €€ OCHOBHOE CBOMCTBO, a TIePeCTaBJIEHHbIN 2JIEMEHT 3aHUMAET
MPAaBUJILHYIO MTO3UIIAIO B KOHIIE KYUU.

Ha 3aBEPHIAIONIEM ITAIIC AJITOPUTM YAAJIACT IJIEMCHTDI N3 Ky4YM B IOPA/IKE OT HAM-
60JIbILIErOo K HaMEHbIIEMY 1 ITOMENIACT NX B KOHEIT TIOCTOSITHHO COKpaH.[aIOIJ.[efICH Ky4u.
Maccus MPOAOJIKAET COACPKATh 3HAYECHUA B ITOPAAKE BO3PACTaHUA.

O6beM mamsaTi, TpeGyeMBbIit TSI TUPaMUAATbHOM COPTUPOBKH, JIETKO PACCUH-
TaTb. AJITOPUTM XPaHUT BCe JJAHHBIE BHYTPU UCXOAHOTO MACCUBA U UCIIOJIb3YET JIUIIb
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oIpe/IeJIEHHOE KOJTMYECTBO [IOMOJHUTEIbHBIX IEPEMEHHBIX /IJIsI PACUeTa 3HAYeHU I U UX
nepecranoBku. Ecsin B MmaccuBe coziepxxutca N 3Hauenuit, anroputm ucrosbdyet O(N)
TaMSTH.

CJroxHee orpeiesIiTh BpeMsi paboThl anroputMa. YTo6bl TOCTPOUTD UCXOAHYIO Kydy,
eMy IPUXOAUTCS IPUOABIATD KasKIbII 2JIeMEHT K pacTyliell Kyue. Beskuii pas od pasme-
IAET €TO B KOHIIE IePeBa 1 TPOCMATPUBAET CTPYKTYPY AAHHBIX IO CAMOTO BepXa, YT0ObI
yOeUThCsI, YTO OHA ABIAETCA Kyueit. [ToCKombKY IepeBo TIOTHOCTHI0 GHHAPHOE, KOJTIYe-
ctBo ero yposaeii pasHo O(log N). Takum 06pasoM, epeiBUKEHIE 2IeEMEHTa BBEPX 110
nepeBy MoeT 3aHsATh MakcuMyM O(log N) 1mraroB. AJITOpUTM OCYIIECTBIISIET IIIaT, TIPU
KOTOPOM JIOGABJISIETCS DJIEMEHT ¥ BOCCTAHABJIMBAETCS CBONCTBO Kyun, N pas, 110aToMy
ob1iee Bpems moctpoerus ucxoaHoi kyun cocraBut O(N x log N).

[17151 3aBepIeHnsT COPTUPOBKU AJTOPUTM YAAISIET KAK/IbIH 9JIeMEHT U3 KyUH, a 3a-
TEeM BOCCTAaHABJIMBAET ee CBOMCTBA. J[JIs1 3TOTO OH MEHsIeT MecTaMy MOCJIe/HN JIEMEHT
Ky4M 1 KOPHEBOH y3eJ, a 3aTeM Iiepe/iBuraeT HOBbIM KOpeHb BHU3 110 /iepeBy. /lepeBo
umeet soicoty O(log N) yposHeii, mostoMy nporecc Moxer sauatb O(log N) Bpeme-
HU. AJITOPUTM MOBTOpsieT Takoii mar N pas, oTciofia 0611ee KOJTUIeCTBO HYKHBIX Ta-
ro — O(N x log N).

CymMMupoBaHue BpeMeHH, HeoOXOIMMOTO JIJIs TIOCTPOEHUST UCXOTHON KyYH U OKOH-
yaHuga copTuposky, gaet caexpyiomee: O(N x log N) + O(N x log N) = O(N x log N).

ITupamudanvras copmuposka TPeACTABIIET OO0 TaK HA3BIBAEMYIO COPTUPOBKY
Ha MecTe U He Hy:KJaeTcs B JONOJHUTeNbHON mamaru. Ha ee ocHOBe Xopolio BUTHO,
Kak paboTaloT Ky4u U Kak [IPOUCXO/IUT COXPAHEHHE MTOJHOTO OMHAPHOTO IepeBa B Mac-
cuse. 1 xorst mpoussoaurebaoctb O(N log N) BbIcOKa [IJIs aJITOPUTMa, COPTUPYIOIIE-
TO MyTeM CpaBHEHU, fajiee TOHET pedb 00 aIrTOpUTMe, KOTOPBIiT MOKa3biBaeT ete 60-
Jiee GBICTPDIE PE3YTBTATLI.

BbicTpas copTupoBKa

HpI/IBeHeHHbII'jl HUKe BbICOKoypOBHeBbIﬁ AJITOPUTM [I€JIUT MaCCUB Ha /IB€ 4aCTU
" BIIOCJIEICTBUU PEKYPCUBHO BbI3bIBACT CaM cebsa JUIST X COPTUPOBKU.

Quicksort (Data: values[], Integer: start, Integer: end)
<BobupaeM 3JIeMEeHT M3 MaccuBa. HasbHBaeM ero pasielsoliyM 3JIEeMEeHTOM. >

<IlepeHOCYM DJIEMEHTH, KOTOPHE MeHBbIle pa3Oendiomero, B HadaJo Maccusa.>
<I[lepeHOCUM DJIEMEHTH, KOTOpHE OOoJblle pa3mendomero MM PaBHH eMy,

B KOHeI] MacCuBa. >

<I[lycTh cepenuHoOM OymeT MHIEKC, TOe IIOMelleH pPa3nedaolyii SJIeMeHT . >

// PEeKypCMBHO COPTUPYEM [Be 4YacCTU MacCCHUBa.
Quicksort (values, start, middle - 1)
Quicksort (values, middle + 1, end)

End Quicksort

B Bepxweii vactu pucynka 6.10 mokazaH MaccuB 71 COPTUPOBKU. B kauecTBe pas-
JEJISTIONIETO 9JIEMEHTa BEIOPAHO TIepBoe 3HaueHue 6.

Ha cpennem dparmente 3HaueHuns, KOTOpble MEHbIIE, YeM Pa3/IeJISToNIni ae-
MEHT, ObLJIH TIepeMelieHbl B HaUajlo MacCHUBa, a 3SHaUeHUsl, KOTOpPbIe GOJIbIIE WM PaB-
HBI eMYy, — B KOHell. Pa3esfonuii ajieMeHT ¢ MHAEKCOM 6 3aKkpalieH TEMHO-CEPBIM.
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OO6paTtuTe BHUMaHIE, 4TO elle OAMH 9JeMEeHT MaccuBa Co 3HadeHueM 6 cienyer 3a
pasneanuTesieM.

(&)
wW (&) ~
W wW (&)
B B
(&) (&)
(&) wW wW
(&) ~ B
~
wW

Puc. 6.10. Boictpas coptuposka

Jlajiee alirOpUT™M PEKYPCUBHO BBI3bIBaeT caM cebst, 4TOObI OTCOPTUPOBATDH YACTH
MacCHBa /IO U TIOCJIe PA3JEIIONIero ajieMeHTa. Pe3yibTaT aTOro mnpoiecca mokasaH Ha
HIZKHEM parmenTe pucynka 6.10.

[Tepes TeM Kak IPUCTYNUTD K MOAPOOHOMY aHAJIU3Y aJITOPUTMA, U3YYUM BPEMS €10
paboTHI.

Anams BpeMeHH padoThl AIropuTMa

Jlist Havasma pacCMOTPUM OCOOBII carydail, KoT/a Ipy KaskIoM Iare pasaesionui
3JIEMEHT JIEJTUT AaHATM3UPYEMBI MaccuB TortosiaM (puc. 6.11).

7N

S o
AR R R

[] OO

Puc. 6.11. Pasznenenue Mmaccusa IOpoBHY

/
AR
L

B kak0i1 BepimHe AepeBa, n306pakeHHOTo Ha pucyHke 6.11, mpoucxoaut obpa-
IIEHE K aITOPUTMY OBICTPOIA COPTUPOBKH. TOICTHIMU JIMHUSIMU OTMEUEHO Pas/iesicHIe
MaccuBa HaBoe. CTPesKi CUMBOJIUBUPYIOT AITOPUTM OBICTPOiT COPTUPOBKH, OH BBI3bI-
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Baet celst IBAKIIBI — JUIST KAUKIIOH MOJIOBIHbBI MaccuBa. BHU3Y JilepeBa BbI30B OCYIIECT-
BJISIETCS €ZIMHOXK/IBI (M BO3BPAI[AETCS, HUUETO He C/leJIaB), IIOCKOJIbKY CIIMCOK U3 OJHOTO
3jieMeHTa y ke OTCOPTUPOBaH. JJOCTUTHYB ITOCJIeIHET0 YPOBHS B TUPaMUAIbHON CTPYK-
Type JaHHbIX, BBI30BbI HAUMHAIOT BO3BPAIIATHCS K COOCTBEHHBIM METOIaM — TaK IIPO-
HCXOJUT KOHTPOJIb CHU3Y BBEPX.

Ecsm nsHavaibHO B MaccuBe cofiepskuTcs N 9JIeMEHTOB M OHU Pa3/ie/IeHbl YeTKO T10-
TIOJIaM, JIEPEBO BBIZ0BOB OBICTPOIl cOpTUPOBKY UMeeT BbicoTy log N yposueit. [Tpu kask-
JIOM BBI30BE ITPOBEPSIOTCS dJIEMEHTBHI B TOM YaCTU MAacCHBa, KOTOPas MOJBepraeTcs
coprupoBke. Hanpumep, B MacCHBe U3 YETHIPEX IEMEHTOB OYIyT UCCJIEOBAHBI BCE
YeThIpe 2JIEMEHTA C TeJIbI0 TIOCTIEYIONIEero pas3/ieJIeHus NX 3HaUeHUT.

Bce ameMeHTBI 113 ICXOTHOTO MacCHBa ITPEICTABICHBI Ha KasKZIOM yPOBHe fiepesa. Ta-
KuM 06pazom, 10601t yposens conepskut N ameMenToB. Ecii Bb 1o6aBuTe Te, KOTOPHIE
JIOJIZKEH TIPOBEPSITH KK/l BbI30B OBICTPON COPTUPOBKH HA OTIPE/IEJIEHHOM YPOBHE Jie-
peBa, mosryuntcst N 57leMEHTOB. DTO 3HAUUT, YTO BBI3OBBI OBICTPOI COPTUPOBKU TIOTPE-
6ytot N 1aros. ITockobKy fepeBo uMeet BbicoTy log N ypoBHE# 1 [T KasKI0TO 13 HITX
Hy>kHO N 1raros, obtiiee Bpemst paboTsr anroputma coctaBut O(N x log N).

[Too6 b AIrOPUTM IPeAIIoIaraeT pasjeeHre MacCuBa Ha JBe PaBHbIE YaCTH [IPU
KayK/IOM I1Iare, YTO BBIMJISAUT He 04eHb IpaBAorogo6H0. OnHAKO B GOJIBLUIMHCTBE CIyYaes
pa3eAonnil aIeMeHT 6y/:[eT OTCTOATb HEJJAJIEKO OT CePeJIMHbI — HE TOYHO 110 LEHTPY,
HO U He ¢ caMoro Kpas. Hanpumep, na pucytke 6.10 Ha cpeqnem gpparmenTe pasieisio-
Ui 91eMeHT 6 HaXOUTCS XOTs M He POBHO MMOCEePeIiHe, Ho OJN3KO K Heil. B atoM ciy-
Yae aJropuT™ GbICTPOIl COPTUPOBKHU Bee elle obanaer BpemereM paborsl O(N x log N).

B xymimeM ciydae pa3maessioninii oJieMeHT MOKET OKA3aThCst MEHbITIE JTI0O0TO IPYTOTro
B TOI 4aCTH MacCUBa, KOTOPYIO JEIUT, MO0 Bee OHM OYAYT UMETh PaBHbIE 3HAUCHUS.
Torza HU 0/IMH U3 3JIEMEHTOB He MePENIeT B JIEBYIO YacTh MaccuBa — BCe, KpPOMe Pas-
JIeJISTIONIEeT0, OKaKyTCs B TpaBoil. [1epBoIil peKypCUBHBIH BBI30B BEPHETCSI HEMEIJIEHHO,
MIOCKOJIBKY COPTHPOBKA He TIOHA0GUTCS, 3aTO B XO7I€ BTOPOTO TToTpebyeTrcst 06paboTaTh
MOUTH KasK/ABIH aiemenT. Eciu iepBoMy BBI30BY OBICTPON COPTUPOBKU HAI0 OTCOPTH-
posatb N 2JiIeMeHTOB, TO pekypcuBHOMYy — N — 1.

Ecau pasgengiomuil ajileMeHT Bcerzia MeHbIlle OCTAJbHBIX B COPTUPYEMOM 4acTu
MacCHBa, aJITOPUTM BBI3BIBACTCS JIJIsI COPTHPOBKY BHavase N ajeMeHTOB, 3ateM N — 1,
N-—2urT. 1 BTakom ciydae 1epeBo BbI30BOB, H300paskeHHOe Ha pucyHKe 6.11, siBjistercst
O4YeHb TOHKUM U uMeeT BbICOTY N.

Bb130BbI OBICTPOI COPTUPOBKU HAa YPOBHE i B JiepeBe MOJKHBI TTIPOBepUTh N — 1
anemenToB. CyMMUPOBaHUE BCEX HIEMEHTOB, IPOBEPSEMbBIX Ha BCEX BBI30BAX, HACT
N+(N-1)+(N-2)+..+1=Nx(N+1)/2, gro paBusiercst O(N?). Takum o6pazom,
B XY/IIITEM cIydae BpeMst paboTsl anroputMa coctaBut O(N?). Kpome BbITecKa3aHHOTO,
caenyer o6paTuTh BHUMamHHe Ha TpeGyeMbril 06beM maMsaT. OH YaCTUYHO 3aBUCHT OT
METO/Ia, € TOMOTI[BIO KOTOPOTO MACCHB JIEJIUTCS HA YaCTH, & TAKKE OT IIYOUHbI PEKYPCUH
asroput™a. EcJiu mocieloBaTeIbHOCTh PEKYPCUBHBIX BHI3OBOB CJIUIIKOM TJyOOKa, IPO-
rpaMMa PaCXOIyeT CTEKOBOE MPOCTPAHCTBO U 3aBUCHET.

B npumepe ¢ epeBoM, u306paskeHHbIM Ha pucytke 6.11, anropurm 6bicTpoii cop-
THUPOBKH PEKYPCUBHO BBI3BIBAaeT caM cebst 1o riyOouHbl N. Takum 0o6pasoM, B OjKuae-
MOM CJIy4ae CTeK BbI3oBa Iporpammsbl Oyzaer uMersb rayouny O(log N) yposueii. s
GOJIBIIMHCTBA KOMIIBIOTEPOB HTO He npobiema. J[ake eciii B MACCUBE COAEPIKUTCS
1 mutpt asieMenToB, B log N ux Beero 30, a cTek BbI30Ba I0JIKEH 00J1a/IaTh BOSMOKHOCTHIO
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pabotats ¢ 30 pekypcuBHbIMU BbI3oBaMu. OHAKO B XY/IIIIEN CUTYAIIH, KOTJA JIEPEBO
BBICOKOE U TOHKOE, TTybOuHa pekypcenu coctaBut N. HeMHOTHe TIPOTpaMMBI CITOCOOHDI
CO3/1aTh CTEK BBI30Ba ¢ 1 MJIP/I pEKYPCUBHBIX BHI30BOB.

Bbl MoskeTe uzbeskaTh HAMXY/IIIETO ClIEHAPUsT, €CJIU 3aCTABUTE aJITOPUTM PaboTaTh
B TEYCHUE PA3yMHOTO BPEMEHU ¥ C PA3yMHON IIyOMHON PEKYPCHHU MYTEM TIATEILHOTO
BBIOOPA Pa3/EISTIONIEro aIeMeHTa. B ¢lIeyomux moapasaenax paccMaTpuBaioTCst He0O-
XOZIIMbIE JIJIST 3TOTO CTPATeTHH, TPUBO/IATCS /[BA METO/IAa PA3/Ie/IeHIsT MacCHBa HA YacTH,
a TaKsKe PE3FOMUPYIOTCS CBEJIEHHS 0 UCTIOIb30BAHUTO OBICTPOI COPTUPOBKU Ha TPAKTUKE,

Br100p pasaensioniero sjaeMenra

B xauecTBe pazzesIsionero aIeMeHTa MOKHO FCTIO/Ib30BATD TIEPBHBII 9JIeMEHT 13 TOMH
YaCTU MACCUBA, KOTOPAst COPTUPYETCST. ITO MIPOCTOM U, KaK MPABUIIO, 9(PHEKTUBHBIH CIT0-
c06. K coskameHnio, ecim MacCHB M3HAYATHHO OTCOPTUPOBAH B ITPSIMOM U 0OPaTHOM
TTOPSIIKE, CUTYAIHNSI OKaskeTcs HauxyAlneil. Jlydrne Bcero, ey aJeMeHTHI pachosara-
I0TCS B CJTy4aifHOM MOPSIZIKe, HO Yallle COPTUPOBKA SIBJISIETCS] YACTUIHOH MJIH TIOTTHOM.

Perutb 1pobieMy MOMOKET TIpeBAPUTENbHAST PAHIOMHU3AIINST MACCUBA TIEPE]] BbI-
30BOM OBICTPOIT COPTUPOBKU. EC/IM 3JIeMEHTDHI PACTIOJIOKEHDI B CIyYailHOM MOPSIJIKE,
MAaJIOBEPOSITHO, YTO OIMCAHHBIA METO KasKAbIIA pa3 OyaeT BHIOUPATh ILIOX0H pasies-
IOTMH 2JIEMEHT, U MBI TIOJIYYUM XY/IIIMH BapuaHT ero paborsl. B riase 2 pacckasbia-
JIOCh, KaK paH/IoOMU3UPoBaTh MaccuB 3a BpeMst O(N) 1 He YBeJIMUUTD IIPU ITOM OKUJIA-
eMYIO TPOU3BOUTENBHOCTD asroput™a 6bicTpoii copruposku O(N x log N). Onnako Ha
paKTUKe 171 pAGOTHI ¢ GOJBITMM MaCCUBOM TPEGYETCs I0BOJBHO MHOTO BPEMEHH, 10~
3TOMY OTIBITHBIE IIPOTPAMMUCTBI HE UCTIOIb3YIOT TAKON METO/I.

MosKkHO IIPUOETHY Th K IPYTOMY BapHAHTY: OIIPEeIUTh IIePBbIii, IOCIEHUIT U CPeIHMIA
3JIEMEHTBI B COPTUPYEMON YaCTH MacCHBa U UCTIOJIb30BaTh B KAUECTBE PA3/IEJUTEIIS dJie-
MEHT, Ube 3HaUeHHe HaXOAUTCST MEKLY JIIOOBIMU ABYMsI 3HAUEHUSIMU U3 5TOro Tpro. Her
aGCOJIFOTHOM TapaHTHH, YTO PE3YJIbTAT He OyIeT IPUOINKATHCSI K HanGoJIbIeMy Wl Hau-
MEHbIIIEMY 3JIEMEHTY B IAaHHON YaCTU MacCHBA, OJTHAKO He3HAYNTETbHASI BEPOSITHOCTD €CTh.

U HaKOHeII, TOCJEHUN METO/] 3aKII0UAETCsI B TOM, YTOOBI BBIOPATh CJYJYaillHbINA
WHJIEKC U3 COPTUPYEMOU YaCTH MACCHBA, a 3aTeM UCII0JIb30BATh B KAYECTBE PA3/IeTUTE s
3HaYeHUe dJIEMEHTA C JaHHBIM MHAEKCOM. MajloBepOSTHO, 4TO KAkl TaKoil BHIOOD
MIPUBEJIET K IIJIOXOMY Pe3yJIbTaTy U Xy/IeMy BapHaHTy pabOThI aITOPUTMA.

OcymecrBieHue ObICTPOii COPTHPOBKH CO CTEKAMHU

Korpna pasmesrenb BoIOpaH, Hy;KHO PaCIPEAEJUTh dJIEMEHTBI 110 00eUM CTOPOHAM
MaccuBa. ITO JOBOJBHO IIPOCTO CAeNaTh, €CJIU PasdpocaTh 2JIEMEHTHI 110 JIBYM CTEKaM,
B 3aBUCHMOCTH OT TOTO, OOJIbIIe WM MeHbIe OHU paszaenntess. Ceayomnmii cesmo-
KOJI TIPEJICTABJISIET PEATU3AIIUIO PACCMATPUBAEMOTO TIIara.

Stack of Data: before = New Stack of Data
Stack of Data: after = New Stack of Data

// CobupaeM DIJIEMEHTH OO ¥ IIOCJe Pa3lessanlero DJIeMeHTa.
// TlpepnronaraeTcs, YTO pa3nendolny 3JIeMeHT XPaHUTCs B IIepeMeHHOun start.
For 1 = start + 1 To end
If (values[i] < divider) Then before.Push(values[i])
Else after.Push(values[i])
Next i

151



MmaBa 6

<IlepeMemaeM OOBPATHO B MACCHUB BJIEMEHTH CTeKa <Io».>
<[obaBrnsieM pas3nesnsgounuii 3JIeMeHT B MacCCUB. >
<IlepeMemaeM O6pPaTHO B MaCCHUB BJIEMEHTH CTEKa <IIOCJIe».>

Ha stom mecte AJITOPUTM T'OTOB PEKYPCHUBHO BbI3bIBATh CaM C(i‘651y YTOOBI OTCOPTHU-
POBaAThb ABE YaCTU MaCCUBa 110 obe CTOPOHBI OT Pa3ZICJIAIOIIETO dJIEeMEHTa.

OcyiecrBienue ObICTPOil COPTHPOBKH Ha MECTE

[IprMeHsITh CTEKH JIJIsT pa3OMeH sl MACCHBA Ha JIBE YacTH, Ge3yCI0BHO, YI06HO, HO
IUIST 9TOTO TPeOYeTCsT BBIIENUTD MOTIOMHUTENLHYIO TTaMsITh. BBl MOJKETe COKOHOMUTH
BpeMsT 1 HA3HAYUTH CTEKU B HAYaJIe aJITOPUTMA, a 3aTEM MIPU KAKJOM BbI30Be paboTaTh
C HUMH, a He co3/aBaTh cobcTBenHbie. OHAKO BCe PaBHO TIOTPeOyeTCss 06beM MaMsATH
O(N) i X TIEpPBOTO UCTIOJIB30BAHUS.

[TopaboTaB HEMHOTO, Bl CMOKETE Pa3OUTh 3JIEMEHTBI Ha JIBE PYIIIBI 6e3 3aeii-
CTBOBaHUS JIONTOJTHUTENBHON TTaMsATH. B ciie/rytoleM BbICOKOYPOBHEBOM TICEBIIOKO/IE
WILTIOCTPUPYETCS Pean3aliust TOro MeTo/1a.

<IlepeMemaeM pas3nessiomuMil 3JIeMeHT B Hadaljlo MacCuBa.>
<VparnsieMm pa3sdendomni 3JeMeHT M3 MacCuBa. B Hadale MaccuBa obpasyeTrcs
«OBIPKA», KyIa MOXHO I[IOMECTUTH IOPYTOM SJIEMEeHT.>

IIoBTOpPAEM :
<IlepecMaTpuBaeM MacCCHUB C KOHIa, 4YTOOB HaWTU IIOCJIEeNHUM DIJIEeMEHT,
KOTOPHI MeHBblIe pa3lesolero.>
<IlepeMemaeM HaWOEHHB DJIEMEHT B <OHPKy>». Ternepb BO3HMKAET <IBpKa»
Ha ero Mecre.>

<IlepecMaTpMUBaeM MacCUB C CaMOTO Hadasna, 4YTOOB HAWTU TIEPBHN BJIEMEHT,
KOTOPHIM OOJblle pa3mendomero MM PaBeH eMy.>

<IllepeMellaeM HalOeHHH) SJIeMeHT B <OHPKy». Telnepb BO3HMKAET <IBpPKa»
Ha ero Mecre.>

ITouck 110 MaccuBY B 0OPaTHOM ¥ MPSIMOM HATIPABJICHUSIX, a TAaKKe MepeMelieHue
DJIEMEHTOB B </[bIPKY» HYKHO BECTHU JI0 T€X 0P, IOKa JBe 00JIaCTH, KOTOPbIE BbI MIIETE,
He CONJIyTCS TJ/le-TO TocepeinHe. 3aTeM CJe/lyeT Pa3MeCTUTh PA3JesAIoNInil 9JIeMeHT
B «J[bIPKe», 00pasoBaBLIelics MeKAY ABYMS YACTSIMU, M OTCOPTUPOBATD 9T YACTH, BbI-
3BaB aJITOPUTM PEKYPCUBHO. JTO IOBOJIBHO TPY/IHBIH 11ar, HO, N3yYNB BHUMATEIbHO Ha-
CTOSIIIIT KOJI, BbI CMOJKETE TIOHITH ero pabory.

B cienyromieM ceBaoKoe IpeAcTaBieH HI3KOYPOBHEBDII aIropuT™ GbICTPOIi Cop-
THUPOBKU.

// CopTupyeM [OaHHYW YacThb MacCHUBa.

Quicksort (Data: values[], Integer: start, Integer: end)
// Ecniym B MaccuBe He 6oJjiee OOHOTO BJIeMeHTa, 3HaduT, OH OTCOPTUPOBAaH.
If (start >= end) Then Return

// JCHONb3yeM IIEepBHM 2JIEMEHT KaK pPa3aeldolyi.
Integer: divider = values[start]

// TlepeMemaeM Te DIJIEMEHTH, KOTOPHE MeHBbIe pa3oesdolero,
// B Hadaio MaccuBa, a Te, KOTOpee OOoJblle MIM PaBHE €My, — B KOHEIl.
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Integer: lo = start
Integer: hi = end
While (True)
// TpocMaTpuBaeM MacCCMB C KOHIIA OT hi, 4TobOH HaWTH
// TIOCTemHWu} DJIeMeHT, 3HadYeHMe KOTOPOTO MEeHbIe pas3desisiomero.
// TlepeMemaeM HaNOeHHBM DIJIEMEeHT B <IBPKY> .
// Temepb <«OHpPKa» BO3HMUKAET Ha €Tr0 MecTe.
While (values[hi] >= divider)
hi = hi -1
If (hi <= lo) Then <BexomuMm M3 BHemHero nmkia While.>
End While
If (hi <= lo) Then
// JleBas ¥ TpaBasg YaCTU MacCMUBa CXOINSTCS IIOCEpenyHe,
// BHaAYUT, MB 3aKOHUYMIM. [loMemaeM Ccoaoa pa3IesIsolni
// DIEeMeHT U BHXOOMM M3 Imkia While.
values[lo] = divider
<BRIXOOMM M3 BHemHero nukia While.>
End If

// llepeMemaeM HalIeHHOE 3HAaYEHMEe B HMKHIOD IIOJIOBUHY .
values[lo] = values[hi]

// TlepecMaTpyBaeM MacCUB C Hadajla OT 1O B IIOMCKax IIepBOTO
// >mrneMeHTa, 3HaAYeHVe KOTOPOTOo OOonblle MM PaBHO pa3OesoleMy .
// TlepeMemaeM HalOeHHBM DIJIEMEeHT B <IBPKY> .
// Temepb «OHpKa» BO3HMKAET Ha €T0 MecTe.
lo = lo + 1
While (values[lo] < divider)
lo = 1o + 1
If (lo >= hi) Then <BeXOOMM M3 BHemHero Lmkia While.>
End While

If (lo >= hi) Then
// JleBad ¥ mIpaBas YaCcTU MacCCHUBa CXOIOSATCS IIOCepenmnHe,
// BHaA4YMT, MB 3aKOHUMIM. lloMemaeM cioaa pa3Ielsolui
// BIEeMeHT M BHXOOUM U3 ImKia While.
lo = hi
values[hi] = divider
<BHXOOMM M3 BHemHEero ImkKia While.>

End If

// TlepeMemaeM HalileHHOE 3HAYEeHUEe B BEPXHIOWL [IOJIOBUHY .
values[hi] = values[lo]
End While

// PeKypCMBHO COPTHUPYEM IOBe 4YaCTU.
Quicksort (values, start, lo - 1)
Quicksort (values, lo + 1, end)

End Quicksort

B camom Hauasie aropuT™ MpoBepsieT, CKOJbKO 3JIEMEHTOB COIEPIKUT JJAHHAS YaCTh
MmaccuBa. Ecim He 6oJiee 01HOro, 3HAUUT, MAaCCUB OTCOPTUPOBAH U KOJ 3aBepLIaeT paboTy.
Eciu ajieMeHTOB Kak MUHUMYM JIBa, QJITOPUTM COXPaHsIeT IePBbIN KaK pas/esIsionuii.
Bsl MokeTe BHIOpATh pasieinTe/ib JI0ObIM APYTUM CIIOCOOOM, IIPOCTO EPEMECTUTE €0
B HAYaJI0 YaCTH, YTOObI AJITOPUTM MOT BOCIIOJIb30BATHCS MM BO BPEMs BBIIIOJIHEHKS [10-
CJIEJTYIOTIVX IaTOB.
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[lanee BBOJsATCS lepeMeHHbIe 10 M hi, KOTOpble COXPAaHSIOT BBICIINN NH/EKC B HUK-
Hel 9acTh MacCHBa U HUBIIUI B BEPXHEH YACTH COOTBETCTBEHHO. AJITOPUTM UCTIOTTh3yeT
UX, 4T0OBI OTCIEKUBATH Pa3MEIEHIE HIEMEHTOB B 00€HX TIOJOBUHAX W BBISICHSIT, T/IE
0CTaeTCs «/IbIPKa» 10CJIe KaXk/I0ro 1ara.

3areM HaunHaeTCss GECKOHEYHBIN UK While u paboTaer 10 TeX Mmop, MOKa HUIK-
HISI ¥ BEPXHSISI 4aCTH MaccuBa He coiyTest. BHyTpu BHenrHero nnksa While anroputm
JIBUIKETCS 110 MACCUBY € KOHIIQ, OT MH/eKca hi, MoKa He HalileT 3JIeMeHT, KOTOPBIH /10J1-
JKeH HAXOIUTHCA B HMKHEN yacT MaccuBa. OH IepeMelaeT ero B «/IbIPKY», OCTaBJICH-
HYIO Pa3/ESIONIM 3JIEMEHTOM. 3aTeM aJITOPUTM BEZIET MIOMCK C CAMOTO HAavYaJla, OT WH-
Jlekca 1o, IoKa He OTBIIET 3JIeMEHT, KOTOPBIH JIOJDKEeH paciiojiaraTbCsl B BEpXHel 4a-
CTU MAcCUBA. DTOT AJIEMEHT TIOMEIIAETCS B «IBIPKY», OCTABJIEHHYIO IIPEbIIYIIUM I1e-
peCTaBJIEHHBIM 3JIEMEHTOM.

Kaxk Tospko JIB€ HaCTU MaCCHUBa CXOJATCA, B MECTO COEJMHEHUA Z[O6aBJI$I€TCH pasae-
]IHIOLL[I/Iﬁ JJIEMEHT, U aJITOPUTM PEKYPCHBHO BbI3bIBACT CaM cebs JJII COPTUPOBKH yacreil.

Hcnoab3oBanue ObICTPO COPTHPOBKHU

Ecom anements! gensarcest 6e3 NCMoIb30BaHs CTEKOB, GBICTPast COPTUPOBKA HE 10~
TpebyeT IOMOTHUTENHHOM TTaMSITH, Pa3Be UTO /Uit XPAaHEHUST HECKOJIbKUX [TEPEMEHHBIX,
[Momo6HO MTHpaMUAATBLHON COPTUPOBKE, OHA UMEET TMPEATIONOKUTETBHOE BPEMsI PabOThI
O(N x log N), B xyamiem ciaydae — O(N?). ¥ nupaMugagbHOl COPTUPOBKY IIPOU3BO/IH-
tesbHOCTE Beeraa pasaa O(N x log N), I09TOMY B HEKOTOPOM CMBICJIE TAKHE AJTOPHT-
MbI GoJiee 6e30IaCHbI U U3SIIHBL XOTs Ha IIPaKTUKE ObICTPasi COPTUPOBKA OKa3bIBAET-
cs1 GpIcTpee, M IMEHHO el OT/AI0T PEATIOYTEeHHE MTPOrPAMMUCTBL. TT006HbIH aIropuT™
TaKKe TPUCYTCTBYET B OOJIBIIMHCTBE TOTOBBIX 6ubinoTek. (B Java nHorma ucmosb3y-
eTcsi COPTUPOBKA CIusHUeM. B cirefyionem pasziesie Bbl y3Haete 6oJbiie 0 ee 0cobeH-
HOCTSIX, & U3 BPE3KH «Y CTOMUMBASI COPTUPOBKA» TIOMMETE, YeM 0OYCJIOBJIEH TAKOU HC-
KJIIOYMTEIbHBIN BHIOOD.)

ITomumo ckopocTH, ObICTPas COPTHPOBKA MMEET ellle OAHO IIPEUMYIIECTBO — ee
MOJKHO pactapajuiesiuTh. IIpenonoKumM, B KOMITbIoTepe OoJiee 0HOTO PoIeccopa —
TaKoe He PeAKOCTh B Hamy aHu. Kakaplil pas, KOIia alroputM pasduBaeT MacCUB Ha
JIBE YACTH, OH MOKET OTCOPTUPOBATH MX C TIOMOIIIBIO PA3JUIHBIX MPOIECCOPOB. Teo-
pPeTUYeCKU MHOTOSIIEPHBIN KOMIIbIOTEp criocobeH 3ageiictBosarh O(N) mpolieccopos
st coptupoBku ciincka B reueHne O(log N) BpeMeHU, HO Ha MPaKTHKE WX, KaK Mpa-
BUJIO, IBA WK YeThipe. Takum o6paszoM, HCTHHHOE BpeMsl pabOThl HYKHO PasielnTh
Ha KOJIMYECTBO MPOTECCOPOB ILIIOC AOMOJTHUTEIbHBIE 3aTPAThI HA OPTAHU3AINIO Pa3-
JINYHBIX TIOTOKOB BBIYMCJIEHUE. DTO HE UBMEHUT TTOBE/IeHUE AJITOPUTMA, HO TIOBBICUT
€ro MPOU3BOAUTENHLHOCTD.

ITockoJbKy B XyAIIEeM ciiydae ObicTpast COpTHPOBKa pabortaet 3a BpeMst O(N?), 3a-
UMCTBOBATb €€ 13 TOTOBBIX OUOIMOTEK HeGE30IACHO ¢ KPUIITOrPaUIeCKON TOUKH 3pe-
Hus. Ecam aaroput™ mcmosb3yeT MPOCTYIO CTPATETUIO Pa3fieIeHHsT 9J1eMEeHTOB (Ha-
IpUMep, BBIOOP IIEPBOTO SIEMEHTA ), B3JIOMIIUK MOKET CIIPOBOLUPOBATh OTKA3 OT 00-
CTYKUBaHUS, TaK HazbiBaeMyio DoS-ataky: chopMUpoBaTh MacCUB, KOTOPBIH COfiep-
SKUT 2JIEMEHTBI B TTOPSIIKE, TAIOIEM HAUXYANIYIO TTPOU3BOINTEILHOCTD, U 3aCTABUTD
Ballly MPOrpaMMy MIPOUTH M0 HeMY. BOJIBIIMHCTBO TTPOTPAMMUCTOB HE 3a/[yMBIBAIOTCS
0 TAKOM Pa3BUTHH COOBITUI, HO €CJIM 9TO AJIS BAC BAaXKHO, JIydllle HCII0Ib30BaTh CIydali-
HbI€ CTPATErH BHIGOPA Pas/IeISIONIero aJIeMeHTa.
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CopTtupoBKa cCnmsHuem

[Tom06HO GLICTPOH COPTUPOBKE, COPTUPOBKA CIUSHUEM HCIOJIB3YET CTPATETHIO
«pasensii u BracTByii». Eciii B iepBoM cirydae BBIOUPAETCS PaseuTe b, a OCTaB-
MINECST DIEMEHTBI JIEJIATCS Ha JIBE TPYIIBI — OOJBIIME U MEHBIIHUE €70, TO BO BTOPOM
pas/iesieHre TTPOUCXOIUT Ha JIBE PaBHBIE YACTH, & 3aTEM AJITOPUTM PEKYPCUBHO BBI3bI-
BaeT cam cebst [IJIst UX COPTUPOBKU. [TOTOM OTCOPTUPOBAHHBIE OJIOBUHBI CJIUBAIOTCS
B KOMOUHUPOBAHHBII OTCOPTUPOBAHHBIN CIIUCOK. ONUCAHHBIN ATOPUTM TIPEACTABIEH
B CJIE/LYIOIIEM TICEB/IOKOJIE.

Mergesort (Data: values[], Data: scratch[], Integer: start, Integer: end)
// Ecnu B MacCCUBE TOJIBKO OIMH BJIEMEHT — OH OTCOPTUPOBAH.
If (start == end) Then Return

// PazbmBaeM MacCCUB Ha JIEBYIO M IIPaBYI0 IIOJIOBMHH .
Integer: midpoint = (start + end) / 2

// Bei3BIBaeM Mergesort st COPTUMPOBKU [BYX IIOJOBUH.
Mergesort (values, scratch, start, midpoint)
Mergesort (values, scratch, midpoint + 1, end)

// CoemouHsieM OTCOPTMPOBAHHEE IIOJIOBMHH .
Integer: left_index = start
Integer: right_index = midpoint + 1
Integer: scratch_index = left_index
While ((left_index <= midpoint) And (right_index <= end))
If (values[left_index] <= values[right_index]) Then
scratch[scratch_index] = values[left_index]
left_index = left_index + 1
Else
scratch[scratch_index] = values|[right_index]
right_index = right_index + 1
End If
scratch_index = scratch_index + 1 End While

// 3aBepmaeM KONMPOBAHUE W3 HEIIyCTOM IIOJIOBUHEH .

For 1 = left_index To midpoint
scratch([scratch_index] = values[i]
scratch_index = scratch_index + 1

Next 1

For 1 = right_index To end
scratch[scratch_index] = values[i]
scratch_index = scratch_index + 1

Next 1

// KommpyeMm 3Ha4YeHMs B MUCXOMOHB MaCCUB.
For i = start To end
values[i] = scratch[i]
Next 1
End Mergesort

Kpome copTupyemMbIx MacCMBOB, HAYaIbHOTO M KOHEYHOTO MHIEKCOB, AJITOPUTM TaK-
e Geper B KauecTse apamMeTpa pabounii MacCUB, KOTOPBIH MCIIOMB3YeT It O0beAnHe-
HUS OTCOPTUPOBAHHBIX ITOJIOBUH.

Koz Haunnaet paboTy ¢ TIPOBEPKHU OOIIETO KOJUUECTBA 3IEMEHTOB B YaCTH MaCCUBA.
Ecnm anemeHT 0iMH, 3HAUNT, MACCUB OTCOPTHPOBAH U AJITOPUTM ITpeKpalaeT BbITOTHSTh-
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c4. Ecaiu as1eMeHTOB HECKOJIBKO, aITOPUTM PACCUUTBIBAET MH/IEKC TOTO, YTO HAXOIUTCS
B Cepe/liHe YaCcTH, U PEKYPCUBHO BbI3bIBAET CaM cebs 115 COPTUPOBKHU MOJIOBUH. 3aTeM
OTCOPTUPOBAHHBIE TOJIOBUHBI obbeauusiorcss. OHu IIepecMaTpuBalOTCA B LIUKJIE, IIPU
3TOM MEHBIINH 3JeMeHT KOTTUPYEeTCs B pabounii Mmaccus. Eciu oxHa 1ooBuHa 1ycra,
QJITOPUTM KOTIUPYET OCTaTbHbIE 3JIeMEHTHI U3 APYyTroil moJoBuHEL. Ha 3aBepimarorniem
aTare 0ObeINHEHHbIE 3JIEMEHTBI U3 pa60qer0 MacCuBa [MepeHoCcsATCS 0OPATHO B UCXOAHBII
MaccuB values.

—_ 3AMEYAHMUE

' MoxHO 06bEOUHUTE COPTUPYEMBIE NMONOBUHBLI U 6e3 paboyero maccmea, HO 3TO
¥ Gonee CROXHBIN U MEAIEHHbIN MPOLECC, MOTOMY MPOrPaMMUCTbI TAKON MACCUB
MCMOJIb3YIOT KpanHe penko.

B nepese, npeacraBieHHoM Ha pucyHke 6.11, n306paeHsl BBI30BbI OBICTPOIl COp-
THUPOBKH, KOTOPBIE OCYIIECTBIISIOTCST, KOT/Ia 3HAYEHUS B MACCUBE COATAHCUPOBAHBI HAW-
JIyUIIIAM 06Pa3oM, IPYTHMHU CJIOBAMHE, AJITOPUTM JICJIUT 3JIEMEHTHI HA PaBHbBIE YaCTH IIPU
KaxoM Tare. Kak MBI y:ke 3HaeM, aHAJTOTHYHBIH TTO/IXO/T FICTIOJIb3YETCST B COPTUPOBKE
CIIUSIHUEM, TI09TOMY MOKHO YTBEPKAATh, 4YTO PUCYHOK 6.11 B GoJIbleli cTeIeH 0THO-
CUTCS1 UMEHHO K Hell.

Ananus BpemMern paboThl Jist OBICTPOI COPTUPOBKY TIPUMEHUM U JIJIST COPTUPOBKU
causareM. Takum 06pa3oM, TPOU3BOAUTETBHOCTH PACCMOTPEHHOTO BBIIIE aITOPUTMA
cocrasut O(N x log N). Kak u B cityyae nupaMuganabHOI COPTUPOBKH, OHA HE 3aBUCUT
OT M3HAYAIBHOTO PACIIOTIOKEHUS 2JIEMEHTOB, TO3TOMY Bcerjia ofiuHakoBa. HeTt 31ech
1 XY/IIITETO BAPUAHTA, KaK B OBICTPON COPTUPOBKE.

CopTHPOBKY CTUSHIEM TOKE MOKHO PACTIapALIENnTh. KoT/ia anropiut™ pekypcns-
HO BBI3BIBAeT caM celsl, OH BIIpaBe TepeiaTh OANH U3 TAKMX BBI30BOB JIPYTOMY MPOIEC-
copy. Oxrako ato Tpebyer HEKOTOPOH KOOPAMHAIIMN: UCXOHBIN BbI3OB J0JIKEH TI0/I0-
JKJIATD, TOKAa 002 PEKYPCUBHBIX BBI30BA 3aKOHUYATCSI, YTOOBI OOBEAUHUTD UX PE3YJIbTa-
ThI. BBICTpast COPTUPOBKA, HAITPOTUB, MOKET IIPUKA3aTh PEKYPCUBHBIM BBI30BAM OTCO-
PTUPOBATD OMPE/IEJEHHYIO YaCTh MACCUBA U He JK/IaTh UX BO3BPAIIECHUSI.

CoprupoBKa CIUAHKEM O0COOEHHO 10JIE3Ha, KOT/A JaHHbIe HE COAEPKATC B Ia-
MATHU eIMHOBPeMeHHO. Hampumep, mporpaMme HyKHO OTCOPTHPOBATh 1 MJIH 3amu-
ceil 0 KJIMeHTax, Kax/as U3 KOTOpbiX 3aHuMaeT 1 Mobaiit. /[yt KOMILIEKCHOM 3arpys-
KU JJAaHHBIX eil moHazoburces 10 6aiit mamsary, nom 1000 T6HaitT, yTo HaMHOTO GOJIB-
1Ie, YeM B OCHOBHOI Macce KOMIIbIoTepoB. COPTUPOBKA CAMAHUEM He TpebyeT TaKko-
IO KOJIMYECTBA PECYPCOB, AATOPUTMY JaKe He HY:KHO 00pamaThes K SIeMeHTaM Mac-
CHBa, TIOKa HE BEPHYTCS €r0 PEKyPCUBHBIE BBI30BBI. OH MPOXOIUT Yepe3 OTCOPTUPO-
BaHHbIE [T0JOBUHBI IMTHEHHBIM CIIOCOOOM 1 00bEAMHSIET UX, YTO COKPaIlaeT HeoOX01u-
MOCTb pa3OMBaTh IaMATh KOMIIBIOTEPA HA CTPAHUIBL. B IPOTHBOIOIOKHOCTD BbILIE-
CKasaHHOMY ObICTPast COPTUPOBKA, llepeMellast 9J1eMEHThI B pa3Hble II0JIOBUHbBI Mac-
CHBa, EPENPBITMBAET C OHOTO MECTa Ha IPYroe, yBeInurBasi pa30uBKY Ha CTPAHUIIBI
U OYEHb CHJIbHO 3aMEeIJISIA aJITOPUTM.

CoprupoBKa custHueM Obl1a 0cOOEHHO T0JIE3Ha BO BpeMeHa, Koria 60bIiie obbe-
MBI JIAHHBIX XPAHUJIUCH HA JIEHTOUHBIX HakonuTesstx. Ouu paborasm rem addexrusHee,
yeM MeHbIIIe TPeHOBATOCh COBEPIIUTD MEPEMOTOK IS IIpoaokeHust 3amucu. (Cop-
THPOBKA JIAHHBIX, KOTOPbIE He IOMECTUJIMCH B IIaMSATHU, Ha3biBaeTcs snewned.) Crenu-
JIN3NPOBAHHbIE BEPCUU COPTUPOBKU CIAUSHUEM [10-CBOEMY NHTEPECHBI, HO, TOCKOJIbKY
OHU GOJIBIIIE He UCIIOJIb3YIOTCS, PACCMATPUBATD X HE MMEET CMbICJIA.
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Bouee pactipocTpateHHbI c1oco6 COPTUPOBKU GOJMBIINX 0OBEMOB JIAaHHBIX — COP-
TUPOBKA KJII0Yeil sieMenToB. Hanpumep, 3aich o KJeHTe MoKeT 3anumath 1 Moaiir,
a ero ums — toabko 100 GaiiT. B aToM ciryyae mpolie co3aath OTAeNbHbI HHIEKC, KO-
TOPBIIl BHaYasie mogdeper MeHa K HoMepaM 3alliceil, a 3aTeM OTCOPTUPYET NCKJTIOUN-
TeJHHO UX. B naspHelieM faxe ecid y Bac MOSBUTCS 1 MJTH KJIIMEHTOB, JIJIsI COPTUPOB-
K1 uMeH rioTpebyercst smtrb 100 Mbaiit maMstu — 00beM, KOTOPbIil KOMITLIOTEP MOKET
serko xpauutb. (B rmase 11 onucwiBaiorest nepeBbsi B 1 B+, koTopbie yacTo ucosib3y-
I0TCsI cucTeMaMu 6a3 IAHHBIX /IS XPAHEH VST U COPTUPOBKH KJTIOUEi. )

AJIrOPUTM YCTONYNBON COPTUPOBKM COXPaHSAET OTHOCUTENBHOE PacosioXeHne
9KBUBAJIEHTHbIX 3HA4YeHN. Hanpumep, nporpaMmma copTupyeT 06bekTbl Car no
cBocTBy Cost, npmyem o6bekTbl A 1 B UMEIOT OAMHAKOBbIE 3HAYEHNSI AaHHOIO
cBoicTBa. Ecnv 06bekT A naHavanbHO npeawecTsyeT o6bekTy B B Maccuee, TO
B a/IrOPUTME YCTOMYMBOMN COPTUPOBKM OH COXPAHMUT 3TO NOJIOKEHNE U B OTCOPTU-
pOBaHHOM MacCyBe.

V YCTONYUBAHA COPTUPOBKA

Korpa B Ka4yecTBe COPTUPYEMbIX NIEMEHTOB BbICTYMNAOT TUMbI 3HAYEHWIA, HANPUMepP
uesnble Yucna, 4atbl UM CTPOKMU, TO NMPU X COBMAAEHMN [BE 3an1CU OKaXKyTCsl 9KBU-
BaNIEHTHbIMU. [pyrumMmm cnoBamm, abCcosntoTHO He BaXHO, SIBJISETCS JI COPTUPOBKA
ycTon4mBon. Tak, ecnn B MacCcuBE €CTb ABE 3anncu co 3Ha4eHnem 47, To BCe paB-
HO, KaKOe 13 HUX CTaHEeT NepBbIM B OTCOPTUPOBAHHOM MaccuBe. Ecnu xe ons Bac
BaXHO, 4TOObI 06bEKTLI ObIIN NepepacnpeaesieHbl HyXXHbIM 06pa3oM, ycTouneas
COpPTUPOBKa NO3BOMSIET NepecMaTpmBaTb MaCcCMB MHOIO pa3 Afig NosyyYyeHns pe-
3ynbTarta, 0TCOPTUPOBAHHOIO MO HECKOJIbKMM KiltodaMm, Hanpumep Maker n Cost
B cnyyae c Car.

CopTUPOBKY CNMAHMEM NIErKO UCMOJIb30BaTh Kak YCTONYMBYIO (3TO AEMOHCTPUPYET
OMUCaHHbIV paHee aropuTM), UMEHHO K Hei obpallaeTca MeTo Arrays . sort
B GMGnmnoTeke Java. Ee Takxxe MOXHO pacnapaniennTb 1 peannm3oBaTb Ha KOMMbIO-
Tepax ¢ 6onee 4em oAHMM NPOLLeCCopPoM (cM. rnasy 18). M xoTa B page criyyaes
GbICTPas COPTUPOBKA OKasblBaeTca ahdeKTUBHEE, COPTUPOBKA C/IMAHMEM BCE Xe
MMEEeT CBOM NpeuMyLLecTBsa.

Anroputmbl 6bicTpee O(N x log N)

B Teky1ieii riase yike roBOPUIOCH, 4TO CAMOMY OBICTPOMY aJITOPUTMY, UCIIOJIb3Y-
I0TIEMY CPaBHEHWE, 71T COPTUPOBKY N asieMeHTOB Tpebyercst kak MunumyM O(N x log N)
BpeMeHHU. PaccMoTpeHHble COPTUPOBKY (MTMpaMuIaibHast, CAUSHIEM U ObIcTpast)
B OJKUIAEMOM CJIy9ae TOCTUTAIOT TAKOTO TIPEEIa, TTOITOMY MOJKET TIOKA3aThCS, 9TO
Tema ucueprana. Ho eciin 320CTpUTh BHUMAaHKE HA CJIOBAX <AJITOPUTMY, UCIOJbB3Y-
I0TI[eMY CPAaBHEHUsI» U BOCTIOJIb30BATHCS IPYTUM METOJOM, TO YKa3aHHast TPOU3BO-
AUTETHHOCTD He Mpefies. B caeyomux mogpasienax Bbl IO3HAKOMUTECH C JIBYMSI
AJITOPUTMAaMHU, TJIe COPTUPOBKA OCYIIECTBISIETCS 32 BPEMS, KOTOPOE 3HAYUTETHHO
Mmewnbie, uemM O(N x log N).

CopTtupoBKa nogc4eTom

[Togo6ubIit MeTO/ YI06HO UCIIOIB30BATh B TOM CJIy4Yae, eCJIi COPTUPOBATH HPHXO-
JINTCSI TeJIbIE YHCIIA, JIEKAIINE B OTHOCHTEIbHO HeOoIbIoM Anamasote. Harpumep, Bam
HY>KHO yropsimounTsb 1 MutH 1essix ymces oT 0 1o 1000. OcHoBHAS nzes 3aKTI0IaeTCs
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BTOM;qTO6bIyCTaHOBHTbKOHHHCCTBOSHeMeHTOBhﬂKﬁHBa(IOHpGﬂGﬂGHHbﬂdSHaquH-
€M, a 3aTEM CKOIIMPOBATb 9TO 3HAY€HHUE 110 IHOPAJAKY HYKHOE KOJIMYECTBO pa3 O6paTHO
B MaCCHB. Pea_mxlsaumo TaKOI'O METO/Ia ITOKa3bIBa€T C]IelIyIOIlII/IfI KOg.

Countingsort (Integer: values[], Integer: max_value)
// Co3pmaeM MaCCUB CUYETYUKOB.
Integer: counts[0 To max_value]
// VHUIIManu3upyeM MacCUB CUYeTUMKOB
// (TpebyeTcss He BO BCeX s3HKAaxX NPOTPaMMUPOBAHUS) .
For i = 0 To max_value
counts[i] = 0
Next 1

// CuuTaeM KOJNMYEeCTBO DJIEMEHTOB IJIs KaxXIOTO 3Ha4YeHUTd.

For 1 = 0 To <KONMMYECTBO 3HaYeHUMm> - 1
// TlpmbaBrnsieM 1 K CYETYMKY HOAHHOTO 3HAYEHUS.
counts[values[i]] = counts([values[i]] + 1
Next 1

// KommpyeM 3HadYeHUs B MCXOMHHI MaCCUB.

Integer: index = 0
For i = 0 To max_value
// KommpyeMm 3HadeHme 1 B MaccuB counts[i] pas.
For j = 1 To counts[i]
values[index] = i
index = index + 1
Next j
Next 1

End Countingsort

[Tapamerp max_value coAepKUT HaUOOIbIee 3HAYEHE U3 MAcCHBa (€CJI OHO He
3aJIaHo, AJITOPUTM OTIPEIESTUT €T0, MPOCMOTPEB MaccuB); M — 001iiee KOJTMIECTBO JT€-
MEHTOB B MaccuBe counts (M =max_value +1),a N— BwmaccuBe values. Ecau uc-
MIOJIb3YEMbIii BAMU SA3bIK TPOrPAMMUPOBAHNS HEe MHUTIMAIU3UPYET MACCUB count s Tak,
4TOOBI OH COJIEPIKA HYJIU, AJITOPUTM 3aTPATHUT Ha 3TO M MIaroB, MOCJIE Yero BBITOJTHUT
emte N 1mraros, 4ToObl TIOCYUTATH 3HAUEHUSL.

B 3aBepinenue paGoThl aTOPUTM KOMUPYET 3HAUEHUS 0OPATHO B UCXOHBIN MACCHB
(KasK/10e OJIMH pas), MOITOMY JIaHHast YacTh poriecca 3aiimer N maros. Ecim kakas-nmn6o
13 3ammcell B MaccuBe counts Bce elre paBHa 0, mporpaMMa MOTPATUT OIpe/iesleHHOe
BpeMs Ha IlepelpbiriBanue yepes Hee. B Xy/iiem ciyyae, Korjia Bce 3HaueHus OZIMHaKO-
BBI, @ MACCUB counts COJEP:KUT B OCHOBHOM HYJIH, JIJII aHAJIOTUYHOTO JICHCTBUS MTOHA-
noburcst M maros. Otciofa obiee Bpemst pabotsl anroputma: O(2N + M) = O(N + M).
Ecau M oTHOCHUTEIBHO MAJIO 110 cpaBHEHUIO ¢ N, TT0JTy4eHHAas TPOU3BOAUTEIBLHOCTD OKa-
xkercst tydiiie O(N x log N), KOTOPY10 IEMOHCTPUPYET PaMUIAIbHAsT COPTUPOBKA U JIPY-
r'ie ONMCAHHbIE BBIIIE aJITOPUTMBI.

Ha npakTuke st TecTOBOro MaccuBa ¢ 1 MJIH 3JIEMEHTOB M JIMAIIa30HOM 3HAYEHUI
ot 0 10 1000, 6picTpas coprupoBka 3ansiia 4,29 ¢, a copruposka nogcuerom — seero 0,03 c.
Ciiemyer OTMETUTBD, YTO AJIs1 OBICTPOIl COPTUPOBKY BHIGPAHHBII IIPUMED OKA3aJICs He Ca-
MBIM JIYYIIIAM, TIOCKOJIBKY CPE 3HAUCHUH OBLIIO MHOKECTBO LyOJUKATOB (TpUbIM3u-
tesbHO 1000), a 1aHHPBIN aTOPUTM cripaBiisieTcst ¢ HUMU Ttoxo. [lupamupanbras co-
PTUPOBKA aHAJIOTMYHOIO MaccuBa Aamaach okoo 1,02 ¢. Ouna mokasana cebst adpdexTus-
Hee OBICTPOIT COPTUPOBKH, HO BCE PABHO 3HAUMTENLHO YCTYIIHIA COPTHPOBKE MOACUETOM.
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BnoyHasi copTupoBka

AJITOPUTM 604HOI, WU, KAK €€ ellle HA3bIBAIOT, KOP3UHHOU, COPTMUPOSKU TEJIUT
9JIEMEHTBI Ha OJIOKH, a 3aTeM COPTUPYET MX ¢ TIOMOIIbIO0 PEKYPCUBHOTO BbI30Ba GJIOUHOM
COPTUPOBKH JINOO JIPYTOro aJrOPUTMA U TIPHCOEAUHSIET COIAEPKIMOE OITOKOB K HCXO/IHO-
My MaccuBy. B ciemyiotiem mceBIOKo/e TPe/CTaBICH BBICOKOYPOBHEBBIN aJITOPUTM,
JIEMOHCTPUPYIOIIUI 3TOT METO/I.

Bucketsort (Data: values|[])

<CozmaeM OJIOKM.>

<PacmipernersnsieM DJIEMEHTH 110 OJoKaM.>

<CopTupyeMm OJIOKU.>

<CobmpaeM BJIeMeHTH OJIOKOB B MCXOIHHN MaCCUB. >
End Bucketsort

Ecsmm nipu ucriosibzoBanuu M 6JI0KOB 3HaYe€HU B MaccuBe u3 N 2JIeMEHTOB paciipe-
JIeJIEHBI OTHOCUTEIBHO PABHOMEPHO U UX INATIA30H JIEJTUTCS TOPOBHY, MOSKHO OKU/IATh,
4TO B Kax/(blii 6J10K 11omaner N/M ajeMeHTOB.

B kauecTBe mprMepa BO3bMEM MaCCHB, N300paskeHHbIN BBepXY Ha pucyHke 6.12. On
copep:xxut 10 aymemenToB co 3HadeHnsAME OT 0 10 99. Ha mepBoM aTare anropuT™ AeJTUT
9JIEMEHTBI Ha OJIOKH, KOTOPBIE B HallleM cirydae cocTosaT us 20 suauenwuii: ot 0 1o 19,
ot 20 10 39 u 1. 1. Ha BTOpoM ararie aJIrOpUT™M COPTUPYET KaKIbII OJIOK, a Ha TPETheM
00beIMHET MX 3HAYEHUS /ISt IIOCTPOEHKS Pe3yJibTaTa COPTUPOBKHU.

brokamu MOTYT BBICTYIIaTb CTEKH, CBA3HbIC CIIMCKH, OU€PEIN, MAaCCUBbI NJIN Jo0b1e
APpyTHUeE CTPYKTYPDI TaHHbIX.

|29[85]19]10]91] 9 |63] 7 |97]61]

Pa3buerne

0-19 20-39 40-59 60-79 80-99

19 || 29 63 || 85
10 61 || 91
9 97
7

CopTupoBka

0-19 20-39 40-59 60-79 80-99

7 1129 61 [| 85
9 63 || 91
10 97
19

l O6beanHeHne

| 7| 9 [10]19|29]61]63]85]|91]97]

Puc. 6.12. Drans 6;109HO# COPTUPOBKU

Yt06bI pazbuth N paBHOMEPHO PaCIIpe/leJIeHHBIX 3JIEMEHTOB 110 OJIOKaM, aJITOPHT-
My moHano6uTest N MAaroB, eciv He YYUTBIBATH TIEPEHOC jeMenTa B 60K, O6bIYHO
Takoe Tpeobpa3oBaHiie 3aHNMAeT (PUKCHPOBAHHBIN OTPE30K BpeMeHu. [IpeamooKmm,

159




MmaBa 6

B MaccuBe HaxozsaTes 1esbie yucyaa ot 0 10 99, kak B npuMepe Ha pucynke 6.12. Bam
Ha/I0 MEePeHeCTH 2JIeMEHT co 3HadeHreM v B 6710k Homep [v/201. Dtor Homep MoxkHO
paccuuTaTh 3a ONMpeEAeIeHHOE BPeMsl, TAKUM 00PasoM, ISt pacipeIe/iecHIst 3JIEMEHTOB
norpebyercst O(N) 1raros.

Ecin Takux 6j0k0B M, U1l COPTUPOBKU KasKAOTO U3 HUX ToHanoburcs F(N/M)
raros, rjae F — GyHKIUsS BpeMeH! paboThl aJlTOPUTMa, KOTOPBIH BBI HCIIOJIb3yeTe TIPU
copruposke 61008, [Tosrydaercs, uTo 061Iee BpeMst COPTUPOBKH BCeX GJOKOB COCTABUT

O(M x F(N/M)).

YT06BI COGPATh BCE OTCOPTUPOBAHHDIE 3HAUEHUST HA3a/l B MACCHUB, HAJIO BBITIOJTHUTH
N OCHOBHBIX IIATOB U, BO3MOXKHO, O(M) NONOTHUTENBHBIX, YTOOBI TIPOIYCTUTD IIYCThIE
6ao0ku. Ho ecoin M < N, pyis Beeii onepaiun orpedyercss O(N) maros.

[Tpu cymmupoBanum Beex aTanoB nosayanM ciaeayiotiee: O(N) + O(M x F(N/M)) +
+ O(N) = O(N + M x F(N/M)). Eciiu M sBnsietcst purkcupoBanHoii noJeii N, To N/M,
a cirefioBaTesibHo, U F(N/M) — koncranTsl. Torna dopmysa yrpomaercst 1o O(N + M).

Ha npaktuke 4ncio M 10JKHO COCTABIATh OTHOCUTEIBHO GOJIBLIYIO 10110 N, 4TOOBI
aJIrOpUTM Mor xoporuo paborats. Eciu y Bac 10 s 3anuceii 1 10 610K0B, TO B KasKA0M
13 HEUX OyJIeT B cpejiHeM 110 1 MuTH 3ariceit. B oTsinume oT COPTUPOBKY MOACYETOM, TPOU3-
BOJIUTEIBHOCTD OJIOYHON COPTUPOBKU HE 3aBUCHUT OT KOJIMUECTBA UCIIOTB3YEMbIX OJIOKOB.

Pe3siome

AJITOpUTMBI COPTUPOBKH, OTIMICAHHBIE B TEKYIIEH TJIaBe, UCIIOIb3YIOT PAa3HbIE Me-
TOZIBI ¥ 00JIA/IAI0T PA3JIMYHBIME XapaKTeprcTukamMu. Bee onu cBesierbl B Tabsuiry 6.1.

Tabnuua 6. 1. XapakTepucTku anropuTMOB COPTUPOBKM

CopTupoBka Bpewmst paGorbt Meron 00612aCTh MCTIOTH30BAHMS
Bceraskoit O(N?») Bcraska Oyenb MaJible MaCCHUBBI
Boi6opom O(N?») Boi6op Ouenb MaJible MAaCCHUBBI
[TysbrpproBas O(N?») [IBycroponnue nipoxoskze- | OueHb Masble U YaCTHYHO

HUS1, OTPAHUYCHUS PACCMa- | COPTHPOBAHHBIE MACCHBBI
TPUBAEMBbIX IIPE/IETIOB
[Tupamunansnaa | O(N log N) Kyum, xpanenne momasix | Kpymasle MaccuBaI ¢ Hens-
JIepeBbEeB B MAaCCHBE BECTHBIM pacipeziesieHnemM
Brictpas O(Nlog N) «Paspensit u BmacTByit», | Kpymnmbie MaccuBbl 6e3
OKHUIaeMoe, repeMereHre 3JIeMeHTOB | GOJIBIIOTO KOJINYECTBA
O(N?) B [O3UIMIO, PAHAOMU3a- | lyGJIMKATOB, Mapajliesib-
B Xvaen cavaae | W BO usbexanue Xy/ire- | Has COpTHPOBKA
ya y ro ciryyast
Crugnnem O(Nlog N) «Paznensii u BmactByii», | KpymHasle MaccuBbI ¢ Hens-
o0be[IMHEHNE, BHEIIHSSE | BECTHBIM PacIpe/leieHueM,
COPTHPOBKA GoJrbIe 0GbEMBI TAHHBIX,
napaJuiesibHas COpTUPOBKA
[Moncuerom ON+ M) Cuer Kpynibie maccussl ¢ s10-
CTATOYHO €AMHOOOPAZHBIM
pacripe/ieJieH1eM 3HAYCHUI

PaCCMOTpeHHbIe AJITOPUTMbBI IECMOHCTPUPYIOT Ha6op ITOJIE3HbIX METO/I0B U obeclrre-
YNBAIOT XOPOIIYIO ITPONU3BOANUTE/IbHOCTD /IJIS PEHIEHUA U POKOTO CIIEKTPA 3a/ia4, HO 3TO
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nasneko He Bce. CyIIecTBYIOT A€CATKH APYIUX cIioco60B copTupoBKu. HekoTopbie u3
HUX SIBJISIOTCS MOJM(PUKAIUAMY TTPUBEEHHBIX aJITOPUTMOB, B JIPDYTUX UCTIOJIB3YIOTCS
COBEPIITIEHHO WHBIe MeTO/IbL. Tak, B raBe 10 BbI MOKeTe TO3HAKOMUTHCS C JIEPEBBSIMH,
KOTOPBIE TaK>Ke 3a/IeMICTBYIOTCS ITPU COPTUPOBKE JIAHHBIX, IOTIOJHUTEIbHYIO NH(pOpMa-
IO JIeTKO HatiTh B IHTEpHETE.

B 210ii r/1aBe IPUBOAUTCS TOJIBKO OIKCAHIE CIIOCOGOB COPTUPOBKH, HO HE MOSICHSIET-
cs1, 3a4eM OHa Hy’KHa, a TeM BPEMEHeM caMast [TPOCTast COPTHPOBKA MOKET ObITh OYEHb I10-
Jiesta. Harprmep, mpocMoTp nHGOpMaIuy 0 6aHKOBCKHX KJIMEHTaX ¢ yYETOM COPTUPOBKU
10 GATAHCY TTOMOJKET OITPEIEJTTh, KOMY U3 HUX HYKHO yAeJUTh ocoboe BHuMaHue. Ere
OJTHO TTPEUMYTIIECTBO YITOPSAI0UUBAHNS JAHHBIX — TIOMCK. ECJin BBI paciioyio;KuTe MMeHa
KJIMEHTOB B aJi(DaBUTHOM TIOPSIJIKE, TO HAUTY KOHKPETHOTO YeJIOBEKA CTAaHEeT HAMHOTO ITPO-
nte. O MeTo/Iax TIOMCKA B OTCOPTUPOBAHHBIX JIAHHBIX MbI 1 TIOTOBOPUM B CJIETYTOIIEN TJIaBe.

YnpaxHeHusa

1. HammmuTe mporpaMMy, KOTOpast peain3yeT COPTHPOBKY BCTaBKOT.

2. lluka For i, KOTOPBI UCTIOTB3YETCS B AJITOPUTME, COPTUPYIOIIEM BCTABKOH, Tie-
pecmarpuBaeT wHAEKCH oT () 10 TocsieaHero B MaccuBe. YTo MpousoineT, ecin
HavaIbHbI nHAeKe Oyaer pasen 1? VIaMeHuT jin 910 BpeMs paboThl aropuT™a?

3. Cospaiite mporpamMMy, KOTOPast PeaT3yeT COPTUPOBKY BHIOOPOM.

4. Kakue usMeHeHUs1, HAMO00Ue TEX, YTO TMPUBOATCS B YIPAKHEHUH 2, BBI ObI
BHECJIH B COPTUPOBKY BEIG0pOM? TTOBIHSIET JIHT HTO HA BpeMsT pabOThHI ANTOpUTMA?

5. Hanmmure mporpammy, KOTopasi peajimayer 1my3bIpbKOBYIO COPTHPOBKY.

6. [lo6aBbTe K IporpaMMme U3 MPEAbIAYIINEro YIPasKHEHUs ePBOe U TPEThE YIyd-
IIIeHNST Ty3BIPbKOBOI COPTUPOBKH M3 TTo/ipasena «Ily3prpproBas copTupoBKas
B paszzeine «Asropurmbl O(N?)» Tekyiei riaassl (TIPOXOKIEHNE BHU3 U BBEPX,
OTCJIeKMBAHME TTOCTeTHEN TIePeCTAaHOBKN ).

7. llocTpoiiTe ouepeanb ¢ MPUOPUTETOM HA OCHOBE KyUH, UCTIOTH3YS MACCHUB, B KO-
TOPOM He HYKHO U3MEHATH pa3Mepbl. HaznaubTe eMy (hUKCUPOBAaHHBIN pa3Mmep,
B03MOKHO, 100 571€eMEHTOB, a 3aT€M OTCIIEKUBAIITE TE, ¢ KOTOPBHIMU PABOTAET MPO-
rpamma. (ITonckaska: uctosbayiite 1Ba MaccuBa (OMH JIJISI CTPOKOBBIX 3HAUEH U,
JIPYTOH JIJIs1 COOTBETCTBYIONIMX MIPUOPUTETOB), PACTIOJNOKUATE 3JIEMEHTDI COTJIac-
HO UX IIPUOPHUTETAM. )

8. Ompenennre BpeMst paboThI, HEOOGXOAUMOE JIJIsT IOOABJICHUS HIEMEHTOB B 0Ye-
pelb ¢ IPUOPUTETOM Ha ocHOBe Kyuu. [Ipoananusupyiite, CKOJIbKO BpeMeHH T10-
HaZIOOUTCS JIUTST Y/IaICHHSI.

9. Hammmure nmporpaMmy, KOTOpast peajin3yeT MUPaMUIaTbHyI0 COPTUPOBKY.

10. ITompobyiiTe 0600UUTD METOL NUPAMUAAIBHON COPTUPOBKU IIPUMEHUTEIHHO
K TI0JTHOMY GUHAPHOMY JIePeBY TaK, YTOOBI B HEM MOKHO ObIJIO XPAHUTh MOJHOE
nepeBo cretieiu d. Eciiu 1aH WHAEKC BEPIIUHBI P, KAKOBBI OYYT €ro JI0YepPHUE
U POJIUTENHCKIE UHIIEKChI?

11. Hanummure nmporpamMmy, KOTopas peanusyer ObICTPYIO COPTUPOBKY CO CTEKaMHU
(BOCIIOJIB3Y#TECh TOTOBBIMIE CTEKAMU U3 Ballleil Cpebl IPOrpaMMHUPOBAHMUS JIOO
coszaiite coOOCTBEHHBIE).
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12.

13.
14.

15.
16.

17.

18.

19.

Peasusyiite aaroputm OBICTPOIL COPTUPOBKY, 3aMEHHUB CTEKH Ha odepenn (BOc-
MOJIb3YHTECh TOTOBBIMU OYEPE/ISIMU 13 Ballleil cpeibl MPOTPAMMUPOBAHUS WJIH
nocrpoiite cobcTBeHHbIe). IIpoaHaIM3UpyiiTe MPENMYIIECTBA U HEJJOCTATKH Ta-
KOTO IIpeoOpasoBaHusl.

Haruimre iporpaMmy, KOTOpast peajinsyeT ObICTPYIO COPTUPOBKY Ha MeCTe.

Jlist 6BICTPOIT COPTUPOBKU HAUXY/IIITHM CIy4aeM SIBJSIETCS TOT, TPU KOTOPOM
9JIEMEHTBI OTCOPTUPOBAHBI B TIPSIMOM MJIM 0OPATHOM TOPSIIKE JTMOO COepsKaT
MHOKeCTBO JyOnkatoB. OT MepPBbIX ABYX MPOOJIEM MOKHO U30aBUTHCS, €CIIH
BBIOpATD CITydyaiiHble pasjesisonue ajeMeHTol. Kak n3beskarh TpeTheii?

Hamumure IIporpamMmy, KOTOpasd peajan3yeT COPTUPOBKY ITOACUYETOM.

[IpescraBbTe, uTo 3HAUEHMA MAaccuBa count s Haxo/sATes B ananazone ot 100 000
10 110000, B mem 110 001 3amuch 1 KOJIUUECTBO 9JIEMEHTOB OTHOCUTEIBHO MaJIO.
Kak MoauduuupoBarh COPTUPOBKY IIOACYETOM, YTOObI 1OOUTHC XOPOIIEii Ipo-
U3BOJIUTEIBHOCTH B 9TOUN CUTYyaIUK?

Ecau maccuB comepsxut N 371eMEHTOB, OXBaThIBAIONMX gAurarazon ot 0 1o M — 1,
YTO CJAYYUTCH ¢ GJOYHON COPTUPOBKOU IPH MCIIO/Ib30BaHuNu M 6JI0K0B?

Hammmre porpaMmy, KoTopast peanusyer 0J049HYI0 COPTUPOBKY. [103B0JIBTE
[OJIb30BATEIO OIPEAEINUTh KOJINIECTBO 3JIEMEHTOB, UX MAKCUMAIbHOE 3HAYe-
HUe U KOJIMYeCTBO OJIOKOB.

Kakoii u3 aJropuTMOB COPTUPOBKH OYET XOPOIIO paboTaTh, a KaKOil HeT JUJist
CJIeIyOINX HAOOPOB JTAHHBIX:

e 10 3HaueHU ¢ IJIaBalolIell 3a1sTOl’;

1000 meapIx ynce;
1000 umes;

100 000 mesbix ynce co snavenuamu ot 0 1o 1000;

100 000 memprx uncen co 3navenussMu ot 0 1o 1 Mapy;
100 000 nmen;

e | MJIH 3HAYEHUII C IIJIABAIOIEN 3aIIATOI];

e | MJIH UMEH;
o 1 MJIH IeJTBIX YUCEJT C PABHOMEPHBIM paciipe/ie/IeHueM;

o 1 MuH 1eJbIX YruCeJl C HEpaBHOMEPHDBIM pacnpez[eﬂeHI/IeM?



MlMaea7
MOUCK

B mpenpigyieit riaBe Mbl y3HAJIU O TOM, KaK YIOPSI/IOYMBATH IaHHbIE, U BLISICHU-
JIVL, YTO AJITOPUTMBI OBICTPOH ¥ IPEBOBUIHON COPTUPOBKU MO3BOJISIOT JIETKO CIPABUTD-
cst ¢ 6ombITM 06HEMOM 3HAUEHNH, a 6JI0YHAS COPTUPOBKA ¥ COPTUPOBKA TOACYETOM
[I0OKa3bIBAIOT HEILJIOXYIO IIPOU3BOAUTENLHOCTD TOJIbKO IIPYU ONPeEIeHHbIX YCAOBUAX.
B s10ii riaBe peub moiiier 06 aIropuTMax, KOTOPbIE MOMOTAIT HAXOIUTh KOHKPETHbIE
JIAaHHbBIE B OTCOPTUPOBAHHOM MaccuBe. biiarozaps um, Haripumep, Jerko OThICKATD HY K-
Hy1o hamMusnio B TesiepoHHOM KHIUTE Beero 3a 1—-2 MuH, ecsiu Bce 1eCSATKH ThICAY 3aIu-
ceil pacmosioskensl B adasutHoM nopsizke. [IpeacraBbre, 4To OBLIO GBI, €CJH ObI CITH-
COK GBI HEOTCOPTHPOBAHHBIM.

3AMEYAHUE

MpuBeaeHHbIe HUXe anropuTMbl paboTatoT ¢ MPOCTLIMM MaccuBamm, a He Co che-
LUManM3npoBaHHbIMU CTPYKTYpPaMu AaHHbIX. XOTSA NocneaHne, K 4Y4Cny KOTopbIX OT-
HOCATCS U AepeBbs, Takxke ObICTPO HAXOOAT ANIEMEHT C ONpeaeseHHbIM 3HAa4YEeHNEM
(umTalite 06 aTom B rnaee 10).

3AMEYAHUE

HekoTopble A3bIKM MPOrpaMMmnMpPoOBaHnA NPesocTaBsaloT CBOV MHCTPYMEHTbI AN1F
novcka aneMeHTOB B COPTMPOBaHHOM MaccuBe, HanpuMep B knacce Array B.NET
Framework npegycmoTtpeH meto BinarySearch. Kak npaBuno, pedynbrathl
nx paboTbl BECbMa HEMJIOXME, MO3TOMY AJ11 3KOHOMUM BPEMEHU U OTNAAKN COp-
TUPOBOYHOIO KOAA MOXHO MOJSIb30BaTbCHA 3aSI0KEHHBIMY BO3MOXHOCTAMMN A3bIKa.
Ho noHnmaTth NpuHLMN AeNCTBUS MOUCKOBBIX aNrOPUTMOB BCE € HENINLLIHE: BMOJI-
He BEPOATHO, YTO BaLl BapPUaHT OKaXeTCH JlydLle, YeM rnpensaraemMbole UHCTPYMEH-
Tbl. Hanpymep, NHTEPNONSLMOHHbIV MOWUCK B HEKOTOPbIX CNTy4Yasix MokasbiBaeT cebs
HaMHOro 6bIcTpee BMHAPHOro.

JINHenHbIN NOUCK

Jluneinviil, Uy ucuepnvlearouiiiil, NOUCK NKIMYECKN TPOXONT 110 MACCUBY, TIBITASICH
OTBICKATh 11eJIeBOH ajieMenT. Ha pucynke 7.1 TakuM 9J1eMEHTOM SIBJISIETCST YUCJIO 77.

R/ATA'ATATATAATAATAATA

o 2% oo a7 e [ 52 |57 6o | o8 [ 71 | 77| %o | o1

Puc. 7.1. JIuneiHbIil TOUCK
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B orsimune ot GUHAPHOTO ¥ UHTEPHIOJSIIUOHHOTO IIOMCKa, TUHEHHbI paboTaer He
€ MAaCCHBAMH, a CO CBS3HBIMHU CIIMCKAMH, I/l HEJTh35 3aIPOCTO TEPEIPBITHYTh U3 OJIHOM
vacTu B Ipyryio. CIIUCKU MOTYT OBITh 1 HECOPTUPOBAHHBIMHU, HO C OTCOPTHPOBAHHBIMU
QJITOPUTM 9KOHOMUT 3HAYUTEIbHYIO YACThb BPEMEHU: OH OCTaHaBJIUBaeTcs, 10iaa 10
3JIeMeHTa CO 3HAUeHUEeM, TTPEBBITIAIONINM IIeJIeBOe, U He Be/leT AAIbHEUTINI TTONCK TOTO,
4ero 3aBeZIOMO He CyLIeCTBYeT.

B caenytomem mceBaoxoie mpeAcTaBIeH JUHEHHBIN aITOPUTM ITOUCKA JIJII MAaCCUBA.

// HaxomuM MHIOEKC LIeJIeBOT'O 2JIeMeHTa B OTCOPTUPOBAHHOM MaCCUBE.
// Ecim BieMeHTa B MacCuUBe HeT, BO3BpamaeM -1.

Integer: LinearSearch(Data values[], Data target)
For 1 = 0 To <KONMMYECTBO 3HAYEeHUN> - 1
// TpoBepsieM, SBISETCH JIM DIJIEMEHT IIeJIEBHIM.
If (values[i] == target) Then Return i

// TlpoBepsieM, MPOIUIM JIM MBE BO3MOKHY IIO3MILIMIO 1IE€JIEBOTO DJIeMEeHTa .
If (values[i] > target) Then Return -1
Next 1

// ECny MH IOWNM IO DTOY CTPOKM, TO IIeJIeBOTO DJIEMEeHTa B MacCCHBE HET.
Return -1
End LinearSearch

[TpuBemeHHBI AJITOPUTM, BO3MOKHO, IUKJIUYECKHU TIPOIET 0 BCEMY MaCCUBY,
mpeskiie 9eM OOHAPYIKHUT, UTO TEJIEBOTO J€MEHTa HET. TO OYAeT XYANINM CIydaeM
O(N). B mob6oit apyroii curyanuu spemst paborsl coctasut O(N). Eciiu cymmuposarb
KOJIMYECTBO IMAr0B, HEOOXOANMBIX JIJIST TOMCKA KaJKIOTO SJIEMEHTA B MACCHBE, TOTYYHUTCST
1+2+3+..+N=Nx(N+1)/2. Pazgenus cymmy Ha N, uTOOBI IOJIYUUTh CPEAHEE
BpeMs ITOUCKa JIJIsT BCeX a1eMeHToB, nmonyunMm (N + 1) /2, a ato u ectb O(N).

JIMHEHHbIA MTOMCK HAMHOTO MeJiJIeHHee, Y4eM OMHAPHDIA WY MHTEPIOJISIMOHHbII.
['J1aBHOE €ro MPEenMyIIECTBO 3aKJIH0YaeTCsI B TOM, YTO OH paboTaeT co CBSIBHBIMU 1 He-
COPTUPOBAHHBIMU CITMCKAMU.

BuHapHbIN NOUCK

B 6uHapHOM MOKCKE aJTOPUTM OTCIEKMBAECT HAUMEHBIIMI 1 HANOOIBIINN UH/IEK-
CBI 2JIEMEHTOB MaccHBa — min U max. MI3HaUYaJbHO OHU PaBHBI TEPBOMY (HYJIEBOMY)
U TOCJIeTHEMY MH/IEKCY COOTBETCTBEHHO. 3aTeM aJITOPUTM PACCUMUTHIBAET MH/IEKC, Ha-
XOJAIUICS MeXKIYy HUMU, TO ecThb mid. Ecim 1iesleBoe 3HaueHne MeHblne mid, airo-
puUTM cOpachiBaeT max, YTOObl HaYaTh HOBBIN IIOMCK B JIEBOM II0JIOBUHE MACCHBA; €CJIU
oHO GoJiblile — cOpachIBA€TCS Min ¥ HOBBIN IIOKCK BEAETCA B IIPpaBoii nososune. Ecim
JKe TleJieBoe 3HaYeHue PaBHO mid, aJIropuT™ BO3BPAIIAET €T0 UHIIEKC.

Ha pucynke 7.2 uso6paskeH OUHAPHBIN MOUCK yncyia 77.

| 16 | 21 | 22 ] 39 |41 | 47 | 49 | 52 | 57 | 60 | 65 | 71 | 77 | 90 | 91 |

Puc. 7.2. Bunapublii onck
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Mounck

OmrcanHbIi aJTOPUTM IIPEACTABIEH B CJIEYIONIEM TICEBIOKO/IE.

// HaxomuM MHIOEKC lIeJIeBOT'O 2JIeMeHTa B OTCOPTUPOBAHHOM MaCCUBE.
// Eciu BiIeMeHTa B MacCuUBe HeT, BO3BpamaeM -1.

Integer: BinarySearch (Data values[], Data target)
Integer: min = 0
Integer: max = <KOJIMYECTBO 3HAYeHUM> - 1

While (min <= max)
// HaxomyM pa3nessomyil SJIEMEeHT .
Integer: mid = (min + max) / 2

// TlpoBepsieM, B KaKOJ IIOJIOBMHE BeCTM IIOMCK - JI€BOM MM IIPaBOM.
If (target < values[mid]) Then max = mid - 1
Else If (target > values[mid]) Then min = mid + 1
Else Return mid
End While
// ECNIM MH IOWNM IO STOV CTPOKM, TO 1IeJIeBOTO DJIEMeHTa B MacCCHBE HET.

Return -1
End BinarySearch

Ha xaskgom 1mare maHHBIH aJTOPUTM JICJTUT IEMEHTBI, CPEIH KOTOPBIX MOKET
co/lepsKaThCs 1esieBoll, momoiam. Ecii Beero ameMeHTOB N, TO MOCTE TIPOXOKICHUST
O(log N) 111aroB B 9acTH MAaCCHBA, TJI€ MOJKET PACTIOIATATHCS TIEJIEBOIT SJIEMEHT, OCTAHETCS
TOJLKO OIHO 3HaueHne. TakuM 00pa3oM aqTopuUTM HaNZET NCKOMOE WJIN OOHAPYIKHT,
9TO IEWCTBUS He TIPUHECTH IOJKHOTO PE3YIbTaTa. ITO 3HAYHT, UTO AITOPUTM 00Ia1aeT
BpemeneM paboter O(log N).

UHTepnonsaumoHHbIXA MOUCK

BrHapHBIH TOMCK KAk Bl pa3 MINET IIeJIeBOI 2/IeMEHT MacCHBa B CepeIHe pasiera,
WHTEPIIOJIAIIUOHHBIN TIHITAETCS YCKOPUTD ITPOIIECC — OH CTAPAETCSI YTaaTh PACTIONIOKE-
HIe€ [IEJIEBOTO 3JIEMEHTA B MACCHUBE 110 €r0 3HaueHu 0. [IpeArnosoxmm, B MaccuBe comep-
sxkutes 1000 anemenTtos co sHagernsimMu ot 1 10 100. Ecoim xarma 1iesrs — Haiiti yncio 30,
TO €TO HY’KHO MCKAaTh B palioHe TepPBOIl TPETU MACCUBa, T7ie-TO paioM ¢ uHaekcom 300.
Ob11iee pacrpe/iesieHne Yucest He BCEr/1a O3BOJISIET MOTyYUTh PE3YJIbTaT ¢ TIPUIETbHON
TOYHOCTDBIO, HO OH MOJKET OKa3aTbCs JIOBOJIbHO 6JH/ISKI/IM.

Ha pucytke 7.3 nso6paskeH HHTEPIOJIAMOHHBII TTIOUCK Yncaa 77.

O 0 0 0 00 10 00 L0 A 0 00

Puc. 7.3. utepnosiiinoHHbII TOUCK

Cuetyomuii IIceBIOKO IpeAcTaBisieT co60il BBICOKOYPOBHEBBIN aJTOPUTM OIIH-
CaHHOTO MeTo/a.

Integer: InterpolationSearch(Data values[], Data target)
Integer: min = 0
Integer: max = values.Length - 1

While (min <= max)
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// HaxommMm pa3nensaolnii 2JIeMeHT .
Integer: mid = min + (max - min) *
(target - values[min]) / (values[max] - values[min])

If (values[mid] == target) Then Return mid

<YcTaHaBiIMBaEM Min wiyM max s [IOYCKa B JIEBOW MM I[IPAaBOM YacCTu.>
End While

Return -1
End InterpolationSearch

B manHOM asiroput™Me HEKOTOpbIe PoGJIeMbl 0cTatoTCs HepelenHbiMu. Harpumep,
pacueT mid MOXKET IPUBECTH K BBIXO/Y 3a MPeIesTbl MACCUBA WU K TOMY, YTO €TO 3Ha-
yeHue He Oy/IeT HAXOAUThCST MEKY min U max. ITH 3aa4ll BaM [IPEAJIaraeTcst PEITh
B yIpaskHeHuu 6.

Camas cyokHas 4acTh MPUBEJIEHHOTO Kojila — onepaTop /g pacyera mid. Uro-
Obl HAIITK ero 3HaYeHKe, K TeKyIIeMy 3HaYeHHIO min nobasJsercs paccrognue oT min
J10 max, MaCH_ITa6I/Ipy6M06 M0 OKUTAeMOM J10Jie PACCTOSHUS OT values [min] 10
values [max], rae 10JKeH HaXOAUThCA target.

Hamnpuwmep, ectu 3navenne values [min] paBuo 100, values [max] — 200,
a target — 125, onpenesuTb MECTO JIJisl TIOUCKA [EIEBOTO dJIEMEHTA TOMOTYT CJIe/y-
IOIINe PacyeThl.

(target - values|[min]) / (values[max] - values|[min]) =
(125 - 100) / (200 - 100) =

25 / 100 =

0.25

ITO 3HAYUT, YTO HOBOE 3HAYeHWe mid JOJKHO PACTIOIAraThCs HA YeTBEPTU TTYTH
OT min 70 max.

Ecam mannbpie pacnpeiesieHbl 0O4eHh HEPABHOMEPHO U BBI UITIETE HAUXY/IIee TieJre-
BO€e 3HAUYEHUE, JaHHbI ajropuT™ obiagaer npoussoguTebHocThi0 O(N). Ecim pac-
npefieJieHre OTHOCUTEIBHO PABHOMEPHOE, 0:KH/IaeMasi TPOU3BOIUTEIBHOCTb COCTABUT
O(log (log N)). OnHako 10Ka3aTebCTBO 9TOr0 He BXOAUT B PAMKK JAHHOU KHUIH.

Pe3iome

B ra6sue 7.1 npencrassenst pacuerst log N u log (log N) sist pasmnunbix sHaueHwii N.
Ha ux ocHOBe JIeTKO CPaBHUTH CKOPOCTH JIUHEHHOTO, GUHAPHOTO ¥ MHTEPTIOJSIIHOHHOTO
TIOVCKA.

Ta6nuua 7.1. XapakTepucTukv anroputMoB

N log, N log,(log, N)
1000 10 3,3
1000 000 19,9 4,3
1000 000 000 29,9 4,9
1000 000 000 000 39,9 5,3
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JIvHEHHBII TOMCK HAUITY YIITUM 06Pa3oM MPOSIBIIET ceOs 17 OTHOCUTENLHO MAJIbIX
MaccuBoB. BunapHbIil XopoIo paboTaet gaske ¢ OueHb GOJIBITUMU MACCUBAME — OH MO-
JKeT HalTH Hy KHbIN asieMeHT cpeant 1 TpsH 3anunceti Beero 3a 40 maros.

VIHTEePIOISIIIMOHHBIN TOUCK MOJXOUT JIJISI MACCUBOB JII0OOTO pa3Mepa, KOTOPbIe
1esecoodpasHo o6pabaTeiBaTh Ha KOMIbIOTepe. EMy yiaercs HallTu 1eJIeBOI 91eMeHT
cpeau 1 TpaH 3amuceii Beero 3a Tk Maros. [1o cyTu, 4To6bI 05KUIAEMBIX MIATOB OBLITO
GoJiee IEBSITH, MACCUB JIOJKEH cocTosITh u3 10'% amemenToB. B o6imem cirydyae B mHTEp-
[OJIALMOHHOM IIOMCKE BCE 3aBUCUT OT paclipesie/leHNs 3Ha4eHUil: NHOTAA aJlfOPUTMY
«Be3eT» ¥ OH HaXOAUT 1leJIeBOI dJIeMeHT 3a OAMH-/BA 1lIara, a B HEKOTOPLIX CJIydasx
MOTYT HOHAOOUTCS U YeTHIPe-TISITh 1MIaroB. Ho 1o 60JIbIIoMY CYeTy MIMEHHO 3TOT MOUCK
SIBJISIETCSI CAMBIM OBICTPBIM.

YnpaxHeHusa

Ecuiu Bol elie He 3HAKOMBI € PEKYPCHUEH, TPOITYCTUTE YIIPAKHEHUsI 2, 5 1 7 ¥ BEpHU-
Tech K HUM TIOCJIe TOTO, KaK 03HAKOMUTECH C TJIaBOI 8.

1. Hannure mporpaMmy, peayiu3yrolyo JUHEHbI MOUCK.

2. Co3zpaiiTe nporpamMmy, IpUMEHSIONIYIO PEKYPCUBHBIN JTUHENHBIH TToncK. KakoBb
ee MPEeNMYIIeCTBA U HEJIOCTATKU MO0 CPAaBHEHUIO C HEPEKYPCUBHON BEPCUEN ?

3. Peanu3yiiTe aiTOpUTM JIMHETHOTO ITOMCKA B OTCOPTUPOBAHHBIX CBSI3HBIX CITUCKAX.
4. Hanvmure mporpaMmmy, UCTIOJIB3YIONLYI0 GUHAPHBII TIOUCK.

5. PaspaboraiiTe mporpaMMy, peansyoIlyo peKypCUBHbII OnHapHBbIil monck. Ka-
KOBBI e€ IIPEMMYTIeCTBA 1 He[OCTATKU M0 CPAaBHEHUIO C HePeKYPCUBHO Bepcueii?

6. CosmaiiTe mporpamMmy, IPUMEHSIONTYI0 WHTEPTIOJISIINOHHBIH TOUCK.

7. Peanu3yiite mporpaMMy peKypCUBHOTO HHTEPIIOISAIIMOHHOTO Morcka. Kakosbl ce
[IPEUMYIIECTBA U HEJOCTATKU 110 CPABHEHUIO ¢ HEPEKYPCUBHOI Bepcuei?

8. B kakom anropuTMe COPTUPOBKH M3 TJIABBI 6 MCIIOTB3YeTCS TEXHUKA, HATTOMHU-
HAIOIAs WHTEPIOJISAIUOHHBIN TTOUCK?

9. Eci B MaccuBe cofiepskarcst 1y GIMKaThI, OMMCAHHBIE B 9TOM TIaBe aJITOPUTMBI O1-
HApHOTO ¥ MHTEPTIOJISIIMOHHOTO ITOMCKA He TAPAaHTUPYIOT BO3BPAIEHUST TEPBOTO
asteMenTa. [TonpoGyiiTe UBMEHUTH X, YUTOOBI OHU MOTJIM BEPHYTh TIEPBBIH 11€JICBOI
ssemenT. Ompesienute BpeMst pabOThl MK3MEHEHHBIX BEPCHUIA.



MaBa 8
XELWU-TABJINLbI

B npezbiayieil riase Bbl HO3HAKOMUJIMCH ¢ OMHAPHBIM TOUCKOM — aJITOPUTMOM, KO-
Topblit umeet poussoauTebHoCcTh O(log N) 1 UIIEeT 2JIeMEHT B COPTUPOBAHHOM CITH-
cke. OH ornpeniesIsieT pas/esgIoNnuii 2JIeMEHT B cepe/liHe TOM YacTu CITUCKA, T/IE, TTI0 €T
MHEHUIO, HAXOAUTC LIEJIeBOM 9JIEMEHT, U cpaBHUBaeT oba 3Havenns. Eciu paspeio-
U BIEMEHT OKa3bIBA€TCsI OOJIbIIE 11€JIEBOI0, OCYLIECTBISIETCS PEKYPCUBHAS IIPOBEP-
Ka JIEBOI YaCTU MAcCHUBA, ECJIM MEHbIIe — TIPABOM.

Erme omun mouck, pacCMOTPEHHBIN B T/aBe 7, — UHTEPIOJSAIIMOHHBIN — MBITAETCI
CIIPOTHO3UPOBATH MECTOHAXOK/IEHIE TI€JIEBOTO 3JIEMEHTA ITyTEM MaTeMATIYeCKUX pacye-
toB. On obnagaer BpemeneM paborsl O(log (log N)), uTo 3HAUNTEIHHO [IPEBBIIIAET AaHA-
JIOTHYHBIN MTOKa3aTeh GUHAPHOTO TIorcKa. [Ipuunia Takoil BBICOKOI CKOPOCTH KPOET-
€SI B TOM, UTO JIJISI HAXOK/IEHUST 3HAUECHUH MCITOJIb3YeTCs CIelabHast CTPYKTYPa JIaH-
HbIX. ([Tog06HBIM 06pa3oM paGoTAIOT AJITOPUTMbL GJIOUHON COPTUPOBKH U COPTHPOBKH
MO/ICYETOM, OTTICAHHBIE B TJIaBe 6.)

Xet-TabauIbl TaKKe MO3BOJSAIOT OBICTPO MCKATH 3HAYEHUSI, TOCKOIBKY HE XPAHST
UX B CIEIHATbHOM OTCOPTHPOBAHHOM CITHCKE,  OPTaHU3YIOT 0COOBIM 0OPA30OM 1 JIETKO
MOTYT PAaCCUYUTATh MECTOHAXOK/IEHUE HYKHOTO ajeMeHTa. [IpeamonoxumM, y Bac ecTb
HebouIbInas KoMmmaust u3 20 COTPYAHUKOB M BaM XOTEJIOCH ObI TOJyYaTh MH(HOPMAIIUIO
0 KaKIOM M3 HUX 110 ugeHtudukamuonnomy somepy (MH). Onun us cnoco6os coxpa-
HUTD JaHHble — copMuposarh Maccus 13 100 snemenTos, B kotopom MTH 6yayT coor-
sercTBoBath mosunusiM N mod 100. Hanpumep, corpyatuk ¢ TH 2190 Gy ner pasmerien
B nosunmu 90, ¢ UH 2817 — B mosummu 17, a ¢ IH 3078 — B nmoszuiun 78. UtoOw! Hall-
TH OTIPEIETIEHHOTO PAOOTHUKA, IOCTATOYHO BOCTIOJIB30BaThest (hopmytoit TH mod 100
U IIPOCMOTPETH COOTBETCTBYIOIIYIO 3aiCh B MaccuBe. [10106Hast orepaliist 3aiiMeT Bpe-
ms1 O(1), To eCTb Ha IPOBEPKY OKaKeTCs GoJee GhICTPOI, YeM MHTEPIOJISILUOHHBII IIOUCK.

Ha mpakTuke He Bce Tak TpocTo. Eci cOTpyIHIKOB OKaKeTCsT I0CTAaTOYHO MHOTO,
TO CPeAM HUX HaiiayTes aBoe, y Kotopbix TH Gyger cooTBeTCTBOBATH OJHOMY U TOMY
ske sHadennio. Cxaxem, TH 2817 u 1317 3aiimyT B Tabsmue nosuimio 17. Ho gaxke He-
CMOTPS Ha 9TOT HEZOCTATOK, BBIIOJIHEHHOE ITpeodpasoBaHie 3HaUeH i — Xopoliee Ha-
yaji0. OHO gBJIIeTCS OTIPABHOM TOYKOM 11t paboThl ¢ Xemm-tabunamiu. Jajee BbI mo-
3HAKOMUTECH C 9TUMHE CTPYKTypamu GoJiee MoAPOOHO U PACCMOTPHTE CII0COOBI UX MTPHU-
MEHEHUS B PA3JIMIHBIX TTPOTPaMMax.

OcHOBbI Xew-Taonuy,

Xew-mabauya coeIMHAET TaHHbIE ¢ sTYeHKAMU. 3a4acTyio TaKkas CBsA3b 00pasyer-
cs MKy 3HadeHneM Kiova, Hanpumep VH wim damunueii, u ropasmno 6osblieil 3a-
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Xelw-tTabnuupl

[HCHIO, CKaskeM, HH(pOpMaIeil 0 COTPYAHUKE WK KiareHTe. B cuity atoit ocobeHHocTH
Xel-TabJIUIbl HHOT/[A HA3BIBAIOT ACCOUUAMUCHDIMU MACCUBAMU, WITH, BBIPAKASICH MEHEe
ouUINAIbHBIM A3BIKOM, CLOBAPAMU.

[TpeobpasoBanyie 3HAYEHU I KJIIOYEH B BUJL, IIPUTOHBII /1L NCIIOJIb30BAHUS B XEIIl-
TabJInile, HA3bIBAETCS XeUUPOBANUeM U OIIUCHIBAETCSI 0COOBIME XelI-(DYHKIUSAMU. DTU
3HAYEHUS YaCTO OXOKH, TI09TOMY XOPOLIKe (DYHKIIUHU PACIIPEAEISIOT UX TAKKM 00PasoM,
4TOOBI OHU PACIIOJIATAJIMCH B PA3HBIX MO3UIUAX B TaOIUIIE.

ITpernosoKumM, Bbl XOTHTE HAXOUTH 3aIMCH O KJIMEHTAX B XeI-TabJIrIle 0 (haMIIi-
sm. Ecom y Bac paboraiot iBa corpyannka — Puuapsc u Pudapacow, B uzease hyHKIHs
XENTMPOBAHYS JIOJKHA CBS3aTh UX (haMUJIUY C IBYMSI PA3HBIMU stueiikaMi. B mo06HbIx
CIIYYasIX 4aCTO TEHEPUPYIOTCS HECKOTBKO HECCMBICEHHBIE 3HAYEHUS, KOTOPbIE BBITIISI/ISIT
Tak, 6y/TO NCTUHHOE 3HAYEHHUE KTI0Ya OBIITO pa3drTo Ha KYCKH.

Ecan B xem-rabuniie pasMeniaercst A0CTaTOYHO MHOTO 3HAYEHUH, PAHO MK
MO3/IHO HAWYTCS JIBA KJI0Ya, KOTOPbIE OKAXKYTCS CBSI3AHHBIMHU C OJIHON U TOW Ke
noaunueil. Takas cutyarus Ha3pIBaeTcs Koaiusuel. Ecam ona mponsoiier, BaM 1Mo-
HA0OUTCST ROAUMUKA PA3PeUeHUs. KOLAUSULL, OTIPEIEISIONIAst, 4TO Hy KHO AesiaTh, Kak
MPABUJIO, CBSA3b MEK/LY KJIOYOM U MO3UIIMEN UIIETCS /10 TeX Mop, IIOKa He Hal1eTcs
cBobotHAY gUelika.

Koappuyuenm sanonnenus Xem-rabauipl OTpaskaeT TO, HACKOJbKO MHOTO B Heii 3a-
nucei. ATOT MOKa3aTe b BIUSIET HA BEPOSITHOCTh BOBHUKHOBEHUST KOJLIM3UiA. BoJbiie
IIAHCOB, YTO OHU OYIyT UMETh MECTO IIPH 100aBJIEHUH KJIoua B TaOJINILY, 3aII0JTHEHHY IO
Ha 95 %, Hexxenu Ha 10 %.

Taxum 06pasoM, s XeI-TabJIUIIbl Hy KHBI:
= CTPYKTYpa JJIsl XpaHeHUd JaHHbIX;
= (hyHKIIUS XEMTUPOBAHNUS JIJIS CBA3BIBAHUS STUEEK CO CTPYKTYPOI TAHHBIX;

" IIOJIMTUKA pa3pelieHud KO]IJII/ISI/II;'I, oIipejeJidroniasd, 4TO HYKHO /JeJ1aTbh, KOr/la
KJIIOYU BCTYHAIOT B IPOTUBOPEYINE.

YUT0065I OBITH OJIE3HOM, XEII-TabIMIa JOKHA KaK MUHUMYM 100aB/ISATh HOBBIE dJ1e-
MEHTBI U HAXOAUTbh COXpaHeHHble paHee. [[PUroauTes u crrocoOHOCTh YAAISTh XEITIPO-
BaHHBII KJII0Y, KOTOPasl, K COKAJIEHIIO, MHOIJA OTCYTCTBYET.

Mo Mepe paboThl Xew-Tabanua MoXeT LLeSIMKOM 3anoJIHUTLCA UK cTaTb Ha-
CTOJIbKO MOJTHOM, YTO KOMIU3UK 6yayT O4eHb BEPOATHbI U NOCTpadaeT npouns-
BOAUTENLHOCTb. B Takom cnyvyae noHagobuMTCs yCOBEPLLUEHCTOBATb airopuTMm,
4yTOObI ONPEenennTb, rae U Kak UBMEHSeTCS pa3Mep Xell-Tabnvupl, U YyBENNYUTb
ee. NHoroa popaboTku noTpebytoTces, 4ToObl TabnuLy yMEHbLUNTb U 0CBOOOANTL
Heuncnosib30BaHHOE NPOCTPAHCTBO, HANPMUMeEpP €CJsiIM OHa paccuymMTaHa Ha 1 MIH
3anuceii, ay Bac ux scero 10.

V W3MEHEHUE PASMEPOB XELLU-TABJINL

Camblli NnpocToit cnocob N3MEeHUTb pasMepbl XeL-Tabnmubl — co34aTb HOBYIO
Xenaemoro pasmepa 1 pexelmpoBaTth B HEe BCE 3IEMEHTbl U3 UCXOOHOM CTPYK-
Typbl. OH NPUMEHNM MOYTU KO BCEM Tabnuuam, XoTa ecTb U ApyrMe BapuaHThbl
OCYLLECTBUTL TO Xe AeCTBUEe, HarnpuMep npsiMoe CBs3biBaHue. B cnepyoumx
pasgenax Bbl y3HaeTe 6osiee nogpoOHO O HacTO UCMOJb3yeMblX criocobax rno-
CTpOeHus xeww-tadbnuu,.
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MaBa 8

NMpsmoe cBa3biBaHuEe

B xer-rabJiuite ¢ IpssMbiM cBsizbiBaHueM (puc. 8.1) sHaueHUst KIIOYel XPaHsTCs
B CIEIMATbHBIX HAOOpax 3amuceil, Ha3bIBaeMbIX GroKkamu. Kaskblil U3 HUX ABJISETCS
BEPITMHON CBSI3HOTO CINCKA, B KOTOPOM HAXO/ATCS TIPUBSI3AHHbBIE K GJIOKY DIEMEHTHI.

0 1 2 3 4 5 6 7 8 9

920 | | 291 102 424 507 689
681 917 189
281

Puc. 8.1. Xem-rabamma ¢ IpSMbIM CBSA3BIBAHAEM

OG6braHO GJIOKHU PACIIOJIOKEHBI B MACCHBE TAKUM 00Pa30M, 4TO MOKHO UCIIOJIb30BaTh
MPOCTYIO (QYHKIUIO XETMPOBAHUS JJIs ONpeieieHnst uX Kiroda. Hanpumep, ecim y Bac
N GJI0KOB, a KJIIOYM YUCIEHHBIE, CBKUTE Kiod K ¢ 610koM noz HoMepoM K mod N.

YT06bI 106aBUTH KJIHOU K Xel-TabJImIle, ero Hy;KHO BHaYajle COOTHECTH ¢ OIOKOM
Yyepes (DYHKIUIO XEeMUPOBAHNS, a 3aTEM BCTAaBUTH HOBYIO SUCHKY B BEPXHIOIO YaCTh CBS3-
Horo criucka. Kaxast u3 ayx omeparnuit norpedyer O(1) maros, To eCTh 3aiiMeT O4eHb
Mmaso Bpemenn. ITo onpegenennio xem-Tab/amuna He J0KHA COAEPKATh LyOJINPOBAHHbIX
sHavenuii. Eciu B Heit B 610k0B 1 N 9/1eMEHTOB, KOTOPbIE PaCIIPeLeIeHbl JOCTATOUHO
PaBHOMEPHO, TO KasK/bIil CBSIBHBIN CIICOK GJioKa OyIeT BKI0YaTh IPUOIU3UTENbHO
N/B snementoB. Takum 06pazoM, 4TOObI IIPOBEPUTD, IIPUCYTCTBYET JI HOBbBIIL 9JIeMEHT
B Gioke, nonagoburcss O(N/B) naros. 9To 3HAUUT, YTO /s L0OABACHUS dJIeMEHTa
B xenr-rabmuily Hysx#uo Bcero O(1) + O(N/B) = O(N/B) maros.

==_ 3AMEYAHMUE

' Monck aneMeHTOB B xeLw-Tabnuue nponaeT bbiCTpee, eCNKV CBA3HbIE CINCKN ByayT
coaepxatb KJto4m B OTCOPTMPOBAHHOM Nopsiake. B aTom cnyyae anroputm coenaet
BbIBO/J,, YTO KJIlO4a HET, eC/IN A0WAET A0 3Ha4YeHus 6onbLLEe KN0YEeBOro, U He CTaHeT
npocmaTpuBaTb CMNCOK A0 KOHUA. TeopeTuieckn Bpems ero paboTbl COCTaBUT
O(N/B), HO Ha nNpakTrKe OHO ByAeT HEMHOIO MEHbLLE.

-

Y1o6bl HAWTU HYKHBIH 9JIEMEHT, IPOrpaMMe HEOOXOAMMO XEIUPOBATh KJIHOU
U ONPEEJNUTD, B KAKOM U3 GJOKOB OH MOJKET COJIEPKATHCS, & 3aT€M JIBUTATHCS 110
CBSIBHOMY CITHICKY /IO TeX TIOp, TIOKa He Oy/eT JOCTUTHYT €ro KOHEIl Win He OOHApY-
KUTCs Mickomoe. Ecau Bb o6eperech /10 KOHIIA CIUCKA, 3HAYNT, 3aTPaITHBACMOTO
sneMeHTa B xemni-rabmuiie Het. Kak u B ciydae ¢ 106aBIeHIEM 2JEMEHTa, TIPEACTOUT
BoimosiHuTs O(N/B) 11aros.
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Y 1anuTh aJIeMeHT U3 XelI-TabJuIbl ¢ TPSIMBIM CBA3BIBAHUEM TaKiKe HECJIOKHO:
TpebyeTcst XeIMUpPoBaTh KJI0Y 3JIeMEHTa, YTOObI HAWTH HYKHBIH GJIOK, U BHITIOJHUTH CO-
OTBETCTBYIOIIYIO OIEPAINIO B CBA3HOM cricKe. [l xemmposanus moHagoourtes O(1)
IIAroB, HermocpeacTBeHHo yaasenue saiimer O(N/B) maros. Takum ob6pasoM, obiiee
Bpemst coctaBut O(N/B).

Xer-tabIuna ¢ mpsSIMBIM CBSA3BIBAHUEM MOSKET PACIITUPATHCS U CKUMATHCS TI0 MEPE
HeoGXOMMOCTH, TIOATOMY BaM HE HYJKHO CIIEIIUATBHO H3MEHSTH ee pasMep. OIHAKO eI
CBSI3HBIE CITUCKHU CTAHYT CJMIIKOM JJIMHHBIMHE, TIOMCK U yIQJEHUE 2JIEMEHTOB 3aliMyT
MHOTO BpeMeHu. B 3ToM citydae BaM MoHa00UTCS yBETMYUTE TAOIUILY, 4TOOBI CO3/ATh
6oubie 6J0K0B. TTOCKOIBKY MPH PEXENTUPOBAHUN TAOJUIBI HE HAZIO TPOBOAUTH TI0-
UCK JyGJIUKATOB JI0 KOHI[A CBI3HOTO CIIMCKA B KAsKI0M OJI0KE, OJTHOCTBIO CIIPABUTHCS
c oneparueit MoxHO 3a BpeMs O(N).

OTKpbITag agpecauus

BesycJioBHO, IPsIMOE CBA3bIBAHKE UMEET CBOU TipermyiiecTBa. OCHOBHOE U3 HUX 3a-
KJTIOYAEeTCst B TOM, 4TO 00111ee KOJTMYECTBO 3HAYEHHUIT He 3aBUCHUT OT KOJIMYeCTBa OJI0KOB.
O[IHAKO eCTh Y TAKMX Xel-TabJInIl 1 HEKOTOPbIe HepocTaTki. Hanmprmep, eciii sieMeH-
TOB B GJIOKAX HAKOIUTCS CIIUITKOM MHOTO, OMCK HYKHOTO 3aiiMeT IPOJOJIKUTENbHOE
BpeMs. UToObl COKPaTHTh BPEMEHHbIE 3aTPaThl, YUCJA0 GIOKOB MOKHO YBEIUYHUTh, HO
TOT/Ia BBl PUCKYETe MOJYYUTh PSIJl MYCTHIX, KOTOPbIE TIOTPEOYIOT MeCTa B TAMATH U HE
OYIyT UCIIOJIB30BATHCST TAOMUIIEH.

Etite oius c1ioco6 peaisaiiuy Xem-rabJiui — omxpoimas aopecauyust. B sTom cirydae
3HAUEHMsI XPAHATCS B MacCHBe, a DYHKIIUS XEINPOBAHKU IIPeCTaBIsieT cOO0I HEKOTO-
peie pacuersl. Hampumep, B MaccuBe ¢ M 3anucamu rpoctast PyHKIUS XeMMPOBAHU
MOKeT CB43aTh 3HaueHue kiaoua K ¢ nosummeir K mod M.

B pasHbIx BU1aX OTKPBITON aJIpecaIini UCIIOAb3YIOTCS pa3andHbie (DyHKIINN XCTITH-
poBanusi. HeommnakoBa 1 MOTUTHKA Pa3peNeHus KOJUTH3MIT, HO B 00IIEM caydae OHa
BBITJISIIAT TaK: /7T KAJKI0TO 3HAYCHUST B MACCHBE MOAGUPAETCS HECKOJIBKO STUCEK, U €CITH
HepBast yoKe 3aHsATa, JITOPUTM TIPOOYET UCIIONB30BATh BTOPYIO, 3aTEM TPETHIO M TaK JI0
TEX TOP, TIOKa He HallleT CBOOOHYIO UK He PUIET K BBIBO/LY, YTO TAKOBOI HET.

Cepus s4eek, KOTOPYIO aJrOPUTM HOAOUPAET JJIs 3HAUYEHKS, HA3bIBAECTCS NPOOHOLL
nociedosamenvrocmoio. I1o ee cpeiieil ayimHe XOpoIio OleHUBATh HAITOJHEHHOCTD Xelll-
tabauipl. B uaeane npobHas 0C/Ie10BaTeIbHOCTD A0/KHA PaBHATHCS 1 i 2, 6oJiblime
1 PBI FOBOPST O MOJHON TabJIuIle.

I/IHOI‘ILa ITOJINTUKaA pa3dpenieHuns KOJLIU3UU TaKOBa, 4TO /JId 3JIeMeHTa MOKET He
HaiTHCh CBOOOLHOM TYeiiky, axke Korjaa oHa ecTb. Eciiu mpobHas mocie10BareibHOCTh
HOBTOPSIET caMy ceOsl Tepejl TeM, KaK IIPOBEPUTH 0YE€PEAHYIO 3aIIUCh, HEKOTOPbIE 3AIIUCH
MOTYT OCTaThCsT HEUCTIOIH30BAHHBIM.

Yro0bl HATHU dJIEMEHT B Xell-TabJIMIle, JIFOPUTM CJIeAyeT 3a IIPOGHON Hocae10Ba-
TEeJIbHOCTBIO, IIOKA He IIPOU30MIET OJHO U3 TPEX COOLITUM.

1. Ecim HpO6Haﬂ 1T0CJ/Ie1I0BATE/IbHOCTD CyMeJIa OTbICKATh 9JIEMEHT, 3a/la4a BbITIOJIHEHA.

2. Ecau ipo6Hast 110¢1e10BaTeIbHOCTh HAXOAUT TYCTYIO 3aMUCh B MAcCHBE, dJIe-
MECHTa HeT.
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3. TIpobHast mocsie10BaTeIbHOCTD MPpoBepsieT M 3anuceii (110 pasMepy MaccuBa) —
U aJITOPUTM IIPUXOJUT K BBIBOJLY, UTO 3HaUeHue oTcyTcTBYyeT. [TocienoBaTens-
HOCTh MOJKET TlepeOpaTh He BCe BJIEMEHTBI, HO €CJIU TIPOIJIET 10 BCeM, BbI Oy-
JieTe 3HATh, YTO OHW TOYHO MTEPECMOTPEHBI UJIM UTO TIeJIEBOI 3JIeMEHT He Hali-
neH. OHa TakKe MOKET ITPOBEPHUTH B ITHKJIE OHY U Ty JKe MO3UIHIO HECKOIBKO
pa3. B mobom ciydae 3HaueHme He OKHO TIPUCYTCTBOBATD, TOCKOJIBKY HHA-
e OHO OBI T0OABIATOCH K MACCUBY C MCTIOIL30BAHNEM TOH e TPOOHOTT TTocTe-
ZOBaTeThHOCTH.

ITpu pasyMHOM 3aITOJTHEHUH XelI-TaOJUIbI OTKPhITas ajpecarnust paboTaeT OueHb
6bicTpo. Ecan gymina ipo6HOI nocaenoBatesbHocT paBia 1 wim 2, nobasjieHue u Ha-
XO’KIeHue 21eMeHTOB BhITToHs0TCs 32 BpeMms O(1). Ho ecaim maccuB u3 N aj1eMeHTOB
CYIIECTBEHHO MEPEOJHEH, TPOU3BOAUTENBLHOCTD CHIKAETCS. B Hanxy aimem cirydae aji-
TOPUTM ITPUJIET K BBIBOJLY, UTO dJIeMEHTa B MaccuBe HeT, 32 BpeMst O(N). [Touck npucyr-
CTBYIOIINX 9JIEMEHTOB TaKsKe OYIEeT BBIIOJIHSITHCA KpailHe MeJIeHHO.

Bl MOKeTe yBEJUUUTD pasMep MacCHBa, YTOOBI YMEHBIITUTD KO3 (MUITHEHT HATIOI-
HEHHOCTH Xell-Tabuiibl. JIJist 9T0r0 co3aiite HOBbI MACCHB U PEXEHIMPYITE 2JIeMEHTHI
B HeM. JlJist Kaskoro us Hux onepaiius 3aiimer O(1) BpeMeru, a 0011ast IPOM3BOAUTEb-
HOCTh asroputma coctaBut O(N).

B crenyrorem moipas;ziesie ONMUCBIBAETCS €ITle O/HA BayKHAS 3a/1a4a, CBSI3aHHAS C OT-
KPBITOH ajipecarinei.

YpaneHue anemMeHTOB

OTKpBITasT aPecaIist MO3BOJISET OTHOCUTETBHO OBICTPO MOGABIATH U HAXOAUTD
3JIEMEHTBI, €CJIN MACCUB HE CJINIIKOM TI0JIOH, HO HE JaeT BO3MOKHOCTHU YAAIATD UX TaK,
KaK 9TO JleJIaeTcs 1IPU IIPSIMOM CBA3bIBaHUU. JeJI0 B TOM, YTO OZUH dJIeMEHT MaccuBa
MOJKET SIBJISITBCSI 9ACThIO TPOOHOM MOC/IEIOBATEBHOCTH JIJISI IPYTOTO BJIEMEHTa, HAPYIIIUB
ee, BbI y)Ke He CMOJKeTe HallTH IPYTOi 2JIeMeHT.

IIpennomnoxum, s/eMeHThl MaccuBa A 1 B CBA3aHbI C ONHUM W TEM JKe MHAEKCOM /.
ITepBoHayaibHO BbI 100aBUTE B YKa3aHHYIO IIO3UIIMIO DJIEMEHT A, a 3aTeM UCIIOJIb3yeTe ee
B IIPOGHOIT OC/IEA0BATEIBHOCTH, YTOObI IIEPEITH KO BTOPOii mo3uuuu I i N00ABUTH B Hee
aseMeHT B. Tenepb npeacraBbTe, 4TO 9J1eMEHT A yIajieH 1 Hy:KHO HailTu ss1emeHT B. O6-
PATUBIIKCH NOC/IEIOBATENBHO K MHAEKCY [, BBI YBUUTE yiKe ITyCTYIO 3allUCh 1 ommnbo4-
HO peluTe, 4YTO 3JIeMeHT B OTCyTCTBYeT.

Ecii 0603HaunTD 9JIEMEHT KaK YIaJleHHbII, a He JeJIaTh 3aIliCh MACCHUBa Iy CTOM, yKa-
3aHHOIT TPpo6IeMbl yacTest u3bexaTh. CKaskeM, B MACCUBE, T/IE COlEePKaTCst 32-GUTHBIE
TeJTbIe YHCJIa, 3aTCh, He MMETOTIyT0 3HAYeHM ST, MOXKHO TIPEICTaBUTh Kak —2 147 483 648,
a ypajeHnyto — kak 2 147 483 647. Toraa, 1o6aBJisist HOBBIN 2JIEMEHT B XeI-TabJIuILy,
BbI Pa3MECTHTE €T0 B MYCTYIO 3alliCh, €CJIU HaliJieTe TAKOBYIO B IIPOGHOM MOCIEI0Ba-
TEJILHOCTH, 8 3aHUMASICh TOUCKOM YIaJEeHHOTO 3JIeMeHTa, Gy/IeTe BECTH €0 JI0 TEX TP,
oKa He OOHAPYIKUTE COOTBETCTBYIONIEE 3HAYECHHE,

HeZIOCTaTOK TaKOI'o II0AX0/la — HallOJIHEHHE Ta6JII/IIlbI YAaI€HHbIMU 3allUCAMMU. ITO
HE 3aME/IJTUT BCTABKY 9JIEMEHTOB, HO OTPUIATE/IbHO CKAKETCS Ha UX TTONCKE. B Xyamiem
cjiy4dae, €CJii MaCCUB OKaXETCA IEJIMKOM 3allOJIHEH TEKYIITUMUA U YIaJ€HHBIMU 3JIEMEH-
TaMu, 4yTOOBI HAlITH Hy)KHbeI JJIEMEHT WJIN CAEJIaTh BbIBO/ O €T0 OTCYTCTBUU, BaM MOJKET
HOHaHO6I/ITbCH TIOUCK 110 BCEMY MAaCCUBY.
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[Ipu 6OIBLIOM KOJUYECTBE yAANEHHBIX IEMEHTOB 1eNec000PasHO PEXENIPOBATh
TEKylIMe 3HAUYeHMs U COPOCUTH yAaJeHHble TYeKN MaccuBa, YToObl OHU COAEPKAIU
crienaibHoe TycToe 3Havenue. Eciiv B MaccuBe ¢ pa3yMHbBIM KO3(h(MUITUEHTOM 3aTI0JI-
HeHUs cofep:kutTcs N 271eMeHTOB, 3TO TOKHO 3aHATh O(N) BpeMeHH.

JInHeliHOe NnpoOupoBaHue

B nuetinom npobuposanuu TonuTUKa pa3perieHus KOJUTU3Uii 106aBIsgeT K Kaka0ii
Aauelike OCTOSTHHOE YncIo (Yaile Beero 1), Ha3bIBaeMoe IIaroM 110 MHIEKCY, KOTOPoe re-
HEpUPYeET MPOGHYIO TOCIEI0BATEILHOCTD. [1pH Kask/I0M ouepetHOM 00aBIeHnY GepeTcst
pasMep MaccuBa TI0 MOJIYJTIO, CTa0 OBITh, TPU HEOOXOAUMOCTH MTOCIE0BATENFHOCT
BO3BpalllaeTcs K Hayaly MacCuBa.

[Ipeanonoxum, B xem-rabauie 100 seMeHTOB, a MPABUIIO XENIMPOBAHUS 3BYUUT
caenyiomum obpazom: N eBssano ¢ aueiikoit N mod 100. Torza mpo6Hast mocieoBaTeb-
HoCTb /151 3Havenus 2197 nposepsier stueiiku 97, 98,99, 0,1, 2 u t. 1.

Ha pucynke 8.2 npezncraBien maccuB u3 10 3ammceii, KOTOPBIN y:Ke COEPKUT He-
CKOTbKO 3HaveHn . YTo6b! 106aBUTD B HETO HOBOE 3HaUeHwe 7 1, NCTIOTh3Y S TNHEHHYIO
IPOOHYIO MOC/IEI0BATEIBHOCTD, HY5KHO CBsI3aTh ero ¢ siueiikoir 71 mod 10 = 1. Ho arta
gJelika ysKe 3aHsATa 3HaUeHneM 61, T03TOMY aJTOPUTM TTEPEXOUT K guelike 2, KoTopast
Toxke 3anonnena. Crenytoreit 1omkna ObITh stueiika 3 — oHa cBOOOAHA, U ANITOPUTM
pasmeraet tam 71.

P 1 L0 3

Puc. 8.2. Jluneiinas npoGHast 110C/I€10BaTEIbHOCTD

ITpenmytecTBO JAaHHOTO MeToa — B ero npoctote. Eci HeobxoanMo, pobHast
TOCJIeZIOBATENBHOCTD TIPOMIET TI0 KayKIOU sSuelike MacCuBa U BCTABUT dJIEMEHT B CBO-
GOIHOE MECTO, €CJIU OHO ellle 0cTa0Cch. Ho eCTh M COIYTCTBYIONIMIA HEAOCTATOK — TaK
Ha3bIBAEMAsI NePEUUHAS KIACMEPUSAULS, KOTOPAs IIPOSIBASETCS B 00pa3oBaHUK OOJIBIINX
GJIOKOB CMEKHBIX 3alIMCeil ¥ IPUBOAKT K JJIMHHBIM IPOOHBIM 110CJIE0BATENIbHOCTSIM.
B pesyuibraTe npu 106aBJeHUN HOBOTO JIEMEHTA U €r0 XeIINPOBAHUH K KaKOii-1160 3a-
MTUCH B KJTacTepe MpoOHast TOCIeI0BATEIbHOCTD BEIHY K/ICHA TPOUTH YePe3 BECh KJIacTep,
4TOOBI HAUTH CBOGOIHYTO SIUEHKY.

Xopomuii mpuMep TMEPBUUYHON KJIACTEPU3ANUU JIEMOHCTPUPYET ITporpaMma
LinearProbing. B ee okne (puc. 8.3) npezicrasaena xen-rabmia, cocrosias us 101 sueii-
Ku, ipudeM 50 13 HUX SIBJSIIOTCS 3aTI0JHEHHBIME. B 0611eM cirydae mpu paBHOMEPHOM
pacrpeieJieHIH 3JIeMEHTOB BHYTPU TabJIAI[BI TPOOHAS TOCJEI0BATEIEHOCT JIJISI KAXKIOTO
Gyzer uMeTh JJIuHyY, pasayio 1. [/ HOBBIX 9JIEMEHTOB JJIMHA MOCJAE0BATETBHOCTH
coctaBuT 1 wiu 2, B 3aBUCUMOCTH OT TOTO, CBSIKET HayasIbHOE XellInPOBAHUE JIeMEHT
€0 CBOGOTHOM MJTH yiKe 3aHATO stueiikoil. B HatieM mpuMepe cpeHsist AJIiHa TPOOHOiT
MOCJIeI0BATEIbHOCTH Xelll-TaOJaUIIbl cocTaBlsieT 2,42, 4TO HEMHOTO OOJIbIlle 3HAUCHNS,
KOTOPOE MOJKHO TIOJYYHUTh TIPU PABHOMEPHOM pactpeseienun. [Ipu 6osiee BHICOKUX
Koa(duIMeHTaX 3aM0JTHEHUS JIeJla CTAaHYT elle Xy:Ke.
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&

LinearProbing - U

808 --- --- --- --- 408 --- --- 513 716
101 W --- B1% 820 --- --- --- 824 723 826 €25

727 825 219 €22 226 832 833 --- -—= -—-
--- 536 --- --— --- --— 440 €43 240 --—-
m== === === --— 543 852 --- 451 856 BS7
151 960 =--- === 18§ === === —== —=m  ——e
--- === --- 164 --- 267 --- 875 573 473
777 475 --- 780 477 --= =--- 885 --- €85
484 --- --- --— --— 893 --- 188 492 796
393 192 998 €99 390 --- --= --= —-= -—o

lem: 123

Insert
Find

Statistics
Fil % 49,50
Max Probe: 12
Ave Probe: 242

Puc. 8.3. Oxno mporpammer LinearProbing

—=_ 3AMEYAHMUE

v' Xew-Tabnmua, n3obpaxeHHasa Ha pucyHke 8.3, ABNAeTCA OTBETOM K ynpaxHe-
Huio 8.3 n3 npunoxexus b.

YT00BI MOHSATH, KAK (DOPMUPYIOTCST KJIACTEPBI, PACCMOTPHUM MIPUMEP IYCTOM Xeli-
tabauupL Ipennosoxum, B Hell copepxutes N 3ammceil 1 CyIECTBYeT BEPOSITHOCTD 1 /N,
4TO OHA 3AKOHYHTCS B JIOO0H JaHHOI MO3UIUK MPU H00ABJIEHUU CIYYailHOTO YUCIA.
A Tenepb npeacTaBuM, uTo K — KOHeUHas Mo3uIust Tabnibl. CyIecTBYeT BEPOSITHOCTh
1/N, 4T0 HOBOE CJIy4aliHOE YHCJIO OTAIET B o3uInio K 1 IHHEHHOE TPOOUPOBAHUE T0-
MIBITAETCS PACTIONOKUTD yieMeHT B no3utiun K + 1. Ho Ta e BepogTHOCTH XapaKkTepHa
U JUUIST CJIy9ast, TpU KOTOPOM HOBBIU ssieMeHT Gy/IeT cBsi3aH ¢ nmosutiueit K + 1 Hanpsmyio.
3HAYUT, CyNECTBYET BEPOATHOCTD 2/N, UTO 2JIeMEHT 3aiiMeT KOHeUHYy10 ro3uiuio K + 1
1 chOpPMUPYETCST MAJIbIN KJIACTeEP.

Yepes KaKkoe-TO BPeMsi TAKUX KJIaCTEPOB cTaHeT MHOTO. Yem Gosbine oun OyayT,
TEM 6OJH)H_[6 BEPOATHOCTD TOT'O, YTO HOBBIU 2JIEMEHT I[O6aBI/ITCH B KOHeEIl O/THOT'O 13 HUX.
B urore 6oJiee MeJIKue KIacTephl COJAbIOTCS B Oojiee KPYIIHbIE, MACCUB 3aII0JTHUTCS
UMM — 1 BOSHUKHYT JJUHHBIE IPOOHBIE TOCIIEA0BATENBHOCTH.

B cenyommx aByx nmoapasaeax OMuCaHbl CIIOCOOBL, MO3BOJIAIOMINE OOPOTHCS C Iep-
BUYHOU KJyIacTepusaiiuen.

KsagpaTuyHoe npobupoBaHue

BosHukHOBeHME GOJIBIINX KJIACTEPOB [P JUHEHHOM IIPOOMPOBAHUY CBA3AHO C TEM,
YTO HOBBIE 3JIEMEHTBHI CBSI3BIBAIOTCS C STYEHKAMM, CTOSIIIIAMHU B KOHIIE TPYIIIbI, U T0-
CTEIeHHO yBeIUYUBAIoT ee. [IpefoTBpaTuTh MOAOOHYIO CUTYALUIO IIOMOTAET K8aopd-
muunoe npoduposanue. J1s cozpanus mpoOHOIl I0CIeJ0BaTeIbHOCTH B KAYeCTBe Iara
0 MHAEKCY GepeTcst KBaApaT KoJnYecTBa siueek. JIpyriuMu cIoBaMu, eCJii B IMHEHHOM
MPOOMPOBaHIH CYIIeCTBYeT TocaeaoBatebaocTh K, K+ 1, K+ 2, K+ 3, ... To B KBajipa-
TUYHOM BapuaHTe oHa Oyzet BoiryisiieTs Tak: K, K+ 12, K+ 22 K+ 32, ... B aToMm ciy4ae,
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€CJIU IBA 2JIEMEHTA OKAKYTCS CBA3aHHBIMU C PA3HBIMU MTO3UITUAME B OJTHOM 1 TOM K€
KJIacTepe, OHU He 06513aTeIbHO OY/Iy T IPUAEPKUBATHCSA OIHOI TIPOOHOM TIOCIEI0BATEb-
HOCTHU U MOTIAYT B KOHEI[ KJIacTepa.

Ha pucynke 8.4 nokasana xenr-rabJiuiia, B Hadajie KOTOPOii €CTh TPYIIa U3 MATH
asnemenToB. HoBoe 3Hauenue 71 mosyuaer npobHyIo mocienoBareibuocts 1, 1+ 12 =
=2,1+22=5,1+3%=10 u He 10o6aBIAETCS K CYLIECTBYIOIIEMY KIacTepy. 3HaueHne 93
MOHAYATY CBSI3aHO C TEM K€ KJIaCTEePOM, HO COTJIACHO COOCTBEHHOM TTPOOHOI TToCIe/10-
BarenbHoctu 3, 3 + 12 =4, 3 + 22 = 7 taksKe He 10I1a1aeT B HErO.

PN KN 20 NS0 0 -0 Y N N S s

Puc. 8.4. Ksagparuutoe npobupopatue

B okHe nporpammbl QuadraticProbing Ha pucyHke 8.5 HCII0/Ib3yeTCst KBaipaTHUHOE
npobuposanue. Ecin cpaBHUTH XelI-TabJIHIly W3 TEKYIIETo MpUMepa ¢ TOi, 4To Mpej-
cTaBJieHa Ha prucyHKe 8.3, MOXKHO YBUIETD, UTO KBAZPATUIHOE IPOOMPOBAHIE faeT Hoee
KOPOTKYO JUIUHY npoOHON nocsenoBateabrocTu (1,92), uem smneiinoe (2,42).

3AMEYAHUE

Mporpamma, npeacTaBneHHas Ha pUcyHke 8.5, ABNSeTCs YacTbio OTBETA K yNpaXx-
HeHuo 8.4 n3 npunoxexusa b.

o QuadraticProbing = =
Hash Table 808 =--= === =—-= =-=— 408 --- --- 513 716 ~
[ e --- 819 920 --- --- --- 824 723 826 625
Size Creat
S Ly i 727 525 === === 226 832 833 === === ===
--- 536 622 219 --- --- 440 643 240 ---
L‘”dm’ler === === === --- 549 852 =--- 451 856 857
Min 100 1581 960 === === 185 === === === cco oo
,—1 --=- =--—- --—— 164 --- 267 --- B75 G573 473
Max: 999] 777 475 --- 780 477 --- --- B8B5 --- €B5
— 484 --- --== =-== -—— 893 --- 188 492 796
# lkems 50] 393 192 --- 998 699 --- 390 --- -——= -—-
Create/Find
; Inset |
ktem: 123] —
Find |
Statistics
Fil % | 4950
Max Probe: L B]
Ave Probe: | 1.92|

Puc. 8.5. Oxno nporpammbl QuadraticProbing
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Ksaaparuunoe npo6upoBaHue pepoTBpaIiaeT NepBUYHYIO, HO He 8Mopuuyio Kid-
cmepusayuro, Ipx KOTOPOH 3HAYEHUS, CBI3aHHbIE C OJMHAKOBOM HAYaJIbHOM MO3UIMei
B MACCHBE, TTOJYYAIOT OIHY ¥ TY JKe POGHYIO TTOCTIEI0BATETBHOCTD, MHOT/IA OY€Hb JITTUH-
Hyio. B pesysbrate 06pasyeTcs TOUHO Takast ske TPYTIA SIEMEHTOB, HO YiKe He COOPaHHbBIX
BMECTe, a PACIPe/IeIEHHBIX TI0 BCEMY MacCUBY.

Emre OIVH HEJOCTATOK KBa/I[paTUYHOTO HpO6I/IpOBaHI/IH CBdA3aH C TEM, YTO OHO MOJKET
He HaliTh CBO60]_IHyIO ITIO3UIIHNIO, JIa’Ke €CJIN B XeHI-Ta6JII/IIle X HECKOJIbKO. I[GJIO B TOM,
9TO C KaK/bIM Pa30M II€pEMEMIIEHNE 110 MaCCUBY INPONCXOUT BCE aJbIIE N AaJIbIIe,
¥ He3aIloJIHEHHAS sSTYeiiKa TIOTIPOCTY TIPOITYyCKAETCA.

MceBpocnyyaiiHoe NnpoOupoBaHue

ITO MPOOMPOBaAHIE MOOGHO TMHEHHOMY, 32 MCKJIIOYEHUEM TOTO, YTO THaT MO WH-
Iekcy hopMupYyeT IceBAocTydaiiHas GyHKIN H3HAYATbHO CBsI3aHHOM ssueiiku. [pen-
MOJIOKUM, 9TO 9TO suetika K, Toraa mpoOHast mocie0BaTeIbHOCTh OYET BLITISIETH
caenytomum obpazom: K, K + p, K + 2p, ... Tie p OlpeessieTcs MCeBIOCTyIailHO
dbynkiumeii.

[Toxo6HO KBagpaTHUHOMY TPOGHPOBAHUIO, TICEBAOCAYUYATHOE TPEIOTBPAIAEcT
TOJIbKO TIEPBUYHYIO KJIACTEPU3AINIO, HO CTPAZAcT OT BTOPUYHON: 3HAUCHN S, CBI3aHHbIC
C OZIHOIL 1 TOM 7Ke HayaJIbHOI TO3UIKell, pa3MelaioTCs B Xell-TabJIMile COrJIacHO OJHON
U TOH ke IpoOHOii Ioc/Ie10BaTeIbHOCTI. TOYHO TaK JKe [MCeBI0CIyYaiiHoe IpoOUpoBaHUe
MOJKET TIPOITyCKAaTh HEKOTOPbIE HEUCIIOIb3yeMbIe 3aTTUCH.

ABoOiMHOEe xewumpoBaHue

YT106bI H36ABUTHCST OT BTOPUIHON KJIACTEPU3AINY 3HAUECHUSI, CBSI3aHHBIE C OJHOI
1 TOM Ke HauaJIbHOU STYeHKOif, TOJIKHBI ITOJIyYaTh PasHbIe TIPOOHBIE TIOCIEI0BATEIBHO-
ctu. U 3nech mpuronutes aBoiiHoe xenmmposanue. OHO MOX0Ke Ha TICeBI0CTydaitHoe
npoOUpOBaHUe, TOJBKO AT AJIsT MHIEKCA 3a[aeTcsl He TICEeBA0CAyYailHol GyHKIueil
HavYaIbHOW SY€lKH, a BTOPOH (hyHKITHEH XeITMPOBaHMSI.

JTomyctum, 3Hauennst A u B csizansbi ¢ nosunueil K. B ncespocnyuaiinom npobuposa-
HWH IIar 10 HHEKCY p renepupyetcs dpynkuuei F,(K), satem 0651 3HAUEHUS UCTIOTb3YIOT
npobryio ocenosatebHocTh K, K+ p, K+ 2p, K + 3p, ... B 1B0iiHOM XeIIUpOBaHIN ISk
CBS3bIBaHUS HAUYAIBHBIX 3HAUeHUH A 1 B nipuMensieTcst yHKIUS TICEB/IOCTYIaITHOTO
xemmposanus F,. B utore ipu o1HOM 1 TOM ke HauaibHoM K 06pasyiorcs iBe IpobHbie
10C/IEI0BATEILHOCTH € Pa3JIMYHbIMU IIaraMu 1o uuaekcy: p, = F,(A) u p, = F,(B) co-
OTBETCTBEHHO.

HeCMOTpH Ha TO 4TO JIBOITHOE XenInmpoBaHNE XOPOIIIO CIIPABJIAECTCA C HepBH‘-IHOﬁ
n BTOpH’-IHOﬁ RjlacTepn3anusgamMm, OHO TOYHO TaK K€, KaK 1 HCGB,ZIOC]Iy‘-IafIHOE HpO6I/IpO-
BaHHE, MOJKET IIPOITYCKAaTb HEUCITIOJIb3YyEMbIEC 3allCH.

YnopsaoyeHHOe xewumpoBaHue

EcTb Takue npusoxkeHus1, B KOTOPBIX 3HAYEHUS XeITUPYIOTCS BCETo OJIMH Pas, a IOUCK
BeJIeTCst MHOTOKPATHO. Peub ujiet, Harnpumep, 0 iporpaMMax, paboTaiolux co CJIOBaPsAMU,
a/IPECHBIMU KHUTAMU VJTH KaTaJIoTaMi TOBapoB. B aToM cirydae ropasio BaxkHee 65ICTPO
HaXOJUTh 3HAUCHUSI, HESKEJIU UX T0OABIISITD.
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Kax BbI yoKe 3HaeTe, B XGH_[-T8.6JII/II_[6 C ITPAMBIM CBA3bIBAHWEM ITOMCK 9JIEMEHTOB 3a-
HUMaeT HaMHOT'O MEHbIIIe BpEMEHH, €CJIU €€ CBSA3HbIE CIIMCKU OTCOPTUPOBAHDL: AJITOPUTM
OCTAHABJIMBAETCSI, €CJIM HAXOAUT HIEMEHT CO 3HAUEHUEM OOJBIIIM, YeM IeJIeBOe U He
TPaTUT BpeMs Ha MPOBEPKY BceX JAaHHBIX. COPTUPOBKY MOKHO MCIOIH30BATh U JIJIsT
COCTABJIEHNUST cCAMUX XeTT-tabauil. B aToM carydae mpobHast TTOCTeT0BATETBHOCTD JIJIST
snavenns K Oyner mposepsATh siueiikn MaccuBa co snadennsaymu V,, V, 1 T. /1., To ecTb Bee
V, Kotopbie MenbIe K.

O6paTI/ITe BHUMaHUKE, 4TO 3HAYCHUA HE NOJIKHBI HAaXO/JUTHCA B CTPOro BOSpaCTa-
omeM mopsake. Hapumep, npobHast nmocieoBaTeJbHOCTh ¢o 3Hadenusamu 61, 32, 71
OyzeT abCoIIOTHO HOPMaJIbHOI it 71, HO He it 32, MOCKOJIbKY TIepe]] HUM OKaKeTCst
6oJiblee uncyao 61.

Cosnas MaccuB TO0GHBIM 00PA30M, BbI yCKOPHTE MMOUCK 9JIEMEHTA; aJITOPUTM OCTa-
HOBUTCSI, €CJIN Haiijier 3HaueHue OoJibiie 1eseBoro. Creyonuil BBICOKOYPOBHEBbIIT
TICEB/IOKOJI UIIET 3JIEMEHT B OTCOPTUPOBAHHON Xeli-TabJIuIle.

// Bo3BpamaeM IIOJIOXeHMe Kioda B MaCCuBe uIM -1, eCnay TakKoBOTO HEeT.
Integer: FindvValue (Integer: arrayl[], Integer: key)
Integer: probe = <HadYajbHas [HO3ULMS B IIPOOHOM IIOCIIENOBATENBHOCTH KILoYa>
// TloBTOpSIEM.
While true
// ITlpoBepsieM, HalIeH U DJIeMEeHT.
If (array[probe] == key) Then Return probe

// IlpoBepsieM, eCTb M IIyCTOe MeCTO.
If (array[probe] == EMPTY) Then Return -1

// TIpoBepsieM, He TIPOXOOUIIM JIM MBE YXE& BTO IIOJIOKEeHUE .
If (array[probe] > key) Then Return -1

// TlpobyeM crenyomee IIOJIOXEHME U3 IIPOOHOM II0CIenoBaTEelbHOCTH .
probe = <cruemyomasi MO3UIMSI B IIPOOHOM MTOCIEeNOBATEIBLHOCTHY KIToda>
End While
End FindvValue

ToumHoe pacnoyoKeHre JaHHBIX B Xel-Ta0IuI[aX, KOTOPbIE OITUCHIBAIICDH PAHee, 3a-
BHCEJIO OT MOPSI/IKA, B KOTOPOM 9TH JaHHBIE 100aBsiinch. Tak, ecau B Maccuse u3 10 3a-
nuceil GyHKIM XemnpoBanust oMelnana siaemenT K B nmosunuio K mod 10, To sHave-
uus 11, 21, 31, 41 3anumanu no3uiiuu oT 1 10 4 UMeHHO B TakoM 1iopsijike. OHU MOTJIN
ObI pasMecTUThCs U B 0OpaTHoi rocsenoBarenpaoctu (41, 31,21, 11), npu ycioBuu 4to
BbI JI0OABJISAIM UX MIMEHHO TaK.

ITpeAnoIoKIM, 3IEMEHTHI B XEII-Ta0IUILy BHOCSATCS B MOPSIIKE OT HAMMEHBIIIETO
K HanGosbiieMy. B aToM ciydae 1poOHas 110CAeJ0BaTeIbHOCTD J1Jisk HOBOIO 3HAYEHMS
JIOJIKHA COJieprKaTh 3HAYEHUsI MEHbIIIE €r0, Be/lb OHU yKe HaxoudaTcs B Tabsmiie. ToabKo
TaK BbI MOKETe IIPOBOAUTD ObICTPHIii oKcK. K coxkasenio, mogo0Hble AeiicTBYs He Beer-
J1a OCYILIECTBUMbI — HY’KHO 3apaHee 3HaTh MOPSIO0K PACIOIOKEHM JaHHbIX B TaOJIHILE.
A Terepsb npejcTaBbTe, YTO BbI JIMIIb U3PEKa J00ABIISIETE B HEE 10 HECKOJIBKO 9JIEMEHTOB.

K cuactbio, ecTh crnocob co3marth OTCOPTUPOBAHHYIO XeI-TabiuIly 1 6e3 OrIsaKu
Ha CyIIeCcTBYION mopsiziok. CoriacHo emy, /IJisi BHOBb I00aBJIsIEMOTO 3J1€EMEHTa UIIeT-
¢S Ty cTast TIO3UIUS € TOMOIIILIO TIPOOHOI mocseioBareapbHocTy. Eciu B mpeaiaraemMoi
ANTOPUTMOM TIO3UITIH OGHAPY/KUBAETCS ITEMEHT ¢ GOMBITIM 3HAUEHUEM, OH YCTYTAeT
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MECTO HOBOMY 3JIEMEHTY, a caM IOoJ[BepraeTcs pexenupoBaHuio. B xoze mporecca Mo-
JKeT CIIyUUThCS TaK, 4To Oy/IeT HaiizieHo erte GoJbliiee 3HaUeHNe, TOTA YKe OHO JIMIINT-
51 COOCTBEHHOT TIO3UITUY 1 AJITOPUTM 3aliMETCsT €0 epeMertienneM. Tak mpoaoKuT-
CsI JTO TeX TP, TTOKa He OTHIMETCST aGCOMOTHO TYCTOE MECTO.

Ormrcannble IECTBUS MTPEICTABIIEHBI B CJIEYIONIEM BBICOKOYPOBHEBOM IICEB/IOKOIE.

AddItem(Integer: array|[], Integer: key)
Integer: probe = <HadajlbHasl IIO3ULMS B IPOOHON IIOCIENOBATEIBHOCTI>

// TloBTOpsieM.
While true
// IpoBepsieM, eCThb JIM IIyCTOe MeCTO.

If (array[probe] == EMPTY) Then
array [probe] = key
Return

End If

// IpoBepseM, SBISETCH IM HaleHHOe 3HadYeHue OOoblle Kioda.
If (array[probe] > key) Then
// TloMemaeMm coma KoY U pexemmpyeM OpyTOoi DJIEMEHT.
Integer: temp = array[probe]
array [probe] = key
key = temp
End If

// TlpobyeM cremyoliee IIOJIOXKEHMEe M3 IIPOOHOM IOCIeNOBaATEIBLHOCTH .

probe = <crnemywoiasi MIO3ULMUSA B MIPOOHOM IIOCHenOBaTElbHOCTU >
End While
End AddItem

[Tocsiepnumii mar BHyTPHU IUKJIA While NPpUPaBHUBAET probe K CIeAyIoeMy 1o-
JIOKEHUIO B TEKYIIel IIPOOHOM OCIe0BaTeIbHOCTH. B IMHEITHOM 1 IICEeBAOCTyYaiiHOM
POOMPOBAHIH, a TAKJKE B JIBOHOM XEITMPOBAHIK BbI CyMeETe OIPEACTUTh €T0, JakKe
€CJIM TIOMEHSIIM pexXermunpyeMoe 3Hadenune key na 60spimee. Tak, pu ABOAHOM XeIHpo-
BaHUU MOKHO PUMEHUTH (DYHKIIMIO BTOPOTO XEITUPOBAHUS K HOBOMY 3HAUEHUIO key,
4TOOBI OIIPEIE/IUTD AT 110 HHAEKCY B HOBOU IPOGHOM MOCIeI0BATEIbHOCTH U IBUTATh-
¢4 110 Hell ¢ yKaszaHHOro MecTa. B KBagpaTHYHOM IpOoOMPOBAHUN IOAOOHbI METOI He
cpaboTaet, IIOCKOJIbKY BaM, BEPOSATHO, HOHAZOOUTCS 3HATh, KaK J0JITO aJICOPUTM IIIeJI 110
HOBOH IIPOOHOIA TTI0C/IE0BATEIBHOCTH, YTOObI 106PATHCS 10 ITOIO MECTA.

ITpuBeeHHbII METOI AEMCTBEH 1TOTOMY, YTO Bbl 3aMeHsieTe HaiiJleHHbIe OOJIbIIne
3HAUEHNUST MEHBIIMMH, TO €CTh IIPOOHAST OCIE0BATENBHOCTD TAK M OCTAETCS OTCOPTHPO-
BaHHOW. EMHCTBEHHBIM COMHUTEIbHBIM 3HAUCHNEM OKa3bIBAETCS HOBOE OOJIbIIIEE 3HA-
yeHue, KoTopoe pexemntpyercst. OHO 3aHUMAET TTO3UIIHI0, KOTOPas IeJIaeT ero IPOOHY 0
TTOCJIEZIOBATENIBHOCTh OTCOPTUPOBAHHOM.

Pe3iome

Xelr-Tabau11a MO3BOJISIET OYeHb OBICTPO XPAaHUTh U HAXOAMTH 3HauUeHus. Ecim oHa
o6J1aaeT pasyMHbIM KO9(DMUITHEHTOM 3aII0JTHEHHUST, TO OTBICKATh B HEll HY KHBII 9JIeMEHT
HecToxHO. Korma TaHHbBIX CTAHOBUTCS CJAUTIKOM MHOTO, CKOPOCTD TTOWCKA CHUZKAETCS.
Ecam ske nX 04eHb Masio, TO pecypcehbl MaMSATHA PACXOAYIOTCS HEIKOHOMHO.
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Bospacratoruii koadhhUIMEHT 3aM0THEHUST XeT-Ta0IUIIbl — ITPU3HAK TOTO, UTO He-
06XOIMMO UBMEHUTD €€ Pa3MepbL. ITO MOTPeOYET OIPEIEJIEHHBIX BPEMEHHbIX 3aTPaT U J10-
TIOJTHUTETLHON MaMSATH, OTHAKO MO0GHBINH BPEMEHHO-MPOCTPAHCTBEHHBIN KOMITPOMIICC
BITOJTHE OOBIYEH JIJIsT a/ITOPUTMOB U IPUBOAUT K YJIYUIIEHHUIO UX TPOU3BOAUTEIBHOCTH.

YopsgouenHoe XemupoBaHue TIPeIoaaraet Ipyroil moaxo K yCKOPEHUIO T10-
HCKa JIaHHbIX. B aToM caryuae moHajo6UTCs MOTPATUTD IOTOJHUTETBHOE BPEMST Ha TIO-
cTpoenue Xem-Tabmipl. Ecm mpu BeTaBKe HOBOTO 3HaUEHMs aTOPUTM CTOJIKHETCS
¢ 6OJTBIIMM 3HaYeHHUEM, eMy TPHUJIETCS TOMEHSATh NX MECTaMU 1 3aHATLCA PEXeNnnpoBa-
HUeM 0OJIBIIET0. 3/1eCh YI0OHO UCIIOIb30BATh PEKYPCUIO, TO €CTh 3aCTABUTH AJITOPUTM
BCTaBKH BBI3BATh caMoro cebst. B ciieyionneid riiase Bbl y3HaeTe, Kak 9T0 C/IeJaTh, U M0~
3HAKOMMTECH C IOCTOMHCTBAMU M HEJOCTAaTKaMU yKazaHHOTo MeTona. Kpome Toro, mo-
JIYUUTE CBEICHUS O TOM, KaK YAQJIUTh PEKYPCUIO M3 TPOTPAMMBI, €CJTU TIYOOKHUE CTEKH
BBI30BOB VI YaCThHIT TIEPeCcUeT 3HAUECHUH BBI3BIBAIOT MTPOOIEMBL.

YnpaxHeHus

[ ynpaxHeHuii, rae HeoOXOAMMO CO34aTh XeI-Tab Iy, UCIOIb3YIATe MHTED-
delic, momoOHbIA TOMY, uTO IMoKasaH Ha pucynke 8.6. Tyt kxormxka Create cozzaeT HOBYIO
xeni-Tabuuity, Make ltems paspelnaer 1moJb30BaTeo eANHOBPEMEHHO 100aBUTh B Hee
MHOTO CJIy9aifHbIX 9JIEMEHTOB, a Insert v Find cooTBeTCTBEHHO BCTABIISAIOT ¥ HAXOAAT OJIUH
aeMeHT. Tlocsie Kax/0ro u3MeHeHus B TabJIiIle WK ee JaHHBIX HYKHO 0TOOPasuTh
KOJIMYECTBO KJIIOYel Ha OrH OJIOK JJIs aJITOPUTMOB IIPSIMOIO CBS3bIBAHUS WU KO-
(unrenT 3anosHeHus /s AJITOPUTMOB OTKPBITON anpecaiiuu. Kpome toro, cienyer
IPOJEMOHCTPUPOBATH MAKCUMAJIBHYTO U CPEAHION0 JJIMHY TPOGHOI ITOCIe0BaTEIbHOCTI
MIPU TIOTTBITKE HAWTH BCe 3HAYEHUST MKy MUHUMAJIbHBIM 1 MAKCUMAaJIbHBIM, KOTOPbIE
dburypupyior B TabJmIe.

o Chaining = =)

950 870 540 390 440 920 240 780 9560
461 811 801 591 731 651 751 151 451
972 27z 422 782 152 632 662 142 502 622
563 343 903 593 733 473 643 573 393 838

>
>
>
>
Load Table > 264 514 224 454 144 164 484 824
Min: 100 > 985 305 145 415 175 765 805 845 155 875
> B76 906 G536 716 796 B56 826 226
Max: 999 | Make hems | |> 447 267 @57 477 777 727
> 968 448 458 678 198 998 808 188
#lems:_ 100 > 909 9659 289 419 269 €99 215 549 819 409
Create/Find
Insert
lem: 123 Find
Remove
Statistics
Keys/Bucket 10,00
Max Probe: 15
Ave Probe: 946

Puc. 8.6. Oxmo nmporpammvbr Chaining,
MO3BOJISIIONIEN CO3/[aBaTh M TECTUPOBATH XeII-TaO bl
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Bo Bcex mporpaMmax XeurupoBaHUS UCTOJIb3YUTE eIUHBIN TICEBIOCTYyYatHBIN Te-
HepaTtop uuces, GOPMUPYIONIMHI OJHU U Te Ke 3HaYeHMs1. ITO IO03BOJIUT BaM CPAaBHUTD
HoBe/IeHUe PA3HBIX aJITOPUTMOB.

1. Hammumure IIporpaMmy JiJisd CO3JIaHUA XEH_I-T36JII/IL[I)I C IIPAMBIM CBsA3bIBAHUEM.

2. VIsMeHuTE IPOrpaMMy U3 TPEIbIAYIIEr0 YIIPaKHEHM TaK, YTOOBI MOKHO OBLIO
UCIIOJIb30BATh COPTUPOBAHHbIE CBSI3HbIE ciucKU. CpaBHUTE CpeiHKE JIMHBI IPO0O-
HBIX [OCJIEA0BATEILHOCTEN IBYX [IPOrPAMM JIJIS CJIydast, KOrja B Xel-Tabiuiax
sageiictByorcs 10 61008 u cogepxurcst 100 ajieMeHTOB.

3. Haueprure rpaduk cpejmeiil 1gunbl TpoOHO OCIE]0BATEILHOCTHU JJI PO-
rpaMMm U3 ynpaxkHeHuit 1 u 2, tie peus uzet o xem-rabymmnax ¢ 10 6moxamu u 50,
100, 150, 200 u 250 snemenramu. Kakoil BbIBOJ MOKHO CJI€JIaTh HAa OCHOBE I10-
JIy‘IeHHbIX [[aHHbIX?

4. Hamuumre nporpaMMy JUIst CO3IaHNs XeII-TabJIUIbI ¢ UCTTOJIb30BAHIEM OTKPBITOI
ampecanuu U JUHERHOTO TPOOUPOBAHTIS.

5. Paspaboraiite mporpaMmy Jist CO3aHMsT XEMI-TabIUIBI ¢ UCTIOTb30BAHUEM OT-
KPBITOH a/{pecalivil U KBaJ[paTHIHOTO TTPOOHPOBAHUS.

6. Harmuimre iporpaMmy J171st CO3/IaHUS XeII-TaOIUIbI C UCTIOJIb30BAHIEM OTKPBITOI
aJ[pecariuy 1 TICeBI0CAYYaiiHOrO MPOOUPOBAHUSL.

7. PaspaboraiiTe mporpaMMy JJist CO3[AHMUST XeII-TabJIUIIbl ¢ UCTIOJIb30BAHUEM OT-
KPBITOH ajipecaninyl v ABOMHOTO XeITUPOBAHUSI.

8. JluneiiHoe IpoOUpOBaHUE BCEra HAXOAUT IIyCTOE MECTO JIJIst 3HAUEHUST, €CJIU OHO
cymectByeT. OHaKO KBaJpaTHYHOE U IICEBA0CAYYaiiHOe NPOOGUPOBAHNE, 4 TAKKE
[[BOﬁHOC XemunpoBaHmue MOFyT HpOHyCKaTb HyCTbIe 3allCH 1 IIPUXOJUTD K JIOXK-
HOMY BBIBOZY O TOM, 4TO Tab/inia 3anoaHena. Kak Boi6parb pasmep tabauipl N,
‘{TO6I)I NpeaoTBPAaTUTDb BbIBOJ O TOM, YTO XeH_['T3.6JII/H_[a YKOMIIJIEKTOBaHa, €CJn
3TO He TaK?

9. Hanummmre porpaMmy JiJist CO3/IaHUsI XETT-TabJIUIbI ¢ UCTIOIb30BAHUEM OTKPBI-
TOU ajIpecaruu u yIopsi/I04eHHOTO KBaJ[PATUYHOTO TIPOOUPOBAHUSL.

10. BocmosibayiiTech CBOUM JIFOOUMBIM SI3BIKOM ITPOrPAMMUPOBAHUS VIS IIOCTPOEHUH
XEII-TabJIUIBI, KOTOPast UCIOJIb3YET OTKPHITYIO aJPECaIiio ¢ YIOPSA0YCHHBIM
JIBOMHBIM XCIITUPOBAHIEM.

11. YT00bI CPaBHUTD PA3IMUYHbIE AJITOPUTMbI OTKPBITON afipecaliii, Ha4epTUuTe rpa-
dbuk cpemHeil JIMHBI TPOOHOI MOCTIEA0BATEILHOCTH JJISI IPOTPAMM U3 YIIPaK-
Hennii 4—7,9 u 10. Crenalite BBIBOABI Ha 0cHOBE Tabumisl co 101 sammcsio u 50,
60, 70, 80 1 90 3HaueHUAMU.



Maea9
PEKYPCUA

B xomne pexypcuu meton Boi3biBaeT cam cebsi. Ecm on feaet 910 HemocpencTBen-
HO, TO PEKYPCHS HA3bIBACTCS NPSAMOIL, €CJIU Yepes IPYTroil MeTosl — kocgennotl. OHa Tax-
Ke MOXKeT ObITh edunuunoti (OHOKPATHBII BBI30B) JIUO0 MHONCeCmEenotl (BbI3OB OCY-
IIECTBJISETCS HECKOJILKO Pas).

Ha niepBbIii B3I/ TOHATHE KAXKETCS HECKOJIBKO CIOKHBIM, MTOCKOJbKY YeJIOBEK
He MBICJIUT peKypcuBHO. Harpumep, 3aHuMasich MOKPacKoil 3a60pa, Bbl, CKOPee BCETO,
HavHeTe ¢ OIHOTO Kpast U Oy/ieTe IBUTATHCS K IPYTOMY. Bpsizt i BaM TIPUJIET B TOJIOBY
pasnenuTh 3a60p Ha JIBE YacTH (JIEBYIO U MIPABYIO), & 3aT€M KPACUTD KasKIYIO MTOJOBUHY.

Tem He MeHee ecTb 33141, KOTOPbIe PEKYPCUBHbI 110 CBOEI ITPUPO/IE, & X CTPYKTYPa
U pellieHune JIETKO OTCJEKUBAIOTCS € TIOMOIIBIO alropuT™Ma. TaKoBbl, HallpuMep, mpo-
rpaMMbl, BBICTPAUBAIOIINE JIEPEBbs U ITPOBOJIAIINE 110 HUM IIOUCK.

B aToii rs1aBe BaM IIpeAICTOUT TTO3HAKOMUTHCST C HEKOTOPBIMU PEKYPCUBHBIMU aJl-
roputMaMu. M XOTst OHU TIOJIE3HBI yKe caMu 1o cebe, Topas/io BaskHee TTOHUMATh 3a-
JIOKEHHBIN B HUX IIPUHIIUIL. Y SICHUB €T0, BBl HAUHEeTe 3aMeyaTh PEKypCHUI0 BO MHOTHUX
CUTyalMAX, UMEIONIUX OTHOIIeHUe K IIporpaMMmupoBannio. OfHaKo He BCerga aTo
HAWJIYYIIui criocob pelieHus 3ajad, B HEKOTOPHIX CJAYYasX OH CHUIKAET MPOU3BO-
JITEJTBHOCTD IIPOTPAMMBI, B CBSI3U C UeM B KHUTE OY/IyT PACCMOTPEHBI elile U CITOCOOBI
yVAAJCHUA PEKYPCUU.

Ba3oBbie anropuTmbl

B carepyionux moapasiesax MpUBOIATCS TPU PEKYPCUBHBIX aJITOPUTMA JJIsl pacdeTa
daxropunana, unces Mubonaudn, a TakKe PeleHns 3a4a4n 0 XaHohckoi Gamme. Onu
OTHOCHUTEJIbHO IIPOCTDBI, HO PACKPBIBAIOT BasKHbIEC TTIOHATHA. KaK TOJIBKO BbI C HUMU pas3-
Geperech, CMOKeTe TepeiiTi K 60J1ee CJI0AKHBIM aJITOPUTMAM.

dakTopuan

Daxropuan uncia N onpesessiercs depe3 GyHKINO factorial, KOTOPYIO MOKHO
MPEJICTAaBUTh PEKYPCUBHO CIEAYIONIMME (DOPMYyIaMHu.

0l =1
Nl = Nx (N 1)

Torma pacuer 3! 6yzer BoirsaaeTh Tak: 31 =3 x 2l =3 x2x11=3x2x1x0! =
=3x2x1x1.
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ITO ollpeieJieHe TPUBOJUT K TPOCTOMY PEKYPCUBHOMY aJITOPUTMY.

Integer: Factorial (Integer: n)
If (n == 0) Then Return 1
Return n * Factorial(n - 1)

End Factorial

Ecaun Bxonnoe 3nauenue n = 0, To aITOPUTM BO3BparmiaeT 1, 4To COOTBETCTBY-
eT TIePBOMY YPaBHEHUIO, KOTOpoe onpeensdeT ¢yHkiuio factorial. B nporus-
HOM cJIy4yae KOJI BO3BpallaeT Yucjo 7 pa3 ¢ ¢haxtopuaiom n — 1, coriacHo BTOPO-
MY ypPaBHEHWUIO.

OTcio/ia BRITEKAOT JIBE Ba)KHbIE XapPaKTEPUCTHKHI, KOTOPBIMU JIOJIKHBI 00JIa/1aTh Pe-
KYPCUBHBIE aJITOPUTMBI.

1. Kaskprii pa3 mpu 3a1rycke MeTo/l CHUKAET CIOKHOCTD 3a/1aUM, & 3aT€M BbI3bIBa-
et cebs elrie pas, YToObI PEITUTD ee YIIPOIIEeHHbII BapuaHT. B IpuBeIeHHOM TIpH-
Mepe pacuer 7! mpeobpasoBajicst B pacuer (n — 1)!, a 3aTeM B yMHOMKeHHUE Ha 7.

2. Pexypcnst 1oyKHa OBITH KOHEYHOM. B paccMOTpeHHOM cirydae BXOIHOM mapaMeTp 72
YMEHbIIAETCS € KaK/IbIM BbI30BOM, 110Ka He cTaHOBUTCA paBHbIM 0. B aTOT MOMEHT
AJITOPUTM Bo3BpaiiaeT 1 — u npoiiecc IpeKpamiaeTcs.

O6paTI/IT6 BHUMaHHWE Ha HEJOCTATOK BbIHICIIPUBEAECHHOI'O aJITOPUTMaA: ITPU BbI3OBE
MeTola Factorial ¢ BXOJHBIM ITapaMeTpoOM *1, PEKypcCus HUKOI'/Ia HE OCTaAaHOBUTCA.
A]II‘OpI/ITM 6yﬂeT BBIIIOJIHATD HUIKENIPUBEIEHHbBIEC PACUYCTHI.

1! =
—1x-2=
—1x-2x-3!=
—1x-2x-3x—4l=..

Yto6b U36eKATH HTOTO, HYKHO U3MEHWUTDH MEPBBIH OMEpaTop B aJropuT™Me Ha
If (n <= 0) Then Return 1.Tormanpu Bel30Be C OTPUIIATEIBHBIM IIapaMeTPOM
Bepuercs 1.

3AMEYAHUE

C To4KkM 3peHuns pa3padoTkm NPorpaMMHOro obecnevyeHnst, pPaCCMOTPEHHOE BbiLLIE
PELLEHME CHNTAETCS HE CaMbIM JIyYLLUWM, MOCKOJIbKY B MPOrpamMme, Bbi3bliBalOLLLEN
anropuTMm, cKpbiBaeTcs koe-kakas npobnema. 3HadyeHne 1 Bo3BpallaeTcs, faxe
B TOM CJly4ae eCnv UCTUHHbIN pakTopman oTp1uaTebHOro YMcna He OnpeaesieH,
4YTO MOXET BBECTU B 3abnyxaeHue. NpaBunbHee OCyLLECTBUTbL MPOBEPKY B KoAe
Bbl30Ba 1 yOEANTLCSA B TOM, HYTO YMCJIO Kak MUMHUMYM paBHO O, Uin Xe Bbi3BaTb
WNCKJTIOYEHME.

B nesiom anaimsupoBaTh BpeMsi paboThl PEKYPCUBHBIX aJITOPUTMOB HETIPOCTO, HO He
B laHHOM carydae. [Tpu BxoaHOM 3HaueHuu N aaropuT™ BbisbiBaet cam cebst N+ 1, utobb
BBITIOJIHUTD pacdeT NI, (N — 1), (N - 2)!, ..., 0!. 3xech HET HUYETO CJIOKHOTO, TIOATOMY
obuas npousBoauTebHOCTD cocTaBiser O(N).

ITockoJIbKY alropuT™ Bbi3biBaeT caMm cebsa N + 1 pas, MakcuMasibHas riyOuHa pe-
Kypcuu takxke pasHa O(N). B HeKOTOPbIX cpeax MporpaMMUPOBAHUsI OHAa MOKET ObITh
OrpaHMYEeHa, a 9TO BJIeUeT 3a cOOOM onpeeieHHbIe TPOGIEMBI.
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V BAXXHOE CTEKOBOE NMPOCTPAHCTBO

Kak npasuno, onsg paboTbl NporpaMmMel B NaMATU KOMMbIOTEPA BbIAENSIOTCS ABE
obnacTy NamMaTn: CTeK U Xur. Kor,u,a 4YaCTb KOAa BbI3blBAaE€T METOL, VIHC])OpMaLI,VIFI
0 BbI30BE HAaxoaMTCs B cTeke (CM. rmaBy 5). Kak Tonbko MeTof BO3BpaLLlaeTca —
MHdOopMaLnsa N3 CTeKa BbITaIKMBAETCS 1 NporpamMmma BO30OHOBNSET CBOKO paboTy
C MecTa, Ha KOTOPOM ocTaHoBUack. CnNrMcok MeToaoB, HEOBX0ANMbIX OJist TOro,
4TOObI AOMTK A0 ONpPeAesieHHOoro Lwara B nporpamMmMe, Ha3blBaeTCs CTEKOM BbI30Ba.

X vicnonb3yeTcs O/ CoO30aHus NePEMEHHbIX 1 NPoBeaeHMs pacieToB. O6bIYHO OH
0osbLUe, YEM CTEK, TaK Kak B 0OGbEMHbIN KO, 4aCTO HE BK/IIOHYAI0TCSA METO/pbI, Bbi3blBal0-
Ve apyrue MeTofbl. TeM He MeHee B aliropuTMax MHOraa MOXET ObITb O4eHb rybokas
pPeKypcusi, 4TO NPUBOAUT K OOJIbLLOMY PACX0OAy CTEKOBOIO NMPOCTPAHCTBA U 3aBUCaHMIO
nporpammel. B cuny aToro BaxkHo OLEHMBATL HE TOJILKO Bpems paboThl anroputma
1 TpeboBaHue K NaMaTh, HO U MaKCUMaTbHYIO [yBUHY UCMOMb3YEeMO PEKYPCUN.

Oyuknust factorial BodpacTaeT 0ueHb GBICTPO, T03TOMY 3HaUeHHe N He Oecrpe-
nenbro. Harpumep, 20! = 2,4 x 108 a 21! okaskeTcst HACTOIBKO JITTAHHBIM, YTO TIPEBLICUT
64 6uta — 1 IporpaMMa He CIIPaBUTCA ¢ pacueTaMu. Bo usbexanue npobsem riayouna
peKypcun He 0JKHA TpeBocxoauTh 20. Jlist paboTsI ¢ 60bIMMU (haKTOpUATIAMHU JTyUITIe
HCIIOTb30BATh IPYTHE TUIIBI TAHHBIX, HATIPUMeED, 64-6UTHOE YHCITIO ABOWHOM TOUHOCTH
¢ TIaBafoIell 3amsaToil, Kotopoe crmpaButes ¢ 170! = 7,3 x 10%% uin BigInteger
B .NET, mosBosstonuii cogepskaTh MpOU3BOJIBHO OoJtbiive uncaa. OIHAKO B TIOJ00HOM
cayyae TybOKast pEKYPCHUST MOKET CIIPOBOIIMPOBATH PACX0Jl CTEKOBOTO MTPOCTPAHCTBA
u 3aBucanue porpamMmbl. O TOM, KaK PENIuTh 3Ty IIPobJIeMy, MbI TIOTOBOPHUM B TI0/[Pa3-
nesie <Y IajieHre XBOCTOBON PEKyPCHUy pasjiesia <Y TajieHre PeKyPCHn» TEKYIIEH rIaBbl.

Yucna dnboHayum

Yucaa OuboHauuN OIIPeIeaioTcs IPUBEAEHHBIMU HUKE YPaBHEHUSAMIL
Fibonacci (0) =0

Fibonacci (1) =1

Fibonacci (n) = Fibonacci (n — 1) + Fibonacci (n — 2) g n > 1

Hanpumep, nepsbie 12 uncen @ubonauun — 100, 1, 1,2, 3, 5,8, 13,21, 34, 55 1 89.

==_ 3AMEYAHUE

MHorga Fibonacci (0) n Fibonacci (1) npupaBHuBatoT k 1. B pedynsrate nonyyarorcs
Te Xe 3Ha4YeHus, Kak 1 B BbILLENPUBEOEHHOM ONpeaeneHnu, Tonbko nponyckaetcs 0.

CormacHo OIlpeZiesyIEHN1O, IToJIy4aeM C]IeHyIOH_II/Iﬁ AJITOPUTM.

Integer: Fibonacci (Integer: n)

If (n <= 1) Then Return n

Return Fibonacci(n - 1) + Fibonacci(n - 2);
End Fibonacci

Ecmm Bxonnoe 3rauenne n pasao 0 uam 1, Ha Bexozie Bo3sparraetcs 0 v 1. (Ecam
OHO MeHblIe 1, Bo3BpalllaeTcst caMo BXOIHOE 3HaueHwe. ) B ciryuae kora n 6obiie 1, aj-
IOPUTM BbI3bIBAaET caM cels /it BXOAHBIX 3HaueHui n — 1 1 n — 2, cyMMUpYyeT ux, a 3a-
TeM BO3BpAIllaeT Pe3yJIbTarT.
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ITpuBeneHHbII KO/ JIETOK ISt TOHMMaHMsI, HO paboTaeT 0BOJIbHO MeiieHHo. Taxk, st
pacuera Fibonacci (6) nmporpamma mosker onpenesuts Fibonacci (5) u Fibonacci (4), Ho
nepes pacuerom Fibonacci (5) eii monamo6urcs yeranosuth Fibonacci (4) u Fibonacci (3),
To ectb Fibonacci (4) onpenensiercst asaskabl. [Ipu 6oabimx N pekypeust Fibonacci (V)
CTaHOBUTCSI JIOCTATOYHO TJTyOOKOIA, & OHY U T€ JKE SHAYEHUSI TPUXOUTCST HAXOAUTH OTPOM-
HOE KOJIMIECTBO Pas3, 3aCTaBJISIS TPOrpaMMy paboTaTh B TEUEHHUE JIOJITOTO BPEMEHM.

Ha pucymke 9.1 mokazano /iepeBo BbI30BOB anroputMa OUOOHAYYN /TS OTIPEIeICHST
Fibonacci (6). Kaskaast BepiiiiHa — 9TO 1 €CTh BBI30B, a CTOSIIIEE B HEll YHCJI0 — BXOIHOM
mapameTp. B kopreBoM y3ie anroput™m obpamtaercst k Fibonacci (5) u Fibonacci (4).
O6paTuTe BHUMaHWe, 4TO BHU3Y J€PEBO 3aII0JHEHO yOIMPOBAHHBIMU BbI30OBAMU: Ha-
npumep, Fibonacci (0) paccunTtbiBaercs nsath pas, a Fibonacci (1) — Bocems.

Puc. 9.1. /Iepeso Bbi3oBoB anropurma Oubonauun

OrieHuTB BpeMst pabOTHI 9TOTO aJITOPUTMA CJIOJKHEE, UeM (DaKTOPHATBHOTO, TIOCKOJIb-
Ky OH SIBJISIETCSI MHOTOKPAaTHO peKkypcuBHBIM. [Ipeamnosnoxum, yto T(N) — mpousBo-
quTeabHocTh ajroputMa Oubonauyun ¢ BxoaubiM 3Hadennem N. Eciu N > 1, 10 Koz
paccuntsiBaer Fibonacci (N — 1) u Fibonacci (N — 2), 3aTeM Ha JOIOJIHATEILHOM LIare
CYMMUPYET MX U BO3Bpaiaer peaybrar. Takum obpasom, T(N)=T(N— 1)+ T(N-2) + 1.

Ito HemHoro 6oJibiie, yeM T(N — 1) + T(N — 2). Ho ecsiu BbI IpOUTHOPUPYETE
KoHcTaHTy 1 B KoHIle (hopMyJibl, TO TTOAyduTe onpeenenne GyHkium Fibonacci,
TO €CTh WMEHHO OT Hee 3aBUCUT MTOTOBOE BpeMsi paborsl asropurma. DyHKIus
Fibonacci Bo3pacTaet J0BOJBHO OBICTPO, XOTsI U ycTymaeT yukimn factorial. Tak,
Fibonacci (92) = 7,5 x 108, a Bot Fibonacci (93) yske He yKiaabIBaeTcsl B JJIMHY Iie-
JIOTO YMCIA. DTO 3HAYUT, UTO MAKCUMATbHAS TIyOMHA PEKypCehu paBHa 92 u 11st 6071b-
ITUHCTBA CPeJl TPOTPAMMIPOBAHUS He SBISIETCST MpobaeMuoil. Ha mpakTike Bpemst pa-
6orel anropurMa Oubonayun BozpacraeT oueHb 6sicTpo. Ha MoeM KoMIbioTepe pacuer
Fibonacci (44) 3annMaer cBbilIe 1 MUH, 2 UCIOIb30BaHIe GOJIBIINX 3HAYCHMI CTAHO-
BUTCST HETIPAKTUYHBIM.

XaHownckas 6aLuHeA

ITaTOJIOBOJIOMKA Y3Ke MPUBOJINIIACD B ruiaBe 5 (cM. puc. 5.7). Harmmomuum, uto B neit hu-
TYPHUPYET CTOTIKA IUCKOB, YJIOKEHHBIX [0 pa3Mepy uamerpa (0T GOJIBIIIETO K MEHBIIEMY )
Ha OJIVTH U3 TPEX KOJIBIIIKOB. Balma 11esib — repeMecTuTh CTOIKY Ha JAPYToii KOJIBIIIEK, TPU
HTOM paspermaeTcst GpaTh JUTIH O OIHOMY JIUCKY 32 Pa3 ¥ KJIACTh MEHBITNH Ha GOJTBITHI.
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PaCCManI/IBaTb ITOCTABJIEHHYIO 3a/la4y KaK €/JMHOE I1eJ0€e TAXKEJI0, HO €€ MOKHO
YHPOCTUTDb U PEKYPCHUBHBIM criocoboM PEHINTD TOJBKO YaCTb.

// TlepeMemaeM BepxXHME N OUCKOB C KOJBmMKa from_peg Ha KOJHIEK to_peg,

// WCIIONB3ys MIPU HeObXOOMMOCTM KOJHmek other_peg.

TowerOfHanoi (Peg: from_peg, Peg: to_peg, Peg: other_peg, Integer: n)
// PeKypCUMBHO IIepeMelaeM BepxHue n - 1 OMCKOB C KOJBmKa from_peg
// Ha KOJBImEK to_peg.
If (n > 1) Then TowerOfHanoi (from_peg, other_peg, to_peg, n - 1)

<I[lepeMemaeM BepXHMUIM OUCK C KOJBMKa from_peg Ha KOJHIEK to_peg.>

// PexypCHMBHO IIepeMemaeM BepxXHue N — 1 OMCKOB C KOoJuemKa other_peg

// Ha KOJBImEK to_peg.

If (n > 1) Then TowerOfHanoi (other_peg, to_peg, from peg, n - 1)
End TowerOfHanoi

Brauase Bam IpuieTCS TIOJTHOCTHIO IOBEPUTHCS aTOpUTMy TowerOfHanoi,XoTd
[I0Ka U HEIIOHSATHO, Kak oH paGoraer. Ha nepsom araie sepxuue N — 1 JUCKOB IepeHO-
CATCS ¢ UCXOTHOTO KOJIBITITKA Ha TOT, KOTOPBIN He SIBISETCS 1eieBbIM. /{7151 aToTOo anro-
PUTM PEKYPCHBHO BbI3bIBaeT caM cebs. Ho Kak y3HaTh, 4T0 OH paboTaeT v CIPaBUTCS
C MEHbIIIeN 3a/1a4eit?

OTBeT MpOCT: TIPH HEOOXOIUMOCTH AJITOPUTM PEKYPCUBHO BhI3bIBAET caM celst, ITOObI
MEPEMEIATh BCE MEHBIITIE U MEHBIINE CTOMKY JUCKOB. B OmpeesieHHbII MOMEHT OH
MIEPEHOCUT TOJIBKO OJIUH JINCK U OCTAHABJIUBAETCS. JIPyTUMU CTIOBAMU, KK/IBIN PEKYP-
CHBHBII BBI30B UCTIOJIb3YETCs VISt petieHst GoJiee TIPOCcToi 3a/[aut, M B KOHIIE KOHI[OB,
OHA OKa3bIBAETCST HACTOILKO TTPUMHUTHUBHOI, YTO B BBI30BE yiKe HET HEOOXOMUMOCTH.

Ha pucynke 9.2 uzobpazenbl o0111e JeiicTBUs, KOTOPbIE TPEOYIOTCS /IS PeLieHns]
FOJIOBOJIOMKH U3 JMCKOB. B caMoM Hauasle ¢ mepBoro KoJblllKa Ha TPETUI PEKYPCUBHO
[EPEMEINAIOTCS BCE AUCKH, KPOME CaMOT0 GOJIBIIOro. 3aTeM Ha BTOPOI KOJIBILIEK HAHU-
3BIBAETCS CaMblii 6OJIBLION AnCK. M HAKOHELI, ¢ TPEThEro KOJBIIIKA Ha BTOPOH peKyp-
CHMBHO MEPEMEIAIOTCS OCTABIINECS TUCKMY.

= |
gl
| —1_ L
=1

Puc. 9.2. O6uiast cxema peKypCUBHOTO PElleHHsI TOJIOBOJOMKY « XaHOCKast GalrHsi»
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Bces nocnenoBaTebHOCTD 1ATOB 1711 IEPEMEIIEHUs CTOTIKU U3 TPEX TUCKOB C Tiep-
BOTO KOJIBIIIKA HAa BTOPOH TIpejicTaBjeHa Ha pucynke 9.3.

l |

Puc. 9.3. /letasbHas cxeMa PEKYPCUBHOIO PEIeHUs TOJOBOJIOMKN «XaHONCKast GalIHs»

[Tpoanasmsupyem Bpems paboThl anroputMa. ITycts T(N) — KOJUYECTBO ILIaros,
HEOOXOIUMBIX JIJIsT TiepeMenierust N IUCKOB ¢ OIHOTO KOJIBIIIKA Ha Apyroit. OueBu-
Ho, yto T(1) = 1, Bezb /IS TlepeMenieHust OJIHOTO JAUCKa Hy:KeH ojauu mar. Juas N > 0,
T(N)=T(N-1)+1+T(N—-1)=2T(N - 1) + 1. Ectu npouraHopupoBaTh KOHCTAaHTY
1, To T(N) = 2T(N — 1), noay4daercs, uto GyHKIMI 001a1aeT SKCIIOHEHIIMAIbHBIM Bpe-
MeneM pabotsr O(2V).

Emte oqun coco6 mposectu aHainus — co3gaTh Tabauiry namogodue tTabaumst 9.1
U PACCYNTATh KOJIMYECTBO IMIATOB [IJIs1 Pa3HbIX 3HaueHuit N. 3xech s Kaxaoro N > 1
ncrnionbzoBasiack popmyna T(N) = 2T(N — 1) + 1. VI3yuuB pe3yabTaThl, Bbl YBUAUTE,
gyto T(N) = 2V — 1.
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Tabnuua 9.1. Bpewms pabotsl anroputma
U1l PELLIEHMS FOIOBOJIOMKM «XaHolickast GatLHs»

N T(N)
1

3

7

15
31
63
127
255
511
1023

Wl ||| |w| |~

—_
(=]

Kax 1 B crygae ¢ anropurvom OuboHawdn, MaKCUMATbHAS TIyOUHA PEKYPCUH TIPH
BxoziHoM 3Hadennn N pasua N. C yBemueHrem BXOAHOTO IapamMmeTpa BpeMsi paboThl Ipo-
rpaMMbI OYJIET BO3PACTATh OUeHb OBICTPO, IPYTUMU CIOBAMI, TIPUMEHSITD AJITOPUTM JIJIST
PEIEeHUs TOJOBOJIOMKY CTAaHET Helesecoob6pasHto elne /10 Toro, Kak Gy/IeT I0CTUIHYTa
MaKCUMaJlbHast TIIyOUHA PEKYPCHN.

NpPadpunyeckune anropuTmsbl

HexoTopbie aJIrOpUTMbI UCIIOJIB3YIOT PEKYPCHIO, 4UTOOBI CO3/1aBATE CJOKHBIE rpadu-
yeckne n3o6pakenus. Y XoTst KOy HUX O4€Hb KOMIAKTHBIH, HA CAMOM JieJie OHU HUYYTh
He mpotiie Tex 6a30BbIX AJITOPUTMOB, YTO OTIMCAHBI B MPEJBIAYIEM pas/elie.

Kpusbie Koxa

Kpusas Koxa — xopowuil npuMep camonodobnozo ¢paxmaia, rie 4actb KpUBOii
naromuHaer ee oouyio hopmy. I[locTpoenne Takux GpakTansoB HAYHMHAETCS C UHULUA -
mopa — yd4acTKa, Olpe/IeAIoniero OCHOBHbIe oyepTanus Oyayieit purypsl. B xoze
PEKYPCHM BCe MHUIUATOPbI MM HEKOTOPbIE U3 HUX Mpeobdpasyiorcest (MPaBUIbHO Mac-
mWTabUPyIOTCsI, HOBOPAYUBAIOTCS U T. [.), IPEBPAIIAACh B CBOEIO POJAA 2eHEPAMOPbL,
KOTOPBbIE 3aTeM 3aMEeIIaloTCsl HOBBIME BEPCUSIMU TEHEPATOPOB.

[Tpocreitmas kpuBag Koxa B kKauecTBe MHUIIMATOPA UCIIOIB3YeET JUHUIO, KOTOPAS
Ha KasKIOM YPOBHE peKypcry pasOuBaeTcs Ha yeTbipe yacTu. V3 HuX GopMupyoTcs
TPH cerMenTa JUIMHOH B 1/3 oT ucxoxHoro orpeska. [lepBasi u ueTBepTasi 4acTu HaXo-
IATCS B HaIpas/ieHun 6a30BOM JIMHUM, BTOpas II0BopaunBaercs Ha —60°, TpeTbst — Ha
120° (puc. 9.4). Ha cremyrotiem ypoBHe peKypcum MporpaMMa 3aMeHsieT KasKbli cer-
MEHT B reHepaToOpe HOBOU KOMueil reHeparopa. Barisnys Ha pucyHoK 9.5, BbI IIOIMeTe,
MOYEMY KPUBAsi HA3BIBAETCSI CAMOIIO00HOIL: ee YacTh BBITJISIIUT KAaK yMEHbIIIEHHAST KO-
U4 11e7101 (UTYPBI.

IIyctp ptl, pt2, pt3, pt4d u pt5 — TOYKHU, CBI3aHHBIE C CE(TMEHTAMHU B TeHe-
patope Ha pucynke 9.4. Haueptum kpuByio Koxa ¢ ToMONIbIo MPUBEIEHHOTO HUIKE
IICeBAOKO/IA.
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// YepTyM KpuBYDL Koxa 3amaHHOM CJIIOKHOCTM, Ha4dYMHAs C TOYKM D1
// ¥ mpoxkianeBas paccTosHue length B Hanparnenum angle.
DrawKoch (Integer: depth, Point: ptl, Float: angle, Float: length)
If (depth == 0) Then
<YepTuM CEeIMeHT.>

Else
<HaxommMm ToO4YkM pt2, pt3, and ptd.>
// PEeKypCUBHO 4YepTVM 4YacCT¥ KPUBON.
DrawKoch (depth - 1, ptl, angle, length / 3);
DrawKoch (depth - 1, pt2, angle - 60, length / 3);
DrawKoch (depth - 1, pt3, angle + 60, length / 3);
DrawKoch (depth - 1, pt4, angle, length / 3);

End If

End DrawKoch

Puc. 9.4. Kpusasa Koxa: mautuaTop (cresa) u rerepatop (cnpasa)

VAN
FoRoN

Puc. 9.5. Kpusas Koxa ¢ yposusimu pekypcun ot 0 10 5
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Ecnu depth = 0, To aaroput™ 4epTUT CETMEHT OT TOYKU pl MiauHON length,
cnenyst B HanpaBienuu angle. (To kak ocyiecTBisieTcss pUCOBaHWe, 3aBUCUT OT UC-
MOJIb3yeMOl BaMu cpe/ibl Tporpammuposanst.) [Ipn depth > 0 anroputw onpenessiet
TOYKHU pt2, pt3 U pt4, a 3aTeM BBICTPAWBAET YEThIPE CerMeHTa JJnHoI0 1/3 ot nc-
XOJIHOTO OTpe3Ka: BHAYaJe OH CJie/lyeT U3 TOUKU pt 1 B HAIpaBJeHun angle /10 TOYKN
pt2, moToM pazBopaunBaercs Ha 60° BJIEBO U UJIET JI0 TOUKU pt 3, COBEPIIAET €ellle O/[UH
noBopot Ha 120° BirpaBo (Ha yroJi, MpeBBINIAIONTNI UCXOHbIN Ha 60°) 1 1BUTAETCA /10
TOYKU pt4, M HAKOHEIl, U3 Hee, PUAEPKUBASCh HAYATBHOTO YIJIa, IPE0/I0JIEBAET T10-
CJIe/THIO0 YacTh TyTH.

Ecau ray6una Gosbire 0, To alropuT™M peKypcUBHO BbI3bIBAeT cebst YeThipe pasa.
Ipexnonoxum, uro T(N) — KOJUYECTBO MIATOB, KOTOPbIE OH COBEPIIAET JJIsI TIyOUHBI
n, torna T(N) =4 x T(N - 1) + C, tne C — xoHcTanTa. Ectm mpourHopupoBats nocJies-
Hi010, T0 T(N) = 4 x T(N — 1), orciona Bpemst pabotel — O(4Y). MakcumasbHast riyOuHa
peKypcuu, HeoOGXoaMMast /715 TOCTpoeH st KprBoit Koxa closkHOCTBIo N, OTpeessieTcst
TOJIbKO N ¥ He JI0JI’KHA BbI3BIBATh MPOGJIEM, BEflb, KaK U B MPEABIAYIIAX aJTOPUTMAX
(s Haxoxaerust yrces GuGoOHAYYM U PENIEHNs TOJIOBOJIOMKN « XaHOHCKas GatHs» ),
BpeMsI pabOThI BO3PACTAET HEBEPOATHO OBICTPO.

Ecau coenuuuth kpast Tpex Kpusbix Koxa rakuM o6pazom, 4ToObl MX MHUIUATOPLI
06pazoBBIBAIIN TPEYTONBHIK, TO ITOJYYNUTCS TAK HazbiBaeMast cHesknHka Koxa (puc. 9.6).

Puc. 9.6. Cuexxunka Koxa Tperbero ypoBHs

KpuBasa Nunbbepra

Kax u B ciryuae ¢ kpusoii Koxa, mocrpoenue kpusoil ['ibbepra HaunHAeTCsI ¢ IPo-
croro uHurmatopa. Yrobsl mepeiitu Kk 6oee riryboOKOMY YPOBHIO PEKYPCHH, aJITOPUTM
pasbuBaeT MHUIUATOP Ha YaCTH 1, TOBEPHYB COOTBETCTBYIOIINM 00Pa30M YMEHBIIIEHHY O
KOIIHIO T1€JI0M KPUBOI, BBICTPAMBACT KOHEUHYIO (DUTYPY.

Ha pucyske 9.7 mokasatsl kpusbie ['mibbepra yporeii 0, 1 1 2. Ha mocienHux asyx
(bparMeHTaxX COEAMHSIONINE JIMHUN BbIJIEJICHbBI CEPhIM [[BETOM, YTOObI BbI TIOHUMAJIN, KaK
06pasyoTcst GUTYPHI BBICOKOTO MOPSIIKA.

Puc. 9.7. Kpussie ['nibbepra pasHOTo ypOBHsI
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CJieyroruii ceBOKO/I BBICTpauBaet KpuByio ninbepra.

// YepTum kpmByW I'mnbbepTa, M3HAYAIBHO OBUTASICH B HampabBieHum <dx, dy>.
Hilbert (Integer: depth, Float: dx, Float: dy)

If (depth > 0) Then Hilbert (depth - 1, dy, dx)

DrawRelative (dx, dy)

If (depth > 0) Then Hilbert (depth - 1, dx, dy)

DrawRelative (dy, dx)

If (depth > 0) Then Hilbert (depth - 1, dx, dy)

DrawRelative (-dx, -dy)

If (depth > 0) Then Hilbert (depth - 1, -dy, -dx)
End Hilbert

JlaHHBII aJIrOPUTM IIPeIIIoJIaraer, 4YTo MeCTOIOJIOKEHe PUCYHKA yKe Olpejie-
neHo. Meroz DrawRelative MpoKIaApIBACT JIMHUIO U3 TEKYIIEH MO3UIMNA B HOBYIO
1 OGHOBJISIET KOOPAUHATHL, Tak, ecu TeKymas mosuius (10, 20), To omeparop
DrawRelative (0, 10) "ayeprut cerment (10, 20) - (10, 30) uo6Go3HAUUT
TEKYIyIo mo3unuio kak (10, 30).

Ecimi rry6una pexypenu 6osbiire 0, TO aJITOPUTM PEKYPCUBHO BBI3bIBAaeT caM cels,
4TOOBI HAUEPTUTh KPUBYIO CaMOTO HU3KOTO TIOPsIIKa ¢ apaMeTpamu dx u dy, Tepe-
KJIIOYaeMBIMH TaKUM 00pa3oM, 4ToObI MEHbIIAs KpuBas moBopaunsanach Ha 90°. Bep-
HYBIIUCH K PUCYHKY 9.7, BbI YBUIUTE, UTO KpUBas ypoBHs () ITOBOpauMBaeTCs B HavaJe
kpuBoil ypoBus 1. Ha ciemnytoiem ararie nporpaMma pucyer CerMeHT, CBSI3bIBAIOIITUI
HEePBYIO KPUBYIO HU3KOTO YPOBHS €O CJIEAYIONIEH, a TTocjie BhI3bIBaeT cama cebst, UToObI
HAYePTHUTH CJAEAYIONTYT0 YacTh KpUBOW. Tenepb asroput™ coxpansieT dx u dy B UX HC-
XOJHBIX MO3UIIUSX, YTOOBI BTOPast 4aCTh KPUBOU He TIOBOpauMBajiach. B 3aBepineHue
BBICTPAWBAETCS CICAYIONIUN CETMEHT COCMUHSIONIEN JUHUU U MPOUCXOAUT TTOCTCHUHN
PEKYPCUBHBII BBI30B. B 9TOT pas dx MeHsiercs Ha —dy, a dy — Ha —dx, 4TOObI MEHbIIAs
KpuBas rmoopaunsaiach Ha —90°.

KpuBasi CepnnHckoro

Kpusas Ceprinrckoro! Takske BOCIPOU3BOANT caMy cebs Ha 6oJiee BBICOKOM YPOBHE
U3 KpUBBIX 6oJiee HU3KOTO ypoBHs. OHAKO B OTJIMYUE OT NPEABIAYIIUX TIPUMEPOB B 10~
CTPOEHUH TIPOCTeiero gparMmeHTa UCIOIb3YIOTCS YeThIPe KOCBEHHbIE PEKYPCHUBHbBIE
dbyHKIMH, BhI3bIBatonIe caMux cebs. Ha pucynke 9.8 mokasamsl kpuBbie CeprnHCKOro
yposaeti 0, 1, 2 u 3, cepbIM I[BETOM BBIJI€JIEHBI COETMHSIONINE CETMEHTHI.

Kpusas Ceprinrckoro yposus 1 (puc. 9.9) cocrouT us ueTbipex yacreii, 0OTpucoBaH-
HBIX YeTBIPbMSI PA3HBIMU QYHKIMAMI. TH QYHKIIMY Y€PTIT KPUBbIE, TEPEMEITIast TEKY-
IIyT0 TIO3WIINIO TI0 HAIIPABJIEHISIM BIIPABO, BHU3, BIE€BO U BBepX. Hampumep, pyHKIms
Right dhopMUpyeT cerMeHTbl, ISt KOTOPBIX TEKYIIas MO3UIIHS cMelaeTcs Bpaso. Ha
pucyHke 9.9 cepbIM IIBETOM BBIIEJIEHBI COCTUHSIONINE CETMEHTHI.

Yro6bl HAYEPTUTH HOJIEE CIIOKHYIO KPUBYIO, JITOPUTM pa3OUBaeT ee 4acTh Ha HI3-
KkoypoBHeBbIe parmMenTsl. Ha pucynke 9.10, Hanpumep, mokazaHo, Kak co37aTh 4acTh
YPOBHS 2 U3 4eThIpex yacteil ypoBHs 1. [IpoananuampoBas pucyHoK 9.8, BbI moiiMeTe,
Kak 06pasyercst pUrypa B IeIOM.

! Tloabckuit matematuk BaryraB Mpanmmck Ceprmackuit (1882—-1969) nzyuan Muorre Bujibl
(pakTasoB, MOITOMY €r0 UM Bbl BCTPETHUTE B KHUTE ellle He Pas.
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RN

YpoBeHb 0 YpoBeHsb 1
YpoBeHb 2 YpoBeHb 3

Puc. 9.8. Kpusas CepnuHCKOro pasHbIXx ypoBHET

Bnpaso

ogalrg

Puc. 9.9. Kpusas Cepnunckoro yposus 1

Bnpaso

Bnpaso
e

Puc. 9.10. IIpaBas yacTtb kpuBoit CepruHCKOro ypoBHs 2
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B CJIeIyIOIIEM IICEBAOKO/E ITPE/ICTaBJIEH OCHOBHOM AJITOPUTM.

// YepTuM KpuBYL CEPIMHCKOTO.

Sierpinski (Integer: depth, Float: dx, Float: dy)
SierpRight (depth, dx, dy)
DrawRelative (dx, dy)
SierpbDown (depth, gr, dx, dy)
DrawRelative (-dx, dy)
SierpLeft (depth, dx, dy)
DrawRelative (-dx, -dy)
SierpUp (depth, dx, dy)
DrawRelative (dx, -dy)

End Sierpinski

st hopMupoBaHMs YacTU KPUBOUM aJITOPUTM BbI3bIBaeT MeTO/Ibl SierpRight,
SierpDown, SierpLeft u SierpUp. MeXay HIMU OH CChITAeTCS Ha eIe OJTUH METOT
DrawRelative, uToOBI HAYEPTUTH COEIUHIIONMME cerMenThl. Kak u B ciryuae ¢ kpu-
Boit ['muibbepra, coeuHsIroNast TMHMS IPOKJIAbIBAETCS U3 TEKYIIEH II03UINU B HOBYIO
TOYKY, 3aTeM TeKyIl[as II03uLKs 0GHOBJIsieTcs. Bbi3oBbl DrawRelative — elMHCTBEH-
HBIH IIaT B aJITOPUTME, T/Ie Ha CAaMOM JieJie BBITIOTHSIETCST PUCOBaHUE.

B cnenytotiem riceBiokoie mpeicTaB/ieH alrOpuT™M SierpRight.

// YepTuM 4YacTb KPUBOM, MIOYNYO BIPaBO.
SierpRight (Integer: depth, Float: dx, Float: dy)
If (depth > 0) Then
depth = depth - 1

SierpRight (depth, gr, dx, dy)
DrawRelative (gr, dx, dy)
SierpDown (depth, gr, dx, dy)
DrawRelative(gr, 2 * dx, 0)
SierpUp (depth, gr, dx, dy)
DrawRelative(gr, dx, -dy)
SierpRight (depth, gr, dx, dy)
End If
End SierpRight

Harssiino paborta ranHOTo MeTojia mpecrasiena Ha pucyrke 9.10. CHavasa mpo-
HCXO/IUT BBI30B SierpRight, 4To6bl HAYEPTUTD YACTh KPUBOU ¢ MEHbIIIEH TyOUHOI
PEKYPCHUH, WIYIIYIO BIPaBO. 3aTeM (hOPMHUPYETCsT CErMEHT BHU3Y CITPABa, YTOObI COeN-
HUTBCS CO CIEAYIONIEN 9acThio KPUBOiL. Jlamee BLI3BIBAETCS METON S1erpDown, 4TOOb
obpa3zoBajiach 4acTh KPUBOIL ¢ MEHBINEH TTyOMHOM PEKYPCUH, UYIIast BHU3, U TPOKJIa-
JIBIBAETCSI COEMHUTEIBHBIN CEMMEHT BITPABO JIJIsI CJIEAYIOIIEN YacTh ¢ MEHbIIEeN riyou-
HOU pekypcun. Ta B cBoIo ouepezib hopMupyeTcss MeToZioM SierpUp U uzeT BBepx. Jla-
Jiee MOSIBJISIETCS COEIMHUTENIbHBIM CerMeHT, HallpaBJIeHHBIH BBepX U BIIpaBo. B 3aBepiiie-
HUe BbI3bIBaeTcsl MeTo/l SierpRight /s co3anusl KOHEUHOH YacTh KPUBOK € MEHb-
et TIyOUHON PEeKypCHH, WAYIIEH BITPaBo.

[lpyrue Meto/ bl mocTpoeHus: yacteil kKpuBoit CepruHCKOTO pacCMaTpPUBAIOTCS
B YIIPaO)KHEHUSX.

[Tockompky MeTozb CepIITHCKOTO BBI3BIBAIOT APYT APYTa MHOTO Pa3, OHU SIBJISIOT-
Cs1 MHOTOKPATHO M KOCBEHHO peKypcuBHbIMU. HepekypCeuBHBIN CII0cO0 perneHust 3a/1a-
YW CJIOXKHEe.
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NMPUBJINSUTEJIbHAA MAPLUPYTU3ALUA

KpuBble 3anonHeHns npocTpaHcTea — MnbbepTta n CepnmnHCKoro — npeanosnaraiT
1CNOoNb30BaHMe NPOCTOro MeToaa NpubnmanTensHo mapLpyTmusauuu. MNpeano-
JIOXWM, BaM HY>XHO MOCETUTb HECKOJILKO MECT B ropoae. ECcnv Bbl HAQYEPTUTE KPUBYIO
MinbbepTa nnn CepnmMHCKOro Ha KapTe, TO CMOXETE NMOCEeTUTb HYXHbI€ MYyHKThbI
B TOM NOpPSAKE, B KOTOPOM HYEPES HMUX NPOXOAMT KpmBas. (He Hy>KHO npoknaabiBatb
MapLUPYT B TOYHOCTW MO KPUBOW — OHA UCMOJb3YyEeTCH NNLLIb AN9 FEHEPUPOBaHUS
ynopsigodyeHHocTn). Ckopee Bcero, peaynbrat OyaeT He OnTUMalibHbIM, HO U He
camMbIM NA0XUM. EFro MOXHO MCNONb30BaTh B KA4ECTBE OTNPAaBHOW TOYKM 15 3afa4e
npo KOMMMBOSIXEpPA, ONUCaHHON B rnase 17.

Candetkm

Cangemxa — pasHOBUAHOCTH camMonoobHoTO (hpakTtanma. Ee moctpoenne HadmHa-
10T C TAKOI TEOMETPUUYECKOM (DUTYPBI, KaK TPEYTOJBHUK WM KBazpaT. Ecim 3agannas
riy6uHa pekypeun paBHa 0, cozgaercst npumutuBHast popma. Ilpu riyOuHe pekypcuu
6outbitie 0, METOT JIEJIUT HAYAIbHYIO (hOPMY Ha MEHBIIHE MOA00UST U PEKYPCUBHO BbI-
3bIBaet caM cebst, YToObl HAaYePTUTh HEKOTOPbIE U3 HUX (HO He Bee).

Ha pucynke 9.11 npezcraBiens! TpeyronbHbie canderku yposas 0, 1, 2 u 3, yacto
HazbIiBaeMble cayipeTkaMu (MHOT/IA CUTEYKAMU WK TpeyrojabHuKamu) CeprmHCKOTO.
OHE cO31at0TCS CIECAYIOMIM 00Pa3OM: HCXOAHBIN TPEYTOJIBHUK ACTUTCS HA YE€THIPE Ya-
CTH, TPU U3 KOTOPBIX, HAXOJASIINECS B YIJIaX, PEKYPCUBHO OKPAIINBAIOTCSL.

AL

A
A
A
AA

A
LA
Al AL

Puc. 9.11. Canderxu CepnuHCKOro pa3HoOro ypoBHs

Ha pucynke 9.12 uzo6paxeHa kBagpaTHas cajiderka, uiau kopep Ceprimackoro. Ito-
OblI €€ [OJIyYUTh, HY;KHO Pas[eJuTh KBaApaT Ha AeBATh yacTell, yAaIUuTh HEeHTPaJbHYIO
YacTh, a 3aTEM PEKYPCUBHO OKPACUTD OCTATbHBIE.
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Puc. 9.12. Kosep CepnnHCKOTO

HarmmcaTp riceBioko bl HU3KOTO YPOBHSI Jiisi cozfianusi canderku u kopa Ceprint-
CKOTO IIPe/IJIaraeTcsi B KauyecTBe YIPAKHEHUI.

AnropuTtmsl C BO3BpaTOM

Pekypcus ucnosib3dyeTcst Takxke JJIs1 TOMCKa JIYUIero perieHust cJa0KHbIX 3ajay.
B anroputmax ¢ Bo3BpaToM CO3/1aI0TCS TECTOBbIE BAPUAHTBI, KOTOPbIE ITPOCUNTHIBAIOT,
BO3MO’KHOCTD CIIPABUTCS € IOCTaBJIeHHOM 3a1aueii. Ecsin mporpaMMa NpUXoJuT K BbIBO-
Iy, 4TO TIPEeITaTaeMbIil CTIoco0 He MPUBEET K HY;KHOMY Pe3yIbTaTy, TaHHBIH TeCTOBBIIT
BapHaHT OTOPACHIBAETCS U BBEPXY TI0 CTEKY BBI30BOB HIETCS APYTOM.

Takoit MeToz; 04eHb yA00€H: OH MO3BOJISIET CTPOUTD YACTMYHOE PEIeHHE U OIpe/Ie-
JISITh, IPUBEZET JIM OHO K IOJIHOMY. Biiarogapst TakoMy MoXozLy Bbl MOKETE IIPEKPATHTD
JajbHelIee ycoBepuIeHCTBOBaHME TPOOHOTO BAPMAHTA M BEPHYTHCS HA HECKOJIBKO
Iar0B Hazajl, YTOOBI IIPOAOJEKUTH PadOTY OTTY 1.

B CJIeIYIOIIEM BbICOKOYPOBHEBOM IICEBIOKO/IE ITPE/ICTABJIEH O6H.[I/II71 crocob BO3Bpara.

// llcciemyeM TeCcTOBOe pelleHue.
// BozBpamaeMm false, ecnm ero Henb3s PAa3BUTH OO IIOJIHOTO pEeleHMUs .
// Bo3BpamaeM true, eCniM DEeKypCUBHHM BH30B LeadsToSolution
// TIPUBOOUT K IIOJTHOMY PEIIeHND .
Boolean: LeadsToSolution(Solution: test_solution)
// ECIM MOXHO CHellaTh BEBOJI, YTO HAHHOE dYaCcTUIHOE peleHNre
// He UPMBOOUT K IIONTHOMY, BO3BpamaeMm false.
If <test_solution He MoOxeT pemmThb npobiemy> Then Return false
// Ecnm STO IOJHOEe pemeHre, BO3BpamaeM true.
If <test_solution — monHoe pemenme> Then Return true

// PacuupsieM YacTUIHOE peleHue.

Loop <IpOoXommM TIO BCEM BO3MOXHBIM pacummpeHmsM B test_solution.>
<PacmupsieM test_solution.>
// PeKypCUBHO TIPDOBEpSIEM, BemeT M 3TO K DEeleHUo.
If (LeadsToSolution(test_solution)) Then Return true
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// DTO pacummpeHue He BemeT K pemeHuno. OTMEeHsIeM pacCllupeHue .
<OTMeHseM pacliMpeHue . >
End Loop

// ECnay MB OOWIM IO DTOMW CTPOKM, HOAHHOE YaCTUIHOE peleHue
// He TPUBOIOUT K TIOJTHOMY .
Return false

End LeadsToSolution

AuroputM LeadsToSolut ion Geper B KauecTBe mapameTpa JIoObie HEOOXOIUMBIE
JaHHbIe, YTOOBI MTPOPabOTATh YACTMYHOE PEleHIe, U BO3BPAIIAET true, eCIU OHO MPHU-
BOJIUIT K ITOJTHOMY.

ITepBbIM feI0M OCYIIECTBIIAETCA IIPOBEPKA — UMeeT JIU YaCTUYHOe pelleHie IPaBo Ha
cyliectBoBaHue. Ecsii OHO He TPUBOUT K ITOJTHOMY PelieHHIo, alTOpUTM Bo3BpaliaeT false
1 BBI3bIBaeT MeTo/] LeadsToSolut ion, KOTOPBIH 3aBepiaeT TeKYIIUN TeCT U IIPUCTYIIAeT
k HoBoMY. Ecii 1pesiyiaraemoe peliieHye 101y CTUMO, JITOPUTM HUKIMYECKU IPOXOAUT 110
BCEM BO3MOXKHBIM €I0 PACIIMPEHUM JI0 [IOJIy4eHI KOHEYHOTro peayJibTara. i Kaska0ro
PaCIIPEHUS AJITOPUTM PEKYPCUBHO CCHITTAETCS Ha CaMOT0 ceOst, YTOObI ONPEeNTh, Oy et
Ji1 oHO paboTarh. Ecim pekypcHBHBII BBI30B Bo3Bpaliaet false, paciimpenne He TOIUTCST:
OHO OTMEHAETCS U OCYILECTBIISIETCS CJle/yIollas MOIbITKA ¢ HOBLIM pactiupenueM. Ecim ai-
TOPUTM TeperrpobOBAT BCe BO3MOKHBIE PACIITPEHHST 1 He HATIesT CPEH HIX 1erecooOpas-
HOTO, OH Bo3Bpaiaer false, 4robbl BbI30B LeadsToSolut ion 3aKpbiJi TECTOBOE PellieH e,

[Towck HY;KHOTO BapraHTa MOKHO TIPE/ICTABUTD B BU/IE TIPOJBUKEHUS 10 JIEPEBY, T/IE
KasK/1ad BETBb COOTBETCTBYET KOHKPETHOMY PEIIECHUIO, KOTOPOE TIBITAETCS CITPABUTCS C 3a-
naueit. Harrpumep, B siepeBe JiJist aXMaTHOM TIAPTUH BETBU OY/yT TPEACTABIATH COOOit
BO3MOSKHBIE XO/[BI HA OTIPE/IETIEHHOM 3Tare Urpbl. OTHOCUTETBHO GBICTPBIE TECTH TIOMO-
raloT MOHSTh, TIPUBEJIET JIK YACTHYHOE PEIEHHUE K MTOJTHOMY U, €CJIU HeT, OTPyOUTh COOT-
BETCTBYIOIIYIO BETBb IEPEBA, HE ITPOBOJIS 110 HEN MCUEPITBIBAIONITIH TTIOMCK. JTO TIO3BOJISCT
caroHOMUTH BpeMmst. (Bostee 10apo6HO 0 /iepeBe MPUHSTHS pellieHni ynTaiiTe B riase 12.)

B crepyromux mopasesax OmIChIBAIOTCS IBE 33/Ia4H, HCTIOIB3YIONIE aTOPUTMBI
€ BO3BPATOM: 33/1a4a 0 BOCbMU (hep3aX 1 0 Xo/ie KoHs. VX n3ydenne moMoxeT BaM paso-
GpaThCs B IPEACTABICHHOM OOIIEM PEIICHUH.

3apaya o BocbMu pep3ax

Ilesb 3aja4n — PaCHOJIOKUTH Ha IIAXMATHOII J0CKe BoceMb (hepaeil Tak, 4TOObI OHK
He MOTJIU aTakoBaTh JpyT apyra (puc. 9.13). [Ipyrumu cioBamu, jiBa Gep3s He MOTYT
HAXO/IUTHCS B OZIHOM FOPU30HTAJIBbHOM, BEPTUKAJIbHOM WJIH IMarOHAJIbHOM psary. Ecian
HOIBITATbCA Pa3MecTUTh 8 (pepaeil BO BceX BO3MOKHBIX BapuaHTax Ha 64 kjeTkax 1ax-
MaTHOM JIOCKH, TO TIpuaeTcs mepernpobosars 4 426 165 368 komGuHanuii. ITo 3aiimeT
HEBEPOSTHO MHOTO BPEMEHHU.

NoACYET KOMBUHALUIA

V OrpomMHoe KONM4eCcTBO BO3MOXHbIX BAPUAHTOB PELUEHUSI OOBSACHAETCH TEM, YTO

Kax bl 3 8 depseint MoXeT 3aHATb N06oi N3 64 KkBaapaToB A0CKU. Durypsl
PaBHO3HA4YHbI, MOSTOMY HE MMEET 3HAYEHUS, Kyaa N KaKylo U3 HUX Bbl MOCTaBUTE.
Taknm 06pa3omM, MOXHO cHYMTaTh, YTO U3 64 KBaAPATOB LLAXMATHOrO NOsA, Bam
HY>XXHO BblOpaTh ntoOble 8.
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KonnyecTtBo BapnaHTOB, NPU KOTOPOM M3 MHOXECTBA N 3JIEMEHTOB BbliOMpaeTcs
k anemeHTOB 6€3 NOBTOPEHWIA, NepeaaeTcs ¢ NOMOLLLIO BUHOMUANBEHORO KO3 PU-
umeHTa (n/k) (yntaeTca Kak «1m3 n no k») n paccymtbiBaeTcs no popmyne:

(k) =" k!(r,;ik)!

an/IBe,EI,eHHbIe HXE pacHeTbl OTPaXKaloT KOJINYECTBO BO3MOXHbIX OPUTrMHaJIbHbIX
Bbl60pOK B Cny4ae, Korga n3 ndat 4onyCTnMbIX 31EMEHTOB 6epyT09| Tpwu:

(5): 5! 5! 120

3) = 315-3) = 3121 = 6x2 — 10

Ecnn B MHOXECTBE 13 11 91EMEHTOB OAVH U TOT XE 3NIEMEHT MOXET NPUCyTCTBOBATH
HECKOJ1bKO pa3, KoNIn4eCTBO A0NYCTUMbIX KOMOUHaUMM onpenendaeTcd no cbopMyne.

(a2t

Hanpumep, 419 MHOXECTBA U3 NATH 3/IEMEHTOB, CoAepXXallero aybmkaTsl, Koam-
4eCTBO A0MYCTUMbIX KOMOUHaLMIA U3 TPEX 3NIEMEHTOB OyAEeT PaCCHUTLIBATLCS Tak:

(5+3—1)_(z>_ 7 _ 75040 _ ..
3 /7\3/ 7 3(7-3)! ~ 3141 ~ 6x24 ~

B 3aaue o BocbMu hep3six HYKHO BBIOPATh BOCEMb Pa3HbIX KIETOK (60Jiee 0HOTO
ep3s1 B OHY KJIETKY MTOCTABUTD HEJIb34 ), TO3TOMY KOJTMYECTBO BO3MOKHBIX BAPHAHTOB
COCTaBHT:

64 64! 64!

e

Puc. 9.13. Pemenne 3amaun o BocbMu ¢epasax

[Tpu pertennu JaHHOM 33/1a4M AITOPUTM C BO3BPATOM MI03BOJIIET HE PACCMATPUBATD
HeKoTopble KoMOuHatuu. [[Js Havasa, HATIPUMeEpP, MOKHO PasMECTUTh OAHOTO (hep3st
B BEPXHEM JIEBOM YTJIy JIOCKU U TIOTTPOOOBATH T06aBUTH APYTOro cripaBa. Ho mockoibKy
(bUTYPBI 3aPENIaeTcst PACIoONATaTh B OHOM PSILY, BB MOXKETE CPa3y UCKIIOUUTD T060€e
peliieHue, Mpu KOTOPOM TIEPBBIE JBa (hepast HaXOASATCS PSZIOM B BEPXHEM JIEBOM YTJTy.
ITporpamma BepHETCSI K TOMY MOMEHTY, Tiepe]] KOTOPBIM OHa J100aBUJIa BTOPOro hepss,
U COCPEJOTOYNTCS HA TIOMCKE TIOTEHITNAIBHO YCIIENTHBIX PENIEHUIA.
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Ecom BaM KaeTcs1, 4TO OT 9TOTO MaJIO TOJIKY, TIPEACTABbTE, CKOJIbKO KOMOUHAI[MI
MOTJIO BKJIIOYATh HEBEPHOE PACIIONIOKEHNN IBYX Takux (epseit: (62/6) = 61 474 519.
VIMeHHO CTOJIBKO PenieHnit BBl UCKIounTe. TakuM 06pa3oM, BCETO OJMH IIar BO3Bpa-
Ta COKOHOMHUT YCUJIHsI, HEOOXOAMMBIE /75T TPOBepKHU Gosee 61 MITH GeCToIe3HBIX BO3-
MOYKHOCTEH.

[To cytu, ecsiv mepBas hurypa 3aiiMeT BEpXHUH JIEBBIH YTOJI, y:Ke HY OJTHA IPYyTast He
CMOXKET CTATh B TOM K€ Sy 110 BEPTUKAJIN, FOPU3OHTAIN WY IUArOHAIN. ITO 3HAYUT,
YTO HETIPUTOAHON cTaHOBUTCA 21 KyteTka maxmMaTHOU TocKu. VICKITIounB Bee CBsI3aHHbBIE
C HUMU YaCTUYHBIE PEIeHust, Bbl 0TOpocuTe moutu 1,3 Mirp/1 6ecrieperneKTHBHBIX Bapu-
aHToB. B Xo/1e mocierytonux mpoBePOK BOSHUKHYT U JIPYTHE JUIICHHBIE CMBICJIA KOM-
Gunarau. Harpumep, mmocjie yCTaHOBKY BTOPOTO (hepast Ha OJHOM 13 JOMYCTUMBIX KJle-
TOK JTOCKH pa3MelleHne TPEThero IMOJIyYUT CBOU OTPaHUYeHMUS.

B cremyromieM 1ceBaOKO/Ie TIOKA3aHO, KaK UCIIOIb30BATh BO3BPAT /ST PEIICHN 3a-
Jlaun 0 BOCbMU (hep3sx.

Boolean: EightQueens (Boolean: spot_takenl,],
Integer: num_gueens_positioned)
// IlpoBepsieM, HOOIYyCT¥VMO JIM TECTOBOE pelleHMe.
If (Not IsLegal (spot_taken)) Then Return false

// TlpoBepsieM, Bce 1M (ep3M pa3MelleHH .
If (num_queens_positioned == 8) Then Return true

// PacumpsieM 4YacTUYHOE pelleHMe.
// TpoBepsieM BCe MHO3ULIMKU IJIS Clenybmero deps3s.
For row = 0 to 7
For col = 0 to 7
// IlpoBepsieM, He 3aHsATa JIM 2Ta HO3ULNLA.
If (Not spot_taken[row, col]) Then
// TlomMemaeM cioma o¢ep3s.
spot_taken[row, col] = true

// PeKypCMBHO IIpOBepsieM, BeneT JIU DTO
// K pemeHuo.
If EightQueens (spot_taken,
num_qgueens_positioned + 1))
Then Return true
// DTO pacuupeHyue He BeleT K pPelleHMo.
// OTMeHseM paclpeHU’e .
spot_taken[row, col] = false
End If
Next col
Next row

// Ecnimu MB OOIJIM OO BTOM CTPOKM, MB HE CMOTJIM HAWUTHK
// TomxXonsumee peleHue .
Return false

End EightQueens

JlaHHBII aIrOPUTM B KayecTBe mapamerpa GepeT JByMepHbIii MaccuB OyJIeBbIX 3Ha-
yeHUll spot_taken. 3amuchk spot_taken[row, col],nMmemlas 3HaueHe true,
TOBOPHUT O TOM, YTO B PSILy rOw U CTOJIOIE col prcyTcTByeT (hepsb. Bropoii mapameTp
aNropuTMa num_queens_positioned onpezenser, cKoabko dep3eit purypupyer
B TECTOBOM PeEIIeHUN.
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B camom Hauasie paboThI aJITOPUTM BbI3bIBAET MeTo/ Tslegal JJist TPOBEPKHU J10-
IIyCTUMOCTH TECTOBOIO pelleHrs. JTOT METO/ He 1I0Ka3aH, HO CyThb €To 3aKJI04aeTcs
B IIUKJIMYECKOM IIPOXOXK/IEHUU Yepe3 MacCuB spot_taken u noucke AByx depseit
B OZTHOM PSITY, CTOJOIE WITH TMATOHAII. 3aTeM aITOPUTM CPABHUBAET NUM_queens_
positioned c obmMM KOJMUECTBOM (hep3eil (HAIOMHIM, 4TO X BoceMb). Eciu Bce
(burypsl 3a/1e#icTBOBAaHbBI, TO TECTOBOE PellleHKE SBJISAETCS HOJHBIM 1 aJITOPUTM BO3BPa-
maet true. (ITocse aToro maccuB spot_taken He MeHsSETCS, 109TOMY IIPU BO3Bpa-
IIEHUHN EPBOTO BbI30Ba EightQueens B HeM Oy/eT HAXOIUTCS OTBET. )

B HEIOJIHOM pelleHrH aITOPUTM IIMKJIOM IIPOXO/IUT I10 BCEM PsiiaM M CTOJIOLAM 1 JJIsT
KayKZIOU TIaphl psiji — CTOJIOEIL TPoBepsieT spot__taken, 4TOOBI ONPEIEIATh, HE 3aHSTO JIH
310 MecTO. Eciti 0HO CBOOO/THO, TO aJITOPUTM PA3MEIIAET B HEM CJIE/LYIOIIETO (hep3si U PEKyp-
CHBHO BbI3bIBaET ce0s1, YTOOBI OIIPEIEIUTD, IPUBOLIT JIK PACLINPEHHOE PELIEHIE K II0JIHOMY.

Korza pexypcuBHBII BBI30B BO3BpallaeT true, 3T0 3HAYUT, YTO OH HAIIIEJ TTOJTHOEe
pelieHre 1 JaHHBIH BBI3OB TaKsKe Bo3BpaiaeT t rue. Ecin ke peKypCUBHBIN BbI30B BO3-
Bpaniaet false, To paciiMpeHHOe pelieHre He TPUBOAUT K ITOJHOMY, QJITOPUTM y1aJ1s-
er (ep3st U3 ero TeKyIel Mo3uIUK 1 IPOOYET HAlTH CJAeAyONLyIo. B cydyae Korja me-
perpobOBaHbl BCE BO3MOKHBIE MOJIOKEHS [JIst CIIEAYIONIEro (hepast U HU OJIHO U3 HIX
HE TOJIXO/IUT, TECTOBOE PEIEHNUE €llle 0 T0OaBIEHIsI HOBOI (hUryphbl MIPUXOIUT K BbI-
BOJLY, YTO JKeJIAeMbIl OTBET MTOJIyYUTh HEBO3MOKHO, U aJITOPUTM Bo3BpaiaeT false.

Bor MozKeTe ycoBepIIEHCTBOBATH TPOU3BOIUTENHLHOCTD JAHHOTO aJITOPUTMA HECKOJTb-
KUMH cIIocobaMu, 0 HUX FOBOPUTC B yipasxkHeHusx 13 u 14 B KoHIle JaHHON IJ1aBBbL.

Xop KoHA

[Henb 3a1aum — 3aCTaBUTh KOHS CTYTUTH HA KYK/YTO KIeTKY NIAXMaTHOH IOCKU BCETO
OJINH Pa3. X0/l CYUNTAETCS 3aBEPIICHHBIM, €CJIM B KOHETHON 03U (DUTYpa HAXOIUTCS
B OJTHOM IIIare OT HAYaJbHOI TO3UINU, — TOTZA KOHb MOKET HEMEJIEHHO JIBUTATHCS
naspiiie. HesaBepiiieHHBIN X0/ CUUTACTCS OTKPBITHIM.

- 3AMEYAHUE

' 3a 0auH X0, KOHb NPEeoA0NEBAET ABE KINETKM N0 rOPU3OHTAIN NN BEPTUKANN U eLLe
e OOHY NepneHavKynspHO TekyLern no3vumm (puc. 9.14).

CJ

O) O)
O)

Puc. 9.14. BosMoskHbIe BOCEMb XOI0B KOHsI 6€3 BBIXOJIa 32 [IPe/Ie/Ibl INAXMATHOM JOCKH
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OO0iiee pelenre 3aadu MPeACTaBAEHO B CJIeAYOIeM BbICOKOYPOBHEBOM aJiro-
puTMme.

// TlepeMemaeM KOHSI B IO3UIUL [row, col].

// 3aTeM peKypCHBHO IpobyeM craeaThb Cclelyblye XOIH .

// Bo3BpamaeM true, ecCiM HalOeHO IIOIXOIslee peleHue.

Boolean: KnightsTour (Integer: row, Integer: col,

Integer: move_number([,], Integer: num_moves_taken)

// TlepeMemaeM KOHS B STy IIO3UIND.
num_moves_taken = num_moves_taken + 1
move_number [row, col] = num_moves_taken

// TlpoBepsieM, cHejaiM JIM MB BCe Tpebyolyecss XOIH .
If (num_moves_taken == 64) Then Return true

// Co3maeM MacCuUB, 4YTODOHB OIpenenmTh, IOIIYCTUMEl JIM XOIIEl
// B IAHHOM TIO3UILIUMU .

Integer: dRows([] = { -2, -2, -1, 1, 2, 2, 1, -1
Integer: dCols(] = { -1, 1, 2, 2, 1, -1, -2, -2

// IpobyeM BCe HOOIIyCTMMEE I[IO3MIMM IS CJIEeOYyOIero xXomna.
For 1 = 0 To 7
Integer: r = row + d_rows[i]
Integer: ¢ = col + d_cols[i]
If ((r >= 0) And (r < NumRows) And
(c >= 0) And (c < NumCols) And
(move_number[r, c] == 0))
Then
// IaHHHN XOH HOIIYCTUM U BO3MOXKEH.
// @IenaeM ero, a 3aTeM DPEeKypCUBHO IpobyeM OpyIue.
If (KnightsTour
(r, c, move_number, num_moves_taken))
Then Return true
End If
Next 1

// DToT xom He paboraeT. OTMEHsEeM €Tro.
move_number [row, col] = 0

// ECny MB OOWIM IO DTOM CTPOKM, IIOOXOIsllee pPelleHre He HalIeHO.
return false
End KnightsTour

B kauecTBe BXOIHBIX TAPAMETPOB AJTOPUTM OEPET PSIL ¥ CTOIOELL, TI0 KOTOPBIM KOHb
IIPOIOJIKAET [IBUKEHUEe, MACCUB move_number, KOTOPbIil HyMepyeT IBUKeHUe KOHH 110
KaK/10l KJIeTKe, TaKKe KOJIMUECTBO yKe C/IeJTaHHbIX XOJI0B.

B camom Havasie mporpaMMa 3anChIBA€T X071 KOHSI HA TEKYIILYIO KJIeTKY U YBeJHIu-
BaeT KOJIMYECTBO C/leJIaHHbIX maroB. Ecim nocientee pasuo 64, To ¢hurypa 3asepiimia
repeMeleHne 1o JJOCKe U aJITOPUTM Bo3Bpaniaer t rue (yKazaHue Ha YCIIENTHOE BITTOJ-
HeHwWe 3a71a4n). Ecam X0/ He OKOHYEH, aJTOPUTM WHUINATN3UPYET /IBa MAaCCUBA, UTO-
ObI MOKA3aTh MIATH, KOTOPbIE MOXKHO BBIIOJIHUTD U3 TeKyIei kiaeTku. Hanpumep, mep-
BBIE 3aIIUCH B MaccuBax — 310 —2 1 —1. OHU yKa3bIBAIOT HA TO, YTO KOHb MOKET Iepe-
MECTHUTHCS U3 KJIeTKU (row, col)Ha (row — 2, col — 1), ecm TakoBast IPUCYTCTBY-
eT Ha IaXMaTHOI JOCKe.
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[lanee asnropuT™ 1poBepseT B IUKJIE BCe BO3MOKHbIE XO/IbI U3 TIO3UINHU (row, col).
Ecom xop1 romyctim 1 He GBIT COBEPINEH B TECTOBOM PEIIEHUH, ATOPUTM TIEPEIBUTAET
(hurypy 1 peKypCcUBHO BbI3bIBAET cebst caM, UTOOBI TIPOBEPUTD, IPUBOAUT JIX 3TO K MOJI-
HOMY pelieHNIo. Ec/i HU OIMH M3 BO3MOKHBIX XO/I0B B TeKyIlei 03U He TTPUBO-
JIUT K PELIeHNIO, aJITOPUTM yCTaHaBIuBaeT move_number [row, col] paBHbIM 0, uTo-
ObI OTMEHWTH TEKYIIUI IIar, ¥ Bo3Bpaiiaer false (yKaszaHue Ha TO, YTO MEPEMEIEHUE
KOHsI B KJIeTKY (row, col) 6ecrosiesHo).

K coxkanennio, B 3a/1aue 0 Xo/ie KOHsI HAalTH OTpaHIYEHNS HeIerko. PaccTaBiss Ha
JI0CKe BoceMb (hepaeii, Mbl JJOBOJIBHO IIPOCTO OIPEJIEJIIIN, B KAKUX TTO3UIIUAX 0/1HA (hU-
Typa MOIBEPTHETCS aTake APYTOH, U He pacCMaTPUBAIHN UX. J[J1s KOHs 00ast KTeTka, Ha
KOTOPYTO OH MOJKET TTePEHTH 1 Ha KOTOPOIT OH elife He ObIJI, TaeT HOBOE TECTOBOE PeTiTe-
Hue. B HEKOTOPBIX CIIydasix OMpPeesInTh, 4TO TECTOBOE pelieHre He cpaboTaer, He co-
cTaBJIsIeT TpyAa. Hanpumep, ecsin Ha JOCKe eCTh KJI€TKA, Ha KOTOPOI KOHb €l1le He CTOSL,
1 OHA HAXOJIUTCS Ha PACCTOSTHUY OJHOTO ITara OT 00N IPYToil He MPOHACHHON KIETKH.
OpHaKo, pacro3HaTh TAKYIO CUTYAIHIIO CJIOKHO.

B cuity 2T0i IPUUYMHBI HA pAHHEM STAlle AJITOPUTM YaCTO HOJ0JITY CJIE/YeT 32 TECTO-
BBIM PeIlleHHeM 10 TOTO, KaK Y3HAET, YTO OHO HEBBITTOMHUMO. [I0CKOIBKY KOHb MOKET
COBEPLINTD 10 BOCBMU X0/[0B, KOJIMYECTBO OTEHIINAJIBHBIX IIEPE/IBUKEHUIT COCTABIISIET
8%, wnnm B rpybom okpyraenn 6,3 x 10°7. V3yuns mosutinu Gurypbl Ha T0CKe, BbI TOUHEE
onpe/euTe TaHHOE YUCI0 (HATTPUMED, B YTy Y KOHS OCTAETCS JIUTITh IBA MOTEHITNAb-
HBIX X0/12), HO B JIIOOOM CJIydae OHO Oy/IeT OrPOMHO.

Bce BbllecKazaHHOE O3HAYAET, YTO PELINTH 3a1a4y O XOJe KOHS Ha OOBIYHOM IIax-
MaTHOH JOCKe pasMepoM 8x8 KJeTOK UYpe3BBIYaliHO CJIOKHO. B Xozme TecToB mporpam-
Ma CIIPABUJIACH C TEM JKe 33JJaHeM Ha JIOCKe Pa3MePHOCThIO 6x6 ouTH cpasy, a Ha [10-
cKe 7x6 3a 2 ¢. 3aT0 7151 IOCKU 7x7 pelleHunst He HAILIOCh JakKe 3a Jac.

CrpaBuThes ¢ 3aaueii TOMOXKeET agpucmuueckull anzopumm. OH 9acTo aeT XOPOIIHH
PE3YJIbTAT, XOTsI M HE TAPAHTUPYET, YTO TOT OYIET HAMIYUIIUM U3 BO3MOXKHBIX. Harpu-
Mep, IBPUCTHYECKIHT anropuT™ MoxkeT Ha 10 % yBeTMUnTh IPEAoIaraeMoe BPeMsI 1Mo-
€3JIK, 9TOOBI YUECTh 3aIEPAKKHU TPAHCIOPTA. DTO He BCET/Ia TAPAHTUPYET CBOEBPEMEHHOE
npubbITHE B MYHKT HA3HAYEHUSI, HO TIOBBINIAET HIAHCHI MOMACTD TY/a Ge3 OMO3/IaHusL.

B 1823 1. aBpucTHYECKUI aNTOPUTM 71 33/1a4d O XOJie KOHS TPEJIOKUI BapH-
cnopd. CorsacHo ero Teopun, CIEAYIONMH BO3MOKHBIN MIAT MOAOUPAJICSA TaKUM 06pa-
30M, 9TOOBT 061IIEE KOJTMUYECTBO ITATOB TOMYYAT0Ch HAMMEHBITIM. [1peirmonoKuM, KOHb
HAXOJIUTCSI B TO3UMIIUH, U3 KOTOPOII IOMTYCKAETCS C/IEJIaTh BCETO /[Ba X0/1a. BeiGpas tep-
BBIH, BBI [TOJIYYHTE €IME TISITh BO3MOKHBIX, BRIOPAB BTOPOiT — Beero ofinH. B takom ciry-
Yae 9BPUCTUYECKUI AJITOPUTM OTAACT MPEANOUTEHIE BTOPOMY XOJTY.

[Ipenoxxennoe Bapucnopdom pelienne ssBisieTcst HACTOJMBKO 3(DHEKTUBHBIM, UYTO
HAXOJUT MOJHBIN X0/ 6€3 BO3BPATOB JaKe /IS JOCOK pasmepoM 75x75 kierok. (B moem
TecTe MPOrpaMMa HAIIa PelleHne Ha [OCKe Pa3MepPOM 57x37 IMOYTH MIHOBEHHO, a 3a-
TEM 3aBHCJIA M3-3a TIEPENOTHEHNSI CTEKA Ha JI0CKe padmMepoM 58x58.)

CouyeTaHus n pasmeLieHns

Couemanue — HaOOP 2JIEMEHTOB, BBIOPAHHBIX 13 MHOKeCTBa. Harpumep, /17ist MHO-
sxectBa {A, B, C} coueranusimu OyayT asiatbes {A, B}, {A, C} u {B, C}. [Ipuuem B ogHoM
U TOM K€ MHOJKECTBE TIOPSI/IOK JIEMEHTOB He UMeeT 3HAUeHUsI, TO eCcTh {A, B} cunraercs
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paBHBIM {B, A}. MOXHO ITPOBECTU aHAJIOTHUIO ¢ 3aka3oM B Kade. HeBaxkHo, nmompocure
i BBl OyTepOpo u Kode uin xe Kode u 6yrepbpos.

Pasmewenue — tort ke HaOOP BITEMEHTOB MHOKECTBA, HO TOJBKO YIIOPSIOYEHHBI,
B tom ;xe mHOKecTBe {A, B, C} MOJKHO BbIJIEJIUTD CJIEAYIONINE PA3MEIEHUs U3 JIBYX dJie-
MmenToB: (A, B), (A, C), (B, A), (B, C), (C, A) u (C, B). (O6parure BHUMaHKE, YTO COYE-
taHue 0603HaYaeTcss GUrypHbIMU CKOOKaMI, a PasMeIlleHne KPYIJIbIMUI. )

prnnbl 9JIEMEHTOB B BbI60pK6 3aBHCAT €11e 1 OT TOTO, BOSMOJKHBI JIN B Hel TTOBTO-

perusi. Hanpumep, miis muoskectsa {A, B, C} X y’ke IPUBEJIEHHBIM BBIIIIE COUETAHUSAM
nobasarcs {A, A}, {B, By u {C, C).

Oco0bIM ciTydaeM pasMeIeHIi IBJISTIOTCS IEPECTAHOBKI. B HUX UCITOJIB3YIOTCS BCE
3JIEMEHTBI MHOKECTBA M He /IOy CKafoTCs TOBTOpeHus. Tak, B cirydae MHOKecTBa {A, B, C}
nepecranoskamu 0yayt (A, B, C), (A, C, B), (B, A, C), (B, C, A), (C, A, B)u (C, B, A).
MHorue npeacTaBisiior cebe pa3MeleHust B BU/Ie MHOKECTBA, KOTOPOE JIOJIKHO CTaTh
HabOPOM TIEPECTAHOBOK, a He B BH/E Oosiee 0BIINEro caydas, Koria HeJab3st OpaTh Bce
2JIEMEHTDHI MHOKECTBA, HO Pa3pPelieHbl TOBTOPEHMSI.

B caenyromux moapaszesnax onucaHbl aTOPUTMBI, KOTOPbIE UCTIOIb3YIOTCS 14
reHepUPOBAHUsI COUETAHMIA 1 PA3MELIEeHNIl ¢ IIOBTOPEHUIMU U 0e3 HUX.

CouyeTaHud c LuKiIamm

Ecam Bam Hy:kHO BBIOPATh M3 MHOKECTBA OMPEIESIEHHOE KOJTUIECTBO ITEMEHTOB,
TO IPU HAIIMCAHUM TIPOTPaMMBI TIPOIIle BCET0 BOCIOb30BaThCs IukaamMu For. [IpuBe-
JIeHHBIN HUXKe T1CeBJIOKO/] (hOPMUPYET BCe BO3MOKHbBIE COUETAHUS U3 TPEX 2JIEMEHTOB
C TIOBTOPEHUSIMM Ha OCHOBE MHOKECTBA U3 IIATH 2JIEMEHTOB.

// TeHepupyeM COdYeTaHMsd 10 TPM DJIeMeHTa C IIOBTOPEHMUSIMN.
List<string>: Select3WithDuplicates (List<string> items)
List<string>: results = New List<string>
For 1 = 0 To <HaubonbuMi MHIEKC B MaccuBe items>
For j = i To <Haubonbmuii MHOEKC B MacCuUBe items>
For k = j To <Haubonbummui MHIEKC B MaccuBe items>
results.Add(items[i] + items[j] + items[k])
Next k
Next j
Next 1
Return results
End Select3WithDuplicates

AurroputM GepeT B KauecTBe TapaMeTpa CIUCOK string W UCHOIb3YeT TPU IUK-
Ja For s Bbibopa Tpex OyKB, BXOAAIINX B (popMupyemoe codetanue. Ilpuyem B Kax-
JIOM HOBOM TIMKJIe HauaJIbHOe 3HAUEHNE CUeTUNKA TIPUPABHUBAETCS K TEKYIIEMY 3HaUe-
HUIO M3 TPEbIAYIIEro MuKia. Tak, BTOpOil UK/ HAYMHAETCS C f, PAaBHOTO i. ITO 3Ha-
YUT, 4YTO B (DOPMUPYEMOM COUETAHUHU BTOPast OYKBa OYAeT OTINYAThCS OT TeX OYKB, KO-
TOPBIE MPEAIIECTBYIOT TIEPBOH B caMOM MHOsKecTBe. Hanpumep, ecimu 11 MHOKeCTBa
{A, B, C, D, E} nepBoii 6ykBOIl B coueTaHuu siJisieTcst C, TO B KAUECTBE BTOPOIT HEJIb3sT
BbIOpath Hu A, Hi B. Biiarozapst Takomy 1oAxoLy coxpaHsercs andaBUTHbII HOPSALOK
U mpejloTBparaercst ooOpazoBanue couertanuii o tumy {A, B, C} unu {A, C, B}, KoTopbie,
10 CyTH, OAMHAKOBBL. B TpeTbeM, BHYTpPEHHEM, IUKJIE aJlTOPUTM 00beJNHSIET BCE BbI-
OpaHHbBIE 9JIEMEHTBI B €[UHOE BHIXOJHOE 3HAUEHHE.
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YT00BI 3aIIPETUTD IOBTOPEHUS, B KasKIOM HOBOM LIUKJIE MCIIOAb3YITE /I CUETUH-
Ka TeKyliee 3HaueHue TIPEebIAYINEro KA, yBeanuenHoe Ha 1. B pesysbrare BHyTpeH-
HUIT IIMKJI He CMOYKeT BbIOPATh TOT Ke 2JIEMEHT, UTO M BHEIIHWIT, — U BbI 100bETECH JKe-
Jaemoro adexra.

// TeHepupyeM CodYeTaHMs II0 TpU DBJIeMeHTa 0e3 IIOBTOpeHUM.
List<string>: Select3WithoutDuplicates (List<string> items)
List<string>: results = new List<string>()

For 1 0 To <HambonpuMil MHIOEKC B MaccuBe ltems>
For j = i + 1 To <HambonblMii MHIEKC B MaccuBe items>
For k = j + 1 To <HamboONblMii MHIEKC B MaccuBe items>
results.Add (items[i] + items[j] + items[k])
Next k
Next j
Next 1

Return results
End Select3WithoutDuplicates

O TOM, KaK PacCYUTBIBATh KOJUYECTBO BO3MOKHBIX COUETAHU JIJIsl JAHHOTO MHO-
JKeCTBA M KOJMYECTBO DJIEMEHTOB B COYETAHUH, PACCKA3BIBAIOCH BO Bpe3ke «Ilomcuer
KOMOMHAIMIT» U3 1oj[pas/ea «3ajada 0 BOCbME (hep3six» pasjesa «AJITOPUTMbI C BO3-
BpPaTOM» TEKYIIEN TJIaBbl.

CouyeTaHus C NOBTOPEHUSMM

AJITOpUTMBI, OTTUCAHHbBIE B ITPE/IBILYIIIEM [TO/IPA3/IeNIe IPEIIOJIATAIOT, YTO Bbl 3HAETE,
CKOJIBKO 3JIEMEHTOB J0JIKHO OBITh B BBIGOPKE (0011ee KOINYECTBO 3IEMEHTOB B ICXOIHOM
MHOKECTBE MPOTPaMMa MOJKET MOJCYUTATh caMocTosiTeNbH0). Ho uTo ecain pasmep
BBIOOPKU BaM HEM3BECTEH WM HEBO3MOKHO 3allPOrPaMMUPOBATh HYKHOE KOJUYECTBO
IUKJIOB For?

BoIl MokeTe pemuTh mpobiaeMy peKypCUBHO, 100aBIIAsA TP KaxkK/IOM BBI30BE OJIMH
AJIeMeHT K coveTaHuio. Ecan BeiGopka Oy/ieT HEMmoTHOM, aJTOPUTM COTIIETCS CaM Ha
cebs1, uTOOBI T06ABUTE erile ofiHo 3Hadenne. Co6paB HyKHOE KOJIUIECTBO HJIEMEHTOB,
MporpamMMa 4To-HUOY/Ib C HUMU CIEJIAeT, HAlIPUMEP paciieyataeT MoJTyUYeHHbIH CIIMCOK.

B cjeAyltouieM IceB/loKo/i€ 1pe/iCTaB/ieHa reHepalust CcouYeTaHui ¢ ITOBTOPEHUAMMU:

// TeHepupyeM COYeTaHus C TTOBTODEHUSIMU .
SelectKofNwithDuplicates (Integer: index, Integer: selectionsl],
Data: items[], List<List<Data>> results)
// TlpoBepsieM, OBJI M BTO IIOCJIEIHMI BH3OB.
If (index == <mamHa coderaHusi>) Then
// IDobaBisgeM pes3ybTaT K CIUCKY DJIEMEHTOB.
List<Data> result = New List<Data>()
For 1 = 0 To <HaubONBNUA MHIEKC B COYETaHUNU>
result.Add(items[selections[i]])
Next 1
results.Add (result)
Else
// TlonydaeM HauUMeHbllee 3HadeHue,
// KOTOpOEe MB MOXEM MCIIONB30BaATH IJIS CJeOyolero BeboOpa.
Integer: start = 0
// Vcmionb3yeM maHHOe 3HadYeHMre, eCIM DTO IIePBHM MHIOEKC.
If (index > 0) Then start = selections[index - 1]

202



Pexypcus

// BHIIONTHSIEM CIIeOyoI BE3O0B.

For 1 = start To <uHambonbmMii MHIEKC B MaccuBe 1items>
// DobaBnseM 1 K COYeTaHUDO.
selections[index] = i

// PEeKypPCUBHO BHIIOJIHSIEM IPYTMEe BE3OBH.
SelectKofNwithDuplicates
(index + 1, selections, items, results)
Next 1
End If
End SelectKofNwithDuplicates

[IprBeneHHbII AITOPUTM UCTIOIB3YET CAEYIONINE TapaMeTpPhI:

= index — UHIEKC 3JIeMCHTA B COUYETAHUHU, KOTOPHI yCTaHABINUBAET PEKYPCUB-
HbII BBI30B ajropuTma. Eciim index paBeH 2, TO BbI30B aJITOPUTMA 3ATIOJIHSIET
selections[2];

" selections — MaccuB, B KOTOPOM XPaHSITCST MHIEKCHI 9JIEMEHTOB U3 cOYeTa-
nus. Tak, ecsiv B selections cojepskarcs JBe 3arnuc — 2 u 3, TO B codeTaHue
BKJIIOYEHBI 9JIEMEHTHI C MHEKcaMu 2 1 3;

" jtems — MacCHUB 3JIEMEHTOB, U3 KOTOPbIX (I)OpMI/IpyeTCH coyeTaHme,;

" results — CIUCOK KOMOWHAIMIT 9JIEMEHTOB, TIPEICTABJSIONINI TIOTHBIE COUe-
tanust. Hanpumep, st coueranus {A, B, D}, results Gy/er XpaHUTb CIUCOK,
BKJIIOYAIOIUil nujpekcsl A, Bu D.

B camom Havasie ajropuT™ IpoBepsieT UHJEKC djleMeHTa B (popMupyeMoM coue-
tanun. Eciiu sHaueHue GoJiblie JJIMHBI MaccuBa selections, TO coueTaHKe MOJHOE
1 QJITOPUTM T06ABJISIET €T0 K CIUCKY results. B mpoTHBHOM cityuae coueTaHue He-
TTOJTHOE, U TIPOTpaMMa OIpe/ieisieT HAaMMEeHBITUH WHIEKC B MacCUBe 1tems, KOTOPBIHN
OHA MOJKET MCIIOJB30BATh JIJIS CJEAYIONETo BhiGopa. Ec/iu JaHHBIN BHI3OB aJIrOpUT™Ma
3aMOJIHSIET TEPBYIO MO3UINIO B MaccuBe selections, OH BIpaBe B3sATH J10O0e 3HA-
YeHue B MacCUBe 1tems, IPYyTUMHU CJI0BaMU, start ycranosien Ha 0. Ecau anement
B COYETAHWM He MEePBbIN, TO AJITOPUTM IIPUPABHUBAET start K WHJEKCY T10CJIe/[Hero
BBIOPAHHOTO 3HAUEHHUSI.

[Tpeanonoxum, y Hac ectb MHOKeCTBO {A, B, C, D, E} 1 aqroput™ BhIOHpaeT Tpe-
THIl 9sieMeHT codetanust. [Ipu aToM mepBbie Ba nMen uHaekcbl 0 u 2, ctano ObITh, Te-
KYIIYO BEIOOPKY MOKHO MTPEACTaBUTH Kak {A, C}. B 1aHHOM cJiydae aJlrOpuT™ pupas-
HUBaeT start K 3 U paccMaTpUBaET B KAUECTBE BO3MOKHOTO 2JIEMEHTA TOT, Y KOTOPO-
ro unjekc 6ospiie 6o pasen 3. CoryracHo NpeCTaBIEHHOMY MHOKECTBY TAKOBBIMU
GynyT anemertsl D u E.

Wcnonb3yemas yctaHoBKa start coxpaHser IOPS/IOK 3JIeMEHTOB B COYeTaHUU
(B paccMOTPEHHOM BBITIIe TIPIMEPE OH COOTBETCTBYET aihaBUTY) W MTPeIOTBpAIIaeT Te-
Hepanuio coYeTaHN! M3 OJJMHAKOBBIX 2JIEMEHTOB C Pa3HBIM PACIIONOKeHneM (Hampu-
Mmep, {4, C, D} u{A, D, C}).

[TpunsaB start 3a HayaJIbHOE 3HAYEHUE CUETUMKA, AJITOPUTM IIUKINUYECKU [TPOXO-
JIAT J10 TIOCJIe/THEro MH/IEKCA B MAacCHBe 1tems 1 pa3MeliaeT Kask/10e ero 3HadyeHre B Mac-
cuBe selections, 4To6bl 106aBUTH COOTBETCTBYIOIIHUIT AIEMEHT K BBIGOPKE. 3aTeM OH
PEKYPCHUBHO Ha3HAyaeT BEJIMUYUHDI IPYTUM 3aIIUCSAM B MaccuBe selections.
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CouyeTaHuns 6e3 NOBTOpEeHnn

YTo6bI MOMYYUTH COYETAHNUS OE3 TTOBTOPEHNH, B TTPE/IBIY N AITOPITM HEOOXOIMMO
BHECTU OTHO HEGOIBITIOE U3MEHEHNE: HE TTPOCTO MTPUPABHSITH TTEPEMEHHYT0 start K Mo-
cIeIHeMY WHIIEKCY, T0OaBIeHHOMY B MacCuB selections, HO U yBeaWYINTH ee Ha 1.
B mpuBenernHoM HILKe TICEBIOKOE TPEOOPA30BAHHAS CTPOKA BBIIETIEHA TTOTYKIPHBIM
mpugTOM.

// TeHepupyeM codyeTaHms 0e3 IIOBTOPEHM.
SelectKofNwithoutDuplicates (Integer: index, Integer: selectionsl[],
Data: items[], List<List<Data>> results)
// TpoBepsieM, OBIJI JIM 3TO IIOCJIEOHMI BH3OB.
If (index == <mamuHa coderaHusi>) Then
// IobaBisgeM pes3ybTaT K CIMCKY DJIEMEeHTOB.
List<Data> result = New List<Data>()
For i = 0 To <HambonbuMiI MHOEKC B COYEeTaHUM>
Result.Add(items[selections[i]])

Next 1
results.Add (result)
Else
// TlonydaeM HauMeHbllee 3HadYeHue, KOTOPOe MH MOXEM
// WMCIONB30BaTh MJIs Clenybmero Bebopa.
Integer: start = 0
// VIcTIOnb3yeM maHHOe 3HadYeHMue, eCIM DTO IIePBHM MHIOEKC.
If (index > 0) Then start = selections[index - 1] + 1
// BHIIOJIHAEM CJEINyOIMiI BH3OB.
For 1 = start To <HamboONBINMI MHIEKC B MaccuBe 1tems>
// DobasnsieM 1 K BHOOPKE.
selections[index] = i
// PEKYDPCUBHO BHIIOJIHSIEM OPYTME BH3OBH.
SelectKofNwithoutDuplicates (
index + 1, selections, items, results)
Next 1
End If

End SelectKofNwithoutDuplicates

AJsroputM paboTaer, Kak U paHbliie, TOJBKO B 9TOT pa3 9JIEMEHT BbIOMpAETCs 13 TeX,
qTo I/IZIyT 3a II0CJIEeIHNM, BKJIIOUEHHBIM B COYETaHUE. H.r:ll'[pI/IM(i‘p7 €CJIM U3 MHOJKECTBa {A,
B, C, D} yxe cchopmupoBano couetanue {A, B}, To, 3aHUMasICh TONCKOM TPETLETO dJie-
MEHTa, IporpaMMa OyZeT pacCMaTpUBaTh UCKIIOUUTEIBHO OYKBBI, CTOSIINE HOCae B,
B 1aHHOM caydae Cu D.

PasmelyeHus c NOBTOPEHUAIMH

lenepanms pasMenieHnii ¢ MOBTOPEHUSIMU HAITOMUHAET aHAJIOTUYHYIO OTIepaIlnio
JUISI COUEeTaHUIA.

// TeHepupyeM pas3MeleHUs: C IIOBTOPEHMUSIMN .
PermuteKofNwithDuplicates (Integer: index, Integer: selectionsl|[],
Data: items[], List<List<Data>> results)
// TlpoBepsieM, OBJI JIM DTO IIOCJIEOHMI BH3OB.
If (index == <mnuHa paszMemeHums>) Then
// LobaBisieM pe3ybTaT K CIMCKY DIIEMEeHTOB.
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List<Data> result = New List<Data>()

For 1 = 0 To <HaubONBUMI MHIEKC B Da3MENeHUM>
Result.Add(items[selections[i]])
Next i
results.Add (result)
Else
// BHIIONTHSIEM CIEenyoIy BHE3O0B.
For 1 = 0 To <HauboNbUM MHOEKC B MaccuBe 1items>
// DobaBnsieM 1 K BHOOPKE.
selections[index] = i
// PeKypCHMBHO OCYIMECTBIIsIeEM OPYTUE BE3OBH.
PermuteKofNwithDuplicates (index + 1,
selections, items, results)
Next 1
End If

End PermuteKofNwithDuplicates

()CHOBHOGOTHHQIKEHpHBGHEHHOFOIﬂﬂﬂlBTONLQTO}SHHKHG]ieyCTaHaBHHBaeTCHIH?
YaJIbHOE€ 3HAYE€HUE, ITI0OITOMY IEPECMATPUBAIOTCA BCE 9JIEMEHTHI. KpOMe TOTO, OHHM HC-
ITOJIB3YIOTCA B mo6om TIOpAIKe.

MNOACHET PASMELLEHUI C MOBTOPEHUAMMU

Mpennonoxum, Bbl GopmupyeTe pa3MeLLeHnst C MOBTOPEHNSIMU U3 N 3NIEMEHTOB
no k. Kaxxgaa no3anums B pasmMeLleHn MoXeT OblTb 3arnosiHeHa toObiM 311eMEHTOM
13 MHOXeCTBa n, TO eCTb COBEPLLUAETCH K HE3aBUCUMbIX BbIOOPOB (Kaxablii nocne-
OYIOLLMIA He 3aBMCUT OT nNpeablayLimx). Takmm 06pas3om, CyLLecTBYeT N X N x ... X N =
= n* BOBMOXHbIX pa3melLieHunii. B ocobom crnyyae, ecnm Bbl XoTUTe chOpPMUPOBaTh
pasMeLleHne U3 BCEX MMEIOLLVIXCS 9JIEMEHTOB N (TO €CTb BbINOIHUTL NepecTaHOB-
Ky), obLLee Yncno pesynsTaTtoB OyaeT PaBHATLCS N".

PasmeLieHusa 6e3 NnoBTOpeHui

Pasmernienust 6e3 OBTOpeHUiA (hOPMUPYIOTCS TIOJ0OHO coueTaHusiM (Ge3 TIOBTOpe-
Huit. YToObI UX TOJIYYUTD, B IPEABIYIIUNA AJITOPUTM JOCTATOYHO BHECTH JIAIID OJTHO
He6OMBINT0e M3MEHEHNE: TIPU BBIOOPE 2JIEMEHTOB UCKJIIOUUTD T€, KOTOPHIE YK€ OBLIH
WCIOJIb30BAHBL. B ciemytorieM mceBaIoKo/ie NCIPaBIeHHBIE CTPOKU BBIAEICHBI MOJTY-
SKUPHBIM MTPUGPTOM.

// TeHepupyeM pas3MelleHrs 6e3 ITOBTOPEHN.
PermuteKofNwithoutDuplicates (Integer: index, Integer: selections|],
Data: items[], List<List<Data>> results)
// TlpoBepsieM, OBUI JIM BTO IIOCJIEOHMI BE3OB.
If (index == <mauHa pas3MemeHusi>) Then
// IHobaBisieM pes3ybTaT K CIMCKY DJIEMEeHTOB.
List<Data> result = New List<Data>()
For 1 = 0 To <HaubONBNUI MHOEKC B pas3MelleHUM>
Result.Add(items[selections[i]])
Next 1
results.Add (result)
Else
// BHIIONTHSIEM CIEeOyoIi BHE3O0B.
For 1 = 0 To <HambonbumMii MHIEKC B MaccubBe items>
// Y6exmaeMcsi, UTO BJIEMEHT i eWe He MCIOJILBOBAJICS.
Boolean: used = false
For j = 0 To index - 1
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If (selections[j] == i) Then used = true
Next j

If (Not used) Then
// HobaBrnsieM 1 kK BHOOpKE.
selections[index] = i

// PEeKypCUBHO OCYMECTBJIIEM OPYTUE BH3OBH.
PermuteKofNwithoutDuplicates (
index + 1, selections, items, results)
End If
Next 1
End If
End PermuteKofNwithoutDuplicates

NOACYET PASMELLEHUA BE3 MOBTOPEHUI

V Mpennonoxum, Bbl GopMmnpyeTe pasmeLLeHms 6e3 NOBTOPEHUIA N3 N 3NEMEHTOB
no k. B kauecTBe NepBOro afieMeHTa BbIGOPKN anropuTM MOXET B3STb 060N 13
N VMEIOLWMXCH, BTOPON EMY NPUAETCHA UCKATb N3 OCTaBLUMXCHA N — 1 3N1eMEHTOB.
MepeMHOXMB BCe NPOAENaHHbIE LWark, Bbl MOJy4MTe 06LL,EE KONNYECTBO BO3MOXHbIX
pasmMelleHun: nx (n—-1)x (n-2)x...x(n-k+1).

B cnyyae korga k = n v Bbl, MO CyTW, COBEPLUAETE NEPECTAHOBKY BCEX 3/IEMEHTOB
6e3 noBTopeHuin, popmyna npumeT Buan x (n—1) x (n —2) x ... 1 =n! 310 Yncno
MHOIrme oToXXaecTB/IA0T C KOJINYECTBOM pasmeu.l,eHmPl BO MHOXECTBeE.

BobInHCTBO J1I0/1eii IPeACTaBIIsgIoT cebe pasMelleHrs B BUE TIePeCTaHOBOK U3 72
9JIEMEHTOB 110 72 6€3 IIOBTOPEHUIA.

YaaneHue pekypcum

Pekypcust criocoO6CTBYET JiydiiieMy TOHUMAaHUO HEKOTOPBIX TIPOOJIEM, HATPUMED
JUIST TOJIOBOJIOMKH «XaHOMCKast OalllHsT» OHA JIaeT POCToe U ussiifHoe penienue. K co-
JKAJIEHUIO, €CTh Y PEKYPCUU U CBOM HEJIOCTATKU: MHOT/IA ee MCII0JIb30BAHKME OYE€BU/IHO,
HO HeadeKTUBHO.

Tak, peKypCUBHBIN aIroput™ reHepupoBanus uncesa Mubonauuu tpebyer ot mpo-
rpaMMbl MHOTOKPATHOTO PacyeTa OJIHUX U TeX JKe BeJMYUH. DTO 3aMe/isieT paboTy Ha-
CTOJIBKO, UTO pacuet 6osiee 50 3HAYCHUIT CTAHOBUTCS HENPAKTHYHBIM. J[PyTrHe aJropiuT™bl
UCTIOB3YIOT OUeHb TIYOOKIE YPOBHY PEKYPCUH U TPUBOIAT K TOMY, UTO MTPOTPaMMa HC-
4YepIIbIBa€T CBOW CTEK BBI3OBOB, KaK, HAITIPMEP, XO/I KOHA C 9IBPUCTUYECKUM aJITOPUTMOM
Bapscaopda 71st maxmMaTHO# 1ocKu pazmepom boJiee 57x57.

Yro6BI MPEAOTBPATUTD TOAOOHBIE TIPOGIEMbI, MOKHO TIPEATPUHATH HECKOIBKO
nraros. B caeayonux nojapasjesax Bbl I03HAKOMUTECh ¢ HECKOJbKUMM METOAAMU
PECTPYKTYpHU3alUU U yAAJICHUSA PEKYPCUU, KOTOPbIE ITOMOTYT yJIyYUIUTD IIPOU3BO-
JIUTEJIBLHOCTD.

YaaneHune XBOCTOBOW pekypcum

VY nanenue XBoCTOBOM peKypcum IIPOUCXOAUT B TOM CJIydae, KOrja B IocJjeHell
OTepaIiy TIepe/ BO3BPATOM aJITOPUTM BBISBIBAeT caM cebs1. B kauecTBe mprmMepa pac-
CMOTPHM TIpUMeHeHne (haKTOPUATBLHOTO AJITOPUTMA.
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Integer: Factorial (Integer: n)
If (n == 0) Then Return 1

Integer: result = n * Factorial(n - 1)
Return result
End Factorial

ITepBbIM JIEJIOM aJITOPUTM MTPOBEPSIET, HAJIO JIK €My BbI3bIBATh CAMOTO celst WK
MOJKHO BepHYTb 3HaueHue 1. Eciii peKypcUBHBIN BBI3OB HY:KeH, TPOrpaMMa yMHOKAET
TEKYLIUI] pe3yJbTaT Ha 72 U BO3BPALLAET €ro.

PexypcuBHYI0 BEPCHIO aJITOPUTMA MOKHO TIPe0OPa3oBaTh B HEPEKYPCUBHYIO C MO~
MOTITBIO TIMKJIA, BHYTPU KOTOPOTO GYAYT BHITIOMHATHCS JT0OBIE HEOOXOMMMBIE 3aTaHVIsT
13 UCXOMHOTO Koma. [lepel OKOHYAHIEM TIMKIIA aITOPUTMY TMOTPEOYETCST YCTAHOBUTH
JUUIs1 TapaMeTpOB 3HAUEHMUs, UCII0JIb3yeMble BO BpeMsI peKypPCUBHOI0O BbI30Ba. B cayuae
(hakTOPHUANBHOTO ANTOPUTMA 3TO 3HAUEHUE HYKHO OTCJEAUTH C MOMOIIBIO TIepeMeH-
Hoil. Korzia MKy moBropsercs, napaMeTpbl yCTaHABIUBAIOTCA 71l PEKYPCUBHOTO BbI-
30Ba — W QJITOPUTM BBIIIOJIHAET TO, YTO JieJlajl PeKyPCUBHBII BBI30B.

Kownerr 1iukJia cBS3aH ¢ YCIOBUEM, KOTOPOE M3HAUAIBHO 3aKaHUYNBATIO PEKYPCHIO.
[lna pakropuanbroro anropurma 3to n = (. Korjga ajroputM peKypcuBHO BbI3bIBAaeT
cam cebs1, OH yMeHbIaet apamerp 7 Ha 1. Takike J0JKHA IOCTYIIATh U HEPEKYPCUBHAS
BEPCHS 10 OKOHYAHUS TTUKJIA.

B caemyionem 1iceBoKoie IpeicTaBieHa HepeKypCuBHAsS Bepcus (pakTopuaIbHO-
TO aJITOPUTMA.

Integer: Factorial (Integer: n)
// Co3maeM TIepeMeHHYW IIJId OTCIIEXMBAHUS BO3BPANMAEMOTO 3HAYEHNS .
// TlpyipaBHMBaeM ee 3HadeHye K 1, 4TOOH MOXHO OBUIO YMHOXMTEH Ha Hee pesyJbTarT.
// (Pes3ynbTaT paBeH 1, eciay Mb HEe BXOOMM B IIUKII.)
Integer: result = 1

// 3amyckKaeM LIMKII, KOHTPOJIMPYEMEI YCIJIOBMEM OCTAHOBKM PEKYPCUN.

While (n != 0)
// CoxpaHsieM pes3ynbTaT [OJisd ITaHHOTO <PEeKypPCUBHOTO» BH30BA.
result = result * n

// TOTOBUMCS K PEKYypPCUU.
n=n-1
Loop

// Bo3BpamaeM HaKOIIJIeHHH pe3yibTaT.
Return result
End Factorial

AJIFOpI/ITM KaXeTCd JJIMHHEE TOJIbKO M3-3a KOMMEHTapHueB.

Y namuTh XBOCTOBYIO PEKYPCHIO IOBOJIBHO TIPOCTO, TI0OATOMY HEKOTOPbIE KOMITUIIH-
PYIOIIIE MPOTPAMMBI TIOCTYMAIOT MOAOGHBIM 00Pa30M aBTOMATHUECKH, YTOOBI COKpa-
TUTH TPEOOBAHUS K CTEKOBOMY ITPOCTPAHCTBY.

Koneuro, rnasuas npobieMa (hakTOPUATBHOTO aJTOPUTMA CBsI3aHa He ¢ TIyOHHOI
PEKYPCHH, a C TEM, UTO PE3YTHTATHI CTAHOBATCS CJIUIIKOM OOJBITAME M MX TSIKETO
XPaHUTD B TUTAX JIAHHBIX ¢ (PUKCUPOBAHHBIM pPazMepoM. /lJist HEKOTOPBIX aITOPUTMOB
XBOCTOBAsT PEKYPCHUST SIBJISTETCS TIOIE3HOH U OOBIYHO YIIYUIIAET TTPOU3BOIUTENHHOCTD,
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MOCKOJIBKY TIPOBEPKA BHIXOIHOTO YCIOBUSA IIMKJIa Whi 1 e ocyIecTBasiercst GbicTpee, 4eM
BBI30B PEKYPCUBHOIO METO/IA.

XpaHeHue NPoOMeXXYTO4YHbIX 3Ha4YeHUMn

B anropurme Mubonauun XBocToBas peKypcus He uciob3yercs. HegocraTok a1oii
NIporpaMMbI 3aKJIIOYa€TCA B TOM, YTO OHa IMOBTOPHO PACCYUTBIBAET CJIUIITKOM MHOTO
IIPOMEKYTOYHBIX 3HAYEHUI, a 9T0 oTHUMaeT BpeMs. CIpaBUThCS ¢ IPOBGIEMOI MOKHO,
€CJIV 3aITOMWHATH 3HAYEHUSI TI0 MEPE UX BBIYUCIIEHUS.

// BBRYUCIISEM 3HAYEHUS.
Integer: FibonacciValues[100]

// Haubonbliee BHYMCIIEHHOE 3HAYEeHUEe Ha HOaHHBI MOMEHT.
Integer: MaxN

// YcraHaBnuBaeMm 3Hadenuss Fibonacci[0] m Fibonaccill].
InitializeFibonacci ()
Fibonaccivalues[0] = 0
FibonaccivValues[1]
MaxN = 1
End InitializeFibonacci

1}
i

// BozBpamaeM n-e 4mciao OumboHauun.
Integer: Fibonacci (Integer: n)
// Ecnm ™Mb ele He BHYMCIIAJIM OaHHOe 3Ha4YeHMe, HaXoIuMM eIro.
If (MaxN < n) Then
Fibonaccivalues[n] = Fibonacci(n - 1) + Fibonacci(n - 2)
MaxN = n
End If

// Bo3BpamaeM IOJlydeHHOe 3HadYeHue.
Return FibonacciValues[n]
End Fibonacci

B camom mnaugase aaroput™m o0baABIAgeT TI00aNbHO BUAMMBIIA MacCus
FibonacciValues st XpaHEeHHUST paCCUUThIBaeMbIX BesinyunH. [lepementast MaxN oT-
caeskuBaeT HanboJbliee 3HaUeHwe 71, 17151 Kotoporo Fibonacci (72) HaxoguTcst B MacCuBe.

3aTeM MHUIMATU3UpyeTcd MeTol InitializeFibonacci. O ycTaHaBIu-
BaeT mepBble ABa uyncaa Oubonaydn mepex TeM, Kak mporpaMma oopatutcs K GpyHK-
1 Fibonacci. ITa HyHKIMSA CpaBHUBAET MaxN CO CBOUM BXOIHBIM TTapaMeTPOM
n. Eciu n-e uncio MuboHauuu ele He OTpeiesieHO, aITOPUTM PEKYPCUBHO BbI3HIBAET
cam cebs, 4ToObl er0 PaccuMTaTh, MOTOM COXPAHSET MOJTyYEHHOE 3HAYEHUE B MaCCUBE
FibonacciValues u 06HOBJsIET MaxN.

B xonie mporpamma BO3BpalllaeT 3HaYeHUE, KOTOPOE XPAHUTCS B MacCUBE
FibonacciValues. K 9ToMy MOMEHTY OHa ke 3HAET, UTO OHO OBIJIO TaM paHee JTU60
€ro MOMECTHUJIM Ty/Ia IIPe/bIYIIIe CTPOKU KO/Ia.

B mamnoit Bepenn anroputma Kaskaoe qrcio OuboHaudn paccanTHIBAETCS eMHOK-
ITBI, & 3aTEM TIPOCTO U3BJIEKAETCS M3 MACCUBA. B pe3ynbTaTe HeT HEOOXOMUMOCTH OTIpe-
JIeJISITh TIPOMEsKYTOUHBIE BETMYNHBI OTPOMHOE KOJTMIeCTBO pas. Ecim Ha MoeM KoMIThTo-
Tepe UCXOMHBIN ajropuT™ Haxoama Fibonacci (44) npubausurenbHo 3a 1 MuH (1 9TO
OBITT TIPEIET €T0 BO3MOKHOCTEIT), TO YCOBEPIIIEHCTBOBAHHAST BEPCHS CTIOCOGHA B3STHCS 32
Gourbiie 3HaueHus, HanpuMep Fibonacci (92) usmenstiercst moutu MraoBeHHO. OTHAKO
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paccunrars Fibonacci (93) nake y Hee He MOJIYIUTCSI, TOCKOJBKY PE3YJIbTAT TPEBBIIIAET
1esI0e yuesio auuHoi 64 6ura. (Ecau Balil I3bIK IPOrPaMMEPOBAHISI UMEET JOCTYI K 60-
Jiee BMECTUTEJIbHBIM THIIAM JAHHBIX, TO aJITOPUTM Jierko cripasutcs ¢ Fibonacci(1000)
u 6oJiee TPYMOEMKIMH PACTETAMIL.)

Coxpanenuve mpoMesKyTOUHbBIX BEJTMYKH OBBINIAET TPOU3BOAUTEIHLHOCTH IIPOTPaAM-
MBI, HO HE yIQJISIeT PEKYPCHio. Ecii BbI XOTHTE 9TO c/IeaTh, pa3bepuTech ¢ TeM, Kak pa-
GOTAET CIEMYIONIIIT aTTOPUTM.

s pacyera konkperHoro 3Hadenust Fibonacci (#) nporpamMma cHayasia peKypcuB-
Ho onpezesier Fibonacci (n — 1), Fibonacci (n — 2) u 1. 1., Brutots no Fibonacci (2). 3ua-
yenust Fibonacci (1) u Fibonacci (0) ona Haxoaut B Maccuse Fibonaccivalues. ITo
OKOHYAHUH Ka’KZOTO PEKYPCUBHOTO BBI30BA IOTYUYEHHBII PE3yJIbTAT 3aHOCUTCS B MACCUB
FibonacciValues, 4ToObI €0 MOKHO GBIIO UCIIOIB30BATh BBIIIE 110 CTEKY. J[JIs1 9T0r0 3a-
IIMCU COXPAHAIOTCA B opsike Bospactanus: Fibonacci (2), Fibonacci (3), ..., Fibonacci (n).
YuuThiBast BBIIIECKA3aHHOE, MOYKHO YIAJIUTH PEKYPCHUIO U CIEJATh TAK, YTOOBI AJITOPUTM
TIPOXO/IHJI TIOXOKUE TITarH J7ist cosianus ynces DubGoHauun B OPSI/IKE BO3PACTAHUS.

// Bo3BpamaeM n-e umucio duboHAUYUM.
Integer: Fibonacci (Integer: n)
If (n > MaxN) Then
// BoumcinsieM 3HadeHus Fibonacci (MaxN) m Fibonacci (n) .
For 1 = MaxN + 1 To n
Fibonaccivalues[i] = Fibonacci(i - 1) + Fibonacci(i - 2)
Next 1

// ObuoBIsieM MaxN.
MaxN = n
End If

// Bo3BpamaeM IOJIydYeHHOe 3HadYeHue.
Return FibonacciValues[n]
End Fibonacci

[TpencraBieHHast BepCHst aiTOPUTMa HAYMHAETCSI ¢ BhIUMCIeHsT Beex uncen Du-
60HaYYM BILIOTDH 40 HeOOXOAMMOIO YMCIA. 3aTeM IPOrpaMMa BO3BpallaeT 9TO 3Ha-
yenue. MOKHO [a’ke IIOMECTUTb BeChb KOJ[ BbIUMCJIEHUS B METO WHUIMAIU3AINN
InitializeFibonacci, a 3areM 3acTaBUTh MeTO/ Fibonacci BepHYTb IIpaBUJIb-
HOe 3HaueHne N3 MacCcuBa.

YpaneHue oGLien pekypcum

W3 npenplynux moipas/iesioB Bbl ysKe y3HAIH, KaK YAJINTD XBOCTOBYIO PEKYPCHIO
u pekypcuio u3 anropurma Oubonauun. OHAKO Kak n36aBUTHCS OT Hee B IPYTUX CH-
TyaIusx, JIJIsT Bac MOKa 0CTaeTcs 3arajikoil. BosbMeMm, HarpumMep, MHOTOKPATHO PEKYP-
CUBHYI0 KpuBY10 [MIb0epTa, 3/1eCh yIaJeHe XBOCTOBOM PEKYPCHUH He PEITUT MPobIeMy.
Bo3MoskHO, TOpaboTaB HA/l AITOPUTMOM JIOCTATOYHO JIOJITO, BB CMOKETE TIOJTyYUTD €TO
HEPEKYPCUBHYIO BEPCHIO, HO 3TO OYET CJIOKHO.

B o61iem cirydae, aTo6bI H30aBUTHCS OT PEKYPCUH, HAZIO TOMBITATHCSI IMUTHPOBAThH
ee sieiictBust B iporpamme. Ilepet coBepieHeM peKypCHBHOTO BBI30BA aJITOPUTM XPa-
HUT UHOOPMAIIMIO O CBOEM TEKYIIIEM COCTOSHUU B cTeke. Korja BhI30B Bo3Bpalaercs,
nHGOPMAIKsS U3 CTeKa BHITATKUBAETCST, YTOOBI KO/ BO30OHOBUI PabOTy € TOTO MECTa,
Ha KOTOPOM OCTaHOBHUJICH.
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Yto6bl BOCIPOU3BECTH MOA0OHBIE IEHCTBUSA, TIPEACTABBTE, UTO B AJITOPUTME TIEPE]]
KaJK/IBIM PEKYPCHUBHBIM BbI30BOM HaXO/ATCs oTAebHble yacTu. HazoBem ux 1,2, 3 u T. 11.
Cosnatite mepeMeHHYI0 sect ion, KoTopas 6y/eT yKa3blBaTh Ha TO, KAKYIO YaCTh HYKHO
3aIlyCTHTh, U TIPUPaBHIiiTe ee K 1, 4ToObI OTCUET HAYAJICS ¢ IEPBOU YacTH KOJIa.

g opranusaiuu pa60Tb1 UCTOJIb3YHTe UK While, OH 6y[[eT BBIIIOJIHATBHCS /10 TEX
nop, moka section > 0. [lepeMecTrTe BeCh KO/ aJITOPUTMA B TEJIO TIUKJIA U J0OaBbTE
B Hero omnepatopsl If-Else. Chenaiite Tak, 9T06bI KaXKIbIHA omepaTop If cpaBHUBAT
repeMeHHyio section ¢ HOMEPOM YaCTH: €CJI OHU COBIA/IAIOT, OJIKEH BBITTOTHITHCS
COOTBeTCTBYIONNH KoI. (BmecTo ontepaTopos I f-E1se MOKHO UCTIOJIb30BATH OTIEPAaTOP
Switchumm Select Case.)

I[Tpu paboTe ¢ oTpeIeIeHHOH YacThio He 3a0yIbTe YBETMIUTh TIEPEMEeHHYI0 section,
4TOOBI aJITOPUTM 3HAJ, KaKast 4acTh Oy/IeT cieaytorieil B xoze mukia. Korga mporpam-
Ma 00BIYHBIM 00PA30M PEKYPCUBHO BBI3OBET caMa ce0s1, BCTaBbTe BCE TEKYIIUE 3HaUE-
HUs apaMeTpoB B cTeku. Jlobasbre Tya 1 section, yTo6bl KOAY OBLIO TIOHATHO, Ka-
KYIO YaCTbh BBITIOJHSITH 110 BO3BPAIEHNN U3 TIceBAopeKypcuit. OOHOBHUTE apaMeTphl, KO-
TOPBIE TOJIKHBI MCIIOIb30BaThCA IceBaopekypeueil. Hakonel, npupasusiite section
K 0, 4TGB! HAYATH TICEBIOPEKYPCUBHBIN BBI30B B TIEPBOH YaCTH KOJIA.

B cemyionieM nceBRoKoae NCXOAHbIH alrOpuTM KprBoii [mabbepra pasOuT Ha 4acTu
MocJie Kask/10i peKypcuu.

Hilbert (Integer: depth, Float: dx, Float: dy)
// Yacte 1.
If (depth > 0) Then Hilbert (depth - 1, dy, dx)

// YacTb 2.
DrawRelative (dx, dy)
If (depth > 0) Then Hilbert (depth - 1, dx, dy)

// YacTb 3.
DrawRelative (dy, dx)
If (depth > 0) Then Hilbert (depth - 1, dx, dy)

// YacTteb 4.
DrawRelative (-dx, -dy)
If (depth > 0) Then Hilbert (depth

|
[

-dy, -dx)

// YacTe 5.
End Hilbert

Huxe Ipe/icTaB/ieHa HEPEKYPCHUBHAsA BEPCUA aJITOPUTMA.

// YepTuMm KpuByb ['mibbepTa.

Hilbert (Integer: depth, Float: dx, Float: dy)
// Co3maeM CTeKM Ui XpaHeHuss nmHGOpMalmu OO PEeKYyPCUM.
Stack<Integer> sections = new Stack<int>();
Stack<Integer> depths = new Stack<int>();
Stack<Float> dxs = new Stack<float>();
Stack<Float> dys = new Stack<float>();

// OmnpemnersieM, Kakasi 4aCcTb KoHa OyIeT BHIIOIHSTBHCS CIenyiolern.
Integer: section = 1

While (section > 0)

210



Pekypcus

If (section == 1) Then

section = section + 1

If (depth > 0) Then
sections.Push(section)
depths.Push (depth)
dxs.Push (dx)
dys.Push(dy)
// Hilbert (depth - 1, gr, dy, dx)
depth = depth - 1
float temp = dx

dx = dy
dy = temp
section = 1
End If
Else If (section == 2) Then

DrawRelative (gr, dx, dy)

section = section + 1

If (depth > 0) Then
sections.Push(section)
depths.Push (depth)
dxs.Push (dx)
dys.Push (dy)
// Hilbert (depth - 1, gr, dx, dy)
depth = depth - 1
section = 1

End If

Else If (section == 3) Then

DrawRelative (gr, dy, dx)

section = section + 1

If (depth > 0) Then
sections.Push(section)
depths.Push (depth)
dxs.Push (dx)
dys.Push(dy)
// Hilbert (depth - 1, gr, dx, dy)
depth = depth - 1
section = 1

End If

Else If (section == 4) Then

DrawRelative(gr, -dx, -dy)

section = section + 1

If (depth > 0) Then
sections.Push(section)
depths.Push (depth)
dxs.Push (dx)
dys.Push(dy)
// Hilbert (depth - 1, gr, -dy, -dx)
depth = depth - 1
float temp = dx

dx = -dy
dy = -temp
section = 1
End If
Else If (section == 5) Then

// BO3BpamaeMCsi U3 PEeKyPCUN.
// ECNY BHTaJKMBaTh HEYeTO, MHE HaBEpXY .
If (sections.Count == 0) Then section = -1
Else
// BHTalKuBaeM Ipensnoylye IIapaMeTpH .
section = sections.Pop()
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depth = depths.Pop()
dx = dxs.Pop/()
dy = dys.Pop()
End If
End While
End Hilbert

JlaHHBIN BapuaHT aJITOPUTMA HEMHOTO JIJIMHHEE, TIOCKOJIbKY B HEM COJIep;KaTcs He-
CKOJIbKO KOTU# KOJIa /ISl BCTABKK 3HAYEHUIA B CTEKU, OOHOBJICHUSI TAPAMETPOB U BbI-
TaJKUBaHWS 3HAYEHUIT U3 CTEKOB.

Pe3iome

Pekypcust mpezctaBisieT cO60H MOTITHYTIO TEXHOJIOTHIO, U HEKOTOPBIE 3a/[a4H YiKe
cam¥ 1o cebe TpeGyIoT ee MPUMEHEH N, HATTPUMep TOOBOIOMKA « X aHOTCKAsT GATITHST» .
Kpowme ToT0, pekypcust MO3BOJISIET CO3/IaBaTh UHTEPECHDBIE (GUTYPHI (CaMOMTOI0OHbIE
KpUBble U caldeTKU ¢ MaJIbIM KOJMYECTBOM KO/Ia), & TaKKe ITPUMEHATD aJTOPUTMbL
¢ BozBpaToM. C ee TOMOIIBI0 yI06HO BBITOJTHATH 3a/IaHV, T/[e TPEOYeTCst TTOBTOPSITH
KOHKpPETHbIE IIard HeollpejieIeHHOe KOJIMYecTBO pa3. Tak, creHepupoBaTh coyeTaHue
WJIA pa3MellleHre 3JIeMEHTOB I0BOJIBHO JIETKO, TJTaBHOE — 3HATh 3apaHee, CKOJIbKO
ux 6yner B UTOToBON BbIGOpKE. HO eciin 9T0 HEM3BECTHO, Jierye BOCTONb30BAThCS
pekypcueil.

HecMmoTpst Ha HEOCTIOPUMYTO TIOJTB3Y, PEKYPCUsT MOJKET BBI3BIBATH HEKOTOPbIE TIPO6-
Jembl. VHOTIAa ee GECKOHTPOJIBHOE TIPUMEHEHNE BBIHYIKIACT aJITOPUTM MHOTOKPATHO
MOBTOPATH OJ[HU U TE JKE PACYETBI, KaK B caydae ¢ pacuetroM yrcesa Oubonauun. Kpome
TOrOo, TIIyGOKHE YPOBHU PEKYPCHH CIIOCOOCTBYIOT OBICTPOMY PaCXOA0BAHUIO CTEKOBOTO
MIPOCTPAHCTBA U IIPUBOJIAT K 3aBUCAHUIO TIPOTPAMMBIL. B TIOI0OHBIX CJIyUastX PEKYPCHIO
11eJ1ec000Pa3HO YIANNTh, YTOObI YIYYIIUTh IPOU3BOJUTENILHOCTD.

[Iepeunciennblie HeZIOCTATKU He YMAJISIIOT BCei MOIIN 1 ITOJIb3bl PACCMOTPEHHO TeX-
Hostoruu. Elile 07inH BapUAHT €€ UCIIOIb30BaHMsI — PaboTa € eCTECTBEHHO PEKYPCUBHBIMU
CTPYKTYpaMU JIaHHBIX, HAIIPUMEDP C JIePeBbsIMU, O KOTOPBIX MOH/ET Peub B CJIeIyIoINX
Tpex IJIaBax.

YnpaxHeHus

JIJ1s1 BBITIOJTHEH VST HEKOTOPBIX YIPasKHEHUH TIOTPEGYETCs OTBIT TpahUdecKoro mpo-
rpamMmmupoBanust. Takue 3a7aHust OTMEUEHbI 3BE3[0UKAMH, YTO TOBOPUT 00 UX MOBBIIIEH-
HOU cytoskHOCTH. TO, Kak BbI Oy/ieTe MX BBIOIHSTD, 3aBUCUT OT MCIIOJIb3YEMOU CPEIIbI
mporpamMupoBatust. O6paTuTe Tak/ke BHUMaHIe Ha 3a/la4i 0 BOCbMU (DEP3SIX U 0 XOJIe
KOHS, OHU TIOAXOIAT /7151 TpadUIecKoil peaTu3alini.

1. Hanmmmure mporpamMmy, peaiu3yoniyio NCXOIHBIN PEKYPCUBHBIN (haKTOpHUAJIb-
HBIN aJITOPUTM.

2. CospaliTe IporpaMmy C MCIIOJIb30BaHUEM UCXOAHOTO PEKYPCUBHOIO aJTOPHT-
Ma Dubonayun.

3. Peasusyiite mporpamMMy IO PeLIEHIIO TOJIOBOJIOMKY « XaHOMCKast GarHs». Bam
HY’KHO TIOJIYIUTDH PSIJ XOI0B BUia A— B, KOTOPBIE TIPEACTABIISIOT cOO0i epeme-
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Pexypcus

4"

b
6.

7.

10.
11.
12.
13.

IIeHKe BEPXHETO JIMCKA C KOJIbIITKA A Ha KoJbiek B. BoT mpumMepHbIil pe3yabTar
nepeMerenus Tpex auckos: A>B A—C B—»>C A—»B C—A C—B A—>B.

Hamumure nporpamMmy /17ist pelieHust TOJIOBOJTOMKH « XaHoNcCKast GaiiHs» 1 mo-
KaKUTE XOJIBI, M306Pa3nB MepeBUKEHNST TUCKOB MesKy Kosbimkamir. (e
MO/ICKA3Ky B MPUJIOKeHNH B).

CospnaliTe mporpamMmy 711 pUCOBaHUS CHEsKMHOK Koxa.

B cranzmaptHoii cHexkmHKe Koxa reHepatop cosmaeT yriasl, paBHbIe 60°. P HO MO-
HO MCIIOJTh30BATh U JAPYTHE 3HAYEHUS JIJIs1 TOTYIE€HNUS MHTEPECHBIX PE3YJIbTATOB.
Harmumure nporpamMmy, KoTopasi pa3peluT I0JIb30BaTeNI0 33/1aBaTh YTroJl B Ka-
4ecTBE BXOJHOTO IapaMeTpa U PEACTABUT PE3YJIbTAT, MOJA0OHBIN TOMY, 4TO H30-
OpaskeH Ha pucyHke 9.15.

AngleSnowflake = =

E
‘ Depth: [4  |¢] Angle: | 80| | Draw
\

Puc. 9.15. Cuexxunka Koxa, mocrpoeHHasi ¢ ucrnosibzoBanueM yria 80

Peasnusyiite nporpammy Jist yepuenust Kpusbix [ibbepra. (O ToM, Kak ycTaHaB-
JIUBaTh dx, YMTAlTE B IPUJIOKeHNH b.)

. Hanmmure mceBAOKO /7151 aITOPUTMOB, KOTOPBIE UE€PTST YacTh KpuBoii CeprinH-

CKOTI'O BHHM3, BJIEBO 1 BBEPX.

.Cospnaiite mporpamMmmy, KoTopast uepTuT kKpusbie CeprmHckoro. (O ToM, Kak ycra-

HaBJIWBATh dx, YUTAlTE B TpUJIOKeHNN b.)

Harummire miceBIOKO/ HUBKOTO YPOBHSI, YTOOBI HauepTHTh casieTky CepruHCKOoro.
Harmuimre 1ceBIoKo/1 HU3KOTO YPOBHsL, 4UTOObI HauepTUTh KoBep CeprmHCKOro.
Peanusyiite nporpaMmy /g pelieHus 3ajiauu 0 BOCbMU (ep3six.

VcoBepuieHCTBY#iTe IPOrpaMMy U3 IPEABIAYILETO yIIPaKHEHUs: OTCIEIUTE,
CKOJIbKO (pep3eil MOKET aTakoBaTh OLpee/eHHYI0 HO3UIMIO Ha focke. JJobas-
JISIST 0¥epeHyIo (PUTYypPY, UTHOPUPYHTE O3UIINH, /ISl KOTOPBIX 3HAYCHNE HE PaB-
1o 0. Kak npoaesmanmpie MoguduKanuy NOBINSIOT Ha PACCTAaHOBKY OZHOTO (ep-
351 1 Ha ob1iee BpeMs paboThbI airopurMa?
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14.

15.

16.

17.
18.

19.

20.
21.

22.
23.

24.

O6paTuTe BHUMaHUE, YTO B 33/[a4e 0 BOCbMU (PeP3sAX B KAJKIOM Py Ha [IaXMaT-
HOI ZIOCKe I0JI3KHA CTOSATD JIMIID OfHa urypa. Y coBepiieHCTBYITe IPporpaMmy
U3 ynpaskaenust 12 tak, 9To6bl KaskABIH BBI30B MeTo/a E1ghtQueens UCKa Mo-
3UIINTO JIJIsT HOBOTO (hep3st TOJBKO B cyeytonieM psay. Kak aTo moBamsieT Ha KO-
JITYECTBO BO3MOSKHBIX MOJIOKEHU (GUTyphl 1 0011ee BpeMst padOThI aJITOPUTMA?

Harmumure nmporpamMMy, KoTopasi pelraeT 3ajady o0 Xojie KOHsI METOJIOM BO3Bpa-
Ta M B KOTOPOII IMOJIh30BATE/I0 paspellaeTcs 3aaBaTh pasMephl IMaXMaTHOM 10-
cku. KakoBbl OyayT HauMeHbIINE pasMepbl JOCKU, 4TOOBI X0/ KOHEM OKa3aJIcst
BO3MOJKEH?

Wcnomnb3yiiTe TOOUMBIIT A3BIK TPOTPAMMIPOBAHYST, 4TOOBI PEIIUTD 32129y O XO/IE
KOHS$I € HCII0JIb30BaHKUEM 9BPUCTHYECKOro ajaropurma Bapucaopda.

Kakosa cBs3b Mesk/1y BHIOOPKOH 6€3 MOBTOPEHUH 1 pasMenieHneM (Ge3 IOBTOPEHU T ?

[MomnpoGyiite HamcaTh IPOTPAMMY, KOTOpast OyIeT peaju30BbIBaTh aJTOPHT-
MbI SelectKofNwithDuplicates u SelectKofNwithoutDuplicates.

ITocrapaiiTech HamucaTh IPOrpaMmy, Kotopas Oyzer paboTaTh ¢ aIrOPUTMAMU
PermuteKofNwithDuplicates un PermuteKofNwithoutDuplicates.

Peanusyiite HepeKypCUBHBIN (haKTOPUAIBHBIN AJTTOPUTM.

PaspaboTaiite pekypcuBHBIH anroput™M MuGOHAYYN ¢ COXpaHIEMbIMU 3HAUE-
HUSMH.

Harmmiute nporpaMmy, IPUMEHSIIONTY 10 HepeKypCcuBHbIi airoput™ DOubonayun.

HepexypcusHbiit anroputm DubOHATIN PACCUNTHIBAET YUCIA 0 HEOOXOIUMOTO
npezesia, a 3aTeM HaxoauT TpebyeMoe 3HaueHue B MaccuBe. Ha camom fesie aj-
TOPUTM MOKET PACCUUTHIBATH MeHbIITHe 3HaueHust DuboHaUYM, JIUIITH KOT[A OHU
HY’KHBI. DTO 3afiMeT HEeMHOTO OOJIbIIIe BPEMEHH, HO 3aTO BaM He ToTpebyeTcst
cojiepKaThb [MOJIHOLeHHbIN MaccuBa. HanumuTe nporpammy, peainsyongyio He-
pekypcuBHbIii anroput™M MUOOHAYYY ¢ UCTTOIB30BAHUEM TaHHOTO METO/IA.

Paspaboraiite HepeKypCHBHBII aJITOPUTM MOCTPOEHUsT KpUBOii [mabbepra.
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AEPEBbYA

B aroli rmaBe paccMaTpuBaIOTCSA TaKUe BHICOKO PEKYPCUBHBIE CTPYKTYPBI TaHHBIX,
Kak ziepeBbs. OHU MOTYT MCIOJIb30BATHC IJIs1 OTPAKEHUS NEPAPXUAU 1 MOAETMPOBAHMSI
IIPOLIECCOB IPUHATHUS pelieHuii. B Buge aepesa yno6HO XpaHUTh CTPYKTYDPY OpraHusa-
LK KOMITAHUY UJIA KaTaJIOor 4acTeil, M3 KOTOPhIX COCTOUT, CKaskeM, aBTOMOGIIIb. B pam-
Kax MPUBEIEHHOTO HIUYKE TEKCTA BbI Y3HAETE, Kak POPMUPYIOTCS OTHOCUTEIBHO TIPOCThIE
JiepeBbsl, U ycBouTe 6a3oBble 3HAHKS, HEOOXO[UMbIE JJIs1 PAOOThI ¢ G0JIee CAOKHBIME JIe-
PEBBSAMH, O KOTOPBIX MOMET peub B rimasax 11 u 12.

TepMmuHonorus

B mporpammupoBaHTy TPy ONMMCAHWH JIEPEBBEB YACTO MTOTB3YIOTCSI TEPMUHAMU, KO-
TOPBIE CBSI3aHBI C TeHEAJIOTHEN, CaIOBOJICTBOM M BEIUUCTUTETLHON TeXHUKON. borbimH-
CTBO U3 HUX OyZIeT BaM UHTYUTUBHO [IOHITHO, IIOCKOJIbKY Bbl, BEPOSTHO, YKe CTaJIKIBa-
JINCh C HUMU B IPYTOM KOHTEKCTE.

Wrak, mepeBo cOCTOUT U3 gepuiui (Y37108), KOTOPbIE COAEPKAT TAHHDIE U COEMHSI-
1orcst gemesmu. TlocieHe n300pakaioT B BUE CTPEJIOK, BEAYIIUX OT POOUMENbCKOlU
gepuuHbL K 00UepHEl.

- 3AMEYAHMUE

' JepeBo — ocobbiit BUA ceTun, unu rpada, NnosToMy No aHanornm BeTsu, coeau-
HSOLLME BEPLLNHBI, MHOTAA HAa3bIBAKOT CChI/IKAMM UNW JIMHMSMU. Bonee noapobHO
0 CeTsax pacckasaHo B masax 13 n 14.

VY K101 BEPIIUHBI, 32 HCKITIOUEHUEM KOPHEB0, ECTh OJIHA POIUTETHCKAST BEPIINHA.
JIBe BEPIIMHBI ¢ OGIIIM POIUTENEM WHOT/IA HA3BIBAIOT Y3AAMU-CECIPAMIL, TOYECPHIE BEP-
HIUHBI OYEPHIX BEPIUINH — HOMOMKAMU, 3 POIUTELCKIE BEPITUHBI POANTEIbCKUX BEP-
MUH — npedkamu. Bee 5TH TePMUHDI, OMTACHIBAIOIINE CBSI3H, OY€Hb OIM3KN K TEHEATOTHH.
MosKHO faske MCIOTB30BATh TAKHe OTPENENEHNsT, KaK ABOIOPOIHBIN OpaT, MIeMIHHUK,
AeNYIIKA, — OHU HE BHECYT IIYTAaHUIIbI, XOTA U ITOKAXYTCA HECKOJIbKO HENTPUBbIYHBIMU.

B saBucHMOCTH OT THIIa JiepeBa Y BEPIIUHBI MOKET OBITh PasHOe KOJIMYECTBO T10-
TOMKOB. JTO YUCJIO HA3bIBAECTCS CMENeHvlo gepuunsl. ETo MaKCMMaTbHOE 3HAUEHUE
OIIPEJIEIISIET Cmenev depesa B 1ieioM. Harpumep, 1epeBo BTOPOU CTENEHN SBJISIETCST O~
HAPHBIM, Y KAKIO €T0 BEPLIMHBL MOKET OBITh MAKCUMYM /IBa [0Y9ePHUX y3/1a. Bepumna,
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He UMEIONIas JOYePHUX Y3JI0B, HAa3bIBACTCI MEPMUHANLHOU (AUCMOB0U); colepsKalas
XOTs1 ObI OIUH IOUEPHUH Y3eT — GHYmMpeHHell.

V nepeBbeB B MPOrPAMMHUPOBAHIE KOPEHb 00BIUHO PACTIOIATAETCSI BBEPXY, & BETBU
Harpasienbl BHu3 (puc. 10.1).

KopeHb

Beteu BHyTpeHHue
\ﬁ‘i@g/ BEPLUMHbI

/

TepMuHanbHble
BEPLUNHBI

Puc. 10.1. /I[peBoBuHAS CTPYKTYPA JaHHBIX

CornacHo BCEMY BBIIIECKA3aHHOMY, MOKHO YTBEPK/IATh, UYTO JE€PEBOM ABJISAECTCA:
" BeplIMHA C OJHUM KOPHEM;

" KOpHEBad BEpIlIrHa, COeJMHEHHasA BETBAMU C OAHUM MJIM HECKOJIbKMMU MEHb-
MU 1€PEBbAMMU.

Yposenv (enybuna) BepuIiHbI — 3TO PACCTOSTHUE OT BEPIINUHBI 10 KOPHS. Y KOPHS
oHo OyzeT paBHO 0.

Buvicoma eepwunvt — 3T0 yIMHA HUCXO/AIIETO IIyTH OT TeKyIlell BePIINHBI /10 JIU-
CTOBOI, TO €CTh /10 HI3a JiepeBa. BpicoTa /epeBa paBHA BBICOTE KOPHEBOI BEPIITITHBI.

ITododepesom nepesa T ¢ kopHeM R siBiisieTcst BepiivHa R cO BCEMU ee TIOTOMKaMUL.
Tak, na pucynke 10.1 mojiepeBo ¢ KOpHeM B BepIIUHE 5 — 9TO JIEPEBO, COAEPIKAIIIEE
BepIIMHBI 5, 7, 6 1 8.

B ynopsidoueniom oepese pacnosioxeHe 104epHIX JiepeBbeB MMeeT 3HaueHue. MHo-
e aJITOPUTMBbI I10-PA3HOMY PAcCMaTPUBAIOT JIEBYIO U IIPABYIO JOYEPHUE BEPIIUHBDL.
B neynopsidouennom pacrosioxenne qo9epHUX epeBbeB He urpaet poJn. (Kax mpaswuiio,
JIEPEBb YIIOPSIIOYEHHBI, JasKe eCJIM 9TO He 0c060 BasKHO JJIst airoput™Ma. Bee 1es1o B ToMm,
4YTO AJOYEPHUE BEPIIMHDBI UM BETBU XPAaHATCA B MaCCUBE MJIN llpyI‘Of/,I COBOKYITHOCTH,
TIpeITIoJIaraonieil COpTUPOBKY.)

JLuist OOBIX JIBYX BEPITUH nepavlil (Haumenvuiuil) 06wl npedox — ato y3ea-npeiok,
pacronoykeHHbIH Hanbosee 61M3K0 K HUM. UTOObI €r0 0GHAPY/KUTD, HYKHO TPOCJIEI0BATH
OT OJTHOM M3 BEPITUH K KOPHIO 710 HAXOKAEHUST OOIIETO POAUTENHCKOTO Y3JIa ¢ IPYTOit
Bepiaoil. Ha pucytke 10.1 st Bepinus 3 1 5 iepBbIM 00IIUM MTPEAKOM OYeT KOPEHD 4.
CiiezryeT OTMETHUTD, YTO TAKUM MPEIKOM MOKET OKa3aThCs U O/[HA U3 JBYX BepinuH. Ha
TOM JKe PUCYHKE JIJIs BepITiH 5 1 6 510 Oyzer 5.
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Hepesbs

O6paTute TakKe BHUMAHUE, YTO MEK/Y JIOOBIMU JIBYMsI BEPIIMHAMU JlepeBa Cy-
I[ECTBYET YHUKAJIBHBIN MyTh, KOTOPBII He CIIEAYET 110 OHOI BeTBY ABask 16l OH Geper
HAYaJI0 U3 TIEPBOI BEPITUHBI, TPOXOAUT BBEPX IO JIEPEBY K HAUMEHBIIIEMY OOIIEMY
[IPeIKy, a 3aTeM CIIyCKaeTCs KO BTOPOil BepIlNHE.

B noanom depese Bepiina He UMeeT 10YEPHUX BEPHINH JIUOO UX KOJINYECTBO PABHO
crenenu fepesa. HampuMep, B mosiHOM GUHAPHOM JiepeBe Y KaskI0TO0 y3J1a MOXKET ObITh
JBa IOYEPHUX WU HU OfHOTO. /[epeBo, m3obpakentoe Ha pucytke 10.1, HemosHoe, mo-
CKOJIBKY Y BEPIINHBI 5 UIMEETCS TOJIBKO O/[HA 0UEPHSIsSI BepPIInHA 7.

Yy 3asepuennozo aepeea KasKIbIi YPOBEHD ABJAECTCA MMOJJHBIM, 3a UCKJIIOYEHUEM,
BO3MOJKHO, HUJKHETO, I'/I€ BCE BEPUINHDbI C/IBUT'AaIOTCS BJIEBO. Ha PUCYHKE 10.2 mokazaHo
3aBepHieHHOe 6I/IHapH06 JEPEBO. Omno HEIIOJ/THOE, ITOCKOJIBKY TPEThA BEPIINHA HAa BTOPOM
YPOBHE UMEECT JIUIIH OIHY TOYEPHIOTO.

Puc. 10.2. 3asepmennoe GuHapHoOe 1ePEBO

Hoeanvnoe 8epeeo — TIOJTHOE JIEPEBO, BCE JIMCTbA KOTOPOTO HAXOJAATCA Ha OJJTHOM
ypoBHE. ﬂpyFI/IMI/I CJIOBaAMU, B HEM IPUCYTCTBYIOT BCE BEPIINHDI, IOITyCTUMbBIC JIJIA €TO
BbICOTBI.

Ha pucynxke 10.3. mpenctaByieHbI MpUMePHI PAa3JIMUHBIX TUTIOB /I€PEBHEB.

MonHoe nepeso 3aBepLUeHHOe AepeBo MpeanbHoe nepeso

Puc. 10.3. IIpumeps! 1epeBbeB ¢ BO3PACTAIONINM KOJTMYECTBOM BEPITUH JIJI5T TAHHOH BBHICOTEI

Yt0o6br 061€TYNTH TOHMMAHUE MAaTEePUaJIa, BCE YIIOMSHYThIE TEPMUHBI CBEJICHBI B Ta-
Gty 10.1.
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Ta6nuua 10.1. TepMUHONOTUS, CBA3aHHAs C 1EPEBbAMM

Tepmun

3HaueHue

Bpat (cectpa)

JIBe BepIIMHbI epeBa, UMEIOTIIe OOIIEro POAUTEISA

Bepiuna (ysen)

OO6beKT aepesa, coaep Kalinil JaHHble 1 COSAMHEHHBIN ¢ APYTUMU
TaKUMU K€ 0ObEKTaMHU C ITIOMOILBIO BETBEN

Bepmimna Bepimna, cozepskalias Kak MUHUMYM OJIHY JIOYEPHIOIO BEPITHHY

BHYTPEHHSIA

Bepiuna Bepimna, coeluHeHHAsE ¢ POJIUTENBCKOI BEPITIMHON 1, KaK TIPABUJIO,

JIOUEPHSS PACIIOJIO’KeHHAs Ha YPOBEHD HILKE ee

Bepmuna Bepmnza, He cozepskarias Jo04epHUX BepIIuH

TEepMUHAJIbHAS

(sucToBast)

Betsb YacTb /iepeBa, COeIMHAIONIAst BePIINHDI

Beicora [IpuMeHUTENBHO K BEpIIITHE CAMBIN IJTUHHBIN Ty Th, BEAYITHI OT Hee
BHH3 110 JIePEBY K TEPMUHAIBHOI (JINCTOBOIT) BEPIINHE.
[TprMeHUTENBbHO K JIEPEeBY TO JKe, 4TO M BHICOTA KOPHSI

Tiny6una YposeHb

[lepeso [lepeBo BTOpOTrO YpOBHS

6uHapHOe

[lepeso [lepeBo, B KOTOPOM KaK/Iblif YPOBEHD SIBJISIETCS TIOJIHBIM, KPOME, BO3-

3aBeplleHHOe MO’KHO, CAMOTO HUKHETO, T7l€ BEPITUHBI CABIUHYTHI BJIEBO

[lepeso [Tosmoe ziepeBo, B KOTOPOM BCe JIMCThs HAXO/ATCS Ha O/IHOM YPOBHE

njeanpHoe

[lepeso JlepeBo, B KOTOPOM Kak/1ast BepIINHA COAEPKUT HYJIb JOUEPHUX BeP-

IOJIHOE 1I1H JIG0 UX KOJIMYECTBO PABHO CTENEHH JIepeBa

[lepeso [lepeBo, 119 KOTOPOTO BaskHA COPTHPOBKA BCEX JIOYEPHUX Y3JI0B

YIIOPS/I0YEHHOE

Kopenb Camast BepxHsid BepllifHa JiepeBa, He UMelolas POANTEIbCKUX BEepPIITNH

Jlucr TepmuHambHAS BEpIIITHA

[Toanepeso Bepimna epesa co Bcemu ee OTOMKaMu

[Toromox [lodyepHue BepHIUHLI J0YEPHUX BEPIINH U T. I. BHU3 110 JIEPEBY
110 JIICThEB

IIpenox Poaurensckast BepumHa pouTeIbCKOM BEPIINHBI U T. [I. BBEPX 110

JIPEBY /10 KOPHS

IIpenox nepsbiit
(HamMeHbIINI) 061N

OpuH ¥ TOT K€ NPEIOK JJIst JIBYX JII0OBIX BEPIIKH, KOTOPbIii PACIIOJIO-
JKeH K HUM OJIMKe BCEro

Pomurenn Bepmuna, coepiaennast ¢ Jo4epHIMY BEPITMHAMU C TTIOMOIIBIO BET-
Beil U, KaK MMPaBUJIO, PACTIOJIOKeHHAsT Ha yPOBEHbD BhITIe HUX. Kaxk-
JIBIIT y3eJT iepeBa, KpoMe KOPHSI, IMeeT TOJIbKO OTHOTO POIMTEJIST
Crenenb IIpuMeHUTEIBHO K BepIuHe 001Iee KOJINYECTBO ee I0YEePHUX BEPLINH.
ITo OTHOIIEHMIO K JIEPEBY MaKCUMaJIbHAsI CTeIIeHb JII000I U3 ee BepUInH
Yposenb Paccrosnne Mexx/y 1aHHOH BepIIMHON 1 KOPHEM JiepeBa

Tenepb, KOr/ia BaM 3HAKOMbI BCe HEOOXOIMMbIE TEPMUHBI, MOKHO TIPUCTYTTUTD K U3-
YUEHUIO HEKOTOPBIX CBOMCTB U (DYHKIIUII IePEBbEB.
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CeoiicTBa OMHapHoOro aepeBa

BI/IHaprIe AE€PEBDLA NCITOJIb3YIOTCA BO MHOTUX aJITOPUTMaX. BO-HepBbIX, OHU JIETKHU
JUIA IOHNMaHN A, a BO-BTOPBIX, 60]II)H_[I/IHCTBO 3a/la4 OCHOBAaHO Ha lIBOﬁHOM Bm60pe. Bor
HECKOJIbKO ITOJIE3HbIX (I)aKTOB (6] 6I/IHaprIX JIEPEBbAX.

Y

Kosinuectso BeTBeil B B GMHApHOM jiepeBe 13 N BEpIIUH HaXOUTCS 10 (hOpMYJIe
B=N-1.

Kosnuectso Bepius N B ujiealbHOM OUHAPHOM JiepeBe BbICOTON H paccuuThiBa-
eTcs ciepyonmm obpazom: N=27+1 — 1,

Eciu B njaecajlbHOM 6I/IH8.pHOM AepeBe NBepH_[I/IH, €I'0 BbICOTa OIIPEAEJIACTCA KaKk
log, (N + 1) — 1.

KosmmaecTBO TepMUHATLHBIX BEPIIHH L B MIealbHOM GHHAPHOM JIEPEBE BBICOTOH
H Boruuciasiercs o opmysie L = 24*1 — 1 a Koqn4yecTBO BHYTPEHHUX BEPIITUH
I—mno popmyne [=N—- L= 201 —1)-20=20+1 20y {1 =20 x(2-1) -
1 =2 - 1. Orcrona cienyer, 4To B MAeaJIbHOM GUHAPHOM J€peBe KOJUYEeCTBO
TEPMUHAJIBHBIX U BHYTPEHHUX BEPIIMH IPAKTUYECKU ouHaKoBo: [ = L — 1.

KonmaecTtBo HepocTaronux Betseii M (MecTa, B KOTOPhIE MOKHO T0GaBUTD I0Uep-
HIOIO BEPIIMHY ) B OUHAPHOM JiepeBe 13 N BepIliH paccunuThiBaeTcss Kak M= N+ 1.

Ecyi B 6unaprom epese N, TepMIHATbHBIX BepiiiH 1 N, BEpIIIH BTOPOTO yPOB-
g1, To Ny = N, + 1. [[pyrumu cioBamu, TEPMUHATBHBIX BEPHIMH BCET/a HA OJIHY
GoJIbIIIE, YEM BEPIIMHA BTOPOTO YPOBHSL.

TEPMUWHAJIbHbBIE U NOJIHbIE BEPLUUHbI

MocnenHee yTBEpXAeHME TpebyeT HEKOTOPbIX MOSICHEHWIA.

1. TMyctb N — obLiee KonnMyecTBO BepLLNH, B — obLiee KONMYeCTBO BETBEW,
aN,, N, n N, — xonnuectso BepinH ctenenn 0, 1 1 2 COOTBETCTBEHHO.

2.  OTKaXaom BEPLUMHbI K POOUTENLCKOM BEPLUMHE BEOET €ANHCTBEHHAS BETBb,
noatomy B=N-1.

3. BepuwuHbl N, HE UMEIOT NCXOAALMX BETBEN, Y BEPLUMH N, N0 OAHOMN TaKom
BeTBM, y BeplumH N, — no age. Takum 06pa3om, obLee KOIM4eCTBO BETBE
onpepensercs kak B =N, + 2N,

4. TpupasHsB ob6a ypasHeHua anga B, nonydum N — 1 = N, + 2N,. 3atem npu-
6aBuM k 06enm yactam no eanHuue: N =N, + 2N, + 1.

5. OO6ulee KONNYECTBO BEPLUMH epeBa — 3TO CYMMa BCEX TPEX BUOB ero
BepLwuH, Toecte N=N, + N, +N,.

6. OO6benvHeHue oByx ypaBHeHu ans N gacT cnenyloulee: N1 + 2N2 +1= N0 +
+ N, + N,. Ha 3aBepLuatouiem atane suidteM N, + N, 13 06evx 4acTew. B pe-
gynbrarte nony4nm dopmyny N, +1 =N,

Bnaronapst npuBeeHHBIM (paKkTaM TPOU3BOAUTENBHOCTD aJTOPUTMOB, CBSI3aHHBIX
C IEPEBBSIMU, PACCUUTHIBATH HAMHOTO Jierde. Tak, ecJiv mporpaMmme TIOHaI00UTCS TPOUATH
[0 BCEMY UJIeaIbHOMY OMHAPHOMY jiepeBy 13 N BEpPIIUH OT KOPHSI JI0 JIUCTHEB, TO €if
npuzercsa copepunth O(log N) maros.
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WHAYKTUBHOE PACCYXXAEHUE

V MHorve na ykasaHHbIx pakToB MOXHO Aoka3aTb METOA0M MaTeMaTUYeCKOW MH-
aykumn. ns 9Toro cHavana HyXHo yCTaHOBUTb 6a3nc ans Masnoi 3agaym, a 3aTem
NPeanpUHATL MHAYKTUBHBIA NePexom, KOTOPbIA MacuT: eCN CBOMCTBO UCTUHHO AN1st
onpeneneHHoro 3Ha4eHuns K, To OHO UCTUHHO 1 oS 3HadeHunsa K + 1, nonydaeTcs,
CBOWCTBO CMpaBeaIMBo AJis BCeX 3HaYeHun K.

PaccmoTpum B kayecTBe npuMepa BTOPOM akT, yTBepPXAAIOLNA, YTO KONNYECTBO
BepwuH N B ngeansHoM GUHaApHOM JepeBe BbICOTON H Haxoamutcs no popmyne
N =211 -1, (Janee B UHOYKTUBHOM A0Ka3aTenbCTBe B ponu K BbicTynaet H.)

Basa nHaykuumn. PaccMoTpuM naeanbHOe AepeBo BbICOTOM H = 0 ¢ ogHOM Kop-
HEeBOW BepLUMHOM 1 6e3 BeTBel. B TakoM cnyyae konmyecTBo BeplunH N paBHo 1.
O6paTtute BHUMaHue: 2H+1—-1=20*1_1=2"1-1=2-1=1,noatomy N =2H+1 -1,
4yTO 1 TPEBOBANOCH MOJYHUTD.

War unaykumn. MNpennonoxmm, 4To CBOMCTBO UCTUHHO AN naeasbHbIX OUHAPHbIX
nepeBbeB BbICOTOM H. MycTb €CTb UaeanbHoe BuHapHoe AepeBo BbicoTon H + 1,
Y KOTOPOro KOpHEBas BEPLUNHA COeAMHEHA C ABYMS MAeaIbHbIMU OUHAPHBIMW MO -
nepeBbsaMy BbICOTOM H. Toraa B Kaxaom nogaepese cogepxuntcs 27+ — 1 sepunH.
J06aBviB KOPHEBYIO BEPLLVHY, NOJy4M HOPMyIy AJ1s pacyeTa 06LLIEero Konm4yecTso
BEPLUVH B IepeBe HOBOW BbICOThI: 2 x (21 * ' — 1) + 1. HeGonbluas nepecTaHoBKa AacT
cnepywoulee: (20101 - 2) + 1 =2H*1*1 _1 Tlo cyTn, 3TO 1 €CTb NepBOHaYasbHas
dopmyna, ToNbKo BMecTo H noactasneHo H + 1.

3HauunT, CBOMNCTBO UCTMHHO, @ KONIMYECTBO BEPLUNH B NagaibHOM BHAPHOM JepeBe
BbicOTOM H paBHO 2"*" — 1 gns Bcex H.

Eciu 6uHapHoe siepeBo u3 N BEPIIUH SIBJISIETCS] TOJCTBIM, IPYTUMU CJIOBAMHU, He
OYCHB BBICOKUM U TOHKUM, HAIIPUMEP MOJHBIM, TO I HETO TTPOTHO3bI OTHOCUTETIHHO
O Gynyt 6ausku K uzeanbHoMy OuHapaoMy nepesy: Boicota — O(log N), KommdecTBo
auctoB — O(N/2) = O(N), konmdectBo BuyTpernuux Bepinua — O(N/2) = O(N), koyu-
yecTBO HeztocTaommx Betseir — O(N).

BbiieckazanHoe GyieT CripaBe/yInBO U JIJIsI TOJICTHIX IEPEBbEB O0JIee BHICOKUX CTETIE-
Heif, Ho U3MeHuTCs ocHoBaHue jorapudma. Tax, Bpicota TosicToro fepesa crenenu 10 u3
N Bepumn okaxercs pasnoit O(log | N). Ilockombky s O Bee ocHOBaHMS JIOrapiudMoB
OIMHAKOBEL, 370 TO ke, uto O(log N). OHako Ha PAKTHKE UTHOPUPYEMbIE KOHCTAHTDI
MOTYT UMETh 3HAYCHHE.

Brnase 11 onuceiBaroTcst C6aJIaHCI/IpOB3.HHbIe JI€PEBDS, KOTOPbIE HE BbIPACTAIOT CJIAIII-
KOM BBICOKMMU UJIK TOHKUMH. ITO rFapaHTHUPYET, 4YTO BCE CBOIICTBA 6ley'T MCTUHHDBIMMU.

NMpepcraBneHve pepeBbeB

Bepimmunnl iepeBbeB MOKHO TTPEICTABUTD € TIOMOTITBIO KJIACCOB, A /71T XPAaHEHUS TTOJI-
HBIX JIEPEBHEB UCIIOJIb30BATh MACCUB. B ciieyommx mopaszieiax onmucanbl 00a MeToa.

OO6Lwiume npaBuia NOCTPOEHUS AepPEeBbEB

B CJIydae IePEBHEB KJIACChI UCIIOJIb3YIOTCA AJIA CO3JaHUA BEPIINH aHAJIOTUIHO TOMY,
KaK B CBA3HBIX CIIUCKaX OHUW MCIHOJIb3YIOTCA JJIA CO3/JaHUA A4YEECK. Hasnaubte KJjaccy

220




Hepesbs

Jo6ble CBOMCTBA, HEOOXOMMBIE JIJIst XPaHEH Vst IAHHBIX (B OJTHOM GUHAPHOM JIEpPeBe 9TO
MoryT ObITh Le ftChild u RightChild), 1 cchUIKM Ha OOBEKTHI /IS IIPEACTABIEHMUSI
BETBEH, BeAYIINUX K JOYEPHUM BepIHIMHAM.

Huske B 1ceBIoKoe co3paercs Kaace OMHAPHOM BepIIMHbL. B 3aBUCUMOCTH OT HC-
TTIOJIb3YEMOT'O BaMU SA3bIKa ITPOTPaMMHPOBaHUA B HEM MOTYT 6bITI) Te NJin NHble USMEHEH .

Class BinaryNode
String: Name
BinaryNode: LeftChild
BinaryNode: RightChild
Constructor (String: name)

Name = name

End Constructor

End Class

Kiracc HaunHaeTcst ¢ 00bsIBIEHHsI OTKPBITOIO CBOMCTBA Name — MMsI BEPUIMHBI. 3a-
TeM OTIpefiesITioTcs cBolicTBa LeftChild m RightChild A CCHIJIOK Ha JOYEepHUE
yaabl. Ha ciieqyroriem atare KOHCTPYKTOP KJ1acca OepeT CTPOKY B KauecTBe MapameTpa
U COXpaHSET ee B CBOUCTBe BepITnHbI Name. [IpuBeieHHBIN HIKE aNTOPUTM € TTOMOIIIHIO
KJIacca BBICTPamMBaeT iepeBo, nzobpaxennoe Ha pucynke 10.1.

BinaryNode: root = New BinaryNode («4»)
BinaryNode: nodel = New BinaryNode («1»)
BinaryNode: node2 = New BinaryNode («2»)
BinaryNode: node3 = New BinaryNode («3»)
BinaryNode: node5 = New BinaryNode («5»)
BinaryNode: node6 = New BinaryNode («6»)
BinaryNode: node7 = New BinaryNode («7>»)
BinaryNode: node8 = New BinaryNode («8>»)
root.LeftChild = node2

root .RightChild = node5
node2.LeftChild = nodel
node2.RightChild = node3
node5.RightChild = node7
node7.LeftChild = nodeé6
node7.RightChild = nodeS8

[TepBbiii cosgannbiii 00beKT BinaryNode IpeAcTaBiIseT KOpeHb AepeBa, Moce-
Jlytolliie — ocTajJbHble BepIIMHbL. [lociie Toro kak Bce y3JIbl OIpe/ie/IieHbl, MexX1y HUMU
yCTaHaBJIMBAIOTCS cChblki. Ecain crernenb epesa 60Jibliie 2 Wi OHO He YIIOPSI0YeHHO,
JIOUEpHIE CCHUIKK yI00Hee pa3MeCTUTh B MACCHBE, CIIUCKE UJIK APYTOH COBOKYITHOCTH
JTaHHDbIX. ITO ITO3BOJIUT IIporpaMmMe NMKJIN9YECKH HpOﬁTI/I 110 JOYEPHUM BEPHINHAM 1 BbI-
MTOJTHUTh HEOOXOIMMBbIE ICUCTBUSI, 8 BAM HE MPUIETCS [THCATH JJIsT KAKIOTO JOYEPHETO
y3J1a OTJIeJTbHYTO CTPOKY KOJIA.

I3CHeHyKHHehIHCGBHOKOHGCOBH&GTCH]&HaCCTfreebk)de,HOHYCKaKHHPﬁinﬂcyTCTBHG
M060T0 KOJIMJecTBa JOYEPHUX BEPIINH IIPU Ka)KZIOfI pOlIHTeJIbCKOfI.

Class TreeNode
String: Name
List Of TreeNode: Children

Constructor (String: name)
Name = name
End Constructor
End Class
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ITOT KOJI OTJINYAETCS OT MPEBIYIIETO TEM, YTO JI0UEPHUE BEPITUHBI COEPIKATCS
He B OT/IeJIbHBIX CBOICTBAX, a B CIIMCKE CChIJIOK List Ha 00beKThl TreeNode.

OG6parute BHUMAHUE: B TIPEICTABIECHUSIX TPUCYTCTBYIOT CCHLIKH TOJBKO Ha JIOUEPHUE
BEPIIMHbI, HA POAUTENBCKUE CCHIOK HET. BOJIBITUHCTBO PabOTAIOIINX C IEPEBBSIMU AJITO-
PUTMOB TIPUIEP:KUBAETCS NEPAPXUH, TI0ITOMY II€PEIBUraeTCsl BHU3 110 JepeBy: oT OoJiee
BBICOKOTO YPOBHSI K GoJiee Hu3KoMY. [1J1s1 olpeieieH st pPOAUTEIbCKO BEPIIMHbI J0OaBbTe
K KJIacCy CBOiicTBO Parent. Elie ofiHa 0COOEHHOCTH HOJOOHbIX aJITOPUTMOB — OHU XPaHST
JIaHHbIE B BEPILIHAX ¥ JIUIIb HEKOTOPbIe — B BeTBSX. UTOGBI Peain30BaTh MOCJIEIHIO HIIEH,
HE0OXOINMO 106aBUTH HH(DOPMAIIUIO B POAUTETBCKYO BEPIITHHY JIMOO CO3MATh OTAETbHBII
kjacc Branch. IlepBblit MeTo/| ITpeiCTaBIeH B CJielyIoleM I1CeBI0KO/Ie.

Class TreeNode
String: Name
List Of TreeNode: Children
List Of Data: ChildData

Constructor (String: name)
Name = name
End Constructor
End Class

B arom kiacce gobaBiieHye go4epHeil BePUIMHBL 0JIKHO COIPOBOXKIATLC g00aBie-
HUEM aHHBIX IJII BeayTeil Kk Hell BeTBu. [losydaeTcs, uto ChildData [1i] comep:KuT
JTAaHHbIE /IJIs1 BeTBU, HAITPaBJIeHHOU K Children [i].

Hwxe npezcTaBieH kirace Branch, KOTOPBIH MOXKHO NCHOIB30BATD TSI XPAaHEHNS
WHGOPMAITUH O BETBSIX.

Class Branch
Data: BranchbData
TreeNode: Child
End Class

B kiacce comepikarcs Bce HEOOXOAUMbIE JaHHbIE U CChLIKA Ha A0YEPHUI 0ObEKT.
Ecnu ps xpanenust unopMaiiuy UCIOJIb3yeTCs BETBb, KJIACC BEPIIUHBI HYKHO 3aMe-
HUTbD. B cJiejryIoreM mceB/10Ko/Ie MOKa3aHo, KaK 3T C/IeJIaTh 110 OTHOIIEHHIO K TreeNode.

Class TreeNode
String: Name
List Of Branch: Branches

Constructor (String: name)
Name = name
End Constructor
End Class

Ternepsb, 4TOOBI TIPOBEPUTH JOUEPHUE Y3JIbI BEPIIUHBI, CJCAYET TPOUTH IIUKJIOM T10
crucKy Branches U UCIIO/Ib30BAaTh KaXK/[0€ CBOICTBO Child o6bekTa Branch.

XML U AEPEBb4

V XML (o1 aHmn. eXtensible Markup Language) — pacLumpsieMblin 93blK padMeTkuy s
npencTaBneHns AaHHbIX. CO3AaHHbIE HA er0 OCHOBE AOKYMEHThI ePAPXUYHbI: 3HAKN
onpeaensTCcs BHYTPU APYrnx 3HaKOB. Bce 9T0 XOpoLLo noaxoamT Aas MOCTOSIHHOMO
XpPaHeHVs AepeBbEB U NX NEpeaayn N3 0OHOM NporpaMmmbl (KOMNbIOTEPA) B APYrYLO.
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Hanpumep, MoxHO B dpanne XML chopmmpoBaTth CTPYKTYPY BaLlen KOMMaHum, a 3a-
TeM nepecnaTb ero kakomy-Hnbyab nonb3osaresnto. Monyy4nTb 4OMNOAHUTENBbHYIO
nHbopmMaumio 06 XML MmoxxHo no ceeinkam ru.wikipedia.org/wiki/ XML mnn w3schools.com/
xml/xml_whatis.asp nn6o ns kurv Jasuaa Xantepa, Ixedda PadbTtepa, Oxo daycerra
n ap. «<Pabota ¢ XML» (4-e n3a,., M.: Onanektuka, 2009).

NMocTpoeHue 3aBepLUEHHbIX AepeBbeB

B anroputMme mmpaMuanbHON COPTUPOBKH (CM. opaszes «IlnpamunansHas cop-
TUPOBKa» paszjena «Anroputmbl O(N x log N)» B ritaBe 6), UCIOBb3yeTCsT 3aBEPIIEHHOE
GUHAPHOE JIEPEBO, KOTOPOE XPAHUTCSI B MACCUBE [IJIsI IPEJICTaBIeH s Kyuu. HamoMHmM,
4TO 3HAYEHUE KAKIOW POAUTETHCKON BEPIIUHDI B KyUe J0JLKHO ObITH COTIOCTABUMO CO
3HaUYeHueM ee jouepHux BepimH (puc. 10.4).

O
0 (19
H ® O @

OO OE

Puc. 10.4. Kyua B Bu/ie siepeBa, XpaHsIIErocs B MaCCHBE

Eciu Bepimna XpaHUTCS B MACCUBE C WHIIEKCOM i, €€ IOUepHUe BePIIUHBI Gy/IyT
nMeTh WHeKCh 2i + 1 u 2i + 2. [Iyig BepHIMHBI ¢ UHIEKCOM j POAUTETHCKAS BEPITTHA
noayunt ungekc [(j — 1) / 2, rne samucs | | osnauaer oxpyraenue pesyabrara 1o 6am-
skaiilero MenbIero 1eoro uncia. Hanpumep, 12,911 [2] pasusiores oqnomy u tomy ke
yucay 2. Tak o6pasyercs ckaThlil (hopMaT Jist XpaHeH s JII0O0T0 3aBEPLUIEHHOI0 O1HAP-
HOTO JilepeBa B MacCHBe.

Pa6ora ¢ HOZIO6HBIM AE€PEBOM OCJIOKHACTCA, KOTZa MPUXOANUTCA MEHATDH pasMep
MacCCHuBa, ITO9TOMY, BOSMOJKHO, JIy4III€ OT/IaTh MPEAIIOYTEHNE KIaCCaM.

==_ 3AMEYAHMUE

Mo3HakoMMBLUMCH C AepPEBbsIMU OONee AeTanbHO, BEPHUTECH B noapasaen «MNupa-
MuaanbHas copTupoBka» pasaena «AnroputmMel O(N log N)» rnaebl 6, 4TOObI MOHATD,
Kak MCrosb30BaTh KJ1ACChbl BMECTO MacCuBa A5l MOCTPOEHUS Ky4U.

OGxop pnepeBa

Bakneilias orepaius, cBsg3aHHas ¢ JAepeBbaMu, — 00x00. Ee 1iesib — 1poiiTu 1o
BCEM BEPIIMHAM B JIEPEBE B ONIPEAETCHHOM IIOPSIIKE U BBIIOJIHUTH HEKOTOPBIE JeliCTBHSI
(B caMOM IIPOCTOM CJIyyae TOJbKO IIEPEUUCTUTD).
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OBXO0A4 N NoOUcCK

MHormne anropmMTMel NPOBOASAT NOUCK ONpeaeneHHoN BepLUMHbI MO Aepey. B ero
OCHOBE Takxe NnexuTt 06xoa. B rnase 11 Bbl y3aHaeTe 06 apdekTuBHbIX crnocobax
npoBeAeHns noncka.

Jlist GUHAPHBIX JIEPEBBEB CYIIECTBYET YEThIPE BUAA 0OXO/I0B: B MPSIMOM TOPSIIKE,
B 06PATHOM MOPSIIKE, CAMMETPUYHBIN U B MIUPUHY.

O6xopa B NnpssMOM nopsaake

I[Ipu takom 06X0/Ie aITOPUTM BHaYasIe 0OpabaThIBACT BEPIINHY, 3aTEM €€ JIEBbIH J10-
YepHHUil y3eJ1, a mocJie mpasbiil. PaccMoTpuMm sepeBo, mpezctaBieHHoe Ha pucynke 10.5,
U TTOCTapaeMcs IOKa3aTh €r0 BEPIINHBI B IPSIMOM HOPSIZKE.

O

© O
® ©

Puc. 10.5. Vcxonnoe aepeso 1t 00X04a B IPAMOM TIOPSIIKE

Kak yske GbL10 CKa3aHO, IIEPBBIM J€JIOM aJIrOPUTM 00PaTUTC K KOPHIO M BbIBEJET
3Havenue D. 3aTeM OH TIEPEMECTUTCS K JIEBOH JI0YEPHE BepIHe KOPHSs, BbIBe/leT B
1 PACCMOTPUT Y3Ke ee JIEBBII JJouepHUT y3eJ, TO ecTh A. Bouibliie jjouepHUX BEPIINH HET,
MO9TOMY aJTOPUTM BEpPHETCS B y3es B u mpocieyeT K ero mpaBoil jouepHeil BepIm-
He, B HamreM crydae K C. Y Hee TOXe HET TOTOMKOB, CJIEZIOBATETHHO, TPOU3OUIET €Ille
OZIMH BO3BPAT K Bepinune B. Pa3 mouepHuX y37I0B y 9TON BEPITUHDI HOJIBITE He MMEeT-
Cs1, TO IIPOTPaMMa MOJIHUMETCS BBEPX 110 JIEPEBY K KOPHIO D U 1pocCJIelyeT K ero mpaBo-
My nouepremy y3iy E. He oOHApyKUB 1 y HEr0 IIOTOMKOB, aJITOPUTM BHOBb 00PaTUTCSI
K KOPHIO, KOHCTaTUPYeT OTCYTCTBUE JIOOBIX APYTUX JOYE€PHUX BEPIINH 1 3aBEPILUT 00-
xo/1. B pesysbTare nopsiok ooxoma Oyzner Boirasaners Tak: D, B, A, C, E.

[IpumuTe BO BHUMAHUE, YTO AJITOPUTM U3Yy4aeT (IIPOXOAUT) BEPIIUHBI B OJHOM
MOPSIZIKE, 2 UTOTU MPOJIEIaHHOM pabOThl BEIBOAUT B APYroM. B ciepyiomem crmcke
MPEJICTABJIEHBI TTard, KOTOPbIE BBITIOIHSIOTCS. BO BPEMsT IPSIMOTO 00X0/1a ISt IepeBa,
n300pakeHHOTO Ha pucyHke 10.5.

1. IIpoiitu D.
. BeiBectu D.
. Ipoiitu B.
. BeiBectn B.
[IpoiiTu A.

. BreiBectu A.

N o U W

. Ipoiitu B.
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8. IIpoiitu C.

9. Beiectn C.

10. IIpoiitu B.

11. IIpoiitu D.

12. Tlpoiitu E.

13. BwBectn E.

14. Tlpoiitu D.

PexypcuBHas peanusalius JaHHOTO aJITOPUTMa ITPEJICTABIEHA HIKE.

TraversePreorder (BinaryNode: node)
<ObpabaTeHBaEM BEPUNVHY . >
If (node.LeftChild != null) Then TraversePreorder (node.LeftChild)
If (node.RightChild != null) Then TraversePreorder (node.RightChild)
End TraversePreorder

Kopotkas u mpocrast mporpamma (pakTHIeCKH WITIOCTPUPYET olpejiesieHre 06xo/1a
B IIpsiMoM Tiopstjike. OHa HaumHaeTcst ¢ 06pabOTKY TEKYIIEeil BEPIIMHBI, HO BMECTO TOTO
IEHCTBUSA MOKHO BCTABUTS JIIOOOH HyKHbII KOZ (106aBbTe, HAIIPUMED, TEKYLIYIO METKY
BEPITMHBI K CTPOKE BBIBOJIA WU U3YUUTE BEPUINHY, YUTOOBI ONPEIETNTD, OBLI JIU HaljieH
1eseBoii asieMenT). lasiee aJropuTM orpeziesisieT, COAEPKUT JIM BepIIUHA JIEBbIH J10-
uyepHMit y3es. Ecin 1a — mporpamMMa PeKypCHBHO BBI3BIBAET camy cebst, 9TOOBI 060HTH
JileBoe JlouepHee TO/IePeBO, 3aTeM ITOBTOPSIET TOT JKe MIaT 71T TTPABOTO T0UYEPHETO y3J1a
u 3akanyuBaer pabory. Takum 06pasom, 4ToOBI KCCIEA0BATD BCE AE€PEBO, HYKHO BbI3bI-
BaTb &JITOPUTM TraversePreorder U IlepefiaTh €My B Ka4eCTBe ITapaMeTpa KOPHEBYIO
BEPIIUHY.

[IpencraBiaeHHBIN KO HY/XKHO Pa3MECTUTD B TJIAaBHOU TIPOTPaMMe, MO/J1yJie KOJIa NI
BCIIOMOTATEJILHOM KJIacce. Y 1o0Hee BCero YIIPaBJIATH IEPEBOM BHYTPU KJacCa BEPIINHBI.
B CJIeIYIONIEM TICEBIOKO/IE ATO KyIacc BinaryNode.

Class BinaryNode
String: Name
BinaryNode: LeftChild
BinaryNode: RightChild

Constructor (String: name)
Name = name
End Constructor
TraversePreorder ()
<ObpabaTHBaeM BepUUHY . >

If (LeftChild != null) Then TraversePreorder (LeftChild)
If (RightChild != null) Then TraversePreorder (RightChild)
End TraversePreorder

End Class

AJITOPUTM MMeET MHOIO OGIIEero ¢ MpeAblaylleil Bepcueil, 3a HCKIII0YeHIeM TOTO,
4TOo KoJ paboTaer B 00bekTe BinaryNode u obsagaer IPsSIMBIM JOCTYTIOM K CBOMCTBAM
LeftChilduRightChild maHHOro 00beKTa. ITO HEMHOTO YIIPOIIAET 3aUCh 1 [TO3BO-
JISIET COXPAaHUTh €€ B MHKAIICYJIMPOBAHHOM BuJie B Kiacce BinaryNode. Tenepb, 4To6bl
0060#iTH BCe I€PEBO, HYKHO BBI3BATH METOJI KOPHEBOII BepINHbl TraversePreorder.
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B 601bLUMHCTBE A3bIKOB MPOrpaMMMPOBaHNS CChIIKY METOAY MOXHO nepeaaTs B ka-
yecTBe NapamMeTpa. B gaHHOM npumepe 3To 03HavaeT, 4To TraversePreorder,
ponas no wara <OBpabaTHBaeM BEPUMHY . >, CMOCOOEH BbI3BaTb METOS, KO-
TOpbLIN coenaeT ¢ 4epeBOM BCE, HTO HYXXHO, 06paboTaB BEPLUMHbBI A0/IKHLIM 06-
pas3om.

V METObl NPOXOXXAEHNA

O6x0/1 B TIPSIMOM TIOPSIZIKE UCIIOJB3YETCST HE TOJBKO JJist OUHAPHBIX JIEPEBHEB, HO
1 JIJISL TeX, 4TO UMEIOT GoJiee BLICOKYIO crerieHb, HensMeHHbIM ocTaeTcs 0011ee IIPaBuIIo:
MEPBBIM JIEJIOM U3YYaeTCsl caMa BEPIINHA, a 3aTEM €€ JJOUePHUE Y3JIblI.

CuMMeTpuyHbIA 00Xx0A,

[Tpu cuMMeTpUIHOM 06X0/Ie AITOPUTM 06pabaThIBAET JIEBBII TOUEPHUIT y3e Bep-
ITHHDL, 3aTEM €€ CaMy U TOIBKO TOCJIE 9TOTO MPABBIT TOYEPHIH y3€edT.

Pabotas ¢ iepeBoM, n300paskeHHbIM Ha pucyHKe 10.5, porpaMma HauHeT JIBUTATH-
€S C KOpHS, TIEPEMECTUTCS CPa3y K JIEBOMY JlouepHeMy y3Jy B, a uepes3 Hero K JJeBoMy
noyepHeMy y3iy A. Y aToil BepIIUHBI y:Ke HET JIeBOTO TOTOMKA, TI03TOMY ITPOrpaMmMa
BbIBeneT A U, He OGHAPYKUB MTPABOTO MMOTOMKA, BEPHETCST K POJUTENBCKON BEPIIITHE
B, uto6ni BoiBecTH ee. TTociie 5TOTo aJITOPUTM MPOCIELYET K TPABOMY [0UEPHEMY Y3JIy
C, y KOTOpPOTO TaKsKe OTCYTCTBYET JIeBbIi TOTOMOK. BoiBens C, mporpamma yaocToBe-
pUTCS, YTO HET ¥ PABOTO TIOTOMKA, M CHOBA BEPHETCI K POAMTEIBCKON BepiiHe B.
ITockosibky paboTa ¢ JIEBOI 4acThIO JIePeBa ysKe 3aKOHYEHA, aJTOPUTM TTOHUMETCST
K KOPHIO D, BBIBEZIET €70 U 00PATUTCSI K ITPABOI YacTu ¢ jouepHeii Bepimtoii E. Y Hee
HET JIEBOTO I0UEPHETO Y3712, 3HAUMT, aJITOPUTM BbIBezieT E 1, He Hali/ig TpaBoro o4ep-
HETO y3J1a, BepHeTCsT K KOpHIO D. VITOTOBBIN MOPSIIOK CUMMETPUYHOTO 00X0/1a OyneT
takuM: A, B, C, D, E.

O6paTI/ITe BHUMaHUME, 4YTO B BbIBO/I€ BEPIITMHbBI paCIiojIaratorcsa B OTCOPTUPOBaAHHOM
IopAAKe. YHOleIOLIEHHI)Ie JlepeBbA KaK pa3 U CTPOATCA TAaKUM O6p2130M, YTOOBI CUMMET-
pH‘-IHbIﬁ O6XO]_I JlaJl Ha BbIXO/Jl€ OTCOPTUPOBAHHbIE 3HAYCHUA.

PeKprI/IBHOe IMPpUMEHEHNE ONMNCAHHOTO aJTOPUTMa IPEJICTAaBJICHO B CJACAYIONIEM
IICEB/IOKO/IE.

TraverseInorder (BinaryNode: node)

If (node.LeftChild != null) Then TraverseInorder (node.LeftChild)
<ObpabaTeHBaEeM BEPUVHY . >
If (node.RightChild != null) Then TraverselInorder (node.RightChild)

End TraverselInorder

3anuch MOJHOCTHIO COOTBETCTBYET OIIpeICJIEHNIO CUMMETPHUYIHOTO 06XOZ[3.. HporpaM-
Ma PEKYpPCHBHO O6pa6aTbIBaeT JIEBBII I[O‘-IepHI/IfI y3eJ1 BEpUINHBI, €CJIN OH CYIIECTBYET,
3aTeM CaMy BEPIINHY, a T0CJie HpaBblf/,I lIO'-Iele/If/,I y3eu, ecian TaKOBOI €CTb.

Yro6bl 060UTH 1eJI0€ IepeBo, JOCTATOYHO BbI3BATh MeTOA Traverselnorder
U TiepeiaTh €My KOPHEBYIO BEPIINHY B KauecTBe mapamerpa. Ciemytomuii mceBoKo
MIPe/ICTABJISIET TAKOU Ke aJITOPUTM, BHEJ[PEHHBIN BHYTPH KJacca BinaryNode.

Class BinaryNode
String: Name
BinaryNode: LeftChild
BinaryNode: RightChild
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Constructor (String: name)
Name = name
End Constructor

TraverselInorder ()
If (LeftChild != null) Then TraverselInorder (LeftChild)
<ObpabaTeHBaEeM BEPUVHY . >
If (RightChild != null) Then TraverseInorder (RightChild)
End TraverselInorder
End Class

B orsinunie ot 06x0/1a B IIPSIMOM MOPSIZIKE, 151 IEPEBA CO CTENEHbIo 6oIblIe 2 orpee-
JIUTH CUMMETPUYHBIN 06X0/ HEMPOCTO. MOJKHO 3aCTaBUTE aITOPUTM 06paboTaTh OHY
TTOJIOBUHY JIOUEPHUX Y3JI0B, a 3aT€M BEPIIITHY U OCTaBIINECS J0YEPHUE Y3JIBbI, HO TaKOe
periieHre OyeT HETUITUIHBIM.

O6xopn B 0OpaTHOM nopsake

B pantom ciydae ajgroput™ o6pabaTbiBaeT cHadasla JIEBbIii JOUePHIiA y3e/I BEPIIMHBI,
3areM IIPaBbIii 1 TOJIBKO HOC/Ie caMy BepinnHy. Kak 1 B npeapiaymmx 06xo/1ax, airopuT™
HayHET pacCMaTpPUBaTh JA€PeBO, n306paskerHoe Ha pucyHke 10.5, ¢ KOpHsI, mepeMecTuT-
s B JIEBYIO 4acTh K JIoUepHEMY y3Jy B, a uepes Hero k jieBoMy fouepHemy y3iay A. He
HalAs JaTbHEUIINX TTOTOMKOB, OH BBIBENET A, BepHETCS K POAUTENBCKON BepiiHe B
1 TlepefijieT K MpaBoMy fouepHeMy y3ay C. Y Hero ToxXe HeT OTXO/SIINX BeTBelt, TT03T0-
My IIporpaMMa BbiBe/leT camy BepiinHy C 1 cHOBa 0OpaTUTCS K POAUTEIbCKOMY Y31y B.
ITockonbKy paboTa ¢ JOYEPHUME BEPIIMHAMU HA 9TOM YPOBHE 3aKOHYEHA, alTOPUTM
BBIBE/IET B, MOHUMETCST K KOpHIO D U TIpocJieayeT K npaBomy pouepHemy y3ny E. He
0OHAPYIKUB CBSI3AHHBIX ¢ HUM [IOTOMKOB, OH BbiBezieT E u BepHeTcs K D. Pas usyuenue
JIOUEPHUX Y3JI0B OKOHYEHO, OCTAaeTCsl BhIBeCTH D U 3aBepIIuTh 06X0/1. B 11e/10M Mopsigok
caeoBanus ajgroput™a Oyaer takum: A, C, B, E, D.

B CJIeyIoIIeM IICEBAOKO/I€ TTpEe/ICTaBJIEHa PEKYPCUBHAS peajin3aliusd Impoiecca.

TraversePostorder (BinaryNode: node)
If (node.LeftChild != null) Then TraversePostorder (node.LeftChild)
If (node.RightChild != null) Then TraversePostorder (node.RightChild)
<ObpabaTeHBaEeM BEPUVHY . >

End TraversePostorder

AsroputM 06pabaThIBaeT IPABYIO U JIEBYIO IOYEPHUE Y3JIbI JAaHHOW BEPIIUHBI, €CJIH
OHU CyTIECTBYIOT, 4 3aTeM caMy BepIINHY.

YrobbI 060iiTH BCe IEPEBO, TTPOrpaMMa BbI3bIBaeT TraversePostorder, epea-
Bas eMy B KauecTBe ltapaMeTpa KopeHb. B ciefylolem nces/iokoze aJropuT™ BHeIpeH
BHYTDb KJlacca BinaryNode.

Class BinaryNode
String: Name
BinaryNode: LeftChild
BinaryNode: RightChild
Constructor (String: name)
Name = name
End Constructor

TraverseInorder ()
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If (LeftChild != null) Then TraversePostorder (LeftChild)
If (RightChild != null) Then TraversePostorder (RightChild)
<ObpabaTHBaeM BEPUNHY . >
End TraversePostorder
End Class

O6xo0x B 06paTHOM IIOPsIAKE TAKKe JIEFKO IPUMEHUTh K IePEBbAM CO CTENEHbIO
GoJIbIIIe 2: AITOPUTM JOJIKEH MIPOMTH 110 BCeM JOUEPHUM Y3J1aM BEPIUIMHBI TIEPe TEM,
Kak 00paTUThCS K Hell caMoid.

O6xop, B LLUPUHY

Cosepiiast 06X0/1 B MUPUHY, aITOPUTM 00pabaThIBACT BCE BEPIINHBI IePeBa Ha Te-
KyllleM yPOBHeE B IIOPSIJIKE CJIeBa HAIIPaBo, a 3aTeM [1€PEeX0IUT K BEPIINHAM CJIE/LYIONIEro
ypoBHsL. B cityudae ¢ gepeBoM, m300paskeHHOM Ha pucyHKe 10.5, iporpaMma epBbIM €I0M
o6paTuTCst K KOPHIO M BBIBEJAET D, TIOTOM TIEPEN/IET K CJIEAYIONIEMY YPOBHIO U BBIBEIET
BepiuHbI B 1 E, a Ha 3aBepIiaiolieM sTare OllyCTUTCS Ha HV)KHUN YPOBEHDb U BbIBE/IeT
Au C. Ilonusiii 06xoz Oyznet Boirnaners tak: D, B, E, A, C.

JlaHHBIN aITOPUTM He TPUEP;KUBAETCST CTPYKTYPHI ZIEPeBa, B OTJINYHE OT AlITOPUT-
MOB, PACCMOTPEHHBIX BbIIIIe. B ncmosib3yeMoM mpuMepe HeT /JouepHel CChIITKUA OT Bep-
miHbl E K BepIInHE A, I09TOMY HESICHO, KaK aJITOPUTM K Hell riepeiizer. YToObl penmTh
ATy 3a/[a4y, HYKHO J00ABUTH OYEPHUE Y3JIbI B 0YEPE/ib, a 3aTeM 00paboTaTh ee, Kor/aa
3aBepiuTcest 06paboTKa POIUTETBCKOTO YPOBHSI.

TraverseDepthFirst (BinaryNode: root)
// Co3maeM odepenhb I XPaHeHUsT NOYEPHMX BepuyH IIpY OajibHeymell obpaboTke.
Queue<BinaryNode>: children = New Queue<BinaryNode> ()

// TloMemaeM KOpeHbL B odYepenb.
children.Enqueue (root)

// ObpabaTeBaeM oudepenhb, IIOKa OHa He CTaHeT IIyCTOM.
While (children Is Not Empty)
// Tloy4aeM CIIenyoIyld BEPUMHY B OYepenu.
BinaryNode: node = children.Dequeue ()

// ObpabaTeBaeM BEpIVHY .
<ObpabaTEHBaeM BEpPUNUHY . >
// LobaBiisieM NOYEpH BEPUMHY B OdYepenb.

If (node.LeftChild != null) children.Enqueue (node.LeftChild)
If (node.RightChild != null) children.Enqueue (node.RightChild)
End While

End TraverseDepthFirst

CriepBa aJIrOpUTM CO3/IAeT OYEPe/lb U Pa3MeIaeT B Hell KOPHEBYIO BEPHINHY. 3aTeM
HAYMHAETCS [IMKJL, KOTOPBIA paboTaer /10 Tex Mop, oKa o4epe/ib He orycreeT. BHyTpu
HEro IporpamMMa yaisieT U3 ouepe/ii IepByIo BeplinHy, o0pabaTbiBaeT ee, a mocJe J10-
GaBsieT B ouepeb oUepHre y3Ibl. B TakoM cirydae Bee 3IIeMEHTBI PacCMaTpUBAIOTCST
B TIOPSI/IKE <TIE€PBBIM TIPUIIIEIT, TEPBBIM BBITIET», TO €CTh BEPITUHDBI TEKYIETO YPOBHS
Gy ayT 06paboTaHbl IOJTHOCTHIO, TIEPE TEM KaK HAuHeTCst 00paboTKa JIFOOBIX TOUEPHITX
y3J10B. [TOCKOJIbKY aITOPUTM CTABUT B OYEPE/Ib CPasdy JIEBbIN J0UEPHUIT y3€71 BEPIINHBI,
a 3aTeM MPaBblii, Ha OTPEIETEHHOM YPOBHE BCE BEPIIUHBI 06pabaThIBAIOTCS B IOPSI/IKE
caeBa HapaBo. (ITOT (HaKT MOXKHO JIOKA3ATh C [TOMOTIbIO UHIYKITUU. )
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Bpems BbinosiHeHUs o6xopa

AJTOpUTMBI, BBITIOMHSIONHE 00X0/T IepeBa CUMMETPUYHO, B TIPSIMOM 1 0OPATHOM
MOPSI/IKaX, CIEAYIOT BHU3 JI0 TEPMUHAIBHBIX BEPITHH, BO3BPAIAsCh BBEPX K KOPHIO TI0
Mepe Pa3BOPAYNBAHNS PEKYPCUBHBIX BBI30BOB. Ilocie Toro xak aIropuT™ Mpomies Mo
BePIIIHE 1 BEPHYJICS K POJUTEIIO, OH OOJTBIIe K Hell He 06pAIaeTcst, TO €CTh MOCETAeT
ee Bcero o pas. Takum o6pa3om, st epesa u3 N BepIiiH BpeMsi paboThl STHX aJl-
roputmMoB coctaBut O(N).

YmomsmyTeie Tpu 06x071a He TPeGYIOT MOMOTHUTENFHOTO TPOCTPAHCTBA HA JNCKE,
MTOCKOJIbKY OHU UCIIOJIB3YIOT CTPYKTYPY ZiepeBa /il OTCJIeKUBAHUS CBOETO MECTOII0JIO0-
sKeHust B HeM. TeM He MeHee UX riryOuHa PEKyPCUE PaBHA BBICOTE JIEPEBa, 1 €CJIH JAEPEBO
OKaKETCSI OUEHb BLICOKUM, BEPOSITHO MTePENIOJIHEHNE CTeKa.

ITpu 06x0j1€e B IIUPUHY BEPIIUHBI 00pabaThIBAIOTCS 10 MEPe UX TIOCTAHOBKH B OUe-
penb. [TockombKy Kaskaasi BepiinHa MOMEIIAeTCs] Tyna eANHOXKIbI, 175 epeBa U3
N Bepuirs BpeMst paboThl ajropur™a Oyzuer paBabiM O(N).

ITOT JTOPUTM HE UCTIOTB3YET PEKYPCHIO, & SHAYWT, He 3aBUCHT OT €€ TIIyOMHBI, HO
HY’KA2eTCs B IOTIOJHUTENbHOM IIPOCTPAHCTBE I IIOCTPOEHNS ouepean. B Hanxyamem
cJIydae, ecyim JIEPeBO ABJIAETCS UeaIbHBIM OWHAPHBIM, TO €CTh Ha er0 HUKHEM YPOBHE
HAXO/UTCST TIPAKTUIECKHU TOJIOBUHA Beex Bepiuh (cM. paszen «CBoiicTBa GMHAPHOTO
JiepeBay TeKyIe riiaBbl), B ouepean okaskercsas O(N/2) = O(N) BepiiuH.

B camom 00111eM CMBIC/IE MOKHO MIPEICTABUTD, YTO IEPEBO IIPOM3BOIHLHOTO YPOBHSI CO-
CTOUT U3 OJTHOTO KOPHEBOTO Y3J13, & BCE JPYTHE SIBJLSIIOTCS IodepHuMu. Tora ouepesb 00-
pasyerca u3 N — 1 Bepiuus, HOo TpeGoBaHe K IIPOCTPAHCTBY ocTaeTcs npexkuum — O(N).

YnopsiaoyeHHble AepeBbs

Kak ormMeuasnoch paHee, BepIIMHBI YIOPAI0YCHHBIX JiepeBbeB (puc. 10.6) cTpykTy-
PUPOBAHbI TAKUM 00Pa30M, YTO CUMMETPUYHBII 00X0/] 06pabaTbiBaeT UX B OTCOPTUPO-
BaHHOM TIOpsiziKe. [IpyrumMu cioBamMu, 3HAYEHIE KakKI0TO POJAUTEIHCKOTO y3ia 60iblie
3HAYECHUS €TO JIEBOTO JIOUEPHETO y3J1a U MEHbIIE TIPaBOro (I PaBHO eMy).

2, ©

OB OO

O Q@ @
&

Puc. 10.6. YropsijioueHHOe 1€PeBO

Y0661 pabOTATH € YIOPSIIOYEHHBIM JIEPEBOM, BaM MTOHAI0OSTCS TPH AJITOPUTMA J1JIsT
n0OABJIEHS, yIATEHMsT U HAXOXK/ICHWS €70 BEPIITHH.
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Ho6GaBneHue BepLUUH

[MocTpouTh ynopsiodeHHoe iepeBo mpocto. Utobbr 106aBUTD oUepHee 3HAUCHUE
K BeplIMHe, CPAaBHUTE ero O 3HaYCHUEM POJUTEJId U PEKYPCUBHO llepeMecTUTeCh BHU3
10 HY>KHOU BeTKe (JIeBO MJu paBoii). Eciim TakoBoil BETKM HET, OHa TIOSIBUTCSI BMeCTe
C HOBBIM 3HaY€HUEM.

B caemyrotem niceBioko/ie peicTaBIeH AJITOPUTM 71 Kiacca BinaryNode. [pen-
[10JIATAETCSI, YTO JIAaHHbIE U3 BEPUIMHBI XPAaHSITCSI B CBOMCTBE Value.

// LobaBiisieM BEPUMHY K YIIOPSOOYEHHOMY I[IONIepEeBY BEPIINMHH .
AddNode (Data: new_value)

// CpaBHUBaeM HOBOe 3Ha4YeHMe CO 3Ha4YeHMEM BEpPIVHH .

If (new_value < Value) Then
// ECnIu HOBOE 3Ha4YeHMre MeHblle, pas3MellaeM ero B JIEBOM IIONIepeBe.
If (LeftChild == null) LeftChild = New BinaryNode (new_value)
Else LeftChild.AddNode (new_value)

Else

// ECniy HOBOEe 3HadYeHMe He MeHblle, pa3MemaeM eTo B IIPaBOM IIOIIepeBe.
If (RightChild == null) RightChild = New BinaryNode (new_value)
Else RightChild.AddNode (new_value)
End If
End AddNode

AJITOpUTM CpaBHMBaeT HOBOE 3HAYEHUE CO 3HAUYeHHeM BepiiuHbl. Eciu mepBoe
MeHblIIle, IpoTpaMMa fepeMeniaeTcs B JeBoe mojiepeBo. CChliiKa Ha JIeBbIi I0YepHU
y3eJ, paBHast null, TOBOPUT O TOM, YTO JIEBBIH JOUepHUN y3eJs TeKyleld BeplIInHbl
HY’KHO CO3/1aTh ¥ [IOMECTUTD B HEr0 HOBOe 3HaUeHue. B IpoTHBHOM ciiyyae 1porpam-
Ma PeKyPCUBHO BBI3BbIBAeT METO/I IouepHel BepiuHbl AddNode U J0TOJHSIEeT JIeBoe
TIOJIEPEBO.

Ecaun HoBoe 3HaYeHe He MeHbllle 3HaYeHUsI BEPIIUHDI, AJITOPUTM I1IePEeXOUT B ITpa-
Boe nojiiepeBo. Ccebliika Ha MPaBbIil I04epHIi y3eJ1, paBHas null, yKa3bIBaeT IIPOTrPaMMe
Ha TO, UTO €T0 HY>KHO CO3/1aTh M Pa3MECTUTh B HEM HOBOe 3HaueHue. B mpoTuBHOM cirydae
JITOPUTM PEKYPCHUBHO BBI3BIBAET METO/I /louepHel BepiinHbl AddNode U jocTpanBaet
IIpaBoe II0JJIEPEBO.

== 3AMEYAHMUE

| Kak 1 B cnyyae co CBA3HbIMM crinckamu (CM. rnaey 3), B BEpXHein 4acTu aepesa rno-
JIE3HO UCMOMNb30BaTh OrpaHnYmMTesb. ECnv AN ynopaaouyeHHoro aepesa sHadeHne
KOPHS cOenaTth MeHbLLUE JI060ro BO3MOXHOI0 3HaYeHUs1, TO, 106aBsIAs BEPLUNHbI,
yXe He HaJo NpPoBepPsiThb, MYCTOe v AepeBo. Bee HoBble yanbl OyayT 3akaH4MBaTh
npasoe NoAAEPEBO Mo KOPHEM.

Bpemst paboThl IPUBEAEHHOTO aJITOPUTMA 3aBUCUT OT TOPSIIKA, B KOTOPOM 100aB-
JISTIOTCST BEPUIMHBL ECJIM 9TO TPOMCXONT MTPOU3BOJIBHO (63 MpeiBapUTEIbHOI COPTU-
POBKM), IEPEBO BBIpACTaeT OTHOCUTENBHO HU3KUM U IIMPOKUM. B Takom ciryuae npu
N Bepummnax BoicoTa gepesa coctaBut O(log N). [JobaBiisisa HOBYIO BEPUIMHY, HEOOXO0-
JMMO ITPOBECTHU MOUCK 0 CAMOTO HHM3a CTPYKTYPHI, TO ecTh coBepuinth O(log N) maros.
ITpu N Bepiunax mmosHoe nocrpoetue aepesa saiiver O(N log N).
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[Mpyr NOCTPOEHNM KPACMBOIO LLUMPOKOIro ynopsaoyYeHHoro aepesa Bbicoton O(log N)
He Bcerga 3aMeTHO, 4TOo K Hemy gobasnsetca O(N) BepluvH. Ho kak 6biTb, ecnm
[epeB0 HN3KOE 1 MOJIOBMHA BEPLLVH YXXe COCPeaoTOYEHa B BEPXHEN YacTu, a BaM
HY>XHO pasMecTuTb OcTaBlumecs? Benomuute pasaen «ColicTBa GUHapHOro ae-
peBa» TekyLLel rmasbl. B HEM roBopMnock, YTO B naeanbHOM GUHApPHOM AepeBe
MOYTY MNOSIOBUHA BCEX BEPLLMH HAXOAUTCS B HXKHEN YacTW. 3Ha4uT, Koraa B AepeBe
3a4€eMCTBOBAHA YXe MOMOBNHA MEIOLLIMXCS BEPLUNH, B HEM MOCTPOEHBI BCE YPOBHU,
KpoMme nocneaHero. Takum 06pa3om, BbicoTa aepesa coctasnseT log N — 1. Tenepb
HY>XHO 00OaBUTb OCTaBLUNECS BEPLLUNHBI HAa MyouHy log N — 1. OTcioaa obuiee Ko-
nnyectBo waroB N/2 x log N — 1=0(Nlog N).

V BbICOTA CJIYYANHOIO JEPEBA

Ecav BepmmHbI IpeIBapUTENBHO OTCOPTUPOBATH, TO BHICTPOEHHOE HA UX OCHOBE
JIEPEBO TIOJYUNTCST BBICOKUM M TOHKUM. B XyzieM ciydae, ecjiu Bce 3HAUYEHUsT N3HA-
YaJIbHO OYAYT HAXOAUTHCS B IPSAMOM WM 0OPATHOM IOPSIZIKE, KasKAasl BEPIIMHA [IPU-
obpereT oAuH JoYepHUil y3es u chopmupyercst cTpykTypa us N BepuirH BbicoToil N.
Torna, no6asus K aepeBy N/2 BepiirH, Mbl MOJTyYuM BbicOTy N/2. DTO 03HAYAET, YTO
pasmeiiienre octapumxcst N/2 Bepinut notpedyer N/2 maros, a obiiiee BpeMst paboTh
anmroput™ma coctaBut O(N/2 x N/2) = O(N?).

Anroputm AddNode MOKHO MCTIOTB30BaTh U A MAPAMUAATHHON COPTUPOBKU.
CdhopMupoBaB Ha €T0 OCHOBE YIOPSIZIOUEHHOE JIEPEBO, UCITOTB3YHTE CUMMETPUYHBIIH
00XO0J1 JIJIsT BBIBEJICHUST 9JIEMEHTOB B COPTUPOBAHHOM Mopsizike. QKugaeMoe BpeMst pa-
6orer asroputma coctasut O(N log N), cummeTpuunblii 06X0/l B CBOIO 0Yepe/ib 3aii-
met O(N). Takum o6pasom, obIiast IPOU3BOUTENBHOCTL GyIeT HalijieHa 1o (hopmyJie
O(Nlog N+ N) = O(Nlog N). B xyziiem ciydae HOCTPOEHUE YIIOPSIA0YEHHOTO JepeBa
norpebyer O(N?) BpeMeHH, a cuMMeTpruHbIii 00xox1 — O(N), Torma obiiiee BpeMst co-

crasut O(N? + N) = O(N?).

Mouck BepLunH

[TocTpous ynopszoueHHoe Ae€peBo, Bbl MOXKeTe 3a/1eICTBOBATD €ro 71 TIOMCKa KOH-
KPETHBIX 3J1eMeHTOB. Harpumep, eciv BepIIMHbI IPEACTABIISIOT COO0M 3aIMCH O COTPY/I-
HUKaX, TO UCMIOJIb3YEeMbIMU JIJIs1 COPTUPOBKU 3HAUEHUSIMU CTAHYT UX WIEHTU(DUKAIMOHHbIE
HOMepa. B cieyioneM riceBioKo/ie paccMaTpuBaeTCsl METO/I, PeIoCTaBIeHHBIN KIacCcoM
BinaryNode, KOTOPbII ITPOBOJUT TIOMCK 11€JIE€BOTO 3HAYCHMS B TIOZIZICPEBE BEPIIUHBL

// HaxomuMm BepmymHy C IIeJIeBHM 3HaYeHMEM.

BinaryNode: FindNode (Key: target)
// Ecnm MB HallJIX llejleBOe 3HadYeHUe, BO3BpallaeM BTy BEpUMHY .
If (target == Value) Then Return <Texymas BepmuHa>

// CMoTpuM, THe LlejleBOe 3HadeHMe — B JIEBOM MIM IIPaBOM IIOAIEpeBe.
If (target < Value) Then

// VimeM B JIEBOM IIONOepeBe.

If (LeftChild == null) Then Return null

Return LeftChild.FindNode (target)

Else
// VmeM B IIpaBOM IOLOepeBe.
If (RightChild == null) Then Return null
Return RightChild.FindNode (target)

End If

End FindNode
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CuauaJia aJiropuT™M IPOBEPSIET TEKYIIlee 3HaUeHUe BEPIITUHBI U, €CJIM OHO PAaBHO
1esIeBoMy, BosBpainaer ero. OOHaPy KIB, YTO LeJeBOe 3HaUeHIE MeHbIIle TEKYLIEro,
IIporpaMMma MpuXOAUT K BBIBOY, YTO HY KHasA BEPIINHA PACIIOaraeTCs B I€BOM IO/~
nepese. Eciiu 1eBast mouepHsist BETBb OTCYTCTBYET, aITOPUTM BOo3Bpamiaer null —
11eJIeBOTO 3JIeMeHTa B /lepeBe HeT. B MPOTUBHOM ciydyae peKyPCUBHO BBI3BIBAETCS
MeTo FindNode, 4ToObI M3yUNTD MOAAEPEBO. B cuTyalmu Kora 1ejieBoe 3HaueH1e
6oJIblIe TEKYLIEro, aHAJOTHYHbIE NIATH MOMCKA HPEeAIPUHIMAIOTCS [0 IPaBOMY
IO/ IEPEBY.

Ecau B siepese N BepinuH 1 oHO cOajiancupoBaHHOe (He BBICOKOE U He TOHKOE), €ro
Boicora cocrasisier O(log N). Tora MakCUMaJIbHOE KOJHMUYECTBO MIAr0B JJIsT TIOMCKA —

O(log N).

YpaneHue BepLuvH

Y6path BepIInHY U3 YIIOPSIIOYEHHOTO IePeBa HECKOJIBKO CJIOKHEE, UM B HETO 10~
6aBUTH, BE/[b IIEPBBIM JIEJIOM €€ HYXKHO HailTu (0 TOM, KaK 9TO CIIeJIaTh, PACCKA3aHO
B IpeapLayIeM noapaszaese). Caenyiomuii mar OyzeT 3aBUCeTh OT TOTO, IJe LeleBast
BepIInHa HaxoauTcs. UToObl pazoOpaThesl ¢ PasiuYHbIMU CUTYALUSIMU, PACCMOTPUM
nepeBo, nu3obpaskeHHoe Ha pucyHke 10.7.

Puc. 10.7. Ynopsgouennoe GuHapHOE AepeBO

TepMUHANIBHYIO BEPIIUHY MOKHO yIAJIUTDh HE 3a/lyMbIBAasICh — JIEPEBO BCE PABHO
ocraHercs yropsjioueHHbIM. TakoB, Hanipumep, y3esa 89 B nepese na pucyuke 10.7; ero
ylajeHne He HapyIIuT oOIero nopsaaka opranusanuu ganisix (puc. 10.8).

Ecin 1iesieBast BepIINHA He SIBJISIETCS TEPMUHATBHOM U y Hee eCTh BCeTO OUH JI0-
YepHUil y3eJ, ee MOXKHO 3aMEHUTDb ATUM JI0YepHUM y3sioM. Hampumep, ecan ygaaninuTthb
sepmuny 71 us gepesa Ha pucynke 10.8, mojayunurcs cTpykrypa, n3obpaxkeHHas Ha
pucynke 10.9.
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Puc. 10.8. YnopsaouenHoe OMHApHOE I€PEBO
TIoCJIe yIaJIeHNsT TEPMUHAJIBHO BEpPIITMHBI

O

O O

2@ (e
D@ ©E
& &

Puc. 10.9. YnopsaouenHoe OMHAPHOE I€PEBO
C yZIaJIeHHOH BHYTPEeHHE! BepITNHOW, NMeBIIeH ONH T0UYePHIH y3es

Camblii CTOXKHBIH CIydail — KOT/la Y 11eJIeBOH BepIINHEL €CTh JBA IOYEPHIX Y3Ja.
OO011iast cTpaTerst IPeJIIoJIaraeT IOCTAaBUTh BMECTO POIUTETHCKON BEPIITIHBI JIEBYIO /10~
yepioio. Ho 31ech Bo3HMKAIOT 1B cuTyanuu. Eciiu y ieBoro ouepHero ysJia HeT IpaBo-
O TIOTOMKA, TO IAHHBII y3€JI MOKHO TIePeIBUHYTh Ha MeCTO IiesieBoro. Hampumep, yna-
siuB BepmunHy 21 u3 nepesa Ha pucynke 10.9, momyunm nepeso, kak Ha pucysake 10.10.
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Puc. 10.10. YuopsaouerHoe GUHAPHOE JEPEBO C YAAIECHHON BHYTPEHHEl BEpPUINHOIA,
rJie JIEBBI JIOYEPHUI y3eJl He UMEJ IIPABOTO TIOTOMKA

Ecan sxe y 1eBOTO 10u€pHETO y3J1a 11€JIeBOi BEPIIUHBI €CTh IIPABbIi TOTOMOK, IIPH-
JleTcs CILyCTUTBCS OT TOr0 y3Ja BHU3 /10 KpaliHell [IpaBoii BeplIUHbL. B ciyyae Korzia
y Hee HeT CBOUX JIOUEPHUX Y3JI0B, IMEHHO OHA U 3aMEHUT TIeTEBYI0. Y 1amoch 0OHapy-
JKUATD JIEBBIN IOUEPHU y3€eJ — MTOCTaBbTe eT0 BMECTO KpalHell MpaBoi BEPIINHBL, a TY
B CBOIO 0Yepe/lb BMECTO LeJIeBO.

[TonpobyeM yzaanuTh BepiinHy 35 U3 gepesa Ha JieBoM dparmenTe pucytka 10.11.
Kak BuziHO, y Hee Ba T0YePHUX Y3714, IPUYeM JIeBBIH y3esr 17 mMeeT IpaBoro MOTOMKA.
AnropnTM HepeMernaeTcs BHU3 0T 17 HaCTOIBKO, HACKOIBKO 3TO BO3MOSKHO, CJIEys IO
[TPABBIM JIOUEPHUM CChLIKaM. B HatieM mpuMepe KOHETHOH TIeTbI0 CTaHeT 24, HO, 0OBIYHO
KpaiiHsist [IpaBasi JOUEPHsIst BEPIINHA PACIIOIATaeTCst TOPas/o rIyoxKe.

Puc. 10.11. Y aanenue u3 GUHAPHOTO YIIOPSIIOUYEHHOTO epeBa
BHYTPEHHEH BepIINHDI, y KOTOPOIi JIEBbIH I0UepHUil y3es
UMeeT IPaBOTO TIOTOMKA (Cleda), U pe3yJIbTaT aTol orepaiuu (cnpasa)
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[TockombKy y HaliJIeHHOW BEPIINHBI €CTh JOYCPHSS, aJITOPUTM BBITIOJIHSIET CJeIy-
I0IIlMe IIepPeCcTaHOBKU: BMECTO KpaifHeii [IpaBoro y3Ja noMelniaeT 04epHuii, a BMECTo lie-
JIeBOTO — KpaitHuii mpasbiil. [I[prMennTeIbHO K HAIIEMY cJTydalo BepiuinHa 24 3aMeHuT-
cs BepiuHOi 23, a BepurmHa 35 — BepiuHoi 24 (cm. puc. 10.11, mpaBsiit pparMenT).

CBsi3Hble aepeBbs

Tped — 910 cepust CCHLUIOK, KOTOPAsT MO3BOJISIET MIEPEMEIATHCS 110 JIEPEBY WU CETH
0COOBIM CITOCOOOM, OTJIMYHBIM OT TIPUBBIYHOTO CJIEIOBAHMS TI0 BETBSAM ¥ CChLTKaM. Je-
peBo, coziepsKaliiee OJMH TPeJ WM HECKOTBKO, HAa3bIBAeTCsI c8s3HbiM. [IpuMep Takoit
CTPYKTYPBI u3o6paskeH Ha pucyHke 10.12, B Hell Kak1as BEpIIMHA CBSI3aHA TPEAaMU
C BEPIIMHAMU, KOTOPBIE MPEIIIECTBYIOT el WK CJECAYIOT 32 Hell B CUMMETPUYHOM 00-
X0/1e. ITO TO3BOJISAIOT AJITOPUTMY OCYIIECTBIISATH CHMMETPUYHBIN U 0OPATHBIN 06XO0]T
OBICTpEE, YEM II0 BETBSIM.

Puc. 10.12. Csasnoe aepeso
(IIyHKTHPHBIME CTPEJIKAMU BhIJIEIeHbI TPEIbl)

3AMEYAHMUE

B cBA3HOM AepeBe MOXHO onpenennTb U Apyrue Tpenpl, HO NPeaCcTaBNeHHbIE Ha
pucyHke 10.12 aBnsoTcsa caMmbiMm PaCnpOCTPaHEHHbIMU. NOCKObKY OHWN YKa3bIBAOT
Ha npsiMoe 1 0bpaTHOE HarnpaeBieHNs B CMMMETPUYHOM 00X0/ie, Tako BUA, AepeBa
WHOrAa HasblBalOT CUMMETPUYHO CBS3HBIM.

SAMEYAHME

O6partnTe BHMMaHWe, YTO BCe BepLUNHbI AepeBa Ha pucyHke 10.12 nmetoT nesyto
BETBb 1 JIEBLIV TP, UK Xe NpaByo BETBb 1 NMpaBbIi Tpen,. Ecnv Bbl MOXeTe kak-To
OTNYUTL BETBb 1 TPEA, TO AOCTATOYHO MCMOIb30BATh BCErO OAHY CCbINKy. Hanpu-
Mep, CO3aiTe B KNnacce BEPLUNHbI iBe OyNneBCKkue NepeMeHHble HasLeftBranch
M HasRightBranch 1 coxpaHsaiiTe Tpeapbl B LOYEPHUX CChINKax, Koraa nepemMeH-
Hble NPUMYT 3Ha4YeHne True. MOXHO fAaxe ynoxuTb ABe OyneBCKNE NepeMEHHbIE
B OAMH 6aNT 1 MCNoNb30BaTb onepaumm ¢ 6aTamm, 4ToObl MOHATb, YCTAHOBEHbI
1 oHn. OgHako ecnu Bbl paboTaeTe C HEBONbLUVMM AEPEBOM, SKOHOMUS MAMSATU He
onpaBaaeT NogoOHbIX CTIOXHOCTEN.

YUT00bI UCIIOIL30BATD CBSI3HbIE IEPEBDS, BaM HYKHO 3HATD J[BE BEIII: KAK X CTPOUTD
1 KaK COBEPILATH 110 HUM 00XOZ.
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MocTpoeHue CBA3HbIX AepPEeBbEB

M3HauabHO B CBSI3HOM JIEPEBE UMEETCST BCETO OJIHA BEPIITMHA, HET BETBEH, a Tpe/ibl
ycraHoBsieHbl Ha nul 1. Co3iath 3Ty BEPIIUHY JIETKO, TsiKesee 100aBUTb IOCE/y OTIHE.
B 3aBucumoctu ot TOro, 6y[[yT OHU JIEBBIMU WJIN IIPABBIMU JOYEPHUMU Y3JIaMU, [[eﬁ-
CTBYIOT Pa3HbIMU CIIOCOOAMU.

[Ipenmosoxxnm, HY;KHO CO3/1aTh JIEBBIH ouepHuUit y3es. [lycTh oH nMeeT 3HaueHME 3
1 popMEpYyeTCs Ui BEPIIUHBL 4 B iepeBe, n3o0paskeHHOM Ha pucyHke 10.12. Mecrormo-
JIOJKEHVE HOBOI BEPIITUHBI OITPEIEIISETCS Ty TeM CPaBHEHUS CO 3HAUYCHUEM POJTUTETBCKON
BepIIMHBIL. B HalteM npuMepe 4nucio 3 — cieryioniee HauMeHbllee o OTHOIIEHUIO K YUC-
sy 4. Tlosy4aercs, 4To BepiiiHa, KOTopast Terepb cTaja B 00Xoze nepej; HOBOii BEPIIMHOM,
pamee pacnoJaranach nepez poauTeabekoil. [IpuMennTesnbHO K HallieMy ciryyaro BepIINHa,
pasMeriieHHast iepe/t 3, HaXO/IIach Tepeft 4, To ecTh 3To 2. BuixoauT, 4o mpr 1o6aBaeHnn
HOBOTO Y3JIa €0 JIEBBII TPel Hy;KHO ITPUPABHSTD K JIEBOMY TPEY POIUTES.

[IpeaiecTBEHHUK POAUTESE B 06X0JI€ — ITO TEleph HOBast BEPIMHA, UMEHHO Ha Hee
YKa3bIBaET JIeBast BETBb PoauTeist. TakuM o6pasoM, POAUTETbCKAst BepIHa 6oJIbIie
He HYXX/IaeTcs B JIEBOM Tpejie M eTo Hy>KHO TpupaBHATH K null. [IpaBeIit Tpex HOBOM
BEPINUHBI TOJKEH BECTH K CJEAYIONIEN BepITuHe B 00X0/Ie IE€PEBa, B HAIIEM CJIyJae
PACIIONIOKEHUS — K POAUTENbCKON. OTCI0/Ia BBITEKAET, YTO MPABbIM TPE BEPIIUHB 3
006s13aH yka3biBath Ha Bepinuny 4 (puc. 10.13).

Puc. 10.13. OGHOBIIEHHOE AepeBO ¢ 100aBJICHHON BEPIIMHON 3

[Ipu nobGaBaeHK HOBOIT BEPIUHBI B KAYECTBE MPABOTO I0YEPHETO Y3J1a Mmark Oy1y T
MIOXOKUMU, TOJIBKO JIEBAsI U [IPABast BETBU U TPEJIbI IoMeHstioTcst posiami. [1pasbrii Tpen
HOBOI1 BEPITUHBI TO3aMMCTBYET 3HAUECHUE Y TTPABOTO Tpea pojuTesisi (TOT B CBOIO OUe-
penb MoJyuuT 3HaYeHre null), a IeBbIi TPe/l CTAHET YKA3bIBAaTh HA POJIUTEIBCKYIO BEP-
muny. Ha pucynxke 10.14 uzobpaeHo nepeso ¢ JoOaBJIeHHbIM [IPaBbIM Y3JI0M. B cite-
IYIOTIEM TICEB/IOKOJIe TIPE/ICTABJICH aJTOPUTM BCTABKH BEPIINHBI B CBSI3HOE YIIOPSI/IO-
YEeHHOE JIePeBO.

// LDobaBisieM BepmMHY K YIIOPSOOYEHHOMY IIOAONEPEBY HOaHHOV BEpPIIMHH .
AddNode (Data: new_value)
// CpaBHMBaeM HOBOE 3HaYeHMUe C MMEOIUMCS .
If (new_value < this.value)
// Eciu HOBOe 3HadeHMre MeHblle, nobamisieM ero K JIeBOMY IIOIIEPEBRY .
If (this.LeftChild != null)
Then this.LeftChild.AddNode (new_value)
Else
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// IobaBisieM HOBYID HOOYEPHIOO BEPIMHY COIa.
ThreadedNode child = new ThreadedNode (new_value)
child.LeftThread = this.LeftThread
child.RightThread = this

this.LeftChild = child

this.LeftThread = null

End If
Else
// Ecim HOBOe 3Ha4dYeHue He MEeHBIIe ,
// mobaBiisieM ero K IIpaBOMy IIOLIEPEBY .
If (this.RightChild != null)
Then this.RightChild.AddNode (new_value)
Else
// IlobaBisieM HOBYI OOYEPHID BEpUMHY CoIa.
ThreadedNode child = new ThreadedNode (new_value)
child.LeftThread = this
child.RightThread = this.RightThread
this.RightChild = child
this.RightThread = null
End If
End If
End AddNode

Puc. 10.14. OGHOBIIEHHOE epeBO ¢ 100aBJIEHHON BEPIIMHON 8

B nauasie paboThl aITOPUTM CPABHUBAET HOBOE 3HAYEHME CO 3HAUEHUEM TEKYIei
BepumHbL. Eciin mepBoe MeHblIiie, To TIporpaMMa 06patiaeTcst K ICBOMY TIOJIEPEBY U TIPH
HaJIU4YUU Y BEPIINHbBI JIEBOTO JJOYEPHETO y3Jia PEKYPCUBHO BbI3bIBaeT MeTO/l AddNode.
Korza 1eBoro 1ouepHero yaa HeT, aITOPUTM CO3/[aeT HOBYIO BEPIIHIHY, TPH 3TOM IPHU-
PaBHUBAET ee JIEBBIN TPe/l K JIEBOMY TPEY TeKYIIeH BEPIINHBI, a TPaBbIN BeJIeT K TeKYIei
BEpIIMHE, 3aTeM Y TEKYIIeil BePIINHbI HAllpaBJisieT JIeBYIO BeTBb Ha HOBYIO BEPIIUHY,
JIEBBIH ke Tpef mpupaBHuBaeT k null. Ecau HOBoe 3HaueHme GOJIbIIE TEKYIIETO, TIPO-
JIeJIBIBAIOTCS MTOXOKKE ATy, HO TOJIBKO B IIPABOM IIO/IIEPEBE.

[TpuBeaeHHbII aITOPUTM OYEHb IIOXOK HA PACCMOTPEHHBII paHee, KOTOPbIN J00aBIsI
BEPIIUHBI K yIopsiioueHHoMY jepeBy. O0a PeKyPCUBHO CITYCKAIOTCS TI0 JE€PEBY, YTOOBI
HaTH MECTOMOJIOKEHIE HOBOY BEpPITUHDIL. PagHUIIA TUIITH B TOM, UTO B TIOCJI€HEH BepCU
MIPOrPaMMbI HYKHO OCYTIECTBUTH JIOMOJHUTETHHBIE JIEHCTBUS TI0 YCTAHOBKE TPEIOB.
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Kak u B mpenpiiyieM ciydae, TOCTPOEHUE CBS3HOTO YIOPSIOYEHHOTO JiepeBa U3
N Bepiu 3aitmer O(N x log N) BpeMeHH, ec/ii 3HaueHus 100aBJISIOTCS IIPOU3BOJIBHO.
B xyarieii cuTyanuu, Korja 3HaueHst OTCOPTUPOBAHBI B TIPSIMOM UJI 00PATHOM TIOPSI/-
Ke, TPOU3BOIUTETBHOCTD afroputMa coctaBut O(N?).

Ucnonb3oBaHue CBA3HbIX AepeBbeB

B ciemyioniem nceBmokoe Tpeabl HCIOAb3YIOTCS ISt OCYIIECTBIIEHIS CAMMETPUY-
HOro 00X0712.

InorderWithThreads (BinaryNode: root)
// HaduHaeM C KOpPHS.
BinaryNode: node = root

// 3arnoMmHaeM, II0 BeTKe WM [10 TPEenoy Mb MIEM.
// TIpeArosyiokuM, 4YTO ME HOUJIM OO KOPHS IO BETKEe, IIO2TOMY MIEM HaJIeBO.
Boolean: via_branch = True

// ToBTOpsieM IO KOHIla obxoma.
While (node != null)
// ECnAu MBl OOWJIM OO DTOM BEPIMHHE IO BEeTKEe, WUIEeM BHU3 HaAJIeBO.
If (via_branch) Then
While (node.LeftChild != null)
node = node.LeftChild
End While
End If

// ObpabaThBaeM OaHHYO BepIMHY .
<ObpabaTeHBaeM BEPUMHY . >

// HaxomuMm Clenyolylo BepUrHY I 0bpaboTku.
If (node.RightChild == null) Then

// Wcmonb3yeM Tpemn.

node = node.RightThread

via_branch = False

Else
// JICTIONB3yeM IIpaByld BETKY .
node = node.RightChild
via_branch = True
End If
End While

End InorderWithThreads

B nauasie paboThl aITOPUTM WHUIMATU3UPYET TIEPEMEHHYI0 node JIJist KOPHEBOI
BEPIINHBI I yCTAaHABJIMBAECT IIEPEMEHHYIO via branch Ha True Kak yKa3aTesb Ha TO,
9TO OH 0GPATICS IO TEKYIIETO MECTA TT0 BETKE. JTO 3aCTABJISAET MPOTPAMMY 0OPATUTHCST
K KpaliHeMy JIeBOMY Y3JIy /iepeBa B cieiyionieM mare. /{asee neT muKs, KOTOpbIi mpo-
JIOJKAETCsI, IOKa epeMeHHast node He BBIAJIET U3 JIepeBa B KOHIlE 00X0/1a.

JTo6paBIUCE 10 TEKYIIEH BEPITHHDL, ATTOPUTM He 0053aTeTbHO MPUCTYTIAET K ee 00-
pabotke. Ecaiit oH 06HAPY/KUBAET HCXOISIITYTO JTEBYTO BETBB, TO TIPUXONT K BHIBOLY, 4TO
pacmoJioKeHHbIe HUKe B TTO/I/IepeBe Y3JIbl NMEIOT 3HAUEHU s, MEHbIIINE TEeKYIIero, 1 UX
HY>KHO PacCMOTPETD B MepBYIO o4yepeib. [1o aToli puynHe porpaMma rnepeMeriaeTcs
BHM3 110 BETBY HACTOJIHKO JIAJIEKO, HACKOJIBKO BO3MOXKHO, ¥ JIUIITH 3aTeM 06pabaThiBaeT
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TeKYIIYIO BepIlnHy (HarpuMmep, B gepese, u3obpaskeHHoM Ha pucytke 10.12, ona po-
CTIeJIyeT OT BEPIIUHBI 6 K BepIInHE 9 TOJNBKO TTOCTIE TOTO, KaK PACCMOTPUT 7).

[asnee, ecii y BepIIMHBI HET 1IPABOIl BETBU, aJITOPUTM CJIEAYET 110 TIPABOMY Tpe-
ny. B caydyae xorma mpasbiil Tpes paBeH null, BepuinHA TakKe MPUPABHUBAETCS
Knull — ¥ IUKJIWhile 3akaHYMBAET CBOIO PabOTy. 3aTE€M aJITOPUTM YCTAHABIUBAET
via branchnaFalse, 4TOOBI IOKA3aTh, YTO OH J0OPAJICSA 10 HOBOI BEPIIMHBI 10 TPe-
my, a e o BetBu. ([l71s1 mepesa Ha pucynke 10.12 mogobHOE TPOUB0THIET HE EAMHOMKIIDI,
HalpuMep Ha ITyTH 13 BeplinHbl 4 K 5. [Tockosbky via branch ycraHoBieHn Ha False,
asroput™ Oyzer caexyloneir o6pabaThiBaTh BEPLUIMHY 5.)

Ecau npaBas BeTBb TeKyleil BepIIMHBI He null, aJTOPUTM cJielyeT 1o Hell 1 ycTa-
HaB/IMBaeT via branchHaTrue, 4TOOBI CITYCTUTHCSI TI0 MTOJ/IEPEBY IAHHOW BEPIITUHBI
BO BpeMsI CJIEYIONIEro MPOXOXK/AeHN yepe3 INKI While.

Huke mpUBOAUTCS OMUCAHME [IATOB, KOTOPBIE MTPEAIPHHUMAET aJITOPUTM JJIst 00X0/1a
nepesa, n306paxkeHHoro Ha pucyHke 10.12.

1. Haunnaem paboTy y KOPHSI 11 yCTaHABJINBAEM IlepeMEeHHYI0 via branch Ha True.

2. IlockosbKy via branch paBHO True, CJI€yeM I10 JIEBBIM BETBSIM K 2, a 3aTeM
K 1. O6pabaTbiBaeM BepIuuHy 1.

3. /IBuzkeMcs 110 TpaBOMY TPe/y K 2, a 3aTeM yCTaHABJIMBAaEM via branch Ha
False.

4. Ilockonbky via branch paBHo False, o6pabaThiBaeM BEPIIUHY 2.
5. CirejtyeMm 110 IIpaBoii BETBU K 4, a 3aTeM ycTaHaBJuBaeM via branch Ha True.

6. ITockonbKky via branch paBHO True, IbITAEMCs 1€PEMECTUTHCS BHU3 110 JIEBBIM
BeTBsIM. JIeBOW BETBU HET, 3HAYUT, OCTAEMCsI Y BEPINIUHBI 4 1 06pabaThiBaeM ee.

7. [lns Havasia cjeiyeM Mo IPAaBOMY TPery K 5, a 3aTeM YCTaHABJINBAEM [IepPeMeH-
Hylo via branch Ha False.

8. Ilockosbky via branch paBra False, 06pabaTbiBaeM BEpIIHIY 3.
9. JlBrzxeMcs o TIpaBoii BeTBU /10 6, a 3aTeM ycTaHaBiIUBaeM via branchna True.

10. ITockonbky via branchpaBHa True,IbITaeMCs IEPEMECTUTHCS BHUS MO JIEBBIM
BeTBsIM. JIeBOI BETBU HET, 3HAYMT, OCTAeMCs Y BepIuHbl 6 1 o6pabaTbiBaeM ee.

11. Cnenyem 1o mpaBoii BeTBU 710 9, a 3aTeM ycTaHaBJIUBaeM IIePeMeHHYI0 via
branchHa True.

12. TlockombKy via branch paBHO True, HjeM II0 IIPaBoil BeTBU K 7 1 00pabaThl-
BaeM 3Ty BEPIINHY.

13. JIBm:keMcst 110 TpaBOMY Tpey K 9, a 3aTeM yCTaHABJIMBAEM ITepeMEeHHYTO via
branch Ha False.

14. TlockosbKy via branch paBuo False, o6pabarbiBaeM Bepmmiy 9.

15. Caemyem 110 paBoMy Tpeqy 10 3Ha4eHUs null, a 3aTeM yCTaHABJINBAEM Iiepe-
MEHHYIO via branchnaFalse.

16. Tenepnb nepemeHHast node paBHa null, 3akaHuuBaeM paboTy 1ukia While.
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[IpuBeneHHDBIN ANTOPUTM MO-TIPEKHEMY IIPOXO/IUAT IO BCEM BETBSIM BEPITUHBI U Ye-
pe3 Kasklyto BepIInHY, mosTomy obiagaet BpemereM pabotsl O(N), 0IHAKO eMy He Tpe-
GyeTcst paspelieHue 1151 PEKYPCUBHBIX BBI30BOB 1 MOABEMa 110 JOYEPHUM BeTBsIM. Ta-
KM 00pa3oM, OH 9KOHOMUT HEMHOT'O BPEMEHH 110 CPABHEHHIO ¢ 0OBIYHBIM 00X00M, He
HCIIO/Ib3YeT PEKYPCUIO, a 3HAYKT, HE 3aBUCUT OT ee TIyOuHbL. KpoMe Toro, B oTiimune ot
06X0/1a B IIUPUHY OH HE HY/KIA€TCS B AOTOJHUTETHHOM POCTPAHCTBE Ha IMCKE.

CneuuanusupOBaHHble aJiropnNTMbl

[IporpaMMHUCTBI pa3paboTain MHOKECTBO AITOPUTMOB JIJIST PENTEHs crierdude-
CKVIX 33/1a9 Ha OCHOBE JiepeBbeB. OmucaTh abCOTOTHO BCe HEBO3MOKHO, HO B CJIEYIONTIX
TO/IPa3/IeaX Mbl KOCHEMCS Y€THIPEX U3 HUX, KOTOPbIE TPECTABIISIIOT OCOOBII MHTEpEC.
DBaaromapst UM BBI M3Y4YHUTE TaKWe MOJTE3HbIe TEXHOJOTHH, KaK OOHOBJIEHHUE JlepeBa JIJIs
BKJIIOUEHUS HOBBIX JIAHHBIX, PACYeT PEKYPCUBHBIX BBIPAKEHUI, a ellle Pa3jie/ieHre Teo-
METPUUYECKUX 00JIacTeil.

B nocsieiHeM nopasiesie onuchBaOTCst MpeUKCHBIE €PEBbsI, KOTOPBIE XOPOIIIO
U3BECTHBI B HAYKe 00 aJITOPUTMAX.

Urpa «JdKnueotHbie»

CyTb UTPHI 3aKJTIOYAETCS B CJAEAYIONIEM: TTPOTPaMMa MbITAETCs YralaTh 3a/lyMaH-
HOE T0JIb30BATEIEM KUBOTHOE 1 TIPU 9TOM caMO00OYYaeTCsl, TO €CTh MOCTEIIEHHO CO-
BeplieHcTByeTcsd. Bes Heobxoaumas nHdopMalus XpaHuTcess B OUHAPHOM JiepeBe,
Kak/1asl BEPIIMHA KOTOPOTO COJEPKUT BOTIPOC, MPE/ITOJNATAIONINN OTBET «a» WU
«Her». [TocnegoBaTebHBII BHIOOD OJHOIO 13 9TUX OTBETOB BeJIeT IPOTrPaMMy BHU3 I10
COOTBETCTBYIONUM BETBSIM /IO TEDMUHATLHON BEPIIUHBI, I/le U HAXOUTCS Ha3BaHUe
JKUBOTHOTO. Ecimi iporpaMma coBepinaet omuoKy, OHa IPOCUT MOJIb30BaTE s BBECTH
YTOUHSTIOIIUI BOTIPOC, KOTOPBIH TO3BOJIHII ObI ¢ii IPUIITH K BEPHOMY PEIEHHIO, 3aTeM
106aBIIIeT ero B HOBYIO BHYTPEHHIOIO BEPIIUHY U CO3JAET /ISt Hee CBOM JIUCTh.

[TpenronoRuM, aITOPUTM TIPOTPAMMBI BBITJISIIUT TaK, Kak Ha pucyHke 10.15, u mosb-
30BaTesb 3aragai 3meio. B tabsmie 10.2 mpuUBOAATCS CTHCOK BOTTPOCOB, KOTOPHIE 33/1A€T
MporpaMma, 1 MoJy4eHHbIE OTBETHI TIOJTh30BATEIS.

( 310 MﬂeKOI'II/ITaIO-
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Puc. 10.15. Vcxo/Hoe jepeBo 3HaHUI [1jist UTPbl «JKUBOTHBIE>
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Ta6nuua 10.2. Wrpa ©KnBOTHbIE» NMbITAETCA yranath 3Mel0

Bomnpoc nporpamMmsl

OTBET M0JIb30BaTENSA

ITO MJEKOIuTaoIee?

Her

Owno nokpeiTo venryeii? |/la

OHO ABIIIUT B Boje? Her

ITO 3Mmest? Jla

Ecsmm sagyman sxupad, BOpocs! 1 0TBeTHI Ipo3Byyar nHade (tabir. 10.3), a mporpam-
Ma 100aBUTh B JIEPEBO YTOUHSIONLY0 HH(MOPMAIHIO U HY;KHOE kuBoTHOE (prc. 10.16).

Tabnuua 10.3. Urpa ©KuBoTHbIE» NbITAETCS YrafaTh Xupada

Bonpoc nporpammbl

OTBeT 10JIb30BaTEISA

ITO MJEeKoIuTaolee? Jla
Omno naet? Her
ITO KOTITKA? Her
Kakoe :XuBOTHOE BBI 3arajaim? Kupad

KOIIKY OT *kupada?

Kakoii Bomrpoc moMoskeT OTJIUIHTD

Y Hero jqiuHHag 1mIes?

Jlns sxupada oTBeT yTBEpANTENbHBIH ?

Jla

( 310 MJ'IeKOerITa-

(Oro C,IJ,J1VIHHOI7I-

&

Puc. 10.16. /lomomHenHoe epeBo 3HAHWI 711 UTPHI «JKUBOTHBIEY>

<%

<

( Kom- ( Pbl6.

PacuyeT maTemMmaTu4eCcKux BbipaXKeHun

ObILINT B
2

>

ﬂepeBbﬂ XOPOHIN JIJIA MOJIEJTMPOBAHUA MaTEMaTTYECKHUX Bpra)KeHHﬁ. I[JIH Ka’K/1010 OI1e-
paTopa CO31acTCA BHyTpE‘HHI/Iﬁ KO/, a AJTA KaKI0TO YMCJICHHOTO SHAUYCHUWA — TEpMHUHAJIbHAA
BEpIIHA. 10 3HAYUT, YTO €/IMHOE CJIOKHOE BbIPAKEHNE p336I/IBa€TC$I Ha 49aCTH, a TIOJTy4€eH-
HbI€ C X IIOMOIIBIO PE3YJIbTATDI 3aTEM MCITOJIb3YIOTCA AJIA TIOVCKAa UTOTOBOI'O 3HAYEHMA.

[Tonpobyem penmuth caexytonuii mpumep: (6 x 14) / (9 + 12). Yrobbl oryuuTh
TSI HETO OTBET, HYKHO CHavasa paccuuTarb 6 x 14 m 9 + 12, a 3arem pas3nesmTh Ux pe-
3yJIbTAThL. YUHUTHIBAsI BHIIIECKA3aHHOE, MOJIEIUPOBAHUE JIepeBa OYIeT BBITJISIIETh TAK:
HEOOXO/IMMO BBICTPOUTH MOJJIEPEBbSI JIJIsl HAXOXK/IEHUST YACTHBIX BBHIPAKEHUN U TOTOM
COEJIMHUTH UX C KOPHEBOH BEPITMHOMN, KOTOPas MPEACTABIISIET COO0H KOMOMHUPYIOIIYIO
oTiepalnuio — B HaieM ciaydae fenenue (puc. 10.17).
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Puc. 10.17. [lepeBo s pacuera MatemMatudeckoro Boipaxkenus (6 x 14) /(9 + 12)

Kakmast BHyTPEHHsIST BepIiiHA 00Pa30BaHHOTO JIEPEBA IMEET JI0YEPHUE Y3JIbI, B KO-
TOPBIX HAXOAATCA orepan/ibl. Hanpumep, 1BoUYHbIE OTIepaTOPDI CJ0KEHU 1 iesieHus (+
U /) IOJGKHBI KOMOMHUPOBATH 3HAYCHYSI, PACTIOJIOKEHHbIE B X JIEBO# U TPaBoil 1ouep-
HUX BepHIMHaX. TepMUHaJIbHBIE Y3JIbl MOJKHO IIPEJCTABUTD B BU/IE CIIEIIMaJIbHBIX Olle-
paTopoB, TPe0OPasyIOIIIX TEKCTOBOE 3HAYEHHUE B YHCIOBOE.

EnuncTBenHoOE, 4TO OTCYTCTBYET B KJ1acce apu(pmMeTudecKoil BEPIIUHBI, — 3TO METO[
pacueta. EMy cieyer uay4uTb TUII BepIHIMHBI M BEPHYTb COOTBETCTBYIONUI Pe3yJIbTaT.
Hampumep, B ciiyyae oneparopa ca0xeHus (+) MeTO/ J0JIKeH PEKYyPCUBHO pacCYuTaTh
YaCTHBIE BRIPAKEHWST 1 CyMMUPOBATH TIOJyYCHHBIE 3HAUCHUSL.

B crenyroriem niceBioko/ie IPUBOIUTCS CIIUCOK, HA OCHOBE KOTOPOTO OIIPe/eIsieTCs
THUII OllepaTopa: TEKCTOBOE 3HaYeHue (Harpumep, 8), ciloskeHue, BbluuTaHue, yMHOKeHUe,
neJeHve WM yHapHOoe oTpuiianue (Harmpumep, —5). [Ipn HeoO6XOMMMOCTH €T0 MOKHO
JIOTIOJTHUTD U JIPYTUMU OIlepaTOpaMy, TAKUMH KaK KBaJ[PATHBINI KOPEHb, BO3BE/IEHUE
B CTENeHb, CHHYC, KOCHHYC U T. 1.

Enumeration Operators
Literal
Plus
Minus
Times
Divide
Negate
End Enumeration

Hwxe paccmaTpuBaetcs kiace ExpressionNode, NpeACTaBISgIONINI BEPIIUHY
B JlepeBe MaTeMaTH4eCKOI0 BbIPAsKEHUSL.

Class ExpressionNode
Operators: Operator
ExpressionNode: LeftOperand, RightOperand
String: LiteralText
// PacCUYMTHBAEM BHpPAaXEHUE .
Float: Evaluate()
Case Operator
Literal:
Return Float.Parse(LiteralText)
Plus:
Return LeftOperand.Evaluate() +
RightOperand.Evaluate ()
Minus:
Return LeftOperand.Evaluate() -
RightOperand.Evaluate ()
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Times:
Return LeftOperand.Evaluate() *
RightOperand.Evaluate()

Divide:
Return LeftOperand.Evaluate() /
RightOperand.Evaluate ()

Negate:
Return -LeftOperand.Evaluate /()

End Case

End Evaluate
End ExpressionNode

B camoM Hauasre 0OBABIAIOTCA CBOMCTBA KIacca:
* Operator — BbHIOpPaHHbIII THUII OllepaTOpa 13 IPUBEJEHHOTO CIIMCKa Operators;

» LeftOperanduRightOperand — CCBIJIKA Ha JI€BbIE U IIPABBIE JOUEPHUE Y3JIbI
(ecyiv BepIIMHA COAEPKUT YHAPHBIN O1IE€PATOP, HATPUMED OTPUIIAHUE, TO UCTIOJb-
3yeTcs TOJIBKO JIEBBIH I0UePHUIT y3eJI; eCIM TeKCTOBOE 3HaUeHHe — He UCIIOJIb3Y-
€TCsl HU OJIUH U3 JJOYEPHUX Y3JI0B);

= LiteralText — 3TO CBOMCTBO HCIOIb3YETCS TOIBKO /IS BEPIIUH C TEKCTOBBIM
3HaueHueM, Harpumep 12.

3atem MeTo/l Evaluate coBepliaeT Hy)KHOe [elicTBUe, ONUPAsiCh HA CBOKCTBO
Operator. Hampumep, ecnm Operator paBeH Plus, OH CKJIAAbIBAET 3HAUCHUS JIEBO-
TO U IIPaBOI'0 JOYEPHUX Y3JI0B, & [IOTOM BO3BpalllaeT CyMMY.

Takum 06pa3oM, paccunTaTh BCe BhIPAsKEHUE Ha OCHOBE BHICTPOEHHOTO JIEPeBa J10-
BOJIBHO JIETKO — JIOCTATOYHO BBI3BATH METOJ KOPHEBOH BeplImHbI Evaluate. CI0XKHO
c(hOopMUPOBATH CaMO JIEPEBO HA OCHOBE CTPOKU — B HaIieM cirydae a1o (6 x 14) / (9 +12).
O TOM, KaK 3TO clIeJIaTh, YMTaiTe B ryiaBe 15, MOCBSEHHON CTPOKAM.

AepeBbs KBaapaHTOB

Jepesvs keadpanmos, nim k6adpodepesobst, — 3TO APEBOBUIHBIE CTPYKTYPbI JaH-
HBIX, KOTOPbBIE TIOMOTAIOT HAXO[UTh OOBEKTHI B IBYMEPHOM pocTpancTie. IIpero-
JIOJKUM, €CThb MPUJIOKEHIE, KOTOPOE 0TOOPAKAET Ha KapTe HECKOJIBKO THICSY 00BEK-
TOB. Kak To/1bKO 110/Ih30BaTENb TIETKHET B HY;KHOM €My MeCTe, IPOrpaMMa J0JKHA
[IPOBECTH HMOJHOILEHHBIN MOUCK 110 00beKTaM U HalTh OJMKalIINi K yKa3aHHOMY
MyHKTY HazHaueHust. Eciii 0ObeKThI XPaHSATCS B IPOCTOM CITHCKE, TporpaMma Oyier
BBIHY/K/IEHA OCIE0BATENBHO POBEPUTH KaXkK/IbIH U3 HUX, YTOOBI OMPEAETUTD MO/
XOIAIINN.

JlepeBo KBaPAHTOB 3HAYMTENHHO YCKOPSIET MOA0OHBIE oTleparni. B HeM Kaskmasa
BEPIMHA — 3TO MPSIMOYTOJIBHUK B IBYMEPHOM ITPOCTPAHCTBE, KOTOPBIH COIEPKUT CITICOK
9J1eMeHTOB. Eciiy a/1eMeHTOB CIMIIKOM MHOTO, OHM [IepepaciIpeeisioTcs 110 YeTbipeM
JIOYEPHUM BePIIMHAM, IIPEACTABIISIONIMM COO0I ceBepo-3allaiHblii, CEBEPO-BOCTOYHbIII,
I0T0-BOCTOYHBIN 1 I0T0-3ala/IHbIH KBAJPAHTBI POJIMTEIBCKON BEPITUHBL.

[lepBBIM mEeOM 27IEMEHT € 3alaHHBIMU KoopAnHaTamMu X 1 Y uiiieTcs B KOPHEBOH
BepimmHe. Ecu y iepeBa KBaJ[paHTOB €CTh JOUYEPHUE BEPIINHEI, TO IT0 KOOPANHATAM
aJIeMeHTa OIpe/esisieTcss HyKHasd, a 3aTeM PEeKyPCUBHBIN MOUCK BeJETCS YKe B Hell.
Jloiiis 1o BepIIUHBIL, KOTOPast He UMEET JIOUEPHUX Y3JI0B, aJITOPUTM TIEpeCMaTPUBAET ee
9JIEMEHTHI, IIbITAsICh HAITH 1[€JIEBOIA.
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[TpeaIo0KUM, 4TO BBIIEYTTOMSIHYTOE MpHiioKkeHue copep:kut 1500 06beKToB.
Jlnsg TMHEHOTo MOUCKa MO CHUCKY TOTpebyeTcst MPOU3BeCTU NPUOIUZUTENBHO
750 cpaBHeHUii. A Tenepb MpeACTaBbTE, YTO BbI XpaHUTE UH(POPMAIMIO B JepeBe
KBaJ[paHTOB, Kask/ast BepimuHa KoToporo BMmemniaeT 100 amemenToB. Ecan BepmuHb
pacipezieieHbl TT0 KapTe OTHOCUTEJNBHO PAaBHOMEPHO, TO TOJYUYUTCS CIeAYIONast
kaptuna (puc. 10.18).

0]010]10/0]10]10]10]0]1010]10]I010]010

Puc. 10.18. /lepeBo KBajipaHTOB
C PAaBHOMEPHO pacTpe/ieJIeHHbIMI 9JIeMEHTAMH

Kopuesas Bepinna pasjesieHa Ha 4eThbIpe KBaJ[paHTa, KasK/blil U3 KOTOPBIX BKJIIO-
JaeT ellfe YeThIPE MEHBIINX KBajipanTa. TepMUHAIbHDIE BEPITHHDI [TPEICTABJISIIOT COO0M
HAUMEHbBIINN KBaJ[PAHT, Ybsl BMECTUMOCTD cocTasisieT 100 anemeHTOB.

Y106bI HAIITH IIeJIeBOIT 2IeMEHT, HyKHO OIIPeeuTh CHauaa GO KBagpanT,
B KOTOPOM OH COJIEPKUTCSI, 3aTeM BHYTPU HETO Oosiee MEJIKHIl KBa[PAHT U, HAKOHEII,
IIPOBECTHU [TOMCK 110 3JIeMEHTaM TePMUHAJILHOI BepUIUHDL. Pe3yibTaToM cTaHeT cpejiHee
apudMeTnIecKoe U3 ABYX CPABHEHUN KBAJAPAHTOB U OKOJIO 50 cpaBHEHMIT 2JIEMEHTOB.
OrHocuTebHAS CKOPOCTb CpaBHeHI/Iﬁ KBa/IpAaHTOB 1 3JIEMEHTOB MOKET MEHATDHCA B 3a-
BHUCHMOCTH OT MIOCTaBJICHHOI 32141, HO 0OBIYHO OHA HAMHOTO OBIcTpee, yeM 750 cpas-
HEHWH U3 TIPOCTOTO CIUCKA.

Ecin nepeBo kBaipaHTOB coNep:KUT N BEPIIUH, B KAKIO0H 3 KOTOPBIX MOJKET HAXO0-
maTcst 1o K 2J1eMeHTOB, OTHOCUTETHHO PABHOMEDPHO PaCTIpe/ieIEHHBIX Ha OTHOM TLITOTIA/IH,
T0 ero Bicota Oyzier okouo log, (N/K). B nautem npumepe N = 1500, a K = 100, 3Haunr,
BBICOTA JiepeBa, nzobpaxxennoro na pucynke 10.8, pasna log, (1500/100) = log, 15 =
~ 1,95, 4To 61M3KO K 2.

Ha pucynke 10.19 npencranena Busyanusarus qepea kBapantos u3 200 asemen-
TOB, K&K/1as1 BEPITNHA KOTOPOTO BKJIOUaeT 0KoJio 10 ameMeHTOB (Ha MpaKTHKe TOCIeHee
YKCJI0 MOKET ObITh 0OJIbIIE, YTOODI JeJIEHIE TPOUCXOANIIO0 He Tak YacTo). Obo3HaueH-
HbIE PAMKH MOKa3bIBAIOT, KAK pacuepyeHa 00IacTh B IIEJIOM: KapTa pa3buTa Ha YeThIpe
OCHOBHBIX KBa/IPAHTA, B KAYK/IOM M3 KOTOPBIX BBIIEJIIIOTCS YeThIPe KBAJIPAHTA TOMEHBIIIE,
3aTeM HEKOTOPbIE M3 HUX APOOSITCS ellle pas M T. /1.

Jlnist paboThI ¢ I€PEBOM KBAZPAHTOB BaM IOHAL00STCS aJITOPUTMbI, KOTOPbIE YMEIOT
HaXOJMTh HY KHBII 2JIeMEHT WK J00aBJISAThH €ro K BeplinHe mojaaepea. Kpome toro,
MOZKET IIPUTOJIUTCS AJITOPUTM JJI HAHECEHU 3JIeMEHTOB Ha KapTy.

B ciieyroriem reeBaoKoie mpeacTaBieHo 6a3oBoe olpeiesieHre Kracca s IepeBa
KBaJ[PAHTOB.
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Class QuadtreeNode
// MaxcyManbHOEe KOJIUYeCTBO DJIEMEHTOB B OINHOM BepuIMHE OepeBa KBaIpaHTOB.
Integer: MaxItems = 10

// DJIeMeHTH [aHHOM BEepIMHE IepeBa KBaIpaHTOB.
List Of Data: Items

// ObnacTe, KOTOPY IIPeACTaBlseT NaHHAs BeplMHa IepeBa KBaIpaHTOB.
Rectangle: Area

// BHa4YeHUs] CPeIVHHEX KoopAMHaT X U Y.
Float: Xmid, Ymid

// IoYepHMe BEpUUHE OepeBa KBaIpaHTOB.
QuadtreeNode: NWchild, NEchild, SEchild, SWchild

// VHMIManmms3auus KOHCTPYKTopa.
Constructor (Rectangle: area)
Area = area
Xmid = (Area.Left + Area.Right)
Ymid = (Area.Top + Area.Bottom)
End Constructor
End QuadtreeNode

/2
/2
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Puc. 10.19. /IepeBo kBazpanTos u3 200 sameMmeHTOB

3HaueHne MaxItems yKa3blBaeT HA MAKCUMAJbHOE KOJINYECTBO 3JIEMEHTOB, KOTO-
pble MOJKET COJIEPsKaTh BEPIIMHA, He PasOMBasiCh Ha KBaJPAHTHIL.

CBoIicTBO I tems — 9TO 9JIEMEHTHI BEPIIWHDBI. Ecmm BEpIINHA BHYTPEHHAA, TO T tems
PaBHO null, a 3JieMEeHTBI XpaHATCA B I0YEPHUX TTO/I/IEPEBBAX.

CBoiicTBO Area — 06JaCTh, KOTOPYIO MIPEACTABJSIET BEPIINHA B IBYMEPHOM IPO-
CTpaHcTBe. SHAUeHUsA Xmid 1 Ymid — cpeinHHbIe KOOPAUHATHI X 1 Y; OHU UCTIOIb3YIOTCS
JUUISL OIIpe/iesieHus HY>KHOTO KBa/[paHTa.
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B kiacce ecTb KOHCTPYKTOP, MHUIIMAJIN3UPYIONTNI CBOMCTBO BepIIMHbI Area, a TaK-
e Xmid u Ymid. ITo cyTu, mocieHue ABa 3HAYEHUS MOKHO PACCYUTATh B JIIOGOH MO-
MEHT, HO IIOCKOJIbKY OHU 4acTO MCIOJb3YIOTCs (110 KpaliHell Mepe /71 HeTepMUHAJIb-
HBIX BEPIIH ), THUINAIN3AINS TTO3BOJISIET CAKOHOMUTD BPEMSI.

Huske B 1iceBnokojie Quadt reeNode B 10J1epPeBO 100aBIISETCSI HOBBII 9J1IEMEHT.

// IobaBisieM BJIEMEHT B IIOAIEepPeBO BEPIIVHH.
AddItem(Item: new_item)
// TlpoBepsieM, TOJIHAS JM BEpUNUHA .

If ((Items != null) And (Items.Count + 1 > MaxItems)) Then
// PazbuBaeM MNaHHYW BEpPIVHY .
Float: wid = (Area.Right - Area.Left) / 2
Float: hgt = (Area.Bottom - Area.Top) / 2

NWchild = New QuadtreeNode (

New Rectangle(Area.Left, Area.Top, wid, hgt))
NEchild = New QuadtreeNode (

New Rectangle(Area.Left + wid, Area.Top, wid, hgt))
SEchild = New QuadtreeNode (

New Rectangle (Area.Left + wid, Area.Top + hgt, wid, hgt))
SWchild = New QuadtreeNode (

New Rectangle (Area.Left, Area.Top + hgt, wid, hgt))

// COBUTaeM TOYKM B TIOOXOIsmee TIONIepeRBo .
For Each item In Items
If (item.Y < Ymid) Then
If (item.X < Xmid) Then NWchild.AddItem(item)
Else NEchild.AddItem(item)
Else
If (item.X < Xmid) SWchild.AddItem(item)
Else SEchild.AddItem(item)
End If
Next item

// VpmanseMm CIMCOK ltems IaHHOW BEPUNWHEH .
Items = null
End If // 3axkaHumBaeM, €CIM BeplIKrHa II0JTHAasS.

// IDobaBisieM 2JIEeMEeHT B IIOOXOOslee I[IOLIePeBO .

If (Items != null) ThenItems.Add(new_item)

Else If (new_item.Y < Ymid) Then
If (new_item.X < Xmid) Then NWchild.AddItem (new_1item)
Else NEchild.AddItem(new_item)

Else
If (new_item.X < Xmid) Then SWchild.AddItem(new_item)
Else SEchild.AddItem(new_item)

End If

End AddItem

Ecim TeKyIlas BeplInHa TEpMUHAIbHASA 1 n00aBJIeHME eI1le OHOTO 3JIEMEHTa TIPUBO-
JIUT K IIPEBBIITEHNIO X JIOILy CTUMOTO KOJIMYECTBA, aJITOPUTM pa361/1BaeT BEPUIMHY Ha Ue-
TbIp€E JOYEPHUE. 3areM OH MUKJINYECKHI IIPOXOJNT IO dJIEMEHTAM U, PEKYPCHUBHO BbI3bIBasI
MeTo/ AddItem, HepeMelaeT uX B COOTBETCTBYIOIIEE ITOJIEPEBO. [Tocue saToro cricok
Items ycraHaBInBaeTCa Hanull, YTOOBI yKa3aTb, YTO BepILINHA SIBJISIETCS BHyTpeHHeﬁ.

Ecau cBoiictBO Items He paBHO null, 3TO TOBOPUT O TOM, YTO BEpPIHIMHA TEPMU-
HAJIbHAST, U AITOPUTM J00ABJISIET HOBBIU 3JIEMEHT K CIIUCKY Items. B mporuBHOM ciryuae
AJITOPUTM BBITIOJHSET PsAZl TECTOB T £-Then, 4T0ObI OMPEETNUTD, B KAKOM MOJIEPEBE CO-
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JIEP5KUTCS 3JIEMEHT, a 3aTeM PEeKYPCUBHO BbI3bIBAET COOTBETCTBYIONIUI METO/ /IoUepHei
BepinHbl AddItem.

B cremyromemM BBICOKOYPOBHEBOM IICEB/IOKO/IE TIOKA3aHO, Kak QuadtreeNode Ha-
XOJIUT 3JIEMEHT B JAaHHOW TOYKE W BO3BpAIAeT OTBET C MMOMOIIBIO TTapaMeTpa result.
3HaueHnne True coobIaeT 0 TOM, YTO 1ieJIeBOl aJieMeHT HaiifieH, False — 0 TOM, UTO
1IeJIEBOTO dJIeMeHTa HeT.

// VmeM BIiIeMeHT B OaHHOM TOodYKe. Bo3BpamaeM true, ecny HaxoIuM ero.
Boolean: FindItem(Point: target, Item: result)
// TlpoBepsieM, €CTb JIM HOYEepPHUE BEPIIMHH .
If (Items == null) Then
// IlodepHMe BEpUNMHE €CTh, MIEeM IIOOXOOdmee MIONIepeRBo .
If (target.Y < Ymid) Then
If (new_item.X < Xmid) Then
Return NWchild.FindItem(target, result)
Else Return NEchild.FindItem(target, result)

Else
If (new_item.X < Xmid) Then
Return SWchild.FindItem(target, result)
Else Return SEchild.FindItem(target, result))
End If
Else
// IIOYepHMX BEpUMUH HET, MIEeM DJIEMEeHTH TeKyllell BEepUMHEH .
For Each item In Items
// TpoBepsieM, TOT JIM 3TO BJIEMEHT.
If ((item.X == target.X) And (item.Y == target.Y)) Then
result = item
Return True
End If
Next item
// DileMeHT He HalmeH.
Return False
End If

End FindItem

CHauasia aIrOpuT™ IIPOBEPSIET CBOICTBO Items, YTOObI BHIACHUTD, UMEET JI TEKY-
11ast BepIInHa JouepHue y3Jbl. Ecii TakoBbIe ecTh, OH OIpeiesisieT, B KaKOM TI0/lepeBe
COJIEP’KUTCST 9JIEMEHT, M PEKYPCUBHO BbI3bIBAEeT MeTO/ FindItem COOTBETCTBYIONIEN
JlouepHel BePIIMHBL. B TPOTHBHOM cirydae BBITIOJTHSIETCS TIOUCK TEJIeBOTO 3JIeMEHTa
110 CITUCKY BepiuHbl Items. He 06Hapy>I<I/IB 39JIEMEHT B YKa3aHHOM MeECTE, IIpOoTrpaMMa
BO3Bpalaer False.

PaccMOTpeHHbBIH KOJT KasKeTCsI OTHOCUTEHHO MTPOCTHIM, HO HA ITPAKTUKE BCE OKA3bI-
BaeTCs CJIOKHEe. XPaHsIIIIecs B IEPEBE 3JIEMEHThI OTJIMIHBI OT OOBIYHBIX OKPY/KHOCTEH,
TIPSIMOYTOJTBHUKOB UJTH CeTMEHTOB JnHUM. OTCI0/1a BO3HUKAET BOITPOC: K KAKOU U3 JIBYX
13 BEPIINH JiepeBa KBaJPAHTOB OTHECTH 3JIEMEHT, PAacIioIOKeHHbII Ha rpanuie? Kak
BapMaHT, MOKHO IIOMECTUTH €ro B 00€ BEPUIMHBI, YTOOBI IIOUCK OKA3aJICS YAAUHbIM
HE3aBUCHUMO OT TOTO, HA KAKOH TJIOIIAN MIEJKHET M0Jb30BaTe b, Ho B 3TOM ciryuae
HeoOXO0AMMO U3MEHUTD AJITOPUTMbI TAKIUM 00pa3oM, 4TOObI OHU MOTJIN B3aUMOAECTBO-
BaTh C IByMEPHBIMU dJieMeHTaMu. Harpumep, pu orckKe ajieMeHTa HY;KHO He TIPOCTO
CPaBHUBAThH 1IEJIEBYIO TOUYKY C MECTOM, B KOTOPOM OH HAXOIUTCs, HO ¥ pa3paboTaTh
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onpe/ieJIeHHbIN MeTO/l, KOTOPBIN MTO3BOJIUT BBISICHUTD, pacliojiaraeTcs Ju IejeBast
TOYKA BHYTPHU dJIEMEHTA.

[Tonobroe perenne TPUBOAUT K TyOIUPOBAHKIO SJIEMEHTOB — OHU TIPEJCTABJISIIOT
OJIVIH U TOT 7K€ OOBEKT B PA3JIMUYHBIX BEPIIMHAX JiepeBa KBAJPAHTOB. ITO B CBOIO 0YEPe/lb
MPOBOIUPYET HellesecoobpasHoe UCIoIb30BaHue MpocTpacTBa. Kpome Beero mpouero,
BEPIIHHBI JIEPEBa KBAJIPAHTOB 3AIOJHSIOTCST TOPA3/io OBICTPee, YeM MIPH JAPYTOM CIIOCO0E,
TIO9TOMY JIOJIKHBI PA3IEIISITHCS Yallle, KaK CJIEICTBUE — IEPEBO CTAHOBHUTCS GOJTEE TITYOOKIM.

Ente o110 BO3MOKHOE pelleHne — MPeACTaBUTh KasK (bl 5JIEMEHT € IIOMOILBIO 0CO-
6ol TOYKM, PACIIONOKEHHON B LEHTPE WM B BEPXHEM JleBoM yriy. Torga npu moucke
DJIEMEHTA aHAIU3UPYIOTCS BEPIIUHBI AePeBa KBAAPAHTOB ¢ 00JACTAMME, YACTUYHO I10-
KPbIBAIOUMMKU 00JIaCTh BOKPYT 1€JI€BOI TOYKHU, KOTOPast J0CTaTOYHO BeJUKa, 4TOObI
BKJIIOYATD B ceOd HanOOIbIINI JIeMEeHT.

Hamnpumep, uzobpakennbie Ha pucytke 10.19 aieMeHTbI — 9TO OKPY;KHOCTH € Pajiny-
COM 5, KOTOPbI€ IIPE/ICTABJIEHbI IIEHTPATbHBIMU TOUKaMu. [Ipu 11orcke ajieMenTa B TOUKe
(A, B) nporpamma 1posepsieT J11o060e IepeBo KBaJApaHTOB ¢ 00JIACTbIO, IepeceKaoleil
npsaMOyroabHUK A — 5 < X<A+5uB-5<Y<B+5.

Bce onncannbie uaMeHeH1sI BHECTH B AJITOPUTM HECJIOKHO, ITpaB/ia, OHN YAJUHAT KO/.

OkToaepeBo NogoBGHO KBAAPOAEPERY, 3a UCK/IOYEHNEM OOHOM0 — B HEM Xpa-
HSATCS TPEXMepHble 06bekThl. BocbMepuryHas BepLlumHa Takxke TpexmepHa. Korga
B HEi HakananBaeTcs MHOMO 3/IEMEHTOB, OHA Ae/IMTCA Ha BOCEMb OKTAHTOB MO
4yncny [OYePHUX BEPLUNH, @ 31eMeHTbl pacnpeaensoTcs Mexay nogaepesbsiMu.

V BOCbMEPU4HbIE AEPEBbS

MpeduxkcHoie gepeBbs

IIpeurcroe depeso, win ayy, — 37O JIepeBo, colepsKaiiee cTporu. Kaxkaast BHY-
TPEHHSIST BEPIIMHA [IPEICTABJISIET c0O0iT 0HY OYKBY, TEDMUHATIBHASI — YACTO HECKOJIb-
k0. ITyTh OT KOpHS /10 TEPMUHATIBHOM BEPITUHBI COOTBETCTBYET CTPOKE.

YacTUYHBIH My Th OT KOPHS K BHYTPEHHEH BepIIUHe Co3/aeT npedukc 1uis 6oee JUTiH-
HBIX Iy TEH, TO3TOMY JIYYH YACTO HA3BIBAIOT NPehuKCHbIMU Oepesbsimiu. TTyTh, pecTaBiis-
o1t 6ol CTPOKY KITI0Ya, MMeeT MPUCBABAeMOe 3HaUeH e, He3aBUCHUMO OT TOTO, 3aKaH-
YUBAETCSI OH Y BHYTPEHHEN UITH Y TepMUHATbHOU BepimHbL, Ha prucynke 10.20 uzoGpaske-
HO TIpe(hUKCHOE JIEPEBO, COZIEPIKalIlee KITIOUM U 3HAUYEHUS, TiepeuncieHHbie B Tabsmuie 10.4.

D@ =

72

Puc. 10.20. [TpeduxcHoe nepeBo: myTh Yepe3 HETO OTPEIEJISIET CTPOKY
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Ta6nuua 10.4. [aHHble 415 TUMOBOro NPeduKCHOro aepesa

Kmou 3HaueHne
WANE 29
WISP 72
WANT 36

PaccMOTpHM 11y Th OT KOPHA 10 BepiirHbl E. [TpoiizieHHbIE Y3JIbI COOTBETCTBYIOT Oy K-
Bam W, A, Nu E, nosromy BeplirHa Ipejcrasser coboii kinou WANE, 3HaueHne KOoTo-
poro pasto 29. ITyts k Bepimte T Bezet uepes 6yksbl W, A, Nu T, orcrona kintou WANT
co 3HaueHueM 36. A BOT 1myTh K BepimrHe N co3znaeT cTpoky WAN, koTopas sSiBIseTCs
npedurcom 1151 WANE u WANT.

O6paTuTe BHIMaHNUE, YTO TEPMUHATbHAS BEPIIMHA MOYKET COIEPIKATh GoJiee OHOM
GyKBbI, HarpuMep B BepinuHe ISP ux cpasy Tpu. IIyTh OT KOPHS 0 JAHHON BEPIITUHBI
npezcrasiser coboii kiaou WISP, umeiomuil 3Hadenue 72.

Jlist noGaByieHyst HOBOTO KJI0Ya K TIPehUKCHOMY I€PEBY UCTIONB3YHiTe ero OYKBHI,
4TOOBI TPOUTH IO COOTBETCTBYIONIEMY TIyTH. Ecii BB 106epeTech 10 TepMUHATBHOI
BEPINTUHBI, & B KITI0UE BCe etie OYIYT COMePKAThCs GYKBBI, 106aBbTE HOBYIO IOUEPHIOIO
BEPIINHY — OHA MPE/ICTaBUT OCTaBIIyIOCS YyacTh myTH. [losicinm Ha ipumepe. [pes-
MOJIOKUM, HYKHO 106aBUTH K nipeukcHoMy aepeBy kitod WANTED. Tpoiiast yepes
Bepiunbl W, A, Nu T, Bbl oOHapyskuTe, 4T0 y Bac elle octanuch 6ykssl ED. Bee, uto
BaM HY)KHO cJIeJaTh, — [06aBUTHh HOBYIO BEPITMHY, B KOTOPON OHU GYIyT XPaHUTHCS

(puc. 10.21).
O
(A) (N 29
O O—&
36 10

72

Puc. 10.21. [TpedurcHoe gepeBo ¢ 106aBIeHHON TePMUHAIBHOM BEPIINHOI

WNnorma HOBBINM Kitou B TpedKCHOM JiepeBe Jierko HaliTu. Hampumep, Ha pucyH-
ke 10.21 yke MpUCYTCTBYIOT BCe HEOOXOMMMBIE BEPITUHDI [JIST IPEICTABIEHS KI0Ya
WAN. B takoM cirydae JOCTaTOYHO J06ABUTh 3HAYEHUE K COOTBETCTBYIOIIEN BEPIINHE,

Kak Toka3aHo Ha pucynke 10.22.

a6 e
36 10

72

Puc. 10.22. TTpedukcHoe gepeBo ¢ 106aBICHHbIM 3HAYEHIEM
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BykBy MOXHO He XpaHUTDb BO BHYTPEHHEU BePIINHE, a ONPEETUTD 10 TYTH, TTPOH-
JIEHHOMY 0 Hee oT KopHsL. IIpeacTaBbTe cebe, HAIPUMep, MACCHB C JOUYEPHUMU BEPIIK-
HaMmu, T7e Children [0] — 9TO BETBb I 6yKBbI A,Children[1] — BeTBb JJis 6yK-
Bel BuT. 1.

Ha pucynxke 10.23 uzobpakeHo BUI0U3MEHEHHOE NPEPUKCHOE JIEPEBO € PUCYH-
ka 10.22, y KoToporo OyKBbI 13 BHYTPEHHUX BEPLIMH IlepeMelienbl Ha BeTBu. ObpaTute
BHUMaHUE, UTO JIJIg BEPIIMHBI CO 3HaYeHreM 29 He Hy»KHa J0N0JHNTeIbHas nHbOopMa-
1151, TTOCKOJIBKY KJTIOY, KOTOPBIH OHA MPECTABIISIET, TOJHOCTHIO OMPEIesIseTCs My TeM,
U HAIIPOTUB, IyTh K BepinnHe co 3HaueHneM 10 sazeiictByer Tobko Oykser W, A, N, T
u E, mostoMy HEOOXOAUMO COXPAHUTH KOHEYHYIO D.

Puc. 10.23. [Ipedukcuoe nepeso,
B KOTOPOM OYKBBI PACIIOJIaraioTCs He B BEPIIMHAX, 8 HA BETBIX

B caenyioteM mceBoko e MOKa3aHo, Kak J06aBUTH 9JIEMEHT K MPpeUKCHOMY fie-
peBy. ITox dbpasoit «ocraBuiniics: KJA04 BEPIIUHbI» 10/[PA3YMEBAETCS TA YACTh KJIIO-
wa, KOTOPast XpaHUTCS B TEPMUHAIBHOM BepInnHe, mogo6uo D u SP Ha pucynke 10.23.

AddValue (string new_key, string new_value)
<Ecnu new_key He IyCT M COOTBETCTBYET OCTAaBIEMyCs KJIOYY BEPIINUHE,
roMemaeM 3HaYeHVe B BTY BEPUUHY UM OCTaHAaBIMBAEMCS . >

<Ecnu new_key IIyCcT, TaK X& KaK =" OCTaBUMICHA KJIIOY BEPIINVHE ,
IIoMelmaeM cmona 3HadeHMe M OCTaHaBJIMBaeMCHd. >

<Ecnu new_key IIyCcT, a OCTaBUMICS KJIOY BEPUMHH HET,
TIEPEHOCKIM TIOCJIEOHMNM (3a MCKIIYeHueM I1epBOM OYKBH) B IOYEPHI0 BEPINVHY ,
ToMemaeM Ciola 3HadeHue ¥ OCTaHaBIMBaeMCs. >

// ECHYM MH IOOWIM IO STOW CTPOKM, HaM HyXHa HOYEpHsSs BEpIMHA .
If <pmodyepHmMN MaccuB Ob6HyJIeH> Then

// CosmaeM mMaccuB Children.

Children = New TrieNode[26]

<ECnM OCTaBIMMICH KJIOY BEpUMHB HE IIyCT,
repexonuM K COOTBETCTBYWIEeN NOYepHEe) BepluHe. >
End If

// KoHBepTHMpyeM OYKBY B IejJOe 4YMCIJIO, He cYuTas A.
Integer: index = new_key[0] - ‘A’

// JlmeM COOTBEeTCTBYLIEEe IIOIOEPEBO.
If (Children[index] == null)
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// DTOW modYepHel BepmMVHBE He CymecTBYeT, IIODTOMYy CO3IaeM ee.
// OHa O6ymeT HUpencTaBiIsaTh OCTAaBIYICS YaCcTb HOBOTO KJIoYa.
Children[index] = New TrieNode ()
Children|[index] .RemainingKey = new_key.Substring (1)
Children[index] .Value = new_value
Return

End If

// VmeM COOTBEeTCTBYyWIEee IIOIIEPeBO.
Children[index] .AddValue (new_key.Substring(l), new_value)
End Addvalue

AJITOPUTM JIOBOJILHO CJIOKHBII. ETO Jierde MOHsTh, €CJii HAaUePTUTD JIEPEBO U BCJIE]]
3a KOJIOM TIPOBECTH B HeM HEOOXOUMbIe OOHOBJICHMUS.

[Tepemerniasch 10 AepeBy, aJrOPUTM yaajisgeT OYKBbI U3 HOBOIO KJ0Ya B CO-
OTBETCTBUM C BETBSIMU, KOTOPBIE MTepeceKaeT. 3aTeM PacCMaTPUBAETCST TEKYIIEe
3HAUYeHNe HOBOTrO KJiiodya. Ecjin OHO He IyCcTOe U COBIAJAET C KJIIOYOM BEPIIUHBI,
HOBOe 3HaYeHue pa3Meliiaercs B Tekyieil Bepuinte. Ha pucynke 10.23 gannoe mo-
JokeHne coBnazaeT ¢ yctanoskoii 3Haueanss WANTED. Korna anropuTm J10UIET 10
mocJjieIHEN BePIIMHBI, HOBBIM 3HAYEHUEM KJf04Ya cTaHeT D, a 9TO U eCTh OCTABIINIICS
KJII0Y BEPIITUHBI.

Ecsin HOBBIH KJIIOY ¥ OCTABIIMICS KJII0Y BEPIIUHBI IIyCThI, JITOPUTM pasMeliaeT
3HavYeHue B Tekylieil Bepunae. Takum oOpa3om Ha pucyHke 10.23 ycraHaBimBaercst
snayerane WAN. Korzpa anroputm nepecekaeT BeTBb N, HOBBIH KJII0U TIPE/ICTABISAET
co60i1 mycTyo CTPOKY. Y BEPIIUHBI B KOHIlE BETBU HET OCTABIIErocs KJaodya (OH MO-
JKeT OBITh TOJBKO Y TEPMUHAIBHBIX BEPIIUH ), OITOMY 3/I€Ch JIOJIKHO PA3MECTUTHCST
sHaueHue WAN.

Eciin mycT TOJIBKO HOBBIH KJTI0Y, HO HEe OCTABIIUKCS KJII0Y BEPIINHDI, TOT/IA AJITOPUTM
nepeMelaeT MocaeHUH B 1ouepHuii y3esr. Tak mporcxoauT, Koria npedukcHoe 1epeBo
copepxutr WANE u WANTED, 1o ne WANT. B atom ciydae nyth aiust WANTED Gyner
soirasgets kak W, A, N, T, ED. Tlpu no6asnenun WANT u npecedennu BetBu T HOBOE
3HAYEHME KJII0YA ITYCTO, TOCKOJIBKY ITyTh IPEJICTABJAET NOJHOCTHIO HOBBIH Kitod WANT.
Tem He MeHee TaHHBIN KJIT0Y UMeeT 3HaUeHUe ED, moatomMy airopuTtm nepemertiaetr ED
BHU3 K JJ0YePHEN BepINuHe, a 3aTeM CO37aeT HOBYIO BeTBb E 1 HOBYIO Bepiuny ¢ D
B KauecTBe OCTaBINErocs KJioya.

CoBepuuB Bce IPeAbIYIIIE Iark, TporpaMMa JI0JKHA epeMeCTUTbCSA B ITO/IZIEPEBO
nouepueii Bepiuubl. [Tepes TeM Kak 9To ciesiaTh, OHa OMpe/essieT, ObLI I WHUTHATIU-
3UpOBaH MaccuB BepiinHbl Children. Eciu Het, To co3aercs MmaccuB Children.
B caryuae korzia He ITycT ellle M OCTaBIIMIICS KJIIOY BEPIIUHBI, JITOPUTM ITepeMelaeT ero
(6€e3 11epBoii GYKBbI) B COOTBETCTBYIOILYIO J0YEPHIOI0 BEPIIUHY.

3areM MpoBepsieTcs J0YepHss BEPIINHA, KOTOPast J0JKHA COIEPIKATh HOBBIH KITIOY.
Eciiu ee He CyIIeCTBYET, OHa CO3/IAETCS ¥ B HEe COXPAHSIETCS OCTABIIASICS YaCTh HOBOTO
KJII0Ya U HOBOE 3HavYeHue. Eci 104epHsist BEPIIMHA €CTh, AITOPUTM PEKYPCUBHO BbI-
3bIBaeT caM cebst, 4ToObI 0OGABUTH HOBBII K10y (6e3 11epBoii OYKBbI) K IOIePeBY 9TOM
BEPIIUHBI.

ITouck 3nauenus B Hpe(l)I/IKCHOM A€peBe OCYHIECTBJIAETCA 110 TOMY JK€ IIPUHITUILY,
HO C UCIIOJb30BaHueM Oosee IIPOCTOTO aJTOPUTMaA, IMTOCKOJIbKY 3/1eCh MECHbIIIE 0COOBIX
CJIy4acB.
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// HaxomuM 3HaYeHMVe B IOIIepeBe BEepPIWHEH .
Data: Findvalue(String: target_key)

// ECnu 11e7eBO¥M KJINY COOTBETCTBYET OCTAaBIEMYCs KITOUY BEDINWHEH,
// BO3BpamaeM 3HadeHue STOV BEPIMHH.

If (target_key == RemainingKey) Then Return Value

// VmeM COOTBETCTBYOIYD NOYEPHOIO BEPIVHY .

If (Children == null) Then Return null
Integer: index = target_key[0] - ‘A’
If (Children[index] == null) Then Return null

Return Children[index] .FindvValue (target_key.Substring (1))
End FindvValue

CHayajia aJIrTOpUTM CPAaBHUBAET I€JIEBO KJIIOY C OCTABITUMCS KJIIOYOM BEPIITHUHBIL.
Ecav orm ojiHakoBbI, BOBMOSKHBI /1Ba BapuanTa. COTJIacHO TIepBOMY, ITPOrpaMma MoTJia
WCTOIINTD TIEJIEBOH KJII0Y U JOITH 0 BEPIINHBI, HE NMEIOIIEeN OCTABIIETOCS 3HAYEHUST
(xax mpu moucke WAN na pucynke 10.22). B coOTBETCTBUH €O BTOPBIM KO/ ZIOIIE /10
BEPIIUHbI, HA KOTOPOII 11eJIeBOe 3HAYEHUE TOAXOAUT K OCTABIIEMYCST K04y (KaK mpu
noucke WANTED na pucynke 10.22). B 060ux ciiydasix KoJ[ COOTBETCTBYET IEJIEBOMY
KJIIOUY, TI0O3TOMY aJITOPUTM BO3BPAIIlAET €r0 3HaYeHHE.

Ecau ocrasumiicd LeseBoil K104 He IIOAXOAUT K OCTaBIIEMYCs KJI04Y BEPIIUHEL,
AJITOPUTM BBITIOJTHSIET TIOUCK B I0YepHUX y3sax. Korma y Texyieil BepImHbl UX HET, 3TO
3HAUWT, YTO I[EJIEBOTO KJTI0Ua B IIPe(pUKCHOM JIepeBe He CYIIEeCTBYET 1 aJITOPUTM BO3Bpa-
maet null. B IpOTHBHOM ciry4ae aJrOpUTM PaCCUUTHIBACT MHJIEKC IOUEPHEN BEPIITHHDI
IIeJIEBOTO KJTI0Ya 1, He 0OHAPY’KUB €€, TaKsKe JeTAeT BBIBOJ, YTO KJII0Ya B IPeHUKCHOM
ZiepeBe HeT, ¥ Bo3BpamaeT null. Ecan ske 1ouepHsIs BEpIIMHA I[eJIeBOTO KIII0Ua eCTh,
TO TPOTPAMMa PEKYPCUBHO BBI3BIBAET cefst, UTOOBI HTA BEPIITIHA HAILIA T[eeBON K0T
(6e3 epBoit OYKBbHI).

Pe3iome

JlepeBbs TTO3BOJISIOT XPAHUTH JIAHHBIE B UEPAPXUUECKOM TIOPSIKE 1 06JIerdanT
paboTy ¢ HUMU. BBICTPOUB eIMHOK B TOJIOGHYIO CTPYKTYPY, BBl MOXKETE 3aTEM TIepe-
GUpaTh ee 3HAYEHVSI PA3HBIMU CIIOCOOAME 1 OCYIIECTBIISTH TOUCK HYKHOTO 9I€MEHTA.

[TpousBoOANTETHHOCTD MAHHBIX AJITOPUTMOB OYEHb YACTO 3aBUCUT OT BBICOTHI Jlepe-
Ba. Ecsiu mocsieinee cogiepskut N BePIIUH U SIBJISIETCSI OTHOCUTENBHO KOPOTKHM U IITHPO-
KuMm, To ero Beicota coctaBut O(log N), a anropuT™ 0KakeTcst OTHOCUTETLHO GBICTPBIM.
Bricokoe 1 Torkoe fepeBo BeicoToit O(N) macT mioxyio mponsBouTesbHOCTh. Hampu-
Mep, TIOCTPOEHE YIIOPSIOYEHHOTO GHHAPHOTO /IePeBa B IYUIIIEM CTydae 3aiiMeT BPeMsI
O(Nlog N), a B xyaiiem — O(N?).

[TpuHaB BO BHUMAaHWE BBITECKA3aHHYTO 3aBUCHMOCTD, TPOTPAMMUCTBI pa3paboTa-
JIY CIIelMaJIbHbIe /IePeBbsl, KOTOPble CAMOCTOATEIbHO UCIIPABJISAIOT CBOIO CTPYKTYPY,
4TOOBI HE PACTH CJIMITKOM BBICOKMMU WJIH CJIMIITKOM TOHKUMU. B ciepytotieii riase
OIINCAaHO HEeCKOJIbKO BUJOB TaKUX JepeBbeB, BKJouas B-nepesBbda u B+-nepesbs,
HCIO0JIb3YyeMble BO MHOTUX cucTeMax 6a3 JaHHBIX [JIs1 XpaHeHus u 3(hheKTUBHOTO
noucka nHgopmaiuu.
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YnpaxHeHus

3B€3[IO‘{KaMI/I OTMEUYEHDI 3a/1a4n TTOBBITIIEHHOM CJTOKHOCTH.

1.
2.

Mozxet n ugeanbHoOe 6I/IHapH06 JlepeBe CoaepsRaTb YETHOE KOJITMYECTBO BepH.II/IH?

I/II[ea]IbHOC J€PEBO CYNUTAETCA MOJIHBIM M 3aBEPIIEHHDBIM, HO HE BCE ITOJIHbIE 1 3a-
BeEpIIE€HHbIE €PEBbA N€aJTbHBI. Ha‘{epTI/ITe JI€EPEBO, KOTOPOE ABJIAETCA ITOJTHBIM
1 3aBEPHICHHbIM, HO HE NA€a/JIbHbBIM.

3. Jlokaxure, 4TO KOJMYECTBO BeTBell B B GUHApHOM jiepeBe 13 N BEpIIUH BbIUKC-

agercs no hopmyse B = N — 1. Vcniosib3yliTe MHYKIUIO.

4. JTokaxure (HakT U3 ynpakHeHust 3 6e3 UCIOJb30BaHIA WHIYKIIUH,

5. ﬂOKa)KI/ITe, 4YTO KOJIMYECTBO TEPMUHAJIbHBIX BEPHINH L B neabHOM JIBOUYHOM

nepese BbicoTOl H onpesensieTcst BoipakenueM L = 21, Vcriob3yiiTe MHAYKITHIO.

6". JlokaxxuTe, 9TO B IBOMUHOM ZiepeBe 13 N BEPIINH KOJNIECTBO HETOCTAIOIINX BET-

Beit M (MecT, Kyza MOKeT ObITh 00aB/IeHa JOUYepHssl BEPUIMHA) HAXOAUTCS 110
bopmyne M = N + 1. Vcniob3yliTe MHAYKITUIO.

7. Kak Gy/iet BoITJIsIIETh 0OXO0/] B IIPSIMOM MOPSIIKE JJIST JIepeBa, n300pakeHHOTO Ha

pucynke 10.24?

&, G
®» & O
© & O
O

Puc. 10.24. [lepeBo 3HaueHmii

8. CoBepiinre CMHMMETPUYHbBIE 00XO0]T IepeBa, n300pakeHHOTO Ha prucyHke 10.24.

9. IlpoaHanusupyiite 06x0/ B 0OpaTHOM MOPSIKE [JIst IepeBa, IPeACTaBIeHHOTO

10.
11.

12.

13.

Ha pucyHKke 10.24.
KakoB 06xo0/1 B IUPUHY /IS JepeBa, n300paskeHHoro Ha pucytke 10.247?

Harmmmite mporpaMmy, KOTOpasi COBEPITAeT BCe BUABI 00X0/a M3 yIpaskHe-
uuii 7-10 g nepesa, npeacraBieHHoro Ha pucynke 10.24.

Yro cayuuTces, ecau UCTOMb30BaTh CTEK BMECTO OYEPENH B alTOPUTMe 06X0/1a
B IIMUpUHY 13 mozipaszena «O6xo B mupuHy» pasuena «O6Xos nepeBas TekyTiedt
riasbi? TTompobyiiTe creHeprpoBaTh TaKO 06X0/] PEKYCUBHO.

Hamuure nmporpammy, mogo6HYIO TOIl, Ybe OKHO IpeICcTaBIeHo Ha prucyHke 10.25,
r7ie 0TOOPAKAIOTCS 3HAYEHNST, TOTYIEHHBIE B PE3YIbTATE TIPSIMOTO 00X0Ia /IepeBa
Ha pucyHKke 10.24.
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14"

% TextDisplay - = [HEM

Puc. 10.25. OxHo nporpammbl TextDispaly (3HaueHust iepeBa BbIBeIeHbI
Harogo6ue nepapxuu manok B MposogHuke OC Windows)

. Harmumure IIporpamMmy c 6oee HarJIs/IHbIM I/ISO6pa)KeHI/IEM JlepeBa, HO,Z[O6HyIO

TOI, Ube OKHO TIpeicTaByieHo Ha pucyHke 10.26. (ITogckaska: 3amaiite MeTo Krac-
ca JIJist BePIIUHBI PositionSubtree, 4TOObI TO3UIIMOHUPOBATH €€ TIOIEPEBO.
BosbMuTe B KauecTBe MapaMeTPOB KOOPAMHATHI X U i, KOTOPbIE MOJKET 3aHUMATh
HO/ZIEPEBO, U PACCUNUTANTE HYKHBIH JJIST 3TOTO TPSIMOYTOJIBHUK. PeKypCUBHBIM
BBI30BOM MeTo/[a PositionSubtree omnpezieinte pasMepsl JJisi BO3SMOKHBIX
JIEBBIX U TIPABBIX IOUYEPHUX MOEPEBHEB, UTOODI Y3HATH Pa3Mep MCXOHOTO MOJI-
nepeBa. 3azaliTe TAKsKe METOBI KJTacca, YTOObI PEKYPCUBHO HAYEPTUTD CCHLITKH
U BEPIIUHbI IEPEBA).

@ Drawtree - = HEM

(E)
(B) ®
® ® O
© ©® O
®

Puc. 10.26. Oxno porpammbt DrawTree

15", 306paxennas Ha pucyHke 10.26 cTpyKkTypa roguTcs [Jist IpeAcTaBIeHUs

HEYIOPI0YEeHHOro JgepeBa. B ciydae ¢ ynopsgo4eHHbiM OUHAPHBIM 110 Heil
Oyzer TPYAHO ONPELENNTh Pa3HOBUAHOCTD JOYEPHErO y3/1a — JIeBblil OH MK
MpPaBbIil IO OTHOIIEHUIO K POAUTEN0. MI3MeHUTe nporpaMMy M3 ylpasxHe-
Hus 14 Tak, 4To6BI OHA GOPMUPOBAJA CTPYKTYPY, MOLOOHYIO TOM, 4TO Mpej-
craByeHa Ha pucynke 10.27. 31ech Ha OTCYTCTBUE JJOYEPHETO y3Ja YKa3bl-
BaeT MyCcTOe MeCTO.
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o3 DrawTree2 = =

Puc. 10.27. Oxno nporpammsl DrawTree2

16. Hamnuuure 11ceBIOKO/I, BHITOJHAIONMI 00paTHBII CUMMETPIYHBII 00X0/ B CBsI3-
HOM COPTHPOBAHHOM JI€PEBE.

17". Hanuiure nporpaMmy, KOTOPast CO3/IaeT CBSI3HOE YIIOPsII0YEHHOe IEPEBO U CO-
BepIIaeT Mo HeMy CUMMETPUYHBIH 1 06PATHBIN CUMMETPUYHBIN 06XO/IbL.

18", YcoBepiiieHCTBYIiTE IpOrpaMMy U3 yrpaskHeHust 17 Tak, 4ToObI OHa OTOOpaKasa
JIepeBo, MoJoOHOE TOMY, UTO IpecTaBieHo Ha pucytke 10.28. B kaxkmoii OKpy K-
HOCTU COJIEP’KUTCS 3HAUEHUE TeKYIIel BePITUHbBI U TeX BEPIINH, K KOTOPBIM BElyT
ee Tpezbl. Harprmep, JieBbii Tpea BepLIMHbI 4 ycTaHoBJIeH Ha null (o6o3HavaeTcst
KaK «- -»), a TIPaBbIil YKa3bIBACT HA BEPIINHY 5.

o ThreadedTree = =

Fowards: (1234456789
Backwards: |9876544321

Puc. 10.28. Okno nporpammbl Threaded Tree

19. Unentudummpyiite Buz nepesa 3HaHWH 13 Urpbl «KnuoTHbIEe>. OHO TIOJTHOE, 3a-
BEPLIEHHOE, U€AIbHOE, IPEACTABIIAET COO0M KOMOMHALIMIO BCEX TPEX BUILOB WK
JKe He OTHOCUTCS] HU K OJTHOMY U3 HUX?

255



asa 10

20.

21.
22,

23.

24.

26"

27.

28"

B urpe «<JKuBotHbie» /17151 XpaHneHust THGOPMAIUK MOXKET UCHOJb30BAThCS CIIe-
IYIOIIUI KJTACC BEPIIIHH.

Class AnimalNode
String: Question

AnimalNode: YesChild, NoChild

End Class

Eciv uM BoCTIOTb30BATHCS, TO KaK OTJIMUNTD, UTO COAEPIKUT BEPITUHA — BOTIPOC
WU JKUBOTHOE?

Hamwumue mporpammy, peasusyiomntyio urpy «;KuBoTHbies.
Haueprute nepeBbs 77151 cIeyToIMNX MaTeMaTUIeCKIX BhIPAsKEHUH:
1) (15/3) + (24 /6);

2)8x 12 - 14 x 32;

N1/2+1/4+17/20.

Hanmmmre nporpamMmy /it pacueTa MaTeMaTU4ecKuX BolpakeHuit. [lockombky
nnbopMaIst 0 UX pasdueHnr paccMaTpUBaeTCst B riiase 15, cesaiite Tak, 4To-
OBl TIPOTpaMMa CO3/1aBajia MaTeMaTHYECKIE BEIPAKEHHUS HA OCHOBE IIPHMEPOB U3
VTIpasKHEHTS 22,

HaqepTHTe A€PEBDbI JI1 CAEAYIONNX MaTEMAaTUYECKUX Bpra)KeHI/II'/JIZ
1) (36 x 2) / (9 x 32);

2)51/((5 - 3)! x 31);

3) sin?(45°).

. YCcoBepIIEHCTBYITE IPOrPaMMy U3 YIIPpasKHeHUs 23 JiJisl pacueTa BhIpayKeHU I U3

yrpakHeHus 24.

Harnurmmre mporpamMmy, TOA0GHY O TO#, UTo TipeicTaBieHa Ha pucyHke 10.19. Pas-
PEIInTE MOJIH30BATEI0 BBIOUPATh HY/KHYIO OKPY/KHOCTD KHOITKOM MBITIH (€CJIH
IIETYOK BBITIOJIHSIETCS 34 TIPeielaMu OKPY;KHOCTEH, HU OJ[HA U3 HUX HE JOJIKHA
6bITh BeIOpaHa). [1pu BOCTIPOM3BEECHUN KAPThI BBIJICJHUTE 1EJIEBYI0 OKPY/KHOCTE
(ecsm OHA ecTh) JIPYTUM T[BETOM.

Haueprure npedukcHoe IepeBo, IPeACTABIAIONIEe KIIOUN 1 3HAYEHUS U3 CJIe-
ayiomieil TabInIbL.

Kiou 3HauyeHne Kiou 3HaueHne
APPLE 10 ANT 40
APP 20 BAT 50
BEAR 30 APE 60

}{mﬂﬂHHTEHpOFpaMMy}KOTOpaHﬂO6aBHﬂeTIIHaXOHHTBHEMeHTbIBHpe@HKCHOM

IiepeBe.




Mmaea 11
CBAJIAHCUPOBAHHDLIE AEPEBDBYHA

B riase 10 yke mpuBoguioch obiiee OMUCAHNE IEPEBHEB U HEKOTOPBIX MTPOTPAMM,
B KOTOPBIX OHU MCTOJB3YIOTCS. BBI yike 3HAaeTe, YTO MPU COBEPTITEHNN 00X0/Ia BPEMST
pabOoTHI ATOPUTMOB 3aBHCHT OT OOIIETO Pa3Mepa IEPEBA, a TIPY T0OABIEHUT BEPIITUHDI
K YIOPSIZIOUEHHOMY JIePEBY — OT €T0 BBICOTHL. K ToMy ke ecm yHopsiioueHHoOe Jepe-
BO 13 N BEpIIUH SABJSAETCS OTHOCUTEIBbHO KOPOTKUM U IIUPOKUM, JIJIsT BCTABKY HOBOI
sepumtbl orpebyercst O(log N) maros. Eciu ske ApeBOBUHASA CTPYKTYPa TOJIyYaeT-
Cs1 BBICOKOH M TOHKOI (BEPITUHBI J0GABIISIOTCS B OTCOPTHPOBAHHOM MOPSIIIKE ), YHCIIO
maroB paccuuThiBaetcst Kak O(N), 4To HAMHOTO OOJTBIIE, YeM B TPEIBIAYIIEM CITyUaE.

B Tekyuieit riase onuCHIBAIOTCSA COALAHCUPOBANILLIE OEPedbsL, TO €CTh TaKue, KOTO-
phI€ MEPECTPANBAIOT CBOU BEPIIUHLI, YTOOBI HE CTATH CJAMIIKOM BHICOKUMHU WJIM TOHKHU-
mu. [Togo6HBIE CTPYKTYPHI IAHHBIX MOTYT OBITh HE HACATHHBIMU ¢ TOYKH 3pEHUsT (hop-
MUPOBAHUS W 00J1a1aTh MUHUMATHHOM BO3MOKHON BBICOTO IJIST OTIPEAETEHHOTO KO-
JITYECTBA BEPIINH, HO OHU JIOCTATOYHO ONITUMAJIBHBI, 4TOOBI TIPOXO/SATINE TI0 HUM JITO-
purmbl umesiu Bpemst pabotst O(log N).

== _ 3AMEYAHMUE

' B TeKyLLI,eI7I rnaBe He NCMNoJib3yeTcda nNceBnokom, NoCKOJ1bKy pa60Ty anaropnTMoB COo
CGaﬂaHCVIpOBaHHbIMVI aepeBbaMM ropasao nerde 0OBACHUTBL HAa OCHOBE PUCYHKOB.

B caepyronmux paszesax paccMaTpUBAIOTCS TP BUA cOalaHCUPOBAHHBIX CTPYKTYP
nanubix: ABJI-, 2-3- u B-iepeBbsi.

ABJ1-pepeBbs

ABJI-depeso — yniopsiioueHHast OMHAPHAs CTPYKTYPa, B JIIOOOH BepIIMHE KOTOPOi
BBICOTA JIBYX TIO/JIEPEBHEB OTIUYAETCS MAKCUMYM Ha efuHuily. [Ipu 1o6aBieHUN Ui
yJaJeHUN BEPUIMHbI 1€PEBO MOBTOPHO OAJaHCUPYIOT 110 HEOOXOAUMOCTHU, YTOOBI CO-

XPaHUTh JaHHOE CBOMCTBO.

—==_ 3AMEYAHMUE

' ABJ1-nepeBbsi CTanm caMmbiMy NePBbIMU COaNAHCUPOBAHHLIMU CTPYKTYPaMU AaHHbIX.
OHwu onncaHsbl ewe B 1962 1. v Ha3BaHbl B YECTb pa3paboTynkos [eoprus Makcmumo-
BMYa AgenbcoHa-Benbckoro n EBrenmna Muxarnnosuya JlaHguca.

ABJI-zepeBo aBsgeTcs ynopsaaoueHHbIM OUHAPHBIM, IOSTOMY [TOMCK I[eJIEBbIX 3HAYe-
HUI B HEM BBITIOJIHSETCS TOBOJIBHO JieTko (eM. raBy 10). Hemroro coioskaee mponcxoanT
ux gobasieHue u yaaienue. O6 9TUX ABYX ONEPALUSX MbI U TOTOBOPUM B CJICYIOIIIIX
noipasiesax.
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Jo6GaBneHune 3Ha4YeHUun

Paccmarpusas Bepiunny ABJI-nepeBa, 0JIb3yrOTCs oKasareseM cOaTaHCpOBaH-
Hoctu. OH yKasbIBaeT Ha TO, KAKOBBI OTHOCSIIIINECS K Hell MOJIIepeBbst — TSKEJIbIE CIeBa
i cipasa inbo xe coanancuposantbie. FIcxo/s U3 9Toro, okasaTe/ib COaJIaHCUPOBaH-
HOCTH MOSKHO OITPE/IETUTH KAK PA3HOCTh MEK/LY BHICOTAMH JIEBOTO ¥ TIPABOTO MOJIIEpe-
BbeB. 3HayeHue —1 CKaskeT 0 TOM, YTO BEPIITNHA yTsKeeHa crpaa, ) — 4To 1mo/iiepeBbst
PaBHOI BBICOTHL, +1 — 4TO BepIIUHA yTsKeIeHa CIeBa.

JlobGasiienue HOBOW BepiuHbl K ABJI-7iepeBy MPOUCXOIUT 3a CUET PEKYPCUBHOTO
CITyCKa I10 JIEpeBy /10 MeCTa, T/ie JI0JI;KHA HaX0/IUThcs HoBad BepinuHa. [Io Mepe ero Bbi-
MOJTHEHUS TIPOrPaMMa OOHOBJISIET TIOKa3aTe i cOANTAHCUPOBAHHOCTH Y KayKA0N BEPIITUHEI,
BO3BPAINASACh K KOPHIO. EC/i BBIABISIETCS BEpIIMHA, ¥ KOTOPOiT TTOKa3aTe b cOATaHCH-
poBaHHOCTH MeHbIie —1 wru 6osbiite +1, mporpaMMa COBEPINAET OJIHO BpPAIeHe T
HECKOJIBKO, UTOOBI YCTPAHUTD AucOAIAHC.

B O6H.[eM CJIy4dae moBeJieHre aJirTOpuTMa 3aBUCUT OT TOT'O, Ky/la UMEHHO lIO63.BJI${eTC$[
HOBas BEpIINHA. BoamoskHbl YeTbIpe Cay4dasd:

1) meBoe mojIepeBo JE€BOIT J0YepHEll BEpITUHBI;
2) neBoe TO/I/IepeBO MTPABON I0UepPHEN BEPIITNHBI;
3) mpaBoe No/IEPEBO JIEBOU I0YePHEH BEPIIUHDI;
4) TIpaBOe TIO/I/IEPEBO TIPABOIl JOUEPHEN BEPITUHBI.

Ha pucynxke 11.1 HoBOe 3HaUEHWE TO3UITMOHUPYETCSA B JieBoe mojiepeBo Al ieBoit
JloYepHell BEPITUHbBL ITOT ciiydail uMeet ocoboe Ha3BaHue — «iesblil — Jesvlils. V130-
GpaskeHHbIE TPEYTONBHUKH MPEICTABISIOT cob0i chanancupoBantbie ABJI-momnepesss,
KOTOpPbIE MOTYT COJEPKaTh GOJBIIOE KOJIMYECTBO BEPUIMH. Y BEPIIUHBI B 1€peBO HE
cbaaHCUPOBAHO, MOCKOJIBKY ToepeBo Al B BepinHe A Ha JBa YPOBHS BBIIIE, YEM
noziiepeBo B2.

Puc. 11.1. Ciryyaii «JieBblii — JIeBbIIT»

Yro6bl cOamancupoBaTh AepeBo, HeOOXOAUMO COBEPIIUTD NPABOE BPAlLEHUE: 3aMe-
HUTb BEPITIHY B BePIINHOI A U clienaTh nojepeBo A2 eBbIM MOJIEPEBOM BePIIUHbL B
(puc. 11.2).
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Puc. 11.2. CHanancupoBaHHOE EPEBO TIOC/IE TIPABOTO BPAIEHUS

Coryuail «npaswlii — npasoiil> IOXOK Ha TPEBILY UL, TOJTBKO IEPEBO OATAHCUPYETCST
C TTIOMOIIIBIO J1e6020 spawenus (puc. 11.3).

Puc. 11.3. Ciyuaii «mpaBblit — 1paBblily> (cresa)
1 cbaslaHCHPOBAHHOE JIEPEBO TIOCJIE JIEBOTO BPAIlEHUsT (Cnpasa,)

B ciryuae «ueswiii — npaswiiis (puc. 11.4, mepBbwiii (hparMeHT) HOBOE 3HAYEHUE CO-
JEepKUTCS B TIPABOM TIOJIiepeBe JIeBOii JoUuepHeil BEPIINHBI, KOTOPOe B CBOIO O4Yepe/ib
COCTOUT W3 BepInHbI A 1 erie AByX nojiepebeB — Al u A2. B kxakom n3 mocaeinux
HAXO/AUTCS 0OaBIEHHAS BEPITIHA, aOCOMOTHO HEBAKHO — MOIEPEBO ¢ KOpHEeM A Bee
PaBHO Ha JIBa YPOBHS HUIKE, YeM MTO/IZIepeBO B2. DT0O 3HAYUT, YTO NOJIePeBO ¢ KopHeM C
Ha JIBa YPOBHs ry6sKe, 4eM ToiepeBo B2, moyJaeTcs, 1epeBo He chanmaHcupoBaHo
y Bepuunsl B.

Yro6bl chbamaHCUPOBATH JIEPEBO, HY/KHO MCIIOIH30BATh BHAYAJIE JIEBOE, A 3aTeM TIpa-
Boe Bpanienne. Ha Bropom cdparmente pucynka 11.4 mocsne nepemenst Bepiiud A u C
o6pasyeTcst cydail «JIeBbIit — JIEBBII»: TOUIEPEBO JIEBOH TOUEPHEN BEPITIHBI CMETIACTCST
Ha J{Ba YPOBHsI HIKE MPABOTO TofiiepeBa ¢ KopteM B. Temeph MOKHO cOaTaHCHPOBATH
BCIO CTPYKTYPY C MTOMOIIBIO TIpaBoTo BpateHus (puc. 11.4, Tpernii hparmMenT).

259



maga 11

Puc. 11.4. Ciyuaii «JyieBblii — npaBblit> (ceepxy)
1 JIePeBO TI0CIE JIEBOTO (1ocepedurie) W TIPaBOTO BpaleHuil (CHu3y)

[Mono6HbIM 06pa3oM GATAHCUPYIOTCS IEPEBbSI M B CJIYUYAE «IIPABBII — JIEBBIiT», TOJb-
KO BHavaJIe UCIOJIb3yeTCs IpaBoe BpaiieHue (4ToObl BEIATH Ha ciydail «[paBblii — mpa-
BbIii»), a 3areM JieBoe (4ToObI cOalaHCUPOBATD BCE IEPEBO).

YpaneHuwe sHayeHun

BpaiieHust moMoraioT He TOJIbKO 1006aBJIsATh Bepiunuibl B ABJI-1epeBo, HO 1 yAaJIsaTh
ux. Ha nepBom parmente pucynka 11.5 mokaszana ucxosas CTpyKTypa JaHHbIX. Y 1a-
JIEHVE BEPITUHBI 1 TPUBOAUT K TOMY, 4TO U300paskeHHOE Ha BTOPOM (pparMeHTe epeBo
CTAaHOBUTCST HECOATAHCUPOBAHHBIM Y BEPIITUHBI 3: €€ JIEBOE MOZIEPEBO MMEET BBICOTY 1,
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anpasoe — 3. Ytobbl cOaaHCupOBaTh CTPYKTYPY, HY5KHO TIPUMEHUTD JIEBOE BPAIlEHNE

(puc. 11.5, Tperuii hparment).

©
OMNO
& O
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Puc. 11.5. Y nanenve 3HaueHUsT: HCXOIHOE (66epXY),
HecOamancupoBaHHOE (nocepedurie) n cbaraHCUPOBAHHOE AEPEBO

Bo Bcex cayuagax makcuMmasnbHas Bbicota ABJI-mepeBa m3 N BepimwH paBHA
O(log N), 10TOMY OHO SBJISIETCS OTHOCUTEILHO KOPOTKUM U HIMPOKKM. ITO 3HAUUT, YTO
OTeparinm, B X0/ie KOTOPBIX IPOUCXOAUT MOABEM TI0 JIepeBY (HATIPIMED, TOUCK 3HAYEHIS ),
tpebyior O(log N) Bpemenn. CToabKo e 3anumaeT u Oanancuposka. Takum o6paszom,
nobaByieHre WK yaajieHue 3HadeHus npoucxoaut 3a Bpemst O(log N).

2-3-pepeBbs

Yrobbr ABJI-nepeBo octaBaioch cHaaHCUPOBAHHBIM, €I0 CTPYKTYPa J0JIKHA ObITh
MacurtabHON — MOJIEPEBDsT TIPH JOGOH BEPITIHE OTINYAIOTCS APYT OT IPYTa MAKCHMYM
Ha OJ[H YPOBEHb 110 BbicoTe. JIJIst onpeieieHust 9TOH BBICOTHI BaM MIPUIILJIOCH ObI TIPO-
CMOTPETD BCe MO/IEPEBO BILIOTH /10 TEDMUHATIBHON BEPIIIIHBI.

Co6anancuposattoe 2-3-0epe6o He CTOTb MACIITabHO, TOITOMY MOKHO HE TIPOBOJIUTH
HOJIHBII aHAJIU3 110//IePeBbeB y JaHHOM BEPIINUHDI, & JIUIIb PACCMOTPETh KOJINYECTBO
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UMEIoNUXCs y Hee JouepHuX y3708. CorjacHo Ha3BaHWIO, MX ObIBAET J[Ba WJIU TPU.
Bepmna ¢ AByMs Jo4epHUMHU y3J1aMU Ha3bIBaeTcs 2-8epuiunotll, C TpeMs — 3-8epuiunotl.

Ecan NpeACTaBUTDb, YTO KaK/iasl BHYTPEHHAA BEPIINHA UMEET MUHUMYM /IBa /10~
4ePHUX y3J1a, TO MaKCHMallbHasi BbicoTa gepeBa u3 N Bepums coctasut log, N. B atom
cjlydae CTPYKTypa JaHHBIX MOA0OHA 0OBIYHOMY OWHAPHOMY JIEPEBY, I/le B KaXk 0
BEPIIUHE CO/IEPKUTCS 3HaUeHue. [louck Hy)KHOTO 3HAUEHUST TTPOBOJIUTCS CBEPXY BHU3
110 JIEBOW WJIM MPABOW BETBY — B 3aBUCHMOCTH OT TOTO, MEHbIIE OHO WU GOJIbIIe
3HAaYEHUA BEPUINHBI.

B BepHinHax C TPEMA JOYEPHUMU y3JIaMW HAXOAATCA /IBa 3HAYCHU . HpI/I ITOMCKE
CITyCKaIOTCAA 110 JIEBOI BETBU AE€PEBA, €CJINM NCKOMOE 3HAaUYC€HNE MEHDBIIIE ITIEPBOTO 3HAUYCHUWA
BEPIINHBI, TTO cpeaHeﬁ — €CJIM OHO PACITIOJIOKEHO MEXK/Y ITEPBBIM U BTOPbIM 3HAaY€HUEM
nian 1o HpaBOfI BETBU — €CJIM OHO GoJIbIIe BTOPOI'O 3HA4Y€HMA.

Ha mpakTuke u TOT U APYroii BU BEPUITUHBI MOKHO MPEACTABUTh OJAHUM U TEM
JKe KJITacCOM WJIHM CTPYKTypoil. /locTaTOYHO JUITh yKa3aTh KOJINIECTBO BO3ZMOKHBIX
MOYepPHUX Y3JI0B, a 3aTeM T00ABUTH CBOIICTBO, KOTOPOE TTOKAKET, CKOJIBKO 3HAYEHUIT
ucnosb3yiorcest. (Y TepMUHAIBHOM BEPIIUHBI MOKET OBITH OJIHO WJIU J[BA 3HAYEHMS, HO
HeT JIOUEePHUX y3JI0B.)

Yro6bl HaliT 3HaYeHne 76 B 2-3-1epeBe, u3o0paxkeHHoM Ha pucyHke 11.6, Tpebyercst
CPaBHUTD €T0 €O 3HaYeHeM KOPHI 42. TToCKOIbKY HCKOMOE YHCIIo GOThITE, HaM HYKHO
JIBUTATHCS TI0 TIPABOIi JI0UEPHE BETBU. Y CJIE/IYIONIei BEPITUHBI 3HaUeHNe 76 CpaBHU-
BaeTcs ¢ 69 u 81, 1 pa3 0HO HAXOAUTCSA MEXKLY HUMU, TO JAJIbllle Ha/l0 CIIyCTUTLCS 110
cpenHeli BeTBU. Tam, B TepMUHAIBHON BEPITHE, W 3aBEPIIAETCS TTOUCK.

(1] (e 480 (5o T (76 [ (o4 |

Puc. 11.6. 2-3-1epeBo ¢ AByMs 1 TpeMsI IOUePHUMU Y3JIaMU TIPU BHYTPEHHUX BEPITUHAX

[Mowck 3HaueHnit B 2-3-7€peBe OCYIIECTBISIETCS MPOCTO, YETO He CKaKeMb 00 WX
nobaseryn 1 yaagernu. [ToceHne aBe omepanuy HEMHOTO CTOKHEe, 9eM TP paboTe
¢ OOBIYHBIM OMHAPHBIM JIEPEBOM.

JoOGaBneHne 3Ha4YeHUun

Yto6b BCTABUTH HOBOE 3HAUEHNE, KAK U B CJIYUae C YIOPSTOYEHHBIM TEPEBOM, He-
06X0IMMO HANTH Ty TEPMUHATLHYIO BEPITHHY, K KOTOPOH 9TO 3HAYEHIE OTHOCHUTCSI.
B 3aBucuMocTU OT TOrO, 3aIl0/1HeHa I BEPIIUHA, AeUCTBYIOT I10-Pa3HOMY.

Ecnm B TepMUHATBHOI BepIliHe MeHee JIBYX 3HAYEHUH, HOBOE 0GABISETCS C CO-
XpaHEeHUeM MPUHSTOTO TTopsijika. Koryia TepMuHaibHas BepIinHa 3armorHena (y Hee ke
€CTh [[Ba 3HAUEHWUS), ICHCTBYIOT CJIEAYIONIM 00pa30oM: MeHbIIlee 3HAUEHHE TIEPEHOCSIT
B HOBYIO JIEBYIO BEPIIUHY, O0JIbIllee — B HOBYIO TIPABYIO, a CPEJTHEE TIEPEMEIIAIOT BBEPX
K POJIUTEIbCKON BEPIITMHE. DTO HA3BIBAETCS PAOCICHUCM BEPULLUHDL.
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Ha pucynke 11.7 k ucxoguomy jepeBy nobasisiercst 3Haderue 42. CpaBHUB €ro
¢ KOpHeM 27, IPUXOIUM K BBIBOJY, UTO HAM HYKHA HUJKHSIS IIpaBast BeTBb. Bepiimna
IO/ 9TO BETBBIO TEPMUHATBHAS (TO €CTh B Mjleajie B Hell 11 TOJIXKHO HaXOANThCST HOBOE
3HaUEHME) M K TOMY sKe TTosiHas — K 32 u 57 HeobxomauMo 106aBuTh 42, Ytobbr 0cBOGO-
JIATB JIJIST HOBOTO 3HAYEHUS MECTO, Y3€JI CJIeyeT Pas/e/iTh: MeHbIee U GOJIbIIee Yncia
(32 u 57) ocraioTcst B TEDMUHATIBHBIX BEPIIUHAX, a cpeitee (47) mepeMeIaeTcs BBEpX
K POJIUTEJIbCKOI BepIInHe.

42

Puc. 11.7. /[o6aBienne HOBOTO 3HAYEHMS K TTOJHON TEPMUHATLHON BepIINHE:
UCXOJIHOE (Clesa) 1 IOTI0JTHEHHOE JIepeBbs (cnpasa)

[Tpu pasaeneHnn y3jia MOKET TTOJTYIUTHCS TaK, YTO B POAUTEIHCKOM BEPITUHE OKa-
JKETCSI CJIMIITKOM MHOTO 3HAYEHUI U ee TaKsKe TIPUETCS IeJTUTh. B Xy/Iiem ciayJae Takyio
oleparuo IOHaK00MTCs MOBTOPHUTH BBEPX 110 BCEMY JIEPEBY, UTO CIIPOBOLUPYET pasde-
Jlenue Kopisa v cieyaet aepeso 6oubimM. OHAKO 5TO eAMHCTBEHHOE CTeYeHHE 00CTOSI-
TEJIbCTB, P KOTOPOM 2-3-71epeBO CTAHET BHICOKUM.

Jlist ymopsiio4eHHOro GIHAPHOTO JIepeBa Xy/AIInii clieHapuit — nobaBieHue 3Ha-
YeHUH B OTCOPTUPOBAHHOM TOPSI/IKE. DTO MPUBEET K TOMY, YTO JEPEBO MOTYUNTCS
BBICOKMM 1 TOHKWM. [Tpu N BepinHax oHo OyeT UMeThb BICOTY N.

Ha pucynxe 11.8 usobpakerno ¢popMuposanue 2-3-1epesa, B KOTOpoe 100aB/IsSIoTCs
yricsia oT 1 710 7 B TOPSIIKE UX CIEIOBAHMS.

Puc. 11.8. Pasnenenne kopus 2-3-nepesa

Ha nepBoM (hparmenTe B TepMUHATIBHO BepIIUHE cofiepRaTcs 3HaveHus 1 u 2, nanee
MOKA3aHO, KK TIPOMCXOANT T0OABIEHNE OCTATLHBIX YUCET U MTOUCK UX MECTOPACTIOJNO-
sxkenvst. [IpoaHasu3upoBaB PUCYHOK, BbI yBUNTE, YTO JoOaBIeHUE 3HAYECHUS 4 TPUBEJIO
K PasjieJIeHUIO BEPIINHDL, a 7 — K Pa3/leJIeHUIO KOPHS.
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YpaneHue sHaYeHun

TEOpeTI/I‘-IECKI/I YAaneHne 3HaueHus n3 2-3-z[epeBa JIOJIZKHO HAaITOMWHATDb Z[O6¢':lBJI(3HI/Ie7
TOJBKO C TOYHOCTBHIO 10 HaO60pOTZ BMECTO pa3/ieJiecHUA BEPHINHDBI CJAEAYET OKU/IATh
CJINAHNE BEPIITHH. O,lIHaKO Ha IIpaKTUKE BCE TOPa3a0o CJIO0KHEE.

Yro6bl YITPOCTUTD 3aj1auy, TPeICTaBUM, GY/ITO 3HAYCHHE YAATSCTCS U3 TEPMUHAI b-
HOH BepiiHbl. Eci 0HO HaXOANTCS He B TEPMUHAILHON BEPINUHE, TO, KaK U B JTIO60M
VIIOPSIZI0YEHHOM JlepeBe, ero cjielyeT 3aMeHUTh KpaHUM IIpaBbIM 3HaueHUeM, PAcIloJIo-
JKEHHBIM CJieBa. 3aMeHseMast BepIivHa Oy/IeT HaXOAUThCS B TEPMUHAIBHOMU, TOITOMY
Jlajiee CUTYAINI0 MOKHO PAaCCMATPUBATh TaK, CJIOBHO KpaiiHee MpaBoe 3HadeHre ObLIo
yZIaJIeHO U3 JIEBOI BEPIIUHBI.

Bepunna, B KoTopoil IpousBeieHo yaleHue, OCTaeTcsl ¢ OJHUM 3HaueHueM UJIu
BoBce Oe3 HUX. B 1mepBoM ciiydae 3a/aqy MOKHO CUHTATh BHIMOJHEHHOH. Bo BropoM
HY>KHO IT03aMMCTBOBATh OJTHO U3 JIBYX 3HAYeHUW Y BEPIIMHBI-CECTPBI U ITePEMECTUTD
€ro B IIYCTYIO BEPIITUHY.

O6parumcs k pucynky 11.9. TIpeamnooKumM, Bl XOTUTE yIAIUTh 3HAUCHIE 4 U3
KOpHs iepeBa Ha BepxueM (parmenre. /|71 Havassa mepeMecTuTe Yucyio 3 B yAAJIEHHYIO
[O3UILUIO, YTOOBI IIOJIYYUTh IePEBO, U300pakeHHOE Ha BTOPOM (hparMeHTe.

Puc. 11.9. Yanenue 3HaueHus 13 BEpUIMHBI B 2-3-/1€peBe
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Hosas ctpykrypa 6osibiiie He siBasieTcst 2-3-71epeBOM, OCKOJIbKY Y BHYTPEHHEH Bep-
ITUHBI A €CTh TOMBKO OJINH T0YEPHUIl y3es. 3aTo ee cecTpa B copep:kUT Tpu 109epHUX
y3J1a, OJINH U3 KOTOPhIX MOKHO TI03aUMCTBOBATb: ClleJIaliTe BEPIIUHY CO 3HAYEHUEM 5
movepHell 7T BepIuHbT A, Kak Ha TpeTheM (parmente. Ha ciienyionieM sTare HysKHO
YIATUTH 3HAYeHIE 6, KOTOPOEe TTOMOTAJIO PEITUTD, KOT/IA TIEPEMETITATHCST OT BEPIIUHBI B
K BEPIITITHE C YUCJIOM 5.

Terneps y 3HaYeHust 6 HET BEPIIUHBI M YUCJIA PACIIOJIOMKEHDI HE B OTCOPTUPOBAHHOM
nopsizike. [lockobKy 6 60ibiiie 0600 IPYroro 3HAYCHUS B TIOJ/IEPEBE A, ero cienyer
[IEPEMECTUTD B KOPEHb. 3HAUEHUE 3, KOTOPOE JI0 3TOTO B HEM HAXO/MJIOCH, HOJIBIIIE BCEX
HCXOJHBIX 3HAYEHU B IOfI/lepeBe A U MeHbIIle I03aUMCTBOBAHHOTO 3HaYeHus 5. Takum
06pa3oMm, ero HyKHO PaCIoJOKUTh cieBa oT 5. Ha yetBeprom dparmente pucynka 11.9
MIpe/ICTaBIeH KOHEUHBII Pe3yJIbTaT OTlepaIiy.

PaccmoTpum elne Takyio cuTyaluio, Korja 3HayeHue yajusgercd U3 BHyTpeHHel
BEPIINHBI U y HEe OCTAETCd TOJbKO OJWH JOYEPHUN y3eJi, a Y BePIIUHBI-CECTPbI —
BCEro O/HO 3HaYeHue. B TakoM ciyyae y BepHIMHBI-CECTPBI HEJIb3s1 I03aMMCTBOBATD
BEPIINHY, HO MOKHO PUCOEANHUTD €€ CaMy IeJNKOM. DTO HA3bIBACTCS CAUSHUEM
sepuiun.

ITpu camsiHUM BePIINH Y UX POJAUTEJIS TepseTcs OluH louepHuil ysest. Eciu 10 aToro
neTeit 6BIT0 IBOE, HAPYIIAETCSI YCJIOBHUE, COTJIACHO KOTOPOMY KayK/lash BHYTPEHHSISA Bep-
muHa B 2-3-/iepeBe J0/KHA UMETD JIBa WK TPU Jo4epHuX y3ia. B TakoMm cirydae Hy:KHO
MePETH BBEPX M0 IEPEBY U U3MEHUTH OAJIAHC Y POUTEIS, TEPEPACTIPEAETUB 3HAUCHIUST
160 0OGBEANHIB POAUTEIISI C €T0 BEPIINHOM-CECTPOH.

B kavecTBe prMepa Bo3bMeM JIepeBo, H300paskeHHOE Ha BepXHeM (hparMeHTe pucyH-
ka 11.10, u npearIoaoXKuM, 4TO HaM HY)KHO YAQJIUTDb U3 Hero 3nadenue 3. B pesyibrare
MOJIyYUTCS CTPYKTYPA, Kak Ha BTOpoM ¢pparmMenTe. OHa yske He sIBJgeTcs 2-3-1epeBoM,
[IOCKOJIbKY Y BHYTpeHHe BepIINHbI A UMeeTcs TOIBKO OJIUH JJ0YePHUN y3elL.

Puc. 11.10. O6beqnnene BepIvH MPH YAATEHUH 3HAYCHUST 13 2-3-71epeBa
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Y Bepiunbl B TOXe TOJDBKO [IBa JOYEPHUX Y3714, TOITOMY MO3aUMCTBOBATH y Hee
JIOYEPHUI y3eJ1 HeJib3sl, HO MOKHO OOBEeIMHUTD ee ¢ BepInnHoi A. B pesyJibrare y opHoi
0011ell BepIINHBI OSBUTCA ABA 3HAUEHUS ¥ TPY JOUYEPHUX Y3714, YTO OTJUYHO BIIKIIET-
CsI B HAIIy MTPOCTPAHCTBEHHYIO CTPYKTYPY. OIHAKO pOANTEbCKAsT BEPITNHA MTOTEPSIET
JIOYEPHUH y3e, a cae1oBaTeIbHO, U 3HaueHue. [loceHee MOKHO TIepeMecTUTh B TTOJI-
JIePEBO TTPUCOETMHEHHON BEPITUHBI.

ITo oxoHYaHUU BBIIIETIEPEUNCTEHHBIX TEPECTAHOBOK 3HAYEHUST TIOTEPSIIOT OTCOP-
THUPOBAHHBI TTOPSI/IOK, CI€0BATEJBHO, X IIPUETCS IIepecTaBuTh. Pesynbrupyioiee
IepeBO, KOTOPOE MOMYUUTCS B XOJIE€ OTIEPAITIH, H300PaKEHO Ha TPETheM (DparMenTe
pucynka 11.10.

B namem npumepe BepXHss BepILNHA, I/l 110 UTOrY ocTasloch 3Hadenue 20, umeer
1Ba TovepHUX y3ma. Ecau 661 mogo6Has cTpyKTypa He 06pa3oBamach, IPHUILIOCH ObI TTO-
BTOPHO GaJIaHCUPOBATD JIEPEBO HA YPOBHE BEPIIMHBI, [T03aUMCTBOBATH JOUEPHUN Y3
160 0OBEANHUTD TEKYILYIO BEPIIMHY ¢ BEPIIUHON-CECTPON.

B xymmem ciydyae cAMSIHUSI MOTYT TIPOTSIHYTHCS IO BCEMY IE€PEBY M KOCHYTHCSI
kopHeit. OHAKO 9TO eIMHCTBEHHOE CTeUeHUEe OOCTOSITEIBCTB, B PE3YIbTaTe KOTOPOTO
2-3-11epeBO MOKET BbIpacTU 00JIe€ KOPOTKUM.

B-nepeBbs

B-7iepeBbst ABAAIOTCS paciiupeHueM 2-3-1epeBbes, Wi HaoO6opoT, 2-3-1epeBbst MOK-
HO CYMTaTh 0COOBIM CJiyuaeM B-/iepeBbes.

B 2-3-nepeBe kaxkas BHYTPEHHSIS BEPITUHA COAEPIKUT OJHO WUJIN /IBA 3HAYECHUS
u uMeet aBe au6o Tpu BeTBH. B B-sepese nopsaka K Kajkaas BHyTPEHHss BepIIMHA
(kpoMme, BO3MOXKHO, KOpHeBOIT) cojep:kuT ot K no 2K 3navenuii u umeer ot K + 1 10
2K + 1 BetrBeii.

KosmuecTBo 3HaueHwMi, onpeensioniee nopsoox depesa, MOKeT ObITh OIPOMHO,
[I03TOMY BHYTPEHHUE BEPIIUHBI B B-/lepeBe 4acTo Ha3biBalOT 6edpamu. B-pepeso mo-
panka K obagaer ciepyomyuMu CBOiCTBaMU:

= KaK7as ero BepIINHA COJIePKUT MakcUMyM 2K 3HaueHUi 1 MuHUMYM K 3Haue-
HUM (KpoMme, BO3MOKHO, KOPHEBOI BEPIIUHDI );

= BHYTPEHH:S BEPIIUHA, BKITIovuaionas M snadenuii, umeetr M + 1 BeTBeii, KoTOpbIe
BeayT K M + 1 mouepHUM BepimnHaM;

® BC€ TepMHHAJIbHbIE BEPIINHDBI HaXOJAATCSA Ha O/THOM YPOBHE.

[TockosbKY OT KasK01t BHYTPEHHEH BEPITUHBI OTXOANUT KaK MTHUMYM M + 1 BeTBb,
B-nepeBo He MOKET BBIPACTHU CAUITKOM BBICOKUM WU TOHKUM. Hampuwmep, B B-nepese
JIEBATOTO TOPAIKA Y KaK/101 BHYTPEHHEN BepuinHbl MoKeT 6biTh 10 BeTBeil. Takum 06-
pasoM, iepeBo, cojiepxkariee 1 MyH 3Hauenuit, 10/wxH0 nmeth log, ;1 000 000 = 6 ypos-
Heil B BbICOTY. ([1J1s1 TOTHOTO GUHAPHOTO JIepeBa IPH TOM Ke KOJMUYECTBE 3HAYCHUH BbI-
corta coctaBuT 2(0) ypoBHeii.)

—=_ 3AMEYAHUE

I | CTeneHb epeBa — 3T0 MakCUMasibHOE KOJIMYeCTBO BETBEN, KOTOPbIM MOXET pac-
™ | onaratb nio6as ero BEPLUNHA, TO eCTb B-aepeBo nopsaaka K umeeT cTeneHb 2K + 1.
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[Touck mo B-iepeBy POBOUTCS TaK K€, KaK U 110 2-3-/1ePeBY: pacCMaTPUBAIOTCS
3HAYEHUS KAk /10U BEPIINHBI, BBISICHSAETCS, MEK/IY KAKUMU U3 HUX JIEXKUT 1eJIeBOE, a 3a-
TeM ITPOUCXOUT CILYCK 110 COOTBETCTBYIONIEH BETBU.

Ha pucynke 11.11 nokasana Bepmuna B-sepesa BToporo nopsiaka. Ytobbr HaliTH
3HaveHue 35, Hy’)KHO CITyCTUTHCS 110 BETBH B, MIOCKOJIBKY OHO PACIIOJATAETCS MEKIY
sravenustmu 27 u 36. Ecain Besrercst movick drcsa 50, MpeBbIIIaioniero Bce MEIOIINecst
3HAYEHUST BEPIIMHbI, TO HAJ[0 IPOUTH BHU3 110 MTOCjae Hel BeTBu D.

(27364

A B c D

Puc. 11.11. IIpimmep B-znepeBa (BHyTpeHHNE BEPIIIHBI CO/IEPKAT
HEeCKOJIbKO 3HaUeHUH, MesKy KOTOPBIMU PACIIOJIaraloTCsI BeTBU)

JlobGasrenne u yaaaenue sHadeHuii B B-nepese mogo6H0 aHaIOTMYHBIM OIIEPALLIM
B 2-3-711epeBe.

JoO6aBneHne 3Ha4YeHUn

YT00BI BKIUUTH HOBOE 3HAUEHKE B B-/1epeBo, HYKHO HAlTH COOTBETCTBYIOIIYIO
TepMUHANbHYTO Bepmuny. Eciu B Helt Menee 2K 3HaueHUH, HOBBIH 3JIEMEHT TTPOCTO
3aliMeT IoJI0’KeHHOe eMy MecTo. B ciydae korja Tekylasi TepMUHaIbHAsl BepIIMHA
3all0JIHEHa, HO ee cecTpa cofepskutT Metee 2K 3HaueHuil, 106aBIseMbIil 3I€MEHT 0~
MEIIAeTCs B BEPHIMHY-CECTPY C Y4eTOM CYIIECTBYIOIIET0 MOPSIIKA.

B kauectse nmpumepa pacemotpuM pucyHok 11.12. TIpeamonoxum, 4to Bam HeOOXO1H-
Mo 106aBuTh 3Hauenue 17 B epeBo, uzobpakenHoe Ha nepsoM pparmente. [Toaxoaaiast
TepMHUHAIbHAS BEPIIMHA Y>Ke 3aII0JTHEHA, T0ATOMY MEHSIETCSI TOPSIIOK B BEPIIUHE-CECTPE,
KaK Ha BTOPOM (hparMenTe, 1 HOBOE 3HaueHne cTaHoBuTCs B Hee. (O6parnTe BHUMAaHIE,
9TO pasessioniee 3HaUeHNEe B POIUTENBCKO BepIIHE TaKKe H3MEHHJIOCH. )

Puc. 11.12. [JobaBienue 3HaueHust K TTOJHON BepiinHe B-aepesa:
HCXOHAS (88epxy) M Tiepepaciipesie;IeHHast (6HuU3Yy) CTPYKTYPHI
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Ecsi Bce BepIIUHBI-CECTPBI 3aMTOHEHDI (MJIN BB HE XOTUTE MEHSITh B HUX MOPSI/IOK
3HAYEHUI, YTO IOBOJIBHO CJIOKHO), TO TEKYIIYIO TEPMUHAIBHYIO BEPIIUHY MOKHO pas-
IeJUTh Ha aBe 1o 2K 3HaueHuil B Kaxkaoil. B aTOM cirydae, uToObl 100aBUTh HOBOE 3HA-
YeHHUe K yskKe UMEIOIUMCs B BEPIIMHE, HeOOXOANMO MEePEMECTHUTD CPeHee 3HaUeHe
BBEPX, YTOOBI OHO CTAJIO PA3/EJISAIONIM B POMTEIBCKOM Y3JI€, & OCTABIINECS PA3HECTH
10 JIBYM HOBBIM BEPIIUHAM.

[TpeanosoxuM, BaM HYKHO 100aBUTh 3HaYeHHe 34 K JepeBy, M300pakeHHOMY Ha
nepBoM (pparmenTe pucynka 11.13. TepMuHaIbHAS BEpIIMHA U €€ CECTPBI 3AII0JTHEHBI,
TTIO3TOMY TIepepacIpe/iesIUTh 3JIeMeHThI HeJb3sI, 3aTO MOKHO PA3/eTUTh CaMy TepMHU-
HaJIbHYIO BEPITUHY, KaK TTOKa3aHO BTOPOM (hparMeHTe.

Puc. 11.13. /lo6aBiienne 3HaueHus K MOJIHON BepuiHe B-nepesa:
HCXO/IHAsI CTPYKTYpa (86epxy) M ¢ pas/ieJIeHHON TePMUHATIBHON BEePITHHON (8HU3Y)

ITepemetiast HOBOe 3HAUEHME BBEPX, BBl MOJKETE OOHAPY/KUTD, UTO U POTUTETHCKAST
BepIInHa yske 3anoiaHena. Torga Heo6X0AMMO MOBTOPUTH MPOIECC — Mepepaciipeie-
JINTD 3HAYEHUS MEKJLY CeCTPaMU POAUTEJIS UJIH JKe PA3/IeIUTh €ero CaMoro, IIepe/IBUHYB
3HAuYCHUS ellle BhIIIE.

B xyniem caydae mpoiiecc TpoiieT 1o Bcel CTPYKTYpe U CIIPOBOIUPYET pasfee-
HHE KOPHS, HO 9TO eIMHCTBEHHBIN BapUAHT, KOT/la B-1epeBo MOKET BHIPACTU BBICOKUM.

YpaneHue sHayeHun

YT00BI yIaIuTh 3HAUCHUE U3 BHYTPEHHEH BEPITMHBL B-/1epeBa, MOMEHSIHTE ero Me-
CTaM¥ € KpAaWHUM MPAaBbIM 3HAYEHUEM B JIEBOH YaCTH, KaK B CIy4ae ¢ YIIOPSAA0YCHHBIMU
JIepeBbSIMHU, a 3aTeM JIeiicTBYiiTe Tak, GyATO NMeeTe JeJI0 ¢ TEPMUHAIBHOM BEPIIMHOIL.

Ecam mocste mpoBeieHHON oTiepanyi TepMIHATbHAS BEPITNHA COAEPKUT MUHIMYM
K 3nauenuii, Baia 3azaua soinojHeHa. Korja saayeHuil MeHblle, He0OX0AUMO IOBTOPHO
cbamaHcupoBaTh AepeBo: 00paTUTe BHUMAHNE HA CECTEP BEPIIMHBL, TA€ aHAJOTHYHbII
nokasaTesib 6oubiie K, 1 mepepacipenenTe 3HadeHus: HyKHbIM 00pa3oM.

[Tpeanonoxum, TpedyeTcst yaainuTh 3HaueHIe 32 13 JepeBa, PEICTaBICHHOTO Ha
rnepBoM (parmenTe pucynka 11.14. B pesysibrare Bauimx jelicTBUI OCTaHETCS TEPMMU-
HaJIbHAsT BEPITNHA BCETO C OIHUM 3HAYEHHMEM, UTO HETTPUEMJIEMO JIJIsT B-/iepeBa BTOPOi
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creriern. YTo6bl nz3beKaTh MOAOOHON CUTYaAIMN, 3HAUEHUS B 11eJIeBOI BepUIMHE U ee
cecTpax GbLIU TIepepacipe/iesieHbl, Kak Ha BTOPOM (hparMeHTe, — B Kaxk/I0W U3 HUX

OCTaJIOCh IIO /IBa 3HAYECHMA.

(2[5 |71 (=[4[TI  ([s7]C

FE{
(215 [ (2T  (2s[e7]C

Puc. 11.14. Y nanenue 3HaueHust u3 Bepiinubl B-jepesa:
ucxXoHas (66epxy) 1 cOaTaHCUPOBAHHAS (6HU3Y) CTPYKTYPbI

Econ B Bepimmnax-cectpax He cofiepkutcest 6osiee K 3HaueHUTH, MOKHO OObEITHHUTD
OJIHY M3 HUX € TeKYIIell BepIIUHON, 4To0bI B HEll 0kazaaoch 2K 3HAYEHMIL.

[omycTuMm, Bbl XOTUTE yIaIUTh 3HaYenue 12 u3 nepeBa Ha BepxHeM (hparmMenTe pu-
cynka 11.15. M repMunaibHast BEPIIMHA, U €€ CeCTPbI cojiepsKaT 1o K 3HauYeHMii, T03TOMY
riepepacipesieieHue TYT He TIOMOKET. 3aT0 MOYKHO OObEMHUTD TEPMUHAIBHYIO BEPIITHHY
C OJTHOII 13 cecTep, KaK ITOKa3aHO BO BTOPOM (DparMeHTe.

BE (s

Puc. 11.15. Y anenne 3HaueHus1 U3 BEPUIUHBI B-jiepesa:
HCXOAHAs CTPYKTYPa (86¢pxy) v 110Cje 00beIuHEH s (6HU3Y )

HpI/I CJINAHNN ABYX BEPIINH B X O6H_[6M poauTes e MOKET HE OKa3aTbCA K 3nave-
HI/II‘/JI, TOT/la IIPOIECC HYKHO IMTOBTOPUTH Ha 60J1e€ BBICOKOM YpOBHE: TIEpepacCpesie/InTb
3HaYE€HUA CpeaN BEPIINH-CECTEP NN O6’beJII/IHI/ITb O/IHY U3 HUX C PO/ITUTEJIEM.

B Xyauiem cJjaydae O6’beﬂI/IHeHI/Ie HpOIL/'IZ[eT 110 BCEMY /I€PEBY M BbI3OBET TaK Ha3bI-
BaeMoe€ C/IudHnEe KOI)H(?I‘/JIy O/IHAKO 3TO EI[I/IHCTBEHH]'JII‘/JI CJIy‘-I.’:lI‘/JIy Kor/za B-z[epeBo MOJKET
BBIPACTHU KOPOTKHUM.
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Pa3HOBUAHOCTU cOaNaHCUPOBaHHbIX AEPEBbLEB

[ToMuMO y2Ke OlMCaHHbBIX BUIOB JIEPEBbEB CYIIECTBYIOT elile HEKOTOPbie MO/ IM(UKa-
ruu. O IByX U3 HUX, UMEIOIIUX OTHOIIIEHUE K B-/1epeBbsiM, Mbl IOTOBOPUM B CJIE/IYIOIINX
noxpaszaenax. K ciosy, otu ske MoguduKaum MOryT ObITh IIPUMEHUMBI 1 K IPYTHM BUIAM
cOalaHCUPOBAHHBIX CTPYKTYP, HalIpUMep K 2-3-1epeBbsiM (Bbl Be/lb IIOMHUTE, YTO 3TO
Bce Te e B-7iepeBbsi, TOTBKO epBOTo TMOPSIIKA).

Uepapxmnyeckun opraHnsoBaHHblie B-pepeBbs

[Tpu nobasieHny 3ieMeHTa K B-/lepeBy cHauasia peKypCUBHO TIPOXOJIAT IO €T0 BbI-
cote, YTOOBI HAUTH HY/KHYIO TEPMUHAIbHYIO BepIInHy. Ec/ii BepInuHa moJHast, Bepo-
STHO, €€ TTOHA0OUTCS PasbuTh U TIepepacpe/e/IuTh 3HAYCHIE K POAUTENIO. B pesyib-
Tare Mo Mepe BO3BPaIleHUsI PEKYPCUBHbIE BBI3OBBI MOTYT TO U JIeJI0 100aBJIATH Hepe-
MellleHHbIe BBEPX 3HAUEHMsI K TEKYIIIEN BEPIIIMHE 1, €CJIU OHA TOKe PasOMBaeTCs, repe-
CTaBJIATh yIKe JAPYrue 3JIeMeHTHI OJirsKe K KOpHIO. ITOCKOJIbKY pasjiesieHue Beaep mpo-
HCXO/IUT B TO BPEMsI, KAK aJITOPUTM JIBVIKETCST BBEPX IO CTPYKTYPE AaHHBIX, TOA06HOE
B-11epeBo HHOT/IA HA3BIBAIOT BOCXO0SUUM.

AllbTepHATUBHASI CTPATErUsl — CJIeJaTh TaK, YTOObI AIrOpUTM pazbusai aobbie
MOJIHbIE BEPITUHBI, CIIYCKAACh 110 iepeBy. Torna B poJuTeIbCKON BEPIIUHE CO3/IaeTCs
IIPOCTPAHCTBO, B KOTOPOE MPU HEOOXOAMMOCTU MOKHO TIOAHSTD «JIUIITHEE» 3HAYECHHE.
U ecim 1iesieBast TepMUHATIbHASI BEPIINHA SIBJSIETCS TTOJTHOM, TO aITOPUTM 3HAET, Y4TO
y €€ POJUTEIst €CTh MecTO (He ObLIO GBI €ro, POAUTENbCKIN y3es Obli Obl yiKke pazouT).
[TockobKy Takue pasOUBKU BeApa CAYYAIOTCS TIPU TIePEMEIEHUU PEKYPCUI BHUS 110
CTPYKTYpPe MAHHbIX, TOM00HOe B-epeBo MHOT/IA HA3BIBAIOT HUCXOOSUUM.

B nucxozsieM B-uepese pasOMBKU Bepa IPOUCXOIAT PAHbIIE, 4eM B J1I000M IPyroM
cayyae. TToJTHbIE BEPIIMHBI Pa3eISIFOTCS ake TOT/a, KOTa X JOYePHIUE Y3JIbl CoIep-
JKaT MHOTO HEUCIIO/Ib30BaHHbIX 3AIIMCEll. A IOCKOJIBKY IIyCThIX 3aIIMCEll B TAKOM JiepeBe
Gouiblle, yeM HEeOOXOIMMO, TO OHO BBIIIE, 4YeM MOIJIO Obl OBITh BOCXOHsIIee B-nepeso.
Tem He MeHee cBOOOZIHOE IIPOCTPAHCTBO COKPAIaeT BEPOATHOCTD TOIO, 4TO 00aBJIeHNEe
HOBOTO 3HAYEHK [TOBJIEYET MHOIOUUCIEHHbIE Pa3OUBKY BEEP.

K coxasmennio, 1715 CIUSHUS BeZiep He CYIIecTBYeT HICXosmero anroputma. Cryc-
KasChb 110 JIepeBy, IPOrpaMMa He MOXKeT OIlpe/le/IUTh, II0TepsieT JIM BeplIMHa Jo4epHuil
Y3€JI U HYKHO JIF e O0beJINHUTD C BEPIIMHON-CECTPOIL.

B+-pepeBbs

B-z1epeBbst 4acTO UCIIOJIb3YIOTC JIJIsE XPaHeHs 00bEMHBIX 3aIKCEl, HAlPUMEP MH-
bopmanmm o corpynuukax. Kaskaast Takast 3ammich, Kak MpaBUIoO, 3aHUMAET HECKOJIBKO
KIJ106aiiTOB IaMsITH, a IpU Haarnauu ¢hotorpaduu 1 HECKOJIbKO Merabaiitos. B+-1epeBo
OpraHu3yeT JIAHHbIE ¢ IPUMEHEHNEM HEKOETO KJII0UEBOTO 3HaUeHUs. VIM MOXKET cTaTh
udenmugpuravuonnviii nomep (VH) corpyanuka.

B aTom CJIy4dae IrepepaciipejieJieHrne 3JiEeMEHTOB B Be/[p€ CUJbHO 3aMe/IJINTCA, 110~
CKOJIbRY IIpOIrpaMMe, CKOpee BCETO, ITPUACTCA NUMETD JI€J10 C 60J1bIINM 00BEMOM JlaHHDbIX.
YT1006BI X IIEpEMECTUTD, HOHa,HO6I/ITC§I KaCKa/lHasd paS6I/IBKa Be/lpa. Bo uzbexanue aro-
TO BO BHYTPEHHUX BEPIIMHAX B—z[epeBbeB paciiosararoTCA JINIb KII0Y€BbIE 3HAYECHUA
1 yKa3aTeJikn Ha OCTaJIbHbIE JJaHHbIC 3alTUCH. Tenepb, 4TOOBI U3MEHUTD TOpAIOK BeAED,
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AJITOPUTMY HEOOXOIMMO TIEPEMECTUTD TOJIBKO UX, a He TIeJTYI0 3aruch. Takol T cTpyK-
TYpbI JJaHHbBIX HasbiBaeTcss B+-depesom. Ero npumep nokaszan Ha pucynke 11.16. 3xecn
NYHKTUPHBIE JJMTHUU YKa3bIBAIOT HA CCBUIKM (YKa3aTesn), KOTOPbIE BEAYT OT KJI0Ya
K COOTBETCTBYIOIIUM JIAHHBIM, 3aKJIIOYEHHBIM B KBaJ[PaTHBIE PAMKH.

3 [
(16] 19 26- :-
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Pl ERLIEIE REEIE

Puc. 11.16. [Ipumep B+-znepesa

[TomuMmo TOTO YTO B+-71€peBbsl YCKOPSIIOT TlepecTpanBaHne 3HaYeHUH, OHU UMEI0T
ellfe HECKOJIbKO Tpenmyiiects. biarogapst uM obserdaercst pabora ¢ pa3HbIMU KJTI0Ya-
MW JIJIsI OTHUX ¥ TeX JKe JaHHbIX. Hampumep, mporpaMma MOKeT HCII0JIb30BATh IIEPBOE
B+-nepeBo 1711 cucTeMaTH3aIUN 3anuceil o corpyaankax mo ux MH, a Bropoe — mo
HoMepy nacnopra. [Ipu aTom obpariieHre K HyKHO 3aIiCH TPOUCXOAUT MO OUHAKOBBIM
ykaszaressim. Tak, 4To6bl HaliTH coTpyaHuKa 1o MTH uim HoMepy macmopra, HysKHO 0Cy-
IIECTBUTD OUCK TI0 COOTBETCTBYIOMIEMY A€PEBY 1 MepeiTH 0 IIPaBIILHOMY YKa3aTeIIo
K aKTyaJIbHbIM ITaHHbBIM.

lpyrum ipenMytiecTBoM B+-/1epeBbeB SBISETCS TO, YTO X BEPIIUHBI MOTYT CO-
JiepKaTh MHOKECTBO BEJIMYWH. DTO 3HAYWT, BaM TI0 CHJIaM YBEJIMYUTH CTENIECHD /IePeBa
u cliesiath ero 6osiee KOpoTkuM. [TpeanosoKum, Bbl CTpoute B-/1epeBo BTOPOTo MopsiIKa
TakuM 06pasoM, YTOObI KayK/ias ero BeplinHa uMmesa ot 3 10 5 104epHux yaiaos. Yro-
6b1 BMecTHTH 1 MJIH 3ammceii, TonagobuTes cTpykTypa BhicoToii ot log, 1 000 000 1o
log3 1000 000 nsm ot 9 1o 13. Toraa 1715t morcka Hy»KHOTO 3HAYEHUST TPUJIETCS TPOBEPUTH
13 Bepima. MasoBeposITHO, 4TO BCE 3aITUCH JIepeBa YMECTSITCS B TAMSITH OJTHOBPEMEHHO,
O3TOMY, CKOpee Beero, ToTpedyercst 13 10CTYIOB K AUCKY, UTO CYIIECTBEHHO 3aME[JIAT
npoiiecc. A Temepb IPEACTaBbTe, YTO BbI XpaHUTE TOT ke 1 MuH 3anuceit B B+-aepese,
IJie BEPIIMHBI IMEIOT OANHAKOBBIN pasMep B Kustobaiitax. [I0CKOIbKY B 9THX BEPIINHAX
COJIEPIKATCST TOJIBKO KJIIOYEBBIE 3HAYCHUST, UX KOJMYECTBO MOXKET OBITH OTPOMHO.

Bosbmem, natipumep, B+-epeBo, /e B o/iHO# Bepinune ymetiaercs g0 20 TH co-
TPYAHUKOB (B JeCTBUTEILHOCTH 3Ta 1iupa MOXKeT ObITh HAMHOTO 6oJibiie). B atom
caydae y Kax/oro yaia MoxeT 66rTh o1 11 10 21 mouepuux y3mos. Taxum o6pasom,
JIepeBO PACIPE/IC/INT ysKe yIOMAHYThII 1 MiIH 3HaYenuii o Bbicore ot log,, 1000 000 10
log11 1000 000 wwtur o1 5 10 6. ITO BHAUNT, YTO IS IIOUCKA HY/KHOTO 3JIeMEeHTa ITPOTpaMMa
MTPOBEPUT MAaKCUMYM IIECTh BEPIIUH U COBEPIIUT IMIECTh AOCTYIOB K JMCKY, COKPATUB
BPEMSI OTI€paIiK IPUOJIU3UTETHHO BIBOE,

== 3AMEYAHMUE

' nOCKOJ'Ibe B+-pepeBbsi COKpaLLaloT BPEMS NOUCKa NpY HECKOJSIbKMX AO0CTynax K aguc-
— KY, X HaCTO NCNOJIb3YIOT B PEeNIALMNOHHbIX 0asax OaHHbIX ons XpaHeHna NHOEKCOB.
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Pe3iome

[To06HO PYTUM YIIOPSIIOYEHHBIM CTPYKTYPAM JAHHBIX COATAHCUPOBAHHDIE J1E€PEBbST
MO3BOJIAIOT TIPOTPAMME XPAHUTh U OBICTPO HAXOAMTH HY KHbIE 3HaYeHust. Opranusariust
anemeHTOB B ABJI-, 2-3-, B- 1 B+-/1epeBbsix rapaHTUPYET, UTO TaKHUE JIEPEBbS HE BbI-
PaCTyT CJIUNTKOM BBICOKMMH ¥ TOHKUMMU, YTO MOJKET HETATHBHO CKa3aThCs Ha pabore
aJITOPUTMOB.

JlobagJieHuie 1 yiaieHne 3HadeHuii B cH6alaHCUPOBAHHOM JiepeBe uyTh HoJiee TPy10-
eMKO, ueM B 00br9HOM (HecHamaHCPOBaHHOM) JiepeBe. TeM He MeHee Takue oreparim
sannMatot s O(log N) BpeMeHH, TO eCTh TEOPETHYECKH JIJIsT 000UX BUIOB J€PEBHEB
3TOT MOKa3aTeJTh MOUTH OIITHAKOB. /l0TIOTHUTEThHOE BpeMsT, 3aTpaueHHOE B JICHCTBUTEIh-
HOCTH, TTO3BOJISIET AITOPUTMY TAPAHTHPOBATE, YTO 002 TIPOTIECCA He BO3PACTYT JIMHEHHO.

B riiaBe 8 onuchIBaloTCS JIMHEHbIE XelI-TaO/IIIIbl, B KOTOPBIX MOKHO XPAHUTh 1 UC-
KaTh 3HaUEHMUsI 1axe ObicTpee, ueM B cOaTaHCUPOBAHHbIX epeBbsix. OHAKO TabJIMIbI He
06JIaIatoT IPYTHM IPEUMYIIIECTBOM, HATIPUMED OHU He MO3BOJISIOT OBICTPO OTOOPaKaTh
BCe 3HAUEHUS B OTCOPTUPOBAHHOM MOPSI/IKE.

Ha nannoM aTarie Mbl pacCMOTPEJIN TUIIOBBIE AJITOPUTMbI, KOTOPbIE TO3BOJISIOT JIMIITb
CTPOUTD 1 06XOIUTH OOBIYHBIE U cOaTaHCHPOBaHHBIE JIePeBbst. B ciemytolieii riiase Bbl
CTOJIKHETECH C MOJIETMPOBAHNEM U PellienneM (oJiee TMIPOKOTO CIEKTPa 3a71ad.

YnpaxHeHus
1. Haueprure cxemy Hamomobue Toii, uTo nmpeacTasieHa Ha pucyrke 11.4, 4robsi
HOBTOPHO cOatancupoBaTh ABJI-1epeBo B ciiyyae «paBblii — JIeBbIii».

2. Cxemarunyno uzobpasutre nodasienne B ABJI-gepeBo uucesn or 1 10 8 B mopsijike
UX CJICJOBAHUS.

3. Coamnancupyiite ABJI-nepeBo, uzobpakentoe Ha pucytke 11.17, mociie yuaieHust

®
® ®
ONGIONE
O & @

Puc. 11.17. IIpumep ABJI-nepeBa

4. Tlo mpumepy pucyska 11.7 moBTopHO cOamancupyiire 2-3-1epeBo, n300paskeHHOE
Ha pucytke 11.18, 106aBuB K HeMy 3HaueHue 24.

5. Onupasich Ha pucyHok 11.9, usobpasure, kak yaanuTb sHayeHue 20 us 2-3-nepesa,
npezicTaBienHoro Ha pucynake 11.18.

6. Haueprure cxemy Hanogobue pucynka 11.13, uto6sr gobasuth 3HaueHue 56
K B-zepeBy, usobpaxkenHomy Ha pucynke 11.19.
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Puc. 11.18. IIpumep 2-3-nepesa

Puc. 11.19. [Ipumep B-nepesa

7. Bosbmure 3a ocHoBy pucyHok 11.14 u nokaxxure, Kak yjajuTh 3Hauenue 49 n3
B-niepeBa, 110JIy4€HHOT0 B IIPEABIIYIIEM YIIPaKHEHUH.

8. Cxematnuno uzobpasure B-epeBo BTOPOTO TOPSKA, K KOTOPOMY TIOCTEI0Ba-
TEJIbHO 06aBJIstioTes uncaa 1, 2, 3 u T. /1. 10 TeX Top, MOKa KOPHEBask BePIINHA
HE [MOJIYYUT YeThIpe ouepHuX y3/aa. CKOIbKO BETMINH OKAKETCS B IEPEBE B ITOT
MOMEHT?

9. Kak mpaBuio, KOMIIbIOTEPBI CYUTHIBAIOT JaHHBIE C JKECTKOTO JANCKa OJOKAM.
[Ipeamosoxum, BaM HYKHO TIOCTPONUTDH B- nin B+-71epeBo, B KOTOPOM XPaHSITCS
3aIUCHU O KJIMEHTAX B BEJ[PaX, COCTOSIINX 13 YeThipex 010K0B 1o 2 Mbaiita. ITyctb
Kakaasl 3amuch umeer pasmep 1 KOaiit, kiiodeBoe 3HadeHne — 310 (paMUIns
KauenTa, sanuMmaromasa 100 6aiiT, a Kaxaplil yKasaTesb, HAXOMSIIUIICI MK LY
BepurHaMu (MJIM BeAYIIUH K IaHHBIM B B+-gepese), TpeGyerT /s XpaHeHust
8 Gaiir. KakoB HaMBbBICIINIA TIOPSIOK 15t B- win B+-epeBa [py UCHOJIb30BAHUN
Bezep ¢ yeThipbMst Giiokamu? KakoBa HaubosibInas Beicota B- u B+-epeBa, ecim
B Hux xpansares 10 000 3ammceit?
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ONEPEBbS NPUHATUSA PELLEHUA

B rmaBax 10 u 11 BBI MO3HAKOMMJIUCD C AJITOPUTMAMHK, KOTOPbIe paboTaIoT ¢ jiepe-
BbSIMH B 1[€JIOM U €O COATAHCHPOBAHHBIMU JICPEBLSIIMU B YaCTHOCTH. BB y3HamH, Kak
TIOCTPOUTD TAHHOTO BU/IA CTPYKTYPBI U Kak pabotarh ¢ HuMu. Ho moka HesicHO, Kak uc-
TTOJIb30BATh JIEPEBBS /LIS PEIIeHNT KOHKPETHBIX 3371ad.

B rekyueil riaBe olMCHIBAIOTCS APEBOBU/HBIEC CTPYKTYPbI, KOTOPbIE O3BOJISIOT
MOJIEJIMPOBATh CUTYALUH, T/ie JOILyCTUMa MHOXKECTBEHHOCTD PellIeHU, a Kax/asl BEeTBb
npezicTaBisieT cobo0il onpe/ieleH bl BEIO0P. B nTore Kask/1ast TepMUHATIbHAS BEPITIHA
CONEPIKUT TIOJTHBIH HabGOp MENUCTBUI, MPUBOAAIINX K KOHETHOMY PE3YJIBTATY, a TENHI0
CTaHOBUTCA ITOMCK HAWJIYYIIero BO3MOKHOIO BapUaHTa MJIM CaMOM IToAXoAd1Ieil Tep-
MUHAJIbHOI BEPILIUHLL B lepeBe.

[TpeanonoxkuM, BaM HYsKHO Pas/IeIUTh PasHbIe TIPEIMEThI Ha JABE TPYIIIIBI TaK, YTOObI
BEC KQUKION M3 HIX OKA3AJICST OMMHAKOB. 3149y JIETKO CMOJIETUPOBATE € TOMOTITHIO OH-
HapHOTO JlepeBa: Ha ypoBHe K B JieBo# BeTBM Ipe/iMeT K BKIIoYaeTcst B OJ{HY TPYTIILY, a B
npaBoil — B pyryio. [IpoxoskieHne 1o BceMy JiepeBy COOTBETCTBYeET IIOJIHOMY paciipe-
JIeJIEHUIO [TpeIMeToB. Baina 11e1b — HallTH 11y Th, 03BOJISIONINI POBHO Pa3/Ie/IUuTh BeC.

I[epeBbH TIPpUHATUA peHleHI/Iﬁ TIOAXO/IAT I MOJIETUPOBAaHNA BCEX BU/IOB CHTyaHI/Iﬁ,
KOT/1a /115 TI0JTyYyeH st pe3yJibTaTa Hy>KHO COBEPIIIUTD HECKOJIbKO 11aroB. EAMHCTBeHHbBIN
UX HEJIOCTATOK 3aK/II0YAeTCsI B TOM, YTO OHH BBIPACTAIOT orpoMHbiMU. Hanpumep, 6u-
HapHOE JIEPEBO, KOTOPOE JIEJUT BhITeonucanubie N 0ObeKThl Ha JIBE TPYIIIIbI, JOJKHO
COCTOSITh U3 2V TepMITHAIBHBIX BEPIINH, a 9TO MOXKET CJIeJIaTh ITOUCK MO BCEMY ZIePEBY
Gesycmenmubiv. Hamprmep, mutst pasaenervist 50 TpeIMeToB MOHATOOMTCS IPEBOBUIHAST
crpykrypaus 1,13 x 10" repMuHaIbHBIX BepInH. B 9TOM ciydae, aske eCJiu IPOBEPSITh
1o 1 MJIH BepIuH B ceKyH Ly, notpedyercst 6osee 2100 Jer.

B rekymei riaBe pacckaspiBaeTCs JHUIIb O HEKOTOPBIX BUAX JePEBbEB MPUHATHUS
pertiennii. 113 Hee BbI y3HaeTe 0 MeToax 3((MEKTUBHOTO MOUCKaA JJTst OOJIBIINX 3a/1ad,
r7ie HeJib3s1 Tiepebparh Bee 3HAYEHUST TIOJTHOCTBIO, a TakKe 00 9BPUCTUYECKUX METOIAX
HaXOKIEeHUs IPUOIM3UTENbHBIX PELIEHNH, KOI/Ia N3y4eHUe BCEro JepeBa HEBO3MOKHO.
[l Hayasma Mo3HaAKOMUMCS € TIOUCKOM TIO JIEPEBBSIM UTPHI.

NMouck no pepeBbsM Urpbl

JlepeBbst UTPBHI XOPOIIIO TOAXOST JJIsT MOJIETUPOBAHUS UTPBI B ITAXMATHI, TAITKH,
IO ¥ KPpeCTUKU-HONUKY. B nux xakpasg BeTBb oTpaxkaeT JeiicTBUe 01HOIO U3 UTPOKOB,
JIPYTUMU CJIOBAMM, €CJIM B KAKOH-TO MOMEHT y UTPOKa ToABUTCS 10 BO3MOKHBIX XO/IOB,
To 1y nepesa Gyner 10 BoaMoskHBIX BeTBeil. [1osHOE ciie/loBaHe 110 JIEPEBY COOTBET-
CTBYeT 3aKOHUEHHOI1 urpe.
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Kak u Bce ocTanbHbIe IepPeBbst TPUHSITHS PEIIEHN, 9TH CTPYKTYPHI PACTYT OU€HD
6oicTpo. Hanpumep, ecJiu B Urpe B MaxMaThl cocTosioch 40 X008 (06a UTpoka coBep-
s 110 20) ¥ Ha KaXKJI0M 9Tarie BO3MOKHO B cpefiHeM 0KoJ10 30 BApUaHTOB JIeliCTBU,
TO 00IIee KOJMIECTBO TPOXOKIEHU 110 iepeBy Oyzet 30~ 1,2 x 10°, VicuepnbiBatonmit
KOMITBIOTEPHBIH TTOUCK, OCYTIECTBIISIONNI 1 MITH TIPOXOKIEHUI B CEKYH/LY, TTPOJIJTUTCS
okoJ10 2,3 x 10* er. (O6 oLeHKe HEIOBTOPSIONMXCS IIAXMATHBIX ITAPTHI MOXKHO IIPO-
YuTaTh 110 cchlke ru.wikipedia.org/wiki/Mucno_LLlenHona. )

Wrpa B KpecTUKU-HOJIUKY JieTue TojiiaeTcs penieHnio. Ha mepBom miare y kpecTu-
KOB €CTb JIEBSTh BO3MOKHBIX BAPHAHTOB BHIOOPA, HA BTOPOM IlIare Y HOJUKOB TaKMX
BapMaHTOB y’ke BOCeMb. B masipbHENIeM y Kak0T0 y9acTHUKA CTAHOBUTCS HA OJTHO
BO3MOJKHOE JIefiCTBIE MEHBbIIIE, UeM Y COIEPHUKA Ha MpeAbLayiieM mare. Takum 06-
pasoM, obliiee KOJUYECTBO IIPOXOKACHUI B JIepeBe UIPbI BEIYUCIAETC Kak 9 x 8 x 7 x
x...x1=91=362 880.

HexoTopble n3 feiicTBuil CTaHOBATCS HeloIycTUMBbIMU. Harpumep, Koraa KpecTu-
KU 3aHUMAIOT TPU BEPXHUE KJIETKH MOCJIE TIEPBBIX TISATH XOI0B — UTPa 3aKaHIMBACTCS.
3HayuT, IO6BIE TPOXOKIEHHS 10 IEPEBY, HAUMHAIOIIHECS C TOTO, YTO KPECTUKHU CTOSIT
B YKa3aHHBIX KJIETKAX, HE JIOCTUTAIOT JEBATOTO YPOBHs. Ecu ynamnuTh Bce mopo6HbIe
ITPOXO’K/ICHMS, KOTOPBIE PAHO 3aKaHYMBAIOTCS, B JiepeBe TaK UM HHAYe COXPAHUTC ellle
okoj10 250 000 TepMUHANBHBIX BEPIIMH, TO €CTh CTPYKTYPa MO-IPEKHEMY OCTaHETCsI
OTHOCHUTEJIbHO PA3BETBJIECHHOM.

B CJAeAYIOMUX 1To/Ipa3/iejiaX OMMChIBAIOTCSA aITOPUTMUICCKNE METOJbI, KOTOPbBIE 'O~
AATCA JJIA CPABHUTEJIBbHO HeOOIbINOH HUTPbI B KPECTUKNU-HOJIMKH, HO OHU TaKKE ITpUME-
HUMBI K J110001 II0X0Kei urpe, HalipuMep K llaxMaTaM WJIN HIalllKaM.

MuHumakc

YT06b1 BHIOPATH TPETOUYTUTENBHBIH X0/, HY’KHO OI€HUTb TOCTYITHBIE TTO3UIIUN
Ha locke. Ecin, pasMecTUB KPeCTHK B OIIpe/leIeHHO KJIeTKe, Bbl BBIUTpaeTe, y 9TON
O3UIUK GOJIBIIIOE 3HAYEHE, T HA0OOPOT: €CJIU, COBEPIIUB XO/I, TO3BOJIUTE BHIUTPATH
COIEPHUKY, CTalo OBITh, y Hee Majioe 3HaueHue. B pasinyHbIX Urpax Ha MOZ00HYIO
IIEHHOCTD MO3UTINH BJAUSIOT pa3Hbie GaKTOPBI, HAIPUMED JTUAUPYETE JIU BB B TTAPTHH,
KaKyIo 4acTh JOCKU 3aHUMAIOT BaIllu (PUTYPBI, MOTYT JI OHU TIPEICTABIASATD YTPO3Y
1 GUTYp CONepHUKA U T. . B KpecTuKax-HOJIMKAX TIPEAINOIAraeTcsa YeTbipe BO3-
MOJKHbBIE TTO3UIIUU:

" 4 — wurpa 3aKOHIHUTCST TOOETO TAHHOTO UTPOKA;

= 3 — HedcHO, YeM 3aBepIuuTcst urpa (1mobemoii, IpOUrphIIeM W HIYbeil );
= 2 — Wrpa 3aKOHYUTCS HUYbEH;

= 1 — urpa 3aBepUINTCS IIPOUTPBIIIIEM JAHHOTO UT'POKA.

Ha pucynke 12.1 uso6pakeHbl Bce BO3MOKHbBIE TIO3UIIH. B BepxHeM JieBoM (par-
MEHTEe KPECTUKH BbIMIPAIOT Ha CJIECYIONIEM I1are; B BEpXHEM [IPABOM — IIPOUTPAIOT, 110-
CKOJIbKY HOJIUKH OJIEPKAT OOEy HE3aBUCUMO OT TOTO, KaKUM Oy/IeT OUepeIHON MIar.
HwuxHuii 1eBbrif hparMeHT 1eMOHCTPUPYET HeoTpeleIEHHYI0 CUTYAIINIO TPU YCJIOBHH,
YTO MIOUCK BEJETCS TOJNbKO Ha HECKOJIBKUX YPOBHSX B fiepeBe urpol. Hakownerr, HuKHUIN
MPaBbIi TPUBEIET K HUUbEH, TIPH 3TOM abCOMOTHO HEBAKHO, Ky/1a OYIET TIOCTABJIEH OUe-
penHol KpecTUK U HOJIUK.
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Puc. 12.1. Bo3amoskHble MO3UIMK B UTPE KPECTUKHI-HOJTMKU

W3 nnpuBeZiecHHBIX TTO3UIIMH BBITEKAIOT OYEBUIHBIC BHIBOJIBL.
= Eciu BBIUTPBIBAET 1EPBbHIN UTPOK — BTOPOI ITPOUTPHIBAET.

= Ecau pis mepBoro yyacTHUKA MAapTUs 3aKaHYMBAETCS HUUbEH, TO OHA 3aKaHYU-
BaeTCs HUYbEH U JIJIsT BTOPOTO.

= EcJin UCXO1 UTPBI HEU3BECTEH /I TIEPBOTO UTPOKA, TO OH HEU3BECTEH U JIJIS BTO-
poro.

B cioxabx WUIrpax OIECHUTDH MO3UIUIO Ha JOCKE MHOT/Ia CJIOKHO, TOCKOJIBKY ITPO-
rpaMMa HE€ B COCTOAHUU ITPOBECTH TH.[&TC]II)HI)Iﬁ IIOMCK TIIO /IEPEBY, 4TOOBI IpoCcYUTaTh
BC€ BO3SMOJKHbBIE BapMaHTbl UCXO/4a ITapTUU. B rakux CJIydasx Mo3nnusaM HadHadyaloTCsa
HpI/I6JII/IBI/IT€]IbeIe 3Ha4YCeHMA, 4TOOBI IIporpamMMa MorJia BI)I6paTb HaI/I]Iy‘II_HI/Iﬁ BapHuaHT.

Ha moctatouso GLICTPOM KOMIBIOTEPE B UTPE KPECTUKH-HOJMKU MOUCK MOKHO
IIPOBECTHU 110 BCEMY JIEPEBY, IIO3TOMY 3HaueHue 3 He stBjsieTcst 06si3aTenbHbIM. OHO
MPUBEIEHO, CKOPEE, JIJIsI TOTO, YTOOBI OHSITh, KAK MMOCTYTATh B H0JIee CITOKHBIX CIyYasix.
(AHQJIOTUYHYIO CUTYAIINIO B KPECTUKAX-HOJIMKAX MOSKHO CMOJIEJTMPOBATD, €CJIN OTPAHU-
YUTb [IOUCK B JlepeBe HeCKOJIbKUMU YPOBHIMMU. )

==_ 3AMEYAHUE

l ' [TocKonbky B rpe B KPECTUKU-HOIMKU MONCK MOXHO BECTM MO BCEMY AEPEBY, O4e-

e BWAHO, YTO YXe Ha NepPBOM Liare 0gMH N3 y4aCTHMKOB MOXET YCKOPUTb CBOW Bbl-
nrpbiw NM6o HUYbIO. Ecnu 06a nrpoka NosIHOCTBLIO MOHUMAIOT aNirOPUTM NPUHS-
TUS PELLUEHN, TO pe3ynbTart, No CyTu, CTaHOBUTCSA npeackasyemMbiM. EANHCTBEH-
HbIN Ccny4an, Npu KOTOPOM MUCX04 NapTUM COMHUTENEH, — €C/IN KTO-TO U3 conep-
HMKOB COBEPLLNT OLLINOKY. B 6onee CnoXHbIX urpax, HanpumMep B LLaxmartax, Takasi
cuUTyaumsa MasoBeposiTHa. 30eCb AEPEBO MPUHATUS PELLEHUIA CTAHOBUTCS CANLL-
KOM 60/1bLUINM, 4TOObI €ro MOXHO ObINIO LEeNNKOM OXBaTUTb, YTO, B CBOIO OYepenb,
[enaeT urpy UHTEPECHOMN.

276



JepeBbs NPUHATUSA peLleHui

Munumakc — TTOUCKOBasI CTPATETHI, IIPU KOTOPOU HA KAXIOM XO/Ie UTPBI MbITAIOT-
Cs1 MUHUMU3UPOBATh BBITOY NPOTUBHUKA. TaK, €CJiu eCTh /[Ba BO3MOXKHBIX X074, T/Ie
TIePBBIiT TO3BOJISIET BHIMTPATH BAIIIEMY COTIEPHUKY, & BTOPOII CYJIUT TIPOUTPHIIIL, CJIeTyeT
TIPEeITIOYeCTh BTOPOT.

Husxe nipezictaBiieH BBICOKOYPOBHEBBIN aJITOPUTM MUHIMAaKCA.

// HaxommM JIydmmii xXom mjias playerl.
Minimax (Board: board_position, Move: best_move, Value: best_value,
Player: playerl, Player: player2, Integer: depth, Integer: max_depth)
// TlpoBepsieM, He IpeBHIIeHa X MaKCUMaJlIbHO OOIIYCTUMas
// TinybuHa pPEeKypCu;.
If (depth > max_depth) Then
// MakCuMaJIbHO HOIIyCTMMas IJIyOMHa PEeKypPCUM IIPEeBHIIEHA .
// Vlcxom UTPH IS OAHHOM IIO3ULUM HEe OIIpenelieH.
best_value = Unknown
Return
End If

// OmpenmernsieM XOI, KOTOPHM MUHUMM3MPYET IaHCH player?.
Value: lowest_value = Infinity
Move: lowest_move
For Each <BO3MOXHHI TECTOBHIN XOI>
<ObuoBIsIeM board_position, dYToOH cHenaTh NPOOHEI XOI. >

// OueHuBaeM HOaHHYIO ITO3UIIMIO.

If <3TO BHMUTPHII, NPOMIPHII MIM HUYBA.> Then
<YcTaHaBIMBaeM CcoOoTBeTcTBybmue lowest_value
u lowest_move.>

Else
// PeKypCUBHO IIPOOYEeM IpyT¥e BO3MOXHBE XOMH.
Value: test_value
Move: test_move
Minimax (board_position, test_move, test_value,

player2, playerl, depth, max_depth)

// TlpoBepsieM, HalUIM JIM Mbl XyIOUMM XOI mjisi player?.
If (test_value < lowest_value) Then
// 3OToT xo&n nydme. COXpaHseM ero.
lowest_value = test_value
lowest_move = test_move
End If
End If

<BoccTaHaenmBaeM board_position,
YTOOB OTMEHUTE IPOOHHIN XOI.>

Next <BO3MOXHEBI MIPOOHEI XOI>

// CoxpaHsieM JIyd4lUi XOI.
best_move = lowest_move

// TlpeobpazyeM 3HadYeHue NOCKU MJIsS player2 B 3HadYeHume s playerl.

If (lowest_value == Win)
best_value = Loss

Else If (lowest_value == Loss)
best_value = Win

Else

End If

End Minimax
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AJTOPUTM HAaYUHAET CBOIO pa60Ty C IIPOBEPKU FJIy6I/IHbI pexkypcuu. Ecan Mmakcu-
MaJTbHO IOMYCTUMOE 3HAUEHWE MTPEBBINIEHO, TO OMPEAETUTHh UCXO/ UTPHI TT0 TaHHOU
MO3UIMH Ha JIOCKe HEBO3MOKHO. Torma jis best value BO3BpalllaeTCs 3HaYeHUE
Unknown.

Yro6bI BEIOPATH JyUIITHi X0/ /U1 playerl, MporpaMMa I0JUKHA HANTH HAUX YTy Io
MO3UIINIO JIOCKU /711 player 2. [l71s1 oTcaieskuBaHus MOCJIeIHe CO3/1at0TCsl ClieliaIbHble
nepeMennble. Tak, lowest value npunumaercd paBHbIM Infinity u 3amensercs
JIFOOBIM HANICHHBIM 3HAYCHIEM.

3aTeM alTOpUTM Minimax NUKINYECKU TTepecMaTpUBaeT Bce MIaru, KOTOpbie
MOJKET COBEPIINUTh playerl ¥ PEKYPCUBHO BbI3bIBAET caM cebst, 4UTOOBI yCTAHOBUTH
Jy4muil Xo/ 171t player2 Beyes 3a TeM, Kak playerl caemnaet TecToBbliil. [Tocie
BO3BpallleHU PEKYPCUBHOTO BbI30BA BO3MOXKHDBIN JIYUIIUN Pe3yabTaT A1 player?2
CpaBHUBAETCA CO 3HAYCHUEM, COXpaHEHHBIM B lowest value. Ecim TectoBoe
3HAYEHNE MEHbIIE, TO AJITOPUTM O0HOBJsIET lowest value u lowest move.
Takum 06pa3oM, eMy CTAaHOBUTCS MU3BECTHO, YTO 9TOT XO[ SBJSETCS IPEAIIOYTH-
TEJbHBIM Id playerl.

[To oxoH4yaHMM MPOBEPKHU BCEX JAOIYCTUMBIX TECTOBBIX XO/I0B aJITOPUTM 3HAET, KAKOH
W3 HUX TIOZI0N/IeT playerl, yTOOBI IIOCTABUTH B CaMyI0 HEBBITOIHYIO ITO3ULNIO player?.
OH coxpaHseT 3TOT XO/I, a 3aTeM KOHBEPTUPYET 3HaYeHMe OCKH Il player?2 B 3Ha-
yeHue 1 playerl Ha OCHOBaHWU TOTO, YTO JIy4lIas MO3UINA 3aCTaBUT IIPOUTPATH
player2, HO JaCT BOBMOKHOCTh BBIMIPaTh playerl, n HA0O0POT.

Korzma player?2 He BBIUTPBIBAET W HE MIPOUTPHIBAET, CTAHOBUTCS HETIOHSITHO, KaK
MIPOBOIUTH KOHBepTAINio 3HaUYeHUN. Ho 171 UTpbl B KPECTUKU-HOJUKU Pe3yJIbTaThI
Unknown ¥ Draw CyJiaT 0G0MM yYaCTHHKAM OJHO U TO Ke. TaK, ecjiu MO3UIHs Ha [0~
CKe IPUBOJINT K HUUbEH /I player?2, TO TaKOW JKe pe3yIbTaT OKuaeT u playerl.

It 6oJiee CI0KHOM UTPhL, HATPUMED B IIAXMATBL, II0JI0KEHKE Ha JOCKE MOKET [IPU-
HuMaTh 3HaueHus ot —100 go +100, rae +100 osnauaer nobexy, —100 — nopaxeHue.
B arom cirydae nosunus /it player2 MOKeT ObITh ITPOCTO OTPHIIATEIbHBIM BAPHAHTOM
TOW JKe caMoil mo3unuu i playerl.

[To6ounbIit 9 PEKT cTpaTeruu MUHUMAKC IIPOSIBJISIETCS B TOM, YTO OHA PACCMaTPH-
BaeT BCE BAPUAHTDI PEIEeHMI ¢ paBHBIM 3HAYEHUEM TIO3UIUN OJUHAKOBO IPEANIOYTH-
TeIbHBIMU. UTOObI TIOHSATD, T/e Kpoercs 1mpobiema, peACcTaBbTe, YTo urpa GJau3nuTcs
K KOHILYy M IIPOMIPHIII HensOesKeH He3aBUCUMO OT IIPEANPUHATHIX AeicTBuil. B Takom
cllydae IIpH IIOKCKE II0 JePeBY UIPHI IIPOrPaMMa BbIOEPET IIEPBhIii A&Ke X0, IIOCKOIbKY
000N 13 HUX IIPUBEIET K OZHOMY U TOMY Ke pe3yJibTaTy. VIHOTa 9TO MOJKET BBITJISAETD
Kpaiine HepasymHo. HanpuMmep, IPOTUBHIK OAEPKUT TOOEY YoKe Ha CIIEAYIOIIEM Iare,
XOTsI €€ elle MOKHO ObLI0 OTCPOYUTH Ha ABa-Tpu Xoza. s yejoBeKa Jornutee GbLIo
ObI IEfCTBOBATH MHAYE: 3aTSHYTh UTPY B HAZEXKIE, YTO IPOTUBHUK JOIYCTUT OIIUOKY
WJI He IIOMeT, 4TO HapTUs IOYTH 3aKOHYMIach. KpoMme TOro, aJiropuT™M MOKET OTIATh
npemouTenre nobese 3a MecTb X040B, a He 3a ABa. C onucaHHbIMK IpodaeMaMu pe-
aJIbHO CIIPABUTHC, €CJIU B Cllydae Hen30esKHOTO NopaXkeHus BbIOUpaTh 6oJiee AIMHHbIE
10CJIeIOBATEIbHOCTH IIATr0B, B cilydyae 1obeibl — 6oJiee KOPOTKHe.

Yr06bl BBIMTPATh B KPECTUKU-HOJUKH, IPOCTON CTpaTerui MUHUMAKC, KaK IIPaBHIIO,
nocratouno. OpHaKo ajst 60Jiee CAOKHBIX TP IIPOrPaMMa He MOKET IIPOBOAUTH IOUCK
110 BCEMY JIEPEeBY, /JIsT HUX TakKe HY>KHBI [PyTHe CTPaTeTun, 0 KOTOPBIX TTOW/IeT pedub
B CJICAYIOIINX MTO/IPa3/iesiax.
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Ha4yanbHble xoabl U peakuum

YMeHbIINTD pa3Mepsl lepeBa UTPhI TIOMOTAeT COXPaHeHNe 3apaHee PaCCIMTaHHBIX
HavyaJbHBIX I1aroB U peakiuil. Ecju BbI y:Ke IIPOBesH MpeiBapuTebHbIH 1TOMCK BO3-
MOJKHOTO II€PBOTO X0/1a, TO IIPOrpaMMa MOXKeT C/leJIaTh ero cpasy, a He TPATUTh BpeMs
Ha TTPOCYETHI.

Curety1oInuii mar BITIOJTHSIET TI0JIb30BATENb, TIO9TOMY KOMITBIOTEPY TIPUJETCS TI0-
JI0JK1aTh, TI0Ka He 3aBepuiarcs oba aeiictBus. Pasmep ziepeBa B 9TOT MOMEHT 3aBUCHUT
OT KOHKPETHBIX IPEAIPUHUMAEMbBIX X0/0B, OJHAKO OH Oy/JIeT HAMHOTO MEHbIIIE, YeM
mepBoHAYAMbHBIN. Tak, BCsS UTpa B KPECTUKU-HOMUKU COAEPKUT 255 168 BO3MOKHBIX
CIIeHapHeB, HO €CJIN KPECTUK ITOCTaBUTh B BEPXHIOKO JIEBYIO KJIETKY, & HOJIUK — B BEPX-
HIOIO CPETHIOI0, TO YMCJIO CIleHapreB coKpaTutTces /10 2668. DToro MHOTO /171 1TepecyeTa
BPYUYHYIO, HO TIPUEMJIEMO JIJIS IePeBa M KOMITBIOTEPHOTO TIOUCKA.

Korza morp30BaTe b BBITIOMHSIET X0/ B UTPE MIEPBBIM, IEPEBO TAKKE CUITHBHO YMEHb-
maeTcsl. Ecam oH, HapuMep, 3alI0JIHUT BEPXHIO JIEBYIO KJIETKY, TO B OCTABIIEMCS
nepese okakeTcst 27 732 BO3MOKHBIX CIIEHAPHEB. ITO HAMHOTO OOJIbIIE, YeM B CJIydae
BTOPOTO X074, HO MEHBIIIE, YeM B HCXOTHOM JiepeBe UTPbl. COKPATUTH TTOJTyI€HHOE YUCIIO
MTOMOJKET eITle OJTHO M3MEHCHME.

Jl7st TOCTaHOBKM KPECTUKA B TIEPBOM XOJIE €CTh JIEBATH BO3MOKHBIX BAPHAHTOB.
Eciiu nipeBapuTeibHO TPOCYUTATD BCE PEAKIIMH HA KaXK/bI M3 HUX, TO MOXKHO 3a-
CTaBUTh IIPOrPAMMy BBIGPATh MOAXOAAILY0. Toraa BMECTO MOUCKA O JIePeBY UTPHI U3
27 732 BO3MOKHbIX CIIEHAPUEB TIOHAZOOUTCS JIUIITb HANTH PEAKITHIO.

[asnee nosb3oBaTesb coBeplIaeT 04epeHoNl X0/, U IIporpaMMe CHOBA He HYKHO
OCYIIECTBJIATD MOUCK TI0 JIEPEBY, OKa He OYIyT 3aBepIlleHbl BCE TPH TITara; X071 MOJIb30-
BaTeJIsA, BBIOOD TPEIBAPUTETHHO PACCUMTAHHOM PEAKIINHT U €II[e OJIUH XOJT TOIb30BATEIS.
[lepeBo UTPBI CTAHOBUTCS €llle MeHblIe. Tak, eci mepBbIi KPeCTHK 3aiiMeT BEPXHIO
JIEBYIO KJIETKY, HOJIMK — BEPXHIOIO CPEHION0, 2 BTOPOH KPECTUK — BEPXHIOIO IIPABYIO, TO
OCTAHETCST JIUTIH 592 BO3MOKHBIX ClieHapHs. [1pu GOBIITOM JKeTaHUN BbI Take MOKeTe
MPOCYUTATD UX BPYUHYIO.

B 6osee cTOKHBIX UTPaX, TAKMX KaK MIAXMATHI, I€PEBO SBISIETCST GECKOHEUHO HOTD-
UM ¥ JINKBU/IAINS HECKOJIbKUX BEPXHUX YPOBHEN He puHeceT 0coboi mosb3bl. IIpo-
IYCK TPEX XO/I0B TI03BOJIUT COKPATUTh KOJUYeCTBO ciienapues ¢ 1,2 x 10% 10 4,5 x 10,
HO YHCJIO TO-TIPEesKHEMY OCTaHeTCs OTPOMHBIM JIJIsT TIOJTHOTO TOMcKa. TeMm He MeHee
Gurarofiapst peiBapuTeIbHOMY PACUeTy XO/I0B U PEaKIUii TIporpaMMa criocobHa 6BICTPO
COBEPIIATH CBOU TIEPBBIE IEHCTBUS, 9KOHOMUTH BPEMSI JIJIST TIITAHUPOBAHUS TIOCIIETY FOTITIX
IaroB 1 U36€eraTh 3aBEJIOMO HEBBITOIHBIX HAUATbHBIX TTOJIOKEHHIL,

9BpPUCTUKA AepeBa Urpbl

[l Beex urp, Kpome, IOXKalyH, caMblX IIPOCTLIX, JIePeBbs I10JIy4aloTcs JI0BOJILHO
GOJIBITUMU U He TIO3BOJISIOT BECTH MTOJIHBIH MONCK. VIMEHHO TO3TOMY HET BO3SMOKHOCTH
y3HaTh, KAKOW KOHKPETHO XO/JI IIPUBE/IET K JIyUIllleMy pellieHnio. B Takux cutyarmsx
3HaYeHue JIJIs 11ara onpe/essiioT ¢ TOMOIIbI0 9BPUCTUKHU.

Jepucmuxa — 3TO aITOPUTM, KOTOPBIH HAXOAUT BO3MOKHBIN XOPOIIUI Pe3ybTarT,
HO HE TapaHTUPYET, 9T TOT OyaeT HanayuuM, OHa He OCYIIECTBIISIET TIOUCK 110 BCEMY
JIepeBY UTPbI, HO TOMOTAET C(HOPMYTMPOBATH IPABUJIA [T TPUHATHUS PEIICHUS — KaKHue
YacTH jlepeBa HYKHO MPOMYCTUTD, & KAKKE 3aCIyKUBAIOT 0COOOTO BHUMAHMSI.
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O/vH 13 BIIOB UTPOBOI 9BPUCTUKU — MOUCK MAaOJOHHbBIX TO3UIUI Ha Hocke. Ha-
IIpUMep, HEKOTOPbIE IIaXMaTHbIe UIPOKHU HOJIb3YIOTCS HeIJIacHbIM IpaBusioM: «Korga
HoGesK Iaelllb, MEHsI GeCOIaLHO» . ITO 3HAUUT CIIEAYIONIEE: eCJIU Y BaC €CTh IPEUMYIIIe-
CTBO U BBl MOKETe OOMEHSAThCSI PAaBHO3HAUHBIMU (hUTypaMu — ciiesaiite ato. ITogo6HbIM
06pazoM BaM yIacTCst yKPENUTh CBOM MIAHCHI Ha TOOELY U YMEHBIIIUTH IEPEBO UTPBI, UTO,
B CBOIO oYepesib, 00JIerynT HoUcK 1o Hemy B Oyayiiem. K mabionam taksxke OTHOCSATCS
JUIMHHAS [TOCIEA0BATENbHOCTE OOMEHOB, POKMPOBKA U X0, IPEACTABJIAIONINN YIPO3y
HECKOJbKUM (bUTypaM, KOPOJIIO 1IU (DEP310, BCKPBITHIH 1aX, IPEBPaIleHre IEIIKH 1 ee
B3ATHE Ha IIPOXO/E U T. JI.

Korma nmporpaMma ujieHTU(GUITUPYET OJWH U3 TAKUX BAPUAHTOB, OHA B COCTOSHUN
M3MEHUTDb UCI0JIb3yeMYIO CTPaTeruio /s oucka 1o jiepeBy. Hapumep, ecain nameya-
eTcsl JUTMHHBIN Psii 0OOMEHOB, aITOPUTM MOJKET TPEBBICUTH PUHATYIO MAKCUMATbHYIO
rIyOUHY PEKYPCUU U MPOCYUTATH OOMEH 10 KOHI[A, YTOOBI BBISICHUTH, IPUBEIET OH
K BBIMTPBINTY TAPTUN WU HET.

Jlpyroii Buji 9BPUCTUKY — IIPUCBOUTD IIO3UTIHUSIM OITPE/IEIEHHbIE YHCIOBbIE 3HAYEHIST
U U3MEHSTh UX CYMMY JIJIsI IOCKH B I[€JIOM Ha OCHOBE TOTO, KaK PACIOJIOKEHbI (DUTYPBI
UTPOKA MJIN KaKue M3 HUX HAXOISATCS TOA yrpo3oil. Hampumep, B UTpe B KpeCTUKH-
HOJIUKHN KaKIYI0 KIETKY MOKHO ITPOHYMEPOBATh, COTJIACHO KOJUYIECTBY BEPOSITHBIX
OOEHBIX CIIEHAPHEB, B KOTOPBIX OH hurypupyert. Tak, BEPXHSsT JT€Bast KIETKA TTOTYIUT
3HavYeHue 3, MOCKOJbKY C €€ TIOMOIIBI0 MOKHO OJIEPKATh TOOELy TPEMs CocobaMu
(puc. 12.2).

Puc. 12.2. 9Bpuctrueckue 3Ha4eHUsT KJIETOK JIJisI UTPHI B KPECTUKU-HOJIMKY

B nraxmarax Tpu 1eHTpaJIbHbIX KBaJ[paTa JIOCKN caMble Ba)KHbBIE, TO3TOMY MM CJIe/IyeT
npugath HanGoJbIee 3HavYeHne. Bam Takske moHao6MTest BBeCTH 0COObIe 3HAYCHUS JITIST
KBa/[PATOB, 3aHATHIX (PUTYPOH WU HAXOASIIMXCSA MO/ yrpo3oil. ObparuTe BHUMAaHUE 1
Ha TO, YTO B GOJIBIIMHCTBE WP CO BPEMEHEM 3HAYNMOCTH TIO3UIIUH Ha TOCKE MEHSIETCSI.
Hampumep, Ha paHHUX aTanax maxMaTHOW MapTUX BaKHBI YeThIPEe MEeHTPATbHBIX KBa-
JpaTa, a B CaMOM KOHIIE OTIPEEISIONINMU SBJSIIOTCS Te, GJIaroapsi KOTOPBIM UTPOK
MOJKeT ITOCTaBUTD 11axX U MarT.

== 3AMEYAHMUE

| Becbma MHTEpecHOe ynpaxHeHue ans nporpaMmmMmcTa — onucatb urpy «Pesep-
- . Ee [epeBo HaMHOro B6onbLUe, YeM A1 KPECTUKOB-HOMNKOB, MO3TOMY MOJIHBIN
NOWNCK BCE PaBHO HEBO3MOXEH, 3aTO Npasuia n Gurypsl NPOLLE TEX, HTO MPUHATHI
B LUAXMartax, a abnoHbl nerde pacnodHartb. cnonb3ys ToNbko 3HaYEHUS MO3ULMIA
Ha [OCKe 1 MOUCK NO AePeEBY, MOXHO CO34aTb A0BOJIbHO-TAKM MOLLHYIO NPOrpam-
My. YTo6bl HarTK 6onbLue nHGopMaumn o «PeBepcu» (Npasuna Urpbl U UCMNonb3y-

emMble cTpaTerum), npoiiaute no cebinke ru.wikipedia.org/wiki/Pesepcy.
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Eiite 60sibiie 06 3BPUCTHKE BB y3HAETE M3 MOJPa3/eia «)BPUCTHKA JePeBa MpH-
HATHS PellleHni» CIIe/lyIolero pasaesia TeKyIei riasbl.

NMouck no gepeBbsM NMPUHATUS PEeLUEeHUNA

B urpe ¢ momolipio gepesa BHIOUPAIOT HAUIYYIINH Xo/1. B obIeM cirydae aTo BbI-
TJISIIAT KaK MMOMCK CaMOTr0 ONTHMAJIbHOTO Iy TH 110 fiepeBy. [Togo0HbIM 06pa3soM MOMKHO
CMO/IETTUPOBATh U HEKOTOPBIE JIPYTHE ITPOTIECCH IIPUHSTHS PEIIeHUH.

PaccMoTpuM, HampuMep, 3aa4y 0 pasObUeHNH, KOT/Ia TPEIMETHI ¢ PA3HBIM BECOM,
[[eHOM, 3HAUECHUEM VJIH JIFOOBIMU APYTUMHU OTJIMYUTEIBHBIMU XapaKTePUCTHKAMU He-
06XOIMMO Pa3IeuTh Ha JIBE TPYIIBI, KOTOPBIE B CYMME MO TTPE/ICTaBIEHHOMY IPU3HAKY
OKa’KyTCs1 OIMTHAKOBBIMU. B HEKOTOPBIX CTydasIx aTo JieTKo. Tak, ecsim y Bac ecTh UeThIpe
Mpe/iMeTa, Yb1 BECOBbIE 3HAYEHU TIpejicTaBenHb! Iudpavu 2, 4, 1 u 1, To pemenue ka-
JKETCsT OYEBU/IHBIM: BbI MOJKETE PABMECTUTD CAMBIN TSIXKEJIbII IPEJAMET B I€PBOIL TPYIIIIE,
a ocTaJIbHBIE OTIIPABUTD BO BTOPYI0. He coctaBut Tpyia u 3a1a4a, riae hurypupyer 4eTHOe
KOJIMYECTBO IIPEIMETOB C OJIUHAKOBBIM BECOM — UX IIPOCTO CJIELYET PA3/IETUTh IOPOBHY.

Hawmmoro cioskHee cuTyarst, KOrjia iMeeTcst GOJIbIIoe KOJTMYECTBO IIPEAMETOB C Pas-
JMYHBIM BecoM. Tora pacrpeiesiiTh UX 1Mo TPYIaM yao6Hee ¢ MOMOTIbIO GUHAPHOTO
JiepeBa PUHATHS PellieHuii, Te Ha yposHe K paccmarpuBaercs cyabba npeamera K:
JieBas BeTBb OTHOCUT €T0 K IIePBOI TPyIIlie, a TpaBasi — KO BTOPOI.

Ha pucynke 12.3 npezicraBieHo oJIHOE IEPEBO PENIEHWH /I 33/Ia9U C YeTHIPhMSI
VIOMSIHYTBIMH BbIIIIe ripegiMeramu Becom 2, 4, 1 u 1 equautet. [IyTs mo gepeBy — aTo
OKOHYATEJIbHOE pasieieHue IpeMeTOB Ha JiBe rpynnbl. Tak, ecjau UATH BHAYAJE 110
JIEBOM BETBU KOPHS, 4 3aTEM TI0 CIEYIONINM TPEM MTPaBBbIM BETBSIM, TO TIEPBbIi Tpe/MeT
€ BECOM 2 OKa)KeTCs B IIE€PBOIi IPyTITIE, a Bce OCTajlbHbIE ¢ BecoM 4, 1 1 1 — Bo BTOPOIi.
Yucna o TepMUHATBHBIMUA BEPIIMHAMU OTPAXKAIOT CYMMAaPHBIN BeCOBOH MTOKA3aTeTh
Kax1oil TpyIibl. B Hammewm ciyuae ato 2 u 6.

anemMeHT 1 >

AAAEAAEEEEEEEE AR

Puc. 12.3. /lepeBo penrenuii 171t MOAEIUPOBAHNS 3a1a4M O pa3OueHnn

CretyeT OTMETHTD, 4TO Ha pUCcyHKe 12.3 TOJIbKO JIBE TEpMUHATBHbBIC BEPITHHBI (TI51-
Tas U IBEHAMIATAS) COOTBETCTBYIOT PA3eJIeHUIO OOIIEro Beca TPEIMETOB TIOPOBHY.
B cymmocTu, 3T0 01HO 1 TO Ke peleHue, IPOCTO MTPEeIMETDI TOTIA/IAf0T B Pa3HbIe TPYIIIILL.
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—==_ 3AMEYAHUE

| dakTnyeckn nioboe HanaeHHoe pelleHne byaeT UMeThb [1Ba BapnaHTa, B KOTOPbIX
rPynnbl MEHAIOTCS MecTamu. Eciv nepes Havyanom nomcka pacnosioXuTb Npon3-
BOJIbHbI 31EMEHT B NEPBOIA rpynne, TO MOXHO COKPaTUTb AEPEBO HA OAMH YPOBEHb,
yOanvB Bce cry4au, rae TOT Xe 371eMeHT nonaaaeT Bo BTOPYio rpynny. Tem He MeHee
CXO[HbIE PELIEHNsI OCTaHyTCS.

JlepeBo pelienuii, n3obpaskeHHoe Ha pucyHKe 12.3, 10CTaTOYHO BEJIMKO, XOTsI
B IpuMepe (GUTYPUPYET TOIBKO YeThIpe peaMeTa. Eciu 6b1 nx G110 GOJIbIIE, TO CTPYKTY-
pa IaHHBIX paspocjiach Obl HenMoBepHO. Harpumep, [uist aHamornaHo sagadi ¢ 50 mpes-
MeTaMU IOHaLo0uI0Cch OBl AepeBo, BKIoyaooee 2°° TepMUHAIBHBIX BEPILUH, TO €CTh
KOJIMYECTBO BO3MOKHBIX PellieHnil cocTaBuo Ob1 0k0J10 1,13 x 10'5, TIpu TOM 4TO TOJIB-
KO HECKOJIBKO CIIEHAPHEB JAJIyT HY;KHOE pas/ie/ieHre Beca, TOMCK HAMJIY4Iero BapuaH-
Ta CTAHOBHUTCSI CJIUIIKOM CJIOSKHBIM.

Jlasiee onvcana pazHUIa MKy PA3HBIMU BEPCUSIMU PEIIeHNUsT 3a/1a4a 0 pasOueHum.
Opnna 3 HUX — TPyAHAasd, pyrasi — o4eHb TpyaHas. Kpome TOro, BbI TO3HAKOMUTECH
¢ o6mmMu Metoiamu 3 HEKTUBHOTO MOUCKA O JIEPEBBSIM ITPUHSTHUS PELIEH UL,

3apaum onTuMmu3auum

Takue 3a1aun, Kak 3aj1a4a 0 pa3OMEHN M, 3a4aCTYI0 TIPUHUMAIOT /IBE (POPMBI: B TIEPBOIL
YCTaHABIUBAETCS BO3MOXKHOCTb TOTO UM MHOIO pellleHts, a BO BTOPOl pacroJiaraercs
syutiee. [IprMeHHUTETBHO K BBIIIEYKa3aHHOMY HAOOPY MPeIMETOB MepBast (hopMa I0JKHA
OIPE/IESTNTD, MOKHO JIM B TIPUHITUIIE 0OPA30BaTh J[BE IPYIIIIbI ¢ PABHBIMU CyMMAPHBIMHE
BecaMu, a BTOpast HAlTH TaKoe JOTyCTUMOe pasfie/leHne, Koraa 00€e TPYIIIhI OKaKyTCsT
MaKCHUMaJTbHO OJIM3KU 110 BeCy, — Tak Ha3blBaeMasi 3adaua onmumusayuu. B ogtom ciy-
wae TpeOYeTCsT CTPOTHIT OTBET — /1A WU HET, B IPYTOM TIPEOCTABIISIETCS TPUOIIIKEHHOE
pellieHue, IO3TOMY ONITUMU3AIIMOHHAS BEPCHS B HEKOTOPOM CMBbICJIE JIerye.

[Ipeamnonoskum, BaM HYKHO pasbuTh Ha aBe rpyiib 100 271eMeHTOB ¢ 06IMM BeCOM
400 epunutr. Ecv BbI HalizieTe B iepeBe pelieHnii CTPOro paBHOE pas/ieieHue, OTBETOM
Ha TepBbIi Borpoc 6y/1eT «/1a». Ho Ha o06HbIe MTONCKH MOXKHO TIOTPATUTD YaChI 1 IaKe
JHU. B aTom CJiy4dae HeJib3d C/ieJIaTb BbIBO/ O TOM, UYTO U/1€a/IbHOTO BapruaHTa p336I/IeHI/IH
He cymiecTByeT. K TakoMy 3aKII0YeHIIO MOKHO TIPUITH TOJIBKO, €CJTN BBI €T0 He Haizere.

B onTrMu3saimoHHOl BepcuM 33j1auu Bee BBITJSAUT Tipolie. HaiijienHoe perienne
MOJKET GBITh He CAMBIM JIYYIINM, OHAKO OHO €CTh 1 KAK MUHUMYM MTPUGJIMIKEHO K HEMY.
[Tpu moCTATOYHO OJITOM TIOVCKE BIIOJHE BEPOSITHO, UTO 3TO pellieHNe OKakeTCsT OTHO-
CUTEJIBHO XOPOIINUM, €CJIM He WJIeaJbHBIM, a IPU OIIPEIeJIEHHOM /10JIe Be3€HUS BbI JasKe
CMOJKETe Pa3/IeINTh IPEAMETHI CTPOTO TIOPOBHY.

B caenyromux moapasaenax paccMaTpUBaeTCs TTOUCK TI0 IEPEBbSIM MPUHATHUS pe-
MIEHWH: B TIEPBBIX IBYX OMICHIBAIOTCS METO/IbI, KOTOPbIE TPUMEHUMBI /71T ONTUMU3AIN-
OHHOII ¥ HEOIITUMU3AIMOHHON BEPCUM 3a/1a4H, a JaJjiee, e Pedb 1AeT 00 9BPUCTUKE, —
TOJIBKO JIJIS1 OIITUMU3AIMOHHOA.

MeTopn nonHoro nepebopa

CaMbiii TPOCTOI CIIOCO6 MCCIIE0BATH JEPEBO IIPUHSITHS PENEHUN — [TPOCJIE0BATD [10
BCEM €r0 BepUIMHAM U HAUTH JIy4lInii OTBET K 3a/1a4e, TO €CTh IIPOBECTH UCHEPTbIBAIOUUTE
nouck. CyefiyeT OTMETUTD, UTO JIJIs STOTO CAMO JIEPEBO CTPOUTH HE HYKHO, HEOOXOIUM
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JIAIIb ITyTh, KOTOPBII IIOMOKET OIIPEe/IeJIUTD, B KAKOM MeCTe CTPYKTYPbI JJAHHBIX BbI I1pe-
GbiBaeTe. MHOTHE alITOPUTMBI B TAKOM CJIy4ae UCHOJNB3YIOT PEKYPCHIO — OHA TIOMOTAeT
BBIOMPATH BETBHU HA PA3HBIX YPOBHSIX, & CAMU BBI3OBbI OTCJIEKUBAIOT TEKYIIYIO TO3UITHIO.

[TpescTaBIeHHbII HIKE BBICOKOYPOBHEBBIN alirOPUTM paboTaeT Ha OCHOBE METO/IA
IOJIHOTO Iepebopa pelIeHnii /11 ONTUMU3AMOHHO BEpCUH 3a4a4K O pa3OUeHn .

StartExhaustiveSearch ()
<VHUIIMaIM3MPpYyeM Jydllee pelleHre, KOTOpOoe 3aMeHdeT IIepBOe TeCTOBOe.>
ExhaustiveSearch(0)

End StartExhaustiveSearch

ExhaustiveSearch (Integer: next_index)
// TpoBepsieM, 3aKOHYMIIU JIU MH .
If <next_index > max_index>
// Bce mreMeHTH Has3HadeHH, 3HAYUT, M B TEPMMHAIBLHON BepIuHE .
<ECiIM TecTOBOE pemeHMre Jydme, 4YeM ToCienHee HanmeHHoe,
coxpaHsieM ero.>

Else
// Ha3Ha4YeHH HEe BCe DJIEMEeHTH — MB HEe B TEepMUHAJILHOM BEpINMHE .
<OTHOCUM 2neMeHT next_index k rpynme 0.>
ExhaustiveSearch (next_index + 1)
<OTMeHsIeM OTHeCeHMe 2JjeMeHTa next_index k rpynmne 0.>
<OTHOCUMM B3JeMeHT at next_index k rpymrmae 1.>
ExhaustiveSearch (next_index + 1)
<OTMeHsieM OTHecCeHMe 3IieMeHTa next_index k rpynmne 1.>

End If

End ExhaustiveSearch

Meron StartExhaustiveSearch HHUIMATIU3UPYET JIyulllee HaliJieHHOe PelieHue.
O6BIYHO OH TPUPABHUBACT HAUaIbHOE 3HAYeHME (B 3aa4e 0 Pa3GUEHUN — HTO Pa3HUTIA
BECOB JIBYX TPYIIT) K O4€Hb GOJIBIIIOMY YHCITY, TTOITOMY TIEPBOE 5Ke TECTOBOE PEIEHUE
CTaHEeT yCOBEPIIIEHCTBOBAHHBIM. 3aTeM BbI3bIBaeTcsl MeTo/l ExhaustiveSearch, KoTo-
PBIiT U TPOJIENTBIBAET OCHOBHYIO YacTh paGoThl. OH Gepet B KauecTBe mapaMeTpa MHIEKC
AIIEMEHTa, KOTOPBII IOJKEH OMPE/IETUTD B IPYIIIY, YTO, TIO CYTH, COOTBETCTBYET IIIyGHHE
PEKypCUU 1 YPOBHIO B JiepeBe.

PacrmpenenuB Bce anmemMenTsl, ExhaustiveSearch cpaBHUBaET TECTOBOE pellie-
HUE ¢ TOCJIeTHUM HalileHHbIM JiydiiuM. Eciiu TectoBoe 60Jiee COBEPIIEHHO, METOJ CO-
XpaHsieT ero Kak HoBoe Jry4viee. B mpoTuBHOM ciydae ExhaustiveSearch npiTaercs
OTHECTH 3JIEMEHT next index Brpymimy 0, a 3aTeM PeKyPCUBHO BBI3BIBAET caM celsi,
4TO0OBI TTOPAbOTATH € OCTABIIMMUCS djieMeHTaMu. Koria BBI30B BO3BPAIIAETCST, METO.
npolbyeT OIpeenTb IeMeHT next index B rpymiy 1, mocie Takike peKypcuBHO
pasbupaercs ¢ MPOYNMU dJIeMEHTaMU. B HTOTE BBI3OBBI CITYCKAIOTCS 10 IEPEBY, MOKA
HE JOUAYT 0 TePMUHAJTBHBIX BEPIIMH U IPU HEOOXOAMMOCTH He OOHOBSAT JIydlliee
perienue.

HpI/IBeI[eHHbeI 6a30Bblil AJITOPUTM OTHOCHUTEJIbBHO rubKuil — ero JIerko AJ[alITUPOBATh
JUISI MHOTHX CJIO;KHBIX 3a71a4. B cJay4dae pa36I/I€HI/IH, HaIllpMep, MaCCUB MOJKHO MCIIOJIb30-
BaTb /IJIAA XpaHEHU TECTOBOT'O U ITOCJIEHETO HaiIeHHOTO JIy4iiero peIHeHPIﬁ. 3armmcs K Tpu-
HuMaet 3Hauenust 0 nim 1, YTO YKa3bIBA€T Ha IMTPUHA/JIEKHOCTD 9JIEMEHTA K TOU UJIM MHOMN
rpyiime. Koma AJITOPUTM JOXOAUT 10 TepMI/IHa.HbHOfI BEPHINHDBI, OH ITO/ICYUTBIBAET BEC BCEX
BHGMGHTOBBIGﬁKﬂOﬁFPYHHGIICpaBHHBBETpaSHHHyTIHaﬁﬂeHHbﬂdﬂyqﬂﬂdMIXﬂHeHHeM.
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XOTs1 aJITOPUTM U BBITJISIIAT MTPOCTBIM, TOT (DAKT, YTO OH OCYIIECTBJISIET TIOUCK T10
BCEMY JIEPEBY PEIEHNUIA, /IeJIaeT €r0 OTHOCUTEJIbHO MesiIeHHbIM. [IpuMensembrii MeTo
HeJIb3s YCKOPUTH, HO PEaJIbHO YJYUIIATh U 3HAUUTETbHO COKPATUTh BPEMS TIOMCKA.
Korma anroputwm f1ofizieT 10 TEpMUHAIBHON BEPIIMHEI, T/Ie TECTOBOE Ha3HAUEHE CO3/1aeT
JIBE TPYIINBI CO CTPOTO PABHBIMU CYyMMapHBIMU BECaMK, OH MOKET MPEKPATUTh PpaboTy
U HE pacCMaTPUBATh OCTABIIYIOCS YaCTh iepeBa pereHuil. Eciu onTuManibHBIX OTBETOB
MHOKECTBO, TAKO€ IIPEPhIBaHKE IIO3BOJIUT CIIPABUTHCS € 3ala4€il OTHOCUTEIHHO OBICTPO
1 OTKa3aThCs OT JIONIOJIHUTEIbHBIX BDEMEHHBIX 3aTParT.

Tak, Tpw TPOBEIEHUN WCYEPIBIBAIOIIETO MMOMCKA MOTBITKA pasfeauTh 20 ajeMeH-
TOB Ha JIBE TPYIIIIBI ¢ PaBHBIM BecoM mtoTpebyet mepecmorpa 2 097 150 Bepriun. Ecir,
OTBICKAB ONTUMAJIbHOE PellleHre, AITOPUTM OCTAHOBUTCS, TO OH YCIIEET IPONTH TOJIbKO
o 4098 Bepinuam. BripoueM, aTh pe3yJibTaThl MOTYT CUITbHO OTJINYATHCS B 3ABUCHMO-
CTH OT Beca.

MeTopn BeTBein n rpaHuy,

I10 601ee 5 OEKTUBHBLA METOZ, YeM UCYePIIbIBAIOLINI ITOKCK. Korma aaropurm 1o-
XOJIUT /IO KOHITA BETBU, OH PACCYMTHIBAET JIYUIINI PE3YIbTAT, KOTOPHIN MOKET TOCTHYD
Ha JIaHHOM Ty TH. Ecyi mostyyeHHOe 3HaueHne He MTPEBOCXOUT MOCIe/IHee HalIeHHOEe
Jrydiiiee, BETBb UTHOPUPYETCS U MTOVCKA TI0 ee MOJIIEPeBY He TpoucxoauT. IHOTIa Takoi
c110c00 3HAUUTETTHHO 9KOHOMUT BPEMSI.

[Tpexanonoxum, B 3aa4e 0 pa3bUeHNN OTCIEKUBAETCS TEKYIUN CYMMAapHBIN Bec
IPEIMETOB B KK/IOH U3 [BYX IPYIIIL, & TAKKE TEX [IPEMETOB, UTO ellle HUKY/[a He BKJIIO-
YeHBI. A TeTepb MPEeACTABbTE, YTO ANTOPUTM AOCTUT TOTO MOMEHTA, Kora rpyima ) Be-
cut 100 equnut, rpymnma 1 — 50, a nepacnpezesnenubie npeamerst — 20. [Ipu aTom yrxe
Hali/IeHo pelllenye, KOra pasHiiia Beca B IByX rpyiinax cocranssier 20.

Ecim 6I)I AJITOPUTMY TIPUIITJIOCH ITOMECTUTD BCE OCTABIINECA 9JIEMEHTDI B I'PYIIITY 1,
TO ee Bec cras Obl 70, a pasHuIla B 3HaUeHUX ¢ Tpymoi 0 okasamachk Ob1 paBHOU 30.
OnHako aJropuTM yxKe Halllesl pelieHre ¢ MEHbIINM pe3yJibraToMm 20. ITO 3HAYUT, YTO
TeKYIIlee TECTOBOE PellleHue Hellb3sl YCOBEPIIEHCTBOBATD, TPOrPAMMA MOKET ITPEKPATUTD
paboTy HaJl HUM U He PACTIPEIETISITh OCTABIITHECS DJIEMEHTHI.

B caemyroieM BBICOKOYPOBHEBOM aJTOPUTME OCYIIECTBISETCS TTOUCK METOIOM
BETBEl U rpaHull /I ONTUMU3AIMOHHON BEPCUU 3a1a4i O Pa3OUeHH.

StartBranchAndBound ()
<VHUIIMaIM3MPpYyeM Jydllee pelleHre, KOTOpoe 3aMeHdeT IIepBOe TeCTOBOe.>
BranchAndBound (0)

End StartBranchAndBound

BranchAndBound (Integer: next_index)

// TpoBepsieM, 3aKOHUYMIIU JIU MH .

If <next_index > max_index>
// Bce mieMeHTH HazHadeHH, 3HAYUT, M B TEPMMHAIBLHONW BepIuHEe .
<Ecnu TecToBOEe pemeHMe 0OoJjiee COBEPIEeHHO,
yeM JIydmee, COxXpaHsieM ero.>

Else
// HaszHadeHH He BCe DJIeMEeHTH — MH He B TEepMUHAaIBHOM BepluMHE.

<ECM TecTOBOe pelleHMe He MOXeT IIPEeB30OUTHU
TeKyllee Jydllee peleHyre, BO3BpalaeMcs. >
Then Return
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<OTHOCKMM B3JieMeHT item next_index B rpymmay 0.>
BranchAndBound (next_index + 1)

<OTMeHsIeM OTHecCeHMe BieMeHTa item next_index B rpymmy 0.>
<OTHOCUM 5JeMeHT next_index B rpymmy 1.>
BranchAndBound (next_index + 1)
<OTMeHsIeM OTHecCeHMe nieMeHTa next_index B rpynmny 1.>
End If
End BranchAndBound

JleiicTBUsI TOXOOHBI TEM, YTO UMEIOT MECTO ITPU UCUEPIBIBAIOIIEM TToKCKe. PasHu-
1A 3aKJII0YaeTCs JUIIb B TOM, YTO aJITOPUTM OTIPeiesiseT, MOKHO JIU YCOBEPIIEHCTBO-
BaTh TECTOBOE PEIeHHe TI0 CPABHEHHIO C TEKYIINM JIYUIITIM, 1, €CJIH Heslb3s, TO PeKyp-
CHIO He UCTIoJb3yeT. Kak mpaBuio, Takoii MoIX0J1 «Cpe3aeT» MHOTHE BETBH C iepeBa pe-
IEHWI, T09TOMY OH GoJiee OBICTPBII, YeM MCUEPITBIBAIOIINI TOUCK.

Hampumep, eciii TONbITaThCS PA3/IeIUTh HA [IBE TPYIIIIBI C PABHBIM BECOM BCE T€ JKe
20 271eMEHTOB, TO METOJL BETBEU U TPAHUIL IPOIIET JUIlb 110 774 650 BepiuHam, a uc-
YepIBIBAIONINIT TTOUCK, KaK Mbl TOMHUM, 110 2 097 150. Vcnonb3yst pasperientoe mpe-
pBIBaHMeE, OTIMCAHHOE B TIPE/IBIYIIEM pasfiesie, METO/l BETBEH U TPAHMUIL yCIIeeT PACCMO-
TpeThb 298 BepiuH, a ucuepnbiBaonuii mouck — 4082,

Merton BeTBell 1 TpaHUI] OUYEHb TIOJIE3€H, HO Tepell TeM KakK MepeiiTu K 9BPUCTUKE,
BCIIOMHMM CBSI3aHHbIE C HUM /IBa BaxkKHbIX (hakTa. Bo-11epBbIX, IOUCK IIPOUCXOAUT 110
JIE0OOMY TIyTH JIEPEBA M MOKET B PE3yJIbTaTe aTh 60Jiee COBEPIIEHHOE PEIIEHUE, YEM TO
JIydIiiee, 4To yKe HaliieHo. To 3HAUUT, UTO OTBET B 3aj1a4e Oy/eT ONTUMATbHBIM. Bo-
BTOPBIX, XOTsI B IAHHOM METO/IE UTHOPUPYETCST OOJBINAs 4acTh IEPEBA, OHO MOKET ObITh
MOUCTHHE OTPOMHBIM U IIPOIIECC OCTAHETCSI OTHOCUTEIBHO ME/IJIEHHBIM.

Tax, B TeCTOBOM HCUYEPIIBIBAIONIEM IIOUCKE 3ajiaua ¢ pasbuenneM 25 31eMeHTOB ObLIa
perrreHa 3a 6,6 ¢, a MeTO/ BeTBEH 1 TPAHNIL TOKA3aJ1 Pe3yIbTaT 2 ¢, YTO Ha MEePBBIH B3TJIIS]
BBITJISIIAT BechMa Hertoxo. OiHako 1obaBJieHre HOBOTrO 9JieMeHTa K 3a/1a4e PacIiyipriio
JIePEBO MPUOIU3UTEbHO BIBOE U IIPUBEJIO K TOMY, YTO METOJ BeTBeil 1 rpanull cpabo-
tas 324 c. Elle o/inH I0TIOJTHUTETHHbBIIN 3JIEMEHT YBEJINYNJI BPeMeHHbIe 3aTpaThl 10 7,9 c.

Mertoj| BeTBEl U TPAHUI] HAMHOTIO OBICTPEE, YeM UCYEPIIbIBAIONIMIA IOUCK, HO 1 OH
He JI0CTaTOYHO CKOP, YTOOBI CIIPABUTHCS € ALHCTBUTEIBHO GOJIBIIUM A€PEBOM IIPUHSI-
THS pellleHnH, HAaTPUMep ¢ TeM, KOTOpoe uMeeT 2,2 TPJIH BePIIMH U ULTIOCTPUPYET 3a-
nauy o pasbuennn 40 51eMeHTOB.

9BpucTUKa AepeBa NPUHATUS peLleHUiA

VcuepmpiBatoniuii TOMCK W METOJ BETBEH 1 TPAHUIL HAXOASAT HAWIYYIIee BO3MOJK-
HOE PellleHne, HO, K COKANEHNIO, pab0TaloT TOJIBKO ¢ OTHOCUTENHHO HEOOIbIINMU 3a-
nadamu. s moucka B 60JIbLUIMX AE€PEBbAX YA00HEE UCIIOAb30BaTh 9BPUCTUKY. OHa He
00s13aTeIbHO HAWIET HAJIY Uil BOSMOKHbIIL OTBET, HO JACT HEILJIOXYIO BEPCUIO XOTsI
ObI 111 ONITUMU3AIMOHHON BEPCUU 3a1aui. B CJICAYIONMX MYyHKTAX PACCMaTPUBAIOTCSI
YeTbIpe IBPUCTHYECKUX METO/A IPUMEHUTENBHO K 3a/aue 0 pasOueHnn.

Caydaiinblii TOUCK

Omia 3 Hanbosiee TPOCTHIX HBPUCTHK [IJIST TIOMCKA TI0 IEPEBY PeIeHniit — cireno-
BaHUe 10 CJIyYallHBIM Iy TsIM. B 3TOM CJIydae B KasK/0U BepIIuHe BHIOMPAETCsl TIPOU3-
BOJIbHAS BETBD. [lepecMoTpeB I0cTaTOYHOE NX KOJNYECTBO, MOSKHO HANTH OTHOCUTETHHO
Hertoxoe petenue. ONMCaHHbIN TOXO0/ PeaTu30BaH B CJIeYIONIeM IICEeBIOKO/IE.
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RandomSearch ()
<JHMIMaIu3upyeM Jydliee peleHre, KOTOpOoe 3aMeHsieT IIepBoe TeCTOBOEe. >
For 1 = 1 To num_trials
For index = 0 To max_index

<[IpOM3BONIBHO OTHOCUM D3JIEMEHT C HOMepoM index
B rpynmay 0 mim 1.>
Next index

// TlpoBepsieM, HACKOJIBKO COBEPIIEHHO STO pelleHNe.
<EC/IM TeCTOBOE DelleHMe IIPEBOCXOINUT JIydllee, COXPaHseM ero.>
Next 1
End RandomSearch

Pabota anroputMa HAaYMHAETCST ¢ THUTIHATM3ATINH JIy9IIIETO PETTeHNs. 3aTeM BBOIUT-
Cs1 IIUKJL, 33/1AI0INI KOHKPETHOE KOJIMYECTBO NONBITOK. [IJIA Kask10i U3 HUX alrOpUTM
TTPOXOJINT O PACTIPEIETSIEMBIM 2JIEMEHTAM U CTYYailHbIM 06PA30M TTOMETIAET UX B OTHY
u3 rpyun — 0 mm 1.

[To 3aBepmienny pacupesesieHUsS OCYIIEeCTBISETCS ITPOBEPKA PEIIeHUST — TTIPEBOC-
XOJIAT JTU OHO TIOCJIe[IHee HalieHHoe y4diiee. Eciiu 1a, To HOBoOe pellieHre COXpaHsIeTCs.

Korma BbI mibiTaetech pasaeantb N IPeAMETOB, I KayKI0H MOTBITKY TOHAL00UTCST
N maroB. ITo 0Ka3bIBAET OBICTPOTY, & CJAEIOBATEIBHO, U A((HEKTUBHOCTH HBPUCTUKH
B 60JIBITIOM JiepeBe. Beib BEPOSITHOCTD HAMTH XOPOIIIEe PENIEHIE B TAKOM CJIy4ae MOJKET
OBITH KpaiiHe Majia U, O4EBUIHO, TOTPEOYETCS MHOKECTBO MOTIBITOK.

[lomycTrMo ycTaHOBUTD (DUKCUPOBAHHOE KOJIMUECTBO TTOMBITOK, Harrpumep 100, —
JUUIST MAJIBIX JIEPEBBEB 9TOTO BIIOJHE 0cTaTOYHO. HO BCe ke Jyrydriie OTTaqKuBaThCS OT
pasmepa jiepesa.

Eirte ojiHa cTpaTerust — OIMpPEAETUTh YUCIIO MONBITOK Yepe3 (DYHKIIHUIO, CBSI3aHHYTO
C KOJIMYECTBOM pas/iesisieMbiX mpeaMeToB. Hampumep, ecaiu ipesiMetoB N, TO MOXKHO BOC-
10JIb30BAThCS TaKoi popmyioil: num trials=3N° Koneuno, no mepe ysesanyenus N
dyurumg 3N Takke OBICTPO BO3PACTAET, HO BCE JKe MeJIeHHee, 4eM 2V, II09TOMY IIOUCK
[IPOBOJIUTCS JIUIIL B HEGOJIBIIOI YaCTU [IePeBa IPUHATHS PEITeHI.

Bwr Takske moskere OCYIIECTBJIATD ITOIBITKU 10 TEX 110D, IIOKa OIIPEAETIEHHOE KOJIN-
quTBOCquaﬁHbH(HyTeﬁISPHHyIﬁfHepeCTaHeTHaXOﬂHTb)UQﬂHHeHHH.TOFﬂaaHFOpHTM
HpOHOHHﬂHTpa6OTy,ﬂUHIHOHCKYCOBEPHKHKTBOBaHPﬁi6yﬂeTOCTaBaTbCHOTHOCHTEHbHO
ITPOCTBIM.

BriosiHe BO3MOJKHO, UTO B HEKOTOPBIX CJIyYasiX U/I€aJbHbIN BapUaHT — 3aCTaBUTD
AJITOPUTM HEMTPEPBIBHO OGHOBJISITH JIyUliiee PellieHIe, TI0Ka BbI €r0 He OcTaHOBHUTE. UTO
JK, Ballle [IPABO: €CJIM BaM He HYKHO MMOJIYIUTh OTBET OBICTPO, TIoueMy Obl He 3aCTaBUTh
porpamMMy 11opaboTaTh B TeUEHNE MHOTHX YaCOB UJIH JIasKe JHeH?

Y coBepuieHCTBOBaHuE Iy Tel

[Ipeapiaymii 9BPUCTIYECKAN METO MOKHO cenath Gosee s(hHEKTUBHBIM: Had-
HUTE ¢ BIOOPA IIPOU3BOJILHOTO IIYTH, 3aTEM CJIydaiiHbIM 00pa3oM OIPEAEIUTe DJIEMEHT
U [IepeMeCTHTE ero U3 TeKyIeil rpymibl B Apyryto. Ecim aTo yaydmmT pasbueHue, mpo-
JosKaiTe 0OMEH, €CJIU HET, OTMEHUTE ACHCTBUS 1 MPEATPUMETE CJICAYIOIIYIO TTOTBITKY.
[ToBTOpSiiTE TIpOTIECC, TTIOKA YCOBEPIIIEHCTBOBAHNE OCTAETCS BO3MOKHBIM.

BlﬂaHHON)MeTOﬂaeCTbHECKOHBKOBapHaHTOB.}IaHpHMEp,BMeCTOTOquTO6bIHepe-
MEIIaTb 3JIEMCHTDI cnyqaﬁHo, ZIEJIEJ.I;'ITG 9TO MMOCJIEAOBATEJIBHO — T10 O/THOMY J9JIEMEHTY
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3a pas. [Tpottecc MOKHO TOBTOPSITH, TIOCKOJIBKY OJIHO JIEHCTBUE CIOCOOHO H3MEHUTD CO-
OTHOIIIEHNE Beca B /IBYX IPyIIaX U pa3pellnTh 3aMeHy TOT0 3JIeMeHTa, KOTOPbIid paHee
GBIJIO HEBO3MOKHO TIepeMecTuTh. OTUCAHHBI aTOPUTM TIPEICTABIECH B CJIEAYIONEM
[ICEBJIOKOJIE.

MakeImprovements ()
<VHUIIManM3MpyeM Jydllee pelleHre, KOTOpoe 3aMeHseT IIepBOe TeCTOBOe.>
For 1 = 1 To num_trials
// BeOMpaeM ciydalHOe HadaJlbHOe pelleHMe.
For index = 0 To max_index
<[IpOM3BONIBHO OTHOCHMM BJIEMEHT C HOMepoM index
B rpynmny 0 mim 1.>
Next index

// TlHTaeMCs YIIyYIIUTH pelleHNre .

Boolean: had_improvement = True

While (had_improvement)
// TlpemmnonaraeM, 4YTO Ha 2TOT pas YIIYYNIEeHUV HeT.
had_improvement = False

// TlpobyeM IepeMeCcTUTH BJIEMEeHTH .

For index = 0 To max_index
<[lepeHOCKM DJIEMEHT C HOMepoM index
B OPYTYI TPYIIY .>

// TlpoBepsieM, yJydllaeT Jiii 3TO TeCTOBOE pelleHUe.
If <obmen ynydmaeT pemeHue> Then
had_improvement = True
Else
<Boz3BpamaeM DBJIEMEHT. >
End If
Next index
Loop
// llpoBepsieM, SIBISETCs JIU pelleHue bonee 3GOeKTUBHEM.
<ECnM TeCcTOBOEe pelleHMre MIPEeBOCXOIUT JIydllee, COXPaHseM eTIo.>
Next 1
End MakeImprovements

AJITOPUTM BBOJIUT ITUKJI, 4TOOBI TIPEANPUHSITE OTIPEIEIEHHOE KOJNUECTBO TOTIBITOK,
TS KQKJIOU U3 KOTOPBIX BBIOMPAETCST CAyYallHOE TECTOBOE peliieHue. B ciemyromiem
IIUKJIE AJITOPUTM IIBITACTCS YCOBEPIIEHCTBOBATD TEKYIIEe PellIeHue, TIePEeMeCTUB KasKIbIi
AJIEMEHT B Ty TPYIIILY, Ky/la OH He 6B pactpesesnet. Eciu aTo ompaBIato, ajJropuTM
COXpaHseT pe3yJbTaT, ecIu HeT — jelicTBue oTMensiercs. Korja coBepiieHCcTBOBaHU
6oJiee HEBO3MOIKHBI, TECTOBOE PEIEHIE CPABHUBAETCS C MOCJIEIHUM HalICHHBIM JIyUIITIAM
U COXPaHAETCs, €CJIU IIPEBOCXOUT €ro.

KosmdecTBo MOTIBITOK OMIPe/IesIsIeTCs TaK XKe, KaK U B CITyYaliHOM 9BPUCTHKE: MOXKHO
WCITOJIB30BaTh GPUKCUPOBAHHOE YHCJIO, CO3/IaBATh 3aBUCUMOCTbD OT KOJIMYECTBA dJIEMEH-
TOB, BECTH TIOUCK, TIOKA He HANIYTCS yCOBEPIIEHCTBOBAHHBIE JIyUIIIHE PENIEHUS WU TIOKA
OH He OyJIeT OCTAHOBJIEH TIPUHY TUTEJIBHO.

Y IyqmuTh My Th, BBITIOJTHUB BCETO OJTHO MEPEMEIEHE, TPAKTUIECKU HEBO3MOKHO.
[IpenmosoxuM, BBI pacrpeaessieTe mpeaMeTsl BecoM 6, 5, 5, 5, 3 U 3 eIMHNIIBI U CO3-
naete aBe Tpyminl {6, 3, 3} u {5, 5, 5} Becom 12 u 15 eqununir coorBeTcTBeHHO. Pagnuia
Mexxay Humu paBHa 3. [lepemeriiennie sjiemenTa U3 1epBO TPYIIIBI BO BTOPYIO JIUIITb
YBEJIMYUT PA3PbiB, TOITOMY He TIPUBeET K adekTuBHOMY pentennio. Tak, ecyin Bbl
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[epecTaBuUTe HJIEMEHT BECOM 5 13 BTOPOIl TPYIIIBI B EPBYIO, TO HOBbIe HAGOPBI Gy/IyT
BBITJISAIETD cireayioum obpasom: {6, 5, 3, 3} u {5, 5}, ApyruMHM CI0BaMU, MX BEC COCTABUT
17 n 10 equHUIL COOTBETCTBEHHO, YTO HE SABJISIETCS YCOBEPIIEHCTBOBAHMEM. 3aTO €CJIN
2JIEMEHT BECOM 3 TIEPEHECTH M3 MEPBOIl TPYIIIIBI BO BTOPYIO, a JIEMEHT BECOM 5 — U3
BTOPOII IPYIIIIBI B TIEPBYIO, TIOTy4yarcst Habopsr {6, 5, 3} u {5, 5, 3} Becom 14 u 13 exunuir.
A 3T0 y3Ke yaydlieHHOe PeNieHre IO CPAaBHEHWTO € UCXO/HDBIM.

B npyrux crpaterugax ycoBeplIeHCTBOBAHUS JleJIaeTCs IIOILITKA 3aMEHUTD Cpasy
[1Ba 3JIeMEHTa, XOTs U 9TOr0 He Beerja J0CTaTOuHO (4acTo TaKUX 2JIeMEHTOB JI0JIKHO
6Tk TpH ). TeM He MeHee MPeJIaraeMblil TIO/IX0/T CAUTAETCS] HECTIOKHBIM M MOKET JIaTh
XOPOIINH Pe3yJsbTaT, a IOTOMY SIBJISIETCSI TOJIE3HBIM.

Nmurtanus orxura

ITO yayullieHHas BePCUsl yCOBepIIeHCTBOBaHUA MmyTell. B Xoze Hee B McxXopHoe
pellieHre BHaYaIe BHOCSTCS GOJIbIINE U3MEHEHNUsT, 2 3aTEM BCE MEHBIIE U MEHbIIHE,
[IOKA JIFOPUTM He JJOCTUTHET HY>KHO TeCTOBOI BePCUM, KOTOPasi K CPAaBHUBAETCS C I10-
CTIeTHUM HaWZIeHHBIM JTy4IuM petriieHneM. OTHaKko, KakK y>Ke TOBOPUJIOCH, 1 9TOT METO/
He W/IeasieH: MOTYT ObITh CJIYYaH, KOT/Ia HEOOXOANMO TIEPEMECTHTD TPH SJIEMEHTA.

3AMEYAHME

Noes MuTaumm oTK1ra 3aMMcTBOBaHa U3 NoBeAeHVs MOSIeKyJ B OXJlaxaatoLemMcs
mMeTasnne unn MuHepane. Korga BeLecTeo HarpesaeTcs CAUWKOM CUIIbHO, MOJe-
KyJibl NepemeLatoTcs 6bIcTpo 1 6ecnopanoyHo. Mo Mepe CHUXEeHUs TemnepaTypbl
3TO ABVXEHVe 3amennsieTcs U GopMUPYIOTCA YCTOMYMBBLIE CTPYKTYPbI, KOTOPbIE
Gnaronaps U3NMLLIKaM 3HePrum NPOLOIKAIOT CMBATLCS C APYrMMM 0GpasoBaHms-
MU, dopMumpys 6onee ctabunbHble CBA3U. Koraa BewwecTBo NoSHOCTbIO OCThIBAET,
N36bITOYHAs IHEPrs, KoTopast cMora Gbl CNPOBOLMPOBATL CTPYKTYPHbIE pa3py-
LLIEHNSA, CXOOUT Ha HeT. B peaynbTaTe, ecnv NpoLece NpoTekaeT A0CTaTo4YHO Me/l-
JIEHHO, 06pasyeTcs NMb HECKOJIbKO GOJbLINX KPUCTANIIOB C O4EHb YCTONYMBLIM
coeanHeHemM MoseKyJl.

Jlpyroii BApraHT OCYIIeCTBUTH UMUTAIIMIO OTKUTA — ITPOAHAIU3UPOBATD CJydaiiHble
M3MEeHEeHUs JII0O0H cTeTeHu CIoKHOCTH. Eciii Takoe M3MeHeH e TPUBO/INT K YCOBEPIEeH-
CTBOBAHMIO, TO AJITOPUTM IPUHUMAET €0 U IIPOA0JIKaeT paboty. Eciiu Het, aropurM Bee
PaBHO COTJIAIIAETCS C HUM B HAJIEKIe, ITO OHO B MTOTe YIrydmuT peteHne. Co BpeMeHeM
OH OTKa3bIBAETCS IPUHUMATh U3MEHEHUsT, KOTOPbIe He NPUBOJIST K YCOBEPIIIEHCTBOBA-
HUIO, U COCPEIOTAYNBAETCS TOJIBKO HA ITO-HACTOSAIIEMY J€HiCTBEHHBIX.

ITouck makcumyma

I[Ipeamnonoxum, Bl — 3201y AUBIINICS B HOYU TyPHUCT, KOTOPOMY HY?KHO B30OpaThCst
Ha CaMylo BBICOKYIO BepunHy ropbl. Oaun u3 croco6oB cenaTh 3T0 — ABUTAThCS 110
HanGoJiee KPyTOMY CKJIOHY. EC/IM ropa MMeeT OTHOCUTETbHO POBHYIO OPMY, TO B KOH-
11e KOHIIOB BbI 00€PeTeCh 10 MeCTa Ha3HAYEHUS, HO €CJIM HET — PUCKYETe 3aCTPSTh Ha
KakoM-HIOY/1b GOKOBOM ITUKE MU XOJIME.

B aBpucTiKe Takoii TOPHBIN MOBEM 0O3HAUAET CIIE/YIONIEE: AITOPUTM BCETIA /IeTIaeT
BBIOGOP, KOTOPBIH TPUGIIIIKAET €T0 K TYUIIeMy petiieHnio. [ puMeHnTebHO K 3a/1a4e O pas-
OUEHNHU 3TO O3HAYAET, UTO OUEPEAHBIM HITEMEHTOM B IPYIIIE CTAHOBHUTCS TOT, KOTOPbIIL
MUHUMU3UPYET PA3HUILY B CyMMapHbBIX Becax. [[pyruMu CJI0BaMI, 3JIEMEHT J00aBJISIETCST
K GoJiee «JIerKoii» rpyiie.
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[TpenmonoxuM, y Bac ecTh IpeIMeTsl BecoM 3, 4, 1, 5 u 6 enunuir. [lepsoriit mpeamer
MOJKET BOWTH B JIIOGYIO TPYIIITY, HATIPUMED B MepByIo. Jlajiee aJroput™ paccMaTpuBaeT
BTOPOH TIpesiMeT BecoM 4. Ecaiit MBI pasMecTuM ero B TOH ke TPYIITE, TO 06pa3yioTcest
nBa Habopa — {3, 4} u { } ¢ pasHuueil B 7 exunuil. Eci OTHECTH TIPeIMET BO BTOPYIO
rpymmy — cootHormenne 6yaet {3} u {4}, a pasuuiia — 1. OueBUAHO, UTO HANTYUIINM
BBIOOPOM [I7TsT AITOPUTMA OKAKETCST TOCTEHUH BAPUATHT.

3areM BbIOMpPAETCsT MECTO /TSI TPEThero mpeaiMeTa BecoM 1. Pasmernene ero B mep-
Boi rpyme pact Habopsr {3, 1} u {4} ¢ BecoBoit pasuutieii 0, a Bo BTopoit — {3} u {4, 1}
€ BeCOBOII pa3HNUIleil 2. 3HAYNT, IYIIINM MECTOM JIJIS TPETHETO MPeIMeTa CTAHET TIepBast
rpymmna. AHasorindHast pabota IpoI0JIKAETCs /10 TeX TI0P, OKa He GY/yT pacIpe/ieIeHb
BCE IIPEAMETBHL.

B CJEeAYIONIEM TICEB/IOKO/I€ TIPE/ACTABJICH aJITOPUTM IMTONCKAa MaKCUMyMa.

HillClimbing ()
For index = 0 To max_index
Integer: difference_0 =
<Pazumua BecoB, eciu sreMeHT index B rpyrmne 0.>
Integer: difference_1 =
<Paszumua BecoB, eciu sieMeHT index B rpyrne 1.>

If (difference_0 < difference_1)
<PasmemaeM szjeMeHT index B rpyrmne 0.>
Else
<PasMmemaeM 3jeMeHT index B rpyrmne 1.>
End If
Next index
End HillClimbing

Ecam Bol pacnipesessere N ipeiMeToB, TO aIrOpUTM coBepiiaeT N 11aros, HoaToMy
SBJISIETCS IOCTATOYHO OBICTPBIM. TeM He MeHee B H0JIBIIOM JIepeBe TPUHATUS PEIeHu it
OH BP4Jl JI HaleT Jy4lInil BO3MOKHBIN OTBET, XOTS BIIOJHE BEPOSATHO, YTO TIPE/-
JIOJKEeHHAs Bepcust OyIeT panuoHanbHOM. B 1esoM jKe ToUCK MakCHMyMa HaCTOJIbKO
OBICTD, YTO €r0 BIIOJHE MOKHO YCOBEPIIEHCTBOBATh, UCIIOJAb3YsI METOIbI, OITUCAHHBIE
B ITPEIBIIYIINX pasziesax.

CopTupoBaHHbIi MOUCK MAKCUMyMa

Jlerkuii criocob ycoBepIeHCTBOBATH AJITOPUTM MOMCKA MAKCUMYMa — CHavaJa mpo-
BECTH COPTUPOBKY MPEIMETOB, TOTOM WX aHAIU3 B TMOpsiike yobiBauusi. CMbICT 3a-
KJIIOYAETCST B TOM, YTO HA PAHHUX JTAIAX 110 IPYIINAM PACTIPEAEISIOTCS GoJiee TsKebie
TIPEZIMETHI, & 3aTEM C TOMOIIILIO GoJIee JIETKUX TIPOM3BOAUTCS HaTaHCHPOBKA CYMMapPHbIX
BECOBBIX 3HAUEHU.

SortedHillClimbing ()
<CopTupyeM BJIeMeHTH B IOopsnke yOeBaHus Beca.>

For index = 0 To max_index
Integer: difference_0 =
<PaszHnuila BeCcoB, ecinu sieMeHT index B rpyrmrae 0.>
Integer: difference_1 =
<Pa3Hnuila BeCOB, ecinM sJjeMeHT index B rpyrmnae 1.>

If (difference_0 < difference_1)
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<PasmemaeM sieMeHT index B rpymmne 0.>
Else
<PasmemaeM sieMeHT index B rpymmne 0.>
End If
Next index
End SortedHillClimbing

DaKTHYECKH ITO TOT JK€ AITOPUTM MOUCKA MAKCHMYMa, TOJBKO ¢ 106aBIeHneM
COPTUPOBKH.

Ha niepBbiii B3I/ clietantast MO UKaIns He3HAYUTENbHA, OJTHAKO COPTUPOBAH-
HBIN TIOMCK MaKCUMYyMa, KaK TIPABUJIO, IPEA0CTABISIET Oosiee ahheKTUBHOE PElleHNE,
YeM HECOPTUPOBAHHBII.

Ecsmm BbI pasbusaere N IpeMETOB, aJITOPUTM COPTUPOBAHHOTO IIOMCKA MAKCUMYMa
cosepinaer O(N log N) 1maroB st yIopsiioueHust 3HaUeHui, a 3areM etite N 71 re-
HEPUPOBAHUS pelieHust. M XOTsI Z0TOJHUTENbHAST COPTUPOBKA HECKOJIBKO 3aMeIJISIeT
paboTy ajropuTMa, BCEe PABHO OH SIBJISIETCSI OU€Hb OBICTPBIM, TOITOMY HE JIEHUTECh
U TIOIBITAlTeCh YCOBEPIIEHCTBOBATH €r0 TOYHO TaK Ke, KaK M OObIYHBIN aJITOPUTM I10-
MCKa MAaKCUMYyMa.

Opyrue 3apaun gepeBa NPUHATUS peLUeHuii

JlepeBbst IPUHSITHUS PENIEHUI TPUTO/HBI IJIsT MOJEJMPOBAHUS HE TOJBKO JIJIsT 3a-
Ja4yr 0 pa3OUeHH, HO M IPYTUX CJIOXKHBIX CUTyaluii. B cieayouux MyHKTax IMEHHO
00 9THX aJITOPUTMUYECKHX 3ajladax U moiigeT peub. Yalne Bcero OHU MAYT MapaMu:
B OJJHOM CJlydae CIIPAlIMBAETCs, BOSMOKHO 4TO-J11M6O0 MU HET, a BO BTOPOM HUILETCSI
OTNITUMAJIBHBIN OTBET.

06001meHHas 3a1a4a 0 pa3OMeHHH

B o6b1unoii 3aa4e 0 pasbuenn HaGOP MPEMETOB JAEJTUTC HA JIBE TPYIIIBI C PaB-
HBIM CyMMapHbBIM BeCOM. B 00001IeHHOI Bepcur aHAJOTMYHOE pasjlesieHIe TPOUC-
xonut Ha K rpynn. B sepeBe perieHuil B aToM ciaydyae y Kak/I0H BEPIIMHBI NMeeTCs
K Bersell, COOTBETCTBYIOIUX YPOBHIO, Ha KOTOPOM PACIIOJIaraeTcs 3JIeMeHT Ha OJJHOM
u3 K pas6uenwuii. IIpu N anemenrax aepeso Oyuer umers N yposHeit 1 KY TepMuHaib-
HBIX BEPIIHH.

IBPUCTUKH, IPUMEHSAEMbIE K 00bIYHOI 3a1aue 0 pa3OreHnH, IOAXOAAT U 11t 0600-
[IEHHOI'O BapUaHTa, XOTs ¥ CYILECTBEHHO YCA0KHAIOTC. Harnpumep, mombiTKa nepeme-
CTUTD IIPEIMET U3 OJ[HO TPYIIIIBI B IPYTYIO TPAHC(OPMUPYETCSI B HOIBITKY TIEPECTABUTh
mpeaMeT B 1o0yio 13 rpynm K — 1.

OnrumMusanronHas Bepcus 0000IIEeHHOI 3a1a4y UIIET CII0CO0 Pa3aenuTh IPeaMe-
Tbl Ha K TpyIIII HantydnmM o0pasoM, HallpruMep Tak, YTOObIl MUHUMU3UPOBATH CYMMY
Bcex aOCOJIIOTHBIX 3HAYEHUH, KOTOPBIE MTOJIYYAIOTCS TIPU BBIYUTAHUH U3 PEAJTBHOTO Beca
TPYTIIBI YCPEHEHHOTO MOKa3aTess. [IpeArnomoxmm, y Bac ecTh 4eThIpe TPYIITBI CyMMap-
HBIM BecoM 15, 18, 22 u 25 eauanir. Cpentee 3HaUEHNE TPUBEIEHHBIX BeCOB paBHO 20,
109TOMY a0COJIFOTHBIE PA3HOCTH MTOJTyYaTCs PABHBIMUE 5, 2, 2 11 5, 4T0 B cymMe gacT 14. Bol
TaKKe MOJKeTe MUHIUMHU3UPOBATh CYMMY KBaJIpaToOB pasHocTeil. /IJ1s1 TaHHOTO puMepa
9T0 GyJIeT BHITJIAIETh Tak: 25 + 4 + 4 + 25 = 58. Tlogo6HbIe TPUEMbl HAXOAT PEIIeHNs],
B KOTOPBIX BCE Beca TPy OJIU3KHU K CPETHEMY 3HAUYEHUIO.
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Baaaqa O CyMM€ NIO/IMHOJKECTB

B a10ii 3a1aue nmeercs HaGop YUCET U HYIKHO OTIPEAETUTD, €CTh JIF MOAMHOKECTBO,
cyMMa ayieMenToB KoToporo fnaet (0. B kauectse npumepa BozbMmeM uncia {—11, =7, =5,
-3,4,6,9, 12, 14}, 1151 HUX TaKUM TOJIMHOKECTBOM siBJIsteTcst {—7, —5, —3, 6, 9}. Ontu-
MU3AIMOHHAS BEPCUs 3a1a4i MoTpebyeT OT Bac HaliTh pesysbrar, 6auskuii k 0.

[l MoZIeTMPOBAHNST ATO 3a/1a4M IePEBO TIPUHSITHS PEIIeHNI HATTOMUHAET TAKOBOE
u3 3a71aun 0 pasbuenn. [To cyTH, HYKHO Pa3IeuTh SJIEMEHTHI Ha J[BE TPYIITILE B OJHY
cobparhb Te, uTo B cymMe naayT 0, a BO BTOpPYIO — Bee MCKIoueHHble. Ecam Beero aie-
MeHTOB N, To y iepeBa Oyer N ypoBHeid, y KasKI0ii ero BEpPLUIMHbI — 110 [Be BeTBH (OfHa
COOTBETCTBYET JOOABJICHUIO dJIEMEHTA B TIOIMHOKECTBO C HYJIEBOM CYMMOI, a BTOpast
€ro UCKJTIOYEHNIO) U B 001Iel coKHOCTH 2V TePMUHATBHBIX BEPIITHH.

C onTUMU3AITMOHHON BepCHel JaHHOM 3a/Ia4i MOYKHO UCITOJTb30BaTh METOJI BETBE
¥ TPAHUII, & TAaK;Ke 9BPUCTHUKY.

3anava 00 ynakoBKe B KOHTEHEPbI

B namnoit 3amaue mveercss Habop TPEIMETOB PA3HOTO Beca, a TakyKe HECKOJIBKO
KOHTEHHEPOB OMHAKOBON eMKOCTH (B 00001IEHHON BEPCHU EMKOCTH MOTYT OBITH pa3-
HbIMI). Bara 1iesib — pasiokuTh 9JeMeHThI TaK, YTOOBI 3a/1eHCTBOBATE MUHUMAIbHOE
KOJINYECTBO KOHTEHEePOB.

Mogenupys cutyaiuio, pejicTaBbTe CeAyIoliee: Kaxk/1as BeTBb B JlepeBe IIPUHATHS
peleHu CoOOTBETCTBYET TOMY, UTO IPeIMET TIOMEIaeTCs B OIIpe/ie/IeHHbIN KOHTEHHeD.
Ecsmm takux ipeametos N, a KouTeliHepoB K, To B ZiepeBe Oy et copepxkarbest N ypoBHeit
u K BeTBell B KaKIOM BEPIINHE, TO €CTh B IIEJIOM B HeM oKakeTcst KN TepMUHATBHBIX
BepimuH. [lockosibKy 3TO 3a/1a4a ONTUMHU3AINH, B TIOMCKAX XOPOIIETO PENIeHNsT MOKHO
HCIOJIb30BaTh METO/] BETBel U IPaHNIL, a TAK)KE 9BPUCTUKY.

Cwmeskmast 3a1aqa TpeGyeT pasIoKUTh MPEMETHI TI0 KOHTEHHEPaM TaKIM 06PasoM,
4TOGBI YMCI0 KOHTEHHEPOB onpesesioch Kak [<obumii Bec Beex ajeMeHToB> / <eM-
kocTh konTeitnepa>l, rae [ | osnauaer okpyrienne. Harrpumep, eciti o6mimii Bec ipeame-
ToB paBeH 115 egunuiiaMm, a eMKOCTb KOHTelHepoB — 20, TO BaM TPENCTOUT BBISICHUTD,
MOJKHO JI YIIAKOBaTh BeCh HA0OP B 6 KOHTElHEPOB. Bociosp3yiitech SBPUCTUKOM, UTO-
ObI HAlITU XOPOIIIee PEIIEHNE, HO IAsKE €CJIA BBl HE OTHIIUTE €70, 3TO HE 3HAYWT, UTO Ta-
KOBOTO He CYIIeCTBYET.

3aznava packpos

ITo cyTH, 3T0 IByMepHAasi BEPCHUST MPEAbIAYINEH 3a7aun 00 YIaKOBKe B KOHTeWHe-
PBI, T/Ie HeOOXOJAMMO BBIPE3aTh U3 IOCOK, KYCKOB TKaHU U T. JI. ONPeieIeHHbIe (DUTYPBI
(Kak 1paBuJIO, IPSAMOYTOJIbHUKN). Llesib — ucionb3oBaTh MUHUMATIBHOE KOJIUYECTBO
MaTepuaia.

CMozenmpoBaTh 3a/1a4y B BU/IE /iepeBa IPUHATHS PEeleHH HAMHOTO CIOKHEe, 4eM
B CJIydae ¢ pacrpe/esieHieM MPeIMETOB M0 KOHTENHepaM, MOCKOIbKY 00Tiiee Korude-
CTBO MOJIYYEHHBIX (DOPM 3aBUCUT OT CIIOCOHA MX PasMeNeHNst Ha NCXOAHOM MaTepralie.
[TpocTo npuBsi3aTh GUTypy K MaTepuaIy HeJOCTATOYHO, HY;KHO HAa3HAYUTH €€ TIO3UITHIO.
Ecam y Bac umeercst K KyckoB uero 6b To HU ObLIO, TO ecTh Gosiee K MecT, Tie MOKHO
pasMecTuTh GOPMY, CIE0BATENBHO, Y BEPIIMHBI IepeBa mpucyTcTByeT Gosiee K BeTBeil.

Tem He MeHee ¢ yueTOM HEKOTOPBIX YCJIOBHOCTEH /IEPEBO MPUHSTUS PEIEHUS UCTOJIb-
30BaTh BCe ke BO3MOkHO. Harpumep, eciim Kycok Matepuaia umeet pazmep 36x72 cm
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U BBI jlolyckaere pazMelrerue ¢hbopmbl Tosibko Ha mo3uiiuu (X, Y), rne X u Y — nenbie
YHUCJIa, TO CyIecTByeT 36 x 72 = 2592 BepOsITHBIX MMOJIOKEHWH 711 Hee. ITO 03HAYAET,
4TO y KasKI0W BEPUIMHBI B Aepese Oyuer K x 2592 Berseii.

K cuacThio, MHOTHE 13 9TUX BETBEH JIETKO «CPE3aTh», HAITPUMEP T€, UTO PACTIONIAraloT
(hopMmy oueHb 6JIM3KO K KPaio MaTepraJia UM BBIHYK/AAIOT IEPEKPBIBATH APYTYIO (hOPMY.
[TpournopupoBas Mo oGHbIE CITyYau, TIPOBOJIST OUCK XOTsT GbI KAKOTO-TO perierst. O6-
paTHTe BHUMAHIE, 4TO JIEPEBO BCE PABHO OCTAHETCS OUEHb GOJIBITTIM, U JIJIs HAXOKICHVIST
PaIMOHAILHBIX OTBETOB MPUIETCS UCTIOJIb30BATH IBPUCTHUKY.

Tax:ke ciiezyeT OTMETUTb, YTO TIPUHSITHIE OMTYIIEHUSI MOTYT UCKJIIOUATh HEKOTOPBIE
pemenus. [Ipeanosnoxum, Bl MbITA€TECh PACTIOIOKUTD KBAIPATHI Pa3MepoM 7x7 cM
Ha Kycke Marepuaa momanbio 20x20 cm. Eciu kpas durypsr u MmaTepuana 6yayT
MapajJIeTbHbI IPYT APYTY, TO MOJTYIUTCS YMECTUTD JIMIID YeThipe KBajpaTa (puc. 12.4,
CJIeBA); €CJIN JKe MCII0JIb30BaTh BpalieHne GopMbl — KBa[PATOB JITKET YiKe IATh (PUC.
12.4, cipaBa).

\l

A
A A
1 1

A

Puc. 12.4. Pacniosioxkenue dhuryp Ha marepuare:
6e3 1oBopoTa (POPMBI (Clesa) 1 ¢ TIOBOPOTOM (Cnpasa)

B CTaHIapPTHOM BapUaHTe 3a/la4 Ia€TCA O/IMH OY€Hb JUIMHHBII KYCOK MaTepuaJia,
HallpuMep pyJIOH 6}7MaI‘I/I. Bama 1eJib — MUHHUMH3NPOBATH YMCJIO UCITIOb3YEMbIX I10-
TOHHBIX METPOB.

3aznauva o paHiie

B aroil 3azjaue npesMeThL ¢ OIpe/ie/IeHHBIM BECOM U I[EHHOCTDIO HY>KHO CJIOXKUTD
B paHell, PACCYMTAHHbIN Ha HEKOTOPYIO IPY30110/beMHOCTb. IIpryem caesaTs 910 caenyer
TaK, YTOOBI COAEPKUMOE PAHIIA UMEJO MaKCHUMaJIbHOE 3HauYeHue. JIPyruMu cJoBaMH,
MO>KHO HAITOJIHUTD €T0 IPEUMYTIECTBEHHO TSIKETIBIMU ITPEIMETAMU BBICOKOH ITEHHOCTH
760 JIETKUMU TTPEIMETaAMK HU3KOIT TIEHHOCTH.

PaccmarpuBaeMast 3aj1aua oo0Ha 3ajaue 0 pazbueHnn, (aKTHIECKU TPEIMETHI
JlesiaTCs Ha JIBe TPYTIIIIBL: Te, YTO BOW/YT B paHell, U Te, 4To He BouyT. [lesap — caenarn
TaK, YTOOBI MepBasi TPYIINA OKA3aIaCh MAKCUMAJIBHO [[EHHOU U MOAXO/SIIEN IO Becy.
JlepeBo MpUHATHS pelieHuii GyIeT UMeTh MHOTO OBIIEro ¢ TeM, 4TO (hUrypupyer B 3a-
nade 0 pasOMeHNH, PasHUIA JIUIIb B TOM, YTO HAKJIaJAbIBAECTCS OFPaHUYEHHUE 110 BECY.
[Ipuronsarcst m aHATOTUYHBIE METO/IBI PENIEHNST — CIydaliHble U yIy4IIeHHbIE, a TAKKe
UMUTAIUS OT/KUTA.

Pa60Ty METO/Ia BETBEN " TpaHUIl MOKHO OCTAaHOBUTD, €CJIM CYMMapHO€ 3HAYCHNE
HEPACCMOTPEHHBIX 9JIEMEHTOB OKaXETCA HEJOCTATOYHBIM /IJIsd COBEPIIECHCTBOBAHUA
TEKYIIETO PEIIEHUA TaK, 4TOOBI OHO TIPEBOCXOINJIIO yIiKE HalijleHHoe Jiydiiee pemnieHume.
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[Ipenonoxmm, Bbl ysKe OTBICKAJIN OTBET, T7I€ UTOTOBAsi IEHHOCTD ITPEJIMETOB COCTABJISECT
100 py6., m aHATM3UPYETEe YACTHIHOE PEllieHne, B KOTOPOM Ha IAHHbII MOMEHT IEHHOCTh
pasHa 50 py6. Eciii cymmapHoe 3HaueHue octaBuimxcst mpeameTo 20 py6., To BaM yike
HIKaK He yJIacTcsl TPeB30HTH TeKyTIee JIydliee pelieHwe.

IBPHCTHKA TIONCKA MAKCHUMyMa Ha KasK[0M 1are Oyiet 100aBisiTh peIMeT ¢ Hau-
BBICIIIMM 3HaYE€HUEM, KOTOPBIN CII0OCOOEH BMECTUThCS B panell. OTCOPTUPOBAHHBIN Ba-
PUAHT 3TOTO AJITOPUTMA PACCMOTPHT MIPEMETHI B TIOPsi/IKe YObIBaHKsI Beca, TO eCTh Ha
MOCJIEIHVX DTAIIAX MOCTAPAETCS MAKCUMAJIBHO MCTIOJIb30BaTh OCTABIIEECs IIPOCTPAHCTBO
B paHile. A ellie Jiydliie aHaJIu3UPOBATh COOTHOIIEHIE BEC — IIEHHOCTD, TOT/IA B IEPBYIO
ouYepe/ib B PaHeI MOoMajlyT MPEIMEThI, Yeil KUITOTPaMM Beca UMeeT GOJIbIITYI0 CTOUMOCTD
B pyOuIsX.

JlepeBo pertenwii uist 3amauu o pamiie mpu N ajieMeHTaX COIePKUT 2N TepMUHATHHBIX
BEPIIKH, TO €CTh HAITU OTBET HE JIETKO, HO 9BPUCTUYECKUE METO/IbI OIIPOOOBATH CTOUT.

3asaya KOMMUBOSIKepa

[Ipenmono:xuM, BBl pa3be3IHON TOPTOBBII areHT, KOTOPOMY HY>KHO TIOCETUTD OTIpe-
JleJIeHHbIe MeCTa, a 3aTeM BePHYThCS B UCXO/IHYIO TOUKY. Baiiia 1esib — crijaHupoBaTh
MapIIpyT Tak, YTOObI IPOILIEHHOE PACCTOSHUE OKA3aJI0Ch MUHIUMAJIbHBIM.

==_ 3AMEYAHUE

| 3apaya KOMMUMBOSIXXepPa MMEET LUMPOKOE NPakTUYEeCKOe NPYMEHeHVEe, HanpumMep
- cnyx6 [0CTaBKM U MOYTOBBLIX y4pexaeHuin. PaumoHansHoe nnaHnpoBaHme
MapLupyTa NoMoraeT cokpaTuTb obLee NponaeHHOe PacCToAHNE, YMEHbLINTb
N3HOC TPAHCMOPTHbLIX CPeACTB M COKOHOMMUTb TOMJIMBO.

[Ipn MozsespoBaHNM TAHHON 3a/1a4M KaK/IbIi ypoBeHb K B /iepeBe PUHSATHS pe-
[IEHWIT JIOJDKEH COOTBETCTBOBATH BHIOOPY Mecta K B utoroBom mapiipyte. Eciiu ecth
N TyHKTOB Ha3HauyeHWs, TO B KOPHEBOW BepIliMHe HaXoAuTcss N BeTBeH, Kaxkaas
13 KOTOPBIX COOTBETCTBYET IMOCEIIEHUIO oTIpeiesieHHoTo Mecta. Ha BTOpoMm ypoBHe
BeTBeil Oyaer yske N — 1 110 KOJIM4ecTBY ellle He IIOCENIEHHBIX MeCT, Ha TPETheM —
N — 2 U T. . BILIOTD JI0 TePMUHAIBHBIX Bepiu. O61iee Yuca0 MOCAeJHUX COCTABUT

Nx(N-1)x(N-2)x..x1=NL.

VIToroBoe IepeBo MoTyInTCsT HACTOTHLKO GOITBIIIM, YTO JJIsI HAXOKICHST OTITUMATb-
HBIX PelIeHuil BaM ToTpeOyeTcs HCII0/Ib30BaTh 9BPUCTHKY.

3asaya BHIIOJHUMOCTH OyIeBbIX popmMy.t

Ecim mano sorndeckoe yTBepskaenne, Hanpumep <A u B umn (A u ve C)», TO B Te-
KyTieit 3aiaue TpebyeTcst OTBETUTH HA BOIIPOC: MOYKHO JIM TTPUCBOUTH 3HAYEHUS true
u false nepemerHbiM A, Bu C Tak, 4To0bl yTBEPIKIEHIE CTAIO UCTUHHBIM? B cMeKHOI
3ajiaue HeoOXOAMMO HAlTH 9TO caMoe Ha3HauYeHNe,

[Tpu MoieTMPOBAHUN MOKHO BOCIIOJIb30BATHCsI GUHAPHBIM JICPEBOM TIPUHSITUST Pe-
IIIEHUIA: €70 JIEBbIE BETBH OY/IET COOTBETCTBOBATH YCTAHOBKE 3HAUEHUSI £ rue, a IIpaBbie —
false. Kaxxmag TepMuHasbHas BepIIMHA B 9TOM CJIydae O3HaMeHYyeT Ha3HaueHue BeexX
IIepeMEeHHbBIX U OIIPE/IeJIUT, SIBJISIETCS JIN BCe YTBEPK/IeHNE UCTUHHBIM WJIH JIOKHBIM.

[ammast 3ama4a cIoKHee 33/1a4u 0 pa3bMeHn, TTOCKOIbKY B HEll HeT TMproIn3u-
TEJIbHBIX perieHuil. JIto6ast TepMUHAIbHAS BEPIIMHA J[aeT KOHKPETHDBIN OTBET, BE/b
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YTBEPXKIEHUE HE MOJKET CUMTATHCS TPUOIU3UTENbHO ncTUuHHBIM. (TeM He MeHee Bepo-
SITHOCTHAST JIOTUKA, TJe TIePEMEHHbIE He SIBJISTIOTCST aGCOTIOTHO MCTUHHBIMU MU JIOK-
HBIMH, TI03BOJISIET C/IEJIATh YTBEPKACHUE BO3MOXKHO UCTUHHBIM. )

C]Iy’-IaI;'IHbII‘/JI TIOUCK 110 JIEPEBY ITO3BOJINT HalTH penreHune, HO €CJIv Bbl €10 HE OThIII e~
T€, TO HE CMOJKETE C/IeJaThb BbIBO/[ O TOM, YTO TaKOTO HE CYIIECTBYET. [TerTascey ycoBep-
IIEHCTBOBATD pelIeHusA, IOMHUTE: BHECEHHbBIC U3BMEHEHM A ITOBJINAIOT Ha NICTUHHOCTD NJIN
JIOJKHOCTD BCETO YTBEPIKACHUA, TO €CThb IPUMEHATD ITOCTEIICHHbIC YJIYUIIICHUS HE 10Ty -
YUTCS. ITO 3HA4YUT, YTO BaM HE Y/IaCTCA BOCIIOJIb30BaTbCA CTpaTeFI/IefI yYCOBEPIIEHCTBO-
BaHUsI Iy TH, UMUTAIMEN OTKHUTA UJIN ITOUCKOM MaKCHMYMa, OIITMCaHHBIMH paHeEe. KpO-
M€ TOr0, HEBO3MOJKHO OIIPEAEC/JNTD, CTAHET JIN YTBEPIKACHUE JIOJKHBIM ITOCJI€ HaCTUYHBIX
HaSHa'-IeHI/II‘/)I, ITO9TOMY METO/L BeTBel 1 I'paHMIL TaKyKe OTIIaZla€T. HOJIy‘-IaeTCH, 4qTO €/INH-
CTBEHHO JOCTYITHBIMUA OCTAIOTCA I/IC'-IeprIBaIOHII/Iﬁ n CﬂyqaﬁHblﬁ ITOMCKH, KOTOPbIE aeﬁ-
CTBEHHBI TOJIBKO JII OTHOCHUTE/TIbHO MaJIbIX 3a/a4.

- 3AMEYAHUE

' YunTbiBasi OrpOMHOE KONIMYECTBO HIDAHCOB, Bbl MOXETE CMPOCUTb, 3a4eM B MPUH-
| ine HyxHa 3aaa4a BbINONHAMOCTY GysieBbix popMyst. OKa3blBAETCS, K HEM MOXKHO
CBECTM MHOTrve apyrve 3agadm v cyauTb 00 NX peLaemMocTy Mo TOMY, BbINOJIHAMO
VN HEBbLIMOJTHMMO NOCTPOEHHOE Nornyeckoe BelpaxeHue. pyrumMmm cnosamMmm, eCnm
HEeT M3BECTHOr0 NPOCTOr0 PELLeHNs AN 33241 BbINOHMMOCTY ByneBbIX GopmMyI,
TO HET ero 1 Ana Apyroi 3agayn.

3ajaua BHIMTOJTHUMOCTH OyJIeBBIX (DOPMYJ CBsI3aHa C 3aJaueil BBIMOJTHUMOCTH
B 3-KOHBIOHKTUBHOI HOPMaJTbHOI (hopMe, T/Ie JIOTHUECKOE YTBEPKIAEHUE COCTOUT U3 BBI-
CKa3bIBaHWH, 00 BeINHEHHBIX OTlepaTopoM And. Kask/oe BbICKa3bIBaHIE B CBOIO OY€PEb
COZIEPKUT TPU TIepEeMEHHbIE MJIN UX OTPUIIAHUS U oriepaTop Or. Hanpumep, yTBepskieHue
«(A nmm Bwmm e C) u (B niu ve A uimu D)» 3anmcano B (hopmare 3aj1ade 3-BbITIOTHU-
Moctu. [Ipu skeTaHnm MOJKHO IOKA3aTh, YTO 337[a41 BBITIOTHIMOCTH W 3-BBITTOJTHUMOCTH
SIBJISTIOTCST PABHOIIEHHBIMH, TO €CTh X OZIMHAKOBO TPY/THO peraTth. Kpome Toro, creayer
OTMETHTb, UTO JIJIsT 0OEHX BEPCUI MOOMAET OTHO U TO JKe JAEPEBO MPUHSTHUS PEIICHUI.,

Pe3iome

JlepeBbst IPUHSTHUS PENIEHUIT — MOTIHBII HHCTPYMEHT, C TIOMOIIBIO KOTOPOTO JieT-
KO HAWTW OTBET B CJIOJKHBIX 3ajladax, MyCTh Jaxe U He Hauydmuil. Hampumep, 3agaqay
0 BOCbMU (hep3sX, OTMMMCAHHYTO B T71aBe 9, MOKHO CMOJICTTMPOBATH TOCPECTBOM JIEPEBA,
coctositiero u3 8 ypoBueii, 64 Betseii u 64° ~ 2,8 x 10" repmunaspibix Bepim. B naib-
HeHIIeM C Y4eTOM YCJIOBUI UIPhI GOJIBIIYIO YaCTh BETBEl JOIYCTUMO CPe3aTh 1 UCCIIe-
nmoBaTh ToTbKO 113 ocTaBmmxcs mo3utuii Ha focke. Ho Hazo ckasaTh, Takast mWHTEpIIpe-
TaIUs 33a9l MOKET CTAaTh OMMOOYHON — BIIOJIHE BEPOSITHO, UTO BBI ITPOITYCTHTE YIIPO-
IIEH, KOTOPBIE TO3BOJIAT HaiiTh oTBeT Hoee s deKTUBHBIM c11ocoboM. TeM He MeHee
I€PEBbs IPUHATHS PELICHUH IIPEJOCTABIISIOT OTINYHYIO TEXHOJIOTUIO, BEChMa YA00HYIO
TSI T€X CJIY9aeB, KOT/Ia IPYTUX WJIEH PETeHUs 3a/1a4W HeT.

B rmaBax 10—12 BbI TO3HAKOMIJINCH U C CAMUMU AEPEBbAMU, N C AJITOPUTMaMU, KO-
TOPbBIE UX CTPOAT U MTPOU3BO/AT ITOUCK 11O HUM. B CJIEAYIOINX /IBYX I'NTaBaX Mbl Hepey”l-
A€M K N3y4IC€HUIO cereit — CIIE€ OAHUX CBA3HBIX CTPYKTYP MJaHHBIX, KOTOPbIE B OTJINYNE
OT IE€PEBLEB HE ABJAIOTCA MEPAPXUYHDBIMU. ITO T03BOJISIET UCIIOJIb30BATH IIUKJIBI, YTO
HECKOJIbKO YCJIOKHAET pa60Ty B I1€JIOM, 3aTO ITOMOTA€T MOZEJIMPOBATh N PEUIAaTh APY-
r'me MHTEpEeCHbIC 3a/[a4U.
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YnpaxHeHus

BBBS,ZIO‘-IKOP'I OTMEY€HbI 3aJa4ur ITOBBIIIEHHON CJI0KHOCTH.

1.

Hanummwure nporpaMmy, KOTOpast IIPOBOAUT MCYEPITBIBAIONIII TTOMCK MO UTPE
B KPECTUKU-HOJMKH U TIOJICYNTHIBACT KOJTMIECTBO MAPTHIA, KOTOPHIE 3aKaHUNBAIOT-
¢s1 TT0HEI0# KPECTUKOB, HOTMKOB UITH Hdbeit. CKOJIBKO TIAPTHIH B PITHITIITE BO3MOJK-
HO? YKa3bIBAIOT JIU ITOJIyYeHHBIE IIM(PbI HA TIPEUMYIIIECTBO TOTO MJIM MHOTO UTPOKA?

. Baecure nsmenenus B nmporpaMmy u3 yrpaxkHenus 1 13 pacuera, 4To T0OJIb30Ba-

TeJIb COBEPITIJI OITH HadaTbHbIHN X0/ I HeCKOIbKO0. CHOBA ITOICUNUTANTE KOJIH-
YeCTBO BO3MOKHBIX 1100€]] KPECTUKOB, HOMUKOB MU HUYbUX. CKOJIBKO UIP MOK-
HO MTPOBECTH C YIETOM KaK/IOTO U3 JIEBSTH HAYAJTbHBIX XOJIOB, COBEPIIEHHBIX Kpe-
crukamu? (Hy>XHO s paccYuThIBaTh BCE JEBATH? )

. Hanmmure mporpaMmy Urpbl B KPeCTUKU-HOJIMKU ¢ KOMITbIoTepoM. IIycTb noJib-

30BaTeb BBICTYMAET 3a JI0YIO 13 KoMaH L. [IpoyMaiite Tpu yPOBHSI CJIOKHOCTH:
«CuryuailHbIii» (KOMIIBIOTED XOANUT IIPOU3BOJIBHBIM 00pasoM), « HoBuuok» (KoMm-
MBIOTEP UCIIOJIB3YET MUHUMAKC TOJIBKO C TPEMSI YPOBHSIMU PEKYPCUU) U «IJKC-
nepT» (KOMITBIOTEP UCTIOJIB3YeT MUHUMAKC BO BCEll UTpe).

. Hanmmure IIporpaMMy C MCYEPIBIBAIOIINM ITOMCKOM /IJId PEIIECHUA OIITUMHN3a-

IIMOHHOM 3a/1a4n 0 pasbrennn. Pazpenre mojb30BaTes 0 3a/1aTh BEC MIPeMe-
TOB B YCTAHOBJIEHHBIX TIPeiesiaX U YCTAHOBUTD (DIAKOK, MOMYCKAIONIUI TTPIHY -
JUTETHHO MPepBaTh paboTy aIrOPUTMA.

. Mozepuusupyiite nporpaMmy U3 yrpakHeHNd 4: pa3pelinTe UCIoIb30BaTh Me-

TOJ BeTBe#l U rpaHutl 6e3 MPUHYAUTENTEHOTO TIPEPHIBAHNSL.

.Ha ocHoBe nporpaMmbl U3 yrpaskHeHHs 4 peluTe 3a1a4y o pas0reHuu, UCI0/Ib-

3ysI MCYEPITBIBAIOIINIT TIOMCK, METO/] BETBEH M IPaHMWIL, a TaKKe 3HAUYeHUsT OT 1
105,01 1 106,011 107 1 T. 1. 10 25. OTpasuTe CXeMATHYHO KOJUIECTBO MPOTi-
JIEHHBIX BEPIIUH 1 pazOueHre IPeIMeTOB s ABYX MeTo10B. OTaerbHO n306pa-
3UTE JIOrapuOMUYECKYIO 3aBUCHMOCTD KOJUYECTBA IIPOUIEHHBIX BEPIIMH OT KO-
nndecTBa BecoB. Kakoil BBIBOI MOKHO CIE/IaTh O KOJNYECTBE TIPOHIEHHBIX BEp-
IIWH JJIST IBYX METOJI0B?

7. MonepHU3HpYiiTe IPOrpaMMy 13 YIIPAKHEHUS 5, UCTIOJB3Y CTYYAHY10 SBPUCTHKY.

8. IlepenuinuTe mporpaMmMy U3 yIpaxKHeHUs 7 ¢ YUeTOM 9BPUCTUKU YCOBEPIIEH-

10.

11.

12.
13.

CTBOBAHUS My TEN.

. Kakwue rpymimbr Haliiler mporpammMa jiuisi pasOueHust, ecii OHa OyIET UCIIOIb30-

BaTh 9BPUCTHKY ITOMCKA MaKCUMyMa Ji7ist BecoB 7,9,7,6,7,7,5,7, 5 u 6? KakoBbr
CyMMapHble Beca IPYIIl ¥ PA3HUIA MEXK/Y CYMMapPHBIMU BecaMu ?

MojepHusupyiite mporpaMmy U3 yIpakKHeHUs 8, UCIOJIb3YsT 9BPUCTUKY TTOKC-
Ka MakCUMyMa.

[Tpopabotaiite yrpaxuerue 9, IpUGETHYB K 9BPUCTUKE COPTUPOBAHHOTO TIOMC-
Ka MaKCUMyMa.

ITpopabotaiite yrpaskHeHUe 9, UCIOIb3YsT UCUEPITBIBAIOIIHIA TIOUCK.

YcoBepieHCTBYIiTe TporpamMmy u3 ynpaxkuerus 10 3a cyet aBpUCTUKN COPTUPO-
BaHHOTO MIOMCKA MAaKCUMYMa.



Maesa 13
OCHOBHBbBIE CETEBbIE AJITOPUTMbI

B riaBax 10—12 MbI paccMaTpuBaiy iepeBbs. B aToli riiaBe onichIBaeTCs pOJACTBEH-
Hag CTPYKTypa JaHHBIX — ceTbh. [10 aHaIorum ¢ 1epeBOM CeTh COIEPSKUT Y3JIbI, KOTOPBIE
COEIUHSTIOTCS TIOCPE/ICTBOM 3BEHBEB, HO, B OTJINYHE OT Y3JI0B B JIEPEBbSIX, CETEBbIE Y3JIbI
MOTYT He UMETh UePAPXUYECKOIl CBSI3U. B uacTHOCTH, 3BeHbs B ceT (POPMUPYIOT IIH-
KJIBI, B PE3YJIbTATE YETO MYTh, KOTOPHII CJAEYET YePE3 ITU 3BEHDSI, CTOCOOEH BEPHYTh-
Cs1 B UCXOJHYIO TOUKY.

ITa riaBa ITOCBAIIIEHA CETSAM U HEKOTOPbIM 06a30BbIM CETEBBIM AJITOpUTMaM, TaKUM
KaK HaXOXX/IeHue IINKJIOB, IIONCK KpaTqaﬁmero ITyTHN U ITIOCTPOCHUE JIEPEBA, KOTOPOCE B~
JIAETCA 9aCTbIO CETH, BKJIIO‘{aIOH.IeI‘/JI B ceba KasK/IBIIA yaeJar.

TepMuHonorus

Y ceteil TepMUHOJIOTHS HE HACTOJIBKO CJIOJKHAL, KaK Y /IePeBbEB, IOCKOJIbKY OHA He
3aMMCTBYeT TaK MHOTO IOHATHH 13 reHeasoruu. O[HaKO HAa PACCMOTPEHUE COOTBETCTBY-
IOIIUX TEPMUHOB BCE K€ CTOUT [IOTPATUTh HECKOJIBKO MUHYT.

Cetb cocrout u3 HabOPa Y3108, COENUHEHHDBIX C TIOMOIIBIO 36¢Hbed (MHOTA, 0CO-
GEHHO B KOHTEKCTE MATEMATUYECKUX aJITOPUTMOB U TEOPEM, CETh HA3BIBAIOT ZDAPOM,
V3Bl — Gepuiunamit, a 38eHbss — pebpami). Eciv yaibt A v B ¢BsI3aHBI HATIPSIMYIO, OHU
SIBJITIOTCST CMENCHHIMU T IMEHYTOTCST COCEOSMU.

B otsimunie ot iepeBbeB, ceTh He UMeeT KOPHEBOTO y3J1a, XOTsI B HEKOTOPBIX CeTSIX OIpe-
JleJIeHHbIE Y3JIbI MOTYT 06J1a/1aTh 0COOBIM 3HaueHneM. Harnpumep, TpaHciopTHast ceTh Mo-
JKET COZIEPKaTh CIelaIbHbIe Y3JIbl-KOHIIEHTPATOPBI, B KOTOPBIX HAUMHAIOT U 3aBeplia-
10T CBOM MapIIPYThl aBTOOYCHI, OE3/1a, TTAPOMBI WJIH JPYTHe TPAHCIIOPTHBIE CPEICTBA.

3BEHO MOKET ObITh Hanpasiennvim (€Cu Tepexo]] M0 HEMY BO3MOMKEH TOJIBKO
B OJIHOM HAIPABJICHUN) WIH HeHanpasiennoim (eCm A0MycKaercs Joboe HampasJie-
Hue nepexoja). CeTb Ha3bpIBaeTCs HAIIPABJIEHHON MJIM HEHAIIPABJICHHOH B 3aBUCUMO-
CTH OT THIIa 3BeHbEB, KOTOPBIE OHA COJIEPIKMUT.

Ilymov — 3T0 MOC/IEIOBATENBHOCTD YEPEAYIONINXCS Y3JI0B M 3BEHbEB, TPOXOAATIAA
0 CETU OT OJIHOTO y3J1a K Apyromy. JlormycTum, JTioObie [Ba COCEAHUX Y3JIa COeMHEHDI
TOJIBKO OZIHUM 3BEHOM (JIPYTUMHU CJIOBaAMU, MeXAY y3JaMu A U B HeT IByX 3BEHbLEB).
B aToM cirygae myTh MOKHO yKa3aTh, IEPEUNCINB Y3JbI, KOTOPBIE OH MMPOXOANT, WJTH
3BEHDbS, KOTOPbIE UCIIO/Ib3YeT.

HuK]l, nJin nemijist, — 9TO IIyTh, KOTOprﬁ BO3Bpallla€TCs B CBOIO MCXOAHYIO TOYKY.

Kak 1 B ciryuae ¢ 1epeBbsIMU, CmeneHvio y3J1a Ha3bIBAeTCsT KOTIMIECTBO 3BEHbEB, KO-
TOPBIE HYXKHO NPOTH 10 Hero. CTereHb ceTr paBHa HauboJIbIeli CTereHn J060ro yaia
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BHYTPU Hee. B HamrpaB/ieHHOM ceT BXOMAIIAsA U UCXOANIAs CTeIeHD y3J1a ONPeesaioT-
€4 KOJIMYeCTBOM 3BE€HbEB, KOTOPBIE BXOAT U BHIXOJAT U3 HETO.

C y3jtamMut ¥ 3BEHBSIMHU YaCTO CBSI3aHbI Kakue-HUOY b fantbie. Harrpumep, y3ibr He-
PenKo UMEIOT UM, WICHTU(UKAITMOHHBIM HOMEDP W (DU3NIECKOe MECTONOJIOKEHNE,
TaKoe Kak IUPoTa U 10JroTa. MHOrMe 3BeHbs1 XapaKTepu3yIoTCs U3/eP:KKaMU WU Be-
COM, B YaCTHOCTH BPeMeHEM, KOTOPOE 3aHUMAeT IPOoe3/1 110 3BeHy B YJAN4YHON ceTn. OHun
TaKKe MOTYT UMETh MAaKCUMATLHYIO TIPOTTYCKHYIO CITIOCOGHOCTD, HATIPUMEP MaKCHMAJTb-
HBII 06BEM TOKa, KOTOPBIN MOKHO HIPOITYCTHTH TI0 TIPOBOY B 9JIEKTPOCETH, UJIN HAU-
GoJTbITIEE KOTMIECTBO ABTOMOOHITEH, KOTOPBIE TPOEYT IO YIIUTIE 32 OTTPEeTEHHYIO /-
HUILY BpEMEHM.

Jlocmynnovim Ha3bIBaeTCS y3€eJ, KOTOPOTO MOXKHO JIOCTUTHYTh U3 33JJaHHOTO Y3714,
CJIeLy 110 3BEHbAM. B 3aBucumoctn ot cetn HEKOTOPbDIE Y3JIbI MOTYT 6bITb HENOCTYIIHBI
13 OTIPE/IeJIEHHBIX TTO3UTINT.

B nanpassiennoii cetu y3ibl A 1 B Ha3bIBAIOTCS C83AHHBIMU, €CJIU K B MOXKHO T10-
macth 13 A. CTOUT OTMETHUTBD, 9TO ecu y3es A ¢Bsi3aH ¢ y3noMm B, a yzen B — ¢ yziom C,
10 y3Jib1 A 1 C TaksKe JOJLKHBI ObITh CBSI3aHHBIMIL

Ces3mblil KoMnonenm cemu — 3To HabOP BCEX B3AMMOCBSI3aHHBIX Y3J0B. CeTh Ha3bl-
BaeTCs CBSA3HOM, €CJIM BCE €€ Y3JIbl COe/IeHEHb! IPYT C IPYTOM.

Ec/mm Bee y371bI B HAIIPAaBJIEHHOM CETH COOOIIAIOTCS MEK LY COOOM, TaKast CeTh Ha3bl-
BaeTCA CUNLHO C853HOU. ECIN B CBA3HOI HaIPaBJIEHHOU ceTU 3aMEeHUTDb HaIllPpaBJICHHbIE
3BEHbsI HAa HEHATIPABJICHHBIE, TAKasl CETh CTAHET CA1AG0 CBAZHOIL.

Ha pucynke 13.1 nokasanbl HEKOTOPbIE ydacTKK HeGOJIBINON HAIIPABJIEHHOI CeTH.
3BeHbsI TPEJICTABIEHBI CTPENKAMIE, OCTPUS KOTOPBIX 0003HAYAIOT HAIPaBieHust. /[[ByHa-
IIpaBJIEHHbIE CTPEIKU M300PaKaIOT IaPHbIE 3BEHbSI, KOTOPbIE UMEIOT Pa3Hble HAIIPaBJIe-
Hus. VI3[ep:KKY 3BeHbEB YKasaHbl B BUe Yncell. B paccMaTpuBaeMoM puMepe, 4To0bI
clesaTh n300paskeHe ceTu 6oJiee IPOCTHIM, MbI HUCXOAUM U3 TOTO, YTO IIPOTHBOIIOIOK-
HbIE 3BE€HbsT UMEIOT OINHAKOBBIE U3aep:KKu. Ha mpaxTuke 31O He Beeria Tak.

Certp, npe/icTaBieHHas Ha pucyHnke 13.1, ABisieTcss CUIIBHO CBA3HOM, TIOTOMY 4TO
C TIOMOIIIBIO €€ 3BEHBEB MOXKHO HAITH MyTh OT OJJHOTO y3JIa K JII06OMY JAPYTOMY.

3BeHbsA

C;>< 9—»@4—10—»@

10 15\ 1¢1 Yanbi
Nanepxkum é« 10— <11 —>®
\ 71
12 13

Puc. 13.1. B nanpasieHHOM ceTn cTpeskn 0603HaYaIOT HATIPABICHNS 3BEHBEB
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O6paTuTe BHUMaHKE, YTO MYTU MEKTY Y3JaMU MOTYT He ObITh yHUKaIbHBIME, Ha-
npumep, n A-E-F, u A-B-C-F aBisiorcs myTsamMu Mexkay ysaamu A u F.

TepMUHBI, Kacatoluecst iepeBbes, cobpanbl B Tabsmie 13.1 — Tak Bam Gy/er mpo-

11e X 3alIOMHUTD.

Ta6nuua 13.1. Kpatkoe U3noxeHue ceTeBoit TepMUHONOrMM

Tepmun

3HaueHune

CMEKHBII

Ecan JiBa y3Jia COEJNHEHDbI 3BEHOM, OHU SABJIAIOTCA CMEKHBIMU

HpOHyCKHaH CIoCOOHOCTH

MaxcuMaIbHbIH 06beM 4ero-mu6o, 9T0 MOJKET TIPONTH Yepes y3ed
uu 38eHo. Harpumep, MakcuMasIbHBIA TOK, IIPOXOJAIINIL yepes
MIPOBOJI B 9IEKTPOCETH, M/ HANOOJIbIIEE KOMITIECTBO ABTOMOGH-
Jieii, KOTopble IepeceKkyT 3BeHO B yJIMYHOI CeTH 32 eINHUILY Bpe-
MeHI

CBs13aHHBII

B nenarnpaniennoii cetu y3ibl A u B SIBJISIIOTCS CBSI3aHHBIMU, €CJIN
B y3eJ1 B MOXXHO TionacTs u3 yana A (1 Haobopot). HenanpasiieH-
Hasl CETh CUNTAETCS CBSIZHOI, €CJIN KaKIbII y3eJ1 TOCTYTIeH

13 1106010 APYroro ysna

CBsI3HBII KOMIIOHEHT

Ha60p B3aNMOCBsA3aHHbIX Y3JI0B

Nanepxku Co 3BEHOM MOTYT ObITh CBsI3aHbI OIPE/IEJICHHbIE U3EPKKH.
To xe camoe, HO B MEHbBIIIEH MEPe KACAETCST Y3JI0B

Ty IIyTb, KOTOPBIH BO3BpaliaeTcs B CBOIO UCXOJHYIO TOUKY

Crernenb B nenarnpaBiieHHOI ceTH 3TO KOJMYECTBO 3BEHbEB, KOTOPbIE HYKHO
MPONTH /10 y371a. B HanpaBieHHOI ceTn y3es UMeeT BXOSILYIO
U UCXOJISIIYIO CTeleHb

Hamnpasnenubrii 3BEHO SIBJISIETCST HATIPABJIEHHBIM, €CJIU TT€PEXO]T TI0 HEMY BO3MOKeH
TOJIBKO B O/IHOM HarpaBJieHnu. CeTh CUUTAeTCs HAlTPaBJIEHHOIM,
€CJTM OHA CO/IEPKUT HAIIPaBJIEHHbIE 3BEHbsI

Pebpo 3BeHo

I'pad Cetb

Bxojsmas creniedb

Koanuectso 3BEHbEB, BXOAANIINX B y3€Jl ﬁaupameﬁuoﬁ cetTn

3BeHo OOGBEKT B CETH, IIPE/CTABJIAIONIMN OTHOIIEHUE MEK/LY ABYMS y3Jia-
M. 3BeHbs MOTYT ObITh HATIPABJICHHBIMHU 1 HEHATIPABJICHHBIMU

Iletns Iy

Cocen JlBa y3i1a SBJIIOTCS COCE/ISIMM, €CITM OHM CMEKHBIe

V3en OGBEKT B CETH, MPECTABISIONINI TOYKOOOPAZHOE MECTOTIONOKE-

Hue. Y 3J1bl COCTNMHAIOTCA C IIOMOIIBIO 3BE€HbEB

Ucxomsamias crenedn

KosndecTBO 3BeHbeB, NCXOANIUX U3 Y3J1a B HAITPABIEHHOM
cetn

IlyTp

IlociegoBaTeIbHOCTD YEPEAYIOMIUXCS Y3JI0B U 3BEHbEB, ITPOXO/ISI-
Iast o CETH OT OJIHOTO y3J1a K Apyromy. Ecim iBa J100bIX cMexX-
HBIX y3J1a COeIMHEeHbI TOJbKO OJJHUM 3BEHOM, ITyThb MOXKHO yKa3aTh
B BUJIE CITVICKA Y3JI0B WJIN 3BEHbEB, KOTOPBIE OH B ceOst BKIIOYAET

Jlocrynnbiii ysen

V3eu B siBiisiercs JOCTYITHBIM U3 y3J1a A, eCJiv CYIeCcTBYET MyTh
u3 ysna A Bysen B

CHJIBHO CBSI3HBIIT

Hanpassiennast ceTh SIBJSIETCS CHIIBHO CBSI3HOM, €CIIH KasK/IbIi
ee y3eJI IOCTYIIEeH 13 JII0O0T0 IPYTroro ysia
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Tepmun

3HaueHune

Hewnanpasiennbiit

3BeHO SIBJISIETCS HeHallpaBJ/IEHHbIM, €CJI1 1IE€PexXo/] 10 HEMY BO3-

MOKEH B JTI0OOM HallpaBJICHUU. CeTb cunTaercst HeHal’IpaB]IeHHOI‘/)Iy

€CJIM OHa COAEPIKUT TOJIbKO HEeHallpaBJIEHHbIE 3BE€HbsA

Bepmuna

Yzen

Cnabo CBA3HBIN

HarpasiienHast cetb siBJIsieTCs1 €1a00 CBSI3HOM, €CIM KaK/IbIi ee

y3eJ1 10CTYyIIEeH U3 06010 APYTOTO y3Jia 110CJi€ 3aM€E€Hbl HallpaBJI€eH-
HbBIX 3B€HbEB Ha HEHAIIPABJICHHbIE

Bec 3arparol

Pa3Hble npeacrTaBJieHns cetTun

HpOHeMOHCTpHpOBaTbCGTbBBHHCO6L6KTOBHOBOHBHOHPOCTO.NﬂﬁKHOO603HaQHTb
Y3JIbl C IIOMOIIBIO KyTaCCa Node.

[TpecraBieHIe 3BEHbEB 3aBUCUT OT TOTO, KaK BbI Gy/IETE X UCTI0/IB30BaTh, Harpu-
MeD, CO371aBasi HAMPABJIEHHYIO CETh, CIE/IyeT TIOMHUTD, YTO 3BEHbSI MOTYT UMETb BUJ CCBI-
JIOK, XPaHSIIUXCS B Kiacce yaia. Tyza ke 100aBIsSOTCS 3aTPAThl WU IPYTHE TaHHbIE,
€CJIM OHU JIOJIKHBI OBITh CBA3AHBI O 3BeHbAMU. OIUCHIBAEMbII CITydail TIPEACTABIEH HA
TPUMepe CJIEAYIOIIETO MICEB/IOKO/IA C TTPOCTHIM KJIACCOM Y3JIa.

Class Node
String: Name
List<Node>: Neighbors
List<Integer>: Costs
End Node

ITO peleHre MOAXOANUT JJIs TIPOCTHIX CUTYaIHii, HO 4acTO GBIBAET TIOJIE3HO CO3-
MaTh KJIACC JIJIsT TPE/ICTABIEHUST 3B€HbEB B B/ 00heKkTOB. Hampumep, oTaebHbIe al-
TOPUTMBI, TAKHE KaK aJITOPUTM MUHUMAJIBHOTO OCTOBHOTO JIEPEBA, KOTOPBIA OyIeT OITH-
caH Jlajiee B TEKyIeii riase, GOPMUPYIOT CIIUCOK 3BeHbeB. Eciin 3BeHbst AIBAAIOTCSA 00b-
€KTaMU, He COCTaBJIsieT HUKAKOro TPy/ia IOMECTUTD B CIIUCOK OIIpe/le/IeHHbIE UX 9K3eM-
rapel. Ecain ske OHU TIpe/icTaBJIeHbl B BI/IE CCBIJIOK, XPAHSIIIXCS B KIacce y3uIa, c/ie-
Jath 910 Gy/IET CI0KHEE.

IgCﬂeﬂyKHHehlHCGBHOKOHG]IOK&S&HBIKH&CCBIYSH&IlSBeHa,KOTOprBXpaHHTSBeHbH
B BH/€ OT/1€JIbHbIX 00BbEKTOB JLJIA HeHaHpaB]IeHHOfI CeTn.

Class Node
String: Name
List<Link>: Links
End Node
Class Link
Integer: Cost
Node: Nodes|[2]
End Link

3mech k1ace Link COEPKUT MACCUB U3 ABYX 00beKTOB Node, IpeICTaBIAIONINX
COe/INHSIEMbIE UM Y3JIbL.

B nenanpasieHHOU ceTr 00beKT Link BHICTYIIAET 3B€HOM, CBA3BIBAIOLINM /IBa y3J1a,
TIPU 9TOM TIOPSIJIOK CJIeTOBAaHUS ATUX Y3JI0B He UMeeT 3Hauenus. Eciu 3BeHo coepnnsier
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ya3abl A u B, 06bekT Link 6yzer HaXOAUThCA B ciincke Neighbors 060ux y3IioB, mo-
HTOMY BbI MOJKETE MIPUAEPKUBATHCS €0, ABUTASICH B JIIOOOM HATIPABJICHUN,

HOCKOJIbe TOPAZIOK CJaIeJOBaHUSA Y3JIOB B MaCCHUBE Nodes BHYTPH 3BCHA HEBa’X€H,
AJITOPUTM, HbITaIOHIHfICH HalTH cocea, 10JIKEH CpaBHUBATbh TeKYHII/Iﬁ y3eJ1 C aJIeMeHTa-
mu Nodes, YTOOBI OIIPE/IE/INTD, KaKO¥ 13 HUX SBJISIETCS CMEKHBIM. HaHpI/IMep, €CJIN aJIro-
PUTM IIBITAETCA OTBICKATDh COCE/la Y3Jia A, €My HYKHO O6paTI/ITbC$I K MaCCUBY Nodes BHY-
TPpH 3B€Ha, YTOOBI ITIOHATD, KaKO M3 €ro 3JIeMEHTOB — y3ea A, a KaKoil — coce/l.

B HampaBieHHO#T ceTn Kiaccy 3BeHa Mo-HaCTOSIIIEMY HEOOXOMIMO 3HATH TOJIBKO CBOT
1es1eBoil y3esr. Kiaccsl 17151 TakoH cuTyaluu IPeICTaBIEeHb B CIEAYIOMeM IICEBOKO/IE.

Class Node
String: Name
List<Link>: Links
End Node
Class Link
Integer: Cost
Node: ToNode
End Link

TeM He MeHee B IeJIsIX YI00CTBA KJIAcC 3BeHa MO-TIPEKHEMY MOKET COIEPKATh CChLI-
K1 Ha 006a cBoux yaiia. Harmpumep, eciiu y3iibl CETH UMEIOT IIPOCTPAHCTBEHHOE PasMeliie-
HUE, a 3BEHbA CO/IEpKaT CCbIVIKM Ha CBOU MCXO/IHbIE U I1€JIEBbIE Y3JIbl, 9TO O6]I€I“{I/IT 3a-
Jlauy TIPOPUCOBKHU 3BeHbeB. EC/i 3BeHbsI PaciiosiaraioT CChLIIKaMHU TOJBKO HA CBOU I1€JTe-
BbI€ Y3JIbl, 00bEKTaM Y3JI0B IIPUAETCS MepeaBaTh 3BEHbsIM JONOJHUTENbHYIO HHDOP-
Marlnio, YToObI Te MOTJIH ceOsT TPOPUCOBATH.

Ecau BBI ucnionb3yeTe Kiacc 3BeHa, cojep:kaniuii MmaccuB Node s, UCXOHBIN y3e
MO>KHO XPaHUTb B TIEPBOM 3JIEMEHTE 9TOTO MACCHBA, a 11€JIEBON — BO BTOPOM.

==_ 3AMEYAHUE

' B neMOHCTpauMoHHbIX NporpaMmmMax, AOCTYMHbIX AJ19 3arpy3ku Ha Be6-calite 3Toi
KHUMM, NCNOJIb3YETCA NEPBOE NPeacTaB/ieHe — TO, B KOTOPOM KlacC 3BeHa MeeT
CBOMNCTBO Node s, XpaHsLLee CCbIJIKM Kak Ha UCXOOHbIN, TaK U Ha LLeNIeBOM y3en.

-

OnruMaibHbIi cocob TpeACcTaBIeHus ceTr B (ailjie 3aBUCUT OT TOTO, KaKie HH-
CTPYMEHTBI TOCTYIIHBI B Balllell cpejie mporpammupoBanus. Hanpumep, HekoToOpbIe
XML-616110TEeKH MOTYT COXPAHSTh 1 3arpysKaTh ceTeByto mHMopMainio, Xxorss XML
ABJIIETCS MEPAPXUYECKUM SA3BIKOM, KOTOPBIH JIyUIlle TOIXOANT JJIsl MepapXuiecKux
CTPYKTYP JIaHHBIX.

Yr06bl HUYETO HE YCIIOKHSATD, B IPUMEPAXx, A0CTYITHbIX JJIs 3aTPY3KH, HCIIOJIb3YETCsI
CTPYKTYPa IIPOCTOTO TeKCTOBOTO (haitia. Daiiyr HaunHAETCS ¢ KOTUIECTBA Y3JI0B B CETH.
3aTeM JIJIsT KasKJI0TO Y3J1a BbIJIEJISIETCS 110 OIHON CTPOKE TEKCTA.

Kaxmas cTpoka, mpecTaBiisionias y3eJ, COAEPKIT ero Ha3BaHue 1 KOOPAUHATHI (x,
v). Hanbiie ciegyer Habop anuceil A7 3BeHbeB yaia. Kaxkaast Takas 3aIich BKIIOYAET
MHJIEKC T[eJIEBOTO Y3J1a, 3aTPAThI 3BE€HA U €T0 TIPOIYCKHYIO CIIOCOOHOCTD.

q)OpMaT IIOKa3aH Ha IIpuMepe CAeAYIOINX CTPOK.

number_of_nodes

name,x,y,to_node,cost,capacity,to_node,cost,capacity, ...
name,x,y,to_node,cost,capacity,to_node,cost,capacity, ...
name,x,y,to_node,cost,capacity,to_node,cost,capacity, ...
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Hwke mokaszan aii, npeicTaBiasonfil ceTh, KoTopad olrcana Ha pucyHke 13.2.

3
A,85,41,1,87,1,2,110,4
B,138,110,2,99,4
C,44,144,1,99,4

Daiir HauMHAeTCsT ¢ KOJIMYECTBA y3710B — 3. 3aTeM CJeyioT CTPOKH, TPECTaBIIS-
TOTIHe KaXXIbIH y3e.

Crpoxka ji7ist y37ma A HaunHaeTcs ¢ ero nmenn — A. Creyioniye IBe 3a1icH oTpeie-
JISTIOT KOOPIMHATHI y371a (X, v); B PACCMATPUBAEMOM TTPUMEPE Y37 PACTIONOXKEH B TOU-
ke (85, 41).

JlaJibiire CTPOKA COEPIKUT MOCIIEI0BATEEHOCTH HAOOPOB 3HAYEHUIT, OTTUCHIBAOIIITX
3BeHbs. [lepBhiit HAOOP OTHOCHUTCS K IIEPBOMY 3BEHY, BeaylieMy K ysay B (uamexc 1);
OH MMeET U3AEPKKHU B pazmepe 87 1 MPOMyCcKHYo criocobHocTh 1. Bropoit Habop oTHO-
CUTCSI KO BTOPOMY 3BeHY, Bejyliemy K y3uay C (uHzekc 2); OH UMeeT U3JIEPKKU B pas3-
Mepe 110 1 IPOIyCKHYIO CIIOCOOHOCTH 4.

Ocramnpubie cTpoku daiina onpenendioT y3iabsl B u C BMecTe ¢ UX 3BeHbSIMU.

| as NetworkMa... -m
‘ File  Options

OINN MR

Puc. 13.2. O1a ceTb copiep:KUT YeThIPe 3BeHA: TIEPBBIE /[BA COEIUHSIOT y3ea A
c yamamu B u C, niBa nipyrux — y3eu B ¢ yanom C

3AMEYAHUE

Y106l NPOrpaMMMpPOBaTh CETEBLIE aITOPUTMbI, BAM HYXXHO MMETb BO3MOXHOCTb
co3paBaTb ceTu. Bbl MOXeTe HanucaTb KOof, KOTOPbIA CO34aeT B CETU MO OOHOMY
Y371y 1 3BEHY 3a pas, HO 6bls10 Obl YA0O6HO MMETbL NPOrpamMmy, C MOMOLLBIO KOTOPO
MOXHO reHeprpoBaTh TECTOBbIE CETU. VIHCTPYKLIMM KacaTeslbHO TOro, 4TO 3Ta Npo-
rpamMma fosmkHa AenaTb, UWNUTE B yNpaxHeHun 1.
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Oo6xon cetTu

MHOr#e aJropuTMbI TaK WK WHAYE 3aHUMAIOTCST 06X0/10M cetu. Harpumep, airo-
PUTMBI OCTOBHOTO JlepeBa 1 KpaTuaillllero IyTu MUHYIOT y3JIbl B JiepeBe.

B caenyronux paszenax OMUCHIBAETCS HECKOTBKO aJITOPUTMOB, KOTOPBIE PEIIAIOT
ceTteBble TPOGJIEMBI € TTOMOIIIBIO PA3HBIX BUIOB 00X0/1a.

O6xopn, B rmyounHy

AJsroputM 06X0/1a IepeBbEB B MIUPHUHY, IPUBEIEHHBIH B riase 10, oYTH HOAXOAUT
171t cereit. IIpencraBieHHBIN HUKE TICEBIOKO/] IGMOHCTPUPYET HEMHOTO BU/ION3MEHEH-
HYIO BEPCUIO HTOTO JITOPUTMA, a/IAIITUPOBAHHYIO JIJIs1 KJIaCCa CETEBBIX Y3JIOB.

Traverse ()
<Process node>
For Each link In Links
link.Nodes[1].Traverse
Next link
End Traverse

CHauaJjia 10T MeTo 00pabaTbiBaeT TEKYIINI y3esl. 3aTeM OH IIUKIMUeCKH Iepedu-
PAET €ro 3BEHbsT U PEKYPCUBHO BBI3BIBAET caMOTO cebst 17t 00pabOTKHU TIeJIEBOTO y3J1a
KayK/JI0TO 3BEHA.

Jrot Koz OyeT paboTaTh, CJIU He CYMTATh OJIHOU Cepbe3HOit mpobiembl. B oTiimune
OT JIEPEBBEB, CETH HE SIBJISIOTCST HEPAPXUUECKUMU, BCJIEICTBUE YE€TO OHU MOTYT COJEP-
JKaTh IeT/in. ECJIN B CeTH eCTh TETJIsl, TaHHBIN aITOPUTM B KOHI[E KOHIIOB HAUHET T10 Hell
PEKYPCUBHOE JIBIKEHIE, BOI/IS B GECKOHEUHBIN ITHKJL.

OpHo 13 perteHnii To06HOI MPOGIEMbBI 3aKITI0YACTCA B UBMEHEHUN aITOPUTMA Ta-
KM 06pa3zoM, uTOOBI OH MOT TIOHUMATb, TIOCEIAJICS JI Y3€JI paHee. ITO MOKHO C/IeIaTh
0YeHb IIPOCTO — N0OABUTH B KJIACC Y3J1a CBOMCTBO Visited. B cienyioem rnceBokoie
TTOKa3aH aJTOPUTM, TIePENNCAHHBIN /IJISI NCTIOJIb30BAHMS TAKOTO CBOMCTBA.

Traverse ()
<Process node>
Visited = True

For Each link In Links
If (Not link.Nodes[1l].Visited) Then
link.Nodes[1].Traverse
End If
Next link
End Traverse

Tenepp asroputy, noceniast TeKyUuil yses, IpucBaubaeT cBoicTBy Visited 3Ha-
geHue True. 3aTeM OH IIUKJINYECKH TIepebrpaet 3BeHbs y3ia. Ecam cBoiicTBo Visited
I[EJIEBOTO y3J1a 3BeHa PaBHO Fal se, OH PEKYPCUBHO BBI3BIBAET CaMOTO cebst, 0GpabaThiBast
9TOT 11eJIeBOM y3elL.

U xoTst pacecMoTpeHHOe peltienne paboTaet, 0HO MOXKET MTPUBECTHU K TIIYOOKUM YPOB-
HaM pekypeun. Eciu cethb copiepxut N y37I0B, alTOPUTM CIIOCOOEH BbI3BaTh cebst N pas.
B cayuae 6ombioro N 9To TPO3UT MEPETOTHEHNEM CTEKa 1 ¢H0EM TIPOTPAMMBI.
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Bol MokeTe nzbexkarh 5TOM IPOOIEMBI ¢ IOMOIIBIO METOAUK, OIIMCAHHBIX B IJIaBe 9,
KOTOPBIE TI03BOJISTIOT yOpaTh peKkypcuio. B ciemyiomieM mceB1oKo e oKa3aHa pa3sHOBU/I-
HOCTbH aJITOPUTMA, B KOTOPOH BMECTO PEKYPCUU UCTIOTH3YETCST CTEK.

DepthFirstTraverse (Node: start_node)
// TlocemaeM y3ein.
start_node.Visited = True

// Co3maeM CTeK U IIOMellaeM B HeTrO Ha4vaJIbHHI y3eil.
Stack (Of Node): stack
stack.Push (start_node)

// TloOBTOpsieM, IIOKa CTeK He CTaHeT IIyCTHM.
While <stack isn’t empty>
// BepeMm cienyommii y3en U3 cTeka.
Node node = stack.Pop/()

// ObpabaTeBaeM 3BEHbLS y3Jia.
For Each link In node.Links
// VICIIONB3yeM 3BEHO, TOJILKO eCJIN
1]eJIeBO y3eJl eme He IIOCemasiCs.
If (Not link.Nodes[1l].Visited) Then
// OTMedaeM y3eJl KakK IIOCEleHHHN .
link.Nodes[1].Visited = True
// 3aHoCuM y3ell B CTeK.
stack.Push(link.Nodes[1])
End If
Next 1link
Loop // IpomonxaeM obpaboTKy CTeKa, IIOKa TOT He MCCSAKHET.
End DepthFirstTraverse

ITOT alTOPUTM TIOCEIIaeT HAuaIbHBIH Y3€J 1 MTOMEIAeT eTo B CTeK, a 3aTeM, MoKa
CTeK He 0CBOOOUTCSI, yOUPAET U3 HETO CeAYIONHUN y3em 1 06pabaTbiBaeT ero.

B 1ipoitecce 06paboTKHU y3J1a aJlrOPUTM IPOBEPSIET ero 3BeHbst. Ecin 1es1eBoii ysedn
3BeHa ellle He MOCEMIACsT, aJITOPUTM TOMEYAET ero Kak MOCeNeH bl 1 T00aBJIseT B CTEK
VISt asibHeleit 06paboTK.

Burarogapst Takomy crioco0y 100aBJIeHUST Y3JI0B B CTEK 3TOT aJITOPUTM OOXOIUT CETh
B rry6uny. YToGB! MOHATD, TOYEMY TaK MTPOUCXOJIHT, TPEATION0KNM, 4TO aITOPUTM Ha-
unHaet ¢ ys/aa A i uro A umeer cocezeii B, B, u T. 1. [Ipn o6paboTke y3na A anroputm
nomeaet ero cocezieit B crek. Ilosixe, Bo Bpems o6paboTku B, oH 100aB/IgeT B CTEK
ero cmeskHbie y3ibl, C,, C, u T. /1. IIocKOJIbKY CTeK BO3BpAIaeT 3JIeMEHTbI [0 IPUHIINITY
«II0CJIeJIHUM TIPHILE] — IIePBBIM BBILIE/», aIroput™ obpabaTiBaet y3nbl C, nepes B..
ITpeskiie yeM IPUCTYUTH K 00paboTKe OIIMKANIIIX coce/ieil HauabHOTO y3/a A, anro-
PUTM B TIpoIiecce cBoekl paboThl YAATSIETCS OT HETO Ha GOJIBIIINE PACCTOSTHUS, GBICTPO
IIPpOXOJ4 110 CEeTH.

Taxoil MeTOz Ha3bIBAETCSI 00X000M 6 21y OUNY, TIOTOMY UTO TI€PE]] IOCELIeHIeM BCex
Y3JI0B, PACIIOIATAIOIINXCST OJIMKE BCETO K KOPHIO, OH YAJSIETCST OT HAYAJIBHON TOUKH
Ha GOJIBIIIOE PACCTOSTHUE.

Ha pucynxke 13.3 mokaszan 06Xo/ B TIyOUHY, T/IE Y3/IbI TOMEUEHBI B COOTBETCTBIN
C TIOPSA/IKOM, B KOTOPOM UX MUHYIOT.
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Puc. 13.3. IIpu 06x0z1e B riryOGuHY HEKOTOPBIE Y3JIbl, 3HAUMTEJBHO YaJICHHbIE
OT KOPHEBOTO, IIOCENAIOTCS PaHbIIIe, YEM T€, UTO HAXOAATCs OJM3KO K HEMY

[IpuIoKUB HEKOTOPBIE YCUIIUSA, MOKHO BBISICHUTH, KAKUM 00Pa3oM y3JIbl BEIOUpPa-
JIACH 717151 06X0/1a. AJITOPUTM HAYaJ ¢ y3J1a, MOMeYeHHOTo Kak (). 3aTeM OH J06aBUII B CTEK
y3Jbl ¢ MmeTkamu 1, 2 u 3.

[TockosbKy y3es 3 ObLI TIOMEIEH B CTEK MMOCJIE BCEX OCTATbHBIX, OH 06pabaThi-
BaJICS CJIEAYIOMINM, 3aTEM B CTEK J00ABJISIINCH Y3JIbl 4 1 5. BeTaBieHHBIN y3en — 5 —
IIeJ1 CJIeYIONMM B ouepeirt Ha 06paboTKy; TOTOM aJITOPUTM IOMEIIAd B CTEK Y3JIbl
6,7,8u9.

Ecii xoTHTE, MOXKETE MPOIOJIKUTH M3yUeHue prucyHka 13.3, utobbr pazobparbes,
oYeMy JITOPUTM TIOCETHJI Y3JTbl IMEHHO B TakoM ropsizike. Ho yske ceifuac Bam J10JK-
HO OBITH BUIHO, YTO HEKOTOPbIE Y3JIbl, YAAJIECHHBIE OT HAYaJIbHOM TOUKH, 0OpabaThiBa-
I0TCST PAHbIIIE TEX, KOTOPbIE HAXOAATCS OJIMKE K Hell.

O06xopA, B LULUPUHY

MHorma yno6Hee HAUMHATH 0OXOJ € Y3JI0B, KOTOPbIE HAXOAATCS OIMKe K Havasy,
U TOJIBKO TIOTOM TOCEIIATh OoJiee yianeHHbIe Y3Jbl. [Ipebaynuii aJIrOpUT™ paccMa-
TPUBAJ y3JIbl, yIAJIEHHbIE OT HAYAJIbHOU TOUKH, PaHbIIIE TE€X, KOTOPbIE PACIOJIATAIOTCS
GuKe K Hell, MOCKOIbKY Ui MX 06pabOTKU MCIIOMb30BaJICs cTeK. Ecai BMecTo creka
PUOETHYTH K 04EPE/IH, Y3l OyAyT 06pabaThiBATLCS MO IPUHITUITY <TIEPBBII 3aImes —
TIePBLI BHINIET», B PE3YIbTATE Yero cHayama 06paboTKe MOABEPTHYTCS Y3IbI, HAXOIsI-
muecst GJIsKe K HavuaJlbHOU TOUKE.

PaccmarpuBaemsblit airopuTM, Ipesk/e YeM JABUTAThCs JAJbIIE, OCEIIaeT BCeX
cocejiell y3Ja, T09TOMY €0 Ha3bIBaloT MonckoM B mupuny. Ha pucynke 13.4 moka-
3aH 00X0Jl B MIMPHUHY, IJle Y3JIbl IOMEUYEHbI B COOTBETCTBUM C T€M, B KAKOM ITOPSI/I-
Ke UX MUHYIOT.

Kax u B ciryyae ¢ 06X010M B IIyOUHY, BbI MOKETE U3YyYUTh PUCYHOK 13.4, uTOOBI
YBUIETh, KaKUM 06Pa3oM aJIrOPUTM Iocemas yajbl ceT. Hauas ¢ ysia, IOMEYeHHOTO
kak 0, oH 00aBMJI B OUepe/b y3Jbl ¢ MeTKaMu 1, 2 1 3.
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[TockobKy 0UepeIb BO3BPAIIAET 3JIEMEHTDI TT0 TPUHITUATTY «TIePBbIi 3a1es — mep-
BBIii BBIIIE», cAeLyomuM obpabarbiBaerca y3eq 1, coceau KOTOPOTo MOMEIIAI0TCsI
B Ty K€ ouepe/ib. ENMUHCTBEHHBIN MTOKaA ellle He MOCEIEeHHbIN cocel] ATOTO y3Ja nMe-
eT HoMep 4.

o NetworkMaker - oiEl
File  Options
ONNWERS 58 45 < 2 E

——Q——OQ——P

s B

ABFGCKHLDPIMQEJNORST Connected.

Puc. 13.4. [Ipu 06x0/ie B IIMPUHY Y3JIbI, HAXO/SIIIIHECS OJIMKe K HadaIbHOI TOUKe,
HOCEIIAIOTCS PAHbIIIE Y3JI0B, KOTOPBIE PACIIOJIATAIOTCS JAJIbIIle OT Hee

Jlajibliie aIroOpuT™ yAaIsIeT U3 ouepean yaes 2 1 100aBIIsIeT B Hee cocea 9TOI0 y3iia,
nomeueHHoro Kak 5. ITocsie us ouepenu youpaercs yses 3, a BMECTO HEro Tyzia IoMellia-
TOTCST €T0 COCeN oL HoMepamu 6 u 7.

Ecsm xoture, MOKeTe IPOAOJIKUTD ndydeHue pucyHka 13.4, 4roObl pa3obpaThest, mo-
yeMy aJTOPUTM PACCMOTPEJ Y3JIbl UMEHHO B TAKOM TIopsiike. Ho yike celiuac Bam 10JIK-
HO OBITH BUJTHO, YTO BCE Y3JTbI, HAXOATIHECS GJIMIKE BCETO K HAYAITBHON TOYKE, MOCeIa-
10TCST paHbIIre TOOBIX Y3708, 60Jee yIaTeHHBIX OT Hee.

NMpoBepka CBA3HOCTU

V3 anroputmMoB 06X0/1a, OMMUCAHHBIX B IBYX TPELIAYIIUX PA3/eaX, JOTMYECKU Bbl-
TEKaeT ellje HECKOJIbKO aJITOPUTMOB ¢ He3HAUUTeIbHBIMU M3MeHenusaMu. Hanpumep, ai-
ropuT™M 06X071a TIOCETITAET BCE Y3JITbI, JOCTYMHBIE U3 HAYAILHON TOUKM. B HeHampaBieH-
HOH ceTu 9TO 03HAyaeT, YTO I10CELeHHbIMU OKa)KyTCs BCe ee y3Jibl (IIPU YCJI0BUU, YTO
OHa sIBJIsIETCS CBSI3HOIT). OTCIo/a CllelyeT IIPOCTON alTOPUTM JIJISl OTIpe/Ie/ICHHS CBSI3-
HOCTU HEHAIIPaBJIEHHOU CETHU.

Boolean: IsConnected(Node: start_node)
// ObxomuMm ceTh, HaudMHas co start_node.
Traverse (start_node)

// CMOTpMM, He OCTaJjICs M KaKOW-TO Yy3eJl HEelOCEMeHHHM.
For Each node In <all nodes>

If (Not node.Visited) Then Return False
Next node

// Bce y3JEBl OBUIM TIOCENEHH, 3Ha4YUT, CeTb CBA3HAas.
Return True
End IsConnected
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3/1eCh UCTIOMB3YETCS TIPEABIYIIUN aNropuT™ 06X0/1a; TIPH ITOM Y KasKAOTO y3Jia
IIPOBEPSIETCST CBOMCTBO Visited, YTOOBI MOHSTH, OCEMIATICS JIM OH PAHee.

Bbl MOKeTe paciiupuTh IPUBEIEHHBIN ctocob 06X0/a st TIOMCKA BCEX CBSI3HBIX
KOMITOHEHTOB B ceTu. [IpocTo moBTOpstiiTe 00XO0JI, TOKA HE MOCETUTE BCe y3Jbl. B ciie-
ZIyIONIeM TICeBIOKO/Ie TIOKAa3aH aJTOPUTM, KOTOPBIN UCIIOTb3YeT 00xo0/1 B FJIy6I/IHy I
0GHAPYIKEHUST CBA3HBIX KOMITOHEHTOB B CETH.

List (Of List (Of Node)): GetConnectedComponents
// CriemyM 3a KOJIUYECTBOM IIOCENEHHHX Y3JI0B.
Integer: num_visited = 0;

// CozpmaeM pe3ynbTaT B BUOE CINMCKa CIUCKOB.
List (Of List (Of Node)): components

// TloBTOpsieM, TIOKa BCe Y3JIH He TIONanayT B CBSI3HHEM KOMIIOHEHT.
While (num_visited < <number of nodes>)

// HaxomuM y3eji, KOTOPHM ele He IIOCelNasn.

Node: start_node = <first node not yet visited>

// LobaBisieM HadallbHEIM y3eJl B CTEK.
Stack (Of Node): stack

stack.Push (start_node)
start_node.Visited = True
num_visited = num_visited + 1

// DobaBisieM y3eJl B HOBHNM CBSI3HBIN KOMIIOHEHT.
List (Of Node): component
components.Add (component)
component .Add (start_node)

// ObpabaTeBaeM CTEK, IIOKa OH HE CTaHeT IIyCTHM.
While <stack isn’t empty>
// BepeM mM3 CcTekKa CJenyouun y3ei.

Node: node = stack.Pop/()
// ObpabaTeBaeM 3BeHbS y3Ja.
For Each link In node.Links
// VIcrionb3yeM 3BEeHO, TOJIBKO eCin
1IeJIEBOM y3eJl elle He IIoCelaln.
If (Not link.Nodes[1].Visited) Then
// TlomMedaeM y3eJl KakK IIOCEleHHHN .
link.Nodes[1l].Visited = True

// TlomMedyaeM 3BeHO KakK 4YaCTb [OepeBa.
link.Visited = True
num_visited = num_visited + 1

// LobaBisieM y3eJl K TeKylleMy CBA3HOMY
KOMITOHEHTY .
component .Add (1ink.Nodes[1])

// 3aHoCuM y3eJl B CTEK.
stack.Push(link.Nodes[1])
End If
Next link
End // While <stack isn’t empty>
Loop // While (num_visited < <number of nodes>)

// Bo3BpamaeM KOMIIOHEHTH .

Return components
End GetConnectedComponents
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ITOT AJITOPUTM BO3Bpalla€T CIIMCOK CIITMCKOB, KasK/[bI 13 KOTOPbIX XPaHUT Y3JIbl
B CBSI3HOM KoMItoHeHTe. CHavajia OH CO3a€T NIEPEMEHHYIO num_visited JJIA OTCJIe-
JKNBAHUSA KOJTMYECTBA ITOCEIIEHHBIX Y3JI0B. 3areM TEHEPUPYET CIIMCOK CIITMCKOB, KOTOprfI
6yz[eT BO3BpaliaTbCA.

Jablie uaeT MUKJI, IPOAOLKAIONIMIICS 10 TEX MOP, IIOKA He OYIeT MOCeleH KaxK-
IIbIi y3esi. BHyTpM 9TOTO 1IMKJIa TIpOrpaMMa UIIET Y3JIbl, KOTOPbIE OHA elile He UCCIIe0-
BaJia, 1 100aBJIsIeT UX CHAYaJIa B CTEK (TaK JKe Kak B aJiropuTMe 00X0/1a), a HOTOM B HO-
BBIN CIIUCOK, TTPE/ICTABJISIONTNI CBA3HBINT KOMITIOHEHT y3J1a.

I[Toce aTOrO MpOrpaMMa BXOAUT B IUKJL, ITOAOOHBII TOMY, KOTODPBII HCIIOIb30BAJICS
panee B ajropuT™e 06xo/1a. B HeM cTek oO6pabaThiBaeTCsl 10 TEX HOP, I0KA He CTaHeT ITy-
cThIM. ETuHCTBEHHAS Pa3HUIIA 3aKTI0YAETCS B TOM, UTO B IAHHOM CJIy4ae pacCMOTPEHHbBIE
Y3J1bI I00ABJISIIOTCSI HE TOJIBKO B CTEK, HO ¥ B CITUCOK, KOTOPBINA (POPMUPYETCST B TIPOIIECCE.

Kor,r_[a CTEK CTAaHOBUTCA ITyCTBIM, 9TO TOBOPUT O TOM, UTO aJITOPUTM 1106ObIBAJL BO BCEX
y3J1ax, CBsA3aHHbIX C HavaJabHOU Toukoil. Ha aToMm aTare on HaxoauT I[perfI y3eJg1, KoTo-
prfI CIIIe He OBLI ITOCEIIECH, 1 3allyCKa€T ITPOIECC 110 HOBOTA.

WccnenoBas Bce Y3JIbl, aJITOPUTM BO3BPallla€T CIIMCOK CBA3HBIX KOMIIOHEHTOB.

OcTOBHbIE fEepeBbs

Ecsin HeHamrpaBieHHAS CETh SIBJISETCS CBSA3HOM, BBI MOKETE CO3/IATh JIEPEBO C KOPHEM
B JTI060M y3J1€, IEMOHCTPUPYS TEM CAMBIM TTyTh OT KOPHS K JIIOOOMY IPYTOMY Y3JIy CETH.
Takoe jiepeBO HA3bIBAETCST OCMOBHBLM, TIOCKOJIBLKY OHO OXBAThIBAET BCE CETEBBIE Y3JIbI.

Hanpumep, Ha pucynke 13.5 110ka3aHo 0CTOBHOE J€PEBO [IJIsI CETH C KOPHEM B y3Jie
H. /IBuTasich Mo TeMHBIM 3BEHbSIM, MOKHO OTCJIEANTD YTh OT KOPHEBOTO y3ia H K Jiio-
6oit ipyroit Touke cetu. Harrpumep, myTsb K y3ay M npoxout uepe3 touku H, C, B, A,
F K LuM.

File  Options

ONNIWME RS R SR SR

‘g%—a@

Connected. Total cost 1632

Puc. 13.5. OcToBHOE /IepPeBO, COEINHSIIONIEE BCE Y3JIbl B CETH
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Ha camom siesie anroput™bl 06X0/1a, OITMCaHHbIE paHee, 00HAPYKIUBAIOT OCTOBHBIE JIe-
PEBBST — OHU TIPOCTO He 3aAMOMUHAIOT, KAKIE 3BEHbST [IepeBa OBLIN NCMOTb30BaHbL. UTo-
GBI 9TO UCITPABUTD, IOCTATOYHO JOMUCATD CJAEAYIONIHE CTPOYKH CPasy MOcJe BhIpake-
HUSI, KOTOPOe TToMevaeT HOBBIH y3eJl Kak IocelleHHbIN.

// TloMedyaeM 3BEHO KakK 4YacTb OCTOBHOTO IepeBa.
link.Visited = True

B cymmHocTH, aropuT™ HaYnHAET CBOTO pabOTy ¢ KOPHEBOTO Y3J1a B OCTOBHOM JIepe-
Be. C KaykK/IbIM [IarOM OH BBIOMPAET OUepesHON y3es, KOTOPbIil SABJISIETCS CMEKHBIM T10
OTHOIIEHUIO K 9TOMY JIEPEBY, U T0OABISIET €T0 Tya. HOBBIH aIrOpUTM TTPOCTO 3ATHCHI-
BaeT CBEJECHUS O TOM, KaKie 3BeHbsI OBLIM UCIIOJIb30BaHbI TIPH (POPMUPOBAHUHU OCTOB-
HOTO JIepeBa, COeINHSIONIETO y3JIbl.

MuHuManbHble OCTOBHbIE AEePEBbSA

AJIFOpI/ITM OCTOBHOTO J/IepeBa, paCCMOTpeHHbeI B IPEABbIAYIIIEM Pa3/ieJie, ITIO3BOJIACT
HCIIOJIB30BATh JII000H y3esa B KaueCTBE KOPHEBOTO, IMTO9TOMY BapMaHTOB OCTOBHOTO /1€~
peBa MOKET OBITH MHOKECTBO.

OcroBHOE f1epeBO, KOTOPOE MMEET HAMMEHbIITHE 3aTPAThl U3 BO3MOKHBIX, HA3bIBAET-
CA MUHUMATILHBIM. CTOUT OTMETHUTD, YTO CEThb MOXKET UMETH CPa3y HECKOJIbKO MUHUMAJIb-
HBIX OCTOBHBIX JlepeBbeB. B cyliHOCTH, eciii Bce 3BeHbsI CeTH XapaKTepu3yloTcs olnHa-
KOBBIMU 3aTPaTaMi, MUHUMAJIbHBIM CYUTAETCSI JTF0O0E OCTOBHOE JIEPEBO.

Hwuke mormraroBo ornmcan HpOCTOﬁ BBICOKoypOBHeBbII;'I AJITOPUTM, HOSBOJIHIOHH/Iﬁ Ha-
XOANUTb MUHUMAJIbHOE OCTOBHOE /IEPEBO C KOPHEBBIM Y3JIOM R.

1. JloGaBJisieM KOpHEBOM y3eJl R B UCXOHOE OCTOBHOE JIEPEBO.
2. [ToBTOpsieM, TIOKa BCe y3JIbI HE OKAXKYTCSI B OCTOBHOM JIEPEBE.

a. HaXOlII/IM HanMeHee 3aTpaTHOE 3BEHO, COCINHAIOIIEE Y3€JI OCTOBHOTO /IEpEBa
C y3JI0M, KOTOprfI B 9TO JIEPEBO ITOKa HE BXO/AUT.

b. JlobaBJisiem B OCTOBHOE JIEPEBO IIEJIEBOIT Y3€7I 9TOTO 3BEHA.

Taxkoit AJITOPUTM ABJISAECTCA «KaJ[HbIM», IIOTOMY YTO Ha Ka’X/I[OM 9Tall€ UIIET 3BEHO
C CaMbIMU HU3KUMU 3aTpaTaM¥ N3 BO3SMOJKHDIX. ﬂe]IaH ONTUMAJTbHBII BI)I60p Ha JTIOKaJIb-
HOM YypOBHE, OH JOCTHUTAa€T HAWJIy4IlIETrO pe3yJibTaTa B II€JIOM.

O3HakOMUMCS, HAITPUMED, C CETBIO, TIOKA3aHHOU B JIEBOIT YacTy pucyHka 13.6, u ipes-
TIOJIOKUM, 9YTO 3BE€HDbA M Y3JIbl, BBIJICJICHHDBIE TOJICTBIMU JIMHUAMU, ABJIAIOTCA 9aCTbIO
(hopmmpyIoTIIETOCS OCTOBHOTO JIepeBa ¢ KopHeM B y3ie A. Ha nrare 2a mbr paccMoTpum
3BEHDS, COEIUHSIONINE Y3JTbl BHYTPU JIepeBa C TEMU, KOTOPbIE TIOKA €Ille HaXOASITCs 32
ero peziesiaMu. B HatreMm mpuMepe aTH 3BeHbs uMetoT 3atpathi 15, 10, 12 u 11. C momo-
IIBIO <KA[HOTO» AJITOPUTMa J0OaBUM HalMeHee 3aTpaTHOe 3BeHO (B aToM ciydae 10),
4TOOBI OJIYYUTH IEPEBO, ITPEACTABJIEHHOE CIIPaBa.

Boubiiie Bcero BpemMenu 3aHuMaert 1mar 2a, rjie BbITIOJIHSIETCS MTOUCK CIENYIONIETo
3BeHa 11 gepeBa. To, HACKOIBKO 00 9T0 OYAET MPOUCXOAUTh, 3aBUCKUT OT MCIIOJIb-
3yeMOTO BaMU MOIXO/IA.

308




OCHOBHbIE ceTeBble aJilrfoOPUTMbI

—w@—w»@ —w@—w»@

10 15 10 15

v
w@—w@ w»e—n@
y @ 5
12-» 12»@

Puc. 13.6. Ha kax0M 1mare B OCTOBHOE IePeBO H06ABISIETC HAMMEHEee
3aTpaTHOE 3BEHO, KOTOPOE COEIMHSIET Y3eJl BHYTPH JIEPEBaA C Y3JI0M,
HAXO/ISIIMMCST 32 €T0 MTpejleJIaMu

OI[I/IH u3 c1ocoboB HaXOKACHNSA HaMEHee 3aTPaTHOTI'O 3B€HA 3aK/JII0Ya€TCA B 1N~
KIN4YE€CKOM Hepe6ope Y3JIOB [iepeBa U IIOUCKE CPpe/IN X 3BEHbEB TaKOT'0, KOTOPOE BEAET
K y3J1y 3a IIpeaejiaMin Ae€peBa 1 UMEECT MUHNMAJIbHbIE 3aTPaThI. JTo JIOCTAaTOYHO Me/ -
JIEHHBIIA IIOJIX0/1, ITIOCKOJIbKY aJITOPUTM BbIHYK/IEH ITPOBEPATH 3BEHbS Y3JI0B MHOT'O Pas,
JdaKe €CJIN OHU BEAYT K y3J1aM, KOTOPbIE YK€ pacCIloylaratoTcs B JIEPEBE.

OnrumabHee BCEro XPaHUTh CITUCOK TIOTEHITMAIBHO MOIXOASIINX 3BeHbeB. [1puco-
eIMHSIS Y3€eI K (POPMUPYIOIIEMYCsT OCTOBHOMY JIEPEBY, AJITOPUTM H0OABJISIET B CIICOK
Jir0ObIe 3BE€HbsI 9TOTO y3J1a, KOTOPbhIE PACIIOJIATAIOTCS 3a MpeeIaMu gepesa. ITonck Mu-
HUMAJILHOTO 3B€HA OCYIIECTBIISIETCS BHYTPH TOTO CITUCKa. Ecyin B mipoliecce ajroputm
oOHaApy KUBaeT 3B€HO, Belyllee K y3JIy, KOTOPBIN yiKe HaXOAUTCS BHYTpH JepeBa (1o-
TOMY YTO y3€JI MOT CTaTh YaCThIO JIepeBa yiKe ToCIe TOT0, KaK 3B€HO MO0 B CIIHCOK),
OH Y/IaJISIET €T0 U3 CIHCKa. TakuM 00pasoM, aJirOPUTMY He IIPUAETCST TOBTOPHO paccMa-
TPUBATH 3TO 3BE€HO B JIasibHeleM. Korma crcok moTeHantbHO TOAXOIANNX 3BEHbEB
HCCSIKHET, aJITOPUTM 3aBEPIIUT CBOIO PaboTy.

NMouck nyten

ITouck myTeii B ceTH IBJISIETCs pacipocTpaHeHHOH 3agadeit. OObIYHBII IIPHUMep — Ha-
XOKJIeHe MapIIPyTa U3 OJJHON TOYKU TPAHCIIOPTHOI CETH B IPYTYIO.

B CJAeAYIOMNX pa3/iejiaX OIMMCHIBAIOTCA HEKOTOPbDIE aJITOPUTMBI JJIA TTIONUCKa HyTefI
B paMKaX CETH.

Mouck nMPOU3BOJIBHOIO NyTn

AJITOPUTMBI OCTOBHOTO JIepeBa, pACCMOTPEHHbBIE paHee B 3TON TJIaBe, TPeI0CTaB-
JISTIOT CPEJICTBO JIJIS HAXOKICHUST Iy TH MEXKY JIIOOBIME ABYMsI y3jiamu B ceTr. Ciemy-
omue nrarv OInchbIBamOT HpOCTOﬁ BbICOKoypOBHeBbHL/,I AJITOPUTM VI TIONCKa IIYyTU 13
yaya A B y3ein B.
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1. Haxomum ocToBHOE /iIepeBO ¢ KOPHEM B y3iie A.
2. TIpoxoaum 06paTHO 110 3BEHbsIM OCTOBHOTO JiepeBa oT y3jia B K y3iy A.
3. MeHseM TIOPSIZIOK TPOXOK/ICHUS 3BEHBEB HA MTPOTUBOTIOJOKHBIH.

[TpuBeeHHBI AITOPUTM TeHepHupyeT OCTOBHOE JIEPeBO € y3J0M A B KauecTBe Kop-
H#I, 2 3aTeM MEePEXOANT K y3iy B. J[Jis Kaxk/I0ii TOYKK HAa CBOEM ITYTH OH 0GHAPYKUBAET
3BEHO B PAMKax OCTOBHOTO jlepeBa, KOTOPOe BefIeT K aTOl TouKe. 3amncaB Hail/leHHOe
3BEHO, NIEPEXOIUT K CJEAYIONIEMY Y31y Ha CBOEM ITyTH.

K cokasennio, monck 3BeHa, KOTOPOE BEZIET K OITPe/IeJIEHHOMY Y371y B OCTOBHOM Jie-
peBe, — I0BOJIbHO CJIoKHAs 3a/a4a. [1py ncosnb3oBaHUM COOTBETCTBYIOIIUX QJITOPUT-
MOB, OTIMCAHHBIX PaHee, PUJIETCS IMKIMYEeCKH epebpaTh Kask/[0e 3BeHO, YTOObI y3HATD,
ABJISETCS JIM OHO YacTbIO OCTOBHOIO JiepeBa U OTChbLIAET JIM K TeKYIIeMY Y3ILy.

Jlist perienust aTOM Hp06JIeMbI JOCTATOYHO HEMHOTO MOIKOPPEKTUPOBATH aJITOPUTM
OCTOBHOTIO /lepeBa. Buauaie HYKHO /:[06aBI/ITb CBOIICTBO FromNode B Ki1acc Node. 3arem,
KOT/1a aJITOPUTM OTMEYaeT, YTO y3eJI HAXOAUTCSA BHYTPH iepeBa, HE0OXOIMMO IIPUCBOUTH
€ro cBOICTBY FromNode CCBUIKY Ha Y3€JI, Ybe 3BEHO UCITOIb30BAIOCH I/ COCANHEHUS
HOBOT0 y3JIa C IEPEBOM.

Teneps, 4T0ObI Ha IIaTe 2 HAUTY Iy Th U3 y3J1a B B y3es A, MOAKHO IIPOCTO CJIEA0BATH
0 cBO¥icTBaM FromNode 3THUX Y3JI0B.

Mouck KkpaTyanwero NyTv ¢ NOMOLLbIO YCTAaHOBKU METOK

AJITOPUTM, ONMCAHHBIH B IPeBIIYIIeM pasjeie, HAXOAUT IIyTh OT HAYaJbHOTO
K T[eJIEBOMY Y371y, OJTHAKO 3TOT MyTh MOXKET OKa3aThCs HE CAMBIM ONITUMATbHBIM. OH
Gepercst U3 OCTOBHOTO JIEPEBa, UTO He TapaHTUPYET €T0 BBICOKYIO 3((PEKTUBHOCTD.
Ha pucynxke 13.7 mokazan myTb ot y31a M k y3may S. Ecam nipesicraButhb 3aTpaThl 3Be-
HbEB B BUJIE UX [IJTUHBI, MOKHO JIOBOJIBHO JIETKO HAMTH MAapIIPYT MOKOPOYE, TAKOI KaK
M>L->G->H->I->N->S.

Jliist HaxXOJKAEHWUST KPATYAlIIIero myTu MEKIY ABYMsI y3JaMu MmoHago0urcst boee
MPAKTUYHBIN aITOPUTM. Takue alropuTMBI IEIATCSA Ha JIBE KATETOPUU: YCTAHOBOUHBIE
U KOPPEKTUPYIONTHE. AJTOPUTM KOPPEKITUU METOK GY/IET OIMKCAH B CIEAYIONIEM Pasie-
Jie, 2 1I0Ka YTO MBI PACCMOTPUM UX YCTaHOBKY.

ITOT aATOPUTM HAYMHAET CBOIO PabOTy B KOPHEBOM y3JI€, CO3/IaBasi OCTOBHOE
nepeBo crocoboM, KOTOPBIH HATOMUHAET Mpotiece (OPMUPOBAHUS MUHUMAIBHOTO
OCTOBHOTO JiepeBa, ONMUCcaHHbIN panee. Ha kasxoM 1are BoiGUpaeTcss HAMMEHee 3a-
TpaTHOE 3BE€HO, KOTOPOE COeIMHSIeT HOBDBIH y3eJ ¢ iepeBOM. AJITOPUTM KpaTuaiilie-
TO TIyTH JefiCTBYeT WHave, BHIOUPAs 3BeHO, KOTOPOE Be/lET K OIMKANIIEMy OT KOp-
HEBOW TOYKU y3IIy.

YT006bI OTIpE/ZIEJINTD, Kakoil 13 Y3JI0B ABJIACTCA HaMEHEE Y/1aJIEHHbIM, aJITOPUTM
MapKHupyeT Ka)K,ZIbIﬁ N3 HUX C IIOMOIIIBIO PACCTOAHUA /10 HaYaJbHON TOYKMU. HpOBepHH
3B€HO, OH lIO6aBJI$IGT PacCTOAHME /10 €r0o NCXOAHOTO Y3Jia K €TI0 3aTpaTaM U 3aTEM OIlpe-
AEJIAET TEKYIIEE paCCTOAHUE 10 11€JIEBOTO Y3Jia 3BE€HA.

Jlo6aBUB Bce y3JIbl B OCTOBHOE JIEPEBO, AJITOPUTM 3aBepiaer cBoio pabory. [lyrtn
BHYTPH JIePEBa MPECTABIAIOT COO0N KpaTJaiiiime MapIipyThl OT HAYAILHOTO Y3J1a K JTI0-
6ol TOUKe CeTH, TIOITOMY PE3YILTAT HA3BIBAETCS 0EPEBOM KPAMuatiuiezo nymi.
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Puc. 13.7. [1yTb, KOTOPBIiT TPOXOAUT OCTOBHOE IEPEBO OT OJTHOTO y3JIa K JIPYTOMY, MOXKET OBITH
HEONTHMAaJIbHBIM

Huxe TIPUBO/IUTCS BBICOKOYPOBHEBOE OIMMCAHNE 9TOTO aJropuTMa.

1. YcTanaBanBaeM pacCTOSTHNIE HAYaJIBLHOTO y37a PaBHBIM () U TToMedaeM ero Kax
4acTb JlepeBa.

2. JToGaBJisieM 3BeHbsI HAUAJIBHOTO y3J1a B CIIMCOK MOTEHI[UATBHO TTOAXOISIIIX 3B€-
HBEB, KOTOPbIE MOTYT OBITh UCTIOJIb30BAHBI JIJIsI PACIIMPEHUST IcpeBa.

3. ].[I/IK]II/I‘IGCKI/I Hepe61/1paeM 1 IIPOBEPAEM 3BEHDbA BHYTPU CITMCKa, ITOKa TOT HE OKa-
JKETCS ITYCTbIM.

a. Eciiu 3BeHO BejleT K y3iry, KOTOPBIU ysKe HaXOJWUTCS B JiepeBe, yOUpaeM ero
13 CIUCKA.

b. Jdomycrum, 3Beno L coenumser ysen N, BHYTpH jiepesa ¢ y31oM N,, KOTOPBIi
B 9TO IePeBO MOKa 4TO He BXoAnT. Ecm D, — sT0 paccrognme 1o ysna N,, BX0-
JIALIETO B iepeBo, a C, — 3aTpaThl 3BeHA, TOTa Bbl MOKeTe 100paThes 10 y3/1a
N, pacnoio;xkeHHoro Ha paccroanuu N, + C,, mpoiiza cHavana x ysny N, u 3a-
TeM CJIeTys 110 3BEHY. HyCTb D,=N,+ C 6szeT MTOTEHITNATbHBIM paCCTOHHI/I-
em Juist yana N,, KoTopblil chonbsyeT 570 3BEHO. Hepe6npaﬂ 3BEHbBS B CIIH-
CKe, MBI 6yz[eM OTCJIeKMBATh 3BEHO 1 y3en (HasoBeM ux L, m N, ), KOTOpbIe

obecreynBaloT HaNMeHbIIee PACCTOSAHIE 13 BO3MOKHBIX (Ha3oseM ero D, ).

c. YcraHaB/IMBaeM paccrosiHue st N, . paBubiM D, u mapkupyem N, = Kak
YacTh JlepeBa KpaTJyaniero myTH.

d. Jlob6oe 13 3BeHbeB L, NCXOASIINX U3 N » KOTOPOE BEJIET K Y3J1y 3a Ipe/ieJiaMu
JlepeBa, Z[O6aBJI}IeTC§I B CIIMCOK HOTeHLlI/IaJII)HO IIOAXO/SIINX 3BEHbEB.

PaccmoTpuM, Hammpumep, ceTb, MOKa3aHHyo Ha pucyHke 13.8. [lomycTum, 3BeHbS
U Y3JIbl, BBIJIEJICHHBIE TOJICTBIMU JIMHUSAMHU, ABJISIOTCS YACTHIO (DOPMUPYIONIETOCH Iepe-
Ba KpaTyaiiirero mytu. MeTku Ha ysiax 0603HAYaIOT UX PACCTOSHME 0 KOPHEBOH TOY-
KH, KOTOpad rmoMeyena kak 0.
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Puc. 13.8. Ha ka oM 1mare K gepeBy KpaTdaiiiero myTu 100aBisieTcs: 3BEHO,
dhopmupyIolee caMoe KOPOTKOE UTOTOBOE PACCTOSIHUE OT KOPHS K Y3JIY,
KOTOPBI HEe BXOJHT B /IEPEBO

Yt0651 T06aBUTH CIEAYIONIEE 3BEHO B IEPEBO, TPOBEPUM 3BEHBSI, KOTOPLIE BELYT OT
JlepeBa K y3J1aM 32 ero IpejieslaMi, 1 BBIYMCJINM PaccTOsTHUE /10 3TUX y3J0B. B 1anHom
IIpUMepe NMEIOTCs TPU ITOTEHIINAJIBHO ITOAXOAAIINX 3BEHa.

[TepBoe BezeT ot y3aa ¢ metkoit 19 k y3ny F. Paccrosinue ot HauabHON TOYKH 10
y3Ja, moMedeHHoro kak 19, paBao 19 (oTciozia m MeTKa), a 3aTpaThl 3B€HA COCTABJISI-
ot 11. CiienoBaresibHO, UTOrOBOE pacCcTOsTHUE J10 Y3Jia F uepe3 aTo 3BeHO paBHSIETCS
19 + 11 = 30.

Bropoe 3BeH0 Beziet ot y3ia ¢ MeTkoi 15 k y3iry F. PaccrostHie oT HA4aIbHON TOYKH
J10 y3J1a, TOMeYeHHOTO Kak 15, paBHo 15, a 3aTparsl 3BeHa coctasJstior 11, Takum o6pa-
30M, HTOTOBOE PACcCTOsIHIE /10 y3a F yepes 510 3BeHO paBHsiercst 15 + 11 = 26.

Tpetbe 3BeHO BezieT oT y3uia ¢ MeTkoi 10 k y3iy G. Ero 3arparsl coctaBisaioT 12, mo-
HTOMY UTOTOBOE PACCTOsHIE Yepes Hero Oyzer pasHo 10 + 12 = 22, VIMeHHO 9TO 3BEHO
MOJIKHO OBITH TOOABIEHO B IEPEBO, MTOCKOIHLKY OHO 00€CTIEYNBAET HANMEHDITEE U3 TPEX
BbIYMCJIEHHBIX PACCTOSTHUIA. Pe3ysibTar mmokaszan B npaBoii yactu pucynka 13.8.

Ha pucynke 13.9 uso6pakeH BeCb KpaT4ailiiiiii Iy Th, CreHEPUPOBAHHBIN 9TUM aJIr0-
puT™MOM. B 1aHHOII ceTH 3aTpaThI CChIIOK BBIPAKEHBI Uepes3 UX IVINHY B MUKCeNIX. Kaxk-
JIBIT y3eJI TOMeUeH MOPSIIKOBBIM HOMEPOM, B COOTBETCTBUU ¢ KOTOPBIM OH ObLI 100aB-
JieH B iepeBo. KopHeBoil y3es BCTABJISICS MEPBbIM, II09TOMY OH nMeeT HoMep 0; y3ein
cJIeBa OT HeTo OBIT T0GABIIEH CIEYIONNM, TTOITOMY OH OTMEYeH HOMepoM 1 — U T. 1I.

O6parnTe BHUMAaHNE HA TO, KAK 3HAYECHIST METOK YBEJTMIUBAIOTCS TT0 MEPE Y/IATECHUST
OT KOPHEBOI TOUKM. DTO TTOX0KE Ha MOPSIIOK 100ABJIEHNUS Y3JI0B B IEPEBO TIPH 00X0/1E
B IIMPUHY. PasHuIa JuIb B TOM, 4TO TOT/IA AJITOPUTM UCXO/IVIT 3 KOJMYECTBA 3BEHbEB
MEK]LY Y3JIaMU U KOPHEBOI TOYKOIL, a B HAIIEM CTyJae YUUTBIBAETCS PACCTOSTHUE, TPOTi-
JIEHHOE T10 3BEHbSIM OT KOPHEBOI TOUKHU /10 Y3JI0B.

[TocTpous niepeBo KpaTyaiiero 1myTH, BbI MOXKeTe MPOCJe/loBaTh 110 3HAYCHUSIM
FromNode, IPUHAIJIEKAIIUM €r0 y3JaM, 4TOObl HAliTH OOGPAaTHBINA MYTh OT 1[EJEBOTO
y3J1a K HA4aJIbHO TOUKe, KaK OBLIO OTMCAHO B TPEAbIAYINEM Pasielie.
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Puc. 13.9. /lepeBo kparyaifiero myTH, KOTOPOE HAXOAUT CAMBIN KOPOTKUIT MapIIPyT
OT KOPHEBO# TOYKH 10 JIOOOTO Y3714 B CeTH

Ha pucynke 13.10 nokasan caMblii KOpOTKUI Ty Th U3 y371a M B y3eJ1 S B paMKax uc-
xoHOH cetu. OH BBITJISAUT GoJiee PAIMOHANBLHBIM, HEKEIU MAPIIPYT, TTOCTPOEHHBII
C TIOMOTIBIO OCTOBHOTO JiepeBa (cMm. puc. 13.7).

o NetworkMaker - olEN
File  Options
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Path: ML G H I N S Total cost: 510

Puc. 13.10. IIyTs 1o repeBy KpaTyalIero myT — caMblil KOPOTKUI MapIipyT
13 KOPHS B OIIPe/IeJICHHBII y3esI ceTH

Mouck KkpaTyanwero NyTu ¢ NOMOLLLbIO KOPPEeKLUUN MeTOK

Bouibinie Bcero Bpemenu B asiroput™Me KpaTdaiinero myTH, UCIIOJIb3YIONero yCTaHOBKY
METOK, OTHUMAET TOKCK CJEYIOIIEro 3BeHa, KOTOPoe HY;KHO 106aBUTH K fepeBy. st
ATOTO AJTOPUTM IOJIKEH TiepeOpaTh BCe MOTEHITMATBHO TMOAXOASIINE 3BEHbsI, YTOObI
HalTHU TO, KOTOPOE BeleT K HOBOMY Y3JIy ¢ HaMMEHBIIUMU 3aTpaTaMu.
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B kauecTBe anbTepHATHBHOI CTPATErnu K IEPEBY KPaTUaIIero My TH MOKHO 100a-
BUTB JTI000€ M3 TIOTEHINATBHO TOIXOMISIINX 3BEHBEB, TOMETHUB KakK 0OBIYHO €T0 TIeIeBOi
y3€J1 BeJINYMHON 3aTPaT, BO3HUKAIOIUX IIPU IIPOX0/E K KOPHIO.

[Tosxke, 11pu paccMOTPEHNU 3BEHbEB U3 CIUCKA IOTEHITMATIBHO [TOAXOAIINX, aJIr0-
PUTM HaXOIUT JIyUIIAH MYTh K Y31y, KOTOPBIN yKe SIBJISETCS YacThio JilepeBa KpaTdaii-
nrero mytu. B aToM cirydae oH 0OOHOBISIET PACCTOSIHUE [0 Y3JIa, IOMEIIAET €0 3BEHbs
06paTHO B CMIUCOK (€CJIM WX TaM €IIe HET) U POI0JIKAET PaboTy.

B AJITOPUTME YCTAHOBKU METOK PACCTOAHME 10 Y3Jia Ha3HaYaeTCsA TOJbKO OJWH pa3
1 HUKOT/]a He MeHsieTcs. B AJITOPUTME KOPPEKITUU METOK PACCTOAHMNE TOKE YCTaHABJIN-
BaeTCAd JINIIb €/ITNHOXK/IbI, HO II03K€ OHO MOJKET OBITh HEOAHOKPATHO HUCIIPABJIEHO.

Hixe TIPpEJICTaBJIEHO BBICOKOYPOBHEBOEC ONMMCAHUE 9TOTO aJTOPUTMA.

1. YcranaBnuBaeMm paccTosinue /10 HAYaJIbHOTO y3Jia paBHbIM () 1 TOMeYaeM ero Kak
9acTh JlepeBa.

2. ﬂO6aB]IHeM 3BE€HbS HaYa/JIbHOTO y3JIa B CITUCOK MMOTECHIIMAJBbHO MMOAXOAANINX 3BE-
HbEB.

3. Tloka crimcok He OKaKeTcs ITyCTBbIM:
d. pacCMaTpUBa€EM ITEPBOE 3BE€HO B CIIMCKE MMOTEHIMAJIbHO IMOAXOAANINX 3BEHDbEB;

b. BBIUKCIISIEM PAcCTOSTHUE IO [IETEBOTO y3Ja 3BeHa: <PacCTOsSTHHE™> = <PacCTo-
STHUE JI0 UCXO/ITHOI0 y3J1a> + <3aTpaTbl 3BeHA>;

C. €CJIM HOBOE PACCTOAHNE OKAa3bIBACTCA JIyUIlI€ TEKYIIETO:
d. obnosgem pacCToAHME 10 1EJIEBOT'O y3J1a;

€. [IO68.BJI${€M BC€ 3BE€HbA 11€J1I€BOTO0 Y3JIa B CIIMCOK NHMOTEHIINAJIbHO MOAXOAAIINX
3BCHbLEB.

I[aHHbeI AJITOPUTM MOJKET MMOKa3aTbCA 6oJee CJIOKHBIM, HO Ha CaMOM /I€JI€ €TI0 KO/l
BBIIVIAANT KOMIIAKTHEE, IOTOMY YTO BaM HE HYKHO Hepe6HpaTb CIIMCOK IIOTEHIIMAJIbHO
MOAXOJAIINX 3BEHBEB B ITOMCKAX JIYYIIETO.

TTOCKOJTBKY 9TOT AITOPUTM MOKET HECKOJBKO Pa3 MU3MEHUTD 3BEHO, BEIYIIEE K Y3,
y BAaC HET BO3MOYKHOCTH OTMETHTD, YTO 3BEHbsI UCTIOJIb3YIOTCS IEPEBOM, U OCTABUTH UX
B TakOM Bujie. Eciiv BbI MeHsieTe MyTh K y3Jy, BAM HE0OXOAMMO HAiiTH cTapoe 3BEHO
1 yOpaTh ¢ HETO METKY.

B kauectBe 6osiee IPOCTOTO peIIeHUsT MOKHO OBLIO Gl 106aBUTEH B Kiace Node
cBO¥iCTBO FromLink. OHO OyZeT MEHSATHCS BMECTE CO 3BEHOM, BEAYIIINM K Y3ITy.

Ecam BBI Bce jke XOTUTE TOMETUTH 3BEHBS, UCTIOJIb3YEMBIE JIEPEBOM KPATYAUTIIETO
IYTH, CHAYAJI [IOCTPOIITE HTO JIEPEBO, & TOTOM IIUKJIIMUYECKHU TIepebeprTe €0 Y3JIbl U TPH-
CBOWTE METKU 3BEHBSM U3 COOTBETCTBYIOIMNX CBOKCTB FromLink.

Ha pucynke 13.11 mokasana ceTb ¢ iepeBOM KpaTUalIIero myTH, HalIeHHBIM C TI0-
MOIIIbIO METO/1a KOppeKInu MeToK. Kak u npesk/ie, 3aTpaThl 3BeHbEB B 3TOU CETU BbIpa-
JKEHBI Yepe3 UX JUINHY B TUKcenaax. Kask/pril y3esm cofepKuT MeTKY, TOKa3bIBAIOIIYIO,
CKOJIbKO pa3 ObLJIO UCIIPABJIEHO PACCTOSHUE 10 Hero (3HayeHue cBoiictBa FromLink).
Kopuesoii yzen o6o3naden uncaiom 0, IOCKOJIBKY €ro 3HaueHKe ObLJI0 YCTAHOBIEHO B Ca-
MOM HavaJjie 1 HUKOT/Ia He MEHSJIOCh.
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L=l NetworkMaker - olEd
File Options

IONNIME RO R o0& RE

3 3
? ? —

Total cost: 1711

Puc. 13.11. B anroput™me KOppeKIInu METOK PACCTOSTHUS 10 HEKOTOPBIX Y3JI0B MOTYT
KOPPEKTUPOBATHCS HECKOJIBKO Pa3

Mmorwue u3 y3710B Ha pucyHke 13.11 momedennl unciaom 1. ITo o3HavaeT, 4YTO pac-
CTOsIHUE K HUM OBLJIO YCTAHOBJIEHO JIMIID OJIMH Pa3 U HUKOT/A HE KOPPEKTUPOBAIOC.
Heckosbko y3710B MeeT METKY 2, UTO [JTsT HAC 3HAUMT CJIeIyIolee: UX 3HAUeHS n3Me-
HSIJTACh BCETO O/INH pas TocJIe YCTAaHOBKH.

B kpynHoii u 6oJiee CJI0KHON CeTH PACCTOSIHUE IO Y3JI0B MOKET KOPPEKTUPOBATh-
CsI MHOTO Pa3, TIPEXKIE YeM JIEPEBO KPATYalIiero myTH 6yeT OKOHYATETBHO JOCTPOCHO.

Mouck kpaTyanwwero NyTn Mexay BCeMuv napamMmmv BepLunH

AJITOpUTMBI, KOTOPBIE OBLIN OITUCAHBI JI0 TOTO MOMEHTa, HAXOAUJIH JIEPEBO KPAT-
Yaliero myTH OT HAaYaJIbHON TOYKHU KO BCEM OCTAJIBHBIM y3JaM B ceT. Ho cyrectByet
elle OJIMH aJIFOPUTM DTOTO THUIIA, KOTOPBIM HINET KPaTYalIInuil IIyTh MEXIY KakI0i
1apoii ceTeBbIX Y3JI0B.

Anroputm Dioiina — Yopiesia HAYUHAETCS € ABYMEPHOTr0 MAacCHBA 110/ HA3Ba-
Huem Distance, rjie Distance[start node, end node] sBJgeTCS CAMbIM KO-
POTKHMM PAcCTOIHUEM MEXKAY y3J1aMu start node m end node.

YT00BI CO3/IaTh MACCUB, €T0 HY;KHO WHUIIMATIU3UPOBATH, yCTAHABJIUBASI DJIEMEHTAM
10 uaroHanu (IIPEACTABALIONIAM PACCTOSHUE OT CaMOTo y3Ja) 3Haduenus 0. JyiemMeH-
TaM, KOTOpbIE BBICTYIIAIOT TPSIMBIMU 3BEHbSIMU MEXK/Y [BYMsI Y3JIaMU, ITPHCBANBAIOT-
CsI BEJIMYMHBI 3aTPAT 3TUX 3BeHbeB. OCTATbHbBIE 3IeMEHTH MACCHUBA JIOJIKHBI OBITH PaB-
HbI 6ECKOHEUHOCTH.

[Tpenmnosoxkum, 4TO MaccuB Distance YaCTUYHO 3am0HeH. PaccMOTpuM BHYTpHU
HETO IyTh OT y3J1a start node K y3iy end_node. [IpercraBum ceGe Takke, 4TO 17151
HEKOEero 3HaueHust via node MyTb UCHOJb3YeT TOJMbKO y3ubl 0, 1,2..., via node - 1.

Jobasienue y3na via node MOXKeT COKPATUTD IIyTh TOJBKO B TOM CJIydae, eCiIu
9TOT y3€JI HAXO/UTCA T/1e-TO B CEPEANHE YIYUIICHHOTO Iy TH. /[pyrnmMu cioBaMu, Mapiii-
pyrstart node — end node npespaiaercaBstart node - via node, 3a KO-
TOPBIM HJIeT via node — end node.
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Yr066! 06HOBUTH MaccuB Distance, HYKHO IIPOBEPUTH BCE Iapbl y3J0B
start node m end node. Eciu Distance[start node, end node] >
Distance[start node, via node] + Distance[via node, end node],
2JleMeHT Distance[start node, end node] 0OHOBJIACTCA IIyTeM IIpUCBanBaHUS
emMy 6oJee KOPOTKOTO PacCTOAHUA.

Eciau cnenats To ke camoe 1t via node =0, 1, 2., N - 1, rie N — unco y3Juos
B CETH, TO MacCUB OY/IeT XpaHUTh UTOIOBOE KpaTyaiiliiee PacCTOSTHUE MEKIY JTHOOBIMIU
NIBYMST Y3JIaMH, UCIIOJIB3YST IPYTUE Y3JIbI B KAUECTBE MPOMEKYTOUHBIX TOYEK B ONTHU-
MaJIbHBIX My TSIX.

[Toka uTo aJIrOpUTM HE PelaeT 3a/[a4y HaX0K/IeHNsI CAMOTO KOPOTKOTO Iy TH MEK/LY
nByMst yanamu. OH BCETo AT 00bACHSIET, KaK MCKATh ONTUMATbHOE PACCTOSHIE MEJK-
ny unmn. K cuacTbio, nHGOPMAIHIO O Ty TH MOKHO T00aBUTD, CO3/IaB €IIle OIUH IBYME]-
HBIA MaCCHUB 110/ Ha3BaHNEM Via.

MaccuB Via oTcieskuBaeT onpeieIeHHbIN y3es Ha ITyTH OT OJTHON TOUKH K JIPYTON.
MNubiMu cioBamu, Via [ start node, end node] XpaHUT UH/EKC y3JIa, KOTOPBIH BBI
JOJIKHBI [IOCETUTD, IIPOXO0/4 KpaTyaiilliee paccTossHue oT start node 0 end node.

Ecim via [start node, end node] paBHO end node, 3TO O3HAYaE€T, YTO OT
start node k end node BezfeT OAHO 3BEHO, I09TOMY KpaTyaillnii IIyTb COCTOUT
TOJIBKO U3 y371a end_node.

Ecimmvia[start node, end node] paBHO KAaKOMY-TO IPyTOMy Y31y via node,
BBI MOJKETE PEKYPCHBHO IIepeOpaTh MACCHUB, YTOObI HAIITH Iy Th CHaYa/Ia OT start node
Kvia node,asateM oT via node k end node (eC/M 3TO KaKeTCA BaM HEMHOTO 32~
My TaHHBIM, PACCMOTPEHHUE AJTOPUTMA JIJIsI UCTIOJB30BAHUSA MACCHBA Vi a 0JIKHO GyieT
BCe TIPOSICHUTD ).

YT106b1 €co3/1aTh MacCuUB Via, ero HYXHO MHUIUAJIN3NPOBATDH 9JIEMEHTaAMU CO 3Ha-
YEeHUAMMU.

3areM, ecyu y3JIbl COEIMHAIOTCA HAIIPsIMYyIo, Via [start node, end node]
cyeryeT IPUCBOUTD 3HAaUYeHNEe end node.

Ternepp, Korga Mbl co3/1aJii MacCUB Distance U ONITUMU3UPOBAIN PAcCTOAHNE
start node — end node, 3aMeHHUB €ro IyTsaMu start node — via node
nvia node - end node, HaM HYKHO C/leJIaTh €Ille KOe-4To. Mbl 1OJKHBL TTPU-
cBOWTh Via[start node, end node] = via node, 4TOOBI CUTHATIU3UPOBATD
0 TOM, YTO KpaTyalluil myTh OT start node K end node IPOXOAUT Yepes MPO-
MEXKYTOUHBIN y3esq via node.

Husxe puBe/ieHO MOJTHOE TIOTIATOBOE ONMCAHIE aITOPUTMA JIJISI TIOCTPOEHUST Mac-
cuBOB Distance u Via (MCXO[d U3 TOTO, UTO CETb COCTOUT U3 N y3JI0B).

1. Mnunumammsupyem MaccuB Distance:
a. BceM vjieMeHTaM Distance[i, J] mpucBanBaercs GECKOHEYHOCTD;
b. pna Beexior 1 go N — 1 npucsauBaem Distance[i, i] snauenue 0;

C. €CJIM y3JIbl i ¥ j COeJIMHEHbI 3BeHOM I —> j, IpucBanBaeM Distance[i, j] 3a-
TPATbI ATOTO 3BEHA.

2. Nanmmanusupyem MaccuB Via. [ Bcex i U j:
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a. ecsim Distance[i, 7] MeHblie OECKOHEUHOCTH, npucsamBaeM Via[i, 7]
3HAYEHUE j, CATHAJIM3UPYSI TEM CAMBbIM, UTO ITyTh OT i K j UJIET YEPE3 Y3€e J;

b. B mpoTUBHOM ciTyuae npucBanBaeM Via [i, 7] 3HaueHue —1, 4ToObBI yKa3aTh
Ha TO, YTO U3 y3Jia i B y3eJ j HeT Iy TH.

3. Boumonnsem cjeayronme BJI0KEHHbIC ITNKIIbI, 4yTOOBI HANTH yJyduieHus B Iy TH.

For via_node = 0 To N - 1
For from_node = 0 To N - 1
For to_node = 0 To N - 1
Integer: new_dist =
Distance[from_node, via_node] +
Distance[via_node, to_node]
If (new_dist < Distance[from_node, to_node]) Then
// DTO YIYYIIEeHHHN IyTh. OOHOBIISEM e€To.
Distance[from_node, to_node] = new_dist
Via[from_node, to_node] = via_node
End If
Next to_node
Next from_node
Next via_node

[uksa via node nepebupaer MHAEKCHI Y3JI0B, KOTOPbIE MOTYT OKa3aThCsl IIPOMe-
JKYTOUYHBIMY, U OTITUMU3UPYET UMetolecs MapimpyThl. Kora oH 3aKOHYUT CBOIO pa-
6oTy, Bce KpaTyaifie myT OyyT rOTOBBI.

B caieptyioniem rceBioko/ie moka3ato, Kak ¢ OMOIIbI0 OKOHUATETbHBIX BEPCUI Mac-
cuBOB Distance u Via MCKaTh y3JIbl B paMKaX KPaTYaUIIero My TH OT HAa4aJIbHOTO y3J1a
K TIeJIEBOMY.

List (Of Integer): FindPath(Integer: start_node, Integer: end_node)
If (Distancelstart, end] == infinity) Then
// Mexmy S>TVMM y3JaMy HeT IIyTH.
Return null
End If

// TlonmydYaeM MIpOMEeXYyTOYHHI y3eJ s DTOTLO IIyTH.
Integer: via_node = Vial[start_node, end_node]

// TlpoBepsieM, eCTb M HIPsMOe COEeIOVHEeHUE.

If (via_node == end_node)
// TlpsiMoe coenuHeHMe eCThb.
// BozBpamaeM CIIMCOK, COIepxammii ToNbKO end_node.
Return { end_node }

Else
// TIpsIMOTO COEenUHEHWSI HeT.
// BozBpamaeMm start_node --> via_node mioc via_node --> end_
node.
Return
{
FindPath(start_node, via_node] +
FindPath (via_node, end_node]
}
End If

End FindPath
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PaccmoTrpum, Hatipumep, ceTh, IpeZicTaBIeHHY10 Ha pucyHke 13.12. Bepxuue maccu-
BbI IIOKA3BIBAIOT TO, KAK CO BpeMeHeM TpaHchopMupyeTcs 3Hadenus Distance; HUXK-
HUE MacCHUBBI IEMOHCTPHUPYIOT M3MEHEHUST 3HAYEHUN Via. JJIeMeHTHI, TOABEPTINNEeCs
epecTpoiike, BBIIETEHBI, YTOOBI UX OBLIO JIErYe 3aMETHTh.

@4 10

A B C D A B C D A B C A B C D
A|lO|4 || 4 || o 0| 4 RN 01]4]|14(10
B|4|0|10|6 0(10| 6 4|0/(10|6 0110
C|» |10 3 © |10/ 0| 3 i’4 10/ 0| 3 10| 0|3
D|»|6 0 w|6 0 0} 6 (3|0 10/6 (3|0
AlAlB AlB AB AlB[B]|B
B|A|B|C|D AlB|C|D A|B|C|D AlB|C|D
C B|C|D B|cCc|D ;@ B|C|D B|B|C|D
D B|{Cc|D B|C|D :@B5|C|D B|B|C|D

Ontummsauma  OnTummsaums Oontumuzdauma  OnTummsaums
C NOMOLLBIO C NOMOLLBIO C NOMOLLBIO C NOMOLLIBIO
y3naA yana B y3naC yanaD

Puc. 13.12. Kparuaiiiiue myTu Mex/y BCeMU I1apaMu y3J10B
B CETH MO’KHO ITPE/ICTaBUTH B BUjie MaccuBoB Distance (cBepxy)
nVia (cuusy)

Tabuuia B JIeBOM BEPXHEM YTJIy MOKA3bIBAET UCXOJHbIE 3HAUEHUS B MACCHUBE
Distance. Paccrosnue ot joboro ysaa k camomy cebe pasro . Paccrosnue Mexy
IBYMsI Y3JIaMH, COeINHEHHBIMU 3BEHOM, YCTAHABJIMBAETCS B Pa3Mepe 3aTPaT 9TOr0 3BeHa.
Hanpuwmep, 3Beno mexy yanamu A 1 B umeet 3aTpath 4, moatomy Distance [A, B]
paBHO 4 (uT0GBI IpUMeEp OBLT 60JIee TPOCTHIM JIJIS TIOHUMAHUsI, IMEHA Y3JI0B MCIIOJIb-
3YIOTCSI B KQ9eCTBE WHAEKCOB MaccuBa). OCTaTbHBIM dIeMeHTaM TpHcBanBaeTcst Hec-
KOHEYHOCTb.

Tabiuna B JIeBOM HUMKHEM YIJIy OKa3bIBAET UCXOIHbIE 3HAYEHUS B MAacCUBeE Via.
Hanpuwmep, ot y3na C x y3iy B BezieT 3BeH0, moaTomy Via [C, B] paBHO B.

IIocie MHUIAIN3allu1 MaCCUBOB aJITOPUTM IIbITAETCSA BBITIOJTHUTD OIITUMU3alUIO.
Cnauvasa oH WHIET ITyTHU, KOTOPbIE Y/IACTCA YJIYUIINTD, UCTIO/Ib3Y 1 y3€J A BKadecTBe 1po-
Me)KyTO‘-IHOfI TOYKH. OlIHaKO ITOT y3€JI HaXO/IUTCS Ha Kparo CETH, ITOITOMY OH HE MOJKET
OIITUMHU3NUPOBATDH HUKaKOM IIyTh.

3aTeM aJrOPUTM TbITAETCH YJAYUIIUTh IMyTU C TOMONIBIO y3Ja B 1 HAXOAUT
yeThIpe BapuaHTa /sl onTuMusanuu. Hampumep, B3T/ISHYB Ha BTOPOU MaccuB
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Distance, JIETKO 3aMETUTD, UYTO Distance [A, C] COLEPKUT 6ECKOHEYHOCTD, Ol
Hako Distance[A, B] mDistance[B, C] paBubl coorBeTcTBeHHO 4 1 10. Ta-
KM 00pasoM, myTh A — C MoKeT ObITh yaydineH. YToObI BBIIIOJIHUTH ONTUMU3A-
W10, aJITOPUTM TIIpUcBauBaeT Distance [A, C] s3uavyenue 4 + 10 =14,avial[A,
C] nmemaeT paBHBIM y3Jy B.

N3meHenmnss MOKHO TIPOCJEUTD, TAAA TIPSAMO Ha ceTb. /[y HauasibHOTO MyTH
A — C 60 ycranoBieHo GeckoHeuHoe paccTosinue. [1o cpaBHEHUIO ¢ HUM MyTh
A —> B — C gBnsercs yaydllieHUeM, 1, IOCMOTPEB Ha CEeTb, Bbl MOKETE 3aMETHUTh, UTO
WTOTOBAS [IJTUHA ATOTO MyTH paBHa 14.

TovHO Tax ske MOKHO MPONTHCH TT0 n3MeHeHnAM BTIyTIX A - D, C > Au D — A.

[asbliie aIropuT™ [bITaeTcs YIy4IIUTD IIyTH, UCII0Nb3Ys y3es C B KauecTBe IIpo-
MEKyTOYHOT0. DTOT y3eJ He TT03BOJIsieT HUYEro ONTUMU3UPOBATh, TAK KaK OH HAXOJUT-
s Ha KPalo CeTH.

Haxowerr, anroputm mpobyeT B KauecTBe MPOMeRyTOUHOTO y3er D. C ero moMoIIbIo
MOJKHO yJsryuniuth yetbipe nytn: A > C,B— C,C—> Au C— B.

[TpumepoM, NITIOCTPUPYIONTUM ITOUCK Iy TH BHYTPU OKOHYATENbHON BEPCUU MacC-
cuBa Via, cayskuT Tabauia B mpaBoM HikHeM yriry (eM. puc. 13.12). TomycTim, BbI
XOTHUTE HalTH 1yTh OT y37a A K y3ay C. Ilomarobiii mpoiiecc ompeesieHusi 3Toro
MTyTH OTTMCAaH HUXKE.

1. via[Aa, C] paBuo D, nnoatomyA—>C=A—>D+D— C.
2.Vial[A, D] paBHo B,nmoatomyA—>D=A—> B+ B— D.
a. Via[D, C] pasHo C, nmoatoMy ot y3aa D x y3my C BezieT 3BeHO.
b. via[A, B] paBHo B, moatomy ot y3sia A K y3i1y B Beer 3BEHO.
c. U nakoner, Via [B, D] paBHo D, moatomy oT y3sa B K y3iy D BeneT 3BeHO.

3aKJIIOYUTENbHBII MapIIPyT POXOAUT Yepe3 y3ibl B, D u C, cieioBaTebHO, UTO-
TOBBIH TYTh OyzeT BoITsisineTb kKak A — B — D — C.

Ha pucynke 13.13 npencraBieHbl peKypCUBHBIE BHI3OBBI.

Cosmas MaccuBbl Distance 1 Via, BBl MOKeTe OBICTPO HAlTH KpaTdaiiimii Iy Th
MEKITY JIOOBIME IBYMS TOUKAMU B ceT. HelocTaTok COCTOUT B TOM, 4TO MaCCUBBI He-
PeKO 3aHUMAlOT MHOTO MeCTa.

Hanpumep, cetb yJauil B OTHOCHTENBHO OOJIBIIOM TOPOJAE MOKET JAOCTUIATh
30 000 y3J10B, M09TOMY B MaccuBe MpHILIoch 661 xpauuThb 2 x 30 0002 = 1,8 mupy ae-
MeHTOB. Ecii a/ileMeHTBI SIBIISIOTCST 4-0aliTOBBIMU TIEJBIMY YMCJIAMHU, TO MACCUB 3aii-
MeT B nnamartu 7,2 T'oair.

Jaxe eciu BbI MoxeTe cebe IMO3BOJIUTh Takue 00beMbl ITaMSTH, aJTOPUTM s
MMOCTPOEHUST MACCUBOB MCIIOJb3YET TPU BJIOKEHHBIX IIMKJIa, KOTOPBIE TIPOXOJAT OT 1
10 N, rie N — KOJIM4eCcTBO y3JI0B, I03TOMY 0011ee BpeMs paboThl aaroputMa Oyaer pas-
1o O(N?). Eciin N pocturaer 30 000, 510 BoiuBaercs B 2,7 x 10" urepaumii. Yrobsl cre-
HepPUPOBaTh TAKKEe MACCHBbI, KOMIIbIOTEDY, KOTOPbI BHIIIOJIHsAET 1 MJIH MTepaluii B ce-
KyHzy, nonagoburcs 10 mecsies.
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( A—C=A—D+

( A—D=A—B+

Puc. 13.13. /Insa noucka myt or start node k end node uepes IPOMEKYTOUHYIO TOUKY
via node HyKHO peKypcHBHO HalTH MapmpyT oT start node xkvia node
norvia nodekend node

ITOT aJTOPUTM HE TONYIUTCST UCTIOMB30BATD IJIST TO-HACTOATIEMY OOJBIITHX CEeTel,
MIO3TOMY [IPU HEOOXOMMOCTH JIJISI HAXOKICHUST MapIIPYTOB CJIEAYeT IIPUOErHyTh K Py -
TUM QJITOPUTMaM KpaTydaiiiero mytu. Ecin Hy;KHO UCKaTh MHOKECTBO ITyTell B paMKax
HeBOJIBIINOI CeTH, COCTOANIEH BCEro JIUIb U3 HECKOJIBKUX COTEH Y3JI0B, BbI, BEPOSATHO,
CMOXKeTe COKOHOMUTDB HEKOTOPOe BpeMs, IPUMEHUB PACCMATPUBAEMbIil aJITOPUTM I
IIPe/IBAPUTEIBLHOTO BBIYMCIEHNS BCeX KpaTyallllinX MapIIpyToB.

Pe3iome

BoJIbIIMHCTBO aJITOPUTMOB, OIIMCAHHBIX B 3TOII IJIaBe, 3aHUMAETCST 0OXOJIOM CETH.
Anroputmbl 06x071a B TIIyOUHY U ITUPUHY UMEIOT PA3HbII MOPSIOK TOCEIEHHsT ceTe-
BBIX Y3JI0B. AJITOPUTMBI CBS3HOCTH, OCTOBHOTO /IepeBa, MUHIMaJIbLHOTO OCTOBHOTO Jiepe-
Ba U KPaTyYafiliero myTH TOKe MIUHYIOT CETh Pa3TuYHbIMU criocobamu. Hampumep, Mu-
HUMAJTbHOE OCTOBHOE /IEPEBO TepebupaeT 3BeHbsT B MOPS/IKE UX 3aTPATHOCTH, & TTOUCK
KpaTyaiiliero IyTu ¢ IOMOIIbIO YCTAHOBKU METOK YUMTBIBACT PACCTOSHUE [0 LIEJIeBO-
TO y3J1a 3BeHa.

KpaTyuaiiimii myTh MeKy BCEMU IMapaMy BEPITUH BbIYKUCJISIETCS HECKOJIBKO MHAYE.
Bwmecto niepebopa cetn 0l (hOpMHUPYET KOJIEKITHIO U3 N IePEeBbeB KpaTyailIinero myTH,
KaK/[0€ U3 KOTOPBIX TI03BOJISIET OGOUTH CETh.

B ciiepyonneii rimaBe Mbl IPOZOJIKUM Pa3roBOP o ceTsax. BymyT pacecmoTperst 6oiee
a(hdEKTUBHBIE aITOPUTMBI, O3BOJISIOIINE PEIIaTh PeaybHble TIPOOJEMbl — HaIIPUMED,
paccTaHOBKY 3a/1a4, paCKpallliBaHUE KapT U pacipe/iesieHre pabounx MeCT.

YnpaxHeHus

BBBSZIOQKOI?I OTMEYEHbI 3aJa4Mr ITOBBINIEHHON CJI0KHOCTH.

1". Hamumiure mmporpammy, MOX0KYIO Ha Ty, 4TO mokasana Ha pucysake 13.14. Ona
AOJIKHA ITO3BOJIATD BaM CO3/1aBaTb, COXPAHATD U 3arpy KaTb TECTOBbBIE CETH. KHOH'
KU Ha MaHeJM HHCTPYMEHTOB JIAI0T BO3MOKHOCTD TTOJIb30BATEIIO I0OABJIATD Y3JIbI,
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O/THO- U JIBYHAIIPABJIEHHbIE 3BeHbsT (HAa CAMOM [IeJie 9TO JIBA 3BEHA, COEMHSIONIIE
HakaThle y3Jibl B 000uX HanpasaeHusx). Meno File 1oskHO numeTs myHKTH New,
Open 1 Save As 115 co3ianvst, COXpaHEHUS U 3aTPY3KH ceTell (eCIM BBl MCITOJIb3Y-
ere s1361k C# 11 He XOTHTE Pa3pabaThiBaTh BCe TPIIIOKEHNE TIETUKOM, MOKETE 3a-
IPY3UTH IPUMEP TIPOrPaMMBbI ¢ BeO-caiiTa 9TOM KHUTH 1 3aMEHUTD €€ aJITOPUTMIE-
YeCKUH KO/l CBOUM COOCTBEHHBIM).

ag NetworkMaker - oIEl
File  Options

IORNNIMET RO R J8(d B

Total cost: 1711

Puc. 13.14. [lemoHcTpaimontas nporpamma NetworkMaker mosBosisieT cosnaBath,
COXPAHSITh U 3aTPY’KATh TECTOBBIE CETU

. Pacmupbre nporpammy u3 yrpaxkuaeHus 1 Takum 06pa3oM, 4ToOBI MOJIh30BATEb
MOTI BBIIIOJHATH 06x0/1] ceTr. IIpu BbiGope MHCTPpYyMeHTa 06X0/1a 1 IIETYKE 110 Y3JIy
JIOJIKHA 0TOOpaskaThest cxema 00Xo/1a.

. Pacmupbre nporpamMMmy 13 yupaskHeHust 1, 100aBUB B Hee HHCTPYMEHT, KOTOPbIi
0T00OpaKkaeT CBA3HbIe KOMIIOHEHTDI CETH.

. [lomxomuT 11 aNTOPUTM TIOMCKA CBSI3HBIX KOMIIOHEHTOB JIJIsST HATIPABJIEHHBIX Ce-
teii? [louemy?

. Pacmupore nporpammy us ynpaxkueHus 1, 100aBUB B Hee HHCTPYMEHT, UTO UIIET
1 0TO6paKaeT OCTOBHOE JIEPEBO ¢ KOPHEM B y3JI€, [0 KOTOPOMY MIEJKHYJI MOJIb-
30BaTeJb.

. B monpasnene « MuHNMATbHBIE OCTOBHBIE IEPEBBsT» padmena «O6xom ceTu» B Te-
KyIIeii T7IaBe CKa3aHo, YTO B CETSIX, I7le BCe 3B€HbSI MMEIOT OJIMHAKOBBIE 3aTPATHI,
J060€e OCTOBHOE JIEPEBO SIBJISACTCS MUHUMATBHBIM. [Touemy aTo Tak?

. Pacmupbre mporpammy us yrnpaxkHeHus 1, 100aBUB B Hee HHCTPYMEHT, UTO UIIET
U 0TOOpaskaeT MUHIMAIBHOE OCTOBHOE /IEPEBO ¢ KOPHEM B Y3JI€, TT0 KOTOPOMY
HIeJIKHYJI [10JIb30BaTeJIb.

. Pacmupbre mporpamMMy U3 yrpaskHeHust 1, 100aBUB B Hee HHCTPYMEHT, KOTOPbIi
€ TIOMOIIIBIO OCTOBHOTO IEPEBA UITET 1 OTOOPAIKAET Ty TH MEKIY ABYMST Y3JTaMI,
BBIOPAHHBIME TIOJIb30BATENIEM.
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9.

10.

11.

12.

13.

14.

15.

*

16

20.

Bcerna jiu iepeBo KpaTyaiiiiero myTH sSBJsieTcsI MUHUMAJIbHBIM OCTOBHBIM JIepe-
BoMm? Ecin na, To nouemy? Eciu Her, HapucyiiTe oOpaTHbII IpuMep.

Pacuupbre mporpamMMmy us yrpaskHeHust 1, 106aBUB B Hee MHCTPYMEHT, KOTOPBIT
UIIET U 0TOOPaKaeT AePEBO KPATUAIIEro My TH ¢ yCTAHOBKOU MeTOK. Ero KopeHb
JI0JIKEH HAaXOJIUTBCS B y3Ji€, TI0 KOTOPOMY IHEJKHYJI TI0JIb30BATE/b.

Pacuupbre mporpamMMmy 13 yrpaskHeHust 1, 106aBUB B Hee MHCTPYMEHT, KOTOPBIT
UCIOJIb3YET 1ePeBO KpaTdaiilero 1myT ¢ yCTaHOBKOM METOK /IS IIOUCKA U OTO-
OpasKeHUsT MapIIPyTa MEK/Y JABYMsI BBIODAHHBIMU y3JIaMH.

Pacuupbre mporpamMmy us yrpaskHeHus 1, 106aBUB B Hee MHCTPYMEHT, KOTOPBIT
UIIET U 0TOOPasKaeT IEPEBO KpaTYallIiero My TH ¢ KOppeKiineir Metok. Ero KopeHb
JIOJIKEH HAXOJUTBCS B Y3JI€, TI0 KOTOPOMY TIEJTKHYJI TI0JIb30BATENb.

Pacmmipbre mporpamMmmy us yrpaskHenust 1, 106aBUB B Hee HHCTPYMEHT, KOTOPBIi
HCIOJIBb3YET JiepeBo KpaTyaliliero MapupyTa ¢ KOppeKiieil MeTok Jijisl II0MCcKa
1 OTOOPAKEHNUST MY TH MEKIY IBYMST BBIODAHHBIMHU Y3JIaMH.

Kax moBeziet cebst aropuT™ MoMCKa KpaTyaifiiero myTH ¢ KOPPEKIUel MEeTOK,
€CJIM CeTh COAEPIKUT TIUKJI C OTPUTIATETBHBIM 06muM Becom? Kak Gymer pabo-
TaTh AJITOPUTM YCTAHOBKU METOK?

[IpexcraBbTe, 4TO BaM HY;KHO HAWTH KpaTUYaMINUi MyTh MEKIY OTHOCUTEb-
HO OJIM3KUMU TOUKAaMK B KPYIIHOM ceTr. Kak 910 cziesiaTh ¢ OMOIIBIO aIrOpUT-
Ma yCTaHOBKH METOK, He Ipuberas K IOCTPOEHUIO 1[eJIOTo AepeBa KpaTJaiiiero
myTr? COKOHOMST JI BpEeMsT BHECEHHbIE U3MEHEHUST ?

. Pacemorpum crienapuii u3 ynpaskuenus 15. Kak 6b1 BBl HCKaJIM IyTh € TTOMOTIBIO

AJITOPUTMa KOPPEKIIMU METOK, HE CO3/laBasl 11€J10€ JE€PEBO KpaTqaﬁmero HYTI/I?
ITomoro 661 5TO COKOHOMUTH BPEMH?

IpexmcraBbTe, 4TO BBI €/leTe B My3eil U peMOHTHbIe paboThl Ha JOPOTE TI0-

CTOSIHHO 3aCTaBJISIOT BAC CBOPAYMBATh ¢ Kpardaiimero mwytu. IIpu aToM BaM
HeoOXOAMMO KasKAbIi Pa3 BEIYMC/ISATH HOBOE JePEBO KpaTualliero myTh JJIst
HAXOKAEHUS ONTUMaJbHOTO MapIIpyTa K My3€l ¢ y4eTOM Baliero HOBOTO
MecTotoaoxerus. Kakum o6pazom MoxKHO ObL10 ObI n30€KaTh 9TUX IOBTOP-
HBIX BBIUMCJIEHUI?

. Pacmmpbre nporpammy us yrpaxuerus 1, 100aBUB B Hee MHCTPYMEHT, KOTOPbIIL

UILET ¥ 0TOOPasKAET JIJIsl CeTU MaccuBbl Distance u Via. IIposepbre ee Ha pu-
Mepe ceTH, TOX0Kel Ha Ty, YTO TToKa3aHa Ha pucynke 13.12.

. Pacmupbre mporpammy us ynpaxkHenus 18 tax, 4ro6bl OHa MOTJIA HE TOJIBKO UC-

KaTh KPATYAHIINHT My Th MEKIY BCEMU TIAPAMU Y3JI0B B CETH, HO M OTOOPaKATD €T0.
[TpoBepbTe ee Ha TpUMepe ceTH, TOXOXKel Ha Ty, ITO TIOKa3aHa Ha pucyHKke 13.12.

Jlomyctum, TIpU CO3/IaHUU MACCUBOB Distance u Via € MOMOIIIBIO aJrOpUTMA
KpaT4aiIiero myTu MeX/y BCEMU MapaMy BEPIIUH BAIl KOMIIBIOTED MOKET BbI-
nosusTh 1 MiTH utepaiuii B cekyHay. CKOJIbKO BpeMeH! 3aiiMeT CO3/[aHne 3Tux
MaccHBOB i ceTH, cogepskaiieir 100 y3mos? 1000 yzmos? 10 000 y3m0B?
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21. Vcnomb3yst ceTh, OKazaHHYo Ha pucyHke 13.15, n3o6pasure usMeHeHHe MACCH-
BOB Distance u Via Tak, Kak 3To cjiesiano Ha pucyHke 13.13. Kak BuITJIsasT uc-
XOJIHBIN ¥ NTOTOBBIHM KpaTyaiitine myTn ot y3ia A k yamxy C?

A

10 18

11 20

e

Puc. 13.15. Maccusbl Distance u Via, KoTopble HeOOXOAUMO U300Pa3UTh JIJIst STOU CeTH



MlMaea 14

AOONMOJIHUTEJIbHbIE
CETEBbIE AJITOPUTMbI

TyaBa 13 Gbuia MOCBSIIEHA CETEBBIM aJTOPUTMaM 00X01a, B TOM YHCJIE HAIIPaB-
JIEHHBIM B TJIYOUHY U IUPUHY JIJISA TIOUCKA KPATYAMIIero myTH MEeK/Ly ABYMs Y3JIaMH.
B 271011 ry1aBe MbI IPOZIOJIZKUM PACCMATPUBATD CETEBbIE AJITOPUTMBI, HAYMHAS C OTHOCH -
TEJILHO ITPOCTBIX, TAKUX KaK TOIOJIOTUYECKast COPTUPOBKA M MOUCK ITUKJIOB, M 3aKaH-
YUBas Yy Th HoJIee CAOKHBIMU, CPEN KOTOPBIX OYAyT packpacka rpacda 1 BHIYUCTEHTE
MaKCUMaJILHOTO II0TOKA.

Tononornyeckasi COpTUpPOBKA

[TpencraBbTe, 4TO BaM HY’KHO PEHIMTH CJIOXKHYIO 33Jlauy, COCTOSIIYIO U3 MHOKe-
CTBa JIEWCTBUH, 9aCTh KOTOPHIX JOJKHA OBITH BBITIOJHEHA paHblile APYTHX. Bo3bMeM,
HAMpuUMep, PEMOHT KyXHU. J[JIsT Havamsa BaM MOKET TIOHATOOUTHCS Pa3perieHie MecT-
HBIX BIACTeN. 3aTeM Hy/KHO Oy/IeT 3aKa3aTh HOBYIO OBITOBYIO TEXHUKY, TIEPE]T YCTAHOB-
KOl KOTOPOI TIPUJIETCST TOMEHSITD ITPOBOAIKY. MaciTabHbIi IIPOEKT, TAKON KaK PEMOHT
IEJTIOTO JKUJIOTO WA OUCHOTO MOMEIEHHUs, OOBIYHO BKJIOYAECT COTHU MIATOB CO CIIOK-
HBIM HaOOPOM 3aBUCHMOCTEA.

B tabnuie 14.1 npuBeeHbl HEKOTOPbHIE 3aBUCUMOCTH, ¢ KOTOPBIMU MOKHO CTOJI-
KHYTBCS BO BpEMsI PEMOHTA KyXHHU.

Tabnuua 14.1. 3aBUCMMOCTH, CBS3aHHBIE C PEMOHTOM KYXHU

3amaua IIpeaBapuresbHOe TpeGOBaHNE

[lony4enne pazpenienus —

[Tokymnka OBITOBON TEXHUKN —

VYcranoBka ObITOBOI TEXHUKH ITokynka ObITOBON TEXHUKN

CHoC cTeH [Tonydyenue paszpenieHus

MomnTax ITPOBO/IKH CHoc cTeH

Ycranoska TUIICOKAPTOHHBIX CTE€H Momnraxk IIPOBO/IKH

TTpoxanka Tpy6 CHoc cren

HauanpHas nposepka

MonTax pOBOJIKI

Hauanpras nposepka

ITpoxknaaka Tpy6

¥YcranoBka TUTICOKAPTOHHBIX CTEH

[Tpoxnaaka Tpy6

Ycranoska TUTICOKAPTOHHBIX CTEH

Hauasnbnas mposepka

[Tokpacka cren

YcranoBka TUIICOKAPTOHHBIX CTEH

HOKpaCKa IIOTOJIKA

YcranoBka TUIICOKAPTOHHBIX CTE€H
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3azaua

IIpensapurenpHoe TpeGoOBaHUE

Otenka moJa

ITokpacka cren

OTpesika mosa

[Toxpacka norosika

Wrorosast nposepka

Ornesnka mosa

Ycranoska kadesst

YcranoBka TUTICOKAPTOHHBIX CTEH

Ycranoska OCBeNIeHnA

HOKpaCKa ITOTOJIKA

Wrorosas mpoBepka

YcTanoBka ocBelieHNs

YcraHoBKa 1kadoB

Oresika mnoJia

Wrorosast mpoBepka

YcraHoBKa 1mkadoB

YcTaHoBKa CTOJIEITHHITBI

YcranoBka 1mkadon

Wrorosas npoBepka

YcTanoBKa CTOJIEITHHUI[BI

Ortenka moJa

YcranoBka TUTICOKAPTOHHBIX CTEH

VYeranoska ObITOBOI TeXHUKHI

Ortnenka nmosa

Wrorosas nposepka

VYeranoska ObITOBOI TEXHUKHI

Bbi MOZKeTe TTpeicTaBUTD ATOT MPOEKT B BUJIE CETH, B KOTOPOI 3BEHO BEJIET OT 3a/1a-
un A x 3amaue B, eciu 3agava B nomkna 61Th Beinoanena nepex A. Ha pucynxe 14.1 mo-
KaszaHa CeTh, IPEICTABJISIONIAS 33/1a4, KOTOPbIE epedncieHbl B Tabmuie 14.1.

Jacmuunoe ynopsdouusainue — 570 HaOOP 3aBUCHMOCTEH, KOTOPDII OMPeIesieT Tmo-
PSIZIOK CIIEIOBAHMSI OT/IEMBHBIX, HO He 00sI3aTETHHO BCEX COMEPIKATIIXCST B HEM O0BEK-
TOB. 3aBUCUMOCTH, KOTOPBIE NepedrciieHsl B Tabmie 14.1 u mokasaHbl Ha pucyHke 14.1,
YaCTUYHO YIOPSANIOYMBAIOT JICHCTBUS, CBI3aHHBIE C PEMOHTOM.

Mo. Hne
pa3 eHuS]

6bl

LLKaPoB

N1 Bas

pka

Puc. 14.1. Habop yacTUUYHO YIIOPALOYEHHBIX 3a/1a4 MOKHO [IPEACTABUTD B BUE CETH
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Ecau ke BbI XOTUTE PENTUTh 9TH 3[4k, TO HEOOXOAUMO TIPEBPATUTH YaCTUUHOE
YIOPsIIOUMBAHUE B TIOJHOE, YTOOBI JIEHCTBUS 1K APYT 3a Apyrom. Hampumep, ycio-
BUSI, TIEpEUrCIeHHbIe B Tabuwie 14.1, He cofepskat ssBHOTO 3alpeTa Ha OT/IENKY MOJIa Te-
PeJ MPOKIAIKOMN TPYO, HO eCITM BHUMATETHHO U3YINTh TAGIUIY UIN CETh, MOSKHO YBH-
JleThb, YTO 9TU 33/1a4d B TAaKOM 110CJIe/10BATE/IbHOCTU BBIIIOJIHATD HeJlb3s (0TelIKa [10J1a
JOJDKHA IIPOBOAUTLCA [IOCJIE [TIOKPACKU CTel, a Ta, B CBOIO ouyepelb, A0JKHA AT 110-
cJie yCTAaHOBKM TMIICOKAPTOHA, KOTOPas TpebyeT MpeiBapuTebHON MTPOKIaIKU TPYO).

Tononozuuecxas copmupoera — 3TO MPOIECC NMPEBPAIIECHUA YACTUIHOTO YIIOPAIO0-
YMBaHUA CETU B IIOJIHOE.

EcTh O1H I0BOJILHO MIPOCTOI aJIrOPUTM JJIs PACIIMPEHUS YACTUYHOTO YIIOPSI/IO-
unBanust. Eciin 3a1a41 MOKHO BBIIOJIHUTD B TIPABMJIBHOIT TTOCJIE0BATENIBHOCTH, HEKO-
TOPBIEC U3 HUX JTOJIKHBI 6BITB TaKMMH, 9TO HE UMECIOT ITPpeABAPUTEIbHBIX yCJIOBI/HL/JI " MO-
ryT OBITH PelIeHbl B epBYIo ouepenn. Halinte mono6Hy0 3a1auy, 100aBbre ee K pac-
MTUPEHHOMY YIOPAIOUYNBAHUIO U YAAJINTE U3 CETU. 3aTeM MTOBTOPUTE TO JKe caMoe TSt
AHAJIOTUYHBIX 33124, TIOKA BCE U3 HUX He OYAYT BBINOTHEHbI.

ECHH}HHQHKMPTO3TaHeyBaCOCTaHyTCHTOﬂbKOSaﬂaqHXZHPEHBapHTeHBHBMH{Tpe-
6OB3HI/I$IMI/I, 9TO 6y[[eT O3HA4YaTh, YTO OHU UMEIOT IUKJINYECKYIO 3aBUCUMOCTD 1 4TO Ya-
CTUYHOE YIIOPAAOYNBaHNE HEJIb3A PACITUPUTDH 10 TTOJIHOTO.

O6]J_[I/Iﬁ AJITOPUTM MTOKa3aH Ha IIpUMeEpPeE CACAYIOMIETo MCEBA0KO/1A.

// Bo3BpamaeM y3Jib IIOJIHOCTBIO YIIOPSOOYEHHEIMI .

List (Of Node) ExtendPartialOrdering/()
// Co3paeM CIMCOK IIOJIHOCTBI YIIOPSIOOYEHHHX Y3JIOB.
List (Of Node): ordering

While <the network contains nodes>
// Haxomym yzen 6e3 IIpenBapuUTeNIbHHX TPebOBaHMIA.
Node: ready_node
ready_node = <a node with no prerequisites>
If <ready_node == null> Then Return null

// llepeMemaeM y3ejl B MTOTOBEI CIIMCOK.
<Add ready_node to the ordering list>
<Remove ready_node from the network>
End While
Return ordering
End ExtendPartialOrdering

OcHoOBHasI ujiest ATOTO ATTOPUTMA TIOBOJIBHO MPocTa. CI0KHOCTD 3aKII0UAETCS B TOM,
uyToOBI peann30Bath ero apdexTrBHO. Ecii Ha Kax oM 11are Bbl OyeTe MpoCTO UCKATh
B ceTH 3aja4yu 6e3 mpeBapUTEIbHBIX TPEOOBAHIT, KOJUYECTBO TAKUX MIATOB BCSIKUI
pas moxet gocturath O(N), 4T BBUIbETCST B 00111ee BpeMst pabOThI TPOIOJKUTETBHO-

ctbio O(N?).

Yro0bl YIyUIINTh 9TO PEIIEHUE, IS KaXK/I0T0 y3JIa CETH MOKHO CO3/1aTh U HHUIIHA-
JIT3UPOBATh HOBOE CBOMCTBO NumBe foreMe, KOTOPOE OYA€T XPAHUTh KOJUUECTBO PE/I-
BapUTEIbHBIX TpeboBaHuil 11 y3ia. Iociie 9Toro npu yaajieHuu ysja U3 ceTH HY:KHO
MPOCJIEIOBATD 110 €TO 3BEHbSIM, HAWTH y3JIbI, KOTOPBIE 3aBUCAT OT HETO, M YMEHBIINUTD
nx 3HadeHus NumBe foreMe na 1. Y3el, ube cBoiicTBo NumBe foreMe paBHo 0, roToB
CTaTh YaCTHIO PACITUPEHHOTO YIIOPSITOUNBAHMS.
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YaydineHHbIH aJrOPUTM TI0Ka3aH Ha IIPUMepe CJIe/yIolero CeBloKo/Ia.

// Bo3BpamaeM y3Jib IIOJIHOCTBIO YIIOPSOOYEHHBIMI .

List (Of Node) ExtendPartialOrdering()
// Co3paeM CIMCOK IIOJHOCTBI YIIOPSOOYEHHBX Y3JIOB.
List (Of Node): ordering

// Co3maeM CIMUCOK Y3JIOB 6e3 MpelBapuUTeIbHEX YCIIOBUM .
List (Of Node): ready

// VIHMIManmU3alus .
<Initialize each node’s NumBeforeMe count>
<Add nodes with no prerequisites to the ready list>

While <the ready list contains nodes>
// PacmupsieM yIOpsSOO4YMBaHME 3a CUYeT y3Ja.
Node: ready_node = <First node in ready list>
<Add ready_node to the ordering list>

// ObHOBNszeM cuyeT4drky NumBeforeMe.

For Each link In ready_node.Links
// ObHoBnsgeM cueTuuk NumBeforeMe sToro y3ia.
ink.Nodes[1] .NumBeforeMe = link.Nodes[1l].NumBeforeMe - 1

// TlpoBepsieM, TOTOB M y3€Jl K IIepeMelleHMo.
If (link.Nodes[1].NumBeforeMe == 0) Then
ready.Add (link.Nodes[1])
End If
Next 1link
End While

If (<Any node has NumBeforeMe> 0>) Then Return null
Return ordering
End ExtendPartialOrdering

B npuBeieHHOM aropuT™e Mbl KICXOJIUM U3 TOTO, YTO CETb SIBJISIETCS II0JIHOCTBIO CBS3-
Hoi1. Ecaint 9T0 He Tak, aJropuT™ HY»KHO IPUMEHUTD K KayKJIOMY CBSI3HOMY KOMIIOHEHTY.

Mounck uuknos

Hpouecc TIOMCKa IUKJIOB 3aKJIIOYa€TCA B OIIpe/IeJIEHNN UX HaJINYWA B COCTaBE CETH.
ﬂpyrI/IMI/I CJIOBaMH, 3TO OIlpeZiejieHrE TOTO, BO3BPpallla€TCA JIN IIYTh, HpOXOI[HH_[I/II'/JI yepe3
CEThb, B NUCXOJHYIO TOUKY.

Haiitu UK I0BOJIBHO TIPOCTO, €CJIN PACCMATPUBATD ITOT MIPOIECC KaK PAa3HOBU/I-
HOCTb TOMOJIOIUYeCKOil cOpTUPOBKU. CeTh COAEPIKUT IUKJI JIUIIb B TOM CJIydae, eciiu
OHa He MOKeT OBITh OTCOPTUPOBAHA TOMOJOTHYECKH. [Ipolie rOBOPsI, ¢ TOUKHU 3PEHMUST
TOIIOJIOTIYECKON COPTUPOBKH CETh COAEPKUT ITHKJI, €CJIN MOCTIe0BATEIbHOCTH 3314
A, B, C... K bopMupyoT neTo 3aBUCUMOCTEN.

Wwmest 970 B BULY, BBl CMOKETE JIETKO HAXOAUTH ITUKJTBI. CJreyIonnii rceB1oKoI Je-
MOHCTPUPYET aJITOPUTM.

// Bo3zBpamaeMm True, €CiIM CeTb COIEPKMT IIUKII.
Boolean: ContainsCycle ()
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// TIHTaeMcsi OTCOPTUPOBATHL CETH TOIIOJIOTUYIECKMU.
If (ExtendPartialOrdering() == null) Then Return True
Return False

End ContainsCycle

B paccmarprBaeMoM aJropuTMe MBI UCXOJIMM 13 TOTO, UTO CETh SIBJISIETCS TTOJTHOCTBIO
CBsI3HOM. Ecimi aTO He Tak, alTopuT™ Hy>KHO IIPUMEHNTD K KKIOMY CBSI3BHOMY KOMIIOHEHTY.

PackpawmvBaHue KapTbl

[Tesib MOOGHOTO ANTOPUTMA — PACKpalIMBaHKe KapThl TAKUM 00pa3oM, 4ToObI Ha
Heil He ObLIO JIBYX CMEKHBIX YUYACTKOB OJIMHAKOBOTO IBeTa. KOHEYHO, 9TO MOJKHO Cjie-
JIaTh, VICTIOJIb3YsI Pa3HbIE [IBETA /IS KAJKIOTO y4acTKa. BOmpoc cocTout B TOM, € HOMO-
I[bI0 KAKOTO MUHUMAJIbHOTO KOJIMYECTBA [[BETOB PEATBHO PACKPACHTH KOHKPETHYIO Kap-
Ty. U ente: Kakoe MUHUMAJIbHOE KOJTMYECTBO IIBETOB MOKET TIOTPEOOBATHCS IS PACKPa-
CKU 110601 KapThI?

YT00bI HAYYUTHCS PACKPAIIUBATE KAPTY € MOMOIIBIO CETEBBIX AJITOPUTMOB, BaM HY K-
HO [IPUBECTU 1IPpo0JIEeMY 3aKpallMBaHUs €€ YYACTKOB K 3ajade PacKpacku y3jos. IIpo-
CTO CO3MaiiTe A1 KayKI0TO YUacTKa 10 OJTHOMY Y3JIy U COeITUHUTE Y3JIbl, TPEICTABIISAIO-
I[1e CMeKHbIE YYaCTKU, HeHAITPaBJIEHHBIMU 3BEHbSIMU.

B 3aBucuMOCTH OT KapThl, BAM MOKET IIOTPEOOBATLCS [Ba, TPU WJIM YETbIPe L[BETA.
[Tono6HbIE TUIIBI KaPT U aJTOPUTMBI I UX 3aKPAlIMBAHUA OIMCAHBI B CJEAYIONINX
paszjesiax.

3aKpau.|v|BaHMe AByMSA uBetTamMmm

Hexortopble KapThl, KaK Ta, 4TO MOKa3aHa Ha pucyHke 14.2, MOXKHO 3aKpacuTh BCe-
TO AByM: IIBETaMU.

Puc. 14.2. Kapra, 3akpaliieHHasi BCEro JIByMsI IIBETaMI

3AMEYAHUE

Co3paTb ABYXLBETHYIO KapTy AOBOLHO NPOCTO. [loMecTuTe kapanaall Ha nncT By-
Marum n Hapucyiite Gurypy, Kotopas BO3BpaLlaeTcs B Bally MCXOAHYIO TOUKy. O6b-
KT MOXET MMETb JII0OYI0 GOPMY, HY>KHO TONBKO N36eraTb «HANOXEHWS» NTUHNIA OOHY
Ha opyryto. VIHbIMK cnoBamMum, NMMHUS MOXET nepecekaTb cebs B NoOO0M TOUKE, HO HE
COBMELLLATLCS C HaCTblo caMol cebsi Ha OTpe3Ke Kakom-nnbo AnvHbl. Takas oury-
pa nokasaHa Ha pucyHke 14.3.
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Puc. 14.3. Eciiu HapucoBaTh 3aMKHYTYIO KPUBYIO, HE OTPbIBasi KapaHalll
ot Gymaru u He jieJiast «JIBOUHBIX JIMHUI», PE3YJIbTAT MOKHO OyeT
3aKpaCUTh AByMs IIBETaMU

HeBaxHO, Kak UMEHHO nepecekaeT cebs NMMHNA, NONy4YEeHHbIN 0ObEKT BCErAa MOX-
HO ByaeT 3akpacuTb AByMSs LBeTamu. Ecnv nocne aToro nosBepx nepsoint Gurypsi
HaprcoBaTb eLle OJHY, Cneays TEM Xe npasunam, pesynsrart 0yaet obnagartb aHa-
JNIOTMYHBIMU CBOMCTBAMMU.

B packpalimBaHuu TaKOTO Pojia KapT HET HUYETO CI0KHOTO0. BoibepuTe 060it yua-
CTOK W HAa3HAYbTE €My OJIMH M3 JIBYX I[BETOB. 3aTeM 3a/IaliTe BCEM €TO COCE/ISIM JIPYToit
I[BET ¥ PEKYPCUBHO OOOUIUTE MX, PACKPAIINBAST CMEKHbBIE YIACTKU. ECJIU BbI CTOJIKHE-
TECh C TEM, YTO COCEIHUI y3eJl yiKe 3aKpalleH TeM e I[BETOM, KaKUM 3aIl0JIHEeH U TeKYy-
1HiT, 970 Gy/IeT 03HAYATH CJAEYIONEE: KAPTY HETb3sI CAETATh IBYXIIBETHOM.

AJropuTM 1oKa3aH Ha pUMepe CJIeAYIOIETo MCEB0KO/IA.

TwoColor ()
// Co3pmaeM odYepenhb y3JIOB, KOTOPHE YXEe 3aKpalleHH .
Queue (Of Node): colored

// 3arpammMBaeM IIEPBHI y3eJl ¥ mobaBisgeM eTo B CIIMCOK.
Node: first_node = <Any node>

first_node.Color = colorl

colored.Enqueue (first_node)

// ObxomyM CceTh, 3akKpamyMBasl Y3JIH.

While (colored contains nodes)
// BepeM cremyomull yz3ejl M3 CIMCKa 3aKpPalleHHBIX .
Node: node = colored.Dequeue ()

// BHYMCIISEM IIBET COCEIHUX Y3JIOB.
Color: neighbor_color = colorl
If (node.Color == colorl) Then neighbor_color = color2

// 3akpaummBaeM COCeLHUE Y3JIH.
For Each link In node.Links

Node: neighbor = link.Nodes[1]

// CMOTPHUM, He 3aKpalleHBH JIM COCeIHMEe Y3JIH .

If (neighbor.Color == node.Color) Then
<The map cannot be two-colored>
Else If (neighbor.Color == neighbor_color) Then
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// Cocemuum yz3en yxe OBJI IIPaBUIBHO 3aKpalleH.
// Bonplle HMYETO He LeJlaeM.

Else
// CocemHumt y3ey He ObJI 3aKpameH. 3akpammBaeMm
ero.
neighbor.Color = neighbor_color
colored.Enqueue (neighbor)
End If
Next 1link

End While
End TwoColor

B npuBeieHHOM aTOPUTMeE MBI ICXOIMM 13 TOTO, UTO CETh SIBJISIETCS TIOJTHOCTHIO CBSI3-
Hoti. Eci aT0 He Tak, alropuT™ HY>KHO IPUMEHNTH K KaKAOMY CBSISHOMY KOMIIOHEHTY.

3aKpau1v|Ba|-w|e Tpemda uBetamMmum

Kak okaspiBaeTcs, onpeziesieHue TOTO, SBJSETCS JIU KapTa TPEXIIBETHON, — KpaliHe
ciosxkHast 3agaya. MaKkTHYECKH ellle He M300PETEHO TAKOTO AJITOPUTMA, KOTOPbII MOT ObI
ee PeluTh 3a MOJNHOMUAIBHOE BPEMsI.

OzHO 13 0BOJBLHO OYEBUAHBIX PENIEHUI 3aK/II09a€TCS B IPUMEHEHUU K y3J1aM
Ka)K/I0r0 U3 TPeX LIBETOB ¥ HOKMCKe MoAxoasmeil komOunamuu. Eciau cetb cogepsxkut N
y3J10B, Bpems roucka Oyet pasao O(3Y); 310 10B0JIbHO MeIeHHO, eci N Gobinoe. [
IIPOBEPKK KOMOMHALMI MOKHO IPUOETHY T K aITOPUTMY IIepebopa, BOCIIOIb30BABIIICH
OJTHUM W3 JIEPEBBEB PUHATHS PelleHn , oTrcanHbIX B T71aBe 12. Ho ckopocTbh Bce paBHO
OyzeT o4eHb HUBKOIA.

Bsl MOskeTe TonpoboBaTh YIyUIInTh IOUCK, YIPOCTHUB CeTh. EC/In y3esn uMeer MeHb-
e Tpex cocezlei, aTU CoCer HEPEAKO MCII0Ib3YIOT He Gojiee ABYX IBETOB — TaKUM
00pasoM, OCTaBIIMIICS IIBET CJeAyeT 3aJefCTBOBATh B UCXOAHOM y3Jie. B maHHOM ciry-
4ae BbI MOKeTe yOpaTb U3 CeTH y3€J, y KOTOPOTO MEHbIIE TPEX COCelell, PACKPACHUTh
YMEHbIIEHHYIO CETh U 3aT€M BEPHYTb ero 00paTHO, HA3HAYKB €MY 1IBET, He IIPUMEHEHHbII
CMEXHBIMH Y3JIaMH.

Ynanenue y3naa U3 ceTH yMEHbBIIAET KOJIUYECTBO COCE/IEH JIJIsl OCTABIIMXCS Y3JI0B,
[I03TOMY BbI MOJKETE TIONPOOOBATH CHEJIATH CETD elile MeHbIile. ECJIM BaM MTOBE3ET, CETh
OyIeT yMEHBINAThCS, TTOKA B HEH He OCTAHeTCsT BCETO OIMH y3esT. BoiOpas /1st Hero 1BeT,
BB CMOJKETe MOCTEIIeHHO BO3BPAIIATD Y/IaJICHHBIE Y3JIbl, PACKPAIINBAsT KAaK/BII 13 HUX.

Huke mpezictaBiieHo OMIAroBoe olucanne ajirOPUTMa, KOTOPBIN UCII0JIb3YeT 3TOT
TTONIXO/I.

1. HOBTOpHeM, ITOKa CE€Tb CO/IEPIKUT Y3JIbl CO CTCIICHbIO MEHBIIIE 3, — yAaJisieM y3eil
CO CTEIIEHbIO MEHbIIIE 3, 3allOMHHasA €ero MeCTOIIOJIOKEeHue, 4yTOOBI OH MOI OBbITDH
II03Ke€ BOCCTAaHOBJIEH.

2. Ucnosbayem aJiroputM 06Xo/1a, 4T00bI PACKPACHTh OCTABINYIOCS YaCTh CETH TPe-
Mt 1iBeTamu. Eciiv perieryie HAaliTH He yIaeTCsl, 3TO 03HAYAET, UTO €r0 HET U JIJIST
HUCXOIHOMU CeTH.

3. BoccranaBimBaeMm paHee yAaJIEHHbIE Y3JIbl, HAUNHaA C TEX, YTO OBLIN UCKJIIOYE-
HbI ITOCJTE€AHUMU, N 3aKPalllMBa€M MX IBETaMU, KOTOPbI€ HE MCIIOJIb3YIOTCA UX
COoCeIsIMM.
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Ecnu ceTb He sIBJISIETCS ITOJTHOCTBIO CBﬂSHOﬁ, BbI MOJKETE IIPUMEHUTD 3TOT aJITOPUTM
K KaX/I0MY 13 €€ CBA3HbIX KOMIIOHECHTOB.

3aKpaLLIVIBaHVIe yeTbipbMSs LLBETAaMU

CormacHo meopeme 0 uemvipex Kpackax, Modyio KapTy MOKHO 3aKPACUTh YEThIPh-
M 1BeTaMu. Brepsbie aTa Teopema ObLita npeioxkena Opancucom I'yrpu B 1852 1. Ona
aKTUBHO U3yvasjach Ha npotskennn 124 set, moka B 1974 r. ee, HakoHeT1, He I0Ka3aIn
Kenner Anmen u Bonbdranr Xaken. K coskanenuio, X 0Ka3aTebCTBO BKIIOUAET HC-
yepIbiBaloliee uccienoBanre Habopa us 1936 crenuanbHo mo400paHHbIX KapPT, II09TO-
MY OHO He IIpejjiaraeT HaleKHOTO MeTO/a I pacKpalluBaHus 110001 KapThl 4Y€ThIPh-
MsI IIBETaMU.

3AMEYAHUE

Teopema 0 YeTblpex Kpackax UCXOANT U3 TOr0, YTO CeTb ABNAETCA rJiaHapHOM. OTO
03HAYaEeT, YTO e MOXHO HApPMCOBAaThb Ha MJI0OCKOCTY 6e3 NepeceyeHs 3BEHbLEB. 3Be-
Hb$1 JOKHBI UMETb BUA, MPAMbIX JIMHWUIA; OHU MOTYT OTKJTIOHATLCS U NepeMeLLaThbcs
Mo BCel NOBEPXHOCTU, HO TOJIbKO He nepecekaTbes.

Ecnu ceTb He nnaHapHas, HET HUKAKOM rapaHTM TOro, HTO €€ NOJTYYUTCH 3aKpacuTb
yeTblpbM$ LBeTamu. Hanpumep, Bl MoxeTe co3aath 10 y3noB ¢ 90 3BeHbsAMU, CO-
€AVHSIOWNMUN Kaxayto 13 nap. MNockonbky BCe y3nbl CBA3aHbl Mexay coboi, ans
3akpalumBaHus cetn noHanobutcs 10 usetos. OgHako ceTb, co3aaHHasa U3 0bbIY-
HOW KapTbl, ABNFETCS NNaHapPHOWN.

Bwr MoskeTe Bocmoib30BaThCsA IIpueMamMy, IOXOKMMH Ha T€, 4YTO IIPUMEHAINCH
B IIpEAbIAYIIEM pa3/ieJie 4 3aKpallinBaHUA TpeEM:A [IBETaMU.

1. HOBTOpHeM, ITIOKa B CETN €CTh Y3JIbl CO CTEIIEHbIO MCHbIIIE 4, — yAaJIsIEM y3€Jl
CO CTEIICHbIO MEHbIIIE 4, 3allOMMHasA €ro MECTOITIOJIOKEHME, 4TOOBI OH MOT OBIThH
II03’K€ BOCCTAaHOBJIEH.

2. Vcnomb3yem anroput™ 06xXo/a, 9T00bI PACKPACHTD OCTABIIYIOCS YaCTh CETH Je-
TBIPBMS TIBeTaMu. Ecii penieHne HAWTH He yaeTcst, 3TO 03HAYAET, YTO eT0 HeT
U JIJ151 UCXO/IHOM CeTH.

3. BoccranaBinBaeM paHee yIaJ€HHbIE Y3JIbl, HAUMHAS C TEX, YTO ObLIN MCKII0Ue-
HbI TIOCJIEJTHUMU, ¥ 3aKPAIIBAEM UX [IBETAMU, KOTOPbIE HE UCIIOJIBb3YIOTCS UX CO-
CeNSIMI.

Onatb JKe, eCJIM CETb He ABJIACTCA ITIOJTHOCTBIO CBFISHOf/i, BbI MOJKETE IDUMEHUTD 3TOT
AJITOPUTM K KaKIOMY U3 €€ CBA3HbIX KOMIIOHEHTOB.

3aKpau.|v|Ba|-|ue naATbIO LBETaAMU

B otamume ot npeabIyIero cayyas, 1751 KOTOPOTo He TIPUyMaHo IIPOCTOTO U KOH-
CTPYKTUBHOTI'O aJITOPUTMA, JIJISI 3aKPAIMBAHUS [ISITHIO I[BETAMHU CYIIECTBYET O/[HO peliie-
HUe, XOTsI 1 He caMoe JIeTKOe.

PaccMaTpuBaeMbIil aJITOPUTM, KaK U T€, YTO OBLIM OTMUCAHBI B TIPEABILYIINX IBYX
paszaernax, TOCTETIEHHO YIPOIaeT ceThb. ETo oTmyne 3akatodaeTcss B TOM, 9YTO OH BCeT-
J1a MOJKET IIPUBECTU CETh K COCTOSIHUIO, KOTZIa OHa OYyAET COmepKaTh BCETO OAUH Y3€IL.
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[Tocsie aTOrO BBHI MOKETE OOGPATUTH U3MEHEHUS, BOCCTAHABJIMBAS UCXOHYIO CETh U 3a-
KpaIBas y3Jbl, KaK JIeJIaJIi 3TO paHee.

HpI/IBe,Z[EHHI)IfI AJITOPUTM UCIIOJIB3YET YIIPOMEHUA ABYX TUIIOB.

[TepBbIil TUTT TOXOK HA TTO/IXO/T, KOTOPBIN MPUMEHSIJICS B TIPEBIYIINX IBYX Pas-
nenax. Ecan ceTb cOfepsKUT y3es, y KOTOPOTO MeHbIIIe TISITH Coce/lell, OH YIaIsieTcs U3
cetu. IIpu BoccTaHOBNIEHNN €My TTPUCBANBAETCS IIBET, KOTOPBIM HE MUCIOJIb3YeTCs ero
cocensimu. Hazosem ato rpaBusiom 1.

Bropoii Tun ymporienust UCIoJIb3yeTcs B CIydae, eCJIU B CETU HET y3JI0B C MeHee
4eM TATHIO coceisiMu. MOYKHO yTBEP:K/1aTh (XOTSI 9TO BBIXOUT 32 PAMKW KHUTH) CJIe-
Zyloniee: Takas ceThb IOJKHA UMETh 110 KpaiiHeil Mmepe oguH y3en K ¢ cocensgmu M u N,
MIPU YCJIOBUSAX, UTO:

= y K ecTh POBHO TISITh COCe/IEN;
= M u N UMeroT MaKCUMYM CEMb COCeJIel;
= Mu N He ABISAIOTCS COCEISIMU JIPYT JIpyTa.

YT06BI YIPOCTHUTH CeTh, Hatiaure Takue y3ibl K, N u M; ipu atom N u M TOJKHBI
UMETH OJIMH U TOT Ke IBET. DTO JOIMYCTUMO, TIOCKOJBKY MBI 3HA€M, UTO OHU HE SBJIS-
IOTCST CMEKHBIMU. Y 3es1 K MMeeT POBHO TSATH coceziel, a M u N 3akparieHbl OTHUM I[Be-
TOM, TI03TOMY cocefiu y3Jia K He MOTYT UCTIOIb30BaTh BCE TSTH IOCTYITHBIX IIBETOB, BE/b
OJINH U3 HUX HYKHO OCTaBUTH i K.

Yuporienue 3akiodaeTcd B yaaneHun u3 cetu y3aoB K, N u M u co3anu HOBO-
ro y3sa M/N juist ipejicTaBJeHUs BETa, KOTOPbIM OyyT 3akparierbl M u N. Haznaub-
TEe HOBOMY y3JIy TeX JKe cocejiell, kotopsie 6buin y M u N. HazoBeM 310 paBuiiom 2.

ITpu BoccranoBseHnn y3a0B K, N 1 M, KoTopble ObLIH yAaleHbl ¢ UCIIOJIb30BaHUEM
npaBuJia 2, Ha3HAYbTe TOCJIEIHUM JIBYM I[BET, KOTOPBIM 3aKpanmBascs y3ea M/N. 3a-
TeM BbiGepuTe 1ist y3a K 1BeT, KOTOPBII He 3aHAT HU OJAHUM U3 €ro coceeil.

Bor MoskeTe BoCIoIb30BaThCA npueMamMu, IMMOXOXKNUMU Ha T€, YTO IPUMEHAJINCDH
B IIpEABIAYIIIEM pa3/iesie A 3aKpallliBaHWA TPEMA [IBETaMU.

1. HOBTOpHeM, [IOKa B CETH eCTb OoJIblIe O/THOT'O y3J1a:

" yJajiieM y3eJs CO CTEIIEHbIO MEHbIIe 5, €CJIM TaKOM HNMEETCA, U 3alIOMHMHAEM €Io
MECTOIIOJIOKEHNE, 4TOOBI OH MOT OBITH BOCCTAHOBJICH ITO37KE;

" eCJIU CeThb He COJEePKUT HU OJIHOTO Y3JIa CO CTENIEHbIO MEHbIIIe 5, HAXOUM Y3eJ
K co crenennio 5 u aBa ero godepuux ajsementa M u N, Kak ObLIO OIMCAHO Pa-
Hee. Y nansgem y3ib1 K, Nu M, ocse yero coznaem HOBbIH y3en M/N (cM. ipa-
BuJio 1).

2. KOI‘lIa B CETU OCTAHETCA OJIUH y3€JI, Ha3HavYaeM €My IBCT.

3. BoccranasimBaeM paHee yAaJeHHbIe Y3JIbl, 3aKPAllnBast UX COOTBETCTBYIONTIM
06pasom.

Ecau ceTb He sgBJIsIETCS ITOJTHOCTBIO CBﬂSHOﬁ, BbIl MOJKETE IIPUMEHUTD 3TOT aJITOPUTM
K KaKIOMY U3 €€ CBA3HbIX KOMIIOHEHTOB.

Ha pucynke 14.4 mokasaH mpoiece yrnpoleHust HeGobIoil JeMOHCTPAIlMOHHOM
cetr. Ecov B3IJISIHY Th Ha BEPXHIOIO €T0 YACTh, MOJKHO 3AMETHUTh, UTO KaK/IbIi y3eJs nMe-
€T ISATh COCeJIEl, TI0ATOMY JIJIsl YIIPOINEHUST CETH HEJIb3sI MCII0Jb30BaTh MPpaBuJio 1.
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HecmoTps Ha 3TO, B HallleM pacnopsiKeHuu Bce elrle ecTb npaBuiio 2. CyiecTBy-
€T HECKOJIbKO Y3JI0B, KOTOpbIe MOTeHI[MaJbHO MOTyT urpath poJib K, Nu M. B paccma-
TPUBAEMOM TIPUMeEPE UCTTONb3YI0TCs y3Jbl C, B u H. OHM yIaNSI0TCS U3 CETH, a X Me-
CTO 3aHUMAET HOBBIN y3en, B/H, KOTOPBIil UMeeT Takne JKe JoYepHIe 3JIeMEHTHI, Kak B
u H 1o Hero.

[Tocsre 3amenst y3nos C, Bu Hua B/H okasbiBaetcs, 4To y3ibl G, A u D nMetoT MeHb-
II€e TISITH COCEJIEN, TI0ATOMY UX CJIelyeT YIATUTh (B JaHHOM IPUMEPE MbI ITPe/IIoJiara-
€M, UTO OHU OBLIN MCKJIIOYEHBl UMEHHO B TAKOM IIOPSIIKE).

i MpaBuno 1

0)

Puc. 14.4. 31y ceTb MOKHO YIPOCTUTD /IO €/IMHCTBEHHOTO Y3JIa,
TIPUMEHUB €INHOKIBI TPABUIIO 2 M HECKOJIBKO pa3 mpaBuiio 1

[Tocne ynanennst okaspiBaetcs, uto y3uasl L, B/H, K, F, E u [ nMeloT MeHbIIIe TISITH
coceJielt, T0ATOMY OHM TOXKE YIAJISTIOTCSL.
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Ha ranHoM aTarne B ceTi 0CTaeTcsl BCero o/IMH y3eJ1 /, T09TOMY aJIFOPUTM IIPOU3BOJIb-
HBIM 00Pa30M [IPUCBAMBAET MY IBET U IPUCTYIAET K BOCCTAHOBJIEHUIO CETH.

[otycTuM, alropuT™M Ha3HayaeT y3JaM IiBeTa B TaKOM IIOps/IKe: KPAacHBbIH, 3eJ1e-
HBIW, CHHWH, JKeJITBI 1 OpaH:keBbIi. Ecm cocennme y3ibl 3akpaiiieHbl KPAacHBIM, 3e-
JIEHBIM M OPAH’KEBBIM I[BETAMM, TOT/IA CaM Y3eJI TIOJyYUT MTePBbIIl HENCIIOTH30BAHHBIN
IIBET — B HAIleM CJrydyae CHHU.

Hauwnnag ¢ uToroBoil cetu, MoKasaHHON HA pucyHkKe 14.4, airopuT™m BBITTOTHSET
CJIEJIYIOIIIE TIaTH.

1.
2.

10.

11.

AJITOpUTM 3aKpaIInBaeT y3es J KpaCHBIM I[BETOM.

AJroputM BoccTaHAaBJIMBAET y3elt, KoTopbiil Obut yiasieH nocienaum (I). Cocern
y3na [ — ] — nMeeT KpacHBIH 11BET, I03TOMY QJIFTOPUTM JieJIaeT y3eJl ] 3eIeHbIM.

. AJITOPUTM BOCCTAHABJIMBAET y3eJl, KOTOPbIil ObLI yaaneH npeanocieauum (F).

COCE‘ZII/I y3J1a E, *J n I, — 3aKpallleHbl KPaCHbIM U 3€JICHBIM, II0O9TOMY aJITOPUTM
A€JIa€eT y3€JI E cunnm.

. Asnroput™m BoccTanassimBaet y3en F. Ero cocenn, Ju E, 3akpaliieHbl KDaCHBIM 1 CH-

HUM, II03TOMY QJITOPUTM JleJIaeT y3eJl I 3eJIeHbIM.

. Anroput™m BoccranasiuBaet y3en K. Ero cocenu, J u F, 3akpaineHbl KpacHbIM

" 3€JICHBIM, ITIO9TOMY Q@JITOPUTM I€JIACT Y3€JT K cunum.

. AsroputM BoccTanassuBaet y3es B/H. Ero cocenu, K, Fu I, 3akpaiiieHbl CHHUM,

3€JIEHBIM U 3€JIeHBIM, TI03TOMY aJITOPUTM JiesiaeT y3esa B/H KpacHbIM.

. AsroputM BoccranasauBaet y3en L. Ero cocenn, K, B/H u I, 3akpaliieHbl CHHUM,

KPACHBIM U 3€JICHBIM, [I09TOMY QJIFOPUTM JIeJIaeT y3es L skeaTbIM (Ha JIaHHOM JTa-
Te CETh BBITJISIIUT MOA0OHO HIKHEMY BapHaHTy Ha pucyHke 14.4, ToJbKo ¢ 3a-
KpalIeHHBIMH y3JIaMu ).

. AsroputM Bocctanasiuaet yses D. Ero cocenu, B/H, E u I, 3akpaiiieHbl Kpac-

HbIM, CHHUM U 3€JICHBIM, ITIO3TOMY aJTOPUTM JI€JIaeT y3€JI D enThIM.

. Anroputm BocctanasanBaer y3es A. Ero cocenn, B/H, F, E v D, 3akpatiieHbl Kpac-

HBbIM, 3€JICHbIM, CHHUM U KEJITbIM, II0O9TOMY aJITOPUTM JI€JIA€T Y3€JI A OPpaH’KEBbBIM.

Anroputwm BocctanassuBaet y3en G. Ero cocenu, L, B/H u K, 3akpanieHbl sKeJ-
TBIM, KPACHBIM ¥ CUHUM, TI03TOMY aJITOPUTM JiejiaeT y3esa G 3eJeHbM (Ha JaH-
HOM 39Talle CeThb BBITJIAAUT IIOA00HO CpeiHEMY BapUaHTy Ha pucyHke 14.4, Tojib-
KO C 3aKpalleHHbIMU y3JIaMH ).

Teneps anroput™ oT™MeHsieT jielicTBue rpasuia 2. OH BOCCTaHABIMBAET y3Jbl B
u H, 3akpaiiuBas UX TeM ke 1IBeTOM, KOTopbiii Ob11 y B/H (TO ecTb KPacHbIM).
B 3aBepmienne on BoccranasimBaet ysea C; ero cocenu, G, H, D, A n B, 3akparie-
HBI 3€JIEHBIM, KPACHBIM, JKEJITBIM, OPAHIKEBBIM M KPACHBIM, TO3TOMY aJITOPUTM [Ie-
JIaeT €ro CHHUM (Ha JAHHOM 3Talle CETh BBITJISIINT MOA0OHO BEPXHEMY BAPHAHTY
Ha prucyHKke 14.4, TOJTbKO ¢ 3aKpanieHHbIMA y3JIaMN ).

Ha pucynke 14.5 moxazana McXojiHast CeTh. Y3JIbl PA3HBIX I[BETOB MPEICTABIEHDI
PasINYHBIMU (DUTYPAMU.
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KpacHsbIin I:l
3eneHbiit A
CuHnii ﬁ
Kentbin <>
OpaHxeBbli O

Puc. 14.5. Ourypsi IpeICTaBASIOT Y3JIbI PA3HBIX OTTEHKOB B 9TOM MATUIIBETHON CETH

Opyrue anroputmMsl 3aKpaluMBaHUa KapT

Paccmorpentibie BbIllie aJrOPUTMBbI He €IUHCTBEHHbIE BO3MOKHBIE JIJIsI 3aKPACKH
kapt. Hanpumep, cTparerust BOCXOK/ICHUS HAa BEPIIUHY MOKET IIUKJINYECKHU TIepebu-
paTh y3JIbl CETH, BbIIaBasl KAKIOMY U3 HUX MEPBBII I[BET, KOTOPBIIl HE UCIOJIb3yeTCsT
HU OJTHUM U3 €TO COCEIEN. DTOT AJITOPUTM He BCET/IA TI03BOJISIET 3aKPACUTD CETh MUHMU-
MaJIbHBIM KOJIMYECTBOM IIBETOB, OJTHAKO MPU ITOM SBJISIETCS YPE3BBIYANTHO TTPOCTHIM
n 6bicTpiM. OH paboTaeT Jaske /s HeIJIaHAPHBIX ceTeil (HarpuMep, Kak B cilydae ¢ ce-
TBIO, Ha prcyHKe 14.6) 1 B HEKOTOPBIX CUTYAITNAX 2T BO3MOKHOCTD UCTIOTB30BATh /7151
3aKpalIMBAHUS YETHIPE IIBETA.

Puc. 14.6. D1a ceTpb He ABISETCS TIITAHAPHOM, HO €€ MOJKHO 3aKPACUTh TPEM: IIBETAMMU

[Tpusozxus orpesiesieHHbIE YCUIINUS, BBl MOXKETE IPUMEHUTD IPYTHe 9BPUCTUYECKUE
MEeTO/INKHU, ONMCAHHBIE B I71aBe 12, 1 MonbITaThCsl HAWTHU € WX TIOMOIIbI0O MUHIMATBHOE
KOJTMYECTBO TIBETOB, HEOOXOMMMBIX JIJIST 3aKPAITMBAHNST KOHKPETHON TIAHAPHOMN TIIH
HeriaHapHou cetu. Hampumep, MOKHO OMPOOOBATH CTPATETHH CIYYaitHOTO TIPUCBa-
UBAHUS WM MHKPEMEHTAIBHOTO YJIydIleH s], YTOOBI TOMEHSITh MECTAMHU IIBETA J[BYX
um 6oJiee y3I0B.
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MakcumMmanbHbIN NOTOK

B nazpyocennoil cemu Kaxmoe 3BeHO MMEET MAKCUMAJILHYIO MTPOITYCKHYIO CII0C00-
HOCTb, YKa3bIBAIOUIYIO Ha TO, IIOTOK KAKOro 00beMa CIIOCOOEH 4epe3 Hero MpoiTu. ITo
MOeT OBITh KOJMUYECTBO IaJJIOHOB BObI, KOTOPYIO MOKET IIPOIYCTUTh Yepes cebs
Tpyba 3a MUHYTY, KOJIMYECTBO aBTOMOGUIIEH, CIOCOOHBIX MTPOEXaTh 10 yJIUIE 3a Yac,
WJIN MAaKCUMAJIBHBIN TOK, KOTOPBII BBIIEP;KUBAET TPOBOYI.

HpI/I penieHnnn JIAHHOU 3aJ1auM 11eJIb 3aKJII09aeTCs B IIPpUCBOCHNU 3BEHbBAM ITOTOKOB
TaKNM O6p8.30M, YTOOBI MaKCUMHU3NPOBaTb O6H.[Hﬁ TIOTOK M3 UCXOJHOTI'O y3Jia B KOHEYHBIT.

Paccmotpum, Haripumep, ceTH, mokazaHuble Ha pucyHke 14.7. Iludpbr Ha 3BeHbAX
00603HAYAIOT WX MTOTOK U MPOITYCKHYIO CITocOOHOCTD. Tak, 3BeHO Mesky y3imamu B u C
B [IEPBOi1 CeTH UMEET MOTOK 00beMoM 1 U ITPOIYCKHYTO CIIOCOGHOCTS 2.

—3/3> 1/2 —3/3 —»Qz/z

Puc. 14.7. HeJIb 3a/la4y MaKCUMaJIbHOI'O II0OTOKa 3aKJ/II04YaeTCA B MaKCUMU3allK II0OTOKa
13 NCXOJHOI'O y3J1a B KOHEUYHBII

B cetu, pasmerniennoii cieBa, obmit moTok ot yaaa A k y3ay F pasen 4. O6murmit
00beM TIOTOKA, NCXOJATIETO 13 Y312 A, B 9TO CeTn cocTaBisieT 1 eIMHUILY B HATTpABJTE-
unn A — D nioc 3 eZiuHullbl B HatipaBienuu A — B, uto B cymMe faeT 4. Anajioruanas
CHUTYAIIMs CO BXOJISAIIUM IIOTOKOM, KOTOPBIiT BeleT K KOHeUHOMY Y31y F/3 e IMHUIIBI TIO
3Beny E — Fumoc 1 equania o 3s8eny C — F (ecsii ceThb He TI0Jy4YaeT JAOMOJTHUTEb-
Hble TOTOKK U He TePSIET UMETOITHeCs, 00N TIOTOK, TIPOHUKATIOINI B KOHEYHBIH Y3elT,
GymeT paBeH 06IIEMY TIOTOKY, HCXOISITIIEMY U3 HETO).

Hebssa yBemuuTh 001N HOTOK 3a CYET YBEJUYEHHUs II0TOKA OT/IeJIbHbIX 3BEHDEB.
B aTOoM npuMepe yiKe UCIIOJIb3YEeTCs MaKCHMMaJIbHAs [IPOIYCKHAsI CIIOCOOHOCTh 3BEHA
A — B, u ee Henb3s 6osiblie paciuputh. To ke camoe kacaercs 3BenbeB A — D u E —>
F — [I0NIOJTHUTEJTBHBII TIOTOK MTPOCTO HEKY/Ia OBLITO ObI ICBaTh.

OpHAaKO BB MOJKETE YJIYUIIUTh JAHHOE PellleHue, TIepeHecs OHY eJINHUILY TIOTOKa
n3 nytu B - E— Fsnyrs B — C — F. 91o no3BoJut 3BeHy E — F 3a/1€iicTBOBaTh He-
HCTIOIH3YEMYIO TTPOTTYCKHYIO CITOCOOHOCTD 1 T0OaBUTH HOBYIO €IMHUITY TTOTOKA K TYTH
A— D— E— F. CeTb, TOKa3aHHAs B ITPaBOii YacTH prcyHKa 14.7, IeMOHCTPUPYET BHECEH-
Hble I3MEHEeHNsI, 01aroapst KOTOPBIM 00T TOTOK OT y371a A K y3iy FyBennawics 1o 5.

AJII‘OPI/ITM ITOMCKAa MaKCUMaJIbHOT'O ITOTOKA ABJIAETCA 0BOJIBHO ITPOCTHIM (HO Kpaﬁ-
Helt Mepe Ha BBICOKOM ypOBHe). OmHako IIPUHITUII €TO pa6OTbI He cToJIb oueBHzieH. I1o-
MOYb p3306paTbCH B HEM MOJKET KPAaTKO€ 3HAKOMCTBO C TaAKUMU ITOHATUAMHU, KaK OCTa-
TOYHadA ITPOITyCKHasA CHOCO6HOCTI), OCTaTOYHAsS CEThb U JOIOJJIHSIOIINI IIyThb.

ITO MOXKET 3By4aTb yCTpallalolie, HO BaM He CTOUT 6ECIIOKOUTHCS. ﬂaHHbIe KOH-
TEMINN TTOMOTaloT TMOHATDH aJITOPUTM, O/THAKO AJIA BBIYHUCJICHNA MaKCUMAJIbHBIX ITOTO-
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KOB He HY/KHO CO3/[aBaTh MHOKECTBO HOBBIX ceTell. OCTaTouHAas IPOIYCKHAsI CIIOCO6-
HOCTD, OCTaTOYHbBIE CETU U JIOTIOJIHAIOININE IIyTH MOKHO HAliTH B paMKax UCXOHOH CeTH,
He MpUarast 0COOBIX YCUIHUIL.

Ocmamounas nponycknas cnocobHocmy 3BeHa — 0ObEM JIOTIONHUTEIHLHOTO TI0TOKA,
KOTOPBII MOKHO 100aBUTh K aTOMY 3Bety. Hanpumep, 3seno C — F B JIeBOIi yacTul pui-
cyHka 14.7 uMeeT 0cTaTOYHYIO TIPOTTYCKHYIO CITOCOOHOCTD B pasMepe 2, MOCKOJIbKY Bee-
IO OHa MOJKET IIPOIIYCTUTD 3 €JIMHUIIbL, a ee TeKYIIUil IOTOK paBeH 1.

VY KaK10r0 3BeHa eCTh BUPTYaIbHOE 00PATHOE 3BEHO, KOTOPOE MOXKET He OBITH Ya-
crbio cetu. Hanpumep, nist 3Bena A — B Ha pucynke 14.7 HesBHO onpesiesieHo o6part-
Hoe 3BeHO B — A. O6paTHbie 3BeHbsI IMEIOT OOJIBINOE 3HAUEHHUE, TOCKOJIBbKY OHU MO-
ryT 06Ja1aTh OCTATOYHON MPOIYCKHON CIIOCOGHOCTRIO U TepeiaBaTh Yepes cebst TTOTOK
B ITPOTUBOTIOJIOKHOM HATIPABJICHUN.

OcrarouHast POy CKHast CIOCOOHOCTL 0GPATHOTO 3BeHA — 3TO 0GEM TTIOTOKA, TIPO-
XOJISITIEr0 B MPSIMOM HAMPABJIEHUH TI0 COOTBETCTBYOIEMY 00bdHOMY 3BeHy. Harpu-
Mep, 3BeHO B — E'B jieBoit yacTh pucyHKa 14.7 nMmeeT MOTOK B pazMepe 2, TO3TOMY OCTa-
TOYHAs TIPOTTYCKHAST CITOCOOHOCTH 0OpaTHoro 3BeHa E — B Toske pasua 2. YToOBI yiy4-
ITUTD PETIenne, TOKA3aHHOe CJIEBA, ATTTOPUTM JOJIKEH TIPOBECTH MTOTOK OOPATHO IO Ty TH
E — B, ocBo60oiuB NponyckHOM notertnas 3sexa E — F. VIMEHHO Tak B aTOPUTME UC-
MOJIb3YETCSA OCTATOUHAS TIPOTTYCKHASI CIIOCOOHOCTH OOPATHBIX 3BEHBER.

Ocmamounas cemv — ceTh, KOTOPasi COCTOMT U3 TIPSIMbBIX 1 00PaTHBIX 3B€HbEB, TIOMe-
YeHHBIX 00BEMOM UX OCTATOYHOI TIPOIYCKHON criocobHOoCTH. IIprmep, KOTOPBIH OCHO-
BaH Ha CeTH, TIOKA3aHHOM B JieBOI yacTu pucyHka 14.7, npencrasyien Ha pucynke 14.8.
O6paTHble 3BeHbs1 0003HAYEHBI TTYHKTUPHBIMU JIMHUSAMU.

Puc. 14.8. OcraTouHas ceTh, IEMOHCTPUPYIOIIAst OCTATOYHYIO MPOITYCKHYIO CIIOCOOHOCTD
MPSIMBIX U 0OPATHBIX 3BEHBEB CETU

Harnpumep, 38eHo C — F B jieBoi yacTu pucyHka 14.7 uMeeT IPOIYCKHYIO CII0c00-
HocTh 3 1 motok 1. Ero ocratouHas mpomycKHast CIOCOOHOCT paBHA 2, TOCKOJIbKY BB
MoskeTe JI06aBUTh K Hell elne JiBe eAMHUIlbI ToToka. OcTatouHast MpoIycKHas crnocob-
HOCTb ero 06paTHOTO 3BeHa paBHa 1, MOTOMY 4TO U3 IPSIMOTO 3B€HA MOKHO yOPATh OJHY
exmHUIly otoka. Ha pucynke 14.8 BbI MoskeTe BUneTh, uto 38eH0 C — FiomeueHo unc-
JioM 2 (3TO €ro ocTaToYHast poIrycKkHast criocobHocTs ). ObpaTHOE 3BeHO F — C 0603Ha-
YEeHO YUCJIOM 1.

Yro6b! YIAYUNIUTE HTO PEIIeHUE, HY;KHO MPOCTO HAWTH B PAMKaX OCTATOYHON CeTH
MyTh OT HAYAJIBHOTO 3B€HA K KOHEYHOMY, KOTOPBIH TIPOXOUT TI0 TIPSIMBIM U 0OPaTHBIM
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3BEHDBSIM C MOJIOKUTENBHON OCTATOYHOM TIPOTTYCKHOM ClIOCOOHOCTBIO. 3aTeM HeoOX0u-
MO HAIIPaBUTb 110 CHOPMUPOBAHHOMY ITYTH JOMOJHUTEIbHBIN OTOK. B KOHTEKCTE HC-
XOJIHOW CeTH MaHnHoe MeficTBIe GyIeT 9KBUBATIEHTHO T0OABIEHNIO TIOTOKA K COOTBET-
CTBYIOTIEMY TIPAMOMY 3BeHY (€CJIM 3BEHO OCTATOYHOMN CeTH OOBIYHOE) MJIM BHIYMTAHUIO
U3 HETO 3TOTO TOTOKa (ecn 3BeH0 0OparHoe). [T0CKOMBKY MyTh TOXOAUT 10 KOHETHOTO
y3Jia, OH yBeJIMYUBAET II0TOK /10 Hero. Takoll IIyThb yJIydlliaeT pellieHue 3a7ady, 1109To-
MY OH Ha3bIBAETCS ONOIHSIOUUM.

3BeHbsI, BbIJIEJIEHHbIE HA PUCYHKE 14.8 TOJCTBIMU TUHUSAMIY, H300PAKAOT IOMOJ-
HUTEJIBHBIN MyTh B pAMKaX OCTATOYHOW CETH JIJIsT TPUMEPa, TIPECTABJIEHHOTO B JIEBON
yacTu pucyHke 14.7.

Yro6bI OTIpeIeIUTh, TOTOK KAKOTO 00beMa CIIOCOOEH POy CKaTh JAHHBIN Ty Th, [TPO-
caeyiiTe Mo HeMy B 0OPaTHOM HAIMPaBJEHUH OT KOHEYHOTO K UCXOMHOMY Y3JIy U Hali-
JIATE TIPSIMOE UJTH 0OPAaTHOE 3BEHO € HAMMEHBIIEH 0CTATOYHOMN MPOTTYCKHOI CITOCOOHO-
crbio. [Tocsie aToro 06HOBUTE CETEBbIE TOTOKH, HATIPABUB HAMICHHBIN 0ObEM 110 HAIIIEMY
nyTi. IIpeobpasoBaB TakuM cIIocoO0M CETh, IOKA3aHHYIO B JIEBOII YacT pucyHka 14.7,
BBI TIOJTYYHTE PE3YIBTAT, N300PAKEHHOI B €70 TIPABOH JACTH.

ITO MOXKET MOKa3aThCsl CJIOKHBIM, HO TIOCJIE YCBOCHUSI TEPMUHOJIOTUU alTOPUTM
HE JIOJIPKEH BBITVIAAETD TaKUM YK 3allyTaHHBIM. HpI/IBe/:[eHHbIe HIMJKe I1arv OIncCbhbiBaOT
anmroput™m Dopaa — DankepcoHa.

1. TloBTOpseM, MOKa ecTh BO3MOKHOCTb HAXOIUTh JIOTIOJHSIONINHN ITyTh B paMKax
OCTaTOYHOI CeTH:

a. HaXOJUM JIOTIOJTHSIIOIINIA IIyTb OT NCXOZHOTO y3Jla K KOHEYHOMY;

b. MpoXoaUM MO OMOTHAIONIEMY TTYTH U OTIPEIETISIEM B HEM HAMMEHBIITYIO OCTa-
TOYHYTO TTPOITYCKHYTO CTIOCOOHOCTD;

C. OIATH IIPOXOAUM II0 AOIOJJMHAIIEMY IIYTU U KOPPEKTHUPYEM €TI0, 00HOBJISAA
IIOTOKU /1JIdd 3B€HbEB.

[TomuuTe, YTO BaM He HYKHO CO3/1aBaTh HACTOSIILYIO OCTATOYHYIO ceTh. Bl Moske-
Te BOCIIOTE30BATHCST UCXOHON CETHIO, CPABHUBAS TIPOTTYCKHYIO CITOCOOHOCTD U TOTOKH
3BEHDBEB, YTOOBI BBIYMCIIUTH UX OCTATOUYHYIO TIPOTTYCKHYIO CIOCOOHOCTb.

===_ 3AMEYAHMUE

' Bbl MOXeTe 006aBUTb CNNCOK 0OPaTHbIX 3BEHBEB B KaXXObI y3en — Tak OyaeT npo-
e McKaTb NpsiMble 3BEHbS, KOTOPbIE K HAM BeayT (4TOObl MO HAM MOXHO OblO
cnepoBaTb B 06paTHOM HarnpaBsiieHun). B ocTanbHOM CTPyKTypa CeTU He HyxXaa-
eTCs B UBMEHEHMSIX.

-

CereBbie IIOTOKOBbIE aJITOPUTMbI UMEIOT HECKOJIBKO IIPUMEHEHUI TTIOMUMO, CO0-
CTBEHHO, BBIYHMCJIEHUS TOTOKOB ( BXOAAMNX WU TeKyHINX ). /[Ba 3 HUX ONMMCHIBAIOTCS
B CJIEAYIONINX ABYX pasjenax: «Pacipenenenue pabounx Mect> u «IIoMcK MUHUMAJIb-
HBIX Pa3Pe30B B ITOTOKE>.

PacnpeneneHue pabounx mecTt

[TpencrasbTe, uTo B BarieM pacropsskenun ectb 100 caykamumx (KaskIplii cO CBO-
eit crierramzanueit) u 100 pabounx mMect, TPEOYIONIX ONPeeIEHHOTO Habopa HaBbI-
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KOB. 3adaua o Hasnavenusx 3aKI04aeTcs B paciipeaejeHnmn JIIOJIEN 110 JIOJIKHOCTSIM Ta-
KHUM o6pa30M, YTOOBI KOJINYECTBO BBIIOJHEHHONR MMKU pa6OTI)I ObLII0 MAKCUMAJIbHBIM.

Ha mepBbIii B3TJIsA/T 9TO BHITJISIANT KaK CIOKHAS KOMOUHATOPHAs TpobeMa. Bor Mo-
JKeTe TIeperpoboBaTh BCe OCTYITHBIE BADHAHTHI HA3HAYEHUIT, UTOOBI YBU/IETD, KAKOIT 13
HUX JIaeT JYIIUi pe3yibraT. MakcuMabHOe YKHCI0 KOMOMHAIIMI CIIYsKAIUX COCTaB-
asger 100! = 9,3 x 107, moaToMy /11 TAKOTO mpoiiecca NoTpedyeTcst HEKOTOPOe BPEMsl.
BbI MoskeTe MOMmbITATHCS TOTYYUTh TPUOIN3UTETBHBIE PE3YTBTATHI, BOCTIOJIb30BABIINCH
HBPUCTUIECCKUMH METOMKAMU U3 IJIaBbl 12, 0HAKO Y 3TOI IPOGJIEMBI €CTh JIydliiee pe-
IIeHNe: Hy>KHO 33/1eHiCTBOBATh aITOPUTM MaKCHMAJIBHOTO MOTOKA.

CospaiiTe ceTh MOKHOCTHBIX HASHAYECHUH, TJI€ JJIS OJHOTO CJIYIKAIIEro 1 pabodyero
MecTa OTBOAUTCS 10 y371y. CoenHITE COTPYIHUKA C KaKIBIM PaOOUNM MECTOM, KOTO-
poe emy moaxoaut. CozzaiiTe MCXOAHBII Y361, CBA3aHHDIN CO BCEMU CTYKAITNMI, a Pa-
Goune MecTa «IOIKIIOUNTe> K KOHEYHOMY y3iry. HagHaubTe BceM 3BEHBSIM MPOIYCK-
HYIO CIIOCOOHOCTBD, PaBHYIO 1.

Ha pucynke 14.9 mokasana ceTb 0KHOCTHBIX HA3HAYEHUH C TISITHIO CIIYKaluMA
(nomeueHbl OyKBaMI) U MATHIO pabourMu Mectamu (06o3HaueHbI i pamu). Bee 3Be-
Hbs1 HATIPABJICHBI BIPABO W HAJEJIEHBI MTPOITYCKHOM criocobHocThi0 1. Crpesku u 060-
3HAYEHMS [IPOIIYCKHON CIIOCOGHOCTI OBLIN OIIyLIEHbI, YTOOBL HE YCA0KHATH PUCYHOK.

Puc. 14.9. MakcuMaIbHBIN OTOK Yepes CeTh A0JKHOCTHBIX HasHaueHuii obeciieyrnBaer
ONITUMAJIbHBIN PE3yJIbTaT

Tenepp HY)KHO HAWTU MAaKCUMAJIBHBIM MTOTOK OT HAYAJIBHOTO Y3J1a K KOHEYHOMY.
Kaskmas eqnHmIa MoTOKa MPOXOUT Yepes CAYKAIEero K pabouemMy MecTy, KOTOPoe TOT
nosKeH monydnth. O6IMiA MOTOK 0603HAYAET KOJIUYECTBO PaOOUUX MECT, UTO MOJK-
HO IIOKPBITD.

==_ 3AMEYAHUE

' B .ABY10/1bHOVI CETY Y31bl MOXHO Pa3fennTb Ha ABe rpynnbl, A n B, Takum 06pa3om,
4yTOObI KaXa0e 3BEHO COeauHSAN0 y3en U3 rpynnesl A ¢ y3nom 13 rpynnsl B. Ecnu
YOAINTb UCXOAHbIA N KOHEYHbINM Y37kl U3 CETU, NOKa3aHHOW Ha pucyHke 14.9, no-
JNIy4nTCHA ABYOO0JIbHAA CETb.

-

JIBynosibHOE napoco4yetaHne — NPOoLLECC CONOCTaBIEHNS Y3108 13 rPynnbl A C y3na-
MU 13 rpynnsl B. MeToauka, onncaHHas B 3TOM paszaene, 06ecrneqmBaeT HEMIoxoe
pelueHne npobaemMbl ABYA0NbHbIX MAPOCOYETAHWIA.
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MuHuMmanbHbI pa3pes B NOTOKe

HeJIb, KOTOPYIO IIpECJIEAYET 3a/ladia MUHUMAJIbHOTO pa3pe3a B ITIOTOKE, 3aKJ/II09aCTCS
B OTACJIECHUN NCXOJHOTO y3JIa OT KOHEYHOTO ITYTEM HUCKJIIOYEHUA 3BEHBEB U3 CETH; IIPU
9TOM IIPOITyCKHaA CI0COOHOCTD YaajisA€MbIX 3BEHbEB MUHUMU3UPYETCA.

BosbMeM, HaTIpuMeD, ceTh, oKkasaHHylo Ha pucyHke 14.10. Ilonpobyem HaiiTu Hau-
6oJtee TIOAXOMSIINE IS YIATEHUS 3BEHbsT, YUTOOBI OTAETUTD HAUaTbHbIH y3em A oT KO-
HeuHoro — O. Ml Moryin Obl yiaauTh 38eHbst A — B A — E ¢ o01ieii npoIycKHoii crio-
co6HocTbio 9. Ho y Hac ectb sryumnuii Bapuant — 38eHbst K— O, N— O u P — O, koTo-
pble B cyMMe 06eCTIeYMBaIOT TIPOIYCKHYIO CITOCOGHOCTD pasmMepoM 6 (Tonpolyiire Haii-
T COOCTBEHHOE PEIlleHNe U MOCMOTPUTE, HACKOJIBKO OHO XOPOIIee).

° 000
%}zq )
d;}b )
b

0 2 2
OR R0
Puc. 14.10. [TonpobyiiTe HaiiT B 9TON ceTu HarboJIee MOAXOSIINE VISl YAIEHUS 3BEHbs],
9TOOBI OTAETNUTH y3ea A ot y3ma O

[MosHOE yaaneHue BCexX IOMYCTHMBIX KOMOUHAIIUI 3BEHBEB BBLIBETCSI B OTPOMHYTO
paboty maxke B pamkax nebompioit cetn. Kaskmoe 3Bero 6o nckmiodaercs, 1mbo ocTa-
eTCsI Ha MeCTe, TTOITOMY B ceTH ¢ N 3BEHbMU KOJMYECTBO BOZMOKHBIX BAPHAHTOB OY-
net pasHo 2V, OTHOCUTEILHO MaJIeHbKast CETh, TIOKa3aHHas Ha pucynke 14.10, comepskut
24 3BeHa, cTaJIo OBITH, HAM MPUAETCS paccMoTpeThb 224 ~ 16,8 mura komGuHanuii. B cetn
co 100 3BeHbsIMU, KOTOPAS B psijie clieHapueB (HApuMep, TTPYU MOJIEJTMPOBAHUN TPAHC-
HOPTHOI CETH) TOKE CUNTAETCS IOBOJIbHO HEGOJBINON, y Hac Oblio Ob1 219 = 1,3 x 103
BapuaHTOB. Eci Bam KoMmbioTep criocobeH paceMaTpuBaTh 1 MTH KoMOMHATINI B ce-
KYHZY, Ha HX IOJIHYI0 00paboTKy yiwio Ob1 mpumepro 4,0 x 10'6 rer. Hecomuenno, mo-
HCK MOKHO OOJIETYHTH, BOCIIOJIB30BABIINCH HEKOTOPBIMHU 9BPUCTHYECKUME METOANKA-
MM, HO 9TO UPE3BbIYAITHO CITOKHAS 33/1a9a.

K CYACTDBIO, AJITOPUTM MaKCUMAJIbHOTO MTOTOKA Ipe/iyiaraeT Ky/zaa 6otee IIPpOCTOE peE-
menue. Ero BbBICOKOYPOBHEBOE€ OIIMCaHME ITPE/ICTABJICHO B BU/I€ CACAYIOMINX MIaroB.
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1. BoruncigeMm MakcUMaIbHBIN TOTOK MEXY UCXOAHDbIM U KOHEYHbBIM Y3J/IaMU.

2. TlocemaeM Bce JOCTYIIHBIE Y3JIbl, HAUMHASA C KOHEYHOTOo. VICIOIb3yeM TOJIBKO
IpsMBIE B 0OpaTHBIE 3BE€Hbs, Y KOTOPBIX OCTATOYHAS IIPOIMYCKHAs CIIOCOOHOCTD
6oubIe 0.

3. Ilomernaem Bce TIoceleHABIE Ha Tare 2 Y3Jibl BO MHOJKECTBO A, a BCE OCTaBIINE-
csl — BO MHOKECTBO B.

4. Ynansgem 3BeHbsI, KOTOPBIE BEYT OT Y3JI0B BO MHOKeCTBe A K y3J71aM U3 MHOKe-
cTBa B.

ECTI), IIpaB/Ja, OANH HIOAaHC, KaC&IOH_[I/II'/JICH paccMaTprUBaAEMOTO aJITOPUTMA: ITIPUYNHDI,
110 KOTOPbIM I[&HHbIﬁ IIOAXO0[ pa60TaeT, MOTYT IOKa3aTbCA HEOUYEBUIHBIMMU.

[l Hayama paccMOTPUM MaKCHMAJIbHBIA HAOOP MOTOKOB IIPH YCJIOBHUH, 4TO 00-
Ui MAaKCUMAaJbHBIN TOTOK paBeH F, Kak ¥ pa3pes, CO3/aBAaeMbIil aJIFTOPUTMOM. DTOT
paspes JI0JUKEH Pas3/ie/IuTh HadalbHble U KOHEUHbIE y3Jibl. be3 Hero oT MCXoHOM K KO-
HEYHOIi TOUKe BeJI OBl IIyTh, 4ePE3 KOTOPBII MOKHO IIPOILYCTUTh JOMOTHUTEIbHbII 0~
TOK. B 9TOM Ci1y4ae cOOTBETCTBYIONUI AOIOJIHAIOUIIIL Iy Th IIPOXOAKII ObI 110 OCTATOY-
HOM CeTH, 4TO NCKJII0YaeT KOPPEKTHY0 paboTy aJrOpUTMa MaKCHMMAJIbHOTO TIOTOKA, KO-
TOPBIN BbITIOJIHSETCS Ha miare 1.

OG6paruTe BHUMaHMe, 4TO 10001 paspes, OCTaHABIMBAIOLIMIA IOTOK OT HauaJlbHOIO
y3Jia K KOHeYHOMY, JI0JKEeH MMeTh 001imii moTtok F uepes Bce cBOM 3BeHbs. J|BrzKeHe
0 paspesy MOKET ObITh PAMBIM 1 0OPATHBIM, HO B UTOTE K KOHEYHOMY y3JTy JOJKHO
noxoauTh F e IMHUIL II0TOKA, 4T0ObI 00111l ero o0bem ObLt paBen F.

ITO 0O3HAYAET, YTO 3BEHBS B pa3pese, CO3TAHHOM C TIOMOIIBIO aJITOPUTMA, TOJIKHBI
UMeTh 00IIYIO IPONYCKHYIO CIIOCOOHOCTD He MeHbie F. OcTaeTcs TOJIbKO IIOHSTD, 0~
4yeMy JAHHBIN [OKa3aTelb paBeH BCEro auiib F, Ho He Gosbuie. F — 310 00muil o6bem
TTOTOKA, IPOXOISAIIETO Yepe3 pa3pes, 0OTHAKO HEKOTOPHIE €T0 COCTABJISIONINE IBUTAIOTCS
B Pa3HBIX HAIPABJIEHNSX, YBEJIMINBAS CYMMapHBIH MTOTOK 3BEHbEB pa3pesa.

[Ipeamososkum, 9To Bee Tak U ecTh. Torma 3BeHo L HampaBieHo 06paTHO OT Y3708
BO MHOXKeCTBe B K y3j1aM U3 MHOXKeCTBa A, a [pyroe 3BeHO IepesiaeT MOTOK yxke oT A
K B. ITOT MOTOK, ABUTAIOIIUICS B TPOTUBOMOJIOKHBIX HAITPABICHUSIX, HUBEJTUPYET CaM
cebs1, BCIIENICTBYE YETO UTOTOBBII pe3ynbTaT pased .

Tem He Menee eciin 3BeHO L CyLIeCTBYET, OHO UMEET I10JI0KUTEIbHbIN I0TOK OT MHO-
xKecTBa B k MHOXKeECTBY A. B 5TOM citydae cooTBeTcTByIOIIee obpaTHOE 3BeHO Gy/IeT Ha-
JeJIEHO ITOJIOKUTEIbHON 0CTaTOYHOM IIPOIYCKHOI c1iocobHocThi0. Ho Ha mare 2 anro-
PUTM TIPOXO/IUT IO BCEM MPSIMBIM 1 00PATHBIM 3BEHBSIM C TTOJIOKUTETbHON OCTATOUHON
MPOIYCKHOW CITOCOOGHOCTHIO, YTOOBI cO3MaTh MHOKeCTBO A. TTockobky 3BemHo L mota-
JIaeT B MX YKCJIO U BEJIET K y3JIy U3 JAHHOTO MHOKECTBA, AJITOPUTM JIOJIKEH OBLI TPOITH
10 HeMY U I00aBUTh B 9TY Ke TPYIIITY Y3eJl, HaXOAANIUICS Ha JPYTOM €ro KOHIIE.

W3 aroro ciieyer, 4TO 3BEHO C TIOJIOKUTETTHHBIM TIOTOKOM, Bejylilee oT B Kk A, He MoO-
JKeT CyIeCTBOBATD.

OO6muii moTok yepe3 paspes paseH F. [Ipu 3T0M 06paTHOTO TIOTOKA Yepe3 paspes
K y3J1aM BO MHOKecTBe A ObITh He MoskeT. CireIoBaTe/IbHO, IIOTOK YePe3 Paspes M0JKeH
umeTh 00beM F, paBHO Kak 1 001as IPOIyCKHasl CIIOCOOHOCTh, HUBEIUPOBAHHAS B Pe-
3yJbTaTe pa3pesa.
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sI npepynpesxaan, uto ato Gyaer BuIrAAAeTh 3anyrtanto. DopmanabHoe 06bsc-
HeHKe, KOTOPOE UCIIOJIb3YIOT TeOPETUKHU B obaacTu rpadoB, aBisieTcs eiie 6oJee
CJIOKHBIM.

Teneps, mopaboTtas Haj 3agadeil u3 pucynka 14.10, MOKHO 03HAKOMUTHCS C €€ pe-
menreM. OnTUMAaIbHBIN pa3pe3 nosikeH yaaanuTb 3seubst E—> L F—>J,F—> G, C > G
u C — D, KoTopble UMEIOT O0IILYIO IIPOIYCKHYIO CIIocoOHOCTH 4. To, Kak OyaeT BhITJIs-
JIeTh CeTh TI0CJIe TIpoTlecca yiajaeHus, TToKka3aHo Ha pucynke 14.11.

00 ©
60 00
Qﬂ@z

@

Puc. 14.11. /lemoncrpaius pelnienus 3a/[a4u MUHUMAJIBHOTO Pa3pe3a B MOTOKE JIJIST CETH,
npejicTaBiaeHnoil Ha pucynke 14.10

Pe3iome

HexoTopbie ceTeBbie aITOPUTMBI IOBOJTHHO TOYHO MOZIEJINPYIOT CUTYAITNHU U3 Peasib-
HOW ;ku3Hu. Hampumep, aaropuT™ KpaTyauiinero myTH MOXKET ITOMOYDb BaM HAWTH OIITH-
MaJTbHBIN MapIIpyT npoe3aa. Jpyrue ceTeBble arOPUTMBI UMEIOT HE CTOJIb OUeBUIHOE
npuMeHeHne. AJITOPUTM MaKCUMAJIbHOTO TIOTOKA, HAIIPUMEP, MOKET He TOJbKO BbIUKC-
JIUTh, KaKOI HauOOJIbIINI TOTOK CIIOCOOHA IIPOILYCTUTD Yepe3 ceOsl CeTh, HO 1 [IOMOYb
pacrpeneuTb paboune MecTa MeKILY CJIYKAIMMHU.

AJITOPUTM PEAKITMOHHOTO PACCTOSHUS, O KOTOPOM PeUb OUJIET /lajiee, TOKE UCI0JIb-
3y€eT CETh HE COBCEM 0YeBUHBIM 06pa3oM. C ee TIOMOIIBIO OH PEIIaeT, HACKOJIbKO Oj(HA
CTPOKa OTJInYaeTcs oT Apyroil. Hanpumep, oH MoXKeT ollpesiesIuThb, 4TO CJI0Ba <IIePCUK»>
1 <IIPA3IHUK» UMEROT GOJIBIIE CXOACTBA, YUeM «MACTUHAY U «PACCOTI».

ITOT U JIpyTHE AJITOPUTMBI JIJIS aHAJIN3A U U3MEHEHUS CTPOK PACCMATPUBAIOTCS
B CJI/IYIOIIEH TIaBe.
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YnpaxHeHus

3Be3/10YKOI OTMEUYEHBI 3a/[aUl [TOBBIIIIEHHON CJI0KHOCTH.

1.

10.

Peanusyiite aropuT™M TOTIOJIOTMYECKOM COPTUPOBKH B IIPOrPaMMe, KOTOPYIO BbI
HATIVCATH, pernas yIpaskHEeHS [T T1aBhl 13.

. B HEKOTOPBIX ITpOoTrpaMMax MOKHO OJJHOBPEMEHHO BBIITOJTHATD HECKOJIBKO 3a-

nad. Hampumep, B cirydae ¢ peMOHTOM KYXHHU 9JIEKTPUK ¥ BOJOIIPOBOIYMK
MOTYT Z€eJIaTh CBOIO paboTy B OAHO U TO ke BpeMsl. Kak Obl BBl BULOU3MEHM-
JIX QJIITOPUTM TOIOJOTUYECKON COPTUPOBKHU, YTOOBI JOOUTHCS IIOLOOHOTO Ha-
pasiesn3ma?

. Kax 651 BbI pacuvpuiy airopuT™, CO3/laHHBIN BAMU IS YIIPAKHEHUS 2, 4TOObI

BBIYMCJIUTD IIPpEAIIoaraéMoe BpeMsa 3aBEPIICHUA BCEX 3a1a4 (I/ICXOI[H u3 TOro,
YTO BaM 3apaHee n3BeCTHA IMMPOAOJIKUTEIbHOCTD BBIITOJTHEHMS Ka}KlIOIL/'I nu3 HI/IX).

. AJITOPUTM TOTIOJIOTMYECKON COPTUPOBKHU, OIIMCAHHBIN B 9TOI TJ1aBe, OCHOBBIBAET-

cst Ha TOM (bakTe, eI 33[a9i MOTYT OBITh TIOJTHOCTBIO YIIOPSIZIOUEHHBIMHE, O[HA
13 HUX He J0JIKHA UMETh TIPE/IBAPUTENBHBIX YCIOBUI (TO €CTh ee UCXOsIas
creniedb paBHa (), €CJTM UCTI0JIb30BATh CETEBYIO TEPMUHOJIOTHIO). MoKeTe Jin Bb
CKa3aTh TO ke caMoe 00 y3JiaX ¢ HyJIeBOU BXOJIIel cTenenbio? Biuser i ato
Ha BpeMsi pabOThI aJITOPUTMA?

. Pacmupbre mporpaMMy, KOTOPYIO BbI UCIIOJIb30BAJIH B yIIpaskHeHUH 1, 4T0ObI 3a-

KPaCcuTb y3JIbl CETU IBYM I[BETaAMU.

. Korza nog ynpomenus cetu, mokazaHHoO# Ha pucyHke 14.4, mpuMeHsJI0CH IIpa-

BWJIO 2, B HAIIEM MTPUMepe UCTOTb30BaIuch y3ibl C, B u H. [lepeuncanTe Bce
Tapbl Y3708, KOTOPBIE BB MOTJIN OBl 3a1eHCTBOBATE TIPU YCIOBUH, 9TO C sIB-
JII€TCS IPOMEKYTOUHOI Toukoi. [Tpuberas k popMynaupoBKam mpaBuia 2,
KaKue y3JIbl PeajibHO UCI0JIb30BaTh B KayecTBe M u N, eciiut y3en C urpaer
posb K? CKOJIBKO BapUaHTOB MPUMEHEHUS 9TUX TIap BbI MOXKeTe TTPUAYMaTh
I7Ts1 YIIPOTIEHUS CeTn?

*. Pacmupbre mporpaMMy 13 YIIPasKHEHHUsT 5, 4TOOBI B PE3yJIbTaTe HCUEPITHIBAOIIE-

TO TIOMICKAa HAWTH MUHIMAJIbHOE KOJUIECTBO I[BETOB, KOTOPBIMI MOKHO 3aKpa-
CUTD IJTaHapHYyIo ceTb. [lozckaska: /14 Hauasia BOCIIONb3YHTeCh aJITOPUTMOM 3a-
KPaCKM JIBYMsI IIBETAMH, YTOOBI OTIPEETUTD, IOCTATOUHO JIU IBYX IIBETOB JIJIsT 3a-
Kpacku cetu. Ecsin 510 He cpaboTaeT, BaM HYKHO OyJIET MPOJIENIATh TO Ke CaMoe
JUUISL TPEX W YeThIPEX I[BETOB.

. Ucmomb3yiiTe mporpaMmy u3 yIpakHeHUS 7 74 3aKpalllnBaHNA YeThIPbMS I1Be-

TaMHU CeTH, TIOKa3aHHO Ha pucynke 14.5.

. Paciupsre mporpamMmy u3 ynpaskHeHUs 5, PeATM30BaB 9BPUCTUYECKUN AJIr0-

PUTM BOCXOKIEHUS Ha BEPIIUHY, OMMUCAHHDBIN B Toipa3aese «/lpyrue aaropur-
MbI 3aKpaInBaHKsI KapT»> pasjiesia «PackpanimBanne KapTbl» B TEKYIIEH TJIaBe.
CKOJIBKO I[BETOB MOHAZO0OUTCS /IS 3aKPAIIMBAHUS CETEH, MOKA3AaHHBIX HA PH-
cyukax 14.5 u 14.67

Hapucyiite nna cetu, nzobpaskeHHoi Ha pucynke 14.12 (¢ mcxoqHbiM ysioM A
1 KoHeuHbIM [), ocTaTouHyI0 ceTh, HalijiuTe [OMOTHATENBHBII TyTh 1 OGHOBUTE
CeTb /IS OITUMU3AIINH TTOTOKOB. MOJKeTe JIN BBI ITOCJIe 3TOTO BBITTOJIHUTD /1ajTh-
Helllye yay4ieHus?
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Puc. 14.12. OcraToyHas ceTh, C TOMOIIBIO KOTOPOU CIeAYeT HAUTH TOTIOMHSIONTUH Ty Th
JUJIST 3TOH ceTn

117, PactiupbTe porpaMMy U3 yIpakHEHUs 9 1711 IOMCKa MaKCHUMaJIbHOTO MTOTOKA
MEK/Iy UCXOTHBIM Y KOHEYHBIM Y3JIaMU B HArPY>KeHHOM CEeTH.

12. cnonb3yiiTe IporpaMMy, CO3JaHHYI0 BaMU B ynpaxkHeHun 11, 4roObl HaliTH
ONTUMAJBHOE PacipeiesieHre pabourx MeCT JIJIs CeTH, MOKa3aHHOW Ha PUCYH-
ke 14.9. KakoBo MakcuMaabHOE KOJIMUYECTBO JIOJKHOCTEH, 71T KOTOPBIX MOKHO
HaliTH pabOTHUKOB?

13. UT0GBI OMIPENETUTH YCTOUIUBOCTD CETH, MOKHO BBIUUCIUTD KOJIMYECTBO Pa3HbIX
nyTeil MexIy AByMst yaaamu. KakuM o6pasom Bbl Obl 33/1€HiCTBOBAJIH aJITOPUTM
MaKCHMaJIbHOTO [TOTOKA 7SI TI0ZICYeTa Iy Tel MeKILy IBYMs y3JlaMU, KOTOPbIE He
UMeoT 06IUX 3BeHbeB? Kak MOKHO OTPeseuTh KOJTUUECTBO Ty Tell, y KOTOPIX
HET He TOJIbKO OOIINX 3BEHBEB, HO U Y3JI0B?

14. CKoOJIBKO I[BETOB HY;KHO JIJISI 3aKpallluBaHUsI JABY/10JIbHOM ceTu? CKOJIbKO OTTEH-
KOB HEOOXOIMMO, YTOOBI 3aKPACUTH CETh PacIIpe/ieieHUsT pabounx MecT?

15" PacmmpbTe porpamMMy, CO3/IaHHY IO BaMU B yripaskHeHu# 12, 4roObI HaiiTh pas-
Pe3 MUHUMAJIHOTO TMTOTOKA MEKTY UCXOJHBIM U KOHEYHBIM y3JIaMH B HArPysKeH-
HOI ceTu.

16. HcnonbsyiiTe mporpaMMy, CO3JaHHYI0 BaMU B yIpaxkHeHUH 15, 4ToObl HAlTH
pas3pe3 MUHUMAJIBHOTO MTOTOKA B CETH, KOTOpasd Moka3aHna Ha pucyHke 14.12. Ka-
KIe 3BeHbsT ObLIHN YIATEHBI 1 KAKOBA 00TIast TPOTTYCKHAST CMTOCOOHOCTH paspesa?



Maea 15
CTPOKOBBIE AJITTOPUTMbI

CTpOKOBBIE OTIEPATINHT YACTO TPUMEHSIIOTCST B PsiZie TPOTPaMM, HIarogapsi 4eMy OHI
XOPOIIIO M3y4eHbl. MHOKECTBO MPOTPAMMHBIX OMOINOTEK UMEET XOPOIIINe HHCTPYMEH-
TBI JIJIs1 pabOTHI cO cTpoKaMu. ITOCKOJIbKY 3TH OTEPAI[I HACTOJBKO BaXKHDI, IOCTYITHBIE
BaM YTHJIUTBI, CKOPEE BCETr0, UCIOMB3YIOT HanboJsiee ONTUMAIBHbIE aJITOPUTMBI, CTAJIO
OBITH BalleMy KOJIY BPSIJL JIU yIACTCS UX MPEB30ITH.

Hanpuwmep, anroputm boitepa — Mypa, onincanublii B TeKylel ryaBe, M03BO-
JISIeT OTIPeIeJISITh TIePBO€E BXOXK/EHUE TIOJICTPOKU B IPYTOH CTPOKE. ITO HACTOIHKO
pacrpocTpaHeHHast OMepaIust, YT0 B GOJMBIMUHCTBE S3bIKOB MTPOTPAMMUPOBAHUS TSI
Hee TPeIYyCMOTPEHBI ClleNUaJbHbie HHCTPYMEHTHI. B HUX, BEPOSITHO, MCIIOIB3YETCsI
Kakasg-HUOYIb Pa3HOBHUIHOCTH ajaropuT™a Boitepa — Mypa, 1oaToMy Bpsiji JIK Baliia
coOCTBEHHAsI pean3alis OKaKeTcs HaMHOTo Jjiydtie. Ha camoM jiesie MEOTHE OU-
GJINOTEKY HAMMCAHBl Ha acceMOJiepe WM Ha KaKOM-HUOY/b IPYTOM OYeHb HU3KOM
YPOBHE, MIO3TOMY OHHM MOTYT 00€CHEYUTH JIYUIIYI0 TPOU3BOIUTENLHOCTD, JAKe €CJIU
BbI 32/IeMICTBYETE TOT JK€ AJITOPUTM B CBOEM KOJIE.

Ecsi Bama nmporpaMmHast GuGIMOTEKa COAEPIKUT MHCTPYMEHTBI JIJIsI BBITIOJTHEHUST
TaKUX 3aj1a4, UCIIOJAb3YHTe MX. AJITOPUTMBI, pacCMaTPUBAEMbIE B 9TOI Ty1aBe, ObLIN BbI-
GpaHbI, MOTOMY YTO OHU TIPEJCTABJISIFOT OMPEIETCHHBI HHTEPEC U SABJSIOTCS BAKHOI
Y4aCcTHIO 6A30BOTO ATTTOPUTMUIECKOTO 00pa3oBammst. KpoMe TOro, OHU CTysKaT MPUMEPOM
MPAKTUIHBIX METOAUK, KOTOPBIE MOXKHO IIPUMEHSITD U B APYTHUX IEJISIX.

NMapHble CKOOKM

HexkoTtopble cTPOKOBbIE 3HAUEHUs], TaKMe KaK apu(MeTndecKue BbIpakeHusl, MHO-
IJ1a CoJlepsKaT BJIOKeHHbIe CKOOKH. UToObI 00eCIeunTh KOPPEKTHYIO BJIOKEHHOCTb, BbI
MOKeTe TOMECTHTD OJIHHU TTapHble CKOOKK BHYTPb APYTIUX; IIOMECTUTH BHYTPb Mapbl Bce-
ro oiHy cko6ky Hesb3st. Hammpumep, ()(()(())) uMeeT KOPPEKTHYIO BIOKEHHOCTD, a ()

u (())) — HeT.

Eciu 06patuthes K rpaduuecKkoMy IIPEACTaBIEHIIO, TO CKOOKH BbIPAKEHH BJIO-
JKEHbI KOPPEKTHO, €CJIM Bbl MOKETe COEIMHUTD JUHUSIMU KaKIYI0 CKOOKY, KOTOpast
HAXOIUTCS CJIeBa, ¢ KaKI0il CKOOKOIL ¢ IIPOTUBOIIOIOKHOM CTOPOHBI; IIPU 9TOM JIU-
HUW He JOJKHBI [IePeCceKaThCsl U MOI'YT HAXOAMThCS TUO0 CBEPXY, 100 CHU3Y OT BbI-
paskennst. Ha pucynke 15.1 Boipaxkenre ()(()(())) nMeeT KOPPEKTHYIO BJIOKEHHOCTD,

a (O mn(()) — mer.
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Puc. 15.1. JIuHUYN COEUHSIOT MapHBIE CKOOKK

AJITOPUTMUYECKH JIOBOJIBHO JIETKO ITPOBEPUTH, COOTBETCTBYIOT JIH CKOOKH JIPYT JPY-
Iy, — JIOCTAaTOYHO MCIIOJIb30BATh CYETUUK JIJIST OTCJIEKUBAHUS KOJIMUECTBA OTKPBITHIX
cK0OOK, Y KOTOPBIX HeT I1apbl. Tenepsp ciaemyer MHUMUAIN3UPOBATh CIETYNK 3HAYEHHU-
em 0 1 ce1aTh MUKIMYeCKUii mepebop Boipaxkenus. [Ipu oOHAPYKEHUN OTKPBIBAIOIIEIT
WJIN 3aKPbIBAOIIEi CKOOKHU CYETUKK, COOTBETCTBEHHO, YBEJIMYMBACTCS UJIM YMEHbIIAeT-
ca na 1. Eciim cueTuuk B Kakoii-1160 MOMEHT CTAaHOBUTCS OTPULIATENbHBIM, 9TO CBH/IE-
TEJTHCTBYET O HEKOPPEKTHON BIOKEHHOCTH. T0 e caMoe MOKHO CKa3aTh, €CJIN IO OKOH-
YaHUU TTPOBEPKU BbIPAJKEHUS CUETUYNK He paBeH ().

AHFOpHTNIHOKaSaHIHiHpHMepeCHeﬂyHHHeﬂ)HCEBHOKOH&

Boolean: IsProperlyNested(String: expression)
Integer: counter = 0
For Each ch In expression

If (ch == “(*) Then counter = counter + 1
Else If (ch == ‘)’) Then
counter counter - 1
If (counter < 0) Then Return False
End If
Next ch
If (counter == 0) Then Return True
Else Return False
IsProperlyNested

Hampumep, korga anroputm ckanupyet Beipaxkenne ()(()(())), 3HaueHns cueTyu-
Ka IocJIe CUYMTBIBAaHUS KasK0To cuMBoJia Beirysaar Tak: 1,0, 1,2, 1,2, 3, 2, 1, 0. Cuert-
YMK HU Pa3y He CTAaHOBUTCs OTPUILIATEbHBIM U 3aKaHuuBaeT paboTy Ha sHadenuu 0, mo-
3TOMY BBIPa)KEHUE NMeeT KOPPEKTHYIO BJIOKEHHOCTb.

HekoTopbie BoIpaskeHUs, IOMUMO CKOOOK, cojepsKaT Kakoii-HuOyab texct. Hampu-
Mmep, (8 x 3) + (20 / (7 — 3)) cocrout us nudp, orepaTopoB, TAKUX KaK X U +, U CKO-
60k. UTOOBI y3HATD, BIOKEHBI I CKOOKM KOPPEKTHO, BbI MOKETE IIPOBEPITH TOJBKO

UX, UTHOPUPYSI JIOObIe APYIUe CUMBOJIBL. [JIsI 9TOr0 MOAOUAET IPEeAbIAY UMl aJITOPUTM
IsProperlyNested.
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BbluncneHue apudpmeTuyeckmx BbipaxeHum

Apudmernyeckoe BrIpaskeHHe, TIOTHOCTHIO 3aKTOYEHHOE B CKOOKH, MOJKHO PEKYP-
CUBHO OTIPE/IEJTUTH KaK:

= ATepasbHOE 3HaYeHWe, TaKoe Kak 4 nan 1,75;
" BhIpaKEHUE expr, 3aKII0YEHHOE B CKOOKU — (expr);

" JIBa BBIpAXKEHUsI, Pas3/eIeHHbIE OIepaTopoM, Kak B exprl + expr2 wiu exprl x
x expr2.

Harmpumep, B BeIpaskeHNN 8 x 3 UCMIOIB3yeTCsT TPABUIO 3, T/ie /IBa onepana, 8 U 3
(oHU SABJISAIOTCS TAKOBBIMY COTJIACHO TIpaBuily 1), pasjiesieHbl OTIEPATOPOM X.

Jliist co3aHUsT PEKYPCUBHOTO aITOPUTMA, KOTOPBII OyIeT 3aHUMAThCSI BBIYNC/ICHN -
eM apuMeTHIeCKIX BBIPAYKEHU T, MOKHO BOCTIOJIb30BATHCS PEKYPCUBHBIM OIPE/IeIeHU-
eMm. [lomaroBoe BRICOKOYPOBHEBOE OMUCAHNE AJITOPUTMA MIPEJICTABIEHO HIKE.

1. Eciu BoIpaKeHue SIBISETCsT TUTEPATHHBIM 3HAUEHIEM, FCTIOTHb3YEeM /TS €T0 pa3bo-
pa MHCTPYMEHTDI SI3bIKA IPOTPAMMUPOBAHNS, ITOCJIE YeTO BO3BPAIlaeM Pe3yJIbTaT.

2. Ecoiu BeipaskeHue umeeT Bujt (expr), yaaisieM BHEITHIE CKOOKH, DEKYPCUBHO BbI-
TIOJTHSIEM aJITOPUTM JIJIsT BBIUUCJIEHUS eXpr M BO3BPAIlaeM Pe3yIbTart.

3. Ecom BpIpaxkeHue BBITISAIUT Kak exprl?expr2, e npa onepanga exprl u expr2
pasjiesieHbl ONepaTopoM ?, PeKYPCHBHO BbITIOIHSIEM aJTOPUTM 7T BBIYUCTIEHUS
exprl u expr2, oObeIUHsIEM TIOTyYeHHBIE 3HAYEHUST B COOTBETCTBUH C OMEPATO-
POM ? ¥ BO3BpalllaeM pe3yJIbTar.

B mesom, aTo moBosibHO oueBUAHBIN Tonxon. HaBepHoe, camoe cioskHOE — OIIpe-
JIEJTATH, C KAKIM U3 TPEX CJIydaeB Mbl IMEEM JIeJI0, 1 €CJIM BaM BbITIAJT TPETUI BapUaHT,
pasOUTh BbIpakeHUe Ha Ba ONEPaH/a U OIepaTop. ITO MOKHO Pealnu3oBarh ¢ OMO-
HIBIO CYETUMKA, [TIOXO0XKETr0 HA TOT, YTO MCIOJIb30BAJICA B IPEAbIAYIIEM Pa3/ielie B ajro-
purMe IsProperlyNested.

Ecau cuetunxk paBen 0 v BB HaxXo/MTe oriepaTop — 3TO TpeTuii caydail. Torma orme-
PaH bl PACTIOJIOKEHBI 1T0 06€ CTOPOHBI OT OTIEPATOPA.

Eciu BbI 3aKOHYMTM CKAHUPOBATh BBIPAJKEHME U HE HAILIM OTIEPaTOP, a CUETIUK
pu 5ToM paBeH () — BbI IMeeTe JIeJI0 C OJTHIM U3 TIEPBBIX JIBYX caydaeB. Eciiu Beipaske-
HIe HAUMHAETCsI OTKPhIBAOIIEH CKOOKOIT — 9TO BTOPOIl ciiy4ail, eciiv HeT — MepBbIi.

CuHTakcu4yeckue gepeBbs

AJITOPUTM, OTTMCAHHBINA B TIPEABIAYIINEM pasjelie, pa3dupaeTr U 3aTeM BBIUHCIISET
apudmernueckue Beipakernst. Ho y Bac MOJKeT MOSBUTHCSI HEOOXOIMMOCTD B BBITTOJTHE-
HUU KaKUX-TO JAPYTUX JeUCTBUI ¢ BhIpasKeHUsIMU 1TocJie ux paszbopa. [TpexcraBbre, 4TO
BaM HY’KHO MHOTOKPATHO BBIYMCITUTD BBIPAXKEHNE C TIePEMEeHHON (JI0TyCcTnM, X ), KOTO-
past IPUHUMAET Pa3Hble 3HAYCHUST, — HATTPUMED, YTOOBI HAPUCOBATH IPaUK YPABHEHVSI
(X x X) — 7. Bot MOTJIu ObI BBITIOJIHUTH PAa300OP M BBIYUCIIEHMSI, Pa3 32 PA30M IIPUMEHSIST
TIPEBIYTII aJTOPUTM U TTOJICTABJISAS B HETO pas3Hble 3HaueHW 1711 X. K coskaennio,
pas3bop TeKCTa — OTHOCUTEIBHO MeJITIEHHAST OTICPATTHSL.
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Ectb elie oiuH BapuaHT: pazoOparth BbIPAKEHIE, HO He BBIYUCIISITH €ro cpasy. Ta-
KuM 06pa3oM BbI MOJKETE BHIYUCIUTH €0 MHOTO Pas, TIOJCTaBJIsAS PA3Hble 3HAYCHUS X,
He BBITOJIHSISI OTHOBPEMEHHO Pa3bop. ITO MOKHO CAENATH € TOMOTIBIO AJITOPUTMA, KO-
TOPBIT OYeHb TTOXOK Ha TOT, YTO OBLT OTIMCAH B TPEABIAYIIEM pasfere. ToIbKo BMECTO
PEKYPCUBHBIX BHI30BOB CaMOro cebst U 00beINHEHNUST TIOJTYUYEHHBIX PE3YJIbTATOB OH Te-
HEePUPYET IePEBO OOBEKTOB, KOTOPBIE MTPEICTABIISIOT BHIPAYKEHIE.

HaHpHMep, 4TOOBI NPpEeACTaBUTb YMHOXEHUE, aJITOPUTM CO31a€T y3€JI C ABYM: /10~
YEPHUMU dJIEMEHTaMM, KOTOPbIE 0603HaYaI0T OIIepaH/bI. AHaNTOTHIHBIM 06pa30M ITIOKa-
3bIBACTCA OTepanusd CJIAOKEHUA.

I[]IH Ka’X/I0T'0o THUIIa Y3JIOB MOKHO TaKyKe CO3/1aThb OTlIe]IbeIfI knacce. Knacceor JLOJIZK-
HbI IPEAOCTABJIATH METO/ Evaluate, KOTOprﬁ BBIUMCJIAET M BO3BPallla€T 3HAYCHNE
y3J1a, BbI3bIBas Ipr HeO6XOZII/IMOCTI/I OlIHOI/IMEHHbIﬁ METO/I /IJIA CBOUX IOYEPHUX Y3JI0B,
€CJIM TaKOBbIE UMEIOTCA.

[MocTpous mogo6HOE CHHTAKCHYECKOE JIEPEBO, BB CMOKETE IIMKINYECKU BBI3bIBATH
MeTo/ Evaluate U3 KOPHEBOTO y3J1a [T Pa3HBIX 3HAUeHUH X.

Ha pucynke 15.2 okazano CHHTaKCHUYECKOE J€PEBO JIJIsT BBIpasKeHUs (X x X) — 7.

Puc. 15.2. Cunrakcnueckne 1epeBbsi MOKHO UCIIOIb30BATD IS TIPE/ICTABICHNUS TAKIX
BBIPAKeHNU, Kak (X x X) — 7

ConocTaBneHue C LLadIoOHOM

AJITOPUTMBI, ONIMCAHHBIE B ITPEBIAYIIMX PA3/Ieax, SBAAIOTCS MOJIe3HBIMU U ahhek-
TUBHBIMHU, HO OHV MIPUBSI3AHBI K KOHKPETHOH 3aj1aue, a UMEHHO K Pa3bopy 1 BEIYUCICHHIO
aprubMeTHIeCKNX BhIpakeHnil. [laHHasg omeparnyst 04eHb PacpoCTPaHeHa B MPOrpaM-
MHUPOBaHUH, TIO3TOMY ObLIO ObI TTI0JIE3HO UMETH O0JIee YHUBEPCATbHBIN TOAXO]I, C TOMO-
TI[HI0 KOTOPOTO MOJKHO PazObupaTh U APYTHe BUIbI TEKCTOB.

Harmpumep, pezynsiproe gvipasicenue — aTo CTPOKa, B BUJie KOTOPOH IIporpaMMa MOXKeT
MIPEACTABJISATH MAOIOH JJIsT COMTOCTABJIEHUS B TeKeTe. IIporpaMMIcThl paspaboTaiu He-
CKOJIBKO Pa3HBIX SI3BIKOB PETYJISIPHBIX BhIPasKeHU . YTOOBI HE CJMIIIKOM YCIIOKHITh 9TOT
pasziest, Mbl Oy/IeM UCIIOJB30BATh B HEM SI3BIK, /1€ IPUMEHSIIOTCST CIIEYIOIINE CUMBOJIBL,

* AscaBuTHBIE CUMBOJIBI, TaKHe Kak A Wi Q, TIPEICTABISIOT COOTBETCTBYIOIINE
GYKBBL
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= CuMBOJ + IpeacTaBigeT KOHKaTeHanuio. UToObl caenaTh BhIpaxKeHus 60-
Jiee TIPOCTBIMU JIJIst YT€HUsI, TaKoe 0003HAUEHE YacTo OlycKaeTcs. [1oaTomy
ABC — 1o xe camoe, uto U A + B + C. Ognako 66110 661 y100HO cies1aTh ero
06s13aTeTbHBIM, YTOOBI TPOTPAMMa CMOTJIA JIETKO PasbupaTh pery/isipHble Bbl-
pasKEeHMs.

= CuMBOJI * 03HAYAET, UTO MPE/BIAYIIEE BBIPAKEHIE MOKET OBITH TIOBTOPEHO CKOJTb-
KO YTOZIHO pa3 (B TOM YHUCJI€ U HOJID).

= CuMBOJI | 03HAYaeT, 4TO TEKCT J0JKEH COOTBETCTBOBATD JIMGO TIPebIAyLIEMY,
760 TIOCTIEAYIONIEMY BBIPAKEHUIO.

= Cko6k# () OIpeessiioT IOPSI0K BBIITOJHEHUST 3aJau.

Harpumep, B 3TOM ype3aHHOM $sI3bIKe BbIpaskeHre AB*A cOOTBETCTBYeT CTPOKE, KO-
TOpast HAUMHAETCS U 3aKaHIMBAETCsT OYKBOI A ¥ COIEPIKUT JT060€e KOIM1ecTBO OYKEB B.
[Mop sToT mabaon nogourin 6u1 crpoku ABA, ABBBBA u AA.

B GoJiee o6uieM ciydae mporpaMma MOKET MCKaTh IIepPBOe BXOKAeHue 1abioHa
B cTpoky. Hampumep, ctpoka AABBA cooTBeTcTByeT TpeabiaytieMy mabaony AB*A,
HAYMHAs CO BTOPOU OYKBHL

YT00BI MOHATH OTMMCAHHBIE 3/IECH AJITOPUTMBL, [TPEHAZHAYEHHbIE JIJIST COMIOCTABJIe-
HUS PETYJISAPHBIX BBIPAKEHUN, CHaYasa Jyqliie MO3HAKOMUTLCS C JIeTePMUHUPOBAHHBI-
MU U HeJIeTePMUHUPOBaHHBIMEU KOHeuHbIMU aBTOMaTtaMu (JIKA 1 HKA). Vim nocssie-
HBI CJIeTyTOITe /[Ba TTopas/ena. B moapaszese, KOTOPHIH caeyeT 3a HIMH, BBl y3Hae-
Te, KAaKIM 06Pa3oM 9TH aBTOMATHI MOJKHO NCTIOTB30BATH JIJIST COTIOCTABIEHSI C TTabJI0-
HaMU C TIOMOIIBIO PETYJISIPHBIX BhIPAsKEHUIA.

ﬂeTepMI/IHI/IpOBaHHbIe KOHe4YHble aBTOMaThbl

Jlemepmunuposannviii koneunwviii asmomam (JJKA) — no cytu, BUPTYaJbHbIN KOM-
THIOTEP, KOTOPBIH CIEUT 32 BBHITIOJHIEMBIMU UM OTIEPAIHSIMHU € TTOMOTITBIO Habopa pe-
sKuMOB (cocTosHNU). Ha KaskaoM 1are oH CYUTHIBaeT HEKWH BBOJ M B 3aBUCUMOCTH OT
3TOTO BBOJIA ¥ CBOETO TEKYIIETO COCTOSIHUS EPEXOAUT K HOBOMY peskumy. OTHO cOCTO-
sTHU€, U3 KOTOPOTO aBTOMAT MIPUHUMAETCS 32 pabOTy, siBjisteTcst HadaibHbiM. OJIHO HIn
HECKOJIbKO COCTOSTHUI MOTYT GBITh MOMEYEHbI KaK IPUHUMAIOIINE.

Ecam aBToMaT 3akaHUMBAET CBOM BBIYMCJIEHUS B TPUHUMAIOIIEM PesKUMe, OH TIPH-
HuMaeT BBOA. C TOUKM 3peHust 06pabOTKY PETYJISIPHBIX BHIPAKEHUN 9TO 03HAYAET, UTO
BBEJIEHHBII TEKCT COOTBETCTBYET 1abJIOHY.

HexoTopbiM MOJIeIsIM aBTOMATOB YAOOHO TPUHIMATD BBOJ MTPU MEPEKTIOUECHITH
B JTI000N MPUHUMAIOTIII PEKUM.

JTKA MOKHO TIPe/ICTaBUTD B BUJIE OUAZDAMMbL NEPex00a COCMOSIHULL, KOTOPAsI, B CyIIl-
HOCTH, SIBJISIETCSI CETBIO, T/Ie PEKUMBI 0003HAYEHDBI OKPYKHOCTSIMH, a TIEPEXO/bI K HO-
BBIM COCTOSTHUSIM — 3BeHbsIMI. Kask/10e 3BeHO TTOMEYEHO BBOJIOM, KOTOPBI 3aCTaBJISIET
aBTOMAT NEPEKTIOYNTHCS B HOBBIH PesKUM. EcTi aBTOMAT CTAIKUBAETCS ¢ BBOJIOM, LTSI
KOTOPOTO He TPelyCMOTPEHO COOTBETCTBYIONIETO 3BEHA, OH OCTAHABIMBACTCS B HETIPU-
HUMAIOIIEM COCTOSTHUN.

Hampumep, na pucynke 15.3 mokasanst mepexoasr coctostuuii st KA, KoToporit
pacnosuaer mabiaon AB*A. JJIKA nauunaer ¢ cocrosuus 0. Eciu BBoguTcs cuMBoa A,
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OH TIEPEXOJIUT K cOCTOSHUIO 1. CTAIKMBAsCH ¢ KAKMM-JIMOO0 IPYTUM CUMBOJIOM, OH OCTa-
HaBJIMBAETCSI B HEIIPUHUMAIOIIEM pesKrMe.

Puc. 15.3. Cerb, nipejcraBsionias mepexo/ibl cocrosauii aist JJKA,
KOTOPBIN pacrosHaeT mabaoH AB*A

3atem, eciu B coctosiiuu 1 cuutbiBaetcst cumBodt B, [IKA nponukaer B IUKJI U BO3-
Bpalaercs K npexkuemy pesxxumy. Ecim cuurteiBaercst cumBon A, /[IKA nepexoaur k co-
CTOSTHUTO 2.

Coctosgnue 2 moMe4eHo ABOWHOUN OKPYKHOCTBIO; 3TO TOBOPHUT O TOM, YTO OHO SBJIS-
ercst npuHUMaromuM. B 3aBucumoctu ot criocoba uctiosib3oBanust JJKA MokeT BEpHYTH
YCIIEIIHOE COOTBETCTBHUE, ITPOCTO MEPelijis B laHHOe cocTosinue. VIHoria aBToMaty B 3TOM
COCTOSTHUY HEOOXOIMMO 3aBEPIIUTH CYNTHIBAHUE BBO/IA; B TAKUX CITyYasIX, €CITU BXOISI-
1At CTPOKA COMEPIKUT GOJTBIITE CUMBOJIOB, COOTBETCTBUE He OOHAPYKIBAETCS.

Paccmotpum npyroii npumep. BarsigauTe Ha AuarpaMMy repexojia COCTOIHUH, T10-
KazaHHYyI0 Ha pucyHke 15.4. OHa 1pejcTaBJsieT aBTOMAT, UIYIIHI CTPOKY, KOTOPasi CO-
CTOUT U3 CUMBOJIOB AB nin BA, IOBTOPSAIOMIMXCS IIPOU3BOJIbHOE KOJIMYECTBO Pas.

A

Puc. 15.4. Cerb, IpeicTaBstoniast mepexo/ibl cocrostauii ast JJKA,
KOTOPBIN pacrosHaer mabjaoH (AB) * | (BA) *
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Yrobet peasmsosath [[KA Ha mporpaMMHOM YPOBHE, MOKHO CO3/1aTh 0OBEKT, KOTO-
PBbIii IIPe/ICTaBIISAET KaK/[0€e COCTOIHME Ha AuarpamMe repexoja. [Ipu nonxydenun Bxo-
ISITIUX TaHHBIX TEKYIUH 00bEKT CMEHSIETCS] TAKUM, KOTOPBIN TOAUTCS IS OI06HO-
TO BBOJIA.

JKA gacto peanusyior B Bue TaOIUIbL, AeMOHCTPUPYIOLIEN IIePEX0bl COCTOSHUIL.
Hampumep, B Tabaiie 15.1 moka3ambl epexoiibl COCTOSHWH /TSt IMATPAMMBbI, TIPEICTAB-
JIeHHO#T Ha pucynke 15.3.

Tabnuua 15.1. Mepexoabl cocTosHmii aist AB*A

Cocrosinue 0 1 1 2
IIpu BBOSIE A A B —
Hogoe cocrosinue 1 2 1 —
IIpunumaioniee? Her Her Her Jla

3AMEYAHUE

JOKA ncnonb3ytoTcst He TONbKO Ans 06paboTky perynsipHbix BblpaxeHui. C ux no-
MOLLbIO MOXHO MOAENNPOBAThL COCTOSIHUSA OO0 CUCTEMBI, KOTOPYIO yA0OHO onu-
CbIBaTb B BUAE NPaBU/ 1 AnarpaMmbl/Tabnmvubl Nepexonos.

Hanpumep, cuctema 06paboTkm 3aka30B MNO3BOSISIET CNEeAUTb 3a UX COCTOSIHUEM.
KaxaomMy COCTOSIHUIO MOXHO Ha3Ha4YnUTb MHTYUTMBHO NOHATHOE Ha3BaHue: Pasme-
weH, BoinonHeH, OTnpaeneH, CyeT-dakrtypa, OTmeHeH, OnnayeH, Bo3BpalueH.
CocTosiHme 3aka3a OyaeT M3BMeHATLCS No Mepe BO3HUKHOBEHUSI cOObITMIA. Hanpu-
Mep, ecnn 3akas3 npebbiBaeT B COCTOAHUM «Pa3MeLLieH» 1 KNMEHT peLuaeT ero oT-
MEHWUTb, 3TOT 3aKa3 NepexoauT B COCTosIHME «OTMEHEH» N NPEKPALLAET CBOE NPO-
OBUXEHMe Mo cucTeme.

Moctpoenue KA ans perynsipHbiX Bbipa>XeHun

[TpocTbie perysgapHble BBIpaKeHUS MOYKHO JJOBOJIBHO JIETKO X MHTYUTUBHO IiepeBe-
CTH B IMArpaMMbl 1 TabJIuIbI cocTosnmit. Ho B cirydae co CJI0KHBIMU PEryJITPHBIMU BbI-
PaKeHUSIMU JIydllle BOOPYKUTHCS METOIMYECKUM TT0/IX0/IOM, KOTOPbI TO3BOJIUT JleJe-
TUPOBATh IPOTPAMME BBITIOJHEHHE 3TON PabOTHL.

Yro6bl peobpazoBaTh PEryaspHOE BBIpaKEHNE B TaOJIUILY TEPEX0jia COCTOSHUI
JIKA, MOJKHO TIOCTPOUTH CHHTAKCHYECKOE IEPEBO, KOTOPOE OYJIET PEKYPCUBHO FeHEPH-
pOBaTb COOTBETCTBYIOIIUE IT€PEXOJIBL.

JIVCThsT CHHTAKCHYECKOTO JiepeBa 0003HAYAIOT BXOISIIIE JIUTEPATBHBIE CHMBOJIHI,
Takue kak A u B. /Iluarpamma 1epexo/ia COCTOSIHUI 711 CYUTBIBAHUS OJJUHOYHBIX BXO-
ISIIUX CUMBOJIOB MIPECTABIAET cO00iT 0OBIYHOE HAUAIBLHOE COCTOSTHUE, COEIMHEHHOE
C MPUHUMAIOIIM KOHEYHBIM C MOMOIIBIO 3BeHa, TTOMEYEHHOTO HEOOXOAUMBIM CUMBO-
som. Ha pucyrke 15.5 usobpakeHa mmpocTast [ruarpaMma mepexojia COCTOSTHUN JIJIsT -
TBIBAHUS BXOAAIIET0 CUMBOJIA B.

BuyTpennue y3ibl CHHTaKCUYECKOTO JiepeBa MPe/ICTABIIAIOT OIepaTopsl +, * U | .

YT06bI peann3oBarh onepaTop +, BO3bMeM IPUHUMAIOIIEE COCTOSHIE AUarPaMMbI
repexo/ia JIeBOTO MO//IepeBa U COBMECTUM €0 ¢ Ha4aJbHBIM COCTOSTHUEM JMarpaMMbl
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Iepexoza IpaBoro noagepesa. TakuMm oOpasoM, aBTOMAT JOJIKEH 110 OYepey BBIIIOJ-
HUTDH AeiicTBUs 06oux 1oepesbes. Hampumep, ciesa Ha pucynke 15.6 mokasaHbl gu-
arpaMMBbl IIepexo/ia /IS TPOCTHIX JIUTEPaIbHbIX 1abgoH0B A u B, a cipaBa — 1151 00b-
eJIMHeHHOoro mabaona A + B.

©-.0

Puc. 15.5. /[uarpamma mepexoia, mpeCTaBIISIONAst TPOCTOE PETYIISIPHOE BhIPAKeHEe B

©

>
Gm:
= <
Uy >

Puc. 15.6. /[uarpamma mepexo/ia, moKa3anHasi CIpasa,
IIPE/ICTABJISIET PETYJIIPHOE BBIpDAXKeHUe A + B

Yto6bI pean30BaTh OMEPATOP *, 00 BEANHIM OANHOUHOE TIPUHIMAIOTIEE COCTOSHIIE
TO/IBBIPAsKEHMUSI C €r0 Havya bHbIM cocTosinueM. Ha pucynke 15.7 okasansl guarpaMmbl
nepexo/a st mabJoHOB A + B (caeBa) M (A + B)* (crmpasa).

Puc. 15.7. [luarpamma 1epexoia, IToKa3aHHast Clipasa,
MIPE/ICTABJISIET PETYJISIPHOE BhIpasKeHe (A + B) *

@@g@
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Hakomer, 4ToObl peannsoBaTh ONepaTop |, CBsskeM HadalbHOE U KOHEYHOE COCTO-
SHUS IUarpaMM Iepexo/ia JeBOro U IIPaBOro NoJBbIpaxkeHuil. B seBoil yactu pucyH-
Kka 15.8 mpesicTaBIeHb! IMATPAMMBI TIepexo/ia I7ist MabJIoHoB A + BU B + A; B IPaBoil

€r0 YaCTH MOKHO BHU/IeTh OObeIMHEHHBIN mabaon (A + B) | (B + A).
A B
B A

Puc. 15.8. /[narpamma mepexoia, moka3anHasi CIipaBa,
[IpeACTaBJIAeT PEryJIpHOe BoipaxkeHnue (A + B) | (B + A)

Iror noaxo 1 paboTaeT B HAIIEM CJIy4ae, HO B HEKOTOPBIX CUTYallUsIX Y HEr0 MOTYT
IPOABUTHCS CYIIECTBEHHBIE HEI0CTaTKK. YTO CyYUTCs ¢ ONepaTopoM |, ecin 06a mo/-
BBIPKEHUST HAYMHAIOTCS € OJTHUX U TeX JKe BXOJSIINX TepexooB? Bosbmem, Harpu-
Mep, IOABBIpakeHNs A + AU A + B. Ecam cieno cieoBarh paHee OMMCAHHON Me-
TOJWKE, TIOJIYIUTCSI [UarpaMMa Iepexojia, oKa3aHHas B JIeBOi yacTu pucyHka 15.9.
Ona cozep:KuT JiBa 3BeHa, lIoMevYeHHble Kak A, koTopbie nokuaaioT cocrosuue 0. Eciau
JIKA B HauaJIbHOM COCTOSIHUU CTOJIKHETCSI C BBOLOM CUMBOJIa A, Kakoe 3B€HO OH Z0JI-

sKeH Oyzer BoIGpaTh?
@

A

Y
1
A B

Puc. 15.9. Otu quarpaMMbl iepexo/ia mpecTaBIsoT
peryisipHoe Bblpakenue (A + A) | (A + B)
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OHo U3 pellleHuld, IPeICTaBJIeHHOe B IIPaBOil yactu pucyHka 15.9, 3akiiouaercs
B HEOOJIBIOM U3MEHEHUH CTPYKTYPBHI AUATPAMMBI TAKKM 00Pa3oM, 4TOObI HarpaMMbl
IBYX TIOABBIPaXKeHUiT nMen obiiee mepsoe cocrostiue (cocrosuue 1). 1 xorst mono6-
HBIHT TTOX0/T paboTaeT, OH TpeOyeT OTpeIeIEHHON CHOPOBKH, 4 9TO HE TaK-TO JIETKO pe-
anmm30BaTh B mporpamme. Hailitn ananorndmoe perenne 171st 60sree CITOKHBIX TOABBIPa-
JKeHUH G610 OBI ellle TPyHee — MO KpaitHell Mepe, Ha TIPOrPaMMHOM YPOBHE.

Yrobbl pemunTh a1y 1mpobieMy, MoskHo npubertyts kK HKA Bmecto IKA.

HepeTtepmMmunHupoBaHHbIe KOHEYHbIE aBTOMAThI

KoHeumnpiit aBTOMAT HA3BIBAIOT JeMePMUHUPOBANHBIM, TIOTOMY UTO €TO TIOBE/IEHNEe
TIOJTHOCTBIO OTIPEJIeJISIETCST TEKYIIIM COCTOSTHIEM U BBOZIOM, KOTOPBII OH TIPUHUMAET.
Eciu IKA, naxozsich B coctossanu () 1 UCTIOJIB3YS AMarpaMMy TIepexo/ia U3 1paBoii ua-
ctu pucynka 15.8, mpountaer cuMBOJI B, OH OJ{HO3HAYHO TIEPEH/IET B COCTOSIHUE 2.

Hedemepmunuposannwie xoneunvie asmomamor (HKA) noxoxu na JJKA, ognako
JIJIS1 OJTHOTO M TOTO K€ BBOJIA OHU MOTYT UMETh HECKOJIbKO 3BEHbEB, UCXOSIINUX U3 Te-
kyiero cocrostaust (eM. puc. 15.9). Ecim takas curyaiiust BOSHUKaeT BO BpeMst oOpa-
6otku, HKA cam criocobeH BbIOpaTh 1y Th, 4TOOBI B KOHEUHOM MTOTE MOMACTh B TPUHU-
Marolee cocrostiue. Bee BoiraauT tak, Oyaro HKA coseryercs ¢ ragajikoii, Koropast
3apanee 3HaeT, KaKoil BBOJ Oy/IeT IPUHAT [103K€e, 1 MOKET PEIIUTD, 10 KAKUM 3BEHbSIM
HY>KHO IT€PEMENIaThCs.

EcTecTBeHHO, B peajJbHOCTH KOMIIBIOTEP HE CYMEET CaM OIPE/IeUTD, TI0 KAKOMY
ILyTH OH J0JIKEH IIPOC/IEA0BaTh, YTOObI B UTOTE HAITH IPUHUMAIOILEE COCTOSHIE, 3aTO
oH crocoben mepedparh Bce BO3MOKHbIE IIyTU. 11 9TOro mporpamMma OyAeT XpaHuTh
CIIMCOK COCTOSIHUIA, B KOTOPBIX OHA MOKET oKazaTbest. CTaJKUBasCh ¢ BBOLOM, OHA 00-
HOBJISIET KAXK/10€ U3 HUX M B HEKOTOPBIX CIIyYasiX FTeHEPUPYET IOTIOJTHUTENbHbIE COCTOSI-
uus. Ha aTo MoxkHo nocMoTpeTth nnaue: rpejictaBbTe, uto HKA naxonurcest Bo Bcex aTux
COCTOSTHUSIX OJTHOBpeMeHHO. Tor/a, eciu Jirodoe U3 ero TEKYIINX COCTOSTHUI SBJISIETCSI
npuHuMaonM, secb HKA HaumHaeT npuHuMaTh BBOI.

BoI MoskeTe BHECTH €liie 0/[HO u3MeHenue B epexoasl HKA, 4To6br HeMHOTO yIIpo-
ctuth ux peasuzanuio. Onepaiiuy, MpejcTaBieHHbie Ha pucyHkax 15.6—15.9, tpebyor
COBMEIIEHUSI COCTOSTHUIN 13 PA3HBIX TTOIBBIPAKEHUI — U 9TO MOXKeET ObITh HEYI00HO.

B kauecTBe abTePHATHBHOTO BapUaHTa CTOUT TIOTIPOOOBATH BBECTH HOBBII TUTI HY-
JIEBBIX [IEPEXOJI0B, KOTOPbIE TPOUCXOAAT O30 BCAKOTo BBOA. CTAIKUBASACH C TAKUM I1e-
pexoziom, HKA nemejsieHHO ero BbITIOJIHSET.

Ha pucynke 15.10 mokasano, Kak COBMECTUTD aBTOMATBI TIEPEX0/Ia COCTOSTHUE JIJIsT
TIOIBBIPAKEHNUH, YTOOBI TPOU3BECTH HOJIee CIOKHbIEe Bhipaskenus. Cumsos & 0603Ha-
yaeT HYJIeBOH [1€PeX0/l, a IPSIMOYTOJIbHUK — HOTEHIIUAIBHO CI0KHYIO C€Th COCTOSIHUH,
MIPE/ICTABJIAIONLYIO MO/[BLIPAKEHHE.

B nepBoii yactu pucynka 15.10 nokasan Habop COCTOSIHUI, ONMUCHIBAIONINX He-
KO€ TIOJIBBIPAKEHUE, DTO MOKET OBITH MPOCTON €AMHUYHBIN MEPEXOJ, KOTOPBIU CO-
MOCTABJISIET €IMHUYHBIN BBO/L (Kak Ha puc. 15.5), miim e cJI0KHOEe MHOKECTBO CO-
CTOSAHMI U 11epexo/10B. C TOYKU 3PEHUS OCTANbHBIX COCTOSTHUI €IMHCTBEHHOM BaXK-
HOIl 4epTOoi 3TOH KOHCTPYKITNH SIBJISIETCS] HATUYNE OTHOTO BXO/SIIETO U OHOTO HC-
XOZSTIETO COCTOSTHUI.
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Bo Bropoii actu pucynka 15.10 nokasano, kak coBMecTHTb 1Ba apToMata, M, u M,,
c IoMo1bio onepatopa +. Mlexozsiee cocrostue M, coeAMHEHO CO BXOSAIIMM COCTOSHM-
eM M, ¢ NCroIb30BaHeM HYJIEBOTO IIEPexo/1a. TO T03BOJISIET U30EKATh X COBMEIICHYS.

A
%)

@ (%]
M

%)
M M, +M, M,|M,

1

Puc. 15.10. Vcnonbzosanne HKA u HyJieBbIX IEPEX00B yIIPOIIAeT 00beIMHEHNE
MTO/[BBIPASKEHU I

B rpetbeii yactu pucynka 15.10 nokasano, kax s06aButh oneparop * k M. Mcxo-
IsITIIee COCTOSTHYIE 9TOTO aBTOMATa COEIITHEHO C er0 BXOJSAIINM COCTOSTHUEM C TIOMO-
B0 HYJIEBOTO Tepexo/ia. OmepaTop * MO3BOJISIET YKa3bIBaTh BRIPasKeHNE, 32 KOTOPBIM
OH CJIEYeT, CKOJIBbKO YTOMHO pa3 (MM He YKa3bIBATH BOOOTIIE), TOITOMY MOCPEICTBOM
elne oJfHOTO HyJieBoro nepexoga HKA MoskeT okaszaTbcs B IPUHUMAIOIIEM COCTOSHUN
6e3 conocTaByeHns ¢ coAepKUMbIM M.

[Mocnemusist vactsb pucynka 15.10 1eMOHCTPUPYET MPOIIECC COBMEIEHSI ABTOMATOB
M, n M, c momommbio onepaTtopa | . FITOroBbrii aBToMat MCHIOIb3yeT HOBOE BXOJAIIEE CO-
CTOSTHUE, CBI3aHHOE HYJIEBBIM TIEPEXO/IOM CO BXOASAIUMHU COCTOTHUSIMU M o M2. Ncxo-
asmme cocrosguus M, u M, coeMHeHbl HYJIEBBIM NIEPEXOAOM C UTOTOBBIM MCXOAAIIMM
COCTOSIHHEM HOBOT'O COBMEIIEHHOT'O aBTOMaTa.

YT00BI MOABITOKUTH BCE BBIIIECKA3AHHOE, MOKETE CO3/IaTh AHAIU3ATOP PETYJISIp-
HbIX BpraH(eHHfI, BBIIIOJIHUB CJeAyIoIine marm.

1. CosmaliTe cMHTaKCHYECKOE JAEPEBO JI PETYJIAPHOTO BhIPAsKEHU .

2. C MOMOIIbIO0 CHHTAKCUYECKOTO JIepeBa PEKYPCUBHO CTeHEPUPYITE COCTOSTHUST JITIST
HKA, npezicraBstonue BbipaskeHue.

3. 3amycrure HKA B cocrosiaum 0 1 TocuMBOJIBHO 00paboTaiite ¢ €ro moMoIbio
BXOZAILYIO CTPOKY.

NMouck cTpok

B npensiayiem paszgese o0bsicHAIOCH, Kak ¢ momolnsio JKA u HKA uckars 1ma-
6si0HbI B cTpokax. OnucaHHble TaM METOAMKU SIBJISIOTCS JOBOJbLHO ITMOKUMU, HO B TO
JKe BpeMst OTHOCUTEIbHO MeieHHbIMI. [ morcka ciosknoro mabiaona HKA unorma
MIPUXOIUTCST OTCIIEKNBATH OTPOMHOE KOJIMYECTBO COCTOSTHUI, TaK KaK OH OT/IETBHO TTPO-
BEPSIET KK/l CUMBOJI BO BXOJISIIIEN CTPOKE.

EcJrit BbI XOTHTE HAWTHU BO (DpArMeHTe TEKCTA OTIPEIeJIEHHYIO TTOJICTPOKY, a He 11ah-
JIOH, ¥ Bac ecThb Oosiee ObicTpbie BapuaHThl. CaMoe OUeBUIHOE PEIEHIEe — 9TO THKJIU-
Yyecku 1epebparb Bce CUMBOJIBI B TEKCTE ¥ IIPOBEPUTH HAJIMYKE MCKOMOI IIOACTPOKU
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B KayK/I0H U3 MTO3UTIUIA. DTOT MPSIMOJTUHENHBIIN [TO/IX0/1 TOKA3aH HA IPUMEPE CJIEYIONIErO

IICEeBZIOKO/IA.
// Bo3BpamaeM IO3MUIINI0 IOACTPOKM B TEKCTe.
Integer: FindTarget (String: text, String: target)

For 1 = 0 To <last index of string>
// TlpoBepsieM, Ha4YMHaETCs JIM MOACTPOKA C HO3ULIMM 1.
Boolean: found_it = True
For j = 0 To <last index of target>
If (string[i + j] != target[j]) Then found_it = False
Next j

// TlpoBepsieM, HAWIM JIM MH MCKOMYI IIOOCTPOKY .
If (found_it) Then Return i
Next 1
// Ha 2ToM »Tare MOXHO CKa3aTb, YTO IIOICTPOKa He HalmeHa.
Return -1
End FindTarget

B sToM asropuTMe niepeMeHHas 1 M3MEHSIETCS, TIOKA He JIOCTUTHET JIJTMHBI TEKCTA.
[lnst Kask/10r0 ee 3HAUEHUA TIepeMEeHHAas j TTPOXOUT 0 BCel JynHe mojcTpoku. Ecan
TeKCT cofepskuT N CUMBOJIOB, a TIOAICTPoKa — M, Tora obiee Bpems paboThI aJITOPHT-
Mma paBHo O(N x M). ITo yxe Tpoliie 1o cpaBHeHNIO ¢ ncroab3oBanrem HKA, o Bce
paBHO He 0ueHb 3P PEKTUBHO.

Anropurtm boitepa — Mypa umeet pyroii 1101X0/1, KOTOPbII 3HAYUTEJBHO YIIPOIIaeT
MOKCK CTPOK. BMecTo Toro uT066! epeGuparh MCKOMYTO TIOJICTPOKY € CAMOTO Hadasia, OH
HAYMHAET TIPOBEPSITH €€ ¢ KOHIIA, IBUTASICH B 0OPaTHOM HATIPABJICHUH.

Y0661 BaM OBLIIO IIPOLLLE IIOHATH PACCMATPUBAEMbIN aJIFOPUTM, [IPEACTABbTE, YTO HC-
KOMasl IIOACTPOKA PACIOJIOKEHA IIOJ] TEKCTOM B IIO3ULIMH, B KOTOPOI MOKET ObITh Haii-
neHo coBnazenne. CpaBHeHNE CUMBOJIOB HAUMHAETCS C JIEBOTO Kpas MoJCTpoku. Ecin
B TEKyIIell MO3UIUM OHA He COBIIA/IAeT C TEKCTOM, AJITOPUTM TIePEMEIAeT ee BIIPAaBO
K CJIeIyTonell TIO3UINH, T/le OH MOKeT HalTH COOTBETCTBHE.

[TpencTaBbTe, HATPUMEP, YTO BBl XOTUTE HAWTH CTPOKY Roosevelt B TEKCTe
A man a plan a canal Panama.Paccmorpure pucyHok 15.11.

(A |m|ajn] |a| [o|1]a|n| |a] |e|a|n]a[1] |P|a|n]a]m|a)

R|o|o|s|e|v|e|l]|t

Puc. 15.11. TTouck mozcTpokt Roosevelt B TekcTe A man a plan a canal Panama
TpebyeT BCero Tpex CpaBHeHUI

CHauasia aJITOPUTM BbIPaBHUBAET 00€ CTPOKU IO JIEBOMY KPAI0 U CPABHUBAET T10-
CJIeTHUI CHMBOJI TIOJICTPOKH (£ ) € COOTBETCTBYIOIIUM CUMBOJIOM B TekcTe (p). OHM He
COBMA/IAIOT, TOATOMY MCKOMAasT TIOJICTPOKA CABUTAETCS BIPABO, YTOOBI MOSKHO OBLIO Hali-
THU OY€epeHYTO0 MTO3UIINIO, T7Ie BO3SMOKHO coBIaeHne. Ciieyomnii CMMBOJI, p, He COZIEP-
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SKATCS B TIOJICTPOKE, T03TOMY aJTOPUTM C/IBUTAET ITOICTPOKY BIIPABO Ha /I€BSITh CUMBO-
JIOB, 4TOOBI MOJHOCTBIO TIOMEHSITH TEKYII[Ee MECTOIIOIOKEHUE.

Ha HoBoI1 mo3uium mocyaeHnui CMBOJI TTO/ICTPOKH, t, He COBIAIAeT C COOTBETCTBY-
IOIUM CUMBOJIOM B TekcTe, n. CoBIajieHue OIsATh He Hali/IeHO, U TIOJICTPOKA C/IBUTAET-
CAa BHpaBO Ha 1eBATb CUMBOJIOB, HOTOMy KaK OHa He CO[[epH(I/IT n.

B HOBOIT mo3uIMy MOCIeIHMI CUMBOJT TIOJICTPOKH, t, He COBTA/IAeT C COOTBETCTBRY-
IOII[M CUMBOJIOM B T€KCTE, a. OISTh He Hali/[eHO COBIIAIEHUSI, U OIISITh B ICKOMOI ITOJI-
CTPOKe He BCTPeyaeTcsl CUMBOJ &, I03TOMY OHA CHOBA CIBUTACTCS HA IE€BATH TO3UITUN
BITPABO.

Ha nannom arare 110ACTpOKa BLIXOUT 32 IIPe/IeJIbl TEKCTa, I09TOMY COBIIa/[eHUe He-
BO3MOJKHO. AJITOPUTM JIeJIA€T 3aKII0YEHIE: TIONCTPOKA He COMEPKUTCS B TeKcTe. TT0ObI
y3HATh TO K€ caMoe € TIOMOIIBIO paHee OMHUCAHHOTO aJTOPUTMa Tiepebopa, MPUIILIOCH
ObI BBIIIOJNHUTD 37 cpaBHeHMI — ajroputMy boliepa — Mypa 110Haz00110Ch BCEro TPH.

Ho He Bcerzia Bce MPOXOINT TaK TIaiko. B kavecTBe Gosee CI0KHOTO MPUMeEpA TT0-
mpobyeM HaiiTh ToICTPOKY cadabra B TeKcTe abba daba abadabracadabra. Pac-
CMOTPUM PUCYHOK 15.12.

albibla dlalb|a albla|d|a|b|r|alc|a|d|a|b|r]|a

cla|d|a|b]|r|a

Puc. 15.12. TTouck cadabra B Tekcte abba daba abadabracadabra tpebyer
18 cpaBHeHwMit

AJITOpUTM HaYMHAET CBOIO PabOTy C JBYX CTPOK, BHIPOBHEHHBIX 10 JIEBOMY KPAlo,
M CPaBHUBAET CUMBOJI TIOZICTPOKH & C CUMBOJIOM B TeKcTe — a. OHU COBIAZIAIOT, TI09TO-
MY aJITOPUTM IIPOBEPSIET CJeAYIoNne CUMBOJIBI — r 1 d. COBIIAJIEHUs HET, B CBSI3H C Y€EM
MCKOMasI TIOZICTPOKA CABUTAETCS BIIpaBo. OMHAKO B IAHHOM CJIydae CUMBOJ d BCTpeya-
eTcsI B TTOJICTPOKE, TTO3TOMY OH MOXKET OKa3aThCsI YacThio COBNa/ieHM:. [lofcTpoka caBu-
raeTcs JI0 TeX Mop, TOKa ee IMocaefHIH cuMBOJI d (3aKpallleH CepbIM I[BETOM Ha PUCYH-
ke 15.12) He mopaBHsieTCsI ¢ AHAJIOTHYHBIM CUMBOJIOM B TEKCTE.

Ha noBoii mo3utum mocaeiHIi CUMBOJI TIOZICTPOKH & He COBIAIAeT C COOTBETCTBRY-
IOIIM CUMBOJIOM B TekcTe, — npobesioM. TTogcTpoka He COIepsKUT POOEIOB, MOITOMY
OHa CJIBUTAETCS BIIPABO HA BCIO CBOIO JUIMHY (CEMb CUMBOJIOB).
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Ha HoBOI1 mo3uiinu mocjaeJHUi CUMBOJI IIOJICTPOKU & He COBIAZAET C COOTBETCTBY-
FOIIIIM CUMBOJIOM B TeKCTe r. B MojicTpoke BCTpeyaeTcsi CHMBOJI ¥, TO9TOMY OHA C/[BU-
raercs BIIPABO, TIOKA ee r (3aKpallleHHbIN CEPhIM I[BETOM ) He TIOPABHSIETCS C ¥ B TEKCTE.

Ha OHGPEHHOfI IIO3nInn HOC]IGZIHI/II;.I CHUMBOJI TIO/ICTPOKM a COBIIa/[a€T C COOTBET-
CTBYIOIIUM CUMBOJIOM B TEKCTE &, TO9TOMY aJITOPUTM MTPOBEPAET IMPEAbIAYITNE CUMBO-
JIbIL. HOCKOJIbe OHH TOJKE COBIIQ/[AIOT, aJITOPUTM IIPOAOJIZKAET /IBUT'aTbhbCA B O6paTHOM
HaIllpaBJIEHUH, CpaBHUBaA COJEPKUMOE ITOACTPOKU C TEKCTOM. CoBI1aJIo 11ecTb CUMBO-
JIOB. OZIHaKO Ha IEPBOM CUMBOJIE ITO/ICTPOKU C 06Hapy>1<1/moc5 HeCOoBITageHME C COOT-
BETCTBYIOIIINM CUMBOJIOM B TEKCTE, b.

B nckomoii oficTpoke BCcTpeyaeTcsi CUMBOJI b, HO He Ha TOM MMO3UIUH, B KOTOPOi
AJITOPUTM HAXOAUTCS B JaHHBIH MOMEHT. YTOOBI COBMECTHTD €0 € TIOAXOISIIIM CHM-
BOJIOM B TEKCTE, aJITOPUTMY TIPUIILIOCH GBI CIBUTATH TIOACTPOKY BJaeBO. OHAKO 9TOTO
He MTPOM30M/IET, TIOCKOJIbKY BCE MO3UIUE CJIeBa YiKe OB UCKITIOYEHBI. AJITOPUTM J[BU-
raeTcs B IIPOTUBOIIOJIOKHOM HAllPaBJIEHUH, C/IBUTad IOJCTPOKY BIIPABO HAa CEMb CHM-
BOJIOB — TY/Ia, T/i€ €ellle BO3MOKHO coBnaseHue. Ha aToli mo3unum Bce CUMBOJIBL TIO/I-
CTPOKHU COBIIQJIAIOT € AHAJIOTMYHBIMU CUMBOJIaMU B Tekcre. CiieZ1oBaTesIbHO, aJlTOPUTM
HallleJl COOTBETCTBHE.

[TomnraroBoe BbicOKOYpOBHEBOE Omucanue ajroput™ma boitepa — Mypa nipeictaBjieHo
HIKE.

1. BerpaBHIBaeM HCKOMYIO OACTPOKY M TEKCT O JIEBOMY Kparo.
2. IloBToOpsiem, oKa MOCJAeTHUI CUMBOJI TTOJICTPOKY He BBIH/IET 3a TPe/IeJbl TEKCTA:

d. Ha4yMWHadA C KOHIIA ITO/ICTPOKH, CpaBHUBAEM €€ CUMBOJIBI C COOTBETCTBYIOMIMMMN
CHMBOJIaMU B TEKCTE. IIBI/IFB.BMCH B O6paTHOM HaIllpaBJIEHWU K HadaJly;

b. ecsiu Bce cUMBOJIBI COBITAJIAIOT — COOTBETCTBUE HAI/ICHO;

C. JIOIYCTUM, CUMBOJI X B TEKCTE HE COBIIAJIAET C COOTBETCTBYIONUM CUMBOJIOM
B mojicTpoke. CABUTaeM MOJCTPOKY BIIPABO, TIOKA X HE TOPABHSIETCS C TAKUM XKe
CUMBOJIOM B TOH YaCTH MTO/ICTPOKU, KOTOPAst HAXOIUTCS CJIEBA OT TEKYIIIel Mo3u-
1. Ecaim Takoro cMMBOJIa HET, CAIBUTAEM TTOJICTPOKY BIIPABO HA BCIO €€ JIJINHY.

OmrnM 13 Hanbosree TPYIOEMKUX YIACTKOB ATOTO ATOPUTMA SIBJISIETCS AT 2¢, KO-
TOPBIH BBIYMCIILET, HACKOJIbKO JJAJIeKO HYKHO CABUHYTD IOJCTPOKY BIIpaBo. Ero Mosx-
HO YCKOPUTb, €CJTU 3apaHee TTOACYUTATDh KOJIMYECTBO HECOBIIAJIATONNX CUMBOJIOB B Pa3-
HBIX TO3UIIHISAX TIOJICTPOKH.

[TpeacraBbTe, HAIIPUMED, YTO B MO3UIIUH 3, TIE TEKCT COAEPKUT CUMBOJI G, 0OHApY-
JKIBAETCS HECOBIAAEHNE. JTO 3aCTABUT AJITOPUTM CABUHYTH TEKCT BIIPABO, YTOOBI ET0
CUMBOJI G ITOPABHSIJICS € MEPBLIM CUMBOJIOM G B TIOJICTPOKE, KOTOPBIN HAXOUTCS CJie-
Ba OT [O3ULINHA 3.

==_ 3AMEYAHUE

I ' B HekOTOpbIX pa3HOBUAHOCTSX anroputMma bonepa — Mypa ncnonb3yotca 6onee
' noxHble npaenna gnsa adPeKTMBHOro casmnra MCKOMom NoACTPoku. NpencrasbTe,
K NPUMeEpY, HYTO aJITOPUTM HaXOAUTCS B C/IEAYIOLLEM NMONOXEHUN.

what shall we draw today

abracadabra
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OH ckaHupyeT abracadabra B o6paTtHoM HanpasneHuu. lNepBble ABa cMMBOA,
a n r, coBnagarT. 3aTeM CMMBON d B TEKCTE He COBNagaeT C CMMBOJIOM b B NoA-
cTpoke. Mpepbiaylias Bepcus anroputmMa caBuHyna 6bl NoacTPOKY Tak, YTOObI
HEeCOBMaBLUUI CUMBOJI TEKCTa d HAXOOWJICA B CieaytoLen no3vunm:

what shall we draw today

abracadabra
Ho Mbl ke Buaenu, 4To TEKCT COBNAAaeT Co CreayloLwmMmm AByMS CMMBOIaMu, ra,
NMno3TOMY 3HaeM: B 3TOM MeCTe CMMBOJ1bl B TEKCTE dra COOTBETCTBYIOT CMMBO/1aM
B noacTpoke dab.

BmecTo TOro 4tobbl AenaTb CABUM HA MO3MLMIO HECOBMABLLEro CUMBOJA d, Haxoas-
Lerocs B TEKCTE, Mbl MOXEM BbIPOBHSATbL COBMaBLLUMA CydDUKC (ra B HALIEM Chly-
yae) ¢ 6onee paHHUM BXOXAEHNEM 3TUX CUMBOJIOB B UICKOMOW noacTpoke. Mpole
roBops, NOACTPOKA CABUIraeTcs Tak, 4ToObl NOMECTUTb NPEbIAYLLEE BXOXAEHNE
ra HanpoTuB TeKkyLlero cydpdumkca.

what shall we draw today

abracadabra
OT0 NO3BONSET ANFOPUTMY CABUHYTH NOACTPOKY AasbLLUE, YTO YCKOPUT BbINOSIHEHNE
novicka.

BonbLlue o pazHoBugHoOCTAX anropmutma bonepa — Mypa MOXHO y3HaTb Mo agpecy
https://ru.wikipedia.org/wiki/Anroput™_Boitepa_— Mypa.

Asropur™ Boitepa — Mypa numeer HeoObIUHY 0 0COGEHHOCTD: YeM [VINHHEee HCKOMast
MOJICTPOKA, TeM ObIcTpee OH paboTaeT. ITO CBSA3AHO € TEM, UTO TIPU HAXOKIEHUH HECO-
BIIA/IAMOIIETO CUMBOJIA OH MOJKET CIBUHYTH TIOICTPOKY Ha OOJIbIIIEE PACCTOSTHUE,

BbluucyieHne pegakuMoHHOIro pacCToAHUS

Pedakuuonnoe paccmosinie MeXIy IBYMsI CTPOKaMH — 9TO MUHUMATHHOE KOJTNYe-
CTBO M3MEHEHUH, HeOOXOIMMBIX JIJIsI TIPEBPAIeHUsT OJ[HOM CTPOKH B ApyTyto. Jlomycru-
Mble U3MEHEHUST MOJKHO OTIPEETNTh HECKOMBKIMHU criocobamit. Mbl 6yieM HCXOINUTH
U3 TOTO, YTO HAM MO3BOJIEHO TOJIBKO Y/IAJIATh ¥ BCTaBAATH OYKBBI. ECTb ele ojiuH Buj
U3MEHEHWIT, KOTOPBIN 371€Ch HE PACCMATPUBAETCS, — 3aMEeHa OJJHON OYKBBI Ha IPYTYIO.
ToT ke pe3yabTAT MOKHO TIOJYIUTD IYTEM YAATEHUs IEPBOit GYKBBI U BCTaBKH BTOPOH.

Paccmotpum, Haripumep, ciioBa encourage v entourage. O4eBUIHO, YTO /IS TPEBPa-
IIeHUS TIePBOTO BO BTOPOE JIOCTATOYHO YAAJIUTD C U BCTABUTD t. TO /[BA UBMEHEHUS, T10-
3TOMY PelaKIIMOHHOE PACCTOSHUE MESKIY TaHHBIMU CJIOBAMU PaBHO 2.

Jlasaiite Bo3bMeM ellle [Ba cyioBa: assent u descent. O uH 13 croco6os 1peobpaso-
BaHUS TIEPBOTO BO BTOPOE OY/IET COCTOSATD U3 CIIEAYIONIHX [IAaroB.

1. Yansiem a, uTo0bI TOJYYHUTH SSent.
2. YoupaeM s, 4T06bI 0Opa3oBath sent.
3. Ynansiem s, 4TOObI TIOJTYYUTD ent.

4. JloGasisgeM d, aToObI chopMUpOBaTh dent.
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5. [loGaBisgeM e, 9T0OBI HOIYYUTD deent.
6. BerasisieM s, uToOb1 00pasoBaTh desent.
7. lo6GasJisieM ¢, 4ToObI TIOJTYYUTh descent.

Beero motpeboBasoch ceMb MAToB, IOITOMY PEAAKITMOHHOE PACCTOSTHIE He H0IIbIIe
7. Ho xax oTpesiesTnTh, sIBJISIETCS JIM IAHHBIH ctocob mpeobpasoBanust assent B descent
caMbiM ahdexTuBHBIM? B ciyuae ¢ 6osiee JIJIMHHBIMU CJIOBAME WJIH CTPOKamu (1160
baiilamMu, KaK BbI BCKOPe YBUUTE B 3TOM Pa3JieJie) MPOBEPUTh, YTO MbI HAIILJIN ONTH-
MaJbHOE peTlieHre, MOKET OKa3aThCsI JOBOJBHO CIIOKHO.

Onut 13 crioco60B BHIYKMCICHUS PEIAKIMOHHOTO PACCTOSHS 3aKII0YAETCs B 10~
CTPOEHUN PEAAKITMOHHOTO Tpada, MPeCTaBAIONIET0 BCe U3MEHEHNsI, KOTOPBIE MOXKHO
BHECTH, YTOOBI TPEBPATUTD OIHO CIOBO B Apyroe. HaueM ¢ cO3MaHIsT MACCUBA Y37I0B,
II0XO’Kero Ha TOT, YTo u3obpakeH Ha pucynke 15.13.

V3J1bl B BepxHeit acTu rpada ImpecTaBisioT OyKBBI IIEPBOTO CJIOBA. BYKBbI BTOPOTO
caoBa HaxoATcA cieBa. Co3aiuM 3BeHbsI MEXKY Y3JIaMH, BeIyIIHe BIIPaBO M BHUS.

Jlo6aBuM simaroHajibHble 3BEHbs, OTCBLIAIONINE K TEM Y3JIaM, T/Ie COBIAAAIOT COOT-
BeTcTBYyIOMHE 6YKBBI B 060uX caoBax. Hampumep, B cioBe assent 6yKBa e SIBJISICTCSI 4eT-
BEPTOii, a B CJI0Be descent — BTOPOH, TOITOMY THATOHATHHOE 3BEHO BEJIET K Y3y CHU3Y
OT € B assent ¥ CIipaBa OT NEPBOTO ¢ B descent.

Kaskmoe 3BeHO mpejicTaBisiet coboi peodpaszoBaHue IEPBOTO CJIOBA, KOTOPOE JIeJia-
et ero 6oJiee MOXOKUM Ha BTOpoe. 3BEHO, BelyIlee BIPaBo, 0003HavYaeT yanenne GyKBbl
u3 nepBoro ciosa. Hanpumep, 3Beto, oTcbinaioniee kK GyKBe a B BEPXHEN CTPOKE, OTIUCHI-
BaeT y/IaJICHIE a U3 assent, Pe3yJIbTaTOM KOTOPOro OyIeT ssent.

3BeHo, yKasplBalolee BHu3, 00o3Havaet gobasaenne OyKBbl B cjoBo. Hampumep,
3BEHO, Beayliiee K OYKBe d B IEPBOM CTOJIOTIE, UILTIOCTPUPYET BCTABKY 9TOI OYKBBI, B pe-
3yJIbTATe 4ero MOJIyYUTCs CJI0BO dassent.

JluaroHaibHOE 3BEHO O3HAYAET, UTO OYKBA OcTaeTcs 6e3 M3MEeHEHUA.

JIxo6oii myTh B 5TOM Trpade, MAYIINN 13 JIEBOTO BEPXHEro B IPaBbIil HUKHUI yTOJI,
COOTBETCTBYET TOC/IE0BATEIbHOCTU M3MEHEHU JIJIst TPe0Opa30BaHUsI TIEPBOTO CJIOBA
BO BTOpoe. HanpumMep, n3aMeHeHsl, ONMCaHHbIE BBIIIE, TPe/ICTaBIeHbI Ha pucyHke 15.13
B BUJI€ 3BEHBEB, KOTOPbIE BBIJIETIEHbBI TOJCTHIMU JIMHUSIMU.

Teneppb Haii TV B peflakIMOHHOM rpade HanMeHee 3aTPaTHBIN 11y Th 6YIeT 10CTaTOu-
HO JeTko. [[prcBonM ropu3oHTaTbHBIM ¥ BEPTUKAJIBHBIM 3B€HBSIM 3aTPAThI B pazmepe 1,
a jonosHuTeTbHBIM — . Ternepb HaM HYKHO IIPOCTO BBIYUCIUTD CAMBI KOPOTKUH Ty Th
B CETH.

JLJIs1 5TOr0 MOKHO HCIIOJIB30BATh METOANKH, KOTOPbI€ ObLIIM ONMCaHbI B Ty1aBe 13, Ho
aTa ceTh obamaer 0coboil CTPYKTYPOil, KOTOpast O3BOJISIET TIPUGETHYTH K GoJiee Tpo-
cToMy crocoby.

Jlist Havasia yCTaHOBUM JIJIST Y3JI0B PACCTOSIHUSI, PaBHBIE HOMEPAM UX CTOJIOIIOB.
Paccrositine 0T JIeBOTO BEPXHETO YTJIa [0 Y3Ja B TSITOM CTOJIOTE PABHO 5 — TO €CTh,
KOJINYECTBY 3B€HBEB, KOTOPOE HYKHO /10 HETO TIPOITH.

AHAIOTHYHO PACCTOSHUS 10 Y3JI0B B KPaifHeM JIEBOM CTOJIOTE PABHBI HOMEPAM MX
cTpOK. UTOObI TTOJYYUTD y3e B CTPOKE 7, HEOOXOAMMO MPOHTH 110 CEMU 3BEHbSIM.
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Puc. 15.13. Pepakunonnsiii rpad, OmuchIBAIONNI BO3MOXKHbBIE Y TH ITPEBPAIEeHIs assent
B descent

Tenepb nuKINYECKE mepebepeM BCe CTPOKH U JIJIST KaK/IOH M3 HUX BBITIOJTHUM TIe-
pebop cooTBercTBYIONUX cTOI00B. CaMblil KOPOTKUI IyTh K y3JIy Ha nosuiuu (7, ¢)
IPOXO/IUT Yepe3 y3eJi, pa3MeliieHHblil cBepxy (¥ — 1, ¢) unu caesa (7, ¢ — 1) ot Hero; ecain
JKe JIOIYyCKAeTCs IBUIKEHUE IO JMArOHAJIH, TPOMEXKYTOUHBIN Y3eJ MOKeT HaXOJAUThCS
cBepxy ciesa, (r— 1, ¢ — 1). PaccTosHust KO BCeM 9TUM y3J1aM ysKe ObLIU yCTaHOBJIEHBI,
MMOITOMY BBl MOKETE OTIPEIEIUTD 3aTPATHI BCEX BO3MOKHBIX ITyTEH U OTIPEIESUTD Y3€J,
KOTOPBIN HAXOAUTCS HA CAMOM KOPOTKOM PacCTOSTHUH (7, C).

BbisicHUB, KaK MICKAaTh PEAAKIIMOHHOE PACCTOSHIIE MEKTY IBYMSI CJIOBAMI UJIU CTPO-
KaMH, C/IEJIATh TO JKe CaMOoe JITTst IBYX (hailioB. AJTOPUTM MOKHO OCTaBUTH Oe3 M3MeHe-
HUiT, cpaBHUBAs (haiisbl TOCUMBOJIBHO. K coKameHunio, /st 3TOTO MOTPeOYeTCsT CIIUTI-
KOM GOJIBIION pefakInoHHbI Tpad. Hampumep, eciut (hailsibl copepsKaT IPUMEPHO 0
40 000 cuMBOJIOB (JIOIYCTUM, KaK 3Ta TJIaBa), PEeIaKIIMOHHDINA Tpad OyIeT COCTOSITh 13
40 000 x 40 000 = 1,6 mupz ysi08. Ero mocrpoenne norpedyer 60b110ro 00bema Iia-
MSITH, 2 Ha €T0 MCI0JIb30BAHNE YIIET MHOTO BPEMEHH.

B kauecTBe a/bTEPHATUBHOTO MOIXO0/Ia AJITOPUTM MOKHO H3MEHUTh TAKUM 00pasoM,
4TOOBI BMECTO CHMBOJIOB OH CPaBHUBAJ CTPOUKM B (aiiax. [[us daiiios, cocrosmmx
u3 700 cTpouek, peaakimonusiii rpad 6yaer umers 700 x 700 = 49 000 y3510B. IO BCe
PaBHO JIOBOJILHO MHOTO, HO Yske GoJiee TipreMIeMo.

Pe3iome

MHorum nporpammaM IIPUXOAUTCST 3aHUMATHCS aHAJIN30M U M3MEeHEeHUEeM CTPOK.
U xots iporpamMMHbie GUOIMOTEKH COIEPIKAT caMble PasHble MHCTPYMEHTHI JIJIsT HTUX
3ajlay, BAM CTOUT MOHMMATh, KAK UMEHHO PaboTaloT HEKOTOPbhIE M3 TAKUX aJTOPUTMOB.
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Harpumep, ncmonb3oBaTh TOTOBOE peTyJisipHOE BbIPAKEHNE HAMHOTO IPOIIe, YeM Mu-
cathb cBoe cOOCTBEHHOE, oaHaKko MeToauku npumenenns KA u HKA na o6paboTku
KOMaH/l MOTYT IIPUTOIUTHCS BO MHOTUX JPYTUX CUTYaIUSX. VI3BeCTHBIH ajaropuT™ 1mo-
ncka ctpok boitepa — Mypa 10cTOMH Kak MUHUMYM KPaTKOTO 3HAKOMCTBA. AJITOPUT-
MBI PEIAKIHOHHOTO PACCTOSHIS TIO3BOJISIOT OTPEAETUTD, HACKOIBKO GIUBKIMU JIPYT
K JIPYTY SBJISIOTCS CJIOBA, CTPOKY MJIN Jlaske (DAMIIBI, M HAUTH Pa3HUILY MEKLY HUMHU.

MpI He cTai paccMaTpUBAaTh 371ECh ATOPUTMBI /71T UG POBAaHNS U IeNT(MPOBAHUS
CTPOKOBBIX U JIPYTHUX JaHHbIX. Hanbosiee Ba)KHBIM M MHTEPECHBIM M3 HUX TTOCBSIIIIEHA
celyIoNias TaBa.

YnpaxHeHusa

3B€3HO‘IKOﬁ OTMeYeHbBI 32/I1a4M TTOBBIITEHHON CTOKHOCTH.

1. Hamumure mporpaMmy, COJIEP:KUT JIM BBEJEHHOE TOJIb30BATEIEM BbIPAKEHUE
KOPPEKTHO BJIOKEHHBIE CKOOKHU. [IPUMEHSITh B BHIPAKEHUH JAPYTU€ CUMBOJIBL.
[pumep: (8 x 3) + (20/ (7 — 3)).

2. Hanummure mporpaMMy, KOTopasi pas0rpaeT U BHIYKCISIET apudMeTHIecKue Bbi-
paskeHus, coziepKalie BeNeCTBeHHbIE YNCTa U OIIepaTopbl +, —, * 1 /.

3. Kax ObI BbI I3MEHUJIH IPOTPAMMY U3 YITPaKHEHUS 2, UTOGBI 100aBUTD TIOIEPIKKY
yHapHOTO orieparopa otputianus? [Ipumep: — (2 / 7).

4. Kax Obl BbI IBMEHUJIM IPOTPAMMY U3 YITPaKHEHUS 2, UTOOBI 100aBUTD TOIEPIKKY
byuxmii, Takux Kak sine? [Ipumep: 3 * sine(45).

5. Hanumure nporpaMmy, KoTopasi pasOupaeT 1 BbIUUC/ISIET OYJI€BbI BIPasKEHUS,
Takue Kak T& (-F | T), rae T o3navaetr TRUE, F — FALSE, & — AND, \ — OR,aNOT
NPEICTABJICHO 3HAKOM -.

6". Harmmmie mporpaMMy, aHATOTUYIHYO TOM, UTO MOKa3aHa Ha pucyHke 15.14. Ona
NIOJKHA TEHePUPOBATh CUHTAKCUYECKOE IEPEBO J1JIsI BBEIEHHOTO [10JIb30BATEIEM
BBIPQKEHHUST U 3aT€M BBIBOJIMTH €T0 Ha HKpaH. B 3aBucumMocT ot crocoba mpo-
PHCOBKH TpaUKOB HAYAJIbHAsI TOUKA B CHCTEME KOOPJWHAT B BallleM n300pake-
uu (0, 0), ckopee Bcero, OyieT HAXOUTHCS B JIEBOM BEPXHEM YIJIy, 2 OCU — Ha-
IpaBJIeHbl BIPaBo 1 BHU3. KoopannaTHas cetka X u Y HepeIKo MPUBI3bIBAETCS
K TTUKCEJISIM, M3-32 Yero UTOTOBBIN TPahUK MOKET OKA3aThCsI IOBOJIBHO MEJTKHM.
Ecam y Bac HeT ombiTa IpOrpaMMUpPOBaHus rpaduKoB, MOJKeTEe He BOTHOBATHCS
0 MacITabuPOBAHKUHU U MOATOHKE Pe3yJIbTaTa K pa3MepaM OKHa.

7. Cospaiite TabauIly 1IepexoioB IS AuarpaMMbl iepexoga cocrosguuii JJKA, no-
KazaHHOI Ha pucyHKe 15.4.

8. Hapucyiite auarpammy niepexoya coctosiuuii JIKA, KoTopasi COOTBETCTBYET pe-
TYJIIPHOMY BbIpakeHUIo ( (AB) | (BA)) *.

9. Cospnaiite TabIMIly IEPEXOOB JJIST AUATPAMMBI TEPEX0Ia COCTOSHUN, KOTOPYIO
BBl HAPUCOBAJIU B yIIPAKHEHUM 8.

10", Hamuimre mporpamMMy, KOTOPasi MO3BOJISIET BHIOUPATh MEPEXO/bI COCTOSIHUIL
[ KA, BBOAUTD CTPOKH U OTIPEIEATh, TPUHUMAET JIX UX aBTOMAT.
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11.

Kaxk BbI 1ymaete, kakum o6pazom JIKA srydiiie ipuHUMATD TIEPEXO/BI COCTOSHUT —
u3 TabuIbl, aHAIOTHYHOI 15.1, nn B Bujie 06bEKTOB, KOTOPBIE TIPEACTABIISIOT
cocrostaust? [louemy?

s8  GraphExpression - oIEl

Expression: | (Sine(X/10)°50)+100

Puc. 15.14. [Iporpamma GraphExpression resepupyer Ha OCHOBE BbIPaKeHUST CHHTAKCUYECKOE
JIEPEBO U 3aT€M MHOTOKPATHO €0 BBIYKCIISIET, YTOOBI OTOOPA3UTD STO BHIPAsKEHIE HA 9KPAHE

12.

13.

14.

15.

16.

17°.
18"

Kax 651 BbI cozganu Habop cocrosguuii 11 HKA, 4To6bI IpOBEPUTH BXOKACHME
mabona B ctpoky? Hampumep, kax Obl OIpeJeUIN BXOXKIEHUE B JTTMHHYIO
cTpoKy Inabsiona ABA? Hapucyiite guarpaMmy Iepexoga COCTOSTHUM, MCIIOJIb-
3yst OJIOK JIJIST TIPEICTABJIEHUs COOTBETCTBYOIIEro aBToMara (Kak ObLIO clea-
HO Ha pucytke 15.10).

HapncyﬁTe CUHTAKCUYECKOE /IePeBO I BbIpaskeHus (AB*) | (BA*). HapI/I-
cyiite cetb HKA, koTopas siBisieTcs pe3yabTaToM MPpUMEHEHUs TTPABUJI, OTTMCAH-
HBIX B 9TOH TJIaBe, K BallleMy CUHTaKCUYECKOMY JIePEBY.

[TpuBenure nuarpammy rnepexoza cocrosuuii HKA, kotopyio Bbl HapucoBasm
B ynpaskuenuu 13, K mpocToii iuarpamme repexojia cocrostanii JIKA.

[IpencraBbTe, 9TO BaM HYKHO HAWTU HEKYIO TIOJICTPOKY AJNHON M B TeKcTe pas-
mepa N. [ToaGepure BapuaHT, IPU KOTOPOM MOUCK METOJ0M nepebopa 3aiimer

O(N x M) maros.

Nayuure pepakumnonnbiii rpad, mpeacraBiennbiii Ha pucysake 15.13. Kakum mpa-
BUJIOM HY’KHO PYKOBOJICTBOBATbLCS, YTOOBI HAITH HavMeHee 3aTPaTHbII 1y Th U3
JIEBOTO BEPXHEr0 B IIpaBblil HIKHU yror? Kakum OyzeT peanbHoe pefakuoH-
HOE paccTosiiue?

Hamummure IIporpaMmy, KOTOpadA BbIYUCJIAECT PEAAKIIMOHHOE PACCTOAHUE.

YcoBepiieHCTBYIITe IPOrpaMMy, HAIMCAHHYIO BAMK B yIpaxHeHuu 17, Takum
06pasom, yToObI 0OHa 0TOOpakasa U3MEHEHNs, HeOOXOAUMBIE JJIs IpeoOpa3oBa-
HUSL OJTHOM CTPOKM B JAPYTYIO. Y IaJ€HHBIE CUMBOJIBI BBIBOAUTE 3a4€PKHYTHIMH,
a BCTaBJIeHHbIE — TOAYepKuyThiMu (puc. 15.15).

363



maBa 15

#¢  StringEditDistance - ©

Change this: ptecpdahon
Into this: 'pamcpahon

Puc. 15.15. TIpoxoist myTh 0 PeAAKIINOHHOMY rpady, MOKHO MOKA3aTh, KAKIE UMEHHO TTPABKH
ObLJIU HYSKHBI JIJIsI TIPEBPAIIEHUS OHON CTPOKU B JIPYTYIO

19. dBnsiercs s pepakiionHoe paccTosHre KoMMyTaTuBHBIM? (TO ecTh UeHTHY-
HBI JIM PeJAKIIMOHHbIE PACCTOSHI MesKy napamu cyios 1, 2 u 2, 1?) O6bsicHu-
Te CBOW OTBeT.

20°. VIaMeHuTe IpOTpaMMy, HAITMCAHHY IO BAMU B yIpaskHeHun 17, 4T06bl OHA BBIYMC-
JislJ1a pelakIIMOHHOE paccTosHue Meskay (pailimamu, a He MexX Ly IByMsI CTPOKAMU.

21", VIaMeHuTe MpOrpamMMy, HAMMCAHHYIO BaMU B yripaxkHenun 18, aro6ur oHa oTobpa-
JKaJla Pa3HUIly MeKy (dhaiijiaMu, a He MeXy ABYMS CTPOKAMU.



Mrmasa 16
KPUOTOIrPA®OUA

Kpunmoepagus — s1o nccnenosamme MeTonoB 6e30TacHOM mepegaun nHbopma-
[[UHU, KOTOPAst MOTEHIIUMAJbHO MOXKET ObITh TlepexBaueHa 3J0yMblliieHHuKaMu, Ha
PaHHUX dTANAX PA3BUTHUSA KPUIITOrpadust MpeacTasisia coboii 0ObUHYIO MUCHMEH-
HOCTb; OHa paboTasa Mo Toii MPOCTON MPUYNHE, YTO HEMHOTHE TOT/a, Ha 3ape IUBY-
JI3AIIY, yMeTH 9uTaTh. [103ke B 06UXO0/1 BOIILIY CrieMaabHble ai(aBUThl, H3BECT-
HBIE TOJLKO OTIIPABUTEIIO 1 TTOJyUYaTesi0. B 0IHOM 13 caMBIX paHHUX 00Pa3IloB 9TO-
ro BH/a KPUTITOTrpad U HCIIOJIb30BaTUCh HECTAHAAPTHBIEC HEPOTJNMBI, BBICEUCHHBIE
B rpo6uutax (Erunet, 1900 r. 10 H. 2.).

Ipyras ¢opma kpuinrorpadu, nomysgpHasa B Ipesreil I'peunn u Crapre, Oblia
OCHOBaHa Ha NCTOJIh30BAHNN JICPEBSHHOTO CTEP:KHS — CKUTAIBL. BOKPYT Hero mo cmm-
pasy HaMaThIBasIach MOJIOCKA MEepPraMeHTa, Ha KOTOPOil 3aMCHIBAINCH cToBa. Korma
HepraMeHT pa3BopavrBaId, OYKBbI OKA3bIBAJIMCH B HEMPABUJIBHOM TIOJI0KeHUU., UTO-
GBI IPOUUTATH COOBIIEHIE, TOTYIaTENb J0JKEH OB HAMOTATH IEPTaMeHT Ha CTEPKEHD
TOTO JKe InaMeTpa.

Takoil mozxoz K KpunTorpaduu MHOTIA Ha3bIBAIOT «0€30IaCHOCTH Yepe3 HEICHOCTh>
(security through obscurity), IOCKOJIBKY B HEM IPEAINOJATAETCS, UTO 3JI0YMBIIIJICHHUK
He 3HAET, B ueM 1mo/BoX. Ho ecjiv BaM U3BECTEH CEKPETHBIN aihaBUT UITH TO, YTO CO00-
l[eHUe HAIIMCAHO HAa CKUTAJIe, BbI CMOKeTe O€3 TPy/ia €ro BOCIIPOM3BECTH.

B 6GoJtee coBpeMeHHBIX KPUTITOTPADUIECKUK METOANKAX UCXOJISIT M3 TOTO, UTO 3J10-
YMBIIIJIEHHUK 3HAET BCe O crocobe mudpoBaHust coobIeHs, KpoMe HeGOIbIToTo, HO
KpaiiHe Ba)KHOTO (pparMenTa nH(hOPMAaIK, KOTOPbIN HAa3bIBAIOT K1touom. Kiriod ucnosib-
3yeTcst Kak OTIIPaBUTENIEeM, YTOOBI 3anTi(poBaTh TaHHbIE, TAK U TTOJyYaTeIeM, YUTOOBI NX
pacmmdposars. [lockoabky MeTOZ MU POBAHNS N3BECTEH, 3JI0YMBIIITIEHHUK TOXKE MO-
KeT pacimudpoBaTh COOOIIEHNE, TOTYINB KITIOY.

Takoii mozxoa K kpurnrorpacdun Gosee HaeKeH, ueM 6e30MacHOCTh Yepes HesICHOCTb,
MOCKOJIBKY €000 i pOBAHUSA PAHO UJIH MO3/IHO OY/IET pasrajiaH.

B 27011 T71aBE OTIMCHIBAIOTCS HEKOTOPBIE MHTEPECHBIE U TI0JIe3HbIe KpuliTorpaduye-
ckue Metoanku. CHavasa 6y1yT paccMOTPEHBI Kiaccrdaeckre moaxo bl Ouu 6osbiie He
CYMTAIOTCST GE30TIACHBIMU, HO BCE €IIle TIPECTABIISIIOT ONPe/IeJICHHBIN UHTEPEC, IEMOH-
CTPUPYST HECKOJIBKO ITPAKTHYHBIX H/eil BPO/Ie YaCTOTHOTO aHAIN3A.

Kpurnroananus (uccienoBanme CriocoO0B B3JIOMA U BOCCTAHOBJIEH U 3amndpoBar-
HBIX JIAHHBIX ) 3aPOJINJICS TPUMEPHO B TE JKe BpEeMeHa, 4To 1 cama Kputitorpadus. B cie-
AYIOHIMX PasziesiaX OIKChIBAIOTCS He TOJIbKO KJacCuyecKue MOAXO0/bl K M@ poBaHuIo,
HO U CTOCOGBI UX B3JIOMA.

365



nasa 16

B nanbHeiimmx paszgenax yjaensercsa BHuMaHue 6osee 6e30MacHbIM METOUKAM,
TaKHM KaK [I€PeCTAHOBOYHAS CETh U MUMPOBAHNE C OTKPHITHIM KJouoM. [losHoe orum-
caHue caMbIX MOCJAEAHUX KpuTorpadguueckux MeTonoB, Takux kKak AES (Advanced
Encryption Standard — ynydumieHHbri ctangapt mudposanus) u Blowfish, Bbixo-
JIAT 32 pAMKU TEM, PACCMaTPUBAEMbBIX B 3TOU KHUTE, OHAKO 00IIee MpecTaBIeHne
0 COBPEMEHHBIX TTOIX0IaX K KPUTITOTPAMIHN BBl CMOKETE MOJYYUTD B 3aBEPIIATOTIAX
pazmesnax.

TepmMmuHonorus

[Tpesknie ueM MPUCTYNUTD K U3yYeHUIO Kpurtorpaduu, BaM cJelyeT YCBOUTD He-
CKOJTBKO OCHOBHBIX MTOHSATHUI.

3aava g poBaHUsa — CIeaTh TaK, YTOOBI OMAPAGUMELb MOT IOCJIATH COOOIEHNEe
noyuamento, a TPEThsi CTOPOHA, KOTOPYIO OOBIYHO 30BYT 3MOYMOIULICHHUKOM WITN Nepe-
X6aMUUKOM, HEe MOTJIA TAHHOE COOOTIEH e TTOHSATH. [IpemoaraeTest, 4To 310y MBITILTEH-
HUK B JTIOOOM CJIydae MepexBaTUT JaHHBIE, TOITOMY TIOMEIIATh eMY WX MPOYUTATH MO-
JKET TOJIbKO TudpoBaHue.

PacumidpoBarnoe coobienne Ha3bIBAIOT OMKPbIMbIM MEKCMOM, a 3aiudpoBaH-
HOe — kpunmozpammoii. IIpoiiecc mpeBpaieHnss OTKPBITOTO TEKCTA B KPUIITOTPAMMY
UMEHYETCS Wugposanuem, Wiv koouposanuem. BocctaHOBIEHNE OTKPBITOTO TEKCTA 13
KPUTITOTPAMMBbI Ha3bIBACTCST deiudposanuem, i 0eKoouposanue.

DopmanbHO wu@p — mapa aIrOPUTMOB [T IMUGPOBaHUA U AeU(pPOBAHUS CO-
ob1eHnil.

Kpunmoammua — J9TO HCCJIEIOBAHUE 3JIOYMBIIIJIEHHUKOM METO/IOB B3JIOMa IHI/Id)-
POBaHUMsI.

Yro6bl yIPOCTUTH PaBOTy ¢ MEJKUME COOOIIEHUSIMHU, OHU 0OBIYHO TG PYIOTCS
B BepxHeM peructpe 6e3 mpobesioB Wik 3HaKOB MpenuHanust. [loydaercss, 4To oTipa-
BUTEJIIO U a/[PECaTy HYKHO OpaTh BO BHUMAHHUE TOJBKO HEOOXOUMBIE CUMBOJIBI — BAJK-
HBII (hakTop MpH PyYHOM UG POBaHIN /AeITH(pPOBAHIN COOOIIEHIUIT. ITO TaKIKe JIUIIa-
€T 3JI0YMBITIIJIEHHUKA 3a1[eNOK, KOTOPbIe MOTJIK Obl Y HErO MOSABUTLCS HJarogapst mpo-
6es1aM U 3HAKaM IPEeIMHAHNSL.

Yro6e! 3amudpoBaHHble COOOIEHUS OBLIO JIErYe YUTaTh, OHU OOBIYHO 3aIlUChIBa-
I0TCS MOHOIIUPUHHBIM IPUGTOM (/151 BBIpaBHUBAHKS TEKCTa) ¥ Pa3OUBAIOTCA Ha Ky-
CKH TI0 TISITh CUMBOJIOB Kax i, Harpumep, coobuienue This is a secret message 3aiu-
chiBaeTcs Kak THIST SASEC RETME SSAGE, a ero samugpoBaHHas Bepcust Oyuer
BBITJIAZIETh IPUMEPHO Tak: TSRSH AESIS TASEM GICEE. Iloayuaremio Moxer 1o-
Tpe6OBaTbCH JOIIOJIHUTEJIbHOE BPEMA Ha BbIsAICHEHME TOTO, Ky/la HYKHO BCTaBJIATD ITPO-
GeJTbl ¥ 3HAKHU MTPEITMHAHSL.

CoBpeMenHbIe KpunTorpaduieckre aaropuTMbl 3aHUMAIOTCS MTUGMPOBAHUEM 1 Jie-
mdpoBaHreM 6all TOBBIX TOTOKOB. TakuM 00pa3oM, B 3aBUCHMOCTH OT COOOIIEHHUST OHU
MOTYT TIOJIJIEPKUBATH OYKBBI B BEPXHEM M HUKHEM PETUCTPAX, TPOGEIIbI, 3HAKHU TIPEITH-
HaHWsI, CUMBOJIBI Unicode n faxe n3obpaxeHust. ITH aJTOPUTMbI JOCTATOYHO XOPO-
I JIJIST TOTO, YTOOBI HE JaTh 3JI0YMBIIIJIEHHUKY OTJHYUTD TIPOGEITbI 1 3HAKHU MTPEIHA-
HUS OT APYTMX CHMBOJIOB, OJIarojiapst 4eMy OH JIMIIAETCS AOMOJHUTEIbHOI nHpopMa-
1IUH O COOOIIEHUN.
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NMepecTaHoBOYHbIE LWLNPPDI

B nepectaHoBOYHOM MuGpe OYKBbI OTKPBITOTO TEKCTA MEHSIOTCS MECTAMU KAKHM-TO
onpejiesIeHHbIM 06Pa30M, PE3YJIbTATOM YEro ABJISIeTCA KpUunTorpamma, Ito6s! pounTaTh
COODIIeH e, TTOJIyYaTelh BO3BPAIAeT GYKBBI Ha UX UCXO/HbBIE TO3UITHH.

Takwve mudpbl FACTHYHO MOTATAIOTCST Ha HE30MTACHOCTH Y€Pe3 HESICHOCTD, €CITH 3J10-
VMBIIIJIEHHUK He 3HaeT, KaKOi IMEeHHO MeTO/I IlepecTaHOBKY UcIosbayeTcst. Hanpumep,
METO/I CKUTAJIbl, ONUCAHHBIN B HavyaJle 3TOM IJIaBbl, BLITIOJIHSIET IePeCTaHOBKY, BbI3BaH-
Hy0 06ePTHIBAHIEM MTepraMeHTa BOKPYT cTepskHst. OH TTOJHOCTHIO 3aBUCHT OT TOTO, YTO
3JIOYMBINIIEHHUKY He JIOJKeH ObITh M3BeCTEH CIocod MM POBAHUS COOOIIEHNSI.

BosbmiHCTBO 13 3TUX METOAMK, IIOMUMO ITPOYETO, TPEJIOCTABISAIOT KJII0U, KOTOPbII
HeceT B cebe onpejiesieHHy 0 nHGOPMAIIHo o TlepecTaHoBKe. Harpumep, nepectaHoBoY-
HBI GP M0 CTPOKaM,/CTONOIAM, OTIMCAHHBIHA B CIEAYIONIEM TIOPa3/iesie, HCTOb3Y-
€T B KauecTBe KJI0Ya KOJHIEeCTBO CTOMOMOB. OHAKO TakWe KIOYH OOGBIYHO TOMYCKAIOT
MOCTATOYHO OTPAHNYEHHOE TNCJI0 3HAYEH W, TOITOMY MX HECTIOKHO MO00OPATh 1 B3JIO-
MaTh TeM CaMbIM TG POBaHUE, 0COOEHHO €CIIN MCIOIb30BATH KOMITBIOTED.

C takuMmu 1 pamMu T0BOJBHO JIETKO paboTaTh ¢ TIOMOIILIO KapaHaaia u Gyma-
TH — OHU MOTYT UTPATh POJIb 3aHATHBIX YIIPAKHEHU (€CIM OHU KaXKyTCsI BAM CJIUTITKOM
MIPOCTBIMH, TOIPOOYIiTE TPOBOAUTH BHIYUCJIEHUS B TOJIOBE).

NMepecTaHOBKa CTPOK/CTONOLOB

B nepecranoBouHOM Hindpe Mo CTpoKam,/cToI01aM TEKCTOBOE COOBILEHUE TOCTPOY-
HO 3aITMCHIBAETCS B MACCUB. 3aTeM OTTY/Ia JKe CIYMTHIBAETCS KPUIITOTPAMMa, HO YiKe TI0
crostbiiam. Hanpumep, Ha pucyske 16.1 mokasaHo texctoBoe coobuienne THIS IS A
SECRET MESSAGE, nocTpOYHO 3aliCaHHOe B MACCUB PAa3MEPHOCTHIO UETHIPE CTPOKU HA
IATh CTOAOOB (OOBIYHO, €CJIN IOCJIE COXPAHEHU COOOLIEHNUS OCTAIOTC IIYCThIE sSdeii-
KU, OHU 3aII0JIHAIOTCS OyKBaMu X WM CTydaiiHbIMU CUMBOJIAMUT).

T H I S I

S S A G E

Puc. 16.1. B nepecranoBourom mudpe mo cTpokaM/cToa01aM OTKPBITBINA TEKCT ITOCTPOYHO
3aMUCHIBACTCS B MACCHUB, TTOCJIE YEro OTTY/Ia [0 CTONONAM CYMTBIBAETCS KPUIITOTPAMMa

Y1o6bI TIOAYUUTE KPUTITOTPAMMY, HYKHO TPOYUTATH KAJKIBIH CTOMGEI CBEPXY BHUS.
B namrem mpumMepe pesysibratr OyeT BBITIAAETh Tak: TSRSH AESIS TASEM GICEE.
B kauecTBe KJfOUa BBICTYIIAET KOJIMUYECTBO CTOJIOIIOB, KOTOPbIE UCIOIb30BAIUCDH MIPU
mepecTaHOBKeE.
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s pacummdpoBKU KPUTITOTPAMMBI, B CYIIHOCTH, HYKHO BBITIOJHUTD OMEPAITHIO
mudposanust B obpatHom opsizike. Co3aeTcst MacCHB, Ty/Ia MO BEPTUKAIN 3aITUChIBa-
eTcst KPUIITOTPaMMa, a PactiindpoBaHHOE COOOIIEHIE CYMTHIBAETCS TTOCTPOYHO.

T[Ipu peas3aIiy 9TOTO ATTOPUTMA TEKCT He 00sI3aTeTHLHO MTOMENTATh B MaccHB. Ecim
KOJINYECTBO CTOJIOIIOB PABHO num_columns, Bbl MOJKETE IIPOCTO CYUTHIBATH COAEPIKUMOE
CTPOKHU € OTKPBITBIM TEKCTOM, IIPOILyCKasd num_columns MeXAY KasKAbIM CUMBOJIOM.
JlanHblii I0X0/] ITpe/ICTaB/IeH Ha IIPUMepe CJIelyIolIero IICeBI0Ko/a.

String: ciphertext = <«»
For col = 0 To num_columns - 1
Integer: index = col
For row = 0 To num_rows - 1
ciphertext = ciphertext + plaintext[index]
index += num_columns
Next row
Next col

ITpu porpamMmuoM emndpoBaHUKU COOOLIEHNS CTOUT IIPUHATH BO BHUMAHUE CJie-
Jyloliee: paciindpoBKa cOoOIIeHNs, U3HAYAIbHO 3alIMCAHHOTO B MACCHB ¢ R cTpokaMu
u C cronbuaMu, uAeHTUYHA ero mudpoBaHuio B Maccuse ¢ C cTpokaMu 1 R cToI0mam.

B mpeabinytiem mpumepe coobImen e BCTaBIsIOCh B MACCHB padmepoM 4x5. Ha pu-
cynke 16.2 mokazana kpunrtorpamma TSRSH AESLS TASEM GICEE, mocTpoYHO 3amu-
CaHHAsI B MACCHUB pa3MepoM dx4. B3ryisaHyB Ha Hee, BbI YBUINTE, YTO OTKPBITHII TEKCT
MOJKHO ITPpOYUTaTb 110 CTOJI6]_[3.M.

I C E E

Puc. 16.2. PacumdposbiBanne B MaccuBe RxC 9KBUBaJIEHTHO TU(MPOBAHUIO
B MaccuBe CxR

[TepecTanoBKa CTPOK,/CTOJOIIOB — JMOBOJBHO MPOCTON AJITOPUTM. ITO 3aHATHOE
yIIpasKHEeHNUe, HO TAKYTO CHCTEMY OTHOCUTEIBHO JIETKO B3JIOMaTh. B KauecTBe cekpeTHOTO
KJIFOUa BBICTYTIAET KOJIMIECTBO CTOJIOIOB B MaccuBe. PasOnBast CTPOKY Ha OTPE3KH pas-
HOI JIJTUHBI, MOSKHO TIOJIYYUTh HECKOJIBKO Bepcuil Kiroya. Hanpumep, mpebiryas Kpuii-
TorpamMMma coiep:kut 20 cumBosioB. 20 genutest Ha 1, 2, 4, 5, 10 1 20 — 3T0 BCe BO3SMOK-
Hble BAPUAHTBI KOJIMUeCTBa cToJI6110B. Maccusbl pasmepoM 1x20 n 20x1 genator kpur-
TOrpaMMY UIEHTUYHOI OTKPBITOMY TEKCTY, TI09TOMY JIJIsl IPOBEPKH OCTAETCS BCETO JIBa
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BapuanTa. [[onpoboBaB Kask/0e U3 3HAYEH Wi, BbI YBUUTE, UTO IIPU YETHIPEX CTONOIAX
y Bac MoJryyrres Tapabapiiyia, a BOT IPH MATH CUMBOJIBI CJIOKATCS B TOHATHBIE CJIOBA.

OTnpaBuTENb MOKET TIOTIBITAThCSA YCAOKHNUTD 3a/1a9y 3J0YMBIILICHHUKY, 100a-
BUB B KOHEI[ KPUITOTPAMMBbI KaKue-HUOYAb CIydailHble CUMBOJIBL (B YaCTHOCTH, Pa3-
Mep MaccuBa HeJb3s OyIeT ONpeAe/uTh JIUIb AJMHON cooduenus). Hanpumep, eciu
K NpeAbIAyIIel KpUIITorpaMMe J00aBUTh AEBSATH CUMBOJIOB (4TOObI IIOJYYUTh CTPO-
Ky AumHoit 29), 6yzeT yiKe He TaK O4EBUAHO, YTO MACCUB JOJIKEH COCTOSTD U3 YEeThIPEX
WJIH TIITH CTOJIOIOB.

Ho naxe B 3TOM ciryyae He COCTaBJIsIeT HUKAKOTO TPy/a HAIIMCATh TPOrpamMMy, KO-
Topas rmepeGupaet Bce BAPUAHTHI KOJUUYECTBA CTOJIOIOB MEXKTY 2 U 1, KOTOpbIe He Tipe-
BBIIIAIOT JUIMHY KPUIITOrpaMMbl. Hasmyue c10B B cOOTBETCTBYIONIEM Pacin(poBaHHOM
TekcTe Oy/IeT 03HAYATD, YTO KITI0Y HAl/eH.

MepecTaHoBKa cTONOLOB

B IepecTaHoOBOYHOM IHI/I(I)pe 10 CTOJI6H8.M OTKPbITOE COO6HI€HI/Ie ITOCTPOYHO 3alln-
CbIBAE€TCA B MACCHUB, KaK 9TO €J71aJIOCh B IPEABIAYIIIEM CJIydac. 3areMm CTOJI6LU)I MEHAIOT-
CAa MeCTaMU M TEKCT CUUTBIBACTCA IO CTPOKaM.

Ha pucynxke 16.3 nokazan otkpbithiii Tekct THIS IS A SECRET MESSAGE, no-
CTPOYHO 3AIMCAHHBII B MACCUB PAa3MEPOM YeThIPE CTPOKH Ha IMATH CTOJNOIOB (CJIeBa).
Cron6irsr MemstioTest Mectamit. Homepa, ykasaHHble Hall MACCUBOM, MPEICTABIEHHBIM
cseBa, 0603HAYAIOT TIOPSIIOK CIEOBAHMST CTOJMOIOB B TIEPETPYITINPOBAHHOM MaCCHBE

crpaBa. Eciiit cunrars coob1menne u3 MTOTOBOTO MACCHBA MO CTPOKAM, TIOJTYINTCST KPUTI-
torpamma HTIIS ASSCE ERTEM SSAEG.

2 1 3 5 4

T H | S I H T I I S
S A S E C A S S C E
R E T M E E R T E M
S S A G E S S A E G

Puc. 16.3. B nepecranoBourom mmudpe mo cTosabiam 3aimch OTKPBITOrO TEKCTa
U CYUTHIBAHUE KPUIITOIPAMMBI BBITTOJHSAETCS MOCTPOYHO; MEKILY ITUMU JIBYMSI OTI€PAIHSAMHE
[IPOUCXO/HT [IEPECTAHOBKA CTONOIOB B MACCUBE

B nanmom cryuae KI0IOM sIBIISIETCST KOJTMYECTBO CTOMOIOB B MACCUBE TUTIOC TTOPSIIOK
ux ciegoBanust. J[Jist aToro mpuMepa Kiod OyaeT BoIrsiieTh Kak 21354,

Bonee ynob6HOo 66110 GBI XPAHUTH KJIIOY B BUJIE CJIOBA, Ubs JJIMHA COBIAIAET C KO-
JITYECTBOM CTOJIOIIOB ¥ UbW OYKBBI BHICTPOEHBI B a/I(haBUTHOM TIOPSIIKE, KOTOPBIH cO-
OTBETCTBYET TOPSIIKY TIEPECTAHOBOK. B 9TOM IpuMepe KIT0IOM MOTJIO ObI OBITH CITOBO
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CARTS. Byksa A B aidaBute uziet nepBoii, moaromy ee anauetne — 1, Gyxsa C uer BTO-
poii, IoaToMy ee 3HaueHre — 2, 6ykBa R ujer tperbeit — 3 u T. 1. PaccraBus asdasut-
Hble 3HaYeHMsI OYKB B MOPS/IKE, B KOTOPOM OHU BBICTPOEHBI B CTOBE, MBI TOJIYYUM KITIOY
21354, onuchIBaOUA TOPS0K caegoBaHus cToib10B. Ha npakTuke cHadaia BbiOW-
PaEeTCst CJIOBO, & TIOTOM Y3KE B COOTBETCTBUU C HUM MEPECTABIISIIOTCS cTOAOIBI. He HyX-
HO TIEPBBIM JIEJIOM BBITIOJHSITH MEPECTAHOBKY, & TIOTOM MOOUPATH TIOIXOJISIIIEE CIIOBO.

Yrobb pactrindpoBath COOBIIEHIE, KPUTITOTPAMMY HYKHO 3aITHCATh B MACCUB, Y KO-
TOPOTO KOJIMYECTBO CTOJIOTIOB COBIA/AET C TMHO KJIIOYEBOTO CJI0BA. 3aTeM HeOOXOII-
MO 0OPATHUTh B TIPOTHBOTOJIOKHYIO CTOPOHY COOTBETCTBUE, OCHOBAHHOE Ha asi(haBUTHOM
nopsiake 6yks. B gannom nipumepe 1ndposoii kimou 21354 o3nauaer, 4To cToAOIbI Te-
PECTABISAIOTCA CIIEAYIONINM 06PasoM:

= crosberr 1 mepeaBuraercs B MO3UIMIO 2;
= crosberr 2 epeaBUraeTcs B Mo3uiuio 1;
= crosberr 3 epeaBUraeTcs B MO3UIIIO 3;
= crosbell 4 IepeBUTaeTcs B O3UIIIO 3;
= crosberr 5 epeBUraeTcs B O3UIKIO 4.
OGpaTiM COOTBETCTBHUE B MTPOTUBOIIOJIOKHYIO CTOPOHY:
= crosberr 2 mepeBUraeTcs B nosuimio 1;
= crosbel 1 mepeaBuraercs B IO3UIKIO 2;
= cronbell 3 mepeaBUraeTcs B IO3UIMIO 3;
= cronbell 5 mepeaBUraeTcs B IIO3UIMIO 4;
= cronbel 4 mepeBUTraeTcs B IIO3UIIMIO 5.

Tenepb MbI MOJKEM TIOMEHATH MeCTaM CTOJI6]_[I)I " HOCTpOLIHO HpO‘—II/ITaTb OTKPbI-
TBIU TEKCT.

Kax u B ciryuae ¢ mepecTaHOBOUHBIM TTHMPOM TI0 CTPOKAM/CTOIOAM, TIPOTPAMME,
KOTOPast BBITIOJIHSET TIEPECTAHOBKH, BOBCE He 00s13aTeIbHO 3aMUCHIBATH 3HAYEHUS B MaC-
CHB; €l TPOCTO HYSKHO TIIATEIBHO CJECAUTD 32 TEM, Ky JOJKEH OBITh TIePeMEIeH TOT
nym uHOi cumBosL. Ha caMoM jiesre, 9TOObI OTIPEIeINTh, Ha KAKOW MO3UIHE CUMBOJI J10JI-
JKEeH HAXOJUTHCS B KPUIITOTPAMME, MOKHO HCITOJIB30BaTh 0GPaTHOE COOTBETCTBIE, Pac-
CMOTPEHHOE B TIPEIBIAYIINX pasfiesiax.

[omyctnM, mapping — 3TO MacCHB IEJBIX YUCE, OMUCHIBAIOIININ TTePeCTAaHOBKY
cron6uos. Hanpumep, ecim cronbel 2 iepemerniaercs Ha mosuiuio 1, mapping [2] = 1.
Tereps npesicTaBbTe, YTO inverse mapping — 3TO MACCUB, ONIUCHIBAIONINIT 06paTHOE
COOTBETCTBHE; TO €CTh B HallleM Clly4ae inverse mapping[l] = 2. Torna cneny-
IONIUT TICEBOKO/ IEMOHCTPUPYET TO, KAK IIPOTPAMMHO 3aKOJIMUPOBATH OTKPBITHII TEKCT.

String: ciphertext = «»

For row = 0 to num_rows - 1
// CYMTHBaeM 2Ty CTPOKY B M3MEeHEHHOM IIOpSOKe.
For col = 0 to num columns - 1

Integer: index = row * num_columns + inverse_mapping[col]
ciphertext = ciphertext + plaintext[index]
Next col
Next row
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OG6paTuTe BHUMAHKE: 3TOT CEBIOKOJ UCIOJIB3YeT 00PATHOE COOTBETCTBUE JIJIs TTH(-
POBaHUs OTKPBITOrO TekcTa. UTOOBI HAWTH CUMBOJI, KOTOPBII MTPUBSA3AH K ONPE/IEIeH-
HOMY HOMEpPY CTOJIONA B KPUTITOTPAMME, OH JIOJIKEH CHAYAIa Y3HATD, U3 KAKOTO CTOJIO-
11 JIAHHbII CUMBOJI GBI B3SIT.

s pactnpoBKY KPUIITOrPAMMBI MOKHO HCIIOJIB30BATH IIPSIMOE COOTBETCTBUE.

YTo6BI B3IOMATh MEPECTAHOBOUHBIN UMD 1O CTOIOIIAM, 3T0YMBIIIIEHHUK MO-
JKET 3aIMCaTh COOOIIEHNE B MACCUB, Y3HAB KOJMYECTBO CTONOIOB U3 JUTMHBI KJIIOYEBO-
o cI0Ba. 3aTeM eMy OBl IPUILIOCH MEHSTD CTOIOLBI MECTAMM, YTablBas KOPPEKTHBIIA
nopsagok. Eciu maccus cogepxut C cTOIOLOB, KOIUYECTBO BOSMOMKHBIX BADUAHTOB MX
pasmelnenus papao Cl, uro norpedyer nepebopa OrpoMHOro dncia kKomObuHanuii. Ha-
npumep, s 10 cronb10B Takux BapuanTos 6bL10 Ob1 3 628 800. IT0 10BOIBHO GOJIB-
I0€ YUCJI0, 0COOEHHO €CJIU 3JI0YMBINIJIEHHUK He NCTIOAb3YeT KOMIBIOTED, HO paciud-
poBaTh coOOIIEHNE MOKHO MHKPEMEHTAIBHO. /U1 Havasa caeayeT monpoboBaTh HalTH
IISATh IIEPBBIX CTOAOLOB B OTKPHITOM TeKkcTe. Ec/iu yaacTes 910 ¢aenars, B IEpBOii CTpo-
Ke OyleT comepkKaThCs IIATh CUMBOJIOB M3 UCKOMOTO COOOLIEHN, KOTOPBIE IIPeICTaB-
JIAI0T cOOOI WM LeJIoe CI0BO, MM KaK MUHUMYM ero mpedukc. Jpyrue cTpoku Mo-
I'yT HAUMHATBCSI C OTPBIBKOB, HO 32 HUMU TOKE OYAYT CJIe[0BaTh CJIOBA WIN MPeDUKCHI.
CymtectByer Beero jiutiib 10 x 9 x 8 x 7 x 6 = 30 240 BO3MOKHBIX KOMOUHAITHI, €CITH
B3Th 5 cTOO10B u3 10; 970 y7Ke HAMHOTO MEHbBIIE BAPUAHTOB LTIt IIPOBEPKH, HO 3a/1a-
42 [I0-IPeKHEMY He U3 JIETKIUX.

MapuwpyTHbie Wwndpbl

B MapurpyTHOM mrpe OTKPBITHIN TEKCT 3aTUChIBACTCS B MacCUB (MU YIOPSIIO-
YUBAETCS KAKUM-TO IPYTUM CIIOCOO0M) U 3aT€M CUUTHIBAETCS U3 HETO B MOPSIIKE, KO-
TOPBIH onpesiesigeTcs KOHKpeTHbIM MapiipyTom. Harpumep, Ha pucynke 16.4 moxasa-
HO OTKPBITOE cO00IIeHre, TOCTPOYHO 3allicaHHoe B MaccuB. Kpunrorpamma dhopmu-
pyercs IyTeM IepeMeleHus 10 IUaroHaan, HaurmHas ¢ JeBOTo Kpasd MaccuBa: SRSSE
ATATG HSMEI EESCI.

N\ N\
N N

AN

S S A G E

Puc. 16.4. B mapupyTHOM mnpe OTKPITHII TEKCT TOCTPOYHO 3AIIUCBIBACTCS B MACCUB
11 3aTeM CUMTBHIBACTCS OTTY/IA B KAKOM-TO JIPYTOM HOPsiZiKe, (hopMUPYs KpUIITOTPAMMY

TeopeTryeckr KOJMYECTBO JOMYCTUMbIX MApIIPyTOB Y€Pe3 MAaCCUB MOKET OBITh
orpoMubIM. Eciit B MaccuBe cofiep:Rutest N 97IeMEHTOB, YHNCJI0 MAPIIPYTOB Yepe3 Hero
Gyner pasuo N1 B pumepe, mokazanHoM Ha pucyHke 16.4, ux 6ymer 20! ~ 2,4 x 108,
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TeM He MeHee XOPOUTHH MaPIIPYT JOJKEH OBITh I0CTATOUHO MTPOCTHIM, YTOOBI MO~
JIydaTeJsib MOT €T0 3alIOMHUTD. /luaroHaibHbIi MapIIPYT, TOKA3aHHbIN Ha pucyHKe 16.4,
TOIMTCST JIJIST STOM TIEJTH, HO eCJT OH OY/IeT TTePeCKaKNBATh MO BCEMY MACCUBY B TIPOU3-
BOJILHOM TOPSIZIKE, TIOTyYaTesIo TIPUIETCS €T 3aMNCaTh, ITO CeaeT KU TaKUM JKe
JUTMHHBIM, Kak 1 camo coobiienue. (TTosxke B TeKyIell T1aBe BBl yBUINTE, 4TO TO JKE ca-
MO€ MOJKHO CKa3aTh ¥ 0 KJII0Ye ST CXeMbI OIHOPA30BLIX OJI0KHOTOB, KOTOPast KO BCe-
My TIpOYeMy MeHsIeT GYKBBI COOOIIEHNST TAKUM 00Pa30M, UTO 3TOYMBITIIEHHUK HE MO-
JKeT TIOJTYYUTh TOTIOTHUTETbHYT0 MH(POPMAIINIO — HAIIPUMep, YaCTOTY UCIIOIb30BaHUS
TeX WM UHBIX OYKB B COOOIIEHUN. )

HexoTopbie MapIIpyThl OCTaBJSIOT OOJBIIHE (DPArMEHThI TEKCTA HETPOHY THIMI UJIH
COXPaHSIOT UX B 06paTHOM Topsiike. Hampumep, crivpasb, BeAylast BHyTPb [0 YaCOBOil
CTpeJiKe, HAYMHas C JIEBOTO BEPXHETO yTJIa, JIETKO 3alTOMUHAETCSI, HO TIPU 3TOM TiepBast
CTPOKA COOBIEHUs TTOTAAET B KPUIITOTPAMMY HeraMeHHO. [Too6HbIe MapIipyThi
MAIOT 3JI0YMBIIIIEHHUKY IOTOJTHUTEIBHBIE CBEIEHUST, 4TO MOKET OOIETYUTh UX OAG0P.

Ecnm otkazaTbes oT MapHaIipyToB, KOTOPBIE CJTOKHO 3alTOMUHAIOTCA 1 COAEPIKAT KPYII-
HbI€ (l)paFMeHTbI HETPOHYTOTO OTKPBITOTO TEKCTA, KOTMYECTBO OCTABIINXCA BAPUAHTOB
OKaXE€TCA 3HAUYUTEJIbHO MEHbIIIE TEOPETUYECKOI'O MaKCUMYyMa.

LLindpbl noacTaHOBKU

B mudpax nopcranoBku GYKBbI OTKPBITOTO TEKCTA 3AMEHSIIOTCST IpyruMu. B ciemy-
IOIIUX pas/iesiaX ONKCHIBAIOTCA YeThIPE PACIPOCTPAHEHHBIX U@ Pa 9TOTO TUIA.

Wndp Lezaps

[Tpumepno 2100 ner nazaz IOauii lesaps (100 1. 10 H. 2. — 44 T. 710 H. 3.) KOIUPOBAJ
COODBIIEHNs], KOTOPbIE OH OTIPABJIAI CBOUM OduIiepam, ¢ MOMOIIBIO MPOCTOTO Trdpa
Mo/ICTaHOBKY. B 2T0it Bepcuu midpa OH CABUTAM KaXkK/IbIiT CUMBOJ COOOIIEHNST Ha TPH
6ykBbl B andasute. Byksa A npespamiaiack B D, B — B F u 1. 1. YTo06bI pacumidpoBaTh
COOO0IIIEH e, TTOJIyYaTeb BEIYUTAN 3 U3 Kask10ii OYKBbL: Z ctaHoBuach W, Y — Vu 1. 1.

Hamnpumep, coobienue This is a secret message O CIBUTOM B TPH TO3UTINU BLITJISA-
mut kak WKLVL VDVHF UHWPH VVDJH.

[Mnemsannuk IOmms Lesaps, ABryct, UCIoOIb30BaI HOXOXKUH UMD, TOJBKO C O11-
HAPHBIM CIBUTOM BMECTO TPOITHOTO. B mpuHIniie BbI MoXkeTe CIBUTaTh GYKBBI B OTKPbHI-
TOM TEKCTE Ha JI060€e KOJHYECTBO CUMBOJIOB.

3IOyMBITIIEHHIK CIIOCOOEH PACKOIMPOBATH COO0TIEH e, 3anPOBAHHOE ITUM Me-
TOJIOM, U3YYUB YACTOTY UCIIOJIB30BaHUS OYKB B KPUIITOTPaMMe. B aHTIIHIICKOM sI3bIKe
GykBa E BcTpevaeTcst HAMHOTO yaiiie Apyrux — npubausuresabio B 12,7 % cayuaes. Bro-
past o momyJsiprocTy 6ykBa, T, umeer yactory 9,1 %. Eciiu 3710y MbIIIEHHUK TTOCYHU-
TaeT, CKOJIBbKO Pa3 Kaskaast GyKBa BCTPEYAETCST B KPUITTOTpaMMe, Hanbosree NCIoTb3ye-
MOTI U3 HUX, BEPOSTHO, OKaskeTcs 3ammbpoBannas 6yksa E. [TocunTaB pasHUIy MeK-
1y OykBoii E 1 3aKOMPOBAHHBIM CMBOJIOM, OH TIOJIYYHT CIBUT, KOTOPBII MPUMEHSLII-
cs ipu GPOBAHUM.

Taxoii MeTo/| B3JIOMa JIydIiie BCEro MOAXOANT JIst IUTHHHBIX COOOIIEH M, TOCKOJIBKY
B KOPOTKHX 4aCTOTa pacrpeiesieHust OYKB MOKET OKa3aThCsl HETUITUIHOM.
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B rabmmie 16.1 moka3aHo KOJMYECTBO BXOKAECHUN PA3HBIX OYKB B KPUIITOTPAMMY

WKLVL VDVHF UHWPH VVDJH.

Ta6nmua 16.1. Yactora 1cnonb3oBaHMs GYkB B BbiLLENPUBEAEHHON KpUNTOrpamMMe

Byksa D F H J K I P U \Y \\%
Yucao 2 1 4 1 1 2 1 1 5 2
BXO:K/I€HHI

Ecuau ipenosnoxkuts, uto V — samudposannas 6yksa E, Torja pasmep CABUra 10J1-
KeH ObITh paBeH 17. PacimidpoBas cOOBIIEHUE C TUM CIBUTOM, BbI IOTYYHUTE TEKCT BUIA
FTUEU EMEQO DQFYQ EEMSQ, KOTOpPBIit He COJIEP;KUT HACTOSIINX CIIOB.

Ecom ipunsits 3a E BTOPYIO M0 MCTIOJIB30BaHIO OYKBY B KpUTITOrpamme, H, To ciBur
GyJeT paBeH 3, 4TO MO3BOJIUT PACIIU(GPOBATH UCXOAHOE COOOIIEHHE.

LWindp BuxeHepa

VY noxcranosounoro mmdpa Ilesapst ectb ogHa mpobiemMa — [Jist HETO CYIIeCTBY-
er Bcero 26 Kiroveil. 3/I0yMBIIIJIEHHIK MOKET € JIETKOCThIO TIepernpoboBarth Bee 26 Ba-
PUAHTOB C/IBUTA U HAWTU TOT, KOTOPBII MMO3BOJISIET MOJTYIUTD YICHOPA3ETbHBIN TEKCT.
Mudp BukeHepa ycrpanseT mogo0HbI HEAOCTATOK, UCTIOIb3Ys PA3HYIO JUTMHY CIBH-
ra JiUist pa3HbIX OYKB B COOOIIEHNM.

3AMEYAHUE

LLndp BuxeHepa naHavanbHo Obi1 onucaH B 1553 . xoBaHom Battucton ben-
naso, Ho B XIX B. ero aBToOpCTBO Havyanu npunuceisate bnedy BuxeHepy. C Tex nop
3TO Ha3BaHKWe NPOYHO BOLLIO B 06Uxon.

B mmcpe Buskenepa kiouesoe 1080 0603HaUaET CABUTH st Pa3HBIX OYKB B CO06-
ntenny. Kax bl CHMBOJI B KJIIOYEBOM CJIOBE YKa3bIBaeT C/IBUT UCXOJIsl U3 CBOEI 103U~
nuu B asdaBute. A 03HAYAET HYJIEBOH CABUT, B — CJABUT Ha OJIHY TIO3UITUIO U T. JI.

Y1065 pacu@poBaTh COOOLIEHIE, OTKPBITHII TEKCT BCTABJISIETCA CHU3Y OT KJII0Ye-
BOI'O CJI0OBa, KOTOPOE IIOBTOPSETCS, [I0KA He JOCTUIHET AMuHbI coobmenus. Ha pucyn-
ke 16.5 moKaszan TEKCT, 3alMCAHHBIA CHU3Y OT TOBTOPSIOIIETOCS HECKOJIBKO Pa3 KJIio-
yeBoro ciaoBa ZEBRAS.

Z |E |B|R|A|S|Z |E |B|R|A|S|Z|E|B|R|A|S|Z|E

[T lulr [sfr]s|afsfefc|r|e|r|m]|e|s |s [a |G |E |

Puc. 16.5. B mmndpe BiskeHepa KirioueBoe CJI0BO 3aIMCHIBAETCS] CBEPXY OT OTKPBITOTO TEKCTA,
HOBTOPSISICH HEOOXONMOE KOJIMYECTBO Pa3

Tenepb ¢ MOMOTIBIO COOTBETCTBYIONNX OYKB MOKHO co3/ath mmdporpammy. Ha-
npuMep, KiodyeBas 6yksa Z o6o3HadaeT cABUT 25, MoaTOMY OYKBa OTKPBITOTO TekcTa T
npespataercs B S.
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Yto6bl YIPOCTUTD TIPOTIECC CABUTA, MOKHO UCTIOIB30BATh «TaOJIUILy YMHOKEHMS>
10 IPUMEpY TOH, KoTopas okazaHa Ha pucyuke 16.6. J[7is kogupoBanust GyKBbI OTKPbI-
toro Tekcra T ¢ 6yKBOii Kiroua Z Hy:KHO Haiitu ctpoky T u crosberr Z.

Byksa knioya ——>

als[c]o[e[Fla]H] I]u[x]c]m[nJo]P]a]r]s[T]u]v]w][x]v]Z]
B

<— BbykBa coobLeHns

[n[<[x[g]<[c]~]e[z]o]x]o|z[z][r [x]<[-[z]o[n[m]o]o]=]>

N<XS<CH0WIODUVOZZIrXcec—-—IOTMMOOTD>
PN<XXS<CAHOWIOUVOZEZErXcec—IOTMMmMmOO
WPN<X<XS<CAHOWIOUVOZZIrXc—IOTMMOO
OWPN<LX<XS<CAHMWIOUVOZZIrXc—IOmNMmMmMO
OO0OWPN<LS<XS<CHOMWIOUVOZZIrXxXcec—IOmm
MOUOOWPEPN<S<XS<CAHM®WIOUVOZZIrXc—IOT
MTMOOW@PN<XXS<CAHOWIOUVOZZIrXc —IO0
O MMUOBP>PN<LS<XST<CHAHOWIOUTVOZZrxc—IT
IO TMTMUOUOWPEPN<XXS<CAHA®M®WIOUVOZZr X —
— IO TMUOWBEN<XXS<CHA®OWIOTOZZr Xc
C—IOTMTMUOWBPN<XXS<CAHO®WIOUTVOZZr X
XC—IOTMTMUOWPN<X<XS<CAH®OIOTOZZr
rFrXC—-—IOTMMUOWPEPN<XXS<CAH®®ITOUTVTOZEZ
ErXc—IOTMMUOWBPN<X<XS<CAH®®IOTVTOZZ
ZZr X —IOTMMOUOWBPN<XXS<CAH®IOTO
OZZIrXce —IOTMTMUOW®P>PN<S<XZI<CH®O®IOTDT
TOZEZIrXcec —IOTMMUOWBIEPN<XXS<CH®IO
D UTUOZErXc —IOTMMUOWP>PN<X<XS<CAHO®D
DO TVOZZIr X —IOTMMUOBPEPN<LXIT<CAHO®
W IO TVOZZrXce—IOTMMOUOTENLKXST<CAH
4 MW IO UVOZEZrXcec —IOTMUO®>N<XZS<C
< H4H0WIOUVOZEZIrXAcec —IOTMMUOB®>N-<LXZSC
S<H4H0VIOUVOZEZIrXcec—IOTNMMOUOT>»N-<XTZSZ
XE<KAOVIOUVOZEZrXc —IOTMMOUOT>»N <X
< XSE<AVWVIOTVTOZZIrXcec—IOTMMOUOT>N<
N<XS<AH4A0IOUTVTOZZIrXc—IOmMMOO®>»N

Puc. 16.6. [IpusenenHast Tabiuia yupouiaer casur Oyks B mubpe Buskenepa

Yt006bI pactmdpoBaTh GYKBY KPUIITOIPAMMBIL, €€ HYKHO UCKATh B CTOJIONE OYKBbI
Kiova. PaciindpoBaHHbIN CUMBOJI GepeTcst U3 CTPOKH.

[IpocToii yacTOTHBIN aHATHN3, C TTOMOITHIO KOTOPOTO MOKHO B3ioMaTh mudp Llesaps,
3/1eCh He cpaboTaeT, MOCKOJIbKY He Bce OYKBBI MMEIOT OMUHAKOBBIN cABUT. OMHAKO /ISt
B3JI0Ma MOKHO BOCIIOJIb30BAThCS YaCTOTON BXOK/IEHH OYKB B KPUIITOIPAMMY.

Jomycrum, KiiodeBoe c1oBo uMeet ainHy K. B aTom cirydae kaxast K-s1 6yksa (Ha-
mpumep, 1, K+ 1,2 x K+ 1 1 T. 1.) UMeeT OIWH U TOT K€ CABUT. B OTKPBITOM TEKCTE 9TH
GYKBBI MOTYT OTJINYATHCST, HO UX OTHOCUTEJIBHBIE YaCTOThI COBIA/IATOT.

IIporiecc B30OMa HAYMHAETCS C TOMBITKU YragaTh AJIUHY KJIIOYa U MOUCKOB OYKB
C OIMHAKOBBIM cABUTOM. HampumMep, MOKHO MorpoboBaTh KJIOY JJIMHON 2, TPOBEPUB
GYKBBI 11071 HOMepamu 2, 4, 6, 8 u T. 1. Ecsin MBI yrafiaiu ¢ JUIMHOM, YacToTa OYKB J0JIK-
Ha ObITh MTOI06HA TOH, YTO B 0OBIUHOM aHTJIUHCKOM sI3biKe (WU B SI3bIKE, KOTOPBII BbI
ucrnosbayere). B yacTHOCTH, HECKOBKO OYKB, KOTOPbIE COOTHOCATCS ¢ CAMBOJIAMU OT-
KPBITOTO TekcTa (TakuMu Kak E, S 1 T), 10JKHBI BCTpeYaThcs HAMHOTO Yallie JAPYyTHUX,
Takux kak X u Q.

Ecymv jtiaa Kiova He paBHa 2, 9acTOThI OYKB IOJIKHBI PACIPEEISATHCS TOCTATOTHO
PaBHOMEPHO — HU OJIHA M3 HUX He JI0JKHA BCTPEYaThCs HAMHOTO yaliie Ipyrux. B atom
cJrydae puieTcs mpoboBaTh APYryIo AJIUHY W TIOBTOPSATH BCE 3aHOBO.
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Ecnu BbI HalifeTe AAMHY KJIi04a, TPU KOTOPOU YacTOTa pacipezieieHus oXoka Ha
Ty, 4TO CYIIECTBYET B AaHTJIMHCKOM SI3bIKE, BAM HYKHO OY/IET TPOBEPSATH OT/AEIbHbBIE Ya-
CTOTBI, KaK 3TO [1eJIaJIoch B rojcTanoBouHoM 1nugdpe Ilesaps. byksa, kotopas BcTpeua-
eTcs yallle IPyTux, cKopee BCero, IpecTaBIIsaeT 3anmdpoBaiiyio E.

ToYHO Tak ke HYKHO ITPOBEPUTH APYTHe GYKBBI C TEM JKe CIBUTOM, YTOOBI OTIpe-
JIeJINTh, HACKOJIbKO OHM CMelIeHbl Ha caMOoM jiesie. B cyniHocTH, Ha JaHHOM 3Tare
MPOUCXOJUT JEKOJUPOBAHIE TIOJCTaHOBOUHOTO Tudpa [le3aps 1 Kaxaoil OyK-
BBI B KJIIOYeE.

PeSyJIbTaTOM JLOJIZKEH CTaTb CABUT JJIA KayK/10I'0 CMMBOJIA B KJIIOYEBOM CJIOBE. Bsiom
9TOTO H_H/I(l)pa Tp€6y€T 60Jb1IE YCHHHﬁ, YeM B IIPEAbIAYIIEM Caydae, HO OH BCE€ PaBHO
BO3MOJKECH.

MpocTtas noacTtaHoBKa

B mpoctoM mojicTaHOBOYHOM mirdpe y Kaskaoil OYKBbI eCTh (PUKCUPOBAHHAS 3a-
MmeHa. Hampumep, BmecTo A MmoxxHO nogctasuth H, BMecto B — J, BMecto C — X u T. 1.

B kavecTBe KJi09a 371€Ch BHICTYIIAET COOTBETCTBUE MEXKY OYKBAMU OTKPBITOTO TEK-
cra u mugdporpaMmmbl. Eciiu B cO0BIIEHIN HCTIONB3YIOTCS TOJIBKO GYKBBI aHTJIHICKOTO
asndasura (A—Z), 4uCI0 BOBMOKHBIX COOTBETCTBUN OyzieT paBHO 4,0 x 102,

B toMm ciryuae, Kor/ia Bol mmgpyere 1 paciindpoBbiBaeTe COOOIIEHNS BDYIHYO, BaM
HEOOXOIMMO 3alUCHIBATh MCIIOJIb3YEMble COOTBETCTBHUSL.

Ecsu B BarmieM pacmopsiKeHUH eCTh KOMITBIOTEDP, MOKHO TIOTIPOOGOBATH BOCCO3/IATh
COOTBETCTBUE C TOMOIIBIO TeHEPATOPA MCEBAOCTYUANHBIX uricesa. OTIPaBUTETD BbI-
6upaet uncyio K U UCHIOJB3YET €0 JiJist HHUITMAIU3AINH TeHePaTOPa, KOTOPBII 3aTeM
MpUAaeT caydailHblil xapaktep OykBaM A—Z u cospaer coorBercTBre. 3Hauenne K
CTAHOBUTCS KJ0UOM. [loydyaTesnp BBITIOMHSET Te Ke Mard, MHUIUAIU3UPYs TeHe-
paTop CJAy4YalHBIX YKMCEJ M BOCCTAHABJIMBAS COOTBETCTBHE, KOTOPOE MCIOJIb30BA-
JIOCH OTTIPABHUTEJIEM.

EnuHCTBEHHOE YHCJIO 3aTIOMHUTD TIPOIIE, YeM COOTBETCTBUS /st BCeX OYKB, HO
B GOJIBIIIMHCTBE TEHEPATOPOB CITYYAHBIX YUCET KOJMYECTBO BO3MOKHBIX BHYTPEHHUX
COCTOSTHUH Ky/ia MeHbiIe, ueM 4,0 x 10%, Hanpumep, ecyiut 4ic/io, BRIOpAaHHOE BAMHU JIJisI
MHUTHATM3AIN TEHEPATOPA, SIBJISIETCST IIETHIM 1 UMEET 3HAK, ¥ KJI0vYa GYIeT JIUTITh OKO-
JI0 2 MJIPJI TOTEHIINATBHBIX 3HAYEHUIT. DTO BCE PABHO MHOTO, OZTHAKO KOMITBIOTED CITOCO-
GeH ¢ JIETKOCThIO MX T1epedparh U HAWTH YHCII0, KOTOPOE [AeT YWICHOPA3AETbHbII TEKCT.

Yt06bI HEMHOTO YIPOCTUTD JAHHBIH TIPOTIECC, MOSKHO TAKIKe MCIIOIb30BaTh YaCcTOT-
HocTh. Ecaiit B kpumrorpamme 60Jtbiite Beero Berpedaercst 6yksa W, To 9T0, cKopee Bee-
ro, 3amudpoBanHas E.

Cxema oaHOpPa30BbiX 0/IOKHOTOB

Cxema 00nopa3osvix 6I0KHOMOE — ITO HeKasl pasHOBUAHOCTD mndpa Buskenepa,
B KOTOPOM KJIIOY UMEET Ty Ke JJIMHY, 4TO 1 coobierne. CABUT IPUCBAMBACTCS KaskK-
JI0I1 OYKBe OTe/IbHO, [I09TOMY JIJIsl €r0 IIOKCKa HEeJIb3sl UCII0JIb30BaTh YaCTOTHBINA aHa-
JIN3 KPUTITOTPAMMBI.
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[MockosbKy 3atudpoBaHHbIe GYKBBI MOTYT OBITH CABUHYTBI KAK YTOHO, TO U COOT-
BETCTBOBATH MM TI0 BCEIl BEPOATHOCTH MOTYT JIIOOBIE CUMBOJIBI B OTKPBITOM TekcTe, Cire-
TOBATEBHO, 3JIOYMBITIIEHHIK HE UMEET BO3MOKHOCTH U3BJIEUb KaKy10-T160 nH(popMa-
MO M3 KPUIITOIPaMMBbI (€CJIH He CYUTATh JIJIMHbBI COOOIIEHNUST; XOTST BBI MOJKETE CKPbITh
u ee, 100aBUB B TEKCT JIOMIOJTHUTEIbHbBIE OYKBHI).

Ecau moaxoaunTs K mpolieccy BPyYHYIO, OTIIPABUTEb U OJIYyYaTeb JOJIKHBI UMETb
0 OTHOMY GJIOKHOTY ¢ OJIMHAKOBBIM HAGOPOM cIIydaitHbiX 6yKB. C MOMOIIBIO 3THX OYKB
OTIIPaBUTEIb MIH(PPYET COOOIIEHIE, BBIUEPKIBAsT MX [OCJIE TOT0, KAaK OHM GBIJIN HCIIOJIb30-
BaHbI, 1 GOJIBIIE He TPrOerast K HUM CHOBA. Te ske GYKBBI MPUMEHSTIOTCS JIJIsT PACITH(hPOB-
K1 COOOMIEHUS TT0JIyYaTesieM; TTOCJIe UCTIOIb30BAHUS OHU TOYHO TaK JKE BhIYEPKIBAIOTCS.

[TockonbKy Kaskaast OyKBa, B CyNIHOCTH, MIMEET CBOI COOCTBEHHBIN CABUT, IUQpD
Hesb3s1 OyIeT B3IOMATh 0 TeX TI0P, TIOKA y 3JI0yMBIIICHHUKA HE OKAsKETCS OJIHA U3 KO-
U 0JHOPA30BOro OJIOKHOTA.

Hemocratok moilo6HOM cXeMbl 3aKJII0YAETCS B TOM, YTO OTIIPABUTEb U HOJTYYATEeb
TOJIKHBI 00T/IATh MIEHTHIHBIMU KOMSIMU OTOKHOTA, a Ge30macHas mepeaya 9TuX Ko-
T MOJKET OKA3aThCsT TAKOM JKe CIIOKHOM, Kak 1 OTTIPaBKa caMoro coobimenust. Korma-to
GJIOKHOTaME OOMEHUBAJIICH [IPU MTOMOIIH KyPbhepoB. Ecii Kypbepa mepexBaThIBalIl,
GJIOKHOT BBIOPACBHIBAJICS U BMECTO HETO BBICHLIAJICS HOBBIIA.

== 3AMEYAHMUE

' B nporpammHoi peanmsauum cxeMbl 04HOPa30BbIX 6JIOKHOTOB 415 LUMGPOBAHMS
e KaXKa,0ro CMMBOJ1a BMECTO CABUIra MOXHO MCMOJIb30BaTh NO6UTOBLIN onepaTop XOR
(nckntovatowee MJN). Ecnun B kavecTBe 6ainToB B 6JI0OKHOTE B3SITb CllyHaiHble 3HA-
yeHus ot 0 0o 255, 3alMdpoBaHHbLIN Pe3ynbTaT TOXe 6yAET MMETb BUA, ClyYaiHbIX
yucen B 9TOM AnarnasoHe.

BnoyHblie Wnodpsbl

B 6s10unoM 1mudpe coobienue pazbuBaercs Ha GJIOKH, KOTOPbIE 3aTeM OT/EJIbHO
U PyIoTcs U 0OBEAMHAIOTCS B KPUIITOTPAMMY.

Bo MHOTrUX 6J109HBIX G PAX KOAUPOBAHIE BBIIOIHSIETCS IyT€M MHOTOKPATHOM
tpanchopmanuu ganubx. Tpancdopmaius goKHa 66T 06PATUMOIL, 4TOODI T03-
JKe KPUTITOrpaMMy MOKHO OBITO paciindpoBaTh. Pasbuenne Tekcra Ha OJIMHAKOBBIE
GJIOKH MO3BOJISIET TIPEYCMOTPETh U3MEHEH S PPArMEHTOB OIPE/IeTCHHON JITTHBI.

[Toste3HO€E CBOICTBO GJIOYHBIX MH(POB 3aAKITOYAETCS B TOM, YTO OHU MO3BOJISIIOT
KpunrorpapuueckoMy porpaMMHOMY 0OecTieueHnio paboTaTh ¢ OTHOCUTEIHHO He-
Gosbimmu parMerTaMu tekcra. [IpeicraBbTe, HAPUMEP, YTO BaM HYKHO 3ammdpo-
BaTh OYEHb JTMHHOE COOOIIIEHIE PA3MEPOM, CKasKeM, B HECKOJIbKO rurabaiitos. Eciu vc-
M0JIb30BaTh MIMMP ¢ TEPECTAHOBKOI MO CTOIOAM, TIPOrPaMMe MTPUIETCS TIEPEXOAUTh
B pasHble YYACTKU COOOIICHNS B TAMSITH. DTO MOXKET IPUBECTH K cOPaChIBAHUIO JIaH-
HBIX B (DaliJI TIOIKAUKH, 4TO CYIIECTBEHHO 3aMEJIUT PaboTy.

Baounsrii mmdp Bezet cebst mnage. OH MOKET aHATIM3UPOBATH COOOIIEHIIE IO YaCTSIM,
KOTOPBIE JIETKO TIOMEMIAIOTCS B TTaMsTH. Jlaske ecii IporpaMMe IPUJIETCST KCTIOIb30BaTh
(ailsr moKauKy, Kax /bl (hparMeHT coobIeH st Oy/IeT 3arpysKaThCsl B MaMsITh BCETO
OJIUH pas.
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B nozpaszenax, npejcTaBieHHbIX HUKE, OITUCHIBAIOTCS HanboJsiee pacipocTpaHeH-
HbIe BUJIbI OIOYHBIX MIUGDPOB.

NMoacTtaHOBOYHO-NEPECTAHOBOYHbIE CETU

[udp nopcTaHOBOYHO-IEPECTAHOBOYHON CETH COBEPIIAET HECKOJBKO Yepeny-
IOTIUXCST PAYHIOB, COCTOSIINX U3 MOACTAHOBOYHOI 1 mepecTaHoBouHOI ctaanii. [Ipex-
CTaBbTE, YTO ATU CTAJUU BBITIOJHSIIOTCS aBTOMATaMU, PasMeleHHBIMI BHYTPU GJIOKOB
JIBYX BUJIOB: OJICTAHOBOUHBIX (S-0JIOKHM) U TePECTAHOBOYHBIX (P-0JI0KM).

S-6710k GepeT HeOOITBINON (hparMeHT TeKeTa 1 OGBEANHSIET €T0 € YaCThI0 KITH0Ya, 3a1Ty-
TBIBAsI TEM CAMBIM KOHEUHBIN pe3yibTat. UTOOBI «3aMeCTH CIIE/IbI» KaK MOJKHO CHJIbHEE,
M3MEHWTE O[IH-eNHCTBEHHBIH OUT KITI0Ya — B M/ease 9TO JOJLKHO TIPUBECTH K TPaHC-
(hopMaIiy MpUMepHO MOJOBUHBI UTOTOBBIX OuToB. Hanpumep, eciu S-6JI0K UMeET A€o
¢ 1 Gaiitom, on criocoben [IPUMEHUTDH Oreparuio XOR, 4TOObI COBMECTUTH MEPBBINA OUT
KJoua ¢ 6uramu 1, 3,4 1 7, B3AThIMK 13 TeKCcTa. B pasHbIX m1abI0HAX MOTYT COEAMHSTh-
cs1 pasHble OUTHI KJTI0Ua 1 co001IeHus. Bbl MOKeTe BAPUPOBATH S-OJIOKH [T PasHbIX
gacTeil TEKCTOBOTO (hparMenTa.

P-6710k MeHsteT MecTaMu OUTBI BO BceM (hparMeHTe U OTIIPABJISIET UX B Pas3HbIe
S-6s0kxu. Hanpumep, 6ut 1 us nepsoro S-6;10Ka MOKET OTIPABUTHCS K GUTY 7 U3 cie-
IYIOIIETO PayH/Ia B TPEThEM S-OII0Ke.

Ha pucynxe 16.7 nokazan TpexpayHI0BbIi ITHGP M0CTAHOBOYHO-TIEPECTAHOBOYHOI
cetn. S-6710kH S, —S, COBMEIAIOT K/T0Y ¢ hparmMeHTaMu cOOOIIeH s (CTOUT OTMETHTD, 4TO
B Ka/KJIOM PayH/Ie MOTYT MCIOJIb30BAThCS Pa3Hble YacTH KJioua). Bee P-6J10Ku BBITION-
HSAIOT OJIHY ¥ TY K€ TIePECTaHOBKY, OTIIPABJIsIA Pe3yabTaT paboTel S-610K0B B S-610K1
CTIEJIYIONIEr0 payH/Ia.

Yro6el pactmdpoBaTh coobIIeHNEe, HYKHO BBIOJIHUTD T€ JK€ MIATH, TOJbKO B 06-
patHoM mopsake. KpumnrorpaMma mponyckaeTcst yepes mepeBepHyThie S-0JI0KH, Moce
4Eero Pe3yJIbTAThI TOCTYIAIOT B TIEPEBEPHYTHIH P-GJI0K; BCe 9TO MOBTOPSIETCS HEOOXO0IU-
MO€ KOJINYEeCTBO PayH/IOB.

OrH U3 HEJIOCTATKOB TAKOTO MOIX0/IA 3aKJII0YAETC B TOM, 4TO S- 1 P-610K1 J10JIK-
HBI yMeTb paboTaTh B 00paTHOM HallpaBJeHHU, YTOOBI COOOIIEHUSI MOKHO OBLIO pac-
mmgposbiBath. Kpome Toro, ars mmdposanus n pacumdpoBKU HyKEH PasHbII KO,
4TO YCIIOKHSET MPOIECC HATMCAHNS, OTJIAKU U COTIPOBOKIEHUS TIPOTPAMM.

3AMEYAHUE

AES (Advanced Encryption Standard — yny4lueHHbIn cTaHaapT wnudposaHns), Be-
pPOSTHO, Hanbonee PacnpoCTPaHEHHbIM HA CerogHs MeTo LWndpPOoBaHUSA, TOXE
OCHOBaH Ha NoACTaHOBOYHO-NEPECTAHOBOYHOM ceTU. OH MCNosb3yeT pparmMeHThbI
pasmepom 128 6ut n 128-, 192- nnn 256-6UTHbIE KNOYM, B 3aBUCUMOCTU OT Xe-
nlaemMoro ypoBHsi 6€30MmacHOCTM.

YT106bI 0CO3HATb, KaKOe KONMYECTBO KJIHOHEN M3 3TOr0 MOXHO M3BJIeYb, [OCTATOY-
HO MNPUHSATb BO BHUMaHMeE, 4T0 2'%8 ~ 3,4 x 1038 11 2256 ~ 1,2 x 1077. Ecnun komnbioTep
3/10yMbILLJIEHHVKA cnocoBeH NpoBepuTb 1 Mapa Ktoyel 3a cekyHay (4TO JOBOJb-
HO MasloBEPOSATHO AJ1 0OLIYHOMO NEPCOHANBHONO KOMMbIOTEPA, Y4UTbIBAS CIOX-
HOCTb WaroB, HeoH6XoAUMbIX ANS WN@pPoBaHUA coobuieHns ), Ha nepebop Bcex
128- 1 256-OUTHbIX KJOYEe y Hero yiaeT, COOTBEeTCTBEHHO, 1,1 x 10221 3,7 x 108 neT.
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MeTtoa AES ncnonb3yeT pa3Hble KoNn4ecTBa payHa0B B 3aBUCMMOCTM OT pa3Mepa
kmoya: 10 payHaoB ans 128-6uTHbIX kitoden, 12 payHaoB ons 192-6utHeix n 14 pa-
YHOOB Ans 256-6UTHbIX. Yem 6osblue payHO0B U AJIMHHEE KoY, TEM CUMbHee 3a-
nyTbIBAETCS COOOLLEHNE, YTO 3aMeJISiET aTaky MeToaoM nepebopa.

Bonblue o metoae AES MoxHO y3HaTb no agpecy https://ru.wikipedia.org/wiki/ Advanced
Encryption_Standard.

OTKPbITbIN TEKCT

Kpuntorpamma

Puc. 16.7. B mudpe noacTaHoBOUHO-11€PECTAHOBOYHON CETU CTA/IUU TTOICTAHOBKU
U TIEPECTAHOBKU YEPEYIOTCST

Wudp Peiictena

B mudpe Delicrens, nazsanHoM B uectb Kpunrorpada Xopera Deiicrens, coobiie-
Hue pa3duBaeTCs IOIOJIaM Ha JIeByIo U TipaByio yacti — L, 1 R . K npaBoit wactu mpu-
MeHsieTcst (PYHKITUS, U TIOJIyYeHHbII Pe3YJIbTAT COBMEIIAETCS C JIEBOW YaCThIO C IIOMO-
bIo oreparuu XOR. 3aTeM 9T JBa (hparMeHTa MEHSIOTCSI MECTAMU U TIPOIIECC TTOBTO-
psieTcst orpejieJieHHOe KOJIMYeCTBO PAyH/IOB.

BpIicokOypOBHEBOE OTIMCAHHE TAKOTO AJITOPUTMA TIOKA3aHO B BUJIE CICAYIOTUX ITIATOB.
1. Pas6uBaeM OTKPBITBIN TEKCT IONOJAM Ha JBa OJI0Ka — LO u RO.
2. TloBTOpsiem:

a. npucsausaeM L, = R;

b. npucsausaem R, =L XORFR,K).

378



KpunTtorpadus

K. — 510 NOJIKJII0Y, KOTOPBIil NCIIO/IBb3YeTCs B payHje i (Habop 3HaYeHMil, crenepu-
POBaHHBIX € IOMOIIBIO KJIFoUa coobienust ). Hanpumep, mpoiiie Beero 6b110 Obl pasOuTh
KJIIOY Ha YaCTU U MCIOJIb30BaTh UX 110 HOPSIKY, IOBTOPSs IPU HEOOXOAUMOCTHU (3TO
moxoske Ha mudp Buskerepa, KOTOPBIN 3aeiicTBYET KAy OYKBY KU st mudg-
POBaHUSI OJIHOTO CUMBOJIA U3 OTKPBITOTO TEKCTA U 3aTeM, €CJIM IIOHAL00UTCSI, TOBTOPSI-
eT JaHHble OYKBBI).

[Tociie BHIMOJIHEHUST HYKHOTO KOJIMYECTBA PAyHAOB KpHUITOrpaMMa OyAeT UMeTh
Bugl ,+R .
i+1 i+1

Yro66! pactiudpoBaTh cOOOIIEHNE, HYKHO MOJYYUTh UTOTOBbIE 3HAUCHISI L.,
1 R, |, pasie/IiB KpUITOrpaMmy Homosiam. Ecii B3rystHy Th Ha IpeIbILy IIME Tar, MOsK-
HO YBUZETD, 4TO R, — 910 L., ,. IIOCKOJIBKY MBI yKe 3HaeM, 4eMy paBHO L., ,, 3HaueHnune
R, Ham TO3K€ N3BECTHO.

+1’

UTo6bI BOCCTAHOBUTD L, 3aMEHIM B yPaBHEHUH, MCIIO/Ib30BaHHOM Ha mmare 2b, L |
na R. Ilomy4nwm ciemyronee:

R,., =L, XORFR,K)=L XORKL,,  K).

+17
Ha nannom arare HaM ysKe U3BECTHO 3HaUeHUe L, ., TT09TOMY Mbl MOKEM BbIYMCJINUTD
i+1
KL, , K). Ecmu coBmectuts 970 ¢ R, , |, yenosusa F(L, , , K) nusenmpyiorcs. B pesy.ib-
TaTe OCTAETCsA TOJIbKO BOCCTaHOBJIEHHOE 3HaueHue L.

i+1

Asroput™m paciundpoBbIBaHNA OIMCAH B BUJIE CJEAYIONINX [IaroB.
1. Pazpensiem kpunrorpammy monosiaM, Ha L, mu R, .
2. IloBTOpsiem:
a. nmpucsamBaeM R. = L. ;
b. mpucsansaem L. = R, XOR F(L. , K).
i i+1 i i

Opnum u3 npenmytiects mudpos DelicTess SBISIETCS TO, YTO paciim(POBbIBAHIE
He TpebyeT nHBepTUPOBaTh (GYHKIMIO F. 910 03HauaeT, hyHKIMs F MOKeT GbITh 06O,
Mayke TaKoi, KOTOPYIO CJIOKHO 0OPATUTH B MTPOTHBOTIONOKHYIO CTOPOHY.

+17

Eme oxmo npenmytiectso mudpos DeficTesist 3aKI109a€TCS B TOM, YTO TPOIIECCHI
mrdpoBaHus U pacin@pOBbIBAHUS TPAKTUYECKH COBIAAAI0T. OTIMYAETCS TOJMBKO M0-
PSIIOK MCIIOJIB30BAHUS TTOIKJIIOUE. DTO O3HAYAET, 4TO s I poBaHus u paciindpo-
BBIBaHUS HY;KEH BCETO JIUIIb OJIUH (PparMeHT KO/a.

3AMEYAHUE

CranpapTt wundpoBaHua aaHHbIx (Data Encryption Standard, nnn DES), koTopbIi
[0 HeJaBHMX nop Obl1 0OAHMM U3 Hanbonee NonynsApPHbIX METOAOB WNGPOBaAHUS,
OCHOBaH Ha Wwindpe Perictens. OH 6onblue He cHMTaeTCcs 4oCTaTo4yHO 6e30nacHbIM
0191 BbICOKO3ALLMLLEHHbIX MPUIOXEHWI, B OCHOBHOM N3-32 OTHOCUTESIbHO KOPOT-
Koro 56-6MTHOro KJtoya.

Pa3HoOBMAHOCTL 3TOr0 MeToAa nopn HaseaHmeM Triple DES npocto npumeHsaeTt
anroputm DES no Tpu pasa k kaxgomy 6noky. Triple DES cuntaetcs 6e3onac-
HbIM, XOTS B BbICOKO3ALLULLEHHbIX MPUIIOXEHNSX BMECTO HEro Tenepb UCMoJsib-
3ytoT AES.

Bonblue o meToae DES moxHo y3HaTb no agpecy https://ru.wikipedia.org/wiki/DES.
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LLindpoBaHme ¢ OTKPbITbIM KJ1I0O4OM U RSA

B mudpoBanuu ¢ OTKPHITHIM KJII0YOM MCIIOJIb3YeTCs /1BA OT/AENbHBIX KJI04a — OT-
KPBITBIN U 3aKPBITHINH. OTKPBITHII KU OOBIYHO TYOJUKYETCST, TOITOMY €TI0 MOJKET
Y3HATDh KTO YTOJHO (BKJIIOYAs 3JI0YMBIIIJIEHHUKA). 3aKPBITDIN KJII0Y U3BECTEH TOJILKO
MOJIy4aTeIo.

OTnpaBuTesb UCTIOIB3YET OTKPBITHII KITIOY /It N POBAHKS COOOIIEHNS U Niepe-
JlaeT pe3yJbTar nosydaresio. OqHako pacmudpoBaTh €ro MOXKHO TOJIBKO € IIOMOIIBIO
3aKPBITOTO KJII0Ya.

B apyrux tunax mudpoBaHus A1 KOAUPOBAHM U AEKOAUPOBAHUS COOOLIEHNUST
MCTIOJIB3YETCS OIMH U TOT JKe KJII0Y, TO3TOMY WX HAa3bIBAIOT CUMMEMPUUHDIMIUL.

OHUM U3 CaMbIX U3BECTHBIX aJITOPUTMOB HIM(POBAHUS C OTKPBITHIM KJIIOYOM SIB-
sgetcst RSA, Ha3BaHHBIN B UeCTh TeX, KTO BIEPBBIe ero onucas: Poranbaa Pusecra, Ann
[Tamupa u Jleonapaa Ansemana.

OCTOPOXXHO: MATEMATUKA

V Anroputm RSA aBnseTcs kpainHe UHTEPECHbLIM, 1 ONpeaeNeHHoe NOHNMaHWe NMPUH-
LMMOB ero paboTbl MOXET NPUroanTLCS MPY NPOXOXaeHUn cobecenoBaHus. K coxa-
JIEHMIO, OH, KPOME BCEro NMPOYEro, ELLLE U O4EHb «MaTeMaTn4eckunine. Ecnv sam He no
Aylle faHHas Hayka, MOXeTe cpady NepexoamThb K nogpasaeny «Mpakruyeckue co-
obpaxeHns» pasgena «LLindpoBaHmne ¢ 0OTKpbITbIM KSIl0HOM 1 RSA» B TEKyLLEN rnaBe.

Yr106bI CreHepupoBaTb OTKprTbIﬁ n SaKpI)ITbII'/JI KJIIO4YU 4JId TaHHOTO aJITOpUTMa,
HYJKHO BBIITOJTHUTD CJIEAYIOINE TTaru.

1. Boibupaem aBa 60JIbIINX IPOCTHIX YUCJIA, P U (.

2. Beruucisiem n = p x g. 10 GyJIeT MOJIYJIb OTKPBITOTO KJIH0Ya.

3. Boruncisiem ¢p(n), tae ¢ — dyHrus Jitaepa (oapobHee 00 9TOM Uy Th TTO3KE).
4

. Boibupaem nesoe unciio e B guanasone 1< e < ¢(n); e u ¢p(n) 10JKHBI OBITH B3a-
HMHO IIPOCTBIMU (TO €CTh Y HUX He JOJIKHO ObITh 001X AesuTeeii). ITo Oyaer
9KCIIOHEHTA OTKPBITOTO KJII0YA.

5. Beruncisiem 3Hauenue d, o6paTHOE K YHCITY e 1o Moyt ¢(n). JIpyrumu cioBa-
mi, e x d =1 mod ¢(n) (06 aTOM TOXKE IIOrOBOPUM UyTh HUXKe). 3HaueHue d sB-
JIIETCS 3aKPBITBIM KJTIOUOM.

6. OTKPBITHII KJII0Y COCTOUT U3 3HadeHuii n u e. Yrobbl 3ammdposaTh LudpoBoe
coobrenrie M, ornpasurensb ncnonbayet hopmysay C = M mod 7.

- 3AMEYAHUE

' B rnaBe 2 onucbiBaeTCcs HECKOIbKO METOAMK, He0O6X0aMMbIX AN peannsaumm
W ,nroputma RSA. B 4aCTHOCTU, TaM 0GBLACHAETCS, Kak MPOBECTU BEPOATHOCTHYIO
NPOBEPKY, HTOObI ONPeaennTb, ABASETCS JIM YACIO NPOCTbIM. YTO6Ob! HATK B0MbLLOE
NpPOCTOE YNCNO, BbIbepUTE cnyyaliHoe 60bLLIOE 3HAYEHME N MPOBEPLTE, NMPOCTOE
1 OHO. [oBTOPSAINTE A0 TEX MOP, MNOKA HE NOJTYHUTE HYXHbIN BaM pe3ynbTarT.

B rnaBe 2 Takxe pacckasbiBanocb 06 9¢dpPpeKTMBHOM BO3BEAEHUN B CTEMNEHb
1 0 TOM, Kak C MOMOLLIbIo anroputma EBknvaa 66ICTpo onpenennts, UMELoT N ABa
yncna obwwii penuTens.
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CroiikocTh anroputMa RSA 0cHOBBIBaeTcst Ha TOM (haKTe, YTO passioskeHue 60JIb-
VX YUCET HA MHOKUTENU SBJSETCS CI0KHON 3aj1a4eil. Ecyin 37I0yMBINIITIEHHUKY yIACT-
S PA3JIOKUTH HA MHOXKUTEIU OTKPBITBIN MOJIYJIb 71, OH CyMeeT BOCCTAHOBUTH ITPOCTHIE
uncsa p u q. VImes p 1 g, a TaksKe OTKPBITYIO 9KCTIOHEHTY €, OH CMOJKeT Moo6paTh 3a-
KPBITBIN KJIIOY ¥ B3JIOMATh MHUDP.

Bot mouemy 1mpocTbie Yncaa p U ¢ JOJKHB ObITH OOIBITUME — TaK 3JI0YMbIILIEH-
HUKY OyJIeT Tpy/iHee PasioKUTh 72 Ha MHOKUTEIIH.

- 3AMEYAHUE

' MHTepecHbIi pakT: XoTa 3aaa4a pasfioXeHNa Ha MHOXUTENN CHNTAETCH CITOXHOW
¥ | \iHorve MIOAM NOTPATUAM HA €€ U3YYEHVE OFPOMHOE KOMIMYECTBO BPEMEHM, HET
HMUKaKOW rapaHTUM TOro, YTO OAHaXAbl KTO-HMOYAb NpuaymMmaeT ObiCTPbI cnocob
Pa3/IoOXEHNA HA MHOXUTENN OOJbLLNX YACET.

dyHKuua dnepa

B marax 1 u 2 anroputmMa reHeprpoBaHUs KITIOUa HETIOCPEICTBEHHO NCITOTh3YIOTCS
MEeTO/INKH, ONTMCAHHBIE B IJIaBe 2.

Ha miare 3 Heo6xoa1uMo BoIYUCANTD (QyHKIHIO Ditnepa, ¢p(7) (ee ele Ha3bIBaIOT Gu-
dyukimeit). Ona Bo3Bpaiaer KOJUYECTBO HATYPAIbHBIX YHCEJI, MEHBIIIUX OTIPe/IeJeH-
HOT'O YMCJIa 77 1 He UMEIOIMX ¢ HuM obuiero geauress. Hampumep, ¢(12) pasho 4, mo-
CKOJIBKY CYIIIECTBYET YeThIPE YNCIA MEHBINNX, YeM 12, 1 BBICTYIAIOMIUX B3AUMHO TIPO-
creimMu ¢ quM: 1,5, 7 n 11.

IIpocToe Y1CIo SIBIISETCST B3ANMHO ITPOCTBIM TI0 OTHOTIIEHHIO K JII0OOMY TeJIOMY TT0-
JIO)KUTEJIHHOMY 3HAUYEHUIO, KOTOPOE MEHbIIE 3TOT0 YUCJIa, ToaToMy ¢(p) =p — 1, ecain
p TIpocToe.

OxkasblBaeTcs, eciu p U g SABJSIOTCS B3AUMHO IPOCTBIMU, TO §(p x q) = d(p) x ¢(p).
ITO BO3MOKHO, €CJIV OHU SABJISIOTCS IIPOCTBIMU 110 OTAEIBHOCTH, TI09TOMY B IIare 3 Me-

em: d(n) =d(p x q) = d(p) x d(q) = (p — 1) x (g — 1). IDTO JIETKO BLIYUCIHTb.

[TpencraBum, Haipumep, uto p = 3 u g = 5. Torma ¢p(15) = ¢(3) x ¢(5) =
=B -1)x(5-1)=2x4=38. leficTBUTEJIBHO, BCETO CYIIECTBYET BOCEMb I10-
JIOKUTENBHBIX 1[EeJIBIX YHCET, KOTOPbIe MeHbIe 15 1 B3aumHo mpoctsie ¢ 15: 1, 2,
4,7,8, 11,13 u 14.

OOGpaTHble BeNIN4YNHbI

[Iar 4 B anropuT™Me TEHEPUPOBAHUA KJIIOYA JIOBOJIBHO pocT. /loctatouno BIGpaTh
cay4aliHble yncia B auanaszone Mmexkay 1 u ¢(e) u mpoBepuTh ¢ oMolibio asroputma Es-
KJIU/IA, SIBJIFIOTCS JIM OHU B3aUMHO ITPOCTBIMU 110 OTHOIIEHNIO K €.

B mare 5 HeoOXoanMo 00HAPYKUTh 3HAYEeHHE d, 0OpaTHOE K YKCIIY € TI0 MOJLYJIO
&(n). Ipyrumu cjioBaMu, HY’KHO HallTH TaKoe e, Tpr KoTopoM e x d = 1 mod ¢(n).

OMH 13 IPOCTHIX CIOCOOOB MOMYUUTH 0OPATHYIO BEJTMYNHY 3aKTI0YAETCS B BHIYNC-
nenun (1 x d) mod ¢(n), (2 x d) mod ¢(n), (3 x d) mod ¢(n) u . x., HOKa He OymeT Haii-
JIEHO 3HaYeHMe, Jatoliee pe3ybrar 1.

381



nasa 16

Yrob6bl cieaTh MOUCK 3HaYeHUs e Gosiee a(hheKTUBHBIM, MOKHO BOCIOJIb30BATHCS
paciupennsiM asroputMoM EBkitnzia. [Togpobroctu uiure 1o azgpecy http:// ru.wikipedia.
org/wiki/Anroputm_EBknmpa.

Mpumep ncnonb3osaHus RSA

Jlist Havasma paceMoTpuM obpasel] moa6opa OTKPHITOTO ¥ 3aKPBITOTO KIOYEH.

1.
2.

N O o W

Boibepem iBa GOJIBINX MTPOCTHIX YKCTIA P U .

[Iycts p = 17 1 g = 29. B pealibHbIX yCIOBUAX CJEYET BHIOUPATH 3HAYMTETBHO
Gourpiitvie 3Havenust (Hanpumep, 128-6uTHble Ynca, 3aMMCAHHBIE B IBONYHOM
Bujie), nopsizaka 1x10%,

. Borumcsmmm n = p x . 910 OymeT MOLYJIb OTKPBITOTO KU,
. Mosysp OTKpBITOTO KJTI04a 72 paBeH p x ¢ = 493.

. Beruncaum ¢(n), roe ¢ — dbyHkimsg Jiisepa.

. 3uauenue ¢(n) = (p — 1) x (g — 1) = 16 x 28 = 448.

. BoiGepem 1esoe unciio e B quanasone 1< e < ¢(n); e u ¢(n) 10KHbI OBIT B3AUMHO

IIPOCTBIMMN.

. B atom IIpUMeEpe HYKHO BI)I6paTI) TaKoe e, 4TOOBI OHO HaXO0/IM1JIOCh B /lalla30HE

1 < e < 448 u GbLIO B3aUMHO MPOCTHIM 110 OTHOIIEHUIO K 448. Paznoxkenue Ha
POCThIE COMHOKUTENHN uncia 448 faet 25 x 7, 109TOMY € He MOJKET JIeTUThCS Ha
2u7. Illyctbe=3x5x 11 =165.

. Borumcsmmm sHauenue d, obpaTHOE K YUCTY € 10 MOLy o ¢(n). I pyruMu cioBa-

My, e x d =1 mod ¢(n).

10. B artom npumMepe HyKHO HaliTn 3Hauenue, obparHoe K 165 mod 448. To ectb 110-

JIy4uTh Takoe d, ipu KoTopoM d x 165 = 1 mod 448. B Hamem ciyuae 429 x 165 =
=1 mod 448, nosromy obparTHas Besmunta Oyuer pasta 429. (IemoncTpaontas
nporpamma Multiplicativelnverse, KOTOPYI0 MOKHO 3arpy3uTh CPeAU APYTUX IPH-
MEpPOB K 3TO#1 TJIaBe, BBIYUCISIET 0OPATHBIE BEJIMYUHBI, AHATIOTHUHbBIE BBIIIETIPH-
BezileHHOI. OHA [TPOBePsieT BCe 3HAUEHMSI, TIOKA He HAXOAUT TAKOe, IPU KOTOPOM
429 saBnsieTcst KOPPEKTHBIM PE3YJIbTaTOM. )

Wraxk, oTKpbITast 9KcrioneHTa € = 165, OTKPBITHII MOLYJIb 1 = 493, a 3aKPBITHII KITI0Y

d=429.

Teneps mpe/icTaBbTe, YTO BaM HY>KHO 3anmdpoBath 3HaueHmre 321 (HazoBeM ero C).
C nosxHo 66Tk paBHo M* mod n = 321'% mod 493. ITporpamma ExponentiateMod, s1B-
JISTTOTIASICS YaCThIO PeleHus K yrpaskHeHn o 11 13 TyaBel 2 ¥ JOCTYITHAS /I 3aTPy3KU
Ha Be6-caiite KHUTH, GBICTPO BHIYKCIISIET GOJIBIINE IKCIIOHEHTHI. 3andpoBaHHOE 3HA-
YyeHue, KOTOpoe OHa BbiaeT, paBio 321'% mod 493 = 359.

Yro6sl pacudposaTh sHaueHne 359, mosrydaresio HeobXoaumMo Bbrarcantb C¢ mod 7.
B namewm cayuae ato 6yzer 3592 mod 493. IIporpamma ExponentiateMod u3 riaBbr 2
naet pesynbrar 3594 mod 493 = 321, mosTomy paciundpoBaHHOE 3HAYEHIE, KaK 1 O3KH-
JIaioch, paBHo 321.
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MpakTnyeckne coobpaxeHus

Ha cosmanvie HafieKHBIX 3aKPBITHIX KIOUEH W BHIYMCTIEHIE GOMBITNX KCITOHEHT
MOKET YHTH HEKOTOPOE BPeMs, asKe eCJIU MCIOMb30BaTh OBICTPOE BO3BEEHUE B CTe-
HeHb 10 MOLYJIt0. Kak BbI TIOMHUTE, P U ¢ SIBJISIIOTCST 04€HB OOJIBITMMHI YUCIAMU, TI03TO-
My NPUMEHEHNE KPUTITOTPA(h Ui ¢ 3aKPBITBIM KJIIOYOM 7151 TI(POBAHUS ITTAHHBIX CO-
obuenuii (¢ mpeaBapuUTeIbHON pa3OUBKOIl Ha MeJIKIe OI0KH, KOTOPBIE JIETKO IIPeICTa-
BUTD B BUJIE YUCEJ) MOKET 0Ka3aThbCs OBOJIBHO ME/IJIEHHBIM.

[t 9KOHOMUN BPEMEHU B HEKOTOPBIX KPUTITOTPAPUIECKUX CHCTEMaX TIPUMEHS -
eTcs mudpoBaHUE ¢ OTKPBITBIM KIIOYOM. ITO MTO3BOJISIET OTIIPABUTENIO U TIOJIYYaTeI 0
0OMEHUBATHCST 3AKPHITHIMU KJIIOUAMU U MCIOJIb30BATh CAMMETPUYHOE TTi(pOBaHUE.

3AMEYAHUE

MonynapHas nporpamma nop, Ha3eaHuem Pretty Good Privacy (PGP) ucnonbsyet
WNdPOBaAHME C OTKPLITbIM KIIOYOM KakK MUHUMYM OIS 4aCTU CBOUX BbIYUCIEHUN.
Y106bI CaenaTb KPUNTOrpamMmMy MakCUMasnbHO 3arnyTaHHOW, COXPaHWUB NPV 9TOM yme-
PEHHYIO IJINHY COOOLLIEHNS U MPUEMNEMYIO CKOpPOCTb, PGP o6pabaThiBaeT AaHHbIe
B HECKOJIbKO 3TamnoB, BK/IOYasa XELUMPOBaHME, CxXaTtume, a Takke LmndpoBaHue ¢ oT-
KPbITbIM 1 3aKPbITbIM K/THOYaMMU.

Bonblue o PGP moxHo y3HaTb no agpecy https://ru.wikipedia.org/wiki/PGP.

Opyrue oonacTn npuMmeHeHna kpuntorpadpum

AJIropuTMbI, OTIMCAHHbIE B 9TOU TJIaBe, HalleJieHbl Ha mu@poBaHue u pacuindpo-
BbIBaHIE COOOIIEHIIT, OHAKO KPUIITOIPAPHIO MOKHO UCIIOIb30BATh U B IPYTHX IEJISAX.

Hampumep, kpurrrorparpacdudeckast GyHKINS XeITUPOBAHNS IPUHUMAET B Kaye-
cTBe BBOJa GJIOK AHHBIX, TAKOH Kak (hails, ¥ BO3BPAIAET Xelll, C TOMOIIHIO KOTOPOTO
3TU JaHHble MOXHO UaeHTUhUIMpoBaTh. [locie daiin u ero xemr MOXKHO cesaTh Iy-
GJIMYHO JIOCTYITHBIMU.

[TonyuaTesb, KOTOPBII XOUYET UCIIOJIB30BATH ATOT (DA, OJKEH BBIIOJTHUTD TY JKe
(DYHKIIUIO ¥ [TPOBEPUTH, COBIIAJIAET JIU €0 Xelll ¢ myOandHbiM. ECII KTO-TO TO/Iea
aitn, coBmaenns GLITh He TOKHO; TAKUM 00pa3oM, afipecaT Oy/IeT 3HATh, UTO TaHHBIE
JIOLLJIA K HEMY B U3MEHEHHOM BUJIE.

Xoporast hyHKIUS XeIMUPOBAHUS TOKHA:
= JIETKO BBIYUCJIISITHCS,

= MaKCHUMAJbHO YCJOKHSATD 3JIOYMBINIIEHHUKY 3a/la4y cOo3/laHus (aiiia ¢ ycra-
HOBJIEHHBIM 3HaYeHueM xemra (4ToObI HeJib3st ObLIO 3aMEHUTh OPUTMHAJIBHBIN
(aiin nopmenbHbIM);

" MaKCHUMaJIbHO YCJIOKHATD U3MeHeHne (bafma 6e3 Hpe06pa30BaHH51 Xelia;
" MaKCHUMaJIbHO YCJIOKHATD IIONCK ABYX d)anIOB C OJ/IHUM 1 TEM K€ XEIIIEeM.

Onna 13 Bo3MOXKHOCTel IIpuMeHeHns KpUulTorpahruyecKoro XeumpoBanus 3aKJ10-
yaercs B IIpoBepke napoieil. Korzia Bbl cosziaere 1aposib, CUCTEMa COXPaHSeT ero Xell.
Ho ona He XpaHuT caM 11apoJib, I03TOMY 3JI0YMBIIIJIEHHUK He MOKET ero 3all0Jy4YUTb.
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3aTeM IIpU BXOJIe B CUCTEMY BbI CHOBA BBOJIUTE CBOU MapoJib. /[ HeTo co3naercs
XeTll, KOTOPBIY CPAaBHUBAETCS C YK€ COXPAaHEHHBIM 3HAaYeHUEM.

Hugposas noonuce — 310 KpunrorpahuueCcKii HHCTPYMEHT, YeM-TO HAlTOMIHA-
01U Kpuntorpaduyeckoe xemmposanne. Ecin Bbl XOTHTE [I0Ka3aTh, YTO KaKOH-TO
KOHKDPETHBIII JOKYMEHT HallMCaH BaMU, er0 Hy»KHO IOAIUCaTh. 1103%Ke MOXKHO OyzeT
IIPOBEPUTD MOJAJTNHHOCTD Balen IIOAIINCH. Eciam xTo-To I[pyI‘OfI U3MCEHUT NJOKYMEHT, OH
HE CMOJKET MOJIIMCATh €T0 OT BAIllero MMEHH.

O6b1uHO crucTeMa HUMPOBBIX MOAIUCENR COCTOUT U3 TPEX YaCTel:
" QITOPUTM T€HEPUPOBAHUS 3aKPHITHIX M OTKPBITHIX KJIIOUEH;
" QJITOPUTM, KOTOPBI TIOJATTMCHIBAET JJOKYMEHT € MTOMOIIBIO 3aKPBITOTO KJII0Ya;

" QJITOPHUTM, HpOBepHIOH.H/Iﬁ ITIOJIVIMHHOCTb Balen IOJAIINCH C ITIOMOIIBbIO OTKPbI-
TOTO KJIro4a.

[Iudposas moANCH B HEKOTOPOM CMBICJIE SIBJISIETCS ITPOTUBOIIOJIOKHOI 110 OTHOIIIE-
HUIO K crcTeMe MudpoBaHUst ¢ 3aKPLIThIM KitouoM. Coobienne MoxeT ObITh 3arub-
POBAHO € TIOMOTIHIO OTKPBITOTO KJII0YA JTIOOBIM YHCIOM OTITPABUTENEH, HO pactriudpo-
BaTh €r0 CyMEET TOJIBKO OJIUH U3 MOoTydYaTesei, 06 afarouii 3akpbITHIM KI04oM. B cu-
creMe UG POBBIX TOANUCEN COOOIIEHNE OAIUCHIBAETCS OTIIPABUTEIEM € TIOMOIIBIO 3a-
KPBITOTO KJIIOYA, @ OTKPBITHIN KJII0Y, TO3BOJISIONINN TPOBEPUTH €TO MOJJIUHHOCTD, /10-
CTYTIEH JII0GOMY KOJIMYECTBY TIOJIYYaTEeeH.

Pe3iome

B 210i1 r71aBe OBLIO PACCMOTPEHO HECKOIBKO KPUITOTPAGUIECKUX anropuTMOB. I1po-
CTelilne U3 HUX, TaKe KaK epecTaHOBOYHbBIE Y TIOZICTAHOBOYHbBIE UG PHI, HE SABJISAIOT-
cs1 6e30MACHBIMU € TOYKHU 3PEHUST KPUNITOTPA(pUH, HO MOTYT MPECTABIATH COOON HHTE-
pecHble yrpaskaenus. JIIo60i, KTo u3ydaeT aJropuTMBI, I0JKEH UMETh O HIX KaKOe-TO
npejcTaBienue, ocoberto 1o kacaercs udpos [esaps u Bukenepa.

Jlajiee MbI TIO3HAKOMUJIUCH C COBPEMEHHBIME JITOPUTMAMU W Y3HAJIH, KaKHe 13 HIX
BCe elrie HaxoasaTest B ynorpebserun., AES (MCTosb3yeT mojicTaHOBOYHO-TIEPECTAHOBOYHBIE
cetn) 1 RSA (ocHoBaH Ha MMMPOBAHUHT C OTKPBITHIM KITIOYOM ) SIBJISIOTCS CETO/THS HAU-
6ouiee pacupocrpatnertbiMu. Crangapt DES Gosbliie He cunTaeTcs JoCTaTOuHO Ge301ac-
HBIM, OJIHAKO B HeM TipuMenstetcst mudp Deiictelist, KOTOPHIH caMm 10 cebe MOKET ObITh
MHTEPECHBIM; K TOMY K€ Ha €r0 OCHOBE JIETKO CO3/IaBaTh Oe301macHbie MeTo/Ibl (G poBa-
Hus, tTakue Kak Triple DES.

JTaTrjiaBa OXBATHIBAET BCETO JIUITh HE3HAUUTETHHYIO YaCTh U3YYEHHBIX KPUIITOIPa-
(mueckux anroputmoB. Bosbie nHGOpMAI MOKHO HaliTh B VIHTEepHETE M KHU-
re, MOCBSIIEHHOM Kputrtorpadun. CBoM MOMCKHU cJiefyeT Havath ¢ BeO-caiitos https://
ru.wikipedia.org/wiki/Kpunorpadws u http://mathworld.wolfram.com/Cryptography.html. Ecsiu BbI 1ipeji-
roynTaeTe MeYaTHbI BapUaHT, HACTOSITEJTbHO PEKOMEH/YI0 BaM BTOPOe U3/laHne KHI-
ru bpioca [naiiepa «IIpuknannas kpunrorpadus. [IpoTOKOIBI, aTOPUTMBIL, UCXOIHbIE
TekcThl Ha si3bike Cuy» (Tpuymd, 2002). B Hem onmcano orpoMHO€E KOJTMYECTBO aJITOPUT-
MOB 17151 U poBaHus U paciin@poBbIBaHMSA, ITU(MPOBBIX MOANINCEH, ayTeHTH(DUKAIINH,
3alUIIEHHON CHCTEMBI BBIGOPOB U 1IH(DPOBOIT BATIOTHI.
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ITHU AJITOPUTMBI KCXOJISAT U3 IPEANON0KEHIIS, YTO IPU HATHYUHU KJII0Ya MOKHO J10-
BOJIBHO JIETKO BBITIOJIHUTD OTIPE/I€JIEHHbIE BHIUUCJACHUST U UTO O3 HEro 9TOr0 CAEIATh
Henb3st. Hanpumep, B cranmapte RSA nosryuarestio He cocTaBiisieT Tpy/ia pactiingpoBbi-
BaTh COOOMIEHMUST, OJTHAKO 3JI0YMBINIJICHHUKY HYKHO PA3JIOKUTh HA MHOKUTETN KOMOH-
HAIWIO U3 JIBYX GOJIBIIUX MPOCTHIX YUCEN. DTa OlEpallist CYMTAETCS KpaiiHe CI0KHOM,
Gaaroapst uemy tngposanue RSA HeJib3s B31OMaTh.

B Teopuu anropuTMOB BBIZIEJSIIOT [[BA YPE3BBIUAITHO BasKHBIX Kjacca mpobiem: P
u NP. K nepBoMy KJaccy OTHOCSIT TPOGIEMBI, KOTOPBIE OTHOCUTETHHO TPOCTO PETITUTH, —
HaIpUMep, YMHOKEHWE BYX YHCEJT WU TIOMCK OMHAPHOTO JepeBa Jist (hparMeHTa nH-
dopmaruu. Bo BTopoii Kiace BXOAST POGIEMbI MOBBIIEHHO CI0KHOCTH, TAKHUE KakK
yIIaKOBKa B KOHTEHHePHI, 3a/1a4a 0 paHIle U 33j/laua KOMMUBOSIKepa, OlMCaHHbIe B IJa-
Be 12.

Cuenytommas T7iaBa ocBsIeHa kiaccam 3a1a4 P u NP. B Heil paccmaTtpuBaioTest He-
KOTOPbIE HHTEPECHBIE BOTTPOCHI, KACAIOTITNECST ITHX KJIACCOB, a TaKIKe MPOOIEMBI, KOTO-
PBIE OCTAIOTCST HEPEIIEHHBIMU.

YnpaxHeHusa

3Be37104K0I OTMEUYEHDI 3a/[a4M ITOBLIIIIEHHON CJI0KHOCTH.

1. Hanumure mporpammy, KoTopast g pyeT u paciumdpoBbIBaeT COOOIIEHUSI € 1M0-
MOTITIO TIEPECTAHOBOYHOTO MH(DPa MO CTPOKAM,/CTOJIOTIAM.

2. Hanwmmmire porpamMmy, Kotopas mudpyer u paciindpoBbiBaeT cOOOIEHHS € I10-
MOII[BIO TIEPECTAHOBOYHOTO TH(Pa 110 CTOJAOIAM.

3. IlepecTaHoBOYHBII MKUOP 110 CTOIOIAM MCIOJIb3YET OTHOCUTENbHbII ajihaBuT-
HBII TOPSIIOK 111 GYKB CBOMX KJIIOUYEH, YTOOBI OIIPE/Ie/INTh COOTBETCTBUE CTOJG-
110B. YTO IPOM30II/IET, €C/IU B KJII0YE HEKOTOPbIEe OYKBBI OYyT AyOIMpPOBATHCS,
kak B PIZZA nim BOOKWORM? Kak pemutsb a1y 1pobiemy? Vimeer s Takoit
MO/IXO0/] KaKue-Inh0 IPenMyIiecTBa?

4. TlepecTaHOBOYHBIN IUGP 110 CTOAOIAM MEHSIET MECTAMU CTOJIOIBI B COOOIIEHNUH,
COXPaHEHHOM B MacCCUBE. Y JaCTCs JIM YIYYIINTh O€30IIaCHOCTD, €CJIU [IEPECTAB-
JISITH He TOJBKO CTOJIOIBI, HO 1 CTPOKHU?

5. Hanumure nporpammy, KoTopast mogo6Ha mudpy nepecTaHoBKH CTOJIOIOB, YTO
MEHSIET MECTaMK He TOJIbKO CTOJIOLbI, HO 1 CTPOKHU.

6. Hanmmmmute mporpaMMy, KOTopast UCTIONb3yeT TocTaHOBOYHBIN mndp Ilesaps
wist mpoBanust u pacinndpoBbiBatst coobieHnit. Kak Oy et BbIrisiieTs TekeT
Nothing but gibberish, eciiu ero samudposars co casurom 13?

7". Hanmummure mporpaMMy, 9TO BBIBOIUT YACTOTY, C KOTOPOU GYKBBI BCTPEUAIOTCSE
B coobuieann. OTCOPTUPYIITE PE3yJIbTaT 110 KOJUYECTBY BXOKICHUN U BHIBE/IH-
Te JI7TsT KasK0H GYKBBI CIIBUT OTHOCUTENHHO E.

8. 3areM MUCIIOB3YiiTe HAMMCAHHBINM BAMU KOJI U TIPOTPAMMY, CO3/IAHHYIO B YITPasK-
Hennu 6, st pactumdposku coobmenust KYVIV NRJRK ZDVNY VETRV JRIJL
SJKZK LKZFE NRJKY VJKRK VFWKY VRIK. Kakoii ciBUT TIPUMEHSLIICS TIPH
mmhpoBaHuN?
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9.

10.

11.

12.

13.

14.

15.

16.

Harurmire mporpaMmy, KoTopast HCTiosib3yeT mudp Brskenepa ms mmdpoBaHus
u pacu@poBbiBaHUA cooliIennii. PaciumdpyiiTe ¢ ee IOMOIIBIO KPUITOTPAM-
My VDOKR RVVZK OTUII MNUUV RGFQK TOGNX VHOPG RPEVW VZYYO
WKMOC ZMBR, npumenus kiiod VIGENERE.

[Touemy HeIb3sl HAYATH 3aHOBO, KO/ 3aKaHYMBAIOTCS BCe GYKBBI B O[HOPA30BOM
6JI0KHOTE?

ITpencrasbTe, 4TO BbI 0OMEHUBAETECH COOOIEHUAMM C JAPYTUM YEJIOBEKOM C I10-
MOIIIbIO GOJIBIIOrO OAHOPA30BOIr0 GJOKHOTA U OJHO U3 [IOJYyYEHHBIX BAMU COO0-
MeHUH ocJIe pacuiPOBBIBAHUS OKA3aI0Ch OECCMBICIEHHBIM HAOOPOM CUMBO-
JioB. C 4eM 9T0 MOKeT ObITh CBI3aHO U KaK CJIeAYeT IIOCTYIIUTh B TAKOM CJIydae?

IIpencraBbTe, UTO MPK UCIOJIB30BAHUU OJHOPA30BOI0 OJIOKHOTA BbI OTIIPABJIsETE
co00IIEeHNs BMECTe € MHAEKCOM IIePBOil GYKBbI, C HOMOIIBIO KOTOPOTO OHU ObLIN
sammdposanbl. IlocTaBut u 5T0 HOZ yrpo3sy Baml mudp?

Hanumme mporpaMMy, KOTopasi HCITOIb3YeT TICEB0CTYIaiHBI O[HOPA30BBIN
6s1oxHOT. [Tpu 3a1ycKe oHa JI0JKHA TEHEPUPOBATH OIIOKHOT € TIOMOIIIBIO TeHepa-
TOpa IMCEBIOCTYYANHBIX yKces (He MyTaTh ¢ TEHEPATOPOM CJIyYaHBbIX YUCET).
[Iporpamma froJKHA ClIEIUTH 32 TEM, KAKUE CUMBOJIBI UCTIOJIB3YIOTCS TIPY MTUd-
POBaHUU U paciin@POBbIBAHIK COOOIEHMUI.

OO0bsicHUTE, T0YEMY TeHepaTop CAYYaHbIX YKce, 0e30IaCHbIH ¢ TOYKH 3PEHM
Kpuntorpaduu, siBIsSeTCS SKBUBAJIEHTOM MeTO/Ia UM POBAHUST, KOTOPHIN HEBO3-
MOKHO B3JIoMaTh. [IpyruMu cjioBaMu, Kak Obl BbI MCIIOJIb30BAIN TaKOIl reHepa-
TOp IS CO3/IaHusl abCOMIOTHO HAIeKHOHU cuctembl mndposanus (1 Ha060poT)?

JlHa 1 Bpems nepegady cooOUe Nl THO/IA IIPEAOCTAB/IAIOT 3/10YMbIILICHHIKY
JOIOJHUTEIbHYIO nH(opMalmio. Harnpumep, OH MOKET 3aMETUTb, YTO BbI BCET-
J1a OTIpaBJsIeTe AJMHHOE COOOIIEHHE MIEpPe BasKHBIM COOBITHEM, TAKUM KaK BH-
3UT BBICOKOIIOCTABJIEHHOTO JIMIIA WU IIOKYIIKA KPYITHOro obbeMa akiuil. Kakum
00pazoM PeaibHO CKPBITh OZOOHBIE CBEIEHMI ?

[IpesncraBbTe, uTo BbI uctosb3yete mudp RSA co snavenusvu p = 107, g = 211
ue=4,199. Uemy B 510M ciryyae OyayT paBHbl 72, ¢(1) u d? Kak OyayT BBITIALETD
nocJte mucpoBanus 3Havernst 1,337 u 19,905? (I1pu skemanuu BOCIOIb3yHTECH
nporpamMmoii ExponentiateMod u3 ryiaBsr 2. Bel Takke MoKeTe HaIMcaTh Mpo-
rpaMMy, KOTOpast HaXOAUT 0OPaTHbIE BEJMUMHBI IJIT MOLYJIEH, Ui 0OPaTUThCST
k Multiplicativelnverse, BKJIIOUeHHOI B apXUB 3arPY30K K TOM TIaBe.)
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TEOPUS BbIYUCJTUTEJIbHOW
CJI0OKHOCTU

[Ipu perennu 3a1a4 TPOU3BOANUTEILHOCTD AJITOPUTMA BCeT/ia MMeeT GOJIbINoe 3Ha-
uerue. OH He GyeT 10CTaTOUHO 3hHEKTUBHBIM, eClii paboTaeT 0YeHb J0JITO UJIH TPe-
GyeT CIUIKOM MHOTO aMSATH JIHO0 APYTUX PECYPCOB KOMITBIOTEPA.

Teopust vruucIumMeNbHOU CAONCHOCMU — TECHO CBSI3AaHHBIN C 9TUM pasjies undopma-
TUKU, H3y‘ialOH.[HfI CJIOKHOCTD BbIYUCJ/INTEJIbHDBIX 3a/1ay. I[aHHaFI TEOpUA OpUEHTHUPOBA-
Ha He Ha KOHKPeTHbIE aJITOPUTMBbI, 8 Ha IIPOGJIEMBI, KOTOPbIE PEIIAIOTCA € UX IHOMOILBIO.

Harmpumep, airoput™ COPTUPOBKH CAUSTHUEM, OTIMCAHHBIN B TiaBe 6, crioco6eH oT-
copruposath crrcok u3 N uucen 3a BpeMst O(N x log (N)). Teopust BBIYUCIUTENBHOIT
CJIOKHOCTHU PAcCMATPUBAET MPOIECC COPTUPOBKU B 11€JI0M, & He KaKO#-TO orpe/iesieH-
HbIiT anroput™. OKa3bIBACTCS, 0601 AITOPUTM, KOTOPBIH COPTUPYET € TOMOIIILIO CPaB-
HEHVsI, B XY/IIIIEM cJIydae ToTpaTuT Kak MuauMyM N x log (N) Bpemerm.

COPTUPOBKA 3A BPEMSY N x LOG (N)

v Y106bl NOHATL, NOYeMy OGO anNropuTM, KOTOPLIN MCMONBL3YET CPaBHEHME OJ15

COPTMPOBKK CMnCKa, B XyALweMm crydae TpatmTt kak MmuHumymM N x log(N) Bpeme-

HW, NpeacTaBbTe, YTO Yy Bac eCTb MaccuB U3 N peakux anemMeHToB. Beuay ceoen

YHUKaNbHOCTU OHM MOIYT ObITb ynopsigodeHbl N! pasHbiMu cnocobamu. Ecnn no-

CMOTPETb Ha 3TO C APYrol CTOPOHbI, alIFOPUTMY MOXET NoHan00buTbLCs NnepebpaTb

N! BapnaHTOB, YTOObI paCCTaBUTb 3/1IEMEHTLI B NPaBuIbHOM Nopsiake. MNonyyaeTtcs,

YTO OH A0JIXeH ObiTb NponTn No BcemM N! NyTam BbINOJIHEHMS, YTOObI BblaaTb Mak-
CMasibHO BOSMOXHOE KOJIMYECTBO PE3Y/IbTATOB.

EnmnHCTBEHHbIN cnoco6, KOTOPbI MOXHO MCMNOb30BaThb AJ1 nepexona rno pasHbiM
NyTSM BbINOJIHEHUSI, — 3TO CPaBHEHWeE ABYX 3Ha4eHuni. CnepgoBaTtesibHO, MOTEHLM-
anbHble NYTU BbIMOJIHEHUS MOXHO NMpeacTaBuTb B BUAe OMHApHOro Aepesa, B KO-
TOPOM KaxAblii y3en 1 NNCT MIIIOCTPUPYIOT, COOTBETCTBEHHO, ONEPaLMIO CpaBHe-
HWS1 1 UTOTOBYIO PACCTaHOBKY 9J/1IEMEHTOB B MacCMBe.

CywecTtsyeT N! cnocoboB paccTaBuTb 3/IEMEHTLI B MacCuBe, NO3TOMY AEPEeBO
BbINMOSHEHWS J,O/MKHO UMeTb N! nncToBbIX Y310B. [ockonbky 3T0 6UHapHOE aepe-
BO, ero BbicoTa pasHa log,(N!). Takum o6pasom, log,(N!) = log,(N) + log,(N - 1) +
+10g,(N - 2) + ... +10g,(2). NMonosrHa 13 aTnx ycnosuii (To ectb N / 2) pasHa kak
MUHUMYM log,(N / 2), noatomy log,(N!) > N/ 2 x log,(N / 2). YkazaHHOe 3Ha4YeHne
nmeet nopaaok N x log (N).

Teopust BBIYNCAUTENBHON CITOKHOCTH — OOMMUPHAST U CITOKHAS TEMA, [IJIsT pac-
KPBITHSI KOTOPOIi 3/IECh TIPOCTO HE XBATUT MecTa. TeM He MeHee JIFo00il TPOrpaMMUCT,
M3YYAIOIIil aITOPUTMBI, IOJIKEH UMETh O Heil X0Tst Obl 001iiee MpeCTaBIeHue, YTo
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B [IepPBYI0 o4epe/ib KacaeTcsl kaaccoB Pu NP. B aToii riiaBe Bbl T03HAKOMUTECH C Teopuei
BBIYUCJUTEILHOM CTOKHOCTH U Y3HAETE, YUTO MPEICTABIISIIOT ATU BAsKHbBIE BU/IBI IIPOOIIEM.

O0Oo03HaYeHus

O/Ha U3 TIEPBBIX TeM, PACCMOTPEHHbIX B 9TOI KHUTE, ObliIa TTOCBSIIeHa 0003HaYe-
HustM «O» Gostbioe 1 «0» Masoe. B iepsoii rmase «O» GOJIbIIOE OMUCHIBATIOCH MHTYU-
TUBHO MOHATHBIM 00Pa30M, KaK yJIydlIeHre Xy/AIIero BAPUAHTA IPOU3BOANTETbHOCTH
pu pocte Maciitaba mpobJaeMbl.

B psine ciyuaes Takoe ompesieeHne IBISIETCS TOCTATOUHO XOPOIIIUM U TTOJTE3HBIM,
HO B TEOPUH BBIYMCIUTETHHON CIOKHOCTH OHO mpruobpeTaer Gosiee (hopMaTbHBIN Xa-
pakrep. Eciu Bpems paboter asroputMa pasHo f(N), Toraa mpousBoauTe bHocTh «O»
6osbiioro Beipaxkaercs kak g(N) if f(N) <g(N) x k, rue k — nexas koncranra, a N — 10-
ctatoyHo 6ombInoe yucso. [[pyruvu croBamu, byHkIiwst g(N) sBISETCS BEPXHIM TTpe-
nesioM GyHKIuU BpeMern paborsl f(N).

ITpu 06CysKAEHUN CITTOKHOCTH aJITOPUTMOB MOTYT IIPUTOANUTHCS elile JBa 0003Haue-
HusL, 0X0KuX Ha «O» Gosbinoe. «Omeza» 6oavwoe 3anncbiBaercs Kak Q(g(N)) u o3Ha-
yaer, 4To (PyHKIMA BpeMeHu paboThl orpannyena caudy ¢ynkuueii g(N). Hanpumep,
Kak ysKke ObL10 cKazano Bbiine, N x log(N) aBjisercs HKHei TpaHulieil i airopuTMOB
COPTUPOBKH, OCHOBAHHBIX HAa CPABHEHUH, [T0ITOMY TaKHe aJITOPUTMBI MOXKHO TIPEJICTa-
BuTh Kak Q(N x log (N)).

«Tema» 6onvwoe 3anuceiBaercs kKak O(g(N)) v o3HayaeT, uTo PYHKIMSI BpEMEHH pa-
6otel orpannyena dpyuxuneil g(N) kKak cHu3y, Tak u ceepxy. Hanpumep, Bpems, 3a KOTO-
pO€ aJITOPUTM BBITIOJIHUT COPTUPOBKY CJvsiHust, He MoKeT mpeBbiiiaTh O(N x log(N)),
a BpeMst paboThI JII0OOI COPTUPOBKH, OCHOBAHHOIT HAa CPABHEHUH, OTPAHUUYEHO CHU3Y Be-
mranHoit Q(N x log (N)); Takum 00pasoM, IPOU3BOAUTENbHOCTb COPTUPOBKHU CIIMSTHU -
eM pasHa O(N x log (N)).

Nrak, «O» 6obiioe 0603HaYaeT BEPXHIOIO rpatuily, «Omeras 6obiioe () — HUxK-
1010, a «Tera» Gombimoe (©) — obe.

CTOUT OTMETUTD, UTO B HEKOTOPBIX AJIFOPUTMAX BEPXHASA U HUKHSAS IPAHUIIBI MO-
ryT ObITh Apyrumu. Hanpumep, GbicTpasi COPTUPOBKA, Kak U JIOOOI aHATOTUIHBII
QJITOPUTM, OCHOBAHHBIN Ha CPaBHEHWH, UMeeT B KadecTBe HIKHel rpanuibl Q(N x
log(N)). B jiyuiieM u mipejojiaraeMoM CJIy4asX IPOU3BOAUTEIBHOCT OBICTPOI cop-
tuposku Oyzer pasaa Q(N x log(N)). OgHako B XyAIIeM c/Iy4ae OHa OILyCKAETCs 10
O(N?%). Y 1anHOro ajiropuT™Ma JAPyrue TPAHULIbL, TIOITOMY HET TaKou MYHKIIUM, KOTO-
past MorJia OBl omrcaTh ero B Bujie < Teras 60sbinoro. XoTs B peabHOCTH yKa3aHHBIN
AJITOPUTM YaCTO TOKA3BIBAET JIYUIITYIO CKOPOCTD, YeM METOANKY HATTOX0OME COPTHPOB-
KU CJIMSTHUEM, CTPOro orpanndentbie ¢pyukiueit @(N x log(N)), moatomy o Bee etie
SABJISETCS TOMYJISPHBIM.

Knaccbl cnoxHoctun

AJropuTMuYecKe 3a/[a41 HHOT/Ia Pa3OUBAIOT Ha KJIACCHI AJITOPUTMOB 110 BpeMe-
HU BBITIOJTHEHUST WK TPeOOBAHUSAM K PECypcaM Ha KaKOM-TO OIpeeJieHHOM u60 ab-
CTPaKTHOM KOMIIBIOTEPE.
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Teopwust BbIMUCANTENBHOM CIOXHOCTH

JIByMmst HarboJtee pacpoCTPAaHEHHBIME BUIaMK a0CTPAKTHBIX BEIYMCIUTETBHBIX Ma-
IIMH SIBJISIOTCS IeTePMUHUPOBAHHbBIE U HeJleTePMUHUPOBAHHbBIE aBTOMATBHI.

HeiicTBus 1eTepPMUHUPOBAHHOIO KOMIIBIOTEPA [IOJHOCTBIO OLPeIesIsAI0TCs KoHed-
HBIM HaOOPOM BHYTPEHHUX COCTOSTHUI (TIEPEMEHHBIMU ITPOTPAMMBI U €€ KOJIOM ) 1 BBO-
noM. JIpyrumu cJioBamMu, eciim repeiaTh TAKOMY KOMIIBIOTEPY KOHKPETHbI Habop AaH-
HBIX, Pe3yIbTaT GYJIET MOJTHOCTBIO TIPEACKa3yeMbIM (ToBOPst 6osiee (hoPMATbHBIM s3bI-
KOM, <KOMIIBIOTEPOM» B 9TOM OIIpe/lesIeHUN sABJdeTcd Mawuna Toiopunea).

V MALLUWHbI TbIOPUHTA

MoHsATME MaLwnHbI TetopuHra 66110 NpuaymaHo AnaHom TelopuHrom B 1936 1. (xoTs
CcaM OH Ha3blBaJ ee «a-MallMHOn»). Mioes cocTosna B cCo3aaHum abCcTpakTHOro aB-
ToMaTta HaCTOJIbKO MPOCTOro, YTOObLl TEOPEMbI O TOM, HTO OH CNIOCOOEH UM He Cro-
CcOoOEH BblYUCANTb, MOXHO ObI10 Obl A0Ka3aTb.

MatuvHa TbloprHra — NpoCcTOl KOHEYHbIi aBTOMAT, OCHOBaHHbI Ha HaBope BHY-
TPEHHMX COCTOSIHMI, KOTOPbIE ONPEAENSIOT Er0 PEAKUMIO HA KOHKPETHbIN BBOA,. OTO
o4yeHb noxoxe Ha aBTomaTtbl KA n HKA, onncaHHbie B raBe 15. PazHuua 3aknio-
YaeTcH B TOM, YTO BBOA, MALUVHbI TbIOPUHIA COCTOUT U3 HYNEN N eANHULL HA MOy~
6eCKOHEYHOW IeHTe, AOCTYNHOM Ans YTeHms 1 3anucu. Korga mawnHa cHmMTbiBaeT
c neHTtbl 0 unn 1, ee cocTosiHME onpenensieT cnenyloLlee:

- [OJMKHA N1 oHa 3anucaTb O nnu 1 B TEKYLLYIO NO3ULMIO Ha JIEHTE;

- OOJIKHA NN ABUraTbCH CHMThIBAKOLLLAS/3annChiBaloLLLAs rofloBKa BAOJb JIEHTHI
n ecnn AoJiXkHa, TO B KaKkOM HanpaB/eHUn;

- HOBOE COCTOSsIHME, B KOTOPOE OHa LOJIKHA BONTU.

HecMoTps Ha CBOIO MPOCTOTY, MallvHa ThiopMHra NO3BONAET AOCTATOYHO HEMI0X0
MOOennMpoBaTh HACTOSALLME KOMMbIOTEPLI, XOTA CO3AaHNe Tako MalluWUHbI A CU-
MYJISILMK CNIOXHOW MPOrpaMmMbl MOXET 0Ka3aTbCs HETPMBUASIbHO 3aaa4ei.

CyLLeCcTBYET HECKOJIbKO BaPUAHTOB MalUMHbl TblOpuHra. HEKOTOpbIE N3 HUX UC-
Nnonb3yloT NeHTy 6€3 Havana 1 KoHua. B opyrux npMmMeHseTcs HECKObKO IEHT
1 CHUTBIBAKOLLIMX/3aMMChIBAIOLLIMX FOSIOBOK. BCTpeyaTcs  HeaeTepMUHMPOBaHHbIE
MalLUVHbI, CMIOCOOHbIE HAXOANTLCHA Cpa3dy B HECKOJIbKMX COCTOSIHMAX OOHOBPEMEH-
Ho. BbIBalOT 1 Takne, KOTOpbIE A0MNYCKAlOT HYJIEBbIE NepPexobl, HTO MO3BOSIET UM
MEHSATb COCTOSAHUS 6€3 YTEeHUS KaKMX-TMOO0 AaHHbIX.

OauvH na MHTEepPeCHbIX BbIBOOOB, KOTOprI?I MO>XXHO caesiatb nNpun ndyvyeHmnm MallunH
TbIOpI/IHFa, 3aK/ro4yaeTcda B TOM, 4TO BCE UX Pa3HOBUOHOCTU UMEKT OANHaKOBYIO
CTeneHb, gpyrmmMmm cnoBamMmm, MOryT BbIMNOJIHATb OOHN U T€ XKe BbIHUCIIEHUA.

Bonblie nHdpopmaumm o MawmHax TelopuHra MOXHO HaTu no aapecy hitps://
ru.wikipedia.org/wiki/MawwuHa_TblopuHra.

[lus cpaBHeHUS: He/leTEPMUHUPOBAHHBIN KOMITBIOTED MOYKET HAXOJUTHCSI B He-
CKOJIBKMX COCTOSIHUAX OJHOBPEMEHHO. JTO MOX0Ke Ha IPUHIIUII PadOThl aBTOMATOB
HKA, onncanubix B riase 15. TTockoJIbKY HeJleTepMUHUPOBAaHHAs MAIITIHA CITOCOOHA
HCIIOJIb30BaTh JIJIST Tepexo/ia K MPUHUMAIOIIEMY COCTOSTHUIO J11060€ KOJTMYECTBO IIy-
TeH, eil JOCTaTOYHO MPUHSATH BBOJL BO BCEX COCTOSTHUSX, B KOTOPBIX OHA MOKET HaXO-
IUTHCS, U YyCTAHOBUTD TOT, UTO SIBJSIETCS PaOOUNM IIyTeM BBIIOJIHEHNUS. B cymuoctu
(ecau Oy CTUTH HEKOTOPbIE TOAPOOHOCTH ), TO 03HAYAET, YTO TAKAA MALIMHA CIIOCO0-
Ha yrajlaTh IPaBUJIbHOE PellleHre U 3aTeM yJI0CTOBEPUTHCS B TOM, UTO OHO JIEHICTBU-
TEeTbHO TIPaBUJIBHOE.
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3aMeTbTe, YTO HeJIETEPMUHUPOBAHHOMY KOMIIBIOTEPY HE HYXKHO YZOCTOBEPSATHCS
B OTCYTCTBUU pe3dysbTaTa. Ecin pelieHue ecTb, OH MOXKET €ro yrajaTb U IPOBEPUTD.
EcJiu peliieHust HeT, KOMIBIOTEPY He 00513aTEIHHO 9TO IOKA3bIBATE.

Hamnpumep, 4To6bl OTIpeAeNUTb MPOCTHIE MHOKUTEH JIJISA TIEJIOT0 YUCIa, IeTepPMU-
HUPOBAHHOMY KOMIIBIOTEPY MPUIILIOCH OBl KAKUM-TO 00Pa30M HAWTH BCE €T0 MHOKUTE-
JI — BO3MOJKHO, riepeOpaB Kask/Ablil U3 HUX BIUIOTH 10 KBA[PATHOTO KOPHS YMCIIA VI
BOCIIOJIb30BABIIHUCH perneToM Jparochena (6oJbiie nHbopMAIwn 00 YIOMSIHYTHIX Me-
TOAMKAX MOKHO HAiiTh B TJ1aBe 2). DTO 3aHJI0 Obl OY€Hb MHOTO BPEMEHH,

HenerepMuHUpOBaHHbIE KOMIIBIOTEPDI BeAyT cebs unadye. OHU MOTYT Pas/ioKUTh
Yucsa Ha TIPOCThIe MHOKUTEN U TIPOBEPUTD, UTO PE3YJIbTAT MOJIYYUIICS KOPPEKTHBIM,
BBITIOJIHUB TIPOU3BEAECHNE TaHHbIX MHOXXUTEJEN 1 CpaBHUB €T0 C UCXO/ITHBIM YMCJIOM.
IT0 esnaeTcs 04eHb ObICTPO.

YcBouB 3HaueHUe MOHSATUI «,I[eTepMI/IHI/IpOBaHHbII';D) n «Hel[eTepMI/IHI/IpOBaHHbH;’D)
B 1aHHOM KOHTEKCTE, Bbl CMOJKETE€ OTHOCUTEJIbHO JIETKO p3.306paTbCH ¢ GOJIBIIMHCTBOM
KJIaCCOB cyioskHOCTU. Hike nepedncieHbl HanboJiee BaKHbIE U3 9TUX KJIaCCOB, KOTOPbIE
ABJIAIOTCA J€TEPMUHUPOBAHHBIMU.

= DTIME(f(N)) — 3asaun, KOTOpbIE I€TEPMUHIPOBAHHBIN KOMITLIOTEP MOJKET Pe-
Tk 3a BpeMs f(N). Bpemst paGoTsl airopuT™MOB /175t PENIeHNsT TAKUX 3aj1ad CO-
crassier O(f(N)), rie f(N) — uekas ¢pyuknust. Hanpumep, DTIME(N x log (N))
BKJIIOUAET B ce0s1 KJIace 3a/1a4, KOTOpbie MOKHO pernth 3a Bpemst O(N x log (N)),
HaIIpUMep COPTUPOBKY ITyTeM CPaBHEHUS.

* P — 3aj1auu, C KOTOPBIMHU JIETEPMUHUPOBAHHBII KOMITBIOTEP CIOCOGEH CIIPABUTD-
Cs1 3a TIOJIMHOMUATbHOE BpeMsi. BpeMst paboThl aJITOPUTMOB JIJIsI PEIIEHUST TAKUX
3amgau cocrasister O(NF), mpuuem crerieHb P MOKeT OBITH CKOJIb YTOIHO (GOJIb-
roit, gaxe O(N'),

= EXPTIME (EXP) — 3as1aun, KOTOpbIE IeTEPMIUHUPOBAHHBI KOMITBIOTED MOKET
PEIIUTD 32 IKCTIOHEHI[MATbHOE BpeMs. BpeMst paboThl aITOPUTMOB JIJISA PETTEHYST
takux 3aj1a4 cocrasisier O(2f(N)), rie f(N) — Hekast HoJiMHOMUATbHAST (DYHKITUS.

B CJIeIYIOIIEM CITMCKE ITPUBOJATCA HauboJiee BasKHbIE HEAETECPMUHNPOBaHHbIE KJIaC-
CbI CJIOJKHOCTH.

= NTIME(f(N)) — 3amaun, KOTOpble HEeACTEPMUHUPOBAHHBIA KOMITBIOTED MOKET
pemmuth 3a BpeMs f(N). BpeMmst paboThl aJITOPUTMOB [IJIsT PEIEHUS TAKUX 3324
cocrasisieT O(f(N)), rae f(N) — vekas dyukuns. Hapumep, NTIME(N?) Britio-
YaeT 3a/[a4, ¢ KOTOPBIME aJITOPUTM MOSKET CIIPABUTHCS, €CIIN OYET yTrabIBaTh
poBepKy orBeta 3a BpeMst O(N?).

= NP — 3amaun, KOTOpbIe HEAECTEPMUHUPOBAHHBIN KOMITBIOTED CIIOCOOEH PEIIUTh
3a MoJMHOMHATbHOE BpeM:. Ha Tonck pererns u mpoBepKy ero KOPPEeKTHOCTH
yxozaut Bpems oobemom O(N'), rie P — Hekas cTeleHb.

= NEXPTIME (NEXP) — 3amaun, koTopble He/leTeDPMIHUPOBAHHBIN KOMIIBIOTED
MOJKET PEelTUTh 32 HKCIOHEHINaabHOe BpeMs. Ha monck pernieHnst U mpoBepKy
€ro KOPPEKTHOCTH YXOAuT BpeMst oobemom O(2/M), rine f(N) — HeKast 1OJIH-
HOMMaJIbHAS (DYHKITHUA.

AHaOrMYHBIM 06PA30M 32/[a91 MOKHO PA3/IEIUTh HA KIACCHI B 3aBUCUMOCTH OT 00b-
eMa CBOGOIHOTO TIPOCTPAHCTBA, KOTOPOoe Tpebyercst st ux perienusa. OHM UMEIOT J10-
BoJIbHO Tipesickasyembie HasBatus: DSPACE(f(N)), PSPACE (1osimHOMEAIBHOE TIPO-
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ctpanctBo), EXPSPACE (akcnionentmanbroe npoctpanctso), NPSPACE (nenerepmu-
HUPOBaHHOE TosmHOMuanbHOe mpocTpancTtBo) 1 NEXPSPACE (nenerepmuampoBan-
HOE 9KCIIOHEHITNATBHOE ITPOCTPAHCTBO).

OTHoteHnsE MeKTy HEKOTOPBIMU M3 3TUX KJIACCOB PACIIEHUBAIOTCS KaK JOBOJIBHO
tpuBmuangbHbie. Hampumep, P < NP (cuMBOJI C O3HAYAET «IBJSETCS TTOJMHOKECTBOM,
MO3TOMY IaHHOE BbIPasKeHME MOXKHO ITPOYNTATD KakK «P SBJsgeTcs HoAMHOKecTBOM NP> ).
Yr006bI TOHSTH, TOYEMY TO IEHCTBUTEILHO TaK, IPEJICTaBbTE, UTO 3aj1aua nMeeT Kaacc P.
CJieoBaTesIbHO, CYIIECTBYET AETEPMUHUPOBAHHBIN aJrOPUTM, CIIOCOOHBIN HAWTH ee
pelilenye 3a IIOJIMHOMUAIbHOE BpeMs. B 1aHHoM ciryyae Bbl MOKETe PEellnTh 9Ty 3a/a-
Yy U ¢ TIOMOIIbIO HeJIeTEPMUHUPOBAHHOIO KOMIIBIOTEPA, NCIOJb3YS TOT K€ aJTOPUTM.
Ecii anroputm cpabaThiBaet (TO €CTh €CJIM HAlIEHHOE MM PellleHre KOPPEKTHO), 9TO
OYEBU/IHO JIOKA3bIBAET KOPPEKTHOCTDL Pe3yJbTara, I09TOMY HeJeTePMUHUPOBAHHBII
AJTOPUTM TOKE TIOJXOJTUT.

beiBaioT 1 He Takue oueBupnble orHomenus. Hanpumep, PSPACE = NSPACE
n EXPSPACE = NEXSPACE.

Hawubosee riry6okuii BOIPOC B TEOPUHU CIOKHOCTH BHIYMCICHUIN 3BYUYHT TaK: SIBJIS-
etcs s P paBabiM NP? HekoTtopbie 3a1auu, IOMyCTUM, COPTUPOBKA, OIPe/IeJIEHHO Ha-
X0/ATCsT BO MHOXKecTBe P. /Ipyrue ke (Harmpmmep, 3aa4ml O paHIle 1 KOMMHUBOSIKEDE,
OIMCaHHbIE B T/IaBe 12) coBepiieHHO TOYHO UMEIOT Kiracc NP. Bonipoc B ToM, BXOZIAT J1
npobJembr kaacca NP Bo MHOKecTBO P?

Mmuorue JIIOAW Ha IIPOTAKEHNN JOJITOTO BPEMEHU TTBITAJIUCh OIIPEJETNTD, SABJISIOT-
Cd I /IBa YKa3aHHBIX MHOJKECTBa OIMHAKOBbIMU. HI/IKOMy €II1e HE Y/1aJ0Ch I/1306peCTI/I
Z[eTepMI/IHI/IpOBaHHbeI AJITOPUTM, KOTOprﬁ OBl pelraJs 3aa4n 0 paHIle NIl KOMMUBOAI-
JKepe 3a IMMOJIMHOMMAJIbHOE BPpEM:A, OJJHAKO 3TO HE O3HAYAET, YTO TaKOTO aJITOPUTMa HE
MOJKET OBITD B TIpUHITUTIC.

Cpenu crioco60B CpaBHEHUS! CIIOKHOCTH JBYX aJTOPUTMOB MOYKHO BBIJIEHUTD Ta-
KOI: CBejleHHe OZHOTO U3 HIUX K Apyromy. O0 9TOM I0iieT peub B CJIeAYIOIIEM Pasee.

CBepeHue

Yro6bl CBECTH OJIHY 3a/a4y K APYTOil, HYsKHO MPUAYMATh TAKOE PEIieHne MepBoil
po6IIeMbl, KOTOPOE TTO3BOJISIET PENTUTH BTOPYIO. EC/IN 3T0 MOKHO c/iesaTh 3a ompesie-
JIEHHBIH TIPOMEKYTOK BPEMEHU, MAKCUMAJTbHOE BpeMst paboThI IBYX aJITOPUTMOB GYIeT,
KaK ¥ IIPY CBEJIEHUU.

HaHpI/IMep, BaM y’Ke M3BECTHO, YTO Pa3JIOKEHMWE Ha IIPOCTbIE MHOKUTEJIN NMECT
CJIOKHOCTD NP, a COPTUPOBKA MPUHAJICKUT K KJIACCY 3a/71a4 P. HpeZICTaBbTe, 49TO y BacC
€CTb aJITOPpUTM, KOTOprI;,I CBOJIUT PA3JIOJKEHHE K COPTUPOBKE, N HA 9TO YXOJUT BCETO
JINIIb ITOJIMHOMUAJbHOE BpEMA. B takom CJIydae Bbl MOIJIN OBl BBIIIOJHUTD Pas3JIoKEeHne
Ha MHOJKUTEJIN 3a TO K€ ITOJTMHOMUAJbHOE BPEMSI, PEIINB 3a/1a4y COPTHUPOBKU. Ecau 6b1
Mbl 3HaJIK, KaK CBECTHU OIl€palllnIO PA3JIOKEHWA Ha MHOKHTE/IM K COPTUPOBKE, OHa HE
6bL1a 6BI HACTOJILKO CJI05KHOIL. Ho 310 €Il€c HUKOMY H€ y/1aJIOCh.

Caefenve 3a TOTMHOMUAIBHOE BPEMST OCOOEHHO BayKHO, MOCKOIBKY OHO TTO3BOJIS-
eT IIpeBpanaTh OJHN 3a/aun kiaacca NP B apyrue. Ha camoM fiesie CyIIecTBYIOT Takne
3aj1aum, K KOTOPBIM MOYKHO CBeCTH JTI00yTo pobmeMy B pamkax NP. Vx nassiBaior NP-
NOAHBIMU.
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[Teproit uzBectHOI NP-110J1HO# 1po6IeMOoil ObLIa 3aj1a4a BBITOJTHUMOCTU (COKpa-
menno SAT). B neit Bam saercst 6yJsieBo BbIpaKeHHe € TIEPEMEHHBIMU, KOTOPbIE MOTYT
ObITh paBHbl TRUE min FALSE, Hapumep (A AND B) OR (B AND NOT C). Heob6xo-
JIUMO OTIPEIETUTH, MOKHO JIM TIPUCBOUTH 3TUM TTePEMEHHBIM TaKye 3HAaYeHNs, KOTOPbIe
ObI CBOJIUJIU BCE BBIPAKEHUE K pesyabTaty TRUE.

Teopema Kyka—JleBuna (nsm mpocto Teopema Kyka) nokasersaer, uto 3agaya SAT
seyisiercst NP-niosiHoil. OHa 1o GoJIbIleil YacTH COCTOUT M3 TEOPETHYECKUX HI0OaHCOB
(cM. https://ru.wikipedia.org/wiki/Teopema_Kyka_— JleBuHa), HO ee oCHOBHAsI njiest TOHSITHA.

Y1o6bl TPOAEMOHCTPUPOBATH MPUHAIIEKHOCTh SAT K NP-M0JIHBIM 3a/1a4aM, Heob-
XOJIMMO CJIeJIaTh /IB€ BEIIU: TI0Ka3aTh, YTO OHA BXOAUT B KJ1acc NP, 1 /1oKa3aTb, YTO K Hel
MOJKHO CBECTH JIIOOYIO IPYTYIO 3aj1a4y ITOTO KJIACca.

3ajiaya BHIOJHUMOCTH TPUHAIIEKUT K NP, II0CKOJIbKY BbI MOKETE 0106paTh 3Ha-
YeHUS IEPEMEHHBIX U 3aTeM ITPOBEPUTD, /1eJIAl0T JIX OHU BbIPaKeHUE UCTUHHDBIM.

JlokasaTb, 4To JIIOOYIO APYyryio 3a1ady Kiaacca NP MoxkHO cBectr K SAT, OKasbiBa-
ercs Kyzaa cioxuee. Jlomycrum, mpobiema Bxoaut B8 NP. B 9ToM cirydae y Hac JoJKHA
OBITh BOBMOKHOCTD CO34aTh HeJleTEPMUHUPOBAHHYIO MaIIHy ThIOPUHTA ¢ BHYTPEHHU-
MU COCTOSTHUSIMHU, KOTOPBIE TIO3BOJISIOT €l PENINTD Hallly 3a7a4y. /[okazaTebcTBO OCHO-
BBIBAETCS HA MIOCTPOEHKUH TAKOTO OYJIEBOIO BhIPasKEHMUsI, KOTOpOoe OYAeT CUTHATU3HPO-
BaThb O Tepegavde BBO/Ia MallllHe TBIOPI/IHI‘B.7 KOPPEKTHOM Cpa6aTBIBaHI/II/I COCTOSTHUI 1 06
OCTAaHOBKE MAaIIMHBI B ITPUHUMAIOMIIEM PERMME.

By.HeBO Bpra)KeHI/Ie COJIEPKUT TpU BHa IEPEMEHHDIX, 0003HaYeHHbIX Kak T, 1550
Hik n qu, rae l ], ku ¢ MOTYT IIPUHUMATb pa3HbIC 3HAYCHU. Wx onucanne IIpUBOANT-
Ci B CJIEAYIOIIEM CIIMCKE.

- HepeMeHHaﬂ T « paBHa true, €CJIM BO BPeMsI BbIUNCJIEHUS Ha IIare k a4elika
JICHTHI § CO,ZIep)KI/IT CI/IMBOJI]

= Ilepemennas H,, paBHa true, €CJIM BO BPEMs BBIYMCJIEHNUA Ha 1Iare k cunrbiBa-
I0111a4 /3aMMChIBAIONTAd TOJTOBKA HAXOAUTCA HAZl TUEHKOU JIEHTHI i.

= [lepemennas Q. PaBHa true, eC/IM BO BPeMsl BLIYMC/ICHUS Ha I1are k Mamuna Ha-
XOJUTCA B COCTOSTHUMU (.

Bripazkenue Takke IOJKHO COJIEPKATh HEKOTOPbIE YCIOBHSI, ONTUCHIBAIOIIIE TIPUH-
i pabotsl Maiuabl Teropusra. IIpeacTaBuM, HalPUMeED, YTO HA JIEHTE MOTYT Xpa-
HUTHCA TOJIBKO HYJIU U einHuIlbl. B aTom ciyyae oipaskenue (T, ANDNOT T ;) OR
(NOT T, ANDT,,,) 6yzeT o3HadaTh, 4TO U BRIYKC/ICHIN Ha TTare 1 sueiika 0 comep-

sxut 6o 0, 6o 1 (Ho He 0ba 3HAUEHUST CPasy).

Birarogapst ApyruM 4acTsM BbIPAKEHMs TAPAHTUPYETCsI, YTO Ha JIFoOOM dTalle Bbl-
YUCJEHUST CYNTHIBAIONIAS /3alIMCHIBAIOIIAS FOJIOBKA HAXOAUTCS B KAKOW-TO OJTHOMN 1TO3H-
11K, YTO MAlIMHA HAYMHAET CBOIO PaboTy B cocTostHUM (), 4TO UCXOAHOM 1O3UIeil ro-
JIOBKHU sABJIdercd stueiika 0 u 1. 1.

[TostHOE GyJIeBO BhIPAsKEHUE SBJISIETCS 9KBUBAJICHTOM OPUTHHAIBHOIN MariuHbl Thio-
pHHTa JUIs1 3a1a4n Kiracca NP. JIpyrivin cI0BaMi, eCim MPUCBONTD MEPEMEHHBIM T - 3Ha-
YEHUSI, TIPEJICTABIISIIONIME HAOOPbI BXO/SIIUX JIAHHBIX, HCTUHHOCTH WU JIOKHOCTh Bblpa}Ke-
HYst OyJIET CBUJIETETLCTBOBATH O TOM, TIPUHUMAET Ji MaiuHa ThioprHra yKasaHHbIe JaHHbIE.

ITO CBOAUT M3HAYATILHYTO TPOOJIEMY K 3a/1aUe OTpPe/IeeHNsT BHITTOTHUMOCTH OyJTe-
BOTO BbIpaxkeHust, motomy SAT sBisietcss NP-TIOJTHOI.
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Haiing onny NP-niosnyio 3amauy (Takyio kak SAT), Bbl MOKeTe CBECTH K HEll py-
ryio po6JIeMy U I0Ka3aTh TeM CAMBIM, YTO OHA TOKe siBJIsteTCss NP-TI0/HOIA.

Ecm 3aauy A MOXKHO cBecTH K 33j1aue B 32 TOJMHOMHUAIBLHOE BPEMSI, BBIPDA3UTD €€
CTOUT Kak A Sp B.

HpI/IMepr CBE€ACHU O/ITHUX 3a/la9 K JIDYTUM IIPUBOJATCS B CJAEAYIONNX Pa3/lelax.

3SAT

3SAT — 510 33/1a4a BBITOJTHUMOCTH OYJIEBBIX BHIPAKEHUI B 3-KOHBIOHKMUGHOU HOP-
manviotl popme (3KHD). 310 03HauaeT, uto GyJIeBo BhIpasKeHUe COCTOMT 13 Habopa orie-
paHI0B, 06BEINHEHHBIX OTIepaTOpaMut AND wirut NOT, T/ie KayKIbIi OTiepaH/I TPeCTaBIs-
et coboit POBHO TPH TTlepeMeHHbBIe, KOTOPbhIE COeMHEHBI ortepatopaMu OR wiu NOT. Ha-
mpuMep, BCe TPU BhIPAKEHUs], TPUBeeHHbIe HIKe, npuHaiexar kK SKHO.

* (AORBORNOT C) AND (C ORNOT A OR B).
= (AORCORC)AND (A OR B OR B).
» (NOT A ORNOT B ORNOT C).

3SAT onpenenenno nmeet kiacc NP, TOCKOJIbKY, Kak U B caydae ¢ SAT, Bbl MOxe-
Te IPUCBOUTD IlepeMeHHBbIM 3HaueHusl TRUE 1 FALSE, a 3aTeM [TPOBEPUTD, ABJISETCS JIN
BbIPpA)KEHUE UCTUHHBIM.

[TpuoxuB ompe/ieieHHbIe yenust, iioboe OyieBo Boipaskerue ceoutest k SKHD 3a
MOJIMHOMUAJIBHOE BpeMsl. ITO o3HauaeT, uto SAT nmpeobpasyercs k 3SAT. CaenoBaresinb-
HoO, 3a7aua 3SAT, kak u SAT, nomxHa ObITh NP-TI0JIHOIA.

MapocouyeTaHue B ABYAO0JIBHOM rpade

l6y00mvHbiM HA3BIBAIOT Tpad, Y36l KOTOPOTO PA3/IETEeHbl HA TBA MHOKECTBA TAKUM
06pa3oM, 4TO HU OJ[HO U3 €T0 3BEHbEB He COE/IUHSIET Y3JIbl B OJJHOM U TOM K€ MHOJKe-
ctie (puc. 17.1).

Puc. 17.1. B aBynosabHoM rpade y3ibl pasjiesieHbl Ha JiBa MHOJKECTBA U 3BEHbS MOTYT
CBA3BIBATD TOJIBKO Y3JIbI U3 Pa3HBIX MHOKECTB
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Ilapocouemarue 6 d8ydonvHOM 2paghe — 3TO MHOKECTBO 3BEHBEB, Y KAXKIOTO U3 KO-
TOPBIX CBOSI YHUKATbHAS KOHEYHAS TOUKA.

33.113.‘-13 O [TapOCOY€TaHUAX B /IBY/IOJIBHOM rpa(be 3BYYUT TaK: CYIIECTBYET JIM TaKOE
ITapoco4€eTaHne, KOTOpoe COACPKUT KaK MUHUMYM k 3BeHbEB (rae k — Hexoe ’-II/ICJIO)?

B nogpasuene «Pacripezesetie pabounx Mects pasjesia « MaKCuMaIbHbII TTOTOK>
u3 riaBbl 14 paccKa3bIBaIOCh, KAK BBITIOJHUTD TOJKHOCTHBIE HA3HAYEHUS C TTIOMOTIBIO
3a/laui MAKCUMAJILHOTO TIOTOKA. PactipesiesieHne pabourx MecT — OOBIYHOE COMTOCTAB-
JIEHUE CJTYSKAIUX ¢ JOJUKHOCTSIMU B JIBYJIOJIBHOM Tpade, CTano ObITh aJITOPUTM, KOTO-
PBIii IJIT 3TOTO UCIIOJIBb3YETCS, TOJXOUT U B IAHHOM CJIydae.

I[O68.BI/IM UCXOIHBIN y3eJ 1 COeIMHUM €T0 CO BCEMU y3JaMU B O/THOM M3 MHOKECTB.
COBHaﬂI/IM KOHEYHbII y3eJ1 1 CBAKEM €ro C y3JaMM U3 /IPyroro MHOKECTBA. Tenepb aJl-
TOPUTM MaKCHUMAJIbHOTO ITOTOKa Haljer HauboJIbLIEee ITapoco4eTanue B /IBY/I0JIbHOM I'Pa-
(1)6. [Tocjie aTOTO MOKHO CPpaBHUTDH MaKCUMAaJbHBIHI IIOTOK CO 3HaYeHUEM .

NP-cnoXxHOCTb

3anaua asisgerca NP-noanou, ecau oHa BXOaAuUT B kjacc NP 1 K Hell MOKHO CBECTH
JII00YIO IPYIyIo 3ajiauy 9TOrO KJIacca 3a MoJMHOMUaIbHoe BpeMst. NP-ciodxcHas 3aj1ada oT-
nuyaeTcst oT NP-TI0JIHOH TOJIBKO TeM, 4TO OHa He 00s13aTeIbHO TOJKHA UMeTh Kiacc NP.

O6parute BuuMmanue: Bce NP-1osible 3a1aun cauTaiorTest NP-cJI0KHBIMU U BXOAAT B NP.

Ecnu 3agava sasasgercs NP-CJIO)KHOfI, 9TO B HEKOTOPOM POJI€ O3HAYAET, YTO OHA KaK
MHWHUMYM H€ YCTYHa€T B CJIOKHOCTH 06011 3alade KJjacca NP, ITOCKOJIbKY BC€ TaKHe
3a/la4r MOTyT OBITD CBeJIeHBI K HEell.

JlJist ;eMOoHCTpanuy Toro, 4To mpodema onpeesgercs kak NP-1oJHast, MOKHO 10-
Ka3aTb, YTO OHA IpeobpasyeTcs: B NP-CII0KHYI0 3a1auy 3a II0JIMHOMUAIbHOE BpeMs. AHa-
JIOTUYHBIM 00pPa3oM J0Ka3bIBAETCS U TO, YTO OHa NP-CJI0KHAs, €CJIM CBECTH e 3a TO JKe
TMOJIMTHOMHAIbHOE BpeMsT K NP-cto;KHOT 3a1ade.

3apaum oOHapyXXeHUs, CooOL.eHns
M onNTUMMU3aLUUN

MHorue 3azia4i MOKHO pasjieInTh Ha TPU BUJa: OOHapy KeHue, CooOIIeHK e U OIITH-
Mmusanus. B 3agaue oOHapysKeHUsI TPOBEPSIETCST CaMO HAJMUKUE PEIIeHUsI 3asiBJIEHHOTO
KadecTBa. B 3amaue coOOOIEHMs 9TO PElleHNe HYKHO HallTH, a B 3a1a49e ONTHUMU3AIII —
VIIYYIINTD.

HaHpI/IMep, 3a/lada O CyMMe€ IMOAMHOKECTB COCTOUT U3 TPEX COOTBETCTBYIOMIUX TTO/-
3a/la4, OTHOCANIUXCA K O/THOMY U TOMY K€ Ha60py quceJ.

* OG6HapysKeHHe: CyNIeCTBYET JIM TaKOe MOJMHOKECTBO, CyMMa YHCEN KOTOPOTo
pasHa k?

= CoobIenne: HAfINTe TAKOE TTOAMHOKECTBO, CYMMA YMCEN KOTOPOTO PaBHa R
(ecsm Takoe CyIIecTBYyeT).

= OnTUMUBaIKI: HAlAKUTE TaKoe IIOAMHOMKECTBO, CyMMa YK Cesl KOTOPOIo HaXOAUT-
¢4 KaK MOKHO OJIMzKe K 3HAYeHUIO k.
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Opna 13 pasHOBUAHOCTEl 9TOM 3ama4n TpeOyeT HaliTH IOAMHOKECTBO, CyMMa 3Ha-
YeHu# koToporo paBHa 0.

Ha niepBbIit B3TJI51/1 HEKOTOPbIE M3 9THX 33124 MOTYT MTOKA3aThCs TIPOIILE, YeM OCTAIIb-
Hble. Hanpumep, 3azaua oOHapysKeHUsI BCETO JIUIIb TPeOYeT J0Ka3aTh, YTO 3JIE€MEHTHI
KaKOTro-TO TOAMHOKecTBa B cyMMe naioT 0. [TocKoIbKy HAaXOMUTh caMO TIOJIMHOKECTBO
He HY’KHO, KaKk B cJIydae ¢ 3agadeil cooOIIeHUs, BAM MOKET II0Ka3aThCsl, YTO TPOLECC
obHapysKeHus aBJsgeTcs boiee jerkuM. Ha caMoM ske zieie, BOCIIOJIb30BaBIINCh CBEJIe-
HIEM, Bbl MOKETe YOEANTHCS B TOM, UTO BCE TPU BUJIA 3a/1a4 MMEIOT OJMHAKOBYIO CIIOK-
HOCTH (110 KpaliHell Mepe ¢ TOUKU 3PeHUST TEOPUH BbIUUCJIUTENbHON CI0KHOCTH). Jlms
HTOTO HEOOXOIMMO BBIIIOJIHUTH YEThIPE OIEePAL[HIL

* Obnapyxenne < Coobuenue;
= CoobiieHue Sp OnTuMu3aius;
= CoobuieHue s, OO6HapysKeHue;
* Onrnmusauus < Coobienue.

Oreparuu cBejieHUs SIBISIOTCS TPAH3UTUBHBIMU, TO9TOMY TT€PBBIE /IBE U3 HUX O3HA-
vaioT, yto ObHapy:xenue < CoobuieHne < ONTUMM3ALUS, 2 U3 ABYX IIOCIEIHUX CIELY-
et, uto OnruMusanms <, 00011IeHNEe s, OGHApYIKEHUE.,

OOGHapyXxeHue < CooOweHue

Caenenue Buga Obuapyacenue < Coobuienue gBigeTcs JOCTATOYHO OYEBUIHBIM.
Wmest aaropuT™ JiJist CO3/IaHUST COO6IJ.[€HI/II/I 0 MOJIMHOKECTBaX, Bbl MOYKETE UCIIOJIH30-
BaTh €ro ISl HAXOK/IEHUsT 3TUX TTOAMHOXKeCTB. C €ro IOMOIIBI0 MOXKHO OIPENETUTh
HOAMHOKECTBO, CYMMa 4JIEHOB KOTOPOTO paBHA HeKoeMy 3HadeHuIo k. Eciiu mouck mai
XOTsI ObI O/IUH PE3YJIbTAT, Mbl MOJKEM OTBETHTD Ha BOITPOC, KOTOPBII CTAaBUTCS B 3aj1aUe
obHapysxkeHus: «Jla, Takoe HoJAMHOKECTBO CYIIECTBYET>.

B kauecTBe KOHKPETHOTO MpHMepa BO3bMeM ReportSum — anroput™, KOTopbiii coo6-
IIAET O Pe3yJIbTaTax B 3a4a4e 0 CyMMe TIOAMHOKeCTB (To ecTh ReportSum(k) Bossparnaer
MOZIMHOKECTBO, CYMMa YIEHOB KOTOPOTO PaBHA k, CJIN TaKOe IOJAMHOKECTBO CYIIIECTBY -
er). B Takom ciryuae DetectSum(k) MoxkeT 1pocto Bbi3biBaTh anroputm ReportSum(k)
¥ BO3BpAIATh true, eCIM TOT OT3bIBAECT MOIMHOKECTBO.

OOGHapyXxeHue <, OnTuMmnsaums

Csenenvie Bunia O6napyacenue < OHTI/IMI/ISaLII/IFI TOXKE BBITJIAIAT TOBOJILHO OYEeBU/L-
oM. [IpezcTraBum, 4To y HAC ecTh aJIFOpI/ITM 3aHUMAIONUIICS TTONCKOM OTITUMAIBHOTO
petenvist. Ecii Bo3BpaliaeMbiil UM pe3yJibTaT HaXO[UTCS B PAMKaX 3HaUeHUs R, KOTOpoe
OBIJIO TIOTYYeHO TPU PEITEHNHN 3a1a4U COOOIIEHNsT, TOT/IA 3aa4a COOOTIIEHUST MOJKET
0TO3BaTh PE3YILTAT PabOTH ONMTUMUBAIIMOHHOTO aaTopuT™Ma. ECJN 910 He Tak, HY»KHO
BepHYTb false.

B kauecTBe KOHKpETHOTO ITpuMepa TpeactasuM, uto OptimizeSum(k) BosBpariaer
MOZIMHOKECTBO, CyMMa 4JIEHOB KOTOPOTO JIOJIKHA OBITh KaK MOJKHO OJIMKe K 3HAYeHUO .
Toraa ReportSum(k) mosker 3azeiictBoBaTh ajropurM OptimizeSum(k) 1 mpoBepuTh,
OT3bIBAET JIM TOT HYKHbIH pe3ybrar. Ecin oTBet mosoxurenbHbIi, ReportSum(k) Bos-
BpallaeT COOTBETCTBYIOIIEE TTOIMHOKECTBO. B MPOTUBHOM cJIyuae OH He BO3Bpaliaer
pe3yJIbTaT, CATHATTM3UPYS O TOM, YTO TAKOTO MMOJIMHOKECTBA HE CYIECTBYET.
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CooGuieHne <, O6HapyxeHue

Cgenenne Busia Coobuwenue < O6Hapy>KeH1/Ie BBITVISIIUT MeHee OUeBU/THBIM 110 CpaB-
HEHMUIO C IPEbIYIIIUMA Cﬂy‘{aﬂMI/I JlJis Hauasia Mbl BOCTIOJIb3YeMCs aJITOPUTMOM 0OHa-
PYKeHUsI, 4TOOBI IPOBEPUTD, CYIIECTBYET JIU pelieHue. Eciiu pelneHus HeT, alrOPUTMy
COOOIIIEHNST MOKHO HIYETO HE JIEJIATD.

Ecan pemenue BO3MOKHO, YIPOCTUM 3a/1ady: 4T0ObI yOEAUTHCSA B TOM, YTO PeLe-
HUe MO-TIPesKHEMY CYILIECTBYET, BOCIOJIb3yEeMCs allfOPUTMOM obHapyskeHust. Ecim pe-
[IEHUST HET, OTKAKEMCS OT TEKYIIEro yIpolieHus u mornpobyem apyroe. Obmeryus 3a-
Jla4y BCeMM BO3MOKHBIMU CIIOCOOAMU U He Haii/ish HU OZHOTO HOAXOIAIIEr0, Mbl MOKEM
CKa3aTh, YTO OCTABIIMICS BAPUAHT ABJISETCA PEHIEHUEM, U KIMEHHO €10 JIOJIKEH BEPHYTh
AJITOPUTM COOOIIEHUSL.

B kauecTBe KOHKPETHOTO ITPUMEPA [TPEACTABUM, YTO TIPH OOHAPYKEHUN TTOMHOKE-
CTBa, YIEHBI KOTOPOTO B CyMMe JatoT k, Detect Sum(k) BosBpaiaer true. B crenyioiiem
IICEBJOKO/IE TOKa3aHO, KaK Ha OCHOBe Detect Sum IIOCTPOUTH aJrOPUTM ReportSum.

1. Ilpumensiem Detect Sum(k) KO BceMy MHOKECTBY, IIPOBEPSIs, CYIIECTBYET JIN
pemenne. Eciu perieHust HET, aTOPUTM Report Sum CUTHAJU3UPYET 00 9TOM
U 3aBEPIIIAEeT CBOIO paboTy.

2. Jlna kaxaoro sHaueHus V, BHyTPY MHOKECTBA:

a. ynansgem V. u3 MHOXecTBa. BoisbiBaeM DetectSum(k) 1711 ocTaBIINXCS 2JTe-
MEHTOB ¥ TIPOBEPSIEM, CYTIECTBYET JIU MOJIMHOKECTBO, CyMMa 4WIEHOB KOTOPO-
ro paBHa &;

b. ecm DetectSum(k) BosBpamaer FALSE, BCTaBisieM 0To3BanHOoe V. BO MHO-
JKECTBO M BO3BpaNIaeMcs B Havas0 ukaa (mar 2);

c. ecn DetectSum(k) Bospamaer TRUE, ocTaBisieM V, BHe MHOKECTBA U BO3-
BpalaeMcs B Hauasio 1ukJa (mar 2).

[To oxoHyaHUM UK, THUIIMMPOBAHHOTO HA 11are 2, 0CTaBIINeCs BHYTPU MHOKe-
CTBa 3HAYEHUsI OY/IYT COCTABJISITH TIOIMHOKECTBO, KOTOPOE B CYMME JIaeT k.

OnTumMmusauud <, CooOLeHve

Ha nocreineM aTarre, 1eMOHCTPHUPYIOIIEM, UYTO BCe TPU BUIA 33121 NMEIOT O/IITHAKO-
BBIH YPOBEHB CJIOKHOCTH, HY>KHO I0Ka3aTh yTBepskaAeHNe ONTHMHU3AII < COO6H.[€HI/Ie
JlomycTnm, y Hac eCcTh aropuT™ coobiennst Report (k). Torma OITHMU3ALHOHHbIH a1-
rOPUTM MOeT BbizbiBaTh Report(k), Report(k + 1), Report(k + 2) uT. 1., I0Ka pe-
meHue He OyeT HaiigeHo (MOKHO Tak:Ke moipobdoBaTh penieHus Buga Report(k — 1),
€CJIU 32/1a4a TO [T03BOJISIET).

B kauecTBe KOHKPETHOTO TTPUMEpA TIPEACTABUM, YTO Report Sum(k) Bo3Bpariaer
TIOIMHOKECTBO YJIEHOB, CYMMa KOTOPBIX paBHa k (ecsm takoe cyiectsyer). Torma ai-
roput™ OptimizeSum(k) MOKHO OTIHCATH B BU/IE CIIEAYIONIHX TTAroB.

1. Fori=0To N, rie N — KOTMYECTBO 9JIEMEHTOB BHYTPU MHOKECTBA!

a. ect ReportSum(k + i) Bo3BpaliaeT OAMHOKECTBO, TOT Ke Pe3yJIbTaT H0JI-
JKE€H BEPHYTH U aJIrOpuT™M OptimizeSum;

396



Teopwust BbIMUCANTENBHOM CIOXHOCTH

b. eciiu ReportSum(k — i) Bo3BpalaeT MOAMHOKECTBO, TOT K€ PE3YJIbTAT J0JI-
JKeH BEpHYTb U aJIropuT™M OptimizeSum;

C. BO3BpaIaeMcs K mary 1.

JlaHHbBIE OTepanuu CBEIeHUs TTIOKa3bIBaoT, uto OOHApYIKEeHHE < Coobuienue <,
Onrumuzarus n OnTuMusanus <, Coobuenne < O6Hapy>1<eHI/Ie CJIEI[OBaTeJIbHO BCe
3TH 33IaYHM UMEIOT OJJTHAKOBYTO CITOKHOCTB.

NP-nonHble 3apaum

Bcero 6pui0 Haiigeno 6osee 3000 NP-110/1HBIX 3a4a4, II09TOMY HUKE [IePeYrCIIeHb
TOJIbKO HEKOTOPBIE U3 HUX. ITO CAENAHO JJI TOrO, 4YTOOBI Bbl UMENIN [IPECTaBIeHIE
0 TOM, IPOGJIEMBI KAKOTO Pojia ABIAIOTCS NP-TIOTHBIMU,

Kax Bam y:ke nu3BecTHO, y NP-TIOJTHBIX 33/1a4 HET U3BECTHOTO PelleHus, HaXOoKe-
HUe KOTOPOTO 3aHUMAeT TOJIMHOMUAJIbHOE BPEMSI, [I09TOMY BCE OHUM CUMTAIOTCS Kpaii-
He c1okHBIMU. Kakue-To 3a1aui MOKHO PENIUTh TOJIBKO B HeGOJIBINOM MaciuTade.

[TockombKy Bce aTu 3a/1a4u ABAFI0TCI NP-TIOTHBIMU, KQXK/IYIO U3 HUX BCET/Ia MOXK-
HO CBECTH K JIPYTOM.

= 3azaya o KapTHHHOII rajepee. 3Has IJIaH KOMHAT U KOPUJIOPOB B KaPTUHHOM
rajepee, Hy’KHO HAWTH MUHUMATbHOE KOJTUYECTBO OXPAHHUKOB, HEOOXOMUMBIX
JUTS TIPUCMOTPA 32 KApTUHAMM.

= 3azava 00 ynakoBke B KOHTeHepbI. VMest Habop 06bEKTOB U KOHTEHHEPOB, He-
06XOIMMO YITAKOBATh HTH OOBEKTHI TAK, YTOOBI KOJTUUYECTBO MCTIOb30BAHHBIX KOH-
TeliHepOB GbLI0 MUHUMAJIbHBIM.

= 3ajzavya 0 KOMMHUBOSDKEpPE C yCTPaHeHUueM y3KuX Mect. Hy)kHo HaiiTu Takoii
raMHIJIbTOHOB IIyTh 110 B3BELIEHHOI CEeTH, B KOTOPOM MUHUMU3KUPYETCA Hanboiee
3aTpaTHOE 3BEHO.

= 3azava 0 KUTaliCKOM 104TajIboHe (0 NpoBepKe MapupyTa). Heobxomnumo Haii-
TH KpaTYafInii UKJI, COCTOSIINI M3 KasKOTO 3BeHA CeTH.

= Xpomarnueckoe yucjao (WM packpacka BepmuH rpada). Hy:xuo Haiitn Hau-
MeHbIIee KOJTMYECTBO IIBETOB, HEOOXOAMMBIX JIJIs PACKPACKH y3J10B rpada (rpad
He 00513aTeIbHO J0JKEH ObITh TIAaHAPHBIM).

» 3anauva o kmke. Hy:kHo HaiiTi HauboJbInyo KKy B rpade. (Kiuxoil HazbiBaeT-
€ MHOKECTBO, B KOTOPOM BCe y3JIbI COeZIMHEHBI IPYT € IPYTOM. [[pyruMu cioBaMu,
Y KasK/IOU Taphbl Y3JI0B BHYTPY MHOKECTBA €CTh PeGpo, KOTOPOE UX COCINHSIET).

» 3amava o mokpeITHH Kiaukamu. HyskHO pasgenuts rpad Ha B MHOKECTB, KaKI0e
13 KOTOPBIX ABJISETCS KINKOM.

» 3aj1aua 06 OCTOBHOM JiepeBe ¢ OrPaHUYEHHOI cTenenblo. HykHo HailTu B pam-
Kax rpaca OCTOBHOE JIEPEBO CO CTEMEHBIO, He HOJIbINE 3aJaHHO.

" 3a/:[a1[a O IOMHUHAHTHOM MHOJKECTBE. Hy}KHO HalTU B paMKax rpa(ba TaKO€ MHO-
JKECTBO 5, B KOTOPOM O/IMH 13 Y3JIOB SABJIACTCA CMEKHBIM 110 OTHOIIIEHWIO KO BCEM
OCTaJIbHBIM.
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3azjaya 0 MHOKeCTBe BepIINH, pa3pe3aloux Hukibl. HyxHo HaliTu B pamMKax
rpaca Takoe MUHUMaJIbHOE MHOKECTBO BEPIINH S, MOCJIe yAaJleHud KOTOPOTo
B rpace He 0cTamoch ObI TIUKJIOB.

TamuibToHOBO 3akmouyeHue. Hy:KHO HAITH MUHUMaIbHOE KOJTNYECTBO pebep,
npu 100aBIEHUH KOTOPBIX Tpad) CTAHOBUTCS TAMUJIBTOHOBBIM (TaKUM, UTO CO-
JIePKUT FAMUJIBTOHOB TIYTh).

TI'amunbronoB nukia. HyxHO onpenesnTs, CyIecTBYeT JI TAaKOW My Th, KOTOPBIN
ITPOXO/IUT Yepe3 Bee y3JIbl rpada POBHO O/IMH Pa3 1 BO3BPAIIAETCS B HAYAJILHYIO
TOUKY.

TFamunbToHOB IyTh. HyXkHO OIIpe/ieinThb, CymecTByeT M TaKOH IYTh, KOTOPBIi
MIPOXO/IAT Yepe3 Bee y3J1bl rpada POBHO OJIUH Pas.

3azava wianupoBanus 3aganuii. Vimves N saganuii pasuoro oobema u M uzjen-
TUYHBIX MaIllH, HY;KHO PacIyIaHMPOBaTh PaboTy TaKuM 00pasoM, YTOObI MUHU-
MU3UPOBATH BPEM:I, 32 KOTOPOE MAIIIUHbI BBITIOJHST BCE 3a/[aHUS.

3azmayva o panie. HykHo HaiiTH MHOKECTBO 00BEKTOB ¢ MAKCUMAJIBHBIM OOTIIM
BECOM, CIIOCOOHBIX IOMECTUThLCS B PaHel| 3aJaHHOr0 0ObeMa.

3ajaya 0 caMOM JIIMHHOM IyTU. Hy:KHO HaliTW B CETW CaMbIil JUIMHHBIH MY Th,
KOTOPBIN He TTPOXOIUT Yepe3 OIUH U TOT JKe Y3es IBAK/IbI.

3azaya 0 MaKCHMaJIbHOM HE3aBHCHMOM MHoOsKecTBe. Hy:xHO HaiiTn B pamkax
rpacda HanbGoJIbIlee MHOKECTBO, B KOTOPOM HU OJIMH U3 Y3JI0B HE CBSA3aH C IPYTUM.

3asaya 0 CBSI3HOM JIOMHHHUPYIONEM MHOKeCTBEe. HeoOX01MMO HAaliTh 0CTOBHOE
JIEPEBO C MAKCUMAJIbHBIM KOJIMYECTBOM JINCThEB B rpade.

3asaya 06 OCTOBHOM JlepeBE C MUHUMAJIBHON cTenenpio. HyKHo HaliTh B pam-
Kax rpada OCTOBHOE JIEPEBO C MUHUMAJIbHOU CTEINEHBIO.

3amaya 0 MUHUMaJIBHOM k-paspese. Tpebdyercst Hall T MHOKECTBO pebep ¢ Mu-
HUMaJIbHBIM BecoM, 6e3 KOTOPBIX Tpad oKaskeTcst pa3ieieHHbIM Ha k JacTeil.

3anava pasaenenus. Vmes MHOXKECTBO LEJbIX YHCEJ, HYXKHO Pa3/e/InTh UX Ha
JIBa TIOIMHOKECTBA C OJ[HUM ¥ TEM JK€ CyMMAapHbIM 3HaYeHHeM (B HEKOTOPbIX pa3-
HOBU/THOCTSIX 9TOM 3a/1a4¥ UCMOIB3YETCsT OOMBIIE IBYX MOIMHOKECTB).

3agaua semoanumoctu (SAT). Vimeercst OyJieBO BbIpaskeHHe € IePEMEHHBIMHU.
Hy:kHo mogo6paTh st 9THX TEPEMEHHBIX TaKie 3HaueHus true u false, 4To-
6b1 BeIpaskeHue GbIJI0 HCTUHHBIM (O0JIbIITe TIOAPOOHOCTE MOKHO HAWTH B pasjie-
se «CBejieHue» TeKyIeil riasbr).

Sazayva o kparvaiimem mytd. Hy:KHO HAaliTH KpaTyalinmii myTh MEXK/LY IBYMS 3a-
JaHHBIMU y3JaMu ceTh (He 06s13aTe/IbHO MITaAHAPHOI ).

3azaua o cymMmMe noAMHOsKeCTB. HeoOXoanMo HaliTi BHYTPU MHOKECTBA IEJIbIX
YHCeJ TOJIMHOXKECTBO € 33JlaHHBIM CyMMapHBIM 3HAYEHUEM.

3anmauva TpoiiHoro pasaenenusi. Hy:kHo pasjiesiuTh MHOKECTBO TIEJIBIX YHCEJ Ha
TPU YaCTH, KaK/1ash M3 KOTOPBIX UMEET OJTHO M TO K€ CyMMapHOe 3HaueHNe.

3azaua BbIIOIHMMOCTH OYJIE€BBIX BbIPasKeHHi B 3-KOHBIOHKTUBHON HOPMAJIbHOI
dopme (3SAT). Nmeercsa GyeBo BbIpaskeHUE B KOHBIOHKTHBHOI HOPMAaJIbHOI
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opme. HyzxHO IpHCBOUTBH €T0 TIepEMEHHBIM TaKue 3HaueHus true uin false,
4TOOBI OHO 0Ka3aJ10Ch UCTUHHBIM (G0JIbIle TTOAPOOHOCTE UIIUTE B Pasiesie
«3SAT» Tekytei raaBel).

= 3azaya o KOMMHBOsKepe. VIMeeTcs CICOK TOPOIOB M PACCTOSTHUS MEKIY HUMU.
Hy:xno HaitTu KpaTyaiiiiii MapiuipyT, NpOXoIdIIuil yuepe3 Bce TOpojia U BO3Bpa-
HIAIOMIMHICS B HAYAJIBHYTO TOUKY.

= 3agaua o Ge3paamMepHOM panile. To Jke caMoe, 9TO U OOBIYHAST 33/1a4a O PAHIIE,
TOJIBKO JIIOOOH 5IEMEHT MOKHO BBIOPATh OOJIbIIIE OJTHOTO pa3a.

= 3Jajaya MapHIpyTU3aIMH TPAHCIOPTHBIX cpezcTB. VMeeTcs CIMCOK KJIMEHTOB,
HAXO/ISIINXCSI B OITPE/IEJICHHBIX MECTAX, U TTapk aBToMoOmeit. HyskHO HaiiTn Hau-
6oJiee OITUMAaIbHbIE MAPILIPYThI, IO3BOJILIONINE [IOCETUTH BeX KIneHToB. (Y 9Toi
3ajlau¥ eCTh pa3HOBUAHOCTU. Hampumep, MapiipyT MOKET MpeyCcMaTPUBATh 10-
CTaBKy C BO3BPATOM MU 0€3; MHOIA TOBAap HEOOXOAUMO JOCTABJIATh B IIOPSI/-
Ke <IIOCJIEHUM IIOTPY3UJI — CJIELYIOIUM JOCTaBUI>; aBTOMOOUIIA MOI'YT METh
pasHylo BMECTUMOCTD U T. [1.)

= 3azaya 0 BepIIMHHOM MOKPbITHH. Hy:KHO HAliTH Takoe MUHUMAaJIbHOE MHO3Ke-
CTBO BEPIIHH, 4TOOBI Kask10e pebpo rpada ImpoxXousIo XoTs Obl Yepes OjIHY U3 HUX.

Pe3iome

JTa rJaBa MPEeJOCTaBISAET KPATKOEe BBEJIECHNE B TEOPUIO CJIOKHOCTH BBIYUCIICHUIA.
B el mpuBesieno o6bsICHEHNE KIACCOB CJIOKHOCTH ¥ JIAHO OTMCaHue HanboJiee BaskK-
HBIX 13 HUX, BKIo4Yast P u NP. Bam He 06s13aTe/IbHO 3HATh BCE TOHKOCTH KasKI0TO TAKO-
o KJlacca, HO B MOHATHUAX P 1 NP Bbl ollpejieJIeHHO JIOJIKHBI OpueHTHpoBaThesl. Takske
He TIOMEITaeT TTO3HAKOMUTRCSI, HABEPHOE, C CAMBIM TJIYOOKMM BOTIPOCOM B chepe KOM-
IBIOTEPHBIX HayK: «SABiagercs ju P pasubiM NP?»

3a 9TUM cJIeZI0BaJId Pa3iesibl, KOTOPbIe ObLIU OCBAIIEHbI OllepAIlUsIM CBEIEeHNUs,
BBITOJIHAEMBIM 32 TTOJIMHOMUAJIbHOE BPEMS, C UX TTOMONIbIO PeaJbHO IMOKa3aTh, 4YTO
0/lHa 3a/ja4a SIBJETCS He MeHee CJ0KHOI, yeM apyras. CBegeHus n1og400HOTO poja
HOTPeOYIOTCS IIPU U3YYEHUH TEOPUH CJI0KHOCTH BBIYMCIEHUN, HO UX TaKKe MOK-
HO IPUMEHSATH U B GoJiee 00111eM ciydae — JIJIst HCTIOJb30BaHUST HMEOIIIErocsT perie-
HUS B HOBBIX 3a/1auyax. B aToil riaBe He onmucChIBaeTCS HUKAKUX ONpeleIeHHbIX a-
TOPUTMOB, KOTOPbIE MOXKHO ObLIO Obl peasn30BaTh Ha KOMIIbIOTEPE, OJHAKO Ollepa-
IIUU CBECHUS IEMOHCTPUPYIOT, KaK ITOCPEJACTBOM OJIHOTO M TOTO K€ aJTOPUTMa pe-
LIMTH JIBE Pa3Hble HPOOJIEMbI.

3amaun, OnMucaHHbIE B TEKYINEH TIaBe, TO3BOIST PACTIO3HATE CAMYIO CTOKHYIO TPO6-
JIEMY ¥ JIaTh BaM TIOHUMaHE TOTO, YTO Y Hee MOKET TIPOCTO He OBITh MIealbHOTO Pelie-
Hug. CTalKuBagCh ¢ PA3HOBUIHOCTAMU 3a/1a4 O FAMUJIBTOHOBOM Iy TH, KOMMUBOSIKEPe
WJIA PaHIIE, BBl He Oy/ieTe YAUBJIEHBI, UTO PEITUTh X TPOTPAMMHBIM CIIOCOOOM MOKHO
TOJILKO B OY€Hb HEGOBIIOM MaciiTade.

MeTomuku, KOTOpbIe MOTYT TPUTOAUTHCS TP PEIIeHNN HEKOTOPBIX U3 3TUX Kpaii-
He CJIOKHBIX TIPO6JIEM, TIPUBOAATCS B TiaBe 12. C MOMOIIbIO BETBJIEHUS U OTPAHUYEHNUST
TOJTYIUTCsT OOUBATHCST PE3YIHTATOB JIAXKe TaM, T/Ie HETb3s TPUMEHSITh METOJ TPOCTO-
ro epebopa. IBPUCTHKA TIO3BOJISIET HAXOAUTD MPUOJIN3UTEIbHbIE PEIIEHIS U B CJIyYa-
X JlasKke Jist 6ojiee MacIITaGHBIX 337124,
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Emte ogauM 0oX010M, TTOMOTAIOIIUM CIIPABIATHCS CO CIOKHBIMU HpO6JIeMaMI/I,
SBJIIeTC TapajuiesinsM. Pasgesas paboTy MesKAy HECKOJIbKUMU LEHTPAIbHBIMU IIPO-
1IECCOPAMU WJTH KOMITBIOTEPAMU, BBl MOKETE PEIIATh 33/[a4H, KOTOPbIE HE [T0 CUJIaM OJTHOI
BBI'-II/ICJII/ITQJIBHOI;,I MalllMHeE. HEKOTOprG a]IFOpI/ITMbI, ABJIAIOIINECA BQ)(I)GKTHBHBIMI/I
GJarojiapst 9TOU METO/IMKE, OMTHUCAHBI B CJIEAYIONIEH IIaBe.

YnpaxHeHus

3Be3/10YKOI OTMEUYEHBI 3a/[aUl [TOBBIIIIEHHON CJI0KHOCTH.

1.

Econ mo6oMy asropuTMy, KOTOPHIi YITOPAIOYMBACT 3JIEMEHTBI € TIOMOTITHIO CPaB-
HeHust, TpebyeTcst 1Jist BbinoHeHust pabotel MakciMyM O(N x log (N)) BpemeHH,
MOYEMY aJITOPUTMbI COPTUPOBKH MOICYETOM U OIOYHOU COPTUPOBKHU, OIUCAHHbIE
B rzase 6, paboraioT GbicTpee?

. CymectByeT 3aj1aya, B KOTOPOI HY;KHO OTIPE/IETU T, ABJISAETCS JU Tpad ABY10J1b-

HbiM. CBeIMTe ee K 3aj1aue 3aKpacKyl KapThl 3a II0JIMHOMKaIbHOE BpeMst. Kak Gbl
BbI 0XaPaKTEPU30BAIN KJIACC CIIOKHOCTH, K KOTOPOMY MTPUHAIJICKUT 33/1a4a OTpe-
JleJIeHUsT JIBY 10JIbHOTO Tpada?

. 3a1aya 0 TPOWHBIX IUKJIAX 3BYUYUT TaK: COJICPKUT JIM Ha3HAYEHHBIN Tpad XOT

ObI OIH IUKJI IJINHOIO TpK y31a? CBenuTe ee K APyroii 3aade 3a IOJINHOMEIAIb-
Hoe BpeMsi. Kak Obl BbI OXapaKTepU30Bai KJIacC CI0KHOCTH, K KOTOPOMY IIPH-
HA/IJIESKUT 3a/1a4a O TPOMHBIX ITMKJIaX ?

. 3azjavya o IUKJIe HEYeTHOM JIJTMHBI 3BYYUT TaK: COACPIKUT JIN rpad) ITUKJIbI C HE-

YeTHBIM KOJIMUECTBOM BepInuH? CBeuTe ee K IPYroli 3aj1aue 3a MoJMHOMUATBHOE
Bpems. Kak Obl BBl 0XapaKTePU30BaIN KJIACC CAOKHOCTH, K KOTOPOMY OHA IIPH-
HajesknT? Kak oHa COOTHOCUTCS € 3aj1aueii 0 TPOWHBIX ITUKIIaX?

. 3agaua o ramuabToHOBOM T1yTH (3TTI) 3ByumT Tak: CyuecTByer Jin B CETH MYTh,

KOTODBII ITPOXOUT Yepe3 Bce ee y3Jbl poBHO ofnH pa3? [lokaxkute, 4To arta 3a-
Jlada MPUHAJIEKNT K Kiraccy NP.

. 3ajiaua o raMuabToHOBOM InkJe (31'11) 3BydyuT Tak: CymecTByeT iU B CETH MY Th,

KOTOPBI TPOXOIUT Yepe3 BCe ee Y3JIbl POBHO OJIMH Pa3 U BO3BPAIIAETCS B HAYAIb-
Hyio Touky? [lokaxkure, yTo aTa 3371a4a MPUHALTIEKUT K Kiaaccy NP.

7". Ceenure 3111 k 3T1] 3a mosiMHOMUAIBHOE BPEMSI.
8". Ceeaure 3I'1] x 3I'TI 3a mosmHOMHUATBHOE BpEMS.

. 3aaaqa 3aKPaCKM CE€TU 3BYYUT TaK: BOSMOKHO JIM 3aKPACUTD y3JIbl CETU k IBeTa-

MU, T1E k — HeKoe 9mcso? HOKa)KI/ITe, YTO 9Ta 3a/iavda IMPUHAJICIKUT K KJIACCY NP.

. 3ajmaua o HyHEBOﬁ CyMME€ IIOAMHOKECTB 3BYUUT TaK: CYIIECTBYET JIM BHYTPU MHO-

JKECTBA YKCEsT TAaKOe MOJIMHOKECTBO, CyMMa YJIEHOB KOTOPOTO paBHa HyJi0? [1o-
KaXXUTe, YTO 9Ta 3ajla4a MPUHAAIEKUT K Kiaaccy NP.

.IIpeacraBbTe, UTO y BaC €CTh MHOXKECTBO OOBEKTOB C BECOM Wl ¥ 3HAYEeHUSIMA Vl

a TaKsKe paHelr, ciocoOHbIH Bbiiep:kaTh Bec W. Ha 0ocHOBE 3TOTO MOKHO chopMy-
JINPOBATDb TPU PA3HOBU/IHOCTH 33/1a4H O paHIle.

» Ob6uapyskenne. CyliecTBYeT Ji MOJAMHOKECTBO 0OBEKTOB, KOTOPbIE BJE3aI0T
B paHeI 1 HUMEIOT CYMMapHOe 3HaYeHUe He MeHbITe k?
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» CoobGuenne. Hailjiure moMHOKECTBO 0O0BEKTOB, KOTOPBIE BJIE3AI0T B PAHEI
U UMEIOT CYMMapHOE 3HaYeHne He MeHblie k (€M Takoe CyIIeCTBYET).

* Onrumusanys. Haiigure moaMHOKeCTBO 00bEKTOB, KOTOPbIE BJIE3AIOT B PaHell
U UMEIOT KaK MOKHO (OJIbIliee CyMMapHOe 3HAYEHHE.

12. Ceenure 3aza4y coolIieHrs K 0GHapYsKEHUIO.
13". Ceeaure 3aa4y oNTUMH3AIMK K 0OHAPYKeHUIO (cM. yripaxkuenue 11).

14", TIpencTaBbTe, 4TO Y BaC €CTh MHOKECTBO OGBEKTOB CO 3HAUCHUSIMU V, Ha ocno-
B€ 9TOTO MOXKHO c(hOPMYJIMPOBATH JIBA BUJIA 3a/[aUH PA3JIeICHUSL.

- O6Hapy>I<eH1/Ie. Bosmoskno pa3ac/inTb 00BeKTHI Ha JBa IIOJAMHOKECTBa A
n B, HMEIoIe OJJHO 1 TO K€ CYMMapHO€ 3HaueHue?

= Cooburenne. Haiiaure criocob pasiesnenus 00beKTOB Ha JBa II0AMHOKeCTBa A
u B tax, 4T0OBI OHU UMEJIU OJHO U TO Ke CyMMapHOe 3HaYeHue.

15. Csemure 3a1aqy cooOIIeHNS K OOHAPYKEHUIO.



Mlmasa 18
PACNPEOENNEHHBIE AJITOPUTMbI

B crarbe, omybimkoBanuoii B 1965 ., Topaon Myp oTMeTuI, 4To ¢ MOMeHTa u300pe-
TeHust MUKpoITporieccopoB (1958) KosmdyecTBO TPAaH3UCTOPOB B X KPUCTAJLIAX YABAK-
BAJIOCH KKAbIE Ba To/a. VICXo/st n3 TaHHOTO HAGIIOEHNST OH TMPETTOMOKII, 4TO Ta-
Kasl TeHJICHIINSI COXPAHNUTCS Ha TMPOTSLKEHNH Kak MUHUMYM cieaytomux 10 met. ITpex-
CKazaHHe, KOTOpOoe HblHe N3BeCTHO KaK 3akox Mypa, 0ka3anioch Ha yAUBJIEHIE TOUHBIM
U He TePs1JI0 CBOEl aKTyaJIbHOCTH Ha MPOTsDKeHuU nocaenuux 50 et (XOTs yiKe BUIHO,
YTO 3TOMY CKODPO IIPUET KOHEIT).

Pasmep 00bEKTOB, KOTOPhIE MOKHO PA3MECTUTh BHYTPU MUKPOCXEMBI, TIOCTETTEHHO
IpUOJIIKAETCST K TIPEey TEKYIUX TEXHUUECKUX BO3MOKHOCTEN. J{axke eciin MuHMA-
TIOPU3aIU TPAH3UCTOPOB MPOAOJKUTCA (3TO BIIOJHE BO3MOXKHO, Be/lb TPOU3BOIUTE-
JIVL 3JIEKTPOHUKY U3BECTHBI CBOEH CMEKAKOI), Ha KAKOM-TO aTare Bce paBHO GyIeT 10~
CTUTHYT KBAHTOBBII YPOBEHB, T/I¢ 3aKOHBI (PU3UKH TPHOOPETAIOT HEMTPEICKA3yEeMBbIiT Xa-
paKTep U JeTAi0T COBPEMEHHbBIe TeXHOMOTHH Geccnmbibivu. HexoTopsie 13 addberTos,
MPOSIBIISIIOIIUXCS HA JIAHHOM YPOBHE, MOTYT OBITH UCTIOJIb30BaHBI B KBAHTOBBIX BBIUKC-
JIEHUSIX 7151 CO3/IaHMsT HOBBIX MOTPSICAIONINX KOMITBIOTEPOB, O/IHAKO, 110 BCell BUAUMO-
cTy, 3aKkoH Mypa He BeueH.

Camplit 3(HEKTUBHBII CITOCO0 MOBBINIEHUST BBIYUCTUTEIBHOM MOIITHOCTH Ge3 yBe-
JINYEHUS KOJIMYeCcTBa TPAH3UCTOPOB Ha KPUCTAJLIIE 3aKJII09aeTCs B IPUMEHEHUU CPa3y
HECKOJIBKHUX TIPOIecCOPOB. BObIIMHCTBO KOMITBIOTEPOB, KOTOPBIE ITPOJIAIOTCS B HAIIN
JTHU, COJIEPKAT CBBITIE OJTHOTO 1EHTPATBLHOTO Tpoiteccoproro ycrpoiictsa (IITY). Ya-
CTO OHU UMEIOT HECKOJIBKO sI/Iep, TIPEACTABIIsIS OO0 MHOTOSIZIEPHBIN TIPOTieccop Ha 06-
1ieil MUKpocxeMe. Y MHbIe OllepallMOHHbIE CHCTEMbI MOT'YT [I0JIb30BATHCS IIPEMMYIIeCTBa-
MU JIOTIOJTHUTEBHBIX SI7IEP, a KAUeCTBEHHBII KOMITUJISATOP CIIOCOOEH PacIio3HATh y4acT-
KM IIPOrpaMMbl, KOTOPble PeaJIbHO BBIIIOIHATD apaljle/IbHO Ha HeCKOIbKUX Anpax. Ho
4TOOBI U3BJIEYD MAKCUMAJIbHYIO BBITO/LY OT MHOTOITPOIIECCOPHBIX CUCTEM, BaM HEOOXO-
JIMMO TIOHUMATh, KaK MUIIYTCS TapajjiebHble aJITOPUTMBI.

B ar0ii T1aBe paccMOTpeHbl poOJIeMbl, BO3HUKAIOIIKE IIPU MCIIOJIb30BAHUMU He-
CKOJIBKUX TTPOIIECCOPOB I PeIeHns OMHOU 3a1aun. B Heil onmuchIBaIOTCA pa3Hble MO-
JeJIH MTapaJjLIeIbHOI 06paboTKY 1 00BICHSIETCS IPUHIUIL PAOOTHI OTAEIbHBIX AITOPHUT-
MOB U METOJMK, KOTOPbIE MO3BOJIAIOT YCKOPUTH PellieHue IIpobieM napajiieIn3aliim.

Buabl napannenuama

Cy1iecTByeT HECKOJIBKO MOJIesIel TapaJiiesin3Ma, U Kaxkias U3 HUX OCHOBaHa Ha OT-
JIeJIbHOM Habope JOIYIIeHNH, B IIEPBYIO 04epe/ib KOJIMYECTBE JOCTYITHBIX IIPOIECCOPOB
U TOM, KaK OHU Mexky co6oii coepnnerbl. CaMoil pacIiipocTpaHeHHOI MOJIEIbIO CEro/l-
HS SIBJISIIOTCSL PACTPEOCLeHHbIE bIUUCCHIUS, HO Y JPYTIe BUABI lapaliebHoii 00paborT-
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KU IIPEACTaBJIAIOT OHpe[[eJIeHHbeI NHTEpeC; HEKOTOPbIE U3 HUX, HAYMHasA C CUCTOJINYE-
CKHUX MaCCHUBOB, 6y[IYT TaK WJM UHa4Y€ 3aTPOHYTHI B 2TOI ry1aBe. Bam BpAL JIN YAACTCA
IIPUMEHUTD Ha IPAKTUKE 6OJIBIION CUCTOMNYECKUI MaCCHUB, HO ITOHMMaHMEe MMPpUHIIUIIA
€ro pa6OTbI MaCT HEKOTOPOE TIPpe/ICTaB/ICHNE O IPYTUX aJITOPUTMAX, KOTOPBIMU BbI CMO-
JKETE BOCITIOJIb30BATHCA B PACIIPEICIEHHBIX CUCTEMAaX.

CucrtonuyeckKkue MmaccuBbl

Cucmonuyeckum Ha3bIBAIOT MacCUB MOy teit 06padoTku nanubx (M O/ wiu npocto
aueex). OH MOXKET ObITh OLHO-, ABYX- UM Ja’Ke MHOTOMEPHBIM.

Bce cmexnbIe TUeiKi B MacCUBE CBSI3aHBI ApyT C IpDyromM — HpHMOﬁ CBA3U MEXY
OCTaJIbHBIMU TYeHKaMU OBbITH HE MOJKET.

Bce gueitku cHHXpOHHO peayim3yioT OJIHY U Ty ke mporpammy. Takast Mojiesnb Ha-
3BIBAETCS NAPALICIUSMOM OAHHDBIX, TOCKOJBKY IIPOLECCOPHI BBIOIHSIIOT OMUH KO/, HO
¢ pasHbIMy Habopamu nHGopMaIu (BBIOOP TEPMUHA «CUCTOTMYECKUI MACCUB» CBSI3aH
C TeM, YTO JJaHHbIE ITPOXOJISAT Yepes TPOIeCCOPH 3a PaBHbIE TPOMEKYTKN BPEMEHHN — TI0
aHaJIornN ¢ OBIONINMCS CEPAIIEM, TPOKAUNBAIOTIMM KPOBb 110 TEJTy).

CucrommyecKkre MacCUBBI MOTYT OBITh KpaﬁHe 3(1)(1)6KTI/IBH]':>IMI/I, O/IHaKO 00J1aCTh UX
TIPUMEHECHUA OYEHD Y3Kasd, K TOMY JK€ UX ITOCTPOCHUE CTOUT HEICIEBO. AJIFOpI/ITMbI7 KO-
TOPbIE [IJIAA HUX HAIIMCAHbI, 4aCTO OTTAJIKUBAIOTCA OT TOIO, YTO KOJIMYECTBO A4YE€EK MacC-
CHBa 3aBUCHUT OT KOJINYECTBa BXOJAANINX JaHHbIX. HaanMep, AJITOPUTM YMHOKEHUA Ma-
TPUIL Pa3SMEPHOCTDHIO NxN IIo/Ipa3yMeBaeT, 4TO B €ro HaAJINYNUN €CTb MAaCCUB A4YEEK TOT'O
JK€ pasMepa. ITO IPEAITIOJIOKEHNE OTPaHNYNBACT MaciuTab JOCTYITHBIX JUJIA pEIICHU S 3a-
Jla4d 06BbeMOM MacCCHBa, KOTOprfI PeaJIbHO ITOCTPOUTD.

Bam moxer HHUKOI'la HE TIPEACTaBUTDbCA CIydasd HOpa6OTaTb C CUCTOJIMYECKUMU MacC-
CHBaMH, O/ITHAKO UX aJITOPUTMbI JOCTATOYHO ]IIO6OHI)ITHBI, 1 4TOOBI BbI [IOHUMAJIH IIpHH-
IIUII nX pa6OTI)I, MbI paCCMOTpPUM OJIMH N3 HUX B JaHHOM pa3/i€JIe.

[Ipeamonoxnm, y Bac eCTh IIOCJAEI0BATEIbHOCTD U3 N unces1, KOTOpble Hy’KHO OTCO-
PTUPOBATH B OJIHOMEPHOM CUCTOJIMYECKOM MaccuBe, coziepskaiiieM N sueek. Huske mpezi-
CTaBJICHO TIOMIATOBOE OITUCAHUE TOTO, KaK KasK/[ast U3 siaeek 06pabaThiBacT CBOU JJAHHBIE.

1. UT06BI BBECTH MTEPBYIO TTOJOBIHY TTOCTEIOBATENLHOCTH, TIOBTOPsieM N pas:
a. Kakjas gueiika 0/oKHa IepeiaTh CBOe TEKyIlee 3HaueHre BIIPABO;

b. ecyii 5T0 HEUETHBIH T1AT, TTOMEIAeM HOBOE YHCJIO B TIEPBYIO stueiiky. Eciru mar
YeTHBIH, He JieJlaeM 9TOTO.

2. Yro0bl BBECTH BTOPYIO TIOJIOBUHY IIOCJIEI0BATEIbHOCTH, HOBTOPsieM N pas:

a. ecJId g4Yeiika COJNEP:KUT /IBa 3HAUEHUs, OHA JI0JIKHA UX CPABHUTD U IIEepeiaTh
MeHbIllee U3 HIX BJIEBO, a G0JIbIlee — BIIPABO;

b. ecnim mepBas syelika COMEPKUT OAHO 3HAUEHIE, OHA MOJIKHA TTEPENATH €T0
BIIPABO;

C. €CJIV TIOCJIe/IHSIS sTueiika COIepPsKUT OTHO 3HAYEeHNE, OHA IOJIKHA TTePeiaTh erTo
BJIEBO;

d. ecsnt 3TO HEYeTHBII miar, IoMenaeM HOBO€ YK CJIO B ITEPBYIO quﬁKy. Ecym mar
YeTHBIN — He JIeJIaeM ATOTO.
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3. Yrto6bI BBIBECTH OTCOPTUPOBAHHDII CITUCOK, TOBTOPsieM N pas:

a. ecu siueika COAEPIKUT /IBa 3HAYCHMS, OHA JOJI’KHA UX CPDAaBHUTDb U IIE€pe/laTb

MeHnblliee n3 HuX BJIEBO, a 6oJbliree — BIIPaBO;

b. ecim ayeiika COZIEPIKUT OAHO 3HaYE€HME, OHa JOJI’KHa IIepeaaThb €ro BJIEBO.

AJIrOpuTM, TIOKa3aHHbI HAa pucyHKe 18.1, coptupyert 3nauenud 3, 4, 1 1 2 B MmaccuBe
C 4eTBIPbMS stueiikamMu. B 1iepBoil cTpoKe sTueiiku M300paskeHbl TYCTBIMH, 8 YUCJIA JIJIsT

COPTHUPOBKMU IIPEACTABJICHBI CJIEBA.

TakT 4

TakT 5

TakT 6

TakTt 7

TakT 8

TakT 9

TakT 10

TakT 11

TakT 12

TakT 13

TakT 14

Puc. 18.1. Cucrosmdecknii MacCUB € 4YETBIPbMS UCHIKaMi MOKET OTCOPTHPOBATH

YeThIpe HAYAIbHBIX CHCTOJUYECKUX TaKTa (HA PUCYHKE OHM 0O03HAYEHBI KaK TaK-
TBI, YTOOBI BBl He MEPENyTAIN UX C IaraMu aJITOPUTMA) TIOMEIAIOT B MACCHUB MEPBbIe
nBa 3navenns (2 u 1). Bee ato mpoucxoaut Ha mare 1 anropurma.
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3,4

1,2
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1,2,3
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yeThIpe uncia 3a 14 TaktoB
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Camoe uHTepecHOe HAUMHAETCST HA TAKTE TI0J HOMEPOM O, KOT/IA AJITOPUTM TI€PEXO0-
auT K mary 2. Ha janHoM TakTe 3HaueHune 4 momeriaercs B IEPBYIO AUeiiky. B aToT Mmo-
MEHT TPEThS SUeiKa COAEPKUT 3HAUEHUS 1 1 2; 0HA NX CPAaBHUBAET U TIepeMeIaeT MeHb-
miee (1) BiieBo, a GoJbiiiee (2) — BIIPABO.

Ha raxre 6 BTOpas sueiika cpaBHuBaet 3HaueHus 4 u 1. IlepBoe oTmpassieTcs Biie-
BO, a BTOPO€e — BIIPaBO. BMecTe ¢ 3THM aJroOpuTM IIOMEIIAeT [OC/e/Hee 3HaYeHue, 3,
B TIEPBYIO SUEHKY.

Ha rakte 7 nepBas stueiika cpaBHUBaeT 3HavyeHust 3 u 1; 3 mepemernaeTcst BIIPaso,
a 1 — BieBo. B To ke BpeMsI TpeThs sTUeiika cpaBHUBAET 4 1 2; 2 TTepeMelaeTcsl BJIEBO,
a 4 — BIIpaBo.

Ha takte 8 BTOpas siueiika cpaBHUBAeET 3 U 2; 3 OTIPABJISIETCS BIIPABO, a 2 — BJIEBO.
[Tocnenusas sgaeiika mepenaeT BJ€BO 3HAUCHUE 4.

Ha raxre 9 naunnaercs nrar 3 asroputma. llepBas sueiika BBIBOAUT 3HaUeHMe 2.
TpeTbs siueiika cpaBHUBAET 3 U 4; 3 UJIET BJIEBO, a 4 — BIIPABO.

B rakrax ¢ 10 10 14 srueiiku copepskat He 6oee ogHoro sHadenus. OHu mepeMelrra-
I0T CBOE COZEPKUMOE BJIEBO M B UTOTE A00ABJISIOT MX K UMEIOIIEMYCSI BBIBOALY.

Bam MoxxeT 1mokasaTbes, YTO Ha COPTUPOBKY BCETO JIUIID YeThIPeX 2JIeMEHTOB Tpa-
TUTCSI CJIMIIKOM MHOTO IIAroB, HO 1pu pabote ¢ 6oJiee KPYITHBIMU CITMCKAMK TAHHBII
AJNTOPUTM CIIOCOOEH CHOKOHOMUTH BpeMst. ECIM KOJMYecTBO 37eMeHTOB N, alroputMy
tpebyetcst N TakToB, 4T0ObI 100aBUTh B MACCUB TIOJIOBUHY U3 HUX (1mar 1), moToMm erie
N takToB, 4TOOBI BCTABUTH BTOPYIO 10JI0BUHY (1mar 2), u 3aepiaioniue N TAKTOB JIJIst
BBIBO/IA [TOCJIE/IHUX OTCOPTUPOBAHHBIX 3HAYEHUI.

Obuiee yrcsio Taktos paBao O(3 x N) = O(N). D10 MeHblIIle, 4eM y HelapaiiebHbIX
AJIrOPUTMOB, copTupyomux N sHaueHnii ¢ momolibio cpasHenust — O(N x log (N)). ITo-
CKOJILKY YHCTa MOTYT PACTIPENeTIThCS 0 N/2 staefikaM, MAcCHB CITOcOOeH BBITIONHSTD
omxHoBpeMeHHo 10 (N/2)? cpaBHeHMil.

ITOT AJrOPUTM UMEET HECKOJIbKO MHTEPECHBIX ocobennocrell. IIpexae Bcero Ha
TakTe 7 B MacCUB 00aBJIgeTc MocjIeHee 3HaueHne, a Ha TaKTe 8 BbIBOJUTCS rnepBoe
OTCOpPTUPOBaHHOE uncyio. [[ockosbKy TTepBoe TOTOBOE 3HAUEHNE BBIHOCUTCS CPas3y T10-
cJie BBOJIa TIOCJIETHETO, BCE BBITJISIANT TaK, Kak Oy/ATO Ha YHOPSIOYABAHIE 3JIEMEHTOB
BOOOIIE HE TPATUTCSI BpeMeHU. B CBSI3U ¢ 5THM JJAHHBIN aJITOPUTM HA3BIBAIOT MZHOBEH -
HOU COPMUPOBKOU.

Eltie o/1Ho nHTEpPECHOE €10 CBOWCTBO 3aKJII0YAETCA B TOM, 4TO Ha JIIOOOM JTalle TOJIBKO
TIOJTOBUHA sTYeeK COMEPKUT Hanubie. [Ipu xkeraHnn B CBOGOIHBIE STYCHKN MOKHO TIOME-
CTUTD 3HAYEHVST 13 BTOPOHT TTOCTE0BATETBHOCTI YHCET, HIaroaapst 4eMy MaccuB OyeT
COPTUPOBATH OJIHOBPEMEHHO JIBE TI0CIE/[0BATETbHOCTH.

PacnpepeneHHble BbIYUCIEHUS

PacnpeaeﬂeHHbte BblUUC/IEHUS — ITO KOTI'/la HECKOJIBKO KOMIIBIOTEPOB pa6OTaIOT BMeE-
CT€ IIO CETH, 4YTOOBI BBIIIOJHUATD HEKYIO 3a/1a41y. Y KaxJ0ro U3 HUX CBOS oliepaTruBHaA
IMaMATh, XOTA JKECTKHUE JUCKU MOTYT OBITh O6H.[I/IMI/I.

ITo cpaBuenuio ¢ BzaumozgeiictBuem mexay IITY B pamkax ofHOI BbIYUCIUTEID-
HOI1 MallIUHBI, CeTU ABJAIOTCS OTHOCUTE/IbHO MEAJIEHHBIMU, I09TOMY pacllpe/ie/ieHble
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AJITOPUTMBI JIOJIKHBI TIBITATBCS CBECTU K MUHUMYMY Tiepesiady MHGOPMAIIUU MEKITY KOM-
mbtorepamu. OOBIMHO BBIYUCIUTETbHBIE MAIITIHBI TIOJTYYal0T JAHHbBIE, PAbOTAI0T KAKOE-TO
BpeMsT HaJl 3ajadeil ¥ OTIPABJISTIOT 0GPaTHO TOTOBOE PEIIEHHE.

CytecTByeT JiBa BUjia pacipeieJIeHHbBIX CPEl: KAACMepyl U TAK Ha3bIBaeMbI€ 2P -
Ovt. TlepBble MpeACTaBIAIOT OO0 HAOOP TECHO CBSA3ZAHHBIX KOMIIBIOTEPOB, OOBIYHO
COEJIMHEHHBIX C TTOMOTIHIO MHTPAHETA WJIM CETH CIEeNMaTbHOTO Ha3HAYEHUSsI, KOTO-
past UMeeT OTPAaHUYEHHBIN IOCTYI KO BHENTHUM ceTsiM. Ha nmpakTuke K Kjacrepy ya-
CTO OTHOCATCS KaK K THTAHTCKOMY KOMIIBIOTEPY ¢ HEOObIYHBIMM BHYTPEHHUMU KOM-
MYHUKAITUSAMU.

B rpui-BbIYUCTEHISIX KOMITBIOTEPDI CBSI3aHbI MKy c000i HaMHOTO cirabee. OHU
MOTYT B3aMOJIEHCTBOBATH YePe3 OTKPBITYIO CETh, COCTOSITH M3 PA3HOTO 000PYIOBAHIIS
1 paboTaTh MO/ YIPaBICHUEM Pa3HBIX ONEPAIHOHHBIX CHCTEM.

B3aHMO[[eﬁCTBHe MEXK/TY KOMIIbIOTEPAMU B IPUI-CPE/IE MOKET OBITD JIOBOJIbHO M€/~
JIEHHBIM W HEHa/ICKHDbIM. HOCKOJIbe CBA3b MEXK/Yy HUMU ABJISACTCS CJIa6OI>i, 0601 u3
HUX MOKeT OBbITb BBIKJIIOYEH J10 3aBEpIICHNA JOBEPEHHBIX EMY BhIUMCJIeHU. B cBs3m
C 9TUM CHUCTEMaA B CJIydae HGO6XO}:[I/IMOCTI/I JOJIKHA UMETHb BO3SMOKHOCTD IlepeHa3HavYaTb
noA3azavu IPYyruM KOMITbIOTEPaM.

Hecmorpst Ha Takue HEJOCTATKH, KAK OTHOCUTEHLHO MeJIJIEHHOE B3aUMO/IENCTBIE
1 HEHAJIEKHOCTD OT/EJIbHBIX YCTPOUCTB, TPU/I-BBIUNCJIEHUS C/IEJIATN BO3SMOKHBIM CO3-
JIaHUe BUPTYAJIBbHOTO CYIEPKOMITBIOTEPA, KOTOPBIH MOTEHIIHATBHO CIIOCOOEH BBIIEUTh
JUISL PElleH s 3aaui OTPOMHBIN 00'beM BBIYUCIUTENBHBIX pecypcoB. Huske nepeurciie-
HBI HEKOTOPbIE IIyOJUYHBIE TPU/-IIPOEKTHL.

= MilkyWay@home
http://milkyway.cs.rpi.edu/milkyway

ITOT MPOEKT 3aHMMAETCS CO3/[JaHNEM OYeHb TOYHOH MOJIeNIN TaylaKTHKK Muted-
Horo IlyTH 171 BcIosib30BaHNs B HCCIEIOBAHIAX B cepe acTponH(pOPMaTHKN
1 KOMITBIOTEPHBIX HayK. B Hem npuammaet yuactue npuMepHo 38 000 kommbio-
TepoB obIeit MorHocTbo 1,6 TepadiIoncos.

= BOINC (Berkeley Open Infrastructure for Network Computing — OTKpbITas IIpo-
rpamMMHast TIatopMa yHuBepcuTeta Beprin st CeTeBbIX BHIUMCICHUN )

http://boinc.berkeley.edu

ITa miaardopMa ¢ OTKPBITHIM MCXOIHBIM KOJOM HMCIIOJIb3yeTCs BO MHOTUX OT-
JI€JIbHBIX TIPOEKTAX, MOCBAIEHHbBIX NCCIeA0BaHUAM B cepe acTpopU3uKU, Ma-
TeMaTUKU, MeUIIMHbI, XUMIK, GUOJIOrnn U Apyrux obsactsx. B ee cocras Bxomaur
npubiusurensio 600 000 komibioTepoB 0061Iel MOIHOCTHIO 9,2 1eTadI01CoB.

» Folding@home
http://folding.stanford.edu

ITOT MPOEKT, MOJACTUPYIONINIT cBOpaunBaHue Heka, MPU3BaH PACIIUPUTH HaTIle
MOHUMaHWe TAKUX HEAYTOB, Kak 60Jie3Hb ANbIreiiMepa, KOPpoBbe GEeneHcTBO
(TOKPC), CITN I, 60sie3Hb XaHTHHTTOHA, 60/1e3Hb [TapKUHCOHA U PAKOBBIE 3a-
6oseBanust. KommaecTBo KOMITBIOTEPOB B TpoekTe gocturaet moutu 200 000, a ux
CyMMapHasi MOIIHOCTb paBHa npuMepHo 12 neraduorncos.
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dJIONCbI

V CKOpPOCTb KOMMbIOTEPOB, KOTOPbLIE UCMOJIb3YIOTCSA A PECYPCOEMKNX MaTemMaTuye-
CKUX BbIYUCIEHUI, 4aCTO N3MEPSIOT B ONepaumsx C niaBatoLLlein 3ansaTo B CEKYH-
ny (floating-point operations per second nnu flops). OanH Tepadnonc (Thaon)
paBeH 10'2 (To ecTb Munnnapay) enoncos. OanH netadnonc (ndnonc) paseH 10'°
dnoncos, Ui Teicade Tepadnoncos. s cpaBHeHWs: Anana3oH MOLHOCTU 00bIY-
HbIX HACTOJIbHbIX KOMMNbIOTEPOB kKonebnetcs ot 0,25 no 10 ruradpnoncos.

Ecnu Bac 3aMHTEpecoBanu 3T NPOeEKTbl, MOCETUTE X BEO-CTPaHULIbl U 3arpysnTte,
nporpaMmmMHoe obecneyeHme, KOToOPoe NO3BOINT AESIUTbLCS NPOLLECCOPHbIMMU LMK-
flaMu Ballero KoMnbloTepa, koraa ToT npoctanBaeT 6e3 paboThbl.

V YYACTUE B rPUA-BbIYUCJIEHUAX

Hpoueccm B pacIipe/ieJIEHHbIX KOMIIbIOTEPAX MOT'YT BBIIIOJHATD Pa3HbI€ 3a/la41 —
9TO IIpUMEP pacliapaJjijiejinBannsa pa6OTbI. CpaBHI/ITe 9TO C IapaJlJIeJIN3MOM /IaHHBbIX,
TP KOTOPOM aKIEHT /IEJIa€TCA Ha pacipe/ieJicHne I/IH(I)OpMaLII/H/I MEKY HECKOJIbKUMU
ImporneccopamMu.

MHoronpoueccopHbie BbIMUCNIEHNS

BobIIHCTBO COBPEMEHHBIX KOMITBIOTEPOB MMeET GOJIBIIIE OHOTO Mpolieccopa. VTHo-
T/Ia TIPOTIECCOPBI Pa3MEINAIOTCS Ha OT/EIbHBIX TIJIaTaX, HO Yallle BCETO peyub UeT O He-
CKOJTBKUX A/[paxX HA OJTHOM KPHUCTAJLTIE.

ITI1Y, Bxoasmue B cOCTaB OJJHOTO KOMIIBIOTEPA, MOTYT B3aUMO/IEHICTBOBATD MEXKILY
co6oil HAMHOTO OBICTPEE, UeM OTIETbHBIE KOMITBIOTEPHI B CETH, TOITOMY OHF He CTpajia-
0T HEKOTOPBIME KOMMYHUKAIIMOHHBIMU TIPOOIEMaMU, XapaKTEPHBIMU JIJIsI PACTIPE/IeJIeH-
HBIX cucTeM. Hampumep, 4T00BI TIPOU3BOUTENLHOCTD He YITUPATIACh B CKOPOCTH CETH,
pacripeiesieHHble CUCTEMbI JI0JUKHBI TIEpe/IaBaTh BHYTPH cebst Kak MOKHO MEHBbIIIE JIaH-
ubix. [{ITY B paMKax 0J{HOTO KOMIIbIOTEPA CIIOCOOHBI 00ATHCSA MEXKTY COOOI Ha O4EHb
BBICOKOH CKOPOCTH, TIOITOMY OHU MOTYT OOMEHUBATHCS GOMBIINME 06beMamut HHOP-
Martu 6e3 CyIeCTBEHHOTO BINUSHUS Ha TPOM3BOAMTENTbHOCTb.

Kpowme Toro, pasubie IIITY B 0JHOM U TOM K€ KOMIIbIOTEPE HEPEAKO MMEIOT 00IIIe
JIMCKOBBII HAKOITUTEJb 1 TaMSTb.

B03M0kHOCTE 0OMEHUBATHCS GOIBIINMU 0OBEMaMKI JAaHHBIX 1 UMETDb JOCTYII K O/1-
HHM 1 TEM JKe JUCKaM U IIaMATHU — YI[O6HO, HO 9TO TaKie MOKET IIPUBECTU K TaKUM
HpO6]IeMaM, KaK COCTOAHNE I'OHKN MJIN B3aMMHasA 6JIOKI/IpOBK8.. Ot HOI[O6HI)IX ABJie-
HUIT He 3aCTpaXOBaHbl U paclpe/ieJIEHHbIE CUCTEMbBI, O/THAKO OTMEYEHHbIEC HETIPUATHO-
CTHU XapaKTEPpHbI 6oJbIIe JJISI MHOT'OIIPOIECCOPHBIX KOMIIBIOTEPOB, ITOCKOJIBKY HECKOJIb-
KM I_[Hy OY€HD JIETKO OKa3aThCA B CUTYyaIlNU COTIEPHUYECTBA 3a O/THU U T€ K€ PECYPCHI.

CocTOoSiHUEe roHKu

Cocmosinue 201K O3HAYAET, YTO JIBA IIPOIECCA IBITAIOTCS BHINOJIHUTD 3aIIUCh BHYTPb
pecypca IpUMEPHO B OJIUH U TOT 5K€ MOMEHT BpeMeHu. [1poiiece, KOTOPbIil 3aliuchiBaeT
BTOPBIM, TOOEKIAET.

Y1o6bl MOHSTH, KAK 9TO MOJKET CJAYUUTHCS, IPEJCTABLTE, YTO J[BA MTPOIECCA UCTIONb-
3YIOT 9BPUCTUYECKUE METOMKH JIJISl pellleHns 3a/[a4i TaMUJIbTOHOBA ITyTH (CM. IJ1aBy 17)
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1 3aTeM C TIOMOIIBIO CJIEYIOIIEro MCEBI0KO/a OOHOBIISAIOT OOIIHE EPEMEHHBIE, KOTOPbIE
ColepsKaT JIYUIIni My Th, HAHIEHHBIN HA 9TOT MOMEHT, U €r0 00110 [IJTUHY.

// DBPUCTUYECKNUI AHAIN3 .

// CoxpaHsieM Jydllee pelleHMe .
If (test_length < BestLength) Then
// COXpaHAeM HOBOE pEleHNE.

// CoxpaHsieM HOBYKL OGNy IJIUHY .
BestLength = test_length
End If

[TceBmokox HAUMHAETCS ¢ MPUMEHEHUS 9BPUCTUYECKUX METOUK JIJIST TIOUCKA HY K-
HOTO pelIeHus. 3aTeM OH CPaBHUBAET HTOTOBYIO JUTHHY JIYUIIero HalIeHHOTO MapIIpy-
Ta CO 3HaYEeHUEM, HAXOAAMIMMCS B 001iell iepeMeHHoll BestLength. Eciu HoBoe pe-
IIeHYe JIy4Ilie TPeIbIAYIIEro, ICEBIOKO COXPaHIET €r0 BMECTe C eT0 UTOTOBOM ITUHOM.

K coxasenmo, HeBO3MOKHO TIPE/ICKA3aTh, B KAKOH MOMEHT HECKOJIBKO TIPOIECCOB
MOTYT 0OpaTUTBCST K 001edt mamsITi. JIOTyCTHM Y HaC eCTh 1B TIPOTIECca, KOTOPDIE BbI-
TIOJIHAIOTCS B TOPSIZIKe, IPEACTABICHHOM Ha IIPUMepe CAeLYIOMEero ICeBIOKOA.

// DOBPUCTUYECKUN aHaIM3.
// DOBPUCTUYECKUN aHaJM3.

// CoxpaHsieM Jydllee peleHue.
If (test_length < BestLength)
Then // CoxpaHgeM Jydllee pelleHue.
If (test_length < BestLength)
Then

// CoxpaHsieM HOBOE DpelleHue.
// CoxpaHsieM HOBOE DeleHVe.

// CoxpaHsieM HOBYI OOy

OJIVHY .
BestLength = test_length
End If
// CoxpaHsieM HOBYW OOy
OJIVHY .
BestLength = test_length
End If

[eticTBus, BeiToTHsIEMBIE TIpoTieccoM A (cieBa) u mporteccom B (ciipaBa), mokasa-
HBI B XPOHOJIOTUYECKOM TTOPSITIKE.

Cuauaja 1ponecc A IIPpOBOJAUT SBpI/ICTI/I‘{eCKI/Ii/JI aHaJIN3, ITIOTOM 9TO /I€JIa€T ITPOoIiecc B.

3aTeM Tporiecc A BBITIOHSET TIPOBEPKY I £, UT0OBI Y3HATb, HAIIEJT JIU OH YJIyUIIeH-
Hoe pertenue. /lomycTuM, B HaIlleM ITPUMepe UCXOHOE JIydliiee PeleHre nMeeT Mapiii-
pyt aumnoi 100, a mponecc A 00HapyKUBaeT IMyTh, 00MIAs IIMHA KOTOPOro pasHa 70
U, CJIeJOBaTEJIbHO, BXOIUT B 670k If Then.
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3arem npoBepky I f genaet mpoiecce B. JlomycTiM, oH 00HapysKUBaeT MapiipyT 00-
et puHoit 90 u Toxke BXoaut B 610k If Then.

[Tportecc A coxpaHsieT CBOE pellieHue.

ITocne aToro npouecc B nenaer To e camoe. Kpome Toro, oH mpucsausaer oouieit
nepeMeHHol BestLength anuny HoBoro MapmipyTta — 90.

Teneps mporiecc A HazHAUaeT MepeMeHHON BestLength AIMHY HaliJIEHHOTO UM
mapuipyta — 70.

Ha pannom atarie B kauecTBe JIy4IIero UCIIOJb3yeTCs pellenne, IoJIy4eHHoe IIPO-
1eccoM B; U3 IBYX Hali/IEeHHBIX BapPUAaHTOB OHO sIBJsieTcsl HanxyannM. [lepemennas
BestLength xpanut 3HaueHue 70, KoTopoe ABIseTCS AJIUHON MapIIpyTa, HOJy4eHHO-
ro mpoieccoM A (a He TOro, KOTOPbIN Ha caMOM JieJie ObLI COXPaHEeH).

CocrosiHue FOHKM MOKHO IIPEIOTBPATUTD € TIOMOLIbIO Mbtomexca (mutex, niav mutual
exclusion, — B3anMHoe uckodenne). Takasg MeTOAMKA II03BOJISIET TaAPAHTUPOBATD, YTO
oTpe/ieieHHas oTepaIus BbIIOJHIETCS OJJHOBPEMEHHO TOJLKO OTHUM IIpoIieccoM. B koH-
TeKcTe 00X IIePEMEHHBIX 9TO 03HAYAET, YTO CYUTHIBATH M 3AIIMCHIBATH UX MOKET JIUIIb
OJIMH IIPOIIECC B JII060I OT/eJbHO B3SIThIil MOMEHT BPEMEHH.

PEAJIU3ALUUNA MBbIOTEKCOB

HekoTopble KOMMNbIOTEPLI MOTYT NPEAOCTABASATL annapaTHbie pecypchl ANs 6onee
3 DEKTUBHON peann3aLmm MblOTEKCOB, HO B OCTaIbHbIX ClyHasix 3TO NPUXOAUTCS
[enaTb B MPOrpaMMHOM pexume.

ITceBmOKOI, MOKA3aHHBIN HILKE, IEMOHCTPUPYET 00aBI€HIE MBIOTEKCA B ITPE/IBILY-
MM QITOPUTM, YTO MO3BOJISIET N30EKATh COCTOSAHUS TOHKL.

// DBPUCTUYECKMI aHalu3.
// BaxBaThHBaeM MBIOTEKC.

// CoxpaHsieM JIydllee peleHue.
If (test_length < BestLength) Then
// CoxpaHsieM HOBOE DEIeHMeE.

// CoxpaHsieM HOBYIO OOy IJIMHY .
BestLength = test_length
End If

// OCBOOOXIaeM MBIOTEKC .

ﬂaHHa}I BepCuAd KO/la, Kak 1 IpeAblAyllad, HAUNHACTCA C 9BPUCTUYECKOI'O aHaIM3a.
9TOH8H3€TCH6€3HCHOHB3OBaHHHO6HRﬁiHaMHTH,HOSTOMYBHGCBHehﬂﬁKeTBOSHHKHyTb
COCTOAHME TOHKH.

Korza mpornecc roroB 06HOBUTE o0LIee pelleHre, OH CHaYala 3aXBaThIBAET MbIO-
TeKc. B pa3HbIX S3bIKax MPOrPAMMHUPOBAHUS 3TO MOKET BBITJISI/IETH TTO-paznomy. Ha-
npumep, B sisbikax cemeiictBa NET (takux kak C# u Visual Basic) nporecc cosmpaer
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00BbEeKT Mutex U BBI3bIBAET U3 HETO MeTo/ WaitOne, 4TOODBI HOHpO6OBaTb 3aBJa/leTh
MbIOTEKCOM.

Ecmm ].Ipyl“Oﬁ IIpoIEeCC IOIIbITAETCA 3aXBATUTh MbIOTEKC B 9TOT MOMEHT, OH 6leeT
336HOKHPOBHH;EMyﬂTpHﬂeTCHIHHHDKHaTb,HOKaNHJOTeKC]{e6yﬂeTOCBO6OXﬂKH{H€pBbHJ
IIpomeccoMm.

3axBaTHB MBIOTEKC, IIPOIECC HAUMHAET PaboTy ¢ 0011el NaMAThI0. [TOCKOIBKY STOT
3aXBaT 9KCKJIO3UBEH, HUKTO JPYTOil He MOKET U3MEHUTH OOIIYI0 MaMsITh, TOKA ¢ Hel
paboraer 1epBbIil POIeCC.

3aKOHUYMB MPOBEPKY ¥ OOHOBJIEHHE OOIIETO PENIeHs], OH OCBOOOKIAET MBIOTEKC,
4To6bI JII0GOM APYTOH TPOTIECE, OKUIAIONINI CBOEH Ouepein, MOT MPOAO0JIKUTH PaboTy.

B ciremytoreM Kojie TIOKasaHbl OMICAHHBIE BBIIIIE COOBITHSI, HO IIPH YCJIOBUI UCTIOJb-
30BaHUA mporteccaMu A 1 B MBIOTEKCOB.

// DBPUCTUYECKMI aHaln3.
// DOBPUCTUYECKUN aHalIm?3.
// 3axBaThBaeM MBIOTEKC .

// CoxpaHsieM Jydllee pelmeHue.
If (test_length < BestLength)
Then // Ilpouiecc B mHTaeTcsli 3aXBaTUThb
MBIOTEKC, HO IIpolecc A yXe UM
BiIameeT; IIpollecc B OJIOKMpYyeTCs.

// CoxpaHsieM HOBOE pelleHUe .

// CoxpaHsieM HOBYI OOy

OJIVHY .
BestLength = test_length
End If
// OCBOGOXIaeM MBITEKC . // Tpoilecc B 3axBaThHBaeT MBOTEKC,
PazbIOKMPYeTCs ¥ IIPONOJIKaeT
paboTy .

// CoxpaHsieM Jydliee pelleHue .
If (test_length < BestLength)
Then

// CoxpaHsieM HOBOE peleHMe.

// CoxpaHseM HOBy o0y
OJIVIHY .

BestLength = test_length
End If

// OcBOOOXIOaeM MBITEKC.

TEHGPB ABa MIpoIliecca He MEIIAIOT JIPYT JIPYTY MOJb30BATHCA O6HIEI>,I IIaMATbIO, I10-
9TOMY COCTOAHNA TOHKN HE BOSHUKAECT.
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CToUT OTMETHTD, YTO B IAaHHOM CIIeHapHH TIpoliecc B ocraercs 3a6JI0KMPOBaHHBIM,
HOKa KAeT MbloTeKC. YT0oOBI He TPATHTh OOJIBIIOE KOJMYECTBO BpEMEH! Ha O/KUIaHue,
IPOIIECC He J0JIKEH 3allpallinBaTh MbIOTEKCHI CJUIIKOM YacTo.

B paccMaTpuBaemMoM 1puMepe, I/ie BLIIOIHSETCS 9BPUCTUYECKUI aHaIU3 raMUJIb-
TOHOBA MYTH, TIPOTIECCY HE HY/KHO CPABHUBATH KAKABIN HAWAECHHBIN M MapIIpyT ¢ 06-
UM JIy4IIAM pelllenreM. BMecTo 3Toro o MoskeT HauaTh CpaBHEHUe TOJIBKO TOT/[a, KOT-
J1a HaXo/tuT 6oJiee ONTHMAIbHBINA BAPHAHT PSIZIOM C IMEIOIINMCST Y He20 Camozo.

[Ipu 3axBaTe MBIOTEKCA IIPOIECC TAKKE MOKET OOHOBUTH CBOE JIOKAJAbHOE pele-
Hue, 4ToOBI y Hero Obll 6oJsiee KOPOTKUIA IyTh [ cpaBHeHus. [IpeacTaBum, Harpu-
Mep, UTO Tporiecc A HaXOAUT HOBBIH JTydmnii MapmpyT AnuHo#i 90. OH 3axBaThIBA-
€T MBIOTEKC U OOHAPYKUBAET, YTO AJUHA OOIIEro JIydniero pemenusa (00HapyKeH-
Horo mpotieccoMm B) pasua 80. Ha nanHom atamne nporecc A 0K€H UCITOJIb30BaTh
HTO 3HAUEHHUE B KaUeCTBE JJIMHBI CBOETO JIOKAJTHHOTO MapiipyTa. EMy He 00s13aTesb-
HO 3HaTh ONTHMAJIbHOE PEIIeHKE; JOCTATOYHO yiKe TOr0, YTO ero OyaAyT MHTEepeco-
BaTh MapuIpyThI AMHON MeHbIie S0.

[Ipu UCHoIb30BaHUM MBIOTEKCOB MOYKHO JIOMYCTUTD CJIEYIONIHIE OMUOKH:
" 3aXBaTHUTh MBIOTEKC U HE OCBOOOJIUTD €T0;

= 0CBOOOIUTH MBIOTEKC, KOTOPBIN HUKOT/[a He OBLT 3aXBayueH;

= yJIepKUBATh MBIOTEKC JITTUTEJILHOE BPeMs;

" HCMOJIb30BaTh Pecypc 6e3 MPeBapUTETLHOTO 3aXBaTa MBIOTEKCA.

Jlake ecoivt Bee JIeIaTh MPABUJIBHO, Y BAC TAK UJIM MHAYE MOTYT BOSHUKHYTH CJIELy-
Io11e TIPOOJIEMBIL.

= IlepecraHoBKa MPUOPUTETOB. BBICOKOMPUOPUTETHBIN MPOIece GIOKUPYETCST
B O’KUJAHUN HU3KOIIPUOPUTETHOIO, BJIAEIONIEr0 MbIOTEKCOM. B 1aHHOM ci1yuae
6b110 OBI HEILJIOXO 3a0paTh MPIOTEKC Y BTOPOTO IIPOLiecca U OTAATh €ro IePBOMY.
ITO 0O3HAYAET, YTO HUBKOTIPUOPUTETHBII MTPOTIECC IOJIKEH YMETh KaKUM-TO 0Opa-
30M OTKATBIBAT JIIOOBIE HE 3aBEPUICHHbIE M U3MEHEHNUs U 3aT€M CHOBA 3aXBaThl-
BaTh MbIOTEKC. B KauecTBe albTepHATUBHOIO PELIEHUS] MOAKHO 3aCTaBUTh IIPOLIEC-
CBI OTaBaTh MBIOTEKC KaK MOKHO ObIcTpee, 4TOOBI BBICOKOIPUOPUTETHBIN TIPO-
1ecc He ObLT 3a0JIOKUPOBAH CIUIIKOM J0JITO.

= Tomomanue. [Iporiecc He MOJKET TOJYYUTD PECYPCDI, KOTOPBIE MY HY KHBI [[JIs 3a-
Bepienus paboTel. IHOTa 9TO IIPOUCXOUT B CUTYAIMX, KOT/Ia OllePallMOHHasT
crcTeMa IbITAETCs PEIIUTD MIPOGJIEMY MePeCTaHOBKHU IIPUOPUTETOB. Eciin BbICO-
KOIIPUOPUTETHAS 33/Ia4a 3arPysKaeT EHTPAIbHBIN IIPOIIECCOP, Y TIPOIECCa C HU3-
KHMM IIPHOPUTETOM MOJKET HUKOT/A He MMOSIBUTHCS IIaHca ObITh BBITIOJIHEHHBIM,
M3-32 Y€T0 OH He 3aBEPIIUTCS.

* Bszaumnas 6ao0kupoBKa. /[Ba nporecca 6JI0KUPYIOTCS B OKUAAHUN JPYT JAPYTa.

Bosee mogpo6HO B3auMHbIe OJIOKUPOBKH OCBEIIEHBI B CJEAYIONIEM pPas/elie.

B3anmHaqa 6n1oknpoBka

[Tpu e3aummnoil 6roKuUposKe aBa Tporecca GJIOKUPYIOT APYT APYTa, TOKa KasK bl
JKIIET OCBOOOKIEHUE MBIOTEKCA, 3aXBAYEHHOTO JIPYTUM.
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[TpencraBbTe, HaTTPUMep, UTO TIpoTieccaM A 1 B HYKHBI JiBa pecypca, KOTOpbIe KOH-
TPOJIUPYIOTCS MbloTeKkcoM 1 1 MbioTekcoM 2. [Ipemonoxum, mpoiiecc A 3aXBaTuJI mep-
BBII MBIOTEKC, a Tpotiecc B — Bropoii. Tereps mporiecc A OJI0KUPYETCsT B OKUAAHUN MbFO-
Tekca 2, a mpouecc B xaer Mpiotekc 1. Oba oHu 3a0/I0KMPOBAHbI, I09TOMY HU OJIMH 13
HUX HE CIHOCOGEH 0CBOOOIUTD YAEPKUBAEMbIIL UM MBIOTEKC U JATh BO3MOKHOCTD IIPO-
JOJLKUTD PpaboTy JAPYTOMY TIPOIIECCY.

Ectb ofuH crioco0, Ipe0TBPAIAIUi B3auMHble OJOKUPOBKHU: HYKHO JIOTO-
BOPHUTHCSI O TOM, UTO KasKIBIH TIpoiiecc OYAET 3aXBaThIBATh MbIOTEKCHI B MOPSIIKE WX
HOMEpOB (IIPU YCJIOBMU, UTO OHU [IPOHYMepoBaHbl). BepHemcs k npeplylemMy npu-
Mepy. Oba mpotiecca MOMbITAIOTCS 3aXBATHTh MbIoTeKC 1. ¥ 0IHOTO U3 HUX 3TO TOJTY-
YHUTCS, a IPYToit OyeT 3a610KkupoBaH. boJjiee yCIEN b TPOIIECC CMOKET MOTOM 3a-
XBATUTDh MBIOTEKC 2. 3aKOHYUB paboTy, OH 0CBOGOANT 062 MBIOTEKCA, TIOCTE YeTO UX
3aXBaTUT JPYroii mpoiiecc.

ITa HpO6JIEMa ycyl“y6JIH6TC$I B CJIOJKHBIX Cpe/iaX, TAaKNX KaK OII€PaIfuOHHbIE CUCTE-
MBI, I'ZI€ 3a O6HII/Ie PeCypChbI COIIEPHUYAIOT AECATKHU U COTHU IPOIECCOB U I'/I€ HET YETKO-
'O ImopAAKa 3alipallinBaHNs MbIOTEKCOB.

YacTHBIN cIydail B3auMHOro OJIOKMpoBaHus, mpobiema obenaommx $huaocodos,
OyzeT OIMCaH B 9TOH rylaBe M03:Ke.

KBaHTOBbIE BbIYUCIEHUSA

KBaHTOBbIE KOMITHIOTEPHI YIIPABJSIOT IAHHBIMY C TTOMOIIBIO TAKIX KBAHTOBBIX 3(h-
(heKTOB, KaK 3anymannocmy (IACTUIBI OCTAIOTCS B OITMTHAKOBOM COCTOSTHUH, JIa’Ke eCJIn
WX Pa3JIeIUTh) U cynepnosumus (4acTuia npedbiBaeT B HECKOJIBKUX COCTOSIHUSIX OJIHO-
BPEMEHHO).

B nactosiiee BpeMs KBAaHTOBbIE BIYUCIECHUS HAXOAATCS B 334aTOUHOM COCTOSIHUU.
Ouenb HeMHOTHE TAO0PATOPUI MOTYT MO3BOJIUTH cehe CO3TAHNME U MCTIOIH30BAHIE TasKe
HeGOJBIITOTO KBAHTOBOTO KOMITBIOTEPA BCETO ¢ HECKONBKUMU KyOuTamu (KBaHTOBBIMU
GUTaMU — OCHOBHOI e/IMHUICH MH(BOPMAIIMU B KBAHTOBBIX BbIYUCIeHNsX ). [Toka uTo Ta-
KYyI0 MAIIUHY Y/IA€TCsI TPUMEHSITD JIUIIIb JIJIS PA3JIOKEHUS Ha MHOKUTe 1 yrces 15 u 21
c ucrosb3oBanueM anroputma lHlopa. YuurbiBas cTosib CKpOMHbBIE Pe3yJ/IbTaTbl, BaM, Be-
POSITHO, CTOUT TOBPEMEHUTH C I0OABJICHUEM B CBOH ITPOTPAMMbI KBAHTOBBIX aJITOPUTMOB.

Tem He MeHee Bce Tiepe/loBble TEXHOJOTUY HAYNHAIKUCH C TAKMX KPOIIEYHBIX IIPO-
TOTHIIOB U CYIIECTBYET BEPOSITHOCTh TOTO, YTO KBAHTOBBIE KOMITHIOTEPHI KOT/[a-HUOYIb
CTaHYT O6bI‘-IHbIM SABJICHUEM. TOI‘lIa ITPOMU3BOAUTEN CMOTYT CO3/1aBaTh ITO-HACTOAIIEMY
HEACTEPMUHUPOBAHHDBIE 1 BEPOATHOCTHBIC BBIYHUCJINTEIbHDBIC MAalIIMHDI, CHOCO6HbIe TOY-
HO peniathb 3a/1a4u kaacca NP.

Hamnpumep, anropurm Hlopa MokeT pasioKUTh YUCI0 HA MHOKUTEH 32 BPEMSI
O((log N)®), tne N — pasmep BXOJSIIETO YHCIa. ITO HAMHOTO OBICTPEe CaMOro OITH-
MaJbHOTO QJITOPUTMA, U3BECTHOTO CETO/IHS, — PelleTa YHCA0BOTO TI0JIsI, KOTOPOMY /IS
BBITTOJIHEHUST PaOOTHI TPeOYeTCsT SKCIOHEHIINANTLHOE BpeMst (XOTSI BCe PABHO MeJJICH-
Hee, YeM METOJIMKHU TTOJTMHOMUAJIBbHOTO BPDEMEHN ).

KBanrossle Boiuncienusa — AOBOJIBHO 3allyTaHHasA T€Ma, IIO3TOMY B I.IaHHOfI
KHUTe MBI He OyieM paccMaTpuBaTh ux moapobHo. K cuacteio, B Omkaiime He-
CKOJIbKO JIET BaM H€ IMPpUAETCA IMNCaThb CO6CTB€HHBI€ AJITOPUTMBI /1JisI KBAHTOBbBIX
KOMIIBIOTEPOB.
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==_ 3AMEYAHUE

BonbLue nHdopmaLmm 0 KBaHTOBbIX KOMMblOTEPax U anroputme LLiopa MOXHO HanTn
Ha cTpanuuax https://ru.wikipedia.org/wiki/KsaHToBbln_komnblotep u hitps://ru.wikipedia.org/
wiki/Anroputm_LLopa.

PacnpepeneHHble anropuTtmbl

Hexkoropble Buibl apajiiesin3aMa, OlMCaHHbIe B IIPE/IbILYIINX PasjiesiaX, ABJIgI0TCs
JI0BOJIbHO pearuMu. OueHb HeMHOTHE IOMAIlTHIE U IPOMBIIIIEHHbIE KOMIIBIOTEPBI CO-
JlepsKatT CUCTOJINYECKHUE MAaCCUBBI (XOTS CO3/IaHie MUKPOCXEMBI /17151 BBIIIOJIHEHUS MTHO-
BEHHOIT COPTUPOBKH MOKET OBITH ONMpaBAaHtbiM ). [Tpeskie ueM KBaHTOBbIE KOMITBIOTE-
PBI TOSIBSITCS HA MPUJIABKAX MAra3WHOB, MOTYT MIPONTH AeCSTUIETHsT (€CJTU ATO BOOOIIE
KOT/Ia-HUGY /b CITYUUTCS ).

Tewm He MeHee, pacripe/ieJIeHHbIE BBIYUCAEHUS y3Ke ceifdac MMPOKO pacIipocTpaHe-
HBIL. B KPYITHBIX IPU-TIPOEKTAX JJIST PEIIEHUS CJIOKHBIX TPOOJIEM UCTIOJIB3YETCST OTPOM-
Hasl BBIYUCIUTETHHAS MOIIb ECSATKOB WU JIasKe COTEH THICSY KOMITbIOTEPOB. MeHee
MaciiTabHble CeTEBbIE KJIACTEPhI MO3BOJISIOT paboTaTh BMECTE [eCATKaM MativH. J{axe
HACTOJIbHBIE U [IEPEHOCHBIE CUCTEMbI B OOJIBIIIMHCTBE CBOEM MMEIOT HECKOJIBKO SIIEP.

OHu MOTYT TOJIATaTHCST Ha OBICTPOE B3aUMOJIECTBIE MEK/TY SIIPAME HA OJTHOM KPH-
cTaJjljie WJIN yYUThIBaTh Me/JIeHHOe, HeHa/lesKHOe ceTeBoe Coe/JuHeHNe, HO BO BCeX 9TUX
CJIy4asiX UCI0JIb3YIOTCS PaciipesiesleHHble aJITOPUTMBI.

B CJIeAYIOINX ABYX pa3/le/laX paCCMaTPUBAaIlOTCA 06H.[I/Ie 1'[})06JI€MI>I7 XapaKTepHbIe
UL pacCIlipeieJIEHHbIX METOAMK: OTJ/Ia/lKa U YCTaHOBKaA 3a/la4, KOTOPbIE XOPOIIO paclia-
paJlJIeJINBAIOTCA.

[lasee omMCBHIBAIOTCST OZTHU U3 CAMBIX MHTEPECHBIX KIACCUUECKUX PacIipe/ieIeHHbIX
ajroputMoB. HekoTopbie u3 HuX 6oJiblie M0X0KK Ha 1Q-TecTbl WM 3araJiKu, YeM Ha
IIPAKTUYECKUEe METO/IBI, HO OHU TOKE ABJIAIOTCS IT0JEC3HBIMU 10 HECKOJIbKUM IIPUYUHAM.

BO-HepBI)IX, OHHU IMOJAYEPKUBAIOT HEKOTOPDbIE HpO6JIeMI)I, KOTOPpbIE€ MOTYT MCIIbITbI-
BaTb paclipe/ieJIEHHbI€ CUCTEMDI, 1 ITOKAa3bIBAIOT, 110/l KAKUM YIJIOM HYKHO CMOTPETDH Ha
3ajlavy, 4TOOBI CYMETDH O6Hapy>KI/ITI) B Hel IIOTeHLMATbHbIE HpO6]I€MHI)Ie MecTa.

Bo-BTOPBIX, 3T aJITOPUTMBI Ha CAMOM JIeJie TIPUMEHSTIOTCST B HEKOTOPBIX PeasIbHbIX
cutyarumsix. JI7ist MHOTHX TIPUITOKEHUH cO0#T KaKOTO-TO OTHOTO Habopa MPOTIECCOB He NMe-
eT 3HaueHW:1. Ecim rpuz-miporiece He BO3BpaniaeT pe3y IbTaT, BBl MOXKeTe TPOCTO Mepeio-
KUTH 33129y Ha IPYTOI KOMITBIOTED U TPOAOJIKATEH paboTy. Ho ecii rpyTima mpotiecco-
POB YTIPABJISIET CUCTEMO KIM3HEOGECTIEUEH NS TTAIINEHTA, KPYTTHBIM TTACCAKIPCKUM JIaif-
HEPOM MJTM KOCMUYIECKIM KOPabJIeM CTOMMOCTBIO B MUJLTHAP/IBI TOJLTAPOB, HUKOTAA He
MOMENIAET JTUIITHUI Pa3 YAOCTOBEPUTHCS B TOM, UTO IIPOIIECCHI MTPUIILIN K TIPABUJILHOMY
peleHnio, Taske U B TOM cJrydae, KOT/Ia OJMH U3 HIX BEPHYJ HEKOPPEKTHBII Pe3ysIbTarT.

OT1napka pacnpepgesneHHbIX anropurMoB

[MockombKy B caoKHBIX [[ITY COOBITHS MOTYT TIPOUCXOAUTD B TIPOM3BOIHLHOM IO~
pslliKe, OTJIa/IKa PAcpe/ie/IeHHbIX aJITOPUTMOB MOYKET OKa3aThCs Kpaline cy1o:xHoil. Bep-
HEMCS K IPUMePY € TaMIJIBTOHOBBIM ITyTeM, OlTucaHHOMY paHee. CocTosTHUE TOHKHU BO3-
HUKAET TOJILKO B TOM CJIydae, ecJi cOOBITUSI B IIporieccax A U B IpoucxozsrT B CTpOro
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OIIPEIEIEHHOM [TOCIeN0BATENBLHOCTU. ECin 0HI He CTaHyT OOHOBJIATH O0IIee JIydliee
pEIleHne CAUIIKOM YacTo, TMAHC CTOTKHYTHCS € MOTIBITKOW OTHOBPEMEHHOTO 0OHOBITE-
Hust Gyer HeGOMbIINM, ITH [BA MPOIlEcca MOTYT paboTaTh OUEHb JOJITO, TIPEK/IE YeM
YTO-TO HOUIET He TaK.

Ho nasxe ecsit Bo3HUKHET Po6IeMa, BB MOJKETE ee TIPOCTO He 3aMeTuTh. O6Hapy-
JKUTD €€ PeasbHO TOJIbKO B TOT MOMEHT, KOT/Ia ITpoliecc B IMOCUNTAET, YTO ero pelieHune
JIydIiie TeKyIero coxpatnennoro. Ho mpesx/e gem BbI 06 9TOM y3HaeTe, IPYToii mporece
MOJKET HaliTi GoJiee ONTUMABHBII BBIXO/[ U TIEPE3ANNCATh HEKOPPEKTHBIN Pe3yJIbTar.

Hexoropble OT/IaluiKH II03BOJISIIOT H3y4aTh EPEMEHHbIE, KOTOPbIE UCIIOJIb3YIOTCS
OJIHOBPEMEHHO HECKOJIBKMMU MPOIECCAMU; 3TO IAET BO3MOKHOCTD OTCJIE;KUBATH MTPO0D-
JIeMbl B pacipeeseHHbIx cucreMax. K cojkaleHmnio, ocTaHaB/IMBast IPOLECCHI IS 1C-
cJleloBaHIis UX [IePEMEHHBIX, Bbl COMBaeTe BpeMEHHbIE PAMKH, KOTOPbIE HEPEIKO ABJIs-
I0TCSI IPUYMHOM OMIMOKH.

Elite oivH OIX0/1 3aKII0YAETCSI B TOM, YTOOBI 3aCTaBUTh ITPOIIECCHI 3AIIMChIBATH HH-
opmarmio o cBouX ielicTBUAX B (haiisl MW TEPMUHAT JIJIE BO3MOXKHOCTH JQJIbHENTIIErO
ee nzyuenus. Ecim 3anuch BBITIOJHSIETCS CITUIIIKOM YaCTO, UMEET CMbICJI UCTIOJIB30BATh
oTebHBIE (hailyibl, UTOOBI MPOIECCH He COMIEPHUYATIH APYT € APYTOM 3a IOCTYII K Pe-
cypey. B aTom ciryuae oHE TakiKe JOJIKHBL 100aBJISATh BDEMEHHbBIE METKH, C TOMOIIIBIO
KOTOPBIX MOKHO ObLIO OBl IOHATH, B KAKOM HOPSIAKE CO3IaBAJIICh 3allUCH.

Ho make ecaint y Bac eCTb XOPOIIHI JKyPHAT COOBITHI, TEpe] BOSHUKHOBEHHMEM ITPO0-
JIEMbI KaJKIbIii TPOTIECC MOJKET TIPOPabaThIBATD YaChl U JaJKe JHH, BBITOIHSS MUJLIHO-
HbI IIIaroB.

BeposATHO, Jydiimm pereHreM 3a/1aum OTIAKHI PACTPEIETEHHBIX AITOPUTMOB Oy/IeT
HaMCAHNe KO/A, KOTOPBIH H3HAYATLHO He COAEPIKUT OMmuO0K. Tatembno o6xyMbIBaii-
Te HanboJiee BaXKHbIE YUACTKY BAIllETO TIPUIIOKEHUS, T/l HECKOJIBKO MPOIECCOB MOTYT
TIOMETITaTh PYT APYTY, U UCTIOTB3YHTE MBIOTEKCHI, 4TOOBI M36eKATh HEMPUATHOCTEN.

[Tpu Hammcanuu TPOrpaMMBbl €€ HY>KHO TECTUPOBATH MaKCUMAJIbHO THIATEIBHO.
Crout 106aBUTH KO/ /75T PETYJISIPHOT TPOBEPKHU BCEX OOIINX TIEPEMEHHBIX, 4UTOOBI OBITH
YBEPEHHBIM B KOPPEKTHOCTU WX 3HaueHWH. Ecan BB TpoTecTUpoBaIn MPUIIOKEHNE
U CUUTAETE, YTO OHO PAOOTAET HAJIEIKHO, MOKETE 3aKOMMEHTHPOBATD KOJL JIJIsI TPOBEPKU
3HAYEHUN U 3alUCU CBEeJICHUH B XKypHAJI — 3TO IIOBLICUT IIPOM3BOAUTEIbHOCTD.

YpesBblyaiiHO NapansesnibHblie airopuTMbl

Upe3suiuaiino napaiieibHblMy Ha3bIBAIOT aJITOPUTMbI, KOTOPbIE €CTECTBEHHBIM 00-
pPa3oM pa3bUBAIOTCS HAa CAMOCTOSITE/ILHBIE 33/IaUH, XOPOTIIO TIOAXOAAIINE /TSt PETTCHYST
OT/IETIBHBIMU TIPOTIECCAMU. DTO He TPeOYeT MHTEHCHBHOTO B3AaMMO/ICHCTBHUS MESK/LY TIPO-
ieccaMu; OObeIMHEHNE PE3YIBTATOB B WEAJIE IOJIKHO BBIMTOTHSITHCS IOBOJIBHO JIETKO.

Huxe nipezicTaBiensbl TpUMepbl Ype3BblYaiiHO MapasiiesbHbIX 3a/1a4.

= B xommbioTepHOl rpaduke MpUMeEHeTCs MeTO/INKA, B KOTOPO JIy4d TpaccupyeT-
cs1 13 TOUKM 0030pa Ha CIleHY, YTOOb! YBU/IETD, KaKue 0O0bEKThI OH 3ajeBaeT. JIya
c1iocobeH MPOXOIUTH Yepe3 TPO3PAUHbIE MTPEAMETBI U OTPAKATHCSI OT 3€PKAJIb-
HbIX. /[[aHHag 3a7aua ABIgeTCA YPE3BBIUANTHO MTApaJLIeIbHON, ITOCKOJIbKY BbIUHC-
JIEHVIST, HEOOXOIMMBIE JIJIsT KAJKIOTO JIy4a, BBITOJIHSAIOTCS HE3aBUCKMO, UTO TO3BO-
JISIeT JIETKO Pas3/leInTh UX Meskay npoiieccopamu. Mimes 10 mporeccopos, Bbl MO-
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JKeTe TeHEePUPOBATh Ha KAJKIOM M3 HUX OJIHY JIECATYIO YacTh u300paskenus. Kax-
JIBIH TIPOIECCOP /IOJIKEH 3HATh Pa3Mepbl CIIEHBI, HO €T0 He JI0JIXKHBI MHTEPeCOBaTh
BBIYHCJICHWS, BBITIOJHSIEMbIE eTo «KoJmeramMmny». OH 3aMMChIBAeT CBOM pe3yJIbTa-
THI B OITPE/ICIIEHHBIN YYaCTOK M300pasKEeHsI, TOITOMY 3/1eCh MOKHO 0b0oHTHCD 6e3
MBIOTEKCOB JIJIst YIPABJIEHUS TOCTYTIOM K OOIIeH MaMsTH.

Dpakranel. MHoTHEe hpakTasibl, Takue Kak MHOKeCTBO Mamienn6pora, Tpeby-
10T BBIMTOJTHEHUS JUIMHHBIX T[ETI0Y€K BBIYUCICHUN /TS KJKIOTO TTUKCENS B UTO-
roBoM m3o06paskennm. Kak u B cydae ¢ TpACCUPOBKOIT JIydeis, ST BHIYMCTEHST
ABJIAIOTCS IIOJIHOCTBIO HE3aBUCUMbBIMH, II09TOMY UX JIETKO PACIIPEIEIATD MEXKILY
JIOCTYITHBIMH ITPOIIECCOPAMHU.

ITouck MeTo10M TOJIHOTO Mepedopa. Eciin mpocTpaHcTBO MOUCKA JIETKO pas-
GUTH Ha YACTH, BbI MOJKETE JIOBEPUTH KAKYIO TAKYIO YACTh OTAEILHOMY MPOIEC-
cy. I[IpencraBbre, 4TO BaM HYKHO TIOJIyYNUTh TOYHOE PellleHue 33/[a4 O PAHIIe U BbI
XOTHTE CMOZIETIMPOBATH TPOOJIEMY B BUJIE IepeBa IIPUHSATHS PEIEHUE, OTIMCaHHO-
ro B ri1aBe 12. ByjieM UCXOAUTB U3 TOTO, YTO y BaC €CTh BOCbMUS/IEPHBIH ITpoliec-
cop. Kakiast BeTBb /iepeBa MMeeT jiBa OTBETBJICHUS, TIPE/ICTABJISAIONINE 100aBJIeHNE
aJieMeHTa B PaHell ¥ U3bsITHE eTo OTTy/Ia. B aTOM cirydae TpeTnil ypoBeHb /iepeBa
GyJieT UMeTh BOCEMb Y3JI0B, Ha HeM BbI MOKETE Ha3HAYaTh KasKIOMY TIPOIECCOPY
OT/IEJTBHOE MOAIIEPEBO, KOTOPOE GY/IET BO3BPAIIATH JIyUlIiee HAlJIEHHOE PEIeHue.

Cayuaitapiii mouck. Eciii BaM Hy)KHO TIPOU3BOANTD MOUCK IO TPOCTPAHCTBY pe-
IIEHUHT crydailHbIM 06Pa3oM, BbI MOJKETE CIe/IaTh TaK, YTO KaXKIblii MPOIeccop
OyleT UCKaTh OTAEIbHO, OOHOBJISAS 001Ilee Jydliiee pelierue. B Tom ciyuae Kor-
71a TPOCTPAHCTBO OOMBINOE, BEPOSTHOCTD TOTO, UTO HECKOJIBKO MPOIECCOPOB OfI-
HOBPEMEHHO CTAHYT MPOBEPSTH OHO ¥ TO JKE PEIIEHIE, SIBISIETCS MUHUMATBHOT,
MOATOMY Ha JIyOJIMPOBaHKeE MOMBITOK He GYIET YXOAUTh MHOTO BPEMEHH.

ITouck 1o HeMHIEKCUPOBAHHOM 6a3e JaHHBIX. Eciii BaM HYKHO BBITIOJHUTH 10O~
UCK 110 GOJIbIION 6aze JAHHBIX, Y KOTOPOH HET MHAEKCOB, Bbl MOXKETE Pa3/IeIUTh
ee Ha YaCTU W Ha3HAYWTHh UX OTAEJbHBIM TIporieccaM. [IpenctaBbTe, Hampumep,
yro y Bac ecthb Oubsmorexa nz 100 000 hoTomopTpeToB M BBl XOTHTE HANTH TOT
U3 HUX, KOTOPBIN GOJIBIIIE BCETO MOX0K HA TOJBKO UTO CAETaHHYI0 (hoTorpadurio.
Mozxno nogenuts 6ubinoreky Ha 10 paszesnos ¢ 10 000 hoTorpaduii B Kax oM
u pacnpenesauTh nx Mexay 10 mpoteccamu.

Oo6paborka daitnos. [IpeacraBbTe, YTO BaM HyKHO BBIIOJIHUTD MEAJIEHHYIO OIIe-
paruio ¢ GOMBIINM KOJTIMYeCTBOM (haiiyios. JlomycTuM, y Bac ecTh 6a3a JaHHBIX U3
100 000 uzo6paskeHuii 1 BbI XOTUTE CO3/ATh JJIsl HUX CKU3bI, CAEIaTh peabed-
Hble BEPCUH MJIN BBITOJTHUTH C HUMHM KaKyIO-TO APYTYIO rpaduuecKyro ornepa-
1uio. Bel Moskere pacrpeesnTb UX Mexay TPyIIIaMu IIPoLeccopos u obpada-
TBIBATb OT/IEJTHHO.

OCTEPEFAMTECb KOHKYPUPYIOLLUX MPOLLECCOB

B npumepax ¢ HemHaeKkcMpoBaHHOW 6a30i AaHHbIX 1 06paboTkon doTorpaduin nc-
nonb3yeTcs 60MbLIOE KONMYecTBO dannos. Ecnv Bbl XOoTUTE, 4TOObLI 3TUM 3aHNUMA-
JI0Cb HECKOJMbKO MPOLLECCOPOB, BaAM HYXHO 3HaTb, Kak A0JIFO BbIMNOJHAIOTCS One-
paunmn 4TeHMS 1 3anucu. YteHme n 3anmcb GannoB Ha XXECTKOM AMCKE MPOUCXO-
OVT 3HAYUTENIbHO MesieHHee, Yem 00paboTka AaHHbIX B NaMaTu. Ecnv BbinonHs -
emasi BaMu orepauusi OTHOCUTENbHO BbICTpasi, MPOLECChl MOMYT NOTPATUTb MHO-
ro BPEMEHU, KOHKYPUPYS 3a AMCK 1 OXnaas cBoen odepean. B xyguwem cnyyae ato
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3aTSHETCS HACTOJIbKO, YTO NPON3BOAUTENBHOCTbL NPUIOXEHUS OyOET B GonbLUEN
CTeneHu 3aBUCETb OT CKOPOCTU JOCTYNa K AMCKY, YEM OT CKOPOCTM camoli obpa-
60TKM (3TO Ha3bIBAETCS MPUBSI3KOM K ANCKY).

KOHKYpEeHLMM 4acTo MOXHO n3bexatb, 3anucbiBas darsibl Ha pa3Hble ANCKU NN
3anyckasi MPOLECChl HAa Pa3HblX KOMMbIOTEPAX, HAa KAXA0M 13 KOTOPbIX HAX0OUTCA
CBOSl YacCTb 6a3bl AaHHbIX.

WHoraa 3a/1a4y MOKHO TIOJTHOCTBIO PACHAPAJIIIETIUTH ECTECTBEHHBIM 00Pa3oM MEKILY
TEM KOJIMYECTBOM TIPOIECCOPOB, KOTOPOE Y BAC MMEETCST; MHOT/IA 9TO MOXKHO CJIEJIATh
TOJIBKO 4aCTUIHO. BO3MOXKHO, BaM He y/IaCTCsI PA3/eJIUTh BCE IIPUIIOKEHIE MEXK/LY TPYTI-
TITaMu ITPOIECCOPOB, HO BbI MOJKETE ITOIIbITATHCA COKOHOMUTD BPEMSA, BBIJICJIAS OT/ICIbHDBIC
YUYACTKH 33/Ia4H.

B cienyomiem pasjiesie pacckasblBaeTcsl, Kak BLIIOJIHATL COPTUPOBKY CIAMSHUEM Ha
MHOTOITPOIIECCOPHOI cucTeMe. B pasziesiax, KOTopble UAYT AaJIbIlle, OITUChIBAIOTCS KJac-
CUYeCKHe aJITOPUTMBI JIJIsST pacipe/ie/IeHHBIX BeraucaeHnii. HekoTopble M3 HUX SIBIISIOT-
Ccs1 He 0YeHb PAcIPOCTPAaHEHHBIMU U MOTYT ITI0KA3aThCs 3ally TAHHBIMHU, OJ[HAKO OHU 110/1-
YEPKUBAIOT OT/IeJIbHbIE HU3KOYPOBHEBbIE TIPOOJIEMbI, KOTOPbIE MOTYT BO3HUKHYTD B Pac-
Ipe/leJIeHHBIX CUCTeMax.

CopTupoBKa CZIMSSHUEM

AJITOPUTM COPTUPOBKHU CJAUSHUEM, O KOTOPOM PAaCCKa3bIBAJIOCH B IJ1aBe 6, IBJgeTCA
€CTeCTBEHHO PeKypPCUBHBIM. ETo 1oIrarosoe BbLICOKOYpOBHEBOE OIMCAHKE ITPEe/ICTaBIEHO
HITKE.

1. PaszessiteM 3HAUeHUsI Ha [[Ba [IO/CIIICKA OJAMHAKOBOTO pa3mepa.

2. PekypcuBHO BBI3BIBAEM COPTHPOBKY CIUSHUEM, YTOOBI YIOPSIOUUTL 062 MO/
CTIVICKA.

3. O6benunsieM ABa OTCOPTUPOBAHHBIX OACIICKA B OXUH UTOTOBbII CIIUCOK.

Huxe O6BHCHH€TCH, KaK pacrpeieIuTh COPTUPOBKY CIUAHUEM MEKITY NHPOLIEC-
copaMu, rjie N — oTHOCUTENBHO HEGOJIBIIOE TIOCTOSTHHOE YHCJIO.

1. Paspensiem 3navenust Ha N MOJCIIMCKOB OJMHAKOBOTO Pa3Mepa.
2. 3amyckaeM N TIPOIECCOB JIJIsi COPTUPOBKY N MTO/ICIICKOB.
3. O6benutsieM N OTCOPTUPOBAHHbIX MOACIICKOB B OJUH UTOTOBBIN CIIMCOK.

Crour OTMETUTD, UTO AJIA YIIOPAAOUYMBaHUA OT/IEJIbHBIX ITOACIIMCKOB IIPOIECCOPaM
He 0053aTeIbHO UCIIOIb30BaTh COPTHUPOBKY CJIUSHUEM.

3apaua o6epatowmx punocodos

3adaua obedarouwux purocodos GopMmynupyercs ciepyommum o6pazoM. 3a CTOJIOM
cugsat N ¢umocodos, mepesi KaxkIbIM HaXOUTCS TapesKa crareTTu. Meskiy Jo0bIMu
IBYM:I coceTHUMU (rtocodamut ekt Buika. Oumocodbl peAnovynTaioT eCTh CHAreTTu
JBYMS PyKaMH, [109TOMY KakK[OMY M3 HUX HYy»kHO JBe Buiku. Ilens dumocoda — ot-
BeJaTh CIareTTH, OTJIOKUTh 00€ BUJIKK Ha KaKOe-TO BPeMsi, YTOObI TTOyMaTh, U 3aTE€M
CHOBA MPUCTYIUTD K TprieMy Ty, OHU TTOBTOPSIOT 3TOT IPOIIECC /IO TEX TIOP, TOKA He
MOCTUTHYT Bee Taitibl BeeserHol. YToObl yeJI0KHUTD 3a1auy, GUIocodbl He TOJKHBL
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pasroBapuBaTh APYT C IPYroM (M0-BUAUMOMY, OHU CJMIIKOM TIOTPY>KEHBI B CBOU Pa3-
MBIIIIEHUST ).

Huske 1momiaroso onvcas oJiMH U3 aJITOPUTMOB, KOTOPBIM MOLJIK Obl PYKOBOACTBO-
BaThCsI PUITOCODHI.

1. TIoBTOPSATH 10 GECKOHEYHOCTH:
a. TIOPa3MBbIIILISITE, TOKA He 0CBOOOANTCS BUJIKA CJIEBA; B3STD €€;
b. IIOpasMBILLIATE, II0Ka He OCBOOOANUTCS BUJIKA CIIPABa; B3ATh €€;
C. TI0€CTb JI0CHITA;
d. OTJIOKKT JIEBYIO BUJIKY;
€. OTJIOKHUTh TIPABYIO BUJIKY;

f. ITOPa3MbIIJIATD, ITIOKA HE BEPHETCA YyBCTBO IoJio/ia.

K cosxanennio, JaHHbII aJITOPUTM MOZKET IIPUBECTH K B3auMHOM O10KkupoBke. [Ipen-
CTaBUM, 4TO (HUI0COdBI TOXOKH APYT HA IPYTa U YTO BCE OHU HAUMHAIOT Tpare3y o[-
HOBpeMeHHO. M3HauaibHo Kaskblil Grmocod HaxoauT y cebst cieBa CBOOOIHYO BUII-
Ky U IBITaeTCs ee B3siTh, Ha 9ToM sTare Bee BUJIKH Yike ObLIN paso6paHbl TEMU, KTO Ha-
XomJIcs crpasa oT HuX. CiietoBaTesibHO, (hrsocodbl BXOJAT B CTYTIOP, OKU1as, KOT/A
0CBOOOITUTCST BIJIKA CIIPABa OT HUX.

¥V 5710ii 1po6IeMBbI €CTh HECKOJIBKO PEIleHMIA.

IIpuBHecenue acpdexra cayqaitHocTH

M36aBUTBCST OT B3aUMHO# GIOKUPOBKH MOKHO CIIEAYIONIIM 06pa3oM: ecJii (husroco-
¢y 6obine 10 MUH He yAAeTCsT TIOMYIUTH TTPABYIO BIJIKY, OH OTKJIA/IBIBAET JE€BYIO BUJI-
Ky u ket 10 muH. OHAKO HEPEMKO 9TO MPUBOAUT K AKMUGHOU 63AUMHOL OIOKUPOGKe,
KOT/Ia TIPOTIECCHT GIOKMPYIOTCST He HABCET/IA, HO BCE PABHO HE MOTYT 3aBEPITUTH Pabo-
TY M3-3a C110c00a, € MOMOIIBI0 KOTOPOTO OHU TIBITAIOTCS TIOJYIUTh TOCTYII K PECYPCAM.
B nannom nipumepe Bce pustocodbl MOAHUMYT JIEBYIO BUJIKY, TIO0KAyT 10 MuH, moJio-
JKat ee 06paTHO, OATH TOAOKAYT 10 MUH 1 HAYHYT BCe CHAYAIA.

Bripouem, nnorza mpocToii ahheKT crydaitHOCTH MOKET CIBUHYTH CUTYAITHIO C MEPT-
Boit Touku. Eciiu puocod Geper Busky u ket 60sibiie 10 MUH, OH MOKET MTOJIOKHUTh
ee o6paTHo. [lake ecim CHHXPOHU3UPOBATH ATH JICHCTBYS, BBI BCE PABHO CYyMEETE MOJTy-
YUTH AKTUBHYIO B3AUMHYIO GIIOKMPOBKY.

Bwmecto 10 mun dunocod MoxKeT KaaTh IPOU3BOTHHOE KOJTMUECTBO BpEMEHN — Ha-
MIPUMeD, B Anariazone ot 5 10 15 mun. Pamo win mos3maHo neiicTBUS PACCUHXPOHU3UPY-
I0TCS1 HACTOJIBKO, YTO KTO-TO BCE-TAKU CYMEET TI0ECTb.

ITO pelerre MOKET TOTPeGOBATh HEKOTOPOTO BPEMEHTH, B 3aBUCHMOCTH OT CUTYa-
. Hampimvep, ecin MHOKECTBO TIPOIIECCOB COTIEPHUYAET 32 HOIBITOE KOJTMIECTBO
06IIUX PECYPCOB, PACCHHXPOHUSAIINS JIOJIKHA OBITh JIOBOJILHO CYIIECTBEHHOI, TIpesk/ie
4eM XOTst Gl OJIMH U3 TMPOIECCOB TIOMYIUT BCE HEOOXOINMBIE EMY PECYPCHL.

===_  3AMEYAHMUE

' He nomelwlaeT Takxe y6eamMTbCs B TOM, YTO reHepaTopbl NCEeBAOCyYaiHbIX Y-
cen, KOTopble NCMNOJb3YITCH Ans GUIocodoB, HE CUHXPOHU3NPOBAHbLI MeXay
Cc060I4, 4TOObI OHW He BbIOMPaN OJHO 1 TO Xe «Cly4yainHoe» KONIMYECTBO BPEMEHU
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ONs oxnpanus. Jns nHMumManmsaummn reHepaTopoB MOXHO MCMOMb30BaTh, HAMPU-
Mep, UX UOEHTUDUKATOPDI.

Hepapxusa pecypcosn

B aTom BapnaHnTe penieHus pecypchbl YIOPSA0OYNBAIOTCS B BUJIE HePAPXUH, M KOTIa
urocod mITaETCS MX MOMYIUTH, OH YUYUTBIBAET UX YPOBeHb. Hampumep, BbI MOKeTe
MPOHYMePOBaTh BUJIKK OT 1 10 N, 11 Toraa ¢pusmocodsl B IEpBY0 ouepeb OyayT UCKATh
BUJIKM C HAUMEHBINM HOMepoM. Ecimit Bce humocodnr 6epyTest 3a BUIIKY OTHOBPEMEH-
HO, GOJTBITUHCTBO U3 HUX BEIOUPAET TY, KOTOPast JIEXKUT cIeBa (MTPETOIaraeTcst, 4To HO-
Mepa BUJIOK YBEJIMYMBAIOTCS CJIeBa HAIIPABO MJIU [IPOTHUB YaCOBOW CTPEJIKN).

Opnnaxo y mocsentero ¢uocoda caesa Oyzaer Buika N, a cipaBa BUJIKa 1, moaromy
OH TMOTSTHETCS 32 TPaBOH BUJIKOM. U 3/1eCh BOBMOKHO /[Ba BapUAHTa PA3BUTHS COOBITHIL
B 3aBUCUMOCTH OT TOTO, YAJIOCh €MY TIOJTyIUTh BUJIKY VI HET.

Eciu ocaiegnuii pusocod emor gobdparbest 10 Buiku 1, on Bosbmer u Buiiky N. Tem
BpeMeHeM Gpurocod, CUAIINN CIeBa OT HETO, YiKe YCIes B3ATh BUIKY N — 1 1 Terepb Ibl-
TaeTCs MOJYUUTD BUJIKY N. Y OJTHOTO U3 HUX OKaKETCSI /IBE BUJIKH 1 OH, HAKOHET, TOECT.

[Mocnennuii punocod MoxeT He 3acTaTh BUJIKY 1, €Cjii €ro cocej cripaBa B3sij ee
nepsbiM. B aToMm cirydae dusocod, cuasimuii ciesa, 6eper Buiky N — 1, exaliyio mo
JieByto pyky ot Hero. [Tockonbky mocaenauii husocod Bee ere kaeT BUIKY 1, ero co-
CeJl CJIeBa TeTePb MOKET OEeCIPENSTCTBEHHO B3SITh BUIIKY N 1 TI0€CTb.

Ecst x01s1 661 0f11iH (husiocod ect, 3T0 03HAYAET, YTO CUHXPOHU3UPOBAHHDI BEIOOD
BPEMEHH, MPUBE/IIINE K aKTUBHOI B3aUMHOU OJIOKUPOBKe, HapyiieH. Kak ToIbKo HacTy-
TTAeT PACCHHXPOHM3AIINS, (GUTOCO(DBI OKOHIATETHHO H30ABIISIOTCS OT TIEPCIEKTHB OeCKO-
HEYHOTO GJIOKUPOBAHIISL, XOTSI BDEMST OT BDEMEHU MM TIPHUIETCS K ATh CBOOOIHON BUITKH.

Odunuanr

Emte om0 pemenne mpobieMbl aKTHBHONW B3aMMHON GJOKMPOBKY 3aKTIOUAETCST
B obaBieHnN «odunnanTa» (Tak Ha3BIBAEMOTO TpoIecca-cyabn). [Ipesk/e ueM B3sITh
BUJIKY, (bhustocod 0JIKeH CIIPOCUTDH pa3pellieHue y YyesloBeKa, KOTOPbIid 3HaeT, /e Ka-
Kas BUJIKA JIEKUT, U CTIOCOOEH TIPEOTBPpaTUTh Giokuposanue. Eciu ¢unocod mpocut
BUJIKY M 9TO MOKET 3aCTOIOPUTD IIPOILeCC, O(PUIIMAHT IIPOCUT €ro 100K IATh, TIOKa He
0CBOGOIUTCST IPyTast BUJIKA.

Yauau/Mucpa

B 1984 r. K. M. Hannu u /I>x. Mucpa u3 Texacckoro ynusepcurtera B Octune nipe/i-
JIOSKUITH €IIe OJTHO pelenne, KOTOPOe TTO3BOISAET JI0HGOMY YHCTY TIPOIIECCOB COTIEPHN-
9aTh 32 TI000E KOJMIECTBO PECYPCOB, XOTST TIPH HTOM HEOGXOAUMO, 4TOOBI (hrsmocodmr
MOTJIM Pa3rOBAPUBATD JIPYT C JPYTOM.

JI106ag BuIKa MoxkKeT ObITh YUCTON MIN FpHSHOﬁ. WM3HavaabHO BCe OHU CYUTAIOTCS
I'PA3HBIMU. Wcxons us 9TOTO, AJITOPUTM COCTOUT U3 CJICAYIONINX ITaroB.

1. B camom Hauasie BbljlaeM BUJIKY coceiieMy (huaocody ¢ HAMMEHBIITUM UIEHTH-
dbukaTopom (ecsiu BUIKU U (hUIT0CODBI TPOHYMEPOBAHBI TAK, KaK OBLIO OMUCAHO
B nojpasnene «Mepapxus pecypcoB» pasjena «PacipesiesieHHbIe aJITOPUTMbBI»
B TEKYIIeH riraBe, BUJIKY cJIeBa He CMOTYT TOJIYIUTh TOIbKO husocodsr 1 u N).
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2. Korna ¢dumnocody HysxHa BUJIKA, OH IIPOCUT €€ Y CBOETO cOCe/a.

3. Kormay duocoda mompocst BUJIKY, OH OCTaBUT ee y cebst, ecii oHa urcTas. Ecin
BIJIKA TPSI3HAST, OH MMOYUCTHUT €€ U OTJACT TOMY, KTO €€ TIOIPOCHIL.

4. Tlocsie Havana nmpuemMa MUK BUJIKW dusocoda cCTaHOBATCS TpsI3HbIMU. Ecin
B 9TOT MOMEHT UX KTO-TO ITOTIPOCUT, OH TIOUUCTHUT U OTAACT UX TOJBKO TIOCJIE 3a-
BEPINEHUS TPAIE3b.

[TpexcraBum, uto dhumocodsl U BUIKK TPOHYMepoBaHbl 0T 1 710 N Takum o6pazom,
uro unocod K umeer ciesa ot cebs Buiky K. MsHauaibHO Kaskablil uocod ume-
eT ofHy BUJIKY. Vckmrouenns coctaBasgioT ¢puocod N, OCTaBIIUINCS € TyCTBIMUA pyKa-
M, u pustocod 1, kotopsriii B3st Busiku 1 u N. Ha aToM sTame akTuBHas B3auMHast 6J10-
KUPOBKa, KOTOPasi MOTJIa BOBHUKHYTh B CHHXPOHU3UPOBAHHOM PEIIEHNH, NCKITIOYaeT-
cs1 Grarojiapst aCMMMETPUH.

[Tocre aToro HaMMYME YUCTHIX U TPSI3HBIX BUJIOK, B CYIIHOCTH, 3aCTaBIIET (PUIOCO-
boB nesmuThCs APYT ¢ ApyroM. Ecii BB BOCTIOIB30BATNCH BUJIKOW, OHA CTAHOBUTCS IPS3-
HOI, KaK CJIeZICTBHE — BAlll COCE/l TIPH JKeJIAaHIH MOXKeT B3STb ee Y Bac.

3apava oByx reHepasioB

B aroit 3az1aue y 1ByX reHepajioB €CTb apMUM, KOTOPBIE AUCJIOIUPYIOTCS PAIOM
CO BPasKECKHUM TOPOJIOM T10 Pa3Hble CTOPOHBI OT Hero. Eciin 06a renepaia 0{HOBPEMEHHO
HAIajiyT Ha TOPOJT, OHK OOEAAT. B TOM ke cirydae, KOr/ia B HarajeHuu GyieT yuacTBOBATH
TOJIBKO OJIH M3 HUX, TO0E/Y OJIEPKUT TIPOTHBHUK,

Tenepb MpeacTaBuM, YTO IMHCTBEHHBII CTOCO6, KAKUM TeHEPaIbl MOTY T OOIATHCST
ZIPYT C IPYTOM, — OTITPABKa CBSI3HOTO Yepe3 BPakKeCKU TOPOJT; TIPY 9TOM CBSI3HON MOXKET
6bITh 3axBadeH. Hy)KHO c/ies1ath TakK, YT0OBI TeHEPAJIbl CMOTJIN JIOTOBOPUTHCS U MTOUTH
B aTakKy B OJTHO U TO XK€ BPeMsI.

OueBuziHOE pelenne BBITJISIIUT TaK: reHepasl A OTIIpaB/IsieT CBSI3HOTO ¢ COOOIEHNEM
0 ToM, uTO apMust A Gyer atakoBaTh Ha paccsere. K coxkaieHuio, remepai A He MOKeT
3HATh, MPOIILIO JIi coobIieHe. Eciin OH moiiieT B ataky, a TeHepas B Het, To apMust A
Gynet pasbuta. [Toatomy Terepan A CHILHO 3aMHTEPECOBAH B TOM, YTOOBI aTaKOBAThH
TOJILKO TIOCTTE TOTO, KaK CTAHET M3BECTHO 06 YCIENTHOM pelifie CBSI3HOTO.

Ytob6bl Terepan A y3HAT 0 TOTYIeHNN COOOIEHsT, TeHepas B MOKET OTITPABUTD
eMy moaTBepkaenue. Ecam renepan A ero ogydnT, on GyeT B Kypce, 4TO apMUN CO-
TJIACOBAJIM CBOW JIEHICTBUS M aTaKOBATh MOXKHO B COOTBETCTBUM ¢ TTaHoM. Ho oTkyma
reHepaJi B y3naet, 4To ero [oATBep:kIeHue 010 10 azpecara? Ecau renepan A ero ne
TIOJTY 1T, TeHepas B He OyieT pacosiaraTb CBEIEHUSIME O TOM, OCTAETCSI JIU IOTOBOPEH-
HOCTH B CHJie 1 6e30TacHO JIM W/TH B aTaky.

()'-I(?BI/I,ZIHOy peEHICHNE 3aKII0Ya€TCA B TOM, 4TOOBI reHepas A OTIIPaBUJI IIOJATBEPIKIE-
HHE O TOM, 4YTO OH TTOJIYUNJI TIOATBEPIKACHNE IreHePaJjia B.

BoI yike, BepOSTHO, TIOHSIIH, B UeM KpoeTcst pobaema. HeBaskHO, CKOJBKO pas re-
HePaJIbl IIOATBEPAAT CBOU ILJIAHbI, Be/lb HEBO3MOXKHO Y3HATh HABEPHSKA, YTO 110CJIe/IHEe
cO00IIIEeHNE JIONITO GIATOTIONYYHO, TOITOMY HEJb3sI CKA3aTh, IOCTUTHYTO JIU COTJIANICHUE
MEX/y apMUSIMU.

O,ZII/IH u3 crocoboB pa3pelinTb AaHHYIO JUJIEMMY — OTIIPABUTb JOCTATOYHOE
KOJIMYECTBO KOITUI O/ITHOTI'O U TOI'O Xe C006HI€‘HI/I51, 4TOObI TapaHTUPOBAaThb BbICOKYIO
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BEPOSATHOCTD JIOCTABKU XOTst ObI OIHOTO U3 HUX. [IpejcTaBuM, HATIpUMep, UTO THaH-
CBI 3aXBaTa CBSI3HOTO PABHbBI OJWH K ABYM. Eciin ouH reHepat momwier N coobiie-
HUH COMEePKAHUS «aTaKyeM Ha PACCBETE», BEPOSITHOCTD TOTO, YTO BCE OHU OyAyT
nepexsadeHbl, cocTaBuT 1/2V, CTOMPOIEeHTHON TapaHTUN JOOUTHCS HEJMb3sT, OHAKO
IJTABHOKOMAH/YIONINE apMUSIMU MOTYT CBECTHU MIAHCHI HA HECOTJIACOBAHHOCTD JI0
MPUEMJIEMOTO MUHUMYMA.

Ho kak OHU y3HAIOT BEPOSITHOCTD TOTO, YTO CBsI3HOU OyzieT 3axBadeH? OHU MOTYT
Jorazatbes 00 9ToM, 0OMeHUBasACh cooOIeHusAMHU APy ¢ Apyrom. CHauasia reHepai A
ornpasistet 10 coobienwmii ¢ TekcToM «IT0 1 coobienne u3 10. Atakyem Ha paccBeTe».
ITocsie Kakoro-To HEGOJIBIIOTO TTPOMEKYTKA BPEMEHHU TeHepasl B MojrydaeT HEKOTOPbIe
13 aTHX coobIeHnit. MIx KosmuectBo (1 TOT (haKT, 4TO BCErO MX A0JKHO ObL10 ObITh 10)
MTO3BOJISIET €MY BBIYKMCJIMTH BEPOSTHOCTD MX YCIIENTHOTO TPOXOsKAeH s (a 00 aTake Ha
paccBeTe OH y3HAET U3 COIEPKAHUS TIOCTAHTIH ).

Ha ocHOBe aTHX IaHHBIX TeHepaJs B pelnaeT, CKOJBKO MOATBEP:KICHUH eMy HYKHO
OTTIPABUTD, YTOOBI ¢ KAKOW-TO TTPUEMIIEMOT 0N YBEPEHHOCTH TTOIATaThCsT Ha TTPO-
XOJKJIEHUE XOTsT OBI OJTHOTO U3 HUX.

Taxoii noaxox 6yzer paboraTh, eciu cood1eHns OYyT JOXOAUTH 0 TeHepasa B, Ho
Kak ObITh, €CJIM BCE OHU OKAKYTCS TepexBadeHHbIMU? B 1antHoM cayuae renepan A ve
IOJIy4IHnT HHUKaKnX HOIITBep}KI[eHI/HL/,I 1 HE 6yz[eT 3HATbh O TOM, JIOILJIN JIN XOTH KaKM1e-TO
13 €ro MOCAaHui 10 azpecara.

YT00BI PeIuTh 9Ty MPOOJIEMY, TeHepary A Hy;KHO HEMHOTO MOJI0KAaTh, Ecou moj-
TBEPK/IEHUI He Oy/ieT, OH OTIIPABUT HOBBII HAOOP coobteHuit ¢ TekcToM «IT0 1 c006-
menve u3 20. Atakyem Ha pacceres. Eciiu X mosrydeHue onsiTh He OyeT MOATBEP:K/Ie-
HO, OH OTTIPABUT eiie oxnH Habop u3 30 mocaanuit. 11 Tak 6yzeT mpomoKaThes 10 TeX
110P, MOKa B KAKOW-TO MOMEHT OH He TIOJIyYHT TIO/[TBEPK/ICHHUE.

PaHo wiin 11031HO COOBIIEHUsT IOy T, TeHepasl B BBIMOJHUT BBIYUCJIEHUS U TOTILIET
B OTBET HYKHOE KOJUIECTBO MOATBEPKICHIH, a TeHepanl A UX TTOJTYIHT.

3apaya BUSAHTUUCKUX FreHepasnos

B »To0it 3amave Bu3aHTHIICKWE TeHEPaJabl JOJKHBI COTJIacOBAaTh MJaH Jel-
ctBuil. K cokaneHunio, HEKOTOpPbIe U3 HUX MOTYT OKa3aThCs TpeaaTesiMu, pac-
MPOCTPAHAIONIMMEI TPOTUBOPEYMBBIE CBEJEHUSI CPEeJU CBOUX KoJuier. meoTcs
cleyolue 1meju:

" TeHepaJibl, BEPHbIC IIPUCATE, JOJKHBI JOTOBOPUTHCA O CJIAKEHHbBIX HeﬁCTBHHX;

" €CJIM Y HUX 9TO HOJYUYUTCA, IpeaaTe/]n He JOJIKHBI CKJIOHUTD UX K KaKOMY-TO
APYTroMy peElIeHUnIo.

[Moaxonst k 3amade Gosiee hopMaIbHO, KasKAOMY FeHepay MOKHO TPUCBOUTH 3Ha-
yenue V; Torza Te M3 HUX, KTO OCTaJICsl BEPHBIM IIPUCATE, JIOJKHbBI y3HATH 3HAYCHUS
Apyr apyra. VIX mesnb MOKHO ¢(hOpMyIMpPOBaTh Tak: y3HaTh 3HadeHus V,y Apyrux sep-
HBIX TeHEPaJIOB.

TpynHocTH BO3HUKAIOT M3-3a TOTO, YTO TIPeJaTesId TIepelaloT IPYTUM TeHepaiaM
MIPOTUBOPEYMBbIE CBe/IeHUs. [[pyTuMu cJI0BaMU, OJIMH U TOT Ke YeJTOBEK MOXKET OTIIPa-
BUTH reHepay A oJIHO 3HaYeHue, reHepany B — BTopoe, a BoOaBOK HABECTH TOL03PEHIST
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Ha reHepasa B (HarpuMmep, cooOIIUTD KOMY-HUOY b, UTO TOT CKa3aJl €My HEYTO TaKoe,
Yero MOCTeTHUI HUKOT/Ia He TOBOPUT).

Mannyio mpobseMy OyzieT Jierde peliaTh, eCIU CBECTH €€ K CBA3AHHOM ¢ Helo 3ada-
ye 0 2enepale U Jelmenanmax, B KOTOpPoil KOMaHYIOIIMI TeHepaJl OTIAeT IIPUKA3 BCEM
CBOUM JIEUTEHAHTAM, HO [IPU 3TOM JI000i U3 HUX (BKJIOYAsI CAMOTO TEHEPAJIa) MOKET
okazatbcs npenaresieM (puc. 18.2). Bepuble efiTeHaHTDI OTKHBL:

" JIOIrOBOPUTHCA O CJIAKEHHDBIX ﬂeﬁCTBHHX;
" BDLIIIOJHUTD IIPUKa3 renepalia, €CJau TOT He ABJIACTCA IIpeaTeaeM.
Crour OTMETHUTD, YTO 3TY 3aa4y HEBO3MOKHO PEIINTD, €CJIN JIETEHAaHTOB BCETO

ABa M O/TUH M3 HUX IIpeaaTeIb.

MpepaTtenb
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MpepaTtenb

Puc. 18.2. Bepnblii JeiiTeHaHT He MOXKET PACIIO3HATD TIPEATES,
OyIIb TOT JIEHTEHAHTOM WJIU TeHEPAJIOM

B curyanum, npescTaBieHHOI ciieBa, peateseM sapigercd reHepai. OH pasgaer
IIPOTUBOPEYUBbIE IIPUKA3bl CBOUM JieHTeHaHTaM, KOTOPbIe YeCTHO I1epe/laloT UX ApYyT
ApYyry.

B mpaBoit wacTy prcyHKa reHepas OCTAeTCsT BEPHBIM MIPUCSTe ¥ TIPUKA3bIBaeT 000-
UM JIeUTeHaHTaM OTCTYTaTh, HO BTOPOIl JIeUTEHAHT UCKAXKaeT ero MPUKa3bl.

B 060ux ciy4asx mMepBblil JefiTeHaHT BUIUT OJUH U TOT K€ PE3YJIbTaT — MPUKA3
K OTCTYIJICHUIO, IPUIIEAIINI OT FeHepaJla, U IPUKa3 aTaKoBaTh, [TOJYYEHHBIH OT Ipy-
roro JjiefiteHanTa. OH He 3HAET, T/ie IPAB/A, a I7Ie JIOXKb.

Ecimi iefiteHanTOB X0Ts1 OBI TPOE (B OOIIEH CIOKHOCTH YEThIPE YETIOBEKA) U TOJIb-
KO OJINH U3 HUX NPEATeib, 3aj1aua OyIeT MMETh IIPOCTOE PElIeHHE.

1. I'enepar oTnaeT IprUKasbl e TeHAHTAM.

2. Kaskplil jiefiTeHaHT paccKasbIlBAET COCTYKUBIIAM O TOM, KaKOii TIpUKa3 ObLI 0~
JIy4eH OT TeHepasa.

3. Kaskiplii ielTeHaHT IeHCTBYET COTIACHO MPUKA3Y, 0 KOTOPOM OH y3HAJ OT 60JIb-
MIMHCTBA Jofiell (BKJIIOYast reHepasa).
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Yto6bl MOHATH, KaK 3T0 paboTaeT, B3rysHnuTe Ha pucyHok 18.3. Ecaiu reHepait siisi-
eTcsI IpeiaTesieM, Kak B JIEBOI YaCTU PUCYHKA, OH MOKET OTIaBaTh JIEHTEeHAHTAM IIPO-
TUBOPEUYNBBIE MPUKA3BL. B TaHHOM cirydae Bce JTeHTeHAHTHI OCTAIOTCST BEPHBIMU, YECTHO
co00111ast 0 MOJTYYEHHBIX UME CBEJICHUSX. DTO 03HAYAET, YTO OHM, TOJYIUB OJHY U TY JKe
nH(GOPMAIIHIO, TIPUAYT K €IMHOMY BBIBOLY O TOM, KAaKOI U3 MPUKA30B UMeET GOJIBIITIH-
cTBO. B seBoii yactu pucynka 18.3 Bce Tpu JiefiTeHaHTa BUAT /[BA TPUKA3a ATAKOBATD
U OJIMH MTPUKA3 K OTCTYIIEHUIO, TIOITOMY PeliaioT unru B ataky. Onu Boipaboraiu 06-
1iee pelieHne, KOTOPOe COBIAAET C PACIIOPS)KEHNEM BEPHOTO reHepaJia.

Ecnm npenaTtesiem okasbrBaeTcs JedTeHAHT (CM. TIPABYIO YacTh pucynka 18.3), rene-
pas OTAa€eT BCEM IMOJUYMHEHHDBIM OJIMH WU TOT K€ ITPUKaA3. Hpe[[aTeJIb MOJKET IIOIIbITaTh-
Cs BHECTU HEACHOCTD, PACIIPOCTPAHAA TPOTUBOPEUYNBbIE NJIN JIOJKHBIE ITPUKA3bI, HO /[Ba
JAPYTHUX JTefTeHaHTa UMEIOT O[IMHAKOBbIE CBeICHUs (TIOCKOJIBKY FreHepaJl OCTaICst BEPEH )
U YeCTHO PAllOPTYIOT 0 HUX APYT APYTry. B 3aBMCUMOCTH OT TOTO, 4TO COOOIIII M3MEH-
HUK, IpyTUe /1Ba JleTeHaHTa MOTYT IIOJIYYUTH pPa3HbI€ Ha60pbl IIPUKa30B, HO TaK KakK
BEPHBIX CPEIU HUX JOCTATOYHO, HE CTOUT DOSITHCS, YTO OOJIBIIMHCTBO Y KaKIOTO JIei-
TeHaHTa TTPEANOYTET HEBEPHBIN MPUKA3.

- _ 3AMEYAHUE

' PelueHne, ocHoBaHHOE Ha Npukase, KOTOPbIN Habpan 60NbLUMHCTBO, NOAXOOUT ANs
e 3a4a4M 0 reHeparsne 1 ernTeHaHTax, ToNIbKkO ECNV KOIMYECTBO NpegaTtenen pasHo T,
a KOJINYECTBO NIEMTEHAHTOB HE MeHbLLEe 3 x T.
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OTcTynneHve HanapneHue

Puc. 18.3. Tpu seiitenanTa Bcerga MoryT BbipaGorarh oflee pelenue, He3aBUCHMO OT TOTO,
KTO SIBJISIETCS TIpeiaTesieM

Ecau BBI TOHSATHN, KaK peNTUTD 33/1a4y O TeHepaJse U JIEUTeHAHTaX, TO MOKETEe CBECTH
K Hell 3a/1a4y BU3AaHTUHCKUX TeHepasioB. ECIM UCXOUTH U3 TOTO, UTO KaKABIN reHepas
nMeeT 3Hadenue V, 1715 nepeiayn KOPPEKTHBIX IaHHBIX TEM U3 HUX, KTO ABJIAETCS BEp-
HBIM, HY>KHO BBITIOJIHUTD CJI€/[yTOTI[H€ TI1ary.

1. na kasaoro renepana G;:

d. BDBIIIOJIHAEM aJITOPUTM I'€HEPaJia N JIEITEHAHTOB C Gi B Ka4€CTBE KOMaHAYIOIIETO
reHepaJia. OcraysbpHbIe T€HepaJIbl BEAYT cebs Kak ]IeflTeHaHTbI, a Gi nrpaetT poJib
OTIAHHOTO IIPpMKa3a,
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b. Bce HekoManyIOLIIe TeHepaIbl 0JKHbI BbIOMpaTh 3Hauenue V, 171 G, 6071b-
HIUHCTBOM T'OJIOCOB.

[Tocsie BBITIOHEHUST BCEX ATAIOB Iara 1 Kaskblil reHepast OyeT 3HaTh 3HAYEHIS,
XPaHAIIUECS Y €ro BepHbIX KoJuier. OHU MOTYT UMETh Pa3Hble CBEIEHUS O TOM, KaKue
3HAYEHUS HAXOATCA y IIpefiaTesieil, HO B KOHTEKCTe JaHHOU 3a/1a4i 3TO HECYIIeCTBEHHO.

CornacoBaHue

B npobaeme coenacosanus HexoTopoe KOIUIECTBO MPOTIECCOB AOJKHBI TIPUNTH
K KAKOMY-TO O0IIeMY 3HAYEHUIO, JIAsKE €CJIM OT/IEbHBIE U3 HUX HE MOTYT 3TOTO C/IEJIATh
(ciaryuaii oueHb ITOX0XK Ha 33/1a4y BUBAHTUHCKUX FeHePaioB, B KOTOPOU TeHepasIbl J0JIK-
HBI COTJIACOBAThH IJIAH JCHCTBUI, HECMOTPS Ha TIOTEHITMATIbHOE HAJU4Ke mpegaTesieil).
Cy1iecTByIOT ollpe/ies/IeHHbIe IIPaBuIa.

= Pesyabrar. Kax/piil KOPPEKTHBIHN TPOIECC PAHO MJIH TTO3/IHO BHIOUPAET 3HAYEHUE.

= KoppektHocTb. Eciin 0iH KOPPEKTHBII MPOIECC OCTAaHABIMBAECTCS HA 3HAUE-
Huu V, ero B UTOre BEIOUPAIOT BCE OCTAIbHDIE.

- Haaemnocm. Ecmm KOppeKTHbe/JI Iponecc BbI6I/IpaeT 3HaueHumue V, 3HAYUT 9TO 3HaA-
YeHHEC JOJIKHO OBL10 OBITH MPEIJIOKEHO HEKUM KOPPEKTHBIM ITPOIIECCOM.

= Cornacue. Bce KOppeKTHBIE TIPOIECCHI B KOHIIE KOHIIOB JIOJIKHBI IIPUUTH K O/IHO-
MY U TOMY K€ 3HAU€HUIO.

AuroputM «I11apb atanas (phase king) petaet mpobyeMy COTIaCOBAHUS, €CIIN OTKa-
3bIBAIOT He OoJiee F porieccoB u ecJiu 00Iee KOJTHIECTBO TPOTIECCOB PABHO KAK MIUHN-
MyM 4 x F+ 1. Hanpumep, 4To6bl CIIPABUTHCS € OHUM cO0EM, aJlrOpuT™My 1oTpedyer-
Cs1 He MeHee IISITH TIPOIIECCOB.

[IpexcraBum, uTo y Hac ecTh N miporieccoB, F 13 KOTOPBIX 0TKa3biBatoT. VI3Havamb-
HO KaJKJIBIH MTPOIIECC TIHITAETCST BRIOPATH TO 3HAUEHNE, KOTOPOE, TT0 €70 MHEHHIO, TOJIK-
HO ObITh MTOroBeM. IlycTs st iponecca P, ato Gyner V.

Yrobbl BhIEPKATh MaKCUMyM F cO0€B, aJlropuT™ BbITIOJIHsIET ceputo u3 F + 1 ara-
moB. Ha KaskioM 3Tare OfH U3 TPOIIECCOB CTAHOBUTCS 1apeM. Kakoit mMeHHo, MOXKeT
3aBUCETH OT €0 WAECHTU(HUKATOPA WU JIPYTOTrO MTPOU3BOJIHHOTO 3HAYEHISI — TJIABHOE,
yTO6BI Y BCEX 9TAIIOB ObLJIN PasHble Lapy.

Kasxprit w3 F+ 1 aTamoB cocTOUT U3 ABYX cTanuii. Ha mepBoli cragnu Bce mpotiec-
ChI IOOYEPETHO COOOTIAIOT OCTATBHBIM CBOU TEKYIIIHE BAPUAHTHI UTOTOBOTO 3HAYEHUSI.

ITporiecchl aHAIM3UPYIOT [T0JyYeHHbIe BAPHAHTHI (ILJII0C CBOI COOCTBEHHBIN) U Ha-
XOJISAT TOT, KOTOPBIN BCTpeyaeTcs vaie Bcero. Ecm Takoro HET, UCTIOIb3yeTcs HeKoe
3apanee OAr0TOBIeHHOe 3Havenwe. ITycTs B mporecce P, 0ocHOBHASA YacTh HabHpaeT Ba-
puant M.

Bo BTOpoii cTajum Tekymmii naph arana, P, TpaHcIupyeT 3sHaueHue, Habpasiiee
y HEero GOJIbIIMHCTBO, BCEM OCTAIIBHBIM MIPOIECCaM, KOTOPBIE I0JIKHBI UCTIOJIb30BATH €T0
B KauecTBe J0TOTHUTETHHOTO hakTopa. Kaxablil mporiecc (BKIIOUYAs Iaps aTana) IpoBe-
psiet snadenue M, KoTopoe Habpasia OCHOBHAS YacTh. EC/Ii 0HO BeTpevaeTes dalte, 4em
N/2 + F pas, mporiecc 06HOBIIsIeT CBOI BapuanT, mprucBauBas V.= M. B nporusHOM CITy-
yae IPOoLecC NpucBanBaeT V, 3HaueHue, nepeJanHoe apeM dTala B KadeCTBe JOIOIHU-
TeJIbHOTO (haKkTOpa.
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YT1006BI HOHATH, KaK 9TO pab0oTaeT, BO3bMEM s IIPUMepa IATh IPOLECCOB, OIIH
13 KOTOPBIX MOKET OKa3aThCsl HEKOPPEKTHBIM, HO HA CAMOM JieJie BCe TSATh pabo-
TaioT 6e3 c6oes. IlycTs mapem atama i 6yzer npomecc P, n mycTh H3HAaYaIbHBIE Ba-
PUAHTHI TIPOTLECCOB OYAYT BBITJIANAECTD TaK: Amaxa, Omcmynienue, omcemynienue,
amaxa v amaxa.

= Jran 1, cragus 1. [Iporeccol YecTHO TPAHCIUPYIOT CBOU 3HAUEHUST BCEM OCTaJIb-
HBIM, TT09TOMY Ka’KABIH M3 HUX AYMaeT, UTO Y BapUAHTa amaka TPHU ToJoca,
ay OTCTYIIEHUST — TOJIBKO JIBA.

= Jran 1, cragus 2. [[aps sTana TpaHcIupyer 3HaueHe, Habpasiiee y Hero 60Jib-
11Ie BCETO roJIocoB (aTaka), OCTaJbHbIM IpoiieccaM. Kas iblii poiiecc cpaBHUBAET
KOJIMYECTBO Pa3, KOTOPOE OH BCTpevast JaHHOe 3HaueHue (BO BCEX CIyUasax aTo 3),
¢ N/2 + F (koropoe paBHo 5/2 + 1 = 3,5). IlockosibKy 3HaueHue, HaGpasiiee 60JIb-
IIYTO YaCTh TOJIOCOB, BCTPEYAETCSI HE Yallle, 4eM 3,5 pasa, BCe MPOIIECCHI UCTIOTIb-
3YIOT B KauecTBe cOOCTBEHHOIO BapraHTa JAOTIOJHUTENbHBINA (haKTop — amaka.

= Jran 2, craaus 1. [Iporecchl ongTh 4eCTHO TPAHCIUPYIOT CBOU 3HAYEHUS JPYT
npyry. Terepb Bce OHU BBIGUPAIOT amaxy.

= Jran 2, craaus 2. [apsb sTana TpaHcaupyer 3HadeHue, Habpasliee y Hero 6oJibiie
BCETO rOJIOCOB (amaxa), 0CTATBHBIM TIpotieccam. Terepb Kax/1blil Ipoiiecc BCTpe-
YaeT 9TO 3HAYEHUE TSATh Pa3. Bce OHM UCTIOB3YIOT €r0 B Ka4eCTBE CBOETO Bapu-
aHTa, IOCKOJIbKY 5 GoJiblile, ueM 3,5.

HOCKO]IBKy 9TOT IPpUMEP MOKET CIIPAaBUTHCA TOJIBKO C OTHUM C60€M, OH 3aKaH4YHMBa-
€TCA BCEro JIMIIb ITOCJI€e BTOPOTO aTalia. KEl}I{I[blfl IIpo1eCC roJIOCYET 3a 3HaY€HUE amaxa,
KOTOpoOE lIeI'/JICTBI/ITeJII)HO BCTPEYACTCA Yallle.

Pacemotpum Gostee caoxubIil ipumep. IlycTb y Hac OyJeT mATh MpoIeccoB, KakK
U IIpesK/ie, HO MEPBBI U3 HUX He IIPOCTO OTKA3bIBAET, a sIBJideTcd peaaresieM (Kak B 3a-
Jlade ¢ BU3aHTUHCKUMU reHepasamn). [IpenctaBuMm, 94T0 M3HAYaIbHBIE BAPUAHTHI BbI-
TIISIISIT TaK: npedamens, amakd, amaxa, omcmynienue, amaxa (y IpeiaTesisi HeT HCXOJI-
HOT'O BapUaHTa — OH IIPOCTO XOYeT 3aIyTaTh OCTAIbHBIX).

= Jran 1, cragusa 1. Ha atom atarie 1iapem siBJisieTcst poliiecc-TmpeaaTesb P,. IIpo-
IIECCHI TPAHCJUPYIOT CBOU 3HAYeHUsI APYT Apyry. IIpenarens coryamaercs ¢ ux
BapuaHTaMi, KakKuMu Gbl OHU HU Oblin. TakuM 06pasoM, MPOIIECChl MOMYIal0T
CTIeYIONIIE 3HAYEHWS:

» P, — <IlIpenaTesmo Bce paBHO™>;

o P, — Amaxa, amaxa, amaxa, omcmynienue, amaxa,

o P, — Amaxa, amaxa, amaxa, omcmyniernue, amaxa,

o P, — Omcmynaenue, amaxa, amaxa, omcmynienue, amaxa,
o P, — Amaxka, amaxa, amaxa, omcmynienue, amaxa.

Jlajiee npecraBieHbl BApUAHThI, HaGpasinue GOJbLUIMHCTBO, U KOJIMYECTBO OT/AaH-
HBIX 32 HUX TOJIOCOB B Kax/0M IIpoLecce: <npedamenv>, amaxa x 4, amaxa x 4,
amaxa x 3 1 amaxa x 4.

= dran 1, cragus 2. [[aps srana (npedamenv) pasgaet APyTUM MPoOIECcaM IPo-
THBOPEYMBBIE IONOTHUTEIbHbIE (haKTOPLL. P, 1 P, OH TIepeiaeT 3HaYeHe amaka,
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a P, u P, — omcmynaenue. l1poneccol P, P, n P, cunTtaior, 4T0O BCe YeThIpPe pasa
GOJBITMHCTBO HAOUPAET Amaxa, ToATOMY OHH TIPUHUMATOT €T0 B KAYeCTBE HOBO-
ro Bapuanra. ¥ npouecca P, 570 3nauyenue nabupaer GOIBIIMHCTBO TOJILKO TPH
pasa, 9To He AOTATUBAET 0 OTMETKH 3,5, HEOOXOMUMOM /TSI TTOJTHON YBEPEHHO-
ctu. B cBA3u ¢ 5TMM P, NCNOIb3yeT NONOJHUTENbHbIA (hakTop, omcmynienue.
HoBble BapraHTbI IPOIIECCOB PACIIPE/IENIEHBI TAK: <npedamenv>, amaxa, amakd,
omcmynienue, amaxa.

= Jran 2, cragua 2. Ha sTom sTame napem cTaHOBUTCA KOPPEKTHBIN mporecc P,.
IIporuecchl TpaHCAMPYIOT CBOM 3HAYEHM APYT APYTY. B 0TYassHHOI HOIIbITKE COUTH
BCEX C TOJIKY, TIpe/laTesib TOBOPUT OCTAIBLHBIM TIPOIECCaM, YTO OHU JIOJKHBI O~
cmynamyp. B utore 6yayT moydeHsl cIeayiolue 3HaYeHUs:

» P, — <IlIpenatemio Bce paBHO>;

o P, — Omcmynnenue, amaxa, amaxa, omcmynienue, amaxa,
o P, — Omcmynnenue, amaka, amaxa, omcmynienue, amaxa,
o P, — Omcmynnenue, amaka, amaxa, omcmynienue, amaxa,
o P, — Omcmynaenue, amaxa, amaxa, omcmynienue, amaa.

BapuanTsl, Habpasiie GOJbIINHCTBO, a TAK/KE KOJINYECTBO OTJIAHHBIX 32 HUX TO-
JIOCOB B Ka’K/JIOM IIPOLIECCE BLIMJIAAAT TakK: <npedameiv>, amaka x 3, amaxa x 3,
amaxa x 3 1 amaxa x 3.

= Jrtan 2, craaus 2. BoabIIMHCTBO y apst sTama Habpasio 3HaueHue amaxa (BCTpe-
4aJloCh TPU pasa), HO2TOMY P, TpaHCIMPYET ero BCeM OCTaIbHbIM IPOLIECCaM B Ka-
YecTBe JOTIOJTHUTETbHOTO (hakTopa. Bee kKoppekTHBIE Ipotieccs (BKIIIOYAsT TTapst
aTara) BU/AT 3HAYCHUE amaka MeHblie 3,5 pas3, I03TOMY OHU COTJIAIIAIOTCS Ha
erte ojiuH hakTop (ToxKe amaxa).

B aToT MOMeHT Bce IIpoIeCcChbl UMEIOT B Ka4€CTBE TEKYIIETO BapMaHTa 3HAY€HUE
amaxa.

Janmbiii anroputm paboraet 6arogaps ToMy, 4To OH npoxoaut F+ 1 artanos. Ecin
0TKa30B He 6oJibliie F, oH OyeT UMeTh KaK MUHMMYM OJ[IH 9TAll C YECTHBIM IIaPEM.

ITpe/oI0K MM, 4TO Ha HTOM 9Tarie KOPPEKTHBII mportecc P, He BeTpedaeT 3HaveHNe,
KoTOpOe ObLI0 Habpano GoabIIMHCTBOM, Gobuie N/2 + F pas. B Takom ciydyae on uc-
MOJTB3YET ONOJTHUTENbHBINA (haKTOP, TIOMYIEHHBIN OT Iaps.

ITO O3HAYAET, YTO BCE KOPPEKTHBIE MPOIIECCH P, KOTOPbIE He BCTPEYaloT 3HaYeHHe
6oubie N/2 + F pas, oCTaHABIUBAIOTCS B UTOTe HA OJHOM M TOM sKe Bapuante. Ho uro,
€CJIM KTO-TO M3 HUX YBUIUT 3HaueHue 6oJbiire N/2 + F pas? TIoCKOIbKY KOJMYECTBO He-
KOPPEKTHBIX TPOTIECCOB HE MOXKET MPEBHIIATh F, MBI TToyunM Goarbiiie N/2 KOppekT-
HBIX BXOsKzeHuil. To ectb y 3Hauenus Gyjer Hacrosiiee OOJIbIIUHCTBO, BAOOABOK OHO
OyJIeT OJIMHAKOBBIM JIJIsl BCEX MPOIIECCOB, KOTOPBIE BCTpedatoT ero bospiire N/2 + F pas.
B takoM cirydae Mbl iMeeM 3HadeHue, Habupaoliee MoaBIIsIONIee YUCIO0 TOJI0COB, TI0-
HTOMY OHO IOJIYYUT OOJIBIIMHCTBO U Y HAPs TEKYIIEro aramna (Jake ecid OH He BU/E)
ero 6ouibiiie N/2 + F pas).
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W3 aTOT0 CaiemyeT, 4TO TTOCIIe TPaBJIeHUs YeCTHOTO TIaps 3Tana Bce KOPPEKTHBIE ITPOo-
I[ECChI ITPOTOJIOCYIOT 32 O/IHO U TO Ke 3HaYeHUe.

[Tocsie aToOro yKe He BAsKHO, YTO MOIBITAETCS TIPEITPUHATH HEKOPPEKTHBIH 1aph 9Ta-
na. Koppekrtubie mporiecensl (1x HacunTbiBaeTcs N — F) corylacoBasiu eInHOe 3HAUYEHUE.
[Mockonbky F < N/4, komuecTBO KOPPEKTHBIX mporieccoB paBHo N — F> N — (N/4) =
=3/4 x N = N/2 + N/4. 3nauenue Oyner pasuo N/2 + N/4 > N/2 + F, HoTomy 4to
N/4 > F. Ho ecim KOppeKTHBIN MpoTiecc BCTpevyaeT Kakoe-TO 3HaUYeHne Jalle, YeM Co-
TJIACOBAHHBIN BAPUAHT, OH UCHOJb3YET UMEHHO €T0. ITO 03HAYALT, YTO BCE KOPPEKTHBIE
IIPOIECCHI COXPAHSIOT COOCTBEHHbBIE 3HAYEH ST, HE3ABHCUMO OT TIOTIBITOK HEKOPPEKTHO-
TO TapsI 9Tara UX 3aMmyTaTh.

BbiOOp nupepa

Wuora Habopy nporeccoB TpebGyeTcst HeKUH IeHTPATBHBIN JIUEP I KOOPAMHAIINK
netictBuii. Ecin y Hero mponcxoauT c6oi Uin CBsI3b C HUM TEPSIETCS, TIPOTIECCHI T0JIKHBI
KaKMM-TO 06PaszoM BbIOpaTh HOBOTO JI/EPA.

Anzopumm xyauzana ictioib3yeT Ui BI6Opa JIuIepa MIeHTU(HUKATOPbI IPOIECCOB.
[Mo6esxaaeT TOT, y KOTO WAEHTU(HUKATOP GOJIBIIIE.

Boripekn TakoMy TIpOCTOMY ONUCAHUIO, TOJIHAS BEPCUS 3TOTO AJITOPUTMA SIBJISET-
cs1 6oaiee CIOKHOI, 4eM MOKHO ObLI0 ObI TT0ryMaTh. Heo6X0amumMo npeycMoTperh He-
CTaHAPTHBIE CUTYAIUH, KOTOPbIe MOTYT BO3HUKHYTH TP Pa3HOOGPA3HBIX HEMOJIA-
Kax B ceTr. [IpeicTaBbTe, HATPUMED, UTO OIUH TIPOTIECC OOBSIBISIET CebsT TUIEPOM, a 3a-
TEM TO JKe caMoe JieJTaeT APYroii mpoliece, HO ¢ MEeHBIINM HieHTudUKaTopoM. Jlmmepom
JOJIKEH OBITh TIEPBBII TPOIIECC, HO OUEBUIHO, YTO BTOPOH TIPOCTO He MOJTYyIHJI COOTBET-
CTBYIOTIIEE COOOTIIEHIIE.

[Tommbrii AJITOPUTM XYyJIMTaHa OIMUCBIBAECTCA B BUAE CJAEAYIONNX MIaroB.

1. Ecsmm niporiece P cumrtaert, 4To ¢ TEKYIIM JUAEPOM TIpousonies c6oil (II0CKOJIb-
Ky TOT HE OTBEYAJI JIOJIbIIIE TIOJIOKEHHOTO BPEMEHN ), OH TPAHCJIUPYET BCEM TIPO-
HeccaM ¢ GOJIbIINM HAEHTUDUKATOPOM coollenue: «Bbl JKUBbI?»>.

2. Ecau 3a oTBenieHHBIH 11eprojt ipoitecc P He Toyunst oTBeT Buja <5 KuB» HU OT
OJIHOTO TIpoiiecca ¢ 60Jiee BHICOKUM MAEHTU(MUKATOPOM, OH CaM CTAHOBUTCS JIH-
JIEPOM, TPaHCIUPY$ BceM cooblnenue «S aep».

3. Ecsm mporiecc P Bce-Taku mosrydaer coobiierue <51 KiuB» 0T 0JHOT0 U3 MpolLec-
COB C 60]IBH_H/IM I/II[GHTI/I(bI/IKaTOpOM, OH HAYMHACT KIaTh, KOTAa TOT IMIPUIIJIET CO-
obuenue « muaep». Ecim nporecc P He HoJIy4aeT ero 3a OTBeAeHHbII epuoj,
OH CYKMTAET, YTO y IPEAII0JAraeMOoTo Jinjiepa Ipousolies cboil, U mpeapuHuMa-
eT HOBbIe BHIOOPSHI ¢ 1mara 1.

4. Ecim npouecce P mosrydaer coobuienne «Bbl )KUBBI?» OT 1Ipoliecca ¢ MEHbIIUM
uaeHTU(GUKATOPOM, OH OTBedaeT «51 K1MB» U HauMHAET HOBbIe BHIOOPHI ¢ 1mara 1.

5. Ecom ipotiecce P mojtydaet oT mpoIecca ¢ MEHbITNM HACHTH(HUKATOPOM coo0IIIe-
Hue «S1 mupep», O HaYMHaeT HOBbIe BLIOOPHI ¢ Hiara 1.

Ha mrare 5, korzia mporiecc ¢ MEHBITUM HAECHTH(GUKATOPOM 00BsIBIISAET cebst THIe-
POM, TIPOIIeCe, UMEIOTINI GoJiee BRICOKMIA HaeHTU(UKATOP, B CyITHOCTH, roBopuT «Her,
THI He JIUJEP», 3aCTABJISIET €T0 YCTYIUTH U epebupaeT KOMaHaoBanue Ha ceOsi.
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CHMMOK

IIpencraBbTe, 4TO y Bac €CTh HAOOP paciIpele/IeHHbIX IIPOLECCOB, U Bbl XOTHUTE Cle-
JIaTh CHUMOK COCTOSIHUSI BCEH CUCTEMDI, OITICAB JEHNCTBUS KaXI0r0 U3 IIPOIECCOB B 3a-
JIAaHHBINT MOMEHT.

Ha camom ziesie TOBOTBHO CJIOSKHO PENTUTb, KOT/Ia IMEHHO HYKHO CO3/IaTh CHIIMOK.
JlomycTum, Tipotiece A oTTpaBJsieT Tpotieccy B coobiere, KOTopoe Bee eliie HaXO/IHT-
cs B myTr. Korjia ciretyer KomupoBaTh COCTOSTHUE CUCTEMbBI — 710 OTIPABKY COOBIICHUS,
BO BpeMs eTo TIepeadil UK MOoCe TOTo, KaK OHO I0H/eT /1o ajgpecara?

Ecom BoIOpath nepsblii BApraHT, Poriece A MOXKET He 3aOMHUTH CBOE COCTOSTHUE
BOTOT MOMEHT I HIUETO He TIoJIyunTcs (pa3Be uTo 3aCTaBUTh BCE TTPOTIECCHI 3aTTOMUHATD
CBOM TIPEAIBIAYIINE COCTOSTHIUSI, UTO MOKET OBITH TOBOJIHHO OOPEMEHUTENHHO).

Ecmu cocTosnus IIPOIIECCOB COXPAaHUTD, ITOKa COO6HI€HI/IQ HaXoauTCA B IIYTH, pe-
3yJIbTaT MOJKET OKa3aTbCs HECOTJIACOBAHHBIM. HpelICTaBI)Te, HalipuMep, 4TO BaM HYXK-
HO BOCCTAHOBUTDb COCTOAHUNE CUCTEMDI ITyTEM c6poca BCEX IPOIECCOB /10 UX COXPaHEH-
HOTO COCTOSTHUA. Y Bac He TIOTYUYUTCA BOCCTAaHOBUTDH BCIO CUCTEMY, IIOTOMY YTO IIPO-
necc B ITOJTy9INnJI COO6H.[€HI/IG ITOCJIE CO3aHNA CHMMKa, a B BOCCTAaHOBJIEHHOT Bepcun OH
€T0 HE TTOJIYyUUT.

O6parumcst K KOHKpeTHOMY TipuMepy. ITycTb mporieccht A u B xpaHaT Gajiatc GaH-
KOBCKHX CUETOB, pUHAIeKammX kiareHTam A u B. TIpeacraBum, 4To KiareHT A Xo4er
nepesectu kiareHTy B 100 $. TIporiecc A BouuTaeT IeHbIU 1 Tiepeiaet mpoieccy B co-
ob1eHne, B KOTOPOM IIPOCUT ITOJIOKUTH Ha cdyer kanenta B 100 $. U noka coobuienne
HAXOJUTCS B ITyTH, CO3/IAETCSA CHUMOK CHCTEMBI. ECJIU T103/Ke 9TOT CHUMOK OyIeT Boc-
CTaHOBJIEH, OKasKeTCst, 4To KianeHT A yske nocsian 100 $, a kinent B ux elre He Oy duI.
Taxum o6pasom, 100 $ trepsaiorcs. Taxoii moxxoa abCOMIOTHO He TOAUTCS s YIIpaBJIe-
Hug 6ankoBcKkuMU cyetamiu. [Tpu c6oe B ceTr BMeCTe ¢ COOOIEHUSAMMU TEPSIOTCA U JIeHb-
ri. YTo6b1 062 1Iporecca 3HaIu 0 AEHEKHOM IIEePeBo/E, HeOOXOAUMO UCIIONb30BaTh HO-
Jiee 6e301IaCHBbII COTIACOBAHHBIN ITPOTOKOJL.

I/ITaK, YTOOBI c/1e/1aTb XOpOIHI/H'/JI CHHMMOK CHCTEMBI, HeO6XO,ZII/IMO COXPaHATb HE TOJIBKO
COCTOAHMA BCEX ITPOIECCOB, HO N JI00bIE COO6IH€‘HI/IH, KOTOpbIE OHM IEpEAAlOT IPYT JIPYTY.

Huke momraroBo onucan aJaropuT™ Co3gaHust CHUMKa, paspaborannbiii K. M. Yanau
u Jlecan JIammopToM.

1. JIio6oii mpouecce (HazoBeM ero Habaodamenem) MOKET HHUIUUPOBATh CO3AAHIE
cHuMKa. /l1s1 aToro oH:

a. COXpaHdaeT coOCTBEHHOE COCTOAHMHE,

b. oTmpasisger coobiierme 0 CHUMKe OcTanbHbIM poueccaM. CoobLienue cogep-
JKUT aipec HabJIoIaTe st 1 MapKep, KOTOPBIM TOMeYeH CHIMOK.,

2. Ecam mporiecc BIiepBbIe MOJIy4aeT MapKep ONpeleJIeHHOTO CHUMKA, OH:
a. OTIPaBJIsieT HABJMIOATENIO CBOE COXPAHEHHOE COCTOSTHUE;

b. mpukperIsier MapKep 9TOro CHUMKa KO BCEM MOCJIEYIOTIIM COOOTIEHMSIM, KO-
TOpBIE OYIET OTIPABJATD JAPYTHM MTPOIECCAM.

3. Jlonyctum, mipoitecc B 1osy4yaer Mapkep CHUMKA U BCJIE[ 32 3TUM eMy IpH-
XOAUT coobIIeHre OT mpoiecca A, K KOTOPOMY He MPUKPEIIEHO HIUKAKOTO
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Mapkepa. ITO 03HAYAET, YTO co00IIeHne ObLIO B IyTH. Ero mocjiaiu mepe Tem,
KaK Iporecc A morydusi MapKkep CHUMKA, TI09TOMY OHO He OBLIO yUTEHO B COXPa-
HEHHOM COCTOSTHUH 9TOTO mpoitecca. UToObI He MOTEPSITH 9TO COOOIIEHIE, TTPO-
1iecc B OTIPABJISIET €r0 KOTUIO HAOTIOIATEIO.

Kak ToJ1bKO cOO0IIEH S [IePecTaloT UPKYJIMPOBATH 10 CUcTeMe, HabJIioaTeb 110-
JIy4aeT 3aIUCh O COCTOSHIY KasKAOTO IIPOIECCa U 0 KaXKIOM COOOIIEHNH, KOTOPOE OBLIO
B IIyTH B MOMEHT CO3/IAHUS CHUMKA.

CuHXpOHM3auuns 4acosB

Touynag cHHXpPOHU3AIIUSA YaCOB MOKET OKa3aThbCs HEMPOCTON 3aj7iaueil BBULY TOTO,
YTO BpeMs Nepejadn cooOmeHni B 001el ceT MOKeT BapbupoBaThest. Bee ctanoBuT-
CsI HAMHOTO TIPOIILE, €CJIU TIPOIECCHI MUHYIOT CETh U B3AUMO/IEHCTBYIOT Hanpsamyto. Ha-
TIPUMEP, €CTIN COETUHUTD ITPOBOIOM /IBa KOMIIBIOTEPA, KOTOPBIE CTOST B OJIHOI KOMHA-
Te, MX 9achl MOKHO OYZeT CHHXPOHU3UPOBATh, M3MEPUB JJUHY IIPOBOJA U MOACUYNUTAB,
CKOJIbKO BPEMEHU YXOUT Ha Tepelady CUTHAJIA TI0 HeMY.

Takoit mogxo/ paboTaer, HO OH SIBISETCS TOBOJHHO TPOMOZIKUM U He TOIUTCST /TSI
CUHXPOHU3AIINU KOMIIBIOTEPOB, HAXOSAIINXCS AAJIEKO IPYT oT Aipyra. K cuacTbio, Hero-
XUX PE3YIBTATOB MOKHO TOOUTHCS U C MCTIONTB30BAHNEM CeTH. J[J1s1 9TOTO HYKHO, 4TOODI
3a KaKOIi-TO OTIpe/IeJIeHHbII KOPOTKUI TI€PUO/I BPeMST Tlepeiadun COOOIEHNH B CETH He
BapbUPOBAJIOCH CIUITKOM CUJIBHO.

[TpencraBbTe, 4TO BaM HY;KHO CHHXPOHU3UPOBATh Yachl Iporiecca B ¢ yacamu, Ko-
TOPBIE UCIIOJIL3YIOTCS B TIpotiecce A. Bpemst B ipottecce A 6y1eM CUNTATD HTATIOHHBIM.

Huxe moraroBo usinoxed oOMeH COO6U.[€HI/IHMI/I MEKIY ITponeccaMm.

1. Ipouecc A oTnpasnser nponeccy B coobmenue, conepskamiee T, (Texyiee Bpe-
Ms COTJIaCHO Tipotteccy A).

2. TIportece B mosywaet coobIIen e 1 TIeT mpoIeccy A OTBET, B KOTOPOM YKa3aHbl
T, n T, (Tekymee BpeMs COracHo mpoieccy B).

3. Iporecc A 1mosrydaer OTBET U OTIIPaBJIeT IIpolieccy B HoBoe coobIIeH e, Coaep-
xamee T, T, n T, (10Boe TeKylee BpeMs COTIacHo mponeccy A).
Teneps mporecc B MOKET BBIIIOJIHUTD HEKOTOPBIE BBIYUCIEHS, YTOOBI CHHXPOHU-
3UPOBATh CBOU YaChl C TIPOIECCOM A.

Jlomycrum, Mexly yacaMy BO3HUKJIO oTkionenue E, torna T, = T, + E B moGoii
3aJlaHHBI MOMEHT BpeMeHM. Takke BBeileM B Hallle ypaBHenne D — 3a/iepikKy, He0b-
XOJIMMYIO /ISt TIepeiadn COOOIIEHUST OT OJJHOTO TPOIIecca K IPYTOMY.

Korza nporniece B sanuceiBaeT Bpems T, B HCX0HOe coobmienne 106aBseTcs 3a-

nepskka D, KoTopast HysKHa JI7IsT eT0 TPAHCIOPTUPOBKYU U3 A B B, moaTomy:
T, =, +E)+D.

AHanornyHbIM 006pa3oM B OTBET IIpoliecca A 3aliChIBaeTCs Ta ke 3agepxkka D, Ko-
Topast TpedyeTcst st IPOXOsKAeHNs u3 B B A:

T, = (T, —E)+D.

Ecau BeuecThb BTOPOE YpaBHECHUE U3 MEPBOTO, MMOJTYUUTCA:
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Ty ~T,=(T,*E+D) (T}, ~E+ D)=
=T, ~ Ty +2xE
Pemrenue 9T0ro ypasHeHus s morpemtocty E naet ciepyionmuii pesybrar:
E=2xT,-T,-T,)/2.

Teneps, umes nonpasky 110 E, nporiecc B MOXKeT OTKOPPEKTUPOBATH CBOM YaChl CO-
OTBETCTBYIOIINM 06PA3OM.

ITOT AITOPUTM HCXOAUT 13 TOTO, YTO BO BpeMs Iepeiayr COOOIEeH it Ty 1a 1 00part-
HO 3a/IeP/KKa OCTAETCsI TIPUMEPHO OJMHAKOBOM. TakKe mpenoiaraercs, 4To I0CTaBKa
coobmiennii 13 A B B v 13 B B A 3aHMMaeT OHO 1 TO e BPeMsl.

Pe3iome

B aroii rimase ocsemnanick mpobJaeMbl, CBsI3aHHBIE ¢ MAPAJJIETBHOM 06paboTKOI.
Boii paccMOTpeHbI pagHbie MOJIETH TTAPAJIJICTHHBIX BBIYUCIEHN ¥ OTIMCAHO HECKOJIb-
KO aJITOPUTMOB, TIPEHAZHAUECHHBIX JIJIst paOOThI B pacTipe/iesieHHbIX cucrteMax. HexoTo-
pbl€e U3 HUX, TaKKe KaKk MTHOBEHHAsI COPTUPOBKA, CUCTOJNYECKUI MACCUB UJTH PEIIeHIE
3agaun obeparonx GuaocoGoB, MOTYT BaM HIUKOT/IA He TIOHaZ00UThCS, HO BCE OHM MOJI-
YEPKUBAIOT T€ UM WHbBIE TPOOJIEMBI, TPUCYIINE PACTIPE/IEIEHHBIM cucTeMaM. B auciio
ATHUX TPOOJIEM BXOJAT COCTOSTHUE TOHKHU, aKTUBHASI U TACCUBHAsI B3AUMHbIE OJIOKIPOB-
KU, COTJIACOBAHHOCTD ¥ CUHXPOHU3AIUSL.

PacripeziesieHHbIe Cpe/ibl BAPUPYIOTCS OT HACTOJMBHBIX KOMITBIOTEPOB 1 HOYTOYKOB
A0 MHOTOAAEPHDBIX U MaCH_[Ta6HbIX TPUA-IIPOEKTOB, B KOTOPBIX /JIA peHIeHUA O[[HOﬁ-
eJIMHCTBEHHOM 3a/[a4M 3a/IeiCTBYIOTCS COTHH Y THICSIUM BBIYMCJIUTEIbHBIX MalnH. [aske
ecJu 3aKoH Mypa MpoiepKUTCs ellle OJIHO-BA eCATUIETN, B HAIIKW JTHU TOCTYITHO
CTOJIBKO HEJIOUCTIOIb30BAHHOM TIPOIECCOPHOI MOIIH, YTO ObLIIO Gbl CTPAHHO HE BKJIIO-
YUTh ee B paclipe/ieJieHHble BbIYUCAeHNsT. YTOOBI TTOJyYUTh MAKCUMAJIBHYIO BHITOLY OT
COBPEMEHHBIX BBIUUCIUTETBHBIX CPEl, KOTOPBIE CTAHOBSTCS Bee OoJtee U bosree mapai-
JIEJIbHBIMM, BbI IOJKHBI KIMETh MIpecTaBienne 00 9Tux mpobieMax 1 0 MeTOANKAX, KO-
TOPbIE ITO3BOJIAIOT UX PEIIaTh.

YnpaxHeHus

3Be3/10YKO0I OTMEUEHBI 3a/[aull ITOBBIIIIEHHON CJI0KHOCTH.

1. Cospalite aarpaMmy, OX0KyT0 Ha Ty, UTO TIpejicTaBjaeHa Ha pucyHke 18.1. Ona
JIOJIKHA OIUCHIBATD ITPOIECC OTHOBPEMEHHOTO YIOPSIOUMBAHUS TIOCTIE0BATEb-
Hocreii yncen 3, 5,4, 1 u 7,9, 6, 8 aropuTMoM MrHOBeHHOI copTupoBku. O60-
3HAYbTE OJIHY U3 MOCJIEI0BATETHHOCTEH MOTY;KUPHBIM HaYepTaHUEM WJIU JIPY-
UM L[BETOM, 4TOOBI BO BpeMs pabOThl aJIropruT™Ma ObLIO JIerde OTJAUYUTD JBa CIIH-
cka. CKOJIbKO JOMOMHUTENBHBIX TAKTOB IIOHAZOOUTCS A1 ABYX CIICKOB BME-
CTO OJIHOTO?

2. Bo MHOTHX cHCTeMaX MPOIECChl MOTYT GE30IIaCHO CUUTHIBATh OOIIUI YIacTOK
TMaMsITH, a 7Tt 6e30TacHON 3aMUCH UM IOCTATOYHO UCTIONB30BATh MBIOTEKCHI
(TpezToIaraeTcs, 9To TaK¥e CHCTEMBI ITOJ/IEP;KUBAIOT aTOMapHOE YTeHHe, TOTO-
MY 9TO OHU He MTO3BOJISTIOT MTPEPBIBATH TIPOTIece cunThiBanms ). Kak moBeet cebst
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10.

11.

12.

IPUMEpP ¢ TaMUJIBTOHOBBIM IIyTeM, €CJIU IIPOLECC IIPOYNUTAET OOIIYI0 UTOTOBYIO
JUIMHY MapIipyTa BHYTPH BhIpaskeHus T f 1 3aTeM 3aXBATUT MBIOTEKC B KAYECTBE
nepBoii onepaiuu B 6;10ke Tf Then?

.Pacemorpum perernie Yanau,/Mucpa st 3agaun 06 obegaomux duaocodax.

[IpencraBum, uTo humocodbl CHHXPOHU3UPOBAHBI U UTO BCE PA30M ILITAIOTCS
MPUCTYTUTH K noefanuto mumy. Ilycts mocsie el OHU HAIOITO YXOAAT B pas-
MBIILLIEHI, YTOOBI HA OJHOMY U3 HUX He Hy>KHO ObLIO BO3BPAILATHC K 00e/1y 10
TOTO, KaK BCE OCTAJbHBIEC 3aKOHYAT C TPATEe301.

B kakowm nopsijike ensat dunocodsi? Jpyrumu cjioBaMu, KTO €CT TIePBbIM, BTO-
PbIM, TpeThblM 1 T. A. [Tockaska: mompobyiiTe MOMAroBo H300pasuTh 3TOT TPO-
I[eCC B BUJI€ PUCYHKOB — 9TO MOJKET TIOMOYb ?

. BepHeMCH K 3a/a4e /IByX reHepaJioB. Yro HpOI/ISOfIlIeT, €CJIN KaKO€e-TO U3 IEPBbIX

cool1ennii JoMzeT 10 ajpecara, HO reHepajl B okakeTcs Ha peKoCTh Heyiad-
JIUBBIM U BCE €0 TIOATBEPIKACHUS OYIYT EPEXBAYECHBI?

. IycTp B 3aaue 1By X reHepasioB PAB Gy/ieT BepOSITHOCTBIO TOTO, UTO CBSA3HOM OY-

JIeT cXBavyeH 1o 1y T oT A X B. IIycTb BepOSITHOCTD TOTO, YTO €TI0 CXBATSIT IO JI0-
pore or B x A Gyner pasHa PBA. B HCXOZHOM alropuTMe IIPEAIOJIaraeTcst, YTo
PAB = PBA, Ho ipe/icTaBbTe, 4TO 3TO He Tak. KakuM 06pa3oM reHepasibl CMOTYT
BBIYKCJIUTD BEPOSITHOCTH 060UX COOBITUIN?

. PacemoTpum 3a1ady o reHepasie u JeiiTeHaHTax ¢ TpeMst yayactHukamu (puc. 18.2).

Ee MOXHO TIOTIBITATCST PENIATH MYTEM BBEIEHSI CTEAYIONIETO MPaBUa: J060i
JIETEHAHT, YCIIBIIABIINIA TIPOTUBOPEYAINUe APYT APYTY MPUKA3bI, OJKEH MO
YUHUTHCS TTPUKa3y renepasa. [louemy ato He cpaboTtaer?

. PacemoTpum 3az1a4y o reHepasie u JeliTeHanTax ¢ TpeMs ygactHukamu (puc. 18.2).

Ee MOXHO TIOTIBITATHCST PENATH MYTEM BBEIEHSI CTEAYIONIETO MPABUIA: 000
JIeHTeHaHT, YCJABIIABIINI TPOTUBOpeYalrie Apyr Apyry MPUKa3bl, JOJKEH OT-
crynuth. [Todemy ato He cpaboraer?

. MOI‘yT JI BEpHbIE JIEITEHAHThI BEIYUCIUTD IpeaaTeid B 3a/la4e O renepasie u JIen-

TEHAHTaX C YeThIpbMs ydyacTHUKamu (puc. 18.3)? Ecau HeT, TO CKOJBKO JeiiTe-
HAHTOB JIJIsT 9TOTO MOTPebyeTCst?

. OnsaTh 06paTUMCS K 3a/1aue 0 reHepaJie U JIeHTeHaHTaX ¢ YeThIPbMST yIaCTHUKAMU

(puc. 18.3). IIpuaymaiite cuTyarmio, B KOTOPOI JIeHTEHAHTBI MOTYT BBIUUCJIUTH
npeznaress. Kakue neificTBus OHU JIOJKHBI IPEAPUHATD? EcTecTBEHHO, CMBIIII-
JIEHBII TIPEIATeTh HUKOT/IA HE TI03BOJIUT 3TOMY CIYIUTHCS.

Kax 6bI BbI m3MeHIIN 3a1a4y obenanomux Gurocodos, YTOOLL IIPH €€ PEIIEHNN
MOKHO OBIJIO HCIOIB30BaTh aITOPUTM BEIOOpa augepa? Kak nMenHo aTo Morio
OBl IOMOYDB?

MoskeT Jii aJIrOPUTM XyJIUTaHa WK TTOJ0OHBIH eMy TIOMOUb B PEIIeHUH 3a1auu
obemaomux hunrocodos?

Cdopmyupyiite 3agauy npoxkopanBbix ¢puaocodos. OHa H0JKHA ObIT II0X0KA
Ha 3a7a4y obenaioiux Guaocodos, TOJIbKO ee yYaCTHUKKM BCETa JOJKHbI ObITh
TOJIOZHBIME. 3AKOHYHUB €CTh, Qrocod KaageT CBOY BUIKHU Ha cToJ1. Eciu mpu6o-
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13.

14.

15.

PBI cpasy ke He OyyT B3ATHI KEM-TO JIPYTHM, OH XBAaTaeT UX U MPOIOJIKAET 06e/I,
K kaxum mpobiiemam ato mpuBeier? Kakoro pojia airoput™ MOT Obl UX PETITHATH?

IIpeacTaBbTe, UTO B AIrOPUTME CHHXPOHU3AINN YaCOB OTIIPABKA COOOIIEHMS OT
Ak Buor Bk A 3anumMaer pazHoe BpeMs. K KakoMy OTKJIOHEHUIO B UTOTOBOM
3HAYEHUU JIJIST [Tpoliecca B MOYKET IPUBECTH 9Ta pa3HUIa?

B ajropurMe CHHXPOHU3AIMHY YaCOB IIPEIIIOIAraeTcs, 9To Ipu oOMeHe coolie-
HUSIMU BPeMSI UX [Tepe/ladu OCTAeTCsl TPUMEPHO OMHAKOBBIM. K KakoMy OTKJIO-
HEHUIO B UTOTOBOM 3HAYEHUU JIJIsT TIpoliecca B MOKeT MPUBECTH U3MEHEHHE CKO-
POCTH CETH B TIpoIiecce paboThl alroOpruT™Ma?

[IpescTaBbTe, 4TO HA HPOTSIPKEHUH PAbOTHI AJITOPUTMA CKOPOCTh CETU CUIBHO
Kostebsiercst. Kak Obl BbI yIyqIIHIIN AJITOPUTM CUHXPOHUSBAIIN YaCOB, HCIIOJIB3YST
OTBeT K yllpaskHeHuio 147



Maesa 19

roJljoBoJIOMKU, BCTPEYHAIOLLUECH
HA COBECEAOBAHUAX

Bo Bpems cobecegoBanmst paboToAATEN M YaCcTO 3a4a0T BOIPOCHI, KOTOPBIE TPedy-
10T OT COMCKATeJIsl HABBIKOB PelleHus 3ajay olpesiesieHHoro pojia. Kaskaas rimasa aToi
KHUTH COAEPKUT YIPAKHEHUS, 13 KOTOPBIX MOIJIU ObI IIOJIyYUTHCS OTJIMUHBIE BOIIPOCHL
JUis cobeceoBaHKs — 110 KpaliHeil Mepe, ecili KaHIu/1aT Ha J0JKHOCTD XOPOILO OpUeH-
TUpYyeTCs B anroput™Max. MHOTHE U3 3TUX BOIIPOCOB MOTYT OKA3aThCS IOBOJIbHO CJIOK-
HBIMU JIJIST T€X, KTO JIABHO HE YNTAJI COOTBETCTBYIOIIEN JTUTEPATY PHI.

B nociiesnee Bpems olpeieieHHbIe BUIbI TOJI0BOJIOMOK CTAHOBATCS IOILYJIS PHBIMK
Ha cobeceIoBaHMsIX B TAKMX KOMITaHUSX, Kak Microsoft u Google. ITpeamnosaraercs, 4to
OHU JOJIKHBI IOMOYb OLIEHUTh KPEaTUBHOCTh COMCKATEIS 1 €0 CIIOCOOHOCTh KPUTHYE-
CKH MbICJINTh. K coKaleHnIo, B TOJOOHBIX TOJI0BOJIOMKAX UCIIOJIb3YETCA MHOKECTBO [0~
MYIIEeHNH, KOTOPbIE MOTYT OKa3aThCsl HEBEPHBIMU. BOJIBIIMHCTBO peaibHbIX CUTYAIIHIA,
JIasKe B IIPOrPpaMMUPOBAHUM, HEJIb3SI BbIPA3UTH B BUJIE 33/1a4€K C BECAMU U CTEKJISTHHbI-
MU IapuKaMu. B HUX 00BbIYHO HET OCTPOYMHBIX [OBOXOB UM HEBEPOSTHDBIX 3allEIIOK,
KOTOPBIE KaXKyTCs 0 CMEIITHOTO OYEBUAHBIMI, KOTA O HUX PACCKa3bIBAET KTO-TO APY-
roif, HO O CYIIECTBOBAHMM KOTOPBIX IPAKTUYECKHM HEBO3MOXKHO Joragarbes Ha 10-mu-
HYTHOM c00eceI0BaHUN.

JleiicTBUTEIBHO, IIOMCK OIITUMAJILHOTO PELIEHNS /ISt PeajIibHbIX IPOOJIEM 4acTo Tpe-
OyeT KpeaTUBHOCTH, HO MHOTHE IOZOGHBIE TOIOBOJIOMKI HE IMEIOT C Hell HUYero obie-
ro. BMecTo 2TOT0 OHM TIPOCTO IMOKA3bIBAIOT, CKOJIb JI0JITO BbI UCKaK B IHTepHETE TY ca-
MyIO 3a1auKy (MJIM ee aHAJIOT), KOTOPYIO BaM 3aJajid Ha coOecel0BaHu.

PaceMoTpuM ciieiyorue BOTpoChI.

1. TToyemy KpBINIKYA KAHATH3ATTMOHHBIX TIOKOB JIEIAI0T KPYTIBIMI?

2. C xaKoit cCTOPOHBI y aBTOMOOMIISI HAXOAUTCS KPBIIITKA TOTIMBHOTO Haka?
3. Yro osHauaet cioBocoueTatue dead beef?

4. Kaxum 10JmKHO OBITH CIeAyIolIee YucIo B mocienoBareastoctu 17, 21, 5, 19, 20,
9,15?

[TomymaiiTe HEeMHOTO (HO TOJTBKO HEMHOTO) HaJl 3TUMHU BOIIPOcaMu. BOT OTBeTHI
C KPaTKMMU KOMMEHTapUsIMHU.

1. It Toro uTOGB! UX HEJB3sT OBLIO MOAIETh, TIOCTABUTH PEOPOM U YPOHUTH B OT-
BepcTHe. ITO PA3yMHO (XOTSI TIOAOTLIH GBI U APyTHE GOPMBI, 0OCOOEHHO €CITU OT-
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BEPCTUE OTHOCUTEIHLHO HEOOIIBINOE, 2 KPBIIIKA IOCTATOYHO TOJICTAs), HO BOIIPOC
copMyIUPOBAH TaK, YTO BaM HYKHO H/ITH OT PEIeHNsT K TpobIieMe, a He Hao6o-
port. Kax yacTo aTuM NPUXOAUTCS 3aHUMATHCS B PEATbHON JKIU3HN ?

2. OH HaxOAUTCS C IPOTUBOIOJIOKHON CTOPOHBI OT BBIXJIOMHON TPYOBI (PasBe uTo
KPBITIKa OaKa MU BBIXJIOMHAS TPYOa HaXOJSTCS TI0 [IEHTPY, HO TOT/Ia BOTIPOC He
HMeeT CMBICJIa). ITOT BOIIPOC TOKE TpedyeT OT Bac c(hOpMyIUPOBATD 3aa4y Ha
OCHOBE IOTOBOTO pelieHust (KaK IPeA0TBPaTUTh MolagaHne OeH3nHa Ha pacKa-
JIEHHYO BBIXJIOITHYO TPYOY).

3. Korga-to, Bo Bpemena MeiindpeliMoB 1 IIporpaMMUpoBanus Ha accembiepe,
paspabOTYNKU MOTJIM TTOMECTUTH B CBOM KOJ[ IIECTHAAIATEPUYHOE 3HAUECHUE
0 x DEADBEEF, xotopoe 11o3BoJisieT HaliTh OTipejieJIEHHOe MECTO B TTPOTPAMME.
ITOT BOIPOC HE TIOMOraeT OLEHUTh KPEATUBHOCTh WJIM YMCTBEHHbIE CIIOCOOHO-
CTU COUCKATEJIS, OH JIUIIb JAET MOHSATH, TPOTPAMMUPOBAJ JIK TOT KOTa-Tu00 Ha
acceM0Jiepe 1 CTAIKUBAJICS JIA C MOZOOHBIM IPUEMOM. BbLI0 65 HAMHOTO IIPOIIe
CIPOCUTH Y KaHUJAaTa Ha JOJKHOCTH, KAKOW OIBIT TPOTPAMMHUPOBAHUS Ha ac-
cembuiepe oH umeet (LIS CIIPaBKU, 51 yurJics paspaboTke Ha accemObiiepe, HO HU-
KOT/Ia HEe CTAJTKUBAJICS C 9TUM TPIOKOM ).

4. OtBer — 14. Ecsiu mporymepoBath OykBbl (Hatnpumep, A=1, B=2, C=3 u 1. 11.),
HocJIeI0BaTeIbHOCTD B Borpoce npespatutest B QUESTIO. Eciiu Bbl 006 5TOM J10-
rajlactech, BaM He COCTABUT TPY/Ia MOHSTH, 4TO MOCTeAHEH OYKBOIT TOJKHA OBITh
N (4T06b1 10s1yunaoch cioso QUESTION — «Bompocs ), Homep koTopoii 14. I1o-
NMOOHAsT 3a/1a4Ka 3aCTABJISIET COUCKATEJSI [yMATh O YUCJIAX, XOTSI HA CAMOM JIeJie
peub 31ech uaeT 0 OyKBaX M KOAMPOBKaX. JTO, CKOpee BCero, Gecroie3Hblii Ha-
BBIK — pa3Be UTO Bbl HAHUMaeTe Kputitorpada (ecam BaM AeiiCTBUTENbHO HyKEH
Kpunrorpad, KaHauIaTa Jydliie CrpaiBaTh o npeobpasosanun Jlammaca v ru-
nepboIIecKuX GYHKIUAX).

B sxypuaine Journal of Applied Psychology (;xypHau 0 IPUK/JIaIHON IICUXO0JI0TIH ) ObLIa
OTyOIMKOBAHA CTaThsI O/ HazBaHueM «IloyeMy KaHaTH3anOHHbIe TIOKY KpyTuibie? Jla-
GOpaTopHbIe HCCTENOBAHNUS PEAKIINIT Ha COOECEOBAHUS C TOJOBOJIOMKAMUY, B KOTOPO
CTaBUTCS IO/l COMHEHUE MOJIE3HOCTH TTO06HOTO POjia BOIIPOCOB. B Heit roBopuTes, 4to
OHU He JIEMOHCTPUPYIOT BBICOKO# 9(D(EKTUBHOCTH B OIIEHUBAHUH CIIOCOOHOCTEN JIOTH-
YeCKU MBICTUTE, KpoMe TOro, KaHIMIaThl HA OJDKHOCTh CYMTAIOT TAKKUE BOIPOCHI He-
CHIPABE/VIUBBIMU 1 HECCMBICTIEHHBIMH, YTO MOJKET CHU3UTh UX CTPEMJIEHUE K COTPY/IHH-
YeCTBY MJIM MTPUBECTH K OTKA3Y OT MPEITTOKEHHON pabOTHhI.

Osnavaer i 9TO, YTO HOlIO6HI)Ie BOITPOCHI 6ecIIoIe3Hbl Ha CO6€C€HOB&HI/IHX? Be3y-
CJIOBHO, €CJIN UCITOJIb30BATb X HEIIPABUJIBHO.

B CJIeAyIomunX ABYyX pa3/ejax O6'bHCH§I€TC§I, KaK X CJIeYET 3a/laBaTb U KaK Ha HUX
OTBEYaTh.

Kak 3apaBatb BONpPOCHI C MOABOXOM

B mpenpiayiem pasjesie IpUBOUINCH IIPUMEPDI IIJIOXUX T'0JI0BOJIOMOK. OHM OCHO-
BBIBAIOTCS HA 3HAHWUW OTIPEZIEJIEHHBIX MeJIOUeH UJTH B JIYUIIIeM CJIyYae 3aCTaBJSIOT UITH
OT pasTajKu K 3arajike. JIJist TOro uTo6bl MBICTIUTH B 0GPaTHOM HaIlpaBJIEHUH, A€HCTBHI-
TEJILHO HYKHA KPEATHBHOCTD, HO BB MOJKETE OBITH HOBATOPOM U €3 3TOTO HABBIKA.
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[Ipesxnie Bcero aTu 3a1a4Ku TOBOPSIT O TOM, HACKOJIbKO CKPYIIYJIe3HO KaHUaT Ha
JOJKHOCTD IIpoyechbiBaeT VIHTEpHET B IIOMCKaX TOJI0OBOJIOMOK, KOTOPbIE MOTYT IT0IIACThb-
cs1 Ha cobecenoBanny. Koneuno, moxBaibHO, 9TO YETOBEK TIIATETHHO MOATOTOBUIICS,
HO TO HUYETO He TOBOPUT O €r0 COOOPAZUTETLHOCTH I YMEHUU PeIaTh MpoOaeMbl.

YT06bI TIPOSICHUTH CUTYAIINIO, BAM HYKHO 33/IaTh COMCKATEIIO BOTIPOC, € KOTOPHIM
OH TIPEXK]Ie HE CTATKUBAJICS. [IpH 9TOM, BOIIPOC He JIOJIKEH OBITH YPE3MEPHO CJIOKHBIM,
4TOGB! YeToBEK He 3amaHnkoBat. OH He I0JKeH OCHOBBIBATLCS Ha TIOJIBOXE WU KaKOM-
TO MEJIOYH, WHAYE BCE, YTO BBI y3HAECTE — HTO YUTAJ JIM KAaHAWIAT ONPE/CTEHHbIH BbI-
IIyCK KaKOTO-TO MAJIOU3BECTHOTO XKypHAJIA.

K cokasenuio, 310 UCKIOYAET UCIOJb30BAHNE MHOKECTBA TOJOBOJIOMOK. Te, 4T
COOTBETCTBYIOT KPUTEPHAM, TPEOYIOT BBHIIIOJIHUTD BHIYICIEHN, IaTh OLEHKY OO0 IIPO-
JleJIaTh KaKy(0-TO APYIyio 6oJiee 1 MeHee TPUBHAJIbHYIO OllePalIio, KOTOPas JAaeT KaH-
JIMJIaTy TTPOCTOP JIJIST BBIOOPA PA3HBIX MOAXO/0B.

Hampumep, o 13 BOTIPOCOB, MOMYJISIPHBIX Ha cOOECETOBAHMSIX, (DOPMYIHPYET-
st prMepHO Tak: «CKOIBKO OeHCOOMBHBIX MIIMKOB TIOMETIAETCST BHYTPH MIKOJTBHO-
ro aBroGyca?>. Bpsi in kaHaugar 3apanee 3aOMHUI KAKOE-TO OTIPEIEIEHHOE YHCIIO,
MO9TOMY MY TIPU/IETCST IATh CBOIO MPUOIN3UTENBHYIO OTIeHKY. XOPOTTHiA OTBeT GyeT
COZIEPsKaTh TepeveHb JOMYyIeHNH, Ha KOTOPLIX OCHOBAHA OIIEHKA, a TaKKe HEKOTOPBIE
BBIYKCIIEHUST (TIPE/ITONOKIM, YTO IIKOJbHbIN aBTOOYC uMeeT JuinHy 11 M U canoH BbI-
coTOi1 2 M, paszmep 6eicOOIBHOrO MIUMKa COCTaBJIgeT 7,5 ¢cM 1 T. 11.). He Tak ysk BakHO,
TOYHBI JIU JIOTIYIIEHNUsT, — TJIABHOE, YTOOBI TIPOIECC OBLIT OCMBICJIEHHBIM.

ITOT BOITPOC TTOKa3bIBAET, crocoben KaHauJaaT BBITIOJTHUTD IIPEABAPUTEIbHbIC
PpacyeThbl, UTO ABJIAETCA IIEHHBIM Ka4€CTBOM B IIPOTPaMMUPOBaHUN.

Etite ozitia BRIYHCIUTETbHAS TOJOBOIOMKA 3BYUUT CIAeAyIomuM o6pazom: «CKOIb-
KO MHE JIET, €CJIU 1 BTpOe cTapiie Moero Gpara u yepes Jisa rojia MHe OyzieT B iBa pasa
Gouibliie JieT, 4eM eMy?» (OTBET UIIUTE B yIpa)kHeHUuu 6). IToT Bompoc 110 6oblieit
YACTU OCHOBBIBAETCS Ha MOTydeHnn Habopa ypaBHEHUH U3 3a1aun TOKAecTBa. besy-
CJIOBHO, TAHHBII HABBIK MOXKET OKA3aThCS TIOJIE3HBIM, HO 33/1a4U TOXKIECTBA PUXOJIST-
Cd TI0 JIyIIe JaJIeKO He BCeM W GOMBITUHCTBO PEaNbHbIX TIPOGIeM Bee PaBHO He hop-
MYJHUPYIOTCS B TAKOM BUJIE.

[Tpumep rosioBosioMk ¢ yacamu: «CKOJIBKO pa3 epecekaloTcs 4yacoBasd 1 MUHYTHAS
CTPEJIKU MESKLy TIOJIYIHEM U TIOJTHOUBI0?> (OTBET UIuTe B yrnpaxkuenun 7). [Togo6HO-
IO pojia 33/lauKu PENIAIOTCS [TyTeM BIUCHIBAHUS B TabJMILy ONPEIeTeHHbIX 3HAYEHWIA.
Takoii noxo/ He 1aeT KaHAUIATY [TPOSIBUTD CBOIO KPEATUBHOCTD, HO MOKET IIPOJIEMOH -
CTPUPOBATH €T0 OPTAHU30BAHHOCTD.

Ele oguH ¢1ioco6 y3Hath 0 KaHAUIaTe YTO-HUOY b MHTEPECHOE € TIOMOIIBIO TOJI0-
BOJIOMOK — 006cynTh nx nocrdarTyM. Hanpumep, Bbl MOKeTe NOIPOCUTH KaHAUAATa
PENINTD OBOJIBHO MPOCTYIO 3a/1auy, ¢ KOTOPOI OH, M0 BalleMy MHEHUIO, I0JIKEH CIIpa-
BUThCsL. [Tocie 9TOro mpeyioKuTe BMecTe 00CyIUTh, TI0YeMy ero pelienne paboTaer,
KaK OH K HEMY TIPHUIIE], KaKUe ellle TTOAXO0/bl CTOUT MOonpoboBaTh (Jlaske eCii OHU He
cpaboTaroT) u T. 1.

Kak BapnaHT, BBI MOXKeTe JIaTh KaHANAATY OUeHb CJIOKHYIO TOJI0BOTIOMKY. IIycTh
OH MOJIyMAaeT Hajl Hell XOPOIIEHbKO, OCO3HAET BCE €€ aCIeKThL. 3aTeM 00CyIUTeE peliie-
rrie. Tak BbI CMOJKeTe TIOTOBOPUTH O PA3HBIX TIOTEHIMATBHBIX CIOCOOAX TONTYUEHUST
pesysbTaTa.
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Ecnu patb kKaHOMAaTy Hepellaemyio 3agady U HebOosbLLIOE KOMYECTBO BPEMEHN,
3TO HE MOMOXET HU eMy, HM BaM. HO Kak ObITb, ECI OH HE CYMen OTBETUTb Ha BO-
npocC, KOTOPEIR, MO BaleMy MHEHWIO, HE NPeACcTaBsan 0cob60i CNoXHOCTU? Bbl Mo-
XeTe NoTpaTuUTb OCTaToK cobecenoBaHus, paccrnpalunBas kaHanaata o ToM, fnoye-
MY Y HETO HE MOJTy4MI0Ch HATU PELLIEHME, U YKa3biBas Ha TO, YTO 3aa4a BbIrnaamT
NMpPOCTO, eC/N MOCMOTPETL HA HEE onpeaesieHHbIM 06pas3oM, — APYrMMN CIIOBaMU,
n3pesaTtbcs Hag 6eaHbIM NapHeM, pasaysas COOCTBEHHOE 3ro.

V PELLEHME HEKOPPEKTHOI 3AAAY4U

Ho kyna 6onee NpoayKTMBHO NMPUYMEHbLLLNTE BXKHOCTbL BOMPOCA M NPOA0IIKaATb CO-
6ecepnoBaHuve ganblue. Bol MOxeTe ckadaTtb: «Bce HopmanbHO. MoYTU HUKTO He pe-
LIaeT JaHHyto 3aaa4y. Ha camom aene aTo NvLub NpoBepka TOro, kak Bbl BeaeTe ceds
B CJZIOXHbIX CUTyauusix». A 3aTeM BepHYTbCS K HOpMaJibHOMY xoay cobecenoBaHus.

HagepHoe, BMECTO TOJIOBOJIOMKH JIyUIlle ONUCATH CUTYAINIO, KOTOPask HATOMWHAET
peaibHyIo GusHec-1pobJieMy 13 Balllero omnbita. Hamnpumep, Bbl MosKeTe ckasaTh: «/la-
BaliTe crpoekTrpyeM 6asy JaHHbIX, KOTOpast OyAeT XpaHUTh IJIAHbI Ha OTIIYCK JJIS TPH-
IIeJIBIIEB C APYIUX [JIaHeT». JTa 3a4a4a ABJSIETCS I0CTaTOYHO MACIITA0HOI, TEM CaMBbIM
MO3BOJISIET KAH/IU/IATY MTPOJIEMOHCTPUPOBATH KPEATUBHOCTD U HABBIKY IIPOEKTUPOBAHUS
6a3 IaHHBIX, OJIHAKO TO, KAK HEJIENO OHa chOPMYINPOBAHA, 0JIKHO YCIIOKOUTH ero. Eciiu
XoTHTE, nopaboraiiTe Haj 3a4adeil BMecTe — Tak BbI IIOMMeTe, KaK KaHAUAAT B3alMO-
JIefiCTBYeT ¢ IPyruMu Jito/ibMu. Vin ske Ipe/iioKnTe pasHble HeOK1/JaHHbIe TOBOPOTHI
nu HOHPOCI/ITG €ero paCCKaSaTb, 4YTO MOJKeET HOfITH HE TaK B paSHbIX CI/ITyaHI/IHX, oleHuBasd,
HACKOJIbKO TBOPUYECK OH pearupyer Ha HelpeABUIeHHbIe 00cTosATeNbCTBa. I101406H0r0
PO/ia MUHTEPAKTUBHBIE UCIIBITAHKS CJI0MKHEE KOHTPOJUPOBATD, U PA3HbIE JIOH CIOCOOHBI
BBIJIATh COBEPIIEHHO Pa3Hble PEIIeHUs, KOTOPbIE YaCTO He TaK-TO ITPOCTO olleHuTh. Ho
U3 9TOr0 MOKHO M3BJIeYb Ky/1a O0Jibiie nHGOopMaIu, 4eM U3 OaHaIbHOMN TOJI0BOJIOMKHU.

BOHpOCbI C IIOJABOXOM MOTYT OBITh MHTEPECHBIMU 1 BECEJIbIMU, O/IHAKO CJIEYET ITOM-
HUTb: OHU HE CaMbIi JIyLIH_II/Ifl cnocob OIIEHUTDH XapPaKTEPUCTUKHU, KOTOPbIE MHTEPECYIOT
BaC B COMCKATEJIAX Ha TY W NHYTO JOJIZKHOCTD.

Kak oTBeuyaTb Ha BOMNMpoOChHbI C NOABOXOM

B npenpinyiiem paszesie IpuBOIUINCH JOBOJBI B TI0JIb3Y TOTO, YTO BOIIPOCHI C MO/
BOXOM Ha CAMOM JIeJie He TIOMOTAIOT OTIEHUTH KauecTBa, KOTOPBIE HYKHBI paboTOAaTEIO
OT TIpeTeHIeHTa Ha pabouee Mecto. OHU MPOBEPSIIOT He KPEATHBHOCTH U CITOCOOHOCTD
K KPUTHUYECKOMY MBIIIJICHUIO, a YMEHUE 3aIIOMUHATD MEJIKUE IeTajIi 1 OOPO3ANUTH TIPO-
ctopsl VIHTepHeTa.

Brpouem, TOT (hakT, 4TO TOJOBOJIOMKHU HE OLEHUBAIOT HYKHBIE KauecTBa, BOBCE
He 03HAYaeT, YTO OHU He MOMAAyTCs BaM Ha cobecemoBannu. HekoTopble MHTEPBbIOE-
PBI TIPOBEPSTIOT ¢ UX TIOMOTI[BIO TO, KaK BbI CIPABJISIETECH C JaBJICHUEM, pearupyere Ha
HeoOOCHOBaHHbBIE TPeOOBAHKS U HOAXOANUTE K PEIIEHNIO HepealbHbIX 3a1a4. [logo6HbIe
rOJIOBOJIOMKU MOTYT He IMETh HIYEro OOIIEro ¢ TBOPYECKUM MBIILIEHUEM, HO OHH CIIO-
COGHBI COCTABUTh BALI IICUXOJOTNYECKHIT TIOPTPET.

Tax xak Jke cJieyeT pearupoBaTh Ha BOIIPOCH ¢ moaBoxom? [lepBoe u camoe rias-
HOe: He HaHI/IKyfITe. HGBEDKHO, OKMNIAIOT JIM OT BaC peleHnsd 3a/ia4r NUJn IIpoCTO XOTAT
IOCMOTPETD Ha Ballry peakiuio. [TaHnka B 5TOM JieJie He IIOMOJKET, OHA IPAKTHYECKU CBe-
JIeT K HYJIIO IIAHCHI Ha MPaBUJIbHBIA OTBET M BHICTABUT BaC B ILJIOXOM CBETe.
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Bwmecto aToro cocpenoTousbTech Ha mpobieme. Korna Bel HauHeTe Haj Hell paboTars,
y Bac He OCTAHETCST BPEMEHH, YTOObI ITAHUKOBATb.

MHorme roJ0BOIOMKN Ha TEXHIYECKUX COOECEMOBAHMSIX CBSI3AHDI C TPOTPAMMIPO-
BaHueM. Bac MOTyT OIpOCHTh U3MEHUTD [TOPS/IOK CJIEJI0BAHNS CHMBOJIOB B CTPOKE Ha
[IPOTUBOTIOJNOKHBIN, OTCOPTUPOBATH OGBEKTHI KAKUM-TO HEOOBIYHBIM CIIOCOOOM, CKO-
MMPOBATh CTPYKTYPY MAHHBIX WU BBITTOTHUTH KaKUe-TO JPyTHe MPsSIMOJINHEHbIe, HO
cOuBaloINe ¢ TOJKY 33/IlaHMsT. B TakuxX CUTYaIusx caeayeT BCIOMHUTD U3BECTHBIE BAM
aJroputTMuveckue Metoauku. [IpuBesieM te, Ha KOTOPBIE CTOUT OOPATUTH BHUMAHHE.

Pazzensii u BaacTByit. MoxxHo 11 pasOuTh 3a7a4y Ha 9aCTH, KOTOPbIE JIETYe Pe-
LIATh 110 OTAEJIbHOCTA?

Pangomusanusa. Bo3aMoxkHO i n36eskaTh XyALIMX CLHEHAPUEB € IIOMOILbIO PaH-
IOMU3AINN?

BeposTtHocTs. [IpuxoauT i BaM Ha yM TaKOi BEPOSITHOCTHBIA METO/I, KOTOPBIH
c110cOO€eH yrafaTh pelleHne Wik PeLuTh 3alady ¢ OIIPeIeIeHHON BEPOSTHOCTHIO ?

AnantuBHble MeTOAUKH. MoskeTe JIN BbI TPUAYMATh TAKOI MOJX0, KOTOPBIIT Ha-
IIeJIeH Ha OT/IeJIbHBbIE YYacTKH 3a7iaun? [leficTBUTEIbHO JIN 33/1a4a COCTOUT BCe-
TO M3 HECKOJIBKUX acleKTOB, a OCHOBHASI ee 4acTh IPM3BaHA JIUIIb OTBJIEYh BaC
OT perenHus ?

Crpykrypa 3agaun. SBisercs Jiu CTPyKTypa 3a/lauid €CTECTBEHHO PEKYPCUBHOM,
nepapxuyecKoil WM oXosKeil Ha ceTb? MoskeTe Jin BBl BOCIIOIB30BATHCS IPEBO-
BUTHBIMU UJTH CETEBBIMU AJITOPUTMAMU JIJIST IOUCKA JTAHHBIX ?

epeBbs npunsiTus pemenuii. CymeeTe i BB TPUMEHUTD K 33j1a4e METO/] TIOWC-
Ka [0 JIePeBY TPUHATHUS PEIeHnil (BO MHOTHX CIy4asiX 9T0 BO3MOKHO, HO pabo-
TaeT CJUIIKOM MelsilenHo)? Bbl MoskeTe ckazaTh: «UTo K, B TAKOW CUTYyaIlK He-
IJT0XO OBI TIOTIBITATHCST TPOBEPHUTH BCE JOMYCTUMBbIE COYETAHUST TAHHBIX, HO 9TO
3aiiMeT Lesyio BeYHOCTh. [loskanyii, 31ech Jryuiine NpuberiyTh K METOLY “pasjie-
JITH 1 BJIACTBYI .

Ecau Bam HUKaK He YAaeTcCA IPpOJIBUHYTHCA B PEIICHNUN 3a/[a41, MOKETE BOCIIOJIb-
30BaTbCA CJIEAYIOUUMU COBETAMMN 06]1[61'0 XapakxTepa.

Yo6eaurech B TOM, 4TO MOHSIH 3a1a4y. ECJi 4T0-TO B Hell BAM KasKETCsT HESICHBIM,
MONPOCUTE YTOUHUTb.

[Tepedopmympyiite 3amauy, 4To6b yOIUTHCS, UTO ee ToHnMaete. Eci BbI cie-
JIATTA HEYJJauHOe JIOTyIIeHr e, BAC MOTYT TIOIIPABUTD.

CpaBHHUTE TEKYNLYIO 33/1a4y C TEMU, KOTOPBIE YK€ BCTPEYaIHNCh B IIPOIILIOM.

Pas6etite 3aauy Ha nebosbinne yactu. Ecau 3asaua kpyHast, nogbupaiite pas-
Mep dacTel Tak, YToOBI UX MOKHO OBIJIO PENTUTD 0 OT/EIBHOCTH.

Cocpenoroubrech Ha feTangx. MHorga jerde paboraTh ¢ MEJIKMMK HIOAHCAMU.

CocpenoTousrech Ha 001Iel kKapTuie. FHora getaim mpruodpeTaioT CMbICIL, TOJIb-
KO €CJIM PacCMaTPUBATh UX KaK eJMHOE 11eJI0e.

CocraBbTe TIepedyeHb N3BECTHBIX BaM (l)aKTOB.
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= Hasosute niepeuens hakToB, KOTOPbIE BAM XOTEJIOCh Obl y3HATh. [lepeuncinTe
C1IoCO6BI, ¢ MTOMOTIBIO KOTOPBIX MOXKHO 9TO BBIICHUTD.

= Cocrasbre Tabmuily sHaueHuit. [TormpoOyiiTe MOMOJHUTD €e HOBBIMU JTAHHBIMIL

= JlemaiiTe IpeIIoJIOKeHUsI U cpa3y sKe UX IpoBepsiiiTe. Bel MokeTe pemuThb 3a/1a-
4y, GopMyJIUPYS TOTAAKN U KOPPEKTUPYS MX JIJIS TTOTyd9eHns HyKHOTO BaM pe-
3yJIbTaTa.

* MbpiciuTe HecTanmapTHO. Ecii 3aaua kacaeTcs dmcest, fyMaiite o 6ykBax, hury-
pax 1 IPyTHX HEYMCIOBBIX 3HaUeHUsIX. Ecmm peus met o 6ykBax, oOparnTe BH-
MaHue Ha YucJIa.

= Mo3roBoii mTyp™. Pacckaskute BCJayX o Marax, KOTOpbie coOUpaeTech Mpepu-
HATh. ITO MOXKET OBITH TMOAXOSIIIMM MOMEHTOM JIJIsST TOTO, YTOOBI TOKA3aTh WH-
TEPBLIOEPY, B KAKUX METOIMKAX BbI pazbupaerecs. « Buaproe mocienoBarebHoe
TleJIeHue, CKopee BCeTo, He cpaboTaeT... 3aj1aua sIBISETCS eCTECTBEHHO PEKYPCHB-
HO#1, HO 3TO TIPUBEET K OECKOHETHOMY BBITTOTHEHUIO OTlepartuii...». OmsaTh-Tak,
BaC MOTYT TIOTIPABUTh, HO BB YMECTHO ITPOJIEMOHCTPUPYETE PEKPYTePY PUEMBI,
KOTOPBbIMU BJIajieeTe.

= Hapucyiite nzobpaskenue, eCiu B 9TOM eCTh KaKOH-TO cMBICI. VIHOTIa MOKET OBITh
[I0JIE3HO B3IVIAHYTD Ha 33/1a4y B rpaduyeckoM BUjie, a He B TEKCTOBOM.

= Ecsu BbIOpaHHbII BaMU [IOJX0/] HE JIa€T CABUHYTLCSA C MEPTBOM TOYKH, HOIIPO-
OyiiTe apyroii. IHTepBbIOEPY HEMHTEPECHO HAGJIIOAATH 32 TE€M, KaK BbI CTOIKO
ujeTe o OYeBUIHO JIOKHOMY Ty TH.

- I/I,Z[I/ITG J10 KOHITa NJIN CﬂaBaﬁTer. Ecim Y BaC €CTb BpeMs 1 MTHTEPBBIOED SICHO 1Al
TIOHATD, YTO BbI MOJKETE PEIIATDH IMPE/JIOKEHHYIO BaM TOJTIOBOJIOMKY CKOJIb yTOAHO
J1OJITO, — lIepSaﬁTe. Ecim xe YYBCTBYETE, YTO BPEMEHU HE XBATACT, JIy4Ille CIIPO-
CUTDH, CTOUT JIX IIPOJOJIKATD.

HGYZ[B.‘{& IIpH peleHrnur roJioBOJIOMKHN BOBCE HE O3HAYAET, UYTO Bbl ITIPOBAJINJIN cobe-
ceg0oBaHue. Ecmm CTapaJinuchb, I/ICHpO6OBaJII/I BCe€ IIPpHUEMbI, KOTOPbIE ITPUXO/IAT BaM Ha YM,
1 BC€ PAaBHO 3alllJiA B TYIIHUK, JIy4Ill€ CIHPOCUTb, CTOUT JIX BaM OCTaHOBUTbHCSI. ITO MOXKET
3BYy4aTb [IPUMEPHO TaK: «PEKprHBHbIﬁ BbBITJIAIUT MHOFOO6€H18.IOHI€, HO MHE€ KaKeTCA,
4TO 4 YTO-TO YIIyCKalo. }<OTI/IT€7 4yTOOBI HpOI[OJI)KaJI?». Ecmm MHTEPBbIOEP HE XOYEeT,
YTOOBI BBI OCTaHaBJIMBAJINCh, OH CMOJKET BaM 00 9TOM CKa3arh.

[laxke eci BaM He yaJI0Ch PETTUTD 33/1a4y, MHTEPBBIOEP HAaBEPHAKA COCTABUT O BAC
Kakoe-To MHeHue. Eciu Bbl pazroBapuBaeTe BO BpeMst pabOThl, OH CMOKET MOHATh, Ka-
K1e IPUEeMbl BAM U3BECTHDI, M KAKOB X0/ Ballleil MBICJIM. Y Bac €CTh MIaHC TaKXkKe [10Ka-
3aTh, UTO 32 MPEATIONOKEHNS U JCHCTBUS TIOMOTAIOT BaM PACKPBITH POGIIEMY, TTPEsK/Ie
yeM OpaThes 3a pPeleHue, TPOSIBUB TIPH 3TOM BCE CBOE YITOPCTBO.

Bbl MOXeTe No3BonTbL cebe 0MH HECEPLE3HbI OTBET, HO HA 3TOM LUYTKW O0J1X-
Hbl 3aKOHYUTbCSA. Hanpumep, Ha cobecenoBaHUAX HacToO 3a4al0T OLEHOUHbIN
BOMPOC, Takom kak «CKobko 6eCO0sIbHbIX MAYMKOB MOMELLAETCH BHYTPU LLKOJb-
Horo aBTobyca?» unm «Ckonbko naprukMaxepos npoxveaeT B Tamne, @nopuaa?».
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Mopno6HbIe BOMPOCKI HacTo pacnoJsiaraloT K OCTPOYMHbIM oTBeTaM. Hanpumep, ecnm
Bac cnpocaT: «CKobko Bbl Obl 3aNpOCUN 32 O4MCTKY BCEX AbIMOXOAO0B B eTpoii-
Te?», Bbl MOXETE OTBETUTb: «CTOJNIbKO, CKOJIbKO BbIAEPXNUT PbIHOYHAS 9KOHOMMKa»
unn «30 $ 3a abimoxona». Bam No3BonnTeNbHO Aaxe caenath naysy, 4tobbl noga-
BWUTb CMELLOK, HO MOTOM BaM ClielyeT BCEPbE3 NPUHATLCA 3a noacyeT. Ecnu wyTt-
JNINBLI OTBET Npeanonarancs n3HavyanbHo, BaC B 9TOT MOMEHT OCTAaHOBST, HO, CKO-
pee Bcero, NHTepBbIoep XOUeT YBUAETb, KaK Bbl CNPaBUTECH C BbIYMCIEHUAMM, NOJI-
HbIMW HEN3BECTHbIX 3HAYEHUI.

Ecnu y Bac HeT HY ManenLero NpeacTaBieHns 0 Kako-To BeNMYNHE, OCTaBbTE ee
B BUJE NEPEMEHHON. BbipaboTaB HEKOE ypaBHEHMWE, Bbl CMOXETE NOACTaBUTb B HEMO
Kakne-H1byab 3Ha4YEeHUs, MPOCTO YTOObLI YBUAETL, Kak OHO cebs NOBEAET, 1 NOAy-
MaTb Haf, TeM, BbIMISAUT JIM OHO KOPPEKTHBLIM. B Mprmepe ¢ AbiMmoxoaamu y Bac Mo-
XeT NoNy4nTbCS ypaBHEHVE Hanoaobve crnenyoLero:

cyMMa = CTaBKa X BpeMs X HacejeHue X IIPOILEeHT,

roe cymma — utorosasi Cymma, KOTOpYHo Bbl 3anpocuTe; CTaBka — novyacosas onna-
Ta (ckaxem, 20 $ B yac); Bpems — Kak J0ro YNCTUTCA AbIMOoxXo, (Hanpumep, 14);
HaceneHme — HaceneHune Letponta (ckaxem, 1 MAH); NPOLEHT — A0NSA Hacene-
HWS1, NPOXMBAIOLLEro B IOMaX C AbIMOX0oAamu (Hanpumep, 25 %).

MocnenHee 3HaveHVe TpebyeT HEKOTOPbIX AOMONHUTENbHbLIX PACYETOB. Bbl MOXe-
Te nonpoboBaTb OLLEHUTb KOMMYECTBO NIOAEN B KAXO0M CEMbE N KOTIMYECTBO Ni0-
[el, NpoXMBaloLWMX B YaCTHbIX JOMax, a 3aTeM MPUKNHYTb, Kak 3TO COOTHOCUTCS
C YMCNOM XWUJbLOB KBAPTUP, HE OCHALLEHHbIX AbIMOXO4aMMW.

3aKOHYMB C 3TUM, Bbl CMOXETE MOACTaBUTb B YpaBHEHME CBOM OL@HOYHbIE 3HaYe-
HUS M MOCMOTPETb, Kakasi CyMMa y Bac nosiyumTcsl. Ecnv B3sTb NpYBEAEHHbIE BhiLLE
undpbl, pesynstat 6yaeT cneayoLwmm:

cymma = 20 X 1 x 1 000 000 x 0.25 = 5 000 000 s.

He Tak y>K BaXKHO, 0Ka3asiCcsi N1 Ball OTBET NpaBuiibHbIM (NOYTU HABEPHSIKa OH Ja-
nek ot peaﬂbHOCTVI). BaxHo T0, kakmm o6pasoM Bbl €ro nonay4unnn.

Yero HUKOT/IA HE CJIEYeT JeaTh — TaK 9TO IPUANPATHCS K 3a[aBa€MbIM BOIIPO-
caMm, 4TOObI TPOJEMOHCTPUPOBATD, HACKOIBKO TIIYIIBIMU OHU SIBJISTIOTCS. [IpocMaTprBast
BeO-CaliThI € TOTOBOJOMKAMI JIIsT COOECENOBAHNT, 5T HATKHYJICS Ha CTaThIO, aBTOP KO-
TOPOH OTITyCKAeT elKie KOMMEHTAPUHN B CTOPOHY Bompoca «Kak OBl BB yCTPOUIHN TIPO-
1ecc KommpoBanus daiia?». B ctaThbe KaHAMAAT AOTOITHO PACCIIPANIMBAET O BCAKIX
MOAPOOHOCTAX: 0 KAKOM TuIie (hailIoB UAET Pedb, HYKHO JIM KOTIMPOBAThH TIPaBa JI0CTY-
ma, oJuKeH v (aiin GbITh 3arnubPOBaH UK TOMEYEH JIJIsI PE3ePBHOTO KOMUPOBAHMUST
U T. 1. Tak Ipo0/KaIoch 10 TeX 1Mop, TOKa BEIMBINIIEHHBII HHTEPBBIOEP HE pasaoca-
NoBaJICS U He 3asBUIT: «CiryTaii, TpoCTO CKOMUPYii 4epTOB (haiiy.

CyTb CTaTbU 3aKJII0YAJIaCh B TOM, YTO 5TO ObLI Iy paLKUil BOIIPOC, IIOTOMY YTO HUKTO
He MIIIET CBOM COOCTBEHHBIE OTIepalluy KoIMpoBanus (aiiios. B 6ompmumcTse ciyya-
€B 9TO IEHCTBUTENBHO TaK, XOTS s paboTasI HaJl IPOEKTAMHE, TAE TIPOIIECC KOTMPOBAHMST
OB TOBOJIBHO MYZIPEHBIM U3-3a pobJem ¢ 6imokuposanueM daiiios. Ha camom agene
HarboJjiee Y3KUM MECTOM B paboTe 1MoJ0OHbIX TPOEKTOB OBLIO €KeIHEBHOE MHOTOKpAT-
HOE KOIMPOBAHUE AECATKOB ThICAY (PAliIoB MeKIy MHOKECTBOM KOMIILIOTEPOB, KOTO-
pble IIPOBOJAMIIY C HUMU pas3JuyHble onepanuyn. Maneiimas ommbka B polecce KOIu-
pOBaHMs 03HaYa/Ia MOTEPIO AAHHBIX WM HAKAILIMBAHUE COTEH THICSY HeOOpaboTaHHbIX
daiinos. [laxke ecm BONPOC KasKeTCst BaM GECCMBICJICHHBIM, BBl HE MOKETE ObITh B 9TOM
YBEPEHBI, TI0Ka He y3HaeTe BCEll MOIOMIEKN.

438




[onoBONOMKM, BCTPEYAOLLMECH Ha cobecenoBaHUsIX

[TonbITKYM GJECHYTh HHTEIJIEKTOM 32 CUET YHUUMIKEHUsI TOCTABJIEHHOTO BOIPOCa
He TTOMOTYT BaM MOJIy4nuTh paboTy. [IperbsBiisisa MpeTeH3un K 3aj1aue, B TyUIIIeM CITy-
Yyae BaM y/JIacTCs IIPOJIEMOHCTPUPOBATH HETEPIIEINBOCTh U OTCYTCTBUE 3aMHTEPECO-
BaHHOCTH. B XyziieM — BbI3BaTh aHTUIIATHIO Y UHTEPBbIOEPa, KOTOPBII MOKeT Mo/y-
MaTh, YTO BBl He CIIOCOOHBI OTBETHUTD HA MMOCTABJIEHHBIN BOIIPOC U Y4TO MPOOJIEMBI pa-
GoToaTesst Bac He HHTEPECYIOT.

Kyna nyurire 6yzet cipocuTh, € 4eM MMEHHO CBSA3aH TaHHbIH BOMPOC, 4TOOBI TOHSATH
TOUKY 3PEHUsT MHTEPBLIOEPA U OTBETUTH HAJJIEKAIIUM 0OPa3OM.

Pe3iome

HOTr/Ia TOT0BOJIOMKH Ha cOOECEI0BAHUSAX UCTIOTB3YIOTCS JIJIST OTIEHKU KPEaTHBHO-
CTH ¥ CIIOCOOHOCTH KPUTUYECKU MBICAUTD. OHU He 04eHb XOPOILIO /st 9TOTO MOAXOIAT,
XOT$ C UX [IOMOIIBI0 MOKHO Y3HATh, KAK KaHUAAT Ha J0JKHOCTb BegeT cebs B cTpec-
COBBIX CUTYaITUAX.

Ecii BB uHTEpBBIOED, M36eTaiiTe BOIIPOCOB, KOTOPbIE OCHOBBIBAIOTCST HA MEJIKUX
MeTassx, TpeGYIOT MBICJIUTE B 0OPATHOM HATIPABJIEHUH OT OTBETA K 3a/1aue MJIW STBJIS-
I0TCS1 HACTOJIBKO CJIOKHBIMU, YTO PA3bICHUTD UX MOKHO TOJIBKO ¢ U3PSAAHON 0Jei Be-
3eHust. BoJiblie 1moJb3bl IPUHECYT TOJOBOJIOMKHU, TPEOYIONIHE BBITIOJHUTE TIPEIBAPHU-
TeJIbHbIE BBIYUCICHUSL.

B mo60M caydae JTydiiie 3a1aBaTh BOMPOCH, KOTOPbIe MMEIOT OTHOIIEHNE K Oy /Iy-
meit pabore KanauzaTa. Bel Takike MOKETe UCIIONB30BATh yIIPaKHEHUs, TOJL00HbIE
TEeM, YTO IPUBO/SATCS B 9TON WU KAKOI-TO IPYTrOil KHUTE, TOCBSIIEHHO aIropuT™MaM
60 TPOrPAMMHUPOBAHUIO B T1€TOM. ByibTe 0CTOPOKHBI, YTOOBI He BHIGPATH CJIUII-
KOM CJIO’KHBIE 33/1aui. TOIBKO TOT, KTO H3yYaJl aITOPUTMBI YTIYOIEHHO WM OTHOCH-
TEJNHHO HEMABHO, CMOKET TPUTIOMHUTD BCE TOHKOCTH MOBOPOTA COATAHCHPOBAHHOTO
nepeBa win 00bSICHUTD, TToueMy O TUMU3ATIS < Coobrenne (1 faxke MpoCTO MO-
HATD, YTO 9TO O3HAYAET).

3amaBas BOMPOCHI 1 06CYsKAAsT CTIOCOODT PETTeH st TpobIIeM, BbI, CKOpPee BCETO, Y3Ha-
eTe 0 KauauzaaTe GOJIbIIe, 9eM MPETOKUB eMY OHY TOJTOBOIOMKY, /IS PETITEHHST KOTO-
POil y HEro MOsKeT He XBaTUTh OIlbITa.

Ecoiit BbI camut sIBIIsIETECH COMCKATEIIEM, TTOTBITATECH He TAHMKOBATh U He 00MKATh-
¢sl, CTATTKIBASICH C XUTPOYMHBIME 33/TaUKaMi. Y OeTUTeCh B TOM, UTO TOHSIIN YCIOBHE,
U TIOCTapaiTeCh BBIIATH JIYUIIUI OTBET, HAa KOTOPBIH CIIOCOOHBL [TOMHUTE, 4TO HEPEIIIeH-
HAasl 33/1a9a BOBCE HE O3HAYAET TIPOBAJ cOOECEI0OBAHNSL.

B VnTepHeTe MOKXHO HANTH OTPOMHOE MHOKECTBO TOJIOBOJIOMOK, €CJIV BBECTH B CTPO-
Ky MOUCKa «3a/[auil Ha cobecenoBannn». O3HAKOMbTECh ¢ HEKOTOPBIME U3 HUX, YTOOBI
TTOJIY9UTD TPEACTABIEHIE O TOM, O YeM BaC MOTYT CITIPOCHUTD U KaK CJIeyeT TOAXOIUTh
k otBety. Jaxe ecu onu He OyAyT 3aaHbl, BBI BCE PABHO HE [TOTEPSIETE BPEMsI BILYCTYIO,
BeJib 1MO00HbIE 3a/la4l YaCTO OKA3bIBAIOTCS MHTEPECHBIMK 1 BECEJIBIMU.

He 3abyzupre yaeanTh BHUMaHUE APYTUM HaBBIKaM, KOTOPbIE MOTYT TIPUTOIUTH-
cs1 Ha cobecemoBannu. OCBEKNTE B TAMSITH AJTOPUTMBI, TPOEKTHPOBaHUe 6a3 TAHHBIX,
apXUTEKTYPY, yIIPaBJIeHHe IPOeKTaMU 1 IpyTre CBsI3aHHble ¢ 9TUM TeMbl. [locaeanuii,
HO JIATIEKO He MATOBAKHBIN COBET: He 3a0ybTe 063aBECTICH TAPOUKON XOPOTITHUX KHHT,
TIOCBATIEHHBIX H0JTee 0OTIEN TIOATOTOBKE K COOECETOBAHIISIM.
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Huske mpezicraBiieHbl CChLIKKM Ha HEKOTOPBIE BeO-CaiiThl ¢ 0c060 MHTEPECHBIMH I'O-
JIOBOJIOMKAMU, KOTOPbIE MIPUMEHSIINCHh B TAKUX KOMIaHUsX, Kak Microsoft u Google,
u apyroii mHdopMaiueii o mogoOHbIX 3a1a4ax.

Hacxkomabko B(I)(beKTI/IBHbIMI/I SIBJIAIOTCS BOIIPOCHI-TOJIOBOJIOMKH Ha CO6EC6HO-
Banusx: http://resourceszone.com/blog/how-effective-are-those-puzzle-interview-questions.

10 rosl0BOJIOMOK, BeTpeuaronuxcest Ha cobecepoBanusax B Google: http://www.
mytechinterviews.com/10-google-interview-questions.

10 3HAMEHUTBIX TOJIOBOJIOMOK, BCTPEUAIOIINXCsI IIPH IIpreMe Ha paboTy B Microsoft:
http://www.mytechinterviews.com/10-famous-microsoft-interview-puzzles.

Kak ycnemno npoiitu cobecegosanue B Google: http://online.wsj.com/article/SB10001
424052970204552304577112522982505222. html.

Texnunueckue cobecegosanus: http://www.techinterview.org.

I‘pynna B Facebook, ITOCBAIIEHHAasdA TOJIOBOJIOMKaM Ha CO6€C€JIOB8.HI/IHX:
https://www.facebook.com/interviewpuzzles.

TosmoBosoMKn jijist cobeceoBannii ot Xaiigona Banra (CTOMT OTMETHTB, YTO Ha
9TOM Beb-caiiTe IPUBOIATCS PElleHUs [JIsi MHOIUX 13 HUX ): http://www-cs-students.
stanford.edu/~hdwang/puzzle.html.

5 JIy4IINX FOJIOBOJIOMOK IIpU IiprieMe Ha pabory B Miscrosoft: http://dailybrainteaser.
blogspot.com/2010/08/top-5-microsoft-interview-questions.html.

CobecenoBanus B KOMIaHuio A2Z: rol0BOJIOMKH (OTBETHI IPUBOAATCS (€3 00b-
scuennii): http://mww.a2zinterviews.com/Puzzles/logical-puzzles.

Bonpocer, moaxoasmue 111 cobecemoanuii: http://www.knoowgle.com/Puzzles.

T'onoBosomMku, nogobpanHbie pegakuueil Beb-caiita Coollnterview: http://www.
coolinterview.com/type.asp?iType=619.

CareerCup: http://www.careercup.com.

OsmMnmap! 10 MaTeMaTuke (3T0T BeG-caliT moaaepkuBaer opranusanuio Math
Olympiads, koTopast TPOBOIUT MaTEMATHYECKUE COCTS3AHUS JIJIST YUAIIMXCST
4—8 knaccos. MHorue u3 3aj1a4 OX0KH Ha BOIIPOCHI, BCTPeUaloluecs Ha cobe-
ceJJoBaHUSX; ILJII0C OHU I0BOJIbHO 3abaBHble): http://www.moems.org.

[To06HBIM TOJIOBOIOMKAM TAKJKe MTOCBATIEHO MHOKECTBO u3aanmit. OJIHa U3 TaKUX
KHUT, 33/[a9¥ B KOTOPO#l OylyT B OCHOBHOM MHTEPECHBI TPOTPAMMHUCTAM, Ha3bIBAETCSI
«Kapbepa nporpammucra. Kak yerpourbest Ha paboty B Google, Microsoft uim apyryto
Benytryto IT-kommannto» (aBrop leiin Jlakman Maxknayasr, CareerCup, 2011). Muo-
rve IIPUBeIEHHbIE B HEll TOJI0BOJIOMKHU IOMOTAIOT TIPOBEPUTD TO, HACKOJIBKO XOPOIIIO BB
pasbupaerech B BaKHBIX CTPYKTYPAX JaHHBIX M METOIMKAX MTPOTPAMMUPOBAHUS, XOTSI
MOTIA/IAf0TCA M TaKue XUTPOYMHBIE BOITPOCHI (HANpuMep, 3ajlada 0 yepernaxe 1 3aiiie),
KOTOpbIE TPEOYIOT 3HAHUS ONPE/IECHHBIX TIPHEMOB.

YnpaxHeHusa

Hwke mpe/icTaBieHbI KpaTKUE TPUMEPBI OTIETBHBIX BUIOB TOJTOBOJIOMOK, KOTOPBIE
YaCTO BCTPEYAIOTCST Ha COOECEOBAHUSX.
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10.

. Y MyXYUHBI B snirke komozia Haxoautcst 10 kopuuneBbix n 10 4uepHbIX HOCKOB.

ITpocHyBIINCH PAHO YTPOM, OH XOUET HAUTH HOCKH, He BKJIIOUASI CBET B CIIAJIBHE,
9ToGBI He pasdyauTh cBOIO sKeHy. CKOIBKO HOCKOB OH IOJIKEH B3STh ¢ COGOT B ro-
CTUHYIO (Flle MOJKHO BKJIIOYUTD CBGT), '-ITO6I)I TapaHTUPOBAHHO MOJYYUTDH XOTA 6BI
OJTHY COBIIABIIYIO TIapy?

. ¥ Bac ectb 10 ueprbIx 1 10 GesbIX NIAPUKOB, a TAKKeE ABe MUCKU. BbI MokKeTe pas-

MEUTDH TMAPUKK MEXK/IY MUCKaMU TaK, KaKk BaM YTOIHO. 3aTeM BaM 3aBSI3bIBAIOT
rJIasa i MEHSTIOT MUCKH MeCTaMU. BbI I0JKHBI 3a/1€3Th PYKOI B MECKY 1 BEIOpaTh
orTyma mapuk. Kakum 06pasoM creoBaio pacipenesnTh COTEPKUMOe MICOK,
4TOOBI MAKCUMAJIBHO YBEJMYUTH BEPOSITHOCTH BBIOOPA GEJI0To Mapuka?

. Ecimm cocraBuTh Kpyr us C]Iy‘-laleO PaCCTaBJIEHHbIX HIAPUKOB (qupreX KPpaCHbIX

1 BOCbMU CUHUX ), KAKOBBI MAHCHI HA TO, UTO Y BAC HE TIOJYINTCS HU OTHOM TTaph
MIAPUKOB OIMHAKOBOTO I[BETA, MPUJIETAIONINX APYT K IPYTy?

. Kakag CTPYKTYPa JJaHHBIX JIy4dIll€ BCErO IIOJAXOJAUT JIA TOrO, YTOOBI U3BMEHUTD 110~

PAZIOK CIEJOBAHUS 3alMCell B CIUCKE KJIMEHTOB 63 UCIIOJIb30BAHUS JOMONHNI-
TEeJIbHOU IMaMsATH?

. Ecimm g BTpPOE CTaplie CBOEro 6paTa, a yepes /iBa ro/la CTany CTaplie HETO B [Ba

pasa, KakoB ceiiyac MOI BO3pacT?

. CKOJIBKO Pa3 TepecekaioTcs 4acoBasi 1 MUHYTHAS CTPEJIKUA MEKIY MOJIyTHEM

U TIOJIyHOUBIO?

. B HEKOTOPBIX CTPpaHaX POJUTETIN 0CcOOEHHO HEHAT MaJbYNKOB, ITO3TOMY KaK/lasd

rapa poKaeT JIeTell 10 TeX Mop, MoK Y HUX He TIOSIBUTCS HACTEHUK, U HA 3TOM
OocTaHaBJIUBAeTCs. Eciu npenosioKuTh, 4TO PoK/AeHNe Ha CBET MAJbYMKOB U Jie-
BOYEK PABHOBEPOATHO, KAKYIO J0JII0 OYAYT COCTABIATH AEBOYKU OT OOIIEro Ha-
ceJeHus?

. Bbl HaHAIM KOHCYJIbTAHTA, KOTOPBI TPeOyeT OIIaTy CBOUX YCJYT 30JI0TOM.

Pabota 3aiimeT OT OIHOTO JI0 ceMu jiHelt (BBl He 3HaeTe 3apanee). Eciii KOHCYJTb-
TaHT IPOPadOTAET IIOIHYIO HEIEII0, OH II0JIYYHT 30JI0TOM CJIMTOK, €CJI MEHbIIIE,
BbI OyzieTe naBaTh emy 1/7 ciuTKa 3a Kaskablii eHb. Ha kakoe MUHUMaJIbHOE KO-
JIMYECTBO YacTel Hy KHO Pase/IuTh CJUTOK, YTOOBI KOHCYJIbTAHT BCETa MOT T10-
JIYUUTH OILJIATy, HE3aBUCUMO OT TOTO, CKOJIBKO OH IIpopadoTa?

. ¥ Bac ecTb BOCEMb 30JI0TBIX Aunll, HO BaM U3BE€CTHO, YTO OHO M3 HUX BCEI'O JIMIIb

[I030JI0YEHHOE, [TOITOMY OHO Jierde ocTajJbHbIX. Kak ObI BbI HAIILJIM 9TO SIAIIO C 110-
MOIIIIO BECOB C JBYMSI YalllaMU, €CJIM TTO3BOJIEHO CIETAaTh TOJIBKO /[BA B3BEIIIH-
BaHUA?

V Bac ecTh 114Th GaHOUEK 0e3 STUKETOK, B KaKIOH U3 KOTOPBIX HAXOIUTCS OT
10 1o 20 tabsaerok. B uernipex 6aHoukax cogepkarcs 1-rpaMMoBble TaOJIeTKH,
a B aroil — 0,9-rpammoBsie (tare60). Kak ¢ momornipto mudpoBbix Becos (He
YaIIeYHBIX, a TAKKX, YTO MOKA3bIBAIOT BEC B TPaMMax ) HaliTu GaHOUKY ¢ 1arnebo,
MCIOJIb3YS BCETO OJTHO B3BEINBAHME?



MpunoxeHue A
COBPAHUE AITOPUTMUYECKUX MOHATUA

Masa 1. OCcHOBbI anropUuTMn3aunm

ITonumanue AJITOPUTMOB. [[]IH TOr0 YTOOBI IOHUMATh AJITOPUTMBbI, BaM HY’KHO YCBO-
NTb HECKOJIBKO CBA3aHHbBIX C HUMU aCIIEKTOB.

= TloBenenue. Beerja jiv airopuT™ HAXO/UT Jiydlliee pelieHme?

- CKOpOCTI). Kax cuipno Komebierca CKOPOCTb B 3aBUCUMOCTH OT KOJIMYECTBA
BXO/IHBIX TAaHHBIX ?

- TpeGOBaHI/Iﬂ K NaMSATH. SBJISIOTCS JIM OHU HpI/IeMJIGMI)IMI/I? Hackoibko ucnosib-
30BaHue IIaMATHN 3aBUCHUT OT KOJIMYECTBa BXO/IHbBIX I[aHHI)IX?

= (OcHOBHbIE METO/IUKHU. MoskeTe 1 BBl UX NIPUMEHUTDH B CBOUX 3aJ:Laan?

AJNTOPUTMBI M CTPYKTYPBI JaHHBIX. CTPYKTYPA JAHHBIX XPAaHUT MH(MOPMAIIUIO, pa3-
MEIIEHHYIO B KAKOM-TO MOPSIIKE. AJITOPUTM BBIIaeT pe3ysibrar. HysKHO, 4TOGb! Balll aji-
TOPUTM CO3/IaBaJl U UCTIOJB30BAJ CTPYKTYPY JTaHHBIX.

IIces00Kk00 — 3TO TEKCT, KOTOPBIH BBITJISINT KAK MCXOMHBIN KOJI, HO HE COOTBETCTBYET
KaKOMY-TO KOHKPETHOMY $I3BbIKY ITporpaMMUpoBanus. Ilepes; BoirtosiHeHIeM ero ciielyer
TIepeBECTH B PEATTbHBIHN TPOTPAMMHBIHN KO/,

Anropurmuueckue mean. Yto6bl IPUHOCUTD KaKyI0-TO MOJIb3Y, AJITOPUTM JOJKEH
OBITH KOPPEKTHBIM, 3(D(HEKTUBHBIM U YIOOHBIM B COTIPOBOKIACHUT.

«O» 6omviuoe — 310 06003HAYEHNE, KOTOPOE OIMUCHIBAET, KAK KOJUYECTBO BXOJSAIINX
JaHHBIX KOPPEJAUPyeT ¢ TpeOOBAHUAMU K TIAMSITH WM BPEMEHU BBITIOJHEHUS 110 MEpe
Mactrrabuposanus 3agaur. OHO UTHOPUPYET TOCTOSTHHBIE MHOKUTENH, Gepst BO BHU-
MaHue TOJIbKO (DYHKIIMIO JJIS1 OIIMCAHUS IPOU3BOAUTENBLHOCTH C CAMbIM BBICOKUM I10-
KasaTeJieM pocTa.

@Dyukiuy BpeMeHn BoinojaHeHus. HekoTopble pacipoctpanentbie GyHKINU Bpe-
MEHH BBIIIOJIHEHUS B IIOPsIAKe yBeJndYeHus: ckopoctu pocta: 1 (koHcranra), log(N),
sqrt(N), N, N x log(N), N?, 2" u NI

MagBa 2. YucneHHble afiropuTMbl

Panzomusanus. I[IporpamMmma MOJKeT paHIOMU3UPOBATh KOJLJIEKIIUIO 00bEKTOB. 3aTeM
B KAQueCTBe CIy4aiiHOro 0ObeKTa OHa MOKeT BhIOPATh IEPBBII 9JIeMEHT PaHIOMU3HPO-
BaHHOI KoJuteKuuu. Hanpumep, yToObl ONYYUTh U3 KOJIOABL IISITh CIyYaliHbIX KapT,
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CobpaHue anropuTMnU4ecKmnx NoOHATUN

[IPOrpaMMa MOKET BBIOPATH EPBbIX ISITh 13 HUX, TIPEBAPUTEIHHO [IEPETACOBAB KOJIOJLY.
Bb1 MoXeTe uCIIoIb30BaTh pa3Hble AUANAa30HbI CJyYaliHbIX BeJNYUH (KaK B CJIy4ae ¢ o/jI-
GpacbiBaHEM MOHETHI J17ist BbiGopa uncia ot 0 10 7). JIJist reHeprpOBaHUsI TIPHEMIIEMOIT
BBIOOPKY CJIyYaliHble BEJMUMHBI MOKHO OpaTh M3 HENMPABUIBHBIX HCTOYHUKOB,

PaBHonpasue. [IceBrocayydailuplii mpoiecc aBJisieTcsl paBHOIIPABHBIM, €CJIU BCE Te-
HepupyeMble UM pe3yJIbTaTbl BO3HUKAIOT C O/IMHAKOBON BEPOSTHOCTHIO.

HeraBHJIbeIe HCTOYHHKH. HCGBI[OCJIy‘{aI‘/JIHI)II./JI IIpoIecC CYUTAECTCA HENIPpaBUJIb-
HbIM, €CJIM OH HEPpaBHOIIPpaBEH. B xauecTBe IIpruMepa MOKHO IPUBECTU IECTUT'PAHHYIO
HUI'paJIibHYIO KOCTb, B KOTOpOfI B ITOJIOBUHE CJIy4Ya€B BbITIaJa€cT 1.

BepositHOCTHBIIT AITOpUTM. AJITOPUTM, BBIJIAIONIINT PE3YJITAT C 33JIaHHOH I0CTOBEP-
HOCTBIO, SIBJISIETCST BEposiTHOCTHBIM. Harrpumep, Tect ipoctoro uncia Mepma ornpenesnsier
HETPOCThIE Yrcaa Kak MUHUMYM B 50 % caydaeB. Eciim MHOrOKpaTHO TIOBTOPHUTD TECT,
MOJKHO C BBICOKOH JI0JIell YBEPEHHOCTH CKa3aTh, SIBJISIETCS JIM YHCJIO TPOCTHIM.

IIpeaBapureIbHO BbIYMCIEHHbIE 3HAYEHHS. [Ipy OBICTPOM BO3BENEHUH B CTETEHD
HCTIOIB3YIOTCS IPEIBAPUTETHHO BBIYUCIEHHbBIE 3HAYEHST, YTOOBI YCKOPHUTH MOJYUEHUE
HKCMOHEHT. TOT JKe MOJXO/I MPUMEHsIeTcst B perere Dparocdena, urobbl GICTPO Hc-
KJII0YATh BEJUYMHBI U3 CIIUCKA MOTEHIIMAJIBHBIX IIPOCTBIX YKcesl. MHOTHE TTPOrpaMMBbl
MOJKHO OTITUMU3UPOBAT, TIPEIBAPUTETBHO BHIUKCIISISA 3HaYeHUsT (Ha JIETY WU 3a6J1aro-
BPEMEHHO) U COXPAHA UX JIJIF TAJIbHEHIIIET0 UCTIOTb30BAHMS.

Tounocth MOZEJIUPOBAHUA. MGTO,ZII)I IIPpAMOYTOJIbHUKOB 1 TpaHEHI/Iﬁ ITIOKa3bIBaloOT,
YTO Ka4E€CTBEHHOE MO/IEIMPOBaHNE 3a/[a91 MOJKET laBaTh JIYUIIIE PE3YyJIbTaThbl, HE Tpe6y;1
IIpr 3TOM 60J1b1110r0 00beMa JIOIIOJTHUTETbHOI pa6OTbI.

AIlaIITI/IBHbIC METO/IUKH. Muorue AJITOPUTMBI MOKHO yJAYYIIUTD, €CJIN MPpUJIaraTb
60J1b1IE yCI/IJII/Iﬁ JUIS petreHunst CJI0KHbBIX yacTei 3a/la4n, a Ha 6oJtee IIPOCTBhIC yYaCTKU
TPAaTUTb MEHbIIIE BDEMEHU.

Meroa Monre-Kapio. HekoTopbie anropiTMbl JJist TOJTyYeHUsT TPUOIN3UTETBHOTO
pes3yJbTaTta UCIOIb3YIOT NICEBI0CTyIaliHble 3HaUeHNs. TaKoit MoAX0/ 9acTo yCTyImaeT
B TOUHOCTH JIETEPMIUHIPOBAHHBIM METOAMKAM, HO BO MHOTHUX CJIyJ4asiX €ro IPoIIe MpH-
MEHUTb.

NlNaepa 3. CBA3HbIE CNIMCKU

B ocHOBe CBA3HBIX CIIMCKOB JIesKaT OOBEKTHI 110]] Ha3BAHUEM <IUCHKN», KayK/blil
13 KOTOPBIX CO/IEPKUT (hPArMeHT JIAHHBIX U CCHIJIKY HA CJEAYIONIYTO SUYEHKY B CITUCKE.

B aBynanpasjieHHBIX CBA3HBIX CIIUCKAX A4elKU CChLIAIOTCA KaK Ha CJIeyIOUii, Tak
U Ha TIPEbIYTINNA 3JIeMeHTBI CITUCKA.

OFpaHI/l‘lHTCJII). B cBsa3HBIX crimckax OIrpaHNYUTEJIEM Ha3bIBalOT quﬁKy, KOTOpaAa
HE CO/IEPIKUT MMOJIE3HBIX TaHHDBIX 1 UCIIOJIb3YETCA IJIs1 00603HaYeHNs HavyaIa UK KOHIIa
CIIMCKa.

Omnepanuu co CBSI3HBIMH CIIUCKAMH. B CBSI3HBIX CITUCKAX JIETKO XPAHUTH KOJLJIEKITTH
00bekTOB. [Ip1 HEOGXOAMMOCTH CIICOK MOKET YBEJIMYMBATHCS, YTOOBI BMECTUTD GOJIb-
1ire taeHbIX. OH MO3BOJISIET JIETKO JOGABJISATH U YAAIATH 00beKThl BHYTPH cebs. O1HAKO
CBsI3HbIE CITUCKU He OYeHb A(PMEKTUBHBI IPU COPTUPOBKE UJTH TOUCKE DJIEMEHTOB.
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MNmaea 4. MaccuBbl

Maccue — 310 HelIPepbIBHBIN YYaCTOK MMaMsITH, KOTOPBII XPAaHUT 3JI€MEHTHI.

¥YnakoBka MaccuBa. BaM paspeliieHo pacriosiaratb 3JeMeHTbl BHYTPU ydacTKa lia-
MSITH, TIPUBSI3bIBAsT MHICKCHI MacChBa K (usndyeckuM aapecam. Hampumep, 4TobbI ca-
KOHOMHUTDb MECTO, MOKHO C(hOPMUPOBATH TPEYTOTHHBIN MACCUB, HAJIAIUB KOHTAKT MEK-
Iy UHIIEKCAMU TPEYTOJIBHOTO U OJJTHOMEPHOTO MAacCUBOB. Be3 0coObIX yeuIuii co3aoT-
sl HeHYJIeBbIe HUIKHIE TPAHUITBI, KOTOPBIE CBA3BIBAIOTCS ¢ OOBIYHBIM MACCUBOM, T7I€ OT-
cYeT NHJIEKCOB HAauNHAETCA C HyJIS.

Maccussi ¢ pa3ppiBoM. C ITOMOIIBIO CBA3HBIX CTPYKTYP AAHHBIX MOJKHO CO3/1aBaTh
MAaCCHUBBI UM MATPUIIBI C PA3PbIBOM, KOTOPBIE 3((DEKTUBHO UCTIONB3YIOT AMSATb.

Maea 5. Ctekn un ouepean

Cmex — 9T0 CTPYKTYpa JAaHHBIX, KOTOPAS TPEAOCTABJISET TOCTYTI K 3JIEMEHTaM B T10-
PSZIKE <ITOCTIEAHUM MIPUIIEST — TIePBbIM yites» (last-in-first-out — LIFO). CTek MOKHO
peasn30BaTh HA OCHOBE CBSA3HOTO CITMCKA WU MACCHUBA, XOTS €CJIN MACCHUB 3aITOJTHUTCS,
€TO0 TMPUJIETCS PACIIUPATD.

Ouepedv — 9TO CTPYKTYpa JaHHBIX, KOTOPask IPEAOCTABJISET JOCTYII K DIeMEHTaM
B HOPSIIKE <IIEPBBIM TIPHIIE] — TepBbIM yiea» (first-in-first-out — FIFO). Ouepensp
MO’KHO Peasin30BaTh Ha OCHOBE CBSI3HOTO CITUCKA UJIN KOJIBIIEBOTO MACCHUBA, XOTS BO BTO-
POM cJiyuae, ecjii MAaCCUB 3aTIOJIHUTCS, €0 MPUJIETCS PACIIUPSITh.

B ouepesAX C IPUOPUTETOM 9JIEMEHTBI N3BJICKAIOTCA B ITOPAIKE CBOEN Ba)KHOCTH.

Jex — 310 o4epenb, KOTopas I03BOJIAET N06ABIATh U YAAJATH 3JI€MEHTHI ¢ 0001X
KOHIIOB.

ITpumenenue. Pasubie aropuTMbI TP 06pabOTKE 3I€MEHTOB YACTO TOMEIIAIT UX
B CTEKU U OYEPE/IN.

maea 6. CopTupoBka

BceraBka. Anroput™ 6epeT aJIeMEHT M BCTABJISIET €r0 B MOAXOASIIYO MO3UIUIO
B HeKOfI CprKType JaHHDbIX. B KadyeCcTBe anMepa MOJXHO HpI/IBeCTI/I COpTI/IpOBKy
BCTaBKOM.

Bs10op. AJITOpUTM aHATU3UPYET TIOKA elile He 06paboTaHHbIE AJTEMEHTBI, HAXOIUT
Cpey HUX JIYYIii Ha JaHHBII MOMEHT U JOOABJISIET €ro B HEKYIO CTPYKTYPY JaHHBIX.
B kauecTBe mpuMepa MOKHO TPUBECTU COPTUPOBKY BBIGOPOM.

Cy:xeHue 1uana3oHa paccMaTpHBaeMbIX 3JI€eMEHTOB. AJITODUTM OTCJICKMBAET UH-
TEPECYOIIUI €ro Mama3oH, CyKast €ro CO BpeMeHeM, YTOObI YMEHBIUTD KOJTHYECTBO
3JIEMEHTOB, KOTOPble HY)KHO aHAJIN3UPOBaTh. B KauecTBe MpruMepa MOXKHO ITPUBECTH
COPTHPOBKY ITy3BIPHKOM.

Kyua — 9TO I€PEBO, B KOTOPOM KasK/Jas BEPIINHA UMEET 3HaUY€HNE, KaK MUHUMYM
HE yCTyllamoliee 1o BeJIMYnHE 3HAYCHUSAM CBOUX /IOYE€EPHUX I9JIEMEHTOB. qua MOJKET
HCITIOJIb30BAaTHCA B OUepean C IPUOPUTETOM.
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CopTupoBKa IOJIHOTrO iepeBa. AJITOPUTM MOXKET XPAaHUTD MOJTHOE /IEPEBO B MACCHUBE.

Paaznensii u BracTByi. Anroput™ pasbuBsaet 3aauy Ha GoJiee MEJIKIE YacTh U pe-
HIaeT UX OT/eJIbHO, KaK IIPaBUJIO, PEKYPCUBHO.

Pangomusanus. I[lockosmbKy smeMeHTH M3HAUYATBHO HAXO/STCS B OMPEIeICHHOM
HOpsizIKe, OBICTPasi COPTUPOBKA MOKET MTPUMEHATH PAHAOMUIAIIUIO IS YMEHbIIEHUST
BEPOSITHOCTH TOJIYYUTh HAUXYAIIUN clieHapuil (370 GeCroie3HO B ciIydyae, KOT/a Ofu-
HAKOBBIX 9JIEMEHTOB GOJIBIOE KOJMIECTBO).

Pacnapannenusanue. COPTUPOBKY CIMSTHUEM, OBICTPYIO U GIOYHYIO COPTHPOBKY
MO>KHO paclapasiIesnTh.

Buemmee ynopsaaoyvuBaHUE. BBI/II[y TOTO, KaK COPTUPOBKA CJAUAHUEM ITPOJABUTACTCA
110 TMaMsATH, OHa XOPOIIO MOAXOAUT JIJIs BBITIOJTHEHWA BHEIIHETO YIIOPALOYNBaHWA.

IMoxcuer. Ecnu aseMenTbl MMEIOT OTPpaHUYEHHBIN [UAIIa30H, Bbl MOXKETe UX 110-
CUUTATh, HE TIPUOETrast K YIOPSAIOUYNBAHIIO. DTOT TOXOJ UCTIOJIb3YETCSI B COPTUPOBKE
MIOJICYECTOM.

Paznenenune. YToObl yIpocTUTh 3a1a4y, 6I09HAs COPTUPOBKA PAa3/IeIseT S1eMEHThI
Ha OJIOKH.

Bbi60p MOAXOAAMIEr0 aAropuT™Ma. AJITOPUTMBI COPTUPOBKH — 3TO TOT CJydYaii,
KOT/Ia JUTST 3a]Ia9H BasKHO BRIOPATD MOIXoIsIMIee pererve. OT Barrero BLIbopa 3aBUCHT,
HACKOJIbKO GBICTPO OyieT perena npobaemMa — 3a CEKYH/IbI, MUHYThI HJIH TO/IBI.

MlMaea 7. NMNouck

JIuHelHBIN (MCYEPITBIBAIOIIIIT) TOUCK MPOCTO IUKJINYECKH TTepedupaeT Bce BO3-
MOSKHBIE 9JIEMEHTBI, IILITAsICh HAWTH 11oAx0AsA i, Bpems ero paborb cocrasisier O(N).
Ecim criicokx 0TCOPTUPOBaH, aITOPUTM MOXKET 3aBEPIITUTHLCS MPEKIEBPEMEHHO, TO €CTh
KaK TOJIBKO JIOMIET /IO TIO3WITHH, B KOTOPOI HAXOMUTCS UCKOMBII 2JIEMEHT.

AsropuT™ GUHAPHOTO MOUCKA HA KAYKI0M CBOEM IITare yMEeHbIIAET HHTEPECYIONLYI0
ero o6sacThb BABOE, Outarogapst yemy Bpems ero pabotst paso O(log (N)). dtor metoz
MOJIXOIUT JIJIST MHOTHX 3a/1ad.

AJITOPUTM WHTEPHOJISAIUOHHOTO TIOMCKA YTa/IbIBA€T MECTO HAXOKIEHUS CKOMOTO
pJIEMEHTA C IIOMOIIbI0 HHTepHoAi. Bpems ero seinosnenus pasao O(log(log (N))).

MaBa 8. Xew-Tadbnuubl

Heo0xoaumble yCIOBHS )15t XemupoBanust. J1Jist mporiecca XemnpoBaHus HeoOXo-
JIAMO HAJINYWE CTPYKTYPbI IAHHBIX, T/Ie MOSKHO XPAaHUTDh 3HAYEHUS, (DYHKITUIO XEeITMPOBa-
HUS [I7151 TPUBS3KW 3HAYEHUN K CTPYKTYPE TAaHHBIX U MOJIUTUKY Pa3pPEIIeHUsT KOJTU3UIA.

ITpussiaka. Xeur-tabuilbl UCIONB3YIOT (DYHKIIMU XEIMIUPOBAHUS JIJIsI TIPUBAZKH
3HAYeHUI M3 OQHON mpobaeMuoii obmactu (MMeHa, MAeHTU(GUKATOPbI PAOOTHIKOB)
K Apyroil (MHIeKCchbl MaccuBa). Xopolias (hyHKIMs XeIIPOBaHUS IPUBSA3BIBACT JIIOObIE
BXOJISIIIME 3HAUYEHUS K CJAYIANHOMY PACIPEIeTIeHUIO UCXO/SANINX JAHHBIX.

Ces3v16aH1E — ITO NCTIOJIH30BAHIE CBA3HBIX CIIMCKOB Ha CJIy4ail IeperoHEeHUs I1-
arrasona OJIOKOB.
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Ynopsanouyennoe cBsa3piBanue. COpTUPOBKA CBA3HBIX CITUCKOB YJIYUIIAeT IIPOU3BO-
JIUTEJIbHOCTb MHOTHUX aJITOPUTMOB.

Omxpvimas: adpecayus — 9To TPUBSI3KA TAHHBIX HAIIPSIMYTO K 3alTUCSIM MaCCUBA.

MapkupoBaHHe 371eMEeHTOB KaK yAaJeHHbIX. Bo MHOTMX CTPYKTYpax JaHHbIX ya-
JieHue 9JIeMeHTOB gBJIIeTCs HellpocToil 3a1aveil. MInorna ajjeMeHnT MOKHO He Bblpe3aTh,
a IPOCTO MTOMETUTD €0 YAaJEHHBIM, 4TOOBI 3aHUMAEMOE UM MECTO OBLIIO TOCTYITHO JIJISk
JAJIbHEHIIeT0 NCIOTb30BAHNUS.

Knacrepusanus. B HekoTOPBIX aTOPUTMAX, TAKMX KaK JIMHEITHOE 1 KBAJIPATHIHOE
POOUPOBaHIe, BEPOITHOCTh COXPAHEHHUSI 9JIEMEHTA B PA3HBIX TTO3UIIHSIX MOKET ObITh
HEPaBHOMEPHON. ITO CHUKAET X 3P(HEKTUBHOCTD.

Paugomusanus. MHora panioMusaliist JaHHbIX TI03BOJISIET H30€KaTh HEraTHBHBIX
nocaeactsuit. Hanmpuvep, 1ist 60pbObl ¢ KaacTepusanuei B IBOWHOM XEITUPOBAHIH
WCTIOTB3YETCs [IBE XeI-(DYHKITIH.

aea 9. Pekypcus

CgoiictBa pexkypcun. [1pu ncnosb3oBaHuy peKypPCUBHBIX AITOPUTMOB, IIOMUMO Tpe-
GOBaHMI KO BPEMEHU BBINOJHEHUS U MAMATH, HEOOXOMMO YUUTHIBATH MAKCUMAJIbHYIO
TIyOUHY peKypcun U 00beM 3aHMAaeMOTO CTeKa.

PexypcuBHbiii noaxo/1. PeKypcHBHBIN aJITOPUTM BBI3BIBAET caM ceOst, 4TOOBI C/IEIATh
3amauy Gosiee Mesikoil. Ha ararie, Korjia 3a/1ada yMEHbBIIIUIIACH 10 HYKHBIX Pa3MEPOB, OH
peraet ee 6e3 PEKypCUH U BO3BPAIAETCs B UCXOHYIO TOUKY BBI30Ba.

Pexypcusnbie onpeaenenusi. Hekotopsie nmocsieioBarebHOCTH (HapuMep, (hakTo-
puasbHast hyHKIHs 1 yrcia DubGoHAUYN ) UIMEIOT eCTECTBEHHO PEKYPCUBHbIE OIPe/ieie-
Hutst. [[J1s1 HUX JIETKO Mo06paTh PEKYPCUBHBIN aJITOPUTM, XOTS 9TO HE BCETIa OKAa3bIBAETCsI
HACTOJIBKO e a(DhEeKTUBHBIM, KaK HEPEKYPCUBHBIH MTOIXO/I.

Camonodobuviil ppaxmai peCTaBIsieT COO0N KPUBYIO-UHUIIUATOP, YACTH KOTOPOI
PEKYPCUBHO 3aMEHSIFOTCST KPUBBIMU-TEHEPATOPAMHU, UTO MACIITAOUPYIOTCS, TIOBOPAYH-
BalOTCA U IIpeoOPa3yIOTCs COOTBETCTBYIOIIMM 00Pa3OM.

Anzopummol ¢ 6036pamom — PeKypPCUBHBIN TIOJIXO/I, KOTOPBIN UIET YaCTUYHbIE pe-
nrervst. Ecii yacTiaHOe pereHre He MOKeT ObITh PACITUPEHO JI0 TI0JHOTO, OHO OTBEP-
raercs, ocJie Yero aJirOPUTM BO3BpalIaeTcsl K IPe/bIIyIeMy ITOAX0s1IeMy BapuaHTy
U UCIIOJIb3YET €ro Kak OTIPaBHYIO TOUKY JJIs1 laJIbHEIIIero oucka.

Buwibopra — HeyTopsiI0MeHHOE TOAMHOKECTBO 00beKTOB. KomuecTBO BapnanToB
BbIOOpa k 1eMeHToB 6e3 JyOJNKaTOB IIPU YCIOBUU, YTO 0OIIee YUCIO DIEMEHTOB PaB-
HO 71, OIIMCBIBAETCA CJIEAYIOIMIUM YPaBHEHHUEM!

%) ~wem

Kosmmuectso BapuanTos BoI6Opa k 9JIEMEHTOB M3 MHOKECTBA 1 JIEMEHTOB ¢ 1y 0Jin-
KaTaMH OINCBIBAETCS TaK:

(")

446



CobpaHue anropuTMnU4ecKmnx NoOHATUN

Ilepecmanoska — 910 yNOPAT0YEHHOE MOJMHOKECTBO DIEMEHTOB, B3SITOE U3 MHOKE-
crBa. KoJsimuecTBo repectaHOBOK ¢ iyOJIMPOBAHUEM k 3JIEMEHTOB, T03aUMCTBOBAHHDIX 13
MHOKECTBa PA3MEPOM 7 JIeMEeHTOB, paBHo 7*. KosmuecTBo nepecranoBok 6e3 nybinka-
ToB cocraBisieT nx (n— 1) x (n—2) x ... x (n — k + 1). B ormesnbHoM ciydae, Korga k =n
(MIMEHHO 11071 TUM OOBIYHO 1 TOHUMAIOT TIEPECTAHOBKY ), YUCJIO TIEPECTAHOBOK PABHO 7.

¥ nanenue xBocToBO# peKypcuu. X BOCTOBYIO PEKYPCUI0 MOKHO 3aMEHUTH ITUKJIOM,
KOTOPBII Ilepe/l OKOHYaHueM cOpachiBaeT apamMeTphbl.

XpaHeHne NpoMes;KyTOYHBIX 3HaUeHUl. Ecyi Bo BpeMsi BBIYMCJIEHUI BaM ITPHXO0-
JUTCSI MHOTOKPATHO PACCUUTBLIBATDL OAHU U Te JKe 3HadeHMs (Kak B cIydae ¢ 4ucjaMu
OuboHawy), BbI MOXKETE COKOHOMUTH BPEMSI, COXPAHSIst UX B TabHIle TONCKa. Tak oHn
OYIyT BBIYHCISITHCST BCETO OJINH Pas.

Ynanenue o6meit pekypeun. OT pekypcun MOKHO U36aBUThCst GoJiee yHUBEP-
CaJbHBIM 00Pa30M, UMUTHPYsI PEKYPCUBHBIE BBI3OBBI MeTO/a. [lepes BbITIOMHEHUEM
PEKYPCUBHOTO BBI30BA MEPEMEHHBIE CJIE/yeT TIOMECTUTH B CTEK; 10 3aBEPIICHUN WX
MOZKHO OyzeT oTTy/a 3a0paTh.

aea 10. JepeBbs

ﬂepeBbH HCITIOJIB3YIOTCA BO MHOTUX aJITOPUTMAX, IIO9TOMY BaM CJIEAYET 3allOMHUTDH
X OCHOBHBIE CBOMCTBA.

Jlorapudmuueckuii poct. Eciiu iepeBo paBHiibHO cOIAHCHPOBAHO, €T0 BBICOTA
pacTeT Kak Jorapudm KoJIu4ecTBa €ro BepIIrH.

BoJbpioe YnucI0 IUCTOBBIX BEPIIHH. Ecmm 6I/IHapHOE JIEPEBO IIPaBUJIbHO cHbamancu-
POBaHO, TPUMEPHO IMOJIOBHWHA €TI0 BEPIINH ABJIAIOTCA JIMCTOBBIMU.

NuaykTuBHOE TOKa3aTeabCTBO. /[0Ka3aTebeTBO MyTeM WHIYKITUU SBJISIETCS T0-
JIE3HOW METONKON OKA3bIBAHMUS TEOPEM.

BetBu 1 ccbliku Ha 00beKTbI. CChLIKY 1 YKa3aTeJin ITO3BOJIAIOT CBA3bIBATh BEPIIN-
HbI C IOYEPHUMU dJIEMEHTAMMU. C ux IIOMOMIbIO TaKKe€ MOJKHO CO3/laBaTb CBA3U MEKIY
AE€PEBbAMU U CTPOUTD CETH.

0O06xo0a. TIpamoii, cuMMeTpUYHBIN 1 00paTHBI 06X0/, a TakKe 00X0/ B INIUPUHY
HO3BOJIAIOT 06pabaThIBaTh BEPIINHEL IepeBa B Pa3HOM IIOPSIKE.

Ynopsinouennsie qepeBbsi. B yriopsiioueHHOM jiepeBe BepIIUHbI CTPYTIITHPOBAHBI
orpe/ieJIeHHbIM 06Pa3oM, I03TOMY BO BpeMst CUMMETPUYHOI0O 00X0/1a oK o6pabarbiBa-
I0TCS B TIOPSIIKE COPTUPOBKH.

TpeI[bI. JTO ClieliajibHble BETBU WJIN CCbIJIKM, KOTOPbIE ITO3BOJIAIOT ITOCCHIATh
BEPIINHLBI IepeBa NJIN CETU B HEOOBIYHOM IopsAAKe. CprKTypa JaHHbIX MOJKET UMETb
CTOJIBKO TPE€A0B, CKOJIBKO BbI ITOCUUTAETE HYKXHbBIM, XOTA UX O6CJIy>KI/IB3.HI/I€ Tpe6yeT
JLOITIOJIHNTEJ/IbHBIX yCI/I]II/IfI.

JepeBbs 3nanumii. B urpe «’KuBoTHbBIE» 1epeBO 3HAHWI WUCITOTb3YETCS /LIS TIPeJi-
CTaBJIEHNSI BOTIPOCOB 1 OTBETOB Ha HUX (PE3yJIbTAaTOB).

Bpra)KeHI/Iﬂ MOTYT 6bITb Ipe/CTaBJIEHbI 1 BbIYMCJIEHDI B BUE 1EPEBLEB.

KBaleO- 1 OKTOZEPEBDA JIEJAT Ha CETMEHTDI JIBYX- NJIM TPEXMEPHOE IPOCTPaHCTBO,
YCKOpsA TEM CaMbIM HaXOK/I€HWE 0OBEKTOB.
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aea 11. C6anaHcupoBaHHbIe fepeBba

AmopTusanuonHsle onepanuu. 1Hor1a Bo BpeMst Py THHHBIX OTI€PAINii IMEET CMBICIT
IIPOBECTU HEKOTOPYIO AOMOJHUTEIbHYIO PaboTy, 4TOOBI M30€KaTh BBIIOJIHEHHI Ky1a
GoJiee pecypcoeMKUX JeiicTBIIN B qambHelieM. Hanpumep, 5T0 MoKeT ObITh OaaHCH-
poBaHIie JiepeBa Mpu 00aBICHIH W YIAIeHUT 3HATCHIH.

B ABJI-zepeBbsix [ist GaJlaHCUPOBKHU IIPUMEHSIETCS OTI€palikst TIOBOPOTa, biarogapst
YyeMy pasHHIIA B BBICOTE JBYX TO/IEPEBbEB B JII0OOOH BepIINHE He TpeBbiiaeT 1.

2-3-nepeBbs. Kaskas BHyTPEHHSSI BEPIIMHA UMeeT JnGo Ba, MO0 TPU TOYEPHUX
o6pekTa. Ecm ux Tpu, TO mpu 106aBIEHNT HOBOH BEPITIHBI OHa Oy/IET pa3/iesieHa Ha [Be
¢ ABYMs JJouepHUMHU oObekTami. Eciii ux [Be, TO TP yIaJeHUH OJHON U3 HUX OCTaB-
1asicst BEpIInHa 0OMEHMBACTCS 3HAYCHUSIME C BEPHIMHOI TOTO K€ YPOBHS UIIH 00be/ -
HSIETCSI C COJIEP’KUMBIM CBOETO POITEII.

B-nepesbs. Kaxnasg BepimHa copiepkut oT K 710 2 x K 3Hadennit, rje K — mopsiziok
nepesa. Bepuuna, xpansmaa M snavenuii, umeer M + 1 gouepHux oO0beKToB. B-1epesbst
SIBJISIIOTCSI OOIUM CIydaeM 2—3-1epeBbeB U KCIIOJIb3YIOT II0X0KYI0 MOAEb PA3/IeIeHIs
1 CIUSTHUST BEPIIH.

HNepapxuuecku opraHudoBanHbie B-nepesbs. [lepemerasicb BHU3 110 JiepeBY 71
M0OaBIIEHVIST 3HAYEHNST, ATTTOPUTM Pa3/IEJISIeT JIOObIE TTOTHbBIE BEPIIUHBI, BCTPEYaloIie-
CsI HA €T0 Ty TH, YTOOBI B CITy4ae HeOOXOAMMOCTH UMETh HYKHOE ITPOCTPAHCTBO. ITO eIie
OJIMH ITPUMEP aMOPTHU3AIMOHHON OTIepaITiy, KOT/[a aJITOPUTM BBITIOTHSIET KaKy10-TO J0-
HOJIHUTEJBHY0 paboTy, 4TOOBI YIIPOCTUTH CBOM JajibHEHIIINE AeHCTBUS.

Maga 12. lepeBbs NPUHATUSA peLUeHUA

C nomotieIo /IepeBbeB PUHSITHS PENEHNI MOKHO CMOJIETUPOBATh MHOKECTBO 3a-
nau. Kaxaas BeTBb Jepesa mpeicTaBisieT coboil ouH BBIGOP.

/epesvs uzpvt MOKHO OITPEIEINTD KaK YACTHBIH CIyvaii iepeBa IPUHATHS PEIICHUT.
Mununmanbaas ctparerus (MUHIMAKC) 1103B0JIIeT MUHUMU3UPOBATD [TO3UIINIO OIIIIO-
HEHTa Ha UTPOBOH locke. Cpeu 9BPUCTUIECKUX METOUK, TPUMEHSIEMBIX B JIEPEBbSIX
UTPBI, MOYKHO BBIZICJIUTD TIPEIBAPUTETHHOE BBIYUCIECHUE TTEPBOTO X0/Ia U OTBETHBIX XO-
JIOB, TTOUCK POJIUTENBCKUX OOBEKTOB M HYMEPAIIUIO TIO3UIINI Ha JI0CKe (HOMepa MOTYT
MEHSTLCS CO BpEeMEHEM ).

Tunsl 3agay. MHorue cIoxHbIE 331a41 UMEIOT OJHY U3 JABYX (POPM: ONITUMU3AIIH-
OHHYIO U TAKYI0, 4YTO TPEOYET CTPOTOTO OTBETA «/[a» WU «HET>. [[ePeBbst IPUHSATHS Pe-
MIEHWH TTOMOTAIOT MOJIETMPOBATh ONTUMHU3ANMOHHYI0 hopmy. Ecam y HUX He mosryya-
€TCsT HAlTH pellieHne B BU/Ie OTBETA «/la» UJIU «HET», 3TO He /TaeT OCHOBAHWH yTBepPK-
JIaTh, YTO PEIeHUS He CYIECTBYET.

IIpumepsi.

= Yro06bI OIPEEIUTh YIOPJOUNBAHIE 9JIEMEHTOB, BETBb JiepeBa Ha ypoBHe K mpe-
CTaBJISIET BHIOOP OZHOTO M3 OCTABIIMXCS 9JIeMeHTOB st K-if osuimy B Habope.
JlepeBo conepskuT N! JIMCTOBBIX BEPIIIHH.
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= Yro6bl BHIGPATH OIMHOKECTBO U3 KOJIJIEKITUHU 3JIEMEHTOB, BETBb JIePEBa Ha yPOB-
He oIpesiesigeT, HaxoauTced jin K-l asieMeHT BHyTpY MHOKecTBa. Kaskmas BepiiHa
uMeeT 1Be BeTBU. /lepeBo comep:RUT 2V TUCTOBBIX BEPIITHH.

* Yro6b! BHIOPATH MOIMHOKECTBO PasMepoM M 3JIEMEHTOB 13 KOJUIEKIIUH, B KOTOPYIO
BXoauT N 3JIEMEHTOB, BETBb JIEPEBA HA YPOBHE BHIOUPAET OJIMH 2JIEMEHT M3 OCTaB-
nmxcst N — K. Jlepeso copepxut N x (N — 1) x ... x K JIUCTOBBIX BEPIITUH.

MeTOI[ BETBU U TPAHUIIbI MOKET 3HAYUTEJIbHO OIIEPEKATh IMONCK ITOJITHBIM Hepe6o—
POM IIPU HAXOKAECHUUN OIITUMAJIbHOT'O PEIIeHNA.

Iepucruka. [Ipu perreHny MacTaGHBIX 3224 BCe IEPEBbs TOCTUTAIOT OTPOMHBIX
pa3MepoB, U3-3a Yero HaxoxAeHUe TOYHOrO pe3yJibTaTa CTAHOBUTCA HEBO3MOIKHBIM.
B ¢Bs1311 ¢ 5TUM TPUXOAUTCST 0OPATITATHCS K 9BPUCTHIECKNM MeToanKam. K mobomy ze-
peBY IPUHATHA PENICHUI MOKHO IPUMEHUTH TaKKe BUJBI 9BPUCTUKH, KaK CAYyYalHBIN
MOMCK, YCOBEPIIEHCTBOBAHUE ITyTeii, UMUTAIUA OTKUTA U T. 1. AJITOPUTM BOCXOXK/I€-
HUS Ha BepHIMHY (B TOM YKCJIe U C YIIOPSA0YMBAaHUEM ) MOKET BbIJIATh IIpUEMJIEMbIi pe-
3yBTAT YPE3BBHIYANHO OBICTPO, XOTST IJIST €70 UCTTOMH30BAHUS HEOOXOIMMO OTIPEIETNTD,
YyeM UMEHHO SIBJISIeTCS «BOCXOJK/IeHe Ha BepPIIUHY» B KOHTEKCTe KOHKPeTHOH 3a1auu.

MaBa 13. OCHOBHbIE CeTeBbI€ aJiIrOPUTMbI

YT00bI OCBEKUTD B IIAMSITH CETEBYIO TEPMUHOJIOTHIO, IPOCMOTPUTE IIEPBBII Paszelt
raasbl 13 1 o3HakombTech ¢ Tabautieit 13.1.

B HeKOTOPbBIX ITpe/ICTaBIeHUSIX CEeTH UCII0JIb3YeTCs OT/Ie/bHbIN Ki1ace Link. B apy-
r'UX UHQPOPMAIUIO O 3BEHbSIX 3aIUCHIBAIOT B Y3JIbl, U3 KOTOPBIX 9TH 3BEHbS BbIXOJIST.

006x0 cet. AJITOpUTMBI 06X0/Ia CETH B TIIYOMHY U ITUPUHY PabOTAOT AHATOTHIHO
anropuT™MaM 00X0/1a IEPEBBEB, 32 UCKIIOYEHIEM TOTO, UTO B KITACCE Y3JI0B MOSBIISIETCST
HOBOE CBOICTBO, 10 KOTOPOMY MOKHO Y3HATh, TOCENIAJICS JI y3eq npexie. bes3 atoro
CBOIICTBa AITOPUTM 06X0/1a CIIOCOGEH BOWTH B GECKOHEUHBII TIHKIT.

CeasHocTtb. Bbl MOKeTe OTIpeIeNTUTD, SBJSETCS JIU CETh CBSI3HOM, HAUWHAS C 33JIaH-
HOTO y3J1a. JIJist 3TOTO ee HyKHO 0O0UTH, MCIIOJIb3YST Y3€J B KAUeCTBe UCXOHOM TOUKH,
U 3aTeM YCTAHOBUTD, OBLJI JIM IIOCEIeH KasKAbII Y3€l B CETH.

Ocmosnvim HA3BIBAIOT /IEPEBO, KOTOPOE OXBATHIBAET BCE y3JIbI CeTH. MUHNMAIbHOE
OCTOBHOE JIEPEBO MMEET HAMEHBIITHE 3aTPAThI U3 BO3MOKHBIX. OGX0/] OCTOBHOTO JIEPERA,
OTTMCAHHBIH B ryiaBe 13, aBJsgeTcs XOPONIMM IPUMEPOM KA THOTO aJITOPUTMA.

AJITOPUTM € yCTAaHOBKOI METOK Beerzia J06aBIIsSeT K MPOMEKYTOYHOMY 3HAYECHUIO
3JIEMEHTBI, KOTOPbIE 3aT€M BOIAYT B UTOTOBBI pe3ysbraT. [lonck KpaTyaiiiiero mytu
C YCTAHOBKO# METOK SIBJISIETCST 0GXOIOM CETH B ITUPUHY.

AJII‘OpI/ITM C YCTaHOBKOﬁ METOK IPUKPEIVIAECT K IIPOMEKYTOYHOMY 3HAYECHUIO 3JI€-
MEHTbI, KOTOPbIE 3aTE€EM MOT'YT OBITH 3aMEHEHBI APYyruMun dj1IeMeHTaMu. TTouck KpaTqaﬁ-
IIEero IIyTn C KOPPEKHI/Ief/i METOK ABJIAECTCA O6XOIIOM CETHU B TJIy6I/IHy.

[Touck KpaTyaiinero myTy Mex 1y BCeMU IapaMy BEPIIMH HAXOIUT MAPIIPYT MeXK-
1y Jio0bIMK ABYyMsI y3jamu ceTd. OH BBITIOJIHAETCS 32 TTOJMHOMMAIBHOE BPEMsI, OJ[HA-
Ko nosirHoM O(N®) 10CTaTOUHO BEJIMK JIJIST TOTO, YTOObI JAaHHBIH aJITOPUTM OBLIT CJIUII-
KOM MeJIJIEHHBIM JIJIst 00beMHBIX ceTell. EMy Takike Tpebyercs mamsth oobemMom O(N?),
YTO JIeJIAET €ro J0BOJIBHO PECYPCOEMKIM B OOJIbIINX MaciTabax.
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Maea 14. lononHuTenbHbIE CeTeBble
aNropuTMbl

Tonmonornueckast COPTHUPOBKA PACHINPACT HaCTUIHOE YIIOPAJOIYNBaAHUE 10 MTOJTHO-
IO, ITO3BOJIAA BaM BBIIIOJIHATD 3a/la4i B ITOAXOJAIIEM ITOPA/IKE. Cee IIOMOIIbIO MOKHO
TaKyKe OIIPE/IEJINTD, COAEPIKUT JIN CETb ITUKJIbI.

Eciu kapra siBjisiercst ABYXIBETHOM, /ISl Hee JIErKO HalTH cI10c06 pacKpaliiBaHust
JBYMs IIBeTaMU. 3ajladya olipe/ie/IeHUs TPEXIBETHOM KapThl CYUTAETCS KPailHe CJIOK-
1ot JIo6yio KapTy MOXKHO 3aKPACUTh MAKCUMYM YETBIPHLMSI IBETAMH, HO C/IEJATH 9TO
He Beerga mpocto. JKagHblil aJIrOpUT™ BO MHOTHX CJIyYasix ClIOCOOEH 3aKPACUTD KapTy
6e3 NCOIb30BAHYS CJUIITKOM GOJIBIIOTO KOJINYECTBA JIUITHUX I[BETOB.

[l moncka MakCMMaJIbHOTO TIOTOKA MOKHO 33/IeMCTBOBATh (BUPTYaJIbHYIO) OCTa-
TOYHYIO ceTb. JlomoMHAIOMMHI Iy Th [T0Ka3blBaET, KaK YJIYUYIIUTh IOTOKU. C 110MOIIbIO
MaKCHMATHHBIX TTOTOKOB MOJKHO PACTIPENENSITh TOTKHOCTH MEXIY PaOOTHIUKAMH, Ha-
XOJIMTh MUHUMAJIBHBIN pa3pes MOTOKA M yCTAHABJINBATD KOJIMYECTBO HECBSA3HBIX Ty TeN
MEXK/y UCXOIHOM U KOHEYHON TOUKaMMU.

Maea 15. CTpokoBbie asiropuTMbl

Corocrarenne cKOOOK 00eCTIETNBAET AHATI3 MATEMATHIECKIX, JIOTHIECKIX U [IPY-
rux BeIpaxkeHnil. C ero MoMoIbio MOKHO TaKKe cO3/[aBaTh CUHTAKCUYECKUE JIEPEBDS,
KOTOpbIE MTO3BOJISIIOT MHOTOKPATHO BBIYUC/IATD BBIPAKEHUS 1 T€HEPUPOBATb CTPYKTY-
Pbl IaHHBIX.

Perysnsipabie BbipaskeHUS JAIOT BO3MOKHOCTD TIPOTrPaMMe OTIPE/IETISATD, COAEPIKUT JIN
TEKCT TOJICTPOKY, COOTBETCTBYIOILYIO MA0TIOHY. AJTOPUTM JIJist PAOOTBI C PETYJISIPHBIMU
BBIPasKEHUSIMU UCII0b3YeT 1pu o6padotke crpoku KA 1 HKA. 3t aBroMaThl MOTYT
GBITH TTOJIE3HBI U B IPYTUX CUTYAIUSAX — HATIPUMED, KOT/IA HYXKHO YITPaBJSATh BUPTYalb-
HBIM KOMITBIOTEPOM TIOCPEACTBOM HAabOPa MPOCTHIX TPABHLIL.

Asroputm Boiiepa — Mypa 1mo3BoJigeT nporpaMMe UCKaTh B TEKCTE 3aIaHHYTO 11071~
CTPOKY, HE TPOBEPSA KaK/bII CUMBOJI 9TOTO TeKcTa. [ IpuHImil, jeskaiiuii B ero ocHOBe,
MO’KHO IIPUMEHSITH B Pa3HBIX ClieHapuaX: IIpocTas IpoBepKa (aHaan3 KOHILa 1es1eBoil
CTPOKH) MHOT/IA CTIOCOOHA UCKITIOUNTD 13 06JTACTH TTOMCKA GOJTBIIIE YIACTKI TEKCTA.

AJIFOpI/ITM PEAAKIIMOHHOI'O PACCTOAHUA OIIEHUBAET CTENIEHD CXOKECTHU /IBYX CTPOK
nian (paﬁHOB. ¥Y3Hath ¢ ero IIOMOIIbIO, HACKOJIBKO ITOXOKHU /IBa O6’beKTa, MO’KHO B JII000i1
cCuTyalunu, B KOTOpOfI TTO3BOJIEHO OIIPEAEJIATH TUIIbI JOCTYITHBIX M3MEeHEeHUH.

Maea 16. Kpuntorpadwusa

Jlsist GOJTBIINHCTBA TIPOTPAMMUCTOB JTAHHBIE AJITOPUTMBI TIPEJICTABISIOT Pa3Be YTO
aKa/leMU4YecKuii MHTepec UK pa3piedenue. TeM He MeHee OHM JIEeMOHCTPUPYIOT He-
CKOJIBKO TIOJIE3HBIX METO/IHK.

ITepecranoBounsie mmgppi. HekoTopbie 13 3THX aIrOPUTMOB IIPENCTABISAIOT TEKCT
B BUJIE MACCUBA, XOTSI, €CJIN BaM HYKHO ITPOCTO BBIYUCIUTD MECTOHAXOK/ICHHE TeX NN
WHBIX YYaCTKOB TEKCTA, MACCUB MCIOJIb30BaTh BOBCE HE 00SI3aTEBHO.
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CobpaHue anropuTMnU4ecKmnx NoOHATUN

Oxunopasossie 610kHOTBI. ObeceunBaloT 10Ka3yeMo crolikoe mmgdposanue, Mx
HEZOCTATOK 3aKJII0YACTCS B TOM, UTO KOIMU OJHOTO ¥ TOTO e BIOKHOTa HEOOXOIUMO
Ge30macHbIM 06Pa30M TMepeiaTh Kak OTIPABUTEIIO, TAK ¥ TTOJIYYATEIO.

Brounbie nmpsi. Pazessior coobienne Ha YacT, Kak/ast i3 KOTOPBIX Mindpyer-
sl OTZIENIBHO. BOJIBITMHCTBO MOI0GHBIX aJITOPUTMOB MHOTOKPATHO BBITIOJIHSIOT ¢ GJI0Ka-
MU TEKCTa OTHOCUTEJILHO IIPOCTBIE OIIEPAIH, TIOBBIIIAS TEM CAMBIM CTOWKOCTD K B3JIOMY.

AJsropuT™bl IIH(PPOBAHUS € OTKPBHITHIM KJIIOUOM. [10 CyTH, IyOIUKYIOT YaCTUIHOE
npeobpa3oBanme, KOTOPOe MIPUMEHSIETCSI OTIIPABUTENIEM. 3aBepIIaeT TpaHCHOPMAIIUIO
MOJTy4aTeN b, KOT/Ia BOCCTAHABIMBAET UCXOHOE COOOIIEHNE.

Cpenu apyrux KpunITOrpaudecKux aaroOpuTMOB MOKHO BBIIETTUTH XEITUPOBAHNE
1 TIHPOBYIO MOATNCE.

Maea 17. Teopusa BbIYMCIINTESNIbBHON CJIOXKHOCTU

Kaaccel cirokHOoCcTH. 3a/1aun (He aJIFOpI/ITMbI) PA3AEJIAIOT 110 KjlaCCaM CJIOKHOCTHU
B 3aBUCHUMOCTHU OT TOTO, HACKOJIbKO TPY/THO UX PDEIINUTD.

P uNP. P — 510 MHOXECTBO 337124, KOTOPBIE /IETEPMUHUPOBAHHBIN KOMITBIOTEDP MO-
JKeT PellnTb 32 II0JIMHOMUAIbHOe BpeMsl. 3ajiauu Kiacca NP Toske PelIaloTcs 3a OJINHO-
MUATbHOE BPEMsI, HO yiKe HeIeTEPMIHIPOBAHHBIM KOMITHIOTEPOM. BeposiTio, HanboJree
OCTPBI BOMIPOC B UH(POPMATHUKE 3BYUUT TaK: « PaBHbI sin1 Kaacchl P NP?».

DTIME u NTIME. 3anaua sxoaut Bo MuoxkectBo DTIME(f(N)), eciiu nerepmu-
HUPOBaHHBII KOMITBIOTEP MOKET pentuth ee 3a BpeMst O(f(N)). Eciin ee MOKHO periuTh
3a TOT K€ MPOMEXKYTOK Ha HeJIeTEPMUHUPOBAHHOM KOMIIBIOTEPE, OHA SABJISETCS YaCTHIO

NTIME(/(N)).

EXPTIME u NEXPTIME. 3ajaua sxoaut Bo MuoxkectBo EXPTIME, eciin ietep-
MUHUPOBAHHBIN KOMITBIOTED MOYKET PEIUTD €€ 32 IKCIOHEHITNATbHOEe BpeMs. 3a1aun
knacca NEXPTIME petaiorest 3a TOT ke TPOMEXKYTOK, HO y:Ke HeJleTePMUHUPOBAH-
HBIM KOMIIbIOTEPOM.

Crenenne. C 1moMoOIIbIO CBEIEHUH, 3aHUMAIOTIUX TOJTUHOMUATBLHOE BPEMSI, MOXK-
HO 1I0Ka3aTh, YTO OJ[HA 3ajla4a SIBJSETCS KaKk MUHUMYM TaKoi JKe CJI0KHOI, Kak Apyrast
(B 0OBIYHOM IIPOrPAMMUPOBAHUHU OAOOHBII IOAXO UCIIOIb3YETCs IJIsk TOT0, YTOOBI He
u306peraTh COBEPIIEHHO HOBOE PEHICHUE).

NP-noansle 3agauu. 3anaua apisiercss NP-1ionHoi, eciau oda sBxoaut B NP u eciiu
K Hell MOKHO CBECTH JII0ObIe APYyTHe 3a4a4r 9TOr0 KJIacca.

Onpeznenenne, coobuenne u onruMusanusg. C IOMOIIBIO CBEAEHI MOKHO IIOKa-
3aTb, YTO 3TU BUJIBI 33/1a4 OJJTUHAKOBO CJIOKHBI — 110 KpaliHell Mepe, ¢ TOYKU 3PEHUs Te-
OpUY BBIYUCTUTETHHON CI0KHOCTH.

aea 18. PacnpepeneHHble anropuTtmbl

CymecTByeT MHOJKECTBO BIIOB TTAPAJLIEIN3MA, BKIIOUAsI CUCTOINIEeCKHIE MACCHBEL,
ceTeBbIe KOMITBIOTEPDI, paclipe/ieJIeHHbIC 1 KBAHTOBbIE BBIUMCIICHMUS, & TAKKE MHOTOITPO-
I[[ECCOPHYI0,/MHOTOsIZIEPHYI0 06pabOTKY B paMKaX OJIHOIO KOMIIboTepa. B Hacrosiiee
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BpeMst HarboJIee PACITPOCTPAHEHHBIMU SBJISIOTCS PACIIPE/IeJIeHHbIE BBIUNCIEHIS HA Ce-
TEBBIX K MHOTOIIPOIIECCOPHBIX YCTPONCTBAX.

Otnaaka mapasIebHBIX AITOPUTMOB MOXKET OKa3aThCsI KpaifHe CI0KHOIH, TOCKOJIb-
Ky TPOGJIEMbI ¢ CHHXPOHU3AIMEN MEIIAlT BOCIIPOM3BECTH HEKOPPEKTHOE TIOBEIEHUE
IIPOTPaMMBbl.

Qpe36bmaduo napainiejivHviMiu Ha3bIBalOT aJITOPUTMBI, KOTOPbIE MOKHO €CTECTBCH-
HbIM o6pa30M HO/IpO6I/ITb Ha 4aCTH U c/ej1aTb O6H_[I/IMI/I JJII HECKOJIbKUX TTPOIECCOB
C MUHUMaJIbHBIM BSBHMOHeﬁCTBHCM.

Copmupoeica CausnHuem NMEET €ECTECTBEHHO PACIIPE/ICJICHHYTIO PeajIn3aIfunio.

3adaua obedaiowux Gunocoghoe oCBsiIeHa IIPOOdIEMe B3AUMHBIX OJIOKUPOBOK, B TOM
YUCJIE U AKTUBHBIX.

3adaua dsyx zenepanos eMOHCTPUPYET TPOGIEMBI HEOE30MACHOTO B3AaMMOJIEHCTBISL.

3adaua eus3aHmuiicKux Z2enepalos, BRilo4as €€ padHOBU/IHOCTH, UMEET /1€J10 C ITPpOoIecC-
CaMH, B KOTOPbIX MOJKET HpOI/ISOI;,ITI/I caMbIii Xy,Z[LHI/H;'I 13 BO3MOKHBIX COOEB — 3TO Kor/za
BbIZAIOTCA HETIPABUJIbHBIC PE3YJIbTAThl BMECTO MX IMTOJTHOTO OTCYTCTBUI.

B HpO6JIeM€ COTJIaCOBaHUs peub U/IET O CUTYyalluu, B KOTOpOfI HECKOJIbKO ITPOIeCcCoB
JLOJIZKHBI COI'JIaCOBaTb O6I[II/II./JI pe3yJbTar.

3adaua évibopa nudepa MOCBAILIEHA OIIPeIeIeHIIO [IABHOTO IIPOIECCa, KOTOPHII 3a-
HMMAEeTCs KOOPJAMHALMEN U OMOTaeT pelaTh MHOTHE APYTUe PACIPENe]IeHHDIE IPO-
OJIeMBL.

CHUMOK KOIUPYET COCTOSTHIE PACTIpe/Ie/IeHHO CHCTeMBbI, BKIIIOUas COCTOSTHIS BCEX
ee BHYTPEHHUX TIPOIECCOB U JIIOObIE COOOIIEHMsI, KOTOPBIE B 9TOT MOMEHT HAXOJISITCSI
B IIyTH.

3adaua CUHXPOHU3AUUU YACO6 — ITO TTOTIbITKA CHHXPOHU3NPOBATD /IBa ITPOIlecca IIpn
HaJIM4INM KOMMYHUKAITMOHHBIX 3a€PIKEK.

aea 19. lonoBosiOMKM,
BCTpevalowmecs Ha cobecenoBaHNAX

3a/1a4K-roJI0BOJIOMKH, KOTOPbIE UCIIOJIB3YIOT Ha coOeCceJOBaHUSX, JAIEKO He BCET-
JIa IOMOTaloT MTOHSTh X0/ MbIC/Iel KaHAM/aTa Ha J0JIKHOCTD U IIPOBEPUTD €ro CIoco0-
HOCTH K pelneHuio npo6seM. JacTo OHU CBOAATCS K MEJIKMM AETaJsIM, XMTPhIM TPIOKaM
W HeoOXOMMOCTH MBICJIUTh B 00paTHOM HAIIPaBJIEHIK — OT PELIeH s K cCaMOi 3ajade.
Kanuaatsl, KOTOPbIE 3HAIOT, B Y€M MIOBOX, MOTYT PEITUTh UX, He IEMOHCTPUPYsI 0c000i
KpeaTHBHOCTH. Te jKe, KTO He 3HAKOM € TOHKOCTSIMU TIOI0OHBIX 33/1a4, CTOJKHYTCSI, CKO-
pee Bcero, ¢ GOJIBIIUME TPYAHOCTAME, U TBOPYECKOE MBIIIIEHUE UM 371€Ch HE TIOMOKET.

33,[[3.‘-11/1, CBsA3aHHbIE C ITPOTPpaMMUPOBaHHEM, Ha ITOPAAOK BbIIIE TOJTOBOJIOMOK C IIIapu-
KaMM WJIN KOJI0ZaMU KapT. Eme JIydiie, eCJii OHM He OCHOBaHbI Ha OCTPOYMHBIX ITpUEMax.

CIUIIKOM CJIOKHASI TOJIOBOJIOMKA MOJKET 3aCTaBUTD KaHau/aTa HEpBHUYATb Ha ITPO-
TAXKEHNN BCETO CO6BC€I[OB3.HI/IH (I/I]II/I OCTaBIIErocsa I[HH), 1 TOTra BaM BPAJZ JIN YIACTCA
y3HaTb MHOTO€ O TOM, KaK OH BEJIET cebs B OOBIYHBIX YCIOBUAX.



MpunoxeHue b
PELLEHUNA K YIMTPAXKHEHUAM

Fnaea 1. OCHOBbI anropnTMmM3aauum

1. B HOBO¥ Bepcum aaropuTMa BHEITHWH IUKJ TO-TIpeskHeMy uMeeT O(N) ute-
panuii. Koria ero cuetunk paBeH i, BHyTpeHHUI UKJ BbinojHsieTcss O(N — 1)
pa3. Eciu cyloKUTD KOJIMYECTBO UTEPAIM BHYTPEHHETO 1IUKJIA, TOJTYIUTCS
N+(N-1D+(N-2)+.+1=Nx(N-1)/2=(N*-N) /2. Bpemsa paboTsbI Ho-
BOU Bepcu Bee Tak ke Gyzet pasHo O(N?), XOTsI M0 CKOPOCTH OHa, BEPOSTHO, 6y-
JleT ollepesKaTb OpUTrHMHaL.

. Pacemorpure Tabsmiy B.1. 3Hauenne BeckoHeuHOCTEH FOBOPUT O TOM, UTO MPO-
rpaMMa MOJKET BBINOJHUTH aJITOPUTM JIJIs 33/[a4k JII0OOTO Pa3yMHOIO pasMepa.
JleMOHCTpaIMOHHOE TPUTOKEHE, IOCTYITHOE /IS 3arpy3ku Ha BeO-caiite aToil
KHUTH, TeHEPUPYeET CJIeTyIolIre 3HAUCHMS.

Tabnuua b.1. 31341 MakcuManbHbIX Pa3MEPOB, KOTOPbIE BLINOMHSIOTCS 3a PasHoe Bpemst

Bpems LOG,(n) SQRT(n) n n? 2" n!
Cekynzia Beckoneunoctn 1x10'2 1x108 1000 20 10
MumnyTa Beckoneynoctsb 4x10% 6x107 7746 26 12
Yac Beckoneunoctsb 1x101 4x10° 60 000 32 13
Jlenn Beckoneunocrs 7x10? 9x101 293939 36 14
Henens bBeckoneunocTn 4x10M 6x10"" 777 689 39 15
Ton Beckoneunocts 1x10%7 3x101 5617 615 45 17

3. Bormpoc B Tom, 1i1st Kakoro N cripaBeniBo HepaBeHcTBO 1500 x N> 30 x N?? Pe-

meHue oTHocuTebHO N aet 50 < N, H09TOMY MEPBbIN aIrOpUTM OYAET MEJITEH-
ree, eci N > 50. Bropoii anropurm nmoaxox pu N > 50, a mepssriit — mpu N < 50.

. Bomipoc B ToMm, 1151 Kakoro N cripaBeiBo HepaBencTBo N° /75 — N? / 4+ N+
+ 10 > N/2 + 8? Bbl MOsKeTe PEIIUTh 3Ty 3a1a4y JrObIM YI00HBIM JJIsI BAC CIIO-
cob6oM — HampuMep, ¢ MOMOIIbI0 aireOpbl wian Metoga HetotoHa (cM. TJ1aBy 2).
JIByMST TIOJIOJKUTETHHBIMU PEMIEHUSIMU JTAHHOTO YpaBHEHU sBASIOTCS N < 4,92
u N> 15,77. 9T0 03HAYAET, UTO MEPBBIH aITOPUTM CJIEAYET UCIOIb30BATD, €CIIH
52> N> 15. lemoncrpaimonnoe npuioskerre Ch01Ex04, gocTyimoe ajist 3arpysku
Ha Beb-caiiTe TaHHON KHWUTH, TPpe/ICTaBIseT 062 YpaBHEHUS B IPahpUIecKOM BUJIE
M HaXOJIUT TOUKH UX TIepeceyueH st ¢ TOMOIIbIo MeToaa HpioToHa.
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5. Vimest N GyKB, BBI MOJKETE CIeIaTh IEPBOH Kaykyio u3 Hux. 1o N Baprantos. Kak

10.

11.

12.

13.

TOJIBKO cJIeJIaeTe CBOU BBIOOD, st BTOPOil OyKBBI ocTaHercst N — 1 BapHaHTOB.
O6ee kommyectBo Kombunanmit 6yaer pasHo N x (N — 1). [Tommure, 9T0 Kak-
Jlast TIapa yuuTbiBaercs 1o asa pasza (AB u BA), m1oaToMy cyMMapHOe YUCJIO He-
yropsitoueHHbIX map coctaBut N (N — 1) / 2. B upencrasierun «O» 6OIBIIOTO
ato Gyner O(N?).

. Ecoiu rpanu kyba uMerot aiuHy N, IUIoIa b Kaxa0ii n3 Hux pasHa N2, Ky6 nme-

€T IeCTh TPaHel, TT03TOMY IIJIONIA/Ib BCEH €ro TOBEPXHOCTH cocTaBisteT 6 x N2,
Ecau anropuT™ reHepupyeT OHO 3HAYEHUE TSI KaKI0M eINHUIIBI U3MEPEHMS
IJIOLIA/IN, BpeMs ero paborsl 6ynaer paBHo O(N?).

. Ecom mopoiiTh k 3a/1aue MeHee Q)OpMaJIbHO, MOJKHO 3aMETHUTDb, YTO ITOBEPXHOCTb

Kyba 3aBucut ot Bemunibl N2 He mipuberast K BBIYNCIEHIM, JIETKO IPUIITH K BbI-
BOJLY, UTO aJirOpuT™ OyzieT paboTtarh Ha npoTsukeHnu BpeMenu O(N?).

. Eciiu rpanu kyba umerot jiuHy N, Takast jke JyinHa OyIeT U y BCEX €ro JABEHAl-

ratu pebep. CrenoBarenbho, obtiast annHa pebep pasra 12 x N. Omako kaxaast
KybGuueckas einHNIA, HAXO/AIIAACSA B YTIIY, ABJISIETCS YACThIO CPasy TPex rpaHeii,
M09TOMY B BhIpaskeHuu 12 x N OHa yuUTHIBA€TCS 1eJIbIX TpU pasza. Y Kyba ecTb
BOCEMb YIJIOB, T0ATOMY YTOOBI TT0ACUYET GBI MPABUIBHBIM, HYKHO BBIUECTD 2 X
8 u3 12 x N, — Tak kask/as u3 KyOM4ecKux eJINHIIL, Pa3MEIeHHbIX B YTy, OyieT
yUTeHa TOIBKO OUH pa3. PearbHoe KOTUIECTBO 3IEMEHTAPHBIX KYOOB COCTABUT
12 x N — 16, 3Haunt BpeMs paboTsl ajroput™a Oyaer O(N).

. Ecm HOZIOﬁTH K 3a7a4e MeHee (l)OpMaJIbHO, MOJKHO 3aME€TUTDb, 4YTO 06]].1351 JIUINHaA

rpaneii ky6a sasucut ot N. CiiezioBaTeibHO, 6€3 BBIOJIHEHUS BCEX BEIYUCIEHUTT
MOJKHO 3aKJTIOUUTD: BpeMs paboTsl aiaropurma pasio O(N).

B Tabuuiie B.2 mokasaHo KOJIMYECTBO 9J1eMEHTaPHBIX KyOOB /1JIsI HEKOTOPbIX 3Ha-
yeHuit N.

Tabn. b.2. AnemeHTapHble KyObl N5 pasHblx 3HaueHuid N

N 1 2 3 4 5 6 7 8
Kosmyecrso ky6oB 1 4 10 20 35 56 84 120

[To Tomy, Kak (hUTYpbI YBETUIUBAIOTCS B ITTMHY, IIUPUHY U BBICOTY (cM. puc. 1.5),
MOJKHO JIOTaJIaThCs, YTO KOJIMYECTBO KyOOB KakuM-To 00pasom 3aBucut oT N°.
Eciiit ipeinonosKuTh, 4To KoauaecTBo Ky6oB paBHO A x N°+ B x N>+ C x N +D,
rae A, B, Cu D — Hekue KOHCTAHTBI, CTAHOBHUTCST BO3MOKHBIM ITOJICTABUTH 3HA-
yenna u3 Tabaunbl 5.2 u Beruncautsd Beipaxkenue st A, B, C u D. Cuenas ato,
BbI OOHAPYIKUTE, UTO KOTUIECTBO KyOOoB paBHO (N°+ 3 x N?+ 2 x N) / 6, moaromy
BpEMsI BBITTOJIHEH IS ajqropuTMa coctasisier O(N?).

Ecau nopofitu k 3asaye Menee popMasbHO, MOSKHO 3aMETUTD, YTO CYMMapHbBI
obbem ¢uryp 3asucut ot N°. Jlaske ecyiu He mpuberaTh K BbIYUCTEHISIM, HATIPA-
IIABAETCS BBIBOJ O TOM, YTO QJTOPUTM OyzeT paboTaTh Ha TPOTSKEHUH BpeMe-

Hu O(N°?).

MozkeT s 6BITh anTOpUT™ 6G€3 CTPYKTYPBI IaHHbIX? [[a. AJITOPUTM — BCETO JIUIITh
HA0OP MHCTPYKIIUH, TO3TOMY HAJIMYUE CTPYKTYPhI IAHHDIX JIJIST HETO HE SIBJISIET-
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cst 00s13aTesIbHBIM. B KauecTBe puMepa MOKHO IPUBECTU YNCJIEHHBIE AJITOPUT-
MBI, OTIMCAaHHbIE B IJ1aBe 2.

BosMoskHO 1 cytiiecTBOBaHNE CTPYKTYPHBI JaHHbIX Ge3 anroputma? Her. Asro-
PUTMBI HY>KHBI KaK JIJIs1 TTOCTPOEHUS CTPYKTYPBI JAHHBIX, TaK W JIJIS TOJTy4YeHUS
OTIpe/IeJIEHHOTO Pe3yJIbTaTa C ee NCIOJIb30BaHNeM. B CTPYKType AaHHBIX, KOTO-

pasd HE NCIIOJIb3YETCA HU B KaKUX BbIYUCJICHUAX, HET 0c060TO CMBICIIA.

14. TlepBblii a/ITOPUTM IIPOCTO KPACKT AOCKH 3a00pa U3 KOHIIa B KoHell. KoimnuecTBo
IOCOK paBHO N, 1103TOMY BpeMst paboThl asropurma cocrasiistet O(N).

Bropoit anroput™ peKypeuBHO JieJuT 3a60p Ha YaCTH, HO B UTOTE 3aKpalinBa-
et Bce N nmocok. Ha pexypcnBHOe pasnenerue 3a60pa 1 €ro MOKPACKY YXOJINT,
coorsercTBenHo, O(log (N)) u O(N) maros. Ob1iee KOJIMYECTBO 1IArOB PaBHO
N+ log (N), mostomy Bpemst paboThI Y BTOPOTO aJITOPUTMa OyJIET TAKUM K€, KaK

n y iepsoro — O(N).

TeopeTudeckast MPOAOLKUTENLHOCTS OOOMX ATTOPUTMOB OTMHAKOBA, HO HA TPAK-
THKe, eCTH OTOHTH OT TipescTaBienust «O» GoJbINOro, BTOpoi 13 HUX paboTaeT
9yTh J0JIbIe. KpoMe TOro, OH OTIIMYAETCsI CIOKHOCTHIO U 3AITyTAHHOCTBIO, CTa-

JI0 OBITD, JTyUIlle UCIOIb30BATh MEPBbIN AJITOPUTM.

15. Ha pucynke b.1 nokasana pyuxkiust Ouborauun BMecTe ¢ APYTrUMU (DYHKITUIME
BpeMeHU paboThl aropuT™Ma. BHUMATETLHO MPUTIISIIEBITHCH, MOKHO 3AMETUTD,
4TO 1O KpyTOCTH ToAbeMa BBepx Fibonacci(x) / 10 npesocxonut x*/ 5 u He-
muOTO yerymaet 2¢/ 10. TTo hopme cBoeit KpuBoOil OHa 0YeHb GJM3Ka K (DYHKIMN
2*/ 10, ToaTOMY BBI Gy/I€TE TIPABBI, €CJIU MPETION0KUTE, UTO OHA SBISIETCST 9KC-

HOHeHHHaﬂbHOI‘/’L
L") RuntimeFunctions - o IEl
20 : I
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%| = -
nl & 3
n| =
> n §
N5 ‘ I g
| $
] g
| z
| ; ¥
104
» i)
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| - = X
y= Loa(x)
’ : 10 = :

Puc. B.1. Oyuxuusa OuboHauuu pacreT ObICTPEE, YeM X%, HO Me/IJICHHee, ueM 2%
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Kax ussectHo, uncaa @uboHauIN MOKHO BEIYUCIUTH HEMOCPEACTBEHHO C TOMO-
HIbIO cJieyIonieil hopMyJibl.

N

Fibonacci(n) 5

rae:

11V5
¢ 2

Takum ob6pazom, Gpyukims OuboHauuu ABAIETCS IKCIIOHEHIIMAIBHOI ¢ OCHO-
Boii ¢. [To ckopocTn Bo3pactanus oHa yctymaet 2V, ToToMy 4To 3HaueHue ¢ paB-
Ho 1,618, HO BBUY CBO€l 9KCIIOHEHIINATBHOCTH TTPEBOCXOAUT MTOJTNHOMUATb-
Hble (DYHKIINH.

MagBa 2. YucneHHble afiropuTMbl

. [Ipocro nmpusspxute uncia 1, 2 u 3 kK opay, a 4, 5 u 6 — K peliike.

. B n1anHOM cirydae 1aHCHI HA TO, YTO OPeEJ BBITIAJET JBA Pas3a TMOAPSI, PABHBI

3/4%x3/4=9/16. BeposaTHOCTh TOJYIUTH MOAPSL [BE PENIKUA COCTABJSCT
1/4x1/4=1/16. [TockoibKy 9T COOBITUS HE 3aBUCAT JAPYT OT JAPYTa, BbI MO-
JKeTe CyMMUPOBATh UX BeposiTHOCTH. ClieoBaTeIbHO, IIIAHC TOTO, YTO BaM TIPH-
JIETCsT TIOBTOPUTD MOTIBITKY, paBeH 9 /16 +1 /16 =10/16 = 0,625, uau 62,5 %.

. Ecotm moneta IIpaBUJIbHAA, BEPOATHOCTD TOT'O, YTO OPEJI BBIITAZET /IBa Pa3a 110/~

psn, coctasisier 1/2 x1/2=1/4. Anajorudno BeIYUCJSIOTCS MAHCHI JIJIST IBO-
Hol pewku: 1 /2 x 1/2 =1/ 4. ITockonbKy 9T COOBITHS HE 3aBUCIT APYT OT APY-
ra, BbI MOJKETE CyMMHUPOBATh UX BePOATHOCTH. CTasio ObITE, IIAHC TOTO, YTO BaM
MPUIETCST TIOBTOPUTD MOTBITKY, paBet 1/4 +1/4 =1/ 2, umu 50 %.

. SJIGCI) MOKHO BOCIIOJIb30BaTbCA MMOAXO/I0M, ITOXOKUM Ha TOT, B KOTOPOM C II0-

MOIIbIO HeraBHJIbHOfI MOHETBI TEHEPHUPOBAJIMCH ITPaBUJIbHbBIE HOH6paCbIBaHI/IH.

BpocaeM HeNpaBUJIBHY KOCTH 6 pas.

Ecyiy BBIIQHAIT BCe 6 BO3MOXHHIX 3HAYEHWMI, BO3BpallaeM IIepBoe U3 HUX.
B IIPOTMBHOM CJlydae IIOBTOPSIEM BCe CcHadaa.

OT TOrO0, HACKOJBKO HEMTPABUIHHOMN SIBISIETCS KOCTh, 3aBUCUT M KOJUIECTBO IT0-
IBITOK KOTOPBIE TIOTPEOYIOTCST I7IsI BBITIAJICHUST BCeX IeCTH 3HaueHuil. Hampu-
Mep, eCJIM KOCTh TIPaBUIbHAST (MIeaTbHBIN BAPUAHT ), BEPOSITHOCTH TAKOTO MCXO-
na Oyzmer cocraBisath 6! / 65 =720/ 46 656 ~ 0,015, mosTOMY IIaHCHI HA TO, YTO
mecTh OPOCKOB JAAYT IIECTh PA3HBIX PE3YJIbTATOB, PaBHBI IIpUMeEPHO 1,5 %. Bosb-
MEM €lll€e OJ[IH TIPUMEP: €CJIN B IIOJIOBUHE CJIy4ae BCTPeYaeTcst 4uciio 1, a kaxmioe
U3 OCTABIIUXCS NATU 3HAYEHUI TIOMAJAETCS Yepe3 AeBATh OPOCKOB Ha JECAThIN,
BEPOSITHOCTD TIOJTYYEHUST BCEX TIECTH PE3YJIbTATOB 3a MIECTh OPOCKOB COCTABIISI-
et 0,5 x 0,15 x 6! = 0,0036, uau 0,36 %. IToaTOMY KOCTH, CKOPEE BCET0, IPUIETCS
6pocarb O4€Hb JOJITO.

. IIJIH PaHJOMHU3allN MaCCUBa MOKHO UCITIOJIb30BATh TOT K€ aJITOPUTM, OCTaHaB-

JINBasIChb I10CJIE BbI60pa MO3UINN s IEPBbIX M »3j1eMeHTOB:
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String: PickM(String: arrayl[], Integer: M)
Integer: max_1i = <Upper bound of array>
For 1 = 0 ToM - 1
// BeOUpaeM 3JIeMeHT IS TO3UIMKU 1 B MacCHUBEe.
Integer: j = <pseudo-random number between i and max_i
inclusive>
<Swap the values of array[i] and array[j]>
Next 1

<Return array[0] through array[M - 1]>
End PickM

Bpewms paboter aToro anroputma pasio O(M). M < N, noaromy O(M) < O(N).
Ha npakruxe M yacTo okasblBaeTCs 3HAUMTEJbHO MeHblIe N, II09TOMY JaHHbII
AJITOPUTM MOJKET TI0 CKOPOCTU 3HAYUTEIbHO IMPEBBICUTh PAHIOMU3AIINIO BCETO
MacCHBa.

Yro0bl pasaath MATh KHUT, HY’KHO BBIOPATh IATh UMEH, KOTOPBIE CJELYET Pas-
MECTHUTD B ITEPBBIX TISITH MO3UIIMSIX MACCHBa, M 3aTeM OCTAaHOBUTHCS. Bam moTpe-
GyeTcst BCEro MATh MIAroB, TOITOMY TaKol 1moaxoz Oyaet oueHb 6picTpoim. M He-
BaJKHO, CKOJIBKO BCETO MMEH HAXOAUTCS B MACCHUBE, — TJIABHOE, YTOOBI UX OBLIO
He MeHbIIIE TIATH.

6. TIpocro cospaiite MaccuB U3 52 KapT, paHIOMU3UPYITE ero u 3ateM oOpaliaiiTech
C KapTaMu Tak, Kak 00bIYHO — pasjaBaiiTe MX 110 OJHOH 3a pa3 0 TeX 0P, II0Ka
UX KOJTUYECTBO Y KaKI0TO UTPOKA HE JOCTUTHET ISITH.

Ha camowm ziesie He mMeeT 3HaU€HUsI, Pa3iaeTe JIM BBI 110 OTHON KapTe NJn Bpyda-
eTe UIPOKY Cpa3y Bce IATh. Ecim KoJo/a paH1oMU3MpOBaHa, y BCeX UTPOKOB Oy-
JIeT CIYYalHBIN pacKas.

7. Ha pucynke b.2 mokazana nporpamma, HanincanHast Ha C#. Ee MosxHO 3arpy3uTh
Ha BeG-caiite s10# KHUrM., Ynca, yKasaHHbIE [ KyKIOTO 3HAUEHUST, — OTHO-
cuTeNbHas 10 OPOCKOB, € MOMOIIBIO KOTOPBIX OHO ObLIO HOJIYYEHO, OXKILae-
MOE ITPOIIEHTHOE OTHOIIIEHNE JIJIsT JAHHOTO 3HAYEHUST U OTHOCUTETbHAST PA3HUTIA.

0z TwoDiceRolls - D
o [0
1667
JB0%
1389 £
.0,
14 1111
0,
.33 7,70
60% g8.33
7.60%
5.56
= i
78 L

Puc. B.2. OtHocuTe IbHO HEGOJIBIIIOE KOJUYECTBO TIONBITOK MHOT/A TIPUBOIUT K CYIIECTBEHHON
pasHUIE MEKIY HAOTIOAAEMbIM U O/KUAAEMbIM YHCIIOM OPOCKOB
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10.

[TosryueHHbIe Pe3yAbTATHI HE TIOJTHOCTHIO COBIAAIOT C OKUAAEMBIMHU 3HAUEHUST-
M1, [I0Ka He BBIIOJHUTD JOCTATOUYHO OOJIBIIOE KOJIYECTBO MOIBITOK. IIporpam-
Ma 4acTo BbIJAeT 5%-Hoe OTKJIOHEHNe, eCJIM YUCJI0 onbIToK Menblie 10 000.

. EcnimA, <B uA mod B, =A,tornaA,=B uB,=A mod B, =A . /I[pyrumu cjo-

BaMU, [P IIEPBOM ITPOXOKIEHUY TIMKJIA While 3HaueHus A u B MeHs0TCS Me-
cramu. [Tocsie 3TOro aropuT™ MPOI0JIKAET paboTy Kak OOGBIYHO.

. LCD(A, B) = A x B / GCD (4, B). Ilycts g = GCD(A, B), Torma A = g xm

u B =g xn, rie m u n — HEKOTOPBIe 1lebie yucaa. VI3 atoro ciaemayer, 94To
AxB/GCD(A,B)=gxmxgxn/g=gxmxn.Y munHer 001X MHOKITE-
Jieif, cJIeloBaTeJIbHO, 9TO HauMeHblIee 001ee KpaTHOe.

B caepytomem niceBioko/ie ToKa3aH alTOpPUTM, KOTOPBIN NCITOTb3YeTCs B IEMOH-
cTpanoHHoM puiokeHun FastExponentiation, 1ocTynmHoM 751 3aTpy3KU Ha
BeO-caiiTe TaHHON KHUTH.

// BHIIONHSIEM BO3BeIEeHMEe B CTeleHb.
Integer: Exponentiate(Integer: value, Integer: exponent)

// Co3maeM CIMCOK CTeleHel M COOTBEeTCTBYOINX 3HAYEHUN.
List Of Integer: powers
List Of Integer: value_to_powers

// HaumnuaeM co crTeneHum 1 u 3HadeHus 1.
Integer: last_power = 1

Integer: last_value = value
powers.Add (last_power)
value_to_powers.Add (last_value)

// BHUMCIISEM OpyTMe CTeIleHM, IIOKa He OouIneM

IO TOM, 4YTO OONblle SKCIIOHEHTH .

While (last_power < exponent)
last_power = last_power * 2
last_value = last_value * last_value
powers.Add (last_power)
value_to_powers.Add (last_value)

End While

// ObbemuHsieM 3HaAYEHUsI, YTOOH IMONYYUTH HYXHY CTEleHb.
Integer: result = 1

// TlonydYaeM MHIEeKC CcaMoM OOJIbIION CTereHu,
He IIpEBHIALIE) DKCIOHEHTY .
For power_index = powers.Count - 1 To 0 Step - 1
// TlpoBepsieM, He IpPEeBHIaeT U
OaHHasA CTeIleHb SKCIIOHEHTY .
If (powers[power_index] <= exponent)
// ECniy HeT, UCIONb3yeM ee.
exponent = exponent - powers|[power_index]
result = result * value_to_powers|[power_index]
End If
Next power_index

// BozBpamaeM pe3ybTaT.
Return result

End Exponentiate
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11.

12.

Bawm nipuzietcst ”SBMEHUTD CTPOKH, BbI/IEJICHHDIE B BBIIEITPUBEICHHOM KOJIE JKUP-
HpIM mpudTom. Ecsiv Mozysib paBeH m, Hy>KHO 3aMEHUTD CTPOKY

last_value = last_value * last_value
Ha
last_value = (last_value * last_value) Modulus m

TaKX“BHyﬁﬂﬂ)ﬂOMeHHTbCTpOQKy

result = result * value_to_powers |[power_index]
Ha
result = (result * value_to_powers|[power_index]) Modulus m

JlaHHBII aITOPUTM IEMOHCTPUPYETCSI Ha TpuMepe Tpriioskens ExponentiateMod,
JIOCTYITHOTO JIJIst 3aTPY3KH Ha BeO-caiiTe aTON KHUTH.

Ha pucynxke B.3 npeacrasiieHo gemMoncTpannonHoe npuaoxenue Ged Times, ko-
TOPOE MOJKHO 3aTPy3UTh Ha BeO-catite 910l KHuTH. CephIMU TMHUSIMU M300pasKeH
rpa¥K 3aBUCUMOCTH KOJINIECTBA IMAroB oT 3HaueHwil. Jlorapndm sHaueHnit BbI-
BOJUTCS B BUjie KPUBOH, Pa3MeIeHHON BBepXy. [ 7151711 Ha 3TOT TpaduK, CI0KHO
CKa3aTh, IEWCTBUTENBHO JIU KOJIMYECTBO MIATOB KOPPETUPYET C Jorapudmom, HO
pacTeT OHO ONpPe/ieJIEHHO OUYeHb MeJ[JIEHHO.

L") GedTimes = =l n

Largest #: 100000000]  # Trials: 100000 [ G |

345620 99943490

Puc. B.3. /lemoncrpanmonnoe npitoxerne GedTimes BerBoant rpaduk 3aBucuMocTn

kosmyectsa maros B anroputme HO/L ot pa3mepa snaueHmit

13. Bbl yske 3Haere, 4T0 3HaYeHne next prime x 2 GbLIO yOPaHO, HOCKOJIbKY OHO

kpaTHO 2. Ecmi next prime > 3,Torjanext prime x 3 TOXEe BbIUEPKHUBA-
eTcs, MOCKOJIbKY YMCJIO 3 y3Ke paccMaTpuBasocs. Ha camoM ziesie IpoBepKy poui-
JI BCe IIPOCTBIE YKCJIa P MEHbIE next prime, I09TOMY YAAJICHHBIM MOKHO CUL-
TaTh ¥ 3HaUeHUe next prime x p. IlepBoe mpocToe YUCI0, KOTOPOE HE MEHb-
nie next prime, — caMo next prime, I03TOMY IIePBbII MHOKUTE]Ib, KOTO-
pblii elrfe He ObLT BBIYEPKHYT, PaBeH next prime x next prime.JTO 03HA-
YaerT, YTO BbI MOJKETe BHECTU B I[UKJI CIEAYIOIINE N3MEHEHNSI.

// BHYEpKMBaeM MHOXKMTENM STOTO MIPOCTOTO dYucia.

For 1 = next_prime * next_prime To max_number Step next_prime Then
is_composite[i] = true

Next 1
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14. Caepyrotuii iceB/IOKO/1 IEMOHCTPUPYET aJITOPUTM JIJIs1 BbIBO/Ia uncest Kapmaiikiia
U MX TIPOCTBIX MHOKUTEIEH.

// T'eHepupyeM dYucila KapMmamkia.
GenerateCarmichaelNumbers (Integer: max_number)
Boolean: is_compositel]
<Make is_composite a sieve of Eratosthenes for
numbers 2 through max_number>

// Vimem 4ducna KapMmamkia.
For 1 = 2 To max_number
// VITHOPMPYEM IPOCTHE YKCIIa.
If (is_composite[i]) Then
// TlpoBepsieM, SBISETCS M 1 4YMCIIOM KapMankia.
If (IsCarmichael(i)) Then
<Output i and its prime factors>
End If
End If
Next 1
End GenerateCarmichaelNumbers

// BozBpamaeMm true, ecnu number — uucio KapMmamkia.
Boolean: IsCarmichael (Integer: number)
// TlpoBepsieM BCeX BO3MOXHHX CBUIETEJIel.
For 1 = 1 to number — 1
// TlpoBepsieM TOJNBKO Te dYucia,
oJst KOTOpeX GCD (number, 1) = 1.
If (GCD(number, i) == 1) Then
<Use fast exponentiation to calculate
i~ (number-1) mod number>
Integer: result = Exponentiate (i, number - 1, number)

// Ecnm MB Hamau cBumeTens depma,
3TO He UYMcio KapMmalkia.
If (result != 1) Then Return false
End If
Next 1

// OuHM BCe OOMaHmMUKIM!
// DTo umcio KapMmamkia.
Return true

End IsCarmichael

YT06BI 03HAKOMUTLCS € peaansalueil JaHHOTo aaroputMa Ha a3bike C#, Mo-
JKeTe 3arpysuTh Ha Beb-caliTe 9TOM KHUTU JEMOHCTPALUMOHHOE MPHIOKEHUE
CarmichaelNumbers.

15. IIpemmmomosxmm, 9TO BBl UCHOJb3yeTe 3HAYEHNE (DYHKIINM, PABHOYIAJIEHHOE OT
BepxHell 1 HUIKHeN Touek npsimoyrosibHuka. [Ipu Bo3pactanuu GyHkimu jesast
YacTb MPAMOYTOJbHUKA CTAHOBUTCS CIUITKOM HU3KOMH, a TIpaBasi — O4eHb BBICO-
KO, TOATOMY OTKJIOHEHUS B 06EUX YACTSIX TIOCTENEHHO YPaBHOBEITBAIOTCS (110
KpaitHel Mepe, /10 KaKOTO-TO Ipejiesia). AHAJIOTUIHBINA TIPOIECC TTPOUCXOUT ITPU
yObIBaHUY (DYHKIIMU, YTO CYIIECTBEHHO HUBEJUPYET OTKJIOHEHHE, IPH HTOM He
YBEJTMYNBAS KOJUIECTBO MPSIMOYTOJTBHUKOB.
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Opnaxo aToT MeToz He cpaboTtaer (1 MOKeET Jaxke HaBPEAUTh ), €CJIU JIOKAIbHbII
MUHUMYM U MAaKCUMYM KPHUBOI HAXO/SITCS PSIZIOM C IIEHTPOM MTPSIMOYTOJTHHU-
Ka. B Takux ciryyasgx OTKIOHEHUs JIEBOH M IPaBOil 4acTH KPUBOU OYAyT CyMMI-
POBaThC, IIPUBOJA K elile OoJIblieii 0O11el ITOrpenHOCTH.

ITpunoxenne MidpointRectangleRule, koTopoe qeMOHCTpUpPYET 3TOT MOAXOI,
MOKa3aHo Ha pUcyHKe B.4; ero MoXKHO 3arpy3uTh Ha BeG-caiiTe JaHHON KHWTH.
Ecau cpaBHUTD pe3yJIbTaT ¢ TeM, YTO IIPE/ICTAaBJICH Ha PUCYHKE 2.2, HETPYAHO 3a-
METHUTb, YTO MCIOJIb30BaHKE [IEHTPATbHON TOUKH MPSIMOYTOJIbHUKA CHUBHIIO 00-
1iee OTKJIOHeHue ¢ mpuMepro —6,5 % mo0 0,2 % — npakruvecku B 30 pas. U pis
3TOTO HE TPUIIIIOCH MEHATD KOJIMYECTBO TIPSIMOYTOJbHUKOB.

%  MidpointRectangleRule = o IEN

y=1+x+5n2"%)

X: 0| to 5

# Intervals: 10
Integrate
Est. Area: | 18.458997477
True Area: |18.419535764

% Em 0.214%

Puc. B.4. [lemoncrpaimonnoe npunoxkenne MidpointRectangleRule cnmkaer nmorpenrsocts,

16.

17.

HCIIOJIb3Y: AJIsT BBIYUCJICHUA BbICOTBI IIPAMOYTOJIBHUKOB UX IIEHTPAJbHBIC TOYKN

Ia. Tlogo6uas mporpamMma GyIeT MOX0XkKa Ha Pa3HOBUAHOCTD MPUJIOKEHUS
AdaptiveGridIntegration, B KOTOPOM BMECTO PEIIETKU UCIIOIb3YIOTCS TICEBIO-
caydaiitbie Touky. Eciu ciesiath Bee paBUiIbHO, 9TO OyIeT 3HAYUTETHHO d(hheK-
TUBHEE, 4eM aJlalTHBHAs uHTerpanus Monte-Kapiio, I0cKoIbKy 60JIble ToYeK
GyIeT IPUXOAUTHCS HA MHTEPECYIONINE HAC OOIACTH U MEHBIIE Ha YYACTKH, KO-
TOPBIE PACTIONATAIOTCS IHOO TIOTHOCTHIO BHYTPH (GUTYPHI, TNG0 32 ee Mpe/ieIaMH.

Clteyioniuii 1IceB/IOKO/I IEMOHCTPUPYET aJITOPUTM JIJisl BBITIOJTHEHUSI UHTETPALIUN
Monte-KapJio B TpexMepHOM TTPOCTPAHCTBE.

Float: EstimatevVolume (Boolean: PointIsInShape(,,), Integer: num_trials,

Float: xmin, Float: xmax, Float: ymin, Float: ymax,
Float: zmin, Float: zmax)
Integer: num_hits = 0
For 1 = 1 To num_trials
Float: x = <pseudorandom number between xmin
and xmax>
Float: y = <pseudorandom number between ymin
and ymax>
Float: z = <pseudorandom number between zmin
and zmax>
If (PointIsInShape(x, y, z)) Then num_hits =
num_hits + 1
Next 1
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1

Float: total_volume = (xmax - xmin) * (ymax - ymin) * (zmax —
zmin)

Float: hit_fraction = num_hits / num_trials *

Return total_volume * hit_fraction
End Estimatevolume

8. YroObI HaiiTh TOUKH Tepecederus GyHKIMi y = f(x) u y = g(x), MOKHO BOCIIOJIb-
30Barbcst MeTo/IoM HBIOTOHA, KOTOPBII TIO3BOJISIET TIOJNYUYUTh KOPHU YPAaBHEHUS
y = f(x) — g(x). DTu KOpHU U OYAYT 3HAUECHUSIMU aOCIIHCCHI, TPH KOTOPBIX Tepe-
cekarorcst f(x) u g(x).

Maea 3. CBA3HbIE CNUCKU

1. C Y4Y€TOM TOrO, 4TO B IIPOTPaAaMM€ NMEETCS IIepEMCHHAsT bottom, YKa3blBatoliast
HaHDCHeHHHﬁBHeMeHTCBHSHOFOCHHCKaJHXHK%CﬂO6aBHeHHHSHGMEHTaBKOHeH
CIINCKa MOJKHO H306paSI/ITb B BU/I€ CJIEAYIOIIETO MCEBJOKO/IA.

Cell: AddAtEnd(Cell: bottom, Cell: new_cell)
bottom.Next = new_cell
new_cell.Next = null

// Bo3BpamaeM HOBYIO IIOCJIEIHII0 SYeNVKY .
Return new_cell
End AddAtEnd

JlaHHbIiT aJITOPUTM BO3BPAIIAET HOBYIO TIOCJEIHIOI0 STYEHKY, TI09TOMY TIepeEMeH-
HYI0, KOTOpasi Ha Hee YKa3bIBAeT, JIerKo OOHOBUTH BHYTPU BBI3BIBAIOIIETO KOJIA.
BoI Takke MOTrJIH OBI IlepeIaTh yKa3aTesb bot tom M0 CChLIKE, YTOOBI €70 MPend-
Pa30BaJI caM aJITOPUTM.

Hcnonb3oBanue YKa3zaTeJid bottom mo3BoJIAeT HE U3MEHATH AJITOPUTMBI /1JIA
ITOMCKa 9JIEMEHTOB NJIN lIO63.B]IeHI/IH X B Ha4aJl0 CITMCKa.

OHepaHI/IH yaajneHus NpoucCxXoanuT aHaJIOTUIHBIM o6pa30M, pa3Be 4TO BbIpe3a-
€MBbIi 2JIeMEeHT pacmosrara€Tcda B KOHIIE CITMCKA; B 9TOM CJay4dae IMPUJAETCA 010~
HUTEJIBHO OOHOBJIATD YKa3areJb bottom. HOCKOJIBKy JJIEMEHT, KOTOprﬁ HYJKHO
N3DBATD, OTIPEIC/IACTCA YKA3aTECJIEM Ha 3HAYCHUE, HAXO/AIIECCA IEPE] HUM, U3ME-
Henuma 6y11yT MHWHUMaJIbHbBIMH. C]IeLIyIOH_[I/Iﬁ KO/[ IEMOHCTPUPYET MOI[I/I(l)I/IHI/IpO-
BaHHBIN AJITOPUTM JIJIA YIAJECHUA TTOCTEIHETO dJIEMEHTA CITMCKA.

Cell: DeleteAfter(Cell: after_me, Cell: bottom)
// Ecnm ypmanseMas sderka SBJIsSeTCs ToCienHer, obHoBiaseM bottom.
If (after_me.Next.Next == null) Then bottom = after_me

// VioansgeM 3amaHHy0 S4Yelky .
after_me.Next = after_me.Next.Next

// Bo3BpamaeM yKazaTejlb Ha [IOCJIEeOHDD SYeNKY .
Return bottom
End DeleteAfter

2. Ha npumepe ciieiyioniero Koja mpejacTaBjieH ajJroOpuT™ JIJIsi HaXOXKJIeHWsT Hau-
GOJIBIIIETO 9JIEMEHTA B HECOPTHPOBAHHOM OJHOHAIIPABIEHHOM CIIMCKE C sTYeKaMu,
coJiepsKalllUMU 11eJIble YUCJIa.
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Cell: FindLargestCell (Cell: top)
// ECnaum CHOMCOK IIyCTOM, BO3Bpamaem null.
If (top.Next == null) Return null

// TlepexonmuM K IIEPBOM sA4YelKe C OaHHBMU .
top = top.Next

// CoxpaHsieM sS4YelKy U ee 3HadeHNe.
Cell: best_cell = top
Integer: best_value = best_cell.Value

// TlepexommMm K CJlemyouen sdeike.
top = top.Next

// IlpoBepsieM OpyTue SYelKU.
While (top != null)

// CMOTDUM, SBIISETCS U

3HaYeHMe SYeVKM OOJILIINMM.

If (top.Value > best_value) Then
best_cell = top
best_value = top.Value

End If

// TlepexommMm K CJlemyouel sdeike.
top = top.Next
End While

Return best_cell
End FindLargestCell

3.B CJIEAYIOIIEM TICEBAOKO/I€ TTIOKAa3aH aJTOPUTM JIJIA IIO6aBJIeHI/I$I 9JIEMEHTa B Ha-
YaJio AByHaIlIpaB/JIE€HHOTI'O CITMCKA.

AddAtBeginning (Cell: top, Cell: new_cell)
// OOHOBISIEM CCHIJIKM Next.
new_cell.Next = top.Next
top.Next = new_cell

// OOHOBIISIEM CCHIJIKM Prev.
new_cell .Next.Prev = new_cell
new_cell.Prev = top

End AddAtBeginning

4. B ciemyionieM IceBaoKoe MOKa3aH aJlrOPUTM J1JIsI 100aBJIeHI 9JIEMEHTa B KOHEI
JIBYHAIIPaBJIEHHOTO CIUCKA.

AddAtEnd (Cell: bottom, Cell: new_cell)
// OBGHOBIsIEM CCHIIKU Prev.
new_cell.Prev = bottom.Prev
bottom.Prev = new_cell

// OBHOBIsTeM CCHIKU Next.
new_cell.Prev.Next = new_cell
new_cell .Next = bottom

End AddAtEnd

5. Anroputm InsertCell MPUHUMAET B KAYECTBE TTapaMeTpa STIerKy, moce KO-
TOPOH 10JI7KeH ObITh BCTaBJIeH HOBBIN ajieMeHT. AjiroputMam AddAtBeginning
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1 AddAtEnd mocTaTouyHo B InsertCell 3aHATh HOAXOAANIYIO d4eiiky. HoBbii
AJITOPUTM [MOKA3aH Ha IIPUMepPE CJEYIONIETO KOJIA.

AddAtBeginning (Cell: top, Cell: new_cell)
// BcTaBisgeM IIOCJe BEepXHEeTrO OTPaHUdUTEeIIs.
InsertCell (top, new_cell)
End AddAtBeginning

AddAtEnd(Cell: bottom, Cell: new_cell)
// BCTaBIsgeM IIOCJie 3anaHHOM S4YeViKu,
HO IIepel HUXHMM OTIPDaHUYNTEeJIEM.
InsertCell (bottom.Prev, new_cell)
End AddAtEnd

6. Cruemytomuii ICeBIOKOJ IEMOHCTPUPYET AJITOPUTM, YAAJISIONINI OTIPEIeIEHHY IO
STYeKy U3 JIBYHAIIPABJIEHHOTO CIIMCKA.

DeleteCell (Cell: target_cell)
// OBHOBIISIEM CCHIJIKY Prev cremyolen sSJYelkn.
target_cell.Next.Prev target_cell.Prev

// OBHOBIIsIEM CCHJIKY Next Mpempmylen sSIerkn.
target_cell.Prev.Next = target_cell.Next
End DeleteCell
I'paduyeckoe mpeacTaBiIeHe 9TOTO MPoIecca MOKa3aHo Ha pucyHKe b.5.

LeneBas a4yenka

l

LieneBas ayemnka

- — —%><;>

%]/

Puc. B.5. [li1g ynanenus ajieMeHTa U3 IBYHANPABIEHHOTO CITUCKA HY)KHO H3MEHUTD CCHIIKH
cJIelyIonell U IpebIy el siaeek, YTOObI «0G0NUTH BOKPYT» 3alaHHOTO 3JIEMEHTa

7. Ecmi uMst, KOTOpOe BaM HY’KHO HafiTH, pacmosaraeTcs 6Imke K KOHITY aihaBuTa,
YeM K €T0 HavaIy, OHO OJIKHO HAYNHATHCST ¢ N (MITH APYTOit OYKBLI, CTeyIoneit
3a Heit). CrenoBaTesbHO, BBl MOXKETE BBITIOJHUTH TIOVCK TT0 CITUCKY B 06PATHOM
HANPaBJIEHNHN, HAYMHAS C HUYKHETO OTPAHNYUTEISA. DTO He TOBIUSET Ha TEOPETH-
geckoe Bpems paboTsl O(N), HO Ha MTPAKTUKE MOKET YCKOPUTH TIOUCK TIPUMEPHO
B /IBa Pa3a, €M UMeHa pacipeie/ieHbl J0CTATOYHO PABHOMEPHO.

8. Caemylomuii ICeBIOKO] IEMOHCTPHUPYET AJITOPUTM BCTAaBKU 3JIEMEHTA B OTCOP-
TUPOBAHHBIN /IBYHAIIPABJIEHHBIN CITHCOK.
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// BCTaBisieM 3JIeMEHT B OTCOPTUPOBAHHHI
OBYHAIIPaBJIEHHHM CIIMCOK.
InsertCell (Cell: top, Cell: new_cell)

// Haxommm s4emnky, Tepen KOTOpOW

HYXHO BCTAaBUTH HOBHEI DBJIEMEHT .

While (top.Next.Value < new_cell.Value)
top = top.Next

End While

// OBHOBIsTEM CCHIKU Next.
new_cell .Next = top.Next
top.Next = new_cell

// OBGHOBIsIEM CCHIIKU Prev.
new_cell.Next.Prev = new_cell
new_cell.Prev = top

End InsertCell

STOTaﬂrOpHTNIHOXOH(HaTOT,KOTOpbﬁiHCHOHB3OBaHCHZUHIOHHOHaHpaBHeHHOFO
CIIMCKa, €CJIN HE CYUTATD IBYX CTPOYEK, KOTOPbIE OGHOBJIAIOT CCBIJIKU Prev.

9. Caenyrotuii 1ceBIOKOJ OTIPEEISIET, SIBJISIETCS JIU CBI3HBIN CIIMCOK OTCOPTHU-

POBaHHBIM.

Boolean: IsSorted(Cell: sentinel)

// Ecnm cmmcok comepxuT 0 munam 1 >1eMeHT,

OH OTCOPTUPOBAH.

If (sentinel.Next == null) Then Return true

If (sentinel.Next.Next == null) Then Return true

// CpaBHMBaeM OPYyTUE SIIEMEHTH .
sentinel = sentinel.Next;
While (sentinel.Next != null)
// CpaBHMBaeM 3TOT 3JIEMEHT CO CIIELyDIM.
If (sentinel.Value > sentinel.Next.Value) Then Return false

// TlepexomuM K CIeOyoleMy SJIeMeHTY .
sentinel = sentinel.Next
End While

// Ecnm MB ODOOpanmmchk Comoa, CIUCOK OTCOPTUPOBAH.
Return true

End IsSorted

10. B Ipo1ecce COpTUPOBKU METO/IOM BCTaBKHU M3 MCXOAHOTO CIIMCKa 6epeTc51 1iep-

11.

BBIl 9JIEMEHT W 3aT€M B PACTYIIEM OTCOPTUPOBAHHOM CITMCKE WUIIETCS MECTO,
Ky/la €r0 HY’KHO PACIIOIOKUTh, ITO MECTO MOKET HAXOIUTHCS OJIMIKE K HAYAITY
WJIM KOHI[Y CIIUCKQ, B 3aBUCHMOCTH OT 3HAYEHU dJIeMEeHTa. AIIrOPUTMY He 00sI-
3aTesIbHO 11epebupaTh BECh CIMCOK, Pa3Be UYTO HOBBIH 0OBEKT OOJIbIIE BCEX TEX,
YTO YK€ OTCOPTUPOBAHBI.

B oTsinuue OT BHIIIENPUBEIEHHOTO METO/Ia, COPTUPOBKA METOIOM BHIGOPA HCCJIe-

IyeT BeCh UCXOMHBII CIIUCOK, YTOObI HAIITH caMblil GOJIBILON 2/1eMeHT. B cBsasu

C 9TUM OHa HUKOT/la HE MOJKET 3aBEPHINTDH IMTONCK NPEXKIEBPEMEHHO.

OpHo 3 perieHMil IeMOHCTPUPYeT Tpusiokerne PlanetList, gocTyiHoe 11st 3a-
IPy3KH Ha BeO-caiiTe 9TON KHUTH.
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12. IIporpamma BreakLoopTortoiseAndHare, goctynnas ast 3arpysku Ha Be6-

caiiTe JJaHHOM KHUTH, IEMOHCTPUPYeT pelienre Ha s3bike CH#.

NMaea 4. MaccuBbl

1. Crenytormuii aITOPUTM BBIYUCISIET AUCTIEPCUIO BBIGOPKU MACCHBA.

Double: FindSampleVariance (Integer: arrayl[])

// Haxomum cpemnHee.
Integer: total = 0
For 1 = 0 To array.Length - 1
total = total + arrayl[il]
Next 1
Double: average = total / array.Length

// HaxomyM OUCIIepCUI0 BEOOPKM .
Double: sum_of_squares = 0
For 1 = 0 To array.Length - 1
sum_of_squares = sum_of_squares +
(array[i] - average) * (array[i] - average)
Next i

Return sum_of_squares / array.Length

End FindSampleVariance

2.

B CJIeAyIoIeM Ko/ie aJITOpUTM, OITMCAHHBIN BbIIIIE, NCITOJIb3YETCA [JI pacueTa
CTaHﬂapTHOFOOTKHOHeHHH]ﬂﬂ60pKH.

Integer: FindSampleStandardDeviation (Integer: arrayl[])

// HaxoOouM OUCIIEPCHUI BHOOPKMA .
Double: variance = FindSampleVariance (array)

// Bo3BpamaeM CTaHIapPTHOE OTKJIOHEHME .
Return Sgrt (variance)

End FindSampleStandardDeviation

3.

[Tockoabky MaccuB OTCOPTHUPOBAH, MEIUAHON SIBJISIETCS 2JIEMEHT B TIEHTPE Mac-
cuBa. 3/1eCh €CTh J[Ba MOMEHTa, Ha KOTOPBIE cJeAyeT o6paTuTh BHUMaHue. Bo-
MEePBBIX, C MACCHBAMHU, UMEIOIIMMHU YE€THYIO U HEUETHYIO JIHHY, HEOOXOIUMO 00-
paIaThCst MO-PasHOMY. Bo-BTOPBIX, HY;KHO GBITH OCTOPOSKHBIM ITPY BBIYICIEHUH
MHJIeKCA IIEHTPAJIbHOTO 3JIEMEHTA, TIOMHS, YTO OTcueT HaunHaeTcs ¢ (.

Double: FindMedian (Integer: arrayl[])

If (array.Length Mod 2 == 0) Then
// MacCuB mMMeeT YeTHYI IJINHY .
// Bo3BpamaeM cpernHee 3HAYEHMUE IBYX
II@HTPAJILHEX DJIEMEHTOB.
Integer: middle = array.Length / 2
Return (array[middle - 1] + array[middle]) / 2

Else
// MacCuB mMMeeT HEeYeTHYD IJIMHY .
// Bo3BpamaeM IeHTpPalbHHY DJIEeMeHT .
Integer: middle = (array.Length - 1)/ 2
Return array[middle]

End If

End FindMedian
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4. Cuoety1onuii TICeBIOKO]I yAQJISIEeT 3JIEMEHT U3 JIMHENHOTO MAaCCUBA.

Removeltem(Integer: array[], Integer: index)
// CmBuraeM 3JIeMEeHTH Ha 1 [NO3MLMI0 BIJIEBO,
I—ITO6I:>I IIEPEeKPHTh MeCTOHaxXOXIeHMre 3JIEeMeHTa.
For 1 = index + 1 To array.Length - 1

Array[i - 1] = Array[i]
Next 1

// V3MeHsieM pa3Mep, ybupas IOCIIEeHOD JIMIHO0 3alllcCh.
<Resize the array to delete 1 item from the end>
End RemoveItem

5. Bce, 4TO BaM HY’KHO USMEHHUTD B HAYaJIbHOM KJIaCC€E TPEYTOJIbHOTO MaCCUBa, — 3TO
METO/, KOTOprﬁ BBIUHUCJIAECT MHAECKC B OMTHOMEPHOM MaCCHUBE C TIOMOIIBIO CTPOKN
u CTOJI6I_[a. Wcxomablii MeTO/T TTIOKa3aH B BUJIE CJIEIYIOIIIETO TICEB/AOKOAA.

Integer: FindIndex(Integer: r, Integer: c)
Return ((r - 1) * (r - 1) + (r - 1)) / 2 + ¢
End FindIndex

Huxe mpuBejieH 1ceBI0KO, IEMOHCTPUPYIONINI HOBYIO BEPCHIO, B KOTOPOIi CTPO-
Ka U CTOJIOEI] MEHSIFOTCST MECTAMHU.

Integer: FindIndex (Integer: r, Integer: c)
Return ((c - 1) * (¢ - 1) + (¢ - 1)) / 2 + 1
End FindIndex

6. OTHOIIEHNE MEK/LY CTPOKOH 1 CTOJNGIIOM JIJIst HEITYCTHIX 3aIUCEN B MACCHBE Pa3-
MepoM NxN BBITJISIIUT Kak cTpoka + crosben < N. Bel MoxkeTe mepezenarsb
ypaBHEHUeE JIJIsT IPUBS3KU CTPOKH M CTOJIOIA K MHAEKCY B OJJHOMEPHOM MacCCH-
Be, HO Tmpoiie Gy/eT BBIIOJHUTH TIPUBSI3KY K HOBBIM CTPOKE M CTOJIOITY, KOTO-
pbIe B UCXOIHOM TPEYTOJHHOM PasMeIeHUH 3JIEMEHTOB 3aII0JTHSIFOT COOOM HITK-
HIOIO JIEBYIO YacTb. [[J151 9TOr0 MOKHO 3aMeHUTbh r HaN - 1 - r, KaK IIOKa3aHo
B HUJKEIIPUBEJEHHOM IICEBIOKOIE.

Integer: FindIndex(Integer: r, Integer: c)
r=N-1-r
Return ((r - 1) * (r - 1) + (r - 1)) / 2 + C
End FindIndex

ITO U3MEHEHUE, TI0 CYTH, EPEeBOPAYNBAECT MACCUB BBEPX HOTAMU TaK, YTO Ma-
JIEHbKYIE HOMEPA CTPOK MPUBSI3BIBAIOTCS K HIDKHEH 4aCTH MACCHBa, a GOJTBIIITE HO-
Mepa — K Bepxueii ero yactu. [Ipencrasum, nanpumep, uto N = 5. Torza 3amuch
[0, 4] HaxoauTCA B BepXHEM IIPABOM YIJIy. JTa MO3UIMS HEJOMYCTUMA B OObIYU-
HOM HU’KHEM JIEBOM TPEYTOJIbHOM MAaCCUBE, [I09TOMY COJIEPKUMOE CTPOKU MEH4 -
ercsi Ha N — 1 — 0 = 4. [Tosunus [4, 4] notryckaeTtcsi, MOCKOJIbKY OHA HAXOIUTCS
B HUJKHEM TIPABOM YTJIy.

7. Ciepyoluii 11CeB/IOKO/] 3aII0JHsIeT MaCCUB 3HaYeHUsIMU 11 value U ur
value. YToObI TOOUTHCS JKETAEMOTO PE3YIBTATA, BHI MOJKETE TPUCBOUTE UM 1 1 0.

FillArrayLLtoUR (Integer: values|[,],
Integer: 11_value, Integer: ur_value)
For row = 0 To <Upper bound for dimension 1>
For col = 0 To <Upper bound for dimension 2>
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If (row >= col) Then

values[row, col] = ur_value
Else
values[row, col] = 11_value
End If
Next col

Next row
End FillArrayLLtoUR

8. CJIe,ZIyIOIIII/Iﬁ TICEBIOKO/I 3aTIOTHSET MaCCUB 3HaYeHNAMU ul value n 1r value.
Y1065l 0OUTHCH FKETAEMOTO pe3yJbrata, Bbl MoxkeTe pucBouTbh uM 1 1 0.

FillArrayULtoLR (Integer: values|[,],
Integer: ul_value, Integer: lr_value)
Integer: max_col = <Upper bound for dimension 2>
For row = 0 To <Upper_bound for dimension 1>
For col = 0 To max_col

If (row > max_col - col) Then
values|[row, col] = ul_value
Else
values[row, col] = 1lr_value
End If
Next col

Next row
End FillArrayULtoLR

9. OHO U3 pelIeHnH 3aKII09aeTCs B TOM, YTOOBI IIPUCBOUTD KayK/[01 3aII1CH B Mac-
CBe MUHUMAJIbHOE 3HaYeHue, BhIOpAaHHOe U3 MHIEKCOB ee CTPOKU U CTOa0LA,
a TaK)Ke U3 PACCTOSIHUSA OT Hee K IIPaBOMY HUXKHEMY yTJIy MacCuBa.

FillArrayWithDistances (Integer: values|[,])
Integer: max_row = values.GetUpperBound(0)
Integer: max_col = values.GetUpperBound (1)

For row = 0 To max_row
For col = 0 To max_col
values[row, col] =
Minimum(row, col, max_row - row, max_col - col)
Next col
Next row
End FillArrayWithDistances

10. KitoueBoit MOMEHT 3/1eCh — 9TO TIPUBSI3Ka [ CTPOKa, CTOMOETL, BRICOTA | K MHAEKCAM
MaccuBa. UToObI €€ BBIMOJHUTE, TIPOrpaMMe HeOOXOANMO 3HATh, CKOJIBKO sTUEEK
COJIEPKUTCS B TIOJHBIX YETBIPEXTPAHHBIX U TPEYTOJbHBIX rpyniax. Kak Bl 3Ha-
eTe U3 IJIaBbl 4, KOJIMYECTBO SYeeK B IMOJHOM TPEYTOJbHOM MAacCHUBE COCTABJIL-
et (N? + N) / 2, 1103TOMy HCKOMOE 3HAYeHHE MOKHO TIOJIyYUTD C OMOIIBIO CJie-
JYIOLIero I1CeBOKO/A.

Integer: NumCellsForTriangleRows (Integer: rows)
Return (rows * rows + rows) / 2
End NumCellsForTriangleRows

IMosryuuTh YUCIIO STYEEK B TIOJTHOM YETBIPEXTPAHHOM MacCuBe Oy/IeT cioxkHee. Bo
MOZKeTe BOCIIOJIb30BaThCs IIOAXO0/I0M, OIIMCAHHbBIM B JaHHON raBe (cM. Tabuiy 4.1
U cOCe/THIE PA3/IENTbl ), eCJIN HAPUCYeTe CXEMY MacCUBa U IocunTaere sueiiku. Ecim
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OTTAJIKUBATHCS OT TOTO, YTO UCKOMOE 3HAUEHE 3ABUCUT OT KOJIMUYECTBA CTPOK, BO3-
BEIEHHOI0 B Ky0, MOKHO IIPUiiTH K TakoMmy petteHuio: (N° + 3 x N>+ 2 x N) / 6.
Jra popMya UCMOIB3YETCS B CIEAYIONIEM TICEBIOKO/IE.

Integer: NumCellsForTetrahedralRows (Integer: rows)
Return (rows * rows * rows + 3 * rows * rows + 2 * rows) / 6
End NumCellsForTetrahedralRows

C:HONKHHBR)3TPD(ﬂByXJTOﬂXOHOBNHDKHO]iaHHCﬂTbhﬂﬂIﬂIﬂﬂﬂ]TpHBH3KH[CTpOKa
crosibell, BbICOTa | K MHAEKCAM MacCUBA.

Integer: RowColumnHeightToIndex (Integer: row, Integer: col,
Integer: hgt)
Return
NumCellsForTetrahedralRows (row) +
NumCellsForTriangleRows (col) +
hgt ;
End RowColumnHeightToIndex

[IpuBenennbIit KO/ BO3BpAIIaeT KOJTMUECTBO 3aMICE, HaXOAATNXCS TTepest 3a1aH-
HOM sTuelikoii. /{11 BBramcieHnst 3TOro 3HaueHNsI OH CYMMUPYeT 3aIT1CH COTJIACHO
TTOJTHBIM Y€ThIPEXTPAHHBIM U TPEYTOJIBHBIM TPYTITIaM, Pa3MeIlleHHbBIM ITepejl yKa-
3aHHBIM 9JIEMEHTOM, U JOOABJISET K [IOJTyYeHHOMY Pe3yJIbTaTy OT/Ae/IbHbIE 3alIHCH,
KOTOPBIE CTOSIT TIEPE]] IAHHBIM 2JIEMEHTOM B PaMKaX €ro TPEeyTroJabHOU IPYIIIIHIL.

11. B maccuBe ¢ pa3pbIBOM MPOMYIIEHHbIE 3aMIICH HE 3aHUMAIOT HUKAKOTO MECTa,
II09TOMY 3TOT BOIIPOC HE KacaeTcsl YHIOPSA0YMBAHUSA CTPYKTYPBI JAHHDIX /IS
9KOHOMUH JIMCKOBOTO IIPOCTPAHCTBA. Bee, 4To BaM HYJKHO c/les1aTh, — IIPOBEPUTD
[IPH IOCTYTIE K 3AITMCH, SIBJISETCS JIM MHAEKC CTPOKU GOJIbIITE WHEKCA CTOJIOIA.

12. YT06BI CITOKUTP JIBA TPEYTOJBHBIX MACCHBA, JOCTATOUHO TIPOCTO CYMMHUPOBAThH
WX COOTBETCTBYIOIINE AJIEMEHTBI. EMHCTBEHHAST XUTPOCTD 37IECh 3aKJII0YAETCS
B TOM, YTOOBI YUUTHIBATH TOJBKO T€ 3AIIUCH, Y KOTOPBIX HHIEKC CTPOKH [TPEBBIIIAET
UHEKC cToJI0Ia. DTy 3a4a4y pellaeT CJAeayONUN ICeBIOKOI.

AddTriangularArrays (Integer: arrayl[,], Integer: array2l[,],
Integer: result[,])
For row = 0 To <Upper bound for dimension 1>

For col = 0 To row
Result[row, col] = arrayl[row, col] +
array2[row, col]
Next col
Next row

End AddTriangularArrays

13. DTOT IICEBIOKO ISl YMHOKEHUST ABYX MaTPHIL ObLII [IOKa3aH B OCHOBHOM TEKCTE
JIAHHOU IJIaBbl.

MultiplyArrays (Integer: arrayl[], Integer: array2[], Integer: result[])
For 1 = 0 To <Upper bound for dimension 1>
For j = 0 To <Upper bound for dimension 2>
// BelumciisieM pesyiabTaT [1, Jjl.
result[i, j] = 0
For k = 0 To <Upper bound for dimension 2>
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result[i, j] = result[i, j] + arrayl[i, k] *
array2 [k, 7l
Next k
Next j
Next 1
End MultiplyArrays

Tenepb paccMOTpUM BHYTpeHHMH Uk For k. Ecam i <k, 3HaUUT 3a1HCh

arrayl[i, k] paBHa(. Amamornuno,ecink < i,Toarray2(k, j] = 0.
Eci xoTs1 ObI OiHA U3 3TUX 3anuceil cogepskut 0, UX MPOU3BEIEHUE TOKE OY-
net pasno 0.

IgCHeﬂyKHHeNIKOHEHOKaSHHO,KaKHNlO6paSONIMOXﬂﬂ)OTpeﬂaKTHpOBaTbBHYTpeH-
HDK)OHepaHHK)HpHCBaHBaHHH,QTO6BI3HaquHGSaHHCHﬁHSMEHHHOCB,TOHLKO
€CJIM YMHOKA€MbI€ 9JIEMEHTDI IPUCYTCTBYIOT B 060X MaCCUBax.

If (i >= k) And (k >= j) Then
result[i, j] = result[i, j] + arrayll[i, k] * array2(k, j]
End If

ITO MOKHO CeIATh HEMHOIO IIPOILE, eI 0OPAaTUTh BHUMAHME Ha MHAEKCHI K
y TeX 3amuceil, KOTOpble UMEIOTC U B [IEPBOM, U BO BTOPOM MaccuBax. JlanHbre
WHJIEKCHI CYNIECTBYIOT, ecim k <= imk >= j. Bl MOkeTe ncrnompb30BaTh 3TN
TPAHUIIBI I MH/EKCOB k BO BHYTPEHHEM IMKJIE For, KaK IIOKa3aHO HIXKE.

For k = j To i
total += this[i, k] * other[k, jl;
Next k

14. B cnemyromiem Koje nokazan MeToi CopyEntries, KOMUPYIOMUA 3JT€MEHTHI
B CBSA3HDBLI CIIMCOK ArrayEntry, Hauunag ¢ from entry U 3akaH4uBasd I10-
CJIeJHUM 3JIeMEHTOM CIIMCKa, KOTOPLIM B JaHHbBIIA MOMEHT SABJIdeTca to_entry.

// KommpyeM 3amnmucy B 3alaHHHN CIVUCOK, HaYMHAS

c from_entry m zakanumBas to_entry.

CopyEntries (ArrayEntry: from_entry, ArrayEntry: to_entry)

While (from_entry != null)

to_entry.NextEntry = new ArrayEntry
to_entry = to_entry.NextEntry
to_entry.ColumnNumber = from_entry.ColumnNumber
to_entry.Value = from_entry.Value
to_entry.NextEntry = null

// TlepexomuM K Clenyomer 3arucu.
from_entry = from_entry.NextEntry
End While
End CopyEntries

B crimcok to entry n06aBisioTCst HOBble 0OBEKTHI THIIA ArrayEntry, MoKa
9JIEMEHT to_entry He OKasKeTCs ILyCThIM.

Meton AddEntries, noka3aHHbII HUKe, KOIIUPYeT 3allUCU U3 CIIUCKOB from
entryl u from entry2 B UTOIOBBII CIIUCOK to_entry.

// CrnaraeM mieMeHTH B chnuckax from_entryl m from_entry2
U COXpaHsieM pe3yJbTaT B MTOLOBOM CIMCKe IIocie to_entry.
AddEntries (ArrayEntry: from_entryl, ArrayEntry: from_entry2,
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ArrayEntry:

to_entry)

// TOBTOpsIEM IO TexX IIop, IOKa B OOOMX CIMCKax He
3aKOHYATCSH DJIEMEHTH .

While (from_entryl != null) And (from_entry2 != null)
// Coz3maeM HOBYI MTOTOBYI0 3alllCh.
to_entry.NextEntry = new ArrayEntry
to_entry = to_entry.NextEntry
to_entry.NextEntry = null
// JmeMm 3anmMch C MEeHBbIMM MHIEKCOM CTOJIOIA .

If (from_entryl.ColumnNumber < from_entry2.

ColumnNumber) Then
// KommpyeMm zsammchk from_entryl.
to_entry.ColumnNumber = from_entryl.
ColumnNumber
to_entry.Value = from_entryl.Value
from_entryl = from_entryl.NextEntry

Else If (from_entry2.ColumnNumber < from_entryl.

ColumnNumber)

Then
// KommpyeM zammuchk from_entry2.
to_entry.ColumnNumber = from_entry2.
ColumnNumber
to_entry.Value = from_entry2.Value
from_entry2 = from_entry2.NextEntry

Else
// Homepa cTOJOIIOB OIMHAaKOBHe. CiaraeM obe
BanCH .
to_entry.ColumnNumber = from_entryl.
ColumnNumber
to_entry.Value = from_entryl.Value + from_
entry2.Value
from_entryl = from_entryl.NextEntry
from_entry2 = from_entry2.NextEntry

End If

End While

// DobaBisieM COmepxXyMOe CIIUCKA,
if
if
End AddEntries

B KOTOPOM elle OCTalTCs 3aIlyCu.
(from_entryl != null) CopyEntries(from_entryl, to_entry)
(from_entry2 != null) CopyEntries(from_entry2, to_entry)

ITpuBenennblii Koj nepebupaer oba crucka £from u OTOUPAET U3 KaK/10I0 3aIln-
CH C MEHBIIUM HOMEPOM cTosbIa. Ecii HoMepa CTOAGIOB TEKYIIHUX 9JIeMEHTOR
B 000MX CIMCKaX COBIIAAIOT, IPOrPaMMa CO3/aeT HOBYIO 3alllCh Y COXPAHSET
Tyzla CyMMY 3HaYeHUil 9TUX 3JIEMEHTOB.

Caeryromuii KoJ IeMOHCTPUPYET CI0KEHHE IBYX MAaTPUIL C TOMOIIBIO METOIOB
CopyEntries n AddEntries, KOTOpble UCIOJb3YIOTCSI BHYTPU MeTOoAa Add.

// CrnaraeM IOBa MacCuBa C Pa3pHBOM, [IPEICTABIISOINE MaTPUIH .
SparseArray: Add(SparseArray: arrayl, SparseArray: array2)

SparseArray:

result = new SparseArray

// TlepeMmeHHBE Oy repebopa BCeX MaCCUBOB.

ArrayRow:
ArrayRow:
ArrayRow:

arrayl_row = arrayl.TopSentinel.NextRow
array2_row = array?.TopSentinel.NextRow
result_row = result.TopSentinel
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While (arrayl_row != null) And (array2_row != null)
// Coz3pmaeM HOBYI MTOTOBYI0 CTPOKY .
result_row.NextRow = new ArrayRow

result_row = result_row.NextRow
result_row.RowSentinel = new ArrayEntry
result_row.NextRow = null

// TlpoBepsieM, KakKasl M3 BXOINANMX CTPOK MMEEeT MEeHBbINY MHIOEKC .
If (arrayl_row.RowNumber < array2_row.RowNumber) Then
// arrayl_row mmeT IepBOii. KommpyeMm
ee 3HAa4YeHUsT B MTOTOBHIN MacCUB.
result_row.RowNumber = arrayl_row.RowNumber
CopyEntries (arrayl_row.RowSentinel.NextEntry,
result_row.RowSentinel)
arrayl_row = arrayl_row.NextRow
Else If (array2_row.RowNumber < arrayl_row.RowNumber) Then
// array2_row mupoeT IepBOi. Komnupyem
ee 3Ha4YeHUs B MTOI‘OBBIIZ MaCCHUB.
result_row.RowNumber = array2_row.RowNumber
CopyEntries (array2_row.RowSentinel .NextEntry,
result_row.RowSentinel)
array2_row = array2_row.NextRow

Else
// HoMepa CTpPOK coBHamaioT. ClaraeM UX 3HadYeHUs .
result_row.RowNumber = arrayl_row.RowNumber
AddEntries(
arrayl_row.RowSentinel .NextEntry,
array2_row.RowSentinel .NextEntry,
result_row.RowSentinel)
arrayl_row = arrayl_row.NextRow
array2_row = array2_row.NextRow
End If
End While

// IobaBisieM OCTaBIIMECS CTPOKMN.

If (arrayl_row != null) Then
// Co3maeM HOBYW UTOTOBYW CTPOKY .
result_row.NextRow = new ArrayRow
result_row = result_row.NextRow
result_row.RowNumber = arrayl_row.RowNumber
result_row.RowSentinel = new ArrayEntry
result_row.NextRow = null
CopyEntries (arrayl_row.RowSentinel .NextEntry,

result_row.RowSentinel)

End If

If (array2_row != null) Then
// Co3pmaeM HOBYW MTOTLOBYW CTPOKY .
result_row.NextRow = new ArrayRow
result_row = result_row.NextRow
result_row.RowNumber = array2_row.RowNumber
result_row.RowSentinel = new ArrayEntry
result_row.NextRow = null
CopyEntries (array2_row.RowSentinel .NextEntry,

result_row.RowSentinel)
End If

return result
End Add
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15.

Itot Metozt nepebupaet aBa MaccuBa from. Eciii TekyIas crpoka OJ{HOTO CIu-
CKa MMeeT MEHbBIINI HOMED, 4eM TeKyIlas CTPOKa JPYTroro, BHI3bIBAETCS METO]
CopyEntries, KOTOPBIH KOIUPYET 3aIMCH 9TOH CTPOKH B CIIMCOK to.

Eciit HOMepa TeKyIIuX CTPOK B 060UX CIIUCKAX COBITAJIAIOT, BHI3BIBAETCS] METO]
AddEntries, KOTOPBI 0OGBEANHIET 3T CTPOKU B UTOTOBOM MACCHBE.

Korma onna cnincok from crtaneT mycThiM, MeToZl CopyEntries cKkomupyeT
B UTOTOBBIM MAacCHB OCTABIINECS 3JIEMEHTBI J[PYTOT0 CITUCKA.

7151 yMHOKeHUS ABYX MATPUIL CIeyeT YMHOKUTh CTPOKH TIePBOIl U3 HUX Ha
cToa61bl BTOPOit. UT00BI cesaTh 910 9 (HEKTUBHO, HYKHO MMETh BO3MOKHOCTD
MOCJIEIOBATEIBHO MepedupaTh 3alicK B CTOJIOAX BTOPOTO MaccuBa. MacCUBBI
C TIPOITYCKOM, OTTMCAHHBIE B TEKCTE JAHHON TJIABBI, TO3BOJISAIOT IIEPEMETIATHCS 110
CTPOKaM, HO He I10 CTOJIOaM.

YT06bI BaM Jierde ObLI0 epebuparh COAEPKUMOE CTONOII0B, BbI MOKETE 00bE/I1-
HUTD UX B CBSI3HBIN CITUCOK, TAIE B KayKIOM CTOJIOLE XPAHNUTCS CBSI3HBIN CITUCOK 3a-
nucell — 110 aHAJIOTUY € TeM, KaK CO3/IaBAIICh CBS3HbBIE CITUCKHU CTPOK.

OxHaKo BMECTO CO3/IaHMsI COBEPUIEHHO HOBOTO KJIACCA BbI MOKETE UCIIOIb30BaTh
ysKe MMEIOIUICS Kaace SparseArray. [IOMEHSB MeCTaMU CTPOKH U CTOIOIIDI,
BBI [IOJTYYUTE QHATIOTHYHBINA MACCUB, TO3BOJISIONINHI TepeOUpaTh 3aIiCH B CTOJIO-
nax. Koneuno, 31ech MOKHO 3aIIyTaThCs, BeAb Kaace OyzeT paboTaTh CO CTPOKa-
MH, KaK CO CTOJIOmamMu, 1 Hao60poT. BEICOKOYPOBHEBBII aITOPUTM YMHOKEHUST
JBYX MaTPMIL C IPOIYCKOM II0Ka3aH B BUJE CJIEAYIOIIErO ICEBIOKO/IA.

Multiply (SparseArray: arrayl, SparseArray: array2, SparseArray: result)

// MeHsieM MeCTaMyu CTPOKM M CTOJOIE B MacCHUBe array?.
SparseArray: new_array?2
For Each entry [i, j] in array2
new_array2[j, 1] = array2[i, Jj]
Next [1, 7J]

// VMHOXaeM.
For Each row number r in arrayl
For Each «row» number ¢ in array2 // B peanbHOCTM DTO CTOJIOIIH.
Integer: total = 0
For Each <k that appears in both arrayl’s row
and array2’s column>
total = total +
<The row’'s k value> * <the colum’s k value>
Next k
result[r, c] = total
Next c
Next r

End Multiply

Maea 5. Ctekn un ouepean

1.

Korma ofus 13 cTeKoB 1oJiHbli, Next Index1>Next Index2. B aToT MOMEHT 3a-
HOJHAITCS 002 cTeka, Next Index 1 CTAHOBUTCS UHAEKCOM BEPXHETO JIEMEHTa
BTOPOTO CcTeKa, a Next Index2 — HEPBOTo.
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2.

[TpocTo niepemecTuTE KAXK/IbIN AJIEMEHT UCXOJHOTO CTEKA B HOBBIN. AJITOPUTM I10-
Ka3aH B BUJIE CJIE/IYIONIEro IICEeBIOKO/IA.

Stack: ReverseStack(Stack: values)

Stack: new_stack

While (<values 1s not empty>)
new_stack.Push (values.Pop())

End While

Return new_stack

End ReverseStack

3.

CopTupoBKa BCTaBKOI [Jisi CTeKa JAEeMOHCTPUPYETCS B MpPOTPaMMe
StackInsertionsort, KOTOPyO MOKHO 3arpy3uTh Ha BeG-caliTe 3TOI KHUTH.

. Ha camom siesie anroputMy He 00sI3aTeIbHO BO3BPAIATh BCE HEOTCOPTHPOBAH-

HbIE DIEMEHTBI B UCXOJHBIN CTEK, OCKOJBKY OH BCe paBHO OyzeT Oparh X OTTY-
JIa ¥ BCTABJIATD COTJIACHO MOPSIAKY COPTUPOBKU. BMecTo aTOTO BBI MOKETE BEp-
HYTb B Haua/lbHbIH CTEK OTCOPTHPOBAHHbIE 3aIICU U 3aT€M YK€ BCTaBJIATh Ty/1a
OCTAJIbHDIE 3JIEMEHTBL. DTO HEMHOTO YCKOPHUT AJITOPUTM, HO BPEMsI €0 PabOThI
Tak nia uHave 6yaer papao O(N?).

. Tor axT, 4TO ANrOPUTM COPTUPOBKU BCTABKON paboTaeT, FTOBOPUT O TOM, UTO Ba-

TOHBI T0€3/1a MOKHO OTCOPTUPOBATD C MCITOJb30BAHUEM BCETO ABYX KOJIEH — Ha-
KOIIUTEJIbHOI 1 BBIXOAHOM. HaKomurenbHast Kojiest MOKET CJYKUTh B KA4eCTBE
BTOPOTI'O CTEKA, BbIBO/IAA Ha BbIXOIHYIO T€ BarOHbl, KOTOPbIC Bbl B I[aHHbeI MOMECHT
coprupyere (1in Hao60poT). 1o norpedyeT OOJIbIIE HIATOB IO CPABHEHMIO C CH-
Tyanmei, B KOTOPOil HAKOIHUTENbHAS KOJies He OHa. VIMeeT CMBIC yBEeJMIHTD
KOJIMYECTBO TAKUX KOJIEH, IOCKOJIbKY TIepeMEIIEHHUE KeIe3HOI0POKHBIX BATOHOB
IIPONCXOAUT Ky/la Me/IJIEHHEE, UEM IIEPETATUBaHNE 9JIEMEHTOB N3 CTEKA B CTEK.

. CoprupoBka BBIOOPOM I cTeKa JIEMOHCTPHUPYETCs B TIpOTpaMMe

StackSelectionsort, KOTOPYIO MOJKHO 3arpy3uTh Ha BeG-caiiTe 9TOH KHUTH.

. Brecs nebosbliiie u3MeHeHUsT, Bbl CMOKETE IPUMEHUTH aJITOPUTM COPTUPOBKH

BLIOOPOM /IS YIIOPSI0YMBAHKS JKEJIE3HOAOPOKHBIX BarOHOB. Bepcus, onucan-
Has B TJIaBe 5, XPAHUT CaMbIil KPYITHBINA 3JIEMEHT B OTAEIbHON mepeMeHHoil. Bo
BpeMs COPTUPOBKHU BarOHOB HEJIB3sI TPOCTO OTJIOKUTHh HEKOTOPbIE U3 HUX B CTO-
pory. OHAKO €10 MOKHO OTIIPABUTh HA BBIXOSIIHH 1Ty Th, & OCTaJIbHbIE COXPa-
HUTh Ha HAKOIUTEJbHOU Kosiee. Haiizig Baron ¢ HanGOIbIIMM HOMEPOM, Bbl 63
TPy/la BEPHETE ero 0OpaTHO Ha HAKOIUTEJIbHYIO KOJIEH0, TEPEMECTUB Ha BBIXO/-
HOM ITyTh HOBBIII BAaroH.

EcrecTBeHHO, B cilydae ¢ peajbHbIMU MOE3aMU BaM He 00s13aTeIbHO OrpaHnY -
BaThCA NEPEAHUM BaroHoM. [Ipesxkie yeM HauMHATh KaKUe-TO TlepeMeIleH sl, Bbl
MOJKeTe MPONTUCH BAOJIb HEYTIOPSAA0YEHHOTO COCTaBa U TIOCMOTPETh, KAKON BarOH
umeeT caMblii Gosbinoil Homep. Korza Takoil Haiiercst, ero MOKHO Gy/IeT BbIKa-
THUTh HA BBIXOIHOM IyTh, 8 OCTAJIbHbIE BATOHbI TIEPEMECTUTh Ha HAKOMUTEIbHY IO
KoJIe10. DTO N36aBUT BaC OT HEOOXOAUMOCTH BBIBOAUTH HA BHIXOIHOM Iy Th HE Te
BaroHbl M COKPATUT JVIMHHBIH MTPOIECC YIIOPS10YNBAHMSL.

. [lemoncrpanuronnoe npusiokenue InsertionsortPriorityQueue, nocrymnnoe jijist

3arpys3Kku Ha BeO-caiiTe 9TOI KHUTH, PEATTM3YeT OUePeib C TPUOPUTETOM, UCTIOITb-
3ysI CBSI3HBIH CITICOK.
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9. Jlemoncrparmontoe npusioskenne Linked ListDeque, mocTyIHoe J7st 3arpy3Ku Ha
BeO-caiiTe 9TOI KHUTH, PEATU3YET JIeK C TIOMOIIBIO JIBYHATIPABJIEHHOTO CIIUCKA.

10. Paboty MHOTOros1080i ouepean qeMoncrpupyer npusioxkenne MultiHeadedQueue,
JIOCTYITHOE JIJIst 3aTPY3KH Ha Be6-caiite aToil KHUTH.

CpenHee BpeMs OKMIaHWS CHJIBHO 3aBUCUT OT KOJIMYecTBa Kaccupos. Ecin mx
GyeT X0Tst GBI Ha OTHOTO MEHBIIIE OT OMTUMAIBHOTO YHCJIa, KIMEHTOB B 04ePe/IH
3aMEeTHO BO3PACTET, & CPeIHee BPEeMsI, KOTOPOE OHU B HEll TPOBOIST, YBEJIUIUTCS
B pasbl. Ecin 106aBuTh ere XoTst Gbl 0IHOTO KacCHpa — Ouepeiib MOKET MOYTH
MOJIHOCTBIO UCUE3HYTh, & BPeMsI OKUIAHU COKPATUTCS 0 HECKOIbKIX CEKYH/I
(HEKOTOPBIE TOPTOBBIE CETH XOPOIIO YCBOWIIU 3TOT YPOK; KAK TOJIBKO KOJIUIECTBO
OKUIAIONINX KJINEHTOB HAYMHAET IIPEBBIIIATH [1APY Y€TOBEK, OTKPBIBAIOTCS J10-
MOJIHUTEJIBHbIE KACChI 1 Ty/Ia TIepebpachiBAOTCs PAGOTHUKH U3 JPYTUX OTIEJIOB,
4TO OBICTPO PACCENBAET OUEPE]ID).

11. 3o nenaer nemoHcTpanonnoe npusioxkernne Queuelnsertionsort.

12. 9ro genaer eMoOHCTpaIOHHOE puokeHe QueueSelectionsort.

Maea 6. CopTuposka

Bce memMoHCTpalinoHHble TPUJIOKEHUS BIBOAAT MakcuMyM 1000 asmemMeHTOB, KO-
TOPBIE OHU COPTUPYIOT. ECITH 971eMEHTOB 0Ka3bIBAETCsT GOJIBIIE, BCE OHU TIO-TIPEKHEMY
06pabaThIBAIOTCsI, HO B UTOTOBOM CITHCKE 0TOGpaskaeTcst TobKo mepsast 1000.

1. AITOpUTM COPTHUPOBKHU BCTABKON peasin3yeT JIeMOHCTPAITMOHHOE YIIPaKHEHHE
Insertionsort.

2. Korma anroputm HaunHaeT ¢ unjexca 0, on mepexoaut k 0-my asementy B 0-1i mmo-
3UIUH, IPU 3TOM HUYEro He MeHds. Eciin 3acTaBUTh UK For HAYMHATD C UH-
nekca 1 BMecTo 0, IrOpuT™, B CYIIIHOCTH, OYIET OTHOCUTHCS K IEPBOMY DJIeMeH-
Ty KaK K y’Ke OTCOPTHPOBAHHOMY. JTO Pa3yMHO, TIOCKOJIBKY TPYIIIA U3 OJHOTO
aIeMeHTa caMa 1o cebe SBISIETCST YIOPSAOYeHHO.

3alyck 1uKJ/Ia ¢ uHaekca 1 He MoBJHsieT Ha BpeMst pabOThI aJITOPUTMA.

3. AJITOpUTM COPTUPOBKM BbIGOPOM PEaIM30BaH B JEMOHCTPAIIMOHHOM [TPUJIOKE-
nuu Selectionsort.

4. Buemmuii MK For MOT O6bI OCTAHOBUTLCS MEPe/] MOCIEIHUM 3JIEMEHTOM B Mac-
CUBe; Ha TTOCJIe/THEN NTepaluy IUKJIa 3JIeMEHT BCe PAaBHO HUKY/IAa He [BUTAETCS,
TaK KakK ajaropuTM rometnaet ero B nmo3uiuio N — 1 ¢c ungexcom N — 1. Ismenen-
Hasg MHCTPYKINS For MOKa3aHa Ha TTPUMePE CJIEeYTOTIETO ITCEeBIOKO/IA.

For 1 = 0 To <mIvHa 3HAYEHUI> - 2
ITO He TOBJIUSIET HA BPEMsT PabOThI AJITOPUTMA.

5. IlysbIppbKOBasi COPTUPOBKA OCYIIECTBJIEHA B A€MOHCTPAIIMOHHOM IPUJIOKEHUM
Bubblesort.

6. Jlanmble yaIydnIeHUs Peaju30BaHbl B JE€MOHCTPAIMOHHOM HPUJIOKEHUH
ImprovedBubblesort.
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7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Peanusaniust ouepe/iy ¢ IPUOPUTETOM, ITOJPA3YMEBAIOIIUM IIPUMEHEHUE KYIH, Jie-
MOHCTpUpPYeTcs B puiiokennn PriorityQueue (oHO paboTaeT HAIPSIMYIO ¢ Mac-
CHBaMU 3HAYEHUH 1 IPUOPUTETOB; MOMPAKTUKYITECH, TOITPOOOBAB BBIHECTH KOJI
KY4¥ B OTIEJbHBIHN Ki1acc).

. Ha IIO6aB]IEHI/IE JJIEMEHTA B Ky4y U yJaJ€HUE €TI0 OTTy/Ja HOTp66y€TCH BpeM:A

O(log (N)) — mipu ycioBun, uto B Kyue Haxoautest N ajieMenToB. [TogpobHee 00
STOM HAIKMCAHO TIPU PACCMOTPEHUN BPeMeHU PabOThl aJITOPUTMA JAPEBOBUIHOI
COPTUPOBKH.

. AJIFOpI/ITM IIpeBOBHI[HOfI COPTUPOBKU peaan30BaH B JIEMOHCTPAITMOHHOM IIpM-

noxxeann Heapsort.

Ecii B mosiHOM ziepeBe crenenu d y3es UMeeT HHIAEKC P, ero J0YepHue y3Ibl Ha-
xozadres Ha mosuiuax d x p+ 1, d xp + 2u d x p + 3, a MHIEKC ero poAuTeIbCKO-
ro yama pasen | (p — 1)1/d.

BbicTpasi COpTHPOBKA CO CTEKAMU PEATN30BaHa B IEMOHCTPAIIMOHHOM MPHJIOsKE-
nuu QuicksortStack.

BricTpast COPTUPOBKA € OUEPE/SIME PEAIN30BaHA B JIEMOHCTPAIIMOHHOM TIPILIO-
xervn QuicksortQueue. C TOUYKM 3peHUsT AJITOPUTMA, PEATUIYIOIETO OBICTPYIO
COPTUPOBKY, CTEKH U OUepert 00eCTIEUNBAIOT OTMTHAKOBYTO TIPOU3BOUTETHHOCTD.
JIio6bie pasdust Oy/yT BHITEKATh M3 UX PEaTH3aInu.

AsroputM OBICTPOIT COPTUPOBKU Ha MECTE OCYIIECTBIECH B IEMOHCTPAIHOHHOM
npustoskernu Quicksort.

BwmecTo TOTo 4T06B! Ha KayKIOM ATy PasesisiTh JIEMEHTHI Ha B TOJTOBIUHBI, Pac-
IpeiesInTe UX Ha TPU IPYIIILL. B epBoil u nocsieHeil rpymnmax OyayT 3HaA4eHHsI,
KOTOPBIE, COOTBETCTBEHHO, MEHbITIE U GOJIBINE PA3ESIONIETO JIEMEHTA, 8 B CPEJI-
HIOIO TPYIITY MOTAAYT 3HAYEHMST, KOTOPBIE €70 IyOIMPYIOT. 3aTeM PEKYPCHBHO OT-
COPTUPYHUTE TIEPBYIO U TIOCEAHIO0 TPYIIIBI, @ BTOPYIO OCTaBbTe O3 M3MEHEHUIA.

AJITOPUTM COPTUPOBKHU TIOJICUETOM PEATU30BAH B JEMOHCTPAIIMOHHOM TIPUJIO-
skenun Countingsort.

Boiiesniure maccus counts ¢ nungexkcamu ot 0 o 10 000. Ha kasxoit urepaiuu
nepejl yBeJIMueHneM CUeTIYNKA BBIUYTUTE U3 TEKYIIEro ajieMeHTa HauMeHbIIee
sHauenue B Maccuse (100 000). 3aTem, 3anucbiBas MOACYET 0OPATHO B UCXOIHbIIT
MaccuB, cHoBa npubasbTe K ajemenTaM 100 000 (kak BapraHT, MOKETe UCIIOJIb-
30BaTh MACCUB C HEHYJIEBBIMU HUKHUMU FPAHUIIAMHU, OTTMCAHHBIH B TJIaBe 4).

B arom ciryudae 6ji0uHast COPTHPOBKA TIPEBPAIIAETCST B COPTUPOBKY MOJCYETOM.
AJITOpUTMY HY3KHO YIIOPSIIOUUTD KasK IbIi OJIOK, HO BCE 3JIEMEHTHI JII0OOT0 OTAEb-
HO B35TOr0 6JI0Ka OY/IyT UMETh OJMHAKOBbIE 3HAUEHUS. DTO He IpobJeMa, eciiu
GJIOKY MIMEFOT HE CJIMIIIKOM OOJIBIION pa3Mep, OHAKO Y COPTUPOBKH MOACIYETOM
BCE PaBHO €CTh HEOOJIBIIOE MTPEUMYIIECTBO, TIOCKOJIbKY €l 0CTaTOYHO IPOCTO
HOCYMTATh 9JIEMEHTBI B KaKIOM OJIOKE.

Asroput™ GJI0YHON COPTHPOBKY PEaM30BaH B JAEMOHCTPALIMOHHOM IPUIOAKE-
uuu Bucketsort.

Huske 110 IryHKTaM epednCIsIOTCS aJITOPUTMbL, KOTOPbIE XOPOIIO HOAXOAAT /7151
3a/laHHbIX YCJIOBUL.
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10 3HaveHwmii ¢ IIaBaoI el 3anATO’. 3/1eCh OA0M/IeT JII000iT AJITOPUTM 32 UC-
KJIIOYEHUEM COPTUPOBKU nojicyeToM. Hanbosree mpocTbiMu 1, BEPOATHO, IIPO-
U3BO/IUTEIbHBIMY PEIIEHUSIMU B IAHHOM CJIydae OyIyT aiTOPUTMBI COPTHPOB-
K1 BCTaBKOM, BBIOOPOM U IIy3bIPHKOM.

1000 menbrx yncen. B aToii cutyarum nojoiayT COPTUPOBKA C Ky4deil U cop-
TUPOBKa cussHueM. BricTpast coprrpoBKa Oyaer HauboJiee IIPOU3BOJUTEIb-
HBIM BapHUaHTOM, €CJIM CPeu 3HAUYEeHU He BCTPEYAeTCsl CJAMIIKOM MHOTO
IyOJIMKATOB M €CJIM OHU HE OTCOPTHPOBAHbBI M3HAYAIBHO; ILIIOC CJAEAYET U3-
GeraTh BbIOOPa PasIeIAIONIIX dJIEMEHTOB CIydaitHbIM crocoboMm. [l yener-
HOTO IIPUMEHEHUS COPTUPOBKH II0ACYETOM HYKHO, YTOOBI [UAIa30H 3HAUe-
HUI OBLT OrpaHMYEHHBIM.

1000 umeH. 3/71eCh MOOIIYT COPTUPOBKA € KyUeld, GbICTpast COPTUPOBKA U COP-
THPOBKA CTUsiHUEM. BhicTpast copTupoBka GyzieT Harnboiee MpOM3BOAUTETLHBIM
BapPHMAHTOM, ECJTH CPEJIN 3HAYEHUH He BCTPEIAETCST CIUTITKOM MHOTO TyOITHKATOB
U eCJIM OHUM He OTCOPTUPOBAHBI M3HAYAJBHO; TLTIOC ceayeT usberath BLIGopa
PAa3IETSIONUX JIEMEHTOB CIyYaiiHbIM crtocoboM. COPTHPOBKA MOICYETOM He
cpabotaert. [TpumeHene GJI0UHON COPTHPOBKU MOKET OKA3ATHCSI 3ATPY/THNU-
TesbHBIM (TTpedUKCHOE JIepeBo, omcannoe B riaase 10, moxoxe Ha 6JIOYHYIO
COPTUPOBKY U TOKE TTOJXOJUT JIJIsI 9TON 3a/1a4H ).

100 000 menpix yncen co 3navyenusimu ot 0 70 1000. 31ech oueHb XOPOTIIO TI0-
JOIIET COPTUPOBKA MozcueToM. BirouHast CopTHpPOBKa TokKe OYAET HEILTIOX UM
BAPUAHTOM, XOTs ¥ He TAKUM YJIauHbIM. MOKHO TaKKe MUCI0JIb30BaTh COPTU-
POBKY C Ky4eil, OGbICTPYIO COPTHPOBKY U COPTUPOBKY CJIMSIHUEM, HO 5TO OyeT
MeJJIeHHee.,

100 000 nenpix yncen co 3HaveHusimu ot () 10 1 mapa. CopTrpoBKa MOCIETOM
3/1€Ch HE OUEHD TOAXO/IUT, TOTOMY YUTO /IJISI XPAHEHUS PE3YIbTATOB €l IPUTILIIOCH
OBl BBIZICITMTH MacCUB ¢ 1 MuTp1 3aruceil. XopoIumM peliieHneM JIJist 9TOH 3ajiaum
Gymet 6s0uHast COPTHPOBKA. MOKHO TaKKe MCIOIb30BATh COPTUPOBKY C K-
yeif, 6BICTPYIO COPTUPOBKY ¥ COPTUPOBKY CJAMSHUEM, HO 9TO Oy/IeT MeJlJIeHHee,

100 000 umen. CopTupoBKa MIOACYETOM He paboTaeT co cTpokamu. Vcnosb30-
BaHue GJIOYHON COPTUPOBKU MOJKET OKA3aThCS IPOBIEMATHYHBIM (XOTSI, OTIATH
e, TperKCHOE JepeBo, onucannoe B riraBe 10, 6yaer paborars). Xopoiio
€ 3TOM 3aj1auell CIIpaBsITCS COPTUPOBKA € KyUyell 1 COPTUPOBKA CIAUSTHIEM, a Ca-
MBIM [TPOU3BOIUTEIBHBIM BAPHAHTOM Oy/IeT GBICTPast COPTHPOBKA.

1 MuH 3HaueHwii ¢ iaBatomeii sansaroil. CopTuposka nojcyeTom He pabora-
€T €O CTPOKAMU. 3/1eCh XOPOIIIO TIO0eT GI0UHast COPTUPOBKA. MOXKHO Tak-
K€ MCTI0JIB30BaTh COPTUPOBKY € Kydel, OBICTPYIO COPTHPOBKY U COPTHPOBKY
CJIUSHUEM, HO 9TO Oy/IeT MelJIeHHee.

1 moH umeH. [IpencraBiennas 3a/1aua 110X0 COBMECTUMA C AJITOPUTMAMU, OTIH -
CaHHBIMU B TekyIieii riaBe. COpTUPOBKA ITOCYETOM He pabOTaEeT CO CTPOKAMHU.
Wcnostb3oBanue 6JI0YHON COPTUPOBKH JIJISI CTPOKOBBIX 3HAUECHUH MOKET OKa-
3aTbcst IPOOIEMaTHYHBIM, HO BBIIIOJHUMBIM 3agaHieM. COPTHPOBKa ¢ Kydei,
ObICTpas COPTHPOBKA M COPTUPOBKA CIIMSHUEM TOXKe cPabOTaIOT, HO MeJIJIeH-
no. C aToli 3a/1aueil Tak)Ke MOTYT CIIPaBUTbHCS JIepeBbs, olrcanubie B riiase 10.

1 MJIH I[eJIBIX YHCeJI ¢ pABHOMEPHBIM pacnpeneneHrneM. CopTupoBKa mojicye-
TOM MOJKET cpaboTaTh, €CJM OTPAHUYKUTD AUAIIA30H 3HAUEHUIT. B MpOTUBHOM
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cJrydae JIydIliiM BapUaHTOM, BEPOSATHO, Oy/eT 6io0uHass copTupoBKa. MOKHO
TaK’Ke MCIOJIb30BATh COPTUPOBKY € Ky4eld, ObICTPYIO COPTUPOBKY U COPTHPOB-
Ky CJMSTHUEM, HO 9TO GY/IEeT MeJIIeHHee.

= 1 MJIH 1eJIBIX YHCeJl ¢ HePaBHOMEPHBIM pacipezeieHneM. COpTHPOBKA MO
CYETOM MOSKET CpaboTaTh, €M OTPAHUYUTD Arana3oH 3naueHuil. C 604HOI
COPTHPOBKON MOTYT BOSHUKHYTb TIPOGIEMbI M3-32 HEPABHOMEPHOCTH Paciipe-
nenervst. COpTUPOBKA ¢ Kydeil, GbICTpast COPTHPOBKA U COPTUPOBKA CAUSHI-
eM TosKe cpaboTatoT, HO MEJJIEHHO.

MlMaea 7. NMNouck

. AJII'OpI/ITM JIMHENHOTO TTOMCKA peasmmn30BaH B IEMOHCTPAIOHHOM IIPUJIOKECHUN

LinearSearch.

. AJIFOpI/ITM PEKYPCHUBHOTO JIMTHEITHOTO TTIOMCKAa TIIpeACTaBJIEH B JEMOHCTPAITMOHHOM

npusosxkennn RecursiveLinearSearch. Ecii Mmaccus cogepsxut N 9/1eMEHTOB, 1aH-
HBIIT MeToz MOKeT motpeboBars N yposHell pekypeun. Pekypens 60/bLIoii riry6u-
HBI HePEJIKO OKA3bIBACTCS HEIOITY CTUMOI /ITIsT HEKOTOPBIX SI3BIKOB IIPOTPAMMUPO-
BaHsI, TOATOMY HEPEKYPCUBHBIHN TTOIXO]T, CKOPee Beero, yzeT 6oree 6e30acHbBIM.

. AJIFOpI/ITM JIMHENHOTO TTOMCKA TI0 CBSI3HBIM CITHCKaM peasnm30BaH B JIEMOHCTpPaA-

uonHoM npunoxennu LinearLinkedListSearch.

. A]IFOpI/ITM 6I/IHapHOFO TIOMCKa IMPEeACTaBJICH B JEMOHCTPAITMOHHOM IIPUJTOKEHN

BinarySearch.

. AJIFOpI/ITM PEKYPCUBHOTI'O 6I/IHapHOFO IIOMCKa peaJin30BaH B JIEMOHCTPAIIMOHHOM

npunoxennu RecursiveBinarySearch. s atoro merona tpebyercst crex 6oJiblie-
ro obbeMa, 4eM JIJIs HepeKyPCUBHOMN Bepcun. Pexypcust G0JbIION rryOGUHbBI MOKET
IPUBECTH K TPOOIEMaM, HO 3TO aKTYJIbHO JINIIb JIS IEHCTBUTETHHO OTPOMHBIX
MacCHBOB, KOTOPbIe BPsi/l JIM BCTPETATCS Ha IIpakTuKe. B TakoM ciydae j1ydnimm
ANTOPUTMOM GYJIET TOT, KOTOPBII BaM KasKeTCsl HAMMEHee 3aIyTAaHHBIM (JINYHO
st BBIOpaJ1 ObI HEPEKYPCUBHYO BEPCHUIO).

. AJITOPUTM MHTEPIOJAIMOHHOTO TIONCKA PEaJIN30BaH B IEMOHCTPAIMOHHOM TIPH-

goxennn InterpolationSearch.

. AJITOPUTM PEKypPCUBHOTO WHTEPIIOJAIMOHHOTO TIOUCKA TIPE/ICTABIEH B JIEMOH-

crpaiinoHHOM puiiokerrn RecursivelnterpolationSearch. Kak u B coryuae ¢ 6u-
HaPHBIM TIOUCKOM, [IJIsl IAHHOTO METO/Ia HeOOXOMMMO HaIMIUe CTeKa GOJIbIIEro
obbeMa 10 CPaBHEHUIO ¢ HEPEKYPCUBHOIT Bepcueit. Pexypcust 60/bInoi rayou-
HbI MOJKET [IPUBECTU K IIPoOJIeMaM, HO 9TO aKTyaslbHO JIUIIb /ISt YPE3BhIYaliHO
GOJIBITX MACCHBOB, KOTOPBIE BPSI/I JI BCTPETSTCS HA IIPaKTHKe. B TakoM cirydae
JIYYIIAM QJITOPUTMOM OYIET TOT, KOTOPBIN BaM KayKeTCsl HAMMEHEE 3aITy TAHHbIM
(7inuHO 1 BHIOPa Gbl HEPEKYPCUBHYIO BEPCHIO).

. BI)I‘-II/ICJIeHI/IH, HOlIO6HI)Ie WHTEPHOJIAITUOHHOMY ITIOUCKY, UCIIOJIB3YIOTCA B 6J104HOI

COPTUPOBKE TIPU BHIOOPE BIIO0KA JIJIsT KAsK/IOTO DJIEMEHTA.

. Bol MoskeTe mpocTo nepebupaTh MacCuB B 06paTHOM HATIPABJICHUM, TOKA He Haii-

JleTe TIePBBIN 2JIeMEHT, He COBIIAIAIONINI C IleJIeBBIM 3HaUeHueM. B xyminem ciy-
vae 970 3aiiMer O(N) Bpemenu. Hanpumep, ecsint mporpamMMa BBITIOJTHsIET GUHAP-
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HBIN TIOUCK 110 MAaCCUBY, COCTOSAIIMIN UCKIIOUUTEIbHO U3 KOTTUN 11e€JIeBOTO 3Je-
MEHTA, AJITOPUTM HAW/IET JAHHBIN 3JIEMEHT Ha TOJITYTH U 3aTeM BepHETCs B Ha-
yaJyo, 4to 3aiimetr N / 2 = O(N) maros.

B kauectBe 6osiee OBICTPOTO, HO U CJIOKHOTO MOJIX0/Ia MOKHO BBITIOJIHUTH OMHAD-
HBII MM MHTEPHOJIAIMOHHBIA OUCK, HAYMHAS C IIO3ULMU, B KOTOPOIi ObLI 00-
Hapy: KeH IIepPBbIH 11eJIeBOH 3JIeMEHT, 1 3aTeM HaliTh ciieyioliiee MeHblee 3Have-
Hue. ITO He NOBJIMseT Ha BpeMst paboTsl ucxoxtoro anropur™a: O(log (N)) mist
6unaproro u O(log(log (N))) 11t HHTEPIIONAIINOHHOTO TTIOMCKA.

MaBa 8. Xew-Ta0bnuubl

1. Xemnr-Tabuiia ¢ psiMbIM CBA3bIBAHUEM PEN30BaHa B IEMOHCTPAIIMOHHOM MTPH-
soxennn Chaining.

2. Xernr-TabJmiia ¢ TIPSIMBIM CBSI3IBAHUEM M OTCOPTUPOBAHHBIMU CBSI3HBIMU CITCKA-
MU TIpeJCTaBjeHa B JeMOoHcTpalmonHoM npuiosxkennn SortedChaining. B xoze
OJIHOTO TECTUPOBAHUS CPE/IHSIS JUTMHA TIPOOHOI TTOCIE[0BATEILHOCTH TPOTPaM-
mbl Chaining Gblia paBHa 9,46 103MIIUAM, 8 aHAJIOTUYHBII II0KA3aTe b IPOrPaM-
mbI Sorted Chaining cocrasui 5,55 nosutii. IIpu aToM Xeni-Tab/uibr 06enx mpo-
rpamum uctoJb3oBau 10 610koB u xparuau 100 s1eMeHTOB.

3. Ha pucynke B.6 rnokazana cpe/Hsist JUIHA IPOOHON MOCJIe0BATETbHOCTH JJISI ITPO-
rpamm Chaining u SortedChaining. ITo Mepe pocTa ABe KpUBBIE CTAHOBSITCS JIK-
HEWHBIMIT; 9TO TOBOPHT O TOM, YTO ITPU (DUKCUPOBAHHOM KOJINYECTBE OJIOKOB BPe-
Mst paboTbt 060ux anroputmMoB pasHO O(1). OxHako mpusosxkerue SortedChaining
HMEET JIYUIIYO MTPOU3BOAUTENHLHOCTD, TOATOMY BO BPEMSI €70 PAGOTHI UCIIOIB3Y-
10TCs1 60JIee MEJIKIE KOHCTAHTBL

25.00

Pad

15.00 ///‘//
—9— CBasbiBaHue

10.00 Casa3blBaHMe
C OTCOPTUPOBAHHBLIMU
5.00 CBA3HbLIMU CNCKamMm

N
o
o
o

CpepnHsasa onmHa npobHon
nocnenoBaTesibHOCTU

0.00

50 100 150 200 250
Ne anemeHTa

Puc. B.6. CsssbiBanue ¢ OTCOPTUPOBAHHBIMU CBA3HBIMU CIIMCKaMW obecrieunBaer MEHDBIITYIO
CpeIHION0 AJINHY l'lpO6HOﬁ TIOCJIETOBATEIBHOCTH, YEM ITPOCTOE CBA3bIBAHNE

4. Xeun-rabJmiia, NCIOIb3YIOMIast OTKPHITYIO aJpecaluio ¢ JUHEIHbIM MTPo6upoBa-
HUEM, peajlii30BaHa B IEMOHCTPAIIMOHHOM Npujioskerun LinearProbing.

5. Xemur-rabinia, 3aeficTBYIOIasg OTKPBITYIO afpecaluio ¢ KBaApaTHYHbIM IIPOOHU-
pOBaHUeM, IIpe/ICTaB/IeHa B IEMOHCTPAIMOHHOM npuiioskernn QuadraticProbing.
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6. Xeur-tabyuia, UCHOAb3YIONAsd OTKPBITYIO ajpecaluio ¢ MCeBAOCTydaii-

10.

11.

CpenHsasa anvHa npobHon
nocnenoBaTesibHOCTH

HBIM TPOOMpPOBAHMEM, PeaJu30BaHa B JAEMOHCTPAIMOHHOM TIPUJIOKEHUH
PseudoRandomProbing.

. Xemr-rabsmiia, 06paIaoiascsa K OTKPBITON aJpecaliui ¢ IBOMHBIM XelPOBAHN-
€M, PeaJin30BaHa B IEMOHCTPAIHOHHOM Tipriioxkennn DoubleHashing.

. IIpobGHbIe moc/ie[0BaTebHOCTH, KOTOPbIE UCIOJIb3YIOTCA STUMU aJIrOPUTMAaMHU,
[PONYCKAIOT 3HAYECHHUSI, €CJIM UX IIar M0 WHAEKCY AeauT Tabjuily pasmepoM N
noposny. IIpencrasbre, Hanpumep, 4yTo Tabmia uMeer pasmep 10, a 3HaueHme
NpUBsI3aHO K mo3utu 1 ¢ marom no uxzgekcy 2. [IpobGHast OCIe[0BaTEIBHOCTD
mocertraet mosuiuu 1, 3, 5, 7,9 1 3aTeM MOBTOPSIETCS. ITOTO HE TIPOU3OIIET, €CIIN
IIAT 110 UHEKCY He cMosKeT paszieuth N moposHy. Takum o6pazom, B kauecTBe N
CTIeJTy€eT B3STh IPOCTOE YUCIIO.

. Xenr-tabuiia, UCTIOIB3YIOAss OTKPBITYIO aPECAIINIO € YIIOPSI0OYEHHBIM KBaJI-
PaTUYHBIM XEIIMPOBAHUEM, PeaJ30BaHa B IEMOHCTPAIIMOHHOM TIPUJIOKEHUH
OrderedQuadraticHashing.

Xenr-rabiuna, npuberaomas K OTKPHITOH ajpecanuu ¢ ynops0ueHHbIM
JABOMHBIM XEHMIMPOBAHUEM, IPUBEAEHA B JEMOHCTPAMOHHOM NPUJIOKEHUN
OrderedDoubleHashing.

Ha pucynke B.7 nokasana cpennss aauHa mpoOHON OCAe10BaATeIbHOCTH IS
Pa3HbIX AJITOPUTMOB OTKPBITON ajipecaliuu. Bee ajiropuTMbl, He UCTIOJIb3YIOTINe
YHOPSZI0YNBAaHNE, UMEIOT MTOXOKYI0 TPOU3BO/IUTEbHOCTb. B 11e710M cCaMbIM Me/ji-
JIEHHBIM SIBJISI€TCSI JIMHEITHOe IPpoOUpOBaHue, HO OCTalbHbIE OIIEPEKAIOT ero He
Goutbllie YeM Ha ofHY TpoOy. HekoTopoe mperMyIecTBO NMeeT ABOMHOE XelITi-
poBaHUe.

9.00
8.00 - JlnHenHoe
npobupoBaHune

7.00 a -m- KBagpatunyHoe
6.00 // npobupoBaHne

' lMcespocnyyanHoe
5.00 _x JBonHoe

4.00 / / XeLumpoBaHue

' YnopsipoyeHHoe
3.00 1 KBagpaTuyHoE

—R YnopsooyeHHoe
2.00 L OBOHOEe
1.00

0.00 T T T . :
50 60 70 80 90

MpoueHT 3anosHeHNS

¢

*

Puc. B.7. /IBoiiHoe xenmpoBaHie HMEET MEHBIITYIO CPEIHION0 JTHHY TIPOOHON

TIOCJIEA0BATEJIbHOCTHU, HO KBa/I[PAaTUYHOE N HCGBZ[OCJIy‘{afIHOC HpO6I/IpOBaHI/Ie AEMOHCTPUPYIOT

CPpaBHUMYIO IPOU3BOANUTEIbHOCTD

ITo IIprUBE/ICHHOMY I‘pa(bI/IKy CJIOKHO CKa3aTb, HO €CJIN HO68.BI/ITI) 9TU K€ 3HaYCHU A
B Ta6JII/IHbI, 9TOTO 6y,ZI€T J10CTAaTO4YHO, YTOOBI U3MEHUTD pacrJaz Mpon3BOJNUTEIIb-
HOCTHU JaHHBIX aJITOPUTMOB.
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AJITOPUTMBI YIIOPSIZIOYEHHOTO KBaZPaTHYHOTrO IIPOOUPOBAHMS 1 YIIOPSI0YEHHOTO
JBOWHOTO XeNMPOBaHKst 06ECIeUNBAIOT MOYTH OJMHAKOBYIO CPEAHIOI [JIUHY
POOHOIT TToCIeI0BaTEIbHOCTH. VIX OKa3aTe /M 3HAUMTEIbHO MEHBIIIE, YeM Y JIPY-
TUX aJrOPUTMOB, XOTA lIO6aB]IeHI/Ie JJIEMECHTOB B YIIOPAOYCHHBIC XeH.I-Ta6]H/H_[bI
3aHUMaeT OOJIbIIIe BDEMEHU.

aea 9. Pekypcus

1.

DaxkTOpHaIbHBII AITOPUTM PEANN30BaH B JEMOHCTPALMOHHOM IIPUIOKEHUN
Factorial.

. AJIFOpI/ITM Dubonauun IIpeacTaBJieH B AEMOHCTPAIITMOHHOM IIPUJTOKEHUN

FibonacciNumbers.

. A]IFOpI/ITM XaHOMCKOM 6aI_HHI/I peasmmn30oBaH B IEMOHCTPAITMOHHOM ITPUJIOKEHNN

TowerOfHanoi.

. Tpadmueckas peanusaiys ajropuT™Ma XaHONCKOIN OalllHK NpeICTaBIeHa B IeMOH-

crparponHoM pustoxkennn Graphical TowerOfHanoi. IToackasku IprBeIeHbI HUKE.

= Cospnaiite kinacc Disk st ipeicTaBienus quckoB. OcHacTHUTE ero CBOWCTBAMH,
OIMCHIBAIOLIAMIE €0 Pa3Mep, O3UINIO, A TAKKE CIICOK TOYEK, 0003HAYAIOIINX
[O3UIIMK, KOTOPbIE OH JOJKEH 1oCeTUTh. Jlo6aBbTe B HEr0 METOZ Draw /s
PUCOBaHMS JKCKAa U Move sl TiepeMellleHnsl IUCKa Ha Olpe/ieJieHHoe pac-
CTOSTHUE TI0 HAIIPABJIEHUIO K CJIe/IyIOIIel TOUKe B CITUCKE.

= Cospnaiite cTekn, 0603HaYAONMe KOJIBIIKH. 3HadaapHo 00beKThI D1 sk 0J0K-
HbI HAXOAUTHCSI B CTEKE IIEPBOrO KOJIBIIIKA, 0003HAYasI TEM CaMbIM UCXOAHYIO
Gauruio.

= Jlsig ipejicTaByieHus IBUXKEHUI co3/1aiiTe kiacc Move. OH JI0JIKEH 3aIUChIBATh
HOMEP UCXOJHOTO U KOHEYHOTO KOJIBIIIIKOB, ME3K/1Y KOTOPBIMU HY>KHO TlepeMe-
ctuth auck. CHabauTe ero MeToZioM MakeMovePoints, KOTOPbI IPUHIMAET
BEPXHUI JUCK U3 HAYaJIbHOIO KOJIBbIIIKA B 00beKTe Move, GOPMUPYET TOUKU
nepeaBuskennst 00bekTa Di sk 1 IIepeBUTAET ero B Hy KHbII CTEK.

» Korza nmoib30BaTeb HAKMMAET KHOTIKY, HYKHO PEIIUTD 33/1a4y XaHOWCKON
Gatir, c(hOpMUPOBAB CIIUCOK OOBEKTOB Move, TPECTABISIONIX cOO0M pelie-
HIe. 3aTeM CJIEIyeT 3AMYCTUTD TaliMep, KOTOPBIH 3aefCTBYIOT 00BEKTHI Move
U3 CITUCKA, YTOOBI CO3/ATh TOUKHU JABUKEHUS /TSI INCKOB, & TOTOM MIePEMETIAeT
U PUCYET 3TU JUCKU C TIOMOIIBIO METOI0B Move 1 Draw u3 00beKToB Di sk.

. erquHeM cuexkxnnok Koxa 3anmumaercs AEMOHCTpAaIlMOHHOE IIPUJIOKEHNE

KochSnowflake.

. HpHJIO)KeHI/Ie, C IIOMOIIIBIO KOTOPOTO ITOJIb30BaTEJIb MOJKET YKa3bIBaTb YIJIbI B I'e-

Heparope, HazbiBaetcst AngleSnowflake.

. ‘—IepquI/Ie KPUBbBIX rH]Ib6€pTa peasm30BaHO B JEMOHCTPAITMOHHOM ITPUJTOKEHNN

Hilbert. TTogckaska: ecJiu muprHa Beeil KpUBOH I0JKHA OBITH paBHA with, ycTa-
HOBUTE dx = width / (2depthl - 1)

. B caenyromenm nceBiokozie TOKa3aHBI METO/BI, KOTOPBIE YEPTST YacTH KPUBOI

CGPHI/IHCKOI‘O BHI3, BJIEBO 1 BBEPX.
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// YepTuM BHM3 B IIPABONM YacCTU.
SierpDown (Integer: depth, Float: dx, Float: dy)
If (depth > 0) Then
depth = depth - 1
SierpDown (depth, gr, dx, dy)
DrawRelative (gr, -dx, dy)
SierpLeft (depth, gr, dx, dy)
DrawRelative(gr, 0, 2 * dy)
SierpRight (depth, gr, dx, dy)
DrawRelative (gr, dx, dy)
SierpDown (depth, gr, dx, dy)
End If
End SierpDown

// YepTuM BJIEBO B HUWKHEN YacTu.
SierpLeft (Integer: depth, Float: dx, Float: dy)
If (depth > 0) Then
depth = depth - 1
SierpLeft (depth, gr, dx, dy)
DrawRelative(gr, -dx, -dy)
SierpUp (depth, gr, dx, dy)
DrawRelative(gr, -2 * dx, 0)
SierpDown (depth, gr, dx, dy)
DrawRelative(gr, -dx, dy)
SierpLeft (depth, gr, dx, dy)
End If
End SierpLeft

// YepTuM BBEepX B JI€BOM YaCTU.
SierpUp (Integer: depth, Float: dx, Float: dy)
If (depth > 0) Then
depth = depth - 1
SierpUp (depth, gr, dx, dy)
DrawRelative(gr, dx, -dy)
SierpRight (depth, gr, dx, dy)
DrawRelative(gr, 0, -2 * dy)
SierpLeft (depth, gr, dx, dy)
DrawRelative(gr, -dx, -dy)
SierpUp (depth, gr, dx, dy)
End If
End SierpUp

9. Yepuenne kpuBbix CeprmMHCKOTO PEATU30BAHO B AEMOHCTPAIIMOHHOM TIPHUIIO-
sxenun Sierpinski. ITogckaska: ecim mupuHa Beell KPUBOHI JOKHA OBITH paBHA
with, yctanosure dx = width / (2depth + 2 - 2).

10. Caenytonmii nceBmokos uepTut casnderky Ceprmackoro. [logpasymeBaercs, 4To
TUII JAHHBIX Point MMeeT CBOMCTBA X U Y.

// YdepTuMm canderTky .
SierpinskiGasket (Integer: depth,
Point: pointl, Point: point2, Point: point3)
// Ecnu rnybmHa paBHa 0, 3alojHAEeM OCTaBIMMICS TPEYTOJIBHUK .
If (depth == 0) Then
Point: points[] = { pointl, point2, point3 }
FillPolygon (points)
Else
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// HaxomuMm TOYKM CJieBa, CIpaBa U CHU3Y
OT TpeyTOJILHUKA .
Point: lpoint = new Point (

(pointl.X + point2.X) / 2,

(pointl.Y + point2.Y) / 2)
Point: bpoint = new Point (

(point2.X + point3.X) / 2,

(point2.Y + point3.Y) / 2)
Point: rpoint = new Point (

(point3.X + pointl.X) / 2,

(point3.Y + pointl.Y) / 2)

// YepTuM TPEeyTOJbHMWKM II0 yTIJaM.
SierpinskiGasket (depth - 1, gr, pointl, lpoint, rpoint)
SierpinskiGasket (depth - 1, gr, lpoint, point2, bpoint)
SierpinskiGasket (depth - 1, gr, rpoint, bpoint, point3)
End If
End SierpinskiGasket

11. Caenytommii iceBroko yeptut kosep Ceprimackoro. [Togpasymesaercst, uTo turt
JIAaHHBIX Rectangle wuMeeT cBoiicTBa X 1 Y, Width m Height.

// 4YepTuM KOBep.
SierpinskiCarpet (Integer: depth, Rectangle: rect)
// Ecmm rinybmHa paBHa 0, 3amoiHsIeM OCTAaBIMICS YeTHPEXYTOJIBHUK .
If (depth == 0) Then
FillRectangle (rect)

Else
// 3BamornHsieM 8 BHENHMX dYeTHPeXyTOJIBHUKOB.
Float: width = rect.wWidth / 3
Float: height = rect.Height / 3
For row = 0 To 2
For col = 0 To 2
// TlpommycKaeM LeHTPaJbHBEY YeTHPEeXYT'OJIbHUK .
If ((row != 1) || (col != 1)) Then
SierpinskiCarpet (depth - 1,
New Rectangle (
rect.X + col * width,
rect.Y + row * height,
width, height))
End If
Next col
Next row
End If

End SierpinskiCarpet

12. Pemenne 3a1aun 0 BocbMu (hep3six MPeCTABIEHO B IEMOHCTPAIIMOHHOM ITPUJIO-
skennu EightQueens.

13. lemoucrpanuontoe npunoxerne EightQueens2 ciaenut 3a TeM, CKOJBKO
pas OBLIO aTaKOBaHO KaxK[O€e I0Jie, YTOOBI OBICTPEE PENINTh, SABJSETCS JII
MO3UIMS IJIsI HOBOTO (hep3st KOPPEeKTHOH. 3a oAuH HPoOHBIH 3aIyCK 9TO
CHUBUJIO KOJIMYECTBO IIPOBEPSAEMBIX Mmo3utiuii moutu ¢ 1,5 mura 10 26 000 u co-
Kpatuio obuiee spems BoinosHenus ¢ 2,13 1o 0,07 ¢. Yem ObicTpee u addex-
THUBHEE BbI CMOYKETE OTOPOCUTD JUITHUE BAPUAHTDI, TEM [IPOU3BOAUTENbHEE
OyJieT Balia Iporpamma.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

IlemoncrpainonHnoe npuinoxenne EightQueens3 uier ToIbKO cJeayONHit
P 1Jis HOBOM mosuiuu depssd. 3a oAuH NPOOHBIH 3alyCK 9TO CHU3UJIO
KOJIM4eCTBO NpoBepsieMbix no3uiinii ¢ moutu 26 000 10 113 u npaktruyecku
CBEJIO K HYJII0 06Iiee BpeMsl BBIIIOJHEHWSI, KoTopoe paHee cocrassiio 0,07
c. JlanHas mporpaMma OTPaHUUMBAET YHUCJIO BO3ZMOXKHBIX MO3UTINH (hep3s
ele cUJbHEe, YeM MPebIAYIas BepCrus, YTO MO3BOJIET €ii BBITIOJHATD
MeHbIe paboThl.

Jemoncrpanmonnoe npuiaoxenne KnightsTour ncionbsyer 1is penienust 3agaqn
0 X0JIe KOHsI TOJTbKO 0OpaTHoe oTcieskuBanue. HanMeHbImast KBaJjpaTHast J0CKa,
HA KOTOPOI BO3MOXKHO PEIIUTD ITY 3a/1a9y, IMEET Pa3Mep SxJ.

IBpUCTHIECKHiT aropuT™ BapHcaopda peaynsoBaH B IEMOHCTPAIIMOHHOM [TPH-
goxennn KnightsTour2.

Ecm B35ITh KOJITEKITHIO BHIOOPOK U CTEHEPUPOBATH ST KAKION 13 HUX pa3Me-
IIeHNe, TOJIyYaTCsI IePECTAHOBKU UCXOJHOTO MHOKECTBA. PaccMOTpuM, HAIIPH-
Mep, MHOkecTBO {A, B, C}. BoIGOpKHU U3 IBYX 2JIEMEHTOB B HEM BBITJISAAT TAK:
{A, B}, {A, C} u {B, C}. Eciiu 106aBUTH TIOBTOPHOE pas3MeIleHNe 3TUX BIOOPOK,
{B, A}, {C, A} u {C, B}, pesysibraTom GyIyT EepeCTaHOBKI MCXOAHOIO MHOKECTBA:
{A, B}, {A, C}, {B, A}, {B, C},{C, A} u {C, B}.

Taxkue anroputmMbl SelectKofNwithDuplicates
n SelectKofNwithoutDuplicates, pealn3oBaHbl B IEMOHCTPAIIMOHHOM
npunoxernn SelectKofN.

Takwue anropuTMbl, Bbl Kak PermuteKofNwithDuplicates
n PermuteKofNwithoutDuplicates, pacCCMOTPEHBI B I€MOHCTPAIIMOHHOM
npusoskennu Permutations.

HepekypcuBroe Bbruncienue Gpakropuana AeMOHCTPUPYETCS B MPUIOKEHIH
NonrecursiveFactorial.

Pexypcuhbiii anropu™ OubGOHATUN ¢ COXPaHAEMbIMU 3HAYCHUSIMHU PEATU30BaH
B JleMOHCTpaIrimoHHoM Tipusioxkennn FastFibonacci.

HepexypcuHbiii aroput™ OuboHauuw pasdupaeTcs B IeMOHCTPAITHOHHOM TIPH-
sgosxkennu NonrecursiveFibonacci.

HepexypcuBHBIN airopuT™, KOTOPBIN paccunThiBaeT yrcia MuboHayuu 10 He-
06X0MMOT0 Yyrca 6e3 MCI0Jb30BaHKs IJI00aJIbHOI0 MacCHBa, IPUBEIEH B Jie-
MOHCTpanoHHoM npuosxkennn NonrecursiveFibonacei2.

HepekypcuBHBII aJlropuT™, 3aHIMAIOIIUICS TIOCTpoeHrneM KpuBoii Tnibbepra,
peannsoBaH B jeMOHCTpalmonHoM npunoxernu NonrecursiveHilbert.

Maea 10. JepeBbs

1.

2.

Het. Kommuectso Bepummn N B uzeanbHoM OUHAPHOM A€peBe ¢ BhIcOTON H paB-
Ho N =211 =1, 3nauenue 2"*! xpatHo 2, mosTomMy oHo Bcerza yerHnoe. Cieo-
BaresbHo, 2771 — 1 Becerma ABIIS€TCA HEYETHBIM.

[TosnHoe u 3aBepIICHHOE, HO HEUIEATbHOE IEPEBO MOKa3aHo Ha pucyHke B.8.
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© O

Puc. b.8. He Bce mosiabie 3aBEpIICHHbIC 1€PEBHA ABJIAIOTCA NA€aTbHBIMU

3. Baza: ecoiu N = 1, mepeBo gBJisiercsl KOpHEBOI BEPUIMHON (€3 BeTBel, M0ITOMY
B =0. Takum o6pasom, B=N — 1.

[Tar: pacemoTpum GuHapHOE fepeBo ¢ N BEPIIMHAMHY U TIPEATOTIOKIM, YTO CBOT-
CTBO /ISl TAKUX JIEPEBBEB PaBHO True. Jl06aBIsist BePIIUHY, BbI JOJKHBI MTPEJI-
YCMOTPETD BETBb, KOTOPASI CBSIKET €€ ¢ JiepeBoM. V3HauaIbHO KOJTMYECTBO BET-
Beit paBHo N — 1, moatomy HoBoe iepeBo Oyzet umerb N + 1 Bepuus u (N — 1) +
+1=(N+ 1) — 1 BerBeii. /[anHoe BbipaxkeHue MOJAXO/IUT JIJisl CBOUCTBA, TIPe/HA-
3HaueHHOTO /171 /iepeBbeB ¢ N + 1 BepinHamu, cae1oBaTebHO, CBOHCTBO OCTa-
€TCsI UCTUHHBIM.

ITO JOoKa3bIBaeT, yto B= N — 1.

4. Kaxmas Bepuivia B GUHAPHOM JiepeBe (3a UCKIIOUEeHHEM KOPHEBOI) KPEenuTest
K PO/IUTETBCKOMY 3JIEMEHTY C ITOMOITIBIO BeTBH. KOJIMUecTBO TAKIX BEPIITITH PABHO
N — 1 (310 KacaeTcs Bcex JIePeBbEB, He TOJIBKO OMHAPHBIX).

5. Baza: eciu H = 0, 1epeBo saBIsgeTCs KOPHEBOI BepinHoil 6e3 BeTseil. B Takom
cJlyyae CylleCcTBYeT TOJIbKO OJIHA JIMCTOBAs BEPIUIMHA, TI09TOMY BbIPAKEHUS
L=1wuL=2"=20=1 ucrunusl.

[MTar: npeAnoIoK UM, 4TO CBOUCTBO UCTHHHO JIJIST HIEATbHOTO OMHAPHOTO Jiepe-
Ba BbicoToil H. B nzpeanproM GumHapHOM jiepeBe BbicoToil H + 1 comepskutcst Kop-
HeBas BEPIINHA, COEIMHEHHASI C ABYMS W/ICATbHBIMU OMHAPHBIMU TIO//ICPEBbI-
Mmu BeicoToi H. IlockombKy MBI NCXOAMM M3 TOTO, YTO CBOMCTBO UCTUHHO JIJIST JTe-
peBbeB BbICOTOMN H, 0011ee KOJIMYECTBO JIMCTOBBIX BEPIIIH B KaXK/IOM MO/IEPEBE
pasHo 2. JTobaByieHre HOBOW KOPHEBOU BEPIIUHBI CBEPXY OT JABYX MOJIEPEBLEB
He TPUBEIET K MOSIBJIEHUIO B /iepeBe BbIcOTON H + 1 HUKaKUX HOBBIX JIUCTHEB,
03TOMY 00IIIee KOJIMYECTBO JIMCTOBBIX BEPIIMH cocTaBsieT (2 x 2M) = 2H+1 Ta-
KM 00pa3oM, CBOWCTBO OCTAETCS UCTUHHBIM /IS UICATBHBIX OMHAPHBIX Jlepe-
BbeB BeicoTON H + 1.

ITO foKa3bIBaeT, yto L = 21,

6. Basa: ecaiu H = 1, nepeBo gBJsieTcst KOpHEBOU BepIinHoii 6e3 BeTBeil. DToii Bep-
NIMHE He XBaTaeT ByX BeToK. CienosarenbHo, M =2 =1+ 1, m0sTOMY CBOHCTBO
M= N+ 1 uctunno gust N = 1.

[Tar: mpeamosoKnM, 9TO CBOMCTBO HCTHHHO [T OMHAPHBIX IE€PEBHEB C UUCIOM
BepiuH N. PacemoTtpum takoe gepeBo. Jjist oGaBieHNsT HOBOI BEPIIMHBI €€ HY K-
HO COEJIMHUTH C POJUTENBCKUM 2JIEMEHTOM C ITOMOII[BIO BETBH, KOTOpAs 3aMe-
HUT HeJIOCTAIONTYIO BeTBb (MX KOJIMYECTBO yMeHbIaeTcs Ha 1). Y HoBoit BepIim-
HBI TOKe OY/IET ZIBE HeMOCTAIONINE BeTBU. Ecii 106aBUTh UX K YK HMEIOTITIMCST
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10.

11.

12.

13.

14.

15.

16.

(N+ 1), monyanrca M= (N+1) -1 +2=(N+ 1)+ 1. Jlannoe BbIpa)keHUE TTO]I-
XOJINT JIJIsT CBOIICTBA, TpeTHa3HAUYEHHOTO /171 iepeBbeB ¢ N + 1 BepimuHamu, cJie-
JIOBATETbHO, CBOMCTBO OCTAETCS MICTUHHBIM.

IJT1o JoKasbiBaeT, yTo M = N + 1.

. IIpamoii 06xox mepesa, usoOpaxkentoro Ha pucynke 10.24, seirasaut Tak: E, B,

A,D,CFIG,H,]J.

. CuMmMeTpuYHbIi 06X0/1 115 IepeBa, peicTaBieHHoro Ha pucyske 10.24, Bbiris-

muttak: A, B,C,D,E, F, G, H, 1, ].

. O6parHblit 06x0 115 fepeBa, U300paskeHHOro Ha pucyHke 10.24, BHINISAINT TaK:

A CD,B HG,]J,ILFE.

O6xo01 B riyOuHy A IepeBa, IpuBegeHHoro Ha pucyrke 10.24, BBIMISIUT Tak:
E,B,FFA,DIC,G,J] H.

Pasmbie THIIbI 06X0/I0B A/ AepeBa, n300paskeHHOro Ha pucyHke 10.24, peanuso-
BaHbI B IEMOHCTPAIHOHHOM TIprtokeHun BinaryTraversals.

Ecau B asiroput™e 06xo/1a B TIyOUHY, OIIMCaHHOM B pasjiese « O6Xo B riryOuHy»,
MPUMEHHUTH OUepe/lb BMECTO CTEKa, Pe3yJIbTaT OyIeT aHAJOTHIHBIM 00XO0/Y B 00-
PaTHOM HANPABJIECHUH, TOJIBKO TIePEeBEPHYTHIM. T0 e caMoe MOKHO C/IeIaTh pe-
KYPCHBHO, MCTIOJIb3YsI IPSAMON 00X0/1, HO IIPX 3TOM IIPaBbIii 10YePHUIT dJIeMeHT
KasK/[0i1 BEPIIMHBI JI0JKEH TIOCEIATHCS [ePe]] JIEBBIM.

Hemomncrparmonnoe npuiokenue TextDisplay oro6pakaer gepeBo, mokazanHoe
Ha pucynke 10.25, B TeKCTOBOM BH/I€.

Jlemoncrparnnontoe npuioykenne DrawTree Boccosnaet iepeso, To06Hoe ToMY,
uTo M306paskeHo Ha pucynke 10.26.

IlemoHcTpanuoHHoe npuioxkenne DrawTree2 oToGpaskaer aepeso, mogo0Hoe
TOMY, YTO MOKa3aHo Ha pucyHke 10.27.

[TpuBeseHHBIN HIKE TICEBIOKO/] WIIJIFOCTPUPYET AJITOPUTM VIS BBIIOJTHEHMS 00-
PaTHOTO CUMMETPUYHOTO 00X0/Ia B CBSISHOM COPTHPOBAHHOM jiepeBe. OTimuust
OT IIPSIMOTO 00XO0/Ia BbIIEJIEHbI II0IYKUPHBIM HaYePTaHIeM.

ReverseInorderWithThreads (BinaryNode: root)

// HadmHaeM C KOPHS.
BinaryNode: node = root

// 3BamoMuHaeM, Kak Mb Hobpanuch IO BEpIMHE: UYepes3 BEeTBb
v Tpen. JemaeM BuUIO, YTO 3TO OBJIa BETBL,

¥, CJIeHOBaTENILHO, CBOpadYMBaEM [ajibllie HalpasBo .

Boolean: via_branch = True

// TloBTOpsieM, IIOKa HEe BHIIOJIHUM OOXOI.
While (node != null)
// Ecnim MBl IIOTIANIM CoOa Yepe3 BeTBb, CIIyCKaeMcs
BHM3 ¥ MIOEM HAIpPaBO KaK MOXHO Iajble.
If (via_branch) Then
While (node.RightChild != null)
node = node.RightChild
End While
End If
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// ObpabaTHBaeM 3Ty BEPIUHY .
<Process node>

// HaxomuMm nysi obpaboTKM Clenyoumi y3es.
If (node.LeftChild == null) Then
// JICLIOJIB3YEeM Tperll.
node = node.LeftThread
via_branch = False

Else
// VICTIOJNIB3YEM JIeBYW BETBL.
node = node.LeftChild
via_branch = True
End If
End While

End ReverseInorderWithThreads

17. CosganueM CBSI3HOIO yIIOPSAAOYEHHOIO epeBa 1 0TOOpasKeHneM ero 00X010B 3a-
HUMaeTcs JeMoHcTpaluonHoe npunoxenue Threaded Tree.

18. CosmanueM CBSIZHOTO yIOPSIOYEHHOTO IepeBa U 0TOOpaKeHHEM er0 00XO0/I0B M0
IPUMEPY TOTO, KaK MoKa3aHo Ha pucytke 10.28, 3aHrMaeTcst IeMOHCTPAIMOHHOE
npusoxkenne Threaded Tree.

19. Bce BHyTpeHHUE BepIIUHBI JiepeBa 3HAHUIL, KOTOPOE UCIIOIb3yeTcs B Urpe «Ku-
BOTHBIE», XPAHSIT BOIIPOCHI U BEAYT K JOUEPHUM BEPIIUHAM, IOITOMY OHU UMEIOT
crerienb 2. Cternenb Beex incToBbIX Bepiinh paBHa 0. Cterend 1 He BeTpeyaeTcs,
MO3TOMY JIEPEBO ABJISETCS TIOJTHBIM.

ﬂepeBOpaCTeTHeCHMWWTquHO,BBaBHCHMOCTH(YFHOpHﬂKaﬂO6aBHeHHH?KHBOT-
HBIX 1 TOT'O, KaK€ BOIIPOCHI NCITOJIb3YIOTCA /1JIsA OITMCaHUs UX otyimunii. Takum
O6p3.30M, JA€PEBO HEJIb3 Ha3BaThb HU ITOJIHBIM, HU HU/I€a/IbHBIM.

20. Bepimwabl, Tpe/ICTaBJASIONINE BOITPOCHI, SBJSIOTCS BHYTPEHHIME 1 IMEIOT T10 /1Ba
JIOUEPHUX BJIeMeHTa. BepIiuHbl, n300paKkaroliie ;KHBOTHBIX, CAUTAOTCS JILCTO-
BBIMU U HeE COJIepsKaT J0UEePHUE 3JieMeHThI. YTOOBI UX OTJIMYHUTh, MOKETE TIPOBE-
PHTB, 06JIaJIaeT I CBOUCTBO BePIIUHbBI YesChild 3HaueHreM null.

21. Urpa «’KuBoTrHble» peain3oBaHa B IEMOHCTPAIIMOHHOM Ipujioskenny AnimalGame.

22. JlepeBbs BeIpakeHUN TTOKa3aHbl Ha pucyHke b.9.

(15/3) + (24/6) O
® @@ ©
8x12-14x 32
® ®WH &

0.
1/2+1/4+1/20 °
® oo z
® @O0 @

Puc. B.9. [lepeBbst B IpaBoii yacTul pUCYHKA IIPEACTABISIOT BhIPAsKEH s, U300PaKEHHbIE CJIEBA
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23. PacuetoMm HEOOXOAMMBIX BBIPAKEHUN 3aHIUMAETCsT IEMOHCTPAIIMOHHOE TTPUIIO-
skenne Expressions.

24. JlepeBbs BbIpaxKeHUH 1moKa3anbl Ha pucynke b.10.

V(36 x 2)/(9 x 32))
©
® 00 &
®

(5-3)! x 3!

@

sine(45°%)2

Puc. .10 /lepeBbst BoIpaskeHU
25. PacuetroM HEOOXOAMMBIX BBIPAKEHUIT 3aHIMAETCS IEMOHCTPAIIMOHHOE TIPUIIO-
skenue Expressions2.
26. JlepeBbst KBAIPAaHTOB PacCMATPUBAIOTCS B puiioskernn Quadtree.

27. 1lpedurcHoe gepeBo /715 3a/JaHHBIX CTPOK MTOKa3aHo Ha pucyHke b.11.

30

Puc. B.11. IIpedukcnoe nepeBo, npencrasssioniee crpoku APPLE,
APP, BEAR, ANT, BATu APE

28. Tloctpoenue peUKCHOTO JlepeBa U TIOUCK 110 HEMY PeaIn30BaHbI B IEMOHCTPA-
IIMOHHOM TIpUJIoKeHnn Trie.
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maea 11. C6anaHcupoBaHHbIe fepeBbs

1. Cuyuaii «mipaBbiii — JieBbiii» M300pakeH Ha pucyHke B.12,

2. ABJI-zepeBo, 1ipu gobGaBjieHuy K HeMy 3HadeHui ot 1 10 8 B mopsijike ciegoBa-
HUS 9MCcesi, TOKa3aHo Ha pucyHke b.13.

3. TIpotiecc ynaeHust BepIIMHbl 33 1 TOBTOPHAst GaaHCUPOBKA JIePeBa TOKa3aHbI
Ha pucyske b.14. Crauana BaM HyKHO 3aMEHUTH BepHINHY 33 Ha Ty, 4YTO HAXO-
JIUTCS TIPaBee BCETO TI0 JIEBYIO CTOPOHY OT Hee, — B JIAHHOM CJIyJae 3TO BepITuHA
17. IepeBo okasbiBaeTcs pa3baaHCMPOBAHHBIM B BepinuHe 12, TOCKOIbKY BbI-
COTa €ro JIEBOTO U TPABOTO TO/IIEPEBLEB PaBHA cOOTBeTCTBEHHO 2 11 (. Pazbanan-
CUPOBKY BBI3bIBAECT BBICOKOE MO/IZIEPEBO-BHYK, KOTOPOE COCTOUT 13 BEPIIMHBI 8,
MOATOMY MbI HUMEEM JIEJIO CO CITyYaeM «JIeBbIil — TpaBbiii». YTo6bI chanaHncupo-
BaTh [IEPEBO, HY>KHO BBITIOJTHUT IOBOPOT BJIEBO, [TEPEMECTUB BEPIIUHY 8 HA yPO-
BEHb BHIIIIE, a BEPIINHY 5 — Ha yPOBEHDb HIKE. 3aTeM CJIEIyeT CeaaTh TOBOPOT
BIIPaBO, MPOJIBUHYB BEpPIIMHY 8 BBEPX HA ellle OJIMH YPOBEHDb 1 TOHU3UB Ha yPO-
BeHb BepiHy 12.

Puc. B.12. [/I;1a cbanancuposanust ABJI-nepesa B cirydae «IIpaBbIii—JIe€BbIN»,
HY>KHO TI0CJIE/IOBATEIHHO BBITIOJIHUTH TOBOPOTHI BIIPABO U BJIEBO

tedigle

Puc. B.13. ABJI-nepeBo ocraercs chbajaHCHPOBAHHBIM, [asKe eCIu J0OaBUTh B HETO
YHOPSIZIOUEHHbBIE 3HAYEHUST
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Puc. B.14. [l cb6anancupoBanust BEpXHEro JepeBa, HyKHO 3HayeHue 33
3aMeHNTH Ha 17 1 3aTe€M BBIIIOJHUTDH HOBOPOTHI BJIEBO-BIIPABO

4. TIporiecc 1o6aBJICHUS B IEPEBO 3HAUCHUS 24 TIOKa3aH B JIEBOI yacT prcyHKa B.15.

(22 (24

Puc. B.15. IIpu go6aBnenun B 1epeBo, IPeACTaBICHHOE CJeBa, 3HaueHus 24
JINCTOBASI BEPIIMHA CO 3HAUECHUSIMU 22 1 23 pasiessieTcst

5. IMportecc ynanenns n3 gepesa sHauermst 20 ToKa3aH B JIeBOH yacTh prucynka b.16.

Cuauasa 3nauenue 20 3amensiercs Ha 13. 113-3a aT0r0 JINCTOBASI BEPIINHA, CO/IEP-
JKaBImas 4yucyo 13, ocraercs mycroil. bajmancupoBka MPOBOAUTCS MTyTEM 3anM-
CTBOBAHWS 3HAYEHUS] Y BEPIIIUHBI TOTO K€ YPOBHSI.
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Puc. B.16. Y Bac MOXKeT He MOTyYUTHCST 3ANMCTBOBATH 3HAYEHNE Y BEPIINHBI TOTO JKE YPOBHSI,
€CJIN Y BEPIIUHBI 2—3, COJIEPKIMOE KOTOPOIl YAaJIseTcsl, HeT 3HAUCHUI

6. IIpornecc nobasienus B B-epeBo snadenus 56 mokasa B BepXHell yacTu pucyH-
ka B.17. Uto6bl BCTaBUTh HOBOE 3HAYEHUE, CJAEYET Pa3/e/uTh 610K, CofepKa-
muii yncna 52, 54, 55 u 58. HyskHo 106aBUTH K 9TUM 3HaY€HUAM 56, CO31aTh [ABa
HOBBIX OJTOKA 1 TEPEMECTUTD cpefiHee 3HaueHre (55) BBEPX K POAUTENHCKO Bep-
muHe. TaM /11 Hero He HaleTest CBOOOHOTO MECTa, TIO9TOMY BAM OIISITh HYK-
HO OyJIET BBITIOJIHUTD pasjesieHre. PoauTebeKast BepIInHA COJeP/KUT 3HAYEHUST
21, 35,49, 55 1 60 (B ToM umciie u HoBoe). Yucaa 21 u 35 momeraoTes B HOBbIe
6J10KH, a cpeHee 3HadeHue (49) mepeBUraeTcst BBEPX K POAUTENBCKOI BEPIIIN-
He, KOTOpast sIBJISIETCS KOpHeM jiepeBa. TakuM 06pa3oM, EpeBO CTAHOBUTCS HA

O/IVH YPOBEHD BBIIIIEC.

21|35

(el Al (<2 Bl ezl
A

56
60

(2 TS ] (2ol (7= (== < M (< S (= 71

(= TS (27 [ (] (<2< T o =S = 1

Puc. B.17. lnoraa pasaeserrie 6JOKOB IOXOAUT 10 KOPHsT B-1iepeBa, B pesyJibrare uero
OHO CTaHOBUTCSI BBIIITE
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7. YT00bI y1aiuTh U3 JIepeBa, TIOKA3aHHOTO B HIDKHEN yacTu pucyHka b.17, sHaue-
Hue 49, 10CTaTOYHO MPOCTO 3aMEHUTH ero YUCJIOM, KOTOPOe HaXOJUTCS IIpaBee
BCETO TI0 JIEBYIO CTOPOHY OT HeTo (B JaHHOM cirydae aTo 48). Bepmmaa, B koTO-
POii U3HAYAJILHO COAEPIKAIOCH YNCJIO 48, Bee ellje uMeeT TPU 3HAYeHU s, II09TOMY
ee He HYKHO GajlaHCUpoBaTh. Pe3ysibTat rmokasaH Ha pucyHke b.18.

GEw G5 G0

Puc. B.18. luoraa npu yaajieHny 3HaueHUs1 MOBTOPHast OaJIaHCUPOBKA He TpeOyeTcst

8. Ha pucynke B.19 nokasano B-ziepeBo, pacryiiee 1o Mepe 106aBJieHnst 3HaUYeH it
B muanasone ot 1 1o 11. ITocie nobasienus yncaa 11 KopHeBask BepLUIMHA UMEET
YeThIpe JOYEPHUX DJIEMEHTa, T0ITOMY JePeBO Ha JaHHOM sTale OyaeT XpaHUuTh
11 3HaueHmii.

s [
> (2] Ts (120

a0 cemm
1]2 415 718 12 (4570 (7] s 9@
A
9 10 11

(41500 (7 s [0 (10[11]"

Puc. B.19. B pesysbrare gobasienus 11 3nauenuii B B-iepeBo BTOPOro mopsika KOpHEBOU
y3est OyJIeT coiepsKaTh YeThIPe JOUEPHUX ATEMEHTa

9. B-nepeso nopsiaka K zausno 661 1024 x (2 x K) + 8 x (2 x K+1) = 2048 x K +
+ 16 x K+ 8 = 2064 x K + 8 Gaiit. YroObl IOMECTUTHCS B YeTbipe OJIOKa

492



PeLueHus K ynpaxHeHusiM

no 2 K6, ono He gomxuo npesbmath 4 x 2 x 1024 = 8192 Gaiit, mostomy
2064 x K+ 8 < 8192. Ecou pemuts 910 HepaBeHCTBO Jist K, mosryuuTcs, 4To
K< (8192 —8) /2064, nnu K < 3,97. K 10JI5KHO OBITD LIEJIBIM, I09TOMY €TI0 CJie-
NIyeT OKPYTJIUTD JI0 3.

B+aepeso nopsiaka K 3ansaino 661 100 x (2x K) +8x (2x K+ 1)=200x K+ 16 x
x K+ 8 =216 x K + 8 6aiir. YT06bI TIOMECTUTHCS B UeThipe GoKa 110 2 K6, oHo
He JI0JIKHO TIpeBbImath 4 x 2 x 1024 = 8192 Gaiir, nostomy 216 x K + 8 <8192,
Ecau pemuts aT0 HepaBencTBo 17151 K, mosyuntes, uto K < (8192 — 8) / 216, nim
K <37,9. K 10/5KHO OBITD [EJTbIM, TIO3TOMY €T0 CJIEAYET OKPYTIUTH 10 37.

ITpu nammanum 10 000 s/1eMEHTOB KasKI0€e [IepeBO MOKET UMETh BBICOTY He GoJiee
log(K . 1>(1O 000). /1 B-nepesa ato snavenue pasuo log,(10 000) ~ 6,6, moato-
MY OHO MOKET IOCTUTATh ceMu ypoBHeil. [l B+aepeBa 1anHOe 3HAUEHNE PAaBHO
log,,(10 000) ~ 2,5, m0aTOMY KOJIMYECTBO €r0 yPOBHEIl He MOKET IIPeBLIIIATh 3.

aea 12. lepeBbs NPUHATUA pPeLUeHUn
1. 910 genaer nemoHcTpanuonnoe npuiokerue CountTicTacToeBoards. Ono Ha-
XOJUT CIEAYIONINE PE3YIbTaThI:
= X BomurpeiBaer 131 184 pasa;
= O BwiarpeiBaet 77 904 pasa;
= 46 080 pa3 urpa 3aBepIaeTcs BHUYHIO;
= o0l1ee KOJUYECTBO BO3SMOKHBIX BADHAHTOB UIPBI cocTaBJsieT 255 168.

Ecu xoap! estaiorest ciydaiiibiM 06pasoM, 6oiblire mobes ogepkubaer X, oqHa-
KO CTpaTerusi, KOTOPOH MPUIePKUBAIOTCS ONTBITHBIE UTPOKH, TTO/[PA3yMEBAET CBe-
JleHUe MaT4yell K HU9beil, 4To iesraeT Io100HbII NeXoL HanboJiee YacThIM.

2. 910 gemnaer geMoncTpannonnoe npuiaoxkenue CountPrefilledBoards. Komnue-
CTBO BO3MOJKHBIX MAPTHUI /TSI KASKIOTO HAYATIbHOTO TT0JIS TOKA3aHO HA PUCYHKE
b.20. Hanmpumep, urpy, KOTOpyI0 3aIlyCTHIIN B JIEBOM BEPXHEM YTy ¢ X, MOXKHO
nposectu 27 732 criocobamu.

27,732 | 29,592 | 27,732

29,592 | 25,872 | 29,592

27,732 | 29,592 | 27,732

Puc. B5.20. 3tu yncsia MoKasbIBaloT, CKOJIBKO BO3MOKHBIX BADUAHTOB UTPbl HAYMHAETCS
¢ ycraHoBKu X B COOTBETCTBYIOIIEM II0JIE
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[P NS BNV

[TockoabKy 0CKa /1J1sT UTPBI B KPECTUKU-HOJIUKU CUMMETPUYHA, BaM He HYKHO
HOJICYUTBIBATH IIAPTUHM JJI1 KAXK/101 HayaIbHOM 03Uy, Bee yriioBble 1moJis npu-
BOJIAT K OJIHOMY U TOMY K€ KOJINYeCTBY BO3MOXKHBIX ITAPTU; TO JKe camoe KacaeT-
st cpeHuX ToJteil. UToObI OIyYUTh BCe 3HAUEHUS, JOCTATOYHO TOCUUTATH TTap-
TUU /IS OJHOTO YIJIOBOLO, CPEAHEr0 U LeHTPaIbHOIO HoJIEH.

. Jro nenaer geMoHcTparmonnoe mpusoxenue TicTacToe.
. DTO BBITIOJHSIET IEMOHCTPAIIMOHHOE Tipuyiokenne PartitionProblem.
. D70 JeaeT IeMOHCTPAIMOHHOE IpujIoskeHue PartitionProblem.

. Ha pucynke B.21 nokasaubl aBe quarpamMbl. B obonx cirydasx rpaduk jora-

puGbMOB TTOCEIIEHHBIX BEPIITUH BBITJISIUT KAK TOYTH ITOJTHOCTHIO IPSIMAsT INHUS,
MOATOMY KOJIYECTBO BEPIINH, PACCMOTPEHHBIX KAKIBIM AJITOPUTMOM, SIBJISIETCST
aKCTIOHeHNabHON DyHKINIT yrcaa BecoB N. [[pyrumu cnoBamu, ectt N — Ko-
JINYECTBO BECOB, YHCJIO TIOCEIIEHHbBIX BepinuH paBHo CN. [Ipu ucnosp3oBanum Me-
TOJIa BETBEH 1 TPAHUI] 9TO 3HAUEHUE OKAKETCS MEHDIITIM, YeM ITPH TIOJTHOM Tepe-
6ope, HO OHO BCE PaBHO OYy/IET 9KCIIOHEHI[UATbHBIM.

7. IT0 JlesaeT AeMOHCTpalMOHHOe Tpuiokenue PartitionProblem.

8. DTo BBINIOJIHSET JIEMOHCTPAIIMOHHOE Tpuiokerue PartitionProblem.

9. Byayr naiigenst rpyrmst {9, 6,7, 7, 6} u {7,7,7, 5, 5}. VIx obIune Beca cocTasJisi-

10.

10T 35 u 31, TO9TOMY pa3HUIla paBHA 4.

ITOo [eJIaeT AeMOHCTPAIlMOHHOe IpuoKeHue PartitionProblem.
80,000,000 30.00
70,000,000
g ' g 25.00 4
5 60,000,000 8 /
= >
X l X 20.00
Z 50,000,000 I 3 /
I
I
GIS)' 40,000,000 l _ g 1500 o
(0] R
8 30,000,000 Q /
o) / Q 10.00
cC [
. 20,000,000 E /
3 / S 500
o X
¥ 10,000,000 <
- 0.00 +r+r T
5 7 91113151719212325 5 7 91113151719 21 2325
Kos. pasgeneHHbIx BeCOoB Kon. pasoeneHHbix BECOB

Puc. B.21. IlockompKy rpacduk 3aBucuMOCTH JoraprdMa MOCeneHHbIX BEPIITNH OT KOJINYECTBA

11.

12.

13.

BECOB ABJIACTCA .JII/IH€I>'IHI)IMy YUCJIO TOCEIEHHBIX BEPIINH PACTET 9KCIIOHEHIINAIbHO
110 OTHOLIEHMIO K O6H_[6My YucJay BEepuinH

Bynyt maiizenst rpymmst {5, 6, 7,7, 7} u {5, 6,7, 7, 9}. Vx obimue Beca cocTaBisi-
10T 32 1 34, moaToMy pa3HUIA paBHA 2.

Bynyt obHapyskenst rpymist {7, 9, 7, 5, 5} u {6, 7, 7, 7, 6}. Ob6ume Beca B 060ux
CAydasX COCTaBJALIOT 33, MoaTOMy pasHuiia pasa 0.

ITo JesaeT AeMOHCTpaMOHHOe Ipuokenue PartitionProblem.
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lNaea 13. OCHOBHbIE ceTeBble
anropmTMbl

1. 9710 mesaer JeMoHCTpaluoHHOe npuaoxkenne NetworkMaker. Boibepure myHKT
menio Add Node u e IKHUTE 110 HOBEPXHOCTH PUCOBAHUS, YTOOBI CO3/1aTh HO-
BbI€ y3Jibl. IIpHU UCITIOIb30BaHIK JIFOOOTO U3 MHCTPYMEHTOB /IS 100aBJICHNS 3BE-
HbEB HauaJbHbII y3€JI BEIOMpAETCs IEJTYKOM JICBOI KIaBUIIN MBI, a KOHEY-
HBIN — TIPaBOI.

2. DTO BBHINOJIHAET AeMOHCTpaonnoe nmpuioxkene Network Maker.
3. Iro genaer gemoHcTpanuonnoe npuiaoxenne NetworkMaker.

4. DTOT aJITOPUTM He TTOIXOUT JIJIs1 HATIPABIEHHBIX CETEM, TOCKOIBbKY B HEM ITPEIIIO-
JIATAETCS, YTO €CJIU €CTh ITYTh OT y3Jia A K Y37y B, TO JI0JKeH Cy1ecTBOBaTh Iy Th
ot y3sa B x y3iy A. IIpeacraBuM, HarrpuMep, YTO B CETH TPU Y3J1a, COCAMHEHHbIE
nocuaegosareibio: A — B — C. Eciin aroput™ HauHeT B Touke A, oH gobepercst
JI0 BCEX TPEX Y3JI0B, HO €CJIH TIEPBOH BBIOPATh TOUKY B, TOT/Ia OH CMOKET HAHTH
TOJILKO JIUTG Y346l B 1t C. V13-32 5TOT0 OH OMIUGOYHO PEIIUT, 4TO B CETH UMEET-
Cs1 BCero /iBa CBS3HBLIX kKoMIloHeHTa: {B, C} u {A}.

5. D10 lenaet JeMoHCTpaIlnoHHoe npuioxkenne NetworkMaker.

6. Eciit ceth cocTout 13 N y3710B, JT1060€ OCTOBHOE IEPEBO OYIET COEPIKATH POBHO
N — 1 3BenbeB. Eciin Bee 3BeHbsT IMEIOT OfIMHAKOBBIE 3aTpaThl C, 001I1e 3aTPaThI
JI0060TO 0CTOBHOTO JiepeBa OyayT pasHbl C x (N — 1).

7. D10 menaer JeMOHCTpaloHHOoe npuaoxenne NetworkMaker.
8. IT0 BBINOJIHAET AeMOHCTpalnonHoe npuiokenue NetworkMaker.

9. Her, siepeBo Kparyaiiiiero myTu He 06s3aTesIbHO A0JKHO ObITh MUHUMAIbHBIM
octoBHbIM iepeBoM. Ha pucynke B.22 nokasan oOpaThbiii mpumep. CieBa u30-
GpaskeHa UCXO/[HAS CETh, B IIEHTPE HAXOAUTCS AEPEBO KPATYANIIIEro MyTH € KOP-
HeM B y3Jie A, a cipaBa MOKHO yYBHUIETh MUHUMAJIbHOE OCTOBHOE JIEPEBO C TEM

JK€ KOPHEBbIM Y3JIOM.
® :
3 |
<>
; i

Puc. B.22. JlepeBo KpaTyailliero myTH BCETr/la SBJISETCS OCTOBHBIM JIEPEBOM,
HO He 00513aTeJIbHO MUHUMAJTbHBIM

10. 910 menaer geMoHCTpannoHHoe npuiokenne NetworkMaker.

11. Sro BBIIOAHSAET eMOHCTpaloHHOe puiaoxkenne NetworkMaker.
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12.
13.
14.

15.

16.

17.

18.
19.
20.

21.

Iro genaeT geMoHcTpanronHoe npuioxenne NetworkMaker.
ITO BBIIOJHSET ieMoHcTpanontoe npuiaoxkenne NetworkMaker.

Ecu ceTb cOmepsKUT MUKI ¢ OOIINM OTPHUTIATETHHBIM BECOM, AJTTOPUTM TTONCKA
KpaT4ailliero myTu ¢ KOPPEKIHel MeToK Gy/IeT CIeI0BaTh 10 HeMy OeCKOHEUHO,
YMEHBIIAask PACCTOTHIE 10 COJEPIKAIMUXCS B HEM Y3JI0B.

ITOTO HE MOJKET HpOI/I3OI>'ITI/I C AJITOPUTMOM YCTaHOBKU METOK, ITOCKOJIBKY B HEM
pacCToOAHHUE N0 KaKAO0T0 y3Jla Ha3HAYa€TCA BCETrO OJIUH pa3 " 6oJbIIIe HUKOI'/Ia
HE MEHACTCA.

Paccroanue 10 y3s1a, KOTOPbLI IoMeden aIropuTMOM HIOUCKa KpaTyaliiiero myTtu
C YCTAaHOBKOW METOK, HUKOTI/Ia He MEHSIeTCsl, T03TOMY aJITOPUTM MOKHO ITpepbl-
BaTh Cpasy Mocjie MApKUPOBKH 1leJieBoil Touku. Eciiu ceTb GoJbInast, a Haqab-
Hast ¥ KOHEYHAsA TOYKM HAXOAATCS GJIUBKO JPYT K JAPYTY, 9TO, CKOPEe BCETo, CI-
KOHOMHUT BpeMsl.

Koraa anropuT™ moncka KpaT4aiiIiiero Iy Ty ¢ KOPPEKITell METOK MapKHIPYeT y3eT,
9TO BOBCE HE 03HAYAET, YTO OH I037Ke He N3MEHNT PACCTOSTHHE /10 HETO, TI03TOMY BB
He MOJKeTe cpasy Ke CKa3aTh, SIBJISETCS JIN IAHHBIH Ty Th K Y3JIy CAMBIM KOPOTKUM
(Kak B cIy4yae ¢ YCTAaHOBKOHW METOK).

OnHaKo aJropuT™ He CrocobeH ONTUMUBUPOBATH PACCTOSHUE, ECTTU OHO KOPO-
4e TeX, YTO MPeIOCTABJILIOTCS CITUCKOM TOTEHITMATIbHBIX 3BEHbEB. TO O3HAYA-
€T, YTO Bbl MOJKETE TIePUOINYECKI ITPOBEPSTD 3BEHbsI B CIMCKe. Ecjin HU O1HO U3
HUX He obecriednBaet GoJiee KOPOTKUHN MTyTh, 3HAYUT BbI HAIILIM UTOTOBBINA Kpart-
Yaliuii MapIipyT.

ITO ZOCTATOYHO CJIOKHOE U MeJJIEHHOE NU3MEHEHIIE BPSIZL JIN YCKOPHUT aJITOPUTM,
pasBe YTO CeTh OKAKETCST OUeHb OOJIBIION, & HAYATbHBIN U KOHEUHBIT Y3JIbI pac-
II0JIATAIOTCS COBCeM OJIM3KO JIPYT K IPYTy. BeposiTHO, BaM Jrydiiie MCII0JIb30BaTh
AJITOPUTM C YCTaHOBKOU METOK.

B kauecTBe KOPHS /IS JiepeBa KpaTyailIiero myTH MOXKHO BBIOPATh He HaYalb-
HBIH y3€J1, a KOHEYHbII U CJIeZI0BATh IIPU 9TOM 0 3BEHbAM B 0OPATHOM HaIPaB-
senun. Takoe sepeBo GyeT JEMOHCTPUPOBATH KPATUANIINN MYTh OT 110600
y3Ja ceTu K (DUHATBHOM TOUKE, a HE OT UCXOJHON TOYKU K JIOOOMY IPyTroMy
y3iay. Ecam 1ipu ero moctpoeHuM NOKUHYTDH TEKYIMI KpaT4alliuil myTh, OHO
yoke GyJIeT cofepKaTh ONTUMATIBHBIN MapIIpyT, GEPYIIHA HAYaI0 B TOW TOUKE,
rJie Bbl HAaXOAUTEC.

Iro genaer geMoHcTpanronHoe npuiaoxenne NetworkMaker.
ITO OCyILIECTBIAET AeMOHCTpalontoe npusoxenne NetworkMaker.

ITpu ocTpoennn MaccuBa Ha Kaxkabie 100 ysmoB Oyzaer yxomauth 1 cek. 1O
16,67 mun st 1000 y3moB u 11,57 gust auist 10 000 ysuos.

Ha pucynke B.23 uzo6paenbl MaccuBbl Di stance u Via JJist CeTH, IPECTaB-
JierHoit Ha pucynke 13.15. HawanbHbIi yTh OT y371a A K y3J1y B BBINJISIZANT KakK
A — C u umeer 3atpatsl B pazmepe 18. 3aTparsl UTOTOBOTO KpaTUaliero myTH,
A — B — C, paBusl 16.
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OO >

OO >
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Puc. b.23. Maccussl Distance u Via nmo3BossioT HAX0UTh KpaTyallmnii My Th
MEJK/Ty BCEMHU TTADAMU BEPIINH

Maea 14. JononHuTenbHbIE
ceTeBble aJiIroPUTMbI

1.
2.

Iro genaer geMoHcTpanronHoe npuinoxenne NetworkMaker.

Korza ajroput™ BCTaBJSIET y3eJ B UTOTOBBIN CIIMCOK, OH OOHOBJISIET CUETUHK
NumBe foreMe u3 coceiiero y3mna. Eciu aToT cueTunk ctaHoBUTCST paBHbIM 0, ait-
TOPUTM Z00aBJIsIET COCEAHMIT y3€e/ B cMcoK ready. Ha JaHHOM aTalie OH TakkKe
MOT GbI BKJIFOUKTB €0 B CIIMCOK Y3JI0B, TOTOBBIX K pabote. Hanpumep, npu gob6as-
JICHWU B UTOTOBBIN CITUCOK y3Jia [MIICOKapTOH CTAaHOBATCA TOTOBBIMU Y3JIbI [1po-
BoaKa 1 TpyOoIpOBO, IOITOMY OHM MOTYT OKa3aThCs B CIIMCKE BMecCTe. Pesyib-
TaToM OyzeT IepedeHb 3aJaHnii, KOTOPbIE 3aBEPLIAIOTCS B OHO U TO JKe BPEMsl.

. AJII‘OpI/ITM AOJIKEH CJICANUTD 3a BDEMEHEM C MOMEHTA 3aIlyCKa HepBOﬁ 3aJadyu.

[IpucBauBas cueTunky y3iaa NumAfterMe 3nayenue 0, OH JOJKEH CIe/IaTh BpeMs,
KOTOPOE y:Ke ycIeso NMpoiTH, HayalabHbIM. [locsie 3TOoro oH MOXXKeT BBIYMCIUTD
OKUaeMoe BpeMst 3aBepIieHus paboTel 9Toro yaiaa. Korsa BosHukaer Heobxou-
MOCTH yOpaTh 9JIEMEHT U3 CIIICKA TOTOBBIX Y3JI0B, HYKHO BHIOPATH Y3€JT C CAMBIM
PaHHUM BpeMEHEM 3aBepIICHU.

. a. IlToMuMO MUHUMYM OJTHOTO y3Jia C HYJIeBOW UCXOJSIIEH CTeNeHblo, pe-

CTaBJISIONIETO 33/[auy 6e3 MpeIBAPUTENbHBIX TPEOOBAHMIA, Y HAC IOJIKEH OBITD IO
KpaiiHeil Mepe OJIIH Y3€JI ¢ HyJIeBOI BXOAIIE CTeleHbio, KOTOPbIil 0603HaYaeT
3a71a4y, He SBJISTIONTYIOCS TTPEBAPUTENHHBIM TPeOOBAHUEM HU JIJIST OTHOTO IPYTO-
r0 y371a. Bbl MOKeTe 106GABUTH €T0 B KOHEIT CITUCKA MOTHOCTHIO YIOPSIOYEHHBIX
3a/1a4. ITO TO3BOJIUT YAAJIUTD y3Jbl U3 CETH W BCTABUTh UX B HAYAJIO M KOHEI
YIIOPSIIOYEHHOTO CITUCKA.

. D710 senaer JeMoHcTpaluonHoe npunoxenne Network Maker.
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6. g y3noB M u N MOXKHO UCTIOTb30BaTh caemnytoitue napol: B/H, B/D, G/D, G/A,

H/A,H/B,D/B,D/G,A/GuA/H.Y Bcex HUX eCTh OOPATHBII SKBUBAJIEHT (Ha-
npumep, st B/H takoBbiM siBjisietcst H/B), 109TOMY Ha caMOM JieJie CyIIecTBY-
€T TOJIbKO TISITh PA3HBIX BAPUAHTOB.

7. D10 menaer JeMOHCTpaluoHHoe npuaoxenne NetworkMaker.

8. DTO BHIIOJIHIET AeMOHCTpanroHHoe npuiaoxkenne NetworkMaker. 3amycru-

10.

11.

12.

Te ero, YToObl YBUETD, KAKOI U3 BApMAHTOB 3aKPAaCKH KapThl YETHIPbMsI [IBETa-
mu OyJieT HaiineH.

. T0 Jesaet AeMoHCTpaloHHoe mpuiokerre NetworkMaker. Korza st ero mpo-

BEPsLJI, OHO UCITOJIb30BAJIO TISITh IIBETOB JIJIsI CETH, TIOKa3aHHON Ha pucyHke 14.5,
U TPU 1IBETA Il CeTH, U300paXkeHHOI Ha pucyHke 14.6. 3amycTute ero, yToOb!
YBU/IETD, KAKHE I[BETa OHO BBIOMPAET.

B neBoit yactu pucynka b.24 mokazaHa ocTaTOuHast BEPCHS CETH, MTPE/ICTaBIICH-
HOU Ha pucynke 14.12, rjie JOTOIHSIOMWN Ty Th BBI/IEJIEH TOJCTHIMU JTUHUSIMU.
Ecjiit ucroib30BaTh 9TOT My Th /i1 OOHOBJIEHMS CETH, MOJYYUTCI HOBBIN MTOTOK,
u300paskeHHbIii cIIpaBa. ITO JIy4lliee PelleHne U3 BOSMOKHBIX, IOCKOJIbKY OOIIHii
HOTOK paBeH 7 1 GOoJIbllle 13 UCXOAHOIO y3/a A OJIyYnTh HEJIb34.

_—0 1 ,<.|->
\1 1>? Q
3\1 i 34 212
0 0 é
2 0 3 2 2/3 4/5
1 3

Puc. B.24. [/lonoTHUTEIbHBII ITyTh B OCTATOYHOI CETU CJIeBA TIO3BOJISIET
MOJIYYUTh OGHOBJIEHHYIO CETh, MOKA3aHHYIO CIIPaBa

Iro neaer geMOHCTpaIoHHoe mpuioxkeHne NetworkMaker. 3arpysure cetb
u BeiGepute nHCTpyMeHT Calculate Maximal Flows. 3aTem 1eJIKHUTE JIeBOI 1 TPaBOi
KJIABUIIIAMU MBI, YTOOBI BBIIEIUTH UCXOJHBIN 1 KOHEUHbII y3/bl. Beisegure
MOTOKU U €MKOCTH 3BEHBEB € TIOMOIIBIO TTyHKTa Show Links Capacities B mewto Options.

Ha pucynxe B.25 nokasan npumep npustosxkenust Network Maker, koTopoe BbIBO-
JIAT MAaKCUMAaJTbHbIE TOTOKH JIJIST CETH, IPEACTaBIeHHON Ha pucyHke 14.9. Pabor-
HUKOB MOKHO HA3HAYUTh BCETO HA YETBIPE JIOJIKHOCTH. 3arpy3uTe WIN CO3/1aiiTe
ceTbh pacrpe/iesieHus pabounx Mect u Boibepure utncrpyment Calculate Maximal Flows.
IToce aTOrO 1ENKHUTE JIEBO U NIPaBOil KJIaBUIIAMK MBIIIN, YTOOBI BBIAEIUThH
VCXOJIHBIN 1 KOHEUHBIN y3JIbI.
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Eile  Options
IONNEWMERO R IR SR HE
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Puc. B.25. [Ipumep ceTu, B KOTOPOl pabOTHUKOB MOKHO HA3HAYUTH MAKCUMYM Ha Y€ThIPe

13.

14.

15.

16.

JOJIZKHOCTH

Yr00bl y3HATH, CKOJIBKO ITyTeil He NMeeT 00IINX 3BEHbEB, J0CTATOYHO IIPUCBOUTD
KaKZIOMY 3BEHY eMKOCTh 1 1 HaliTH MaKCHMAaTbHBIN TIOTOK MEXK/Y yaaamH. VTo-
TOBBIN TTOTOK U Gy/IET 03HAYATH KOJTMIECTBO NCKOMBIX TTyTei.

Yro6bl y3HATD, CKOJILKO MyTEH He MMeeT 0OIINX 3BEHBEB U Y3JI0B, 3aMEHUTE KasK-
JIBIIA y3€J1 IBYMsT HOBBIMHU — BXOJISTIIUM U UCXOASIINM. CBSKUTE UX 3BEHOM ITPO-
myckHoi crocobrocThio 1. TofcoeqmunTe 3B€HO, KOTOPOE OBLIO B COCTaBE 3aMe-
HEHHOTO y3J1a, K HOBOMY BXOJISAIIEMY Y3JIy. 3BeHbs, KOTOPbIE BBIXOINJIN U3 3aMe-
HEHHOTO y3J1a, Telepb A0JKHBI BBIXOAUTD U3 UCX0A411ero y3na. Caenas Bee 3To,
HalinTe MAaKCUMAJIbHBIN MTOTOK. [T0CKOJIbKY KasK/Iblii y3eJ1 IIPeICTaBJIeH AByMS
HOBBIMU y3J1aMU (OIHUM BXO/SIIMM M OJTHUM MCXO/ISIINM ), COe/JUHEHHbIMU 3Be-
HOM eMKOCTBIO 1, uepes JT00yTo TaKy1o mapy MOXKET MPOXOAUTD TOTBKO OJNH MY Th.

[l 3aKkpanmBanus BYZOJbHON CETHU JIOCTATOYHO BCETO JIMIID /IBYX I[BETOB.
ITpocro 3akpackTe TIepBbIH HAGOP Y3/I0B OAHUM IBETOM, a BTOPOH Apyrum. ITo-
CKOJIbKY Y3JIbI B OJTHOM ¥ TOM ke Habope He CBSI3aHbI MEK/LY COOOH, IBYIIBETHOE
3aKpalmBanue cpaboTaer.

Jluist 3aKpaluBaHms CETU paciipesiesieHust pab0UnuX MECT XBATUT TPEX [[BETOB.
OjuH 1BeT HAa3HAYBTE y3JIaM, KOTOPbIE MPEICTABIAIOT PaGOTHIKOB, APYTOH —
y3J1aM, OTBE/ICHHBIM JIJIs1 JIOJIKHOCTEH, U ellle OJIMH UCIIONb3YyiTe 11 BXO/Allle-
IO U UCXOJSILEr0 y3JI0B.

I10 senaer geMoHcTpanonHoe npuioxkenne NetworkMaker. 3arpysure cetb
u BeiGepuTe nucTpyment Minimal Flow Cut. 3aTem mesikHITE JIEBOT U IPaBOii Ki1a-
BUIITAME MBITITH, YTOOBI BHIOPATH UCXOMHBIA U KOHEUHBIH Y3JTbL.

CymiectByet zBa penienus. [lepBoe 3akiouaercs: B ynajiennn 3BeabeB B — C,
E— Fu H—> I,a B0 BTOPOM HY3KHO ynaiauth 3Bexbs C — F, E— Fu H— I. B 060o-
UX cJydasx obliast mpomycKas CriocoOHOCTh yMeHbInaeTcst Ha 7. Tlpunoxkenue
NetworkMaker HaxoauT 1epBoe penreHue.
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Maea 15. CTpokoBbie asiropuTMbl

1. Dro penaer geMoHCTpanMoHHOE puioxenne ParenthesisMatching.
2. ITO BBIIOJIHAET AeMOHCTpaonHoe npuioxkenue EvaluateExpression.

3. IlpunoxeHuio MpueTcs paccMaTpUBATh YeTBEPTLIH PEKYPCUBHBIN CiIydaii, B KO-
TOPOM BbIPaKEHUE UMEET BUJL -expr.

4. 1TpnoxeHnio MPUAETCS PacCMaTPUBATh IPYTOM PEKYPCUBHBIN CIydail, B KOTO-
POM BBIpa)KEHUE MMeeT BUJL sine(expr).

5. ITo memaet feMOHCTpaIonHoe mpuiokenne EvaluateBoolean.
6. D10 BBINOJIHSIET JIeMOHCTpaIonHoe mpuioxenre GraphExpression.

7. B tabimne B.3 nupeacrasiensl nepexo/nl coctostnuil s JJKA, koropslit coor-
BETCTBYET PETYJIAPHOMY BhIpakeHuto (AB) * | (BA) *.

Tabnuua B.3. Mepexosl COCTOSHMIA [ BuipaxeHus (AB)* | (BA)*

Cocrosinue 0 0 1 2 3 4
Ha Bxozxe A B A A B
Hogoe cocrosiHue 1 3 2 1 4 3
IIpunumaroniee Her Her Her Ja Her Ila

8. lmarpaMma repexojia COCTOSTHUH TTOKa3aHa Ha pucynke b.26.

Puc. Bb.26. 9ta nnarpamma niepexosa cocrostanii 1y [[KA cooTBeTcTByeT peryisspHomy
BbIpakeHuIo ( (AB) | (BA)) *

9. B Tabuuie B.4 npezicraBieHbl epexoibl COCTOSHUIA IJIst IarpaMMBbl, TIOKa3aH-
HOU Ha pucyHke b.26.

Ta6nuua B.4. Mepexofpl COCTOSHMIA 1A BuipaxeHus ((AB)|(BA))*

CocrosiHue 0 0 1 2 2 3 4 4
Ha Bxozxe A B A A A B
Hogoe cocrosinne 1 3 2 1 3 4 1 3
IIpunnmalomee Her Her Her Jla Jla Her Jla Jla
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10.
11.

12.

13.

Iro genaeT geMoHcTpanrorHoe npuioxenne DFAMatch.

TabumIly JIeTKo 3aIncaTh, HO B Hell HEIIPOCTO HATH HysKHBIE mepexombl. IIpes-
craBbTe, HanipuMep, uto JJKA nipebdbiBaet B cocTostHuy 17 U CTaIKMBAETCSI ¢ BBO-
nom H. TIporpamme npuzietcst iCKaTh B TabJIUIIE COOTBETCTBYIONLYIO 3aMUCh, TIpe-
JKJle 4eM mepeiiTu K HoBoMy cocTostauio. Ecu Tabimiia 6oibinas, Ha 9T0 MOKET
noTpe6oBaTHCS Kakoe-T0 BpeMst. UTo6bl YCKOPUTH MPOIECC, TTEPEXOJIBI CIEAYET
XPaHUTh B IePEBE, XeN-TabIUIe WIH APYTOil CTPYKTYPE AAHHBIX. DTO C/IeTaeT
HOHUCK GoJiee MPOCTBIM, HO TTIOTpedyeT OOJIbIe TAMATH U YCJIOKHUT IPOrPaMMY.

Temnepb npeACTaBbTE, YTO B KAYECTBE COCTOSIHUI UCIIOJIB3YIOTCsT 00BEKTHI (110 aHa-
JIOTUH C TeM, KaK TOYKU B ceTH 0003HAYAIOTCS B BUJIE 00BEKTOB y3J10B). Kaxkblii
10I0GHBIN 0GBEKT MOKET COAEPIKATH CIUCOK, PEAOCTABIISIONIN HOBBIE COCTO-
STHUST [UIST PA3HOTO BBOZIA. B TakoM cirydae mepexo/ibl cOCTOSIHMUIT Oy/IyT OTHOCH-
TeJIbHO GBICTPBIMU U IPOCTHIMU. Ec/in Kakne-10 00beKThI CIOCOOHBI CYMTHIBATD
MHOJKECTBO Pa3HbIX IOCTYIAINIMX JAHHBIX (TO €CTh Ha JHarpaMMe COCTOSHUI
13 HUX BBIXOJIUT MHOTO 3BEHBEB ), BAM [IPHUIETCSI TPATUTH BPEMsI HA TOUCK HOBBIX
COCTOSTHUIL. B CBSA3M € 3TUM MMeeT CMBICII KCTIOJIb30BaTh JIEPEBO, XeII-TabIuILy
WJIM JIPYTYIO CTPYKTYPY JAHHBIX, 4TO MOKET YCKOPUTD OUCK — 110 KpaiiHeii Mepe,
BaM He HyKHO GyzeT mepebupath BCIO TabIHITY TEPEXOIOB.

Kax Bcerna, nysxHo cosgarb HKA 11a pacriosnaBanus mab/ioHa, 3aTeM 100aBUTh
HOBOE HaYaJIbHOE COCTOSIHIE U HYJIEBOM II€PEX0/l, KOTOPBIN COeAUHSIET €0 ¢ 00bIY-
HbIMU COCTOAHUAMMN. EH_IG 110 OTHOMY II€EPEXOYy HOHaZIO6I/ITC§I, I-ITO6bI IIpu BBO/JIE
JIE06OTO CUMBOJIA HOBOE HCXOTHOE COCTOSTHUE U TIPHHUMATOIIEE COCTOSTHIE T1abJI0-
Ha CBSA3BIBAJIMCH caMu ¢ co00il. [Inarpamma 11epexo/ioB IoKaszaHa Ha pucynke B.27.

JTro6oi cumBon
1%}

Puc. B.27. /luarpamma nepexogos HKA, uiyias mabioH 1o Beeil cTpoke

Pemrenne mokazano na pucynke b.28.

0
O O
g}
® @

9 M) o

g @ 9

Puc. b.28. Cunrakcuueckoe ziepeBo (cresa) u coorsercrByiomias cetb HKA (enpasa)

I BBIpaskeHuss (AB*) | (BAY)
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14.

15.

16.

17.
18.
19.

20.
21.

Pemenne nokasano Ha pucynke b.29.

Puc. B.29. Ota nruarpamma repexooB [IKA cooTBeTcTByeT TeM jke 3HAYEHUSIM, YTO
u auarpamma st HKA, mokasannas B mpaBoit yactu pucynka b.28

[TycTh ckOMast OACTPOKA COCTOUT U3 ITOCTIEA0BATETBHOCTHI CUMBOJIOB A, a TEKCT
COJIEP>KUT TTOBTOPSIONTHEcs 1enoykn n3 M — 1 cuMBoJIOB A, 32 KaXK/1011 N3 KOTO-
pbix caenyer B. Hanpumep, ecin M paBHO 4, 1iesieBast CTpoKa Oy/eT BITJISIIETh
kak AAAA, a TEKCT — UMeTb BU/JL TOBTOPSIIOIIUXCS TPOU3BOJIHHOE KOJTUIECTBO Pa3
cuMBOJIOB AAAB. B aTOM City4ae nmoficTpOKK He MOJKET OBITh B TEKCTE, TOCKOJIbKY
B HEM HU pa3y He BcTpevyaercss M cuMBosioB A noapsi. [loka BHETHIH 1TMKIT 13-
MEHSIET [IePEMEHHYIO i, BHYTPEHHUH KT 0JKeH nepebupars M, M —1, M —2...
3HaueHUH (MIOKa He OCTAHETCsI OJ[MH-¢AMHCTBEHHBIN CMBOJI ), YTOOBI TOHATh, YTO
COBITaJIEHUE He HAaliZIeHO. 3aTeM TTOCIeI0BaTeIbHOCTD TOBTOPsieTCs. BHyTpenHumii
LUKJI B CPeJlHEM BCTpedaeTcs: HpuMepHo M/2 pas, u3-3a 4ero obiiee BpeMsi Bbi-
nosineHus paBHo O(N x M/2) = O(N x M).

[TyTb c HAaUMeHBITMMY 3aTpaTaMy MCTIOIb3YyeT MAKCUMATHHO BO3MOKHOE KOJTIYe-
CTBO INaTOHAJIBHBIX 3BeHbeB. Ha yeThIpe inaroHaabHbIX 3B€HA TPUXOANTCS AT
OOBIYHBIX, TIOITOMY PEIAKIMOHHOE PACCTOSTHUE OYET PaBHO 5.

IT0 KesaeT AeMoHCTpalnoHHoe npusoxkerne StringEditDistance.
Iro genaet geMoHcTpanronHoe npuioxenue StringEditDistance.

Jla, PeaKIMOHHOE PACCTOSTHIUE SIBISIETCST KOMMYTaTUBHBIM. JI71sT TpeobpasoBaHmst
TIEPBOTO CJI0BA BO BTOPOE HEOOXOMMMO BBITIOTHUTE 06paTHBIE omepanuit. To ecTh
BMECTO yIQJICHUST CUMBOJI HY’KHO 100aBUTH, 2 BMECTO JO0ABIEHUS — YIAJIUTh.

Iro genaer geMoHcTpanuontoe npuioxkenne FileEditDistance.

Iro penaer gemoHcTpanmontoe npuioxenne FileEditDistance.

aea 16. LUudpoBaHue

1
2
3

. D710 penaer geMoHcTpanontoe npuaoxkenre RowColumnTransposition.
. DTo Aenaer eMOHCTpaonHoe npuiaokenne SwapColumns.

. Ecm xmrou COIEPKUT Z[y6]II/IpyIOH.II/IeCH CHUMBOJIbBI, Y3HATD, KaKoit u3 COOTBETCTBY-

IOIUX CTOJAOIOB JOJKEH UATH [IEPBLIM, HEJb3.

OmHO 13 pelIeHnit 3aKII0YaeTCsT B HCIIOJIb30BAHUN TOTBKO TIEPBOTO BXOKIEHH
Kax 0l OyKBbI; TakuM o0pasoM, PIZZA npespaiaercst 8 PIZA, a BOOKWORM
B BOKWRM. 910 TaksKe MO3BOJISIET MACKUPOBATh KOJIMYECTBO CTOJIOIOB B M-
PYIOIEM MaccuBe, YTO YCJIOXKHSIET 33/1auy /IS 3JIOYMBIIIJIEHHUKA, KOTOPBIH He
3HaeT, KaKoil MeTo 1 mmdpoBaHust ObLI TPUMEHEH.
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4. Menss MecTaMu Kak CTOJI6I_[I>I, TaK 1 CTPOKH, Bbl 3BHAYUTEJIbHO YBEJIMUNBAETE KO-
JITYECTBO BO3SMOKHBIX BADUAHTOB UX pa3mMelienust. Harnpumep, eciii coo0iiieHue,
cocrogiee u3 100 cuMBOIOB, 3anmucaTh B MaccuB pasmepoM 10x10, mosyunrcs
10! x 10! ~ 1,3x10'® BapuauTOB.

Ecmm 3JIOYMBINIJIEHHUKY YAaCTCS OIIPEICJINTD ITOPAOK CJIE€JOBAHUA CTOJI6LIOB,
TO BO BCEX CTPOKAX, XOTA OHU 1 HE YIIOPA/TOYECHDI, 6yI[6T HaXOAUTHCA YJI€HOPa3-
JIeJIBHBIN TeKCeT. Pacmio3naBast oT/e/bHbIe CJIOBAQ, 3JIOYMBINIJIECHHUK CyMEET BOC-
CTAaHOBUTDH MMOPAAOK Pa3MEUICHUA CTOJI6LIOB 1 3aTE€M CMOJKET TIOIBbITAaThCA IIepe-
CTaBUTb CTPOKHU TaK, 4TOOBI IIOJIYy4UTDb BCE COO6H.[€HI/IG IIEJIMKOM.

Ecau xaxas cTpoka HaUMHAETCS ¢ HOBOTO CJI0BA, BOCCTAHOBUTD UCXO/IHYIO pac-
CTaHOBKY CTPOK MOXKET 0Ka3aTbCs HEIIPOCTO, HO €CJIU JI0ILyCKAeTCs IIePEHOC CJI0-
Ba Ha CJIeYIOUYIO CTPOKY, 3TO ACT 3JI0yMBIIIJIEHHUKY J0IOJHUTEIbHbIE 3allell-
ku. [IpenicraBbre, HaNIpuMeD, 4TO TiepBast cTpoka 3akaHunBaeTcs Ha GREA, a BTo-
pas u TpeTbs HaunHaioTcs cooTBeTcTBeHHO ¢ NT 1 TLY. B takom ciryvae TpeTbs
CTPOKA, CKOPee BCETo, I0JIKHA CJIeI0BATh 32 TIEPBOI.

ITO pUMep TOTO, KaK, Ka3ajoch Obl, COBEPIIEHHO ONPaBAAHHAS IOBITKA COBMe-
CTHUTB JIBa METO/Ia (D POBAHKST OKA3bIBAETCS TIPAKTHUECKH GecrionesHoi. U xorst
MepPEeCTaHOBKA CTPOK B COYETAHUH C IEPECTAHOBKON CTOIONOB 3HAUMTENLHO yBe-
JITYNBAET KOJINIECTBO BO3MOKHBIX KOMOWHAIIH, B TIEJIOM TAHHAS OTIEPAITHST MAJIO
BJIMSIET HA YMCJIO BAPUAHTOB, KOTOPBIE JOJIKHBI MHTEPECOBATH 3JI0YMBITIIJIEHHUKA.

5. IT0 Jenaer geMoHcTpannontoe npuiokenue SwapRowsAndColumns.

6. D10 memaer pemoHcTpaimonHoe npuioxkenne CaesarSubstitution. 3amudpo-
BaHHas1 Bepcust coobuenust Nothingbut gibberish co cisurom 13 Gyner BbITJISETD
kak ABGUV ATOHG TVOOR EVFU.

7. Ilemoncrpanuonnoe npusioxenue LetterFrequencies oroGpaskaer OTHOCUTENb-
HYIO 4acTOTYy BXOKIeHUsI OYKB B coobIenue. JIJis Tpex HanboJiee NCIOIb3yeMbIX
OYKB B KPUIITOIPaMMe OHO HaXOIUT CJIeAYIOLINEe 3HAUCHMSI.,

Ta6nuua B.5. OtHocuTeNbHas YacToTa BXOXAEHMs Gyks B coobLLeHe

Byksa Yacrora, % Casur
K 18,5 6
Vv 14,8 17
R 13,0 13

Eciin moripo6oBars pacmmdpoBarh cOOOIIEHHE ¢ TIOMOTIBIO IEMOHCTPAIIHOH-
Hoit mporpammbl CaesarSubstitution u caiura 6, mosydnTest 6eCCBI3HBII TEKCT.
Ho ecim ykazarts casur 17, mosyaurcs caenyiomiuii pedyiabrat: THERE WASAT
IMEWH ENCAE SARSU BSTIT UTION WASTH ESTAT EOFTH EART (6buiu
BpeMeHa, Korjia mojicTaHoBKa [le3apst cunranach mepeoBbIM METOIOM MTUd-
pOBaHUS).

8. dro penaer nemoHcTpanunoHHoe npiokerne VigenereCipher. Pacuidposantoe
coobiienue 6yzner soirasaers kak AVIGE NEREC IPHER ISMOR ECOMP LICAT
EDTHA NCAES ARSUB STITU TION (mugdp Bukerepa mpeBoCXOUT O CIOK-
HOCTH 1To7icTaHoBKY [lesaps).

9. Ecin TOBTOPHO MCMOMB30BATh OMHOPA3OBHIi OJIOKHOT, TOIYUUTCS, B CYIITHO-
cru, mmhp Biokenepa, B KOTOPOM BeCh OJIOKHOT UTPAET POJTb KIIOYEBOTO CIIOBA.
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10.

11.

12.
13.

14.

15.

IT10 MOKET cpaboTaTh HA HEKOTOPOE BPEMSI, HO PAHO UJIN MTO3/[HO 3JI0yMbIILIECH-
HUK Y3HAET, YTO BbI UCIIOJB3YETE OJIUH U TOT K€ OJOKHOT, U minudp MOXKeT ObITh
B3JI0MaH.

ITO MOKET CIIYUIUTHCS, €CIU CO00IIeH e OBLIIO YTEPSTHO WK TIPHUIILIO HE B TOM
MOPSIZIKE, B PE3YJIbTAaTE YErO Bl UCIOJIb3YETE B CBOEM OJIOKHOTE HE Te OYKBBI.
Pacmdposarts coobieHne yaacTcest, eciu mog0uparh pasHble HauabHbIE M0-
3UITNH, TIOKa He HalIeTCsS Ta, KOTOpas BhIJAET YieHOPa3Ae bHbIN TeKeT. Komu-
yecTBO OYKB B OJIOKHOTE, KOTOPble HEOOXOAUMO TIPOIYCTUTh, FOBOPUT O TOM,
HACKOJIBKO JJIMHHBIM OBLIO IIPOIYIIEHHOE BaMu coobIienne. Bor Moxere 6o
UTHOPUPOBaTh (HaKT IIPOINyCKa, JuOO0 CBA3AThCS ¢ OTHpaBUTeIeM (3amudpo-
BaHHBIM 00pa3oOM, eCTECTBEHHO) M IIOIPOCUTH €ro MOBTOPHO BBICJAATH IIPOIY-
IIEHHBIA TEKCT.

HecymectBerHO. ITO AACT 37I0yMBINIEHHUKY WH(GOPMAITUIO O JJIMHE U YaCTOTE
OTIIPABJISIEMBIX BaMU COOOIIEHNH, HO OH U TaK MOT 3TO Y3HATh, IPOU3BO/IS 3aMe-
Pbl [IEPEXBAYEHHOTO TeKCTa (BCe COOOIEHMS IePEeXBAThIBAIOTCS ).

Iro genaer geMoHcTpanuonHoe npuioxkenne OneTimePad.

Ecom y Bac ecth kpumnrorpadudeckyt 6e30MacHBIN TeHEPATOP CIYIAHBIX YHCET,
BBI MOJKETE CTEHEPUPOBATH C €TO TIOMOIIHIO OIHOPA30BbIE GIOKHOTHI U KCTIOJIB30-
BaTh UX s dposanus. Takue 61I0KHOTHI HENb3s1 GYIET B3JIOMATh, TOCKOJIbKY
Kask/ast GyKBa COOBIIEHNST MOKET TPUHUMATD B KPUTITOTPAMME KaKOM YTOIHO BUI.

He uckmouen Takoit anropurm sieiictsuii. [IpencraBpre, 4TO y Bac €CTh METO/
U POBAHUS, YCTOMUNBBINA KO B3JIOMY. BbI MOKeTe creHeprpoBaTh C €ro TIOMO-
IIBIO MTOCIEI0BATENBHOCTD CIyYaitHbIX OYKB, 3aidpoBaB cOOOIIEHHE, COCTOSI-
Iee U3 OHUX JIUIIbL OYKB A. 3aTeM, UCIIOJIb3Ys TIOTyYeHHbIe OYKBBI, PEAJIBHO CTe-
HEpUPOBATh CJlydaiiHble YNCIOBbIe 3HAYEHUS [/t GE30IIACHOIO reHepaTopa CJIy-
YAHBIX YMCEJL.

KaxpIii IeHb B OIHO U TO K€ BPEMsI OTIPABJISIiiTe COOOIIEHIE OHON JIJIHBL,
Ecin BaM Hewero ckas3aTh, HATUTITITE 00 9TOM B COOOIIEHIH, & HEAOCTAIOTITYIO /ITTH-
HY KOMIIEHCUPYIITe 3a cueT cayJaiiHbIx cuMBoioB. Econ mudposanne aBisercs
6€e30TaCHDBIM, 3JIOYMBITITIEHHUK He CMOKET OTINYUTD BAKHYIO WHGMOPMAIIUIO OT
Habopa 6eCCMBICTEHHBIX OYKB.

B aroit curyanuu sHadeHus GyIyT CAEAYIOTMHE:

n=22577,
d(n) = 106 x 210 = 22 260;
d =18 899;

C=1337"" mod 22 577 = 13 400;
M =19905"%8%% mod 22 577 = 12 345.

MaBa 17. Teopus BbIYNCIINTENIBHON CJZIOXKHOCTU

1.

AJITOPUTMBI COPTUPOBKU MOJCYECTOM ¥ OIOUHOI COPTUPOBKU HE UCTOIB3YIOT
cpaBHeHUe. BMecTo 3TOro 0HM UIIYT, B KAKOM MeCTe OTCOPTUPOBAHHOIO CIIUCKA
JI0JKHO HAXOJMTHCS KasK/l0€e 3HaYeHue, UCII0JIb3ysl MaTeMaTH4eCcKue BbIYUCIeHUSL.
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2. 91y 3a/a4y MOKHO CBECTH K 3aKPAITUBAHUIO KAPThI JIBYM 11BeTaMu. /By X11BeT-
HBIH Tpad ABIsAETCS Takke ABYMOTBHBIM. [Tompo6yiiTe 3aKpacuTh €ro ABYMsI
[[BeTaMu, 4TOOBI PEIINTD 3aj1auy 0OHAPYKEHMs ABY10JIbHOTO Tpada. Ecii Bam aT0
yaactes, rpad JAeliCTBUTEIBHO IBYAOIbHBIN. [Ipu 9TOM BbI Tak:ke TOJIy4YuTe JBa
MHO’KeCTBa y3710B. [loMecTTe y3JIbl I€PBOTO I[BETA B OJJHO MHOKECTBO, & Y3JIbI
BTOPOIO 1iBeTa — B JIpyroe.

AJIropuTM 3aKpalliMBaHus AByMs IIBETaM1, OIIMCAHHDIH B IJ1aBe 14, BbIIIOJIHAETCS
3a OTMHOMUATBHOE BPeMsT (Ha CAMOM JIeJie 3TO IOBOJIBHO OBICTPO), TOATOMY OH,
KaK 1 aJITOPUTM OOHAPYKEHUS JIBYI0JbHOTO rpada, IPUHAJIEKUT K Kiraccy P.

3. 3aauy 0 TPOIHBIX IIUKJIAX MOKHO CBECTU K OGHAPYKEHUIO [IBYI0JIBHOTO rpada.
Ecam rpad comepsKuT UKL A7UHOH 3, 0H HeABYA0IbHBIA. [11s pelens nogo0Hoi
3a/1a41 [TPOBEPHTE, SABJISETCS JIU TPad ABYAOTBHBIM, UCTIOIB3YST COOTBETCTBYIONTUI
ajaropuT™. Ecii 0TBET MOJIOKUTENbHBIN, 9TO O3HAYAET, YTO Tpad He CONEPKUT
HU OZHOTO I[UKJIA JJINHON 3.

CTouT OTMETUTB, YTO OOGPATHOE YTBEPKIEHUE He BCETa ABJISETCS CIIPABEIIMBBIM.
Yro6sl rpad He ObLI ABYIOIbHBIM, B €T0 COCTaB J0JKEH BXOAUTH JIOOON LMK
HEYETHON JJINHBL.

Kak mokasaHo B ynpaskHeHUH 2, 3ajada 0OHapYyKeHUs ABYIOJbHOTO rpacda
MIPUHAJJIEKUT K Kyaccy P, moaToMy TpoitHOM ITUKI MMeeT TaKOH ke KITacC CIO0XK-
HOCTH.

4. 3amady o IUKJIE HEYETHO TTUHBI MOJKHO CBECTH K OOHAPYKEHUIO IBYIOTHLHOTO
rpaca. Ecsiu tpad comepKUT UK HEYETHOH JJIMHBI, OH HEIBYAOJIbHBIH. [ls
peleHus Tako# 3a1aur IPoOBepbTe, ABJIAETCS U Tpad ABYA0IbHBIM, UCIIOIb3YS
COOTBETCTBYIONINI aJTOpUTM. EC/M OTBET MOJI0KUTENbHBIN, 9TO 03HAYAET, UTO
rpad He COEPKUT HU OJHOTO IUKJIA C HEUETHOMN JIJTUHHOI.

CTouT OTMETHUTD, UTO B IAHHOM CJIydae 0OpaTHOE YTBEP/KICHIE TOKE SIBJISICTCS
cripaBe/inBbIM. Ecyin B coctaB rpada He BXOAAT IIUKJIbl HEUETHON JIJIMHbBI, OH
SBJISIETCS IBY/IOJbHBIM.

Kax nokasano B ynpaxHeHuu 2, 3ajaua 0OHapyKeHUs1 BYI0IbHOTO rpada mpu-
HA/JIESKUT K KJaccy P, I09ToMY IIMKJI HEYeTHON JJINHBI UMEeT TaKOil Jke KJacc
CITO’KHOCTL.

5. HenmerepmunuposBanusbiii agroput st perervst 31T (3azaun 0 raMuIbTOHOBOM
MyTH) 3aKTI0YAETCS B CJAEAYIONEM: HEOOXOMMMO yTaIaTh TOPSIAOK, B KOTOPOM
MOKHO [TOCETUTD Y3JIbl, ¥ 3ATEM IIPOBEPUTD (32 MOJUHOMUATIBHOE BPEMS ), SIBJISI-
eTcs M TAaHHBIN MapIIpyT FaMUIBTOHOBBIM IyTeM. [l71s1 aTOTO HY:KHO OTpese-
JIUTD, YTO BCE Y3JIbI B TAKOM MapIIPyTe MOCEIMAIOTCS POBHO OJIMH Pa3 M UTO TAPhI
CMEKHBIX Y3JI0B COC/IMHEHBI 3BEHbIMMU.

6. BbI MOsKETE BOCTIONTB30BATHCS AJITOPUTMOM, TIOXOKUM Ha TOT, YTO OTIMCAH B pere-
HUW YIPKHEHUST 5: HEOOXOAMMO yTaaTh HOPSIOK, B KOTOPOM MOKHO [TOCETUTD
V3JIbl, U 3aTeM IIPOBEPUTD (3a NOJMHOMMUAIbHOE BPeMs), SBJISETCS JIU JTaHHBIH
MapHIpyT FaMUIbTOHOBBIM IINKJIOM. EAMHCTBEHHOE OTJINYNE COCTOUT B TOM, UTO
B 3TOH 3a/1aye HY>KHO TaK)Ke YAOCTOBEPUTDHCH, YTO TEPBBIN U TOCHEHUN Y3JIbI
COBIIQJIAIOT.

7. 38.]12[‘11/1, OITMCaHHbIE B IIPEAbIAYIINX ABYX YIIPa)KXHEHUAX, ABJIAIOTCA TECHO CBA-
3aHHbIMHU, HO UX pEIIEHUA HEJ/Ib3d CHUTATh ITOJTHOCTbIO B3aMMO3aMEHAEMbIMU,
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MOCKOJIBKY B CETH C TAMUJIbTOHOBBIM IYTEM MOJKET He ObITh raMUJIbTOHOBA
nukia. Bo3zbMmeM, HanIpuMep, ceTh ¢ IBYMSI y3JaMU U €IUHCTBEHHBIM 3BEHOM
A — B. Mapupyt A — B npezicrasisieT co60ii raMUIbTOHOB Iy Th, HO HE TaMUJIb-
TOHOB ITUKJL.

Yro6sr cectu 3TTI k 3T, BaM HysKHO NPUAYMaTh, KaK C TIOMOIIBIO aJITOPUTMa
3I'1l pemars 3a1a41 0 TAMMJIBTOHOBOM ITyTH. /[pyruMu cioBaMu, €civ ceTh Coziep-
JKUT FAMUAJIBTOHOB Ty Th, BBI TOJKHBI 0GHAPYKUTH €T0, UCTI0ab3ys anroputm 3111

IIJIFI Ha4daJjia O6paTI/IT€ BHHMaHMeE Ha TO, YTO CE€Tb C raMMJIbTOHOBBIM IINKJIOM 004-
3aTEJIbHO COACPIKUT TaMUJIbTOHOB IIYThb. Yrob6nI MOJIYyUYUTDb 3TOT IIYyTh, ITPOCTO
Y6epI/ITe N3 IMKJIa ITocJie/iHee 3BEHO.

Terepnp npecTaBuM, YTO B CETH HET FaMUJIbTOHOBA ITUKJIA, HO €CTh TAMIUJIBTOHOB
myTh. Kak npespatuth myTh B 1iuks? HyKHO Bcero Jinimb COeIMHUTD 3BEHOM HC-
XOJIHBIN y3eJ1 ¢ KoHeYHbIM. CeTb He MOKeT N3HAYaJIbHO CO/IePsKaTh TaKOe 3BEHO,
HHAYE B €€ COCTaB BXOAUI OBl TAMUJIbTOHOB TIHKJL.

YT06BI 06HAPYKUTH FTAMUILTOHOB ITUKJL, 100aBbTe HOBOE 3BEHO L , . MEKTy y3Jia-
mu A u B. Tenieps, eciiv IUKJ CyNIECTBYET, TI0 TOMY K€ MapIIpyTy B UCXOIHOM
cetr 6y/IeT HaXO[AUTHCS TAMUIIBTOHOB 11y Th. [TPeIION0KUM, UTO TIUKJI TIPOXOAUT
uepe3 ysibl N, N, ..., A, B, N,, N, ,, ... N,. Torna ncxoanas cetp Oyzer comepKarh

kt1?
raMmusibTOHOB 1yTh B, N,, N, , ... N, N,, ..., A.
[Monnas Bepcus anropurtma s pertenus 3ITI Beirassaut Tax.

1. Ucnonbayem anroputm 3T11, 4ToObI y3HATH, COAEPIKUT JIU UCXOHAST CETh Ta-
MUJIbTOHOB LUK/ EC/IM OTBET II0JIOKUTE/IbHDIA, B e COCTaB TaKKe ecTb ra-
MUJIBTOHOB ITyTb.

2. IIpoBepsiem kakyio mapy y3aoB A n B. Eciim Mmeskry HUM# HeT 3BeHa:
a. nobasisem 3eno LAB mexny A u B;

b. nposepsiem ¢ nomouipio ajropurma 31, cogepKuT i ceTh raMUIbTOHOB
UK. Ecii 0TBET MOJOKUTENBHBIN, B €€ COCTaB TaKXKe BXOIUT TaMUIbTO-
HOB Ty Th;

c. yznanseM 3BeH0 LAB v Ipoj1oJizKaeM ITPOBEPSITh IPYTHeE Maphl Y3JI0B.

O6mas nges nokasana Ha pucynke 5.30. Mcxonnas cets nsobpaena ciesa. Ona
OTIpe/IeJIEHHO He COJIEP;KUT raMUJIbTOHOB IIUKJI, TIOCKOJIbKY y3€eJ L MeeT BCero
OJTHO 3BEHO, ¥ ITyTh, KOTOPBII YepPe3 HEro MPOXOUT, He MOJKET TIPOUTH JaJIblIle.

Puc. B.30. Cerb, n306pakeHHast CJIeBa, COAEPIKUT TAMUJIBTOHOB Iy Th,
HO HE TaMIJIbTOHOB ITUKJI
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B 1portecce cBoeit paboThl aNTOPUTM CBEJEHKS PAHO MJIH TTO3/[HO TTONBITAETCS
no6aBuTh 3BeHO Mexkay yaiaamu I u L. Anropurm 3T1L HaXoAUT raMUJIbTOHOB
MyTh, IIOKA3aHHBIN B MTpaBoii yacTu pucyHka b.30. Ero MOXHO TIOJIYyIUTH yTEM
yAQJIeHNs 3BeHa Mexy y3aamu [ 1 L 13 Haua/IbHOM CeTH.

CTOUT OTMETHUTD, YTO HTOT AJITOPUTM MOKET OKa3aThcs HeA(DHEKTUBHBIM TS
HaXOKICHUST TAMUJIBTOHOBBIX TyTell. Ecu ceTb conep:xut N y3710B, BaM, BO3-
MOZKHO, TPU/IETCSI TOBTOPUTH BTOPOI mmar N? pa3. ITO Bce elle BIUCHIBAETCS
B paMKU IIOJIMHOMUAJILHOTO BpEMEHU, II09TOMY JJaHHOe CBe/leHUe YI0BIeTBOpeT
YCJIOBUIO YIIPAKHEHUS.

Asroput™ 3I'1] saBasieTcst NP-TIOTHBIM, TO3TOMY Y HETO HeT M3BECTHBIX PellleHu ],
KOTOpBIE ObLIH GBI IOCTATOYHO OBICTPHIMI. DTO O3HAYAET, YTO €TI0 BBINOJTHEHIE
N? pa3 u B camoM jieJie Oy/1eT 04eHb Me/JIEHHbIM.

. Uro6si cectn 3T x 3TTI, BamM HY’KHO IIPUAYMaTh, KaK ¢ IOMOIIbIO aJITOPUTMA
3I'TI perraTh 3aa4m 0 TaAMIJIBTOHOBOM ITHKJIe. /IpyrnMu cioBamu, eciim ceThb co-
JEPKUT TAMUJIBTOHOB IIUKJI, BBI JIOJZKHBI OOHAPYKUTD €T0, UCIOJIb3YST AJITOPUTM
3ITIL.

K coxanennio, pacumpuTh TaMUJIBTOHOB MYTh 10 IIUKJIA MOXHO TOJIBKO B TOM
cJIydae, ec/ii B 3TOM IIyTH €CTb 3BEHO, U/ylllee OT IIOCTIeJHETO y3Jia K IIepPBOMY.
Asropurm 3TTI criocob6eH HallTH TyTh, B KOTOPOM TaKOTO 3B€HA HET, [I09TOMY OH
He rapaHTupyet (opMupoBaHue ITUKIA.

JlomycTiM, ceTh COEPKUT TAMHJIBTOHOB IINKJI CO 3BeHOM LAB, coeinHSIOMIM
y3usibl A 1 B. Ternieps mpezictaBbTe, UTO BbI coe/iuHsieTe y3ea A’ ¢ yzinom A nysen B’
c y3sioM B. B TakoM cirydae HOBast ceTh Oy/IeT CoIepsKaTh HEIMKIMICCKUN raMUITb-
TOHOB IIyTb, Bepyuuii or A’ k B’

CrpaBeinBo 1 06paTHOE YTBEPIKAeHMe: JTI000I raMUIbTOHOB Iy Th A0JKEH Ha-
YMHATHCS ¢ y3iaa A’ 1 3akaHuMBaThes y3iaoM B’ (minu Hao6OPOT, ecii ceTh He-
HarpasJienHast ). [Ipemmosoxum, uro ajroputm 3TTI oOHAPYKUBAET Iy Th, IIPO-
xopsamuii no ysnam A’, A, N, N, ..., B, B'. Torna nyts A, N, N,, ..., B, A siBaisgercs
raMUJIbTOHOBBIM ITUKJIOM.

[Tonnas Bepcus anroputMma s pertennst U1 Beirsiaut Tak.
[lusa kasxioro 3Bena LAB, coenunsioniero y3Jibt A u B:
a. coefimHseM HOBBIN y3esn A’ ¢ y3imom A 1 HOBBIN y3en B’ ¢ y3iom B;

b. nposepsiem ¢ omomipto anropurma 3ITI, comepsKUT Jikt CeTh TaMUJIBTOHOB
1yTh. Ec/in OTBET 110J105KUTEIbHBII, B €€ COCTAB TaK)Ke BXOIUT FaMUJIbTOHOB
TIHAKJ;

c. ynajisieM HOBbIe y3Jibl A’ 1 B’ BMecTe CO 3BEHOM, KOTOPOE UX COe/IUHSIET.
[ToBTOpSIEM TO K€ CAMOE C JIPYIHM 3BEHOM.

O6uiag njes nokasana Ha pucytke b.31. Bam, BepostHo, 63 0cOObIX CI0KHOCTEN
YIACTCST HATU TAMIJIbTOHOB IIUKJI, HO TIPE/ICTaBbTE, UTO 9TO He TakK. Kak BumHO
B [IPABOI YaCTH PUCYHKA, AITOPUTM CBE/ICHUS POBEPSIET 3BEHO L), COeMHSIIONIee
y3abl Q u R. Ou pobasu ysen Q’, cBsA3aHHBIN ¢ y310M Q, 1 y3es R', cBeleHHbII
c y3aom R. Asnroputm 3T HaxoauT B n3MeHEHHO ceTH, UTO TIOKa3aHa CIIPaBa,
IIyTb, BbIIEJICHHBII TOJICTBIMU JIUHUAMU. Y 1aiuB y37bl Q' u R’ BMecTe ¢ uX 3Be-

HbAMU U I[O63BI/IB K IIyTU 3BEHO LQR’ MBI TTOJTYYUM I'aMUJIbTOHOB ITUKJIL.
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10.

11.

12.

Puc. B.31. TaMuibTOHOB 11y Th, BbIJIEJIEHHBII B CETU CIIPABA TOJCTHIMU JIMHUSMU,
COOTBETCTBYET TaMUJIbTOHOBY IIUKJLY, IPE/ICTABJICHHOMY CJI€Ba

. He[[eTepMHHHpOBaHHbIﬁ AJITOPUTM BBITJIAANT TaK: BBI6I/IpaeM IBET HayTra/l 1 CJIe-

UM 3a TEM, 4TOOBI Y KaXXZI0TO0 y3Jia OH OTJIMYAJICA OT IIBETOB €r0 coceiert.

HenerepMUHUPOBAHHBIN aITOPUTM BBITJISIUT Tak: BHIOMpaeM Hayra IOAMHOKe-
CTBO, 06ABJIIEM K HEMY YKMCJIA U CJEIUM 3a TeM, YTo0bl X o0iiast cymMmMa Obljia
paBHa 0.

Onun u3 crocob6oB CBeAeHN 3a4a4l COOOUIEHUST K aJITOPUTMY OOHAPYKEHUsI
MMeeT BUJI CJIEYIONIETO MCeB0KO/IA.

1. Ecii DetectKnapsack (k) Bo3dBpaiiaer False, HU OJHO U3 ITOJMHOMKECTB
¢ 06IIMM 3HaUEeHeM He MeHblIlle & He Biie3eT B paHell, Takum 06pa3om, alropuTM
COOOMLIEHI MOKET BEPHYTh 9Ty MH(POPMALINIO U OCTAHOBUTHCSL.

2. Eciiu DetectKnapsack (k) Bo3BpalaeT True, BBIIOJHIEM IS KayK/10T0
obnexTa MHOKecTBa O

a. ylaJjsieM 00BEeKT Oi N3 MHOJKECTBA;

b. mpoBepsiem ¢ momorisio anropurma DetectKnapsack (k) , HO-TIPEKHEMY
JIM CYIIECTBYET pelleHue CO 3HaueHueM K;

C. ecJIM pelieHue co 3HAYCHHEeM k BCe ellfe BO3MOXKHO, ocTaB/sgeM 00beKT O,
VAQJIEHHBIM 1 TTPOIOJIKAEM IHUKJI C T1ara 2;

d. ecomm penieHne Co 3HaueHneM k GoJIbIIIE HE ABIAETCA BO3MOJKHBIM, BO3Bpa-
mjaeM 00BEKT Oi BO MHOJKECTBO 1 ITPOAOJIZKAEM IUKJI C 1Iara 2.

IIo 3aBEPHICHNH ITUKJIa MbI ITIOJIYUYUM PEIICHNE, COCTOAIIEE N3 3JIEMEHTOB, KOTOPbIE
OCTaJIMCh BHYTPU MHOJKECTBA.

OuH U3 criocoboB CBeleHN 3a]aui OIITUMUBALMHU K aJITOPUTMY OOHAPY KEHM
MMeeT BUJI CJIEAYIOIETO MICEB/IOKO/IA.

1. TomyctuM, Kall — 3TO cCyMMapHOe 3HaueHHe BceX 0ObEeKTOB BO MHOJKe-
ctBe. VcnonbayeM anroput™ oOHapysKeHust DetectKnapsack (Kall),
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DetectKnapsack(Kall - 1), DetectKnapsack(Kall - 2) urT u.,
noka DetectKnapsack (Kall - m) He BepHET true. Korma sto IPOU30ii-
net, Kall — m GyJgerT MakCUMaJbHbIM 3HaU€HHEM, KOTOPOe MOKHO BMECTUTh
B paHerl. [IycTb Kmax =Kall —m.

2. Haiinem ReportKnapsack (Kmax) , BOCIIOJIb30BaBIIKUCH AJITOPUTMOM CBeJle-
HUSL, OIIMCAHHBIM B peliieHnu K ynpaskneruio 11. TTosydennsiii pesysbraT Oy-
JIET pellleHreM 3a/1a41 ONITUMU3AIUM.

13. OlII/IH n3 crocoboB CBeJAcHUA 3a/a9n COO6HI€HI/IH K aJITOPUTMY O6Hapy>KeHI/IH
NMeET BU/ CJAEAYIOMIETO ICEB/IOKO/IA.

1. Eciiu DetectKnapsack () Bo3Bpataer false, pasjeneHre Ha MHOKeECTBA
HEBO3MOKHO. Takum 06pa30M, QJITOPUTM COOOIIEHNS MOXKET BEPHYTH 9Ty WH-
dopmMaInio 1 OCTAHOBUTHCS.

2. Eciiu DetectKnapsack () Bo3Bpalaer true:

a. myctb O, BXOAUT B TIOJMHOKECTBO A U ABJIAETCS IIPU 9TOM 00BEKTOM
¢ nanbopumm 3nadenneM. (Ecim pasgenenne Bosmoxuo, O MOXKeT Ha-
XoauThesd B nogmuoxkecrse A. Ecim nocie pasgesenust oobexT Omax mo-
I1aJI B IIOZAMHOKECTBO B, HYKHO IIPOCTO ITOMEHATD MECTaMU BCE 3JIEMEHTDI
JIBYX TTOJIMHOKECTR);

b. BeImoOMHsAEM JIJIS BCEX OCTAJIbHBIX 00BEKTOB Oii

* yaangem O, n3 MHOXKeCTBA U J100aBJIsieM ero 3Hauenne V, K 3HAYEHUIO
obbexta O

max’

* IIPOBEPSIEM C TIOMOIIBIO aTopuTMa DetectKnapsack, MO-MpeskHEMY JIN
BO3MO’KHO BBITIOJTHUTH pa3zieicHue. Eciim 0TBeT Moo KUTETbHBIH, pasze-
JIUTH MCXOHOE MHOKECTBO MOKHO IPU HaXoxKaeHnn oobekta O, B mOJ-
mMHoxecTBe A. OcraB/iieM MHOKECTBO U 3HadeHue V. —Kak ecTb U IIpo-
JI0JKaeM UK ¢ niara 2b;

* ecyu anTopuTM DetectPartition ykasbpiBaeT Ha TO, YTO pa3zesie-
Hue GOJIbIIe He BO3MOXKHO, 00beKT O, I0/KeH OBITh TTOMEIIeH B II0/I-
MHOKeCTBO B. B aTom cimydaeus V. HyKHO BbIluecTb 3Hadenue V,, 1o-
6aBenHoe panee, 1 BepHyTh O, BO MHOKECTBO, BOCCTAaHOBHB €ro 710 CO-
CTOSIHUSI, KOTOPOe OHO nMeJio Ha mare 2b-11. Utobbl mpegcTaBuTh IPO-
necc noMernienns obbexra O, B OAMHOXKECTBO B, yamnum ero u3 MHO-
JKecTBa ¥ BbIuTeM ero sHadenue V. uz V. . ‘Tenepb UK MOKHO IIPO-
JOJKUTH ¢ Tara 2b.

ITo 3aBepiileHUN TUKJIA, HAYATOTO Ha Tare 25, MHOKECTBO JIOJIKHO COAEPKAThH
T0716K0 00BeKT O, , 3Hadenue koroporo, V., pasuo 0. Ilaru, mpenpunsrhie s
JOCTUKEHUS JAHHOTO Pe3yJIbTaTa, II0Ka3bIBaIOT, KAKUeE 3JIeMEHTBI IIPUHAJLIIeKAT
K IIOJIMHOKeCTBY A, a Kakue J0JKHBI BXOJUTD B IIOJIMHOXKeCTBO B.

aea 18. PacnpepeneHHble afiropuTMbl

1. Ha pucynke b.32 mokasan aaropuTM MIHOBEHHOW COPTUPOBKH, YIIOPSIOYNBA-
JOIINI IBa CITMCKA.
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TakTt 4

Takt 5

TakT 6

Takt 7

TakT 8

TakT 9

TakT 10

TakTt 11

TakT 12

TakT 13

Takt14 1,3,4,5
E6ESE

Taktr15 1,3,4,5

Puc. B.32. Cucronnyueckuii MACCHB C YeTBIPbMsI sSTY€iiKaMul CIOCOOEH OTCOPTUPOBATH JIBA
CITHCKA, COJIEPIKAIIIIE 110 YEThIPE YHCIIa, 32 15 TakToB

COpTI/IpOBKa ABYX YMCJIOBBIX CIIMCKOB 3aHUMAET Ha O/TUH TaKT 60]IbI.He, 9eM cop-
TUPOBKaA OTHOTO CITHCKA.

2. Jlomyctum, JjirHa o0IIero ydiiero MapiipyTa pasta 100 u nmporecc A umeer Ho-
BBII MapIpyT ¢ cymmapHoii aunHoit 80. O cunThiBaet obIiee 3HaueHHE U BXOAUT
B cBOM 6jiok ITf Then. Teneps nporece B cpaBHuBaet oblee 3HaUCHKE C JJIH-
HOU HOBOTO MapiipyTa (70) u ToKe BKJIIOYAET ero B ¢BoM 610Kk If Then, mep-
BBIM 3aXBaTbiBasg MbioTeKc. [Iporiecc B coxpaHseT cBoe pelieHne BMeCTe ¢ CyM-
MapHOii 1Hoit HoBoro MapiupyTa (70) u oco6oxkaaer MpioTekc. I[Tocie aToro
npoiiecc A, 3aXBaTHB MbIOTEKC, COXPAHsIET CBOE PENIEHNE C MAPIIIPYTOM, CyMMap-
Had immHa KoToporo 80.

B Takom ciyuae peliienue, coOXpaHeHHOE TIPOIECCOM A, yCTyIaeT pelienuio, co-
XpaHeHHOMY TipotieccoM B. OHO COBIIaaeT ¢ JJIIMHOI MapIIPyTa, COXPAHEHHOTO
MPOIIECCOM A, TI09TOMY JTaHHBIH TTOIXO0/] BBIUTPHIBAET Y HAYATHHOTO TIPUMEPA C CO-
CTOSTHHEM TOHKH, HO JIy4lllee pellieHre Mo-TIpekHeMy HepesamnuchBaetcs. 11po-
1ecc B Tak:ke XpaHUT JJOKATBHYIO KOTHIO JJIMHBI MApUIPyTa, KOTOPBIH OH CUNTA-
et ontuMabHbiM (70), TIO9TOMY OH He COOOIIUT O Hel, ecan Mog0OHBIN MapII-
pyT Oy/iet HaiijieH.
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ITporecc A MoKeT COXpaHUTD cebst, eCJIM CHOBA ITPOBEPUT OOIILYIO JUIMHY TIOCJIE 3a-
XBaTa MbIOTEKCA. ITOTO IOMOJHUTEIBHOTO [IATa MOKHO N30EKATD, 3AXBATHB MbIO-
TEKC paHbllle, HO Ha CaMOM JieJIe IBOMHAs ITPOBEPKa 3HaUeHIA MOXKET UIMETb CMBICIL

3axBaT MBIOTEKCA OOBIYHO SIBJISIETCSI OTHOCUTEIBHO MEJJIEHHOM Onepariuei, mo
KpaliHeil Mepe ecJiu CPaBHUBATH €T0 ¢ TTPOBEPKOI yuyacTka naMmsatu. Eciu 3nave-
HIEE Tporiecca A yCTymaer 3HAYEHUI0, KOTOPOE YiKe HAXOAUTCSA B 00MIel Tepe-
MEHHOH, TIpotiecc A MoskeT OBICTPO 06 9TOM Y3HATh, He TIPHOEras K UCMOTb30Ba-
HUTO MBIOTEKCOB.

. Cuenapuii ¢ yetbipbMst pustocodhamu iokazan Ha pucynke b.33. 3auepknyTbre
BUJIKY SIBJISIIOTCS TPSBHBIMU. B J1eBoii yacTi M300paskeHus OKa3aHO MCXOMHOe
cocrosuue, B KoTopoM duiocod 4 ocrancs 6e3 BUIoK, punocod 1 numeer ase BUI-
KW, 2 OCTaJIbHbIE JIePKAT TI0 OJHON BUJTKE B JIEBOI PYKe.

P1 P1 P1

Qb‘% 2 ¢ %‘%

d &d

Puc. B.33. Cornacno pemennto Yanan,/Mucpa ¢ ncnosb30BanreM CHHXPOHU3ATIIH,
dunocod 1 ect nepseim, a hustocod N — BTOpbIM

Koryza Bce puiocodbl 0IHOBPEMEHHO TIBITAIOTCS IPUCTYTUTH K 00ey, humocod 1
yoKe JIEPKUT B PyKax [[B€ BUJIKHU, IOITOMY OH HAYMHAET eCcTh nepBbiM. OcTasb-
Hble (32 uckrouenneM unocoda 4) yke jiepKaT B JIEBOI PYKe TPSAZHYIO BUIKY
WK T, Koria ocBoboauTest mpasast. Dumocod N octaics 6e3 BUIIOK, TI09TOMY OH
npocuT 0be — TpaByio 1 JieByi0. [I0CKOJIBKY BCe BIJIKU IPSIBHBIE, TOT, Y KOTO OHK
€CTh, YUCTUT U KJIaJleT ux Ha ctoj (kpome ¢usiocoda 1, KOTOpbIil Bee ellie ecr).
Pesynbprat nokasan B cpezineit yactu pucynka b.33.

Temnepn B tanHOM TipuMepe aBa ¢hustocoda NMMEIOT CIpaBa YnCTyIo BUIKY; JI€BOH
BUJIKU Y HUX HET, TIOITOMY OHH €€ TIPOcsIT (B O0oree MacTaGHOM BapuaHTe 3aj1a-
Y1 3/1eCh OKA3aJI0Ch ObI GOMBITHHCTBO (huocodos). VIX cocen aepKatT YUCThIE
BUJIKU U, CJIEZI0BATEILHO, OTKA3BIBAIOTCS UX OTAaBaTh. B utore Bee xayT.

Korna ¢unocod 1 3akarunBaeT ecTh, OH YUCTUT CBOM BUJIKU U OT/IA€T UX cOce-
1M, usiocodam 2 u 4. Pegynbrat nokasaH B paBoii yactu pucynka b.33. Te-
nepb y punocoda 4 ecTh JBe BUJIKHU, TIOITOMY OH MPUCTYIIAET K 0OEY BTOPBIM.

3aKOHUYMB MTpUeM U, hustocod 4 OTAaeT MpaByio BUJIKY (humocody 3, KOTOPBIiA
cpasy ’kKe HAaUMHAET eCTh.

Korpa dunocod 3 3akoH4uT € €710ii, OH OTJACT MPaByIio BUJIKY pusocody 2, Ko-
TOPBIN IPUCTYITAT K 06E/Ty TOCTETHIM.

B 1iesiom pustocodst ensit B Takom mopsiake: 1, N N— 1, N—2, ..., 2,
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4. Batom cyyae reHepasi A HUKOT/Ia He TTOJIyYUT ToATBepskaeHus1. Ciie/JoBaTesIbHO,

OH PEIIUT, YTO KOJIUIECTBO OTIIPABIEHHBIX UM MOCAAHUI OBLIO HEAOCTATOYHBIM,
U OTIIPABUT elile 0fnH Habop coobIIeH T, Ha 3TOT pas boJbimii. HekoTopsie u3
HUX JOIAYT 10 TeHepana B, 1 TOT OTBETUT HOBBIM HAGOPOM OATBEPKACHUN (BO3-
MO’KHO, YBEJTMUMB UX YUCJO0). PaHO WM MO3/THO O/{HA U3 MOMBITOK yBEHYAETCS
yCIIEXOM, U TeHepas A MOoIydInT OATBEPKAECHNE.

. Tenepan A, kak u npesxze, uier Habop coobiienuii. Eciiu renepan B mojydut

XOT# OBI KaKMe-TO U3 HUX, OH BBIYUCIUT P 3 Y BEDHET B OTBET 10 moaTBEpIKIEHMIT
NPUMEPHO TaKOTO CoJepsKanus: «P,, = <BbIYUCIEHHOE 3HaUeHne>. Iro 1 nox-
tBep:kaenue u3 10. 4 cormacen arakoBaTh Ha paccBeTE>.

Ecai renepan A mojryunT XoTs ObI O[HO IOATBEPIK/EHNE, OH BbIunucnT Py, V3
cojiep:KaHus TIO/ITBEPK/ICHNUIT OH y3HaeT, CKobKo paBHo P, .. Ha ocnose aToro
OH PEIIUT, KAKOE YKCJI0 COOOIIEHIIT eMy CJIeyeT OTIPABUTD, YTOOBI TOOUTHCST
eJlaeMoro yposHs onpezesnennocti. Coobutenus OyayT BHILIAATD Tak: <P, =
<BBIYHUCIEHHOE 3HaueHre>. [ToATBep/KAeHNE TIOMYIECHO .

Ecum mocsie mepsoro Habopa cooliieHuii renepani A He IIOJIyYUT HU OJHOTO MO
TBepsKAeHUS (KOT/la OH MX OTIPABJISLI, eMy ellle He ObLIIO U3BECTHO 3HAUEeHUE
P, ,, T09TOMY OH He 3HaJI, CKOJIbKO BCEro Hy:KHO HOCIaTh coo0IIentit), on Oyaer
CUMTATBh, UTO JI0 TeHepasia B He o1 HOoBbIe cBefieHust. CiiesioBaTeIbHO, OH OT-

IpaBJIACT enle OJJMH Ha60p, YixKe mo6oJIbIIe.

AnasiorndHo, ecsii TeHepas B He MOJIy4uT OTBETa Ha CBOM MOJTBEPKAeHUs (Ha
MOMEHT OTIPaBKU OH He 3HaJ, 9eMy PaBHO P, M0o3TOMy He TTOHMMAJ, CKOJIbKO
MOATBEPKIEHUIT HYKHO TIOCJIATD), TO OY/IET CYUTATD, YTO TeHepal A HUYETo He

nosryunit. ClieZIoBaTesIbHO, OH OTIIPABIISIET €IIle OUH Hoiee KPYITHbI Habop.

PaHo v 103/1HO reHepast A MOIIIET JOCTATOYHOE KOJIMYECTBO COOOTIEH I, 4UTOOBI
renepas B nosryunn Xors 6b1 mapy u3 HuX 1 Beraucaui P, . B kakoii-ro Moment
YHUCJIO OTIIPABJIEHHBIX TeHePaioM B TIO/ITBEP:K/IEHNH TOKE CTAaHET I0CTATOYHBIM;
HEKOTOPbIE M3 HUX JIOMLYT 10 reHepaia A, u TOT cMoKeT BbraucauThb P, . Hakownern,
OJTHAK/BI TeHepal A OTBETUT CTOJIBKUMU MOCJHAHUSMMY, YTO HEKOTOPbIE U3 HUX
JIOCTUTHYT renepasa B, u Tot nomyunt snauenne P, . Ilocie atoro o6a renepana
Oy/yT 3HATh BEPOSTHOCTD IIPOXOKIEHUsI COOOIEHUI B 00€ CTOPOHBL.

. 910 pertienne Oyziet paboTaTh B CUTYAIUH, TOKa3aHHOM B TIPABON YacTi pricyHKa 18.2.

HO, COI'JIACHO JIEBOH YaCTH 3TOTO PUCYHKa, Ka)KlIbIﬁ JIETEHAHT IIpUHUMaET c0b6-
CTBEHHOE pPEIIeHuE. B HEKOTOPOM CMDBICJIE 9TO HE TaK YK U BaKHO, ITOCKOJIbKY
IpeaaTesieM ABJIAETCA TeHepaJi, KOTOpOMY, €CJin CJIeJ0BaTh yCJI0OBUIO, HUKTO HE
00s13an IMOJYMHATBCA. O,ZIHaKO B YCJIOBUU TOBOPUTCS, YTO /IBa BEPHbIX JiefiTeHaHTa
OOJIKHBI IPUHATD 061_[[66 penierHune, 4ero OHU B TaHHOM CJIy4dae HE IeJIatoT.

. 9o cpaboTaer B 00enX CUTYAIIMsIX, TOKa3aHHBIX Ha pucyHke 18.2. U1 tam, u Tam

HeﬁTeHaHTbI, TIOJIYYUB IIPOTUBOPEUYNBDIE MHCTPYKIIUHU, OTCTYTIAIOT.

Ho paBaiite npejcTaBuM, 4TO reHepasl OCTajCsd BepHLIM (KakK B IIPaBoOil yacTu
pucynka 18.2). OH npuKasbiBaeT aTaKOBaTh, a JEHTEHAHT-TIPEIATENb, H300pa-
SKEHHBII cIpaBa, BpeT 00 aToM. B TakoM ciydae Apyroil JedTeHaHT IOoJIydaeT
IIPOTUBOPEYMBDLIE CBEJICHUS U, BOIIPEKH IIpHUKa3y reHepasla, OTCTYIIAeT.

. Her, y BepHbIX JIeliTeHAHTOB He XBaTaeT WH(YOPMAIINH, YTOObI BEIYHCIUTD TPe-

JlaTeJid. PaCCMOTpI/IM B Ka4€CTBE IIpUMEPaA ABa CJy4dasd. HYCTI:: B II€EPBOM N3 HUX
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10.

11.

12.

13.

npesiaTesieM siBJIsIeTCsI TeHepaJl, KOTOPbIN ITPUKa3biBaeT IIepBOMY JIeliTeHAHTY aTa-
KOBaTh, @ BTOPOMY — oTcTynaTb. OOMeHBIINCh HHPOPMAIINEii, Bce JIeHTEeHAHTBI,
KPOMe TIePBOTOo, GY/IYT CYUTATH, UTO UM CIIEAYET OTCTYTIUTD.

Bo BTOpoM npuMmepe 1pezgatesieM siBJsieTcs 1epBblil JeiiTeHanT. ['enepan npu-
Ka3bIBAeT BCEM OTCTYTHUTh, HO MTPe/IaTeib TOBOPUT OCTAIBHBIM JIEHTEeHAHTAM, UTO
MM HY’KHO aTaKoBaTb.

B 06oux ciryuasix JIeHTEHAHTBI MOJYIAIOT OHU U T€ JKe CBEJIEHMs], T0ITOMY OHU
He MOL'YT CKa3aTb, KTO sIBJIgeTcd IIpefaTesieM — reHepasl UJIn epBbli el TeHanT.
[Ipryem aT0 He 3aBUCUT OT KOJIMYECTBA JIEHTEHAHTOB, CJIe/I0BaTeIbHO, TpeiaTeIs
HEBO3MOXKHO OOHAPYKUTD.

KpOMe TOTO, IPEAATEJIb MOJKET MaCKUPOBATHCA IO/ BEPHOTO BOEHHOCTYKAIIETO
" HE n1epeaBaTb ITPOTUBOPECUYNBBIX ITPUKA30B. ITO TOKE UCKJIIOUUT €ro 06Hapy-
JKeHmMe, XOTA TaK OH BCE PAaBHO HE IIPUHECET HUKAKOTO Bpeaa.

. HPEZICTaBbTe, YTO reHepaJsl IpruKa3bIBaeT IBOUM JefiTeHaHTaM aTaKOBaTh, a €Ile

JBOUM — OTCTYMaTh. OOMEHSBIINCH IPUKA3aAMH, IEHTEHAHTBI Y3HAIOT O JIBYX TPH-
Kazax 00 aTake u eie AByX — 06 orcrymaennn. OnuH JefiTeHaHT-TIPeATeND He
MOT ITPUBECTH K TAKOI KOMOMHAIMH, TOATOMY TIPEIATesIeM JI0JIKeH ObITh TeHEepaL.

B aToM caryuae siefiteHaHTBI He 0OSI3aHbI MOAYMHATHCS TIPEAATEIIO, HO UM BCe
PaBHO HYKHO BBIpaboTaTh 06IITee petere. /I 5TOT0 OHU MOTYT BOCIIOJIb30BATH-
cs1 3apaHee OTIpe/IeJIEHHBIM TIPABUIIOM, KOTOPOe TIACUT: «Ecii KoMaH Iy ommii
reHepasl OKAXKeTCs MPe/IaTesIeM, OTCTYIalTe.

B 3amave ¢ o6emaonmmu hrmocohaMu MpenonaraeTest, 9T0 Pa3TOBOPHI 32 CTOIOM
sanpertenbl. Ecim paspenmts (rtocodam o61maThest APYT € APYrOM, OHU MOTYT
BBIOpATH JIjIepa, KOTOPBIN OyAeT UrpaTh PoJib OUIIHAHTA.

AJIropuTM XyJIUraHa mo3BOJUI Obl OTOUPATh BUJIKK Y (DUIOCO(POB ¢ MEHBITIM
ugenTrdukaTopom. I1ogo0HbI 1L1aH ToMOoT Obl, ecii ObI (PUIOCOMDI HE /1K CIUII-
KoM yacto. Ho ecsin OHU 3aHSITBI 00€I0M CYIIECTBEHHYIO YaCTh BPEMEHH, 3TO
MOJKET [IPUBECTU K AKTUBHBIM B3aUMHbIM OJIOKUPOBKAM, KOTOPbIe 3HAUNTEJIbHO
3aTPYAHSIOT IIpUeM U1K (pusiocodam ¢ MaJTeHbKUMU UIeHTU(MUKATOPAMU.

Ecau humocodbt XOTST €CTh CUITKOM YacTo, OHH, CKOPee BCeTo, OYAYT TPATUTD
MHOTO BpPeMeHHU B oykuiaHuu BUJIOK. OuIimanT, KOTOPBIN pasperiaet oJJHOBpe-
MEHHBIU [IPUEM THIIK TT00YepesHo Gumocodam ¢ YeTHBIMU 1 HEYETHBIMU HO-
Mepamu, Oyzet Kyza 6osee s hEKTUBHBIM, YeM TOT, 4TO O3BOJISIET TPUCTYIATH
K 06ely BceM cpasy.

Homycrum, DAB 1 DBA — 370 3a1epkKH TIpu OTIpaBKe coodienust 13 A B B
1 Ha060pOT. PaccMOTpuM Cietyiotiye ypaBHEHHSI, ¢ TIOMOTIBIO KOTOPBIX AITOPUTM
BBIUUCJISET TOTPEITHOCTD YACOB!

T,={T,,+Ey+D,,
T,=(T, +E)+D,,.
Temeps, eci BeIYecTh BTOPOE YPaBHEHUE U3 TTEPBOTO, TIOJYUUTCS CIeyToTIee:
r,-T7T,=(T,+E+D, ) (T, +E+D,)=
=T, -T,,+D,,—D,, +2xE.
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14.

15.

Koryia Mbl BBITIOJIHSIN TIPEABIYIAN aHaIn3, B KOTopoMm D B OBLIO PaBHO DB "
3TH JIBa BIPAKEHUS COKPAIIAINCh. ECiin 0cTaBUTh MX B ypaBHEHNUU U BBITTIOJTHUTH
BBIYUCJIEHNE IS E, TOTyunTCs caeayroniee:

E=(2XTBl_TAQ_TA1)/2+(DBA_DAB)/2'

[Torpemnocts B E mexay D,, n D,, paBHa IOJTOBUHE PAa3HUIIBI MEKTY HIMU.
B xyamem ciyyae, Korjaa ogHO U3 9TUX 3HadeHui 6;113Ko K 0, a Apyroe HeMHO-
UM MeHblie o01eli 3agepsxkke B 00e croponsl (D), morpemHocts oyaer D / 2.

[Tocaie ucnop30BaHMs aIropuT™Ma 4acoB noJjyvaercs, uro I, =T, £ D / 2.

Ha camoM siesie HeT HUKaKOI PA3HUIIBI MEXKY U3MEHEHUEM CKOPOCTH CETH U Bpe-
MeHH, KOTOPO€e YXOAUT Ha epenady cooduenus us A B B unu us BB A. 1 B Tom
U B IPYTOM CJIydae BakHa TOJbKO pasHuIla MexXAy sHadenusmu D, u D, u3 oT-
Berta K yrpaskaenuio 13. B atom otBere 6bLI0 MOKa3aHo, 4TO T10CTE PabOTHI aJIro-
puTMa yacoB nMeet Mecto ypasuerne T, = T, + D / 2, rie D — obmas 3a/iepKKa.

N3 orBeta K yrnpakHeHUIO 14 CTAHOBUTCS TIOHSITHO, YTO MOTPENTHOCTH 110 HOBO-
My BpeMeHH poitecca B’ ompeesisiercst o01eit 3aepsKKoi repeaun COOOIIEHUST
B 00e croponsl (D). Eciin ckopocTh ceTu CUIbHO KoJjiebercs, 3HadeHue D nHo-
r1a Gy/1eT MaJIeHbKUM, a HHOTAA 00 IbIIMM. UTOOBI IOy YUTh JIY ULl PE3YIbTAT,
BBITIOJTHUTE AJITOPUTM HECKOJIBKO Pa3 U CKOPPEKTUPYITE BPEMST B COOTBETCTBUM
C MOMBITKOM, B KOTOPOii 3ajiepskKa Obliia caMON MaJIeHbKOIA.

Maea 19. lonoBoNOMKM,
BCTpe4alowumecs Ha cobecenoBaHnax

1.

Ecu oH Bo3bMeT B TOCTHHYTO TPH HOCKA, KaK MUHUMYM /IBa U3 HUX OYIyT Yep-
HBIMU WJTM KOPUYHEBBIMN (BCe TPU U3 HUX HE MOTYT OKa3aThCs Pa3HOTO I[BETA).

B aroii 3a1aue HET HUYETO CIIOKHOTO, €CJIH BbI CTAIKUBAJIUCD € 4eM-TO OI0OHBIM
paHee, TI09TOMY OHa He TI03BOJISIET TPOBEPUTD CITOCOOHOCTH MBICTUTH JIOTHYECKH.
B mo6oM carydae oHa JIETKO PETITAeTCsI, ECITN 3aTUCaTh Ha OyMare HEKOTOPBIE BO3-
MO’KHBIE KOMOUHAIINH. B 11€710M 3TOT BOTIPOC He TAKO# YK U IIJIOXOH, TPOCTO HH-
TepBbIOEP MAJIO YTO MOXKET M3 HETO y3HATb.

. Ecoim mooxuTh Bee HIapWKH B O/THY MUCKY MJIN PACITPEACTNTD 110 PA3HBIM MHUCKaM

MOJIOBUHY IHAPUKOB KasKIOTO [IBETA, TIOJIYINUTCSI, 4TO BEPOSATHOCTD BHIOOPa HEJI0ro
mapuka pasta 50 %. 1o Oy/eT HUKHSIsSI TPAaHUIA BO3MOKHOI BeposttHoCcTH. Toro
JKe Pe3yJIbTaTa MOKHO JOOUTHCS, ECIIH MOJIOKUTD BCe OeJIble 1 YePHBIE MIAPUKIH
B JIBE pa3Hble MUCKH COTJIACHO WX IBETY.

Opmaxo syuie 6510 GBI TTOTOKUTD OMH OEJBIH MapuK B OAHY MUCKY, a BCe
ocTajbHble — B IPYTYI0. B M0JI0BUHE CITy4aeB BaM MOBE3eT — U BbI BBIOEPUTE MU -
CKY C €[IMHCTBEHHBIM OeJIbIM MAPUKOM. B OCTaIbHBIX CIydasix BaM IOCTAHETCS
Apyrast MUCKa, I7ie Ha BBIOOp Gesioro mapuka y Bac Oy/IeT IeBsTh maHcoB u3 19.
OO611ue MaHChl Ha YCIEX CIIe/yolne:

0,5+0,5x (9 /19) ~ 74 %.

Ira 3agaya XOTS U 3aTParkBaeT BEPOSTHOCTHBIE BBIYUCIIEHUS, HO 110 OOJIbILIEH
YaCTH OCHOBBIBAETCS Ha XUTPOYMHOM TiprieMe. Bbio Gbl ipotiie, GbicTpee U, cKopee
BCETO, HaJle)KHee CIIPOCUTD Y KaHAUAATA, 9TO OH 3HAET O BEPOATHOCTH.

514



PeLueHus K ynpaxHeHusiM

3. Tlonauasny Kajkercs, 4TO JJaHHAS 33/1a4a CBSI3aHA C BEPOSITHOCTHIO UJIA BBIYMCJIE-
HUSIMH, HO Ha CAMOM JIeJie 3TO BOITPOC C TIOIBOXOM. KpacHBIX MaprKoB He XBaTHUT,
YTOOBI IIOMECTUTD MX MEKY KaxK 0 Iapoil CUHIX, — 9TO HEBO3MOKHO C/IeJIaTh.

371echb Bce TPOCTO, €CTM BBI 3HAeTe, B YeM 3arBo3/iKa. Ecam HeT, Ha IONCK OTBeTa
MO’KHO HOTPATUTh YIIMY BpeMeHU. B aTOM ciryyae HHTEPBbIOEP MaJIO YTO y3HAeT
0 KaH/IHaTe.

4. JTa 3amava JeHCTBUTETHHO OCHOBAaHA Ha BBIUNCIECHUSAX. BEpOSITHOCTD MOXKHO
HalTH, €CJIN MOJeJINTh KOJINYECTBO MOAXOAANIMX KOMOMHAIIMI Ha UX o011iee Ko-
JINYECTBO.

Jist Havasa crelyetr OTMETHTb, YTO BAC He TOJIKHBI HHTEPECOBATh KOMOMHAIINH,
B KOTOPBIX MEHSIOTCS MECTAaMU OJIMHAKOBbBIE MAPUKN (HEBAKHO, KPACHBIE WJIH
CUHUE).

Jlasbiie, 4TOOBI YIIPOCTUTH TIPOIIECC, MIPETIONOKUM, YTO Bbl BBIIPSAMUIU KPYT
B JIMHUIO, B Pe3yJIbTaTe YETO Y BaC MOJYUYNIOCh 12 MO3UINI, B KOTOPBIX MOXKET
HaxoJUThCS Mapuk. Terepb IoMecTUTe CHHUHN 1IapUK B [1ePBYIO 1o3uiuio. Pas-
MelieHue apyrux 11 mapukos B octaBmuxcs 11 mo3unmsax paBHOIEHHO paccTa-
HOBKe UCXOMHBIX 12 mrapukoB B Bujie Kpyra. B Takoii cutyanuu mporiie paboTars,
MOCKOJIBKY BaM He HY’KHO GECIIOKOUTBCS O TOM, YTOObI TIEPBBI MAPUK PUIEra
k tocseHeMy. Ceffaac MeX/Ty IePBBIM U ITOCJIETHIM IITAPUKAaMU KPACHOTO IBEeTa
HAXO/UTCS CUHUI IapUK.

Tenepb 3a1auy MO’KHO cBecTH K pazMmeltienuio 11 ocraBuimxcs mapukos o 11 nme-
FOTITIIMCST TIO3UTIMSIM. Ectit cpasy pasMecTHTh 4eThIpe KPACHBIX IMApHKa, OCTATbHbIE
CBOOO/IHbBIE TTO3UIINH OYIyT 3aTIOJHEHBI CHHUMMU MapukaMu. Eciu nogoiitn K 3a-
liaue ¢ 9TOI CTOPOHBI, KOJIMYECTBO BO3MOKHBIX BAPHAHTOB GY/IET CJAEAYIOIIM.

<11> 111 111 30 916 800
4 41(11 — 4)!  4IxT7!  2x435040

Yr006bI y3HATH, CKOJIBKO BCETO MTO3UIIHIT BAM MOKET TIOONTH, HAYHUTE C Pa3Meliie-
HUsI YEThIPEX KPACHBIX MAPUKOB NOAPsL. UTOOBI OHM HE 0Ka3aJIuCh CMEKHBIMH,
MOMECTUTE MEK/IY KaxkI0H 13 11ap 110 OTHOMY CHHEMY IapUKYy (/7151 9TOro II0Ha-
MOOUTCS TPY CUHUX TITAPUKA U3 OCTABIIUXCS CEMH).

Ha aTom ararie y Bac ocTaHeTcsl 4eTbIpe CHHUX IIapuKa, KOTOPble MOKHO pa3Me-
CTUTb TJie yro/iHO. Eciu mpe/cTaBUTh KpacHble apUKKU B BUJIe IEPEropo/loK, TO
CUHUE JIOJIKHBI HAXOUTHCS MEX/y HUMU (ITpUYeM HEeBasKHO, B KaKOM TOPSIJIKE,
IIOTOMY YTO BCE OHU OJIMHAKOBBIE).

ATy CUTYAIUIO MOKHO TIPEICTABUTD CJIEAYIONTIM 0OPa3oOM: y BaC €CTh BOCEMb sTe-
€K, Ky/Ia CJIe/LyeT MOMECTUTh JINGO CUHUI MapuK, 1160 eperoposiky. Terepb Bbl
MOXKETe [TOCTaBUTb IIEPETOPOIKU U 3AII0JHUTD OCTABIINECS TIO3UITUU CUHIUMH I11a-
pukamu. KommdaecTBo ctoco60B, KOTOPBIMHU 9TO MOKHO CIIETATh, BEIYUCIISIETCS TaK:

8 8! 81 40320
<> 41(8 — 4)!  4x4l  24x24

70

4

KousmuecTBo noaxozsiux pacctanoBok pasio 70, a Bcero nmeercst 330 BO3aMOXK-
HBIX BAPUAHTOB, I0ITOMY IIIAHCHI HA TO, YTO IIAPUKU, PA3MeEIleHHbIe CIYIAiHbIM
006pa3oM, OKaKyTCsI B TIOAXOASAIIMX MO3UIMAX, paBubl 70 /330 =7 /33 =~ 21 %.
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ITopo6HOE yIpakHeHne TOBOJIBHO CI0KHOE, XOTS U MHTepecHoe. Ilogobnbie 3a-
JIauy J0CTATOYHO YACTO MCIIOAb3YIOTCS B Kypcax 00ydeHHsl, IOCBAIEHHBIX BEPO-
SITHOCTY U CTATUCTUKE, MO3TOMY KaHM/IaT, KOTOPbIH M3ydas 9TH HAyKH, CKOpee
Bcero, 6yIeT MMETh NPEICTaBAeHIE O TOM, KaK UX pemarh. B mobom ciydae, Ta-
Kune 3ajadm Tpe6yIOT OY€HDb HETIPOCTBIX BquHCHeHHﬁ, U 1JId HEITOATOTOBJIEHHOTO
Yyesl0BeKa OHU OYyT KpaiiHe CI0KHBIMH.

Ha camom Jese € AMHCTBEHHOE, YTO UHTEPBbIOEP CMOJKET y3HAThb O KaHAMNJIaTe
611ar011ap51 JAaHHOMY BOIIPOCY, — 3TO CTAJIKUBAJICA JIU TOT C HOIIO6HI)IMI/I yupask-
HEHUAMU paHee U UMEET JIM OH COOTBETCTBYIOIIIEE O6p330BaHI/I€.

. Hauboiee oueBUIHBIM BAPUAHTOM SIBJISIETCSI UCTIOJIB30BAHHUE CBSI3HOTO CIHcKa. To
JKe caMoe MOYKHO cJIes1aTh M BHYTPU MaccHBa C IIOMOUIBIO UK For. Bl MoskeTe
HOJTYYHTh TOTMOJTHUTETbHBIE GAIJIBI, €CJIM YITOMSHETe 06a 5TH TIOAX0/Ia U 3aMETUTE,
9TO BBIGOP JIYUIIIETO U3 HUX 3aBUCHT OT TOTO, KAKUM 00PA30M CITHUCOK XPAHUJICST
M3HAYaJIbHO C PACUETOM Ha BBIIIOJHEHNE IPYTUX Ollepaliuii.

ITO MeNCTBUTENbHO X0opolmuil Bompoc! Bo3amMo:kHO, BaM HUKOT/Ia HE TPUIET-
cs1 obpamarh CIMCOK KIMEHTOB MOA0OHBIM 00Pa3oM, OJHAKO CBOUM OTBETOM
BBI IIPOJIEMOHCTPUPYETE 3HAHUE TI0 MEHbIIIEN MePe OJJHON CTPYKTYPbI JaHHBIX.
YioMmuHaHue CBA3HOTO CIMCKA U MACCHUBa JACT IOHATDH, YTO BaM 3HAKOMBI KaK
MUHMMYM JIB€ CTPYKTYPBL U YTO BbI CIIOCOOHBI HE OCTAHABIMBATHCS HA KAKOM-
TO OJIHOM PelleHNH.

. IogobHas 3amada uMeeT HECKOJIbKO XOPOLIMX pelieHnil. BosbmeM, Harpumep,
anrebpanveckuii moaxo. Iycts M — ato Moii Tekymuii Bospact, a B — Bo3pact
Gpara:

M=3x B;
(M+2)=2x(B+2).
BxiiounB iepBoe ypaBHeHMe BO BTOPOE, ITOJTYyYNM:
(BxB)+2)=2x(B+2).
[IepecTaBuB 3/1eMEHTDI, pEIINM ypaBHEHU /7151 B:
3xB+2=2xB+4;
3xB-2xB=4-2=2.

Ecam BctaBuTh 270 3HAUEHNE B TIepBOE YpaBHEHMeE, Toxydutcs M = 3 x 2 = 6, mo-
9TOMY MHe ceffyac 1ecTs Jer.

Bropoii moaxoz 3aK/I04aeTca B cO3aHiu TabJIIIbL, 0A00HOI TOii, 4TO MoKasa-
Ha HiKe. /{711 Hayaia B KauecTBE CBOETO Bo3pacTa BodbMeM 30 JieT.

Bospacr Gpara Moii Bo3pacr Bospacrt Moii Bo3pacr + 2 2 x (Bo3pacr
Opara + 2 Opara + 2)
10 30 12 32 24

Korpa zanonnnre IIEPBYIO CTPOKY, CPAaBHUTE /[Ba IIOCJIEIHUX CTO]I6II8.. B sTom
cJydae MOt BO3pacT + 2 0Ka3bIBAETCS CAUIITKOM 6OJIBH_H/IM, TI0O9TOMY BaM CJIeay-

€T TIOBTOPUTD HOIBITKY, TIOHNU3WB BO3PACTHYIO IJIAHKY.
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Bospacr Gpara Moii Bospact | Bospacr 6para + 2 | Moii Boapacr + 2 2 x (Bo3pacr
Opara + 2)
10 30 12 32 24
5 15 7 17 14

Bo BTOpoii cTpOKe pasHMIa MEKITY MOCAEAHUMH IBYMSI CTOJNOIIaMK COKPATUIIACD,
HO IIO-IIPEsKHEMY OCTaeTcs CAMIIKOM 6oJbInoii. IIpobyem ele GoJiblle yMeHb-
HIUTDH BO3PacT.

Boapacr Gpata Moii Bo3pact | Boapacr Gpara + 2 | Moii Boapacrt + 2 2 x (Bo3pact
Opara + 2)
10 30 12 32 24
5 15 7 17 14
2 6 4 8 8

B panHOM 1puMepe peleHne HaXOAUTCS B TPEThel cTpoKe (ec/iu Bbl repebopiiuTe
U 3HAUEHME B IIPEANOCIEAHEM CTOJIOIE OKAKETCS CIMIIKOM MaJEHbKUM, MTOIIPO-
OyiiTe MOAHATH BO3PACTHYIO ILJIAHKY ).

Ira 3a/a4a B HEKOTOPOM CMBICJIE TOAMTCS /ISt UCIIOIb30BaHKUA Ha COOECe0BAHM.
OHa 1103BOJISET IPOBEPUTD, KAKOH IOAXO0/ KaHAUAAT cuuTaeT 6ojiee yaoOHbIM —
anrebpandeckuil nau tabarmdubiil. OHAKO MHE CJIOKHO CKa3aTh, HACKOJIBKO 110-
JIE3HON MO’KET OKasaThCs Takas nHopmanus. MHOrHe 3aa4yu ogo6HOro pojia
SIBJISTIOTCSL OOJIee CJIOKHBIMH, U PEIaTh UX ¢ MOMOIIBIO TabuIl GyIeT He 0YeHb
YMECTHO, HO caM (hakT MCII0/Ib30BaHKs TaOJIMYHOTO METO/Ia BOBCE He 03HAUYaeT,
YTO KaHIUJAT He CyMeeT IIPUMEHITD 3HaHUS aireOpbl, eCJIu 9TO MOTPebyeTCsl.

Ecji BbI JaeTe KaHAUAATY TaKylo 3a1auy, Jydlle Bcero OyJer ero CiipoCuTh, Mo-
YeMy OH BBIOpAJ TOT WU WHOH TIOIXO/T ¥ KAKHE EII[e METO/IbI PEIIEHSI MOTJIN ObI
ITOJIOTH.

. ITO yIpakHeHNue HEKOTOPBIM 00pa3oM OTHOCHUTCS K IPOrPaMMUPOBAHMUIO, I10-
CKOJIBKY B HEM HCIOJIb3yeTcsT «oImnbKa 3a00pHoro crojiba». Ilpeacrasbre, 4To
BBI COOPYsKAeTe U3TOPOJIb C TIOTIEPEYHBIME JOCKaMu Mex Ly ctosbamu. CtoaboB
Gyner Ha ofuH GOJIbIIle, YeM J0COK, IIOTOMY YTO OHM JOJIKHBI PasMelaThcs Ha
KaykzioM KoHtte uaropozan. Omubka (ee ele Ha3bIBaIOT «OMUOKA Ha eJIMHUILY > )
BO3HMKAET B TOT MOMEHT, KOT/a IIPOIPAMMHUCT CJIyYailHO YYUTHIBAET KaKOI-TO
00beKT Ha eIMHUILY OOJIbIIE I MEHbIIEe HEOOXO[UMOTO.

B KOHTEKCTE JaHHOTO YIPaKHEHIMS MUHYTHAsI CTPEJIKa OOTOHSIET YACOBYIO Uy Th
rnosxke 1:05, eme Hemuoro mosske 2:10 u 1. 1., moka He caeaer 31o mnociae 10:50.
B caemyromuii pa3 cTpesKy BCTPETSTCS B MTOJHOUB. ITO O3HAYAET, UTO TIepeceve-
HEE cTpesiok Oyzer npoucxoantb Meskay 1:00 u 2:00, 2:00 u 3:00... meskay 10:00
u 11:00 (HaBepHOE, BB y3Ke JOTaJAINCh, TIE 3/1eCh 3aKpajiach OInOKa 3a00pHOTO
croiba).

Ecnu canrath Bpems ctporo mexay 12:00 yrpa u 12:00 Beuepa, mosyunTcs
10 nmepeceyenuii. Ho ecyiv yanuThiBaTh 1oJijieHb U IIOJIHOYB, pe3yabrar Gyaer 12.

To, Kak KaHAUJAT TOOU/IET K PEIIEHNIO, MOKET IT0Ka3aTh, HACKOJbKO OH METO-
JINYEeH, HO 3TUM TI0JIb3a OT PACCMaTPUBAEMOH 33/[a4M MOKET U OTPAHUYHUTHCS.
ITo kpaiineil Mepe ZOTOIIHOMY KaHAUAATY BOBCE He 00s3aTe/JIbHO 3HATDh, B 4eM
311eCh MOJIBOX, YTOOBI IATh XOTS GBI KAKOW-TO OTBET, MyCTh IakKe HETIPABUIBHBIH.
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8. DTOT BOIPOC UCIIOAB30BAJIC Ha COOGECEJOBAHUAX MTPU IPHeMe Ha PAbOTy B KOM-

manmio Microsoft. Huzke omucano Tpu pasHbIX B3TJIs/ia Ha 9Ty TIPoGIemy.

= [lepBbiil OTBET, YTO MPUXOAUT HA YM, — 3TO <30 %, HOTOMY UTO MATBUUKH

1 JIEBOYKH TIOSIBJISIIOTCS] HA CBET € OJIMHAKOBOK BEPOSITHOCTBIO, CJIEI0BATENBHO,
B 110001 CTpaHe IeBOYEK cpein ieTelt Oy et mojoBrHay. Takoil moaxo1 1eMoH-
CTPUPYET YMEHUE MBIC/IUTD IIMPOKO, HO OH HE BBITJIAAUT OYEBU/IHBIM, IIO3TOMY
HUHTEPBBIOEP MOJKET IIOIPOCUTH Bac IPUBECTH 0060CHOBaHUE (Ha CAMOM JieJjie
MOSICHEHUE YIKE COAEPIKUTCS B OTBETE, HO asibHelIIee yryOJieHre B 3Ty TEMY
MOJKET TOJIBKO C/leJIaTh MHTEPBbioepa OoJjiee pasipakuTeIbHbIM ).

Ette o, 9y Th 60JIee OUEBUTHBIN TTOIXO/] 3AKJII0YAETCSI B TOM, 4TOOBI OTAETHHO
paccMaTpUBaTh IEPBOTO PeOeHKa B CeMbe, BTOPOTro, TPeThero u T. 1. Kaxgas
rapa pokaeT Kak MUHUMYM ofiiH pa3. [losloBHA HOBOPO:K/IEHHBIX TIepPBEHIIEB
OyzIeT COCTOSATD U3 MAJIbYMKOB, 8 BTOpasi II0JIOBUHA — U3 JIEBOYEK.

ITapsl, y KOTOPHIX POAMIACH AE€BOUYKA, 3aXOTST BTOPOTO pebenka. Marbunkos
U JIEBOYEK CPEJIH TEX, KTO POAUTCS BTOPHIM, OY/IET TOPOBHY.

ITaper ¢ ABYMST eBOYKaMU TOMPOOYIOT POAUTD TpeTwii pas. VI ondaTh cpeau
POAUBIIUXCS JieTelt OYIeT MOJIOBUHA MAIbYUKOB U MOJIOBIHA JIEBOYEK.

Ha AaHHOM 9Tall€ yyKe JOJIZKHO OBITH OYeBUIHO, YTO paBHOMEPHOE pacIiipeje-
JIEHME TI0JIOB ITPUCYIIE KaKI0MY ITOKOJIEHUIO, II03TOMY BCE€ HaCeJIEHE B 11€/I0M
JAOJIZKHO JEJINTHCA TMTOPOBHY Ha MYJKUMH U JKEHIITWH.

K sazade MOKHO OZONTH emte ¢ ogHOi cToponbl. OOpaTuTe BHUMAaHME Ha
MEPBEHIIEB: €CJIM Y Mapbl POKAAETCS MaJIbuUK (4TO IporcxoanT B 50 % ciryya-
€B), OHa Ha 9TOM ocTaHaBJuBaeTcs. Ho ¢ Toif Jke BEPOSTHOCTHIO Y HUX MOXKET
POIUTHCS JIeBOUKA. B cpeieM 1ocie poxaeHus MepBeHiia Ipe/ojaraeMoe
KOJIMYECTBO MAJIbUMKOB U JIeBo4YeK paBHO 0,d.

Ecam iepBoii Ha cBeT MOSBIAETCS /IEBOYKA, TTApa MBITAETCS 3aBECTH BTOPOTO
peberka. VI onsaTh MIaHCHl Ha TO, YTO ITO GYAET EBOYKA WM MAJIBUKK, Pas-
neseHsl TopoBHY. [IpeanosaraemMpril IpUPOCT B ceMbe B 9TOM CJIydae paBeH
U3HAYaJIbHOMY TITAHCY Ha TIOoJydeHue BToporo peberka — arto 0,5 marca po-
JUTb MaJIbYMKA WK 1eBouKy. CiieoBaTeIbHO, B CPEJHEM CEMbs OIOIHAETCS
0,5 % 0,5= 0,25 masmbunkamu u 0,5 x 0,5 = 0,25 1eBoUKaMI, YTO BEAET K 001IIeMy
MPUPOCTY IBYX M0JI0B, paBuomy 0,75.

Hanerocs, Bo1 yoKe yJIOBUJIN 3aKOHOMEPHOCTD.

B 1ies1oM, uTo6b! oJryunTh N-ro pebeHka, napa goJjkHa poautb N — 1 geBouek
nozapsia. Bepositnocts aToro pasua 1/2 V-1,

Ecau gomyctuth, 4TO y mapsl [elcTBUTENBHO poansoch moapsia N — 1 ne-
BOUEK, IIAHChI HA TO, YTO UX CJIEAYIONUI pebeHOK OyseT UMeTh OlpeeseH-
HbIi 110J1, paBbl 50 %. TakuM 00pa3oM, HOMOIHEHNE B ceMbe 3a cueT N-To
pebeHKa B CpeJiHEM YBEJUYMBAET KOJIMYECTBO MAJbUUKOB M J€BOYEK Ha
0,5x 1/2V-1=1/2N,

Eciu cJIoKHUTh TIPeIoiaracMoe KOJIMYeCTBO JieTeil BIIOTh 0 peberka N, mo-
JIYIUTCS CIIefyTonee.

# Mampuukm: 1/2 +1/22+1/23+ ..+ 1 /2N,
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# JleBouku: 1/2 +1/22+1/23+ ..+ 1 /2N,

IJTH 3HaYeHUs coBiamaior. Kaxaas ITapa, KaKk M HaceJIeHne B I1eJI0OM, UMEET
OZIMHAKOBOE IIpeATIOTIaraeMoe KOJIMYECTBO MaJIbYMKOB U JIEBOYEK.

Ecau pomyctuts, uto N cTpeMutest K 6€CKOHEUHOCTH, 9TU ypaBHEHUsT OyIyT
CBU/IETEJILCTBOBATD O TOM, YTO Y Ka)k/[0# [apbl B CpejHeM J0JDKHO POAUTLCS
110 OJJHOMY MaJIbYUKY U 10 OJJHOM /IeBOYKe.

BTO HNHTEpeCHad 3aj/la4a, HO €€ JOBOJIbHO JIETKO PEHINTDb, €CJIN BaM IIPUXOANJIOCH
¢ Heli craskuBarbes. Eciu BB BUIMTE ee BIIEPBbIE, OHA MOKET OKa3aThCs KO-
BapHOU. B peasbHOCTH MaHCHI HA POKIEHUE MATBUNKOB U JIEBOYEK HE SBJISIOT-
Csl CTPOTO PaBHBIMU U JIajKe 3aBUCAT OT BO3pacTa poauTeseil. Bosbine 06 aToM
MOKHO Y3HATh B cTaThe xKypHasa Psychology Today non nassanuem «Why Are
Older Parents More Likely to Have Daughters» (miouemy y 6oJice BO3pacTHBIX
ponuTesielt yaie poKAaioTCs 109epr ), KOTOPYIO MOXKHO HalTh 110 azpecy https://
www.psychologytoday.com/blog/the-scientific-fundamentalist/201104/why-are-older-parents-more-
likely-have-daughters.

. He crout pasapakarb nHTEPBbIOEPA, YKa3bIBas HA TO, UTO ATA CUTYaIlsd HEpeaIu-
cruuHa. 3ajava, 1Mo cyTH, Tpedyer OT Bac pasdUTh CIIUTOK HA YACTH, U3 KOTOPBIX
MOJKHO ctoxuTh 1/7,2/7,3/7,4/7,5/7,6/7 Win Bech CIAUTOK T[ETUKOM.

OueBH/IHO, YTO CJUTOK MOKHO pa3pe3aTh HA CEMb YaCTeN U BbIIABATh I10 OJHOM
3a KasKJIblii IeHb PabOTHL.

OnTUMaTbHOTO PE3yIbTaTa MOXKHO JOCTHYH HECKOJIBKUME crocobamu. Bo-
[IEPBBIX, BbI MOYKETE IPUKUHYTh, KAK OY/IyT OMJIAYMBATHCA YCAYTU KOHCYJIbTAHTA
1ocJie KaXkJoro JHs, KOTOPBI NOTeHIIUAIbHO MOYKET CTaTh [TOCJICAHUM.

Ecomr paGora 3akaHIMBaeTCst TOCIE TIEPBOTO K€ JIHST, BBI OJUKHBI 3alIaATUTh
KOHCYJIbTaHTY 1/7 4acTb CIAUTKA, 109TOMY, O4€BUIHO, BaM HY>K€H KYCOK TaKuX
pa3MepoB.

Ecam KOHCYMBTaHT 0CBOOOKIAETCS TIOCE ABYX THEH, OH MOJIKEH TONTYIUTh
2/7 cautka. Bel Morsiu Obl BbIIaTh eMy elle oaHy 1/7 yacTb, HO B OyayIeM 9To
JIATITIAJIO OBI BAC TIPOCTPAHCTBA JIJIst MaHeBpa. ByJIeT Jiydiiie 3a1IaTUTh € TIOMOIIIHIO
2/7 ciutka, a 1/7 ocraBuTh cebe.

[Tockonbky y Bac ectb 1/7 1 2/7 cauTKa, BB MOKETE BBIIATH MX KOHCYJIbTAHTY
TocJIe TPEThEro AH paboThl. Eciu 6b1 iHEM paHee Bbl 3aTJIATHIIN IBYMsI YaCTSIMU
no 1/7,y Bac 661 He OBLIO TAKOI BO3MOKHOCTH. BMecTo 1BYX BaM Gbl oTpe6GoBa-
Jioch OBl TpU Kycka pasmepom 1/7 ciaurka.

Ecau ormmuTs ot 1estoro camtka yactu pasmepom 1/7 u 2/7, y Bac octaHeTcst
emte 4/7. Bol MOsKeTe IaTh KOHCYJIBTAHTY 3TOT KYCOK, €CJIM OH 3aBEPIIUT paboTy
yepes YeThIpe JIHs, a OCTATbHBIE OCTABUTH cele.

Ecou sa paboty yiier msath AHel, BB CMOKeTe 3alJIaTHTh IBYMsT KyCKaMU pas-
mepom 4/7wu 1/7.

[Tocsie niecToro st KOHCYJIBTAHT CMOXKET MTOJYYUTb 4/7 11t0c 2/7.

n HaKOHeIl, eCJIn pa60Ta 3aiiMeT BCIO HEIEJII0, BbI CMOJKETE PACIlJIaTUTbCA BCEMU
YaCTAMM CJANTKA.

Ecmu B 3ajlavde (bHprI/IpyIOT MarmdeCKure 9mcJja, KOTOpbIe UMEIOT CTETICHDb IIBOI?I-
KN WJIn MEHbIIEC Ha €AMHUILY IT10/] TOH Ke CTEIIEHbIO, BaM CJIelyeT IoAyMaTb
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O JIBOMYHOI CHCTeMe CUMCJIeHUs. B 5ToOM nIpuMepe TP KyCKa, OTIIUJIEHHbIE OT
CIIUTKA, TIpeAcTaBaAOT 1, 2 u 4 cenpMbIx ero yactu. Yucsa ¢ 1 mo 7, KoTopbie
B ABonuHoM Buje Boirraaar kak 001,010,011, 100, 101, 110 u 111, nokasbIBaoT,
KaKKe U3 KyCKOB CJIelyeT BbIaBaTh KOHCY/IbTAHTY IIOCJE KaxKI0ro AHSA PabOTHL.
[Mudpa 1 o3HavaeT, 4TO BBI 1OJKHBI OTAATH COOTBETCTBYIONTNH KyCOK, a ) TOBOPUT
0 TOM, YTO BaM CJI€IyeT OCTaBUTb ero y ceOs.

Hampumep, 6 — aTo 110 B 1BomuHO# cucteMme. To ecTh Ha 11eCTO JIeHb KOHCYJTb-
TAHTY HY’KHO BBIJIaTh KYCKU pa3MepoM 4 /7 (juis nepBoii equuutibl) u 2/7 (ams
BTOPOI exuHuIb ), a 1/7 yacTh ocTaBUTh (TTOCIeAHUN HyJIb). OOIIas omniara B 9TOT
neHb Oyner papaa /7 +2/7=6/7.

PaccmarpuBaemast 3aava mokakeTcs JETKOH JIsI TeX, KTO BUIE ee TIpeskie, HO
KaHIUIAT, KOTOPBIM C HEll He CTAJKUBAJICS, MOKET TTOCUUTATD ee 3allyTaHHOM.
OpHako peleHue MOKHO BbIpaboTaTh B JII0OOM CJIydae, eciiu rnepebpaTh Bee Ba-
PMAHTBI, HAYMHAS ¢ TIepBoro AHA. [ToMoUYb B 3TOM CMOTYT 3HAHNS O MAaTMYECKUX
yucaax.

ITO O/lHA U3 TIEJIOTO CEMENCTBRA 3ajau ¢ yaimaMu BecoB. Korzia B ympakHeHUN
(UTypupyeT HHCTPYMEHT, TAKOIN KaK BEChl, KOTOPBII pas/esisieT 00beKThl Ha MHO-
JKECTBA, ECTh CMBICT MOAYMATh 06 UCTOIB30BAHIN METO/[a TTOCTE0BATENHLHOTO
JleJICHUA. Ecin na Ka’K/IOM 1ary O6’beKTbI MOJKHO J€JIUTb Ha AABE I'PYIIIbI, O/{HA U3
KOTOPBIX BIIOCJIE/[CTBUY UCKJTIOUAETCSI U3 PACUETOB, JIJIsl HAXOK/IEHUST PE3YJIbTATA,
9TO GBI BBI HU MCKAJH, TTOAONIET TBOMIHOE TIOCTEN0BATENHLHOE [IETEHIE.

ITO He COBCEM OTHOCUTCS K JIAHHOMY yTIpaskHeHU 0. Ecyii ToMecTuTh 110 yeThipe
stiflla Ha KasK/Iyto Yallly BECOB, 32 OJJHO B3BENINBAHIE MOKHO OY/I€T UCKIIOUNTH U3
PACUETOB ITOJIOBUHY SIUIL. 3aT€M MOKHO TIOMECTUTD HA YAIIT OCTABIITUECS STHTIA, TIO
JIBa C KAKJIOW CTOPOHBI, M CHOBA MCKJTIOYUThH MOJIOBUHY 13 HUX. Bee B3BeTMBaHUS
OyLyT IIOTpaYeHbl, HO y BAC BCE ellle OCTaHeTCs JABa Sula.

Kitrou K periieHnI0 3TOH 3a/1a41 JIEKUT B IOHUMAHUK TOTO, YTO BECHI OIIPEIEJISTIOT
He TOJIbKO Te JBa MHOKECTBA sIHll, KOTOPbIE Pa3MeMIaloT Ha 06enx Jamax. EcTb
TaKke TPeThe MHOXKECTBO, KOTOPOE He MoTNajio HU B O/IHY 13 Yall. Bmecto Toro
4TOOBI IEJIUTh sTiilla TIOPOBHY W UCKJIIOYATh MOJIOBUHY U3 HUX, BBl MOKETE pas-
JeJIATh UX Ha TPU YaCTH U U30ABUTHCS CPa3y OT ABYX U3 HUX.

IIpencraBbTe, yTO y Bac ecTh TPH siilla. Bel MokeTe MOJOXKUTH MO OJTHOMY Ha
YAl BECOB, a TpeThe yopaTh. Eciv iBa sAiiia BecsT OMHAKOBO, TI030I04€HHBIM
stByIsteTcst TpeThe. ECIi OHO U3 sIUIl BECUT MEHBIIE, BbI Oy/eTe 3HATh, YTO OHO
11030JI0YeHHOE.

ITO 0OBSICHSIET, KaK CIENATh HTOTOBBIT BEIOOP € TOMOTIHIO BTOPOTO B3BEITHBAHNS.
Ho Bam Bce elnie HY:KHO NPUAYMaTh, KAaK CBECTU YHUCJIO OCTABIIUXCS SUIT /10 TPEX
(n MeHblIIIe ), B3BECUB UX B TIEPBBIN Pas.

Becpbl 1103BOJIFIOT NCKIIIOYUTD JIBe U3 TpeX rpyiil. [locse nepsoro B3BemmBanus
Tpy1Ia, KOTopast Bac BCe elle NHTEePEeCYeT, I0JKHA COCTOSITh BCETO JIUTTh U3 TPeX
AUI. ITO 0O3HAYAET, YTO IPYTIIIHI, KOTOPbIE B3BEIIUBAIOTCS B TIEPBBIH Pas3, 10JKHBI
cojiepKaTh 110 TPU SAiila Kax/aas.

Hrorosoe penieHne BbITJIAJUT TaK.

1. ITomeraem 1o Tpu siiilia Ha JIEBYIO U TIPABYIO Yallld, & OCTABIITNECS /[BA OT-
KJIa/IbIBAEM.
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11.

2. Ecin gamu BecsT 0fMHAKOBO:

d. IIO30JIOYEHHBIM ABJIAECTCA OAHO U3 [IBYX AUI, KOTOPbIE HE Yy4aCTBOBaJJIN
B IIEPBOM B3BECITNBAHWUH. HOMGH_[aeM "X Ha KaKAY10 13 Yalll;

b. aii1i0, KOTOpOE BECUT MeHbIIIe, OYAET II030JI0UEHHBIM.
3. Ecuiu aim umMeioT pa3Hblii Bec:

a. ybupaeMm comepskiMoe 6oee TSKEION Yar u stifiia, KOTOpbIe He B3Be-
MITUBAJTUCH B TIEPBHIH pas;

b. nmomenaeM 0/{HO U3 OCTaBIIMXCS TPEX SIIL HA JIEBYIO Yallly ¥ ellle O[HO —
Ha IIPaBYIo;

C. €CJIM Yalllil BECAT O/JUHAKOBO, ITO30JIOYEHHDBIM ABJIAETCA TO, KOTOPOE HE
B3B€IINBAJIOCD;

d. eco yarmm UMEIOT pas3HBIi Bec, MO30J0UeHHOE OY/IET Ha TOW U3 HUX, UTO
BCCHUT MCHBIIIE.

Crour OTMETHUTD, YTO €CJIN Yallll BECOB HaXOJATCA Ha OHOM YPOBHE IIpHU Ii€p-
BOM B3B€IIMBAHUH, KOJIMYECTBO BaPDUAaHTOB CPpa3dy CBOJAUTCS 10 ABYX SUIIL. HpI/I
BTOPOM B3BEIINBAHUN IMTOUCK MOYXHO IIPOBOAUTD IIO TPEM HﬁHaM, I109TOMY 4uC-
JIO AUIl, OCTABIINXCA IIOCJIE€ TIEPBOTO ITalld, MOKHO YBEJIUYUTDH 10 TPEX. Taxkoit
TMOAXOA TOAUTCA JIaKe B TOM CJIy4dae, €CJIN M3HAYa/JIbHO Y BaC UMEETCA AEBATD AUI]
BMECTO BOCbMM.

33.113.‘{3 TIIpeacTaBJIACT OHpelIeJIEHHbe/,I WHTEPEC, HO AJI €€ PENIEHMA HYKHO 3HATD,
B YeM I10/IBOX: C IIOMOIIIbIO BECOB 00BEKTBI MOKHO [OEJINTD Ha TPU I'PYIIIBL: T€, YTO
TIOMENIAIOTCA Ha JIEBYIO Yallly, T€, YTO ITOMENIAI0OTCA Ha ITPaBy1o Yallly, U T€, YTO HE
Y4aCTBYIOT BO B3BEIINBAaHWU. B aTom Het Huuero CJIOJKHOTO, €CJIN Bbl YK€ BCTPE-
Yaaun HOZIO6HbIe TOJIOBOJIOMKM.

ITponymepyiite 6arouku ot 1 10 5. 3aTeM MOMeCTHTE HA BECHI OIHY TabJIETKY 13
Ganouku 1, 1Be Tabsetku u3 6anouku 2 u T. 1. Ecau Bce TabeTku BecaT o 1Ha-
KOBO, X CyMMapHbIii Bec Oyzer paser 1 + 2 + 3 + 4 + 5 = 15. Berurure u3 aro-
rO 3HAYEHM TOT BEC, KOTOPBIN Y BAC MOJYUHJICS, U TToflenTe pe3yabraT Ha 0,1
(pasHuIly MexIy Hacrosileil TabseTkoi u maiebo). Tak Bbl y3HaeTe, CKOJIb-
KO BCero TabJIeToK Irareb0 HaXOAUTCS Ha BecaX, M HoMep GaHOUKU, U3 KOTOPOi
OHU OBLIU B3SITHI.



rMOCCAPUM

2-pepmmHa. Bepumna B 2—3-1epese, KOTopasi UMeeT /iBa JJ0YePHUX 00bEKTa.
3-Bepmnna. Bepiiuna B 2—3-11epeBe, KOTOPast IMEET TPU JJOYEPHUX 00BEKTA.

B-nepeso. CHanmaHCHpPOBaHHOE IEPEBO, B KOTOPOM BHYTpPeHHUE BepITHHBI (HI0KM)
MOTYT COfIepsKaTh HECKOJIBKO 3HAUEHIH 1 COOTBETCTBYIONINX BETBEH.

B+-/:[epe130. IToxoxke Ha B-aepeBo, 3a UCKJ/IIOUEHNEM TOI'O, UTO €TI0 BEPIINHBI Xpa-
HAT TOJIBKO KJIIOUM 1N YKa3aTeJn Ha OCTaJIbHYIO YaCTbh JJaHHbBIX Ka)KlIOfI 3allMCH, a HE
caMu JJaHHbIC.

FIFO. Cum. ouepejip.
LIFO. Cm. cTex.

NP. Knacc 3a/la4d, KOTOpPbIE€ MOTYT OBITD penieHbl HEACTEPMUHUPOBAHHBIM KOMIIbIO-
TEPOM 3a IIOJIMHOMUAJIbHOE BPEMSI.

NP-nonusrii. 3aj1a4a siBisteTcst NP-TI0JIHO, ecJiu K Heli 32 TOJTMHOMUATbHOE BPeMsT
MOXKHO CBECTH JII00YIO 3amady Kiaacca NP.

P. Kiacc 3aga4, KOTOpble MOTYT ObITh PEIIeHbI JeTEPMUHUPOBAHHBIM KOMITBIOTE-
POM 3a IMOJTMHOMHUATIbHOE BPEMA.

ABJI-nepeBo. YopsiioueHHOe GUHAPHOE JIEPEBO, B KOTOPOM Pa3HUIA B BBICOTE
IBYX TIOJZIEPEBBEB B JTI000I BepIiuie He mpeBbiraet 1.

AnantuBHas KBaapatypa. [o1xo/1, Py KOTOPOM POrpaMMa OTpeessieT 00JIacTH,
TJle METOJT ATIMPOKCUMATIIMU MOKET TIPUBECTH K OOJIBIITMM OTKJIOHEHUSAM, U 3aTEM COBEP-
IIEHCTBYET CBON METOJT B 9THX 0OIACTSIX.

AxTHBHas B3auMHas OJIOKUPOBKa. CuTyarus, Moxoxkast Ha OObIYHYIO0 B3aUMHYIO
GJIOKUPOBKY, B KOTOPOI pacipe/ieJIeHHbIe TPOTIECCh He OIOKUPYIOTCS, HO BCE PABHO He
MOTYT BBITIOJHUATH CBOIO paboTy. [IpUUHHOI SBISIETCSA CIIOCO6, ¢ TOMOIIBIO KOTOPOTO
OHM IIBITAIOTCS ITOJYYUTH JOCTYII K PECYPCaM.

AJIrOpUTM KPOJIMKA M Yepenaxu. AJITOPUTM J1Jist OOHAPYKEHUSI 1 yIaJICHUST [IUKJIOB
B CBSI3HBIX CITMCKAX (CM. Tozipaszient «Yepenaxa u Kposiuks paszesia « CBsI3Hble CIUCKU
C IIUKJIAaMU» B TJIaBe 3).

Anroput™m nHaxozxaenus ukjaoB Mioiiga. Cu. aIroput™m KpoJIuKa U Yepernaxu.

AJTopuTM € BO3BpPAaTOM. PeKypCUBHBIN aJITOPUTM, KOTOPBIH UIIET YaCTUIHBIE pe-
menust. Ecii 9acTHYHOE pelenne He MOKET OBITh PACIITUPEHO JI0 TIOTHOTO, OHO OTBEP-
raeTcs, ocJIe UeTo aITOPUTM BO3BpAIaeTcs K MPEABIYIeMY TOAXOASIEeMY BapHAHTY
1 UCIIOJIB3YeT eT0 KaK OTIPABHYIO TOUKY /TSI a/IbHeHIero moucKa.

Anroputm @opaa — DankepcoHa. AJTOPUTM JIJIsI pacueTa MaKCUMaJIbHOTO TI0-
TOKA B CETH.

Ausropurm EBkimza. Anroput™ 71st GBICTPOro HaXOKAEHMs HanOOoIbIIero obuie-
rO JIeJIUTEJIS.

AnroputM. Petient BbITOJTHEHUS OTIPeIe/IEHHON 3aIa4n.
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AcuMnroTuyeckasi NMPpOU3BOAUTEJIbHOCTbD. Hpeneﬂ ITPOU3BOJUTE/IbHOCTU aJITOPUTMaA,
BOSHI/IKaIOHII/II;'I, Korza MaciuTtab 3ala4M CTAaHOBUTCA OYE€HDb GOJIBIINM.

AccoumatuBublii MaccuB. Cyu. xeni-tabyintia.
BunapHoe nepeso. /lepeBo co cTernenbio 2.

Bunapubriii mouck. Ctpaterus, mpu KOTOPO#t 067aCTh TTOWCKA MOCTEI0BATENHHO
JIEJITCS Ha JIBE PABHbBIE YACTH, ITOCJIE YETO BBIOUPAETCS Ta U3 HUX, B KOTOPOI HAXOAUTCST
MCKOMDIIi 9JI€MEHT.

Biaok. CTpyKTypa aHHBIX /IS XPAHEHUS 3JI€MEHTOB, TIPUBS3AHHBIX K HEH CaMOii.
B koHTekcTe Xen-TabauIpl B KauecTBe GJI0KA MOKET BBICTYIIATh CBSI3HbIN CITUCOK, HJle-
MEHTBI KOTOPOTO CBsI3aHbl MeXIy co00il. B B-mepeBe GJIOKOM SBJISETCS BHYTPEHHSIS
BEpIINHA, KOTOpasi MOKeT XPaHUTh HECKOJIbKO 3HAUEHUH 1 COOTBETCTBYIOMIMNX BETBEH.

Baounbiii mudp. HIudp, B KOTOPOM OTKPBITHII TEKCT pazbuBaeTcs Ha OJIOKU OAU-
HAKOBOM JIJINHBI, KOTOPbIE OTAEIBHO MU(PPYIOTCS M 00bEAUHSIOTCS B €AUHYI0 KPUIITO-
rpaMMmy.

BeposATHOCTHBIIT aaropurM. AJTOPUTM, KOTOPBIH BbIJIA€T MPABUJIbHBIN Pe3yabTaT
C OIIpe/ieJIeHHON BEPOSITHOCTBIO.

Bepmuna (ysen). O0beKT /iepeBa WiId CeTH, KOTOPBIN XPaHUT JaHHble. Bepiumbl
COEMHSIIOTCS BeTBAMMU (B I€PEBbSIX) WK 3BeHbsAMU /pebpamu (B ceTax u rpadax).

Bepiimsbt 01HOTO YPOBHSL. /[Be BEPITMHBI /IepeBa, KOTOPBIE UMEIOT OJTHOTO POJUTEIS.
Bec. To xxe camoe, 9TO 3aTpaThl B CETH.
BetBb. CoeivHsIET POAUTENLCKYIO U IOYEPHIOI0 BEPIIMHBI JIePeBa.

Bsaumuas 6mokupoBka. Cutyanusi, B KOTOPO KasK/IbII U3 JIBYX PACIPeleIeHHbIX
TIPOTIECCOB JK/ET, KOT/Ia IPYTOI 0CBOOOIUT MBIOTEKC, B PE3YIIHTATE YETO OHU OIOKUPYIOT

APYT Apyra.

Bsanmuo npocrere yncaa. /[Ba 1MeIbIx YnCIa ABISIIOTCS B3AUMHO TTPOCTHIMH, €CJTH
UX HAaOOJIbIINI OOl e uTesh paBeH 1.

Buemnss Bepmuna. JlvicToBas BepImHa gepeBa.

Buemmss COPTHUPOBKA. YHOleIOLII/IBaHI/Ie JaHHBIX, KOTOPbI€ HE ITOMEIAIOTCA B I1a-
MATH. ﬂaHHbIe MOTYyT OBITH OTCOPTHUPOBAaHbI BHYTPU (l)aIL/,I]IOB Ha JUCKe UJIN JIECHTOYHOM
HaKOIIUTeJIe.

BuyTpennsia Bepuuna. Bepimuna nepesa, KoTopast MMeeT Kak MUHUMYM OJIMH JI0-
YepHUIT OOBEKT.

Bocxoasiee B-aepero. B-1epeBo, KOTOPOE BBITIOHSET JIeJieHHe Ha GJIOKU TTyTeM
PEKYPCUBHBIX BBI3OBOB, IIPOABUTaACh 110 HAIIPABJIEHUIO K KOPHIO.

BOCXODKZ[CHI/IC Ha BEPUINHY. SBpI/ICTI/I‘{eCKaH CTpaTeruid, BBIITOJHAIOIAaA Ha KaK-
JAOM MHIary Takue I[eﬁCTBHH, KOTOpbIE HPI/I6]II/I>K8.IOT AJITOPUTM K JIyHHIEMY PEHIeHUIO 13
BO3MOKHBIX. ITO YeM-TO HAIIOMUHAET TypucTa, KOTOprfI IIbITACTCA HOYBIO OTBICKATb
BEPIINHY XOJIMa, ITIOCTOAHHO ABUTASACHh BBEPX.

Bocemepuunsie fepeBbs. /| peBoBHUIHAS CTPYKTYPa JAaHHBIX, KOTOPAst MCIIOTB3YETCS
JUIST TIOUCKA OOBEKTOB B TPEXMEPHOM MPOCTPAHCTBE.
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Bropuunaga knacrepusanus. Jhdext, Tpu KOTOPOM 3HAYCHUS, TPUBI3bIBAEMbIC
K OJTHOMY U TOMY K€ aJ[pecy B Xelll-TabIuIle ¢ OTKPBITO ajipecalieil u KBa[paTuaHbIM
PoGUPOBAHUEM, BLICTPAUBAIOTCS 32 TOH sKe MPOOHON TTOCTIeI0BATENLHOCTHIO, YBEJH-
qIBas ee AJIUHY.

Bxoasmas crenens. KosimuecTBo 3BeHbEB HAIIPABJIEHHOM CETHU, BXOJISIIUX B Y3€JL.

BbIﬁOpKa. HeyHOleIOLIEHHOG IIOAMHOKECTBO O6'b€KTOB, B3ATbIX N3 HEKOETO MHO-
JKeCTBa.

Bricora. Z[JII/IHa CaMOro JIVIMHHOTO ITYTU BHU3 OT BEPIIMHDBI /IO JINCTOBOI'O y3J1a, €CJIN
P€Yb UJIET O BEPIIINHE B /IEPEBE. Ecmu umeercs B BUAY CaMO I€PEBO — ITO TO K€ CaMOoe,
YTO BBICOTa KOpHeBOfI BEPIIMHBI.

I'eneparop HCTUHHO cary4aiiHBIX yucesl. ['eneparop, B KOTOPOM /IJISI CO3JaHUS T10-
HACTOSIIEMY Hellpe/ICKa3yeMbIX YMCeJ UCI0JIb3YeTCsl MCTOUHUK NCTUHHO CJIyYalHbIX
BEJIMYMH, TAKOW KaK PaJIMOAKTUBHBIN PACTIA] MJTH aTMOC(hEPHBIH 1Ty M.

I'enepartop ncesgocayuaitnpix ynucesn (I'TICH). T'enepaTop, KOTOPBII € TTOMOIIHIO
BBIUMCJICHUH BBIIACT YNCJIA, KAXKYIIUECs CIyYaiiHBIMU, HO Ha CAMOM [ieJIe BJISIONINecs
IIPE/ICKAa3yeMbIMU.

Teneparop. OjiHa 13 Bepcuil KpUBO# caMono06HOTO (DPaKTAIa, KOTOPAsS 3aMEHSIET
BCEX MJIM HEKOTOPBIX MHUITMATOPOB Ha KasK/IOM YPOBHE pekypcuu. Mnunmarop ornpee-
JigeT ucxoiHyto opmy dpakrasa.

IT'NCY. Cx. TeHepaTop UCTUHHO CITYYAHBIX YHCET.
TnyGuna. YpoBeHb BEPIIUHbI IePeBa.

I'TICY. Cym. renepatop NceBIOCTyYaNHBIX YHCEJL.
I'pad. Cerb.

Tpun-serurcaenust. PacipeesienHble BEIYUCAEHS, UCIOJIb3YIOIINe C1abo CBA3aH-
Hble KOMIIBIOTEPbI, KOTOPbIE MOTYT B3aUMOAEICTBOBATh Yepe3 MyOJnuHyIO ceTh. I'pu
MOKET BKJIIOUATh PasHbIe BUIbI KOMIIBIOTEPOB, PabOTAOMIMX 110 yIIPABJIEHHEM Pas-
JIMYHBIX OIEPAIMOHHBIX CHCTEM.

JIBynosbHas cetb. CeTb, B KOTOPOI y3Jibl MOKHO Pa3/IeJINTh HA JIBe TPYIIIbl, A u B,
Tak, YToObI KaXK/0€ 3BEHO COSIMHSAIIO Y3€JI U3 TPYIIIbI A ¢ y3JI0M U3 TpyIibl B.

JBynonbHoe napocoueranue. IIpolecc conocrasienus y3/oB ABYJ0JIbHON CETH,
MPUHA/JIEKAINX K Pa3HBIM IPYIIIaM.

JICK. Oqepeab, ITO3BOJIAIOIAA ZIO6aBJIHTB N yIaJIATh 9JIEMECHTBI Ha obonx KOHITaX.

Hexomuposanue. B xonrekcre kpunrorpaduu ato mnpoiecc npeobpazoBaHust 3a-
i POBAHHOTO COOOIIEHNS B OTKPBITBIN TEKCT.

JepeBo kBaapaHTOB. /[peBoBHUIHAS CTPYKTYPA IAHHBIX, KOTOPast TOMOTAeT UCKATh
00DBEKTHI B IByMEPHOM IIPOCTPAHCTBE.

Hepeso kparuaiimero mytu. OCTOBHOE JEPEBO, KOTOPOE 0GecednBaeT CaMblil KO-
POTKUIT TIyTh 13 KOPHS K JIFOOOMY JIPYTOMY Y3JIy CETH.

524




Mmoccapwuin

JepeBo npunsaTHSA pemenuii. /[epeBo, M03BOJISA0NIEE MOIETMPOBATH 33/Ia4l B BUJIC
MOCJICIOBATEILHOCTH PENIEHUI, KOTOPBIE BEYT K TIOJYYEHUIO Pe3yIbTaTa.

JleTepMUHUPOBAHHBIN ABTOMAT C KOHEYHBIM YHCJIOM COCTOSHUM. CM. IETEPMITHU-
POBaHHBII KOHEUHBIN aBTOMAT.

derepmunupoBaHHblii KoHeuHblil aBTomaTt ([IKA). Buptyanpublii KoMmbioTep, KO-
TOPBIIL CJICNUT 32 CBOUMHU JIEHCTBUSAMI C TOMOIIIBIO Habopa cocTostHui. B 3aBucumocTn
OT CBOET0 TEKYIIEIO COCTOSIHUS, a TAK)KE OT BBOJIA, KOTOPBIN OH CYUTBIBAET HA KAXKI0M
1Iare, KOMIBIOTep I1ePexXouT K HOBoMY cocTognuio. OZHO U3 COCTOSIHUI ABJIeTCS UC-
XOJIHBIM, B HEM aBTOMAT HaYWHAET CBOIO paboTy. OTHO WIN HECKOIBKO COCTOSTHUN MO-
TYT OBITH TIOMEYEHBI KaK TPUHIMAIOTITHE.

JIuarpamma nepexoma cocrosiuuii. CeTb, peCTaBISIONast TIEPEXObl COCTOSTHU
asromaTtoB JIKA nu HKA.

Jonoansroniyii myTs. [y T, poseraoniuii yepe3 0CTaTOUHYIO CeTh, KOTOPBIN yJIy4-
HraeT pelieHne ¢ MAKCUMaJIbHBIM TOTOKOM.

Hoctynnsiit y3ex. Y3en B noctynen u3 ysia A, eciiv B ceTu CyIecTByeT yTh OT
y3ia A x y3ny B.

I[O‘Iele/Iﬁ 00DBEKT. ZIO‘IGPHHH BEpInrHa JepeBa, COeAMHEHHaA CO CBOUM POJAUTEJIEM.
O6bryHO I/I306pa}KaETCH CHHU3Y OT POAUTEJIbCKOI'O oObeKTa.

EMKkocTb (IpoIyCKHas ClIoCOOHOCTD ). B KOHTEKCTE CETH 5TO MAKCHMAJIbHBIN 00b-
eM 4ero-1100, KOTOPBII MOKET IIPONTH 4epe3 y3eI WK 3BeH0. TaKOBBIM SIBJISETCS MaK-
CYMAaJIbHBII 0GBEM TOKa, KOTOPBII MOKHO IIPOILYCTUTD IO IIPOBOY B SI€KTPOCETH, UK
HauboJIbllee KOJUYECTBO aBTOMOOMIEH, KOTOPbIe CIIOCOOHBI IIPOeXaTh [0 YJIHIIE 3a
KaKyIO-TO e/IMHUILY BPEMEHHU.

3aBepienHoe Jepero. /[epeBo, B KOTOPOM KayK/Ablil YPOBEHb SIBJSETCSA AOCOMIOTHO
TIOJIHBIM, 32 MCKJIIOUEHUEM, BO3MOYKHO, HISKHETO, B KOTOPOM BC€ BEPIIUHbI CIBUTAIOTCS
BJIEBO HACTOJIBKO, HACKOJBKO 3TO BO3MOKHO.

3amava o BU3aHTHIICKUX reHepaiax. 3a/1a4a, B KOTOPOU TPYyIIa TeHepasoB, CPeIn
KOTOPBIX MOI'YT OBITh IIPeAaTe/Iu, OJIXKHA IPUNATH K €IUHOMY PEIIEHNIO OTHOCUTEIbHO
Kakoro-To eiictsus. Kaxabiil BepHbIii reHepas ob1agaeT 4acThio MHGOPMALIUK U JOJIKEH
MOJIYYUTD CBEJIEHUS OT IPYTUX BEPHBIX T€HEPAJIOB.

3azmaya o Bocbmu epssax. HeoOXoanMo paccTaBUTh Ha MIAXMaTHOU JJOCKE BOCEMb
depseil Tak, YTOOBI HU OJJMH M3 HUX HE MOT aTaKOBaTh JAPYTHX.

3ajaua o reHepaJie u JelTeHaHTaX. 3a7a4a, B KOTOPOIl reHepas OTlaeT MpuKas
CBOUM JIeWTeHaHTaM, IIPU HTOM JII000H yyacTHUK (BKJIIOYAs CaMOTO reHepasia) MOKeT
OKasaThcs peziaTesieM. 11esib BepHbIX JIEHTEHaHTOB — JI0TOBOPUTHCST 06 OGIINX IeHCTBHU-
ax. OHM JOJKHBI COBIA/IATD € TIPUKA30M T€HEpaJia, eCJId TOT He MTpe/laTelb.

3azava o IBYX reHepaiax. B aToil 3ajjaue y [ByX reHepajioB €CTh apMUU, JAUCIIO-
IUPYIOMINECS PSZIOM C BPAKECKUM TOPOJIOM, 110 Pa3Hble CTOPOHBI OT Hero. C OMOTITBIO
CBSI3HBIX, KOTOPBIE MOTYT OBITDH TIEPEXBAYEHBI TPOTUBHUKOM, T€HEPAJIBI JOJKHbBI CKO-
OPAMHUPOBATH aTaKy.

3a,z[alla 0 X0/1€ KOHA. Konb JAOJIKEH POBHO O/IMH Pa3 MMOCETUTDH KaKAYIO KJIIETKY Ha
IIIaxXMaTHOM JOCKe. XOZ[ CUUTACTCA 3aBEPIHICHHBIM, €CJIM OKOHYaTe/IbHaA ITO3UIINA HaX0-
JIATCSI B OZHOM I11are OT Ha4a/IbHOI ITO3UIUMN. HeSaBepIHeHHbIﬁ XO/1 CHUTAETCSA OTKPBITBIM.
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3azava o6emaomux puaocodos. 3a ctoroM cuaar N Guirocodos, MexK LY KaxkKIbl-
MU IBYM U3 HUX JIEKUT BUJIKA. UTOOBI IIPUCTYIUTD K 06eny, Guaocod HOKEeH B3ATh
BMJIKH, JIESKAILUeE PSALOM 110 06€e CTOPOHBI OT HEro, ¥ IIPU 9TOM He II€PeroBapuBaThCs CO
CBOUMU COCEISIMU.

3a/1aqa OIITUMHU3AIIUH. 3a/1at{a, B KOTOpOI';I HYXHO HaUTH HauJsyydIiee penieHmne ompe-
JleJIEHHOI HpO6]I€MbI. 3a/1a'{1/1 OIITUMH3all1 4aCTO UMEIOT HpI/I6JII/IBI/IT€JIbeI€ peneHunsd.

3akon Mypa. Tenznennus, onmucantas [opgonom 3. Mypom B 1965 r., coracuo
KOTOPOI KOJIMYECTBO TPAH3UCTOPOB B MHTETPAIBHBIX CXEMaX y/IBAUBAETCSI TIPUMEPHO
KasK/Ible /[Ba TO/A.

3arpartbl. 3BEHO B CETU MOXKET UMETDb COITYTCTBYIOIUE 3aTPAThl. B OT/1e/IbHBIX CJTy-
Yagx 9TO OTHOCUTCA U K y3JIaM.

3ioymbiuieHHUK. B koHTekcTe kpuritorpadun 9To 4eJI0BeK, KOTOPDIH IIbITAeTCS Tie-
pexBaTUTh U paciindpoBaTh COOOIIEHNE, TIOCTAHHOE OTIIPABUTENIEM B a/[PEC TTOJTyYaTels.,

I/I,I[eaJII)HOC AEPEBO. ITomnoe JI€PEBO, BCE JIMCTOBBIC BEPIINHBI KOTOPOT'O HAXO/ATCA
Ha O/THOM ypPOBHE.

HNepapxuuecku oprannsdoBanHoe B-gepeBo. B-nepeBo, KOTOpoe TIPU ABIKEHUHN
BHU3 T10 JIEPEBY B MOMCKAX MECTa JIJIT HOBOTO 3HAYEHUS BBIMIOJTHSIET paszeieHue 0Jio-
KOB (Be3ie, T/ie 9TO BO3MOKHO).

Nmurtanusa orskura. MeToz 9BPUCTUYECKOTO YJIYUIIEHUS Pe3yJbTaTa, HAUYMHA-
IOIUIiCA ¢ BHECEHUS KPYITHBIX UI3MEHEHUI, KOTOPBIE TIOCTEIIEHHO CTAHOBATCS BCE MEHD-
nre 1 MeHbIne. Kaskaoe nusmeHenue /1eaeTcs B MOMBITKE YJIYUITUTh PeleHme.

Nuuuarop. Kpusas, onpesesnsiomas 6azoByio Gopmy JIst 0JIHOTO THMa (ppakTa-
J0B. Ha kasxzioM ypoBHE peKypcuy Bce UM 4YacTh MHUIMATOPOB 3aMEHATIOTCH KPUBOIi-
reHEePaTOPOM.

Hurerpamust Monre-Kapio. UncieHHbBINT MeTOA WHTETPAINH, TIPU KOTOPOH TIPO-
rpamMma, TeHEePUPYsT MHOKECTBO TICEBAOCTYUYANHBIX TOUEK, a 3aATEM, OMPE/eisisl, KAaKnue
U3 HUX HaXOJATCs BHYTPH LeJIeBOI 00JIaCTH, OLIEHIBAET HCKOMYIO ILIOIIAAb (DUIYDBL.

Hcxoasmas crenenb. KonuecTBo 3BeHbEB HAIIPABJIEHHON CETHU, BHIXOAANNX U3
yaJa.

HcuepnbiBaoniyii morck. [TepeGop BceX BO3MOMKHbBIX 3JIEMEHTOB /IS HAXO0/K/IEHU ST
uckomoro. ITepe6op Bcex BOBMOKHBIX PEIIEHUH /11t HAXOKACHMS JIYYIIero U3 HUX.

KBaaparypa. Cm. uucnennoe unmezpuposarue.

Kranrtossiii komnsioTep. KoMIbOTED, UCIOIB3Y IO st pAOOTHI C TAHHBIMI Ta-
K¥e KBaHTOBbIE 3(h(PEeKThI, KaK 3aIyTAHHOCTD W CYTIEPIIO3UITHSI.

KnacrepHbie Berunciienusi. PactipejiesieHHble BBIYUCIEHNST, B KOTOPBIX UCIIOJIB3YETCS
HA0OP M3 TECHO CBSI3aHHBIX MEXK/Y COOON KOMITBIOTEPOB, YaCTO HAXO/AIIUXCS B OJTHOI
BHYTPEHHEN CeTU WJIN B CETU CIEINAIbHOTO Ha3HAYEHWS.

Kmou. C touku 3penus kpunrorpaduu aTo pparmeHT nudopMauu, KOTOPbIi
TIO3BOJISET MOJTyYaTesIio paciindpoBbIBaTh 3aKOAUPOBAHHOE coobIIeHue. B coBpemen-
HOIi Kpunitorpaduu U3HAYAIBHO TOAPA3YMEBAETC, YTO 3JI0YMBIIIIEHHUKY U3BECTEH
MeTojt UG POBAHUS, TOITOMY paciiudpoBaTh COOOIIEHIE MOKET J0O0, KTO BJIageeT
KJITOUYOM.
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Koumsusa. B xenr-rabiuiax BOSHUKHOBEHME KOJIM3UI BbI3BAHO NIPUBS3KOI 3HA-
YeHUH K TTO3UINSIM, KOTOPBIE YKe 3aHATHI.

Koabueroii MaccuB. MaccuB Jijis1 XpaHeHUsT OYePeI, B KOTOPOU MOCJIeIHUI dJie-
MEHT JIOJIKEH UITH CPa3y Mepes IePBhIM.

KobueBoii cBsi3ublii ciucok. CBs3HbII CIIUCOK, B KOTOPOM MOCJIE/IHSS CChLITKA YKa-
3bIBAaET OOPATHO Ha IIEPBBI DJIEMEHT.

Kopens. Kopusimu ypaBaenusi y = f (x) SBJSIOTCS 3HAYEHUS X, /I KOTOPBIX
f(x) = 0.

KOpHeBaﬂ BEpIIWHA. Yuauxkaabnas BepHINMHa, HaXOJAI[asACA B CaMOM BEPXY JIepeBa
" HE NMeIoIadaA pOaANTEIA.

Kpusas T'uib6epra. DpakranbHast KpUBast, 3all0JHAOIIAS TPOCTpaHCcTBO. Haun-
HaeTCs ¢ KpUBOUM WHUIIMATOPA, YaCTU KOTOPOH PEKYPCUBHO 3aMEHSIOTCS HA TeHEPATOP,
MacIITabpOBaHHBII, IIOBEPHYTHII 1 IPEOOPasOBAHHBIN TOJKHBIM 00Pa3OM.

Kpusasa Koxa. Camonogo6ublii hpakTas, HAUMHAIOMIMICS ¢ KPUBOU MHUIIMATOPA,
YaCTH KOTOPOH PEKYPCUBHO 3aMEHSIIOTCS KPUBOM TeHepaTopa, MacIiTadupoBaHHOIM, 110-
BEPHYTOI1 U 1peobpasoBaHHON HOJKHBIM 06Pa3oM.

Kpusas Cepmmackoro. D pakra, 3a0IHSIONINAN TPOCTPAHCTBO; HAUMHAETCS C KPU-
BOU MHUIIHATOPA, YACTH KOTOPOH PEKYPCUBHO 3aMEHSTIOTCS HA TEHEPATOP, MacITabupo-
BaHHDBIN, TOBEPHYTHII 1 IPEOOPA3OBAHHBIN HOJIKHBIM 00Pa3OM.

Kpunroananus. lccienoBanre MeTOIUK, UCIIOJNb3YEMbIX 3/I0YMbIIIIEHHIKAMHU J1JIsT
B3JI0Ma CHUCTEeM MU(pPOBAHUS.

Kpunrorpamma. B xonrexcre kpuntorpaduu a1o coobiienue, sanmdpoBaHHoe ¢ I1e-
JIbt0 6e30TaCHOIl Tiepeaaun.

Kpunrorpadus. VccienoBanue MeTonuk mudpoBanus U paciin@poBbIBaHUs, C [0-
MOTIIBIO KOTOPBIX OTIIPABUTEH MOXKET Ge30TTACHO TTepeiaBaTh MHMOPMAIIHIO MOTYIATEITIO,
HCKJTI0YAs BOSMOKHOCTD BOCCTAHOBJIEHSI ICXOIHOTO COOOTIEHNST 3/T0YMBITIIEHHUKOM.

Kyua. 3aBepiiieHHoe GUHAPHOE JIEPEBO, 3HAUEHHUE KaK/[OU BEPITUHBI KOTOPOTO 110
KpaiiHeil Mepe He MeHbllle 3HaYeHUN BCeX ee JI0UePHUX 0ObEKTOB.

Jluneiinoe npoouposanre. MeToauKa IIOCTPOECHUS Xell-Tabul] ¢ HOJUTHKON
paspelieHns KOJIM3UH, KOTopast peaycMaTpuBaeT 106aBaeHIe YUCTOBON KOHCTaH-
Thl (00BIYHO 1) K KasK10il 3aHATON MO3UIMK € LEeJIbI0 CO31aHus IPOOHOI 1moce10Ba-
TeJIbHOCTH.

JluHeitHblii KOHTPY3HTHBII reHepartop. [eHepaTop MceBOCTyYalHBIX YHUCETT, KOTO-
PBIil B cBOEl paboTe UCIIOAb3YET PEKYPPEHTHOE YPaBHEHHE.,

Jluneitnbiit MaccuB. OIHOMEPHBII MAaCCUB.

Jluneitnbiii mouck. [lovick 3HaueHNsT B TMHEITHOM MaccUBe WJIN APYTON JNHEHON
CTPYKTYP€ NaHHBIX.

JlucroBas BepmmHa. Beprinma epesa, KOTOpast He MMEET I0UePHUX OOBEKTOB.

Maccus c nponyckom. CTpyKTypa AaHHBIX JJIsI TOCTPOEHUST MAaCCHBOB, B KOTOPOH
HAXO/IUTCSI OUEHb MAJIO 3alcell 6e3 3HaUeHUH IO YMOTIAHHIO.
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Maccus. HenpepbIBHbBIIM yuyacTOK MaMsITH, OCTYII K KOTOPOMY MOKHO OCYIIECT-
BJISATD C IIOMOILBIO MH/IEKCOB — 110 OJJHOMY Ha U3MepeHUe.

Martpuna cmMeskHocTH. MaTpuiia, MpeacTaBI 0N CBSI3U MEXK/TY Y3/IaMH B CETH.

Mammuna Toropunra. [MioTeTuuecKuii KOMIIbIOTED, KOTOPBIN paboTaeT ¢ CMMBOJIA-
MU Ha BXOZsIIIeN JIEHTE B COOTBETCTBHUU € IPOCTOM TabJIMIIEi TIPaBILL.

Mertoz BetBeii u rpanull. /[peBOBUAHBIN alTOPUTM TIOMCKA, KOTOPBIN CITyCKaeTcs
10 BETBU U 3aTEM pelliaeT, BO3MOKHO JIM YJIYUITUTh TEKYIllee peleHue 10 Takoi crerie-
HU, 9TOOBI OHO CTAJIO JIyUIITUM, HAlIEHHBIM Ha 9TOT MOMEHT. ECJIN 9TOr0 c/Ie/iaTh HeJlb-
351, AITOPUTM TIpeKparnaer paboTy ¢ JaHHON YacThIo epeBa.

Meroa Herorona. Criocob HaxosKaeHMsI KOPHER (QyHKITHL.
Mertoa Heiotona — Padcona. Cu. metos Heiorona.

MuHuMajIbHOE OCTOBHOE I€PEBO. OcHoBHOE JIEPEBO, KOTOPOE NMEET HAaMMEHBIITNE
BO3MOJKHbBIE 3aTpaThbl B CETU.

MHuo:kecTBenHas pekypceust. BosHukaer, Kora MeTo/[ BbI3bIBaeT cebst G0IIbIIe OJIHO-
TO pasa.

MopemupoBanue no meroxy Mounte-Kapio. BepositHocThast MeTo/iuka, npu KOTo-
POii IIporpaMma BEIOUPAET TICEBIOCTyYallHble 3HAUCHUST ¥ OIIPEIEIISIET, KAKO TIPOIIEHT
U3 HUX YIOBJIETBOPSIET HEKMM KPUTEPUSIM. DTO MO3BOJISET OLEHUTH 00I1Iee KOJIUIECTBO
3HAYEHWH, TTO/INAJIAIONINX TI0J] TU YCJIOBUS.

Mbioteke. MeToj, TapaHTHPYIOIINA, YTO B J1I060# OT[eJbHO B3ITHI MOMEHT Bpe-
MEHU OTePAINsI BBITTOJIHSIETCS TOIBKO OHUM ITpolieccoM (Ha3BaHMeE ITPOUCXO/IAT OT BbI-
paxkenust mutual exclusion — B3aNMHOE UCKTIOUEHHE).

HarpymeHHaﬁ CEThb. CETB, y3J1bL KOTOpOﬁ NMEIOT MaKCUMaJIbHYIO €EMKOCTbD.

Hau6oabumii o6muii nesmreas (HO/T). Haubosbliee meroe 4nucyio, KOTOpoe jie-
T 6e3 ocTaTKa JBa APYIHX eJIbIX YHCIIa.

Haumenpbmuii 00muii npegok. Ciu. 1epBblii 00N IPEIOK.

HaﬂpaBJIeHHbIﬁ. 3BEHO CETHU SIBJISIETCS HallpaBJIEHHbIM, €CJIN 110 HEMY MOKHO HpOfI-
TU TOJIBKO B O/THOM HaITpaBJIEHWUU. HaHpaBﬂeHHOﬁ Ha3bIBAE€TCA CETh, KOTOpPasA COCTOUT
MCKJIIOYMUTEJBbHO N3 HAITPABJEHHBIX 3BEHLEB.

Harypanbnoe uucio. [lesnoe unciio, koropoe GoJbiiie 0.

HenerepmunupoBanubiii koHeunsblii aToMat (HKA). To ke camoe, uto [IKA, TOJTH-
KO JIJIsI OJTHOTO U TOTO K€ BBOJIA U3 COCTOSIHUSI MOKET UCXOIUTh MHOKECTBO CCBIJIOK.
Opyrumu crosamu, HKA 1pe6piBaeT OMHOBPEMEHHO B KasKAOM COCTOSHUM, BO3MOXK-
HOM JIJISI €T0 BBOJIA.

HenamnpagiieHHbII1. 3BE€HO CeTH SIBJISETCST HEHATIPABICHHBIM, €CITH [0 HEMY MOXKHO
mpoiiTu B moboM HampasieHnn. HeHarpaBieHHON Ha3bIBAETCS CETh, KOTOPAst COCTOUT
HCKJIIOYUTENbHO U3 HEHATIPABJIEHHBIX 3BEHBEB.

Henpsamas pexypcust. BosHukaer, Koria MeTo/l BBI3bIBaeT ceOs He HATPSAMYIO, a Ye-
pe3 MPOMEKYTOYHBIN METO/I.

Oo6manmuk Mepma. Eciiu p He SBIsIeTCST TIPOCTBIM, a 3HAYEHUE 7 B TUATIA30HE
1 <n < p ynosnerBopsieT ypaBHeHuo 77~ ' mod p = 1, Toraa # HazbIBAIOT OOMAHIITTKOM
DepmMa, TIOCKOJIBKY OHO JIETaeT JIOKHOE TIPETIOI0KEHHE O TIPOCTOTE P.
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Oo6napyskenne UKJIOB. IIporecc onpeaeneHys HaInuusl IUKJIOB B CETH.

Oo6o3nauenne «O» 6ombinoe. Bpems soimosiHenust apropurma Gyzet pasHo O(g(N))
(«O» 6oubinoe), ecan Gynkims g(N) sBJISI€TCS €ro BEPXHUM [IPEeJIOM.

Oo6o3Hauenne «Omera» 6oabinoe. Bpems BoimiosiHeHNE anroputMa paBHO Q(g(N))
(«Omera» Gombinoe), ecn Gyukims g(N) sBiseTcs ero HUKHUM IPEIeIOM.

Oo6o3Hauenne «Tera» Gospuioe. Bpemst BoinosiHeHne airoputma paBao O(g(N))
(«Tera» 60sbi0e), ecin GyHkius g(N) sABJIsIeTCS OHOBPEMEHHO €10 HUMKHUM M BepX-
HUM TIPEJIETIOM.

O6partublit 06x01. O6X0/1 IepeBa WK CETH, IPU KOTOPOM CHAYAJIa MOCEIAeTCs Jie-
BBII JOUEPHUIT 00BEKT BEPIIMHBI, TIOTOM TIPaBbIil 10UepHIIT OOBEKT U 3aTeM caMa Bep-
IIMHA.

0O6xo0a B rayouny. O6xo0/1, TP KOTOPOM HEKOTOPbIE BEPIIMHBI JiepeBa WK CETH,
PacIIONIOKEHHBIE IAJIEKO OT HAYAIbHOM TOYKH, TIOCENAIOTCS PAHbIIE TEX, YTO HAXO/AT-
csl K Hell GaimoKe Beero.

O6xo0/1 B mmpuny. O6X0/1 iIepeBa Uiin CeT, NP1 KOTOPOM B IEPBYIO OUepe/ib Moce-
HIAIOTCS BCE JI0UEPHME dJIEMEHTBI y3J1a. ITO [T03BOJISIET IIOCETUTD BEPIIUHDI, HAXO/SIIH -
ecsl HeflaJIeKo OT KOPHSI, ¥ TOJIBKO 3aTeM W/ITH JaJIbIIe.

Oo6xoxa. ITocelenne Beex y3JIoB epeBa WK CETU B ONIPEAETIEHHOM IIOPSIKE U Bbl-
IMOJIHEHUE ¢ HUMU KaKUX-TO JICUCTBUL.

Orpannuurtesb. Sueiika, KOTOpast SIBJISIETCS YaCThIO CBA3HOTO CIUCKA, HAXOIUTCS
Ha OJTHOM W3 €r0 KOHIIOB, HO HE COJIEP’KUT HUKAKUX IEHHBIX IaHHbIX. OHA UCITOIb3yeT-
€41 KaK 3aI0JIHITEJIb, YTOOBI aJITOPUTMbI MOIJIM CChLIAThCS Ha STYEHKY Hepej] HepBoii 1o-
3UINEH WY TT0CJIE TTOCEIHE.

OpuHouHas pexypeust. Pexypcusi, KOTopasi BOHIKAET, KOTJIa METOJ[ BBI3bIBAET CeOst
POBHO O/IUH Pa3.

OcratouHas MNpoIryCKHasA CIIOCOOHOCTb. IIOHOJIHI/ITG]IbeIfI IIOTOK, KOTOprfI MOXK-
HO I[O6aBI/ITb K 3BE€HY B Hany>KeHHOI>,I CeTn.

Ocrarounas cetb. CeTb, psiMble U 0GPATHBIE 3BEHS KOTOPOH TIOMEYEHbBI BEJINYHU-
HOH UX OCTaTOYHOI IIPOITYCKHON CIIOCOOHOCTH.

OcroBHoe f1epeBo. /lepeBo, cosiepskaiiiee y3Jibl ¥ 3BEHbsI, KOTOPbIE COEMHSIIOT KaxK-
JIBIH y3€JT CeTH.

OTkpsiTas aapecanus. Meroj TOCTPOeHUsT XelI-TabJIHIl, B KOTOPOM KJIIOYH MPUBSI-
3bIBAIOTCS K 3aIIUCSAM MaccyBa. B pa3HbIX BePCUAX OTKPBITOMN aipecaliii UCII0Ib3YI0TCs
pasHble (HYHKIIMY XeITUPOBAHUSA U MIOJTUTUKY Pa3penieHns KOJITU3UIA.

OTkpsIThIii TeKkeT. C TOUKY 3peHnst KpUTTOrpaduu 3T0 COOOTIEHE, KOTOPOE HYK-
HO OTIIPABUTH OE30MACHBIM 0OPA3OM.

Ornpasurenb. C TOUKH 3peHUS KPUIITOTPADUHN HTO YETOBEK, KOTOPBIH TTHITAETCS OT-
PaBUTh COOOIIEHIE TI0JIydaTe 0 6e30IacHbIM 06Pa3oM.

OtcoprupoBaHHOe epeBo. /[epeBo, BEPITIHBI KOTOPOTO YIIOPSIIOUEHDBI TAKUM 00-
pasoM, 4To IpH orpeeseHHOM 00Xo/ie oHM 0OpabaThIBAIOTCS B OTCOPTUPOBAHHOM I10-
psiike. OGBIYHO pedb UAET O CHMMETPIYHOM 06X0/1€.
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Ouepeap. CTpyKTypa JaHHBIX, B KOTOPOU 100aBJICHUE 1 YIAI€HIE DIEMEHTOB TIPO-
VCXOJNT B TIOPSIIKE «TIEPBBIM 3a1lIe]T — TIEPBBIM BBITIIET>.

HapaJIJIeJII/IBM JAaHHbIX. PaSHOBI/IlIHOCTb TTapaJjieJIbHbIX BI)ILH/IC]IGHI/IIL/,I, B KOTOPbBIX
AKIEHT €JIa€TCA Ha pacClipe/leJIEHUN JaHHbIX MEK/Y ITPOIeCCOpaMu, BbIITOJTHAIOIINMA
OANHAKOBbBIE NJIN ITOXOKME ITPOTPAMMBI.

IMapasnennam 3anay. Bu mapasiieibHbIX BBIYUCIEHII, OCHOBHOM aKIIEHT B KOTOPBIX
JleJlaeTcs Ha pacipe/ie;IeHrH 3a1ad MesK/Ly MTPOTIeCCOPaMH.

IlepBuunas kaacrepusamusa. IOheKT, IPU KOTOPOM 3HAYEHUSI, TPUBSI3bIBAEMbIE
K KJIacTepy 3amuceil B xem-rab/iuIie ¢ OTKPITOI agpecaiyei, B UTOre pacIiiupsaioT Kia-
crep, GOPMUPYS M3 3aHATHIX 3allUCell IIMHHBIE OJOKK., DTO YBEIMUNBAET CPEAHIOI
JUTUHY Hp06H01>’1 IocJjieI0BaTeJIbHOCTH.

IlepBblii 00U NPENOK. Y3€I, ABJIAIOMMIACS IPeIKOM 00eUX BEPIINH 1 HAXOII-
muiica Hanbosee OJIN3KO K HUM.

HepeCTaHOBKa. yHOleIO‘-IeHHOG ITO/IMHOKECTBO 9JIEMEHTOB, B3ATbBIX 13 MHOKECTBA.

ITepecranoBounsiii mudp. IIudp, B KoTOpoM OYKBBI OTKPHITOTO TEKCTA IIEPECTAB-
JISTIOTCS OTIpeie/IeHHBIM 00pa3oM, (POPMUPYsT KPUIITOTPAMMY.

IlepexBaruuk ungopmanuu. B konrekcre Kpunrorpaduu 3T0 4e0BEK, KOTOPDI
TIBITAETCS TIEPEXBATUTD U PACII(POBATH COOOIIEHNE, TOCTAHHOE OTIIPABUTETEM B aIPEC
HoJIyyaTeis.

Iletnsa. B koHTEKCTE CETH TO ITUKIL.

Inanapwusrii. CeTb SBIISIETCS JTAHAPHOM, €CJTU €€ MOXKHO HAPUCOBATh HA IJIOCKOCTH
6e3 1epecedyeHms 3BeHbEB.

HozmepeBo. OZIHa "3 BEPUINH AepeBa BMECTE CO BCEMHU €€ ITIOTOMKaMH.

IToncranoounbiii nmmdp Hesaps. [logcranoBounslii mudp, KOTOPBIH CABUTAET
KaK/1y1o OYKBY COOBIIEHUS HA KAKOE-TO OTPEIETICHHOE PACCTOSTHHUE.

IoacranoBounbii mmdp. [1Tudp, B KOTOPOM GYKBBI OTKPBITOTO TEKCTA 3aMEHSIOTCSI
apyrumu GykBamu. B KauecTBe TpUMepa MOKHO TIPUBECTH TIOICTAHOBOYHBIE MIHUMPBI
[Te3apst u Buzkenepa.

IoauHOMHATEHOE BPEMSI BHITIOJHEHHS. BpeMst BBITIOIHEH VST aJITOPUTMA SIBJISICTCSI
MOJIMHOMHUAJILHBIM, €CJI OHO BKJIOUaeT B ceOst MHOTOwIeH N. [IpuMepaMu moJTMHOMU-
asbHOTO BpeMeHu MOTyT caykuTh O(N), O(N?), O(N®) u nasxe O(N),

IMosuTuka paspeumenus: Kojuuauit. Onpeesser npoiecc 100aBJIeHUs B Xelll-
TabJIMIy HOBOTO 3HAUEHUS B CJIyYyae BOSHUKHOBEHUS KOJIJIU3UU.

IToaHoe AepeBo. [lepeBo, B KOTOPOM KOJMUYECTBO J0YEPHUX OOBEKTOB KaXK 0N BEp-
IMTTHDT KOJTEOIETCS OT HYJIST 10 BEJTMIUHBI CTETTEHN CAMOTO JIEPeBa.

Ioaxyuarens. C Touky 3peHns KpUNITOrpapnn 3TO YeTOBEK, KOTOPBIN MBITAETCS TT0-
JIYIUTH COOOIIEHIE, TIOCTAHHOE OTIIPABUTEIIEM.

Hopsanoxk. B B-nepese nopsjka K Buytpennue Bepiiuibl xpausat ot K 10 2 x K
snavenuii u or K+ 1 10 2 x K + 1 Berseii.

IMoTomok. /louepHuii 0ObEKT BEPIIUHDI JA€PeBa, J0YePHUI 00BEKT ee JOYEePHEro
00ObeKTa U T. 1.
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IIpaBuro Tpaneuyun. MeTo YMCIEHHOTO UHTETPUPOBAHNS, B KOTOPOM JIJIS allITPOK-
CUMAITNH TIJIONIA/IN TT0Jl KPUBOH MCIIOIB3YIOTCS TPATCIUH.

IIpenok. Poaurebckuii 00beKT BEPIIUHbI €PEBa, POAUTETbCKUN 00BEKT ee POAH-
TEJNLCKOTO 0OBEKTA U T. JI. BIUIOTH 10 KOPHEBOU BEPIIMHBL.

IIpeduxrcuoe aepero. /lepeso, B KOTOPOM BEPIIUHBI MPEJCTABAAIOT OYKBBI CTPOK,
a MyTh OT KOPHSI K BEPIIIHE OTIPEAesieT mpedukce, 00U st BCeX CTPOK CHU3Y OT Hee.

ITpoo6sema corinacoBanus. [TpobiiemMa, BOHUKAIOIIAS B PACIIPEICTCHHBIX BBIYHCIIC-
HUSX, KOT/Ia HECKOJIBKO TTPOTIECCOB JOJKHBI COTIIACOBATH €IMHOE 3HAYCHWE, TAsKe €CITN
C HEKOTOPBIMU U3 HUX MTPOU30IIIEN COOiL.

Hp06Ha;~1 MMOoCJIE€Ea0BATEC/IbHOCTD. HOC]IGLIOB&TGJII)HOCTB HOSI/IIII/II';I, B KOTOpPbIE X€III-
Ta6]II/IIIa C OTKprTOfI aﬂpecauﬂeﬁ IIBbITACTCA 3allMCaTb 3HaYCHUE.

IIpocroe uncmo. Harypamnbioe uncio 6osbire 1, KoTopoe KpaTHo TobKO 1 1 cebe
caMoMmy.

ITpouenr 3anosuenus. J[oJisi CTPYKTYPbI ZaHHBIX (HAIPUMED, XelI-TabJIMIbl), KO-
TOpas ABJSIETCS 3AMOTHEHHON. Xel-TabIUIIbI ¢ BBICOKO# T0IeiT 3aM0THEHUST MOTYT Jie-
MOHCTPUPOBATH CHUKEHUE TPOU3BOJIUTETBHOCTH.

IIpsamas pekypeust. Pekypceust, KoTopasi BO3HUKAET, KOT/la METO/| BBI3bIBAET celst
HAIPSAMYIO.

IIpamoii 06xox. O6xoz AepeBa U CETH, IIPU KOTOPOM CHava/ia [OCENaeTcs caMma
BEPIIUHA, IOTOM €€ JIEBBII JJ0YePHUI OOBEKT U 3aT€M MPABBIN J0YEPHUN OOBEKT.

ITyts. ITocsieioBaTeIbHOCTD YepeyIOINXCs Y3JI0B U 3BeHbeB CeTH, KOTopasl Be/leT
OT OJIHOTO y3Jia K ipyromy. Eciiu mo6as Touka ceTu COeIMHSIETCST CO CMEKHBIM Y3JI0M
BCETO OJTHUM 3BEHOM, Bbl MOKETE YKa3aTh ITyTh, IEPEUNCINB BCE COJlePKAINecs B HeM
Y3JIbI WJIM 3BE€HDS.

PaBHonpasue. [eHepaTop mceBaOCTyIaliHBIX YMCE SIBISETCS PABHOIIPABHBIM, €CTN
OH BbIZTa€T BCE€ BO3MOKHbBIE BapPHUAHTBI BbIBO/[a C OZ[I/IH&KOBOI?I BEPOATHOCTDBIO. HepaBHo—
IIpaBHbIE€ TEHEPATOPbI HAa3bIBAIOT HENIPAaBUJIbHBIMH.

Paznenenne kopus. Korza psj pasjiesieHnii BEPIIUH TPOXOAUT KACKAJOM BBEPX 110
cOaTaHCUPOBAHHOMY IEPEBY, IPUBO/ISI B KOHEYHOM UTOTE K PA3/IeIEHUI0 KOPHSL.

Pacnpenenenne pabounx mect. Vimeercst N 4eJioOBEK ¢ ONpPeeIEHHBIMU HABBIKA-
MU U M pabounx MecT ¢ KOHKPEeTHbIME TpeGoBaHusAMU K KBasudukarmu. Hyxuo pas-
JEJNTD JTofieli 10 IOJKHOCTSIM TaKUM 00pa3oM, 4TOObI MAaKCUMHU3UPOBATH 0ObEM BbI-
MOJTHAEMON PaBOoTHI.

PaCHpeI[eJIeHHI)Ie Bbruncienus. Heckombko KOMITbIOTEPOB pa60TaeT BMECTE I10 CETU
JUUTSI BBITIOJTHEHUST KaKOM-TO 3a/[aum.

PacumdporsiBanue. B koHTeKcTE KpUTITOTpad iy 3TO TPOIIECC MTPEOOPA3OBAHIST
OTKPBITOTO COOOIIEHNUST B KPUIITOTPAMMY.

Peryasiproe Boipazkenue. [11a0I0H JIJIsT COMIOCTABIEHNS] CUMBOJIOB B CTPOKE.

Penakuuonnoe paccrosiuve. KonmuectBo usMeHeHmii, He0OOXOAUMBIX I TIpeod-
Pa3oBaHUsI OJIHON CTPOKU B JIPYTYIO.
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Pexypcus. [Ipoiiecc, KOTOPBI TPOUCXOUT, KOT/IAa METO/T BBI3BIBACTCS HAIIPSIMYIO
WJIN OTIOCPEZIOBAHHO.

Poaurensckas Bepmuna. Bepiina iepeBa, KOTopast IMeeT JI0UepPHIE BEPITUHBI, CO-
eIMHEHHbIE ¢ HEl ¢ oMOIIbio BeTBel. JIiobas BepiirHa JepeBa, KpoMe KOPHEBOIi, uMe-
€T POBHO OJIHOTO POJIUTEIS.

Canderka. Paznosuarocts camornoo6Hbix (hpakranos. HaunHaercs ¢ reomerpide-
CKOI1 (hUTYpBI, TAKOHM Kak KBa[paT WK TPEYTOJIbHUK, 3aTEM JIeJIUTCS Ha Takue ke Gury-
PbI, TOJIBKO MEHBIIET0 pa3Mepa, U PeKyPCUBHO 3aII0JIHSAET HEKOTOPbIe U3 HUX (HO He Bee).

Camonono0usiii ppakran. Kpusas, yacti KOTOPOIl HAIIOMUHAIOT €€ caMy.

CoanancuposanHoe JiepeBo. /[epeBo, KOTopoe Mpu HeOOXOAUMOCTH TIEPECTABIISIET
CBOW BEPIIUHBI, 4TOOBI HE CTAHOBUTHCST CTUIITKOM BHICOKUM HJTH TOHKIM. JTO TIO3BOJISI-
eT aJIrOPUTMaM, KOTOpbIe ero 06xoaaT, uMethb BpeMst BbinosHernst O(log(N)).

Ceugerenp @epma. Eciiu p 1 0 IBJIAIOTCS HATYPATbHBIMU YHCJIAMU B TUATIA30HE
1 <n<p,unpustom 7’ mod p # 1, Tora n HaseiBaioT cBUAETEIEM DEpMa, TTOCKOIbKY
OH JIOKa3blBaeT, YTO YUCJIO P HEIIPOCTOE.

CBsasanHblii. Y3761 A 1 B SIBISAIOTCS CBSI3aHHBIMU B HEHAIIPaBJIEHHOM CETH, eCTU
y3est B moctynien n3 y3na A. HenarpaByieHHasT ceThb SIBASETCS CBSIBHOM, €CIN KaK/IbIN
ee y3eJl IOCTYTIEH U3 JIOOTo IPYToro ysJia.

CaasHoe aepeBo. [lepeBo, cozepskaliee OJIMH UIH HECKOIBKO TPEOB.
Caa3ublii komnoneHT. Habop B3anMOCBSI3aHHBIX Y37I0B CETH.

Ceazublit cnucok. CIncok, siYeiiki KOTOPOTO COeJIMHEHBI OTHOM NI HECKOJIbKU-
MU CChLIIKAMU.

CwibHO cBA3aHHbI. HarpaBiieHHas ceTh sIBJISIETCS] CUITHHO CBSI3aHHOM, €CJTU KazK-
JIBIIT ee y3eJ1 OCTYIIEH 13 JIF0OOTO APYToTo y3Ja.

CuMMeTpHYHO cBsI3HOE epeBo. [lepeBo, cozieprkaliee Tpebl, KOTOpPbIE CIEAYIOT 110
CUMMETPUYHOMY 0OXO/Iy B IPSIMOM U 06PATHOM HATIPABJICHUSIX.

CummerpuuHoe mudppoBanue. Meto; mndpoBaHus, B KOTOPOM JIJisl KOJUPOBAHUS
U JIEKOJIMPOBAHISI COOOIIEHUI UCTIOIB3YETCsT OJIMH U TOT JK€ KU, DTOT KJIOU JI0JIKEH
ObITH KaK Y OTIIPABUTEISL, TAK U Y TIOJIyYaTelIs.

CumMerpuunbiii 00x0a. O6x0/ AepeBa WK CETH, IPH KOTOPOM CHaydaJa Hocela-
eTCsl JIEBBII J0YePHUIT OOBEKT BEPIIMHBL, IIOTOM CaMa BEPIIMHA U 3aTeM IIPaBbIil J04ep-
HUI OOBEKT.

Cucrosnyeckuii MaccuB. MaccuB, COCTOAIINI U3 MOYJIeit 06pabOTKHU JaHHbBIX, KO-
TOPbIE Ha3hIBAIOTCS STYEHKAMU U MCIIOJIb3YIOT AaPaJLIENN3M JAHHBIX 111 00eCIedeHst
napaieabHoi 06paboTKu.

Cua60 cBasannblil. HanpasiieHHast ceTh ABJIseTCs ¢1abo CBA3aHHOM, €CIM KasKIblit
ee y3eJI JIOCTYIIeH U3 JII060T0 JIPYTOoro y3Jia P YCJIOBHUU, YTO HAIIPaBJIEHHBIE 3BEHbSI
MO’KHO 3aMEHUTh HAa HEHATIPABJIEHHBIE.

Causinue BepumuH. [Iporiece pas/eeHus BEPIIMHBL HA IBE BO BpeMs J100aBJIeHMs
HOBOTO 3HaU€HUsI B cOATAHCUPOBAHHOE JIEPEBO.
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CaoBaps. Xeni-talbJnily HHOTIA HA3BIBAIOT CJOBAPEM, IIOCKOJIbKY OHA CBSI3bIBAET
KJIIOUU CO 3HAUCHUSIMIUL.

CiryyaiiHpliit HOUCK. IBPUCTUYECKAST METOAMKA HAXOK/ICHWS PE3yIbTaTa IMyTeM M0-
WICKa T10 JIePeBY IPUHSATHUS PEIIeHU.

Cwmesxnbrii. Eciiu iBa y3i1a ceT coeluHeHbl 3BeHOM, OHU SIBJISIIOTCST CMEKHBIMH.

CopTHpOBKa 1epeBOM. AJITOPUTM COPTUPOBKH, KOTOPBIi CHavYajia FeHepUpyeT OT-
COPTUPOBAHHOE JIEPEBO U 3aTeM BO3BPAIIaeT YIOPAAOYEHHbIE 5JIEMEHTBI C TOMOMILIO
CUMMETPUTHOTO 00X0/1a.

Cocragnoe uncao. HarypasbHoe uncsio 60sblie 1, KoTopoe He SBJISEeTCs TIPOCTHIM.
Cuucok FIFO. Cwm. ouepeds.
Cmucok LIFO. Cwm. cmexk.

Ccpuika. YkazaTeib, BeJIyIINIA U3 OHOU STYEHKN CBI3HOTO CITUCKA K APYTON MJIH,
B CJIy4ae ¢ IEPEBOM UJIN CETBIO, OT OIHOTO Y3J1a K IPYTOMY.

Crek marazunnoro tumna. Cm. cmex.

Crek. CTpyKTypa IaHHbBIX, [06aBIEHNE U yAAIEHHE 2IEMEHTOB B KOTOPOH TIPOTIC-
XOJIUT B IIOPSIJIKE «II0CJIETHUM 3allles] — [I€PBbIM BbIIIEJ».

Crenenb. B KOHTEKCTE BEPIIMHBI I€PEBa 9TO KOJUYECTBO JOYEPHUX OOBEKTOB, KO-
TOpPbIE OHA MIMeeT. B KOHTeKcTe JepeBa 9T0 MaKCUMaJIbHas CTEIIeHb JIIOOBIX €0 BEPILUH.
B xonrexcre y3Jjila B C€TU NJIN rpa(be 9TO KOJIMYECTBO 3B€HbEB, NCXOAAIIINX U3 JaHHO-
ro y3Ja.

Crpykrypa gaunbix. Criocod ynopsiounBaHus JAHHBIX, YIIPOIIAIONWIi pelieHne
KOHKPETHBIX 33/1a4.

Teopema o yeTbipex Kpackax. Teopema, yTBEPIKAAIONIAs, YTO JIOOYIO KapTy MOJK-
HO 3aKPAaCUThb MAKCUMYM YETBIPbMS IIBETAMH.

Teopus BbIYUCIMTEIBHOM CII0KHOCTH. Pazzes HMOPMaTHKY, CBI3aHHBIH CO CI0XK-
HOCTBIO BBIUNCTUTENbHBIX 33/1a4, OPMEHTUPOBAH HE HA KOHKPETHBIE aJITOPUTMBI, & Ha
TPOGIEMBI, KOTOPBIE PETTAIOTCS € WX MTOMOTIBIO.

Tomosioruueckasi coprupoBka. [Ipoiecc pacumpeHus YacTUYHOTO YIIOPSI0YNBa-
HUST CETH JIO TIOJTHOTO.

Tpen. IlocienoBaTe/bHOCTD CCBLIOK, IPOKIAbIBAIONIUX IIyTh 110 TAKUM CTPYKTY-
paM TaHHBIX, KaK JePEBO I CETh.

TpeyrosbHblil MaccuB. [[ByMepHbBIl MacCUB, B KOTOPOM 2JIEMEHTDI, HaXO/AAIIUeCs
Ha/l IMArOHANIBIo (9TO KOT/IA MHJIEKC CTOIO1a OOJIbIe HHEKCAa CTPOKH ), UMEIOT HEKne
3HAYEHNUs 110 yMouryanuio, takue kak 0, null wam «mycros.

Ynopsigouyennoe aepeso. JIepeso, B KOTOPOM TIOPSIIOK CIeA0BaHI 10YePHUX 00b-
€KTOB KaK/[O} BePITUHbI UMeeT 3HaYEHUE.

YpoBeHb. YPOBEHbD BEPIIUHBI JIepEBa — TO PACCTOSTHIE OT Hee JI0 KOPHSL.

¥Ycaosue ronku. Cutyaiius, pu KOTOPOI JiBa MPOIECCA TTBITAIOTCS BLITIOJHUTD 3a-
MICh BHYTPb Pecypca IPUMEPHO B OJINH U TOT Ke MOMeHT BpemeHu. [Ipotiecc, koTopsrit
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3aIIMChIBAET BTOPBIM, 06K AaeT. DTa pobieMa XapaKTepHa /1S PaciIpe/ie/leHHbIX BbI-
YUCJIEHUH, B YaCTHOCTHU KOT/Ia OINH KOMITbIOTEp uMeeT HecKoabko TIITY.

Maxropuan. Dakropuas yncia n (3aMUCHIBAETCS KaK 72] 1 TPOM3HOCUTCS KaK «9H
axropuans) papean x (n—1) x (n —2) x ... x 1.

Donc. Kosmuectso omepartuii ¢ murasaiorieit 3amsitoit B cexymay (floating-point
operations per second, uim FLOPS). CKopocTb BbIIOJHEHUS BLIYUCACHII HHOTIA U3-
MepsioT B Meradronicax, turadaiorncax, repadaioncax (1 TpaH dirorncos) nian netadJion-
cax (1 eic TepacomncoB).

(DOI)MyJIa NnMpAMOYTOJIbHUKOB. MeTo 1 yrCcIeHHOTO WHTETrpUpOBaHuA, B KOTOPOM /IJIs1
AlITIPOKCUMAIIUU TIJIOMIAN TTO/] KpI/IBOfI NCIIOJIb3YIOTCA MMIPAMOYTOJIbHUKH.

®opmyna Cumrncona. UncieHHBIN METO/] MHTErPAIIMY, KOTOPBIN AlIITPOKCUMUPYET
IJIONIA/Ib CHU3Y OT KPUBOIA C TOMOIIBIO IIOJIMTHOMOB BTOPO# CTETIeHN.

®opmyast Helorona — Koteca. YuceHHbIT METOJI UHTErPAIMHU, KOTOPBIN KC-
T0JIb3Y€ET MOJIMHOMBI 1151 AIITPOKCUMAIIMK KPUBOIL, 4T0OBI HAMTH IJIOIIA/lb CHU3Y OT Hee.

Xawnoiickast 6amnst. T0JI0BOJIOMKa, B KOTOPOU HYKHO [IEPEMECTHUTD CTOTIKY JMCKOB
U3 OJIHOTO KOJIBINIKA HA APYTOiL. J[MCKI HY/KHO TIEPEMETITATH TT0 OTHOMY; TNCK GOJTbITe-
TO pazMepa Heslb3sT TOMETIATh Ha/l INCKOM MEHBIIIETO THaMeTpa.

Xemmposanue. [Iporiecc IPUBSI3KY KJI0YA K OIIPEIEIEHHOMY MECTY B Xelll-TabJIHIIE.

Xemnr-tra6muma. CTpyKTypa JAaHHBIX U aJITOPUTMBI, KOTOPBIE TIPUBSI3BIBAIOT K OTpe-
JICJIEHHOMY €€ MECTY CaMU JIaHHbIE.

Iuka. I1yTe B ceT, KOTOPBI BO3BPAIAeTCsI B CBOIO HAYAIBHYIO TOUKY.

YacTtuuHoe yYHnopAaaouuBaHUE. MHuoxecTBO SHBHCHMOCTCP)I, KOTOPOE OIIpe/IeJIAET 110~
PANOK CJIEIOBaHNA HEKOTOPDIX, HO HE 00s13aTeIHHO BCEX COIEPIKalINXCA B HEM 00BEKTOB.

Yucaa Dubonayun. Yucia Gubonauun onpenessiorces yepes hynkimu Fibonacci(0)=
=0, Fibonacci(1) = 1, and Fibonacci(#) = Fibonacci(n — 1) + Fibonacci(n — 2), rne n > 1.

Yucaoas kBazparypa. CM. uuciennoe unmezpuposanue.

YucnenHoe uarerpupoBanue. [Ipoiiecc yncaeHHOM anmpoKCUMAITIH TITOIAH O]
KPUBOI, KOT/Ia ee Heb3sT PACCUNTATH TOYHO C TIOMOIIBIO MePBOOOPAZHON DYHKITIN
1 (HyHKIIMOHATBHOTO UCUYUCICHUS.

Upe3BbIuailHO MapaLIETbHBIA. AJITOPUTM, KOTOPBII MOJKHO €CTECTBEHHBIM 0Opa-
30M pa3buTh HA MapaJIeIbHbIe YacTH, TPEOYIONINe MUHUMAILHOTO B3AUMOJIEHCTRHS.

Illar mo unzaekcy. B xem-tabJiuiie ¢ OTKPHITOMN azpecarneii 1 THHeHbIM IPOOHPO-
BaHMEM 9TO 3HAUEHHE, KOTOPOE 100aBJISIETCS B KAKIYO MO3KMIIUIO IIPOOHOM MocIe10Ba-
TEJIbHOCTH.

ITupp Buskenepa. IoacTaHoBoUHBIH mH(P, B KOTOPOM Kaskiast OyKBa coobiie-
HIST CIBUTAETCST Ha HEKOE KOJIMYECTBO MO3UTIHH, OTIPEIEsIEMOe COOTBETCTBYIOTIEH OYK-
BOH KJIIOYA.

IIudp ¢ oanopaszossiMu GaokHOTaMu. [Tudp, Mpu KOTOPOM Kakaas GyKBa B CO-
obueHnn 00beAUHIETCS ¢ COOTBETCTBYIONIEH OYKBOM B GJIOKHOTE; COAEPKUMOE BJIOK-
HOTA TeHEPUPYETCs CIyYallHO UJIH TyTEM CIBUTOB. JTO TIOX0Ke Ha mudp Buskenepa,
B KOTOPOM JIJTUHA KJIF0Ya COBIIA/AET C JJIHOM caMOT0o COOOTIEHNSI.
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HIudp. [lapa anroputmMoB, KOTOPbIe UCIOIB3YIOTCS [T MUGPOBAHUS U paciud-
POBBIBAHUS COOBIIEHUIL.

ITucdpoBaHme ¢ OTKPHITHIM KIIOYOM. MeTo 1 hpOBaHMS, B KOTOPOM HCIIOJIB3YeTCS
JIBa KJTIOYA — 3aKPBITHI U OTKPBITHIA. OTKPBITHII KJIIOU UCTIOJIB3YETCS OTIPABUTENEM,
4yT06BI 3a1KM(POBaTh COOOIIEHIE, A 3AKPHITHIII — II0JIyYaTesieM, YTo0bl ero paciudpo-
BaTh.

IBpHUCTHKA. AJITOPUTM, PE3YJIHTAT PAGOTHI KOTOPOTO YaCTO OKA3BIBAETCSI XOPOIITIM,
HO HE O6ﬂSaT€JIbHO HaWJIy4IInM.

Aueiika. OObEKT, U3 SK3EMILISPOB KOTOPOTO COCTOUT CBSI3HBIN CIIUCOK. Sdeiika
COZIEPKUT JTAHHBIE U CCHIIKY Ha CIIEIYIONIYIO STYEHKY B CITHCKE.



ANNDABUTHBIN YKASATEJb

A

ABTOMAT:
JIETEPMUHUPOBAHHBII KOHEUHBII
(/IKA) 349-351
JIETEPMUHUPOBAHHBIN C KOHEUHbBIM
YUCJIOM COCTOSIHUN 525, cm. maxoice
aBTOMAT JIETEPMUHUPOBAHHBII
KOHEUHbBII
HeleTePMUHUPOBAHHBIN KOHEUHBIH
(HKA) 354, 355, 528

Anenbscon-Bembckuii, [eopruit Makcumo-

BUY 257

Anneman, Jleonaps 380

Anpecarus otkpbrtast 171, 172, 446, 529

Axceccop 105

Anroput™m 24, 25, 522
basossrit 181
Botiepa — Mypa 356—359, 450
BepositHocTHbrIit 60, 443, 523
I'padmueckmit 187
JlomosiHUTENIBHBIN ceTeBOI 324
Esximpa 53, 54, 380, 382, 522,
Haxosxnennsa mukios Droiina 92,
522
OcHosHoli ceTeBoii 296
Pacnpenenennsrit 402, 413, 414
C Bosspartom 194—196, 522
CruernmanuzupoBanubrii 240
CrpokoBbiii 345
®opaa — Dankepcona 338, 522
®Droiina — Yoprenna 315
Xox koug 198-200

Uepenaxu u kposanku 92—94, 522,
CM. MAKHce AITOPUTM HAXOKIEHUST
ukioB Doiiza
YucyeHuolit 45, 442
UpesBbruaiiHo rnapasiesbibiii 414,
452
AcUMIITOTHYECKAS CI0KHOCTH
(pousBoautesbHOCTh) 29, 33, 34, 36, 37,
40, 523
Acconmatusnbiii Maccus 169, 523

B

Bammsa xanoiickas 184—187, 534
BesomacHoCTh uepe3 HesiICHOCTH 365
bBesnaso, :xoBan bartucra 373
baiok 170, 523

biokuposka:

aKTUBHAA B3auMHasg 417, 522
B3anmuas 411, 412, 523

B

Baasausanue B crex 120

Benpo 266

Benmyuna 28
O6parnas 381

Bepmuna (y3en) 215, 523
Buemnsist 523
Buytpennsis 216, 523
Jlouepnsist 215
Kopmuesast 215, 527 cm. maxorce
00BEKT HOYePHUI
Opmoro ypoBus 523
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Popurennvckas 215
Tepmunansnas (ucrosas) 215, 216
Bersn 215, 218, 523
Buskenep, baesz 373
Busyanmzanust:
JlepeBa KBaJIpaHToB 244
cricka 85
dynxiuit 38, 39
Bossenenue B crenenb 54—56, 242
Bceraska 160, 444
dnementon 100
Aaeex 77
Boi6op pasgensiomniero saemenrta 151
Berpaskenmne:
apudpmeTnyeckoe 347
Gyseso 392, 393
MaTeMaTnueckoe 241
peryssipaoe 240, 348, 351, 531
Boicora 218, 524
Beprmner 216
[lepesa 216
BoitankuBanue u3s creka 120
Boruncienmue:
KBaHTOBOE 412
KJacTepaoe 526
MHoTOIpoIieccoproe 407
pacmpenenennoe 405, 531
PEMAKIIMOHHOTO COCTOSTHIST 359

r
I'enepatop 187, 524
Kpurmrrocroiiknii 48, 524
JIvHeNHbIIT KOHTPY2HTHBIH 46, 48, 49,
527
HempaBusbHbrii 48
[TceBmocayuaitabix yncen (I'TICYH)
45-47,187, 524
Pasrnomnpasnbrit 48
l'enepuposanue:

BesinunH 46
HEPaBHOMEPHBIX pacipefeieHuin 52
cydaiiubix Besnann 45—50
Tosmomanue 411
I'pad
JBymosnbubril 393
I'pun 406
I'pun-seramcienne 406, 407, 524

A
ek 133, 444

Jlepeso 215
2—-3-nmepeBo 261-266, 448
B-mepeBo 266-270, 448, 522
Bocxopamiee B-gepeso 270, 523
Mepapxudecku OpraHu30BaHHOE
B-nepeso 270, 526
B+-nepeBo 270-272, 522
ABJI-nepeBo 257-260, 522
Bunapnoe 34, 142, 143, 215, 218, 523
Bocbmepuunoe 248, 523
3asepiiennoe 217, 218, 223, 525
Urpwr 448
Upneanbnoe 217, 218, 253
Mepapxudecku opraHu3oBaHHOE
B-nepeso 270, 448
KBazpanTos (kBazposiepeBo) 243—
248, 524
Kpatuaiimero mytu 524
Munumansnuoe octosaoe 308, 528
Heymopsimogernoe 216
Ocrosnoe 307, 449 , 495, 529
OTtcoprupoBarHoe 529
ITosmoe 36, 217, 218, 530
[Tpedurcuoe 248—-252, 531
[Tpunartus penennii 274—294,
525
Cbanancuposantoe 257, 532
Csasnoe 235-240, 532
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CuMMeTpHUYHO cBsi3HOe 235, 532

Cunrakcuueckoe 347, 348, 351, 363,

450, 501

Ynopsimouernoe 216, 218, 229, 533
[lexomupoBanue 524, cm. makice
pacirdpoBKa
Jlenurens HanbombIIMiA 00t 52, 528
[lemudposanue (rekoanpoBanme) 366
[lmarpamma niepexojia coctostnuii 349,
CM. MaKdice aBTOMaT
JIeTePMUHUPOBAHHBIN KOHEYHBIH
JloGaBenue:

BepimuH 230, 231

s3nauennit 258—260, 262-264, 267

sueek 76, 77

E
EMmxoctb (npoiryckHas ciocoOHOCTh) 525

3

3ajaya:
NP-nonnas 394, 397
NP-caoxnas 394
Busanrtuiickux renepanon 420—423,
452
Boibopa smaepa 452
BoinosHumocTu 6yJieBbix (hopMyJI
293, 294
JlByx renepanos 419, 452
JlepeBa npunsartus penteruit 290—294
KomMmuBosizkepa 293
O BocbMu depssx 196, 197, 294, 525
O renepajie u jeiiteHanTax 421-423,
325
O nasnavenmsx 339
O panme 292, 293
06 ynakoBke B KoHTelHepbI 291
O6enatomux dpunocodos 416, 417,
452, 526

O6napyxenust 394—396
Onrtumusarun 282, 394-396, 526
Packposg 291, 292
CHHXPOHU3AINH 9acOB 452
Coobuenust 394—396
3axon Mypa 402, 429, 526
3JIOYMBITIITIEHHUK (TiepexBaTynk) 366,

526

n
Urpa:
sKusotnsblie 240, 241
Kpecrukn-nomnknu 275-278, 279
Wunmmarop 187, 526
Wurerparus Mowure-Kapiio 45, 66, 67,
69, 526
Wurerpuposanue uncientoe 60, 61, 534
Ucnosnb3oBanme:
RSA 380, 382
ObICTPOI COPTUPOBKU 154
orpaHuyuTesei 75
CBS3HBIX JlepeBbeB 238—240
crekoB 124—-129
xeni-tabauni; 88

K
Ksagpatypa 60, 526
Keazgparypa agantushast 63—66, 522
Keazgparypa uncioBast 534,
CM. Maxiice THTETPUPOBaHIE YNCTIEHHOE,
KBazparypa
Kmacc croxuocTn 451
Kiacrep 174, 406
Knacrepusaius 446
Bropuunas 176
[Tepuunas 173, 176, 530
Kiou 365, 526
Kosnmsuga 169, 527
Kommnonent csasnbiii 297, 532
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KommbioTep kBaHTOBBIN 412, 413, 526
Konuposanue 82
Kopenn 218, 527
KoaddurmentT 3anornenus xei-
tabuist 169
Kpusas
Koxa 187, 188, 527
Tunb6epra 189, 527
Cepnrckoro 190-193, 527
Kpunroananus 366
Kpurrrorpadus 21, 365-384, 527
Kyua 142, 527
JBotinasa 143—147

n

Jlanauc, EsrenuitMuxaiinosuy 257
Jlunnsa 215, cyu. maxoce ceobliika
Jluct 218

M

Mauas reopema @epma 59

MapkupoBka stueek 87

Maccus 96-119, 444, 528
AccoumatuBHbiil 523, cm. makoice
Xel-rabamnna
Boicokoit pasmeproctu 102—105
Bymepnbrit 101, 102
OpnnomepHbIit (THEHHDBIH) 98
PaBrOMpaBHO paHIOMU3NPOBAHHBIN
a1
C npomyckom 527
C paspbiBom 108—-110
Cucrommuecknii 403, 532
Tpeyrospubiit 105-108, 533

Marpura 115-117
C paspwiBom 117
Cwmesxnoctu 105, 528

Mamwna Teiopunara 389

Meropn 24, 25

Betseit u rpanmut 284, 285, 528
Mounte-Kapso 67, 443
Huprotona —Padcona 67, 68, 528,
cm. maxdce meton HbioTona
Hpiorona 67, 528, cm. maxoce meTon
Heiortona — Padcona
ITosnoro nepe6opa 282—284
C6opku mycopa 79, 115
Munumaxc 275-278, 448
Myp, T'opmon 3. 402, 526
Mpuerotekce 409-411, 529

H

Haxoxnenne:
MWHHUMAaJTbHON, MAaKCMaJIbHOM
u cpemaeit BeamunH 98—100
HanOOJIBIIEro 00IIero AeJauTess 52
nyznei 67-69
MPOCTHIX MHOKHTEEH 56—58
MPOCTHIX 3JIEMEHTOB 58, 59
cTpoku u croabua 110, 111
aJieMeHTOB 98
aueek 74, 75

(o]
O6ouboe 442, 529
O6manmuk Mepma 59, 71, 528
O6pabotka daitios 415
O6xo0x 529
B riry6uny 303, 304
B ob6paTrOM mopsizike 227, 228
B mmpuny 228, 304
Jlepesa 223
Cetu 302
CummeTtpuunbiit 226, 227, 532
O6mbekT pouepHuii 525,
CM. makxce BepIInHa J0YEPHSIS
Orpannuntens 75, 76, 529
Owmera 6outbioe 388, 529

339



AndaBuTHbIV yKasaresb

Omnepanyp 242, 393

Ormpasurenb 366, 529

Ouepenp 129-134, 130, 444, 530,

cm. makce criicok FIFO
Maccusos 130-133
C npuoputerom 133
Cas3ubix crinckoB 130
CrenuanuaupoBannas 133

n

[Tapannemmam 402
Jannbix 530
3amgau 530

[Tapocoueranne aBynompHOE 339, 394,
524
[lepenBuxenue:
1o cruckam 73, 74
anemenTa 148
[TepecranoBka 447, 530
[Ipuopureros 411
Cronbiios 369-371
Crpoxk/croabios 367-369
[TepexBaTunk nndopmaruu 366, 530
Iletsa 296, cm. maxoce UK
[ToBTopHas TpaccupoBka crcka 89, 90
[Mommepero 216, 218, 530
[Moamuce nudponas 384, 451
[Toxcranoska mpoctast 375
[Mouck 163—-168, 309-315
bunapwusiit 164, 165, 523
Bepmun 231
Wureprnionsmuonusnii 165, 166
Kparuaiimero mytu 310-315
JluHelinbril (McuepnbBatonnii) 98,
163, 164, 526, 527
Meronom nosHoro nepebopa 415
ITo HenHpeKCUpoBaHHON Hase
JTaHHBIX 415
[To nepeBbsim urpor 274—-281

[TpoussosibHoOTO TIyTH 309
Cayuaitusrii 415, 533
IMuknos 324, 327, 328
[Monyuarens 366, 530
[Monyuyenune 3navenus 111
[MocnenoBaTebHOCTH TPoGHas 171
[TocTpoenmue:
nepeBbeB 220—-223
JKA 1715t peryasipHbIX BhIpaKeHUI
351-354
3aBEpPIIEHHBIX JiepeBbeB 223
CBSI3HBIX JlepeBbeB 236—238
ITotok 85, 86, 336
Makcumanbabril 336
IToromoxk 215, 218, 530
[Tpemok 215, 218, 528, 531
[Tepsbiii (HauMeHbIINI) 06Imuii 216,
218, 528, 530
[TpuBsizka k aucky 416
[Ipobuposanue:
kBazipatnunoe 174—176, 446, 480
guHenHoe 173, 174, 180, 446, 480,
527
riceBnocaydaitnoe 176, 480
[Tposepxa:
Ha mpoctotry 59
csiznocTu 305-307
[TpornenT 3amoarenns 480, 531
ITceBnoxon 25-27
[Tyts 531
Hononusionuii 338, 525

P
Pasnompasue 48, 49, 443, 531
Paznenenmne:

BepIUHBI 262

KopHs 263, 531
Pasmerenne 201

Bes moBropenmnii 205
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C nosropenusimu 204 , 205
Paszpes murnmanbubiii 340—-342
Panpomusanua 436, 442, 445, 446

Jlannbix 45—52

Maccusos 50-52, 151
PackpamuBanue kaptol 328

JBy™ms mietamu 328—-330

[Tsaroio BeTamu 331-335

Tpewms nieramu 330, 331

Yetwipbmst BeTamu 331

Pacnpenenenue pabounx mect 338—340,

531
Pacmmdposka 531, cm. makace
JIEKOZIPOBaHME
PacmudpossiBanme 531
Pebpo 531, cm. maxsice 38eHO
PerepcupoBanue:
MaccuBa 124
crmcka 90-92
Pexypcust 181-212, 532
MHuosxecTBenHas 528
Onunoynag 529
ITpsmas 531
Pemero Iparocdena 58, 71, 390,
443
Pusect, Ponann 380
Ponurens 218

Cc
Cangerka 193, 194, 532
Ceprinrackoro 193
Csuzerens Mepma 59, 532
CBoiicTBO:
asroputma 28, 29
GuHapHOTO AepeBa 219
Kacca 243
CsasbiBanne 445
[Tpswmoe 169, 170
Ynopsgouennoe 446

Cetn:
nBynoabHas 339
narpy:kemnas 336, 528
ocratouHas 337, 529
manapHas 331
[10/ICTAHOBOYHO-TIEPECTAHOBOYHAS
377
CUJIBHO cBsi3Hast 297
cnabo ces3Has 297
Ckob6xu napubie 345—349
Cuausinue Bepura 265, 533
Crosapb 169, 533, cm. maxaice xe-
TabJuia
Cunmok 427, 428
Coobuienue cummerpudnoe 380
CoprupoBKa:
Gsounas (kopsunHas) 159, 160
ObicTpas 148, 149, 152, 154, 160:
BaroHos 1oesza 124—126
BcraBkoii 82, 127, 128, 136—138,
160
BeIOOpOM 128, 129, 138, 139, 160
nepeBoM 533
MeTon0M Bhibopa 84
nupamuganviasg 142, 147, 148, 160
noxacueroM 157, 158, 160
my3bipbkoBasg 139—-142, 160
causauem 155-157, 160, 416, 452
tornoJsiornueckas 18, 324, 326, 533
BHeITHsIsT 156
co crekamm 151
ycroitunBas 156
Cocrostine rouxn 407, 409, 413, 429
Coueranue 200, 201, 533
Bes mosTopennit 204
C nosropenusimu 202, 203
C mmknamu 201, 202
Crmrcok:
JIBYHAITpaBJIeHHbIN cBsA3HbBIN 79, 80
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KOJIbIIEBOI CBsA3HBIN 86, 87, 527
MHOTOIIOTOKOBBII CBI3HBIN 85
OJIHOHATIPABJIEHHbIN CBSI3HbIN 73—78
cBA3HbBIN 72, 81, 443, 532
¢ rmukyiamu 86—94
copruposannbiii 80, 81, 128
FIFO 444, 533, cm. makace ouepenp
LIFO 119, 533, cm. maxoce crex
Crioco6HOCTD OCTaTOYHASE TIPOITYCKHASI
337
Crek 119, 120, 183, 444, 533, cm. maxce
LIFO, cnincox LIFO
BwzoBa 183
[Botinoi 123, 124
Marasunnoro tuma 120, 121, 533
Maccusos 121-123
Csasnoro crucka 120
Crenens 34, 218, 298, 533
Bepumuner 215, 218
Bxopamiaa 298, 524
Jepesa 215, 266, 267
Ucxopsmas 298, 526
V3ma 296, 297
Crusenc, Pox 16
CxeMma 0JHOPa30BbIX OJIOKHOTOB 375,
376
Ccouika 215, 533, cu. maxoice munus
Crpykrypa 25
Jlannwix 442, 533

T
TekcT oTKpBITHII 366

Teopema Kyka — Jlesuna 392
Teopema o yernipex Kpackax 331,

533

Teopusi BBIUNCIUTENBHON CJIOKHOCTH
387

Tepaduronic 407, cm. maxace dpiorc
Teta 6osbinoe 388, 529

y
Y nanenue:
Bepunn 232-235
snauenus 113-115, 260, 264, 268
pexypcun 206-212
anemenTtos 101, 172
aueek 78,79
Y3en-cectpa 215
Hoctymmbiit 525
[louepnnii 216
YnopsimounBanue 4acTuaHoe 325
Vposens (riybuHa) Bepiuuabl 216, 218,
534
YcnoBue ronku 534
Ycranoska 3navenns 111

(<)

Daxropuan 181-183, 415, 534

@uoiia, Pobept 92

Duroric 534, cm. makace Tepadiiorc

DopmyJia mpsIMOyroabHUKOB 61, 534
Hprorona — Koreca 61, 63, 534
Cumricona 63, 534
Tparnenuii 61, 62

Oyuxkius diepa 381, 382

X
Xanoiickas 6amns 126, 127, 534
Xemmuposanne 169, 534
JIBoiinoe 176, 180
Ynopsnouernoe 176, 179
Xem-tabmuna 101, 168-171, 173, 174,
178, 534, cm. makace acCOUATUBHBII
MacCHUB, CJIOBapb
Xwum 183
XpaHenue:
IOJIHBIX OMHAPHBIX I€PEBLEB
B MaccuBax 142, 143
MTPOMesKyTOUHbIX 3HaueHuit 208, 447
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L
Iuka 296, 534
B aByHaIpaBiIeHHbIX CBA3HBIX
crmckax 94
Pa6ounii 33—38
Dotima 92
l.l
Yucmo:
B3auMHO TIpocToe 381, 523
HaTypasibHOe 528
HavasbHOE 46
mpoctoe 56, 531
cocrasHoe 56, 533
Dubonauun 183, 184, 456, 534

LU

[MTamup, Anu 380

Mudp 366, 535
baounsrit 376

Buxenepa 373, 534
MapmpyThbiii 371
TToxcranosounsiii 372—-376, 530
[TepectanoBounsrit 367-371, 530
C oxHOpPa30BbIMU OJTOKHOTAMU 535
Deiicrens 378
Iesapst 372

[Mndposanne (koaupoBanue) 366
C otkpbIThiM KitouoM 380, 535

9

Ispuctuka 38, 279, 449, 535
[epesa nurpnr 279-281
[lepeBa IpUHSTHUS pelieHUH
285-290

b dexT cayuaitnoctn 417

qa
Aueiika 74-79, 535



Bce npaBa 3aiymiieHsl. Knura namy niobast ee 4acTb He MOXeT ObiTb CKOMupoBaHa, Bocrnpon3seaeHa
B 3/IEKTPOHHOW Ui mexaHuyeckor popme, B Buae ¢oTokonuu, 3anvcu B namste 3BM, penpoaykumm nnm
KakuM-1160 nHbIM CriocoboM, a Takxe UCrosib3oBaHa B 1060V nHGOopMaLMoHHON cucteme 6e3 rosyyeHus
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MpakTnyHoe 1 NnogpobHOe PyKOBOACTBO MO OCBOEHMIO aNroOpUTMOB

Anropuntmbl. TeoOpua 1 NPaKTUUYECKOE NPUMEHEHUE

KHWra sIBASIETCH NPaKTUYECKU OPUEHTUPOBAHHbBIM PYKOBOACTBOM

Mo U3YYEHUIO aATOPUTMOB. B KHMUre NPoOBOAMUTCH MX aHaAU3, pa3bupatotcs
TUMbl CTPYKTYP AAHHbIX U METOAbI paboThbl ¢ MacCUBaMM, CBA3HbLIMU
crnuckamu, AepeBbAMU, CETAMU; ONMUCHIBAKOTCA OCHOBHbIE aATOPUTMbI
MOUCKA U COPTUPOBKK MU CETEBbLIE AaATOPUTMbI; OTAEABHO PACCMOTPEHbI
AATOPUTMbI LUIMPPOBAHUA MHPOPMALMN.

* boAbLIO# 06Lem obyualowwero marepuaaa ¢ NnoApoOHbIM NPAKTHYECKHM NPUMEHEHHEM
* YnpaXXHeHHA B KOHLE KaXXAOH rAaBbl AAA 3aKpenAeHHA MaTep1ana

* Bce aAropuTMHYECKHE TEPMHHbI B 0TAEALHOM paspeAe

 Pa3bop 3apa4, BCTpeyarowWwuxca npu npueme paspaboruukos Ha paborty

Poa CTMBEHC Ha4yuHaA CBOKO Kapbepy Kak MareMatuK, HO, OKYHYBLUMChb B 3aXBaTkbIBalo-
LMK MWD aAropuTMOB BO BpeMs rpebbiBaHWsa B MaccauyyCceTcKoM TEXHOAOTMYECKOM
WHCTHUTYTE, YBAEKCSH NPOorpaMMupoBaHueM, YeM M 3aHUMaeTcs no cei AeHb. OH oTme-
YeH Harpapamu 3a CBOK [PENoAaBaTeAbCKyro paboTy M pPEeryAspHO BbICTynaer
Ha KOH®epeHUUsX. Ha ero cyety 26 KHUI, NepeBeAEHHbIX Ha AECATKA A3bIKOB.

B KHUre nocAeA0BaTEABHO U AOXOAUMBO PACCMOTPEHbI 06A3aTEAbHbIE

AAA TOHUMAHWUA NPUKAAAHBIE BOMPOCHI — OT paboTbl C COPTUPOBKOM, CMIMCKaMM
1 AEPEBBbAMU AO MAPaAAEAbHbIX Y KpUNTOrpadUueckux aAroputMoB. KHUra
MPUTOAWUTCA CrEeLMaAMCTaM HauaAbHOrO U CPeAHEro YPoBHSA. CTYAEHTbI HalAyT
Tam Bce HeOOXOAUMOE AN PELLEHWUA TUMUYHBIX aATOPUTMOB, CNELMAAUCTbI —
MOHATHOE U3AOXEHWE CAOXHbIX Beller. [ceBAOKOA BMECTO MCMOAB30BaHUSA
KaKoro-AMbo A3blka NPOrpaMMMUpPOBaHUSA U TLLATEABHO NOAOOPaHHbIE 3aAaun
ASHOT XEAALLIMM BO3MOXHOCTb NOAPOOHO 03HAKOMMUTBLCA C AOObIM
3aUHTEPECOBABLUUM WX PA3AEAOM.

OmuTpuin benaBckuia, TexHnuyecknin LueHTp MHTepHet

JlononHuTenbHble MaTepuranbl MOXHO CKayaTb MO agpecy:
http://eksmo.ru/upload/Algorithms_examples.zip
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