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OTr usparenncrea

[Ipy moAroToBKe AaHHOII KHWUTH K TeYaTH, ee pykKomucu ObLIM mepe-
naHbl s ob6cyxaenust uieHam coobuecta ru-scala (http://ru-scala.
livejournal.com/), npuHsIBUIMM caMoe JesITEJIbHOE ydyacTHe B ee yJyuy-
LIEHUH.

Ocobyio 6aaronapiocTh u3nateasctBo Bhipaxkaer Pyciany IleBuen-
ko, Butammo Mopapuany, Anizpeio Jlerkomy u MBany ®enoposy. Crna-
cubo Bam, ipy3bs! Baiy noMouib repeoLeHuTh HEBO3MOXHO!



Mpeauncnosue

Koraa st Bcrpetun Kesi Xopctmanna (Cay Horstmann) teckonbko JieT
TOMY Hasag, OH cKasaj, YTO HeoOXOAMMO HAMHCaTh XOPOIYI0 BBOAHYIO
KHUTY, onucbiBaionyo si3bik Scala. Kak pa3 nepen sTHM Bbiiga Mosi
coOCTBeHHasl KHUTA, [I03TOMY $1, Pa3yMeeTcsl, CIIPOCHJI ero, UTO B Heil He
tak. OH OTBETWJI, YTO KHHUIA 3aMeyaTesIbHasl, HO CJHIIKOM OoJblias —
€ro CTy[eHTaM MPOCTO He XBATaeT TEPNEHHST MPOUHTATh BCE BOCEMBCOT
crpanull kHurk «Programming in Scalas. MHe He ocraBanoch HIYEro
WHOrO, KaK TMPU3HATh ero npaBoty. V1 oH Bo3Hamepucs HCHPaBHTb CH-
Tyaluio, HanucaB KHUTY «Scala fi1s1 HeTeprneTBoIX».

$1 oueHb paji, YTO €ro KHMUIa HAKOHEI[ BBIILIA, IOTOMY YTO OHA MOJIHO-
CTbIO COOTBETCTBYET cBoeMy HasdBaHuio. OHa npexacrasysieT coboil BeCh-
Ma IIpaKTHYHOE BBeZleHHE B SI3bIK mporpaMMuposatiis Scala, omucniBaer,
B YAaCTHOCTH, YEM 3TOT SI3bIK OTJIMYAETCS OT Java, KaK MpPeolojieBaTb He-
KOTOpbI€ TUITHYHBIE TIPOOJIEMbI, BO3HHUKAIOIIHE TIPI Cro H3YUEHHIL, I KaK
nucaTh XOPOILUUiT MporpaMMHBbIiT KOa Ha si3bike Scala.

Scala — upe3BbIuaiiHO BHIPA3UTEIbHBII U IHOKIIT SI3BIK TIPOrPAMMUPO-
BaHust. OH N03BoJIsIET pa3paboTurkaM OUOJIMOTEK IICIIONb30BaTh BECbMa
CJI0XHbIE, BBICOKOYPOBHEBbIE a0OCTPAKIMK, UTOObI MOJH30BATENN ITHUX
O6ubIMOTEK, B CBOIO OYEPelb, MOTJH JIEFKO H MPOCTO BBIPAXaTh CBOU
MBICJIH. B 3aBHCMMOCTH OT TOro, ¢ KakKMM KOJOM BbI CTOJIKHETECh, OH
MOJKET Ka3aThCsl OYEHb MPOCTBIM HJIM OYEHb CJIOXKHBIM.

Ton Haszaz s1 MOMBITAICST AaTh HEKOTOPBIE PA3bsICHEHHST, OTIPEETIHB PsI
ypoBHeii 151 si3bika Scala u ero cranaaptHoit 6ubanorexit. Beero 66110
BbIIEJIEHO TI0 TPU YPOBHsI VISl MPUKJIAAHBIX MTPOrPAMMMUCTOB I JIJIsST CO3-
nareneii 6ubnnortex. HavyanbHbie yPOBHU ObIJIM NPOCTBI B H3YYEHHH, U HX
ObLJIO BIIOJIHE [IOCTATOYHO, YTOOBI HAyaTh MUCATh MPOrpaMMbl. 3HAHUSI,
TMOJIyYaeMble Ha CPeHUX YPOBHSIX, O3BOJISTIOT MHCATh O0Jiee BhIPA3UTE Ib-
Hbie ¥ 6oJiee (PyHKLIMOHAJIBHBIE MPOTPaMMBI, a OubaoTekH Gosee rubKie
B MCMosib30BaHUU. OCBOUB BbICUINE YPOBHH, TPOTPAMMHUCTbI CTAHOBSITCS
JKCIIEPTaMH, CIOCOOHBIMY pelIaTh Cliellalu3upoBaHHbie 3a/aun. B to
BpeMsl 51 Ucall:



Mpeancnosue %illll.

A nadeiocw, umo amo nOMoINCem HAUUHAIOUUM DEWUMD, 8 KAKOM NOPSO0-
Ke usyuamo membvl, @ YHUMensIM u asmopar Kuue nodckaxicem, 8 KaKom
nopsdie npedcmagiams mamepual.

Kuura Kest crana mepBoii, rae ata ujes 6bljia BOILIOIIEHA B KU3Hb.
Kasxnast rjiaBa nomeyeHa 3Ha4KOM, 0603HAYAIOIIM €€ YPOBEHb, KOTOPBIIt
CO00UIaeT YHTATE/I0, HACKOJIBKO MPOCTOH WM CJIOKHOM OHA SIBJISIETCSI
H Ha KOro OPUEHTHPOBAHA — Ha Pa3paboTYUKOB OUONMOTEK WJIM IIPH-
KJIaAHbIX MPOrPaMMICTOB.

Kak Moskiio orazaTbest, IiepBble TJIaBbl IPEACTaBIsIOT co0oii ObiCTpoe
BBE/IEHIE B OCHOBHbIE BO3MOXHOCTH si3bika Scala. Ho xnura He ocra-
HaByinBaeTcsl Ha atoM. OHa Tak)Ke OXBaTbIBA€T MHOXKECTBO KOHLIEHIIHIT
«Cpe/Iilero» YPOBHSI H, HAKOHEL, [IOXOIUT J0 ONMCAHHUST BECbMA CII0KHBIX
TEM, KOTOpbie 00bIUHO HE PAaCCMATPUBAIOTCS BO BBOJAHBIX KHUTAX, TAKHX
KaK co3ZaHue napcep-KoMOMHATOPOB MJIM MCIIOJIb30BAaHUE OrpaHUYeH-
HbIX TpOROJKeHuit. MeTKkyn, 0603HayaIoIe YPOBEHb, MOTYT CHIY>KUTb
PYKOBOICTBOM IIpH BbiOope riias iuist uteHust. M Kelo ¢ ycnexom ynanoch
MPOCTO ¥ JIOXOMYHMBO PAcCKa3aTh AaXKe O CAMBIX CJIO0)XKHBIX MOHITHSIIX.

MHe HaCTONIbKO TOHpaBWJACh Waest KHUTHU «Scala mys Hetepmesau-
BbIX», yTO 51 npemynoxun Keio n ero penakropy Ipery doenuy (Greg
Doench) BbLJIOXXHTD NEPBYIO YaCTh KHUTH B CBOGOAHBII JOCTYN Ha BEO-
caiite Typesafe'. OHu J1106€3HO COrJIACHIINCH C MOMM MPEAJIOKeHUeM, 3a
4TO 51 0ueHb GsarogapeH uM. Terepb J11000i1 XKenaoUUil MOKET OBICTPO
00paTHTBCsI K caMOMYy JIy4YlIEMY, HA MOM B3IJIsil, KOMIAKTHOMY BBeJle-
HHIO B s13bIK Scala.

Maptun Ogepcku (Martin Odersky)
Ansapp 2012

' http://typesafe.com/resources/frec-books. — Ipunm. nepes.



Berynnenme

PazButue s3bikoB Java u C++ CyLIeCTBEHIIO 3aMeJIIUIOCh, I IPOrpaM-
MHCTBI, CTPEMSIILHECsT HCIOJb30BaTh CaMble COBpPEMEHHbIE TEXHOJIOTHH,
o6paTHIU CBOM B30PbI Ha ApyrHe sI3bIkK. Scala ~ BecbMa npHBJIEKaTeNb-
HBII BBIOOP. SI CUMTAIO, YTO TO CaMblil HHTEPECHBIH BapHAHT AJs1 MPO-
rPaMMHCTOB, CTPEMSILIMXCSI BHIPBAaThest 3a pamkn Java man C++. Scala
uMeeT BbIPa3UTEJIbHBbIN CHMHTAKCHC, KOTODbII BBIMJISIAHT BeCbMa CBEXO
nocjie mpueBUIMXcsl wabsioHoB Java. IlporpaMMbl Ha 9TOM SI3bIKE BbI-
TIOJIHSIIOTCSI TIOJ, yTipaBjieHueM BUPTYaJbHOH MauIMHBI Java, YTO OTKpbI-
BaeT JOCTYN K OTPOMHOMY KOJHYeCTBY OHOMHOTEK I HHCTPYMEHTOB.
OH mnozanepxuBaet (YHKIMOHATIbHBIII CTHIL MPOrpaMMHIDPOBAHUS, He
OTKa3bIBasICh MPHU 3TOM OT 0OBEKTHO-OPHEHTHPOBAHHOTO CTILISI, [aBast
BO3MOXXHOCTb OCBanBaTh HOBbIe MapaZiurMbl rnocrenenHo. Vureprnpera-
TOP IAeT BO3MOKHOCTH OBICTPO ONMPO6GOBATH CBOM HJIEH, YTO MPEBpALIACT
usyueHue Scala B BecbMa yBiiekaresabHoe 3aHsitue. Hakonelr, si3bik Scala
SIBJISIETCST CTATUYECKH THITM3MPOBAHHBIM SI3BIKOM, UTO [JaeT KOMIIUJISITO-
Py BO3MOXHOCTb HaXOAWTb OIIMOKH, a BaM He TPaTHTL BpeMsl Ha HX
NOUCK B paboTaioleii nporpaMme.

S HanMcan 3Ty KHUTY 11 Hemepneaugolx unTaTteseii, )kealonHx mpH-
CTYIIUTb K NMPOrpaMMHpPOBaHMIO Ha si3bike Scala HememstenHo. S nona-
raio, UTo Bbl 3HaKOMbI ¢ Java, C# ninu C++, 11 motomy He Oyny yTpyx-
aath cebst 0OBSICHEHHEM, YTO TaKoe TePeMeHHbIE, HIKJIbI I KJIACCHI.
51 He Gyny TepreJUBO MEPEUHCISITh Bce 0COOEHHOCTH sI3bIKA, 51 He Oyay
YUTATh JIEKUUHK O TPEBOCXOACTBE OJHOH MapaJMrMbl HajA APYroii, 1 s
He 3aCTaBJI0 Bac IPOAUPAThCS CKBO3b AJHMHHBbIE HCKYCCTBEHHbBIE IMPH-
Mepbl. BMecTo atoro Bul Gyzere mosyyaTh 11€00X0AIMYIO HiI(OPMAIIHIO
HeOOJIBIIUMH TIOPLHSMH, YTOOBI €€ MOXKHO ObLIO OBICTPO MPOUYNTATH U
BEPHYTHCSI K Hel pu HeOOXOAMMOCTH.

Scala — c10%HBIH SI3BIK, HO BbI CMOXKeTe (P(PEKTHBHO HCIOJIb30BATh
ero, axke He 3Has Bcex ero tonkocreii. Maptun Onepcku (Martin Od-
ersky), coznatenpb sispika Scala, onpenennn ypoBHH BJAfEHHS SI3BIKOM
JJIST TIPUKJIQIHBIX IPOTPAMMHUCTOB ¥ Pa3paboTUNKOB GUOIHOTEK, KaK M0-
Ka3aHo B Tabu. II.1.



Bcrynnetue

Tabnuua I1. 1. YpoBHu BnageHus s3bikoMm Scala
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NpuknagHblie PaspaboTunku 0O6wuii ypoBeHb
nporpaMmMmcTbl 6ubnuorek B/IaAEHUA A3bIKOM
HavanbHbin HavanbHbin
NepexoaHoiii MpocTon NepexoaHbii
3kcnepT CnoxHblin [ CnoxHbin
dkcnept 3kenepT

Kaxnas riaBa (a MHOTAA M OTAeJbHble Pa3/esbl) IOMeYeHBbI CIie-
LMAJbHBIM 3HAYKOM, 0OO3HAYAIOUIMM YPOBEHb BJIAJEHUsS SI3BIKOM, He-
00XOAMMbIM UJis1 ee uTeHus. [J1aBbl CAeAyIOT Mo BO3PACTaHUIO YPOBHSI
cnoxunoctn JY) m, E¥ I B8] B Jaxe ecau Bbi He nuanupyete
coszaBaTh coOCTBEHHbIE OHOIMOTEKH, 3HAaHHe UHCTPYMeHToB Scala, ko-
TOPBLIMM TOJIL3YIOTCS Pa3pabOTYHKK GHOIHOTEK, TOMOXKET BaM 3¢ ¢eK-
THUBHEE UCIIOJIb30BATh YyXKue OMOJIHOTEKH.

Hazelocn, BaM 1I0HPaBUTCSI M3Y4aTh sI3bIK Scala ¢ OMOLbIO 3TON KHM-
ri. Ecau Bbl oGHApyxuTe OMMOKU WM Y Bac HOSIBSTCS IPENJIOKEHHUST
1o yJiyuenio, nocerire cait http://horstmann.com/scala u ocraBsre
cBoit koMMmeniTapuil. Ha atom caiite Bbl Takke Haiizere ccbuiky Ha aitn
apxiBa, Co/iepKaillero Bce IpuMephbl IPOrpaMMHOrO KOZIa U3 3TOI KHUTH.

S ouenn Osaromapen [mutpuio Kupcanoy (Dmitry Kirsanov) u
Anune Kupcanosoii (Alina Kirsanova), npeBpaTuBuiuM Moo pyKONHCh
B ¢popmare XHTML B 3aMeuatesibHYIO KHUTY, TO3BOJIMB MHE CKOHIIEHT-
PHPOBATLCST HHa COAEPXKMMOM M HE OTBJIEKaThest Ha odopmietive. JIoboit
aBTOP CKa)KeT, HAaCKOJbKO 3TO 3/10POBO!

Kuury peuensuposasiu: Anpuan Kymucku (Adrian Cumiskey), Maiik
Hasuc (Mike Davis), Po6 Quxxeric (Rob Dickens), Januann Cobpan
(Daniel Sobral), Kpeiir Tatapun (Craig Tataryn), Issug Yoaenn (David
Walend) n1 Yumpsnm Yusiep (William Wheeler). Cnacu6o Bam 3a Baiuu
KOMMEHTAapIHH 1 npeIoKeHus!

Haxkonel, xax Bcerza, Xouy BbIPa3uTb MPHU3HATEJbHOCTH MOEMY pe-
naxtopy Ipery Joenuy (Greg Doench) 3a To, uTo nogan uzaeio Hanucarthb
ATy KHHUTY, 11 32 €ro MOJIEPXKKY B Mpoliecce paboThl.

Keii Xopcmmann (Cay Horstmann)
Can-D@panyucko, 2012



06 astope

Keit Xopcrtmann (Cay S. Horstmann) — ocHoBHoIl1 aBTop kniiru «Core
Java™, Volumes I & II, Eighth Edition» (Sun Microsystems Press,
2008)', a TaKkxe MECSTKOB APYTMX KHUT sl NPOdecCHOHANbHBIX MPO-
rPaMMUCTOB M CTYIeHTOB akysbreToB HHGopMmaTHkH. On sBiasercs
npocdeccopom nHbopmarnkn ynusepcutera B Can-Xoce u obsanareiiem
3Banus Java Champion.

' Keit C. Xopcrmann, I Kopuesut. Java 2. Bubmioreka npocdecenonana. Octio-
Bbl. — T. 1. — Busbsime, 2008. — ISBN: 978-5-8459-1378-4; Keii C. Xopcrmaty,
I Kopuesnn. Java 2. Bu6aunoreka npogeccronana. TonkocTi nporpaMMipoBa-
nust. — T. 2. — Busbsanc, 2008. — ISBN: 978-5-8459-1482-8. — IIpun. nepes.



Fnasa 1. OcHoBbl

TeMbl, paccMaTpuBaemMble B 9T0i rnase gAY

. Mutepnpetatop Scala.

. ObbsiBNEHNE 3HAYEHUIN U NEPEMEHHbIX.

. YacTto ncnonb3yemble TUNbI.

. ApudmeTtnka n neperpyska oneparopos.
. Bb130B yHKUMIA N MEeTOAO0B.

. Metopn apply.

. Scaladoc.

YnpaxHeHus.
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B aroii rnase Bbl y3HaeTe, Kak HMCHOJIb30BaTh sI3bIK Scala B KauyecTBe
MOLIHOIO KapMaHloOro KaJbKyJISITOpa, BBINOJHASI apudMeTHyecKkue one-
palMH HaJl uicjaMil B uHTepakTUBHOM pexkuMe. [lonyTHo 3mech Oyner
TIPEACTABJICHO MIIOXKECTBO BAXKHLIX TOHSITHH M UAMOM si3bika Scala. Bel
TaloKe y3HaeTe, KaK NpocMaTpuBaTh AoKyMmeHTauuio Scaladoc.

B sToMm BBezeHHN paccMaTpUBAIOTCSI CIeAYIOLie OCHOBHbIE TEMBI:
HCII0JIb30BaHIle 1HTepnpeTaTopa Scala;
olpezicJielilic epeMeHHbIX ¢ TOMOLIbIO OOBABIEHUH var U val;
YHCJIOBbIC THIIDI;
HCIOJIb30BaHHE ONepaTopoB U (PYHKIHI;
nasuraiyis no gokymentaipu Scaladoc.

o000

1.1. UHTepnpeTtaTop Scala

Yrobb npucTynuTh K pabote ¢ HHTEpIperaTopoM Scala, He06X0AMMO:
yCTaloBITL sI3bIK Scala;

N00aBUTD MYTb K KATAJIOTY scala/bin B IEPEMEHHYIO OKPYKEHHs1 PATH;
OTKpPBLITb OKIIO TEPMHHAJA B CBOEi OIepalnoHHOM cucTeMe;
BBECTH KOMaHJly scala W Ha)kaTb Knasuuly Enter.

Uooo

Cosert. He niobute nonb3osatbcs komaHaHon o6onoykon? Apyrve cnocobbl
3anycka nHTepnperaropa onucbiBaloTcs Ha ctpaHuue http://horstmann.com/
scala/install.
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BBonuTte ciemyiomniie KOMaHIBI, 3aBePIIasi BBOJ HAXKATHEM KJIABHIIU
Enter. Kaxzsiit pa3 unteprnperatop 0yzer BoiBoauTh oTBeT. Hanpumep,
€cJIM BBeCTH 8 » 5 + 2 (Kak MOKa3aHO HUXe), HHTEPHPETATOpP BBIBELET
OTBET 42,

scala> 8 « 5 + 2
res0: Int = 42

PeSyJIbTaTy HasHauaeTcst UM res0. Ero M0o>XHO HMCNOJIb30BaTh B T10-
CJIeAYyIONUX BbIYHCIEHUAX!

scala> 0.5 « res0

res1: Double = 21.0

scala> "Hello, " + res0

res2: java.lang.String = Hello, 42

Kaxk Buaure, UHTEPIIPETATOP TaKXXe 0T06pa>1<aeT THI pe3yJbTrata — Int,
Double M java.lang.String B IIpUMepax BbILIIE.

Bbl MoskeTe BbI3bIBaTb MeTOAbI. IIpM HEKOTOPBIX cnocobax 3alycka
€CTb BO3MOXKHOCTb MCITI0JIb30BaTh KJIaBHILLY Tab 115 aBTOMaTHYECKOroO
JOTIOJTHEHUSI UMEH MEeTOJ0B. Honpo6yﬁTe BBECTH res2.to II HaXKaTb KJa-
BUILLY Tab. Ecan UHTEPNPETATOP NMPENJTOXUT BapUAHTDI Bbl60pa, TaKue
Kak:

toCharArray tolowerCase toString toUpperCase

9TO O3HAYaeT, 4YTO (byHKLII/IF[ AaBTOMATIHYECKOro JIOIOJIHEHIIS pa60TaeT.
BBeaute U 1 cHOBa Ha)XKMUTE KJIaBHUIITY Ta6y11;1u1m. Tenepb BbI JIOJI)DKHBI
MNOJy4YUThb eIMHCTBEHHBIIH BapyaHT:

res2.toUpperCase

Haxxmute knaBuiry Enter, u Ha axpane nossiitest otBet. (Ecain hyHk-
11151 aBTOMATHYECKOTO JONOJHEHUS He paboTaeT, NPHAETCS BBECTH HMsI
MeToJla BpPYYHYIO.)

TTonpobyiiTe TakXe NMOHAXMMATh KJIABMIIN co cTpeakamu T u 4.
B GosbuminHCTBE peanu3aluii Bbl YBUIANTE MNPEXKIE BHIIOJJHSIBUIMECS
KOMaHbl ¥ CMOXeTe pefakTUpoBaTh HX. C MOMOIUIBIO KJIABHII ¢—, —> 11
Del uaMeHuTe nocyieaHIon KOMaHAy Ha

res?2.toLowerCase




O6bsiBneHme 3HaYeHUi 1 NePEeMEHHbIX ggllll.

Kax Buawure, nnrepnperarop Scala cmocober npoynTaTh BhIpaXKeHHe,
BBIYMCJIUTD €rO, BBIBECTH Pe3YJIBTAT U MPOYUTATH CJeAylollee Bblpake-
nue. Taxoil nopsimok AeHCTBUI HA3LIBAETCS YUKA YMEHUS —BbIYUCICHUSA —
evigoda (read-eval-print loop, REPL).

Ctporo roBopsi, nporpamma scala He s6/1s€mCss UHTEPIIPETaTOPOM. 3a
KyJICaMII o1ia OBICTPO KOMITUJIMPYET BBeJeHHble BAMM KOMaH/Ibl B OalT-
KO/l M BBIIOJIHSIET €ro B BUPTyayubHOit Mamute Java. ITo aToil npuuune
GOJIBIIHIICTBO POrPAMMHUCTOB Ha Scala MpeanoYMTaioT Ha3bIBaTh ITOT
unka «the REPL».

Cosert. Lvkn REPL - Baw apyr 1 nomowHuk. HemeanexnHas obpatHas cBs3b
nooLlpsieT akcnepumeHTbl, 1 Bbl Oyaete yyBcTBOBaTb cebs yBepeHHee, umes
BO3MOXHOCTb HEMEAJIEHHO nony4yaTb pesynbraTbl.

ITpu 3TOM OUEHb XOPOIIO HMETb MOCTOSIHHO OTKPBITOE OKHO PedaKTo-
pa, 4ToObI MOXKIIO OBLIO KOMMPOBaTh B HEro yaadyHble (hparMeHThbl KoJa
st ucnosibdosatiist B 6yayuiem. Kpome toro, akcrniepumeHTupyst ¢ 6osee
CJIOXCHDBIMI IIPHMCpaMH, UX MOXHO CHayaja KOMIOHOBaTh B peaKTope,
a 3ateM konuposaTb B okHO REPL.

1.2. OO6bSABNEeHUe 3Ha4YeHun
N NepeMeHHbIX

Bmecto 11Men res0, res1 I T. I. MOXKHO OIIpeAEeIUTb cobCTBEHHbIE UMe-
Ha:

scala> val answer = 8 » 5 + 2
answer: Int = 42

Mx Mox110 1CrnoJb30BaTh B IoCJIeIYIOUIMX BbIpa’>K€HUX:

scala> 0.5 ~ answer
resd: Double = 21.0

3nauenie, 0ObsBIeHHOe ¢ MOMOLIBIO val, B AelICTBUTEIbHOCTHU SIBJISI-
eTCsl KOHCTaHTOIl — ee 31aueHe HeJb3st H3MEHUTD:

scala> answer = 0
<console>:6: error: reassignment to val
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Y0651 06BSIBUTH NIEPEMEHHYIO, 3HAYEHIE KOTOPOI MOJKET M3MEHSTh-
csl, caeflyeT MCIMOJIb30BaTh KJIIOYEBOE CJIOBO var:

var counter = 0
counter = 1 // 0K, nepeMeHHbe MOryT W3MEHATLCSH

B s3bike Scala npeamouTtuTesnibHee MCNOJL30BATh val, €CIH B Jaslb-
HelilleM He MpeArnoJaraeTcst U3MeHsATh 3Hauenune. CaMoe yIHBHTEIbHOE
IJ1s IPOTPaMMHUCTOB Ha Java uiu C++, yTO B GOJIBUIMHCTBE [POrpamMm
He TpebyeTCcs MHOTO TIePeMEHHbIX var.

OO6paruTe BHUMaHKUE Ha OTCYTCTBHE HEOOXOANMOCTH SIBHO OOBSIBJISTD
THI 3HAaYEHUs] WM MepeMeHHOH. TUl aBToMaTuyecku orpejessieTcs: U3
THUNAa WHULMaNU3upyomero BoipakeHUs. (O6bsiBieHHe 3HAYEHUST WIIH
niepeMeHHON 6e3 MHUIIHANU3AIMH SBJISIETCST OMNOKOIL.)

OxHako rpu HEOOXOAUMOCTH THI MOXHO 06BABUTD siBHO. Hanpiimep:

val greeting: String = null
val greeting: Any = “Hello"

Mpumeuanune. B a3bike Scala Tn nepeMeHHon nnu GyHKUUK BCeraa ykasbi-
BaeTCH NOCNEe MMEHN 3TON NepeMeHHON nnn GyHKuMn. 3To ynpowlaeT YTeHne
06bABNEHUI CNAOXHBIX TUNOB.

Tak Kak MHE YacTO MPUXOAMTCS MEPEKJTIoUaThCs MEXIY sI3bIKaMU
Scala u Java, s1 3amMeuaio, UTO MOI MaJbIbl aBTOMATHYECKI HAOMPAIOT
Takue Java-obbsiBJeHHs, Kak String greeting, MOITOMY MHE IPHXOJUTCS
HCHPABJSITh UX Ha greeting: String. TO HEMHOTO pa3/ipajkaeT, HO KOrJa
s1 paboTalo Co CJ0XKHBIMM MPOrpaMMaMi 1a si3bike Scala, Mile HpaBuUTCS,
4TO He HY’KHO pacuindpoBbiBaTh 00bsIBJEHHsT B cTille si3bika C.

MpumeyvaHue. BO3MOXHO, KTO-TO yXXe 3aMeTun OTCYTCTBUE TOYEK C 3anaTomn
nocne 06bABNEHN NEPEMEHHbBIX U MHCTPYKLUWIN NnpucBamBaHus. B a3bike Scala
TOYKM C 3anNATON HeoOXOoAWMbI, TONbKO eCnn B OAHOIN CTPOKe NpUCYTCTBYEeT
HECKOJIbKO UHCTPYKLIUNA.

B oo o6bsiBIeHNH MOXKHO OOBSIBUTh Cpady HECKOJbKO 3HaueHuil
MY TIEPEMEHHBIX:

val xmax, ymax = 100 // xmax wu ymax nonywat 3HaveHue 100
var greeting, message: String = null
// obe nepemeHHbe, greeting u message, - CTPOKM CO 3HaueHuem null




Yacro UCNONb3yeMble TUMbl Eillll.

1.3. HacTo ncnonb3yembie TUMbI

Bbl yoke BiCIM HEKOTOPbIE THITBI JAHHBIX U3 si3bika Scala, Takue Kak
Int u Double. Kak 11 B si3bike Java, B Scala uMeloTcst ceMb YHCJIOBBIX TH-
MoB: Byte, Char, Short, Int, Long, Float M Double, — Il OAUH JOTHYECKUN THII
Boolean. O/11aKo, B OTJIHYME OT Java, BCe 3TH THIIbI SIBJSIOTCS KAACCAMU.
B Scala ner nixakoii pasHuibl MEXIy TPOCTBIMH THIAMHU U KJIacCaMH.
Bul MOKETC BbI3BIBATL METOABI UMCEJI, HallpUMep:

1.toString() // BepHeT cTpoky “1"

HJIH clle HIITEpPEeCHee:

1.t0(10) // BepweT Range(1, 2, 3, 4, 5, 6, 7, 8, 9, 10)

(Knacc Range Oyzner paccmaTpuBathes B riaBe 13, a moka mpocTo cuu-
TaiTe ero KoJuieKuueil ynuces.)

B sa3pike Scala Her HeOOXOAMMOCTH HCMOJH30BATh TUIBI-00EPTKH
(wrapper types). dTy paboty GepeT Ha cebsi KOMIUJISITOP, Tpeobpasyst
npocTtbie THIBL B 06epTKil 11 o6patHo. Hanpumep, co3nas MaccuB uucen
THNa Int, B BHPTyasiblOi Maliuiie Bbl MOJIy4YUTE MACCHUB int[].

Kax 6bi10 1oxasano B pasnene 1.1 «Murepnperatop Scalas, B cay-
yae co cTpokamu Scala omupaercst Ha Kjacc java.lang.String. OzmHako
pacuinpsieT aToT KJacc 6osiee YeM COTHE AOMOJHUTEIbHBIX OHepaIui
B KJjlacce StringOps. Hanpunep, MeTon intersect BO3BpalllaeT CUMBOJIDI,
obuiue JJIsl ABYX CTPOK:

"Hello".1ntersect("World™) // BepHetr "lo”

B aTom npumepe 00beKT "Hello” THMA java.lang. String HEsSIBHO TPeoo-
pasyeTcst B 0ObeKT THMa StringOps, 1 3aTeM BbI3bIBAETCSI METOA intersect
KJiacca StringOps.

[ToaTomy He 3abyzbTe 3aryIsIHY TH B ONMCAHKE Kiacca StringOps, Koraa 0y-
JIeTe N0JIb30BaTLCST ToKyMeHTawueii 1uist Scala (em. paszen 1.7 «Scaladoc»).

Cy1iecTByIOT Take aHaJOTHYHbIe KJacchl RichInt, RichDouble, RichChar
u T. A. Kaxaplii 13 Hux nmeer He6GosblIONH HAGOp yAOOHBIX METOAOB
IJIsl paclUMpeHHsT Ha CBOMX OCMHBIX POACTBEHHUKOB — Int, Double HJIM
Char. MeToxa to, npeicTaBJelHblil Bbllle, B 1€H{CTBUTEIBHOCTU SIBJISIETCS
METOZIOM KkJjacca RichInt. B BbipaxkeHuu

1.to(10)
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3HaueHue 1 Tuma Int CHauasia npeobpasyercst B 06beKT THIa RichInt, a 3a-
TeM BBI3bIBAETCSI METO/ t0 ATOTO 0OBEKTA.

Haxonern, cymecTtByioT kiaccsl BigInt 11 BigDecimal [Jisl BbIYMCJIEHUIT
C TIPOM3BOJIbHON (HO KOHEYHOI{) TOYHOCTLI0o. OHM OMUPAIOTCST HA KJlac-
Cbl java.math.BigInteger M java.math.BigDecimal, HO, KaK 6y11eT IMMOKa3aHO
B CJIefyIONeM pasfiesie, OHM HaMHOrO yaobiiee, MOTOMY UTO AOIYCKaIOT
HCIOJIb30BaHKE C OOBIYHBIMM MAaTEMATHYECKUMH ONEpPaTOpaMH.

Mpumevanue. Ons npeobpasoBaHuii MexXay 4MCnoBbiMM Tunamu B Scala
MCNONb3YITCA METOAbI, @ He onepaums npuseaeHus Tuna. Hanpumep, 99.44.
toInt BepHeT 99, a 99.toChar — 'c’'. Pa3dymeercs, kak n B a3bike Java, MeTos
toString npeobpasyeT nioboit 06BLEKT B CTPOKY.

[Tpeo6paszoBaTh CTPOKY HMMP B UUCIO MOXKHO C NMOMOMILIO METOAOB
toInt U toDouble. Hanmpumep, "99.44". toDouble BepHET 99.44.

1.4. ApudmeTuka u neperpyska
orneparopos

Apugpmemuueckue onepamoput B si3bike Scala nelicTBYIOT Tak ke, Kak
B Java mmu B C++:

val answer = 8 » 5 + 2

Oneparopbl + - + / % BBIMOJHSIOT CBOIO OOBIYHYIO paboTy, KaK H
nopaspsiiibie oneparopsl & | ~ >> << EcTb julIb OAUH HEOOBIYHBII
aCTeKT: 3T OIepaTopbl B AEHCTBUTENBHOCTH SBJSIOTCS METOAAMIL.
Hanpumep,

a+b

9TO COKpalleHHasa ¢opma 3aIrmcn

a.+(b)

3xecs + siBasieTcst uMeHeM meTona. B si3sike Scala orcyreryer raynoe
npenybesxaeHre npoTuB HeaahaBUTHO-IH(POBBIX CHMBOJIOB B UMEHAX
MeTon0B. Bbl MoXkeTe OODBSIBJISITH METOADI, COAEpIKAlllMe TOUTH JIIoObIe
CHMBOJIBI B UMeHax. Hampumep, kiacc BigInt onpesiesisieT METo/; C HMe-
HeM /%, KOTOpbIil BO3BpallaeT YaCTHOE U OCTATOK OT AEJICHHSI.

B obuem ciyuae ciexyiomast opma 3anucu



ApudmeTuka 1 neperpyska oneparopos %gilll.

a method b

SIBJISICTCSI COKPAILCHIEM OT

a.method(b)

riie method — 9TO METOJ C /IBYMsI napaMeTpamu (OAMH HesSIBHBIN ¥ OfUH —
sigublil). Hanpimep, BMecTo

1.t0(10)

MOJXHO 3alliicaTb

1 to 10

Hcnonbayiite j1100y1o (popmy, koTopast 6yneT npoie Aj1si BOCHPUATHSI.
Haunnaioutiie nporpammuctst Ha Scala 110 npusbluke npuaepKuBaioTcs
CHHTaKclHca s13bika Java, H 9T0 Xxopoluo. Pazymeercsi, maxke cambie Ipo-
JOKEHIIbIE Java-11porpaMMHUCTDI NPEANOYTYT UCIOIb30BaTh a + b BMECTO
a.+(b).

Mesxay si3bikom Scala, ¢ oxHoit cropousl, 1 Java uiau C++ — ¢ gpyro#,
CYLLECTBYCT OlHa BeCbMa 3aMeTHasl pa3iiua. B a3wike Scala orcyTcTBy-
IOT ONepaTopbl ++ It --. BMeCTo HIX HCMOL3YIOTCS BBIPAXKEHUST +=1 U -=1;

counter+=1 // YBenuuuT 3HA4YEHWE nNEpemMeHHon counter, Tak kak B Scala HeT ++

HexoTopble crpaiunBaior, CyIEeCcTBYIOT JiH Kakue-Tu6o rayOuHHDIE
MPHYNHDI, 0O BSICHSIONNE OTCYTCTBHE onepaTtopa ++ B sizbike Scala. (O6-
paTuTe BHIIMAlille, UTO 11€/1b351 IPOCTO PEAIH30BATH METOJ C UMEHEM ++,
ITockosbKy Kiacc Int siBisieTcst HeM3MEHsIEMbIM, TaKOM MeTOf He CMO-
XeT U3MCHHTDb LieJouHCcIeHHoe 3HayeHue.) Paspaborumku s3bika Scala
PCIIMJIM He BBOANTL €lie O[HO CHelHaJbHOe MPaBHJIO, TOJbKO YTOOBI
CO9KOHOMMTD HA HAXKATHSIX KJIABHII

[Ipu pabote ¢ obbeKkTamMu THMa BigInt 1 BigDecimal MOKHO MCIOJIbB30-
BaTh OODIUIILIC MAaTeEMATHYECKIHE ONEePaTOpbL:

val x: BigInt = 1234567890
X * x + x // Beprer 1881676371789154860897069000

Tax namtioro Jiyuiiie, yeM B Java, rie Bbl ObLIH Obl BBIHYJKJAEHBI BbI-
3bIBaTh x.multiply(x).multiply(x).
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MpumevaHue. B Java He noanepxumBaeTCs BO3MOXHOCTb Meperpysku
onepaTopos, 1 pas3paboTynku Java yTBepxaaloT, 4To 3T0 — 6naro, NOTOMyY YTO
npenaTcTByeT NOSIBNEHWIO COBEPLIEHHO CyMaclweuwmnx onepatopos, Takux
Kak !@$&+, KOTOpble MOryT caenate NPOrpamMmy COBEPLUEHHO HEYUTaeMOW.
KoHeuHOo, 3TO rnyno — Nporpammy TOYHO Tak Xe MOXHO cAenaTb HeuuTaemom,
BbIbupan cymacweawme vMMeHa MeToAoB, TakMe Kak gxywz. $3blk Scala
no3sonseT onpeaensiTb onepatopsl, nonarasch Ha Bawe Gnaropasymve npu
MCNONb30BaHNN 3TON BO3MOXHOCTH.

1.5. BbIi30B pyHKUMA 1 MeTOO0B

B nononxenue K Metonam B s3bike Scala mopnepikuBaioTcst GyHKINI.
B Scala umelorcst Takue marematnueckue (pYHKIMH, KaK min HIH pow,
T10JIb30BaTLCS KOTOPHIMH HAMHOTO TIpOlle, YeM B Java, — st 9TOro He
TpeGyeTcs BbI3bIBATH Crmamuueckue memodsl Kiacca.

sqrt(2) // BepreT 1.4142135623730951
pow(2, 4) // BepHeT 16.0
min(3, Pi) // BepHeT 3.0

MaremaTtuyeckue (yHKIUHM oOIpesiesieHbl B MakeTe scala.math. Mx
MO>KHO MMITOPTHPOBATh UHCTPYKLUEH

import scala.math._ // CumBon _ B Scala - "rpynnoso#” cumBOn, aHanor * B Java

Mpumeuanne. pu uncnonbL3losaHnMK nNakeTa, UMA KOTOPOro HauMHaeTcs
¢ npedwkca scala., 3TOT NpedurKC MOXHO ONyCTUTL. Hanpumep, NHCTPYKUMA
import math._ 3KBMBaNEHTHa WHCTPyKUun 1mport scala.math._, a BbI30OB math.
sqrt(2) aKBMBaNEHTEH BbI3OBY scala.math.sqrt(2).

WHcTpykuust import moapobHee 6yaet o6CyxkaaTbes B riase 7. A moka
NIPOCTO UCIOJIb3yHWTe MHCTPYKLHUIO import packageName._, KOrJa BaM IIO-
TpebyeTcsl UMIIOPTUPOBATh KaKOW-JTUO0 MaKer.

B si3pike Scala oTcyTcTBYIOT CTaTHyecKkne METO/bI, HO B HEM ecTh 10-
x0ast 0co6eHHOCTh — obvexmuvL-odunouku (singleton objects), koTopbie
noapo6Ho OyayT paccMaTpuBaThesl B riaaBe 6. HacTo Ksacchl HMeEIOT
obvexmoi-xomnanvonvt (companion object), YbH MeTOAbI HIPAIOT POJb
CTaTHUeCKUX MeToA0B B Java. Hanpumep, 06beKT-koMnanbon BigInt s
K7acca BigInt HMEET MeTOJ probablePrime, KOTOPBIiI reHEPUDYET Cyuaii-
HO€ TIPOCTOE YKCJIO C 3JaHHBIM KOJUYECTBOM OHTOB:

BigInt.probablePrime(100, scala. ut11.Random)




MeTtoa apply %EEI...

[Tonpobyiite BbImOIHUTH 3TY KoMaHay B REPL — BbI mosryunTe 4ucio
BHAa 1039447980491200275486540240713. O6paTllTe BHHMaHHe, YTO BBHI3OB
BigInt.probablePrime HaroMIIHAET BbI30B CTATUYECKOrO MeTOAA B Java.

Mpumevanue. 3aecb Random — 3TO OGBLEKT-OAMHOYKA, FEHEPATOP CAYHaNHbIX
yucen, onpefeneHHbit B nakete scala.util. 3To oaHa M3 cuTyaumis, koraa
06bEeKTbI-OANHOYKM OKa3bIBAKOTCA NpeanodYTuTensHee knaccos. B Java 4acto
BCTpeyaeTcs owwubka, Koraa ANs Kaxaoro CyyaHOro uyucna cospaetcs
HOBbI 0ObEKT java.ut1l.Random.

Bo13oBbl MeTO10B 6e3 apryMeHTOB B s3bike Scala yacTo 3anucbiBaioTCst
6e3 ucroJb3oBatiis Kpyribix ckobok. Hanpuntep, B API kacca StringOps
HIMeeTCsT MeTos distinct 6e3 (), BO3Bpamalouuii yHUKaIbHble CHMBOJIBI
B cTpoke. Ero Moxio BbI3BaTh Kak

“"Hello".distinct

Cko6KkH OOBIYHO OTCYTCTBYIOT Y METOAOB 06€3 IapaMeTpoB, KOTOpbIe
ie n3Mmenstior o6vext. [loapobHee 06 aToM Oy/IET paccKasbiBaThCsl B IJia-
Be 5.

1.6. MeTopa apply

B s13piKe MPUHATO HCIONBL30BATH CHHTAKCHC, HATTOMHUHAIOINI BHI30BBI
¢yuxuuii. Hanpumep, eciu s — 3To CTPOKA, TOrZa BblpaskeHue s(i) Bep-
HeT i-it ciimBost ctpoku. (B C++ Ta xe camas onepauusi BbIITIOJHSIETCS
Kak s[i]; B Java — kak s.charAt(1).) IlonpoGyiite Bpimonuuts B REPL
cJIeyIolyI0 KOMaHLy:

"Hello"(4) // BepHeT ‘0’

Ee moxHO culitaTh neperpyxkeHmnoii ¢opmoil onepatopa (). OaHako
B JleliCTBHTEJILHOCTII Olla peaju30Bailia Kak MeToJ ¢ uMeHeM apply. Ha-
MpHMep, B ONHCAHMH KJacca String0ps MOXKHO HAMTH MeTo[

def apply(n: Int): Char

To ecTb BbipaxkeHue “Hello'(4) (pakTHYECKH SIBJSIETCST KPaTKoi ¢op-
MOIi 3anuci

"Hello".apply(4)
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3arusgHyB B OMKCaHNe 00bEKTa-KOMIAHbOHA B1gInt, MOKHO YBHIETh
METOAb! apply, MO3BOJISIIONIME TNMPeOoOPa30BBIBATH CTPOKU 1T YHCJA
B 00BeKTHI BigInt. Hampumep, BI3OB

BigInt("1234567890")

sIBJISIeTCSl KpaTKoil ¢hopMoil 3anucu

BigInt.apply("1234567890")

M BO3BpAUIaeT HOBBIH OOBEKT BigInt, MPH ITOM HeEm HEOOXOOUMOCTIU
ucnoaw3oeamny Kuouegoe coso new. Hanpumep:

BigInt("1234567890") » BigInt("112358111321")

Hcnonb3oBanue MeToaa apply 0ObeKTa-KOMIAHLOHA SIBJISIETCST B SI3DI-
ke Scala TunuuHoll MaMOMOIl KOHCTpyHpoBaHHsi 06bekTOB. Hanpumep,
BBI30B Array(1, 4, 9, 16) BepHET MacCHB, CO3JIaHHDII1 METOZOM apply 0Ob-
eKTa-KOMITaHbOHA Array.

1.7. Scaladoc

st uccnenoanus Java APl nporpaMMucTsl Ha Java mosb3yioTcst CH-
cTeMO#l reHepaunu fokyMentauun Javadoc. B Scala ects ananornunsiit
unctpyment — Scaladoc (puc. 1.1).

Hasuranust mo noxymentanuu B Scaladoc HemHOro cioxuee, 4yeM B
Javadoc. Knaccet B si3bike Scala 06b614H0 nMeIoT HaMHOro 60Jibliie BCIO-
MOTaTeJbHBIX METO/OB, YeM Java-ksaccol. HekoTopble METOAbI HCIIONb-
3YIOT [OKa He3HAKOMble BaM BO3MOXKHOCTH. HakoHel1, onMcaHust HEKOTo-
PbIX 0COOEHHOCTEH PACCKA3bIBAIOT O TOM, KAK OHH PeaTu30BaHbl, a He KaK
umu nosb3osathbest. (PaspaboTunku s3vika Scala mpogomkaior pa6orath
Hajl yJydiieHueM BHemiHero Buza Scaladoc, moatoMy B Oyayiiem 3TOT
MHCTPYMEHT, BO3MOXKHO, CTaHeT 6osiee ZOCTYIHBIM ISl HAYMHAIOLIX
MPOTPaMMHCTOB.)

Huxe mpuBOAMTCS HECKOJBKO COBETOB, KacAIOUIMXCsl HaBUTALMU B
Scaladoc, a5t Tex, KTO NPUCTYMAET K U3YYEHHIO SI3bIKA.

CyuiecTByeT BO3MOXKHOCTb paboTaTh C 3JIEKTPOHHOI JOKyMeHTaluelt

Ha caiite www.scala-lang.org/api, Ho Jy4iiie 3arpy3uTb KOIHIO Ha CTpa-
nune www.cala-lang.org/downloads#api 11 yctaHoBHUTb ee JIOKaJbHO.

B orsnuuue ot Javadoc, rae CiMCOK KJ1acCOB MPUBOAMTCS B asihaBUT-
HOM nopszke, Kiaaccsl B Scaladoc oTcopTupoBanbl MO HMEHaM TaKeTOB.



Scaladoc ggllll.

package root

RABCDEFG

display packages only

root péckagé ‘

LRROPGE

Puplic? Al

Walte'Members'
package scala
Core Scala types.

(0] Console
' © Countediterator
© Delayedinit
© deprecated
@ deprecatedName
© G Double
& Dynamic
O G Either
¢ Enumeration
© Equals

©
FallbackAmrayBuilding v
i Lo 2,

Puc. 1.1. CtpaHuua co craTbei B okHe Scaladoc

Ecan nmst kiacca H3BECTHO, a MMsI MaKe- B
Ta HET, MoJb3yiiTech (UILTPOM B JIEBOM -

1
. {
Q)

pepxitem yray (puc. 1.2). RABCDERCHL M T Y

display packages only }

[lenkuute Ha 3Hauyke X, YTOOBI O4MC-
TUTb QUIBTP.
O6patute BHUMaHHe HA CUMBOJIBI «O» [ nath = hide foc
1 «C» PSIIOM C HMeHeM Kaxzoro kiacca. @ @ BigDecimal
Onu nossonsior uccaenosars kiace (C) © @ Bigint
i oobekT-KkomnanboH (O).
Hoxymentauusi Scaladoc Moxer mo-
Ka3aTbCsl CAMMKOM o6mupHoit. [ToaTomy
NPUMUTE CJIe1yIOLINE COBETHI.
O He 3abyasre 3arisiHyTh B ONKMCaHHE KJACCOB RichInt, RichDouble M
APYTHX, €CIK MOTPeOYETCs] BbIACHUTD, KaK paboTaTh C YMCJIOBBI-
MU TUTaMH. AHaJIOTHYHO, €C/IM BO3HUKHYT BONPOCHI 0 paboTe €O
CTPOKaMH, 3arjisiHUTE B OMMCAHUE KJiacca StringOps.
0O Maremartnueckue hyHKIMHM COCPEAOTOYEHBI B nakeme scala.math,
a He B KaKOM-TO KJacce.
O Wuorna Bam 6yayT BCTpe4aThest DYHKUMH ¢ 320aBHBIMU MMEHAMH.
Hanpumep, B BigInt 1Meercst MeTon unary_-. Kak Gyzner mokazaHo

Puc. 1.2. NMone BBOAA
dunbTpa B okHe Scaladoc
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B maBe 11, IMEeHHO Tak olpenessieTcsl YHApHBIM omepaTop OTpu-
LHAHUS -X.

O Mertox, oTMeueHHbII Kak 1mplicit, peanu3yeT aBTOMaTHUYECKOE
npeobpaszoBanne. Hampumep, o6beKT BigInt aBTOMATHYECKU BbI-
MOJHSIET TpeoOpa3oBaHust U3 THUIIOB 1nt 11 long B BigInt, KOTZA 3TO
Heo6xoauMo. [TozipobHee 0 HesIBHBIX TPEOOPA3OBAHUSIX PACCKA3BI-
Baercsl B rnase 21.

U MeTonbst MOTyT IpHHUMATh (DYHKIMH B KauecTBe nmapameTpos. Ha-
IpUMep, MeTOZ count KJiacca StringOps TpebyeT (yHKIMIO, BO3Bpa-
IQIOIIYIO true WK false sl 0ObEKTa Char, KOTOpasi OMpeJeIsieT,
KaKle CUMBOJIBI JOJKHBl YYNTBIBATbCSI:

def count(p: (Char) => Boolean) : Int

DyHKIMK YacTO TepeialoTCs METOJAM B OUeHb KOMMAKTHOH ¢op-
Me 3anucu. HampuMep, BbI30OB s. count(_.1sUpper) BepHET KOJIUYECT-
BO CHUMBOJIOB BepxHero peructpa. bBosee moppobHO cTuib TpoO-
rpaMMHpoBaHust OyeT paccMaTpuBaThCcsl B ryaBe 12.

QO UHorna Bam OyayT BCTpevyaThCsi KJACCHI, TaKHe Kak Range MM
Seq[Char]. Kak MOHO [OramaThCsi, OHH ONpENessIoT AHANa30Hbl
yKCces U MOCJAE0BaTeIbHOCTH CUMBOIOB. Bl y3HaeTe Bce 06 3TIiX
KJlaccax Mo Mepe MOTrpy)KeHHsi B H3ydyeHue si3bika Scala.

QO IIycTb Bac He CMylIAeT HAJIMUHE OTPOMHOTO KOJHYECTBA METO/OB.
B s3bike Scala nmpuHATO MpemoCTaBiASITL METOABI HA BCE CIyYau
xusHu. Korga Bam nortpebyeTcst pemnth Kakylo-nubo npobiemy,
MPOCTO TOUIUTE METO, KOTOPBIil MOMOXKET B 3ToM. Hamie Bcero
Bbl OyzieTe 0OHApyKUBaTh METO/bI, PeHASHAYEHHbIE ISl pelle-
HUS Balleil 3ajayy, a 3TO 3HAYMT, YTO BaM He TPHAETCS MUCATDb
JIMITHUN TIPOrpaMMHBIH KO/,

O Haxkonen, He myraiiTech, €CiM CTOJKHETECH C «KOJJOBCKMMH 3a-
KJIMHAHUSIMU», TAKUMH KaK B Kjacce String0ps:

def patch [B >: Char, That](from: Int, patch: GenSeq[B], replaced: Int)
(1mplicit bf: CanBuildFrom[String, B, That]): That

[Ipocto urHopupyiite ux. Bol HaBepHsika HaiizeTe 6oJiee MPHUBLIY-
HOU BepcHIo:

def patch(from: Int, that: GenSeq[Char], replaced. Int): StringOps[A]

Ecin MpicieHHo 3aMeHUTh GenSeq(Char] © StringOps[A] THUIIOM
String, pa3oOpaTbCsi C ITUM METOAOM OyAeT HAMHOrO TpOILE.
A KpoMe TOro, ero JIerko MoxHo onpo6osats B REPL:

“Harry".patch(1, “"ung”, 2) // BepreT "Hungry”




YnpakHeHus ggllll.

YnpaxHeHus

1.

2.

10.

B oxiie Scala REPL Beexute 3., 3aTeM Haxkmute kiapuiy Tab.
Kaxie MeToznl MOryT OBITh BHI3BAHbI?

B oxne Scala REPL BuiunciauTe KBajpaTHbI KOpeHb U3 3, a 3a-
TEM BO3BEITE Pe3yJbTaT B KBaapar. HackosIbko OKOHUATENbHBIN
pe3yabTat otanyaercst oT 3? (Iloxckaska: nepeMeHHble res — Ballll
APY3bsi.) ,

[epemetiiibie res — 3TO 3HAUEHUST val WIH HACTOSIILIHE TIEPEMEHHbIE
var?

SA3bik Scala mo3Bosisier yMHOMXKATL CTPOKHM Ha yHcIa — monpolyii-
Te BBLIIOJIHHTD BbIpaxkeliue «crazy» » 3 B REPL. Yto nonyuunocs
B peayartate? [e B Scaladoc MoxHO HaiiTh ee ommcanue?

Uto o3HayaeT BbIpaxeHHe 10 max 2?7 B KakoM kiacce omnpeneiieH
MeTo/| max?

Wcrnosib3yst yucyo tumna Biglnt, Beruucaute 2924,

YTO Hy’KHO UMITOPTUPOBATD /IJIsT HAXOKAEHUSI CIYYAITHOTO TIPOCTO-
ro yucJia BHI30BOM METOJa probablePrime(100, Random) 6e3 MCIOJb-
30BaHUsl KAKHX-JHOO mpechHKCOB mepesl HMEHAMH probablePrime U
Random?

Onun u3 cnoco6oB co3aarbh (ailn uaM KaTajor co Cry4aiiHbIM
MMCHEM COCTOUT B TOM, 4TOObI CreHepHpOBaTh CJyuyaiiHOe Yuc-
Jio THma BigInt u mpeoOpa3oBaTh €ro B CHUCTEMY CYHCJEHHUS IO
ocHoBaHMIO 36, B pe3yJbTaTe IMOJYYUTCS CTPOKA, Takas Kak
“qsnvbevtomcj38006kul”. Otbimure B Scaladoc Meroxmpl, KoTOpBIE
MOJXKHO ObLIO ObI HCIOJIB30BATH sl 3TOTO.

Kak 1osy4nThb nepBblii CAMBOJI CTPOKH B si3bike Scala? A nocien-
HUIl cCUMBOJI?

YTo nesaioT CTPOKOBbIE (PYHKIHHU take, drop, takeRight  dropRight?
Kakie npeumyiinecTBa W HeJIOCTaTKM OHU HMEIOT B CPaBHEHUH
C substring?



Fnasa 2. Ynpasnsouwme CTpPYKTYypbl
M PYHKUMM

Tembl, paccMmaTpuBaemMble B 3TON rnase gAY

2.1. YcnoBHblE BbipaXeHus.

2.2. 3aBepLieHne UHCTPYKLNA.

2.3. BnoyHble BbIpaXeHUs U NPUCBOEHME.

2.4. Beopg v BbIBOA,.

2.5. Uuknobl.

2.6. PacwupeHHble uuknel for n reHeparopst for.
2.7. dyHKUMN.

2.8. ApryMeHTbl MO YMONYAHUIO U UMEHOBAHHLIE apryMEHTbI .
2.9. NepeMeHHoe KONNYeCTBO apryMeHToB .
2.10. Npouenypsb!.

2.11. JleHuBble 3HavyeHus RN

2.12. UcknoueHua .

YnpaxHeHus.

o000 ooooo

B aToii rs1aBe BBl y3HaeTe, KaK Peasii30BaTh yCJIOBHS, LIHKJIbI H (PYHK-

uuM B si3bike Scala. 3zech Bbl BeTpeTHTECh ¢ (hyHAAMEHTAIBHBIME Pa3-

JUYUAMEA Mexay Scala 1 gpyriumu si3bikamil mporpaMmmupoBativst. B Java

unu C++ Mbl pasiuvaeM gvipascenus (e€Xpressions), Takie Kak 3 + 4, U

uncmpyxyuu (statements), Hanpumep 1f. BplpaskeHne 11MeeT 3HaueHME;

MHCTPYKIMsl BbITOHsET feiicTBie. B Scala npakrityecki Bce KOHCTPyK-

LMY UMEIOT 3HAYEHUSI, TO €CTh SIBJISIIOTCS] BBIPAXKEHUSIMH. DTO M03BOJISIET

nucaTh 6ojiee KOpOoTKHe U Gojiee ya060YMTAEMbIE TPOTPAMMBbI.
OcCHOBHbIE TEMBI 3TOI TJIABbL:

BbIpaXKeHHe if MMeeT 3HAUeHHE;

6JI0K MMeeT 3HaueHHe — 3HAYeHME TOCJIeHEr0 BbIPAXKEHILs;

uuKa for B Scala HanoMuHaeT «pacuIMpeHHblit> LUK for B Java;

TOYKH C 3aIsITOM MPAKTHYECKH He HYXKHBI (B OCHOBHOM);

THI void B Scala — aTo THM Unit;

usberaiite MCMONb30BaHUs return B QYHKIUSAX;

6oiTech MpOMaXky = B ONpeAeIeHUusX (PYHKIUIL;

Oooooooo



YcnosHbie BbIDOXEHMA §§Ill..

O uckmoueHMst [eHCTBYIOT Tak e, Kak B Java wiau C++, HO 1y1st
X MepexBaTa HCIOJAb3YETCs CHHTAKCHUC «COMOCTABJIEHUS ¢ oOpas-
LOM> ! .

Q B Scala orcyTcTByI0T KOHTpOIMpPYeMbie uckmouenus (checked ex-
ceptions).

2.1. YcnoBHble BblpaXeHusa

B si3bike Scala iMeeTcst KOHCTPYKIUA if/else C TEM e CHHTAKCHCOM,
uro u B Java 1 C++. Oxnako B Scala if/else Bo3Bpaiiaer 3HaueHue,
a UMEHHO 3HaueHHe BbIpaskeHHs, ciexyiomlero 3a if win else. Hanpu-
Mep,

if (x > 0) 1 else -1

HMeeT 3HaUeHHe 1 MJIM -1 B 3aBUCUMOCTH OT 3HaYeHHsI x. 3HaYeHue MOX-
HO TPHUCBOUTDL NE€PEMEHHOI:

val s = if (x > 0) 1 else -1

4YTO PaBHOIIEHHO CJieyIoueil CTpoKe:

if (x > 0) s = 1 else s = -1

Onnako nepsasi (popma mpeArnovyTHTesbHEE, TOTOMY YTO €€ MOKHO
HCIIOJIb30BaTh JUIsl MHHUIMAIU3allMy 3HayeHust val. Bo BTopoil ¢opme
nepeMeHHast s 10JKiia 6bITh 0ODbsIBJIEHA KaK var.

(Kak y>xe ynoMHHaJI0Ch, TOUKMY C 3aMATOil Mo4YTH He HyXHbI B Scala —
NnoApPOOGHOCTH CMOTPIITE B paszesie 2.2 «3aBeplieHrue HHCTPYKIHii».)

s atnx ueneit B Java u C++ umeercst onepaTop ?:. Beipaxkenue

x>0?1: -1 // Java uan C++

IKBUBAJIEIITHO BbIpaskeHuIo 1f (x > 0) 1 else -1 B Scala. Oanako BbIpa-
XKeHIle ?: 1e T03BoJIsieT BCTaBJAsITh B Hero MHCTpykiuu. KoHcTpykums
if/else B sI3blKe Scala o6benMHACT BO3MOKHOCTH OTAETbHBIX KOHCTPYK-
it if/else 11 ?: B Java n C++,

B Scala xaxcooe suipadcenue umeem mun. Hanpumep, BbipakeHHe
if (x > 0) 1 else -1 UMeET TUI Int, IOTOMY YTO 0Oe BETBH MUMEIOT TUI Int.
Tunom BbIpa’keHHsl, ClIOCOGHOTO BO3BpALlaTh 3HAYEHUSI Pa3HBIX THIIOB,
TaKkoro Kak if (x > 0) «positive» else -1, ABJSIETCA CYNEPTUIT AJIA obeunx



.ll'l%é Ynpasnsiowme CTPYKTYpbi U GyHKLMM

BeTBell. B anHOM mpuMepe oiHA BETBh MMEET THII java. lang. String, a Apy-

rast — tun Int. VIX o6mnii cynepmun vassisaetcs Any. (ITonpoGHee 06 aToM

pacckasbiBaetcst B pasnene 8.11 «Mepapxust Hacnenosanust B Scalas.)
Ecnut BeTBb else OTCYTCTBYET, KaK, HalpuMep, HIDKe

if (x > 0) 1

MOJKET TOJIyYHThCSI, YTO MHCTPYKLHUs 1 He OyleT umerh 3Hauenust. Ox-
Hako B Scala kaxaoe BbipakeHHe MPEAIONaraeT Hajludue Kakozo-aubo
3HaueHus. ITa mpobsemMa aJeraHTHO OblIa pelleHa BBeIEHHEM KJacca
Unit, eIMHCTBEHHOE 3HaYeHHe KOTOPOTO 3amichiBacTcs Kak (). MHCTpyk-
1vst if 6e3 BETBU else 9KBUBAJIEHTHA HTHCTPYKI(HH

if (x > 0) 1 else ()

KomOuHauuio () MOXHO BOCIPHHHUMATb KaK <«IyCTOE 3iiaueHHe» u
CYUMTATDh THII Unit aHaysoroM THHa void B Java 1un C++.

(Ctporo roBsopsi, void 03Ha4YaeT OTCYTCTBHE 3HaueHHs, Tor/a Kax Unit
HMMeeT eAMHCTBEHHOE 3HaYeHue, 03Hayalollee «HeT 3HaueHIis1». Ecan Bam
TPYAHO OCMBICJIUTD 3TO, MPEACTABLTE PA3HHUILY MEXAY IMyCTHIM KOIIEJb-
KOM M KOLIEJbKOM C METKOH <«HeT J0JIJIapOB».)

Mpumeyanue. B a3bike Scala oTCyTCTBYET MHCTPYKUMA switch, 3aTO umeeTcs
6onee MOLWHLIN MexaHu3m conocTasnexus ¢ obpasuom, koTopuli Byaer
npeactasned 8 rnase 14. A noka NPOCTO UCNONL3YTE NOCNEf0BaTENLHOCTN
VUHCTPYKUWA 1f,

BHumanue. B otnnune ot komnunatopa, obonoyka REPL no ymonyaHuio Bbl-
NONHAET CTPOKY cpa3dy nocne ee seoaa. Hanpumep, ecnv nonbiTaTtbCa BBECTU
if (x > 0) 1

else if (x == 0) 0 else -1

obonoyka REPL BbinonHuT if (x > 0) 1 v BbIBEAET OTBET. A cneaylowan cTpoka
else -1 cobber ee C TONKy.

Ecnu peicteutensHo Heobxoaumo pasopsaTb CTPOKY nepea else, UCNOMb-
3ynTe ¢purypHble ckobkn':

! Kcrar, MOXHO NMOCTYNHTD MPOIIE, 3aKJIIOYHB MHOFOCTPOUHOC BLIPAXKCIIHC B
¢uryprbie ckobKu:

{

if (x >0) {1
} else if (x == 0) 0 else -1
}

— Ipum. peo.




3aBepLueHne UHCTPYKLMA %illll.

1f (x > 0) {1
} else 1f (x == 0) 0 else -1

3710 HeobxoanMo aenaTb Tonbko B REPL. B komnunupyemoi nporpamme nap-
cep pacnosHaeT npeanoxeHve else Ha cnepyloLlel CTpoke.

CoBeTt. Ecnn notpebyetca ckonupoBaTb 6nok kopa B obonouky REPL,
WUCNONb3yiTe pexum BcTaskun. Beeaute
:paste

3aTteM BcTaBbTe 610K KOAa U HaxXMuTe KombuHaumio knasuw Ctri+K'. MNocne
3Toro o6ono4ka REPL BbINONHUT BCTaBNeHHbI 60K LENUKOM.

2.2. 3aBepLieHne UHCTPYKLUA

B Java n C++ xaxxaass MHCTPYKLMST 3aBepLIAETCsI TOUKOH C 3amsATOI.
B Scala, Tax ke kak B JavaScript 1 HEKOTOpPBIX IPYTHX A3bIKAX ClIEHAPH-
€B, TOUKa C 3aMsITOl He TPpeOyeTcst, ec/iy OHA HAXOAMTCSA B KOHIE CTPOKH.
Touxy c 3ansAToit MO>)KHO TakkKe OIyCcKaTh mepeq }, else U Be3ze, Tie U3
KOHTEKCTa OYCBHUAHO, YTO JOCTHUIHYT KOHELl HHCTPYKLHH.

Ogpnako, eciiii B OJH0i1 CTpOKe HAaXOAMTCA HECKOJbKO MHCTPYKLUH,
OHII JIOJI>KHBI OTAEJISITHCS APYT OT Apyra Toukamu ¢ 3ansroil. Hanpumep:

1f (n>0){r=r=«n n-=1}

Touka ¢ 3aris1Toil 11€06X0/MMA MEXKY BBIPAXKEHHAMH r = r « x M n -= 1.
Ho nocse Broporo BbipakeHust TOUKA C 3ansiTOi He HY’KHA, IOTOMY YTO
3a HUM CJenyer }.

Ecnit norpebyercst mepeHecTH MJMHHYI0O HMHCTPYKLHMIO Ha JPYTYIO
CTPOKY, IlepBasl CTpOKa JOJDKHA OKAHYMBATHCSI CHMBOJIOM, KOTOPBIH He
MOXET MHTEpNpeTHPOBAThCSI KaK KOHel MHCTPyKuuH. s atoro mpe-
KPacHo I10/10ii/eT J1o0oii onepaTop:

s =80 + (v - v0) » t + // OnepaTop + coobuaeT napcepy, 4TO 3TO HEe KOHeu
0.5 » (a - a0) » t « t

Ha npaxriike fiMHHbIC BbIPaXKeHUs1 0ObIYHO HEOOXOMUMBI J1JIs1 0HOPM-
JICHUS1 BbI30Ba (PYHKIMHU MJIM METOJA, ¥ B 3TOM CJly4yae HeT NMPUYUH IS
6ecriokoiicTa — mocJie OTKpbIBalomieil CKoOKH ( KOMITMIISATOP He 6yzaer

! B pasuplX OHCPAIONIILIX CHCTEMAX ISl 9TOil LCJAH MOTYT MCIMOJIb30BATLCS
pasiibic KOMOHHAII KJIaBHIL, HanpuMep B Linux ucnosbayercst kom6unanus
Ctrl+D. - IIpum. nepes.
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BOCIPMHMMATDb KOHeIl CTPOKH 32 KOHeL[ MHCTPYKI[HH, TTOKa He BCTPETUT
HapHYIO CKOOKY ).

ITo aroit mpuumHe mporpamMmuctsl Ha Scala yacTo NpeANOUNTAIOT
ogopmiATh NporpaMMubiii Koz B cTuiie Kepuurana u Putuu (Kernighan
& Ritchie):

1f (n > 0) {
r=rsn
no-=1

OTkpsiBaiomast CkobKa { B KOHIIE CTPOKH SIBHO CBHJETENLCTBYET, UTO
MHCTPYKIHMsT OyZieT MPOAOJIKEHA HA CJEIYIONINX CTPOKaX.

MHoruM nporpamMMucTaM, npuuieamuM u3 Java win C++, BHavase
Hey06HO 6e3 Touek ¢ 3amsToil. Ecu Bbl mpeanoynTaeTe CTaBUTh UX —
CTaBBT€, 3TO He BO3OpaHseTcs.

2.3. bno4yHbie BbipaXeHUus U NpUCBOEeHue

B Java unn C++ 67104HOI MHCTPYKLHMEIT Ha3bIBA€TCs MTOCTIE0BATENb-
HOCTb MHCTPYKIHUIA, 3aKjlloueHHast B hUrypHbie ckoOku {}. Mcnonbayiite
6JIOYHYI0 MHCTPYKIIMIO BCSIKMIT pa3, Koraa HeoOXOA1MO BBIMTOJHHTS 1ie-
CKOJIbKO Omepainuii B BETBH YCIOBHOH MHCTPYKIMH 111 B Tejle [[UKJIA.

B s3bike Scala 6710k {} COZEPXKHUT MOCTENOBATENBIOCTD 8bIPANCCHULL U
caM CYMTaeTCsi BbIpa)kKeHUEM, Pe3yJILTaTOM KOTOPOTO SIBJISIETCSI Pe3yJib-
TaT MMOCJEIHEr0 BbIPAXKEHUSI.

ITO MOJKET MPHUTOAUTHCS TSI MHULHAIU3AIMH 3HavyeHuii val, Korzaa
TpeGyeTCst BBIMOMHUTD Oosiee ofiHOTO AeicTBusi. Hanpumep:

val distance = { val dx = x - x0; val dy =y - y0; sqrt(dx » dx + dy + dy) }

3HaueHueM 6ji0Ka {} OyaeT 3HaUeHHUe TOCJEIHEro BhIPaXKEeHUs!, BbI-
JieeHHoTo XupHbIM. [lepeMeHHble dx U dy, HEOOXOAUMBIE TOJILKO IS
XpaHEHUs1 TPOMEXKYTOUHBIX Pe3YJIBTATOB, HAZIEKHO CKPBITHI OT OCTATb-
HOI1 TPOrpamMMBl.

VHcTpyKkiuu npucBoeHust B Scala He mMeloT 3HaueHuii, 1M, CTPO-
ro TOBOpsl, OHH MMeIOT 3HayeHuwe THNa Unit. HamomHIo, uto THUm Unit
AKBUBaJIEHTEH TUMYy void B Java u C++, ¢ e{MHCTBEHIILIM 3HAUCHHEM,
3anMCBHIBAaEMbIM KaK ().

Brok, 3aBepuaionuiicss MHCTpYKLUHel NpHCBOEHUSI, TaKOil Kak
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uMeeT 3HaueHue Unit. DTo He mpobieMa, HO MOMHUTE 00 3T0it 0COOEHHO-
cTH, Korza 6ynere onpenessitb GyHKuun — cM. pasaen 2.7 «DyHkiuu».

[ocKoJIbKY MHCTPYKIMH MPUCBOEHHUS BO3BPALLIAIOT 3HAYEHHeE Un1t, UX
HeJIb3s1 O6'I)CHI/IH}1TI) B LIEITOYKH.

x =y = 1 // HenpasunsHo

3HayeHeM BbIPaXKEHHS y = 1 ABJSIETCS (), a B JaHHOM CJIy4yae BeCbMa
MaJIOBEPOSITHO, YTO IIPOrPAMMUCT XOTeJI NPHCBOUTD Unit MEepeMeHHOMH x.
(B Java u C++, Hanpotus, HHCTPYKUUSI NPUCBOEHHUST BO3BpAILlAeT MpPU-
CBOEHHOE 3HaueHHe. B 3THX sI3bIKAX JIOMyCKaeTCs1 OObEUHSATD UX B 11€-
MOYKH.)

2.4. BBog n BbiBOJ,

Yro6bt BLIBECTIH 3HAUCHUE, HCTIONL3YHTE (DYHKUMIO print WK println.
IMocnenusist 106aBJIsieT CUMBOJ T€PEBOAA CTPOKH B KoHile. Hampumep,
napa MHCTPYKLHiH

print(“Answer: )
println(42)

BLIBEIET TO XK€, HTO H

println(“Answer: ~ + 42)

HMmMeeTcst Taxxke (l’)leKI_lHSI printf, NpMHHUMAIONIasi CTPOKY OIMCAHHsI
(bopmaTa B criie s3bika C:

printf("Hello, %s' You are %d years old.\n", “Fred”, 42)

[Tpounitarh CTPOKY, BBEACHHYIO B KOHCOJHM C KJIABUATypPbl, MOXHO
¢ TMOMOIbIO (hYHKUMU readline. Y1o6b1 MpoYHUTaTh YHUCJIO, JIOTUYECKOE
WJIH CHMBOJIbIIOE 3HAYeHUe, HCNoib3yhTe readInt, readDouble, readByte,
readShort, readlLong, readFloat, readBoolean MJIM readChar. MeTox readline,
B OTJIMYHE OT JAPYTHX, IPHHHMMAET CTPOKY NPUTJANIeHHsT K BBOAY:

val name = readlLine("Your name: ")

print(“Your age: )

val age = readInt()

printf(“Hello, %s!' Next year, you will be %d.\n", name, age + 1)
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2.5. Uuknbi

B Scala umerotcst Takue ke UMKIBI while U do, Kak B Java u C++,
Hamnpuwmep:

while (n > 0) {
r=rsn
no-=1

B Scala otcyTcTByeT npsmoi aHasor LuKAa for (vHuumanuaauus; npo-
sepka; o6rosnenve). Ecsiu Takoil vk noTpeGyeTcs, y BaC ecThb ABa Bapu-
aHTa Ha BBIOOP — MCMOJIB30BATh LUKJ while HJIM WHCTPYKLHMIO for, KaK
MOKa3aHO HHXe:

for (1 <- 1 to n)
r=r «1i

B ryaBe 1 6bla MOKasaH METO to KJjacca RichInt. Bbi3oB 1 to n BepHeT
00DbeKT Range, TIPEACTABJIAIOMIMH YKCIa B AUana3oHe OT 1 10 n (BKJIO-
YUTEJIHHO).

Konctpykius

for (i <- expr)

obecreuynBaeT nocjeaoBaTeNbHOE PUCBOEHHE TIEpEMEHHON 1 BCeX 3Ha-
4yeHUI BbIPaXKeHUsI expr CTpaBa OT <-. IIopsiioK MpUCBOEH1Is 3aBUCUT OT
TUMA BbIpaxKeHus. [[is1 KosuleKiui, Takux Kak Range, NPHCBOMUT Iepe-
MEHHO# 1 Ka)/10e 3HaueHue 1o OYepeH.

Npumeuanue. MNepea MMEHEM NEPEMEHHON B LUKNE for He TpebyeTcs ykasbl-
BaTb val uan var. TUN NepemMeHHON COOTBETCTBYET TUNY 3N1eMEHTOB KONNeK-
unn. O6NacTb BUAMMOCTM NEPEMEHHON LMKNa OrpaHnuMBaeTCa TesoM umkna.

Jlnst 06xoMa 3MEMEHTOB CTPOKH WJIII MACCHBA 3aYacTyio HY»XKHO OIpe-
nenuThb AuanasoH ot 0 1o n — 1. B aToM ciayyae Hcnoab3yiite MeToz until
BMecTO to. OH BO3Bpall[A€T JHANa30H, HE BKJIIOUAIOLHIT BEDXHIOIO IPAHHUILLY.

val s = "Hello”

var sum = 0

for (i <- 0 until s.length) // MNocnepgHee 3HadyeHue 1 B umkne s.length - 1
sum += s(1)




Pacwmpentbie uknsl for u for-reneparopsi §“Illlm

B peiicTBUTESBHOCTH B [aHHOM INpHUMepe HEeT HeoOXOAMMOCTH HC-
10J1b30BaTh HIZeKChl. [TMKA MOXHO BBIMOJIHATL HENOCPEJACTBEHHO MO
CUMBOJIAM:

var sum = 0
for (ch <- "Hello™) sum += ch

B Scala uuxint 11cnonn3yoTesi He Tak 4acTo, KaK B JIPYTUX SI3bIKAX.
Kak 6yner noxaszano B riase 12, 3Hauenusl B MOCJENOBATEIbHOCTSIX
3a4acTyI0 MOXXHO 06pabaTniBaTh, HpuMeHsisi (DYHKIMIO Cpa3y KO BCEM
3jleMeHTaM, JUIsl Yero J0CTaTOYHO TPOM3BECTH €IMHCTBEHHBbIH BBI30B
MeTo/1a.

Mpumeuanne. B Scala HeT MHCTpykuui break Unn continue ANs npexaespe-

MEHHOro 3aBepLlieHus uukna. Ho kak xe 6biTb, ecnu ato notpebyetca? EcTb

HECKONbKO BapUaHTOB:

1. UcnonbayinTe nornyeckylo NnepemMeHHylo ynpasneHusa LUmMKNom.

2. Wcnonb3yiite BNOXeHHble PYHKUUN — NPy HEOOXOAUMOCTN MOXHO BbINON=-
HUTb UHCTPYKUWIO return B cepeanHe GyHKUuUn.

3. Wcnonbaynte MeTopf break obbekTa Breaks:

import scala.util.control.Breaks._
breakable {
for (...) {

1f (...) break; // Buixon u3 npepsiBaeMoro 6noka

}

3pecb nepeaava ynpasneHus 3a nNpeaensl uukia BbiNONHSAETCA NyTEM BO3-
6yxaeHus 1 nepexsara UCKNIYEeHUs, N03Tomy nsberanTe NONbL30BaTLCH 3TUM
MExXaHW3MOM, KOoraa CKOPOCTb BbINOAHEHUS KPUTUYHA.

2.6. PacwunpeHHbie uuknbl for
n for-reHepartopsl

B npeabiiyuiem pasjene 6suia npeactaBiacHa 6a3oBast hopMa [UKIA
for. OnHAKO 3Ta KOHCTPYKUHSI HaMHOro 6Goraue, uem B Java win C++.
B aToM pasjielie ONIChIBAIOTCSI AOMOJHUTENbHBIE BO3MOXKHOCTH.

B 3arosioBke LHKJA for JOMYCKaeTCsl yKa3blBaThb HECKOJIBKO 2eHepa-
mopog B hopMe nepemennas <- guipajcenue, pasesisi UX TOUKaMU C 3a-
msitoii. Hanpimep:
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for (1 <= 1 to 3; j <- 1 to 3) print((10 = 1 + 3) + “ %)
// Buseper 11 12 13 21 22 23 31 32 33

Kasxnplii renepaTop MoXeT uMeTh ozpanuuumens (guard) — noruue-
CKO€ yCJIOBHE C MPeNUIECTBYIOIUM eMY KJIIOYEBBIM CJIOBOM 1if:

for (1 <- 1to 3; j <- 1 to 3 if 1 !'= j) print((10 « 1 + 3) + « «)
// Busepetr 12 13 21 23 31 32

ObparyTe BHUMaHHe Ha OTCYTCTBUE TOYKH C 3amsIToii mepern 1f.
Honyckaercs n060e KOJINYECTBO onpedenenuii, BBOAAUINX MepeMeH-
Hbl€ JUIS1 MCNOJIb30BaHUsI BHYTPHU IIUKJIA:

for (1 <- 1 to 3; from = 4 - i; j <~ from to 3) print((10 + 1 + J) + « «)
// BuBemeT 13 22 23 31 32 33

Koraa Teno nuksia HauMHaercst ¢ MHCTPYKLUMM yield, HUKA Oyzet
KOHCTPYUDPOBaTb KOJUIEKLHIO, 700aBJIsisi B Hee MO OJHOMY 3JIEMEHTY
B KaXX/IOW UTEpaluu:

for (1 <- 1 to 10) yield i % 3
// BepHet Vector(1, 2, 0, 1, 2, 0, 1, 2, 0, 1)

Takoro popa WUK/b Ha3bIBAIOT for-zenepamopamu (for-comprehen-
sion). o

Tenepupyemble KOJJIEKLIMM 110 THITY COBMECTHMBI C MEPBBIM reHepa-
TOPOM.

for (c <- "Hello"; i <- 0 to 1) yield (c + 1).toChar
// BepHeT “HIeflmlmop”

for (i <- 0 to 1, ¢ <- "Hello") yield (c + i).toChar
// BepHeT Vector('H', ‘'e’, ‘1", '1°, "o, 'I', 'f", 'm", 'm", 'p")

Mpumeyanue. MNpu xenaHuu reHeparTopbl, OrpaHUYUTENU U onpeaeneHus
umkna for MOXHO 3akNoYnTb B GUrypHbIe CKOOKN 1 BMECTO TOYEK C 3anaToin
“CcnonNbL30BaTb NEPeBOAbl CTPOKU:

for { i <- 11to 3
from = 4 - 1
j <~ from to 3 }
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2.7. DyHKUuUM

B nmonosntenie k meronam B Scala umerotcst pyuxkuun. Meton omne-
pupyer obbextoM, a pynkius — Her. B C++ takxke ects (pyHKLUY, HO
B Java MX NpPHXOANTCS HMHTHPOBATH C MOMOILBIO CTATHYECKHX METO/OB.

Yrob6nl onpeaeauTb (hYHKIHIO, HYXKIIO yKa3aTh uUMsi (PyHKLUH, napa-
MempbL 11 meso, KaK 10Ka3ano HIDKe:

def abs(x: Double) = 1f (x >= 0) x else -x

Bol mosxubl onpenelMTh THIBI Bcex mnapamerpoB. OnHako, eciau
(ynkuns e pexypcHBHasl, ONpPeAESITh THII BO3BPALIAEMOTO 3HAYEHUS
iie Tpebyercst. Komnuasitop Scala onpezesnsier Tun Bo3BpaiiaeMoro 3Ha-
YeHUsI TI0 THITY BLIPAX<eHHs CIpaBa OT CUMBOJIA =.

Ecsu tesio ¢hyuxium comepkut 60si€e 0IHOrO BBIPAXKEHUS], UCOIb-
3yiite 6Ji0k. [Tocsiennee Boipakenine B 6JI0Ke onpelesisieT 3HaYeHue, BO3-
Bpaiaemoe pyukuueit. Harpumep, caeayioinast ¢hyHKIMsI BEPHET 3Haye-
HHe r 1ocje uHuKia for.

def fac(n : Int) = {
var r =1
for (1 <- 1 ton)r =71 *1
r

B gatnom ciyuae et 1eobX0ANMOCTH sIBHO HCIIOJIb30BaTh KJIOUEBOE
cioBo return. B Scala gonyckaetcst ucnosib3oBath return 1JIst HeMeJIeH-
HOTO BbIX0/1a 113 (pyHKIMY, Kak B Java wiau C++, HO Takoii crnocob penko
HCTI0JIL3YCTCSI.

CoserT. [laxe npu TOM, 4TO HET HUYero ocCo6eHHOro B ToM, 4Tobbl UCNONL30-
BaTb return B UMEHOBaHHbIX QYHKUMSAX (KPOME CEMWN NULLHUX CUMBONOB), Nyy-
we BCe-Taku CTapaTtbcs NpUBbLIKaTb XUTb 6e3 return. O4eHb CKOPO Bbl HAYHETE
MCNONb30BaTb MAacCy @aHOHUMHbIX PYHKUMIA, HO B HUX return He BO3BpallaeT
3HayYeHue Bbi3bIBAIOWEN NPOrpaMme, a BbINOMHAET BbIXOA BO BMELLAIOLLYIO,
UMEHOBAHHYIO DyHKUMIO. UHCTPYKUMIO return MOXHO UHTEPNPEeTUpPoBaTh Kak
CBOeOOpa3Hy0 MHCTPYKUMIO break Ansi GYHKUMIA U UCNONb30BaTb €€ TONbKO
ANs NpexaeBpeMeHHOro NpepbIBaHNS BbINONHEHUS QYHKUUNA.

B PEKYyPCHBHDIX ('by]lK[IHFIX TUIl BO3Bpallla€éMOro 3Ha4yeHus OOJIKEH
YKa3bIBaTbLCsI 006513aTeJIbHO. HanpuMep:

def fac(n: Int): Int = 1f (n <= 0) 1 else n » fac(n - 1)
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Bes ompenenenus Trna BO3BPANIAEMOT0 3HAYEHMST KOMIUIATOp Scala
He CMOXeT yOeINThCsl, YTO BbIpaskeHHe n » fac(n - 1) IIMEET THI Int.

Mpumeuanue. HekoTopble S3blkM NpOrpaMMmnpoBaHus (Takme kak ML v Has-
kell) cnocobHbI BLIBOAWTL TUN PEKYPCUBHON YHKLUMM C NOMOLLBIO anroputma
XuHpnu-MunHepa (Hindley-Milner). OgHako oH He HaaexeH B 06beKTHO-0pu-
E€HTUPOBaHHbLIX A3blkax. JJopaboTka anroputma XuHanu-Mundepa, 4tobsl obec-
neunTb 06paboTKy NOATUNOB, BCE ELIEe HAXOAWUTCA Ha CTaaun NCCNeaoBaHuin.

2.8. AprymeHTbl N0 YMOJI4aHUIO
M UMEHOBaHHbIe apryMeHTbl

CyiecTByeT BO3MOKHOCTb OTPENENSATh apryMEHTBI MO YMOJIYaHMIO
171 (PyHKUMIA, YTOOBI MPYU BBI30BE MOXKHO OBLIO HE yKa3biBaTh UX 3Ha-
yeHns ssHo. Hampumep:

def decorate(str: String, left: String = "[", right: String = "]") =
left + str + right

Orta (yHKUHUS UMeeT aBa MmapaMmeTpa, left U right, C apryMeHTaMH 1O
YMOJYaHUIO "[" U "],

Ecnu Bbi3BaTh ee kak decorate(Hello"), oHa BepHeT "[Hello]". Ecau
BaM He HPaBATCSl CKOOKH 10 YMOJIYAHHIO, YKaXKUTE CBOU COOCTBEHHBIE!
decorate("Hello™, "<<<™, ">>>"),

Ecsau npu BbI30BE YKMCJIO apryMEHTOB OKa3bIBA€TCSI MEMbIle YKcJIa Na-
paMeTpoB, MPUMEHSIOTCS] APTYMEHTDI M0 YMOJIYaHUIO, HAYHHASI C KOHIIA.
HanpuMep, B BbI30Be decorate( Hello”, ">>>[") ByleT UCIIOIb30BaHO 3Ha-
yeHMe 10 YMOJTYAHHIO JIJIsl TapaMeTpa right, B pe3yJisTaTe OyAeT MoydyeH
pesyJbTat: ">>>[Hello]".

ITpu nepenaye apryMeHTOB MOXHO TaK’ke yKa3blBaTh IMeHa MapaMeT-
poB. Hanpumep:

decorate(left = "<<<", str = "Hello”, right = ">>>")

B pesysbrate GyneT mojyyeHa CTpOKa “<<<Hello>>>". OGpaTHTe BHH-
MaHUe, YTO MMEeHOBaHIbIE apryMeHTbl Heobs3aTeJbHO NOJKHDLI CIIe/0-
BaTh B TOM >Ke TOPSIKE, YTO ¥ MapaMeTphl.

ViMeHOBaHHblE apryMEHTbI MOTYT CleJaTh BBI3OBBI (hyHKIHil Gosee
yaobountaeMpiMi. OHHM TaKyKe MOTYT MPHTOAMTHCS, KOraa (HyHKIs
MMeeT MHOXECTBO apryMeHTOB 10 YMOJYaHUIO.
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Z[OHYCKaeTCH CMelInBaTh MMEHOBaHHbIE 1 HEMMEHOBAHHbIE apIyMeH-
Tbl, YKa3biBas Claiajga HEeHMEHOBaHHbIE:

decorate("Hello”, right = "]<<<") // Buw3oseT decorate("Hello™, "[", "]<<<™)

2.9. NepemeHHOE KOINYECTBO
aprymeHToB

Wnorna 6piBaeT yno6HO peann3oBaTh (PYHKIIMIO, CHOCOOHYIO MPUHU-
MaTb [epeMeritioe ynucao aprymentos. Cienyiomuii mpuMep JeMOHCTPU-
PYeT CHIITAKCHC OODbsIBJEH ST TaKHX BYHKIMIL:

def sum(args Ints) = {
var result = 0
for (arg <- args) result += arg
result

3JToil (DyUKILIH MOXHO nepenaTh CKOJMb YroIHO MHOTO apryMeHTOB.

val s = sum(1, 4, 9, 16, 25)

Oyukuust NpHHUMAET eJHMHCTBEHHBI napameTp TUMA Seq, KOTOPBIN
Gyner obcyxmatnest B rnase 13. A moka JOCTATOYHO 3HATH, UTO IJIST [O-
CTyIHa K KaKAOMY 2JIeMEHTY MO>KHO HCIIOJIb30BaTh LUKJ for.

Takoil (pyHKUMH Hesb3s epeAaTh yKe MMEIOILYIOCs! TIOCIeA0BaTeb-
HocTb 3navenuil. Cienyiomuii BbI30B o(hopMIeH HEBEPHO:

val s = sum(1 to 5) // Ouubka

Ecsnu BbI3biBaTh (DYHKUIHIO C OJHUM apryMEHTOM, 3TO JOJIKHO OBITh
eIIHCTBEHHOE IIeJI0e YKCJIO, 2 HE AMANa3oH Lebix uncel. YtoOwl uc-
NpaBHTb OUIHOKY, HE0OXOAHMMO COOOUIMTL KOMIWISATOPY, YTO MapaMeTp
JIOJDKEH HHTEPIPETHPOBAThCsSl KaK MOCJIeA0BATENbHOCTb apryMeHTOB.
IobaBbTe B KOHEIl : _», KAK NOKA3aHO HMXKE:

val s = sum(1 to 5. _+) // WuTepnpeTtuposaTe 1 to 5
// Kak nocnenoBaTeNbHOCTb apryMEHTOB

Be3 atoro cnHtakcuca He 06ONTHCH NPH ONpeeJeHUH PeKyPCHBHOMI
(pyHKLMH C nepeMEeHHBIM YUCJIOM apryMeHTOB:
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def recursiveSum(args: Intx) * Int = {
if (args.length == 0) 0
else args.head + recursiveSum(args.tail : _+)

31ech head — HayaJbHBII 2JIEMEHT MOCJIEI0BATENLHOCTH, a tail — Bce
OCTajIbHble 3JIEMEHTHI TTOCJAEI0BATENBHOCTH. ITO TaKKe 06BEKT Seq, MO-
3TOMY HeOoOXOIMMO 1ICHOJIb30BaTh : _» JUIsA NPeobpa3oBaHUsI €ro B 110-
CJ1e10BaTeNbHOCTb apryMeHTOB.

BHumanue. MNpu Bbizose Java-mMeToaa C NEPEMEHHbIM YNCNOM apryMeHTOoB
TUna Object, Takoro kak PrintStream.printf wunm MessageFormat.format, BCe
npocTbie ThNeLl Heobxoaumo Gyaet npeobpasoBaTs BPy4YHylo. Hanpumep,

val str = MessageFormat.format(“The answer to {0} 1s {1}
"everything”, 42.asInstanceOf[AnyRef])
3T0 OTHOCUTCA K nioBbIM NapamMeTpam Tuvna Object, U 9 ynoMaHyn o6 aToM

npueme 3aecb, NOTOMY 4YTO OH Hanbonee 4acTo BCTpeYaeTcs Npu UCNonbL3o-
BaHUK MeToaos C NepeMeHHbIM YNCNOM apryMeHToB.

2.10. NMpouenypbsbl

B Scala umeetcst cienmanbhas popma 3anucu 1ist 06bsiBieHnst GyHK-
1Mii, He Bo3Bpamalomux 3HaueHUil. Ecau Tteso ¢dyHKUMH 3aKII04€HO
B (urypHbie ckobKku 6e3 npedwecmeyiowezo cumeona =, TOTAA BO3Bpa-
maemoe 3HaveHue Oyaer umers tun Unit. Takue YHKIHH HA3BIBAIOTCS
npoyedypamu. Tlpouenypa He Bo3BpallaeT 3HauYeHHE 11 BbHI3BIBAETCS] UC-
KJIIOYMTENBbHO paau nobouHoro adexta. Hanpumep, crexyiomas mpo-
Lieypa BbIBENET CTPOKY B paMKe

HOCKOJIbe npoueaypa He BO3Bpalla€T HUKAKOIro 3Ha4Y€HHs1, CUMBOJI
= MOXXHO ONYCTHTb.

def box(s : String) { // CMOTpuTe BHMMAaTENbHEE: 3AeCb HeT =
val border = "-" « s.length + "--\n"
println(border + | + s + “|\n" + border)




JlenuBbie 3HQueHUs gg!lll.

HexotopbiM (KO MHE 3TO He OTHOCUTCS) HE HPABUTCS KPATKU CUH-
TaKCcHC OOBSIBJICHHS TIPOLIEAYP, 1l OHM IIpeJIaraioT BCeraa sSIBHO yKa3bl-
BaThb THIl BO3BpallacMOro 3HadyeHus Unit:

def box(s : String): Unmt = {

BaumaHue. KpaTkuii CUHTakCuC 0ObsSBNEHUs npoueayp MOXET okasaTbCs
clopnNpmn3omM ana nporpammuctoB Ha Java n C++. MHorune yacto ponyckaroT
owmnbky, cny4anHo 3abblBas yka3aTb CUMBOM = B ONpeaeneHusix OyHKUmin.
B atom cnyyae B Touke Bbi3oBa yHkuum 6yner nonyyeHo coobuieHue o6
owwunbke, rosopsee, 4To TMN Unit HE AONYCTUM B A@HHOWN TOYKE.

2.11. JleHnBble 3HaYEeHUA

Korzma 3nauenive val o6bsiBjsieTcsl Kak lazy (JIEHMBOE), €r0 WHHIMA-
JIu3allisl OTKJIAAbIBAETCS 0 MEPBOro obpaileHust K Hemy. Hampumep:

lazy val words = scala.io.Source.fromFile("/usr/share/dict/words”).mkString

(Oneparun ¢ aiinamu 6yayt obcyxaaTbes B rase 9. A moka npocto
3HaiiTe, YTO ITOT BbI30B YMTAET BCe CUMBOJIB U3 (hailya B CTPOKY.)

Ecnu nporpamma Hitkorza He o6paTUTCS K 3HAaY€eHUIO words, daiin Hu-
Korza e GyneT oTkpbiT. YToOb yOEaUThCs1 B 3TOM, monpobyiiTe BBECTH
3Ty koMauzay B okie REPL, no ykaxkute umst HecyuiectByioiiero (aitsa.
Bbi yBUAMTE, UTO TPU BHIMOJHEHUM WHCTPYKIMU HUKAKUX OMIMOOK He
npousoiiger. OHAKO MPH MOMBITKE 0OPATUTHCS K words OYAET BhHIBEIEHO
coobuienue, uto ¢aiiyi He HaiileH.

Jlenusbie (lazy) 3HaueHust y10OHO MCNOJNB30BATh, YTOOBI OTIOXKHTDH
JIOPOTOCTOsIIME Omnepaluy HHUIuanu3auuu. OHU TakKe MO3BOJSIOT
PEelInTh Apyrue npobjieMbl, CBI3aHHbIe ¢ WHULHANU3aLUeN, Takue Kak
WHUIHAJIN3ALHS [IUKIHYeCcKuX 3aBUCUMocTeil. Kpome Toro, oHu siBisi-
I0TCsI OCHOBOH JIs1 pa3paboTKu JieHuBbIX (lazy) CTPYKTYp MaHHBIX — CM.
pasnen 13.13 «Ilotoku».

Jlenusbie (lazy) 3HaueHHs MOXKHO CUMTATh YE€M-TO CPEIHHUM MEXKAY
val u def. CpaBHuTe:

val words = scala.10.Source.fromFile("/usr/share/dict/words”).mkString
// BuuucnseTca HeMeANeHHo, B MOMEHT onpeaeneHus words
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lazy val words = scala.io.Source.fromFile("/usr/share/dict/words™).mkString
// BuuucnaeTcs npu nepsom obpaweHuu K words

def words = scala.io.Source.fromFile("/usr/share/dict/words™).mkString
// BbuucnaeTca BCAKMIA pa3, Korpa NPoOMCXOauT obpaueHue K words

Mpumeuanue. OTKNaabiBaHe MHUUMANU3auMu He aaetca GecnnaTtHo. Bea-
KWl pas, Kkoraa BbiNonHaeTcs obpalleHve K NeHNBoMy (lazy) 3HaueHwto, Bbl-
3bIBAETCA METO/A, KOTOpLI NpoBepsieT, NoToko6e3onacHLIM Cnocobom, 6bino
N MHUUMANN3NPOBAHO 3HaYeHune.

2.12. UcknmouyeHunsa

Hcxnouenus B si3pike Scala neficTByioT Tak e, Kak B Java uau C++,
Korza Bo36ysKaaercst HCKIIOUEHHE, HATIpUMep

throw new IllegalArgumentException(”x should not be negative™)

BBIYMCJIEHUS TIPEPBIBAIOTCS, M CPella BPEMEHH BBITIOJNHENHs MbITAeTCs]
OTBICKATh 06pa60TlII/lI< HCKJIIoueHus1 IllegalArgumentException. 3aTeM
yIpaBJieHHe TepelaeTcsi CaMOMy BHYTPEHHEMY TaKoMy OOpabOTYHKY.
Ecan 06paboTurk He OyaeT HaiiieH, mporpaMMa 3aBepUInTCsl.

Kak u B Java, 06beKT BO30YKZAeMOro HCKJIIOYEHHs OJDKeH TpH-
HaJIeXaTh TOAKAACCY java.lang. Throwable. OnHaKo, B OT/IHUME OT Java,
B Scala orcyTcTByI0T «KOHTpONIMpYyeMbie» (checked) nckmouenus — Bam
HUKOT/Ia HEe TIPUAETCSI OOBSBIISITL, YTO HEKOTOPbIH METO 11111 (hyHKIHS]
MOJKET BO30OYXKIATh MCKIIOUYEHHE.

Mpumeuanne. B Java «koHTponupyembie» (checked) ucknioMeHUS KOHT-
ponupyloTcs Ha atane koMmnunsuuu. Ecnu meton moxert Bo3byxaaTb uc-
KntodeHue I0Exception, HeobxoaMMo SBHO 00bsSBUTL 3T0. Takon noaxopn
BblHYyXAaeT nporpamMmMucta Aymartb, rae npeaycMmotpertb o6pabotky SToro
WUCKNIOYeHUs, 4TO camo no cebe ABNAeTCs AO0CTOMHBLIM noxsanbl. K coxa-
NEHWIo, 3TO MOXET NPUBOAUTL K CO30aHNI0O MOHCTPYO3HbLIX CUrHaTyp MeTto-
NOB, Takux Kak void doSomething() throws IOException, InterruptedException,
ClassNotFoundException. MHOrue nporpammucTbl Ha Java TtepneTtb He MOryT
3Ty 0coBEHHOCTb U B pe3ynbrate nubo nepexsatbiBaloT UCKNIOYEHUS CAuLL-
KOM paHo, IM60 MUCNONbL3YIOT CAULWKOM 0606UWEHHblE KNAacChl UCKNOYEHUNA.
CoapaTtenu Scala pewwmnm 0TkasaTbCsA OT KOHTPONUPYEMbIX UCKOYEHWUI, Npu-
3HaBas, 4TO NONHaa NPOBEpKa Ha 3Tane KOMNUNAUUK He BCeraa onpasnaHa.

BoipaxkeHue throw UMeeT CIIEeLMAJIbHBII THI Nothing, YTO MOJKET IpH-
rOAUTbCS B BbIpaXKeHUsiXx if/else. Ecau omHa u3 BeTBeli MMeeT TUI
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Nothing, THIIOM BCETO BBIDQXKEHMS if/else CTAHOBHTCS THUII APYTroil BeT-
Bu. Hanpunmep:

if (x >= 0) { sart(x)
} else throw new IllegalArgumentException(“x should not be negative")

IlepBast BeTBL MMeeT THN Double, BTOpast — TUM Nothing. Takum 06-
pa3oM, BCe BbipaxkeHie 1f/else TaK)Ke MMeeT THII Double.

CHHTaKCIIC TepexBaTa HMCKJIOUEHUI OCHOBaH Ha CHHTAKCHCE COIMO-
cTaBJjieHust ¢ obpasuami (ri1asa 14).

try {
process(new URL("http://horstmann.com/fred-tiny.gif"))

} catch {
case _: MalformedURLException => println(“Bad URL: " + url)
case ex: IOException = ex.printStackTrace()

Kaxk u B Java uin C++, 60s1ee 06006111€HHBIN THIT UCKJIIOUEHUIT JOJIKEH
cenoBath 3a Hosee Criel[Halu31POBAHHBIMH.

ObpariTte BHUMaHHe, YTO BMECTO MMEHU MTEPEMEHHOIT MOXKHO UCIIOJIb-
30BaTh _, €CJIM MIOTOM 9Ta NepeMeHHasi He HyXKHa.

WHcTpykuust try/finally MO3BOJISIET OCBOOOAMTH 3aHSITbIE PECYPCh
HE3aBUCHMO OT HaJIMYMsl WM OTCYTCTBUSI HcKJoueHusi. Hanpumep:

var 1n = new URL("http://horstmann.com/fred.gif").openStream()
try {

process(1in)
} finally {

in.close()

[Ipennoxenue finally BBITIOJHUTCS HE3aBUCHMO OT TOro, Bo3byauna
Ju uckmoueHe GpyHKuus process. IIOTOK uTeHust Bcerna GyaeT 3aKpbiT.
ITOT Janeko He OMHO3HAYHBIA NpUMep M MOJHUMAET HEeCKOJbKO
npobaem.
Q Yro, ecau ucKAOUEHUE BO3OYAMT KOHCTPYKTOP URL MJIM METOJ
openStream? Torma BXox B OJIOK try HMKOrAa He GYAET BBHINOJHEH
M HKOrZa He OyZIeT BBINOJIHEHO TpeiJsioxkKeHue finally. B aTom
cayyac nepemMeHHasl in HUKOI/Ja He OyneT MHUIMaIUu3MpoBaHa, T0-
aTOMy GeccMbICIeHHO TBITAThCSl BBI3BATh €e MEeTOJ close.
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O ITouemy 6bI He TOMECTHTH val in = new URL( ) openStream() BHYTPb
6s0ka try? Torma obiaacTh BHAMMOCTH 1n e OyAeT pacrnpocTpa-
HSITbCS Ha TpesiokeHue finally.

Q Yo, ecau nckmioyerure Bo3byaut Metoy 1n. close()? Torma vckiio-
yeHue BBI/IET 3a Tpeaesbl MHCTPYKIMM, 3aMellasi IpeablayIiee.
(Te e mpobaeMbl HabIIOAAIOTCST M B Java, 1 9TO HE OY€Hb XOPO-
mwo. B uneasne crapoe uckiioyeHue cienoBano Obl TPHCOENUHHTD
K HOBOMY.)

O6paTuTe BHUMaHUE, YTO try/catch M try/finally HMEIOT pasiibie lie-
s, VIHCTpyKumst try/catch o6pabaThiBa€T MCKAIOYEHNS, a HHCTPYKIIHSI
try/finally IpeqNpUHUMAET HEKOTOPbIe AeiicTBHsT (OOBIYHO — OCBOOOXK-
NIeHUe PecypcoB), ecii HCKJIIoueHre He Oyaer obpaborano. VX MoXHO
0o0BeVHUTD B OMHY WHCTPYKIUIO try/catch/finally statement:

try { ... } catch { ... } finally { ... }

ITO TO e caMoe, YTO U

try { try { ... } catch { ... } } finally { ... }

OnHako Ha paKkTHKe 3Ta KOMOMHALINST PEKO OKA3bIBACTCST TIOJIE3HOI.

yYnpaxHeHus

1. Curnym yuncia paseH 1, ecnn yucyIo NoJOXKHUTENBHOE, -1 — ecii oT-

punartensHoe, 1 0 — ecan oHo paBHO Hysio. Hamimire ¢yHkuio,

BBIUMCJISIONIYIO 9TO 3HAUEHHE.

Kakoe 3nauenune Bosppaiaer mycroii 6moxk {}? Kakos ero tnm?

3. Ilpuaymaiite cutyauuio, Koraa nNpucBoeHue x = y = 1 6ynaer ao-
nyctumbiM B Scala. (IToackaska: BbiGepiiTe TMOAXOASUIMIA THII

N

IS X.)

4. HanumunTe Ha si3bike Scala HMKJI, 9KBUBAIEHTHBIIT [IMKJIY HA SI3bIKE
Java
for (int i = 10; 1 >= 0; i--) System.out.printlin(1i);

5. Hamumure npouenypy countdown(n: Int), KOTOpasi BLIBOAUT YHCJA
ot n 10 0.

6. Hanumunre Luka for AJsl BBIYMCJEHUST TPOM3BENEHHST KOMOBBIX
nyHktoB IOnukoma Bcex 6ykB B crpoke. Hanpumep, npoussene-
HHE CHMBOJIOB B CTPOKe "Hello" paBHO 9415087488L.
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7. Pemute mpexgsipyiiee ynpaskHenue 6e3 npuMenenus mukiaa. (Ioa-
cKa3sKa: 3arJITHMTE B ONHcaHMe Kjacca StringOps B Scaladoc.)
8. Hanumire ¢gyHKIuIo product(s : String), BHIYKUCSIOUIYIO TPOU3-
Be/lcHIle, KaK OMHCAHO B TIPEbIAYIIUX YTIPAKHEHHUSIX.
9. Cpesaiite QyHKIMIO 3 TIPEAbIYLIErO YIPAaXKHEHUS] PEKYPCUBHOM.
10. Hammmmre byHKIHIO, BBIYHCISAIONYIO X", TIe # — 1eJI0e YUCJIO.
Wcnonb3yiite ciaenyiomee peKypcuBHOe OTpeneieHue:
® X" =y’ eciu n — YETHOE U TIOJIOKUTEIBHOE YUCJTIO, TTIe i = X2,
A" =x-x"" ecqM n — HEYETHOE H MNOJOKUTEILHOE YUCIIO.
o yV =1,
e x"=1/x"" ecnu n — OTPULIATETILHOE YUCIIO.
He ucnonb3ayiite HHCTPYKUHUIO return.
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Tembl, paccMartpmBaemMblie B 31701 rnase A

3.1. MaccuBbl GUKCUPOBAHHOW ONUHLI.

3.2. MaccuBbl nepeMeHHol anuHbl: Bydepsbl.
3.3. Obxon anemeHTOB MaccmsoB 1 Bydepos.
3.4. MNpeobpaszosaHne MaccunBoB.

3.5. TunnyHble anropuUTMbI.

3.6. PacwudpossiBaem Scaladoc.

3.7. MHOromepHble MaccuBbl.

3.8. Bsanmopeicteme ¢ Java.

YnpaxHeHus.

oooo0oo0oo0ooo

B aroii riaBe Bbl y3Haete, kak paborath ¢ MaccuBamu B Scala. IIporpam-
MucTbl Ha Java u C++ 0ObIYHO BBIOMPAIOT MACCHUBBI WJIH POACTBEHHbIE
UM CTPYKTYPbI IaHHbIX (TaKHe KaK CIHCKH HJI BEKTOPbI), KOTAA Tpe-
Oyetcst cobpaTh BOEMHO MHOXeCTBO ajseMeHToB. B Scala cymiectByior
Jpyrue Bo3MoxcHocTH (cM. raBy 13), Ho ceifuac, Kak MHe KaXKeTcsl, BaM
He TepIUTCs MOrPY3UTHCS] B MACCHBDIL

OcHOBHbBIE TEMBI DTOIl IJIaBbL:

U ucnoJsp3yiiTe THUM Array AJIs1 TIPEACTaBJEHHsT MAacCHBOB (hpHKcHpO-
BaHHOM IUIMHBI W TUI ArrayBuffer U1 TIpPeACTaBJEHHS MacCHBOB
TepeMeHHOU JIHBL;

He HCToJb3yHTe new, KOrJa CO3AaeTe MacCHB M3 HayaJbHBLIX 3Ha-
YeHUH;

HCMoJb3yiTe CKOOKH () [UIsl IOCTYNA K dJIeMEHTaM MacCHBa;
ucnonb3yiTe for (elem <- arr) st 00X0/a DJEMEHTOB;
ucnonb3yire for (elem <- arr if ... ) ... yield ... st mpeoOpa3o-
BaHUS B HOBBII MacCHB;

MaccuBbl Scala u Java sIBASIIOTCSI COBMECTUMBIMIL; [1JIs1 COBMECTH-
MOCTH C MaccuBaMHU ArrayBuffer ucnosb3yliTe scala.collection.
JavaConversions.

0O OO0 O



Maccusel nepemerHoi anutb: Bydeps g!l.ll.

3.1. MaccuBbl PUKCUPOBAHHOW OJINHbI

Ecxit BaM Hy)KeH MacCHB, JJIMHA KOTOPOTro He GyneT MeHSThbCs, UC-
noJsb3yiite Tin Array. Hanpumep:

val nums = new Array[Int](10)
// MaccuB C [eCATbI0 UENbMU YUCNaMW, WHWUMANU3UPOBAHHLIMU HYNAMM
val a = new Array[String](10)
// MaccuB C [eCATbi0 INEMEHTaMu, WHUUMANN3WPOBAHHLIMM 3HayeHuem null
val s = Array("Hello”, "World™)
// Maccus Ttuna Array[String] c anuHoit 2 - Tun BHBOAWTCA KOMNUAATOPOM
// 3aMeTbTe: NpU HANUYWMW HaYaNbHbIX 3HAYEHWA CNOBO NEw HE WCNoNb3yeTcs
s(0) = "Goodbye"
// Maccue Array("Goodbye”, “World™)
// Ona poctyna k anemeHTam wucnonb3yite () BMecTo []

Buytpu JVM tun Array peanmsoBaH Kak Java-maccuB. MaccuBbl
B TIpemblylIeM IpUMepe MMeEIOT THI java.lang.String[] BHyTpH JVM.
Maccus ¢ asemMeHTaMH THHOB Int, Double M APYTHX, SKBHBaJIEHTHBIX
IPOCTBIM THIIAM B Java, sIBJISIETCS] MacCMBOM MPUMHTHUBHOro tumna. Ha-
IpIHMep, Array(2,3,5,7,11) — ato 1nt[] B JVM.

3.2. MaccuBbl nepeMeHHOU AJINHbI:
oydepbl

B Java umeercst THn Arraylist, a B C++ — THI vector, COOTBETCTBYIO-

1€ MacclBaM, KOTOPbIe MOTYT YBEJHYHBATHCS U YMEHBIIATLCS [0 Tpe-
6osanuio. B si3pike Scala ms aToro ectb THI ArrayBuffer.

import scala.collection.mutable.ArrayBuffer
val b = ArrayBuffer[Int]()
// Wnan new ArrayBuffer[Int]
// Nyctoin Oydep, NOArOTOBNEHHbIA ANA XPAHEHWA UENbiX Yucen
b += 1
// ArrayBuffer(1)
// [NoGaBneHue aneMmeHTa B KOHEU C MoMoubl +=
b += (1, 2, 3, 5)
// ArrayBuffer(1, 1, 2, 3, 5)
// [NoGaBneHne B KOHEL HECKONbKWX 3NEMEHTOB, 3aKNYEHHLIX B CKOOKM
b ++= Array(8, 13, 21)
// ArrayBuffer(1, 1, 2, 3, 5, 8, 13, 21)
// C nomowbid onepaTopa ++= MOXHO A00aBUTb B KOHeu Niobyo Konnekuuwo
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b.trimEnd(5)
// ArrayBuffer(1, 1, 2)
// Yoanenue nocnefHUx AATU 3NEMEHTOB

JobaBieHne Uiy ynajieHue 3J1eMEHTOB B KOHIE MacCHBa — JOCTaTOY-
HO a(pdexTHBHASA («C TOCTOSIHHBIM BPEMEHEM BBIMOJHEHUSI> ) ONlepallysl.

VMeetcst Takxke BO3MOXHOCTb BCTABASITh U YAQISATb 9JI€MEHTHI B MIPO-
M3BOJILHBIX TTO3MIIISIX, HO 3TH OoNepalni MeHee 3(hdeKTIBHbI — Bce aJje-
MEHTBbI TIpaBee yKa3aHHOW NMO3UIUH JO/DKHBI cABHrarsest. Hanprimep:

b.insert(2, 6)

// ArrayBuffer(1, 1, 6, 2)

// BcTaBka anemeHTa B NO3WUMO C MHOEKCOM 2
b.insert(2, 7, 8, 9)

// ArrayBuffer(1, 1, 7, 8, 9, 6, 2)

// MoxHo BCTaBuTb N60E KONUHECTBO INEMEHTOB
b.remove(2)

// ArrayBuffer(1, 1, 8, 9, 6, 2)
b.remove(2, 3)

// ArrayBuffer(1, 1, 2)

// BTopoit napameTp OnpeaenseT KoNMYecTBO yAANSeMbix 31eMeHTOoB

WHornma Hy»XHO cO34aTh MaccHB Array, HO KOJIHUECTBO 2JIEMECHTOB 3a-
paHee HeusBecTHOo. B aToM ciyuyae cHavana cospaiite Oydep, a 3atem
BBbI3OBUTE:

b.toArray
// Array(1, 1, 2)

O6parHoe npeobpa3oBaHie MaccHBa B Oy(dep BBITOIHSICTCS BHI30BOM
a.toBuffer.

3.3. 06xon maccuBoB n 6ygdepos

B Java u C++ umMeercst psii CHHTaKCUYECKUX Pa3IHYUil MeX1y Mac-
cHBaMu U CIMCKaMK/BekTopaMu. SI3bik Scala B aTOM OTHOUIEHHH Gosiee
ofHOpozieH. B Go/bIIMHCTBE C/IyyaeB MOXHO HCIOJIb30BaTh OfMH M TOT
e KO IIsl paboThl ¢ 0OOMMHU THUIIAMIL.

Huske mokasaHo, Kak BBITIOJIHUTB 00X0/ 9JIEMEHTOB MacciiBa MJiu Oy-
epa B umkie for:

for (i <- 0 until a.length)
println(i + ": " + a(1))
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Ilepemennas i mosyyaeTr 3HaueHHs OT 0 70 a.length - 1.
Meron unt1l kacca RichInt Bo3BpalllaeT BCe YHCIA B YKa3aHHOM J1a-
na3oHe, He BKJIoyasl BepxHel rpanunbl. Hanpumep:

0 unt1l 10
// Range(0, 1, 2, 3, 4, 5, 6, 7, 8, 9)

Ob6parute BHUMaHMe, 4TO 0 unt1l 10 hakTHUECKU SIBJSIETCS BHI3OBOM
MeTtoza 0.unt11(10).
Konctpyxuns

for (1 <- range)

obecreyBaeT MoCJeN0BATEIbHOE TIPUCBOEHHE ePEMEHHOI 1 Bcex 3Ha-
yeHnit ananaszoHa. B nanHoM ciyyae mepeMeHHas UMKJA i Gyzer mojy-
yaTb 3HaueHust 0, 1 1 o (1o He BKJIOYast) a.length.

Yto6n1 060TIH BCe 21IEMEHTBI C YETHLIMU HHAEKCAMH, MOXKHO MCIIOJIb-
30BaTh KOHCTPYKLIMIO

0 unti1l (a.length, 2)
// Range(0, 2, 4, ...)

Yro6bl 060iTH 2/IEMEHTHI B 0OPATHOM MOPSIAIKE, HAUMHANHTE C KOHLA
MaccHBa:

(0 unt1l a.length).reverse
// Range(..., 2, 1, 0)

Eciuu B tene HHKJIa HHAEKCbI HE HYXXHDbI, MOJKHO peajin30BaTh O6XOZ[
JJIEMEHTOB HelloCpeACTBEHHO!

for (elem <- a)
println(elem)

JTta KOUCTPYKIHSI OYeHb HATIOMHHAET <«PACUIMPEHHBIH» LUK for!
B Java W <«ocHoBaliHblil Ha Auamasone» uukya for B C++. Ilepemen-
HOIl elem rocje/0BaTENIbHO MPHCBaHBAIOTCsI 3HaUeHus a(0), a(1) U T. 1.

' Wmeerest B gty wiii foreach. — Ipus. nepeg
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3.4. MNpeobpa3oBaHe MacCUBOB

B mpexpiaymux pasmesiax ObIIO MOKa3aHo, 4TO paboTa ¢ MacCHBaMU
O4yeHb HamoMuHaeT pabory ¢ MaccuBamu B Java mau C++. Ho B Scala
HUMEIOTCST TOTIOJNHUTENbHBIE BO3MOXKHOCTH. OueHb JIErKO MOXHO B3SITh
MmaccuB (unu Gydep) u npeobpasosaTh ero HeKOTOpHIM criocobom. Ta-
KHe Mpeo6pa3oBaHusT He M3MEHSTIOT OPUTMHAIBLHOTO MACcCHBA, a CO3AAI0T
HOBBIH.

7151 3TOro MOXHO BOCIMOJIb30BAThCs for-reneparopom (for-compre-
hension), kak MoKazaHO HMXKe:

val a = Array(2, 3, 5, 7, 11)
val result = for (elem <- a) yield 2 = elem
// pe3ynotat: Array(4, 6, 10, 14, 22)

ITuka for (...) yield co31acT HOBYIO KOJITIEKIIMIO TOTO K€ THIIA, YTO
u opurunan. Eciu B BbIpakeHHH ydyacTByeT MacCHB, Ha BBIXOJC TIOJY-
yaetcs1 Apyroii Maccus. Eciiu B BbipaxkeHnHn yuactByeT Oydep, UMEHHO
6ydep u co3mact UMK for (...) yield.

IMonyuyusiniics MaccuB 6yeT CofepKaTh 3HAYEHSI BbIPaKelisl, cJie-
ZyloLlero 3a yield, BBIYMCJSIEMOTO B KaXKIOH MTepallii.

Yacro npu 06xoze Kojnekunu ObiBaetT HeobXoanuMo obpaboTath aie-
MEHTBI, TOJBLKO COOTBETCTBYIOHIME OIpENeJeHHOMY YCJIOBHIO. ITOTrO
MOJXKHO OOUTbCS, H00aBuB ozpanuvumens (guard): BeIpaskeHHe if BHYT-
pu for. CenyIouuii NpuMep yIBauBaeT 3HAYEHUS YETHBIX DJIEMEHTOB U
NIPOMYCKaeT HeyeTHbIe:

for (elem <- a 1f a % 2 == 0) yield 2 « elem

HNmetite B BUAY, YTO B pE3YyJibTaT€ IOJYYa€TCs1 HOBasl KOJIJIEKIH:A, —
OpuUrnHa/ibHasl KOJUIEKLUS HE 3aTpariBaeTcCs.

MpumeuaHue. Ty xe 3apayvy MOXHO peWwnTb UHaye:
a.filter(_ % 2 == 0).map(2 * _)

nnn paxe

a.filter { _ % 2 == y map { 2 « _ }

HexoTopble NPOrpamMmMmUCTbl C ONBITOM PYHKLMOHANBHOrO NPOrPaMMUPOBaHUS
nNpeanoyTYT MCNONb30BaTh METoAb! filter U map. OAHAKO 3TO AULIL BONPOC
CTUNS — LKA for BbIMNONHAET B TOYHOCTHU Ty Xe paboTy. UcnonbayiiTe TOT cno-
co6, KoTopbIi cuutaete 6onee NPOCTbIM.
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Paccmorpum caemyionmit mpuMep. [laHa 1ocienoBaTebHOCTD 1EJIBIX
ulces1, U3 KOTOPOi TpebyeTcst YIAIUTh BCE OTPUIATENbHBIE YMCJIA, KPOME
nepsoro. TpaauliOHHOe pelleHue TIpeoaraeT HCoib30BaHue (hiara, Ko-
TOpBIH cOpackiBaeTes1 rocsie 0OHApyKEH s IEPBOrO OTPULIATEILHOTO YHCIIa.

var first = true
var n = a.length
var 1 = 0
while (1 < n) {
1f (a(1) >= 0) 1 += 1
else {
1f (first) { first = false; 1 += 1}
else { a.remove(1); n -= 1}

Onnako Takoe pellelne BbITISAHT HCKPACHBO. YIAISTh 3J1€EMEHTbI U3
O6ydepa mosoJibio 1eapdexruBHo. HamHoro Jiyuire mpocto ckonupo-
BaTb HEOTPHLATeJbHbIE YICJIa B Hauaso.

Cuauvasa cobepeM Bce HHIEKCDL:

var first = false
val indexes = for (1 <- 0 unt1l a.length 1f first || a(i) >= 0) yield {
1f (a(1) < 0) first = false; 1

3ateMm nepeMecTHuM dJIEMEIITbI B HOBbIE MTO3ULUH U OTCEYEeM KOHEeL:

for (3 <- 0 until 1ndexes.length) a(j) = a(indexes(]))
a.trimEnd(a.length - 1ndexes.length)

Oo6pariiTe BHUMaMIIEe, YTO ropaszo Jiyyiie coOpaTh Bce NHIEKCHI BMEC-
T€, UeM IIPOCMATPHBATL MX IO OHOMY.

3.5. Tunn4yHblie anNropUTMbI

YacTo yTBepxKAAETCsI, YTO 3HAYUTEIIBHYIO 0JI0 BHIYHCIEHU COCTaB-
JISIIOT CyMMMpOBaHiie 1 copTHpoBKa. K cuactbio, Aisl peleHust TaKMX
3azau B Scala 1merorcst BctpoelHblie hyHKIME.

Array(1, 7, 2, 9).sum
// 19
// MoxeT npumeHsTbCs u K Oydepam ArrayBuffer
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Yr065b! 3a1€HCTBOBATL METO, Sum, 3JIEMEHTHI IOJKHBI ObITh YHCJIOBOTO
TUMA: LIeJIOYUCJIEHHbIE, BellleCTBeHHble UJIH BigInteger/BigDecimal.

AHazorMyHO METOIBI min U max BO3BPAILAIOT HAUMEHBINUIT U HanOOoIb-
Uit 2J1leMeHThl MaccuBa uau Oydepa.

ArrayBuffer(“Mary”, “"had”, "a", "little”, “lamb").max
// “little”

Merton sorted coptupyer MaccuB uiau Oydep U BO3BpALIAeT HOBbLl
OTCOPTHUPOBaHHBIH MaccuB wiau Gydep, He U3MeHsIsI OpUTHHATIA:

val b = ArrayBuffer(1, 7, 2, 9)
val bSorted = b.sorted(_ < _)
// b He uamenuncsa; bSorted - 3to ArrayBuffer(1, 2, 7, 9)

B kauectBe mapamerpa meromy nepenaercsi (DYHKLHSI CPaBHEHUS —
CHHTaKCHC OMUChIBaeTcst B ryase 12.

Nmeetcs Takke BO3MOXKHOCTh OTCOPTUPOBaTh MaccuB (Ho He Oydep)
Ha MecTe:

val a = Array(1, 7, 2, 9)
scala.util.Sorting.quickSort(a)
// a - Tenepb Array(1, 2, 7, 9)

Y10o6bl MCITONH30BATh METOABI min, max M quickSort, THUIbI 3JEMEHTOB
JOJDKHBI NOJZEP>KUBATh OTepalHIo CPaBHEHHSI. DTy ONepaluio Mmoaiep-
JKUBAIOT YUCJIA, CTPOKU U Apyrue TUMbI ¢ TpeiitoM (trait) Ordered.

HaxoHel, eciu notpebyercss BHIBECTH COAEPKMMOE MaccuBa uill 6y-
(epa, MeTox mkString MO3BOJIMT yKa3aTh Pa3eIUTeNb [J1s1 BIBOAQ MEXAY
3JleMeHTaMu. BTopoil BapuaHT B NpuMepe HIKe HMeeT MapaMeTphl 1S
npedukca u okoHuanus. Hanpumep:

a.mkString(" and )

// "1 and 2 and 7 and 9"
a.mkString("<”, "7, M)

// "<1,2,7,9>"

CpaBHUTE C METOAOM toString:

a.toString
// "[1eb73e5"
// 3T0 - becnonesHbit mMeToa toString w3 Java
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b.toString
// ArrayBuffer(1, 7, 2, 9)°
// Metoa toString coobwaeT Tun, YTO MOXET NPUrOAMTLCA NpU OTNagke

3.6. PacuundposbsiBaem Scaladoc

MaccuBbl 11 6yepbl UMEIOT Maccy TOJNE3HBIX METOAO0B, U 6bLIO Obl
HEIIOXO MCCNEeI0BaTh JoOKyMeHTalHIo Scala, 4To6bI MOTyYMTh MpeacTaB-
Jietue 06 HMCIOU[HXCSI BO3MOXKHOCTSIX.

Mpumeuanue. Metoapl ansa knacca Array nepeyucneHsl B pasaene Array0ps.
TexHuyeckn MaccuB npeobpasyetcss B 00bekT ArrayOps nepen nobon npu-
MeHsaeMon onepauuein.

[Tockonbky Scala obnanaet 6oJiee Goratoit cucreMoil TUIIOB, 4eM Java,
B IOKyMeHTalHu Jist Scala MOTYT BCTPETHTHCS I0BOJIBHO CTPAaHHbIE CHH-
Takciueckiie kouctpykuun. K cuactbio, st yeneinHoit paboTsl He Tpe-
GyeTcst MoHIMaTb BCC TOHKOCTH cHcTeMbl THHOB. Mcnonb3yiite Tabi. 3.1
KaK </1eI()poBajbloe KOJbLO».

Tabnunya 3. 1. QewnppoBanbHoe Konbyo ansa Scaladoc

Scaladoc OObAcHeHue
def append(elems: A«): Unit 3TOT MeToa, NPUHNMAET HOJb Uan 6onee
aprymMeHToB Tvna A. Hanpumep, b. append(1,
7, 2, 9) po6aBuT YeTbipe 3nemMeHTa B KO-

Heu b
def appendAll(xs: TraversableOnce[A]): | MapameTp xs MOXeT ObiTb No6OM KoNnek-
Unit umen ¢ TpenToMm (trait) TraversableOnce,

Hanbonee TUNUYHLIM TPENTOM B Uepapxun
Konnekuui B A3bike Scala. Apyrumu pac-
NPOCTPaHEHHbIMU TPenTamu, ¢ KOTOPLIMU
MOXHO BCTpeTuTbes B Scaladoc, asnfaoTca
Traversable n Iterable. Bce konnexuuu

B A3blke Scala peannayloT 5Tu TpeiTol, U
pasnuuns Mexay HUMK gns nons3osarenem
61M6MOTEK HOCAT akafieMUYecKuii xapak-
Tep. MpocTo npu BCTpeye cuntante nx
NPU3HaKOM «HEKOTOPas KONNEKUUs».
OpHako TpewnT Seq TpebyeT peanusaummn
[oCTyna K 3nemMeHTam no ux niaekcam. Nn-
TepnpeTupymnTe ero Kak «Maccus, CNUCoK
Mnn cTpoka»
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Tabnuya 3. 1. JewngpposansHoe konbLo As Scaladoc

Scaladoc

O6bsAicCHeHue

def count(p: (A) =>Boolean): Int

OTOT MeToA, NpUHUMaEeT npeankar, GyHK-
uuto npeobpa3oBaHus 13 Trna A B Tun
Boolean. MoacuuTbHIBAET KONMYECTBO 3Ne-
MEHTOB, ANSA KOTOPbIX QYHKUUA BEPHET true.
Hanpumep, BbI30B a.count(_ > 0) BEpHET
KOIMYECTBO NONOXUTENbHBLIX 3N1EMEHTOB

def += (elem: A): ArrayBuffer.this.type

OTOT MeToA BO3BpaLLaeT this, YTO NO3BO-
NAeT COCTaBNATb LeNnoykKu BbI30BOB, HAaNpu-
Mep: b +=4 -=5,

Mpu paboTe c 6ydpepom ArrayBuffer[A]
3TOT METOA MOXHO NPEACTaBNATb Kak def
+=(elem: A) : ArrayBuffer[A].

Ecnu kT0-TO chopmupyeT nogknacc knacca
ArrayBuffer, MeTOA += BEpHET OOBEKT 3TOro
nojgknacca

def copyToArray[B >: A] (xs: Array[B]):
Unit

O6paTtuTe BHUMaHNE, YTO PYHKUUS KO-
nupyeT 6ydep ArrayBuffer[A] B Maccus
Array[B]. 3oecb B MOXeT ObITb CynepTunom
A. Hanpumep, MeToa MOXET CKONMpoBaTh
ArrayBuffer[Int] B Array[Any].

Mpw NepBom 3HaKOMCTBE NPOCTO UrHOPU-
pyvite pparmMeHT [B >: A] u 3aMeHuTe B Ha A

def max[B >: A] (implicit cmp:
Ordering[B]): A

A DOMKEH UMETbL CynepTun B, Ans KOTo-
pOro CywecTByeT «HesiBHbI» («implicit»)
ob6bekT Trna Ordering[B]. Takne 06bEKTLI
ynopsiaoyYeHus CyLeCTBYIOT NS Yucen,
CTPOK 1 APYrux TMNOB C TpeNToM Ordered,
a Takxe Ans K1accos, peanuayowmx Java-
nHrepdenc Comparable

def padTo[B>: A, That](len: Int, elem: B)
(implicit bf: CanBuildFrom
[ArrayBuffer[A], B, That]): That

9710 06bsABNEHUE BCTPEYAETCH, KOrAa Me-
TOA, CO34aeT HOBYIO konnekumto. Mponyc-
TUTE ee 1 NocMoTpuTe Ha 6onee NpocTyio
anbTepHaTuBY, B JaHHOM Clyyae

def padTo (len: Int, elem: A) -
ArrayBuffer[A]

B 6yayweir Bepcum Scaladoc Takvie 06b-
ABNeHua ByayT CKPbITbI

3.7. MHOromepHble MacCuBbI

Kak u B s13bIke Java, MHOrOMepHbIe MaccUBH B Scala peaJii30BaHbI
KaKk MaccuBbl MaccuBoB. Hampumep, aByxmMepHblii MaccHB 3HaueHW
Double MMeET THII Array[Array[Double]]. Co3maloTcst Takiie MaCCHBBI C I10O-

MOILbIO MeTOoAa ofDim:




Baaumoseiictere c Java gglllllm

val matrix = Array.ofDim[Double](3, 4) // Tpu cTpoku, d4eTupe cTonbua

ﬂJI}l AoCTyna K 3JeMEeHTaM TaKOoro MaccHBa CJieAyeT MCII0JIb30BaTb
ZBe Iapbl CKOOOK:

matrix(row)(column) = 42

VnMeercsi BO3MOXKHOCTb CO3/laBaTb MAaCCHBBI CO CTPOKaMH pa3H0ﬁ
JJTHHDIL

val triangle = new Array[Array[Int]](10)
for (1 <- 0 unt1il triangle.length)
triangle(1) = new Array[Int](1 + 1)

3.8. Bzaumopencrteue ¢ Java

IMockosibky MaccuBbl B Scala peann3oBaHbl Kak Java-MaccHBbl, MX CBO-
6OIHO MOXKHO TepeJaBaTh MEXIy MPOrpaMMHbBIM KoZOM Ha Java u Scala.

I[Tpu ucionb30BalNK Java-MeToAa, NPHHUMAIOLIETO WM BO3BPAIIAIO-
1ero java.util.list, B mporpaMMHOM Koje Scala MoxHO ObLIO ObI HC-
10J1b30BaTh Java-MacCcHB Arraylist, HO 9TO He camoe Jiydlllee pelieHHe.
BMmecTo 9TOro MOXKHO HMIOPTHPOBATH METO/BI HESIBHOTO NpeobpasoBa-
HUsI 113 scala.collection.JavaConversions. [locse aToro MoxxHo 6yﬂeT uc-
nosb3oBaTh 6ydepnl Scala B cBoeM Kojie, KOTOpbie aBTOMAaTHYECKH Oy Ay T
o0epTHIBATLCS CMUCKAMII Java TpH BbI30Be Java-MeToa.

Hanpumep, ksacc java. lang. ProcessBuilder HMeeT KOHCTPYKTOP C Mapa-
MeTpoM List<String>. Hibke mokasaHo, kak MOXHO ero Bbi3BaTh U3 Scala:

import scala.collection.JavaConversions.bufferAsJavalist
import scala.collection.mutable.ArrayBuffer

val command = ArrayBuffer("ls”, "-al”, "/home/cay")

val pb = new ProcessBuilder(command) // W3 Scala B Java

Bydep u3 sizbika Scala obeprbiBaeTcsi 06beKTOM Java-kiacca, peaau-
3yiouiero 1urtepdeiic java.util.List.

Haob6opor, koraa Java-MeTox BO3Bpallaet java.util.list, €0 MOXHO
aBTOMATHYECKH npeobpa3oBaTh B Buffer:

import scala.collection.JavaConversions.asScalaBuffer
import scala.collection.mutable.Buffer
val cmd : Buffer[String] = pb.command() // u3 Java B Scala
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// Henbas ucnonb3oBaTb Tun ArrayBuffer - o6epHyTbii 06beKT rapaHTUPOBaHHO
// 6yneT uMeTb Tun Buffer

Ecan Java-meron sepHet obepHyTsiil Oydep Scala, Torna meron He-
SIBHOIO MpeoOpa3oBaHMsi W3BJIEUET OPUTHHAJIBHLIH 00beKkT. B maHHOM
nmpuMepe cmd == command.

YnpaxHeHusi

1.

2.

10.

Hanuiire pparMeHT K02, KOTOPBI 3aITUCHIBAET B MACCIIB a LieJIble
yycja B Auana3oHe oT 0 (BKJIOUMTENBHO) M0 n (MCKJIIOYAsT €ro).
Hanumunte uks, MEHSIIOLINI MeCTaMK CMeXXHbBIE 2JIEMEHTDI B Mac-
cuBe 1enbix uncen. Hampumep, Array(1, 2, 3, 4, 5) JIOJKEH cTathb
Array(2, 1, 4, 3, 5).

[TosTOpUTE NpeabiAyLIee YIPa)KHEHNE, HO cO3/1aiiTe HOBDLII MacCHB
C mepecTaBJeHHBIMI djieMeHTaMHU. Vcnonb3yiite BbipaxkeHue for/
yield.

JlaH MaccHB LIeJIBIX YHCeJ, CO3/aiiTe HOBBIIf MacCHB, B KOTOPOM
cHayasna OyayT CJeoBaTh MOJIOKUTEJNbHbIE 3HAYEHUS] U3 OPHIH-
HAJbHOTO MACCHBA, B OPUIHMHAJIBHOM TOPsIIKE, a 3a HHMI OTpH-
LaTeJibHbie ¥ HyJieBble 3HAYEHHs], TOXKE B OPUTHHAJILHOM IOPSIIKE.
Kax Obl Bbl BBHIYMCIMJIN CpeAHEE 3HAUEHHE 3JEeMEHTOB MacCHBa
Array[Double]?

Kak Obl BBl mepeynopsiiounan 31eMeHTbl MaccuBa Array[Int] Tak,
4TOObI OHM CJIEI0BAJIM B OOPATHOM OTCOPTHPOBAHHOM TOPSsIAKe?
Kax 651 Bbl cenianu 1o Xxe camoe ¢ 6ydepom ArrayBuffer[Int]?
Hanummre ¢hparMeHT MporpaMMHOTO KO/IQ, BIBOASIIINII 3HAYEHU ST
BCEX 3JIEMEHTOB M3 MaccHBa, kpoMe nosTopstionyxcs. (IToackaska:
sarasaute B Scaladoc.)

[MepenumnTe npumep B KoHie pasgena 3.4 «[IpeobpasoBanue
maccuBoB». CobeprTe HHIEKCHI OTPHLIATENbHBIX JIEMEHTOB, pac-
MI0/I0UTE UX B 0OPaTHOM TOPsI/IKe, OTOPOCKTE MOCIEAHUI HHAEKC
Y BBI3OBUTE a.remove(i) AJst Kaxaoro nHaekca. CpasHute addek-
THBHOCTb 3TOTO TIOAXO0/JA C ABYMs IIOAXOAAMH, MpeJCTaBIeHHbBIMH
B pasaeJie 3.4.

CosnaiiTe KOJJIEKIIMIO BCEX YACOBBIX IMOSICOB, BO3BpalllaéMbIX Me-
TOZOM java.util.TimeZone.getAvailableIDs mist Amepukii. OT6poch-
Te npedHKc “Anerica/" M OTCOPTHPYIiTe pe3yJibrarT.
VIMnoptupyiiTe java.awt.datatransfer._ M cosiaiiTe oObeKT THMA
SystemFlavorMap BHI30BOM



YnpaxHexust Eglllll

val flavors = SystemFlavorMap.getDefaultFlavorMap().
asInstanceOf[SystemFlavorMap]

3aTeM BbI3OBHTE MeETOJ getNatilvesForFlavor ¢ napameTpoM Data-
Flavor.1imageFlavor i1 TIOJyuMTe BO3BpallaeMoe 3HaueHHe Kak Oy-
(ep Scala. (3auem myxen 3TOT HemoOHsITHBL Kiaacc? JOBONBHO
CI0’KHO HANTH NPHUMEP HCIOJIL30BaHMS java.util.List B CTaHAApPT-
10ii 6ubsinorexe Java.)



Fnasa 4. AccoumarMBHbie MACCUBDI
M KOPTEXM

TeMbl, paccmartpmBaemsble B 310N rnase ANl
4.1. KoHcTpyupoBaHve 0TobpaxeHuii.
4.2. JocTyn k 3Ha4eHUsIM B OTOBpaXeHusX.
4.3. U3meHeHue 3HauyeHuin B 0ToBpaxeHnsax.
4.4. O6xo0n 3n1eMeHTOB 0TOOpPaXeHwuit.

. CopTnpoBaHHble 0ToOpaxeHus.

4.6. Bzanmopeiicteue ¢ Java.

4.7. Koptexu.

4.8. OyHkuma zip.

YnpaxHeHus.

00000000 o
S
18]

Kiaccnueckast mporpaMMHCTCKast IOroBopka riiacut: «Ecai Bam ganyt
BBIOPATh TOJILKO OJHY CTPYKTYPY HAHHBIX, BHIOMpaiTe Xeul-Tabauiibi».
Xew-mabnuypt, nan, roBopst 6osiee 060BIIEHHO, accoyuamushvle Macci-
60, SIBISIIOTCS OJHHMH U3 CaMBIX THOKIIX CTPYKTYp maHHbIX. Kak Oyaer
NIOKA3aHO B 9TOH IJ1aBe, B si3bike Scala oHM 0c0GeHHO NpOCTbI B HCNOJb-
30BaHMM.

Accoyuamuenvte maccugvt (Map) — 9TO KOJUJIEKIMM Map KJIO4/3Haye-
uue. Kpome Toro, B Scala onpeneneno obiee oHsTHe kopmexca — arpe-
raTa u3 n o6beKTOB, Heobs13aTebHO oiHOTO THNA. [lapa — aT0 06BIUHbIIL
KopTexx ¢ 7 = 2. KopTexu ¢ ycriexoM MOTYT HCIIOJNb30BaThCsl BE3/Ie, Tie
HeoOXOMMBI arperatsl U3 AByX Wiau 6oJjiee 3HaveHuil. VIx cuntakcuc Ko-
POTKO 0OCY’KIaeTCsT B KOHIIE T/IaBbl.

OCHOBHbIE TEMBI 3TOIi IJIaBbI:

QO Scala umeet yno6HbIi cCMHTaKCHC AJTst cO3naHKsl 0TOOpaXxeHuii, 06-

paleHuii K HUM ¥ 06X0fa UX 2JIEMEHTOB;

QO BbIGOp MEXAY M3MEHSIEMbIMUA U HEM3MEHsIEMBIMH acCOLMATHBHbI-

MH MaccHBaMH;
U 1o yMoJuaHMIO acCOLMATHBHBIE MACCHBBI CO3/IAIOTCS B BUE X€ll-
TabJIMIl, HO eCTh BO3MOXKHOCTD CO3/IaBaTh UX B BHJE AEPEBbEB;



KoHcTpymnposaHme oTobpaxeHuit égllll.

O accouuaTuBHbIE MacCUBBI JIETKO MOXKHO IlepegaBaTh Mexay Scala
i Java;
Q xopTexit yaobHO 1CNoJAb30BaTh AJIsS arperipoBaHusl 3HaYeHH L.

4.1. KoHCcTpynpoBaHue oToOpaXeHun

Co3narb acCONMATHBHBIA MacCHB MOXHO CJIENYIONMM 00pa3oM:

val scores = Map(“Alice” -> 10, “Bob™ -> 3, "Cindy” -> 8)

B pesysisrate 6yaet co3zaHo Hen3MeHsieMoe 0ToOpaxkeHne Map[String,
Int]. Ecan norpebyercst co3nars uaMeHsieMoe 0TobpakeHue:

val scores = scala.collection.mutable.Map(“Alice” -> 10, "Bob” -> 3, "Cindy” -> 8)

Ecsit norpebyeTtcsi co3aaTh IycTble acCOIMATHBHbIE MacCUBLI, HEOO-
XOJHMO BbIOPATDh Peasi3alifio aCCOMAaTUBHOTO MAacCHUBA U YKAa3aTh THIIbI
KJIIOYeH 11 3HaYeHHIl:

val scores = new scala.collection.mutable.HashMap[String, Int]

AccounariBHble MacCUBBI B si3pike Scala SIBASIOTCS KOJJIEKLIUSIMU
nap. [lapa — 3TO NPOCTO rpyIia U3 ABYX 3HAYEHHH, HEOOS3aTENIbHO O/
1Oro THIIA, HanmpuMmep: ("Alice”, 10).

[Tapa co3naercsi onepatopoM ->. 3HaYeHHEM BBIPAXKEHHS

“"Alice” -> 10

SIBJISIETCSI

("Alice”, 10)

C teM xe ycnexom acCOLMATHBHBIM MaCCUB MOKHO CO3JaTh TaK:

val scores = Map((“Alice”, 10), ("Bob", 3), ("Cindy", 8))

Omnepatop -> JIMIIb HEMHOTO IPOLLEe BOCIPHMHUMAETCS IJ1a30M, 4YeM
ckobki. Ho cxobku co3gaioT BHeyaT/eHHe, YTO aCCOLMATHUBHBIH Mac-
cuB sIBJIsIeTCs1 cBoeoOpa3Hoil dyHkIiMeil, KoTopas oToOpaXkaeT KJIOYH
B 3HaYeHus. Pasuuia aumb B TOM, 4TO PyHKUMS BHIYMCAET 3HaYEHMs,
a ACCOUMATHBHDLII MAaCCHB NPOCTO OTBLICKMBAET HX.
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4.2. flocTyn K 3Ha4YeHUam
B accouMaTUBHbIX MaccuBax

B Scala anasmorust Meskay hyHKIUHMSMH H aCCOLMATHBHBIMI MACCHBAMI
0COOEHHO MOJIHAsSA, TIOTOMY YTO JUJIsl MOUCKA 3HAYeHHil KIIoUYei HCmob-
3yeTcst HOTaus ().

val bobsScore = scores(“Bob”) // NopobHo scores.get("Bob”) B Java

Ecau accoumaTHBHBIH MaccHB He COAEPKMT HCKOMOTO KJIOua, BO3-
Oy>KIaeTcst MCKIIOUeHHe.
HpOBepHTb HaJuuue KJaioda MO>XXHO BbI3OBOM METOZA contains:

val bobsScore = 1f (scores.contains("Bob”)) scores(“Bob”) else 0

[TockosnbKy 3Ta KOMOMHAIMS BBI30BOB HCIIOJbB3yETCSI OUYEHb 4acTo,
17151 Hee OblIa co3naHa cokpallleHHas (hopMa 3amicu:

val bobsScore = scores.getOrElse("Bob”, 0)
// Ecnu accoumaTmBHuiA MAcCWB COAEPXMT ka4 “Bob”
// BepHeT 3HaueHue; uHaye BepHeT 0

~ Hakonern, BbI30B map.get(key) BepHeT 00BeKT Option, 1Melomtnii an6o
3HaueHHe THUIA Some(3Hauenue kmoua), mubo None. Kiacc Option o6Cyx-
naetcs B ryaase 14.

4.3. IameHeHune 3HavYeHun
B accoLMaTUBHbIX MaccuBax

Hsmensemoie accoyuamustvle Maccugyt NMO3BOJIAIOT H3MEHSTL 3Hade-
HUSA KJIIOYEN WIn 1106a1311$m> HOBbBIE C IMOMOIUIBIO () CJieBa OT 3HaKa =:

scores("Bob™) = 10
// W3MenuT 3HauveHwe cywecTsywowero knpda “Bob” (npepnonaraeTca, uTo
// SCOres - W3MEHAEMbi# acCoUMAaTMBHLIA Maccus)

scores("Fred”) = 7
// [DobaBuT HOByW napy Knk4/3Ha4eHuwe B scores (npeanonaraeTes, 4TO
// SCOres - u3MeHseMbil acCoUuMaTUBHLIA MACCWB)

ﬂ]lﬂ IlO6ZlBJIeHPI$I HECKOJIbKMX acCOLMalMil MOXKHO TaKXXe MCII0JIb30-
BaThb OIlepaTop +=:



O6x0a 3NEMEHTOB ACCOUMATUBHBIX MACCHUBOB %g!lll.

scores += ("Bob” -> 10, "Fred” -> 7)

YnaniTbh K/MOY H acCOHMHPOBAHHOC ¢ HHM 3HAUEHHE MOXHO C IIO-
MOIIBIO OTlepaTopa -=:

scores -= "Alice”

VI3MeHITD 1eusmensemvlii accoyuamusivlli Maccue HeBO3MOXKHO, 3aTO
MOXKHO CO3[aThb HOBBIH aCCOLMATHUBHDLIH MACCHB, COAEpKaIUNi HeoOXo-
JUMble U3MEHEeHUsI:

val newScores = scores + ("Bob” -> 10, “Fred” -> 7)
// HOBuIA accoumnaTuBHbIA Maccus

AccouMaTtuBHbIH MacCcHUB newScores COAEPHKUT T€ K€ aCCOLMALMH, YTO
1 scores, 32 HCKJIIOUEHMEM KJIIOYa “Bob”, 3HaYeHHE KOTOPOro ObLIO M3-
MEHEHO, H HOBOro Kjoya “Fred".

BMmecTo coxpaHeHust pe3ysibTaTa B HOBOM 3HaYeHUH MOXKHO OOHOBUTD
HlepeEMEHHYIO var:

var scores =
scores = scores + ("Bob” -> 10, "Fred” -> 7)

AHajlorn4YHo, 4TOObI YAAINTDL KJIIOY U3 HEH3MEHSIEMOTO acCOIUATHB-
HOTO MaCCHBA, MOXHO BOCHOJIL30BATLCS ONEPATOPOM -, BO3BPAILAIOIINM
HOBBII acCOLMATHBHBIH MaccHB 0e3 KJloya:

scores = scores - "Alice”

Moo 6blJI0 OBl MOAYMATb, YTO CO3JaHHE HOBBIX ACCOLMATHUBHBIX
MacCHBOB sIBJIsieTcsl HeaheKTUBHBIM IIPHEMOM, HO 3TO He TakK. Ctapblii
W HOBBIH acCOUHATHBHBIE MACCHBbI Pa3AesIOT OOJBIUIYIO YacTh CBOEH
ctpyktypol. (Biaronaps cBoeil HeH3MeHsSIEMOCTH.)

4.4, OGXOJJ, AJIeMEeHTOB aCCOLMNaTUBHbLIX
MmacCcuBoB

Crenyiomuii, yaInBHTEJLHO TPOCTON LMKJ BBIMOJHSIET 00X0J BCEX
nap KJio4/3HayeHue B aCCOIMAaTHBHOM MACCHBE:

for ((k, v) <- map) process k and v




i
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Heobsrunoe 3zech, uyTo MMKABI for B Scala TO3BOJISIOT MCIIOIB30BaTh
coroctaBiieHue ¢ o6pasuoM. (I[logpobHee 06 3TOM paccKa3biBaeTCsl B IJla-
Be 14.) Takum cnoco60M MOXKHO TOJIYYHUTDL KJIIOY 1 3HAYeHHE Kax<1oM
napbl B aCCOUMATHBHOM MaccHBe 6e3 JIMIIHHX BBI30BOB METO/IOB.

Ecan no kakuM-TO mpU4MHaM HeOOXOAMMO MpPOCTO OOONHTH KJIOYH
WJIM 3HaYeHUs, HCIOJb3YiiTe MeTOAbl keySet 1 values, Kak B Java. Me-
TOJI values BO3BpamiaeT 06beKT Iterable, KOTOPBIII MOXHO MCMOJIb30BaTD
B IIMKJIE for.

scores. keySet // MHoxecTBo, Takoe kak Set("Bob”, “Cindy”, “Fred”, “"Alice")
for (v <- scores.values) println(v) // Buseaer 10 8 7 10,
// BO3MOXHO B APYroM nopsaake

Yt06bI MOMYUYNTh HHBEPTHPOBAHHBIH aCCOLUATUBHBINH MacCHB, IIPOCTO
co3zaiiTe HOBBIif, TOMEHSAB MeCTaMH KJIIOUH U 3HAYeHHSI:

for ((k, v) <- map) yield (v, k)

4.5. CopTupoBaHHblie accoumaTuBHbIE
MacCuBbI

IIpu pabore ¢ accONMATHBHBIMH MacCHBaMIl HEOOXOAHMO BbLIOpaTh
peanu3aluio — B BUAE Xew-mabauybl Wi B BIAE cOANANCUPOBAHN020
Oepesa. Tlo ymomuannio Scala cosmaer xem-tabiibl. B oTcyTcTBHE X0-
poueil xem-MyHKUUK [ KJioyel MM OpH HeoOXOAMMOCTH XPaHUTh
KJIIOYH B OTCOPTHPOBAHHOM TOPSIAKE MOKHO BbIOPATh peasn3alMIo ac-
COIIMAaTHBHOIO MaccHBa B BHJE I€PeBa.

Yr1oObl co31aTh HEU3MEHSIEMOE IEPEBO BMECTO Xel-TabIubl, CTOJb-
3yiite

val scores = scala.collection.immutable.SortedMap(“Alice” -> 10,
“Fred” -> 7, "Bob" -> 3, "Cindy” -> 8)

K coxazennio, B Scala (o kpaiineii Mepe, B sepcun 2.9) oTcyTCTByeT
peajin3aiysa U3MeHsIeMbIX fiepeBbeB. JIyunnMm BpI6OPOM B AaHHOI cHTya-
U1K sBJsieTcst TreeMap 13 Java, kak omniceiBaercst B riase 13.

CoBeTt. Ecnu notpebyeTcs BbINONHUTL 06X0A, kNoYeln B nopaake ux aobas-
neHus, ucnonblywnte LinkedHashMap. Hanpumep:

val months = scala.collection.mutable.LlinkedHashMap(“January” -> 1,
“February” -> 2, "March” -> 3, “April” -> 4, "May” -> 5, ...)
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4.6. Bzaumopencrteue ¢ Java

Ecsan accounaTuBHDI MacCUB TOJIyYeH B pe3yJibTaTe BbI30Ba Java-
METO/1a, Er0 MOKHO ITPeobPa30BaTh B COOTBETCTBYIOMMIT Scala-9KBUBaJIEHT,
4TOObI HMETh BO3MOXKHOCTh PaboTaTh C HMUM C TIPUMEHEHUEM yIO0OHOro
API si3bika Scala. 9To TakKe NPUroAKTCS, ECIM BaM A0BeAeTCsl paboTaTh
C U3MEHsIEMbIMH [IEPEBbSIMH, KOTOPbIE OTCYTCTBYIOT B Scala.

IIpocto 106aBBTE MHCTPYKIHUIO import:

import scala.collection.JavaConversions.mapAsScalaMap

3aTeM MHHUMHPYHTE NpeoOpa3oBaHye, yKa3aB THMIT acCOIMATHBHOIO
MaccuBa B a3bike Scala:

val scores: scala.collection.mutable.Map[String, Int] =
new jJava.util.TreeMap[String, Int]

Kpome Toro, nomnepsxxuBaercsi npeobpa3oBaHue java.util.Properties
B Map[String, String]:

import scala.collection.JavaConversions.propertiesAsScalaMap
val props: scala.collection.Map[String, String) = System.getProperties()

Hanpotiis, 4ToObl Mepefath accouuatuBHbiii Maccus Scala B meron,
npUHUMAIOMIME accolMaTHBHBII MaccuB Java, onpezsennte HesiBHOE 00-
patioe npeobpasosanune. Hanpumep:

import scala.collection.JavaConversions.mapAsJavaMap

import java.awt.font.TextAttribute. _ // WMNOpTMpOBaTL KNO4M

val attrs = Map(FAMILY -> “Serif", SIZE -> 12) // accouuaTuBHbit maccus Scala
val font = new java.awt.Font(attrs) // NpuHuMaeT accounaTuBHLM Maccus Java

4.7. KopTtexwu

AccounaTiiBibie MacCHBbl — 3TO KOJIIEKIMU Tap Kiioy/3HadyeHue. Ila-
pbl — 9TO 1pocTeiiliunii cayyaii kopmedceti (tuples), arperatoB 3HaYeHHH
pasHbLIX THIOB.

3uaveHlle Koprexka (hopMHPYeTCsl 3aKTIOYeHUEM OTIAEJbHBIX 3Haye-
HHil B kpyensie ckobku. Hanpumep,

(1, 3.14, “Fred”)
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9TO KOPTEX THUIla

Tuple3[Int, Double, java.lang.String]

KOTOprﬁ TAaK>Xe 3aIllMCBIBAETCA KaK

(Int, Double, java.lang.String)

Ecnu umeetcst KOpPTEX, HAarpuMmep,

val t = (1, 3.14, “Fred”)

00paTUTbCST K ero KOMIIOHEHTaM MOJKHO C TIOMOLIBIO METOAOB _1, _2, _3,
HaTnpHMep:

val second = t._2 // NpuceouT nepemeHHON second 3HadeHue 3. 14

B oTsmuune oT cTpOK M MacCHBOB, HyMepaliusl MO3UIIT KOMIOHEHTOB
B KOpTexax HauuHaetcst ¢ 1, a e ¢ 0.

MpumeuaHue. BoipaxeHue t._2 MOXHO 3anucatb kak t _2 (c npo6enom Bmec-
TO TOYKM), HO He Kak t_2.

O6bI1YHO AJIs1 AOCTYyTa K KOMIIOHEHTAM KOpTeXKa Jiydlie HCI10/b30BaTb
MeEXaHHU3M COIIOCTABJIEHUA C O6p33110M, HarmpumMep

val (first, second, third) = t // NpuceouT nepeMenHoin first 3Hayenue 1,
// second - 3.14, third - “"Fred”

Bmecto IEPEMEHHBIX, COOTBETCTBYIOUIMX HEHY)KHDLIM KOMIIOHEHTaM,
MO’KHO HCIIOJIb30BaTh _:

val (first, second, _) =t

C nomoupio KopTexeil ynoO6HO Bo3Bpamath M3 (PyHKIHiT HECKOJIb-
KO 3Hauenuit. Hanpumep, Meton partition kiacca StringOps BO3BpailaeT
nmapy CTPOK, COAEpKalX CHMBOJIbI, KOTOpPbiE COOTBETCTBYIOT I HE CO-
OTBETCTBYIOT YCJIOBHIO:

“"New York".partition(_.1sUpper) // BepneT napy ("NY", “ew ork™)




YnpaxHenus Hlllll
4.8. DyHKUuuna zip

OpHa U3 MPUYHH HCTIOJIbL30BAHUST KOPTEXeil — BO3MOXKHOCTh 06benit-
HEHUST 3HAYEHUit, KOTOpbIE A0JKHBI 06PabaThIBATbLCSI BMECTE. YAKOBKA
(zipping) 3HayeHUil B KOPTEXH OOBIYHO BBHIMOTHSIETCS C OMOMUIBIO Me-
toxa zip. Hanpumep, caenyiomuii oparmeHt

val symbols = Array("<”, "-", ">")
val counts = Array(2, 10, 2)
val pairs = symbols.zip(counts)

CO34aCT MaCCHB map

Array(("<", 2), ("-7, 10), (">7, 2))

ITapbl MoryT 06pabaTbIBATHCSI COBMECTHO:

for ((s, n) <- pairs) Console.print(s + n) // BuBEAET <<----mo-omn >>

CoBseT. MeTopg, toMap npeoGpasyeT KOIekumIo Nap B aCCOUMATUBHLIA MacCuB.

Eciiir uMeeTcst KosuieKIfs Kaioye ¥ KOJJIeKLUS COOTBETCTBYIOLIUX
HM SHZNCHHfI, HX MOJXHO yNaKOBaTb B aCCOHl’lZlTPIBHbIﬁ MaCCHB:

keys.zip(values).toMap

YnpaxHeHusa

1. CospaiiTe accoUHaTHBHDIH MACCHB C LleHaAMH Ha BelllH, KOTOPbIE BbI
XoTeJin 6pl mpHobpecTH. 3aTeM co3maiiTe BTOPOH acCOLUATHBHBIN
MacCCHB C TeMH e KaioyamMu u ueHamu ¢ 10%-Hoil ckuakoii.

2. Hanmwuure nporpamMmy, yutaiouyio ciaosa u3 ¢aitna. Mcnoassyitte
1I3MEHSIEMbIiT acCOLHATHBHbBIH MacCHB [JIST TOACYETa BXOXAEHUI
Kaxxaoro csiosa. [ljist YTeHUs CJIOB MCMOJb3YyHTe java.util.Scanner:

val 1n = new java.util.Scanner(new java.1o.File("myfile.txt"))
while (1n.hasNext()) process 1n.next()

W 3arisinyre B raBy 9, rae npeacrasiieHo 6osiee HANOMATHYHOE
st Scala peueniue,
B Kotiiie BbIBEAHTE BCE CJIOBA H HX CUETUYHKH.
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3.

4.

10.

BoimosnHUTE TIpenbiAyIee YIPaKHEHUE, WCMOJb3ysT HeM3MeHsie-
MBI acCOLMATHBHBII MacCHUB.

BoinosHuTe mpeabiylllee yrpakHeHHe, HCMOJIb3ysT COPTHUPOBAH-
HbII acCOIMATUBHBIIT MACCUB, YTOOBI CJIOBa BLIBOAMINCH B OTCOP-
THPOBAaHHOM MOPSIKE.

BoimosiHuTeE Npeabiayliee ypaskHeHHe, UCIOIb3ys java.util. Tree-
Map, aganTpoBaB ero aJsi paborsi co Scala API.

OrnpenennTe CBA3aHHYIO XenI-TabJHILy, OTOBpaXKalolLyio «Monday»
B java.util.Calendar.MONDAY, M TaK Aajee IJist APYTHX AHeil HelesH.
ITponeMoHCTpUpYHTE 06XOI 3IEMEHTOB B [IOPSIIKE 11X 100OABJIEHUSI.
BoiBeaurte Tabauniyy Bcex Java-CBOHCTB, TAKMX Kak:

java.runtime.name | Java(TM) SE Runtime Environment
sun.boot.library.path | /home/apps/)dk1.6.0_21/3re/11b/1386
java.vm.version ) | 17.0-b16
java.vm.vendor | Sun Microsystems Inc.
java.vendor.url |
path.separator |

|

java.vm.name

http://java.sun.com/

Java HotSpot(TM) Server VM

Ils1 3TOrO TEpen BbIBOAOM TAOJMIbI HYXKHO OTHICKATD JJIMHY Ca-
MOTO JJIMHHOTO KJIIOYa.

Hanumnre (l)yHKLu/IIo minmax(values: Array[Int]), BO3BpallaloOlUlyIO
napy, Comepaniyio HauMeHblree ¥ HanbOJIbIee 3HAYEHTISL.
Hanumure ¢gyHnkuuio lteqgt(values: Array[Int], v: Int), BO3Bpa-
MIAIOUIYIO TPOHKY, COAEp’Kallylo CYETUMK 3HayeHHil MeHbIIuX v,
PaBHBIX v 1 OOJIBIINX V.

YTo nMpoun3oiimeT, eCau MONbITATLCS YIAKOBATh JBE CTPOKI, TaKHe
Kak “Hello".zip("World")? IlpumymaiiTe HOCTaTOYIO peaJHCTIHY-
HbI{ cayvail HCTOIb30BaHUS.
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TeMmbl, paccmaTpmBaemble B 3TON rnase A\l

5.1. NpocTble knaccol n MmeToabl 6€3 napameTpos.
5.2. Csoiictea ¢ meTogamu oocrtyna.

5.3. CBoiicTBa TONbKO C METOAAMU HTEHUS.

5.4. MNMpuBaTtHble Nons 06bLEKTOB.

5.5. CeoiictBa komnoHeHToB RN,

5.6. JONONHUTENbHbLIE KOHCTPYKTOPSI.

5.7. [NaBHbIN KOHCTPYKTOP.

5.8. BnoxeHHble Knacchbl h

YnpaxHeHus.

Oo0CcoO00c00O

B aT0ii rnaBe Bbl y3HaeTe, KaKk BBITJSAST Kjaacchi B Scala. 3nakombie
¢ kmaccamu Java u C++ e OymyT HCNBITLIBATD CAOXKHOCTEH, 8 TaKOHIY-
ublii cunrakcuc Scala nipugercst M 1o BKyCy.

Oc1oBHbIC TeMbI ITOI1 TJIaBbIL:

U st mosteii kiiaccoB aBTOMATHYECKH IellepHUPYIOTCSI METOABI 10CTY-
na (uTenust ¥ 3anucH);

O ass noseii MOXHO peajsin30BaThb CBOHM METOABI AOCTYIA, He H3Me-
HSIST KJIMEHTOB KJIacca — B COOTBETCTBHU C «IIPUHIIMIIOM €qUHO006-
pasust AoCTyna;

U st aBTOMaTHUYECKOTO CO3JAaHHST METOAOB getXxx/setXxx KOMIIOHEH-
TOB JavaBean MoX110 HCIOJIb30BaTL aHHOTALHUIO @BeanProperty;

O kaxablii kjacc HMeEeT TIJIaBHBIH KOHCTPYKTOP, <BIJIETEHHBII»
B OIlpe/leJIeHHe KJIACCa; Cro mapaMmeTpbl MPEeBpalialoTCs B IOJIA
KJIacCa; TJIaBHblil KOHCTPYKTOP BLIIIOJIHSIET BCE MHCTPYKLUUH B Tejie
KJacca;

O xonosiHUTEIBHbIE KOHCTPYKTOPDI SIBJSIOTCST HEOOSI3aTENbHBIMU U
HOCSIT HMS this.
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5.1. lNpocTbie Knaccbl U MeToAbl
0e3 napameTpoB

B npocreiiimem Buze kiaaccsl Scala BbIrasaasaT OueHb MOXOKUMH Ha UX
IKBUBAJIEHTDbI B Java mwin C++:

class Counter {
private var value = 0 // TNona [ONXHH MHWUUKMANU3MPOBATLCH
def 1increment() { value += 1 } // MeTogn no ymondyanuo 06wenocTynHuie
def current() = value

B Scala knaccs He 06bsBIISTIOTCS Kak obuiegoctyrnble (public). Maiin
C TPOTPaMMHBIM KOZOM Ha s3biKe Scala MoKeT comepkaTb MHOKECTBO
KJIACCOB, M BCe OHU OYAyT OOLIEAOCTYTHBIMH.

YT10o6BI MCIIOMB30BATD KJIACC, HEOOXOANMO CO3/ATh 0OBEKT, MOC/IE YETO
MOKHO BBI3bIBATH €T0 METOAbI OOBIYHLIM CIIOCOOOM:

val myCounter = new Counter // Wnu new Counter()
myCounter.1ncrement()
println(myCounter.current)

ITpu BbI30Be MeTOMOB Oe3 napaMeTpoB (Kak AaHHDBIH) CKOOKH MOKHO
OIyCTHUTH:

myCounter.current // 0K
myCounter.current() // Toxe OK

Kakyio ¢opMmy ncnonn3oBaTh? XOpOINM CTHIEM CYUHUTAETCST HCIOJIb-
30BaThb () TpH BbI30OBE Memo00g-mymamopog (mutator, H3MEHSIONUNIX
cocTostHie 00BEKTa) M OMyCKaTb MX NPH BbI30BE Memod08-axyeccopos
(accessor, He U3MEHSIONIX COCTOSIHUS 00bEKTA).

3JT0 coryanieHye WIIIOCTPHPYCTCS B HAIIMX NPHMeEpax:

myCounter.increment() // CkobBKM W“CNONb3YITCA NPU BHI30BE MyTaTOPOB
println(myCounter.current) // CkobGku He MCNONL3YOTCH NPU BHI30BE aKUECCOPOB

MoxxHo 00s13aTh NOJb30BaTEI€ell KIacca NpUAEPXKIBATHCSI HTOTO CTi-
7181, 0OBABUB METOH current 6e3 ():

class Counter {



CBoiCTBO C METOAOMM JOCTYNA g“ll.l

def current = value // Onpepenenve 6e3 ()

Teneps noJsib3oBaTeb Kjaacca 6yaeT BbIHY K€l BbI3bIBaTbh myCounter.
current 6¢3 CKOOOK.

5.2. CeoiicTBa C MeTogamMm gocrtyna

IIpu cosmanum KIaccoB Ha sI3bIKE Java 0OBIYHO HE MPUHSITO UCIOJIb-
30BaTh OOLIENOCTYIIIbIE MOJISL:

public class Person { // 370 - Java
public 1nt age; // Takoe oObsBnexve ocyxpaetca B Java

[Tpu nasiuu o6uIeA0CTYITHOTO NOJIst 060 CMOXKET U3MEHUTD 110J1€
fred.age, cnesna Mpena miaauie uau crapine. VIMeHHO MO3TOMy TNpen-
noyTelile OTHaeTcsl MeToaMm yTeHHs (getter) u 3anucu (setter):

public class Person { // 370 - Java
private 1nt age;
public 1int getAge() { return age; }
public void setAge(int age) { this.age = age; }

[Tapa MeTonoB uTeHUs/3amKCH, KAaK B MPHMEPE BbIlE, YACTO Ha3bl-
BaeTcs ceolicimeoM. Mbl TOBOPUM, UTO KJacc Person MMeeT CBOIMCTBO age.

Yem syuute Takoii noaxox? Cam mo cebe — nudem. JIio6oil cMoxeT
BLI3BATh fred.setAge(21) 1 caenatb Dpena 21-1eTHUM IOHLOM.

Ho ecnnt aT0 siBsisieTcst npobyieMoil, Mbl MOKEM 3aIUTUTBLCS OT Hee:

public void setAge(int newValue) { 1f (newValue > age) age = newValue; }
// Henb3s cpenatb Monoxe

Hcrnonb3oBaiiie METOAOB YTEHHS H 3aTUCH NnpeArnoYTHUTEIbHEE 06!].[6"
AOCTYIHBIX MCTOAOB, MOTOMY YTO OHHU IMO3BOJIAIOT HAa4YaTbh C HpOCTOﬁ ce-
MAaHTHKH '-lTCHl/lﬂ/3al'[1'lCH H pa3BUBaThb €€ 1o Mepe HeO6XOIIHMOCTH.

Mpumeuanue. NPocTo NOTOMY, YTO METOABI YTEHUA U 3anucy nyywe obule-
[OCTYNHbIX NONEN, BOBCE He O3HAYAET, YTO OHU XOPOLIWN BO BCEX Chy4asX.
YacTo GbiBaeT HexenatenbHo, YToBbl KAMEHT UMEN BO3MOXHOCTb M3MEHATb
cocTosaHue o6bekTa. B aTOM pasgene s NokasbiBalo, kak peanuayloTcsl CBON-
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cTBa B f3blke Scala, a Bbibop TOro nnun nHoro crnocoba peanusaunmn ocTaeTcs
3a Bamu.

B Scala meTozsl yTeHMsI M 3aMICH CO3AIOTCSI aBTOMATHYECKH (CHHTe-
3UPYIOTCs) IJIs1 KaKAOTro mojst. B mpumepe nmxe onpenensiercs: obuie-
JOCTYTIHOE TOJIE:

class Person {
var age = 0

Scala crenepupyer knacc ans JVM ¢ npusamiwim nonem age 1 MeTo-
naMu goctyna (YTeHUs U 3alHCH). DTH METO/bI OOUIEOCTYITHDL, TTOTOMY
4TO MOJIE age He ObLIO 0ODBSIBJIEHO NPUBATHLIM (private). ([Ijist mpuBaTt-
HOTO MOoJist OYAyT CO3/IaHbl MPUBATHBIE METOAbI YTEHUST 1 3AMHCH.)

B Scala meroabl yTeHus1 U 3amucH MOJyYaT MMeHa age W age_=. Ha-
pUMep:

println(fred.age) // Buw3oseT meToa fred.age()
fred.age = 21 // Bu3oseT meTon fred.age_=(21)

Mpumeyanune. Y1o6bl yBUAETb 3T METOALI COGCTBEHHbIMU rNa3ammn, CKOMNU-
nUpynTe Knacc Person U NOCMOTPUTE BANTKOA C NOMOLWbIO javap:

$ scalac Person.scala
$ javap -private Person
Compiled from “"Person.scala”

public class Person extends java.lang.Object implements scala.
ScalaObject{

private 1int age;

public int age();

public void age_$eq(int);

public Person();
}
Kak BuaMTe, KOMNUNATOP CO3/an MeToabl age W age_$eq. (CUMBON = TpaHc-
nupyetcs B $eq, noToMy 4to JVM He aonyckaer HanMumua cMMBona = B UMeHax
MeToaoB.)

MpumeuaHue. B Scala meToab! YTEHUA K 3aNUCK HE NONYYAI0T UMEHA getXxx
M setXxx, HO MeTOab! C 3TUMU UMEHaMWN UrpaloT Ty Xe ponb. B paspene 5.5
«CBoMCcTBA KOMNOHEHTOB» [OEMOHCTPUPYETCH, Kak reHepupoBaTb MEeTOAb!
getXxx U setXxx B cTune Java, 4Tobbl Knaccbl Scala Mornu B3anMoaencTso-
BaTb C MHCTpyMeHTamu Java.




CBoitCTBA TOMBKO C MEeTOAAMU YTEeHHUS gélll..

IlepeonpenennTs METO/BI YTEHUST U 3AMMUCH MOYKHO B JII000OH MOMEHT.
Hanpumep:

class Person {
private var privateAge = 0 // CaenaTb npuWBaTHLM U NEPEUMEHOBATH

def age = privateAge
def age_=(newValue: Int) {
1f (newValue > privateAge) privateAge = newValue;
// Henb3s cpenaTb Monoxe

[Tonb3oBaresb KIacca Mo-mpexiieMy CMOXKET 00pamathest K fred.age,
HO Terepb eMy 1ic yjuactest omosonuth Mpena:

val fred = new Person
fred.age = 30

fred.age = 21
println(fred.age) // 30

Mpumeuyanne. beptpaH Meitep (Bertrand Meyer), co3patenb U3BeCTHOro
asbika Eiffel, cdhopmynuposan npuHuun eauHoobpasua pgoctyna (Uniform
Access Principle): «<Bce cnyx6bl, 06ecneynsaemMble HEKUM MOAYNEM, AOSMXKHbI
ObITb AOCTYNHbI 32 CYET YHMBEPCANbHOW CUCTEMbI 0603HAYeHWI, He 3aBUCA-
wewn OT TOro, XpaHATCa N 3T CNyxObl B NaMATU UNK BLIMUCASIOTCA». B a3bike
Scala koA, Bbi3bIBaOWMA fred.age, HE 3HaET, KaKk peanu3oBaH 3NEMEHT age,
B Buae metoaa unu nons. (Pasymeercs, 8 JVM cnyx6bl Bceraa peanusytotca
B BUae MeToaos, NMb0 CUHTE3NPOBAHHbLIX, NGO CO3AaHHBLIX NPOrPaMMNCTOM. )

CoseTt. Ha nepsbii B3rnAia, MOXeET nyratb TO 06CTOATENLCTBO, 4TO Scala re-

HEpUpYeT MEeToAb! YTEHUA U 3anucy ana Bcex nonen. OaHaKo NPoOrpaMMucT

“MeeT BO3MOXHOCTb YyNpaBnaTb 3TUM NPOLECCOM:

O ecnu none npuBaTtHOE, CO3AAIOTCA NPUBATHLIE METOAbLI AOCTYNa;

O ecnn none o6bABNEHO Kak val, CO3AAETCA TONbKO METOL, YTeHUs;

QO u4T0oGbI METOABI HE CO3AABANUCH, NOJIE CeayeT 00bABMTL Kak private[this]
(cMm. pasnen 5.4 «MpuBaTHble NONS 06LEKTOB»).

5.3. CBonCcTBa TOJNIBKO C MeTogaMm
YyTeHus

Hiioraa ObIBAET KEJATEJLHO HMETD CBOﬁCTBO, AOCTYITHOE MOJIbKO ons
ymenus, Meloliee MeTos UYTeHUd H He uMelollee MeToda 3alMcCH. Ecnu
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3HaYeHHe CBOMCTBA HUKOIa He 6y11eT M3MEHATDHCS MOCJie CO3/TaHUA 00b-
eKTa,O6bHBHTe 1oJie Kak val:

class Message {
val timeStamp = new java.util.Date

Kommnuasitop Scala co3aact npusatHoe 1oJie 1 TOJBKO METOJI YTEHHSL.

OpHako MHOrAA XOTENOCh Obl, YTOOBI CBOHCTBO OLLJIO HEMIOCTYITHO
KJIMEHTY 1711 U3MEHEHMsI, HO MOTJIO U3MEHSIThCSI HEKOTOPBIMH APYTHMH
nyTssMi. OTINYHBIM TIPHMEPOM MOXKET CJIYXKHTH KJacc Counter M3 pas-
nena 5.1 «IIpocTbie kiaccht 1 MeToabl Ge3 mapamMeTpoB». KoHuenTtyann-
HO CYETYHK HMeeT CBOMCTBO current, 3HAYCHHE KOTOPOTO H3MEHSIETCSI
BBI30BOM METOZA increment, HO 3TO CBOIICTBO He 1IMEET METOJA 3aIHCH.

Takoe CBOWCTBO HeJb3sl Peajin30BaTh Ha OCHOBE OODBsIBJIEHHS val —
3HauYeHUsI val HUKOTAA HE U3MEHSIOTCs. BMecTo aToro MoXXHO crenaThb
noJie NMpUuBaTHLIM U ONIPENESIUTb METO YTCHHU:

class Counter {
private var value = 0
def increment() { value += 1 }
def current = value // bes () B 0ObaBneHWU

O6paTuTe BHUMaHIE Ha OTCYTCTBHE CKOOOK () B OTpezesleHHH MeToja
yrenusi. Takoe 0ObsIBIEHNE 8biHYIHCOaem BLI3bIBATH METON 6e3 CKOOOK:

val n = myCounter.current // Bu308 myCounter.current() Bb30BET OwnbKy

Wrak, Ha BbIOOP MMEIOTCST YeThIpe BapHAHTA peann3alii CBOICTB:
1. var foo: Scala cMHTE3UpyeT METONbI YTEHUS I 3AMUCH.

2. val foo: Scala cuHTe3UpyeT TOJABKO METO YTEHHSI.

3. Brbi onpenensiere MeToznbl foo M foo_=.

4. Bur onpeznensiere meTon foo.

Mpumeyvanue. B Scala Henb3s co3patb CBOWCTBO, AOCTYNHOE TOMLKO ANA
3anuncu (To ecTb CBOWCTBO C METOAOM 3anucu u 6e3 mMetoaa YTeHus).

CoserT. BcTpetnBwnCh ¢ nonem B knacce Scala; nOMHUTE, 4TO 3TO HE TO Xe
camoe, 4To none knacca B Java unu C++. 310 — npuBatHoe none ¢ MeToaom
yTeHua (ana nonen, o6bABNEHHbIX Kak val) unu ¢ ABYMA MeToAamu 4ocTyna,
yTeHus 1 3anucu (Ans nonen, oObABNEHHbIX Kak var).




anBGTHbIe nons o6bekTos gsl'l..

5.4. NMpuBaTtHble Nons 00bEKTOB

B Scala (rax xe kax B Java i C++) METON MOXET UMETb JOCTYTI
K MPUBATIIBIM TOJISIM BO gcex 00beKTax cpoero Kiaacca. Hampumep:

class Counter {
private var value = 0
def 1increment() { value += 1 }

def 1slLess(other : Counter) = value < other.value
// wMeeT [oCTyn K NPUBATHOMY NOAK Apyroro obbekTa

O6paiieniiie K CBOUCTBY other.value SIBJISIETCSI BIIOJIHE JIETATbHDIM, MO-
TOMY 4TO other TaKyKe sIBJIsIeTCsl 06BbEKTOM KJjacca Counter.

Scala nosBoJisier eie 6osiblIe OrpalHYHBaTh JOCTYI C MOMOIIBIO KBa-
sucpukKaropa private[this]:

private[this] var value = 0 // Ob6pawenve someQObject.value HegonycTumo

Tenepb MeTombI KjIacca Counter CMOTYT 0OPAIATBCS TOJNBKO K TMOJIO
value TeKylllero oObeKTa, HO He APYrux oObeKToB THma Counter. Takoii
PCKMM JOCTYIa HHOMAA 1a3bIBaeTCs npusamivlri 04 obvexma (object-
private) ¥ 4acTo HCNOJIb3YETCsl B HEKOTOPbIX 0OBEKTHO-OpPHEHTHPOBAH-
HBIX s13bIKaX, Takux kax SmallTalk.

Jlist npuBaTHbIX 10oieil Kaacca Scala renepupyeT nMpuBaTHbIE METO/bI
urenust 1 3amicH. OAHaKO AJIS MPUBATHBIX MOJEN 06beKTa METOABI 10~
CTyMa He reHepupyIoTcs BOOOIIIC.

MpumeuaHue. Scala no3sonseT onpegenaTte Npasa AOCTYNa K OTAENbHBLIM
knaccam. Kesanudukarop private[ClassName] onpenensert, 470 TONbKO MEeToAbl
3TOro Knacca UMeloT NPaBo AOCTyNa K AaHHOMY nonto. 3aeck ClassName 4OMX-
HO ObITb UMEHEM onpenenseMoro unu BHewHero knacca. (Cm. paspen 5.8
«BnoxeHHble knaccobl», rae 06cyxaalnTca BHYTPEHHME KNacehl.)

B nanHom ciyyae GyayT CreHepUpOBaHbI BCIIOMOraTeJbHbIE METOIbI
JOCTYTa, MO3BOJISIONINE BHENIHEMY KJacCy 00pamaThbecsi K MoJio. JTH
MeTozbl OyayT 0b1en0cTynHbIMY, TOTOMY uTO JVM He nMeeT MexaHM3-
MOB YIpaBJIeHUsI ZOCTYNOM C TaKOH TOUYHOCTBIO, U OHM NOJyyaT MMEHa,
3aBUCSIIIME OT peasH3aly.
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5.5. CBOWiCTBa KOMMOHEHTOB

Kak 651710 mokasaHo B npeablaylux pasuenax, Scala aBromatnyecku
reHepupyeT MeTO/bl I0CTyNa [Jisi onpenesisieMbiX Bamil noseti. OnHako
3TH MMEHA OTJMYAIOTCs OT TeX, YTO OXKMAAIOT YBHAETb HHCTPYMEHTDI
Java. Crnenucdukanus JavaBeans (www.oracle.com/technetwork/java/
javase/tech/index-jsp-138795.html) onpenensier Java-coiicTBo kax na-
Py METOJOB getFoo/setFoo (MM TOJBKO METOJ, getFoo, ecili CBOHCTBO 10-
CTYIHO JIMIID JJIs1 YT€HUs1). MHOTHe MHCTPYMEHTDI Java onMpaloTcst Ha
3TO coryiauieHne 06 HMEHOBaHUH.

Korza B mporpammHoM koze Ha si3bike Scala mosie nomeuaetcst an-
HoTarueil @BeanProperty, JJIsl HETO ABTOMATHYECKH TEHEPUPYIOTCS TAKHE
metonsl. Hanmpumep, ¢pparmenT

import scala.reflect.BeanProperty
class Person {
@BeanProperty var name: String = _

CreHepupyeT YeTbIpe MeTo/a:
name: String
2. name_=(newValue: String): Unit
3. getName(): String
4. setName(newValue: String): Unit
B Tabn. 5.1 nokasaHo, Kakue METOAbI TEHEPIPYIOTCsl BO BCEX BO3-
MOXHDBIX CJIy4yasiX.

Mpumevanue. Ecnv none onpeaenseTcs kak napamMeTp rMaBHOro KOHCTPYKTopa
(cm. paspen 5.7 «MaBHbI KOHCTPYKTOP») U XenaTenbHo, Y4ToOb! ANsa Hero Gbinn
co3aaHbl MeToabl AOCTyNa B COOTBETCTBUM CO cneundukaumeri JavaBeans, oT-
MeTbTe NapameTp KOHCTPYKTOpa aHHOTauuel, Kak Noka3aHo HuXe:

class Person(@BeanProperty var name: String)

Tabauuya 5.1. Metoasl, aBTOMaTU4YECKU reHepupyembie Ans nonei

Mone FeHepupyembie meToabl Korpa ucnonbayercs
val/var name public name AOns peanuzauum obuie-
name_= (TONbKO ANs var) AOCTYNHOro CBOMCTBA Ha
OCHOBE Nnons
@BeanProperty val/ public name Ana B3anmopaencTena
var name getName() C KOMNOHeHTamMn Java-
name_= (TONbKO ANs var) Beans
setName(...) (TONbKO ANA var)
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Tabnuuya 5. 1. Meroabl, aBTOMaTU4Ye€CKY reHepupyemsle 415 rnosei
(okoH4yaHue)

Mone leHepupyemsbie meToabl Korpga ncnonbayercs
private val/var name private name Ana orpaHnyexHns nocTtyn-
name_= (TONbKO AN8 var) HOCTU NONS NULWb AaHHbIM

knaccom. cnonb3ynte
kBanudukatop private,
TONbLKO €CNAU CBONCTBO
DEenCcTBUTENBHO HE A0NXHO

ObITb 06LLEeAOCTYNHLIM
private[this] val/ Het [na orpaHnyenns no-
var name CTYNHOCTU NONSA TONLKO

AaHHbIM 06bekToM. Peako
npuUMeHAEeTCA Ha NpakTuke

private[ClassName] val/ | 3aBUCUT OT peanusaumn Ana nepeaayu npae no-

var name CcTyna BHELWHEMY Knaccy.
Peako npumeHsieTcs Ha
npakTuke

5.6. [lononHuTeNbHbIEe KOHCTPYKTOPLI

Kak B Java u C++, giaccol B si3bike Scala MOTYT UMeTh NPOU3BOJIb-
HOE KOJMYECTBO KOHCTpyKTopoB. Oanako B Scala kjacc umeer OQuH
KOHCTPYKTOP, 60Jiee BaskHBIi1, 4eM BCe OCTajIbHbIE, KOTOPbIil Ha3bIBAETCSI
enasnwim Koncmpyxmopos (primary constructor). Kpome toro, kiacc Mo-
XKET UMETD JII060€e KOJHYECTBO JONOMHUMENbHVIX KOHCMpPYKmopos (auxi-
liary constructors).

Cuavana oOCyIuM JOTOJIHUTEIbHBIE KOHCTPYKTOPbI, TaK KaK OHH
npoute. OuM OueHb MOXOXH Ha KOHCTPYKTOpwl B Java m C++, 3a uc-
KJIIOYEHHEeM JIBYX OTJIUYHIL.

1. JonoJyiHuTe bHblE KOHCTPYKTODPBI HasbIBaloTcs this. (B Java u
C++ KOHCTPYKTOPBI HUMEIOT TO e UMSI, UTO M KJIAcC, YTO MOXKET
BbI3BaTh HEYAOOCTBO, €CJIM BBl PEIIUTE NepeMMeHOBaTh KJacc.)

2. Kaxuplii [0MOJHUTENbHBIH KOHCTPYKTOP [OJDKEH HAuMHATHCSI
BBI30BOM JOMOJTHUTEJBHOTO KOHCTPYKTOPA, OOBSIBJEHHOTO BbILIE,
WJIY BBI30BOM IJIaBHOTO KOHCTPYKTOpa.

Cuenylomuii kjacc uMeeT ABa JONOJIHUTEIbHBIX KOHCTPYKTOpA.

class Person {
private var name = «»
private var age = 0

def this(name: String) { // [ONONHWTENbHLIA KOHCTPYKTOP
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this() // Bbi30B TNaBHOrO KOHCTPYyKTOpa
this name = name

def this(name: String, age: Int) { // [pyro#t AONOAHWUTENLHbLIA KOHCTPYKTOP

this(name) // Bui3oB npembiaywero AONONHUTENbHOTO KOHCTPYKTOPA
this.age = age

C r/1aBHBIM KOHCTPYKTOPOM MbI TIO3HAKOMHMCSI B CJIe/lyIOLEM pas-

aeJe,

a MoKa MpocTo 3HaliTe, YTO KJjacc, He OINpeeJsoNIHIl TIaBHbIMA

KOHCTPYKTOp SIBHO, TOJIYYaeT TJIaBHbIil KOHCTPYKTOp 6€3 apryMeHTOB.
Cosaarbh 06BEKT ITOTO KJIACCA MOXKHO TpeMsl criocobamu:

val p1 = new Person // TNnaBHui# KOHCTPYKTOP

val p2 = new Person("Fred") // TepBbit AONONHUTENLHLIA KOHCTPYKTOP

val p3 = new Person("Fred”, 42) // BTOpoi AONONHWUTENbHLIA KOHCTPYKTOP
5.7. MaBHbIA KOHCTPYKTOP

B si3bike Scala kaxablii KJ1acc UMeeT TJIaBHbINH KOHCTPYKTOP. [yIaBHbIit
KOHCTPYKTOp He OINpeaessieTcs], Kak MeToZ this, a BIJIETaeTcsl B OInpe-
JeseHue KJjacca.

1.

ITapameTpsl [JIABHOTO KOHCTPYKTOPA MEPEUUCIISIIOTCS CPa3y BCIIE
3a UMeHeM KJlacca.

class Person(val name: String, val age: Int) {
// NapaMeTpb rNaBHOro KOHCcTPykTopa 8 (...)

}

[TapameTpbl IJIaBHOTO KOHCTPYKTOpa aBTOMATIIYECKH MpeBpalia-
IOTCST B TMOJISI KJIacca, KOTOPble MHUIIMATH3UPYIOTCSI apryMeHTaMH
KOHCTpPYKTOpa. B HameM npumepe name 1 age MPEBPATSITCS B MOJS
Kj1acca Person. BbhI30B KOHCTPYKTOPA, TaKOi Kak new Person( Fred”,
42), yCTAaHOBUT 3HAYEHUsI MOJIEI name U age.

Crpoka Ha s3bike Scala skBUBaJIeHTHa ceMU CTPOKaM Ha Java:

public class Person { // 910 - Java
private String name;
private int age;
public Person(String name, 1nt age) {
this.name = name;
this.age = age;
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}
public String name() { return this name, }
public 1int age() { return this.age; }

}

2. InaBublii KOHCTPYKTOP BBIMOJIHSIET BCe MHCTPYKIUHU B OIpeseJie-
HuM Kjgacca. Hanpumep, B cienyiomiem Kiacce

class Person(val name: String, val age: Int) {
println(“Just constructed another person™)
def description.= name + " 1s " + age + " years old”
!

MHCTPYKIMSI println SIBJSIETCSI YacThi0 TJIABHOTO KOHCTPYKTOPA.
Ona BBINOJIHAETCST TIPH CO3AHUH KaKAOTO 00BEKTA.

3T0 ynobuo, koraa 11e06X0MMO HACTPOUTD I10JIE B TPOLIECCE CO3-
nanust oovexra. Hanpumep:

class MyProg {
private val props = new Properties
props.load(new FileReader(“myprog.properties™))
// WHCTpyKUMS BHWE SBAKETCH 4HaCTbi MNABHOrO KOHCTPYKTOpa

Mpumevanue. Ecnn nocne MmeHn knacca OTCYTCTBYIOT napamerpbl, KNacc
NONYYMT rNaBHbIN KOHCTPYKTOP 6e3 napameTpoB. ATOT KOHCTPYKTOP MPOCTO
BbINOJIHUT BCE MHCTPYKUMW, UMeloLMecs B Tene knacca.

CoseTt. 3a4acTyl0 MOXHO 1n36aBUTLCHA OT QONONHUTENbHBIX KOHCTPYKTOpPOB,
onpenenas apryMeHTbl N0 yMON4YaHuio B raBHOM KOHCTPYKTOpPeE. Hanpumep:

class Person(val name: String = "", val age: Int = 0)

[TapameTpbl IJIABHOTO KOHCTPYKTOPA MOIYT ONpPEAEJsiTbCsl B J00OM
(hopme u3 nepeunciennsix B Tabi. 5.1. Hanpumep,

class Person(val name: String, private var age: Int)

O6LﬂBﬂﬂeTl[IHiHHHaHHSpreT 1oJIs1

val name: String
private var age: Int
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ITapameTps!l KOHCTPYKTOPA MOTYT TaK:Ke OIPEAeSIThCS KaK Iapamer-
pbI OOBIUHBIX METOAOB, 6e3 val i var. [lopsiiok 06paboTki Takix mna-
pPaMeTPOB 3aBHCHT OT TOTO, KAK OHH MCIOJB3YIOTCSI BHYTPI KJacca.

O Ecau mapamerp 6e3 val HJII var HCIOJb3YCTCSl BHYTPH XOTSI Obl

OJTHOTO METO/a, OH CTAaHOBHTCS mosieM. Hanpimep,

class Person(name: String, age: Int) {
def description = name + " 1s " + age + 7 years old”
}

00bsIBISIET M WHUIUAJIU3IPYET HeM3MEHsieMble TOJIsT name H age,
NIPUBATHBIE /s OOBEKTA.
Takue MOJsi DKBUBATEHTHBI OODBSIBJIEHHIO private[this] val (CM.
pasnen 5.4 «IIpuBaTHbi€ 1M0JIST OGBEKTOB ).

QO B npoTtuBHOM CJyuyae TmapaMeTp He npeo6Gpasyercst B noje. Omn
HHTEPIIPETUPYETCS] KAaK OOBIYHBIIT MapaMeTp, JIOCTYMHBIH TONLKO
B TeJjie TJaBHOro KolcTpykropa. (CTporo roBopsi, 3TO sIBJISICTCS
ONTUMHU3ALMEI, 3aBUCSILENl OT KOHKPETHOH peasu3aliii.)

B Tab6s. 5.2 nepeunciieno, KakKe TMOJIsT M METOJbl CO3/IAI0TCS IS pas-
JIMYHBIX BUJIOB NapaMeTPOB I[JIABHOTO KOHCTPYKTOPA.

Tabnuya 5.2. IMons n meToAasl, reHepupyemMsie A1 napameTpos rnas-
HOro KOHCTpyKTOpa

MapameTp
FeHepupyembie nons/meroasbl
rnaBHOro KOHCTPYKTOpa

name: String Mone, npuBatHoe ans ob6bvekTa. Ecnu napametp
He UCNONb3YeTCH B APYrnux MeToaax, none name
He co3paeTca

private val/var name: String MpuBaTHOE nNone, NpUBaTHblIE METOAbI AOCTYNa

val/var name: String MpuBaTtHoe none, obwen0CTYNHbIE METOAb!
pocTyna

@BeanProperty val/var name: String | MpuBaTtHoe none, o6wenocTynHble B Scala
1 JavaBeans metoabl focTyna

Ecnmu ¢opma onpenesieHusi MJIAaBHOTO KOHCTPYKTOpa KaXKeTCsl BaM
obeckypaxxupalole, MokeTe ee He 1CIoJab3oBaTh. IIpocTo onpexeite
OZIMH WK 6oJee TOMOJTHHTENLHBIX KOHCTPYKTOPOB OOBIYHBIM CITOCOOOM,
Ho He 3abyabTe A06aBUTb BBI30B this(), €CJIH KOHCTPYKTOP He 00bean-
HSIETCS B LIENOYKY C APYTHM JOTOJHHTENBHBIM KOHCTPYKTOPOM.

O/HAKO MHOTMM NPOTPaMMUCTaM HPABUTCST KpaTKHil ciHTakcic. Map-
tun Onepcku (Martin Odersky) npeziaraet pasmbIuIsITh TakitvM 06pasom:
B Scala xnacchl TPUHUMAIOT MapaMeTpbl, MOAOOHO OOBIYHBIM METOAM.
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MNMpumeuanue. Mpeacrasnsas napameTpbl MaBHOMO KOHCTPYKTOpa Kak rnapa-
MeTpbI Knacca, napamerpbl 6e3 val unn var ctaHoBATCA 6onee NPOCTLIMMN NS
noHumanus. O6nacTb BUANMOCTN TakUX NapamMeTpoB NPOCTUPAETCA A0 KOH-
ua o6bsaBneHnsa knacca. NoaToMy Bbl MOXeTe MCMOoNb30oBaTb 3TN NapaMeTpbl
B METoAax, U B 3TOM Ciydae KOMMUAATOP aBTomatudecku npeobpasyer mx
B nons.

CoseT. PaspaboTtumkn Scala BbICOKO UEHST Kaxaoe HaxaTue Ha KIaBuLuu,
Nno3ToMy OHUW NO3BONAIOT 06bLEAVHATL 06bsABNEHUE Kacca C ero rMaBHbIM
KOHCTPYKTOPOM. Yutan onpepeneHue knacca Ha a3bike Scala, Heo6xoanmo
yMeTb BblAeNaTb Age yactu. Hanpumep, koraa Bbl BuanTE
class Person(val name: String) {

var age = 0

def description = name + " is " + age + " years old”
}

MBbICNIEHHO BblAENsnTe onpeneneHne knacca:
class Person val name: String
var age
def description = name + " 1s " + age + " years old”

}
1 onpefeneHve KOHCTPyKTopa:

Person( name: String) {
age = 0

Npumeyvanue. YTo6bl caenaTtb rNaBHbIA KOHCTPYKTOP NPMBaTHLIM, AoGaBbTe
KNIOYEeBOE CMOBO private, Kak NMOKa3aHO HUXe:

class Person private(val 1d: Int) { ... }

B aToM cnyyae nonb3osaTenb knacca aomkeH GyaeT ncnonb3osatb AOMNONHU-
TEeNbHbIA KOHCTPYKTOP, 4TOGbI CO3aaTh 06BLEKT Person.

5.8. BrnioXxeHHble Kacchl

B Scala nonyckaercst BkyaapiBath Bce, YTO YroAHO, BO BCE, YTO YrO/-
0. MoxkHo onpezessith GYHKIHH BHYTPU APYyTHX (PYHKLIMIA U KJIaCChl
BHYTPH Ipyrux kJaccos. Huxe npuBoguTcsl npocreduili npumep Ta-
KOTO ONpe/IEJICHHST KJIACCOB.

import scala.collection.mutable.ArrayBuffer
class Network {
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class Member(val name: String) {
val contacts = new ArrayBuffer[Member]
}

private val members = new ArrayBuffer[Member]

def join(name: String) = {
val m = new Member(name)
members += m
m

PaccMorpuM zBe rpymmbl Jgoeit:

val chatter = new Network
val myFace = new Network

B Scala xaxxzbrii ax3eMnuisip moyunt coGCcTBEHBIH Kace Member, TOU-
HO TaK e, KaK KaX/[blif 9K3eMILISIP MOJYYHT COOCTBEHHOE MOJIE members.
To ecTb chatter.Member 1 myFace.Member — 3TO pasHble KJIACCHI.

MpumeuaHue. B A3bike Java BCe COBCEM MHaue, rae BHYTPEHHUIA Knacc npu-
HaQNEeXuT BHELWHeMY Knaccy.

B Scala ucrnionssyercst 6onee omnoponusiii noaxox. Hampumep, uto-
Obl CO3AaTh HOBBLIH BHYTPEHHHIT OOGBEKT, JIOCTATOYHO IIPOCTO BOCIIOJD-
30BaThCsl KJIOYEBLIM CJIOBOM new C HMMeHEeM THMAa: new chatter.Member.
B s3bike Java HeoOGXOAMMO HCIIOJAB30BaTh 6oJiee CIOXKIIbIT CHHTAKCHC
chatter.new Member().

B npumepe ¢ rpynnamMu Jozeit, mpeacTaBJIeHHOM Bbilile, HMEETCS] BO3-
MOXKHOCTb IIPMHHUMATh HOBBIX YJIEHOB Ha COOPaHI BHYTPH CPYTIIbI, HO
HeT BO3MOXKHOCTH MPUHHMATb HX Ha COOPAHHI JIPYroii TPYIIILI.

val fred = chatter.join("Fred”)
val wilma = chatter.join("Wilma")
fred.contacts += wilma // OK
val barney = myFace.join("Barney”) // WmeeT Tun myFace.Member
fred.contacts += barney
// Het, Henb3s pobasuTb myFace.Member B Oydep onemeHTOoB chatter.Member

[ns rpynn momeit Takoil mopsiiok Beleii MMeeT onpeneeHHbIi
cMbics. Ho eciiit oH Bac He ycTpauBaeT, peluTh npobjiemMy MOXKHO JIBY-
Msl criocobamu.



BnoxeHHble knaccel ﬁiglll.

Bo-mepBbix, THIT Member MOYKHO OOBSIBUTH B APYroM MecTe. [1Jist 3Toro
OTJINYHO HOA0IIET 06beKT-KOMNaHboH Network. (O6bEKTHI-KOMIAHLOHDI
ONUCHIBAIOTCSI B rjiaBe 6.)

object Network {
class Member(val name: String) {
val contacts = new ArrayBuffer[Member]

class Network {
private val members = new ArrayBuffer[Network.Member]

Bo-BTOpDIX, MOXKHO HCII0JIB30BATb npoekyuio munog (type projection)
Network#Member, KOTOpasl O3Ha4aeT: «4JeH JioOoi rpymnmsi». Hanpumep:

class Network {
class Member(val name: String) {
val contacts = new ArrayBuffer[Network#tMember]

ITOT IpHEM MOXKHO HCIOJIb30BaTh IS TOJIy4eHUsT BOSMOXKHOCTH 6O-
Jiee TOYHOTO YIIpaBJICHMSI, KOrJa «BHYTPEHHHI KJlacc ornpenessieTcst oT-
JeJILHO J1JIsI KaX<A0ro 00DbeKTa» B OTAENbHBIX MECTAX B MPOrpaMMe, HO He
nosciony. bosice nogpo61o BONpock! MPOEKIHH THIIOB pacCMaTPUBAIOTCS
B riase 18.

MpumeuaHue. Bo BNOXEHHOM Knacce AOCTyMHa CCbinka this, ykasbiBalowas
Ha BHeLWHUI Knacc, Kak EnclosingClass. this, aHanorn4Ho A3biky Java. MNpu xe-
NaHu1 MOXHO onpeaenuTb NCEBAOHUM AN 3TOW CCbIKU, KakK NoKa3aHo HNUXe:

class Network(val name: String) { outer =>
class Member(val name: String) {

def description = name + « inside « + outer.name

}

Crpoka class Network { outer => cO34aCT NepPeMeHHyYI0 outer, CCbinaloLlyio-
cs Ha Network.this. [ns aTol nepemMeHHon MOXHO BbibpaTb noboe nms. Ha
npakTuKe 4acTo UCNONbL3yeTCcH MMA self, HO OHO MOXET BHOCWUTb NyTaHWUUy
NpY UCNONb30BAHUN BHYTPU BNAOXEHHBLIX KNacCoOB.
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OTOT CMHTAKCUC TECHO CBA3aH C CMHTaKCUCOM OnpeneneHus «Co6CTBEHHOo
Tuna», C KOTOPbLIM Bbl BCTpeTUTECh B rnase 18.

YnpaxHeHus

1.

YcoBepuieHcTByiiTe Kyacc Counter B paszesie 5.1 «IIpocrtbie kiac-
cbl U MeTonbl 6e3 mapameTpoB», Tak 4YTOOLI 3HAYEHHE CYETYHKA
He IpeBpallajioch B OTPULIATEJIbHOE YUCJO MO JOCTHXKEHUH Int.
MaxValue.

Hanumure kmacc BankAccount ¢ MeTomaMH deposit M withdraw U
CBOIICTBOM balance, AOCTYTHBIM TOJbKO JUIST UTEHHS.

Hanumure knacc Time co cBoOIicTBaMH hours W minutes, JIOCTYTIHBI-
MU TOJIBKO JJISI ‘{TeHl/l}I,'I/I MeTOoI0M before(other: Time): Boolean,
KOTOpDIii IIPOBepsIeT, MpeILIeCTBYET JIK BPeMsl this BpeMeHH other.
OG6beKT Time I0MKEH KOHCTPYHPOBATHCS KaK new Time(hrs, min), T
hrs — BpeMs1 B 24-uacoBoM opMarTe.

[MepenuuinTte Kjaacc Time U3 NPEAbIAYIIETO YIPAXKHEHUS TAK, YTOODI
BHYTPU BpPeMsi ObLJIO IPECTABJIEHO KOJMYECTBOM MHHYT, IIPOLIE/L-
wux ¢ Havyana cytok (mexay 0 u 24 x 60 — 1). O6uexocTynHbIIH
unTtepdeic npu 3ToM He doacen n3MeHUTLCst. To ecTb ITI H3Me-
HeHUsl He JI0JKHBI OKa3blBaTb BJIMSIHHE Ha KJIHEHTCKHIT KOA.
Cospnaiite kiacc Student co cBoiicTBamu B (popmare JavaBeans name
(tuna String) u id (THNA Long), ZOCTYMHBIMHU [JIs1 YTEHUSI/3aMUCH.
Kakue meroxst 6ynyT creHepuposatbl? (Mcnosb3yiite javap aus
nposepku.) CMoXkeTe JiM Bbl BbI3bIBATb METO/BI JlocTyna B ¢op-
mare JavaBeans u3 mporpamMMHoro koma na si3sike Scala? Heob-
XOAUMO JIU 3TO?

B kiacce Person u3 paszena 5.1 «IIpoctbie knacesl 11 Metozanl 63
napaMeTpoB» peaju3yiiTe [JIaBHbIIT KOHCTPYKTOP, mpeobpasyio-
mHUH oTpULIaTeabHOe 3HaueHue Bo3pacTa B 0.

Hamumure xiacc Person ¢ [JIaBHBIM KOHCTPYKTOPOM, MpPHHUMAIO-
UM CTPOKY, KOTOpasi COAEPKUT UMsl, mpoOe 1 (haMUIHIO, Ha-
npuMep: new Person(«Fred Smith»). Cnesaiite cBoiicTBa firstName M
lastName JOCTYIHBIMH TOJBKO JIs1 yTeHUs. [loyKeH Jii mapaMeTp
JIaBHOTO KOHCTPYKTOPA OOBSIBISTHCS KaK var, val 1JIH KaK 0ObIY-
Hblil napametp? Ilouemy?

Cospaiite kiacc Car co CBOHCTBaMH, ONpeAessSIIOLMH TIPOH3BOAU-
TeJisl, Ha3BaHue MOJEJH M rojl IPOU3BOJCTBA, KOTOPbIC AOCTYTIHBI
TOJIBKO IS UTE€HHSI, 1 CBOIICTBO C perucTpallMOHHBIM HOMEPOM
aBTOMOOWJIsI, IOCTYNHOe IJisi uTeHusi/3anuci. [{o6aBbTe 4eTbIpe
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10.

KOHCTpYKTOpa. Bce OHU JOJKHBI IPUHUMATh Ha3BaHUE IIPOM3BO-
auTesist 11 Ha3BaHue Mozenu. IIpn Heo6X0AMMOCTH B BBI30OBE KOH-
CTPYKTOpPa MOTYT TaK)K€ YKa3blBaTbCs TOJ U DPErHCTPALlOHHBII
HoMep. Eciut rox e ykasaH, OH [I0JDKeH YCTaHaBJIMBATbCs PAaBHBIM
-1, a IpH OTCYTCTBHH PEricTpaliOHHOTO HOMepa [0JIKHA yCTa-
HABJIMBATLCS 1ycTass CTpoKa. Kakoi KOHCTPYKTOp Bbl Bblbepere
B KauecTse rjaaBHoro? ITouemy?

[ToBTOopHO peanuayiiTe KJacc U3 NpPeAbIAYLIEr0 YINPa’KHEHHs Ha
Java, C# nwiu C++ (o Boi6opy). HackosbKo Kopoue MoJTyyuics
KJiacc 11a si3bike Scala?

BarsiiiiTe Ha ciezyiollee onpezaesieHne Kiacca:

class Employee(val name: String, var salary: Double) {
def this() { this("John Q. Public”, 0.0) }
}

[TepenuuinTe €ro Tak, YTOObI OH COZEPIKAN SIBHbIE OMpe/EeNeHUs!
110J1eil 11 MeJI [JIaBHBII KOHCTPYyKTOp 1o yMmosyanuio. Kakoe 06b-
sBJIelnie BaM Hpasutcst 6oJbie? IToyemy?



Fnaesa 6. O6bekTbI

TeMbl, paccmartpuBaemble B 3Toi rase gAY

6.1. O6bEKTbI-OANHOYKH.

6.2. O6bEKTbI-KOMNAHLOHbI.

6.3. O6beKTbl, pacINPAIOLME KNACChl UKW TPEWTbI.
6.4. MeTopn apply.

6.5. O6bekT, NpeacTaBNAWNA NPUNOXEHUE.

6.6. MNepeuncnenus.

YnpaxHeHnus.
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B 5T0i1 KOpOTKOIi IJ1aBe Bbl MO3HAKOMHUTECH C OCOOEHHOCTSIMIT HCIIOJIb-
30BaHMsI KOHCTPYKIIMM object, KOrZA HEOOXOAMMO OrpanHuiiTh MPHJIO-
’KeHHe eIMHCTBEHHBIM SK3EMIISIPOM KJlacCa MJIH BbLAEIHThL MECTO ISt
Pa3JNYHbIX KOHCTAaHT 1 (QYHKLHMH.

OcCHOBHbIE TeMbI 3TOIl IJIaBbI:
HCT0JIb30BAaHUE KOHCTPYKLMH object ISl TPYNIMPOBKI BCIOMOTa-
TeJbHBIX METONOB U CO3JaHHs1 0O BEKTOB-OAHHOYEK;
KJIaCcC MOXET UMeTb OOBEKT-KOMIIAaHbOH C T€M K€ MMCHEM;
00BEKTBI MOTYT PACUIMPSITh KJIACChl WU TPEUTHI;
MeToJ apply 0ObeKTa OOLIYHO MCHOJIB3YeTCsl JISI KOHCTPYHUpPOBa-
HUSI HOBBIX 3K3EMILISIPOB KJjlacca-KOMIAaHbOHA,
usberaiiTe UCMOJIb30BAHUSI METOJA main, HCHOJb3YIiTe 0OBEKT, pac-
LIUPSTIONUIT TPEUT App;
HepeyrcIeHUs MOXKHO PEJIH30BaTh 32 CUET paciiipeHiisi 00beKTa
Enumeration.

0O 0O Oooo O

6.1. O0OBLEKTbI-OAVNHOYKM

B ssbike Scala oTcyTtcTByIOT cTaTHYyeckne MeTomnl 1 nosist. Bmecto
3TOr0 MCHOJIb3YETCs1 KOHCTPYKLMS object. OHa omnpenessieT eAMHCTBEH-
HbII 9K3eMIIAp Kaacca (singleton), obiazaoniuii BceMn He0OXOANMBbI-
My kayectBamu. Hanpnwmep:
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object Accounts {
private var lastNumber = 0
def newUniqueNumber() = { lastNumber += 1; lastNumber }

Korga B mpuiioxeHiu motpedyeTrcsi MOAyYuTh HOBBIN YHHKaJIbHbIN
yueTHblii HOMEp, OCTATOYHO BbI3BAaTb Accounts.newUniqueNumber().

KoucTpykrop Takoro o6beKTa BbI3bIBAETCs TPH MEPBOM K HeMy 006-
pauierny. B zanHoM npuMepe KOHCTPYKTOP Accounts BBITIOJTHSIETCST TIPU
nepBOM BbI30BE MeTofa Accounts. newUniqueNumber (). Eciu oObekT He uc-
MOJIb3YETCs], €r0 KOHCTPYKTOP HE BbI3bIBAETCSI.

O06bexT 06J1a1aeT BCEMH XapaKTepHbIMU OCOOEHHOCTSIMH KJ1acca — OH
MOJKeT JlaXce lacjiefloBaTh ApPYrHe Kjacchl WM TpedTsl (cM. paszaen 6.3
«O6beKTbl, pacuIHpsiIoLe KIACCHl MM TpeiiToly ). EauncTBenHoe wuc-
KJjoueliie — Takoil 00bEKT He MOXKET UMETh KOHCTPYKTOP C Hapamet-
panu.

Koncrpyxuiist object B s13bike Scala ucnonbayercs B Tex e Ciydasx,
yTo 1l 06beKThI-oniHoukn (singleton object) B Java unu C++:

O B KavecTBe UENHTPAJIM30BAIIIOTO0 XPaHUJIMINA BCIOMOraTEIbHbBIX

ynxuii 1/1J1 KOHCTANT;

U xorzna a(hphexTHBHO MOXCHO HCNOTIH30BaTh TOJILKO OUH 9K3EMILISIP;

O xorma njst KOOpAHMHALMYE HEKOTOPOIl Cy>KOBI TOJIXKEH CyL[ECTBO-

BaTh TOJBKO OfMH 3K3eMIIsip (1abI0H NpoeKTHpoBaHus «Single-
ton» — «Onunouka).

MpumevaHne. MHorve He BOCNPUHUMAIOT BCepbe3d WabnoH NpoekTnpoBaHus
«OQpuHouka» («Singleton»). Scala naeT Bam B pykul UHCTPYMEHTbI, @ KaK UX UC-
nons3oeaTtb, BO 6n1aro nnu Bo Bpen, 3aBuUcuUT OT Bac.

6.2. O0BLEeKTbI-KOMMNaHbOHbI

B Java mwim C++ yacto uMeercst Kjacc, Onpeaessiioniil He TOJbKO
METOIbI IK3EMILIsIPa, 1O 11 cTaTuyeckue metoanl. B Scala mobutnes To-
IO K€ CAaMOTO MOXKIIO C IIOMOIIBIO «00BEKTa-KOMIaHbOHA» (companion
object), 1Ms1 KOTOpoOro coBragaeT ¢ umeneM kiacca. Hanpumep:

class Account {
val 1d = Account.newUniqueNumber ()
private var balance = 0.0
def deposit(amount: Double) { balance += amount }
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object Account { // 06bexT-koMNaHbLOH
private var lastNumber = 0
private def newUniqueNumber() = { lastNumber += 1; lastNumber }

Kiacc ¥ ero o6bexT-KOMIAaHbOH MOTYT 06pamarbcsi K MPHUBATHBIM
CBOICTBaM U MeToziaM ApYT Apyra. OHM JOJKHbBI ONPEAESITHCS B OAHOM
(pailne c UCXOAHBIMH TEKCTaMHU.

Mpumevanne. O6bLEKT-KOMNAHBLOH AOCTYNEH M3 Knacca, HO HaxoauTcsa 3a
npeaenamu ero obnactu BuauMocTu. Hanpumep, knacc Account 4OMXEH Bbl-
3biBaTb MeToa obbekTa-koMnaHboHa, Kak Account.newUniqueNumber(), a He
NPOCTO newUniqueNumber().

Cogert. B REPL Heo6xoauMo onpenensaTb BMECTe KNacc M ero 06bekT-KoM-
naHbLOH B pexuMe BCTaBku. Beeaute

. paste

A 3atem BcTaBbTe M3 Oydepa obmeHa onpepeneHve knacca U o6bekTa-KOM-
naHbOHA, NOCNe Yero HaxmuTe koMbuHauuio Ctri+D.

6.3. O6beKTbl, paclwumupsaoLwWwme Kiacchbl
W TPEeuTbl

OO6beKT, CO3MaHHbIIT KOHCTPYKIHEI object, MOXKET PACIIHPSITL KJacc
u/mian omMH wiu Oosee TpeiitoB (traits). B ‘pesysbrare moJiyuaetcst
00BEKT KJIacca, pacUIMPsIIONIHid JaHHBIN Kjace 11/wiH TpeitTsl (traits) u
obazaomuil BCeMU JONOJTHHUTENbHBIMU OCOOEHHOCTSIMI, YKa3aHHbBIMU
B 00bsIBJIEHNH OOBEKTA.

OnHUM U3 IPUMEHEHU TaKHX OOBEKTOB SIBJISIETCSI CO3JAHE COBMECT-
HO HCIOJIb3yeMbIX 0OBEKTOB MO yMosuanuio. Hanprmep, Huxe npuso-
JUTCST KJIacC, OOBbSBIISIONIUI ONEpalii OTMEHBI.

abstract class UndoableAction(val description: String) {
def undo(): Unit
def redo(): Unit

[Io yMonyaHMIO 3TH ONEpalluu <«HUYEero He JesaioT». besdycnoBHo,
B MPUJIOXKEHUU JAOCTAaTOYHO MMETh 110 OAHON TaKoi oneparii.
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object DoNothingAction extends UndoableAction(«Do nothing») {
override def undo() {}
override def redo() {}

O6beKT DoNothingAction MOXKET COBMECTHO MCII0J1b30BaTbhCs BE3 €, II€
HCO6XOIUIMI>I 9TI onepauii o yMoJiYaHUIo.

val actions = Map(“open” -> DoNothingAction, “save” -> DoNothingAction, ...)
// 0Onepauuu OTKPLITUS M COXPAHEHUS ewe He peanu3osaHsl

6.4. MeTop apply

VMeTb MeTol apply B oObeKTax — obbiuHoe aeso. OObeKT apply Bbi-
3bIBAETCS B BbIPaXKEHHAX Bija

Object(argl, ..., argh)

OO6bIutio MeTo/| apply BO3BPALUAET SK3EMILJISIP KJ1acCa KOMIIAHbOHA.
Hamnpumep, 06beKT Array OnpeaesisieT MeTos apply, MO3BOJISIIONIHIA CO3-
JlaBaThb MacCHBbI C MOMOILBIO TaKHX BbIPAXKEHHIA:

Array(“Mary”, “had”, "a”, "little”, "lamb™)

[Touemy Obl 1IPOCTO 11€ UCIIOJIL30BATH KOHCTPYKTOP? Bo3aMoskHOCTD He
HCI0JIb30BaTh KJII0YEBOE CJIOBO new MOJKET MPHUIOAMTHCS, HAlpUMep, BO
BJIOJKEHHBIX BBIPAKEHHSIX, TAKUX KaK

Array(Array(1, 7), Array(2, 9))

BHumaHue. OyeHb nerko cnytatb Array(100) u new Array(100). MNepsoe Bbl-
paxeHue Npon3soauT BbI30B apply(100), BO3Bpawaowmi Array[Int] ¢ eanH-
CTBEHHbLIM 3/1IEMEHTOM — UenbiM ymucnom 100. Bropoe BbipaxeHne npon3so-
OUT BbI30B KOHCTPYKTOPA this(100), Bo3Bpawatowmin Array[Nothing] c coTHemn
NyCTbIX 31€EMEHTOB.

Hioke NPHBOAUTCS NMPUMED ONpEeaAesiCeHUusI METoAa apply:

class Account private (val 1d: Int, 1nitialBalance: Double) {
private var balance =.1initialBalance
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}

object Account { // 06bekT-kOMNaHbLOH
def apply(initialBalance: Double) =
new Account(newUniqueNumber(), 1nitialBalance)

Tenepb 06BEKT, MPEACTABMSIONNIT GAHKOBCKHIT CYET, MOXHO CO3/1a-
BaTh TakK:

val acct = Account(1000.0)

6.5. O6beKkT, NnpeacTaBnaAlOLNNA
npusioXeHve
BolmosiHeHne Kax o0 nporpaMmsl Ha si3bike Scala J0/KHO HAYMHATD-

Csl C BbI30Ba MeTO/a main OOBEKTA, UMEIOIIEro CHTHATYPY Array[String]
=> Unit:

object Hello {
def main(args: Array[String]) {
println(“Hello, World!")

OnHaKo BMECTO CO3/laHMsI METO/a main MOYKHO YHAcCJeAOBaTh TpPEMT
(trait) App M TIOMECTHTb KO NPOTPaMMBbI B TeJIO KOHCTPYKTOpA:

object Hello extends App {
println(“Hello, World!'")

Ecnmn motpebyeTcsi OpraHW30BaTh AHAIM3 AP2YMEHMO8 KOMAHOHOU
CMpoKU, UX MOXKHO MOJYYUTh U3 CBONCTBA args:

object Hello extends App {
if (args.length > 0)
println(“Hello, " + args(0))
else
printin(“Hello, World!")
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Eciu BBI3BaTh IPOrpaMMy C IapaMeTPOM scala.time, IO ee 3aBeplie-
HIIM B KOICOJb OYZET BBIBEAEHO BPEMSI BbIIIOJIHEHHs MPOrpaMMbl.

$ scalac Hello.scala

$ scala -Dscala.time Hello Fred
Hello, Fred

[total 4ms]

3aeco e obouwocs 6e3 HeKoTopoii nosu Boawebersa. TpeidT (trait)
App HacJieilyeT ApYyroii Tpeiit, DelayedInit, KOTOpbI 0COGBIM 00pa3oM
obpabaTpiBaeTcs KOMIIMASITOPOM. Bech Kox HHMIIMANIH3aUMK U3 KJac-
ca, HACJICAYIOUIErO TOT TPEHUT, mepeMeliaercss B MeToA delayedInit.
Meroa main TpeiiTa App COXpaHsieT apryMeHTbl KOMaHIHOH CTPOKH,
BLI3BIBAET METOJ delayedInit M MpH 11€0OXOAMMOCTH BBIBOAMT BPEMS
BBITIOJIHEI ST,

Mpumeyanune. B ctapbix Bepcusax Scala Ty xe ponb urpan TpewT Application.
OH obecneymBan NEpeHOC koaa NPOrpaMMbl B CTaTUHECKUIA MHNUMANN3aTop,
KOTOPbIA HE ONTUMN3NPOBANCA ANHAMUYECKMM KOMNUNATOPOM. B coBpemeH-
HbIX BEPCUSIX CneayeT Ncnonb3oBaTtb TPeuT (trait) App BMECTO Hero.

6.6. MNepeuncneHus

B otanunune ot Java i C++, B si3bike Scala oTcyTcTBYIOT nepeymcin-
mbie Thbl. O/HAKO B CTalAapTHOH OHOIHOTEKE NMEETCsT BCIIOMOraTe/ib-
Hbi{l Kjacc Enumeration, KOTOPBII MOXHO HCIIOJNb30BaTh IJIs1 CO3JAHHs
nepeuucnenui. _

JIJIs1 9TOro I0CTaTOYHO CO3[aTh OOBEKT object, HACAEAYIOUMI KJace
Enumeration, 1 HHHLHAJIU3HPOBATL 311a4E€HMSI TIEPEUYHCIEHHUS BbLI3OBOM
MmeTo/a Value. Hanmpumep:

object TrafficlLightColor extends Enumeration {
val Red, Yellow, Green = Value

31ech ONpenesioTCsl TPU 10JIst, Red, Yellow U Green, KasKI0€ U3 KOTO-
PbIX MHHIUATI3HPYETCsS BBI30OBOM MeTOAA Value. DTO — COKpalleHHas
(opma 3amicu 0ObsIBIEHHS]

val Red = Value
val Yellow = Value
val Green = Value
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Kaxpiit BEI30B MeTO/1a Value BO3BPAIIAET HOBBIH 9K3EMIIISIP BJIOKEH-
HOTO KJIacca C TeM ke MMeHeM Value.

Ilpu xemanum Metonxy Value MOXHO TepefaTh YHCJIOBOC 3HAUEHHE,
CTPOKOBOE MM WJIH U TO, H APYroe:

val Red = Value(0, "Stop™)
val Yellow = Value(10) // CTpokoBoe uma “Yellow”
val Green = Value("Go") // Yucnosoe 3HaueHue 11

Ecnu uncioBoe 3HaYeHHE He YKa3aHo, 6y1(e'r MPIICBOEHO 3HAYeHHEe Ha
€ANHUILY 6oubLIe npeabIAYLIero, HaYMHasl ¢ HyJsl. B kayecTBe CTpoko-
BOIr0 MMEHHU IO YMOJYAHHIO HCITOJIb3YETCSI UMSI ITOJIS.

Tenepb Ha 3HAYEHUS] MEPEYUCTEHHMST MOXKHO CCBIJIAThCSl KakK Traffic-
LightColor.Red, TrafficlLightColor.Yellow M T. . Ec/l 2TO MOKa)XeTcst
CJMILIKOM YTOMUTEJIbHBIM, MOKHO BOCIOJIb30BATLCSI HHCTPYKIIMEIH

import TrafficlightColor. _

(TTonpoGuee 06 umnopmuposanuu uieHo8 KIACCOB I 0OBEKTOB pac-
CKa3bIBaeTCsl B IJIaBe 7.)

He 3a6s1BaiiTe, 4TO mepeyncieHre iMeeT THI TrafficlightColor. Value,
a He TrafficlLightColor — 9TO TUI 0OBEKTa, XpaHsiuiero 3Hauenust. Heko-
TOpbIe PEKOMEHAYIOT ONpPEAessiTh TICEBIOHNM THIIA

object TrafficlLightColor extends Enumeration {
type TrafficlightColor = Value
val Red, Yellow, Green = Value

Tenepp mepeuncienue OyneT UMeTb THI TrafficLightColor.Traffic-
LightColor, YTO MOXHO HCIOJIb30BaTh C BBITOAOII TOJBKO B Clyuyae NpH-
MeHEeHMsT HTHCTPYKUHHU import. Hanpumep:

import TrafficLightColor. _

def doWhat(color: TrafficlightColor) = {
if (color == Red) "stop”
else if (color == Yellow) “hurry up”
else "go”

YucnoBoe 3HaueHHE JIEMEHTA nepeyrucjaeHus1 MOXKHO MOJYYHUTH BbI-
30BOM MeETOZa id, a CTPOKOBOE MMsI — BbI30OBOM MeETOJa toString.
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Bri30B TrafficLightColor.values Bo3BpamiaeT MHOXKECTBO BCEX 3HAUEHMIL:

for (c <- TrafficLightColor.values) println(c.1d + ": " + ¢)

Hakonel, 1mMeeTcsl BO3MOXHOCTb OTBICKAaTh 3JIEMEHT IE€PEYHCICHUS
O €ro uiicJA0BOMY HAEHTH(HUKATOPY W CTPOKOBOMY uMeHu. Qba cie-
AYIOLIIIX BBI30Ba BEPHYT 0OBEKT TrafficLightColor.Red:

TrafficlightColor(0) // Bu3oseT Enumeration.apply
TrafficlightColor.withName(“Red™)

YnpaxHeHus

1. Hanuwure 0o6BEKT Conversions ¢ MeTOJAMM inchesToCentimeters,
gallonsToliters 11 milesToKilometers.

2. Tpeausiayinyio 3ajiady TPYAHO Ha3BaTh OOBEKTHO-OPUEHTUPOBAH-
noii. Peanmusyiite obuuii cynepkiacc UnitConversion v OmpeeanTe
00beKTnl InchesToCentimeters, GallonsTolLiters M MilesToKilometers,
HacJleflyloni1e ero.

3. Omnpenesmite 06beKT Origin, HaCJEAYIOLUMIT Kiacc java.awt.Point.
[Touemy a0 He camas myqwas unea? (PaccmoTpute nobausxe me-
TOZbI KJlacca Point.)

4. OmnpenesiTe Kjaacc Point ¢ 0ObEKTOM-KOMIIAHBOHOM, YTOOBI MOX-
HO ObLJI0 KOHCTPYHPOBATh K3EMIUIAPbI Point, KaK Point(3, 4), Ge3
KJIIOYEBOTO CJIOBA new.

5. Hanuumre npuioxeHue Ha sibike Scala, ucnosb3ys TpeT (trait)
App, KOTOPOE BBIBOAUT apryMeHThl KOMaHIHOM CTPOKH B 06paTHOM
nopsiake, paszaensisi ux npobesamu. Hampumep, komaHaa scala
Reverse Hello World AOJI’KHa BbIBECTH World Hello.

6. Haruiuure nepeuuciieHye, OMUChIBAIOILEE YEThIPE MACTH UIPaJib-
HbIX KapT Tak, YTOObI METOM toString BO3BPALUAT «&k», <#», <¥>
HITH <A >.

7. Peanusyiite ¢pyHKUMIO AJIs MPOBEPKH MACTH KapThl, peaji30BaH-
HOU B MpeablayLIeM yIIpaXKHEHUH, KOTopast IIpoBepsijia Obl MpUHa-
JIEKHOCTDb KapThl K KPacHOH MacTu.

8. Hanummre nepeyncieHue, ONMCHIBAIOIIEE BOCEMb YIJIOB Ky6a
RGB. B kauecTBe 4HCTOBBIX UAEHTH(HHUKATOPOB JOJIKHBI UCIIONb-
30BaTbCsl 3HAUYEHHUS LBeTa (Harnpumep, 0xff0000 — mJst Red).



Fnasa 7. Naxkersi
M MMNOPTUPOBAHME

Temsbl, paccMaTpuBaeMbie B 310 rnase A\l
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7.1. NakeTbl.

7.2. Npasuna BUAUMOCTMU.

7.3. O6baABNEHUA LenoYek NakeTos.

7.4. O6bbsABNeHUA B Hayane daina.

7.5. O6bexTbl NakeToB.

7.6. BnanmMocCTb nakeTos.

7.7. mnopTupoBaHue.

7.8. UMnopTuposaHme BO3MOXHO B Nlo6OM MecTe.
7.9. NMepenmeHoBaHNEe U COKPbLITUE YNEHOB.
7.10. HeaBHoe umnopTnpoBaHue.
YnpaxHeHus.

B ar0ii r1aBe BbI y3HaeTe, Kak JEHCTBYIOT MHCTPYKIMH package M 1mport
B si3bike Scala. O6e onn He TONbLKO GoJsiee JOrHUHbIE, YeM B Java, HO It
6osee rubKue.

OCHOBHbBIE TEMbI 3TOI TJIaBBI:

0O 00 OO0 O 00O

NaKeTbl MOTYT BKJIQ/BIBATHCSI MTOJOOHO KJlaccam;

MYTH K TaKeTaM — He abCOJIIOTHbIE;

o0bsiBIEHNE TTaKeTa BU/A package X.y.z OCTABJISIET HEBUIUMBIM CO-
AEP>KUMOE MMPOMEKYTOYHBIX NMAKETOB X H X.y,;

MHCTPYKIHHU package 6e3 (urypHBIX ckOOOK B Hayase aiina pac-
MNPOCTPAHAIOTCST Ha Bech (hails;

00BEKT MaKeTa MOXKeT UMeTb (DYHKIHMHU I TepeMeHHbIE;
HHCTPYKLMU import MOTYT HMITIOPTHPOBATD MAKEThI, KJIACCHI i 00b-
€KThI,

WHCTPYKIUMHU import MOTYT HaXOAUTHCS Tie YTOAHO;

WHCTPYKUMHU import MOTYT II€pEUMEHOBBIBATb W CKPbIBATb UJIEHDI
MMaKeTOB;

MaKeThl java.lang, scala 1 OOBEKT Predef UMIIOPTUPYIOTCST BCETAA.
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7.1. MakeTbl

Iaxemut B s13piKke Scala ciysat TOH e 1eJIH, YTo U NIAKETH B Java WM
npoctpatictBa uMmen B C++: ynpajieHne HMeHaMU B GOJBILMX MTPOrpaM-
Mmax. Hanpiimep, 11Ms1 Map MO2KeT BCTpeYaTbcsl B NakeTax scala.collection.
immutable 1 scala.collection.mutable 6e3 Kakux-n160 KoHMIMKTOB. YTo-
6b1 06paTHTBHCSI K JI0OOOMY M3 HHX, MOXKHO MCHOJb30BaTh IOJHOE MMsI
KJlacca scala.collection.immutable.Map WJAM scala.collection.mutable.Map.
IIpi kesaHiK C MOMOIIbIO HHCTPYKLUHM import MOXKHO OIMpeAeauTh 00-
Jiee KOPOTKHil mceBIOHNM — cM. paszen 7.7 «VIMnopTHpOBaHHE».

Yro6pi 106aBHTD 3JIEMEHTHI B MAKET, UX MOKHO BKJIIOYUTb B MHCTPYK-
IIUM package, KaK MMOKa3aHO HUXKe:

package com {
package horstmann {
package 1mpatient {
class Employee

[Tocne aroro kjacc ¢ MMeHeM Employee OymeT AOCTYNEH M3 J06GOro
MecTa NporpaMMbl 1oJl UMEHEM com. horstmann.impatient.Employee.

B oTimnune oT 06beKTa WM KJacca, MaKeT MOXKET ObITh ONpezesieH
B HecKoJbKUX aiinax. [Ipeapiayiuit koa, HarpuMep, MOXKET HAXOAUTh-
cs B (paiinax Employee.scala, a allm Manager.scala MOXET COJEpPKaTh

package com {
package horstmann {
package impatient {
class Manager

Mpumeyanmne. Mexay kaTanoroMm MecTOHaxoxaeHus danna u umMeHem na-
keTa He o6a3aTenbHO AonkHa ObiTh NpsMan ceasb. Painbl Employee. scala U
Manager.scala He 06513aTeNbHO AOMKHLI HAXOAMUTLCA B KaTanore com/horstmann/
impatient.
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C npyroii CTOpOHBI, B OAHOM (paiiie MOXKeT GbITh OOBSIBIEHO HECKOJb-
ko maketoB. Maiiy Employee. scala MOXKET COJEPKATDH

package com {
package horstmann {
package 1impatient {
class Employee

package org {
package bigjava {
class Counter

7.2. NMpasuna BMANMOCTU

B Scala npasuna eudumocmu nyisi nakeros GoJjiee Nocjief0BaTebHbI,
yeM B Java. [Taketsr B Scala MoryT ekaadvisamucs, Kak jiobbie apyrie
Tunbl obsacteil BUAMMOCTHU. JlonycKaeTcsl HeMoCpeACTBEHHO oOpaIaTh-
csl K MMeHaM, HaxosimMMcsi Bo BMemalouieii obsactir Biimocrit. Ha-
npumep:

package com {
package horstmann {
object Utils {
def percentOf(value: Double, rate: Double) = value « rate / 100

package 1impatient {
class Employee {

def giveRaise(rate: scala.Double) {
salary += Utils.percentOf(salary, rate)




Mpasuna suaMmocTn g“lll.m

Ob6parute BHuMaHue Ha uMs Utils.percentOf. Kmacc Utils o6bsiBiIeH
B podumenvckom naxete. Bce, 4To onpeneneHo B poauTebCKOM MaKeTe,
HAXOAUTCSI B 06JIACTH BHAHMOCTH, TIO3TOMY HEeT HeOOX0JUMOCTH HUCIIONb-
30BaTb MoJioe KBalldHLUPOBaHHOE UM com. horstmann.Utils. percentOf.
(Takoe 1Ms1 TO)Xe MOXKHO MCIOJIb30BaTb, €CJM OHO BaM HPaBUTCS —
B KOHLIE KOHIIOB, MAKeT com TAKXKE HAXOAUTCS B 00JIaCTH BUAUMOCTH.)
Onnaxo B 604Ke Meaa ecTb JIOXKKa AerTs.. Barisiaure:

package com {
package horstmann {
package impatient {
class Manager {
val subordinates = new collection.mutable.ArrayBuffer(Employee]

ITOT KOJ I0Jib3yeTCs] TeM MPEeUMYHIeCTBOM, YTO MaKeT scala BCeraa
umnoprupyercsi. IloatoMy mnaker collection ¢paKTHYECKU Ha3bIBAETCS
scala.collection.

A Tenepb mpencTaBbTe, YTO KTO-TO N00aBUJI CJAEAYIOIIMHA NMaKeT, BO3-
MOXHO, B npyrom ¢aite:

package com {
package horstmann {
package collection {

}

Tenepp xjlacc Manager MepecTaHeT KOMIMJIMPOBaThcs. KoMnussitop
Gynet 6e3ycnenito NbpITaThCSl OTHICKATb HMsI mutable BHYTPH IaKeTa com.
horstmann.collection. Kiylacc Manager mpeamosiaraeT HCIOJIb30BaTh MaKeT
collection 113 [TAKETA scala BEPXHEro YPOBHSI, a He U3 BJI0)KEHHOro NakeTa
collection, OKa3aBUICrOCSI B JOCTYMHOI 06acTH BUANMOCTH.

B si3bike Java sTa mpoGsieMa He BO3HMKAeT, [IOTOMY YTO B HeM BCerua
HCIIOJIB3YIOTCSI TOJILKO abCOMOTHbIE HMeHa MaKeTOB, HauMHas OT KOPHS
nepapxuu nakeros. Ho B Scala MMeHa nakeToB sIBJISIIOTCSI OTHOCHTEIbHbI-
MM, TaK e KaK 1Mela BJOXEeHHBIX Kj1accoB. OHAKO MPU UCTOIb30BAHMU
BJIOXKEHIIBIX KJIACCOB 1o06Hast mpobseMa 00bIYHO HE BO3HMKAET, IOTOMY



..lllgg Makets 1 UMNOpTHpOBAHUE

YTO BECh KOJl HAXOAUTCS B O/{HOM (baiise, IO KOHTPOJIEM TOTO, KTO CO3/AJ
U conpoBoxzaeT 3ToT (ailn. Ho rpaHuipl naketoB OTKPBITHI HACTEXb.
Jli060i1 MOXXeT BHECTH CBOil BKJIa/l B MaKeT B JIOOOH MOMEHT BPEMEHH.

OnHo 43 peleHuii — UCIOIb30BaTh aBCOMIOTHBIE UMEHA TAKeTOB, Ha-
YUHasl ¢ _root_, HAIpUMep:

val subordinates = new _root_.scala.collection.mutable.ArrayBuffer[Employee]

pyroe pelieHiie — UCNOJb30BaTh OOBSIBJIEHUST <ILIETIOYEK»> MAKETOB,
KaK OIHCBIBAETCSI B CJIEAYIOIIEM pa3jesie.

Npumeyanme. BONLLIMHCTBO NPOrPaMMMNCTOB UCMNONBL3YIOT MOMHbLIE NYTU B UME-
Hax naketos, 6e3 npedukca _root_. 310 6e3onacHo, noka KTo-HMbyab He pelunT
€030aTh BIIOXEHHBIN NakeT C UMeHeM scala, java, com, org UM noaobHbIM.

7.3. O0bsABNEeHus ueno4yek NakeTos

ObbsiBenne package MOXKET COJEPIXKATh «ENOUKY» IJIH CEIMEHT Iy-
TH, HaNpuMmep:

package com.horstmann.impatient {
// YneHu nakeTos com u com.horstmann 3aect HeAOCTYNHbI
package people {
class Person

Takoe 0ObsiBJIeHHE OrPAaHUYUBAET KPYT JOCTYMHBIX YJIEHOB IAaKETOB.
Tenepb naker com.horstmann.collection 6oJblie 1e GylneT JIOCTYNeH MO
HMMEeHeM collection.

7.4. O0bsBneHusa B Hayane ¢ana

BMecTo BIOKEHHBIX IPYT B pyra oObsIBIE€HHI], 1eMOHCTPHPOBABLIMX-
s IO CUX TIOP, MOXKHO TOMECTUTDb OGBbSIBJIEHHUST package B Hauaso (aiisa,
6e3 Queypnoix cxobox. Hanpumep:

package com.horstmann. impatient
package people

class Person




O6bexThl nakeTos EB“...

Takoe 00bsIBJIEHNE SKBUBAJICHTHO ciaenynomemy:

package com.horstmann.impatient {
package people {
class Person

// Lo xoHua ¢aina

[Mono6uast opma o6bsiBIEHHsT MPENNOYTUTEIbHEE, €CIA BeCh MPO-
rpaMMHbIii Ko/ B (hailjie NPUHANJIEXXUT OMHOMY U TOMY XKe makety (4UTO
BCTpEYaeTcsl /10BOJILHO YacTo).

OoGpariiTe BUMMaHHe, YTO B pHMepe Bblllie Bce, Haxosiuleecst B aii-
Jie, NIpHHa/UIeXKUT MaKeTy com. horstmann. impatient. people, IpH 3TOM IaKeET
com. horstmann. 1mpatient OCTAeTCsl OTKPBITBIM, IIO3TOMY BbI MOXETE CCbl-
JIATbCSI HA IO COAEPIKUMOe.

7.5. O0OBbeKTbl NakeToB

[Taxker MOXeT cozepKaTh KJIACChl, 00bEKTHI U TPEHTDI, HO He orpeseJe-
st HyHKLUHI 1T TepeMEHHbIX. DTO JI0CaZHOe orpaHnyeHue oOycoBIe-
HO 0COOEHHOCTSIMH BHPTyaJibliol MaiiuHbl Java. Beuio 61 siydnte, eciu
Obl HMeJIaCh BO3MOXKHOCTb 100aBJISITh B MAKEThI BCIIOMOraresibHble (hyHK-
LM WM KOHCTAIIThI HENOCPENICTBEHHO B MAKET, a He B KAKOH-TO 0ODbEKT
Utils. O6DbeKTbl MTAKETOB MO3BOJISIIOT CHSITH 3TO OrpaHUYEHHUE.

Kaskzplii naketr Mo)xeT HMeTb ofiul 06vexm naxema. OH 0ODbABISIETCSI
B POJUTEJLCKOM TaKeTe ¢ TeM e HMeHeM, YTo U JouyepHuil naker. Ha-
npuMep:

package com.horstmann.impatient

package object people {
val defaultName = “"John Q. Public”

package people {
class Person {
var name = defaultName // KoHcTaHTa 43 nakeTa
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O6paTnTe BHHMaHWE, YTO MMsI 3HAUeHWsl defaultName He Tpebyercs
ONpeAesATb MOJHOCTBIO, IOTOMY YTO OHO HaXOAIITCS B TOM e IaKe-
te. B ymoboM ApyroM MecTe OHO OyAeT MOCTYIHO, KaK com.horstmann.
impatient.people.defaultName.

3a KyaucaMu o6beKT maketa KoMnuaupyercs B kiacc JVM co ctaTtu-
YeCKMMHU MeTOJJaMH U TOJISIMU, C UMEHAMHU package. class BHYTpPH MaKeTa
package. B mpumepe Bbilie 3T0 MOr OBITH KJIacc com. horstmann.impatient.
people. package CO cTaTHYeCKHM MosieM defaultName. (B JVM 11Mst package
MOXKHO HCITIOJIb30BaTh KaK UMsI KJjacca.)

Otsnynast uaest — UCIOb30BaTh TY JK€ CXeMy HMeHOBaHusI st (aii-
JIOB C MCXOAHBIMH TekctaMH. IlomectuTte oObsiBIeHHE 00beKTa NaKeTra
B (hail com/horstmann/impatient/people/package. scala, M TOr/ia JIOGOH, KTO
noxesaer 106aBUTh CBOM (DYHKUMM WJIM MepeMeHHbIE B INaKeT, JIErko
OTBIIIET €ro.

7.6. BugpnmocCTtb BHYTPU NakeToB

B Java umen ksacca, He OOBSIBIEHHBIH Kak public, private HJIH
protected, OyZIeT IOCTyNeH B MakeTe, cojepxameM kiacc. B Scala Toro
xe apdexTa MOXKHO 10OUTHCS ¢ MoMoOIIbIo KBasHdukatopos. Cienyio-
il Meton GyneT JOCTyneH B COOCTBEHHOM MaKeTe:

package com.horstmann.impatient.people

class Person {
private[people] def description = “A person with name " + name

OG6sacTh €ro BHAMMOCTH MOXHO PAcpoOCTPaHHTDL 11a BMELIAIONHI
NaKerT:

private[impatient] def description = "A person with name " + name

7.7. AMnopTtupoBaHue

Onepaiyst IMIIOPTHPOBAHUSI TIO3BOJISIET ONPEETHTL KOPOTKIE IIMeHa
B3aMeH JUIMHHBIX. VHCTpYKLMS

import java.awt.Color

MMO3BOJIUT HCIIOJIb30BaTh UMsI Color BMECTO java.awt.Color.



MMHOpTHpOBGHMe BO3MOXHO B No6om mecte gglll..

ITO — eIWHCTBEHHAs IIeJIb OMEepaluy MMIOPTHPOBaHMs. Ecau Bbl
obosxaere MJIMHHDBIE MMEHa, MMIIOPTUPOBaHNE BaM He MPUTOAMTCSL.
Bce unenst nakema MOX110 HMIIOPTUPOBATD Kak

import java.awt._

ITO TO XKe camoe, UTO IPyNnoBoil cuMBo » B Java. (B Scala cumBon
+ CYUTAETCST AOMYCTUMBIM CHMBOJIOM [UJISI MCIIOJIb30BaHMST B UIEHTUDU-
karopaXx. Bbl cMoxxete 06DBsIBUTD TakeT com.horstmann. «.people, TOJBKO
pazM BCero CBSITOTO He JeJlaiite Tak.)

AlaJIorIyHO MOXHO HMIIOPTUPOBATH BCE UIEHbl KAAcca Ui oObeKTa.

import java.awt.Color. _
val c¢1 = RED // Color.RED
val c2 = decode( "#ff0000") // Color.decode

ITO HAMOMIIHAeT HHCTPYKLMIO import static B Java. IIporpaMMucThl
Ha Java )KHBYT B CTpaxe nepeJ 9THM BapUaHTOM, HO B Scala oH ucrosb-
3yeTcst I0CTaTOUHO 4aCTo.

VIMnopTipoBaB makeT, Bbl MOJydaeTe AOCTYN K BJI0XKEGHHBIM B HErO
MakeTaM ¢ KOpOTKHMU HMeHamu. Hanpumep:

import java.awt._

def handler(evt: event.ActionEvent) { // java.awt.event.ActionEvent

ITaket event sIBJISICTCSI YJIEHOM IIakeTa java.awt, H HHCTPYKLMSA import
nepemnecsa ero B obsacTh BUZUMOCTH.

7.8. UmnopTuposaHue BO3MOXHO
B IoOOM mecTe

B Scala uuctpykipst 1mport MOXET pacrojiaraTbCsi B JI0O0M MecTe,
e Tojbko B nauasne pailna. ObsacTtb BUAUMOCTH MHCTPYKLMHU import
NPOCTHPAETCs! 10 Kolila BMelualouiero 6soka. Hanpumep:

class Manager {
1mport scala.collection.mutable. _
val subordinates = new ArrayBuffer[Employee]
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ITO OYeHb MoJie3Hass 0COBEHHOCTh, 0COGEHHO B COBOKYITHOCTH C BO3-
MO>KHOCTBIO MCITOJIb30BaHUsI TPYNIOBOro CHMBOJIA. BeposiTHOCTD HM-
MOPTUPOBaTh (GOJIBIIOE KOJUYECTBO MMEH M3 pPasHbIX HCTOUYHHKOB
BCer/a JocTaBJiisiia Hekotopoe GecriokoiictBo. DakTHyecku HEKOTOpbie
NPOrPaMMHCTBI Ha Java He JIOOSIT IPYNNOBON CUMBOJ B MHCTPYKLHMSIX
UMIIOPTUPOBAHUSI HACTOJIbKO, UYTO HUKOT/IA He HCIIONb3YIOT €ro U 1M03Bo-
JIIIOT CBOEil nHTerpupoBanHoii cpene pazpaborku (IDE) reHepupoBathb
JUTUHHDBIE CIIHCKU UMIIOPTHPYEMBbIX KJIACCOB.

ITomermasi MHCTPYKIIMM MMIIOPTHPOBAHUS TOJLKO TYAA, I/ie 3TO He-
06X01IMO, MOKHO CYLIECTBEHHO CHU3UTbh PUCK KOH(JIHKTOB.

7.9. NepenmeHOBaHNE U COKpbITHUE
YJ1IeHOB

Ecnn l{eO6XOlII/IMO HMIIOPTUPOBATDL HECKOJIbKO MMeH U3 nakerta, Hc-
l'lOJIb3yi"lTe cesiexkmop, KaK IIOKa3aHO HHKe:

import java.awt.{Color, Font}

CuHrakcuc CEJIEKTOPOB ITO3BOJISIET NEPEeMMCEHOBbIBATL HMIIOPTHPYe-
Mbl€ YJIeHDbI ITaKeTa:

import java.util.{HashMap => JavaHashMap}
import scala.collection.mutable. _

Tenepb MM JavaHashMap 6ylleT CJIY?KHTb ICEBXOHHMOM JIJIs java.util.
HashMap, a TpocToe UMsI HashMap OyIeT COOTBETCTBOBATb MMEHHM scala.
collection.mutable.HashMap.

CenexTop HashMap => _ cKpoeT HashMap, BMECTO TOTO UTOOBI mepenMe-
HOBaThb ero. JTO MOXET MPHUTOAUTLCS, TOJLKO €CJIH IIMIIOPTHPYIOTCS
JpyrHie 4YjieHbl ¢ aHAJOTHYHLIMH HMeHaMI:

import java.util.{HashMap => _, _}

import scala.collection.mutable. _

Tenepp uMsT HashMap OZHO311aYHO 6y11eT COOTBETCTBOBATL KJjaccy
scala.collection.mutable.HashMap, MOTOMY 4YTO MMs java.util.HashMap 6y-
€T CKPBITO.
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7.10. HesiBHbIA MNOpPT

Jliobast nporpanmma 1a si3bike Scala HesSIBHO HaUMHAETCsI ¢ OObSIBIEHH I

import java.lang._
import scala. _
import Predef._

Kax 11 B nporpasmax na Java, naker java.lang HMIOPTHPYETCS BCer-
na. Cuenyouniii maker, scala, ToXe HMIIOPTHPYETCST BCEra, HO 0COOBIM
obpasoM. B otsiulie ot Apyrux, 3TOMy NakeTy pa3pellieHO Nepeorpesie-
JIATb UMeHa, HMIIOPTHPOBaHHbIC MPEAbIAYIMMH HHCTPYKIHSAMH import.
Hanpiinmep, scala.StringBuilder 3aTpeT java.lang.StringBuilder 6e3 KOH-
(aukTa c HINM.

[MocsenniiM naropTHpyercs: 00beKT Predef. OH COMEPKUT TOBOJIBHO
Mioro nosie3nnix (pynkunii. (Fx ¢ TeM ke ycrnexoMm MoxHO ObLIO omec-
THTb B OOBCKT 11aKeTa scala, HO 0OBEKT Predef MOSIBIHJICSI IO TOTO, KakK B
Scala 6b11a peasii3oBana noaiepKKa 0O6LEKTOB MAKETOB.)

[TockoJsibKy NakeT scala HIMIIOPTHPYETCS 110 YMOJYaHHIO, BaM HUKOTZAa
He IpuaeTcst HIcaTh HMela MaKeToB, HauuHaloluecs ¢ npedukca scala.
Hanpumep,

collection.mutable.HashMap

JIaeT ToT ke ahexT, YTo i

scala.collection.mutable. HashMap

YnpaxHeHusi

1. HanmumnTe mporpammy, Ha NpHMeEpe KOTOPOil MOXHO Gbl1o ybe-
JUITBCSI, YTO

package com.horstmann.impatient

HE TO C CaMOg, 4TO H

package com
package horstmann
package 1impatient
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2.

10.

HanumuTe ro710BOIOMKY, KOTOpasi cMorjia 6b1 COUThH € TOJIKY Ba-
KX KOJUIET, IIPOrpaMMUCTOB Ha Scala, 11crnosib3yIontyio naker com,
He SIBJISIIOIUICS MTAaKeTOM BepXHEro ypoBlisl.

Hanuiure naket random ¢ (yHKIHSIMU nextInt(): Int, nextDouble():
Double M setSeed(seed: Int): Unit. s reHepaunuu cnyllaf/’mblx yuceJ1
HCNOAb3YiiTe JUHEHHDIII KOHTPY3HTHBIIT TeHepaTop

next = previous X a + b mod 2%,

rne a = 1664525, b = 1013904223 u n = 32.

Kak Bbl nymaere, moyeMy cosaartesid sisbika Scala peannsosanu
CHHTaKCUC OOBEKTOB MAKeTOB, BMECTO TOTO YTOOBI MPOCTO paspe-
WUTh 100aBAATh PYHKUMK ¥ HepeMeHHble B IaKeT?

Yto o3HauaeT onpeneseHue private[com] def giveRaise(rate: Double)?
Ectb iu B aTOoM cmbIca?

Hanuumure nporpaMmy, KOUpPYIOILYIO BCe 2JIEMEHTHI 113 Java-xela
B Scala-xeur. VcnoJip3yiitTe onepaunio UMIOPTHPOBAHHS IS Iepe-
HUMeHOBaHMsI 000MX KJIACCOB.

B mpensinyiem ynpaxkHeHHH MepeHecuTe Bce HHCTPYKIMH import
B CaMyI0 BHYTPEHHIOI0 06J1acTh BUANMOCTH, HACKOJbKO 3TO BO3-
MOXHO.

Onuminte 3pdekT caeayomux HHCTPYKUHIT:

import java._
import javax._

Hackosbko npaBujibHO 3TO pelleHue?

Hanuuiure nporpaMmy, HMIIOPTHPYIOUIYIO KJIACC java.lang.System,
YUTAIOULYIO0 UMsI TT0JIb30BaTEsIs1 H3 CHCTEMHOIO CBOIICTBa user. name,
naposb U3 00beKTa Console M BHIBOAISILIYIO COOOIIEHME B CTAHAAPT-
HbIl TOTOK OMMOOK, €CJIH Mapojb HEAOCTATOYHO <«CEKPETHBII».
B npoTtuBHOM ciyuyae nmporpaMma JoJIXKHa BBIBECTH NPHMBETCTBHE
B CTaHAAPTHBII MoTok BbiBoAa. He uMmopTHpyiite Huyero apyroro
U He KCHOoJb3yiiTe MoJHble KBalndHIpOBaHHbie HMela (C ToY-
KaMmu).

IToMuMo StringBuilder, KaKue Apyrue 4jeHsl NMakeTa java.lang me-
peonpefessieT MakeT scala?
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B a710ii rsase Bbl y3uaere o 1anbosiee BaXKHbIX OTJIUUHUSIX B MEXaHU3Me
HacJeI0BalMsT MEXK1Y sI3bikoM Scala U poaCTBEHHBIMH €My sI3bIKAMHU
C++ u Java.
OcHoBHbIE TEMbI 9TOI1 rJIaBbl:
0O wioueBbie ciioBa extends 1 final A€HCTBYIOT TaK ke, Kak B Java;
Q npi nepeonpeaesiedu METONOB HEOOXOAHMMO HCIOJIb30BATh MO-
niukarop override;
O KoHCTPYKTOp cyrnepKJacca MOXKHO BbI3bIBATh TOJHKO U3 IJIABHOTO
KOHCTPYKTOPA,;
O mosist MOTYT nepeorpenessiThesl.

8.1. HacnepoBaHue Knaccos

Hacnedosanue xnaccos B Scala BbimosmHsieTcs1 Tak ke, Kak B Java, —
C TOMOMIBIO KJIIOYEBOro CJIoBa extends:

class Employee extends Person {
var salary: 0.0
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Kak u B Java, B moakiacce onpenesisiioTcst HOBble TOJISI ¥ METOIBI |
THIepeoTIPeIesISIIOTCS] METOBI CyTepKJIacca.

Kaxk u B Java, knacc MOKHO 0OBSIBIITH (DHHAILHBIM € MOMOIIBIO KJIIO-
4eBOTO CJIOBa final, TIOCJIE YETO €T0 YK€ Hesb3st OyleT yHacueqoBaTh.
B ominume ot Java, MOXXHO OODBSBISITH (PHHATLHBIMH OTACADBIBIE METO-
Il 1 TIOJIS1, KOTOPBIE He ZOJKHBI NepeonpenessiThes. (JonoauurensHbie
CBeZIeHHUs O Mepeonpe/ieleHHH 1oseii npuBoasTcs B paszene 8.6 «[lepe-
onpezesieHHe TMoJeits.)

8.2. lNepeonpepeneHne MeTonos

[Ipu nepeonpenenennn HeabCTPAKTHBIX MeTOZOB B Scala o6s3amenvto
cJieyeT UCHosb30BaTh Moaudukarop override. (O6 abcTpakTHBIX METO-
Jlax pacckasbiBaeTcsl B paszene 8.8 «AbGcTpakTHbie Kiaaceol».) Hanmpumep:

public class Person {

override def toString = getClass.getName + “[name=" + name + «]»

MoaudukaTop override TeHEPUPYET TOJIE3HBIE COOOUEHUS 06 OWUOKAX
B CJIEAYIOUIUX TUIIMYHBIX CHUTYaIHsIX:
O korzma gomymieHa orneyaTka B UMEHH MePeOoNpeeIsIonero MeToa;
QO koraa B mepeonpezessiioNeM MeTO/E 110 OIMOKe YKa3aH mapameTp
HEBEPHOTO THIIA;
O xorzma B cymepk/acc BBOAWTCSI HOBbI METOM, MMsI KOTOPOTO KOH-
(pIMKTYeT ¢ UMeHeM MeToJa B MOAKJIACCE.

Mpumevyanue. MocnepgHuit cnydan aBnsieTcs NpUMeEpPoM nNpobnemb! «ya3-
BuMocTM 6a30BOro knacca», Korga M3meHeHue cynepknacca 6e3 npoeepku
BCEX ero noAakacCoB MOXET cTaTb UCTOYHUKOM npobnem. AonycTum, npo-
rpammucT Anuca onpepenvna knacc Person, n 6e3 ee BeqomMa nNporpamMmmncT
Bo6 onpepenun nogknacc Student ¢ METOAOM 1d, BO3BpaLLAOWMM NAEHTUDN-
KaUWMOHHbI HOMep cTyaeHTa. MosaHee Anuca Takxe onpegenuna metop, 1d,
BO3BpaLLAIOWMA rOCYAaPCTBEHHbIN MAEHTUPUKAUMOHHBLI HOMEp Yenoseka.
Korna Bo6 npuvMeTr aTo uamMeHeHue, NpaBunbHOCTL PaboTbl ero NPorpaMmel
(HO He ucnbITaTeNbHbIX TECTOB, KOTOPbIMU NONL3YeTCA Annca) MOXeT Hapy-
LWMTLCA, NOTOMY 4TO 06bekTbl Student Tenepb ByayT Bo3BpawaTe HEOXUAAH-
Hble naeHTUGUKaLUNOHHbIE HOMepa.

B Java aty npo6ieMy 4acTO peKOMEHIYETCsT «pelaTh», OObABIIsAS BCE
MeTOADI (PHMHATILHBIMH, €CJIH OHU SIBHO He IPeyCMaTPHUBAIOT BO3MOXKHOCTH
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nepeornpeziesieHusl. B TeopuM BBITJISIAUT HETJIOXO, HO IPOrPaMMHUCTBL He
JHOBSIT JINLIATHCSI BO3MOXCHOCTH BHOCHTD B METOZBI JIaXke camble 6e30011-
Hble U3MelieH1s1 (HanpHMep, BbIBOA 3amnuceii B dailn xxypuana). MimeHHo
N09TOMY B Java NnosiBUJIach JIOTOJIHUTENbHAsI aHHOTALUs @0verride.

Boizos mMeToza cynepkiacca B Scala BbIosiHsieTCs TOUHO TaK ke, KaK
B Java, ¢ nMoMOILBIO KJIIOYEBOIO CJI0Ba Super:

public class Employee extends Person {

override def toString = super.toString + “[salary=" + salary + «]»

WMucrpykuust super. toString BbI30BeT MeTOX toString cymepkiacca, TO
€CTb METO/l Person.toString.

8.3. Npoeepka n npuBegeHne TUNOB

Jlns npoBepKH NPHIALTIEKHOCTH 00bEeKTa K 3aJaHHOMY KJaccy Hc-
noJsib3yetcsl MeTol isInstanceOf. IIpu mosoxHTesbHOM pe3dyJibTaTte Ipo-
BEPKH MOYKHO BOCHOJIb30BAaThCSI METOZIOM asInstanceOf, yTOOBI Npeobpa-
30BaTh CCHUIKY B CCHIJIKY Ha IOJKJIACC:

if (p.1sInstanceOf[Employee]) {
val s = p.asInstanceOf[Employee] // s umeeT Tun Employee

Bblpa>1<eHue p.isInstanceOf[Employee] 6yz[eT HCTUHHO, €CJH p CChbLIa-
ercsl Ha 0OBeKT KJiacca Employee IJIM ero moakJacc (Takoi Kak Manager).

Ecau p 1nimeet 31auerive null, NpoBepKa p.1sInstanceOf[Employee] Bep-
HeT false 11 BbI3OB p.asInstanceOf[Employee] BepieT null.

Ecin p ccobliaeTcst He Ha 9K3eMIUISIP KJacca Employee, TOrza BbI3OB
p.asInstanceOf[Employee] B036yun'r HCKJIIOYEHHE.

Yt06bl YOEMIITHCS, UTO p CCbUIAETCs Ha 00BbEKT MMEHHO KJacca Emp-
loyee, a 1ie OAIIOr0O U3 €ro MOJKJIacCOB, cJlelyeT HCIOJIb30BaTh MIPOBEPKY

if (p.getClass == classOf[Employee])

Merton classOf onpeneneH B 00beKTe scala.Predef, KOTOpPBI HMIIOP-
THPYeTCsl BCeTAa.

B Ttab6a. 8.1 mepeuncienbl COOTBETCTBUSI MEXAY MHCTPYKUMSIMH MPO-
BepKU U npuBeeHus TMnos B Scala u Java.
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Ta6nuua 8. 1. lMpoBepka u npuBeeHue Tunos B Scala n Java

Scala Java
obj.1sInstance0f[Cl] obj 1nstanceof Cl
obj.asInstance0f[Cl] (C1) oby
classOf[Cl1] Cl.class

OnHako At IPOBEPKH H NPUBEAEHHsI THIIOB OObIYHO JIyYIlle HCITOJIb-
30BaTh MEXaHHU3M COMOCTaBJeHUs ¢ obpasuamii. Hanpumep:

p match {
case s: Employee => ... // 06paboTaTb s kak ak3emnnap Employee
case _ => ... // p He asnseTca ak3emnnapom Employee

HononuutenbHas uHgopmauusl NpuBoAUTCS B Iase 14.

8.4. 3awumueHHble Nons U MeToabl

Kax B Java mnu C++, umeeTcss BO3MOXKHOCTb OOBSIBJISITD TOJISI H Me-
TOJIbI 3aLIHIIEHHBIMU (protected). Takue useHbl OYAYT AOCTYIHBI TOJBKO
MOJKJIACCAM W HEJOCTYMHBI BCEM OCTAJIbHBIM.

B orsiume oT Java, 3aiuineHHble YIeHbl HeguOuMbL B 00IACTH MAKETA,
KOTOPOMY NpHHaIAeKUT Kaace. (Ecau oHN J0/KHBI ObITh BHINMBI, CJle-
JIyeT MCI0JIb30BaTh MOANGUKATOP C HMEHEM MaKeTa, KAk OMHChIBAETCS
B ryaBe 7.)

CyuecTByeT Takxe BapHaHT MOAH(UKaTopa protected[ this], OrpaHu-
YMBAIOUMI AOCTYMHOCTh K TEKYLIEMY OOBEKTY, O aHAJIOTHH C BapHaH-
TOM private[this], 06CYAaBIIUMCSI B IJ1aBe .

8.5. CospaHue cynepksiaccos

B rniaBe 5 roBOpHJIOCD, YTO KJIACC MMEET OAMH [JIABHbI KOHCTPYKTOP
Y MOXKET UMETDb NPOU3BOJIbHOE KOJIMYECTBO HOMOJHHTENLHBIX KOHCTPYK-
TOPOB, ¥ YTO BCE JAOMOJTHUTETbHbIE KOHCTPYKTOPDI JOJXKHBI HAUHHATLCS
C BBI30BA MPEJbIAYIIETr0 AOTOTHUTEIBHOTO HIIH [JIABHOTO KOHCTPYKTOPA.

Kax ciexcTBue momosHUTENTbHbIE KOHCTPYKTOPB! HHKOTAA He BbLI3bI-
BalOT KOHCTPYKTOP CyTepKJIacca HemocpeJCTBEHHO.

B KOHEYHOM HTOTe OHU BbI3BIBAIOT IJIABHBIH KOHCTPYKTOP MOJKIACCA.
W TosbKO rIaBHBII KOHCTPYKTOP MOJAKJIACCA MOXKET BbI3BATb KOHCTPYK-
TOp cyTnepKJjacca.
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He 3a6biBaiiTe, 4TO TIaBHBIA KOHCTPYKTOP BILIETAETCSI B ONIPEeIeHIe
KJacca. Bbi3oB KOHCTpyKTOpa cynepkjacca TakKe OKa3bpIBaeTcsl BILIE-
TeHHbIM B OmNpezesenye noakaacca. Hampumep:

class Employee(name: String, age: Int, val salary : Double) extends
Person(name, age)

10 ornpeaeJjicHue 06DbABJISET MoaKJIacc

class Employee(name: String, age: Int, val salary : Double) extends
Person

Il [JIaBHbIT KOHCTPYKTOP, BBI3bIBAIONIHMIT KOHCTPYKTOP CyMHepKJjacca

Employee(name: String, age: Int, val salary : Double)
Person(name, age)

Takoe 1iepenyieTeHue Kjacca # KOHCTPYKTOpa oOecrieynBaeT OYeHb
Kkpatkyio ¢opmy 3anucu. s NpoCcTOTH MOHHMaHMS NMapamMeTphl IJaB-
HOTO KOHCTPYKTOPAa MOKHO HMHTEPIPETHPOBATh KaK MapaMeTphbl Kjacca.
3nech kiacc Employee MMeeT TpPH MapameTpa: name, age M salary, Ba U3
KOTOPBIX «IlIepefjaloTCsI» CYIepKIIaccy.

IKBUBAJICHTIIBIIH KOJ Ha sI3bIKE Java BBITJISIAUT 60siee MPOCTPAHHO:

public class Employee extends Person { // Java
private double salary;
public Employee(String name, int age, double salary) {
super(name, age);
this.salary = salary

Mpumeuanne. B a3bike Scala KOHCTPYKTOpPbLI HUKOrA@ He Bbl3biBAOT
super(params), kak B Java, 4To6bl BbI3BaTb KOHCTPYKTOP Cynepknacca.

Knacent Scala moryT HacienoBatb kaacest Java. B atoMm ciyuae rias-
HDIIf KOHCTPYKTOP ZI0JKEH BbI3BaTh OIMH U3 KOHCTPYKTOPOB CyTepKJac-
ca Java. Hanpumep:

class Square(x: Int, y: Int, width: Int) extends
java.awt.Rectangle(x, y, width, width)
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8.6. NepeonpeneneHue nonemn

B rnaBe 5 roBopusIoCh, UTO CBOHCTBO B Scala cOCTOINT M3 MPHBATHOTO
HOJIsT ¥ METOJ0B aKILeCCOPOB/MYTAaTOPOB. Bul MOXKETe rnepeornpenesiTh
nosie val (MJIM ofpe/eseHre def MeTozia 6€3 MapaMeTpoB) APYTHUM IOJIEM
val ¢ TeM ke uMmeHeM. [Tofxsacc mosyuuT mpuBaTHoe moJjie U oOUIEn0-
CTYIHBIH MEeTOJ YTeHWUs], TPH ITOM METO/I UTEHHS TIEPEONPELENUT COOT-
BETCTBYIOUIMI MeTox cynepkyacca. Hanpumep:

class Person(val name: String) {
override def toString = getClass.getName + “[name=" + name + "]”

class SecretAgent(codename: String) extends Person(codename) {
override val name = “secret” // CKpbiTb uMA
override val toString = “secret”™ // ... v uMs Kknacca

ITOT NpUMep MOKA3bIBaeT CaMy MeXaHHKY, HO OH JIOBOJILHO HCKYC-
cTBeHHbl. Bostee TuMUYHBIT NpuMep — nepeonpesesieHne abCTPaKTHBIX
o6bsiBIeHUI def OODBSABIEHHSIMH val, KaK TOKa3aHO HIXKE:

abstract class Person { AOGCTpakTHbE KnacCo paccMmaTpuanTcs B pasaene 8.8
def 1d: Int // Kaxabi uMeeT MAEHTUOUKALMOHHbIA HOoMep,

}

// KOTOPbIA BLYUCNAETCA HEKOTOPHM CNOCOBOM

class Student(override val 1d: Int) extends Person
// WREHTUPUKAUNOHHLIA HOMEP CTyAEeHTa NpoCTO NepefaeTcs KOHCTPYKTOPY

OO6paTtuTe BHUMaHMe Ha Cjenyiouine orpanuyenust (cm. tabu. 8.2):

Q
Q
Q

o0bsiBIeHNe def MOXKET MEePEONPENeUTh TOJIBKO APYroe 0ObsIBIIe-
Hue def;

00bsIBNIEHHE val MOXET MepeornpeesHTh JHIIb Apyroe oObsBie-
Hue val win o6baBIeHHe def 6e3 MapaMeTpoB;

00bsIBJIEHHE var MOXKET TTePEOTPeIeUTh TOMBKO abCTPaKTHOE 00D-
siBjieHue var (cM. paszen 8.8 «AGcTpaKTHbIe KJAacChl» ).

MpumeuaHue. B rmase 5 roBOpUNIOCH, 4TO NPEANOYTUTENBHEE UCNONL30BaTb
nons var, MOTOMY YTO B 3TOM CNny4ae BCEraa MOXHO WU3MEHUTb peanusauuio
1 no6aBuTL Napy MeToaos uTeHus/3anucu. OaHako 3TO He ocTaBnseT BbIGO-
pa nporpaMmucTam, Hacneaylowmm Takomn knacc. OHW He cmoryT nepeonpe-
fenutb none var u no6asuTb CBOK Napy METOAO0B HTEHWsi/3anucu. MHbiMK
cnosamwu, ecnv onpefenuTb none Kak var, BCe NOAKAACCH! BbiHYXAeHb OyayT
MCNONL30BaTh TONLKO ero.
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s

Tabnuuya 8.2. lNepeonpepgeneHne oovsaBnenwii val, def n var

O6baBneHnem val OGusasne- O6baBneHuem var
Huem def

MNepeonpe- | ¢ noaknacc nonyyaet | Owwnbka Owwnbka
AenfeTcs npueartHoe none
val (C TEM Xe nMeHeMm,

4TO U None cynep-

Knacca, — 310 Hop-

ManbHo);

® MeTof YTeHus nepe-

onpeaensier MeToa,

4yTeHus cynepknacca
Mepeonpe- | ® noaknacc nony4yaetr |KaksJava |[O6baBneHue var MoxeT nepe-
AenseTcs npueaTtHoe none; onpeaenvTts Napy MeToaos
def ® MEeTo[ 4TeHus nepe- yTeHusi/3anucu. MNepeonpene-

onpenensieT MeTon, neHune ToNbKo MeToaa YTeHns

cynepknacca aBnserTca ownbkon
Nepeonpe- | Ownbka Owmwnbka Tonbko ecnun o6baABNEHNE
AenseTcs var B cynepkiacce asnsercs
var abcTpakTHbIM (CM. pa3aen 8.8)

8.7. AHOHUMHbIe noakKnacchl

Kak u B Java, HMEETCsT BO3MOXXHOCTb CO34aThb 3KIEMIUIAD AHOHUMHO-
20 TIoAKJIacCa, CCJIM 3aKJIIOUUTDh €ro OllpeaejieHneE B 6JIOK, KaK ITOKa3aHO
HHXKe:

val alien = new Person("Fred”) {

def greeting = "Greetings, Earthling! My name is Fred.”

TexHu4ecKH 9Ta HHCTPYKIMS CO3ACT OOBEKT CMPYKMYpPHo20 muna —
noapobroct cM. B rnaBe 18. [MosyuyuBiniicss THI o603HAyYaeTCsT Kak
Person{def greeting: String}. DTOT THN MO>XHO MCII0JIb30BaTh B KayecTBe
TUIIa MTapaMeTpa:

def meet(p: Person{def greeting: String}) {
println(p.name + “ says: " + p.greeting)
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8.8. AGCTpaKTHbIe KJ1acChbl

Kak u B Java, nMeeTcst BO3MOXXHOCTD HCIOb30BATh KJII0YEBOE CJIOBO
abstract IUIs1 0603HAUEHHUST KJIACCA, KOTOPbIIT HE MOXET HCI0Jb30BATHCSI
IUIs1 CO3/IaHMsI DK3EMILISIPOB, OOBIYHO M3-3a OTCYTCTBHSI ONpeeIeHMUs
ozniHOrO MK 6osee MeTonoB. Hanpumep:

abstract class Person(val name: String) {
def id: Int // Mevon 6e3 Tena - 3T0 abCTpakTHLIA METOA

31ech Mbl TOBOPHUM, UTO KKABIH UCTOBEK HMeCT HMAeHTH(hHKALHOH-
HBIA HOMEpP, HO He 3HaeM, Kak OH BbiuHcJsiercsl. Kaxcaplii KOHKpeTHBIH
MOJKJIACC KJlacca Person JIOJIKEH OTPENENHTh pPeajin3aliio MeToia id.
B Scala, B oT/imune ot Java, abcTpakTible METO/IBI He TpebyeTcst 0603Ha-
4yaTh KJIIOYEBBIM CJIOBOM abstract — JOCTAaTOYHO MPOCTO OMYCTHUTb TEJO.
Kak u B Java, knacc XoTs 6bl ¢ OZHIIM aBCTPAKTHBIM METOIOM [OJIXKEH
66T 00BABJIEH abCTPAKTHBIM.

[Ipu nmepeonpeneneHnn abCTPaKTHOrO METOZA B MOAKJIAcce lie Tpedy-
€TCA MCIOJIb30BaTh KJIOYEBOE CJIOBO override.

class Employee(name: String) extends Person(name) {
def 1d = name.hashCode // knw4esoe cnoso override He TpebyeTcs

8.9. AbcTpakTHbie nons

B mononnenne Kk aGCTPaKTHBIM METOZAM KJIACC MOJKCT TaKXKe COJep-
»aTbh abCTpPaKTHbIE MOJsl. AGCTpaKTHOE 1oJjie — 9TO 00bIUHOE T10JI€, HO
6e3 HauaybHOro 3HaueHus. Hampumep:

abstract class Person {
val id: Int
// HeT HawanbHOro 3HadeHnua - abcTpakTHOE none
// ¢ abCTpakTHbM METOAOM YTEHMS
var name: String
// Bpyroe abcTpakTHoe none C abCTPaKTHHIMM METOAaMWU HTeHus/3anucu

ITOT KJacc onpeiesisieT abCTPaKTHbIE METOAbI UTEHUsI /1151 ToJielt 1d U
name M aOCTPaKTHBII METOZ 3anKMCH AJIs1 TIOJs name. B creHepHpoBaHHOM
Java-knacce nons omcymcmesyiom.



I'Iop;mox CO3AaHMA U onepexatowne onpepeneHns ggllll.

KoHKpeTHbIE TOIKIACCHI HOJKHBI PEATM30BATh KOHKPEmuble 1o, Ha-
npumep:

class Employee(val 1d: Int) extends Person { // MNoaknacC C KOHKPETHbLIM
// csoucTteomM id
var name = "7 // # KOHKDETHbHM CBOICTBOM name

Kax 11 B ciiyyae ¢ Metozamu, B MOAKJIACCAX He TPEOYETCST MCIOJIb30-
BaTh KJIIOYEBOE CJIOBO override MpH ONpeieseHNH MOJs, KOTopoe ObLIo
abCTpaKTHLIM B CymepKJacce.

A6cTpaKkTHOe MoJjie BCerza MOXHO ONpenesisiTh 0e3 yKasaHus THIa:

val fred = new Person {
val 1d = 1729
var name = “Fred”

8.10. MNopsaanok co3paHus
M onepexaiowme onpeaeneHus

ITp1 nepeonpeneseHnu MmoJis val B MOAKJIACCE U HCTIONb30BAHUHU 3HA-
YeHHsl B KOHCTPYKTOpE cylnepkjacca Iojy4aioleecs: noBeileHne BbIJs-
JUT HEOYEBHAHBIM.

Hanpumep. Hekoe cyiectBo (Creature) MOXKeT BOCIIPUHUMATDL OKPY-
XAaloWMH ero MUp CBOMMH OpraHaMM 4yBcTB. [lJI NMpOCTOTHI mpenno-
JIOXKHUM, 4YTO CYIIECTBO JKHBET B OJHOMEPHOM MHpe, a ero BOCIIpUATHE
OKPY’KalOlLlero MMPpa MOHO onucaTh 1eabiMu yucaamu. ITo ymonyanmio
CYLIeCTBO BHANT Ha JEeCsITh IIAaroB BHepe.

class Creature {
val range: Int = 10
val env: Array[Int] = new Array[Int](range)

Mypasbit 60siee 6J1H30PYKU:

class Ant extends Creature {
override val range = 2
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K coxxanenuro, Mbl CTOJIKHYJMCH ¢ TPobieMoii. 3HaueHUe range HC-
MOJIb3yeTcsl B KOHCTPYKTOpE CyNepKJacca, a KOHCTPYKTOP CyIlepKiacca
BBITIOJIHsAETCA Tepel KOHCTPYKTOPOM NozkJsacca. B ranHoM ciryyae npo-
UCXOIUT CJIeyIOlIee:
1. KoHCTpYKTOP Ant BBI3BIBAET KOHCTPYKTOP Creature Mepe HayaaoM
CBOMX ZeliCTBHI.

2. KoHCTpyKTOp Creature yCTaHABJIMBAET IMOJIE range PaBHLIM 10.

3. [lanee KOHCTPYKTOp Creature MHHLMAJIU3IIPYET MaCCHB, BbI3LIBASI
METOJ YTEeHUs range().

4. ITOT METOJ repeonpeesen 1 A0/ KeH BepHyTh (II0Ka HeuHHIHMa-
JIN3MPOBAHHOE) 3HAUYEHHE TI0JISI range Kjacca Ant.

5. Meron range Boappaiuaet 0. (To ecTh HavasbHOeE 3Hauelve Ji060ro
LEJIOYMCJIEHHOTO T0JIs1, OTNPe/iesisieMoe TIpIl pa3MellleHHI 00beKTa
B MaMSITH.)

6. Iloje env cTaHOBHTCSI MAaCCUBOM ¢ IJIHHOIT 0.

7. YnpaBjieHue BO3BpAIIAETCS B KOHCTPYKTOP Ant, I BBIITOJHSIETCS
TIOTBITKA MPUCBOUTH 3HaUYeHHe 2 MOJIO range.

Jlaxe TP TOM, UTO CO CTOPOHDI KAXKETCsI, UTO T10JI€ range MOJYYIT 3Ha-
yenne 10 uau 2, ogHako moJsie env OYACT HHHIHATH3HPOBAIO MAaCCHBOM
C HyJeBOit JNUHOH. DTOT NPUMEP HArJISAHO IEMOHCTPHPYET, UTO BbI HE
JIOJDKHBI [10J1araThCsl HA 3HAYEHHE val B TeJle KOHCTPYKTOpA.
B Java cymectByer moxoxast npobsiema, Koraa KOHCTPYKTOp Cymep-
KJIacca BbI3bIBAET MeTOZ. MeTo/ MOXKET ObITh IEPEOIIPEIeNieH B MOAKIAC-
Ce U He JieJ1aTh TOTO, Yero Bbl oxkuzpaeTe. (VIMeHHO B 3TOM I 3aKJII0YAETCS
Hama npobjeMa — BbIpaXKeHHE range BLI3bIBAET METOJ UTEHIIs.)
Cy1iecTByeT HECKOJIBKO €€ pelleHHil.
Q O6bsaBuTh nose val Kak final. ITo Gesomnacioe, HO HernbKoe pe-
ILIEHHE.

U O6bsBuTh val Kak lazy B cynepkacce (CM. riaBy 2). 3To 6e3omnac-
HOe, HO Hea(d(HEeKTHBHOE pellleH e,

O Vcnonb3oBaTh B MOAKIACCE CHHTAKCIC Onepeicanuiezo onpedene-
HUsL — CM. HHXE.

CHHTaKCHC <«OTEPEXAIOUIETO OMpe/ieJieHHs»  [03BOJISIET OpraHu30-
BAaTh MHHMIMAIW3ALMIO T0JIeil val B MoaKiaccax do TOro, Kak yrpasJe-
Hue Oynet nepenado cynepkiaccy. CHHTAKCHC HACTONLKO HEYKITIOK, UTO
TOJIBKO MaMoOyKa CMOXeT JIo6uTh ero. CyTh €ro 3aKkjiouaeTcsi B TOM,
4TOOBI 3aKJIIOYUTH TOJIsI val B BJIOK, CiIeAyIOmHMil 32 KIIOUEBBIM CIOBOM
extends, KaK MOKa3aHO HHXKe:
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class Bug extends {
override val range = 3
} with Creature

O6paTiTe BHUMaHHe HA KJHOYEBOE CJIOBO with TIEpe] UMEHEM cyTep-
kiacca. O6bIYHO ITO KIIOUYEBOE CJIOBO HCIOJBb3YETCs C TpeiTtamu (CM.
raasy 10).

CnpaBa oT oneparopa NpHCBOEHHS B OllepesKalolieM ONpeneseHHH 10-
MYCKaeTCsl CChIATbCSI TOILKO HA MPEAbIAYLIIEe ONepeXalolye Onpeeie-
HIS, Ha JIpyTHe MoJisl 1 METOABI KJacca CChIIAThCS HENb3sl.

Coset. [1na oTnagku npobnem, CBA3AHHbLIX C MOPAAKOM KOHCTPYMPOBaHUSA
061LEKTOB, MOXHO UCMONbL30BaTh dnar kKomnunaTopa -Xcheckinit. ToT dnar
reHepvpyer kof, Bo3byxaalowmii UCKNoYeHne (BMeCTo Bo3BpaTa 3HayeHus
no ymonyaxuio) npu o6paleHun K HeMHUUMANU3MPOBaHHLIM MONAM.

Npumeuanune. MNpobnema, ceBsa3aHHas C NOPSAKOM KOHCTPYMPOBaHUS O6b-
€KTOB, KOPHSMW YXOOUT B AM3aWH £3bika Java, a MMEHHO B [0NyCTUMOCTbL
BbI30Ba METOA0B NOAKIAcca U3 KOHCTPyKTopa cynepknacca. B asbike C++,
KOrfia BbINOMHAETCA KOHCTPYKTOP Cynepknacca, ykasartenb Ha tabnuuy Bup-
TyanbHbIX GyHKUMIA 0BbeKTa ccbinaeTcs Ha Tabnuuy cynepknacca. Bnocnea-
CTBMM B yka3aTenb 3anuncbiBaeTcs ccbifka Ha Tabnuuy noaknacca. Bnaropaps
aTomMy B C++ ucksio4aeTcs BO3MOXHOCTb U3MEHATL NOBEAEHWEe KOHCTPYKTopa
yepes3 nepeonpegeneHne MeToaos. MpoekTMpoBWUKN A3blka Java nocyuTa-
nmM 3Ty 0cO6EHHOCTb HECYLWECTBEHHOW, U BUPTYanbHaa MaluuMHa Java He U3-
MeHsieT ykasaTesnb Ha Tabnuuy BUpTyanbHbIX METOAOB B NPOLIECCE CO3aaHUs
06beKkToB.

8.11. Uepapxua HacnepoBaHua B Scala

Ha puc. 8.1 npeucraBieHo aepeBo HacjelOBaHUSI KJIACCOB B SI3bIKE
Scala. Kiaccbl, cOOTBETCTBYIOIIHNE MPOCTHIM THIAM Java, a TakKe THIl
Unit HacjaeLyioT Kjacc AnyVal.

Bce octanblible Kkjacchl sIBJASIOTCS MOAKJIAcCaMH KJjacca AnyRef, KO-
TOPBIH SIBJISIETCST al1aJIOTOM KJjacca Object B BUPTYyaJbHOH MaliuHe Java
i NET.

O6a kacca, Anyval 11 AnyRef, HACJIEAYIOT KJIacC Any, SIBJSIIOIUUIACST KOP-
HeM JiepeBa HacJefoBanlisl.

Kiacc Any ompenensier Metoin! isInstanceOf, asInstanceOf, a Takke
METOJIbl CpaBHEHIIsT 11 BBIYMCJIEHHST XelI-KOAA, C KOTOPLIMH Mbl MO3HA-
KoMuMcst B pasgedie 8.12 «PaBencTBo 06bEKTOB.
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Puc. 8.1. [lepeBo HacnenoBaHUs Knaccos B s3blke Scala

Knacc Anyval He no6Gasisier HOBbIX MeTOMOB. OH CIYKUT JIMIIL Map-
KEpPOM THIOB-3HAYEHHI.

Kiacc AnyRef mo6aBJisieT METObI MOHTOPHHTA walt 11 notify/not1fyAll
u3 kiacca Object. OH TakKe 106aBJIsIeT METOJL synchronized C MapaMeTpoOM-
dbyHkuMeit. ITOT METOM SIBJSIETCSI SKBHUBAJEHTOM OJIOKA synchronized
B Java. Hanpumep:

account.synchronized { account.balance += amount }

Npumeyvanune. Mo aHanornm ¢ A3LIKOM Java 1 PeKOMEHAYI0 He NCNoNL30BaTL
MeToabl wait, notify un synchronized 6e3 BeCckux Ha TO NpUY4nH, a NoNb3oBaTb-
ca 6onee BbICOKOYPOBHEBbLIMU KOHCTPYKUUAMU NOAAOEPXKN MHOrOnNOTOYHOM
Moaenn BbiNONHEHUNA.

Bce knacenl B si3bike Scala peanusyior nnrepgeiic-mapkep Scaladbject,
He UMeIoIINH MeTOOB'.

Ha apyrom koHle vepapxuy HaxOASITCSL THIBL Nothing 11 Null.

Null — 3TO THIN, UMEIOIIHI eMUHCTBEHHBIII 9K3EMILISIP CO 3HAUYEHIIEM
null. 3HaueHue null MOKHO NPUCBOUTD JII00O0IT CCBLIKE 11 11€JIb3sT TPUCBO-
UTh NepeMeHHOU HUKaKoro apyroro tuna. Hampumep, nmpucBonTb null
nepeMeHHOi THMAa Int Hesib3s. B Java, HampoTiB, 3HaueHue null MOXHO
NPUCBOUTL 00epTKe Integer.

' B Bepcun 2.10 ator unrepdeiic-mapkep Obul yjianen Kak iie Hecyiiii noses-
HOI narpysku. — IIpum. nepes.
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Tum Nothing He uMeeT ak3eMIUIAPOB. OHAKO €r0 MOXKHO HCIIOJIB30BAThH
IIsl peastu3ariy 0600IeHHbIX KOHCTpYKIHil. Harpumep, nycroil crimcok
Nil MeeT THII List[Nothing], sIBJISTIOMINEICS MOXTHIIOM List[T] aJist j1o6oro T.

BHumanue. Tun Nothing — 3TO He TO Xe camoe, 4To void B Java nnu C++.
B Scala Tun vo1d npeacTtasnen Tunom Unit, eAUHCTBEHHLIM 3HAYEHUEM KOTO-
poro siBnasiercs (). ObpaTuTe BHUMaHWe, 4TO Unit He ABNSETCHA CynepTUnoMm
Kakoro-nubo apyroro tuna. OfHaKo KOMNUAATOP NO3BOASET 3amewaTb fo-
Oble 3HavYeHns 3HauenneMm (). Hanpumep:

def printAny(x: Any) { println(x) }
def printUnit(x: Unit) { println(x) }
printAny(“Hello™) // BueepneT Hello
printUnit(“Hello™)
// 3amenuT “Hello”™ Ha () w Bui3oBeT printUmit(()), koTopuin BueeaeT ()

8.12. PaBeHCTBO 06bLEKTOB

B Scala mMeTon eq Kj1acca AnyRef IIPOBEpsIET, YKa3bIBAIOT JIU [IBE CChLIKU
112 OZIMH M TOT e 00beKkT. MeTon equals Kjacca AnyRef Bbi3biBaerT eq. [Ipu
peasiM3algil Kjacca 1eobxoaMMo MoLyMaTh O MepeonpeneeHud MeToaa
equals, uTOObI 06GectieunTh GoJiee CCTECTBEHHYIO PEANH3AIMIO MOHSTHUS
paBeHCTBa B Baileii CHTyaI[HH.

Hanpumep, 11pii onpeznesenuy kjaacca Item(val description: String, val
price: Double) MOXKET OKa3aTbCsl JKeJaTeJIbHbIM CPaBHUBATh [[BA dJIEMEH-
Ta 1Mo onucanulo (description) U uene (price). Hiske npuBoauTcst coot-
BETCTBYIOLIAsT peajl3alusl MeTo/a equals:

final override def equals(other: Any) = {
val that = other.asInstanceOf[Item]
1f (that == null) false
else description == that.description && price == that.price

Mpumevanne. Mbl onpegenvnn MeToa Kak duHanbHblM (final), NOTOMY 4TO
B o6wem cnyqae AOCTaTO4HO CAOXHO KOPPEKTHO yHacneaosaTb peanv3aumio
cpaBHeHus B nogknaccax. [po6neMa Kpoetcs B COXpaHEHUW CUMMETPUMU.
O6bi4HO ObiBaeT xenaTtenbHo, 4ToObl BbipaxeHue a.equals(b) gasano TOT xe
pes3ynbrarT, 4TO U b. equals(a), Aaxe Koraa b aBnseTca 9k3emMnnapom nogknacca.

BHumaHue. He 3abbiBaiiTe onpeaenatb MeTod equals C napameTpoM Tuna
Any. Cneaytowee onpeaeneHne HeBepHo:

final def equals(other: Item) = { ... }
3710 Apyro MeToA, OH He nepeonpeaenseT Metog equals knacca AnyRef.
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Ilepeonpenensisi MeTOR equals, He 3a0yABTe TaKXKe IEPEONPENETUTD
MeToJ hashCode!. Xel-Koa MOKEH BBIYMCASITLCS TOJbKO Ha OCHOBE ITO-
Jieif, UCTIONIb3YeMBIX [Jis cpaBHeHUs. B mpumepe ¢ kiaccom Item 00b-
eIUHUTE XEII-KObI MOoJei:

final override def hashCode = 13xdescription.hashCode + 17+price.hashCode

Cosert. MepeonpeneneHne MeTonos equals U hashCode He siBnseTcs 06sA3a-
TenbHbIM TpebosaHveM. [ns MHOrMX KNaccos MNpeanoyTUTENbHee cyuTaThb
pasHbiMU pa3Hbie 0GbekTbl. Hanpumep, ecnn HUKOMY He NPUAET B rofoBY CYK-
TaTb OAMHAKOBLIMU BA Pa3HbIX NOTOKA BBOAA/BbIBOAA UK ABE PAANOKHOMKM.

B npuxiagubix nporpaMmax o0biuio He TpebyeTcst BLI3bIBATD eq HIIH
equals. /JlocTaTOYHO BOCNOJIB30BAThCSI ONEPaTOpoOM ==. JIJIl CCHIIOYHBIX
THUIIOB OH BbI30BET METOJ equals MOCJIE TOrO, KaKk yOeanTCsl, UTO HU OAHH
U3 ONnepaHOB He paBeH null.

YnpaxHeHus

1. Omnpenenute Kjacc CheckingAccount, HacJEAYIOWHIT KJIACC BankAc-
count, KOTOPBIIT B31MaeT $1 KOMIICCIONHDBIX 3a KaXKAy10 Orepauiiio
MOIMOJIHEHUST UJIH CITHUCAHIIS.

class BankAccount(initialBalance: Double) {
private var balance = initialBalance
def deposit(amount: Double) = { balance += amount; balance }
def withdraw(amount: Double) = { balance -= amount; balance }
}

2. OnpepnenuTe KJacc SavingsAccount, HaceAyIONIIT Kacc BankAccount
U3 TMpPEAbIAYLIETO YNPAXKHEHIsl, KOTOPbIi HAUICJASeT MPOLCHTDI
Kakablii Mecsili (BbI30OBOM MeTOjia earnMonthlyInterest) 11 MO3BO-
JisieT GeCMIaTHO BBIMOJIHSITH TPI ONEpaiii 3a4ICaeHIIsl 1 CIi-
caHus Kaxcapiii Mecsiit. Merton earnMonthlyInterest JloJKen copacol-
BaTbh CYUETYHK TpPAH3aKILHII.

3. OGparurech K Kakoii-HHOYAL Kiiire mo s3piky Java it C++, rae
NPUBOIUTCS TIPHMEP NMPOCTOIT 1epapXii KJAacCoB, BO3MOXHO, BO-
BJieKaioleii pabOTHHMKOB, >XHBOTHBIX, reoMeTpirdccKie (Hrypbl
W HeuTo mopoGHoe. Peasnuayiite ator mpiMep Ha sizvike Scala.

! Muaue takue 06beKTbI Oy/1yT HCKOPPCKTIO pabOTaTh C KOJICKITHSIMI, HCHOIB3YIO-
MU XCII-3HAYeH s CBOIIX AJICMCIITOB, TakHMIT Kak HashMap. — [Ipum. nepes.
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Omnpenenute abCTPAaKTHBIN KJIACC BJIEMEHTa Item € METOJAMM
price 1 description. OmnpenejuTe MOAKJIACC MPOCTOTO 3JIEMEHTA
SimpleItem, IIpEACTaBJASIOIII 3JIEMEHT, LleHa ¥ OMHCAHHE KOTOPO-
ro onpenessiorcs: B Koucrpykrope. Vcnonb3dyiite TotT ¢akr, 4to
o0bsiBiIeHIIe val MOXKET repeonpenensith def. Onpenesure Kjiace
Bundle — IIaKeT 3JIEMEHTOB, COAepXKalluil ApyrHe ajneMeHTh. Ero
HeHa JI0JDKHA ONpesiessiThCsl Kak CyMMa LIeH 9J1EMEHTOB B TaKeTe.
Peaniyiite Takxke MexaHi3M L00aBJI€HUs] 3JIEMEHTOB B MaKeT U
COOTBCTCTBYIOIIMIT METOX description.

CupoexrHpyiite Kjaacc TOUKM Point, 3Ha4€HUST KOOPAUHAT X H Y
KOTOpOIi NMepefaloTcsi KOHCTPYKTopy. Peayn3yiiTe NoakIacc TOUKH
C HOJUILICHIO LabeledPoint, KOHCTPYKTOP KOTOPOro OymeT NpHHU-
MaTb CTPOKY C IIOAIHHKCBIO 1 3HAaUeHHsT KOOPAHUHAT X U Yy, HallpUMep:

new LabeledPoint("Black Thursday”, 1929, 230.07)

Ormpejiente abCTpaKTIbIil KJlacC reoMeTpuveckoit hurypni Shape
¢ abCTPaKTHLIM METOZOM centerPoint M MOAKJIACCHI MPSIMOYIOJb-
HIIKa 11 OKPY>KHOCTH, Rectangle It Circle. Peanusyiite coorBerct-
ByIOLIIe KOHCTPYKTOPbI B MOAKJIAcCaX W TNepeornpeesnTe MeTO.
centerPoint B KaXKIOM MOAKIACCE.

Onpejennite kyace KBaapaTa Square, HacJaeAYIOLIMI Kacc java. awt.
Rectangle 11 1IMCIOLHIT TPH KOICTPYKTOPA: OIMH, CO3MAIOIHIT KBal-
paT 110 yKa3aiibiM KOOPAMIIATAM yIJia M LIHPUHE, IPYToki, CO31a10-
upti kBajgpar ¢ yrjaodm B touke (0, 0) ¢ ykasaHHOH mIUPUHOH, U
TpeThii, co3aaouii kBaapart ¢ yriom B Touke (0, 0) ¢ mmpunoit 0.
Crommnipyiire kiaccot Person 11 SecretAgent u3 pasznena 8.6 «Ile-
peolipe/iciieniiie noJieit> M MpoaHaiu3upyiiTe pe3yJabTaThl KOMITH-
JISHI ¢ oMouibio javap. CKOJIbKO MoJieil name Bbl 0OHAPYXKHJIIH?
CKoJIbKO METOJI0B uTellsl name Bbl obHapyxuiu? Uto oHu mena-
io1? (ITouckaska: ncnosib3ykiTe KIIOYH -c U -private.)

B kuacce Creature 113 padaena 8.10 «Ilopsiaok co3xaHusi ¥ onepe-
Jalolliie onpeseseHisT» 3aMeHITe val range Ha def. UTo mpousoii-
Aer, Korjga Bbl Takke OyaeTe IICHNOJIL30BATh def B MOAKJIacce Ant?
Yto 1ponsoiixer, ecjan B Mojaksacce HCMoab3osarth val? Ilouemy?
Maiin scala/collection/immutable/Stack.scala CONEPIKUT Ompenesie-
HIIC KJlacca

Stack[A] protected (protected val elems: List[A])

O6psichiiTe Hagnayenue KJIIoYeBbiX cloB protected. (IToxackaska:
BEPHIITECH K 0OCY)KIEHHIO MPUBATHBIX KOHCTPYKTOPOB B IJaBe 5.)



Fnasa 9. Painbl U perynspusbie
BbLIPCKEHUS

Tembl, paccMmaTpusaemMble B 3ToN rnase AN

00oco0p0o000co00o

9.1. YTeHue cTpok.

9.2. YteHme cMMBOOB.

9.8. YteHune nekcem u yucen.

9.4. Yrenune u3 URL 1 apyrmx MCTOYHUKOB.
9.5. YreHne gBouYHLIX annos.

9.6. 3annck B TekcToBbLIE dannbl.

9.7. O6xo0n KaTanoros.

9.8. Cepnannzauus.

9.9. YnpasneHue npoueccamu .

9.10. PerynsapHbie BbIpaxeHus.

9.11. lpynnbl B perynspHbIX BbipaxXeHnsx.
YnpaxHeHus.

B 5T10ii rs1aBe Bbl y3HaeTe, KaKk peuiath Haibosiee THIIUHbIE 3aaull 00-
paboTku (ailyioB, TakHe Kak yreHile BceX CTPOK I ¢ioB h3 (aiiioB
UK uTeHue (ailioB, copeprKalix vicua.

OcHoBHbIe TEMbI 3TOIT IJIaBbI:

0O 000 O 0O O

Source. fromFile(...).getlLines.toArray BO3Bpalla€T BCE CTPOKH H3
(aitna;

Source. fromFile(...).mkString BO3BpallaeT cofepkiimoe aiina Kax
CTPOKY;

npeobpa3oBaHie CTPOK B YMCJIA BBIMOJIISICTCSI METOAAMH tolnt I
toDouble;

3anuch B TeKCTOBbIE (DalJIbl BLIMOMHSETCS Java-KaaccoM PrintWriter;
“regex".r — 9TO OOBEKT Regex;

peryJisipHble BbIpaXKEHHUs] ¢ OOpaTHLIMII CJeaMIl 1 KaBblYKaMH
MOJKHO 3aKJo4atb B """...""";

€CJIM peryjsipHOe BbIPa)KeHIIC COACPIKHT IPYIIbl, H3BJCKATH HX
COZEP>KHMOE MOJKHO C MOMOILBIO CHHTAKCIICA

for (regex(var1, ...,varn) <- string).




Yrenue cumsonos églll..

9.1. YTeHue cTpoK

IIpourttars Bce cTpokH N3 haiiia MOXKHO € OMOMUIBIO MeTOZA getLlines
obbekTa scala. 10.Source:

import scala.10.Source
val source = Source.fromFile("myfile.txt”, “UTF-8")
// TNepBuit apryMeHT MOXeT OuTb CTPOKOM wnu 00bekTOM java.io.File
// OnpepeneHue KOAMPOBKWA MOXHO ONYCTUTb, €CAU W3BECTHO, 4TO
// xopuposka ¢aina cosnafgaeT C KOAMPOBKOW N0 yMONYaHUO B CUCTEME
val linelterator = source.getlines

Pesysibratom siisiercst reparop (cM. rasy 13). Ero MmoxxHo ucnosb-
30BaTh JUIsL HOCTPOUHOIT 06PabOTKII COMEPIKIIMOTO:

for (1 <- lineIterator) process 1

A TaKsKe 110MeCTHTb BCE CTPOKH B MacciiB i B Oydep, BbI3BaB METO
toArray 1J1 toBuffer Hreparopa:

val lines = source.getLines.toArray

Wnorna Obizaer jxeaTejbHO IPOCTO MPOYUTATh BCE COHEPIKHMOE
(paiisia B o1ty CTPOKY. DTa Oneparisi BINOJIIISIETCS €le MPOILLE:

val contents = source.mkString

BHuMaHue. 3akoH4YMB MCNOAb30BaTb 06BLEKT Source, HE 3abyabTe BbI3BATb
MeTopa, close.

9.2. YTreHune cumBONOB

JLast uTenst OTAEALHLIX CHMBOJIOB 13 (haiisia MOXHO HCIOJIb30BaTh
00BeKT Source 1EIOCPEACTBENHO KaK HTEPATOP, MOCKOJIbKY KJacc Source
pacurupsiet Iterator[Char]:

for (c <- source) oOpaboTka C

Ecsin notpe6yercs 113Bjieyb CHMBOJ, 1€ IePeaBHras MO3HIIHIO yKas3aTe-
ais1 B haiisie (momobno istream: :peek B C++ myu PushbackInputStreamReader
B Java), Bbi3oBHTE MeTOZ buffered oObekTa source. Ilocie atoro cienyio-
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U CHMBOJI MOJKHO Oy/IeT MPOYMTATh BHI30OBOM MeToza head 6e3 mame-
HeHusl No3ULUHU YTeHUs B aiiie.

val source = Source.fromFile("myfile.txt”, “UTF-8")
val iter = source.buffered
while (iter.hasNext) {
1f (iter.head 1s nice)
obpaboTats 1ter.next
else

}

source.close()

C apyroii cTopoHbl, eciiH (aii He CIIIIKOM 60bILOII, MOXHO MPOCTO
NIPOYUTATD €r0 COUAEPIKHMOE B CTPOKY I obpaboTarh ce:

val contents = source.mkString

9.3. YteHue nekcem u 4yucen

Hixe nemoncTpupyetcst cnocob «Ha CKOpPYIO PYKy» UTEHIIsl JIEKCEM,
pas/ieJieHHbIX Mpobenami:

val tokens = source.mkString.split(“\\s+")

[Ipeo6bpa3oBaHue CTPOKHU B YICIIO MOXKHO BBIITOJHHTD C TOMOIIIBIO Me-
Toza toInt MyM toDouble. Hampumep, ecmit 1Meercs aiis, comepxauiit
BellleCTBEHHbIE YHMCIIA, 11X BCe MOXHO MPOYHTATh B MacclB

val numbers = for (w <- tokens) yield w.toDouble

HJIN

val numbers = tokens.map(_.toDouble)

CoserT. [MoMHuTE, ana 06paboTkn daiinos, coaepxaumx CMecb U3 TekcTa n
yucen, BCerga MOXHO MCNONbL30BaTh KNacc java.util.Scanner.

Hakomer, 06paTme BHHMaHHWE€ Ha BO3MOXXHOCTDL YTEHHST 4YHCeJ H3
KOHCOJIN:

print("How old are you? ")
// 06bekT Console uMNOpTWUPYeTCA NO yMon4aHWo, no3ToMy He TpebyeTcs
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// yKasuBaTb KBaNMOUUMPOBAHHbHE WMEHa MeTonos print u readInt
val age = readInt()
// Wnu readDouble, wnu readlong

BHumaHue. 31 MeToasl npeanonaratot, 4to GyaeT BBeAeHa CTpoka, coaep-
Xauias eauHCTBEHHOE Yucno, 6e3 HayanbHbIX U 3aBeplualowmx Npobenos.
B npoTtvBHOM cnyyae 6ynet Bo3byxaeHo nckioveHne NumberFormatException.

9.4. Yrenne n3s URL n apyrux MnCTO4YHUKOB

O6beKT Source COMCPIKHT METOABI JJIsl YTEHHsT M3 HCTOYHUKOB, OT-
Jualomixcs ot (aiinios:

val sourcel = Source.fromURL("http://horstmann.com”, “UTF-8")
val source2 = Source.fromString(“Hello, World!"™)

// YvuTaeT w3 ykasaHHOW CTPOKM = yaobHO ANS 0Tnaaku
val source3 = Source.stdin

// YvTaeT w3 CTawaapTHOro BBOoAa

BHumanue. Mpu yteHun n3 URL Heo6xoanMo 3apaHee 3HaTb KOAUPOBKY CUM-
BofoB. OnNpepenntb ee MOXHO, Hanpumep, U3 HTTP-3aronoska. 3a 4ONOAHN-
TenbHOU MHdopmaumelt obpawantecs no agpecy www.w3d.org/International/
O-charset.

9.5. YteHue aBOUYHbIX painos

Scala ne upexycmatpiBaet cOOCTBEHHDIX CPEACTB YTEHHs IBOMYHBIX
(baitsios. Tloatoay Bam npumeTCsl HCIOJb30BATh CTAHAAPTHYIO GHOIHO-
teky Java. Hipxe 11okasaHo, kak 1npounTath Bech ¢aily B MaccuB 6aiiToB:

val file = new File(filename)

val 1n = new FileInputStream(file)

val bytes = new Array[Byte](file.length.tolnt)
1n. read(bytes)

1n.close()

9.6. 3anucb B TeKcToBbie dannbi

Scala 11e 1meer BeTpoenHoii mogepskKy 3anuci B daitibl. YToObl BbI-
MOJIHUTD 3alIMCh B TEKCTOBBIH (hailn, MOXKHO BOCIOJIb30BAThCS KJIACCOM
java.io.PrintWriter, HalipHMep:
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val out = new PrintWriter(«numbers txt»)
for (1 <- 1 to 100) out.println(i)
out.close()

Bce pabotaet kak oxxumaetcst, kpome Merona printf. IIpi nepenaue uc-
Jla MeToAy printf KOMIMJSITOP GyneT npeoOpa3oBbiBaTh CrO B THI AnyRef:

out.printf("%6d %10.2f"
quantity.asInstanceOf[AnyRef], price.asInstanceOf[AnyRef]) // O

IToatomy ncnosnb3yiitTe MeTon format Kiacca String':

out.print("%6d %10.2f".format(quantity, price))

Mpumeuanue. Metop printf knacca Console He cTpagaeT aTown NpobRemMon.
Bbl MOXeTe ncnonb3osaTtb

printf("%6d %10.2f", quantity, price)
Ons BbiBOAA COOOWIEHUS B KOHCOfb.

9.7. Ob6xop kaTanoros

B nacrosiee Bpemst B si3bike Scala He cyuiecTByeT «o(hHiaibiioro»
KJ1acca sl o6xoza Beex (haitioB B Karasore, MM peKypcUBHOTo 06xoa
JepeBa KaTaJoros. B aTom paszese Mbl pacCCMOTPHM TNapy ajibTePHATIB-
HbIX pEUICHHI].

Mpumeuanue. B npeabiayweit Bepcumn Scala nmenuck kKnaccel File n Direc-
tory. X BCe ewe MOXHO OTbiCKaTb B nakeTe scala.tools.nsc.10, B apxvBe
scala-compiler.jar.

CoBceM HECTIOMHO CaMOMY HaIliCaTb ('l)yHKuIHO, BO3BpallaloulyIo 1re-
patop aJist 06x0aa BCEX MOAKATAJIOrTOB B JJAaHHOM KaTaJiore:

import java.1o.File

def subdirs(dir: File): Iterator[File] = {
val children = dir.listFiles.filter(_.1sDirectory)
children.tolterator ++ children.tolterator.flatMap(subdirs _)

! C pactigpenieM NOYICPXKKH HuTeprnosiuin crpox B Scala 2.10 nosisi-
JIaCh BO3MOXKHOCTH HCIMOJIL30BaTh 00Jiee KpaTKyio (pOPMY 3aliicit: out.print
(f-$quantity%6d $price%10.2f"). — Ipunt. ped.
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C nomomipio 9ToH (hyHKIMYM MOXKHO BBINOJHUTH 0OXO0J BCEX MOAKA-
TAJIOrOB:

for (d <- subdirs(dir)) oOpaGotats d

Ecanr ol ncronb3yere Java 7, MOXHO BOCHOJIB30BAaThCSI METOAOM
walkF1leTree Kjlacca java.nio.file.Files. ITOT KJIAacC HCMOJb3yeT HHTEP-
(beiic Filevisitor. B Scala mist onpenesenust onepauuii npeanoyteHue
00BbIUII0 OTHACTCSI (PYHKIIOHATBIBIM 06beKTaM, a He uHTepdeiicam (na-
JKe TIPIT TOM, UTO B AaHIIOM cJlyyae iuTtepdeiic obecneunsaet 6osee TOU-
Hoe ympapJjeniie — 3a HoApo6HOCTSIMH obpalaiTech K I0KyMeHTAl[HH
B Javadoc). Ciienyioiee 1esiBHOe IipeoGpa3oBalie aganTupyer (QpyHK-
wiio K mirepdeiicy:

import java.nio.file._
implicit def makeFileVisitor(f: (Path) => Unit) = new SimpleFileVisitor[Path] {
override def visitFile(p: Path, attrs: attribute.BasicFileAttributes) = {
f(p)
FileVisitResult.CONTINUE

TOIlel)b MOXKHO BBLIBECTH COACPKHMOC BCCX INMOAKATa/JIOrOB BbI3OBOM

Files.walkFileTree(dir.toPath, (f: Path) => println(f))

Koneuno, ecii Hy»HO He NMPOCTO BBIBECTH CIHCOK (aityos, B PyHK-
LY, MepeiaBaeMoii B METox walkFileTree, MOKHO peajiu30BaTh Apyrue
orneparuil.

9.8. Cepuanusauus

B Java cepuarusayus vcnomp3yercst misi nepefadu 0ObEKTOB APY-
TUM BHPTYaJILHBIM MalIMHaM MJIH AJIs1 COXPAaHEHUsI B KPaTKOBPEMEHHOI
namaTd. (s opraHu3aniy J0JAroBpeMeHHOro XpaHeHHs1 0ObEKTOB ce-
pHaJIM3alHsT MOXKET OKa3aTbCsl He CaMbIM ONTHMAJbHBIM pelieHHeM -—
ZOBOJIbHO YTOMHTEJbHO 3aHUMATbhCsl pelieHHeM NpobyieM € pasHbIMU
BEPCHSIMH 0OBEKTOB, KOTOpble HEM30EKHO BO3HHKAIOT B IPOLIECCE MPO-
noJpKaloleiicst paspaboTKi KJIaccoB.)

Hipke nokasano, kak o6bsIBUTH ceprualn3yeMblil kiaace B Java i Scala.
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Java:

public class Person 1implements java.1o.Serializable
private static final long serialVersionUID = 42L;

Scala:

@SerialVersionUID(42L) class Person extends Serializable

TpeiiT Serializable o6bsiBJIEH B MAKETe scala 11 1e TpeOYET MUMMOPTH-
pOBaHMUsI.

NMpumeuyanmne. AHHoTauMIO @Seri1alVersionUID MOXHO ONYCTUTb, €CNU BNONHE
noaxoamTt 3HauveHue 1D no ymonyaHuio.

Cepua.nnsaulm W Jieceprain3alMst BbITTOJIHAETCS KakK 06bIvTHO:

val fred = new Person(...)

import java.1io._

val out = new ObjectOutputStream(new FileOutputStream(”/tmp/test.obj”))
out.writeObject(fred)

out.close()

val in = new ObjectInputStream(new FileInputStream(”/tmp/test.obj™))
val savedFred = 1n.readObject().asInstanceOf[Person]

Kosunexipu B Scala noaep>kuBaioT cepiasii3aitiio, Mo3TOMY HX MOX-
HO HCTOJIb30BaTh B KayecTBe 4JICHOB CEPHAJI3YeMbIX KJIACCOB:

class Person extends Serializable {
private val friends = new ArrayBuffer[Person] // OK - ArrayBuffer
// cepuanugyetcs

9.9. Ynpasnexue npoueccavu ¥}

Jlnis1 pelieHust pyTHHHBIX 337a4, TAKUX KakK nepeMelnienue aiijoB u3
OIHOTO MeCTa B [Ipyroe HJH yIpaBjieHUe MHOXXeCTBOM hailjioB, Tpo-
TPaMMUCTDI TPAAHLMOHHO HCTIOJIB3YIOT CLIEHAPUH KOMaHAHOIT 060JI0UKH.
SI3bIK KOMaHAHOIT 060I0YKH MO3BOJISIET JIETKO ONPEAEISITH TTOAMHOMKECT-



Ynpasnexue npoueccamm ggl'll.

Ba (haiiJIoB M HAIPABJISITH BBIBOJ, OHOI MPOTPaMMbI Ha BBOJ[ JPYTOIL.
Ojnako, ¢ TOUKI 3pelinsT NPOrpaMMIPOBaHHsl, SI3bIKH KOMaHIHBIX 060-
Jgouek (shell language) ocraBnsiior sxenath jyduiero.

SIabik Scala npoexTipoBasicst Kak HICTPYMEHT CO3aaHHsI pa3HooOpas-
HBIX HPOIPAMM, OT CAMBIX MPOCTBIX A0 BecbMa MaccuBHbIX. ITaker scala.
Sys.process 11PEIOCTaBJIsIeT BCIIOMOraTeJibHble CPeCTBA IJIs1 B3aumoueii-
CTBHSI C 1IPOrpaMManil KoManaHoii obojiouku. Bol MoxeTe nucarh cle-
HapHil Ha si3bike Scala, 110Jb3ysiCh BCEMIT €r0 BO3MOXKHOCTSIMM.

Hanpuep:

1mport Sys.process. _
“1s -al .7 !

ITa nporpaMma BbIIIOJIHHT KOMaHAy 1s -al .., KOTopasi BbIBEJET CITH-
cok paiisioB B poIHTENLCKOM KaTajore B CTAaHAAPTHBIN BBIBOI.

ITakeT sys.process COmEPXKUT HesIBHOE npeobpasoBaHiie CTPOK B Pro-
cessBuilder. Onepatop ! gunonnsaem 06DbeKT ProcessBuilder.

PesysistaToM oneparopa ! sIBJSIETCSI KOA 3aBEpLUEHHST TPOTPaMMbL:
0 — ccJi mporpamMma 3aBepilijach OJaronoJiyyiio 1 HeHyJieBoe 3Haue-
HiE — B cJy4yae OIHOKH.

Ecsinn Bmecto ! Henonb30BaTh !!, GyaeT BO3BpalleH BbIBOJ MPOrpaM-
Mbl B BHJAC CTPOKH:

val result = "ls -al .." !!

C nomMol1bio oneparopa #| MOXXHO IepeHanpaBUTb BbIBOJA OIHOI Npo-
rpamMMbl Ha BBOA Apyroii (pipe):

“ls -al .." #| "grep sec” !

NMpumeuanme. Kak snaute, 6ubnuoteka process MCNonb3dyeT KOMaHAbl one-
paunMoHHON cucTemMbl. B AaHHOM Npumepe Ucnonb3oBaHbl KOMaHAbI bash, NoO-
TOMY 4TO 3Ta KOMaHaHas o6onoyka aocTtynHa 8 Linux, Mac OS X n Windows.

Hanpasutb BoiBOA B (haiiyl MOXKHO € MOMOUIBIO Ofeparopa #>:

“ls -al .." #> new File(“output.txt™) !

Yro6bl BLIHIOJLITH 3aMHCh B KoHell dailia, Henob3yiite onepaTtop #>>:

“1s -al .." #>> new Fi1le(“output.txt”) !
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YTo6BI BBIIOJIHUT BBOA U3 (haiisa, NCIOb3yiiTe #<:

“grep sec” #< new File(“output.txt™) !

Moxno Takxe peasusonarth BBox 13 URL:

“grep Scala” #< new URL("http://horstmann.com/index.html™) !

OO6beaUHATh TPOLECCHI MOXKHO C MOMOUIBIO p #8& q (BBIMOJHITD g,
€CJIV p BBITIOJIHUJICSI YCIENIHO) 11 p #|| q (BBIMOJHITDL q, CCJIT p 3aBEp-
wnsics Heynaveit). Ho, uectno rosops, si3bik Scala siyuiie noaxoaur st
YIpaBJIeHUsT [IOTOKOM BBIMOJIHEH ST, YeM [ CO3/IaHUsI ClielapHeB, TOTAa
noueMy Obl HE pea30BaTh YIpaBjieHie OTOKOM BbITosiHeHs B Scala?

Mpumevanue. bubnuoteka process UCNONL3YeT 3HAKOMbIE ONEPATopbl KO-
MaHaHoM 06onoukn | > >> < && ||, HO pnobaBnsieT K HUM NPUCTaBKY #, YTOObLI
obecneynTb UM BCEM OAQUHAKOBbLI NPUOPUTET.

Ecnut notpebyercst Bocnonb3oBathest 6116/110TEKOIT process B APYroM
KaTajore WJH C APYTHMH 3HAYEHISIMH IepeMelHbiX OKPYKeHIIs, Co3-
naiite 00ObeKT ProcessBuilder ¢ MOMOILBIO MeTO/@ apply 0OheKTa Process.
YKkaxuTe KOMaHIy, HauaJlbHbBIIl KaTajor i 1nocjeioBaTeJbiocTh (name,
value) nap nepeMeHHbIX OKPYXKeHIIs:

val p = Process(cmd, new File(dirName), ("LANG”, “en_US"))

3aTeM BBINOJIHUTE orneparop !:

“echo 42" #| p !

9.10. PerynsapHbie BbipaXXeHuUa

ITpu 06paboTKe BXOAHBIX JAHHBIX YACTO ObIBAET HEOOXO/IIIMO HCIIOJb-
30BaTh pezyaaphvle svipaxcenus. Knacc scala.util.matching. Regex mpeao-
craBJisieT mpocToii crnocod nx ucnosnb3oBauist. Co3math 06BHEKT Regex
MOJXXHO C MOMOIIbIO METOAA r KJjlacca String:

val numPattern = "[0-9]+".r

Ecnu perysisipHoe BbIpaskelide COAEPKHT oOpaTible CJIEII HIH Ka-
BBIYKH, MOXKHO BOCIOJIb30BAaTbCSl CHHTAKCIICOM HEHHTEPNPETHPYeMbIX
cTpoK, """...""". Hanpumep:
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val wsnumwsPattern = """\s+[0-9]+\s+""" r
// Npoue uutactcen, dem “\\s+[0-9]+\\s+".r

Mertoz findAllln BO3BpalllaeT HTEPATOP, BBITTOJTHSTIOU M O6XOZ[ BCEX
coBnazeliii. Ero Modiio 1ciioyib30Bath B LHKJIE for:

for (matchString <- numPattern.findAl1In("99 bottles, 98 bottles™))
o0paboTka matchString -

HJIH NPEeBPATHTDL HTEPATOP B MACCIHB!:

val matches = numPattern.findAllIn("99 bottles, 98 bottles™).toArray
// Array(99, 98)

Yro6bl OTHICKATL [EPBOE COBIAJAeHHE B CTPOKE, MOXHO BOCIHOJB30-
BaThCst MeToOM findFirstIn. B pesyswrate Bbl mosyunte Option[String].
(Omnicanue kiacca Option MOXHO HaifTu B ryase 14.)

val m1 = wsnumwsPattern.findFirstIn("99 bottles, 98 bottles™)
// Some(” 98 )

[IpoBepiThb, 1HAXOAUTCS JiM COBNAajeHHE B Hayaje CTPOKH, MOXKHO
C noMolublo findPrefix0f:

numPattern. findPrefix0f(“99 bottles, 98 bottles™)
// Some(99)

wsnumwsPattern. findPrefi1x0f("99 bottles, 98 bottles™)
// None

ViMmeercst BO3MOXKHOCTh 3aMeHHTD IIEPBOE COBIlIAICHUE WJIM BCE CO-
BIaaA€HH:

numPattern.replaceFirstIn(“99 bottles, 98 bottles™, "XX")
// “XX bottles, 98 bottles”

numPattern. replaceAllIn("99 bottles, 98 bottles™, "XX)
// "XX bottles, XX bottles”

9.11. Npynnbl B perynsipHbiX BblpaXXeHUsx

[pynmpl 1C1OJBL3YIOTCST 47151 MOJIyYEHHsT COBMaZeHNn C MOABbIPaXKe-
HUSIMIL B PCryJISIpIBIX BbipaskeHHsiX. JoGaBbTe Kpyribie CKOOKH BOKPYT
NoABLIpasKeHii, CoBIajieHIsl ¢ KOTOPbIMH XOTEJI0CH Obl MOMYYUTh, Ha-
npimep:



...Ilgg Daiinet U perynapHsie BEIPAXKEHUS

val numitemPattern = "([0-9]+) ([a-z]+)".r

Yrtobbl M3BJIeYb COBMAMEHUsI C CPYINNAMII, HCNOJb3YyiiTe 00BLEKT pe-
TYJISIPHOTO BBIPAXKEHHST KaK «dKCTpaKTops (cM. raaBy 14), nanpumep:

val numitemPattern(num, 1tem) = "99 bottles”
// NpuceBouT num 3HadeHue “997, a 1tem - 3mauenue “bottles”

Ecnu notpeGyeTcst 13Bjedb COAEPKUMOE IPYII 13 HECKOJIbKIIX CO-
BMajieluid, UCMONB3YIITC HHCTPYKIIIIO for:

for (numitemPattern(num, 1tem) <- numitemPattern.findAllIn("99 bottles, 98
bottles™))
obpabotate num u item

YnpaxHeHus

1. Hamumure na si3bike Scala xox, kotopblii pasmerniaet CTPOKI
B haiine B 0OpaTHOM HOpsiaKe (MOCHE/IION0 JCIAET MEPBOIl I T. JI.).

2. Hanummre nporpammy Ha sidbike Scala, kotopas uirraer aiin
C CUMBOJIaMIT TaByJISILITH, 3aMensisl X mpobesaMii Tak, 4ToObI co-
XpaHHUTh MPaBHJIBLHOE PACTIOJIOXKEIIHE TPAHIII] CTOJIOIOB, 1 3AMIIChl-
BaeT pe3yJbTar B TOT e haii.

3. Hammmnre ¢pparment Koza Ha Scala, koToppiii uirraer ¢aiis 11 Bbi-
BOAUT B KOHCOJIb BCE CJIOBA, cojiepskantite 12 111 GoJiee CIIMBOJIOB.
JononHuTesbHbIEe GAJIBL HAUUCISIOTCS TeM, KTO CMOXET ClleJ1aTh
3TO B OJHOH CTpoOKe Koja.

4. Hammmunte nporpammy na Scala, xoropasi 4nrtaer TEKCTOBbIi
(aiin, comepskauuii TOJLKO BelllCCTBEHHbIE UIICTA, BHIBOANT CyM-
MY, cpeliHee, MaKCHMaJIbHOe 1 MITHHMAJbHOC 3HAUEHIIs.

5. Hammmure nporpammy na Scala, xoTopas samicbiBaet crerneni
IBOMKH H MX oOpaTHble BeJuibl B (aiisl ¢ axcrnonentoii ot 0
1o 20. PacnosioxuTe viicsa B cronbuax:

1 1
2 0.5
4 0.25

6. Hanuuure peryssipHoe BbIpaskeHue AJis ToUcka CTPOK B KaBblUKax
“kak 9Ta, Bo3MoxHo ¢ \" wnu \\" B IporpamMmc Ha sI3bIKC ‘]ava HJIH



YnpaxHerus gilll..

10.

C++. Hanummre nporpammy Ha Scala, KoTopast BBIBOAHMT BCe Ta-
Klle CTPOKH, HaiizeHHble B aiiie ¢ HCXOAHBIMU TEKCTAMHU.
Hamnmnmire nporpammy na Scala, koTopast unTaeT TeKCToBbIH (haiin
M BBIBOAHT BCE JIEKCEMDI, 1€ SIBJSIOLINECs] BeUIeCTBEHHbIMU YHC-
JgaMmil. Mcrnonb3yiite perysisipHoe BbIpaskeHHeE.

Hanmuunire nporpammy Ha Scala, kotopast BoIBOAMT aTpubyThI src
BCEX TeroB 1mg B BebG-cTpanuie. Mcnosnbayiite peryjasipHbie Bbipa-
JKeHIIsT 1 TPYHIbL.

Hanumnte nporpammy Ha Scala, koTopasi moacuMThiBaeT KOJH-
yecTBO (hailsioB ¢ paclIMpeHHEM .class B yKa3aHHOM KaTajore W
BO BCEX €ro MoaKaTajorax.

[ormoyiHuTe NpHMEp CepHaJM3yeMoro Kjacca Person BO3MOXHO-
CTbIO coXpaHenus: Koyuiekiuu apyseii. Co3aaiiTe HECKOJIBKO 06b-
CKTOB Person, cllejlaliTe IEKOTOPble U3 HUX APY3bsIMH JPYTUX U 3a-
TeM COXpaHHTE MaccuB Array[Person] B (haitn. IIpounTaiite Maccus
113 (paiiyia 11 TpoBepLTE, HE MOTEPSIINCD JIA CBA3U MEXKIY APY3bsMMU.



Frnasa 10. TpeirTbi

TeMbl, paccmaTpuBaemMble B 3701 rmase M

o000 U00d0oO0Cco000D

10.1. NoyeMy He noaaepPXNBaETCS MHOXECTBEHHOE HacnenoBaHue?
10.2. TpeliTbl Kak MHTEPdENCHI.

10.3. TpeliTbl C KOHKPETHbIMK peanu3aumsmMu.

10.4. O6beKTHI C TpenTamu.

10.5. MHOroypoBHeBble TPENTLI.

10.6. NepeonpeneneHne abCTpakTHbIX METOA0B B TpenTax.
10.7. TpenTbl ¢ 6oratbiMn nHTEPdENCcamMK.

10.8. KOHKpeTHbIe nons B TpeuTax.

10.9. A6cTpakTHble Nnons B TpenTax.

10.10. MopsaoK KOHCTPYMPOBAHUA TPENTOB.

10.11. UHnupanusauma nonen TpenTos.

10.12. TpeliTbl, HacnepyowWme KNacchl.

10.13. Co6ereentbie Tvuns! [l

10.14. 3a kynucamn.

YnpaxHeHus.

B aroit riaBe Bbl y3HaeTe, Kak pabortaTb ¢ Tpeiitamin (traits). Kiacc
MOJXET HACJeN0BaTh OJIIH 1 Oojiee TPEiTOB C 1EbIO 1ICTOJIL30BalIHS]
uX (YHKUMOHANBHBIX BO3MOKHOCTell. TpeiiT, B cBOIO ouepesib, MOXET
noTpe6oBaTh OT KJacca peasi3oBaTh ONMPEIEsieMyIo 1M (hYHKIIOHATb-
Hoctb. OHako, B oTynuiie oT Hurepdeiico B Java, Tpeiitol B Scala yo-
TyT MPEAOCTABJSATH Peaji3allii 110 YMOJIUAHIIO ATHX 0cobeHHocTell, UTo
nejiaetT ux 6oJiee MPHBJIEKATEIBHBIMIL
OcHoBHbIE TEMBI 3TOIT TJIaBbI:

Q

a
a
a

KJIACC MOXKET peasiii3oBaTh MPON3BOJLHOE KOJIYECTBO TPEIiTOB;
TpeiiThl MOTYT MOTPe6OBATL OT KJIACCOB HAJIIUIIST OMPEICJICHHBIX
noJieii, METOZOB HJIH CYMEPKJIACCOB;

B oTsinyMe oT nutepgeiicoB B Java, Tpeiit B Scala Moxer npeno-
CTaBJISITH Peayi3aliii noseii 1 MeTo/oB;

NpU HacJIeJOBaHHI HECKOJBLKHX TPEiTOB MOPSIJIOK HMCCT 3Haue-
HUe — TpeliT, ubll METOABI BBHIIOJHSIOTCS MEPBbIMIL, JIOJUKEH Ha-
XOMUTHCS B KOHIlE CITICKA.
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10.1. NMoyemy He nogpepXxXuBaeTcs
MHOXeCTBeHHOe HacJsieaoBaHue?

B sisbike Scala, xax 11 B Java, knaccel He MOTYT HacJeIoBaTh MHO-
JKecTBO cylepkjaccoB. Ha nepsblil B3Iiisim, 3T0 orpaHuMyeHHe KaXkeTcsl
nepagymibiM. [louenmy 6bl He MO3BOMUTD KJIACCy HACJENOBATh Cpasy He-
CKOJIbKO KJlaccoB? HekoTopble si3bIKH MPOrpaMMHPOBaHMsI, B YacTHO-
cti C++, HOIEPKIIBAIOT MILOJICECmaeniioe Haciedoganue, HO LieHa TaKoil
MOMIEPKKIT YIBHTEJILHO BBICOKA.

MruoskecTBeliHoe 1acjefioBaHie MPeKpacHo MOJAXOIUT, KOraa Hacje-
AyeMble KJIacChbl He MMeIOT Huuezo obuyezo. Ho, ecn Kiaaccel MMeIOT 06-
LIIC METOAILI 1JIHT 110JIsl, HAYHHAIOT BO3HMKATh pasHoobpa3sHbie mpobie-
mbl. Hipke npuBoziitest THnnyibiii npuMep. IloMounuk npenogasatess
(teaching assistant) — ato cryaeut (student) 1 paGoruuk (employee)
OJITHOBPEMCHIIO:

class Student {
def 1d. String = ...

class Employee {
def 1d* String =

ﬂOHyCTIlM, 4YTO CCTb BO3MOXHOCTDL OIIpeae/HTb KJjlacC

class TeachingAssistant cxtends Student, Employee { // HemonycTtumo B Scala

K cosxaseniio, Takoii kiacc TeachingAssistant HacJjeayeT déa METORA
id. Yro sepuer Bbi3os myTA. 1id? Wnentiduxarop crynenta? Vaentudu-
katop paboriiika? O6a? (B C++ norpebGoBasoch 6bl nepeonpenesuThb
METOJ 1d, UTOODI MPOSICILITL HAMEPEHIsL.)

Hasee, noryctun, uto oba Kkjaacca, Student 11 Employee, HacJaeAyIOT 06-
uiHil cynepkJacc Person:

class Person {
var name String = _
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class Student extends Person { ... }
class Employee extends Person { ... }

3710 Bexet K npobienme pombosuonozo nacredosanus (diamond inhe-
ritance) (puc. 10.1). B kyacce TeachingAssistant Ham Tpebyercst omHO
rnoJie name, a He aBa. Kak OyayT 0ODbeMIHITLCS YHACACIOBAHHbBIC MOJIs?
Kax 6ynet cosnpasatbest 910 nosie? B C++ st pewieninis aToii mpobieMbl
HCTIOMB3YIOTCST «BUPTYaibHble 6A30Bble KJIACChl» — CJOKHAST 1 XPYyTIKast
0COOEHHOCTD.

Person

name

T

Student Employee
name name
[
Teaching
Assistant

Puc. 10.1. MNpu pom6oBMAHOM HacnenoBaHUU
BO3HUKaeT Nnpobnema o6beanHERUA 06LWLMX nonen

Cosparenu Java HacTOJIBKO CTapajiich 130eKaTh DTIX CJIOKIOCTEI],
yTo BbIOpasu apyroii noaxox. Kaacc mosxer HacjaenoBaTh TOJNLKO OJITI
CYIEPKJIACC U PeaTH30BaTDb JI060C KOJIHUECTBO UimepgheLicos, 110 1HTCP-
(deiichl MOTYT HMETh TOJILKO abCTpaKTHbie METOADBI Il HE MOTYT HMCTD
noJsei.

Ha mpakTiike 4acTO BO3HHKAET HECOOXOAMMOCTD peajii3oBaTh HEKOTO-
pble METObI B TEPMHHAX JPYTHX METOAOB, HO TO HEBO3MOXKHO ClEJaTh
B uHTepdeiicax Java. IloatoMy B Java yacto HCIosb3yeTcst MpHeM, Kor-
na cpasy ompeneasiiotcst nurepdeiic 1 aberpakTHblii 6a30Bblil KJIace, HO
TaKo MOAXOM MOXET OKa3aThCsl MpernsiTcTBreM B 6yayiieM. Yo, ecii
BaM MOTPeOyeTCsl YHACTIeN0BaTh Cpa3y ABa TAKMX abCTPAKTIBIX GA30BbIX
KJjacca?



Tpeiitsl kak nHTEpdEncs ggllll.

Bwmecro untepdeiicos B Scala ncnomnssyiorcst mpetimor (traits). Tpeirt
MOXET HMeTh He TOJIbKO aOCTPAKTHDIE, HO H KOHKPETHDBIE METO/IbI, @ KJIacC
MOXET peaJili30BaTh HECKOJILKO TPETOB cpa3y. ATo pelaeT npobaemMy UH-
Tepcpeiicos Java. B cienyiouix pasjenax Bl yBHANTE, KaK Pa3peILaloTCst
1pobJieMbl ¢ KOH(IIHKTYIOUIMMH METOAAMU H NOJIIMH B si3bike Scala.

10.2. TpenTbl KaK UHTEepdencsl

Hautiem ¢ uero-nubyan, 6oJee i Metiee 3HakoMoro. TpeiiT B s3bike
Scala moker geiictBosaTh Touno Tak ke, kak unHtepgeiic B Java. Ha-
nplnep:

trait Logger {
def log(msg: String) // AGCTpaxkTHuil METOA

OG6pariite BHIIMANIIC, UTO B JAlHOM Cjlydyae He TpebyeTcst 0ObsIBIsITh
MeToJ AOCTPAKTHBIM — HepeaJn30BaHiible METOAbI B TpeHTax aBToMaTH-
UECKIT CTAHOBSITCSI aOCTPAKTHDBIMIIL

Meroz MoXET ObITh peasii30BaH B MOAKIACCE:

class ConsolelLogger extends Logger { // extends, He 1mplements
def log(msg: String) { println(msg) } // override He HyxHO

[Ipu uepeomnpenesetii aBCTPAKTHBIX METONOB TpeiiTa He TpeGyeTcst
yKa3blBaTh KJIOUCBOC CJIOBO override.

NMpumeuvaHue. B Scala oTcyTcTBYeT cneumanbHoe Kalo4eBoe C€noso, 060-
3Hauvaloulee, 4To Knacc peanuayeT Tpeint. Kak 6yaer nokasaHo nanee B 3Ton
rnaee, TpenTbl 6onee Noxoxu Ha oOblyHbIE KNAcChl, 4eM Ha uHTepdelic! Java.

Ecan notpebyercst ynacienobath (oJjiee OQHOTO TPeHTa, AOMOJHU-
TeJILHDbIC Tl)Cl"ITbl MO2ZKHO ll06aBPlTb BCJIEA 3a IIEPBLIM Y€PE3 KJII0YEBOE
CJIOBO with:

class Consoleclogger extends Logger with Cloneable with Serializable

3uech npejcTasieHo nacjaenonate niurepgeiicos Cloneable M Seriali-
zable n3 616J1IIOTEKIT Java, HCKJIOYHTCILHO YTOOBI POJEMOHCTPHPOBATD
cunrakciic. Bee nnrepdeiicnl Java MOryT 1cnoJib30BaThCsl KaK TPEHTHI.
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Kak u B Java, kiaccet B Scala MoryT yHacsenoBath TOJIBKO OJIMH CY-
NepKJIacc, HO MPOH3BOJbHOE KOJIHYECTBO TpeliToB.

Mpumeuanue. MoxeT NoKa3aTbCs CTPaHHbIM, YTO Nepes NepBbiM TPENTOM
MCNONb3YeTCa KJIoYeBoe CNOBO extends, a Nepes BCEMU OCTaNbHLIMU — with.
OpHako Scala He BUOUT B 3TOM HU4Yero ctpanHoro. Ans Scala Logger with
Cloneable with Serializable — 3TO OfiHA CYLLHOCTb, HAcnegyemas Knaccom.

10.3. TpenTbl C KOHKPETHbIMU
peanusayusamm

B Scala ne tpebyercst, 4To661 METOZBI B TPEliTaX ObLII A6CTPAKTHBIMH.
HanpuMep, Haw ksacc Consolelogger MOXHO MpeBpaTHTDL B TPEIiT:

trait Consolelogger {
def log(msg: Strang) { println(msg) }

TpeiiT ConsoleLogger MPEAOCTABJSIET METOJL € peaausauieli — B JaHIOM
cjly4yae 3TOT METOJ BBIBOAHT COOOLIEHHE B KOHCOJIb.
Huxxe neMoHCTpHpyeTCsl mpUMep 1CMOJIb30BaHIsl TaKoro Tpeiita:

class SavingsAccount extends Account with ConsolelLogger {
def withdraw(amount: Double) {
1f (amount > balance) log(“Insufficient funds™)
else balance -= amount

Ob6parute BHuManne Ha otanune Mexay Scala i1 Java. Kiace Savings-
Account KCITOJIb3YET KOHKPETHYIO peasi3auuio mMerozna log 113 Tpeiita Con-
soleLogger. [Tpu ncnonb3oBaniu HHTepdeiica Java 110106HOE 11CBO3MOXKIO.

B Scala (1 B apyrux si3bikax mporpaMMHpPOBaHIis, JIONMYCKAIOUIX Ta-
KyI0 BO3MOXKHOCTb) MbI TOBOPHM, UTO (DYHKIIIIOHAILHOCTL Consolelogger
«noaMmennBaetcst» (mixed in) B Kiacc SavingsAccount.

NMpumeyanme. Bo3MOXHO, TEPMUH «NpuMecu» (unun «aobasku») npuwen u3
MUpa NPUroToBNEHUS MOPOXEHOrO, Fae CNOBO «NPUMecH» o3HavaeT fobasku,
HaknagblBaeMble B CTakaH4YMK C MOPOXEHBIM, Npexae Yem oH ByaeT nepenaH
KNUEHTY, — CTagus, KOTOpas MOXET HPaBUTLCS AU HE HPaBUTLCA B 3aBUCU-
MOCTU OT TOYKU 3peHus.
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BHumaHue. TpeliTbl C KOHKPETHbIM NMOBEAEHUEM MMEIOT OAVH HeAoCcTaTok.
M3meHeHue Takoro Tpeita BneyeT 3a cobot HeobxoauMOCTb NepekoMnNun-

poBaTb BCE K/1aCChbl, KyAa NOAMELWNBAETCS 3TOT TPEWT.

10.4. OOBbeKTbI C TpenTamm

TpeiiT MOX10 106aBHTh B OT/AEJbHBI 0OBEKT HA 3JTane ero cos/a-
unst. [t JIeMOHCTpALII BOCMOJIb3yeMcsT TpeiiToM Logged, OOBSIBJIEH-
HbIM B crangaptioii 6ubmnoreke Scala. On namoMuHaetr Hami TpeHT
Consolelogger, 3a HCKJIOYEIHEM TOTO, YTO HE HMEET KOHKPETHOH peann-

3alllH METOA0B:

trait Logged {
def log(msg. String) { }

Wcnosib3yeM 9TOT TpeiiT B onpenesieniy Kjacca:

class SavingsAccount extends Account with Logged {
def withdraw(amount: Double) {
1f (amount > balance) log(“Insufficient funds™)
else ...

Teneph HiMero BHIBOAHTLCS He GYIET, YTO MOXET Iokas3artbcsi bec-
cmbiciennbiM. Ho ne Toponurtech, Takoli mpuem NO3BOJISIET <«MOAMeE-
waTbh> OoJjiee NOAXOUSILIT MHCTPYMEHT XKYyPHAJIHPOBAaHHsI Ha 3Tane
Koucrpylposatist obbexra. Crangapruniit Tpeiit Consolelogger HacJe-

nyet TpeliT Logged:

trait ConsolelLogger extends Logged {
override def log(msg: String) { println(msg) }

IT0T TpeiiT MOXKHO 1106aBUTDH 1a amane co3danus 06veKma:

val acct = new SavingsAccount with Consolelogger

lel BbI30Be METOo/la log B obbekTe acct 6yz[e'r BbI3bIBATHCSI METO/ 1og

Tpeiita Consolelogger.
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Pasymeercst, B Apyroit 00beKT MOXKHO J0GABUTH APYIOH TPEHT:

val acct2 = new SavingsAccount with Filelogger

10.5. MHOroypoBHeBbl€ TPEenTbl

B kacc min B 00beKT MOXKHO 106aBHTh HECKOJIBKO TPEIiTOB, KOTOPbIE
OyIyT BBI3BIBATH APYT JAPYra, HAUMHASI C NOCAeOHe20. DTO MOXKCT MpH-
TOINTBCS, KOTA HeoOXOAMMO OpraHu3oBaTh MpeoOpa3oBatie 31aueHHit
B HECKOJIbKO 3Talos.

Husxe npuBoautcst npoctoii npuMep. Ham MoxeT notpe6oBaThest j10-
6aBJISITH TeKylllee BpeMst U [IaTy B KaX/0e COOOIIeHHeE.

trait TimestamplLogger extends Logged {
override def log(msg: String) {
super.log(new java.util.Date() + « « + msg)

Kpome Toro, momyctiM, 4To HaM HEOOXOAUMO YKOPOTHTb CJIHIIKOM
IUIMHHBIE COOOIEeHMS:

trait Shortlogger extends Logged {
val maxLength = 15 // Nona B TpeiWTax onucuBanTcs 8 pasaene 10.8
override def log(msg: String) {
super. log(
1f (msg.length<= maxLength) msg
else msg.substring(0, maxLength - 3) + ~

O6parnTe BHUMaHHE, YTO KAXKIbII1 H3 METOLOB log MepeaaeT H3MeHeH-
HOE 3HaueHue B BBI3OB super. 1og.

B TpeiiTax KOHCTPYKUMS super. log HIMEET %10l CMBICJ, UEM B KJaccax.
(Vnaue TpeiTbl 661 ObI GECIOJIE3HBI — OHI MPOCTO HACJIEA0BAIH ObI
MeToJ log TpeiiTa Logged, KOTOpBII HUUEro HE /eJaeT.)

KoHcTpykuus super. log BbI3bIBaeT cyeAyloulii TpeiiT B Hepapxiiy, no-
3TOMY (paKTHUeckH BbI3bIBAEMbIii METOJl 3aBHUCHT OT IMOpsI/Ka CJeloBa-
HuUs1 TpeiiToB. B 0buwem cayuae o6paboTka TpeliToB HAUIHAETCS € KOHIIA.
(B pasnene 10.10 «ITopsimok KOHCTPYIHpPOBaHMS TPEHTOB> OMIICHIBAETCS



Mepeonpenenerue abGCTPAKTHBIX METOAOB B TPEHTAX gglll.l

BO3MOKHOCTb OPraHU3aI[uM TPEHTOB HE B IPOCTYIO IIENOYKY, a B IPO-
H3BOJILHOC JIepeBo.)

Yro6bl 1OIISITB, MOYEMY ITOPsIIIOK HMEET 3HauYeHNe, CPaBHUTE CJIeAYyIo-
uiie aBa 1pisepa:

val acctl = new SavingsAccount with ConsoleLogger with
Timestamplogger with ShortlLogger

val acct2 = new SavingsAccount with ConsoleLogger with
ShortlLogger with TimestamplLogger

IIpit romnpiTKE CIIICATH CO CYETA CYMMY, NIPEBBILAIONIYIO OCTATOK, Oy-
JIET BBIBE/ICHO coobiieriie

Sun Feb 06 17:45:45 ICT 2011 Insufficient...

Kax siire, nepsoiy 6b11 BbI3BaH METOM log TpeiiTa ShortLogger, a OH,
B CBOIO OYcCpe/ib, BbI3BaJjl super.log — METOA log TpeiTa TimestampLogger.
Oj11aKo anajioriyiiast MONbITKa ¢ 00BHEKTOM acct? BEPHET COOOLIEHHE

Sun Feb 06 1...

3nech Timestamplogger HAXOAMTCSI B KOHLE cricKa TpeiToB. Ero me-
TOJ log BLI3bIBAETCSI 1ICPBBIM, II €r0 pe3yJibTaT yCeKaeTcsl CJeyIOU[HM
TpeiiToM.

Mpumeyanue. Npu UCNONL3OBAHUU TPENTOB HENL3A 3apaHee Cka3aTb, Kakomn
metopn, 6yneT BbI3BaH UHCTPYKUMEN super.someMethod. Boibop mMeToaa 3asucut
OT nopsigka cneaoBaHus TPenToB B 0ObekTe unu knacce, UCMNONb3YIOWEM UX.
970 genaert ko4eBoe CNOBO super Gonee rMbkum, 4em NPOCToe HacneaoBaHue.

CoserT. Ecnu notpebyetca To4HO onpepenutb, Kako meton GyaeT Bbi3BaH,
MOXHO BOCNONb30BaTbCA KBagpaTHbIMU CckoBkamu: super[Consolelogger].
log(...). YkazaHHbn B ckoOkax Tvn AonXeH ObiTb HENOCPEACTBEHHbIM CYy-
nepTUNOM — HeNb3s NONY4UTb AOCTYN K TPETaM unu knaccam, Kotopble Ha-
XOOATCA Janblie B AepesBe HacnenosaHus.

10.6. NepeonpepneneHne abCTPaKTHbIX
MeToA0B B TPeurtax

Bepiiemcst k namenmy TpefiTy Logger, IZie onpenesieHa NycTasi peaju-
3auis Meroza log.
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trait Logger {
def log(msg: String) // 970 - abCTpakTHuit MeToA

Tenepp ynacnepyeM ero B TpeiiTe 113 npeabyylEero pasaeia, peanii-
3yloleM BLIBOJ Tekyuiero BpeMcHil. Ilocse atoro TpeiiT Timestamplogger
nepecTaHeT KOMIIJIIPOBATHCS.

trait TimestamplLogger extends Logger ¢
override def log(msg: String) { // Nepeonpenenset aGCTpakTHHA METO.
super.log(new java.util.Date() + " " + msg) // super.log onpepencH?

KoMmnussitop onpenesuT BbI30B super.log KaKk OLIIOKY.

CorylacHo 0OBIMHBIM TpaBHJIAM HACJEOBalllisl, 3TOT BLI3OB HHKOrJA
He OyIeT CYMTATbCST KOPPEKTHBIM — MeTOJ| Logger.log HC IMEET peaji-
sauun. Ho B zelicTBUTEIbHOCTI, KaK ObLIO MOKa3aHO B MpeblaylieM
paszesie, 3apaHee HEM3BCCTHO, KaKoii MeTOil log Ha caMoMm jcJic Oyaer
BbI3BaH, — 3TO 3aBHCHUT OT MOPsiika CMelIMBaHUsI TPeliTOB.

KOMrmeTop Scala cumnraet TimestamplLogger.log BcCC cllIe a6CTpaI<T-
HBIM, a VISl CMELIUBaHHUST HeoOX0A1Ma KOHKPETHasl peain3saliiisi MeTozia
log. [ToaToMy MeTox cieayeT MOMETHTb 08YMsi KJIOUEBBLIMII CJIOBaMH,
abstract M override, KaKk MOKa3aHO HHUXe:

abstract override def log(msg: String) {
super.log(new java.util.Date() + " " + msg)

10.7. TpenTbl c 6orartbimmn nHTepdericammn

TpeiiT MoXeT 1IMeTh Maccy BCIOMOTaTeJbHBIX METOAOB, OMIPAIOLIHX-
csi B cBoeii pabore na abctpaktHbie MeToAbl. QMM 13 NPIMEPOB SIB-
JisieTcst TpeiiT Iterator, ONMpeJessiOmMii ACCITKI METOJIOB B TEePMHHAX
abCcTPaKTHBIX METO/0B next 1 hasNext.

[TonpobyeM oGoraTHTh HAlI JOCTATOYHO XyaocouHblii API xypHai-
poBanust. O6b1yHO NpHKIaAHbIe HITEPDEIICH JKYPHATIPOBAHIS TT03BO-
JISIIOT OTIPeiesIsITh YPOBEHD KAXIO0T0 COOOLIEHHS], YTOObI OTIHYATD 00bIY-
Hble HH(POPMALHOHHBIE COOBIIEHIsT OT NMpeaynpexaeHiii 11 coobuieHui
06 ounnb6kax. Takyio BO3MOXHOCTD JIETKO MOXHO 100aBITD, He NPHHY K-
Iast MCIOJb30BaATh KaKyI0-a160 MOJITHKY AJIST BBIBOAA COOOLIeH NI,



KoHkpeTHble nons B TpeiTtax gglll..

trait Logger {
def log(msg. String)
def 1nfo(msg String) { log("INFO: " + msg) }
def warn(msg: String) { log("WARN: " + msg) }
def severe(msg: String) { log("SEVERE: ~ + msg) }

OG6pariite BiiHMaliie, YTO TENepb TPEHT npejcTaBaseT coboil KoMOu-
Hauio abCTpakTHbIX 1 KOHKPETIBIX METOIOB.

Tenepsb knace, nciob3ylomuii TpeiT Logger, CMOXET BbI3bIBATD JIIO-
ObIC 113 ITIIX MCTO/0B, HATIPHMED:

class SavingsAccount extends Account with Logger {
def withdraw(amount: Double) {
1f (amount > balance) severe( Insufficient funds™)
else ...

}

override def log(msg:String) { println(msg); }

Takoe 1crnosb30BaHIie KOHKPETHDIX 11 aOCTPAKTHBIX METOAOB LIHPOKO
ucrnosnyercst B s3pike Scala. B Java norpe6oBanoch 6b1 06bSIBUTH WH-
tepdelic 11 0THCHbHDBIIT KJ1ace, peani3youuii ero (nanpumep, Collection/
AbstractCollection HJIH Mouselistener/MouseAdapter).

10.8. KoHKpeTHble nons B TpeunTtax

[Tosie B TpeiiTe MOXCET ObITh KOHKPETHBIM HJIH abcTpakTHbIM. Ecan
B Onpe/ieJieliii MoJisl YKa3biBaeTcsl HayajlbHOE 3HayeHue, 3TO MoJie CTa-
HOBHTCSI KOHIKPCTHDIM.

trait Shortlogger extends Logged {
val maxLength = 15 // KonkpeTHoe none

Kiace, B Koropplii OyzeT mnoameliaH 3TOT TPEHT, MOJYYMT IMoJe
maxLength. B o6uiem ciyyae B kjaacce OyeT CO3AaHO OTAENbHOE MOJIe sl
Ka/I0r0 KOHKPETHOrO 10JIsl, HMEIOILETOCs B HCIOJIb3YeMbIX UM TpeHTax.
ITH N0JIs1 He HACJIEYIOTCS] — OHHU MPOCTO A006aBJAIOTCS B oakiacce. JJau-
HOC OTJIMUIIE MOXeT M0Ka3aTbCs HeCyleCTBEHHbIM, HO B [IeiICTBUTE/ILHO-
CTH OHO HIPaeT BasKHYIO PoJib. PaccMOTpUM 3Ty 0COBEHHOCTb MOOJIMXKe.
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class SavingsAccount extends Account with Consolelogger with Shortlogger {
var interest = 0.0
def withdraw(amount: Double) {
if (amount > balance) log("Insufficient funds™)
else ...

O6paTnTe BHUMaHHE, UTO Hall MOJAKJAcCC HMEET I10JIC 1nterest. 10
camoe 0ObIYHOE ToJie KJjacca.
Z[OHyCTHM, YyTO KJIaCcC Account IIMeeT IoJIC.

class Account {
var balance = 0.0

Kilacc SavingsAccount yHacredyem 1o moge, kak o6bruiio. OObeKT
KJ1acca SavingsAccount OYZIET UMETB BCE IOJIsI, OTIpeIesisieMble ero cymnep-
KJIACCaMH, HaPsIy C TOJISIMH, OTIPE/IesisieMbIMIT B caMoM Ttofikiacce. O6b-
eKT SavingsAcccount MOKHO TMPEACTaBIITh KaK <«HauliHAoUiics» ¢ o0mn-
exta cynepkiacca (puc. 10.2).

balance } 06bexT cynepknacca

interest

naxLength Mons noaknacca

Puc. 10.2. MNonga Tpeiita
BKJIOHAIOTCS B NOAKIACC

B JVM kiacc MoxeT Hacjie/JoBaTh TOJIBKO O/LHH CyNepKjacc, N03TOMy
HoJisi TpeiiTa He MOryT OBITh YHACJIe[I0BaHbl TeM ke crnocobom. Bmecto
3TOro InoJjie maxlLength nobaBJsieTcsl B KJIacc SavingsAccount BCJIGA 3a I10-
JIEM interest.

KoHkpeTHble MoJist TpeiiTa MOKHO CUNTATh <MHCTPYKIHSAMHU 1Mo c6op-
Ke» IUISl KJIacca, MCIoJib3yiowero atoT Tpeiit. Jliobble Takie nojs cra-
HOBSITCSI MOJISIMU KJ1acca.

10.9. AGCTpaKTHbIE NONa B Tpenrtax

HeunuuuannanpOBaHHoe rnoJje B TpeﬁTC CUHTAETCA a6CTpaKTHblM H
JOJIXKHO IMEPEONpeAeasaATbCS B KOHKPETHOM IMOAKJIaccCe.



[Mopsnok koHCTPYMpPOBAHUA TPEHTOB gglll.l

HaanMep, ciaeaylouiee moJje maxLength sIBJIsSIETCS a6CTpaKTHbIMI

trait ShortlLogger extends Logged {
val maxLength: Int // AGcTpakTHOe none
override def log(msg: String) {
super. log(
1f (msg.length <= maxLength) msg
else msg.substring(0, maxLength - 3) + “...7)
// None maxlLength wucnonb3yeTca B peanu3aumu

[Ipu 11C1101b30BaHMI ATOTO TPEHTA B KOHKPETHOM KJlacce HeOOX0AHMO
SIBHO OTPC/IEJIITH T0JIe maxLength:

class SavingsAccount extends Account with Consolelogger with Shortlogger {
val maxLength = 20 // Knwpuesoe cnoso override He TpebyeTcs

Tenepn Bce BbiBOAUMBIE cooblieHust 6yayT ycekatbes mocyie 20 cum-
BOJIA.

Taxkoii ciioco6 napamerpusanny TpeHTOB 0co6eHHO ymobeH, Koria
IPUXOIITCSI KOHCTPYHPOBAaTh 0OBEKTHI «HA JieTy». BepHeMcst k HaleMy
OpHUTHHAJILIIOMY KJIacCy SavingsAccount:

class SavingsAccount extends Account with Logged { ... }

Tenepb MbI MOXE€EM OpraHu30BaTb ycedyeHue COO6].I.leHI/II7l B 3K3eMILIA-
pe, KaK IMokKa3alo HHXE:

val acct = new SavingsAccount with Consolelogger with Shortlogger {
val maxLength = 20

10.10. NMopsapokKk KOHCTPYypoBaHUA
TPEuToB

Kak 1 KJIaccChbl, T[)elulTbI MOTYT HMETb B CBO€M TeJIe KOHCTPYKTOPBDI,
BBIMOJIHSIOLLIIE HHHIHAJIN3AIMIO MOoJIel 1 ApYyrHe onepauuu. Hanpnmep:
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trait Filelogger extends Logger {
val out = new PrintWriter( app log ) // YacTb KOHCTPyKTOpa TpenTa
out.printIn("# " + new Date().toString) // Tak xe 4aCTb KOHCTpykTOpa

def log(msg: String) { out.println(msg); out.flush() }

OTH MHCTPYKIHMH BBIIOJIHSIOTCS HA 3Tane KOHCTPYIIPOBaHIisl 00BHEKTA,
MOJMELINBAIOIIETO TPEIiT.

KOHCTPYKTOPBI BBIMOJIHSIOTCS B CJIEYIOLIEM MOPSI/IKE:
NepBbIM BbI3BIBAETCSI KOHCTPYKTOP CynepKJacca;
KOHCTPYKTOPBI TpeiiTa BLIMOJHSIOTCS MOC/IC KOHCTPYKTOpa Cynep-
KJlacca, HO Mepel KOHCTPYKTOPOM KJacca;
KOHCTPYKTOPBI HECKOJILKIX TPEIiTOB BHI3bIBAIOTCS B MOPSI/IKE Clle-
Ba HaIMpaBo;
BHYTPH KaXKAOTO TpefiTa POAHTENbCKIIE TPeliTbl KOHCTPYHPYIOTCS
nepBbIMHY;
€CJIN HECKOJILKO TPEiiTOB HMEIOT 0OIIEro Po/ITeisl, €ro KOICTpyH-
poBaHHe BTOPOIi pa3 HE BLINOJHSIETCS;
nocjie KOHCTPYKTOPOB BCEX TPEiiTOB BLI3LIBACTCS KOHCTPYKTOP
nojKJacca.

0O 0O 0O 0O 0O

PaccmoTtpuM, HanpuMep, cienylonii kiacc:

class SavingsAccount extends Account with Filelogger with ShortlLogger

B maHHOM ciiydyae KOHCTPYKTODPBI OYAYT BBIMOJHEHBI B CJIE/YIOLIEM
nopsiKe:

1. Account (cymepkJjacc).

2. Logger (poauTesb MEPBOro TpeiiTa).

3. Filelogger (mepBbiii TpeiiT).

4. ShortlLogger (BTOpOI TpeiiT). ObpaTHTe BHMUMAHIIE, YTO NOBTOPHOE

KOHCTPYHPOBaHHE POAMTEJIsI Logger He BLIMOJIHSICTCS.
5. SavingsAccount (KJsacc).

MpumeyaHue. KOHCTPYKTOPbL! Bbi3bIBAIOTCA B NOpsake, 06paTHOM «nuHeapu-
3auuun» Knacca. ﬂMHeapMSaLlMﬂ — 3TO CNUCOK BCeX CynepTunos AaHHOIro Tuna,
COCTaBNSIEMbIA B COOTBETCTBUW C NPaBUNOM:

If C extends C1 with C2 with . . . with Cn, then 1in(C) = C » lin(Cn)
» . . . » 1in(C2) » 1in(C1)

3HaKk » 30ecb O3Ha4aeT «KOHKareHauus W yaaneHue AybnukatoB cneea,
B NONb3Yy TeX, YTO HaxoaATcs npasee». Hanpumep:



MHuumnanusaums nonem Tpentos Eillll.m

1in(SavingsAccount)

= SavingsAccount » lin(Shortlogger) » lin(Filelogger) » lin(Account)
= SavingsAccount » (Shortlogger » Logger) » (FileLogger » Logger) »
l11n(Account)

= SavingsAccount » ShortLogger » FilelLogger » Logger » Account

(Ans npoctoThl 8 onyctun Tunbl ScalaObject, AnyRef u Any, Haxogsawwmecs
B KOHLe no6oit nuHeapu3oBaHHOW NocneaosaTensHOCTH. )

JNuHeapusaums onpeaensieT NOPSAOK pas3peLlerns AN KIOYeBoro CNoea super
B TpeuTtax. Hanpumep, BbI30B super B Shortlogger BbI3OBET METOA, B TpemnTe
FileLogger, a BbI30OB super B Filelogger BbI3OBET METOA B TpewuTe Logger.

10.11. UlHnunannsauumsa nonemn TpemnToB

TpeiiTol e MOryT 1METhb KOHCTPYKTOPOB C mapaMeTpamu. Kaxprit
TpPeiiT 1IMeeT eAHHCTBEHIIbIH KoHcmpyKkmop 6e3 napamempos.

Mpumevanue. Camoe UHTEPECHOE, YTO OTCYTCTBUE KOHCTPYKTOPOB C napa-
MeTpamMu — eAUHCTBEHHOE OTAMYNE TPEWUTOB OT KNAacCOoB, C TEXHUYECKO TOY-
Ku 3peHus. Bo BceM ocTanbHOM TpenTel 061aaaloT BCemMn YepTaMm KNnaccos,
TaknMU Kak KOHKpEeTHble U abCTpakTHbIE NONS U CynepKnacchl.

JlaHnoe orpaHHueHHe MOXET MPeBpaTUTbCs B NMpobieMy st Tpeit-
TOB, Yb€ 110BCAEHIIE JKeJaTeqbHO OblIo0 Obl HAacTpauBaTh. PaccMmoTpum
B KayecTBe MpHMepa TPeHT Filelogger. Bbuio 6bl 310pOBO MMETh BO3-
MOXHOCTDL yKa3biBaTh 1IMs (pailna >xypHaja, HO TPeHTbl He MO3BOJAIOT
onpezessiTh KOHCTPYKTOPBI C MapaMeTpaMH:

val acct = new SavingsAccount with FilelLogger(“myapp.log™)
// Ouubka: TpenTs HE MOryT uMETb KOHCTPYKTOPOB C napaMeTpamu

OnHo 113 BO3MOXHBIX pelieHiii 610 MOKa3ano B NPeAbAYILEM pa3-
nesie. Tpeiit FileLogger MOXET HMETh aOCTPAKTHOE MOJie /ISl XpaHEeHHsI
nMetn ¢aiisa.

trait Filelogger extends Logger {
val filename: String
val out = new PrintStream(filename)
def log(msg: String) { out.println(msg); out.flush() }

Kaace, ncnosp3ylomuii Takoit TpeiT, MOXET HepeonpenesnTb noJje
filename. K coxaiieHitio, TyT kpoetcs yopyiuka. [IpsamosnnneiiHoe peie-
HHE OKa3bIBaeTCs 1epaBGoTOCIIOCOOHBIM:
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val acct = new SavingsAccount with Filelogger {
val filename = "myapp.log” // He paboTaeT

ITpobnema Kpoercst B TMOpsiiKe KOHCTpylposahiist. Kouctpykrop
Filelogger BBIMOJISIETCS neped KOHCTPYKTOPOM MOJIKJIacca. 3/1ech CI0XK-
HO 3aMEeTHTb MOAKJIAcC. VIHCTPYKUIISI new CO3/ACT IKIEMILISIP aHOHIIM-
HOTO KJlacca, Hacjeaylollero SavingsAccount (cymnepkJjacc) € TpeiiToM
FileLogger. Mnumuasmisauus nojst filename NMpOICXOANT TOJILKO B aHo-
HUMHOM mozikjacce. DaxTuueckn ona BoobIIEe HE TPOHCXOMIT — TIEpes
BBI30OBOM KOHCTPYKTOpa MoAkjiacca OyzmeT Bo30YKAEHO HCKIIOYEHME,
BbI3BaHHOE ObpalleHIeM Mo MyCToil CChUIKE B KOHCTPYKTOpE Filelogger.

Pewnts aTy mpobJieMy MOXIIO C TOMOIIBIO MaJIOTOHsITHOl ocobeli-
HOCTH, paccMaTpHBaBilieiicst B riane 8: ¢ MOMOLIBIO onepedcaiow,ezo onpe-
Oenenus. Hioke 1eMOHCTPUPYETCST MPABHIIbHAST BEPCIISL:

val acct = new { // bnok onepexawuero onpeaencHusa nocne new
val filename = "myapp.log”
} with SavingsAccount with Filelogger

He ouenb kpacuBo, 1o npobaema petena. Onepesxaioniee orpezneJie-
HHe Tepell HauajaoM OOBIUHOII MOCIeI0BaTeNLHOCTII KOHCTPYHPOBAHISI.
Korza BbI3bIBaeTCs1 KOHCTPYKTOP Filelogger, moJie filename yKe OKa3bl-
BaeTCsl HHULHAIH3UPOBAIIHBIM.

Ecnn to ke camoe moTpeGyeTcst caesath B KJAcce, CHHTAKCIC 3TOIf
KOHCTPYKI[HH OYIET BBIMJISAETH TaK:

class SavingsAccount extends { // Onepexawuee onpeacnewne nocne extends
val filename = “savings.log”
} with Account with Filelogger {
// Peanuszauns SavingsAccount

Jpyroii cnocob — 1cmoib30BaTh B KOHCTPYKTOPE Filelogger JIEHHBOE
3HaueHHe, KaK MoKa3alo HHXe:

trait Filelogger extends Logger {
val filename: String
lazy val out = new PrintStream(filename)
def log(msg: String) { out.println(msg) } // override He Tpebyercs




TpenTsl, HaCNeayIoLMe KNAcchl ggllll.

Ione out GyzeT MHULMAIN3UPOBAHO HpH HepBoM obpamennn. K aro-
My MOMCHTY moJi¢ filename y)xe OyneT uHHIHas3uposano. OxHako se-
HHBBIE 3HaueH1s1 BeCbMa 1ea(hdeKTHBHDI, TOCKOJIbKY Nepel KaXKIbiM HX
1ICT10Jib30BAHIEM BbIMOJHSIETCS TPOBEPKA HHHIHATH3ALNH.

10.12. TpeiTbl, Hacneayowme Knacchbl

Kak 6b110 110Ka3aHO Bbillle, TPEHTbI MOTYT HacJe10BaTh Apyrye Tpeil-
Tbl, @ KOHCTpYylpoBatue HepapXuil TPEHTOB — BIOJHE OObIYHOE MEJO.
OnHako TpeiiTbl MOTYT TaK)Ke HAcaeloBaTh Kiaacchl. Takie KJacchl cTa-
HOBSITCSl CyllepKjlaccaMi JUisl JIIOOBIX KJIACCOB, Ky/la MOAMEIIMBAIOTCS
nogobHbie TPEiiThl.

Hudke npuBoaHTCS NpuMep, Tae TPeHT LoggedException HacJemyeT
KJlacc Exception:

trait LoggedException extends Exception with Logged {
def log() { log(getMessage()) }

TpeiiT LoggedException MMEET METOM log /JISI BBIBOJAA COODIIEHMsT U3
nckiodetinss. OOpatiTe BHHMAliME, YTO METOA log BbI3bIBA€T METOA
getMessage, yHacJjieloBallHbIi OT cynepkJjacca Exception.

Tenepnb nonpobyem chopMHpoBaTh KJjacc, NMOJAMENIAB B HEro 3ToT
TPEHT:

class UnhappyException extends LoggedException { // HacnepyeT Tpeint
override def getMessage() = "arggh!”

Cynepriiace Tpeiita CTaloBHTCSI CyMepKJIaccoM Hallero kjacca (kak
nokasaiio na puc. 10.3).

Exception «imerface»'

xeep LoggedException
A A

Unhappy

Exception

Puc. 10.3. Cynepknacc TpenTa
CTaHOBUTCA cynepknaccom noboro knacca,
KyAa NoaAMeLINBaeTCcs TpenT
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A 4TO, eciu Kyacc yke HacJlenyeT Apyroii kiaacc? B aToM HeT HIYero
0coBeHHOro, ecin 3To MOoAKJIACC cyrnepkaacca Tpeiita. Hanpumep:

class UnhappyException extends IOException with LoggedException

3nech kaacc UnhappyException HacsefyeT Kjacc IOException, KOTOPBIi
yo>Ke HacJietyeT KJacc Exception. [Ipu noxaMennBannu Tpeiita atot cymnep-
KJIaCC y’Ke TIpe/CTaBJieH, MO3TOMY HET 11e06X0MHMOCTH 100aBsTh ero.

Opnako, ecau Kjacc HacjielyeT COBeplleHHO MOCTOpOHHHIT KJiacc,
B Hero HeJib3sl OyzeT nmoamewats Tpeiit. Hanpiisep, copmitposats cie-
NYIOUIMI KJlacc He yAacTcst:

class UnhappyFrame extends JFrame with LoggedException
// Ouubka: HepoacTBeHHbE Cynepknaccs

HeBo3amoxxHo 1106aBI’ITb cpa3y ZBa cymnepkJacca, JFrame and Exception.

10.13. Co6GCTBEHHbIE TUNMbI

Korzna TpeiiT Hacsienyer kjacc, rapaHTHPYeTCsl, UTO 3TOT KJjacc OyacT
cymnepkiaccoM st Jiioboro Kiacca, moameninsaioutero tpeiit. Ojiako
B Scala uMeeTcst anbTepHaTHBHBIIT MeXaHH3M, MO3BOJISIIONIIIT 0GCCNEUIIThH
TaKylo TapaHTHIO: onpedenetue cobcmeentozo muna (self types).

Korzma TpeiiT HaunHaeTcst ¢ 0ObSIBJEHIIST

this: Type =>

OH CMOJKET MOJMEIIHBATBHCS TOJbLKO B MOAKJIACCH YKa3aHHOro THa Type.
Bocnonb3yemcst aToii BO3MOXHOCTBIO B HallleM TpeiiTe LoggedException:

trait LoggedException extends Logged {
this: Exception =>
def log() { log(getMessage()) }

O6paTuTe BHMMaHHe, YTO TpeiiT ne Hacjiemyer Kjacc Exception. Omn
NPOCTO 00BABUI COOCTBEHHBIIT TIHIT Exception. DTO 03HAUACT, UTO JAHHbI{T
TPENT MOXET MOAMEUIHBATBCS TOJNBLKO B MOJKJIACCH KJlacca Exception.

B MeTonax TpeiiTa MOKHO BbI3BIBATH JIIOObIC METO/bI COOCTBEIHOTO
tuna. Hanpumep, BbI30B getMessage() B MeToe log BIOJIHE JIOMYCTIIM,
MOCKOJIbKY M3BECTHO, UTO this HMeeT THIT Exception.
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Ecan momsITaThest moMeIaTh TPEUT B KJIacc, He COBMECTHMbIH ¢ cO6-
CTBEHIBIM THIIOM, BO3HUKHET OIIUOKa.

val f = new JFrame with LoggedException
// Oumbka: JFrame He asnaeTca nogtunoMm Exception
// cobcTeenHoro Tuna LoggedException

TpeiiT ¢ cobGCTBEHIbIN THIIOM HANIOMMHAET TPEIiT, HacJenylomuii cy-
nepiiiacc. B 0601ix ciiyuasix rapaHTHPYeTCsl, YTO B KJacce, II0AMENIMBAI0-
meM Tpeiit, GyayT NpICYTCTBOBATH MOJSI 1 METO/bI YKa3aHHOTO THMA.

CyuiectByeT HECKOALKO CHTYyaluil, Korna obbsiBjeHe cOOCTBEHHOTO
THi1a obeciieyiBaeT 6oJiblyI0 THOKOCTD, YeM HacJe0BaHUE CyTepKiac-
ca. CobcTBeHIbIC THIIBI MOXHO 1ICHOJIb30BaTD JJis1 06paGOTKM LIMKJIHYe-
CKIX 3aBHCHMOCTeli Mexy TpelTamil. Takoe MOXET CIy4uTbCs, KOTIa
HMEIOTCSI JiBa TpeiiTa, HYJIAIIHXCsT APYT B APYTE.

Cobcrnetitbie THITBI MOTYT TaKKe HCIOJIb30BaThCsl AJIsT ONpeesieHHsT
LIHIJIHUCCKIX CIMPYKMYPHHLX MUNOE — TUIIOB, IPOCTO ONMPEAEJISIONUX Me-
TOZbI, KOTOPbIE J0JIKCH HMETD KJjace, 6e3 ykasallust uMeHH Kiaacca. Huxe
TIPHBOIITCST BEPCHsI LoggedException, HCIOABL3YIOWAsI CTPYKTYPHBIA THIT:

trait LoggedException extends Logged {
this® { def getMessage() : String } =>
def log() { log(getMessage()) }

ITOT TPEiiT MOXKHO MOAMELIMBATL B JIIOObIE KJIACChl, HMEIOLIHE METOJ
getMessage.

CobGcrBennibie 11 CTPYKTypHbIE THIBI 6oJiee noapobHo OyayT paccMmar-
pusatbest B riase 18.

10.14. 3a kynucamum

Kommizisitopy Scala neo6xoaumo npeo6pa3onsath TPENiThl B KJIACCHL U
unrepgeiicot JVM. Ot Bac 1ic TpebyeTcst 31aTh, KK 3TO MPOUCXOAUT, HO
STH 3HAHIlsl MOI'YT NPHTOANTHCS B OyayLIEM.

Tpeiit, cosepskanuiiii ToJbKO aGCTPaKTHLIE METO/IbI, HPOCTO Tpeobpa-
3yetcst B Java-nnrepgeiic. Hanpiaep,

trait Logger {
def log(msg: String)
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IIPEBPATUTCS B

public interface Logger { // CreHepupoBaHHbit Java-uHTepdeic
void log(String msg);

Ecnu TpeilT 1MeeT KOHKpeTHblE MeTOAbl, TO OyaeT co3man 00beKT-
KOMIIaHbOH, CTaTHYECKHe MeTO/Ibl KOTOPOro OyIyT XpaHIITh PeaaH3aiHio
3TUX MeTtozoB Tpeiita. Hanpumep,

trait Consolelogger extends Logger {
def log(msg: String) { println(msg) }

MpeBpaTUTCS B

public interface Consolelogger extends Logger{ // Java-unTepdeic
vold log(String msg);

public class Consolelogger$class { // Knacc-xkomnaHwboH Ha Java
public static void log(ConsoleLogger self, String msg) {
println(msg);

ITH KJIacCbl-KOMMaHLOHbI 1e uMeloT noJeii. [losns B Tpeifitax npespa-
maioTcs B abcTpakTiible MeTofibl goctyna B nutepdelice. Korzna kiacce
peanusyer TpeiiT, moJist 106aBJISIOTCST B 3TOT KJ1acc.

Hanpuwmep,

trait ShortlLogger extends Logger {
val maxlLength = 15 // KoHkpeTHoe none

TPAHCJUPYETCS B

public 1nterface Shortlogger extends Logger{
public abstract int maxLength();
public abstract void weird_prefix$maxLength_$eq(int);
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CTpaHHbIﬁ METO/ 3aIllucu weird HEO6XO]_II/IM JUUISI THUITUAJIN3AIuU 110~
sist. IHiiiasisaniist noJst IPOHCXOAHT B METO/1€ MHUIIHA/IM3al[MHU KJylacC-
ca-KoMITaHbOHa:

public class ShortlLogger$class {
public void $in1t$(ShortLogger self) {
self.werrd_prefix$maxLength_$eq(15)

Korpa tpeiit noaMeitBaeTcst B KJacc, Kaacc MOJYyYUT 1oJie maxLength
¢ MetozaMil jjoctyna. KoHCTPYKTOp 9TOro kjacca BbI3OBET METOJ HHH-
LUHAJHI3ALLH L.

Ecuant tpefit nacjenyer cynepkiace, Kjacc-KOMIaHbOH He Haclexyer
aTOT cynepkJacc. BaecTo aToro cymepkiace GyzeT HacjaenoBartb 060t
KJjace, peajndylouriii TpeiiT.

YnpaxHeHusa

1. Knacc java.awt.Rectangle HMEET OYeHb yJ0OHble METOMBI translate
11 grow, KOTOpblE, K COXaJleHHIO0, OTCYTCTBYIOT B TaKHX KJaccax,
KaK java.awt.geom.Ellipse2D. B Scala sty mpobaemy snerko ucnpa-
siTn. Qupesesire Tpeiit Rectanglelike ¢ KOHKPETHBIMH METOAAMH
translate 11 grow. JloGaBbTe JioObIC aBCTPAKTHBIE METOABI, KOTOPbIC
110TPeBYIOTCSI Jyisl peajin3ariii, YToObl TPEHT MOXHO OblIO TOA-
MCIUTIBATD, KAK 110Ka3aHio HIDKe:

val egg = new Java.awt.geom.Ellipse2D.Double(5, 10,20,30) with
Rectanglelike

egg. translate(10, -10)

egy.grow(10, 20)

2. Onpeniesiire  kjnace OrderedPoint, MojMemaB  scala.math.Ordered
[Point] B java.awt.Point. Mcrnosnb3yiite nekcukorpaguueckoe yno-
patouete, To ectb (X, y) < (v, y’), ecimx <x’mwmx=x"uny <y’

3. Uccaenyiite kiacc BitSet It NMOCTPOIiTe AMarpaMmy BCeX €ro cy-
lCPKJIACCOB 1 TpeiliToB. IrHopHpyiiTe THIIbI MapaMeTpoB (Bce, YTO
BHyTpH [...]). 3ateM 1oCTpOiiTe JHHeapH3alHIo TPeHTOB.

4. Peanngyiite kjacc Cryptologger, BBIOMHsIOMMI mKdpoBanue co-
oburenii ¢ nomouipbio aaroput™a Caesar. Ilo ymosnyanuio poyKeH
1CMOJIL30BATLCA K04 3, HO [0JDKHA ObITh IPefycCMOTPeHa BO3-
MOXKHOCTDL 13MeniiTh ero. Hamiinute npisepsl MCNOJb30BaHHs
C KJIIOUOM [0 YMOJIMAHHIO 1 € KJIIOYOM —3.
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5. Cnemmduxanus JavaBeans BKiIOYaeT MHOHSATHE 06pabomuuxa
cobbimus usmenenus ceoticmea (property change listener) — cran-
NapTHBIH cnoco6 OpraHu3aunii B3aHMOAEHCTBHIT MeXIy KOMIIO-
HEHTaMH TI0CPeACTBOM HU3MEHEHHsT MX cBoiictB. Kiacc Property-
ChangeSupport SIBJISIETCST CYIEPKJIACCOM JiJisl JIIOOBIX KOMIIOHEHTOB,
KeJAIoUMX 00ecednTh NOAAEPKKY 00pabOTUIKOB COOBITII U3~
MeneHuit cBoiictB. K coxaneHnuio, xiace, KOTopsiii yxke nacjeny-
eT Apyroit cymepkJacc, Takoii Kak JComponent, JIOJI2KEH MOBTOPHO
peanusoBatb MeToxabl. Ompenesiite CBOIO peayi3aliiio Property-
ChangeSupport B BHjie TpeiiTa M MoaMellaiTe ero B KJacc java.awt.
Point.

6. B 6uGimuoreke Java AWT umeercst Kjacc Container, HacJemyio-
HIMA  KJacc Component, SIBJASIIONIMHACS KOJJIEKI[HEll 1ECKOJbKIX
KomnoneHToB. Hanpumep, Button — 3TO Component, 10 Panel — 3TO
Container. ITO NMPHMEP COCTABHBIX KOMMOHEHTOB B JiciicTBI. Brb-
JuoTeka Swing 1iMeeT KJacchl JComponent H JContainer, 1O, €CJIH
B3TJISIHYTb BHHMAaTesbHee, MOXXHO 3aMeTHTb OJ(HY CTPaHIOCTb.
JComponent nacjeayet Container, JaXke IpH TOM, UTO HCT CMbICJa
100aBJIATH ApyTiie KOMIOHENTb, HanpiMep B JButton. B imeane
TIPOEKTHPOBIIHKII TIPEANOUuIi Obl OPraHH30BaTh lepapxHio KJjac-
coB, u3obpaxkeHuyio na puc. 10.4.

Component 4——-|
A
.. Container
- h
JComponent |«
4 :
JConteiner
A
JButton
JPanel

Puc. 10.4. bonee ynayHas nepapxus
KOHTelHepoB Swing

Ho B Java ato neBoamosxxHo. O6bsichuTe, moueay. Kak Moo Obi-
JI0 Obl OPraHM30BaTh KJIacChl C MpiiMereniieM TpeiitoB B Scala?
7. CyliecTBYIOT [eCSITKI PyKOBOACTB, OMICHIBAIONIIX OCOOEHHOCTII
HCIOIb30BaHUsT TpeiiToB B si3bike Scala na mpocTeHbKIIX mpiive-
pax ¢ JaloumMi cobakaMi 1111 (HIA0COMCTBYIOMIIMIL JISITYHIKAMH.
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10.

3HAKOMCTBO C MEPAPXUSIMH, BHICOCAHHBIMHU U3 MMaJbI[a, — BECbMa
YTOMITEC/IBHOE M MaJIOIOJIe3HOe 3aHsATHe, a BOT CO3/JaHue cob-
cTBeHIoil Hepapxin AelicTByeT BecbMa npocBetsisiioiie. Co3naiite
cobCTBeHIBIT MPOCTOil MpIMep 1epapXUu TPeiiToB, IeMOHCTPH-
pyioliiii MHOroypoBHeBble TPEHTbi, KOHKPETHblE U abCTpaKTHbIE
METO/[bl, & TAKXKC KOHKPETHDLIE H abCTPaKTHDIE TTOJIsL.

B 616s110TCKE java.10 HMEETCs BO3MOXIOCTb A1006aBUTH Oydepu-
3411110 B [IOTOK BBOJA C MOMOLIbIO ieKopaTopa BufferedInputStream.
Peamzyiire 6ydepusauino kak tpeiit. st npocToThl nepeonpe-
JICJIITe MeToJ( read.

Hcuonb3yst TpeliThl sKypHaJHpoBaHUsl 13 3TOH [JIaBbl, A00aBbTe
HOJUICPIKKY KypHAJIIIPOBAHIIS B IIPCAbIAYLIEE YIPasKHeHHE, YTOObI
1IPOJIEMOHCTPHPOBATD Nporecc Gydepusauun.

Peamn3yiite kiacc IterableInputStream, HacjenyiouuMit java.io.
InputStream 11 noamMeluiBaomMii TpeilT Iterable[Bytel.
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Tembl, paccmaTpuBaemMble B 31O rnase N
11.1. UpeHTndukaTops!.

11.2. UHdurKCHbIE onepaTopbl.

11.3. YHapHble onepartopbl.

11.4. OnepaTopbl NPUCBOEHUS.

11.5. Npuopurer.

11.6. AccoumaTmBHOCTb.

11.7. MeToab! apply 1 update.

11.8. 3kcTpakTopb! .

11.9. OkcTpakTopbl C 0AHMM apryMeHToM unm 6e3 apryMeHToB .
11.10. MeTtog unapplySeq ﬁ
YnpaxHeHus.

oooco00o00oog

B 370ii r1aBe paccMaTpHBAIOTCST 0COOEHHOCTI Pea3aliii COOCTBENHBIX
onepamopog — METOJOB, CHHTAKCIIC KOTOPBIX COBMAIaeT C OOBIUHBIMIL
MaTeMaTHUeCKMMHU onepaTtopamu. OnepaTopsl YacTo HCMOJb3YIOTCS [T
onpezeneHus npedsemno-opuenmuposaniviy a3vikos (Domain Specific
Language, DSL) — MiuH1i-s13bIKOB, BCTpauBaeMbIx B si3bik Scala. Hesignovie
npeobpasoganus (HyHKIMH 1TpeoOpPa3oBaHis TIHIA, KOTOPbIE BLI3HIBAIOT-
cs1 aBTOMATHYEeCKH) — elle OAHH HHCTPYMENT, ynpolaioniiii co3aaune
npeJIMeTHO-OPHEHTHPOBAHHBIX SI3bIKOB. B aT0IT ryiase Takxke paccMaTpH-
BalOTCsI ClieajbHble MeTO/Ibl apply, update H unapply.
OcHoBHble TeMbl JalHOIT rJaBbr:
O uzentudukaTOpbl MOTYT CoJepXKaTh JiobObie anpasnTHo-1HbPO-
Bbie CUMBOJIbI HJIII CHMBOJIBI ONEpPaTOpPOB;
U yHapHble H ABYXMECTHbIC ONCPATOPbI SIBJISIIOTCST BHI30BAMIT METO-
10B;
U npuopuTeT onepaTopa 3aBUCHT OT MepBOrO CHMBOJIA, & accolia-
THBHOCTb — OT TOCJIETHETO;
Q MeToxbi apply i update BLI3BIBAIOTCS TIPU BBIYHCJEH I BbIPAXKEHHST
expr(args),
U aKCTpaKTOpbI 113BJEKAIOT KOPTEXKH MJIH TTOCJIC/IOBATCILHOCTH 3Ha-
YyeHUIl U3 BXOAHBIX apryMeHTOB .
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11.1. UpeHTudukaropbli

Mnmena nepemennbix, (Hynxipii, kiaaccoB 1 JIpPyrHx 2/eMEHTOB Ha-
3piBaloTest udenmudpuxamopamu. B Scala y Bac nmeercst 6onee Goratbiii
BIOOP HPI (PopMITpoBaHII HACHTII(hIIKATOPOB, YeM B Java. Pazymeercs,
BBl MOXKETE HPOJOJDKATH CJICNOBATH 1AGJIOHY, TPOBEPEHHOMY BPEMEHEM:
onpeuesisiTh  HIACHTHOHKATOPbI 13 TI0C/IeI0BaTeIbHOCTH  aidaBUTHO-
WipPOBBIX CIIMBOJIOB, HAuHIasl HX ¢ OYKBbI WJIH TOAYEPKHBAHMsI, Ha-
upiMep: fred12 i _Wilma.

Kak 1 B Java, B ngeutigikaropax 101ycKkaceTcst HCIOJab30BaTh CHMBO-
abt I0Onnkosa. Hanpusep, naentiipkaTopbt José WM 60¢Og SIBJISIIOTCS
JIOTTYCTHMBIMIL

Kpoate Toro, MO3KI0 HCMOIL30BATH JI0HbIE TOCJAE0BATEIBHOCTH CHM-
BOJIOB OIICPATOPOB:

Q ASCII-cunmBoibl, OTJIUHbIE OT OYKB, 1Ilp, CUMBOJIA TOAYEPKH-
Batiis, ckobox ()[1{} 1w pasgenuTeseii .,; ", TO eCTb JIoOble
CHMBOJIbI H3 YHCJA ! #$%8++-/:<=>%0\"|7;

O marematitueckite ciimsodint I0mkona 1 gpyrie cuMpoast I0mmKo-
na u3 kareropitit Sm i So.

Hanpiamep, B 1aentigHKaTopax MOXHO HCMO0JIb30BaTh CUMBOJIB *+ U
V. Cosnas onpezesetine

val ¥ = scala.math.sqrt _

BbI CMOXCTC HCI10JIb30BaTh BbipaskeHiie V(2) JUlsi BbIYHCJIEHHsT KBafpaT-
HOTO KOpHSsl. ITO MOXCT OKa3aTLbCsl OTJIMYHOII Hjeell, ecan cpeaa npo-
rpaMMIIPOBAIs TTO3BOJISICT JIETKO BBOAUTDL MOJ0OHbIE CUMBOJIBL.
Haxoner, npi ncriosib3oBatii 00paTHbIX anmocTpodoB AOMYyCKAETCst
HCIIOJIL30BATD 110CJI€I0BATEIbHOCTH JII0ObIX CHMBOJIOB. Hampumep:

val ‘val' = 42

ITo He camblii MOKa3aTeJbHbIil 1IpHMep, 10 oOpaTHbie anocTpodsl
MOTYT IHOI/Ia 0KA3aThCsl «CracaTeJbHbIM Kpyroam». Hampumep, B si3bike
Scala yield sipjisietcst 3ape3epBIPOBAHHLIM CJIOBOM, TEM He MeHee, HC-
10J1b3ys1 06paTiibie anocTpodbl, Bb 110J1y4aeTe BO3MOKHOCTb 00paILaTh-
Csl K METOJLy Java ¢ TeM >Ke HMeHeM: Thread. 'yield ().
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11.2. UHPuKCcHbIe onepaTopbi

Mook1o Hamicarh:

a identifier b

rze identifier o603HAYAET METO/ C ABYMsI mapameTpamil (OHI HesIBHDII
U apyroi — siBublit)'. Hampumep, Buipaxeniic

1 to 10

B I€HICTBUTENLHOCTH SIBJISIETCSI BHI30BOM METOA

1.to(10)

Takoe BbIPaX€HHE€ Ha3bIBACTCsI uu(])uxcubuu, IMMOTOMY UYTO OnepaTop
pacnoJjiara€Tcsa Mexay apryMeHTaMmi. OnepaTop MOJKET COAepiKaTh 6yK'
BbI, KaK Omneparop to, HJIM CUMBOJIbI ONIEPATOPOB, HATIPHMEDP

1 -> 10

— 9TO BbI3OB METO/la

1 .->(10)

YroObl ONMpenesnTh OMEpaTtop MAJsi COOCTBEHHOTO KJAcCca, MPOCTO
OTpefiesIUTE METOM C UMEHEM JKejlaeMoro omnepatopa. Hanpumep, Huxe
NPUBOAUTCST OObsIBJIEHHE KJacca Fraction, peasii3ylOUIEr0 YMHOXeHHe
IBYX PallMOHAJILHBIX YHCEJI, COTJIACHO MpaBHIy

(n,/d)x(n,/d)=(nn,/dd,)
class Fraction(n: Int, d: Int) {
private int num = ...

private int den = ...

def «(other: Fraction) = new Fraction(num = other.num, den = other.den)

' B jaHHoM ciyyac MCTOJL C OJLHIIM [1aPaMCTPOM HCIOJIB3YCTCsl KAk (DyIIKILHST
C ZIByMsl TTapaMcTpamMi, HEepBLIi-H3 KOTOPLIX Hesiibli (th1s), a Bropoil — sB-
unlii napamerp merona. — Ipun. peo.
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11.3. YHapHble onepaTtopbl

Wndukcubie onepatopnl — 3T0 IBYXMECTHbIE ONEPATOPbl, OHU UMEIOT
nBa napasmetrpa. Oneparop ¢ OHIIM [1apaMeTPOM Ha3bIBAETCS 00HOMeC -
nolm, 1wt ynapnoy. Eciin Takoii oneparop cilellyeT 3a apryMeHTOM, OH
1a3bIBACTCsI nocmurcvizm. Boipaxenue

a 1dentifier

— 9TO BBI30B McTOJA a.1dentifier(). Hanpumep, BoipaxkeHne

1 toString

— I9TO (l)lll(’l"ll‘lCCKll BbI3OB METOda

1.toString()

B kauecrne npeghuxcnoix, To eCTh Hepei apryMelToM, MOXKHO HCIOJIb-
30BaTh YCThIPC OmepaTopa +, -, !, ~. On npeoOpasyloTcsi B BbI30OBBI Me-
TOla C 1iMeHeM unary_operator. Hanpimep,

-a

COOTBCTCTBYCT BbI3OBY a.unary_-.

11.4. OnepaTtopbl NPUCBOEHUS

OnepaTop [IpHCBOEHHS HMEET BHJ operator=, a BbIpa>K€eHHE

a operator= b

O3HavaceT BbI30B

a = a operator b

Hanpumep, HHCTPYKUHMST a += b 9KBUBAJIEHTIIA HHCTPYKIMH a = a + b.

Hinke nepeyucienbl HEKOTOPble TEXHHYECKHE 0COOEHHOCTH.

Q Omneparopbt <=, >= 1 != He SIBJISIOTCs ONEPaTOPaMU MPUCBOEHMUSI.

O Oncparopst, HauHHAIOLIMECsT C CHMBOJIA =, HUKOTJ]A HE PacCMaTpH-
BAIOTCSI KAaK OnepaTopbl MpHCBOEHUsT (==, ===, =/= U T. IL.).

O Ecau 1Meertcst METO C MMelieM operators, BbI3bIBAETCS] HENOCPE-
CTBCHHO 9TOT METO[L.
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11.5. Mpuopwurter

Korza B ogHOM Boipaxkennn 6e3 ckoGOK IaieeTcs ABa 11111 60Jiee ore-
paToOpOB, NepBLIM Oy/IET BBIMOJHEH HMEIOUHIT HAIBBICHII npuopumen.
Hanpumep, B BbipaskeHHH

1+2 «3

orneparop + OyleT BBINOJHEH MepBbIM. B sI3pIkax mporpamMMiipoBaniis,
TakUX Kak Java n C++, onpezneseHo (pMKCHPOBAHHOE KOJIIIUECTBO OIle-
paTOpOB, ¥ OHU CTAHAAPTHBLIM 06PA30M OMPCACIISIOT MPHOPIHTCTHI Ole-
patopoB. B si3bike Scala koJi14ecTBO OMEPaTopoB HE OrpanHuIIBAETCS],
M03TOMY B HEM HCIIOJNL3YeTCs CXeMa OMpe/eseHiisi IPHOPHTETOB, pac-
TIPOCTPAHSIIONIASICST HA BCE OMEpPaTopbl H COOTBETCTBYIONAS 0OiIeNpH-
HSITBIM TPaBUJIaM [JIs1 CTAHJAPTHBIX ONMEPATOPOB.

VckimoveHite coCTaBJISIIOT ONEPATOPD TPHCBOEHIISI, PIIOPHTET KOTO-
PbIX OTPEMEJISIETCS] NEPBbIM CUMBOIOM OTIEPATOPA.

BbiCWwnin NpMopuTeT: CUMBON ONEpaTopa OTANYAETCs OT TeX, YTO HUXe
/%

+ -

CumBoNbI, HE ABNSIOWMECH CUMBOIaMK ONEepaTopos
Hu3wuin npuopuTeT: oneparopb! MPUCBOEHUS

CuMBOJIbI, YKa3aHHbie B O/IHOI CTPOKe, B TabJIIIIIE Bblllle, IIMEIOT OfH-
HaKoBbIil mpuoputeT. Hampumep, onepaTopst + 11 -> HMEIOT OJHHAKOBDII]
NPHUOPUTET.

[MocTdukchbie onepaTopsl UMEIOT GoJiee HU3KUIT TPUOPHTET B CPaB-
HeHHU ¢ MHGUKCHBIMU onepaTopamu. Hampumep, Bbipakenue:

a infixOp b postfixOp

PaBHOCHJIbHO BbIpaXX€HHIO

(a infixOp b) postfixOp
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11.6. AccoumaTuBHOCTb

Korza uneercst 1ociie/loBaTeibHOCTL ONEPATOPOB € OAMHAKOBBIM
OPHOPIHTCTOM, HOPSIOK HX BBIMOJHEHHsT (CJIeBa HAMPAaBO MJIK CIpaBa
HAJICBO) ONPCUCJISIeTCsl HX accoyuamusnocmoio. Hanpimep, BoipaskeHue
17 - 2 - 9 OyJieT BbIUIICICHO KaK (17 - 2) - 9. OnepaTop - SIBJISIETCSI IEBO-
ACCOIHATHBHDIM.

B Scala Bce onmepartopbl siBJISIIOTCSI 1€BOaCCOLHATUBHBIMU, KPOME:

O oneparopos, 3aKaHyHBaIOIHXCsT ABOeTOYHEM (:);

O oirepaTopoB NpIHCBOEHIISI.

B uacTiocTi, onepatop :: KOHCTPYHpPOBAaHHS CIIICKOB SIBJISIETCS Tpa-
BoaccouHatusibiy. Hanpumep,

102 10 N1l
O3Ha4yaeT
100 (2 0 Nl)

MMernio tak 1 Z0JOKHO ObITh — CHAvaIa HEOOXOAHMO CO3AATh CIHCOK,
coziepKaliHii 2, 1ocjic 4ero 9TOT CIHCOK CTAaHOBMTCS KOHIIOM CITHCKA,
Haulmaiouerocsi ¢ 1.

ITpaBoaccouaTiBIbLi ABYXMECTHBIIT OepaTop — 3TO METOZ BTOPOTo
aprymenra. Hampimep,

2 :: N1l
o3HayaeT
Nil.::(2)

11.7. MeToabi apply n update

Scala nosBosisieT pacnpocTpaHITh CHITAKCUC BbI30BA (PyHKUMIT

f(argl, arg2, ...)

Ha 3Ha4eHsI, He sBJstiomnecst GyHKuusMu. Ecu f He siBsietcst pyHK-
1Hell MM METOZOM, TOTIa 3TO BbIpaXKeHue OYAeT IKBUBAJIEHTHO BBI3OBY

f.apply(argl, arg2, ...)
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€CJI1 OHO Heé HAXOJUTCS CjieBa OT OIlepaTopa NMPUCBOEHU:. BHPZDKGHI/IC

f(arg1l, arg2, ...) = value

COOTBETCTBYET BLI3OBY

f.update(argl, arg2, ..., value)

ITOT MEXaHU3M HCIOJb3YETCsI B OOBIYHLIX 1 ACCOIHATHBHBIX MACCH-
Bax. Hanpumep:

val scores = new scala.collection.mutable.HashMap[String, Int]
scores(”"Bob™) = 100 // Bu3oseT scores.update(Bob”, 100)
val bobsScore = scores("Bob”) // Bw3oseT scores.apply(“Bob™)

MeTon apply Takye YacTO HCIOJIL3YEeTCsl B 00BbeKTax-KOMMaHboHax
[71s KOHCTPYHPOBaHHUsT 06BHeKTOB 63 1CHOJb30BalllsT KJIIOYEBOro CJI0BA
new. Hanmpumep, paccMOTpuM Kjacc Fraction.

class Fraction(n: Int, d: Int) {

object Fraction {
def apply(n: Int, d: Int) = new Fraction(n, d)

Baaromapst MeTomy apply Mbl MOXKEM KOHCTPYHPOBaTh OOBEKTHI pa-
LUOHANBHBIX YHCEN Kak Fraction(3, 4) BMecTO new Fraction(3, 4). Ha
HepBbIH B3I/, 9TO HE KaXKeTCsi GOJIBIIMM IPeHMyLIeCTBOM, 10, KOrja
HUMeeTCsl MHOXKECTBO 3HavyeHHIl Fraction, TaKoe yCOBEpPIICHCTBOBANUE
CTAHOBHUTCSI OCOGEHIO YAOOHBIM:

val result = Fraction(3, 4) - Fraction(2, 5)

11.8. DkcTpakTopbI

Ixcmpakmop — 3TO 00BEKT C METOAOM unapply. MeTon unapply MOX-
HO CYMTATh MPOTHBOIOJIOKHOCTHIO METOAY apply 0OBEKTAa-KOMIAHbOHA.
Meton apply NpHMHHUMAET MapaMeTpbl KOHCTPYMPOBAHUS I MpeBpallaeT
uX B 06beKT. MeTox unapply MpHHUMAET OOBEKT M H3BJIEKAET 13 HEro
3HAYeHUs!, OGBIYHO HAa OCHOBE KOTOPHIX ObLI CKOHCTPYHPOBAH OOBEKT.
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Paccmorpum ksace Fraction M3 mpezblayiiero pasiesa. Merton apply
cosgaer 0OBEKT PalioHaJbHOTO YHCAA U3 YHCJNTENS U 3HaMeHaTess.
Metoz unapply BO3BpalllaeT YHCAUTEADb 1 3HaMeHaTeab. Ero MOXHO HC-
NoJbL30BaTh B Olpe/iejieHHIl TepeMeHHOil

var Fraction(a, b) = Fraction(3, 4) =+ Fraction(2, 5)
// a, b MHAUMaNM3NPYNTCH 3HAYEHUSIMA YUCIUTENS W 3HameHaTens peaynbrarta

IJIIT B CONOCTaBJIEHHH C 06p83HOM

case Fraction(a, b) => ... // a, b CBA3LBANTCH C HMCAUTENEM U 3HAMEHATENEM

(TToapobiiee o corocTassieHiH ¢ 06pasuaMH paccKkasblBaerTcs B r1aBe 14.)
Onepauiisi conocrapieliisi ¢ 00pa3loM BooOle MOKET TEPHETh He-
ynauy. Taxim obpasom, MeTon unapply BO3BpamiaeT o6bekT Option. OH
COJIEPXKHT KOPTEX C ONHHUM 3HAYEHHEM JJIsl KKAOH COOTBETCTBYIOLIEi
nepeMennoii. B gannom ciayuae Mol nosyuuM Option[ (Int, Int)].

object Fraction {
def unapply(input: Fraction) =
1f (input.den == 0) None else Some((input.num, input.den))

Tonbko uTOObI TOKA3aTh, YTO TAKOE BO3MOXKHO, 3TOT METO/I BO3Bpalla-
et None, ecJIil 3HaMeHaTesIb PaBeH HYJO, CBUAETENLCTBYSI 00 OTCYTCTBUH
coBmagensl.

B mpexbigyuieM npumMepe MeTOALI apply M unapply BBIINOJIHSIOT MPO-
THBOIOJIOXKIbIE OMEPAUMHU MO OTHOIIEHHIO APYT K Apyry. OmHAaKo 3TO
coBceM 11e006513aTe/ILHO. DKCTPAKTOPBI MOXKHO HCIOJIb30BATh /1151 U3BJIE-
yenust HuopMannn U3 00bEKTOB JTI060r0 THIIA.

Hamnpumep, 10MycTiM, 4TO HEOOXOAUMO U3BJIEYDb UMsI ¥ (PAMHIIHIO U3
CTPOKI:

val author = "Cay Horstmann”
val Name(first, last) = author // Bw3oset Name.unapply(author)

Peamnizyem 00BbeKT Name C METOILOM unapply, BO3BpaujaiomumM Option
[(String, String)]. Ecin comocranseHue YBEHYAETCsl YCIIEXOM, 6yﬂeT
Bo3Bpaulciia napa ¢ uMenem u (damuneil. KoMrnoHeHTs! napsl OyayT
NPHCBOEHDI IIEPEMEHIDBIM B obpasue. B NPOTHBHOM CJlyyae 6yaeT BO3-
BpalleHOo 3Hauetlie None.
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object Name {
def unapply(input. String) = {
val pos = 1nput.indexOf(" ™)
1f (pos == -1) None
else Some((1nput.substring(0, pos), 1nput.substring(pos + 1)))

Mpumeuanue. B atom npumepe He onpepensietcs knacc Name. O6bekT Name —
3TO 3KCTPAKTOp Anst 06BLEKTOB String.

Bce case-kyaccbl aBTOMATHYECKI! TOJIyyaloT METOALI apply I unapply.
(Case-knaccel 06cysxaaiorest B rnase 14.) Hanpiaep, B3rastnuTe 1a cue-
nyloiliee OIpezesieHue:

case class Currency(value: Double, unit: String)

Co3nartb 3K3eMILISIp Currency MOXIIO TAKIIM OOPA30M:

Currency(29.95, “EUR™) // BuwsoseT Currency.apply

A H3BJIeYDb 3HAYEHHUs 113 00DBEKTaA Currency:

case Currency(amount, “"USD") => println("$" + amount)
// Bw3oseT Currency.unapply

11.9. IKCTpaKTOpPbI C OAHUM apPryMeHTOM
uwnu 6e3 apryMeHToB

B Scala e cyuiectByer xoptexeil ¢ o anementonm. Eciit ameton
unapply M3BJIEYET €JUHCTBEHHOE 3HAY€HIIe, OH IPOCTO JIOJIXKEH BEPHYTD
00beKT Option LeseBoro Tuna. Hampumep:

object Number {
def unapply(input: String): Option[Int] =
try {
Some(Integer.parselnt(input.trim))
} catch {
case ex: NumberFormatException => None
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C 1momoIpio 3Toro 9KCTPAKTOPpa MOKHO M3BJIeYb YUCJIO U3 CTPOKMU:

val Number(n) = “1729~

IKCTPAKTOP MOJXKET IPOCTO MPOBEPSITh BXOAHOE 3HAYEHUE, HUYETO He
n3piekas. B atom cilyyae mMeton unapply 0JIKeH BO3BpalliaTh JIOTHYE-
ckoe 3navenine. Hanpumep:

object IsCompound {
def unapply(input: String) = 1nput.contains(” ™)

IKCTPAKTOP MOKHO HCIOJAb30BaTh [Jisi 100aBJIEHHsl TIPOBEPKU B 00-
pasel, HanpiMep:

author match {
case Name(first, last @ IsCompound()) => ...
// Cosnapner, ecnu asTop Peter van der Linden
case Name(first, last) => ...

11.10. MeToa unapplySeq

Yrobbl 113BJIeYb MPOM3BOJILHYIO MOC/IE/0BAaTENbHOCTh 3HAUEHMUI, He-
00XOAIIMO BBI3BATL METOX unapplySeq. OH Bo3BpaiuaeT Option[Seq[A]], rae
A — THI 13BJIcKaeMbiX 3Havyenuil. Hampumep, akcTpakTop Name MOXKeT
BO3BpallaTh MOCJe/0BaTeJIbHOCTL KOMIIOHEHTOB HMEH:

object Name {
def unapplySeq(input: String): Option[Seq[String]] =
1f (1nput.trim == ") None else Some(input.trim.split("\\s+"))

Teuepb B COIIOCTABJECHHH MOXXHO yKa3aTh MPOU3BOJIbHOE KOJIUYECTBO
InepeMeHHbIX:

author match {
case Name(first, last) => ...
case Name(first, middle, last) => ...
casc Name(first, “van™, “der”, last) => ...
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YnpaxHeHus

1.

2.

Kak 6yayT BBIMHCAATHCST CJAEYIOUME BHIPAXKEHIISI C YUETOM Mpa-
BWJI TIPHOPUTETOB: 3 + 4 -> 5 1 3 -> 4 + 57

Knacc BigInt 1MeeT MeTOX pow, HO He IIMeeT COOTBCTCTBYIOLIETO
oneparopa. [Touemy cosparenn 6ubmiorexi Scala iie 1cnosb3oBa-
i «+ (xak B Fortran) mmn - (kak B Pascal) B kauectse oneparopa
BO3BE/IEHUS B CTENEHb?

Peanuayiite kyacc Fraction ¢ onepautsiMil + - = /. Peannayiite nop-
MaJIM3alHI0 pallHOHAILHBIX YHCEJ, HAMpIMep YToObI uiicyao 15/-6
npeBpamanoch B —3/3, a TakxKe AeJaeHice Ha Hanbosbuii oommuii
JleJIUTENb, KaK TOKa3aHO HIDKeE:

class Fraction(n: Int, d: Int) {
private val num: Int = 1f (d == 0) 1 else n » sign(d) / gcd(n, d);
private val den: Int = 1f (d == 0) 0 else d = sign(d) / gcd(n, d);
override def toString = num + “/" + den
def sign(a: Int) = 1f (a > 0) 1 else 1f (a < 0) -1 else 0
def gcd(a: Int, b: Int): Int = 1f (b == 0) abs(a) else gcd(b, a % b)

}

Peanusyiite ksacc Money ¢ TOJSMIH [AJsSI BbIPaKEHIsT CYyMMbI
B JI0JJ1apax It 1entax. Peannayiite oneparopsl +, -, a Tak)Ke OMc-
patopbl cpaBHenitst == 11 <. Hampiimep, Boipaskenue Money(1, 75) +
+ Money(0, 50) == Money(2, 25) JIOJXKHO BO3Bpawwarth true. Cicnyer
JIM TaK)Ke peasiii3oBaTh ornepaTopst « 11 /? ITouemy «ia» i mo-
yeMy <HeT»?

Peanuayiite oneparopsi KoHcrpyiposatisi HTML-rabmimbl. Ha-
NpUMep, BbIpaskeHIiie

Table() | “"Java” | “Scala” || "Gosling™ | “Odersky” || "JVM" | "JVM, _NET"

HOJIX)KHO BO3BpaliaTb

<table><tr><td>Java</td><td>Scala</td></tr><tr><td>Gosling. ..

PeanuayiiTe kaacc ASCITArt, 06BCKTBI KOTOPOTO coziepKaT (hHrypbl,
TaKie Kak

AN
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10.

Io6asbre omepaTopsl isi 00beAUHEHHST ABYX (GUTYP ASCIIArt IO
rOPH30HTAJIH

AN
(" ") / Hello \
( - ) < Scala |
|| \ Coder /
(1) ==---

W 110 BepTHKaIM. Bbibepute orepatopsl ¢ COOTBETCTBYIOUIMMH
NPHOPUTCTaMH.

Peanuayiite kiacc BitSequence 1i1st xpanennst 64-6UTHBIX 10Ca€N0-
BaTeJibHOCTEll B BUJE 3HaUYeHHUIi THna Long. Peanuayiite onepaTopbl
apply 11 update JUUISI TIOJYYEHUS] H YCTAHOBKH OTAENBHBIX OUTOB.
Peanngyiite kiacc Matrix — BbIOEpHTE CaMil, KAKYI0 MaTPHILy pea-
JIM30BaTh: 2 X 2, KBaJlpaTHYIO NMPOM3BOJILIIOrO pa3Mepa WJIM Mart-
puny m x n. Peanusyiite onepauuu + u . Ilociaennsas nomxHa
TaK>Xe T03BOJISATbL BBLIIOJHATL YMHOMKEHHE Ha CKajsp, HalpuMmep
mat » 2. E/utncrsenblii ameMeHT MaTpULbl JOTKEH OBITh JOCTYIIEH
KakK mat(row, col).

Omnpezesiite onepauiio unapply AJst kjacca RichFile, u3BjeKaro-
myio nyth K (aiiny, nmst 1 pacuupenie. Hanpumep, daitn /home/
cay/readme. txt IIMEET IyTb /home/cay, IIMSI readme M pacCIIMPEHHE txt.
Omnpezeaiite onepariio unapplySeq UIs1 Kjlacca RichFile, H3BJeKalo-
niy1o Bce cerMenTnl nyTH. Hanpumep, ans daitna /home/cay/readme.
txt JloJoKHA ObITL BO3Bpallelia HOCAeJ0BAaTEIbLHOCTh U3 TPEX Cer-
MEHTOB: home, cay I readme. txt.
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12.1. DyHKUMN KaK 3HAYEHUS.

12.2. AHOHUMHbIE DYHKUUN.

12.3. OyHKUMM C PYHKLMOHANBHBIMU NapaMeTpamMu.
12.4. BboiBOA, TUNOB.

12.5. MNone3Hble GyHKUUU BbICLLEro Nopsaka.
12.6. 3ambikaHua.

12.7. NpeobpazosaHne ¢yHkuMii B SAM.

12.8. KappuHr.

12.9. A6CTpakuusa ynpasnsaowmx KOHCTPYKUMNA.
12.10. BoipaxeHue return.

YnpaxHeHnus.

o000 0000ooo

SI3bik mporpammupoBatiist Scala coesnusier B ce6e 4epThl 00BEKTHO-OPH-
EHTHPOBAHHOTO M (hYHKIHOHAJIBHOTO MporpammMiposaiisi. B ¢gynkigio-
HAJIBHBIX SI3bIKAX MPOrPaMMHPOBaHIisl (DYHKIHH CUIITAIOTCS] OOBIYHBIMIIL
00DbEKTaMH, KOTOPblE MOXKHO TEepeiaBaTh KaK JIOObIC JIPYTIIC JIAIHBIC I
MaHHITYJIMPOBaTh HMIL. IJTO OYeHb YI00HO, Korjia TpeGyeTcst rnepenathb
B QJrOPUTM HEKOTOpylo omepaunio. B ¢ynukyuonarviion s3vike nocra-
TOYHO 3aBEPHYTb Onepaiuio B (hbyHKIIIO I Mepe/laTh eC KaKk rapamerp.
B 3T0ii rs1aBe BbI yBHANTE, KaK padoTaTh ¢ (hyHKITHSIMIL, MPHHHMAION{IIMIT
WM BO3BPALIAIONIMMH JIPYTHE (DYHKIIII.
OcHoBHbBIE TEMBI 3TOIT IJIaBbl:
Q ¢yuxyuu B Scala — 910 <«00BIUIIBIC OOBEKTHI», KaK, HanpiMep,
UKCIIa;
O umeeTcst BO3MOXKHOCTb CO3/1aBaTh aHOHIIMIbIE (DYHKINHI, OOBIYHO
IUIst iepefayn ApyriM (yHKIHsIM;
O aprymeHT-(DyHKIUST ONpenessiet ACiicTBIsl, KOTOPHIC JIOJKHbBI
OBbITh BBIMOJIHEHDI MTO3/IHEE;
O MHorue MeTozbl KOJUIEKIHIi MPHHHMAIOT (DYHKIII B KaUCCTBE Ma-
PaMeTpoB ISl TIPHMEHEH ST 11X K 3HAYEeHHSIM B KOJIJIEKLIISIX;



chHKLLMM KQK 3HQ4YeHUs g!lll..

U cyuiecTByeT COKpaleHHBIH CHHTAKCHUC OIpPEeeJIEHUs] TapaMeTPOB-
(hynxunii, ynpouaouii 11 objerdaomuii yteHre Takux ornpese-
JieHuii;

QO nMeercst BO3MOXHOCTb €O37aBaTh (hyHKIMH, AeHCTBYIOLME Kak
6J10KH KOJA It BBIMJISIAsIINE KAK BCTPOEHHbIE HHCTPYKLUH.

12.1. ®YyHKUNM KAK 3HAYEHUS

B Scala ¢ynkipin sBasiiorcst «06bIYHBIMI OOBEKTAMH», KaK, Hallpu-
mep, uncya. OyHKIn MOXKHO COXPAHSITh B MEPEMEHHBIX:

import scala.math._
val num = 3.14
val fun = ce1l _

Jror ¢hparMCHT COXPAHIT B IIEPEMEHHOIil num 4yucJIO 3.14, a B mepe-
Mennoii fun — ¢ynkuiio ceil.

CumoJ _, cieayiouitii 3a umeneM (pyHKUIHH ceil, YKa3bIBaeT, 4TO
B JeiiCTBHTEILHOCTIH HMEETCSl B BHAY (DYHKIHSI H HY)KHO He 3abbITh
nepeznartb cii apryMenTbl.

Mpumeuyanne. TexHnyeckn cUMBON _ Npespawlaer MeTtoq ceil B GyHKUMIO.
B Scala MOXHO MaH1NynMpoBaTb TObKO YHKUNAMWN.

Ecyit nonpiratbest BbinoJHuTh 310T Koi B REPL, nepemennast num
MOJIYUHT, YTO HEYAHBHTEIbHO, THI Double. Tun mepeMmeHHOil fun GymeT
ompezesell Kak (Double) => Double — TO eCTb KaK (hyHKI[UsI, TPUHUMAIO-
Hiast 11 BO3Bpaulalouias 3Havete Tina Double.

Yro moxkHo nesath ¢ GynxipsiMi? se oneparuu:

Q go3vieamo 11x;

U nepegasaTth B BHJC 3HadeHHil, COXpaHsIsi B TepeMEHHBIX HJIM mepe-

Jasast (PyHKIIsiM B BlZIe napamempos.

Huke nokazano, Kak BbI3BaTh (PYHKI[HIO, XPAHSIIIIYIOCS] B TIepeMeHHOI
fun:

fun(num) // 4.0

Kax BHIHTE, JIONMYCKAETCS HCIOJIb30BATh Hp“BbHﬂHﬂﬁ CHHTAKCHC BbI-
30Ba (l)ylll(llllll. Exnncrseninoe otvne B TOM, YTO fun — 3TO nepemei-
nast, CO()@[)JICCIMCU[ (/)yIIKMlHO, a He HEeKoTopast Q)IIKCIIPOBaHHaﬂ (1))’]{}([[1/151.
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Hmxe noxasano, xax nepezmath fun Apyroil (pyHKIIuM:

Array(3.14, 1.42, 2.0).map(fun) // Array(4.0, 2.0, 2.0)

Meton map npuHHMaeT (DYHKUMIO, TPUMeEHSIET €€ KO BCEM 3HAUEHUsIM
B MacCHBE U BO3BpalllaeT MacCHB 3HaAYeHMIH, KOTOpbie BepHYJIa (DyHKIIHUSI.
B aT0it rnaBe Bbl yBHANTE MHOXKECTBO JPYTHX METO/O0B, MPHHHUMAIOIIMX
(pyHKLIHU B BUIE TAapaMeTPOB.

12.2. AHOHUMHbIE PYHKLUUN

B Scala Heobsi3aTenpHo faBaTh MMeHa BceM (hYHKIMSIM, KaK Heobsi3a-
TeJIbHO AaBaTh MMeHa BceM uncyaM. Huxe neMonctpupyercs anonumnasn

dynxyus:

(x: Double) => 3 » x

Jrta GYHKIMST YMHOXKAET CBOI aprymeHT Ha 3.
Pazymeercst, 3Ty (hyHKIHIO MOXKHO ObLJIO Obl COXpPAHHTh B repeMer-
HOM:

val triple = (x: Double) => 3 » x

1O PaBHOCHJIBHO HMCITOJIb30BaHHIO omnpezeaens def:

def triple(x: Double) = 3 « x

Ho Bb1 He 06s13aHbI 1aBaTh HMeHa hyHKsiM. DyHKIMIT MOXKHO Mpoc-
TO nepejaBaTh APYTHM (DYyHKLISIM:

Array(3.14, 1.42, 2.0).map((x: Double) => 3 » x)
// Array(9.42, 4.26, 6.0)

3/ech MbI COO0IIIAEM METOY map: «YMHOXIITh KaXKADbIIT aJ1eMenT Ha 3».

Mpumevanue. Mpun XxenaHnn apryMmeHTbl GYHKUMN MOXHO 3akntodatb B du-
rypHble ckobku, Hanpumep BbI30B

Array(3.14, 1.42, 2.0).map{ (x: Double) => 3 » x }
MOXHO 3anucatb B 6onee pacnpocTpaHeHHON MHDUKCHOM HoTaumm (6e3 Touku)
Array(3.14, 1.42, 2.0) map { (x:. Double) => 3 + x }
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12.3. PyHKUUU ¢ PYHKLUNOHAJIbHBIMU
napameTpamm

B arom paszene Oyzer noxasano, Kak peaau3oBaTh (yHKUHIO, MPH-
HIMaIoLLYI0 APYryio (yHKIIIO B KayecTBe napamerpa. Hanpumep:

def valueAtOncQuarter(f (Double) => Double) = f(0.25)

ObpartiiTe BHIIMAIIIE, YTO MAPAMETPOM MOXeT ObTh 06as GyHK-
ST, IPHIIMAIOLIAs! 1 BO3Bpalaiomas 3uavenne THna Double. (DyHKLMA
valueAtOneQuarter liepeiiaeT 3Toil yHKIIHH 0.25 11 BO3BpalllaeT MoJyyeH-
Hoe 3HaueHiic.

Hanpumep:

valueAtOneQuarter(ce1l
valueAtOneQuarter(sqrt

2 /710
_) // 0.5 (notomy uto 0.5 x 0.5 = 0.25)

Kakoii Tii1 1aeet (pynxuiist valueAtOneQuarter? 9To (PYHKIHS C OTHUM
[1apaMeTPOM, MOITOMY ec THII 3aMiIChIBACTCs TakK:
(parameterType) => resultType

Tun pesynvrara resultType, oueBUHO, uMeeT Ti Double, a TUIT Mapa-
metpa parameterType yxe olipeneJiell B 3aroJioBKe (pyHKIHHU Kak (Double)
=> Double. To ectb hytkumst valueAtOneQuarter MMeeT THI

((Double) => Double) => Double

[TockosbKy valueAtOneQuarter — 3TO (PYHKIIHsI, MPUHUMAIOIIAS APYTYIO
(ynxumio, ona nasbiBaercst ynkyueti svicuwezo nopsdka (hight order
function).

DynKuHI BLICUIETO HOPSIAKA MOTYT TaKKe go3spawamy gynxyuu. Hu-
e MPHBOJANTCS IIPOCTOIl MpiMep Takok (PyHKIHH:

def mulBy(factor . Double) = (x : Double) => factor » x

Bbi3oB mulBy(3), nanpumep, BepHeT GyHKUMIO (x : Double) => 3 « X,
KOTOPYIO BbI y2Ke BIlJeJIT B Mpeablayliem paszesie. Bes npesnectd GyHK-
LU mulBy B TOM, YTO OHA MOXKET BEPHYTb (PYHKLHMIO, BBHITOJHSIONLYIO
YMHOXCHIIE Ha Jioboe unciIo:

val quintuple = mulBy(5)
quintuple(20) // 100
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CDyHK]lI/ISI mulBy MMeeT mapaMmeTp THUIA Double ¥ BO3BpalIaeT (PYHKITHIO
THUna (Double) => Double. To ecTh oHa HIMEET THII

(Double) => ((Double) => Double)

12.4. BbiBO4 TMNOB

Ilpu nepenauye aHoHMMHOI (YHKIHH APYroil (h)YHKUIH 1T METOIY
Scala aBromMaTHyecku BBIBOAUT THITHI, KOTJIa 9TO BO3MOXHO. Harpumep,
BaM Heo0s13aTeIbHO MUCATh

valueAtOneQuarter((x: Double) => 3 « x) // 0.75

[Tockonbky MeTozn valueAtOneQuarter 3HAET, YTO eMy Oy/IeT repeaaBaTh-
cst GyHkumst TMma (Double) => Double, MOKHO MPOCTO 3amHcaTh

valueAtOneQuarter((x) => 3 » x)

Kak gomonHuTeNbHOE MpeuMyuiecTBso st (’l)yHKIIIHUl, HMeIoUIHX
€TMHCTBEHHDBIH napaMeTp, CKOOKH (), OKpy:Kalol[He napameTp, MOXHO
ONyCTHUTDb:

valueAtOneQuarter(x => 3 » x)

Eute syuwe. Eciu napamMeTp nosiBisieTcst TOMLKO OJJHAX/IbI CIIPaBa OT
=>, €r0 MOXKHO 3aMeHHTb CMMBOJIOM MOAYEPKHBAIIIS:

valueAtOneQuarter(3 + _)

ITO OueHb YA0OHO I TaK HAMHOTO MPOLIE YHTAETCS: HYHKIHSI, YMHO-
xalou@ast HeyTo Ha 3.

VMeliTe B BuIY, 4TO 9TH COKpaLIeHIsI MOTYT MPHMCHSITBCS, TOJIbKO
KOrJa THI NapameTpa H3BeCTeH.

val fun = 3 » _ // Ouwnbka: HEBO3MOXHO BbLIBECTW Tun
val fun = 3 « (_: Double) // 0K
val fun: (Double) => Double = 3 ~ _ // OK, notoMy 4TO ykasdaH Tun fun

KoneuHo, nociesinee onpexnesenne 136siroutio. Ho ono nemoncrpu-
pYeT, YTO MPOUCXOAMT, Koraa (yHKI[HS NepefaeTcst B napaMerpe (KoTo-
past MeeT TOJIbKO Takoii THI).
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12.5. NMonesHbie pyHKLUN BbICLLUErO
nopsaka

OT1suniplii €nocod ocBolThCst B obpameHH ¢ GYyHKIUSAMU BBICIIETO
HOPSI/IKA — [10IPAKTIKOBATbHCSI B HCIIOJb30BaHHII HEKOTOPBIX 4acTO HC-
nosb3yeMblX (11, O4EBIIO, T10JIE31bIX) METOAOB KOJLIEKIHHA B 61GIHO-
Teke Scala, npitninaounx napaMeTpel-yHKIHIL

Boitie yoke ObuI npeicTaBaen METOX map, MPHUMEHSIOmMNil yHKIHIO
KO BCEM 2JICMCHTAM KOJJIEKIIHH I BO3BpalaIOHii KOJJIEKLIMIO pe3yJib-
tatoB. Hipke aeaoHcTpupyercst 6uICTphIil COCo6 cO34aHusT KOJIIEKLHH,
cojepxatueii 0.1, 0.2, ..., 0.9:

(1 to 9).map(0.1 » _)

Mpumeyanmne. CywecTsyeT O4MH yHMBEPCaNbHbIN NpuHumn. Ecnu Heobxo-
[VMO CO3AaThb MOCNEA0BATEeNLHOCTb 3HAYEHWUIA, NOCMOTPUTE, BO3MOXHO, ee
MOXHO cO3aaTh Ha ocHose 6ofiee NPOCTOM NOCNEA0BaTENbHOCTH.

[Tornpo6yen HaneyaTaTh TPEyroJbHIK:

(1 to 9).map("+" » _).foreach(println _)

Pesysprar:

*

**

*xx

*ok ok

I EZE R

Rk K x

KRk K R R

ARk KRR

KRR N Rk

3nech 6bla 11CNOJb30BaH METO/L foreach, KOTOPBIIl A€HCTBYeT MONO6HO
METOJLy map, 3 HCKJIIOYCHHEM TOrO, YTO ero (pyHKIHs He A0JKHA BO3Bpa-
w@aTh 3uaveniie. Merox foreach NpOCTO MPUMeHsIET GYHKLUHMIO K KaXA0My
aprymenry.

Merto/ filter Bo3BpalllaeT BCC 3JEMEHTDI, COOTBETCTBYIOLIME ONpe/e-
JieHHoMy yciositio. Hanpiimep, nuxe 11okasano, Kak U3BJedyb U3 mocie-
JIOBATEJILHOCTI TOJILKO YETIIble YHcIa:
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(1 to 9) filter(_ % 2 ==0) // 2, 4, 6, 8

Koneuno, ato ne camplii acextiBHblii ¢rnocod moayunth JaHnblii
pe3yJIbTar.

Meron reducelLeft IpHHUMAaeT deyxmecmiyio (yuxyuio, To ¢CTh PyHK-
IIMIO C ABYMST apryMEHTaMH, I NPHMEHSIET e KO BCEM DJIEMEHTaM TMocJie-
JIOBaTeJIbHOCTH, ABUTAsICh B HanpaBjeHHH cjieBa nanpaso. Hanpunep,

(1 to 9).reduceleft(_ = _)

9TO

1«2 +3 +4+«5x+«6+7+8+9

WJIH, CTPOTO TOBOPSI,

(.1« 2) «3) » ...« 9)

OO6paruTe BHUMaHHe HAa KOMIOAKTHYIO (hOpMY 3amucH (pyHKIIIT yMHO-
sxenust: _ + _, Kaxaplit ciMBoJI nouepkuBaHusi 0003HavaeT OTACAbHbIIT
napamerp.

BaMm Tak»Ke MOeT MPUTOAUTHCS ABYXMeCTHast (DYHKIST COPTHPOBKH.
Hanpuwmep,

“Mary had a little lamb”.split(™ ").sortWith(_.length < _.length)

BEpHET MacCHB, OTCOPTHPOBAaHHBIH 1O BO3pacTaHMUIO JJIH CTPOK:
Array("a”, "had”, "Mary”, “lamb”, "little").

12.6. 3ambikaHuqa

B Scala MoxxHO onpezesisaTh GyHKIMH BHYTPI JiI060i1 061acTii BUAI-
MOCTH: B MTAKeTe, B KJjlacce U axke BHYTPH APYToii (pyHKIUII HIJIH MeTo/a.
B Tene ¢hyHKIIM MMeeTCsT JOCTYM KO BCEM MepeMEHHbBIM, MpICyTCTBYIO-
MM B oXBaTbiBalowulell o6acTit BuaiMocTit. Ha repBblii B3rJIsi1, B 9TOM
HET HUYEro MpHUMeyaTeJIbHOro, Ho oGpaTHTe BHHMaHHE, YTO (DYHKIHSI
MOKET ObITh BBI3BAHA JaXKe NOCIe 8blx00a U3 06aacmu 6uUOUMOCML.

Hanpumep, paccmotpiM yHKimIo mulBy 13 pasaena 12.3 «DyHkimn
C mapaMeTpaMu-(QYHKIHSIMH» BBIIE.

def mulBy(factor : Double) = (x : Double) => factor = x
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O6paTnTe BHHUMaHWE Ha CJIEAYIOIUE BbI3OBLI:

val triple = mulBy(3)
val half = mulBy(0.5)
println(triple(14) + * “ + half(14)) // BusepeTr 42 7

Teniepb 1POKPYTIIM 2TOT (BILJIBM MeZJieHlee.

U [lepsbiii BbI30B mulBy YyCTAHOBHT IepeMeHHYIO factor B 3HayeHue
3. dT1a 1epeMerniiasi HCIONb3YyeTCsl B Tejie GyHKIIM (x : Double) =>
factor « x, Xpausiuieiicsi B nepeMeHHoil triple. 3aTeM nepeMeHHas
factor BBITAJIKHBACTCSI U3 CTeKa BPEMEHH BbITOJHEHHSI.

U Hance uponsBoanTcsl HOBTOPHbLIH BbI30B mulBy, Ternepb NnepemMeH-
Hast factor 1oJiyauT 3nayverniiie 0.5. JTa NepeMeHHast HCIOAb3YeTCs
B Tesie (hyHkiu (x : Double) => factor « x, XpaHsileiicsl B nepe-
MelHoii half,

Kasxzmas niepemMeriiasi Bo3BpamaeT (hyHKIHIO, HMEIOILYIO COGCTBEHHOE
3Hayetie JJisl epesennoii factor.

Taxne ¢ynkuin Ha3pIBaIOT 3amvikanusmy. 3aMblKaHHe COCTOMT M3
NpOrpaMMHOro Kojia M ornpejeseHuil Bcex HeJOKaJbHbIX IepeMeHHbIX,
HCIOJIb3YEMbBIX B 9TOM MPOrpaMMHOM KOJe.

Daxriyeckn aTH (HYHKIHI Peau3yIoTcst Kak 00beKThl Kjacca, ¢ Ie-
peMeHHOil aK3eMIIsipa factor 1 METOJIOM apply, coxepKauiM Tesao (hyHK-
197048

B aeiicTBHTE/IbHOCTH COBEPIIEHHO HEBAXKHO, KAK peajn3yeTcsi 3aMbl-
KaHie. Jto pabora kommuisiTopa Scala — obecrneynTbh AOCTYN K HeJO-
KaJIbHBIM 1ICPEMEHHbBIM H3 TeJa (PYHKLIHH.

Mpumeyanne. 3ambikaHVA He ABASIOTCA YEM-TO CAOXHBLIM UAWN yANBUTENb-
HbiM, ByAy4n ecTecTBeHHOW 4acTblo A3blka. MHOrme cospemMeHHble A3biKK,
Takne kak JavaScript, Ruby n Python, nopaepxwvsaiot 3ambikanus. OgHako
Java 7 He nognepXxuBaeT 3aMmblkaHWA, XOTA OrpaHudyeHHas ux noaaepXxka
npeanonaraertcs 8 Java 8.

12.7. NpeobpaszoBaHue pyHkuui B8 SAM

B Scala, korza 1eo6xonumMo coobuuTh GyHKIIH, KaKue TeicTBUs cie-
IYeT BbIIOJIHHTD, eii nepenaercst Apyrast GyHKIMsI B KauecTBe IapaMeTpa.
B Java orcyTcTBYIOT (hyHKIIMH BbICHIETO Mopsiaka (1oka), U MporpaMMuc-
TaM Ha Java NpUXOIHTCs MpHJIaraTh HeMasble YCUIIUsl, YTOObl JOOUTHCS
Toro ke apexra. O66IYHO OHHM TOMEUIAIOT ONIEPALMH B KJIACC, peaslu3yIo-
il nurepdgeiic, 11 3aTeM nepefaloT METOAY IK3EMIISIP 3TOTO KJacca.
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Bo mHormx cayvasx aTM MHTep(eiichl MMET eIWHCTBEHHBIH ab-
ctpakTHblii MeToa. Takie THb! B Java nassiBaior SAM (Single Abstract
Method — eauHcTBeHHDINT abGCTPaKTIbIT MCTOR).

Hampumep, momyctiiM, 4to TpebyeTcst yBCJHUIBATL CYETUIIK, KOTZAA
BBINOJIHSIETCS! 1[eJIUOK Ha KHOTIKe.

var counter = 0

val button = new JButton("Increment™)
button.addActionlListener(new ActionListener {
override def actionPerformed(event: ActionEvent) {
counter += 1

Kakoii o6bem mabsonnoro kozxa! Bee Buirasizesio Obl ropasio mnpouie,
ecay OB MMesach BO3MOXKHOCTDL ITPOCTO Mepeaarh (hyHKIHIO B METOX
addActionlistener, KaK ITOKa3aHO IHIXKe:

button.addActionListener((event: ActionEvent) => counter += 1)

JInist OMIEPIKKH TaKOTO CHHTAKCHCA HEOOXO/MIMO MPeoCcTaBHTh He-
sBHOE npeobpazosanue. ITH MpeobOpa3oBaHHsl MOAPOOHO OYIYT 06CYyXK-
JaTbesl B riiaBe 21, HO BbI JIETKO MOJKeTe 1006aBHTL COOCTBEIHOE, Jlaxe He
3Has Bcex jeraneil. Cienyioniee npeo6Gpa3oatiiie mpespaiiaet (HyHKIHIO
B 9K3eMILJISIp ActionListener:

implicit def makeAction(action: (ActionEvent) => Unit) =
new ActionlListener {
override def actionPerformed(event: ActionEvent) { action(event) }

Ipocto nomectuTe 3Ty (DYHKIHIO B MPOrpaMMIIbI KOA € peann3aneii
T10J1b30BaTebCKOro MHTepdeiica, U Bbl CMOXKETe epe/aBath Jiodbie HyHK-
1M1 (ActionEvent) => Unit Be3ne, rie OXKUAAETCSI 00DBEKT ActionlListener.

12.8. KappuHr

Kappunz (B yectpb nornka Xackesna Bpykca Kappu (Haskell Brooks
Curry)) — ato npouecc npespaieHnst GYHKIHH € JIByMsl apryMeHTaMH
B (PYHKIMIO C OaHUM aprymeHToM. Takast ¢yHKIIST Bo3BpamiaeT (pyHK-
IO, KOTOPAasl UCMOJIb3YET BTOPOIi apryMeHT.
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Kakoso? ITocMmorpuM, uto 3To 3Hauut, Ha mpumepe. Ciemyiomas
yuxuns upHniMaer 1Ba aprymMenTa:

def mul(x: Int, y. Int) = x « vy

A aTa (HyUKUIST HPHHIIMAET OHH apryMeHT 1 BO3BpaIlaeT (PYHKIHIO,
KOTOpas! TakKe MpHHIMAeT OJHH apryMCHT:

def mulOncAtATime(x: Int) = (y: Int) => x =+ y

YT06bI YMHOXHTD /ABa 4liCJa, MO>XHO BbI3BaTb

mulOneAtATime(6)(7)

Crporo rosopsi, pe3yJisTaToM mulOneAtATime(6) sIBISIETCS DYHKUUS (y:
Int) => 6 « y. DTOIl (HYHKILII MEepefaeTcst YNCAO0 7, H OHA BO3BPALIAET 42.

Hike nemoncrpupyercst cokpaulentast (popma ornpenesieHusi Takux
Kappuposannbix (yuxiuii 8 Scala:

def mulOneAtATime(x: Int)(y: Int) = x » vy

Kak Bure, MHOXECTBO MMTapaMeTPOB — 3TO BCETro JHIIb YKpalaTesib-
CTBO, a 1ie H6a3oBasi 0CO6EHHOCTD sI3bIKA MPOrPaMMHPOBaHUsl. ITO 3abaB-
Hast TCOPETHUCCKasT BO3MOXHOCTh MPOHUKHOBEHHSI B CYTb Bellleif, HO OHa
1IMeeT IIpaKTHyecKoe npiMetieHune B Scala. ViHorna GbiBaeT jkesaTesbHO
KappupoBaTh napamMerp (YHKIIHH, YTOObI MEXaHHW3M ONpeesieHHs] THIA
MOT 110JIy4lITh 60JIee MoAPOOHYIO HH(OpPMAIHIO.

Hixe npusoauTcest THIHYHBII npumep. MeToa corresponds cpaBHHBa-
eT JIBe N0CJIe0BaTeJbHOCTH B COOTBETCTBUH C HEKOTOPbIM KPHUTEpPHEM.
Hanpumep:

val a = Array(“Hello”, “World™)
val b = Array("hello”, “world™)
a.corresponds(b)(_.equalsIgnoreCase(_))

Oo6pariite BHUMaHUe, YTO GYHKIHS _. equalsIgnoreCase(_) MepeaaeTcst
KaK KappHpoBaHblii ITapaMeTp, B OTAEJIbHOII mape CKOOOK (... ). Ecau 3a-
rsinyTh B Scaladoc, MOKHO yBUIETD, YTO METO/ corresponds OObsIBJIEH KaK

def corresponds[B](that: Seq[B])(p: (A, B) => Boolean): Boolean

ITocsienoBaresbHOCTh that 1 (bynKmm-npeaMKaT p — 3TO OTAE/bHBbIE,
KappupoBalHbIC ITapaMeTPbI. Mexatinam onpeaeeHus: TUlla CMOXKET 3a-
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METHUTh, YTO B MMEET THTI that, M 3aTeM HCITOJIb30BaTh 3Ty WH(POPMAIIHIO
npH anajau3se QyHKIHI, KOTOPasl NepelaeTcst B napaMeTpe p.

B Hamem mnpumepe that — 3TO INoOCJe0BaTCJALHOCTH CTPOK String.
TakuM 06pa3oM, (PYHKIMA-TIPEAIIKAT, KaK OXKIJIAETCsl, JOJKIA HMCTh
THI (String, String) => Boolean. iMes1 aTy 1ichoppMAIliio, KOMIILISTOP
CMOXET IPHHATD obbsBIeHIIe _.equalsIgnoreCase(_) Kak COKpalIEHHYIO
dopmy asst (a: String, b: String) => a.equalsIgnoreCase(b).

12.9. AOGcTpakuua ynpaBnsaiowmx
KOHCTPYKLUN

B Scala nMeeTcsi BO3MOKHOCTL MOZENIIPOBATH MOCJENOBATE/LHOCTD
UHCTPYKUMH B Bule Qynukyuu 6e3 napamempog 11 6¢3 BO3BPAIIAEMOrO
3navyeHus1. Hampumep, muxe npezcraBsiena (hyHKiiis, BbIMOJHSIONAS
HEKOTOPbBIN MTPOrpaMMHbBIIl KO/l B OT/€/IbHOM HOTOKC BBIMOJIHCHHS:

def runInThread(block: () => Unmit) {
new Thread {
override def run() { block() }
}.start()

ITporpammHublii Kon nepeznaeTcs eit B Buzae (pyHKIg Tina () => Unit.
OnHako BbI30B 9TOI (DYHKLHI HEOOXOAMMO CHaGKaTh HEMPHIJISIIHOI
KOHCTpYKLHEH () =>:

runInThread { () => println("H1"); Thread.sleep(10000); println("Bye™) }

Yrobbl yopath () => 13 BbI30BA, HCMOJL3YIITC HOTAIIIO 6b1306a N0
uMeH: OTyCTUTE CKOOKH (), HO OCTaBbTe => B OOBSIBJICHIII MapaMeTpa 1
3aTeM B BbI30Be Mepezaiite (yHKLHIO-apaMeTp:

def runInThread(block: => Unmit) {
new Thread {
override def run() { block }
}.start()

Ténepb BBI30B MOXKHO 3alHCaTh, KaK IMOKa3aHO HIIKC:

runInThread { println("Hi"); Thread.sleep(10000); println(“Bye") }
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Tax BoiryzsuT ropaszo aydme. [Iporpammuctst Ha Scala umeroT Bos-
MOJKIIOCTD CO3/aBaTh CBOI AOCMPAKYUU YNPAGAAIOUUX KOHCMPYKUULL:
(dynxumn MoryT BbITIAAETh M0A06HO KIIOYEBBIM cjoBaM s3blka. Ha-
npHMep, MOXHO peaaH3oBaTh (HYHKUHIO, KOTOPYIO MOXHO HCIIOJb30-
BATDL 7M0YNO KAaK HHCTPYKUHIO while. Vi MOXHO mposiBUTL M3o0peTa-
TCJIBIIOCTD 11 ONPEAENIHTL HHCTPYKLIIO until, NeHCTBYIOWIYIO MOZOOHO
HHCTPYKIUHI while, HO YCJIOBHE MPOAOJIXKEHUsT LHKJIA HHTEPIIPETUPYETCs]
KaK yCJIoBIIC BbIXOJA H3 IHKJIA: '

def until(condition: => Boolean)(block: => Umt) {
1f (!condition) {
block
until(condition)(block)

A BOT KaK MOXKHO ICTOJIb30BATh (DYHKIHMIO until:

var x = 10

unt1l (x == 0) {
X -= 1
println(x)

Ha TexuiueckoM s3bike Takast HyHKIMS-IapaMeTp Ha3blBaeTcs napa-
METpOM, sui3vtéaemvim no unmenu (call-by-name). B otsnmuue ot obbruto-
ro (1L BbI3bIBAEMOrO MO 3HAYEHHIO ) MapaMeTpa, MapaMeTp-BbIpaskeHHe
ite BLIUHCJISIETCs] B MOMEHT BbI30Ba (hyHKIHU. B KOHIe KOHLIOB, HaM He
tpebyetcst, uTobbI BbIpaXkeHHe x == 0 JaBajo B pe3yJbTaTe false B Bbi-
30Be unt1l. BMecTo aTOr0 BbIpaXKeHile CTaHOBUTCS TesioM GyHKuNK 6e3
aprymenTosn. U yxe ata (hyHKUMs TlepenaeTcsi Kak napameTp.

Barastinre na onpezesienne gynxkuuu until. O6patute BHUMaHHE,
yTO OHa KappHpoBata: GYHKUUS CHaAYaIa IPUHHMAET YCJIOBHe condition,
a 3aTeM, BO BTOPOM napamertpe, 06J0K Kona block. Be3 kappupoBaHust
BBI30B BBLITJISIIC ObI TaK:

until(x == 0, { ... })

Yro CMOTPHTC HC TaK NPHBJICKATEbHO.

12.10. BbipaxeHue return

B Scala 1er 11€06xoquMoCTH HCIOAB30BATH UICTPYKIMIO return, YTO-
6bl BepHyTh 3tiavenne n3 ¢dynkunn. Bosspaiaemoe sHauenue yHK-
HH — 3TO NpocToe 3HayeHie TeJaa HYHKIHH.
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Onnako return MOJKHO HCIIOJIB30BaTh, YTOObI BEPHYTH 3HAUYEHUE U3
aHOHMMHOH (PYHKHUHM BO BMELIAIONIYI0O MMEHOBaHHYIO (HYHKIIO0. DTy
0co6EHHOCTb yNI00HO HCNOJIb30BaThL B abcTpakuusax ynpasaeniis. Ha-
IpUMep, PaCCMOTPHM CJIefyiolLyio (hYHKIHIO:

def indexOf(str: String, ch: Char): Int = {

var 1 = 0
until (i == str.length) {
1f (str(1) == ch) return 1
1 += 1
}
return -1

3nech (PYHKIUMH until mepenaeTcst aHOHUMHAsT (DYHKILS { i (str(1) ==
ch) return i; i += 1 }. Korna BbINOJIHsIETCST BbIpaXXEHHE return, BMeIalo-
mast PYHKIUS ¢ HMeHeM 1ndex0Of 3aBepIIAETCST 11 BO3BPAIIACT yKa3aHHOE
3HayeHue.

Ecau BbIpaskeHHe return HCMOJIb3YETCs] BHYTPH IIMEHOBaHHOIT (hyHK-
1M, HEeOOXOMMMO yKasaTh BO3BpalllaeMbiil elo THm. B npimepe poiie
KOMITWJISITOP He CIOCOOeH OmpenesiTb, YTo (hynKis indexOf BO3Bpa-
HjaeT 3HayeHue Int.

YnpaBsieHue NOTOKOM BBITIOJTHEH ST IOCTHTAETCS 3a CUET HCMOoJb30Ba-
HMSI CIIELMAJIbHOTO HCKJIIOUeH s, Bo30yK1aeMOro BbIpaskelieM return B
AHOHUMHOM (byHKINI, nepejlaHHoil (PYHKIUII unt1l, I MepexBaTbhiBaeMo-
ro ¢pyHkuuei indexOf.

MpeaynpexpeHue. Ecnu ucknioueHne byner nepexsayeHo B 6Gnoke try,
nepea TemM Kak OHO NonafeT B MMEHOBAHHYIO DYHKUMIO, TOrAa 3HAaYeHNe He
6yneT BO3BpaLLEHO.

YnpaxHeHus

1. Hanummre dpyHkumnio values(fun: (Int) => Int, low: Int, high: Int),
BO3BPALIAOIIYIO KOJIJIEKLHIO H3 3HAUYeHHIl B yKasalliomM jiHanaso-
He. Hanpumep, BbI30B values(x => x + x, -5, 5) JOJIXKell BepHYTb
KOJJIEKUUIO map (-5, 25), (-4, 16), (-3, 9), ..., (5, 25).

2. Kak nosyuynTb HauOoJIbIIKIT 27IEMEHT MacCHBa C MOMOLILIO METO/IA
reduceleft?

3. Peanusyiite (hyHKUMIO BbIUIICTEHUS (haKTOPHAJIA C TIOMOHIBIO Me-
TOMOB to M reduceleft Ge3 MPHMEHEHHsI LIHKJA 1JIH PEKYPCHIL,



Yopaxsers (RS

4.

10.

Ipenpinymas peanusanus J0DKHA MPEAYyCMATPUBATh CIIELUAND-
ublii ciyyail, xorga n < 1. Ilokaxiire, kak 136exarb 3TOro ¢ 1o-
Mmotublo foldLeft. (O3HaKoMbTeCH ¢ omicaHieM foldLeft B Scaladoc.
IDTOT MCTOJ| HANOMHHAET reduceleft, 3a ICKJIIOYEHHEM TOTO, YTO
1epBoe 3HaucHlie B llenoyKe TOCTaBJISIETCS] B BbI30BeE.)
Hamnnire (I)yuKumo largest(fun: (Int) => Int, inputs: Seq[Int]),
BO3BpAILAIONLyI0 Hanbosbinee 3HadeHue (HYHKUMH BHYTPH 3aflaH-
Hoii 1ocjenosaresabHocTH. Hanpumep, Bbi30B largest(x => 10 * x -
- x * X, 1to 10) KoJ>KeH BepHYTD 25. He ucnosb3yiite UMK WK
pexypciio.

V3MmennTe mpeablaynlyio (PyHKIHIO Tak, yToObl OHa BO3Bpallaja
6xodnoe 3nauenue, COOTBETCTBYIOLIEE HaHOOJbLIEMY BBIXOAHOMY
3navenuio. Hanpumep, Bbi3oB largestAt(fun: (Int) => Int, inputs:
Seq(Int]) nosmked BepHyTb 5. He ucnosnb3yiite LUK WK peKypPCHIO.
[TostyunTsb nocjenoBaTesbHOCTL NAp OYEHDb MPOCTO, HATIPUMED

val pairs = (1 to 10) zip (11 to 20)

Terneps 1pexncraBsTe, YTO HEOOXOAMMO YTO-TO CAENATh C TAKOIA
110CJICIOBATEILHOCTDIO, HAIPHUMepP BBIYHCIHTH CYMMbl 3HAYeHM
anieMeHToB nap. [lyist 3TOM LeTH Helb3st UCIOJIb30BATh

pairs.map(_ + _)

Dynxkust _ + _ NPHHUAMAET JiBa NapaMeTpa THna Int, a He mapy (Int,
Int). Hannmure ¢pynxnuio adjustToPair, IPUHUMAIOILYIO (DYHKIMIO
Thia (Int, Int) => Int ¥ BO3BPAUIAIOLLYI0 dKBUBAJIEHTHYIO (PYHK-
1110, oltepupylouyio napoit. Hanpumep, Bbi30B adjustToPair(_ « _)
((6, 7)) HOJIKCH BEpHYTDb 42.

3aren BocnosbayiiTech aToM (hyHKIME B KOMOMHALMH C map st
BLIUIICJICIIST CYMM 2JIEMEHTOB B Mapax.

B pasnesie 12.8 «Kappuur» Obll NpeacTaBjieH METOM corresponds,
HcnoJib3ylouiii ABa MaccuBa cTpok. Hanuuite BbI30B corresponds,
KOTOpbIii MpoBepsii 6b1 COOTBETCTBHE [IJIMH CTPOK B OMHOM MacCH-
BC 11€JIOYHCJICHHBIM 3HAYEHUSIM B IPYTOM.

Peasingyiite Meron corresponds 6e3 kappuHra. 3aTeM Inonpodyiirte
BLI3BATD CrO 13 Ipeabiayero ynpaxierus. C kakuMu npobiema-
MII Bbl CTOJIKHYJIHCH?

Pecasnzyiite abcrpakiitio ynpasiienisi TOTOKOM BBINOJTHEHUS
unless, JeHiCTBYIOULYIO 101106110 if, HO C MHBEPTUPOBAHHBIM TOJIKO-
BaHIleM Jiorinueckoro ycjosis. TpeGyercst s oOpMHUTDb HepBbiit
IIapaMeTp Kak rapametp, Bbi3biBaeMbiii o iMenn? Heobxomum jn
3/1eCh KappHir?
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Temsbl, paccMaTpvBaeMblie B 3TOW rnase AV

13.1.
13.2.
13.3.
13.4.
13.5.
13.6.
13.7.
13.8.
13.9.

0000000000000 O0U00O0O

B 27001 r1aBe BbI IO3HAKOMUTECH CO CTAHAAPTHOII 6116IHOTEKOIT KOJIIEK-
uuii B si3bike Scala ¢ Touxi 3penust ee nosb3osatesist. [ToMHMO TIPOCTHIX
U acCOLMaTHUBHBIX MAcCHBOB, C KOTOPBIMI BbI YK€ CTaJKHBAJIICh, BbI
YBUAMUTE [IpyTHe Mojie3Hble THIbI Kosyekuiil. CyuecTByeT MHOXKCCTBO
METO/IOB, KOTOPbIe MOXKHO NMPHUMEHSTh K KOJUTEKIIHSIM, 1l 9Ta IJ1aBa npej-

13.10.
13.11.
13.12.
13.13.
13.14.
13.15.
13.16.
13.17.
YnpaxHeHus.

OCHOBHbIE TPENTLI KONNEKUNIA,
N3meHsieMble 1 HEM3MEHSAEMbIE KONNEKLUUU.
MNocnepoBaTenbHOCTU.

Cnucku.

MN3meHasemble cnucku.

MHoxecTBa.

Onepartopbl no6aBneHua 1 yaaneHns 3N1eMeHToB.
Ob6wme meToabl.

dyHkumm map u flatMap.

®yrkumm reduce, fold n scan K}
dyHKkums zZip.

Utepatopsl.

MoTokn &

JleHvBbIE NpeacTaBneHuns.
Baanmopencrteue ¢ konnekunamm Java.
MoToko6e3onacHble Konnekuuu.
I'Iapanneanb|e Konnekuuu.

CTaBUT MX BaM IO MOPSIAKY.
OcHoBHbIE TEMbI JJaHHOI1 IJIaBbI:
O Bce KoOJIEKLMU HACTENYIOT TpeiiT Iterable;

a KOJIJIEKIIMHU JIEJIATCS Ha TPH OCHOBHBIE KaTCTOPHIL: MOCJIC/I0OBATEIb-

HOCTH, MHOXXECTBa Il aCCOLIMAaTHBHbIC MaCCHBDI;

Q B Scala umeloTcs n13MeHsIeMble 1 HEU3MelsIEMbIe BepcCIin GOJDIIIIH-

CTBa KOJUJIEKI[UI];
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Q

a
Q

criucku B Scala — ato 1mbo MyCTOM CHHUCOK, J160 KOHCTPYKIHSA
113 «T'OJIOBbI» Il «XBOCTa», I/leé «XBOCT», B CBOIO OYepelb, SABIAECTCS
CITHCKOM;

MHOJKECTBA — 3TO HEYINOPSIAOYEHHbIE KOJIJIEKI[HY;

IUIsE 1IOJIyYeHHsT TaHHbIX B TOPSIIKE BCTaBKM MCIOJIB3YETCS THII
LinkedHashSet, a AJis HTepauMid B INOpSAKE COPTHPOBKH — THI
SortedSet;

+ 7100aBJsIET 2JIeMEHT B HeyInopsi/IOYEHHYIO KOJIJIEKLHIO; +: U :+
J100aBJISICT 37IeMedT B HayaJo MM B KOHell MOCJef0BaTeIbHOCTH;
++ 0OBEMIISIET JBe KOJJIEKIUH; - U -- YAQISIOT 3JIEMEHTDI,
TpelTol Iterable M Seq UMEIOT JECSITKH y1106m>1x METO/IOB [IJISl BbI-
T0JHIeH s THUIIOBBIX Omepauuii — rnoaymaiite 06 UX MCIOJIb30Ba-
HII, HPCXKE YEM MBITAThCS MHCATDL LIMKJIDI;

Q otobpaixeHiie, cBEPTKa H YNAKOBKA — PACMPOCTPaHEHHbIE TIPUEMbI

1
H

npriMenenist (GyHKIHH W onepaiuii K aJeMeHTaM KOJIJIeKIUH.

3.1. OCHOBHbIE TPEeWTbl KOoJIJIeKuun

a puc. 13.1 npeacrasiienn Haubosiee BaxKible mpeiimot, 06pasyole

uepapxuio xoniexyuti B Scala.

It

«Tpewnr»
Iterable
[ |
«Tpent» «Tpent «Tpeit»
Seq Set Map
«Tpeit» «Tpent» «Tpeifr»
IndexedSeq SortedSet SortedMap

Puc. 13.1. OcHOBHble TPETHI,
obpaaylowme nepapxmio konnekuuin B Scala

erable — 2TO J0Oast KOﬂﬂeKHHﬂ,CﬂOCO6Haﬂ BO3BpallaTb UTEpAaToOp

Iterator, 06ecr1elumalou1uii HAOCTYII KO BCEM 3JIeMCHTaM B KOJUIEKLIUU:

val ¢
val 1
while

oll = ... // vekoTopas konnekums Tuna Iterable
ter = coll.1iterator

(1ter. hasNext)
BHNONHUTL  Kakue-mi100 onepaumn Han 1ter.next()
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3Jt0 Hambosiee GasoBBII criocob o6xoxa s1eMeHToB Kosekunn., Of-
Hako, KaK OyJeT mokasaHo B 9TOil TJ1aBe, [JIsl AAHHOIT LeaH OObIYHO HC-
nosb3yIoTcst 6oJsiee ynobHbIE CpeCTBa.

Seq — 9TO YnopAadouennas KoaleKyus 3HadeHuil, Takas Kak MacclB M
CrUCOK. IndexedSeq obecrieunBaeT GbICTPHIH MPOM3BOJbHDIIT JOCTYII C HC-
MOJb30BaHHEM LIEJIOYUCJIEHHDbIX HHlekcoB. Hampiimep, ArrayBuffer obec-
MeYHBAeT JOCTYM K 3JIeMeHTaM 110 HHIEKCaM, a CBsI3allHbIIl CMIICOK — HET.

Set — mneynopsdouennas xordexuyis 3uadeniii. O6xon smeMeHTOB
B SortedSet BCer/a BBIMOJHSIETCS B MOPsIAKE COPTHPOBKIL.

Map — MHOXeCTBO map (K104, 3nauenue). SortedMap obecreynBaeTr 06-
XOJI 37IeMEHTOB B IMOPsIZIKC COPTUPOBKH KJiioueii. /lonosHuTeNbHAS HII-
(opMaLst TpUBOAMTCS B TJaBe 4.

OTa MepapXHsi HANOMMHAET aHAJIOTIIYHYIO B s3biKe Java, ¢ mapoii
yayuienuii:

1. AccouuaTuBHbIE MacCHUBbI He 00pa3yioT OTAEILHYIO IHEPapXHIO,

a SIBJISIIOTCSI YacTbIo 00LIei 11epapxuit.
2. IndexedSeq SIBJISIETCsSI CYMepPTHIIOM MAacCHBOB, HO e CIIICKOB, YTO
CBHJIETEJILCTBYET 00 MX HEMOXOXECTH.

MpumeuaHue. B Java o6a knacca, ArraylList u LinkedList, peannayloT obuwmi
nHTepdenc List, 4To ycnoxHseT pa3paboTky 3¢pdekTMBHOro koaa, koraa Tpe-
6yeTca NPOM3BONbHLIN AOCTYN, HAaNPUMEpP ANS nNoucka B OTCOPTUPOBAaHHON
nocnepoBaTenbHOCTU. ITO 6biN0 OWMOOYHBIM pelweHneM npu paspaboTtke
¢periMBOpKa Konnekumi B Java. B nocnepHen sepcum 6bin nob6aBneH map-
Kep-uHTepdenc RandomAccess, pewalowmii aTy npobnemy.

Kaskapiit TpefiT niin kiace kosexin B Scala imeeT 06beKT-KoMmIaib-
OH C METOJZIOM apply, CO3/1AIONIIM IK3eMIIAPLI Kossekiii. Hanpumep:

Iterable(0xFF, 0xFF00, O0xFF0000)

Set(Color.RED, Color.GREEN, Color.BLUE)

Map(Color.RED -> OxFF0000, Color.GREEN -> OxFF00, Color.BLUE -> OxFF)
SortedSet(“Hello™, "World™)

IJTO Ha3bIBAETCSI <«NPUHLHUTIOM emmoo6pa31m CO3/1aHIa».

13.2. N3meHsseMbie 1 Hen3MeHsaeMbie
KoJineKkuuu

Scala MOAIEPXKUBACT U3MeENAEMble U HeUMeHAEMble KOJIEKL|UL. Heus-
MeHsIEMbI€ KOJJIEKUIIH HIKOr/a He H3MEHSIOTCs, MO3TOMY HX 6e3 omna-
CEHHsI MOJXKHO IlepelaBaTb IO CChLJIKE I HCIOJL30BaTh [a’K€ B MHOTO-
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IIOTOYHOI cpezie BbIMoNHeHust. Hampumep, cymiecTByroT Tumbl scala.
collection mutable Map 11 scala.collection.immutable.Map. O6a umerot 06-
il cynepTHI scala.collection.Map (KOTOpBIi, pa3ymeercsi, HE MUMEET
onepaititii, H3MEHSIOIIX COAEPKUMOE 0ObEKTA).

Mpumeuanune. Vicnonb3ys ccbinky Ha scala.collection.immutable.Map, MOXHO
ObITb YBEPEHHbIM, YTO HUKTO HE CMOXET U3MEHWUTb acCOUMaTUMBHbLIA MacCcuB.
Ecnun ucnonb3syertca ccbinka Ha Konnekumto Tuna scala.collection.Map, Bbl HE
CMOXeTe U3MEHUTb ee, HO OHa MOXET OblTb AOCTYNHA A4/19 U3MEHEHMWA Apyrum’.

B s3bike Scala npeamnoutenue otaaercs HeU3MEHsAEMbIM KOJJIEKLIMSIM.
OO6beKTbI-KOMHANBOIBI B MAKETE scala.collection MPOM3BOASIT HEH3Me-
HsIEMDBIC KOJIJICKI{HIH. Hanplh\lep, scala.collection.Map(«Hello» -> 42) —
3TO HCH3MCHSICMAasT KOJUJIEKLISL.

Kpoxe Toro, B nakere scala 1 o6bekTe Predef, KOTOpPble HMIIOPTUPY-
I0TCST 110 YMOJIYAIIHIO, OTIPEAEJISIIOTCSI nCe800NUMbL THTIOB List, Set U Map,
ccbuialoliiiecst Ha HeuamelsieMbie Tpeiitol. Hampumep, Predef.Map — TO
JKE camoe, UTO H scala.collection.immutable. Map.

CoserT. Jo6aB1UB MHCTPYKUUIO
1mport scala.collection.mutable

Bbl CMOXeTe CO34aBaTb HeM3MeHAeMble accoumnaTuBHbie MacCuBbl, NCNONb-
3ya NCeBAOHUM Map, a n3meHaemble — mutable. Map.

Ecint HPEXK/E BLI HE HMEJH OIbITa pa6OTbl C HEHU3MEHSIEMbIMHU KOJI-
JICKIHAMI, Y BaC MOJYKET ITOSIBUTBCSI COMHEHHE B BO3MOXXHOCTH OpraHu-
3allHH ])Z’l6OTbl ¢ nimi. Kiouosm 3zech siBJisieTcs BO3MOXKHOCTh CO3IaHHUS
HOBBIX KOJIJIEKLHII 11a OocHOBe CTapbIX. Hanpnmep, €CJIM NPEAIIOJIOXUTD,
YTO numbers — ITO HeEH3MEHsIEeMOE MHOX>eCTBO, TOrAa numbers + 9 — 3TO
HOBOE MHOXKECTBO, COZIEp Kaulee Te XkKe YiIcjia, YTO M numbers, MJIIOC YUCJIO
9. Ecor 9 YIKC HMCETCs B MHOXECTBE, Bbl IIPOCTO IIOJIYYHUTE CCLIIKY Ha
CTapoe€ MHOKECTBO. Takoii ITOPSIZIOK SIBJISIETCSI 0COOEHHO eCTECTBEHHBIM
B PEeKYpCcusNivly BblYUCIENUAX. Hanplmep, HIDKE CO3/4acTCsI MHOXXECTBO
BCeX ull(l)p, COCTaBJISIIOUIUX YKa3daHHOE 1EeJ0€ YHCIIO:

' Tak kax collection.Map siBJsICTCSI CyLCPTHIIOM JUIsi collection.mutable. Map,
TO B OJUIOM 1I0TOKC BLIIOJIICIHST MOKIO CO3/laThb 00BEKT collection. mutable.
Map 1 uepesarh cro B ApYroii HOToK, HO yxe kak obbekT collection.Map.
B aroMm cayyac 1H0TOK-CO3/aTC/b aCCOLHATHBIIONO MaccHBa MOXET H3MEHSTD
CrO COJCPXKIIMOC, B TO BPCMsL KaK Jpyroii notok — 1er (Tak Kak CCblJKa Ha
THIE HE COJACPXIT TaKkiX MeTojoB). — Hpun. peo.
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def digits(n* Int): Set[Int] =
1f (n < 0) digits(-n)
else 1f (n < 10) Set(n)
else digits(n / 10) + (n % 10)

MeTon HauMHAETCSI ¢ CO371aHUSI MHOXKCECTBA, COJIEPIKAIIETO €/IITHCTBEH-
nyio wihpy. Ha xaxaom mare nobasisercs: ouepentas nudpa. OaHako
nobasiieHye MBI HE I3MEHsIET MHOXKeCTBAa. BMeCTo aTOro Ha Kaxiom
11are cO3/1aeTcsl HOBOE MHOXECTBO.

13.3. NMNocnepoBartesnbHOCTU

Ha puc. 13.2 n3obpakenbl Hanbosiee BaXKHbIC HEH3MElsieMble nocae-
dosamenvrocmu.

«Tpent»
Iterable

I ...... feeemeaaaan pescccsccan groccmecenes

«Tpeunr»

IndexedSeq List Stream Stack Queue

Vector Range

Puc. 13.2. HenameHnsembie nocnenosaTenbHOCTU

Tun Vector — HeH3MeHsieMbIiT aHajior ArrayBuffer: HHACKCHpyeMast 10-
CIEIOBATENIBHOCTDL C GbICIPbIM NPOU3BONLIUBIM OOCMYNOM K DJICMCIHTAM.
BexTopbl peanu3oBaHbl KaK JlepeBbsl, [JE KKl y3€J MOXET HMeTh
10 32 MOTOMKOB. BekTop ¢ MIJIJIHOHOM 3JIEMEHTOB HMEET YeTbIpe CJIos
yanoB. (ITockonbky 10° = 2%, 10% = 32%) /locTyn K 2JjieMCHTAM B TaKOM
CIIMCKE BBITIOJIHSETCS] B YeThIPE 1Iara, TOrja Kak B CBSI3QHIOM CITICKe
TAKOTOo ke pa3mepa B cpeiHem mnpiercs BoinosnnTb 500 000 maros.

Kiacc Range TIpeACTaBIISIET NOCAEO0BAMEALIOCTIL UEABIX YUCEN, TAKYIO
Kak 0, 1, 2, 3, 4, 5, 6, 7, 8, 9 11 10, 20, 30. PaaymeeTc;I, 00BLCKT Range XpaHnT
He BCIO TMOCJIe[I0BaTeIbHOCTL 3HaueH i, a TOJbKO HauajabHoe, KoHeuHoe
1 mar. O6beKTDbl Range KOHCTPYHPYIOTCSI C TIOMOHIHIO MCTO/OB to 11 until,
KaK ONMCBIBACTCS B rJiaBe 3.

Croncku 6ynyT obCcy)naTbCst B CJe/ylolieM pasjiesie, a MoTOKI Jail-
Hoix — B pasgene 13.13 «Ilortoki».
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Ha puc. 13.3 npencrasiens HauGojiee HHTEpPECHbIE U3MEHsIeMble IO~
CJIEZI0BATCJIBIIOCTIL.

«TpeiT»
Seq
| R A VTt
«TpeiT» Priority : : Double
IndexedSeq Stack Queue Queue LinkedList LinkedList
A
ArrayBuffer

Puc. 13.3. IameHaeMble nocnenosaTenbHOCTH

Bydepot yxe obcyxnaniics B riase 3. CTeku, ouepean U ouepesu ¢ NpH-
OpHTCTaMIl — 3TO CTalIapTHLIC CTPYKTYPLI IAHHDIX, KOTOPbie MOIYT IIPUIO-
JIUTBCST JUIsE PEAJIN3AITHIT HEKOTOPLIX airopuT™oB. Eciu Bbl yxke 3HAKOMDI
C 3THMII CTPYKTYpaMil, peaslii3alMst X He CTaHeT JIsl BaC HOBOCTBIO.

Kitacent cBsizannbix criickoB B Scala, HanpoTHB, HECKOJILKO OTJIH-
YaIOTCsl OT CBSI3AHHBIX CIIICKOB, C KOTOPBIMH BbI MOTJIM CTQJIKMBAThHCS
B Java, C++ 11 B xofie H3yueHiist CTPYKTYp AaHHbIX. MBI paccMOTpHUM
HX B CJICAYIOLICN pa3fielie.

13.4. Cnucku

B Scala cnucox moxer 6uiTh 160 31adeHueM Nil (To ecTh ObITb Myc-
TBIM), JIHOO OOBEKTOM C 2/1EMEHTOM head M 3JIEMEHTOM tail, KOTOpBIH
cam sipJisietcst crickonm. Hampunep, paccMOTpHM CcoK

val digits = List(4, 2)

DJieMeHT digits. head IIMEET 3HayeHIIe 4, a 2JIEMEHT digits. tail — 3Ha-
uenue List(2). bosiee Toro, asiemMenT digits. tail.head HMeeT 3HaYeHHeE 2,
a 9JIeMeHT digits.tail.tail — 3uHayene Nil.

Oneparop :: co3gacT HOBbI CMHCOK H3 3alaHHBIX 3HAYEHUI TOJIOBBI
11 xBocra cricka. Hanpunep,

9 . List(4, 2)

lacT B pe3yJibraTe CINICOK List(9, 4, 2). ITOT CIMCOK MOXKHO TaKXXe
3alHncaTtb Kak
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9 42 Nl

O6paTuTe BHHMaHHE, YTO ONEPATOP :: SIBJASIETCS] TPAaBOACCOLIATIIB-
HbIM. IIpH Hcnosb3oBaHIK oneparTopa : : KOHCTPYIHpOBaHIie CIiicKa Ipo-
HCXOIUT C KOHIIA.

9 0 (4 2 (2 0 N11))

B si3bikax Java u C++ st 06X0/a 31€eMEHTOB CBSI3AHHOTO CMICKA HC-
nosib3yertcst uteparop. B Scala Takxke MOXKHO HCHOJIB30BATh ATOT MPHEM,
HO 3ayacTyio 6oJjiee eCTECTBEHHBIMH OKa3bIBAIOTCSI PEKYPCHBHDIE aJIrO-
putMbl. HanpumMep, cienyioniasi GyHKIMST BIYICIISIET CyMMY BCeX 11eJ10-
YHCIEHHBIX 3IEMEHTOB CBSI3AHHOTO CIHCKA:

def sum(lst: List[Int]): Int =
if (lst == Nil) O else lst.head + sum(lst.tail)

Wy, ecu Bbl NPeANOYHTAETE HCIONB30BATh CONOCMasenue ¢ 06pas-
UOM:

def sum(lst: List[Int]): Int = 1st match {
case Nil => 0
case h :: t => h + sum(t) // h - 370 lst.head, t - 370 lst.tail

O6paTuTe BHUMaHHE Ha Omepatop :: BO BTOpoM obOpasie. O «pas-
OupaeT» CIHCOK HAa rOJIOBY I XBOCT.

NpuMeuaHune. PeKypCuBHbI anroputM BoirAaUT Tak eCTEeCTBEHHO, NOTOMY
4TO XBOCT CMMCKa CaM ABNSETCH CMUCKOM.

OaHako, mpex/e YeM BOCXHIIATLCS 3JIEraHTHOCTbIO PEKYPCIIBHOTO pe-
meHus, 3arjasinute B 6noanorexy Scala. B neil yike 1imeeTcst MeTOZ sum:

List(9, 4, 2).sum // Beprner 15

13.5. U3meHaeMble CNUCcKun

ViamensieMblii THI LinkedList H3MEHSIEMBIX CIIICKOB JelicTByeT nonob-
HO THUMy List, 32 MCKJIOYEHHEM TOrO, UTO TO3BOJISICT H3MEHSTL TOJIOBY
TPHUCBAaHBaHHUEM T10 CChLIKE elem 1 XBOCT MPICBalBaHIEM M0 CCBbIJIKE next.
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BHumaHue. Vimeiite B BUAY, 4TO 31E€MEHTHI head U ta1l [OCTYMHbLI TONLKO AN1S
yTeHUA.

Harprisep, citezty1ongmil Wikii 3aMeluT Bce OTPULIATEIbHbIE 3HAYEHMUS
HYJICBDLIMIL

val 1lst = scala.collection.mutable.LlinkedList(1, -2, 7, -9)
var cur = lst
while (cur '= Nil) {

1f (cur.elem < 0) cur.elem = 0

cur = cur.next

A cienyomii WHKJ yAaaUT KadkAblid BTOPOIT 3J1IeMEHT U3 CIHCKa:

var cur = lst

while (cur '= N1l && cur.next !'= Nil) {
cur.next = cur.next.next
cur = cur.next

3iech nepeMenast cur AeficTByeT noa061o0 HTEpaTopy, HO B AEHCTBU-
TEJILHOCTII OHA IIMeeT THM LinkedList.

CyutecrByer Takyke THI DoubleLinkedList IBYXCBSI3HBIX CITUCKOB, C HU3-
McHsIeMOIT CCBIJIKOIT prev.

BHumanue. Ecnu HeoOxooMMO coenatb y3en cnucka nocrefHuM y3fniom
B CNMUCKe, BMECTO 3HadeHusi N11 ccbulke next cnefyet NpucBOUTb 3HaYeHWe
LinkedL1ist.empty. He npucsauBanTe e null, wuHa4e nony4ute OWUOKY
obpalleHns kK NyCToMy ykasarenio npu obxoae cnvcka.

13.6. MHOXecTBa

Mnoocecmeo — 9T0 KONNIEKUMS, B KOTOPOH KaXKAblil 37€MEHT MOXET
MPHCYTCTBOBATDL B €HIICTBEHHOM 3K3emrusipe. IlonbiTka 106aBUTH CY-
LIECTBYIONIIIIT djieMeNT He faeT Hukakoro agdekrta. Hanpumep,

Set(2, 0, 1) + 1

TO e caMmoe, YTo 11 Set(2, 0, 1).
B otiuiie OT COHCKOB, MHOXECTBA He COXPaHsioT TOPSIIOK CJen0-
BaHHsl 2JICMENTOB, B KaKOM OHIl 1006aBisiiuch B MHOXecTBO. Ilo ymoI-
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YaHHUIO MHOJKECTBA PEATH3YIOTCS KaK Xew-MHONCeCmBa, B KOTOPBIX dJie-

MEHTbI OPraHM30BaHbI 110 3HAUEHHIO, BO3BPAILlAaeMOMY METOAOM hashCode.

(B Scala, xak u B Java, Kaxabiii 0GbCKT UMeCT MeTos hashCode. )
Hanpumep, eciy BbIMOJTHHTL HTEPALMH YEPE3 MHOXKECTBO

Set(1, 2, 3, 4, 5, 6)

00X0/1 3JIEeMEHTOB OY/IET BHINOJIHEH B CJIEMYIONIEM TOPSIIKE

516234

MoxeT nokas3aTbCsi CTPaHHBLIM, MOYEeMYy MHOXKECTBA HE COXPaHsIOT
nopsiiok nobaByeHust aseMeHToB. Kak okasbiBaeTcst, MOHCK 3J1eMEHTOB
BBITIOJIHSIETCSI HAMHOTO ObICTPee, ecilil MO3BOJITH MHOXECTBY MEpeyno-
psinounTh UX. Ilouck anemenma B Xel-MHOXKECTBE BBITOJHSIETCS HAMHO20
ObICTpee, YeM B MacCHBe HJIM B CIHCKe.

Cesi3annoe xeur-minoicecmeo COXpatsieT NopsiIok A0OaBIers djeMen-
ToB. /17151 9TOI1 11e7I1 B HEeM UCHOJIb3yeTcsl CBsi3anblii cnucok. Hanpumep:

val weekdays =
scala.collection.mutable. LinkedHashSet( Mo, “Tu", “We", “Th™, “Fr™)

Ecau motpebyercst BbIIOJHUTL 0OXO/ 9JIEMEHTOB B MOPSIAKE COPTH-
POBKH, HCTOIL3YITE COPMUpO8anHoe MHONCECME0:

scala.collection.1mmutable.SortedSet(1, 2, 3, 4, 5, 6)

Copmuposanibvle MHONCECMBA PeANN30BaHbl KaK KpAcHo-uepibie Oe-
peevs (red-black tree).

BHumaHue. B Scala 2.9 oTcyTCTBYIOT U3BMEHAEMbIE COPTUPOBAHHbLIE MHOXECT -
Ba. Ecnu BaM noHano6sTca cTpykTypbl NOAOOHOro TMNa, Ncnonb3ynTe Knacc
java.ut1l.TreeSet!'.

Mpumeuanue. Peanuaaums CTPYKTYp AaHHbIX, TakUX Kak xeww-tabnuubl u 6u-
HapHble AepeBbA NoUcka, a Takke AP EKTUBHOCTL ONepaumnin ¢ ITUMKU CTPYK-
Typamu BXOAAT B Nporpammy usydeHus uHdopmatuku. Ecnu y Bac nossurcsa
XenaHve 0CBeXuTb aTy MHOOPMauUUIO B NamaTu, novwmTe cpeau csobopn-

! B Scala 2.10 nosisujicsi kaace scala.collection.mutable. TreeSet, ocnosaii-
nbtit na AVL-nepesbsix (AVL-tree) — Ipua. nepes.
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HO pacrnpocTpaHaeMbiXx KHUr Ha cante www.cs.williams.edu/javastructures/
Welcome.html.

Bumogoe mioacecmeo — 310 peani3alliisi MHOXKECTBA HEOTPHIATEb-
HBIX L€JIBIX YIICEJI B BIJIE 110CJICAOBATEILHOCTH OUT, Taie i-it OUT paBeH
1, ecJuit i HPHCYTCTBYET B MHOXKECTBE. DTa peajn3alust OTIUYAETCs Bbl-
cokoli ahheKTHBHOCTDIO, TIPH YCIOBHI, UYTO MAaKCHMAaJIbHBIH 2JIEMEHT He
caunukonm 6osplioii. B Scala 1merorcst o6e pa3HoBHHOCTH Kj1acca BitSet,
H3MEIIsIeMast 1 HeH3MeHsIeMasl.

MerToj contains 1pOBEPsIET HAJIHYIIC B MHOXKECTBE yKa3aHHOIO 3Haye-
miist. MeTojt subsetOf 1IPOBepsieT, BXOSIT JIi BCe JeMEHTbl MHOXKECTBa
B JIPYroe MII0XKECTBO.

val digits = Set(1, 7, 2, 9)
digits contains 0 // false
Set(1, 2) subsetOf digits // true

MeTozbl union, 1ntersect 11 diff peajH3yioT HauboJiee TUITHYHbIE Ofe-
parLii 1aj MHoxectsasi. FIX MOXHO Takke 3anmHcbiBaTh Kak [, & H &,
Onepawiiio oObe/ieHHsI MHOXCCTB MOXHO TaKXKe 3aMHCcaThb KaK ++,
a pasHocTb — Kak --. Hanpimep, ecan 1imeeTcsi MHOXKECTBO

val primes = Set(2, 3, 5, 7)

TOr/la BbIpakeHie digits union primes BepHer Set(1, 2, 3, 5, 7, 9), BbI-
paxkenue digits & primes BepHeT Set(2, 7) U BbipaXkeHHe digits -- primes
BepHeT Set(1, 9).

13.7. Onepartopbl po6aBneHusa
M yoanieHus 3J1IeMeHTOB

B tab6s. 13.1 niepeuticiensl OnepaTopul, onpeesisieMble KOMTeKIHsIMH
pasiiblX THIIOB JUIsl dobasrenus u yoanenus: 31emMenmos.

Boobuie, + HCnosb3yeTest 71st 00aBIeHust dIeMeHTa B HeYopsiioyeH-
HyIO KOJUICKIIIO, & +: 1 :+ — JUIsl JloGaBaelust aJeMeHTa B Haualo WiH
B KOHeL YTOPsiI0YeHHOl KOJIeKUH L.

Vector(1, 2, 3) :+ 5 // BepneT Vector(1, 2, 3, 5)
1 +: Vector(1, 2, 3) // Bepnetr Vector(1, 1, 2, 3)
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Tabnuua 13. 1. OnepaTopb! o6asneHns U yaaneHus 3/1e MeHTOB

coll2 ++=: coll

Onepartop Onucaxue Tunei -
Konnexkumn
coll :+elem BoaspaluaeT Konnexkumio Toro xe tmna, 4To Seq
elem+: coll ncoll, c aneMeHTOM elem, LOGABNEHHLIM B
KOHeL, unu B Ha4ano
coll +elem Bo3spawaeTt Konnekumto Toro xe tuna, 4to un Set, Map
coll + (el, e2, ... coll, c po6aBneHHbIMY 3neMeHTaMun
coll -elem BoaspawiaeTt Konnekunio Toro xe Tmna, 4To Set, Map,
coll - (e1, e2, ... ucoll, U3 KOTOpPO yaaneHb! ykazaHHble afe- ArrayBuffer
MEHTB!
coll ++coll2 BoaBspauwaeT konnekumio Toro xe Tuna, 4To Iterable
coll2 ++: coll v coll, coaepxatlyo aneMeHTbl n3 obenx
KONNnekuun
coll -- coll?2 BoaspatiaeTt Konnexkumio Toro xe Tuna, 4To u Set, Map,
coll, N3 KOTOPOM yAaneHsl ANeMeHTbI, coaep- |ArrayBuffer
Xawmecs B konnekunu coll2. (Ansa nocnepno-
BaTeNibHOCTen ncnonb3yinTte Metop, diff)
elem:: 1st Cnucok ¢ yka3aHHbIM 3/1eMEHTOM nnn cnn- List
1st2::: 1st CKOM, nobaBneHHbIM B Ha4yano. To Xe, 4To U +:
n++:
list ::: list2 To Xe, 4To U 11st ++: 11st2 List
set | set2 O6bvennHeHwe, NnepeceyeHne N pasHoCTb Set
set & set?2 MHOXxecTB. Onepatop | AencTByeT Tak Xe, KakK
set &” set?2 ++,28" —KakK --
coll +=elem NameHatoT konnekumio coll, no6asnas unu N3meHnemMbie
coll += (e1, €2, ...) |yhanasa ykaszaHHble 3N1eMeHTbI Konnekuuu
coll ++=col12
coll -=elem
coll -=(el, e2, ...
coll --=coll2
elem+=: coll NameHsaoT konnekumtio coll, no6asnas B Ha- ArrayBuffer

4as0 yKa3aHHbIA 9NIEMEHT AU KONNEKLMUIO

OO6patuTe BHUMaHUe, YTO +:, MOAOOHO BCEM OMEpaTopaM, 3aBeplIalo-
HIUMCS ABOETOUYHEM, SIBJISIETCSI TPABOACCOLMATHUBHBIM H UTO OH SIBJISIETCSI
METO/IOM TPaBOro OrNepaHza.

ITH omnepaTopbl BO3BPALAIOT HOBBIE KOJJIEKIHH (TOrO )Ke TIiMa, YTO
U OpUTMHAJIbHBIE), He H3MeHsIs opuruHaia. l3MeHsiemble KOJJIEKIHH
HMMEIOT OrepaTop +=, U3MeHsIIoUUiT JieBblil onepain. Hanpiinep:

val numbers = ArrayBuffer(1, 2, 3)
numbers += 5 // [lo6aBnT 5 B numbers
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OnepaTopm += 1 += MOJKHO IIPUMEHATDb K HEM3MEHsIEMbIM KOJIJIEKI M-
SIM, TOJIbBKO CCJHI CJIeBa OT OrnepaTtopa HaXOJAHTCS var-TiepeMeHHas, KakK
NnoKa3alo HIDKe:

var numbers = Set(1, 2, 3)

numbers += 5 // NpWCBOWT NEpPEMEHHON Numbers HOBOE HEU3MEHAEMOE MHOXECTBO
// numbers + 5

var numberVector = Vector(1, 2, 3)

numberVector "+= 5 // += ne paboTaeT, NOTOMY YTO BEKTOPH HE MNOAAEPXMBANT +

Yunamrh aj1eMeHT MOXHO C MOMOLILIO oneparopa -:

Set(1, 2, 3) - 2 // Bepret Set(1, 3)

[[06211311’1"1) Cpa3dy HECKOJILKO 2JIEMEHTOB MOKHO C MOMOIIBIO OoNlepaTopa
++:

coll ++ coll?

BEpHET KOJUIEKIHIO TOrO e THUMA, YTO I coll, COAEPXKALLYIO 3J1€MEHTbI
obenx Kosuiekiitii, coll v coll2. AHAJIOTHYHO OMepaTop -- yaajsieT Cpa3y
HECKOJIbKO 3JICMEHTOB.

Cogert. Kak Buaute, B Scala UMeEeTCa MHOro pasHbiXx OnepaTopos Ans A0-
6aBneHnn 1 yoaneHusa anemMeHToB. Huxe NpueBoANTCS KpaTkan CBOAKA MO HUM:

Job6asneHue B KOHeL, (:+) unu B Hayano (+:) nocnenoBaTtenlbHOCTU.
No6aeneHue (+) B HEYNOPAAOHEHHYIO KONNEKUUIO.

YnaneHve ¢ NoMouWwplo -.

Wcnonb3yiite ++ 1 -- Ana nobasneHus n ynaneHus rpynn 31eMeHTOB.
Mpwn paboTe co cnuckamMun NpeanoYTUTENLHEE UCNONL30BATL @@ U @ .
N3meHsowwve onepaTopbl += ++= -= --=,

Mpn paboTte co MHOXecTBaMu A NPeanoYnTald ++ u --.

91 cTapalocb n3beratb ++: +=: ++=:,

NS AW =

Npumeuanue. MNpu paGoTe CO CNUCKaMM MOXHO UCNONL30BaTL +: BMECTO : :,
C 0QHUM UCKNIOHYEHWEM: COnoCTaBneHne ¢ 06pasuoM (case h: : t) He paboTtaer
C onepaTopoM +:.

13.8. OO0wme meToabl

B Tabs. 13.2 npuBoiiTcst KpaTkuil 0630p HanboJee BaXKHBIX METOIOB
TpeiiTa Iterable, pacnoJjioxKelHbie B HOpsiaKe (pyHKIHOHATBHOCTH.
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Tabnuua 13.2. BaxxHbie meToasbl Tpeiita Iterable

MeToab! Onucaxue
head, last, headOption, Bo3BpaluatoT nepsblii UAN NOCNEAHUIA 3NEMEHT,;
lastOption nepsbii NN NOCNEAHWA BNEMEHT, TaKOW Kak
Option
tail, init Boaspatuatot BCce, KpOMe NepBoro nnv nocnea-

Hero anemMeHTa

length, 1sEmpty

B03BpawWaoT AMHY UAK true, ECAN ANWHA paBHa
HYNIO

map(f), foreach(f), flatMap(f),
collect(pf)

MpUMEHSIOT GYHKUWUIO KO BCEM 3N1IEMEHTaM (CM.
pasaen 13.9)

reducelLeft(op), reduceRight(op),
foldLeft(init)(op),
foldRight(1nit)(op)

MNpyYMeHSIOT ABYXMECTHYIO Onepaumio Ko BCeM
3aNnemMeHTaM B yKazaHHOM nopsake (CM. pasaen
13.10)

reduce(op), fold(init)(op),
aggregate(init)(op, combineOp)

MPUMEHSIOT ABYXMECTHYIO Ornepaumio KO BCeM
3NeMeHTaM B NPOM3BONLHOM Nopsake (CM. pas-
nen 13.17)

sum, product, max, min

BosspatialoT cymMy unu nponsseneHue (ane-
MEHTbI MOTyT HEeiBHO Npeobpa30BbLIBaTLCH B
TpenT Numeric), AU MakCUManbHoe NN MUHN-
ManbHoe 3HavyeHue (3NeMeHTbl MOryT HEABHO
npeobpa3oBbiBaTLCA B TPETE Ordered)

count(pred), forall(pred),
ex1sts(pred)

Boa3spatualoT Konny4ecTBo INeMeHTOoB, yaoBneT-
BOpAIOWMNX Npeaukary: true, ecnu Bce 3N1eMeHTbl
nnu xoTa 6bl 0ANH COOTBETCTBYET yCNoBUiO

filter(pred), filterNot(pred),

BoaBpalualoT Bce 351eMeHThl, COOTBETCTBYOWWNE

partition(pred) YCNOBUIO, BCE 3/IEMEHTHI, He COOTBETCTBYIOWWE
yCnoBuio, U Te, n apyrue
takeWhile(pred), BoagpatuatoT nepsblie 31eMeHTbl, COOTBETCTBYIO-

dropWhile(pred), span(pred)

uune ycnoesulto; Bce, KpoMe nepsbiXx COOTBETCTBY-
ownx ycnosuto, U te, n apyrue

take(n), drop(n), splitAt(n)

BosBpawialoT nepsebie n aNeMeHTOoB; BCe, KpoMe
nepsbiX n INEeMEHTOB; UTe, 1 apyrue

takeRight(n), dropRight(n)

BoaBpatluatoT nocnegHue n aNeMeHTOoB; BCe,
KpOMe NocnenHnx n aneMeHToB

slice(from, to)

BoaBpalaer anemeHTbl B AnanasoHe oT from A0 to

zip(coll2), zipAll(coll2, f1l1l,
fil12), zipWithIndex

BoaspaluatoT napsl 3N1eMEHTOB U3 yKa3aHHOM
napsbl konnekuuii (cm. pasgen 13.11)

grouped(n), sliding(n)

BoaspauuaioT ureparopsl GpparMeHTOB Konnek-
UW DAWHOM n; grouped BO3BpawaeT 3NeMeHTbl
c uHpekcamm 0 until n, 3aTeM 3NEeMEHTbI C UH-
aekcamu nuntil 2«n 1 T. A.; sliding BO3BpawiaeT
3NeMeHTbl ¢ iaekcamm 0 until n, 3aTem

c uHaekcamMn 1until n+1UT. A,
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Tabnuuya 13.2. BaxxHbie meToabl TpeiTa Iterable (okon4yaHue)

MeTtoapb! OnucaHue

mkString(before, between, Co3palo0T CTPOKY 13 BCex 35ieMeHToB, Aobasnss

after), addString(sb, before, yKasaHHble CTPOku nepea (before) NnepsbiMm,

between, after) mexay (between) kaxapiM v nocne (after) no-
cnenHero anemeHTa. Bropoin metopn aobasnser
Nony4YeHHyIo CTPOKY B KoHew, 6ydepa nocTpou-
Tens CTpok

tolterable, toSeq, toIndexedSeq, | Mpeobpa3yloT KOMNEKLMIO B KONNEKUUIO YKa3aH-

toArray, tolist, HOro Tuna

toStream, toSet, toMap

copyToArray(arr), KonvpyioT aneMeHTbl B Maccus unu B 6ydep

copyToArray(arr, start, length),

copyToBuffer(buf)

Tpeiit Seq 106aBJsIET HECKOJILKO METOAOB K METOZAM Tpeiita Iterable.
Hanbosee sakiibie u3 HUX 1epeyncyiens B tabs. 13.3.

Tabnuua 13.3. BaxHbie MmeTogbl Tpe#Ta Seq

MeTtopabi

Onucaune

contains(elem), containsSlice(seq),
startsWith(seq), endsWith(seq)

Boaspawualot true, ecnu paHHaa nocneno-
BaTENbHOCTb COAEPXUT YKa3aHHbIN 3NeMEHT
unn nocnenoBaTenbHOCTb; eCnNn HaYnHaeTca
nUnn 3akaH4nBaeTca C yKa3aHH0f7l nocnepoea-
TE€NbHOCTbIO

index0f(elem), lastIndexOf(elem),

B03BpaLLaoT MHAEKC NEPBOrO UK Nocnea-

1ndex0fSlice(seq), Hero BxoXxaeHua yka3aHHOro anemMeHTa nnu
lastIndex0fSlice(seq) nocnenoBaTeibHOCTU ANEMEHTOB
1ndexWhere(pred) BoaspawaeT nHaekc Nepsoro anemMeHTa, co-

OTBETCTBYIOWEro ycnosuto pred

prefixLength(pred),
segmentLength(pred, n)

BosspalatoT AnnHy HanbonbLuen nocneao-
BaTENbHOCTU 3NEMEHTOB, COOTBETCTBYIOLLINX
YCNOBWIO pred, Ha4MHas ¢ 0 Uau n

padTo(n, f111)

BoaspaluaeT Konuio AaHHOoK nocnenosa-
TeNbHOCTK, NONONHAN ee 3Ha4YeHneM f1ll oo
LOCTUXEHUA ANWHDBI N

intersect(seq), diff(seq)

BoaspaluatloT nepeceyeHne unm pasHoCcTb
nocneposarenpHocTen. Hanpumep, ecnu a
copepxut NaTb eavHnu (1), a b — ase, Toraa

a 1ntersect b BepHeT ABe (HauMeHbLLee KONn-
4ecCTBO), a a d1ff b BEpHET Tpw (PasHOCTb)

reverse

PacnonaraeT anemeHTbl NocneaoBaTenbHO-
cTun B 06paTHOM nopsiake
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Ta6nuuya 13.3. BaxHble meToab! Tpelita Seq (OKOHYaHue)

MeToabi OnucaHue
sorted, sortWith(less), sortBy(f) CopTupyioT NnocnenoBaTenbHOCTL NyTem
CpaBHEHUA 31EeMEHTOB C UCNONb30BaHUEM
ABYXMECTHOMN PYHKUUU less nnn GyHKUUK f,
oTo6paxartouieit Kaxabivi aNEMeHT B Nopsaa-
KOBbI TUN

permutations, combinations(n) Bosspawatot utepatop o6xona Bcex nepe-
CTaHOBOK Unu kKomMOuHauuii (nognocnenosa-
TENbLHOCTEN C ANNHOWN n)

NMpumeuanune. O6paTuTe BHUMaHWE, 4TO 3TU METOAbl HUKOrAa He N3MeHs-
10T Konnekumn. OHY BO3BPALLAIOT KONAEKLMIO TOMO Xe TuNna, 4TO U NCXOAHas.
MHoraa aTo Ha3bIBaOT NPUHLUMINOM «eAMHO06pasna BO3BPalLaeMoro Tuna».

13.9. dyHkunn map um flatMap

WHorna MoxkeT MOTpe6oBaTLCSl TpaHcGOpMIIPOBaTH BCE DJIEMEHTHI
KoJuteKiuu. Metoz map mpuUMeHsIeT (DYHKIMHIO K KOJUJICKIUHI 11 BO3Bpa-
IAeT KOJIJIEKIHIO pe3ybraTtoB. Hanpumep, mycTb 1IMECTCST CIIICOK CTPOK

val names = List("Peter”, "Paul”, "Mary"”)

le/lBeCTM BCE CUMBOJIBI B CTPOKaX K BEPXHEMY PEricTpy MOXXHO TakK:

names.map(_.toUpperCase) // List("PETER", “PAUL", “MARY")

ITO TO XKe caMoe, UTO M

for (n <- names) yield n.toUpperCase

Ecan BMeCTO eanHCTBEHHOTO 3HAUEHIst (hYHKIHSI BO3BPAHIACT KOJI-
JIEKLIMIO, MOXET TOTPebOoBaThCsl OOBEAMHHTL BCC PE3YJILTaThl B OJHY
CTPOKy. B 3TOM cilyyae MOKHO BOCMOJIb30BaThCsl MeTonoM flatMap. Ha-
TIpUMep, NYCTb UMeeTcsl (PyHKIIS

def ulcase(s: String) = Vector(s.toUpperCase(), s.toLowerCase())

Torna BbI30OB names.map(ulcase) BEPHET

List(Vector("PETER", "peter”), Vector("PAUL", "paul™), Vector("MARY", "mary™))




Dyrkumm reduce, fold u scan §§Ill.lm

a BBI3OB names. flatMap(ulcase)

List("PETER", “peter”, "PAUL", “paul”, "MARY", “mary")

CoseT. Ecnu meToA flatMap ucnonesyerca ¢ pyHKUMEN, BO3BPaLLAIOLWLEN 3HA-
4yeHue Tuna Option, BO3BpawaeMan konnekumsa 6yner conepxartb BCe 3Have-
HUA v, ANA KOTOPbIX PYHKUUA BEPHET Some(v).

Mertoz collect paboTacT C uacmuuno onpedeireHHvIMU QOYHKYUIMU
(partial functions) — ¢yHKuMsIMHM, KOTOPBIE MOTYT ObITH ONpeeIeHbl
He A1 BCCX BXOAHbBIX 3HaYeHHil. OH BO3BpallaeT KOJIJIEKLHIO BCEX 3Ha-
yenuii aprymenTon (hyHKIMY, 17151 KOTOPBIX OHA onpencsieHa. Hampumep:

"-3+4" collect { case '+ => 1, case '-' => -1} // Vector(-1, 1)

Haxkouel, ecii 1e06x01umMo NpUMeHHTb (DYHKUMIO TOJNBKO paiu ee
no6ouHoro agpekra, He 3a60TSICh O BO3BPALIAEMDIX €10 3HAYEHUSIX, MOXK-
HO BOCIIOJIb30BaTLCSI METOAOM foreach:

names. foreach(println)

13.10. dyHkuum reduce, fold u scan X}

MeTon map NPUMEHSIET OJIHOMECTHYIO (DYHKIMIO KO BCEM 3jeMeHTaM
KoJuteKuui. MeToapl, 00cysK1aeMble B 3TOM pasfiesie, 00beqUHsIOT dJIe-
MEHTDI C IIOMOLLBIO deyxaecmiioil GbyHKUNN. Bbi30B c. reduceLeft(op) mpu-
MelsieT op K MOCJICAYIONIIM dJIEMEHTaM, KaK MOKa3aHo HUXe:

op coll(2)
/\
coll(0) coll(1)

Hanpinep,

List(1, 7, 2, 9).reduceleft(_ - _)
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BBITIOJTHUT NOCJIEAOBATEIBHOCTD onepaunﬁ

HJIU

(1 -7)-2)-9=1-7-2-9=-17

Merton reduceRight AeliCTBYET TOUHO TaK JKe, HO HaullaeT 06paboTKy
nocJjieoBaTesbHOCTI ¢ KoHIA. Hanpriaep,

List(1, 7, 2, 9).reduceRight(_ - _)

BBITIOJIHUT TTOCJI€0BATEIBHOCTD ONepaluii

1-(7-(@-9)=1-7+2-9=-13

YacTto ObIBa€T >KeJaTeJbHO HaullHaTh BBIMIICJEHHsST C HEKOTOPOTo
[POH3BOJIBHOTO 3JIeMEHTa KOJIJIEKLI, a He C eCc HayaJja. BnizoB coll.
foldLeft(init)(op) BBIYHCIUT

op
/\
op coll(?2)
/\
op coll(1)
/\
init coll(0)

Hanpumep,

List(1, 7, 2, 9).foldLeft(0)(_ - _)

BBITOJHUT MTOCJIE0BATCABHOCTD ONepauuii

0-1-7-2-9=-19




Dynkumm reduce, fold 1 scan g“ll..

MpumeyaHune. HavanbHoe 3HayYeHWe u onepaTop — 3TO OTAENbHbLIE «Kappu-
pOBaHHble» NapaMeTpbl, 4TO No3BonseT Scala uCcnonb3oBaTb TUN HaYanbHOro
3HaYeHus onsa onpegeneHus Tuna oneparopa. Hanpumep, B List(1, 7, 2, 9)
foldLeft("")(_+ _) HayanbHOE 3Ha4YeHue ABNAETCA CTPOKOW, NOITOMY onepa-
TOp BonxkeH ObITb dyHKumen (String, Int) => String.

Onepannio foldleft MOXHO TaKXe 3amucarh C MOMOLIBIO ONepaTopa
/:, HarpHuMep:

(0 /: List(1, 7, 2, 9)(_ - )

BxemnuM BHAOM ornepaTtop /1 IOJI)KEH HAallOMHHaTb BaM JEPeBO.

Npumevanune. B popMe C onepatopoM /: HadaNbHbIM 3HAYEHUEM ABNAETCA
nepebiit onepaHAa. ViMeite B BUAY, Y4TO MNOCKOMLKY ONepaTop 3akaH4MBaeTcs
[BOETOYMEM, OH ABNSAETCA METOAOM BTOPOro onepaHaa.

Huxe nokasano, kak geiicTByeT meton foldRight HMJIM oreparop :\

op
/ N\
coll(n-3) op
/ N\
coll(n-2) op
/ 0\

coll(n-1) 1nit

Bce T 1ipHMepDI He BBITJISIAST 0COOEHHO NMPAKTHYHBIMU. /13, BBI30BbI
coll.reduceleft(_ + _) 11 coll. foldLeft(0)(_ + _) BBIYHUCJISIIOT CyMMY, HO ee
MOJKHO MOJIy4IITh GoJiee MPOCTBIM CIIOCOOOM, BBI3BAB coll. sum.

Onepauust CBePTKH HHOTAA MOXET CJIy)KHTb HETJIOXOi 3aMeHOMH 1HK-
ay. JlonmycTiM, HaripuMep, UTo TPeBYeTCs ONpeneauTb YacTOTy BCTpeyae-
MocTti OykB B cTpoke. [IJs1 9Toro MoxHo Oblj10 661 060iiTH BCe GYKBBI,
OGHOBJISISI CUETUIIKI B H3MEHSIEMOM aCcCOLIMaTHBHOM MaCCHBE.

val freq = scala.collection.mutable.Map[Char, Int]()
for (c <- "Mississippi”) freq(c) = freqg.getOrElse(c, 0) + 1
// Tenepb freq - aTo Map('1" -> 4, "M -> 1, 's” =>4, 'p’ ->2)
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Hiwxe n306paskeHo apyroe mpeicTaBienue sToro mporecca. Ha kax-
JIOM 1are 0ObeIUHSIIOTCST aCCOLMATHBHBIA MAaCCHB C YaCTOTaMH M BHOBb
BCTpeueHHass GyKBa, U BO3BPAILAETCS] HOBBIH acCOLMATHUBHBIH MacCHB.
To ecTb cBepTKa:

op
/\
op ‘s’
/\
op ‘i’
/\
empty map ‘M’

Yro menaet op? JleBblii omepaHA — YAaCTUYHO 3aroJIHEHHDBII acconua-
THBHBIIf MaccuB, a TpaBblii onepaHA — HoBast Oyksa. Pe3yysTaToM siB-
JisieTcsl IOTOJHEHHBIH accouuaTHBHBII MaccuB. OH Mojaercst Ha BXOX
cjenyioleil onepauuu op, ¥ Tak A0 KOHIA, B pe3yJbraTe MOJydaercsl
accolMaTUBHBIN MaccuB co BceMH cueTyHKaMM. PelieHie B mporpamm-
HOM KOJle TIPEACTaBJeHO HUXKe:

(Map[Char, Int]() /. “Mississipp1™) {
(m, ¢) =>m + (¢ -> (m.getOrElse(c, 0) + 1))

OO6patuTe BHUMaHUE, YTO 3[ECh UCIOJIB3YETCsl HelI3MEHsIEMbIiT acco-
HUaTHBHBIN MaccuB. Ha ka)kagoM 1iare co3gaercst HOBbIIT acCOLIMATHBHBII
MacCHB.

Npumeuanne. Onepaumelt CBEPTKU MOXHO 3aMeHuTb Mo6on umkn while.
CKOHCTPYUpyWTe CTPYKTYpYy AaHHbIX, 06beauHsAIoWyI0 BCe NepeMeHHble, KO-
TOpble U3MEHAIDTCA B UMKe, U onpefenvTe onepaumio, peanvaylowwyio OauH
war. 9 He yTBEPXAalo, YTO 3TO BCEraa onpasAaHO, HO Bbl MOXETE HANTU WH-
TEPECHO’ BO3MOXHOCTb OTKa3aTbCH OT UMKIOB U U3MEHEHUA OaHHbIX.

HaxkoHen, MeToab! scanleft U scanRight O6BEAUHSIIOT CBEPTKY 1 acCo-
UMATUBHBIN MaccuB. B pesysbraTe Bbl MosyuaeTe KOJJIEKIIHIO IPOMEXY-
TOUYHBIX pe3yiabraToB. Hampumep,

(1 to 10).scanLeft(0)(_ + _)




DyHkuua zip igll'll

BEPDHET BCE IPOMEKYTOUHBIC CYMMBbI:

Vector(0, 1, 3. 6, 10, 15, 21, 28, 36, 45, 55)

13.11. dyHKUMA zip

Mertobl, NnpeacTaBJ/ieHHble B NMpeablAylIeM pa3aese, IPUMEHAIOT oIle-
panuy K CMEXXHBIM 9JIEMEHTAaM B TOI JKe caMOI KOJIJIEKIUH. Wnorna ume-
I0TCA AB€ 1ICXOAHbIE KOJIJIEKIINH, COOTBETCTBYIOLIHE 9JIEMEHTbI KOTODbIX
HY>XHO 06’1)(3H.HHHTI> IOoTIapHo. HaanMep, OOMYCTUM, YTO UMEETCA CITHU-
COK LeIl Ha TOBapbl M CIIHUCOK C KOJIUYECTBOM TOBApPOB!:

val prices = List(5.0, 20.0, 9.95)
val quantities = List(10, 2, 1)

C nomoliblo METoZa zip MX MOXHO 0ObeAMHUTH B criucok nap. Ha-
npumep,

prices zip quantities

JacT B pe3yJsbrate List[(Double, Int)]:

List[(Double, Int)] = List((5.0, 10), (20.0, 2), (9.95, 1))

Mertoy na3biBaeTcst «zip»!, HOTOMY 4YTO OH O0ObeAUHsIET ABE KOJIIEK-
i 10100110 cobauke Ha 3aCTEXKKe-MOJHUU.
Tenepnb s1eTko MOXKHO NPUMEHUTb (DYHKUMIO K KaXKI0ii mape.

(prices zip quantities) map { p => p._1 * p._2 }

PesysibraToM BymeT cricok croumocTell 06beMOB KaXa0ro ToBapa:

List(50.0, 40.0, 9.95)

3aTeM MOXHO MOJIYUHTDb 061].[le CTOUMOCTDb BCEX TOBapOB:

((prices zip quantities) map { p => p._1 * p._2 }) sum

' Ynaxosarn, 3acTeruyrb. — IIpun. nepes.
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Ecnu omHa KOJIEKIHSI OKaXKeTCs KOpodue APYroi, pesysibrar Oymer
cofiepxaTh KOJIMYECTBO Iap, COOTBETCTBYIOIllee MeHbUIEH KOJIJIEKIIMH.
Hanpumep,

List(5.0, 20.0, 9.95) zip List(10, 2)

OacT B pe3yJibraTte

List((5.0, 10), (20.0, 2))

MeTton zipAll o3BoJIsSIET YKa3aTb 3HaYE€HMsI MO YMOJIYAHUIO JJIsI 6onee
KOPOTKOro CITMCKa:

List(5.0, 20.0, 9.95).zipAll(List(10, 2), 0.0, 1)

BEpHeT

List((5.0, 10), (20.0, 2), (9.95, 1))

Mertopn, zipWithIndex BO3BpallaeT CIIMCOK Map, rie BTOPbIM KOMITOHEH-
TOM SBJISIETCS MHAEKC KaKIOTrOo 3JIeMeHTa. Hanpnmep,

“Scala”.zipWithIndex

BepHeT

Vector(('S", 0), ('c’, 1), (a", 2), (1, 3), (‘a’, 4))

ITO MOKET MPUTOAUTHCST, KOTIA MOTPeOYETCst BBIYUCTUTD HHAEKC dJie-
MeHTa ¢ onpeeneHHbIM cBoiictBoM. Hanpumep,

“Scala”.zipWithIndex.max

BepHer ('1°, 3). VIHmekc cuMBoJia ¢ HAMOOJIBIIUM KOZOM OTpeeIsieTcs]
Kak

“Scala”.zipWithIndex.max. _2

13.12. UtepaTtopsbl

IMosyunuts HTEpPaTOp M3 KOJUIEKLUH MOXHO C IIOMOIIbIO MeToja
iterator. teparopst B Scala ucnonbayiotest pexe, yem B Java uiau C++,
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MOTOMY YTO OOBIYHO KEJIAEMOTO MOJKHO OOUTHCS TPOIIE C IIPUMEHEHHU-
€M MeTOJ[OB KOJUIEKLIMH, ONMHCAHHBIX B NPebIAYILUX pa3jenax.

OnHaKo UTEPaTOPbl MOTYT NPHTOAUTBCS st PAGOTHI C KOJUIEKIUSIMH,
TMIOJIHOE BOCCO3/laHHe KOTOPBIX SIBJISIETCSI JOPOTOCTOsILIel orneparueil.
Hanpumep, meron Source.fromFile Bo3BpallaeT HTEPATOp, NMOTOMY 4YTO
omepaiusl uTetus: ¢aita B MaMsATh LEJIUKOM MOXeT OKa3aThCsl BeCbMa
HeadexTusioil onepauueil. Tpeiit Iterable onpenensieT HECKOJIbKO Me-
TOZOB, BO3BpaLIAIOLINX HTepaTopbl, TaKke Kak grouped U sliding.

O6amast HTEpaTOpOM, MOXHO BBINOJHSTh HTEPAUMHU MO dJIEMEHTaM
KOJIJICKI[MI C 1IOMOIIBIO METOZOB next M hasNext.

while (1ter.hasNext)
BunonHuts onepaumn ¢ anemeHTom 1ter.next()

lel JKeJIaHHH MOXKHO HCII0JIb30BaTh IUKJI for:

for (elem <- 1ter)
BononHuTs onepaumu ¢ anemeHToM elem

O6a uuKsia nepeMenialoT HTepaTop B KOHEL KOJIJIEKIUH, TIOCTIE Yero
HUTEPaTOpP CTAHOBUTCST GECTIONE3HBIM.

Kuacc Iterator onpenessier psi METOIOB, IEHCTBYIOIIHX HAEHTUYHO Me-
ToAaM KoJsulekuuii. B uacTHOoCTH, ZOCTYNHBI Bce METOABI TpeiTa Iterable,
nepeuuncseniivie B pasaese 13.8 «O61e MeToabl», 32 HCKIIOYEHHEM head,
headOption, last, lastOption, tail, init, takeRight M dropRight. Ilocyie BbI-
30Ba Takoro Meroja, Kak map, filter, count, sum M JaXe length, MTEPATOD
nepeMelaeTcsl B KOHel KOJJIEKIHH 1 He MOoKeT OGoJIblie UCIOIb30BaThC.
IIpn Mcnosib30BaHMM APYTUX METOAOB, TAaKHX Kak find W take, UTEpaTop
oCTalaBaHBaeTcs 3a HalieHHbIM WM U3BJEUYEHHBIM 3JIEMEHTOM.

Ecin paboTta ¢ urTepatopaMu IOKa)KeTCsl BaM CJIMLIKOM yTOMUTEJb-
HOM, JJIsT KOTTHPOBAHHS 3JIeMEHTOB B KOJIJIEKIIMIO BCETia MOXHO MCIIOJIb-
30BaTbhb METOAbl, TaKue KakK toArray, tolterable, toSeq, toSet U toMap.

13.13. NoTtoku ¥}

B nmpeapiaymnx paszesnax Bbl BHAETH, YTO HTepaToOp SIBJSETCST «Jje-
HHUBOWH» ajibTepHaTHBOH KoslekuuMu. Bbl nmosyyaete ajleMeHTBI 10 Mepe
ux Heobxoanmoctu. Eciu asieMeHTbl He TpeOYIOTCS], BAM He NPUXOAUTCS
NJIATUTH BBIYHCIHTEIbHBIMH MOIIHOCTSIMH.

OpxHako HTEPATOPLI — Belllb AOCTATOUHO XpynKasi. Kaxkablii BbI30B next
u3MeHsiCeT ureparop. [lomoku npeayiaraloT Heu3MeHsieMy10 albTepHaTHBY.
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IToTok ~ 2TO HEeM3MEHSEMBIN CIICOK, XBOCT KOTOPOTO BBIYUCJISIETCS TIO
TpPeGOBaHHIO, TO €CTh TOJBKO KOTJa Bbl MOMPOCUTE 00 3TOM.
Huxe npuBoAUTCS TUIIMYHBIA NpUMep:

def numsFrom(n: BigInt): Stream[BigInt] = n #:: numsFrom(n + 1)

OnepaTop #:: MOXO0X Ha omepartop :: IJis CIMHCKOB, HO CO34aeT I10-
TOKH.
Korua MPOU3BOAUTCSI BBI3OB

val tenOrMore = numsFrom(10)

BO3BpanlaeTcCst 00BeKT IIOTOKa, KOTO])I)If/i 0To6pa>1<aeTc;1 KakK

Stream(10, ?)

XBOCT MOTOKAa He BbIYHCJsIETCSI. EciM BbI3BaTh MeTO[

tenOrMore.tail.tail. tail

BO3BpallaeTCsI

Stream(13, ?)

MeTozAb! MOTOKOB BBIYMCJSIIOTCST «JIeHUBO». Hanpuwmep,

val squares = numsFrom(1).map(x => x » X)

BEpHET

Stream(1, ?)

Yro6bl MOJYUUTH CIEAYIOUHI 27IEMEHT, BaM IIPUIETCST BbI3BATh METO/
squares. tail.

Ecau norpebyercst nosiyunuTh GoJjiee OIHOTO dJEMEHTa, MOXHO BOC-
T0JIb30BAThCST CBSI3KOIT METONOB take M force, KOTOpasi 0OECIIEYUT MPU-
HyAMTeJbHOE NMoJyuyeHHe Bcex 3HaueHuil. Hanpumep,

squares. take(5). force

BepHeT Stream(1, 4, 9, 16, 25).



Jlenusbie npeacTasneHms %gllll.

KOHe‘{HO, HE CJIeayeT I10JIb30BATbCs CBSI3KOI

squares. force // Het!

B arom cayuae Oyzer npeanpUHsITa MOMBITKA BHIYUCIUTD BCE DJIEMEH-
TbI 6ECKOHEYHOro MOTOKA, YTO B KOHEYHOM MTOTre BbI30BET MCKJIIOYEHHE
QutOfMemoryError.

[ToTox MOXKHO CKOHCTPYHpOBaTb Ha OCHOBe HTeparopa. Hanpumep,
MeTOH Source.getlines Bo3Bpaluaet Iterator[String]l. C moMoIpio ure-
patopa MoXHO 06pabaTbIBaTh CTPOKH TOJIBKO 10 oxHOM 3a pa3. IToTok
KelIHPyeT MoJjlyyeHHble PaHee CTPOKH, Giarogapst 4eMy K HUM MOXKHO
obpaiarbcst CHOBA:

val words = Source.fromFile("/usr/share/dict/words™).getLines.toStream
words // Stream(A, ?)

words(5) // Aachen

words // Stream(A, A's, AOL, AOL’s, Aachen, ?)

13.14. JleHuBble npepcrTaBneHns

B npensiiayuiem pasaesie Bbl BUAEIH, YTO METOAbI IIOTOKOB PEAIU3YIOT
OTJIO’KEHHDIC BLIYMCIIEHHs, BO3Bpaliasl pe3yJbraThl, TOJbKO KOTAa OHU
1eobxoauMbl. AHasioritublil aphexT MOXKHO MOJYUUTH M IJIST APYTHX
KOJUJIEKI[H i, IPHMEHIIB METO[ view. ITOT METOJ BO3BPALIAET KOJIJIEKIIHIO,
METOJIbl KOTOPOIl peasiii3yloT OTJIOXKeHHble BblunciaeHust. Hampumep,

val powers = (0 until 1000).view.map(pow(10, _))

BEpHET KOJUICKUHIO, Hie lMelollylo ajeMeHTOB. (B oTamuue oT motoka,
oHa He WMeECT JaXke 11epBoro ajaemMeHTa.) Eciu Bbi3BaTh

powers(100)

Oyner npousBeneH eqUIICTBEHHBIH BbI30B pow(10, 100). B oTauume ot
IIOTOKOB, MNpeACTaBJEHHs € KELIWUPYIOT IMOoJIyYeHHble 3HaYeHU. Ec-
JIH BbI3BATL powers(100) ere pa3, MoBTOPHO 6leeT BBITNIOJIHEH BBI3OB
pow(10, 100).

Kak u ITOTOKH, JIs1 NPUHYAHUTEJIbHOIO MOJNYYEHUSA HECKOJIbKHUX dJIe-
MEHTOB H3 IMpeAaCcTaBJIeHH HeO6X0le/lMO HCII0JIb30BAaTb METOJ, force. OH
BEPHET KOJIJIEKLMIO TOr'O K€ THIIA, YTO U UCXOAHas KOJIJIEKIHsI.
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JlenuBble MpeaCcTaBIeHUsT OCOOEHHO BBITOIHO WCIMOJIHb30BATh, KOTIA
HeoOXOAMMO MPeoOpa3oBaTh GOJIBIIYI0 KOJUIEKIHIO HECKOJBKHMII CIIO-
cobamy, TOTOMY 4TO He TpeOyeTcsl Co3AaBaTh GOJIBIINE TTPOMEKYTOUHbIE
kosutekuun. Hanpumep, cpaBHiTE

(0 to 1000).map(pow(10, _)).map(1 / _)
(¢
(0 to 1000).view.map(pow(10, _)).map(1 / _).force

B nepBoM ciyuae BBIUHCISIETCST KOJJIEKIHST CTeNeHeli TecsITKi, U 3a-
TEM K KaXXIOMY 9JIeMEHTY NPUMEHsIeTCsI onlepaliusi MoJyueHust 0OpaTHbIX
3HaueHUi. Bo BTOpoM cilyyae co3gaeTcs npejcTaBjieHHe, peaniusyioliee
obe omepauuu orobpaskeHust. IIpy NPUHYAHTEIBHOM BBIUMCIEHHH 06€
orepaiuy MPUMEHSIIOTCST K KaXKAOMY 3JIeMEHTY, HO 6e3 CO3aaHus Mpo-
MeXYTOYHON KOJIJIEKIHH.

Mpumevanune. PasymeeTcs, B JaHHOM Ciiy4ae MOXHO 6biio 6bl NPOCTO Bbl-
3BaTb (0 to 1000).map(x => pow(10, -x)). OgHako, ecnu konnekuus obpabarbl-
BaeTCA B pasHbIX 4acTsax nporpamMmel, yaobHee nepeaasaTtb NpeacTasneHve,
Hakannuealowee moanpukauun.

13.15. Bzaumopgencreue ¢ Kosnekumnamm
Java

MHoraa Bo3HMKaeT HEOOXOAMMOCTDb HCIOJb30BaTh KOJIEKIMH Java.
MOo>XHO TPUMEHATb UX HEMOCPEACTBEHHO M JIMIINThCST Goratoro Habo-
pa MeTOZIOB, KOTOPbIMU 00JIafaloT KoJuleKunu B si3bike Scala. Oanako
ecTb APYToil MyTh: co3faBaTh Kosulekunu Scala 11 3atem nepegaBaTh UX
B Java-koa. O6beKT JavaConversions NMpPEROCTABJISIET MHOXECTBO MPeo6-
pasoBaHMii KoJulekuuii Mexay Scala n Java.

YKaxuTe THUI 11€eBOTO 3HAYeHUsI SIBHO, YTOObI MHHIHMUPOBATH Mpe-
obpasoBanue. Hanpumep,

import scala.collection.JavaConversions. _
val props: scala.collection.mutable.Map[String, String] =
System.getProperties()

Ecsin Bac BosiHyeT npobsieMa HeskeJlaTeJIbHbIX HESIBHBIX TPeoOpa3oBa-
HUH, POCTO UMIMOPTUPYHTE TONbKO HeoOxoauMble. Hanpimep,
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import scala collection JavaConversions propertiesAsScalaMap

B rtabn. 13.4 nepeuriciensl npeobpa3oBaHusi U3 KoJulekuui Scala

B KOJIJIEKIIHMH Java.

A B Tabs. 13.5 nepeunciensl 06paTHbie MPeoOPa3OBaHUsI, U3 KONJIEK-
uuii Java B xosnexuuu Scala.

Tabnuya 13.4 Npeobpa3oBaHua u3 konnekywni Scala s konnexkuynn

Java

HeaBHasa dyHkuusa B::g::; ‘.‘:;:; ;ril;n Llenesoi Tun B java.util
asJavaCollection Iterable Collection
asJavalterable Iterable Iterable
asJavalterator Iterator Iterator
asJavaEnumeration Iterator Enumeration
segAsJavalist Seq List
mutableSegAsJavalist mutable. Seq List
bufferAsJavalist mutable.Buffer List
setAsJavaSet Set Set
mutableSetAsJavaSet mutable.Set Set
mapAsJavaMap Map Map
mutableMapAsJavaMap mutable.Map Map
asJavaDictionary Map Dictionary
asJavaConcurrentMap mutable.ConcurrentMap concurrent.ConcurrentMap

Tabnuuya 13.5 lNpeobpa3osaHnsa n3 Konnexkuni Java B Konnekymn

Scala
HenBuan dyukuun N vat a scalacollection
collectionAsScalalterable Collection Iterable
1terableAsScalalterable Iterable Iterable
asScalalterator Iterator Iterator
enumerationAsScalalterator Enumeration Iterator

asScalaBuffer List mutable.Buffer
asScalaSet Set mutable. Set
mapAsScalaMap Map mutable.Map
dictionaryAsScalaMap Dictionary mutable.Map
propertiesAsScalaMap Properties mutable.Map

asScalaConcurrentMap concurrent.ConcurrentMap |mutable.ConcurrentMap
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VimeiiTe B BHZY, YTO IpeoOpa3oBaHus BO3BPAIIAIOT 0GEPTKHU, MO3BO-
JISTIONME HUCITOJIb30BaTh 1IeJIeBOl HHTepdeiic 1151 1ocTyna K OpUrHHAb-
HoMmy tuny. Hanpumep, ucnonbsosatsb

val props: scala.collection.mutable.Map[String, String] =
System.getProperties()

props OyzeT MPeACTaBIsATh 06EPTKY, METO/IbI KOTOPOIl BbI3bIBAIOT Java-
MeTOIbl, Jiexalue B ocHoBe. Eciit BhI3BATD

props(“com.horstmann.scala”) = “"impatient”

o6epTKa BbI30BET METO put(“com.horstmann.scala”, “impatient”) oObeKTa
Properties.

13.16. NMNoTokoOe3onacHbIe KoJieKum

[Ipu paboTe ¢ U3MEHSAEMBIMH KOJIJIEKLHUSIMM B MHOTOTIOTOUYHOM cpeje
BBITIOTHEHHST HEOOXOMUMO TapaHTHPOBATh, YTO OJIMH MOTOK He TOMNbITa-
€TCs1 UBMEHHUTD ee, TIOKa K Heil obpautaercs Apyroii notok. B 6ubsuoreke
Scala umeloTcst mecty TPEHTOB, KOTOPbIE MOXKHO MOAMEINBATH B KOJI-
JIEKLMH JJTsI OPTaHU3alUK CHHXPOHU3AI[HH ONePalrii ¢ HIMU:

SynchronizedBuffer
SynchronizedMap
SynchronizedPriorityQueue
SynchronizedQueue
SynchronizedSet
SynchronizedStack

Hamnpumep, HMKe noka3aHo, Kak CKOHCTPYHPOBATb acCOLMATHBHBIN
MacCUB C TOJ/IEP>KKOH CHHXPOHU3AIUKU ONepaLuif:

val scores = new scala.collection.mutable.HashMap[String, Int] with
scala.collection.mutable.SynchronizedMap[String, Int]

Buumanue. Mpexae 4em noamelnBaTth 3TU TPeiTsl, y6eauTech, YTO NOHU-
MaeTe, YTO OHW AenaloT, a Yero He aenaioT. B npeabiayuieM npumepe MOXHO
6bITb YBEPEHHBLIM, YTO aCCOLMATUBHBIN MaCCUB SCOTes He ByaeT noBpexaeH —
nio6as n3 onepaunin ¢ HUM GyaeT BbINOAHEHA A0 KOHUA, NPexXae YeM Apyron
NOTOK CMOXeT BbINOAHUTL APYrylo onepauvio. OaHaKo OAHOBPEMEHHbIE U3-
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MEHeHUs nnun ntepaunm He6e3onacHbl 1 HaBepHAaka npueenyT K owmbkam BO
BpemMs BbiNONHEHUS.

B obiem ciiyyae MpeNNOYTHTEIbHEE HCIOJb30BATh OAMH W3 KJac-
COB, 1IMEIOUIHXCsl B TIakeTe java.util.concurrent. Hampumep, ecoan He-
006X01MMO 06eCneylTh TOCTYH K OBIEMYy acCOIHATHBHOMY MAacCCHBY U3
HECKOJNILKHX MMOTOKOB BBINIOJIHEHUS, HCIOMb3YiTe ConcurrentHashMap UK
ConcurrentSkipListMap. DTH Kosiekunu 6oJee a(HeKTHBHDI, YUEM aCCOIU-
aTUBHDBIH MacCHB, KOTOPBIII MPOCTO CHHXPOHU3HUPYET BBI30BBI BCEX CBO-
UX MeToz1oB. Pasiibie MOTOKH MOTYT OJHOBPEMEHHO 06paliaThCsl K He-
CBsI3aHIIBIM YacTsiM cTPyKTypsl fJaHHbIX. (He npitaiitech mpoaenars ato
nomal) Kpome Toro, utepatopsl OKa3blBalOTCsS B MHOTOMOTOYHOU cpejie
<HEMpPEeACTABHTENbHBIMUY, TAK KAK OHM OTPAXKAIOT NpeCTaBieHue, ObIB-
iee BepHLIM Ha MOMEHT IOJyYEHHUsI UTEPAToOpa.

AnanTtupoBaTh KOJJIEKLIMHM W3 java.util.concurrent AJIsl MCIIOJIb30Ba-
HHsI B TPOrPAMMHOM KoJle Ha si3bike Scala MOXHO, KaKk OMHMCaHO B Mpe-
IbIAYILEM paszelie.

13.17. NapannenbHbie Kosekuun

Hemnpocro 6e3 o160k HamucaTb MHOTOMOTOYHYIO MPOTPAaMMYy, U Bce
ke MHOTONOTOYHOCTD B Hallle BPEMSI T10JIb3YeTCs GOMBILIMM CIPOCOM, TaK
KaK MO3BOJISIET MAaKCUMAJIbHO 33leHCTBOBATh BBIYHCJIHUTEIbHbIE MOIIHO-
CTH MHOTOIIPOIIECCOPHBIX cucTeM. Scala npensaraetr ocobeHHo npuBIe-
KaTeJIbHOC PelleH e [J1s1 HCIIOIb30BaHusI B 3a/layax, CBSI3aHHBIX C MaHH-
nyJupoBaHueM 60JbIWHMHI KostekuusiMi. JacTo Takue 3aauil pelaoT-
Cs1 C MCMOJIB30BAHHEM TNapaJIIeNbHbIX airoputMoB. Hampumep, uto6sl
BBIYHMCJIHTL CYMMY BCE€X 3JIEMEHTOB, MOXXHO OJHOBPEMEHHO 3aNyCTHTh
HECKOJIbKO TMOTOKOB, BBIYMCISIIOIIHX CYMMBl Pa3jM4YHbIX (PparMeHToB
KOJIJIEKLIMH; B KOHIIE IIOJyYeHHble pe3yJbTaThl cKJaasiBaiorcs. KoneuHo,
pacnpenensitb paboTy MexIy HECKOJbKMMHU MOTOKAMH JOBOJIbHO XJIO-
notHo, 110 B Scala a1 X70M0Thl MOXHO 3a6bITh. ECIM MpeANonoKUT,
4TO coll — 3TO GOJIbLIAST KOJJIEKIHS, TOTA

coll.par.sum

BBIYHCJIUT CYMMY B HECKOJIBKHX NOTOKax. MeTo/| par BOCITPOM3BOAUT I1a-
PLTIENIBHYIO PeaNu3altIo KOJIEKLUMH. JTa peau3alis pachpenessier
BBIIOJTIIEHHE METOJOB KOJIIEKLMH IO HECKOJbKHUM MOTOKaM, €CJIH 3TO
Bo3moxxio. Hanpumep,
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coll par count(_ % 2 == Q)

MOACYNTAET KOJUYECTBO UETHBIX YHCENT B coll, TPUMEHUB MpeauKaT
K CerMEHTaM KOJIJIEKI[UH B HECKOJbKUX TapajlyIe/IbHbIX MOTOKaX 1 00b-
€IVHUB DEe3yJIbTaTbL

st MaccuBoB, 6ydepoB, Xel-Tabauil v cHaTaHCHPOBAHHBIX JIePEBbEB
napaJjieibHble Peasu3aliuy MOBTOPHO WCIOAL3YIOT PeayiM3aliu, Jexa-
1[de B OCHOBE KOJJIEKIHH, KOTOpBIe BecbMa 3(h(eKTHBHBL.

MOXHO pacrpefesuTh BbITOJHEHHE LUK for MEXAy HCCKONbKHMMU
MOTOKaMM, HPUMEHUB .par K KOJUJIEKIHH, 110 3JIEMEHTAM KOTOPOil BbI-
MOJIHSIIOTCST UTEPAIIH:

for (i <- (0 until 100).par) print(1 + " ™)

TlonpoOyiiTe BHIMOMHNUTD 3TY MHCTPYKIHUIO — UUCAA OYAYT BHIBOANTD-
cs B TOpsiike UX 06pabOTKH MOTOKaMH.

B uukie for/yield pe3yJsraThl yrnopsinounsaiorcst. [lonpobyiite cite-
nyioliee:

for (i <- (0 until 100).par) yield 1 + "~

BHumaHue. Ecnv B npouecce napannenbHblX BbIMUCAEHUA U3MEHAITCA
obwme nepemeHHble, Pes3ynsTaT MOXeT 0Ka3aTbCa HenpeackasyembiM.
Hanpumep, He cnefyeT U3MeEHATb OOLUUIA CHETUUK:

var count = 0
for (c <- coll.par) { if (¢ % 2 == 0) count += 1 } // Ouwubka'

[TapanienbHble KOJIEKLUH, BO3BPALIaeMble METOIOM par, MPHHAZJeE-
XaT K TUIaM, HacJeLyIOUIMM TPeNThl ParSeq, ParSet I ParMap, KasKIblii
U3 KOTOPHIX SIBJISIETCS MOATUIOM Parlterable. OHU 7te ABNSIIOTCS TMOM-
TUNaMU Iterable, TOTOMY MapaJlIeJIbHYIO KOJIJIEKIIMIO HENb3sl NepelaTh
METOMY, O’KH/IAIONIEMY TMOJIYYHTb Iterable, Seq, Set i Map. [lapamiens-
HYIO KOJIJIEKI[MIO MOXKHO Mpeobpa3oBaTh 0OpaTHO B MOCJEN0BATENbHYIO,
NpUMEHUB MeTof ser. MM MOXHO peasin3oBaTh METOABl TaK, UTO OHU
OyAyT NMPUHUMATh MapaMeTpbl 0OOOLIEHHBIX THIIOB Genlterable, GenSeq,
GenSet MK GenMap.

Mpumevanue. He Bce MeToapl MOryT pacnpenenutb CBOO paboTy mexay
HecKonbkuMKn notokamu. Hanpumep, reduceleft u reduceRight TpebyioT no-
cnenoBaTenbHOro BbINONHEHUS onepaTopoB. CywecTByeT anbTepHaTUBHLIN
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MeTof, reduce, BbIMONHSIOLLMIA ONepauuvmn Hag, CerMeHTaMmn KONNeKuumn u 3atem
obbeauHaWwmin peaynbtatel. OgHAKo Anst 3TOro onepaums aomxHa obiTb ac-
couMaTUBHON — OHa AOMXHA oTBeYaTb TpeboBaHuio (a op b) op c =a op (bop c).
Hanpumep, cnoxeHue - accouwaTtmBHas onepaumsi, a BblYUTaHUE — HeT:
(a-b)-c=#a-(b-c).

CyuiecTByeT Takke MOXO0XKUIl MeTox fold, onepupylouuil cerMeHTa-
Mif kosutektii, K coxasneHuio, on He Takoll rubkuii, kak foldleft Wiu
foldRight — o6a aprymeHTa OIeparopa JOJIKHBI ObITb 3jeMeHTaMu. 1o
CCTb MOXHO BBIMOJIHIITL CBEPTKY coll.par.fold(0)(_ + _), HO HeJb3s pea-
JIM30BaTh CBEPTKY, Kak OblIo mokasaHo B KoHie pasaena 13.10 «Cokpa-
IeHIle PasMepHOCTI], CBEPTKA H CKAHUPOBaHUE>.

Jlns peueriys aToi Mpo6JeMbl MOJKHO MCIIOJIL30BATh elie 6oyee 0606-
ILEHIIbIT MCTOJI aggregate, KOTOPBIIl NMPUMEHSIET ONEPaTOp K CETMeHTaM
KOJIJIEKL{HII, a 3aTeM C MOMOIIBIO APYroro oreparopa oObenUHsIET pe-
synpsratol. Hanpumep, str.par.aggregate(Set[Char]())(_ + _, _ ++ _) sB-
JISIETCSI 9KBUBAJEHTOM str.foldLeft(Set[Char]())(_ + _), (OPMHUPYIOLINM
MHOYKECTBO YHHKAJbHBIX CUMBOJIOB B CTPOKE str.

YnpaxHeHus

1. Hanumwure ¢yHKUMIO, BO3BpalIalOUIylo [IJIsl YKa3aHHOH CTpo-
Kl oToOpa)ieHlle HMHIEKCOB BceX cHMBOJIOB. Hampumep, Bbi30B
indexes("Mississippi”) AOJKEH BEPHYTb acCOIMATHBHBIH MAacCCUB,
CBSI3BIBAIOIIMIT 'M' C MHOXECTBOM {0}, 'i' — ¢ MHOXECTBOM {1, 4,
7, 10} 1 T. 1. Mcrionb3yiiTe U3BMeHsieMbIi acCOIMATHBHBII MacCUB,
oTobpaXkaloliiii CUMBOJIBI B 13MeHsieMble MHOXecTBa. Kak obe-
CIEUUTh COPTUPOBKY MHIEKCOB B NpejesaX MHOXECTB?

2. Peasusyiite npeapiayilee yrnpaxHeHHe C UCIOJb30BaHHEM HEU3-
MeHsIEMOro acCOLMaTUBHOIO MacCHBa CHMBOJIOB B CIIMCKH.

3. Hanuuure GyHKIHMIO, yAATSIONULYIO HYJIEBble 9JIEMEHTHI U3 CBS3aH-
HOTO CIIHCKA LIeJIbIX YHCell.

4. Hanmnuure (pyHKuuio, NpHHUMAIOLYIO KOJITEKINIO CTPOK U acco-
UMATHBHBIH MACCUB, OTO6PAXKAIONIMI CTPOKHU B 1iejble unucaa, Ona
JIOJKHA BO3BpallaTh KOJJIEKIHIO LEJbiX YHCes, 3HaYeHUs] KOTO-
PBIX COOTBETCTBYIOT CTPOKaM B acCOLMAaTHBHOM MaccCHBe, ITOBTO-
PSIIOLIMMCST B MICXOHOU Kosnekuuu. HanpuMep, a7 Array(“Ton”,
“Fred”, "Harry”) H Map(“Tom" ->3, "Dick” ->4, "Harry"” ->5) QJyHKuI/m
JI0JIKHA BEpHYTD Array(3, 5). Iloackaska: ucrosb3yiite flatMap 1J1st
obbemHelst 3HaueH il Tuma Option, BO3BpPALaeMbIX METOZIOM get.

5. Peanusyiite (ynkuuio, AeicTBYIONYIO HOA0OHO mkString, HCHOJb-
3ys1 reduceleft.
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6.

10.

IIyctp uMeeTcst cmcox 1lst IEJIBIX YHCEJI, YTO O3HAYaeT BBIPAKe-
HHe (1st :\ List[Int]())(_ :: _)? (Last[Int]() /: 1st)(_ :+ _)? YUro
MOXKHO U3MEHUTD 371€Ch, UTOOBI MEPEBEPHYTD CITHCOK?

B pasnene 13.11 «Oyuxkuus zip» BeipaskeHue (prices zip quantities)
map { p=>p._1* p._2 } BBIIVISIAUT HECKOJILKO rpy60BaT0. Mb1 He Mo-
JKeM Hamucarb (prices zip quantities) map { _ » _ }, TOTOMy 4TO _ * _ —
3T0 PYHKUMS ¢ ABYMS apryMeHTaMH, a HaM Hy’KHA (DyHKLUHsL, TIPH-
HUMAIOIIasl OAMH apryMeHT — KopTexX. MeTon tupled Kiacca Function?
u3MeHsieT (QYHKIHUIO C IBYMS apryMeHTaMH, rpespailasi ee B QyHK-
1IHI0, IPUHUMAIOILYI0 KOopTeX. [IpumeHnTe MeTox tupled K (DYHKIHH
YMHOXKEHHUST TaK, YTOObI MOJKHO OBLIO IPUMEHUTD map K CIIMCKY Map.
Hanummre GyHKUHMIO, MpeBpalalonyio MacCHB 3HaueHuii Double B
IBYMepHBIl MaccuB. YHCIO KOJIOHOK J0JKHO MepenaBaThCcsl B BH-
ne napaMerpa. Hanpumep, ans Array(1, 2, 3, 4, 5, 6) 1 TpeX KOJIO-
HOK (I)ymcuml JNOJIDKHA BEPHYTDb Array(Array(1, 2, 3), Array(4, 5, 6)).
Hcnonp3yiiTe MeTon grouped.

Tappu Xakep (Harry Hacker) namican nporpammy, nmpuHumaio-
HIYIO MOCJIeZI0BATENbHOCTh HMEH (PaiiioB 13 KOMaHIHON CTPOKH.
[ns xaxxnoro daiina nporpaMma 3anyckaeT OTAeJbHbIiT MOTOK, KO-
TOpbIil ynTaeT cozmepxuMoe daiina 1 0OGHOBJISET aCCOUATHBHbIN
MacCHB € YaCTOTaMH BCTPEYaeMOCTH CHMBOJIOB, O0DbsIBJIEHHOE KaK

val frequencies = new scala.collection.mutable.HashMap[Char, Int] with
scala.collection.mutable.SynchronizedMap[Char, Int]

le/l YTEHUU CHUMBOJIA C OH BbI3bIBAET

frequencies(c) = frequencies.getOrElse(c, 0) + 1

[Touemy Taxoii criocob He pabotaer? Byzmer u paboTath CJenyio-
uuii crocod

import scala.collection.JavaConversions.asScalaConcurrentMap
val frequencies: scala.collection.mutable.ConcurrentMap[Char, Int] =
new java.util.concurrent.ConcurrentHashMap[Char, Int]

Tappu Xakep uutaet ¢aiin B CTPOKy 1 X0Tes Obl HCMOAb30BaTh Na-
PaJLIENbHYIO KOJUIEKIHIO JJ1s1 OGHOBJIEHHS YacTOT BCTPEYAEMOCTH
CHUMBOJIOB B cTpoke. OH HCIOJIb3YeT CJAenyIOUHii Kox:

val frequencies = new scala.collection.mutable.HashMap[Char, Int]
for (c <- str.par) frequencies(c) = frequencies.getOrElse(c, 0) + 1

[ToyeMy 3TOT MpHeM He JacT XeJlaeMbIX pe3yabTaTtoB? Kak MoxHO
6bL110 61 pacnapaienuts Borunciaenus? (Iloackaska: 11COAbL3Y -
Te aggregate.)



Fnasa 14. Conocrasnenme
€ o6pasuom M case-Knacchbl

TeMmbl, paccMmaTpmBaeMble B 3TOW rnase [JAv4

goooooopo0ooc0000000o

Scala obiazaer MOIIHBIM MEXaHH3MOM CONOCMAGAEHUS C 00PA3YAMU,
HMEIOIHM BeChbMa LIHPOKYIO 06JacTb NPUMeHEHUI: NMHCTPYKIUHU-TIepe-
KJIIOUATeJIH, ONpe/ieieHne THIA U «IeCTPyKTypu3anus» (destructuring —
u3BJIeueHHe vacTeil CIOXKHBIX BhipaxkeHuii). Kpome rtoro, B Scala ume-
I0TCs1 Case-KJIACChl, ONTHMH3UPOBAHHbIE /1151 PAOOThI ¢ MEXaHU3MOM CO-

14.1.
14.2.
14.3.
14.4.
14.5.
14.6.
14.7.
14.8.
14.9.

JNlyqwe yvem switch.

OrpaHuuutenu.

MepemeHHble B 06pa3uax.

ConocTtasneHne ¢ Tunamu.

ConocTaBneHne ¢ maccmBamMu, CNUCKaMu 1 KopTexamu.
OKCTPakTopblI.

O6pasubl B 06bABNEHUAX NEPEMEHHBbIX.

O6pa3subl B BbipaxeHusix for.

Case-knaccel.

14.10. MeTopn, copy U MMEHOBaHHbIE NapamMeTpbl.
14.11. indukcHas HoTauus B nNpeaioxeHusx case.
14.12. ConocTtaBneHne C BNOXEHHbIMU CTPYKTypamu.
14.13. Tak nn HeobxoaMMbl case-Knacchbl?

14.14. 3aneyataHHble KNaCChbl.

14.15. Umntauus nepeyncneHni.

14.16. Tun Option.

14.17. YactuyHo onpegeneHHble pyHKUUU .

YnpaxHeHus.

nocraBJieHIs C 06[)33[131\1”.
OcHoBIHbIC TEMBI 3TOI IJIaBbI:

O Bsipaxkeriiie match Jyuule switch U He cTpazaer ah@eKToM <«Ipo-
BaJIIBAHUS»;
O npu OTCYTCTBHH COBNaZEHUs] ¢ 0OPa3LloM BO30YXKAaeTcsl UCKIIIO-
yenue MatchError; HCNOJIB3yiTe oOpasel case _, YTOObI H36exXKaTh
JTOro;
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O obpaserr MOXKeT BKJIIOYATh MPOM3BOJBHOE YCJIOBHE, Ha3bIBaeMOE
orpanuunteneM (guard);

O umeercss BO3MOKHOCTb BBITIOJIHSITh COMOCTABJIEHHE C TIIOM BbI-
pakeHHs], YTO MpeAnoyYTHTENbHee, YeM 1sInstance0f/asInstance0f;

O uMeeTcst BO3MOXKHOCTD CONOCTABJISTD ¢ 06pasamMii MACCHBOB, KOP-
TeXel U case-KJIacCOB M CBSI3bIBATH OTAEJbHBIE YACTHI 0OPa3lIoB
C NepeMeHHbIMY;

Q B BoIpaxKeHu for HecoBMazaouue (pparMerThl MPOCTO MPOIyCKa-
10TCSl;

O case-kyacchl — 9TO KJIACCDI, AJIs1 KOTOPBIX KOMIIJISITOP aBTOMATH-
YeCcKH CO3/1aeT MeTO/bl, HeOOXOAHMBIE [IJIsl BBIMOJHEHHS COMOCTaB-
JIeHus1 ¢ 06pasioM;

QO o6mmii cymepksiacc B MepapXMH case-Kjacca JO0JKeH ObITh «3a-
reyaTaH»;

O ucnonbayiite ThI Option IJIst 3HAUEHM ], KOTOPbIE MOTYT OTCYTCTBO-
BaTh, — 3TO Oe30rmacHee, YeM HCMOJIb30BaTh null.

14.1. Jlyywe, yem switch

Huxe mnpusomutcst akBuBajleHT C-noao6HON HHCTPYKIMH switch
B si3blKke Scala:

var sign = ...
val ch: Char = ...

ch match {
case '+’ => sign = 1
case '-' => sign = -1
case _ => sign = 0

IKBUBAJIEHTOM MPEIJIOXKEHHsT default SIBJIsIeTCS] YHUBEPCAJIbHBIH 06-
pasel] case _. JKesaTespbHO BCerzia BKJIIOYATh TAaKoil YHUBEPCAIbHBIH 00-
pasell, TaK KaK B CJIy4ae OTCYTCTBUSI COBIAEHHsI BO30YKAACTCsT UCKJIIO-
YyeHue MatchError.

B oTinumne oT MHCTPYKLUH switch, BhIpaKeHIIe COMOCTAaBIEHHsI C 06-
pasioM B Scala He ctpanaer addexrom «nposanuBatusi». (B s3bike C 1t
€ro TPOM3BOJAHBIX /JIs1 BBIXOJA M3 MHCTPYKLHII switch B KOHIIE KaxaOii
BETBU INPUXOIUTCS SIBHO HCIIOJIb30BATh KJIIOYEBOE CJIOBO break, HHave
OyIeT TPOIOJIKEHO BbIMOJHEHHE cielyloneil BeTBU. JTO HHOIJA pas-
ZpakaeT M CIOCOOCTBYET MOSIBIEHHUIO OLINOO0K.)
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MNMpumeuanue. B ceoeil uHTepecHeinwein kHure «Deep C Secrets» Mutep BaH
nep JlunpeHr (Peter van der Linden) coobuiaeTt 06 uccnenoBaHum 3HaunTeNb-
Horo o6bema nporpaMmHoOro koaa Ha C, koTopoe nokasano, 4to B 97% cny-
YyaeB apPeKkT «NpoBannBaHUN» He UCNONb30BANCS.

ITono6Ho 1f, match — 3TO BbipaskeHHe, a He MHCTPYKIMsL. ITpeasiayunii
MpUMEP MOXHO YMPOCTUTD JIO:

sign = ch match {
case ‘+ => 1
case ‘- = -1
case _ = 0

Boipaskenue match MOXKHO HMCHOJIB30BAaTh He TOJBHKO C YUCJIAMH, HO U
¢ mo6biMu apyriumMi Tunamu. Hanpumep:

color match {
case Color.RED = ...
case Color.BLACK => ...

14.2. OrpaHnuntenn

HonyctM, 4TO HEOOXOANMO L06ABUTH B HAlll IPUMEP COTIOCTaBJIEHUE
¢ ocrayablbiMil 1ppamit. B C-noa06HO0 HHCTPYKIUH switch MOXHO Obi-
Jio Gbl 1IPOCTO YKa3aTh HECKOJbKO METOK case, HANpHUMep case '0': case
"1 ... case '9':. (3a HCKJIIOYEHHEM, KOHEUHO, TPOETOUHS ..., BMECTO
KOTOPOro 1eo6X0a1MO 6510 Obl SIBHO yKa3aTh BCE [eCATb BapHAHTOB.)
B Scala moxiio no6asuts B o6pasen oepanuuumens (guard clause), na-
TIpHMEp:

ch match {
case '+ => sign = 1
case '-' => sign = -1
case _ 1f Character.isDigit(ch) => digit = Character.digit(ch, 10)
case _ => sign = 0

[Ipennosxenne-orpannyirens (guard clause) MoxeT GbITh JIOOBIM JIO-
THYECKHM YCJIOBHEM.
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O6parute BHUMaHHUe, 4TO 00PA3Ibl BCETNA COMOCTABJSIOTCS CBEPXY
BHM3. Ecaint o6pasent ¢ npeanoxernem-orpannuntesem (guard clause) ne
HaliIeT COBMajieHus1, 6yleT BHIMOJIHEHA TOMBITKA COMOCTABJIEHNUS C YHII-
BepCaJIbHBIM 06pa3IoM.

14.3. NepemeHHble B oOpasuax

Ec/u 3a KJIOYEBbIM CJIOBOM case CJIELYeT MMsl TlepeMeHHOIl, pe3yistaT
BbIpaKeHUs1 COTIOCTaBJIEH 1 OyeT TPHCBOEH 3T0ii nepementioii. Hanmpumep:

str(1) match {
case '+ => sign = 1
case ‘-' => sign = -1
case ch => digit = Character.digit(ch, 10)

VuuBepcanbHblil o6pasel] case _ MOXHO PacCMaTpUBaTh KaK YaCTHBIIT
cnyyait aTOl 0COGEHHOCTH, rie POJIb MMEHH NepeMeHIoli HrpaeT _.
VIMs1 iepeMeHHOH MOXHO HCIIO/b30BaTh B orpannuuTese (guard):

str(i) match {
case ch if Character.1sDigit(ch) => digit = Character.digit(ch, 10)

BHumaHue. K coxaneHuio, nepeMeHHble B ob6pasuax Moryt KOHGNUKTOBaTb
C BbIpaXeHUAMN-KOHCTaHTaMun, Hanpumep:
import scala.math._
x match {
case Pi => ...

}

Otkyna Scala 3HaeT, 4yto Pi — 3TO KOHCTaHTa, a He nepemeHHas? B cooTeeT-
CTBMM C NpaBunamun nepemeHHas AO0MXHA HaYMHATLCH C CMMBONA HUXHEro
peructpa.

ECnm uMa KOHCTaHTbl HAYMHAETCS C CUMBONA HUXHEro perncrpa, 3akno4ymte
ero B obpartHble anocTpodbl:

import java.1o.File._
str match {
case ‘pathSeparator’ => ...




Conocraenenue ¢ MACCHMBAMHU, CNHUCKAMMU 1 KOPTEXAMU Eil'l..

14.4. ConocTtaBneHue ¢ Tunamu

I[Tpu 1Heo6X0AMMOCTH MOXHO BBIIOJHUTH COMIOCTABJIEHHE C TUIIOM BbI-
pakeHusi, HaIpIMep:

objy match {
case x: Int => X
case s: String => Integer.parselnt(s)
case _: BigInt => Int.MaxValue
case => 0

B Scala ata ¢opma siBaisieTcst 60J1ee MpeanouTUTENBHOMN, YeM UCTIOb-
30BaHHe orepatopa islnstance0f.

Ob6partirte BHHMAHNE HA IMeHA IepeMeHHBbIX B oOpasuax. B mepsom
obpastie coroctapiieHie OYAET BHITIONHEHO C TIEPEMEHHOM x KaK ¢ munom
Int, 2 BO BTOPOM 06pa3lie cornocTaBjieHne 6yIeT BBIIOJHEHO C lIePeMeH-
HOM s Kak ¢ THNOM String. Hukakux mpuBeneHuil TUMOB € IOMOUIBIO
asInstance0f He Tpebyercs!

BHumaunue. lpun conoctaBneHnn ¢ TMNamm UMs NepemMeHHoOn A0NXHO 6bITb
ykasaHo o6si3atenbHo. IHaye 6yaeT BbINONHEHO CONOCTaBNEHUE C OO6BHEKTOM:

obj match {
case _: BigInt => Int.MaxValue // CootseTcTByeT nwbomy obbexTy BigInt
case Biglnt => -1 // Cootsetcteyer o06bekTy BigInt Tuna Class

BHumaHue. ConoctaBneHne BbINONHAETCS BO BpeMsi BbINOMHEHUs, KOraa
Bce 0600UleHHble (generic) Tunbl CTUPAIOTCS B BUPTYanbHOW MaluuHe Ja-
va. o0aToMy Henb3si BbINOMHUTL CONOCTaBleHWE C OnpeaeneHHbIM TUNOM
accoumatmMBHOro maccusa Map.

case m: Map[String, Int] => ... // Henb3ss

HO MOXHO BbINONHUTL conocTasneHue ¢ 0606uWeHHbIM (generic) TUNOM:
case m: Map[_, _] => ... // OK

OpaHako TUNbl MaccuBoOB He CTupaloTcst. Mo3TOoMy conocTaBneHne ¢ TUNoMm
Array[Int] monyctumo.

14.5. ConocTtaBneHue ¢ maccuBamm,
cnucKkamm u Koprtexamum

Ytobbl BBINOJIHUTD COMOCTABJIEHUE C COAEPKUMbBIM MacCHBa, UCIOJb-
3yiiTe BbIpaykelnst Array B o6pasiax, Kak MOKa3aHO HUXKeE:
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arr match {
case Array(0) = 0"
case Array(x, y) = x + " " +y
case Array(0, _») => "0 ...~
case _ => “"something else”

[TepsoMy 06pasily COOTBETCTBYET MacCHB, cofepxaniuii 0. Bropomy —
060 MacCHB C NBYMsl dJIeMEHTaMM, 3HAYeHUsl KOTOPBIX OyAyT npu-
CBOEHBI TepeMeHHBIM x U y. TpeTbeMy 00pasily COOTBETCTBYET JI06OIT
MacCuB, HAUMHAIONIUIICS C HYJIsI.

AHaMOrMYHO MOJXKHO BBITMIOJIHATH COMOCTaBJIEHHE C BbIPaXKEHUSIMU
List. JlomycKaeTcst Takxe HUCIOJIb30BaTh ONEpaTop : ::

1st match {
case 0 Nil = 0"
case x iy i N1l = x + " " +y
case 0 tail = "0 ..."
case _ => "something else”

Jlns conocTaBjieHUsi ¢ KOpTexaMu B oOpasiax ucrnosandyercs: opMa
3aMUCH KOpTeXeil:

pair match {
case (0, _) => "0 ..."
case (y, 0) =>y + " 0"
case _ => “peither is 0"

Emie pa3 o6parute BHUMaHUe, KaKk epeMEHHBIM B 0Opa3Lax npucBaii-
BaeTcsl (hparMeHT CMHICKA UJIH KOpTeXa. JTH MPUCBOEHHUS JAIOT NPOCTOii
JIOCTYH K YacTsIM CJIOKHBIX CTPYKTYp, MO3TOMY JaHHAasi onepaius Ha-
3pIBaeTcs decmpyxmypusayueti (destructuring).

14.6. IKCTPaAKTOPDI

B npeAbIAYyUIEM pa3aese ObL10 [MOKa3aHO, KaK BBIMOJIHSITL COMOCTaB-
JileHHe C MacCChBaMH, CIIMCKaMH H KOPTEXaMH. Takast BO3MOXHOCTD
obecreynBaeTCsl IKCcmpaxkmopamu — 00beKTaMH C MEeTOAOM unapply HJIH
unapplySeq, U3BJIEKAIOIIHM 3HAUYEHUST U3 o0beKTa. Peanuszauust aTux Me-
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TONOB omuckiBaeTcs B I1aBe 11. Metox unapply MCIIONIB3YETCS JJIsI U3-

BJIeuenHst HUKCHPOBAHHOIO KOJHYECTBA OOBHEKTOB, a METOX unapplySeq —

T0CJIEI0BATEIbHOCTH OOBEKTOB, JIJTHHA KOTOPOH MOXKET U3MEHSIThCSI.
Hanpunep, B3rjsiHUTE Ha CIeaylollee BbIpajkKeHHe:

arr match {
case Array(0, x) => ...

O61beKT-KOMMANBOH Array — 3TO 3KCTPAKTOP, OH OMpEMIENsieT MeTOJ
unapplySeq. DTOMY METOLY TMepelaeTcsl COnocmasgisiemoe Gulpaxcenue
(B mannom ciyuae arr), a iie TO, YTO SIBJISIETCsI MapaMeTPOM o6pasua.
Bri3oB Array.unapplySeq(arr) BepHeT MOCJe0BaTeIbHOCTL 3HAYEHUH, TO
ectb 3Havenuil 2JeMenToB MaccuBa. 3ateMm Oy/ieT BHINOJHEHO CPaBHe-
Hile MEPBOrO 3HAYCHUSI C HYJIEM, a BTOPOe 3HaueHue OyneT NpUCBOEHO
nepeMeHoit x.

Eme onioit 06JacTbio NPUMEHEHUS] 9KCTPAKTOPOB SIBJSIIOTCS PEry-
JisipHble Bbipaxkenusi. Korzma peryJisiplioe BblpakeHHe HMeeT TPYIIIHL,
C MOMOIIBIO IKCTPAKTOPA 0Opasiia MOXKHO BBLIMOJHUTL COMOCTaBJIEHUE
Utst Kaxcpoit rpynnel. Hanpumep:

val pattern = “([0-91+) ([a-z]+)".r
“99 bottles” match {
case pattern(num, 1tem) => ...
// num nonyuuT 3Hadvewne “997, a 1tem - “bottles”

Broi3oB pattern.unapplySeq( 99 bottles”) BepHET MOCJIENOBATENBHOCTD
CTPOK, COBMABIIHX C IPYNIaMy, KOTOPble OYAYT NPUCBOEHBI MEpPEMEH-
HBIM num I 1tem.

O6paTiiTe BilIMalllle, YTO JAHHBIH 9KCTPAKTOP SIBJSIETCS He OOBEK-
TOM-KOMIalbOHOM, 8 0OBEKTOM PEryJsIpHOrO BBLIPAKEHUSI.

14.7. OO6pa3ubl B 00ObABNEHUNAX
nepemMeHHbIX

B npexbiaymux pasjesax Bbl BUAETH, YTO 06pasiibl MOTYT COJAEPIKATh
nepemeniibie. [Tono6ibie 06pa3iibl MOXKHO HCNONB30BATh B 0OBSIBIECHUSIX
nepeMenibix. Hanpumep,
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val (x, y) = (1, 2)

O/IHOBPEMEHHO OIIPe/IeJIUT MEPEMEHHYIO x CO 3HAYEHHEM 1 11 y CO 3Haue-
HueM 2. Takoit npreM yn06HO MCIIOJIb30BaTh C (PYHKLMSIMIL, BO3BPAILAIO-
MU Hapbl 3HAYeHHii, HampuMep:

val (q, r) = BigInt(10) /% 3

Merton /% Bo3BpamiaeT mapy 3HaueHHii, YaCTHOE H OCTATOK, KOTOpbIE
3aTeM COXPAHSIOTCSI B EpEMEHHBIX q U r.

ToT >Ke CHHTaKCHUC MOXET IIPUMEHSTHCS B JIOObIX 06pa3iiax ¢ uMeHa-
mu nepeMeHHbIX. Hanpumep,

val Array(first, second, _+*) = arr

MPUCBOUT nepBbH'/’I U BTOpPOH 3JIEMEHTBI MacCHBa arr MEePeMEeHHbLIM first
" second.

14.8. O6Gpa3ubi B BbipaxeHusx for

OO6pa3sibl ¢ MepeMeHHBIMH MOKHO HCIMOJIb30BaTh B for-reHepaTopax
(for comprehensions). ITpu obxozxe 3HayeHHuil ka)a0e 113 HHX MOOYe-
PEIHO MPUCBAUBAETCS IEPEMEHHBIM. JTO I03BOJISIET PEATH30BaTh 00X01
3JIeMEHTOB aCCOLMAaTHBHOTO MacCHBa:

import scala.collection.JavaConversions.propertiesAsScalaMap
// Npeobpasosanue Java Properties
// B accoumaTuBHbi® MaccuB Scala - TONbKO paau npuMmepa
for ((k, v) <- System.getProperties())
println(k + = -> " + v)

[Tpu nepexone k ouepenHoii nape (K104, 3HaueHue) B aCCOLUATHBHOM
MacCCHBe, nepeMeHHoﬁ Kk MPpUCBAUBAETCA KJIIOY, a ]'[Cp(')MeHHOlul v — 3Ha-
yeHte.

OrcyTcTBHE COBMazeHusi ¢ 06pa3LoM B for-rerepartope (for compre-
hension) npocto urHopupyercst. Hanpumep, cienyiomuii (ui Beizeet
KJIIOYH C MYCTBIMU 3HAYEHHSIMH U MPOMYCTHT BCE OCTAJIbHbBIE:

for ((k, ") <- System.getProperties())
println(k)
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MoskHO Takske UCIOJIb30BaTh orpannunTenb (guard). ObpaTuTe BHU-
MaHHe, YTO Onepartop 1f CJefyeT MOCJe CTPENKU <-:

for ((k, v) <- System.getProperties() 1if == ")
println(k)

14.9. Case-knacchbl

Case-xjlaccbl — 9TO KJIacchl 0c060ro pona, ONTHMU3UPOBAHHbIE JIJIS
UCIOMb30BAHIISL B ONEPaLHsiX ConocTaBieHust ¢ obpasnom. B crenyio-
IIEM TIPHMeEpe OIIPe/essIOTCS 1B case-Kacca, HacaeAyIouuX OObIYHBIN
kyacc (1e sBJSIOUIICcsS case-KaaccoM):

abstract class Amount
case class Dollar(value: Double) extends Amount
case class Currency(value: Double, unit: String) extends Amount

Moo TaKxe OonpenesAaATh case-00beKThI:

case object Nothing extends Amount

ITpu nanmuiu o6beKkTa Amount MOXCHO BOCMOJIL30BaThCsl Onepanueit
COTOCTaBJICHIIST ¢ 06Pa31IOM, YTOOD! OMPEAETUTh TUI BATIOTH U MPUCBO-
HUTb 3Hauelllls] CBOICTB nepeMeHHbIM:

amt match {
casc Dollar(v) = "$ o+ v
case Currency(_, u) => "0Oh noes, I got " + u
case Nothing = "

Mpumeuanne. CkoOKM () MCNONL3YIOTCA TOMLKO C 3K3eMNnspaMu case-
KNaccoB, HO Hee C case-oObekTamu.

I[Ipu 06bsIBIIEHHH Case-KJIacca aBTOMATHYECKH BBIMOJIHSETCS CJeNyIo-
liee.
O Kaxaplii mapamMeTp KOHCTPYKTOPAa CTAHOBUTCSI 3HAYEHNEM val, ec-
JI1 SIBHO 1ie 00bsIBJIEH KaK var (UTO, BIPOYEM, He PEKOMEHLYETCS).
O Cosnaercsi 00bEKT-KOMIAHBOII € METOHOM apply, MO3BOJISIO-
LM KOHCTPYyMpOBaTh OOBEKThl G€3 omepaTtopa new, HampuMep:
Dollar(29.95) il Currency(29.95, “EUR").
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O IIpemocraBisieTcst METOX unapply, HEOOXOMMMBIH JIJIsI OTIEPALIMH CO-
HOCTaBJeHHs ¢ 00pasioM, — noapobHocTH cM. B riase 11. (B neii-
CTBUTEJIBHOCTH, YTOOBI MCIOJIbH30BATh Case-KJACChl B OMepalmsix
COMOCTaBJIEHUs] ¢ 0Opa3lioM, 3HAThb BCe 9TH MOAPOOHOCTI Heobs-
3aTeJIbHO.)

O Tenepupyiorcst MeTombl toString, equals, hashCode 1 copy, €CJIM OHH
He ObIJIN peajn30BaHbl SIBHO.

B ocTanpHOM case-kjacchl HUYEM HE OTJIMYAIOTCSI OT APYTHX KJIACCOB.
B HHX MOXHO lIO6aBJIﬂTb CBOMY 110JIs1 U METOJbl, HACJIeAOBaTb MX B APYTHX
KJgaccax U T. 1.

14.10. MeToa cOpy U UMeHOBaHHbIEe
napameTpbl

MeTon copy case-KJiacca CO3/1aeT HOBBIH OOBEKT C TEMH e 3HaYeHHsI-
MU 10Jieli, UTo U B cyuiectBylonieM. Hanpumep:

val amt = Currency(29.95, “EUR")
val price = amt.copy()

Cama 1o cebe aTa onepalyst He HeceT GOJIBLION MOJMb3bl — B KOHLE KOH-
1I0B, OOBEKT Currency SIBJISIETCSI HEM3MEHSIEMBIM, U ero 6e30MacHO MOYKHO
COBMECTHO HCIIOJIb30BaTh B Pa3HbIX YacTsx mporpaMmbl. OIHAKO, UCTIOMb-
3ysl IMEHOBaHHBIE [IAPAMETPbI, MOJKHO HU3MEHSITh HEKOTOPbIE €r0 CBOICTBA:

val price = amt.copy(value = 19.95) // Currency(19.95, "“EUR")

HJIn

val price = amt.copy(unit = "CHF") // Currency(29.95, "“CHF")

14.11. MudukcHaa HoTauus
B NMpensioXXeHusax case

B cayyasx, korna Metox unapply BO3BpallaeT napy 3HaueHHil, B npen-
JIOXKEHUSIX case MOJKHO HCMOJb30BaTh HH(MHUKCHYIO dopMmy 3amucH.
B yacTHOCTH, MOKHO MCMOJIb30BaTh MH(MUKCHYIO (DOPMY 3aMICH UMEHH
KJiacca ¢ ByMst napaMerpamu. Hanpumep:

amt match { case a Currency u => ... } // To xe, 4710 » case Currency(a, u)
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Koneuiio, 3T0 He 04CHb HATJISAAHBIA mpuMep. J[aHHas BO3MOMKHOCTD
npeaHasHavelia B NEPBYI0 OYepenb AJISi COMOCTABJIEHUs] € MOCJeA0Ba-
TesabHocTsiMu. Hanpumep, o060l 06beKT List MOXeT ObITh J160 3Haue-
ueM Nil, Jin6o o6beKToM case-KJacca : :, 06bsIBJEHHOTO Kak

case class ::[E](head: B, tail: List[E]) extends List[E]

To ectb MOXKIIO 3amucaTh

1st match { case h :: t => ... }
// To xe, 470 u case ::(h, t), xoTopwit Bw30BET ::.unapply(result)

B rnase 19 Bbl BCTPETHUTECH C Case-KJIaCCOM ~, MCIIOJIb3YEMBIM HJIsA
nap 3HaueHni PE3yJbTaTOB MMapCHHIa. OH TaKXe MOXET UCI0JIb30BaThCs
B I/lH(‘l)HKClIle BBIPAXKEHHAX B MPEAJOXKEHHUAX case:

result match { case p ~ q => ... } // To xe, 4t0 v case ~(p, q)

ITH HHIKCHbIE BbIPAXKEHHUsT YIPOIIAIOT YTeHHe NMPorpamMM, Korjaa ux
6osiee oxnoro. Hampinep,

result match { case p ~q ~ r => ... }

YUTACTCS Mpouie, 4yeM “(7(p, q), r).
Ecyiu onepatop 3akaiyiBaeTcsi ABOETOYHEM, OH SIBJISIETCSI IIPABOACCoO-
IIHATUBHDIM. Hanpumep,

case first :: second :: rest
O3HayaeT
case ::(first, ::(second, rest))

Mpumeuanune. NHdukcHan popma aanmém MOXET UCNonb3oBaTbca Npu pabo-
Te ¢ nobbiM MeToAOM unapply, BO3BpaLLlalOWUM Napy 3HavyeHnin. Hanpumep:
case object +: {
def unapply[T](1input: List[T]) =
1f (1nput.1sEmpty) None else Some((1nput.head, input.tail))
}

Tenepb MOXHO Pa3NoOXuTb CAMCOK C NOMOLLLIO oneparopa +: .

1+ 7 40 2 +: 9 +: N1l match {
case first +: second +: rest => first + second + rest.length
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14.12. ConocTaBneHue C BJIOXEeHHbIMU
CTPYKTYypamMu

Case-KJ1acChl YaCTO UCMONb3YIOTCS [UJIst COMOCTABJIEHHS C BJOXKEHHBI-
MH cTpyKTypamu. Hampumep, npeactaBsre ToBaphl, IpoJaBaeMble B Ma-
rasune. MHOorna oHu 06beAUHSIOTCS Jisl TIPEIOCTABEH S CKIIKIL,

abstract class Item
case class Article(description: String, price: Double) extends Item
case class Bundle(description: String, discount' Double, 1tems: Item+) extends Item

OTcyTCTBI/Ie HeO6XO,lII/IMOCTI/I HCIOJb30BaTh KJIIOYEBOE CJIOBO new
ynpouaeT Co3laHnue BJIOKEHHDIX 00BEKTOB:

Bundle(“Father’'s day special”, 20.0,
Article("Scala for the Impatient”, 39.95),
Bundle("Anchor Distillery Sampler™, 10.0,
Article("0ld Potrero Straight Rye Whiskey™, 79.95),
Article("Junipero Gin", 32.95)))

B o6pasijax MOKHO OPraHM30BaTh COMOCTABJIEHIC C KOHKPETHBIM BJIO-
JKeHUeM, HarmpuMep

case Bundle(_, Article(descr, _), _*) => ...

NPHCBOUT TIEPEMEHHOM descr OMUCAHUE NMEPBOTO TOBapa B MaKeTe.
I[Ipu XeJaHUU NMPHUCBOUTH BJIOXKEHHOE 3HAY€HHE NepeMeHHOIT MOXKHO
C MOMOIIHIO AHHOTALIUH @:

case Bundle(_, art @ Article(_, _), rest @ _x) => ...

Tenepb mepeMeHHO#t art GyZeT NPUCBOEH MepBLIii TOBap B TakeTe,
a mepeMeHHOl rest — MoOCJIeJ0BaTeNbHOCTL OCTalbHBIX TOBAPOB.

O6pariTe BHUMaHWe, YTO KOHCTPYKLHS _+» SIBJsIETCST 00s13aTeNbHON
B 3TOM npumepe. Obpaszely

case Bundle(_, _, art @ Article(_, _), rest) => ...

COOTBETCTBYET IAaKeTy C OCHOBHBIM TOBAPOM M eIHHCTBEHHBIM JAOMOTHH-
TeJbHBIM TOBApPOM, KOTOPBIH OyaeT MPHCBOEH IEPEeMEHHOIT rest.

Kak npusioxeHnne Huxe NpUBOAUTCS (PYHKIHS, BBIYUCIISIONIAs CTOM-
MOCTb TOBapa:
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def price(at: Item)' Double = it match {
case Article(_, p) => p
case Bundle(_, disc, 1ts @ _=) => 1ts.map(price _).sum - disc

14.13. Tak nn HeobxoaAMMbI case-Ksiaccbi?

IIpuniep B ripeAbIAYLIEM Pa3/iesie MOXKET BbI3BaTh FHEB Y aZleNTOB O0BEKT-
110-OpIEHTHPOBAIHOrO MporpaMMupoBaHusi. Pa3Be ajieMeHT price He H0J-
el ObITb METOJOM cynepikiiacca? Pa3Be moaksacc He MOJKeH Tepeornpe-
nessath ero? Passe nomnMop$huaM Xyske, YeM COMOCTaBIEHHE C TUITAMU?

Bo mioriix curyausix onu 6yayT npassl. Ecii KTo-TO pemuT co3aath
JPYTYIO Pa3HOBHIHOCTb Item, eMy NPHAETCS 1epeCMOTPETh BCE 3TH BbI-
paxkeiiust match. B momo61bIx cUTyauusx npuMeHeHte case-KJIaccoB — He
caMoe Jiyulllee pelietiie.

Case-KJjiacenl OTJIIYHO MOAXOMAT ISt paboThl CO CTPYKTYpPaMH, Ompe-
JeJIeHHE KOTOpbIX He udMmensiercst. Hampumep, kmacc List B Scala pea-
JIII30BaH C NpIIMEHENHEeM case-KIaccoB. B ynpolueHHOM npecTaBieHlH
CIHCOK — ITO:

abstract class List
case object Nil extends List .
case class ::(head: Any, tail: List) extends List

Crnucox MOXKeT ObITb JINGO yCTbIM, MO0 OyaAeT UMETh TOJIOBY U XBOCT
(nocaennuii 13 KOTOPBIX CaM MOKeT ObITh MyCThbIM cnrckoM). Hukomy
11 B TOJIOBY 1ie B36peneT n1o6aBuTh TpeTuil BapuanTt. (B crexyrouiem pas-
nejie GyIeT MOKa3aHo, KAK MOXKHO NPEOTBPATUTDL MOAOOHBIE MOMBITKH.)
OnHako B MOAXOASILIMX CHTYalMsIX case-KJIacChl OKa3bIBAlOTCSl BECh-
Ma YZOOHbBIM ITHCTPYMEHTOM MO CJIEAYIOIUM TIPUYHNHAM:
Q conocrapienne ¢ 00pa3loOM YACTO MO3BOJISIET COKPATUTh 0OBEM
NpOrpaMMHOTO KO/Ia B CPaBHEHUH C HacjeOBaHUEM;

O omnepauuu KOHCTPYHpOBaHUs 0OBEKTOB (€3 KJIOUEBOTO CJIOBA new
YUTAIOTCSI HAMHOTO MPOIIE;

O BbI 6ecniaTHO MoJyyaeTe MeTOAbI toString, equals, hashCode U copy.

ITH MCETO/bI, FeHepupyeMbie aBTOMAaTHYECKH, [1eJIaloT HMEHHO TO, YTO
OHU JOJKHDI [ieJ1aTbh, — BBIBOASAT, CPAaBHUBAIOT, BBIUUCJSAIOT 3HaYeHUe
xeu-hyHKUHE U KOMUPYIOT Kakaoe noJje. JlonosHuTtenbHast nHGpOpMa-
sl 0 MeTozie copy NMpHBOAUTCA B paszene 14.10 «Metox copy u ume-
HOBallHble MapaMeTpbl» BbILIeE.
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Jlns ompeneseHHBIX Pa3HOBHIAHOCTEN KJIAcCOB case-kjacchl obecrie-
4yuBaloT 60siee TOUHYIO ceMaHTHKY. HeKoTopbie Ha3bIBaIOT 11X KIaccamu-
snauenusamu («value classes»). Hampiimep, B3riisiniTe 11a kjaacc Currency:

case class Currency(value: Double, unit: String)

OO61bexT Currency(10, “"EUR") CUMTAETCS IKBHBAJIEHTHBIM JI060MY IpY-
roMy o6beKTy Currency(10, "EUR") — IIMEHHO TaK PEAJII30BaHbI METOMIbI
equals U hashCode. OBBIYHO TaKHe KJACCHI SIBJISIIOTCSl HEI3MEHSIEMbBIMIL.

Case-KJ1acchl € NOJISIMH-TIepeMEHHbIMH BBITJISIISIT 11ECKOJLKO COMHHTEJb-
HO, 10 KpaiiHell Mepe 3T0 oTHOCUTCS K Xewu-kony. [Ipit pabore ¢ u3menste-
MBIMH KJIaCCaMH XelI-KOJ[ BCerja M0JKeH BLIYHCISITLCST TOJIbKO Ha OCHOBE
HeM3MEHSIEMBIX MOJIel, TAKUX Kak yucioBble HaeHTHdHKaTopsl (ID).

BHumanue. Metoab! toString, equals, hashCode v copy HE reHepupyloTCa Ana
case-knaccos, Hacneaylwmx apyrue case-knaccol. Ecnn oguH case-knacc
6yneT HacnenosaTh APYroi case-knacc, KOMNUNATOP BbiBEAET npeaynpex-
peHve. B 6yaywmx sepcusax Scala Takoe HacnegosaHue Boobule MoXeT 6biTb
caenaHo HeponycTuMeiM'. Ecnv Bam noTpebyeTtcs opraHvM3oBaTb HECKObKO
YPOBHel B nepapxun HacneaosaHus, 4Tobbl BbiHECTU obLlime YyepTbl noseae-
HUA, co3aasanTe 0bblYHbIE KNaccChl, a case-Knacchbl AenanTe TONbKO MNCTbAMN
Takoro Aepesa HacnenoBaHus.

14.14. 3aneuyartaHHble KJlacCbl

[Ipu UCTOJIb30BAHNY Case-KJIACCOB B ONEPALHSIX COMOCTaBIENHs ¢ 00-
pasioM OblI0 Obl JKeJaTeabHO, YTOOBI KOMIHJISITOP MPOBEPIUT HATUYITe
B KOHCTPYKLIMHU match BCeX BO3MOXHbBIX ajbrepHaTtuB. J[o61TLCST 3TOrO
MO>KHO, 0OBsIBUB 0OLIMI Cymnepkiace «3aneuamannvim> (sealed):

sealed abstract class Amount
case class Dollar(value: Double) extends Amount
case class Currency(value: Double, unit: String) extends Amount

Bce moakjacchl 3ane4aTaHHOTO KJacca JOJDKHBI OOBSIBJASITLCS B TOM
xe (aiine, uto u cam kiacc. Hanpumep, ecsint KTo-TO 3axouer 106aBHTD
ApYrod KJacc sl eBpo

case class Euro(value: Double) extends Amount

eMy npunercst 106aBuTh ero B Gailn, rae 06bsIBIEH Kaacc Amount.

! Hauunas ¢ Bepcuu Scala 2.10 takoe naciezosanne Gosee HEJAONYCTHMO. —
Ipum. peo.



Tun Opion R 229

Korza knacc o6bsiBisieTcs: 3ameyaTaHHbIM, BCE €T0 IMOAKJIACCHl OyayT
JNOCTYIHDBI Ha 9Tarne KOMIWJSIINH, YTO 1103BOJINT KOMIWJISITOPY HpOBe-
PUTD conocTaBjieHue ¢ 06pa3iioM 11a NOoJHOTY. PelieHue, Koraa Bce case-
KJIacChbl 1ACJIEAYIOT 3aleyaTaHHbIil KJAacc Wil TpelT, cuurtaercs: Gosee
NPEeAMOYTHTEILHBIM.

14.15. AMuntaumsa nepeuuncieHmnn

Case-kJiaccbl 103BOJISIIOT HMHUTHPOBATDb NMEPEYUCTHUMbBIE THIIbI B Scala.

sealed abstract class TrafficlightColor
case object Red extends TrafficlightColor
case object Yellow extends TrafficLightColor
case object Green extends TrafficlightColor

color match {
case Red => “"stop”
case Yellow => "hurry up”
case Green => "go”

OO6patnTe BHUMaHUeE, YTO CynepKaacc oObsIBJIEH KaK 3aneyaTaHHbII
(sealed). DTO MO3BOJSIET KOMIWJISITOPY YOENUTHCS B MOJHOTE BbIpaske-
HHs match.

KoMy Takoe peleHue MOKaKeTCsl HECKOJIbKO TSIXKEJIOBECHBIM, MOXKET
BOCMOJIb30BATbCSI BCIIOMOTATEIBHBIM KJIACCOM Enumeration, ONMKMCAaHHBIM
B ryase 6.

14.16. Tun Option

JList mpencTaBieH st 3HaYeHUH, KOTOPble MOTYT OTCYTCTBOBATb, UCIIOJIb-
3yeTcst TUIT Option, UMEIOIMIACS B CTAHAAPTHOM OUOJIMOTEKE, TAK)KE OCHO-
BaHHbIH Ha case-kiaccax. Case-kjacc Some 06EPTHIBAET 3HAUEHHE, HATIPU-
Mep Some(“Fred”). Case-06beKT None yKasblBA€T Ha OTCYTCTBUE 3HAYEHMSI.

910 60JIEE OHO3HAYHO, YEM HCIIOJIb30BaHUE MYCTOM CTPOKH, U GoJiee
6€e30MacHo, UeM UCTOAb30BaHHE null sl 0603HAYEHUsI OTCYTCTBYIOIIErO
3HAYEHUsI.

Option — aTO 0606wWEHHBI TUN. Hanpumep, Some(“Fred”) HMeET THUII
Option[String].

Merton get Kjacca Map Bo3BpatiaeT Option. Ecan st ykazaHHOIO KJIio-
ya OTCYTCTBYET 3HaueHue, METOA get BepHET None. B mpoTuBHOM ciyuyae
OH 3aBepHET BO3BpalllaeMoe 3HaYeHHne B Some.
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Jlnst aHanu3a TaKWUX 3HAYEHW MOXKHO WCTONB30BATH OMEPANAi0 CO-
MOCTABJIEHUS ¢ 0Opa3IoM:

scores.get("Alice”) match {
case Some(score) => println(score)
case None => println("No score”)

UecTHO roBOpsl, 3TO HECKOJIBKO YTOMHUTeNbHO. Kak BapHaHT MOXHO
UCIIOJIB30BATh isEmpty U get:

val alicesScore = scores.get("Alice")
if (alicesScore.isEmpty) printin("No score™)
else println(alicesScore.get)

OnHako 3TO ToXKe yTOMUTENbHO. BoJiee ynauHoe pelielive 1aeT METOL
getOrElse:

println(alicesScore.getOrElse("No score™))

Ecnmn alicesScore mmeer 3HauyeHue None, TOria getOrElse BepHET "No
Score”. dTa CUTYyalls] HACTOJNBKO 4acTO BCTPEYAeTcsl B NMPAKTHKE, YTO
B KJIacc Map ObLT BKJIIOYEH MeTOZ getOrElse:

println(scores.getOrElse("Alice”, "No score”))

Ecnu notpeGyercst mpomycTHTb 3HaueHue None, HCHOML3yiiTe for-
reneparop (for comprehension):

for (score <- scores.get("Alice”)) println(score)

Ecnu MeTton get BepHeT None, HU4Yero He nmpou3soiiziet. Eciir oH BepHer
Some, TIePEMEHHOIT score OyZeT NMPUCBOEHO TOJyUuE€HHOE OT HEro 3Ha-
yeHue.

Tum Option MOXHO paccMaTpuBaTh KaK KOJJIEKLHIO, KOTOpasi MOXeT
ObITh MYCTOW WJM COAEPXKATh eIUHCTBEHHBII 3JIEMEHT, 1 HCNOJIb30BATh
METOJIbI, TaKKe Kak map, foreach mau filter. Hampumep,

scores.get("Alice™). foreach(println _)

BbIBeZleT OYKHU MJIM HE BBIBEAET HUYEro, €CJIu get BEPHET None.
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14.17. YacTuU4HO onpepgesieHHbie

byHKUMMN

MHOeCTBO TIPENIOKEHHUIT case, 3aKJIIOUEHHBIX B (hUrypHbIe CKOOKH,
obpasyioT uacmuuto onpedenennyio pynxyuio (partial function) — byHk-
I[110, KOTOPAst MOXKeET ObITh OMpee/ieHa He IS BCeX BXOAHBIX 3HAUEHHH.
Takne pyHKIUH SBJSIOTCS 3K3eMIIsIpaMU Kjacca PartialFunction[A, B].
(A — Tum 1apameTpa, B. — THI BO3BpalllaeMOro 3HA4YeHMs.) IDTOT KJjacc
HMeeT ZIBa MeToja: apply, BBIUMCISIONMI 3HaUYeHe (PYHKUUU U3 CONO-
cTaByieHHs1 ¢ 06pa3IoM, i 1sDefinedAt, BO3BpALLAIOLIMIA true, €CIM BXOI-
HO€ 3Hauellle COBMajaeT XoTs Obl ¢ OZIHMM 00Da3LOM.

Hanpunmep,

val f: PartialFunction[Char, Int] = { case '+ => 1 ; case '-' => -1}
f(-") // Bw3zos f.apply('-') BepheT -1

f.isDefinedAt('0") // false

f('0") // Bo3byaut wuckniwyenue MatchError

Hexoropbie MeToZpl MOryT HIPUHUMAThb PartialFunction B KauyecTBe
napametpa. Hanpumep, Mertox collect Tpeiita GenTraversable IpUMeHsIET
YaCTUYHO BBIYUCIUMYIO (PYHKLIMIO KO BCeM 3JIeMEHTaM, I'Zle OHa omnpee-
JIeHa, H BO3BpalllaeT MoCJef0BaTeJbHOCTb Pe3yJIbTAaTOB.

"-3+44".collect { case '+ => 1 case ‘- => -1} // Vector(-1, 1)

MpumeuaHune. BoipaxeHne 4acTUYHO onpeaeneHHoON PYHKUUU OONXKHO Ha-
XOAUTBLCA B KOHTEKCTE, rae KOMNUASTOP CMOXET onpeaenvutb Tun Bo3spallae-
MOro 3HauyeHust. 3T0 MOXHO obecneyuTb, NPUCBOMB 3HAYEHWE BbipaXeHus
TUNN3NPOBAHHON NEPEMEHHON nu nepegas €e B BUAeE aprymeHTa.

YnpaxHeHusa

1. B cocras mictpubyrusa Java Development Kit BxoxuT 6osbiuas
yacth Hexonubix texkcroB JDK B apxuse src.zip. Pacnakyiite ero
1 NIOHIIIITE METKH case (PeryJisipHoe BblpakeHHe: case [~ ]+:). 3a-
TEM MovHTaliTe KOMMEHTAapUH, HAUHHAIOLMECS € // U cOfiepsKallne
alls? thr, TakHMe Kak // Falls through uJau // just fall thru. Yuu-
TBbIBasI, YTO COIJlalIeHust o oOopMIEHHIO NPOTPAMMHOIO Koja Ha
Java tpebyior ot JDK-nporpaMMICTOB OCTaBJIsITh TAKHE KOMMEH-
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Tapuy, MOCYMTaliTe NMPOLEHT NpeNJIOKEeHUN case, MOIYCKAIOUIUX
«TMPOBAJIMBaHUe» B cjenyloliee NMPeIJoXKeHHe case.

2. Ucnonb3ys conocrapienne ¢ 06pasioM, HanmumuTe (PyHKIHMIO swap,
KOTOpasl MPUHUMAeT NMapy LeJbIX YMCeJ U BO3BpAIaeT Ty e Mapy,
TOMEHSIB KOMIIOHEHTBI MECTAMHU.

3. Hcmosb3yst conocraBjieHue ¢ 06pa3LoM, HamHIIHTe (PYHKIIHIO swap,
KOTOPasi MEHSIET MECTAMU TePBbIe JBa 3JIeMEHTA MAaCCHBa, €CJIU OH
UMeeT IJINHY He MeHblIe IBYX.

4. Jlobasbre case-kjacc Multiple, Hacieaylomuii kiace Item. Hampu-
mep, Multiple(10, Product(“Blackwell Toaster”, 29.95)) OHNHCBIBaeT
necsTb TocTepoB. Pasymeercs, IOJKHA TpeLyCcMaTpHBATBCSI BO3-
MOKHOCTH 06pabaTbiBaTh J1I06bIE 2JIEMENTDI, TAKHE KAK TAKET HIIH
MHOXHTeJIb, BO BTOPOM aprymeHTe. Pacuipsre (hyHKIIIO price,
4To6BI OHA MOria 06pabaTsiBaTh HOBBII BapHaHT.

5. [lns mpencraByieHust IePeBbEB, XPAHSILIUX 3HAYEHIIST TOTBKO B JINCTh-
sIX, MOJKHO MCHOJIb30BaTh cricku. Hampumep, crincok ((3 8) 2 (5))
OIHCLIBAET ZIepeBo

/N
« 2 .
/N
3 85

B 3TOM cyyae omHH aMeMeHThI Criicka OYAyT YHcaamil, a ipyrue —
criuckamu. Onnaxo B Scala Hesb3st co3maBaTh pa3HOPOIIbIE CITICKH,
IToatoMy npuzercst ucnosb3oBath List[Any]. Hanumure pyHKIMIO
leafSum ZJIsI BLIYMCJIEHUSI CyMMbI BCE€X 3HAUCHUI JIHCTHEB, UCTIONb-
3ys1 COMOCTABJIEHIE C 0OPA3LOM IJIST OTAETEHHST YHCEN OT CITMCKOB.

6. Taxue nepeBbst Jyyllle BCETo MOJEINPOBaTh C MPUMEHEHHEM case-
k1accoB. Haunure ¢ 6MHApHDBIX f€PEBbEB.

sealed abstract class BinaryTree
case class Leaf(value: Int) extends BinaryTree
case class Node(left: BinaryTree, right: BinaryTree) extends BinaryTree

Hanumunre ¢yHKUHIO, BBIYUCISIONYIO CYMMy BCeX 3HayeHHIl
JIUCTBEB.

7. Pacuiipbre nepeBo 13 MPeAbIAYLIEro yIpasKHeH s, YTOObI KaKAbIi
y3eJl B HEM MOTr UMeTb NMPOU3BOJIbHOE KOJHYECTBO IOUYEPHHUX Y3-
JioB, U mepenuinTe GYHKUUIO leafSum. [epeBo B yrpaskHEeHUH 5
ZOJKHO BBIPAXKaTbCs Kak:

Node(Node(Leaf(3), Leaf(8)), Leaf(2), Node(Leaf(5)))
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8. PacmupsTe I€PEBO U3 MPEAbIIYIIET0 YIPasKHEHHsI, YTOOBI KaXKIbIi

10.

y3eJi, He sABJISIIOUMICS JTUCTOM, BIOOABOK K HOYEPHUM y3JaM MOT
XpaHUThL ornepaTop. 3ateM HanHUWHTe (YHKIHIO eval, BLIYUCISIO-
uryio 3saueHuie. Hanpumep, nepepo

umect 3Hauenue (3 x 8) + 2 + (-5) = 21.

Hanuuinre ¢yHKIMIO, BBIYHCISIONYIO CYMMY BCeX HEMyCThbIX 3Ha-
uenuii B List[Option[Int]]. He ucnosb3yiite BoIpaskeHue match.
Harnuuinre dyHxiuio, nojsyyaouyio 18e GyHKUUH THMA Double =>
Option[Double] 1 KOHCTPYHMPYIOLIYIO HA HX OCHOBE TPeTblo (yHK-
o toro ke TiHna. Hosas ¢dyHKuusl nosskHa Bo3BpamaTh None,
ecu Jiiobast U3 IBYX HCXOAHBIX (YHKIMII BEDHET 3TO 3HAYeHHe.
Haripumep:

def f(x: Double) = 1f (x >= 0) Some(sqrt(Double)) else None
def g(x: Double) = 1f (x != 1) Some(1 / (x - 1)) else None
val h = compose(f, Q)

Bbi30B h(2) /10J15keH BepHYTD Some(1), @ BbI30BbI h(1) M h(0) ZOJIKHDI
BEPHYTDb None.
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Tembl, paccMaTpmBaeMble B 3TON rnase JivA
15.1. Yro Takoe aHHOTAUMN?
15.2. YT0 MOXHO aHHOTMpOBAaTL?
15.3. AprymeHTbl aHHOTauuiA.
15.4. Peanuzaunsa aHHoTauun.
15.5. AHHOTaumun ana Java Features
¢ Moandukatopsl Java.
* UHTepdencol-mapkepsbl.
e  KOHTpONMpyeMble UCKNIOYEHUS.
e Cnnckn apryMeHTOB NepeMeHHOW AJIMHbI.
e KomnoHeHTbl JavaBeans.
O 15.6. AHHOTauMn ana onTMMM3auunn.
L ]
[ ]
[ ]

ooocoo

XBocToBasa pekypcus.
CosgaHune Tabnuu nepexonoB M BCTpanBaHue.
WrHopupyemblie metoabl.
e Cneumanusaums NpocTbIX TUMNOB.
Q 15.7. AHHOTaummn owmnbok 1 NpeaynpexaeHnia,
Q YnpaxHeHus.

Annomayuu TO3BOJSIOT [00aB/STh HOMOJHITENbHYIO HH(OPMAIUIO
B 3JIEMEHTHI TpOrpaMMbl. DTa HHMOpPMaLHsT MOXKET 06pabaTbIBATLCS
KOMIIWJISITOPOM WJIM BHEIIHUMM HHCTPyMeHTaMIil. B nanHoiil riase Bbl
y3HaeTe, Kak 3a7eiCTBOBaTh aHHOTALIMHU $I3bIKa Java M KakK I10Jb30BaThCsI
aHHOTaLMsIMU s3biKa Scala.
OcHOBHbBIE T€MBI 3TOIl TJIaBbI:
U aHHOTMpPOBaTb MOXHO KJIAaCChbl, METO/IbI, TOJISI, JIOKaJIbHbIE Tepe-
MEHHbIe, TTapaMeTpbl, BLIPAXKEHHSI, THIILI TApaMETPOB 11 THIIbI;
O B ciayyae ¢ BbIpaXKeHUSIMUA M TUIIAMH aHHOTALMS CJIEAyeT 3a aHHO-
TUPYEMDBIM 3JIEMEHTOM;
O anHoTalMU MMEIOT BUJI @Annotation, @Annotation(value) HJIM @Anno-
tation(namel = valuel, ...);
O anHoTauuu @volatile, @transient, @strictfp M @native reHepupyioT
IKBUBAJIEHTHDIE Java-MOAHQHKATOPbI;
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O st co3manus onpeneneHuil throws, COBMECTUMBIX C Java, HCHOJb-
3yiiTe aHHOTAIUIO @throws;

O aunortauus @tailrec NO3BOJSIET YOEAUTHCsl, YTO K DPEKYPCHBHOM
(pyHKIMN TpUMeHsIETCsT OMTUMH3ALMST XBOCTOBOIO BbI30Ba;

O ¢ynxums assert HCNONb3yeT AaHHOTALUIO @elidable; BbI MOXKETE BbI-
6GOpOUHO yNAJSITh MPOBEPKH M3 CBOMX MPOTpaMM Ha si3bike Scala;

Q wucnons3yiiTe aHHOTALKIO @deprecated, YTOOBI TOMETHTbL OCOOEHHO-
CTH, He PEKOMEeH/iyeMble K HCIOJb30BaHUIO.

15.1. Y10 Takoe aHHOTaAuUUU?

Annomayuu — 310 Tery, n0b6apsieMble B MCXOAHDIH IPOrPAMMHBbIH KO,
C 1eabio 06paboTKH HEKOTOPHIMU IOMOJIHUTENLHBIMH HUHCTPYMEHTAMHU.
OTH HHCTPYMEHTDBI MOTYT ZleficTBOBaTh Ha YPOBHE UCXOHOTO IIPOrpaMM-
HOro Koziia uii obpabarbiBaTh (ailibl KJIACCOB, KyAa KOMITMJISITOP I10-
MECTHJI AHHOTALIHH.

AnHOTAII WIHPOKO UCMOJb3YIOTCs B Java, HalpuMep Ui TeCTUPO-
BaHHUsI HHCTPyMeHTamy, TakuMH Kak JUnit 4, ujau UCHosab30BaHUs Tex-
HoJlorusIMM, TakuMH Kak JavaEE.

CuHTtakcuc anHoTtauuii Takoii ke, kak B Java. Hanpumep:

@Test(timeout = 100) def testSomeFeature() { ... }

@Entity class Credentials {
@Id @BeanProperty var username : String = _
@BeanProperty var password : String = _

AnHOTaLIT Java MOXKHO MCITOJIb30BaTh ¢ KiaccaMu Scala. AHHOTauMN
B NpeAbIAYIIHX npuMepax npuHamiexar JUnit u JPA, nBym ¢peiimBop-
KaM Java, II4ero iie 3HalounM o cyuecrBoBanun Scala.

Mo3kHO TaKKe HCIOJIb30BaTh aHHOTALHK sI3bIKa Scala. OHU SBISTIOTCSI
xapakTepubiMil s Scala 1 06b14HO 06pabaTHIBAIOTCST KOMIUJISITOPOM
Scala unu pacwupenusmu xomnursmopa.

Mpumeyanue. Peann3dauus pacluMpeHuin ans KOMNUNAToOpa — BECbMa HeTpu-
BUanbHasa 3agaqa U He paccMaTpuBaeTCs B 3TON kKHWUre. Beegexuve B cosaanve
paclmpeHuii MOXHO HanTh No agpecy www.scala-lang.org/node/140.

AnHoralui Java 1ie BIHIOT Ha MOPSII0K KOMIHJISIIUH UCXOIHOIO KO-
na B 6aiiT-Ko{ — O MPOCTO A06ABJSIOT JaHHble B GaNT-KOA, KOTOPbIE
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3aTeM MOTYT ObITh 00PabOTaHbl BHEITHUMY HHCTPYMEHTaMH. AHHOTAI[H
a3bika Scala Bo3zelicTByioT Ha cam mpouecc Komnuisuuu. Hanpumep,
aHHOTAIMs @BeanProperty, C KOTOPOil BbI ITO3HAKOMUJIUCD B TJIaBE 5, BbI-
3bIBaeT ABTOMATHYECKOE CO3/laHME METOAOB YTEHUsI 1 3aIHCH.

15.2. Y10 MOXHO aHHOTUpPOBATbL?

B Scala mMoxHO aHHOTHPOBATL KJAacChl, METOADI, TOJIs, JIOKAJIbHBIE
HnepeMeHHbIe U NTapaMeTpPbl, TOUHO TaK K€, KaK B Java.

@Entity class Credentials

@Test def testSomeFeature() {}

@BeanProperty var username = _

def doSomething(@NotNull message: String) {}

MoxHo OTHOBPEMEHHO yKa3aTb HECKOJILKO AHHOTALHI. HOI)}II[OK HX
CJI€eJOBaHHs HE UMEET 3HAYCHMU.

@BeanProperty @Id var username = _

[Ipr aHHOTHPOBAHKH IJIABHOIO KOHCTPYKTOPa aHHOTALHST JOJIKHA 10~
MeIAThCsl epesl HUM, 1 He 3a0biBaiiTe 106aBaATh Napy MyCThiX CKOOOK,
€c/Ii aHHOTAllUsl HE UMEET apryMeHTOB.

class Credentials @Inject() (var username: String, var password: String)

Mo:xHo AaHHOTHUPOBATDb BbIPaXXE€HUSI, Il06aBJ15]$I JABOETOUYHE I aHHOTA-
IIUIO ITOCJI€ BBIPAXKEHISI, HalIpUMeEp:

(myMap.get(key): @unchecked) match { ... }
// Bupaxenwe myMap.get(key) aHHOTWpPOBaAHO

Mo:HO aHHOTHPOBATb THIIbI TAPAMETPOB:

class MyContainer[@specialized T]

le/l AQHHOTHUPOBAaHNH d)aKTH‘{eCKI/IX THUIIOB aHHOTALHA NOJKHA MTOME-
IaTbCs nocie UMEHU THIa:

String @cps(Unit] // @cps uMeeT napameTp Twna

3nech anHoruposaH TN String. ([TogpobHee 06 aHHOTAIMIT @Cps pac-
CKa3bIBaeTcsl B IyaBe 22.)
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15.3. AprymeHTbl aHHOTaLUui

AnHoTaLuit Java MOryT UMETb UMEHOBAaHHbIE€ aPryMEHTbI, TAKHE€ KaK:

@Test(timeout = 100, expected = classOf[IOException])

Opniako, eciii apryMeHT MMeeT UMsT value, €ro MOXKHO onycTuTb. Ha-
puMep:

@Named(“creds”) var credentials: Credentials = _
// AprymenT value umeeT 3Hauenve “creds”

Ecnu aHHOTALHs HE UMEET aPryMeHTOB, CKOOKM MOXHO OMYCTUTD:

@Entity class Credentials

BoJbmiiicTBo apryMenToB aHHOTALM MMEIOT 3HAUEHUs! 10 yMOJI-
yanuio. HarmpumMep, apryMeHT timeout aHHOTALMH @Test U3 (ppeiiMBopka
JUnit no ymosnuanuio nmeer 3HaueHue 0, YTO FOBOPUT 06 OTCYTCTBUH
taiiM-ayTa. 3llaueHlieM MO YMOJYaHUIO apryMeHTa expected SIBJISIETCSI
¢dbukrusHblil (dummy) Kjacc, 4YTo rOBOPUT O TOM, YTO MO YMOJYAHHUIO
HUKAKHX 1ICKJIIOUEHITi He oxuzaercs. TakuM o6pa3oM, aHHOTALUS

@Test def testSomeFeature() { ... }

IKBHBa/JIEeHTHa aHHOTAaLUH

@Test(timeout = 0, expected = classOf[org.junit.Test.Nonel)
def testSomeFeature() { ... }

AprymenTsl aHHOTaLil Java MOryT ObITb JIHILIb HECKOJBKUX THIOB:
O uiicj0BbBIE JIITEPAJIBI;

CTPOKII;

JITEepasibl KJIacCOoB;

NepeyliceHH sl Java;

ApyTile aHHOTaLHY;

MaccClBbl 3JIEMEHTOB BLILIENEPCYHCIEHHDIX TUIIOB (HO HE MaCCHBbI
MaccHBOB).

o0oo0oDoo

Aprymenrol annoraunii Scala MoryT 6bTh TPOM3BOJILHBIX THIIOB, HO
JIHIIb HECKOJIbKO aHHOTauMil Scala mosib3yioTcst 9THM JJONOJHUTENbHBIM
npeumyliectsoy. Hanprumep, anHoraums edeprecatedName MMeeT apry-
MCHT THIIA Symbol.



..lll§§ AHHOTAUMM

15.4. Peanunsauua aHHOTauumn

51 He Xy, YTO MHOTME YMTATENIH 3TOI KHHIM MOYYBCTBYIOT IMOTPEO-
HOCTb Peajn30BaTh cobcTBeHHble aHHOTauuu Aast Scala. TnasHas wenb
3TOr0 pasfieia — MOMOYbL Pa306paThCsl B peajnsalid CYIIeCTBYIOMUX
KJIACCOB aHHOTAIMIA.

AHHOTauus oJIKHA HaclenoBaTh TPeHT Annotation. Hanpumep, Hike
MOKa3aHO oOIpeziesieHe aHHOTaLUK unchecked:

class unchecked extends annotation.Annotation

O6paruTe BHUMaHHe Ha 3HAYEHUE MO YMOJIYaHUIO aTpubyTa from.

Knacc aHHOTAalMKM MOXKET MpPH HEOOXOAMMOCTH HAacJeoBaTh TPEHT
StaticAnnotation uJsM ClassfileAnnotation. AHHOTAIIMH, HAacJeAyIOUIHE
StaticAnnotation, BUAMMBI B Pa3HBIX eIMHHLIAX KOMIWJsinKuK (compilation
units) — OHM JIOJDKHBI TOMeMIaTh B (aitjibl KJIaCCOB MeTalaHHbIe, XapaK-
TepHble 1151 s13bKka Scala. AHHOTaMHK, HacsexyomHe ClassfileAnnotation,
KaK TpeznoJaraercs, ZOJKHbI FeHepHpoBaTh B haifjax KJIaccoB MeTa-
naHHble aHHOTauuii Java. OxHako B Scala 2.9 ata BO3MOXKHOCTH MOKa
He TO/IepP>KUBAeTCH. ’

BHumaHue. Ecnv y Bac NosBUTCS XenaHue peann3oBatb HOBYIO aHHOTALMUIO
Java, BaM npuaeTca onpeaenuTb Knacc aHHoTaummn Ha siblke Java. PasymeeTcs,
3Ty aHHOTauUMO MOXHO ByAeT. UCNOoNb30BaTh AJIN aHHOTUPOBAHUA KACCOB Ha
A3blke Scala.

O6bI14HO AHHOTaWH MPUMEHAIOTCA K BBIDAXKEHHAM, MEPEMEHHDBIM, IO~
JIsSIM, M€TOZaM, KJjlacCaM HJIW THIaM. Hanplmep, aHHOTaLlHsI

def check(@NotNull password: String)

MIPUMEHSIETCST K TapaMeTpy password.

Onnako onpeznesedus rnoseit B Scala MOTyT ZaTh Hayaa0 MHOKECTBY
NPOrPaMMHBIX 3JIEMEHTOB B Java, KaXIblii U3 KOTOPBIX MOr Obl OBITD
anHoruposaH. Hanpumep, B ciexnyiouiem obbsiBieni

class Credentials(@NotNull @BeanProperty var username' String)

UMEIOTCSI IECTD 3JIEMEHTOB, KOTOPbIe MOTJIH ObI OBITD 1EJBI0 AHHOTALMIT:
O mapaMeTp KOHCTPYKTOPA;
O npuBaTHOE MoJie 3K3eMIUISPa;
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O Metoz uTeHUs username;

O Meroxa 3amHcH username_s;

O MeTo/ uTenyst CBOMCTBA KOMIIOHeHTa JavaBean getUsername;
U neron 3amicu cBoiicTBa KOMIOHeHTa JavaBean setUsername.

[To ymosuatiiio anHoTalii napaMeTpoB KOHCTPYKTOpa NPUMEHSIIOTCSI
TOJILKO K CAaMOMY IlapaMeTpy, a aHHOTaLMHU MOoJiel IPUMEHSIIOTCST JTULIb
K noJisiM. MeTta-aHHoOTalliKu @param, @f1eld, @getter, @setter, @beanGetter u
@beanSetter yKa3bIBalOTCS PSIIOM C OTHUMU dJIeMEHTaMH, a TPUMEHSIIOTCST
K apyruM. Hanpumep, aHHOTauus @deprecated onpezeseHa Kak

@getter @setter @beanGetter @beanSetter
class deprecated(message: String = ", since: String = ")
extends annotation.StaticAnnotation

ITH AaHHOTAallMH MOXHO TaKXe€ NPHUMEHHTb K KOHKPETHbIM 3JIEMEH-
TaM:

@Ent1ty class Credentials {
@(Id ebeanGetter) @BeanProperty var 1d = 0

B nannowm ciyuae anHorauus @Id MpuMeHsiercst K Java-merony getld,
KoTopbiii Tpebyercst (peitmBopky JPA mis mocTyna K moJio.

15.5. AHHOTauun AN 3nemMeHToB Java
15.5.1. Mogngukarops! Java

Jl1s1 HEeKOTOPDBIX, PE/KO HCIOJIb3yeMbIX 31€EMEHTOB Java BMECTO KJIIO-
4eBbIX €JI0B MoAH(puKaTopoB B Scala 1cnonb3yloTes aHHOTAIKH.
Annoraums evolatile IoMeyaeT mose Kak volatile:

@volatile var done = false // B JVM npespatutca B volatile-none

Takoe roJjie MOXKHO U3MEHSITb U3 Pa3HbIX MOTOKOB BBLINNOJHEHU .
Annoraris @transient IIOMeYaeT MoJIe Kak transient:

@transient var recentlLookups = new HashMap[String, String]
// B JVM cTaHosuTCs transient-nonem
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Taxwe mosst He cepranuayiorcs. 11006HbIE TIOJIST IMEET CMBICT HC-
TI0JIb30BATh JJIs1 JAHHBIX, KOTOPbIE He JOJIKHbI COXPAHSITHCS MPIT Kellli-
POBAHHU, UM JAHHBIX, KOTOPbIE JIETKO MOTYT OBITh BHIUHCJIEHBI 3aHOBO.

AHHOTaIMsT @strictfp SIBJIsIETCSl aHAJOroM MoaugukaTtopa strictfp
B Java:

@strictfp def calculate(x: Double) = ...

ITOT METO/ BLITIOJIHSIET apu(PMeTHUECKHe OTIepallHIl ¢ BellleCTBeHHBI-
MU uuciaamMu double B popmate IEEE, 6e3 ncnoansosanus 80-6uTHO-
ro TPeJCTaBJeHMsI C YBeJUUYEHHON TOYHOCTHIO (KOTOPOE HMCIT0JIb3yeTCsl
B nipouieccopax Intel no ymonyanuio). PesynbraT BoIYMCASIETCS MEJIEH-
Hee U TOJIy4aeTcsl MeHee TOUHBIM, 3aTO HoJiee ePEeHOCHMBbIM.

AHHOTanMst @native IMOMeYaeT MeTOJbl, peajin3oBaHHble Ha si3bike C
niu C++. Ito anasor Moaudukaropa native B Java.

@native def win32RegKeys(root: Int, path: String): Array[String]

15.5.2. UuTtepdericbi-mapkepnbi

Bmecrto untepdeiicos-mapkepos (marker interfaces) Cloneable u java.
rmi.Remote st 06O3HAYEHMSE KJIOHUDYEMBIX M yAAJE€HHBIX OOBEKTOB
B Scala 1cnosp3yIOTCsl aHHOTALUU @cloneable M @remote.

@cloneable class Employee

BHumaHue. He pekomeHayeTcs UCNONb30BaTb aHHOTaLMIO @serializable.
BmecTo aToro cnenyert HacnenoBaTtb TPEWUT scala. Serializable.

IIpu ompenmenenuy cepuaansyeMbix KJIAacCOB, YKa3aTh 1HHOMEpP BepCHH
cepraJM3alMyd MOXKHO C NOMOIILIO AHHOTAIMU @SerialVersionUID:

@SerialVers1onUID(6157032470129070425L)
class Employee extends Person with Serializable

Mpumeuanue. JoONONHUTENBHYIO MHDOPMALMIO O TaKMX KOHUEMUUAX A3blka
Java, kak volatile-nons, knoHMpoBaHue wUnu cepunanuaaumsi, MOXHO HanUTU
B kHure K. XopctmanHa (C. Horstmann) u I KopHenna (G. Cornell) «Core
Java™, Eighth Edition» (Sun Microsystems Press, 2008)'.

' Xopcrmann K. C., Kopuesnn I. Java 2. Bubanorexa npodeccionana. Ociio-
Bol. — T. 1. — Busbsmc, 2008. — ISBN: 978-5-8459-1378-4. — IIpuat. nepes.
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15.5.3. KoHTponupyemMsie UCKIIOYEeHUs

B oranune or xommisstopa Scala, xoMmmuisitop Java cienur 3a
KouTpoJipyembiMil uckiaiouenusiMu (checked exceptions). Eciu Meton
Scala Bbi3biBaeTCs1 U3 MPOrpaMMHOTO KOJIA Ha Java, ero CUrHaTypa JA0JIX-
Ha BKJIIOYATDb MepeueHb KOHTPOIIPYEMbIX UCKIIOYEHU, KOTOPBlEe MOXKET
B030y>K/1aTh MeTo/l. YTOObI CreHepHpoBaTh KOPPEKTHYIO CUTHATYDY, Clle-
ZyeT HCIO0Jb30BaTh alHoTauuio ethrows. Hanpumep, o6bsiBnenue

class Book {
@throws(classOf[I0Exception]) def read(filename: String) { ... }

CreHepupyet B Java curiatypy:

vold read(String filename) throws IOException

Be3 anoratiin @throws mporpaMMHBIA KOJI Ha Java He CMOJXKeT Jlepe-
XBaTbIBATh HCKJIIOUCHHS.

try | // 310 - Java
book. read( “war-and-peace. txt");
} catch (IOException ex) {

}

KoMmnuisiTop Java moJken 3HaTh, YTO METOA read MOXKET BO30YXKAATh
ucistioveniiie I0Except1on, HHaye Olf OTBEPTHET MOMBITKY [1€PeXBAaTUTD €T0.

15.5.4. Cnuckn apryMmeHToB nepemMeHHoOun
AJINHbI

AHHOTAal1HsI @vara rgs IMO3BOJISIET BbI3bIBATH METO/IbI Scala co crinckamu
aprymMcHTOB HCPEMEHHOﬁ JJINHDbI M3 Java o yMOJIYaHUIO, €CJIM METOX
OIIpEAEJISIETCST KaK: ’

def process(args: Stringx)

Komnuasitop Scala mpeo6pasyeT CIHCOK apryMeHTOB IlepeMeHHOIl
IUIMHbI B HOCJICIOBATEILHOCTD

def process(args: Seq[String])
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Yro 3aTpyAHAET BBI30B TaKOro MeTonma u3 Java. Eciu mo6aButh @va-
rargs,

@varargs def process(args: String+)

Torza GyleT CreHepHpOBaH Java-MeToj

void process(String... args) // MepexofHuit Java-meTon

npeo6pasyloluii MacCuB args B Seq H BbI3biBaloliii Metoz Scala.

15.5.5. KomnoHeHTbI JavaBeans

B rsnaBe 5 BBl IO3HAKOMMWJIMCH C aHHoTalueil @BeanProperty. Korma
roJie roMeyaeTcsl aHHOTalMell @scala.reflect.BeanProperty, KOMITHJISITOP
reHepupyeT MeTOJbl UTeHMS/3anucu B CTUJe KOMIOHeHTOB JavaBeans.
Hanpuwmep, nis nosns

class Person {
@BeanProperty var name : String = _

OyayT CreHepUpOBAaHbI METO/bI

getName() : String
setName(newValue : String) : Unit

IOMUMO OObIYHBIX ZJis1 Scala MeTonOB HoOCTYTIA.
AHHoOTalMs1 @BooleanBeanProperty TeHEPUPYeT ISl JJOTHYECKOTo IOJIst
METOJ YTEHUsI C Mpe(UKCOM is.

NMpumeuanune. AHHOTaumn @BeanDescription, @BeanDisplayName, @BeanInfo,
@BeanInfoSkip no3sonaioT ynpasnatb 60n1ee TaMHCTBEHHBIMU BO3MOXHOCTAMM,
onpeaensaeMbiMu cneundukaumammn JavaBeans. OaHako noTpebHOCTL B 3TOM
BO3HMKAET NALWb Y HEMHOMMX NPOrpamMMmncToB. Ecnu Bbl NnpuHaanexute K ux
yucny, NouwmMTEe onNUcaHne 3TUX aHHoTauui B Scaladoc.

15.6. AHHOTaALuMuM Ang onNnTUMMU3auunumn

Hekotopbie anHoTtauuu B Gubanoreke Scala mo3Bossiior ynpasisTh
ONTHMU3ALUAMH, NPUMeHsieMbIMU KoMIusitopoM. OHH 06CyXKAAIOTCST
B pasfiefiax, CJeAyIOUIX HIXKe.
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15.6.1. XBOocTOBasi pekypcusi

PexypcuBiible BbI30BbI HHOTZA MOXHO MpeoOpa3oBaTh B ILMKJ, YTO
[O3BOJISIET COKOHOMHTD ITPOCTPACTBO Ha cTeke. TO OCOOEHHO BAaXKHO
B (DYHKIHONAJIBIIOM IIPOrPAMMHUPOBAHIHY, Tle PEKYPCHST 0COOGEHHO 4acTo
HCIOJIL3YETCs1 JUUIsT OPraHu3auil 06Xo/a 3JIeMEHTOB KOJIJIEKLIUH.

Paccaorpum pexypcuBliblii MeTOZ, BBIYUC/ISIIOIIMI CyMMY LIEJIBIX Y-
ceJsl B MOCJIC/IOBATEIbHOCTIH:

object Util {
def sum(xs: Seq[Int]): BigInt =
1f (xs.1sEmpty) O else xs.head + sum(xs.tail)

ITOT METOJI HEJIb3sI ONTUMH3HNPOBATD, IOTOMY YTO IIOCJIEAHUM LIaroM
B HEM SIBJISIETCSI OMEDPALMsI CJIOMXCHUS, a HE peKprPIBHbIﬁ BbI30B. Ho
€CJIM ero HeMHoro H3MeHUTDb:

def sum2(xs: Seq[Int], partial: BigInt): Biglnt =
if (xs.isEmpty) partial else sum2(xs.tail, xs.head + partial)

ONTUMM3AIHSI CTAHET BO3MOXKHOH.

[TpoMexxyTouHast cymma IepeiaeTcst METOAy B BHIe IapaMeTpa, Io-
3TOMY HAYaJbHLIII ero BbI30B BBILJSAUT Tak: sum2(xs, 0). Ilockoiabky
Ternepb nOCACOHUM 1aroM SIBJSIETCS] PEeKYPCUBHBIH BBI30B, TAKOH METOX
MOXI110 ripeobpasosaTh B KL Komnuasatop Scala aBromatnyecku npu-
MEHHT ONTHMH3ALMIO «XBOCTOBOU pexypcuu» (tail recursion) ko Bropo-
My Metozy. Eciiit monbITaTthest BbI3BaTh

sum(1 to 1000000)

Oyzner nosydyena omnbKa nepernosHeHus: cteka (110 KpaiiHell Mepe, CO
3HayeHHeM pa3Mepa cTeKa 1o ymosvanuio B JVM), HO BbI30B

sum2(1 to 1000000, 0)

BEpPHET CyMMy 500000500000.

OllHaKO HHOrAa IIOIbITKAa KOMITUJIATOpPa Scala BBIIIOJIHUTD ONITHUMU-
3aliulio XBOCTOBOI PEKypCcuun 6JIOKI/IPyeTCﬂ 110 HEOYEBUAHBIM ITPUYUHAM.
Ecau Bbl mosaraerech Ha BBINIOJHEHHE KOMIIWJIATOPOM ONTHUMH3alUU
XBOCTOBOI peKypcHu, HeO6XOI[I/IMO INOMETHUTb METOA aHHOTaI.Il/Ieﬁ @tail-
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rec. B aTOM ciyuae, ecii KOMIMJISITOP HE CMOXKET IIPUMEHUTDH ONTHMHU-
3anuio, 6yner BbIBeZieHO coobleHne 06 ournokKe.

Hanpumep, mornyctum, 4To MeTON sum2 ONpe/ieJieH B KJacce, a He B
obbekTe:

class Util {
@tailrec def sum2(xs: Seq[Int], partial: BigInt): BigInt =
if (xs.isEmpty) partial else sum2(xs.tail, xs.head + partial)

Tenepp moOMBITKa CKOMIIMJIMPOBATH MPOrpaMMmy OYJCT 3aBepHIAThCS
ouIMOKOI ¢ coolOuieHueM: “could not optimize @tailrec annotated method
sum2: it is neither private nor final so can be overridden” (HEBO3MOXKHO
BBITIOJTHUTh ONTHUMU3AIUIO METOAA SUM2, MOMeYeHHOro aHHoTalueld @
tailrec: oH He siBJIsieTCs HU TIpUBaTHBIM (private), nu ¢punanasbupiM (final)
U MOXeT ObITh niepeornpesiesieH). B aToii cuTyaunu MoKHO riepeMecTiTh
MeTol B 0OBEKT WM OOBSBUTH €r0 MPUBATHBIM (private) 1M (PUHAJIb-
HBLIM (f1nal).

NMpumeuanune. CyulecteyeT 6onee yHMBEpCanbHbIi MEXAHU3M YCTPaHeHUs
pekypcun nop HasBaHUEM «TPaMMAUHWUHM» («trampolining»). Peanusauus
3TOro MexaHn3ma BbINOMHAET UMK, B KOTOPOM Bbi3biBaeT QYHKLUNIO, BO3BpaA-
waoulyo apyryio ¢GyHKUMIO 4NN BbI30BA B cnenyowen utepaumn. Xsoctosas
pekypcusa — ocobblli cnyyai, koraa Kaxaaa GyHKUUSA BO3BpalwlaeT camy cebs.
Bonee 0606WeHHbIH MEXaHN3M NO3BOSISIET BbI3biBaTb B3AUMHO PEKYPCUBHbIE
dyHkuum (mutual recursion) — cM. NpUMeEpP HUXe.

B Scala umeercst BcomorarenbHbiil 06bEKT Ta1lCalls, KOTOPBI yIpo-
I[aeT PeM3alMI0 MEXaHU3MOB <«TPaMILTMHUHTra». B3anumHo pexypcus-
Hble (byHKLlI/lPI JIOJDKHDI UMeTh BO3BpalllaeMoe 3HaueHue THIla TailRec[A]
1 Bo3Bpauiath J1bo done(result), 1ubo tailcall(fun), rme fun — HYHKIUS
11 BbI30Ba B CJedyloweil urepauuu. ITo A0oJKHA ObITh (hyHKIMS 6e3
napaMeTpoB C BO3BpalllaeMbIM 3HaueHHeM Tuila TailRec[A]. Huse mpu-
BOJIUTCSI MTPOCTOMN MpuMep:

import scala.util.control.Tai1lCalls. _
def evenlength(xs: Seq[Int]): TailRec[Boolean] =

if (xs.1sEmpty) done(true) else tailcall(oddlLength(xs.tail))
def oddlLength(xs: Seq[Int]): TailRec[Boolean] =

if (xs.isEmpty) done(false) else tailcall(evenlength(xs.tail))
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V3Bieub OKOHYATETbHBIN Pe3ybTaT U3 00BEKTa TailRec MOXKHO C IIO-
MOLIBIO MeToJa result:

evenlength(1 to 1000000).result

15.6.2. Co3gaHune tabnuy nepexogos
n BCcTpansaHmne

B C++ 1 Java nHCTPYKIUS switch 4acTO KOMIMJIUPYETCs B TaGIuIy
nepexojtoB, obJazaouyio 6osbueil 3¢h(heKTHBHOCTHIO, YEM MOCJIEN0BA-
TEJLHOCTb BbIpaxkeHuil 1f/else. Scala Taioke mbiTaeTcsi reHepUpoBaTh
TabJMIBE 1IEPEXO/IOB JUIST BHIPAKCHHIT match. AHHOTAIMS @switch M0O3BO-
JISIeT TapaliTHPOBaTDh, YTO Mpezsoxennsl match B Scala meiictButesnpHO
OyayT KOMIIUIIPOBATHCS B Takue Tabinubl. AHHOTALMS TOJKHA Ipen-
HIECTBOBATDL BBIPAXKEHHUIO match:

(n: @switch) match {
case 0 => "Zero”
case 1 => "One”
case _ => "7

Eue oana tunuyHas ontuMmusauusi — crpauBaiue (inlining) mero-
0B, KOTZ[a BBI30B METOJA 3aMeHsIeTCs1 ero TeJoM. YToObl MpeniokuTh
KOMIIMJISITOPY BCTPauBaTh HEKOTOPBI MeTO/l, IIOMETLTEe ero aHHOTallM-
eit @inline. YTOOBI HMCKJIIOUHNTH BO3MOXHOCTb BCTPAaMBAaHMsI, IIOMETHTE
€ro aHHoTanueii enoinline. Boobiie roBopsi, BCTpauBaHUe BbBIIOJIHSAETCS
B BupTyanbHoil MaumuHe JVM, auHamuyeckui (<«just in times) kom-
MUJISITOP KOTOPOH IIPEKPAcHO CIIpaBJsieTcss C 3TUM, He TpeOysi SIBHBIX
aHHOTaLMil. AHHOTallMM @inline U @noinline MO3BOJISIIOT YIIPABJSITh KOM-
nuiasitopoM Scala, Korna B 3TOM BO3HHUKaeT siBHast HEOOXOAUMOCTb.

15.6.3. UrHopupyembie meToAabl

AHHOTaUusI @elidable MTOMeYaeT METObl, KOTOPbIE MOXKHO y/IaJlUTh U3
OKOHuYaTesbHOH Bepcuu. Hampumep, ecin Takol Koz

@elidable(500) def dump(props: Map[String, Stringl) { ... }

CKOMITNJINPOBATDL C (l')JIaFaMI/I

scalac -Xelide-below 800 myprog.scala
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Koz MeTozia He Gyzer crenepupoBa. OObeKT elidable OIPENESET Clie-
NYIOL1€ YHCJIOBblE KOHCTAHTBI:
MAXIMUM niH OFF = Int.MaxValue
ASSERTION = 2000

SEVERE = 1000

WARNING = 900

INFO = 800

CONFIG = 700

FINE = 500

FINER = 400

FINEST = 300

MINIMUM mim ALL = Int.MinValue

JIIO6le N3 3TUX KOHCTAHT MOXXHO HMCITIOJIb30BATh B aHHOTAIIIH:

O0ooDo0oO0o000o

import scala.annotation.elidable._
@elidable(FINE) def dump(props: Map[String, String]) { ... }

MMeHa KOHCTAHT MO’KHO TaKXKe€ WCII0JIb30BaTh B KOMaHIHOM CTpoOKe:

scalac -Xelide-below INFO myprog.scala

Ecau ¢uar -Xelide-below He ykasaH, KOMOIUISITOP OyZeT MIHOPHUPO-
BaTb MeTOJbI, IIOMeYeHHble aHHOTAIMAMH cOo 3HaueHusaMu Huxe 1000,
OCTaBWB MeTOZbl SEVERE M ASSERTION, HO yaayikiB WARNING.

Mpumeyanue. YposHu ALL 1 OFF yacTto nytaioT. AHHOTauua @elide(ALL) o3Ha-
yaeT: «MrHopupoBaTb BCE MeTOAbl». A aHHOTaumsa @elide(0FF) o3HavaeT: «He
WrHOPUPOBaTb HU OAUH U3 MeToaoB». HO -Xelide-below OFF O3HayaeT: «wur-
HopupoBaTb BCe», a -Xelide-below ALL O3Ha4YaeT «He UrHOPUPOBATL HUYEro».
MmeHHo no aTol npuunHe 6binu aobaBneHbl nMeHa MAXIMUM 1 MINIMUM.

O6beKT Predef onpenesisieT HITHOPHPYeMbI MeTo/1 assert. Hamprimep,
€CJI1 METOJ

def makeMap(keys: Seq[String], values: Seq[String]) = {
assert(keys.length == values.length, “lengths don’'t match™)

BbI3BATh C HECOOTBETCTBYIOUIMMH APYT APYry aprymMeHTaMH, METOX
assert B036y11m‘ HCKJIIOUeHMe AssertionError ¢ cooOlueHneM “assertion
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failed: lengths don’t match” («ommMOKa YCJIOBUS: JUIMHBI apTYMEHTOB He
COBMAZAIOT» ).

Yrobbl 3alPETHThH TaKile MPOBEPKH, JOCTATOUYHO BLIMOJHUTD KOMITH-
JISILUIO C KJIIOUOM -Xelide-below 2001 MJIM -Xelide-below MAXIMUM. MmeiiTe
B BUJLY, YTO MO YMOJIYAHHIO NMPOBEPKH e 3arpeliieHbl. ITO JAaBHO OXH-
JlaeMoe yCcoBeplleHCTBOBaHMe NIPOBEPOK B Java.

BHuMaHue. Bbi30Bbl MTHOPUPYEMBIX METOA0B 3aMEHSIOTCS 06bekTamMm Unit.
Ecnn nporpamMma ucnonb3dyer 3HayeHue, BO3BpallaemMoe WUIHOPUMpYeMbIM
MeToaoM, Oyner Bo36yxaeHO wuckniodeHue ClassCastException. MoaTomy
aHHoTauumio @elidable ny4qwe NpUMeEHATb K MeToAaM, He BO3Bpawalowmum
3HaYeHWIA. ’

15.6.4. Cneumnann3auna npocTbiX TUMNOB

Omepaiuist npeo6pa3oBaHKsi POCTHIX THIIOB B 0ODbEKTHI-06ePTKH U
obparHo BecbMa Hea(hdeKTHBHA, HO B OOBLIYHOM IIPOTPAMMHOM KOJ€e
3TO CJIYYAETCsl JOCTATOUHO yacto. Hanpumep, B3IVIsIHUTE Ha CJeLyio-
il MeTox:

def allDifferent[T](x: T, y: T, z: T) = x !=y & x != 28 y != 2

Ecau BbIIONHUTD BBI3OB allDifferent(3, 4, 5), Mepel BLI30BOM CaMOTO
METOZIa Kak/oe LieJloe YUCI0 6yaeT npeobpasoBaHO B 00beKT-00epTKY
java.lang.Integer. KoHeuHo, MoXHO peann3oBaTh IEperpy>eHHyIo Bep-
CHIO:

def allDifferent(x: Int, y: Int, z: Int) = ...

a TaKKe cllie ceMb BepCcHUi JIJIsT APYTUX MPOCTbIX TUIOB.
O/(HAaKO 3TH >Ke METOAbl MOXKHO CreHepupoBaTh aBTOMATUYeCKH, I0-
MeTHUB THUIDI TapaMeTPOB aHHOTauMel @specialized:

def allDifferent[@specialized TI(x: T, y: T, z: T) = ...

Cneunammaumo MOJXHO OTpPpaHUYUTDL NMOAMHOXXECTBOM THUIIOB!:

def allDifferent[@specialized(Long, Double) T)(x: T, y: T, z: T) = ...

B aunHoTamiin MOXXHO YyKa3blBaTh JlIoOble TTOAMHOXECTBAa U3 TUIIOB
Unit, Boolean, Byte, Short, Char, Int, Long, Float, Double.
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15.7. AHHOTauuu oWnOOK
N npeaynpexaneHnn

Eciin moMeTUTDb nporpaMMHBIiT 3/1eMeHT aHHOTalHell @deprecated, KOM-
nuasiTop GyAeT reHepHpOBaTh NpeAynpeXkaenne MpH ero HCMoJjb3oBa-
HUU. AHHOTAIUSI IMeeT /[Ba HeoOsI3aTeJIbHBIX apTyMeHTa, message H s1nce.

@deprecated(message = “"Use factorial(n: BigInt) instead™)
def factorial(n: Int): Int = ...

AHHoTanust @deprecatedName TPUMEHSIETCSI K rapaMeTpaM 1 Olpesesisi-
eT IpexKHee MM MapaMeTpa.

def draw(@deprecatedName( 'sz) size: Int, style: Int = NORMAL)

But Bce emte mMoxeTe opopMIIsSITh BBI3OBBI KaK draw(sz = 12), HO 3TO
OyneT NPUBOAUTD K BHIBOAY MpPEAYNpPeXAEHUI BO BpeMsT KOMITHIISIIIHN.

MpumeyaHue. AprymMeHT aHHOTauMm — CUMBON — UM, NpeasBapsieMoe ano-
cTpodoM. Bce CMMBObI YHUKaNbHbI, AaXe C 0AUHAKOBbIMYM MMeHamMu. CuMBO-
Nbl HECKONbKO 3¢ dekTUBHEE CTPOK. MIX MeToa == CpaBHMBAET CCbINKU, TOraa
KaK MeTof == CTPOK CpaBHMBaEeT ux coaepxumoe. Ho ropa3no BaxHee ce-
MaHTMYEeCKas pasHuua MexXxay HUMWU: CUMBON onpepensieT UM HEKOTOPOro
3neMeHTa NporpamMmbl.

Korna HestBHBII mapaMeTp HeIOCTYIEeH, aHHOTaLHs @1mplicitNotFound
reHepupyeT OCMbIC/IEHHOe coobuieHne o6 omubke. ITonpobHOCTH CM.
B rjase 21.

AHHoTaIus @unchecked MOABJISIET BHIBOJ MPELyNPEsKIeHH I, KOr/a B Ipo-
rpaMMe BCTPeYaeTcsl HeIMoJiHoe BbIpaskeHue match. HampuMep, nomycTum,
HaM M3BECTHO, YTO IlepelaBaeMblil CIIMCOK HMKOTZA He OyAeT MyCThIM:

(1st: @unchecked) match {
case head :: tail => ...

Komnussrop He 6yzer nmpeaymnpeskaath 00 OTCYTCTBUH BapHaHTa CO-
nocrtasjieHus ¢ Nil. KoHeuHo, ecin 1st OKasKeTCsl MyCThIM CIIMCKOM Nil,
BO BpeMsl BBLINOJHEHUST OyneT BO3OYKIEHO 1ICKIIOYEHHE.

AHHOTanust @uncheckedvariance MoflaBJjisieT BBIBOJ COOOLEHHH O He-
cootBeTcTBUM. Hampumep, 3Ty aHHOTalLMIO HMeeT CMBICJ MPUMEHSITDb
K peanusauusaM uHTepgeiica java.util.Comparator, 4ToObI 0OECIIEUUTD HX
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KOHTpaBapuanTHOCTb (contravariant). Hampumep, eciu Student — mof-

THIT

Person, Be3ge, rie Tpebyercs Comparable[Student], MOKHO GbIJIO Gbl

HCHO0J1b30BaTh Comparator[Person]. OnHako 06061eHHbIe THIIHI (generics)
B Java ie [0j/iepXKHBaIoT TaKylo BO3MOXHOCTDb. VcnpaBuTh 3TOT Helo-
CTaTOK MOXHO C ITOMOI[bIO AHHOTALMU @uncheckedVariance:

trait Comparable(-T]1 extends

java.lang.Comparable[T @uncheckedVariance]

YnpaxHeHus

1.

Hanuuunre TecTbl, HCNONb3YIOIME AHHOTALUIO @Test U3 (peiim-
Bopka JUnit co Bcemu aprymeHTamu u 6e3 HuX. BeimosHure tec-
TUpoBaHue noJ ynpasieHueM JUnit.

Hamumire xjracc, AeMOHCTPUPYIOIIMIT BCe BO3MOKHbIE CIIOCOOBI
pa3mellieHnsi aHHoTauuid. B kauectBe 00pa3sioBoil MCIO/B3YIiTE
aHHOTaLHI0 @deprecated.

Kaxue annorauun B 6ubanoreke Scala ucrnosnb3yior kakyio-nu6o
13 MeTa-aHIIOTALUI: @param, @field, @getter, @setter, @beanGetter U
@beanSetter?

Hanuuinre mMeToz sum ¢ mepeMeHHbIM YHCJIOM LIEJIOYUC/IEHHBIX ap-
ryMeHTOB, BO3BpAlAIONINiI CYMMYy CBOUX apryMeEHTOB. BBI30OBUTE
ero 13 Java.

Hanuuinre Meton, Bo3Bpaiialoniuii CTpoKOBOe 3HaYeHUe C Coaep-
JKHMBIM TekcToBoro ¢aiiya. BrizoBute ero us Java.

Peanusyiite obbext ¢ volatile-onem tuma Boolean. IIpuocrato-
BUTE BBIIIOJIHEHHE OJHOIO IIOTOKA HAa HEKOTOPOE BPEMsl, 3aTEM
[PUCBOIiiTe 9TOMY TOJIIO 3HAYEHHeE true B 3TOM JKe MOTOKe, BbIBe-
aute coobuenne 11 3aBepirnTe pabory noroka. Jpyroii morok, Bbi-
TIOJTHSTIOLHIICSI TTApAJIJIEIbHO, OJDKEH NPOBEPSITh 3HaYeHHE 3TOro
ToJisl, U €CJii OHO MMEEeT 3HayeHHe true — BBHIBOAUTH COOOIIEHUE
U 3aBepuiaTbcsi. B MpoTUBHOM ciyyae OH OJIXKEH IPUOCTaHABJIU-
BaTbHCsI 11a KOPOTKOE BPeMsl U TMOBTOPSTDH HOMBITKY. YTo CiayunTcs,
ecJi noJje 1e 6yzner oObsIBIEHO Kak volatile?

[IpuBeaute npuMep, AEMOHCTPHPYIOLIUH, MOYEMY ONTHMU3ALUS
XBOCTOBOIl PEKypCHH HE MOXKET ObITh IPOM3BENeHa, eCcId METOJ
JIONYCKAeT BO3MOXHOCTh IepeolipeiesieHusl.

HobaBbre MeTox allDifferent B O6bEKT, CKOMIMIUPYHTE U 3arsi-
uute B 6Gaiit-kon. Kaxue meronst OyayT creHepupoBaHbI MOCHE
IpHUMeHEeH1IsT aHHOTAallMK @specialized?
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9.

10.

Mertog Range. foreach TToMeueH aHHOTAIHEH @specialized(Unit). Ilo-
yeMy? 3arsiHuTe B 6aiiT-KOJ, MPOM3BOAMMBII KOMaHAOI

javap -classpath /path/to/scala/lib/scala-library.jar
scala.collection. immutable.Range

n obpaTuTe BHMMaHWE Ha AHHOTALIMM @specialized B Functiont.
IleaxuuTe Ha cchliKe Functionl.scala B Scaladoc, uToObI yBHAETDH
HX.

IloGaBbTe BBI3OB assert(n >= 0) B MeTOA factorial. Cxommuanpyii-
Te, paspellivB BbINOJHEHHE TNPOBEPOK, 1 yOeauTech, YTO BbI3OB
factorial(-1) reHepupyer mckiioueHue. CxoMmuiaupyiire, 3anpe-
THB BBITIOJIHEHHE NTpoBepokK. UTto nuamenusocs? Mcnoanayiite javap
IUUISL BBISIBJIEHUST 1I3MEHEHUH B TOYKaX BbI30BOB MPOBEPOK.
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TeMbl, paccMmaTpmBaemMble B 3TON rnase Ay
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16.1. Jlutepansl XML.

16.2. Y3nbl XML.

16.3. ATpnbyTbl 9N1EMEHTOB.

16.4. BCTpOEHHbIE BbIpAXEHUS.
16.5. BoipaxeHus B aTpubyTax.
16.6. Heo6bl4YHbIE TUNbI Y3N0B.
16.7. XPath-noao6Hbie BbipaXeHus.
16.8. ConocrasneHne ¢ 06pasuom.
16.9. Moandukaumsa anemMeHToB 1 aTpmnbyTos.
16.10. TpaHcdopmauna XML.
16.11. 3arpyska n coxpaHeHue.
16.12. MpocTpaHCcTBa NMEH.
YnpaxHeHnus.

B Scala 1iveercst BcTpoeHHast moaaepikka aJist pabotsl ¢ autepamu XML,

ynpolaioiast coszaaiiie ¢pparmMedToB pasMetku XML B mporpammax.

BubJmoreka Scala BriiouaeT pyHKUMH AJIs1 pellieHHs] TUIIMYHBIX 3a/1a4

obpaborkn XML. B naHHoii ryiaBe Bbl y3HaeTe, KaK 10JIb30BaThCS ITUMH

(hYHKILMSIMI JJISI YTCHISI, QaHAJIN3a, CO3AHMS U 3anucH pa3MeTkn XML.
OctioBHbIEe TeMBbI 9TOIT TJIaBbl:

Q
Q
Q
Q
a
Q
Q
a

autepayibl XML <kak>ator</kaxk> THNa NodeSeq;

BO3MOKHOCTb BCTPAMBAaHHUsI MPOrpaMMHOro kozxa Ha Scala B smre-
panst XML;

CBOICTBO child KkJacca Node BO3BpalllaeT JOoYepHHe Y3JIbl;
CBOWCTBO attributes KkJiacca Node Bo3BpallaeT OOBEKT MetaData
¢ atpubyTami y3ia;

orepaTopsl \ i \\ peayn3yioT Bo3MOXKHOCTb noncka B cruie XPath;
1IMEETCs] BO3MOKHOCTb BBITNOJHSTL CONOCTaBJIE€HHE JIMTEPAJIOB
XML c obpa3uanmii y3J0B B NPEJIONKEHUSIX case;

11CII0JIb30BaHIIC DK3eMIISApOB RuleTransformer W RewriteRule nJis
TpaichopMaLi BIOKEHHIDbIX Y3JI0B;

3arpysKa u coxpanenne paamerku XML BoinosHsieTcst 06beKTOM XML
MIOCPEICTBOM B3anMozielicTsust ¢ Java-mMetogamu obpabotkn XML;
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QO ConstructingParser — aJITePHATUBHBII APCEP, COXPAHSIONINI KOM-
MeHTapHuu U pasziesibl CDATA.

16.1. Jintepannl XML

Scala umeer BcTpoenHyio noanepxxky XML, Bbl MoskeTe onpenessith
autepaibl XML, npocto ucnosib3yst koa pasmerkin XML:

val doc =
<html><head><title>Fred's Memoirs</title></head><body>...</body></html>

B naHHOM ciydae doc TMOJy4YUT 3HA4YeHHe THIa scala.xml.Elem, mpen-
crasysoniee asemenT XML.

Jlutepan XML Takske MoxeT ObITh NoCTeL0BaTEIbHOCTBIO Y3108, Ha-
npumep,

val 1tems = <li>Fred</l1><l1>Wilma</1i>

COXpAHUT B items 3HAYE€HHE TUIIA scala.xml. NodeSeq. Kuaccnl Elem 11 NodeSeq
OyayT 00CyKAaThCs B CJIEAYIOLIEM pasfedie.

BHumaHue. iHoraa komnunatop no ownbke pacnosHaeT nutepans XML Tam,
rae ux Het. Hanpumep:

val (x, y) = (1, 2)

x <y // 0K

X <y // Oumbka - He 3akpuiTuil AuTepan XML

B paHHOM cnyyae Heobxoammo pnobasutk npoben nocne <.

16.2. Yanbl XML

Kiacc Node siBasieTcsl poAUTENbCKHM KJIACCOM JJIs1 BCEX TIIIOB Y3JI0B
XML. [IByms nanbojiee BaXKHbIMHM €0 MOAKJIACCAMM SIBJSIIOTCS Text I
Elem. ITonHas ero mepapxusi npeAcTaBjeHa HHKE, B 9TOM Ke pa3zieJie.

Kiacc Elem onuceiBaeT ajeMeHTst XML, Takue kak:

val elem = <a href="http://scala-lang.org">The <em>Scala</em> language</a>

CBoiicTBO label Bo3BpalaeT UMs Tera (31ech, "a”), a CBOICTBO child —
JOYEPHHIT y3eJ1 0cIeJ0BaTeTbHOCTH (B JaHHOM TIPUMEPE: ABa y3Ja Text
W y3eJs Elenm).
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ITocnemoBatenbHOCTH Y3JI0B TIPEACTABJIEHbI THIIOM NodeSeq, SIBJISIIO-
IUMCA 1OATIIOM Seq[Node], KOTOPBIH aobGaBisieT moaaepxkKy XPath-
nonobubix onepatopoB (cM. pasuen 16.7 «XPath-nomobnbie BbIpase-
nust»). K nocaenosatenpuoctssm XML nonyckaercs npuMeHsITh Jo0bie
omepailui, Noj/lep>)KuBaeMbie Seq, kKoTopple omucaHbl B riaBe 13. s
00x0/1a 91eMEHTOB TMOCAEN0BATEILHOCTH MOKHO MCIIOJb30BaTh IIPOCTOM
LHKJ for, HATPIIMED:

for (n <- elem.child) o6paGoTatb n

Mpumeyanne. Knacc Node Hacnenyet NodeSeq. EQUHCTBEHHBIN y3en — 3TO NO-
cnepoBaTenbHOCTL C ANIMHOM, pasHon 1. 3T0, Kak npeanonaraeTcs, A0NXKHO
66110 yNnpocTUTbL PaboTy ¢ OYHKUMAMU, KOTOpLIE MOryT BO3BpallaTb eauH-
CTBEHHbI y3en Uan nocnenoBatenbHOCTb y3noB. (B aencTeButensHoCTN xe
3T0 0OCTOSTENLCTBO HE CTONBLKO pelaeT NPoONeMbl, CKONLKO NOPOXAAET UX,
NO3TOMY 1 HE PEKOMEHAYI0 NCNONBL30BaTh ero B CBOUX NporpamMmax.)

Cyutecrsylor Takxke kiaacchl y3noB XML ans kommentapuen (<!--

-->), mueMonnk (&...;) M HHCTPYKUMII obpaboTku (<? ...

puc. 16.1 nzobpaskennt Bce THIb Y3708 XML.
Ecaut motpebyercst co3aath NoCaef0BaTebHOCTh Y3JI0B IPOrPaMMHO,
MOKHO BOCII0JIb30BaThCs! KJ1AcCOM NodeBuffer, SIBJISIIOLIMMCS MOAKIACCOM

?>). Ha

ArrayBuffer[Node].
Seq[Node]
NodeSeq
%
[ ]
Iterable Document Node
Metadata
[ ] 7y
£ [ |
Metadata b—<) Elem SpecialNode
A
[ ] I |
Atom EntityRef ProcInst Comment
A
[ | 1
Text PCData Unparsed

Puc. 16.1. Tunsl yanos XML
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val 1tems = new NodeBuffer
1tems += <11>Fred</11>
items += <li>Wilma</1i>
val nodes: NodeSeq = items

BHumaHnue. 3HayeHve Tuna NodeBuffer — 310 Seq[Node]. OHO MOXeT HesIBHO
npeobpasosbiBaTbCs B TUN NodeSeq. MNocne Takoro npeobpa3osaHusa HeOOX0-
AUMO NPOSIBNATbL OCTOPOXHOCTL, 4TOOLI HE U3MeHUTL Bydep y3nos, NOCKONb-
Ky nocnefoBatenbHOCTb Y3108 XML cuntaeTcs HeM3MeHAeMowm Konnekunen.

16.3. ATpnOyTbl 31EMEHTOB

Ilns obpaboTky KJioyeit 1 3HauYeHuH aTpuOyTOB 3JIeMEHTa HMCHOJb-
3yeTcsi CBOHCTBO attributes. OHO Bo3BpamaeT o6bEKT THIA MetaData,
KOTOPbIH MOYTH, HO HE COBCEM, SIBJISIETCSI aCCOIMATHBHBIM MaCCHBOM
(Map) xutioueii aTpuOyTOB B MX 3HayeHust. [ist JocTyna K 3HAYEHHUSIM 110
KJII04aM MOKHO HCIIOJIb30BaTh OMEPaTop ():

val elem = <a href="http://scala-lang.org”">The Scala language</a>
val url = elem.attributes("href"”)

K coxanenuio, OH BO3BpALIAET NOCJIe0BATENbIOCTh Y3JI0B, a e CTPOo-
Ky, [IOTOMY YTO aTPUOYT MOXeT coaepxkarth MHeMouunkil. Hampumep,
B3IJITHUTE Ha CJIEAYIONIUiT mpuMep:

val 1mage = <img alt="San José State University Logo"
src="http://www.sjsu.edu/publicaffairs/pics/sjsu_logo_color_web.jpg"/>
val alt = image.attributes("alt™)

31ech 3HaYeHHEM KJIoYa “alt” OyZeT MoCJeA0BaTeJbHOCTb, COMEP-
)Kalasi TeKCTOBBIH y3es co CTPoKOit "San Jos”, 3HayeHune THna EntityRef
JLJIST &eacute; M ellle OJHMH TEKCTOBBII y3es co CTPoKoii " State University
Logo™”.

ITouemy He BbITIOJIHSIETCSl pa3peluieHHe MHeMoHHK? [ToTomy uTO HeT
HHMKAKOTo criocoba OnpeaesuTh, UTo o3HauaeT &eacute;. B XHTML ara
MHEMOHHKA O3HayaeT &#233; (KoA CUMBOJIA €), HO B JOKyMeHTaX APYTHX
THIOB OHa MOXKET UMeTb MHOe 3Hauelue.

CoserT. Ecnun Bbl nocuntaeTe Tako cnocob paboTbl C MHEMOHWKaMu B nute-
panax XML Heyno6HbIM, UCNONb3yiTe COOTBETCTRYIOWME 0603HAYEHUSA CUM-
BONOB: <1mg alt="San Jos&#233; State University Logo™ .../>.




BCTpOeHHbIe BbIDQXKEHNA ggllll.

Eciut Bbl yBepeHbI B OTCYTCTBHH Hepa3pelieHHbIX MHEMOHUK B aTpH-
6yTax, MOXKHO MPOCTO BbI3BAaTb METOA text, YTOOBI Mpeobpa3oBaTh MO-
CJIeZI0BATEJIbHOCTD Y3JI0B B CTPOKY:

val url = elem.attributes("href”).text

Eciiit nickomblit arpubyT oTCyTCTBYET, onepartop () BepHer null. Ecan
BbI MpejifiounTaere He paboTaTh co 311a4eHHeM null, UCTIOJIb3YHTE METOX
get, KOTOpPbIi BepHeT Option[Seq[Node]].

K coxaseniio, kyacc MetaData He MMeeT MeToza getOrElse, HO MOXKHO
BOCIOJIb30BATLCSI METOMOM getOrElse obbexrta Option, BO3BpANIa€MOro
METOJIOM get:

val url = elem.attributes.get("href”).getOrElse(Text(""))

Yro6bl BbINOIHHTL 060X04 BCeX aTpUOYTOB, HCIOJb3YiHTeE CleayoWuii
npHeM:

for (attr <- elem.attributes)
obpaborats attr.key u attr.value.text

C llpyFOii CTOPOHbBI, MOKHO BOCIOJIb30BaTbCsI METOJIOM asAttrMap:

val 1mage = <img alt="TODO" src="hamster.jpg"/>
val map = 1mage.attributes.asAttrMap
// Map(“alt” -> "TODO", «src» -> “"hamster.jpg”)

16.4. BcTpoeHHble BbipaXeHus

B surepanst XML nonyckaercst Bkmo4yars 6JOKH TPOrPAMMHOTO KOZIa
Ha si3bike Scala 51 Alnammyeckoro cosuanust ajieMentoB. Hanpumep:

<ul><li>{1tems(0)}</11><11>{1tems(1)}</11></ul>

3necn kaxaplii 610K OyAeT BbIYMCTIEH W Pe3yJbTaT BCTPOEH B I€PEBO
XML.

Ecyt 6710k BO3BpallaeT MOCJAEN0BATENbHOCTD Y3JIOB, Y3JbI IPOCTO
nobasisiiorcst 3 XML. Bce ocranbiioe npeoGpasyercsi B Atom[T], KOH-
TeitHep st THHa T. Biaronapst Takomy noaxony B nepese XML MoxxHO
coXpaHsTDh JiioOble 3HaveHust. VI3Bjeun 3HaYeHHE M3 y3Ja Atom MOXKHO
C TIOMOLIbIO CBOMCTBA data.
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Bo MHOTHX CIiy4asgx HET HEOOXOAUMOCTH GECTIOKOUTHCS 00 N3BICYEHIH
ajieMeHTOB U3 aToMoB. [Ipn coxpanenu poxymenta XML kaxapiii aTom
OyneT npeobpa3oBaH B CTPOKY BBI3OBOM MeToJa toString cBolicTsa data.

BHumaHue. BO3MOXHO, KOro-TO YAUBUT, HO BCTPOEHHLIE CTPOKW npeobpa-
3YI0TCS He B y3Nnbl TUNA Text, @ B y3nbl TUNa Atom[String]. 3TO HE OAHO U TO
Xe — knacc Text aBnsieTcs nogknaccom Atom(String]. Mpu coxpaHeHun Oo-
KYMEHTa 3TO He umeeT 3HadyeHus. Ho ecnn nosaHee Bbl pelwmnTe BbiNOAHUTL
CONOCTaBneHne No Tuny B NOUcKax y3nos Tuna Text, NONbITKA OKOHYUTCH He-
yaaueit. YTobbl nsbexartb 3TOro, BMECTO CTPOK HEOBXOAMMO SIBHO BCTaBNATh
y3nbl TUNa Text:

<1li>{Text(“Another 1tem”)}</l1>

B sutepanst XML Mo:kHO BCTpanBaTh He TOJBKO MPOTpaMMHbIN KOJ
Ha s3biKe Scala, HO U BcTpanBaeMsbiii Koa Scala MoXeT cozepxaTh Jiu-
tepasnibl XML. Hanpumep, Mpy HaJMYUH CNIHCKA 3JIEMEHTOB MOXET IMO-
SIBUTBCS JKeJlaHWe MOMEeCTHUTh KaXKIbIi 3JIeMeHT B Teru <1li>:

<ul>{for (i <- items) yield <1i>{i}</11>}</ul>

3mechb, BHYTpH aJieMeHTa ul, uMeeTcst 6ok Scala <ul>{...}</ul>. dtoT
6JI0K BO3BpAIL[AeT MOCJIeN0BaTebHOCTD BhipaskeHuii XML,

for (i <- items) yield sutepan XML

Jtot nutepan XML <1i>...</1i> comepkuT Apyroii 6J0K ¢ KoaoM
Scala! :

<li>{i}</11>

[Tonyuaercst xox Scala Buytpu XML BHyTpn koma Scala BHyTpH
XML. Mplc1 HauMHAIOT MyTaThCsl, CTOMT TOJMBKO MOLYyMaTh 06 3TOM.
Ho ecsn B3rJIsiHyTb ¢ APYTOi CTOPOHDI, 1OJY4aeTCs BecbMa ecTecTBeH-
Hast KOHCTPYKUMSL: CO3JaTh dJIEMEHT ul, CoAepsKaluil 11 Uil KaXkAOTro
3JIeMEHTa U3 items.

MpumeyaHue. Y1066 NOMECTUTL CUMBON OTKPLIBAIOLWEN NN 3aKpbiBalOLWEn
yrnosoti ckobku B nuTepan XML, ncnonb3yiite e ckobku noapaa. Cneayto-
wee onpepenexve:

<h1>The Natural Numbers {{1, 2, 3, ...}i</h1>
BocnpounsseaeT
<h1>The Natural Numbers {1, 2, 3, ...}</h1>
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16.5. BoipaxeHus B aTpubyTtax

3Hnauennst aTpubyTOB MOXKHO BBIYHCJIATH C TOMOLIBIO BbIPaXKEHWi
Scala, nanpiinmep:

<img src={makeURL(f1leName)}/>

3nech (yukuust makeURL BO3BpallaeT CTPOKY, KOTOpasl CTaHOBUTCS
3HayeHeM aTpHOyTa.

BHumaxue. PurypHble CKOOKN BHYTPU CTPOK B KaBblikax He BbIYMCASIOTCS.
Hanpumep,

<img src="{makeURL(f1leName)}"/>

onpegenuT 3HavyeHwe atpubyTta src Kak CTPOKY “{makeURL(fileName)}", 4TO,
BEPOATHO, HE COBCEM TO, 4TO npeanonaranocs.

BcerpanBaembie 6J10K1 MOTYT TaioKe MOPOKAATh MOCJIEA0BATEIBHOCTH
y3J10B. DTO MOXKCT [IPUTOAMUTHCSI, €CJIN MOTPEOYETCs1 BKIIOYUTD B aTpUOYT
MHEMOHHMKIT HJIH aTOMBI:

<a 1d={new Atom(1)} ... />

Eciut Berpoetinbiit 610K BepHeT null uiu None, aTpubyT He Oynet ycTa-
nosJsient. Hanpinmep:

<img alt={1f (description == "TODO") null else description} ... />

Ecnu nepemennast description 6yzeT nMeer 3anadenue "T0D0" MM null,
3JIEMEHT 1€ TMOoJy4ylT aTpubyTa alt.

Toro e agdexra MOXKIO AOOUTLCA C MOMOILBLIO Option[Seq[Node]].
Harnpumep:

<img alt={1f (description=="TOD0") None else Some(Text(description))}... />

BHumasnue. Cuntaercs cuHTakcuyeckou owmnbkoi, ecnmn 610k Bo3spalwiaeT
HEeYTo NHoe, KpoMe String, Seq[Node] wunu Option[Seq[Node]]. 3aecb Habnto-
paeTca HenocneaosaTeNnbHOCTL, B CPABHEHUN C GNOKaMU BHYTPU 3N1eMeH-
TOoB, rae pe3ynbraTt npeobpasyeTcs B 0O6bEKT Tuna Atom. Ecav Bam notpe-
6yeTca onpenennTb 3HayeHue atpubyTa Kak aToM, ero npuaeTcs co3natb
BPYYHYIO.
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16.6. HeoObl4YHbIe TUNbI Y3/10B

Wuorza GbiBaeT HEOGXOANMO BKJIIOYHTH B oKyMenT XML Tekcr, He
sipastionuiicst pasmetrkoit XML. TUnuyHBIM PUMEPOM MOXKET CIYKHTh
nporpamMmHbIii Koz Ha JavaScript B crpanuniie XHTML. [Ins aToro mMox-
HO BOCIOJIb30BAThCSI Pa3METKOI CDATA:

val Js = <script><![CDATA[1f (temp < 0) alert("Cold!'")]I></script>

OnHako CMHTAKCHYECKUII aHAJIM3aTOP He 3aMeYaeT, YTO TEKCT IoMe-
1[eH B pa3fes COATA. B pesysibraTe nosyyaercst y3es ¢ JJOUEPHUM Y3JIOM
Text. EciM Ha BbIXo/le 0JI’KEH NMOJYYUTBCST pas/ies1 CDATA, BKIIOUHTE y3el
PCData, KaK NMOKa3aHO HHXKeE:

val code = """if (temp < 0) alert(“Cold!")"""
val js = <script>{PCData(code)}</script>

B y3e Unparsed MOXKHO BKJIIOUUTD JI060# TekcT. OH OyneTr cCoXpaHsITh-
Cs1 B ICXOHOM COCTOSIHMM. TakHe y3Jibl MOXKHO CO3[aBaTh IPOrPaMMHO
WJIW ONpeleNsiTh B BU/E JUTEPAJIOB:

val n1 = <xml:unparsed><&></xml:unparsed>
val n2 = Unparsed("<&>")

OnHako s1 He PEKOMEHAYIO MOJb30BATLCSI 3TOH BO3MOXHOCTBIO, TaK
KaK B pe3yJbTaTe JIETKO MOKHO CO37aTh HEKOPPeKTHYIO pa3MeTky XML.

Haxkoner, nocyienoBaTeJbHOCTb y3710B MOKHO CTPYMIIHPOBATh B OAMH
«TPYNIOBOIi» y3ell.

val g1 = <xml:group><li>Item 1</li><11>Item 2</11></xml:group>
val g2 = Group(Seq(<li>Item 1</1i>, <li1>Item 2</11>))

[pynmoBbie y3/bl «pa3rpyNmUpYIOTCS» MPH BBIMOJHEHHH IITepaLiii
no HuM. CpaBHuTe:

val items = <li>Item 1</11><11>Item 2</1i>
for (n <- <xml:group>{items}</xml:group>) yield n
// BepHeT pBa anemenTa 1i

for (n <- <ol>{items}</ol>) yield n
// BepHeT oauH 3nemeHT 01
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16.7. XPath-nopoOHble BbipaxeHus

Kinacc NodeSeq mnpemocTaBiisieT METOMbI, HaloMHHAIOL[ME OIepaTo-
pui / u // B XPath (XML Path Language — s3bik onpenesieHust myTeit
B XML, www.w3.org/TR/xpath). ITockonbky komGunamus // 0603Haya-
€T KOMMEHTapHil If IOTOMY He MOXeT UrpaTh pPosb onepaTropa, B Scala
HCIOJIL3YIOTCS ornepaTopbl \ 11 \\.

OmnepaTop \ OTHICKHBAET HEMOCPEACTBEHHBIX MOTOMKOB y3J1a MJIH 110-
CleoBaTe/IbHOCTH y3Jios. Hanpumep, oipaxenne

val list =
<d1><dt>Java</dt><dd>Gosling</dd><dt>Scala</dt><dd>0dersky</dd></d1>
val languages = list \ “dt”

IIPUCBOIIT NepeMenHoii languages MOCJEA0BATENLHOCTD Y3JI0B, COAEPKa-
Iylo <dt>Java</dt> I <dt>Scala</dt>.

[MoacrarioBounblil CHMBOJ COOTBETCTBYET JiloboMmy asemenTy. Hanpu-
Mep, BbIpakeline

doc \ “body” \ "_" \ "l1”

OTHILIET BCE 9JIEMEHTDI 11, copepKaminecs B ul, B ol WK B JI0OOM APyrom
aJIeMelITe, CO/EeprKaleMCsl B dJIEMEHTE body.

Onepatop \\ MO3BOJISIET HAXOAUTH TOTOMKOB Ha Gosiee T1yOOKHX
ypoBHsIX BjoxeHHocTH. Hanpuwmep,

doc \\ “1img”

OTBIUIET BCE JIEMEHTHI img B JIIOOOM MeCTe BHYTPH doc.
Ctpoka, HaullHaIOWAsCs C @, o3HavaeT nouck arpubyra. Hanpumep,

img \ "@alt”

BepHeT 3HaveliMe aTpubyTa alt YKa3aHHOrO y3Ja, a

doc \\ “@alt”

OTDBILIET BCC aT[)H6yTbI alt BO BCeX 3JIeMEHTaX BHYTpPH doc.

NpumeyvaHue. B noncke aTpmbyTOB HENb3S MCNONL30BaTb NOACTAHOBOYHbIN
CYIMBOJ; BbIpaXeHue 1mg \ "@_" He BepHeT Bcex aTpubyTos.
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BHumanue. B otnuume ot XPath, B Scala Henb3s ncnonb3oBaTb OAUHOYHbLIN
o6parTHbiii cnew \ AN U3BnedeHna atpubyToB U3 HECKONbKMX y3nos. Hanpu-
Mep, BblpaxeHue doc \\ “img" \ “@src” He Oyner pabortaTtb, ecnu AOKYMEHT
conepxut 6onee ogHoro anemMexTa img. Micnonb3ynrte doc \\ "1mg” \\ "@src”.

PeaynbraToM onepaTopos \ 1 \\ sSIBJISIETCS] NOCJIEI0BATEIbHOCTD Y3JI0B.
OHa MOeT CO/lepKaTh eJHHCTBEHHDIIT y3€J1, HO €CJIH TOYIIO e H3BECTHO,
Jiyylile BBITIOJHUTH 0OXO/1 3JIEMEHTOB T0Ce10BaTeNbHOCTH. Hanpumep:

for (n <- doc \\ "img") o6pa6oTatb n

Ecnu BbI3BaTh METOX text pe3yJ/ibTaTa, BO3BPAIaeMOro OrepaTopaMH
\ ¥ \\, COZIEPXKUMOE BCEX TEKCTOBBIX Y3JIOB OyneT OODBEeNIHEHO B ONHY
crpoky. Hamnpiimep,

(<img src="hamster.jpg”/><img src="frog.jpg"/> \\ "@src).text

BEpPHET CTPOKY “hamster. jpgfrog. jpg".

16.8. ConocTtaBneHune ¢ oopasuom

JIutepanst XML MOXHO HCMOJB30BaTh B BBIPAYKEHHSX COMOCTaBJIe-
Hus ¢ obpasiom. Hanpumep:

node match {
case <img/> => ...

[TepBoe conocrapienue OyaeT yCreuHbiM, i node OyaeT IpeAcTaB-
JIATD DJIEMEHT img C JIOOBIMK aTpUOyTaMU 1 Ge3 BJIOKEHHBIX 3JIEMEHTOB.

OO6paboTKa IO0YEepPHUX 3JEMEHTOB TPeOyeT HEKOTOPBIX YXHUIPEHMH.
CoBrnajieHue C €IUHCTBEHHBIM JIOYEPHUM 3JIEMEHTOM MOXCHO peasin3o-
BaTb TakK:

case <li>{_}</11> => ...

OnHako, ecny JOYEpHHUX 3JEMEHTOB OKaskeTcsi GOJiblie, Hanpumep
<1i>An <em>important</em> item</li>, cOMOCTaBJEHHE C ITHUM 06pa3u0M no-
TepnuT Heyaady. YTo6b 06ecnieunTh COBMageHHe ¢ JI0ObIM KOJUUECTBOM
JIOYEPHUX 3JIEMEHTOB, MCIIOJIb3YIiTE:



ConocrasneHue ¢ 06pasLom %B!lll.

case <I1>{_*}</11> =>

O6patiite BuMaHue Ha (HUrypHsie CKoOOKI — OHM HanOMUHAIOT Gop-
My 3aliicl BHEAPeHHs NMPorpaMMHOro kozaa B autepaibl XML. Oanaxo
BiyTpu 06pasuos XML ¢urypHbie ckobku onpeaessiior o6pasiibl Koaa,
a 1e BBIMOJIHsIEMDIiT KOI.

BMecTo nozicTaHOBOYHBIX CHMBOJIOB MOXKHO MCIOJb30BaTh HMEHA
nepemetiHbiX. B aToM ciyuae coBnaneHue 6yneT NpUCBOEHO NEPEMEHHOM.

case <li>{child}</11> => child.text

I[Jl}] COINOCTAaBJIEHIIST C TEKCTOBLIM Y3JIOM HCl'lOJlb3yﬁTe COMnoOCTaBJiE-
HHE C case-KJIaCCOM, KaK ITOKa3aHO HHXKe:

case <li>{Text(item)}</11> => 1tem

ITprcBONTD NOC/IENOBATENLHOCTD Y3JI0B EPEMEHHOI MOXKHO CJIEAYIO-
M obpasom:

case <li>{children @ _+}</11> => for (c <- children) yield ¢

BHuMaHue. B Takux onepaumsx conocrasneHus children umeet Tun Seq[Node],
a He NodeSeq.

B npensioxxeHnn case MOXHO HCIIOJIb30BaTh TOJbKO oauH y3en. Ha-
npuMep, CJICAYIOMMI KOA HEAOMYCTHUM:

case <p>{_=}</p><br/> => ... // HeponycTumo

O6pasupt XML 1ie MoryT BKJIOYaTh aTPUOYTHI.

case <img alt="TODO"/> => ... // HeponycTumo

Yro6bl peanu3oBaTh COINOCTaBJIEHHE C aTpuOyTaMH, WCIONb3yHTe
OrpaHHYUTEND:

case n @ <img/> 1f (n.attributes(”alt”).text == "TODO") => ...
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16.9. Mogudukauua as1eMeHTOB
n atpmnoyToB

VY3/1b1 M IIOC/IEN0BATENLHOCTH Y3JI0B B Scala ABJISIOTCS 1eH3MeHsIeMbI-
mu. Eciiu notpeGyercst uaMeHUTDb y3eJ1, He0OX0AIIMO CO31aTh €ro KOMIIIO,
Npou3BeNls Bce HEOOXOAUMbIE U3MEHEHHSI B KOIHI.

[nsa xonupoBanusi y3j0B Elem Hcnosbayiite meton copy. On nmeer
ISITh UMEHOBAaHHBIX MapaMeTPOB: yXKe 3HaKoMble BaM label, attributes
U child, a Takxe prefix U scope, KOTOPble UCNOJIb3YIOTCS IJisl Onpene-
nieHust npoctpaHcTBa UMeH (cM. paszaen 16.12 «IIpoctpancTBa MMeH»).
Jlio6bie HeykazaHHbI€ TIapaMETPbl KOMHUPYIOTCS 113 MCXOAHOTO 9JIEMEHTA.
Hanpumep,

val list = <ul><li>Fred</l1><li>Wilma</11></ul>
val list2 = list.copy(label = "0l")

€O311aCT KOMUIO CNHCKA, 3aMEHUB UMsl ul Ha ol. JouepHue y3isl OyayT
OOI1MH, HO B 3TOM HET HUYEr0 OCOBEHHOTO, MOTOMY UTO MOCJIE0BA-
TEJIbHOCTH Y3JIOB SIBJISIIOTCSI HEM3MEHSAEMbBIMIL.

Ytobb! 106aBUTH JOYEPHUI Y3€J1, BHI3OBHTE METOJL cOpy, KAK ITOKa3aHO
HUXKeE:

list.copy(child = list.child ++ <li>Another item</11>)

Jlo6aBUTb WM MU3MEHUTb aTPUOYT MOXKHO C TTOMOLILIO OonepaTopa %:

val 1mage = <img src="hamster.jpg”/>
val image2 = image % Attribute(null, “"alt”, "An 1mage of a hamster”, Null)

[lepBblit aprymeHT — npocTpaHcTBO MMeH. [locaennuii — crncok no-
MOJHUTENbHBIX MeTafaHHbIX. Tak e Kak Node HaciemyeT NodeSeq, TPEHT
Attribute HacmeayeT MetaData. UToObl 106ABHTH HECKOJBLKO aTPHOYTOB,
MOYKHO CKOHCTPYMPOBAaTh TaKylo LIEMOUKY:

val 1mage3 = image % Attribute(null, "alt”, "An 1image of a frog",
Attribute(null, “src”, “"frog.jpg”, Null))

BHumaHue. 3aech scala. xml.Null — 3TO NyCTOM CNUCokK aTpubyToB, a He Tun
scala.Null.




3arpyska v coxpaHeHue §§§ll.l

Hobapyenue arpubyra ¢ TeM e KJII0YOM 3aMEHUT CYIIECTBYIOI[H
aTpHOyT. DJIEMEIT 1mage3 HMEET eAUHCTBEHHBIN aTPUOYT C KJII0YOM “src’;
€ro 3HaueleM SIBJISIETCS] CTPOKA “frog. jpg”.

16.10. Tpancdopmauua XML

Wnorna 6piBaeT HEOOXOANMO H3MEHUTb BCE BJIOXKEHHbBIE DJIEMEHTB,
COOTBCTCTBYIOILIE onpeneseiiomy obpasiy. bubanoreka XML npeno-
CTaBJIsIET KJacc RuleTransformer, NPUMEHSIONINIT OAMH WK GoJliee IK3eM-
TJISIPOB TPaBII RewriteRule K Y37y H K BIOKEHHBIM B HEro 3J€MEHTaM.

Hanpumep, npezncrassre, 4yTo NoTpe6OBAIOCh 3aMEHUTh BCE Y3Jbl ul
B IoKyMeniTe Ha ol. Huske npuBoaurcs obbsiByieHe 3K3eMILIsSIpa NpaBu-
Jia RewriteRule, nepeonpejensioilee MeTon transform:

val rulel = new RewriteRule {
override def transform(n: Node) = n match {
case e @ <ul>{_«}</ul> => e.asInstanceOf[Elem].copy(label = "0l1")
case _ =>n

Teneppb 9TO MPaBHIIO MOXKHO HCIOJIb30BaTh AJIS1 IPpeoOpa3oBaHus Je-
peBa y3JI0B KOMaHIOI:

val transformed = new RuleTransformer(rulel).transform(root)

KoHcTpykropy RuleTransformer MOKHO Mepeaarhb Jiio6oe KOJMYECTBO
npaBuJI:

val transformer = new RuleTransformer(rulel, rule2, rulel);

Meron transform BBINOJIHsIET OOXOI BJIOJKEHHBIX Y3JIOB, NPUMEHSET
BCe MpaBuJia I BO3BpalllaeT Npeobpa3oBaHHOE AEPEBO.

16.11. 3arpy3ka u coxpaHeHue

3arpy3uth noxkymedt XML wu3 (aiisa MOXKHO BBI30BOM MeETOAA
loadFile oObeKTa XML:

import scala.xml.XML
val root = XML.loadFile("myfile.xml™)
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3arpy3uTb MOXKHO Tak:ke M3 java.io.InputStream, java.io.Reader WJIU
u3 URL:

val root2 = XML.load(new FileInputStream("myfile.xml™))
val root3 = XML.load(new InputStreamReader(
new FileInputStream("myfile.xml™), “UTF-8"))
val root4 = XML.load(new URL("http://horstmann.com/index.html"))

3arpyska JOKyMeHTa BBINOJIHSIETCS ¢ pHMeHetineM napcepa SAX u3
6ubavorexu Java. K coxanenuio, onpenenenue tuna gokymenta (Docu-
ment Type Definition, DTD) ocraercsi HemoCTymHbBIM.

BHumaHue. ITOT napcep cTpagaeT oT npobnemsbl, yHacnenoBaHHom ua 6mub-
nuotekn Java. OH He uyuTaeT onpegenenus DTD 3 nokanbHOro karanora.
B uyacTtHoCTW, nasneyexue ¢anna XHTML MoxeT 3aHATb AnuTenbHOE Bpems
unu Boo6LLe NnoTepneTb Heyaady, Npy NoNbITke Nnapcepa nony4nts DTD ¢ cain-
Ta w3c.org.

Y1066 334EMCTBOBATL NOKANbHbIN KaTanor, Heo6X0AMMO UCNONL30BaTh KNacc
CatalogResolver 3 nakerta com.sun.org.apache.xml.1nternal.resolver.tools
B JDK, nnu, ecnu Bbl npegnoyutaeTe He NOMb30BATLCA Knaccamu, He BXOAs-
wumn B oduuuansHelil APl ua npoekta Apache Commons Resolver (http://
xml.apache.org/commons/components/resolver/resolver-article.html).

K coxanenuio, 06bekT XML He nmeeT APl ana ycTaHOBKU MexaHu3ma paspe-
LWEeHNA MHEMOHMK. Huxxe NnokasaHo, kak MOXHO cAenaTtb 370, 3aiasA C YEPHOro
xopa:

val res = new CatalogResolver
val doc = new factory.XMLLoader[Elem] {
override def adapter = new parsing.NoBindingFactoryAdapter() {
override def resolveEntity(publicId: String, systemId: String) = {
res. resolveEntity(publicld, systemld)

}
}.load(new URL("http://horstmann.com/index.html™))

CyluiecTByer ele OIUH Napcep, COXPaHSIONT KOMMeHTapHiI, pasze-
JIbI CDATA M, IPH HEOGXOAMMOCTH, NMPOGETbHbIE CUMBOJIBL:

import scala.xml.parsing.ConstructingParser
import java.io.File
val parser =
ConstructingParser. fromFile(new File("myfile.xml™), preserveWS = true)
val doc = parser.document
val root = doc.docElem




3arpyska u CoXpaHeHue E“III.

OO0parute BHUMaHUE, YyTO ConstructingParser BO3BpALIAeT y3eJ THIIA
Document. Ero MeToz docElem Bo3BpallaeT KOPeHb TOKYMEHTa.

Ecan noxyment 1imeet onpeneseiue DTD u oHO MoOXeT BaM IOHa-
1001Tbes1 (HanpuMep, NMpi COXPaHEHUH ITOKYMEHTA), BbI CMOJXKETE MOJIY-
YUTL ero, 0OpaTHBILMCH K doc. dtd.

BHumanue. o ymonyanunio ConstructingParser He NPOU3BOAUT paspelueHune
MHEMOHUK, HO NpeobpasyeT ux B KOMMEHTapuK, Takue Kak:

<!-- unknown entity nbsp; -->
Onautenus dpana XHTML MoxHO Bocnonb3osaTbes noaxknaccom XhtmlParser:

val parser = new XhtmlParser(scala.io.Source.fromFile("myfile.html™))

val doc = parser.1in1tialize.document

Muayve Heobxoamumo fo6aBUTb MHEMOHUKM B KapTy MHEMOHUK napcepa. Ha-
npumep:

parser.ent ++= List(
“nbsp” -> ParsedEntityDecl("nbsp”, IntDef("\u00A0")),
“eacute” -> ParsedEntityDecl(“eacute”, IntDef("\UuOOE9")))

Coxpanutb 1okyMeHT XML B daiin MOXHO ¢ IOMOILBIO MeTo/a:

XML.save( 'myfile.xml™, root)

ITOT METOJl NPUHUMAET TPH HeoOs3aTeNbHBIX NapaMeTpa:

QO enc onpenesnsieT KOAMPOBKY CHMBOJIOB (110 yMOJYaHHUIO “IS0-8859-
17);

Q xmlDecl ompenensieT HeoGXOAMMOCTb BbIBOAA 0ObsiBjeHus XML
(<?xml...?>) B Hauase (10 yMoJyaHHIo false);

Q doctype — 0ODBEKT case-Kjacca scala.xml.dtd.DocType (no yMoJiya-
HINO null).

Hanpumep, 3anncatsb daitn XHTML MoxHO cienyomuM o6pa3om:

XML.save("myfile.xhtml”, root,
enc = "UTF-8",
xmlDecl = true,
doctype = DocType(~html™,
PublicID("-//W3C//DTD XHTML 1.0 Strict//EN",
“http://www.w3.0rg/TR/xhtm11/DTD/xhtml1-strict.dtd”),
N11))
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B nociegnem nmapameTpe KOHCTPYKTOPa DocType MOJKHO YKa3aTh BHYT-
pennue o6basaenus DTD — manononstHas ocobennocts XML, KoTo-
pyIo s He Oymy ob6CyXAaTh 31€Ch.

CoxpaHennie MOXKHO BBITIOJIHUTh TaKxe B java.io.Writer, HO TOrza
NPHUAETCS yKa3aTh BCE MapaMeTpBbl.

XML.save(writer, root, "UTF-8", false, null)

Mpumeuanue. MNpu coxpaHernn XML-daiina anemeHTsl 683 COAEPKUMOro He
3anucbIBalOTCA Kak caMo3akpblBatowmecs Tern. Hanpumep:

<img src="hamster.]jpg”></1mg>

Ecnu Bbl npepgnounTaete:

<img src="hamster.jpg"/>

ucnonb3ynte

val str = xml.Utility.toXML(node, minimizeTags = true)

CogerT. Ecnu notpebyercs no6asuts oTCTynsbl B XML-KOA, MCNONL3YITE KNnacc
PrettyPrinter:

val printer = new PrettyPrinter(width = 100, step = 4)
val str = printer.formatNodes(nodeSeq)

16.12. NpocTpaHcTBa UMEH

IIpocrpanctBa umen B XML ucnonbayiorcs, ytobb 1136exath KoH-
(ukTOB MMeH, Mogo6HO nakeraM B Java uin Scala. OxHako npoctpaH-
crBoM uMeH B XML sBasitorcst URI (11 o6p1uno URL), Takue xax

http://www.w3.0rg/1999/xhtml

[TpocTpaHCTBO UMEH OOBABISETCST B aTpHOyTE xmlns, HanpUMep:

<html xmlns="http://www.w3.0rg/1999/xhtml">
<head>...</head>
<body>...</body>

</html>

DJIeMeHT html W ero aoyepHue ajeMenthl (head, body il Apyrue) Ho-
MellaloTcsl B 3TO NMPOCTPAHCTBO MMEH.

JlouepHUIl 3/IeMEHT MOXET OMpeessiTh COOCTBEHHOE MPOCTPAHCTBO
UMeH, HarpuMep:



YnpaxHenus ggllll.

<svg xmlns="http-//www w3 org/2000/svg” width="100" height="100">
<rect x="25" y= 25 width="'50" height="50" f111="#ff0000"/>
</svg>

B Scala xaxblii aJ1eMeHT nMeeT CBOHCTBO scope THIIA NamespaceBinding.
CaoiicTBo uri aroro kyacca Bo3spauiaer URI npocTpaHcTBa MMeH.

Tlpu 1e06GXONUMOCTH CMEIIHBATD 3JIEMEHTbHl U3 HECKOJbKUX MpO-
CTPAHCTB UMEH MOXKET OKa3aThCSl YTOMUTEJbHBIM HCIOJIB30BATh a/ipeca
URL atux npoctpancts uMeH. YToObl n36exaTh 3TOr0, MOXKHO MCIIOJIb-
30BaTh npegurcol npocmpancme umen. Hanpumep, ter

<html xmlns="http://www.w3.0rg/1999/xhtml"
xmlns:svg="http://www.w3.0rg/2000/svg">

00DbsIBIISIET npedHKC svg AJIs1 IPOCTPAHCTBA UMEH http: //www.w3.0rg/2000/
svg. Bce asieMeHTDbI ¢ npedUKcoM svg: MpHHALIEXAT 9TOMY NPOCTpaH-
ctBy umetl. Hanpumep:

<svg:svg width="100" height="100">
<svg:rect x="25" y="25" width="50" height="50" f111="#ff0000"/>
</svg:svg>

B pasuene 16.9 «Moanduxaius ajeMeHTOB U aTpHOYTOB> TOBOPU-
JIOCh, UTO KakAblii 00BbEKT Elem MMeeT 3HaueHus prefix M scope. Ilapcep
aBTOMATHYECKII BLIUMCHSIET 3TU 3HaueHus. OnpeaesnTs NPOCTPAHCTBO
HMMEH 3JIeMEHTa MOXIO € IOMOLIbIO 3HaueHUst scope. uri. OnHako, Koraa
anementbl XML co3aaloTcst nporpaMMHo, BaM NOTpedyeTcst ycTaHaBJIu-
BaTb 3HaveHIsl prefix I scope Bpyunylo. Hanpumep:

val scope = new NamespaceBinding(“svg”, “http://www.w3.0rg/2000/svg"
TopScope)
val attrs = Attribute(null, “width”, "100"
Attribute(null, “height”, 100", Null))
val elem = Elem(null, “body”, Null, TopScope
Elem("svg”, “svg", attrs, scope))

YnpaxHeHus

1. Yto o3navaer <fred/>(0)? <fred/>(0)(0)? ITouemy?
2. Kakos OyzmeT pe3yJsibraT CJIELYIOUEro BbIpaskeHHUsI:
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10.

<ul>
<11>0pening bracket: [</11>
<l1>Closing bracket: 1</11>
<l1>0pening brace: {</11>
<li>Closing brace: }</11>
</ul>

Kak ero ucnpaButh?
CpaBuure:

<li>Fred</11> match { case <li>{Text(t)}</l1> => t }

H

<1i>{“Fred”}</1i> match { case <li>{Text(t)}</l1> => t }

[Toyemy oHHU ZEICTBYIOT MO-Pa3HOMY?

[TpounTaiite ¢aitn XHTML u BbIiBeniTe Bce ajeMeHTbI img, He
umelone arpudbyTa alt.

BoiBenute umena Bcex nsobpaxenuii B (paitne XHTML. To ectb
BbIBEJUTE 3HAYEHHST aTPUOYTOB Src BCEX DJIEMEHTOB 1mg.
ITpouuraiite aitn XHTML 11 BoiBenuTe Tabiiy Bcex rinepecoi-
JoK B (paitne BmecTe ¢ 1x aapecamu URL. To ectb BbIBEMIITE CO-
JIeP)KUMOEe I0UYEPHEro TEKCTOBOTO y3Ja 1 3HaueHne atpibyTa href
Ka)KZI0TO 3JIEMEHTA a.

Hanunmure ¢pyHKIMI0, NPUHHMAIOLIYIO ITapaMeTp Tiina Map[String,
String] ¥ BO3BpaLIAIOLLYIO 3JIEMEHT dl C 3JICMEHTOM dt — JUJIST KaXK-
JI0ro KJIova M dd — aJ1s1 Kakaoro 3nadeHus. Hanpimep, s

Map(“A™ -> "1", "B" -> "27)

(pyHK1IMS [OJIKHA BEPHYTb

<d1><dt>A</dt><dd>1</dd><dt>B</dt><dd>2</dd></d1>

Hanumnre $hyHKIMIO, TPHHUMAIONLYIO 3J7IeMeHT d1 11 MpeBpallalo-
1yI0 ero B Map[String, String]. dTa (YHKUUS SIBISETCS MOJJHOI
NPOTHUBOIIOJIOKHOCTHIO (DYHKILHMIT M3 NPEJbIAYIIErO YIPaXKHEHHS,
NpH yCJIOBUH, YTO BCE JOYEPHHUE 3JIEMEHTDI dt YHIKAJbHBI.
Tpancgopmupyiite nokyment XHTML, fo6asus atpubyT alt="T0D0"
BO BCe 9JEMEHTHI img 6e3 aTprbyTa alt, COXPaHIIB HMEIOIHECS].
Hanuwmute gpyHnkuuio, koropast 6yaet untath fokymentst XHTML,
NpUMEHSITh TpaHCHOPMAILIMIO, PEATH30BAHHYIO B NPEAbIAYLIEM
yNpaKHEHUH, U COXPaHsATh pe3yasTaT. Ocoboe BHIIMAHIIE yAETUTe
coxpanHocty DTD u Bcex pasznenos CDATA.



Fnasa 17. MapameTpusoBaHHble
TMNbI

TeMmbl, paccmaTpBaemMbie B 3TOW rnase [
17.1. O6006uleHHbIE KNACCHI.

17.2. O606ULeHHbIE DYHKUMN.

17.3. MpaHuLbl U3MEHEeHUs TUMNOB.

17.4. I'pannubl NpeacTaBneHus.

17.5. [paHuubl KOHTEKCTA.

17.6. lpaHunubl KOHTekcTa Manifest.

17.7. MHOXECTBEHHbIe rpaHulbl.

17.8. OrpaHuyeHve Tunos .

17.9. BapuaHTHOCTb.

17.10. Ko- n KOHTpaBapuaHTHbie No3uuun.
17.11. O6bekTbl He MOryT BbiTb 0606LWEHHBIMN.
17.12. NMopcTaHOBOYHbLIV CUMBOI.
YnpaxHeHus.

CocOo0oc000o00o

B Scala nomnepsxuBaetcst BO3MOXKHOCTb MCHOJIb30BaTh MapaMeTpbl TH-
OB AJIs1 peai3alii KJiaccos u (hyHKIMH, paboTaIoLMX CO 3HAYeHUAMU
pasubix thnos. Hanpiimep, Array[T] MOXeT XpaHWTb 3JieMeHTHI IIPOM3-
BosibHoro Tina T. Cama 1zest oueHb NpoCTa, O MOHUMaHUe JAeTanei ee
peajii3aliiii MOKCT BbI3bIBATL CIOXKHOCTH. MHOrna 6piBaeT HEOOXOAUMMO
HAJIOXKHTD orpatityeHns Ha tun. Hanpimep, 4To6b MIMETh BO3MOXHOCTD
COpPTHPOBATDL 3JIEMEHTDI, TUI T [0JIXKEH MOANEPKUBATH TAKOE TOHSTHE,
KaK IMOpsIIIOK cJiefoBaHisl. Kpome Toro, 4To NpouCcXOAUT ¢ NapaMeTpU30-
BaHIBIM THITOM MPH H3MEHEHUH THIIAa napamerpa? Hampumep, MOXHO Jiu
nepeznathb Array[String] B (hyHKLHIO, OKHIAIONLYIO TIOJNYUUTh Array[Any]?
B Scala Moxii0 onpenesuTn, KaKk A0JKHbI U3MEHATHCS THUIbI B 3aBUCU-
MOCTH OT CBOIX [AapaMeTpPOB.
OcHoBHbIe TeMbl 3TOil IJIaBbl:
O wiaccwl, TpeiiTbl, MeTOAbl 1 (PYHKIMH MOTYT HMETb MapaMeTPbl
THIIOB;
O napanmerp THIIA TOMELIAETCS OCTE UMEHH U 3aKJIIOYAETCS B KBajl-
paTiibic cKobKiL;
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O rpanunsl THIIOB ONIPEAENSIOTCS B Buae T <: UpperBound, T > Lower-
Bound, T <% ViewBound, T : ContextBound;

O uMeercst BOBMOXKHOCTh OTPAaHHUHBATH METOIBI C IMOMOIBIO Orpa-
HUYUTENS THUIA, TAKOTO KaK (implicit ev: T <:< UpperBound);

O ucnonbayiite +T (KOBAapHAaHTHOCTB), 4yTOOBI yKa3aTh, UTO OTHOIE-
HHEe POACTBa MOATHUIA 0600611IEHHOTO THIIA cjeayeTr B OJHOM Ha-
npaBjieHHH ¢ T, K -T (KOHTPaBapHaHTHOCTD), YTOOBI yKa3aTb, UTO
OTHOIIIEHHE POACTBA CJIEeAYET B O6paTHOM HaIpaBJIEHHH,

U KoBapMaHTHOCTb MPHMEHSETCSI K IMapaMeTpaM, 0603HaYAIOIINM
BbIXOJHbI€ 3HAYEHHUA, TAKHE KaK 2JICMEHTHI B 11EU3MEHSAEMBbIX KOJI-
JICKIUAX;

U KOHTpaBapHaHTHOCTb INPUMEHSETCSI K IMapameTrpam, 0603HayaIo-
HIMM BXOJHbIE 3HAUEHHUs, TAKHE KaK apryMeHThl (pyHKIHII.

17.1. O600LEeHHbIe KnaccChl

Tak >xe kak B Java win C++, Ka1accsl U TPeTHl MOTYT HMETb Napa-
MeTpHU3oBaHHble TUIbL. J[Js onpenesenus: napamerpa tina B Scala mc-
T0JIb3YIOTCSA KBaZipaTHble CKOOKH, HampuMep:

class Pair[T, S](val first: T, val second: S§)

IJTa cTpOKa ompenesisieT Kaacc ¢ AByMst napaMerpamil THros, T i S. Ila-
paMeTpbl THIIOB HCIOJb3YIOTCSl B ONPEAETeH I KJIAacca JIJ1st 0003HAYEHIIsT
THIIOB NEPEMEHHBIX, TaDAMETPOB METOIOB I BO3BPALIAaeMbIX 3HaYCHHI.

Knacc ¢ oguum nin 60iee mapamMeTpamil THIIOB HA3bIBAETCsT 0000ujeH -
nowm (generic). Eciin Ha MecTo mapamMeTpoB THITOB OACTaBUTD (pakTHye-
CKHe THIbI, Bl NIOJIyudTE OOBIUHBII Kjace, Takoii kak Pair[Int, String].

Camoe npusiTHOE, YTO KOMIUISITOp Scala mbiTaercst BbIBecTI (haKTH-
yeCcKHe TUIbI U3 NapaMeTpPOB HA ATANC KOHCTPYIpoBatiisl o0beKTa:

val p = new Pair(42, "String”) // 3910 - Pair[Int, String]

OnHaKo THUIBI MOKHO YKa3aTh SIBHO:

val p2 = new Pair[Any, Any](42, "String”)

17.2. O6006ueHHble PYHKUUN

DyHKUMK 1 METOIBI TAKXKe MOTYT NIPHHUMATD MTapaMeTpsl THIOB. Ha-
npuMep:
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def getMiddle[T](a* Array[T]) = a(a length / 2)

Kaxk u B cayuae ¢ 0600611eHHBIMH KJIaccaMH, TapaMeTp TUIA MoMella-
eTcsl MmocJjie 1MelH.

Kommuisitop Scala BeiBoanT dakTuyeckre THNBI M3 apryMeHTOB
B BbI30BE.

getMiddle(Array(“Mary”, “had”, "a”, "little”, “lamb"))
// BuwzoseT getMiddle[String]

lel HCO6XOLIHMOCT]1 THIT MOXHO YKa3aTb SIBHO:

val f = getMiddle[String] _ // Oynkuus OyaeT coxpaHena 8 f

17.3. IpaHvubl USBMEHEeHUs TUNoB

Hiuorna ObIBaeT ueo6xouumo OrpaHUYHTDL JHAMMa30H H3MEHEHUA TH-
MoB. ZIO]'IYCTHM, HMeeTcst THIT Pair, THe 06a KOMIIOHEHTa UMEIOT OONH U
TOT XK€ THII, KaK IMTOKa3aHO HIIXKE:

class Pair(T](val first: T, val second: T)

Tenepnp 11€06x041IMO  100AaBUTh METOZ, BLIOMpAIOIINI HAUMeEHbIIIee
311a4eHHe:

class Pair[T](val fairst: T, val second: T) {
def smaller = 1f (first.compareTo(second) < 0) first else second
// Oumnbka

3ITO HelpaBIVIbHO — HaM HEM3BECTHO, IMEETCs1 JIM MEeTOJ1 compareTo Y ap-
rymenta first. YToObl pewmuTh 3Ty MpobyeMy, MOXKHO 106AaBHTh B ONpee-
JielHH Kiacca gepanioio epanuyy (upper bound) anst T: T <: Comparable[T].

class Pair[T <: Comparable[T]](val first: T, val second: T) {
def smaller = 1f (first.compareTo(second) < 0) first else second

DTO 0311ayaet, uTo THII T A0JKEeH ObITh MOATHIIOM Comparable[T].
Tenepb MOXKHO €O3/1aTh 3K3EMILISIP Pair[java.lang.String], HO HeJb-
351 CO3/aTb 3K3eMIISIP Pair[java.io.File], MOTOMY 4YTO String ABJIAET-
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Cs1 MOATHITOM Comparable[String], a THH File He peanu3yeT MHTepdeiic
Comparable[F1le]. Hampuwmep:

val p = new Pair("Fred”, "Brooks™)
println(p.smaller) // BuBeneT Brooks

BHumaHue. OTOT NnpuMep HECKONbKo ynpotleH. Ecnv nonbitaTbCA co3aaTb
ak3emMnnap new Pair(4, 2), KOMNUNATOP coobWwmT, 4To Ana T = Int He BbINOA-
HAeTca ycnosue T <: Comparable[T]. PeweHue 3aToit npobnemsl NpyBOAUTCA
B paspene 17.4 «paHuubl NnpeacraBneHuin».

CyiecTByeT TakXKe BO3MOXKHOCTD OIpeeJUTh HIDKHIOIO rPaHULy TH-
na. Hanpumep, nomycTuM, 4To HEOOXOAUMO OMpENETUTH METO[, 3aMe-
IIAIOIMI MepBbIil KOMIIOHEHT Maphl ApyruM 3HadenueM. Hamm naper —
HeM3MeHsieMble OOBEKTBbI, O3TOMY METOJ OJIKEH BO3BpallaTh HOBYIO
napy. Hike neMoHCTpHpyeTCst nepBasl MONbITKA:

class Pair[T](val first: T, val second: T) {
def replaceFirst(newFirst: T) = new Pair[T](newFirst, second)

OnHako ecTp Jydilee pelieHHe, yeM 3To. J[omycTHM, UTO HMEETCs
9K3eMILIsIp Pair[Student]. TeopeTnuecky A0OMKHO ObITH BO3MOXKHO 3aMe-
HUTb MEPBbIIl KOMIIOHEHT 9K3EMILISIPOM Person. PazymeeTcs, B pesynTa-
Te JOJIKEH MOJY4YUThCsI IK3EMIISIP Pair[Person]. BooOiite, 3aMelnaonuii
THIT JOJKEH OBITH CYMEPTUIIOM [JIs1 TUINAa KOMIIOHEHTA Tapbl.

def replaceFirst[R >: T](newFirst: R) = new Pair[R](newFirst, second)

37ech A BKJIIOYUI B BO3BPAIAEMYIO Mapy IapaMeTp THIa st 601b-
et SICHOCTH. DTO ONpeieeHne MOXKHO OBbLIO Obl 3aMHCaTh TakK:

def replaceFirst[R >: T](newFirst: R) = new Pair(newFirst, second)

B aToM csyyae THUII BO3BpaliaeMoOro 3HauyeHust OyzeT onpenesieH Kak
Pair[R].

BHumaHue. ECnn onyCcTuTb BEPXHIOIO rpaHuLy
def replaceFirst[R](newFirst: R) = new Pair(newFirst, second)

meTon 6yaeT KoMNUnnpoBsaTbCs, HO OH GyaeT BO3BpaliaTb 3Ha4YeHue Tuna
Pair[Any].
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17.4. NpaHuubl NpeacTasBsieHUs

B npenbiiyies paszaesie OblI NpeacTaBieH NPUMEp BepPXHeil rpaHuIIbL:

class Pair[T <: Comparable[T]]

K coskasieniio, ecJii TONbITATbCS BHIMOJHUTD new Pair(4, 2), KOMITMJIS-
TOP COoOOILT, YTO Int 1€ SIBJISIETCS MOATHIIOM Comparable[Int]. B oTinune
OT THIA-06epTKI java.lang. Integer, THI Int B s13biKe Scala He peannsyer
unrepdeiic Comparable. OmHaKo THI RichInt peanu3yer Comparable[Int],
YTO MPHBOIAUT K 1esAGHOMY Npeobpa3osanuio 3HayeHus THIA Int B 3Ha-
yenne tuna RichInt. (Ilogpobiee o HesABHBIX Mpeo6Pa3oBaHUAX paccKa-
3pIBaeTcsl B ryase 21.)

Peuinty npo6jieMy MOXKHO C TOMOIIBIO <«TPAHHI] MPeACTaBIEHUS>
(view bound), nanpimep:

class Pair[T <% Comparable[T]]

OrTHotuenile <% 03HaYyaeT, YTO TUIT T MOXET ObITb NpeoOpa3oBaH B THII
Comparable[T] IOCPEACTBOM HESIBHOIO 1PeoOpa3oBaHus.

Mpumeuanue. [lMpasunbHee wucnonb3oBatb Tpent Ordered, Ao6GaBnsOWUA
onepaTtopbl OTHOWEHUN K uHTepdency Comparable:

class Pair[T <% Ordered[T]](val first: T, val second: T) {
def smaller = 1f (first < second) first else second
}

91 He ucnonb3oBan 3Ty BO3MOXHOCTbL B NpeabiayliemM pasaene, noTomy 4to
java. lang.String peanuadyeT uitepdenc Comparable[String], HO He peanuayeTt
Ordered[String]. Mpu ncnonb3oBaHuu rpaHuL, NpeacTasneHus aTo He npobne-
Ma, NOTOMY YTO CTPOKWN HEABHO ByayT Nnpeobpa3oBbiBaTLCA B 3HAYEHUS TUNa
RichString, KOTOpbI ABNKETCHA NOATUNOM Ordered[String].

17.5. NpaHULUbl KOHTEKCTA

YT10o6bl HMETH BO3MOXKHOCTb OINMpEENsATh TPaHUIbl IIPEACTABJIEHUS
T <% V, JOJKHO CYl1eCTBOBAaTh HesiBHOe mpeoOpa3oBaHue u3 T B V. [panu-
Yot konmexcma (context bounds) onpenensiorest Kak T : M, re M — 3TO
apyroii obo6uenubiil THi. s 9TOro Tpebyercst HaJINYHE «HESIBHOTO
snauenysi> (implicit value) tina T(M]. IToapo6hee 0 HEABHBIX 3HAYEHHAX
Mbl morosopiiM B riase 21. Hanpumep,

class Pair[T : Ordering]
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TpeOyeT CyIIeCTBOBaHWs HESBHOTO 3Ha4YeHUs Tuma Ordering[T]. ITO
HesIBHOE 3HaueHUe 3aTeM CMOJKET HCIIOJIb30BaThCsl B METOAxX KJjacca.
OO6DsIBIISISI METOM, UCHIONB3YIONHIT HESIBHOE 3HAYeHHe, He06X0AHMO J10-
6aBUTb «HesiBHbII mapaMerp» (implicit parameter). Hanpumep:

class Pair[T : Ordering](val first: T, val second: T) {
def smaller(implicit ord: Ordering[T]) =
if (ord.compare(first, second) < 0) first else second

Kax 6ynet nokasano B riase 21, HesiBHblE 3HaYeHMs1 061a1a10T 6OMb-
et rTHOKOCTHIO, UeM HesiBHbIE NPeobpa3oBaHusl.

17.6. 'paHuubl KOHTekcTa Manifest

YToObI CO3aTh 3K3EMILIsIP 0O0OLIEHHOTO KJacca Array[T], HEOOXOAUM
00BeKT Manifest[T]'. To TpebyeTcst AT KOPPEKTHOM pabOThI MACCHUBOB
npocteix THNOB. Hanpumep, eciut T — 3To THO Int, B BUPTYaJbHOI Ma-
mIMHE J0JDKEeH ObITh co3maH MaccuB int[]. Kiace Array B Scala — ato
O6UOIMOTEYHBIH KJlacC, He MMEIOIIMH CIEeNHaJbHOTO 3HAYeHUs /IS
komnuasaTopa. Ecan Bbl numere 06001eHHyI0 (hDyHKUMIO, CO3AAIONLYIO
0000111eHHBI MacCHB, BaM HY>KHO NOMOYb €ii i NepeiaTbh 3TOT 0OBEKT
maHu®ecTa. [TockosbKy 3TO HeABHDII MapaMeTp KOHCTPYKTOPa, MOXKHO
MICTIOJIb30BAaTh IPAaHHIIbI KOHTEKCTA, KaK MOKAa3aHO HIUXKeE:

def makePair[T : Manifest](first: T, second: T) = {
val r = new Array[T](2); r(0) = first; r(1) = second; r
}

Ecau B nporpamme BbI3BaTh makePair (4, 9), KOMIUJISATOP OTBHILIET He-
ABHBIN 0OBEKT Manifest[Int] U ¢aKTHUYECKH BbI30BET makePair(4, 9)(int-
Manifest). 3aTeM MeTOJ BbI30BET KOHCTPYKTOP new Array(2)(1ntManifest),
KOTopblﬁ BepHET MPOCTOIf MaccuB int[2].

K yemy Bce atu cioxxHocT? B BHUpTyanbHOIT ManiiiHe 0600ieHHbIE
TUIbI Ucuye3aloT. OcTaeTcst TONBKO €IMHCTBEHHDIIT METO/| makePair, KOTO-
PbIi [0OJIKeH pa60TaTb CO BCeMH THNAMHU T.

17.7. MHOXeCTBEeHHblIe rpaHuLbl

[TepemMeHHass THMA MOXKET HIMETb 00€ TPAHHIIbI, BEPXHIOIO 11 HIKHIOIO.
Onpenenerne o6erx rpaHNIl HMEET CIeAyIOMHii CHHTAKCHC:

' B Scala 2.10 Manifest noMeuer Kak ycrapesiimii, BMCCTO 1CrO PCKOMCIILYCT-
cst ucnosb3oBath kaace TypeTag npenocrapsstiontii Gosice 6orartoiii APIL. —
Ipun. peo.
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T < Upper > Lower

Henb3st onpeaemiTs HECKONBLKO BEPXHUX WJIM HMKHUX rpaHull. On-
HAKO MOJKIIO 1OTpPe6OoBaTh, YTOOB! THI PEATH30BaJ MHOKECTBO TPENTOB,
Hanpimep:

T <: Comparable[T] with Serializable with Cloneable

IlonycxaeTc;l yKa3biBaTb HECKOJIbKO TpAaHHUL IIPEACTABJIEHHSI:

T <% Comparable[T] <% String

Taxxxe MoXx1O YKa3aTb HECKOJIbKO I'PaHULl KOHTEKCTa:

T : Ordering : Manifest

17.8. OrpaHuuyeHue TMNoBs

Mexannasm orpaniyeniust THIOB (type constraints) siBjisieTcs elie ofi-
HIIM CMOCOOOM Cy3HTb KPYT AONYCTUMbIX THMOB. Hike mpencTaBiieHbl
TPH OMNepaTopa OTHOLLEeHUI], HCI0JIb3yeMbIX AJIS 3TOH Liesu:

ITH ONEPATOPLI MPOBEPSIOT, SIBJASIETCST IM TUI T PaBHBIM THIY U, TOA-
THITOM U HJTIT MOXKET HesiBHO Npeobpa3oBbIBaThCst B THIT U, UTOOBI HMETH
BO3MOXHOCTD 10J1b30BaThCs1 TAKMMH OTPAaHHYEHHSIMH, CIIefyeT 106aBUTh
«HesiBHDIIT mapameTp noxTBepskenus» (implicit evidence parameter), kak
NoKa3aHo HHXKe: :

class Pair[T](val first: T, val second: T)(implicit ev: T <:< Comparable[T])

Mpumeyanue. JaHHbie ONepaTopbl HE ABASKOTCS BCTPOEHHbIMU KOHCTPYKUUS -
Mu A3blka. OHU peanu3osaHbl B 6ubnuorteke Scala. HeobbluHbI CUHTaAKCUC U
0cob6eHHOCTU paboTbl MexaHn3ama OrpaHuU4eHUs Tuna PasbACHATCA B rna-
Be 21.

B npuMepe Bbilile npuMeHEeHNe MEXaHU3Ma OTPAaHUYEHHST TUMA He JJaeT
HUKaKHX MPEeHMYIIECTB MepeJ UCIOIb30BaHHEM TPaHULIbI Kjacca Pair[T
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<: Comparable[T]]. OmHAKO OrpaHUYEHUE THUIIA MOKET IIPUTOIUTHCS B He-
KOTOPBIX 0COOBIX ciiyyasix. B aToM paszesie OyyT MokasaHbl /[Ba MpH-
Mepa HCIOJIb30BaHMsT MeXaHU3Ma OrpaHHYeHUsT THIA.

OrpaHuyeHHe THMA J2eT BO3MOXKHOCTH ONpeneTuTh B 06061eHHOM
KJIacce MeTOJ, KOTOPbIif MOXeT MCMOJIb30BaThCS TOJNLKO MPH ONpe/eeH-
HBIX ycioBuAx. Hampumep, Takoe onpenenenune Kiaacca:

class Pair[T](val first: T, val second: T) {
def smaller(implicit ev: T <:< Ordered[T]) =
if (first < second) first else second

MMO3BOJISIET CO3AaTh dK3EMILISIP THMNA Pair[File], /a)Ke TIPH TOM, UTO 00b-
€KThbl KJlacca File He SIBJISIIOTCSI MOPSIAKOBBIMH 3HAUECHHSIMH. Omunbka
KOMITHJISIUH 6yL[eT reHepupoBaThCsl TOJIbLKO MPH MOMNDLITKE BLI3BATh Me-
TOJ smaller.

Eme onHuM npumepom MOXeT CJIy>KUTb MeTOJ{ orNull KJacca Option:

val friends = Map(“Fred” -> “"Barney”, ...)
val friendOpt = friends.get("Wilma") // 3x3emnnap Option[String]
val friendOrNull = friendOpt.orNull // Ctpoka String unu null

Meroza orNull ya00HO HCHOJIB30BATL MPH pa60Te C TMpOorpamMMHBIM
KOZOM Java, rie MPUHATO ONpelessiTb OTCYTCTBYIOL[HE 3HaueHHsI Kak
null. Ho oH He MOXeT NMpUMEHATHCS K 3HaYeHHsIM THIOB, TaKMX Kak
Int, IUIT KOTOPBIX null He SABJSETCS] AOMYCTUMBIM 3HauenueM. Tak kak
MeTo[ orNull peajin30BaH C HCIOJb30BaHHEM OrpaHHYeHHs Null <:< A, Bbl
MOJKETe CO3[aBaTb K3eMILIApbl Option[Int], MpH yCJIOBHUH, YTO 6y11eTe
Jiep)KaTbCA Mojajbliie OT MeToAa orNull 3TUX 3K3EMILISIPOB.

OrpanuyeHyie THIA MOXET TaKXKe MPUMEHSTHCS C LeJIbIo TOMOYb Me-
XaHU3MY ompe/esieHust Tuna. BarasiHure:

def firstlLast[A, C <: Iterable[A]](1t: C) = (1t.head, 1t.last)

[Ipu BbI30OBE

firstLast(List(1, 2, 3))

BBl [IOJIy4YHTE COOOLIEHHE, YTO BbIBE/IeHHbIE THIIBI apryMEHTOB [Nothing,
List[Int]] He COOTBETCTBYIOT CUTHaType [A, C <: Iterable[A]]. OTkyna
B3sJICSI TUIT Nothing? MeXaHU3M ornpezesieHusi THIA He CMOT COOOPa3HTh,
YTO THIl A BBIBOJUTCA U3 List(1, 2, 3), MOTOMY YTO OH BLIMOJIHSIET CO-
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IIOCTaBJIEHUE TUIIOB A U C B €AMHCTBEHHOM IIare. Y106BI IIOMOYb eMy,
caenyer 06CCIeYnTh cliayasia COMOCTaBJIEHHE THIIA C, a 3aTeM A:

def firstlLast[A, CJ](1t* C)(implicit ev: C <:< Iterable[A]) =
(1t.head, 1t.last)

Mpumeyanmne. AHanoruyHbl NpuemM GbiN NPOAEMOHCTPUPOBaH B rnase 12,
rae meTop, corresponds MPOBEPSAA, COAEPXAT N ABE NOCNeA0BaTENLHOCTU CO-
OTBETCTBYIOLIUE BNIEMEHTbI:

def corresponds[B](that: Seq[B])(match: (A, B) => Boolean): Boolean

Mpeaukar match — aTo kKappupoBaHbI NapameTp, 6narogaps YemMy MexaH1u3m
onpeaeneHus Tuna cHayana onpeaenser Tun aprymeHTta B, a 3atem ucnonb-
3yeTt 3Ty uupopmaumio ana aHanuaa aprymeHTa match. B sbizose
Array(“Hello™, “Fred").corresponds(Array(5, 4))(_.length == _)

KOMMUAATOP C YCNexXoMm onpeaenser Tun aprymeHTa B kak Int. Mocne atoro
OH OKa3blBaeTCA B COCTOAHUU NOHATL CMbICA _. length == _.

17.9. BapnaHTHOCTb

[Ipencrassre, uTo HMeeTcst (PYHKLMS, BBITOJHSIION[As HEKOTOPYIO Ore-
pauHio C dK3eMIIIPOM Pair[Person]:

def makeFriends(p: Pair[Person])

Ecau knacc Student sIBJISIeTCsl MOAKJIACCOM Person, MOKHO JIM BbI3BaTh
makeFriend ¢ apryMeHTOM THMa Pair[Student]? Ilo yMosyaHHIO 3TO CUMUTAET-
cst onbkoii. Jlaxke npi TOM, YTO THI Student SIBJISIETCST TIOATHUIIOM Person,
THIIBI Pair[Student] 11 Pair[Person] 7te CBsi3aHbl OTHOIIEHUAMH POJCTBA.

Ecnu neobxoaumo, utoObl Takas CBsi3b CyLIECTBOBAJIA, €€ HYXHO
OIlpe/eJIUTb B Kjacce Pair sIBHO:

class Pair[+T](val first: T, val second: T)

3HaK + O3HayaeT, YTO THUI SABJSETCS! Kogapuarwmubim (covariant) K T,
TO eCTb H3MeHsIeTcs1 B TOM e HampabieHuH. [TockosbKy TN Student
SIBJISIETCsI TIOATHIIOM Person, THUI Pair[Student] Telepb TAKXKe CYMTAETCS
MOATUIIOM Pair[Person].

CyniecTByeT BO3MOXHOCTb ONPENETUThL BADUAHTHOCTb U B JIPYTOM Ha-
npasiennu. PaccMorpuM 06001eHH bl TUI Friend[T], 0603HAYAIOMUMIX
cyGbeKTa, TOTOBOTO TOAPYKUTHCS € JIOObIM CyGBEKTOM THMa T.
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trait Friend[-T] {
def befriend(someone: T)

Tenepp nonyctum, 4To UMeetcst GyHKIUS

def makeFriendWith(s: Student, f: Friend[Student]) { f.befriend(s) }

MosxHOo J11 BbI3BaTh ee C apryMeHTOM Tima Friend[Person]? To ecThb
ecJI1 UMeeTCsT TaKoi KO

class Person extends Friend[Person]
class Student extends Person

val susan = new Student

val fred = new Person

3aBEpPHIMTCS JIK YCIIEXOM BBbI3OB makeFriendWith(susan, fred)? IToxoxe,
uto na. Ecin Dpen (Fred) MoxeT moapy»KUTHhest € JTIOOBIM U€JTOBEKOM,
OH, CKOpee BCero, CMOXeT Noapyxkutbcst 1 co Cpio3eH (Susan).

OO6paTuTe BHHMaHHe, YTO U3MEHEHHEe THIA MPOUCXOAHT B HAMpPaB-
JleHUH, 0OpaTHOM OTHOUIEHWIO C TNMOJATHIIOM. Student — 3TO MOATHII
Person, a Friend[Student] — cynepTHn AJs Friend[Person]. B nomobHbIx
cJIydasix mapameTp THIA 00bsIBJsIETCST KaK kowmpasapuanumiwiid (cont-
ravariant):

trait Friend[-T] {
def befriend(someone: T)

Honyckaercs onpeneisitb o0e BapHaHTHOCTH [JIsl €AIIHCTBEHHOIO
o6o6menHoro tuna. Hampumep, HyHKUNHM C €IMHCTBEHHBIM apryMeH-
TOM UMEIOT THI Function1[-A, +R]. UToObI y6emAUTHCS, YTO OHII 00JaAAI0T
COOTBETCTBYIOLUIMMH BaDHAHTHOCTSIMU, PACCMOTPUM (DYHKLIIIO:

def friends(students: Array[Student], find: Functioni1[Student, Person]) =
// BTopoit napameTp MOXHO 3anucaTb kak find: Person => Person
for (s <- students) yield find(s)

JlomyctuM, 4To uMeeTcst (PyHKLIUsI

def findStudent(p: Person) : Student
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MosxHo st epenath ee B BbI30B GyHKImH friends? Koneuno. Ona
npHMeT J11060ro cybbeKTa, CAeNAeT 113 Hero cTyeHTa (Student) U BepHET
pe3yJIbTaT THMA Student, KOTOPBIH 3aTEM MOXHO MMOMECTHTb B MACCHB
Array[Person].

17.10. Ko- u KOHTpaBapvaHTHblie NO3uLuun

B npenpizyuiemM pasiesie ObUIO MOKasaHo, YTO (GYHKUMH ABJSIOTCS
KOHTpaBapHaHTHbIMH (contravariant) K CBOMM apryMeHTaM M KOBapH-
aHTHBIMHU (covariant) K pesyibraTaMm. B ofiiem ciyyae KOHTpaBapHaHT-
HOCTb UMECT CMBICJI HCIOJIb30BATD /IS BXOAHBIX 3HAUEHHI, I0JTyyaeMbIX
0o0ObeKTaMH, il KOBAapHAHTHOCTb — JJIs1 BHIXOAHBIX 3HAYEHUIA.

Ecnu o6bext gonyckaer u To, M APyroe, THI CJAELYET OCTaBUTh UHEA-
puanmuovty (invariant). B obuiem ciyyae HHBapUaHTHOCTb CBOHCTBEHHA
M3MEHsIEMbIM CTPYKTypam AaHHbiX. Hanpumep, maccusbl B Scala siB-
JISIIOTCst HiiBapuanTibiMi. Hesnb3st mpeo6pasoBath THI Array[Student]
B Array[Person] win 06patHo. ITo MOKeT ObITh HebezonacHo. Hanpumep:

val students = new Array[Student](length)
val people: Array[Person] = students // Henb3a, HO AONYCTUM, YTO MOXHO. ..
people(0) = new Person(“Fred”) // Bot kak! Tenepb students(0) yxe ne Student

[Monpobyem 1ao6opor:

val people = new Array[Person](length)
val students: Array[Student] = people // Henb3s, HO AONYCTWM, YTO MOXHO. ..
people(0) = new Person(“Fred”) // OnaTb students(0) nepectan GuTb Student

Mpumeuanune. B a3bike Java MOXHO Nnpeobpa3osatb Maccus Student[ ] B Mac-
cuB Person[ ], HO ecnu nonbiTaTbCA 006aBUTL B TAKOW MacCUB HE CTyAeHTa,
6ynet BO3OYXAEeHO UckntoueHue ArrayStoreException. Komnunsatop Scala ot-
Ka3blBaeTCA KOMNUAMPOBaTh NPOrpamMMbl, KOTOPblE MOMYT Bbi3blBaTb OWWOKN
npu obpaiieHnn ¢ TuNamu.

JlomyCTIIM, YTO MBI XOTHM MOMPOGOBATh OOBSIBUTh KOBAPHAHTHYIO U3-
Mensiemyio napy. Y Hac HUYero He Mmosiyyutcs. Takasi mapa HallOMHUHaeT
MacCCHB C JIBYMsI 3JIeMEHTaMH, ¥ IPU KOMIIJISILUY ee OyneT oOHapykeHa
Ta e OLIMOKA, KOTOPYIO Mbl TOJBKO YTO YBHIEJH.

HeiictBuTenblio, ecii monpoboBaTh CKOMIUIHPOBATD:

class Pair[+T](var first: T, var second: T) // Ouubka
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6yeT mojyueHa onmbKa, cooOIAIoIas, 4To 06HAPYKEH KOBAPUAHTHBIN
TUN T B konmpasapuanmuou nosuyuu (contravariant position) B MeToze
3anucH

first_=(value: T)

ITapamMeTpsl METONOB SIBJSIOTCSI KOHTPaBapHAHTHBIMI TTO3HI[HSIMH,
a BO3BpalllaeMble THIbI — KOBapUaHTHLIMU.

OpHako BHyTpH OYHKIHN BAPUAHTHOCTH MTAPAMETPOB MEHSIETCSI — OHH
CTaHOBSITCSI KOBapuaHTHbIMU. Hanpumep, B3rJistHiiTe 11a MeTO/l foldlLeft
THMNA Iterable[+A]:

foldLeft[B](z: B)(op: (A, B) => B): B

- + o+ -+

O6paTuTe BHHMAaHHUE, YTO A Telmepb HAXOAWTCS B KOBapHAHTHOII MO-
3UIHH.

ITpaBusa onpezxeneHust NO3UIUIT TPOCTHI H HAAEXKIILI, HO HHOTZA OHU
MELIAIOT BBITIOJIHSITD BIOJIHE Oe30omacHble aeiicTayst. Bepremces k metony
replaceFirst KJlacca Heu3MmeHsieMoil nmapbl 113 paszena 17.3 «Ipanuisr us-
MEHEHUS THIIOB»:

class Pair[+T](val first: T, val second: T) {
def replaceFirst(newFirst: T) = new Pair[T](newFirst, second) // Ouwwbka

Komnunsitop orBeprier Takoe obbsiBieHHe, TOTOMY YTO THM T Ia-
paMeTpa HaxoAUTCs1 B KOHTpaBapHaHTHOH mnosuinl. Ho ator merton ne
MOXET TMOBPEAUTH CYLIECTBYIOLIYIO Mapy, MOTOMY YTO BO3BpaLIaeT HO-
BYIO Mapy.

Pemenne npobsieMsl 3aKiiouaetcst B 1o6aBjieH1i BTOPOTO NapaMeTpa
TUMA JJIs1 METO/A, KaK MOKa3aHO HUXKE:

def replaceFirst[R >: T](newFirst: R) = new Pair[R](newFirst, second)

Tenepp Meton cTaj O6OOGIIEHHBIM METOAOM C APYTHM MapaMeTpoM
tuna R. Ho Tun R siBisieTcst ungapuanmmuvir, mO9ITOMY OH MOXKET HAaXO-
JIUTbCsI B KOHTPABAapUAHTHOH MO3UIIMH.



O6bekTbl He MOryT BbiTb 0606LLEHHBIMM gﬁgl...

17.11. O6beKTbl HEe MOryT ObITb
00600LLEeHHbIMY

OO6DbeKTDl He NOA/Iep>KHBAIOT MapaMeTpU3alvio TUMOB. PaccMmoTpum
B KayecTBe IpuMepa HendMeHsiemble cruckd. CIHCOK 3JIEeMEHTOB THUMA
T MoxeT 6bITh 11160 IIyCTbIM, mbo y3JIOM C TOJIOBOH THMNa T U XBOCTOM
Tuna List[T]:

abstract class List[+T] {
def 1sEmpty: Boolean
def head: T
def tail: List[T]

}

class Node[T](val head: T, val tail: List[T]) extends List[T] {
def 1sEmpty = false
}

class Empty[T] extends List[T] {
def 1sEmpty = true
def head = throw new UnsupportedOperationException
def tail = throw new UnsupportedOperationException

Mpumeyanue. 3aech 7 06bABUA KNaccol Node n Empty, 4ToObI Java-nporpam-
muctam 6bin0 nNpouwie cneguTb 3a auckyccueid. Ecnn el o6napaete 3Haun-
TeNbHbIM ONbLITOM PaboThl C A3bIKOM Scala, NPOCTO MLICNIEHHO NOACTaBNSANTE
croun N1l

Ha nepBbiii B3rJisim, KaXkeTcsl CTpaHHBIM ONpENesiTh Empty Kak KJjacc.
On ne unmeer noseii. Ho ero Hesnb3st mpocTo npeBpaTHTbh B 0OHEKT:

object Empty[T] extends List[T] // Ouwubka

B 06beKTbl Henb3st 106aBiIsITh MapaMeTpu3oBaHHble THIbL. B manHOM
ciyuae npobJieMy MOXKHO pelIuTb, YHacaenoBaB List[Nothing]:

object Empty extends List[Nothing]

B rnase 8 IrOBOPI1JIOCH, YTO THIT Nothing SIBJISIETCST TTOATUIIOM BCEX TH-
nos. To ecTb MpH co3aaHMIl CITUCKa M3 OAHOIO 3JIEMEHTa

val 1st = new Node(42, Empty)
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IIPOBEPKa THIIA a€eT MMOJ0XKUTENbHBIH pe3yasTar. biaromapst KoBapyaHT-
HOCTU THUM List[Nothing] MOX>XHO npeo6pa3OBaTb B THUII List[Int] U BBI-
3BaTh KOHCTPYKTOP Node[Int].

17.12. NMNoacTaHOBOYHbIV CUMBON

B si3pike Java Bce 060611eHHbIe THITBI HHBapHaHTHBI. O1aKo BbI MO-
JKeTe M3MEHSITb THIIBbI, [Jle OHU HCIOJb3YIOTCS, C TIOMOUIBIO MOACTAHO-
BOYHOrO cumBoJia. HanpuMep, ciaenylounii MmeToz:

void makeFriends(Pair<? extends Person> people) // 310 - Java

MO>KHO BBI3BaTh C aprYMEHTOM THUMa List<Student>.
B a3bike Scala Toxxe MOXHO MCIIOJB30BAThL MOACTAHOBOUHBII CHMBOJI.
Beirnsigut a3to tax:

def process(people: java.util.List[_ <: Person]) // 310 - Scala

B Scala et Heo6X0MMMOCTIT HCTIOJIB30BATD TTOACTAIIOBOUHBIH CUMBOJI
17151 KOBapMaHTHOTrO KJacca Pair. Ho ecsiu npeanosioskuts, yTo Kiace Pair
00BsIBJIEH KaK MHBAPHAHTHBIIL:

class Pair[T](var first: T, var second: T)

Torma mMoxHO ONpEenesInTD:

def makeFriends(p: Pair[_ <. Person])
// MoxHo Bbi3BaTb C apryMmeHToM Pair[Student]

IToncraHoBOUHBIH CMMBOJI MOKHO TaK’e IICTOJb30BATh B KOHTpPaBa-
PUAHTHBIX 0ODbSIBIICHHSIX:

import java.util.Comparator
def min[T](p: Pair[T])(comp: Comparator[_ >: TJ])

IToncTaHOBOUHDI CUMBOJI — 9TO «CHHTAKCIYUECKII{T caxap» JJIst 9K3uc-
menyuanvhoix munos (existential types), kotopbie Mbl moapobHO 06CYy-
UM B riase 18.

BHumaHue. MoaCTAHOBOYHBLIN CUMBON MOXET NOMO4Yb B HEKOTOPbIX CNOXHbIX
cutyaumsax. Hanpumep, cneayioulee o6bsiBNeHNe cumTaeTca HeaonyCTUMBIM
B Bepcun Scala 2.9:



YnpaxHeHus gg“ll.

def min[T <: Comparable[_ >: T]l(p: Pair[T]) = ...
Pewuntb 37y Nnpobnemy MoXHO cnepyowmm obpasom:

type SuperComparable[T] = Comparable[_ >: T]
def min[T <: SuperComparable[T]](p: Pair[T]) = ...

YnpaxHeHus

1.

2.

S

Onpenennte Heu3MeHsIeMbIi Kjacc Pair[T, S] ¢ METONOM swap, BO3-
BpalllaIoIIHM HOBYIO Napy, Iie KOMIOHEHTbI IOMEHSIHBI MECTaMH.
Onpenenurte uU3MeHsIEMbIl KJ1acC Pair[T] ¢ METOZIOM swap, KOTOPBIi
MEHSIET KOMIOHEHTDI Mapbl MECTAMHU.

Jlns knacca Pair[T, S] HamuiuuTe OOOOIIEHHDII METOXA swap, KO-
TOPBIil TPHHUMAET Napy B BU/E apryMeHTa U BO3BpalllaeT HOBYIO
napy ¢ KOMIOHEHTaMH, TTOMEHSIHHLIMA MECTaMH.

Tlouemy e Tpebyercsi OOBSBASATH BEPXHIOID TPAHULY B METOIE
replaceFirst B paszaene 17.3 «IpaHuipl M3MEHEHUsI THIIOB», KOT-
Jla TIPeAIoaraeTcsi 3aMeHUTD MepPBblil KOMIIOHEHT B 3K3eMILIsIpe
Pair[Person] aKk3eMILIISIpOM Student?

HO‘ICM)’ RichInt peanndyeT Comparable[Int], a He Comparable[RichInt 1?
Hanuuire o6001eHHbIit MeTo middle, BO3BpalIAOIIUil CpeaHUit
3JIeMCHT U3 Jioboro ax3emisipa Iterable[T]. Hanpumep, Bbi30oB
middle("World") MOJI)KEH BEPHYTb 'r'.

[TocMOTpIITE CITIICOK METONOB Tpeiita Iterable[+A]. Kakue u3 Hux
UCTIOJIL3YIOT MapameTp Tuma A? IloueMy B 3TUX MeTomax OH Ha-
XOIMTCSI B KOBapHAHTHOU TO3ULIU?

B pasznenc 17.10 «Ko- 11 KOHTpaBapHaHTHbIE NTO3ULUHU»> B METOE
replaceFirst ompefiesieHa rpaHuia tuna. [louemy Hejib3st omnpene-
JINTH SKBUBAJIEHTHDIIT METOM [JIs1 M3MEHSIEMOro KJacca Pair[T]?

def replaceFirst[R >: TJ](newFirst: R) { first = newFirst } // Ouwbka

Ha nepsblii B3rjisiz, KaXeTcst CTPaHHON HeOOXOAMMOCTh OTpPaHU-
4IIBaTh IlapaMeTpbl MeToAa Heu3MeHsieMoro kisacca Pair[+T]. Ho
NpPeCTaBbTe, YTO B Palr[T] MOKHO HamHCaTh TaKoe OINpeleseHHe
Mertoja:

def replaceFirst(newFirst: T)

[IpoGsema B TOM, YTO MOAOOHDLII METOA MOXHO MEPeoIPenenTh
1le CoBCEeM MpaBILIbHLIM criocoboM. Ilpuaymaiite npumep Tmpo-
6sempl. Hanmnre nogkiace NastyDoublePair KJiacca Pair[Double],
nepeorpenessiionuii MeTon replaceFirst, KOTOPbIM CO3JaeT Mapy,
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10.

T7ie TIEPBBIIl 2JIEMEHT SABJISIETCST Pe3yJIbTaTOM U3BJIeYEHUs KBaJpaT-
HOTO KOPHSI U3 apryMeHTa newFirst. 3aTeM CKOHCTPYHpYiiTe BbI30B
MeToja replaceFirst(«Hello») THMa Pair[Any], KOTOPBIii B neiicTBH-
TEJIBHOCTH SIBJISIETCSI TUMOM NastyDoublePair.

Jlns1 u3amMeHsteMoro kJsacca Pair[$S, T] HCMOJB3YIiTE MeXaHH3M Orpa-
HUYEHHs] TUTA, YTOOBI ONpeaeJuTh METOA Swap, KOTOPbIii MOXKHO
BBI3LIBAThH C MMTApAMETPaMH OJIHOTO THIIA.



FTnasa 18. JononHuresibHbie THUMbI

TeMbl, paccmaTpuBaemMble B 3TOW rnase [

a 18.1. Tunbl-0QMHOYKMN.

Q 18.2. Mpoekuun TMNoB.

O 18.3. Lienouku.

a 18.4. lNceBooHUMbI TMNOB.

O 18.5. CTpykTypHbIE TUMbI.

O 18.6. CocTaBHble TUMbI.

Q 18.7. HduKCHbIE TUNDI.

0O 18.8. Bk3ncrteHumanbHble TUNbI.

O 18.9. Cucrema TvnoB A3bika Scala.
O 18.10. CobcTBEHHbIE TUNMDI.

O 18.11. BHegpeHue 3aBUCUMOCTEN.
O 18.12. A6cTpakThbie Tvns [[IK].

O 18.13. Pogosoii nonumopdpnam fl.
U 18.14. Tvnbt BbicWwero nopsaka R,
O YnpaxHeHus.

B aT0ii rsaBe Bbl 1103HAKOMHTECH CO BCEMU THUIIAMH, KOTOpPblE MOXET
MPEMIOKHTD s13bIK Scala, BKJIOYasi HeKoTOpble CleNHaJN3UPOBaHHBIE.
B saxmioueniiie o6CyKaeHHsT Mbl paccMOTpUM cobcTBeHHble (self) Tumsl
M MeXallM3M BHeJpeHust 3aBHCHMOCTEN.

OcHioBIibIC TEMBbI 3TOH TJIaBbI:

Q runsi-ognnouki (singleton types) ymo6HO HCNoab30BaTh AJIS CO-
CTaBJICIIHSI [[EMTOYEK U3 BLI3OBOB METOOB U OIpeieIeHHsT METO/OB,
NpPHHIIMAIONHX 00BEKTH B BUAE MTApaMeTPOB;

MPOEKIHsI THINA BKJIIOYAET IK3EMILISIPbl BHYTPEHHEro KJjacca BO
Bce 0ODBEKTHI BHEILHEro Kjiacca;

NOJIEPKKA 1ICEBAOHIMOB MO3BOJISIET ONPEEsiTh 6oJiee KOPOTKHE
HMeHa JUJIst TUIOB;

CTPYKTYPHbIE THIILI SIBJSIIOTCSI 9KBUBAJICHTOM <«yTHMHOW THUIIM3a-
LI >;

9K3ICTEHHAJbIble THIDLI NO3BOJSIOT (POPMANU30BATh IPYINOBbIE
CIIMBOJIbI B TapameTpax 0600LIEHHBIX THIIOB;

0o 0O 0O O



..lll§§ D,ononHMTeanue TUNbl

QO o6bsasnenne cobetBernoro (self) Tuma mosBosser ykasaTh, yTO
TpeifT Tpebyer npyroro THIa;

O wabsoH TMpOEKTUPOBaHUsI «cJoeHblil mupor» (cake pattern) ic-
nosbayer cobcrseHHble (self) TUObBI A5 peanu3auun MexaHU3Ma
BHEZIPEeHUsI 3aBHCUMOCTEN;

O B momxnaccax abGCTpakTHBIH THUI AOJKEH TPeoOpasoBbIBATHCS
B KOHKDETHBI;

Q Tun BHICIIEro MOPSIAKA MMEET MapaMeTp THIIA, KOTOPBIil caM sIBJIsI-
€TCsl MapaMeTPU30BAHHBIM THIIOM.

18.1. Tunbl-OANHOYKM

st moboro 3HaYeHust v MOXKHO chOPMHUPOBATD THII v. type, HMEIOIIHIH
ABa 3HauyeHust: v i null. Ha mepBoii B3rJisig, Takoil THI Kaxkercst 1ie Gosee
4yeM Kypbe3oM, OJIHAKO Yy Hero. ecThb rnapa NnoJjie3HbIX MpHMeHeHHI .

Jlns Hayaja pacCMOTPUM METO/bI, BO3BpAllaioliue this, Garogaps
4yeMy TOSIBJISIETCSI BO3MOXKHOCTh COCTABJISITH LIETIOYKI H3 BBI30BOB Me-
TO/OB:

class Document {
def setTitle(title: String) = { ...; this }
def setAuthor(author: String) = { ...; this }

Terlepb MOXHO COCTaBHTb TaKYIO II€MOYKY BDLI3SOBOB!:

article.setTitle("Whatever Floats Your Boat™).setAuthor(“Cay Horstmann™)

O,ZIHaKO B NOJAKJIAcCe TAKOi npHeM CTaHOBITCSI HEBO3MOYKHDBIM:

class Book extends Document {
def addChapter(chapter: String) = { ...; this }

val book = new Book()
book.setTitle("Scala for the Impatient™).addChapter(chapter1) // Oumbka

KOMnmmTop Scala ONpeAeJIMT THIT CCBUIKH this, B03Bpa1uaeMOi'x
MeTonoM setTitle, kKaK Document. Ho Kiacc Document He 1iMeeT MeToJa
addChapter.



Tunbl-oguHOuKK Eglll..

Yro6sl pemnTh 9Ty MpobaeMy, TUIl 3HAYEHNUS, BO3BPAIIAEMOr0 METO-
noM setTitle, clleflyeT OOBABUTDL KK this type:

def setTitle(title: String): this.type = { ...; this }

Tenepo 31auettie, BO3BpalllaeMoe BbI30BOM book. setTitle("..."), 6yﬂeT
HMeTD THII book. type, a IOCKOJIbKY 3Hayelne book HMeeT MeTOA addChapter,
LICMOYKA BbI30BOB OymeT paboTaTh.

Kponme Toro, ecan morpebyercst o6bsIBUTD METOM, TPHUHUMAIOIIMIL
aK3eMIUISIP Object B BlJle NMapaMeTpa, MOXKHO BOCIIOJb30BATbCsI TUIIOM-
onuHoukoii (singleton). IosiBisieTcst 3aKOHHBIN BOMPOC: 3a4eM 9TO HY K-
Ho? B Kolile KOHIIOB, €CJIH 9K3eMIUISID HMEETCSI B eAMHCTBEHHOM YUCIIE,
METOJI MOXET IIPOCTO HCIO0JIb30BATh €r0, BMECTO TOTO YTOOBI 3aCTABJISITH
BBI3bIBAIOLLII IIPOrpaMMHbBIH KO IepeaaBartb ero.

OpHaKO HEKOTOPbIM HPABUTCSI KOHCTPYHUPOBATL «CBOOOAHDLIE UHTED-
(eiicor», xoTopblie ulTalOTCS Kak (pa3bl Ha aHIJIMIICKOM sI3bIKe, HAIpH-
Mep CJIelyIoliass KOHCTPYKLIMST:

book set Title to “Scala for the Impatient”

OyZeT CKOMITHJIIIPOBAaHA KaK

book.set(Title).to("Scala for the Impatient™)

31ech set — 9TO METOJI, ApTYMEHTOM KOTOPOTO SIBJSIETCS] 00bEKT-0OIM-
Houka (singleton) Title:

object Title

class Document {
private var useNextArgAs: Any = null
def set(obj: Title.type): this.type = { useNextArgAs = obj; this }
def to(arg: String) = 1f (useNextArgAs == Title) title = arg; else ...

OoG6pariiTe BHHMAlIHE 112 TapaMeTp Title. type. 31eCh Heb3s1 OOBSIBUTH

def set(obj. Title) ... // Ouwubka

TIOTOMY UTO Title SIBJISIETCSI 00bEKMOM-ONMIIOUKOI (singleton), a He TUIIOM.
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18.2. lNMpoexkuuu Tunos

B riiaBe 5 Ob1710 MTOKA3a110, YTO BIOXKEHHBIE KJIACCH TIPHHALICKAT 065~
exmy, B KOTOPBII OHM BKJIanbiBalorcs. Hampumep:

import scala.collection.mutable.ArrayBuffer
class Network {
class Member(val name: String) {
val contacts = new ArrayBuffer[Member]

private val members = new ArrayBuffer[Member]

def join(name: String) = {
val m = new Member(name)
members += m
m

Kaxapiit ax3eMmiisip kacca Network 6yeT MMeTb coOCTBEHHBII Kiacc
Member. Hampumep, HiKe CO31AI0TCs 1BA IK3EMILISIPA:

val chatter = new Network
val myFace = new Network

Tenepn chatter.Member 1 myFace.Member — 9TO pasuvle KAACCHL.
Bl He cmosxere 106aBJSITh YIe€HOB OAHOrO coobuiectBa (network)

B Ipyroe:

val fred = chatter.join("Fred") // WmeeT Tun chatter.Member
val barney = myFace.join("Barney”) // WMeeT Tun myFace.Member
fred.contacts += barney // Owubka

Ecnu Takoe orpaHHyeHHe BAC He YCTPAHUBAET, HY KHO MPOCTO BBIIIECTH
onpe/iesieHUe KJacca Member 3a Mpeziesibl Kyacca Network. J[Jist aTOro npe-
KpacHO MooiiaeT 00beKT-KOMIMaHbLOH KJjacca Network.

Ecnu e BBl XeaeTe COXpaHUTL MOAOOIYIO OPraHi3alMIo KJIaccoB,
HO obecrieunTb 0o0Jiee WHMPOKOE TONKOBAHME, UCIOJL3YHTE NPoeKyuIo
muna (type projection) Network#Member, KoTopasi ognauaet: «Member of
any Network» (uieH snoboro coobiiecTna).



erce T

class Network {
class Member(val name: String) {
val contacts = new ArrayBuffer[Network#Member]

Takoii NOAXOA MOXKET MPUTOAMTLCSI, KOrZAA XKeJATeJbHO COXPAaHHUTDH
«YHHKQJIBHOCTD BIIYTPCHHETO KJIAcCa [JIsl KaXKAOro O0OBEKTa» B OTAEJb-
HBIX Y4acTKax IpOrpaMMbl, HO He Be3je.

Buumanue. Mpoekuus TMnNa, Takaa kak Networki#Member, HEe cuuTaeTcsa «ue-
noukon» (path), n ee Henb3s nmnopTupoBaTtb. Lienoykn paccmaTpuBaloTcs
B cnepyowlem pasaene.

18.3. Lleno4yku

Barasiire na caenyouyii tim:

com. horstmann. 1impatient.chatter.Member

WJIH ecJlil BJIOXKUTD KJIacc Member B 0OBEKT-KOMITAHbBOH:

com. horstmann.1mpatient.Network.Member

Taxoe Bbipaxcenne nasviBaercs yenouxot (path).

Kax/plit KOMIMTOHENT LeNOYKH, KpOMe NOCIEAHEr0, H0JKEH ObITh «CTa-
OMJIBHBIM», TO €CTb 0003HAYATb CANHCTBEHHYIO, ONpeaeeHHYI0 06J1acTb
BHAMMOCTH. Bee cienyioune KOMHOHEHTBI OTBEYAIOT 3TOMY YCJIOBHIO:

Q naxer (package);

Q obbekt (object);

Q 3nauetne val;

Q this, super, super[S], C.this, C.super WM C.super[S].

KoMMnomenT 1enoukii e MOXeT ObiTh KIacCoM, NOTOMY YTO, Kak Obijio
NoKa3aio, BJIOXKEHHbIH KIacc He SIBJSIETCS] eMHHCTBEHHBIM THIIOM — OH
obpasyeTr OTAENBHDIIT THI 7SI KKIOTO 9K3eMILISPA.

Kpome TOro, KOMIIOHEHT I[EMMOYKH HEe MOXKET ObITb MMepeMeHHOI var.
Hanpumep:

var chatter = new Network

val fred = new chatter.Member // Ouubka - chatter He CTabUAbHLIA KOMNOHEHT
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IToCKOIbKY TIEPEMEHHOMN chatter MOJXKET OBIThH TIPUCBOEHO IPYroe
3HayeHUe, KOMITMJISITOP He CMOXKeT ONpeiesHTh TOUHDI CMbICJ THIA
chatter.Member.

Mpumeuanue. BHYTp® KOMNUAATOP TPaHCAUPYET BCE BAOXEHHbLIE Bblpaxe-
HUS TUNOB, Takue Kak a.b.c.T, B Npoekuun TMNOoB a.b.c.type#T. Hanpumep,
chatter.Member npeBpaTUTCS B chatter. type#Member — no6oi ak3emMnnap Tvna
Member BHYTpW 3K3eMNAspa-OAMHOYKW chatter.type. Boobuie, 310 He aBns-
eTca nosonoM ans 6ecnokoiictea. OgHako nopowt Bbl ByaeTe CTankueaTbCs
¢ coobueHusimn 06 owmnbkax, rae ynoMuHaloTcs Tunsl B popme a. b. c. type#T.
MpocTto MbicneHHo Npeobpa3syiite nx obpaTHo B opMy a.b.c.T.

18.4. NceBAOHMbI TUMNOB

C noMolipIo KJII0YEBOTO CJIOBA type MOXXHO CO3/1aBaTh MPOCThIE 71Ce8-
donumbL JUIST CJIOKHBIX UMEH THIIOB, KaK IMOKAa3aHO HHXKe:

class Book {
import scala.collection.mutable. _
type Index = HashMap[String, (Int, Int)]

Tenepp nsist CCHIIKM Ha TPOMO3JKOe MMsI THMa scala.collection.
mutable.HashMap[String, (Int, Int)] MOXHO HCIOJIb30BaTh Book. Index.

Onpenenenue nceroHnma tuna (type alias) 10/5kHO BKIaAbIBAThCS
B Kjacc uau oO6bekT. OHO He MOXET MOSIBJSITHCSI HA BEPXHEM YPOB-
He B (aitne ¢ ucxoxusM koxoM Scala. Onnako B REPL nomyckaercs
06bSABJATH NCEBJOHUMbDI Ha BEDXHEM YPOBHE, MIOCKOJIBKY BCE 00DbsIBJIE-
HUs1, BbinosHsAeMbie B REPL, HesABHO 3akiiioyeHbl B 0OHEKT BEPXHETO
YPOBHSI.

Mpumeuanue. KnioueBoe CMOBO type Takke UCNONL3YETCs AN oObaBneHus
abcTpakTHLIX TMNOB (abstract types), koTopble AOMXHLI NPeobpa3oBbLIBATLCA
B KOHKPETHble TUMbl BHYTPW NOAKNACCOB, Hanpumep:
abstract class Reader {

type Contents

def read(fileName: String): Contents
}

NoapobHee abcTpakTHble TuNbl ByAyT paccmatpusaThbes B pasgene 18.12
«AGCTPaKTHbIE TUMbI».




CocragHble Tvnbl Eﬁilll.
18.5. CTPYKTYpPHbIE TUMDI

«Crpyxrypiibtii Tun» (structural type) — aTo onucanue abCcTpaKTHBIX
METOJIOB, 110Jicii i THIOB, KOTOPbIMH JOJ/UKEH 06JjIafiaTh COOTBETCTBYIO-
wuii T Hampimep, ciegyiomuii MeToa HMeeT apaMeTp CTPYKTYPHOTO
THIIA:

def appendLines(target: { def append(str: String): Any },
lines: Iterable[String]) {
for (1 <- lines) { target.append(l); target.append("\n") }

Metony appendLines MOXHO TmepeAaTb 3K3EMILISIP mobozo Tuna, 06-
Jlalalollero MetofoM append. Takoli moxxox maet GoJiblie THOKOCTH, YEM
onpejcJeliie TpeiTa Appendable, MOTOMY YTO He BCerla €CTb BO3MOX-
HOCTD 1100aBHTD Tpe6yeMblii TPeiiT B HCIOJIb3yeMble KJIacChl.

BHyTpII KOMITHJISITOP Scala Bbi3biBaer target.append(...) C HCNOJIb-
3opanieM Mmexanusma peduiexciin. CTPYKTYpHbIE THUIBI 00ecre4nBaioT
NPOCTOI M HAJEXIbIl CHOCOO BLINOJHEHHS] TAKHX BBI30BOB.

OgHako BbI30BbI C HCIOJIb30BaHHEM MeXaHH3Ma pedJieKCUM HAMHO-
20 nOpOXKe OOBIUHBIX BBHIZOBOB MeTOAOB. ITo 3TOI mMpuumHe npn6eraTb
K MOMOIUHM CTPYKTYPHBIX THIIOB CJIEAYET TOJIbKO AJIsT MOAEJIHMPOBAHMSI
006111ero MOBeACHHS KJIacCOB, KOTOPbIE 1€ MOTYT COBMECTHO HMCII0JIb30-
BaTh TPEIT.

Mpumeuanue. CTpyKTypHbIE TUMNBI HAMOMWHAIOT MEXaHU3M «YTUHOW TUNU3a-
umu» (duck tiping) B Takux asbikax, kak JavaScript unu Ruby. B Hux nepe-
MEHHblE He umeloT Tuna. Koraa Bel NuwleTe B nporpamMmme Bbi30B obj. quack(),
Hanuuue mMetopa quack y o6bekTa, Ha KOTOPbIA CCbinaeTca nepemMeHHas obj,
BbISICHSIETCS TOMNLKO BO BPeMs BbiNOIHEHUS. VHbIMK cnoBamu, BaM He Tpeby-
eTcs 006baABNATL 0b) Kak nepemeHHyto Tuna Duck (yTka), rasHoe, 4To6bl oHa
xoauna v Kpskana Kak ytka.

18.6. CocTaBHbIe Tunbl.

Cocrasuoii Tin (compound type) umeer BU:

T, with T, with T ...

rae T, T,, T, u 1. a. — 910 TnbL. YTOOB NPHHA/LIEKATH COCTABHOMY TH-
1y, 3HayeHHe A0JDKHO MPHHAJIEXATh KaXKA0MY OTJeNbHO B3ATOMY THITY.
To ecTb TaKoii TMI MOXHO Ha3BaTh THIIOM TlepeceyeHHsl.
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CocCTaBHOM THUIT MOXKHO HCIIOJIb30BATH JJISI MaHUITYJVPOBaHUSA 3HAYE-
HHUSIMH, BKJIIOYAIOUIMMHU HECKOJIBKO TpeﬁTOB. Hanplmep:

val image = new ArrayBuffer[java.awt.Shape with java.10.Serializable]

OO6beKT image MOXKHO HApUCOBATh HICTPYKIiHeil for (s <- image)
graphics.draw(s). Ero Mo)KHO cepuasn3oBaTh, MTOTOMY UTO 113BE€CTHO, UTO
BCE €ro 3JIeMeHTbl cepHalH3yeMbl.

Koneuno, 106aBsITh B 3Ty KOJIJIEKIIMIO MOXKHO TOJbKO 3K3EMILISPH,
OHOBpPEMEHHO SIBJISIIONINECS] (PUTYpaMHi 1T TIOAAEP KHBAIOLINE CepHalu-
3a1MI0:

val rect = new Rectangle(5, 10, 20, 30)
image += rect // OK - Rectangle peanu3yeT wnTepdeic Serializable
image += new Area(rect) // Ouuwbka: Area peanuayeT Shape Ho He Serializable

Npumeuanue. Ecnu umeetcs obbsisneHne
trait ImageShape extends Shape with Serializable

3TO 0o3HavaeT, 4To ImageShape Hacneayer nepecevyeHue TUNOB Shape M Seria-
lizable.

VMeeTcs1 BO3MOXKHOCTD J00aBJIATh OOBSIBIEHNS] CTPYKTYPHBIX THIIOB
B NPOCThbIe U cocTaBHble THINBL. Hanpumep:

Shape with Serializable { def contains(p: Point): Boolean }

IK3eMILISAP ITOTO TUIA JOJKEH ObITh MOATUIIOM Shape M Serializable
1 UMeTh METOJ contains C MTapaMeTPOM THIa Point.
TexHUYeCKU CTPYKTYPHBII THIT

{ def append(str: String): Any }

aBysieTcs: boee KpaTkoit opmoil 3ammcu

AnyRef { def append(str: String): Any }

a oObsBJIEHHE COCTAaBHOTO THIA

Shape with Serializable

6osiee KpaTKoil (hopMoil 3amHcH

Shape with Serializable {}




DK3UCTEHUMANBHBIE THMbI Egllll.

18.7. UHPUKCHbBbIE TUNDbI

Wndukciptii THIT — 3TO THII C ABYMST TapaMeTPaMH THIIOB, OTIpeieIeHHe
KOTOPOTO 3arllChIBAETCS B «HH(UKCHONH» HOTAILMH, KOTAA UMSI OTpenesisi-
€MOro THIIA TIOMeLIAeTCsT MeXAY NMapanMetpamy THIIOB. Hanpumep, BMecTo

Map[String, Int]

MOKHO 3armnicarb

String Map Int

Wudukcnast HoTallisi 4acTo HCHoJib3yeTcst B MaTeMatuke. Hanpumep,
AXB={(a,b)|ae A be B}~ 3T0 MHOXKECTBO Nap C KOMIOHEHTAMHU
tunos A 11 B. Ha a3bike Scala aToT Tvn 3anuchiBaetcst kak (A, 8). Ecan
Bbl TIPEAIIOYMTACTE MATEMATHYECKYIO HOTALIMIO, MOXKHO 100aBUTh TaKOe
onpeneseHiic:

type x[A, B] = (A, B)

a 3aTeM HCMoJib3oBaTh GoOpMy 3amucu String X Int BMecTo (String, Int).

Bce 1H(pukcHble onepaTopbl THIIA UMEIOT OAMHAKOBBIM NPHUOPHUTET.
Kax 11 06biutible O1epaTopbl, OHH SIBJISIIOTCS JIEBOACCOLIUATUBHBIMHU, €CITH
UX MMeHa He 3aKaH4MBalOTCsl BocTouneM (:). Hampumep, onpexnesenne

String X Int X Int

o3HadaeT ((String, Int), Int). STOT THUII MMOXOX Ha THUMN (String, Int, Int),
HO He SIBJISIETCS 1M, 1IOTOMY YTO IOCJIEAHMIT Hesb3sl 3amucaTh B MH(UKC-
HOI HOTAaLIHMH.

Mpumevanue. Nma MHOUKCHOrO TNa MoxeT OblTb MOCNeAOBaTENbHOCTbIO
nioBbiX CUMBONOB OMNEPATOPOB, KPOME eAMHCTBEHHOrO CMMBona . ATo Npa-
BMNO nomoraet nsbexartb nyTaHulbl ¢ OObABAEHUSAMU NEPEMEHHOro Yucna
apryMeHToB T+,

18.8. 9Kk3ucreHuunanbHbie TUMNbI

SK3HCTEHLHAbIIbIE TUITBI ObLIN 106aB/IeHb! B s13bIK Scala 1i1s1 coBmec-
THUMOCTH C TDYTIIIOBBIMH CUMBOJIAMH B sI3bIKe Java. Ix3ucmenyuanvholil
mun — 3TO BbIPAXKEHHE THIIA, 32 KOTOPHIM CJIeAyeT KOHCTPYKLUs forSome
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{ ... }, tne ¢urypHble CKOOKU OKPYKaloT 0ObsABAEHUA type 1 val. Ha-
pUMED,

Array[T] forSome { type T <: JComponent }

— 9TO TO e camoe, YTo mojcTaHoBouHbie Tinbl (wildcard type)

Array[_ <: JComponent]

KOTOpbIe Mbl BUzeJH B Iiase 17.
IoncranoBoynblit THNbl B Scala — 3to cunrakcnueckuit caxap st
3K3UCTEHLHAJBHBIX THIIOB. Hanmpumep,

Array[_]

CYTb TO K€ CaMOg€, 4TO U

Array[T] forSome { type T }

a

Map[_, _1

TO K€ caMoe, YTO U

Map[T, U] forSome { type T; type U }

KoHctpykuus forSome NMO3BOJIsIET ONpPENENTh HOJIee CI0XKIHbIE OTHO-
IIEHHUs, YeM MOXKHO BBIPA3UTh C NPUMEHEHHEM I0JICTAHOBOYHOTO CHM-
BOJIa, HANIpUMep:

Map[T, U] forSome { type T; type U < T }

B 6Jioke forSome MOXHO HCIOJIb30BaTh OOBABJIEHHS val, TIOTOMY YTO
val MOXeT UMeTh cobcTBeHHble moaTumbl (cM. pa3aen 18.1 «Tunbi-onu-
HOukH» ). Hanpumep:

n.Member forSome { val n: Network }

Camo o cebe 91O omnpeiesieHIe He MPEACTaBIsieT OOMBIIOro MHTepe-
ca — BMECTO HETO MOXKHO ObL7I0 ObI HCMOJIb30BaTh MPOCTYIO MPOEKLMIO THIA
(type projection) Network#Menber. Ho B3ryisiHuTe Ha cienyiouiuii npumep:



Cucrema t1nos a3vika Scala ggl'll.

def process[M <' n Member forSome {val n‘ Network}](m1- M, m2: M) = (m1, m2)

ITOT METOJL 6y/1e'r NPpHHHMAaTb YJIE€HOB OAHOTO COO6].LIeCTBa " OTBEp-
ratb 4JeloB pa3HbiX COO6].!1€CTBI

val chatter = new Network

val myFace = new Network

val fred = chatter.join("Fred”)
val wilma = chatter.join("Wilma")
val barney = myFace.join("Barney™)
process(fred, wilma) // OK
process(fred, barney) // Ouwbka

18.9. Cuctema TvnoB a3biKka Scala

HoxyMentauust o s13biky Scala coaepKuT HCUEPIBIBAIOLIMI CIIUCOK
BCEX THIIOB JIallHbIX, KOTOPbI Bocrpon3Boautcs B Tabj. 18.1 ¢ kpaTku-
MH MOSICHEHHSIMH K KaXXIIOMY THILY.

Tabnuuya 18.1. Tunei B si3bike Scala

Tun CuHTakcuc NMpumeyanus
Knacc nnu tpent classC..., traitC... CMm. rnasy 5
vrnasy 10

KopTtex (tuple) (T1, ..., Tn) Pazpen 4.7

DyHKUMA (M, ... Tn)=>T

AHHOTUPOBAHHbLIN TWN T@A CMm. rnasy 15

MapameTpu3oBaHHbIn Tun | A[T1, ..., Tn] Cwm. rnasy 17

Tun-oauHouka (singleton) [value. type Cwm. pasgen 18.1

Mpoekuus TMna 0#1 Cm. pasgen 18.2

CocrasHOM TVN Tiwith T2with ... withTn CM. paspen 18.6
{ obbaBneHun }

WNHOUKCHBLIN TUN T1AT2 Cwm. paspen 18.7
T forSome { obbssnenua type uval } | Cm. paspen 18.8

Mpumeuanue. B tabn. 18.1 nepeyncneHbl TUNbl, KOTOPLIE Bbl KaK NPOrpam-
MUCT MOXeTe 00bsBNATL. CywlecTByeT ewe psn TUNOB, UCMNONb3yeMbiX KOM-
nunatopom Scala ans ceoux ueneit. Hanpumep, nHoraa Bam nNpuaeTcs cran-
KMBaTbCA C TUNOM MeToAa, KOTopbii o6o3HavaeTcs kak (T1, ..., Tn)T 6e3 =>.
Hanpumep, ecnu Beectu

def square(x: Int) = x = X
B WHTepakTuBHon obonoyke Scala REPL, oHa oTBeTuT:
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square (x: Int)Int
TOraa Kak B OTBET Ha BBOA

[lononxuTtensHele TUNLI

val triple = (x: Int) => 3 « x
OHa BepHeT
triple: Int => Int

MeTon MOXHO NnpeobpasosaTts B HyHKUMIO, BBEAS ero nMms 1 A06asms B KOHLE
cuMmBON noadepkusanus (_). Beeas square _, Bbl nonyuute orseT: Int => Int.

18.10. CoOGcTBEHHbIe TUNbI

B rzaBe 10 6bL10 NOKa3aHO, KaK TPEHT MOKET TpebOBaTh, YTOOBI KJ1acc,
B KOTOPBIi OH NOMeIINBaeTCs, Hacje0Bas Apyroii TuIl. st 3TOro TpeiT
onpenensieTcsi ¢ obbsBieHreM cobctBennoro Tuna (self type):

this: Type =>

Takoil TpelT cMOXKeT MOAMEIIUBATLCS TONBKO B MOAKIACCHI YKa3aH-
Horo Tuna. B ciexyionemM npumepe npeacrapien TpeliT LoggedException,
KOTOpPBIH MOXKHO TOAMEUINBaTh JIMIIb B KJIACCHI, HACJEAYIONIHE KJIACC
Exception:

trait Logged {
def log(msg: String)

trait LoggedException extends Logged {
this: Exception =>
def log() { log(getMessage()) }
// MoxHo Bbi3BaTbL getMessage, noTtomy 4710 3710 Exception

Ecii nomsITaThCsl MoaMeNniaTh TPEHT B KJacc, He COOTBETCTBYIOUIHUIL
06bsaBIeHUI0 cobeTBeHHOTO Tuma (self type), BosHukHeT omubKa:

val f = new JFrame with LoggedException
// Ounbka: JFrame He asnaeTca noaTunom Exception
// cobcTBeHHoro Tuna LoggedException

Ecau noHamobutcsi noTpeboBaTh COOTBETCTBHE HECKOJBLKHUM THIIAM,
WCNOJIb3YHTE COCTABHOM THIIL:

this: T with U with ... =>




BHenpenue 3aBucumocre gg'll.l

Mpumevanue. CrHTakcuc onpeaeneHns cobCTBEHHOrO TMNa MOXHO COBMEC-
TUTb C CUHTAKCUCOM OMNpeaeneHns «NceBaoHMMa CCLINKK this Ha BMeLlato-
Wmin knacc», KOPOTKO MpeacTaBneHHbiM B raee 5. Ecnu ykasatb ums, oT-
NMYHOE OT UMEHU this, ero MoXHO OyaeT ncnonsb3oBaTb BHYTPU NOATUMOB.
Hanpumep:

trait Group {
outer: Network =>
class Member {

}

TpenT Group CMOXET noamMelInBaTbCs TONbKO B NOATUMbI Network, a BHYTPU
Member MOXHO ByAeT ccbinatbcsl Ha Group. this MO UMEHM outer.

Moxoxe, YTO 3TOT CUHTAKCUC OPraHNYHO Pa3BuUBanNCs B TEYEHUE AONToro Bpe-
MEHU; K coXxaneHuio, oH HeceT 6osnbloe KonnyecTBo Hepa3bepuxu, Aasas
B3ameH Nulb Hebonblioe paclmperve GyHKUMOHANbHOCTH.

BHumanue. CoOCTBEHHble TuMNbl HE HAcNeaylTca asTtomMatudeckun. Ecnn
nonbiTaTbCa 0O6BLABUTDL:

trait ManagedException extends LoggedException { ... }

Bbl nonyyute owwnbky C COOOWEHMEM, 4YTO COOGCTBEHHLI Tun TpenTa
ManagedException He COOTBETCTBYeT COOCTBEHHOMY TuNy Exception TpewnTta
LoggedException. B aToi cutyauumn Heob6xoamMmMo NoBTOPUTL 06bABNEHNE COO-
CTBEHHOro tuna:

trait ManagedException extends LoggedException {
this: Exception =>

18.11. BHeppeHune 3aBucmmocTen

ITpu noctpoeHuy KPYMHBIX CHCTEM U3 KOMIIOHEHTOB C Pa3JWYHBIMHU
peanusalsiMi HeoOXOAHMO IPEeNYCMOTPETh BO3MOXKHOCTh COOPKH CH-
CTEMbI C KOMIIOHEHTaMH 110 Bbi6opy. HampuMep, B BallieM pacropsiKeHHH
MOTYT HIMETLCSI KOMITOHEHTDI, peanusyioiiiie GUKTUBHYIO U [eiCTBHU-
TeJIbHYI0 6a3y MaHHBIX, MM KOMIOHEHTH! BbIBofa MH(OPMaLKUU B KOH-
cosib 11 B (paiis. KoHkpeTHast peanu3aiusi MOXKET TPeOOBaTh IMOMIEPIKKH
neiicTBuTebHON 6a3bl JAaHHBIX U BbIBOAA HH(MOPMALMKM B KOHCOJIb JJIS
NPOBE/IEliHsl IKCIIEPHMEHTOB Wi (DUKTHBHOIT 6a3bl MaHHBIX U BBHIBOAA
uHbopMmauui B aiin ans 3amycka cLeHapHsi aBTOMAaTHYECKOro TeCTH-
poBausl.
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OG6BIYHO MEXIY KOMIOHEHTAMU UMEIOTCSI HEKOTOPbIE 3aBUCUMOCTH.
Hamnpumep, KOMIOHeHT AocTyna K 6ase AaHHbBIX MOXeT TpeGoBaTh MoJ-
NEPXKKH JKypHATUPOBAHUSI.

B Java umeercst MHOXeCTBO HHCTPYMEHTOB, MO3BOJISIIONHX MTPOrpaM-
MHCTY ONHCHIBAThb 3aBHCHUMOCTH, Takue Kak ¢peiiMBopK Spring uiu
cuctema Monyneit OSGi. [lns kakzoro KOMnoHenTa OMICHIBAETCsI, OT
KaKUX JpYTrMX KOMIIOHEHTOB oH 3aBHcHT. Ccbuikit na daxTiueckue
peann3aiiy KOMIIOHEHTOB <«BHEIPSIOTCSI» B npoiiecce COOPKH MPHUJIO-
JKeHUsI.

Ipocreiimast popma BHenpenusi 3aBucumocreii (dependency injec-
tion) B s3bike Scala peanusyercss Ha ocHose TPEIiTOB I COOCTBEHHBIX
THUTIOB.

HomnycTiM, MMeeTcsl TPeHT, ONMUCBHIBAIONIHIT Ky PHATHPOBAaHHE:

trait Logger { def log(msg: String) }

C peajn3alMsIMH B BHJE KJacCOB ConsolelLogger I Filelogger.
TpeiiT ayTeHTHUDUKALMH TT0JIH30BATEsI Tpe6yeT MOoAJAEePXKKHN JKYpHa-
JMPOBaHUA i perucrpaiuu OLMO0K ayTeHTUUKaIui:

trait Auth {
this: Logger =>
def login(1d: String, password: String): Boolean

Jloruka npuioXeHusi TpebyeT MOAMEPXKKM H ayTeHTHHHUKALMUH, U
’KYPHaJIMPOBaHUS:

trait App {
this: Logger with Auth =>

Tenepb‘ MpUJIOKEHHE MOXKHO CO6paTb, KaK INOKa3aHO HMXeE:

object MyApp extends App
with Filelogger(“test.log”) with MockAuth(“users.txt™)

Takoe oopMiieHnEe 3aBUCUMOCTEH MyTeM 0ObelUHEHHST TPEHTOB Bbi-
TJISLINT HEYKJIOKUM. B KOHI1le KOHIIOB, NIPUJIOJKEHHE He SIBJISIETCS] MeXa-
HU3MOM ayTeHTH(hUKAIMU U XKypHATUpoBaHus B (ait. OHO BKJIOYaeT
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9TU KOMIIOHEHTSI, U ObLI0 ObI H0JIee eCTECTBEHHBIM HCII0JIb30BaTh Mepe-
MEHHbIC 9K3EMIUISIPA [JIs1 XPAaHEHHsT JAaHHBIX KOMIIOHEHTOB, YyeM 00beu-
HATL UX B OAMH orpoMHblil Tun. Bosee ynauHoe peienuie 1no3BosisieT
noJtyunth 1abson npoextupoBanusi «Ciioenbiiit miupors (cake pattern).
B aroM wabsioHe OnpeessiioTcst TPENThl sl KaXA0i M3 TpeGyeMbix
cayx0, conepxamiue:

QO omnpenesnenust cOBCTBEHHDBIX THIIOB sl BCEX TPEGYEMBIX KOMIIO-

HEHTOB;

QO Tpeiit, onucbiBaomuil MHTEPENC CIyKObBI;

Q ab6cTpakTHOe 3HaYeHHE val AJIST IK3EMILISIpa CIYKObI;

O Bo3MOXHO, peanu3anuio UHTEpdenca CayKObI.

abstract trait LoggerComponent {
trait Logger { ... }
val logger: Logger
class Filelogger(file: String) extends Logger { ... }

abstract trait AuthComponent {
this: LoggerComponent => // [oCTyn K noAAepxke XypHanupoBaHus

trait Auth { ... }
val auth: Auth
class MockAuth(file: String) extends Auth { ... }

O6paTiiTe BlHMaHuE: 0ObsiBJeHHe COOCTBEHHOTO THUMA B 9TOM IIPH-
Mepe CBHICTEIbCTBYET, YTO KOMIIOHEHT ayTeHTH(UKALMK 3aBUCUT OT
KOMITOHEHTA XKYPHAJIMPOBAHMUSI.

Tenepb nactpoiiky xondurypauum KOMIOHEHTOB MOKHO OIpelesNTh
B OIHOM MeCTC:

object AppComponents extends LoggerComponent with AuthComponent {
val logger = new Filelogger(“test.log”)
val auth = new MockAuth(“users.txt")

Jlioboii 1101X0/1 U3 TPEACTABJIEHHBIX JIyYlle, YeM ONUCAHUE CBs3ei
komronenToB B XML-aiise, motoMy 4TO KOMMUJISITOP MOXET MpOBe-
PUTbh, YIOBJICTBOPSIOTCS JIM 3aBHCHUMOCTH MOJYJIEH.
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18.12. AGCTpaKTHbIE TUMbI

Kiaccel u TpeiiThl MOTYT ONpenensiTb abcmpakmHvie munot, KOTOPbIE
JIOJKHBI TIPe0OPa3soBBIBAThCSI B KOHKPETHBIE THIBI BHYTPH TMOAKJIACCOB.
Hanpumep:

trait Reader {
type Contents
def read(fileName: String): Contents

3nech THI Contents — abcTpakTHbIH. KoHKpeTHbII MoaKIace NoJKeH
ornpenesuTh 3TOT THIT:

class StringReader extends Reader
type Contents = String
def read(fileName: String) = Source.fromFile(fileName, “UTF-8").mkString

class ImageReader extends Reader {
type Contents = BufferedImage
def read(fileName: String) = Imagel0.read(new File(fileName))

Toro xe 3¢pdpexTa MOKHO LOOUTHCS C TOMOIILIO MAapaMeTPI30BAHHbBIX
TUIIOB:

trait Reader[C] {
def read(fileName: String): C

class StringReader extends Reader[String] {
def read(fileName: String) = Source.fromFile(fileName, “UTF-8").mkString

class ImageReader extends Reader[BufferedImage] {
def read(fileName: String) = Imagel0.read(new File(fileName))

Kaxoit moaxon syuine? B Scala ncnosnbsyiotest cienyionnie npasuia:

U nmapaMeTpu30OBaHHbIE THUIBI HUCIHOJB3YIOTCS, KOrZia THILI OMpese-
JISTIOTCS B MOMEHT CO3/IaHUsT 9K3eMILIsipa KJacca, HanpuMep Npu
CO3/1aHUH 3K3eMILIsIpa HashMap[String, Int];



ABCTPAKTHBIE TUbI gsllll.

a aGCTpaKTHme TUIIBI UCTIOJIB3YIOTCS, KOTZa KOHKPETHBIE TUIIBI OIIpe-
JCNSAIOTCSl B MOJKJAaccaX, Kak B MPUMepe C MOAKJIaccaMu Tpeiita
Reader.

Huuero cTpaiiiHoro He MpoUM30HIET, €CIU MPHU ONpesiesIeHUH ToAKIac-
ca 6y/1yT HCMO/Ib30BAThHCs TapaMeTpPU30BaHHble THIBL. Ho npu nannunu
6OJILIIOr0 KOJIIUCCTBA 3aBUCHMOCTEH OT THUITOB Jyylile HCIOJb30BaThb
abCTpakTiibie THIBI — 3TO 130aBUT OT JJIMHHBIX CIIMCKOB IapaMeTpOB
tunoB. Hanpumep:

trait Reader {
type In
type Contents
def read(in: 1In)

class ImageReader extends Reader {
type In = File
type Contents = BufferedImage
def read(file: In) = ImagelO.read(file)

[Ipu ncnoJsib3oBalHi MapaMeTPHU30BaHHLIX THUIOB KJjacc ImageReader
Jnosken Obll Obl 11acjefoBaTh Reader[File, BufferedImage]. B aToM HeT
HUUEro 0COOEHHOro, HO MOAOOHDIH MPHEM IJI0X0 MaclTabupyeTcst B 60-
Jiee CJOXKHDIX CJlyuasix.

Kpome Toro, abcTpakTiibie THIIbI MOXKHO HCIOJIb30BaTh JJIsi BhIpaXe-
1Sl TOHKHX B3alimo3aBHcumocTeil Mexxay tunamu. IIpumep Taxoit cu-
TyaLHH NPHBOAITCS B CJELYIOIEeM pa3feie.

AGCTpaKTHbBIE THITBI MOT'YT HMETb FPaHHIBI THIIOB, MOAOOHO MTapaMeT-
pam Tunos. Harpuaep:

trait Listener {
type Event <: java.ut1il.EventObject

[Moaxkace aTOro KJiacca AOJIXKEH ONpeeJUTb COBMECTUMbII THI, Ha-
npuMep:

trait ActionlListener {
type Event = java.awt.event.ActionEvent // OK, 3To - noatun
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18.13. PonoBoii nonumoppusm

JIOBOJILHO CJIOXKHO CMOJIEIPOBATH CEMEHCTBO TUINOB, H3MEHSIOIIHX-
CS1 COBMECTHO, UCIIOJIB3YIONNX OOl TPOrpaMMHBIH KO, U COXPaHUTD
NP 9TOM Ge30MaCHOCTb TUIOB. PacCMOTpPHM B KayecTBe MpHMepa peasu-
3a11MI0 06pabOTKM COOBITHIA Ha s3biKe Java. COOBITHSI MOTYT ObITH CAMBIX
pasHbIX TUIOB (Takue Kak ActionEvent, ChangeEvent 1 T. A.). Kaxaplil TMN
uMeeT oTaeabHbIl uHTepdeiic obpaborunkos (listener interface) cobbi-
Tuil (ActionListener, ChangelListener H T. 1.). DTO MpHUMep POAOBOro MO-
sumoppusma (family polymorphism).

IMonpobyeM cnpoeKTHPOBATh YHUBEPCANbHBII MEXAHH3M YIPaBIeHHUsI
o6paboTkoil cobpiTuil. CHavyana pacCMOTPUM peaNH3alHio Ha OCHOBE
0000ILEHHBIX THIIOB, a 3aTeM TEpeiiieM K aOCTPAKTHBIM THIIAM.

B Java kaxnbiii untepdeiic obpaborunka (listener interface) cobprtuit
ompeziesisieT CBOe MMsI IS METO/a, BBI3bIBAEMOTO MPH BO3HMKHOBENHU
CcOOLITHSI: actionPerformed, stateChanged, itemStateChanged 11 T. . Mbl Mo-
CTYyNUM MHaye ¥ YHUPUUUPYEM HMsT METofia:

trait Listener[E] {
def occurred(e: E): Unmit

Hcrounuk coObITHSI OOJDKEH MOA/IEPXKHUBATh KOJIJIEKITHIO O6pa6OT‘lIl'
KOB U METO/ AJIsI BbI3OBa MX BCEX!

trait Source[E, L <: Listener[E]] {
private val listeners = new ArrayBuffer[L]
def add(l: L) { listeners += 1 }
def remove(l: L) { listeners -= 1 }
def fire(e: E) {
for (1 <- listeners) l.occurred(e)

Tenepb pacCMOTPHM KHOIKY, HAXKaTHE KOTOPOIi BLI3BIBACT COOBITHE.
Onpenenum Tun o6paboTynKa COOBITHIA:

trait ActionListener extends Listener[ActionEvent]

Knacc Button, B KOTOpBIf MOKHO TOAMeILaTh TPeiiT Source:

class Button extends Source[ActionEvent, ActionlListener] {
def click() {
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fire(new ActionEvent(this, ActionEvent.ACTION_PERFORMED, “"click"))

Lenp pocTiruyTa: B Kjacce Button He MPHULIOCH KOMUPOBATh MPO-
rpaMMHbIiT KO/ yrpaBJiennst 06paboTKoii coObITUSIMU, U THIIBI 06PABOT-
4HKOB NoJyylanch GesonacHbiMil. Bol He cMoxkeTe 106aBUTh B 9K3eM-
ISP K1onki o6paboTunK TuIla Changelistener.

IIpu cosaanin 3K3eMIUIsSIPa KJIacca ActionEvent eMy MepenaeTcsi CChLl-
Ka this Ha HCTOYHHK COOBITHSI, HO THI HCTOYHUKA COOBITUSI OTpeaeIsieT-
sl Kak Object. MbI MOXEM YBeJIYHTh 6e30MacHOCTh TUIOB, ONMpeNeHB
cobetsennblii THn (self type):

trait Event[S] {
var source. S = _

}

trait Listener[S, E <. Event[S]] {
def occurred(e’ E): Unit
}

trait Source[S, E <: Event[S], L <: Listener[S, EJ] {

this: § =>

private val listeners = new ArrayBuffer[L]

def add(l: L) { listeners += 1 }

def remove(l: L) { listeners -= 1 }

def fire(e: E) {
e.source = this // 3AeCb MCNONL3yeTCs COOCTBEHHWIA Tun
for (1 <- listeners) 1l.occurred(e)

OG6paTuTe BHIIMalHC Ha 0ObsiBIeHNE COOCTBEHHOrO THMA this: § =>,
11e00X0HMOE JUJIs1 11ACTPOIiKH HCTOYHMKA B this. VHaye 3HaueHHEM this
Mor 6bl GbITL J11060iT 9K3EMIJISAP Source, He 00sI3aTeNbHO TpeOyeMbIi
TpeiiToM Event[S].

Huxe riokazano onpeneseHie KHOMKU:

class ButtonEvent extends Event[Button]

trait Buttonlistener extends Listener[Button, ButtonEvent]

class Button extends Source[Button, ButtonEvent, ButtonListener] {
def click() { fire(new ButtonEvent) }
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B mpumepe BBIllle MOXKHO BHZAETH, HACKOJIBKO OBICTPO pa3pacTraercs
CIMCOK MapaMeTpoB TUMOB. Mcmosib3oBaHue aOCTPAaKTHBLIX TUIIOB He-
CKOJIBKO YJIy4IIaeT CUTYALHIO.

trait ListenerSupport {
type S <: Source
type E < Event
type L <: Listener

trait Event {
var source: S = _

trait Listener {
def occurred(e: E): Unit

trait Source {
this: § =>
private val listeners = new ArrayBuffer[L])"
def add(l: L) { listeners += 1 }
def remove(l: L) { listeners -= 1 }
def fire(e: E) {
e.source = this
for (1 <- listeners) l.occurred(e)

Ho aT0 pemuenune uMeet cBoio 1ieHy. IIceBIOHIMbI THMOB HeJNb3sl 00b-
SIBJISITh HA BePXHEM ypoBHe. VIMeHHO T0aTOMY MPULIIOCH BCIO KOHCTPYK-
1IMIO 3aKJIIOUUTb B TPEUT ListenerSupport.

Teneps, Korna nMoTpeGyeTcst ONpeaeuTb KHOMKY ¢ COObITHEM I 06pa-
6OTUYNKOM, OCTATOYHO 3AKJIOUUTH ONpeneJieHe B MOIYJb, HACTELYIO-
UMt 3TOT TPENT:

object ButtonModule extends ListenerSupport {
type S = Button
type E = ButtonEvent
type L = ButtonlListener

class ButtonEvent extends Event
trait ButtonlListener extends Listener
class Button extends Source {
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def click() { fire(new ButtonEvent) }

A xorna notpebyercst UCMOJIb30BaTh KHOMKY, A0CTATOYHO UMIOPTH-
poBaTbh MOAYJIb:

object Main {
import ButtonModule. _

def main(args: Array[String]) {
val b = new Button
b.add(new ButtonListener {
override def occurred(e: ButtonEvent) { println(e) }
1)
b.click()

Mpumeyanue. B aTom npumepe 1 ucnonb3osan ogHo6yKBEHHbIE UMeHa O
abcTpakTHbIX TMNOB, 4TO6bI Npolue 6bIN0 NPOBECTU aHaNoruIo C Bepcuen, rae
MCMNOoNb3YIDTCA napaMeTpun3oBaHHble TUnbl. OgHako B s3bike Scala NpuHATO
vucnonb3oBaTh 6onee onucatenbHble MMEHA TUMOB, YTO YNy4ywaeT camono-
KYMEHTUpOBaHWe koaa:

object ButtonModule extends ListenerSupport
{

type SourceType = Button

type EventType = ButtonEvent

type ListenerType = ButtonlListener

18.14. Tunbi BbiCLLEro NOpAAKa

O60061enHblii THII L1st 3aBUCHT OT TMNA T U MPOM3BOAMT TPeOyeMblil
tur. Hanprnsep, ykasas Tin Int, Bbl nosyuute tun List[Int]. [To artoit
npuuMiie 06001IeHIble THIIbI, TAKWE KaK L1st, HIIOrJa HA3blBAIOT KOHCM-
pyxmopamu munog. B si3vike Scala MoXHO NOAHATHCSI YPOBHEM BbIIIE K
OMpeesINTh THII, 3aBUCSILINI OT THUIIA, KOTOPbIii, B CBOIO OYepelb, TAKKE
3aBUCHT OT THIIA.

YT1obbl MOHSITD, I/I€ TO MOXKET NPUTOAUTHCS, B3LJISIHUTE HA YIIPOLIEH-
HbII mpuMep TpefiTa Iterable:
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trait Iterable[E] {
def 1terator() Iterator[E]
def map[FJ](f: (E) => F): Iterable[F]

A Temepb Ha KJjacc, peasM3yIoNIUii 3TOT TPeiiT:

class Buffer[E] extends Iterable[E]
def iterator(): Iterator[E] = ...
def map[F](f: (E) => F): Buffer[(F] = ...

Osxupaetcst, 4yTo B ciydae ¢ Oycepom meTox map OyneT BO3BpamaTh
3K3eMILISIP Kjlacca Buffer, a He mpocTo Iterable. To ecTb Mbl He MOXeEM
peann3oBaTh METOJ map B TpeiiTe Iterable. Pelenye 3akiiouaeTcsi B ToM,
4yTOOBI MapaMeTPH30BaTh Iterable KOHCTPYKTOPOM THIIA, KaK MOKa3aHO
HIDKeE:

trait Iterable[E, C[_]] {
def iterator(). Iterator[E]
def build[F](): C[F]
def map[FJ(f : (E) => F) : C[F]

Teniepp TpelT Iterable 3aBHCHUT OT KOHCTPYKTOpa THIA, 0OO3HAueH-
Horo Kak C[_]. JTo mesaer TpeiT Iterable THUIOM BBICHIETO TMOPSIAKA
(higher-kinded type).

Tun 3HaueHust, BO3BpaILlaeMOr0 METOIOM map, MOXKET I 1ie COBNAZATh
C TUIIOM TpeiiTa Iterable, [JIsi KOTOpOro OB BbI3BaH MeTon map. Ha-
npUMep, eCJIM BbI3BaTb METOJ map dK3EMILUIsipa THUIA Range, pe3yJbTaTOM
Heo0s13aTeJIbHO OJKEH ObITh QMAalla3oH, TO €CThb METOH map JOJIKEH
CKOHCTPYHPOBATh APYroi THII, Takoi Kak Buffer(F]. [Tono6ubtii T Range
0ODABIAETCST KaK

class Range extends Iterable[Int, Buffer]

O6paTI/ITe BHHUMaHHe, YTO BTOPOIi mapaMeTp — 3TO KOHCTPYKTOP THIA
Buffer.

s peanusauyuu Metona map B Iterable HeoOXoIMa J0NOJIHHTEIbHAs
TIOIEPIKKA. Tpe#iT 1terable mosMXKeH UMETb BO3MOKHOCTL MPOU3BOANTH
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KOHTeHMHep, XpaHAIIUN 3HaueHus Jioboro tuma F. OmpemenuMm TpeitT
Contalner KAaK UEKOTOPLII THI KOHTEWHEpPA, Kyla MOXHO HOOABIATD
3HAYeHIst:

Tunsl BbiCLLETO NOPSAKA

trait Container[E] {
def +=(e’ E): Unit

ﬂ][ﬂ [oJIyyeHHsI TaKoro obbeKTa lIeO6XOZIHM MeToJ build:

trait Iterable[E, C[X] <: Container[X]] {
def build[F](): C[F]

Telleps KOICTPYKTOp THIa C OrpaliuyeH THIIOM Container, 6iarosa-
psl ueMy 1AM I3BECTHO, YTO B 0ODBEKT, BO3BpALIaeMblii METOJOM build,
MOHO 106aBJISITh 2JIeMeHTDbI. BoJibiiie He HY)KHO HCIOJb30BaTh MOACTA-
HOBOUHBIH CIIMBOJI JJIsI mapameTpa C, TaK KaK Mbl JIOJDKHBI yKa3aTh, YTO
C[X] siBJIsieTCsl KOHTEeIIHepOM 2JIeMEHTOB TOrO JKe THUMa X.

Mpumeuanue. TpenT Container — 3TO yNnpoOWEHHan Bepcusa mexaHuama no-
cTpoutenei (builder mechanism), ncnonsdyemoro B 6ubnuoteke konnekumi
A3blka Scala.

Tenepb MeTOR map MOXKHO peasiii3oBaTh B TpeiiTe Iterable:

def map[FJ(f : (E) => F) . C[F] = {
val res = build[F]()
val 1ter = 1terator()
while (1ter.hasNext) res += f(iter.next())
res

Kiraccobl nrepupyembix 00DbeKTOB GoJiee He JOJKHbI TOCTaBJIATh COb-
CTBEHHYIO peayjn3anuio Metona map. Huske npuBoauTCs npuMep KJacca
Range:

class Range(val low: Int, val high: Int) extends Iterable[Int, Buffer] {
def 1terator() = new Iterator[Int] {
private var 1 = low
def hasNext = 1 <= high
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def next() = { i += 1, i - 1}

def build[F]() = new Buffer[F]

OG6parute BHUMaHUeE, UTO KJacC Range HAcjeiyeT TpeliT Iterable: OH
N03BOJISIET BBIIOJIHATD HTEpalMy yepes ero copepxiMoe. Ho oH He siBiisi-
€TCs1 HACJIEHUKOM TpeiiTa Container: B HEFO HEJIb3st OOABJISITh 3HAYEHUSL,

Kuacc Buffer, HanpoTHB, HacjenyeT oba TpeiiTa:

class Buffer[E : Manifest] extends Iterable[E, Buffer] with Container[E] {
private var capacity = 10
private var length = 0
private var elems = new Array[E](capacity) // CM. npumedaHne

def 1terator() = new Iterator[E] {
private var i = 0
def hasNext = 1 < length
def next() = { 1 += 1; elems(1 - 1) }

def build[F : Manifest]() = new Buffer[F]

def +=(e: E) {

if (length == capacity) {
capacity = 2 » capacity
val nelems = new Array[E](capacity) // CMm. npumeuarune
for (1 <- 0 until length) nelems(1) = elems(1)
elems = nelems

}

elems(length) = e

length += 1

Mpumeyanue. B 370M nNpumepe ectb 0aHa AOMNONHUTENbHAA CNOXHOCTb, He
MMelowasn oTHoWeHUs K Tunam Bbiclero nopsaaka (higher-kinded types). Yro-
6b1 co3patb 0606WeHHbIN Maccus Array[E], TN E AONXEH COOTBETCTBOBATb
rpaHvMuam KoHTekcTa Manifest, O KOTOPOM paccka3biBanock B rnase 17.

ITOT NpUMEpP JEMOHCTPUPYET NPUMEHEHHE TUIIOB BBICIIETO TIOPSIAKA.
TpeiiT Iterator 3aBUCHUT OT TpeiiTa Container, HO TPeHT Container He sIB-
JISIETCSL TUIIOM — 3TO MEXaHU3M CO3/IaHHUsI TUIIOB.



YnpakHeHus %ﬁl...

Tpeiit Tterable B 6ubnnoTeKe KoJUieKIuii s3bika Scala He UMeer siB-
110T0 MapaMeTpa JJisl co3aalust KoJuteKuuii. Bymecto aToro mis cosmanust
11e/IeBOIT KOJLIEKLIH HCIIOJb3Y€ETCS HeA8HbL napamemp, NOsBISIIOMUIiCs
KaK 1o BoJiiebcTBy. JomnosHuTesbHy0 uHdopmanuio cM. B riase 21.

YnpaxHeHua

1.

Peanugyiite wmacc Bug, MOJeNUPYIOIIMI XyKa, NepeMelalolie-
rocsl 110 TOPH3OHTAJbHON JHHUM. MeToxm move mepeMelaeT KyKa
B TEKyUIeM HAlpaBJeHHH, METOJ turn U3MeHsieT HalpaBJeHHe Ha
IIPOTHBOIIOJIOXKIIOE, & METOJ show BBIBOAMT TEKYIIYIO MO3UIIMIO.
Obecrieusre BO3MOXKHOCTD COCTaBJIEHHSI LIEMOUEK U3 BHI30BOB 3THX
MetozioB. Hanpunep, Lenouka:

bugsy.move(4).show().move(6).show().turn().move(5).show()

noJsikiia BeiBectit 4 10 5.
Peanuayiite «cBoboanblit» nutepdeiic ais knacca Bug U3 npelnbl-
NYUIETo yrpakHeHHsl, YTOObI MOXKHO ObLIO 3aIMCaTh:

bugsy move 4 and show and then move 6 and show turn around move 5 and show

Honosnute cBoboaHbii HHTEpeiic, mpeactapjaeHHbIi B paszaese 18.1
«THnObl-0AHHOUKH», TaK, YTOObI MOXKHO OBLIO 3aMMCATh BHI3OB:

book set Title to “"Scala for the Impatient” set Author to "Cay
Horstmann”

Peannayiite metox equals B Kiyiacce Member, BJIOXXEHHOM B KJIAcC
Network, B pazaeJie 18.2 «IIpoekuuu tunos». [IBa wiena coobiiect-
Ba MOTYT OBbITh IPM3HAHBI PABHBIMM, €CJIU TOJIBKO OHU NPHHAJ-
JIeKAT OfIHOMY COOOIIECTBY.

Barisinite Ha ciaeayomuii ICEBIOHUM THIIA:

type NetworkMember = n.Member forSome { val n: Network }

I Ha (PYHKLHIO:

def process(m1: NetworkMember, m2: NetworkMember) = (m1, m2)

Ha3zoBute ominuist oT yHKuMu process u3 pasaena 18.8 «dkauc-
TEHLHAJbHbIE THIIbI».

B 616amoTexe Scala nMeeTcst TUI Either, KOTOPBI MOXKHO MCIIOJIb-
30BaTh B PeaM3alHAX aJTOPUTMOB, BO3BpaILAIOIIHX JU60 pe3yib-
Tar, 1160 HekoTopyIo HH(popMaLuIo 06 omunbke. Hanumure pyHk-
LHIO0, MPHIMMAIONIYIO /Ba [ApaMeTpa: OTCOPTHPOBAHHBIA MaccHB
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10.

1eJTBIX YHCEJT U LeJIouncieHHoe 3Hadenre. OyHKIUS 10JKHA BO3-
BpALIATh HH/EKC 3HaYEeHHUsT B MACCHBE IIH HiAeKC OJ1Kalinero rno
3HAYEHHIO dj1eMeHTa. [{Jis1 BO3BpauiaeMoro 3HaueHust 1Crob3yiite
HHQHUKCHBII THTL

Peanusyiite Merton, mpHHHUMAIOLIHIT 3K3eMIUISIP J11000r0 Kjacca,
KOTOPbIH HMEET METON

def close(): Unit

BMecTe ¢ dpyHkuueit 06padotin atoro oobexra. MyHKIMs 10KHA
BBI3BIBATD METOJ| close MO 3aBepIlleHiH 06pabOTKH I B Cydae
KaKOro-a1u60 UCKJIIOYeHUsI.

Hanumure GhyHKIHIO printValues ¢ TpeMsl napaMeTpamil f, from
to, BBIBOJISIIIYIO BCE 3HAUYEHUsI f, [Jsl BXOAHBIX 3Ha4YeHl B 3a1aH-
HOM /iHana30He OT from J0 to. 34€Ch f JOJIKEH ObITh JIIOOBIM 00D-
€KTOM C METOZIOM apply, TIOJIYYAIOIHUM 1 BO3BPAIIAIOIUM 3HAUEHHE
tuna Int. Hanpumep:

printValues((x: Int) => x » x, 3, 6) // BusegeT 9 16 25 36
printValues(Array(1, 1, 2, 3, 5, 8, 13, 21, 34, 55),3,6) // Busener 3 5 8 13

Barasinure Ha cnenyoumii kaace, MoAeIHPYIOLHiT HeKoTopoe (hH-
3HUYECKOE M3MepeHHe:

abstract class Dim[T](val value: Double, val name: String) {
protected def create(v: Double): T
def +(other: Dim[T]) = create(value + other.value)
override def toString() = value + « « + name

}

Hike neMOHCTpHpPYeTCsl KOHKPETHbII nozaxiace:

class Seconds(v: Double) extends Dim[Seconds](v, “s") {
override def create(v: Double) = new Seconds(v)
}

OpHako Tenepb Kakoil-HHOyab HeEyMeXa CMOXET ONpeeHTD:

class Meters(v: Double) extends Dim[Seconds](v, «m») {
override def create(v: Double) = new Seconds(v)
}

TN03BOJIMB CKJIaJIbIBATh METPHI ¢ cekyHaamu. [Tonpobyiite npenoTs-
paTHTDb 3TO, ONPENENUB COOCTBEHHBII THIL

OG6bIYHO BMECTO COOCTBEHHBIX TUIIOB MOKHO HCIIOJIb30BaTh TPEii-
Tbl, HACJIEAYIOUIHE KJIACChl, HO B HEKOTOPBIX CHTYaLHsIX NpUMe-
HeHHe COOCTBEHHBIX TUIIOB U3MEHsIET MOPSIAOK HHHIIHATIH3AIUH H
nepeonpezenenus. CMoaeaupyiitTe NpuMep Takoi CHTYaIUH.



Fnasa 19. Napcunr

Tembl, paccMatpmBaemslie B 3TON rnase P

19.1. Npammartukn.

19.2. Kom6GuHupoBaHne onepauunii napcepa.

19.3. MNMpeobpa3oBaHne pe3ynbLTaToB NapcuHra.

19.4. OtbpackiBaHne nekcem.

19.5. Co3paHue pepeBbeB CMHTAKCMYECKOro aHanmaa.
19.6. Yxop oT neBoii pekypcuu.

19.7. JononHutenbHble KOMOMHATOPLI.

19.8. Yxop oT BO3BpaTOB.

19.9. Packrat-napcepsl.

19.10. Y70 Takoe napcepbt?

19.11. MNMapcepbl Ha OCHOBE perynsipHbiX BbIPaXEHWNA.
19.12. Mapcepsbl Ha OCHOBE NeKCeM.

19.13. O6paboTka ownbOoK.

YnpaxHeHus.

o000 000000000

B aT0ii rnaBe Bbl yBUAKTE, KAK HCHOIL30BaTh OHOIHOTEKY «HMapcep-KOM-
6uHaTopoB» (combinator parser) /uist aHain3a TaHHbIX ¢ (GPUKCHPOBAHHOI
cTpykrypoii. IIpimMepamMy Takux JaHHBIX MOTYT CIYXKHTb MTPOTPaMMbI Ha
si3pIKe MMPOrPaMMMPOBaHMsI UJIH JaHHbIE B TakUX (popmarax, kak HTML
unn JSON. [lanexo ne BceM HpueTcs MHcaThb napcepsvt (CHHTAKCHYeE-
CKHe aHaJIM3aTOpbl) /IS 3THX SI3BIKOB, TOITOMY [aHHAsl IJIaBa MOXKET
He MMeTb JUIs1 BaC MPaKTH4YecKoH Mosb3bl. Jlaxe ecau Bbl 3HAKOMBI C OC-
HOBHBIMH MOHATHSIMM IPAMMATHK U APCEPOB, BCE PABHO XOTs1 Obl 6eryio
HPOCMOTPHTE 3Ty IJaBy, MOTOMY 4TO 6ubaMoTeKa napcepoB B Scala siB-
JISIETCST OTJIMYHBIM IPUMEPOM CJIOXKHOTO npedMemHo-0pUeHmUpo8anHozo
asvika (Domain-Specific Language, DSL), BcTpoenHoro B Scala.
OcHOBHbIE TEMBI 3TOI IJIaBbL:
QO Bbi6Op H3 aJbTEPHATUB, KOHKATEHAL(Msl, ONLHH M TOBTOPEHMSI
B rpaMMaTHKe NpeBpamaioTcs B |, -, opt U rep B Mapcep-KoMOUHa-
Topax si3bika Scala;
O B napcepax RegexParsers nurtepajbl CTPOK M peryJjsipHble BbIpa-
JKelHsl COOTBETCTBYIOT JieKCeMaM;
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UCTIOJIb3YiiTe ~~ st 06pabGOTKU Pe3yJILTATOB MAPCUHTA;
HCIIONB3YHTE COMOCTaBJeHne ¢ obpasuamil B (hYHKINISX, Tepeaa-
BaeMbIX ~", 1UIsT pa3bopa ~ pe3yJILTaTos;

HCITONB3YHTE ™> 1 <™ IS YAaJeHUsT JIEKCEM, CTABHIIX HEHYKHBIMH
[OCJIe COMOCTABJIEHHUST;

KOMOMHATOp repsep oOpaGaTbiBacT OOLIT Cayuall MOBTOPEHMS
3JIEMEHTOB C pa3fieIuTeeM;

napcepsl Ha OCHOBE JIEKCEM YZOOHO HCNOJL30BATh JIST TIAPCHITA
SI3bIKOB C 3ape3epBUPOBAHHLIMH CJIOBAMU 11 oriepatopamir; Gyisre
COTOBBI OTIPEIENINTH COOCTBEHHBIIT MEXaHN3M JIEKCHYECKOTO aHAJIN3;
napcepsl — 3TO (DYHKIMH, TOJIYYAION[e HHCTPYMEHT UTEHHST H
BO3BpAIAIONINE PE3YJIBTAThI MAPCHHTA: YCIIEX, OTKA3 HJIU OlIHOKa;
pe3yJIbTaT Failure COAEPXKUT MOAPOOHYIO HH(bOPMALHIO 00 ONIHOKE;
4yTOOBI MOBBICHTH TOAPOOHOCTH COOOUIEHHIT 00 OmMNOKax, MOXKET
noTpeboBaThCsT 106aBUTH KOMOMHATOPSI failure B rPAMMATHKY;
Gyarozapst CHMBOJIaM OTEPATOPOB, HESIBHBIM TTPEOOPA30BaHUSIM 1
MeXaHU3MY COTIOCTABJIEHUST ¢ 00pa3LoM OHOIHOTEKA Tapcep-KoM-
6UHATOPOB YMPOUIAET CO3AAHHE NAPCEPOB JJIsI BCEX, KTO TOHHMa-
€T KOHTEKCTHO-CBOOOIHbIE TpaMMaTHKI (context-free grammars);
JaXKe ecaH BaM HET HYX/bl MHCATb COOCTBEHIbIE MAPCEPDI, BbI
MOXETe paccMaTpuBaTh 3Ty OHOJMOTEKY KaK IHTCPeCHeHIunii
npumep peanusaniu 3¢hGHeKTHBHOrO NpPeAMETHO-OPHEHTHPOBAH-
HOTO sI3bIKA.

19.1. lpammaTukun

Yrobb! pazbuparbcst B 61OIMOTEKE MapcHHra si3bika Scala, Heo6xomu-
MO 3HaTb HEKOTOpPbIE MOHSITHSI U3 TEOPHH (POPMATILHBIX SI3BIKOB. Ipan-
Mamuka — 3TO HAOOP NPaBWJI COCTABJIEHHSI CTPOK, COOTBETCTBYIOLIUX
onpenenenHoMy ¢opmary. Hampumep, MoxHo ckasaTh, UTO apupme-
THYECKHE BBIPAXKEHUSI COCTABJISIIOTCSI B COOTBETCTBHU CO CJENYIOUUMHU
npaBHIAMH:

]

a
a
Q

KasK/[0€ YHCJIO LEJTUKOM SIBJISIETCsT apH(METHYECKUM BbIPAsKEHHEM;
+ - » SIBJSIIOTCSI OTIEPATOPAMH;

eciu left v right — apudmMeTnuecKre BIpaXKEHHUS, 2 Op — OTEpaTop,
torna left op right siBnsieTcst apudMeTHIECKUM BbIpaXKeHHEM;
ecyiu expr — apudMeTHIECKOe BhIpaXkeHue, Torna (expr ) siBisieTcst
apr(pMETHYECKUM BbIPAXKEHUEM.

CorylacHO 3TUM HpaBHJIaM, 3+4 H (3+4)+5 SIBJSIOTCS] apUDMETHYECKH-
MH BBIP2XKEHHUSIMH, a 3+), 34 MJIM 3+X TAKOBBIMH HE SIBJISIIOTCSI.
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Ipammarika 0ObIYHO 3aTMCHIBAETCSI B HOTAI[MM, Ha3bIBAEMOI (Popmoi
Baxyca-Haypa (Backus-Naur Form, BNF). Huxe npuBoautcst onpeze-
Jieline rpaMMaTHKH JUIsl Hallero si3pika BoipaxkeHuii B popme BNF:

op = THT | 2T TeT
expr ::= number | expr op expr | "(" expr )"

B atom npiivepe asieMent number He -onpenesned. Ero mMoxHo omnpe-
JeJTUTh KaK

digit ::= "0 | 1T Y20 | U3 | 4T | 6T | 6T | 7T | 8" | "9
number ::= digit | digit nqmber

Ho na mpaktiike ropasno apdexTHBHee 0TONPATh YnCia Nepel Hava-
JIOM TIAPCHHTA, 1A OT/AEJLHOM 3Talle, HA3bIBAEMOM JIEKCUUECKUM AHANUIOM
(lexical analysis). Mexanusm nexcuueckozo ananusa (lexer) ynasser mpo-
OeJibHbIE CIIMBOJIbI H KOMMEHTAPHUHU U (DOPMUPYET JieKceMbl — HIEHTHGH-
KaTopbl, YIICa WM CUMBOJIBL. B HalleM si3blke BbIpaXKeHMIl JieKceMaMH
SIBJISIIOTCST UMCJIA 1 CHMBOJIBL + - « ().

OG6patute BHHMaHHE, YTO 0p ¥ expr HE SIBJSIOTCS JIEKCEMaMH. JTO
CTPYKTYPHbIE 9JIEMEHTDI, BBE/IEHHbIE AaBTOPOM FPAMMATHKH C LIEJIbIO 00e-
CHEYHTDb IPaBUJIbHBII MOPSIAOK CJIeIOBaHUs JieKceM. Takue CHUMBOJIBI
Ha3bIBAIOTCsI HHemepmunarshowmu (nonterminal). OxiH 13 HETEPMUHAIb-
HBIX CHUMBOJIOB SIBJISIETCSI KOPHEM HepapxuM. B Hauiem ciydae aTto expr.
Ou naspiBaeTcst hauanrvhoim cumgosom (start symbol). UtoOul moayuuTsn
NpaBUJIbHO OT(POPMATHPOBAHHYIO CTPOKY, Bbl HAYMHAaeTe C HAYaJbHOrO
CHMBOJIA U HpHMelsieTe NpaBUa rpaMMaTHKH, 10Ka Bce HeTePMHHAb-
Hble CHIMBOJIbI He 3aMEeHEHBl U He OCTaHyTCsl OJHH JekceMbl. Hanmpumep,
CJIeflyIoLIasl MOCJe0BaTebHOCTh aHAIN3a:

expr -> expr op expr -> number op expr ->
-> number "+" expr -> number "+" number

TIOKA3bIBAET, UTO 3+4 SIBJISIETCSI JOMYCTUMBIM BBIPAXKEHHEM.

Ha npakriike yauie HCIoJb3yeTcst «paciiipenHas ¢popma bakyca-Ha-
ypa» (Extended Backus-Naur form, EBNF) , nossosisiionast onpenesitb
HeoOs13aTCIIblIbIE DJIEMEHTBI H TTOBTOPeHHUsT. Bocnosb3yeMcst yxke 3HaKO-
MbIMH OTICPATOPaMM PETYJISIPHBIX BLIPAKEHUE, ? « + , 1151 0003HAUEHUS
nosTopeiuii 0 1 1 pas, 0 uiau 6osee pas, 1 uau 6osee pa3 cOOTBeT-
cTBeHHO. Hanpiimep, crincok uucel, pa3neieHHbIX 3aIsIThIMU, B rpaMMa-
THKE MOXXHO OMiicaTh Tak:
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numberlist = number ( ",” numberList )?
NIan
numberList ::= number ( "," number )=

B kauectse ewmie oamoro nmpumepa EBNF onpeneniiM ynyunieHnyio
rpaMMaTHKy apH(pMeTHYeCKHX BBIPAXKEHHIl, MOJIEPXKIBAIOILYIO MPH-
OpHTET ONEepPaToOpOB, KaK I0Ka3aHo HIKe:

expr ::= term ( ( "+7 | "-7 ) expr )?
term ::= factor ( "+" factor )«
factor ::= number | (" expr ")

19.2. KomGuHupoBaHue onepauui
napcepa

Yto6wl 3a1€HicTBOBATH HUOMHOTEKY NapcHHra B s13bike Scala, HeobOXxo0-
IMMO peanu30BaTh KJIACC, HAcJeAyIOWHil TpeliT Parsers 11 ompenessiio-
Uil omepaiuy MapCcHHTra, COCTOSIIIHE M3 KOMOIHAIMIT a1eMelTapHbIX
ornepanuii, TaKUX Kak:

O conocraBneHue ¢ JeKkceMaMy;

Q Bbi6op Mexay aAByMsi onepaiusiMu (|);

U mocsnenoBaTeabHOE BBIMONHEHHE ABYX omnepaiuii (7);

U nosropenue onepauuit (rep);

Q sbInosHeHue Heobs13aTeNbHOM omeparin (opt).

Caenyiomuii K1acc napcepa peajusyeT aHaJIM3 apH(PMETHUCCKIIX BbI-
pakeHuil. OH HacnexyeT TpeiT RegexParsers, B CBOIO OYepeib, Hacje-
NYIOUIHA TPEHT Parsers, CHOCOOHBII OMPENENATh JIEKCEMbI C MOMOILBIO
PEryJISIDHBIX BbIpaXkeHHIt. 371eCh Mbl ONPeAeHJIl 3HAauUellie number Kak
peryJisipHoe BblpakeHue “[0-9]+".r:

class ExprParser extends RegexParsers {
val number = "[0-9]+".r

def expr: Parser[Any] = term = opt(("+" | "-") 7 expr)
© rep(”+" 7 factor)
def factor: Parser[Any] = number | "(" ~ expr ~ )"

def term: Parser[Any] = factor
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O6patuTe BHUMaHKE, YTO HTOT MAPCep MpPeACTaBisieT cOO0H mpsMo-
nutieiiiyio peasnsatiiio onpeneneinss EBNF 13 npensiaymero pasaena.

Jlnst obbeuitHenst yacTell BbIPaXKEHHS HCIIOJIb3YETCs OnepaTop ~,
a BMECTO ? 11 + IHCITOJIB3YIOTCSI 0pt U rep.

B namemM npumepe xaxaasi (hyHKLMsI BO3BpallaeT 3HayeHHe THIIA
Parser{Any]. DTOT THI 1e UMeeT OGOJbIIONH MPAKTUYECKON TOJIB3bI, H MBI
YJYYLIHM €ro B cJieiylolieM paszelie.

Yro6bl 3aMyCcTUTh Mapcep, HeoOXOAMMO BbI3BATh YHACJEIOBAHHBIH
MeToq parse, HalPHUMeD:

val parser = new ExprParser
val result = parser.parseAll(parser.expr, “3-4x+5")
1f (result.successful) println(result.get)

Meton parseAll NMPpHUHUMAET METOJ [JisI BbI30Ba, TO €CTbhb METO/, ac-
coumxponalmmii C HaYaJIbHBIM CHMBOJIOM I'paMMaTUKH, U CTPOKY IJIsA
aHa/n3a.

Npumeyanne. CyuiecTsyet Takke METOA parse, BbINONHAIOWMUIA NAPCUHI Ha-
4ana CTPOKM 1 OCTaHABNNBAIOLWMIACA NPU HEBO3MOXHOCTU OBHApYXeHVs Apy-
roro cosnafeHus. ToT MeToA, He MMeeT 60MbLIOro MPaKTUHECKOrO 3HAYEHUS;
HanpuMep BbI3OB parser.parse(parser.expr, "3-4/5") pa3bepeT 4YacTb Bbipa-
XeHus! 3-4, a 3aTeM OCTAHOBUTCS, CTONKHYBLUMCb C CUMBOSIOM /, KOTOPbIA He
cMoXeT obpaboTaTb.

Jror ¢dparMenT NporpaMMbl BbIBEIET:

((37L1st()) Some((-"((47List((+75))) None))))

Yr1o6bl HIITEPIPETHPOBATDL ITOT BbIBOA, HEOOXOIMMO 3HATh CJEAYIONIEE:

Q juTepanbl CTPOK M PEryJisipHbie BbIpaXKE€HHsI BO3BPALIAIOT 3HAue-
HHSA THIIA String,

Q p - q Bo3BpalaeT IKIEMILISAP case-Kjaacca ~, OJM3KO HAIIOMUHAIO-
it napy;

Q@ opt(p) BO3BpamaeT IK3eMILIAP Option:, JUOO Some(...), 1ubO None;

Q rep(p) BO3BpaliaeT IKIEMILIAP List.

BrI3oB expr BO3BpaliaeT pe3yJibTaT BbI30Ba term, CBS3aHHBIH ¢ HEOOSsI-
3aTeJIbHOL 4acTblo Some(. .. ), KOTOPYIO 51 He Oyay aHAJIU3UPOBATh.
ITockobKy MeTO[[ term OMpeAeseH Kak

def term = factor rep(("+«" | “/" ) T factor)
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OH BO3BpAIIAET PE3yJBTAaT BHI30Ba factor, CBSI3AHHBIN C 9K3EMILISTPOM
L1st. To eCTh C TyCTHIM CITMCKOM, TIOTOMY 4TO CJIeBa OT OTepaTopa «MH-
HyC» (-) OTCYTCTBYET ONEPATOP * HJIH /.

KoHeuHo, aHaTN3UPOBATh TAKON Pe3yJbTAT 10CTATOUYHO YTOMHUTENBHO.
B cienyiouiem paszese 6yier nokasano, kak npeobpasoBath ero B 6oJee
MPOCTON BHUIL.

19.3. Npeobpa3zoBaHne pe3ynbLTaToB
napcuHra

Bmecto TOro 4toObl TBITATHCS CO3AATh Napcep, aHaJIIBHPYIOIHUIl
CJIOKHYIO CTPYKTYPY 113 ~, OMIHII I COHCKOB, MOXKHO MPOCTO Tpeobpa-
30BaTh MPOMEXYTOUHbIE Pe3yJsTaThl B Gosice mpuHemiemslii Bia. IIpo-
JIOJDKMM PacCMOTpeHHe TpuMepa mnapcepa apH(pMETHYECKIX BbIpaxe-
Huit. Ecu 1esplo sIBJsieTcsl BBIYHCAEHHE BBIPAXKCHHSI, TOT/Ia KaX/1ast 3
(yHKUuH — expr, term 1 factor — JIOJDKHA BO3BpallaTh 3HaueHHE TPO-
aHAJM3UPOBAHHOTO MojBbIpaXkeHNst. Haunem c

def factor: Parser[Any] = number | “(" = expr ~ )"

Ham HYKHO, 4YTOOBI OHA BO3Bpaljaja 3HauyeHie Tumna Int:

def factor: Parser[Int] = ...

Ecau BCTPEYEHO YHCJIO, OHO TOJI?KHO ObITD npeBpauieHo B LHeJovHC-
JIEHHO€ 3HAaY€HHUE:

def factor: Parser[Int] = number °~ { _.tolnt } |

3necn onepaTop ~" npuMeHsieT (hYHKLIIO { _.tolnt } K MOJTyYeHHOMY
YUCITY.

NMpumeuanue. Cumson "~ Obin BbiOpaH He NOTOMY, YTO OH UMEET Kakoe-TO
ocoboe 3HayeHne. MpocTo oH umeeT Gonee HU3KUIN NpuopuTeT, Yem ~, 1 60-
nee BbICOKUN, YEM |.

B npeanosoxeHuw, 4TO expr IH3MEHHTCST 11 OyneT BO3BpaliaTh
Parser[Int], MBI CMOXEM BBIYHCJATDL “(" ~ expr ~ ")", NPOCTO BO3BpaIias
expr, KOTOPbIA AaeT 3HaueHue THna Int. Huke NpUBOAIITCS O/iHA U3 BO3-
MO>KHBIX peajiu3aluii; emie 6oJiee pocTasl peaninsanist 6yieT npeacTas-
JIeHa B cJIeayIoleM paszeJie:
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def factor® Parser[Int] = | (" T expr T M)t |
case _ “ e T _ => e

B naninom ciyyae apryMeHTOM olepaTtopa ABJIIETCS YACTHYHO
onpezesiennas (pyHxuus (partial function) { case _ “e "~ _=>e }.

Npumeuanue. H1obbl yNnpoCTUTL CONOCTaBNeHME, KOMOMHATOP ~ BO3BpaluaeT
3KIEeMNSp case-knacca -, a He napy 3Havenni. Ecnum 6 ~ Bo3Bpalan napy,
Toraa BMECTO case _ ~ e ~ _ npuwnocb 6bl 3anucartb case ((_, e), _).

AHaJornyuplii MprueM COINOCTaBJIeHHs ¢ 06pa3LOM UCIONb3YETCs ISl
BbIUHCJIEINsE CyMMBbI WK padHocTi. ObpaTuTe BHUMaHUe, UTO opt BO3-
Bpauaer 3navenue tHna Option: 16O None, OO Some(. .. ).

def expr: Parser[Int] = term = opt(("+" | "-") T expr) "7 {
case t ~ None => t
case t 7 Some("+" T e) =t + e

case t ~ Some("-" e) =>t - e

Hakownel, yto xacaercst yMHOXeH1sI, oOpaThTe BHUMaHHE, 4TO rep(” ="
" factor) BO3BpaLIAET CMHCOK List ajieMeHTOB B popMe “+" ~ f, re 3Haye-
nue f umeer T Int. Mpl U3BjIeKaeM BTOPOiIT KOMIIOHEHT KaXI0il mapbl
" M BBIYMCJISIEM MMPOU3BEAEHHE:

def term: Parser[Int] = factor = rep("+«" 7 factor) ~~ {
case f 7 r => f « r.map(_._2). product

B arom npiimepe Mbl TPOCTO BBIYHCIIsIEM 3HaYeHHE BblpaxkeHust. [1pu
IIOCTPOEH I KOMITHJISITOPA MJIIT HHTEpIpeTatopa 00bIYHO LENBIO ABJSET-
Cs1 IOCTPOEHIIE depesa CUnmaxcuueckozo anau3a — IPeBOBUIHOMN CTPyK-
TYPBbI, ONMUCLIBalOLLeli pe3yJbTaT napcuura; cM. pasgen 19.5 «Cosnanue
JIEPeBbEB CHHTAKCIYECKOTO aHali3as.

BHumaHue. opt(p) MOXHO 3anucatb Kak p?, a rep(p) Kak p+, Hanpumep:

def expr: Parser[Any] = term = (("+" | "-") 7 expr)?
def term: Parser[Any] = factor = ("+" ~ factor)+

Mcnonb3oBaHne 3HAKOMbIX ONepaTopoB KaxeTcs 6onee yﬂ06HblM, HO OHU

KOHONUKTYIOT ¢ onepaTopoM ~~. Y1obbl yCTpaHUTb KOHMAUKT, Heobxoanmo
no6aBuThb eLle oaHy napy Kpyrnbix ckobok, Hanpumep:

def term: Parser[Any] = factor = (("«" = factor)x) °~ { ... }
Mo aTon npuunHe A npeanoymTaio opt u rep.
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19.4. OTOpacbiBaHue neKcem

Kak 6bl710 TOKa3aHO B MpEbIAyIIEM pasjieie, MPH aHalH3e COOTBET-
cTBHIT 00pabOTKa JIEKCEM MOXKET OKA3aThCSl YTOMUTENbIBIM 3aHSITHEM.
JlekceMbl HEOOXOMMMBI JIJIs APCHHTA, 10 TIOCJIE COMOCTABIEHHsI HX yac-
TO MOXHO OTOPOCHTD. [lJIs1 COMIOCTABJICHHST ¥ YIAT€HUST JIEKCEM HCIIOb-
3YIOTCsl oneparopbl ~> M <”. Hanpumep, pe3ysbsTaToM BBIPAXKEHHs "+ ~>
factor GyneT pe3yJbTHpYIOIHil factor, a He 3HaYeHHe B (opme "+ ~ f,
Bnaronapst Takoil popme 3anmucu MOXKHO yNpOCTHTD (DYHKIUIO term, KAK
MIOKa3aHO HHUXe:

def term = factor = rep(«*» 7> factor) "~ {
case f © r => f « r.product

AHAJIOTUYHO MOXHO OTOPOCHUTDH CKOOKH, OKPYIKAIOIUIME BbIpaskeHUeE:

def factor = number 7~ { _.toInt } | "(" 7> expr <7 ")

HanbHeiiliee npeo6pa3oBaniie "(* ~> expr <~ )" He TPeOYETCsI, TOTOMY
YTO €ro 3HaueHneM OyIEeT MPOCTOe 3HAYCHHUE e, KOTOPOC yoKe BO3BpalllaeT
Int.

OGpaTuTe BHUMaHHE, UTO ONEPATOPbI «IMOACKA3LIBAIOIIIIX CTPCJIOK»,
"> M <7, YKa3bIBAaIOT HA 4aCTb, KOTOpasi OCTAETCs.

BHumanue. Heobxoanmo nNposenste 0coboe BHUMaHWe Npy UCNonbL30BaHUA
MHOXeCTBa 0nepaTopos ~, > 1 <~ B OAHOM BblpaxeHun. OnepaTop <~ umeer
6onee HU3KMIA NpyopuTeT, 4em ~ 1 ~>. Tak, B cneayowemM npuMmepe:

CifTOTS (TS expr <" ) T oexpr

6ynet otbpoweHa He ckobka “)", a noaBbipaxeHue ") T expr. Y1obbl pe-
WKnTb 3Ty Nnpobnemy, HeobxoamMmo A06aBUTb AONONHUTENbLHLIE CKOGKM:
e

> (7 TS (expr <7 U)T) T oexpr.

19.5. Co3paHue pepeBbeB
CUHTAKCU4YeCKOIro aHannsa

[Tapcepsl B NMpPEABIAYIUX MPUMEPAX MPOCTO BBIYICISIOT YHCIOBbIE
pesyabTaThl. [1pi paspaboTke HHTEPNIPETATOPA HJIIT KOMITHJISITOPA BMEC-
TO BBIYHCJIEHHS BHIPAXKEHUST TPEOYETCsl CKOHCTPYHPOBATH AEPEBO CHI-
TAKCUYeCKOro aHanu3a. [lenaercst 9To 0OBIYHO € TTOMOUIBIO Case-KJIACCOB.



Yxog OT neBoit pekypcum EEIII..

Hamnpumep, ciexyioniye Kiacchl MOKHO HCIIOJIb30BaTh AJIs NpescTaBie-
HUST apHOMETHUECKHX BBIPAKEHHUIL:

class Expr
case class Number(value: Int) extends Expr
case class Operator(op: String, left: Expr, right: Expr) extends Expr

3azaua I1apcepa COCTOHT B TOM, 4TOODI ﬂpeO6paSOBaTb HCXOOAHOE BbI-
pakelue, Takoe Kak 3+4+5, B 3HaueHHe

Operator(“+", Number(3), Operator("+", Number(4), Number(5)))

B uurepiiperarope 1mono6Hoe BbIPAXKECHUE MOXKHO CPa3y BBIYUCIUTD.
B xoMmiuisiTOpe ero MOXHO MPEBPaTHTb B IIPOTPAMMHDIH KO/I.

Jljist co3/ainiist iIepesa CHITAKCHYECKOrO aHaJIH3a HCII0JIb3yeTcsl ole-
paTop ~" ¢ (hyHKLHSIMI, BO3BpAIAIOWIMMK y3bl fepeBa. Hanpumep:

class ExprParser extends RegexParsers {

def term: Parser[Expr] = (factor ~ opt("+" ™> term)) °~ {
casc a ~ None => a
case a ~ Some(b) => Operator("+", a, b)

}

def factor: Parser[Expr] = wholeNumber ~~ (n => Number(n.toInt)) |
7> expr < )"

19.6. Yxopn ot neBoM peKkypcum

Ecsur (pyuxuiist mapeepa, Bbi3biBaloliast cama cebst, He OIJIonmaeT He-
KOTOPYIO YacTh BXOAHOTO TEKCTA, €CTh PUCK, YTO PEKYPCHsl HHUKOIrJa He
npexpartiircsl. PacemoTpuM (byHKLHIO, KOTOpasl, Kak MpeJIoaraercs,
TOTJIOUIAET MPOH3BOJIbHYIO TIOCTEHA0BATEIBHOCTD €IUHILL

def ones: Parser[Any] = "1° 7 rep("1")

Taxue (ynxuinn HasbiBaloTcs JAesopekypcusnoimu  (left-recursive).
Yool H36eKATL PEKYPCIH, MOXHO MepedOpMyIHpOBATh PAMMATHKY.
Huke noxaszaibl JIB€ aJbTepHATIIBbL

def ones: Parser[Any] = "1" 7 ones | "1"
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nin

def ones: Parser[Any] = rep1(”1")

[lanHast mpobyieMa yacTo BO3HUKAET Ha npaxTHke. Hanpumep, B3rjs-
HUTE Ha Halll mapcep apu(pMeTHUYeCKUX BbIpAsKEHUIL:

def expr: Parser[Any] = term = opt(("+" | "-") ~ expr)

ITpaBuso mnst expr UMeeT HeNPUSITHBIN 3deKT, CBsI3aHHBII C BbI-
yurtaHueM. BeipakeHHs TPyNNUMpyIOTCS B HENPaBUALHOM nopsiike. Ecaun
Ha BXOJ TIOZIATh BbIpaXKeHUe 3-4-5, OHO OyzmeT paszobpaHo, KaK MOKA3aHO
Ha puc. 19.1.

To ecTp 3 BocIpUHUMAETCS Kak term, a -4-5 Kak "-" ~ expr. B pe3ysib-
TaTe TMOJNy4aeTcsi OMUOOYHBIH OTBET: 4 BMECTO -6.

A yTO, ecii U3BMEHUTD MOPSIAOK ONpeeseHuil B rpaMMaTHKe?

def expr: Parser[Any] = expr = opt(("+" | "-") = term)

B aToMm ciyyae moriio 6bI NOJYYHTHCS Tpa-
BHJIbHOE JIepeBO CHHTaKcHyeckoro aHanusa. Ho
3TOT crocob He paboTaeTt, MOTOMY YTO (PYHKLMS
expr SIBJISIETCSI JIEBOPEKYPCHUBHOIM.

OpHruHajbHasl BEPCHsl yCTPaHsIeT JIEBYIO pe-
KYPCHIO, HO 1I€HOM YCJIOXKHEHHSI BBIYMCIIEHHSI
pesyJsibTaTa: HeoOXOAMMO COOpaTh INPOMEXY-
TOUHBIE PE3YJILTAThl U BBIOJHUTb OCTABIIHECS
ornepauuy B IIPaBUJIBHOM TIOPSIIKE.

C6op NpPOMEXYTOUHBIX Pe3yJIbTAaTOB Jierie
OpraHH30BaTh, €CIH BOCIOJB30BATHCS TOBTO-

Puc. 19.1.
HenpasunbHbIi

. NOPAA0K rPynnNUPOBKM
PEHUsIMH, BO3BPALIAIONIMMU CIHHCKM List co- BLIpAXEHWIA

6panHbIX 3HaueHuil. Hanpumep, expr — arto mno-
CJIEZIOBATEBHOCTD 3HAYEHUIT term, OOBEMHSIEMBIX OTIEPATOPAMIT <TLTIOC»
(+) u «munyc» (-):

def expr: Parser[Any] = term = rep(("+" | "-") ~ term)

Y1006l BHIUUCIUTD BbIpaKeHue, 3aMEHHUTC KaXKAylo KOM6H]I&I_[HIO st
B IIOBTOPEHHUHU HA t UJIK -t B 3aBUCHMOCTH OT OIIEPALMIL «+» HJIH «-»,
3aTeM BBIUUCIUTE CyMMY 2JIEMEHTOB B CIIHCKC.
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def expr: Parser[Int] = term = rep(
("+ | - 7 term "7 {
case "+ Tt =>t
case -7 Tt => -t
}) "7 {case t T r = t + r.sum }

Ecai neperiicats rpaMMaTUKy OKaXeTCsi CIMIIKOM CJI0)KHO, CM. pas-
nen 19.9 «Packrat-napcepni», e IPUBOJAUTCS €llle OAHO PELIEHHE.

19.7. JonosHnTeibHble KOMOUHATOPbI

Meroy rep obecrnednBaeT HOJIL 1K 6osiee coBnazeHuil. B Tta6a. 19.1
MEPEUIIC/ICHO 11ECKOILKO PA3HOBIIHOCTEN 3TOr0 KOMOMHATOpa, U3 KO-
TOPbIX HauboJice YacTo HCIOJIb3YeTcst repsep. Hanpumep, CIIMCOK yuces,
pa3fesieHHbIX 3alsIThiMH, MOXHO ONPENENUTD TaK:

def numberList = number ~ rep(”,” 7> number)

Wi boJiee KPaTKoO:

def numberList = repsep(number, “,")

B Ta61. 19.2 nepeyniciieHb! AONOJHUTENIbHbIE KOMOUHATOPBI, KOTOPbIE
TaK)Ke MOIYT HHOrza NpuroauTsesi. KoMOuHATOp into MOXKHO HCIIOJb-
30BaTh sl COXpaHellisi B IlepeMeHHOl WHGOPMaIY, MOJYYEHHOH OT
npeblylicro KoMOIHATOPa, [UIsl TTOCAeAYIOLIero Mcrnosib3osanus. Ha-
IpHMED, B IpaBuJie FPAMMATHKH

def term: Parser[Any] = factor = rep("*" 7> factor)

nepBblii COMHOXIITEIb (factor) MOXKHO COXPaHUTbh B MEPEMEHHOM, Kak
NoKa3aHo HIDKE:

def term: Parser[Int] = factor 1into { first =>
rep("+" ~> factor) °° { first « _.product }

KOM6HllaTOp log MOHO 3ajeiicTBOBATh JISI OTJAAKH TPaMMaTHKH.
3amenute napcep p Ha log(p)(str), ¥ IPU KaXKJIOM BbI30BE p 6y/1eT BbI-
BOAUTBCSI COOTBeTCTBYIOIAsT nHopmauus. Hanpumep,



322 | | [

Mapeunr
def factor® Parser[Int] = log(number)("number”) "~ { _ toInt } |
BbIBEJET:
trying number at scala.util.parsing.input.CharSequenceReader@76f7cS
number --> [1.2] parsed: 3
Tabnuya 19.1. Kom6uHaTopbl NOBTOPEHNIH
KomGuHatop OnucaHue Npumeuanunsa
rep(p) 0 unu 6onee coBnaaeHu ¢ p
rep1(p) 1 unn 6onee cosnapeHNncp |rept("[" ">expr<” "]")
BEPHET CNUCOK BbipaXeHwui,
3aKNOYEHHbIX B KBaApaTHbIE
ckobku, HanpumMmep onpeae-
NAOLWNX FPAHULLLI MHOrOMep-
HOro maccusa
repi(p, Q) 1 coBnagenwe c p, 3a KOTO-
pbim cnepyeT 0 unu 6onee
COBNafeHui c q
repN(n, p) n coBnageHumn ¢ p repN(4, number) COOTBETCTBY-

eT nocnenosaTenbHoCTU U3
yeTbipex yncesn, Hanpumep
onpeaensiowmx NPAMo-
YronbHUK

repsep(p, S)
repisep(p, s)
rae p - 91o Parser[P]

(O unn 6onee)/(1 nnu 6onee)
COBNaAEeHWi C p, pasaeneHHbIxX
COBMaaeHUsMN C s; pesynbra-
TOM AIBNAETCA CNNCOK L1st[P],
13 KOTOPOIro UCKIOYEHbI CO-
BNaAeHua C s

repsep(expr, *,") BepHeT
CMUCOK BblpaXeHuii, KoTopble
6511 pasneneHbl 3anaTbiMu;
yno6HO ucnonb3osatb Ana
napcuHra aprymMeHTos B Bbl-
30Bax pyHkUUn

chainli(p, s)

AeiicTByeT nonobHO repisep,
HO Nocne coBnaaeHus C Kax-
AblM pasaenurenem apryMmeHT
S DOMXEH NPOU3BOAUTL DYHK-
LUM1IO C ABYMA NapameTpamu,
ncnonb3yemyio ans o6veam-
HEeHUA COCeaHNX 3HAYEHUIA.
Ecnu p nponssoanT 3Ha4eHUs
vo,v1,v2, ..., asnpouns-
BoAUT PyHKuMn 1,12, .. .,
Torpa pesynsratom 6yneT (vO
fivi)f2v2...

chainl1(number { _.tolnt
b, 77T« _)) BblMUMCAUT
npousseneHune nocneno-
BaTENbHOCTU LieNbiX Yucen,
paspeneHHbIx onepaTtopom
YMHOXEHUA (*)
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Ta6amya 19.2. JononumrenbHbie KOMOUHATOPbI

KombGuHaTop Onucanue MNpumeyaHus

P~V DeicteyeT nonobHo ~~, Ho | YnoBHo ncnonb3oBatb ans
BO3BpaLLaeT NOCTOSAHHbIN aHanusa nutepanos: “true”
pesynbrar """ true

p 1nto f nan f — pyHKUMA, apryMeHTOM (number =7 { _.toInt })>> {n

p>>f KOTOpOW ABNKeTCA pe3ynsrart | => repN(n, number) } BLINOAHUT
BbI30Ba p; yA0OHO UCNOoNb- pasbop nocnepoBaTenbHO-
30BaTb ANA NPUCBOEHNA CTU Yucen, roe nepsoe YUCnNo
pesynbrata nepemMeHHon onpepaenaeT KONNYECTBO Yn-

cen B NocnenoBaTenbHOCTN
p~?f JAeicteyeT nopobHo "7, ident °? (symbols, «undefined

p~?(f, crror)

HO NPUHUMAET YaCTUHHO
BbIYUCIUMYIO QYHKUMIO f.
3aBepLuaeTcs ¢ owmnbKo,
ecnu f Henb3sa NPUMEHUTL

K pe3ynsrarty p. Bo BTopon
Bepcumn error — GYHKUMA,
KOTOpas B 3aBUCUMOCTU OT
TMna pesynbTaTta p BO3Bpa-
LwaeT CTPOoKy ¢ coobuieHnem
06 ownbke

symbol « + _) oTbiLeT ident

B accoumMaTuMBHOM Maccuse
symbols 1 coobwuT 06 owmnbke,
€C/N UCKOMBbIN KJIOY OTCYT-
CTBYeT B aCCOUMaATUBHOM Mac-
cuse. Obpatute BHUMaHue,
4YTO aCCOUMaTUBHbIN Maccus
MOXHO npeobpa3oBarsb B Hac-
TUYHO BbIYUCINMYIO DYHKLMIO

log(p)(str) BbINOMHUT p 1 BbIBEAET CO- | log(number ) («number») =~
obueHne { _.toInt } 6yneT BbIBOAUTL
coobuweHne BCAKNii pas, koraa
6yneT npoaHanu3MpoBaHoO
oyepenHoe Yncno
guard(p) Bbi3oBerT p n, HE3aBUCUMO Yno6HOo Ana BbINONHEHNUS
OT ycnexa unu Heyaauu, onepexatoLmx NpoBepoK.
BOCCTaHOBUT BXOAHOM NOTOK | Hanpumep, 4To6bl oTINYNTL
DaHHbIX, KaK ecnu 6bl p HE obpalleHue Kk nepemMeHHon oT
BbI3blBasCA BbI30Ba PYHKUMN, MOXHO UC-
nonb3oBatb guard(ident ~ (")
not(p) Bbi3oBeT p, 1 peaynbrat 6y-
DeT CYMTATLCS YCMNeLHbIM,
€CNn BbI30B p 3aBepLUMTCA
Heypavei, u HaobopoT
p~lq [HeticTtByeT nopobHO -, CMm. pasnen 19.8

HO ecnu conocTaeneHne
TepnuT Heypauy, Heynaya |
npespawiaeTcs B OWUOKY,
noAaBNKIoLLYIO BO3BpaT
Ha3apn B npeaenax o6bem-
nowero |
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Tabnuya 19.2. JononHuresibHbie KOMOUHATOPbI (OKOHYaHue)

KomGuHaTtop

Onucanue

NMpumeyauns

accept(descr, f)

MpuHuMaeT anemeHT, Nnpn-
HATLINA YaCTUYHO BbIYUCNEH-
HbIM dyHKUMEN f, n BO3Bpa-
waet peaynsrat GyHKUUU.
CTtpoka descr ncnonb3yercs
ANa oNucaHua 0Xuaaemoro
anemeHTa B TekcTe coobuue-
Hus 06 ownbke

accept(“string l1teral”,
{case t' lexical.StringlL1t
=>t.chars })

success(v) Bcerpa Bo3Bpauiaer ycnex MoxHo ncnonb3osartb ana
ONA 3HAYEeHUsa v pobaBneHns anemeHTa v
B pesynstat
failure(msg) TepnuT Heypauy € yka- Cwm. paspen 19.13, roe onuchbl-
err(msg) 3aHHbIM coobuieHnem o6 BaeTCcs, KaK yNy4ylnTb BbiBOA,
owwubke coobuieHnii 06 owmnbkax
phrase(p) 3aBepliaeTcs ycnexom, Yno6Ho ncnonb3oeatb
€eCcnuv BbI30B p Nnpeycnesa- ANns onpepeneHvs metoaa
eT U Ha BXOAe HU4Yero He parseAll; cM. npumMmep B pa3-
ocTaercs pene 19.12
positioned(p) Nobasnser no3vumio B pe- | Yao6Ho ucnonb3osaTtb ANS Bbl-

3ynbLTaT p (DoNXKeH Hacneno-
BaTb Positional)

Boaa cobuieHunii 06 owmbkax
nocne 3aBepLueHNs NapcuHra

19.8. Yxop ot BO3BpaToOB

Besikuii pas, Koraa BBITIOJIHSIETCST BBIOOD 13 aJibTEPHATHB p | q H p
TEPIUT HeyAaudy, [ieaeTcsl MOMbITKA NMPUMEHUTL Mapcep q K TOMY Xe
(pparmMeHTy HUCXOAHBIX AaHHBIX. Takue BO3BpaThl MOTYT cHMXaTh 3 dek-
THUBHOCTb Napcunra. Hampumep, paccMoTpuM napcep apugpMeTH4ecKux
BBIpPaXKEHUH CO CJIelyIOUMMH NTPpaBUJIaMU:

def expr: Parser[Any] = term = ("+" | "-") T expr | term
def term: Parser[Any] = factor = "+" 7 term | factor
def factor: Parser[Any] = “(" 7 expr =~ ") | number

IIpu nmapcuHre BoIpaXKeHHs (3+4)+5 OHO LIEJIHKOM COBINaZCT ¢ term. Tor-
I TIOTBITKA COMOCTABJIEHHSI C + MJIM - MIOTEPHUT Heyaauy 1 KOMITHJISITOP
BEpHETCs1, YTO6BI MONpPo6OBATh BTOPYIO aJbTEPHATHBY, BbI3BAB term ellle

pas.

Yacro, 4yTo6bI U36€XaTh BO3BPATOB, OBIBAET JOCTATOYHO MPOCTO Mepe-
yIIOPSIAIOYUTD TMpaBuJia rpaMmatiku. Hanpumep:
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def expr: Parser[Any] = term = opt(("+" | "-") 7 expr)
def term: Parser[Any] = factor ~ rep("+" ~ factor)

Teneps BMECTO ~ MOXKHO HCHOJIL30BAaTbh ONEPaTop ~!, 4ToObl yKa3aTb
Ha OTCYTCTBHC HEOOXOAMMOCTI BBLIIOJIHSITh BO3BPAT:

def expr: Parser[Any] = term "' opt(("+" | "-") 7! expr)
def term Parser[Any] = factor ~! rep("+" ~! factor)
def factor: Parser[Any] = “(" 7! expr ~! )" | number

Korza npit BbiuHcjieHHH p ~! g CONOCTaBJIEHHE q TEPIUT Heyaavy, Apy-
riie aJjbTepHaTiBbl B OXBAaTbIBAIOILEM METOJZE | MCCJIe[OBAThCS He 6y11yT.
Hanpiimep, ecsin factor 06Hapy>ml'r “(" M 3aTeM expr He CMOXKET HailTH
COBIIaJICHMUE, Hapcep Jaxke He 6y11eT [IbITaTHCS1 BLIMOJIHUTL COIMOCTaBJIE-
1He ¢ number.

19.9. Packrat-napcepbl

Packrat-napcep ncnosb3yer achexTHBHBIIT ITOPUTM MTAPCUHTA, KeLlx-
pyIouLHii IIPOMeXyTOUHble Pe3ysabTaThl. B aTOM ecTh Ba mpeuMyiecTsa:
O Bpemst mapciHra npsiMo MPOMOPLHOHANBHO [JIMHE HCXOAHOrO
TEKCTa;
O napcep crocober MpUHHMATD JIEBOPEKYPCHBHbIE TPAMMATHKH.

Yrobol 3ajeiictoBath packrat-napeusr B Scala, BoimosHuTe ciexyio-
uipe wiarit:

1. Tlommeuraiite TpeiiT PackratParsers B cBOIl napcep.

2. Omnpenesiite Bee (hyHKIMH Napcepa He yepe3 def, a yepe3 val WIH
lazy val. TO BaXKIi0, MOTOMY UTO Mapcep KeUMpyeT 3TH 3HAUEHUs
1 OMIpaeTcst 1a Hx uaenTnyHoctb. (Onpeznesenye def KaXIblil pa3
BO3BpALLACT HOBOE 3HAYEHHE.)

3. Kaxnas ¢dyuxuus- napcepa no/mkHa Bo3Bpauiarth PackratParser[T)
BMeCTO Parser([T].

4. Vcnosb3yiite PackratReader 1 peaiu3dyiiTe MeTO parseAll (KOTOPBIi
110 AOCAIOI CIy4YailHOCTH OTCYTCTBYeT B TpeiTe PackratParsers).

Hanpuaep:

class OnesPackratParser extends RegexParsers with PackratParsers {

lazy val ones: PackratParser[Any] = ones R R e B

def parseAll[T](p: Parser[T], 1input: String) =
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phrase(p)(new PackratReader{new CharSequenceReader(1input)))

19.10. Y10 Takoe napcepbl?

Ctporo roBopsl, Parser[T] — 3TO (hyHKIHUST C OAHIIM aPIYMEHTOM THIIAQ
Reader[Elem], BO3Bpallaioliast 3HaueHHe THIa ParseResult[T]. B aToM pas-
JieJie Mbl MOGJIMKE MMO3HAKOMHMCSI C MOAOOHBIMH THIAMIL

Tun Elem — 310 abcTpakTHBIM THI Tpeiita Parsers. (JlomoanirtenbHast
uHdopMmanust 06 abCTPaKTHBIX THIIAX NPUBOAUTCS B pasaeie 18.12 «A6-
CTpaKTHbIe TUIBI».) TpelT RegexParsers omnpezesisiet Tin Elem Kak Char,
a TpeHT StdTokenParsers — Kak Token. (ITapceps! 11a oclioBe JICKCEM OYayT
paccMaTtpusaThes B pasaese 19.12 «Ilapcepbl Ha OCHOBC JIEKCEM».)

IK3eMIISIp Reader[Elem] UMTaET MOCJEOBATEIBHOCTD 3HAYEHHUI THIIA
Elem (TO €CTh CUMBOJIOB WJIH JIEKCEM) H3 HEKOTOPOrO MCTOUYHHKA U 3ario-
MHUHAeT UX MO3MIMU Ha cIydyaii BeIBOJA COOOIEHHIT 00 omnoKax.

Korza ¢dpyHKIus Parser[T] BbI3bIBaeT MEXaHHM3M UTEHHSI, OH BO3Bpalla-
eT 0OBEeKT OZIHOTO U3 TPeX IOAKJIACCOB Kaacca ParseResult[T]: Success[T],
Failure uJu Error.

3HaueHue TUIA Error 3aBeplIaeT paboTy napcepa i BCe, UTO €ro BbI3bI-
BaJIo. ITO 3HAUEHHE MOJXKET OBITh BO3BPAIECHO B OJTHOM M3 TPEX CJIyIaeB:

O mapcep p ~! q 3aBepUIMJICSI Heyzavell Mmpi COMOCTaBJeHHH C q;

U MeTon commit(p) 3aBepUIMIICSI HEymaueil;

Q Bcrpernsicst KoMGUHATOP err(msg).

3HaueHue Failure BO3HMKAeT B Pe3yJibTaTe HEyAayll NPl COMOCTaBIIe-
HUM; OOBIYHO 3TO BBI3BIBAET MEPEXOJl K JAPYroi ajbrepHaTHBE B OXBATDI-
BaIOLIEM MeTole |.

IK3eMILISIp Success[T] UMeeT CBOMCTBO result THna T. OH Takxe UMe-
€T CBOMCTBO THMNA Reader[Elem] C MMeHeEM next, cojiepkaliee (pparMeHT
HCXOHBIX MAHHBIX, PACMOJIOXKEHHBIIl fajiee, 3a COBNAa/ZieHHEM, KOTOpOe
OCTaJIOCh TIOTJIOTUTb.

BarasiHuTe Ha clemyIonyo YacTh peasiu3anuy napcepa apugpmernye-
CKMX BBIpa’KEHM:

val number = "[0-9]+".r
def expr = number | (" T expr T )"

Ham mapcep nacnenyer RegexParsers, IS KOTOPOTO CYLECTBYET He-
sIBHOE Tpeobpa3oBaHue W3 Regex B Parser[String]. PeryssipHoe Boipaxce-
HMe number TipeobpasyeTcst B TaKoil mapcep — (pyHKUMIO, TOTIOLIAIONIYIO
Reader([Char].
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Ecim navanbHble CHMBOJIBIL, BO3BpalllaéMble MEXaHH3MOM 4YTe-
HUSI, COOTBETCTBYIOT PEryJasipHoOMy Bbipaxkeiuio, (GyHKUUS BepHeT
Success[String]. CBoiicTBO result BO3BpAILAEMOro OODBEKTAa COMEPHKUT
(pparMenT 1HCXOHOrO TEKCTA, COBMABIINII C PETYJISIPHBIM BBIPAsKEHHEM,
a CBOIICTBO next — (pparMeHT HCXOAHOIO TEKCTa, OCTaBUIMIICS TOCe Co-
1OCTaBJICHIISL.

Eciyin navasbnple CHMBOJIbI, BO3BPALIacMble MEXaHU3MOM UTEHUSI, He
COBNAJYT C PEryJISIPHBIM BbhIpadkerueM, (PyHKIHs mapcepa BepHeT 00b-
eKT Failure.

Meron | obbexunsier nBa mapcepa. To ecTh eciu p U g SIBJSIOTCS
(yukumszi, Toraa p | q takxke spisiercst ¢pyHkuueir. O6penuHeHHast
(hyuxuus norsiomaet CHMBOJIBI, BO3BpallaeMble MEXaHU3MOM UTEHMUs,
nanpumep r. Ona Boi3oBetT p(r). Eciu 3TOT BBI30B BEpHET pe3yJbTaT
THIA Success MJIM Error, OH CTaHET BO3BpalllaéMbIM 3HAYEHHEM p | q.
B nporuBHOM cayuae Bo3BpallaeMbIM 3HaU€HHEM CTAaHET pe3yJsbTaT Bbl-
30Ba q(r).

19.11. Napcepbl Ha ocHoOBe perynfipHbix
BblpaXXeHun

TpeilT RegexParsers, HCNOJb30BABUIMIICSA 710 CHX IOP BO BCEX NpHMe-
pax, obeclieunBaeT Ba HEABHbIX NMPeoOpa3oBaHUsI AJISI ONMpPeAeaseMbIX
napcepos:

Q 1:teral mpeoOpasyeT CTPOKOBbIH JinTepan (Takoil Kak “+7)

B Parser[String];
Q regex npeobpa3syeT peryJisipHOe BbipaxkeHHe (Takoe Kak "[0-9]1".r)
B Parser[Strang].

ITo ymosyaHHIO napcepbl Ha OCHOBE PETyJISIPHBIX BbIPaXKEHWii IPo-
mycKaioT npobesbHble CUMBOJIBL. Ecii B BauieMm ciydae 10 npoGesib-
HBIM CHMBOJIOM MOHUMAETCS] HEYTO MHOE, YeM ““"\s+'"".r (HampuMep,
KOMMEHTapHH), 3aMeluTe whiteSpace CBOMM ompezneseHueM. Ecau mpo-
6eJIbHBIC CHMBOJIBI HE OJDKHBI TMPOMYCKATLCS, UCIOJIb3yHTE:

override val whiteSpace = “".r

TpeiiT JavaTokenParsers HacyieyeT RegexParsers U OIpe/eJisIET MSITh
JiekceM, nepevHcsieHHbix B Taba. 19.3. Hu oxHa U3 HUX He MMeeT ToY-
HOTO COOTBETCTBHSI CO CBOMMH (popMaMi B sI3bIKE Java, YTO CyLeCTBEHHO
CHHIKAET MPaKTHYECKYIO MOJIb3y ITOro TpeiTa.
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Tabnuuya 19.3. MNpegonpenenexHsie nekcems! B JavalokenParsers

Jlexcema PerynsipHoe BbipaxeHue
1dent [a-zA-Z_T\w+
wholeNumber -?2\d+
decimalNumber (\d+(\.\d+)?|\d~\.\d+
stringliteral “(C\p{CntrIANTINNIN\/bfnrt J)\\u[a-fFA-F0-9]{4})«"
floatingPointNumber =2(\d+(\.\d*)?|\d*\.\d+)([eE][+-]?\d+)?[fFdD]?

19.12. NMNapcepbl Ha OCHOBe JIeKcCeM

BMecTo Reader[Char] mapcepbl Ha OCHOBe JIeKCeM HCMOJL3YIOT Reader
[Token]. Tun Token ompenmenen B TpeiiTe scala.util.parsing.combinator.
token. Tokens. Hacnenyroummit ero TpeiTt StdTokens ONpenesisieT 4eTbipe
THUMA JieKceM, Hanbosiee YacTo MCIOMb3yeMble MPH MapCHHIE MCXOMHBIX
TEKCTOB Ha sI3bIKaX MPOTrPaMMHPOBAHUSL:

Q Identifier;

O Keyword;

O NumericLit;

O Stringlit.

Krnacc StandardTokenParsers InpemocTaBisieT napcep, BO3BPALIAIOUIHIT
aTu JiekceMbl. Mnentudukatopsl coctosT U3 Oyks, H(p 111 cUMBOJIA
noxyepkruBaHus (_), HO He MOTYT HauUMHATLCSI C LUDPBHL.

BHumaHnue. lpasuna ana 6ykB M UMDP HECKONBbKO OTANHAIOTCA OT TeX,
4TO Mcnonbalylotcs B Java unu Scala. Nopaepxusaiotcs undpbl n3 niobbix
andaBnuToB, HO OyKBbl B «AOMOAHATENbHOM» AmanasoHe (Bbiwe U+FFFF)
MCKIIOYEHbl N3 paCCMOTPEHNS.

YucsoBble JUTepasbl — 3TO mocjenoBarteabHocTH 1ihp. CTpokonbie
JIUTepajibl — 3TO MOCJIE0BAaTENbHOCTH CIHIMBOJIOB, 3aKJIOUCHHbIE B Ka-
BBIUKM “..." MM "...", 6Ge3 IKPaHHPOBAHHBIX IIOCTENOBATENbHOCTEN
(escape-nocnenoBaresibHocTelt). KoMMeHTapHi — nocjieanoBaTeibHOCTH
CUMBOJIOB, 3aKJIIOYEHHbIE B /+ ... */ WJIM OT Napbl CHMBOJIOB // 10 KOHLIA
CTPOKH — CUMTAIOTCS MPOOETbHBIMU CMBOJIAMHU.

[Ipn HacsemoBaHMHU OT 3TOrO Mapcepa A00aBbTe 3ape3epBHPOBAHHBIE
CJIOBA U CllelHaJIbHbIe JIEKCEMBI B MHOXKECTBaA lexical. reserved 1 lexical.
delimiters:

class MylLanguageParser extends StandardTokenParser {
lexical.reserved += ("auto”, “break”, “"case”, “char”, “const”, ...)
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lexical.delimiters += ("=", G R A =", )

IIpi BcTpeue 3ape3epBHPOBaAaHHOTO CJIOBAa OHO npe06pa3yeTCﬂ B 3Ha-
ycHHe Tuna Keyword, a He Identifier.

[Tapcep coprtiipyeT pasfesuTesaH COrjacHO MPaBUJY <«3aXBaTHUTh Kak
MOHO Gouibliie». Hampumsep, Korna MCXOmHblil TEKCT COAEPXKUT TOCe-
JIOBATEJILHOCTH <=, OHa OyZIEeT BO3BpallleHa KakK eHasi IEKCEMA, a He KaK
MOCJICA0BATCIbHOCTD JIEKCEM < H =.

CDy}ucLum ident aHayMU3upyeT WAeHTU(UKATOP; numericlit U stringlit
aHaJU3UPYIOT JIMTEPAJIBL.

Hanpimep, HiDKe MpeAcTaBieHa Hallla rpaMMaTiKa apudMeTHYeCKUX
BbIpakeHitil, IIOCTPOeHHAsI C MOMOILLIO StandardTokenParsers:

class ExprParser extends StandardTokenParsers {

lexical.delimiters += ("+7, "7, "a70 (7, 7))
def expr: Parser[Any] = term = rep(("+" | "-") T term)
def term: Parser[Any] = factor = rep("+" "> factor)

def factor: Parser[Any] = numericlit | "(" ™> expr <7 ")"

def parseAll[T](p: Parser(T], 1n: String): ParseResult[T] =
phrase(p)(new lexical.Scanner(in))

OG6paTtute BHHMaHHE HA HEOGXOAMMOCTbH ONpPENENUTh COOCTBEHHYIO
peasu3aluio MeTola parseAll, KOTOPBIH MO AOCAamHOH Ciy4yaiiHOCTH
OTCYTCTByeT B KJacce StandardTokenParsers. B aToM MeTozme HCIOJb-
3yeTcst 3K3CMIISp lexical.Scanner, KOTOPBIH SIBJsIETCS peanusanueit
Reader[Token], HpeOCTaBJSIEMOIl TpeiiToM Stdlexical.

Cogert. Ecnu notpebyetcs peanu3osaTtb NAPCUHI A3blka C APYrMMK nekcema-
MU, NS 3TOW UEenu Nerko MOXHO NpPUcnocodbuTb napcep Ha OCHOBE fIEKCEM.
YHacnenyvite TpeiT Stdlexical n nepeonpepennte meTon token, 4TOObI OH
pacno3Hasan Tpebyemble nekcemol. B kayectse pPykoBOACTBA WCMONL3YATE
ncxoaHbId Koa Stdlexical — OH AOCTAaTOMHO KOPOTKMIA. 3atem yHacnenyute
StdTokenParsers U nepeonpenenuTe CBONCTBO lexical:

class MyParser extends StdTokenParsers {
val lexical = new Mylexical
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Coset. Metoa token B Stdlexical umMeeT AOBONLHO CNOXHYIO peanu3aumio.
Ana onpepeneHua nekcem ny4ue UCMoNb3oBaTb PerynsapHbie BblpaxeHus
NobaBbTe cneayioulee onpegeneHve B CBOIO peanusaumio, HacneayloLlyto
StdlLexical:

def regex(r: Regex): Parser[String) = new Parser[String] {
def apply(in: Input) = r.findPrefixMatchOf(
1n.source. subSequence(1n.offset, 1n.source.length)) match {
case Some(matched) =>
Success(1n. source. subSequence(1n.offset,
1n.offset + matched.end).toString,
1n.drop(matched.end))
case None => Failure(“"string matching regex '~ + r +
" expected but " + 1n.first + © found”, 1n)

}

Mocne aToro B cBOEM MeToae token Bbl CMOXETEe UCMNoNb3oBaTb perynipHbie
BblpaXeHus, Hanpumep:
override def token: Parser[Token] = ¢{
regex("[a-z][a-zA-20-9]1«".r) ~~ { processldent(_) } |
regex("0|[1-91(0-91«".r) ~° { NumericlLit(_) } |

19.13. O6paboTka owmnbOoK

Korza napcep He MOXET NPUHSITb HCXOAHbBII TEKCT, BAM MOXET TOTpe-
60BaTLCSI BLIBECTH COODIIEHHE, KaK MOXHO OoJjiee TOUHO ONMUChIBalollee
npobJiemy.

[Tapcep resepupyeT coobieHne o6 owbke, OMmichBaIoNee MO3HIHUIO,
B KOTOPOH mapcep He CMOT MPOJAOJIKITL CHHTaKCIueckiii anamis. Ecan
6b1J10 BCTpeYeHo HECKOJIbKO OLIMOOK B Pa3HbIX MeCTaX, coobiieHo byaer
0 camoii nocJsieHe.

CobcTBennble coobuIeHHsT 06 OMIMOKAX MOTYT OKa3aThCsl JKEIaTeb-
HBIMHU IIpY NapcuHre ajbrepHatus. Hampiimep, eciiin 1Meercst mpaBHiIo

def value: Parser[Any] = numericLit | “true” | “false”

M mapcep He CMOI HafTH COOTBETCTBHE HII C OQHOM 13 aJbTEPHATHB,
coobuienye, M3Bellalollee, YTO MPOM3OIIJIA OLIIIOKA COMOCTABIEHHS C
“false”, TOJbKO BHECET CYMSTHIly. B nomobHoil cuTyaii MOXHO AO-
6aBUTh NpeAIoKeHre failure C IBHBIM TEKCTOM cooOuieHns 06 ommbKe:
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def value' Parser[Any] = numericLit | “"true” | “false” |
failure('Not a valid value™)

Korza mapcep norepnuT Heyaauy, METOA parseAll BepHET pe3yJbTratr
THNa Failure. Ero cBoiicTBO msg GyzleT comepskaTh TEKCT cOObIEeHUs1 00
ounbKe, KOTOPOe MOXKHO MOKa3aTh MOJib3oBaTesio. CBOHCTBO next THUMA
Reader Oy/eT YKa3bIBATh HA MO3UIHIO B UCXOAHOM TEKCTE, COOTBETCTBYIO-
110 TOYKe BO3HIKHOBEHUs olubKil. Biarogapst atomy B coobienuu 06
ounOKe MOKHO BLIBECTH HOMEP CTPOKHU M TIO3UILIMIO B CTPOKE, XpaHsiIiye-
csl B CBOMCTBAaxX next.pos.line W next.pos.column.

Haxkonel, cBoiicTBO next. first OyZ€T XpaHUTD JIEKCUUECKUA DJIEMEHT,
Bbi3BaBuIMi omwnbKy. [Ipu ucrosib3oBaHUU TpelTa RegexParsers 3TOT 3Jie-
MEHT OyJeT HMETb THII Char, YTO HE OYEHb IM0JIE3HO AJIs1 coobInenuii 06
oumb6kax. Ho npit ucnosib30BaHHM Iapcepa Ha OCHOBE JIEKCEM CBOICTBO
next.first OyZET comepxkKaTh JIEKCeMY, KOTOPYIO HMEET CMbIC] A00aBUTh
B TEKCT COOOIIEHMUSI.

CoserT. MNpu HeobxoauMocTn coobwmTb 06 owmnbkax, o6HapyXeEHHbIX nocne
ycnewHoro napcuHra (Hanpumep, 06 owwubkax, CBA3aHHbIX C HECOBMECTU-
MOCTbIO TUMOB B A3blKax NPOrpaMMupoBaHus), ana nobasneHus uHdopma-
UMM 0 NO3NUUN MOXHO BOCMONb30BaTbCA KOMBUHATOPOM positioned. Tunom
peaynstata gomkeH ObiTb TUN, HacneaylWwmn TpenT Positional. Hanpumep:

def vardecl = “var” ~ positioned(ident ~° { Ident(_) }) T "=" 7 value

YnpaxHeHus

1. Iobasure B mapcep apu(pMeTHYECKHX BLIPaKEHUH orepauuu / 1 %.

2. Mob6asute B mapcep apudpMeTIYECKHX BbhipaXieHuii oneparop ~. Kax
H B MaTeMaTHKe, orepaTtop ~ JOJKeH UMeTh OoJiee BHICOKUIT mpu-
OPIITET, YeM OTCPATOP YMHOKENHUs, U N0JKeH ObITh MPaBOACCOLM-
aTiBHBIM. TO CCTh BbIpakeHHe 47273 JOKHO MHTEPIIPETUPOBATLCS
KaK 47(2°3) Il JapaTb B pe3yJbTaTe 3HaYeHHe 65536.

3. Hanuwiire napcep, aHaJau3uPyIOLIHi CIHCOK LeJIbIX YKces (TaKoi
Kak (1, 23, -79)) 1 Bo3Bpawalomuii List[Int].

4. Hanuumure 1apcep, aHaJM3UPYIOMIMHA JaTy M Bpemsi B ¢opmare
ISO 8601. TTapcep nosken Bo3Bpamarh 06bEKT java.util.Date.

5. Hanummre mapcep, aHasusupylomuii moaMuoxecrBo XML. On
JloJKeH oOpabaTbiBaTh TEMH BHAA <ident> ... </ident> WM <ident/>.
Teri MoryT 6bITh BJIOKeHHbIMIL. Peansyiite 06paboTKy aTprbyTOB
Teros. 3iaueHiis aTpHOYTOB MOTYT OrPaHHYHBATLCS artOCTpodhaMu



..lli% Mapcunr
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WY BOMHBIMY KaBbluKamMu. CHMBOJIbHBIE IaHHBIE HE TOJIKHBI 00-
pabaTbiBaTLCS (TO €CTh TEKCT BHYTPH TETOB WJIH pa3/iesibl CDATA).
[Tapcep nosmxen BosBpataTh 3HaueHne Scala XML tumna Elem. Oc-
HOBHasl CJIOKHOCTb 3aKJIIOYAETCSl B F€HEPUPOBaHMI OMIHOOK MpU
BCTpeye HemapHbIX TeroB. Ilozackaska: 1cnosb3yiite 1nto, accept.

Jomnyctum, uto napcep u3 pasgena 19.5 «Cosnanue 1epesbeB CHH-
TAKCHYECKOTO aHATH3a» JOMOJIHEH CJIEAYIOU(HM OIpeeseHeM:

class ExprParser extends RegexParsers {
def expr: Parser[Expr] = (term ~ opt(("+" | "-") ~ expr)) " {
case a ~ None => a
case a ~ Some(op ~ b) => Operator(op, a, b)

}

K coxasneHuio, 3TOT mapcep CO3aaeT HenpaBHJIblioe /IEPEBO CHH-
TAKCUYECKOro aHaju3a — ONepaTopbl C OAMHAKOBBLIM IPHOpHTE-
TOM BBIUUCJISIIOTCSI CripaBa HajieBo. V3ameHuTe mapcep Tak, 4TtoObl
OH TeHepupoBajl MpPaBHJIbHOE [EepeBO CHHTAKCHUYECKOro aHasH-
3a. Hanpumep, asns Bbipaxkenust 3-4-5 oH JIOJDKCH BO3BpALIATh
Operator(“-", Operator(”-", 3, 4), 5).

B paznene 19.6 «¥Yxox ot jsieBoit peKypCHH» Mbl CHAuyasa BbIMOJHSI-
JIM TapCUHT expr B CIIMCOK ~ C ONepalMsIMII 1 3HaueHsSIMU:

def expr: Parser[Int] = term = rep(("+" | "-") 7 term) "7 {...}

Yto06bl MOJYYUTh PE3YJILTAT, Mbl AOJOKHBI BHIUMCIHTh ((t0 £ t1) £
+ t2) * ... Peanusyiite 3TO BblYMCIIEHHE KaK CBEpPTKY (CM. rJa-
By 13).

JlobaBbTe moamepiKKy MEpPeMEHHDIX 11 Ofepaliiii MPHCBOEHHs B
TIporpaMMy KaibpKysasTtopa. IlepeMerfiibie HOJKHBI CO3aBaTLCS
IpH IepBOM MX HCIMOJb30oBaHHK. HewuHuiamsuposaitble mnepe-
MEHHbIE JOJDKHBI HMETh HyJleBoe 3HaueHue. [[J1s1 BbIBO/a 3HaYeHus
OHO JOJKHO TPHCBaNBaThCs CELHaIbHOIT epeMeHHOIT out.
Pacuivpsre npeabiaymuii npHMep, peajM30BaB HAa €ro OCHOBE
napcep [Jisl sSI3bIKa NMPOrpaMMHPOBaHHs, MOAJNEPKHBAIOLIETO Ore-
pauuIo NpUCBOEHHs 3HAYEHHIT NTepeMEeHHbIM, JIOTHUECKHEe BbIpase-
HUS U MHCTPYKUHH if/else 1 while.

lo6aBbTe B SI3bIK MPOrPaMMHPOBAHHUS 113 NPEALIAYINEro MpHMepa
NOAJEPXKKY onpeneneHus: QyHKIUUIH.
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TeMbl, paccMaTpmBaemMble B 310N rnase AKX

20.1. CosgaHue n 3anyck akTopos.

20.2. OTnpaBka coO0LWEeHWN.

20.3. Mpuem coobiueHnin.

20.4. OTnpaBka COODOLWEeHU ApYruM akTopam.
20.5. Kananol.

20.6. CnHxpoHHble coobuweHua u Futures.
20.7. CoBMeCcTHOE MCnonb3oBaHMe NOTOKOB.
20.8. )KN3HEHHbIM LUK aKTOPOB.

20.9. Ces3biBaHWE aKTOPOB.

20.10. MNpoekTnpoBaHne NPUAOXKEHUH C NPUMEHEHWEM aKTOPOB.
YnpaxHeHus.

0000000 pog

AkTopbl (actors)' npeiacTaBislioT co00i MeXaHW3M peajiM3allkiy Tapaj-
JICIHBIX BBIYIIC/ICHITI, aJbTepHATHBHDI TPaAULMOHHBIM MEXaHU3MaM
na ociose 6j0K1poBok. OTCyTCTBUE GJIOKUPOBOK M COBMECTHO HUCIIOJb-
3yEeMbIX JalHbIX B AKTOPAX YIpOLIaeT pa3paboTKy porpaMm U Mo3BOJIs-
€T 1Ie Ol1acaThCsl B3auMOOJIOKHPOBOK M COCTOSIHHII TOHKM 33 pecypcamMu
(race conditions). Bu6anorexa Scala nmpenocrasisier npocreiiiyio pea-
JI3ALII0 MOJICJII aKTOPOB, KOTOPYIO Mbl o6cyaiM B 3Toi ryiaBe. Bosee
coseplIenHble peasi3alliil akTOpoB AOCTYMHbBI Ha CTOPOHHUX pecypcax,
takux Kak npoext Akka (http://akka.io).
OcHoBHbIC TE€MbI 9TOIl TJIaBbl:
0 nacienobanMe KJjacca Actor 11 peajiM3alMsi METOAa act B KaKIOM
aKTopC;
O ornpaska coobuieHuii akTopaMm € HCMOJIb30BaHHEM KOHCTPYKLHH
actor ! message,
Q ornpaBka co0OIEHHIT BBIMOJHIETCS aCHIXPOHHO, MO HPUHLUITY
«OTMPaBIUI 1 3a6bUI>;

' B ar10ii 1aBe OLICHIBACTCSI HPCXKIISISE PCATI3ALHS AKTOPOB, OAHAKO, HauMHast
¢ sepein 2.10, B Scala 6bi1a Brinouca noyiepskka akropos Akka Actors, a npex-
nsisl peainzaiyisi oobsiiena yerapesuicii (o1oJTebiyio HiiopMauuio M.
na crpaine hitp://docs.scala-lang.org/actors-migration/). — Ipunm. peo.
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IpHEM COOOIIEHNI aKTOpaMH BBIMOJHAETCS BBI30BOM MeETOZA
receive WJIH react, OOBIYHO B LIKIIE;

apryMeHTOM METOMOB receive/react sipisieTcst OJI0K anbTepHATUB
case (TEXHHYECKH — YACTHYHO ompenejieHHass (pyHKII);

aKTOpbl HE JOJIKHLI COBMECTHO MCMNOJIL30BaTh Kakiie-nubo aaH-
Hble — JTaHHble BCETZAa AOJIKHBI OTIIPABJISITLCS B BHAE COOOIIEHMIT;
He BbI3bIBAliTE METO/Ibl AKTOPOB, B3aUMOAEHCTBYIITE C HUMM I10-
CPEeICTBOM COOOILEHHUIH;

n3beraiiTe CHHXpPOHHOrO 0OMeHa COOOIEHHSIMU — He CBsI3bIBaiiTe
BOEIVHO OTIIPABKy COOOILIEHHs U OKM/aHHe OTBETa Ha Hero;
aKTOpbl MOTYT COBMECTHO HCIIOJbL30BATh IMOTOKH BbLIMOJHEHMUS
(threads), mcmosnb3ysi MeTox react BMeCTO receive, €CIM MOTOK
yrnpasJieHHst 06paboTunKa COOBIIEHHH JOCTATOYHO MPOCT;

He TmyraiiTeCb OTKa30B B aKTOpPaX, €CJM HMEIOTCsl APYTHe aKTo-
pbl, KOHTPOJIMPYIOILME HX aBapHuiiHOe 3aBeplIEHHE; HCMOJb3yiiTe
[IpHEM CBSI3bIBAHHS JIs1 HACTPOMKM OTHOLIEHHIT KOHTPOJISI MEXIY
HUMH.

20.1. Co3paHue U 3anyck akTopos

Axrop (actor) — 3To KkJjacc, Hacjenylouuii Tpeiit Actor. DTOT TpeIiT
MMeeT OfuH abCTPaKTHBI MeToa act. Peaninsyst 9TOT METOX, Bbl OMpe-
nessieTe moBejeHne akTopa.

O6bIYHO METON act COAEPXKUT IIMKJI TIpHEMa COOBIIEH ],

import scala.actors.Actor

class HiActor extends Actor {
def act() {

while (true) {
receive {
case «Hi» => println(«Hello»)

MeTtox act moxox Ha MeTox run HHTep(eiica Runnable B Java. Kak
M METOMDBI run, BBIMOJHSIOMIMECS B Pa3IHUHbIX MOTOKAX BBITOJHEHHS,
METOAbl act Pa3HbIX AKTOPOB BBIMOJIHSIOTCS Mapasjiesbio ApPYT APYTY.
OnHako ONTHMH3MPOBaHLI AJisi 00paboTKH coobIEenuil, Torqa KaK Mno-
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TOKHM BBIIIOJHEHHUSI MOTYT BBIIIOJIHITH IPOU3BOJIbHBIE omepamuu. (Cwm.
paszaeit 20.3 «IIpueM coobienuii», rae ONUCHIBAETCS METOM receive.)

Yrobbl 3aMyCTHTL aKTOP, CO3JAAiTE 9K3EMIUISIP M BHI3OBUTE METOJ
start:

val actor1 = new HiActor
actor1.start()

I[Tocsie 9TOrO METOA act akTopa actor1 GYAET BLIMOJHATHCS Mapaijieib-
HO, 1l BbI MOXKCTe HayaTb MOCbLJIaTh eMy coobuieHus. IToTok BbimosiHe-
HMsA, cO3/albll B pe3yJbraTe Bbi30Ba METOZA start, OyaeT MpoaoJ/IKaTh
pabory.

Wnorna ObiBaeT n0JIe3HO CO3AaBaTh aKTOPbI «Ha JIETY»>, HE OIpeesis
oraenabtioro knacca. Co3nath HOBbIM aKTOP U 3aNyCTUTDb €r0 MOXKHO Bbl-
30BOM METOJ/Ia actor OOBEKTa-KOMITaHbOHA Actor:

import scala.actors.Actor._

val actor2 = actor {
while (true) {
receive {
case «Hi» => println(«Hello»)

NMpumeuanune. MHoroa BO3HUKAET HEOOXOAMMOCTb M3 aHOHMMHOIO akTopa
OTNPaBUTL CCbINKY Ha HEro Apyromy akTopy. 3Ta cCbiika AOCTynHa B BUAE
ceoucTea self.

20.2. OTnpaBka coooOLweHuin

Aktop — 9T0 06bEKT, 06PAbATHIBAIOUIMNA ACHHXPOHHBIE COODIIEHIISI.
Bl nocsliaere cooblieHue akTopy, a oH ero oo6pabaTblBaeT U, BO3MOXHO,
N0CBLIAET APYTOMY aKTOpy IJisl AajibHeilieii 06paboTKy.

Coobuieniie MoxeT ObiTh J066IM 06bekToM. Hampumep, akTopst
B TMPEAbIAYILEM Pa3/lesiC BBIMOJHSIOT 11eKOTOPble OMepalyy NpH I0Jy-
YyeHHH CTPOKI "Hi".

OripaBka coobuenist BLIMTOHSIETCS. ¢ TOMOLIBIO oneparopa !, onpe-
JIeJIEHHOro JUUIsl AKTOPOB:
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actor1 ' "Hi"

[TocJie oTIpaBKy COOOIIEHHST AKTOPY TIOTOK BBITIONHEHHsI MPOAOJIKAET
CBOIO paboTy. DTO HA3LIBAETCS: «OTHPABUI M 3abbln». Kpome TOro, aktop
MOJKET IPUOCTAHOBUTHCS, YTOOBI AOKAATHCS OTBETA (XOTSI 3TO HETUITMUHO
1ist akTopoB), — cM. pa3zen 20.6 «Cunxpounsie coobiienus 1 Futures».

Ha posib coobiieHunil OTIMYHO MOAXOAAT case-Kjaccol. Biaromapst
9TOMYy MUIst 06pabOTKH COOBIIEHHST aKTOP MOXET MCIOJIb30BATbh COTO-
CTaBJieHHE C 0OPa3IOM.

HarmprmMep, 10myCcTHM, YTO NMEETCST aKTOP, MPOBEPSIIOLIMIL, HE BBIMTOJI-
HSIETCsI JIM MOLIEHHHYecKas! oNepalHs ¢ KpeanuTHOi KapToil. Mbl MOXeM
nocCJIaTh eMy COOOIIEHHE O TOM, UTO BBITIOJIHAETCSI OTepalysl 3aUnCIIeH ST
Ha cuet. Huxe npuBOAMTCS COOTBETCTBYIOINIHIT case-KJjacc:

case class Charge(creditCardNumber: Long, merchant: String, amount: Double)

OrnpaBka 0ObeKTa case-KJIacca aKTOPY BbIMOJNHSIETCS CIELYIOHM
obpa3zom:

fraudControl ! Charge(4111111111111111L, “Fred's Bait and Tackle™, 19.95)

Jomyctum, 4To MeTon act akTopa COHEPXKHT MHCTPYKIIMIO CJIEAYIO-
1ero BHAA:

receive {
case Charge(ccnum, merchant, amt) => ...

Torna 3HaueHus!, HCIOJIb3yeMbIe B OMEPaLMII 3auKcienis, OyayT 1o-
CTYIIHBI B NME€PEMEHHBIX ccnum, merchant M amt.

20.3. NMNpuem cooldLLEeHnit

Coobuienus1, mochblIaeMble AKTODY, TONAAIOT B €r0 «TTOUYTOBBIIT SLIHK».
[Ipn BbI30BE METON receive M3BJIEKAET M3 MOUTOBOTO SINIKA OUEPETHOE
cooflieHre 1 TIEPeaeT ero CBOEMY apryMeHTy — YacTIYIO ONpefeseH-
Hoil ¢yukuun. Hanpumep:

receive {
case Deposit(amount) =>
case Withdraw(amount) => ...
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3116Cb apryMeHTOM MeTOZa receive SIBJISIETCS:

case Deposit(amount) => ...
case Withdraw(amount) => ...

Jrtot 6J10K 11peobpasyeTcst B 00bEKT THHA PartialFunction[Any, T], rae
T — THI pe3yJibTaTa, BLIYMCISIEMOTO MPaBLIMH YaCTAMH BbhIpaXXeHUH case.
ITO — <«4aCTHYHO OnpeesieHHasT» (PYHKIUs, IOTOMY UTO OHA OINpese-
JieHa TOJIbKO [JIsl aprYMEHTOB, COOTBETCTBYIOIHX MPEIJIOKEHHUSIM Case.

Meron receive nepeaaet COOBIEHHUS U3 MOYTOBOTO SIIMKA YKA3aHHOM
YaCTHYHO OMNpeaeNeHHOIT (h)YyHKIIHIL

MNpumeyvanue. [loctaBka COOBLUEHUIN BLINONHAGTCA aCUHXPOHHO. MopAdok,
B KAKOM OHW 6yayT AOCTaBNEHbI, 3apaHee HeM3BEeCTeH, NO3TOMY Bbl AOMXKHbI
NPOEKTUPOBaTb CBOMU MPUIOXEHUS Tak, YTOOLI OHW HE 3aBUCENU OT KaKoro-To
onpeneneHHoro nopsiaka AoCTaBky.

Eciu 11a MOMCHT Bbi30Ba METO/A receive COODLEHNE HEJOCTYHO, OH
GJIOKHPYETCSI 10 MOMEHTA MOJyYeHHsT COOBIEHHs.

Ecyi B 110YTOBOM SILIHKE 1€ OKAXKETCs COOOIIEHUH, TPUTOAHDIX IS
00paboTKIl YaCTHYHO onpenesieHHoH (DyHKIMEH, BbI30B receive TakKKe
Oyner 3a6710KHPOBaH /10 MOSIBIEHUS] COOTBETCTBYIOLIETO COOOLIEHMUSI.

BHumaHue. BnonHe BO3MOXHO, 4TO NOYTOBLIN ALK OKAXETCH AOBEPXY 3a-
nonHeH COOBLEeHNAMKU, HE COBMAAAILMMUN HU C OOAHUM U3 NpenjioXeHuin
case. Ha aT1OT cnyyan mMoxHO po6aBuTb NpennoxeHne case _ ans o6paboTku
NPON3BONbHBLIX COOBLLEHWA.

Coobuietist XpatsiTCsl B MOYTOBOM SILIMKE B BH/E MOCJEI0BATENb-
HOCTH. AKTOp LeiCTBYCT B enUHCTBEHHOM moToke. OH U3BJIEKaeT CHa-
yasia TiepBoe coobuietite, 3aTeM cieayioulee H T. 4. B Tesne akropa He
TPIHXOAUTCSI OECIIOKOITHCSI O COCTOSIHHM <«TOHKM 3a pecypcamu» (race
conditions). Hampumep, aomnycrum, 4to HMeETCs] aKkTOp, OOHOBJISIOIHIA
Gasnauc:

class AccountActor extends Actor
private var balance = 0.0

def act() {
while (true) {
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receive {
case Deposit(amount) => balance += amount
case Withdraw(amount) => balance -= amount

Het HuKakoii OmacHOCTH CMeIIMBAHHsI ONEPaLMii MPHXoAa U Pacxoaa.

BHumaHue. AkTop MoxeT 6e3 onackun U3MeHATb cobCcTBeHHbIe aaHHblie. Ho
€CNN OH U3MEHSIET AaHHble, COBMECTHO UCNONb3YyEMble HECKObKMMW akTopa-
MU, TOraa MOXeT BO3HUKHYTb COCTOSIHUE FOHKM 33 pecypcamu.

He ucrnionb3yiite oaMH U TOT XK€ 0O0BEKT B HECKOJILKHUX aKTOpaX, eCJu
He yBepeHbl B 6€30MacHOCTH BLIMOJHEHUS! MTapaJieIbHbIX ONepaluii Hax
HUM. B Heasie akTopbl HUKOrZA He JOJIKHBI 00pAIaThCst K JAHHBIM HIIH
U3MEHSITh MX, KpoMme cBoux cobcTBeHHbix. Onnako Scala He npunysxnaer
K COOJIIOZIEHUIO ATOTO TIPaBHIIA.

20.4. OTnpaBka coOOWEeHnn apyrum
aKkTopam

Koraa BbruucieHust pacrpeaessiioTcs] MeXXIy MHOXXECTBOM aKTOPOB,
KaXKabIH M3 KOTOPBIX peliaeT CBOIo vacTb obuieil 3azauil, B KOHIE He-
006X0nMO coOpath pe3ysbTaTbl BOGAHHO. AKTOPbI MOIJIH OBl COXpaHsTh
CBOM pe3yJbTaThl B 0011ell CTPYKTYpe, MoJiep KHBalonieii BO3MOXKHOCTD
UCIIOJIb30BaHMsI B MHOTOIOTOYHOM cpeae, TaKoll Kak MapasiiesbHbIi
Xelll, HO MOJIeJib aKTOPOB He MPUBETCTBYET HCIMOJIb30Bal e Pa3Ae/IsieMbIX
JaHHBIX. AJILTEPHATUBHOE pPELIeHHE 3aKTI0YaeTCsl B TOM, YTOObI aKTO-
PbI, BBIYHCISIIOLIME Pe3YJILTAThI, TIOCBITIATH COOOLIEHHSI IPYTOMY aKTOpY,
BLIMOJIHSIIONIEMY COOPKY Pe3yJibTaToB.

Kak axktop y3HaeT, Kyaa nocbuiath pe3yssratel? Ha Bbibop ecTb He-
CKOJIBKO 1Ia6JIOHOB IIPOEKTHPOBAHMUSI.

1. B nporpamme MOXET UMETLCSI PsiAl T106AbIBIX aKTOPOB. OHAKO
TaKoe pelleHHe He MaciTabHpyeMo Jisl caydasi ¢ OOJIBIIHM KO-
JINYECTBOM aKTOPOB.

2. Ccblika Ha OfMH 1K 6oJiee aKTOPOB, BBLIMOJHAONIIX cOOPKY pe-
3yJILTATOB, MOXKeT ObITH Mepe/ilaHa aKTOpY NPH €ro CO3NAHHH.
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CchlIKy Ha IPYToil aKTOp MOKHO TepeaaBaTh B BHE COOOIIEHUSI.
B mpaxTike 4acTo MCHOJIB3yeTCsT IpHeM MepeJayl CChUIKU Ha aK-
TOP B 3alIpoce, HAnpHMep:

actor ' Compute(data, continuation)

rjie continuation — APYTroil aKTOP, KOTOPOMY AOJIKHBI ObITh OTIIPAB-
JICHDI PC3yJILTaThl BLbIYHCIIEHHIA,

AKxTop MOXeT Bo3Bpalarh coobiieHue OTnpaBuTenIo. MeTox
recelve COXpaHsieT B MoJie sender CCLLJIKY Ha OTIPAaBMTENS TEKY-
HICro COOOIEHHS.

Buumanue. Koraa aktopy nepenaertcs cchinka Ha Apyron akTop, 3Ta CCbinka
[OMKHA UCNONL30BATLCA TOMLKO ANS OTNPABKW COOGWEHUNA, HO HE A1 Bbl-
30Ba METOAOB akTopa. Masno Toro, 4To 3TO HapywaeT OCHoBomonaralowme
NPUHUMNLI MOAENU aKTOPOB, HO U MOXET MPWBECTU K COCTOSIHWMIO MOHKM 3a
pecypcamu - npobneme, Ana peweHus KOTOPon 1 CO3AaBanUChb akTopbl.

20.5. Kananbi

Batecto ccbliok Ha akTOpPbI B MPHJIOKEHHH MOXHO HCIOJIb30BaTh Ka-
nanot (channels) k aktopam. TOT MOAXOA MMeEET ABa NPEUMYILECTBA.

1.

Kanasnt obecrieunBaior 6€30MacHOCT> Ha YPOBHE THIIOB — OHHU
MOCYT OTNpPABJisITh IJII MPUHUMATL COOOLIEHHsI TOJIBKO OmNpeze-
JIGHHOTO THIIA.

Kananpl 1ckj104al0T BEPOSITHOCTL BbI30BA METONOB aKTOPOB IO
HEOCTOPOXHOCTH.

Kanasi Moxer ObiTb 3K3eMIUISIPOM TpeiTa OutputChannel (C MeTOAOM
1) mau InputChannel (c MeTomoM receive miu react). Kiacc Channel Ha-
cienyer oba Tpeiita, OutputChannel ¥ InputChannel.

Yrob6bl co34aTh KaHajl, eMy HY)XHO IepefaTb akTop:

val ¢

= new Channel[Int](someActor)

Ilpu BbI30Be KOHCTPYKTOpa Ge3 MapameTpa KaHaj OyaeT IOAKIIOYeH
K TEKYLIEMY aKTopy.

AkTopaM, KOTOpbI€ 10JKHBI BO3BpAIIATh Pe3yJbTaThl, 0ObIYHO Mepe-
JIaeTCsl KauaJ BbIBOAA:

case class Compute(input: Seq[Int], result: OutputChannel[Int])
class Computer extends Actor {

while (true) {
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receive {
case Compute(input, out) => {val answer = ..., out ! answer}

actor {
val ¢ = new Channel[Int]
val computeActor: Computer = .
val input: Seq[Double] = ...
computeActor ! Compute(input, channel)
channel. receive {
case x => ... // w3BecTHO, 4TO X wumeeT Tun Int

BHumanue. O6GpaTvTe BHMMaHWe, YTO 3AECb Bbi3bIBAETCH METOA recelve
KaHana, a He camoro aktopa. Ecnu HeobxoaMMo npuvHWMaTL COODLIEHWA
HEenoCPeACTBEHHO OT akTopa, A0OaBbTe COMOCTaBNEHWE C 3KIEMNNAPOM !
case-kflacca, Kak nokasaHo HuXe:

receive {
case !(c, x) => ...

20.6. CuHxpoHHble coobweHusa u Futures

C nomoubio omepatopa ?! aKTOp MOXET OTIPaBUTH COOOLIEHHE U
*knaaTtb orBeta. Hanpumep:

val reply = account !? Depos1t(1000)
reply match {
case Balance(bal) => println(“Current Balance: " + bal)

YT06b1 3TOT NpUEM CpaboTa, HoNyyaTeab JOJXKeH BEPHYTh Cooblie-
HYle OTIIPAaBUTEJIIO:

receive {
case Deposit(amount) => { balance += amount; sender ! Balance(balance) }

OtnpaBuTtenb 610KHPYETCs], IOKAa OTBET He OyleT IoJyyeH.
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MpumevaHne. Bmecto sender ! Balance(balance) MOXHO 3anucatb
reply(Balance(balance)).

CurxpoHHbie coobuienus u Futures

BHumanue: MNpuMeEHEHNE CUHXPOHHbIX COOBLLEHNI NEerko MoXeT NPUBECTU
K B3aumMobnokupoBkam. B obuwem cnyyae nydwe mnsberatb GnokupoBaHus
BbI30OBOB BHYTPW MeToAa act akTopa.

EnBa jii1 MO2KIIO 11a3BaTh HAIE)KHOI CHCTEMY, KOTOPasi MOXKET OCTaHO-
BUTDLCSI «HABEUHO» B OXKHAAHHH 0TBeTa. UTOObI 3TOTO HE NPOU3OLLIO, UC-
noJib3yiiTe METOA receiveWithin, KOTOPOMY MOKHO yKa3aTb MaKCHMaJlb-
HO€ BpeMs! OXKIAAHUSI B MIJJIMCEKYHAAX.

Ecsu B Teuenne yka3zaHioro mpoMexxyTKka BpeMeHHU Coo0leHne He 1o-
SIBHTCsI, AKTOP MOJyYHT coobuieHue ¢ 00beKTOM Actor. TIMEQUT.

actor {
worker ! Task(data, self)
receiveWithin(scconds « 1000) ¢
case Result(data) => ...
case TIMEOUT => log(...)

Mpumeuanune. CyuiectsyeT TaKxe Bepcus MeToaa react C orpaHuyeHnem no
BPEMEHW, C UMeHeM reactWithin. (OnucaHne mMeToaa react CM. B cneayiowem
pasaene.)

BmecTo oxuaaHusi OTBETa MOKHO OPraHM30BaTb NMPUEM pe3yJbrara
B Oyayuiem — obbexTa future, KOTOpbI BEpHET pe3yJbTaT, Koraa oH Oy-
neT roToB. [lJis 3TOro MOKHO MCIOJIb30BAaThL METOM ! !:

val replyFuture = account !! Deposit(1000)

Metoy 1sSet 1103B0JISIET TPOBEPUTDL JOCTYIHOCTL pe3yJsraTa. [[sis no-
JIy4eHHs! pe3yJIbTaTa HCIOJIb3yeTCsl HOTalusl BbI30Ba (DYHKUMH:

val reply = replyFuture()

ITOT BbI3OB MOXET ObITDH 336]IOI(HPOB3H J0 MOJIYy4eHHs OTBETa.

Mpumevanme. Ecnn nbiTatbca n3Bnekartb pe3ynsrat ud obwvekta future He-
MepnneHHo, ByayT yTpayeHbl Bce NpenMyLlecTsa nepes CUHXPOHHBIMW BbI30-
Bamu metoaoB. OaHAKo akTop MOXeT OTNnoxuTe 06paboTky obbekTa future Ha
6onee no3gHee Bpems UK NepefaTtb ero APYromy akTopy.
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20.7. CoBmecTHOE UCcnosib3oBaHue
MOTOKOB BbINOJIHEHUSA

IpeactaBbTe aKTOp, OTHPABJSIIONIMI COOOIIEHIIE APYTOMYy aKTOpY.
IToTok ynpaBjieHus Jierde peaju3oBaThb, €I KaKablii akTop aeficTByer
B OTJAEJBbHOM IIOTOKE BBIMOJHEHUsI. AKTOP-OTIPaBHTEIb MOMEUAET CO-
obl1eHNne B MOYTOBDII SINIMK, U ero NoToK Beinosnenis (thread) npomo-
xaeT paboTy. [TOTOK BBLITIONHEHISI AKTOPA-TIOJYYaTE sl aBTOMATHYECKH
BO300HOBJsIET paboTy BCAKHUI pa3, KOTJa B TMOYTOBOM SIIIKE TTOSIBJISI-
eTCs1 HOBOE COODIIeHeE.

HekoTopble mporpaMMbl COfEPXKAT TaKoe GOJIbIIOE KOJHIECTBO aKTO-
POB, 4TO ObLJIO ObI CAUUIKOM HAKJIAAHO BBIAEISITh OTAETbHDIH MTOTOK BbI-
MOJIHEHMsT AJs1 KaXKA0To M3 HUX. MOXKHO /i OpraHii3oBaTh ylpaBJelne
HECKOJIbKHMM aKTOPaMH B OJIHOM INOTOKe Bbinosnennsi? Ecau npenmno-
JIOXKUTb, 4TO GOJIBIIYIO YAaCTh BPEMEHU aKTOP MPOBOMHT B OXKIIAAHUH
coobuieHnii, Torga BMECTO TOTO, YTOObI 3aK/II04aTh KaXKAbiii aKTOpP B OT-
JeJIbHBII IIOTOK BLITIOJHEHMS], MOXKHO ObLI0 6bI CO3AATh CAMIICTBEHHDIH
MOTOK, BBLINOJHAOMUN QyHKUMH 06paboTKK cO0OIIeH i HECKONbKHX
akTopon. Takoe pemenie ompaBaano, ecau (pyHKuHs-06paboTUIIK OC-
HOBHOE BPeMsl TpaTHUT Ha OXKHIaHHe CJIeAyIOlero cooduieniis.

IMono6Has opraHu3aisi 6oJble MOX0XKa HA aPXUTEKTYpY, yrpasJsie-
MyI0 coObiTHsiMI. OHAKO pean3anny MexaHn3MoB 06pabGoTKH cOOBITHIT
CTpaJaIoT OT NMpobJeMbl <MHBEPCHH ynpasieHusi» (inversion of control).
IIpencraBsTe, HAMPUMED, YTO AKTOP OXKH/IAET MOJYYUTh CHAYaIa cooobiie-
HMe OfHOrO THMa, a 3ateM Apyroro. Ytobsl He mucaTh JMHEHHDBIH KO/,
NPUHUMAIOLIMIT CHAaYasia OHO COOBITHE, a 3aTeM Apyroe, B 06paboTuIKe
COOBITHSI IPUXOAUTCSI CIENUTD 32 TEM, KAKOe COOBITHE yiKe ObLIO IPHHSITO.

B Scala umeercs Gosiee ynauHoe pererue. MeTon react NpUHUMAET
YaCTUYHO ONpeeeHHYI0 (PYHKIMIO, 106aBJIsIieT €€ B MOYTOBBII SIUK U
BBIXOAUT. J{OMycTHM, y HAC UMEIOTCSI [IB€ BIOXKEHHbIE MHCTPYKIMH react:

react { // YacTnuHo onpepenenHas ¢yHkuma f1
case Withdraw(amount) =>
react { // YacTuyHo onpenenerHas ¢yHkuns f2
case Confirm() =>
println(“Confirming " + amount)

3nech 51 [ajl MMeHa YaCTUYHO olpe/iesleHHbIM (QYHKLHSIM, apryMeHTam
MeTo/a react, KOTOpble Oyay MCMOJbL30BATH sl 0ODBSICHEHHS TOTO, KaK
NeliCTByeT NMOTOK yTIPaBJEHUsL.
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IlepBrlil BBI30B react yCTaHaBIMBAaeT CBsI3b MeXAYy (yHKumeil f1 u
MOYTOBBIM SIILIHKOM aKTOpa 1 BHIXOAWT. IIpu MOsIBJIEHUM COOOIIEHUs
Withdraw BbI3pIBaeTcsl yHKIMS f1, KOTOpasi, B CBOIO OYEPE/b, BHI3bIBAET
MeToJ| react. DTOT BBI30B react yCTAHABIMBACT CBSI3b MeXAy QyHKUUeE
2 11 IOUTOBLIM SIIL{HKOM aKTOPa M BbIXOAUT. [Ipu 10siBJIeHHuH COO01IEH ST
Confirm BbI3bIBAaeTCsl (DYHKIMS f2.

MpumeyvaHune. BTopol BbI30B react MOXET ObiTb BbLIMOMAHEH B OTAENbHOW
GyHKLMKW, MOTOMY YTO AN BbixoAa react Bo36GyxaaeT UCKIOYEHWE.

YacriuHo onpezaesnentast GyHKIs, HepegatHasi METOLY react, He BO3-
BpalllaeT 311aucHHe — Olla BLIMOJHSIET HEeKOTOpbie AeHCTBUS M HAaTaJKH-
BacTCs 11a CJeAylomii BbI30B react, KOTOpbIH npousBoauT BuixoA. Ilox
BBIXOZIOM 3J(CCL MO/[Pa3yMeBaeTCsl BO3BPAT B MeTO[, KOOPAWHUPYIOUIHI
paboTty akropa. THnom BO3BpallaeMoro 3HaueHus Takod (yHKINY sSIBJis-
eTCst Nothing — THII, CBUAETEIbCTBYIONIMI O HEHOPMATLHOM 3aBepIIEHUH.

[TockosbKy MCTOX react OCyLIECTBJISIET NPUHYAUTEIbHDIH BLIXOJ, €ro
HeJIb3sT POCTO NOMECTHTD B LIMKJ while, KaK NMOKa3aHO HIDKeE:

def act() {
while (true) {
react { // YacTuuHo onpepeneHHas ¢yHkuma f1
case Withdraw(amount) => println(“Withdrawing " + amount)

Korna 6yzer Bbi3Bal METOA act, OH BBI30BET METOA react, CBSI3bIBAIO-
M (PYHKIMIO f1 C TOYTOBBIM sILHKOM, U BbiiizeT. Korna nosaxee 6yaer
poi3BaHa (yHKUMs f1, oHa 0OpaboTaeT cooblieHne, HO HE CMOXKET Bep-
HYTbCSI B LHKJI — ITO BCErO JIMIIDL MaJleHbKast (PYHKIMSL:

{ case Withdraw(amount) => println(“Withdrawing " + amount) }

Hcnpasutb npobsieMy MOKHO HOBTOPHBIM BBI30BOM METO/a act B 00-
paboTulike COOOLIEeHMIi:

def act() {
react { // YacTuyHo onpepeneHHans ¢yHkuma f1
case Withdraw(amount) => {
println("Withdrawing " + amount)
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act()

ITOT npueM MOAMEHSIET GECKOHEUHBIH LHKJ 6eCKOHEUHOI pekypcHeii.

Mpumeuanme. IT0T BUA peKypcun He BnedeT 6ECKOHTPONbHOro notpebne-
HUS namaTy ana cteka. Kaxabii Bbi30B react 3aBepLUaeTCsi UCKMIOYEHUEM,
KOTOPOE NMPUBOAUT K O4YUCTKE CTeka.

Boasiarath 00s13aHHOCTD TPOAOJKATH MK Ha Kaxablil 06paboTynK
coobienunii He coBceM MpaBHILHO. [IJIsT 9TOI I CYUIECTBYIOT Crie-
LMaNbHble <«KOMOMHATOPBI ympaBsJeHiist BoimosieHiiem» (control flow
combinators), KOTopble aBTOMATHYECKI 06pa3yIoT LHHKJIbL.

Kom6uHaTop loop oOpa3yer GeCKOHEeUHDIH MITKJI:

def act() {
loop {
react {
case Withdraw(amount) => process(amount)

Jnst co3maHusi LHKJIOB C YCJIOBHMEM HCMOJbL3YETCS KOM6HHaT0p
loopWhile:

loopWhile(count < max) {
react {

Mpumeuanme. Metop eventloop SBNSIETCS YNpoOLLEHHOW Bepcuelt 6eckoHey-
HOro UuWkna ons react, KOTOPbIV BbINOMHAETCH, NOKa YaCTUYHO onpeaeneHHas
GyHKUMA He BbLI3OBET react ewe pas.
def act() {
eventloop {
case Withdraw(amount) => println(“Withdrawing ~ + amount)
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20.8. )KusHeHHbIN LUK aKTOpPOB

Meton act aKTOpa 3amyCKaeTcsl, KOrAa BbI3bIBAETCS €ro MeTOH start.
OO6bIUHO NOCJIC ITOrO AKTOP BXOAMT B LIMKJI, TAKOH Kak

def act() {
while (ectb 4T0 fenatb) |
receive {

Pa6ora akTopa 3aBepluaeTcsi B OJHOM H3 TPeX CJyyaes:

1. Korza MeTon act BO3BpallaeT ynpaBJjeHHe.

2. Korza paGoTa MeTONA act TPEPHIBAETCSI MCKIIOUEHHMEM.
3. Korza aktop BbI3biBaeT METO exit.

MpumeuyaHne. Metop exit - 370 3awmeHHbIR (protected) meton. OH gon-
EH BbI3blBaTbCA U3 NOAKNACCOB Knacca Actor. Hanpumep:

val actor1 = actor {
while (true) {
recelve {
case “Hi" => println(“Hello™)
case "Bye" => exit()

Jlpyrue METOAbI He MOTYT BbI3bIBATL exit() [JIsl 3aBepuIeHHs PabOTbI
aKTopa.
Mertoz exit UMeeT HeoOsI3aTeIbHbII apryMEHT, ONUCHIBAIOIINIT npuyuny
6bixoda. Bbi3oB exit 6e3 apryMeHTa S3KBHBAJIEHTEH BbI30OBY exit( normal).
Korza akrop 3aBepuiaet paboTy B pe3yJibTaTe UCKJIIOUeHHUsI, POJib OIU-
CaHUsI IIPHYHHbBI BBIXO/Ia HTPAET 9K3eMILISIP case-Kacca UncaughtException.
ITOT KJIACC MMEET CJIeAYIOlIHEe CBOMCTRA:
Q actor: akTop, BO30YAMBIINIT UCKITIOUEHHE;
QO nmessage: Some(msg), Ta€ msg sSIBJSIETCS] MOCAEAHUM COODIEHEM, 06-
pabOTaHHDBIM aKTOPOM, HJIH None, €CJI AKTOP 3aBEPIIMJICS 4O TOTO,
KaK ycrea o6pabotaTh XOTs1 661 OHO COOOLIEHHE;
O sender: Some(channel), rae channel sIBJISIETCS KaHAJIOM BbIBOJA, npen-
CTaBJISIIOIMM OTIPABUTEJIS TIOCJIEIHETO COODIIEH s, UM None, ec-
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JIM aKTOP 3aBEPUIMJICS [0 TOTO, KaK ycren o6paboraTh XOTS Obl
OJIHO COO0OlIIeHNE;
QO thread: MOTOK BBLIMOJHEHHUST, B KOTOPOM A€iiCTBOBA 3aBePIIIIBUIHIT-
Cs1 aKTOp;
QO cause: UCKIIOUEHHE.
Kak n3Bsexatb NpH4MHYy BbIX0AA, OYAET MOKA3aHo B CleayIOleM pa3-
nene.

Mpumeuanue. Mo ymonyanuio nioboe HeobpaboTaHHOE NCKNOYEHWE Bbi3biBaET
3aBepuieHne paboTbl akTopa ¢ NpUYnHON UnhandledException. B GONbWNHCTBE
Cny4yaeB B 3TOM €CTb onpeaeneHHbIn cmbicn. OaHako y Bac eCTb BO3MOXHOCTb
N3MEHUTbL 3TO NoBeAeHue, nepeonpeaenve MeToa exceptionHandler. JaHHbIN
METOoA AOMKEH BO3BpawaTh 3Ha4eHne tmuna PartialFunction[ Exception, Unit].
Ecnun yactnyiHo onpeaeneHHas GyHKUMS NPUMEHNUMA K UCKITIOYEHUIO, OHa By-
AeT Bbl3BaHa, 1 aKTOp 3aBepLUMTCsa C NpUYMHON ‘normal. Hanpumep, ecnu Bbl
He cuuTaeTe HeKOHTpopyemMble ncknoyveHns (unchecked exception) yuem-To
HeHopmManbHbIM, Ao6aBbTE Takoi 06paboTuuk:

override def exceptionHandler = {
case e: RuntimeException => log(e)

20.9. Cea3biBaHNe aKTopoB

Ecau ces3amo nBa aktopa, Kax/Ablil 13 HUX TOJYUYUT 113BeleH1e, KOT-
na aApyroii 3aBepwuT paboty. YToObl yCTAHOBUTH CBsI3b, JOCTATOUHO BbI-
3BaTh METOX link CO CCBLIKOI Ha APYroil akTop.

def act() {
link(master)

Ou ycTaHaBIMBaeT ABYHANpaBJeHHYy0 cBsa3b. Hanpumep, ccan nme-
eTCsl TJIaBHbIIi aKTOP, pacnpeaessiomuii paboTy cpe/i HeCKOJAbKHX MO/~
YHHEHHbIX aKTOPOB, OH JOJIKEH 3HATh, KOT/Ia KaKOIi-TO M3 MOAYIIHEHHBIX
aKTOPOB 3aBepLIaeTcs, YTOObI ero paboTy MOXHO ObIJIO nepeaaTth Apyro-
My aktopy. HanpoTus, ecsiit 3aBepluaeTcst riaBHbiii akTop, MoA4IiHeHHble
aKTOPBI MOJKHBI y3HATh 00 3TOM, UTOOBI MPEKPaTUTDh BLIYHCIIECHHMSI.

BHaumanue. [laxe npu ToM, 4TO METOA, 11nk yCTaHaBNUBaET ABYHaNpPaBAeHHYo
CB$i3b, OH HE ABNSAETCA CUMMETPUYHBLIM. HENb3A 3aMEeHUTL BbI3OB l1nk(worker)
Haworker.link(self). MeToa AONXEH BbI3bIBATLCSH aKTOPOM, 3anpallnBalownm
yCTaHOBNEHWNE CBA3N.
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ITo yMosruaHuio aKTOp 3aBEPIIAETCS, €CJAU CBSI3AHHBINA aKTOP 3aBEp-
IIAETCs C PHYHMHOM, OT/IMYHOH OT 'normal. B aToM ciyuae B KayecTBe
NPHYHHDI BbIXO/A TIPHIMMAETCSI TPUUMHA BBIXOAA CBS3aHHOTO aKTOPA.

Vameniith 9TO TNOBeJEHHE MOXHO, YCTaHOBMB CBOMCTBO trapExit
B 3uauelriiic true. [Tocse 9TOro aKTOp, MPUHABILKIT COOOLIEHNe TUIA Exit,
CMOJKET MOJIYYHTb 3aBEPUIMBIIMICS aKTOp ¥ NMPUYMHY BBIXOJA.

override def act() {
trapExit = true
link(worker)
while (...) {
receive {

case Exit(linked, UncaughtException(_, _, _, _, cause)) => ...
case Exit(linked, reason) => ...

ITpu pabore ¢ akTOpaMK UX HEOXKUIAHHOE 3aBEPLIEHIE SIBJISIETCST HOP-
MaJIbHBIM siBieHHeM. IIpocTo cBsKUTE BCe aKTOPbI C «IJIaBHBIM» aKTO-
pOM, KoTOpbIit 6yeT 06CcayKuBaTh 3aBeplieHne TTOAYMHEHHBIX AKTOPOB
U nepepacrpezessTh paboTy HIn mepe3anyckaTthb HX.

B 6oJb1uHX cHCTEMax aKTOPbI MOXKHO OObEAUHSITh B IPYIIIbI, KaXI0H
13 KOTOpBIX YNpaBJsieT CBOH IJIaBHBIA aKTOP.

Mpumeuanne. MNocne 3aBepweHUs akTop COXpaHAET BHYTPEHHIO Hdopma-
LM1IO 1 NOYTOBbLIY AwwmK. Ecnn notpebyeTca nasnedb nmetomecs cooblueHms,
MOXHO nepesanycTuTb 3asBeplumBlUNnCs akTop. HO nepep, 3TMM, BO3MOXHO,
npuaeTca BOCCTAHOBUTbL €ro BHYTPEHHee COCTOSIHWE wunn yCTaHOoBUTHL dnar,
yKasblBalowmin, YTO Tenepb akTop BbINONHAETCH B CnacaTenbHOM pexume
(salvage mode). Takxe npuaeTcs nepeycTaHOBUTbL BCE CBA3WM C 3TUM akTo-
POM, NOTOMY HTO MO 3aBEPLIEHUN BCE CBA3M aBTOMaTUYEeCKn pa3pbiBalOTCS.

20.10. NpoeKkTupoBaHne NPUIIOXKEeHUn
C NPUMEeHEeHUeM aKTopoB

Tenepn Bbi 3HAKOMBI ¢ MEXaHU3MOM PabOThl AKTOPOB, HO 3HAHUE Mpa-
BHJI HHYCIO 1I¢ TOBOPUT O TOM, KaK NpaBHJIBHO OPraHU30BaTh MPHUJIO-
JKenue, Hcnosb3yiollee akTopbl. Huxke mpuBOAUTCSA HECKOJIBKO COBETOB!

1. U3beraiite cOBMECTHO HCIIONL3yeMBIX AAaHHBIX. AKTOp He HOJI-

Kl 06paATHCsT I K KaKIIM JaHHBIM, KPOMe CBOMX ITI€PEMEHHBIX
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aK3eMIUIsIpa. Bce HeoGXoanMMble MaHHbIE JOJDKHBI IT€PeNaBaThCs
B BUJIE COOBIIEHMIT.

OcreperaiiTech HCHOJB30BAHUSI M3MEHsIEMBIX CTPYKTYD NaHHBIX
B coobueHusix. Ecau akTop OTOpaBJsieT CChUIKY HA H3MEHSIEMBIil
00bEKT APYroMy aKkTopy, 06a aKTopa CMOTYT IT0JIb30BATHCSI OXHUM
u TeM xe o6bexktoM. Ecin aTo meiictBuTesibHO HEOOXOAIIMO, TOTAA
AKTOP-OTNpaBHTENb [OJKEH HEMENJIEHHO OYUIIATL CBOIO KOMHIO
CCBIJIKHM, TEM CAMBIM LIEMTUKOM 11 MOJHOCTBIO OTAABast OOBEKT aK-
TOPY-TOJIy4aTeJio.

2. He Bbi3biBaiiTe MeToabl akTopoB. Ecau o aktop Oyznet Bbi3bl-
BaTh METO/bI IPYTOro aKTOPa, Bbl MOJYUHTE Te e camble mpobie-
Mbl CUHXPOHH3AI[HH, KOTOPble TPe6GyIoT npuMelieHist 610KHpOBOK
B TPAJMIMOHHOM MapajieJbHOM HpOrpaMMHpoBaHuH. Vicrnoss-
3yiiTe KaHaJbl, YTOOBI H30€XKaTh UCKYIEHHSI.

3. CoxpaHsiiTe peasu3alnuio aKTOPOB Kak MOXIHO 6osiee mpocToil.
B nporpamMmax Ha OCHOBe aKTOPOB TIpolile Pa30HPaThCs, eCi Kax-
IbIi AKTOP BBIMOJIHSIET MPOCTHIE OMepalliii B LIKJIE — NpHeM 3a-
JaHUs1, BBIYHCJIEHHE OTBETA Il ero OTMPaBKa CJEAYIOLIEMY aKTOPY.

4. Bxuiouaiite B COOOIEHHST KOHTEKCTHbIE AaHHblE. AKTOP MOJKEH
UMeTb BO3MOXKHOCTH MpPABHJIBHO HHTEPIPETHPOBATL COOOLIEHME,
HaXo[sACh B M30JISIMH, HE HMesT BO3MOXKHOCTH OTCJIESKHBATL CBSI-
3aHnble coobmenus. Hanpumep, pa3bupas Kpynuylo 3afayy na n
(bparMeHTOB, COBCEM HENUIIHUM OyAeT yKa3aTh IOPSIIKOBbIH HO-
Mmep (parmeHTa i U3 n.

5. MunuMusupyiite oTBETHI, BO3BPAIaeMble OTIIPABIITENIO. AKTODPDI
He TpefHa3HaYeHbl UTpaTh POJIb yAaJeHHbIX npouenyp. Pabora
JIOJDKHA PacCIpenesisiTbCs TakK, YTOObl CeTb aKTOPOB BBIYMCISIIA
[POMEXXYTOUYHBIE PE3YJITaThl H IepefaBaja X APYTHM aKTopa,
peanusyionuM nx oObeauHene.

6. MunuMusupyiite KoJan4ecTBO GJOKUPYEMBIX BbI3OBOB METOJOB.
Korza aktop 6JOKHpYeTCs, OH He MOXKET MPUHUMATL COOOLIEHUST,
HO aKTOPbl, OTIPABJAIONHE cOObIeH s, e 3HAI0T 06 atoM. Kak
pe3yJIbTaT coobIieHns1 OYAyT HAKAIUIIBATLCS B MOYTOBOM SILIHKE
3abmoKupoBaHHOro aktopa. IIpu peamnsanuil BBoJa/BbIBOZA MO-
ayMaiite 00 HCIoab30BaHHI HEeGJIOKHPYIONHMX (ACHHXPOHHBIX)
orepanuii BBOJa,/BbIBOA, TAKHX KaK aCITHXPOHHbIE KaHalbl B Java.
WsberaiiTe CMHXPOHHBIX BbI30BOB. OHII GJIOKIPYIOTCS I MOTYT
NPUBECTU K COCTOSIHUIO B3aUMOOIOKHPOBKIL.

7. Ucnonb3yiiTe MeToj react, KOTAAa 3TO BO3MOKHO. AKTOPDI, HC-
MOJIB3YIOLINE METO/ react, MOTyT COBMECTHO AeiiCTBOBaTh B OAHOM
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MIOTOKE BBIIOMHEHUA. MeTof react MOXXHO HCIIOJIb30BaTh BO BCEX
cayyasx, Korga o0paboTyuk cooOLieHUsT BBIMOJHSET HEKOTOpbie
JeCTBYSI 11 BBIXOMUT.

[TpenycmarpuBaiiTe BO3MOKHOCTL aBapUIHHOTO 3aBeplIeHNs] aKTO-
poB. B aBapuiiHOM 3aBepilleHHM aKTOpa HET HUYEro HEOOBIYHOTO,
11€06X0/IIIMO JIMIIL BBIAEAUTDH CELUANBHBIA aKTOP, KOTOPbIH Oy-
JIET BBLIMOJHATH HEOOXOAMMbIE COMyTCTBYIOIMe onepanud. O6b-
efMHsiiTe B3aMMOCBSI3aHHBIE aKTOPbl B TPYNNbl W Co3[aBaiiTe
[JIaBHDIH aKTOp B KaXIO0it U3 HUX. EANHCTBEHHOI 003aHHOCTHIO
JIaBHOTO aKTOPA JIOJKHO OBITH yIpaBjieHHEe aBapUITHO 3aBEpILUB-
IHMHCST AKTOPaMHU.

YnpaxHeHus

1.

Hanuummre nporpaMmy, relepupylomyio MacCUB M3 7 CJyvail-
HBIX uucen (rae n — AOCTaTOuUHO OOJiblIOE 3HAueHue, Hanpumep
1 000 000) 11 3aTeM BLIYMCIISIIONLYIO CPEAHee 3HAYEHHUe, pacnpese-
Jis1sT paboTy MEXAY HECKOJbKUMH aKTOPaMH, KaXKIbl U3 KOTOPBIX
BBIYMCJISACT CYMMY JJIst pparmMeHTa MaccuBa U OTIIPABJIsIeT pe3yJib-
TAT aKTOPY, OODENUHSIONIEMY PE3YJILTATHL.

Kaxoil 11pupocT B CKOPOCTH MOJYYUTCSI MPH BBLINOJHEHHUU MPO-
rpaMMbl Ha JIByX- WIH YeTbIpeXbsIePHOM IpoLeccope B CpaBHe-
HHUM C OAHOMOTOYHOH peanu3anueii?

Haniire nporpamMmy, KOTOpasi YuTaeT 0o0Jibliioe U300paXkeHue
B 9K3eMIUISIp BufferedImage ¢ MOMOILBIO javax.imageio.IOImage. read.
Peasnsyiite 11€CKOJbKO aKTOPOB, KaXkK/[blil U3 KOTOPBIX MHBEPTH-
pyerT 1Bera B cBoeii noJyioce nzobpaxenust. [Tocsie 06paboTku Beex
10JI0C COXpaHliTe pe3yJbTar.

Hamuite nporpamMmy, NOACYMTLHIBAIOLLYIO KOJUYECTBO COBMaje-
Hii ¢ 3a/aHHbIM PeryJsipHbIM BbIpajkeHHeM Bo Bcex aiiyax, BO
BCeX MoJKartajiorax, llaynHasi ¢ ykasaHHoro karajora. Cospairte
[0 O/THOMY aKTOPY ISl Kaxcaoro ¢aiiia, OAMH akTop Auasi o6xonaa
JiepeBa 110/1KaTajloroB W OJUII aKTOp AJisi cOopa pe3ybTaToB.
VaMenute nporpaMMy M3 NpelblAyLIero ypaxKHEHHs TaK, YTOObI
oHa BLIBOJAMJIA Hali/leHHbIE COBMNAAEHUS.

V3MelinTe mporpaMmy M3 MPeablAyLIero yIpaKHeHHUs: Tak, YTOObI
JUTSI KQXK[I0r0 COBMNAZIeHHs] BLIBOAMJICSI CIIUCOK BceX (hailjios, rie
3TO coBmajenie OblJIo 1aiaeHo.

Hanmminre nporpanmmy, codpaiouryio 100 aktopos, Mcnosb3yio-
IHX LIHKJ while(true)/receive H BBI3BIBAIOLMX println(Thread.
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10.

currentThread) TIPW TIOJTy4eHUH coobmeHus ‘Hello, u 100 akTOpOB,
[eJIAIoIUX TO XK€ CaMOe C HCIOJIb30BalHeM KOHCTPYKINHI 1loop/
react. 3aMycTUTE UX BCE U OTIpaBbTe BeeM coobuienne. CKOMbKO
TIOTOKOB BBITOJIHEHUST OBIJIO CO3/AHO B TEPBOM CJIyvae I BO BTO-
pom?

JlobaBbTe raBHBIA aKTOP B NMPOTPAMMy M3 YMpaxHeHHs 3, KOTO-
pbIii coieaus1 651 32 aKTOPaMH, BBITTOJIHSIONHMH uTenie daiinos, i
perucTpupoBa Obl Cayyau HX 3aBEpIIEHHST B pe3yJbrate HCKJIIO-
yeHust I0Exception. ITompoOyiiTe HCKyCCTBEHHO CHOCOGCTBOBAThH
BO3OYKIEHUIO HCKJIIOYeHHs, yaassist (aiisibl, 3arnjiaHMpOBaHHbIE
17151 06paboTKH.

ITokaxcute, xak mporpaMMa Ha OCHOBE aKTOPOB MOJET NOMNACTb
B CUTYAlHIO B3aHMOOJIOKMPOBKH, KOTZA BCE AKTOPbI HCIOJb3YIOT
TOJIbKO CHXPOHHbIE COOOMIEHHSI.

Hanumure omu60yHyI0 BEPCUIO MPOTPaMMBbl M3 yMpaskHeHUst 3,
B KOTOPOI aKTOPbI U3MEHSIIOT COBMECTHO HCIOJIb3yeMbIi cyeT-
yuk. CMoxeTe Ji1 Bbl MOKa3aTh, YTO NMporpamMma jeiicTByer He-
NpaBUJIbHO?

[MepenuimuTe nporpaMmy H3 yrpakHeHust 1, opraniizoBaB B3anMo-
nedCTBUsI MOCPENCTBOM KAHAJIOB.
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21.10. TawHa CanBuildFrom.

YnpaxHeHuns.

Hesisibie npeobpa3oBaiiiist 11 HesiBHbIE MApaMETPLI SIBJISIOTCST MOLIHBIM
uHcTpyMenToM si3bika Scala, BoinostsiionuM 60/bpmo0it 06beM paboT 3a
KyJatcaMil. B aroil raaBe Bbl y3HaeTe, Kak UCMONb30BaTh HesIBHbIE Npe-
obpasoBatiiist [Jisl PaCIIHpelins BO3MOXKHOCTeEil CylecTBYIOUINX KJIACCOB
1 KaK HesiBlible 00beKThl aBTOMATHYECKH BbI3bIBAIOTCS [J1s1 BBIOJTHEHHST
npeobpazoBaHiii 11 peleHust Apyrux 3azxay. [IpuMeHsist HesiBHbIE 11Peo0-
pa3oBaiusi, MOYKHO TIICATh BeChbMa dJIeraliTHbie GUOIHOTEKH, CKPbIBAIO-
[{e HeHYXKHbIC MOAPOOHOCTH OT CBOMX MOJIb30oBaTeeH.
OcHoBHbIE TeMbI ITOil IJIaBbI:

Q

Q

a

HesiBHbIe Npeobpa3oBaHusT IHCIOJB3YIOTCS Uit IIpeoOpa3oBaHUsI
THNOB 0ObEKTOB;

uTOOb! HesiBlible 1PeobpasoBatist ObLIM JOCTYITHbL B BHE HPOCTHIX
HeHTH(HKATOPOB, HX CJIEAYEeT UMIIOPTHPOBATD;

HesiBHBIT napaMeTp Tpebyer HAIHYKs 00bEKTa AAHHOTO THIIA; Ta-
KOii 06BEKT MOXKIIO TIOJYUMTb 113 HESIBHOTO OODBEKTA, OIpeesisie-
MOIo B 06J1aCTH BHIMMOCTII B BMJIE IPOCTOrO HAEHTH(HUKATOPA,
11 13 06bEKTa-KOMIIaHbOHa TPeOYEMOro THIIA;
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Q ecsn HesIBHBIIH MapaMeTp SIBISIETCS (PYHKIIUEH C eIMHCTBEHHBIM ap-
TYMEHTOM, OH TaKKe HCIIOJIb3YeTCsl KaK HesIBHOE MpeoOpa3oBaHie;

O rpanuiia KOHTEKCTa MapameTpa Tula TpeOyeT HAJIUYUsST HEeSIBHOTO
00beKTa IAHHOTO THIIA;

O ecnn ecTb BO3MOXKHOCTb OTHICKATh HEsIBHBIH OODBEKT, OH MOXET
CJIYXKHTD JI0Ka3aTeJbCTBOM IOMYCTHMOCTH MPeodpa3oBaHus THUIIA.

21.1. HesiBHble npeoOpa3oBaHus

Dynryus Hes8nozo npeobpaszosanus (implicit conversion function) —
3T0 (YHKIHS C €IUHCTBEHHBIM MAPAMETPOM, OOBSIBJEHHBIM C KJIOYe-
BBIM CJIOBOM implicit. Kak MOKHO NpeanosioXuTh U3 Ha3BaHUsl, Takasl
(yHKIMST aBTOMATHYECKH TIPUMEHSIETCSI [IJIs1 TIPe0Opa30oBaHusi 3HAYeHUM
M3 OJHOTO THIIA B IAPYTOH.

Huke npusomutcs mpocToil mpumep — GyHkims, npeobpasyiolast
1IeJI0€ YHCJIO 1 B palMOHaIbHOE 7/1.

implicit def int2Fraction(n: Int)- = Fraction(n, 1)

Tenepb MBI 1OJiy4aeéM BO3MOXKHOCTDL OIIpeAe/IsITh TaKHe BbIUHUCJIEHUS:

val result = 3 + Fraction(4, 5) // Buwgoser 1nt2Fraction(3)

DyHKIMA HESIBHOTO IMpeoOpa3oBaHUsi MPEBPATHT IeJIoe Yucjao 3
B 00BEKT Fraction, a 3aTeM OYZET BbIIOJHEHO YMHOXEHHE ITOrO 00D-
eKTa Ha 3HaueHue Fraction(4, 5).

@Oyukuun npeobpazoBaHUs MOXKHO AaTh Jiioboe ms. [Tockosbky aTa
(yHkuus He GyneT BbI3bIBATHCS SIBHO, MOXKET MOSIBUTHCSI COOJIA3H aTh
eil kopoTkoe umsl, Takoe Kak 12f. Ho, kak 6yzeT noxkasano B paszene 21.3
«/IMIopT HesIBHBIX NpeoOpa3oBaHMii», HHOra ObIBAET HEOOXOAMMO M-
noptupoBaTh (PYHKIIH npeoOpazoanuil. [TosToMy npit BeiGope HMEH s
HpeJiaraio NpuaepKUBaThCsl COTJIalleHust source2target.

Scala — He mepBbIil A3bIK, TO3BOJSIONIIT TPOrPAMMIICTY ONpPEEJSITh
aBTOMaTHueckue npeobpasosanus. Ho Scala paet mporpanmniicty 6osee
MOJIHBIA KOHTPOJIb Haj TeM, KOTZa NMPHMEHSTh 3TI Npeobpa3oBaHusl.
B crenyommx pasgenax 6yner rOBOPUTbCS O TOM, KOTJla HMEHHO IPO-
U3BOASITCS NPeoOpa3oBaHUsI U KaK MOKHO YIPaBJSITh 9THM IPOLECCOM.

Mpumevanue. B C++ HesBHble Npeobpa3oBaHys MOXHO onpeaensTb B BUAE
KOHCTPYKTOPOB C €4MHCTBEHHLIM apPryMEeHTOM nan QYHKLUN-4NEHOB C UMe-
HeM operator Type(). OpHako B C++ Henb3a BbIGOPOYHO 3anpelartb nnn pas-
pewartb NCNoNb30BaHNe 3TUX GYHKUWUIN, YTO 4acTO NPUBOAUT K HexenaTenb-
HbIM Npeobpa3oBaHUAM.
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21.2. Ucnonb3oBaHue HEesBHbIX
npeobpa3oBaHnii ANa pacluMpeHus
CyLLeCTBYIOWMNX OMdNnoTek

[Ipixomutocs Ji BaM KOrza-HUOYb COXKajleTh 00 OTCYTCTBUU B KJIac-
ce nexoroporo merona? Hamnpumep, 66110 6b1 BecbMa KCTaTH, €cau Obl
B KJIacce java.10.F1ile HMeJICST MeTO/| read [UIst YyTeHuUs (paiiya:

val contents = new File( README").read

Kax mnporpammicty na Java, BaM OCTaeTcsl TOJBKO 0OpaTHUTBHCS
¢ npocwboii B kopropauuio Oracle Corporation, ytoObl oHYM H0OGaBUIU
9TOT McToA. Yaauu!

B Scala 1nmeercst B03M0OXKHOCTDL ONpeennTh paclupeHblil Tu, pea-
JU3YIOLLIHII BCE, YTO BaM 1HEOOXOANMO:

class RichFile(val from: File) {
def read = Source.fromFile(from.getPath).mkString

U 06bsiBITD HEsiBHOE npeobpa3oBaHue B 3TOT THIL

implicit def file2RichFile(from: File) = new RichFile(from)

[Tocsne aToro y Bac nosiBHTCSI BO3MOKHOCTb BbI3bIBAaTh METOJ read JJIsl
00bEKTOB TINA File, KOTOpbIE 6y11yT HessBHO npe06p33013blBaTbCﬂ B 00D-
eKTbI Tina RichFile.

21.3. MMnopT HesiIBHbIX Npeodpa3oBaHUN

Kommisitop Scala aBromMaTyecku o6uapysknBaeT (PyHKLMM HESIBHO-
ro npeodpa3oBaHILs:
1) B o6beKTe-KOMIIaHbOHe HCXOAHOIO HJIM 1EJIEBOrO THIIA.
2) onpezesenHsie B TeKylleil o6macTi BUANMOCTH (TO €CTh BUAUMbIE
KaK npoctbie 1naentTHhuKaTopol).

PaccmoTpum B kauectse npuMepa pyHKIHIO int2Fraction. Ee MoxHO
HIOMECTHTDL B 0OBEKT-KOMIIAHLOH Fraction, H OHa GymeT HOCTyNHA AJIS
1Ipeobpa3oBaliiisl LEIbIX YHCEJ B pallHOHAJbHbIE,

C apyroii CTOPOHbI, JIOILYCTHM, YTO MbI TIOMECTHJIM €€ B 0OBEKT Frac-
tionConversions, KOTOPDLIii olnpezieseH B IMakeTe com.horstmann.impatient.
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Ecnu B IIporpaMMe BO3HUKHET HOTpe6HOCTb B 9TOM Hp606pa3OBaHHH,
MOXHO UMIIOPTHPOBATH 0b6beKT FractionConve rsions, Kak ITOKa3aHO HMXe:

import com.horstmann. impatient.FractionConversions. _

Crenyionieil HHCTPYKLUUHY UMIOPTA OYAET HENOCTATOYHO:

import com.horstmann.impatient.FractionConversions

Ona uMmnoprupyer 06BeKT FractionConversions, U MeTOA 1nt2Fraction
GyleT IOCTyNeH MOi MMeHeM FractionConversions.int2Fraction Jo6oMy,
KTO MOJXKeJaeT BbIMOJHUTH NpeoOpaszoBanue siBHO. Ho ecim (yHKumst
HeZIOCTYITHA 1T0J{ MPOCTHIM, HeKBATH(MUIMPOBAHHBIM HIEHTH(DUKATOPOM
int2Fraction, KOMIIMJISITOP He GYZET HUCIOJIL30BATD €e.

Cosert. Beeante komaHay : 1mplicits B MHTepakTMBHOWM 06onoyke REPL, 4To-
6bl NONYYNUTb CNNCOK HesBHbIX NpeobpasosBaHnii, UMNOPTUPOBAHHBLIX N3 UC-
TOYHWUKOB, OTANYHbIX OT Predef, nan komangy :implicits -v, 4T06bl NOAYYUTL
CMUCOK BCEX HESIBHbIX Npeobpa3oBaHnii.

[ns MUHUMU3A[UU KOJIMYECTBA IHexesaTeJbHbIX Mpeobpa3oBaHHi
UMIIOPT MOXKHO JIoKanu3oBaTh. Hanpumep:

object Main extends App {
import com.horstmann.1mpatient.FractionConversions. _
val result = 3 + Fraction(4, 5)
// Wcnonb3yeT wmnopTuposaHHoe npeobpasosaHue
println(result)

Vimeercst naske BO3MOXKHOCTb BHIOOPOYHO HMIIOPTHPOBATD TOJIBKO Iie-
obxoxuMbie peobpazoBaHusi. JJOMyCTHM, YTO HMEETCs elle OJHO Ipe-
obpa3oBaHHe:

object FractionConversions {

implicit def fraction2Double(f: Fraction) = f.num - 1.0 / f.den

Ecnu BB mpeznoyteTe 310 NpeobpasoBanue mepes 1nt2Fraction, €ro
MOXKHO MMITOPTHPOBAaTh Kak:
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import com horstmann impatient FractionConversions fraction2Double
val result = 3 » Fraction(4, 5) // result nonyuut 3Hauexue 2 4

Kpome Toro, 1neercst BO3MOXKHOCTb HCKJIIOYATh OTEJbHbIE MPeod-
pasoBaHHs 113 HMIMOPTA:

import com.horstmann.impatient.FractionConversions. {fraction2Double => _, _}
// WMnopTupyeT Bce, kpome fraction2Double

CoseT. Ecnu Bbl Mwnte NpuymHy, NoYemy KOMMUASTOP HE WUCMONb3YeT He-
sBHOe npeobpa3oBaHne, KOTOpoe, NO BalUEMy MHEHWIO, AOMKEH WUCMOoNb-
30BaTtb, NonNpobyiTe BLINONHWUTL Npeobpa3oBaHUE SIBHO, HaNpuMep Bbi3BaB
fraction2Double(3) = Fraction(4, 5). B peaynbrate Bbl MOXETE NOAY4YUTL CO-
obueHne 06 owmnbke, NposcHsowee npobnemy.

21.4. NpaBuna HesIBHbIX NpeoOpa3oBaHui

HesiBubie npeo6paaoBauuﬂ NNPHMEHSIOTCA B TPEX Pa3HbIX CUTYaLlUAX!
U ecnu tin BbIpa’KeHHs1 OTJIUYAETCS OT OXKHIA€MOro THIIA:

sqrt(Fraction(1, 4))
// BusoseT fraction2Double, notoMmy 4To sqrt oxupaeT noayuuTb Double

U ecuit BoinoJitsiercst obpanieHiie K HECYLIECTBYIOIEMY 4JIEHY 00b-
eKTa:

new File( README").read
// BuwzoseT file2RichFile, notoMmy uTo File He wumeeT meTopa read

U ecnu BbI3bIBAETCS METO/, [TapaMeTpbl KOTOPOI'0 HE COOTBETCTBYIOT
YKa3aHHbIM apryMeHTaM:

3 « Fraction(4, 5)
// BuzoseT 1nt2Fraction, noToMy 4To MeToa * Tuna Int He npuHumaer
// aprymenT Tuna Fraction

C npyroii cTOpoHbI, CYILECTBYIOT TPH CHUTyaLMH, KOTJAa HESIBHOE IIpe-

obpa3zoBaHue He BHITOJHSIETCS:

Q ecsit nporpaMMHbIit KO KOMIHJIUPYETCS 6€e3 HesIBHOTO npeo6pa30-
BaHlisl, HallpUMep €CJIH BbIpa)K€HHUE a * b MOXET 6bITb CKOMITUJIU-
poBaHo 6C3 1esBIOTOo npeoépasonaﬂml, KOMITUJIATOP He 6yueT IbI-
TaTbCsl CKOMITIJIMPOBATL €ro Kak a * convert(b) HJIM convert(a) * b,
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a

a

KOMITMJISITOP HUKOTZA HE IBITAETCS MPUMEHUTh CPa3y HECKOIbKO
npeo6pa3013aHHi'I, TaKMX KakK converti(convert2(a)) = b;
HeoJIHO3HauYHbIe TPeoHPa30BaHHsI CUMTAIOTCS OMINOKOI, HanpuMep
ecan oba mpeobpa3oBaHusl, converti(a) « b 11 convert2(a) = b, KO-
[YCTUMBI, KOMITUJISITOP COOOIUT 06 omubKe.

BHumanue. MNpaBunno, kacawoleecs HEOAHO3HAYHOCTH, NPUMEHSIETCS TONLKO
K 06beKTaM, K KOTOpbIM NpuMeHsieTca npeobpasosaxne. Cnyyai

Fraction(3, 4) + §

He ABNSeTCH HEOAHO3HA4YHbLIM, TOMIbKO NOTOMY 4TO 00a,
Fraction(3, 4) = 1nt2Fraction(5)

7]

fraction2Double(Fraction(3, 4)) = 5

npeobpa3soBaHus fonycTuUMbl. MNpeanoyteHne GyaeTt otaaHo nepsomMy nNpeot-
pas3oBaHuio, NOTOMY 4TO OHO He TpebyeT npeobpa3oBaHus o6bekTa, K KOTO-
pPOMY NpUMeHseTcs MeTos *.

Cosert. Ecnu Bam notpebyetcs onpenenvTb, Kakoe UMEHHO HESIBHOE npe-
o6pasoBaHue 6bIN0 NPUMEHEHO KOMMUASTOPOM, CKOMMUANPYINTE NpOrpaMmy
KOMaHAon:

scalac -Xprint:typer MyProg.scala

Bbl yBUANTE UCXOAHBIN NPOrpaMmMHbI kog nocne nobaBneHus HESBHOTO npe-
obpasoBaHus.

21.5. HeqaeHble napameTpbl

DyHKUMS WX METOZ MOKET MMETb CITUCOK [TapaMeTPOB, IOMeYeHHDIi
KJIIOYEBBIM CJIOBOM implicit. B aToM ciyyae komnusitop Oyer nojpic-
KHBaTh 3HAYEHUsI 110 YMOJIYAHUIO s repefayy B Bbi3oB ¢hynkuuu. Hu-
’Ke MPUBOIUTCS TIPOCTOI NMpUMep:

case class Delimiters(left: String, right: String)

def quote(what: String)(implicit delaims: Delimiters) =
delims.left + what + delims.right

MeTtox quote MOJKHO BBI3BaTh, SIBHO rnepegaB eMy 0OBEKT THIIA
Delimiters:

quote(“Bonjour le monde”)(Delimiters("«", "»")) // BepneT «Bonjour le monde»
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O6paTtute BHUMaHUE, YTO CYIIECTBYIOT /[BA CIIUCKA APTyMEHTOB.
IT10 — «KappuposaHuas» Gyukuus (cM. raasy 12).
Criicox 1esIBHBIX [1apaMeTPOB MOXKHO OMYCTHTD:

quote(“Bonjour le monde™)

B sTOM cilyuae KOMITIJISITOP MOMPOOYET OThHICKATh HESIBHOE 3HAUEHHE
TiNa Delimiters. ITO JOJIKHO OBITH 3HaYeHHe, OOBSIBJICHHOE KaK imp-
licit. IToiick Takoro o6bekTa GYAET BHIMOJHEH KOMIUJISTOPOM B ABYX
MecCTax:

QO cpenit Bcex 06bsiBIeHHI val 1 def TpeOYeMOro THIA, HAXOASLIMXCSI

B 06JIACTIH BHJ(MMOCTH H HMEIOIIHX [POCTbie UAEHTH(PUKATOPHI;

Q B ob6bekTe-KOMNaHbOIE THIA, CBSI3AHHOTO ¢ TPeOYEMbIM THUIIOM;

B YIICJIO CBSI3AHHBIX THIIOB BXOAWT CaM MCKOMBII THI H, €CJIH 9TO
napaMeTpH30BalHbI THII, €rO MapaMeTpbl TUIIA.

B namenm npumepe 6yzer tesiecoobpa3to cosiaTh 0OBEKT, TaKOi Kak:

object FrenchPunctuation {
mmplicit val quoteDelimiters = Delimiters("«", "»")

H 3aTCM HMIIOPTHPOBATL BCC 3HAYEHUA H3 obbeKTa:

import FrenchPunctuation. _

HJIH TOJILKO T[)C6YEMOC 3HadeHHe:

import FrenchPunctuation.quoteDelimiters

nocJie yero B (hyHKuHio quote OyAyT mepemaBaThcsl (ppaHILy3CKHE Orpa-
HHYHTCIIH,

NMpumeyanue. CyuiecTeoBaTb MOXET TONbKO OHO HEAABHOE 3HaYeHue val 3a-
AaHHoro tuna. To ecTb MCNONL30BaTh HEsIBHbIE MapameTpbl Hanbonee pac-
MPOCTPaHEHHbIX TUNOB — HE camas nydwas uaes. Hanpumep, takoe onpe-
nenexuve:

def quote(what: String)(implicit left: String, right: String) // Hert!

He 6YAET pa6oraTb — HEBO3MOXHO nepenatb B BbI3OB ABE pa3Hble CTPOKWU.
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21.6. HesiBHbIE nNpeoOGpa3zoBaHus
C HESIBHbIMU NapameTpamMm

HesBuble mapaMeTpbl (YHKIMI TakKe MOTYT HCIIOJb30BaThCS AJisI
HesIBHOTO IpeobpasoBatust. YTo6bl yOEAHUTLCS B 9TOM, PACCMOTPUM IS
Hayaja cJefyIoNyIo NPOCTYI0 0600IEHHYIO (PYHKIHIO:

def smaller[T](a: T, b: T) = 1f (a < b) a else b // Huyero ocobeHHoro

B neiicTBuTENBHOCTH TaKoe ompesesierine He OyIeT KOMMIIHPOBATh-
cs1, MOTOMY YTO KOMITHJISITOP HE YBepeH, NPUHAJIeXaT Jii 3HAUeHHsI a U
b THMaM, 06JAMAIONUIMM OMEPATOPOM <.

[lnst pewenust mpo6jieMbl MOXKHO nepenath (BYHKUIHIO Npeobpa3oBa-
HUST:

def smaller[T3}(a: T, b: T)(implicat order: T => Ordered{T])
= if (order(a) < b) a else b

Tak kak TpeiT Ordered[T] UMeeT orepaTop <, NPUHUMAIOIUI 3HAYEHHE
Tuna T, 3Ta Bepcusi OYAET CYUTATHCST KOPPEKTHOH.

[Mono6HblE CUTYAllMK BCTPEYAIOTCST B MPAKTHKE HACTOJIBKO YaCTO, YTO
B 00DBEKT Predef ObIIM BKJIIOUEHDI OTIPEEIeHNsT HeSIBHBIX 3HAUEHU I THIIA
T => Ordered[T] A HIMPOKOrO Kpyra TUIIOB, BKJIIOYAass BCE THIIbI, yXKe
peanusyiomue Ordered[T] uau Comparable[T]. biarozapst 3ToMy MOXHO
BbI3BaTh:

smaller (40, 2)

u

smaller(“Hello™, "World")

Yr1o6bl BLI3BATD

smaller(Fraction(1, 7), Fraction(2, 9))

HEeoOX0MUMO ONPeNEeNUTh (yukIuio Fraction => Ordered[Fraction] U 6o
nepezaTh ee B BbI30B, JMOO caesaTh JOCTYNMHOI Kak HesiBHOE 3Have-
nue (implicit val). OcraBssiio 9T0O BaM B KayeCTBE CaMOCTOSITEJbHOTO
yOpaXkKHEeHHUs1, TIOTOMY YTO 3TO YBOAUT HAC B CTOPOHY OT TeMbl JaHHOTO
paszena.



[paHUUBI KOHTEKCTO galll..

A Tenepp BepHeMCs K CyTH. B3IJISIHUTE ellle pa3 Ha OMpe/e/ieHIe:

def smaller[T](a: T, b: T)(implicit order: T => Ordered(T])

Obpatiite BHIIMAHME, YTO order — 9TO (DYHKIHS C €AUHCTBEHHbBIM Ma-
pPaMeTPOM, OHa OTMEUEHA KJIIOYEBBIM CJIOBOM implicit M MMEET MPOCTOii
uzgentHgikarop. Takiim 06pa3om, 3TO He TOJLKO HEsIBHDIH [apaMeTp, HO
u nesenoe npeobpasosanue. To ecTb BHI30B order B TeJsie Haieil pyHKINM
MO>KHO OMYCTHTb:

def smaller(T](a T, b: T)(implicit order: T => Ordered[T])
= 1f (a < b) aelse b
// BuwzoseT order(a) < b, ecan a He umeeT onepaTopa <

21.7. I'paHNLbl KOHTEKCTA

[TapameTp THIIA MOXET HMETDh TPAHHIly KOHTEKCTa B hopme T : M, rae
M — apyroii o606uieH bl T, ITO TPeOYeT HAJIUYUA B 0OMACTH BUIH-
MOCTH HEsIBHOTO 3HAveHust THa T[M].

Hanpumep, o6bsiBieHme

class Pair[T : Ordering]

TpebyeT HaJiiyiisl HESIBHOrO 3HaueHusi THHA Ordering{T]. DTO HesIBHOE
3HayeHHe MOXET 3aTeM HCMoJIb30BaThCsl B MeTojax kiacca. Hanpumep:

class Pair[T : Ordering](val first: T, val second: T) {
def smaller(implicit ord: Ordering[T]) =
1f (ord.compare(first, second) < 0) first else second

Ecai nonpitaThest co3math new Pair(40, 2), KOMIIUJISATOD ONpPENENUT,
yTo TpebyeTcsi co3nath Pair[Int]. Biarogaps HalHUMIO HESIBHOTO 3HAYe-
Hua Tuna Ordering[Int] B 001acTH BUIUMOCTH Predef TUI Int COOTBET-
CTBYET IPaHMIE KOHTEKCTa. TO 3HAYEHHE CTAHOBHMTCS MOJeM Kiacca
OyzeT nepefaBaThbCsl METONAM, TPEOYIOLIUM €ro.

[Tpu >KesaHuu HEesIBHOE 3HAY€HHE MOXKHO M3BJIEKATh C MOMOIIBIO Me-
TOo/a implicity B KJlacce Predef:

class Pair[T : Ordering](val first: T, val second: T) {
def smaller =
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if (implicitly[Ordering[T]].compare(first, second) < 0) first
else second

chHKI_lI/IFI implicitly ompeneJsieHa B Predef.scala, KaK MOKa3aHO HHXKE:

def implicitly[T](implicit e: T) = e
// Ona Bb30Ba HEABHLIX 3HAYEHUN U3 NPEUCMOAHEN

MpumeyaHme. Kak METKO OTMEYaAET KOMMEHTapUiA, HEABHbIE OOBLEKTbI «KN-
BYT» B «NPEUNCNOAHEN» N He3aMeTHO A06aBNsIoTCA B METOAbI.

Tak>xe MOXXHO MCNOJIb30BaTh TOT (haKT, YTO TPEIiT Ordered OMpeEsIeT
HesBHOE Tpeobpas3oBanne w3 THma Ordering B THI Ordered. ITocie M-
MOpTa 3TOr0 MpPeodpa30BaHUsI TIOSIBISIETCS BOBMOYKHOCTD HCIOJIb30BAaTh
orepaTopbl OTHOLIEHHUI:

class Pair[T : Ordering](val first: T, val second: T) {
def smaller = {
import Ordered._;
if (first < second) first else second

OxHako BCe 3TO JIHMUIb He3HAUMTEJIbHbIC BapHALIIH; caMoe BaKHOe 3a-
KJIIOYAETCsl B TOM, YTO BB MOXKETE CO3/aBaTh 3K3EMIJISIPbI Pair[T] Be3-
Jie, Te JOCTYIHO HEesIBHOe 3HaueHue Tuma Ordering(T]. Hampinep, ecin
notpebyeTcsi co3iaTh nmapy Pair[Point], HEOGXOAUMO OyACT OMpCAETHTD
HesIBHOE 3HayeHue Ttuma Ordering[Point]:

implicit object PointOrdering extends Ordering[Point] {
def compare(a: Point, b: Point) =

21.8. HesiBHbIN NapamMeTp NoATBEepPXAEeHUs

B rnaBe 17 BbI TO3HAKOMMJIUCH C MEXAaHU3MOM OrpaHUYEHHsI THUNOB
(type constraints):

T << U
T <%< U
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MexaHu3M OrpaHU4YeHUsI THUIIOB IIPOBEPSIET, SIBJSETCS JIM TUI T paB-
HbIM THILY U, IIOATHIIOM U HJIH MOXET HESIBHO MPeo6pa3oBbiBATLCS B THII
U. YTo6bl HMETh BO3MOXKHOCTb MOJIb30BATHCS TAKHMH OTPaHUYEHHSIMH,
cienyet j106aBUTL HESIBHBII MapaMeTrp, TAaKOH Kak

def firstlast{A, CJ](1t: C)(implicit ev: C <:< Iterable[A]) =
(1t.head, 1it.last)

KOlICprKI_IH}I =:=, <I< H <%< B IEHCTBUTENBHOCTH SIBJISIIOTCS KJlaccaMu
C HeABHbIMH 3HAYEHHSIMH, 06DBABJICHHBIMU B 00DbEKTE Predef. Hanpleep,
HUXXE NMPHBOIHTCSI (l)a1<Tuqe01<oe onpezaesieHre Kiacca <:<

abstract class <:<[-From, +To] extends Functidn1[From, To]

object <:<
implicit def conforms[A] = new (A <:< A) { def apply(x: A) = x }

HonycTiiM, YTO KOMNUISTOPY Tpebyercsi 06paboTaTh KOHCTPYKLHMIO
implicit ev: String <:< AnyRef. OHa HamoMUHaeT 0ODBEKT-KOMIIAHbOH ISt
HEsSIBHOrO 06beKTa THIA String <:< AnyRef. O6paTUTE BHUMAaHME, UTO <:<
SIBJISIETCS] KOHTPABAPHAHTHLIM B MO3ULMK From M KOBapHAaHTHBLIM B TO-
suiuu To. I[ToatoMy 06DBEKT

<:<.conforms[String]

MOJKET HCIONL30BATLCS KAK K3EMIUISIP String <:< AnyRef. (Taxsxe Mor Obl
MICTIOJIb30BATBCS IK3EMILISIP <: <.conforms[AnyRef], HO OH MeHee clielua-
JIM3UPOBAHHDIH 1 TTOTOMY HE PACCMATPUBAETCS.)

Mbr HasbiBaeM ev «0ObeKTOM moatBepxkaeHusi» (evidence object) —
€r0 CYLECTBOBAHUE MOATBEPXKIAAET TOT (HAKT, UTO B JAHHOM CJIyYae THI
String SIBJISICTCSI TIOATHIIOM AnyRef.

B naiuiem npumepe 06beKT MOATBEPKAEHUS sIBJIsieTCs: DyHKIUMeH naeH-
tuyHoctu (identity function). UtoGsl MoHsATH, 3a4eM HyXKHA (PYyHKIMs
HIEHTHYIIOCTH, B3IJISTHITE BHUMATEJIbHEE 1A CJIEYIOlee ONpeesieHue:

def firstlast[A, CJ(1t: C)(implicit ev: C <:< Iterable[A]) =
(1t.head, 1t.last)

B neiicTBHTENLHOCTH KOMIUJISITOP HE 3HAET, YTO C SBJSAETCS TUIIOM
Iterable[A] — 1e 3abbiBaiiTe, 4TO <:< He OCOOEHHOCTb S3bIKA, a BCEro
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gumpb kiaacc. [IoaToMy BBI3OBBHI it.head ¥ it.last C €TO TOYKU 3PEHUSI
HemonycTuMbl. Ho ev sBisieTcsl yHKIMeEN ¢ OMHUM MapaMeTpoM U TI0-
TOMY — HEsIBHBIM TpeoOpa3oBaHueM u3 C B Iterable[A], 11 KOMTIHMASATOP
MPUMEHSET €€, BBIYMCIAS ev(it). head 11 ev(1t).last.

Cosert. YT06Ob!I NPOBEPUTL HanNMYye 0606LIEHHOrO HEIBHOrO 06beKTa, MOXHO
BbI3BaTh GyHKUMIO 1mplicitly B MHTEpakTMBHON obonouke REPL. Hanpumep,
sBeanTte implicitly[String <:< AnyRef], n Bbl nonyunte pesynbraTr (KOTOPbLIN
saBnsieTca dyHKumen). Ho komaHaa implicitly[AnyRef <:< String] 3aBepumTcs
¢ coobuieHnem o6 owunbke.

21.9. AHHoTauusa @implicitNotFound

AHHOTauusl @implicitNotFound reHepupyeT coobuienue o6 ouoKe,
KOTZIa KOMITUJISITOP He MOJKET CO3/IaTh MapamMeTp aHHOTHPOBAHHOTO TiI-
na. Ha3naueHue aHHOTALMKM — TPENOCTABHTH MPOTPAMMHUCTY TMOJIE3HOE
coobuienre 06 omubke. Hanpumep, knace <:< aHnoTHpOBaH Kak

@implicitNotFound(msg = “Cannot prove that ${From} <:< ${To}.")
abstract class <:<[-From, +To] extends Functioni[From, To]

To ecTb ecyiv MOMBITATHCST BbI3BATh:

firstLast[String, List[Int]](List(1, 2, 3))

KOMIMHUJIATOP BbIBEIAET COOﬁIlIGHl/IeZ

Cannot prove that List[Int] <:< Iterable[String]
(HeBoaMoxHo ybeanTbes, uto List[Int] <:< Iterable[String])

Yro msist nporpaMmucta 6yzaer 6oJiee 0UE€BHAHOI MOJICKA3KOMH, 4eM Co-
06IIIEHHE TI0 YMOJUAHUIO:

Could not find 1implicit value for parameter ev: <::<[List[Int], Iterable[String]]
(He HanpgeHo HesBHOe 3HaueHwe ana napametpa ev: <::<[List[Int], Iterable[String]l])

O6paTHTe BHUMaHKE, YTO B COOOIIEHUH 06 omnbKe BMeCTO ${From}
${To} GBLIM MOJACTABJIEHDI NAPAMETPBI THMA From 11 To AHHOTHMPOBAHHOIO
KJ1acca.
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21.10. TanHa CanBuildFrom

B riaBe 1 roBopiJIOCH, UTO BbI AOJKHBI UITHOPUPOBATH HESIBHBIN Ma-
pameTp CanBuildFrom. Teriepb Bbl FOTOBDLI Y3HaTb, KaK OH AeiiCTBYET.

Paccmorpum Metox map. Heckosibko ympoiiasi, MOXXHO CKa3aTb, YTO
METOJL map sIBJISIETCsI METONOM Iterable[A, Repr] co ciexmyiomieil peanu-
3aLyiels:

def map[B,That](f:(A) => B)(i1mplicit bf:CanBuildFrom[Repr,B,That]):That = {
val builder = bf()
val 1ter = 1terator()
while (1ter.hasNext) builder += f(iter.next())
builder.result

31ech Repr — 9TO «THII HpencraBieHusi» (representation type). [lau-
HBII TapaMeTp MO3BOJIsieT BbIOpaTh COOTBETCTBYIONIHE (PaOpUKH TO-
crponteneii (builder factories) asist 11€06bIYHBIX KOJJIEKLHMIA, TAKMX KaK
Range MJIM String.

Mpumeuanne. B 6ubnnorteke Scala meTon map B AEACTBUTENBHOCTY onpeae-
neH B TpenTe TraversableLike[A, Repr]. To ecTb B 60n€e 4aCTO NCNONb3YEMOM
TpenTe Iterable HEeT HEO6XO0AMMOCTY onpeaensaTb NnapaMmeTp Tuna Repr.

Tpelit CanBuildFrom{From, E, To) sIBJISAETCS NMOATBEPXKAECHUEM BO3MOX-
HOCTH CO3JaHIsl KOJUJIEKUMH TUna To, XpaHslleil 3HayeHus Tuna E, TO
ecTb COBMECTIMOIi ¢ THrom From. Ho, npexzae yem ob6cysxaath ocobeH-
1OCTH CO3zaliMsl THX 06BbEeKTOB noATBepaeHui (evidence objects), mo-
CMOTPHUM, UTO OHH [IEJIAIOT.

TpeiiT CanBuildFrom MMeeT METO. apply, BO3BPAILAIOUINiT OOBEKT THUIA
Builder[E, Tol. Tun Builder 1MeeT METOABI +=, 11151 4OOABIEHUS HIEMEHTOB
BO BILyTpeliluii 6ydep 1 result mJsl CO3MAHUSI JKeJAEMOMH KOJIJIEKLIHH.

trait Builder[-E. +To] {
def +=(e: E): Unit
def result(). To

trait CanBuildFrom[-From, -E, +To] {
def apply(). Builder[E, To]
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To ecTb MeTOx map MPOCTO KOHCTPYUPYET MOCTPOUTENh YKA3aHHOTO
THUIIA, 3aMOJIHSIET MOCTPOUTENbh 3HAUEHUsAMI (DYHKIHI f 11 BO3BpAlAEeT
MOJIYYMBILYIOCH KOJIJIEKIIHIO.

Kaxxnas xonmekuus uMeeT 1eaBHbIi 06beKT CanBuildFrom B CBOEM 00D-
eKTe-KOMMaHbOHe. B3rsiHiTe Ha YMPOUIEHHYIO BEPCHIO CTaHAApPTHOTO
KJjiacca ArrayBuffer:

class Buffer[E : Manifest] extends Iterable[E, Buffer(E]]
with Builder[E, Buffer[E]] {
private var elems = new Array[E](10)

def 1terator() = ...
private var i = 0
def hasNext = 1 < length
def next() = { 1 += 1, elems(1 - 1) }
}
def +=(e: E) { ... }
def result() = this

object Buffer {
implicit def canBuildFrom[E : Manifest] =
new CanBuildFrom[Buffer[_], E, Buffer[E]] {
def apply() = new Buffer[E]

PaccMmoTpuM BbI3OB buffer.map(f), rae f — dyukuus Tina A => 8. He-
SIBHBII MapaMeTp bf MOJIyyaeTcsi BHI30OBOM MeTOa canBuildFrom[B] 0OB-
eKkTa-KoMnaHboHa Buffer. Ero Merton apply BO3BpauiaeT MOCTPOITEND,
B IaHHOM cJjyyae Buffer[B].

Tak cayuusnoch, uTo KJacc Buffer yxe nmeeT METO[ +=, BO3Bpallalo-
mWMA caM 3K3eMIUIsIp Kjacca. To ecTh Buffer SIBJSIETCSI MOCTPOHTENEM
LI caMoro cebsl.

Opanako moctpouTesb [J1s1 Kjacca Range e BO3BpaliaeT 3HaueHne THIa
Range, U COBEPIIEHHO OYEBU/HO, YTO 3TO HEeBO3MOXKHO. Hamnpiimep, Boipa-
JKeHue (1 to 10).map(x => x » x) UM€eT 3HaYeHue, TII KOTOPOro OTJIMYaeT-
cs OT TUMa Range. B meficTBuTesbHOCTH B 6ubanoTeke Scala kiacc Range
Hacjaenyet IndexedSeq[Int], a 00DbEKT-KOMIaHbOH IndexedSeq onpenensieT
NOCTPOUTENb, KOHCTPYHUPYIOUIUIT 3K3eMIJISIp TUMA Vector.

Hwuxe npuBoauTCst ynpolueHHoe onpeeieHye kiacca Range, e B Ka-
YyeCTBE MOCTPOUTEJISI UCNOJIb3YyeTcs Buffer:
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class Range(val low' Int, val high® Int) extends Iterable[Int, Range] {
def 1terator() = ...

object Range {
implicit def canBuildFrom[E : Manifest] =
new CanBuildFrom[Range, E, Buffer[E]] {
def apply() = new Buffer[E]

Teneps paccMOTpuM BbI30B Range(1, 10).map(f). ITOT METO UMEET He-
SIBHDII mapaMeTp implicit f: CanBuildFrom[Repr, B, That]. Tak kak Repr —
3TO THII Range, CBSI3aHHBIMU THUTIAMH SIBJISIIOTCS CanBuildFrom, Range, B U He-
U3BECTHBIN THI That. O6BHEKT Range BO3BpAllA€T COOTBETCTBHE BHI30BOM
ero Meroza canBuildFrom[B], 1<0Topbli'1 Bo3BpalaeT CanBuildFrom[Range, B,
Buffer[B]]. DTOT OODBEKT SIBJSIETCS apryMeHTOM bf, a ero MeTox apply
Bo3BpaulaeT Buffer[B] /s MOCTPOEHUs pe3yJbTara.

Kak T01bK0 uTO 611710 IOKA3aHO, HESIBHBII MapaMeTp CanBuildFrom[Repr,
B, That] oTbickuBaeT (haOpHUHbIl 06BEKT, KOTOPbI MOXET CO34aThb I10-
CTpPOMTEND ISl KOJeKnu yKazauuoro tuna. ®abpuka nocrpouresneii
(builder factory) ompenesneina kak HesBHOe 3Hau€HHE B OOBHEKTE-KOM-
naHboOHe Repr.

YnpaxHeHus

1. Kak geiictByet onepatop ->? To ecTb Kak 3aCTaBUTh BbIPaXKEHHSI
“"Hello” -> 42 11 42 -> "Hello” 06pa3oBBIBATH Mapbl (“Hello”, 42) W
(42, "Hello")? Ilomcka3ska: Predef.any2Ar rowAssoc.

2. Ompejeniite omepatop +%, R00ABJISIONNIT YKa3aHHBIA MPOLEHT
K 3nauennio. Hanpunmep, Bbipaxenue 120 +% 10 JOJIKHO BEPHYTb
132. [lonckaska: Tak Kak onepaTopbl SIBJASIIOTCS MeTOLaMu, a He
(DyHKUISIMIL, BAM TaK)Ke MPUAETCS peaji30BaTh HesIBHOE MpPeod-
pasoBaHHe.

3. Bowio Obl HEIJIOXO HMEThb BO3MOXKHOCTb OMPENEJIUTh OMEepaTop
BbluKcenus (pakTopuasa, YToObl BhIpAXKEie 5! BO3BpaLaio 120.
[louenmy ato HeBo3MoxkHo? [lompo6yiiTe peannsoBaTh omnepatop
(paxkTopnana xax i.

4. Hexoropble mporpaMMHUCTbl 000aioT «cBoboxHbie API», koto-
pble UHTAIOTCS TIOUTH KaK OOBIYHBII TEKCT HA aHTJIUHCKOM SI3bIKE.
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10.

OmpenenuTte takoii API 17151 yTeHust B KOHCOJIM II€JIBIX U BEMIECT-
BEHHBIX UMCEJ, a TaKXe CTPOK, YTOOBI 'C €ro MOMOMIbIO MOXHO
ObIIO 3amucaTh, HAMpUMeED, TAKYIO IHCTPYKUIIO: Obtain aString
askingFor «Your name» and anInt askingFor «Your age» and aDouble
askingFor «Your weight».

Peanusyiite Bce HEOOXOAMMOE MJIsI BLIYHUCTEHHS BbIPasKeHIIsI

smaller(Fraction(1, 7), Fraction(2, 9))

u3 paszena 21.6 «HesBHbie nmpeoOpa3oBaHiisi ¢ HESIBHBIMU Tapa-
Merpamu». J[obaBbTe Kiacc RichFraction, Hacjexylouuii Ordered
[Fraction].

Peanusyiite jexkcukorpagpuueckoe cpaslienne 00DBEKTOB KJacca
java.awt.Point.

ITpononxuTe npeabiayllee ynpaXKHeHNe U peasn3yliTe cpaBHEHHE
JIBYX TOYEK Ha KOOPAMHATHOH IMJIOCKOCTI MO HX PACCTOSIHHMSIM OT
ueHTpa KoopauHat. Kak MoxHO oGecreunTh BoIOOpP MEKIY ABYMsI
CpaBHEHHUSIMU?

Bocnosb3yiitech koMaHmoii implicitly B HIITEPAKTIIBHOIT 060104 Ke
REPL, 4To6bl MOJIyYHUTh CIIHCOK HESBHBIX OOBHEKTOB, OMIICAHIIBIX
B pasnese 21.5 «Hesipubie mapametpoi» 11 B paszaene 21.6 «He-
sIBHBIE TIpe0Opa30BaHusl ¢ HESIBHBIMU MapaMeTpamu». Kakne o6mb-
€KTbl Bbl MOTY4UJIN?

OTbluTe 00BEKT =:= B Predef.scala. OO6DbsICHIITE, KaK O AEHCT-
BYET.

Pe3yJIbTaTOM BBIpaXKEHMUsI «abc».map(_. toUpper) sIBJISIETCSI 3HaYE€HHE
THNAa String, a pe3yJabTaTOM BBLIPaXKEHHsI «abc».map(_.tolnt) — 3Ha-
yeHue tuna Vector. OODICHNUTE, TOYEMY.



Fmasa 22. OrpaHnueHHbIe
NPOAOCIDKEHMUS

TeMbl, paccmaTpuBaemMblie B 3TON rnase K]

22.1. CoxpaHeHue 1 BbiI30B NPOAOIKEHWNNA.

22.2. BblMUCNEHNA C «AblpKamMu»,

22.3. YnpaBneHue BbiNnoAHEHWEM B Gnokax reset U shift.
22.4. 3HayeHue BbipaxeHus reset.

22.5. Tunbl BblpaXeHw reset u shift.

22.6. CPS-anHoTauuu.

22.7. MNpeobpasoBaHne pekypcun B ntepaumu.

22.8. YcTpaHeHue UHBEPCUM ynpasneHus.

22.9. CPS-TtpaHcdopmauma.

22.10. TpaHchopMMpPOBaHMUE BIOXEHHbIX KOHTEKCTOB ynpasieHus.
YnpaxHeHus.

ooooco0ooco0C0oo

[Iponosxenist (continuations) — BecbMma MOLHAsT KOHCTPYKLHUS, IO-
3BOJISIIONIAsT PEAJIM30BATh MEXaHH3Mbl YIPABJIEHUS] MOTOKOM BBIMOJHE-
HUST, OTJIMUIIBIC OT 31AKOMBIX YCJIOBHBIX MHCTPYKUUI, IIMKJIOB, BLI30BOB
¢yuxuiii 1 nckmouenuii. Hanpiimep, ¢ UX MOMOLIBIO MOXKHO BEPHYTb-
Cs1 K NPE/bLLYIIIM BHIYIICHEHUSIM HJIH H3MEHHTb TOPS/I0K BBIIOJHEHHUS
¢parmenton nporpammbl. Koay-To aTH BO3MOXIIOCTH MOTYT 110Ka3aThCsl
CJIMIIKOM 3ayMHDBIMH — OHII He Mpe/Ha3HayeHbl ISl NPUKJIAAHBIX TIPO-
rPaMMHMCTOB, 110 pa3paboTuHKKU OUOJINOTEK MOTYT B3SITh Ha BOOPY KEHHE
BCIO MOLIb [TPOAOJKEHHIT 1 CliesIaTh ee MPO3payHO AOCTYTIHOM JJIst OJIb-
3oBaresieii 6116MI0TEK.
Ocuioslble TeMbl 3TOI ryaBbL:
U mpozosiketiiisi H03BOJISIIOT BEPHYThCs1 Ha3ad, K HEKOTOPOil TOYKe
B TIPOrPaMME;
O upososikeniist 3aXBaTbIBAIOTCS B GJI0KE Shift;
O ¢yukuust npomoJiKeHiss IPOCTHPAETCS 10 KOHLA OXBATHIBAIOLIETO
6Ji0Ka reset;
U mnpozosKeliiie — 3TO «BCE OCTAJIbHbIE BLIYHCIEHHSI» OT BhIPAXKEHUSI
¢ 6;10k0M shift 11 10 KOHIIA OXBaTbiBaIOlIEro 6JioKa reset, rae 6J0K
shift 3aMeiiaeTcst «AbIPKOiiy;
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O npu BbI30BE MPOIOJUKEHNSI C APTYMEHTOM OH 3aMEIIAeT «IBIPKY»;

U mporpaMMHBIN KOA, cozaepxaiuil BblpaskeHHsI shift, MOXHO Iie-
penucaTh B «CTHJIE TPOAOJDKEHUit> (continuation-passing style),
unu CPS, BIJIOTh 10 KOHIIa OXBaTbIBAIONIETO BBIPAXKEHUS reset;

QO metog, conepxaiuit BbipaxkeHue shift 6e3 BbIpaXkeHHs reset, J0J-
skeH otMeuatbest CPS-anHoranumeir;
[POIOJIKEHHST MOTYT HWCIOJIb30BAThCST ISl MPeobpa3oBaHusl pe-
KypCcUBHOTO 06X0Ja IPEBOBUIHBIX CTPYKTYP B HITEpaIUi;

O npomosKeHUs: MOTYT 136aBJIsITh OT MPOOJIEMbl «HHBEPCHIT yIpaB-
nenust» (inversion of control) B BeG-MpHIOXKEHUSIX 1 B IPHJIOXKe-
HusiX ¢ rpaduyeckuM uHTEpdeiicoMm.

22.1. CoxpaHeHUue U BbI3OB
npoAoJIKeHNA

IIpodorcenue (continuation) — 310 MexaHM3M, MO3BOJSIOLIIT BEp-
HYTbCSI Ha3aj K HEKOTOpOH Touke B mporpamme. I'ze aTo MOXeT mpu-
roauThesa? PaccMOTpUM omnepaiiio uteHus (aiina:

contents = scala.io.Source.fromFile(filename, “UTF-8").mkString

Ecnu daiin ne cymectsyert, 6yzeT Bo3byxkaeHo Hckiouenie. Bel Mo-
JKeTe MepexBaTUTh 3TO HCKJIIOUEHKe H OMPOCUTD NOJIb30BaTe sl yKa3aTh
npyroe ums ¢aiina. Ho kax Toraa BepHyTbest Hasal, K onepaLii YTeHHs
(aiina? Paspe He 6b110 6B MpOILe IPOCTO MepeliTH Ha3al, K TOUKe, Ie
BO3HHKJIAa omKMOKa, M MOBTOPHTL MonbITKy? IIpomosrkernist mo3BossioT
clesaTh 3TO.

CHauana HeoOXoxuMo 3axeamums (capture) npojoJikende, 3azeii-
CTBOBaB KOHCTPYKIHIO shift. BHYTpH 2TOi KOHCTPYKLIH HEOOXOLANUMO
TOYHO OMHUCaTh, YTO Bbl COOMpaeTech JejaTh C MPOJOJIKeHIeM, KOTAa
OHO Yy Bac mosiButTcs. Hare Bcero NpoAoKeHHsl COXPaHSIOTCs AJsT HC-
M0JIb30BaHUsl B JQJIbHEIHIIEM, KaK NOKa3aHO HIKe:

var cont: (Unit => Unit) = null

shift { k: (Unit => Unit) => // npoponxexue nepepaetcs B shift
cont = K // 3axBaTuTb ANA AaNnbHEMWero MCnoNb30BaHWA

B nanHOM ciyyae mponosbkenne — (yHKimst 6e3 apryMenToB it 6e3
BO3Bpall[aeMOro 3HaueHHs (TOuHee, C apryMeNnTOM Il BO3BpallaeMbIM
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3HavenveM tuma Unit). C NpPOAOJKEHHSIMM, MMEIOIUMU APTYMEHT U
BO3BPALIAEMOC 3HAYECHHC, Mbl TIO3HAKOMHMCSI HUXKE.

YT106bl BCPHYTbCSI B TOUKY shift, HY>KHO IIPOCTO BbI3BATh MPOAOJIMKE-
HHEe, 06PATHBUIICH K METOMY cont.

B si3bike Scala icnosnb3yiores oepanuuennvie npodorxncenus (delimited
continuations) — POCTHPAIONIMECS 10 ONpPeAeSEHHBIX IPaHULL. [paHULIbl
TPOIOJIKCHIIS ONPEAEISIOTCsT BJIOKOM reset { ... }:

reset {
shift { k: (Umit => Unmit) =>
cont = k

} // BuinonHeHue MeTola Cont HAYMHAETCA B 3TOM TOUKE. .

} // .. ¥ 3akaH4MBaeTCcA 34eCb

ITpu BBI30BE METOAA cont BHINOJIHEHHE HAYMHAETCS C TOYKHU, CIEAYIO-
uieil cpasy 3a GJ0KOM shift, M MPOAOJIKAETCS O IPaHUIbI 610K reset.

Huske npuBoauTest nosHblil npumep. 34ech BbIMOJHSIETCS YTEHHE U3
(hailna 1 coxpaHsieTcst I1POAOJIKEHHE.

var cont: (Unit => Unit) = null
var filename = "myfile.txt”
var contents = "

reset {
while (contents == "") {
try |
contents = scala.io.Source.fromFile(filename, "UTF-8").mkString
} catch { case _ => }
shift { k: (Unit => Unmit) =>
cont = k

Y1060 BEPHYTDLCA Ha3daZl, AOCTATOYHO IMPOCTO BbI3BATh IIPOAOJIXKEHUE!

1f (contents == "") {
print("Try another filename: “);
filename = readlLine()
cont() // BepHyTbca Hazap k shift
}

println(contents)
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MNpumevanue. B Bepcum Scala 2.9, 4yTo6bl CKOMRMAMPOBATL MPOrPaMMmy
C MpoAoMKeHnsaMU, HeobxoaAMMO NOAKNIOYUTL pacluMpeHne KoOMNuAAaTopa,
peanuayiouiee NoAAEPXKY NPOAONXEHUN':

scalac -P:continuations:enable MyProg.scala

22.2. BbluncneHus ¢ «abipKkamMmm»

st 6onee TOYHOrO MOHWUMAHUS, YTO COXPAHSIETCS B TPOMOJIKEHUH,
MOXKHO TPEACTaBJIATh OJOK shift Kak «abipky» (hole) B 6i0Ke reset.
IIpy BBI30BE TIPOAOJIKEHUST MOXKHO TEPeaTh 3HAUYEHHE B 3TY <«IABIPKY»,
W BBIYHUCJIEHHUS] OYAYT BBITIOJHATHCS, KAK eCin Obl GJIOK shift HMeN 3TO
3HaueHue. PaccMOTpUM cienymomuii BBIMBIIIIEHHBIA pUMep:

var cont : (Int => Double) = null
reset {
0.5 « + 1

Ecnu 3aMeHUTDb 6JI0K shift «IbIPKOIi», MOJTYYUTCS:

reset {
0.5 « [+ 1

Ecnu BBI3BaTh cont(3), AbIPKA 3aMOJHUTCS 3HAUYEHHEM 3 M BbIpaXkeHHe
B 6J10Ke reset BepHeT 2. 5. IHBIMU c10BaMH, cont B IAHHOM CJIy4ae — 3TO
npoctast QyHKUuUs OT x: Int => 0.5 « x + 1.

[Ipomomkenue uMeeT TUM Int => Double MOTOMY, UTO JbIPKA 3aIOIHSIET-
cs1 3HaYeHHEM THMa Int, a BbIPAXKEHHE BBIYIICJSIET 3Hayelne THIa Double.

Mpumeuanune. B npeablaywiem pasgene 6bin0 cO30aHO NPOAONXKeHWe, He
npUHUMalowee U He BO3BpaLLAoOWee HUKAKUX 3Ha4YeHWA. MMEeHHO noaToMy
OHO 6bI10 06BABNEHO C CUrHaTypoi Unit => Unit.

22.3. YnpaBneHue BbiNoJIHeHNeMm
B 6nokax reset m shift

TTopsiTOK BBITIOJIHEHUsI TPOrPAMMHOIO KOjia B OJIOKaX reset/shift Mo-
’KeT T0Ka3aTbCsl HEMHOrO CTPAHHBIM, MOTOMY YTO OHH TNpeCefyIoT JBe
1eJIM cpa3y — omnpeaeneHne (GYHKIUH MPOAOKEHISI H ee COXpaHeHMHe.

! B Scala 2.10 noazepsKka npoioJuKeHHIT BKJIOUCHA B KOMIIHJIATOP MO yMOJIua-
nuio. — Ilpun. peo.
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Korza B nmporpamme BCTpedaercst OJIOK reset, BBIIOJIHSIETCS €rO Te-
so0. Korzia Berpeyaercst 6710k shift, €ro Teio BBINOIHAETCA ¢ (yHKIMEN
npoIoJoKeliist B KayecTBe apryMenTa. Korma 610K shift 3aKkaHYMBaeTCs,
yrpasJieliiie 1eMeJieHHo TepefaeTcsi B KOHel[ 0XBaThIBAIOIEro Oj0Ka
reset. PaccMoTpiM ciexyiomuii Kou:

var cont - (Unit => Unit) = null

reset {
println( "Before shift”)
shift {
k: (Unit => Unit) => {
cont = Kk

println(“Inside shift”) // Nepexon B koHeu 6noka reset

}

println(“After shift”)
}
println( After reset™)
cont()

Bo Bpemst BbinoJiieHist 6j10Ka reset 3TOT ()parMeHT BbIBEIET:

Before shift
Inside shift

3aTem yrpasiicHiie 6y/eT nepefato B KOHel| 0JI0Ka reset, 1 )parMeHT
BBLIBC/ICT:

After reset

Haxoticly, korza 1pon30iiieT BLI30B cont, yIIpaBjaeHue OyAeT nepeaaHo
06paTio B 6JI0K reset, i ()parMelT BbIBEIET:

After shift

O6paruTe BHUMAIIE, YTO KOJ Mepes shift He SBJASETCS 4acThIO MPO-
nomxeniust. IIpogoswkenine HauMHAETCS C BbIPAXKEHHs, COAEpIKallero
6J10K shift (KOTOpBIl TPEBpPAIAeTCsI B «ABIPKY»), U MPOCTHPAETCS 0
KOHI@a 6JioKa reset. B gaHHOM ciiyyae npoxo/keHne UMeeT BHIL:

[ uUnmat => [J ; println("After shift™)
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d)ymcm/m cont MMeeT mnapaMeTp Tuia Unit, ¥ AbIPKa TPOCTO 3aMella-
eTcs 3HaueHHueM ().

Mpumeuanue. Kak BuanTe, shift BHyTpy 6noka reset Npon3BoavUT HEMEOIEeH-
HbI BbIXOA, 32 npeaensbl 6noka reset. TO Xe NPOUCXOAUT, KOrAa Bbi3bIBAETCA
NPOAOMXEHME, KOTOPOE NEPEXOAUT BHYTPL 6noka reset W BCTPeYaeT apyrowvt
6nok shift (MnM TOT xe camblih Bnok shift B uukne). BoidaBaHHaa dyHkums
HeMeAIeHHO 3aBepliaeTca U Bo3BpawlaeT 3HaveHue 6noka shift.

22.4. 3HayeHue BblpaXeHusa reset

Ecaun BoimonHenue 6J0kKa reset 3aBEPIUHACTCA B pe3yJipTaTe BCTPEUYH C
6710KOM shift, ero 3Ha4YeHWEeM CTAHOBUTCSA 3HAUYEHUE 6noKa shift:

val result = reset { shift { k: (String => String) => "Exit” }; "End" }
// pesynbtaTt: "Exit”

OZIHaKO, ecau 6NOK reset BBIMIOJIHACTCS J10 KOHIIa, €ro 3Ha4yeHHueM
CTAHOBUTCS 3HAUYEHHE MOCTEIHEr0 BbIYUCIEHHOTO B OJIOKe BbIPa>X€HUSI:

val result = reset{ if (false) shift{ k:(String=>String) => "Exat™ }; "End” }
// pesyabTaT: “End”

Ha npaxTuke MOeT NMPOUCXOAUTb ¥ TO, ¥ APYroe, ecian OJOK reset
COZIEP>KUT YCJIOBHYIO MHCTPYKIUIO MJIM LUK

val result = reset {
if (scala.util.Random.nextBoolean()) {
shift {
k: (String => String) => {
TExit”

}
else "End”

B nanHOM ciywae pesysabraT cnyqaﬁHbIM o6pa30M 6yzle"r noJjyyaThb
3HayeHue "Exit"” uam "End".

22.5. Tunbl BbipaXxeHni reset u shift

O06a BblpakeHus1, reset U shift, B AeHCTBHTENLHOCTH SIBJSIOTCS Me-
TOJaMH C TapaMeTpaMH THUIOB: reset[B, C] # shift(A, B, C]. Caenyromas
«Inmaprajika» IeMOHCTPHPYeET, KaK BBIBOASITCS THITBI.



Tunbl BepaxeHmit reset u shift ggilll.

reset {
nepen
shift { ki (A => B) =>// Tun A u B BwBOAATCA OTClAA
BHYTpH // Twn C
} // “Oupka” uvmeeT Tun A
nocne // [onxHO BO3BpawaTbCs 3HaveHue Tuna B

3nech THII A — 9TO THIT apTyMEHTA MPOAOJKEHUS, TO €CTh THUIT 3Haye-
HIIsl, «3aM0JI1Is1101Iero AbIpKy». TH B — 3TO THN 3HAaYeHHs], BO3Bpallae-
MOrO MPOJIOJIXKEHHEM IIPH ero BbI3oBe. Tum C — 3TO OXHAAEMBIH THII
BbIPXKEHHSI reset, TO €CTh THI 3HAYCHHSI, BO3BPALIAEMOro GJIOKOM shift.

BHumaHue. Ecnu 610k reset MOXeT Bo3BpalwaTb 3HaveHne nioboro 13 Tmnos,
B unn C (M3-3a HaANMYMA YCNOBHbIX MHCTPYKUWA uau uuknos), Toraa Tun B
nonxeH 6biTb NoaATUNOM C.

AT THIBI TPEOYIOT 0c060ro BHUManus. ECJIM KOMIUISITOP HE CMOXKeET
BBIBECTH 11X IPaBHJIbHO, OH BBIAACT BECbMa TYMaHHOe coollieHue 06
ournbxe. PaccMoTpiiM, HanpuMep, Kaxyieecss 6E3BpeHbIM H3MEHEHHE
B NpHMepe 113 NpeAbIAYLIero pasjela:

val result = reset {
1f (uti1l.Random.nextBoolean()) {

shift {
k: (Unit => Unmit) => { // A n B obbaBneHu kak Unit
TExit” // C - aTto String
} // “pupka” shift wumeet Tun Unit
}
}
else "End” // Tvwn String He asnsetca Tunom Unit

[Ipo6aema B TOM, uTO GJIOK reset MOXKET BEPHYTb 3HAueHHE THIIA
String, KOTOPDLIII He ABASETCS TUIOM Unit.

CoseT. Ecnu Tunbl BLIBOAATCA HE Tak, Kak xoTenocb 6bl, B 6nokun reset u
sh1ft MOXHO Ao6aBuTL NapameTpbl TMNOB. Hanpumep, NpuMep Bbile MOXHO
caenatb paboToCNOCOBHbIM, €CNN N3MEHWUTL TUMN NPOAOXEHNA HA Unit => Any
1 ucnonb3dosartb reset[Any, Any].

M3-3a HazoeauBbix cooOueHuii 06 omnbKax MOXET MOSIBUTLCS CO-
6s1a3H moAGUpaTh THIBL METOAOM nepebopa, MOKa COOOLIEHHs He HC-
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ye3HyT. He mommaBaiitech MCKyIIEHHIO M BHUMATEJbHO H3y4yaliTe, YTO
JOJDKHO MPOMCXOAUTH TPH BbI30BE MPOAOJIKEHIis. B nanHOM abGCTpaKT-
HOM CJIy4ae 3TO CJIOXKHO cesaTh. Ho npu pereniin KOHKpPETHOIH npo6-
JieMbl 0OBIYHO ObIBAET TOYHO U3BECTHO, KAKOE 3HayeHIle OyaeT nepena-
BaThCsl B BHI30B MPOAOJKEHHUST H KAKOE 3HAUEHIIE 0JIKHO ObITh BO3Bpa-
1[€HO. DTO MO3BOJIUT ONpeAeJUTh THIBI A 11 B. Kak mpaBiuio, B kayecTBe
TuUna C MOKHO NpHUHATH Tl B. B pesyibrare 670K reset Bcerna Oyaer
BO3BpalllaTh 3HAUYEHHE THTIA B, HE3ABHCHMO OT TOT0, KaK NPOU30IleJ BbI-
XOA W3 Hero.

22.6. CPS-aHHOTAuun

B HEKOTOpBbIX BHUPTYAJbHBIX MAIlMHAX MPOJOJIKEHHS peasn30Ba-
Hbl KaK Cpe3bl CTeKa BpeMeHH BbinojiHeHus. Koraa mpousBoaurcst
BBI30B TMPOJOJDKEHHsl, CTEK BOCCTallaBJauBaeTcsi M3 cpesa. K coxare-
HHIO, BUDTYaJbHasl MalIMHA Java He JIOMyCKaeT Moj0OHBIX MAHHUITYJIsI-
uuit co crekoM. [nsa peanusauuu npoposkenuii B JVM komnuisitop
Scala peopraHuayetr Kox BHYTpU OJIOKA reset B «CTHJIE TIPONOJIKEHUIT>
(continuation-passing style), uiau CPS. ITobausxke c aToii peoprannaar-
el Mbl no3HakoMuMcst B paszene 22.9 «CPS-tpanchopmanss.

PeopraHu3oBaHHbII MPOrPaMMHBINA KOZ CYIECTBEHHO OTJIUYAETCS OT
0OBIYHOTO Kofa Ha s3bike Scala,  ux Henb3s cMmemuBaTh. B Gosblieit
CTEIeHH 3TO OTJHMUYHE CKa3bIBAETCsl HAa MeTojax. Ecau MeTox comepKut
6J10K shift, OH He KOoMIuaupyeTcst B 006bIunbIi MeTox. Ero Heob6xoaumo
MOMETHTDb KaK <«TPaHC(OPMUPOBAHHBII».

B npensiayuieM pasaesie roBOPHIOCH, YTo OJIOK shift HMeeT TpH napa-
MeTpa THNOB — TUIIbI TAPaMeTPOB ¥ BO3BPAIAeMOT0 3HaueHus (hyHKIMN
npoaoKenus, THi 610ka. YToOBI MIMETb BO3MOXKHOCTDb BBI3bIBATh METOLI,
cogepsxamuii 6,10k shift[A, B, C], ero HEOOXOAUMO aHHOTHPOBATh AHHO-
Taimeil ecpsParam(B, C). B obuiem cayyae, Koraa TUIbI B M C COBMAAIOT,
HUCIIOJIb3yeTCA aHHOTaluA ecps[B].

Mpumeuvanue. BmecTto @cps[Unit] MOXHO NCNONb30BaTb aHHOTALMIO @Suspen-
dable. 1 He Byay ncnonb3oBaTb €e 30eCb — OHa ANIMHHEe, 1, Ha MO B3rnaA,
ee ncnonb3oBaHue He A06aBNAET ACHOCTU.

PaccmoTpuM npuioxenue U3 pasgena 22.1 «CoxpaHeHHe I BbI30B
NpOAOJKEHUit». EClH MOMECTHTh LUKJ YTEHHSI B METOJ, 3TOT METO.
HEeoOXOIMMO aHHOTHPOBATB:



Mpeobpasosaxue pekypcum B UTEPALMM %“lll

def tryRead() Unit @cps[Unit] = {
while (contents == ") {
try |
contents = scala.10.Source. fromFile(filename, “UTF-8").mkString
} catch { case _ => }
shift { k : (Unit => Unit) =>
cont = k

BHumanue. Mpn aHHOTUPOBaHUM MeToAa HEeOBX0AMMO ykasaTb TUN BO3Bpa-
WaemMoro 3HayeHvsa n Ucnosb3oBaTtb 3HaK =, Aaxe ecnu MeToh Bo3spalwiaeT
3HayeHne Unit. OTO OrpaHnyeHne HaknaablBaeTcs CUHTakCUCOM aHHOTauuh n
HUKaK He CBSI3aHO C NPOAOIKEHUSAMMU.

Koraa meron, nmomeyenHblit aHHOTalueit @cps, BbI3bIBAETCS U3 APY-
roro MEeTOZa 11 BLI30B BBINMOJIHAETCS] He u3 6JI0Ka reset, BBI3BIBAIOLIMIL
METO/[ TAKXKe J0JKel ObITh aHHOTUPOBaH. VIHBIMIE CJIOBaMH, aHHOTHPO-
BaThCsl OJUKIIBI JIIOObIE METO/BI MEXKAY reset M shift.

Bce ato noxoxe Ha oxuio 6oabuioe Heyno6crBo. Ho umeiite B Buzy,
4TO aHHOTALMI He MpeaHasHayeHbl IS UCIOIb30BAHUS MPUKJIATHBIMU
nporpamMucTamit. OHIT JOJKHBI HCIIOB30BAThCS pa3paboTynkamMu 616-
JINOTEK, CO3/IAI0IINMH CIICLHATU3UPOBAHHbIE KOHCTPYKINH YIPABJIEHHS
NOTOKOM BbInoJierHss. OcoGeHHOCTH HCMOJMb30BAHUS MPOAOKEHUN
cJleyeT TIATeabHO CKPBLIBATH OT MOJb30BaTeaeil GUOINOTEK.

22.7. Npeobpa3oBaHne pekypcumn
B utepauun

Tenepop Mbl rOTOBBI K IEPBOMY CEPbe3HOMY MPHMEHEHHUIO MPOIOJIKe-
Huil. PaccMoTpiM npocToii mpolecc peKypcHBHOro o6xona BCEX Y3JIOB
IpeBoBHANON CTPYKTYpbl. [Ipi moceueHny y3ja BbIIOJIHSIETCS €ro 06-
paboTka M IMPOMCXOAMT 0OXOx BCEX ero zo4yepHux ys3sos. Ilpouenypa
06x0/1a HaUuIHAETCsI C KOPHEBOTO y3Jia JepeBa.

Hanpumep, caienyiouuii MeTos BBIBOAUT CHHCOK (ailoB, XpaHsIIHX-
cs1 B yKa3allHOM KaTaJjiore 4 B €ro IojkaTajorax:

def processDirectory(dir : File) {
val files = dir.listFiles
for (f <- files) {
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if (f.isDirectory)
processDirectory(f)
else
println(f)

OH OTJIMYHO MOAXOAMT [JIsl CJIy4ast, KOTZa TPEOYETC sl MOMYUUTD MOJI-
HbIil criucok Bcex (aitnoB, HO Kak ObITb, ecial MOTPedyeTcsl BLIBECTH
TOJIbKO IMEPBYIO COTHIO? MBI HE MOKEM OCTAaIlOBUTH PEKYPCHUIO Ha MOJI-
nyTu. OIHAKO C MPOLOKEHUSIMH B 9TOM HET HHYEro cJIoxHoro. Beskuii
pas, momnazasi B HOBBIH y3eJ, Mbl OY/IeM BBIXOAHUTH W3 PEKYPCHH, a sl
noJiyueHust GOJIbIIEro KOJMUECTBA PEe3yJbTaToOB — BO3BpallaThCsl B Hee.

KoMaHzs! reset 1 shift 0COOEHHO XOPOIIO MOAXOST JUIsT peaTH3auu
Takoro 1wabJoHa ynpasieHust BoinoaHeHueM. [locie BoimosiHerus 6J0-
Ka shift mporpamMma Oyaer MOKHAaTh oXBaThiBaloliuii 670K reset. IIpu
BBI30BE COXPaHEHHOTO MPOJOJIKEHUs1 OHa Oy/IeT BO3BPAIIATLCSI B TOUKY,
CJIeMyIONUIYIO Cpa3y 3a OJIOKOM shift.

Yro6b! peasn3oBaTh ITOT MJIaH, 6JIOK shift CIeayeT MOMECTHTDb B TOU-
Ky, TI€ PEKYPCHsl JOJIXKHA MPEPbIBATHCSI.

if (f.isDirectory)
processDirectory(f)
else {
shift {
ki (Unit => Unit) => {
cont = k

}
println(f)

Buiok shift urpaet ABosikyio posb. OH obecrieunBaeT BbIXOA 3a Mpeze-
abl 6JI0Ka reset ¥ COXPAHSIET MMPOAOJIKEHHE, K KOTOPOMY Mbl MOXeM
BEPHYTHCSI.

3akJounTe TOYKY 3amycka npoiecca 06paboTku nepesa B 610K reset
M 3aTeM BbI3bIBaiiTe COXPAHEHHOE TPOIOIKEHHE CTOJBKO Pa3, CKOJIbKO
norpebyercst:

reset {

processDirectory(new File(rootDirName))
}
for (i <- 1 to 100) cont()
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BesycnoBHO, MeToxt processDirectory Heobxomumo cHabauts CPS-au-
HoTaLlIell:

def processDirectory(dir : File) - Umit @cps{Unit]

K coxkanemno, 1eo6xoquMo Takke 3aMelMTb LUK for. Jlesio B TOM,
4TO UMKJI for TPAHCJIIPYETCsI B BbI30B METOZA foreach, a OH He NMOMeYeH
CPS-annoraujeii, H3-3a 4ero Mbl He MOXEM Bbi3biBaTh ero. IIpobiemy
MOJKHO pEIIHTDL C MOMOIIbIO MPOCTOr0 HUKJIA while:

var 1 = 0

while (1 < files.length) {
val f = files(1)
1 += 1

Hioke npuBOAITCS [IOJHBIH UCXOAHDI TEKCT MPOrpaMMBbl:

import scala.util.continuations. _
import java.10._

object PrintFiles extends App {
var cont : (Unit => Unmit) = null

def processDirectory(dir : File) : Umt @cps[Unit] = {

val files = dir.listFiles
var 1 = 0
while (i < files.length) {

val f = files(1)

1 4= 1

1f (f.1sDirectory)

processDirectory(f)

else {
shift {
k: (Unit => Unit) => {
cont = k // @
}
} // ©
printin(f)

reset {
processDirectory(new File(“/")) // @
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} // ®
for (1 <- 1 to 100) cont() // O

IIpu Bxome B OJIOK reset BbI3bIBA€TCS METOX processDirectory @. Kak
TOJILKO METOJI HaXOAWT TepBblii (paiis, He siBJsIouniicsl KaTajJoroM, ou
BXOIUT B GJIOK shift @. (DyHKUHMST MPOAOJIKEHHS] COXPAHSIETCS] B mepe-
MEHHOH cont, U MpOrpaMma MEPEXoJUT B KoHell 6JioKa reset ©.

3areM BbI3bIBaeTCs (PyHKIIIsI cont @, M MPOrpaMMa BO3BpaLaeTcst 06-
paTHO B pekypcuio ©, B «bIpKy shifts. Pexypcust nponoskaercs, rnoka
He OyneT HaiiaeH cjexyioumuii ¢daiia 1 He MPOU30iiaeT MOBTOPHDIT BXOX
B 6JI0K shift. B kom1ie 6J10ka shift mporpaMMa BIOBb MEPEXO/IUT B KOHEIl
6J10Ka reset ¥ Bo3BpalllaeT (PYHKLMIO cont.

Mpumeuanune. § NocTapanca COXpaHUTL NPOrpamMmy MakCUMansHO NPOCTOM
1 KOPOTKOW, HO MPUKNAAHOM NPOrpPaMMUCT COBCEM He Tak ByaeT ucnonb3o-
BaTb NpoaonxeHuns. Bnokn reset n shift GyayT cnpataHbl B Heapax 6ubnu-
OTEKN W OCTaHYTCA HEBMAMMBLIMU ANA Nonb3osaTens 6ubnnotekn. B aaHHoM
cnyyae 6nok reset MOXHO 6bino Gbl CNpsTaTb B KOHCTPYKTOpPE uTepatopa,
a BbI30B cont — B METOAE next ureparopa.

22.8. YcTpaHeHue UHBepCcUumn ynpassieHus

OaHUM M3 TMEpPCNeKTUBHBIX NMPUMEHEHUIl MPOAOJIKEHHUI SABJSIETCS
yCTpaHeHHe <«HHBepcHH ympasiaeHus» (inversion of control) B Be6-
NPWIOXKEHUSX U B NPHIOXKEHUAX ¢ rpacdiuecknm nnrepgeiicom. Pac-
CMOTPUM THIIMYHOE Be6-MPUJIOXKEHHe, 3arpalluBaloliee HEeKOTOPYIo
nH(OPMAIIHIO Y NMOJb30BaTes Ha OAHOH CTPaHHLE 11 JIONOJHHTEIbHYIO
rH(OPMaAIMIO — Ha CJeylomeil cTpaHuiie.

B 06bIuHOl nporpaMme 3T0 MOTJIO Obl BBITJISIAETH TaK:

val responsel = getResponse(pagel)
val response2 = getResponse(page2)
process(responsel, response2)

Ho Be6G-npujioxeHust AeHCTBYIOT HHauye. Bbl He MOXKeTe ynpaBJsThb
NMOTOKOM BBITIOJIHEHUsSI MPHJIOKEHHsl. BmecTo 3roro mocie oTnpaBKu
nepBOil CTPaHHIBI MOJIB30BATEIO0 TPOrpaMMa KAET MOJy4YeHHs! OTBeTa.
Korza B KOHEYHOM cyeTe OTBET IOCTYIIHMT, OH J0JIKeH ObITh mepeaaH B
APYTYIO YacTb TPOrPaMMbl, OTIIPABJSIOLYIO BTOpyio cTpannuy. Korza
M0JIb30BaTe/Ib OTBETUT Ha BOIPOCHI BO BTOPOIi CTpaHuLe, HX 06paboTKa
OyzeT BBIIIOJIHEHA B TPETHEM MECTe NMPOTPaMMBlL.
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Jra npobiieMa C yCIEXOM MOXET ObiThb peleHa BeO-(hpedMBOPKOM,
MOCTPOEHHBIM Ha octioBe npozokeHuii. [Tocse oTnpaBku Be6-cTpaHUIbI
10J1b30BATEJI0 1IPHJIOXKEHHE COXPAHUT MPOAOJDKEHHE U BBI3OBET €ro,
KOI/la TOCTYNUT OTBET OT MoJib3oBartesisl. Bee aTo BhIrsauT 6osiee yeM
pO3payto st HPHKJIAAHOIO MPOrpaMMUCTa.

JlJisi IPOCTOTBL 51 TIPOAEMOHCTPUPYIO ITY KOHILENIMIO HA TIpHUMepe
npiioxenus ¢ rpadpuyeckum unrepdeiicom. Ilpunoxenue umeer MeTky
C TEKCTOM BOIPOCA I TEKCTOBOE I0JIe BBO/A, Ky/a [10JIb30BaTEJb CMOXET
ssectil otser (puc. 22.1).

What is your first name?
Cay

Next.

Puc. 22.1. leMoHCTpaums ycTpaHeHus npobnemsl
MHBEPCUM yNpaBneHus

[Tocne wenuka Ha xkHonke Next (/lasee) oTBer mosib30BaTesisi BO3-
BpallaeTcsi B MeToX getResponse. Hibke npezacraBieH NporpaMMHbIN KOZ,
KOTOPBIiT MOT Obl HAMHCATh NMPHKJIAJHONH POrPaMMMUCT:

def run() {
reset {
val responsel = getResponse("What is your first name?”) // @
val response2 = getResponse(“What 1s your last name?")
process(responsel, response2) //
} // ®

def process(s1: String, s2: String) {
label.setText("Hello, ™ + s1 + " " + s2)

Mertoy process tie Tpebyetcst otmeuaTs CPS-anHoTauueit, Tak Kaxk oH
He colepokiT Osoka shift,
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Mertoz getResponse COXpaHSIET MPONOJIKEHHE CaMbIM OOBIYHBIM CIIO-
coboM. Tak Kak oH cofepKHT 6JI0K shift, OH OTMeUEH anHoTaLiei @cps.

def getResponse(prompt: String): String @cps[Unit] = {
label.setText(prompt)
setListener(button) { cont() }
shift { k: (Umt => Unmit) =>
cont = k // @
' // 0
setlListener(button) { }
textField. getText

Merozn getResponse BO3JIaraeT Ha MPOAOJDKEHIIE POJIb 06pabOTUHKA CO-
ObiTUs 1eauka Ha KHonke Next ([anee), 1icnons3yst BcrioMorateabHbIT
METOJI, peayin3alidsi KOTOPOTo TpeAcTaBjeHa B MOJHOM JIMCTHHTE Tpo-
TPaMMbl, B KOHIle 3TOTO pasfiea.

OO6paruTe BHUMaHIE, UTO MPHKJIAMHON KO B METOJE run 3aKJIOYeH
B 60K reset. Korma mMeTon run BBITIOJIHUT MEPBbIiT BbI30B MeTOAA get-
Response @, OH BoWzeT B 6JIOK shift @, COXPAaHHT MPOAOIKEHIE, BHINOJ-
HUT NEPEXO] B KOHel[ 6JI0Ka reset © ¥ BepHET YNpaBJieHHE NPIJIOXKEHITIO.

3arteM nosnb3oBaTe/ib BBEAET OTBET 11 IIEJKHET Ha KHomke. O6paboT-
YUK COOBITUS IeJYKa BbI30BET MPOMOJIKEHIle, 1 BbINoONHeHHe Oyaer
nepefaHo B Touky @. BBoa nosnb3oBaTessi BEPHETCS B METOZ run.

3aTteM METOJ run BbIMOJHUT BTOPOIT BLI30OB METO/a getResponse U ONATh
BepHET yIpaBJieHWe MPUJIOXKEHHIO, COXpaHUB npoaosmxkenue. Korma
N0JIb30BaTejIb BBEIET BTOPOI OTBET I ILEJKHET Ha KHOIMKe, pPe3yJibTaT
CHOBa TIOMajZeT B METOJ run U OyZeT rnepeaaH MeTOAYy process ©.

VIHTepecHO OTMETHTb, UTO BCE ONEPaLii NPOH3BOASITCS] B MOTOKE 10~
CTaBKU COOBITHH, U TPH 3TOM HET HeOOXOAMMOCTH HCIHOIb30BaTh OJI0-
KUpOBKH. UTOOBI MPOJEMOHCTPUPOBATb 3TO, METOJ run BBI3LIBAETCS 113
06paboTunKa CoOObITHI OT KHOMKH.

Huxe mpuBOAUTCS MOJHBII JUCTHHT IPOrPaMMbI:

import java.awt._

import java.awt.event._

import javax.swing._

import scala.util.continuations. _

object Main extends App {
val frame = new JFrame
val button = new JButton(“Next™)
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setlistener(button) { run() }

val textField = new JTextArea(10, 40)

textField. setEnabled(false)

val label = new Jlabel(«Welcome to the demo app»)
frame.add(label, BorderlLayout.NORTH)
frame.add(textField)

val panel = new JPanel

panel.add(button)

frame.add(panel, Borderlayout.SOUTH)

frame.pack()

frame.setDefaultCloseOperation(JFrame. EXIT_ON_CLOSE)
frame.setVisible(true)

def run() {
reset {

i | 381

val responsel = getResponse(“What is your first name?")
val response2 = getResponse(“What 1s your last name?")

process(responsel, response?) // ©

def process(s1: String, s2: String) {
label.setText("Hello, " + s1 + " " + s2)

var cont: Unit => Unmit = null

def getResponse(prompt: String): String @cps[Unit] = {
label.setText(prompt)
setlListener(button) { cont() }
shift {
k (Unit => Unit) => {
cont = k

}

setlListener(button) { }
textField. getText

def setlistener(button: JButton)(action: => Unit) {

for (1 <- button.getActionListeners) button.removeActionListener(l)

button.addActionlListener(new ActionListener {

override def actionPerformed(event: ActionEvent) { action }

1]
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22.9. CPS-TpaHcdopmauud

Kak yxe ynomunanoch B paszueie 22.6 «CPS-annoranuus, xoMmmnu-
Jsitop Scala He MOXeT OMUPaTbhCs HA TOANEPHKKY NPOAOIKEHHIT B BUD-
TyasbHOI Matte. [JoaToMy OH 10JKeH TPaHCIMPOBATh MPOrPAMMHBI
KOZI, HAXOASIUIMICS BHYTpH GJIOKOB reset, B CIEHAJbHOE TPeACTaBJIe-
HHe «B CTHJIE MpOJoJkKeHuit» (continuation-passing style), nan CPS.
YT0o6bl M0JI30BATHCSI MPOAOJIKEHUSIMU, COBCEM HE00s13aTeIbHO TTOHU-
MaTb BCE TOHKOCTH 3TOil TpaHcdopmariuii, TeM He MeHee MOHHMaHHe
ocHoB CPS mosker npuroauthest npu paciin@poBbIBaHUH COOOIEHUH
06 ounbkax.

B pesyasratre CPS-tpanchopmanun coszaercsi 00beKT, B KOTOPOM
onpeneneHa GYHKUMS, COAEPKaIlasi «BCEe OCTaJbHble BLIYHCIEHUS».
Merton shift

shift { fun }

BO3BpallaeT 00BbeKT

ControlContext[A, B, CJ](fun)

HanowmHio, yto Tesom 6J0ka shift siBasteTcst (DyHKIst Tima (A => B)
=> ¢. OHa noJiyyaeT B KauecTse napameTpa (QyiKIHIO MPO/I0KEHHST THIIA
A => B M BO3BpalIaeT 3HaYeHHe THIa C, KOTOPOE MePeNaeTcst 3a Mpeaesibl
OXBaTbIBAIOLIETO OJIOKA reset.

MpumeuyaHune. 30eCb 1 HECKONBLKO YNPOCTUN onNucaHue knacca ControlContext.
B nencTBUTENBHOCTY KNacc Takxe peanuayeTt o6paboTky NCkoyYeHuin n on-
TUMU3NPYET KOHCTaHTLI.

KoHTekcT ynpaByeHust onpezesserT, 4To Aesaath ¢ GyHkiueii npono-
sxkeHust. OBBIYHO OH KYZA-TO COXpaHsieT 3Ty (hYHKUHMIO U HHOTA BBIYHC-
JISIeT ee 3HaYEeHHe.

KoHTekcT ynpaBsieHusi He 3HaeT, Kak co3faTh (DYHKLIHIO NPOAOJIKe-
Husi. OH mosiaraeTcst Ha TO, UYTO KTO-TO APYTOil CAeJaeT 3To, H MPOCTO
0XKMJaeT MOJNYyYUTD ee.

Be3yciioBHO, IPOA0JIKEHHE A0JKHO OBITh BbIYUCIeHO. [JonyCcTHM, YTO
OCTaBLIASICSI YAaCTh BBIYMCJIEHUI COCTOMT 13 YacTH f, H3BECTHOH HaM,
3a KOTOPOH CJIEZyeT YTO-TO ellle, HaM He M3BecTHOoe. Mpl MOXeM ynpo-
CTHUTb 3aJjauy M 3afleHCTBOBaTh uacThb f. Teneppb MPeANnoNoOXKIM, YTO KTO-
TO NepesaeT HaM To, YTo cjenyet 3a f. Jlonyctum, 4To ato k1. Toraa Mel
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CMOXKeM IIPOM3BECTH BLIYMCJICHHS LIETHKOM, CHayajJa IPUMEHUB YacTh
f, a 3aTeM k.

Tenepnb 11epeBefieM 9TH Pa3MbIILTIEHUsT B KOHTEKCT ynpaBieHus. Biok
shift mpeoOpa3yercst B KOHTEKCT yIpaBJieHus], KOTOPbI 3HAET, 4To Je-
JIaThb C TPOrpaMMHBIM KOZOM, cjefyiomuM 3a 6sokom shift. Temepb
YacTb f HAXOAUTCS MocJie shift. Mbl MOXeM cesaTh ellle 1Iar BIepen U
cchopMHPOBATh HOBBIIT KOHTEKCT YIpaBjieHHs], 3aHUMAaIomuiicst 00paboT-
KOl ocTaBlIeHCsST YacTH, CeAyIoleil 3a f, KaK MOKA3aHO HUIKE:

new ControlContext(k1l => fun(a => k1(f(a))))

3aech a => k1(f(a)) CHayaJa BLINOJNHSET f U 3aTeM 3aBepLIAET BLIYIC-
JIeHHsT B YacTH k1. A fun 06pabaTbiBaeT 3TO CBOUM OOBIYHBIM CIIOCOOOM.

Taxoe «noularoBoe ABHKeHHe Briepely sBJseTcs GyHIaMeHTIbHON
onepauueil konTekcToB ynpasieHus. OHa Ha3biBaeTcst map. Hike npu-
BOAMTCSI ONpeJeJieHiie MeToa map:

class ControlContext[+A, -B, +C](val fun: (A => B) => C) {
def map[A1](f: A => A1) = new ControlContext[A1, B, C](
(k1: (A1 => B)) => fun(x: A => k1(f(x))))

Mpumeuanue. Vims metona map (a Takxke metroaa flatMap, C KOTOpPbLIM Bbl NO-
3HaKOMUTECH B Creaylolem pasfene) KaXeTCs HENOHATHbIM — OH HUKaK He
cBA3aH ¢ GyHKumer oTobpaxeHua Konnekumm 3HadeHunii. OgHako, Kak okasbl-
BaeTCH, yNnoMaHyTble MeToabl map v flatMap cneayloT cBoay Npasun, NONYYUB-
wemMy Ha3BaHue «3akoHbl MOHaA» (monad 1aws), kak 1 3HakoMble Bam MeToAb!
map u flatMap. Heo6s3aTenbHO MMeTb NONHOE NPeACTaBieHne 0 MOHaAaAXx, YTo-
Obl yCBOUTL MaTepwan aToro pasgena. {1 ynomsaHyn o6 3TOM, TONLKO YTOOb!
NOACHUTL NPOUCXOXAEHNE ATUX UMEH.

[Tocsie nobaBJiennst BCeX napaMeTpoB THUIIOB OMNpeeeHie METOIa nap
BBITJISLANT CJIHLIKOM Y3KOCMelUHaibHblM, HO caMma ujes npocra. VHTyn-
THBHO IIOIISITHO, YTO cc.map(f) MPUHUMAaET KOHTEKCT YIpaBJeHHs U Ipe-
BpalllaeT ero B TO, YTO OyzeT 0O6pabaTLIBATL OCTABIIUECS BBIYUCJIEHHUS,
cienyiolye 3a f.

ITocTenenHo, wiar 3a WAroM, Mbl TIOAXOAUM K MOMEHTY, KOTJa BCe He-
obxonuMoe OyeT cleano. ITo NPOUCXOAUT NPH AOCTHKEHUH TPAHUIIbI
6Ji0ka reset. ITociie 3TOro MoXHO NPOCTO NepeAaTh fun HUYETo He JeJalo-
UMl METOZA 1 IOJYYITh Pe3yJbTaT 6J0Ka shift.
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Huxe TIPUBOAUTCS TOYHOE OIIpe/ie/ieHre MeTo/la reset:

def reset[B, C](cc ControlContext[B, B, C]) = cc.fun(x => x)

PaccMoTpum asis Hayana npocToii npumep:

reset {
0.5 « { shift { k: (Int => Double) => cont = k } } + 1

B mannom CJly4a€ KOMIIHJISATOP MOXET BbIUMCJIHUTDL NMPOAOJIXKEHHE 1IC-
JIMKOM 3a OJAMH IIar:

= 0.5« [+ 1

To ectb pe3yibraToM OyzeT:

reset {
new ControlContext[Int, Double, Umit](k => cont = k).map( => 0.5 » [J + 1)

To xe camoe, yTO M:

reset {
new ControlContext[Double, Double, Unit](k1 =>
cont = k1(x: Int => 0.5 » x + 1)

Tenepb 6JIOK reset MOXKET ObITh BbIYHCIIEH. k1 — 3TO (DYHKI(HS 1IeH-
tinuHocTH (identity function), a ee pe3yabTaToM sIBAsICTCS

cont = x: Int => 0.5 » x + 1

ITO B TOYHOCTH COOTBETCTBYET IOBENEHHIO, OMICAHHOMY B pas-
nene 22.2 «Beruncnenust ¢ “geipkamu’s. BbI3oB MeTona reset NMPOCTO
YCTaHaBJIMBAET 3HaYeHHe cont M He HMeeT HMKAKOro Jpyroro acdekxra.
B caenymomeM paszese Bbl yBuaute GoJiee CIOXKIBIIT MpHUMep.

CogeT. Ecnu BbINONHUTL KOMNUA[UMIO ¢ pnarom -Xprint: selectivecps, MOXHO
yBUAETbL NPOrpaMmMHbIin Koa, reHepupyemsblii CPS-TpaHcdopmaumen.
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22.10. TpaHchopmupoBaHue BJIOXKEHHbIX
KOHTEKCTOB yripaBfieHus

CPS-tpanchopmaunst cyuecTBEHHO YCI0XHSIETCSI, KOTAA AeNo [10-
XOJIIT /IO BbI30BOB TPaHC(HOPMHUPOBAHHBIX (PyHKUMH. UToOb yOeauThes
B 9TOM, HCCJIEyeM TpHMeD 1peoOpa3oBaHusi PEKYPCUBHOTO 06X0/1a ape-
BOBH/HOI1 CTPYKTYPbl B UTEPALMH, TIOO0OHBIA TOMY, YTO PACCMATPUBAI-
cst B pasnesie 22.7 «IIpeoGpazoBaHue pekypcuu B utepauuu». Ho s
MPOCTOTHI 3aMEHHUM JIePEBO CBSI3AHHBIM CITHCKOM:

def visit(a: List[String]): String @cps[String] = {
1f (a.1sEmpty) "" else {
shift {
k: (Umit => String) => {
cont = k
a.head

}
visit(a.tail)

Kak u B npenbiayuiem npumepe, 610k shift NpeBpaliaeTcsi B KOHTEKCT
yIpaBJIeHIIsL:

new ControlContext[Unit, String, Stringl(k => { cont = k; a.head })

Ha aroT pa3 3a 610KkoM shift celyeT BbI30B MeToza visit, BO3Bpa-
waiowuii apyroii ax3emmnisip ControlContext.

Mpumeuanue. B cootBeTcTBUN C 0ObABNEHWEM MeTo4 visit Bo3Bpawiaer
ak3emnasap String, HO B pe3ynbrate TpaHchHoOpMaumm B OENCTBUTENbHOCTU
Bo3Bpawaetcs ControlContext. BeinonHuTb 3Ty TpaHcdopmaunio o1 KoMNn-
naropa TpebyeT aHHOTauuMs @cps.

Ecan TOBOPHTDL TOUliee, 6J10K sh1ft 3aMellaeTcs 3HayeHUeM (), TOTOMY
YyTo (bleKllH?l MPOJIOJKEHHsI UMEET apryMeHT THna Unit. Takum o6pa30M,
OCTaJIbHAsT YacCThb BLIYMCIIEHUIT HMEET BUI:

() => visit(a.tail)




..I'lig OrponeHHue NpOOOIXEHUsA

Eciu cremoBaTh Mpolenype, ONMCAHHONW B MEPBOM TPUMEPE, MOXKHO
ObL10 ObI BHI3BATh MeTOJ map ¢ 3Toil (pyHkuued. Ho Tak xak oHa BO3-
BpalllaeT KOHTEKCT yNpaBJeHUs, Mbl HCIIOJIb3YeM MeToq flatMap:

if (a.isEmpty) new ControlContext(k => k("")) else
new ControlContext(k => { cont = k; a.head }).flatMap(() => visit(a.tail))

Huxe MPUBOAUTCA OmpenesieHne MeToja flatMap:

class ControlContext[+A, -B, +C](val fun: (A => B) => C) {

def flatMap[A1, B1, C1 <: BJ(f: A => Shift[A1, B1, C1]) =
new ControlContext[A1, B1, CJ(
(k1: (A1 => B1)) => fun(x: A => f(x).fun(k1)))

VIHTYUTHBHO MOHSTHO, YTO 3TO O3HayaeT ciaeayiouiee. Ecan ocras-
IIAsICST YacTh BBIYMCJEHHIT HauMHaeTcs C JPYroro KOHTEKCTa yrpasJe-
HUsl, 0OpabaThIBAIOLIEr0 OCTABIIYIOCS YacCTb OCTaBIIEliCsST YacTH, Hao
NO3BOJIUTH €My caesaTh a1o. Tak onpenesnsercss o6pabaTbiBaeMoe HAMH
HPOJIOJIKEHHE.

Mpumeuanue. O6paTTE BHUMAHME Ha rpaHuLy TMna C1<: B. MpuunHa B TOM,
yto f(x).fun(k1) umeert Tun C1, a GyHKUMA fun OXnaaeT nonyunTb GyHKUNIO
A =>B.

PaCCMOTpMM BbI3OB!

val 1st = List("Fred")
reset { visit(lst) }

Tak Kak 1st He SIBJISIETCS NyCTbIM CITMCKOM!

reset {
new ControlContext(k=>{ cont=k; lst.head }).flatMap(()=>visit(lst.tail))

Wcnosnb3ys onpenesnenue flatMap, momyyaem:

reset {
new ControlContext(k1=>{ cont=() => visit(lst.tail).fun(k1); lst.head })




Ynpaxsens - IEEE

Meropn reset coxpansieT B k1 YHKIUIO HAEHTUYHOCTH, U IIOJIyYAETCS:

cont = () => visit(lst.tail).fun(x => x)
1st. head

Teriepb paccCMOTPHM BbI30B cont. Eciu 6bl ucrnosb3oBajcs Oosiee
JUIMHHBIT CMHCOK, 31aueHne 1st.tail ObUIO ObI HEMYCTBHIM CIMCKOM, U
MDbI CHOBA I10JIyYIJIH OBl TOT 5Ke PE3yJILTAT, [0 YKe C BLI30BOM visit(lst.
tail.ta1l). Ho Taxk kak criicok ucyepnat, visit(lst.tail) BepHeT

new ControlContext(k => k(""))

[Tpumerietiiie pyHKUMM HACHTHUHOCTU AACT B peayJjbrate ",

Mpumeuanue. Bo3epart nycTon CTPOKM B A@AHHOM Crlyyae BbIrNSiAnuT HEMHOMO
CTpaHHO, HO AEeNo B TOM, 4YTO 3A€eCb HeNb3A BepHyTb Unit, notomy 4to cont
oXugaeTt NoNy4nTb 3HaYeHue Tuna String.

Kak y»xe ynomunanaocs, [Jisi HCIOJb30BaHUSI HPONOJIKEHUH B CBOMX
nporpamMMmax Heobsi3atesibiio nonumatb Bce ToHkoctn CPS-tpancdop-
mauuii. Ho moraa noJieaHo uMeTb HeKOTOpble 6a30Bbie MPEACTABJIEHNS,
0COOEHHO TPU OTJIAJKE OIIHOOK, CBSI3AHHBIX C TUIIAMU JAHHBIX.

YnpaxHeHusa

1. B npumepe n3 pasgena 22.1 «CoxpaHeHue U BbI30OB MPOAOJIXKe-
Huil» 1peanonaraercs, uto daiin myfile. txt orcyTcTByeT. Tenepn
npucsoiiTe nepeMeHHoi filename UMSI APYTOTO HECYIECTBYIOLLE-
ro ¢aitna 11 Bei3oBuTe cont. UTo npousoiiner? IlpucBoiite nepe-
MenHoii filename MMl CyilecTBYIOuiero ¢aiia U CHOBa BHI30BUTE
cont. Yto nmpousoiiger? BruizoBute cont eme pa3. Uto npousoi-
ner? Cuavana nonpobyiite npeacTaBUTh BeCh MPOLECC MbICJIEH-
HO, & 3aTEM 3amycTiTe POrpaMMy [Jisl NPOBEPKH CBOMX IMpel-
HI0JIOXKEH .

2. Ynyumure npumep u3 paszuena 22.1 «CoxpaHeHue U BbI30B IPO-
noJbKkenuit» Tak, yToObl MMsi cienylouiero ¢aiina mepenaBanoch
(hyHKUHIT IPO/IOJIKEHHST B KayecTBe MapaMmerpa.

3. TIpeo6pasyiite npumep u3 paszaena 22.7 «IIpeobpasoBanne pekyp-
CHH B uTepalin» B uteparop. KoHcTpykTop HTepaTtopa noJKeH
couepkaTh GJIOK reset, a METOA next MOJIXKEH BbI3bIBATh MPOAOJI-
JKeHIIE.



#
..Il§§§ OrpaHmuyeHHbie MPOAONXEHUS

4. Tlpumep B paszmene 22.8 «YcTpaHeHue WHBEPCHH YIIPABJIECHUS>
BBITJISIAUT HEMHOTO HENPUIJISIAHO — MHCTPYKLUS reset monajgaer
B 110JIe 3PEHUsT NPHKJIAHOro nporpammicta. Ileperecure 610K
reset U3 METOZA run B 06paboTunk cobbiTHil oT KHOnKM. Byaer sin
II0CJIe 9TOTO MPHKJIAAHOI MPOrpaMMHCT NMPeObIBATL B GJIaXKEHHOM
HeBe/IeHMH O CYLIECTBOBAHHH NPOJOKEHHS?

5. BarusiHurte Ha caepylomuii NpyMep MPOrPaMMbl, HCIONB3YIONIEH
MPOJOJKEHUS JIS IPEBPaLeHHsT UTepalHil B uTeparop:

object Main extends App {
var cont: Unit => String = null
val a = "Mary was a little lamb”.split(" ")

reset {
var i = 0
while (i < a.length) ¢{
shift {
k. (Unit => String) => {
cont = k
a(i)
}
}
1 +=1

}

println(cont())

println(cont())
}

CxoMnuupyiite ee ¢ ¢JaroM -Xprint:selectivecps 1 MOCMOTPH-
Te Ha CTeHepHpOBaHHbIH Koa. Kak crana BbLIT/ISIAETh HHCTPYKLUS
while nmocne CPS-tpanchopmarmn?



MpeameTHbin yKasareno

CumMBoOJIbI

- (3nak Miyc), ouepartop

JUISL aCCOLHATHBIBLIX MaccHBos, 67

- (MuILyc) oneparop

JuUst Kouiekiii, 195

-- oneparop apugaerHyeckii, 27

! (BockJHIATEILILIT 311aK)
otieparop Juist akTopos, 335
Il oneparop B cuenapisix
KoMaiLoii obosouki, 131
OlEePATOP B ClICHAPHSIX
KoMatoii obosiouxn, 131

# (3uaK 1omepa), Juist OObsIBJICHISI

upoexiuii Tuios, 288

#&& oucparop B cleHapHsiX

Komatiuoii obonouxn, 132

#::, oueparop, 206

#|| oneparop B cucnapisx

KoMaioii obosoukn, 132

#< olecparop B CliCHapHsIX

Komaiaoii obosoukn, 132

#> oneparop B cueclapHsix

KoMai1oii obosioukn, 131

#>> orieparop B cleHapHsIX

KoMaioii obosouxh, 131

% (3naK 1polietita), ouepaTop

apudmerituccknii, 26

& (aMmuepcailr), ouieparop
apugmernycckmii, 26
st mitoxkecrs, 193

&#..\; (XML), 254

&...\; (XML), 253

&~, oueparop, 193, 194

() (xkpyribie cKoOKi)

JUlsl npojoJketiii, 372

() (xpyraibic ckoOKm)
B IIpC/JIOXKEHIsIX case, 223
JUis1 ipofospkeninit, 385
(kpyrJibie cKoOKH)
B annorausix, 236
B 00DBSIBJICHHAX METOAOB, 74
B NpeaioxKelusix case, 220
JUJIsI acCOLHATHBHBIX MAaccUBOB, 66
JUlst loctyiia K arpubyram
XML, 254
JUsL KopTexkeH, 69
kak T Unit, 36
cokpauicniiasi opma BbidoBa
merona apply, 29
(<!-- ... --> kommenrapuu, 253
(<? .. ?>(XML), 253
* (3Bc3nouka)
B napcepax, 317
KaK rpynnosoii cumsos B Java, 105
onepatop apudnmeriyeckuit, 26
--, olicpaTtop
JUIst KoJutekumii, 194
wist Muoxkeers, 193
/ (cnewr)
B XPath, 259
oneparop apudmernyecknii, 26
/% oneparop, 26, 222
/* .. */, kommentapuu, 328

(

~—

B XPath, 259
AJis1 060311aYeHH sl
KoMMeHTapHes, 328
\:, oniepatop, 201
: (aBoerouiie)
B HpC/IoXKCHIsIX case, 219
¢ nocsieayoueii annorauuei, 236
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i oneparop, 194, 281
i1, OnepaTrop
B npeiyioxkenusix case, 220, 225
Juis cniuckos, 189, 194
npaBoaccolnarusiblii, 190
:::, onepatop, 195
:\, oneparop, 201
:implicits, komanga B REPL, 354
; (Touka c 3ansiToii)
3aBeplileHne HHCTpykiuii, 37
nocJjie UHCTPYKIMii, 24
? (3Hak Bonpoca), B napcepax, 317
?!, oneparop, 340
?:, omneparop, 35
@ (xomMMepueckoe at)
B MpeJUIoXKeHusix case, 226
@BeanDescription, annoranus, 242
@BeanDisplayName, annoraiusi, 242
@beanGetter, anHoraimsi, 239
@BeanInfoSkip, annoraiws, 242
@BeanlInfo, annoranus, 242
@BeanProperty, annoraiust, 236
@BeanProperty, annoraiust, 80, 242
@beanSetter, annoTanusi, 239
@BooleanBeanProperty,
aHHoTanus, 242
@cloneable, annorarusi, 240
@cpsParam, annoraiusi, 374
@cps, annotanusi, 374, 380
@deprecatedName,
annorauusi, 237, 248
@deprecated, annoranms, 239, 248
@elidable, annoranus, 245
@field, annoranus, 239
@getter, annoranmsi, 239
@implicitNotFound,
aHnoraius, 248, 362
@inline, annoraius, 245
@native, antoraius, 240
@noinline, annoraius, 245
@Overrides, annoranus, 111
@param, antorarusi, 239
@remote, annoraiusi, 240
@SerialVersionUID, antoranusi, 240
@setter, annoratus, 239

MpenmetHeiit ykasarens

@specialized, annoranus, 247
@strictfp, annoraius, 240
@suspendable, annoraius, 374
@switch, anmoranus, 245
@Test, annorans, 237
@throws, annorarus, 241
@transient, 239
@uncheckedVariance, annoraruts, 248
@unchecked, annorarusi, 248
@varargs, annoraiust, 241
@volatile, annoraiusi, 239
~ (kpobliika), oneparop
apudmeriueckuii, 26
~?, oncparop, 323
"7, oneparop, 316, 323
A oneparop, 323
_ (noauepxiBaiiie)
B BbI3oBax (hyHkimii, 171
B wienrtidukaropax, 159, 328
B napametpax dynkunii, 174
KaK TpyMNIoBoii CHMBOJ
B HHCTPYKIMsIX import, 105
B MHCTPYKIHSIX
uMmnopTiposaiiisi, 96
B KopTexax, 70
B npejuioxenusix case, 216, 337
_*, 3aBepiieriie Cricka
aprymenros, 45
_*, cunraxcuc
JUIST BJIOXKEHHDBIX CTPYKTYP, 226
2U1s1 MacciBos, 220
_= B UMEHAX MCTO/IOB 3aricH, 76
_1, _2, 3, mcronwni, 70
_root_, B MMecHax nakeros, 102
* (obparibiii anoctpod),
B NpejUIoXKeHIsIX case, 218
{} (burypiibie cxobkir)
6Jiounbic HHCTPyKIUiH, 38
B REPL, 36
B olpe/iesicliisx nakeros, 102
B corocrasJictiii ¢ obpasiiom, 231
JUtst aprymenToB (pynkinii, 172
| (Beprikasiblias uepTa), onepatop
apudmerHucckii, 26
2151 Mitoxecrs, 193



MpenmeTHbiit ykasaTens

~ (Tuibza), oneparop
B 1apcepax, 314
B IIPCJUIONCHISIX case, 225
~1, onieparop, 323
~>, oneparop, 318
+ (312K 11J110C), OLIEPATOP
apidmernuecxknii, 26
JUIsL ACCOIHATHBIIBIX MaccHBoB, 67
+ (11oc), oteparop
Juist KoJutekiuiii, 194
+:, oneparop, 194
B IIpCJUIONKEHHsIX case, 225
JUtst kosutekiii, 194
npasoaccoiariibiii, 194
++ oneparop apudmernueckii, 27
++, oneparop
JUIst KoJuekiii, 194
Juist muoxkeers, 193
++:, orieparop Juist KoJulekiwii, 194
++=, oneparop, 194
++=, onepatop JuUisl Kosutekiii, 194
++= onecparop st paboThi
¢ Gy(epanmn, 54
+= otiepatop
JUIsT ACCOLHATHBUBIX MaccHBoB, 67
st pabotnl ¢ Oydepamii, 54
+=, oteparop, 363
Juist KoJuekiii, 194
+=:, oneparop, 194
< (JsieBasi yrionasi ckobKa)
B Jirepasax XML, 252
<% oneparop, 273
<%< ouepatop, 275, 361 -
<-, ouepatop, 223
<: oueparop, 271, 275
<:< oneparop, 275, 361
<~, oncparop, 318
<< oucpatop apupmernueckitii, 26
= (31aK paslio), oleparop
¢ CPS-aunoranusimMu, 375
-= ollcpaTop JUIsl aCCOLHATHBHbIX
MaccuBos, 67
-=, oneparop sl KosuiekiHii, 194
--=, onepatrop, 194

- [FEME2E

=:= omneparop, 275, 361

-> oneparop st orobpakenni, 65
>: oneparop, 272, 274

>> olicpatop apupmernueckuii, 26
«cJioeniptii tinpor» (cake), mwabsion
npoexTHposaiius, 299

80-6uTiast yseJryeHHas!

TOYHOCTD, 240

A

abstract, kiouesoe cjioso, 116, 138,
144
accepl, mMeroj, 324
Actor, o6bekT-KoMnanooil, 335
Actor, Tpeiit, 334, 335
act, meron, 334, 343

BbIIIOJIHSICTCSI [TapajliesibHO, 334
addString, meron, 197
aggregate, mcroi, 196
Akka, upockr, 333
Annotation, Tpeiir, 238
AnyRef, knacc, 119, 128, 361
AnyVal, knacc, 119
Any, tun, 36
appendAll, meron, 59
append, meroj, 59
Application, Tpeiit, 95
apply, merog, 93, 164, 186, 223,
231, 363
App, Tpeiit, 94
args, cpoiictBo, 94
ArrayBuffer, knacc, 53, 186, 364
ArrayList, knacc (Java), 53, 186
ArrayStorcException,
HckJoyetiie, 279
Array, knace, 53, 274
Array, o6beKT-KoMnannot, 221
asAttrMap, meron, 255
ASCII-cumpoabl, 159
asInstanceOf, meron, 111, 119, 219
asJavaCollection, ¢pynkuus, 209
asJavaConcurrentMap, dbynkuus, 209
asJavaDictionary, dbynkuus, 209



..llﬁé MpeametHebiit ykasartens

asJavaEnumeration, ¢ynkunus, 209 unbukcHast ¢hopma 3amucy, 224
asJavalterable, dynkiys, 209 HenoanL30Balie nepeMetibx, 218
asJavalterator, dyuxius, 209 yisepcasibibiii obpasert, 216
asScalaBulffer, ¢dyukius, 209 case-00beKTDl, 223
asScalaConcurrentMap, CDATA, pa3meria, 258, 264
pynxumst, 209 chaint, meron, 322
asScalalterator, ¢gyukigs, 209 Channel, ksacc, 339
asScalaSet, ¢yukmus, 209 Char, tun, 25, 326
AssertionError, uckiioueiine, 246 ClassCastException, nicisiouenine, 247
assert, Metozi, 246 ClassfileAnnotation, Tpeiir, 238
Atom, knacc, 255 classOf, meron, 111
Attribute, TpefiT, 262 class, kiouesoe ciioBo, 74

Cloncable, mirepgeiic (Java), 139, 240
B close, meron, 125

collectionAsScalalterable,
Ppynis, 209, 295

collect, meron, 196, 199
combinations, meroj, 198
Comparable, nurepdeiic
(Java), 272, 358
compareTo, meron, 271
ConcurrentHashMap, kiacc

BigDecimal, knacc, 26

BiglInt, knacc, 26

BigInt, o6bekT-KoMManbo, 28
BitSet, kiacc, 193

BNF (Backus-Naur Form - ¢opma
Bakyca-Haypa), 313

Boolean, tum, 25

Breaks, knacc, 41

break, meron, 41 (Java), 211 S
bufferAsjavaList, dymiiutsi, 209 ConcurrentSkipListMap, kaacc
buffered, meron, 125 (Java), 211 .
Buffer, knacc, 364 ConsoleLogger, Tpeiit, 141
Byte, Tim, 25 Console, knacc, 128
’ ConstructingParser, iacc, 265
containsSlice, meros, 197
c contains, mcroj, 66, 193, 197
case-KkJacenl, 166, 223 ControlContext, kiacc, 382
B mapcepax, 315, 318 copyToArray, meton, 60, 197
B POJIH cooDIIeHNiT copyToBuffer, meron, 197
aJist aktopos, 336 copy, metoji, 227, 262
3anevarannble (sealed), 228 case-KJjiaccon, 224
MMHTalUsl Tiepeynciennii, 229 corresponds, meron, 179, 277
MeTO/bl IO yMoJIYaHuio, 223, 224, count, mctoz, 32, 60, 196, 205
227 coctaBnpie THITb (compound
HacJieoBalue JIpyrux type), 291
case-KJiaccos, 228 JlobasJicHiiie B CTPYKTYpIIbIC
obbsipnenue, 223 T, 292
npaKTHYECKoe mpumerenue, 226 C, si3vik nporpamMmuponaius, 216
¢ nossIMU-niepeMeHHbIMY, 228 C++, s13bIK MPOTPaMMHPOBAIIHS

case, KJiioyeBoe cJioso, 216, 223 ?: oneparop, 35



MpenmeTHbiit ykasaTenb

switch, uncrpyxuus, 245

void, tiu, 36

BHpTyasbiibie 6asonoie Kiaccehl, 138
BLIpaKeHmst, 34

sautienipice noJst, 112
HHCTPYKIGHI, 34

KkJjaccol, 124

MaccHBbl, 53

MeTojinl, 112

MHOKCCTBEIOC Hacie/osaie, 137
tesisibic peobpaszosanst, 352

06 LCKTBLI-0/IIIOUKIH, 91
npocrpaticria e, 99
cpsi3ainic cicki, 190

yukim, 43

urene (aiiyios, 125

D

default, nucrpyxumst, 216
def, knouesoc cioso, 114
Oc3 napamerpos, 114
BO3BpAlACMOC 3laucHie, 325
B Hapcepax, 325
nepeonpeaeueue, 114
DelayedInit, tpeiir, 95
Delimiters, i, 356
dictionaryAsScalaMap, ¢yuxuns, 209
diff, meron, 193
Directory, kiace, 128
docElem, merozn, 265
DocType, kiacc, 265
DoubleLinkedList, knacc (Java), 191
Double, T, 25, 49
do, uuki, 40
dropRight, meron, 196, 205
dropWhile, meton, 196
DTD (Document Type
Dcfinition), 264

E

EBNF (Extended Backus-Naur
Form - paciipennast hopnma
Bakyca-Haypa), 313

| 393

elem, xsouesoe cioso, 190
Elem, tuu, 252, 262, 326
Empty, knacc, 281

emptly, kiodesoe cyoso, 191
endsWith, merton, 197
EntityRef, wiacc, 254
enumerationAsScalalterator,
(yuxuust, 209

Enumeration, kaacc, 95, 229
equals, meron, 121, 224, 227
eq, meroy, 121

cventloop, mMerozn, 344
exceptionHandler, mcron, 346
Exception, nckioyetiie, 296
Exception, kiacc, 151

exists, mcroj, 196

exit, meron, 345

extends, kiouesoe cnoso, 109,
118, 140

F

failure, meron, 324

FileLogger, Tpeiit, 149

FileVisitor, unrepdeiic (Java), 129
File, knacc, 128

filterNot, merox, 196

filter, meron, 57, 175, 196, 205, 230
final, kmouesoe cyoso, 110
findAllIn, meron, 133

findFirstIn, metox, 133
findPrefixOf, meron, 133

flatMap, meroz, 196, 198, 383, 386
Float, tum, 25

foldLeft, meTon, 183, 196, 200,
201, 280

foldRight, meron, 196, 201

fold, meton, 196

forall, meTou, 196

force, metoy, 206

foreach, meron, 175, 196, 199,
230, 377

format, meroj, 128
for-reneparopsi
(for-comprchensions), 41
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for, nuxa
JUIsl acCOI[HATHBIIBIX MacCHBOB, 68
Ju1s1 06X0/1a MacCHBOB, 54
n CPS-annoranuu, 377
cormocTasJieline ¢ 00pasiom, 222
for, LMKJIBI
KOHCTpYHpOBalue Kosekiuii, 42
pacuipennble, 41
fraction2Double, meTon, 354
FractionConversions,
00BeKT-KoMnanboH, 353
Fraction, o6bekT-koMnanboi, 353

G

Genlterable, Tpeiir, 212
GenMap, tpeiit, 212

GenSeq, Tpeiit, 212

GenSet, Tpeiir, 212

getLines, meron, 125
getOrElse, merog, 66, 230, 255
getResponse, meroz, 379

get, meTog, 66, 229, 255
grouped, mMeroz, 196, 205

H

hashCode, meton, 122, 192, 227
hashCode, meron , 224
hasNext, meron, 144, 205
headOption, meron, 196, 205
head, meton, 46, 126, 189, 191,
196, 205

I

ident, Metoz, 329
id, meron, 96
if/else, Bbipaxeiine, 35
Illegal ArgumentException,
HckIoueHue, 48
implicitly, meron, 360
implicit, kmoueBoe cioso, 352, 356
import, uncrpykuus, 96, 98, 104
B sobom Mmecre, 105

MpeametHbif ykasaTens

reperMeHoBalue U COKPBITHE
wienos, 106
IndexedSeq, o6bekT-Kkomnanson, 364
IndexedSeq, Tpeiit, 186, 364
indexOfSlice, meton, 197
indexOf, merog, 197
indexWhere, meron, 197
init, Meroz, 196, 205
InputChannel, Tpeiit, 339
int2Fraction, meroj, 354
intersect, merton, 193, 197
into, xomOGuuarop, 323
Int, Tin, 25, 273
IOException, nckniouenne, 241
isDefinedAt, merton, 231
isEmpty, meros, 196
isInstanccOf, aerop, 111, 119, 219
isSet, Merogn, 341
istream::peek, dynkins (C++), 125
iterableAsScalalterable, hyuxiys, 209
Iterable, tpeiir, 185, 205, 280, 306
BaXIibie METOJibI, 195
I MIIOrOnoTOUIIbIC Peasiiatuti, 212
Iterator, knace, 205
Iterator, Tpeiit, 144, 185

J

JavaBeans, kommnouenroi, 242
JavaConversions, kiace, 208

JavaEE, 235

java.io.InputStream, ksacc, 264
java.io.Reader, knacc, 264
java.io.Writer, knacce, 266
javalang.Integer, kiacc, 247
java.lang.String, nacc, 22, 273
java.lang.Throwable, knacc (Java), 48
java.math.BigDecimal, ksacc, 26
java.math.Biglnteger, knacc, 26
java.nio.file.Files, knacc (Java), 129
JavaTokenParsers, Tpeiit, 327
java.util.Comparator, unrepdeiic, 248
java.util.concurrent, naker, 211
java.util.Scanner, knacc, 126
java.util. TreeSet, knacc, 192
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Java, s13pik mporpamMmmupoBanust
?: oneparop, 35
java.util.Properties, kiace, 69
switch, nucrpyxiis, 245
void, T, 36
annoraiy, 235
acHHXpoHHbIC Katlajibl, 348

accotarisiipie Maccinol, 186
BHepenie 3apicumocteii, 298

BbIpaXKesl, 34

IPYHIIOBLIC CHMBOJILI, 282
3anueniie noJs, 112
wientigukatopol, 159
murepdeiico, 136
nexJouciist, 241

Kaacenl, 124
kourpoJipyemoie (checked)
HekJovensy, 241

MaccHBbl, 53, 186

Mmerojb, 110, 112
obpabotka cobbiTiii, 302
o0bekTb, 192
00BeKTbI-o/tHHouKIH, 91
OTCYTCTBHC MIIOXKCCTBEHIIOIO
nacJjcjosanmsi, 137

OTCyTCTBYIOLIHE 3Hadelnst, 276

nakernt, 99, 101, 103
cpsi3alinbic crickH, 186, 190
ynkiun, 43
urerine (paiision, 125

JUnit, 235

K
keySet, meroz, 68

L

lastIndexOfSlice, meron, 197
lastIndexOf, meton, 197
lastOption, meron, 196, 205
last, meron, 196, 205

lazy, kinouesoe cioso, 47
length, merog, 196, 205
LinkedHashMap, knacc, 68
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LinkedList, xiacc (Java), 186, 190

link, meton, 346

List, knace, 225, 305, 315
HeuaMmelisieMbie civcky, 187
peasiu3ailist Ha oCcloBe
case-KJiaccos, 227

loadFile, meron, 263

LoggedException, Tpeiit, 151

Logged, Tpeiit, 141

Logger, Tpciir, 143

log, kombuiarop, 321

Long, tuii, 25

loopWhile, kom6unarop, 344

loop, xombunarop, 344

M

main, Mertoj, 94

makeURL, meron, 257

Manifest, o6bexr, 274
mapAs]JavaMap, ¢yukuust, 209
mapAsScalaMap, ¢ynkuus, 69, 209
Map, kiacc, HeusMelsieMbie
accouuarHsiibie Mmaccubl, 187

map, meroz, 57, 175, 196, 205, 230,
306, 363, 383

Map, Tpeiit, 65, 186, 229
MatchError, uckaiouenne, 216
match, soipaxxenne, 217, 227, 229, 245
max, Meroj, 58, 196

MetaData, knacc, 254, 262

min, meroz, 58, 196

mkString, meron, 58, 197

mulBy, ¢ynkius, 173
mutableMapAsJavaMap,

(yuxuus, 209
mutableSeqAsJavaList, dyukuus, 209
mutableSctAsJavaSet, dyuxuus, 209

N

NamespaceBinding, knacc, 267
new, Kiloyesoe caoso, 164
next, meroy, 144, 190, 205, 378
Nil, cnucox, 281
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Nil, ciucox (mycroit), 189
NodeBuffer, knacc, 253
NodeSeq, knace, 259
NodeSeq, Tun, 253

Node, tun, 251, 281
None, obbexr, 229, 315
Nothing, tun, 48, 120, 276, 343
notifyAll, meron, 120
notify, metox, 120

null, snavenue, 276

Null, Tum, 120
NumberFormatException,
ucKaoyenue, 127
numericLit, metox, 329

o

Object, knacc, kak nmapamerp
Metona, 287

Object, knacc (Java), 120
object, kouesoe cioso, 90
Option, knacc, 66, 133, 165, 229,
255, 276, 315

opt, meroz, 314

Ordered, Tpeiit, 58, 273, 358
Ordering, tun, 359

orNull, meron, 276
OutOfMemoryError, ucrtouctiue, 207
OutputChannel, tpeiit, 339
override, ko4esoc cyoso, 110,
139, 144

P

package, nictpyxius, 98
PackratParsers, Tpeiit, 325
PackratReader, xnacc, 325
packrat-napcepni, 325
padTo, mMetoz, 60, 197
Pair, knacc, 279
Parlterable, Tpeiit, 212
ParMap, Tpeiit, 212
parseAll, meton, 315, 325, 329
ParSeq, Tpeiir, 212
Parsers, tpeiit, 314

MpeameTHbiit ykasarens

ParSet, Tpeiir, 212

parse, meroj, 315

Partial Function, knace, 231, 337
partition, meros, 70, 196

par, mctojt, 212

PCData, Tim, 258

permutations, meroj, 198

phrase, meron, 324

Positional, Tpeiir, 331

positioned, komOunarop, 324
positioned, meroz, 331

Predef, o6wexr, 111, 187, 246
prefixLength, mero, 197

prev, metoj, 191

printf, meros, 128

printf, yuxius, 39

println, ¢yukis, 39

print, dyuxiuis, 39

private, kJjoueBoc cioBo, 104
ProcessBuilder, o6nbext, 132
proccss, ameros, 379

product, meros, 196
propertiesAsScalaMap, ¢gyuxius, 209
protected, kimouesoc ciono, 104, 112
public, knioucsoe cnoso, 74, 104
PushbackInputStrecamReader, kiace
(Java), 125

Q

Queuc, kiace, 189
quickSort, mecroj, 58

R

RandomAccess, mnrepeiic (Java), 186

Range, kiacce, 40, 306, 364
HEH3MCHSICMbIC JiHanasoinl, 188

reactWithin, meron, 341

react, meros1, 339, 342, 348

readBoolean, ¢yikius, 39

readByte, ¢ynxius, 39

readChar, ¢ynkiuis, 39

readDouble, ¢pyuxis, 39

readFloat, ¢ynxius, 39



MpeametHebiit ykasaTens

readInt, pynxuuns, 39
readLine, (ynciist, 39
rcadLong, dyniius, 39
rcadShort, (ynkims, 39
receiveWithin, aeron, 341
receive, merog, 336
reduccLeft, meron, 176, 182, 196, 199
reduceRight, merog, 196, 200
reduce, merojt, 196
RegexParsers, tpeiit, 314, 326, 331
Regex, kiacc, 132
Remote, nirepgeiic (Java), 240
replsep, meron, 322
repl, mcrog, 322
REPL, pexxiin Bcrasku, 92
reply, meton, 340
REPL (uurepuperarop Scala),
pexuM BcraBkh, 36
repN, mertojt, 322
repsep, Merojl, 322
rep, Meroj, 314, 322
reset, merog, 369

3nauelime, 372

C mapamerpamit THnos, 372
result, merog, 245
return, KJjouesoc ¢ioso, 43, 181
reverse, merog, 197
RewriteRule, wiace, 263
RichFile, wiace, 353
RichInt, knacc, 40, 55, 273
RichString, kiacc, 273
RuleTransformer, xnace, 263
Runnable, nirrepdeiic (Java), 334
run, Merox (Java), 334
r, Meroz, 132

S

SAX, napcep, 264
scala.collection, naker, 187
ScalaObject, unrepdeiic, 120
scala.sys.process, 6uGanoreka, 131
scala.tools.nsc.io, naxer, 128
scala, naxer, 187

umtiopripyercst seerya, 101

R (397

scanLeft, metox, 202
scanRight, meroz, 202
scaled, kiouesoe ciioso, 228
segmentLength, meron, 197
seqAs]JavaList, Gynkuus, 209
Seq[Node], Kknacc, 253, 254
Seq, Tpeiir, 45, 186, 277
Baxkiibie Metozpl, 197
Scrializable, Tpeiit, 240
Serializable, unrepdeiic (Java), 139
ser, merof, 212
setAsJavaSet, dynkuus, 209
Set, ksacc, Heu3MensieMble
MHoXxecTBa, 187
Set, Tpeiir, 186
shift, meron, 368
¢ mapamerpaMu THnos, 372
Short, Tum, 25
singleton, THnbI-0MHOUYKH, 286
slice, meroz, 196
sliding, meton, 196
sliding, mcton, 205
Some, kiacc, 229, 315
sortBy, metox, 198
SortedMap, Tpeiit, 186
SortedSet, Tpeiir, 186
sorted, metoz, 58, 198
sortWith, meron, 198
Source, o6bexT, 125
span, metoz, 196
splitAt, meron, 196
Spring, ¢peiimBopk, 298
Stack, knacc, 189
StandardTokenParsers, knacc, 328, 329
startsWith, meron, 197
start, meron, 335, 345
StaticAnnotation, Tpeiit, 238
StdLexical, Tpeiir, 329
StdTokenParsers, Tpeiit, 326
StdTokens, Tpeiit, 328
stringLit, meron, 329
StringOps, kuace, 29, 70
String, knacc, 128
subsetOf, merox, 193
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success, MeToxt, 324

sum, Meroz, 58, 190, 196, 205
super, kjiio4eBoe cyaopo, 111, 144
switch, nuctpyxius, 216
Synchronized Buffer, rpeiit, 210
SynchronizedMap, Tpeiir, 210
SynchronizedPriorityQueue,
tpeiit, 210

SynchronizedQueue, Tpeiit, 210
SynchronizedSet, Tpeiit, 210
SynchronizedStack, Tpeiit, 210
synchronized, meton, 120

T

TailCalls, obbexT, 244

TailRec, oObexT, 245

tail, meton, 46, 189, 191, 196, 205
takeRight, meron, 196, 205
takeWhile, meron, 196

take, metog, 196, 206

Text, knacc, 256

text, merton, 255, 260

this, kiouesoe cioso, 79, 112, 286
throw, Boipaxeriue, 48
TIMEOUT, o6bekrT, 341

toArray, Meton, 54, 125, 197, 205
toBuffer, meron, 54, 125
toDouble, meTon, 126
toIndexedSeq, meron, 197

tolnt, meron, 126

tolterable, meton, 197, 205
Tokens, Tpeiit, 328

Token, tun, 326

toList, metox, 197

toMap, meron, 71, 197, 205
toSeq, merozn, 197, 205

toSet, merox, 197, 205

toStream, mcton, 197

toString, merox, 96, 224, 227, 256
toString, merox (Java), 58

to, Merozn, 40, 188

trait, kiouesoe cjoso, 139
transform, metoy, 263

trimEnd, meton, 54

MpeamerHbiit ykasatens

try/catch, Boipaskenue, 50
try/finally, soipascerie, 49
Lype, KiioueBoe ciosno, 287

u

unapplySeq, merog, 167, 220

unapply, meron, 164, 220, 224

UnhandledException, 346

union, Metoj, 193

Unit, knacc, 36, 119, 369, 373, 385
3nauetie, 36

Unparsed, i1, 258

until, merozn, 40, 55, 188

until, ¢pynkis, 181

"4

valueAtOncQuarter, mcron, 174
values, meros, 68
Value, meron, 95
val, nonst

lazy, 325

B napcepax, 325

nennsbie, 118

ornepexxaionice otipejieseriie, 118
var, noJisi, uepeotipenesenne, 114
Vector, knacc, 188
vector, Tin (C++), 53
void, kimouesoce cyioso (Java, C++), 36

w

wait, meroj1, 120

walkFileTree, nmeroj, 129

while, i, 40, 181

with, kiouesoe ciono, 119, 139,
275, 291

X

-Xelide-below, ar

KOMITIIsATOpa, 246

XML (Extensible Markup

Language), 251
aTpubyTni, 254, 262



MpeameTHbiit ykasaTens

BKJIIOYEHUE TTPOU3BOJIBHOTO
TCKCTA, HC SIBJISLOLICTOCS
pa3merroii XML, 258
3arpyska, 263
HHcTpykuii oopaborkH, 253
KOMMeHTaphi, 253
MHCMOIKH, 253
npocrpaicrtsa nmei, 266
Tpancgopmalisi, 263
y3Jibl, 252
anemenTol, 262

XPath (XML Path Language), 259

-Xprint, ¢aar konsmnuisiTopa, 356

Y

yield, uncrpyxuusi, 42
yield, kiouesoe coBo B 1HKax, 212

Z

zipAll, merog, 196, 204
zipWithIndex, meron, 196, 204
zip, Meron, 71, 196, 203

A

A6cerpakrubie T, 300, 326
Axropwi (actor), 333
anotmmubie, 335
Oaoknpyiorest, 337, 340, 348
BBLI3OB MCTOJIOB, 348
ranobanbiinie, 338
JKHBHCIILIT 1K, 345
sasepuiettiie, 345
3anyck, 335, 345
cBsi3biBatine, 346
COBMCCTIIOC HCIIOJIL30BAlIe
HOTOKOB BbINOJHCHIS, 342
COBMCCTHO HCIOJL3YCMDBIC
Janbie, 348
cosuatiie, 335
CCLUIKI 11a akTopbi, 338
Aunoramun, 234, 235
B Java, 235
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MeTa-aHHoTauuu, 239

iepekoMenyembie, 240

nopsiaoxk, 236

peasiu3anusi, 238

¢ aprymenTamu, 236

yIIpaBJICHHUsI OIITUMU3AIINH

B KOMIIMJIsITOpE, 242
AnioHuMHbIe KJiacebl, 115
Aprymenroi

HMenoBaHubie, 44

1lepeMeHHOC KOJIM4ecTBo, 45

110 YMOJYaHHIO, 44
AprymenTbl KOMauiHoO# cTpokH, 94
AccounatiBHocTb onepartopos, 163
Accounarusnsic MaccuBbl, 64

u3mMelisiembic, 66

KolcTpyuposaine, 65

M3 KoJslleKkuuit nap, 71

lieusMchsiemore, 67

obxox aseMentos, 67, 222

napaJsuicjiblible, 212

coptupoBka, 68
AccoumaTHBlibie MaccuBbl, 65
Atpubyrbl (XML), 254

Moauduxaimsi, 262

obxoz, 255

b

Bjoxn, 38
Basiokuposkit, 333
Borarpic unrepdeiicor, 144
Bydepo, 53
BLIBOJ, S8
nobapiiclie KOJANCKLIMH
B Kouell, 53
JlobaJicliue/ynanenue
aJieMenros, 53
11anO0bIIHIT 1 HAUMEHbLIHIT
aJieMelTol, 58
00x071 3/1IcMelToB, 54
upcobpasosaiiue, 56
1peoOpasoBatiie B MacCHBDI, 54
nycrole, 53
COpTHPOBKa, 58
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Bakyca-Haypa pacimpennas
¢dopma (Extended Backus-Naur
Form, EBNF), 313

Bakyca-Haypa ¢opma (Backus-Naur
Form, BNF), 313

B

Bapwuanrnocrn, 277
Bsox u BuiBoz, 39
Be6-npunoxens, 378
BszaumobJiokuposka, 348
Bszaumob.iokuposku, 333, 341
Buenpenue 3asucumocrteit, 297
Buoipaxenus, 34
annoruposative, 236
M MHCTPYKIMH, 34
TUIBL, 35
Buoiuncsenust ¢ avipkamu, 370

r

Totika 3a pecypcamu, cocTostiuce, 338
Ipammaruku, 312

JICBOpPEKypCHBHbIC, 325
Ipanuupl kotitexcra (context
bounds), 273
I'panuipl npeacrasienis (view

bound), 273

A

[lepeBbst CHHTAKCHYCCKOTO
ananu3sa, 318
HectpyKTypu3anus
(destructuring), 220

3

3axonnt Monaa (monad laws), 383
3ambikanus, 177
3axBaTHUTDh KaK MOXII0 OoJibiiie,
npasuio, 329
3Ha4yeHus

uMeHoBaHiibie, 219

JieHuBsbie, 47

MpeametHblit ykasaTtens

u

Wnentuduxaropsi, 159, 328
Umnopriposariie

nessuoe, 107

MEePEHMCHOBAHHC 1 COKPBITHE

usienios,” 106
Nmnoptuponariiie ¢ynxiutii, 28
Wupepeust ynpassietnst (inversion of
control), npo6siema, 342
Wucrpyxiui, 34

6uiounivic ({}), 38

3asepienie, 37

1 Bbipaxceniisi, 34

W nepeBojt cTpoki, 37

npucsoctiusi, 38
Wucrpykinin obpaboriit, 253
NHupukcuas noraist, 293

B Maremarike, 293
MNudukenast hopma samicn

B HIPC/UIOKCHIISIX case, 224
Nupukenpie oneparopsl, 160
Uckimoucnis, 48

B Java, 241
Ureparopul, 125, 204

next, aeroji, 378

uamensiembie, 205
Wreparopsl kostekiut, 205

K

Kappunr, 178
Karasiorn
BBLIBOJI COJICPXKIIMOTO, 375
1 naxerni, 100
o0Oxo, 128
Kepmurana i Prrun (Kernighan &
Ritchic), ctuan odopaieriis, 38
Knaccent, 74
case-kJsacenl, 166
abcrpaxribie, 116
annoruponatiie, 236
BHIMMOCTD, 74
BJIOXKcHHbie, 85, 288
nmetia, 159



MpeameTHblit ykasaTens

UMIOpTUpOBaiine yieHos, 96, 105

H 1IPOCTBIC THIDI, 25

I 1ceBonMl TH1oB, 290

Juneapusarisi, 148

Hacaesosate, 109

Java-kuaccos, 113

olipe/ie/IcHie, HOJAMCUIHBAIHC

tpeiitos, 140

pacumpetie, 92

peaszatiist, 269

cpoiicrsa, 75, 77, 80

TOJILKO JUIsL wrenust, 77

ceprannzanst, 129

ceprannsyemoie, 240

¢ HapamcTpamn Tios, 270
Knaceni-snauernisi, 228
Komiposka cimogion, 127
Kosnexipn, 184

B3AHMOJICIICTBHC ¢ KOJUICKI[HSIMH

Java, 208

jlobasiieiine 1 yjajuene

anemenron, 193

nepapxist, 185

n3metsiemie, 186, 210

1 ureparopot, 205

KOHCTpYHpoBatiie, 42

neusmenisiempie, 186

neynopsiouctiinie, 186, 193

ob6xos ssienmetrron, 186, 243

o6uie mMerojnt, 195

00beKTDI-KOMIIANLOIILL, 364

napasuesaiisie, 212

nioroxko6e3otiacivie, 210

npumenetide Qpynkiii Ko Bcem

anemenrtaM, 175, 198

cBeprka, 200

cepragnnzarst, 130

ckarnposanme, 202

cozjlatie sKseMisipos, 186

cokpauicie pasmepuiocrs, 199

TpeiiTbl (traits), 185

yuopsiioueriibie, 186, 193
KomGunaropni, 321
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Kom6uHaTops! ynpasienus
soinostenieM (control flow
combinators), 344
Kommentapuu
B XML, 253
B JIEKCHYCCKOM anasiuze, 313
napcunr, 327
Komnanbonbi, 06bektnl, 91
Komnusitop
annorauuu Scala, 235
BHYyTpeunne Tuiby, 295
1 CPS-annorauuu, 382
nesiBiipic 11peobpasosariusi, 356
ONTHMH3ALHH, 242
npeobpasoBaiiie Koga
B 1IpojloJDKenusx, 374
Konnonerniros csoiicrsa, 80
Koricoun
BBox, 39, 126
BbiBog, 39, 128
Korietpykropnl
0c3 napamerpos, 149
raasubie, 81, 82, 112
annoruposaiine, 236
Jlonosiuresblisie, 81, 112
u 3navenust val, 118
napamerpoi, 82
anuyortuposatue, 238
nesisiibic, 274
HopsiloK Bbi3oBa, 117
cynepkJiaccos, 112
Konctpykropst Tiios, 305
Koprexwu, 64, 69
conocrasJiciive ¢ obpasuamu, 220
ylakoBka, 71
Kpacno-ueptisie aepebst, 192

J

Jlepoaccouuarusiibie oneparopsi, 163
Jlexkecempr, 313
collocTaBJicHiiie ¢ PeryJisipHbIMH
Boipaxkenisinu, 314
ynanenue, 318
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Jlexcuueckuit ananus, 313

Jlenussie (lazy) 3nauenus, 47

Jlurepanst XML, 252
BCTpOEHHBIE BbIPAXeENus, 255

comnocrasJieHne ¢ obpasuamu, 260

M

Maccussl, 53
B CpaBHEHHHU cO criuckami, 186
BbIBOJL, 58
HIiBapHalTHOCTD, 279
muoromepiinie, 93
HauboAbIUIMI H HAHMCHBHIHI
2JIEMEHTDI, 58
obobiientibie, 274
obxoJ aseMcHTOB, 54
napasuiensiisie, 212
nepeMeIHON JIHHDE, 53
npcobpasosatiie, 56
npeobpasosatiue B Oydepnl, 54

cHHTaKcHC Bbi3oBa (hynkumii, 163
conocTasJetne ¢ obpasiamy, 219

COPTHPOBKA, 58
dbukcuposanoil UHIbL 53
Meroani, 43

apply, 29
aberpaxrisie, 116, 139, 144
akiieccopnl, 74
antoruponatue, 236
apryMenTbl

uMmenosaniinic, 44

no ymoJiuanuio, 44
6¢3 nmapamcTpos, 74
Bo3Bpailiaembic 3uauciiis, 287
poaBpatifaeMbic Tirbl, 280
BCTpanBaHue, 245
B cynepkiaccax, 110
BbI30B, 28, 74, 144
3anucy, 76, 116, 236
3annientoie, 112
urHopupyembie, 245
KoJutekiuii, 195
moauukaropnt, 104
MyTaTopbl, 74

MpeametHeiit ykasatens

o6obmennsie, 270
obbsiBaietiie, 74
oxonuateabibiM (final), 244
oTJioXKeHIble Bbruncyaenus, 207
napamerpbt, 110, 280, 287

ucnosib3oBatie pynknuii, 172

THnos, 270
nepeonpesesnetie, 110, 143
npusartiibic (private), 244
conepskaiue 6ok shift, 374
CO CIUCKOM aprymMeHTon
nepemMeintoii juiniie, 241
cratiucckiie, 28, 90
¢unannipie, 110
HCIIOUKH BbI30BOB, 286
yrenust, 76, 116, 236

Mmuosxecrtsa, 191
jgobaBjenie 1 yjaaieiie
anementon, 193
obneunienie, 193
napaJuiesbioie, 212
nepeceuctiie, 193
nornck anemeriron, 192
NOPSIIOK CJIC/I0BAHIISI
asemerrron, 191
pastioctb, 193
copriposantbie, 192

Mioskectnenioe Hacaeponane, 137

H

Hauannnbiii cnnssos, 313
Hetepmunazbiibie ciamposinl, 313
Hesisrioe nnmnopriposatiie, 107
Hessupie 3nauenus (implicit
values), 273
Hesizubic napamerpol, 356
nanGosice pacipocTpaicHibiX
THion, 357
noarsepakctis, 360
HesiBusie napamerpot (implicit
parameters), 274
Hesnupie npeobpaszosatnisi, 158,
178, 351



MpeametHbiid ykasatenb

JUIST TTapaMETPU30BAHHBIX

THIIOB, 273

JUIst apeepos, 327

nmetonaiiie, 352

nmiopt, 353

MHOXCCTBO, 356

Hexejaresninie, 352

neojiosnaubie, 356

npasiia npHaetienst, 355
Hesiotii napamerp (implicit
parameter)

noyrsepaxetns (implicit evidence

parameter), 275

o

O6paborunii codurtThii, 342
O6bekrnl, 90
BJjoXenie, 226
BJIOXKCIHIIbIC KJacenl, 288
nobGasJieiine tpeiitos, 141
napJicucIie 3uaucHii
13 obbekros, 220
nMiopTHposatiie wienos, 96, 105
I HCeBAOHHMDL THIOB, 290
KOMIIaHboHDbI, 91
Kolucrpynposarnie, 141
MCTOJLbI 110 yMoJuaniio, 192
obsiactb BiyuimMocTH, 289
ojiouxi, 90
naxeros, 103
HOJUICPIKHBAIONIHC
KJoniposate, 240
pasencrso, 121
PACHIIPSIONHC KJIACCDHI
1 rpeiitny, 92
cepHalzyemMocTb, 292
cotnocrasJjcntice ¢ odpasuon, 219
yurasieninnie, 240
yKasaioro kjiacca, 111
O6beKThI-KoMIIalbolbl, 288, 357
nesiibic 1peobpasosalinst, 353
O6bEKTBLI-KOMIIAIBLOIILE (Companion
objects), 186

I

O6bekrbi-onnHouku (singleton), 287
O6bexTb HoaTBepxacuus (evidence
objects), 361
Orpanuucnue tunos, 275, 360, 361
Orpannuunrenu (guard), 217
B uncrpyxisx for, 223
lIcpeMceHIibie B orpaHHuuTesisx, 218
Ouatiomecriibie orieparopsl, 161
Ouneparopsi, 158
apudpnmeriyeckue, 26
accoliaTuBiocTn, 163
1Uis1 JoGaBiieliist U yiaieHust
asiementos, 193
unbukcnie, 160
JiesoaccoluaThsibie, 163
oxnomecrioie, 161
napceuir, 329
nocrgikcnole, 161
1ipaBo-accouuaTHBHble, 163
nipuopuret, 162
npiopuretsl, 316
yuapibie, 32, 161
Ouepexaiouiee onpeneienue, 118, 150
Omiazka, ureine U3 crpok, 127

n

[Takeros oObekTni, 103

ITakeroi, 99
paoxennoic, 100
B Heckosibknx haitnax, 99
JobasJieiine ajaementon, 99
umenosartie, 100
nmiopriposanie uietos, 105
obJyiacTb BHAMMOCTH, 289
o0bexTn nakeros, 103
oObsiBjiciive B Havasio (paitsia, 102
obbsiBJiciHe uenoyek, 102
npasiia sugumoctu, 100

[Mapasuiesnbiivic KosueKim, 212

[TapameTpi3oBatiibie THIIbI

rpanuupl, 271

[Tapamerpugosaiibie Tunbl, 269, 301
HesisHbIe 1ipeobpa3oBaniust, 273
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ITapamerpnr
anotuposatine, 236
KappHpoBanusie, 277

uesiupie (implicit parameters), 274

[TapameTpsl THMA, rpatHIlbI
KoHTeKcTa, 359
[Mapcepsi, 311
BO3Bpathl, 324
1 npobeIbHbIe CUMBOJIDL, 327
Ha OCIIOBE PEryJIspHbIX
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obpabotka ou6ok, 330
yuces, 321
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apryMeHToB, 45
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volatile, 239
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Koukperhbie, 117, 145
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[Tomarosoe asikete snepen, 383
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[puopurer, 293
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B BeO-nprIoKensix, 378
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[pockiutit rimos, 288
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Paseucrso obbekros, 121
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Cyneprunsi, 36 nopsiiok Koncrpyuposatist, 143,
147
T peayzamst, 140
cobGerseribie THiibl, 152
Tpeiitor (traits)
KoJsuiekiii, 185
pacuipeniie, 92

Tabauibl nepexonos, 245

Tunnt
cocrasiibie (compound type), 291
abcrpaxtibie, 300, 326
anioruponatime, 236
aHoHuMuble, 115
sbiciiero nopsaxa (higher-kinded

y

Yuapupice otepartopni, 161

type), 306

KOHCTPYKTOPBI THIOB, 305
orpanuyetine, 275, 360
nposepka, 111
ncesAOHUMBI THITOB, 187

Ynpassienie aberpaxitsiait. 181
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obpadoria, 125
coxpatelrie, 266
urenne, 125, 368
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anonmmunlie, 172
APryMeHThI
HMeHoBantie, 44
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B 1nepeMeninix, 171
BLizos, 171
Boiciicro nopstiaka, 173
AByxmectibie, 176, 199
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KaK napamerpot merojos, 171, 172
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obobmenie, 270
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dDyHKUMOHaNbLHOE NPOrpaMmMupoBaHne

SCALA

0151 HeTepnenmBbIX

KHura B cxaToi popme Onm1chLIBaET, HTO MOXHO [Aenath Ha a3blke Scala, 1 kak
310 genatb. Ken XopctmanH (Cay Horstmann), 0CHOBHOM aBTOpP BCEMUPHOIO
b6ectcennepa «Core Java™», paetr ObICTpoe W NpakTUieckoe BBeAeHWe
B $3blK MPOrpamMMMpOBaHUs, OCHOBaHHOE Ha MNpuMepax NpPOrpaMmMHOro
kopa. OH 3HAKOMUT yuTaTens C KoHUenumsMmn A3bika Scala v npuemammn
NporpamMMupoBaHns  HEOONbLLNMK  «MOPLIMAMW», YTO MNO3BONSET OLICTPO
OoCBavBaTh UX U MPUMEHATbL Ha NpakTuke. MNpakTuyeckne Npumepbl NOMOryT
BaMm NPONTN BCE CTaAUM KOMMNETEHTHOCTN, OT HOBWYKa [0 9KcnepTa.

B KHUre paccmMmaTpmBaloTCs:

ObLICTPOE 3HAKOMCTBO C UHTEPNPETaTOpPOoM Scala, CUHTakCMCOM, MHCTPYMEHTamMn

Y YHUKaNbHBbIMW NOMOMaMN A3bIKa;

OCHOBHbIE 0COOEHHOCTU 5A3blIKa: (PYHKLIMN, MaCCUBbI, aCCOLMATNBHBIE MAcCVBHI,

KOPTEXW, MakeTbl, UMMopT, 06paboTka UCKIIIOYEHUI N MHOFOEe APYroe;

3HAKOMCTBO C OObEKTHO-OPUEHTUPOBaHHBIMIN OCOBEHHOCTSIMK A3blka Scala:

Kaccamu, TpenTamMm u HacneaoBaHNeM;

+ ncnonb3oBanne Scala ons pewenns npakTuyeckux 3aaaqy: obpaborka daiinos,
MPUMEHEHWE PErynsipHbIX BeipaXkeHnin 1 pabora ¢ XML-aokymeHTamu;

* 1cnonb3oBaHme GyHKLMIA BbICLLEro Nopsaka 1 oblwmpHas bubnuorteka Konnekumii;

* MOLLHBI MexaH13M ConocTaBeHus ¢ wabnoHamu n NPUMeHeHNe case-KJ1accoB;

* CO34aHne MHOrOMOTO4HBIX MPOrPaMm C UCTOMb30BaHMEM aKTOPOB;

+ peanm3aumsa NPeaMETHO-OPNEHTUPOBAHHbIX A3bIKOB;

* nccneaoBaHue CUCTeMbl TUMOB A3bika Scala;

* MpPUMeHeHne AOMNONHNTESIbHBIX MOLLHBIX UHCTPYMEHTOB, Takux kak aHHOTaummn
HesiBHbIE NapamMeTpbl U 3HAYEHWS, N OFPaHU4EHHbIE MNPOAOIKEHS.

.

MayuyeHue a3bika Scala nossonseT 6uICTPO AOCTUYL TOM rpaHu, 3a KOTOPoi

Ha4YHYT HOPMMPOBATLCA HOBLIE HABbIKWU NPOrpaMMMUpoBaHus. ATa KHUra

NOMOXET NPOrpaMMmUCTaM C OMbITOM OOBLEKTHO-OPUEHTUPOBAHHOTO

NPOrpaMmmMupoBaHns HEMEOJIEHHO MPUCTYNNTL K CO3AAHUIO MPaKTUYHbIX

NPUAOXEHUA N NOCTENEHHO OBNafeBaTb NepefoBbiMU NpUeMamMu npo-
. rpamMmMupoBaHus.

D‘OC.'-OO'\'-ov- ¢

ISBN 978-5-94074-92@=2

85940774920




	От издательства
	Предисловие
	Вступление
	Об авторе
	Глава 1. Основы
	Глава 2. Управляющие структуры и функции
	Глава 3. Работа с массивами
	Глава 4. Ассоциативные массивы и кортежи
	Глава 5. Классы
	Глава 6. Объекты
	Глава 7. Пакеты и имортирование
	Глава 8. Наследование
	Глава 9. Файлы и регулярные выражения
	Глава 10. Трейты
	Глава 11. Операторы
	Глава 12. Функции высшего порядка
	Глава 13. Коллекции
	Глава 14. Сопоставление с образцом и case-классы
	Глава 15. Аннотации
	Глава 16. Обработка XML
	Глава 17. Параметризованные типы
	Глава 18. Дополнительные типы
	Глава 19. Парсинг
	Глава 20. Акторы
	Глава 21. Неявные параметры и преобразования
	Глава 22. Ограниченные продолжения
	Предметный указатель

