POSth‘ESQL — OAHa U3 CaMbIX MOMYASPHbIX B MUpe 6a3 AQHHbIX C OTKPbITbIM
MCXOAHDBIM KOAOM, KOTOPAs NOAAEP)XMBAET CaMble NepeAoBble BO3MOXXHOCTH, BKAIO-
YyeHHble B CTaHAAPTbl SOL. AaHHast KHUra NO3HaKOMMT Bac C MOCAEAHUMM HOBALUSAMMK,
nossuBLuMMuca B PostgreSQL 10.

MpoynTaB KHUTY, Bbl GYAeTe XOPOLUO MOHMMATb 0CHOBbI PostgreSQL 10 n 06AaAaTh
HaBblKaMW, HEOOXOAMMBIMU AASl Pa3PabOTKN 3 PEKTUBHDBIX PeLUeHMiA C NPUMeHe-
HMUeM 3TOM 6a3bl AaHHbIX. C TOW MAM MHO CTENEHbIO MOAHOTbI KHMra OXBaTblBaeT
NPaKTUYECKH BCe BOMPOCHI, C KOTOPbIMU BCTPEYAETCS Pa3paboTUMK M aAMMHUCTPA-
TOp, HaYMHaIOLWKI NPodecCMOHaAbHO paboTaTb ¢ AaHHOM CYBA.

WU3paHMe peKOMeHAOBAHO BeAYLUMMHU pa3paboTuukamu PostgreSQL B Poccuu, oHO
OyAeT NOAE3HO KaK HauMHAIOLMM Pa3paboTYMKaM, TaK U AeHCTBYIOLLMM AAMUHN-
cTpaTopaM.

KpaTKO(-! CoAepPXaHue KHUIu:

° OCHOBbI PEASILMOHHDIX 623 AQHHBIX, PEASILIMOHHON aAreOopbl U MOAGAUPOBAHUS
AQHHDIX;

° yCTaHOBKa KAacTepa PostgreSQL, cospaHue 6a3bl AQHHbIX U peaAU3aLusa MoAe-
AV AQHHBIX;

° CO3AaHMe TAaOAMLL M NPEACTAaBACHHNA, NOCTPOEHNE MHACKCOB, ONpeAeAeHue
TPUrrepoB, XpaHUMbIX GYHKLIMIA U APYTUX 06EKTOB CXEMbI;

° MaHMMYAMPOBaHUE AQHHBIMU C MOMOLLbIO A3biKa SQL;

° peaAM3aL sl GU3HEC-AOTMKM Ha CTOPOHE NPUAOXKEHUS C MOMOLLIbIO TPUITEPOB U
XpaHUMbIX GYHKLMHA Ha a3bike PL/pgSQL;

° AOMOAHUTEAbHbIE TUMbI AAHHDIX, NOAAEPXKMBaeMble PostgreSQL 10: MaccuBbl,
JSONB u Apyrue;

* pa3paboTKa OLAP-pelLeHui C npUMeHeHMeM HOBOBBEAEHUH, NOSIBUBLUMXCS B
PostgreSQL 10;

* 3¢ peKTUBHOE NpOrpaMMMpoBaHKe 6a3bl AAHHbIX Ha A3biKe Python;

° TeCTUPOBaHUE KOAQ, XPAHUMOro0 B 6a3e AaHHbIX, HAXOXXAEHHUE Y3KUX MeCT,
NOBbILLEHNE NPOU3BOAUTEABHOCTH U HAAEXKHOCTH NPUACIKEHUH.
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bnaroaapHoOCTb OT peaakuum

V3npatenbcTBo Garogaput Visana EBrenbeBnua [TaHue@HKO 3a ITOMOIIb B IIOATOTOB-
Ke 3TOTr0 U3JaHuS.

OTa KHMUTa — XOpolllee mocobue st 6aM3Kkoro 3HakoMmcrBa ¢ PostgreSQL. C Toit
WM MHOM CTeNeHbI0 MOJHOTHI OHA OXBATbIBaeT MPaKTMUYeCKU BCe BOIMPOCHI, C KO-
TOPBIMM BCTpeUaeTcsl pa3spaboTUMK M afMUHUCTPATOP, HAUMHAKOIINI Mpodeccro-
HaJIbHO paboratsh ¢ 3Toi1 CYB/I. A TO, UTO B KHUTe He HAIIIOCh, eCTh B JOKyMEHTa-
LM Ha PYCCKOM sI3bIKe: https://postgrespro.ru/docs.

[TpusTHoro norpy>keHus B Postgres!
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06 aBTOpax

Camaxanmuu I>Ky6a 6osee mecsiTu jieT paboTaeT B IMPOMBIIUIEHHOCTM M aKajie-
MUYECKUX YUPEXKIEHNSX, YAesIsl OCHOBHOe BHMMAaHMe pa3paboTkaM MpIIOsKeHM
0a3 JaHHBIX B KPYITHOMACIITAOHBIX ¥ KOPIIOPATUBHBIX CHCTEeMaX. IMeeT cTerneHb
MarucTpa I0 yIpaBIeHNI0 TPUPOAOOXPAHHOI IesITeIbHOCTbIO, & TAKKe CTeleHb
6aKajaBpa 110 IIPOEKTHMPOBAHNIO KOMIIBIOTEPHBIX cucTeM. ABsieTcst cepTuduimpo-
BaHHBIM pa3pabOTUMKOM ITPOTPAMMHBIX pellleHN T Ha OCHOBe MPOmyKToB Microsoft
(MCSD).

Pa6orasn mpeumMyiecTBeHHO ¢ 6asamy maHHbIX SQL Server, PostgreSQL u Green-
plum. PazpabaTbIBasi 1JIsI HAYUYHbBIX COOOIIECTB IMPWIOKEHNMSI, CBSI3aHHBIE C pacIpe-
IeneHHOI 00paboTkoii reorpaduyeckoii MHGOpMaLnu, BO BpeMsi paboThbl B aka-
JeMUYECKMX YUPEKIEHUSIX yYaCTBOBAJ BO MHOTMX MEKIYHAPOAHBIX ITPOEKTaX
U pa3paboTKe CTaHIapTOB, MMEIOLIMX OTHOIIEHNE K 00paboTKe U300 paskeHMIA.

Pa6oTast mporpaMMMCTOM, 3aHMMAJICSI B OCHOBHOM ompefenenneM ETL-mporec-
COB 00pabOTKM TAHHBIX, ITONTYUEHHBIX M3BHE, IOCTAHOBKOI MPOTPAaMMHBIX 3a/1a4,
MTOMYJIsIpU3alileil mepemoBbIX MPaKTUK paboThl ¢ SQL, MpOeKTHMPOBaHMeM MPUIIO-
skeHmnii OLTP 1 OLAP, uccienoBaHueM U OLLEHKOM HOBBIX TEXHOJIOTHI, IIPernoaaBa-
TeJIbCKOI JIeSITeTbHOCTBIO ¥ KOHCYJIbTUPOBAHUEM.

Boipaxcaro enybouatiwiyro 61az00apHocms ceoemy KoJineze AHOpeio Bosiko-
8y, 6e3 Komopozo 3ma KHUza He cOCMOosLacy 6ol. Taxxice 61az00apo 8cex,
KMo oKda3wvlea n000epiKy, a 0cobeHHo KoJneKkmue usdamenscmea Packt
3a cogemol, KOppeKmMypy U 3ameuaHust No ohopmaeHur KHuzu. Xouy mak-
e nobaazodapums C80H CeMblo, KOMOpPasl He 0CMaesisiid MeHs 3abomamu,
Xomsi 51 6bL1 8bIHYHCOEH YOeIMb MH020 BHUMAHUS KHUZE 8 YulepO OJIU3KUM.
U HakoHey, camble mensle ¢108a U 21y60KAsl NPU3HAMENLHOCHb MOEMY
nokotiHomy omuy, Mkpaemy /Ixcy6e, Komopulii 6cezda noddepiucusan mensl,
noMo2an U HaCMassil 8 HU3Hu.

Aunppeii Boskos 113yuaj 6aHKOBCKMe MH(POpMaIMOHHbIe cucTeMbl. CBOIO Kaphe-
py Hauaa GDMHAHCOBBIM aHAJTUTUKOM B KOMMepUeckoM 6aHKe. Bas3bl JaHHbBIX ObLIN
€ro OCHOBHBIM PabouMM MHCTPYMEHTOM, ¥ CKOPO OH ITOHSUI, UTO IIPSIMbI€ 3aITPOChI
K 6ase JaHHBIX ¥ MacTepckoe BiageHue SQL ropasgo sdgdeKkTuBHee BU3YaTbHbIX
OTUYETOB, KOTZIa HY;KHO MPOM3BECTM CUTYaTUBHBIN aHaan3. OH mepeles B IPYIITy
XPaHWINIIL JaHHBIX U CITYCTS HEKOTOPOE BpeMsI BO3IJIaBIJI ee, 3aHSIB JO/KHOCTh ap-
XUTEKTOPa XPaHUJINII JaHHbIX.

Pa6oran B ocHoBHOM c Oracle u 3aHMMaJIcsl pa3pabOTKOi JIOTMUECKUX U PU3K-
YeCcKux Mopesieli pUMHAHCOBBIX M OYyXTaJTepPCKMX MaHHBIX, peaausalnein ux ¢ mo-
mombio CYB]I, paspabotkoii ETL-mipoiieccoB ¥ aHaMMTHUKOM. OTBevas 3a 00yyeHue
I0JIb30BaTesieli paboTe ¢ XPaHUIUIIEM JAaHHBIX I MHCTPYMEeHTaMu 613HeC-aHaIu-
TuKK. IIpenogasanue SQL Takke BXOAMIIO B €r0 00SI3aHHOCTM.
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ITpopa6oTtas 10 ieT B pMHAHCOBOM CEKTOPE, OH CMEHIJI [T0JIe AesITeIbHOCTY U Te-
mepb paboTaeT CTapuM paspaboTurMKoM 6a3 JaHHBIX B TeIEKOMMYHMKAIIVIOHHOM
KOMOaHuU. 34eCh OH uMeeT aAeno B ocHOBHOM ¢ CYB]] PostgreSQL u oTBeuaeT 3a
MOIeNMMpOBaHMe TaHHBIX ¥ peanu3annio Gu3nvueckux CTPyKTyp, pa3paboTKy xpa-
HMMBIX TIPOLIeIyp, MHTErpauuio 6a3 JaHHBIX C OPYTYMMM IIPOTPAMMHBIMMY KOMITO-
HEHTaMM U Pa3pabOTKy XpaHUIUIIA JaHHBIX.

Vimest 601b111071 OTBIT paboThl ¢ Oracle u PostgreSQL — BemyIeit KoMMepUecKoii
PCYB/l 1 ogHO 13 camMbIX TexHMUYeckM NMpoAaBUHYThHIX PCYB/l ¢ OTKPBITHIM UCXOZ, -
HBIM KOJIOM, — OH MOXeT CpaBHMBATbh UX U MOHMMAET, B UeM IIpeuMYyIlecTBa TO
¥ apyroii. OMbIT peaau3alny pasJINUHBIX TUIIOB MIPUIOKEHMI 6a3 JaHHbBIX, a TaK-
ke paboThI B posiy OM3HEC-aHAIUTHUKA, MCIIOIb3YIOIIEero 6a3bl JaHHbBIX KaK MHCTPY-
MEHT, HayuMJI ero MOHMMaTb, KaK Jiydiiie MpuMeHsITb cpencTBa CYB]I B pa3inMyHbIX
cuTyanusix. HakorjieHHbIM OTIBITOM OH C YIOBOJIbCTBMEM JIEJTATCS B 9TOM KHUTE.

S Gnazodapen yceHe U CbIHy, KOMOopble N000epHCUBAU MeHs U 0asau 803-
MOMCHOCMBb pabomams no eeuepam u 8 8vixo0Hsvie. OzpoMHoe cnacubo pe-
dakmopam 3a cogemsl U NOMOWb 8 opzaHusayuu mamepuana. Ho 6onvuue
8cez0 51 6nazodapeH ocHogHoMY asmopy, Canaxandury /Ixncybe, Komopbili
npedioxul MHe NPUHAMS yudcmue 8 padome HA0 KHU20L, BKAHOUUI 8 KO-
Mardy u, no cymu dena, coenan 60Uy 4acms pabomsal.
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ny. Iomyunia crerneHb 6akajaBpa mo yiecorexumke (2007) 1 cTeneHb MarucTpa Io
yIpaBiaeHuIo MpUponHbIMu pecypcamu (2009) B JInccabOHCKOM YHUBEPCUTETE,
a TaKsKe CTeneHb JOKTOPA I10 BbIUMCIUTENbHO 3Komoruu (2013) B Umnepckom KO-
nenyke JIoHnoHa. SIBsIeTCSI pyKOBOAMTEIEM UCCIeL0BaTeNbCKOro rpoekTa «[Ipume-
HeHMe MoJieliell U3MeHeHMS paCTUTEbHOTO ITOKPOBA 181 pelieHNs] BaKHbIX BOIIPO-
COB OXpaHbI MPUPOIbI», GMHAHCUPYEMOTO B pamKax rpanta H2020-MSCA-IF-2015.
C 2013 roga npMHMMaia y4dyacTue B IBYX MEXIYHAPOOHBIX IPOEKTaX, BKIOUas
dunancupyemsliii EC mpoexT c 6tomkerom 1,5 mminmona espo (Terragenesis, ERC-
2011-StG_20101109). ABTop 15 mybaukaimii B pelieH3MpyeMbIX HayUHbBIX JKypHa-
nax, B T. u. Nature Ecology and Evolution, Current Biology and Global Change Biology,
Ha KoTopblie uMmeetcs 252 ccpuiku (Google citations, okts6pb 2017), mumekc Xupina
paBeH 8. 3a BpeMs pabOThI B akaJeMUUeCKUX YUPEKIeHNSIX Tprobpesa psii HaBbI-
KOB, B T. U. B 00/1aCT¥ CTAaTUCTUUYECKOTO aHaaM3a, TPOrpaMMIUpPOBaHMs (Ha S3bIKax
R, C++ u Python), paboTsl ¢ reouHbopmanmonasiMu cuctemamu (ArcGIS u QGIS)
u co3panus 6a3 maHHbIX (PostgreSQL/PostGIS 1 SQLServer). PelieH3upoBaia KHUTY
«Learning PostgreSQL», Takke BbIMYIIeHHYIO M3aaTenbcTBoM Packt.

Hlenmon IlITpayx — BeTepaH C 23-JIETHUM OIIBITOM KOHCYJIBTUPOBAHUS TaKUX
KoMmITtaHmii, Kak IBM, Sears, Ernst & Young, Kraft Foods. VimeeT crerneHb 6akaiaBpa
10 OpraHu3aluy yIpaBiaeHus, IpUMeHsIeT CBOM 3HaHMSI, YTOObI TOMOYb KOMITaHU-
SIM CaMOOTIpeleNUThCs. B chepy ero mHTEpecoB BXOAST cO0Op, yIIpaBieHue U Iy60-
KUt aHa/IM3 JaHHbBIX, KApPThl U UX [TOCTPOeHMe, 6M3HeC-aHATIUTUKA U TIPMMeHeH1e
aHanu3a JaHHBIX B LIeJIIX HePEePBhIBHOIO YIy4vllleHMs. B HacTosilee BpeMs 3aHU-
MaeTcs pa3paboTKOii CKBO3HOTO YIIPABIeHMS AAHHBIMY U T0ObIUeli JTaHHBIX B KOM-
nanuu Enova, okasbiBawleii GMHAHCOBbIE YCIYTM U PACIIONOXKeHHO! B UmKaro.
B cBO60OAHOE BpeMs YB/IeKAETCS MCKYCCTBOM, OCOOEHHO MY3bIKOIA, U ITyTeIleCTBYyeT
CO CBOeJi KeHO¥ MapuinH.



Mpeaucnosue

BbI6Op MpaBMIBHO CHCTEMBI YITpaBIeHNsT 6a3aMy JaHHBIX — TPyOHAs 3a7ada 13-3a
60JIBIIIOTO KOJIMUECTBA ITPEIJIOKEH I Ha phIHKE. B 3aBMCHMMOCTY OT 6M3HEC-MOIen
MOYKHO BbIOpaTh KoMMepueckyro CYB]I uan 6a3y JaHHBIX C OTKPBITHIM MCXOTHbBIM
KOIOM M KOMMepYeCcKoil nmoaaepskkori. CieayeT Takke NPMHUMMATh BO BHMMaHMeE
PSIT TEXHMYECKUX M HeTeXHUYeckux ¢akTopoB. Korma peus 3aX0auT O pesIMOH-
Hoit CYB/I, PostgreSQL oka3sbiBaeTcsl Ha BepIIMHE PEMTUHTa MO HECKOIbKUM TPU-
ynHaM. JIo3yHT PostgreSQL — camas nepedosas 6a3a daHHbIX ¢ OMKPbIMbIM UCXOOHBLM
K00OM — OTpa’kaeT Pa3BUTOCTb TEXHUUECKUX CPEICTB ¥ YBEPEHHOCTh COOOIIECTBA.

PostgreSQL — 06beKTHO-PeIAIMOHHAS CUCTeMa YIIpaBleHusT 6a3aMy JaHHBIX
C OTKPBITBIM MCXOMHBIM KOZoM. K ee CMJIbHBIM CTOPOHAM OTHOCUTCS pacuiupsie-
MOCTb, OHA YCITeIITHO KOHKYPUPYeT ¢ OCHOBHBIMU pesstiionubiMyu CYB/I: Oracle,
SQL Server u MySQL. Bnarogapst pa3Hoo6pasuio pacIliMpeHuii M OTKPBITON -
ueHsun PostgreSQL vacTo mpuMeHsieTCSI B UCCIeA0BATeNbCKMUX MPOEKTaX, HO ee
KOJI, TAK>Ke JIEXKUT B OCHOBE MHOI'MX OTKPBITBIX 1 KoMMepueckux CYB/I, Hampumep
Greenplum u Vertica. K Tomy ke cTapTalibl 4aCTO OTHAIOT IpenouTeHne PostgreSQL
B CUJTY YCIIOBUIA JINIIEH3UM U U300WIIMST KOMITAHMIA, OKa3bIBAIOIIMX KOMMEPUECKYIO
MO/ TE PKKY.

CymrectByIoT Bepcun PostgreSQL nijist 60/bIIMHCTBA COBPEMEHHBIX OITepalioH-
HBIX cMcTeM, BKaodast Windows, Mac 1 pasiamuHble IUcTpuOyTHBsbI Linux. imeercs
TaK>Ke HeCKOJIbKO pacIIMpeHuit 4151 JOCTYyTa K JaHHbBIM, YITPaBJIeHUSI U MOHUTOPUH-
ra pabotsl kiacrepoB PostgreSQL, narmpumep pgAdmin, OmniDB u psql. YcraHoBKa
1 HacTpoiiku PostgreSQL m0OCTaTOYHO MPOCTHI U MTOAIEPKUBAIOTCS OOTBIIMHCTBOM
IMCITeTUEpOB MaKeToB, B T. 4. yum 1 apt. PaspaboTumky 6a3 JaHHBIX HE MUCITHIThI-
BAaKOT TPYOHOCTENM B ocBOoeHuM PostgreSQL, MOCKONIbKY OHa COBMECTMMA CO CTaH-
maptamu ANSI SQL. [la ¥ ToMMMO CTaHIaPTOB CYIIEeCTBYeT Macca pecypcoB, KOTO-
pbie momMoryT u3yuntb PostgreSQL, — CYB]l OTIM4YHO JOKYMEHTUPOBAHA U MOXKET
ITOXBACTaThCS OUeHb aKTUBHBIM 1 XOPOIIO OPraHM30BaHHBIM COOOIIECTBOM.

PostgreSQL npuropna kak miast OLTP, tak n gjiast OLAP-nipunoxkennii. OHa co-
BMectuma ¢ ACID-TpaH3akuysamu u i ucrnonb3oBauus B OLTP-nipuinoxkeHUsIX He
HY)XIAeTcsl HM B Kakux JonoaHeHusx. Yto kacaetcsi OLAP-npunoxennii, To Post-
greSQL monepskMBaeT OKOHHbIE (YHKLIVM, afallTepbl BHEITHUX HaHHBIX (FDW —
Foreign Data Wrapper) u HacieoBaHKe TabauIl; KpOMe TOTO, CYIeCTBYeT HEMAJIO
BHEIIHMX pacIIMpeHnii OJs STOM 1esn.

Hecmorps Ha coBmectumocTb ¢ ACID-Tpansakumsimu, PostgreSQL nemoHcTpu-
pyeT OTIMYHYIO0 TIPOU3BOOUTENbHOCTD, TIOCKOJIBKY B Hell MpMMeHEeHbI caMble CO-
BpeMeHHbIe aIropuTMbl U MeTonbl. Hanmpumep, B PostgreSQL mcnonb3yeTcs: apxu-
Tektypa MVCC (MultiVersion Concurrency Control — yripaBieHue mapasiebHbIM
IOCTYIIOM C TIOMOIIbI0 MHOTOBEPCMOHHOCTH) [IJIsi 0becrieueHus] MmapaiyieIbHOro
IOCTyTIa K JaHHbIM. Bno6aBok PostgreSQL mommepskuBaeT Kak MecCuMUCTUYECKYIO,
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TaK ¥ ONTUMMUCTUUECKYIO KOHKYPEHTHOCTD, a TTIOBeJleHNe MexXaH3Ma GJIOKMPOBOK
MOXXHO M3MEHSITh B 3aBUCUMOCTH OT cuTyanuu. Kpome toro, B PostgreSQL nmeeTcs
BEJIMKOJIEIHBIV aHaAM3aTOP U TaKye MepefoBble CPpefCcTBa, KaK CEKLVMIOHUPOBAaHMe
JAHHBIX C MIOMOIIBI0 HACTeNOBAHMS TAOGMUII M UCKITIOUEHMEe B CUITY OTPaHMYEHMIA,
MIO3BOJISIONIME YCKOPUTH 06paboTKy OueHb 6OMbIINX 06beMOB JaHHbIX. PostgreSQL
MO Ie P>KMBAEeT HeCKOJIBKO TUIIOB MHIEKCOB, B T. 4. B-Tree, GiN, GiST 1 BRIN. A Ha-
ynuHas ¢ Bepcun PostgreSQL 9.6 mognepkmuBaeTcs mapajiie/ibHOE BBIIIOJIHEHME 3a-
npocoB. HakoHell, peruiMKaIys mo3BossieT 6amaHCUPOBATh HArPy3Ky Ha pas3iMyHbIe
Y3J1bI KJ1acTepa.

PostgreSQL moryckaet macuitabupoBaHue 61arogapss MHOTOUMCIEHHBIM TIPe-
CTaBJIEHHBIM Ha PbIHKE MeTOAaM perumMkanyu, Hampumep Slony u pgpool-II. To-
nonHuTenbHO PostgreSQL n3HauanbHO MOAAEpPXKMBAeT CMHXPOHHYIO M aCMHXPOH-
HYI0 IIOTOKOBYIO DEIIMKAalMIO, a TakkKe JIOTMYECKYI peIlIMKauyuio. JTO Aenaer
PostgreSQL upesBbIuaiiHO MpUBJIEKATEIbHBIM pEIIeHNEeM, MOCKOIbKY €€ MOKHO
MUCTI0JIb30BaTh /IS CO3MaHUST BICOKOOCTYITHBIX U BbICOKOTIPOM3BOAUTEIbHBIX CU-
CTeM.

KPATKOE COBEPXAHUE KHUIU

I'maBa 1 «PensiiyoHHbIe 6a3bl JAHHBIX» CONEPKUT BBeHeHMe B KOHIIELIUY Pesiiy-
OHHBIX CUCTEM yIIpaB/ieHMs 6a3aMy JAHHBIX, B T. U. PeISILIMOHHYIO0 aare6py u Mojie-
JIMPOBaHMe JaHHBIX. 37eCh JKe OMUChIBAIOTCS pasiauuHbie TuIlbl CYB/I: rpadoBbie,
IOKYMEHTHBbIE, CTOJIOIIOBbIE, @ TAKKe XPAaHMINILA KITI0Yeil 1 3HaUeHMIA.

B rmaBe 2 «PostgreSQL B meiicTBUM» MBI pacCKaXkeM, KaK YCTAHOBUTH CepBep
u xameHThl PostgreSQL Ha pasanuHbIX riaTdopmax. Takoke Mbl MTO3HAKOMUMCS
C HEKOTOPBIMU BO3MOXHOCTSIMU PostgreSQL, B T. 4. BCTpPOEHHO TTOANePKKOI peri-
JIUKAIMY M OY€Hb 60TaThiM HAGOPOM TUIIOB JAHHBIX.

B m1aBe 3 «OCHOBHbIE CTpOUTETbHbIE O0KYM PostgreSQL» OMMChIBAIOTCS PEKO-
MeHAAIMM 110 KOAMPOBAHMIO, B T. U. IPUHSITHIE COMIAIIEHNS 00 MaeHTUDUKATOpax.
3mech pacCMaTpMUBAIOTCS OCHOBHBIE CTPYKTYPHbBIE 3/IEMEHTBI M B3aMMOJIENCTBIE
MEXIy HMMU: MabJ0HHbIe 6a3bl TaHHBIX, TOb30BaTENIbCKIE 6a3bl JaHHBIX, Ta0-
JINYHbIE TIPOCTPAHCTBA, POJIM U HACTPOVKM. ONMCHIBAIOTCSI TAK)KE OCHOBHBIE TUIIBI
IOAHHBIX U TaOIMIIBI.

['maBa 4 «/IomoMHUTEIbHBIE CTPOUTENIbHBIE 6J10KY PostgreSQL» mocBsiieHa npej-
CTaBJIEHUSIM, MHIEKCAaM, QYHKIIMSIM, [I0JIb30BaTEIbCKMUM TUIIAM JaHHbIX, TPUTTEPAM
u mpaBuiaam. PaccMaTpuBalOTCS pa3aMuHble TIPUMEHEHNST 3TUX 3JIEMEeHTOB U CpPaB-
HMBAIOTCS pasiMuHble JIeMeHThI, IPMMEeHMMbIEe [ PelleHNs 3a5a4uy, HalpuMep
MpaBuja U TPUTTEPHI.

[maBa 5 «S3bIKk SQL» — BBefieHMe B CTPYKTYPUPOBAHHBIN SA3bIK 3a1pocoB (SQL),
UCTIOTb3YEeMbIii JJIsT B3aMMOAECTBUS ¢ 63071 HaHHBIX: CO3MAHUSI U OOCTYKUBa-
HUSI CTPYKTYP JaHHbBIX, a TAKKe AJIsI BBOAA JAHHBIX B 6a3y, MX M3MEHEeHMsI, BbIOOD-
K1 1 ypanenus. B SQL ecTb KOMaH[bl, OTHOCSIIMECS K TPEM IOAbSI3bIKaM: SI3bI-
Ky onpezneneHus: JaHHbIX (DDL), s13bIKy MaHuUITyaupoBaHusa gaHHeiMmu (DML)
” A3bIKY yrpasiaeHus gaHHsIMU (DCL). B 3T0i1 r71aBe onmcaHbl yeTbIpe KOMaH/bl
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SQL, cocTaBsioniyie oCHOBY si3bika DML. Oco60e BHMMaHMe yaeleHo KoMaH e SE-
LECT, Ha TIpyMepe KOTOPOi OOBSICHSIIOTCSI KOHILETIIMM IPYTIIIMPOBKA U (MUIBTPAIN
IIJISI [eMOHCTPaLMK TOTO, UTO TaKoe BbIpaskeHUs 1 yeiaoBUst SQL 1 Kak UCIONMb3YIOT-
Cs1 TIOJ3aMPOChI. 371eCh ke PacCMaTPUBAIOTCS HEKOTOPbIe BOIIPOCHI PENSIIMOHHOM
anreOpbl B IPMMEHEHUM K COeAMHEHNIO TaOINII.

B m1aBe 6 «JlomoHUTE/IbHBIE CBEAEHMS] O HAaMMCAaHMM 3aITPOCOB» OMMCAHbI TaKkue
cpencrBa SQL, Kak 0011e TabIMIHbIE BBIPAsKEHMS 1 OKOHHbIE (QYHKINY. OHM TTO3BO-
JISTIOT peain30BaTh Bellli, KOTOpble 6e3 HMUX ObUTM 6bI HEBO3MOSKHbBI, HAIIpMMep pe-
KypCUBHBIE 3aITpOChl. PaccMaTpuBaloTCs 1 APyTyie KOHCTPYKIMY, Kak TO: (paspi DIS-
TINCT ON 1 FILTER, a TakKe JiaTepajbHble TTOA3aNpochl. be3 HUX, B IPUHIIUIIE, MOKHO
060THChH, HO C MX ITOMOIIIbIO 3aITPOCHI ITOJTyYaAIOTCSI KOMITaKTHee, TIPOIIle U ObICTpee.

B miaBe 7 «CepBepHoe nporpammupoBaHue Ha PL/pgSQL» paccMaTpuBaroTcs ma-
pameTpbl GYHKINIA, B T. Y. KOJIMYECTBO BO3BpAIeHHBIX CTPOK U CTOMMOCTDb (PYHK-
I[MY, KOTOPbIe HY>KHbI IIaBHBIM 006pa30M IJIAHMPOBIIMKY 3aITPOCOB. 30eCh SKe TTpef-
CTaBJIeHbI YIIPABJISIONIMe KOHCTPYKIMY, HATIpUMep YCJIOBHbIe KOMaH/Ibl U LIVKJIbI.
Haxkownertr, 00bsSICHSIETCSI, UTO Takoe AMHamMuuyeckuit SQL ¥ Kak MM JIydIile Mojib30-
BaTbCS.

B rnaBe 8 «OLAP 1 xpaHuInila JaHHbIX» PeUb IOIeT O MPUMeHeHUM PeJISIIMOH-
HBIX 0a3 JaHHBIX JJIST aHATUTUYECKOI 06paboTKu. OBCYKIAIOTCS Pa3INUMS MEKIY
IByMs THITaMu paboueit Harpysku: OLTP 1 OLAP, a Takyke BOITPOCHI MOIETMPOBAHMST
B OLAP-npunoxenusx. Kpome TOoro, pacCMaTpMBalOTCS HEKOTOPbIe TEXHUUYECKME
nipuembl BointonHenust ETL (extract, transform, load — u3BneyeHnne, nmpeobpas3ona-
HMe, 3aTpy3Ka), B T. 4. KomaHaa COPY. Tawke onuceiBatoTcs cpenctsa PostgreSQL,
MpeHa3HAUYEeHHbIE [IJIS TTOBBIIIEHNSI CKOPOCTM BBIOOPKM, B YACTHOCTU ITPOCMOTP
TOJIbKO MH/IEKCOB U CEKIIMOHMPOBaHMe TabINII.

[naBa 9 «3a npefenamMmu TPagULIMOHHBIX TUTIOB JAHHBIX» MOCBSIIIIeHAa HEKOTOPBIM
HeCTaHAAPTHBIM TUIIAM: MaccuBaM, XemaM, JSON-ITOKyMeHTaM U TTOTHOTEKCTOBO-
My ITOMCKy. OTIMCBIBAIOTCS OTeparuu M GYHKIMM )T KaKOOTO TUTIA JaHHbBIX: MHU-
LMaaM3anys, OOHOBIeHMe, JOCTYII U yaageHne. HakoHell, TpogeMOHCTPUPOBAHO,
Kak o0benuuuTh PostgreSQL u Nginx mjs o6caykuBannust REST-coBMeCTUMBIX 3a-
MIPOCOB UTEHMS.

B mraBe 10 «TpaH3akuuu ¥ yrpaBiieHKe Mapayie/IbHbIM TOCTYIIOM» TTOJPOOHO
obcykmarorces cBovictBa ACID 1 MX CBSI3b C YIIpaBIeHMEM MapalIeIbHbIM JJOCTYIIOM.
31ech ke pacCMOTPEHbI YPOBHU U3OISALUM U UX TTO0O0UHbIE 3PGHEKThl — ¢ TeMOH-
cTparueii 3Tux sddexroB Ha mpuMepax SQL. Takke ymereHO BHMMaHMe pasand-
HbBIM MeTOdaM 6]IOKI/IpOBKI/I, B T. 4. CTpaTernsam MecCUMMUCTUUECKOMI 6]IOKV[pOBKI/[Z
OJIOKMPOBKEe Ha YPOBHE CTPOK M PEKOMEHIATeTbHbIM OJIOKMPOBKAM.

I'maBa 11 «Be3omnacHocTb B PostgreSQL» MmocBsiiieHa ayTeHTUPUKALUY U aBTO-
pusanuu. ONuChIBAIOTCS MeTOAbI ayTeHTUdMKauuu B PostgreSQL 1 06bsIcHSIeTCS
CTPYKTypa KOHDUTypaImoHHOTo daiiyia ayTeHTudOUKAIMK 110 agpecy y3iaa. Takke
00CYKIAIOTCS paspelleHnst Ha JOCTYIT K TAKMM 00beKTaM 0a3bl JaHHBIX, KaK cxXe-
MbI, TaGINIIbI, TPEICTaBAEHNS, UHAEKCHI 1 CTONOLbI. HakoHell, onucaHo, Kak 3a-
LUIUTUTh CEKPETHbIE TaHHbIE, B T. Y. TAPOJI, C IOMOIIbI0 OMHOCTOPOHHETO U [IBY-
CTOpPOHHETro muppoBaHMSI.
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B rnaBe 12 «KaTtanoru PostgreSQL» IpuBeIeHO HECKOIBKO PEIENITOB OOCTYKIMBA-
HMS KiacTepa 6a3bl JaHHBIX, B T. U. OUMCTKA JaHHBIX, 00CTy;KMBaHMe TI0b30BaTeTb-
CKMX TIPOLIECCOB, YAaleHe UHIEKCOB ¥ HeMCII0Ib3yeMbIX 0ObeKTOB 6a3bl JaHHbIX,
ompenesieHne 1 o0aBIeHe MHIEKCOB 110 BHEITHMM K/TI0YaM U T. [I.

B rmaBe 13 «OnTumMsaius MpoM3BOIUTEIBHOCTY 6a3bl JAaHHBIX» 00CYKIaeTcs
HECKOJIbKO TMOAX0[0B K OMTUMMU3ALNK ITPOMU3BOAUTENbHOCTU. OTicaHbl KOHMUTY-
paluyoHHbIe MapaMeTphl kKinactepa PostgreSQL, Mcnonb3yemble 17151 HACTPOVIKY IPO-
M3BOAUTEIBHOCTM KIacTepa B 1eJIoM. Takke pasobpaHbl TUIIMUHBIE OMIMOKM TP
HaMyCaHUM 3aIIPOCOB U TPEAJIOKEHO HECKOIbKO CIIOCOOO0B MOBBINIEHNS TTPOU3BO-
IUTEIbHOCTY, BK/IIOUAs ITIOCTPOEHME MHIAEKCOB, CeKI[MOHMPOBaHMe TAOIUIL U UC-
K/IIoUeHMe B CUTy OTpaHUYeHUIA.

B rnaBe 14 «TecTupoBaHMe» OCBEleHbl HEKOTOPbIE ACIIEKTHI MTPOIECCa TECTUPO-
BaHMS IIPOrPaMMHOTr0 06ecevueHus ¥ ero 0COOeHHOCTY MTPUMEHUTETbHO K 6a3am
JaHHbIX. ABTOHOMHBIE TEeCTbI JjIs1 63 JaHHBIX MOXKHO MMCATh B Buae SQL-CKpUIITOB
WU XpaHUMBbIX QyHKIMI. CylllecTBYeT HeCKOJIbKO KapKacoB ISl HalMCaHUsI aBTO-
HOMHBIX TECTOB 1 06pabOTKM Pe3y/IbTaTOB TECTVPOBAHNSI.

B miaBe 15 «PostgreSQL B npwioskeHusix Ha Python» o6cyskpatoTcst pasnuuHbie
MPOABMHYThIE MeXaHM3Mbl, B T. 4. OpraHU3aIusI IyJI0B COeAMHEHN, aCMHXPOHHbIN
IIOCTYII 1 00'b€KTHO-PeISIIIMoHHoe oToopaskeHne (ORM). [IpuBeneH mpumep, ne-
MOHCTPHMPYIOIINIT IOAK/IIOUeHMe K 6a3e JaHHbIX, OTIIPABKY 3aIIpoCca ¥ BhITTOJIHEHE
0OHOBJIEHNS 3 TIPOTPAMMBbI Ha s13bike Python. HakoHer, jaeTcs BBeieHe B pa3-
JIMYHBbIE TEXHOJOTUM B3aumomeicTBust ¢ PostgreSQL, uTo6bI pa3spaboOTUMK MMe
TIOJTHYI0 KapTUHY COBPEMEHHOTO COCTOSIHUS [iel.

B rnaBe 16 «MacmTabupyeMoCTb» pacCMaTpuBarOTCs MpobjaemMa MaciTabupye-
mocTty 1 TeopeMa CAP. 3mech ke o6cyskmaeTcst perimkaius B PostgreSQL — dusu-
yeckas u yiornueckasi. OmmcaHbl pasjinMyHble CIleHApUM MACIITaOMPOBAHUS U UX
peanusanus B PostgreSQL.

Y10 HEOBXOAMMO ONIS YTEHUS KHUTU

Boob1e roBopst, it cepBepa U KieHToB PostgreSQL He HY;KHO KaKoe-TO 0coboe
obopynoBaHue. PostgreSQL ycTaHaB/IMBaeTCs] Ha BCE COBpPEMEHHbIE IIaT(OPMBbI,
Britouast Linux, Windows 1 Mac. Ecin Heo6xoauma HeKast KOHKpeTHast 6106/IM0TeKa,
TO MbI IPUBOJMM MHCTPYKLMU TI0 €€ YCTaHOBKe.

Bam nonamo6utcst Bepcus PostgreSQL 10; Bmpodem, GOMBIIMHCTBO MPUMEDPOB
6ymeT paboTaTh U C MPEAbIAYIIMMIU BepCUSIMU. [IJIsI BHITTOTHEHMS TTPUMEPOB Kofa
M CKPUIITOB HEOOXOAMM KaKoii-HMOyab KineHT PostgreSQL Ha Balleit MaliuHe,
MIPeIMOUTUTENBHO Psql, ¥ IOCTYII K yaasieHHOMY cepBepy PostgreSQL.

B cpeme Windows komaHa cmd.exe He 0UeHb yI00Ha, yulie 651 moctaBuTh Cyg-
win (http://www.cygwin.com/) min ele KaKylo-HUOYOb aJbTepHATUBY, HAIpUMep
PowerShell.

[Ipy YTeHUM HEKOTOPbIX IIaB MOHAHo6MTCs momonHuTenbHoe I10. Hampumep,
B I71aBe 15 HY)KHO 6ymeT ycTaHOBUTDb Python u 6m6aM0TeKM, HEO6XOmMMBIE /IS pa-
60TbI ¢ PostgreSQL. A B r1aBe 16 yno6Hee Bcero 6ymer paborath ¢ Docker.


http://www.cygwin.com/
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U eme — B maBax 9 u 11 pekoMeHIyeTCsl UCMOAb30BaTh Linux, MOCKOMbKY pa-
60TaTh C HEKOTOpBIMMU TIporpammamu, Harnpumep Nginx u GnuPG, B Windows He
oueHb KoMpopTHO. 17151 3amycka Linux Ha mammHe mof yrpasieHnem Windows mo-
>KeTe BOCITOIb30BaThcs mporpammoit Virtual Box (https://www.virtualbox.org/).

HA KOro PACCUMTAHA 3TA KHUTA

Ecin Bam MHTepecHO y3HaTh 0 PostgreSQL — ogHOT 13 caMbIX MTOMY/SIPHBIX B MUpe
PeNSIIMOHHBIX 6a3 JaHHBIX, — TO BbI ITOTAJIN 110 afpecy. Te, KOTO MHTEpecyeT Co3aa-
HYe TOOPOTHBIX MPWIOKEHWMIA 71 paboThI ¢ 62307 JAaHHBIX VIV XPAHWINIIEM JaH-
HBIX, TOKe HaiiIyT B KHMUTe MHOTO IT0JIe3HOTO. [IpeiBapuTeIbHOTO OITbITa ITPOrpaM-
MMPOBaHMUS WM aAMUHUCTPUPOBAaHNS 0a3 JaHHbIX IJISI YTEHNsT KHUTY He Tpe6yeTcs.

PA®UYECKME BbIAENEHUS

B aT0i1 KHUTe TUIl MHpOpMaLyM obo3Havaercs mpudToMm. Hiske mpuBegeHoO He-
CKOJIbKO IIPMMEPOB C MOSICHEHUSIMMN.

®dparMeHTHI KOJIa BHYTpM ab3a1ia, MMeHa TabJiuil 6a3bl JAHHBIX, TIAIOK U (aiiyios,
JaHHbIe, KOTOpbIe BBOAUT I10JIb30BaTE/Ib, U afpeca B TBUTTepe BBIAEISIOTCS Clie-
IOyIOHMM o6pa3oM: «B caemyroimmux CTpoYKax YMTAeTCsT CChIIKA M pe3y/lbTaT mepe-
maetcss QyHKIMM open».

Kycok Kofa BBITJIIINAT TaK:
fin = open('data/fake_weather_data.csv','r',newline="")
reader = csv.reader(fin)

for row in reader:
myData.append(row)

BXO,ZLHaSI U BBIXOOHAST I/IHd)OpMaLU/IH KOMaHIHBIX YTUJIUT BBIIJIAOUT TaAK:
$ mongoimport --file fake_weather_data.csv

HoBble TepMUHBI 1 BaskHble ()parMeHTbI BbIIEISIIOTCS IOTYKMPHBIM IIpud-
ToM. Hampumep, seMeHThI Tpaduueckoro mHrepdeiica B MEHIO MM IMATOTOBBIX
OKHAX BBIMVISIAST B KHUTE TaK: «YTOObBI 3arPy3sUTh HOBbIE MOZY/IN, BBIOEPUTE ITyHKT
meHo Files | Settings | Project Name | Project Interpreter».

0 I'Ipe,uynpe»(neHMﬂ 1 Ba)XXHble NPUMEYaHUA BbITNAOAT Tak.

O CoBeTbl 1 pekoMeHaaunn BbIrMAanaT Tak.

OT3bIBbI U NOXENAHUS

MpbI Bcerga paabl OT3bIBaM HAIlMX UMTaTeseii. PaccKaskuTe HaM, YTO BbI JyMaeTe 06
9TOJt KHUTE — UTO TIOHPABUJIOCh WJIV, MOKET ObITh, He IIOHPaBMIOCh. OT3bIBbI BasKHbI
ILJIST HAaC, YTOOBI BBITYCKATh KHUTU, KOTOPbIe OYIYT IJ1s1 BAC MaKCMMAIbHO ITOJIE3HBI.


https://www.virtualbox.org/
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Bsl MOskeTe HamucaTh OT3bIB IIPSIMO Ha HalleM caiite www.dmkpress.com, 3aiiist
Ha CTPaHMUIy KHUTHU, ¥ OCTaBUTh KOMMeHTapuii B paszgerne «OT3bIBbI U PELIeH3UN».
Taxoke MOKHO TOCTATh MMCbMO TVIABHOMY pefakTopy 1o agpecy dmkpress@gmail.
com, Mp¥ 3TOM HaMMIIUTe Ha3BaHMe KHUTU B TeMe M1ChMa.

Eciu ecTh TeMa, B KOTOPOJ BbI KBATM(DUIIMPOBAHbI, ¥ Bbl 3aMHTEPECOBAHBI B Ha-
MMCaHUM HOBOW KHMUTHM, 3amojHuTe ¢GOpMy Ha HallleM caifTe mo azgpecy http://
dmkpress.com/authors/publish_book/ uan HanuiuuTe B M3OATENLCTBO IO afapecy
dmkpress@gmail.com.

CKAYMBAHME MCXOQHOIO KOOA NMPUMEPOB

CxauvaTh (aiiabl ¢ JOMOTHUTENBHON MHpOpMAaIeil ojisi KHUT n3gatenbeTa «IMK
IIpecc» MOXKHO Ha cariTe www.dmkpress.com Ha CTpaHMIIE C OMMCAaHMEM COOTBET-
CTBVIOILIe} KHUT.

CnucoK OnEYATOK

XOTs1 MBI IPUHSIUIM BCe BO3MOXKHbIE Mepbl JIJIST TOTO, YTOOBI YI,OCTOBEPUTHCS B Ka-
YeCcTBe HAIIMX TEKCTOB, OMMOKM BCe PABHO CIy4aroTcs. ECa Bl HalifieTe ommoKy
B OJTHOI M3 HAIIMX KHUT — BO3MOXHO, OIIMOKY B TEKCTE WK B KOJie, — MbI OyeM
oueHb Oy1aromapHsbl, eCIM Bbl cOOOLIMTEe HaM O Heit. CoesnaB 9TO, Bbl M36aBUTe IPY-
IMX YMTaTeNel OT pacCTPOICTB U IOMOXKETE HaM YIYULIUTh NOCAeyoL/ie BepCum
ITaHHOM KHUIMU.

Ecnu BBl HajimeTe Kakue-a1M60 ommMbKyU B KoJe, TOXKaIyiCTa, COOOIINUTEe O HUX
[JIaBHOMY PeflakTopy 10 aapecy dmkpress@gmail.com, 1 Mbl UCIIPaBUM 3TO B CJie-
OYIOLUIMX TUPaXKaXx.

HAPYLWEHME ABTOPCKUX MPAB

IupaTCcTBO B MHTEPHETE MO-TIPEXXKHEMY OCTAeTCSI HACYIIHOI Tpo6iieMoit. Vi3maTenb-
ctBa «IMK IIpecc» 1 Packt oueHb cepbe3HO OTHOCSITCS K BOITPOCaM 3aIlIUThI aBTOP-
CKUX TIpaB U JULeH3MpoBaHus. ECiu Bbl CTONKHETECh B MHTEpPHETe C He3aKOHHO
BBIITOJTHEHHOJ KOTIMe JIF060Ji Hallleli KHUTK, MOKaIyiiCcTa, COOOIIUTe HaM afpec
KOTTMY WU Be6-caiiTa, UTOObI MbI MOTJIM IIPUMEHUTDb CAHKIIVM.

[ToxkanyiicTa, CBSIKUTECh C HAMM IO afpecy 3JIeKTPOHHONM 1mouTbl dmkpress@
gmail.com cO CChIIKO Ha MOA03PUTEIbHbIE MaTepUaIbl.

MbI BBICOKO LIeHMM JIIOOYIO ITOMOIIb 110 3alllATe HAIIMX aBTOPOB, [IOMOTAIOIIyIO
HaM [IpefoCTaBIIsITh BAM KaueCTBeHHbIe MaTepualbl.
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lnaBa

PensaunoHHble 6a3bl AaHHbIX

OTa u cenyolas aBbl comepykaT 0OIIKiT 0630p BOMPOCOB pPa3pabOTKM MPUIIO-
>KeHuit 6a3 JTaHHBIX, B T. Y. TEOPETUUECKIME ACIIEKThI PeSIIMOHHBIX 0a3 JAaHHBIX.
3HaKOMCTBO C TeOpHMeli IOMOXKET He TOJIbKO CO3/1aBaTh KaueCTBEHHbIE TPOEKThI, HO
" OBJIa[IeTh TOHKOCTSIMM PABOTHI C PEISIIIMOHHBIMY Oa3aMu.

OTa ry1aBa KacaeTcs He ToJIbKO PostgreSQL, HO pensiiMoOHHbBIX 6a3 Boobiie. BymayT

paccMOTpEHbI ClIefyollye BOIIPOCHI:

O cucTeMbl ympaBjieHus1 6a3aMy JAaHHBIX: [TOHMMaHKe Kiaccudukanum 6as
JAHHBIX aeT pa3paboTynKy BO3MOKHOCTD MCII0/Ib30BaTh JIyYlllee U3 UMelo-
1Ierocst Aj1s1 pelieHus KOHKpPeTHO 3a1aun;
pensuMoHHasA ajaredopa: 3HAaKOMCTBO C PeISIIIMOHHON anre6poii Mo3BOMTUT
oB1aeTh I3bIKoM SQL, 0c06eHHO TEXHMKOI IepenyCchiBaHMS 3aIIPOCOB;
MoJenpoBaHNe JaHHBIX: ITPUMEeHSISI MeTOAbl MOJIeIIPOBAHMSI, BbI CMOXKe-
Te JIy4llle JOHeCTU CBOU MUIEeU 10 KOJLJIer.

CWCTEMbI YNPABNEHWS BA3AMM JAHHbIX

PasHble cucTtemsl yiipaBienust 6azamu qanHsix (CYBI) moanepskuBaioT pas3inuHble
cueHapum u TpedoBauust. Y CYB]I monras uctopusi. CHauajaa Mbl CAeIaeM KpaTKUit
0630p HeaBHEl UCTOPUM, a 3aT€M pacCKaskeM O IMPeobIafaloNX Ha PhIHKE KaTe-
ropusix CYB/I.

Uctopuueckas cnpaBka

TepmuHOM «6a3a TaHHBIX» 0003HAUAETCSI MHOTO PAa3HbBIX MOHSTHUIL. Bosiee Toro,
OH HABOAUT Ha MBICAM O APYTMUX TepMMUHAaX: IJaHHble, MHOOpMALMS, CTPYKTypa
OAHHBIX U yIpaBjieHue. Basdy JaHHBIX MOXHO OIMpeAeNUTh Kak Habop, win pe-
MO3UTOPUII TaHHBIX, 00JaJaIONINIT OTIpeNeeHHO CTPYKTYPOii U YIIpaBIsieMblit
cucTeMoit yrpasiaenust 6azamu gaHHbIX (CYB/I). [JaHHbIE MOTYT OBITH CTPYK-
TYPUPOBAHHBIMU TabnuiiaMu, caaboCTpyKTypupoBaHHbIMY XML-mOKYMeHTaMu
WUJIV BOBCE HE MMEeTb CTPYKTYPBI, ONIChIBAEMOI KaKOJi-TO 3apaHee oIpele/leHHOMN
MOZ,eJbl0.

Ha 3ape pa3BuTusi 6a3bl JaHHBIX ObUIM OPMEHTUPOBAHBI B OCHOBHOM Ha TOI-
JIeP3KKY TIPWIOKeHUIT B cdepe GM3HEcCa; ITO IMONOKWIO HAYAIO MAaTeMaTUYECKU



7

Cucrembl ynpaBneHus 6as3amm faHHbIX < 23

TOYHO OIIpeie/IeHHOI PeSIIMOHHOI anre6pe 1 pesOHHBIM cycTeMaM 6a3 maH-
HbIX. KpoMe TOro, BO MHOTMX OTpac/issx 6M3Heca, a paBHO B HAYUHBIX MTPUIOKEHMSIX
VICTIONIb3YIOTCSI MACCUBBI, M300paskeHMs] U MPOCTPAHCTBEHHbIE JTaHHbIE, TOITOMY
TIOAAEPKUBAIOTCS TAKKe HOBbIE MOJIE/N, BK/II0Uasi pacTPOBhIe M300paskeH s, Kap-
ThI U ajlireGpauueckie omepanuu ¢ maccuBaMu. I'padoBbie 6a3bl JaHHBIX ITOAIEP-
SKMBAIOT 3aIIPOCHI K rpadaM, HarpyuMep O TOVICKe KpaTJaiIero myTy MesKIy IBYyMs
BepiuuHamu. OHM TakKe 00ecIIeurBaloT IPOCToi 06xox rpada.

C nmosiBJiIeHM €M BeO-TIPUIIOKEeHMIE, B YaCTHOCTH COLIMAIbHbBIX ITIOPTAIOB, BOSHUKIIA
He06XOAMMOCTb HOAIePKMBATh OTPOMHOE KOJIMUeCTBO 3alIPOCOB pacHpefe e HHbIM
06pa3oM. DTO MPUBEJIO K HOBOII MapagurMme B 06/acTy 6a3 JaHHBIX, [TOTYUYUBIIIEH
HasBaHye NoSQL (Not Only SQL), c npyruMu Tpe60BaHMSIMY, HATIpUMep: IpyMaT
MIPOU3BOANUTENIbHOCTY HaJl 0TKa30yCTOUMBOCTDIO ¥ BOSMOKHOCTb FOPM30HTAIbHO-
ro MacmTabupoBaHus. B 11eJJoM Ha 3BOIOLNIO 06a3 JaHHBIX OKA3bIBAINM BUSIHIE
pasHooOpasHbie (aKTOPhI, B TOM UKCIe:

O ¢dyHRIMOHANTbHBIE TPeGOBaHMSA: caMa MPUPOIA MPUIOKEHUI, B KOTO-
PBIX MCITOJB3YIOTCS 6a3bl JaHHBIX, MOTpeboBasa pa3paboTKy pacIIvpeHuit
pPeISIIMOHHBIX 6a3, TakMx Kak PostGIS (mmpocTpaHCTBEHHBbIE JaHHbIE), UIU
maxke crenuanusupoBaHHbix CYB]/] Tuma SciDB (mis aHanmn3a Hay4YHBIX
JAQHHBIX);

O HedYHKUMOHATbHbIE TPEOOBAHMS: YCIIEX SI3BIKOB OOBEKTHO-OPUEHTU-
POBAHHOTO MPOTPAMMMUPOBAHMS ITOPOANUI HOBbIE TEHIEHIMUN, B UaCTHOCTHA
00BbEKTHO-OPMEHTUPOBAHHbIe 0a3bl JaHHbBIX. [IOSBUINUCH 0OBEKTHO-PEeJIs-
IIMOHHbIE CUCTEMBI YIIpaBaeHus 6a3aMy JaHHBIX, IepeOpackiBalolie MOCT
MEXIY peIsIIMOHHBIMMY 6a3aMy ¥ 00BEeKTHO-OPMEHTUPOBAHHBIMY SI3bIKA-
M1. B3pBIBHO? poCT 06beMa JaHHBIX M He0OXOAMMOCTb 06pabaThIiBaTh Te-
pabaiiThl JaHHBIX HA CTAaHIAPTHOM OOOPYIOBAHUM TIPUBEIU K TOSIBIIEHUIO
CTOJIOIOBBIX 6a3 JAaHHBIX, KOTOPbIE JIETKO MAacCIITabMPYIOTCS IO TOPU30H-
Taln.

Kareropuu 6a3 aaHHbIX

Pokmamich M yXoOwinu B HEObITHE pas3iMuHble MOfeau 6a3 JaHHBIX, BKIOUAs ce-
TEBYIO U MepapxuuecKyio Mmonesb. Ceifuac Ha PbIHKE MPeobIafaloT pessioHHbIe,
06beKTHO-pesiioHHble 1 NoSQL 6a3bl JaHHbIX. He citemyeT cunTaTh 6a3bl JaHHbIX
NoSQL 1 SQL conepHuKaMy — OHM AOIIONHSIOT OPYT Apyra. [IpyMeHss Ty Win MHYI0
cucTeMy 6a3 JaHHBIX, MOSKHO ITPEOI0JIeTh OTPaHNUeHIS TEXHOIOT UL 1 BbIOPATh OTI-
TUMaJIbHBI BapUaHT.

Bbasbl paHHbIX NoSQL

Ha 6a3b1 ganabix NoSQL okasbiBaeT BiusiHMe Teopema CAP, n3BecTHas Takke Kak
Teopema Bproepa. B 2002 rogy C. Ixkunbbept v H. JIHY orrybamkoBay ee hopMalib-
HOEe JTOKa3aTesIbCTBO B cTaThe «Brewer’s conjecture and the feasibility of consistent,
available, partition-tolerant web services». B 2009 romy 3apomuiaoch IBUKEHNE
NoSQL. Ceromnst HacumTbiBaeTcs cBbinie 150 6a3 NoSQL (nosql-database.org).


http://nosql-database.org
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Teopema CAP

Teopema CAP yTBepsKIaeT, UTO pacrpeeieHHast BHIYMCIUTeNbHAs CUCTeMAa He MO-
SKeT OTHOBPEMEHHO 06€eCIIeunThb BCe TPU CJIeTYIONIMX CBOICTBA:
O corIacoBaHHOCTB — BCe KIIMEHTHI Cpa3y ke BUIST MOCIeIHE TaHHbIe TTOCTIe
Ka>kgoro OOHOBJIEHNS ;
O [EOCTYIHOCTBH — JTI060ii KIMEHT MOKET HaliTV KOIIMIO HYKHBIX TAHHBIX JaKe
B CJTyyae 0TKasa y3a. IHbIMU cl10BaMM, laske TI0C/Ie BhIXOAA U3 CTPOSI YacTu
CUCTEMBI KIIEHTBHI BCe PABHO MOTYT 0OPATUTHCS K JAHHBIM;

O  yCTOMUMBOCTH K pa3ge/IeHUIO — CYICTEMA ITPOIOJKaeT paboTaThb Jaske B CITy-

yae yTpaThl JTI0O0r0 COOOIIEHMS MM 0TKa3a YaCTU CUCTEMBI.

XapakTep CUCTeMbI OTIpeiesieTCsl TeM, OT KaKOro CBOVCTBA Mbl OTKA3bIBAEMCSI.
Hampumep, moxkepTBOBaB COIMACOBAHHOCTbIO, MbI TTONYUMM IIPOCTYIO, MaCIITAOM-
pyeMYI0, BBICOKOITPOU3BOAUTEIbHYIO CUCTEMY YITpaBIeHNs 6a3aMy TaHHbBIX. 3auac-
TYI0 OCHOBHOE pasjinuye MexXmy pensuyoHHoi M NoSQL 6a30it JaHHBIX Kak pas3
Y COCTOUT B COTJIACOBAHHOCTU. B pesiIIiMoOHHOI 6a3e rapaHTUPYeTCS BITIOTHEHVE
cBorictB ACID (aToMapHOCTB, COIVIACOBAHHOCTD, M30JIMPOBAaHHOCTbD, J0/ITOBEY-
HOCTb). Hampotus, Bo MHOIMX 6a3ax maHHbIX NOSQL npuHsta mogenb BASE (basi-
cally available soft-state, eventual consistency — 6a3oBasi JOCTYITHOCTb, HEYCTO¥i-
YMBOE COCTOSIHME, COTVIACOBAHHOCTh B KOHEYHOM CYETE).

Momueauus NoSQL
basa manHbix NoSQL mpenmocraBiser CpencrTBa Ojisi XpaHEHUS HepessIMOHHBIX
IOAHHBIX, X BBIOOPKM M MaHUITYIMpPOBaHMs uMK. Takue 6a3bl SIBJSIOTCS paciipe-
ZleJIeHHBIMM, TOPU30HTATbHO MAaCIITaOMPyeMbIMM U, KaK MPABUJIO, TOCTABIISIIOTCS
C OTKPBITBIM MCXOOHBIM kKogoM. NoSQL vacto ocHoBaHa Ha mogenu BASE, otma-
Iol1leii TIpeJoYTeHe NOCTYITHOCTY Haj, COIIaCOBAaHHOCTbIO. DTa MOJesb JaeT He-
dbopmasbHbIE TApaHTUM TOTO, UTO B OTCYTCTBME HOBBIX OOHOBJIEHMII OOpalleHNe
K JII000MY 3JIeMeHTY HAHHbBIX PAHO WIN MO3THO BEPHET ero MOCIeHIO BepCHio.
VY Takoro noaxona MMerTCs CAeAyIolye MpeyMyIecTBa:

QO mnpocToTa NPpOeKTUPOBAHNS;

O ropusoHTaNIbHAS MACIITAOMPYEMOCTb U ITPOCTOTA PEIINKAIINNA;

O OTCyTCTBME CXEMBI;

O mopnepskKa TMTAaHTCKUX 06b€MOB JAHHbIX.

Terepb pacCMOTPUM HEKOTOpPbIe TUTIBI 6a3 HaHHbIX NoSQL.

Xpaununuwa karoueii u 3Ha4eHUll

XpaHuIuIe KIoJeil M 3HaUeHU — CaMblIii IIPOCTO TUIl 6a3bl AaHHBIX. Kak ciemgyer
M3 Ha3BaHMSI, XpaHWINIIE OCHOBAHO Ha Xel-Tabuiax. HekoTopble XpaHWININA 10-
ITyCKAaIOT XpaHeHMe COCTAaBHBIX TUIIOB JJAHHBIX — CITMCKOB U CJIOBapeii. B HEKOTOPBIX
CUTYaLVSIX XpPaHUIUIIA KITI0Uel 1 3SHaUeHIT 00eCcreunBaloT UCKITIOUUTEIbHYIO CKO-
pPOCTb, HO M HE[IOCTAET IO IePsKKY CIIOKHBIX 3aIIPOCOB 1 arperupoBanus. K uncry
Haubosiee M3BECTHBIX 0a3 JAaHHBIX TAKOro Tuma oTHocsaTcsa Riak, Redis, Memebase
1 MemcacheDB.
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Cmon6uoevie 6a3vl OAHHBIX
CTOJI6].[OBBI€ 6331)1 JAaHHbIX OPraHM30BaHbI B BU€ COBOKYITHOCTU CTO.TI6L[OB, a He
CTPOK. ,H,aHHbIe, IIpMHaOJaeXXamye OqHOMY CTOJ'[6Lly, XpaHATCA BMeCTe.

B otnnume ot pensumoHHbIx 6a3 AaHHbIX, fobaBneHne crtonbua 06xonMTCa LELWeBO M Bbi-
MOMHAETC AN KaXLOM CTPOKM B OTAENbHOCTM. KonnuyectBo cTonbLoB B pa3sHbIX CTPOKAx
MOXET pa3nunyatbcs. Takas CTPYKTypa AaeT BO3MOXHOCTb UCK/HOUUTb HaKNaLHble PAacXobl Ha
XpaHeHuWe 3HayveHui null. 3Ta Mogenb OpMEeHTUPOBAHA NPEXAEe BCEr0 Ha pacnpeneneHHble
6a3bl AAHHBbIX.

OmHO¥ 13 caMbIX M3BECTHBIX CTOIOIOBBIX 6a3 JaHHBIX siB/isseTcs HBase, ocHOBaH-
Has Ha cucteMe xpaHeHust Google Bigtable. CTon6110BbIe 6a3bl JAHHBIX TPOEKTUPO-
BaJICh B pacyeTe Ha OYeHb OOJIbIIVe 06beMbI JaHHbIX, [I09TOMY JIETKO MacIITa0u-
pytotcs. Eciy Ha6op JaHHBIX HEBEJIMK, TO MCIOIb30BaTh HBase He MMeeT CMbICIIa.
Bo-nepBbIX, B peKOMeHIyeMoit Torosoruy HBase TOMKHO ObITh He MeHee MSATH Y3-
JIOB, @ BO-BTOPBIX, 3Ta 6a3a CIOKHA IJIS1 U3YUYEeHMS U afMUHUCTPUPOBAHMSI.

ZlokymenmHbvle 6a3vl 0AHHbBIX

IlokymeHTHasI 6a3a JaHHbIX ITpeqHa3HaueHa JJ1s1 XpaHeHUs JIab0CTPYKTYPUPOBAH-
HbBIX JaHHbIX. OCHOBHOV eAVMHUIIeI XpaHEeHUSI B Hell SIBJISIeTCs JOKYMeHT. [laHHbIe
B JIOKYMEHTax Ipe[CTaB/JIeHbl B CTAHAAPTHBIX opmarax, Hanpumep: XML, JSON
1 BSON. /I1s1 MOKYMEHTOB He OIlpefie/ieHa eMHast CXxeMa, OHU He 00si3aHbl MIMEThb
OIIMHAKOBYIO CTPYKTYPY, [IO3TOMY 00JIa[Jal0T BBICOKO¥ CTEIeHbIO I'MOKOCTH. B oTmm-
Ylie OT PeJISIMOHHBIX 6a3 JaHHBIX, U3BMEHUTh CTPYKTYPY JOKYMEHTA JIErKO, M 3Ta
Mpollemypa He MellaeT KJIYeHTaM 06paliaThcs K JaHHBIM.

I'paghoevie 6a3vt dauHbIX

B ocHoBe rpadoBbix 6a3 TaHHBIX JEKUT Teopust rpadoB. Basa mJaHHBIX COTEPKUT
MHGOpMAIIMIO O BeplIMHaxX U pebpax rpada. C BepimHaMy 1 pedpamMmu MOTYT ObITh
accolMMpoBaHbl JaHHbIe. I'padoBast 6a3a MO3BOJISAET 0O6XOOUTH BEPINNMHbI, CIeIys
BIIOJIb pebep. [TockonbKy rpad — oueHb 001Iast CTPYKTYpa JaHHBIX, TaKe 6a3bI MOXK-
HO MCIIOJIb30BATh [JIS1 TIPeNCTaBIeHNs CaMbIX pasHbIX JaHHbIX. CaMasi M3BeCTHas
peanu3saiiys rpadoBoit 6a3bl JTaHHBIX C OTKPBITHIM MCXOZHBIM KOIOM 1 KOMMepyUe-
CKOI1 moaaepkKoii — Neo4;.

PENSUMOHHBIE M OBbEKTHO=PENALIMOHHBIE BA3bl JAHHbIX

PensiMoHHbIe CHCTEMBI yIIpaBaeHMs] 6a3aMy JaHHBIX OTHOCSTCSI K UYMCITy Hanbo-
Jiee pacrpoctpaHeHHbIX CYB]I. KpaiiHe MaiOBepOSITHO, UTO B HaIllM AHU HaleTCs
OopraHmu3aIys Uiy MepCoOHATbHbBIN KOMITbIOTED, I/le HeT HM OHOI IMPOrpaMMBbl, TaK
Wi uHadve onuparoirericst Ha PCYB]I,.

[TpuioxkeHue MOXKeT 06palIaThCs K pesIMOHHOI 6a3e, pacIioioKeHHO Ha BbI-
JIleJIeHHOM cepBepe (MJIM HECKOJIbKUX cepBepax) 160 Ha TOM Ke KOMITbIoTepe, e
OHO paboTaeT; B IOCJIeAHEM CTydae YIIPOoueHHbI AB/KOK PCYB]I BCTpOeH B mpu-
JIOKeHMe B BUJie pasaensseMoit oubaoreku. DyHKuMoHaabHOCTh PCYB]I 3aBUCUT OT
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MOCTaBIINKA, HO GO/IBIIMHCTBO COBMeCTUMO co cTaHgaptamu ANSI SQL. dopmaiib-
HO peJsiiMoHHas 6a3a JaHHBIX OMMCHIBAETCS PEISLIMOHHOI anre6poit 1 ocHOBaHa
Ha peIsiIMOHHOM Momennu. O6beKTHO-PeIANMOHHAsA 6a3a HaHHBIX MTOXO0XKa Ha
PENSIMOHHYIO Y JOTOMHUTEIbHO TOAIEPKUBAET CeAyIoliyie 06beKTHO-OPUEeHTH-
pOBaHHbIE KOHLIEITIAN

Q ompeneneHHbIe TIOJIb30BATEIEM U CJIOXKHbBIE TUIIbI TaHHBIX;

Q HacnemoBaHue.

CsovcrtBa ACID

B pensiMoHHOM 6ase MAaHHBIX JIOTMYECKasl OTlepanysl Ha3bIBAETCSl TPaH3aKIMeId.
TexHnUeCcKky TpaH3aKIMs MOKET COCTOSTh M3 HeCKOIbKUX orepaliuii ¢ 6a3oii naH-
HbIX: CO3JaHUsSA, UTeHUsI, OOHOBJIeHUA ¥ yJajeHus (create, read, update, de-
lete — CRUD). B kauecTBe npuMepa TpaH3aKIMM MOXKHO TPUBECTY paclipefeneHne
(buKcupoBaHHOTO OIOKETA MO HECKOJbKUM IMpOoeKTaM. Ecau yBeIUM4YUTb CyMMY,
BbIJIEJIEHHYIO OTHOMY TTPOEKTY, TO HEOOXOAMMO O0TO6pATh Ty Ke CyMMY Y KaKOTO-
TO IPYroro npoexkra. B sTom kKoHTekcTe cBoiicTBa ACID OmmmMChIBaOTCS CJIeAy0IUM
obpasom:

O aToMapHOCTb: BCE MM HUYETO, T. €. eIM KaKkasg-TO YacTb TPaH3aKLMU 3a-
BepIIaeTCsl HeylauHo, TO HeyJauHO 3aBepPIIaeTCs U BCS TPaH3aKIus;

O coracoBaHHOCTB: TPAH3aKIMS ITepPeBOIUT 63y JaHHBIX 13 OJJHOTO HEIpo-
TUBOPEUYMBOTO COCTOSIHUS B IPYroe, Takske HeIpOTUBOpeunBoe. HermpoTtuso-
pPeurBOCTh 6a3bl JAHHBIX OOBIYHO OIMMCHIBAETCS C TIOMOIIbIO OTpaHUYEeHMIt
U CBSI3eil MeXAy mJaHHbIMMU. [IpeficTaBbTe, K IPUMEPY, UYTO BbI 3aXOTENIN Yia-
JUTH CBOIO YUYETHYIO 3alMCh B MHTepHeT-MarasuHe. UToObI COXpaHUTH CO-
[JIaCOBaHHOCTb, HY’KHO ObIJIO ObI YIAIUTH U JeTaAbHYI0 MHGOPMAIINIO, aCCO-
LMMPOBAHHYIO C YUETHOJ 3aMychblo, HAIPUMeEP CIIMCOK anpecoB. s aToro
CTY)KaT OTpaHMYeHUsT BHEITHErO KJI0Ua, 0 KOTOPBIX Mbl MOAPOGHEe paccKa-
>KeM B CIeyIolIeii I7aBe;

O ¥30IMPOBAaHHOCTB: Napasle/ibHOE BBINIOJIHEHNME TPaH3aKUMIi MepeBOLUT
CUCTEMY B TaKoe ke COCTOsIHME, KaK ecy Obl OHU BBITIOMHSIACH MTOCIeI0Ba-
TeJIbHO;

O »OoNroBeYHOCTh: Pe3yabTaT 3adMUKCUPOBAHHBIX, T. €. YCIIEIIHO BHITTOMHEH-
HBIX, TPAH3aKIIMIi COXpaHsIeTCs Aaxke B Ciyyae MponagaHus J1eKTPOITUTaHUS
MU aBapuu cepBepa. B PostgreSQL 3To o6ecrieunBaeTcs KypHaJIOM Ipe-
sanucu (write-ahead log — WAL). B npyrux 6asax gaHHbIX, Hanpumep B Ora-
cle, aHAJIOTMYHBIN MeXaHM3M Ha3bIBAETCS JKYPHAIOM TPaH3aKIIWIA.

Asbik SQL

PensioHHble 6a3bl JaHHBIX OOBIYHO JOIOMHSIOTCS CTPYKTYPUPOBAHHBIM SI3bI-
KoM 3ampocoB (structured query language — SQL). SQL — mekiapaTUBHBIN SI3bIK
MpOTrpaMMMpPOBaHMs 6a3 JaHHBIX, CTAHAAPTU30BAHHbII AMEePUKAaHCKUM HaIMO-
Ha/IbHBIM MHCTUTYTOM cTaHZapTOB (ANSI) 1 MeskayHapoaHOV opraHmsanment
o craupaptusanuu (ISO). ITepssoiit cranmapT SQL 6611 ony6koBaH B 1986 ro-
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Iy, 328 HUM TowienoBasim ctaHaaptsl SQL:1999, SQL:2003, SQL:2006, SQL:2008,
SQL:2011 u SQL:2016.
S3b1k SQL COCTOUT 113 HECKObKUX YaCTel:
O sa3sIk onpeneneHus: JaHHbIX (DDL): mo3BosiseT onpefennTb U U3MEHUTh
CTPYKTYPY PeISLMOHHO 6a3bl JaHHBIX;
O a3bIK MaHUIYAMPoBaHMs JaHHbIMYU (DML): CTYsKUT AJ1s1 BHIOOPKM TaHHBIX
13 OTHOILIEHUIT;
O s3Ik ynpasiaeHust JaHHbIMU (DCL): cJTy>kuT 17151 yripaBjieHUsI TpaBaMu J0-
CTyma.

MoHaTHA penauMoHHOM Moaenu

PensinyioHHas Mogenb — 9TO JIOTMKA MEepBOro IMOpsiiKa, WK UCYUCIEHUe TIpefn-
KaToB, pa3paboranHas darapom @. Kogmom B 1970 rogy ¥ M3JIOKeHHAs] B CTAThe
«A relational model of data for large shared data banks»'. Basza jaHHbIX B Heli TIpeJi-
CTaBJieHa B Bujie Habopa oTHoueHuii (relation). CocTostHMe 6a3bl JAHHBIX B LI€JIOM
OIpenieNsieTcsl COCTOSIHMEM BCeX MMeIOLIMXCSl B Hell OTHOLIeHuii. VI3 OTHOLeHui
MOYKHO M3BJIeKaThb pas3jiMuHyl0 MHGOPMaLNIO, IPUMEHSST orlepaluy CoeIuHeHus,
arpernpoBanus u GuibTpanyu. B 3ToM pasese Mbl 1aguM 0630p OCHOBHBIX ITOHSI-
TUI PeSILIMOHHOM MOJIeNM ¥ HauHeM C ONIMCaHMs OTHOIIeHUs, KopTeska, aTpubyTa
¥ OMeHa. DTU TePMUHBI, UCTIONb3yeMble B (PopMasibHOI pessILiMOHHO MOIeN!, Co-
OTBETCTBYIOT Tab/MIle, CTPOKE, CTOJIOIY U TUITY TAHHBIX B s13bike SQL.

OmuoueHue
OTHoIIeHNe MOKHO IPEeACTaBISITh cebe KaK TabJuIly C 3aroJIOBKOM, CTOJIOIAMU
U cTpoKaMu. ViMst TabIuIIbI ¥ ee 3arojIoBOK HeOOXOA VMBI [JIS1 MHTePIIpeTaluy JaH-
HBIX, XPaHSIIMXCS B CTpOKax. Kaskgasi cTpoka mpeAcTaB/sieT TPy B3aMOCBSI3aH-
HbIX I10JIeJi, OMMChIBAIOILMX HEKMII OOBEKT.

OTHOLIEHNEe COCTOUT U3 MHOXKeCTBa KOpTexXel. KaKIplii KOPTeX — 3TO YIOPSI0-
YeHHOEe MHOKECTBO aTpUOYTOB, TPMUYEM aTPUOYThI M TIOPSIIOK MX CIeIOBAaHMS BO BCEX
KOpTeXKax OMHAKOBbBI. ATPUOYT XapaKTepuU3yeTcsl JOMEHOM, T. €. TUIIOM ¥ UMEHEM.

customer_id first_name last_name email
Koptex — 1 thomas sieh thomas@example.com
KopTex — 2 wang kim kim@example.com
ATpubyt T Atpubyt T AtpubyT T Arpuéyt T

Cxema OTHOIIEHMS OTMCBIBAETCSI €r0 MMeHeM U aTpubyramu. Hampumep, cus-
tomer (customer_id, first_name, last_name, email) — cxema oTHomeHus customer. Co-
CTOSIHME OTHOIIEHMUS OIpenesisieTCss MHOXKEeCTBOM COCTaBJISIIONIMX er0 KOpPTeKe,
M03TOMY [obaBjieHue, yaajaeHne ¥ M3MeHeHMe KOpTeka MepeBOISIT OTHOIIeHVe
B IPyroe COCTOSIHME.

! PensuynonHass mogeib JAaHHBIX OIS0 GOJIBLINX COBMECTHO VCITIOJIb3yEeMBbIX 6aHKOB JaHHBIX.

http://citforum.ru/database/classics/codd/.
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MecTo KOpTeska B OTHOILIEHUM M UX OTHOCUTEIbHBIN TTOPSITIOK He UTPaloT POJIn.
KopTeskut OTHOIIEHNST MOKHO YIOPSIAOUNUTD TT0 OMHOMY WJIM TI0 HECKOJIBKUM aTpu-
O6yTaM. B OTHOIIIEHMM He MOXKET ObITh KOPTEXKeli-TyOIMKaTOB.

OTHOIIIeHMe MOXET MPeICTaB/ISITh CYITHOCTY PeabHOTO MMpa, HAIIpuMep K-
eHTa, WIN acCoUMalUM MEXIY OTHOIIeHUSIMU. Tak, KIMEHT MOKET I0JIb30BaThCSI
HECKOJIbKMMU CTY>K0aMU, a Kaskaast CJTysk0a MOKeT ObITh Mpe/IJIOsKeHa HeCKOTbKIUM
KIMeHTaM. JTy CUTYaIMI0 MOKHO CMOZAEIMPOBATh TPEMSI OTHOLIEHUSIMMU: customer,
service 1 customer_service, Ipyyem customer_service acCOUMMPYET OTHOIIEHMS CUS-
tomer 1 service. Pa3yesnieHye JaHHBIX 10 OTHOIIEHMSIM — K/TIoUeBast mes pesioH-
HOT'O MOJeIMPOBaHMs, Y KOTOPOJ eCTh CIlel[MaJibHOe Ha3BaHMe — HOpMasIu3alysl.
B mpoiiecce HoOpManu3aIuy OTHOIIEHUS U UX CTOMOIIBI OPTaHU3YIOTCS TaK, YTOOBI
YMEHBIINUTD M36bITOUHOCTD. [IpeIonokuM, K IPUMepY, UTO CTyskO6a XpaHUTCS TIPsi-
MO B OTHOIIEHUMU customer. EC/ii 0mHOIT CTy>k6071 MOIb3YeTCsT HECKOIBKO KJIMEHTOB,
TO 9TO MPUBEET K IyOIMPOBAHMIO TAaHHBIX O KiaMeHTax. K ToMy ke 1J1s1 OOHOBIEHUST
CITYKOBI TTPUILTIOCH ObI OOHOBJISITH BCE €€ KOMMM B TaO/INIIE KIIMEHTOB.

Kopmesc
Kopresk — 9T0 yIIopsiioueHHbIi Ha60p aTpubyTOB. ATpUOYTHI TIEPEUNCIISTIOTCS B KPYT-
JIBIX CKOOKax uepes 3araryio, Harmpumep (john, smith, 1971). dmemMeHTbI KopTexka
UIeHTUGUIUPYIOTCS MMeHeM aTpubyTta. KopTexxu 061amaioT CIeayiouMMu CBO-
CTBAMMU:
o (ay,a, as,...,a,) = (b,, by, bs,..., b,) TOrAA U TOJBKO TOTAA, KOTAa d, = b,, a, = b,,
., a,=b,;
O KOpTeX He SBISIETCST MHOXECTBOM, IMOPSIIOK 3JIEMEHTOB MMeeT 3HaueHle,
U Iy6IMKAThI paspelieHsl:
= (ay, ay) # (ay, ay);
- (a, @) # (ay);

O KonmnuecTBO aTpUBYTOB B KOPTEKE KOHEUHO.

B cTporoii peisiuiOHHO! MOeIN He JOMYyCKAITC MHOIO3HaUHbIe U COCTaBHbIE
aTpuOyThL. DTO BAYKHO C TOUKM 3PEHUST YCTPAHEHUST U3ObITOYHOCTY U TIOBBIIEHMS
CTeIleH) COIIaCOBAHHOCTHM HAaHHbBIX. HO B COBpeMEeHHbBIX PeSIMOHHBIX 6a3ax maH-
HBIX 9TO OrpaHMYeHMe YaCTUYHO CHSITO, YTOOBI MOKHO 6bIIO XpPaHUTh TaHHbIE Ta-
KX COCTaBHBIX TUIIOB, Kak JSON.

[To oBoAy TOrO, KaKk MPUMEHSITh HOPMAIN3AIMI0, BEOYTCS OXKeCTOUEHHbBIE CITO-
pbI. MBI peKOMEHIyeM HOpPMa/I130BaTh JaHHbIE, eCIY HET OCHOBATEIbHbIX ITPUUNH
9TOTO He JIeIaTh.

3Hauenue NULL

Iis ICUMCIIeHus MPeIMKATOB B PeISILIMOHHBIX 6a3ax JaHHBIX MIPUMEHSIETCS TpeX-
3HauyHasa jormka (3VL), B KOTOpOJi 3HaYeHUIT UCTUHHOCTU TpU: UCTUHA (true),
noxb (false) u HemsBecTtHO (Uunknown), uau NULL. B pensiuyoHHOl 6a3e JaHHBIX
TpeThbe 3HaueHue, NULL, MOXKHO MHTePIIPeTMPOBATh Pa3sHbIMU CIIOCO6AMM, HATIPU-
Mep: JaHHble HEeM3BECTHBI, JaHHbIe OTCYTCTBYIOT, HEIIPUMMEHMMO UM JaHHbIE Oy-
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IIYT 3aTpyskeHbI M033Ke. Tpex3HauHas JoTuKa yCTpaHsieT HeOqHO3HAaYHOCTh. Harpu-
mep, nBa 3HaueHuss NULL He paBHBI ApYT OPYTY.

Hike npuBemeHbI TaOGIUIIBI MCTUHHOCTY IJIsI TOrmyeckux oriepatopoB OR 1 AND;
OTMETUM, UTO 06a orepaTopa KOMMYTaTUBHBI, T. €. A AND B=B AND A:

A B AAND B AORB
TRUE TRUE TRUE TRUE
FALSE TRUE FALSE TRUE
NULL TRUE NULL TRUE
FALSE FALSE FALSE FALSE
NULL FALSE FALSE NULL
NULL NULL NULL NULL

A BOT Tabu1IIa UCTUHHOCTY 17151 ortepaTopa NOT:

A B
TRUE FALSE
FALSE | TRUE
NULL NULL

Ampubym

V Kaxkmoro aTpmOyTa ecTb MMS M JTOMEH, IIpMYeM HMKaKue OBa aTpuoyTa OZHOTO
OTHOIIIEHMSI HE MOTYT MMETb OAMHAKOBbIe MMeHa. [IoMeH ompeensieT MHOKECTBO
IOIYCTUMBIX 3HaUeHMit aTpubyrta. OmuH 13 Cr1oco60B 3a4aTh JOMEH — yKa3aTh THUII
JIaHHBIX ¥ OTPaHMYEHMS] Ha 3TOT TUITL. Harpumep, rmoyacoBast orjiaTa JosKHA ObITh
TTOJIOKUTEbHBIM BEIIECTBEHHBIM UMCIOM, OOJNBIIUM MSITU (€C/U TTPEATIONOKUTD,
YTO MMHMMAaJIbHAS [I0YacoBasi oIjiaTa paBHa MSITU Joyuiapam). JJloMeH MOKET ObITh
HeIpepbhIBHBIM, KaK B CJlyyae 3apIliaThl (ITOJIOKUTETbHOE BEIIeCTBEHHOE YMCIIO),
WU IVCKPETHBIM, KaK B CJTy4yae IoJa.

B cTporoii pensiniyoHHOM MOoeIM Ha JOMEH HajaraeTcs orpaHu4YeHNe: 3HaueHne
IO/DKHO OBbITh aTOMapHBIM, T. €. HemeauMbIM. Hampumep, momeH atpubyta name
(rosTHOE MIMST) He SIBJISIETCSI aTOMapHBIM, IIOTOMY UTO MMSI MOKHO pas[e/nTh Ha Be
yacTu: uMs 1 pamuianio. IIpMBegeM HECKOIBKO TPUMEPOB IOMEHOB:

O TenedoH: TEKCT OINpeIeTeHHON IJIMHBI, COCTOSIIIMIA U3 UD;

O Koj cTpaHbI: ABy3HAUHbIE U TPEX3HAUHBIE KOMIbI CTPAH OIpeneseHbl B CTaH-

napre ISO 3166 (coorBercTBeHHO ISO alpha-2 u ISO alpha-3). Tak, kombl 'ep-
maHuu pasHbl DE 1 DEU.

B peanbHbiX NPUNOXKEHUSX NYULLE MCMONb30BATb MEXAYHAPOAHbIE CTAHAAPTbI B CMPABOYHbIX
Tabnmuax, B T.4. CTpaH M BasioT. DTO CAeNaeT Baluu AaHHble ropasao 601ee NOHATHbIMM BHELL-
HMM NporpaMMam 1 MoBbICUT KAYeCTBO AaHHbIX.

OzpaHuueHus

B DEHHHMOHHOﬁ Mozge/in ornpenejieHO0 MHOIo OFpaHI/I‘-IEHI/Iﬁ JJIs KOHTPOJIS IeJIoCT-
HOCTU OJAaHHBIX, U36bITOYHOCTH U OOITyCTMMOCTN:
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O WM30BITOYHOCTb: KOPTEKM-TYOIMKATHI 3aIIpeIeHbl B OTHOLUIEHUM;
JOIIYCTUMOCTD: TOMEHHbIe OTpaHUUYeHUSI KOHTPOIUPYIOT OOMYyCTUMOCTD
JIAHHBIX;

IIeJIOCTHOCTh: OTHOIIEH!Us B 6a3e JaHHbIX CBSI3aHbI APYT C Apyrom. Omepa-
1IMs HaJl OMHMM OTHOIIIEHMEeM, HaripuMep 06HOBJIeHME VI yaajeHe KopTe-
>Ka, MOKeT OCTaBUTh JIPyTOe OTHOIIIEHME B HEKOPPEKTHOM COCTOSTHUM.

OrpaHuyeHus B PeJISIIIMOHHOI 6a3e JaHHBIX MOKHO OTHECTH K IBYM KaTeropusIM:

O yHawlemoBaHHbIE OT PEJSIIMOHHOV MOAEeNIM: OTpaHUYeHUs TOMEHHON Iie-
JIOCTHOCTY, LIeJIOCTHOCTY CYIITHOCTEN ¥ CCbUIOYHOJ LIeJIOCTHOCTH;

O cemMaHTHYeCKMe OTpaHNYEHMsI, OM3HEeC-TIpaBuIa ¥ OTpaHMUYeHNs], CBOVICTBEH-
Hble MPUIOXKEHUIO, KOTOPbIe Helb3s SIBHO BBIPA3UTh CPeACTBAMU DesLiy-
OHHOJI Monenu. OGHaKO TOSIBJIeHMe TIPOLieAYPHBIX SI3bIKOB HA OCHOBe SQL,
B yactHocTu PL/pgsql B PostgreSQL, mo3BonmIo MOIeIMpoBaTh Takue orpa-
HUYEHUS U B PeISIIMOHHO 6a3e JaHHbIX.

OzpaHuueHue 0OMeHHOII Ue10CmHOCMuU

OrpaHnJeHre OMEHHOJ [eJIOCTHOCTY FrapaHTUPYeT JOMYyCTMMOCTD JaHHBIX. [Tpesk-
Ile BCero HeoOX0AIMO OTIPeIeTUThCS C TUTIOM AAHHbBIX. TUITOM TaHHBIX JOMEHa MO-
KeT ObITh integer, real, boolean, character, text, inet u 1. i. Hanpumep, ums u aapec
2JIEKTPOHHOI MTOUTHI MMEIOT TUTI text. 3Hasl TUIT TaHHBIX, MOKHO yyKe OIpeenThb
MIPOBEPOYHOE OrpaHMYeHIe, HalIpuMep MabIoH IMTOYTOBOTO apeca.

O IIpoBepoYHOE OrpaHMUYEHMeE: TAKOe OTPaHMUeHe TIPYMEHSIETCS K OHOMY
aTpubyTy WM K TpyIIe aTpubyToB. PaccMoTpuM OTHOIIEHME customer_ser -
vice, B KOTOPOM OIlpefeseHbl aTpubyThl customer_id, service_id, start_date,
end_date, order_date. MbI MOXXeM OIlpenenuThb OJisl HErO0 OrpaHMYeHue start_
date<end_date, mpoBepsoIlee, YTO aTa Havaa MeHbllle 4aThl KOHIA.

O OrpaHnyeHue yMOJYaHUSA: y aTpuOyTa MOKET ObITh 3HAUEHME IO YMOJI-
YaHMI0. DTO MOXET ObITb JIMO0 (GUKCUPOBAHHOE 3HAUEHNE, HAIIPUMED CTaH-
JapTHAas IToYacoBasi orviaTa Tpyaa, ckakem, 10 monnapos. Vinn ke nMHammnye-
CKM BBIUMC/ISIEMOE 3HAUeHMe, HalpuMep 3HaueHne GyHKuym random, current
time mu date. Haripumep, B OTHOIIEHMM customer_service aTpubyT order_date
MOXKET 10 YMOTYaHUIO MIPUHMUMATh TEKYIIYIO AATY.

O OrpaHnyeHMe YHUKAIbHOCTH: TAPAHTUPYET, UTO 3HAUEHNE aTpubyTa YHU-
KaJIbHO CpeIy BCeX KOpTeskei OTHomeHMs. [IommyckaeTcs Takke 3HaUeHMe
null. ITycTb onpeneneHo oTHouIeHue player ¢ aTpubyramu (player_1id, player_
nickname). Y urpoka ecTb YHUKQIbHbBIN AEHTUGUKATOP, ¥ OH MOXKET BbIOPATh
cebe HUK, KOTOPBIN TaKkKe NOKEH UAeHTUDUIIMPOBATh €Tr0 OAHO3HAUHO.

O Orpannuenne not null: Mo ymonuaHmio aTpubyT MOXKET IPUHMMATDb 3HAUE-
Hue null. Orpaanuenne not null 3anpemaet 3To. Hanpumep, y KaxkIoro 4ejio-
BeKa B KHUTE 3amycelt 0 pOXKIeHUY JOIKHO ObITh MMS.

OepaHuueHue Cyu;HOC"’lHOﬁ uejsiocmHocmu
B peJ’[S[LU/IOHHOﬁ MOIe/IM OTHOIIEeHNMe OoIlpeneadaeTcsa KaK MHOXXeCTBO KOpTE)Keﬁ. 9TO
O3Ha4yadeT, YTO BCe€ KOPTEeXM B HEM OOJ/DKHbI ObITh pa3/IMYHBbI. OI‘paHI/I‘IEHI/Ie Cyi-
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HOCTHOJ 1IeJIOCTHOCTY O3HauyaeT Hajly4uye MePBUYHOTO KI0Ya, IPEeACTaBIsIOIero
€060t OIVH UV HECKOJIBKO aTPUOYTOB CO CJIEAYIOIMMY XapaKTePUCTUKAMMA:

O KIII0Y IOKEH ObITh YHUKAJIEH;

O HU onMH aTpUBYT, BXOASIINIA B KITIOU, HE JOJDKEH MPUHUMATh 3HaYeHue null.

B KaskIOM OTHOIIEHUYM MOKET OBITh TOJIBKO OIVH IMEPBUYHBIN KIII0YU, HO MHOTO
YHUKQJIbHBIX Kitoueii. Kimou-KaHAMAAT — 3TO MUHMMAJIbHbI Habop aTpubyTOB,
C TIOMOIIbI0 KOTOPHIX MOYKHO OIHO3HAUHO MAEHTUGULIMPOBATL KOpTexX. JIF060it
YHUKAJIbHBINM, He TIPUMHMUMAIOMM 3HaueHus: null aTpubyT MOKET ObITh KIYOM-
kaHnumatom. Habop, cocrosimmii 13 Bcex aTpubyToB, obpasyeT cymepkiawou. Ha
MPaKTUKe YacTO BbIOMPAIOT B KAUYeCTBe MEePBMYHOTO K/TI0Ua OJMH aTpubyT, a He Co-
CTaBHOII KJTI0Y (COCTOSIIIMIL M3 ABYX UM Gojiee aTpuOyTOB), UTOOBI OIIO MPOIIIE CO-
eIVHSTh OTHOIIIEHWST MEXKIY COOO0IA.

[TepBuuHbIli K04, reHepupyembili CYB], Ha3pIBAIOT CYPPOraTHLIM, UiV CUH-
TeTH4YeCKVUM. B IpOTMBHOM CTyyae K/II0Y Ha3bIBaeTCsl HAaTypaJdbHBIM. B ponu cyp-
pOTraTHBIX KJIIOUeli-KaHAMAATOB MOTYT BBICTYIIATh MOPSAKOBbIe HOMEepa MM YHU-
BepcajibHble YHUKaibHbIe uaeHTndukaTopsl (UUID). V cypporaTHbix Kiioueit
MHOTO TIPeMMYIIECTB, B T. 4. BBICOKAsI MPOU3BOAUTENbHOCTD, YCTOMUNBOCTD K M3-
MeHeHMIO TpeGoBaHM, aAATITUPYEeMOCTb ¥ COBMECTUMOCTD C 00beKTHO-PeISIIOH-
HbIMM OTOOpakeHUSIMU. [7TaBHbI HEIOCTATOK CYPPOTaTHBIX KITIOUei COCTOUT B TOM,
YTO OHY OTKPBIBAIOT BO3MOKHOCTb JIJISI TTOSIBJIEHVST KOPTEXKEe-IyOnMKaToB, OTanda-
IOLIMXCS TONBKO 3HAUeHMeM KIoya.

OzpaHuueHus cCblN0YHOLI UeI0CMHOCMuU

OTHoMIEeHNS CBSI3aHbI MEXITY c0607 06IIMM aTpubyTamu. OTpaHMUeHNS CChITTIOY-
HOJ 11€JIOCTHOCTY KOHTPOJMPYIOT CBSI3YM MEXKOY OBYMSI OTHOIIEHMSIMU U TrapaH-
TUPYIOT, UTO JAaHHbIE B KOPTEXKAaxX COrTacoBaHbl. EC/IM KOPTEXK OTHOTO OTHOIIEHMS
CChIJIAETCSI Ha KOPTEX APYTOro OTHOIIEHMSI, TO STOT BTOPOJi KOPTEK TO/KEH CYIIECT-
BOBaTh. Tak, ec/iy ¢ KJIMEeHTOM CBSI3aHa CJTyk0a, TO JO/DKHBI CYIIIeCTBOBATD U KJIMEHT,
" cayk6a. Hammpumep, B OTHOIIIEHMM customer_service He MOXET ObITh KOPTEXKa CO
3HaueHusIMu (5, 1,01-01-2014, NULL), ITOCKOJIbKY He CYIeCTBYeT KIMeHTa, ISl KOTO-
poro customer_id paBHO 5.

customer customer_service service

PK | customer id PK,FK1 | customer id PK | service id
first_name PK,FK2 | service id >0—|7 Mame

last_name ctart date fee_per_month

I

email end_date Description

OTcyTCTBME OrpaHMYEHUI CCBIJIOYHONM IE€OCTHOCTU MOSKET CTaThb IPUUYMHON
MHOTUX IIpo6ieM:

O HeKOppeKTHbIEe TaHHbIE B 00IINX aTpuUbyTax;

O HekoppekTHas MHOOPMAIVS TPV COeOMHEHNI JAHHBIX 3 PA3HbIX OTHOLIEHWIA;



32 < PenaumoHHble 6a3bl JaHHbIX

O cHUXeHMe NMPOM3BOAUTENBHOCTU M3-32 HEONTMMAIbHOIO IIAHA BBINOJI-
HEeHMsI, MIOCTPOEHHOI0 IIaHMPOBIIMKOM PostgreSQL mnmu cTopoHHeN Mmpo-
IrpaMMOIA.

O Hanuune BHeLWHMX KtoUei MOXKET NOBbICUTb MPOM3BOAMTENbHOCTb YTEHUS AAHHbIX U3 He-
CKONMbKUX Tabnuu, MNaHMPOBLLMK BbINOHEHWUS 3aNpOCOB ByaeT MMETb HoNlee TOUHYH OLLEHKY
KonuyecTea noanexawmx obpabotke ctpok. OTKNHOYEHWE BHELHMX KOYer Npu BbiNnonHe-
HUW MaCCOBOW BCTaBKM PE3KO YCKOPSIET OnepaLmio.

OrpaHuMyeHMs] CCbIIOYHON II€IOCTHOCTM PEeaU3YIOTCS C ITOMOIIbIO BHEIIHUX
KT0Yeli. BHeIIHMM K/II0YOM Ha3bIBAeTCS aTpUOYT WM IPyMIa aTpubyToOB, OTHO-
3HAYHO MIAEHTUGUIMPYIOIINX KOPTEX B OTHOIIEHMM, Ha KOTOPOE MPOM3BOIUTCS
CChUIKA (BHEIIHEM OTHOIIIeHUM). B cuity caMoii CBoeli MpuUpO bl BHEIIHMI KJIIOY Yac-
TO ABJISA€TCA IIePBUYHBIM BO BHEIIIHEM OTHOIIEHMN. HO, B OT/IM4uMe OT II€PBUYHOTO
KJTI0Ya, BHEIIHMIT MOKeT MpUHMMAaTh 3HaueHue null. OH Takke MOKET CChIIAThCS Ha
YHUKAJIbHBIM aTpMOYT BHEINIHEro OTHOIIeHus. Jlomyckasi 3HaueHus null Bo BHemI-
HEeM KJIioue, MbI IIOTydaeM BO3MOXKHOCTb MOJIEJIMPOBATD Pa3/IMUHbIe OrpaHUUeHNS]
KapaVMHAIbHOCTH, T. €. OTPAHUYEHMS Ha KOJIMYECTBO JIEMEHTOB IO 06€ CTOPOHBI
cBs3u. Hampumep, eciiv ponuTesib MOXKeT MMeTh 60/1ee OHOTO IIOTOMKA, TO TOBOPSIT
0 CBSI3U OAVH-KO-MHOTUM, TTOCKOJIbKY C OZHMM KOPTEXKeM MePBUYHOIO (CChLIAIO-
IIeTroCsT) OTHOIIEHMS MOXKET OBITh aCCOIIMMPOBAHO HECKOIBKO KOPTEXKE BHEIITHETO.
OTHollleHe MOKeT TaKyKe CChIaThCsI caMo Ha cebs. Torma BHEIIHMIT KJTI0Y Ha3bIBa-
eTcst aBTopedepeHTHBIM, VIV PEKYPCUBHBIM.

Hamnpumep, omHa KOMITaHMSI MOXKET OBbITh IIPMOOpeTeHa IPyroji.

L company_id  name acquisitioned_by

PK | company id

1 Facebook
name

FK | acquisitioned by 2 WhatsApp 1

JI71s1 TApaHTUM 1I€JIOCTHOCTYU JaHHbIX MOKHO ONPENENUTb HECKOIbKO TUTIOB I10-
BeJIeHMsI B CJTydae, KOra KOPTeX BO BHEITHEM OTHOLIEHUM OGHOBIISIETCS VIV yaa-
JISIeTCS:

QO KackamoM: ecyiv KOPTEX BO BHEITHEM OTHOIIEHUY YAASIeTCsl UTY ero BHelIl -
HUIT aTpPUOYT OGHOBJISIETCS, TO CCHITAIONINMECST HA HETO KOPTEKY MEPBUYHOTO
OTHOIIEHVSI TAKKe YAAISIOTCS VTN OGHOBIISIIOTCS
3ampeT: KOPTEeX, Ha KOTOPBI BeJET CChIIKA, HE MOXKET ObITh YIATEH, a €ro
BHEIIHMI aTpuOyT He MOKeT ObITh M3MEHEH;

QO HuMUero He AeIaTh: TO Xe, YTO 3ATPET, HO pellieHe OTKIAAbIBAETCS 10 KOH-
11a TPAH3aKIINM;

O mnpucBaMBaHMe 3HAYEHUS 10 YMOIYAHMIO: €C/IM KOPTEX BO BHEIHEM OT-
HOILIIEHUM YAAISIeTCs WY BHEUIHWI aTpubyT OGHOBISIETCS, TO BHENIHEMY
KJTI0YY B IIEPBUYHOM OTHOIIEHWM TIPUCBAUBAETCS 3HAUEHNUE 110 YMOTUYaHUIO;
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O mnpucBausBanue null: ecyin KopTex BO BHEIITHEM OTHOIIEHUY YIAJSETCS, TO
BHEIIIHeMY KJTIOUy B ITIePBUYHOM OTHOIIEHUY IIPUCBaMBaeTCs 3HaueHme null.

Cemanmuueckue o2paHuyeHust
OrpaHuyeHMsI LeJOCTHOCTU UJIM OTPaHUYeHMS] 6M3HeC-TOTUKM KacaloTCs TPUIo-
sKeHMS B 11esioM. Hammpumep, B J1i06071 MOMEHT Y K/IMeHTa MOXKET ObITh He 6ostee o1 -
HOJ aKTUBHO CIYKObI. Takye orpaHMYeHMs IIPOBEPSIOTCS MO0 Ha YPOBHE OU3-
HeC-JIOTUKM MPUKIAIHON MPOTrpaMMBbl, MO0 C TOMOUIbIO MPOLIEAYPHBIX SI3bIKOB
Ha ocHoBe SQL. [I1s1 3TOJ Lie/i MOKHO TaKyKe MCIO0Ib30BaTh TPUITEPHI U MpaBuUIa.
Kaxkoii moaxop, BbIOpaTh — MPOLEAYPHBIN SI3bIK HA OCHOBe SQL M BBICOKOYPOB-
HEBBIN SI3bIK IPOTPAMMMPOBAHMSI, — 3aBUCUT OT IIPUIOKEHMST; MHOTJA KOMOVHM-
pyIoT 06a.
VY nipoiienypHOTO s13bIKa HAa 0OCHOBe SQL MMeroTcs ciieyiolne peuMyIecTBa:
O mnpoussBoauTenbHOCTh: B PCYB]] yacTo MMeITCs CJIOKHbIE OITUMM3aTOPbI
I71sT TIocTpoeHust 3(PGEeKTUBHBIX TUVIAHOB BBIMOTHEHNS. A B HEKOTOPBIX CITy-
yasgx, HalpyMep B IPUIOKEHMSIX JOObIUM JaHHbIX, 00beM 06pabaThIBaeMbIX
JAaHHBIX 04eHb BeluK. O6paboTKa Ha ITPOLieLypPHOM SI3bIKe TTO3BOJISIeT UCKITIO-
YUTH Tlepefiauy JaHHbIX 1Mo ceTu. Kpome TOro, B HEKOTOPBIX MPOIeAyPHbBIX
sI3bIKaX IPUMEHSIIOTCS XMTPOYMHbBIE aJITOPUTMbI KeIlMPOBaHMS;
O cpouHble M3MEHeHMS: IPOoLeAyPHBIii S3bIK Ha OcHOBe SQL mo3Bosnser uc-
MPaBJISITh OMIMOKM, HE OCTAaHABIMBAs CITYKOY.

Y peanu3zauun 6M3HEC-NOTMKM HA YpOBHe 6a3bl JAHHbBIX €CTb MHOTO MJOCOB U MUHYCOB, 3Ta
TeMa NoCTOSHHO poXAaaeT crnopbl. OTMETUM NULLb HEKOTOPbIE HEAOCTAaTKU: BUAMMOCTb BHYT-
peHHero ycTpoicTa 6a3bl AaHHbIX, He3ddeKkTMBHagA paboTa NPOrpaMMUCTOB, BbIHYXAEHHbIX
nucaTtb Koa 6e3 noaLepXKKM CO CTOPOHbI MHCTpyMeHTOoB M IDE, TpyaHOCTM noBTOpHOMO MC-
NoNib30BaHMUS KOAa.

PENSLMOHHAS ANTEBPA

PensuyonHas aare6pa — 5T0 GOpMajbHbI SI3bIK PEISIMOHHON Momenu. OHa
ompenesnsieT HAOOP 3aMKHYTHIX OIlepalyii HaJl OTHOIIEHUSMH, T. €. pe3yabTaTOM
JII000Ji oTepalnuy SIBSIeTCS HOBOe OTHOIIeHMe. PensiiimonHas anre6pa HacaemyeT
MHOT¥€E OIIePaTOPhI OT TEOPUM MHOKeCTB. OIepanny pesiyOHHOM anredpbl MOXK-
HO OTHECTH K IBYM TPyTIiaM:

O B IEPBYIO TPYIITY BXOIAT TEOPETUKO-MHOKECTBEHHbIE OIepaunum: 00beau-
HeHMe, TlepecevyeHye, pa3HOCTb MHOXeCTB U JeKapToOBO (UM IepeKpecTHOoe)
MIpou3BefeHNe;

O BO BTOPYIO I'PYIITY BXOAST OMepaInn, CrieluGuaHble 111 PeISIOHHON MO-
Iey, HarpyuMep BbIOOPKA M mpoekiys. Oneparuu peisiiiMoHHOl anre6psl
OBIBAIOT TAKKe YHAPHBIMU ¥ GMHAPHBIMMU.

[lepeuncnum NPUMUTUBHBIE ONIEPATOPBI:

O select (c): yHapHas onepanust (BbIOOPKA), 3aIMCbIBA€Mast B BUIE GQg, TIE ¢ —
rpeauKkaT. ITOT OTIepaTOp BHIOMPAET Takue KOPTEXM R, IJIsT KOTOPBIX ¢ TIPU-
HMMaeT 3HaueHue true;
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O project (n): yHapHas ornepaius (IPoeKIus), KOTopast OT6MpaeT YacTh aTpu-
OyTOB OTHOILIEHMS U 3aIMCBIBAETCSA B BULE T, ... ..R(, IOe al, a2, ..., an -
MMeHa aTpUOyTOB;

O cartesian product (x): 6MHapHAas oIepaius, KoTopas opoxkaaeT 6oee CIOXK-
HOe OTHOIIeHMe, KOMOMHUPYS KOPTeKM ABYX orepaHnos. ITycte R u S -
IIBA OTHOIIEHUS, TOTOA RxS = (1, I'y, ...y Ty, Sy, Sgy «evy Sp), THE (T Ty ooy Ty) € R
n (Sl, S35 eees Sn) € S’

O union (U): TeOPETUKO-MHOXECTBEHHOE OObeIMHEH e OTHOIIeHNIT. OTMeTUM,
YTO OTHOIIEHWMSI JO/IKHBI OBITH COBMECTMMBI 10 00beIMHEHMNIO, T. €. COCTOSITh
M3 OAMHAKOBBIX aTpUOYTOB B OMHOM U TOM ke Topsinke. dopmanbHo RU S =
(T, Ty eeey T)U(S1, Sgy eeey Sy), THE (Fyy Ty ey T) € RU(S, Sy, .., S,) €S

O difference (-): 6uHapHas omnepauyst (Pa3HOCTD), OIlepaHAbl KOTOPOW JOJIK-
HbI OBITH COBMECTMMBI 110 06beaviHeHNI0. CO30aeTcss HOBOe OTHOIIEeHME, CO-
Jepskaliee Te KOPTEXM ITepBOro oriepaH/ia, KOTOpbie OTCYTCTBYIOT BO BTOPOM.
@opmanbHO R - S=(ry, Iy, ..., ), tO€ (I, Iy .oey 1) € RU (1, 1y ..y 1) €S

O rename (p): yHapHasl omepauus (TlepeMMeHOBaHMe), KOTOpasli BO3JeliCTByeT
TOJIBKO Ha aTpMOyThl. B OCHOBHOM 3TOT OIlepaTop MPUMeHSIeTCsI, YUTOObI pas-
JIMYUTb OTHOVMEHHbBIE aTPUOYThI B COEOMHSIEMbIX OTHOIIEHUSX UV YTOOBI
IaTh aTpuOyTy 60/iee BpasyMUTeTbHOE MMS IJIS 1LieJieii pe3eHTaIun. 3amnm-
ChIBaeTcs B BUIE p,uR, roe a u b - umeHa atpubyTos, mpuueM b — oguH U3
atpubyToB R.

[ToMMMO TIPUMMUTHUBHBIX OIIEPaTOPOB, MUMEIOTCS arperaTHble (QyHKIMM, HATIPU-
mep: sum, count, min, max U avg. [[pUMUTHUBHbBIE OTIePAaTOPbl MOKHO MCITOJb30BaTh
IIJISI oTIpefiesieHus IPYTUX pesiMOHHbBIX OlepaToOpPOB, B T. U. IEBOTO COeIMHEHMS,
MPaBOro COeNVHEHMs, SKBUCOeOMHEHMST U TepeceueHus. PensioHHas anre6pa
OYeHb BaKHA B CUJTY CBOEI BbIpa3MUTENbHON MOILY, IOMOTaIleil ONTUMIU3UPOBATh
M TIepemnuchiBaTh 3ampockl. Hampumep, omepainsi BbIOOpKM KOMMYTaTUBHA, T. €.
c,0,R = 6,0,R. [Ipyroit mpumep — ABe MOCIeI0BaTeIbHbIE BHIOOPKM MOXKHO 3aMe-
HUTb OJHOI C KOHBIOHKLVEN IPEeaUKATOB: 6,6,R = G, 4np pR-

Onepauuu BbIGOPKM M NpoeKLUm

Omneparys SELECT MpUMeHSIeTCsI, UTOObI BIGPATh YaCTh KOPTEXKei oTHomeHus. OHa
BCerga BO3BpallaeT MHOKECTBO KOpTeskelt 6e3 MOBTOPeHMIA, UYTO CAemyeT U3 orpa-
HUYEHMST CYIIHOCTHO IesocTHoCcTM. Hampumep, sampoc «daii MHe uH@opmayuio
0 KJILueHme, 0J11 KOMopozo customer_id pasHo 2» 3aIIMChIBAETCSI CJIEIYIOIIVIM 0Opa3oM:

chstomer_id =2 customer.

Kaxk yske 6bLI0 CKa3aHO, oItepaiiys BbIOOPKM KOMMYTaTUBHA, T. €. 3aI1pocC «dati MHe
8cex KUeHmMo8 ¢ umeHem Kim, 01 KOmopslx useecimeH aopec 3J1eKMpPOHHOU NOUmMbl»
MOSKHO 3aIiCcaTh TPeMs CITIOCOO6aMu:

Gemail is not null(cﬁrstfname=kim CUStomer) 5
Gﬁrstiname=kim(6email is not null CUStomer);

Gﬁrst_name:kim and email is not null (CUStomer)'
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KoHeuHO 3Kke, TpeauKaThl BBIOOPKY 3aBUCST OT TUITA JaHHbBIX. [IJIsT UMCIOBBIX THU-
TI0OB B KaueCTBe orepaTopa CpaBHEeHMs MOXKHO yKasbIBaTh #, =, <, >, >, <. [Ipenguka-
TUBHOE BBIpaKeHME MOXKET TaKkKe cofmepskaThb CKOOKM U dyHKIMu. B SQL sKkBMBa-
JIEHTOM OTIepalMy BbIOOPKM SIBJITeTCSI KOMaHAa SELECT *, a IpeauKaT OmpeenseTcs
BO (pase WHERE.

CnuMBON * 03HavaeT «Bce aTpubyTbl OTHOWeEHMA», OTMETUM, YTO B MPOM3BOACTBEHHbIX CU-
CTeMax MCNonb30BaTh * HE pEKOMEHAYeTCs, lyylle nepevncnaTb Heobxoanmble aTpubyThl
SIBHO.

Cnenyioiiiee mpeajioskeHne SELECT 9KBMBAJIEHTHO BbIPAXKEHMIO PEJISILIMOHHOM aji-
reOPBI G ysiomer a2 CUStOmMeEr:

SELECT * FROM customer WHERE customer_id = 2;

OmnepaTop MPOEKIINY MOKHO HAIISIIHO MPEeACTaBIsITh cebe KaK BepPTUKAIbHbIN
cpe3 TabnuiIbl. 3ampoc «dati MHe UMeHa KAUueHmose» B pesiiOHHO anrebpe 3amm-
CBhIBAETCS TAK:

nﬁrstﬁname, last_name customer.

Hiske mpencTaBiieH pe3y/ibTaT MPOeipOBaHMSI:

first_name | last_name
thomas sieh
wang kim

B cTporoit pensiiMoHHOl MOIEIM KOPTEXM-IyOIMKaThl He TOITyCKAIOTCS; KO-
YeCTBO KOPTesKel, BO3BpallleHHbIX OTlepaTopoM PROJECT, Bcerna MeHbIIIE UM PABHO
KOJINYECTBY KOPTeskelt BO BCeM OTHOIEeHNY. EC/ii B CICOK aTpuOyTOB B OIlepaTope
PROJECT BXOJUT IT€PBUYHBII KTIOU, TO B Pe3YJIbTUPYIOIEM OTHOIIEHUY OYIET CTOJIb-
KO JXe CTPOK, CKOJIbKO B MICXOJHOM.

OmepaTop mpoeKiuu ToxKe TOAAAeTCsT ONTuMM3alum. Hampumep, crmpaBenianBo
Cllefyrolee TOXIECTBO JJ151 KaCKaIHbIX ITPOEKIIMIA:

na(na’nb(R)) = Tca(R)'

B SQL skBuBajmeHTOM oImepaTopa PROJECT siBaseTcsi KomaHAa SELECT DISTINCT.
KiroueBoe ¢;10BO DISTINCT O3HAYAET, UTO HYKHO YCTPAHUTH OyOaMKaTh. UTOOBI 1TO-
JIYYITDb [TOKA3aHHBI BbIIIE PE3YJIbTAT, CJIEAYyeT BBIIOJIHUTD TaKyl0 KoMmaHay SQL:

SELECT DISTINCT first_name, last_name FROM customers;
B HEKOTOPBIX CJTyyasx orepanyy PROJECT 1 SELECT MOKHO BBITTOJIHSITH B JIIOOOM

mopsiAKe. 3ampoc «dati MHe UMS KaueHma ¢ udeHmuguxkamopom customer id = 2»
MOYKHO 3aITMCaTh IBYMSI CITOCOOAMMI:

chstomerjd =2(Ttﬁrst7name, last_name CUStomer) 1
nﬁrstﬁname, lastfname(ccustomerjd =2 CUStomer)'
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Ho 6bIBaeT 1 Tak, 4YTO MOPSIAOK OTIepaTopoB PROJECT u SELECT BaskeH, MHAYE TTOJTY-
YaeTCs HEKOPPEKTHOE BhIpaskeHue. 3aIpoc «0ati MHe (Pamunuu 6cex KaueHmos ¢ ume-
HeMm kim» MOYKHO 3aITCaTh TOIbKO TaK:

TE(last_name(Gﬁrst_name:kim CUStomer) .

Onepauusa nepeMMeHOBaHUSA

Omepanus rename IPUMEHSIETCSI, UTOOBI MU3SMEHUTD UMS aTPUOYTa PE3YIbTUPYIOIIE-
rO OTHOLIEHMS MM IPUCBOUTH KOHKPETHOE MMS Pe3yIbTUPYIOLEMY OTHOILEHUIO.
Ona no3Bosnser:
O ycTpaHUTH HEOJHO3HAYHOCTD B C/TyUae, KOT/Ia B ABYX WM O0Jiee OTHOIIEHUSIX
BCTPEYAIOTCSI OMHOVMEHHbIE aTPUOYTHI;
O mpucBOUTb BpasyMuUTeTbHbIE MMeHa aTpubyTam, 0C06eHHO TIpU HOPMUPO-
BaHUM OTUYETOB;
O W3MeHUTH OmpeieNeHyie OTHOIIeHNSI, COXPAaHUB 00PaTHYI0 COBMECTUMOCTbD.
OKBUBaJIEHTOM ollepaTtopa rename B SQL gBjsieTcsl KioueBoe CI0BO AS. Hike
CO3aeTcsl OTHOIIeHMe, cofepsKalliee OfMH KOPTeX C OMHUM aTpubyTOM, KOTOPOMY
MpUCcBOeHO ums PI:

SELECT 3.14::real AS PI;

TEOPETM KO-MHOXXeCTBE€HHbIe onepauuu

K TeopeTuKo-MHOKECTBEHHBIM OTHOCSITCS omepaiiuu union (00bemuHeHMe), inter-
section (mepeceuenue) 1 minus (pa3HOCTD). Intersection He ABISAETCSA IPUMUTUBHBIM
OTIepaTOPOM PEJIIIIMOHHOI aire6phl, TOTOMY UTO €r0 MOXKHO BbIPa3UTh Yyepes3 00b-
efMiHeHNe U Pa3HOCTh:

AnB=((AuB)-(A-B))-(B-A).

Omneparopsbl nepeceyeHust M 00beAMHEHNSI KOMMYTATUBHBbI:
ANB=BnA;

AuUuB=BUA.

3ampoc «dati MHe udeHmupuKamopwl 6cex KAUEHMO08, C KOMOPbIMU He ACCOUUUPO8A-
HA HU 00HA CTy#Oa» MOYKHO 3aIlCaTh TaK:

Teustomer id CUSTOMET = T omer jo CUStOMeEr_service.

Onepauus aekapToBa NpousBeaeHUs

Omnepanyd cartesian product mO3BOMSIET TOCTPOUTH OTHOLIEHNME, COlepsKalee KOM-
OMHAIMM KOPTEXKei MBYX OPYTMX OTHOIIeHWUii. [Tyctb A M B — IBa OTHOLIEHWMSI,
n C=AxB.Torna:

Konuuecmeo ampudymos C pasHo Koauuecmeo ampubymos A + Konuuecmeo
ampubymos B;
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Koauuecmao kopmediceii C pasHo Koauuecmeo ampubymos A * koauuecmeo
Kopmexceli B.

Ha cnemyroiieM pMCyHKe MOKa3aHO JEeKapTOBO MPOM3BeAeHMe OTHOIIEHMI cus-
tomer 1 customer_service.

customer_id | first_name | las_name customer_service_id | customer_id |start_date end_date

1 thomas sieh X 1 1 2017-11-01 | 2018-11-01 =

2 wang kim 2 1 2017-11-01 | 2018-11-01
customer_id|first_name|las_name|customer_service_id |customer_id |start_date |end_date

1 thomas sieh 1 1 2017-11-01 |2018-11-01

. wang kim 1 1 2017-11-012018-11-01

1 thomas sieh 2 1 2017-11-01 [2018-11-01

2 wang kim 2 1 2017-11-01 [2018-11-01

B SQL skBMBa/IeHTOM JIeKapTOBa MPOU3BeIeHMS SIBJISIETCSI OIlepaTop IepeKpecT-
HOTO coenyiHeHMst CROSS JOIN. 3ampoc «0s KaueHma ¢ uoeHmuguxkamopom 1 esibpameo
udenmugukamop u ums KaueHma, a maxyice udeHmupuKkamopsl accOyUUPOBAHHbIX
C HUM CJTy#C0» 3aIIChIBAETCS TaK:

SELECT DISTINCT customer_id, first_name, last_name, service_id

FROM customer AS c CROSS JOIN customer_service AS cs
WHERE c.customer_id=cs.customer_id AND c.customer_id = 1;

Ha sTOM npumMepe Har/IsIHO BUAHA CBSI3b MEKIY PEJIIIIMOHHOI aare6poii 1 s3bl-
koM SQL. M»I ncrionb3oBany onepauyn select, rename, project u cartesian product.
TMoka)keM, KaK MOXKHO C ITOMOIIIbIO PeISLIMOHHO anre6pbl ONTUMU3UPOBATD BbI-
TOJIHEeHVE 3TOTO 3ampoca. Ero MOKHO OGbIIO ObI BBIITOJIHUTbh HECKOJbKMMU CITOCO-
6amit.

[TnaH BeinOHEHMS 1:

1. BeI6paTh KIMeHTa, 11 KOTOPOTO customer_id = 1.

2. BpIOpaTh CAyKOY IJIS KIMEHTA C UAeHTU(PUKATOPOM customer_id = 1.

3. BBIITOJHUTD ITIePEKPECTHOE COeOMHEHNE OTHOIEHMIA, TIOTyYeHHBIX Ha IIarax
1u2.

4. CrpoeuyupoBaTh OTHOIIEHME, TTOJIyYeHHOE Ha IIare 3, Ha aTpuoOyThI customer_
id, first_name, last_name 1 service_id.

[11aH BhITOIHEHUS 2:

1. BbIIOTHUTH epeKpecTHOe coeAMHeHe OTHOIIIeHMI customer U customer_ser -
vice.

2. BbIGpaTh BCe KOPTEXM, AJISI KOTOPBIX

customer_service.customer_id=customer.customer_id and
customer.customer_id = 1.

3. CmpoenyupoBaTh OTHOIIIEHME, [TOTYUYeHHOE Ha I1are 2, Ha aTpuOyThI customer_
id, first_name, last_name u service_id.
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O 3anpoc SELECT HanncaH UMEHHO TakuM 06pa3oM, 4To6bl NOKa3aThb, KaK ONepaLmum pensLmoH-
HoM anrebpbl TpaHCAMpyroTCs Ha s3bik SQL. CoBpeMeHHbI SQL no3BonseT npoeumpoBaTh Ha
aTpubyThbl 6€3 Ucnonb3oBaHUs DISTINCT. KpoMe Toro, cnefoBano 6bl MCNONb30BaTh BHYTPEH-
Hee CoeAMHeHWE, a He NepekpecTHoe.

VY 1106010 11aHa BBITIOJIHEHNUS €CTh CTOMMOCTbD, BhIpaskaemasl B TepMIUHaX IMPo-
LIeCCOPHOTO BpPeMeHM UM KOJaMyecTBa oIlepaluii JOCTyna K MaMsTu (3alloMMUHal0-
IIEMY YCTPOWCTBY C IMPOU3BOJIbHOM BhIOOPKOI — 3VIIB) u nucky. PCYB]I Bpibupaer
IJIaH C HAaMMeHbIIel CTOMMOCTBIO. B ITOKa3aHHbBIX Bbille IJIaHAX OMepalys rename,
KaK ¥ orepatop distinct, A1 MPOCTOTHI ObLIA OIyIIeHA.

MoRENMPOBAHME OAHHDBIX

Mogenb OaHHBIX OIMChIBAET CYIIHOCTM peajbHOrO MMpa, HampumMep KIMEHTa,
CIYKOY M IPOAYKTHI, 8 TAKKe CBSI3M MEXKIY HMMM. Momesib JaHHbIX — 9TO abCTpak-
1M1 OTHOIIEHMI1 B 6a3e maHHbIX. C TOMOIIbIO MOZeIM pa3paboTunK MpenCcTaBiserT
6u3Hec-TpebOoBaHMS B BiIe OTHOIIeHMIT. Moeny Takke CIy>KaT CpeicTBOM o6MeHa
MHopMaIeit Mexxay pa3paboTuMKaMy 1 3aKa3uMKaMu.

Ha mpenmnpusitiu MOeIu JaHHbIX UIPAIOT OUeHb BasKHYIO POJIb — obecreueHie
COIIACOBAHHOCTM JAHHBIX MEXKIY B3aMMOIEMCTBYIOIIMMM cucTeMaMu. Tak, eciu
HEKOTOpasi CYIIHOCTb He OIpejeeHa Wiu OlpeaeieHa HelpaBuIbHO, TO 3TO TIO-
BJIEUET 3a CO00Ji HeCOIIaCOBAaHHOCTD JaHHBIX M pasHouTeHus. Hanpumep, ecin ce-
MaHTMKa CYIIHOCTY «K/IMEeHT» OIlpeieieHa PacIlIbIBUaTO ¥ pa3Hble IO pasaeIeH s
Ha3bIBAIOT OIHY ¥ TY K€ CYLIHOCTh II0-Pa3HOMY, CKaskeM, «customer» 1 «client», To
B OT/IeJie 9KCIUTyaTalui MOKET BO3HUKHYTh ITyTaHNIIA.

Buabl Moaenei gaHHbIX

B cranpmapte ANSI omnipeniesieHbl ciiefiyioiyie BUAbI MOAeseil JaHHbIX:
O KoHIenTyajJdbHasi MOJEeIb JAHHBIX — OIMCHIBAET CEMAHTUKY [TOMEHOB
Y CJTYSKUT JIJIS1 TIepeumc/IeHNsT OCHOBHBIX 6M3HeC-TIPaBII, AeMCTBYIOMINX JIUIT
u KoHIemnuuit. Comep>KUT BBICOKOYPOBHEBOE OITMicaHye OM3Hec-TpeboBaHmit
¥ 4aCTO Ha3bIBAeTCSI MOZE/bIO TAaHHBIX BEPXHETO YPOBHS;
O ngoruuyeckasi MOJeib JAHHBIX — ONMChIBAT CEMAaHTUKY B KOHTEKCTe OIpe-
IeJIeHHO TexHonoruu. Hampumep, OJisI 06beKTHO-OPUEeHTUPOBAHHBIX SI3bI-
KOB 3T0 MOTyT 6bITb UML-I1arpaMMbl KJIacCOB;

O ¢dusmueckas Moaenb JAHHBIX — OTIMCbIBAET, KAK XPaHSTCS TaHHbIE Ha YPOB-
He 060pymoBanus. OnepupyeT TaKMMM IMTOHSITUSIMM, KaK CeTh XpaHEeHUsT TaH-
HBIX, TAOJIMYHOE TTPOCTPAHCTBO U T. [,

B cooTBeTcTBMM cO cTaHmapToM ANSI aTa aGCTpaKIys TO3BOJISIET MU3MEHSITh He-
KOTOpbIe U3 TPeX BUOB, He 3aTparmBasi OCTaJbHbIX. MOXKHO M3MEHUTD JIOTUYE-
CKYI0 1 GU3MUECKYI0 MOZIe/ib, OCTaBMB KOHIIENITyaIbHYIO HeM3MeHHoi. Hampumep,
KaKoJi aJITOPUTM COPTUPOBKU MCIIOIb30BATh — MTy3bIPbKOBBIN MJIM OBICTPBIi, — AJIST
KOHIIeNTYyaJbHOI MO e/N JaHHbIX HeCyIlleCTBeHHO. Kak U CTpyKTypa OTHOILIEHUIA.
MpbI MoOrIM 6bl pasmeNuTh OJHO OTHOIIEHMEe Ha HeCKOJbKO, IPUMEHUB IIpaBuia
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HOpMaJIn3alumn MM BOCIIOJIb30BaABIIMCb TUIIOM JAaHHBIX enum OJIsI MOOeJIMPOBaAHMA
CITIPABOYHBIX Taﬁ)’[]/l].[.

Mogaenb CYWWHOCTb-CBA3b

Mopenb cyniHOCTb-CBsI3b (entity-relation — ER) oTHOCKTCS K KaTeropuy KOHIIEM-
TyaJIbHbIX MOJIe/Ielt JaHHbIX. B Heli JaHHbIe TTpecTaBIeHbl B OpMe, TOHSITHOM Kak
3aKa3yMkaMm, Tak 1 paspadborunkam. CyliecTBYIOT CrlellaabHble METOIbI ITpeobpa-
30BaHus ER-Monenu B penssiuMoHHYIO.

KoHIllenTyaabHOe MOZEIMPOBaHME — YACTh JKM3HEHHOTO HUK/IAa pa3paboTKu
nporpaMMHOro obecmeuenns. OObIYHO 3TMM 3aHMMAIOTCS ITOC/IEe 3aBepIleHMsT
cbopa TpeboBaHMIT — K QYHKIMOHAIBHOCTY U K JaHHBIM. B 3TOT MOMeHT paspa-
OOTUYMK MOSKET HapuCOBaTh YePHOBOI BapuaHT ER-muarpaMmbl 1 ommcaTh QyHK-
LIMOHAJIbHbIEe TPeOOBAaHMS C IIOMOIIBIO IMarpaMM MOTOKOB TAHHbBIX, AMarpaMm I10-
CJ1e10BaTeIbHOCTEN, MOIb30BATENbCKUX UCTOPUIA U MHOTUX APYTUX TEXHUYECKUX
IIPUEMOB.

Ha sTame mpoeKkTMpoBaHMS pas3pabOTUMK 6asbl JAHHBIX JOKEH YIENSITh 0CO-
00e BHMMaHMe KaueCTBY IIPOEKTa, IIPOTOHSTh STaJIOHHbIE TECTHI ST 06ecIieueHnst
TpebyeMoit TPOU3BOIUTENILHOCTU U TIPOBEPSITh KOPPEKTHOCTH TOTh30BATEIbCKUX
Tpe6oBaHuii. Eciu MomenupyeTcst mpocTtasi CucTeMa, TO MOXKHO Cpasy IPUCTYIIATh
K KogupoBaHuio. Ho mogxoauTh K MPOEKTUPOBAHUIO HYYKHO TIIATE/bHO, IIOCKOIbKY
MOZeJIb TaHHbBIX OKa3bIBAET BIMSHME HE TOJIbKO HA aJITOPUTMbI, HO M Ha CaMU JaH-
Hble. I3MeHeHMe MoJeny B OyayiieM MOXKeT IOBJIeub 3a C000Ji cepbe3HbIe TPYIHO-
CTU TIPU OPraHM3aLN ITlepeHOoCa JaHHBIX U3 OOHON CTPYKTYPbI B IPYIYIO.

[Ipy TIPOEKTUPOBAHMM CXeMbl 6a3bl 4acCTO OGbIBA€T HECKOJBKO aabTePHATUB-
HBIX pelIeHuii, ¥ Hy>KHO BbIOMpaTh. [lepeunciium HEKOTOpbIe PaCIpOCTpaHEHHbIE
OIIMOKIN.

O W36bITOYHBbIe HaHHbIEe. HeymauHblil IPOEKT 6a3bl JAHHBIX TPEIIUT U36bI-
TOYHOCTBI0. Hasnume 136bITOUHBIX JAHHBIX MOXKET CTaTh MPUYMHON IPYTUX
1po6iieM, B T. 4. HECOTJIACOBAHHOCTY ¥ CHVYKEHMS ITPOM3BOAUTEIbHOCTH. ITpu
0GHOBJIEHNUY KOPTEXKA, COIEePsKaIllero 130bITOUHbIE JaHHbIe, HEOOXOIMMO 00-
HOBUTDb BCe KOPTEXMU, COAepKall/e Te Xe JaHHbIe.

O TIlepens6nITOK null. B HEKOTOPBIX MPUIOKEHUSIX, HAIPUMEP MEAUIIMHCKUX,
JaHHbIEe IT0 HEOOXOMMMOCTHM pas3peskeHbl. TakK, KOMUMUYeCTBO aTPUOYTOB B OT-
HoIleHuu diagnostics MOXKET MCUMCISITHCS COTHSIMM: JKap, TOJIOBHAsI 6OJb,
HACMOPK U T. [I. BOMBIIMHCTBO U3 HUX [OJ11 KOHKPETHOI'O AMarHo3a HeCyllecT-
BEHHO, HO B 00IIleM c/Tyuae Bce OHM HYKHBI. TaKyI0 CUTYaIMi0 MOXKHO CMOJIe-
JIMPOBATh C IOMOIIbIO CJIOKHBIX TUIIOB JaHHBIX, HartpumMep JSON.

O CuibHas CBA3aHHOCTh. B HEKOTOPBIX CIyUYasix CUbHasI CBSI3aHHOCTb BeJeT
K 3aIlyTaHHbIM CTPYKTypaM AAHHbIX, KOTOpble TPYAHO U3MeHSTb. busHec-
Tpe6GoBaHMsI CO BpeMeHeM MEeHSIOTCS, i HEKOTOpbIe M3 HUX MOTYT YCTapeTh.
MogenupoBaHue 00006IIeHUs U Crieluaam3aluy (Harmpyumep, CTYIeHT, 06y-
YaIOIINIiCS HEITOTHOe BpeMsl, SIBJISIETCS CTYAEHTOM) CMJIbHO CBSI3AHHBIM 06-
pPa3oM MOKET CTaTh IPUYMHOI TpobIeM.
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Ilpumep npunoxceHus

st WUTIOCTpalMy TIPUHIIUIIOB MOJIETY CYIIHOCTh-CBSI3b PaCCMOTPUM Be6-cailiT
IUIST TOPTOBJIM aBTOMOOWIsIMU. Huske MpuBeneHbl TPeGOBAHUS K 3TOMY MPUIIO-
>KEHUIO.

1. CajitT mO3BOJISIET NIOJIb30BATENI0 3aPErMCTPUPOBATHCS U NIPENOCTaBIISIEeT pas-
JIMYHbIE YUIYTU B 3aBMCUMOCTY OT KaTETOPUM MOIb30BaTENS .

2. CyliecTBYIOT TIPOAABIBI ¥ OOBIYHBIE TMOJb30BaTe . [IpomaBel MOKeT CO3-
IaBaTh HOBBIE OOBSIBJIEHMUS O MTPOJAXKEe aBTOMOOWIIEI, POYMeE TI0b30BaTEIN
MOTYT TOJBKO ITPOM3BOLUTD IIOUCK U TPOCMOTP.

3. Bmpouecce perucrpauuu 10607 I0Ib30BaTeNb JOJDKEH YKa3aTh CBOE MTOTHOe
UMSI U Ie/ICTBUTEIbHBIN afipec 3JeKTPOHHON MOUThI. ITOT aapec OymeT uc-
MO/Ib30BaThCS /I BXO[A B CUCTEMY.

4. TIpopaBel JO/KeH yKa3aThb afgpec.

5. Tlomb30BaTeb MOXKET OIIEHUTD OOBSIBJIEHNE Y KAUECTBO YCIYT MPOJABIIA.

6. lcropus NMOMCKOB IO/Ib30BaTess JO/DKHA COXPAHATBCS OJIS1 MOC/IEeNYIOIero
MCIIO/Ib30BaHMUS.

7. Kak[plit MpoaBel] MMeeT PAHT, KOTOPBIN BJAUSIET Ha MOUCK er0 0ObSIBIEHMUIA.
PaHr ompeenseTcss KOMMYECTBOM OIyOIMKOBAHHBIX OOBbSIBIEHUH U PEITUH-
raMu, IpOCTaB/IeHHBIMY I10/Ib30BaTENISIMMU.

8. Y 00ObsIBIIEHMSI O TIPOAAKE MMEETCS [1aTa, 8 Y aBTOMOOMIISI MHOTO aTpUbyTOB,
B T. Y. IBET, KOJIMYECTBO JIBepeii, KOIMUYeCTBO NMpeablayluX BlaleablieB, pe-
TUCTPaLMOHHbBIN HOMeD, poTorpaduu u T. 1.

CyIIHOCTH, aTPUOYTHI U KITIOUU

Ha mmuarpaMme CYIIHOCTb-CBSI3b ITPEICTABIEHBI CYITHOCTM, aTPUOYTHI M CBSI3M.
CyIITHOCTh COOTBETCTBYET OOBEKTY PeayibHOTO MMpa, HAIIpyMep aBTOMOOWITIO MU
MOJIb30BATENI0. ATPUOYT — 3TO CBOIMCTBO 06beKTa. CBSI3b OIMMCHIBAET acCOIMALIVIO
MeKIY IBYMS Uy 6Gojiee CyIHOCTSIMMA.

ATpu6YTHI MOTYT OBITH IMTPOCTHIMM (ATOMapHBIMM) MM COCTAaBHBIMU. B cocTas-
HOM aTpubyTe MOXXHO BBIIEIUTDb OTHOEIbHbIE YacTu. YacThb COCTaBHOTO aTpuOyTa
JaeT HeIoJHyI MH(POpMaIMio, KOTOpasi B OTPbIBE OT BCETO OCTAIbHOTO GeccMbIC-
JieHHa. Hanmpumep, ajipec COCTOUT 13 Ha3BaHMUS YINUIIbI, HOMepa AoMa ¥ TIOYTOBOTO
nHpgeKkca. JIro6as ero yacto 6ecriosnie3Ha 6e3 3HaHMS OCTAIbHBIX.

ATpuOYTHI OBIBAIOT OJHO3HAYHBIMM ¥ MHOTO3HAUYHBIMMU. LIBET IMITUITBI — IpUMEDP
MHOTO3HAYHOTo aTpubyTa. OHA MOXKET ObITh, HATIPMUMED, YePHO-KPACHOIL. Y MHOTO-
3HAYHOTO aTpubyTa MOTYT ObITh OTPAaHMUYEHNSI CHM3Y U CBEPXY Ha JOMYCTUMOE KO-
JIMYeCTBO 3HaueHMit. Kpome TOro, omum aTpmMOyThl MOTYT OBITh BBIBEIEHBI U3 IPY-
I'MX, HaIIpyMep BO3PAacCT MOKHO BBIBECTM M3 HaThl POKIEeHMS. B Hamem mpumepe
TIOJIHBIN PaHT MPOAABIA OIPEeAeIseTCs KOJIUMUYECTBOM OOBSBIEHNUI M PeiTUHIaMMU
M0JIb30BaTeJIeli.

g upmeHTUOUKAIUY CYIIHOCTY CTY>KaT KIIoueBble aTpuOyThl. KimtoueBoit aTpu-
OyT MO/KEH ObITh YHUKATIBbHBIM, HO €My He 00513aTeJTbHO COOTBETCTBYET ITePBUYHBIN
KJIIOYU B (DM3MUYECKOI MOJe/IM OTHOIIEHNUS.
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Entity CywwHocTb OTHoweHune / YactuuHoe yyactue
Weak Entity Cnabas cylHOCTb Cnaboe oTHoLeHne / MonHoe yuyactne
O ) *. TIpOM3BOAHbI1 CocraBHoit
AtpnbyT ;‘If)enved attribute  atpubyr aTpUbyT
MHOro3HauHbIM Key Attribute Kntouesoii aTpnbyt

Mulitvalue Attribute

aTpubyT

VY CYHUIHOCTM IOKHO ObITh MMSI M Habop aTpubyToB. CYIIHOCTU OBIBAIOT ABYX
BUJIOB:

O cabast CyIIHOCTh: He MMeeT COOCTBEHHBIX K/TIOUEBBIX aTPUOYTOB;

O cuabHas, WM peryaspHas, CyI[HOCTh: MMeeT KII0UeBOii aTpuoOyT.

Cnabast CyIIHOCTh OOBIYHO CBSI3aHA C KAKOM-TO CMJIBHONM CYITHOCTBIO. DTa CUJTb-
Hasl CYIIIHOCTh Ha3bIBaeTCsl MAeHTUDUIMpYIOmei. Y ¢1abbiX CYIIHOCTEN MMeeT-
CS1 YaCTUYHBIM KITIOY, VJIM AVUCKPUMUHATOP, — aTPUOYT, KOTOPBIVi B COBOKYITHOCTU
C UOeHTUOUIUPYIOIIEH CYyITHOCThI0 OMHO3HAUYHO UAeHTUDUIMPYET JaHHYIO CYIII-
HOCTb. B HaIeM rpumepe, eciiu MpenIoNoKnUTb, UTO IIPY KaskIOM ITOMCKe aBTOMO-
O6WJISI TTOJIb30BATENTb 3a/1aeT HOBBIN K/TIOU, K/TIOU MTOMCKA OyIeT YaCTUUYHBIM KITIOUOM.
CuMBoOJI (J1abO¥i CYITHOCTY — IIPSIMOYTOJIbHUK, OTPAaHUYEHHbIN JBOTHONM TMHIMEIA.

Ha crmepyromemM pucyHKe TOKas3aH IPeIBapPUTEIbHBIN IPOEKT ITPUIOKEHMS.
V CYyIIHOCTM user HECKOJIbKO aTpMUOYyTOB. ATPUOYT name COCTABHOI, a aTpUOYT email
kioueBoit. CylHOCTD seller (MpomaBel]) — clieuyanan3anus CyIHOCTU user. ATpu-
6yT total rank IPOM3BOAHBIN, OH BBIUMC/ISIETCS ITyTeM OOBEIVHEHUS] PeTUHIOB,
ITOCTABJIEHHBIX TT0JIb30BATEISIMU, i KOJIMUECTBA 00bSIBIEHNIA. ATPUOYT aBTOMOOWIIS
color (1IBE€T) MHOTO3Ha4HbIN. [10/1b30BaTeIM MOTYT BBICTABJISITh PETUHIY HEKOTO-
PBIM OOBSIBIIEHUSIM MPOMAABIIA; 3TO TEPHAPHOE OTHOIIEHNE, B KOTOPOM yUaCTBYIOT
TPU CYIUIHOCTHM: aBTOMOOWJIb, IPOAABEI] U IOb30BaTesb. PoTorpadusi aBTOMOOM-
JIsT — MHOTO3HAYHBII aTpuOyT CYITHOCTU advertisement (0ObsiBIeHME). V3 pucCyHKa
BUHO, YTO OOBSIBJIIEHNSI 00 OTHOM aBTOMOOMIIE MOXKET IaTh HECKOJIBKO ITPOJABIIOB.
OTo peanbHas CUTyaIMsl, IOTOMY UTO BjIaJieiel] MOKET 0OPaTUTBCS K HECKOIbKUM
TOCpeaHNKAM C ITPOCbO0I MPoIaTh ero aBTOMOOUIIb.
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User

registration number }—car number of previous owners

Eciu aTpubyT OHOI CYITHOCTHU CChIIAETCS Ha JPYTYIO CYLTHOCTh, TO 06pa3yeTcst
CBsI3b. B MoJieny CyIHOCTb-CBSI3b CChUIKYM JO/DKHBI MOZEIMPOBAThCS He KakK aTpu-
6yThI, a KaK CBSI3U WK cabble cymrHocTH. Kak U B ciydae CyIIHOCTe, CYIIeCTBYeT
IIBa BUIA CBsI3eii: cimabbie U cuiibHbIe. C1abast CBSI3b aCCOIMUPYET CIabyI0 CYIHOCTh
C IPYTUMMU CyIHOCTSIMU. CBSI3U, KaK U CYI[HOCTU, MOTYT MMETb aTpUOYTHI. B Hatem
npuMepe 06bsIBJIeHME O TIPO/Iaske aBTOMOOMJISI TAeT MPO/IaBell; 1aTa OObSIBIEHUS —
CBOJVICTBO 3TOJ CBS3M.

V cBsI3eii MMeeTCs OrpaHuYeHNe KapAMHaIbHOCTHU, KOTOPOe oIlpefensieT, Kakue
BO3MOXXHBI KOMOMHAIMM yUACTBYIOIINX B CBSI3U CyliHOCTel. KapauHaabHOCTH
CBSI3U OOBSIBJIEHUST M TIpoJaBIia paBHa 1:N, T. e. KaXXg0e 00bsIBIIeHME JAaeTCsl Ol -
HUM TIPOJABI[OM, a Kak[Iblii IPO/IaBEeI] MOKET /1aBaThb OOBSIBIIEHNUS O HECKOIbKUX
aBTOMOOMISIX. CBSI3b MEXY MPOMIaBIOM U IT0Ib30BATeIeM Ha3bIBAETCS TTOHBIM
yuactueM (total participation) u o603HauaeTcst IBOITHOI JIMHMEl . DTO O3HAYAET,
YTO MPOJIABEI] He MOXKEeT CYIIeCTBOBATh CaM I0 cebe, OH OIKEH ObITh MOJIb30Ba-
TeNeM.

OrpaHnyeHne KapAWMHANbHOCTM MHOrMe-Ko-MHOrMM o0603HauvaeTcs N:M, yTo6bl noauyep-
KHYTb, YTO KOIMYECTBO Y4YaCTBYOLIMX CYLLHOCTEN MO pa3Hble CTOPOHbI CBS3U MOXET ObITb
pa3nnYHbIM.
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@ @ @ [:tmal o :I
1 N
password user seller

advertise

N
advertisement

Search key History

advertised

number of doors

Ilo cUX TTOP MbI 0OCYKAAIN TOTbKO 6a30Bble KOHIEMIMM OYarpaMM CYyITHOCTh-
¢BsI3b. Takye KOHIEMIMM, KaK HoTalus (min, max) B OrpaHMUYeHUSIX KapauHaIb-
HOCTY, TepHapHbIe (M N-apHbIe) CBSI3Y, 00001IeHNe, CTIeIIMaTX3alys M pacIpeH-
HbIe AYarpaMmbl CyIIHOCTh-CBsA3b (enhanced entity relation diagrams — EER), He
06CY>RIaMnCh.

OmooparceHue duazpamm cCyujHoCmv-c8s3b HA OMHOUEHUS
[MpaBuia oToOpaskeHMsI AMarpaMMbl CYIIHOCTb-CBSI3b HA MHOKECTBO OTHOIIEHMI
(T. e. cxemy 6a3bl JAHHBIX) TTOUTH IPSIMOIMHEIHbIE, HO He XecTKue. MOXXHO Ha-
YaThb C MOJEIMPOBAHMS CYITHOCTM KaK aTpubyTa, a 3aTeM YTOUHUTH CBSI3U. ATpU-
OyT, MpUHAAJIEKAIINIT HECKOTBKUM CYITHOCTSIM, MOKHO BBIIEIUTH B HE3aBUCUMYIO
cymHocTh. Hioke mepeuncieHbl caMble PacpOCTpaHEHHbIe paBuia (CIMCOK He
TIOJIHBINA).
O OT0o6pasuTh peryaspHbie CYITHOCTY Ha OTHOWEeHMS. Eciu y cyIrHocTelt nme-
IOTCSI COCTaBHbIE aTPUOYTHI, TO BKIIOUUTb BCE YACTU aTpuOyTOB. BriGpaTh
OIIVH 13 KITIOUEBBIX aTPUOYTOB Ha POJIb IIEPBUUHOTO KITIOUA.
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O OTo6pasuth y1abble CYN[HOCTM HA OTHOIIEHWSI, BKIIIOYUTH MIPOCThbIe aTpuby-

ThI ¥ YaCTY COCTABHBIX aTPUOYTOB. [I06aBUTH BHEIITHMIA KJTIOY JIsI CCbUIKY Ha
UIEHTUDUIVPYIONIYIO CYIIHOCTD. [IepBUYHBII KITH0U OOBIYHO SIBISIETCST KOM-
O6UHAIMel YaCTUYHOTO M BHEIITHETO KITIOUeT.
Eciiu B OTHOIIEHUY eCTb aTPUBYT, CBSI3b C KOTOPHIM MMeEeT KapAVHAIbHOCTD
1:1, TO 9TOT aTPUOYT MOKHO IEPEHECTH B OHY U3 YUACTBYIOIIUX CYIHOCTE.
Eciiu B OTHOIIEHUY eCTb aTPUBYT, CBSI3b C KOTOPHIM MMeEeT KapAVHAIbHOCTD
1:N, To 3TOT aTpMbyT MOKHO ITIepeHeCcT! B yIACTBYIOIIYIO CYIIHOCTb CO CTO-
POHBI, COOTBETCTBYIOIIEN N.

O Caa3sam MHorue-ko-MHOruM (N:M) 1MoCcTaBUThb B COOTBETCTBYME HOBOE OTHO-
neHne. JJo06aBUTh BHEITHYE KITIOUM JIJIST CChUTKM Ha YYaCTBYIOLIME CYITHOCTH.
ITepBUYHBIM K/TIOYOM GyIEeT KOMITO3UIIVSI BHEIITHUX KITIOUEIA.

O MHOro3HauHOMY aTpuUOYTY MOCTaBUTh B COOTBETCTBUE OTHOIIeHUe. [lo6a-
BUTb BHEIIHMI KJIIOY JJISI CCBUIKM Ha CYLIHOCTD, BJIaJEIONIyI0 MHOTO3HaY-
HBIM aTpuOyTOM. IIepBUYHBIM KITFOUOM OYIeT KOMITO3UIIVSI BHEITHETO KITI0Ua
Y MHOTO3HaYHOTO aTpubyTa.

UML-puarpammbl Knaccos

VauduimupoBaHHbIii 136K MoaeaupoBanus (UML) — cranaaprt, pa3paboTaHHbI
opranusamnyeii Object Management Group (OMG). UML-auarpamMmMsl IIMPOKO TIPH-
MEHSIIOTCS B IIpOrpamMMax MoJennpoBaHusi. Pa3HbIM BUaM MOJEIMPOBaHMS COOT-
BETCTBYIOT pa3Hble AMarpaMmbl, B TOM YMC/Ie IMarpaMMbl KIaccoB, IPeLeeHTOB,
LesiITeIbHOCTU U peain3aluim.

[yiarpaMma KJ1acCOB MOYKET OMMChIBATh HECKOJIBKO TUIIOB acCOLMALINiA, T. €. CBSI-
3eit Mexxay kiaaccamu. Ha Heil MOXKHO 1M3006paskaTh KaK aTpUOYThI, TAaK M METOMbI.
JviarpaMMy CYIIHOCTb-CBSI3b JIerKO TpaHcIuposaTh B UML-gmuarpamMmy Kiiaccos.
VY InarpamMm KjaccoB eCTb PsiJi JOCTOMHCTB:

O o6paTHOe KOHCTPyMpOBaHMe KoAa: cxeMy 6a3bl JaHHbBIX JIETKO 00paTUTh

U CTeHepUPOBaTh AMarpaMmy KIaccoB;

O MogenupoBaHue OOBEKTOB PACIIMPEHHON pPeISIMOHHOI 6asbl JaH-
HBIX: B COBPEMEHHBIX PEJIIIIVIOHHBIX 6a3aX eCTb PSJ JOTOTHUTENbHbIX TH-
OB OGBEKTOB: TOCIEAOBATEIbHOCTH, TIPEICTABIEHNS, MHIEKChI, QYHKIUK
" xpaHuMble mipotienypbl. UML-amarpamMMbl KIacCOB CITIOCOOHBI ITPeICTaBUTh
Takye TUIIHI.

Pe3ioME

Ha mpoeKTupoBaHMe CUCTEMBI yIIPaBIeHUs 6a3aMi TaHHBIX OKa3bIBAIOT BAMSHIE
CAP-TeopeMmbl. PensiiionHble 6a3bl JAHHBIX U 6a3bl JaHHbIX NOSQL He corepHu-
YaloT, a JOTIOHSIOT IPYT APYyTa. B 0MHOM MPUIOKEHMM MOXKHO MCITO/Ib30BaTh 6a3bl
JaHHBIX pa3HbIX TUIIOB. [Ipy 3TOM XpaHWInIie Tuia «Kiou-3HaueHre» MOKeT ObITh
MCIIO/Ib30BAHO KaK MeXaHM3M KeIIMpPOBAaHMS AJIs1 TTOBBIIMIEHNST ITPOU3BOAUTEIbHO-
CTU PEJISILVOHHOJ 6a3bl JAHHbBIX.
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Ha pbiHKe mpeo61afaloT pesiiOHHbIe ¥ 0OBbEeKTHO-PEeJISIMOHHbIe 6a3bl JaH-
HBIX. B OCHOBe pessIMOHHbIX 6a3 JAHHBIX JIEKAT IIOHSITHE OTHOLIEHMUS U CTPOTast
MaTemMatuueckasi Mmomesib. OObeKTHO-PeJISIIMOHHbIe 6a3bl JAHHBIX, B YACTHOCTU
PostgreSQL, mpeomoeBaloT OTpaHMYeHNS PENISIIIMOHHbBIX 0a3 TaHHBIX 3a CUET BBe-
IeHMS CJIOKHBIX TUIIOB TAHHBIX, HAC/TEeIOBAaHMS ¥ TOIOJIHUTEIbHBIX PACIIMPEHNIA.

@OyHIaMeHTaTbHBIMY [IJIST PEISIIMOHHBIX 6a3 JaHHBIX SIBJISIIOTCS OHSITUS OTHO-
IIeHus, Koprexka u atpubyta. [Togo6HbIe 6a3bl rapaHTUPYIOT KOPPEKTHOCTb U CO-
[JTaCOBAHHOCTH TAHHBIX, TPUMEHSISI TaKie METO/Ibl, KaK CyI[HOCTHAsI 11eJI0CTHOCTb,
OrpaHMYeHMs], CCbUIOYHAS LeJIOCTHOCTD ¥ HOPMaIM3aLys JaHHbBIX.

B cnepytolieii rimaBe Mbl pacckaxkeM, Kak YCTAHOBUTD CepBep U KIMEeHTCKYe MHCT-
PYMEHTBI Ha pas3iMuHbIX iaTdhopMax. Mbl Takske TO3HAKOMMUMCST C TAKUMM CPeJi-
crBamyu PostgreSQL, Kak BCTpoeHHas! MOoJIIepskKa periMKalMu M pa3BuUTast cucrema
TUIIOB.



lnaBa

PostgreSOL B aeincreum

PostgreSQL, v mpocTo postgres, — 00beKTHO-PEISIIMOHHAS CUCTEMA YITpaBlie-
HMsI 6a3aMM JAHHBIX C OTKPBITHIM MCXOIHBIM KOofoM. Ha mepBom mMecTe B Heli CTOUT
pacumpsieMOCThb, TEXHUYECKOE COBEPIIEHCTBO M COBMECTUMOCTh. OHa KOHKYpUPYET
¢ ocHOBHBIMM 6a3amu maHHbiMM: Oracle, MySQL, SQL Server u npyrumu. Vcromnb-
3yeTcs B CaMbIX pasHbIX CEKTOpax, BKIIOUAs rOCyapCTBEHHbIE yUpPeXAEHMUS, OT-
KDBITbIE ¥ KOMMepueckiue MpoayKThl. ITO Kpocc-tuiatdopmenHas CYB]I, paboTaio-
11as1 B O0JIBIIMHCTBE COBpeMEeHHbIX OMepallIOHHBIX CUCTeM, B T. 4. Windows, macOS
" pasnnMuHbIX AucTpubyTUBax Linux. CoBmecTuMa co crangapramu SQL u obnagaer
BceMu cBovictBamu ACID.

B 5T0J% I71aBe Mbl paCCMOTPUM C/IeAYIOLIMe TeMBbI:
ucropus PostgreSQL;
HEKOTOPbIE IMPOAYKTHI, 6epyinye Hauaao oT PostgreSQL;
KOMITaHMHU, UCTIoNb3yrouue PostgreSQL, u ucTopun ycrexa;
CUTYyaLIMU, B KOTOPBIX MMEET CMbIC/I UCII0/b30BaTh PostgreSQL;
apXUTEKTYypa, CpeacTBa U BO3MOKHOCTU PostgreSQL;
ycraHoBKa PostgreSQL B Linux 1 B Windows;
K/IMEHTCKMe MHCTPpyMeHThbI PostgreSQL ¢ ynmopom Ha yTuUiauTy psql, KOTopas
yarie BCero MCIoMb3yeTcs AJIsI TOBCeAHEeBHBIX PadoT.

(ONONCNORONONE)

Os30P PosTGRESQL

PostgreSQL (http://www.PostgreSQL.org) obnamaeT BecbMa pa3BUTON (QYHKIMO-
HaJIbHOCTBIO ¥ MMPUTOIHA IJ1s1 pabOThI B KOPIIOPATUBHOI Cpefie, Iae TPeOyIoTCS BbI-
COKast ITPOU3BOIUTENLHOCTD M MACIITa0MpPyeMocTh. Bokpyr PostgreSQL c1oskmioch
KBaTMGUIIMPOBAHHOE U PamyIIHOe COOOIIEeCTBO, a JOKYMEHTAIMSI OTIMYAeTCS BbI-
CcoYaliIuM KaueCTBOM.

Uctopusa PostgreSQOL

CVYBI, PostgreSQL HauMHasach Kak MCCIeIOBaTeNbCKMii MpoekT B Kammdopunii-
ckoM yHuBepcuteTe B Bepkiau. C 1996 roma oHa paspabaThiBajach COOOIECTBOM,
" 10 CUX TTOP B pazpaboTke PostgreSQL mprHMMAIOT aKTUBHOE y4acTHe Coo01IecTBa
¥ YHUBepCcUTeThI. [lepeuncyiiM OCHOBHbIE UCTOPMUUYECKIE BEXN:
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1977-1985, nipoekT Ingres: Maiikn CroyH6peiikep (Michael Stonebraker)
co3pgan PCYB]] Ha ocHOBe (hopMaIbHOM PeJISILIMOHHOI MOIeNn;

1986-1994, postgres: Maiikn Ctoyu6peiikep (Michael Stonebraker) cosgan
postgres, UTOObI MMOAAEePKATh CIOKHBIE TUIThI JAHHBIX ¥ 06BEKTHO-PEeISII-
OHHYIO MOJIeJIb;

O 1995, Postgres95: duapio 0 (Andrew Yu) u Ixomnu Yen (Jolly Chen) momu-
duumpoBanu s13bik 3anpocoB PostQUEL, sIBASIBIINIACS YacThio postgres, mpe-
BpaTUB €ro B pacuiMpeHHoe ToAMHO)kecTBO SQL;

O 1996, PostgreSQL: rpymnma pa3paGOTUMKOB MOTpATMIa MHOTO BpPeMeHU
U TpyOa, YTOObI CTAOMIN3UPOBaTh postgres9s. IlepBast Bepcusi C OTKPHITHIM
MCXOIHBIM KOIOM 6blyia BbimyiieHa 29 suBapst 1997 roma. [ToCKONIBbKY IMTPOEKT
CTaJI OTKPBITHIM ¥ B HETO GbIIM T0OaBIeHbI HOBbIE BO3MOYKHOCTY U TOTIOTHE-
HMSI, Ha3BaHMe postgres95 nsmenman Ha PostgreSQL.

[TepBas Bepcus PostgreSQL mMmena HOMep 6, YTO MOXKHO OTIPaBAaTh HECKOIbKM-
MM rOfaMM HaIIPssKeHHBIX VICCIeOBaHuit 1 pa3paboTok. Byayun mpoeKkToM ¢ oueHb
xXopotueii peryTaiiueii, PostgreSQL mpuB/ieksa COTHU pa3paboTunKoB. B HacTostiee
BpeMst PostgreSQL MOKeT IOXBacTaThCsl 6eCUMCIEHHBIMU PACIIMPEHUSIMU U OUeHb
aKTUBHBIM COOOLIECTBOM.

MNpeumywecrea PostgreSOL

PostgreSQL o6amaeT MHOIMMM BO3MOXKHOCTSIMM, KOTOPbI€ IIPYUBJIEKAIOT pa3padboT-
YJKOB, aIMUHUCTPATOPOB, aPXUTEKTOPOB 1 KOMIIaHUN.

Ipeumyuwiecmea PostgreSQL ¢ mouku 3peHus 6usHeca

PostgreSQL — 6ecrutatHoe ITO ¢ OTKPBITBIM MCXOMHBIM KOmOoM. OHA BBIITYCKAETCS

Ha YUIOBMSIX BecbMa JinbepanbHOit auiieH3un PostgreSQL. CYB]] He MOXKeT ObITh

MOHOITOJIM3UPOBaHA ¥ MPUOOGpeTeHa, UTO JaeT KOMIIAHMSIM CJIeQyIole Tpenumy-

ecTBa:

3a JINIIeH3MPOBaHMe He HY>KHO TJIaTUTh;

KOJIMYECTBO Pa3BePHYTHIX 5K3eMILISIPOB PostgreSQL He orpaHMUEHO;

60J1ee BbIrOJHAsI 613HEeC-MOIe/Ib;

PostgreSQL coBmectuma co craggapramu SQL, mo3TOMy HETPygHO HAWTU

npodecCMOHaANTbHBIX pa3paboTunkoB. PostgreSQL HecnoKHA [T OCBOEHUS,

a mepeHoc xoma u3 apyroit CYB]l o6xomutcst Hemoporo. Kpome Toro, agMu-

HuctpupoBanue PostgreSQL merko aBToOMaTu3MpoOBaTh, YTO MO3BOJSIET CY-

I1eCTBEHHO COKOHOMUTD Ha 3apIuiaTe mepcoHaty;

O PostgreSQL - kpocc-mnatdopmenHoe [10, K HeMY CYIIeCTBYIOT MHTePGeiichl
13 BCeX COBPEMEHHBIX SI3bIKOB ITPOTPaMMMUPOBAHMSI, TO3TOMY HET HYK/bI 13-
MEHSITh ITOJIUTUKY KOMITAaHMM B YacTy Habopa mcronb3yemoro I10;
PostgreSQL xopoIio MaciTabupyetcst ¥ 06ecreunBaeT BbICOKYIO MPOU3BO-
IUTEeNbHOCTD;

PostgreSQL oueHb HafeXXHa, aBapUITHOE 3aBeplleHne CaydaeTcs peako. Kpo-
Me TorOo, PostgreSQL B monHOI mepe moppepxkusaeT cpolictBa ACID, T. e.

000
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ycToifuMBa K HEKOTOPHIM OTKazaM o6opymoBauus. K Tomy ke CYB]/I MOKHO
CKOHOUTYPUPOBATh M YCTAHOBUTH KaK KiacTep AJisa obecriedyeHrs] BBICOKOM
JOCTYITHOCTMU.

IIpeumywiecmea PostgreSQL ¢ mouku 3peHus noiv3oeameis

PostgreSQL BechbMa mpuBjIeKaTelbHA )i Pa3paboTUMKOB, AAMUHUCTPATOPOB 1 ap-
XUTEKTOPOB. PasBuTast GyHKIMOHAIBHOCTD TTO3BOJISIET TMOKO pelllaTh pas/iMuHbIe
3amaun. [lepeunciuM HEKOTOPbIE ee MPEeMMYILEeCTBA C TOUKM 3peHNsT pa3paboTymnKa:

O HOBbIe BepCUM BBIXOST €KerofHO; K HACTOSIIIeMy MOMEHTY, HauMHasl C Bep-
cuu 6.0, 6bIIO BBIMYIIEHO 24 OCHOBHbBIE BEPCUN;

O HanMuue BeMKOJIEITHOM JOKYMEHTAVM Y aKTUBHOTO COOOIIEeCTBA MTO3BOJISI-
eT O6bICTPO HAXOAUTb OTBETHI HA BO3HMKAIOIIME BOMPOCHL. PYKOBOACTBO IO
PostgreSQL HacunThiBaeT cBbiiie 2500 cTpaHuil;

O 6oraTslif apceHaT pacUIMPeHMIT TTO3BOJSIET Pa3pabOTUMKY COCPEIOTOUNTHCS
Ha JIOTMKe MPUJIOXKEeHMS, a Talkoke ONepaTMBHO pearupoBaTh Ha M3MeEHEHMe
TpebOBaHMIA;

UCXOAHBIN KOJ, 6ecriaTeH. ET0 MOKHO afanTpoBaTh IO, CBOY HYXKIbI 6e3
ocoboro Tpyza;

pasBuUTas 9KOCUCTEMA KIMEHTOB U aIMMUHUCTPATUBHBIX CPELCTB MO3BOJSIET
JIETKO ¥ OBICTPO BBITIONHSITh TaKMe PYTUMHHBbIE 33[]au¥, KaK OMMCAaHVe 00b-
€KTOB 0a3bl JaHHBIX, SKCIIOPT ¥ MMIIOPT JAaHHBIX, pe3epBHOE KOIMMPOBaHME
" BOCCTaHOBJIEHNE 6a3bl;

pelileHre afMUHUCTPATUBHBIX 3a/lauy He 3aHMMaeT MHOTO BpeMeHU U T0f-
JlaeTcsl aBTOMaTU3alnm;

PostgreSQL nerko naTterpupyetcs ¢ ApyrumMu CYB]I, UTO OTKpbIBAET BO3MOXK-
HOCTb J1JIsI TMOKOI peanm3anuy MporpaMMHbIX TTPOEKTOB.

MpumeHeHus PostgreSOL

PostgreSQL nmpuMeHSIeTCST B Pas3/IMUHbIX CUTYyalusXx. OCHOBHbIE 00/1aCTy IIpUMeHe-
Hus PostgreSQL MOKHO OTHECTHM K ABYM KaTEropusim:

O o6paboTka TpaH3akiuii B peasibHOM Bpemenu (OLTP): OLTP xapakTepusy-
eTcsT 6OMBIIMM KOJTMYECTBOM OIlepaluii BCTaBKY, OGHOBIEHUS U YOATEHNS,
OUYeHb BBICOKOJ CKOPOCTHIO pabOThI U MOAAEP)KAaHMEM LIEJIOCTHOCTY JaHHbIX
B MHOTOMOJIb30BaTeNbCKOM cpene. [Ipou3BOOUTEIbHOCTD U3MEPSIETCST KOMM-
YeCTBOM TPaH3aKI Ui B CEKYHAY;

O wuHTepakTMBHas aHaAUTHUUYecKast o6paboTrka (OLAP): OLAP xapakTepusyer-
Cs1 HeGOBIIIMIM KOJTMYECTBOM CJIOSKHBIX 3aITPOCOB, BKIIOUAIOIIMX arperupoBa-
HMe JAHHBIX, [IOTyYeHMe TUTaHTCKUX 00beMOB JaHHbBIX 3 Pa3HBIX MCTOUHM-
KOB B pa3HbIX (popMaTax, 4OOBIUY JAHHBIX ¥ aHAIN3 UCTOPUUECKUX TaHHBIX.

OLTP npumMeHsieTCs A1 MOAEIMPOBAHMS TAKUX IPUJIOKEHUI, KaK yIIpaBJIeHue

B3aMOOTHoIeHUsIMU ¢ KaneHTamu (CRM). Hanpumep, caiiT TOproBiu aBToO-
Mo6ussMu u3 raBbl 1 — mpumep OLTP-nipunoskenus. OLAP HaxoguT IpMMeHeHe
B 3a7avyax OM3HeCc-aHAJIUTUKY, TTOAIEPKKM TPUHITUS pelleHuii, reHepaluyuu OT-
YeTOB U IUIaHMpOBaHMs. Pasmep 6a3bl maHHbIX Aj1s1 OLTP cpaBHUTENbHO HEBEIUK
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0 CpaBHEHMIO ¢ 6a30ii maHHbIX OLAP. IIpu nmpoekTupoBaHuu 6a3bl maHHbIX OLTP
OOBIYHO TTPUAEPKMBAIOTCS KOHIEMIMIA PESIVMOHHON MOAEN, B T. U. HOpMaIn3a-
LIMY, TOTIA Kak 6a3bl JaHHbIX OLAP MeHbIIle TOX0XM Ha PeJIsiIYOHHbIE; CXeMa yac-
TO MMeeT BUJI, 3Be3/1bl UM CHEXKMHKHU, a JTaHHbIe HAMepPeHHO JeHOPMaJ30BaHbI.

B mpumepe caiita TOProB/IM aBTOMOOMJISIMU MOYKHO OBLIO GbI 3aBECTU BTOPYIO
6a3y 151 XpaHeHUs MCTOPUUYECKUX TaHHBIX O ITPOAABIIAX U MMOTb30BATEJSIX, UTOOBI
aQHAM3UPOBATh ITPEATIOUTEHMS TOTb30BaTEJEN U aKTUBHOCTD ITPOJABIIOB. DTO OBLIT
6bI puMep OLAP-IIpuIoKeHus..

B ommnume ot OLTP, ocHoBHast omnepaiiusi OLAP — BpI6OpKa M aHAIU3 JaHHbIX.
Hanubie nas OLAP 4acTo reHepupyIOTCS MPOIeCCOM M3BJIeUEeHMsI, IIpeoopa3oBa-
Husa u ounctku (ETL), KoTopslii 3arpy>kaeT maHHble B 6a3y OLAP u3 pa3HbIX MC-
TOYHMKOB B pasHbIX popmatax. s OLTP-npuioskeHnit mocraTouHo PostgreSQL
B CTAaHAAPTHOM KOMIUIeKTauu. A s noaaepskku OLAP uMeeTcss MHOTO paciin-
PEeHUIT ¥ MHCTPYMEHTOB, B T. Y. aJanTepbl BHeIIHNX AaHHbIX (foreign data wrap-
pers —- FDW), ceKIIMOHMpOBaHMe TabjIuIl, a B IOCIeTHMUX BePCUSIX ellle U Iapasijiesib-
HOe€ BbITIOJTHEHVE 3aIIPOCOB.

Uctopun ycnexa

PostgreSQL ucrnonb3yeTcs BO MHOTMX OTPAc/six, HAIpUMep TeleKOMMYHUKALNMY,
MeauiMHa, reorpaduueckye NpUIOKeHUs U 2IeKTPOHHAasE KoMMepiysi. ECTb MHOTO
KOMIIaHM, OKa3bIBAIOIMX KOMMepUecKkye KOHCYIbTal[IOHHbIe YCIYTHY, Hallpumep
B nnepexozne ¢ komMmepueckoyi PCYB]] Ha PostgreSQL ¢ menbio yMeHbIIeHUS TNULLEH-
3MOHHBIX IuIaTexeit. Takye KOMIIAaHMM YacTO OKa3bIBAalOT BAMSIHME HA pPa3BUTHE
PostgreSQL, pa3pabaTbiBasi HOBbIe cpeAcTBa. [lepeunciiM HEeCKOJIbKO KOMITaHMIA,
npumMeHsiomux PostgreSQL:

O B Skype PostgreSQL ncrnonb3yeTcsl AJjisi XpaHeHUs YaTOB M UCTOPUU Jeli-
ctBuit. Kommaums Skype paspa6oraa s PostgreSQL MHOTO MHCTPYMEHTOB
rion, o61viM HasBaHueM SkyTools;

O Instagram — colaabHasi CeTh IJist 06MeHa GhoTorpadusmu;

O AwmepukaHckoe xummyeckoe o6miectBo (ACS) ucmonb3yet PostgreSQL mis
XpaHeHMs apXMBOB XypHa/ia 00beMOM CBbIIIIe TepabaiiTa.

[Tomumo aTux xommnauuit, PostgreSQL ncnonb3yercst B HP, VMware u Heroku,

a Taxke MHOTVIMM HayYHBIMM OOIIIECTBAMM M OpraHM3alusIMM, B yacTHOCTY NASA.

OTBeTBNeHUs

OTBeTBIEHMEM Ha3bIBA€TCS HE3aBUCUMBI MMPOrpaMMHbI MPOEKT, OCHOBAHHbIN
Ha KakoM-To Jipyrom mpoekTe. Ot PostgreSQL cymectByet 60see 20 OTBETBIEHUI;
pacmupsiembiit API a3Tomy BecbMa crioco6ctByeT. Ha mpoTsiskeHMM MHOTUX JIeT pas-
JIMYHbIE TPYNIIbI CO34aBaliM OTBETBAEHUS U 3aTe€M BKJIIOYAIM Pe3yJabTaTbl CBOEIA
paboTsl B PostgreSQL.
O HadoopDB - rubpun PostgreSQL ¢ TexHonorusmu MapReduce, opreHTHpO-
BaHHbIN Ha aHAIUTUKY. Hike TiepeuncieHbl Hanbosee TOIMY/ISIPHbIE OTBET-
BjieHus oT PostgreSQL:
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O B Greenplum ycronb3yeTcs apxuTeKkTypa 6e3 pasmesieHus pecypcoB ¢ Mac-
COBO MapauIeIbHOI 06pa6oTKoit (MPP). [TpuMeHsIeTCs I1s1 CO3TaHMS Xpa-
HWINII, JaHHBIX ¥ aHaMUTUKKU. Greenplum HauMHasIach Kak KOMMepUYeCKUii
MpoexT, HO B 2015 rofdy ee Kof, 6L pacKphIT;

EnterpriseDB Advanced Server — xommepueckass CVYB]I, momomHsomas
PostgreSQL cpencrBamu Oracle;

Postgres-XC (eXtensible Cluster) — knactep Ha ocHOBe PostgreSQL ¢ He-
CKOJIbKMMM BeOYIIVIMM y3/1aMU, TOCTPOEHHbI Ha 6a3e apXUTEeKTypbl 6e3 pa3-
IeneHus pecypcoB. YIIOp cAesiaH Ha MacIITabupyeMOCThb 3aIyCy, IPUIOXKe-
HUSM MIpefocTaBisieTcs: TOT ke API, uto u B PostgreSQL;

QO Vertica - cron610Bas 6a3a JaHHbIX, pa3paboTka KOTOpoii 6b11a HauaTa Maii-
koM CroyHOpeiikepom B 2005 romy. B 2011 rogy mpoekT 6L mpuo6GpeTeH
kommanuen HP. Vertica 3anmcrBoBasna y PostgreSQL cuHTakcuMuyeckuii aHa-
nusaTop SQL, ceMaHTMUeCKMIT aHAIM3aTOP U CTaHIapPTHbIE METObI ITepern-
cbiBaHMsT SQL-3aI1pocoB;

Netezza — mony/isipHOe XpaHWIKIIE JTaHHbBIX, HauaBlee KM3Hb KakK OTBET-
BiieHye oT PostgreSQL;

Amazon Redshift - monynsipHoe xpaHminiie JaHHbIX, OCHOBaHHOE Ha Post-
greSQL 8.0.2. [IpeqHazHaueHO B OCHOBHOM 151 ipuiaokeHmit OLAP.

Apxutektypa PostgreSQOL

B PostgreSQL uCIionb3yeTcs KIMEeHT-CepBepHas apXUTEKTypa, KOrha KIMEHT U cep-
Bep MOTYT HaXOAUTHCS B Pa3JIMUHBIX y3iax. OOMeH MTaHHBIMM MEXKIY KJIMEHTOM
" cepBepoM 00bIYHO BepeTcst 1o npoTokony TCP/IP unu uepes Linux-cokeTsl. Cep-
Bep PostgreSQL mMokeT OMHOBpeMEHHO 06pabaThiBaTh HECKOJIbKO IMOIKIIOUEHMIT
KIreHToB. TuMuHas mporpamma, paboratoiiasi ¢ PostgreSQL, coCTOUT U3 cemyio-
LIMX MIPOLIECCOB OTePaIMIOHHON CUCTEMBI:

O KIMEeHTCKUII mpouecc: GpoHTaabHAsI YacTh MPUIOKEHMS OTIIpaBJsIeT 3a-
Mpockl 6a3e JaHHbBIX. B 9TOM PO MOXET BBICTYIIATh BeG-CepBep, KOTOPOMY
HY;KHO TIOCTPOUTb BEO-CTpaHMILy, MM KOMAHIHAS YTUIUTA [IJIS pelieHus
3amayu oocaykuBaHus. B cocta PostgreSQL BxonsT dpoHTaIbHbIe KOMaH/IbI
psql, createdb, dropdb, createuser u npyrue;

O cepBepHbIl Mpoliecc: yrpasiseT dainamu 6a3bl JaHHBIX, TPUMHUMAET 3a-
IIPOCHI Ha ITOAK/IIOUEHVE OT KJIMEHTOB U BBITTOTHSET IeiCTBUS 110 UX TpeOoBa-
Hu1o. CepBepHbIii IIpoliecc HasbiBaeTcs postgres. PostgreSQL co3paeT HOBBI
MpoLiecc 7151 KaxKA,0TO MOAKIII0YeHMSI, I03TOMY IIPOLIECCHI KIMEeHTa U cepBepa
006IIa0TCsI MeXXIy cob60ii, He MpephbIBast IaBHbI cepBepHbIii mpotiecc. Cep-
BepHbIe IPOLIeCChI CYIIECTBYIOT B TeUeHMEe OTPaHMYEeHHOTO BpeMeHM — 10 3a-
BepIleHMs COeIUHEHUSI C KTMEHTOM.

OnucaHHas KOHLeMNTyaabHas apxuTekrypa PostgreSQL nmaer mpencrasieHue

0 Bo3MOxHOCTSIX CYDB/I, a Takske 0 B3aMMOZAENCTBUY C KIIMEHTAMU U OTlepaLMOHHOM
cucTeMoit. B cepBepe MOKHO MPUOIMU3UTENBHO BIIEIUTD UeThIpe TOACUCTEMBI:
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IVICIIeTYEP MPOIECCOB: YIIPABJIsIeT KIMEeHTCKMMMY MOIK/ITIOUeHUSIMMY, B 4aCT-

HOCTM CO3/Ia€T U 3aBepIIaeT IMPOIIeCChI;
IIPOLIECCOP 3aIMPOCOB: 3aITPOC, OTIIPABIEHHbIN KireHToM PostgreSQL, pas-
O6MpaeTcsi CMHTaKCUMUECKUM aHaIM3aTOPOM, IMOC/Ie Yero MOACUCTEMA Pery-
JIMPOBIIMKA OTpenensieT Tun 3ampoca. CiykeOHbIE 3aMpoChl TePealTCs
CTy>kKe6HOI mogcycTeMe. 3arpochl BHIOOPKY, OOHOBJIEHUS U YIATeHUs MOV~
bUIMpPYIOTCS TTepesanychiBaTeeM, TIOC/TIe Yero IIaHMPOBIIUK reHepupyeT
TIJIaH BBITTOJTHEeHMsT. HaKoHel, 3aITpocC BBITTOTHSIETCS, M Pe3y/IbTaT BO3Bpallia-
€TCST KIIMEHTY;

O crykeOHasi MOACHCTEMA: TPEIOCTABISIET CPeCTBA OOCTY>KMBAHUSI Ga3bl
IAHHBIX, HAIIpMMep: 3aTpeboBaHMe MeCcTa B CCTeMe XpaHeHsl, 0OHOBIeH e
CTaTUCTUKY, SKCIIOPT ¥ MMIIOPT JaHHBIX B OIIpele/eHHOM ¢opmMare, IIPOTO-
KOJIMPOBaHMe MyTeM 00palleHNs K perucTpaTopy;

O pmucmeTyep MaMATH: OTBEUAET 3a YIIpaBaeHMe KellleM U TUCKOBBIMU Oyde-
paMm, BbIIe/ISIeT TaMITh.

Knuentckuii npouecc (PostgreSQL, API, npaiisepbl JDBC 1 ODBC)

A
\
[ucneTtyep npoueccos

OuuncTka AHanu3 ChrTakcuueckuit PerynupoBLumk
aHanusaTtop rymp
Perncrpatop Knactep <«—>| |[llepe3anucbiBaTens MnanupoBsLLMK
Mcnonnutens
CnyxebHas nogcuctema Mpoueccop 3anpocos
[ucnetyep namsTu

A
Y

OC (bydepHbIi kew B aape, fsync)

[Toutu Bce kKoMIOHeHTHl PostgreSQL, BK/IO4asi perucrparop, IVIAaHUPOBIIUK,
aHa/IM3aToOp CTAaTUCTUKM U AUCIIETYEP MaMSITH, AOMYCKAIOT KOHGUTYpUPOBaHNe.
Koudwurypauyst PostgreSQL BbIGMpPAeTCs B COOTBETCTBUM C XapaKTEPOM ITPUJIOsKe-
Hus: OLAP unm OLTP.



52 <« PostgreSQL B pencteum

Coobuwecteo PostgreSOL

PostgreSQL pacrionaraetT BecbMa aKTMBHBIM M OPraHM30BAaHHBIM COOOGIIECTBOM,
BCErma rOTOBBIM ITPUIATH Ha ITOMOIIb. 3a ITOCJIeHYEe 8 JIET COOOIIECTBO BBIITYCTUIIO
BOCEMb OCHOBHBIX Bepcuii. PazpaboTumMkaM pacchbUIaloTCsS OOBSIBIEHMS B €XKeHe-
IleJIbHOM OIo/lJIeTeHe.

CylIecTBYIOT JeCSITKM CIMCKOB PACChUIKM, CTPYMIIMPOBAHHBIX IO KaTETOPUSIM,
HampumMep: MMoIb30BaTelNb, Pa3paboTUMK, acconyanus. B kauecTBe MpuMepoB yIio-
MsIHEM cIiucku pgsql-general, psql-doc u psql-bugs. 11 HaUMHAOIIMX 0COOEHHO
Ba)KeH CIMCOK pgsql-general. B HeM 06cyskaatoTcs ir00ble BOITPOCHI, KACAIOIIMecs
YCTaHOBKM, HACTPOMKM, OCHOB agMMUHUCTPUPOBaHMS, BO3SMOXKHOCTeN PostgreSQL,
BEIyTCST IVICKYCCUM Ha OOIIe TeMbI — B 00IIEM, BCE, KPOME OLIMOOK.

CoobmectBo PostgreSQL monepskMBaeT CIy:k0y arperupoBanus 6;1oros Planet
PostgreSQL (planet.PostgreSQL.org). HekoTopsie pa3paboTuMky ¥ KOMIIAaHUK C ee
TTOMOIIIBIO JEeSITCSI CBOMMM 3HAHUSIMU U OTIBITOM.

Bo3moxHocTn PosTGRESQL

PostgreSQL o6ecrieurBaeT cepBUC KOPIIOPATUBHOTO YPOBHS, TAPAaHTUPYIOIIUIT He-
MPePBIBHOCTb OM3Heca. Hampumep, moasep>kuBaeTCsl peIruinKalys, IO3BOSIOIIast
06eCTeunTdb BHICOKYIO JOCTYITHOCTD. PostgreSQL MOKeT mosyJaTh JaHHbIE U3 Pas-
JIMYHBIX VICTOUHMKOB, a 3aTeM MPUMEHSTh K HUM IIPOIIecC U3BJIeueHusl, mpeobpa-
3o0Banud u 3arpysku (ETL). besonacHocTb B PostgreSQL cunTaeTcss HeOTbeMIeMOit
4yepToii, a He QyHKIIMEH, KOTOPYIO XOpouIo 661 MeTh. OGHOBIEHUST 6€30MaCHOCTI
IIOCTaBJISIIOTCS B JOIIOJNIHUTENbHBIX (MMHOPHBIX) penn3ax. HakoHen, B PostgreSQL
peann3oBaHO 6eccyeTHOe KOMIMYECTBO JOMOMHeHMIT K SQL, KpajiHe Moe3HbIX pac-
LIV PeHUI M MHTEPAKTVBHBIX MHCTPYMEHTOB.

Pennukauus

Peruinkanus no3BosisieT OpraHM30BaTh [IePEHOC JaHHbIX C OLHOr'O CepBepa Ha Apy-
roii. Ee oCHOBHbIE 11€J1M:
O BBICOKAs AOCTYITHOCTB: BTOPOi1 CepBEP MOXET B3SITh Ha ce0s1 00CTy:KMBa-
HMe, eCJIV TIepBbIii BbIAET U3 CTPOS;

O OGasaHCMpPOBKA HArPy3KM: OTHU U Te JKe 3aIIpOChl MOTYT OOCTYKMBATh He-
CKOJIBKO CepBepOB;

O yckopeHye paGoThI: 151 [IOBBIIEHNS TPOU3BOIUTENILHOCTH 3aIIPOC BITION-
HSIETCS Cpa3y Ha HECKOJbKUX MalllMHaX.

B PostgreSQL 13Haua/JbHO BCTpOeHAa MOTOKOBAasI peIuIMKaIMA TUIa BeTyInii-
BeIOMbIN, OCHOBAaHHAs Ha TPaHUISLINUM HaiiaoB )KypHAI0B. ITO IBOMYHAS TEXHMKA
peruIMKaium, MoCcKoIbKy KoMaHabl SQL He aHanu3upyTcs. [IpUHIMT 3aKI04yaeT-
Cs1 B TOM, YTOGBI CHavaja cae/iaTh CHUMOK BeIYIIEero y3/a, a 3aTeM JOCTaB/ISTh U3-
meHeHust — WAL-daiisibl — ¢ BeAyliero y3Jia Ha BeIOMbIH, Tie OHM BOCITPOU3BOISITCS.
Ha Benyiem y3ie MOXKHO BBITIOJIHATD OTlepaluy YTEHUS U 3alUCH, a HA BeIOMOM —
TOJIBKO onepauyuy yreHus. [IoTOKOBYIO perinKaluio JOBOJIbHO [IPOCTO HACTPOUTD;
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TOAAEPXKUBAIOTCSI CMHXPOHHAsS, aCMHXPOHHASI M KackajgHasl periMkanum. B cuH-
XPOHHOM pesKMMe orepalys MoaubUKauy JaHHbIX JO/DKHA ObITh 3adMKCHMPOBaHA
Ha BCeX cepBepax, ¥ TOIbKO TOT/Ia OHA CUMTAETCS YCIellHOoM. B KackagHOM pexxuMe
BeJIOMbIIt y3e SIBJISIeTCS BeOyLMM IJIsI APYTOi perinKu. DTO TI03BOJISIET TOPMU30H-
TaJbHO MacIITabupoBaTh PostgreSQL Ha omepaiusx YTeHusl.

B PostgreSQL 10 mo6aBieHa JiorMueckasi periMkanys. B omiune ot moTOKOBOIA
pervIMKaIum, pu KOTOPOii IBOMYUHbIE JaHHbIE KOMUPYIOTCS ITO6GMUTOBO, MEXaHU3M
JIOTUYECKOJ peruukaium rnpeobpasyet WAL-daiiibl B Ha60p JIOTMYECKUX M3MeHe-
HMit. DTO paciupsieT KOHTPOIb HaJl periMKalei, HalmpuMep MOKHO MPUMEHSTh
Ha 3ToM asTane GuiabTpsl. Tak, Jornyeckasl peruiMKaius Mo3BosIeT CKOMMPOBATh
YacTh JAHHBIX, TOT/IA KaK B CTy4ae MOTOKOBO periMKaly BeOMbIii y3eJl SIBISIeTCsT
TOYHO KoTMeli BeyIero. JIpyroii BasKHbINM aCeKT JIOTUUeCKO perinKaluyu — BO3-
MOKHOCTb CO3[IaHMSI Ha BEJJOMOM CepBepe JIOTOTHUTEbHBIX MHAEKCOB U BpeMeH-
HbIX Tabnuil. HakoHel, Mbl MOKeM peIUIMIMPOBAaTh JaHHbIE C HECKOJIbKUX CepBe-
pOB, 06BEIVHUB UX Ha OMHOM CepBepe.

[Tomumo BcTpoeHHBIX B PostgreSQL MeTOmOB periMKalum, CyIecTByeT psifi, pe-
IIIEHNIT C OTKPBITBIM VICXOTHBIM KOJOM, OPMEHTMPOBAHHBIX HA pa3MyHbie paboune
HaTpy3Ku.

O Slony-1: cucrema periMKauy ¢ OJHUM BeIyIMM y3JI0M ¥ HECKOJbKUMU

BeOMbIMMU. B oTnmune ot BcTpoeHHOI B PostgreSQL, MOXXeT 1CI0/Ib30BaThCS
C pasHbIMU BepcusiMmu cepBepa. Tak, MOsKHO peruIMIIMpOBaTh TaHHbIE U3 Bep-
cun 9.6 B Bepcuio 10. Slony oueHb 1osie3Ha JiJisl Tlepexofia Ha HOBYI0 BEpCHUIO
cepBepa 6e3 mpocTos.

O pgpool-II: 310 ITO nMpomMeXXyTOUHOTO YPOBHSI, pacIionoskeHHoe MexXay Post-
greSQL u kineHTOM. [ToMMMO periMKalyn, OHO MOXKeT MCITOIb30BaThCS JIJIs
OpraHu3aluy myja COeAMHEeHMI ¥ Mapa/iyIeIbHOTO BhITIOJIHEHUS 3aTIPOCOB.

O PacmnpeneneHHOe pelUIMIIMPOBaHHOe O/iouHoe ycrpoiicTBo (Distributed
Replicated Block Device — DRBD): o61ee pemieHue jist 06ecrieueHust BbICO-
KO OCTYMMHOCTU. MOSKHO pacCMaTpUBaTh Kak ceTeBoii aHamor RAID-1.

be3onacHocTb

PostgreSQL moamepskBaeT HECKOJIBKO METOIOB ayTeHTUdUKAIIMY, BKIIOYast T0Be-
pUTeNIbHbIE OTHOIIeHMSI, Taposib, LDAP, GSSAPI, SSPI, Kerberos, 1o nmeHTndmnKaTo-
Py B omepaioHHoii cucreme, RADIUS, ceprudmkat u PAM. Bce ysi3BuMocTu B 6ase
JAHHBIX TIEPeYnCIeHbl Ha CTpaHuIle MHbopMaluu o 6esonacHoctu PostgreSQL o
anpecy http://www.PostgreSQL.org/support/security/, roe ykasaHbl Bepcus CYDBII,
KJIacC YSI3BMMOCTU U ySI3BUMBIi KOMITOHEHT.

O6HoBIeHMs 6e3ormacHocT PostgreSQL pacrpocTpaHSIIOTCS B BUIE ITOIIOJTHU-
TeIbHBIX BEPCUI M UCIIPABIISIIOTCS B CIeAyIOlIel i OCHOBHOI Bepcuu. ITyGamKanyst
B BU/JIE IOMOHUTEIBHON BEPCUM YIIPOILaeT aflMMHUCTPATOPY Nogaep>kaHme Post-
greSQL B 6€30MacHOM COCTOSIHUYM C MMUHMMAaJIbHBIM BpEMEHEM TTPOCTOSI.

PostgreSQL yrmpaBiseT IOCTyIIOM K 06beKTaM 06asbl JAHHBIX HA HECKOJbKUX
YPOBHSIX, B TOM 4uc/ie 6a3a JaHHBIX, TaOINIlA, IIpecTaBaeHne, QyHKIUS, TOCIe-
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IOBaTEIbHOCTh U CTOJIOEIl. DTO MO3BOJIIET OPTaHM30BaTh IEeTaabHbIli KOHTPOJIb
aBTOpU3ALUNA.

PostgreSQL monmepskuBaeT arnmapaTHoe IudpoBaHMe JsT 3alIUTHI TaHHbIX.
Kpome Toro, oripefiesieHHbIe JaHHbIe MOXKHO IIM(POBATh C TOMOIILIO PACIIMPEHUST

pgcrypto.

Pacwupenus

MexaHM3M pacIiMpPeHNI TO3BOJISIET ONIpeLesiTh HOBbIE TUIIbI JaHHBIX. [ 3arpy3-
KU pacipeHuii B 6a3y cyiiecTByeT KoMmaHa CREATE EXTENSION. Kpome Toro, nmeert-
cs neHTpaibHblil perosutopuit (PGXN) o agpecy www.pgxn.org, ITO3BOJISIIOL I
MpOCMaTpMBaTh U 3arpykarb pacuiMpenus. Ha stame ycTaHOBKM JBOMYHOTO INC-
TpubyTMBa PostgreSQL mpepsiaraeTcst maket postgresql-contib, comepskannit MHOTO
TIOJIe3HBIX pacluMpeHnit, Hanpumep tablefunc, KOTOPBIN BKIOYAET Cpely IIPOYero
CBOJHBIE TAOIUIIBI M pacLIpeHue pgcrypto (06IIMe CBeIeHNSI MOXKHO HaiiTy B Gaii-
Jie README B yCTaHOBOYHOM KaTajiore).

VimeHHO Gyaromapst roaAepskke paciimpennii PostgreSQL pacronaraer ciieyro-
LIMMM BO3MOKHOCTSIMU :

O Tumnsl jauHbix PostgreSQL. B PostgreSQL BechbMma Gorartasi cucTeMa TUIIOB
JaHHBIX. VI3HaUa/IbHO MOAEPKMBAIOTCS KaK MPUMUTUBHBIE, TaK I HEKOTO-
pble CTPYKTYPHbIE TUIIbI, B YACTHOCTY MaCCUBBI. [IOTIOTHUTENBHO MOA e PKU-
BAIOTCS CJIeLYIOILME CJIOKHbIE TUTIBI JaHHBIX:

- reoMeTpuuecKue TUIIBI JAHHBIX: BKJII0Yas TOUKY (point), oTpe3ox (Iseg),
nomanyio (path), MHOroyronbHUK (polygon) u mpsimoyroiabHUK (box);

— ceTeBbIe aapeca: cidr, inet u macaddr;

— tsvector u tsquery: OTCOPTMPOBAHHBIN CIIMCOK JIEKCEM, JIesKallluii B OCHO-
Be ITOJTHOTEeKCTOBOTO ITOMCKA;

— YHUBepCaJIbHbIV YHUKAIbHBIN uaeHTUuKaTop (UUID): UUID pemaer
MHOTO ITpo6JieM, CBSI3aHHbIX ¢ 6a3aMU AAHHBIX, B T. U. TPOOIEMY aBTOHOM-
HOJi reHepal Uy JaHHBbIX;

— NoSQL: mognepxuBaeTcs HECKOAbKO TUIIOB JaHHbIX 13 KaTeropuu NoSQL,
BKJIIOUast XML, Hstore, JSONB;

— Enum. Tumpl Ayana3oHa M JOMeHa MMO3BOJISIOT 3aaBaTh pasauMyHble orpa-
HUYEHMS: MHOXECTBO JOITyCTUMBbIX 3HaU€HWIi, OrpaHMYeHMS Ha AMana3oH
U NIPOBEPOYHbIe OTPaHNYEeHMS;

— COCTaBHbIE TUITBI JJAHHBIX, B KOTOPbIX aTPUOYT COCTOUT M3 HECKOJIBKUX Ua-
CTelt;

O mnoppepkuBaemble A3bIKU. PostgreSQL mosBossieT myucaTh QyHKUMM Ha
HeCKOJIbKMX f3bIkax. CoobiiecTBo mopaepkuBaeT si3biku SQL, C, Python,
PL/pgSQL, Perl u Tcl. Kpome HUX, MHOTMe SI3bIKY TIOAIEPSKUBAIOTCSI CTOPOHHU -
MM pazpaboTumkamu, cpenu Hux Java, R, PHP, Ruby u s3b1k o60mouku UNIX.

B cnenyroiemM npumMepe rnokasaHo, Kak Co34aTb HOBBIV COCTaBHOM TUIT phone_num-

ber. [IBa TenedoHa CUMTAIOTCSI OAMHAKOBBIMU, €CJIM COBIAAAIOT KOM, peruoHa u abo-
HEHTCKMIT HOMeD, IJII IPOBEPKM 3TOr0 HAIlMCaH OIlepaTop CpaBHEHMSI Ha PaBEHCTBO.
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-- Co3paHNe COCTaBHOrO TWMA AaHHbIX
CREATE TYPE phone_number AS (
area_code varchar(3),
1ine_number varchar(7)
)s
CREATE OR REPLACE FUNCTION phone_number_equal (phone_number,phone_number)
RETURNS boolean AS $$
BEGIN
IF $1.area_code=$2.area_code AND $1.line_number=$2.1ine_number THEN
RETURN TRUE ;
ELSE
RETURN FALSE;
END IF;
END; $$ LANGUAGE plpgsql;
CREATE OPERATOR = (
LEFTARG = phone_number,
RIGHTARG = phone_number,
PROCEDURE = phone_number_equal
);
-- na TecTupoBaHua
SELECT row('123','222244"): :phone_number = row('1','222244')::phone_number;

3Iech co3aeTCss HOBbINM TUIT JAHHBIX phone_number, COCTOSIIMI U3 OIBYX aTOMap-
HbIX YacTeii: area_code 1 line_number. [leperpy>keHHbIN OmiepaTop = CPaBHMBAET 3HA-
YeHMsI 3TOr0 TUIIa Ha paBeHCTBO. UTOObI onpefennThb IMOBeAeHNe oIlepaTopa =, Mbl
IOJDKHBI OIMMMCATh €r0 apTyMeHThI M (QYHKIINIO, KOTOpasl X obpabaTbiBaeT. B maH-
HOM CJTyyae apryMeHTbI MMEeIOT TUII phone_number, a GyHKITMS Ha3biBaeTcst phone_num-
ber_equal.

Bo3smoxHoctn NoSOL

PostgreSQL — He mpocTo pensitioHHas 6a3a u s13bIk SQL. Terepb B PostgreSQL Ha-
IUTY TIPUIOT U TUTIBI JaHHBIX, XapakTepHble 0751 NoSQL. boraTsiit apceHasn cpeicTs
PostgreSQL 1 BO3MOKHOCTb CO34aBaTh 6eccXxeMHble XPaHUIMIIA JaHHBIX OTKPbIBA-
IOT ITyTh K pa3spaboTKe HAIeKHBIX U TMOKIUX TIPUIOKEHNIA.

PostgreSQL nmognepskuBaeT T JSON, KOTOPBI HEPEIKO IPUMEHSIETCS AJISI 0OOMe-
Ha JaHHBIMU MeXy Pa3IMUYHbIMU CUCTeMaMi B cOBpeMeHHbIX REST-coBMmecTrMBbIxX
BeO-nputoskeHusIX. B Bepcum PostgreSQL 9.4 mosiBMICS TakKKe CTPYKTYPUPOBAHHBIN
dopmart JSONB nist xpaHeHust JSON-I0KyMeHTOB. DTOT TUII TaHHbBIX YCTPaHSIeT He-
06xomumMocTh pa36upaTh J[SON-TOKYMEHT Iepe 3amimchio B 6a3y JaHHbIX. THBIMU
cnoBamu, PostgreSQL moxkeT BCTaBiasATh J[SON-LOKYMEHTBI C TAKOM K€ CKOPOCTBIO,
KaK JOKYMEHTHbIe 6asbl JAHHBIX, HE OTKa3bIBasCh MpM 3TOM OT cBoiicTB ACID.
B Bepcun PostgreSQL 9.5 mo6aBieHO HECKOMBKO (QYyHKINI AJIs elle 60JbIIEero yrpo-
meHus paboTel ¢ JSON-gokymeHTamu. B Bepcun 10 mogmepskaH MOMTHOTEKCTOBBIN
nouck B JSON- u JSONB-goKymeHTax.

Pacmpenne hstore rnmogaepkuBaeT XxpaHeHMe MMap KIOU-3HaueHne. ITO paciin-
peHue TpegHasHAueHo JIJIT XpaHeHUsT CJIabOCTPYKTYPUPOBAHHBIX TaHHbBIX U B He-
KOTOPBIX CUTYaLMSIX IPUMEHSETCSI, YTOObI YMEHBIIUTDb KOTMYECTBO PEAKO VCIIOTb-
3yeMbIX aTpMUOYTOB, KOTOpPbIe 06BIYHO comepskat null.
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Haxownerr, PostgreSQL monmmepskuBaeT oueHb rmOkuii Tl XML, KOTOPbIif YacTo
MCITOIb3YyeTCs JJ1s1 onipefeneHust opmarta JoKyMeHTOB. XML eXXuT B ocHoOBe (op-
maToB RSS, Atom, SOAP 1 XHTML. PostgreSQL noaiepsk1BaeT HeCKOIbKO QYHKIINUI
st cosganust XML-gokymeHTOB. TTonmepskuBaeTcsl Takke TexHomorust xpath ms
noucka B XML-gokymeHTe.

AAaI'ITepr BHELWHUX AAaHHbIX

B 2011 romy 6bu1a BbIyiieHa Bepcust PostgreSQL 9.1 ¢ mopiepykKovi UTeHMSI 10 CTaH-
JIapTy ympaBiaeHus: BHemrHMMY qaHHbiMU B SQL (Management of External Data —
MED) ISO/IEC 9075-9:2003. Crangapt SQL/MED omnpenensieT aganTepbl BHEITHUX
naunbix (foreign data wrappers — FDW), no3Bossiiomiye pensiiioHHO 6a3e yrpas-
JIATHh BHEIIHUMM JaHHbIMMU. Biiarogapst agantepam BHEITHUX TaHHBIX MOKHO 06ec-
MeUNTb MHTETpaluio B cucteMe emepaTuBHbIX 6a3 maHHBIX. PostgreSQL moamep-
skuBaet PCYB]I, NoSQL 1 aganTepbl BHeIIHUX AaHHBIX 11 Oracle, Redis, Mongodb
1 GaityioB ¢ pa3menuTesMu.

Hamnpumep, FDW MOryT 6bITh IT0OJI€3HbI, KOT/Ia MMeeTCsl OIMH cepBep 6asbl JaH-
HBIX [IJIS Lle/iell aHaIMTUKY, a pe3yJ/IbTaThl IlepealoTcs Ha APYrovi cepsep, Ihe urpa-
10T POJb Kelia.

Kpome Ttoro, FDW MOXXHO MCIIO/Ib30BaTh 151 TECTUPOBAHUS M3MEHEeHNS JaHHbBIX.
ITycTh uMeloTCs [Be 6a3bl JAHHBIX, K OHOI 113 KOTOPBIX IPUMeHeHO HeKoe UCIIpaB-
neHne. FDW mno3BosisieT o1ieHUTh 3G (eKT ucIpaBieHs, CpaBHUB JaHHbIe B 006enX
6asax. DTO CPeACTBO MpeAHA3HAUEHO /IJISI COBMECTHOIO AOCTYIA K JAHHBIM B pas-
HbIX 6a3ax PostgreSQL. IognepskmuBatoTcst onepaium SELECT, INSERT, UPDATE 1 DELETE
IUISI BHEITHUX TaOIuLI.

B nmpumepe HIKe TTOKa3aHO, Kak ¢ moMmouibio FDW untaTh daitn B popmaTe CSV
(c monsiMu, pasfesieHHbBIMM 3aIsIThIMM); HallpUMeD, 3TO MOXKET PUTOAUTLCS IS
pa36opa KypHaIoB. [IoMyCcTuM, TpeGyeTcsl TPOUUTATh KyPHAJIbI 6a3bl JAHHBIX, HOp-
Mupyemble PostgreSQL. DTo oueHb M0/Ie3HO B MPOU3BOACTBEHHOM cpefie OIS TTOJTy-
YeHUSI CTATUCTUKY BbITIOTHEHMSI 3aITPOCOB (CTPYKTYpa daiiia JOKyMeHTUPOBaHa 110
anpecy https://www.PostgreSQOL.org/docs/current/static/runtime-configlogging.htmdt).
YT0oO6bI BKJIIOUUTH IIPOTOKOIMPOBaHMe B hopmate CSV, He06XOIMMO U3MEHUTD ClIe-
Iytolive 3HaueHus B daitie PostgreSQL. conf. 11 TPOCTOTHI MbI IPOTOKONIUPYEM BCe
KOMaH/[1bl, HO B IPOM3BOJICTBEHHOI CpeJie MOCTYaTh TaK He peKOMEeHAYeTCs.
log_destination = 'csvlog'
logging_collector = on

log_filename = 'PostgreSQL.log'
log_statement = 'all'

YT106bI M3MEHEeHUS BCTYIIUIM B CUITY, HE06XOIMMO MepesanycTuTh PostgreSQL:
$sudo service PostgreSQL restart

Yto6b! yeTaHOBUTH FDW 17151 aiiioB, BHITOTHUTE KOMAaHIY:

postgres=# CREATE EXTENSION file fdw ;
CREATE EXTENSION
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Iljist mocTytia K ¢aiity Hy>kHO co3aath FDW-cepBep:

postgres=# CREATE SERVER fileserver FOREIGN DATA WRAPPER file_fdw;
CREATE SERVER

Kpome Toro, Hy>kHO co3gatb FDW-Tabmuily 1 cBsi3aTh ee ¢ daitjiom KypHasa;
B HallleM Cc/Tydyae OH HaXOAUTCS B Marke KiacTepHoro Katanora PostgreSQL:

postgres=# CREATE FOREIGN TABLE postgres_log
(

log_time timestamp(3) with time zone,

user_name text,

database_name text,

process_id integer,

connection_from text,

session_id text,

session_line_num bigint,

command_tag text,

session_start_time timestamp with time zone,

virtual_transaction_1id text,

transaction_id bigint,

error_severity text,

sql_state_code text,

message text,

detail text,

hint text,

internal_query text,

internal_query_pos integer,

context text,

query text,

query_pos integer,

location text,

application_name text
) SERVER fileserver OPTIONS ( filename
'[var/1ib/PostgreSQL/10/main/log/PostgreSQL.csv', header 'true', format 'csv' );

CREATE FOREIGN TABLE

st TEeCTUPOBaHMA IIpUMeEpPa ITOACUYMTAEM KOJIMYECTBO CTPOK B XKypHaJie:

postgres=# SELECT count(*) FROM postgres_log;
count

62
(1 row)

MpousBoaAnTENbHOCTD

Bricokasg nponsBoautenbHOCTh PostgreSQL mokasaHa Ha mpakTuke. [jisi moBbIlle-
HMSI YPOBHS TapajieN3mMa ¥ MaciITabupyeMOCTM IIPUMEHSIeTCSI HECKOTbKO TeXHU-
YyeCcKuX IpuemMoB, B TOM Uuce:

O cucrema 6;10KMpPOBOK: PostgreSQL mpemocTaBisieT HECKOIbKO TUIIOB 6J10-
KMPOBOK Ha YPOBHE TaOIMUIL U CTPOK. [IJIs TpeaoTBpAIleHNsT IJIUTETbHbIX 3a-
JlepskKeK ¥ TIOBBIIIEHNST YPOBHS Mapasulesin3Ma UCIOMb3YIOTCS MeKue 6J10-
KMPOBKM;
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O wuHpekchl: PostgreSQL mpemocTaBisieT IecTb TUIIOB MHEKCOB: B-mepeso,
Xelll, 0000IeHHbI1 MHBepTHUPOBaHHbII MHIAEKC (GIN), 0606I1IeHHOoe
nepeBo moucka (GiST), SP-GiST 1 uHOeKc 6/0YHbIX Auara3oHoB (Block
Range Index — BRIN). VHaeKcbl pa3sHbIX TUIIOB ITpeqHAa3HAUEHbI [IJIsT pelie-
HMSI pasHbIX 3a7a4. Hampumep, B-nepeBo 3G eKTMBHO )il CpaBHEHMS Ha pa-
BEHCTBO ¥ MPOBEPKM momaganus B auana3oH. GIST-MHIEKChI UCIONIb3YIOTCS
IIJIST TIOJTHOTEKCTOBOTO TOYMCKA M FeOIMPOCTPAHCTBEHHBIX JaHHbIX. PostgreSQL
MO Iep>KMBAaeT YaCTUUHbIE, YHUKATbHbIE M MHOIOCTOJIOIIOBBIE WMHIEKCHI,
a TakKe MHJIEKChI 10 BbIpaskeHUSIM U KJIaCChl OTIEPATOPOB;

O xkomanpgsl explain, analyze, vacuum u cluster: B PostgreSQL nmeetcs He-
CKOJIbKO KOMAaHI, [1715 TOBBIIIEHNS ITPOU3BOIUTETLHOCTY ¥ 00eCTIeueHuS ITPOo-
3pauHocTu. KomaHza explain rokasbpiBaeT IJ1aH BbIITOTHEHMS SQL-KOMaHbI.
MOXXHO M3MEHUTDH Te WM MHbIe TTapaMeTpPbl, HalIpyuMep HaCTPOKY TTaMsITH,
a 3aTeM CpaBHUTH IJIaHbI 10 U Mocie n3meHeHusi. KomaHa analyze CITysKUT
17151 c60pa CTaTUCTYUKM T10 TabnuiaM 1 ctonoraM. KomaHga vacuum IpyuMeHs-
eTcs1 AJ1si COOPKY MyCcopa 1 BO3BpaTa HeMCIIOIb3yeMOT0 IVMCKOBOTO IMMPOCTPaH-
CTBa omepanyoHHoi cucteme. Komana cluster pu3MyecKy OpraHm3yeT TaH-
Hble Ha Jycke. Bce 3T KoMaH/Ibl MOKHO CKOH(MUTYPUPOBATh B 3aBUCUMOCTHU
OT XapaKrepa HarpysKu;

O HaciaemoBaHMe TAOJMUIL ¥ MCK/IIOYEHNME C YYeTOM OrpaHMYeHMIi: Hacle-
IOBaHMe TaOIUIL TTO3BOJISIET JIETKO CO3/IaBATh TAGIMIIBI C TTOXOKEN CTPYKTY-
po¥i. DTOT MeXaHM3M JaeT BO3MOKHOCTb XPaHUTh ITOAMHOKECTBA JaHHBIX I10
oTpelesIeHHOMY KPUTEPUIO; MHOTHA 3TO Pe3KO YCKOpSIeT BHIOOPKY MHMOP-
Malyy, IOTOMY UTO JJISI OTBETA Ha 3aIpoC HYKHO ITPOCMAaTpPUBATh TOJbKO
TTOAMHOKECTBO TaHHbIX;

O pasBursie KOHCTpyKunu SQL: PostgreSQL nmonamep>kuBaeT repenoBbie KOH-
cTpykuuy SQL: KoppennpoBaHHbIe 1 HEKOPPeIMPOBaHHbIE TO3aIIPOChI, 00-
mye TabaMUHbIe BhIpaskeHusa (common table expression — CTE), okoHHbIe
byHKIIMM ¥ peKypcUBHBIe 3aTpochl. OCBOMB 3TU KOHCTPYKIIMY, pa3paboTumK
CMOXET OUeHb ObICTPO MKUCATh JAKOHUYHBIN U U3SANIHBINA Kog Ha SOL u co3-
IaBaTh CIIOXKHBIE 3AITPOCHI C MMHUMYMOM ycuauii. CoOo61eCTBO TPOAOIKAET
pa3BuBaTh SQL B KaskIoi1 HOBOI1 Bepcuu; B Bepcuu 9.6 mobaBieHbl TpU dpa-
3bI: GROUPING SETS, CUBE v ROLLUP.

YctaHOBKA PosSTGRESQL

PostgreSQL ycraHaBnuBaeTcsl IPakKTUYECKM HAa BCe COBpEMEHHbIE OlepalOHHbIe
CUCTEMBI: BCe CPAaBHUTEIbHO HemaBHMe OucTpubyTuBbl Linux, Windows 2000 SP4
u crapiue, FreeBSD, OpenBSD, macOS, AIX u Solaris. Kpome Toro, PostgreSQL pa-
O0TaeT Ha IIpolieccopax PasHOi apXUTEKTYPbI, BKIOUas x86,x86 64, 1A64 u npyrue.
Ha ctpanuie http://buildfarm.PostgreSQL.org MOKHO IpPOBEPUTb, MOAAEPKUBAETCS
JI1 KOHKpeTHas ratdopma (omepauyoHHas cucrtema + apxurekrypa LIT). MoskHo
CKauyaTh M YCTAHOBUTD JBOMYHBIN AUCTPUOYTUB UV CAMOCTOSITETbHO OTKOMIIVIIV-
poBaTtb UcxonHbIi Kon PostgreSQL.
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B nensix aBTomatnsauny ycraHoBky PostgreSQL 1 yMeHbLIeHMS HArpy3Ky Ha ajfi-
MMUHMCTpaTopa cepBepa PeKOMEHIYeTCsI UCIO0/Ib30BaTh JBOMYHbBIN KOMIIJIEKT I10-
CTaBKM, KOTOPbII MOXET YCTAaHOBUTb MeHeKep MaKeTOB ONepalMOHHOM CUCTEMBI.
V 3TOro moaxoIa OAVMH HEeAOCTAaTOK: Bepcysl OyIeT He camMoli IocienHei. BiipouewM,
Ha opuLMaaIbHOM cajite https://www.PostgreSQL.org/download/ BbIJIOSKEHBI AVICTPY-
OyTUBBI [IJ1sT HanboJlee pacIpoCTpaHeHHBIX IIaThOPM, BKiatouas BSD, Linux, macOS,
Solaris u Windows, 1 MHCTpPYKIIMM 10 YCTaHOBKe. Ha pucyHKe HIDKe ITOKa3aHo, Kak
no6asutb periosuropuii APT B cucremy Ubuntu Zesty. OTMeTUM, YTO MHCTPYKIIUYU
T10 YCTaHOBKE TeHepUPYIOTCS A1 KOHKpeTHOro uMeHu OC.

To use the apt repository, follow these steps:

« | Zesty (17.04) v
s Create the file /etc/apt/sources.list.d/pgdg.list, and add a line for the repository

deb http://apt.postgresgl.org/pub/repos/apt/ zesty-pgdg main
» Import the repository signing key, and update the package lists

wget --quiet -0 - https://www.postgresql.org/media/keys/ACCCACFE.25C | \
sudo apt-key add -
sude apt-get update

YcranoBka PostgreSOL ¢ nomouubio MmeHepkepa nakeros APT

ITporpamma Advanced Package Tool (APT) nipumeHsieTcs AJis1 yCTaHOBKM/yaie-

HUSI IporpaMm B AucTpubyTuBe Debian Linux 1 ocHOBaHHBIX Ha HeM, B T. 4. Ubuntu.
Kak yxe oTmeuasnoch, nociefHue nBouuHble Bepcum PostgreSQL moryTt orcyT-

CTBOBATh B 0UIMATIbHBIX pero3uTopusax Debian u Ubuntu. YTo6b1 HACTPOUTH apt-

perntosutopuii PostgreSQL, BeITIOMHUTE CyieAyIOIe KOMaHbl:

$sudo sh -c 'echo "deb http://apt.PostgreSQL.org/pub/repos/apt/

$(lsb_release -cs)-pgdg main" > /etc/apt/sources.list.d/pgdg.list’

Swget --quiet -0 - https://www.PostgreSQL.org/media/keys/ACCC4CF8.asc |

sudo apt-key add -

$sudo apt-get update

[Tocie mo6aBIEHNSI HOBOTO PEITO3UTOPUSI PEKOMEHIYETCSI OOHOBUTH CUCTEMY:
$sudo apt-get upgrade

Ycmanoeka KaueHmose

Ecnu cepsep PostgreSQL y>ke ycTaHOBJIEH U Bbl XOTUTE B3aMMO/I€/iCTBOBATh C HUM,
TO TIOHAAOOUTCS YCTAaHOBUTD IAaKeT postgresql-client. JIJIst 9TOrO OTKPOIiTE TEpMU-
HaJl ¥ BBITIOJTHUTE KOMaHIY:

sudo apt-get install PostgreSQL-client-10

B pesynbTaTe Ha MaIMMHY OyIeT yCTAHOBIEHO HECKOIBKO KIMEHTCKYX ITPOTPaMM,
BKJTIOUAst MHTePaKTUBHbIN TepMuHa PostgreSQL (psql). UToOBI y3HATD, KaKue Mpo-
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rpaMMbl GBIV YCTaHOBJIEHBI, 3aiiIUTe B YCTAHOBOUHBIN KaTayjor. OTMETUM, UTO
MyTh K 9TOMY KaTajaoTy 3aBUCUT OT Bepcuu PostgreSQL u onepaiMOHHO CUCTEMBI.
1s [usr/lib/PostgreSQL/10/bin/

clusterdb createdb createuser dropdb dropuser pg_basebackup pg_dump

pg_dumpall pg_isready pg_receiveWAL pg_recvlogical pg_restore psql
reindexdb vacuumdb

YTo6bl MOAKIIOUNTHCS K paboTraromemy cepepy PostgreSQL ¢ rmomMorbio psql,
HeOoOXOOMMO 3aJaTh CTPOKY COeNVHEeHMsI, BKIIOUAIONIyIo MM y31a, MM 6asbl JaH-
HbBIX, HOMED IT0pTa U UMS [10JIb30BaTeIs.

EcTb ellie ofMH MOIIIHbIN KAMEHT ¢ rpadmueckuM nHTepdeiicom — pgadming, KOTO-
Pblii UCIIONB3YETCS AJISI afMUHUCTPUPOBAHMS M paspaboTky. HaunHamomye npen-
rounTaioT pgAdmin, a psql IpUMeHSIeTCS B CKPUITTAaX 000IOUKM.

VY pgadmind BecbMa pasBuTasi GyHKIMOHAAbHOCTb. OH Kpocc-TiaT@opMeHHbI,
paboraet B 6paysepe, MMeeT CepBePHbINi ¥ HACTObHBI PEXXMMBI 1 T. 1. UTOOHI ycTa-
HOBUTDb pgAdmin B HACTOTBHOM peXMME, BHIMTOJTHUTE TaKye KOMaH/IbI:

# YCTaHOBUTb BUPTYaJibHYW Cpeay u p'lp
sudo apt-get install pip

sudo pip install --upgrade pip

sudo pip install virtualenvwrapper

# C034aTb W aKTWUBMPOBATb BUPTYaNbHYKW CPeay
virtualenv pgadmin &% cd pgadmin && source bin/activate

# NONYYNTb M YCTAHOBWTb MOCAeAHKi Bepcvio pgadmin

wget

https://ftp.PostgreSQL.org/pub/pgadmin/pgadmind/v2.0/pip/pgadmin4-2.0-py2.p
y3-none-any.whl

pip install pgadmin4-2.0-py2.py3-none-any.whl

# C034aTb W BLINOJHUTL KOHOUIYPALMOHHbIA dalin Ha ocHose config.py

cp ./lib/python2.7/site-packages/pgadmin4/config.py ./lib/python2.7/sitepackages/
pgadmin4/config-local.py

python ./lib/python2.7/site-packages/pgadmin4d/pgAdmin4.py

Ins B3aumogerictBusi ¢ PostgreSQL MOKHO MCIIO/Ib30BaTh TaKke MPOTpaMMy
DBeaver (https://dbeaver.jkiss.org). 9T0 yHMUBepcaibHblii SQL-KIMeHT, paboTalommit
CO MHOTMMM Oa3aMy TaHHbIX, B T. U. 1 ¢ PostgreSQL.

Ycmanoeka cepeepa
I[J'[H YCTaHOBKM CepBepa BbIIIOJIHUTE CJIeAYIONIYIO KOMaHOy:

$sudo apt-get install PostgreSQL-10

[Tponienypa ycTaHOBKM IaeT MHMDOPMALMIO O MeCTOHAXOKAEHMM KOHMUTYypaIu-
OHHBIX (aiiyIoB U aHHbIX PostgreSQL, tokaau, HOMepe IopTa U COCTOSTHUY CepBepa:

Creating config file /etc/PostgreSQL-common/createcluster.conf with new version
Setting up PostgreSQL-10 (10.0-1.pgdg80+1) ...

Creating new PostgreSQL cluster 10/main ...

Jusr/1lib/PostgreSQL/10/bin/initdb -D /var/lib/PostgreSQL/10/main --authlocal
peer --auth-host md5
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The files belonging to this database system will be owned by user "postgres".
This user must also own the server process.

The database cluster will be initialized with locale "en_US.UTF-8".
The default database encoding has accordingly been set to "UTF8".
The default text search configuration will be set to "english".

Data page checksums are disabled.

fixing permissions on existing directory /var/lib/PostgreSQL/10/main ... ok
creating subdirectories ... ok

selecting default max_connections ... 100

selecting default shared_buffers ... 128MB

selecting dynamic shared memory implementation ... posix

creating configuration files ... ok

running bootstrap script ... ok

performing post-bootstrap initialization ... ok

syncing data to disk ... ok

Success. You can now start the database server using:
Jusr/1ib/PostgreSQL/10/bin/pg_ctl -D /var/lib/PostgreSQL/10/main -1 logfile start

Ver Cluster Port Status Owner Data directory Log file

10 main 5432 down postgres /var/lib/PostgreSQL/10/main
/var/log/PostgreSQL/PostgreSQL-10-main. log

update-alternatives: using
[usr/share/PostgreSQL/10/man/man1/postmaster.1.gz to provide
[usr/share/man/man1/postmaster.1.gz (postmaster.1.gz) in auto mode
Processing triggers for libc-bin (2.19-18+deb8u10) ...

Processing triggers for systemd (215-17+deb8u7) ...

PostgreSQL MHUIIMAIM3UPYET HA AMCKE 06JIaCTh, HA3bIBAEMYIO KIacTepom 6a3s
naHHbIX. Kiactep cocrout M3 Habopa 6a3 TaHHbBIX, YIIPAB/ISEMbIX OTHUM 3K3€M-
I11poM cepsepa. CiiefoBaTeIbHO, €I CO34aTh HeCKOIbKO KJIACTepOB, TO MOXKHO
OymeT 3amyCTUTh Ha OFHOM (DU3MUYECKOM KOMIThIOTEPE HECKOJIBKO 3K3EMILISIPOB
PostgreSQL, ogHOI 1 TO¥ 5Ke MM pa3HbIX BEePCUIA.

ITo ymomuaHuIo ¢ K1acTepoM 6a3 JaHHbBIX aCCOLMMUPYETCS JIOKalb, YCTAHOBIIEH-
Has B OIlepalLYOHHOM CUCTeMe, HO MOKHO SIBHO 3a[aTb APYIYIO JIOKalb B MOMEHT
Co3IaHM4 KiacTepa.

Elle ogMH BaxKHbIM NakeT postgresql-contrib conepxut pacwmnpenms, opobpeHHble cooblue-
CTBOM. YacTo 3TOT MaKeT yCTaHaBAMBaeTcs oTaenbHo. Ho B apt-peno3utopun PostgreSQL 10
APT oH obbenmHeH € nakeToM cepeepa.

st IMPOBEPKM KOPPEKTHOCTM YCTAHOBKHU ITOMIINTE C MTOMOIIBIO YTUIMUTBI pgrep
IIPOLIeCChI postgres:

$pgrep -a postgres

3807 /[usr/lib/PostgreSQL/10/bin/postgres -D /var/lib/PostgreSQL/10/main -c
config_file=/etc/PostgreSQL/10/main/PostgreSQL.conf

3809 postgres: 10/main: checkpointer process

3810 postgres: 10/main: writer process

3811 postgres: 10/main: WAL writer process
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3812 postgres: 10/main: autovacuum launcher process
3813 postgres: 10/main: stats collector process
3814 postgres: 10/main: bgworker: logical replication launcher

3mech Mbl BUAVIM IJIaBHbBIV CepBEPHBI ITPOITeCC C ABYMSI TapamMmeTpaMu: -D 3aaer
Kimacrep 6a3 JaHHbIX, a -C — KOHGUTYpaUMOHHbI (aiii. Kpome Toro, mokasaHo He-
CKOJIbKO CJTY3KeGHBIX ITPOIIECCOB, B T. U. autovacuum ¥ COOPIIUK CTATUCTUKMA.
Haxonell, MOSKHO YCTaHOBUTD CEPBEP U KIIMEHT OHOI KOMaH/IOIi:

sudo apt-get install PostgreSQL-10 PostgreSQL-client-10

Baszoeas koHguzypauus cepsepa

Ina mocTyma K cepBepy HeoOXOOMMO ITOHMMAThb MEXaHWU3M ayTeHTU(UKAIUN
B PostgreSQL. B cucremax Ha 6a3e Linux K cepBepy MOXKHO MOIKITIOUUTHLCS Uyepes
UNIX-coket miu o nmporokony TCP/IP. Kpome Toro, PostgreSQL monmepskuBaet
MHOTO METOHOB ayTeHTU(hUKAINNA.

B mporiecce ycTaHOBKM cepBepa CO34aeTCsl HOBbINM MO/Ib30BaTeb ONIePallMOHHOM
CUCTEMBI U IT0JIb30BaTeJb 6a3bI JAHHBIX C MUMEHEM postgres. DTOT II0JIb30BaTEIb MO-
SKeT MOAK/IIOUAThCS K CepBepy, MPUMEHSISI OMHOPAHTOBYIO ayTeHTU(MMKAINIO, KOTa
IUIST OCTYTIa K 6a3aM JaHHBIX VICIIOIb3YETCSI MMSI TI0JIb30BaTES B OMEePAIMOHHOM
cucreMe. OmHOpaHTOBAas ayTeHTUGUKAIMS TTOAIEPKUBAETCST TOMBKO MIJIS JIOKATh-
HbIX coenyiHeHnit — yuepe3 UNIX-cokeT — 1 TOIbKO B Linux.

AyTeHTHOUKAIMS KIVEHTA YIIPaBIsIeTcs] KOHOUTYpalOHHBIM ¢aiiiom pg_hba.
conf, rme pg — ab6peBuarypa PostgreSQL, hba o3HauaeT host-based authentication
(ayTenTmduKramms mo ysiam). YToO6bl HAlTK B HEM CTPOKM, OTHOCSIIIMECS K OIHO-
PaHTOBOI ayTeHTU(UKAIMM, BBITIOTHUTE KOMaHIY:
grep -v 'A#' [etc/PostgreSQL/10/main/pg_hba.conf|grep 'peer’
local all postgres peer
local replication all peer

[TepBas cTpoKa pesy/bTaTa 0O3HauvaeT, YTO MOIb30BaTeNlb postgres MoOKeT MOof-
KJTI0YaThCSI KO BceM 6asaM JaHHBIX uyepe3 Unix-cOKeT, MPUMEHSSI OMHOPAHTOBYIO
ayTeHTUdUKAIAIO.

YT06BI MOAKIIOUNTHCS K CepBepy 6a3bl JaHHBIX OT MMEHM IT0JIb30BaTeJIs postgres,
MbI JO/DKHBI CHAuasia BOWTU B OMEPAlMOHHYIO CUCTEMY KakK postgres, a 3aTe€M BbI-
3BaTh psql. B Linux 3To menaeTcs Tak:
$sudo -u postgres psql
psql (10.0)

Type "help" for help.

postgres=# SELECT version();
version

PostgreSQL 10.0 on x86_64-pc-linux-gnu, compiled by gcc (Ubuntu
5.4.0-6ubuntul~16.04.4) 5.4.0 20160609, 64-bit
(1 row)
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30ech Mbl MHTEPAKTUBHO BBIMOJHUAM KOMaHAy SELECT version (); ¥ MOMyuYman
B OTBeT cBefeHus 0 Bepcum PostgreSQL. Kak Buanm, ycraHoBneHa Bepcusi Post-
greSQL 10.0.

Ilo Bbixopa PostgreSQL 10 Homep Bepcuy cOCTOSUT M3 Tpex I dp. HoBble OCHOBHbIE
BepPCUM BBIXOIST IMIPMMEPHO Pa3 B TOM ¥ OOBIYHO COMPOBOKOAIOTCS CMEHOM BHYT-
peHHero ¢opmMarTa JaHHBIX. DTO 0O3HAYAET, YTO o6paTHAss COBMECTMMOCTb XpaHU-
MBIX JAHHBIX MeXAY OCHOBHBIMU BepCUSIMU He TapaHTuUpyeTcs. Homep ciienyroiiei
OCHOBHOI1 BepCUM MOTYYaeTCs U3 HoMepa MpeabIaylieil yBeJndeHeM MepBoil nian
BTOpOI¥ 1IbPbI Ha eaMHNUILY, Haripumep 9.5 1 9.6. TIpu epexoze K HOBOI TOTIOTHN-
TeJIbHOV BepCuu U3MeHsIeTCs TpeThs idpa HoMmepa, Hatipumep 9.6.1 1 9.6.2. B no-
MTOJTHUTEJIbHBIX BEPCHUSX TOTBKO MCIIPABIAIOTCS ook, HaunHas ¢ PostgreSQL 10
cXeMa HyMepaluy BepCuit M3MeHUIach: OCHOBHbIE BEPCUY OMPeNesIOTCs TOJIbKO
TepBBIM UMCIIOM, T. €. CJIeAYIOoIIas OCHOBHAsI Bepcust OymeT umeTh HoMep 11. Homepa
IOTIOJTHUTETbHBIX BepCUli ONIpefensiioTcs BTOPbIM unciaoM, Hanpumep 10.0 n 10.1.

YcranoBka PostgreSQOL B Windows

VYeranoButh PostgreSQL B Windows j1s1 HauMHAIONIMX Tpolie, 4eM B Linux. MoXXHO
CKauaTh ABOMYHBIN OucTpubyTuB PostgreSQL c caiita EnterpriseDB (https://www.
enterprisedb.com/downloads/postgres-PostgreSQL-downloads#windows). Macrep
YCTAHOBKM TPOBEJET [0 BCeM IlaraMm Mpolleaypbl, OH MOMPOCUT 3a4aTh MeCTOTIO-
JIO’KeHVe IBOVYHBIX (aiiyioB, KaacTepa 6a3 JaHHBIX, HOMep TIOPTa, TTapoJib MOTb30-
BaTess postgres U JIOKalb.

»] Setup = B

Select Components #

Select the components you want to install; dear the components you do not want toinstall. Click Next when
you are ready to continue.

PostgreSQL Server Click on a component to get a detailed description
pgAdmin 4

Stack Builder
Command Line Tools

InstallBuilder
< Back Mext = Cancel



https://www.enterprisedb.com/downloads/postgres-PostgreSQL-downloads#windows
https://www.enterprisedb.com/downloads/postgres-PostgreSQL-downloads#windows

64 <+ PostgreSQL B pencraun

YCTaHOBIIMK 3aITycKaeT MacTep MOCTPOeHMST KOMILIEKTa, KOTOPbIi MMO3BOJSIET
BbIOpaTh HeO6XOMMMbIe fpaiiBepsl PostgreSQL 1 MHOTHME OpyTe YTUIUTBI:

] Stack Builder 4.0.0 ﬂ

Flease select the applications you would like to install.

@ Crs .
=] Add-ons, tools and utilities

I~ EDEB Lenguage Pack vi0-2

I” pohgentv3.4.0-3

I” pgBouncer v1.7.2-2

Database Drivers

; I™ Npgsglv3.0.8-2 (v2.0.14.3-1 installed)
I pgIDBC v42.1.4-1 (v9.3-1100-1 installed)
™ psqlODBC {32 bit) v09.08.0410-1

I psqlODBC {64 bit) v09.06,0410-1

[+ Database Server

[+ Registraticnrequired and trial products
[ Replicatior Solutions W

B nmocnenuux Bepcusix Windows MCIionb30BaTh KIMEHT psql He OYeHb YIOOHO
13-3a OTCYTCTBMSI TAKMX BO3MOXKHOCTEN, KaK KOIMMpPOBaHMe, BCTaBKa U MU3MEHeHMe
pasmepa B KomaHze CMD.exe. Yacto B Windows paboTaloT ¢ KiimeHTOM pgAdmin. AJlb-
TepHATHBA — B3STh APYTYI0 KOMaHAHYIO 000JI0UKY, Harpumep PowerShell mim Ka-
KOV-HMOYab sMynsaTop Linux Tuma Cygwin 1 MobaXterm.

PostgreSQL B Windows ycraHaBaMBaeTcsl Kak ciayk6a. YToObI IMPOBEPUTH KOP-
PEKTHOCTb YCTAHOBKY, MepeiinuTe Ha BKIaaKy CIy>kObI B [lucrieTuepe 3amad.

KnueHtbl PostgreSQL

IMomymo PgAdmin III m psql, MHCTpyMeHTSI 15T PostgreSQL BbITYCKAlOT MHOTOYMC-
JIeHHble KOMIIaHUM. DT MHCTPYMEHTBI pelialoT pa3Hble 3afaui: aJiMUHUCTPUPO-
BaHMe 6a3bl JaHHbBIX, MOAEIMPOBaHMe, pa3paboTka, reHepaius oruetos, ETL 11 06-
paTHOe KOHCTpyMpoBaHue. B cocras camori PostgreSQL, momumo psql, BXOOUT elre
HECKOJIbKO KJIMEeHTCKUX CPeJCTB:
O o06epTkHU ctaHmapTHbIX SQL-KomaH Tia CREATE USER. OHM YIIPOIIAIOT aBTO-
MaTM3al[MI0 YacTo pelllaeMbIX 3ajay;
O pesepBHOe KommMpoBaHMe ¥ perutmkanusa — PostgreSQL nonpepxkuBaeT
dbusndeckoe 1 JOrMyecKoe pesepBHOe KOMMpoBaHue. dusmueckass pe3eps-
Hasl KOIIMSI — 9TO MTHOBEHHBIII CHUMOK (baiiioB 6a3bl JaHHbIX. OU3UUECKOe
pesepBHOE KOMMPOBaHME MOXKHO 00beIVHNUTD ¢ TpaHuisuyeit WAL-daiinos,
peasi30BaB TeM CaMbIM ITOTOKOBYI) peIUIMKAllMI0 WIM TOPSYMii pe3eps.
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o

Jlormueckast pe3epBHAasi KOUSI — 3TO BBITPY3Ka 06a3bl JaHHBIX B Bume SQL-
KoMaH/I. B oTiune ot Gpu3nueckoro KOMMpPOBaHMsI, TAKMM CIIOCO60M MOKHO
BBITPY3UTh U BOCCTAHOBUTD OHY 0a3y TaHHbIX, & HE BCE CPasy;

YTWJINTBI — B KOMIUIEKT ITOocTaBKy PostgreSQL BXOAUT HECKOIBKO YTUIIUT, 00-
JIervamumx n3pnedeHne MHGOpMaIMK 1 IMATHOCTUKY ITPO6IeM.

Coob6ectBo PostgreSQL cTpeMutcs K yHUbMKALMY MHTepdeiica KIMeHTOB, M0-
CKOJIBKY TaK MX TpOIlle M3y4yaThb M MCIOJIb30BaTh. Hampumep, napaMeTpsl coenu-
HeHMsI BO BCeX KJIMEeHTCKUX YTWINTAX 3aJal0TCs OAMHAKOBO. Hioke mepeunciieHbl
rapameTpsl coequHeHMs IJIs1 psql M BCeX OCTaJIbHbIX KineHTOB PostgreSQL:

o
o
o
o

-d: Ms1 6a3bl JAaHHBIX;

-h: ums wnu IP-agpec y3na;
-U: IM TTOJTb30BAaTeNIS ;

-p: HOMeD TopTa.

Kpome TOr0, 60/IBIIMHCTBO KIVEHTOB 3HAET O TIepeMeHHBIX OKPY>KeHMS, TTOIep-
SKMBaeMbIX OM6/1M0TeKO 1ibpg, B T. U. PGHOST, PGDATABASE 11 PGUSER. DTU epeMeHHbIe
MO>KHO MCITOIb30BaTh AJ151 3a[IlaHNSI TapaMeTPOB COeAVMHEHMS 10 YMOTYaHUIO.

Knuenm psql
KnmeHT psql mogmepskMBaeTCss COOOIIECTBOM U BXOIUT B TBOMYHBINA AUCTPUOYTUB
PostgreSQL. Y Hero MHOTO BIeYaT/ISIIOIINX BO3MOKHOCTEN, B TOM YUCIe:

)

o

psql momyckaet KoHGUrypupoBaHue. JTO U IIOBeJieH/ e Ha YPOBHE CeaHca,
Hanpumep commit 1 rollback, 1 mpuriaieHue, 1 Gaiabl UCTOPUM, U TasKe CO-
KpaimeHust komaug SQL;

MHTerpamms ¢ peJakTOpoOM M IIPOrpaMMmoili JucTaHusi. PesyibTat 3amnpo-
Ca MOXKHO [lepeHanpaBUTh B IPOrpaMMy JUCTaHUs, HampuMep less uau more.
Cam psql He COePXKUT BCTPOEHHOTO pelakTopa, HO MOKeT paboTaTh C BHeIl-
HuMU. Huke 1TOKasaHo, Kak UCII0Ib30BaTh PelakTop nano JJIs1 pefaKTUpOBa-
HUST QYHKITUN:

postgres=# \setenv PSQL_EDITOR /bin/nano
postgres=# \ef

aBTOo3aBeplleHNe U IOACKa3ka nmo cuHTakcucy SQL. psql nmognepsxusa-
eT aBTo3aBepiieHne MMeH 00beKTOB 6a3bl JaHHBIX. MOXKHO Takke 3aJjaBaTh
dbopMar BbrIBOZa pe3y/ibTaToB 3ampoca, Harpumep HTML mnu latex. Hampu-
Mep, TIPU UCIIOIb30BAHUY MeTaKOMaHb! \ef reHepupyeTcs TaKkoi MabI0H:
CREATE FUNCTION ( )

RETURNS

LANGUAGE

-- common options: IMMUTABLE STABLE STRICT SECURITY DEFINER
AS Sfunction$

Sfunction$
KIMEHT psql O4YeHb ymoOeH B CKPUIITaX OOOJOUKM, IJIST BBIOOPKM ITaHHBIX

u uzyuyeHus PostgreSQL. Huke mepeunciieHO HECKOIbKO 0COO@HHO UacTo MC-
IO/Ib3yeMbIX MeTaKOMaHf, psql:
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— \d+ [pattern]: BBIBOAUT Bcio MHOpMaImio o6 oTHoumeHnu. B PostgreSQL
TepMUHOM «OTHOIIIEeHNe» 0003HAUAIOTCs Tab/IMIIa, IpeAcTaBIeHue, ocie-
IOBaTe/IbHOCTD MJIM MHIEKC;

— \df+ [pattern]: onuchiBaeT PyHKIMIO;

— \z [pattern]: BBIBOOUT IIpaBa JOCTYIa K OTHOLLIEHUIO.

IJis mporpaMMMPOBaHMS Ha sI3bIKe 000JIOUKM B psql eCTh psif YIOOHBIX mapa-
METpOB:

O -A: He BBIPAaBHMBATbH BBIBO/I, IO YMOTYAHMIO BBIBOJ, BBIDOBHEH;
-q (quiet): He BHIBOOUTH IPUBETCTBEHHOE U MH(GOPMAIMOHHbIE COOOLIEHMS ;
-t: BBIBOAUTDH TOJBKO CAMU KOPTEXKU, 6€3 3ar0JIOBKOB;
-X: ITHOPUPOBATh KOHMUTYpAIIMOHHBIN daiti ~/.psqlrc;
-0: BBIBOAUTD pe3y/IbTaT 3allpoca B YKa3aHHbIN ¢aiis;
-F: 3amaeT pasgenuTenb nojeit. [Tonesen mis reHepainum CSV-gaiina, KOTo-
PbIii 3aTeM MOKHO MMITIOPTMPOBaTh B Excel;
PGOPTIONS: To3BOJIsSIeT 3a[aTh ITapaMeTpbl, epelaBaeMble CepBepy Ha dTare
BBITIOJIHEHMSI U OTIpeeIsiioliiie ero roBeieHne, HampumMep MpoCMOTP OOHUX
JIUIIIb UHIEKCOB WJIM TaliM-ayT KOMaH/Ibl.

Hirke mokasaH bash-CKpUIIT, BO3BpalllaONIMii KOJIMUECTBO OTKPBITHIX IOIKIIIO-
YeHMIL:
#!/bin/bash
connection_number="PGOPTIONS='--statement_timeout=0' psql -AgXt -c"SELECT
count(*) FROM pg_stat_activity""

©C 00000

PesynbraT KOMaHAbI psql -AgXt -d postgres -c "SELECT count(*) FROM pg_stat_activ-
ity" mpucBauBaeTcs epeMeHHo bash. PaccmoTpeHHbIe Bbillle TTapaMeTpbl -AgXt
03HAYaloT, UTO pe3y/lbTaT CIelyeT BBIBOAUTh 6€3 KaK0ii-I1M00 JOTOIHUTEIbHOM MH-
dbopmanyu B Buze:

$psql -AgqXt -c "SELECT count(*) FROM pg_stat_activity"
1

JTomomHUTeIbHbIEe HACTPOIIKU psql

Knnent psql morryckaeT mepcoHanmsanuio. B daiine .psqlrc MOKHO COXpaHUTh
TIpeAToYTeHMS TTOMb30BaTeIs, ONpenesollye JieAyolle aCleKThl:

QO BHeNIHMIT BUL;

O nmnoBegeHue;

Q cokpaileHMs KOMaHJ,

MO>KHO M3MEHUTD IIpUIameHne psql, moKa3as MHGOOPMAINIO M3 CTPOKM COemu-
HEeHNs, B T. 4. MUMSI cepBepa, UMs 6a3bl JaHHBIX, MMSI IT0Ib30BATe/Is ¥ HOMep IOpTa.
151 3ajaHMs OJIb30BATENbCKUX MPEANIOUTEHNIA CITYKaT mepemMeHHbie psql PROMPTL,
PROMPT2 m PROMPT3. [TepBast BBIBOAUTCS KaK MPUIJIAllleHVe K BBOLY HOBOI KOMAaH/IbI,
BTOpast — Korga TpebGyeTcs BBECTM MPONO/IKeHMe KOMaHAbl. B mpumepe Hike me-
MOHCTPUPYETCST MOAM(DUKAIS TPUIIANIEHNS ; I0 YMOTUAHUIO TIPY MOAKITIOUeHUN
K 6a3e IoKa3bIBAeTCS TOJIBKO MMS 3TOi 6a3bl.
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151 iprcBavBaHUs 3HAUEHMSI IepeMeHHOT psql CTy>KUT MeTakoMaHza \set. B maH-
HOM CiTy4yae rnmepeMeHHOI PROMPT1 MpucBOeHO 3HaueHue (%n@%M:%>) [%/]%R%#%x >. 3HAK
% — TIOACTAHOBOYHBIN MapKep. Huke moKa3aHbl pe3yabTaThbl MOICTAHOBKU:

postgres=# \set PROMPT1 '(%n@%M:%>) [%/]%R%#%x > '
(postgres@[local]:5432) [postgres]=# > BEGIN;

BEGIN

(postgres@[local]:5432) [postgres]=#* > SELECT 1;
2column?

(1 row)

(postgres@[local]:5432) [postgres]=#* > SELECT 1/0;
ERROR: division by zero

(postgres@[local]:5432) [postgres]=#! > ROLLBACK;
ROLLBACK

(postgres@[local]:5432) [postgres]=# > SELECT
postgres-# 1;

B aTOM mpuMepe UCII0Mb30BaHbl CJIAYIOINe CIelndUKaTOPbI:
%M: TosTHOE UMS y3J1a. B mpumepe oTo6paskaeTcs [local], moTOMY 4TO MbI IO
KITI04aInch uepes Linux-coker;
%>: HoMmep nopta PostgreSQL;
%n: UM TEKYIIIETro MM0JIb30BaTesIs 6a3bl JaHHbIX;
%/ : UMSI TeKyIieit 6a3bl JaHHBIX;
%R: 0GBIUYHO 3aMEHSIeTCSI 3HAKOM =, HO eC/TH 10 KaKO¥i-TO MPUUMHE CeaHc mpe-
pBaH, TO TIOZICTABJISIETCS 3HAK ! ;
%#: TI03BOJISIET OTJIMUMTD CYTIEePIIONb30BATENSI OT 0ObIYHOTO. 3HAK # 0603HaYa-
€T CYIepIiob30BaTelsl, 3HaK > — 0ObIYHOTO;
%x: COCTOSTHIME TPaH3aKIMK. 3HAK * 03HAUAET, YTO KOMaHIa HaXOAUTCS BHYT-
pu 610Ka TPaH3aKIIMMA, @ 3HAK ! — YTO B TPAH3aKI[MM MMPOK30IILIA OIMOKa.
O6paTuTe BHMMAaHMe, YTO KOMaHza SELECT 1 3amMcaHa B IByX CTPOYKAX U B Hava-
Jie BTOPO#1 HaIevuaTaHo mpuraiieHe PROMPT2. U emfe o6paTuTe BHMMaHMe Ha 3HAK
* 0603HAYAIOIINI1 6JIOK TPAH3aKIUN.
B psql MOKHO CO37aBaTh COKpAIleHMe YaCThIX 3aIIPOCOB, HATIPUMeED [I/ist KOMaH-
IIbI, KOTOPAst BHIBOAUT MH(MOPMAIINIO O BBITIOMHSIEMbIX B aHHBI/f MOMEHT KOMaH/1aX.
IIJ7Is1 9TOTO TOKE UCIO/Ib3YeTCs] MeTaKoMaHa \set, a 3HAaK : 03HAYaeT MOACTAHOBKY.

(@)

©C O 0000

postgres=# \set activity 'SELECT pid, query, backend_type, state FROM
pg_stat_activity';

postgres=# :activity;

pid | query | backend_type | state

3814 | | background worker |
3812 | | autovacuum launcher |
22827 | SELECT pid, query, backend_type, state FROM pg_stat_activity; |
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client backend | active
3810 | | background writer |
3809 | | checkpointer |
3811 | | WALwriter |

(6 rows)

psql TTO3BOJISIET HACTPOUTDH TTOBEJleHMe TpaH3aKIuii. [IJisl 3TOTO MpeayCMOTPEeHbI
Tpu nepemMeHHbIe: ON_ERROR_ROLLBACK , ON_ERROR_STOP 11 AUTOCOMMIT.

o

o

ON_ERROR_STOP: 110 YMO/ITYaHMIO psql MPOJO/IKAET BBIMIONHITh KOMaHbl AaXe
Moc/ie BO3HMKHOBEHMS OoumMOKN. VIHOTIa 3TO IM0sIe3HO, HAaIIpyMep MpPU BbI-
Tpy3Ke M BOCCTAHOBJIEHMM BCeii 6a3bl JAHHBIX, KOTIA HEKOTOPbIe OUIMOKM,
CKakeM, OTCYTCTBME paciIMpeHnit, MOKHO UTHOpMpoBaTh. Ho rpu pa3pabor-
Ke MPUIOKEHWIT UTHOPUPOBATh OIIMOKM HEb3sl, [I03TOMY PEKOMEH]IyeTCsI
MIPUCBOUTD 3TOI NIepeMeHHOJi 3HaueHKe on. ITa IepeMeHHas I0JIe3Ha B CO-
yeTaHUMU C nmapamerpamu -f, \i, \ir.

$ echo -e 'SELECT 1/0;\nSELECT 1;'>/tmp/test_rollback.sql
$ psql

psql (10.0)

Type "help" for help.

postgres=# \1 /tmp/test_rollback.sql

psql:/tmp/test_rollback.sql:1: ERROR: division by zero
?column?

(1 row)

postgres=# \set ON_ERROR_STOP on
postgres=# \i /tmp/test_rollback.sql
psql:/tmp/test_rollback.sql:1: ERROR: division by zero

ON_ERROR_ROLLBACK: eciu B 6jI0Ke TpaH3aKIMM BO3HMKAeT OIIMOKa, TO B 3a-
BUCHMOCTM OT 3HAUEHMsI 9TOV TMepeMeHHO MOXKeT MPOUCXOIUTh OTHO U3
Tpex. Eciv mepeMeHHast paBHa off, TO BCSI TpaH3aKIMsI OTKAThIBAETCS — 3TO
IoBeIeHMe 110 yMouaHuio. Ecin mepemMeHHast paBHa on, TO OII6Ka UTHOPU-
pyeTcs ¥ TpaH3aKLus IpoaoikaeTcss. HakoHelr, ecii oHa paBHA interactive,
TO OIIMOKM UTHOPUPYIOTCSI B MHTEPAKTMBHBIX CeaHcax, HO He TOrna, Korma
CKPUIIT uMTaeTcs u3 gaiina.

AUTOCOMMIT: SQL-KOMaH[Ibl, HEe BKIIOUEHHbIE SIBHO B TPAH3aKIIMOHHbIN OJIOK,
buKCUpPYIOTCS aBTOMaTU4eCK!. UTOObI CHM3UTDh BEPOSITHOCTh OIIMOKM Yei0-
BeKa, peKOMEHYeTCsT He BKIUATh 3TOT PEKMM.

BeixkmoueHne peskuma AUTOCOMMIT ITO1e3HO, IIOTOMY YTO OCTaBJISIET BO3MOKHOCTD
BBITIOJHUTD rollback ¥ OTMEHUTh HeXelaTelbHble M3MeHeHus. [Ipu pa3BepThiBa-
HUY YU MomuduKaiy 6a3bl JaHHBIX Ha JKMBO CUCTeMe PeKOMEHAYEeTCS Mpou3-
BOAUTD BCE MI3MEHEHUS B TPAH3aKI[MOHHOM OJIOKE U TOMOJTHUTEIbHO MOATOTOBUTD
CKPWUIIT OTKATa.

Haxkonen, merakomaHga \timing mokasbiBaeT BpeMs BBIIIOJIHEHUSI U YAaCTO UC-
MOJIb3YyeTCs AJISI Ipyboii OIEHKM IPOM3BOAMUTEIBHOCTU. A MeTakoMaHpa \pset
ympasisieT GopMaTUPOBaHMEM BbIBOA.
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Ymunumetr PostgreSQL

B koMmrutekT roctaBky PostgreSQL BXOIUT HECKOIBKO YTUITUAT, IBJITIONIMUXCST 06epT-
Kamu SQL-komaH 1. OHM ITO3BOJISIOT CO3/IaBaTh U YIAISITH Oa3bl JAHHbBIX, IIOh30Ba-
TeJieil U sI3bIKK. Tak, yTUanThI dropdb 1 createdb 06epThiBatoT KOMaH IbI DROP DATABASE
[ IF EXISTS ] v CREATE DATABASE COOTBETCTBEHHO.

Kpome Toro, PostgreSQL mpemocTaB/sieT CpefCcTBa IJisT 06CTYKMBAHUST CUCTEM-
HBbIX 00EKTOB, B T. U. clusterdb 1 reindexdb. YTuaura clusterdb o6epThiBaeT KOMaHIy
CLUSTER, KoTOpast pu3uuecky mepeyrnopsaounBaeT Tabauiry, coobpasysach ¢ mHGOP-
maiueli B HeKOTOpOM MHAeKkce. Tak MOKHO MOBBICUTDb TTPOU3BOAUTEILHOCTD UTe-
HMS 61aromapst IPOCTPaHCTBEHHO JIOKaJTbHOCTY CChUTOK. KitacTepumsanyst TabamIibl
YCKOpSIET BHIOOPKY JAHHBIX 3 COCETHNX GIOKOB U ITOTOMY YMEHbIIIaeT HaK/IaJHbIe
pacxonpl Ha TOCTYI K OUCKY.

Vrunura reindexdb o6eproiBaeT SQL-komMaHAy reindex. It mepecTpauBaHus UH-
JleKca eCTb HeCKOJIbKO IIPUYMH, B T. U. IIOBpeXIeHMe (Ha IIPAKTUKE CIydaeTcsl peaKo)
¥ pa3pacTaHue BCIeCTBME MHOTOUMCIEHHBIX Ollepalii BCTaBKU U yaaJIeHUS.

[TomMmuMo Bcero BbillieniepeuncieHHOro, PostgreSQL nipemocrasiisier ciienyroiine
CcpencrBa:

O ¢usnueckoe pesepBHOE KonmmMpoBaHue. Vcronb3yeTcs s KOMMPOBAHMS
(aitoB 6a3bl JAHHBIX ITYTEM CO3JAaHMSI MTHOBEHHOTO CHMMKA OVCKA. DTO
OU€eHb OBICTPBIIT CIIOCO6, HO CO3TAHHYIO TAKUMM 00pPa3oM pe3epBHYI0 KOIMUIO
MO>XHO BOCCTaHOBUTD TOJIBKO B COBMeCTUMYIO Bepcuio PostgreSQL. 11 aT0iA
LIeJIV CITYKUT TIporpamMmMma pg_basebackup. OHa yacTo mpuUMeHsieTcs 17151 TepBo-
HaYaJIbHOM HACTPOMKU MOTOKOBOW perinKalyy, OCKOJIbKY BEIOMBIN y3es
IOJKEeH OBITh KOITMe BelyIlero;

O Jnornueckoe pes3epBHOe KONMMPOBaHMe. VICMOMb3yeTcs Ojis1 KOMMPOBAHUS
06beKTOB 6a3bl JaHHBIX B Bume SQL-koMaH[: CREATE TABLE, CREATE VIEW, COPY
" T. TI. TaKylo KOTIMI0O MOXXHO BOCCTAaHOBUTD B IPYTYyI0 Bepcuio PostgreSQL, HO
9TO MeJJIeHHbIN C11oco6. JI71s1 BBITPY3KM OIHOI 6a3bl MJIM BCEro KaacTepa Ciy-
SKaT YTUIUTBI pg_dump U pg_dumpall COOTBETCTBEHHO. YTUIUTY pg_dump MOXKHO
TaKkKe MCI0JIb30BaTh [JIS1 BBITPY3KU OJHOTO MJIM HECKOJbKMX OTHOIIEHUIA,
BO3MOXHO, CO CXeMOIi. Y Hee eCTb MHOI'O ITapaMeTpPOB, HallpUMep BbITPYXKaTb
TOJIBKO CXEMY WMJIM TOJIbKO TaHHbIe. YTuanuTa pg_dumpall BBI3bIBAET pg_dump, UTO-
ObI BBITPY3UTh BCe 6a3bl JaHHBIX B KiaacTepe. HakoHelr, pg_restore BOCCTaHaB-
JVBaeT JaHHble 13 (aitaoB, CO3JaHHBIX C TTIOMOIIIbIO pg_dump Mu pg_dumpall.

pg_dump He Bk/toYaeT B davn KoMaHay CREATE DATABASE. DTO 3HAuMT, YTO MOXHO BbIrpy3uTb

° 6a3y customer v 3arpy3uTtb AaHHble B 6a3y client. Ho ecnun y Bac 6binm ocobble npusunernm
npu paboTte co cTapor 6a3oi, Hanpumep CONNECT, TO MX HY>KHO ByaeT nepeHecT 1 Ha HOBYH.
PEe3ioME

PostgreSQL - 06BbEKTHO-OPMEHTMPOBAHHAS PeISIIMOHHAS CUCTEeMa YIIpaBJIeHUs
6a3aMM JaHHBIX C OTKPBITHIM MCXOOHBIM Komom. OHa COBMECTMMa CO CTaHIApTOM
ANSI SQL u nonmep>kuBaeT MHOTO IOTIOJIHUTEIbHBIX BO3MOXKHOCTeIA. JIo3yHT Post-
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greSQL - camas nepedosas 6a3a OaHHbIX C OMKPLIMBIM UCXOOHBIM KOOOM — OTpaskaeT
ee TeXHMYeCKoe COBEPIIeHCTBO. JTO pe3yJbTaT MHOTUX JIeT UCCIef0BaHNI, TIPOBO-
IVMMbBIX COBMECTHO aKaJeMUYeCcKMM COOOIEeCTBOM M MPOMBIIIIEHHOCThI0. CTapTa-
ITbI YacTO BeIOGMpaloT PostgreSQL 3a mmubepasbHbIe YCIOBUS IULIEH3UPOBAHMS U BbI-
TOIHYIO 6M3HeC-MOJeb.

MHorme paspaboTuMKM TaKKe OTHAlOT mpemrnouTeHue PostgreSQL, 1eHsT ee
BO3MOYHOCTU U mpeumytiectBa. PostgreSQL npurogna kak ajsi OLTP, tak u mjis
OLAP-nipunoskenuii. OHa TTOMHOCTBIO TToAAepskuBaeT cBoiictBa ACID, mosTomMy Ajist
pa6otbl B OLTP-nipuiokeHUsIX HUUero 60Jbiie He TpedyeTcs. Uto kacaetcss OLAP-
npwioxkeHuit, PostgreSQL moaiepskBaeT OKOHHbIe (QYHKIINM, alaniTepbl BHEITHUX
IAHHBIX ¥ HacaemoBaHue Tabmuil. CyIecTBYIOT TaKske MHOTOUMCIEHHbIE CTOPOH-
Hue pacumpeHusi. PostgreSQL neXXuT B 0CHOBe HeCKOIbKUX KomMmepueckux CYB]I.
Kpome Toro, cymiecTByeT HeCKOJIbKO OTBETBIEHUI C OTKPBITBIM MCXOJHBIM KOAOM,
B KOTOpbIE J06aBIeHbl HOBbIE BO3SMOKHOCTM U T€XHOIOTUM, HaripuMep MPP 1 Ma-
pReduce.

PostgreSQL pacronaraet Xopouio OpraHM30BaHHbIM ¥ aKTMBHBIM COOOIIECTBOM
oJIb30BaTeJielt, pa3paboTUMKOB, KOMIIaHMI1 1 accoimatyit. CoobIecTBo oboralia-
et PostgreSQL exxemHeBHO; MHOTMe KOMIIAHMM BHOCSIT CBOM Bkjaj B PostgreSQL,
yGJIMKYS CTaThU, AEJISICh TTePeqOBbIM OITBITOM, HalIPaBJIss pa3paboTuMKaM 3aIpo-
ChbI Ha HOBYIO QYHKIIMOHAIBLHOCTb, peijiarasi CBOM HapaboTKy U pa3pabaThiBast HO-
Bble MHCTPYMEHTBI U MPUJIOKEHUS.

[TepBblit ombIT paboThl ¢ PostgreSQL mpoTekaeT jierko U 6e3060e3HEeHHO, IS
YCTAHOBKM TOCTATOYHO HECKOJIBKUX MUHYT. B KommiekT rnmoctaBku PostgreSQL Bxo-
IUT MHOTO KIMEHTCKUX MHCTPYMEHTOB [IJisI B3aMMOJMAEICTBUSI C TMOIb30BaTeNIeM.
Vrunura psql mpenjaraet yno6Hble MeTakoMaHbI \h, \?, \timing</kbd>, \pset u me-
XaHM3M aBTO3aBepIIeHMs, YTO ITOMOoraeT paboTaThb GbICTpee.

B ciiemyroneii riiaBe Mbl TO3HAKOMMMCSI C OCHOBHBIMY CTPOUTEIbHBIMM GIIOKaMM
PostgreSQL. MbI Takke CO3JaaMM MePBYIO 6a3y JaHHBIX ¥ MOpaboTaeM C TaKUMU
KOMaHAaMM sI3bIKa OTIpee/IeHNs TaHHbIX, Kak CREATE TABLE 1 CREATE VIEW. Tam ke 6y-
IOyT TaHbl peKOMEHIAIMM O CTUjIe KogupoBauus Ha SQL u mpuBeneH o611t 0630p
B3aMMOJeliCTBUS KOMIIOHEHTOB.
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OCHOBHbIe CTpOUTENbHbIE
6noku PostgreSOL

B aT0i1 rMaBe MbI co3manuMm 6a3y JAHHBIX M TTO3HAKOMMUMCS C OCHOBHBIMU CTPOU-

TenbHbIMU Os1oKamy PostgreSQL. KoHilernTyanbHast MOZEIb CaiiTa TOProB/IY aBTOMO-

6uaMu, IpecTaBieHHas B IiaBe 1, 6ymeT mpeo6pa3oBaHa B GU3MUECKYI0 MOJENb.

Kpome Toro, Mbl KpaTko 0OCYAMM HEKOTOpbIE IMPUEMbI MOAEIUPOBAHMS JAHHbIX,

B YAaCTHOCTM CyppoTraTHbIe KU, M JaAuM Psif peKoMeHAalii o KogupoOBaHMIO.
Takske MbI paCCMOTPUM MePapXMI0 00bEKTOB 6a3bl JaHHBIX B PostgreSQL. 3To 1o-

MOSKET HaM JIyYIlle TTIOHSITh, KAK KOHOUTYPUPOBATh M ONITUMM3MPOBATh KiacTep 6a3

JIaHHBIX. MbI TOAPOOHO paccKaskeM O MIAGJIOHHBIX U MTOMb30BATEIbCKMUX Oa3ax TaH-

HBIX, OJISIX, TAOJIMYHBIX ITPOCTPAHCTBAX, CXeMaX, KOHOUTYypaIlMOHHBIX ITapaMeTpax

u Tabnuiax. Bot mepeueHb TeM 3TO ITIaBbI:

Ko#ypoBaHue 6a3bl JaHHBIX;

mepapxusi 06beKToB B PostgreSQL;

KOMITOHEHTHI 6a3bl TaHHbIX PostgreSQL;

6a3a JAaHHBIX IJIS caiiTa TOPTOBJIM aBTOMOOWIISIMMA.

0000

KoanPOBAHME BA3bl AAHHbIX

K xomupoBaHuio 6asbl JAaHHBIX MMPUMEHMMBI BCE TIPUHIUIIBI ITPOrPAMMHON WH-
SKeHepui. BaskHo, YTOObI KOf, ObLT UMCTBIM, a LIMK/IbI pa3paboTKu — ObICTPHIMMU.
B sTOM pasmene MbI pacCMOTPMM coTJIallieHre 06 MMeHOBaHMM, TOKYMEHTHPOBa-
HIMe ¥ yIIpaBJieHye Bepcusamu. Eciu Bce 3TO BaM 3HAKOMO, TO MOKETe TTPOITYyCTUTD
IaHHBIN pasmern.

CornaweHue 06 MMeHOBaHMU 06BEKTOB 6a3bl AAHHbIX

CornaiieHyie 06 ¥MMEHOBAHUM TOBOPUT O TOM, KaK MO/DKHBI BbIOMPAThCS MMeEHA.
B xopolux uMeHax MpOCIekMBAETCS 3aKOHOMEPHOCTb, [TOMOTA0IIast pa3paboTun-
Ky IIpeaCcKa3bIBaTh, KAK Ha3bIBAETCS TOT UM MHOM 00bEKT. B opranusanym momkeH
OBITb IIPUHST CTAaHAAPT MMeHOBaHMs. O TOM, KaK Ha3bIBaTh 0ObEKThI 6a3bl JaHHbIX,
MHOTO CITopsiT. Harpumep, KTO-To mpeamnounTaeT cyGOuKCh Uy IpeduKChl, YTOOBI
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110 UMEHM MOKHO ObUIO CHe/aTh BBHIBOM, O TUIle 06beKTa. Tak, [JisT TabauIl MOKHO
BBIOpATh cyhdukce tbl, a st mpeacTaBieHnit — cyhdOUKC vw.

[pu BeIGOPE MMEH 151 06eKTOB 6a3bl JaHHBIX CIeIyeT OTAaBaTh MPeaNoUTeH e
omnucaTelIbHBIM MMEeHaM, 10 BO3MOKHOCTM M36erasi akpOHMMOB ¥ ab0peBHUaTyp.
Kpome Toro, iayuiire, 4T06bI MMSI OBIJIO B €IMHCTBEHHOM YMCJIe, IIOCKOJIbKY TabIMUIIa
YacTo OTOOPAKAeTCS Ha CYITHOCTb B SI3bIKE IMPOTPAMMMUPOBAHMST BHICOKOTO YPOB-
Hsl, TaK YTO, BBIOMpAst MMSI B €IMHCTBEHHOM 4Mc/ie, Mbl YHUGUIIVIPYEM MMeHa Ha
ypOBHe 6a3bl JaHHbBIX ¥ HAa YPOBHE OM3HEC-TOTUKY. K TOMY ke e IMHCTBEHHOEe YMC/IO
VIIPOIIAeT 3aJaHye KapAMHAIbHOCTY B CBSI3SIX MEXKIY TabIMIIaMMU.

B Mupe 6a3 JaHHBIX B COCTABHbBIX MMEHAX JIJIsI pa3/ie/ieHys CJIOB OOBIYHO YIIOTPeO-
JISIeTCSI IOIUepKMBaHMe, a He BepOitiokbst HoTauust (CamelCase), 4To coracyeTcst co
craugapTom ANSI SQL B uacTy 3aKaBbIYMBAHMS UAEHTU(GUKATOPOB U UyBCTBUTETb-
HOCTU K peructpy — B ANSI SQL He 3aKIi0ueHHbIEe B KaBbIUKM MAEHTU(HUKATOPDI
HEeUYyBCTBUTEIbHBI K PETUCTPY.

Boobiiie roBopsi, pa3paboTunK caM pelraeT, Kak BbI6MpaTh MMeHa MPYMEeHUTEe b-
HO K cuTyauyu. Ho eciu BbI paboTaeTe ¢ yske CYIIeCTBYIOIIMM ITPOEKTOM, He TIpy-
JIyMbIBaliTe HOBBIX COIJIAIIIEHNIT, He 0OCYIMUB UX C UJIeHAMM KOMaH/Ibl. B 3T0i1 KHUTE
MbI OyeM IT0JIb30BAThCS CJIEAYIOMIVIMM COTTIAIIEHUSIMU ;

MMeHa TabIuIl U IpeCTaBaeHNi He UMeIoT CYh(PUKCOB;

MMeHa 060beKTOB 6a3bl JAHHBIX YHUKAIbHBI B ITpeenax OgHO 6assl;
UIeHTU(GUKATOPDI 3aTIMCHIBAIOTCS B €IMHCTBEHHOM UMC/Ie, 3TO OTHOCUTCS
K MMeHaM TaOJInIl, TpeICTaBAeHNU U CTONIOIIOB;

CJIOBA B COCTaBHBIX MMeEHAaX pa3esisioTcsl 3HakaMy ITOAUepPKUBAHMS ;

MM TIEPBUYHOTO KITF0Ua 06pasyeTcst U3 MMeHU Tabmuilel 1 cybdukca id;
BHEIIIHMI1 KJII0Y HAa3bIBAETCS TaK >Ke, KaK COOTBETCTBYIOIINI TMEePBUYHBIN
KJTIOU B CBSI3aHHO¥ Tab/IIE;

TPV BIGOPE MMEH MePBUYHbBIX KITIOUei, BHEIITHMUX KITIOUeii U Ioc/ieqoBaTeb-
HOCTE} He UCIONb3YITCS KiatoueBble ¢ioBa SQL. COMCOK KIIIOUEBBIX CI0B
MOXXHO HaiiTu B moKymeHTauyuu PostgreSQL Ha cTpaHuie https://www.post-
gresql.org/docs/current/static/sql-keywords-appendix.html.

© 000 000

UpeHntudukatopnbl B PostgreSQL

InvHa nmeHnu o6bekTa B PostgreSQL He mosskHA MpeBbIATh 63 CUMBOIOB; Post-
greSQL cnenyer nipaBmiiam ANSI SQL, kacaromymcst 4yBCTBUTEBHOCTU K PETUCTPY.
Ecmu BaM Gosbllle HPAaBUTCSI BEPOJTIOXKbSI HOTAIMS, 3aK/I0UaiiTe MMeHa 0O0beKTOB
B IBOJIHBIE KaBbIuKM. Ha nMeHa naeHTHGMKaTOpOB B PostgreSQL HaymaraioTcs cie-
IyIoIie OTpaHUYeHMsI :
1) umsa upeHTHdMKaTOpa NOMKHO HAUMHATHCS 3HAKOM MOTUYEPKMUBAHUST WU
6yKBOi1. [TOomycKaIoTCst GYKBbI JIATUHUILIBI U IPYTUX a7I(aBUTOB;
2) uMs ugeHTUdUKATOpa MOKET CoepsKaTh 6yKBbI, MG PHI, 3HAK MTOTYEPKIUBA-
HMSI M 3HAK Jojuiapa. B 1esix coBMeCTMMOCTHM 3HaK AoJilapa UCI0/b30BaTh
He peKOMeHyeTCsI;
3) MuHMMAaNbHAsI JjMHa uAeHTMdMUKaTtopa — 1 CUMBOJ, MakCMMajabHasT —
63 cuMBoOIIa.


https://www.postgresql.org/docs/current/static/sql-keywords-appendix.html
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Kpome Toro, He peKOMeHIyeTCsI MCII0/Ib30BaTh K/IoueBbie ¢ioBa SQL B KauecTBe
VIMeH TaoJIuLI.

[JokymeHTauums

JJOKyMeHTanus BaskHa Kak pa3paboTuMKaM, TaK U BIaAeIblaM MPeIImpUsITUii,
YTOOBI MIOHMMATh KAPTUHY B LIeJIOM. [[OKYMEHTHPOBATbH CJIeyeT CXEMY, 0ObEKThI
6a3bl JAHHBIX U KO[I. [Tos1e3HbI TaKKe AMarpaMMbl CYIIHOCTb-CBSI3b U AMarpaM-
Mbl KiaccoB. [Iporpamm nnis cospanus guarpamm — UML u CyIHOCTb-CBA3b —
MoJAHO. MOKHO, HAIIpUMep, UCI0JIb30BaTh Takue rpaduueckue pefakTophl, Kak
yEd, unu oHnaiiHOBBIM MHCTpYyMeHT draw.io. CyIecTByeT Tak)ke MHOTO KOMMep-
yeckux nporpammMm UML-mopenpoBaHus, NOAAe P>KUBAOIINX PeBEPC-UHKUHN -
PMHT.

IloKyMeHTalMsl KoJia IIoMOoTraeT pa3o6paThcs B CIOKHBIX SQL-KomMaHax. B Post-
greSQL omHOCTpOUHbIE KOMMEHTAPUY HAUMHAIOTCS IBYMSI feducamiu (--), a MHOTO-
CTPOYHBIE 3aK/TIOUAIOTCSI MeKAY /* 1 */. OMHOCTPOUYHBI/ i KOMMEHTapWil HAUMHAETCS
C -- ¥ TIPOA0JIKAETCSI A0 KOHIIA CTPOKMU, TTIO3TOMY €r0 MOYKHO MCIIO/Ib30BaTh B OfI-
HO1 CTpOKe ¢ KomoM. HakoHell, orcaHne 06beKTa 6a3bl JAHHBIX MOKHO COXPAHUTH
BMeCTe ¢ HUM B 6a3e ¢ TOMOIIbI0 KOMaH IbI COMMENT ON.

Cucrema ynpasneHus BepcuamMu

Kopn mmeeT cMbICIT XpaHUTD B CUCTeMe yrpaBiaeHus: Bepcusmu tuna Git miam SVN.
SQL-kop syuiie oopMISITH B BUIE CKPUIITA M WCIIOJNHSITH B KOHTEKCTE OFHOV
TpaH3akuyu. IIpy TakoM momaxoje OymeT IMpOoIle BOCCTAHOBUTD JAaHHBIE B CJIydae
OIIMOKIN.

V 06beKTOB 6a3bl JAHHBIX Pa3HbIe CBOVICTBA: OJHU SIBJISTIOTCSI YACThHIO CXEMBI, IPY-
rvie YIIpaBJsioT AOCTYyoM. Huske Mbl TipenjiaraemM, Kak Jyullle OPraHM30BaTh KOJ,
6a3bI JAHHBIX, YTOOBI 06ECEUNTDb pas3aeleHne 00SI3aHHOCTeI.

Iyia Kakmoit 6a3bl mJaHHBIX B Kiactepe PostgreSQL saBeayuTe DDL-cKpUnT mjist
00BEKTOB, SIBJISIOIINMXCST YaCThI0 CXeMbl, ¥ DML-CKPUIIT, KOTOPBIi 3aIoaHSIeT Tab-
JIULBI CTATUYECKMMM OaHHBIMU. COCTOSIHME OOGBEKTa CXeMbI OIpedesiseTcsl ero
CTPYKTYPOI M XPaHSIIVMMMCS B HEM JAaHHBIMM; YTOOBI 3aHOBO CO3JaTh OOBEKT, €T0
HY’KHO CHauaja yoalnTh. BlipoueMm, CTPyKTypa 06beKTa CXeMbl M3MEHSIeTCST Hevac-
T0. OmHAKO ecu Bee ke TpebyeTcs pedakKTOPUHT TaKMX 06BEKTOB, KaK TabJIUIIbI, TO
BO3HMKaeT HeOOXOIMMOCTh B IlepeHoce AaHHbIX. Kopoue roBops, 1151 M3MEHEeHMUSI
CXeMbl HY>KHO IpeZiBapuTeIbHOe TIJIaHMpOBaHue.

DDL-cKpUITHI OJjIs1 CO3LAaHMUST 0OBEKTOB, He SIBJISIIOIIMXCSI YacThi0 (PU3UUECKOIi
CXeMbl, HaIIpMMep TpeicTaBlIeHN U PyHKINI, XpaHUTe OTae/bHO. [Ipy 3ToM orpe-
JleJIeHusI TIpeICTaBIeHN ¥ QYHKLMIT XpaHUTe BMeCTe, YTOObI ObIIO TTPOIIe TPOuU3-
BOAUTH peaKTOPVHI.

DCL-CKPUIIT CTOUT BBIIEIUTDb. DTO ITO3BOJIUT Pa3fenTh 6e30ITacHOCTb U (PyHK-
LIMOHaIbHbIe TpeboBaHMs K 6a3e JaHHBIX, TAK UTO Pa3pabOTUMKU 1 afMUHUCTPATO-
PbI CMOTYT paboTaTh, He Mellast APyT APYTY.
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Cpe.D,CTBO MUrpaumu 6a3bl AAHHbIX

CyliecTByeT BO3MOKHOCTbh MHTEIPUPOBATH CPEICTBO MUTPAIMii 6a3bl JaHHbIX, Ha-
npumep Flywaydb (https://flywaydb.org), ¢ Git. 9To MO3BOJISIET HACTPOUTDb HeEIlpe-
PBIBHYIO MHTErpaluio, a KpOMe TOTro, afMUHUCTPATOp GYIeT BUIETb, UTO MPOUC-
XOOUT € 6a30it JaHHbIX.

MEepPAPXMS 0BbEKTOB B POSTGRESQL

Ij11 TOHMMaHMSI OTHOIIEHWT ¥ B3aMMOZIECTBUIT MeKIy 0O0beKTaMM HY;KHO Pa30-
6paThCs, KaK OPTaHM30BaHbI IOTMUYECKIie 00beKThI B 6a3e faHHbIX PostgreSQL. Basbl
IAHHBIX, POJIU, TAOIMYHbIE TTPOCTPAHCTBA, HACTPOIMKY U MPOLIeIypHbIE SI3bIKM Ha-
XOMSTCSI HAa OJHOM YPOBHE MepapXui, Kak IMOKa3aHo Ha PUCYHKe HIKe.

CepBep PostgreSQL
12 ¥ v ¥ ¥ v
- =
S Rl S n LLIabnoHHble
Y Ry R aw ok =
m o m v k ?“- = npouenyp-
Y Hble A3bIKM
LLlabnoHHble Ba3bl IaHHbIX - TabnnyHble
6a3bl AAHHbIX A Ponu NpOCTpPaHCTBa HacTpoiiku

LLa6noHHblIe 6a3bl AAHHbIX

ITo ymonuaHuio HOBast 6a3a JaHHbBIX CO3aeTCsT KaK KJIOH I1abIoHHOI 6a3bl JaH-
HbIX templatel. B ma6yoHHOIT 6a3e HaXOOsATCS TabaUIIbI, TPEACTaBIeHNUS U PYHK-
MY, HeoOXOomyMble IJIST MOIENMPOBAaHMS OTHOUIEHUII MEeXKAY IT0JIb30BaTeNlb-
CKMMMU 00beKTaMy 6a3bl JAHHBIX. Bce OHM SIBJISIOTCS YaCThIO CMCTEMHO CXeMbI
pg_catalog.

o Mo cBoeli cyTn cxema 6/1M3Ka K NOHSATUIO MPOCTPAHCTBA UMEH B 06bEKTHO-OPUEHTUPOBAHHbIX
a3bikax. OHa Mcnonb3yeTcs ANs opraHM3aummn o6bekToB 6asbl AaHHbIX, PYHKLMOHANBHOCTH,
npaB AOCTYNa, a TAKXKe A8 YCTPAHEHUS KOHDIMKTOB MMEH.

B PostgreSQL ecTh ABe 1m1a6oHHbIe 6a3bI JaHHbBIX:

O templatel: 6a3a JaHHBIX, KJIOHMPYEMasl 110 YMOT4aHMI0. Ee MOKHO Mommdu-
LIMPOBaTh, TOTA U3MEHEHUST OYAYT OTpaskeHbl BO BCEX BHOBb CO3aBaeMbIX
6a3ax. Hampumep, eciau Bbl coGMpaeTech UCIOAb30BaTh BO Bcex Gaszax He-
KOTOpOE paciiipeHue, TO YCTAaHOBUTe ero B 6a3y templatel. Pasymeercsi, 3TO
paciiMpeHye He TTOSIBUTCS B YK€ CYIIeCTBYIOIINX 6a3ax, HO OyIeT BKIIOUEHO
BO Bce 6a3bl, CO3JaHHbIe BIIOC/IeICTBUM.

O template0: momonmHUTENbHAS 6a3a JAHHBIX, Y KOTOPOJ HECKOJIbKO 3a/1a4:

— eqtn templatel MoBpeXxaeHa, TO template® MOXKHO MCITO/Ib30BaTh JIJISI €€ pe-
MOHTA;


https://flywaydb.org
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— OHa TaKke IMOJe3Ha MPU BOCCTAHOBJIEHUU U3 Pe3epBHOI KOmuu. Beirpy-
>KeHHast 6a3a JaHHbBIX COIEPsKUT, B YaCTHOCTH, Bce paciuupenust. Ecm pac-
1IMpeHNe YCTAaHOBJIEHO B templatel, TO pU MOMBITKE BOCCTAHOBUTD KOIUIO
B 6asy, CO3JaHHYIO 10 STOMY IIa6I0HY, BOSHMKHET KOHMIMKT. A eciu me-
pen BOCCTaHOBJIEHMEM CO3JaTh 06a3y Mo IabaoHy templated, To KOHMIMK-
TOB He 6ymeT. Kpome Toro, template0, B oT/iume ot templatel, He COTEPKUT
IaHHbIX, 3aBUCSIIIMX OT KOOVPOBKM WU JIOKAJIN.

MOXHO Takxke co3aaTb 6a3y, yka3as B Ka4yecTse LWabnoHa Nonb30BaTenbCkyto 6a3y AaHHbIX. ITO
YAO6HO AN TeCTUPOBAHMS, peakTOPUHTa, NaHUPOBAHWS Pa3BEPTbIBAHUS U APYrUX LENew.

Monb3oBaTenbckue 6a3bl AAHHDbIX

B onmHOM KiacTepe 6a3 JAaHHBIX MOXKHO CO3/1aTh CKOIBKO YyTOMHO 6a3. [Tpn moaxiio-
yeHMU K cepBepy PostgreSQL oTKpbIBaeTCS TOMHKO OHA 06a3a, yKka3aHHas B CTPOKe
coenviHeHMs. [I03TOMYy 06PATUTDHCS K JTaHHBIM M3 IPYTOii 6a3bl HEJTb3SI, €CJIV TOTTbKO
He UCIIONIb3YeTCs afanTep BHEIIHUX JaHHbIX UM paciuupenue dblink.

V kaxkmoit 6a3bl JaHHBIX B KJIaCTepe MMEIOTCS BJIaJieel] ¥ aCCOIIMUPOBAaHHbIE C Helt
paspelieHus 4151 KOHTPOJS AEeCTBUI, pa3pelleHHbIX OIpeaeeHHo ponu. Paspe-
IIeHMsT IS JOCTYTIa K 06beKkTaM PostgreSQL — 6a3aM JaHHbBIX, TAGIMIIaM, TpeaCcTaB-
JIEHUSIM ¥ TTOC/IEI0BATENIbHOCTSIM — B psql ITPEICTABIISIOTCS CIeIYIONMM 06pa3soM:

<user>=<privileges>/granted by

Ecnut yacte user OTCYyTCTBYeT, 3HAUUT, pa3pelleHns] MpefoCTaBlIeHbl Clielnyanb-
HOI1 ponu PUBLIC.

B psql o711 Tepeunciiennst Bcex 6a3 TaHHBIX B KJIacTepe BMECTe C aTpubyTamu CIry-
SKUT MeTakoMaHga \1:

postgres=# \1
List of databases

Name | Owner | Encoding | Collate | Ctype | Access privileges
------------ T S LT T e LT TR
car_portal | car_portal_app | UTF8 | en_US.UTF-8 | en_US.UTF-8
postgres | postgres | UTF8 | en_US.UTF-8 | en_US.UTF-8
template® | postgres | UTF8 | en_US.UTF-8 | en_US.UTF-8 | =c/postgres +
| | | | | postgres=CTc/postgres
templatel | postgres | UTF8 | en_US.UTF-8 | en_US.UTF-8 | =c/postgres +

| || | | postgres=CTc/postgres

Ilyis 6a3bI JAHHBIX OIPEIeNIeHbI CAeMYIOII/e pa3pelleHns:

O co3panmue (-C): MO3BOJISIET CO3aBaTh HOBbIE CXeMbI B 6a3e JaHHbIX;

O mnoaxIoUYeHue (-c): IPOBEPSIeTCS IIPY TOTBITKE MOAKIIOUEHNS K 6a3e;

O BpemeHHBbIE (-T): MIO3BOJISIOT CO3/TaBATh BpeMeHHbIe TabmuIbl. OHU ITOXOXKU
Ha OObIYHbIE, HO YHMUTOKAIOTCS TIOC/Ie 3aBepIileHusl ceaHca paboThI C cep-
BEPOM.

B nipempimyiiieM mpuMepe 6ase JaHHBIX He 6bUIM Ha3HAUeHbI paspelieHys sIBHO.

OTmeTuMm, UTo posu public IO YMOMUAHMIO pa3pelieHo MOAKIIYAThCS K 6a3e maH-
HbIX templatel.
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PostgreSQL mommepskuBaeT MMUPOKUIT Ha60p KOAMPOBOK TEKCTA — KaK OJHOOaii-
ToBbIX (SQL_ASCII), Tak 1 MHOr0o6aiiToBbiX (UTF-8). [ToHbIi TepeueHb BceX KOay-
POBOK MMeeTcCsl Ha cTpaHuue http://www.postgresql.org/docs/current/static/multib-
yte.html.

MiMeeTcs TakKe s OPYTUX aTPUOYTOB AJIsI pasHbIX 1IeJIeil.

O O6cay:kuBaHMe: aTpuOyT datfrozenxid MO3BOJISIET Y3HATD, ITOPA JIU Y3KE OUM-

maTh 6a3y JaHHBIX.
O YVYmpasineHue xpaHeHUeM: aTpuOYT dattablespace ompemesnseT TaGIUUHOE
MIPOCTPAHCTBO 6a3bl JAHHBIX.

O TIMapammenusm: aTpubyT datconnlimit 3amaeT YMCI0 JOMYCTUMBIX TOIKITIOUE-
HUIi (-1 03HAUaeT, YTO OTPAaHMUUEHUST HET).

O 3ammura: aTtpubyT datallowconn sampelraeT MOAKIIOUEHME K 6a3e MTaHHBIX.
B OCHOBHOM OH MCITO/Ib3YETCSI, YUTOOBI 3aIIUTUTH 6a3y template® OT M3MEHEHMS.

MeTakomaHza psql \c OTKpbIBaeT HOBOe coeamHeHme ¢ 6a30M AaHHbIX U 3aKPbIBAET TEKYLLEE.
OHa NpuHUMaET CTPOKY COeMHEHUS, KOTOpPas MOXET COLepXaTb MMS U Napo/b NO/b30BaTeNS.

postgres=# \c template0
FATAL: database "template®" is not currently accepting connections Previous
connection kept

B kaTtanore pg_catalog Haxoaatcs 06bluHble TabauLbl, ANS paboTbl C HUMU MOXHO MCMOJb30-
BaTb KOMaHAbl SELECT, UPDATE 1 DELETE. OnHaKo AenaTb 3TO HE peKOMEHAYETCs, @ eCu BCe Xe
fenaete, To 6yabTe npeaenbHO BHUMATENbHbI U OCTOPOXKHbI.

KaTasoskHbie Tabauibl OUeHb IT0JIe3HbI [JIS1 aBTOMATKU3al[Uy HEKOTOPBIX 3a1ay;
KaTayory pg_catalog mocBsieHa rimaBa 12. B ciemyroieM npumepe MokKasaHo, Kak
M3MEHUTb MaKCHMMaJ/IbHOE KOJIMUYeCTBO MOAK/II0UeHMIT K 6a3e JaHHbIX ¢ -1 Ha 1 Ko-
MaHI0i ALTER DATABASE.

postgres=# SELECT datconnlimit FROM pg_database WHERE datname='postgres';
datconnlimit

(1 row)

postgres=# ALTER DATABASE postgres CONNECTION LIMIT 1;

ALTER DATABASE

postgres=# SELECT datconnlimit FROM pg_database WHERE datname='postgres';
datconnlimit

Ponu

Ponu mpuHageskaT kiactepy 6a3 JaHHbBIX, 2 He KOHKPEeTHOI 6a3e. B kauecTBe posnn
MOYKET BBICTYIIATh [10Ib30BaTe/b MK rpynna. KoHieniys poin 3ameHsieT KOHIell-
LMY TPYIII U TI0JIb30BaTesiell B crapbix Bepcusx PostgreSQL. Pagy coBMmecTMOCTHU
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B Bepcuu PostgreSQL 8.1 u Gosee MO3THMX BCe ellle MOAAEPKMBAIOTCS KOMAaHIbI
CREATE USER 1 CREATE GROUP.

V poreit UMeIoTCS CIemyoniyie aTpuOyThI.
Superuser: 3Ta posib 06XOIUT BCe MPOBEPKU, KpoMe aTpubyTa login.
Login: posb ¢ aTpubyToM login mo3BoisieT MOAKIIOUAThCS K 6a3e JaHHbBIX.
Createdb: posb ¢ TaKMM aTpUOYTOM MO3BOJISIET CO3/TaBaTh 6a3bI JAHHbIX.
Createrole: posb ¢ 9TUM aTpMOYTOM [aeT BO3MOXKHOCTb CO31aBaTh, U3Me-
HSTb U YIAISTD OIPYTHE POJIN.
Replication: posb ¢ JaHHBIM aTPUOYTOM IO3BOJISIET BBITIOHSTH [TOTOKOBYIO
peruinKaImio.
Password: maposib posiu UCIIONb3YyeTCsl TIpU ayTeHTU KAy MeTonoM mds.
Ero moxkHo 3amndpoBaTh U 3aaTh [IJisT HET'O CPOK JAeicTBUsl. OTMeTUM, 4TO
3TOT MMapojib OTIMYAETCSI OT IapoJis B ONepalMOHHOI cUCTeMe.
Connection limit: 3amaeT MakCMalIbHOE YMC/IO OJHOBPEMEHHBIX ITOIKIIIO-
yeHuit. Kaskmoe MOAKIIIOUEeHNe TIOTPeOsIsIeT armnapaTHble pecypchl, TOITOMY
pEeKOMEeH/IyeTCs MCII0Ib30BaTh CPeACTBa OpTraHM3alyy ITyja MOIK/IIUeHNI,
Hanpumep pgpool-II min PgBouncer, 160 takue API, kak Apache DBCP
wiu ¢3p0.
Inherit: posb ¢ TakuM aTpUOYTOM HacC/IeIyeT paspelieHus OT POJIeil, UIeHOM
KOTOPBIX SIBJIIeTCS. ATpMOYT Inherit mogpasymeBaeTcs 110 YMOTUAHUIO.
Bypassrls: ponb ¢ 3TUM aTpubyTOM OOXOIUT MeXaHM3M 0e30MacHOCTM Ha
ypoBHe cTpoK (RLS).

©c O 0000

@)

Ponb postgres c atpnbyTom superuser co3naercs B npoiecce yctaHoBkM PostgreSQL. KomaH-
[a CREATE USER akBMBaneHTHa CREATE ROLE c atpubyToM LOGIN, a CREATE GROUP 3KBMBaneHTHa
CREATE ROLE c atpnbyTtom NOLOGIN.

Pojib MOXKET OBITh WIEHOM JIPYTOii PO — 3TO YIIPOIIAEeT YIIpaBjieHne paspelie-
HMUsIMM B 6a3e maHHBIX. Hampumep, Mbl MOKEM CO3IaTh posib 6e3 aTpubyTa login
(MHBIMU CJIOBAMU, TPYIIITY) U JATh €if paspelieHus Ha JOCTYII K 00beKTaM 6a3bl JaH-
HbIX. ECJIM HOBOI posy TOHAOOUTCS OCTYT K TeM ke 00beKTaM C TaKVMMM JKe pa3-
peleHusIMH, Kak y TPYIIbI, TO €e MOKHO OyIeT cheiaTh WIEHOM CYIIeCTBYIOIIe
TpYIIIbL. 17151 9TOV 1Ie/Iy MpeJHasHaYeHbl KOMaHIbI GRANT 11 REVOKE (cM. m1aBy 11).

Ponu B knactepe Heobs3aTenbHO AOMKHbI UMETH paspelleHns AN A0CTyna K Kaxaon 6ase
B 3TOM Knactepe.

TabnauuHoe npocTpaHCcTBO

TabamMuHOoe MPOCTPAHCTBO — 3TO 00JIACTb /1T XpaHEeHMs 6a3bl JaHHBIX WV €€ 00b-
eKTOB. C MOMOIIbIO TaBIMUHBIX MPOCTPAHCTB aAMUHUCTPATOD PellaeT ClIeayolie
3a1aun:
O o6cry>kMBaHMe: €T B pasiesie 5KeCTKOTO AMCKa, B KOTOPOM CO3/aH KaacTep
6a3 JaHHbIX, KOHYAETCS MECTO U €r0 Hejlb3sl PaCIlMPUTh, TO MOXKHO CO3/1aTh
TabAMYHOE IIPOCTPAHCTBO B IPYTOM pasjiesie i IepeMeCcTUTh Tya JaHHbIE;
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O onTuMHM3anus: JaHHbIEe, K KOTOPbIM YaCTO MPOU3BOAUTCS IOCTYII, MOKHO
pa3MecTUTh Ha OBICTPOM HOCUTesle, HanpuMep SSD-mucke. A He CTONb KPU-
TUYHbIE JJIS1 IPOU3BOAUTEIHHOCTM TabINUITbI OCTABUTH Ha MeJIEHHOM JTIMCKe.

TabaMuHOe MPOCTPAHCTBO CO3aeTCsT KOMaHI0i CREATE TABLESPACE.

LLlabnoHHbIE npoueaypHbie A3blKKU

[lTa670HHBIE TIPOLIEIypPHbBIE SI3BIKM IIpedHa3HaueHbl IS YO06CTBA perucTpammn
SI3BIKOB ITporpamMMupoBaHus. CyIecTByeT IBa Criocoba 3To cieyaTh. [lepBbIit — yKa-
3aTh TOJILKO Ha3BaHMe sI3bIKa. B Takom crydae PostgreSQL 3amisiHeT B 11a610H SI3bI-
Ka " OIpeAeInuT rmapamMmeTpbl. BTopoit — ykasaTb UM U TTapaMeTpsbl. [ yCTaHOBKU
SI3bIKA CJTY>KUT KOMaHAa CREATE LANGUAGE.

o HaunHasa c Bepcun PostgreSOL 9.1 nng ycTaHOBKM A3blka NPOrpaMMUMPOBAHUS MOXHO MUC-
nonb30BaTb KOMaHAY CREATE EXTENSION. CBeaeHMst 0 WabnoHHbIX NpoueaypHbIX S3blkax Xpa-
HATCA B Tabnmue pg_pltemplate. Ee MOXHO 6b110 661 yOpaTh M XpaHUTb MHGOPMALMIO O A3blKe
B €ro YCTaHOBOYHOM CKpUMTe.

MapameTpbl

IMapametrpbl PostgreSQL ympaBisioT pasJIMUHbBIMM acliekKTaMy paboThl cepBepa,
B T. U. peIUIMKallMe, KypHaJlaMy Tpeasamici, oTpedaeHreM pecypcoB, MIaHU-
pOBaHMEeM 3aIlpOCOB, POTOKOMPOBAHMEM, ayTeHTUUKaIVeli, COOpOM CTaTUCTU-
K1, c60pKOIT Mycopa, KITMeHTCKUMM TOIKITI0UeHUSIMI, OJTOKMPOBKaMM, 00paboTKO
OIIMOOK ¥ OT/IaKOI.

Cnenmyromast SQL-KoMaHa MOKa3bIBAET, CKOIBKO BCETO eCTh IapaMeTpoB. OTMe-
TUM, YTO PEe3YJIbTAT 3aBUCUT OT KOHKPETHO YCTAHOBKM U KOHDUTYpaALINN:

postgres=# SELECT count(*) FROM pg_settings;
count

HacTpoiiky MOryT OBITh pa3HBIX TUIIOB:

O oyaessr: 0, 1, true, false, on, off B 1mro6oM perucrpe. B aTy KaTeropuio mora-
Jaet nmapamMmeTtp ENABLE_SEQSCAN;

O wesnsble: 1e/0YMCIEHHbIE 3HAUEHUS MMEIOT IlapaMeTphl, OTHOCSLIMECS K Ta-
MSITU M BPEMeHU; IJIST KaKOO0ro M3 HUX CYLIeCTBYeT MoJpa3yMeBaeMasl ey-
HUIIA U3MEepPEeHMSs, HallpMMep MUHYTA UV CeKyH1a. Bo n3bexkaHue myTaHUIIbI
PostgreSQL mo3BossieT 3agaBaTh eAVHULBI M3MepeHus sIBHO. Haripumep, na-
pameTp shared_buffers Mor 6bI MUMeTh 3HaueHue 128 MB;
nepeumcjaeHus: rnpenolpeneneHHble 3HayeHus, HarpyuMep ERROR mian WAR-
NING;

C IUTIaBaIoIeli TOUYKO: K TAKOBbIM OTHOCUTCSI IapaMeTp cpu_operator_cost,
NpefHa3HauYeHHbIN AJ151 ONITUMM3aLUY TVIAHOB BBITTOTHEH NS
CTPOKM: CTPOKA MOXKET 3a/1aBaTh MO0KeHMe (aiiia Ha IMCKe.
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KoHTekcT mapameTpa omnpefesnsieT, Kak ero MU3MeHSTh U KOTAa U3MeHeHMe BCTYy-
naet B cuity. CyllleCTBYIOT ClIeqyIoIIie KOHTeKCThI:

O BHYTpeHHMIT: TapaMeTp HeBO3MOKHO M3MEHUTDb HEITOCPeICTBEHHO. Tpeby-
eTcs Inbo MepeKOMITMINPOBATh MCXOIHbIN KO, 1160 3aHOBO MHUIIMATU3U-
poBaTth Kiactep 6a3 JaHHbIX. Hammpumep, MakcuMMasbHas AJIMHA UOeHTUDM-
kartopa B PostgreSQL cocTasnsieT 63 CMMBOJIA;

O cepBepHLIN: MOCTe M3MEHEHUS MapaMeTpa HeoOXOOMMO Iepe3arpysuThb
cepBep. Takue rmapamMeTpbl 06BIYHO HAXOASTCS B KOHPUTYypaIMOHHOM daiine
postgresql.conf;

O Sighup: nepesamyckaTh cepBep He HY>KHO. UTO6BI TapaMeTp BCTYIIUII B CUTTY,
HY>KHO M3MeHUTb daiin postgresql.conf, a 3aTem mociath curdan SIGHUP
CepBepHOMY MPOIeccy;

O 3agHero 1iaHa: Iepe3anyckaTh CepBep He HY>KHO. MOKHO YCTaHOBUTbD 15T
OIHOTO CeaHca;

O cymepnonb30BaTeIbCKUIL: TAKOW MapaMeTp MOXXeT M3MEHSTb TOJIbKO CY-
IepIIoIb30BaTelIb. 3amaeTcs B (aiiie postgresql.conf v KoMaHOoOI SET;

O mnoMB30BaTENBLCKUIL: AaHATIOTMYUEH CYIIePIOTb30BaTEIbCKOMY, OOBIUHO 3a/1a-
eTCsl Ha YPOBHE CeaHca.

Ing u3MeHeHUsI M IIPOCMOTpa 3HaUeHMs ITapaMeTpa npeaHa3sHaueHbl KOMaH/ bl
SET 11 SHOW. OHM UCTIONB3YIOTCS B KOHTEKCTE MOIb30BaTe sl WM CyTlepIoib30BaTersl.
O6bIuHO 3afaHKe 3HaueHus B aiie postgresql.conf MMeeT r106aNIbHbI 3D HEKT.

[TapaMeTpbl MOTYT MMETDb TaKKe JIOKAJIbHOE IeiCTBME U TIPUMEHSIThCS B JPYTUX
KOHTEKCTaX, HallpyMep ceaHca MM Tabnuibl. JJOMyCTUM, K IIPUMEpY, UTO MbI XO-
TUM, UTOObI HEKOTOPbIE KJIMEeHThI MOTII/ BBIIIOJHSITh TOJIBKO OIlepally YTeHMs ; 9TO
TI0JIe3HO TIPM HACTPOIiKe TaKUX MHCTPYyMeHTOB, Kak Confluence (Atlassian). JlJoctuub
HY>KHOTO 3(pdeKTa MOKHO, yCTAaHOBUB MmapamMmeTp default_transaction_read_only:
postgres=# SET default_transaction_read_only to on;

SET

postgres=# CREATE TABLE test_readonly AS SELECT 1;
ERROR: cannot execute CREATE TABLE AS in a read-only transaction

3mech co3maHye TabIMIIbI 3aBEPIIMIIOCH OIIMOKOI B y3kKe OTKPBITOM ceaHce. Ho eciin
OTKPBITh HOBBII C€AHC U TIOMBITATHCS BBITIOTHUTD B HEM KOMaHTy CREATE TABLE, TO Bce
TIOJTYYNUTCS, [IOTOMY UTO I10 YMO/IUYaHMIO IapameTp default_transaction_read_only pa-
BeH off. C Apyroit CTOPOHBI, Kak GbIJI0 CKa3aHO BbIIlle, 3amaHye mapamMerpa default_
transaction_read_only B daiine postgresql.conf 6ymeT MMeTb IJ106aTbHBI 9P hEKT.

PostgreSQL mpenocTasiiseT Takke QyHKINIO pg_reload_conf(), 9KBMBaJIEHTHYIO
oTmnpaBke curtHasa SIGHUP ripoieccy postgres.

Boobuwe rosops, dyHKkuma pg_reload_conf() mnm nepesarpyska KOHGUIypaLMOHHbIX napa-
MeTpOB C MOMOLLbIO CKpMNTa init 6e3onacHee oTnpaBkM curHana SIGHUP, T. K. y yenoBeka
MEHbllUEe BO3MOXHOCTEW COBEPLUMTH OLLMOKY.

YTo6bI TTepeBecTy 6a3y JaHHBIX B peskuM uTeHMs B Debian Linux, MOSKHO BBITION-
HUTb CJIEAYIONIVEe TeCTBUS:
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1) oTkpbITh daitn postgresql.conf U M3MeHUTb 3HaUeHMe mapameTrpa default_
transaction_read_only. B Ubuntu 310 gemaeTcst TaKMMM KOMaHIaMI:
$sudo su postgres
$CONF=/etc/postgresql/10/main/postgresql.conf

$sed -1 "s/#default_transaction_read_only =
off/default_transaction_read_only = on/" S$CONF

2) Tiepes3arpy3uTbh KOHOUTYpaIMio, BHITOTHMUB QYHKIINIO pg_reload_conf():
$psql -U postgres -c "SELECT pg_reload_conf()"

CrnemyeT TIIATEIbHO IIAHMPOBATh M3MEHEHMSI IIapaMeTpPOB, IOCIe KOTOPbIX
MpUAETCs Tepes3arpykatb cepsep. Ecin M3MeHeHMe HEKPUTUUECKOE, TO MOKHO
moaubuiposaTh Gaiia postgresql.conf 1 OCTaBUTH [0 CIEAYIOLIEH ITepe3arpysku
cepBepa B CBSI3U C 00HOBIeHMeM 6e3omacHoCTi. EC/n ke M3MeHeHye CPOYHOoe, TO
HY>KHO BbIPab0TaTh OMpee/IeHHYIO IPOLeayPY, HallpyMep 3aIlIaHMPOBATh BbIKIIIO-
yeHme 1 MpouHGOpPMIPOBATh O HEM I10JIb30BaTesIelk. [IJ1s1 pa3paboTunKoB HaubOIb-
IIMI1 MHTepeC MPeaCTaB/ISIoT IapaMeTPhl 13 IBYX KaTeropuii:
O mnapameTpsl OAK/IIOUEHMI II0 YMOJIYAHUIO: YIIPAB/ISIOT TOBEIeHEM KO-
MaH/I, JIOKa/IbI0 11 (OpMaTHPOBAHMEM;

O mIaHMpoOBaHME 3allPOCOB: YIIPAB/ISIOT KOHGMIypalyeil MIaHMPOBIIMKA
¥ TIOACKAa3bIBAIOT Pa3paboTuMKy, Kak MOXKHO 6bLIO 6bI Tepe3amnucath SQL-
3a1poc.

BsaumopeictBua ¢ o6bektamu PostgreSQL BepxHero ypoBHs

IMogsenem utoru. Cepep PostgreSQL MoXKeT comepskaTh HECKOIbKO 6a3 MTaHHBIX,
SI3bIKOB IIPOTPAMMMPOBAHMsI, pOJieil U TabJIMUHBIX IPOCTPAHCTB. Y Kaxkmoi 6as3sl
IAHHBIX €CTb BjIajesel 1 TabIMyHoe MPOCTPAHCTBO 10 YMOMYaHMI0. Ponu MoKeT
OBITb TAHO paspelleHre Ha JOCTYIT K HECKOIbKMM 0a3aM JaHHbIM, POJIb TAKKe MO-
SKeT OBITh ByIafeIblieM 6a3 JaHHbIX. [TapameTpsl PostgreSQL MOXKHO MCITOIb30BaTh
IIJIS yIIpaBeHus TOBeJleH/eM cepBepa Ha HeCKOJbKUX YPOBHSIX, HallpuMep Ha
ypOBHe 6a3bl JaHHBIX ¥ OTOEIbHOIO ceaHca. HakoHell, B 6a3y JaHHbIX MOKHO yCTa-
HOBUTD HECKOJIBKO SI3bIKOB IIPOTPaMMUPOBAHMSL.

Iy co3manust 6a3bl JaHHBIX HEOOXOIMMO 3aaTh BAafeNblla M KOOUPOBKY. Eciu
KOIMpOBKa templatel He COBMAjaeT C >KejlaeMoii, TO cleAyeT SIBHO MCIOIb30BaTh
11a6J10H template0.

[IpenmnooKuMm, UTO BaafeablieM 6a3bl Ha CaiiTe TOProBIM aBTOMOOWMISIMU SIBJISI-
eTcst posb car_portal_role 1 McITONb3yeTcst KOOMpoBKa UTF-8. UTO6GBI CO3/1aTh TAKyIO
6a3y, Hy>KHO BBITTOJTHUTb KOMaH/IbI:

CREATE ROLE car_portal_app LOGIN;

CREATE DATABASE car_portal ENCODING 'UTF-8' LC_COLLATE 'en_US.UTF-8'
LC_CTYPE 'en_US.UTF-8' TEMPLATE template® OWNER car_portal_app;
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basy manHbIx PostgreSQL MOXXHO paccMaTpuBaTh KaK KOHTelHep cxeMm, B 6ase
IOJDKHA OBITD, TTO MEHbIIIel Mepe, omHa cxeMa. Cxema 6a3bl JAHHBIX CTYKUT JIJIST OP-
raHm3anuy 06beKTOB 6a3bl JAHHBIX — 10 aHAJIOTUY C POCTPAHCTBAMM MMEH B SI3bI-
Kax MporpaMMMpOBaHMSL.

Cxema
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Paspewwerus
/ ‘_\
mw T ~ z g%
TabnuuHoe L naneneu Pl o WY
NpOCTPaHCTBO . Ponb
Ynpasnexue Ynpaenexue
A3bIK
nporpammu- | Nmeet .
poBaHus
MapameTtp

Cxema COOEP>XUT BCE€ MMEHOBaHHbIe 00BEKThI 6a3bl JAaHHbIX: Ta6J'[I/IleI, mnpeacraB-
JIeHus, beHKL[I/II/I, arperaTbl, MHOEKChI, IT0C/JIe40BATEeIbHOCTH, TPUITEPbI, TUIIbI JaH-
HbIX, JOMEHbI 1 JMaIla30HbI. O,I[HO U TO K€ UM 00beKTa MOKET BCTpEYaThCS B pa3-

HBIX CXeMax.

[wnanazoH

Tabnuua

Mpepncras-

NieHune

MHpekc

DyHKLMS

Tvun

[omeH
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B m1a6/10HHbBIX 6a3axX JaHHbBIX MMeeTcsT cxema public, a 9TO 03HAUaeT, UTO BO BCeX
BHOBb CO3JaHHBbIX 6a3ax OymeT cxema C TakKMM uMeHeM. I1o yMoayaHMIO 0001
I10JIb30BaTe b HeTBHO MMEET TOCTYII K 9TOJ CXeMe, 1 9TO TOKe Hac/IeqyeTcsI OT 1ab-
JIOHHBIX 6a3 JaHHbIX. Hajmuye Takoro MOCTYIIa MO3BOJISIET CUUTATh, UTO HUKAKMUX
cxXeM HeT Boo61ie. DTO 0/e3H0 B HeOOMbIIMX KOMIIAHUSIX, IIe He TpeGyeTcs CIoXK-
Hasl opraHmusanys 6e30macHOCTH, a KpOMe TOTO, IT03BOJISIET IOCTEIIEHHO ITepexo-
IuThb Ha PostgreSQL ¢ CYB/I, He MMEIIUMU CXEM.

B MHOrononb3oBaTenbCKoW cpene C HeCKonbKMMM H6asaMu LaHHbIX He 3abyabTe OTO3BaATb
y BCEX MONb30BaTenei paspelleHne co3aaBaTbh 06bekTbl B cxeMe public. [1ns 3TOro HyHo

BbINOHUTL C/IEAYHOLLY0 KOMaHA4y BO BHOBb CO34aHHOW 6a3e unu B 6a3e templatel: REVOKE
CREATE ON SCHEMA public FROM PUBLIC;.

Iyia obpaieHnst K 00beKTy cJiefyeT yKa3aTh MMsI CXeMbl U MMST 00beKTa, pasjie-
JIUB UX TOUKOI. Haripumep, 4TO6bI BHIOPATh BCE CTPOKM TAGIMITHI pg_database B cxe-
Me pg_catalog, Hy>KHO BBITIOJIHUTb KOMaHZY:

SELECT * FROM pg_catalog.pg_database;
-- MOXHO TaKxe MCMONb30BaTb TaKyl KOMaHAY:
TABLE pg_catalog.pg_database;

[TosHbIe MeHA 0OBbEKTOB MUCATD JIOJITO, [IO3TOMY MHOTVE pa3paboTumMKy pel-
MTOYNTAIOT MCITOJIb30BATh ITPOCThIE MMeHA 6e3 yKazaHus cxembl. B PostgreSQL mnme-
eTcs napameTp search_path, aHaJOrMuHblii gupeKkTuBe using B si3bike C++. B myTn
MOVICKA TEePEeUMCIISIOTCSI CXeMbl, B KOTOPBIX CepBep MIIeT MMeHa 0O6beKTOB. I1o
YMOJIYaHUIO ITyTh IIOMCKA TaKoM: Suser, public:

postgres=# SHOW search_path;
search_path

"Suser", public
(1 row)

Ecnu cymectByeT cxeMa C TaKMM K€ MMEHeM, KaK y TEKYILEero Mojib30BaTesl,
TO IpU TIOVMCKe OObEKTOB OHA OYIeT MPOCMaTPUBAThCS TIEPBOIL, U B Heil ke OymyT
CO3[1aBaThCsl HOBbIe 0OBEKTHI. EC/IM 06BEKT He HalileH B CXeMax, ITepeuncaeHHbIX
B search_path, To BO3HMKaeT OmIMOKa:

MNpumeHeHue cxeM

VY cxeM eCTbh HeCKOJIbKO ITPVMMEHEeHMIA:

O ympaB/ieHMe aBTOpMU3aIMeil — B MHOTOIO/Ib30BATENIbCKOM Cpe/ie CXeMbI
MOYKHO MCITOJIb30BATD JIJISI TPYITIIMPOBKM 0OBEKTOB IO POJISIM;

O opraamusamnysi 06b€KTOB 0a3bl JAHHBIX — MOXHO CIPYIIMPOBATh 00BHEK-
Thl B COOTBETCTBUM C OM3HEC-JIOTUKO. Harmpumep, BhIAEINTh B OTAETbHYIO
TPYIIIY UCTOpUUYECKNE JaHHbIE U JAHHbIE ayJuTa M 3aBECTU IJIsl HUX CIIe-
UATBHYIO CXEMY;

O xpaueHue cropoHHero SQL-koma — pacHiMpeHus, BXOISINNe B COCTaB
CTOPOHHMX ITaKeTOB, MOTYT MCIIOJb30BaThCSI B HECKOJbKUX MPUIOXKEHUSIX.
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XpaHeHMe UX B OTHEJbHBIX CXeMaX YIpollaeT IOBTOPHOE MCIIOIb30BaHMe
1 OOHOBJIEHIE.
Yrto6bl CO37aTh cxemMy car_portal_app, IpMHaIJIeKAIIyl0 poiu car_portal_app,
HY>KHO BBIIIOJIHUTb KOMaHY:
CREATE SCHEMA car_portal_app AUTHORIZATION car_portal_app;

-- Ecam mms cxeMmbl He yKa3aHO, TO OHO COBMAJAET C MMEHeM BAajesbLa
CREATE SCHEMA AUTHORIZATION car_portal_app;

I1s1 momy4yeHUsI OOTOTHUTENbHBIX CBeleHUli 0 KoMaH e CREATE SCHEMA BOCIIOJb-
3yiiTech MeTakoMaHAoli psql \h, KOTOpast oTo6paxkaeT BCTPOEHHYIO B psql CIIPaBKY,
WIM 3aIJISHUTE B CTPaHULLy pyKoBoAcTBa 1o PostgreSQL http://www.postgresqgl.org/
docs/current/static/sqlcreateschema.html.

Tabnuua

Komanma CREATE TABLE BBITIOJIHSIET pa3HOOOpasHbie GyHKLIMM. Harpumep, ee MOSKHO
MCITOIb30BAaTh [IJIsI KIOHUPOBAHMS TAOGINIIbI, UTO YIOOHO TP MMpoBeAeHuu pedak-
TOpuUHTa 6a3bl JAHHBIX, KOT[IA HY;KHO CO3[IaTh CKPUIIT AJIS OTKaTa u3MeHeHuit. OHa
Ke TI03BOJISIET MaTepUaan30BaTh Pe3yabTaThl SELECT IJ1s1 TTOBBIIIEHNST TTPOU3BOIM -
TETbHOCTY UM COXPAHEHMST TAaHHBIX JJIS1 TIOC/IeIYIONEro MCIIOIb30BaHMS.

B PostgreSQL TabauIibl MCHOAb3YIOTCS IJISI MOOEJIMPOBAHUS ITPEICTaBIeHUI
" ToceoBaTeNbHoCTel. CylecTByeT HeCKOIbKO TUTTOB TaOINII:

O mnoCTOSTHHAsS — BO3HMKAeT B MOMEHT CO3/IaHMs U IIPOTaJaeT Mocye yaaaeHus;

O BpeMeHHas — CyIIeCTBYeT B TeueHMe ceaHca. YacTo Takue TabauIbl UCTIOTb-
3YIOT B IIPOIeAYPHBIX SI3bIKAX JIJISI MOETMPOBAHMS OM3HEC-TIOTUKMA;

O HeXypHaaupyemasi — orepanuy ¢ HeXXypPHAUTMPYEMbIMU TabIUIAMU BbI-
TIOJTHSIIOTCSI TOPa3o OGbICTpee, ueM C TIOCTOSTHHBIMMU, T. K. TaHHbIE He 3aru-
ceiBaroTcst B WAL-aiinbl. Ho Takue Tabiauiibl HEYCTOUMBHI K c60siM. Kpome
TOTO, TIOCKOJIBKY TIOTOKOBAs PeIUIMKAIMs OCHOBaHA Ha JOCTaBKe SKYPHAJIOB,
HEeXXypPHAIMPYEeMYIO TaOINITY HeJIb3sI PeIIMIIMPOBATh Ha BeJJOMBIit y3er;

O pmouepHss — Takasl TabmMila HaCIeoyeT ONHY MM HeCKOIbKO Tabmuil. Yacto
Hac/leoBaHye MMPUMEHSIETCSI COBMECTHO C MCKITIOUEHMEM B CHJTy OrpaHuye-
HMIA, YTOOBI DU3NUECKU pa3fenTh NJaHHbIE HA KECTKOM IMCKe U MOBbICUTH
MIPOU3BOANUTENBHOCTD 32 CUET BHIOOPKM IMOJMHOKECTBA JAHHBIX C OIpe/e-
JIEHHBIM 3HaUEHMEM.

CuHTaKcyc KoMaHAabl CREATE TABLE TOBOJIBHO OGIIVIPHBIIA, IOJTHOE OIMCAHME MOXK-
HO HaliTu Ha cTpaHuie http://www.postgresql.org/docs/current/static/sql-createtable.
html. OGBIYHO YKA3bIBAETCS CJIEMYIOIIAsT MH(GOPMAIIMS :

MM CO3JaBaeMoii TaO/INIIbI;

TUII TaOIUIIBI;

rapamMeTpbl XpaHEeHMsI, KOTOPbIe UCIIONb3YIOTCS IJIs YIIPaBIeHNS BbIIeIeHN -
€M MeCTa ¥ HeKOTOPBIX APYTUX aAMUHUCTPATUBHBIX 3a7aY;

CTOMOLIBI TAGMNITBI, BKITIOUAS TUTT JAHHBIX, 3HAUEHMS TI0 YMOTYAHMIO U OTpa-
HUYEHUS;

MM KJTIOHMPOBAHHO TaGINIIBI U TTapaMeTpPbl KTOHMPOBAHMS.

©C O 000


http://www.postgresql.org/docs/current/static/sqlcreateschema.html
http://www.postgresql.org/docs/current/static/sqlcreateschema.html
http://www.postgresql.org/docs/current/static/sql-createtable.html
http://www.postgresql.org/docs/current/static/sql-createtable.html

84 <« OcHoBHble cTpouTenbHble 6noku PostgreSQL

BCTpOEHHbIe TUNbl AAdHHbIX

[Tpy TIpoekTUpPOBaHMM TAGIUIIBI 6a3bl JAHHBIX CAeAyeT TIIATeTbHO ITPOIYMbIBATD
TUIIBI CTOIOLOB. [Tocie mepemaun 6a3bl JAHHBIX B SKCILTyaTALMIO M3MEHEHME TUIIA
IaHHBIX MOKET 0Ka3aThCs HEITPOCTOI oIeparieir, 0cO6eHHO JIJIst BLICOKOHATPYKeH-
HbIX Ta6suil. [Ipo6ieMa BO3HMKAET 13-3a OJIOKMPOBKY TaOIMIIbI, @ MHOIIA TaOIUITY
JIaske TIPUXOINUTCS Tepe3arnuchiBaTh. [IpMHMMAs pellleHre O TUIIE JaHHbIX, CIeayeT
YUMTBHIBATH CAeAyouue GakTophl:

O pacmupseMoCTb: MOXKHO JIY YBEIMYNUTh MM YMEHBIIUTH MaKCUMAaIbHYIO
IJVHY CTOJ01IA, He TIpuberast K IMOJHO Mmepe3anyc U IMOJIHOMY ITPOCMOTPY
TabINIIBI?

O pasmep THIIA JAHHBIX: IEPECTPAX0OBKA, HAIIPUMep BbIOOD TuII bigint BMec-
TO int BJIEUET ITOBBIIIEHHOE PACXOJ0OBaHMe MeCTa Ha AVCKe.

PostgreSQL mpenyiaraet oGIIMPHBIV HAOOP TUIIOB JaHHBIX. BOT HEKOTOpBIE KaTe-

rOpUY BCTPOEHHBIX TUIIOB:

QO yYNC/IOBbIE TUITHI;

QO CUMBOJIbHbBIE TUIIHI;

O parta u BpeMms.

OTY TUITBI BCTPEYAIOTCS ITPAKTUYECKM BO BCEX PEJISIIMOHHBIX Oa3axX JaHHBIX, U 3a-

YaCTYI UX JOCTATOYHO JJISI MOAETMPOBAHMS TPAIUIIMOHHBIX ITPUIOKEHWIA.

Yucnosvle munasl

Umsa tuna Mpumevanusa Pasmep [OunanasoH

smallint SkBuBaneHT B SQL: Int2 2 baitTa 0T1-32 768 no +32 768

int JkeuBaneHT B SQL: Int4. 4 baiTa O1-2 147 483 648 no +2 147 483 647
MNcespoHuM - integer

bigint SkBuBaneHT B SOL: Int8. 8 6aiiToB 01-9 223372036 854 775 808

0o +9 223 372 036 854 775 807
numeric unu B PostgreSQL He paznuyatotcs | [NepemeHHbiit | Lo 131 072 3HakoB nepepn 3ansToi,

decimal 0o 16 383 3HakoB nocse 3anaTon
real CneumanbHble 3HaYeHus: 4 bauTta MnatopMeHHO-3aBUCHUMBbIN, TOYHOCTb
-Infinity, Infinity, NaN He HWxe 6 3HaKoB. Yalue Bcero AManasoH

ot 1E-37 pno 1E+37

PostgreSQL monepskuBaeT MaTeMaTU4yecKkue ornepaTopsl M GyHKUUY, B T. Y. TPU-
roHoMeTpuueckue GYHKIMUM U TIopaspsigHbie omnepaiuu. Tum smallint mo3BossieT
COKOHOMUTD MeCTO Ha INCKe, a bigint ucrnonb3yeTcs, Koraa quanasoHa Tua integer
He XBaTaer.

[TopsimkoBbie Turibl smallserial, serial u bigserial — HagcTpoViky Hafg smallint, int
u bigint cooTBeTCTBEHHO. OHM YACTO UCIIO/Ib3YIOTCS B KAUeCTBe CYppPOraTHBIX KITI0-
Yyeil ¥ 10 YMOJIIUaHMIO He MOTYT IPMHMMATh 3HaueHus null. 3a KyamucaMu MOpsiA-
KOBBIIi TUIT OCHOBAH Ha TIOC/IeIOBATeNbHOCTIX — 00beKTax 6a3bl JaHHbBIX, KOTOpPbIE
reHepupyIoT apubMeTNIeCKyI0 IIPOrPeccuio ¢ 3aJaHHbIMU MUHUMYMOM, MaKCUMY-
MOM ¥ BeTMUMHOI MHKpeMeHTa. Hanpumep, ciemyomias KOMaHIa CO34aeT TabIuITy
customer co CTOJIOLIOM customer_id:
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CREATE TABLE customer (
customer_1id SERIAL
)s

3a Ky/mcamu reHepuUpyeTcsl TAaKOM KOZ,:

CREATE SEQUENCE custome_customer_id_seq;
CREATE TABLE customer (
customer_id integer NOT NULL DEFAULT nextval('customer_customer_id_seq')

);
ALTER SEQUENCE customer_customer_id_seq OWNED BY customer.Customer_id;

[Tpu co3mauuy cTonbia Tiia serial MMeiiTe B BUAY CeyolIee:

O Oymer co3gaHa IOCIAEIOBATENbHOCTh C MMeHeM tableName_columnName_seq.
B mpumMepe BbIIlIe MOCIENO0BATEIBHOCTh OYIET Ha3bIBAThCSI customer_custom-
er_1id_segq;

O Ha cronber 6yaeT HaJoKeHO orpanndeHue Not Null;

CO CTONOIOM OyIeT acCOLMMPOBAHO 3HAUYEHME [0 YMOTYAHMIO, BO3Bpalliae-
Moe (yHK1meii nextval();

MOCJIeIOBATEIbHOCTD OyIeT MpUHAAIeXkaTh CTOJNOIY, T. €. aBTOMATUYECKU
YIAISIThCS ITPY yIaJIeHUM CTOJIOIIA.

o Mpenbloywmii npumep nokasbiBaert, 4to PostgreSOL npucBanBaeT 06bekTy UMS, €CiM OHO
He 3a4aHo ABHO. MIMeHa ob6bekToB uMetoT BuA, {tablename}_{columnname(s)}_{suffix}, roe
cybdumkcnl pkey, key, excl, idx, fkey u check cooTBETCTBYIOT OrpaHMYEHMIO NEPBUYHOIO KJTHOYa,
YHUKANIbHOMY OFPaHUYEHMI0, OFPaHUUYEHUIO UCKITIOUYEHMS, UHLAEKCY, OTPAHUYEHUIO BHELLIHETO
K/1t04a ¥ NPOBEPOYHOMY OrpaHuyenuto. [pu paboTe ¢ NOPSAAKOBbIMM TMUNAMM YACTO 3abbIBaKOT
BblAaTb HEOOX0AMMble pa3peLleHus Ha AOCTYN K NOCNef0BaTeNbHOCTH — 3TO OLIMOKa.

Kaxk u B s13b1ke C, pe3y/nbTaT LeJI0r0 BbIpakeHus — 1e1oe uncio. [losTtomy mare-
MaTMUYecKue orepanum 3/2 1 1/3 gaOT 1 M 0 COOTBETCTBEHHO, T. €. IPOOHAsT 4acThb
otr6pacsiBaetcsi. Ho, B ominune ot C, B PostgreSQL mcmomb3yeTcst aiTOpUTM OKPYT-
JIeHMS K OvsKaiiiieMy 4eTHOMY B CTydae mmpuBeneHus Tura double K int:

postgres=# SELECT CAST (5.9 AS INT) AS rounded_up, CAST(5.1 AS INTEGER) AS
rounded_down, CAST (-23.5 AS INT) as round_negative , 5.5::INT AS
another_syntax;

rounded_up | rounded_down | round_negative | another_syntax

------------ R b SECE TP
6 | 5 -24 | 6

(1 row)
postgres=# SELECT 2/3 AS "2/3", 1/3 AS "1/3", 3/2 AS "3/2";
2/3 ] 1/3 | 3/2
..... R

0] o] 1
(1 row)

Turel numeric (i decimal) peKOMeHIyeTCs MCII0Ib30BATh [JISI XPAHEHUSI TeHEX-
HBIX CYMM ¥ IPYTUX BEIVYNH, IJIT KOTOPBIX TPeOyeTcst abCOMOTHAS TOUHOCTh. 3Ha-
YyeHMe TUIIA NUMeric MOXKHO OTIPeeUTb TPEeMSI CIIOCO0aMM
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O numeric (TOYHOCTb, MacIuTab);

O numeric (TOYHOCTD);

Q numeric.

TOUYHOCTB — 3TO 001IIee KOJIMUeCTBO Iudp, a MaciiTad — KoJauuecTBo nudp B Apo6-
HoJt uactu. Harpumep, y uncia 12.344 TouHoCTh paBHa 5, a MacinTab — 3. Eciau Tun
numeric MCIOMb3YyeTCsT 6e3 yKasaHUsl TOYHOCTM M MaciiTaba, To B CTOJIOIE MOKET
XPaHUTHCSI 3HAUEHMeE C JII000/ TOUHOCTHIO MJIM MACIITa60M.

Ectn abcomioTHAas TOYHOCTh He HYKHA, He MCIOJIb3YiiTe TUIIbI numeric U deci-
mal, T. K. ollepalyy C HUMM BBITIOJNHSIOTCSI MelJIeHHee, ueM ¢ urcaaMu tuna float
u double.

3HaueHMs] C OOMHAPHOJ UM IBOJIHOI TOYHOCTbIO HETOUHBI, T. €. B HEKOTOPBIX
CTy4dasx He MOTYT ObITh TOUHO TPeACTaBIeHbl BO BHYTPEeHHEM ABOMYHOM (popMa-
Te, M TOTAA XPAHSITCS B MPUOIMKEHHOM Bue. [IoHYI0 JOKYMEHTAIMIO 10 YMCII0-
BBIM TUIIAM MOSKHO HAWTU Ha cTpaHwulle https://www.postgresql.org/docs/10/static/
datatype-numeric.html.

CumeosibHble munol

WUmsa tuna | NMpumeyanus KoHueBble npo6enbi MakcumanbHas
ANUHA
char SkBMBaneHTHo char(l) CeMaHTMYeCKM He 3Haummsl | 1
name JkBMBaneHTHo varchar(64). MicnonbsyeTtcs CeMaHTMYeCKM 3HAUUMbI 64
PostgreSQL ans nmeH 06bekToB
char(n) McespoHuM: character(n). MocnegosatensHocTb | CeMaHTUuecku He 3HaumnMbl | 10485760

CUMBONOB GUKCMPOBAHHOM ANMHDBI. BHyTpeHHee
Ha3BaHue - bpchar (blank
padded character)

varchar(n) | lNcesonoHuMm: character varying(n). CeMaHTMYeCKM 3HaUUMbI 10485760
MocnenoBaTenbHOCTb CMMBOJIOB NEPEMEHHOM
[OJIMHbI, HO He 6onee n

text MocnenoBaTenbHOCTb CUMBOIOB NEPEMEHHOM CeMaHTMYeCcKM 3Ha4YmMbI He orpaHunueHa
LONMHD!

B PostgreSQL nmeeTcst ABa CMMBOJIbHBIX TUIA: char(n) u varchar(n), roe n — Mak-
CYMaJIbHO JTOTTYCTMMOE UYMCJIO CMMBOJIOB. B ciryuae Tura char 3HaueHue IOTOIHSI-
eTcsl cIpaBa IMpobeaMy 10 YKa3aHHOM IMHbBL [Ipy BBITTOTHEHUM OIlepaIuii Haf,
3HaUYeHMSIMM THUIIA char KOHIIEBbIE TTPOOETbl UTHOPUPYIOTCS. PaccMoTpuM ripumep:

postgres=# SELECT 'a'::CHAR(2) = 'a '::CHAR(2) ,length('a '::CHAR(10));
2column? | length

BbinonHaTh 6VIHaprI€ onepauun Hag 3HaYEHUAMU TUNA varchar nnm text u CTPOKaMn CUM-
BOJIOB HE pEKOMEeHAYEeTCA U3-3a KOHLEBbIX I'IpO6e.ﬂOB.

Iyis 060MX TUIIOB, char U varchar, ITOIBITKA 3aICaTh B CTONGEI CTPOKY, AJIMHA
KOTOPOJi MPEeBOCXOAUT MaKCHMMAaJIbHO TOIMYCTMMYI, KOMaHI0i INSERT miam UPDATE
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IIPpUBOAUT K O]J.II/I6K€, €eC/IM TOJIbKO JIMIITHMEe CUMMBOJIbI He SABJISIKOTCS HpO6eJ'IaMI/I,
d B 3TOM (C/Iy4yae CTPpOKa yCeKaeTCs. HpI/IBe,Z[eHI/Ie TUIIA aBTOMATUYE€CKN IIPUBOAUT
KYyCeuUeHUIO — ommbKa He BO3HMKaeT. B cienyrmumeM rnpumepe rmoKa3aHbl l'IpOGHEMI)I,
BO3HMKAIOIMe 1M3-3a CMelleHNs JaHHbIX Pa3HbIX TUIIOB:

postgres=# SELECT 'a '::VARCHAR(2)='a '::text, 'a '::CHAR(2)='a '::text, 'a

"::CHAR(2)="a '::VARCHAR(2);

2column? | ?column? | ?column?

postgres=# SELECT length ('a '::CHAR(2)), length ('a '::VARCHAR(2));
length | length
........ +..-_._..
1] 2
(1 row)

3mech 'a '::CHAR(2) paBHO 'a '::VARCHAR(2), HO OJIMHBI CTPOK Pa3IMUHbBI, UTO ITPOTU-
BOpeunT JIOTMKe. Takke Mbl BUAMM, 4TO 'a'::CHAR(2) He paBHO 'a '::text. M HakoHell,
'a '::VARCHAR(2) paBHO 'a'::text. Bo3HUKaeT npoTuBOpeune, IOTOMY UTO, COIJIACHO
MpaBuIaM MaTeMaTUKH, eCJIY a PaBHO b 11 b paBHO ¢, TO a JO/KHO GbITh PaBHO C.

B PostgreSQL pasmep o6sacTu, BbIAEIEHHON! AJISI XpaHEHUsT TEKCTa, 3aBUCUT OT
IUIMHBI TEKCTA, a TAKXKe €ro KOAMPOBKU U CKaTusl. TUIT JaHHBIX text MOXXHO MHTEp-
MpeTUpPOBaTh Kak TuM varchar() 6e3 orpaHuueHus AJIMHbL. MaKCMMaJIbHO BO3MOK-
HBIii pasMep TekcTa paBeH 1 I'B, uTo coBIagaeT ¢ MaKCUMAaIbHBIM pa3MepPOM CTOIOIIA.

B ciyuae cTpok MKCHMPOBAHHOM IJIMHBI TUITBI character u character varying 3a-
HMMAaIOT OJMHAKOBOE MeCTO Ha AucKe. I CTPOK IepeMeHHO IJIMHBI TUII character
varying 3aH/MaeT MeHbllle MeCTa, IIOTOMY UTO K 3HAaUeHMIO TuUIla character crpasa
IOIMCHIBAIOTCS MPpo6esbl. B mpuMepe HMsKe MOKa3aHO, CKOJIBKO MeCTa 3aHMMAaloT
CTPOKM (PMKCUPOBAHHOI ¥ IepeMeHHO IJIMHbI. MbI IIPOCTO CO3aeM ABe TaOINUIIbI
U 3aTOJHSIEM UX CJIyYaiiHbIMU JAHHBIMUA.

CREATE TABLE char_size_test (
size CHAR(10)
);
CREATE TABLE varchar_size_test(
size varchar(10)
)s
WITH test_data AS (
SELECT substring(md5(random()::text), 1, 5) FROM generate_series (1, 1000000)
)s
char_data_insert AS (
INSERT INTO char_size_test SELECT * FROM test_data
)INSERT INTO varchar_size_test SELECT * FROM test_data;

Ternepb MOTyYnM pa3Mepbl TAONIL:

postgres=# \dt+ varchar_size_test

List of relations
Schema | Name | Type | Owner | Size | Description
-------- T LTt TEEET PR
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public | varchar_size_test | table | postgres | 35 MB |
(1 row)

postgres=# \dt+ char_size_test

List of relations
Schema | Name | Type | Owner | Size | Description
-------- R T e e R
public | char_size_test | table | postgres | 42 MB |
(1 row)

Tum varchar MOXXHO 3MY/JIMPOBATh C ITOMOIIIBIO TUIIA text, JOIIOJHEHHOTO Orpa-
HMYEHMEM Ha IJIMHY TeKcTa. Tak, ciemyroniie nBa pparmMeHTa Kofa SKBMBAJTEHTHBI:

CREATE TABLE emulate_varchar(

test VARCHAR(4)
);
--CEeMaHTN4YeCKN >SKBMBANEHTHO
CREATE TABLE emulate_varchar (

test TEXT,

CONSTRAINT test_length CHECK (length(test) <= 4)
)s

B PostgreSQL npoun3BoanUTENbHOCTDb BCEX CMMBOJIbHBIX TUITOB JAHHBIX OOMHAKO-

Ba, ITI03TOMY PEKOMEH/IYETCS MCITOIb30BaTh TUII text, TOCKOIBKY TakK pa3spaboTUMKy
OyIeT Ipollle pearnpoBaTh Ha M3MeHeHue TpeboBaHMii. YacTo TpedbyeTcst USMEHUTH
IJINHY TeKCTa, HallpuMep HoMepa KBUTAHLMU C 6 10 8 cuMBOnoB. Eciu ucmonb3o-
BaThb TUII text, TO I peaan3aniy HOBOro TpeboBaHMS TOCTATOYHO OymeT Moaudu-
LIMPOBATh IIPOBEPOUYHOE OTPAHMUEHME, HEe M3MEHSISI CTPYKTYpY Tabiuibl. [TomHast
IOKYMEHTAaLMs [0 CMMBOJIBHBIM TUIIAM JAaHHBIX IIpUBeEeHa Ha CTpaHule https://
www.postgresql.org/docs/10/static/datatype-character.html.

Jama u epems
Tumnbr OaTbl 1 BDEMEHU UCITIOJIb3YIOTCS ITPU OIIMCaHMM BPEMEHM BO3SHMKHOBEHNS CO-
OBITUII, HATIpMMeEP AAThl poskaeHus. PostgreSQL mommep>kuBaeT Caeyiolie TUITbI:

Umsa Tuna Pasmep | Onucanue HwxHaa rpaHMua | BepxHas rpaHuua
B GaiTax

timestamp 8 [Nata v Bpems 6e3 yacoBoro nosica, |4713 po H.3. 294276 H.3.

without timezone 3KBMBANEHTHO timestamp

timestamp 8 [Nata v BpeMs ¢ YacoBbIM noscoM, |4713 po H.3. 294276 H.>.

with timezone 3KBMBANEHTHO timestamptz

date 4 TonbKko aata 4713 0o H. 3. 294276 H. 3.

time without 8 Bpems cyTok 00:00:00 24:00:00

timezone

time with 12 BpeMs cyTok ¢ 4acoBbIM NOsICOM 00:00:00+1459 24:00:00-1459

timezone

interval 16 BpemeHHo nHTepBan -178 000 000 net | +178 000 000 net

B PostgreSQL BpeMeHHble METKM C YaCOBBIM I10SICOM ¥ 6e3 XpaHSTCSI B YHUBEP-
caibHOM KoopavHupoBaHHoM BpemeHu (UTC), u 6e3 4acoBOro 1osica MOXKET
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XPaHUTBCS TOJBKO BpeMsI. DTO 06BSICHSIET, IOUEMY pa3Mep TUIIOB timestamp with time
zone U timestamp without time zone ogMHAKOB.

[TpaBMIBHO MCIIONb30BaTh BpeMEHHbIe METKY MOXKHO IBYMs criocobamu. Ilep-
BbINf — 3a71aBaTh BCIOAY TUTI timestamp without time zone, BO3/IOKMB Ha KJIMEHTA y4eT
YaCOBBIX MOSICOB. DTO ITOJIE3HO, KOTIA pa3pabaThIiBaeTCs MPUIOKEeHYE AJI1sI BHYTPeH-
Hero I0jIb30BaHMS B OTHOM YaCOBOM IOSICE, @ TaK:Ke KOrma KAMeHThI 3HAIOT O pas3-
JINYMY YaCOBBIX ITOSICOB.

BTopoii moaxon — BCIOAYy UCIIOAb30BaTh TUII timestamp with time zone. Huske mpu-
BeleHbl COBEThI, KaK M30ekaTh MOABOAHBIX KaMHel mpu paboTe ¢ TUIIOM time-
stamptz.

O O6s3aTenbHO yCTaHABIMBANTE YaCOBOI IMOSIC TT0 YMOTUYAHUIO IJIS1 BCEX MOM-
KJIIoueHuii. JIJi1 3TOTo HYy>KHO HaCTPOUTDb UacoBoii Tosic B (paiise postgresql.
conf. TTockonbKy PostgreSQL XpaHUT BpeMeHHYI0 METKY C YaCOBBIM ITOSICOM
B dopmate UTC, pekomMeHIyeTcsl 3a/1aBaTh B KauecTBe UacOBOTO TOsica TI0
ymonmuanuio Toxke UTC. 3aonno UTC mo3BOAUT Ipeofo/ieTh MOTEeHMaIbHbIe
npob6semsl ¢ ieTHUM BpemeHeMm (Daylight Saving Time — DST).

YacoBoii IOsSIC CJIeyeT 3aaBaTh B KasKA0ii omiepalny CO3aaHms, YUTeHus1, 06-
HOBJIEHUS U yIa/IeHNS.

He BbIMomHsIiiTe onepaiyi, B KOTOPbIX yUaCTBYIOT TUIIbI C UaCOBBIM ITOSICOM
” 6e3, IMMOCKOJIbKY OOBIYHO pe3y/lbTaT OKa3bIBAETCSI HEBEPHBIM M3-3a BHYT-
PeHHUX MpeobpasoBaHMiA.

He m3obperaiiTe cOGCTBEHHBIX MMPeoOpa3soBaHMii, MyCTh MpeobpasoBaHueM
BpeMeHU 13 OHOTO YaCOBOTO T0sICa B IPYrOil 3aHUMAaeTCsI cepBep.

Vi3yunuTe TUITHI JaHHBIX B SI3bIKEe MPOTPAMMMUPOBAHMS, UYTOOBI MOHSITh, Ka-
Kye TUITbI CJIeyeT MCII0Ib30BaTh COBMECTHO ¢ PostgreSQL, UToObI 136€eKaTh
JIUIITHE 06paboTKM.

B PostgreSQL ecTb IBa BaXKHBbIX MapamMeTpa: time zone u datestyle. [TapameTp dat-

estyle urpaeT IBOSIKYIO POJIb:

O samaume popmara oToopaskeHus: datestyle ompepenset, Kak popmaTupo-
BaTb 3HAUEHMS TUIIA timestamp U timestamptz;

Q wuHTepIpeTanys HeOTHO3HAYHBIX TAHHBIX: datestyle ommpenesnsieT, Kak MH-
TepnpeTUpPOBaTh 3HaAUEHMS TUIIa timestamp 1 timestamptz.

IMpencraBineHust pg_timezone_names U pg_timezone_abbrevs JaiOT IOJHBIN CHMCOK
IOJIHBIX M COKpAIleHHBbIX Ha3BaHMII UaCOBBIX ITOSICOB COOTBETCTBEHHO, a TaKKe
uHdopmanuio o cMmerienuu otr UTC 1 0 TOM, IpMUMEHSeTCS I B TaHHOM YaCOBOM
rosice JieTHee BpeMsi. B cienyroniem (parmeHTe ycTaHaBIAMBAETCSI YAaCOBOI TOSIC
Uepycanuma, moc/ie yero BbIBOAUTCS JIOKaAbHAas faTa 1 BpeMsi B Mepycanume:
postgres=# SET timezone TO 'Asia/jerusalem';

SET

postgres=# SELECT now();
now

2017-11-02 18:06:29.336462+02
(1 row)
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KomaHza AT TIME ZONE mpeoGpa3syeT BpeMeHHYI0 METKY C YaCOBBIM ITOSICOM VU
6e3 B yKa3aHHbIIT 4acOBbIii TTosIC. Ee moBeeHMe 3aBUCUT OT ITpeo6pa3yeMoro TUIIa.

postgres=# SHOW timezone;
TimeZone

Asia/Jerusalem
(1 row)

postgres=# SELECT now(), now()::timestamp, now() AT TIME ZONE 'CST',
now()::timestamp AT TIME ZONE 'CST';
now | now | timezone | timezone

2017-11-02 18:07:33.8087+02 | 2017-11-02 18:07:33.8087 | 2017-11-62
10:07:33.8087 | 2017-11-03 02:07:33.8087+02
(1 row)

®yHKUMS now() BO3BpalllaeT TEKYIIYI0 BpeMeHHYI0 MeTKY B 4aCOBOM rosice Asia/
Jerusalem. O6paTuTe BHMMAaHMNe, UTO CMellleHe paBHO +02. B pesynbraTe npusene-
HuUs TUNA timestamptz K timestamp B KOHCTPYKUMM now(): :timestamp cMeleHye yaco-
BOTO T10sICA OTOPACHIBAETCSI.

BeipaskeHne now() AT TIME ZONE 'CST' mpeobpasyeT BpeMeHHYI0 METKY B YaCOBOM
rosice Jerusalem Bo BpeMeHHYIO MeTKY B uacoBoM I1osice CST. [TOCKOBKY LIeHTpasIb-
HOe CTaHAAPTHOE BpeMs CMeIleHO Ha -6 yacoB oT UTC, a mepycajimmckoe BpeMsi — Ha
+2, TO BbIUMUTAETCS 8 4acoB.

[TocnepHee BbipaskeHye now()::timestamp AT TIME ZONE 'CST' MHTepIpeTUpPYeT Te-
Kylliee BpeMs Tak, 6yJITO OHO HaXOguUTCs B yacoBoM rosice CST, u mpeo6pasyeT ero
B 4aCOBOJ MOSIC, yCTAHOBJIEHHBIN A5 TTOAKIOUEeHMsI, Asia/jerusalem. CnemoBaTesib-
HO, 3TO BbIpa’keH}e 5KBMBAJEHTHO TAKOMY:

postgres=# SELECT ('2017-11-02 18:07:33.8087'::timestamp AT time zone 'CST'
AT TIME ZONE 'Asia/jerusalem')::timestamptz;
timezone

2017-11-03 02:07:33.8087+02
(1 row)

[TpeobpasoBaHyusi MEXIY BpPeMEHHBIM METKaMy C YacOBBIMM ITosicaMu U 06e3
MOYKHO Pe3IOMUPOBATD CJIEAYIOMINM 06pa3soM:

QO BpIpakeHue 'y'::TIMESTAMP WITHOUT TIMEZONE AT TIME ZONE 'x' O3Hauaer, 4TO
3HaueHue y Tuma TIMESTAMP GymeT mpeo6pa3oBaHO M3 YaCOBOTO T0SICA X B Ya-
COBOI1 TIOSIC CeaHca;

O BbIpakeHme 'y'::TIMESTAMP WITH TIMEZONE AT TIME ZONE 'x' mpeoGpa3syeT 3Ha-
yeHue y Tuna TIMESTAMPTZ B 3HaueHue Tura TIMESTAMP B yKa3aHHOM YaCOBOM
TI0sICe X.

PostgreSQL moHmMMaeT, Kak MHTEPIIPETUPOBATh BpeMEeHHbIE METKM C YaCOBBIM

mmosicom. B ciremytoriem mpumMepe nokasaHo, Kak PostgreSQL o6pabaTbhIBaeT ieTHee
BpeMsi:
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postgres=# SET timezone TO 'Europe/Berlin';

SET

postgres=# SELECT '2017-03-26 2:00:00'::timestamptz;
timestamptz

2017-03-26 03:00:00+02
(1 row)

Tun date peKOMeHAYeTCS UCIIOb30BaTh, KOTAA BpeMsl He BaXKHO, HaIIpUMep 151
3aJIaHMs TaThl POKIAEHMS, IIPA3IHUKOB M JHEI OTCYTCTBUS Ha pabore. [Ij1s1 xpaHe-
HUSI BpEMEHM C YaCOBBIM TOSICOM TpebyeTcs 12 6aiiToB: 8 mjist BpeMeHU U 4 Jis
YacoBOro mosica. [Ijisi XxpaHeHusT BpeMeHM 6e3 4acoBOro Iosica TpeOyeTcs TOIbKO
8 6aitToB. )i Tpeobpa3oBaHMs MEKAY YaCOBBIMM ITOSICAMM MOKHO MUCIIOIb30BaTh
KOHCTPYKLUMIO AT TIME ZONE.

Haxkonern, Tun interval mpencTaBisieT nepuop BpeMeHM, HalpuMep Mpeariono-
SKUTEJIbHOE BpeMsl paboThl Ha 3aaueii. OH OueHb BaskKeH [IJIsI OIlepariuii ¢ BpeMeH-
HBIMM MeTKaMMu.

PesynbpTaT MpoCThIX apudMeTMUecKuX ornepauuii, HapuMep + 1 —, HaJl 3SHaUeHU -
My Tura timestamp u timestamptz mmeetT Tui interval. Pe3ynbraT Tex ke omepanuii
HaJ 3HaueHMsIMM TuMa date MmeeT TUMN integer. B cinemyromem npumMepe nokasaHo
BBIUMTAHME 3HAYEHMI THIIA timestamptz 1 date. O6paTuTe BHMMAaHKe Ha GopMar 3a-
IaHVS MHTEPBAJOB:
postgres=# SELECT '2014-10-11'::date - '2014-10-10'::date = 1,

'2014-09-01 23:30:00'::timestamptz -'2014-09-01 22:00:00'::timestamptz =

Interval '1 hour, 30 minutes';
?2column? | ?column?

BA3A DAHHbIX CAMTA TOPFOB/IM ABTOMOBMISIMU

Ceifuac Mbl y3Ke MOXKeM ITpeoOpa30BaTh JOTMUYECKYI0 MOIeTb 6a3bl caiiTa TOPTOBIN
aBTOMOOMISIMM 13 TVIaBbl 1 B pusmueckyio. [Ipu cozmanum Tabaull cBepsiiiTech co
CJIeLYIOIIYM MUHMMAaIbHBIM KOHTPOJBbHBIM CIIVCKOM.
Yto 6ymeT mepBUYHBIM KIIOUOM?
KakoBbl 3HaUEeHUS 110 YMOTYAHMIO Y KQXKIOT0 CTOIO11a?
KakoB TuIl Kaskgoro cronbia?
KakoBbI orpaHMUeHMsI Ha CTOIOLBI MM TPYIIIIBI CTOJIOIIOB?
[TpaBMIbHO /M 3a[JaHbI pa3peleHns AJ1s Tab/LL, Toc/IefoBaTeIbHOCTe 1 cxem?
3aJlaHbl JIM BHELIHNE KJII0UM C COOTBETCTBYIOLIMMU NeVICTBUSIMMU?
KakoB >kM3HEeHHbIN UMK JAaHHbIX?
Kakue onepanym Haj, JaHHBIMY pa3pelieHbl?

[Ipn co3manum cxembl 6a3bl JaHHBIX MbI He OyZeM CTPOTO CjIefoBaTh hopMasb-
HOIt pesIiMOHHO MOJeI!, a BMeCTO HaTypaabHbIX K/Itoueli OymeM MCII0Ib30BaTh
CypporaTHble. Y CyppOTaTHBIX KJIIOU€El eCThb psifi, IPEUMYIIECTB:

(ONONCNORONCNONG,
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O HaTypa/ibHbIe KJIIOUM MOTYT MU3MEHSIThCSI: HUKTO He MelllaeT MIOMEeHSITh afipec
971eKTPOHHO¥ MouThl. C OGHOI CTOPOHBI, MOXKHO YCOMHUTBCS, a SIBSIETCS
JI BOOOIIE HAMYypanbHbslM KJIIOUOM TO, YTO MOKET u3MeHsThcs. Ho, ¢ mpyroii
CTOPOHBI, MOXKHO BO3Pa3uTh, UTO JlaKe TOCTAe U3MEHEHUSI OH OJHO3HAUHO
uneHTUGUIMpyeT YenoBeka. Tak MaM MHAUe, CyppoOraTHbIN KIIOU rapaHTy-
pYyeT, 4YTO eCcu OfHa CTPOKa CChUIAeTCsl Ha APYTYI0, TO 9Ta CChIKA HE CTaHET
HelelICTBUTENbHO 13-3a U3MEeHEeHUSI K/II0Ua;

O HeKkOppeKTHBIe TIPeITIONIOKeHNS O HATypaJIbHbBIX KIouaxX. Bo3bmem, K Mpu-
Mepy, afpec 37MeKTPOHHOI MOUThI. [IpefimonaraeTcs, YTO OH YHUKAIbHO UJIeH-
TuduiMpyeT yenoBeka. Ho 3To HelpaBga — HEKOTOpbIe MOCTaBIIMKY TTOUTO-
BBIX CJTY3K6 YCTaHABAMBAIOT ITOJIUTUKY MCTEUEHMS CPOKA AeICTBUS afpeca Ipu
HeaKTMBHOCTM BjIafiesiblia. Y YaCTHBIX KOMIIaHMi1 MOTYT GbITh KOJJIEKTVBHbIE
agpeca Buja contact@. .., support@... uT. 1. TO >ke OTHOCUTCSI K HOMepaM TeJie-
(hoHOB, PUKCUPOBAHHBIX ¥ MOOVIIbHBIX;

O cypporaTHbie KIIOUM MOXHO MCIIOMb30BaTh AJIs1 MPOCIEXMBAHUS BpeMeHU
B PeNISIIIMOHHOI 6a3e JaHHBIX. Tak, B HEKOTOPBIX KOMIIAHUSIX OUE€Hb CTPOTHe
Tpe6GoBaHMs K 6€30MacHOCTHM, COIVIACHO KOTOPBIM IOC/Ie KaXKIOoi orepamumn
C03/,aeTcsl HOBasl BepCusl JaHHBIX. [l CyppOraTHBIX KII0Ueli UCIIOMb3YIOTCS
KOMMAaKTHbIe TUIIbI JAHHBIX, Hampumep integer. [loaToOMy NpOU3BOOUTEND-
HOCTb OKa3bIBAaeTCs BhIIIE, YeM IIPY paboTe ¢ HATYPaJIbHBIMU KITIOUaMMU;

O B PostgreSQL cypporaTHble KIIOUM MOXHO MCIIOJIb30BaTh [IJISI YCTPAHEHMS
acddekTa McKaskeHUsT CTATUCTUKM. II0 yMOTUaHMIO cepBep co6MpaeT CTaTuC-
TUKY JJISI KaXKIOro CTOJMOIA B OTAEIbHOCTH. MIHOTa 9TO HEKOPPEKTHO, I0-
TOMY UTO CTOJIGIbI KOPPENIUPYIOT MeKay coboit. B Takom ciayuae PostgreSQL
nepenaeT HEMPaBUIbHYIO OI[eHKY MJIaHUPOBIIYKY, UTO MMPUBOJAUT K reHepa-
LMY HEOTITUMAJIbHBIX TJIAHOB. UTOOBI ITPeoo/IeTh 3TO OTpaHMUeHNe, pa3pa-
OO0TUYMK MOYKET COOBIIUTD CEpBEPY O MEKCTOIOIIOBOI KOPPEISIIINA;

O cpemcTBa OO0BEKTHO-PENSIIMOHHOTO OTOOpaskeHusi, Hampumep Hibernate,
MO/ TeP>XKUBAIOT CyppOTraTHbIE KITIOUM Iydllle, UeM HaTypaabHbIe.

Ho y cypporaTHbIX KiTl04Yeil eCTb M He[IOCTaTKU:

O cypporaTHbIli K/IIOU TeHepUpyeTcsl aBTOMAaTU4YeCKu, MO3TOMY MOTYT TOTy-
YyaTbCsl pasHble 3HaueHMs. Hampumep, Mbl BCTaB/sieM Bpoje Obl OMHU U Te
5Ke TaHHbIe B TECTOBYIO ¥ ITPOMEXYTOUHYIO 6a3y, a [IOTOM OKa3bIBaeTCsl, UTO
3amMCy Pa3anyualoTCs;

O cypporaTHbIii K04 6eccopepskaTeneH. THGopMaTUBHEe CChIIAThCS Ha YeJ0-
BeKa 10 MMeHU, a He TI0 aBTOMaTU4eCku CreHepMPOBAHHOMY UUCITY;

O cypporaTHbIe KTIOUM MOTYT IIPUBOAUTD K M36BITOUHOCTM JAHHBIX U 6€3 JOJIK-
HOJT OCTOPOKHOCTY TIOPOKIATb KOPTEKM-IYOIMKATBI.

Ha mmuarpaMme CYITHOCTb-CBSI3b IJIS caiiTa TOPTOBIY aBTOMOOMISIMU €CTh CYIII-
HOCTb user. [IOCKO/IBKY user — 3ape3epBUPOBAaHHOE CJI0BO, Mbl HA30BE€M COOTBET-
CTBYIOIIYIO Ta6IUITY account. [IOITYTHO OTMETUM, UTO €C/IM OU€Hb XOUETCS UCITONb30-
BaTh JIJIs UMEHOBaHMs 06beKTa 6a3bl JAHHBIX 3ape3epPBUPOBAHHOE CIOBO, TO HY;KHO
3aK/TIOYMUTH €ro B KaBbIUKM. Hiske MOKa3aHo, KaK CO31aTh TAOIUILy C MMEHEM user:
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postgres=# \set VERBOSITY 'verbose'
postgres=# CREATE TABLE user AS SELECT 1;
ERROR: 42601: syntax error at or near "user"
LINE 1: CREATE TABLE user AS SELECT 1;

A

LOCATION: scanner_yyerror, scan.l:1086
postgres=# CREATE TABLE "user" AS SELECT 1;
SELECT 1

B npenpigyieM npuMepe yCTaHOBJIEH MapaMeTp psql VERBOSITY, IMO3TOMY ITOKa-
3bIBAIOTCSI KOMObI U MOAPOOGHbBIE cOO6IIeHNsT 06 ommbKax. Kombl OMIMOOK MOJe3HBbI,
KOTZa HY’)KHO TIepeXBaThIBaTh UCKITIOUEHMS.

Iy co3maHmst TaGMUIIBI account BBITIOTHUTE CIEAYIOIIYI0 KOMaHIY

CREATE TABLE account (
account_id SERIAL PRIMARY KEY,
first_name TEXT NOT NULL,
last_name TEXT NOT NULL,
email TEXT NOT NULL UNIQUE,
password TEXT NOT NULL,
CHECK (email ~* '"M\w+@\w+[.]\w+S$'),
CHECK (char_length(password)>=8)

);

Crenaem HeCKOJIbKO 3aMeUaHUIi:

O arpubyT account_id Tuma serial BbIOpaH B KauecTBe MepBUYHOTO Kiaoua. OH
T10 OIIpee/IeHNI0 YHUKAJIEH 1 He MOXKeT 6bITh paBeH null;

O aTpubyTsl first_name, last_name, email 1 password He MOTYT IIPMHMMATDb 3HA-
yenue null;

QO mnaponb password IOJIKEH COMepXaThb He MeHee BOCbMM CMMBOJIOB. Ha mpak-
TUKE JJIVHA [TapoJisi KOHTPOIMPYETCS Ha YPOBHE 6M3HEC-JIOTUKY, TIOTOMY UTO
IapoJib He TOJKeH XPaHUTHCS B 6a3e MaHHBIX B OTKPBITOM Bue. JIOTIONTHN-
TeJIbHbIE CBeJIeHMsI O 6e30TacHOCTY CM. B TviaBe 11;

O arpubyT email COTIOCTABISIETCS C PETYISIPHBIM BbIpaskeHMEM (OTMETUM, UTO
3TO peryyisipHoe BbIpakeHle CUIbHO YIIPOIEHO, afpeca 3/IeKTPOHHOM MTOYThI
MOTYT OBITDb CJIOKHEE).

HesIBHO cO31a10TCS CJIEAYIONIE OObEKTHI:

O mnocnemoBaTeNbHOCTD AJ1S1 TOLLEPKKY TUIla serial;

O [nBa uHAEKca, 06a YHUKATbHBIX. [IepPBbIif — MHIEKC 110 IEPBUYHOMY KITIOUY ac-
count_1id. Bropoii Hy>KeH [,is1 IPOBEPKYM afpeca 37eKTPOHHOM MOYTHI.

Inisa co3ganmst Tabmuisl seller_account BBITIOTHUTE CIEAYIONIYIO KOMAHIY:

CREATE TABLE seller_account (
seller_account_id SERIAL PRIMARY KEY,
account_id INT UNIQUE NOT NULL REFERENCES
account(account_1id),
number_of_advertizement INT DEFAULT 0,
user_ranking float,
total_rank float

);
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Kak yierko BumeTh, MeXay Tabmuiamu seller_account U account MMeeTCs CBSI3b
OIMH-K-OTHOMY. DTO TapaHTUPYyeTCs orpaHudeHussMu NOT NULL 1 UNIQUE Ha aTpubyT
account_id. B maHHOM city4dae [IJ1s1 MOeNMPOBaHMS YUETHOM 3alCy TPOaBIa MOXK-
HO 6bIJIO ObI TAKKe CeaTh account_id MepBUYHBIM KITIOUOM

CREATE TABLE seller_account (
account_id INT PRIMARY KEY REFERENCES account(account_id)

);...

Ho mepBbIii moaxon 6osee rubkumii. Tpe6oBaHMSI MOTYT M3MEHUTBCS, M TOTHA
CBSI3b MEX/Iy YUETHOI 3aMMChI0 MOJIb30BATENSI U YUETHON 3aMMChI0 TPOAABIIA MO-
SKeT CTaTh TUIIA OAVH-KO-MHOTUM, a He OOUH-K-0JHOMY. Harpumep, MOHsITHE TT0/Ib-
30BaTeIsI MOXKHO 0600IIMTh HAa KOMITAaHUY U pa3pelinTh KOMITaHUM MMEeTb HeCKOJTb-
KO YYeTHBIX 3a1uceii MpofaBIia.

Iy co3manmst TabIUITbI car HaM IIPeKIe BCEro Hy)KHa MOJIeTb aBTOMOOWIIS. OTO
BaYXHO, TTOCKOJBKY 1ACT MTOJIb30BaTENI0 MPUJIOKEHMSI — B OCHOBHOM IMIPOJIaBIly — BO3-
MOSKHOCTb BBIOVPATh MOJIE/Tb, @ He BBOAUTD ee Ha3BaHue. K ToMy ke y TpofaBiia Mo-
SKeT ¥ He OBITh IOJTHO MH(pOopMaIvu o Mozenn. JIa 1 BoobIle, eciv pa3pernTb BBO-
IUTh MOZEIb BPYYHYIO, TO MOTYT BO3HMKHYTH HECOTJIACOBAHHOCTM M3-3a OIMIMOOK
M0JIb30BaTesisl. B pea/ibHbIX MIPUIOXKEHUSIX CIIPaBOUHYIO MHMOpPMAIINIO — Ha3BaHMUS
BaJTIOT, CTPaH U MOje/ieil aBTOMOOWMIe — MOKHO 3alPOCUTh Y CIIeIIMaTN3UPOBaH-
HBIX [TOCTABIIVKOB. Tak, CBeAEHMS O CTpaHax MpemocTaBisioTcst [SO v myoamMKyIoTCst
Ha cTpaHutie https://www.iso.org/iso-3166-country-codes.html.

PEe3ioME

B 3TOI1 II1aBE MBI paCCMOTPEJI OCHOBHBIE CTpouTeIbHbIe 6110KkM PostgreSQL. B kiac-
Tepe 6a3 TaHHBIX MMeETCS PSif 06bEKTOB, OOLIMX IJIsSI BceX 6a3. DTO posn, Tabimmy-
Hble TIPOCTPAHCTBA, IIa6JIOHHbIe 6a3bl JAHHBIX, [IAOOHHbBIE MTPOIeAYPHbIE SI3bIKMA,
a Takke HEKOTOpbIe rapaMeTpbl. TabaMyHOe TPOCTPAHCTBO — 3TO 06/IACTb B CUCTE-
Me XpaHeHMsI, KOTOpasi 0ObIYHO MCIIOAb3YeTCsI afMUHUCTPATOPOM 6a3 JaHHBIX IJIsI
ONITUMM3AIINY Y OOCITY>KMBAHMSI.

Basa maHHBIX templatel KJIOHMPYETCS MIPU KaKIOM CO3IaHMM HOBOJ 6a3bl. B Hee
MOXKHO 3arpy3UTh pacIiMpeHus, KOTOpbie JO/KHbBI IIPUCYTCTBOBATh BO BCeX 6a3ax
IaHHbIX. ba3a maHHbBIX templated — 3amacHast KOMMS Ha Cay4dari IMTOBPEXIeHUS temp-
latel. Kpome TOTO, €e MOXKHO MCIIO/Ib30BaTh, €C/IM B templatel ompenesieHa He Ta
JIOKaJIb, YTO HY>KHO.

V ponyu uMeeTcsl HECKOJIBKO aTpubyToB, Hamrpumep login, superuser u createdb.
B crapsix Bepcusix PostgreSQL posib HasbIBajach ITOJAb30BATENIEM, €C/IU € ObLI
paspeleH BXOA B 6a3y HAHHBIX, M TPYIINON B MIPOTUMBHOM ciydae. Poib MOKeT
OBITh WIEHOM JIPYTO¥ POJIM — 3TO YIPOILaeT yIIpaBaeHyue pa3pelieHUSIMN B 6a3e
OAHHBIX.

B PostgreSQL 6osiee IBYXCOT IapaMeTpPOB, YIIPAB/ISIIONIUX TTOBeIeHKEM 0asbl
IaHHbIX. OHM IEeJICTBYIOT B pa3HbIX KOHTEKCTaxX, a MMEHHO: BHYTPEeHHME, CepBep-
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HbIe, 3aJHETO TIJIaHa, TT0Ib30BaTeNbCKUe, cyTniepronb3oBaTenbckue u SIGHUP. [Tpo-
CMOTpPETh X MOXKHO C TIOMOIIIbIO TIpecTaBaeHNs pg_settings.

[Tonb3oBaTenbckas 6a3a JaHHBIX — 9TO KOHTETHEep IS cXeM, TabJInIl, TpeacTaB-
JieHunii, GyHKINMIA, I1Marna3soHoB, JOMEHOB, ocaeqoBaTebHOCTel 1 MHAEKCOB. Cy-
IIECTBYET TPM BUIA paspelleHuii: Ijisl CO3MaHusI HOBBIX OOBEKTOB, MIJIsT CO3MAHMS
BpEeMEHHBIX TaOIUIL U AJIsI TTOAK/IIoUeHus. Pl aclieKToB MmoBemeHust 6a3bl JaHHbIX
MOSKHO KOHTPOJIMPOBATH C IIOMOIIbI0 KOMaH/Ibl ALTER DATABASE. B KaTalIOKHOIT Tab-
nuiie pg_database XpaHSITCS ONMMCAHKS BceX 0a3 JaHHBIX B KacTepe.

PostgreSQL pacronaraet o6IIMpHbIM Ha60pPOM TUIIOB JAHHBIX, BKITIOUAsT YMCIIO-
Bbl€, CUMBOJIbHBIE U IaTy ¥ BpeMs. [IpaBUIbHbII BBIOOP THUIIA JaHHBIX — KOMIIPO-
MMCC MEKAY PacIIMpsieMOCTbI0, TOTpeb/IeHreM MaMsTy Y ITPOU3BOIUTETbHOCTBIO.
CreryeT ¢ OCTOPOXKHOCTHIO TTOAXOIUTD K BBITIOIHEHMIO OTlepaliuii ¢ JaHHBIMM pas-
HBbIX TUIIOB, ITOCKOJIbKY TIPY 3TOM IIPOM3BOISATCS HesiBHbIe mpeo6pasoBaHus. Ha-
TIpMMep, CJIeAyeT XOPOIIIO 3HATh, KaK BeleT cebs cucTeMa Py CpaBHEHUY TaHHbIX
TuUIA text 1 varchar. 9To OTHOCUTCS TaKKe K TUIIAM JaThl M BpeMeHM.

Ta6nuiIel — OCHOBHBIE CTPYKTYPHbBIE 371eMeHThbI PostgreSQL; cepBep UCHOTb3yeT
MX TaKKe JJIST peain3alyy IpeIcTaBIeHuit ¥ mocieqoBaTeabHOCTel. TaGmuiibl O6bI-
BalOT BpeMEeHHBIMM U TTIOCTOSTHHBIMH. B Tpoliecce MOTOKOBO periMKanym Hexxyp-
HasmpyeMble (unlogged) TaGIUITBI HEe PEIIMIIMPYIOTCS HA BeIOMbIE Y3JIbl.

B cnepytolieii riaBe Mbl pacCCMOTPUM JAOTIOJIHUTEIbHbIE CTPYKTYPHbBIE 3JIEMEHThI:
VMHIEKCHI U IIpecTaBaeHus. [IpounTaB 3TU IJ1aBbl, BbI OyIeTe MOHMMATh, Kak CIIpO-
eKTHPOBATh ¥ Peajan30BaTh GU3NUECKYI0 6a3y JaHHbIX [IJIST TPUIOKEHMS.
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B 9T0i1 M1aBe MbI PaCCMOTPUM OCTaJIbHbIE CTpOUTEIbHbIe 6110KM PostgreSQL: mpen-
CTaBJIEHMSI, MUHAEKCHI, QYHKIMIM, TPUTTEPHI U TTpaBmia. Mbl Takke pacckaxkem o DDL-
KoMaHax CREATE u ALTER. ITOCKOJIbKY JIEKCMUYECKYIO CTPYKTYpY M DML-KOMaHIbl MbI
ernie He 0O0CYKIaM, IToCTapaeMcst OTPaHNYNTBCS CaMbIMM ITPOCThIMY DML-KOMaH-
mamu. MiTak, B 9TOJ IM1aBe OyIyT pacCMOTPEHBI CIeIYIONIie BOIIPOCHI:

O mnpencTaBIeHMSI: 9TO BaKHASI YaCTh MOIEIMPOBAHMS 6a3bl JAHHBIX, TOCKOTb-
KY UTpaeT pojib uHTepdeiica, win ypoBHS abcTpakuym. Mbl 06CyIUM CMHTAaK-
CUC OTpefiesieHNs MpeACcTaBAeHMI, TTOPSIA0K X UCIIOAb30BaHMS U TIpUBEIeM
npyMep 06HOBJISIEMOTO MTPeCTaBIeHNS ;

MHAEKCBI: 3TO CeKPeTHbIN COyc, MOMOralommuii obecreuynBaTh COIIaCOBAH-
HOCTb U BbICOKYIO ITPOM3BOAUTEIBHOCTb. MbI 06CYAVIM TUIIbI MHAEKCOB;
GYHKUMM: TPUMEHSIIOTCS JJIST peain3alyuy CJIOXKHO JIOTMKY BHYTPU CaMOii
6a3bl JAHHBIX, HO MOTYT MCIIOIb30BaThCS TaK JKe, KaK IpeacTaBieHns. B aToit
rmaBe QyHKIMM 06CY>KIAIOTCS KPaTKO, a 6ojee TOTHOe PACCMOTPEHMEe OTIIO-
>KeHO 10 IJIaBbl 7;

O mnonb3oBaTelbCKME TUIIBI JAHHBIX: BaXkKHOE npeumyliectBo PostgreSQL —
BO3MOYXKHOCTb OMpeesisiTh HOBble TUIIbI TaHHBIX. B 9TOM pa3pene Mbl pac-
CMOTPUM HECKOJIbKO CUTYallii, KOTr[ia Mob30BaTeIbCKIe TUTIbI JaHHBIX T0-
MOTaloT PeMIUTD 3a7auy;

O Tpurrepsl ¥ mpaBmMiIa: ITO3BOJISIIOT pa3paboOTUMKy 06pabaThIBaTh COOBITHS,
reHepupyeMbie KoMaHaamu INSERT, UPDATE, DELETE u gpyrumu. TpuUrrepsl mc-
TTOJIb3YIOTCS 1T MOMEIMPOBAHMS CIOXKHBIX OM3HEC-TpeboBaHMIi, KOTOPbIe
TPYOHO peayin30BaTh CpeacTBaMy OgHOro auiiab SQL.

MPEOCTABNEHMSA

IpencraBiaeHe MOKHO CUMTATh MMEHOBAHHBIM 3aIlPOCOM MJIM 06E€PTKOI BOKPYT
KOMaHAbI SELECT. IIpencTaBieHusT — CYIeCTBEHHbII CTPOUTENbHbIN OJIOK pessiiy-
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OHHBIX 06a3 JaHHBIX C TOUKM 3peHust UML-MomenpoBaHs; ero MOXKHO MHTepIIpe-
THpoBaTh Kak Metoz UML-knacca. IIpeacraBieHyst UCIIOAb3YIOTCS IS CIeYIOLI X
Lesei:

O 4YTOGBI YIPOCTUTb CJIOKHBIE 3AIPOCHI U MOBBICUTh CTEIIEHb MOMIYIbHOCTYU
KO[ia;

O OIS TIOBBIIIEHNS TTPOU3BOIUTEILHOCTY TOCPEICTBOM KEIMPOBAHMS Pe3Yilb-
TaTOB U UCITOJIb30BAHMS UX B OYAyIIEM;

O uTO6BI yMeHBIIUTH 00beM SQL-Koma;

O 4TOG6BI IEPEOPOCUTH MOCT MEXKIY PEISIIMOHHBIMY 0a3aMM JAHHBIX U 00b-
€KTHO-OPMEHTUPOBAHHBIMU SI3bIKAMM (0COOEHHO B STOM CMBbIC/IE TTOJIE3HbI
OGHOBJISIEMbIE ITPECTaBICHNS);

O uTOGBI peann3oBaTh aBTOPM3AIIMIO HA YPOBHE CTPOK — He IaBaTh JOCTYyIa
K CTPOKaM, He YIOBJIETBOPSIOIINM 3aJaHHOMY YCJIOBUIO;

O png peanmusauuyu uHTepdeiicoB M YpOBHS abGCTpaKINM, PaCIIOIOKEHHOTO
MEKIY SI3bIKaMM BBICOKOTO YPOBHS U PEJISILIIOHHBIMM 6a3aMu;

O pmJisg peanu3alny CPOYHBIX U3MEHEHMIA.

[IpencraBieHre OO/DKHO OTBEYATh TEKYIIVIM, a He IpearojgaraeMbIM OyIyIM
moTpe6HOCTIM 613Heca. Ero ciemyeT MpoeKTUPOBaTh C yUeTOM ITPeICTaBIeHMS KOH-
KpeTHOI PpyHKIMOHATbHOCTHK. OTMETUM, UTO YeM 6OJIbIIle B IIPEeICTaBIeHUN aTPu-
OyTOB, TeM OOJIbIlle YCYJINI MPUIETCS MPUIOKUTD s ero pedaktopuHra. Kpome
TOTO0, eCJIM TIpeACTaB/IeHe arperupyeT JaHHbIe Y3 MHOTUX TaOJIUIL U VICTIOIb3YeTCs
B KauecTBe MHTepdeiica, TO BOSMOKHO CHUKEeHME MPOU3BOAUTETbHOCTH. [TpyunH
TOMY MHOTO, HallpyMep HEeONTMMAaJIbHbIN TIJIaH BBITIOJTHEHMS M3-3a yCTapeBIIei
CTaTUCTUKY HEKOTOPBIX TAOJMUIIL U T. [I.

Ecmu ctoskHast 6M3Hec-7IorMKa peanusyercs B 6a3e JAHHBIX C TTOMOIIBIO MPeI-
CTaBJIEHUII ¥ XPaHMMBbIX IIPOLIETYP, TO pedakKTOPUHT 6a3bl, 8 B 0COOEHHOCTY 6a30-
BBIX TaOJINII, MOXKET MPEBPATUTHCS B KomMap. UToObI 136e5kaTh 9TOTO, TIOAyMaiiTe
0 TepeHoce 6M3HeC-TOTVKI Ha YPOBEHb MTPUIOKEHUS.

V HEeKOTOpBIX CHUCTEM, HaIlpUMep CPEeICTB OOBHEeKTHO-PEISIVOHHOTO OTO6Gpa-
SKeHMsI, MOTYT OBbITh CITelMabHble TPeOOBaHMS, JOITYCTUM HaauuMe YHUKAIbHOTO
KJTI0Ya. ITO OTPaHMYMBAET MIPMMEHMMOCTDb B HUX ITpeACTaBIeHI1, OMHAKO B KaKOi-
TO Mepe mpobeMy MOXKHO CIIafUTh, MTOAMEHUB MEePBUUYHbIE KITIOUM OKOHHBIMU
(YHKIMSIMM, HAIIPUMED row_number.

B PostgreSQL mpeacTaBieHue 3a KyJaMcaMy MOIEIMPYETCS Kak TabauIia ¢ mpaBu-
JIOM _RETURN. To eCTh TeOpeTHUecku MOKHO CO3IAaTh TaOGMUILY U ITpeoGpa3oBaTh ee
B IIpeiCTaBjIeHe, HO Je/IaTh TakK He peKoMeHIyeTcs. JlepeBo 3aBUCUMOCTeN TTpef-
CTaBJIEHMSI CTPOTO KOHTPOJIUPYETCS, T. €. HEBO3MOKHO YIAIUTh MJIU CTPYKTYPHO U3-
MEHUTD MpeiCTaBlIeHNe, OT KOTOPOT'O 3aBUCST APYTHe MPeaCTaBIeHNs:
postgres=# CREATE VIEW test AS SELECT 1 as v;

CREATE VIEW
postgres=# CREATE VIEW test2 AS SELECT v FROM test;

CREATE VIEW
postgres=# CREATE OR REPLACE VIEW test AS SELECT 1 as val;

ERROR: cannot change name of view column "v" to "val"
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CWHTAKCMC ONPEOENEHUS NPEACTAB/IEHMS

ITokasaHHas HIDKe KOMaHzAa CREATE VIEW TO3BOJISIET CO3/aTh MpeCTaBIeHne, a pu
HaJIVYMM KJTIOUEBOTO CJIOBA REPLACE 3aMEHUTBD Y3Ke CYIIeCTBYIOIIee Mpe/icTaBIeHue.
VimeHa aTpuOyTOB MpenCcTaBIeHNs] MOXHO 33/1aTh SIBHO, B TPOTUBHOM CJTyyae OHU
HaC/lIeyIoTCsl OT KOMaHIbl SELECT:

CREATE [ OR REPLACE ] [ TEMP | TEMPORARY ] [ RECURSIVE ] VIEW name [ (
column_name [, ...] ) ]

[ WITH ( view_option_name [= view_option_value] [, ... 1) ]

AS query

[ WITH [ CASCADED | LOCAL ] CHECK OPTION ]

O CMHTaKCUC co3aaHus MaTepnanm3oBaHHbIX Hpe,D,CTaBJ'IeHIAVI OTIMYaeTCa OT MOKa3aHHOro
Bblwe. OH OMMCaH HUXe B paspene <<MaTepl/Ia.ﬂIABOBaHHbIE npencraBneHua».

B npumepe HIKe TIOKa3aHO, Kak CO3/1aTh IIpeICTaBlIeHN e, KOTOPOe BHIBOIUT BCIO
MHGOpPMAIIMIO O T0JIb30BaTe/Ie, KpOMe Mapojist. OTO MOXKET GbITh IT0JIE3HO, YTOObI
OTPaHMYNUTD JOCTYII MPMIOKEHNMST K Iapomo. OTMETMM, YTO MMeHa CTOIOIOB Ha-
CJIEYIOTCST OT CTOJOIOB B KOMaHe SELECT, Kak IoKa3bIBaeT MeTakoMaHzaa \d mist
ob6bekTa account_information:

car_portal=> CREATE VIEW account_information AS SELECT account_id,
first_name, last_name, email FROM account;
CREATE VIEW
car_portal=> \d account_information
View "car_portal_app.account_information"

Column | Type | Collation | Nullable | Default
------------ s e e Rt T
account_id | integer | |
first_name | text | | |
last_name | text | | |
email | text | | |

ViMeHa cTONOIOB MpeACTaBIeHMs] MOKHO 3a[aTh M SIBHO, KaK ITOKA3aHO B IPU-
Mepe HIKe:
CREATE OR REPLACE VIEW account_information

(account_id,first_name,last_name,email) AS SELECT account_id, first_name,
last_name, email FROM account;

Ecnn orpenejeHne 1npeacrtaBjJaeHMs M3MEHIeTCA C ITIOMOIIbIO K/III0UeBOIro C/IoBa
REPLACE, TO CriMCKM CTOJI6]_IOB B CTapOM M HOBOM IIpeACTaBIEHUAX OOJI>KHbI OBITH
OIVTHAKOBBI, BKJIIOUAsT MMSI, TUIT U TIOPSIAOK CJIeoBaHMsI. B ciiemyoomem mpumMepe
ITOKAa3aHO, UTO ITPOM30IET P IOIBITKE M3MEHUTD MOPSIAOK CTOIOIOB:
car_portal=> CREATE OR REPLACE VIEW account_information AS SELECT

account_1id, last_name, first_name, email FROM account;
ERROR: cannot change name of view column "first_name" to "last_name"
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KATEroPMM NPEACTABNEHMI

B PostgreSQL mmeeTcst HECKOIBKO KaTerOpuii mpeCcTaBIeHUIA.

O BpemeHHBbI€ TIPeACcTaBIeHMs. Takoe IpeCcTaBIeHe aBTOMaTUYeCKN yaa-

JisieTcsl B KOHILe ceaHca. Ecnm kimoueBoe ¢yioBO TEMPORARY min TEMP OTCYTCTBY-
eT, TO )XU3HEHHBI LUK NpefCTaBIeHMs] HAUMHAETCS B MOMEHT CO34aHus
¥ 3aKaHUYMBAETCS B MOMEHT SIBHOTO yIaJI€HMSI.

PexkypcuBHbIe npencTtaBieHMs. PeKypcrBHOe MpeACTaBIeHe HAllOMMUHA-
€T PeKypPCUBHYIO QYHKIINIO B I3bIKAX ITPOTpaMMMpoBanmsl. CIIMCOK CTOIOIIOB
B 9TOM CiTy4yae o6si3aTesieH. PeKypcusi, B UaCTHOCTY PeKYPCUBHBIE TTPEICTaB-
JIEHUSI ¥ PEeKypCUBHbIe 001Me TabnuuHble BbipakeHus (CTE), mo3BosseT
CTPOUTH OUEHb CJIOKHBIE 3aTTPOCHI, 0COOGEHHO IS MepapXuuecKy OpraHmn30-
BAHHBIX JAHHBIX.

OoHoBsIeMble TpeacTaBiaeHus. OOHOBJISIEMbIe TIPEICTABIEHNST M03BO-
JITIOT 06paIaThCs C MPeACTaBIeHNUSIMI, KaK C TabaUIaMy, T. €. BbIIIOTHSITh
KOMaHAbI INSERT, UPDATE ¥ DELETE. OGHOBJIsIEMbIE MTPEICTABIEHNS B KAKOI-TO
Mepe MOKHO pacCMaTpMBaTh KaK MOCT MEKAY PEISIVOHHON M 00beKTHOM
MOZEJISIMI, OHM HAIOT HEKMIT aHAJIOT IMoMMMopbu3Ma.
Marepuann3oBaHHbIe MpeacTaBaeHus . JTOo, [0 CYyTH Jefa, Tabauiia, co-
IepXK1Moe KOTOPO¥ Iepuoanueckyl OGHOBIISIETCS 3apaHee 3aJaHHbIM 3a1Ipo-
coM. MaTeprann3oBaHHbIe ITPeICTaBIEHNS TOBBIIIAIOT TPOU3BOAUTEIBHOCTD
3ampOCOB, KOTOPBIE BBITIOIHSIOTCS AOJTO, ¥ YaCTO MPUMEHSIIOTCS K CTaTuye-
CKMM JTaHHBIM. MOJKHO CUMTATh X BAPMAHTOM KeIMpoBaHus. Pekypcus 6y-
JIeT pacCMOTpeHa B MOWIEAYOIINX IMIaBaX, a 34eCh Mbl COCPENOTOUMMCS Ha

OOHOBJISIEMBIX U MaTepraJIn30BaHHbIX ITpeaCTaBJIeHMAX.

MaTepMan M30BaHHbI€ NpeacTaBieHUaA

CUHTAKCHC OIpeeneHNs] MaTepUalM30BaHHbIX ¥ OOBIYHBIX MPEICTaBACHUI He-
CKOJIbKO pasinyaeTcsi. MaTepuanu3oBaHHbIe MIpeCTaBlIeHus — paciiupenue Post-
greSQL, Ho ux mopaepskuBaT u apyrue CYBII, Hanmpumep Oracle. Kak moka3zaHo
HIKe, MaTepyaa30BaHHOe ITPeiCTaB/IeHe MOKHO CO3/IaTh B OIIpeieJIeHHOM Tab-
JIMYHOM TIPOCTPAHCTBE, U [IJIsI HEer0 MOKHO 3a/1aTh TapamMeTpPOM XpaHeHUs storage_
parameter, 4YTO BIIOJIHE JIOTUYHO, T. K. MaTepUaIM30BaHHbIe TIpeACcTaBaeHNs — Pu3n-

yeckyue 0ObeKThI:

CREATE MATERIALIZED VIEW [ IF NOT EXISTS ] table_name
[ (column_name [, ...] ) ]
[ WITH ( storage_parameter [= value] [, ... ] ) ]
[ TABLESPACE tablespace_name ]
AS query
[ WITH [ NO ] DATA ]

B MoMeHT co3maHus MaTepuaJIn30BaHHOTO IMpeacCTaBJIeHMs ero MOXXHO 3aIloJji-

HUTb WIN OCTABUTH ITYCTHIM. [IJ15 3aMI0THEHUSI ITyCTOTO MaTepUaa30BaHHOTO
CTaBJIEHMUSI CJTYSKUT KOMaHa REFRESH MATERIALIZED VIEW C TAKMM CMHTAKCUCOM:

npep-
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REFRESH MATERIALIZED VIEW [ CONCURRENTLY ] name [ WITH [ NO ] DATA ]

[TombITKA BRIOPATH JAHHBIE M3 HE3ATIOJIHEHHOTO MTPEICTABIeHNS 3aKaHUMBAETCS
OIIMOKOJA, TOKA3aHHOJ B IIPMMepe HIDKe:

car_portal=> CREATE MATERIALIZED VIEW test _mat AS SELECT 1 WITH NO DATA;
CREATE MATERIALIZED VIEW

car_portal=> TABLE test_mat;

ERROR: materialized view "test_mat" has not been populated

HINT: Use the REFRESH MATERIALIZED VIEW command.

OGHOBUTH MpeCTaBIeHNe, KaK Mpe/jiaraeTcs B MOACKa3Ke, MOKHO CIeYIONUM
obpasom:
car_portal=> REFRESH MATERIALIZED VIEW test_mat;
REFRESH MATERIALIZED VIEW

car_portal=> TABLE test_mat;
?2column?

(1 row)

O O6HoBnEHUE MaTepMUann3oBaHHOIo NpeacTaBieHUa — 6!10Kl4py}OIJ.l,aﬂ KOMaHZAa,T. €.04HOBpe-
MEHHO BbINOMHAEMble KOMaHAbl SELECT 6yﬂ,yT NPUOCTAHOBJ/IEHbI Ha BpEM4, NMOKa NMpPpOM3BO-
anTCs obHOoBNEHME. 3Ty npo6neMy MOXHO peLlnTb C NOMOLLbK NapanienbHOro 06HOBNEHMS,
HO TOraa Hag npeactaBleHUEM OOJKEH 6bITb NOoCTpOEH yHVIKaJ’IbeIVI MHOEKC.

MaTepuanu3oBaHHbIe ITPeACTaBIeHMS YaCTO MUCIIOIb3YIOTCSI COBMECTHO C XpaHU-
JIUIIAaMM TaHHBIX. B 9TOM ciyyae BBITIONHSIETCS PSIZl 3alIpOCOB B MHTepecax Om3-
HeC-aHaJUTUKU U TIOOAePsKKU TIPUHSITUS pellleHuii. [JaHHbIe B TaKMUX MPUTOKEHUSIX
M3MEHSIIOTCS PeIKO, HO BbIUMCIeHMS U arperMpoBaHue 3aHMMaT MHOTO BpeMeHN.
B ob11em ciryyae MmaTepuaa30BaHHbIE ITPEICTABIEHMS TPUMEHSIIOTCS IJIST CJIETYIO-
IIMX 1ene:

O @dopmupoBaHMe CBOIHBIX OTUYETOB;

O KemupoBaHMe pe3yJbTaTOB MOBTOPSIOIINXCS 3aIIPOCOB;

O mMoBbIIIEHME TPOMU3BOIUTEIBHOCTY O1arogapst OMHOKPAaTHOM 06paboTKe maH-

HBIX.

[TocKoMbKY MaTepuaaM30BaHHbIE ITPEICTABIEHNS — 5TO TAOIMUIIBI, UX MOXKHO MH-

JIIeKCUPOBATh, YTO PE3KO YCKOPSIET paboTy C HUMM.

OBHOBNSEMbIE MPEACTABIEHUS

ITo yMoMuaHMIO TIPOCThIe MpeacTaBaeHus B PostgreSQL sIBISIOTCS aBTOOOHOBJIsSIE-
MBIMU, T. €. K HUM MOKHO MPUMEHSITh KOMaHAbl DELETE, INSERT 1 UPDATE, KOTOpbIE
BO3JIENCTBYIOT Ha JaHHbIe B 6a30BOi Tabmuiie. Eciu npeacTaBieHe He SIBJISIETCS
OGHOBJIIEMBIM (a 3HAYNT, U IIPOCTHIM) M3-3a HAPYIIEHNUSI OTHOTO U3 MepeuncieH-
HbIX HIKe OTpaHMYEHMUIA, TO ero Bce-TaKy MOXKHO CHe/aTh TAKOBBIM C ITOMOIIILIO
TPUTTEPOB U TIpaBWI. [IpecTaBieHNe SIBASETCS aBTOMATUYECKM OOGHOBJISIEMbBIM,
€CJTM BBITIOJTHEHBI CIeAYIOIIVE YCIOBUS :
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Mpe[cTaB/IeHNe OO/IKHO ObITh TIOCTPOEHO TOJBKO HAaJ, OJHOM Tabnuiei mimn
OIHMM OOHOBJISIEMbIM IPEACTABICHIEM;
orpeeneHye MpeACTaBIeHNs He COIeP>XKUT Ha BepXHEeM YPOBHE CeqyIoNInX
(bpa3 u TeOpeTUKO-MHOKECTBEHHBIX OTIepaTOPOB: DISTINCT, WITH, GROUP BY, OFF -
SET, HAVING, LIMIT, UNION, EXCEPT, INTERSECT;

QO B cmucke select TO/KHBI GBITh TOJIBKO CAaMU CTOJIOIBI 6a30B0OI TaGIUIIbI, UC-
royib30BaHye (GYHKINI 1 BhIpaskeHMIT He ToITycKkaeTcsl. Kpome Toro, cTom01b!
He TOJIKHBI TIOBTOPSITHCS ;

O He IOIKHO OBITh YCTAHOBJIEHO CBOMCTBO security_barrier.

Ijis caiiTa TOPTOBAM aBTOMOOWISIMM MOKHO OIpeIeauTh OOHOBISIEMOe Mpe-
CTaBjIeHMe, TOKa3bIBaloIlee TOAbKO YYeTHbIe 3aIllucCH, He MpUHAJJIexkallne mpo-
IaBlAM:

CREATE VIEW user_account AS

SELECT account_id, first_name, last_name, email, password
FROM account WHERE account_id NOT IN (SELECT account_id FROM seller_account);

st IIPOBEPKU HOHpOGYEM BCTaBUTDb B HET'O CTPOKY:

car_portal=> INSERT INTO user_account VALUES
(default, 'first_namel','last_namel','test@email.com','password');
INSERT 0 1

Ilns aBTOOGHOBJISIEMOrO IPEICTABIEHMUST HEMb3sT M3MEHUTb CTPOKY, KOTOPYIO
MpefcTaBjieHne He Bo3BpaliaeT. [Tormpo6GyeM BCTaBUTh YUETHYIO 3aIlMCh BMeECTE
C 3aIMChIO MTPOJABIIA, & 3aTEM YIAIUTD ee.

car_portal=> WITH account_info AS ( INSERT INTO user_account VALUES
(default, 'first_name2','last_name2','test2@email.com', 'password') RETURNING
account_1id)

INSERT INTO seller_account (account_id, street_name, street_number,
zip_code, city) SELECT account_id, 'streetl', '555', '555', 'test_city'
FROM account_1info;

INSERT 0 1

O6paTuTe BHMMaHMe, YTO BCTaBKa B IIPEICTAB/IEHNE user_account IPOIILIa yCIel-
HO. Ho TemM He MeHee yIaauTh 3Ty 3aM1ch C TOMOIIbI0 0GHOBJISIEMOTO MpeICTaBIIe-
HUSI He TIOJIYYMUTCS — [IOMELIAeT IIPOBEPOYHOE OrpaHMUYeHme:

car_portal=> DELETE FROM user_account WHERE first_name = 'first_name2';

DELETE 0

car_portal=> SELECT * FROM account where first_name like 'first_name%';

account_id | first_name | Tlast_name | email | password

------------ T T LR EE L T TR SRR
482 | first_namel | last_namel | test@email.com | password
484 | first_name2 | last_name2 | test2@email.com | password

(2 rows)

Iy yTripaB/ieHus] TIOBeIeHMeM aBTOMAaTUUECKY OOHOBJIIEMBIX MpPeICTaBIeHM
CTyskUT hpasa WITH CHECK OPTION. Ecjiv OHa OTCYTCTBYET, TO KOMaH bl UPDATE 1 INSERT
YCIEITHO BBITIOHSIIOTCS, aXke eC/Iv CTPOKa He BMIHA B MPeICTaBIeHUM, UTO PUCKO-
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BaHHO C TOUKM 3peHMst 6e30MacHOCTU. DTa BO3MOKHOCTb JEMOHCTPUPYETCS B IIPU-
Mepe Hipke. CHavaja co3gaayM Tabuiy:
CREATE TABLE a (val INT);

CREATE VIEW test_check_option AS SELECT * FROM a WHERE val > 0
WITH CHECK OPTION;

Inst recTvipoBanust CHECK OPTION orpoGyeM BCTaBUTD CTPOKY, HE YIOBJIETBOPSIIO-
IIyI0 MTPOBEPOUYHOMY YCJIOBUIO:
car_portal=> INSERT INTO test_check_option VALUES (-1);

ERROR: new row violates check option for view "test_check_option"
DETAIL: Failing row contains (-1).

JoromHuUTeNbHbIE CBEIEHMS O TpPeACTaBJeHMIX CM. Ha CTpaHuue https://www.
postgresgl.org/docs/current/static/sql-createview.html. Ecin Bbl He yBepeHbl, SIBJIS-
eTCs TIpeiCTaB/IeHe aBTOMATHUUYeCKM OOHOBJISIEMBIM WJIM HET, TO MOXKETe Y3HaTh,
npoBepuB ¢iar is_insertable_into B Ta6nuiie information_schema:
car_portal=# SELECT table_name, is_insertable_into FROM
information_schema.tables WHERE table_name = 'user_account';

table_name | is_insertable_into
.............. S

user_account | YES
(1 row)

UHpekcobl

WHpekce — 970 Gpusmyeckuii 06beKT 6a3bl JaHHBIX, IOCTPOEHHBIA HAJ OTHUM WU
HECKOJbKUMMU CTONOIaMu Tabmuiibl. B PostgreSQL ecTh HECKOIBKO TUTIOB MHIEKCOB
", COOTBETCTBEHHO, CITOCOO0B MX MCITO/Ib30BaHMsI. VIHIEKChI TPUMEHSIIOTCS JIJIST pe-
IIeHMs CAeqyIoNMX 3aau:

O onTuMusanus MPOU3BOAUTETBHOCTU — MHEKC M03BossieT 3¢b(eKTUBHO
BBIOMpATH M3 TAOGIUIIBI HEOOJBIIOE YMUCIO CTPOK. UTO Takoe «HEeOObIIoe»
YICIT0, OTIpeAesisIeTcs OOIIMM KOJTMUYECTBOM CTPOK B Ta0/IMIIe U TTapaMeTpaMu
TJIaHa BBITTOIHEHMS;

O KOHTpOAb OrpaHMYEHUIT — MHAEKC TO3BOJISIET MPOBEPSITh 3aJaHHbIe IJIs
CTpPOK orpaHmueHus. Hampumep, s mTpoBepKyu orpaHmuyeHus UNIQUE aBTO-
MaTUYECKM CO3[AETCST MHIEKC IO COOTBETCTBYIOIIEMY CTOMIOITY.

B cnepyromiem npumepe moKa3aHo, Kak UCMOAb30BaTh GIST-uHaeKc Aj1s1 3anpera
TepeKpbIBAIONIMXCS AMana3oHoB aaT. [JJonoMHuUTeIbHbIe CBeJleHNs CM. Ha CTpaHule
https://www.postgresql.org/docs/current/static/rangetypes.html.

CREATE TABLE no_date_overlap (

date_range daterange,

EXCLUDE USING GIST (date_range WITH &&)
)s

HpOBEpI/IM, IIOMBITABIINMCD CO30aTh MMEepPEeKPbIBAKOIIMeCd AMarna30OHbI:

car_portal=# INSERT INTO no_date_overlap values('[2010-01-01, 2020-01-01)');
INSERT 0 1


https://www.postgresql.org/docs/current/static/sql-createview.html
https://www.postgresql.org/docs/current/static/sql-createview.html
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car_portal=# INSERT INTO no_date_overlap values('[2010-01-01, 2017-01-01)');
ERROR: conflicting key value violates exclusion constraint
"no_date_overlap_date_range_excl"

DETAIL: Key (date_range)=([2010-01-01,2017-01-01)) conflicts with existing
key (date_range)=([2010-01-01,2020-01-01)).

CuHTaKCcUC co3aaHMA UHAEKCA

VHpeKchl cO3ai0TCsT KOMaHAoil CREATE INDEX. ITOCKONBbKY MHOEKC — (bu3ndecKuit
06BeKT 6a3bl JAHHBIX, MbI MOXXEM yKa3aTbh TaGJIMYHOE ITPOCTPAHCTBO U MTapaMeTp
XpaHeHus storage_parameter. IHAEKC MOXKHO CTPOMUTD I10 CTOJIOLIAM MJIM I10 BbIpa-
SKEHUSIM. DJIEMEHTBI MHAEKCa MOXXHO COPTUPOBATh B IMOPsiAKe BOo3pacTaHus (ASC)
mau yopiBauus (DESC). Kpome TOro, MOSKHO 3aJaTh HOPSIIOK COPTUMPOBKM [IJIsT 3HAUe-
Huii NULL — B Havase win B KOHIle MHIeKca. Ecim nHIeKC co30aeTcst 0 TeKCTOBBIM
TIOJISIM, TO MOJKHO TakyKe 3aJaTh MOPSIIOK cpaBHeHus (collation). Hike npusemeH
TIOJTHBIN CMHTAKCYC KOMaH/BbI.

CREATE [ UNIQUE ] INDEX [ CONCURRENTLY ] [ [ IF NOT EXISTS ] name ] ON
table_name [ USING method ]

( { column_name | ( expression ) } [ COLLATE collation ] [ opclass ] [ ASC
| DESC ] [ NULLS { FIRST | LAST } 1 [, ...1)

[ WITH ( storage_parameter = value [, ... ] ) ]

[ TABLESPACE tablespace_name ]

[ WHERE predicate ]

O Ona NepBUYHbIX N YHUKAJIbHbIX KNHOYen MHAEKCbl CO34AKTCS aBTOMATUYECKM.

M3bupaTenbHOCTb MHAEKCA

PaccmoTtpuM Tabimiry account_history B 6a3e JaHHBIX [IJIST CaiiTa TOPrOBJIY aBTOMO-
6mnsiMu. Y orpaHMYeHmsT yHUKaIbHOCTH UNIQUE (account_id, search_key, search_date)
ecTb e 1iesin. [lepBasi — MpoBepka TOTO, YTO HU OJIMH KJTI0U TTOMCKA He BCTaBJISIeTCS
IBaKObI IJIS1 OJHOM U TOM >Ke JaThl, Iaxke eC/iv MOoJb30BaTelb MCKaA M0 HeMY He-
CKOJIbKO pa3. BTopast — 6bIcTpast BbIGOPKA JaHHBIX. ITyCTh TpebyeTcss BHIBECTHM IT0-
cnegHue 10 MOMCKOB JAHHOTO ITOb30BaTe s, 3alIPOC MOSKET BBIIVISIIETh TaK:

SELECT search_key FROM account_history WHERE account_id = <account>
GROUP BY search_key ORDER BY max(search_date) limit 10;

OTOT 3arpoc Bo3BpamaeT 10 3amuceii, comepykalliux KUK IMOUCKa search_key,
YIIOPSIIOUYEHHbIE I10 JaTe IoucKa search_date. Eciiv Tabnmuiia account_history comep-
JKUT MUJIJIMOHBI CTPOK, TO UTEHME BCEX JaHHbIX 3aiiMeT OUYeHb MHOTIO BpeMeHN. Ho
He B 3TOM (JIydae, IMOCKOJIbKY Ha/InuMe YHUKAJIbHOTO MHAEKCA MO3BOJISIET UNTATh
IlaHHBIE TOMBKO JIJISI OAHOTO YKa3aHHOTO MOJIb30BaTersl.

Eciu Tabnuiia Masa, TO MHIEKChI Hafl Heil He MCITONb3YIoTCs. B aTOM cityyae ria-
HUPOBIIMK PostgreSQL mpenmoynTaeT IpocMaTpPUBaTh TAOIUITY HeTMKOM. UTOObI
ybenuThCs B 9TOM, 3aIIOJIHMM Tabauily account_history coBceM HebGonbIIMM Hab0-
pOM [AaHHBIX:



104 <« [ononHuTenbHble cTpouTenbHble 6noku PostgreSOL

WITH test_account AS (

INSERT INTO account VALUES (1000, 'test first_name', 'test_last_name',

'"test@email.com', 'password')

RETURNING account_id
),car AS ( SELECT 1 as car_model FROM (VALUES('brand=BMW'), ('brand=WV'))
AS foo(1i)
),manufacturing_date AS ( SELECT 'year='|| 1 as date FROM generate_series
(2015, 2014, -1) as foo(i))
INSERT INTO account_history (account_id, search_key, search_date)
SELECT account_id, car.car_model||'&'||manufacturing_date.date, current_date
FROM test_account, car, manufacturing_date;
VACUUM ANALYZE;

YToObI Y3HATb, UCIIO/Ib3YeTCs JI MHOEKC, BBITTIOJTHUM TaKo 3arpoc:

car_portal=> SELECT search_key FROM account_history WHERE account_id = 1000
GROUP BY search_key ORDER BY max(search_date) limit 10;
search_key
brand=WV&year=2014
brand=BMW&year=2014
brand=WV&year=2015
brand=BMW&year=2015
(4 rows)

car_portal=> EXPLAIN SELECT search_key FROM account_history WHERE
account_id = 1000 GROUP BY search_key ORDER BY max(search_date) limit 10;
QUERY PLAN
Limit (cost=1.17..1.18 rows=3 width=23)
-> Sort (cost=1.17..1.18 rows=3 width=23)
Sort Key: (max(search_date))
-> HashAggregate (cost=1.12..1.15 rows=3 width=23)
Group Key: search_key
-> Seq Scan on account_history (cost=0.00..1.10 rows=4 width=23)
Filter: (account_id = 1000)

B 3TOM IIpMMepe MHIEKC He UCIT0/Mb3yeTcs. [TaHMPOBIIVK PelliaeT, IPUMEHSTh MH-
JIeKC MM HeT, Co00pas3ysICh CO CTOMMOCTBIO T/IaHa BITIOMHEHMS. 111 OMHOTO U TOTO
5Ke 3arpoca, HO C pasHbIMM IapamMeTpamMi IIAaHMPOBIIMK MOYKET BbIOpaTh pasHble
TIJIaHbI, OPMEHTUPYSICh HA TMCTOTPaMMYy pacIipeneieHus JaHHbIX. [laske eciay Habop
IAHHBIX BEJIVK, HO ITPeIMKaT, 3aJaHHbIN B YCJIOBUY, OTGMIBTPOBBIBAET MaJIO JAHHBIX,
MHIEKC VCIIONb30BaThCs He OymeT. YTOObI IPOIeMOHCTPUPOBATh TAKYIO CUTYaLIMIO,
I06aBMM CTPOKM ellle JIJIs1 OMHOI YUeTHO 3aMyCH M BBITTOTHMM 3aITpOC CHOBA:

WITH test_account AS (

INSERT INTO account VALUES (2000, 'test_first_name',
"test_last_name','test2@email.com', 'password') RETURNING account_id
),car AS ( SELECT i as car_model FROM (VALUES('brand=BMW'), ('brand=WV'),

('brand=Audi'), ('brand=MB')) AS foo(1)

),manufacturing_date AS ( SELECT 'year='|| i as date FROM generate_series
(2017, 1900, -1) as foo(i))

INSERT INTO account_history (account_id, search_key, search_date) SELECT
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account_1id, car.car_model||'&'||manufacturing_date.date, current_date
FROM test_account, car, manufacturing_date;
VACUUM ANALYZE;

BrImonHsieM 3anpoc 47151 BTOPO¥ YUeTHO 3aIiuCi:

car_portal=> EXPLAIN SELECT search_key FROM account_history WHERE
account_id = 2000 GROUP BY search_key ORDER BY max(search_date) limit 10;
QUERY PLAN

Limit (cost=27.10..27.13 rows=10 width=23)

-> Sort (cost=27.10..28.27 rows=468 width=23)

Sort Key: (max(search_date))

-> HashAggregate (cost=12.31..16.99 rows=468 width=23)

Group Key: search_key

-> Seq Scan on account_history (cost=0.00..9.95 rows=472 width=23)
Filter: (account_id = 2000)
(7 rows)

VIHgeKc ¥ Ha 3TOT pa3 He UCIOJb3yeTcsl, TIOTOMY UTO BbIT'OJHEE ITPOUYUTATH BCIO
Tabnuily. U361paTeIbHOCTb MHIEKCa OUeHb HM3Kasd, T. K. IJIsT YUeTHOI 3ammcy 2000

uMeeTCs 427 CTPOK, a [IJIS1 YUETHOM 3arucy 1000 — TOJIbKO YeThIpe CTPOKU:

car_portal=> SELECT count(*), account_id FROM account_history group by
account_id;
count | account_id

....... +...._._.....
472 | 2000
4 | 1000

(2 rows)

HaxoHel, BBIIOJIHUMM TOT Ke 3ampoc IJis YYeTHOM 3anucu 1000. B sTom ciydyae

M36MpaT€HbHOCTbBmeKaH,HOSTONQ/MHﬂeKCMCHOHBBYGTCHZ

EXPLAIN SELECT search_key FROM account_history WHERE account_id = 1000
GROUP BY search_key ORDER BY max(search_date) limit 10;
QUERY PLAN

Limit (cost=8.71..8.72 rows=4 width=23)
-> Sort (cost=8.71..8.72 rows=4 width=23)
Sort Key: (max(search_date))
-> GroupAggregate (cost=8.60..8.67 rows=4 width=23)
Group Key: search_key
-> Sort (cost=8.60..8.61 rows=4 width=23)
Sort Key: search_key
-> Bitmap Heap Scan on account_history
(cost=4.30..8.56 rows=4 width=23)

Recheck Cond: (account_id = 1000)

-> Bitmap Index Scan on
account_history_account_1id_search_key_search_date_key (cost=0.00..4.30
rows=4 width=0)

Index Cond: (account_id = 1000)
(11 rows)
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Tunbl MHAEKCOB

PostgreSQL nogaepskuBaeT MHAEKCHI Pa3HBIX TUIIOB, KKABIV U3 HUX IIPUMEHSIETCS
B OIlpee/IeHHbIX CUTYalUsIX.

)

B-mepeBo (B-tree). DTO TUIT MHIEKCA IT0 YMOJUYaHIMIO, OH BHIOMPAETCs, KOraa
B KoMaHjie CREATE INDEX TuIT He yKa3aH. BykBa B o3Hauaet balanced (c6amaH-
CUPOBAHHOE), T. €. [10 pa3Hble CTOPOHBI OT KAKIOTO ITPOMEXKYTOUHOTO y3JIa
IepeBa HaxXOOWUTCS MPUMEPHO OAMHAKOBOE KOJIMYEeCTBO y3/0B. B-mepeBbst
3¢ deKTUBHBI 715 TTOMCKA 110 YCIOBMUIO PABEHCTBA, IMPUHAIJIESKHOCTH Ouara-
30HY ¥ coBrameHus ¢ null. Hgekc Tmma B-tree MOKHO CTPOUTD JIJisI JIIOOBIX
TUNOB JaHHbIX PostgreSQL.

Xemr-uupaekc. /1o Bepcuy PostgreSQL 10 mommepskka Xelll-MHIEKCOB Oblia
HeronHo¥. He rapaHTupoBaiach TpaH3aKIMOHHAsT 6€30TacHOCTb, U He TOf-
IepkuBasiach IMTOTOKOBAsl perviMkamus Ha BegoMble y3ibl. B PostgreSQL 10
9TU OTPAaHUYEHMS] CHSIThI. XeII-MHIEKChI TOe3HbI AJIsI MOMCKA 10 YCIOBUIO
paBeHCTBA.

0606meHHbI T 00paTHbI MHAEKC (GIN). GIN-uHIeKC 1o/ie3eH, KOraa He-
CKOJIbKO 3HAUEHM HY>)KHO 0TOOPas3suTh Ha OAHY CTPOKY. OH MCIIOAb3YeTCs CO
CJIOKHBIMM CTPYKTYpaMM IaHHBIX, HAIIPUMEP MAaCCUBAMM, U JIJISI TIOTHOTEK-
CTOBOTO TTOMCKA.

0606menHoe aepeBo moucka (GiST). GiST-uHAEKCHI TTO3BOJISIIOT CTPOUTD
0060011eHHbIe COaTaHCHPOBAHHbIE IPEBOBUIHBIE CTPYKTYPbl. OHU I0JIE3HBI
IJIST MHOEKCAIMM TeOMEeTPUYECKMX TUIIOB JAaHHBIX, a TaKKe IJIST TTOTHOTEK-
CTOBOTO TTOMCKA.

GiST ¢ nBoMuHBIM paszdouenuem npocrpaucTBa (SP-GiST). AHATOTUYHBI
GIST-uHIeKcaM U MOAIepKMBAIOT JepeBbsI MOVICKA 10 TBOMYHOMY pa3bue-
HMIO ITPOCTpPaHCTBa. Boobie roBops, mHaekcsl Tuma GIST, GIN u SP-GIST
npegHasHaueHbl AJisI PaboThl CO CIOKHBIMM ITOMb30BATEIbCKUMU TUIAMU
JaHHBIX.

Binouno-auana3souHbIii mHAEKC (BRIN). OTOT Tl mosiBuiics B Bepcun Post-
greSQL 9.5. BRIN-uHAeKC IoIe3eH 1JIsl O4eHb OOJIbIIMX TAa0JINII, KOTIa MECTO
Ha nucke orpannueHo. OH MenjeHHee B-mepeBbeB, HO 3aHMMAeT MeHbIIe
MecTa.

KaTteropuu niaekcos
VIHIeKChl MOSKHO KIacCU(PUUIMPOBATh CJIEAYIOIIMM 00pa3oMm:

o

YACTUYHBIN MHIOEKC — MHIEKCUPYeTCS TOJbKO IOAMHOMXKECTBO TabMIIbI,
YIOBJETBOPSIONIEe 3aJJaHHOMY MPeIMKaTy; B ONpeneeHny MHOeKca Mpu-
cyTcTBYeT dpasa WHERE. Mmest B ToM, UTOOBI YMEHBIINTDL pasMep MHOEKCA,
crenaB ero 6osee GbICTPBIM U YIOOHBIM IJ1ST OOCTY>KMBAHMUS;

VHUKAJIbHBIN MHAEKC — TAPaHTHUPYET, UTO KakIoe 3HAUeHMe BCTPeuaeTcs
TOJIbKO OAMH pas3. B Tabmuiie account co cTOI01[0M email acCOLMMUPOBAHO OTpa-
HUYEeHMe YHUKaJIbHOCTY. OHO peanusyeTcsl YHUKAJIbHbBIM MHIEKCOM, O YeM
CBUIETENbCTBYET MeTakoMaHaa \d:
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\d account

Table "car_portal_app.account”
Column | Type | Collation | Nullable | Default
------------ Bt T e R R TR
account_id | 1integer | | not null |
nextval('account_account_id_seq'::regclass)
first_name | text | | not null |
last_name | text | | not null |
email | text | | not null |
password | text | | not null |
Indexes:

"account_pkey" PRIMARY KEY, btree (account_1id)
"account_email_key" UNIQUE CONSTRAINT, btree (email)

O WMHIAEKC 0 HEeCKOJIbKMM CTOJIGIAM MIPUMEHSeTCS AJis MOAIePsKKI 3aIpo-
COB OIlpefe/ieHHOro Buaa. Paccmorpum 3amnpoc SELECT * FROM table WHERE col-
umn, = constant, and column, = constant, AND ... column, = constant,; B 3TOM Ciydae
MOYKHO CO3[1aTh MHIEKC 10 cToa61aM column,, column,, ..., column,, €I N MeHb-
1Ie WU paBHO 32;

O WMHIAEKC MO BBIPAXKEHNIO MOKHO CTPOUTH He TOIbKO 0 HECKOJIbKUM CTOJIG-
11aM, HO U T10 BbIpakeHMSIM, BKJTFOUAIOIIVIM BbI3OBBI (DYHKIIMIA.

VHaeKC MOKeT OTHOCUTBCS Cpa3y K HeCKOIbKMM KaTeropusim, HalipuMep BO3MO-
SKeH YHUKaJIbHBIM YaCTUUHBIA MHIEKC. DTO MO3BOJISIET TMOKO MPUCIIOCAGIMBATHCS
K 61M3Hec-Tpe6OBaHMSIM WIM OOOMBAThCS MaKCUMMAaIbHOIO ObICTpomeiicTBus. Tax,
B CIEAYIONIMX IJIaBaX Mbl BOCIOJb3yeMCSI MHIEKCOM IO pesyibTaTam (yHKIUNU
lower ()mam upper():

car_portal=> CREATE index on account(lower(first_name));
CREATE INDEX

Tako¥t MHIeKC ITO3BOISIeT MCKATh YUETHYIO 3aIVCh 110 MMEHU Bia/ienblia 6e3 yue-
Ta perucrpa:

SELECT * FROM account WHERE lower(first_name) = lower('foo');

MHAOeKC No BbIpaXXeHMIO MCNONb3YeTCs, TONbKO ec/in BbipaxkeHne Bo dpase WHERE B TOYHO-
CTW coBnapaeT ¢ BbIpaXXeHWEM, N0 KOTOPOMY CTPOMCS MHAOEKC.

E]J.[e OOHO IIpMMeHeHMe MHAEKCA IO BbIPA’)KEHUIO — d)MHpraLU/Iﬂ CTPOK I10C/Ie
NpuBegeHM K APYTOMY TUITY JaHHbIX. Har[pMMep, BpeMs BblJIeTd MOXXKHO XPaHUTb
B BHJIe timestamp, HO MIIIeM MbI YaCTO II0 JATe, a He 110 BpeMeHN.

Kak yxKe 6BIIO CKa3aHO, MHAEKC MOXeT OBITh OOHOBPEMEHHO YHMKAJIbHBIM I YacC-
TUYHBIM. IIpeAronoxkuM, 4To MMeeTcsl Tabnuiia employee, B KOTOPOI Y KaskIOro
paﬁOTH]/IKa, 3a UCKIIYEeHMEeM IJIaBbl KOMIIaHUHM, MMeeTCs Haua/IbHUK. OTO MOKHO
CMOAe/IMPOBATDb C ITIOMOIIbIO CaMOCCbIHaIOH.IEﬁCH Ta6J'II/IL[bI:

CREATE TABLE employee (employee_id INT PRIMARY KEY, supervisor_id INT);

ALTER TABLE employee ADD CONSTRAINT supervisor_id_fkey FOREIGN KEY
(supervisor_id) REFERENCES employee(employee_id);
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IJist TapaHTUY TOTO, UYTO CYIIECTBYET TOJIbKO OfHA CTPOKa 6e3 HauaJIbHMKA, MOXK-
HO 106aBUTb TAKO YHMUKAIbHbIA MHAEKC:

CREATE UNIQUE INDEX ON employee ((1)) WHERE supervisor_id IS NULL;

VHUKaIbHBINA MHIEKC IT0 KOHCTAHTHOMY BbIpaskeHMIO (1) TOIyCcKaeT TOIbKO OTHY
cTpoKy co 3HaueHueM null. [Tpu BcTaBKe repBoii TaKOi CTPOKY OYAET MOCTPOEH MH-
IeKC ¢ KaouoM 1. Bropas MmormbiTKa BCTaBUTh CTPOKY €O 3HaueHueM null mpuBemer
K OIlIMOKe, TOTOMY UTO KJTI0Y 1 y3Ke eCTh:

car_portal=> INSERT INTO employee VALUES (1, NULL);

INSERT 0 1

car_portal=> INSERT INTO employee VALUES (2, 1);

INSERT 0 1

car_portal=> INSERT INTO employee VALUES (3, NULL);

ERROR: duplicate key value violates unique constraint "employee expr_idx"
DETAIL: Key ((1))=(1) already exists.

B HacTosIIIee BpeMsI 10 HeCKOJIBKMM CTOJIO1aM MOKHO CTPOUTH TOJIbKO MHIEKCHI
TUIIOB B-tree, GIN, GIST u BRIN. ITpu co3maHMy MHOTOCTOJIGLIOBOTO MHAEKCA ITOPSIIOK
CTONIO1I0B BaskeH. [T0CKOIbKY MHOT'OCTO/IOLIOBBIN MHIEKC OOBIYHO OOJIBINON, IIaH-
POBIIVK MOSKET IIPeANoUYecTb MOCIeI0BaTeIbHbIN IPOCMOTP TabINIIbI, & He TIOUCK
10 UHAEKCY.

PekomeHpauum no pabore ¢ MHAEKCaMu

YacTo ObIBAET IOJIE3HO MHIEKCUPOBATH CTOMOIbI, BCTPEUaroIIyecs B IpeauKaTax
¥ BHEIITHUX K/Iouax. To gaeT PostgreSQL BO3MOXKHOCTD He ITPOCMAaTPUBATh TabIu-
1y MOCIeA0BaTe/bHO, @ MCKATh M0 MHIEKCY. HIeKChl JAl0T BBIUTPBIIL He TONbKO
[P BBITIOJIHEHMM SELECT, HO Takoke DELETE m UPDATE. ECTh HECKOIBKO C/Ty4aeB, KOT-
Ia MHIEKC He MCIIONb3yeTCs; yallle BCero 3TO MPOMCXOIUT, KOrma Tabauiia Maja.
Iy 60MbIIMX TabMUIL Ha[IO TIIATETbHO IVIAHNMPOBATh EMKOCTh CMCTEMBI XpaHEHMS,
IIOTOMY UTO pasMepbl MHAEKCOB MOTYT ObITh OU€Hb BeJIMKM. OTMETUM TaKKe, UTO
HaJMuMe MHIEKCOB CHMKAeT CKOPOCTh BCTaBKY, [IOTOMY UTO TpebyeTcst OGHOBIISITh
MH/IEKChI, & Ha 3TO TOXKe YXOIUT BpeMs.

EcTb HECKOITbKO KaTaJOKHBIX TAOMUI, M (PYHKLWIA, TTOJE3HBIX JIJIST 00CTYyKMBa-
HMSI MHIEeKCOB, Hampumep Tabauia pg_stat_all_indexes, B KOTOpPOi1 XpaHUTCS CTa-
TUCTMKA UCIIONIb30BaHMsI MHAEKCOB. [logpobHee 06 0OCTYsKMBAHMM MHIEKCOB CM.
raBy 12.

[Ipu co3maHuM MHIEKCOB MPOBEPSIATE, UTO MHAEKCA 10 TEM Ke CTONOIaM (MIn
BBIPAKEHUSIM) ellle He CYIIeCTBYeT, MHaue MOTYT ITOSBUTbHCS AyOIMpPYIOIIe MHIEeK-
cbl. PostgreSQL B 3TOM c/lyuyae He BbIJaeT MpeayrnpexgeHnii:
car_portal=# CREATE index on car_portal_app.account(first_name);

CREATE INDEX

car_portal=# CREATE index on car_portal_app.account(first_name);
CREATE INDEX
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Penko, HO GbIBAeT, UTO MHAEKC Ype3MepHO paspacraertcs. [Ijis mepecTpanBaHms
mHaekca PostgreSQL npemgocrasisieT KoMaHay REINDEX. OTMeTnm, u4To REINDEX — 6710-
Kupyoias Komanaa. Yto6s1 060TH 3Ty MpobiemMy, MOKHO HapasienbHo (6e3 610-
KUPOBKM) CO3IaTh MHIEKC, MOEHTUUYHBIN VCXOMHOMY, a 3aTeM YIaJUTh MCXOMIHbII.
IMapastenbHOE CO3MaHNe MHIEKCA — IPeAIIOUTUTE/IbHOE PellleH)e B aKTUBHbIX CI-
cTeMax, HO OHO TpeGyeT 60JIbliie pecypcoB, ueM 06bIYHOe MHIEKCUPOBaHMe.

K TOMY ke Mpy mapauieibHOM MHIEKCHPOBAHMIM MOXKHO CTOJIKHYTHCS C IIOABOMI -
HBIMM KaMHSIMM ; MTHOTA CO3aHye MHIEKCOB 3aBePLIAeTCS HeyIauHo, ¥ TOTIa OCTa-
€TCSI HeKOPPEKTHbIN MHAEKC. ET0 MOKHO yOAIUTh WM [1ePeCTPOUTh, COOTBETCT-
BEHHO, KOMaHmamu DROP 1 REINDEX. Hioke mpuBemeHa KomaHzma (OIOKMPYIOIIAs)
repecTpaMBaHus MHAEKCa account_history_account_id_search_key_search_date_key:

car_portal=# REINDEX index
car_portal_app.account_history_account_id_search_key_search_date_key;
REINDEX

Ilpyroii, HeGIOKMPYIOIINI CITOCO6 MapalyIeTbHOTO CO3MAaHMST MHAEKCA BBITJISIUT
Tak:

car_portal=# CREATE UNIQUE INDEX CONCURRENTLY ON
car_portal_app.account_history(account_1id, search_key, search_date);
CREATE INDEX

HaxkoHel, Hy>)KHO yaaJIuUTb CTapblii MHAEKC. B JaHHOM c/yyae Mbl He MOKEM BOC-
T0JTb30BAThCSI KOMAaH0# DROP INDEX, IOTOMY UTO MHJEKC ObIJI CO3IaH HESIBHO JIJIS
MTOAAEPIKKM OTpaHMUEHUS] YHUKATbHOCTH. YTOOBI M30aBUTHCS OT HEro, HY>KHO ya-
JIUTh OTPaHUYEHNE:

car_portal=# ALTER TABLE car_portal_app.account_history DROP CONSTRAINT
account_history_account_1id_search_key_search_date_key;
ALTER TABLE

A 3aTeM CHOBa 400aBUTD €ro:

car_portal=> ALTER TABLE account_history ADD CONSTRAINT
account_history_account_1id_search_key_search_date_key UNIQUE USING INDEX
account_history_account_id_search_key_search_date_idx;

NOTICE: ALTER TABLE / ADD CONSTRAINT USING INDEX will rename index
"account_history_account_id_search_key search_date_idx" to
"account_history_account_id_search_key_search_date_key"

ALTER TABLE

DyHKuMn

@OyHKOMK B PostgreSQL pelialoT KOHKPETHYIO 3a7auy M OOBIYHO COCTOSIT U3 00b-
SIBJIEHU, BbIpakeHUii u KomaHz,. PostgreSQL mpenjiaraeT mmpodyaniinmii CIieKTp
BCTPOEHHBIX (PYHKIIMI ITOUTH JJISI BCEX CYIIECTBYIOIIMX TUIIOB. B 9TOi IIaBe MbI
3aiiMeMCsI TI0Tb30BaTENbCKUMY MYHKIIMSIMM, & TIOAPOOHO O CMHTAKCHUCE U ITapaMeT-
pax GYHKIMI ITOTOBOPUM B ITOC/IEAYIONIVX T/IaBaxX.



110 <« [dononHuTenbHble cTpouTenbHble 6nokn PostgreSOL

BcTpoeHHble a3biku nporpammupoBaHus PostgreSOL

PostgreSQL 6e30 BCSIKMX pacIIMpeHuii MOAIepKMBAeT HaICaHMe T0b30BaTelb-
cknx ¢yHkumit Ha g3beikax C, SOL u PL/pgSQL. Emnie Tpu mpoiemypHbIX SI3bIKa —
PL/Tcl, PL/Python u PL/Perl — BXOOAT B CTaHAAPTHbBI AUCTPUOYTUB, HO UX HAMIO
SIBHO T06ABUTh KOMaHI0i CREATE EXTENSION MM C TIOMOIIBIO YTVJIUTHI createlang.
YTo6bI [06aBUTD SI3BIK U CHEIATh €r0 JOCTYITHBIM BO BCeX 6a3aX JaHHbIX, IIPOIIE
BCEro CO37aTh ero B 6a3ze maHHBIX templatel cpasy Mmocse yCTaHOBKM Kiactepa. [Ijis
C, SQL 1 PL/pgSQL sToro menatb He HAJO.

Haunnaromniym mnpoiie Bcero noib3oBaThes si3bikamu SQL n PL/pgSQL, mockosnb-
Ky OHM TIOAAePKMUBAIOTCST HEMOCPeACTBeHHO. K TOMY ke OHM XOPOIIIO MepeHOCUMBbI
U He HY)KIAI0TCS B CIel[MaJibHOM BHMMaHUM B IIpoIlecce TTepeBojia KjiacTepa Ha HO-
By10 Bepcuio. Hammcats yHkumio Ha C He Tak nmpocTto, kKak Ha SQL win PL/pgSQL,
HO MOCKO/IbKY C — YHMBEPCATbHBIN S3bIK TPOTPaMMMPOBaHMs], HA HEM MOXHO CO3-
IaBaTh OYEHb CJIOKHbIE DYHKUIVM AJ1 pabOThI CO CIOKHBIMY TUIIAMY TaHHBIX, Ha-
TIpUMep U306 paKeHUSIMMA.

CospaHune pyHKuMMU Ha sa3biKe C

B npumepe Hike Ha C HamcaHa QyHKIMs GakTopyat. DTOT IpUMep MOXKHO B3SITh
3a obpasel npu cosmaHuy 6osee CIOKHBIX QyHKIMIA. [Tpoueaypa cosmanust QyHK-
1y Ha C COCTOUT M3 YeThIPEeX IIaroB:
1) ycraHOBUTDH 6MGMMOTEKY postgresql-server-development;
2) HamMcaTh QyHKINIO, cO31aTh make-Gaiis 1 OTKOMIIMIMPOBATh €€ B BUIE pa3-
IensieMoii OM6IMoTeKM (C paclIpeHeM .S0);
3) 3amaTh MeCTOIOJIOXKeHMe pasnessieMolt 6mbmmoTeru. IIpoiie Bcero ykasaTtb
a6 COIOTHBIN ITYTh IPY CO3AaHUM QYHKLVM MM CKOITUPOBATh (aiin 6ubamo-
TeKM B KaTajaor 6moamorex PostgreSQL;
4) co3maTh PyHKIMIO B 6a3e JaHHBIX KOMaHIO0# CREATE FUNCTION.
Iyis ycTaHOBKY O6M6MMoTeku pa3paboTku PostgreSQL MOKHO BOCIIONb30BaThCS
IIpOrpamMmmont apt:

sudo apt-get install postgresql-server-dev-10

Iyt kommtsinyy Koga Ha C 06bIYHO UCITOIb3yeTcsl mporpaMma make. Hioke mpu-
BelleH mpocToii daiin makefile myis kommwisiuyy GyHKIMM dakTopuat. s moy-
yeHust MHGOpMaIMK 06 yCTaHOBIEHHOV Bepcyuy PostgreSQL MCIomb3yeTcs yTUIUTA
pg_config:

MODULES = fact

PG_CONFIG = pg_config

PGXS = $(shell $(PG_CONFIG) --pgxs)

INCLUDEDIR = $(shell $(PG_CONFIG) --includedir-server)
include $(PGXS)

fact.so: fact.o
cc -shared -o fact.so fact.o

fact.o: fact.c
cc -o fact.o -c fact.c $(CFLAGS) -IS(INCLUDEDIR)
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Vicxomublil Kool GyHKIMK fact TpUBeIeH HIKe:

#include "postgres.h"
#include "fmgr.h"
#ifdef PG_MODULE_MAGIC
PG_MODULE_MAGIC;
#endif

Datum fact(PG_FUNCTION_ARGS);
PG_FUNCTION_INFO_Vi(fact);

Datum

fact(PG_FUNCTION_ARGS) {

int32 fact = PG_GETARG_INT32(0);

int32 count = 1, result = 1;

for (count = 1; count <= fact; count++)
result = result * count;

PG_RETURN_INT32(result);

}

OcTasoch OTKOMITMJIMPOBAThH KO, CKOMMPOBATh OMOMMOTEKY B KaTamor Post-
greSQL u co3maTh (PYHKIINIO OT MMEHM postgres MM OOBIYHOTO MoJb30oBaTes. Kom-
MWISILMST TTIPOM3BOIUTCS TaK:

$ make -f makefile

cc -o fact.o -c fact.c -Wall -Wmissing-prototypes -Wpointer-arith
-Wdeclaration-after-statement -Wendif-labels -Wmissing-format-attribute
-Wformat-security -fno-strict-aliasing -fwrapv -fexcess-precision=standard
-g -g -02 -fstack-protector-strong -Wformat -Werror=format-security -fPIC
-pie -fno-omit-frame-pointer -fPIC -I/usr/include/postgresql/10/server

cc -shared -o fact.so fact.o

g konupoBaHus daiiyia Hy>KHbI TTpaBa CyIepIioib30BaTess:

$sudo cp fact.so $(pg_config --pkglibdir)/

HakoHel1, OT MMeHM T0JIb30BaTENST postgres CO3AaANM (DYHKIIUIO B 6a3e JaHHBIX
templatel U MpoTeCTHUPYEM ee€:

$ psql -d templatel -c "CREATE FUNCTION fact(INTEGER) RETURNS INTEGER AS
'fact', 'fact' LANGUAGE C STRICT;"

CREATE FUNCTION

$ psql -d templatel -c "SELECT fact(5);"

fact

Hanucanne ¢yHkinit Ha C BBIVISIAUT OUeHb CIOKHO, TT0 CpaBHEHMIO C Haruca-
HueM Ha SQL u PL/pgSQL. Kpome ToOTO, IpY IJIOXO MOCTABAEHHOM OOCTYKMBAaHUY
MOTYT BO3HMKHYTb ITPO6GIeMbI ITpU Iepexoie Ha HOBYIO Bepcuio CYB]I.

CREATE OR REPLACE FUNCTION is_updatable_view (text) RETURNS BOOLEAN AS

$$
SELECT is_insertable_into='YES' FROM information_schema.tables
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WHERE table_type = 'VIEW' AND table_name = $1
$$ LANGUAGE SQL;

Teno SQL-GyHKIMM MOXKET COCTOSITh U3 HeCKOMbKMX SQL-KOMaH/I; pe3y/ibTaT I10-
c/lemHelt KOMaHAbl OIpeessieT TUI BO3BpallaeMoro 3HaueHusi. SQL-dbyHKkuus He
TOOUTCS AJ1s1 KOHCTPYMPOBaHMS AuHaMuyeckux SQL-KoMaH/I, TOCKOIbKY BMECTO ee
aprymMeHTa MOTYT MOACTAB/SITbCS TOBKO aHHble, HO He uaeHTuduKaTopsl. Cie-
Ioytouuii dparMmeHT He siBsieTcs goryctumoit SQL-dyHKkumeit:

CREATE FUNCTION drop_table (text) RETURNS VOID AS
8

DROP TABLE §1;
$$ LANGUAGE SQL;

A3bik PL/pgSQL obnagaet 60siee pa3BUTHIMM BO3MOXKHOCTSIMY, U B TIOBCEIHEB-
HO¥1 paboTe Jsiyullle TONMb30BATHCS UM. OH MOXKET CofepskaTh OOBSIBJIEHUS Tepe-
MEHHbIX, YCJIOBHbIE KOMaHZbl M LIMKJIbI, [IepexBaT UCKIIUeHMit 1 T. . Cienyoomas
dbyHKIMS BO3BpaiaeT (pakTopuat 1eJIoro uncia:

CREATE OR REPLACE FUNCTION fact(fact INT) RETURNS INT AS
8
DECLARE
count INT = 1;
result INT = 1;
BEGIN
FOR count IN 1..fact LOOP
result = result* count;
END LOOP;
RETURN result;
END;
$$ LANGUAGE plpgsql;

MNpumeHeHune dyHKLMIA

B PostgreSQL ¢byHKINMY IPUMEHSIOTCS OJIsI pasHbIX 1eseii. HekoTopble paspabort-
YMKY UCIIONB3YIOT UX KaK abCTpaKTHBIN MHTepdeiic ¢ I3bIKaMy IIPOrpaMMyUpoBa-
HMSI, YTOOBI CKPBITh MOAEb TaHHbIX. HO eCTb U ApyTie MpUMeHeHUs :
Q peanmsaius CI0XKHOI JTOTUKHU, IJISI KOTOPOJi cpencTB SQL HegOCTaTOUHO;
O ocymecTBieHe AeCTBUI N0 WX TIOC/Te BeITTonHeHMsT SQL-KoOMaHbI ¢ T10-
MOIIIbIO TPUTTEPOB;
O sBoeiunienue SQL-koma myTeM TepeMeIleHUs] YacTO UCIOIb3yeMbIX UacTeii
B MOAYJIN;
O aBTOMaTM3aLMs TUMIMYHBIX 337U C MOMOIIbIO fMHAMUUeckoro SQL.

3aBUCMMOCTU MeXAY PYHKLMSAMU

3aBUCHMMOCTY MeXIY GYHKIMSIMM HE OYeHb XOPOIIIO OTC/IEKMBAIOTCSI B CMCTEMHOM
KaTayiore PostgreSQL, mo3TOMYy IIpy paboTe ¢ HUMM HYKHO ObITh HACTOPOKE, UTO-
ObI He 06pa30BaInCch Bucsure GyHkuyu. Caemyrolnii IpuMep JeMOHCTPUPYET, KaK
TaKoe MOXXeT CTyUUThCS:
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CREATE OR REPLACE FUNCTION test_dep (INT) RETURNS INT AS $$
BEGIN
RETURN $1;

END;
$$
LANGUAGE plpgsql;
CREATE OR REPLACE FUNCTION test_dep_2(INT) RETURNS INT AS
$$
BEGIN

RETURN test_dep($1);
END;
$$
LANGUAGE plpgsql;
DROP FUNCTION test_dep(int);

Tenepp GyHKLMS test_dep_2 Bucsuasi. [Ipy IOIBITKE ee BbI3BATh BOSHUKHET
olInoKa:

SELECT test_dep_2 (5);
ERROR: function test_dep(integer) does not exist
LINE 1: SELECT test_dep($1)

A

HINT: No function matches the given name and argument types. You might
need to add explicit type casts.

QUERY: SELECT test_dep($1)

CONTEXT: PL/pgSQL function test_dep_2(integer) line 3 at RETURN

Kareropuu ¢pyHkumit B PostgreSQL

Hogast dyHKUMS 110 YMOTYaHUIO TIOMeYaeTCsl BOIATUIbHOI, eCIu SIBHO He yKa3aHo
npotuBHoe. Ecnu dyHKIMS He BoMaTWUIbHAS, TO JyYllle IOMETUTh ee KaK CTabuiIb-
HYIO WIN HeU3MeHsIeMYI0, [IOCKOIbKY 3TO ITIOMOTaeT IIJIaHMPOBUIUKY 'eHepUPOBATh
ONTUMaJIbHBIE IIJIaHbl BbINTOMHEeHUs. B PostgreSQL ecTb Tpy KaTeropmm BONIaTUIIb-
HOCTU:

O volatile: BonaTunabHasg GYHKIMSI MOXKeT BO3BpallaTh pas3iMuHble pe3yib-
TaThl, JAXe €I ee apryMEeHThl He M3MEHSIOTCS, 60 M3MEHSITh JaHHbIe
B 6ase. IIpyMepoM MOXKET CITY>XKUTb QYHKLMS random();

O stable u immutable: Takue QYHKIUM He M3MEHSIOT 6a3y JaHHBbIX U ra-
PaHTMPOBAHHO BO3BPAIAIOT OLUH U TOT 3Ke Pe3yabTaT [IPU BbI30BaX C ONU-
HaKkoBbIMM aprymeHTaMu. CTabuibHast GYHKIMSI, TTOMEUEHHAs KJII0YEBbIM
CJIOBOM stable, TaeT TaKylo rapaHTUIO B KOHTEKCTe KOMaH/bl, 8 HeM3MeHsI-
eMast QYHKIMS C KITIOUEBBIM CIOBOM immutable — rsio6anmbHO, BHE BCSIKOTO
KOHTEKCTA.

Hampumep, dbyHkumst random() BonaTuiabHasd, T. K. JaeT pa3Hble pe3y/abTaThl IPU
KaXkgoM BbI3oBe. DyHKIMA round() Heu3MeHsieMasl, I0TOMY UTO IIpY HeM3MEeHHOM
aprymeHTe BCerza BO3BpalllaeT HeM3MeHHbI pe3ynbTraT. DYyHKIMS now() CTaOUIb-
Hagl, T. K. B KOHTEeKCTe KOMaHJbl IV TpaH3aKLUNUM BO3BpalllaeT OLUH U TOT e pe-
3yJbTaT, KaK BUIHO U3 IIpMMepa HIKe:
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postgres=# BEGIN;

BEGIN

postgres=# SELECT now();
now

2017-10-30 22:00:04.723596+01
(1 row)

postgres=# SELECT 'Some time has passed', now();
?2column? | now

...................... S
Some time has passed | 2017-10-30 22:00:04.723596+01
(1 row)

AHOHUMHbIe PyHKuMK B PostgreSOL

B PostgreSQL mmeeTcst KomaHaa DO, TTO3BOJISIONIAST BHITOMIHATD aHOHUMHBIE OJIOKM
Koma. OHa yMeHbIIaeT MOTPe6GHOCTh B HAIIMCAHUY CKPUIITOB OOOJIOUKM JJIST aaAMU-
HUCTPATUBHBIX 3ama4. OTMETUM, OJHAKO, UTO (pyHKIMM B PostgreSQL TpaH3aKIu-
OHHbIE, TIOTOMY eCJIM, HarpuMep, B QYHKLIUM HYKHO CO3/1aTh MHEKC, TO CKPUIIT
060JI0UKY TIpeAIIouTHUTeIbHee. [IpeaInonokmumM, YTo B 6a3e IJIs caiiTa TOProBIu aB-
TOMOOWJISIMM TIOHAOOMIICS TI0JIb30BATETh, KOTOPOMY Pa3pelieHO BBITTOIHSITh TOTb-
ko komaH bl SELECT. Co3gaaum posb:

CREATE user select_only;

Terepb HYKHO BBIIATh 3TO ponu paspeinenyie SELECT mjis Kakmoit TaGImITbl.
OTO MOXKHO CliefaTh, BOCIOIb30BaBIINCh AyHaMuueckuM SQL:

DO $$
DECLARE r record;
BEGIN
FOR r IN
SELECT table_schema, table_name
FROM information_schema.tables
WHERE table_schema = 'car_portal_app'
LOOP
EXECUTE 'GRANT SELECT ON ' || quote_ident(r.table_schema) || '.']|]|
quote_ident(r.table_name) || ' TO select_only';
END LOOP;
ENDSS;

Monb30BATENLCKME TUMbI AAHHbBIX

B PostgreSQL ects gBa criocoba orpeenuTh Moab30BaTeNIbCKIMIT TUTT JaHHbIX:

O komanga CREATE DOMAIN: mno3BosisieT CO3[aBaTh I0Jb30BaTeIbCKIE
TUIIBI JAHHBIX C OTPAHUYEHUSIMU C 1IeJIbI0 CIelaTh MCXOMHbBIN Kof, 601ee MO-
IIYJIbHBIM;

O xkomanpga CREATE TYPE: uacTo ucrionb3yeTcs Ajisl CO3[aHUSI COCTaBHOTO
TUIIA, YTO MOJIe3HO B MPOIeAYPHBIX SI3bIKAX, TIe TaKue TUIIbI CTYKAT JJISI BO3-
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BpaTa 3HaUeHMit. ITa ke KOMaH/ia MOKeT CO3/1aBaTh TUI ENUM, TI03BOJISIIOIII A
YMEHBIIUTH KOJINYECTBO COeIVHEHNI CO CTTPaBOYHBIMM TabIUIIaMMU.

Pa3paboTunKy 4acTo UCIOMb3YIOT IJIOCKME TAabINUIThI BMECTO IT0JIb30BATETbCKUX
TUTIOB 13-3a OTCYTCTBUS TIOAEPKKHU B ApaiiBepax, B T. 4. JDBC u ODBC. Bopouewm,
B JDBC cocTaBHbIe TUITHI JaHHBIX MOKHO TMOJYYUTH B BUIe 0ObEKTOB Java 1 pa3o-
6paTh BPYUHYIO.

O6BbeKThI JOMEHOB, KaK U Apyrie 00beKThI 6a3bl JaHHBIX, TOJKHBI UMETh YHU-
KaJIbHbIe VIMeHa B Tipefiesiax cxeMbl. OCHOBHOe MMpUMeHeHe JOMEHOB — B KaueCTBe
06pasioB. PaccMOTpuM, K IIpUMepY, TEKCTOBBIN TUII, KOTOPBII HE MOXKET MPUHU-
MaTh 3HaueHue null u cogepskath Ipobesbl. ITo obpasell. B 6ase st caifTa TOProB-
JIM aBTOMOOMJISIMU TaKMMU CBOICTBAMM 06/1a1al0T CTOMOIIBI first_name 1 last_name
TaOIUIIBI account, OTIpe/IeIeHHbIe CIeIYI0INUM 06pa3oM:

first_name TEXT NOT NULL,
last_name TEXT NOT NULL,
CHECK(first_name !~ '\s' AND last_pame !~ '\s'),

Bmecto OFpaHI/I‘JEHMﬁ MbI MO>XeM CO340aTh JOMEH
CREATE DOMAIN text_without_space_and_null AS TEXT NOT NULL CHECK (value !~ '"\s');

M MCIIOTb30BAaTh €r0 B OIpeiesieHN CTONOI0B first_name 1 last_name.
YT0o6bI MPOTECTUPOBATh AOMEH text_without_space_and_null, BKITIOUMM €r0 B OIIpe-
IejieH1e TabImIIbl:

CREATE TABLE test_domain (
test_att text_without_space_and_null

);
a 3aTeM BBITNIOJIHMM HEeCKOJIbKO KoMaH/[, INSERT

postgres=# INSERT INTO test_domain values ('hello');

INSERT 0 1

postgres=# INSERT INTO test_domain values ('hello world');

ERROR: value for domain text_without_space_and_null violates check
constraint "text_without_space_and_null_check"

postgres=# INSERT INTO test_domain values (null);

ERROR: domain text_without_space_and_null does not allow null values

Eme omHO IIpMMEHeHMe OOMEHbI HaXOoOsdaT OJisd CO3daHMA I/I,ELeHTI/Id)I/IKaTOI)OB,
YHUKAJIbHBIX B HECKOJIbKMX Ta6111/1uax, B yrogy JIlogasgM, KOTOpbIe MPeaIIOuNTarT 3a-
npammnBaTb MHd)OpMaL[I/I}O, YKa3bIBas He MM, a YMCJIO. s 5TOrO CO3MaAUM Iociie-
OOBAaTEJIbHOCTb U o6epHeM ee JOMEeHOM:

CREATE SEQUENCE global_id_seq;
CREATE DOMAIN global_serial INT DEFAULT NEXTVAL('global id_seq') NOT NULL;

Hakonel1, Mbl MOXKeM M3MEHUTb JOMEH KOMaHIO# ALTER DOMAIN. Eciyu B momeH
no6aBisieTcs HOBOE OrpaHMueHlMe, TO Bce aTpUOYThI, ONpeaesieHHbIe C ITOMOIIbIO
9TOTO IOMeHa, 6YAyT MPOBEPEeHbI Ha COOMIOIeHNe 3TOTO orpaHmnyeHus. [1pu kena-
HUM TIPOBEPKY CTApbIX 3HAUEHMI MOKHO ITOIaBUTh, & 3aT€M ITOUMCTUTH TAOIUIIbI
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BPYUYHYIO. JIOTTYCTUM, YTO MbI XOTUMM 100aBUTH B TOMeH text_without_space_and_null
orpaHMYeHMe Ha IJINHY TeKCTa:

ALTER DOMAIN text_without_space_and_null ADD CONSTRAINT
text_without_space_and_null_length_chk check (length(value)<=15);

dTa KOMaHa 3aBEPUIUTCS HEyoauyHo, eI KaKoi-HUbYIb aTpubyT, MpuHaiie-
KaIllMii 9TOMY JOMEHY, IMHHee 15 cMMB0I0B. ECIM MbI XOTUMM BCe 5Ke IPUMEHSITh
OrpaHMYEH)e K HOBbIM JaHHBIM, a CTapble ITOKa OCTABUTb KAaK €CTh, TO 3TO MOKHO
caenaTh:

ALTER DOMAIN text_without_space_and_null ADD CONSTRAINT text_without_
space_and_null_length_chk check (length(value)<=15) NOT VALID;

[Tocste BBIUMCTKY CTapbhIX JaHHBIX MOXKHO OyIeT TPOBEPUTH AJISI HUX OTrpaHuye-
HMe, BBITTOTHMB KOMaHay ALTER DOMAIN ... VALIDATE CONSTRAINT. HakoHell, MmeTako-
MaHza psql \dD+ BBIBOAUT OIIMCaHMe JOMEHaA.

CocTaBHbIE TUITBI JAHHBIX OYEHb ITOJIE3HbI IS CO3maHus QYHKILNI, 0COGEHHO
KOTZIa BO3BpallaeMblii TUIT IPECTaB/SIET COO0I CTPOKY 13 HECKOIbKMUX 3HAUEHUIA.
IormyctyM, HaM Hy>kKHa (yHKIIMsI, Bo3Bpairaromias seller_id, seller_name, KOJMUeCT-
BO OOBSIBJIEHMI ¥ TIOJIHBIN PaHT IMpoAaBiia. [IepBbIM Ie/10M CO3JaAyM HOBbBIN TUII:

CREATE TYPE seller_information AS (seller_id INT, seller_name TEXT,
number_of_advertisements BIGINT, total_rank float);

3aTrem BOCITOJIb3YyeMCsI HOBBIM TUIIOM [JIsI BO3BpaTa 3HAUYE€HUS U3 d)YHKI_U/II/IZ

CREATE OR REPLACE FUNCTION seller_information (account_id INT )
RETURNS seller_information AS
$$
SELECT seller_account.seller_account_id, first_name || last_name as
seller_name, count(*), sum(rank)::float/count(*)
FROM account
INNER JOIN
seller_account ON account.account_id = seller_account.account_1id
LEFT JOIN
advertisement ON advertisement.seller_account_id =
seller_account.seller_account_1id
LEFT JOIN
advertisement_rating ON advertisement.advertisement_id =
advertisement_rating.advertisement_1id
WHERE account.account_id = $1
GROUP BY seller_account.seller_account_id, first_name, last_name
$$
LANGUAGE SOQL;

Komanpgy CREATE TYPE MOXKHO MCITOJIb30BaTh TaKXKe [OJIs1 ONpeAeneHNsl Iepeunc-
JIeHU# enum; aTPUOYT TAKOTO TUIIA MOKET IIPUHMMATh TOTbKO OJHO M3 3apaHee 3a-
IAHHBIX 3HAUeHMii. biarogaps rnepeuncieHusIM yOaeTcsl YMEeHbIIUTb KOIUIECTBO
COeIMHEeHMI B HEKOTOPbIX 3ampocax, Tak 4To SQL-KoH CTaHOBUTCS KOMITaKTHee
M TIpole sl TOHMMaHusI. B Tabnuiie advertisement_rating MMeeTcs cronber rank,
oTpeneseHHbII CJIeAYIOIM 00pa3oMm:
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-- 370 yacTb onpegenexus Tabavubl advertisement_rating.
rank INT NOT NULL,
CHECK (rank IN (1,2,3,4,5)),

CMBIC/I 9TOTO KOOoa He OUeBUOEH. OILHI/I MOTIYT CUeCTb, UTO HaMBBICIIN paHT pa-
BeH 1, gpyrue — uto 5. [IjisI yCTpaHeHNS pa3HOUTEHUIT MOKHO CO3/1aTh CIIPaBOYHYIO
TaGIUIy:

CREATE TABLE rank (
rank_id SERIAL PRIMARY KEY,
rank_name TEXT NOT NULL
);
INSERT INTO rank VALUES (1, 'poor') , (2, 'fair'), (3, 'good') ,
(4,'very good') , (5, 'excellent');

[Ipy TakoM MOAXOMe CMBICJI PAHTOB Cpa3y MOHSITeH. MOXHO Jaske M3MEeHSITh
TabMMUIy B COOTBETCTBMM C HOBBIMM OM3HeC-TpeGOBaHMSIMM, HaIpuMep BBECTHU
10-6atbHYIO 1IKaay. Kpome Toro, Mm3MeHeHue 3armuceii B TabMuIle paHroB He I0-
TpebyeT 6JI0KMPOBATh TabMUIly advertisement_rating, IOTOMY UTO HaM He MTOHAI0-
OUTCS MEHSTh orpaHnuenye CHECK (rank IN (1, 2, 3, 4, 5)) KomaH0¥i ALTER TABLE. Ho
Yy 3TOTO MOJX0Ma eCTh M HeIOCTATOK — JJIs1 TIOyueHus MHbOpMaIUu O CEMaHTHUKe
rank_id mpuaeTcst coenyHSTh TabIUIIbI advertisement_rating 1 rank. Yem Gosbliie 1o-
IOOHBIX CITPABOYHBIX TAOINII, UeM IJIMHHEE 3a1poc.

AnbTepHATUBHBIN MOAXO0[, K MOAEIMPOBAHNIO paHTa COCTOUT B UCITOIb30BAaHUMU
TUTIA TTepeuNCIeHUS

CREATE TYPE rank AS ENUM ('poor', 'fair', 'good', 'very good', 'excellent');

Metakomanza psql \dT BBIBOAUT OMMUCaHMe TUIIA IepeuncieHns. MOXXHO TakKe
BOCITOTb30BaThCsT DYHKIIMEN enum_range:

postgres=# SELECT enum_range(null::rank);
enum_range

{poor,fair,good,"very good",excellent}

HOpH,E[OK 3HAUeHMI1 TUIIA enum oripenesisieT IOPSAOK X IMepeuncjaeHnss B MOMEHT
CO3aaHMs.

postgres=# SELECT unnest(enum_range(null::rank)) order by 1 desc;
unnest

excellent

very good

good

fatr

poor

(5 rows)

[Mepeuncienns B PostgreSQL THIIOB 6€30TacHbI, 1, B YaCTHOCTM, 3HAUEHUS pas-
JIMYHBIX TUIIOB enum HeJib3sl CPAaBHUBATh MeXIY coboii. [lepeunciieHnsI MOKHO 13-
MEHSITh, 100aBJIsAsI HOBbIe 3HAUEHMUSI.
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TPUITEPBI U MPABUNA

PostgreSQL mpemocTaBisieT TPUITEPHI U MMPaBuiia, IMO3BOJSIONIME aBTOMAaTUIECKNU
BBIITOJTHSITh HEKOTOPbIE MECTBUS TIPU BO3SHMKHOBEHUM COOBITHUIA, HAIIPUMEpP BbI-
ToJTHeHUM KomMaHg, INSERT, UPDATE mm DELETE. [Ijist KomaHIbl SELECT TpuUrrepsl U Ipa-
BIWJIA He ONPeeNsIoTCs, 3a MCKIIoYeHyeM npaswmia _RETURN, KOTOpOe MCIIOIb3yeTCs
BO BHYTpeHHe pean3aliuy mpecTaBaeHmit.

C ToukM 3peHMsT QYHKIIMOHATBHOCTY TPUTTEPHI 06/1aIat0T GOJIbIIEN 0OIHOCTHIO,
yeM IpaBuja, U MO3BOJSIOT MPOIle peann3oBaTh CIOXKHbIEe neiicTBus. Ho B psge
CTyyaeB HeoOXOmMMYyI0 (PYHKIIMOHATBHOCTb MOXKHO TIOTYYUTH C TIOMOIIBI0O Kak
TPUITEPOB, TaK U MpaBuil. [10 MpOMU3BOAUTEIBHOCTH IIpaBuja ObICTPee, 3aTO TPUT-
repsl mpoie 1 coBMecTuMsl ¢ npyrumvu PCYB]I (mpaBuia — crnenuduyeckoe pac-
mupenne PostgreSQL).

MpaBuna

Co3pmaHne mpaBuia 0O3HavaeT 160 MOaMMUKAIMIO TpaBuiIa 10 YMOITYaHUIO, TGO
CO3JaHle HOBOTO IpaBijia JJIs1 ONpee/IeHHOTO IeiiCTBUS C OIlpee/IeHHO Tabu-
Lieil uin npencraBaeHnem. MHbIMY CJIOBaMU, ITPABUIIO [J151 AECTBUS IIPU BCTaBKe
MOXKET JIMOO M3MEHUTb ITOBeJleHe BCTaBKM, MO0 CO31aTh IJ1s1 Hee HOBOe JeiiCTBIeE.
CremyeT MeTh B BUAY, UTO BCS CUCTeMa MpaBmMJl OCHOBaHA Ha Makpocax si3bika C.
[To3TOMY MOYKHO TIO/IyYUTh CTPaHHbBIE PE3YIbTAThI IPU UCTIOIb30BAHUU ITPABUII CO-
BMECTHO C BOJIATWJIbHBIMM (QYHKIMSIMM Tura random() ¥ (PyHKIMSIMU ITOCIEIOBa-
TeIbHOCTENM Tuna nextval(). B cinemyromem npumMepe AeMOHCTPUPYIOTCS MOABOXU
rpaBuI. JIOIyCTUM, TpeOyeTcsl OpraH130BaTh ayIUT IECTBUI ¢ Tabnuieii car. s
9TOTO CO34AAMM HOBYIO TabMIy car_log, B KOTOPOi OYIYT XPaHUTHCS BCE NECTBUS
¢ TabnuIeli car: OGHOBIEHUS, YOATeHUs ¥ BCTaBKU. CoeaTh 9TO MOKHO C IIOMOIIIbIO
MIpaBUII:

CREATE TABLE car_log (LIKE car);
ALTER TABLE car_log
ADD COLUMN car_log_action varchar (1) NOT NULL,
ADD COLUMN car_log_time TIMESTAMP WITH TIME ZONE NOT NULL;

CREATE RULE car_log AS ON INSERT TO car DO ALSO
INSERT INTO car_log (car_id, car_model_id, number_of_owners,
registration_number, number_of_doors, manufacture_year,car_log_action,
car_log_time)
VALUES (new.car_1id, new.car_model_1id,new.number_of_owners,
new.registration_number, new.number_of_doors, new.manufacture_year,'I',
now());

3mech MbI co3maeM Tabnuily car_log, CTPYKTYPHO aHAJIOTMYHYIO Tabjuile car, HO
MIMEIOIIYIO IBa AOTIOTHUTETbHBIX aTPUOYTAa IJISI TPOTOKOIMPOBAHMS TEeCTBII : TUIT
omepaiiuu (B ipuMepe ‘I’ 03HauaeT BCTaBKy) ¥ BpeMs eiicTBUsI. MbI TaKske cO3/1aeM
TIPaBWJIO JIJIST TAOIUIIBI car, CBOASIIEECs K BCTaBKe B car_log KOIMM 3aIyCH, BCTaB-
JIEHHOJ B car. [IJis1 TeCTMpPOBaHMsI BCTaBUM OJIHY 3aIlMCh:
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INSERT INTO car (car_id, car_model_id, number_of owners,
registration_number, number_of_doors, manufacture_year) VALUES (100000, 2,
2, 'x', 3, 2017);

[TpoBepuM comepskuMoe TabauLbI car_log:

car_portal=> SELECT to_json(car) FROM car where registration_number ='x"';
to_json

{"car_1d":100000, "number_of_owners":2,"registration_number":"x","manufactur
e_year":2017,"number_of_doors":3,"car_model_1d":2,"mileage" :null}

(1 row)

car_portal=> SELECT to_json(car_log) FROM car_log where registration_number

"car_1d":100000, "number_of owners":2,"registration_number":"x","manufactur
e_year":2017,"number_of_doors":3,"car_model_1d":2,"mileage":null,"car_log_a
ction":"I","car_log_time":"2017-11-20720:08:50.107895+01:00"}

(1 row)

Kak BuayuM, Bce UAET I10 IjIaHy. B Tab/uMIly car BCTaB/IeHa OfHA 3aI/Ch, M TOYHO
Takas ke 3amych BCTaBjeHa B Tabauiy car_log. Ho, Kak yke OTMeuaaoCh, CUCTe-
Ma IIpaBWJI OCHOBaHa Ha MaKpoCax, ¥ 3TO MOKET IIPUBOIUTh K HEKOTOPLIM IIPO6-
nemaMm. OfgHa 13 HUX BO3HMKAET, eCIy Mbl 3aXOTUM MCIIO0/Ib30BaTh 3HAUEHME I10

YMOJTYAHUIO:

INSERT INTO car (car_id, car_model_id, number_of_owners,
registration_number, number_of_doors, manufacture_year)
VALUES (default, 2, 2, 'y', 3, 2017);

[TocMOTpUM, KaK M3MEHUJIOCH COMEePKUMOe 06enx Tabull:

car_portal=> SELECT to_json(car) FROM car where registration_number ='y';
to_json

{"car_1d":230, "number_of_owners":2,"registration_number":"y","manufacture_y
ear":2017,"number_of_doors":3,"car_model_id":2,"mileage" :null}
(1 row)

car_portal=> SELECT to_json(car_log) FROM car_log where registration_number
=Iyl;
to_json

{"car_1d":231,"number_of_owners":2,"registration_number":"y","manufacture_y
ear":2017,"number_of_doors":3,"car_model_id":2,"mileage":null,"car_log_acti
on":"I","car_log_time":"2017-11-20T20:14:49.820841+01:00"}

(1 row)
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O6paTuTe BHMMAaHMe, UTO 3HAUEHME CTONOIA car_id B TaGuIle car Ha eIUHUITY
MeHblIle, 4yeM B car_log. KitroueBoe ¢10BO DEFAULT 03HavaeT, uTo car_id Hy>KHO Ipu-
CBOUTb 3HAUEHMe [0 YMOJIYaHUI0, KOTOPOe B JAaHHOM Ciydae paBHO nextval('car_
car_1id_seq'::regclass).

[TpaBuia MOTYT OBITH YCIOBHBIMM, T. €. IEICTBME ITIePEOTIpeAeIsieTCs IPU BBIITOI-
HEeHUM HeKOTOPOTro ycaoBus. OqHaKO HEBO3MOXKHO 3aJlaTh YCJIOBHBIE TIpaBmiIa ISl
KoMaH/[, INSERT, UPDATE m DELETE, IpMMeHsIeMbIX K IIpeaCcTaBIeHUSIM, €C/IU OTCYTCTBY-
eT 6e3yCIOBHOE MpaBuiIo. I pelieHns 3Tl Mpo6aeMbl MOXKHO CO30aTh (OUKTUB-
Hoe 6Ge3ycyioBHOE mpaBmio. [IpaBuiaa Haf MPeACcTaBIeHUSIMI — OOUH U3 CIIOCOO0B
pean30BaTh OOHOBJISIEMbIE TPEICTABIEHMSI.

Tpurrepbl

PostgreSQL 3amyckaeT TpUITEPHYIO (PYHKINIO, KOT[a BO3HMKAEeT HEKOTOPOe CO-
6bITHE B TabNMIle, IPEICTABIEHNI IV BHEIIHEe Tabauie. TpUrrep BbITTOTHSIETCS,
KOT/IA TI0/Ib30BaTEb ITbITAETCS] MOAU(DUIIMPOBATh JAaHHBIE C IIOMOIIbIO JTF000IT KO-
MaH/1bl S13bIKa MaHUITYyIMpoBaHms naHHbIMY (DML), a umeHHO INSERT, UPDATE, DELETE
mu TRUNCATE. Huske IpMBeieH CMHTAKCHC KOMaHIbl CO30aHus TpUrrepa:

CREATE [ CONSTRAINT ] TRIGGER name { BEFORE | AFTER | INSTEAD OF } { event

[OR... ]}
ON table_name
[ FROM referenced_table_name ]
[ NOT DEFERRABLE | [ DEFERRABLE ] [ INITIALLY IMMEDIATE | INITIALLY DEFERRED ] ]
[ REFERENCING { { OLD | NEW } TABLE [ AS ] transition_relation_name } [ ... ] ]
[ FOR [ EACH ] { ROW | STATEMENT } ]
[ WHEN ( condition ) ]
EXECUTE PROCEDURE function_name ( arguments )

roe event - ofHO M3 COBBITUIA:

INSERT

UPDATE [ OF column_name [, ... ] ]
DELETE

TRUNCATE

Cyl1ecTByeT Tpy BpeMeHHbIX KOHTEKCTa TPUITepa.

O BEFORE: mpuMeHsieTCs TOJIbKO K TabmuiiaM. Tpurrep samycKkaeTcs rmepe rmpo-
BEPKOJ OTpaHMYEHMIi U BbIMOJIHEHMEM ornepanun. [lone3Ho Ajsi mpoBepKu
OTpaHMUEHUt, OXBATHIBAIONINX HECKOJIbKO TabuIl, KOTOpble HEBO3MOXXHO
CMOJIeIMPOBATh KaK OTPaHUUYEHMUS CChIOYHOI 11eI0CTHOCTHA.

O AFTER: TaKKe MPUMEHSIETCS TOMBKO K Tabauiiam. 3arryckaeTcs IIoc/ie BbITION-
HeHud ornepanuu. [TonesHo s KaCKaJHOro IpUMeHeHUsI USMEeHEeHUI K Apy-
M Tabmmiam. [IpyMepoM MOKET CTYSKUTb ayAUT OAHHbBIX.

O INSTEAD OF: MpMMeHSIeTCS K MpeaCcTaBAeHUSIM, YTOObI CIeJIaTh UX OOHOBIIsSe-
MBIMMU.

Ecim B KoMaH/ e cO3IaHMsI TPUITEpa MPUCYTCTBYET hpasa FOR EACHROW, TO TpuUrrep-

Hast GYHKIMS BbI3bIBAETCS IS KAXKIOV CTPOKM, 3aTPOHYTOI onepatyeii. Tpurrep
¢ (bpasoit FOR EACH STATEMENT BBITIOSTHSIETCSI ONVMH pa3 Jjisl oriepaiiuu. Eciam mpucyT-
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CTBYeT ycyioBye WHEN, TO TpUIrTep NPUMEHSIeTCs TOJIbKO K CTPOKaM, YZIOBIE€TBOPSIIO-
IIVIM YCJIOBUIO.

HakoHell, TpuUrrep MoOKeT ObITh [IOMEUEH KIIOUeBbIM CJIOBOM CONSTRAINT, UTOOBI
YKa3aTh, B KAKOJ MOMEHT OH BBITIOJHSIETCS: B KOHIIE KOMaH/Ibl MJIM B KOHIIE TPaH3-
akuyu. TpuUrrep-orpaHMyeHre MOXKET ObITh TOIBKO THUITA AFTER mju FOR EACH ROW,
a BpeMs ero cpabaTbIBaHMS OIIpeensieTCs CIenyIoUMMY KII0UeBbIMY CJIOBAMMU:

O DEFERRABLE: cpabaTbhIBaHMe TPUITEPA OTK/IAAbIBAETCS IO KOHIIA TPaH3aKIIN;

O INITIALLY DEFERRED: omipefesisieT BpeMsl BBITIOJIHEHUSI TPUITepa M O3Hayda-

€T, UTO TPUITEP BBITIOMTHSIETCS B KOHIIE TpaH3aKUUM. TpUrrep goskeH ObITh
onpepeseH Kak DEFERRABLE;
O NOT DEFERRABLE: 3TO ITOBeIeHME 10 YMOIYAHUIO — TPUITEP CpabaThIBaeT Iociie
KaXK[101 KOMaH/pbl;

O INITIALLY IMMEDIATE: ompepesisieT BpeMsl BBITIOJTHEHUSI TPUTTepa U O3Hauvaer,
YTO TPUTTEP BHIMTOMHSIETCS TMOC/Ie KasKIoil KOMaHIbl. TpUrrep MO/KeH ObITh
onpeneieH Kak DEFERRABLE.

o MMms Tpurrepa 06bI4HO OTPaXKaeT BPEMEHHOM KOHTEKCT €ro BbIMOJHEHUS.

Onuumu BpeMeHy cpabaTbiBaHMs — DEFERRABLE, INITIALLY DEFERRED, NOT DEFERRABLE,
INITIALLY IMMEDIATE — MPMMEHMMBI U K TpUITepaM-orpaHndeHussMm. OHU OYeHb T10-
JIe3HbI B CJIyvasix, Korga PostgreSQL B3aMmopeiiCTByeT ¢ BHEIIHMMM CHUCTeMaMMU,
Hanpumep memcached. ITpeanonaokmum, K IpUMepY, YTO Haf, TabIUIIeli ompenesieH
TPUITEP, U 3TA TAOIUIIA KeIIUPYETCS: TIPU KaKIOM OOHOBAEHMUM TabIUIIBI OOHOB-
JITeTCS Takke U Kelll. ITOCKOJIbKY CUCTeMa KeIIMpoBaHus He TPaH3aKI[MOHHAsI, Mbl
MOYKEM OTJIOKUTh OGHOBJIEHNME 1O MOMEHTA 3aBepIleHNs TpaH3aKIIUY, KOTaa OymeT
rapaHTMpPOBAaHA COTTIACOBAHHOCTD TAaHHBIX.

YT0oO6BI JyUllle TTOHSATH, KaK pabOTAIOT TPUTTEPBI, TPUMEHUM UX IJISI BeIeHUS
Tabmuiel car_log. Cpasy OTMETMM, UTO TPUTTEP AO/DKEH UMETh TUTI AFTER, TIOTOMY
YTO Iepef TeM KaK BCTaB/SITh JAaHHbIE B HOBYIO TAaOGIUILy, X HYKHO IIPOBEPUTH
Ha cobiomeHne orpaHmyennii. [Ipeskae yeM co3maBaTh TPUITEP, HYKHO CO3aTh
dbyHKUIUIO:

CREATE OR REPLACE FUNCTION car_log_trg () RETURNS TRIGGER AS
$$
BEGIN
IF TG_OP = 'INSERT' THEN
INSERT INTO car_log SELECT NEW.*, 'I', NOW();
ELSIF TG_OP = 'UPDATE' THEN
INSERT INTO car_log SELECT NEW.*, 'U', NOW();
ELSIF TG_OP = 'DELETE' THEN
INSERT INTO car_log SELECT OLD.*, 'D', NOW();
END IF;
RETURN NULL; -- urHopupyetcd, notoMmy 4to 370 Tpurrep tuna AFTER
END;

$$
LANGUAGE plpgsql;
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Cospmagum TpUrrep KOMaHIO0:

CREATE TRIGGER car_log AFTER INSERT OR UPDATE OR DELETE ON car FOR EACH ROW
EXECUTE PROCEDURE car_log_trg ();

TpurrepHast GyHKLVS JO/DKHA YIOBIETBOPSATH CIEAYIONIMM TPeOGOBaHMSIM :
O THunI BO3BpalaeMoOro sHaUeHMs : GYHKIMS JOJKHA BO3BPAIIATh IICEBIOTHUIT

TRIGGER;
O BosBpamaemoe 3HaueHue: QyHKINS JO/DKHA BO3BpalllaTh 3HaUeHue. JIjs
TpuUrrepoB tuiia AFTER ... EACH ROW oHO 4acTo paBHO NULL, a Oy TpUrrepos

YPOBHSI KOMaH/bI — CTPOKA, COAEPKAIIAs TOUHYIO CTPYKTYPY TaOIMUIIbI, [JIs
KOTOpPOIJ1 cpaboTaj TpUrrep;

O oTcyTCcTBUE apryMEHTOB: B 00bSIBJI€HUY TPUITEPHOI QYHKLINY He JOIKHO
ObITb apTyMEHTOB. APTYMEHTbI, eC/IM OHUM HeOOXOAVMMBI, IepeatoTcs C Mo-
MOIIIbIO TTepeMeHHOVi TG_ARG. ITpy BbI30Be TPUITEPHOI (QYHKIMM aBTOMATH -
YeCK! CO3[1aeTCs HeCKOJIbKO IepeMeHHbBIX, B T. 4. TG_ARG 1 NEW. Bce mmepemeH-
Hble TIepevrcieHbl B TabIuile HIKe.

TpurrepHas Tun paHHbIX | OnucaHue

nepemMeHHas

NEW RECORD BcraBneHHas nnv obHoBneHHas cTpoka. B cnyyae Tpurrepa ypoBHs
KoMaHabl NULL

0LD RECORD Crpoka no 06HOBNEeHWS unu yaaneHus. B cnyvae Tpurrepa ypoBHs
KoMaH/bl NULL

TG_NAME NAME Nmsa Tpurrepa

TG_OP NAME Onepaums: INSERT, UPDATE, DELETE, TRUNCATE

TG_WHEN NAME MoMmeHT cpabaTbiBaHus Tpurrepa: AFTER mnm BEFORE

TG_RELID 01D 0ID oTHOLWeHMS. YTOObI NONYYMTb UMS OTHOLLEHMS, HYXKHO MPUBECTM K TUMY
regclass::text

TG_TABLE_NAME NAME MMs Tabnuubl, HafL KOTOPOW onpeaeneH Tpurrep

TG_TABLE_SCHEMA | NAME MMs cxeMbl Tabnuupl, HaJ, KOTOPOW onpeaeneH Tpurrep

TG_ARG[] Maccu TMna | ApryMeHT TpurrepHoi dyHKUMK. MHAEKCMpPOBaHME HAYMHAETCs C HynS,

TEXT npu yKasaHUM HeLonyCcTMMOro MHAEeKCa Bo3BpaLyaeTcs NULL
TG_NARG INTEGER Konnuyectso apryMeHToB, nepefaHHbIX TpUIrepHoi hyHKLmMM

Eciu Tpurrep ypoBHsI CTPOKM, cpabaThIBAIOIIMIi [Tepen omepalyeii, Bo3Bpalia-
eT 3HaueHue null, To onepaiyst OTMeHsIETCSI. DTO O3HAYAET, UTO CJIEAYIOIIVIT TPUT-
rep He cpaboTaeT, a COOTBETCTBYIOIAs CTPOKa He OyIeT yaajaeHa, 0GHOBIEHA U
BCTaBJieHa. [Ijist TPUITePOB, CpabaThIBAIOILNX [TOC/IE OIIePALIN, ¥ TPUTTEPOB YPOBHS
KOMaH/IbI BO3BpallleHHOe 3HaUYeH)e UTHOPUPYETCs, OMHAKO Orepalysi OTMEeHSIeTCSI,
eCJI TPUTTep BO36YKIaeT UCKIIoUeHe, — 3TO CIeICTBYE TPAH3aKIIMOHHOI MpUpOo-
IIbI 0a3bI JaHHBIX.

Eciu B mpuMepe ¢ ayauToM TabauIIbI car MI3MEHUTD OIpeaeeHne 3TOi TabInIbl,
Hanpumep Jo6aBUTh WU YIATUTb CTOIOEI, TO TpUrrepHast GyHKIVS HaJ Tabmuiiein
car 3aBepIINTCS OIMIMOKOI, TOSTOMY ITOIBITKA BCTABKY UM OOHOBJIEHUSI CTPOKU UT-
Hopupyetcs. [Ipo6aeMy MOXKHO PELINTD, [IepexXBaTHUB UCK/IIOUeHe BHYTPU QYHKIIAMA.
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Tpueeepwl c apeymeHmamu

B cnemyroriem rpumMepe Mbl paCCMOTPUM €llle OHY OOIIYI0 TeXHMKY ayauTa. OHa
MpMMeHMMa K HeCKOJIbKMM TabnuiiaM, IpudyeM Heobs3aTelIbHO ayoupoBaTh BCe
cTon61bl. Ham rmoHamo6uTes paciumpenme hstore, B KOTOPOM OIpeieieH TUIT Xellla,
a Takke PyHKIVY 1 OTIepaTops Ij1st paboThl ¢ HUM. CTapylio M HOBYIO CTPOKM Tabim-
IIbI MbI 6yIeM XpaHUTh B Bue xeleii. [Ipexkme Bcero cosmaanm paciuupenue hstore
¥ TabIUITY [JIST XpaHEeHMs JaHHbIX ayauTa:

SET search_path to car_portal_app;
CREATE extension hstore;
CREATE TABLE car_portal_app.log
(
schema_name text NOT NULL,
table_name text NOT NULL,
old_row hstore,
new_row hstore,
action TEXT check (action IN ('I','U','D')) NOT NULL,
created_by text NOT NULL,
created_on timestamp without time zone NOT NULL

);
Iaee onpeneym TPUITEPHYIO QYHKLIMIO:

CREATE OR REPLACE FUNCTION car_portal_app.log_audit() RETURNS trigger AS
$$
DECLARE
log_row log;
excluded_columns text[] = NULL;
BEGIN
log_row = ROW (TG_TABLE_SCHEMA: :text,
TG_TABLE_NAME: : text ,NULL,NULL,NULL,current_user::TEXT,
current_timestamp);
IF TG_ARGV[®] IS NOT NULL THEN excluded_columns = TG_ARGV[0]::text[]; END IF;
IF (TG_OP = 'INSERT') THEN
log_row.new_row = hstore(NEW.*) - excluded_columns;
log_row.action ='I";
ELSIF (TG_OP = 'UPDATE' AND (hstore(OLD.*) - excluded_columns !=
hstore(NEW. *)-excluded_columns)) THEN
log_row.old_row = hstor(OLD.*) - excluded_columns;
log_row.new_row = hstore(NEW.* )- excluded_columns;
log_row.action ='U';
ELSIF (TG_OP = 'DELETE') THEN
log_row.old_row = hstore (OLD.*) - excluded_columns;
log_row.action ='D';
ELSE
RETURN NULL; -- 0B6HOBUTb WCKAKYEHHbIE CTO/6LbI
END IF;
INSERT INTO log SELECT log_row.*;
RETURN NULL;
END;
$$ LANGUAGE plpgsql;
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B sToit dbyHKIMM oTpeneneHa rnepeMeHHast log_row Tuma log. C TOMOIIbIO KOH-
cTpyKTOpa cTpoku ROW B Hee 3amMChIBAIOTCS MMS TPUTTEPHO TaOIUIIbI, UMST CXe-
MbI TPUTTEPHOI TAGIUIIbI, TEKYILMIA TOh30BaTENb M TEKYIlasi BpeMeHHasl MeTKa.
Hanee GYHKIMS U3BJIEKAET U3 TIePEMEHHO MMeHa CTOJMIOII0B, KOTOPbIe He HYKHO
ayaupoBaTh. O6paTuTe BHMMaHMeE, UTO MMeHa CTOJIOIOB ITepeqaloTcs B BUIe MacCu-
Ba 27IeMEeHTOB THUIIa text. M HamowieJoK TpurrepHast GyHKIMS 3am0aHsIeT o log.
action, log.old_row 1 log.new_row B 3aBMCMMOCTM OT 3HaUeHMs IlepeMeHHO¥i TG_OP.

YT06BI IPUMEHNUTH ITY TPUTTEPHYIO (PYHKINIO K TAGIUIIE car B TIPEIIIONIOKEHNN,
YTO aTPUOYT number_of_doors ayaMpoBaTh He HY;KHO, CO3AaAVIM TPULTED CIIAYIOMIM
obpasom:

CREATE TRIGGER car_log_trg AFTER INSERT OR UPDATE OR DELETE ON car_portal_app.car
FOR EACH ROW EXECUTE PROCEDURE log_audit('{number_of_doors}');

JIutepanbHblii MaccuB {number_of_doors} mepemaercss ¢yHkuuu log_audit, rme
K HEMY MOKHO OGpaTUThCS Uyepes rnmepeMeHHyI0 TG_ARG. BHYTpu GYHKIMM BhIpaske-
Hue hstore(NEW.*) - excluded_columns MCITOIB3YETCS IJISI TOTO, YTOOBI IPeo6pasoBaTh
rnepeMeHHyI0 NEW B 3HaueHMe Tumna hstore 1 ygaanTh U3 IMOTYYEHHOTO Xellla KIun,
ornpeneneHHble B MaccuBe excluded_columns. Hiske MpomeMOHCTpUPOBAHO MOBeIe-
HMe TpUTrTepa NPy BbIOJTHEHUM KOMaHIbI INSERT:

car_portal=# INSERT INTO car (car_id, car_model_id, number_of owners,
registration_number, number_of_doors, manufacture_year)

VALUES (default, 2, 2, 'z', 3, 2017);

INSERT 0 1

Yrob6bl MOKa3aTh pesyabTaT, BbIOEpeM comepskumoe Tabmuilpl log B (opmare
JSON:

car_portal=# SELECT jsonb_pretty((to_json(log))::jsonb) FROM
car_portal_app.log WHERE action = 'I' and
new_row->'registration_number'='z";

jsonb_pretty

"action": "I", +
"new_row": { +
"car_id": "235", +
"mileage": null, +
"car_model_id": "2", +
"manufacture_year": "2017", +
"number_of_owners": "2", +
"registration_number": "z" +
3, 0+
"old_row": null, +
"created_by": "postgres", +
"created_on": "2017-11-20T20:42:41.132194" ,+
"table_name": "car", +
"schema_name": "car_portal_app" +
}
(1 row)
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Tpuzzepsl u 06HO8/1IEMBIE PeOCMasieHUs

[MpencraBiaeHusi, KOTOpble He SIBJISIIOTCS aBTOMATUMUYECKM OOHOBJISIEMBIMM, MOK-
HO CJIeJIaTh OOHOBJISIEMBIMM C TIOMOIIBIO TPUTTEPOB. PaccMOTpuUM IpeficTaBlIeHN e
seller_account_information, matomee nHbopMauio 06 y4eTHO 3ammcy Mpoaaslia:

CREATE OR REPLACE VIEW seller_account_info AS SELECT account.account_id,
first_name, last_name, email, password, seller_account_id, total_rank,
number_of_advertisement, street_name, street_number, zip_code , city
FROM account INNER JOIN

seller_account ON (account.account_id = seller_account.account_id);

Y6eaumcst, UTO OHO He aBTOOOHOBJISIEMOE:

car_portal=# SELECT is_1insertable_into FROM information_schema.tables WHERE
table_name = 'seller_account_info';
is_1insertable_into

NO
(1 row)

B mMoKa3aHHO! HVDKE TPUITEPHOI (DYHKIMM MPEAIonaraeTcs, 4YTo CTOAOLbI ac-
count_1id u seller_account_id reHepupyrOTCSa aBTOMATUUYECKU C IIOMOILBIO [10CIeN0-
BaTeJIbHOCTENM, MOCKOIbKY MMeEIT Tull serial. Takol Mmoaxop MO3BOJSIET HE IIPO-
BepsTh OrpaHMYeHMe YHUKAJIbHOCTU IIPU BCTaBKe HOBBIX CTPOK, M K TOMY K€ BO
MHOECTBe 3HAaUeHMii ITepBUYHBIX K/IIOUeil He OymeT 60bIIMX pas3pbiBOB. I1o TOi
>Ke MPUYMHE TIPeAIIoiaraeTcs, YTo epBUYHbIE K/II0UM He U3MEHSI0TCA. Vi3MeHeHne
MePBUYHOTO K/II0Ya MOXKET BBI3BIBATDb MPOBIEMBI, €C/IM TOJMbKO HE MCIOTb3YIOTCS
BHEIIHME KJTIOUM C KACKaIHbIM yIaJleHeM MU OOHOBIEHUEM.

HakoHell, oTMeTuM, YTO TpUTTepHasi PYHKIMSI Bo3BpamiaeT NEW [t orepanui
INSERT m UPDATE, OLD — maj1s1 oriepanmy DELETE u NULL — B cJyyae MCKIOYeHMs. BaxkKHO
BO3BpallaTh MpaBUIbHOE 3HaueHMe, YTOObI cepBep MOT MOACUUTATh KOJUUECTBO
CTPOK, 3aTPOHYTBIX onepainueri. Takke O4eHb BaKHO, KaKOe 3HaUeHNe BO3Bpalla-
eTCs B C/lydyae BCTaBKM HOBOJ CTpOKMU. biiarogaps KitoueBoMy CJI0BY RETURNING Mbl
3HaeM, Kakoe 3HauUeHMe MONyImian uaeHTuduKaTopbl NEW.account_id u NEW.seller_
account_id mocsie BcraBku. Eciiv BO3BpalaloTCs HEIpaBUIbHbIE MAEHTUMUKATOPHI,
TO MOTYT BO3HMKHYTb TPYIHbBIE AJI OTJIAAKM OIMOKY B CPEICTBaX OObEKTHO-PeJIsi-
LIMOHHOrO oTo6paskeHus Tuma Hibernate.

CREATE OR REPLACE FUNCTION seller_account_info_update () RETURNS TRIGGER AS
$$
DECLARE
acc_id INT;
seller_acc_id INT;
BEGIN
IF (TG_OP = 'INSERT') THEN
WITH inserted_account AS (
INSERT INTO car_portal_app.account (account_id, first_name,
last_name, password, email) VALUES (DEFAULT, NEW.first_name,
NEW.last_name, NEW.password, NEW.email)
RETURNING account_id
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)s

inserted_seller_account AS (

INSERT INTO car_portal_app.seller_account(seller_account_id,
account_1id, total_rank, number_of_advertisement, street_name,
street_number, zip_code, city)

SELECT
nextval('car_portal_app.seller_account_seller_account_id_seq'::regclass),
account_1id, NEW.total_rank, NEW.number_of_advertisement, NEW.street_name,
NEW.street_number, NEW.zip_code, NEW.city

FROM inserted_account

RETURNING account_id, seller_account_id

)

SELECT account_1id, seller_account_id INTO acc_id, seller_acc_id

FROM inserted_seller_account;

NEW.account_1id = acc_id;

NEW.seller_account_id = seller_acc_id;

RETURN NEW;

ELSIF (TG_OP = 'UPDATE' AND OLD.account_id = NEW.account_id AND
OLD.seller_account_id = NEW.seller_account_id) THEN

UPDATE car_portal_app.account SET first_name = new.first_name,
last_name = new.last_name, password= new.password, email = new.email

WHERE account_id = new.account_id;

UPDATE car_portal_app.seller_account SET total_rank = NEW.total_rank,
number_of_advertisement= NEW.number_of_advertisement, street_name=
NEW.street_name, street_number = NEW.street_number, zip_code =
NEW.zip_code, city = NEW.city

WHERE seller_account_id = NEW.seller_account_id;

RETURN NEW;

ELSIF (TG_OP = 'DELETE') THEN

DELETE FROM car_portal_app.seller_account

WHERE seller_account_id = OLD.seller_account_id;

DELETE FROM car_portal_app.account

WHERE account_id = OLD.account_id;

RETURN OLD;

ELSE
RAISE EXCEPTION 'An error occurred for % operation', TG_OP;
RETURN NULL;
END IF;
END;
$$ LANGUAGE plpgsql;

YTOO6BI MTPOTECTUPOBATH TPUTTEPHYIO DYHKIMIO, CHAUAJIA CO3/IaIUM TPUTTEP:

CREATE TRIGGER seller_account_info_trg INSTEAD OF INSERT OR UPDATE OR
DELETE ON car_portal_app.seller_account_info
FOR EACH ROW EXECUTE PROCEDURE seller_account_info_update ();

Iy TeCTMPOBAHMS BCTaBKM B ITPEICTAB/IEHVE BBITIOTHUM CJIETYIONINIT KO

car_portal=# INSERT INTO car_portal_app.seller_account_info
(first_name,last_name, password, email, total_rank,
number_of_advertisement, street_name, street_number, zip_code, city) VALUES
('test_first_name', 'test_last_name', 'test_password',
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'test_email@test.com', NULL, 0, 'test_street_name', 'test_street_number',
"test_zip_code', 'test_city') RETURNING account_id, seller_account_1id;
account_1id | seller_account_1id

(1 row)

O6paTtuTe BHMMaHMEe Ha BO3BpallleHHbIe 3HAUEHUSI — IT0JIb30BATE/II0 MPaBU/Ib-
HO BO3BpallleHbl YaCTUYHbIE KI0Un. 1151 TecTpoBaHms DELETE v UPDATE IOCTaTOYHO
BBITIOJIHUTB TaKOM KOZ:
car_portal=# UPDATE car_portal_app.seller_account_info set email =

'test2@test.com' WHERE seller_account_id=147 RETURNING seller_account_id;
seller_account_1id

(1 row)

UPDATE 1

car_portal=# DELETE FROM car_portal_app.seller_account_info WHERE
seller_account_id=147;

DELETE 1

Haxownelr, ecyiv MbI IOTIPOOYeM yIAIUTD BCe yUeTHbIE 3aIMCH ITPOIaBI[OB, TO BO3-
HUKHET OIIMOKa M3-3a HApYIIeHNsI OTPAaHMYEHMS CChbIIOUHO 1[@I0OCTHOCTM:

car_portal=# DELETE FROM car_portal_app.seller_account_1info;

ERROR: update or delete on table "seller_account" violates foreign key
constraint "advertisement_seller_account_id_fkey" on table "advertisement"
DETAIL: Key (seller_account_id)=(57) is still referenced from table
"advertisement".

CONTEXT: SQL statement "DELETE FROM car_portal_app.seller_account WHERE
seller_account_id = OLD.seller_account_id"

PL/pgSQL function seller_account_info_update() line 21 at SQL statement
car_portal=#

PEe3ioME

B 21011 rI1aBe MbI 06CYIVIIV MHIIEKCHI, ITPeICTaBAeHNSsI, QYHKIVHA, IT0JIb30BATEIbCKIE
TUITbI TAHHBIX, @ TAKKE TIpaBuja ¥ TPUITepsl. [IpeacTaBieHne — 3TO MUMEHOBAHHbIN
3aIpoc, Uin 06epTKa BOKPYT KOMaHAbI SELECT. IX MOKHO MCIOIb30BaTh B KAUECTBE
YPOBHS JIOCTYIA K JAaHHBIM, KaK YPOBEHb aOCTPaKIMM VTN [IJIsl YIIPABJIEHUS] pas-
peLIeHUsSIMMA.

B PostgreSQL BbIZESIIOTCS BpeMeHHbIe, MaTepuaan30BaHHbIe, 0OHOBJISIEMbIE
U peKypCUBHBIe TIpeacTaBieHys. [IpocThie IpeacTaBieHs] aBTOMATUYECKU SIBJISI-
I0TCSI 0OHOBJIIEMBIMU. HO ¥ CIO’KHOE TIpeficTaBlIeHe MOXKHO cAenaTh 0OHOBIIsIe-
MbIM, BOCITOJIb30BaBIIMCh IIPaBMIaMy U TpUrrepaMu. MHIEKChI — 3TO GU3UIECKIE
00beKTBI 6a3bl JAHHBIX, OHU CTPOSITCS 110 OJHOMY MJIM HECKOJIBKMM CTOJIOIaM Tab-
JIAIIBI JIMOO TI0 BBIPasKeHUSIM. VIHIEKChI IPUMEHSIIOTCS [JIS1 TIOBBIIIEHMS] ITPOU3BO-
IUTEIBHOCTY U IJIs1 KOHTPOJIST JaHHbIX. CyIIecTBYeT HECKOJIbKO TUIIOB MHIEKCOB,
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B T. u. B-nepesBo, xem, GIN, GIST u BRIN. [To ymonuaHuio CTPOUTCS MHAEKC TUIIA
B-mepeBa. GIN u GIST-uMHIeKChI ITO/Ie3HbI /11 MHOEKCUPOBAHUSI CJIOKHBIX TUIIOB
IIAHHBIX U AJ151 TOJTHOTEKCTOBOTO MOKCKa. ECTb HeCKOMbKO KaTeropuii MHIEKCOB, TI0-
3BOJISIONIMX pelllaTh pa3inyHble 3a0aun. Hampumep, yaCTUYHbIE MHAEKCHI CTPOSITCS
TOJIBKO T10 TOJIMHOXECTBY TaHHBIX, YIOBJIETBOPSIOMINX HEKOTOPOMY YCIOBUIO. YHU -
KaJbHbIe MHEKChl YaCTO TIPUMEHSIIOTCS /11 KOHTPOJIST YHUKAIbHOCTU TTEPBUYHBIX
KiToueit. HakoHell, B HEKOTOPbIX CUTYAITUSIX IS BBIOOPKYM JAHHbIX T0JIe3HbI MHOTO-
CTOJOIIOBBIE MHIEKCHI.

CBemeHMs 0 CTaTUCTUKE VCIIOTb30BaHMsI MHIEKCOB MOYKHO ITOTYUYUTh U3 TaOIMUIIbI
pg_stat_all_indexes, OHM OBIBAIOT ITOJIE3HBI IJIT OOCTYKMBaHMs 6a3bl JaHHBIX. Eciu
MHIEKC TT0 KaKoW-TO MpUUMHe pa3pacTaeTcs, ero MOKHO MepecTPOUTh Napaliesib-
HO, TIPM 9TOM Tab/IuIIa He GIOKUPYeTCs.

Oyukuyny PostgreSQL mMcnonb3yoTcs 4151 pa3HbIX 11eJielt, B T. U. CXOJHBIX C 11eIsI-
MU IipencTaBiaeHnit. [yt Hanmvcanust pyHkumit Ha si3bikax C, SQL u PL/pgsql He HYK-
HBbI JIOTIOTHUTEJIbHBIE paciiperus. OqHO 13 BaXXHBIX MPUMeHeHM i QyHKIMII — 1Mo-
MOIIb B OOCTY;KMBAHUY 0a3bl JaHHBIX. AHOHMMHbIE QYHKIIMY TTO3BOJISIOT CIEIaTh
MHOTOe 6e3 HamMCcaHus BHEIITHMX CKPUIITOB, HAIIpMMep Ha sI3bIke 060/10uKM bash.

BaskHO yKa3bIBaTh KaTeropuio GyHKUUM — CTabuIbHAasI, HeM3MeHseMast U BO-
JIaTUJIbHASI, — TMOCKOJIBKY 3TO TOMOTaeT CreHepUPOBATh ONMTUMAJIbHBIN TIJIaH BbI-
nonHeHust. K coskaneHu1o, 3aBUCMMOCTY MeXAy GYHKIMSIMM He OTCIEKMBAIOTCS
B KaTayiore 6a3bl JaHHBIX, [IO9TOMY TIPY Pean3alui CJIOKHO JIOTUKY C TIOMOIIIbIO
(yHKIMIT HY’KHO TIPOSIBJISITH OCTOPOSKHOCTb. KoMaH bl CREATE DOMAIN 1 CREATE TYPE
CIy>KaT [AJ1s1 CO34,aHUS TT0Mb30BaTe/IbCKUX TUTIOB JaHHBIX. Tum ENUM yMeHbIlIaeT KO-
JIMYECTBO COeAVHEHUI TabuIl, a 3HauUnT, meaaeT SQL-Kof MoHATHee U 3PPeRTuB-
Hee. Tpurreps! u npaBusia puMeHstoTcsl B PostgreSQL, Korma HY>KHO BBITIOIHUTD
IeiicTBYE TIPY BO3SHUKHOBEHUM HEKOTOPOTO COOBITHMS. B HEKOTOPBIX CUTYAIMSIX OHU
B3auMoO3aMeHsieMbl. HO Mpu UCIIOMb30BaHUM TPAaBUJI COBMECTHO C BOJMATUIbHBIMU
(OYHKIMSIMY BO3MOKHBI ITO60UHBIE 3G (PEKTHI.
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Asbik SOL

CTpyKTYpMPOBaHHBIN SI3BIK 3alIPOCOB (SQL) 1CI10b3yeTcs 151 ONUCaHUS CTPYK-
TYpbI 6a3bl TaHHBIX, MAHUITYTMPOBAHMS JAHHBIMM B 6a3e U MpeIbsIBIeHNS 3aMpo-
COB. JTa IVIaBa [1OCBIIeHa A3bIKY MaHUITyIMpoBaHus JauHeiMu (DML).

[TpounTaB maHHYIO IVIaBy, Bbl OymeTe MOHMMATh KoHIenni0 SQL, moruky SQL-
KOMaH[I. Bl cMoOskeTe caMy NucaTh 3alIpOChl ¥ MAaHUIYIMPOBATh LaHHbIMU. [TonHOe
CIIpaBOYHOE PYKOBOACTBO 10 SQL mMmeeTcss B opulMaabHOV JOKyMeHTalum Post-
greSQL Ha cTpaHuue http://www.postgresqgl.org/docs/current/static/sql.html.

B aT071 I71aBe Mbl pacCMOTPUM C/eAYIOLIME TeMBbI:
ocHOBBI SQL;

Jiekcuueckasl CTpyKTypa;
komaHpga SELECT;
koMmaHzga UPDATE;
komanga DELETE.

[Ipumepsl KOJa OTHOCITCS K 6ase MaHHBIX OJIS caifTa MPoAasky aBTOMOOUIIeNt,
OTNMCAHHOV B TMpeabIaynmx rnaBax. CKpUIIThI CO3MaHUsI U 3arlomHeHusT 6a3bl me-
MOHCTPalMOHHBIMYM JaHHBIMM MMEIOTCS Ha caiiTe, CONMPOBOXKAAEeM KHUry. OH
Ha3bIBaeTCs schema.sql u data.sql. Bce mpuMepsl Kofa M3 3TON IVIaBbl HAXOOSATCS
B (baiine examples.sql.

O pabore ¢ yTuInTOi psql CM. I1aBy 2.

OcHosbl SOL

S3bIK SOL CTYKUT /11 MAaHUITYJIMPOBAHMST HAHHBIMY B 6a3e U 3arrpocoB K Heit. OH
TaKKe VCIONb3yeTCs AJI ONpeeleHus] MU M3MeHeHUsI CTPYKTYphbI 6assl, T. €. ISt
peanu3anuy MOAeny OaHHbIX. Bce 3TO BbI y3ke 3HaeTe U3 MpeablayLIuX [/1aB.

SQL cocTouT 13 Tpex yacTeii:

O sa3bIk onpenenenus fauHbix (DDL);

QO g3bIK MaHUITyIMPOBaHMS gaHHbIMYU (DML);

O sa3bIk ynipasieHus sanHbiMu (DCL).

SI3b1ik DDL Hy>KeH [OJ1s1 CO30aHMsI U yIIpaBiAeHUs CTPYKTYPOI JaHHbIX, 13bIK DML —
IJIS1 yIpaBAeHMsI cCaMMUMM JaHHbIMM, a 3bIK DCL — [jsl ympaBieHMsT LOCTYIIOM
K JaHHBIM. OOBIYHO CTPYKTYPA SAHHBIX OMIPeIesieTCsl TOITbKO OOUH Pa3 M M3MeHSI-

0000
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eTCsI CPaBHUTETbHO penko. Ho BcTaBKka, M3MeHeHMe ¥ BhIOOPKA TaHHBIX MTPOU3BO-
ITCsl TOCTOSIHHO. [ToaTomy DML ucrnionb3yercs yanie, yem DDL.

B otinume oT MHOTMX APYTMX sI3bIKOB, SQL — He MMIepaTUBHbIN SI3bIK ITPOTPaM-
mupoBaHus. TouHee, Ha HEM HEBO3MOXHO IOAPOGHO OMMcaTh aJTOPUTM o6Gpa-
60TKM TaHHBIX. [[03TOMY MOSKET CIIOKUTBCS BIIeUaTieHne, 6yaTO Mbl HE CIIOCOOHDI
YIIPaBJISITh JaHHBIMK. Ha MMITepaTMBHOM SI3bIKE ITPOTPAMMMCT OMMChIBAET paboTy
C TaHHBIMM HA OYE€Hb JeTaTbHOM YPOBHE: OTKYZAA B3SITh JaHHbIE U KAaK 3TO CHe/aTh,
KakK 000JiTV MaccuB 3alIliceit, Korma 1 Kak oo6paboraTs ux. Eciau Heo6xomumo obpa-
60TaTh JaHHbIE 13 HECKOIbKIMX CTOUHMKOB, TO IIPOTPAMMICT TOJKEH Peaanu30BaTh
CBSI3Y MEKAY HMMM Ha YPOBHE IIPUIIOKEeHMS, a He B camMoit 6a3se.

Ho SQL - meknapaTUBHBINM I3bIK. IHBIMM CJIOBAMM, YTOOBI IIOJYUUTD TOT JKe pe-
3y/IbTAT HA IPYTUX SI3bIKAX, HY’KHO HaIIMCaTh 11e1yIo uctopuio. A Ha SQL pa3pabort-
YUK TUIIET TOJbKO TpeJiokeHNMe, BbIpaskamllee CyTh, a JeTalu OCTaB/seT 6aze
naHHbIX. B SQL-KomaHe ompenenseM ¢opMaT, B KOTOPOM Mbl XOTUM TTOJYUYUTD
IaHHbIe, yKa3bIBaeM, B KaKMX TaOMMIaX JaHHbIe XPAHATCS, U GOPMYIMpyeM mpa-
BIWIa uX 06paboTKU. Bce Heo6GXOmMMbIe OTepaluy, UX TOUHBIA MOPSIAOK U ajro-
pPUTMBI 06pabOTKY TaHHBIX OIpenenseT 6a3a, a pa3paboTunKy 10 ITOTO He AO/DKHO
OBITDH Jesa.

OnHako He CTOUT CUMTATh, UTO STOT UEPHBIN SIMUK — 00S13aTeTbHO 3710. Bo-
TePBBIX, HE TAKOW YK OH M YEPHBIii: €CTh CITOCOOBI Y3HATh, Kak 6a3a 06pabaThiBaeT
IaHHbIe, ¥ Jaxke MOBAMSAThH Ha 9TO. BO-BTOPBIX, JIOTMKa 06paboTkyu SQL-KOMaHIbI
BIIOJTHE TeTepMMHMPOBaHA. Jlaske ecu Bbl He TTOHMMaeTe, Kak 6a3a MaHHBIX BbI-
TTOJTHSIET 3aIIPOC Ha HU3KOM YPOBHe, JIOTMKa 00paboTKM U ee pes3yIbTaT IMOJHOCThIO
oIpeeieHbl KOMaHIOM.

DTUM OITpefeseTcs 1 pa3Mep KOMaH bl (MMHUMAaJIbHOTO aBTOHOMHOTO 3J/IeMeH-
Ta BBIMTONHEeHMs). Hamipumep, B Java yo6ast oniepaiiusi, B YaCTHOCTM ITpyCBauBaHue
3HAUYEHMS [IepeMeHHOIA, ToTnYecKy 06pabaThIBaeTCs KaK OTHOEeIbHBII IIaT aJrOpuT-
ma. HampoTtus, B SQL Bech a/irOpUTM BBITIOJIHSIETCS KakK eIMHOe 1ieioe — OfHa KO-
MaHAa. HeT HMKAaKO/ BO3MOYKHOCTU TOMYUYNTh JaHHbIE HA TIPOMEXKYTOYHOM JTare
BBINOIHEeHM 3anpoca. Ho 3To HU B Koeli Mepe He OrpaHMYMBAET CI0KHOCTD 3a1po-
ca. B ogHOV KOMaH[e MOXXHO peajin30BaTh BeCbMa M3OLIPEeHHbIN ajroputm. Kak
MIPaBWIO, peain3alys CI0XKHONM JorMky Ha SQL 3aHMMaeT MeHbllle BpeMeHU, 4eM
Ha sI3bIKe 6oJiee HM3KOTO YPOBHS. Pa3paboTuMK MMeeT [0 C JOTMUECKUMU Pesisi-
IIMOHHBIMM CTPYKTYpaMy JAHHBIX, U €My He HYKHO 1306peTaTh COOCTBEHHbIE ajl-
TOPUTMBI UX 06paboTKy Ha du3MUeckoM ypoBHe. ViMeHHO moaTomy SQL — Takoit
MOIIHBIN SI3bIK.

Eme ogHa ommmunTtenbHasi ocobeHHocTh SQL — HajmMuMe cTaHmapTa si3bika. ATO
03HAYaeT, YTO BCe COBPEMEeHHbIe PeJISIMOHHbIe 6a3bl JaHHbIX HoAaepskuBaioT SQL.
KoHeuHo, B Kaxkgoit 6ase ecTb cOOCTBEHHbIN muanekT SQL ¢ HOMOJHUTETbHBIMU
BO3MOYXHOCTSIMU, HO SIIPO SI3bIKa Be3fde ogHO U To ke. M B PostgreSQL peanuso-
BaH co6CTBeHHbIN AuanekT SQL, Mo Xomy mesia Mbl 6ymeM yKa3blBaTb HA OTINYUMS
ot npyrux PCYB/I. Kcratu, B camoM Havasie IyTy 6as3a postgres He MoaaepskuBaia
SQL. OH 611 mo6aBjeH auillb B 1994 ropy, 1, 4To6bI OTMETUTD STOT (aKT, 6a3a 6buTa
nepeumeHoBaHa B PostgreSQL.
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Jlekcuueckas cTpykrypa SOL

MuHMuManbHas equHuIa BbinoaHeHMs B SQL Ha3bIiBaeTCss KOMaHAOM, MM 3alpo-
coM. Tak, Kaxkgoe U3 CAeIyIX Mpeai0KeH i SIBISIeTCSI KOMaHAO0:

SELECT car_1id, number_of_doors FROM car_portal_app.car;
DELETE FROM car_portal_app.a;
SELECT now();

Komanzabr SQL 3aBepiIaroTCsi TOYKOJ C 3amsITOI.

KoHel, BBOZa TakxXe 3aBepLUAeT KOMaHAY, HO YTO 3TO TaKoe, 3aBUCUT OT UCMOb3YEMOro UH-
cTpyMeHTa. Hanpumep, psql He CTaHET BbINOMHATb KOMaHAY NoCne Haxatus Enter, eCnu B KOH-
Lle HeT TOYKM C 3anaTOM; OH NPOCTO HAaYHET HOBYK CTPoky. Ho ecnu psql BbinonHseT SOL-
CKPUNT, IPOYUTaHHbINM U3 haiina, To NoCNefHss KOMaHAA BCErAa BbINONHAETCS, LAXKe eC/IM OHa
He 3aKaHYMBaeTCs TOYKOW C 3ansToN.

[TepeunicinM 371eMeHTbI TEKCUUIECKO CTPYKTYpbl SQL:

KJIIOUEBBIE CJIOBA OIPEIENISIOT, UYTO TOJIKHA CHelaTh Oa3a JaHHbIX,
MIEHTUPUKATOPBI CChUIAIOTCSI Ha OOBEKThI 6a3bl JaHHBIX — TAGIMUIIbI, UX
CTOJNOIbI, PYHKIIUM U T. [I.;

KOHCTaHTBI (MJIV INTePaJIbl) — YaCTU BbIPaXKeHNsI, 3HaUeHMSI KOTOPBIX OIpe-
JleJleHbl HeTIOCPeICTBEHHO B KOZE;

omepaTopbl ONpPeNessioT, Kak cIeqyeT 06pabaThiBaTh AAHHBIE B BhIpasKe-
HUSIX;

CIienyaibHbIe CMMBOJIBI — KPYIVIbIE U KBAJpaTHbIE CKOOKM, 3arSIThIE U T. II. —
MMEIOT 0cob0e 3HaUeHMe, HO OTepaTopaMy He SIBJISTIOTCS;

TMPOITYyCKMU (TTpO6eJTbl, 3HAKYM TAOYISIINM U T. T1.) PA3IeNSIOT CI0Ba;
KOMMEHTapuM OIMChIBAIOT CMBIC/T YacTelt Koaa.

[TpymepaMu KIIIOUEBBIX CJIOB MOTYT CIYKUTb SELECT m UPDATE. [Ins SQL oHM Ha-
JleJieHbl CIielMaJbHbIM CMbBICJIOM — OHU OTIpeesiioT Ha3HaueHre KOMaH/ bl UK ee
yacreit. I[TonHbI epedyeHb KIIOUEBbIX CJIOB MMeEETCs Ha cTpaHulle http://www.post-
gresql.org/docs/current/static/sql-keywordsappendix.html.

HNneutuduraTopsl — 3TO UMeHa 00beKTOB 6a3bl JaHHbIX. IIoTHOEe MMS 00b-
eKTa, HalTpuMep TabaUIIbI WM TIPeICTaBIeHNS, COCTOUT 3 IMEHY CXeMBbI (CM. I71a-
By 3) M MMEHM CaMOro o0beKTa, pa3/eNeHHbIX TOUKO. EciiM MMsT cXeMbl BXOOUT
B IapameTp search_path wim 06beKT MIPMHAMJIEKUT CXEME TEKYIIETO IT0Ib30BaTeIs,
TO YKa3bIBaTh MMS CXe€Mbl HEOOSI3aTEIbHO. B TaKOM ciTyyae TOBOPSIT O KOPOTKOM,
WM HEeKBaIM (UL POBAHHOM, MMeHM 00beKTa. ViMeHa cTon61I0B Tabiuibl 06pasy-
IOTCSI TaK SKe: M TabINITbI, TOUKA, MMs cToNO1a. Ecu B 3ampoce Gurypmpyer Tomb-
KO OffHA TabyMIIa, TO YKa3bIBATh MM TaOMUIIBI HEOOS3aTENbHO; B IPYTUX CTydastx
MOYKHO MCITO/Tb30BATh IICEBIOHMM TaOIUIIbI.

SI3pIK SQL HeUyBCTBUTEJIEH K PETUCTPY. U KiTIoueBbIe CI0BA, U MAEHTU(DUKATOPDI
MOTYT BK/IIOUATh OYKBBI (a—2), mvdpsl (0-9), 3HaK momguepkuBanus () U 3HAK JOJ-
napa ($), Ho He MOTYT HAUMHATBHCST 3HAKOM IOJYe PKUBAHMS W Joytapa. [Tosatomy,
He 3Has SI3bIKa, TPYAHO CKa3aTh, UTO SIBISIETCST KITIOUEBBIM CJIOBOM, a UTO UAeHTUDM-
KaTOopoM. OBBITHO KITIOUEBbIE CJIOBA 3aIMChIBAIOT 3aI/IaBHBIMM GYKBAMMU.
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VipeHTU(UKATOPBI MOTYT COMlePKaTh M CMMBOJIbI, OTIMYHbIE OT BbIIIEIIepeunc-
JIEHHBIX, HO TOTHA MX HY)XKHO 3aK/II0UaTh B [ABOJHbIE KaBbIUKU. B mpuHLMIe, UM
00beKTa MOSKET COBITIAJATh C KJIIOUEBBIM CJIOBOM, HO MTOCTYIIATh TaK HEe PeKOMeH-
IyeTcsl.

KoncranTsl B SQL Ha3bIBaIoOT elle auTepasiaMu. PostgreSQL moamepkuBaeTt Tpu
BIIa HESIBHO TUIM3UPOBAHHBIX KOHCTAHT: YMC/Ia, CTPOKM U 6MTOBBIE CTPOKM. Ecin
HY’KHA KOHCTAHTa APYTOTro TUIIA, He0OXOIMMO BbITIOTHUTD IBHOE WM HESIBHOE TTIpe-
obpasoBaHue.

UncytoBble KOHCTAHTBI MOTYT COIEPKaTh IMMPbI 1 HeobsI3aTeNTbHbIE EeCITUIHYIO
TOUKY U TlOKasaTeb CTelleHM. BOT HeCKONbKO MPUMEpPOB AOIMTYCTUMBIX UMCIOBBIX
KOHCTaHT:

SELECT 1, 1.2, 0.3, .5, 1lel5, 12.65e-6;

CTpOKOBbBIE KOHCTaHTHI 3aK/II0YAIOTCs B KaBbIuKM. B PostgreSQL momyckaercs iBa
BU/Ia KaBbIUEK: OAMHOYHbIE U crieruduuHble 1151 PostgreSQL monnapoBsbie (Mocie-
Hee — HecTaHgapTHas crienuduka PostgreSQL). Ecau mepen cTpOKOBOV KOHCTaH-
TOJ MOCTaBUTH 6YKBY E, TO BHYTPM KaBbIYEK MOKHO YIIOTPEOISI T SKPaHMPOBAHHbIE
crienMaabHble CMMBOJIBI, KaK B si3bike C: \n 03HauaeT repexoj, Ha HOBYIO CTPOKY,
a \t — Tabynaiuo. OguMHOYHAsT KaBbIYKa BHYTPH JIMTEpasia JO/KHA ObITh TIOBTOPe-
Ha nBakabl (') mau sxkpanuposasa (\'). Hammume 6ykBbl U ¢ amIiepcaHgoM nepep,
CTPOKOJ TMO3BOJISIET 33[aBaTh BHYTPU KaBbluek cMMBOJIbI IOHMKOAA B BUIE KOAa,
TpeaBapsieMoro 06paTHO KOCOii uepToii.

Huske nipuBeieHbl MPUMeEPbl CTPOKOBBIX KOHCTAHT:
car_portal=> SELECT 'a', 'aa''aa', E'aa\naa', $Saa'aass,

U&'\041C\0418\0420";
2column? | ?column? | ?column? | ?column? | ?column?
---------- R R R R P
a | aa'aa | aa +| aa'aa | Mup
I | aa I I

[TepBbIit IpUMep MPOCTOI — ofgHa GyKBa a. Bo BTOpOM MMeeTcst OfMHOYHAs Ka-
BbIUKa B CepefyiHe CTPOKU. B TpeTbeM BHYTPM CTPOKM HAXOAUTCS 3HAK HOBOW CTPO-
ku B HoTauuu C: \n. Ciemymoiiasi CTpoka 3aK/I4eHa B J0IapoBblie KaBbIuKM. U mo-
C/IeIHSISI CTPOKa COCTOUT U3 CMMBOIOB FOHMKOmA.

CTpoKoBbIe KOHCTAaHTBI B IO/UIAPOBBIX KaBbIUKAX MHTEPIIPETUPYIOTCS TOUHO TaK,
KaK HamnucaHbl. B HMX He pacrio3HAIOTCS HU YIIPaBJSIIOLIME 1OC/IeA0BaATEIbHOCTH,
HU KaKye-ambo Ipyrue KaBbIUKM, KPOME JOJIJIaPOBbIX, HAIIMCAHHBIX TOUYHO TaK Ke,
Kak B Hauaje CTpoku. Mexxay 3HaKamMu Jouiapa MOXKHO 3aJaTh MM IOTIapOBO
KaBBbIUKM, 5TO [103BOJISIET BKJIAAbIBATh OJHY 3aKaBbIYEHHYIO CTPOKY B APYIYIO, Ha-
pumep:
car_portal=> SELECT $str1$SELECT $$dollar-quoted string$$;Sstris;

?2column?

SELECT $Sdollar-quoted string$s$;
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31ech Moc/Ie,0BaTeIbHOCTM CMMBOJIOB $stri$ UIpaloT POIb KaBbIUeK, a 3aKI/II0-
YeHHBIi BHYTPU HUX [IOJJIAPOBBI JIUTEpas He 3aBepliaeT CTPoKy. [losTomy B [om-
JIApOBbIe KaBbIUKM OUEHDb YACTO 3aKII0YAETCS Teso MYHKIIMM, KOTOPOe TepesaeTcs
cepBepy PostgreSQL B Buae CTPOKOBOTO JINTepaia.

Wy ke MOKHO TTOCTaBUTh B Hauasie OYKBY X U BKJIIOUATD JTI0ObIe VG PBI, @ TAKKE
6ykBbI A—F — B TaKOM CJTy4yae CTPOKa 3aIMChIBAETCS B IECTHAAIIATEPUYHOI CUCTe-
Me cunciaeHus. YacTo 6UMTOBbIe CTPOKY MIPe0OPA3YIOTCS K YMCIIOBOMY BUTY:
car_portal=> SELECT B'01010101'::int, X'AB21'::int;

int4 | 1int4
______ PO
85 | 43809

OmepaTopbl UTPAIOT BAKHYIO POJIb B 06pabOTKe JAHHBIX U VICIIOIb3YIOTCS B BbI-
paskeHusix. OriepaTop MpUHKUMAET OAVH WK IBa apryMeHTa (orepaHza) 1 BO3Bpa-
mjaet 3HaueHue. PostgreSQL nogaepskuBaeT NIMPOKHUIL CIIEKTP OTlepaTOPOB JIJIS BCexX
TUTIOB JAHHbBIX. B KoOMaH1aX orepaTophl BHIMISAST Kak MOCIeN0BaTeIbHOCTM CYUM-
BOJIOB M3 CJIEAYIOIIETO CIMCKa: +-*/<>=~1@ # % "~ & | 2.

Ecwin B omHOM BbIpakeHMM UCII0Tb3YyeTCsI HECKObKO OIepaToOpOB, TO OHU BHITION-
HSIIOTCSI B OTIpeIeIeHHOM TTopsifike. Y O HUX OIlepaToOpOB, HATIpUMep YMHOXKeHMUS (*)
U fenenus (/), IpUOPUTET BbILIe, a Y IPYTUX, HAIIpUMeDp JTOTUYECKUX OIepaToOPOB
M OTIEpPaTOPOB CpaBHEHMSI, HIDKe. OrepaTopsl C OVTHAKOBBIM ITPUOPUTETOM BBITION-
HSIFOTCSI cieBa HarmpaBo. KpaTkuii epeueHb OIlepaToOpPOB C yKa3aHeM IPUOPUTETOB
NpUBeNeH Ha crpaHuue https://www.postgresqgl.org/docs/current/static/sql-syntax-
lexical.html#SQLPRECEDENCE.

Ilanee mepeuncyiiuM CIielyajbHble CMMBOJIbI:

O kpyrabie cKOOKM (()) VCIIONMBb3YIOTCS IS 3aIaHMSI TTOPSIAKA OTepatnii 1 Ijist
IPYNIIMPOBKY BhIpaskeHMiA. B HeKOTOPBIX SQL-KOMaHAax MMeIOT Crelyab-
HBIVi CMbICT. TaKKe YIIOTPeOIISIIOTCS B 3arojIoBKe (QYyHKIVN;

KBagpaTHbIe CKOOKM ([]) MCIOMb3yIOTCS IJ1s1 BBIGOpA 3IEMEHTOB MacCUBa;
JBoeTouMe (:) UCIIOMb3YyeTCs IJIs1 JOCTYyTa K YacTy MacCuBa;

JBOIHOe BoeTouMe (::) MCIIOAb3YeTCs /IS IpUBeeHUs TUTIA;

3ansaTas (,) UCTI0/Ib3YeTCs AJ1s1 pasjiesieHNs 37IeMeHTOB CITUCKa;

TOYKa (.) VICIIONb3YETCS IJIST pa3fe/ieHNs] MMEeHM CXeMbl, MIMEeHU TabIUIIbI
U UMEeHM CTOJOLIA;

TOUKa C 3aMsTol (;) 3aBepliaeT KOMaHY;

3Be3mouKa (*) 0003HavYaeT BCe CTOIOIIbI TAOIMIIBI VJTY BCE SJIEMEHTBI COCTaB-
HOTO 3HAYEHMUSI.

CnoBa OTHeNsIoTCS Ipyr OT Apyra mporyckamu. B SQL MpoIryckoM cumuTaeTcs
MIPOM3BOJIbLHOE YMCJIO ITPO6GEIOB, 3HAKOB HOBO CTPOKM Y 3HAKOB TaOYIISIIINNA.

KomMeHTapuyu MOTyT BCTpedaThCs B 106011 yactu SQL-koma. CepBep UTHOPUPY-
eT KOMMEHTapui, TPakTysl UX Kak Mpomycku. KomMmeHTapuii pacronokeH Mexay
rapamu CMMBOJIOB /* 1 */. KpoMe TOT0, KOMMEHTapMueM CUUTAETCSI YaCTh CTPOKMU OT
-- 10 KOHIIA CTPOKM.

0 00000
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B a3b1ike DML uMeeTcst BCero 4eTbipe KOMaH/Ibl:

O INSERT — BCTaBKa HOBBIX JAHHBIX B 0a3y;

O UPDATE — u3MeHeHMe TaHHbIX;

O DELETE — ymaneHye JaHHBIX;

O SELECT — BbIOOpKA JAHHBIX.

KomaHzbl 3aniCbIBAlOTCA B IIOHATHOM 4YeJI0OBEKY BUJE, CTPYKTYpa BCeX KOMaH[,
cTporo pukcupoBaHa. Bce cMHTaKcuueckue quarpaMmMbl MOSKHO HalTU B TOKYMeH-
tauuu PostgreSQL Ha cTpanuue http://www.postgresqgl.org/docs/current/static/sql-
commands.html. Huske B 9TO¥ T/1aBe Mbl ONIUIIIEM OCHOBHbBIE 3JIeMEeHTbl KOMAaH/I.

[TepBbIM Ie10M MbI PACCMOTPUM KOMaHAY SELECT, IOTOMY UTO OHA UCIIOJIb3YeTCs
yaiie BCero U BXOOUT COCTAaBHON YacCThiO B Apyrue KomaHAbl. SQL momyckaeT BO-
>KeHHbIe KOMaH/bl, KOT/Ia Pe3yabTaT OJHOV KOMaH bl SIBJISIETCS UCXOAHBIMY TAHHBI -
MU 151 Apyroii. Takue BIOsKeHHbIe 3aITpOChl HA3bIBAIOTCSI MOA3aIIPOCaMM.

3AnPoC oAHHbIX KOMAHOon SELECT

Komanpsl, mau 3armpocs! SELECT (MJ1M TTPOCTO 3aITPOCHI), TPUMEHSIOTCS /IS BBIOOPKY
OAHHBIX 13 6a3bl. VICTOUHMKAMM JAHHBIX [IJIST 3a1TPOCa MOTYT OBITh TAOMUIIbI, TIPE -
craBiieHust, yHKIMy v ¢ppasa VALUES. Bce OHM SIBJISIIOTCS WJIM MOTYT pacCMaTpy-
BaThCSI Kak OTHOIIEeHMSI. Pe3ynmbTaToM SELECT TaksKe SIB/ISIETCSI OTHOIIIEHME, KOTOPOe
B 00IeM C/Tyyae MOKeT MMeTh HEeCKOJIbKO CTOJNIOIOB M MHOTO CTPOK. [TOCKOMbKY
B SQL MCTOUYHMK U pe3yJibTaT 3aIlpoca MMEIOT OAVMHAKOBYIO IIPUPOLY, pPe3yJbTaT 3a-
Ipoca MOKeT BBICTYIIATh B POV MCTOYHMKA /IS IPYTOii KOMaHIbl. B Takom ciydae
06a 3ampoca paccMaTpUBAIOTCS KaK 4acTh OOJbIIEro 3ampoca. VICTOYHMK JaHHbIX,
dbopmar BeIBOfA, QrbTpaLMs, IPYIIIIMPOBKA, YIIOPSIIOUEHME Y HEOOXOIMMBbIE IIpe-
06pa3oBaHMsI JAHHBIX — BCE 3TO 3a/IA€TCS B KOJE 3aITpoca.

Boob6rie roBops, 3ampockl SELECT He M3MEHSIOT JAaHHBIX B 6aze M MOTYT pac-
CMaTpMUBATBHCSI KaK OTepalys YTeHus, HO eCTb OHO UCK/IIoueHue. Eciu B 3ampoce
BCTpeYaeTcs BoJaTUIbHAs QyHKINS, TO OHA MOKET U3MEHUTb JaHHBbIE.

Crpykrtypa 3anpoca SELECT

HauneM ¢ mpocTtoro nmpumepa. Mbl 6ymeM MCIT0/Nb30BaTh 0a3y MaHHBIX IS caifTa
TOPTOBJIV AaBTOMOOWIISIMY, OITMCAHHYIO B IMTPEIbIAYIINX [JIaBaX.
Iy momKIroueHust K 6a3e BBITIOTHMM KOMaHIY:

> psql -h localhost car_portal

B 6ase umeeTcst Tabmuiia car, COmepsKamiasi CBeIeHUs O 3apPEruCTPUPOBAHHBIX
B cucTeMe aBTOMOOWISX. [TycTb TpebyeTcst MoayunThb 13 6a3bl MHDOpMaImio ob aB-
TOMOOWJISIX C TPEMSI ABEPSIMY, OTCOPTUPOBAB €e 110 UAEHTUGUKATOPY aBTOMOOWIIS.
PesynbTat IO/IKeH COOEPKaTh He Oojiee 5 CTPOK, MMOCKOIbKY ITOTb30BaTETbCKIUI MH-
Tepdeiic BBIBOAUT JaHHbIE CTPaHMUIIAMM T10 IISITh 3aITMceii. 3aIpoc MMeeT BU/I:

SELECT car_1id, registration_number, manufacture_year
FROM car_portal_app.car
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WHERE number_of_doors=3
ORDER BY car_id
LIMIT 5;

U BOT ero pesysnbrar:

car_id | registration_number | manufacture_year

........ P
2 | VSVW4565 | 2014
5 | BXGK6290 | 2009
6 | ORIU9886 | 2007
7 | TGVF4726 | 2009
8 | JISW6779 | 2013
(5 rows)

3anpoc HauyMHaeTCs KJIIUYeBbIM CJIOBOM SELECT, KOTOpoOe o1ripeneaseT TUII KOMaH-
Ibl. 32 HUM MAET CIIMCOK M3BJIeKaeMbIX M3 6asbl JaHHBIX ITOJIEli uepe3 3arsTylo.
BmecTo crmcKka MOSKHO IIOCTaBUTDb 3HAK * — 3TO O3HayYaeT, YTO HY>KHO BbIGpaTh BCe
1014

ViMs TabImIIbI yKa3bIBAETCS TIOC/IE KIIOUEeBOTO cI0Ba FROM. MOYKHO BBIOMpPATh AaH-
HbI€ CPa3y U3 HeCKOJIbKMX Tabuil. [Tocse KiaoueBoro cioBa WHERE yKa3aH KpUTEPUit
unbTpanuu — mpeguxat. ITocie ORDER BY 3aaeTcsl MOPSAOK COPTUPOBKU. A KiTloue-
BOe CJIOBO LIMIT C006IJ.[8.6T 6&3@, YTO HY>KHO BEPHYTDb HEe 6omee AT CTPOK.

DT 4acCTM 3aMpoca — KJIIOUEeBbIe CJI0Ba U CJIeAyIo/e 3a HUMY BbIpa)KeHUS — Ha-
3pIBaloTCs (ppaszamu: dppasa FROM, bpasa WHERE u T. 1. Y Kasxkmoit ppassl cBoe Ha3HAUe-
Hue 1 jjorvka. OHM TO/DKHBI CJIeOBaTh B ONpeaesieHHOM mopsiake. Hu omHa dpasa
He SBJISIeTCS 00s13aTe/IbHOI. YIIpollleHHass CMHTaKCHMUeckasl AyarpaMma KOMaHIbI
SELECT BBIIVISIAUT CJIEAYIOIIVIM 00pa3om:

SELECT [DISTINCT | ALL] <expression>[[AS] <output_name>][, ..]

[FROM <table>[, <table>.. | <JOIN clause>..]

[WHERE <condition>]

[GROUP BY <expression>|<output_name>|<output_number> [,..]]

[HAVING <condition>]

[ORDER BY <expression>|<output_name>|<output_number> [ASC | DESC] [NULLS
FIRST | LAST] [,..1]

[OFFSET <expression>]
[LIMIT <expression>];

MbI OITYCTVIIV HEKOTOPBIE 3JIEMEHTHI, HarrpuMep dbpa3bl WINDOW, WITH 11 FOR UPDATE.
[TonHy0 CMHTaKCMYeCKyI0 IuarpaMMy CM. Ha cTpaHulie http://www.postgresqgl.org/
docs/current/static/sql-select.html.

HexoTopble OmyleHHbIE 3JIEMEHThI OYIYT OMMCAHbI B CJIEAYIOMIVX IJIaBaX.

Bce vactu KomaHabl SELECT Heobs13aTenbHbl. Hampumep, 3ampoc O6ymeT Ipoiie,
ety GUABTpALIMS WJIM COPTUPOBKA He HYKHA:

SELECT * FROM car_portal_app.car;

Haske dbpasza FROM HeoOs13aTebHA. EC/M 17151 BBIUMC/IEHNST BRIPDAKEHMST HE HYSKHbI
IaHHbIe 13 6a3bl, TO 3aIIPOC MMeeT BUI:
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car_portal=> SELECT 1;
?column?

MO3KHO CUMTaTh 3TO aHajaoroM rmporpaMmsbl «Hello world» B SQL.

0 (®pasa FROM HeobsizaTenbHa B PostgreSQOL, Ho B apyrux PCYB[, Hanpumep B Oracle, oHa
[LOJI)KHA MPUCYTCTBOBATb.

Jlornueckasi MocjiefoBaTeJIbHOCTb OIlepalyii, BBITIOJHSIEMbIX KOMaHA0M SELECT,
TaKoBa:

1) BbIGpaTH BCe 3aIMCH U3 BCEX UCXOOHBIX Tabuil. Ecii Bo ppase FROM eCTb 1o -
3ampoChl, TO OHM BBIUMCIISIIOTCS TIePBbIMMU;

2) 00pa3oBaTh BCe BO3MOXKHbIE KOMOMHAIIMM ITUX 3aIIMCeI M OTGPOCUTD Te U3
HMX, AJ1S1 KOTOPBIX He YA0BJIETBOPSIOTCS ycaoBus JOIN, a B cyiyuae BHEIIHUX
COemVHeHMIT YCTAaHOBUTb HEKOTOPbIE TOJIST B TAKMX KOMOMHAIMSX B NULL;

3) OoTGMIBTPOBATH KOMOMHAIIMM, HE YOOBIETBOPSIONINE MTpeAnKaTy BO (dpase
WHERE;

4) TOCTPOUTDH T'PYIIIBI B COOTBETCTBUM CO 3HAUEHUSMM BbIpakeHMi1 B CITMCKe
GROUP BY;

5) ocCTaBUTH TOJNBKO I'PYIIIIHI, YIOBIETBOPSIIONINE YCTIOBUSIM HAVING;

6) BBIUMCINTH BBIPAYKEHMS B CIIMICKE BBIOOPKHA;

7) MCKIIOUUTH CTPOKU-AYOIMKATHI, €C/IM IIPUCYTCTBYET KITI0UeBOoe CI0BO DISTINCT;

8) IpUMEeHUTb TeOPETUKO-MHOXeCTBeHHbIe orepaiuyu UNION, EXCEPT m INTERSECT;

9) OoTCOpPTMPOBATH CTPOKM B COOTBETCTBUM C (hpa30ii ORDER BY;

10) ocTaBUTH TOJIBKO 3aICH, OTBEUAIOIIMe YCIOBUSIM BO dpasax OFFSET u LIMIT.

Ha camom pnene PostgreSQL onmTumMusupyeT 3TOT aarOPUTM, BBIMIOJHSS IIaru

B IPYrOM TIOPSIAKE WIN Jaske oJHOBpeMeHHO. Hampumep, ecin 3amaHa ¢pasa LI-
MIT 1, TO HE MMeEeT CMbIC/Ia BBIOMPATH BCE CTPOKM M3 MCXOIHBIX TAONII, JOCTATOYHO
TOJIbKO OJHO, yIOBIeTBOPSIIOIEli yCI0BUIO WHERE.

Cnuncok BbIGOpKM

IMoce kmoueBOro ¢ioBa SELECT 3aaeTcsl CIOMCOK CTOJIOIOB MM BbhIPasKEHMIA, BbI-
O6upaeMbIX 13 6a3bl JaHHBIX. OH Ha3bIBAETCSI CIIMCKOM BBIGOPKM U OIpeaesseT
CTPYKTYPY pe3y/IbTaTa: KOJIMUeCTBa, MUMEHA U TUITbI BBIOPAHHBIX 3SHAUEHMIA.

Kaskmomy BbIpaskeHMIO B CIIMCKe BIOOPKM corocTassieTcst uMsl. Ecii MMt He 3a-
JlaHO TI0JIb30BaTeJIeM, TO CEpPBep BhIOMPAET €ro aBTOMATUUECKM, U B OOIbILIMHCTBE
CJIy4aeB OHO OTPakKaeT MCTOYHMK JaHHBIX: MMS CTOI0OLA TaGMUIbl MM UMS (PYyHK-
uvn. B ocTanbHbIX C1ydasx uMs umeet Buz, ?column?. JIOyCTMMO, 8 MHOTZA asKe SKe-
JIaTeJIbHO Ha3BaTh BHIOPAHHOE BhIpaskeHMe MO-APpyromy. [IJIs 3TOro MpeJHa3HaYeHO
KJII0UEBOE CJIOBO AS, Harlpumep:

SELECT car_1id AS identifier_of _the_car ...

Terepb pe3yabTaT BLIGOPKM U3 CTONOIIA car_id TaGMMIIbI car OymeT Ha3BaH identi-
fier_of_the_car. CioBO AS HeoO6s13aTesbHO. IIpy BhIOOpE MMEHM BBIXOLHOIO CTOIOA
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clenyeT coOoaaTh MpaBuia MMeHOBaHus uaeHTuduKaTopoB B SQL. HeckombKo
CTONOIIOB pes3yjabTaTa MOTLYT MMETh OIMHAKOBbIe MMeHa. MOXKHO MCIIOIb30BaTh
MMeHa B JIBOIHBIX KaBblUKax, HAI[pMMep eCIu pe3ysbTaT 3alipoca UrpaeT pojb OT-
yera M AajbHeiIeii 06paboTke He MOABepraeTcs. B TakoM ciaydyae MMeeT CMbICT
BBIOVPATH MEHA KOJIOHOK, IIOHSITHbIE UeIOBEKY:

SELECT car_1id "WmeHTudukaTtop asTomobuna" ...

YacTo BMECTO CITMCKa BBIOOPKY YIIOTPEOISAIOT 3BE3I0UKY *, KOTOpast 0603HavYaeT
BCe CTOJIOIIBI BCeX TaOINII, YITOMSIHYThIX BO (ppase FROM. MOSKHO TaKsKe MCIIOIb30BaTh
3BE30UKY IS KaXKI0i TabIMUIbI B OTOEIbHOCTH!:

SELECT car.*, car_model.make ...

B maHHOM ciTyuae BbIOMPAIOTCS BCE CTOJIOIIBI M3 TAGIMIIBI car ¥ TOJILKO OFVH CTOM-
6e11, — make — 113 Ta6GMMIIBI car_model.

CunTaeTcst IypHbIM TOHOM MCITIO/Ib30BaTh * B CJIy4asiX, KOIIa 3apocC BCTPeYaeT-
Cs1 B IPYTOM KoJie: B IIPUJIOKEHUSIX, XPaHUMBIX MIPOIleaypax, OpeaeaeHusIX mpem-
CTaBJIEHUIA U T. . DTO He PeKOMEHAYEeTCs, IOTOMY UTO IOayJYaeTcs, uTo ¢Gopmar
pesyibTaTa 3aBMCUT He TOJIBKO OT KOZa 3aIIpoca, HO U OT CTPYKTYPhI JaHHbBIX. Ec/n
CTPYKTYpa JAHHbBIX M3MEHUTCS, TO U3MEHUTCS U (popMaT pesyabTaTa, 1 MPUIoKe-
HIe MOXET IepecTaTh paboraTh. Ec/u ke Bce cTOIOLbI TepeuncieHbl SBHO, TO J0-
6aBjieHMe HOBOTO CTOJIOIIA BO BXOIHYIO TAOMMITY HEe OTPAa3UTCS HA pe3yibTaTax 3a-
Ipoca ¥ paboTOCIIOCOGHOCTU TIPUTOKEHNS.

Tak, B HallleM nmpumMepe BMecTo SELECT * ... 6bUIO 6bI 6e30IMacHee HATIUCATD:

SELECT car_1id, number_of_owners, registration_number, number_of_doors,
car_model_1id, mileage ...

SQL-eviparceHus

BoIpaskeHMsI B CIICKe BBIOOPKYM HA3bIBAIOTCS OOHO3HAYHBIMU, WM CKAISIPHBIMM
BBIPAKEHUSAMMU, TTOCKOJIIbKY KaKIOMY BbIPaK€HMIO COOTBETCTBYET TOJIbKO OIHO
3HaueHue (XOTS OHO MOKET ObITb I MacCUBOM).

ViHorma ckayisipHble BbIpaskeHMsT Ha3biBaloT SQL-BbIpaskeHUSIMU MU TIPOCTO BbI-
paxkeHusaMu. V mo60oro SQL-BbIpakeHUsT €CTb TUIT JaHHbBIX, OTIPeIe/IsseMblil TUITOM
(MU TUIIaMM) BXOJHBIX JAHHBIX. BO MHOTMX CTy4yasix TUII JAHHBIX MOXXHO SIBHO U3-
MeHUTb. KaXkIbIit a71eMeHT CIicKa BhIGOPKY CTAHOBUTCS CTOJIOI[OM BBIXOJHOTO Ha-
60pa TaHHBIX, UMEIOIIMM TUIT COOTBETCTBYIOIIETO BhIPASKEHMSI.

SQL-BbIpa>keHUsI MOTYT COOEP>XKaTh:

MMeHa CTOJIOIOB (B OOMBIIMHCTBE CTyYaeB);
KOHCTAHTBI;

OIlepaTopsl;

CKOOKM, 3a7alolIyie TIOPSIIOK BhIUMCIIeHN];
BBI30BBI (DYHKIIMIA;

arperaTHbIe BbIpayKeHMUs (CM. HUKe);
CKaJISIpHbIE TI0/13aITPOCHI;

MIpUBeAeHNS TUTIOB;

YCJIOBHbIE BbIpaskeHMSI.

CO00000O0OO0



138 < Asbik SQL

DTOT crIUCOK HenosoH. CylllecTBYIOT U Apyrue BuAbl SQL-BbIpaskeHUI, KOTOPbIe
B 9TOJi I7IaBe He pacCMaTpUBaIOTCS.

iMeHa CTONOIIOB MOTYT OBITh MOMHBIMY (KBaJMGUIMPOBAHHBIMM) /1 KOPOT-
KMMMY (HeKBaIM(MUIIMPOBAHHBIMM). [T0JTHOE MMS COTEPSKUT, TOMUMO COGCTBEHHO
VMIMEHU CTOJOIA, MMS TabIUIIbI M, BO3MOXHO, MMSI CXeMbI, pa3fieJIeHHbIe TOUKaMIA.
KopoTkoe 1Ms He COmepKUT MMeHM Tabauiibl. [IoHbIe MMeHa 00s13aTelbHbI, eCIn
B HECKOJIbKMX TabIMUIaX, YIIOMSIHYTHIX BO (ppase FROM, BCTpEUAIOTCS OOHOMMEHHbIE
CTONOILIBI. VICITONIb30BaHye B 9TOM CJTyyae KOPOTKUX MMEH IPUBEIET K OIlnbKe «col-
umn reference is ambiguous» (HeoJHO3HAUHAsI CCbUIKA Ha CTONMOEIT). DTO O3HAYAET,
yTOo 6a3a JaHHbIX He [TOHMMAeT, KaKoii cToji6el; uMeeTcs B BUIY. BMecTo uMeHM Tab-
JIULIBI MOKHO YIIOTPEO/IATh ee TICeBIOHMM, a B CIyJae MoA3armpocoB Wi GYHKIUN
MCTIOTb30BaHMe MCeBAOHMMA 006SI3aTeTbHO.

Hiske mpuBeeH puMep yIoTpebae s MOMTHBIX MMEH B CITMCKe BBIOOPKIU:

SELECT car.car_id, car.number_of_owners FROM car_portal_app.car;

SQL moppmepskuBaeT Bce OMEpaTOPbl, BCTPEUAIOIIVECS] B OOIBUIMHCTBE APYTUX
SI3BIKOB TTPOrPaMMMPOBAHMS: JIOTUYECKUe, apudmMeTdeckne, Haf, CTPOKaMu, 6u-
HapHbIe, HAJl TaTOM 1 BpeMeHeM U T. 1. Hiske MbI 06CYIMM JIOTMYECKME OTIePATOPBI
B CBsI3U C yciaoBusiMu B SQL. A BOT nmpuMep apudmeTnueckux ornepaTopoB B BbI-
pakKeHUsIX:
car_portal=> SELECT 1+1 AS two, 13%4 AS one, -5 AS minus_five, 5! AS

factorial, |/25 AS square_root;
two | one | minus_five | factorial | square_root

B PostgreSQL pa3pelieHo Takke CO34aBaTh [10JIb30BaTEIbCKME OIEPATOPBHI.
B coctaB SQL-BbIpaskeHMsI MOTYT TaK:Ke BXOJIUTD BbI30BbI (QYHKLMIA. [IJ1sI BbI3OBa
(YHKUMM HY’KHO YKa3aTh ee MMsI ¥ B CKOOKaX apryMeHTbI:

car_portal=> SELECT substring('this is a string constant',11,6);
substring

string

31ech BbI3bIBAETCS BCTPOEHHAST PyHKIMS substring ¢ TpeMsi apryMeHTaMM: CTPO-
Ka ¥ [IBa 1e/bix uncia. OHa u3BjaeKkaeT 4acTb epefaHHOol CTPOKM, HAUMHAas C CUM-
BOJIa, HOMEeP KOTOPOro 3aJaH BTOPbIM apryMEeHTOM, U IJIMHOM, 3aJaHHOM TPEThbUM
aprymenToM. [To ymomuanuio PostgreSQL HasHauaeT BBIXOOHOMY CTOJIOIY TAKOe sKe
MM, KaK Y QYHKITUNA.

Iasxke ecnu y QYHKLIMY HET apryMeHTOB, CKOOKM BCe paBHO HEOOXOOAMMBI —
OHM TIOKA3bIBAIOT, UTO 3TO UMEHHO GYHKIMS, a He MMS CTOI01a U He KITI0UeBoe
CJI0BO.

Emie omHa Bellb, crrocobeTByromas rubkocty 1 Mouy SQL, — cKajsipHbIe To13a-
MIPOCHI, KOTOPbIE MOTYT OBITh YACTHIO OFHO3HAYHOTO BBIpAskeHMUs. ITO TO3BOISIET
00BeIVHATH PE3YIbTAThl HECKOIbKMX 3arpocoB. [loa3ampoc min 3arpoc Ha3bIBaeT-
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€SI CKQJISIPHBIM, €C/TV OH BO3BPAI[aeT POBHO OJIMH CTOJIOEI] U HYJIb TMOO0 OTHY CTPO-
Ky. OHI He OT/IMYAIOTCST OT OOBIYHBIX 3aIIPOCOB KAKMM-TO OCOOBIM CHMHTAKCHCOM.
PaccmoTpuM ripumep:

car_portal=> SELECT (SELECT 1) + (SELECT 2) AS three;
three

3mech OOMH CKaSIPHBIV MOA3aMpoC BO3BpallaeT 3HaueHue 1, qpyroii — 3Have-
HMe 2. DTU pe3y/bTaThl CKIAAbIBAIOTCS, TAK UYTO 3HAUEHME BCETO BhIPKEHMUS PaB-
HO 3.

[Ton mpuBegeHVEeM THUIIA TTOHMMAETCSI MU3MeHeHMe Tuna 3HaueHusi. CUHTakCK-
YeCKU MpUBeAeHMe TUTA MOXKET 3alMUChIBAThCS ITO-Pa3HOMY, HO CMBIC/I BCETAA OOUH
U TOT 3Ke:

Q CAST ( <value> AS <type>);

O <value>::<type>;

Q <type> '<value>';

Q <type> (<value>).

[TlepBasg dopma — craHmapTHBIA cuHTaKcuC SQL, KOTOpBI MOIIep KMBAETCS
O0BIIMHCTBOM 6a3 JaHHbBIX. Bropas — cieriuduka PostgreSQL. TpeThs IpMMeHMMa
TOJIBKO K CTPOKOBBIM KOHCTAHTaM M OOBIYHO MCITIOb3YEeTCsI, KOTIa HYKHO OIpee-
JIUTh KOHCTaHTY He CTPOKOBOTO 1 He YMIoBOTO TuIa. [locienHsst hopma roxoxa Ha
byHKIMIO ¥ TIpUMeHMMa TOJIBKO K TUIIaM, MMeHa KOTOPbIX COBMAAAI0T ¢ MMeHaMM
CYIIECTBYIOMNX (DYHKIINIA, UTO He 0UeHb yI06HO. [I09TOMY 3TOT BapMaHT CMHTAKCH-
ca yroTpe6sisieTcsl peaxo.

Bo muorux ciyvasix PostgreSQL BoInonHSIeT IpUBeeHMe TUIa HessBHO. Hampu-
Mep, oTlepaTOp KOHKaTeHaluM || MpuHMMaeT ABa omnepaHaa tuma string. IIpu mo-
MbITKE KOHKAaTEHMPOBATh CTPOKY € umcyioM PostgreSQL aBTOMaTuueckyu mpeobpa-
3yeT UNCIIO0 B CTPOKY:

car_portal=> SELECT 'One plus one equals ' || (1+1) AS str;
str

One plus one equals 2

VciioBHOE BbIpakeHMe BO3BpAIaeT PasjMUHble Pe3yslbTaThl B 3aBUCUMOCTY OT
ycnoBust. OHO TOXOXKe Ha TpeayioskeHue IF - THEN - ELSE B APYTUX SI3bIKaX IPOrpam-
MMpPOBaHMs. BOT ero cMHTaKCuC:

CASE WHEN <conditionl> THEN <expressionl> [WHEN <condition2> THEN
<expression2> ...] [ELSE <expression n>] END

[ToBeieHYE MMOHSATHO: €C/IY BBITIOJIHSIETCS TIEPBOE YCIOBME, TO BO3BPAIIAETCs pe-
3y/IbTAT IIePBOTO BhIPAsKEHMS; €C/TU BTOPOE YCJIOBME — TO Pe3y/IbTaT BTOPOTO BbIpa-
SKeHUSI U T. I EC/IM HY OHO YCJIOBYE HE BBITIOJIHEHO, TO BHIYMC/ISIETCS] BhIPAXKEHME,
yKasaHHOe B BeTBM ELSE. Kaxkgoe ycimoBue <condition> camMo SIBISIETCS BBIPaKEHUEM,
BO3Bpalanymm 6yneBo 3sHaueHue (true mam false). Bce BbIpaskeHMsT MOCe KITHO-
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YyeBOT0 ¢JioBa THEN JO/DKHBI BO3BpalllaTh 3HAUEHMs] OJHOI'O TUIIA UM, IO KpaliHeil
Mepe, COBMeCTUMBIX TUITOB.

[Tap ycnoBMe-BhIpaskeHMe OODKHO ObITh He MeHee ofHOii. BeTBb ELSE HeoOs13a-
TeJIbHa, Y eJIM OHA OTCYTCTBYeT M HM OLHO YCJIOBME He paBHO true, TO BCe BbIpaske-
Hye CASE Bo3BpamaeT NULL.

BoipaxkeHnst CASE MOXKHO UCITOTb30BaTh BCIOAY, rae OomycTuMbl SQL-BbIpaXkeHUsI.
BoipaskeHust CASE MOTYT ObITh BJIOKEHHBIMM, T. €. OJHO BbIpaskeHMe MOKET HaXo-
OUTBHCS HAa MecCTe JyacTu condition miam expression B Ipyrom BbipakeHUN. [Topsagok
BBIUMCJIEHUS YCIOBUI B TOUHOCTU TaKOM, KaK yKa3aHO. DTO 03HAYAeT, YTO eCJIu He-
KOTOpOE YCIOBYE B BhIpaskeHMM CASE BOOGIIE BHIUMCIISIETCS, 3HAUUT, BCe TTPEeIIecT-
ByIOIIIMEe eMy yCIoBMs paBHbI false. Eciii HeKOTOpoe yc/ioBMe paBHO true, TO BCe IMo-
clenyrolye He BbIUMUISIIOTCSI BOBCe.

Cy1iecTByeT yIpOIeHHbIVi CMHTAKCUC BbIpaxkeHUli CASE. Eciu Bce ycIoBUSI CBO-
OATCA K CPaBHEHMIO OJJHOTO U TOTO XK€ BhIpa’keHUS Ha PaBEHCTBO C HECKOIbKUMMU
3HAYEHMSIMM, TO MOKHO BOCITO/Ib30BaThCSI TaKO (hOpMOIi:

CASE <checked_expression> WHEN <valuel> THEN <resultl> [WHEN <value2> THEN
<result2> ...] [ELSE <result_n>] END

OTO 0O3HAYaAEeT, UTO KOI[a 3HaueHue BeIpaskeHus checked_expression paBHO valuel,
BO3BpalaeTcs resultl, n T. I.
Hike mpuBeneH npumep BboipaskeHMsT CASE:

car_portal=> SELECT CASE WHEN now() > date_trunc('day', now()) + interval '12 hours'
THEN 'PM' ELSE 'AM' END;
case

31ech TeKylee BpeMs CpPaBHMBAETCS € NTOyIHEM (M3 TEKYIIero BpeMeH! Bblle-
JISIETCSI IeHb, YTO AAET MOJIHOYb, @ 3aTeM ITPUOAaB/ISeTCs] MHTEPBAJ, PaBHBIN 12 ya-
cam). Eni Texkyiiee BpeMsi Io3sKe MIOTYAHS (0IlepaTop >), TO pe3y/lIbTaTOM BbIpaske-
Hus GymeT PM, MHaye AM.

B onHOM SQL-BbIpaskeHUYM MOXET ObITh MHOTO OIepaTOPOB, BbI30BOB (DYHKI[UIA
MpMBeIeHNit TUTIOB U T. . B crienmdukanmum s3bika Ha OJIMHY BbIpaKeHUST He Ha-
JlaraeTtcst orpaHnyeHuii. CMcoK BbIGOPKY — HE eIMHCTBEHHOE MECTO, T/Ie TOTyCKa-
foTcst SQL-BbIpakeHus. Ha caMoM [ieie MX MOXKHO MCITO/b30BaTh MOUTHU B JTH06OIA
yactu SQL-komaHzabl. Hanpumep, pe3yibTaTsl 3al1poca MOXKHO COPTUPOBATD 10 He-
KoTopoMy SQL-BbIpakeHnio. SQL-BbIpakeHMs], BO3BpaliaIiye OyjaeBbl 3HAUEHUSI,
YaCTO UCIIOMb3YIOTCST B KauecTBe yCa0BUit BO (ppase WHERE.

PostgreSQL mopnepxxuBaeT «3akopauMBaHME» BBIUMCIEHUS BbIpa>KeHUI
M B HEKOTOPBIX CIy4yasiX HE BbIUMC/ISIET YaCTU BbIPaK€HUS, €CJIM OHUM He MOTYT
MOBJIMATH Ha pesynbraT. Hanpumep, ipu BoIuMCIeHUY BoIpaskeHUs false AND z()
dbyHKIMS z() He BbI3bIBAETCS, IOTOMY UTO pe3y/bTaT ormepatopa AND orpejesieH
MepBBIM OTIEPAH/IOM, KOHCTAHTOI false, u GymeT paBeH false, Kakoe Obl 3HAUEHME
HY BepHyia z().
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Knroueeoe cnoeo DISTINCT

K crimcky BbIOOPKM TaKKe MMEIOT HEITOCPeACTBEHHOE OTHOIIIeHEe KITFOUEBbIE CJI0BA

DISTINCT M ALL, KOTOpble MOTYT HaXOOUTBCS Cpasy rnocie ¢ioBa SELECT. Eciu npu-

cyTcTBYeT DISTINCT, TO M3 BBIXOJHOTO Habopa AAHHBIX YAAISIOTCS TyommMKaTel. Eciam

JKe YKa3aHO CJI0BO ALL (3TO peXXuM I10 YMOJIYaHMIO), TO BO3BPALIAIOTCS BCe CTPOKU.
PaccmoTrpum gBa mpumepa:

car_portal=> SELECT ALL make FROM car_portal_app.car_model;
make

(99 rows)
u

car_portal=> SELECT DISTINCT make FROM car_portal_app.car_model;
make

Ferrari
GMC
Citroen
UAZ
Audi
Volvo

(25 rows)

B 060oux ciryyastx Mbl IPOM3BOIMM BhIOOPKY M3 TAOIUIIBI MOZIeIei aBTOMOGMIIE.
Ho mepBbIit 3ampoc BepHya 99 3armmceit, a BTOpOit — TOIbKO 25. ITO 0O0BICHIETCS
TeM, UYTO B [IepPBOM C/Tyyae BO3BpAIeHbl BCe CTPOKM BXOLHOM TabGMMIIbI, & BO BTO-
POM — TOJIbKO YHUKaJIbHbIE CTPOKK. KittoueBoe cs1oBO DISTINCT yaasisieT Iy6nmuKaThl,
OPUMEHTUPYSICh Ha CIIMCOK BbIOOPKM, @ He Ha JaHHbIE B MCXOMHOI Tabnmuiie. Tak, ecian
ObI MbI BO3BpAIlajIY TOJBKO MEPBYI0 OYKBY MOMEJI, TO pe3y/IbTaT 0Ka3ajcs Obl elne
KOpoue, TOTOMY UTO HEKOTOpbIe Ha3BaHMSI HAUMHAIOTCS C OHOI U TOJ K€ GYKBBI:

SELECT DISTINCT substring(make, 1, 1) FROM car_portal_app.car_model;
substring

(21 rows)
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CnoBo DISTINCT IpMMEHMMO ¥ TOI[A, KOTAA BbIOGMPAETCST HECKOIbKO CTOJIOIOB.
B aTOM Cityuae yoassioTCs TOBTOPSIIONINMECS KOMOVHAIIMY 3HAUYEeHUiT CTONOIIOB.

®pasza FROM

VICTOYHMKY CTPOK YKa3bIBAIOTCS I1OC/Ie KII0UeBOro (JioBa FROM. DTa 4acTh 3ampoca
HasbIBaeTcst ppasoit FROM. BeiGMpaTh TaHHbIE MOXHO U3 HYJISI, OMHOI U Gosee Tab-
sl EC/IM MCTOYHMK CTPOK OTCYTCTBYET, TO (Ppa3bl FROM 6bITH He JOIKHO. BO3MOSKHBI
c1enyIouye UCTOYHUKY CTPOK:

Q Tabmuua;

O mnpencrasieHue;

O dyHkuMS,

O mopzamnpoc;

O ¢pasa VALUES.

HeckombKO MCTOYHMKOB IIepeunCIsieTcs uepes 3arsTyIo WiK BKIvaeTcs Bo dhpa-
3bI JOIN.

Iyist Tabau Bo hpase FROM MOSKHO 3a/1aBaTh IICEBIOHMMBI C ITOMOIIbIO KJTIOUEBOTO
CI0Ba AS:

car_portal=> SELECT a.car_1id, a.number_of_doors FROM car_portal_app.car AS a;
car_id | number_of_doors

3mech Jyist TabaUITbI car_portal_app.car yKa3aH ICEBIOHNUM a, KOTOPbIii 106aBJIeH
K MMEeHaM CTOJIGIIOB B CIMCKe BbIGOPKM. EC/i 111 TaGIMUIIbI WIM MIPeaCTaBaAeHMUS
yKas3aH IIceBAOHUM BO ¢pase FROM, TO HM B CITMCKe BBIOOPKM, HY IIe-IM00 elle HeJlb-
351 CChIJIATHCS Ha Tabnuily 1Mo mMmeHu. Eciau Bo ¢pase FROM BcTpeuaeTcs MO3aIpoc,
TO 33J1aBaTh JJisI HETO MCEBIOHUM 00s13aTeNIbHO. [ICeBIOHMMBI YaCTO UCIIONb3YIOT-
Cs1 B CJTyyae caMOCOe[MHeHUsI, KOT/Ia ofHa Tabnuiia BcTpeuaeTcs: BO ppase FROM He-
CKOJIbKO pas.

Bovi6opKka u3 HeCKONIbKUX maoauy
PaspermraeTcst BBIOMpATD JaHHbBIE CPA3y 13 HECKOIbKIUX MCTOUHUKOB. ITyCTh MMeeTCst
IBe TabIMLbI II0 TPU CTPOKM B KaXKIOI:

car_portal=> SELECT * FROM car_portal_app.a;
a_int | a_text

1| one

2 | two

3 | three
(3 rows)

car_portal=> SELECT * FROM car_portal_app.b;
b_int | b_text
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....... dommmeaa-

2 | two

3 | three

4 | four
(3 rows)

Eciu BpIGMpATh 3ammcy U3 00eux, To 6yayT BO3BpalleHbl BCe BO3MOYKHbIE KOM-
OMHALIVM CTPOK:

car_portal=> SELECT * FROM car_portal_app.a, car_portal_app.b;
a_int | a_text | b_int | b_text

------- b DEE TR PP
1 | one | 2 | two
1| one | 3 | three
1| one | 4 | four
2 | two | 2 | two
2 | two | 3 | three
2 | two | 4 | four
3 | three | 2 | two
3 | three | 3 | three
3 | three | 4 | four

(9 rows)

MHOXeCTBO BCeX BO3MOXKHBIX KOM6I/IHaLlI/II‘/’I CTPOK, B3AThIX I1O OIHOW U3 KaXKO0M
Ta6JII/II_U:aI, HAa3bIBAETCA JE€KaAPTOBBIM IIPOM3BEACHMNEM Taﬁ)’[]/[].[ " penKko ObIBaeT I10-
Jie3Ho. Kak IIpaBWJIO, IMMOJIb30BATE/ISA MHTEPECYIOT TOJIbKO HEKOTOPBIE KOM6I/IH8.LU/II/I
CTPOK: TaKMe, B KOTOPbIX CTPOKa U3 OIHOM Ta6J'H/IL[bI COOTBETCTBYeT CTPOKe U3 IpPy-
rom Ta6J'H/IL[bI COITIaCHO HEKOTOPOMY KPUTEPUIO. HaanMep, 4acTo HEO6XO,ZU/IMO BbI-
6paTb TOJIbKO TaKue KOM6]/IH8.LU/II/I, B KOTOPbBIX COOTBETCTBEHHbIE LI€JIOUMCII€EHHbIE
I1OJISA B ABYX Ta6m/1uax PaBHBI. IIJ1s1 3TOTO MbI 1OJDKHBI USMEHUTh 3arrpoc:

car_portal=> SELECT * FROM car_portal_app.a, car_portal_app.b WHERE a_int=b_int;
a_ int | a_text | b_int | b_text

------- e SRR PP
2 | two | 2 | two
3 | three | 3 | three
(2 rows)

TabauIbl COEMMHSIIOTCS 110 YCIOBMIO a_int=b_int. YC/IOBMS coeMHEHNSI MOXKHO
3a71aBaTh BO ¢pase WHERE, HO OOBIYHO JIYUIIIe Ae1aTh 3TO BO ¢pase FROM, UTOOBI OBLIIO
SICHO, UTO OHM IIpeIHa3HaYeHbl MMEHHO IS COeAVHEeHMs, a He sl GUIbTpalun
pesy/bTaTa CoeIVHEH NS, XOTsI (HOPMaIbHO pa3HUIIBI HUKAKOI HET.

Inst mo6GaBaeHUsT YCIOBUIA coeiyHEHMS BO (pas3y FROM CITYsKUT KIIOUEBOE CJIOBO
JOIN. CiemyIommii 3arpoc JIOTMYECKY SKBUBAJIEHTEH MPEbIAYIIEMY U JAeT TaKue
5Ke Pe3ysIbTaThl:

SELECT * FROM car_portal_app.a JOIN car_portal_app.b ON a_int=b_int;

YcioBue JOIN MOXKHO 3aaTh OOHUM U3 Tpex CI10co60B: ¢ IIOMOIIBIO K/IIOUEBbIX
c710B ON, USING m NATURAL.

<first table> JOIN <second table> ON <condition>
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B posnu ycIoBusI MOKET BBICTYIIATh Jio6oe SQL-BbipaskeHne, BO3Bpalaoiee 6y-
J1eBO 3HaueHue. Heobs13aTeIbHO Jayke BKIKUYATh CTOIOIBI COeNMHSIeMbIX Ta0INII.

<first table> JOIN <second table> USING (<field list>)

3mech NpefIionaraeTcsl CoeMHeHNe 110 paBeHCTBY BCeX IOJel, ITlepeunCcaeHHbIX
yepes 3arsTylo B crvcke <field list>. IToJs1 MOMKHBI CYIECTBOBATh B 00eUX Tabiu-
11aX ¥ Ha3bIBAThCSI ONVHAKOBO, TO3TOMY TaKOW CMHTAKCUC HELOCTATOYHO TMOKMIA.

<first table> NATURAL JOIN <second table>

3mech IMpenrnosaraeTcst CoeayHeHMe M0 PaBeHCTBY BCEX OMHOMMEHHBIX IT0JIei
B 06eux Tabnmiax.

0 CuHTakeuc ¢ npuMeHeHneM USING u NATURAL JOIN obnafaeT TeM e HeLoCTaTKOM, Y4TO U UC-

nonb3oBaHue * B cnucke BbIOOpKU. ECIM M3MEHUTb CTPYKTYpY Tabauubl, Hanpumep A06aBUTb

HOBbIV cTONGEL, U1K NeperMeHoBaTb CTapblid, TO MOXET MONYYUTLCS, YTO 3aNpoC OCTaHEeTCs
KOPPEKTHBIM, HO €ro CEMaHTUKA U3MEHUTCS. Takne OWMOKM TPYAHO UCKaTb.

Yro, ecu He IJIT BCEX CTPOK MEPBOI TaGIUIIBI CYIIECTBYET COOTBETCTBME BO
BTOpOJi? B Hallem mpumepe TOJIbKO 3HAUEHMS 2 U 3 MPUCYTCTBYIOT B 00eux Tad-
nuiax. [ToaToMy ecyiv COeqUMHSITD 0 YCIOBUIO a_int=b_int, TO TOJIbKO 3TU ABE CTPO-
KU ¥ 6yIyT OTOGpaHbI U3 KayKIoii Tabauiisl. Takoe coeyHeHMe Ha3bIBAETCSI BHYT-
peHHuM.

Ero Mo>KHO HaIISIHO MIPeACTaBUTh 3alITPUXOBAHHO 00JIACThIO HA CJIETYIONIEM
pPUCYHKE:

Tabnuua A Tabnuua B

BHyTpeHHee coennHeHune

Ecin BIJI6I/Ipa}OTCH BCe 3aMucu U3 OOHOM TaﬁHI/IU,bI BHE 3aBUCUMMOCTU OT Cy-
I1eCTBOBaHMSI napHoﬁ 3aIlncm B ,Z[perVI, TO IIOJIy4aeTCsd BHEIIIHEEe COeAVMHEHME.
CYH.IECTBVET TPpU THUIIA BHEITHMUX COE,Z[I/IHEHI/IVI, BCe OHM IIpeacTaB/IeHbl Ha PYMCYHKax
HIDKe.

Tabnuua A Tabnuua B

JleBoe BHelLHee coeguHeHue
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Ecin n3 HEpBOf;I TaﬁJ’[I/IHbI BbIﬁMpa}OTCH BCe 3amnmcu, a u3 BTOpOI7[ 3amnmcm — yaoB-
JIeTBOpsIomye YCJIOBUIO COeAMHEHVA, TO TOBOPST O JIEBOM BHEIIIHEM COCAVHECHMMN.

Tabnuua A Tabnuua B

[paBoe BHellHee coeanHeHne

Eciu u3 BTOpOIT TabaMIbl BBIOMPAIOTCSI BCE 3aIlMCH, a U3 MEPBOI — 3ammcu,
YIOBJIETBOPSIIOIIVE YCIOBUIO COeIVMHEHMS, TO TOBOPSIT O IPaBOM BHEIIHEM CO-
eJVIHEeHUN.

Tabnuua A Tabnuua B

lMonHoe BHelWHee coefMHeHNe

Ecmm 13 obeux Tabnuil] BbIOUPAIOTCST BCe 3aIMCH, TO MbI MeeM IIOJTHOe BHeIlI-
Hee coenmueHue. Kimrouesbie cioBa INNER 11 OUTER HeoGsI3aTe/IbHbI. PaccMOTpUM He-
CKOJIBKO IIPUMEPOB:
car_portal=> SELECT * FROM car_portal_app.a JOIN car_portal_app.b
ON a_int=b_int;

a_int | a_text | b_int | b_text

------- L TEEP T SR
2 | two | 2 | two
3 | three | 3 | three
(2 rows)

car_portal=> SELECT * FROM car_portal_app.a LEFT JOIN car_portal_app.b
ON a_int=b_int;
a_int | a_text | b_int | b_text

------- T T LT YRy
1 | one | |
2 | two | 2 | two
3 | three | 3 | three
(3 rows)

car_portal=> SELECT * FROM car_portal_app.a RIGHT JOIN car_portal_app.b
ON a_int=b_int;
a_int | a_text | b_int | b_text
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3 | three | 3 | three
| | 4 | four
(3 rows)

car_portal=> SELECT * FROM car_portal_app.a FULL JOIN car_portal_app.b

ON a_int=b_1int;
a_int | a_text | b_int | b_text

------- et TP PP
1 | one | |
2 | two | 2 | two
3 | three | 3 | three
| | 4 | four
(4 rows)

OTMETI/IM, UTO JEeKapTOBO ITpOM3BeOeHNMe U IO/JIHOE BHEIIHee CoeJMHeHe — He
OOHO U TO >Ke. B OEeKapTOBO IMpOM3BeAeHNe BXOAST BCeé BO3MOJKHbBIE KOM6I/IHaLU/II/I
3anucein TaGJ'H/ILl 6e3 yuera KaKUX-1160 IpaBWJI COIIOCTaBJIEHUA. AB cj1y4dae I10/JIHO-
'O BHEIIIHEero CoeaAMHeHNs I1apa 3amnmcen BO3BpallaeTcs, eC/iv yooBJIE€TBOPSIOTCS yC-
JIOBUS COeaVTHEeH M. Te 3amnucu, ojisi KOTOPbIX He HAIlllJIOCh ITapbl B ,prTOf;I Ta6J’[I/ILle,
BO3BPAIIIAIOTCS 10 OTAEIBHOCTY. B CTOO1aX BHEIIHETO COeIVHEH NS, B3SITBIX 13 TO
TaGINIIBI, [Ie He OKA3aJI0Ch Maphbl, OyIyT HAXOAUTHCS 3HAUeHMst NULL.

OmpammrBaTh MOKHO He TOMbKO TabIUIbI, HO TAKKe IpencTaBieHus], GyHKIUU
M T1043aIIpOChl, @ 3HAUYUT, MX TAK)Ke MOXXHO COeAMHATD, IIPMMEHIA TaKOJ ke CUH-
TaKCHUC:
car_portal=> SELECT *

FROM car_portal_app.a

INNER JOIN (SELECT * FROM car_portal_app.b WHERE b_text = 'two') subg ON
a.a_int=subq.b_int;

a_int | a_text | b_int | b_text

B sTOM IMpuMepe MoA3aIpocy COITOCTaBIIeH ITCEBIOHMM subq, KOTOPBIN MCITOIb3Y-
€TCs B YCJIOBUM COEAMHEHMS.

COE,E[I/IHFITI) MOSKHO ¥ 60JIbliIe OBYX Ta6f[I/II_I. Ha camom aerie BCSIKU oriepaTop JOIN
COeIMHSIET BCe TAabIUIIbI CJIEBA OT KII0UeBOTO c1oBa JOIN ¢ TabuIleit, yka3aHHOV He-
IMOCpeacCTBEHHO CIIpaBa OT HEro. HaHpI/IMEp, CJ'IE,Z[YIOIJ.U/H;'I 3aIrpocC nmpaBuUJIEH:

SELECT *
FROM table_a
JOIN table_b ON table_a.fieldl=table_b.field1l

JOIN table_c ON table_a.field2=table_c.field2 AND
table_b.field3=table_c.field3;

B MOMeHT coefyiHeHMs ¢ Tabnmuiiei table_c Tabnuiia table_a yske BCTpeuaaach BO
(bpase FROM, [TOSTOMY Ha Hee MOKHO COCJIATHCSI B YCJIOBUM COEIVHEHMSI.
OnHaKo TaKoii 3aIpoC HeJOMYCTUM:

SELECT *
FROM table_a
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JOIN table_b ON table_b.field3=table_c.field3
JOIN table_c ON table_a.field2=table_c.field2

OmmbKa COCTOUT B TOM, UTO B MOMeHT JOIN table_b Tabsuiia table_c ele He BcTpe-
Yyajiach, IO3TOMY Ha Hee HeJIb3s CChbLIAThCS.

IlexapTOBO MPOM3BENEHNe TOKE MOXKHO Peaan30BaTh C IIOMOIIbIO COeAVMHEHNS.
Iyt aTOTO MpegHasHaueHa KOHCTPYKIVsT CROSS JOIN:

SELECT * FROM car_portal_app.a CROSS JOIN car_portal_app.b;

OTOT KOJI 5KBMBAJIEHTEH TaKOMY:

SELECT * FROM car_portal_app.a, car_portal_app.b;

VYenmoBue coenyiHeHMsT B oriepaTope INNER JOIN JorMyecKy SKBUBAIEHTHO YCIOBUIO
dunbTpanum cTpok Bo dpase WHERE, TaK UTO CIeIYIOIIME IBa 3aIIPOCa, IO CYIIEeCTBY,
He OTINYAIOTCS:

SELECT * FROM car_portal_app.a INNER JOIN car_portal_app.b ON a.a_int=b.b_int;
SELECT * FROM car_portal_app.a, car_portal_app.b WHERE a.a_int=b.b_int;

Ho g1 BHeIIHUX coequHEHMIT 3TO yKe He Tak. B PostgreSQL HeBO3MOXXHO peann-
30BaTh BHEIIIHee COeIVHEeHNe C IMOMONIbI0 (hpa3bl WHERE, XOTSI B HEKOTOPBIX IPYTUX
CVB/]] Takast BO3MOXXHOCTb €CTb.

CamocoeduHeHus
MOKHO COeOVHSTDH TabIuUIly caMy ¢ co60¥1, 3TO Ha3bIBAETCS CAMOCOEAMHEHMEM.
Hukaxkoro crieniuaabHOTO CMHTAKCKUCA /IS CAMOCOeIMHEHMS He TTpeaycMoTpeHo. Ha
CcaMoM Jiejie BCce MCTOUHMKYM JaHHBIX B 3aIlIpoce He3aBUCHMMBI, ITyCTh Jaxke (usnye-
CKY OHM COBMAJAOT. ITyCTh, HANIpMMeD, IJISI KaKI0M 3aIiCy TabauIIbl a TpedyeTcst
y3HaTh, CKOJILKO B Heil CylIeCcTBYeT 3anuceit, Ajis1 KOTOPbIX 3HaYeHue B 1one a_int
60JIbIIIe, YEM B TOM Ke I0JIe JaHHOI 3ammcu. 3aJady penaeT TaKoii 3ampoc:
car_portal=> SELECT tl.a_int AS current, t2.a_int AS bigger

FROM car_portal_app.a t1

INNER JOIN car_portal_app.a t2 ON t2.a_int > tl.a_int;
current | bigger

(3 rows)

Tabnuiia a coeguHsIeTCs ¢ c06071. C TOUKM 3peHMSI JIOTUKM 3aIIpoca He BaKHO, CO-
eIMHSIIOTCS IBe pasHble TabIMIbI UM Ba pa3a OmHa U Ta jke. UToObI MOKHO ObLIO
CChUTATBCS Ha TIOJIST U Pa3/IiNdaTh 9K3eMILISIPbI TaGINII, Mbl MCITOb3yeM TICeBIOHN-
Mbl. [IepBOMY 9K3eMILISIPY COIOCTaBJIeH ICEeBOOHUM t1, BTOpoMy — t2. Pesynbrat
ITOKa3bIBAET, UTO IJIs1 3HAUeHMs 1 CYLIeCTBYeT ABa 60MbIIMX 3HAaUeHus: 2 1 3, a 11
3HaUYeHMs 2 — TOJbKO OHO OoJbliee 3HAUeHMe, 3. CTonbel] mepBoii TaGInIIbI, CO-
JIepsKaliuii uccaegyemMoe 3HaueHue, Ha3BaH current, a cTos6Gel BTOPOi TabINIIbI,
cozepsKaluii 60JblMe 3HaUeHNs, — bigger.
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3HaueHue 3 He nmpencTaB/JIEHO B JIEBOM CTOJ'I6LI€ pesyiibTaTa, IOTOMY UTO B TabIM-
Ile He CYLIeCTBYeT 3HaueHuit, 6onpinmx 3. Ho ecyin 661 MbI 3aX0TEJIN OTPA3UTh ITOT
(axT IBHO, TO MOT/I GbI BOCIIOJIb30BAThCSI JIEBBIM COEIMHEHEM
car_portal=> SELECT tl.a_int AS current, t2.a_int AS bigger

FROM car_portal_app.a t1

LEFT JOIN car_portal_app.a t2 ON t2.a_int > tl.a_int;
current | bigger

®pasa WHERE

Bo MHOIMX cityyastx oTO6paHHbIE 13 BXOTHBIX TA0JIUII CTPOKY HEOOXOIMMO OT(UIIBT-
poBarth. [Ij1s1 aTOTO IMpegHasHaueHa dbpasa WHERE. YeimoBue GuibTpannuy 3a5aeTcs 1mo-
CJie KJII0YeBOro cjioBa WHERE 1 mpencrasisieT co6oit SQL-BeIpakeHMe, BO3BpaIaio-
mee OyneBO 3HaueHye. TakuM 006pa3oOM, CMHTAKCUC YCIOBMS WHERE Takoii ke, KaKk
Yy BbIpaKeHMUi1 B CIIMCKe BBIOOPKU. DTO ocobeHHOCTh PostgreSQL, B mpyrux CYB]I
Oy/s1eBbI 3HAUEHMS B CITVMCKE BHIOOPKM HE AOMYCKAIOTCS, TTOITOMY YCJIOBUS U BbIpa-
skeHust SQL — He ogHO 1 TO XXe. B PostgreSQL enuHCTBeHHAs pa3sHUILA MEXIY HUMM —
TUIT BO3BpalllaeMoro 3HaUeHUsI.
[TpuBenem mpocTbie mpuMepbl yCaA0BMI WHERE:
SELECT * FROM car_portal_app.car_model WHERE make='Peugeot';

SELECT * FROM car_portal_app.car WHERE mileage < 25000;
SELECT * FROM car_portal_app.car WHERE number_of_doors > 3 AND number_of_owners <= 2;

Xors B PostgreSQL SQL-BbIpaskeHnst 1 SQL-ycimoBus hopMaabHO He pasanyaioT-
cs1, 0OBIYHO BBIpakeHMsI, BO3Bpallaome OyJaeBo 3HaUeHe, BCe-TaKy Ha3bIBAIOTCS
YCIIOBHBIMM BBIPASKEHUSIMM MJIM TIPOCTO YCIOBUSIMU. Yallle BCEro OHM YIIOTPeOIIs-
10TCs BO (hpase WHERE, B BhIipaskeHum CASE 1 B omepatope JOIN.

B yCroBHBIX BBIpasKEHMSIX HEPEIKO UCIIONb3YIOTCS JIOTUYECKNE OrepaTopbl AND, OR
¥ NOT. OHM TIPMHMMAIOT OyJIeBbI OTIEPAH/IbI M BO3BPAIIAIOT Oy/IeBbI 3HaUEHMS. JIoTMue-
CKJi€ OTIepaToOPbl BBIYMC/ISIIOTCS B TIOpsiKe NOT, AND, OR, HO BCe OHM MMEIOT OoJiee HU3-
KUIi TIPUOPUTET, YeM ApyTHe omepaTtopsl. PostgreSQL crapaeTcss oNTUMMU3UPOBATD
BBIUVC/IEHVE JIOTUUeCKUX BbIpakeHn. Hampumep, eciv Mpu BbIUMCIIEHUY OTllepaTopa
OR M3BECTHO, YTO MEPBbII ONepaH[, paBeH true, TO BTOPOI OnlepaH/, He BbIUMCISIETCS
BOBCe, TIOTOMY YTO pe3ynbTat OR yke u3BecteH. [loatomy PostgreSQL MoskeT nsme-
HSTb TIOPSIIOK BBIUMCIEHNS BIPAsKEHMI, UTOOBI ObICTpEE TIOYyUUTD Pe3YIIbTAaT.

MHorma 3To MpUBOIUT K Mpobiemam. Hampumep, gejieHre Ha HYJb 3alpenieHo,
¥ TIOTIBITKA OTGUIBTPOBATH CTPOKM, OCHOBBIBASICh Ha Pe3y/bTaTe TAKOTro JeIeHus,
HEKOPPEKTHA:

car_portal=> SELECT * FROM t WHERE b/a>0.5 and a<>0;
ERROR: division by zero
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He rapantupyercsi, uto PostgreSQL BeIUMCINT yCI0BME a<>0 paHbIlle, ueM b/a>0. 5,
a 3HAUWUT, B CTyuae, Koraa a paBHo 0, mpousoiigeT ommoka. UToObI 3aCTpaxoBaThCsl,
CJ1emoBasio GbI MCITOIb30BaTh BhIpaskeHue CASE, TOTOMY B HEM YCIOBUST BBIUMCIISIIOT-
Cs1 B TOM TIOpsIIKe, B KOTOPOM 3aMyCaHbl:

car_portal=> SELECT * FROM t WHERE CASE WHEN a=0 THEN false ELSE b/a>0.5 END;
alb

B yC/I0BHBIX BBIpayKeHUSIX UCIIONb3YIOTCS U SPYTMe OllepaTopbl UM BhIpasKeHMSI,
BO3BpamiawInue 6y1eBbl 3HAUCHMUS:
OTIepaTopPbI CPABHEHMUS;
OTIepaTopPhI COTIOCTABIEHMSI C 06PA3I[OM;
omepaTtop OVERLAPS;
KOHCTPYKIIVY CPABHEHMUSI CTPOK ¥ MaCCUBOB;
BbIPasKeHUSI TIOA3aIIPOCOB;
so6ast GyHKIVSI, BO3Bpaliaolias 6y/eBo Win MPUBOAMMOE K Oy/ieBy 3HaUeHMe.
Kak 1 B ciryuae crimcka BoIOOPKH, QYHKIVY MOKHO VCITOJIb30BAaTh BO (pase WHERE,
a Takke B JIIO60OM MecTe BbIpaxkeHusl. ITycTb TpebyeTcst HaiiTy aBTOMOOUIIN, [IJIST KO-
TOPBIX Ha3BaHMe MO COCTOUT M3 UeThbIpeX CMMBOJIOB. ITO MOXKHO CIenaTh C Mo-
moinbio hyHkuumu length:

00000

car_portal=> SELECT * FROM car_portal_app.car_model WHERE length(model)=4;
car_model_1id | make | model

.............. U N
47 | KIA | Seed
57 | Nissan | GT-R
70 | Renault | Clio

Onepamopol cpasHeHUs

K omepaTopaM cpaBHEHMSI OTHOCSATCS < (MeHble), > (60blie), <= (MeHbIle UIu
paBHO), >= (60JIbIIIEe UM PABHO), = (PaBHO) <> Wiu != (TO ¥ IPyroe O3HAYAeT He paB-
HO). OHM UCITONIb3YIOTCS IJIS CPAaBHEHMS He TOJTbKO UMCeIT, HO U JIIOOBIX CPABHUMBIX
BeJIMYMH, HAIPUMep AaT U CTpoK. CyliecTByeT Takke onepaTop BETWEEN, KOTOPBIN
yIoTpeo6ssIeTcs CIeayonmM 06pa3om:

X BETWEEN a AND b

Y S3KBMBAJIEHTEH BbIPAJKEHUIO
x>=a AND a<=b

OrnepaTop OVERLAPS IIpOBepSsIET, MEPEKPBIBAOTCS JIM BA AMara3oHa AaT, HalpuMep:

car_portal=> SELECT 1 WHERE (date '2017-10-15', date '2017-10-31')
OVERLAPS (date '2017-10-25', date '2017-11-15");
?column?
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o (MopManbHO HaMBONbLUNIA MPUOPUTET UMEKOT ONEepaTopbl CPABHEHUS >= U <=. 33 HUMU C/le-
fyeT BETWEEN, 3aTem OVERLAPS, 3aTeM < 1 >. HauMeHbWwuii npuopuTeT y onepatopa =. OfHako
[LOBOJIbHO TPYLHO NPUBECTM NPAKTUYECKWIA NpUMep ynoTpebneHns HeckonbkMX onepaTopos
CPaBHEHWS B OAHOM BblpaxkeHun 6e3 ckoboK.

ConocmasneHue c 00pa3yuom
T'oBOpsI 0 comocTaBIeHNY ¢ 06pa3IoM, BCeria MMeIOT B BUIY CTPOKU. ECTb ABA IMOX0-
SKMX oriepatopa: LIKE u ILIKE. OHM CpaBHMBAIOT CTPOKY C 00pas1ioM, KOTOPbIii MOXKET
COZIep3KaTh TOJILKO JIBA METACHMBOJIA: _ (COOTBETCTBYET OJHOMY JIFOGOMY CMMBOJTY)
" % (COOTBETCTBYET ITPOU3BOJIBLHOI MTOCIEA0BATEIHHOCTHM JTIOOBIX CIMBOJIOB, B T. U.
ITyCTO¥ CTpoKe). LIKE 1 ILIKE OT/IMYAIOTCSI TOBKO TeM, UTO MepBblii YyBCTBUTEIEH
K PErucTpy, a BTOpOii — HeT.

Hampumep, 4TOObBI TOTYIUTH MOJEIM aBTOMOOWIIel, Ha3BaHMUSI KOTOPbIX HAUM-
HaI0TCsI OYKBOIA s (B JIIOOOM PErucTpe) M comepskaT POBHO UeThIpe CUMBOJIA, MOKHO
ObLTIO ObI HATIMCATD:

car_portal=> SELECT * FROM car_portal_app.car_model WHERE model ILIKE 's__';
car_model_1id | make | model
.............. +....-_._....+_._....

47 | KIA | Seed

Cy11ecTBYIOT elile 1Ba oriepaTopa COMOCTaBIeHus C 06pa3iom: SIMILAR 1 ~ (TUJTb-
na). OHM MPOU3BOIST CPaBHEHMeE C PeryasipHbIM BbIpaskeHueM. PazHulia B TOM, UTO
SIMILAR TIpMMeEHSIET CMHTaKCUC PEeryisipHbIX BbIpakKeHWil, Orpe/leJieHHbI B CTaH-
nmapte SQL, a ~ — cuHTakcuc u3 cranmapra POSIX (Portable Operating System Inter-
face — mepeHOCKMBIN MHTEPGEIC OITePAIIOHHBIX CYCTEM).

B npumepe HUKe BbIOMPAIOTCS MOAENM, HAa3BAHUS KOTOPBIX COCTOSIT POBHO M3
IBYX CJIOB:

car_portal=> SELECT * FROM car_portal_app.car_model WHERE model ~ 'A\w+\W+\w+$';
car_model_1id | make | model

.............. +......__......_+....-.__......
21 | Citroen | C4 Picasso
33 | Ford | C-Max
34 | Ford | S-Max

Koucmpykuuu cpasHeHust CMpoK U Maccueos
OTY KOHCTPYKLMM CIyKaT [JisI CPaBHEHMSI HEeCKOJIbKMX 3HauyeHMJ, CpaBHeHMS
C TPYIIION 3HAaUEeHUI U CPaBHEHMSI C MAaCCUBOM.

Omnepatop IN mpoBepsieT, COBNAZAeT i 3HaueHMe XOTs Obl C OMHUM 3HAUeHNUeM
M3 CITMCKa:

a IN (1, 2, 3)

OTOT KOJ BO3BpaIiaer true, ecyiv a paBHO 1, 2 vt 3. DTO KpaTKuii 1 60J1ee UnCcThIin
SKBMBAJIEHT BbIpasKeHUSI:
(a=10Ra=20Ra-=3)
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B SQL umeeTcst TUII MaccuBa, ITO3BOJISIIOLINI pacCMaTPUBaTh HECKOIBKO 3/IeMeH-
TOB KaK OFHO 3HaueHue. [logpobHee 0 MaccuBax peub Ioiiger B riaBe 9. MaccuBbl
oboraiaiT apceHas Crioco60B cpaBHeHMs. Hanpumep, BOT KaK MOXKHO ITPOBEPUTD,
YTO a 6OJIbIIIE KAKOTO-HUOYIb U3 3HAUEHUIA X, Y, Z:

a > ANY (ARRAY[x, y, z])

DTOT KOJI 95KBMBaJI€HTEH ciegyruemy:

(a>xO0Ra>yO0Ra>z)

A 3TOT KOf, IPOBEPSIET, UTO a OOJIbIIE KasKIOTO U3 X, Y, Z:
a > ALL (ARRAY[x, vy, z])

" SKBMBAJIEHTEH TaAKOMY:
(a>xADa>yANDa>z)

Kirouessie cimoBa IN, ALL 1 ANY (M ero CMHOHMM SOME) IMIPpUMMEHMMBbI M K IIOA3arpo-
cam, Iie OHM MMEIOT TaKylo JKe CeMaHTHUKy. Pe3ynbpTrar noasanpoca MOXHO MUCIHOJb-
30BaTh BCIONY, IJle AOITYCTMMO MHOXeCTBO 3HaUeHUl uan MmaccuB. Hampumep, MoOx-
HO BbIOpATh Takue 3arucu U3 OFHOM TabMUIIbI, AJISI KOTOPBIX HEKOTOPOe 3HaueHue
BCTpevaeTcs B APyroi tabinuiie.

Crnenyromuii 3arpoc 0TOMpaeT MO MAIIVH, €CJTU XOTSI ObI OVH aBTOMOOWIIb
TaKOJ MOZe/ BbICTaBJIEH Ha MPOLAXYy:

car_portal=> SELECT * FROM car_portal_app.car_model
WHERE car_model_id IN (SELECT car_model_id FROM car_portal_app.car);

car_model_1id | make | model
.............. +.....-__.....-_+.....-__.....-
2 | Audi | A2
3| Audi | A3
4 | Audi | A4
(86 rows)

WHorpa (HO He Bcerpa) BbipaskeHMe IN MOKHO 3aMEeHUTb BHYTPEHHUM COeliHe-
HMeM. PaccMoTpum npumep:
car_portal=> SELECT car_model.*

FROM car_portal_app.car_model INNER JOIN car_portal_app.car USING (car_model_id);
car_model_id | make | model

.............. g
2 | Audi | A2
2 | Audi | A2
2 | Audi | A2
3 | Audi | A3
3 | Audi | A3
4 | Audi | A4
4 | Audi | A4

(229 rows)
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OmnpaiBaeTcsl OgHA U Ta ke Tabauila, BO3BPALIAIOTCS OOHU U Te JKe CTONMOIIbI,
HO BO BTOPOM CJIy4yae CTPOK BO3BpAIlleHO OojbIie. [Iejio B TOM, UTO Ha MPOAaKY
BBICTaBJIEHO MHOTO aBTOMOOWIIEN OMHOI MOJENH, U ISl HUX MOJelb BbIOVpPaeTcs
HEeCKOJIbKO pas.

KoucTpykuust NOT IN BMeCTe C Mof3arpocoM MHOraa paboTaeT oueHb MeIIeHHO,
ITIOTOMY UTO IIPOBEPSITh, YTO 3HAUEHIME He CYIIeCTBYeT, JOPOXKe, UeM 06paTHOe.

lpynnupoBKa u arperupoBaHune

B npenpiaymiux npumMepax KOamMueCcTBO CTPOK, BO3BPAIleHHbIX 3aIIPOCOM SELECT, cO-
BIIa/IaJI0 C KOJIMYECTBOM CTPOK BO BXOIHO¥ Tabuile (MM TabauIlax), OCTaBIIei (1x)-
cs1 rtocte GwibTpanuy. MTHbIMY CJIOBAMU, KaXKIasi CTPOKA MCXOMHO TaGINUIThI (MU
COeOVMHEeHHBIX TabINII) MpeBpaIlaeTcsl POBHO B OAHY CTPOKY pesyiabTaTa. CTPOKMU
00pabaThIBAIOTCS OHA 32 APYTOA.

SQL mpepyiaraeT Takke Crocob arperupoBaTh pe3ynbTaTbl 00pabOTKY HECKOJb-
KMX 3amyceli M BO3BpallaTh OOHY Pe3ylIbTUPYIOLIYI0 CTPOKY. CaMblii IPOCTO Mpu-
Mep — MOACYeT KOJIMYeCTBa CTPOK B Tabsuile. Ha BXome MbI MMeeM BCe CTPOKM, Ha
BBIXOZe — Bcero ofHy. i Takux 3a7au pegHasHavyeHbl ollepaluy IPyniMpoBKU
Y arperMpoBaHusl.

®pa3za GROUP BY

®pa3sa GROUP BY CTYXUT AJisT TPyNNMpPOBKU. [log rpynnmmMpoBKOI TOHMMAETCs pas3-
OMeHMe BCEro MHOKECTBA BXOJHBIX 3amyceli Ha HEeCKOJIbKO TPYIII, UMes B BULY
TOJIydeHMe OOHON pe3y/bTUPYIOIIEeil CTPOKU OIS KaXKOO¥ TPYyIIibl. ['pynnmpoBka
MIPOU3BOAUTCS 110 CITMCKY BbIpaskeHMi1. Bce CTPOKM € OIHOI U TOi ske KOMOMHALI-
eif 3HaUeHM IPYIIUPYIONIMX BhIpaXKeHNU 00beIUHAIOTCS B OOHY IPYIIIy. Takum
06pa3oMm, TPYIIbI ONMPeaeIsioTCs 3SHAaUeHUSIMIM BbIPaskeHMii, yKa3aHHBIX BO ¢pase
GROUP BY. O6BIYHO MMEET CMBIC/T BKJTIOUATh 3T BhIPAsKeHMS B CITMCOK BBIOOPKM, UTO-
6bI ObITIO BUAHO, K KAKOJ IPYIIIIe OTHOCUTCS KaXkaasi pe3yIbTUPYIOIas CTPOKa.
CrpynmnupyeM AaHHbIE TI0 MapKe ¥ MOZeIV aBTOMOOUIISI ¥ BbIO@peM TIPYTIIThI:

car_portal=> SELECT a.make, a.model

FROM car_portal_app.car_model a

INNER JOIN car_portal_app.car b ON a.car_model_id=b.car_model_1id
GROUP BY a.make, a.model;

make | model
............... e,
Opel | Corsa

Ferrari | 458 Italia
Peugeot | 308

Opel | Insignia

(86 rows)

3[ech MbI BUIVIM CITMCOK BCEX MOJIEJIEN, ITPeICTaBAeHHbIX B TabmuIie car. Kaxkmas
pe3yIbTUPYIONIAs 3aIIMCh TIPEACTABIISET TPYITTY 3aICceil MCXOAHbIX TaOINII, OTHO-
CSIIMXCS K OJHOJ U TO¥ ske Mofiesin. Ha caMoM [iejie 3TOT 3aMpoc AaeT Takoli ke pe-
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3y/IbTaT, Kak SELECT DISTINCT make, model... 6e3 GROUP BY, HO JIOTMKA MX BBITIOJTHEHMS
pasiuuHa. DISTINCT yhanseT mybauKathl, a GROUP BY o6bemuHsIeT AYOIMKAThI B OTHY
TpYIIY.

OT MpoCTO¥i IPYNIIMPOBKM CTPOK TOJIKY Majo. OOBIYHO Tpe6GyeTcsl TPOU3BeCT
HEKOTOpbIe BBIUMCIEHMS Haf Tpymamu. Tak, ObII0 6bI MHTEPECHO 3HATh, CKOJIBKO
aBTOMOOMIIE Ka)K,ILOﬁ Mozge/in MMeeTcCsd B CructTeMe. oT10 JejlaeTcsd C IIOMOIIbBIO arpe-
THMPOBAaHMS, T. €. TAKOTO BbIUMCJIEHUST HAJl TPYIIIIAMM 3a1uceil, B pe3yabTraTe KOTO-
pOro A5 Kaska ol TPYTIbI BO3BpAIaeTCsl OMHO 3HaueHue. [IJis1 9TO e/ MMeIoTCST
crienaibHble arperaTHbie GYHKIMM, YKa3biBaeMble B CITCKe BBIGOPKU. UTOOBI ITO-
JIYYUTDb KOJIMUECTBO aBTOMOOGMIEN, BOCITONb3yeMcs QYHKIIME count:
car_portal=> SELECT a.make, a.model, count(*)

FROM car_portal_app.car_model a

INNER JOIN car_portal_app.car b ON a.car_model_id=b.car_model_1id
GROUP BY a.make, a.model;

make | model | count
............... Y
Opel | Corsa | 6
Ferrari | 458 Italia | 4
Peugeot | 308 | 3
Opel | Insignia | 4

(86 rows)

B PostgreSQL mmeeTcst HECKOJIBKO arperaTHbIX GyHKIMiA. Yalie Bcero UCIob3y-
IOTCS count, sum, max, min 1 avg, KOTOPbIe BBIUYMCIISIIOT, COOTBETCTBEHHO, KOJIMYECTBO
3amuceil B rpyrine, CyMMY YMCIOBBIX BhIPAXKEHMIA TI0 BCEM 3aIMCsIM, HauboJblee,
HalMMeHblllee U cCpefHee 3HaUeHMs BbIpakeHMs. CylLeCcTBYIOT U Jpyryue arperaTHble
GbyHKUMM, HaTIpUMep corr BbIUMC/AsieT KO3DPUIIMeHT Koppensiiumu OByX apryMeH-
TOB, stddev — cTaHZapTHOE OTKJIOHEHMe, string_agg — KOHKaTEHalMI0 CTPOKOBBIX
3HAYeHU U T. 1.

Iy arperMpoBaHMST 3aIIMCHU TPYIIIUPYIOTCS, T. €. HECKOIbKO 3armuceit oTobpaska-
eTcst B ofiHy. [I03TOMY B CITCKE BHIOOPKM HE MOXET ObITh HMUETO, KpOMeE arperar-
HbIX (QYHKIMIT M BhIpaskeHUI, BOLIEANINX B CIIMCOK GROUP BY, B IPOTUBHOM CIy4ae
BO3HMKHET OLINOKA:

car_portal=> SELECT a_int, a_text FROM car_portal_app.a GROUP BY a_int;
ERROR: column "a.a_text" must appear in the GROUP BY clause or be used in
an aggregate function

PaspeiiiaeTcsi co3aBaTh HOBbIE BbIPAKEHMSI HA OCHOBE TeX, YTO BOLIM B CIIMCOK
GROUP BY. Harrpumep, eciiu mMmeeTcst ppasa GROUP BY a, b, TO MOKHO HamucaTh 3arpoc,
HauMHAIONIMICs ¢ SELECT a+b.

A 4To0, ectut TpebyeTcs 00beIVHUTD B OAHY TPYIIITY BCE 3aIIMCH TaGIUIbI 6e30T-
HOCUTEIbHO K OTHEIbHBIM ITOJIsIM? TorAa HY>KHO BKTIOUUTH B CIIMCOK BBIOOPKM arpe-
raTHble QYHKIMM (M TOIBKO UX!) U OITyCTUTH pa3y GROUP BY:

car_portal=> SELECT count(*) FROM car_portal_app.car;
count
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Eciu dpasa GROUP BY OTCYTCTBYET, HO MPEIII0IaraeTcs IPYIMPOBKa, TO CO3aeT-
Cs1 pOBHO ofHa rpyimna. OTMeTuM, uTo SQL-3ampockl ¢ arperaTHbIMy GYHKIMSIMM
B CITVMCKe BBIOOPKM, HO 6e3 ¢pa3bl GROUP BY, Bcerma BO3BPAIalOT POBHO OHY CTPOKY,
Iaske eCJIM BO BXOIHBIX TAaOIMIIaX HET 3aIMCeli MY BCe OHM OTOWIbTPOBAHBI:

car_portal=> SELECT count(*) FROM car_portal_app.car WHERE number_of_doors = 15;
count

He 6p1BaeT mammH ¢ 15 nBepbmu. Eciim mpousBoaguTCs BHIOOPKA C TAKUM YCIO0-
ByeM WHERE, TO He OyzieT BO3BpallleHO HM OJHOM CTpoKu. OIHAKO eC/IN B CIIMCKE BbI-
60pKM HaXOOMUTCS arperaTHast GYHKIMS count(*), TO 3aMpoC BEPHET OJHY CTPOKY
co 3HaueHuem 0.

YT0O6BI TOACYNTATD KOMMUECTBO YHUKAIbHBIX 3HAUEHMIT BBIPASKEHMSI, BOCIIONb3Y-
emcst QyHKIMen count (DISTINCT <expression>):

car_portal=> SELECT count(*), count(DISTINCT car_model_id) FROM car_portal_app.car;
count | count
....... +...._-_
229 | 86
(1 row)

3mech MepBblii CTON6EL] pe3yibTaTa COOePKUT 06IIee KOJMIeCTBO aBTOMOGUIIE,
a BTOPOJi — KOJIMYECTBO Pas3/IMUHBIX MOJeJieii, BbICTABJIEHHBIX Ha Mpomaxy. ITo-
CKOJIbKY JIJIST HEKOTOPbIX MOJIeJIeil BLICTaBIEHO 10 HECKOJIbKY aBTOMOOWIIE N, BTOpOe
YICI0 MEHbIIIe.

®pasza HAVING

ArperaTHble QYHKIIMYM He MOTYT BCTpeUaThCsl BO (ppase WHERE, OHAKO MBI MOKEM
OTOMIBTPOBATH IPYIIIIbI, IOBIETBOPSIONIYIE HEKOTOPOMY YCJIOBHMIO. DTO HE TO Ke
camoe, uTo ¢uabTpanus Bo ¢pase WHERE, TOTOMY 4TO WHERE (pMIBTPYET BXOIHBIE
CTPOKM, a TPYIIITbI BIYMCISIIOTCS y3Ke TI0c/Ie 3TOTO.

Iyisg dwibTpaluy TPyHIl MpengHasHavyeHa ¢pasa HAVING. OHa moxoska Ha ¢pasy
WHERE, HO B Heil paspellleHbl arperaTHbie ¢yHKIMM. ®pasa HAVING ciaemyeT mocie
GROUP BY. ITycTh TpeOyeTcst y3HATh, ISl KAKMX MOe/eli Ha ITPOIasky BhICTABJIEHO 60-
Jiee TIATY aBTOMOOGMIIel . DTO MOXKHO CHEIATh C ITOMOIIBI0 TAKOTO MTO/A3a1Ipoca:

car_portal=> SELECT make, model FROM
(
SELECT a.make, a.model, count(*) c
FROM car_portal_app.car_model a
INNER JOIN car_portal_app.car b ON a.car_model_id=b.car_model_1id
GROUP BY a.make, a.model
) subg
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WHERE ¢ > 5;

make | model
......... oo
Opel | Corsa
Peugeot | 208

(2 rows)

Ho ectb 1 6ostee IIpocToit crioco6, OCHOBaHHBINM Ha (pase HAVING:

car_portal=> SELECT a.make, a.model
FROM car_portal_app.car_model a
INNER JOIN car_portal_app.car b ON a.car_model_id=b.car_model_id
GROUP BY a.make, a.model
HAVING count(*)>5;
make | model
......... R
Opel | Corsa
Peugeot | 208

ynopﬂp,oqel-me U orpaHuyeHue Koaunyecrtea pe3ysibTaTtoB

[To ymMmomuaHMIO pe3yibTaThl 3aIpoca He ynopsiioueHsl. [IopsiioK CTPOK He orpefe-
JIEH U MOKET 3aBMCETH OT UX (PU3MIECKOTO PACIIONOKEHNMSI Ha AVCKE, OT aJITOPUTMA
coenVHeHUs U Opyrux ¢hakTopoB. YacTo TpebyeTcss OTCOPTUPOBATH Pe3YIbTUPYIO-
muii Habop. JIast aToro mpemHasHavyeHa ¢pasa ORDER BY, Ime 3aar0TCSI BhIPasKEeHMSI,
10 KOTOPBIM ITPOMU3BOAUTCS COPTUPOBKA. CHavasia 3anmucu COPTUPYIOTCS I10 TIePBO-
MY BbIpaskeHMI0. EC/in B KaKUX-TO 3allUCSX 3HAYEHUS 11ePBOTO BbIpaXKeHUS COBIIA-
JIal0T, TO OHY COPTUPYIOTCS TI0 BTOPOMY BBIPAsK€HUIO U T. [I.

[Tocne KaXkmoOTo 35eMeHTa cIcka ORDER BY MOKHO yKa3aTh MOPSITOK COPTUPOBKMA:
I10 Bo3pacTaHuio (ASC) miu 1o yopiBaHMIo (DESC). ITo yMOTYaHUIO ITPOM3BOIUTCS COP-
TUPOBKA B MOpsiAKe Bo3pacTaHus. [Io yMOIUyaHUIO CUMTAEeTCs, UTO 3HaueHue NULL
OosbilIe JII060T0 APYroro, HO 3TO MOXKHO yKa3aTh 1 IBHO: NULLS FIRST 03HaYaeT, uTo
3HaueHus NULL TOJDKHBI pacronaratbCs B Hauasie, a NULLS LAST — UTO B KOHILIe.

Heo6s13aTenbHO, YTOOBI BO hpase ORDER BY ObUIM Te K€ BbIPasKEeHMS, YTO B CITMCKE
BBIOOPKM, HO OOBIYHO 3TO TaK. [IJ1s1 yao6CTBA pa3peniaeTcs UCII0Ib30BaTh B CITICKE
ORDER BY 1ceBI,OHMMBI, COIIOCTaB/I€HHbIE BbIXOMAHBIM CTOIO1aM, & He TOJIbKO IOJIHbIe
BbIpaskeHust. Kpome TOro, MOKHO YKa3bIBaTh HE MMEHA, 8 HOMepa CToiIOoB. Takmum
06pasom, ciedyoliye 3apochl SKBMBAIEHTHBI:

SELECT number_of_owners, manufacture_year, trunc(mileage/1000) as kmiles

FROM car_portal_app.car
ORDER BY number_of_owners, manufacture_year, trunc(mileage/1000) DESC;

SELECT number_of_owners, manufacture_year, trunc(mileage/1000) as kmiles
FROM car_portal_app.car
ORDER BY number_of_owners, manufacture_year, kmiles DESC;

SELECT number_of_owners, manufacture_year, trunc(mileage/1000) as kmiles
FROM car_portal_app.car
ORDER BY 1, 2, 3 DESC;
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MHorma Tpe6yeTcst OTpaHUYUTh KOJIMUYECTBO CTPOK pe3yyibTaTa, OT6POCUB OCTaIb-
Hble. [IJis 3TOTO0 MpefHa3HaueHO KIoUueBoe ¢JIOBO LIMIT:

car_portal=> SELECT * FROM car_portal_app.car_model LIMIT 5;
car_model_1id | make | model

.............. e
1] Audi | At
2 | Audi | A2
3 | Audi | A3
4| Audi | M
5 | Audi | A5

(5 rows)

31ech BO3BpAIlaeTCs TOMBKO MSITh CTPOK BHE 3aBUCUMOCTHU OT TOTO, CKOTbKO UX
Ha caMoM Jiejie B Tabuie. IHOTIA 3TO UCIOb3YeTCs B CKAJIIPHBIX MO3aIMpoCcax,
KOTOpbIe He JO/DKHBI BO3BpAIlaTh O0jee OLHO CTPOKM.

Eie ogHa roxoskas 3azayda — IpOIyCTUTb HEeCKOJIbKO HaYaJIbHbIX CTPOK. 11 9TO-
'O CTY>KUT KJTIoueBoe ¢JIOBO OFFSET. YacTo OFFSET 1 LIMIT yIOTpe6/ISIIOTCSI BMECTe:

car_portal=> SELECT * FROM car_portal_app.car_model OFFSET 5 LIMIT 5;
car_model_id | make | model

6 | Audi | A6
7| Audi | A8
8 | BMW | ler
9 | BMW | 3er
10 | BMW | Ser

(5 rows)

TUIIMYHBIA TTpUMep yrIoTpebaeHust OFFSET u LIMIT — pa36ueHue pe3ynabTaTa Ha
CTPaHUIIbI B BeO-TIpUIOKeHMIX. Tak, ecin pes3yabTaT oTobpaxkaeTcsl CTpaHUIaMuU
IO IeCSITh CTPOK, TO Ha TPEThel CTPaHMIIE AO/IKHBI ObITh TTOKa3aHbI CTPOKM C 21 110
30. YTo6bI 9TOT0 JOOUTHCS, MOSKHO BOCITOIb30BAThCSI KOHCTPYKITMei OFFSET 20 LIMIT
10. Kak rpaBmio, py UCIOMb30BaHMy OFFSET 1 LIMIT CTPOKM TOJIKHBI OBITh YIIOPSI-
IIOUEHbI, MHAUe He OIpefie/ieHO, KaKMe CTPOKM OYIyT roKa3aHbl. B Takom ciryyae 3Tu
KJTIOUEBbIE CJIOBA YKa3bIBAIOTCS B 3arrpoce rocie ¢ppassl ORDER BY.

Moa3anpochbl

INopzampock! — ype3BbIYaiiHO MOLTHOE cpecTBO SQL. OHM MOTYT HAXOAUTHCS UyTh
JIV He B JII060M MecTe 3a1poca. Haubojee oueBMIHbIN CIIOCO6 UCIIOIb30BaHMS 1O -
3aImpoCcoB — BO ¢pase FROM B KAUECTBE MCTOYHMKA JAHHBIX JIJIsI OCHOBHOTO 3a1poca:

car_portal=> SELECT * FROM
(SELECT car_model_1id, count(*) c FROM car_portal_app.car
GROUP BY car_model_id) subg
WHERE ¢ = 1;
car_model_id

(14 rows)
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Korpa nmopm3zamnpoc ucrosnb3yetcst BO ¢ppase FROM, eMy SODKeH ObITh COIIOCTABIEH
MCeBIOHMM. B mpuMepe BblIllie TOI3apOCy MPUCBOEHO UMSI subg.
YacTo rmoz3anpockl UCIONb3yloTcs B SQL-yCIoBuUsIX B cocTaBe BbIpaxkeHMs IN:

car_portal=> SELECT car_1id, registration_number
FROM car_portal_app.car
WHERE car_model_1id IN
(SELECT car_model_id FROM car_portal_app.car_model WHERE make='Peugeot');
car_id | registration_number
........ e
1 | MUWH4675
14 | MTZC8798
18 | VFZF9207

(18 rows)

CKaJ’[HprIe IIoA3aIrpoCbl MOXXKHO MCIIOJIb30BATb B I[IO60M MeCTe BbIpa>KeHUS —
B CITMCKe BBIOOPKH, BO (ppase WHERE, Bo (ppase GROUP BY u T. 1. [laske B LIMIT:
car_portal=> SELECT (SELECT count(*) FROM car_portal_app.car_model)
FROM car_portal_app.car

LIMIT (SELECT MIN(car_id)+2 FROM car_portal_app.car);
count

99
(3 rows)

910 ocobeHHocTb PostgreSQL. He kaskmas PCYB]l mogmepskMBaeT MOA3aIIpoChl
BCIOZY, IIe NOITYCTUMbI BbIpaskeHM .

HeBo3MOKHO coc/iaThCsl M3BHE Ha BHYTpPEHHME 3JIEMEHThI Imoa3aIrpoca. O,Z[HaKO
TO/3aIIpOC MOKET CChUIAThCSI HAa 3JIeMeHThI IJIaBHOTO 3arpoca. Hampumep, mycTb
TpebyeTcs MOACUYNTATh KOJIMUYECTBO BhICTABIEHHBIX HA TPOJAKY aBTOMOOMIIEN KasK-
IIO¥t MOZeJM ¥ BLIOPATD MSITh CAMBbIX ITOITY/ISIPHBIX Mojesieit. C ITOMOIIIbIO ITO3aIIpo-
Ca 3TO MOXXHO COeJIaTh CJIeOYIOIINM 06p830MZ
car_portal=> SELECT make, model,

(SELECT count(*) FROM car_portal_app.car WHERE car_model_id = main.car_model_1id)

FROM car_portal_app.car_model AS main
ORDER BY 3 DESC

LIMIT 5;

Make | model | count

......... +..--.....-+.-.....

Peugeot | 208 | 7
Opel | Corsa | 6
Jeep | Wrangler | 5

Renault | Laguna | 5

Peugeot | 407 | 5

(5 rows)

31ech B CITMCKe BbI60pKI/I rmoa3aripoca MmMmeeTcCs: CCbIJIKa Ha T86J'II/ILIY "3 TJIaBHOI'O
3arpoca I1o ee [ceBgoHMMY main. ITopg3ampoc BbITTOIHSIETCS 1151 KasKI0M 3aIIMCH, BbI-
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OpaHHO 13 Ta6MUIIBI main, ¥ B ero yotoBuy WHERE GuUrypupyeTr sHaueHue CToaoa
car_model_id.

ITom3ampockl MOTYT OBITh BIOKEHHBIMM, T. €. OAVH ITOA3aIIPOC MOKET HaXOOUThCS
BHYTPU APYTOTO.

TeopeTtuko-MHoXKecTBeHHble onepaumm — UNION, EXCEPT,
INTERSECT

TeopeTUKO-MHOKEeCTBEHHbIe OINepanuu VCIOIb3YIOTCS IS 006eduHeHus pe-
3y/IbTATOB HECKOJbKMX 3alPOCOB. DTO He TO Xe caMoe, YTO COeVHEeHMe, XOTS KO-
HEeUHbIli pe3y/lbTaT YaCTO MOXKHO ITOJIYYUTH U C TIOMOIIIbI0 coequHeHus. [Ipoiie ro-
BOpsI, COeNVHEHMEe O3HAYAeT, UTO 3aIliCH, B3SThbIe M3 JABYX TAOJMII, [TOMENIAI0TCS
PSAIOM IPYT C APYTOM TOpU30HTaNIbHO. KolmuecTBO CTONGIIOB B COeAMHEHUM PAaBHO
CyMMe KOJIMYECTBA CTOIOIOB B MCXOMHBIX TAOMMUIIAX, @ KOTMUYECTBO CTPOK 3aBUCUT
OT YCJIOBUIA COeMHEHNS.

Hamporus, o6beiHeHMe 03HAYAET, UTO pe3y/lbTaT OZHOTO 3aIipoca pacrosara-
eTCsl TI0J], Pe3y/IbTaToM Apyroro. KomuecTBo CTONGIIOB OCTA€TCS TEM K€ CaMbIM,
a KOJIMYeCTBO CTPOK CYMMMUPYeTCSI.

Cyl1ecTByeT TpU TeOpeTUKO-MHOKeCTBEHHbIe Orepalun:

O UNION: go6aBsieT pe3yabTaT OJHOTO 3aIpoca K pe3yabTaTy Apyroro;

O INTERSECT: Bo3BpamiaeT 3amucy, MpUCYTCTBYIOIIME B Pe3ylbTaTax 000MX

3a1poCoB;

O EXCEPT: Bo3BpauiaeT 3amucu, MpuCcyTCTBYIOLI/E B pe3yJabTaTax epBoro 3a-

1poca, HO OTCYTCTBYIOIIME B Pe3y/lIbTaTax BTOPOro, — Pa3HOCTb.

CHHTaKCMUeCKU TeOpeTUKO-MHOKeCTBeHHbIe OTlepallui 3alMCbIBAIOTCS C/IeIyI0-
MM 06pa3oM:

<queryl> UNION <query2>;
<queryl> INTERSECT <query2>;
<queryl> EXCEPT <query2>;

PaspelaeTcs 1CII0/Ib30BaTh HECKOIbKO TEOPETUKO-MHOKECTBEHHBIX Orlepalnii
B OIHOJ KOMaHe:

SELECT a, b FROM t1
UNION

SELECT c, d FROM t2
INTERSECT

SELECT e, f FROM t3;

V Bcex TeOpeTUKO-MHOKeCTBEHHBIX OIepalyii O4MHAKOBbIe TPUOPUTETHI, T. €.
OHM BBITIONHSIOTCS B TOM IOpsIIKe, B KAaKOM 3amucadbl. OMHAKO 3aMyuCcy MOTYT
BO3BPAIaThCs B IPOM3BONILHOM IOPSIIKE, €CIU OTCYTCTBYeT (hpasa ORDER BY. Ecsin
e aTa (pasa MPUCYTCTBYET, TO LOKHA PACIOIATAThCS MOC/Ie BCEX TEOPETUKO-
MHOKECTBEHHBIX orepaluii. [[09TOMy He MMeeT CMbIC/Ia BKIIOYATh ee B T0of3a-
IPOCHI.
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I[To yMO/TUaHMIO BCE TEOPETUKO-MHOKECTBEHHBIE OTIepalliy YIAJISIOT IyOIMKaThl,
Kak ecy ObI ObUTO HamMcaHo SELECT DISTINCT. Eciu TpeGyeTcst BepHYTb BCe 3arCH,
cienyer 106aBUTh KIH0OUEBOe CJIOBO ALL TI0C/Ie Ha3BaHMSI OTepaLiy:

<queryl> UNION ALL <query2>.

TeopeTUKO-MHOKXECTBEHHbIE OMepanui MO3BOMSIIOT HANTH CUMMETPUYECKYIO
Pa3HOCTH ABYX TAOIUIL:

car_portal=> SELECT 'a', * FROM
(
SELECT * FROM car_portal_app.a
EXCEPT ALL
SELECT * FROM car_portal_app.b
) vl
UNION ALL
SELECT 'b', * FROM
(
SELECT * FROM car_portal_app.b

EXCEPT ALL

SELECT * FROM car_portal_app.a
) v2;
2column? | a_int | a_text
.......... S -

Kak Bummum, cTpoka 1 cyiiecTByeT B Tab/uile a, HO OTCYTCTBYeT B Tabmuile b,
a cTpokKa 4 cyiectByeT B Tabiuiie b, HO OTCYTCTBYET B a.

Io6aBUTh OVH HAa6OP 3amyceil K IPyroMy MOKHO TOJIBKO B TOM CTydae, KOT-
Jla KOJIMYECTBO CTOJOIOB B 000MX HAbOOpax OAMHAKOBO M TUIIBI COOTBETCTBEHHBIX
CTOJIOLIOB COBITAAIOT M/IM COBMECTMMBIL. ViIMeHa CTO/IO10B MOTYT pas3InuaThCsl, OHU
Bcerga 6epyTcst U3 mepBoro Habopa.

B npyrux PCYB/[] TeopeTnKo-MHOXECTBEHHbIE OMepaLyM MOTryT Ha3blBaTbCs NO-Apyromy. Ha-
npumep, B Oracle onepaums EXCEPT HasbiBaeTcs MINUS.

3HaueHua NULL

NULL — creruasbHOe 3HAUeHMe, KOTOPOe MOKeT MPUHMMATH JII000i CTOMbel] mian
BbIpa)KeHMe, eIV TOJIBKO 9TO SIBHO He 3ampelneHo. NULL 03HavYaeT OTCYTCTBME BCSI-
KOTO 3HaueHMs. B HeKOTOpbIX ¢iydasix NULL MOXKHO MHTEPIIPETUPOBATh KaK HEM3-
BecTHOe 3HaueHue. NULL He paBeH HU true, Hu false. Pa6oTaTh co 3HaueHusiMu NULL
HEMPUATHO, ITIOTOMY UTO ITOUTH BCE OIlepaTopPhl, osyumB NULL B KauecTBe apryMeH-
Ta, BO3BpamnaiT Takoke NULL. [Tpy MOMbITKE CPaBHUTh 3HAYEHMSI, OJTHO M3 KOTOPbIX
paBHO NULL, riosryumntcst NULL, a BOBCe He true U He false.
PaccmoTpuMm, K IpUMepY, Ciegyoliee ycaoBue:

WHERE a > b
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Ecnu a mnu b mpuHuMaeT 3HadueHue NULL, TO 9TO yciaoBue BepHeT NULL. DTo ere
6osiee-MeHee OKUIAeMO, Yero He CKasKelllb O CJIeAYIOeM YCIOBUMA:

WHERE a = b

3mech e a ¥ b IpMHUMAIOT 3HaueHme NULL, To 1 pesynbrat 6ymet NULL. Omepa-
TOP CpaBHEHMS HA PaBEHCTBO = Bo3BpamiaeT NULL, eciv XOTst ObI OVIH €r0 apryMeHT
paBeH NULL. B uacTHOCTH, ciemyroliee ycaoBye BepHeT NULL, Jaske eciiu a TPMHUMAaeT
3HaueHue NULL:

WHERE a = NULL

Ilyis mpoBepKy BbipaskeHus Ha NULL MMeeTCs CrienyaabHbIi mpeamnkar: IS NULL.

Tak, B IIpMBEIEHHBIX BbIIIE IIPUMepax, UTOObI HAMTM 3aAIIUCH, 11 KOTOPBIX a =
b 1M a b OMHOBPEMEHHO IIPUHMMAIOT 3HaueHue NULL, yCIoBie HY>KHO M3MEHUTh
CJIeAyIomyM 06pa3oMm:

WHERE a = b OR (a IS NULL AND b IS NULL)

CylllecTByeT Takske Cliel[ajbHasi KOHCTPYKIMSI, TTI03BOJISIIONIAS IPOBEPUTD IKBU-
BaJIEHTHOCTb BbIpaKeHU € yuyeTom NULL: IS NOT DISTINCT FROM. C ee TOMONIBIO 3TOT
IIpyMep MOKHO IIepenucaTh B BUIE:

WHERE a IS NOT DISTINCT FROM b

C JIOTMYECKMMM OTlepaTopaMu A0 06CTOUT Mo-Apyromy. VIHOTAa oHM BO3Bpa-
mjalT He NULL, maxke et aprymMeHTOM siBisieTcst NULL. B mormyeckmx omepaTopax
NULL 03HauaeT HeM3BeCTHOE 3HAUEeHNe.

Omnepatop AND Bo3Bpaliaer false, eciiv XOTs ObI OJIMH OIepaH paBeH false, gaxke
ecy BTOPOV pu 3TOM MMeeT 3HaueHue NULL. OmtepaTop OR BO3Bpallaer true, eCimn
XOTs1 ObI OIMH OIepaH[ paBeH true. Bo BceX OCTAMbHBIX CIyYasX Pe3yJabTaT Hem3-
BECTEH, T. €. IPUMHMMaeT 3HaueHne NULL:

car_portal=> SELECT true AND NULL, false AND NULL, true OR NULL, false OR
NULL, NOT NULL;
2column? | ?column? | ?column? | ?column? | ?column?

B BoipaskeHum IN 3HaueHMs NULL TPaKTYIOTCS HEOUEBUTHBIM 00Pa3oM:

car_portal=> SELECT 1 IN (1, NULL) as in;
in

t

car_portal=> SELECT 2 IN (1, NULL) as in;
in

(1 row)

Ec/y ripy BBIYMCIEHMY BhIpaskeHusT IN ITpoBepsieMoe 3HaueHle He BXOOUT B CIIV-
COK Tocyie ¢jioBa IN (MM B pe3y/bTaT IOfA3arpoca), HO B 9TOM CITMCKE CYIEeCTBYET
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3HaueHue NULL, To pe3ynbTaToM OymeT NULL, a He false. DTO MOXHO TOHSTb, €C/IN
cunTtaTh NULL HeM3BeCTHBIM 3HaueHMeM, KaK B JIOTMYeCKUX onepaTopax. B nepsom
IIpyMepe SICHO, UTO 1 BXOOUT B CIMCOK, YKa3aHHbBINM B BhIpaXeHMNM IN, IO3TOMY pe-
3yJIbTaT paBeH true. Bo BTopoMm cryuae 2, 6e3yc/10BHO, He paBHO 1, HO HacueT NULL
HaM HMYero Heu3gecmHo. II0TOMy-TO U pe3yabTaT HeN3BeCTEeH.

@yHKIMY MOTYT MHTEPIIpeTUPOBaTh 3HaueHus NULL [T0-pa3HOMY — B 3aBUCUMO-
CTM OT KOZia. BOJBIIMHCTBO BCTPOEHHBIX (PYyHKIIMIT BOo3BpaiaeT NULL, eyt XOTSI ObI
OIVIH apryMeHT uMeeT 3HaueHue NULL.

ArperaTHble GyHKIMM paboTatoT ¢ NULL mo-gpyromy. OHU 06pabaThIBAIOT MHOTO
CTPOK, a CTaJIO OBITH, MHOTO 3HaU€HMI1. B 0611IeM CITyuyae OHY UTHOPUPYIOT 3HAUEHUS
NULL. @YHKLIMS Sum BBIYMCISIET CyMMY BCeX 3HaYeHMI, OTVIMYHBIX OT NULL, 1 UTHOpU-
pyet NULL. Ecyin Bee citaraemble MpUMHUMAIOT 3HaueHue NULL, TO sum Bo3BpataeT NULL.
TouyHO TaxK Xe BemyT cebst QyHKIMMU avg, max 1 min. Ho He count. DyHKIMS count BO3-
BpalllaeT KOJMYECTBO 3HAUYEeHMI, OTIMYHBIX OT NULL. [TosTomy, eciiu Bce 3HaUeHUS
MIpYHMMAIOT 3HaueHue NULL, TO count Bo3Bpaiaer 0.

B oTMume OT HEKOTOPBIX Ipyrux 6a3 maHHbIX, B PostgreSQL mycrast cTpoka He
coBIazaer c NULL.

Paccmotpum npumep:
car_portal=> SELECT a IS NULL, b IS NULL, a = b FROM (SELECT ''::text a,

NULL::text b) v;
2column? | ?column? | ?column?

.......... +-_-_....-_+_....-_-_.
f | t |

EcTb eme nBe QyHKIMM, CIIEIMATBbHO MTpeaHa3HaueHHbIe 1T paboThl ¢ NULL: CO-
ALESCE m NULLIF.

OyHK1Ms COALESCE mMpuHMMAaeT MPOM3BOAbHOE YMCI0 apTyYMEHTOB OGHOTO U TOTO
SKe M1V COBMECTMMBIX TUIIOB ¥ BO3BpalllaeT 3HaueHye [1epBOro aprymeHTa, OT/Iinu-
HOro OT NULL:

COALESCE(a, b, )

OTOT KOJI, 9KBMBAJIEHTEH TAKOMY:
CASE WHEN a IS NOT NULL THEN a WHEN b IS NOT NULL THEN b ELSE c END

@OyHKUMS NULLIF IpyHMMaeT IBa apryMeHTa 1 Bo3BpaiaeT NULL, eyt OHM paBHBI.
B npoTtuBHOM ciiyuae BO3BpalllaeTcsl 3HaUeHNe 11epBoro aprymeHnTa. B Hekoropom
CMBbIC/Ie OHa IPOTUBOITONOKHA COALESCE.

NULLIF (a, b)
OTOT KO, 9KBMBAJIEHTEH TAKOMY:
CASE WHEN a = b THEN NULL ELSE a END
Emre ogHa 0cO6€HHOCTb 3HaueHMii NULL COCTOUT B TOM, UTO OHU UTHOPUPYIOTCSI

OTPaHMYEHUSIMM YHUKAIbHOCTH. TO eCcTh Jake ecIy HEKOTOPbI CTOMOeI] TabIUIIbl
06BSIB/IEH YHUKAIbHBIM, BCE PABHO MOXET CYII€CTBOBATh HECKOIBKO CTPOK, B KO-



162 < 3wk SQL

TOPBIX OH MpUHMUMaeT 3HaueHne NULL. Kpome Toro, MHIeKChI TUIa B-gepeBa — Hau-
6oJiee pacIipocTpaHeHHbIe — He MHAEKCUPYIOT 3HaueHuit NULL. PaccMoTpuMm 3ampoc:

SELECT * FROM t WHERE a IS NULL

HpI/I €ro BbIIIOJTHEHUM MHOEKC, HOCTpOEHHbIVI 110 CTOJ'[6L[Y a, HE MCIIO/JIb3YyeTC .

M3MEHEHWE DAHHDIX B BA3E

IlaHHBIE MOYKHO BCTaBJISITh B TAOIMIIBI, OGHOBJISITH U yaaIsITh. COOTBETCTBEHHbBIE KO-
MaH[bl Ha3bIBatOTCA INSERT, UPDATE m DELETE.

KomaHpa INSERT

Komanma INSERT BCTaBJIisSIeT HOBbIe JaHHbIe B TaOmuIy. CTPOKM BCerya BCTaBJISIOTCS
TOJIBKO B OJHY Tabmiry. KomaHza MMeeT CIeIyonnii CMHTaKCHUC:

INSERT INTO <table_name> [(<field_list>)]
{VALUES (<expression_list>)[,...]}|{DEFAULT VALUES}|<SELECT query>;

VimMst Ta6IM1Ibl, B KOTOPYIO BCTABJISIIOTCS 3aIIMCH, YKA3bIBAETCS ITOC/IE KITIOUEBBIX
c10B INSERT INTO. CyIllecTByeT JBa CMHTAKCUUECKM Pas3/IMUHbBIX BapyMaHTa KOMaHIbI
INSERT: Oj11 BCTaBKM OTHOM WJIM HECKOJbKMX OTHENbHBIX 3aIlMCeil M IJIsI BCTaBKU
11eJI0ro Habopa 3aruceit.

Iyis BCTaBKYM OMHON MJIM HECKOJbKMUX 3aIllCeil MCIIOIb3YeTCsT K/II0UeBOe CJIOBO
VALUES, 3a KOTOpPBbIM CJIeyeT CIIMCOK 3HAYeHMi. DIeMEeHThI CITCKa COOTBETCTBYIOT
MTOJIIM TaGAMIIBI B TOPSIIKE UX caemoBaHus. ECu 3amoHSIOTCS He Bce IO, TO
MMeHa 3aIloTHSIeMbIX I10J1eli MOJIKHBI 6bITh YKa3aHbl B CKOOKAX IOCIe MMeH!U Tab-
yuibl. Te ToJIst, UTO He yKa3aHbl, [IoIyJaT 3HaUeHMs 110 YMOITYaHMIO, eC/IY TaKOBbIe
ompeeneHbl, U OYIyT YCTaHOBJIEHbI B NULL.

KonmuecTBO 9/1eMeHTOB B cIicKe VALUES TO/IKHO 6bITh TAKMM JKe, KaK KOJIMUeCTBO
I10JIe¥1 I0C/Ie MMEeHM Tab/IMIIbL:

car_portal=> INSERT INTO car_portal_app.a (a_int) VALUES (6);
INSERT 0 1

Pe3ynbTaTOM YCITeIIHO BbITIOTHEHHOM KOMaHAbI INSERT SIBJIIETCST CJTOBO INSERT, 3a
KotopsIM cnenyeT OID BcTaBieHHOV CTPOKM (eC/iM BCTaBJIeHA TOABKO OfHA CTPOKa
" Iy1s1 TabuIlel BKIoueHbl OID, B mpoTBHOM citydae 0) 11 KOTMYeCTBO BCTaBIEHHBIX
CTpOK. JIonoNHUTebHbIe cBemeHust 06 OID cM. B r1aBe 12.

Ipyroii crtocob 3amucaTh B II0jIe 3HAUEeHMe 10 YMOTUYAaHUIO — BOCIIOIb30BaThCS
KJ/IIOUeBBIM (JIOBOM DEFAULT B cricke VALUES. Eciiu 17151 TIOJIsT He omipefiesieHo 3Have-
HIMe 10 YMOJTYaHMIO, TO OyZeT 3amcaHo 3HaueHme NULL:

INSERT INTO car_portal_app.a (a_text) VALUES (default);

EcTb Takke BO3MOXKHOCTD 3aIMMCATh BO BCE TIOMS 3HAUEHMSI TT0 YMOTYaHUIO, JIJISI
3TOTO HYKHO BOCIIOJIb30BATHCS KJIIOUEBBIMM C/TOBaMu DEFAULT VALUES:

INSERT INTO car_portal_app.a DEFAULT VALUES;
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CuHTakcuueckast opma ¢ VALUES TO3BOJISIET BCTAaBUTH CPa3y HECKOIBKO 3armmceii:
INSERT INTO car_portal_app.a (a_int, a_text) VALUES (7, 'seven'), (8,'eight');

9rto cnenuduka PostgreSQL. HekoTopsle Apyrie 6a3bl JAHHBIX JAIOT BO3MOXK-
HOCTb BCTaBJISITh TOJABKO MO OGHOM 3aMUCH.

Ha camom nene B PostgreSQL VALUES — aTo otaenbHas SQL-komaHa. [ToaTomy ee
MOSKHO MCITOJIb30BaTh B KaueCTBe Io/3arpoca B Jr060M 3arpoce SELECT:
car_portal=> SELECT * FROM (VALUES (7, 'seven'), (8, 'eight')) v;

columnl | column2
......... [

7 | seven
8 | eight
(2 rows)

Ec/iu BcTaB/sieMble 3amucy 6epyTcs U3 IPyroi Tabamuiibl WK IIPeICTaBIeHusI, TO
ucronb3yercst popma c rmozzarnpocom SELECT, a He ¢ pasoit VALUES:

INSERT INTO car_portal_app.a SELECT * FROM car_portal_app.b;

Pe3ynbTat 3ampoca AOKeH COOTBETCTBOBAThH CTPYKTYPE TAOIUIIBI: UMETh TaKoe
5Ke KOJIMYECTBO CTOIOIIOB COBMECTVMBIX TUIIOB B TAKOM JKe TIOPSIIKE.

B 3ampoce SELECT IOMYCTMMO CChUIATBCSI Ha TAGIUILY, B KOTOPYIO BCTABJISIIOTCSI
3anucu. Harpumep, uTo6bI TPOAYOIMPOBATD BCE 3aMUCH TaBIMUIIBI, MOXKHO BBITIOJ-
HUTb TAaKyI0 KOMaHLOy:

INSERT INTO car_portal_app.a SELECT * FROM car_portal_app.a;

ITo ymonmuaHuio koMaHa INSERT BO3BpalllaeT KOJMYECTBO BCTABJIE€HHBIX 3all-
ceil. Ho MOXXHO Takke BepHYTb CaMM BCTaBJe€HHbIe 3aMUCU UM HEKOTOpbIEe UX
1oJsst (B TOM ke popMaTe, YTO B Cyiydae 3arpoca SELECT). /I 9TOTO MCIMOAb3yeTCst
KiIoueBoe ¢10BO RETURNING, 3a KOTOPBIM CjenyeT CIIMCOK IoaJieskallyx BO3BpaTy
nose’:
car_portal=> INSERT INTO car_portal_app.a SELECT * FROM car_portal_app.b
RETURNING a_int;

a_int

(3 rows)

INSERT 0 3

Ecmu mist Tabnuiiel, B KOTOPYIO IIPOM3BOAUTCST BCTaBKa, OMpeeieHO orpaHunye-
Hle YHUKAJIbHOCTY, TO IIPU ITOIbITKE BCTABUTH KOHQIIMKTYIOIIVE 3aMVCH ITPOU307i-
net omybka. OgHAKO MOXKHO CKa3aTh, YTOObI INSERT MTHOpMPOBAJIA TaKkue 3aImcu
VIV OOHOBJISIIA MX BMECTO BCTABKIUA.

B mpeIionoskeHy, UTO /1T TAGIUIIBI b CyIIeCTBYeT OrpaHNYeHe YHUKAIbHOCTH,
pacCMOTPUM BCTaBKY B IToJie b_int:



164 <+ A3bik SOL

car_portal=> INSERT INTO b VALUES (2, 'new_two');
ERROR: duplicate key value violates unique constraint "b_b_int_key"
DETAIL: Key (b_int)=(2) already exists.

Ho uTo, e/t Mbl XOTUM M3MEHUTH 3al1Ch, €C/IM OHA YKe cyiiecTByet? Torma mo-
CTYIVM TaK:

car_portal=> INSERT INTO b VALUES (2, 'new_two')
ON CONFLICT (b_int) DO UPDATE SET b_text = excluded.b_text
RETURNING *;
b_int | b_text
....... +. [

2 | new_two
(1 row)
INSERT 0 1

3mech Gpasa ON CONFLICT TOBOPUT, UTO HYKHO CIIeaTh B CIydae, KOIJa yKe Cy-
1IeCTBYeT 3aluCh C TaKUM Xe 3HaueHueM B roje b_int. [lceBgoHum excluded oT-
HOCUTCSI K BCTABJISIEMbIM 3HaUeHUSIM. UTOOBI COCIATHCS HAa 3HAUEHUSI, YKe CYIeCT-
BYIOIIME B TabG/IMIle, HYSKHO OBIIO OBI YKa3aTh MMST TAOIMIIEI.

o B craHpapte SOL onpepeneHa cneuuanbHas KomMaHaa MERGE, peanusyowas aHanorMuHyo
dyHKUMOHanbHocTb. Ho B PostgreSQOL ¢pa3a ON CONFLICT sBnSieTcs 4acTblo CMHTakcuca IN-
SERT. B npyrux PCYB/1 310 MOXeT ObITb peannM3oBaHO NO-ApYyroMmy.

Komanpa UPDATE

Komana UPDATE IpMMeEHSIETCS /1T MU3MEHEeHMSI JaHHbIX B CTPOKAaX TabIUIIbI 6e3 13-
MeHeHMs UX KonnyecTBa. BoT ee cMHTaKkcuC:

UPDATE <table_name>

SET <field_name> = <expression>[, ...]

[FROM <table_name> [JOIN clause]]
[WHERE <condition>];

Vcrmonb3oBaTh KOMaHIy UPDATE MOKHO IBYMSI crioco6amu. IlepBbIii MOXOXK Ha
MPOCTYI0 KOMaHay SELECT ¥ Ha3bIBaeTCS MOABBIOOPKOI. BTOpOii CIysKUT 1j1s1 06-
HOBJIEHMSI JAaHHBIX B OTHOI TabIuIle, MCXOIs U3 JAHHBIX B APYTUX TaOAMIIaX, U I0-
XOK Ha KOMaHay SELECT 13 HECKOJIbKUX Ta0/uII. B GONBIIMHCTBE CTy4aeB HY>)KHOTO
pes3ynbTaTa MOKHO JOOUTDCS JIIOOBIM M3 STUX CIIOCO6O0B.

B PostgreSQL 3a oHy omepaliio MOKHO 0OHOBUTD TOJbKO OAHY Tabmuiy. B npy-
rux 6a3ax JaHHbIX ITPY HEKOTOPBIX YCIOBUSIX JOITYCKAETCSI OHOBPEMEHHOE OOHOB-
JIeHVie HeCKOJIbKUX TabJIuII.

UPDATE c nodesi60opKoii

BoIpaskeHue 111 3a1aHMsI HOBOT'O 3HAUEHMS SIBJISIETCSI 00bIUYHBIM SQL-BhIpaskeHUEM.
B aTOM BBIpaskeHMM OITyCKAETCSI CChUIKA HA OOHOBJISIEMOE TI0Je, M BMECTO Hero
TIOACTaBJISIETCS CTApOe 3HAUeHMe:

UPDATE t SET f = f+1 WHERE a = 5;
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YacTo B KoMaHax UPDATE yIIOTPeOISTIOTCST TOA3anpochkl. YTOOBI cOCIAThCS U3 MO -
3arpoca Ha 06HOBJISIEMYIO Tab/INITY, €/ HeO6XOIMMO COITOCTABUTh ITCEBIOHMUM:
car_portal=> UPDATE car_portal_app.a updated SET a_text =

(SELECT b_text FROM car_portal_app.b WHERE b_int = updated.a_int);
UPDATE 7

Ecu mmomsarnpoc He BO3BpalllaeT pesyibTaTa, TO B ojie 6ymeT 3ammcaHo NULL.

O6paTuTe BHMMAaHMeE, UTO Pe3yJbTaTOM KOMaHIbl UPDATE SIBJITeTCS CJIOBO UPDATE,
3a KOTOPBIM CJIeAyeT KOJIMYECTBO OOHOBJIEHHBIX 3aIMCEIA.

®pasa WHERE aHaIOTMYHA UCII0/b3yeMOJ B KOMaHAe SELECT. Ecyin oHa He 3a7aHa,
TO OOHOBJIIOTCS BCe 3aIMCH.

UPDATE c dononHumensHsiMu mabéauyamu
Ipyroii cioco6 06HOBUTH CTPOKM TabIMIIBI — BOCIIONb30BAaThCsI (Dpa30ii FROM Tak ke,
KakK 3TO JejiaeTcss B KoMmaHme SELECT:

UPDATE car_portal_app.a SET a_int = b_int FROM car_portal_app.b
WHERE a.a_text=b.b_text;

OGHOBJISIIOTCST BCE CTPOKY a, IJIsT KOTOPBIX B b CYIIECTBYIOT CTPOKM C TaKUM JKe
3HaueHMeM B TEeKCTOBOM T1ojie. HoBoe 3HaueHme uncI0OBOTO Mo Gepercs u3 Tab-
JULBI b. TeXHUYECKNM 9TO He UTO MHOe, KaK BHYTPEeHHee coeqMHeHMe OBYX TabIuil.
OnHako CMHTaKCUC omndaeTcs. [T0CKOMbKY Tabuiia a He SIB/ISIeTCs YacTbio (pasbl
FROM, TO OOBIUHBIN CMHTAKCUC COEAVMHEHMS 310eCh HEITPUMEHMM, U TabIuIIbl COeIy-
HSIIOTCSI TI0 YCJIOBUIO BO dpase WHERE. Eciut GBI MCITOIb30BaJIaCh eIlle OfgHa Tabauia,
TO ee MOKHO ObLJI0 ObI CO@IVMHUTD C b, TPUMEHMUB OObIYHBI CMHTAKCUC COeIVHEeHNS],
BHYTPEHHEr0 MY BHEIITHETO.

Bo MHOTHMX C/Ty4asiXx CMHTAaKCUC KOMaHAb UPDATE ¢ FROM BBITISIIUT 60J1€€e TTOHSITHO.
Hampumep, cieayroiiast KOMaHAa BHOCUT B TAO/IMILy Te Ke caMble M3MeHeHMsI, UYTO
MpeabIayIasi, HO He TaK OUeBU/THA:

UPDATE car_portal_app.a

SET a_int = (SELECT b_int FROM car_portal_app.b WHERE a.a_text=b.b_text)
WHERE a_text IN (SELECT b_text FROM car_portal_app.b);

Emme omHo mpeumytiecTBo Gopmbl ¢ FROM COCTOUT B TOM, UTO 3a4acTyi0 OHA pa-
6oTaet ropasmuo 6sicTpee. C IPyroi CTOPOHBI, MOSKHO TTOJTYUMUTDb HEMpeIcKa3yeMble
pe3yIbTaThl, €CJIV OTHO 3aICy OGHOBJISIEMOT TabIUITbI COOTBETCTBYET HECKOIBKO
3aruceit n3 Tabnil, yKasaHHbIX BO ¢pase FROM:

UPDATE car_portal_app.a SET a_int = b_int FROM car_portal_app.b;

oTOT 3alpoC CMHTAaKCMYeCKN KOPPEKTEH. O,ZlHaKO M3BeCTHO, UTO B Ta6m/1ue b He-
CKOJbKO 3ammceii. Kakast 3 Hux OymeT BbIOpaHa Jj1s 0OOHOBIEHMS KasKI 0l CTPOKH,
He OIlpelesieHo, IIOTOMY YTO yciaoBue WHERE oTcyTcTByeT. Ta ke mpobieMa MMeeT
MecCTO, eC/sin cbpa3a WHERE He o1rpenessieT B3aMMHO-OAHO3HAaYHOe COOTBETCTBIeE.
car_portal=> UPDATE car_portal_app.a SET a_int = b_int FROM

car_portal_app.b WHERE b_int>=a_int;
UPDATE 6
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Iy Kaskmoil 3armcy TabIuIIbI a CYIIeCcTBYeT 6ojiee OOHOM 3amycy B Tabuile b,
IJIST KOTOPOIJt b_int Gosbliie My paBHO a_int. [T03TOMY pe3y/nbTaT TaKOro 0GHOBJIE-
HUs He onipefiesieH. OmHako xe PostgreSQL He 3ampeliaeT Take KOMaH/Ibl, TAK YTO
CJieTyeT MPOSIBISITH OCTOPOXKHOCTD.

KoManma 0GHOBIEHMST MOKET BEpHYTh OOHOBJIEHHbBIE 3aITVICH, €C/TU TTPUCYTCTBY-
eT ppa3a RETURNING, KaK B INSERT:

car_portal=> UPDATE car_portal_app.a SET a_int = ©@ RETURNING *;
a_int | a_text

Komanpa DELETE

Komanpga DELETE CJTYsKUT IJIs yoajaeHus 3amuceii u3 6a3bl. Kak u B cryuae UPDATE,
€CTh JIBa CIT0co06a yImayeHus : C TOMOIIbIO IIOABBIOOPKM U C MCITONb30BAHUEM IPYTUX
Tab/IM1I, OOHOI UM HEeCKOIbKMUX. DopMa ¢ IOABbIOOPKOI MMeeT TaKoi CMHTaKCIUC:

DELETE FROM <table_name> [WHERE <condition>];

3amucu, ymoBaeTBOPSIIONIME YCIOBMIO condition, OYmyT ymaseHbl M3 TaOIMUIIbI.
Ecnu dpasa WHERE orryIeHa, TO yOaIsIOTCS BCe 3aITVCH.

®opma DELETE ¢ MCIIOIb30BaHMEM APYroit TabauIlbl aHajoruuHa Gopme UPDATE
¢ dpasoit FROM. TobKo BMeCTO FROM ciemyeT MCIIOIb30BaTh KIIIOUeBOe CIoBO USING,
TOTOMY UTO FROM y>Ke 3aHSITO B APYTOM 4aCTy KOMaH bl DELETE:
car_portal=> DELETE FROM car_portal_app.a USING car_portal_app.b
WHERE a.a_int=b.b_int;
DELETE 6

JTa KOMaHIa yoaisieT n3 Ta6HI/IHbI a BCe 3ammcu, Ojisi KOTOPbIX B Ta6HMHe b cy-
HIeCTBYET 3aIlMCh C TAKMM K€ 3HaUeHMEM UMC/IOBOIO I10JIA. B pe3yjibTaTe BbIIIOJIHE-
HVsI KOMaH/IbI COOﬁLL[aETCF{, CKOJIbKO 3aIuceit 6b110 yaoaJI€eHO.

[TokasaHHasI BbIllle KOMaHAa SKBUBaJeHTHA TaKOi:

DELETE FROM car_portal_app.a WHERE a_int IN
(SELECT b_int FROM car_portal_app.b);

Kak 1 komaH b1 UPDATE 1 INSERT, KomaHga DELETE BO3BpalllaeT yaaJeHHbIE CTPOKH,
eCJIM TIPUCYTCTBYET KITI0UeBoe CJI0BO RETURNING:

car_portal=> DELETE FROM car_portal_app.a RETURNING *;
a_int | a_text
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KomaHnpaa TRUNCATE

CyliecTByeT ellle 0JHa KOMaH/a, KOTOpast M3MeHsIeT JaHHbIe, OCTaBJ/IsIsI HEM3MEeH-
HOM CTPYKTYypy Tabmuiibl, — TRUNCATE. OHa oumInaeT TaGIUIY LIETMKOM U TOYTH
MTHOBEHHO. DG (KT TOUHO TAKO Ke, KaK ITPU MCIT0Ib30BaHUM KOMaHAbI DELETE 6e3
(pa3ssl WHERE. Oco6eHHO MoJIe3Ha OHA JJIsT OOIBIIMX Ta0JNII.

car_portal=> TRUNCATE TABLE car_portal_app.a;
TRUNCATE TABLE

Pe3ioME

S3bIK SQL MCIIOMb3yeTCsT IS B3aMMOEeCTBYS ¢ 62307t JaHHBIX: CO3TaHMS 1 00CTY-
SKUBAHUS CTPYKTYP JaHHBIX, JOOABAEHMS JaHHBIX, X U3MEHEHMS, yIaleHUs U Bbl-
6opku. B SQL umeeTcst Tpu moabsasbika: DDL (S3bIK ompeaeaeHust JaHHbIX), DML
(s13bIK MaHUITYIMpOBaHMs JaHHbIMU) U DCL (s13bIK yTipaBieHUs JaHHbIMMU). B 9101
r7IaBe OMMCAHbI UeThbIpe KOMaHbl, COCTABISIONMX s13bIK DML: SELECT, INSERT, UPDATE
7 DELETE.

Ha npumepe komaHbl SELECT MbI e TAJIBHO paCCMOTpPe/N Takue KoHuenmunu SQL,
Kak TPYyNIMpoBKa U QuiabTpanusi ¢ ucrosib3oBanueMm SQL-BbipaskeHUit U YCIOBUIA,
a TaKke 0O0BSICHWIN, KaK MCIOIb3YIOTCS MMoA3anpockl. Kpome Toro, B pasmese, mo-
CBSIILIEHHOM COeIVHEHUIO TaOJINII, MbI 3aTPOHYJ/IU PSIT BOIIPOCOB PEISIIMOHHOI ajl-
re6phl.

B crenyionux riaBax 6yayT 3aTPOHYTHI O0JIee CJIOSKHbIE TEMbI: PSIT OTIOTHUTETb-
HbIX BO3MOXXHOCTEI 1 MpreMoB paboTsl ¢ SQL, a Takke SI3bIK MTPOrPaMMUPOBAHMS
PL/pgSQL, Ha KOTOPOM MOKHO TTMCaTh QYHKIINN.



lnaBa

NononHuTenbHble cBeaeHUS
O HanNnMCaHUMU 3anNpocCcoB

B aT0i1 II1aBe MbI 06CYIMM HEKOTOPBIE TPOABUHYTHIE cpencTBa SQL, mogaepkuBae-
Mble PostgreSQL, a Takke psifi pMeMOB HallMCaHMs 3alIPOCOB. BylyT pacCMOTpeHbI
CJielyIolyie TEMbI:

O o6mye TabnMUHbIe BBIPASKEHMSI:

O oxoHHbIe PyHKINN;

O mpoaBuHYTbIe MeTOIbI paboThl ¢ SQL.

Mbl 6ymeM MCIONMb30BaTh Ty K€ NeMOHCTPAIIMOHHYI0O 6a3y car_portal, 4TO
" B IIPeIbIAYIINX IMIaBaX. PeKOMeHIyeTcs mepeco3iaTh 6a3y, YTOObI pe3y/ibTaThl He
OT/IMYAJIACH OT MIOKa3aHHBIX B TeKCTe KHUT'M. CKPUIITBI 1JI1 CO30aHMS U 3alI0JTHEHUS
6a3bI (schema.sql u data.sql) HaxXoAsITCS B KOJle, COIPOBOKAAIONIEM 3Ty IJIaBy. Bce
MIpMMepBhl KoJa MOXKHO HaiiTu B paiiie examples.sql.

OBLLUME TABJIMYHBIE BbIPAXXEHUS

Xots SQL — mexkmapaTuBHBIN SI3bIK, B HEM €CTb CpelCTBa [J1s1 MOCIeq0BaTeIbHOTO
BBITIOJIHEHMST U JIJISI TIOBTOPHOTO MCIIO/Ib30BaHMS KOZA.

Oo6mye TabaMuHbIe BhIpaskeHusa (common table expressions — CTE) mo3Boisi-
10T OJIVH Pa3 OonpeaeNnThb MOA3anpoC U MPUCBOUTh €My UM, a 3aTeM UCI0Ib30BaTh
€ro B HeCKOJIbKMX MeCTax IJIaBHOTO 3aIpoca.

Huske npuBeneHa ynpoieHHas cuHTakcuyeckast nuarpamma CTE:

WITH <subquery name> AS (<subquery code>) [, ...]
SELECT <Select list> FROM <subquery name>;

3mech subquery code — 3ampoc, pe3yJbTaTbl KOTOPOTO OYAYT BIIOCJIEICTBUM MC-
T0JIb30BaHbI B [JTABHOM 3aITpoce, Kak 0yaTo 9To ¢usndeckas Tabnuia. [Togsarpoc
B CKOOKax IMOC/Ie KJIIOUEBOTO CJI0BA AS M eCTb 0blee TabiamuHoe BbIpaskeHue. Ero
MO’KHO TaK>Ke Ha3BaTh [IOJKOMaH40J /I BCIIOMOraTe/IbHOV KoMaHmoii. [Tociie 6510-
Ka WITH HaXOAUTCS I7IaBHbINM 3arpoc. KomaHaa B 11eJIOM Ha3bIBaeTCs WITH-3apocoM.

B CTE MOXHO MCIIO/Ib30BaTh HE TOJAbKO KOMaHIbl SELECT, HO Takke INSERT, UPDATE
" DELETE. B omHOM WITH-3ampoce moskeT 661Th Heckonbko CTE. Kaskgomy CTE como-
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CTaBJISIETCS UMSI, PACIIOJIOKeHHOe Mepes, KIIoUueBbIM (JIOBOM AS. [TaBHBIN 3ampoc
moxxeT ccbinatbesl Ha CTE no stomy umenu. OpHno CTE MoskeT ccbuiaThCs Ha APYy-
roe no uMeHu. OgHaKO paspemnaeTcs: ccbiaThes ToAbKo Ha CTE, onpeneneHHbIie
paHbIIIe.

Ccbutky Ha CTE B IJTaBHOM 3aImpoce MOKHO TPaKTOBaTh Kak MMeHa Tabmuil. Ha
camom peine PostgreSQL BoinonHsier CTE TOMBKO OOVH pa3, KeInpyeT pe3yibTaThl,
a 3aTeM IMOBTOPHO MCIIONb3YeT, BMECTO TOTO UTOOBI BBIITONHSITD ITOA3AIIPOCHI BCSI-
KUii pa3, Kak OHM BCTPeUarTCs B INIaBHOM 3arpoce. Takum o6pasom, CTE meiicTBu-
TEJIbHO CTAHOBSITCS MOXOXKM Ha TaOIMIIbI.

CTE nomoratoT oprauusoBath SQL-kof. ITycTh TpebyeTcs HaiiTu B 6a3e Moenu,
BhIMyIleHHBbIe nocie 2010 roga, ¥ BBIUMUINTD J1S1 HUX MUHUMAJIbHOE KOIUUYECTBO
MIpeXHUX BaAeblleB. PacCMOTpUM TaKOM KO :

car_portal=> WITH pre_select AS
(
SELECT car_1id, number_of_owners, car_model_1id
FROM car_portal_app.car WHERE manufacture_year >= 2010
)s
joined_data AS
(
SELECT car_1id, make, model, number_of owners
FROM pre_select
INNER JOIN car_portal_app.car_model ON pre_select.car_model_id=
car_model.car_model_1id
)s
minimal_owners AS (SELECT min(number_of_owners) AS min_number_of_owners
FROM pre_select)
SELECT car_1id, make, model, number_of_owners
FROM joined_data INNER JOIN minimal_owners
ON joined_data.number_of_owners = minimal_owners.min_number_of_owners;
car_id | make | model number_of_owners

|
-------- R T T S R LT
2 | Opel | Corsa | 1
3 | Citroen | 3 | 1
11 | Nissan | GT-R | 1
36 | KIA | Magentis | 1
(25 rows)

3nech jJoruyeckasl yacTh 3ampoca MpefcTaBjieHa B BUe IMOC/Ief0BaTeIbHOCTU
nmeiicTBuit: puabTpauus B pre_select u coemuHeHue B joined_data. Bropas uacTh —
BBIUMCJIEHNME KOJIMYECTBA BJAJIe/IbIleB — BBITOIHSIETCS B OTHAEIbHOM MOJ3arpoce,
minimal_owners. TakuM 06pa3oM, peaayn3arius JIOTUKM 3aIIpoca OKa3bIBaeTCs ITOX0Ka
Ha MMIIePaTUBHBII SI3bIK TPOTPAMMUPOBAHMSI.

Ncnonb3oBanne CTE B aTOM nprMepe He YCKOPSIeT BbINIOJHEeHMS 3anpoca. OpgHa-
KO GbIBAIOT ciyuan, Koraa CTE MOBBIIIAIOT IPOM3BOAUTENIbHOCTD. Bojiee Toro, MHOT-
na 6e3 CTE HamucaTh 3ampoc Boo6Ie HeBO3MOXKHO. B ciemymommx pasmenax Mbl
pPacCMOTPUM 3TU CUTYyaIUK TTOApOOHee.
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[Mopsimok BeinonHeHus: CTE He omnpeneneH. Llenb PostgreSQL — BBIMOIHUTD T/1aB-
HbIii 3anipoc. Ecnu B HeM ecTsb ccbuiky Ha CTE, To PostgreSQL BoITTonHSIeT UX CHava-
sa. Eciu Ha CTE tuna SELECT HET HM NMPSIMBIX, HM KOCBEHHBIX CCBIJIOK M3 ITIaBHOTO
3aIpoca, To OHO He BBITOHSIEeTCs BoBce. [IogKoMaHbl, M3MeHSs oL/ e JaHHbIe, Bbl-
TIOJTHSIIOTCS BCETAa.

CTE kak cpeacTBO NOBTOPHOro Mcnonb3oBaHus SQL-koaa

Ecny BbINIOSTHEeHYe [T0,3a11pOca 3aHMMaeT MHOTO BpEMEHM M 3TOT OJ3aPoC BCTPe-
yaeTcsl B KOMaH/ie HeCKOJIBKO pas, TO MMeeT cMbIc/ opopmuts ero B Buae CTE u mc-
TOIb30BATh PE3YAbTAThl MOBTOPHO. JTO YCKOPSIET BBIMOJIHEHME 3alpoca, MOTOMY
uto PostgreSQL ncrnonuset CTE TOMbKO OAVH pa3, KeMIMpPyeT pe3ylIbTaThl B MaMSITU
WM Ha AUCKe — B 3aBUCUMMOCTHM OT pa3Mepa, a 3aTeM UCII0Ib3yeT ITIOBTOPHO.

[TycTh TpebyeTcst HaiiT OTHOCUTEIBHO HOBbIE MOJIENN. [IJIST STOTO HY>KHO BbIUMC-
JIUTb CPeIHMI BO3PACT aBTOMOOMIIEN KaKI0i MOfie/n, a 3aTeM BbIOpaTh Te MOJIeNH,
IIJISI KOTOPBIX CPeHMI1 BO3pacT MeHbIlle, YeM CpefHUI BO3PaCT M0 BCeM MOAESIM.

JTO MOXXHO CIIeJIaTh TaK:

car_portal=> SELECT make, model, avg_age FROM
(
SELECT car_model_id, avg(EXTRACT(YEAR FROM now())-manufacture_year) AS avg_age
FROM car_portal_app.car
GROUP BY car_model_1id
) age_subgl
INNER JOIN car_portal_app.car_model ON car_model.car_model_id =
age_subql.car_model_id
WHERE avg_age < (SELECT avg(avg_age) FROM
(
SELECT avg(EXTRACT(YEAR FROM now()) - manufacture_year) avg_age
FROM car_portal_app.car
GROUP BY car_model_1id

) age_subg2

make | model | avg_age
............... e
BMW | ter | 1
BMW | X6 | 2.5
Mercedes Benz | A klasse | 1.5

(41 rows)

@yHKUMS EXTRACT BO3BpalllaeT 1[eJI0UMCIeHHOe 3HaUeHe YKa3aHHO YacTy JaThl.
B aTOM 3ampoce oHa UCHOIb3YeTCs, YTOOBI BHIASTUTD TOM, U3 TEKyIei naTel. Pa3-
HOCTb MEXIy TeKYIIMM TOIOM M TOAOM BbIITycKa manufacture_year M eCTb BO3pacT
MaIlllMHBI.

B sTOM 3ampoce ecTb Ba MOXOXKMUX MOMA3aIIpoca: OMMpaliMBaeTCs OfHA U Ta ke
TabnuIla U MPOM3BOAATCS OMMHAKOBbIE TPYIIIMPOBKA U arperupoBanusi. [loaTomy
MbI MOYKEM TIOJTyYUTh BBIUTPBIMI OT Mcoab3oBaHus CTE:
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car_portal=> WITH age_subq AS
(
SELECT car_model_id, avg(EXTRACT(YEAR FROM now())-manufacture_year) AS avg_age
FROM car_portal_app.car
GROUP BY car_model_1id
)
SELECT make, model, avg_age
FROM age_subq
INNER JOIN car_portal_app.car_model ON car_model.car_model_id =
age_subq.car_model_1id
WHERE avg_age < (SELECT avg(avg_age) FROM age_subq);

make | model | avg_age

............... S
BMW | ler | 1
BMW | X6 | 2.5
Mercedes Benz | A klasse | 1.5

(41 rows)

O6a 3ampoca OaloT OAMHAKOBBI pe3ynbTaT. HO MepBbIil 3aIIpOC BBITIOTHSIICS
1.9 mumcekyHbI, @ BTOpoit — 1.0 MmutncekyHAbl. KoHEUHO, B aGCOMIOTHBIX IIM(-
pax pasHMIla HMYTOKHA, HO B OTHOCUTE/NbHBIX — WITH-3aIIpoc mouTu B ABa pasa
6bicTpee. Ecy 661 Mbl 06pabaThiBa/ii MUJUTMOHBI 3amMCelt, TO U abCOMOTHAS pas-
HUIA OKa3a/1ach ObI CYIIECTBEHHOIA.

Erie ogHo nipenmyitectBo CTE B JaHHOM ciTydae — 60jiee KOMITAKTHBIN 1 IIPOCTOI
IS TIOHUMaHUSI KoJl. VI 9TO TOXKe apryMeHT B IMOb3y WITH — IJIMHHbBIE U CIOKHbIE
3ampockl MOXKHO nepenucaTh B Buae CTE panyt 4MCTOTHI ¥ TOHSITHOCTU KOJIA, ITYCTh
Jla’ke 9TO He BJIMSIET HAa TPOMU3BOAUTEIbHOCTD.

Ho nnorpa CTE syyuie He ucrionb30BaTh. Haripumep, MOKeT BOSHUKHYTb MBIC/Ib
3apaHee BbIOPATh U3 TAOMUIIBI HEKOTOPbIE CTOJIOLBI B HaIeXKIe, YTO 3TO YCKOPUT
BBIMIOJIHEHME 3aIIpoca, T. K. 6a3e mpuaeTcs o6pabaThiBaTh MeHbIle MH(POpMAaLIA.
B TakoM cityuae 3ampoc MOT 6bI BBITVISIAETD CIEIYIONIMM 00pa3oM:

WITH car_subquery AS
(SELECT number_of_owners, manufacture_year, number_of_doors
FROM car_portal_app.car)
SELECT number_of_owners, number_of_doors FROM car_subquery
WHERE manufacture_year = 2008;

OddexT mosyyaeTcst MPOTHUBOMOIOXKHBIM OkugaemoMy. PostgreSQL He mpume-
HseT ¢Gpasy WHERE 13 IJIaBHOTO 3arpoca K nmoagkomaHze. basa maHHbBIX BbIGEpeT U3
Ta6IMIIBI BCe BOOOIIE 3aICH, BO3bMET U3 KaKIOJi 110 TPU CTOJIOIA U COXPAHUT UX
BO BpeMeHHOM Habope JaHHBIX B MMaMSTH. 3aTeM STOT BpeMeHHbII Habop OymeT
MpobUIBTPOBAH IT0 TpeauKaTy manufacture_year = 2008. Ecyvt 651 110 CTONIGITY manufac-
ture_year GBI ITOCTPOEH MHIIEKC, TO CEPBEP HE CTAT OBl €r0 MUCIT0b30BaTh, TIOTOMY
YTO OIpAIINBAETCS BpeMeHHasl, a He HacTosIast Tabauiia.

[TosTOMY C/IEAYIONIMIT 3aIIPOC BBITIOIHSIETCS B MSITh pa3 ObICTpee MpenbIayIero,
XOTSI OHM BpOZe ObI ITOUTH HUYEM He OTIMYAIOTCS
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SELECT number_of_owners, manufacture_year, number_of_doors
FROM car_portal_app.car
WHERE manufacture_year = 2008;

PEKprMBHbIe U uepapxmyeckKkue 3anpochbl

CTE MOsKeT cChLIaThCs Ha cebst ske. Takye KOMaHIbl HAa3bIBAIOTCS PEKYPCUBHBIMMU
3ampocamu. Y 3TUX 3alIpoCoB CBOeoGpasHast CTPyKTypa, coobIaoiias 6ase JaHHbIX
06 1X Xapakrepe:

WITH RECURSIVE <subquery_name> (<field list>) AS
(

<non-recursive term>
UNION [ALL|DISTINCT]
<recursive term>

)

[,...]

<main query>

O6e yacTy — HepeKypCUBHAs ¥ PEeKyPCUBHASI — MOA3AIIPOChI, KOTOPbIE MOIKHbBI
BO3BpalllaTh OAMHAKOBOE UNCJIO TIOeVi OOMHAKOBBIX TUIIOB. VIMeHa Toeil 3a0at0T-
CS1 B OOBSIBJIEHUY PEKYPCUMBHOTO 3aITpoCa B I1€JIOM, [T03TOMY He BakKHO, KaK OHM Ha-
3BaHbI B [107,3aIIpOCax.

HepexypcuBHYIO 4aCTh Ha3bIBAIOT TaKKe SIKOPHBIM IIO73aIIPOCOM, a PeKyPCUB-
HVYIO — UTePaTUBHBIM [IOL3aIIPOCOM.

SIKOPHBIV ITOA3aIIPOC — OTIIPaBHAs TOUYKA JJIS BBITIOJHEHMS PEKYPCUBHOTO 3aI1po-
ca. OH He MOXeT CChLIaThCS Ha MM PEKYPCUBHOTO 3aIIpOCa U BBIITOJIHSAETCS TOJIBKO
OonuH pa3. Pe3ynbTaThl IKOPHOTO IOA3aIIpoca IepefarTcs Ha3al TOMY Ke CaMOMY
CTE, mocsie uero BbIMOJHSIETCSI peKypCUBHAS 4acTh. Takue UTepauy moBTOPSIIOTCS
IO TeX MOoP, TT0OKa pe3ylabTaT PeKYPCUBHOTO MOA3aMpoca He OKaXkeTCsl MyCThIM. Pe-
3yJIbTATOM BCETO 3aIIpoca SIBJIIeTcs] 00beAMHEeHe MHOKECTBA CTPOK, BO3BpaIlleH-
HbBIX HEPEKYPCUBHOI YaCThIO ¥ BCEMU UTEPALMSIMU PEKYPCUBHOM yacTu. Eciau mpu-
cyTcTBYeT ¢pasa UNION ALL, TO BO3BpAIIAIOTCS BCE 3TM CTPOKM, a ecty UNION DISTINCT
MU TIPOCTO UNION, TO IyOIMKATHI YAASIOTCS.

o OTMeTUM, YTO anropuTM BbIMOSIHEHUSI PEKYPCMBHOMO 3anpoca MoApa3yMeBAET UTepauumio,

a He pekypcutio. OaHako B cTaHfapTe SQL Takue 3anpochl Ha3blBaAOTCA PeKYPCUBHBIMU. B apy-

rMx 6asax AaHHbIX Ta e IOTMKA PEaNU3yeTcs aHaNorMuHbiM CNOCOBOM, HO CMHTAKCUC MOXKET
HEMHOIO OT/IMYATbCS.

Hiuke mmokasaHo, Kak MOKHO IIPMMEHUTb PEKYPCUBHbIN 3aIIPOC [IJIST BBIUMCIEHUS
dakropuana:

car_portal=> WITH RECURSIVE subq (n, factorial) AS

SELECT 1, 1
UNION ALL
SELECT n + 1, factorial * (n + 1) from subq WHERE n < 5

)

SELECT * FROM subg;
n | factorial

...+ ...........
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3mechb SELECT 1, 1 — IKOpHBIN nogzarpoc. OH BO3BpalllaeT OHY CTPOKY (06a 1moJst
nu factorial paBHbI 1), KOTOpas nepenaeTcs caenyoieii utrepauun. Ha nepBoii ute-
pauuy K 3HaUYEHUIO n TIpUOaBJsIeTCs eAVHNIIA, Y 3HaueHue factorial ymMHOKaeTcst
Ha (n+1), Tak UTO MoOy4YaeTcs 2 ¥ 2. ATa CTPOKa MepefaeTcs Caeayloleil utepauun,
Ha KOTOPOI BRIUMUISIIOTCSI 3HaUeHus1 3 u 6. U tak manee. Ha nociienHei ntepanumu
BO3BpalllaeTcs CTPOKa, B KOTOPOI1 Tojie n paBHO 5.

dTa cTpoKa oTGUIbTPOBbIBaeTCs (ppasoit WHERE MTepaTUBHOTO ITO3aIpoca, Mmo-
9TOMY Ha CJIeAyIollel uTepanuy He BO3BPAIIaeTCsl HUUETO, U BbIMIOJIHEHYE OCTa-
HaBMBaeTcs. TakuM 06pa3oM, BeCh PeKYPCUBHBII 3aIIpOC BO3BPAIIAEeT CIIMCOK U3
TISITY YMCeT OT 1 10 5 ¥ COOTBETCTBYIOIIME UM (PaKTOPUAJIbI.

0 Ecnu 6b1 dpazbl WHERE He Bbifo, TO BbINMOMHEHWE HUKOTAQ HE 3aKOHYMAOCH Obl, YTO PaHO UK
Mo3AHO NpMBeNo 6bl K OWMOKEe NepenonHeHHS.

DTOT MpuUMep HETPYIHO peaan3oBaTh 63 BCSIKMX PEKYPCUBHBIX 3aITpOCOB. B Post-
greSQL ecTh c110co6 TeHepUPOBATh MTOCIA0BATETBHOCTM YVCEN 1 UCITOb30BATh UX
B moj3arpocax. Ho cymiecTByioT 3agauy, KOTOpble 6€3 PeKypCHMBHBIX 3alPOCOB HE
PpemraioTCcs, — 3TO 3aIMPOCHI K Mepapxui 0ObEKTOB.

B 6ase maHHBIX [JIs1 cajiTa TOPTOBIM aBTOMOOWISMM MepapXUUeCKUX JaHHBIX
HeT, TT0O3TOMY ISl WITIOCTPALIMY HaM ITOHAZOO6SITCS TeCTOBbIe MaHHbIe. TUMTMYHAS
Mepapxus MoApasyMeBaeT HaJauuye CBSI3U POOUTETb-TIOTOMOK MEXIY 00beKTaMu,
KOTZa OAVH ¥ TOT ke 00BEKT MOKET OIHOBPEMEHHO ObITh POANUTENIEM U TTOTOMKOM.

Paccmotpum cembio. Y AnaHa nBa pebenka: BepT 1 Bo6. Y BepTa Toxke mBa pe6eH-
ka: Kapn u Kapmen. V bo6a onye pebeHok, Cecuiib, y KOTOPOJi Ba pebeHka: [19iiB
u [13H. TeHeasormyeckoe ApeBO IMOKA3aHO HA PUCYHKe HiskKe. CTPesKy HaIrlpaB/IeHbI
OT pebGeHKa K pOOUTEJIIO.

Carmen

Mepapxuueckas cBs3b
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B 6ase [aHHBIX CBeOEHUs 00 Mepapxuy MOKHO XPaHUTb B IPOCTOI TabIuile
C IBYMS CcTo6IIaMu: person U parent. [IepBbIii cTOMOEIT OYAET MTEPBUYHBIM KITIOUOM,
BTOPOIt — BHEIIIHUM KJTIOUOM, CCbTAIOIIMMCS Ha Ty JKe Tab/IunILy:

car_portal=>CREATE TABLE family (person text PRIMARY KEY, parent text
REFERENCES family);
CREATE TABLE

car_portal=> INSERT INTO family VALUES ('Alan', NULL),
('Bert', 'Alan'), ('Bob', 'Alan'), ('Carl', 'Bert'), ('Carmen', 'Bert'),
('Cecil', 'Bob'),
('Dave', 'Cecil'), ('Den', 'Cecil');

INSERT 0 8

B nepBoii BcTaBaeHHO 3anucy 1mosie parent paBHO NULL, 3TO O3HA4aeT, YTO O PO-
IuTene AjlaHa y Hac HeT MHGOpMaI.

I[TycTb Tpe6yeTcst TOCTPOUTD IOJHbIE POIOCIOBHbBIE BeeX meTeit. ClenaTh 3TO ITy-
TeM CoeIMHEeHMsI TabIUI, HEBO3MOXKHO, TOTOMY UTO KayK[0e COeIMHEeHNe OMVChIBa-
€T TOJIbKO OJIVH YPOBEHb MepapXui, a B 00IEM CTydae KOJTMIECTBO YPOBHEN HeM3-
BECTHO.

3amauy peuiaet CJIeAYyHUUiA peKypCUBHBbIN 3ampoc:

car_portal=> WITH RECURSIVE genealogy (bloodline, person, level) AS
(

SELECT person, person, 0 FROM family WHERE parent IS NULL

UNION ALL

SELECT g.bloodline || ' -> ' || f.person, f.person, g.level + 1

FROM family f, genealogy g WHERE f.parent = g.person
)
SELECT bloodline, level FROM genealogy;
bloodline | level

Alan -> Bert

Alan -> Bob

Alan -> Bert -> Carl

Alan -> Bert -> Carmen

Alan -> Bob -> Cecil

Alan -> Bob -> Cecil -> Dave
Alan -> Bob -> Cecil -> Den
(8 rows)

W W NN R PO

B HepeRypCUBHOI YaCTy BHIOGMPAETCST HAyaIo Mepapxuiu, T. €. YeJIOBEK, He MMelo-
muit pogutens. Ero umst 6ymeT CTOSATh B Havale Kakmoi pogociaoBHoi. Ha mepBoit
UTepalyyM PeKypCUBHOIO MOA3aIIpoca BbIOVPAIOTCS ero AeTH (Te, B KOTOPBIX B ITOJIe
parent HaXOAUTCS 3HAUEHMeE ITOMS person, BLIOpaHHOE HEPEKYPCUBHBIM IO 3aMPO-
coMm). FIx nMmeHa mo6aBsSIOTCS B KOHEI pOIOCIOBHON uepe3 pasmennuTenb ->. Ha
BTOPOI1 UTepaluy BbIOUPAIOTCS NeTy aeTeii U T. I. Eciu meTeit He HaiimeHo, BBITION-
HeHMe OCTaHaB/JIMBaeTcs. 3HaueHMe B noJie level (YpoBeHb) yBenMuMBaeTcs Ha 1 Ha
KaKIO0i UTeparym, YTo6bl MOKHO ObIIO TIOKa3aTh HOMEP UTEePAIM B Pe3y/abTaTax.
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IIpyt BBIMOMHEHNUY TAKUX MepapXUUIeCcKuX 3alIpOCOB MOKET BOSHMKHYTh IIPo0/Ie-
Ma. Ec/iu B JaHHBIX MMEIOTCS LMKIIbI, TO PEKYPCUBHbII 3aIIpOC, HAMMCAHHbINM, KaK
[IOKAa3aHO BhIIIE, HUKOIZA He OCTAaHOBUTCA. [laBaiiTe, K IIpUMeEPY, MU3MEHUM OIHY
3amuch B Tabauie family:

UPDATE family SET parent = 'Bert' WHERE person = 'Alan';

Terepb B TaHHBIX MMeETCS LIVK/I: AJlaH SBJISIeTCST pe6eHKOM COOCTBEHHOTO pe-
6enka. Eiv cHOBa 3aIyCTUTh 3aMpocC JJIs TOCTPOEHMS POIOCIOBHOI, TO OH OyIeT
KPYTUTBCS B LUKJIE, IOKA B KOHEYHOM MTOTe He 3aBePUINTCS Omm6Koii'. UTo6bI BOC-
ITOJIb30BAThCsI ITUM 3aIpPOCOM, HY)KHO KaK-TO 3aCTaBUTh €r0 OCTaHOBUTbCS. ISt
9TOT0 MOXHO ITPOBEPSITh, ObLI JIM YeJIOBEK, 00pabaThIiBaeMblii PEKYPCUBHBIM MO -
3aIIpOCOM, y3Ke BKJTIOUEH B POIOCIOBHYIO:

car_portal=> WITH RECURSIVE genealogy (bloodline, person, level, processed)
AS
(
SELECT person, person, 0, ARRAY[person] FROM family WHERE person = 'Alan’
UNION ALL
SELECT g.bloodline || ' -> ' || f.person, f.person, g.level + 1,
processed || f.person
FROM family f, genealogy g
WHERE f.parent = g.person AND NOT f.person = ANY(processed)
)
SELECT bloodline, level FROM genealogy;
bloodline | level

|
Alan -> Bert |
Alan -> Bob |
Alan -> Bert -> Carl |
Alan -> Bert -> Carmen |
Alan -> Bob -> Cecil |
Alan -> Bob -> Cecil -> Dave |
Alan -> Bob -> Cecil -> Den |
(8 rows)

W W NN P PO

Pe3ynbTaT moydymsicsl Tako¥ sKe, Kak B IpenbiayiieM nmpumepe. ITone processed
ucronb3yercs B CTE, HO He BbIOMpaeTCs B INIaBHOM 3ampoce. Ha camMoM feie B HeM
XPaHSTCS Te XKe TaHHbIe, UTO B 1ojie bloodline, HO B Tako¥ (opme, UTOOBI X OBIIO
yIO0OHO MCIOMb30BaTh BO (hpase WHERE. Ha Kaskmoit mTepaiuy B MacCuB T0OaBISIeTCS
MM TOJIBKO UTO 06paboTaHHOrO uejoBeka. KpoMe Toro, B yeioBum WHERE B pekyp-
CMBHOM ITO/I3aITPOCe TOTIOTHUTEIBHO ITPOBEPSIETCST, YTO 06PabaTHIBAE MBIl YETOBEK
OTCYTCTBYET B MacCuBe processed.

' Ha camoM [ese 3armpoc cpasy ke 3aBepIIMTCS, IOTOMY YTO HePeKypCUBHAs YacTh BO3-

BpalllaeT MycToe MHOXKECTBO, & 3HAUUT, PEKYPCUBHAsK HEe BBITTOMHSIETCS. UTOObI 3a1[MKIUTD
3aIpoc, Hy;KHO M3MEHUTH YCIOBYe 0TO0pa B HEPEKYPCUMBHOI YacTy Ha person = 'Alan’. —
Ilpum. nepes.
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Ha pekypcuBHBIE 3aIpOChl HaKJIaJbIBAIOTCSI KOoe-Kakue orpaHuveHus. Hampu-
Mep, B PEKYPCMUBHOIi YaCTV He O/DKHO GbITh arperMpoBaHiusl, a Ha UMST PEKYPCUB-
HOTO 3arpoca paspeniaeTcst CChbIaThCS TOTbKO B PEKYPCUBHOI YaCTH.

M3meHeHHe AaHHbIX Cpa3y B HECKONbKMX Tabnunuax

Eme ogHo mosie3Hoe mpumeHeHue CTE - BbIMMoOMHeHME Cpa3y HECKOAbKMUX KO-
MaHJ M3MeHeHMsT JaHHbBIX. [IJi1 9TOro HY>KHO BKJIIOUMTh KOMaHIbl INSERT, UPDATE
u DELETE B CTE. Pe3ynbTaTshl 3TMX KOMaH[, MOXHO nepenats nocienyomyum CTE
MM TJTAaBHOMY 3aI1pocy, ecyin 106aBuUTh Gpa3y RETURNING. Kak 1 B ciyyae KoMaH[,
SELECT, KOJIMYECTBO OOIIMX TAOGIMUHBIX BbIPAsKeHMI, MU3SMEHSIONUX TaHHbIE, He
OrpaHMYEHO.

Homyctum, TpebyeTcst 06aBUTh B 6a3y JaHHBIX HOBbI aBTOMOOMIIb, HO COOTBET-
CTBYIOIIEl Momenyu HeT B Tabmuiie car_model. Torma HY>KHO T06aBUTb HOBYIO 3aITMCh
B car_model, B3SITh MAEHTUOUKATOP ITOI 3aIIMCHU U BCTABUTD ITOT UIAEHTU(DUKATOD
B 3aITMCh, 1OOABJIIEMYIO B TAOIUITY car:

car_portal=> INSERT INTO car_portal_app.car_model (make, model) VALUES
('"Ford', 'Mustang') RETURNING car_model_id;
car_model_id

(1 row)
INSERT 0 1

car_portal=> INSERT INTO car_portal_app.car (number_of_owners,
registration_number, manufacture_year, number_of_doors, car_model_id,
mileage)

VALUES (1, 'GTR1231', 2014, 4, 100, 10423);

INSERT 0 1

Ho mHOrIa HeymoOHO BBITIOMHATD JIBe KOMAaHIbI U Te-TO COXPAHSITh MPOMEXY-
TOUHBIN UAeHTUGUKATOP. WITH-3aIIpoC MO3BOJISIET BHECTM M3MeHeHMsI B 00e Tabmu-
IbI 32 OJIHY OTIePaINIO:

car_portal=# WITH car_model_insert AS

(
INSERT INTO car_portal_app.car_model (make, model) VALUES ('Ford','Mustang')
RETURNING car_model_1id

)

INSERT INTO car_portal_app.car

(number_of_owners, registration_number, manufacture_year,
number_of_doors, car_model_id, mileage)

SELECT 1, 'GTR1231', 2014, 4, car_model_1id, 10423 FROM car_model_insert;
INSERT 0 1

Kak yxe 6b110 ckasaHo, CTE, uaMeHsIoOIMe OaHHbIe, BBITOJHSIIOTCS BCErma —
He BakKHO, YIIOMMHAIOTCSI OHM B [JIABHOM 3armpoce uin HeT. OMHAKO MOPSAOK MX
BBINIOJTHEH VST He ompeneied. Ho Ha HEero MOKHO ITOBJIMSTH, €Ciu caeaaTh oqHo CTE
3aBUCSIINM OT JPYroro.
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Yo, ecmu HeckoabKO CTE M3MEHSIIOT OTHY U TY Ke TabIUILy WM OFHO VCIIOJb-
3yeT pe3y/ibTaThl APYyroro? ViMmeeTcss HECKOIBKO MPUHLMIIOB U3O0ISILMM U B3aMMO-
necTBUS.

O [Insa rmogkoMaHp,:

— BCe MOJKOMaH/IbI pabOTAIOT C TEMMU JAHHBIMY, KOTOPbIE CYIECTBOBAIM Ha
MOMEHT HauaJjia Bcero WITH-3ampoca;

— OHM He BUJST pe3y/IbTaToB ApyT apyra. Hanpumep, mogkomaHzga DELETE He
MOXeT yIaJIUTh CTPOKY, BCTABJIEHHYIO KaKOli-TO MTOAKOMAaHA OV INSERT;

— eIVHCTBEHHbIN CI1ocob mepenaTh MHGOPMaINio 06 06paboTaHHbIX 3amy-
csix u3 ogHoro CTE B gpyroe — BoCIionb30BaThCst ppazoit RETURNING.

O [Ing TpUTTEpOB, OTIpele/IeHHbIX HAJ, M3MeHSIeMbIMY TaOMUIIaMMU:

— nns tpurrepoB BEFORE. Tpurrepsl ypoBHSI KOMaH bl BBITIOTHSIIOTCSI CPasy
I10CJIe BBITIOJIHEHMS BCeX MMOAKOMaHI. Tpurrepol YypoBHS CTPOKY BBITIOIHS -
I0TCSI HEIIOCPEe[CTBEHHO Iepes M3MeHeHMeM KaXI0ii 3ammucu. JTO O3Ha-
YaeT, YTO TPUTTEP YPOBHS CTPOKM IJISI OOHONM MOJKOMAHIbI MOKET ObITh
BBITIOJTHEH paHbllle TPUITepa YPOBHSI KOMaH/bI IJIST APYTOV TOAKOMAaHIBbI,
JaXke eCIy U3MEHSIEeTCSI O[THA U Ta ke Tabnnia;

— nns tpurrepoB AFTER. Tpurrepsl ypoBHSI KOMaHIbI ¥ YPOBHSI CTPOKU BbI-
TIOJTHSIIOTCS ITocuie Bcero WITH-3ampoca. OHM BBITIOMHSIIOTCS TPyHIIaMy AJ1s1
KaKI O TOAKOMAH/IbIl: CHavyaaa TPUTTEPBI YPOBHS CTPOKU, TIOTOM YPOBHS
KOMaHJbl. ITO O3HaYaeT, YTO TPUITEP YPOBHSI KOMaHbI 151 OLHOM MOZ -
KOMAaH/IbI MOKET ObITh BBITIOJTHEH paHbllle TPUTTePa YPOBHSI CTPOKU ST
JIPYTOi IOAKOMAaH/BI, aske eCIV M3MEHSIeTCS O HA U Ta JKe Tabauia;

— KOMaH[bl BHYTPU KOJA TPUITEPOB BUISAT M3MeHEHMUSI JaHHbIX, TPOM3Be-
JleHHbIe IPYTUMMMU ITIOLKOMaHIaMMU.

O [Ing orpaHuueHuit, omIpeie/IeHHbIX HaJ, U3MeHsIeMbIMM TabIUIaMU B TIpef -

IIOJIOKEHNM, UTO B HUX OTCYTCTBYeT CJI0BO DEFERRED:

— orpaHuueHust PRIMARY KEY 1 UNIQUE mpOBEPSIFOTCS AJ151 KKIO0M 3aIUCU B MO-
MEHT BCTaBKY WM 0OGHOBJIeHMSI. [IpY 9TOM YUUTHIBAIOTCSI MU3MEHEHMUSI, TTPO-
M3BeJeHHbIEe JPYTMMY TOIKOMaHaAMU;

— orpaHuueHust CHECK TSI KaKIOM 3anucu 4151 afMUHUCTPATOPOB B MOMEHT
BCTaBKM MM 06HOBIIeHUS. [Ipy 5TOM M3MeHeHMS, TPOU3BeIeHHbIE IPYTU-
MM IIOIKOMAaHIaMU, He YIYUTBIBAIOTCS;

— orpaHuueHus FOREIGN KEY NTpOBePSIIOTCS B KOHLLE BBITIOTHEHUS Bcero WITH-
3ampoca.

[TpuBenem MpoCTOil MpUMep 3aBUCUMOCTHU U B3aumogeiicteus mexxny CTE:

car_portal=> CREATE TABLE t (f int UNIQUE);
CREATE TABLE

car_portal=> INSERT INTO t VALUES (1);
INSERT 0 1

car_portal=> WITH del_query AS (DELETE FROM t) INSERT INTO t VALUES (1);
ERROR: duplicate key value violates unique constraint "t_f_key"
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[TocnemHmii 3arpoc 3aBepUIMIICS HEYAAYHO, TOTOMY 4TO PostgreSQL nomnbITanach
BBITIOJIHUTD [MIaBHBIN 3arpoc paHblie CTE. Ecin co3naTh 3aBUCUMOCTD, KOTOPast 3a-
cTaBUT cHavasa BeImoaHuTh CTE, TO cTapas 3amnuch OymeT yhajaeHa, a HOBast BCTaB-
neHa. Torma orpaHnyeHue He 6ymeT HapyIIeHO.
car_portal=> WITH del_query AS (DELETE FROM t RETURNING f)

INSERT INTO t SELECT 1 WHERE (SELECT count(*) FROM del_query) IS NOT NULL;
INSERT 0 1

B aTtoMm Kofe ycnoBye WHERE B ITTaBHOM 3aIIpoce He MMeeT IPAaKTUYeCKOro 3Have-
HMS, [IOTOMY YTO Pe3yabTaT count HUKOrAa He paBeH NULL. OgHako Koib ckopo CTE
YIIOMMHAETCSI B 3aIIpOCe, OHO BBITIOHSIETCS paHbllie INIaBHOTO 3aIpoca.

OKOHHbIE dYHKLIMK

[MomMuMoO TpyIIIMPOBKYU U arperupoBanus, PostgreSQL mpeaJiaraeT elle OAMH CII0C06
BBIUMC/IEHMI, 3aTPAarMBaOIMX HECKOJIbKO 3aIiceil, — OKOHHbIe (PYHKIMN. B cy-
Yyae rpyNnnMpoOBKU U arperMpoBaHMs BIBOAUTCSI OAHA 3aMUCh JIJIS1 KaXKAO0M TPYMIIbI
BXOJIHBIX 3ammceii. OKOHHbIe (QYHKLMM [IeJIal0T HEUTO MOXOKee, HO BBITTOIHSIIOTCS
JIJIST KasKIOM 3amiMCH, @ KOJIMYeCTBO 3aIliceil Ha BXO/le M Ha BhIXOJEe OIMHAKOBO.

GROUP BY OKOHHble yHKLUU
[aHHble Pesynetupytowmin [aHHble PesynbTupytowmin
Tabnunupl Habop Tabnunubl Habop

GROUP BY v oKOHHble GyHKLMK

Ha 3TOM puCyHKe MpSIMOYTOJbHMKAMM IIPeICTaBIeHbl 3alMcu Tabmuibl. bymem
CUMTATh, UTO ILIBET IPSIMOYTOJbHMKA 0OO03HAUaeT 3HAUeHMe II0Jis, II0 KOTOPOMY
MIPOU3BOANUTCS IPYNIMPOBKA 3amuceit. IIpy ucrnonb3oBaHmu GROUP BY I/IsT KaXKIOTO
HOBOIO 3HAUEHMSI CO3[aeTcsl IPYIIa, KOTOPOi COOTBETCTBYET OfHA 3alliCh B pe-
3ysbrare 3ampoca. Mbl 0ObSICHSIIM 3TO B 1aBe 5. OKOHHbIE PYHKIMM AAIOT JOCTYIT
KO BCEM 3aIIMCsIM IPYIIIIBLI (KOTOpast B 3TOM C/Iy4yae Ha3bIBAeTCS Pa3ieioM), a KO-
YeCTBO 3aIlyceii Ha BBIXO/Ie TaKoe Ke, Kak Ha Bxoge. IIpy MCIoab30BaHUy OKOHHbIX
(YHKLMI IPyIIIMPOBKa He 06s13aTe/IbHA, XOTS ¥ BO3MOKHA.

OxkoHHbIe QYHKIMM BBIUUCISIOTCS ITOCIEe TPYIIMPOBKM UM arpernpoBaHus. I1o-
3TOMY B 3ampoce SELECT OHM MOTYT HaXOIMUThCSI TOJIBKO B CITVCKe BBIGOPKM 1 BO (ppa-
3e ORDER BY.
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Onpe.u.enel-me OKHa
CUHTAKCHUC OKOHHBIX QYHKIIMIT BBITJISIAUT TaK:

<function_name> (<function_arguments>)
OVER(
[PARTITION BY <expression_list>]
[ORDER BY <order_by_list>]
[{ROWS | RANGE} <frame_start> |
{ROWS | RANGE} BETWEEN <frame_start> AND <frame_end>])

KoHcTpyKLMSI B CKOOKax mocie cioBa OVER Ha3bIBaeTCs OIpede/ieHMeM OKHA.
ITocnenHsisi ero 4acTh, HAUMHAKIIASICS CJIOBOM ROWS, Ha3bIBaeTCs ompeaeaeHueM
dpeitma. CuHTaKCHUC yacTeii frame_start u frame_end GyzeT omycaH mo3sKe.

Boob6i11ie roBOpSI, OKOHHbIE (PYHKIIVM ITOXOXKM Ha arperaTHbie. OHM 06pabaThIBAIOT
HabopBI 3amyceii. ITU HABOPBI CTPOSITCS OTOENbHO IJIS1 Kaskaoii o6pabaThiBaeMoit
3amucu. [I0TOMy-TO OKOHHbIe (QYHKIIMY, B OT/IMUME OT arperaTHbIX, BBIUMCISIOTCS
ILJIST KasKIoli cTpoku. Habop 3armceit, 06pabaTbiBaeMbIX OKOHHOI (PyHKIIMEI, CTPO-
UTCS CJIeAYIOMM 06pa3oM.

BrHauase ob6pabaTtbiBaetcst pasa PARTITION BY. OTOMPAIOTCST BCe 3aIIUCH, JIJIST KO-
TOPBIX BBIPAKEHMSI, ITIepeunCieHHbIe B CIIMCKe expression_list, MMeIOT Takue ke
3HaueHMsl, KaKk B TEKYIIEl 3aMmucu. ITO MHOXECTBO CTPOK Ha3bIBaeTCS pasaesioM
(partition). TekyImasi CTpoKa Takske BKJIIOYAETCS B paszesn. B obmem-To, ppasa PAR-
TITION BY IOTMUYECKM U CMHTAKCUUECKY MIeHTUYHa dpase GROUP BY, TOJIBKO B Heli 3a-
MIPeIaeTCs: CChIAThCS HAa BBIXOIHbBIE CTOMIOIIBI 10 MMeHaM MU TI0 HOMepaM.

VHBIMU CJIOBaMU, TIpU 06pabOTKe KaskAoil 3amMCcy OKOHHAS (PYHKIMS MpocMart-
pMBaeT BCe OCTaJIbHBIE 3aITVCH, UYTOOBI TTOHSITh, KAKME 13 HUX TIOTIaIal0T B OIMH pas-
nen ¢ Tekyuieii. Ecim pasa PARTITION BY OTCYTCTBYET, TO Ha JAaHHOM IIare CO31aeTcst
OIIMH pasmesl, CoaepsKaliuii Bce 3aIucHu.

Ilanee pasmesl COPTUPYETCSI B COOTBETCTBMM € (ppa30oii ORDER BY, TIOTMYECKM U CUH-
TaKCHMYEeCKM UIEHTUYHOI TOi ke ¢pase B KomaH e SELECT. M cHOBa CChUIKM Ha BbI-
XOIHbIE CTOJIOIIBI IT0 MMEHaM MJIM IT0 HOMepaMm He gomyckaioTest. Eciu ppasa ORDER
BY oITyIleHa, TO CUUTAETCS, UTO TO3UITUS KasKIOi1 3aMiCcy MHOKECTBA OAMHAKOBA.

Hakone1, o6pabaTtsiBaeTcs onpezeneHue gppeiima’. 3To 03HaUaeT, uTO Mbl 6epem
MTOMHOXKECTBO paszesia, KOTopoe CaeAyeT IepeaaTb OKOHHOM GyHKuyu. OHO U Ha-
3bIBaeTCsI OKOHHBIM (hpeiimom. YV dpeiiMa ecTb Hauasio 1 KoHell. Hauasno ¢peiima,
KOTOpOe B CMHTAKCMUYECKOl AuarpamMmMe Ha3BaHO frame_start, MOKeT IPUHMUMATh
cenyionyie 3SHaUeHUS :

O UNBOUNDED PRECEDING: camas repBasi 3aIlMCh pasena;

O <N> PRECEDING: 3aImuCh, IpeAIIeCTBYIONAS TEKYIIEl B YITIOPSIAOYEHHOM pa3ie-

JIe VI OTCTOSIIIIAsl OT Hee Ha N 3amuceii. 3mech <N> — IeJIoUNCIeHHOe BhIpaskeHue,

31ech CJI0BO «ppeiiM» yIoTpebIisieTcst B TOM Xe cMbicie, uTo Ter <FRAME> B s13pike HTML,
¥ 0603HAYaeT CeKINIO OKHA (eCu ciefoBaTh MeTadope husnueckoro okHa, pasmeieHHO-
IO JlepeBSHHBIMY WJIM METa/UIM4eCKVMY 57ieMeHTaMM Ha IIPSIMOYTO/IbHbIe ceKumn). YTo-
6bI He TUIOAUTH CYIIHOCTHU, YIIOTPeOIISIeTCS TOT JKe TIepeBof,. — [Ipum. nepes.
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KOTOpOE He MOKET ObITh OTPUIIATEIbHBIM M HE MOXKET COIePsKaTh arperaTHbIe
WU ApyTVie OKOHHbIe MYyHKIMK. O PRECEDING yKa3bIBaeT Ha TEKYIIYIO 3aIMCh;
O CURRENT ROW: TeKyIiasi CTpOKa;
O <N> FOLLOWING: 3amuch, CclaeAyrolias 3a TeKylleil B yIIOpsSAOUeHHOM pasfesie
U OTCTOSIIAsI OT Hee Ha N 3amuceri.

Konerr ¢peiima, frame_end, MOKeT IPMHUMATD CeAYIOIIe 3HAUEHMSI :

Q  <N> PRECEDING;

Q  CURRENT ROW;

Q  <N> FOLLOWING;

Q UNBOUNDED FOLLOWING: rmoc/iegHsISI 3aMMCh pasmaerna.

Hayasno mo/mKkHO TipeaiiecTBoBaTh KOHILy. [ToaTomy crenmdukaiys ROWS BETWEEN
CURRENT ROW AND 1 PRECEDING HEKOppEeKTHa.

OKOHHBIN (peitM MOXKHO OTIpeneauTb B peskume ROWS iy RANGE. Pexxum BusieT
Ha ceMaHTUKY CURRENT ROW. B peskume ROWS CURRENT ROW yKa3bIBaeT Ha CaMy TEKYIILYIO
3amnch, a B peXkrme RANGE — Ha epBYI0 UK TTOCIeAHIOI0 3aIICh C TAKOW >Ke TTO3UIU-
eif, 4TO y TeKyIleit, B CMbIC/ie COPTUPOBKHU, 3aIaHHOI ¢pa30oit ORDER BY.

B peskume RANGE B orpenesieHuu dpeiiMa MOXHO MCITO/JIb30BaTh BapMaHThI UN-
BOUNDED ... vy CURRENT ROW, HO He <N> PRECEDING.

Ecnu yacTh frame_end omyiiieHa, ipenmonaraetcst CURRENT ROW.

Ecnu omyuieHo Bce ompefneneHue (peiiMa, TO mpenrosnaraeTcs omnpeneeHue
RANGE UNBOUNDED PRECEDING.

OVER (PARTITION BY a ORDER BY b ROWS BETWEEN UNBOUNDED PRECEDING AND 5 FOLLOWING)

OHO 03HAYaeT, UTo JJIsI KaskA0il CTPOKM paszen 06pasyioT Bce 3aMycy ¢ OMHa-
KOBBIM 3HAueHMEM B IIOJIe a. 3aTeM pases COPTUPYETCST B TIOPSIKE BO3paCTaHMS
oJist b, a ppeitM comepsKUT BCe 3aIMCH OT ITePBOIA IO MSITOI MOC/Ie TEKYIIEl CTPOKIA.

®pasza WINDOW

OmnpepeneHust OKOH MOTYT ObITb TOBOJIBHO JJMHHBIMMU, U YaCTO UCIIONb30BATh UX
B CITMCKE BbIGOPKY Heymo6Ho. PostgreSQL mpe/iaraeT criocob onpenensiTh U MMe-
HOBaTh OKHA, KOTOPbIe 3aTeM UCIIOIb3YIOTCS BO pase OVER OKOHHO QyHKUMHU. ITO
JenaeTcst ¢ oMolbio pasbl WINDOW KoMaHIbl SELECT, KOTOpasi MOKET HaXOAUTHCS
nocsie ¢ppassl HAVING, HamrpuMep:
SELECT count() OVER w, sum(b) OVER w,

avg(b) OVER (w ORDER BY c ROWS BETWEEN 1 PRECEDING AND 1 FOLLOWING)

FROM tablel
WINDOW w AS (PARTITION BY a)

OrnpeneneHHOe TaKMM 06pa30M OKHO MOYKHO MCITO/Tb30BaTh KakK ecTh. B mpumepe
BbIllle QYHKIMM count M sum Tak ¥ aenaiT. Ho ero MokKHO ¥ YTOYHUTD, KaK CoelaHo
B pyHKIMM avg. CUHTaKCMUYECKM PasHUIIA COCTOUT B CIEIYIONIEM: UTOObI TTIOBTOPHO
JICIIO/Ib30BAaTh OIIpeie/IeHe OKHA, MIMsI STOT'0 OKHA C/IelyeT YKa3aTh IT0CjIe KII0UeBO-
ro cj10Ba OVER 6e3 cKOGOK. Ec/ii ske MbI XOTMM PacIIMpUTh ONpeeieHye okHa hpas3oit
ORDER BY myu ompenesnieHeM (peiima, To MMsI OKHa CIeIyeT yKa3aTh BHYTPU CKOGOK.
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Ecnu oHO U TO Xe oIlpefiesieHNe OKHA MCIIONb3yeTCsl HeCKOIbKO pas, To Post-
greSQL onTMMM3UPYET BBITIOJIHEHME 3aIpoca: CTPOUT pa3zesbl TOJIbKO OAVH pas3
U VICIIONb3YeT Pe3ynbTaThl IOBTOPHO.

Mcnonb3oBaHue OKOHHbIX (PYHKLMMA

Bce arperatHble GpyHKIVM, B T. U. OTIpeleJIeHHbIE [T0JIb30BaTeIeM, MOKHO MCIIOTb-
30BaTh KaK OKOHHBIE, 38 VICK/TIOUEHMEM arperaTtoB I10 YIIOPSIOUYEeHHbIM Habopam
¥ T10 TUIIOTeTHYeCKMM HabopaM. Ha To, 4To GYHKLMS BBICTYIIA€T B POJI OKOHHOIA,
yKasbIBaeT Hajmuye ¢ppasbl OVER.

Ecu arperatHast GyHKLMST MCIIOAb3YETCS B KAUECTBE OKOHHOM, TO OHAa arperu-
pYyeT CTpOKM, IIpMHAIJIeXalie OKOHHOMY (peiiMy TekyIei cTpoku. Yaie Bcero
OKOHHBbIE (I)YHKLU/II/[ HpI/IMEHH}OTCH AOJIs1 BbIUMCIIEHUST paB]I]/[‘{HbIX CTAaTUCTUUECKUX
rokasaTesieii. B 6a3e maHHbBIX [OJIS cajiTa TOProBIM aBTOMOOM/ISIMU €CTh Tabauiia
advertisement, comepsKkaiiast MHPOPMAIMIO O PEKIaMHbIX 06bSBIEHUIX, CO3TaHHbIX
mojib30BaTe/siMu. IycTb TpeGyeTcst MpoaHaIM3MPOBaTh, CKOIBKO 0ObSIBIIEHMI CO3-
IaHO 3a repuop. Takoit OTUET reHepUPYEeTCs CAeAyIOIINM 3alIPOCOM:

car_portal=> WITH monthly data AS (
SELECT date_trunc('month', advertisement_date) AS month, count(*) as cnt
FROM car_portal_app.advertisement
GROUP BY date_trunc('month', advertisement_date)
)
SELECT to_char(month,'YYYY-MM') as month, cnt,
sum(cnt) OVER (w ORDER BY month) AS cnt_year,
round(avg(cnt) OVER (ORDER BY month ROWS BETWEEN 2 PRECEDING AND 2 FOLLOWING), 1)
AS mov_avg,
round(cnt / sum(cnt) OVER w * 100,1) AS ratio_year
FROM monthly_data WINDOW w AS (PARTITION BY date_trunc('year',month));
month | cnt | cnt_year | mov_avg | ratio_year

I

--------- T e s BT TP
2014-01 | 42 | 42|  40.3 | 5.8
2014-02 | 49 | 91 |  44.5 | 6.7
2014-03 | 30 | 121 ]  56.8 | 4.1
2014-04 | 57 | 178 | 69.0 | 7.8
2014-05 | 106 | 284 | 73.0 | 14.6
2014-06 | 103 | 387 | 81.0 | 14.2
2014-07 | 69 | 456 | 86.0 | 9.5
2014-08 | 70 | 526 | 74.0 | 9.6
2014-09 | 82 | 608 |  60.6 | 11.3
2014-10 | 46 | 654 |  54.2 | 6.3
2014-11 | 36 | 690 | 49.8 | 5.0
2014-12 | 37 | 727 35.2 | 5.1
2015-01 | 48 | 48 | 32.5 | 84.2
2015-02 | 9 | 571 31.3 | 15.8
(14 rows)

Bo ¢dpase WITH maHHbIE arpernpyroTcs o MecsiiaM. B riiaBHOM 3ampoce ornpee-
JIIeTCST OKHO w, TIpeZiTioaraiiee pasbyuenne 1Mo rogaM. ITO 03HavyaeT, uTo JTodast
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OKOHHasl GYHKITMS, paboTaromiast C OKHOM w, O6yIeT BUIETh 3aIIMCH 3a TOT JKe O/, UTO
M TeKyIas 3armch.

[TepBast okOHHAS (QYHKIINSI, sum, TIOb3YeTCSI OKHOM W. [TOCKOJIbKY TIPUCYTCTBYET
(pasa ORDER BY, y Kak[I0ii 3aIIMCH €CThb ONIpefie/ieHHas o3uLus B pasgesne. Onpene-
JieHue (peiima omyieHo, TO3TOMY peArionaraeTcst peiim RANGE BETWEEN UNBOUNDED
PRECEDING AND CURRENT ROW. CrieoBaTesbHO, PYHKIINS BBIUMC/ISIET CYMMY 3HaUeHUI 110
BCEM 3aIMCSIM, HauMHasl C Hauasia rofia U 10 TeKyIIero Mecsiiia BKIIOUMUTENbHO, T. €.
HaKOIUTEIbHbI UTOT 3a TO[I,.

Btopast GyHKUMS, avg, OJISI KaXKIO¥ 3aIliCU BBIUMCISIET CKOJIb3SIIee cpelHee
0 TISITY 3aIMCSIM — JIBe TIpeIiecTBYIOIIMe, TeKyIlast U JBe rmocienywline. PaHee
orpefieJleHHOe OKHO He MCIOJb3yeTcsl, TOTOMY UTO IIPY BBIYMCIEHUM CKOJIb3SIIEeTo
CpefHero roji He IPMHMMAETCS BO BHMMaHMe, BaykeH TOIbKO TTOPSIIOK 3aryceit.

TpeTbst oKOHHasT QYHKIMS, sum, TIOb3YeTCSI TEM K€ OKHOM w. BbiuncieHHas e
CyMMa 3HaueHMit 3a roj SIBJsSIeTCS] 3HaMeHaTeleM B BbIpakeHMM, KOTOpOe [aeT
BKJIaJ] TEKYILETO MeCsIla B CYMMY.

CylilecTBYeT psiJi OKOHHBIX (DYHKIINIA, He SIBJISTIOIINXCS arperaTHbIMMU. OHM CTysKaT
IIJISI TIOSTyYeHMsI 3HaUeHM I IPYTUX 3aTlicelt B pasjesie, sl BBIUMCIEHWS paHTa TeKy-
11ei 3aMmcy OTHOCUTETbHO OCTJIbHBIX U JIJIsI TeHepaliii HOMepOB CTPOK.

Vi3MeHMM TIpembIayIIuii OTUeT, OyIeM CUMUTaTh, YTO TPeOyeTCs BBIUMCIUTH JBE
PasHOCTU: MEXKIY KOJTMYECTBOM OOBSIBIEHMII B TEKYIIEM MeCSIle U MpembiayIemM
Mecsilie TOTO JKe ToJla U B TOM Ke Mecsilie IIPOLIOro rofia, a Takke paHT TeKyIero
Mecs1a. BoT Kak BBITISIIUT TaKoil 3a1Ipoc:

car_portal=> WITH monthly_data AS (
SELECT date_trunc('month', advertisement_date) AS month, count(*) as cnt
FROM car_portal_app.advertisement
GROUP BY date_trunc('month', advertisement_date)
)
SELECT to_char(month,'YYYY-MM') as month, cnt,
cnt - lag(cnt) OVER (ORDER BY month) as prev_nm,
cnt - lag(cnt, 12) OVER (ORDER BY month) as prev_y,
rank() OVER (w ORDER BY cnt DESC) as rank
FROM monthly_data
WINDOW w AS (PARTITION BY date_trunc('year',month))
ORDER BY month DESC;
month | cnt | prev_m

|
--------- T e Tl TR
2015-02 | 9| -39 | -40 | 2
2015-01 | 48 | 11 | 61 1
2014-12 | 37 | 1] | 10
2014-11 | 36 |  -10 | | 11
2014-10 | 46 |  -36 | | 8
2014-09 | 82 | 12 | | 3
2014-08 | 70 | 1| | 4
2014-07 | 69 |  -34 | | 5
2014-06 | 103 | 3 | 2
2014-05 | 106 | 49 | | 1
2014-04 | 57 | 27 | | 6
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2014-03 | 30 |  -19 | | 12
2014-02 | 49 | 7| |7
2014-01 | 42 | | | 9
(14 rows)

@OyHKUMA lag BO3BpaljaeT 3HaUeHe YKa3aHHOTO BbIPaKeHMS IS 3aIIUCH, OTCTO-
sS1el Ha 3aJaHHOe YMCII0 3amuceli (1o ymonyanuio 1) Ha3an, ot Tekyieit. [Tpu nep-
BOM BbI30Be 3Ta (PyHKIMSI BO3BpaIllaeT 3HAUeHMe TTOJST cnt U3 TIpeAbIAyIeii 3amm-
CH, T. €. KOJIMUECTBO OOBSIBJIEHUI B MIpenpiayiieM Mecsiie. Kak Buaum, B GeBpase
2015 roga orry61MKOBaHO 9 00bsIBIEHMIT — HA 39 MeHblie, ueM B sitHBape 2015-ro.

[Tpu BTOpOM BBI30OBE lag BO3BpalllaeT 3HaAUeHMe cnt IJIST 3aMMCU, OTCTOSIIEN Ha
12 3ammceit, T. e. Ha TOJ Ha3aj OT Hpeabiayieii. Ynwio o6bsBiIeHMIT B deBpase
2015 roma Ha 42 meHbIle, yeM B (peBpase 2014-ro.

@yHKLIMS rank BO3BpalllaeT paHI TeKyIlleil CTPOKM BHYTpM paspena. meercs
B BUZy PAHT C IPOMEXYTKaMMU, T. €. B C/Tydae, KOr/ia Be 3anuCy 3aHUMAaIOT OAMHAKO-
BYIO MIO3UIINIO B TTOPSIAKe, 3aJaHHOM (pa30oii ORDER BY, o6e MMOTy4yaloT OOMHAKOBBIN
paHr, a cemyIoIas IoayJaeT PaHT Ha ABe eqMHUIILI 60sbIie. To ecTh y HaC OymeT aBe
TiepBble 3aIUCU U OHA TPEThSI.

[Tepeuncium apyrue OKOHHbIE GYHKIVNA:

O lead: anasiornuHa lag, HO BO3BpalljaeT 3HaueHMe BbIpasKeHUsI, BbIUMCIeHHOe
IIJIST 3aMMCH, OTCTOSIIIEN OT TeKyllell Ha ykasaHHOe KOJIMYeCTBO 3amuceit
BIIepen;

O first_value, last_value, nth_value: BO3BpalalOT 3HAYE€HUSI BbIpaKeHMUS,
BBIUMC/IEHHbIE COOTBETCTBEHHO [Jis IepBOJ, MOCaeAHel U n-i 3anmucu
dpeiima;
row_number: BO3BpaljaeT HOMep TeKylei CTpOKU B pa3zere;
dense_rank: BO3BpalllaeT paHT TeKyIIei CTPOKM 6e3 MPOMEKYTKOB (TIOTHBIN
paHr);

QO percent_rank 1 cume_dist: BO3BpalaeT OTHOCUTEIbHbIN PAHT TEKYIE/ CTPOKM.

Pasumniia Mmexxny GyHKIMSIMMU COCTOUT B TOM, UTO B IT€PBOIi YMCIUTETIEM IPO-
61 SIBJISIETCSI PAHT, @ BO BTOPOJi — HOMEp CTPOKM;

O ntile: mesuT pa3gen Ha 3aJaHHOE KOJIMUECTBO PABHbIX UacTell U BO3BpalliaeT
HOMeD YacTH, B KOTOPYIO MOmasa TeKylas CTpoKa.

[Togpo6HOe ormcanme 3TUX GyHKINMIT CM. Ha cTpaHulle http://www.postgresql.org/

docs/current/static/functions-window.html.

00

OKOHHble PYHKLMK C rpyNnNMPOBKON U arpermpoBaHueM

ITocKoMbKY OKOHHbIE (OYHKIMM BBIUMUC/SIIOTCS IIOCTE I'PYIIIMPOBKM, arperaTHbie
(YHKUIMY MOTYT ObITH apTyMeHTaMIM OKOHHBIX, HO He Ha060poT. Kop sum(count(*))
OVER() mpaBujieH, Kak U KOJ, sum(a) OVER(ORDER BY count(*)). OmHaKko Kof, sum(count(*)
OVER()) HEZOTTYCTUM.

Hampumep, uTO6GbI BBIUMCIUTD PAHTM YUETHBIX 3amMCcell MPOAABILIOB IO UMCITY
JaHHBIX UMM OOBSIBJIEHMI, MOSKHO BBIITOJIHUTb TAKO¥ 3aIIpoC:


http://www.postgresql.org/docs/current/static/functions-window.html
http://www.postgresql.org/docs/current/static/functions-window.html
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car_portal=> SELECT seller_account_id, dense_rank() OVER(ORDER BY count(*) DESC)
FROM car_portal_app.advertisement

GROUP BY seller_account_id;

seller_account_id | dense_rank

MPopBuHYTHIE METOABI PABOTbI C SOQL

B aTOM pasmesne Mbl pacCCMOTPUM CIeAyIONIie MeTombl paboTsl ¢ SQL:

(pasza DISTINCT ON, TO3BOJISIONIAS] HAXOOUTD ITePBbIe 3aIMCH B IPYIITAX;
M3BJIeUeHle BbIOOPOUHBIX JAHHBIX 13 OOJbILON TAOIUIIbI;

(byHKIIMM, BO3Bpallaiolye MHOKECTBA;

JaTepayibHble COeIVMHEH NS, TTO3BOJISIIONIME CChIIAThCSI M3 OAHOTO Mo3arpoca
Ha JIpyTOii;

CrienyaybHble METOIbI TPYIIIVPOBKM, TIOJIe3HbIE 1JISI TeHepaIuy OTUETOB;
crienyaibHble arperaTHbie QYHKIIUA.

0 0000

Bbi6bopka nepBbiX 3anucei

YacTo 6pIBaeT HEOOXOLMMO HAMTH IePBbIe 3aIMCH OTHOCUTEIBHO KAKOr0-TO KPU-
Tepust. [IOIyCTMM, K IIPUMEPY, UYTO B 6a3e JaHHbIX car_portal HY;KHO HaiiTu IepBoe
06bsIB/IEHME IJIS KaXKIOTo uaeHTuduKaTopa car_id B Tabnuiie advertisement.

B sTOM cIyyae HamM MOKET IIOMOYb I'PYIIMPOBKa. [IJIs peann3alym JOIUKIA He-
06X0IMM T03a1pocC:

SELECT advertisement_id, advertisement_date, adv.car_id, seller_account_1id
FROM car_portal_app.advertisement adv
INNER JOIN
(SELECT car_id, min(advertisement_date) min_date
FROM car_portal_app.advertisement
GROUP BY car_id) first
ON adv.car_id=first.car_id AND adv.advertisement_date = first.min_date;

Ho ewmn jormka yropspodeHusl HAaCTOAbKO CJIOKHA, UTO [JIS ee peanmusaliin
(YHKIMY min HEIOCTATOYHO, TO TAKO¥ MTOAX0M, paboTaTh He 6ymeT. I[IpobiemMy MOTYT
pelTh OKOHHbIE QYHKIIMY, HO He BCETrIa OHM YIOOHbI:

SELECT DISTINCT first_value(advertisement_id) OVER w AS advertisement_id,
min(advertisement_date) OVER w AS advertisement_date,
car_1id, first_value(seller_account_id) OVER w AS seller_account_id
FROM car_portal_app.advertisement
WINDOW w AS (PARTITION BY car_id ORDER BY advertisement_date);

3nmech c10BO DISTINCT yhasisieT my6MKaThl, KOTOPBIE TIOMAIN B OJIHY TPYIIITY.
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PostgreSQL mpepiaraeT SIBHBIM CITOCOO BhIOpATh MEPBYIO 3alMCh U3 Kaskmoii
IPYTIIBI — KJT0UeBoe ¢JIOBO DISTINCT ON. CMHTAaKCHMUYECKY 3TO BBITVISIIUT TaK:

SELECT DISTINCT ON (<expression_list>) <Select-List>

ORDER BY <order_by_list>

3mech IS KaKI0V YHUKAIbHOM KOMOMHAIIMM 3HAUEHMIA U3 CIIMCKA BhIpasKeHUI
expression_list komaHzga SELECT BO3BpalllaeT TOJIBKO IEePBYIO 3allMCh. [ onpene-
JIEHUSI TOTO, UTO TaKoe «IepBasi», CTy>KUT (pa3a ORDER BY. Bce BbIipaskeHMsI U3 CITMCKA
expression_list JOJDKHBI IPUCYTCTBOBATD B CIMCKe order_by_list.

K paccmarpuBaeMoii 3aaue 3Ty UI€I0 MOKHO ITPUMEHUTD CIEAYIOIIMM 00pa3soM:
SELECT DISTINCT ON (car_id) advertisement_id, advertisement_date, car_id,
seller_account_1id

FROM car_portal_app.advertisement
ORDER BY car_id, advertisement_date;

ITOT KOJ TOpasio uuiie, Ipolle AJis MOHMMAaHMS ¥ B OGOJIBIIMHCTBE Cy4yaeB
ObIcTpee paboTaer.

UsBneueHue Bbl50p0‘-IHbIX AaHHbIX

Homyctum, uTo 6a3a JaHHbIX car_portal OueHb BejIMKa, a HaM HYsKHO co6paTh CTa-
TUCTUKY 110 XPaHSIIVMCS B Heii JaHHbIM. AGCOTIOTHOM TOYHOCTH He Tpe6yeTcs, 6y-
IeT TOCTaTOUHO U ouleHKM. Ho BaskHO czenaTh 310 6bicTpo. B PostgreSQL nmeercst
crioco6 ompalmBaTh He BCIO TabIMILy, a CTyJaliHyl0 BHIOOPKY U3 Hee:

SELECT ... FROM <table> TABLESAMPLE <sampling_method> ( <argument> [, ...] )
[ REPEATABLE ( <seed> ) ]

MeTton ¢dopMupoBaHusl BbIGOPKM, sampling_method, MOKeT NMpPUMHMMATbL 3Ha-
yeHust BERNOULLI vtm SYSTEM. O6a 9Tu MeTo/ia BXOAST B CTAHIAPTHBINI KOMILIEKT
noctaBku PostgreSQL, npyrue MoxXHO N06aBUTbh B KauecTBe pacuimpenuii. 06a
MeTOoa MPUHMMAIT OAVH apryMeHT — BepPOSITHOCTb BKJIIOUEHUS] CTPOKU B BbI-
60pKy B IpoIeHTaxX. Pasauune B TOM, 4TO MeTOA BERNOULLI mpeprmosaraet Ioji-
HBII IPOCMOT] TAGIUIIBI, & AJITOPUTM [IJIS1 KQXKIO! CTPOKM pellaeT, BKIIOUYATh ee
B BBIGOPKY miu HeT. MeTton SYSTEM feaeT TO ke camoe, HO Ha YpOBHEe GJIOKOB
CTPOK. DTO 3HAUUTEIbHO ObICTPEEe, HO Pe3yIbTAThl HE CTOJb TOYHBI, [IOTOMY YTO
KOJIMYECTBO CTPOK B pasHbIX 610KaX HeOAMHAKOBO. KitoueBoe C10BO REPEATABLE
3aJaeT HauajJbHOe 3HAUeHMe [JIS CAy4yaiiHbIX QYyHKIMI, MCIIOAb3yeMbIX B aJiro-
putMe GopMUPOBaHMS BHIGOPKU. 3aTIPOCHI C OAVMHAKOBBIM HaYaIbHbIM 3HAUEHU -
€M BO3BpallaloT OAMHAKOBbIE Pe3yIbTaThl IPU YCIAOBUM, UYTO JaHHBIE B Tabauie
He U3MEHSUINCh.

OTO6Op CTPOK ITPOMUCXOAUT HA ITAITe UTEHMS JAHHBIX U3 TAOIUIIBI, e1le A0 QUIbT-
pauyu, rpyNnyMpoBKY U BCeX MTPOUMX ONepaLiyii.

I MIUTIOCTpaIMM YBEJIMUMM KOIMYECTBO 3ammceit B Tabmuiie advertisement, BbI-
TIOJTHUB CJIEAYIOIINIA 3aTTpOC:
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car_portal=> INSERT INTO advertisement (advertisement_date, car_id, seller_account_id)
SELECT advertisement_date, car_id, seller_account_id from advertisement;
INSERT 0 784

MbI ompocTy Ay6iupyem Bce 3aImicy B Tabauile, yaBauBast UX 4nciao. Eciam BbI-
TIOJIHMTh STOT 3aMPOC MHOTO Pa3, TO TAOAMIIA OKasKeTCsI JOCTATOUHO OOJIbIION. MbI
nmponenaau 3To 12 pa3s. [locie 3TOTO Jaske MPOCTOI IMOACUET KOAMdecTBa 3amnuceit
3aHMMaeT 3aMeTHOe BpeMs:
car_portal=> \timing
Timing is on.
car_portal=> SELECT count(*) FROM advertisement;

count

6422528
(1 row)
Time: 394.577 ms

Terepb oTpo6yeM cIenaTh TO JKe caMoe I BLIOOPOYHBIX JaHHBIX:

car_portal=> SELECT count(*) * 100 FROM advertisement TABLESAMPLE SYSTEM
(1);
2column?

6248600
(1 row)
Time: 8.344 ms

Bropoit 3ampoc ropasio 6eicTpee, HO pe3y/bTaT He BIIOJIHE TOYHBI. Mbl yMHOKM -
Ji 3HaueHne GyHKIMM count Ha 100, MOTOMY YTO OHA BO3BpAIIaeT IIPOLIEHT CTPOK.
[Ipy MHOTOKPaTHOM BBITIOJIHEHMM 3aIlpoca pe3yiabTaT BCSIKMIT pa3 OymeT pasHbIM,
M MHOTZA OH O6yIeT CUJIbHO OTVIMYATHCS OT MCTMHHOTO KOJIMYEeCTBa CTPOK B Tabuile.
YTO6BI MOBBICUTH KAYECTBO, YBEIMUMM J0MI0 CTPOK B BBIOOPKe:

car_portal=> SELECT count(*) * 10 from advertisement TABLESAMPLE SYSTEM
(10);
2column?

6427580
(1 row)
Time: 92.793 ms

BpeMH pa6OTI)I YBEJIMYMIOCH ITPOITOPIUMOHATIbHO.

MdyHKuMK, BO3BpALLAOLME MHOXKECTBA

Oyukuum B PostgreSQL mMoryT Bo3BpallaTh He TOJIBKO OAVMHOYHbIE 3HAUYEHMS, HO
v oTHOIIeHMsI. OHM Ha3bIBAIOTCS (PYHKIMSIMYM, BO3BPALAIOIIMMY MHOKECTBO.
Bor TunmuHas 3afaua, BCTaloIIas Iepe BCIKUM paspaborurkom Ha SQL: creHe-
pUPOBAaTh NOCAEN0BATEIbHOCTD LIeJIbIX YMCel, 10 OLHOMY B 3alMCH. Y TAKOi Mociie-
JlOBaTEIbHOCTU, UJIX OTHOIIEHMS, MHOTO IpMMeHeH i, [Ipennonoxum, K mpumepy,
4yTO B 6a3e car_portal HY’KHO MOACUYUTATD KOTMIECTBO aBTOMOOWIIEH, BBITYIIIEHHbBIX
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B KakmoM romy ot 2010-ro mo 2015-ro, MokasaB HY/IU, eciv aBTOMOOMIIelT 32 KaKoii-
TO ron B 6ase HeT. IIpocToit SELECT 13 OZHO¥ JIUIITb TabIUIIbI car 3a1auy He PEeIunT.
HeB03MOXHO ITOKa3aTh JaHHbIe, KOTOPBIX HET B TabIuiie.

[TosTomy 6bIIO OBI TOJIE3HO MMETH TAOIUITY, cofepsKkaTyto unuciaa ot 2010 mo 2015.
Torma MbI CMOT/IM 6bI BBITIOJTHUTD BHEIIHEe COeIVHEHMe MeXIy Heil U Tabmuiiei
pes3yabTaToB.

MoskHO 6bUTO OBI TOATOTOBUTD TAKYIO TAGIMUITY 3apaHee, HO 3TO He OUeHb XOPO-
1110, TTOTOMY UTO CKOJIBKO ITOHAI0OMUTCS 3aIliCeil, 3apaHee HEM3BECTHO, a CO3/IaBaTh
CJIVIIKOM OOJIBIINYIO TAGIMILY — 3HAUUT BITYCTYIO TPAHXVPUTh MECTO Ha JVCKeE.

Ho cymrectByeT (GyHKIIMS generate_series, CITelMaJbHO TMpeqHAa3HAUeHHAs IS
aToit meny. OHa BO3BpAIaeT MHOXKECTBO IeJIbIX UMCeT MEXKIY IBYMS 3aJaHHBIMU.
[Ijig pellieHus Hallleit 3aauy Hago OGbII0 ObI HAIMCATh TAKO 3aIpocC:

car_portal=> SELECT years.manufacture_year, count(car_1id)
FROM generate_series(2010, 2015) as years (manufacture_year)
LEFT JOIN car_portal_app.car ON car.manufacture_year = years.manufacture_year
GROUP BY years.manufacture_year
ORDER BY 1;
manufacture_year | count

2010 | 11
2011 | 12
2012 | 12
2013 | 21
2014 | 16
2015 | 0

(6 rows)

3nech GYHKIMS generate_series BO3BpallaeT HIeCTh LieJbIx uucen ot 2010 mo
2015. 3ToMy MHOXXECTBY COTIOCTABJIEH TICEBIIOHMUM years. Tabiuiia car COeANHSIET-
CsI CJIeBa C 9TUMM MHOKECTBOM, U TeIlepb Mbl BUIVM B Pe3yJIbTUPYIOIIEM Habope
BCe TOJbI.

[Tpu BbI3OBeE generate_series MOXKHO 3a7aTh LIAT:

car_portal=> SELECT * FROM generate_series(5, 11, 3);
generate_series

(3 rows)

OyHKIMS generate_series MOKeT Takke BO3BpalllaTh MHOXECTBO 3HAUEHMI TUIIA
timestamp:

car_portal=> SELECT * FROM generate_series('2015-01-01'::date,
'2015-01-31"::date, interval '7 days');
generate_series

2015-01-01 00:00:00-05
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2015-01-08 00:00:00-05
2015-01-15 00:00:00-05
2015-01-22 00:00:00-05
2015-01-29 00:00:00-05
(5 rows)

EcTp emie nBe GyHKIINY, BO3BPAIAION[ie MHOXKECTBA, TpeAHa3HAuUeHHbIE JJIS pa-
6OTBI C MACCUBAMMU:

O generate_subscripts: reHepupyeT HaGOp MHAEKCOB ISl YKa3aHHOI pa3mep-

HOCTM 3aJaHHOTO MaccuBa. [Tone3Ha [ nepeuncieHus 31eMeHTOB MacC/Ba
B KomaHe SQL;

O unnest: mpeobpasyeT 3aJaHHbI MacCUB B HAOOP CTPOK, KaskAast 3aIMCh KOTO-

pPOTO COOTBETCTBYET JIEMEHTY MacCHBa.

DyHKINUY, BO3BPAIIAION[E€ MHOXKECTBA, Ha3bIBAIOT €llle TAOIMUYHBIMU (DYHK-
LIMSIMMU.

TabmuHast GyHKIMS MOKET BO3BpAllaTh MHOKECTBO CTPOK ITPeIOTIpeeIeHHOTO
TUIIA, HAIPUMeD generate_series BO3BpallaeT 3HaueHue Tumna setof int mam setof
bigint (B 3aBMCMMOCTY OT TMIIa BXOLHOTO aprymMeHTa). A MOXeT BO3BpaljaTh MHO-
SKeCTBO 3ammceit abCTPaKTHOTO TUITA. DTO TO3BOJISIET BO3BPALIATh TAOMMIIBI C pas-
HBbIM UM CJIOM CTOJIOIIOB, 3aBUCSIIVIM OT apTyMeHTOB. SQL TpebyeT, uTOObI CTPYKTYypa
CTPOK BCEX BXOJIHbIX OTHOIIEHUI OblJIa OTpeiesieHa TAKUM 06pa3oM, UTOObI CTPYK-
Typa pe3yJabTUPYIOIIEr0o MHOXECTBA TaKkKe ObUIa ornpefeneHa. VIMEHHO MO3TOMY
MCIIONIb30BaHMe TabMMYHBIX QYHKIIMIA B 3aIIpOCe MOKET COMTPOBOKAATHCS OIpesie-
JIEeHVEM CTPYKTYPbI CTPOKM BO3BPal]aeMOro MHOXEeCTBA:

function_name (<arguments>) [AS] alias (column_name column_type [, ...])

Pe3ybTaThl HECKOMIBKUX TAOMMUYHBIX QYHKINIT MOXHO O6BeIMHSITh, KaK eCTu Obl
OHU ObUIM COeVMHEHbI M0 MO3ULUYU CTPOKU. [IJIT 3TOTO CIAYKUT KOHCTPYKLMS ROWS
FROM:

ROWS FROM (function_call [,..]) [[AS] alias (column_name [,...])]

OdTa KOHCTPYKI[Ms BO3BpalllaeT OTHOIIEHME, T0OITOMY €€ MOXKHO MCITOJIb30BaTh
BO (pase FROM, Kak Ji060e Apyroe oTHolreHue. KomnuecTBo CTPOK paBHO pasmepy
CaMoro 6OJIBIIIOTO Pe3y/IbTaTa IepeuncIeHHbIX QYHKLMIA. CTOIOIbI COOTBETCTBYIOT
dbyHKIMSIM BO pase ROWS FROM. Ec/it Kakast-To QYHKIMS BO3BpAIllaeT MEHbIIE CTPOK,
yeM ApyTiue, TO OTCYTCTBYIOIIVE 3HaUeHUsT 6YOyT paBHbI NULL:

car_portal=> SELECT foo.a, foo.b FROM
ROWS FROM (generate_series(1,3), generate_series(1,7,2)) AS foo(a, b);

(4 rows)
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ﬂaTepan bHble NoA3anpochbl

IMom3ampockl pacCMaTPMUBAIMCh B Ipenblayileii rmase. Ho crout mompobHee ocra-
HOBUTHCSI HA OHOM KOHKPETHOM CITOCOO€e MX MCITOIb30BaHMSI.

OueHb yOOOHO MCIIOIB30BATh ITO3AMPOCHI B CIMCKe BbIOOPKM. Hampumep, B KO-
MaHAax SELECT ¢ MX TOMOIIbI0O MOXKHO CO3[AaBaTh BBIUMCIISEMble aTpPUOYThI P
orpoce Tabauibl. CHOBa 06paTMMCS K 6a3e maHHbIX car_portal. [Tycts TpebyeTcs mJist
KaKIOTO aBTOMOOMJIST B TabG/IMIle car OLIEHUTh €ro BO3pPacT, CPAaBHUB C BO3PaCTOM
IPYIMX aBTOMOOWMIIEN TOJ ke Momesn. VI Kpome TOro, Mbl XOTUM ITOJYYUTDb 0OIIIee
KOJIMYECTBO aBTOMOOMJIEN TO sKke MOJIeIN.

O6a AOTIOMHUTETHHBIX TTOJIST MOYKHO CreHepUPOBAaTh CKaISIPHBIMU ITOA3AIIPOCAMMU:

car_portal=> SELECT car_1id, manufacture_year,
CASE WHEN manufacture_year <= (
SELECT avg(manufacture_year) FROM car_portal_app.car WHERE car_model_id
= c.car_model_1id)
THEN 'old' ELSE 'new' END as age,
(SELECT count(*) FROM car_portal_app.car WHERE car_model_id = c.car_model_1id)
AS same_model_count
FROM car_portal_app.car c;
car_id | manufacture_year | age | same_model_count

-------- e
1| 2008 | old | 3
2 | 2014 | new | 6
3| 2014 | new | 2
(229 rows)

OTM moA3arpochkl MHTEPECHBI T€M, YTO MOTYT CChUIATHCS Ha IVIABHYIO TabIMITy
B cBoeii pase WHERE clause. C IMOMOIIbIO TTOZOGHBIX ITO3AIIPOCOB JIETKO JOOABUTH
B 3aIIPOC JOMOJHUTEIbHbIE CTONOLBI. HO ecTh 1 mpobiieMa — MPOU3BOAUTEIbHOCTb.
Tabauiia car IpOCMAaTPUBAETCSI CEPBEPOM OIMH pa3 B IJIABHOM 3ampoce, a 3aTeM
ele ABa pasa IJisl Kask[a0ii BBIOPAaHHON CTPOKMU, T. €. IJIs1 CTOJIOIOB age and same_mo-
del_count.

KoHeuHO, MOXKHO HE3aBMCHMO BbIYMCIUTD 3TU arperarbl 10 OOHOMY pasy s
Ka)K[I0Vi MOJIe/IN, a 3aTeM COeIVHUTh Pe3yabTaThl C TAGNNIIE car:

car_portal=> SELECT car_id, manufacture_year,
CASE WHEN manufacture_year <= avg_year THEN 'old' ELSE 'new' END as age,
same_model_count
FROM car_portal_app.car
INNER JOIN (
SELECT car_model_1id, avg(manufacture_year) avg_year, count(*) same_model_count
FROM car_portal_app.car
GROUP BY car_model_1id) subg
USING (car_model_id);
car_id | manufacture_year | age | same_model_count
-------- T L L LT T
| 2008 | old | 3
| 2014 | new | 6



190 <« [ononHuTenbHble CBELEHUS O HAaNMMCAaHUKM 3aNpOCOB

3| 2014 | new | 2
(229 rows)

Pe3ynbTaT TOT jKe caMblii, a 3arpoc BeImonHSAeTcs B 20 pa3 6picTpee. OmMHAKO 9TOT
3aIIpoC XOPOIII TOJIBLKO TOTA, KOTIa HYKHO BbIOpATh M3 6a3bl JAHHBIX MHOTO CTPOK.
Ecty HY>KHO TTOSTYyYUTb MHGPOPMAIIMIO TOJIBKO 06 OMHOM aBTOMOOWMIIE, TO ITePBbIi
3arpoc 6ymeT 6picTpee.

JIerko BUIETD, UTO MEPBbIii 3aIIPOC MOT 6bI pabOTATh JIyUIlle, eCIY ObI MbI BKITIO-
YMJIM B CITMCOK BBIOOPKM ITOAI3aIIpoca ABa CTONOIIA, HO, VBB, 3TO HEBO3MOKHO. CKa-
JIIpHbIE 3aITPOChI MOTYT BO3BpaIIaTh TOJIBKO OIMH CTOJIOEII.

CyImrecTByeT ele O1H CrIocob UCITOIb30BaHMsI oA3arnpocoB. OH coueTaeT B cebe
MIPEUMYIIEeCTBa MOA3aIIPOCOB B CIIMCKE BBIOOPKM, CIIOCOOHBIX 0OPAIIaThCs K IJIaB-
HOI Tabnuiie u3 Gpasbl WHERE, ¢ TTom3ampocaMu Bo ¢pase FROM, KOTOpbIe MOTYT BO3-
BpalaTh HECKOJNbKO CTONOIOB. ECiti ITOMeCTUTh KiTloueBoe CJTIOBO LATERAL mepep,
1I0/I3aIpoCoM Bo ¢pase FROM, TO OH CMOKET CChUIAThCS Ha JII0607 27IeMeHT, TIpef-
IIeCTBYIOIINI eMy BO (pase FROM.

3ampoc BRIMIAANUT CJIEAYIOMM 06pa3oMm:

car_portal=> SELECT car_1id, manufacture_year,
CASE WHEN manufacture_year <= avg_year THEN 'old' ELSE 'new' END as age,
same_model_count

FROM car_portal_app.car c,

LATERAL (

SELECT avg(manufacture_year) avg_year,count(*) same_model_count
FROM car_portal_app.car
WHERE car_model_id = c.car_model_id) subg;

car_id | manufacture_year | age | same_model_count

-------- L LT T e LT
1| 2008 | old | 3
2 | 2014 | new | 6
3 2014 | new | 2
(229 rows)

JroT 3ampoc paboTaeT NpUOAM3UTENBHO B [Ba pa3a GbICTpee IIepBoro, OH ONTH-
MaJleH, KOT/Ia HY>KHO BbIOPATh U3 TaBIMIIBI car BCETO OHY CTPOKY.

CunTtakcuc JOIN TakKe OTTYCKAEeTCSI B JIaTePATbHBIX [TO/I3aIIPOCAX, XOTS B 60JIb-
IIMHCTBE CJIy9aeB YCJIOBYE COeAVHEeHMs KaKMM-TO 06pa3oM BKIIoUaeTcs BO ¢ppasy
WHERE I10[13aT11pPOCOB.

VroTpebnsats LATERAL ¢ QyHKIMSIMU, BO3BPAIAIOIIVIMU MHOKECTBa, HET HEO6XO-
ouMocTu. Bece dyHKIMHU, yIIOMSHYTbIe BO (pase FROM, ¥ TaK MOTYT MCIIOJIb30BaTh
Pe3y/IbTaThl JTIOOBIX MTPEIIIECTBYIONMIX QYHKIIMIA MV TTOI3aITPOCOB:

car_portal=> SELECT a, b
FROM generate_series(1,3) AS a, generate_series(a, a+2) AS b;
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A WA wmpDWLWN

5
rows)

3pech repBast PyHKIMSI, C TICEBIOHMMOM a, BO3BpalllaeT TPU CTPOKM. [IJIst Kaskmoit
M3 HUX BbI3BIBAETCS BTOpast (PYHKIINSI, BO3BpAIIAONIas eIlle TPU CTPOKH.

[ononHutenbHble cpeacTBa rpynnMpoBKU

basbl JaHHBIX YaCTO CIYKaT UCTOYHMUKOM JAaHHBIX [JI Pa3/JIMYHbIX OTUYETOB. A B OT-
yeTax IPUHSITO B OTHO ¥ TO 3Ke Tab/uIle TTOKa3bIBaTh IMTOABITOTM, UTOTU U OOIIye
UTOTH, TIOApasyMeBarollye TPYyNNMPOBKY M arpermpoBaHue. PaccMOTpuMM OTYeT
0 KOJMYeCcTBe OOBSABIEHMIT B pa3pe3e MapoK M KBapTaJoB, B KOTOPOM TpeOyeTcs
TaKKe MOKa3aTh UTOTU IO KaKIAOMY KBapTasy (CYMMapHO IO BCEM MapKam) 1 06-
i UTOT. BOT KaK OTOMPAIOTCS JaHHbBIE IJIs1 TAKOT'O OTYETa:

car_portal=> SELECT to_char(advertisement_date, 'YYYY-Q') as quarter, make,
count(*)
FROM advertisement a
INNER JOIN car c ON a.car_id = c.car_1id
INNER JOIN car_model m ON m.car_model_id = c.car_model_id
GROUP BY quarter, make;
quarter | make |
......... +.-_._....-_._..+.-_._..
2014-4 | Peugeot |
2014-2 | Daewoo [
2014-4 | Skoda |

YTOOBI BHIUMUCIUTD WUTOIN, HOH&,Z[O6HTCH OOIIOJTHUTEJIbHbIE 3aIlIPOCHhI:

SELECT to_char(advertisement_date, 'YYYY-Q') as quarter, count(*)
FROM advertisement a
INNER JOIN car c ON a.car_id = c.car_id
INNER JOIN car_model m ON m.car_model_id = c.car_model_id
GROUP BY quarter;

SELECT count(*)
FROM advertisement a
INNER JOIN car c ON a.car_id = c.car_id
INNER JOIN car_model m ON m.car_model_id = c.car_model_id;

CoenmMHEHMST B 9TUX 3aTIpOCaxX M3JIUIITHM, OHU He BJIMSIIOT Ha pPe3yJIbTaT, HO MbI UX
OCTaBWJIM, UTOOBI TTIOKA3aTh, UTO 3aIIPOCHI (DaKTUUECKM TaKye Ke, KaK IepBbIii, OT-
JIMYAETCS TOTBKO IPYTIITIMPOBKA.
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PostgreSQL 1mo3BosisieT 06beIMHUTD BCE TPY 3aMpoca B OIMH C [TOMOIIbIO CITeI -
aJIbHOV KOHCTPYKLIMM GROUP BY GROUPING SETS:

SELECT to_char(advertisement_date, 'YYYY-Q') as quarter, make, count(*)
FROM advertisement a
INNER JOIN car c ON a.car_id = c.car_1id
INNER JOIN car_model m ON m.car_model_id = c.car_model_id
GROUP BY GROUPING SETS ((quarter, make), (quarter), ())
ORDER BY quarter NULLS LAST, make NULLS LAST;

quarter | make | count
......... S A

2014-1 | Alfa Romeo | 2

2014-1 | Audi [ 5

2014-1 | Volvo | 9

2014-1 | | 121 <- 370 KBapTaNbHbIA NOALITOT
2014-1

2014-2 | Audi | 18

2014-2 | Citroen | 40

2014-2 | Volvo | 12

2014-2 | | 266 <- ITO KBapTa/ibHbI NOALITOr
2014-2

2014-3 | Audi | 11

2015-1 | Volvo | 4

2015-1 | | 57 <- 3TO KBapTa/ibHbiii MOALITON
2015-1

| | 784 <- 370 obuwit utor

biaromapst KOHCTpyKLMM GROUPING SETS ((quarter, make), (quarter), ()) 3ampoc pa-
60TaeT Kak UNION ALL OIMHAKOBBIX 3aIIPOCOB C pasHbIMM (pasamu GROUP BY:

QO GROUP BY quarter, make;

O GROUP BY quarter — 3mech mojie make 6ymeT uMeTh 3HaUeHue NULL;

O Bce CTPOKM ITOMEIIAIOTCSI B OAHY TPYIITY, 06a IOl — quarter 1 make — OymyT

MMeTb 3HaueHue NULL.

Boo6iue roBopst, pasa GROUP BY IpMHMMAET He TOJIbKO BbIPAKEHMsI, HO U TPYII-
MUPYIOIIMe 3JIeMEeHThI, KOTOPbIe MOTYT ObITh BBIPAKEHUSIMY VIV KOHCTPYKLMSIMU
Tuma GROUPING SETS.

[1Ba ApyruX rpynnupyommux sneMenTa — ROLLUP 1 CUBE.

QO ROLLUP (a, b, c) sxkBMBaseHTHO GROUPING SETS ((a, b, ¢), (a, b), (c), ()).

Q CUBE (a, b, ¢) skBMBameHTHO GROUPING SETS ((a, b, ¢), (a, b), (a, ), (b, c), (a),

(b), (c), ()) — Bce BO3MOKHbIE KOMOVHALVM apTYMEHTOB.

PaspenieHo Takke MCH01b30BaTh CUBE ¥ ROLLUP BHYTpPM GROUPING SETS, @ paBHO KOM-
OMHMPOBATh pas3/IMUHbIEe IPYNIMPYIOIINE 3JIeMEHThI B OOHOI (pa3se GROUP BY, Ha-
npumep: GROUP BY a, CUBE (b, c). 3TO 3KBUBaseHTHO GROUP BY GROUPING SETS ((a, b, c),
(a, b), (a,c), (a)) — 1o cyTu meyia, KOMOMHALIVSI TPYIITUPYIOIIVX SJIEMEHTOB.

XoTrst GROUPING SETS jormuecky 3KBMBajeHTHO UNION ALL pe3yibTaTOB 3alpOCOB
¢ pasHbIMyu (hpasamu GROUP BY, peasm3oBaHa 3Ta KOHCTPYKIIMS He TaK, KaK TeOpeTu-
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KO-MHOXeCTBeHHast oriepanysi. PostgreSQL mpocMaTpuBaeT TabINIIbI M BHITTOTHSIET
coenyHeHMs 1 GUIBTPAIMIO TOMBKO OfMH pa3. ClieloBaTeIbHO, IpUMeHeHe TaKUX
METO/0B I'PYIIITMPOBKY MOXET ITOBBICUTDH TPOU3BOAUTENBHOCTD 3aIIPOCOB.

JokymeHTalMs M0 KOHCTPYKIUMM GROUPING SETS HaxXogmuTCs Ha cTpaHule https://
www.postgresql.org/docs/current/static/queries-table-expressions.html#QUERIES-
GROUPING-SETS.

JononHutenbHble BUAbI arpermposaHusa

ECTb HECKOJIBKO arperaTHbIX QYHKIINIT, KOTOPbIE BBITTOMHSIOTCS CIeIMalbHbIM 00-
pasom.

[TepBas rpymma Takux GYHKIINMI Ha3bIBAETCS arperaTamMmm Io YIIoPSIE0YeHHOMY
MHOKecTBY (ordered-set aggregates). OHM YUMTHIBAIOT He TOJNbKO 3HAUEHMS BbI-
pakeHUIA, TepefaHHbIX B KAUeCTBe apryMeHTOB, HO U UX NOPsiAoK. Takue arperaTtsl
MMeIOT OTHOIIIeHMe K CTaTUCTUKe U BbIUMCJIEHUIO TIPOLIeHTUIEI.

[Ipo1ieHTU/Ib — 9TO 3HAUEHMe IPYIIIbI, B KOTOPOJ MPOLIEHTHOEe 3HaUeHue 00X
3HAYeHMI1 paBHO 3TOMY 3HAYE€HUIO WIM MeHbllle ero. Hampumep, eciv HeKOTOpoe
3HAUEeH)e PaBHO 95-My ITPOLIEHTUIIIO, 3HAUNT, OHO OOJIbIle 95 MPOIEHTOB OCTaTb-
HbIX 3HaueHMi. PostgreSQL 1o3BossieT BbIYMCAUTD HEIIPEPbIBHBIN MIN OUCKPET-
HBIi MIPOLIEHTWIb C IMOMOIbI0 (YHKIMIA percentile_cont U percentile_disc cooT-
BETCTBEHHO. J[MCKpeTHbIN MPOIeHTW/Ib COBIMAaeT C OGHUM M3 3HaUeHU TPYTIIbI,
a HeTIpePbIBHbBIN — pe3y/IbTaT MHTEePHOSILINHM ABYX CYIIECTBYIOIMX 3HaUeHn . ECTb
BO3MOYXKHOCTb BBIUMINTD OAVH MPOLIEHTU/Ib IJIS1 3aJaHHOI MPOLIEHTHON AOIU U
Cpasy HeCKOJIbKO MIPOLIeHTUIeN IS 3aJaHHOTO MacCuBa JONe.

Bort, Hampumep, 3aIpoc 0 pacipeneneHny KOIMIeCcTBa 00bsIBIeHNI 110 aBTOMO-
OMIISIM

car_portal=> SELECT percentile_disc(ARRAY[0.25, 0.5, 0.75]) WITHIN GROUP
(ORDER BY cnt)

FROM (SELECT count(*) cnt FROM car_portal_app.advertisement

GROUP BY car_1id) subg;
percentile_disc

PesyibTaT 03HAvaeT, uTo JJis 25 MPOLIeHTOB aBTOMOOMJIEN CYIIIeCTBYET He bojee
IIBYX 00bSIBJIEHMIA, 1J1s1 50 ITPOLIEHTOB — TP OObSIBJIEHMS U 1JIS1 75 MPOLIEHTOB — ITSITh
06BSBIEHMIA.

CHUHTaAKCHC arperaTHbIx QYHKIINIA IO YIIOPSAIO0UY€HHOMY MHOKECTBY OTJIMYAETCS
OT OOBIYHBIX arperaTHbIX QYHKIINI, B HEM MCIIOIb3YeTCs CIielaabHas KOHCTPYK-
uyst WITHIN GROUP (ORDER BY expression). 3mech BhIpaskeHMe expression — pakTmueckm
aprymeHT ¢byHKUMM. Ha pesynbTaT GyHKIMM BIMSIET HE TOIBKO MOPSIIOK CTPOK, HO
¥ 3HaUEHMSI ITUX BbIpaskeHMi1. B mpoTuBomonoxkHoCTh (pase ORDER BY B KomaHze SE-
LECT mormycKaeTcst TOJIbKO OJJHO BbhIpaskeHMe, ¥ CChIJIOK Ha HOMepa pe3ylIbTUPYIOIINX
CTOJOIIOB OBITh HE JOJIKHO.


https://www.postgresql.org/docs/current/static/queries-table-expressions.html#QUERIES-GROUPING-SETS
https://www.postgresql.org/docs/current/static/queries-table-expressions.html#QUERIES-GROUPING-SETS
https://www.postgresql.org/docs/current/static/queries-table-expressions.html#QUERIES-GROUPING-SETS
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Emie omHa arperaTHast QYHKIMS IO YIIOPSIAOYEHHOMY MHOKECTBY Ha3bIBAeTCS
mode. OHa BO3BpalllaeT caMOe YaCTO BCTpeyvalolleecs 3HaueHue B rpyrie. Ecau nBa
3HAYeHMS BCTPEUAIOTCS] OOMHAKOBOE UMCIIO pas, TO BO3BPAIIAeTCs TePBOe U3 HUX.

Hampumep, crenyiomyii 3ampoc BO3BpalllaeT MAEHTUMUKATOP CaMOil YacToii
BCTpeuaroleics Mogea aBToMoOuIs B 6a3e JaHHBIX:

car_portal=> SELECT mode() WITHIN GROUP (ORDER BY car_model_id)
FROM car_portal_app.car;
mode

64
(1 row)

YTOObI IONYUUTD TOT K€ Pe3yJbTaT 6e3 3TOi QYHKLNM, TIOHaJO6MUIIOCH GBI CaMO-
coenHEeHMeE VIV COPTUPOBKA M OrpaHMUeHMe KOJIMYECTBa pe3yabTaToB. To u npy-
roe o601UIOCh GBI TOPOSKE.

Ilpyrasi rpyIIia arperaToB ¢ TaKMM K€ CMHTaKCMCOM — arperaTHbie QYHKIWN 110
TUIIOTETUYECKOMY MHOXKECTBY: rank, dense_rank, percent_rank 1 cume_dist. CymjecTBy-
IOT OKOHHBIE (PYHKIINMM C TaKUMMU Xe MMeHamu. Ho oKoHHbIe (QYHKIMY He TIPUHU-
MaloT apryMeHTa ¥ BO3BpAIllaloT pe3yabTaT [JIs TeKYIei CTPoKu. [IJIsT arperaTHbIX
(OyHKITMIT TIOHSITHSI TEKYIIEN CTPOKM He CYIIEeCTBYET, TOTOMY UTO OHY BBIUMC/ISTIOTCSI
JLJISI TPYIIIBL. 3aTO OHM IIPMHMMAIOT apIyYMEHT: 3HaUeHMe TUITOTETUYeCKO TeKYIIeit
CTPOKM.

Hampumep, arperatHast QyHKUMSI rank BO3BpallaeT paHT 3aJaHHOTO 3HAYEHMS
B YIIOPSIIOUEHHOM MHOXKECTBE, eCJIY 6bI OHO B TOM MHOSKECTBE ITPUCYTCTBOBAJIO:

car_portal=> SELECT rank(2) WITHIN GROUP (ORDER BY a)
FROM generate_series(1,10,3) a;
rank

B maHHOM ciyuae 3HauYeHMs! 2 HeT B pe3yinbTaTe QYHKIIMM generate_series (OHa
BO3BpaliaeT MHOXeCTBO 1..4..7..10). Ho ecsin 651 0HO TaM MPUCYTCTBOBAJIO, TO 3a-
HMMAaJIO ObI BTOPYIO TTO3ULINIO.

Elle ogyiH TOCTOMHBIN YITOMMHAHMS aCIIEKT arperaTHhIX QyHKIMIA — ¢pasa FIL-
TER. OHa 10 33ITaHHOMY YCIOBUIO OT(MMIBTPOBLIBAET CTPOKY, IIepelaBaeMble arpe-
raTHoi pyHKuMNK. [TycTh, HapUMep, TpebyeTcs MOACYMUTATh KOMMUECTBO aBTOMO-
6uIeit 11 Kaskaoii MOZe Iy M Kask[Ioro 3HaUeHMsI KOJIMUecTBa aBepeii. Ecyii 661 Mbl
CTPYIIIMPOBAIM JaHHbIE TI0 3TUM ABYM IIOJISIM, TO PE3YJIbTAT MOTYIMICS ObI TIpa-
BWIbHBIM, HO HEe OU€Hb YAOOHBIM JIJISI OTUETHOCTU

car_portal=> SELECT car_model_id, number_of_doors, count(*)
FROM car_portal_app.car

GROUP BY car_model_id, number_of _doors;

car_model_1id | number_of_doors | count
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42 |
76 |
52 |
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Brarogapst dpase FILTER pesy/ibTaT CTAHOBUTCS TOPa3/io MOHSITHEE:

car_portal=> SELECT car_model_id,
count(*) FILTER (WHERE number_of doors = 2) doors2,
count(*) FILTER (WHERE number_of_doors = 3) doors3,
count(*) FILTER (WHERE number_of_doors = 4) doors4,
count(*) FILTER (WHERE number_of_doors = 5) doors5
FROM car_portal_app.car GROUP BY car_model_id;
car_model_1id | doors2 | doors3 | doors4 | doors5

O6paTuTe BHMMAaHMeE, YTO ITOT 3aIIPOC HE CUMTAET aBTOMOOMIIM C KOTUYECTBOM
IBepeil MeHblIle IBYX U O0JbIlle TISTH.
Toro ke pe3y/nbTaTa MOXKHO TOCTUYb U TAKUM 00pa3oM:

count(CASE WHEN number_of_doors = 2 THEN 1 END) doors2

Ho BapuaHT c pasoit FILTER Kopoue 1 Ipoiie.

PEe3ioME

B aT0i1 T1aBe GbUTM PACCMOTPEHBI TOTIOMHUTENbHBIE cpemcTBa SQL, B T. U. obmiue
TabIMUHbIE BRIPAsKEHNSI M OKOHHbIE QYHKIMM. C X TTOMOIIbI0O MOKHO peaan30BaTh
Bel, KOTOpble HUKAaK MHaUe He cAeaelllb, HallpyuMep PeKypCUBHBIE 3aTPOCHI.

Ipyrue pacCMOTpeHHbIe KOHCTPYKUMM, Harpumep dpasza DISTINCT ON, rpyrimm-
pyromiye sjeMeHTsbl, ppasa FILTER ¥ TOGOUHbIE TIOA3ATIPOCHI, HE SIBJISTIOTCST CTOJb JKe
He3aMeHMMbIMM, HO TIOMOTAIOT CAe/IaTh 3aIIpOC MeHbIIIe, TIPOIIE U ObICTpee.

SQL MOXXHO MCIIONIb30BaTh OJISI peain3alui OUeHb CJIOKHOI JorMKu. Ho B oco-
60 TPYIHBIX CUTYAIMSIX 3aIIPOCHI MOTYT CTaTh IE€PETPY)KEHHBIMU U TPYIHBIMU TSI
COTIPOBOXKIEHMSI. A MHOTIA PeIlNUTh 3amauy Ha umMcToM SQL BooGIIe HEBO3MOSKHO.
B Takux ciyvyasix Ha IOMOIIb TPUXOOUT MPOLIeAYPHBIN SI3bIK, ¥ B CJIEAYIOIE TTaBe
MbI paccMOTpuM ofuH 13 Hux: PL/pgSQL.



lnaBa

CepBepHoe
nporpaMMmMpoBaHue
Ha PL/pgSOL

BosmoxkHocTh niucaTh GyHKUMY B PostgreSQL — Belp M3yMuTenbHas. B koHTeKcTe
cepBepa 6a3bl JTaHHBIX MOKHO PEINTb JTI06YI0 3agauy. OYHKIIVST MOXKET OTHOCUTh-
Cs1 HeITOCpeCTBEHHO K MaHUMYJIMPOBAHMIO JAHHBIMU, HAIIPMMep arperupoBaHUI0
U ayIUTYy, UM K TaKMM PasHOOOpa3HbIM OIlepalusiM, Kak cOop CTaTUCTUKY, MOHM-
TOPUHT, TOCTYII K CUCTEMHOM MHOpMaLuM U IJIaHMpOBaHMe paboT. B 3T0ii raBe
MbI 3arimemcs PL/pgSQL, monHOLIEHHBIM TPOLeIYyPHBIM SI3BIKOM ITPOTPAMMUPOBA-
Hus 11 PostgreSQL, KOTOPBIN yCTaHAaBIMBAETCS 10 YMOTYAHUIO.

Ha PL/pgSQL okasas 6osbliie BiausHue 13bik PL/SQL, MCITONMb3yeMblIit /i1 HaIu-
caHusI XpaHUMBIX Iportienyp B Oracle. PL/pgSQL ob6iagaet pa3BUTHIMM CTPYKTypPaMu
yIIpaBJeHUSI ¥ TIPeKPacHO MHTETPUPOBAH C TpUIrepamu, MHAeKCaMu, ITpaBuIaMu,
M0JIb30BATEIbCKMMM TUITAMM JaHHBIX U omepatopamu PostgreSQL. Ilepeuncnum
HecKonbko npenmyiiects PL/pgSQL:

O mpocroTa M3yueHus u MpuMeHeHus,

O oueHb Xopolas MoAAepsKKa U TOKyMeHTallus;

O rubOKMe TUITbI BBIXOJHBIX TaHHBIX, TIOIIePsKKa MOIMMOPGU3Ma;

O BO3MOXHOCTb BO3BpAIllaTh CKAJSIPHbIE 3HAYEHMS] U MHOKECTBA.

B 3T0J r1aBe MbI pacCMOTPUM CJIeAYIOLI/Ee TEMBbI:
cpaBHeHMe s13bIKOB SQL 1 PL/pgSQL;
rapameTpsl GyHKINI B PostgreSQL;

KoMaH/ bl yipasienus B PL/pgSQL;
Tpenorpee/ieHHble TTlepeMeHHbIe B QYHKIMSX;
06paboTKa UCKITIOUEHNI;

IvHammuueckuii SQL.

CpaBHEHME s13bikoB SQL n PL/PcSQL

Kaxk 6b110 TTOKa3aHo B I71aBe 4, GyHKIMM MOKHO MmycaTh Ha s3bikax C, SOL u PL/pg-
SQL. Y Kask0ro Io/ixo/ia eCTh CBOM IITIOCHI ¥ MMHYChI. MOKHO CUYMTATh, UTO QYHKIIVS

00000
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Ha SQL — 9T0 06epTKa BOKPYT ITapaMeTPpMU30BaHHOI KOMaH bl SELECT. SQL-byHKIMM
MOSKHO BBI3BIBATh IIPSIMO M3 TIOA3AIIPOCa, YTOOBI TTOBBICUTH ITPOU3BOIUTENLHOCTD.
Kpome Toro, mockoibKy IjlaH BbITIoMHeHMsST SQL-(QyHKIMM He KeluMpyeTcs, Kak
B crydae PL/pgSQL, oHa 3avacTyio BefeT cebs ayuiie, ueM GyHKuusa Ha PL/pgSQL.
KempoBauue B PL/ pgSQL uHorma MMeeT HeXXenaTelbHble MOO0UHbIE 3G (EKTHI,
HampyMep KellMpoBaHMe BaKHBIX 3HaUeHMi Tuma timestamp. O6 9TOM MOSKHO TpO-
ynTaTh B NOKYMEHTAaLMM Ha CcTpaHule http://www.postgresql.org/docs/current/in-
teractive/plpgsglimplementation.html. HakoHelI, ¢ TosIBJieHeM OOIINX TaGIMUHbBIX
BbIpasKeHMIA, B T. 4. PEKyPCUBHBIX, OKOHHBIX DYHKIINI 1 JIaTe€paIbHbIX COeTMHEHUI
CTaJI0 BO3MOSKHO Peaan30BbIBATh CJIOXKHYIO JIOTUKY OTGHUMM JIUIIb cpeacTBaMu SQL.
Ectu onepaiinio MOKHO BbITIOJTHUTB Ha SQL, To He cTouT npuberath K PL/pgSQL.
[Tnan BoinonHeHus PL/pgSQL-GyHKIMM KeIIMpyeTcs, YTO ITO3BOJISIeT YMEHbBIIUTD
BpeMsI BbITIOJIHEHMSI, HO MOXKeT ¥ HAaHeCTU Bpe[, eC/IN TJIaH He SIBJSIeTCS ONTUMAaJIb-
HBIM JIJISI KOHKpPeTHBIX TTapamMmeTpoB GyHKIMK. C TOUKY 3peHusT PyHKIIMOHATbHOCTH,
PL/pgSQL - 3HaunTEe/IHHO 60JIe€ MOLTHBIN 3bIK, ueM SQL. PL/pgSQL ronmepskuBaeT
psiA, BO3MOXKHOCTEI, OTCYTCTBYIOIMX B SQL, B TOM umcre:
BO3MOXXHOCTb BO36YKIaTh ICK/TIOUEHMS, a TaK)Ke TeHepMpPOBaTh COOOIEHMST
pasHbIX YPOBHE, HaTpuMep nHOpMalMOHHbIE U OT/IaJJOUHbIE;
MOJTeP>KKa KOHCTPYUPOBaHUS AuHaMmuueckux SQL-KoMaH[, ¢ MTOMOIIbIO KO-
MaH[abI EXECUTE;
06paboTKa UCKII0UeHUit EXCEPTION;
TTOJTHBI HAG0p KOMaH/I ITPUCBaUBaHMSI, YIIPABJIEHUS U LIVIK/IOB;
MOJTeP>KKa KypCOpPOB;
ronHast uHTerpaiusi ¢ Tpurrepamu PostgreSQL. SQL-dbyHKIMM HeMb3s UC-
MOJIb30BATh COBMECTHO C TPUTTEPAMM.

o000 O

MAPAMETPbI @YHKUMI B POSTGRESQL

B m1aBe 4 MbI YIIOMMHA/IM O KaTeropusix QyHKINMII: HeM3MeHsIEMbIe, CTaOMIIbHbIE
¥ BOJIATWIbHbBIE. B 3TOM pasfesne Mbl IPOAODKUM pacCMOTpeHMe, 06paTUB BHUMA-
HJE Ha IPyTMe CTOPOHbBI, KOTOPhIE HE SIBJISTIOTCS crienynduKoii Toabko PL/pgSQL.

MapameTtpbl PYHKLMIA, OTHOCALWMECA K aBTOPU3ALLUM

CHavajia pacCMOTPUM [TapaMeTphl, OTHOCSIIMECS] K aBTOpu3auyu. JIro6ast BbI3BaH-
Hast QYHKIMS BBITIONTHSIETCS B HEKOTOPOM KOHTEKCTe Oe30MMacHOCTH, OIpemesisiio-
meM ee TIpuBwWIernMu. KOHTEKCT 6€30IMacHOCTY KOHTPOIMPYETCS CAeRyIOIIUMH Ma-
pameTpamu:

QO SECURITY DEFINER;

QO SECURITY INVOKER.

[To ymomyaHuio noapasymenaeTcsi peskum SECURITY INVOKER, 03HAuaromuii, 4To
(YHKIMS BBITIONHSIETCST C MPUBUIETMSIMM BBI3bIBAIOIE) CTOPOHBI. B pexkmme SE-
CURITY DEFINER (pyHKIIVSI BBITIOJHSIETCSI C MPUBUJIETUSIMM CO3LABIIETO €€ IMOJIb30-
Batesns. [yt GyHKIMii B peskume SECURITY INVOKER y TTOSb30BATENS HOKHBI ObIThH
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paspelieHus Ha BbinoHeHNe Tex onepauniit CRUD, koTopble BcTpeualoTces: B GyHK-
1M1, B IPOTUBHOM C/Tyuae BO3HUKHET omn6Ka. OyHKIMM B peskrme SECURITY DEFINER
OueHb I0JIe3HbI NIPU OMpeAeeHUN TPUTTEPOB WU AJisI BpeMEeHHOTO TOBBILIeHMS
MIPMBUJIETHIL TT0Ib30BATENISI — TOIBKO HA BpeMsl BBITIOTHEHUST 3a0,a4M, IJ1s1 KOTOPOit
HanucaHa GyHKIMS.

JI71s1 03HAKOMJIEHMSI C 3TMMM ITapameTpaMy 6e30IacHOCTH CO34aAVM JiBe ITpoC-
TeHbKMe (PYHKLIMM OT MMEHMU [10/Ib30BaTesIs postgres:

CREATE FUNCTION test_security_definer () RETURNS TEXT AS $$
SELECT format ('current_user:%s session_user:%s', current_user, session_user);
$$ LANGUAGE SQL SECURITY DEFINER;

CREATE FUNCTION test_security_invoker () RETURNS TEXT AS $$
SELECT format ('current_user:%s session_user:%s', current_user, session_user);
$$ LANGUAGE SQL SECURITY INVOKER;

BrInomHMM 1X B ceaHCe MOb30BaTes postgres:

$ psql -U postgres car_portal

psql (10.0)

Type "help" for help.

car_portal=# SELECT test_security_definer() , test_security_invoker();
test_security definer | test_security_invoker

current_user:postgres session_user:postgres | current_user:postgres
session_user:postgres
(1 row)

Temeps OTKpOEM IPYroii ceaHC OT MMEHM TTOJIb30BaTeNs car_portal_app:

psql -U car_portal_app car_portal

psql (10.0)

Type "help" for help.

car_portal=> SELECT test_security_definer() , test_security_invoker();
test_security_definer | test_security_invoker

current_user:postgres session_user:car_portal_app |
current_user:car_portal_app session_user:car_portal_app
(1 row)

OyHkuuu test_security_definer u test_security_invoker He OTAMUAIOTCS HUYEM,
KpoMe napameTpa 6e30macHOCTU. [Ipy BBITIOTHEHUY OT MMEHM I10JIb30BaTeIs post -
gres OHY IAIOT OMHAKOBbIE Pe3yIbTaThl, IOTOMY YTO MX CO3aBaJjl ¥ BbI3bIBA/I OOUH
Y TOT 3Ke I10JIb30BaTelb.

Ho ewtn 31 GYHKIMM BBITIONHSET MOIb30BaTENb car_portal_app, TO test_secu-
rity_definer Bo3Bpaiaer current_user:postgres session_user:car_portal_app. B aTom
crydae session_user coBIiazaer ¢ car_portal_app, IIOCKOJIBbKY MMEHHO 3TOT I10b30-
BaTeJIb 3aITyCTU ceaHc psql. OmHAKO Ke current_user, BBITIOTHSIIOIINIA KOMaHay SE-
LECT, — 9TO postgres.



Mapametpbl dyHKkuuin B PostgreSQL < 199

MapameTpbl HyHKLUUMU, OTHOCALMECA K NTAHUPOBLLUKY

[TapameTphl 3TOV KaTeropuy HYKHbI /IS TIepefauy TVIaHMPOBIINUKY MHOOpMan
0 CTOMMOCTY BBITIOTHEHMST DYHKIINY, UYTO ITO3BOJISIET FeHepMpPOBaTh XOPOoIIye Tiia-
HbI BbINOSHeHMs. Cliefyoliye Tpy rapaMeTpa IMOMOraloT IJIaHMPOBUIMKY OIpese-
JIUTh CTOMMOCTD BBITIOTHEHUST MYHKIMM, OXKIZaeMOe KOMMYeCTBO BO3BPaleHHBIX
CTPOK ¥ BO3MOKHOCTD TTepeMelleHNs BbI30Ba (QYHKIMM B KOHEI] ITPY BBIYMCIEHUN
NpeKaTOB.

O LEAKPROOF: 03HauaeT, 4To Y QyHKIMM HeT 060UYHbIX 3¢ dekToB. OHa He pac-
KpbIBaeT HMKAKOI MHGOPMALIMY O CBOUX apTyMeHTax U, B YaCTHOCTH, He re-
HEePUPYET COOOIIEHM 06 OIIMOKe, OTHOCSIIMXCS K apTyMeHTy. DTOT Iapa-
MeTp BAMSET Ha MPeACcTaBJIeHus C TapaMeTpoM security_barrier.

O (0ST: OOBSIB/ISIET CTOMMOCTD BBITIOJIHEHMSI B pacyeTe Ha CTPOKY. ITo ymosnua-
Huio 1151 yHKIyy Ha C oHa paBHa 1, a oyist dpyukuyy Ha PL/pgSQL - 100. Ota
CTOMMOCTb UCIOb3YeTCs TIJIAHMPOBIUIMKOM /151 TOCTPOEHMS ONITUMaIbHOTO
TJIaHa BBITIOJIHEHUSL.

O ROWS: OIleHKa KOJIMYEeCTBa CTPOK, BO3BpaIiaeMbIX GyHKIMEN (s PyHKINIA,
BO3BpallaloIx MHOXKecTBa). [To ymomuanuo 1000.

YTOOBI ITOHSTH, HA UTO BAMSIET IIapaMeT]p rows, paCCMOTPUM IIpUMep:

CREATE OR REPLACE FUNCTION a() RETURNS SETOF INTEGER AS $$
SELECT 1;
$$ LANGUAGE SQL;

BrimonHuM ciienyrommii 3anpoc:

car_portal=> EXPLAIN SELECT * FROM a() CROSS JOIN (Values(1),(2),(3)) as
foo;
QUERY PLAN

Nested Loop (cost=0.25..47.80 rows=3000 width=8)
-> Function Scan on a (cost=0.25..10.25 rows=1000 width=4)
-> Materialize (cost=0.00..0.05 rows=3 width=4)
-> Values Scan on "*VALUES*" (cost=0.00..0.04 rows=3 width=4)
(4 rows)

3HaueHue, Bo3Bpaiaemoe SQL-dbyHKIMeN, umeeT TUI SETOF INTEGER, a 3HAUUT,
IJIAHUPOBIIUK OKUAAET, YTO GYHKIMS BepHeT 60j1ee OmHO cTpOoKU. [I0CKONbKY Ma-
pameTp ROWS He 3aaH, IFIAHUPOBIIMK 6epeT 3HaUeHue 1o ymonvyanuio, 1000. U Tor-
Ila TiepeKkpecTHOoe coeayvHeHMe CROSS JOIN Bo3BpamaeT 3 * 1000 = 3000 cTpoK.

B mpenpimyiiemM mpuMepe HeTOUHAs OlleHKa HeKpUTUYHa. Ho B peasibHbIX 3aj1a-
yax, TJie MMeeTCss HeCKOJIbKO COeIVHEeHUI, ombKa B OLleHKe UiMcia CTPOK pacIpo-
CTpaHSIeTCS U YCUTIUBAETCSI, YTO BeJleT K TIJIOXUM IJIaHAM BbITTOTHEHUS.

[TapameTp COST ompepesnsieT, Koraa 6yaeT BhIMOTHSATCS QYHKINS, B YaCTHOCTH

O mnopsiIoK BhITIOMHEHUST QYHKITNN;

O MOKHO /i TiepeMelnaTh BbI30B MYHKIIVMM B KOHEII.

B cienyloiieM npumMepe mokasaHo, Kak mapaMeTp COST BAMSIeT HA MOPSAOK BbI-
rosHeHust GyHKIMKU. PaccMoTpum Takue nBe QyHKINN:
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CREATE OR REPLACE FUNCTION slow_function (anyelement) RETURNS BOOLEAN AS $$
BEGIN

RAISE NOTICE 'Slow function %', $1;

RETURN TRUE;
END; $$ LANGUAGE PLPGSQL COST 10000;

CREATE OR REPLACE FUNCTION fast_function (anyelement) RETURNS BOOLEAN AS $$
BEGIN

RAISE NOTICE 'Fast function %', $1;

RETURN TRUE;
END; $$ LANGUAGE PLPGSQL COST 0.0001;

O®yukunu fast_function u slow_function He oTIMUaIOTCS HMUEM, KpOMe ITapameT-
pa cost:

car_portal=> EXPLAIN SELECT * FROM pg_language WHERE fast_function(lanname)
AND slow_function(lanname) AND lanname ILIKE '%sql%';
QUERY PLAN

Seq Scan on pg_language (cost=0.00..101.05 rows=1 width=114)

Filter: (fast_function(lanname) AND (lanname ~~* '%sql%'::text) AND
slow_function(lanname))
(2 rows)

car_portal=# EXPLAIN SELECT * FROM pg_language WHERE slow_function(lanname)
AND fast_function(lanname) AND lanname ILIKE '%sql%';
QUERY PLAN

Seq Scan on pg_language (cost=0.00..101.05 rows=1 width=114)

Filter: (fast_function(lanname) AND (lanname ~~* '%sql%'::text) AND
slow_function(lanname))
(2 rows)

KomaHIpl OT/IMYAIOTCSI TOMBKO IOPSAKOM CAedoBaHMs IMPeOuKaToB BO (pase
WHERE. Il;1aH BBITIOIHEHMST 00eMX KOMaH I, oauHakoB. O6paTuTe BHUMAaHME, B KAKOM
MTOPSIIKE BBIUMCIISTIOTCS TTpeauKaThl B y3ie Filter miana BoinmonHeHust. CHavasia BbI-
uncisercst fast_function, 3aTem oneparop ILIKE, u B camom KoHIile slow_function.
[Tpu BRIMTOTHEHUM ITUX KOMaH/, MbI TTIOJIyYMM TaKOW pe3yabTar:

car_portal=> SELECT lanname FROM pg_language WHERE lanname ILIKE '%sql%'
AND slow_function(lanname)AND fast_function(lanname);
NOTICE: Fast function internal
NOTICE: Fast function c
NOTICE: Fast function sql
NOTICE: Slow function sql
NOTICE: Fast function plpgsql
NOTICE: Slow function plpgsql
lanname
sql
plpgsql
(2 rows)
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OtrmeTtum, uTo GyHKUMS fast_function Obla BBITTOJMIHEHA YeThIpe pasa, a slow_
function — TOJBKO ABA. DTO Ha3bIBAETCS 3aKOpPaUMBaHMeM BbluncieHns. DyHKIus
slow_function BBIMOJHSIETCSI TOJNBKO TOTAA, Korma fast_function m omepatop ILIKE
BO3Bpalllaror true.

0 B PostgreSQOL onepaTop ILIKE 3KBMBaneHTeH onepatopy ~~*, a onepartop LIKE - oneparto-
py ~~.

B rmaBe 4 Mbl rOBOPWIN, UTO TpPENCTaBIeHMUSI MOXKHO MCIIONb30BaTh OJIS1 pea-
JIM3auuy aBTOPU3aLUM U IJIs1 COKPBITUS JAHHBIX OT HEKOTOPBIX IMOJIb30BaTeseii.
B panHUX Bepcusx postgres mapameTp COST MOKHO GbIIO MCITOIb30BATh [JIS B3JIOMa
MpeaCcTaBJIeHU, HO CUTyalus yAy4IIWIach C IMOsBIeHMeM IapaMeTpoB LEAKPROOF
¥ SECURITY_BARRIER.

Yro6b!I mapaMeTp COST MOKHO ObLIO MCITONb30BATh [IJISI MOYYEHUST JAHHBIX U3
MpeACTaBIeHUSsI, JOIKHO BBIMOMHSITHCSI HECKOIBKO YCJIOBUIA, B TOM UMCTIE:

O mapameTp COST JO/KEH COOOLIATh, UYTO (PYHKIMSI OUeHb MeJjIeHHasl,

O ¢yHKUMS ToKHA ObITH TOMeUYeHa Kak LEAKPROOF. [TomeuaTh QYHKLIMM TaKUM

06pa3om paspemnieHo TOIbKO CyIepIIoab30BaTENSIM;

O s npencTaBiaeHMs He AO/DKEH ObITh yCTaHOBIIEH (iiar security_barrier;

O  dyHKUMS 7OJIKHA BBITIOHSITHCSI, 2 He UTHOPUPOBATHCS M3-3a 3aKOpauMBaHMs

BBIUMCJIEHUIA.

YOoB/IeTBOPUTDL BCE 3TU YCI0BUS BeCbMa TPYLHO.

Hike mpuBemeH TUIIOTETUMYECKUII MpUMep B3joma IpeacrabiaeHuit. CHavana
co3maauM IpencTaBieHe 1 u3sMeHuM GyHKIMIo fast_function, mo6aBMB IMapameTp
LEAKPROOF.

CREATE OR REPLACE VIEW pg_sql_pl AS SELECT lanname FROM pg_language
WHERE lanname ILIKE '%sql%';
ALTER FUNCTION fast_function(anyelement) LEAKPROOF;
[NA AEMOHCTPaUMM 3KCM/IONTA BbIMOJAHMM 3aMpoc:
car_portal=# SELECT * FROM pg_sql_pl WHERE fast_function(lanname);
NOTICE: Fast function internal
NOTICE: Fast function c
NOTICE: Fast function sql
NOTICE: Fast function plpgsql
lanname
sql
plpgsql
(2 rows)

B sTOM mpuMepe caMo IIpe/icTaB/ieHye He TOJIKHO ITOKa3bIBATh PYHKIMM TUTIA C
u internal. Ho 6iaromapst mapameTpy COST (byHKIVS ObLJIa BBITIOJTHEHA 0 MPUMeHe-
Hust vtbTpa lanname ILIKE '%sql%' ¥ BbIBesIa MH(OPMALMIO, KOTOPYIO HEJTb3ST ObLIO
OBl YBUIETH Uepe3 MpeACcTaBlIeHNne.

[TOCKOMBbKY TOMBKO CYTIEePIIOIb30BATENISIM paspelnieHo moMeuaTb GyHKImo ¢a-
roM LEAKPROOF, SKCIIJIOMTBI Ha OCHOBe ImapamMeTpa COST B HOBbIX Bepcusix PostgreSQL
HEBO3MOXKHBI.
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MapameTpbl PyHKLMU, OTHOCALWMECA K KOHDUTrYypauun

KoHdwurypaionssie mapaMerpsl PostgreSQL MOKHO 3a1aBaTh KaK Ha YPOBHE ce-
aHca, Tak U B 06/1aCTY BUAMMOCTU QYHKIIMKU. DTO OCOOEHHO IT0JIE3HO B TEX CJTyUasiX,
Korga TpebyeTcs IepeornpenennTb mapameTpsl ceaHca. C IMOMOIIbIO ITapamMeTpoB
MOSKHO 3aTpeboBaTh Pecypchl, HaIIpuMep 06beM IaMsITH, HeOOXOIMMOI IJIs1 BbI-
TIOJTHEHUS oniepauum (work_mem), MM OIpeNeITh IOBeAEeHNe, CKaskeM, 3aIpeT I0-
CJiel0BaTeIbHOIO IIPOCMOTPA WM COeAMHEHNSI METOLOM BJIOKEHHBIX IIMKJIOB. Pas-
pelaeTcss BO3[eiCTBOBATh TOAbKO Ha MapaMeTphl, OINpenesiseMble B KOHTEKCTe
MIOJIb30BATEJIS, T. €. Te, KOTOPbIe 334AI0TCS IS ceaHca paboThl C IMOIb30BaTeNEeM.

B xomanpe SET 3a7jaeTcsi HOBOe 3HaUeHMe, IPUHMMaeMOe mapaMeTpoM IPU BXoze
B dbyHK1Mi0. [To BbIXome 13 GyHKIMM ITapaMeTp BO3BpallaeTcs K MpeXXHeMy 3Haye-
Huio. KoHburypaMoHHbIi ITapaMeTp MOXKHO SIBHO 3aaTh JJIs1 BCeil YHKIVU VI
JIOKaJIbHO TIepeorpenennTb BHyTpy QyHKIM. MOKHO TakKe YHAC/Ie0BaTh 3HAUe-
HMe [mapaMeTpa OT CeaHCa, BOCII0/JIb30BaBIIICh KIIOUeBBIM CI0BOM CURRENT.

KondurypauyonHbie mapaMeTpbl YaCTO MCIIOIb3YIOTCS /1T HACTPOKM TTPOU3-
BOAUTENbHOCTM QDYHKINY B YCIOBUSIX OTPAHMUEHHBIX PECYPCOB, IIPU paboTe ¢ yHA-
CJIeJOBAaHHBIM MJIM TVIOXO CIIPOEKTMPOBAHHBIM KOLOM, KOT[la CTaTUCTMUKA JaeT He-
BEPHYIO OLIEHKY U T. 1. [IpeIIoNokuM, K MpumMepy, 4To QYHKIIMS TIOXO BeleT cebst
13-3a HOpMamM3aluy 6a3bl JaHHBIX. B TakoM cTydae mepenpoeKkTupoBaHue 6a3bl
MOKET 0Ka3aThCsI TOPOTOCTOSIIEN onepatyeri. JIjst peleHus 3Toi Mpo6ieMbl MOXK-
HO ObUIO OBl M3MEHUTD IIJIAH BBITIOJIHEHUS, BKJIIOUMB WM BBIK/IIOUMB HEKOTOPbIE
napameTpsl. JOIyCTMM, UTO pa3paboTUMKy HY>KHO ObICTPO MCITPABUTH CJIEYIOIYIO
KOMaH[y, KOTOpasi 0JAb3yeTCs IMCKOBOV COPTUPOBKOJ C/IMSIHMEM, He M3MEHSIS T1a-
pameTpa work_mem [IJis1 ceaHca:

car_portal=# EXPLAIN (analyze, buffers) SELECT md5(random()::text)
FROM generate_series(1, 1000000) ORDER BY 1;
QUERY PLAN

Sort (cost=69.83..72.33 rows=1000 width=32) (actual
time=7324.824..9141.209 rows=1000000 loops=1)
Sort Key: (md5((random())::text))
Sort Method: external merge Disk: 42056kB
Buffers: temp read=10114 written=10113
-> Function Scan on generate_series (cost=0.00..20.00 rows=1000
width=32) (actual time=193.730..1774.369 rows=1000000 loops=1)
Buffers: temp read=1710 written=1709
Planning time: 0.055 ms
Execution time: 9192.393 ms
(8 rows)

B manHOM Cyiyuyae MbI MOXXeM OOepHYTh KOMaHAY SELECT dyHKIUMel u BHYTPU
(yHKUMY TIepeornpeieuThb work_mem:
CREATE OR REPLACE FUNCTION configuration_test () RETURNS TABLE(md5 text) AS

$$
SELECT md5(random()::text) FROM generate_series(1, 1000000) order by 1;
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$$ LANGUAGE SQL
SET enable_segscan FROM CURRENT
SET work_mem = '100MB';

Tenepb BBITIOJTHMM (byHKLU/II/I " IIOCMOTPUM, UTO JaJ/I0 USMEHEHNe:

car_portal=# EXPLAIN (ANALYZE ,BUFFERS) SELECT * FROM configuration_test();
QUERY PLAN

Function Scan on configuration_test (cost=0.25..10.25 rows=1000 width=32)
(actual time=7377.196..7405.635 rows=1000000 loops=1)

Planning time: 0.028 ms

Execution time: 7444.426 ms

(3 rows)

Time: 7444.984 ms

[Tpu BXOme B GyHKIMIO TapaMeTpy work_mem mipucBoeHo 3Hauenue 100 Mib, sTo
TTOBJIMSIIO HA TIIaH BBITTOJIHEHMSI, Y TeIlepb COPTUPOBKA BBITIOTHSIETCS B MAMSITH.
DYHKIIMS BBITIOJHSETCS GbICTpee, ueM 3ampoc. YTo6bI MOATBEPAUTD Pe3y/IbTaT, U3-
MEHIM work_mem B ceaHCe ¥ CPaBHUM:

car_portal=# set work_mem to '100MB';

SET

Time: 0.343 ms

car_portal=# EXPLAIN (analyze, buffers) SELECT md5(random()::text) FROM
generate_series(1, 1000000) order by 1;

QUERY PLAN

Sort (cost=69.83..72.33 rows=1000 width=32) (actual
time=7432.831..7615.666 rows=1000000 loops=1)
Sort Key: (md5((random())::text))
Sort Method: quicksort Memory: 101756kB
-> Function Scan on generate_series (cost=0.00..20.00 rows=1000
width=32) (actual time=104.305..1626.839 rows=1000000 loops=1)
Planning time: 0.050 ms
Execution time: 7662.650 ms
(6 rows)

Time: 7663.269 ms

Komangb! yneagnenmns 8 PL/pcSOL

CTpYKTYpBI YIIpaBieHUs] — BaskHas yacThb si3bika PL/pgSQL; 6maromapst uM paspa-
O60TUMKM MOTYT Peaan30BaTh OUEHb CJIOKHYIO OM3HeC-TOTUKy BHYTpU PostgreSQL.

O6baBneHus
CI/IHTaKCI/IC 06'bHBJIEHI/I${ HQDEMQHHOﬁ umeeT BUL:

name [ CONSTANT ] type [ COLLATE collation_name ] [ NOT NULL ]
[ { DEFAULT | := | = } expression ];
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name: MMsI, COCTaBJI€HHOE T10 IpaBuiaM, M3JI0’KeHHBIM B I71aBe 3. B uacTHOCTH,
MM He MOXKeT HauMHAThCST UM Poit.

CONSTANT: TaKO¥ mepeMeHHOI HeJb3sl IpUcBauBaTh 3HAUEeHMe TT0C/Ie MHUIIMA-
au3anuu. 3To yaOo6HO IS onpeene st KOHCTaHT, Harpumep Pl.

O type: mepemMeHHass MOXeT MMeTb MPOCTOI TUII, CKaskeM integer, MOJIb30Ba-
TeJIbCKUIA TUII, [ICeBIOTHUIIL, TUTI record ¥ T. 1. TIOCKOIBKY IIPY CO3IaHMM 106071
TaGINIIBI HESIBHO CO3TAETCST TUIT, MbI MOKEM OOBSIBUTD ITepEMEHHYI0 TAKOTO
THUIIA.

O B PostgreSQL cnepytowme aBa 06baBNEHNS IKBUBANEHTHbI, OLHAKO BTOPOE /lyylle COBMeC-
™Mo ¢ Oracle. KpoMe Toro, OHO icHee BbipaxkaeT HamepeHue pa3paboTumka, T. K. ero Henlb3s
nepenyTaTtb CO CCbINKOW Ha akTnyeckyr Tabnauuy. ITo NpeanoyTUTenbHbIM cnocob obbssne-
HUS TUNA.

e myrow tablename;
» myrow tablename%ROWTYPE;

O NOT NULL: BbI3BIBAET OMIMOKY ITpM IOTBITKE 3aMycaTh B ITepeMeHHYI0 3HaUe-
Hue null. ITepemeHHbie, 06bsIBIeHHbIE KaK NOT NULL, JO/KHBI ObITh MHUIIMA-
JIU3UPOBAHBI.

O DEFAULT: OTK/IabIBaeT MHUIIMAIU3ALMIO TepeMEHHOl 0 MOMEHTa BXOfa
B GJIOK. DTO TOJIe3HO, KOT[Ia HY’KHO, YTOOBI IIepeMeHHast TUIIa timestamp mo-
JIyyajia 3HaueHue B MOMEHT BbI30Ba (DYHKIIMM, a He B MOMEHT ee TIpeiBapu-
TEbHOM KOMITWJISIIIVN.

O BroIpakeHne expression — KOMOMHAIMS OTHOTO MJIV HECKOJIBKUX SIBHO 3a/IaH-
HbIX 3HAUEeHUI1, OIIepaTopoB U (GYHKIMIA, BBIUMCIEHME KOTOPOil JaeT HOBOe
3HAUYeHMe.

Teno PL/pgSQL-GYHKIINM COCTOUT U3 BIIOKEHHBIX GJIOKOB € (aKyJbTaTUBHOM

CeKIIMel OObSIBIEHMI I METKOI.

[ <<label>> ]
[ DECLARE
declarations ]
BEGIN
statements
END [ label ];

KmitoueBbie cimoBa BEGIN 1 END B 3TOM KOHTEKCTE MCIOJb3YIOTCS He IJIs1 YIpaB-
JIEHUSI TPaH3aKIMOHHBIM MOBeIeHueM, a sl TPYNIMPOBKU. CeKUysl 0ObSIBIEHMIA
npegHasHaveHa i 06bsIBIeHMS IepeMeHHbIX, a MeTKa label — [JI11 MMeHOBaHMS
6710Ka 1 o6pa3oBaHMs MOJMHBIX MMEH IepeMeHHbIX. HakoHell, B 10607 PL/pgSQL-
(OYHKIMYM MMeeTCsl CKPBITBIN OJIOK, ITOMEUeHHbII uMeHeM (QYHKIMM, B KOTOPOM
coGpaHbl IIpenoIpeneieHHble TepeMeHHbIe, HarpumMep FOUND. UTo6bl pa3o6paThest
B 6;10Ke PYHKIIMIM, PACCMOTPUM KOJ PEKYPCUBHOI QyHKIVM factorial:

CREATE OR REPLACE FUNCTION factorial(INTEGER ) RETURNS INTEGER AS $$

BEGIN
IF $1 IS NULL OR $1 < O THEN RAISE NOTICE 'Invalid Number';
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RETURN NULL;
ELSIF $1 = 1 THEN
RETURN 1;
ELSE
RETURN factorial($1l - 1) * $1;
END IF;
END;
$$ LANGUAGE 'plpgsql';

Brok orpezensieT 0671acTh BUAMMOCTY TlepeMeHHbIX. B HalleM rpumepe obia-
CThIO BUIMMOCTM apryMeHTa $1 ssBjisieTcst Bcsl GyHKIMs. CeKuyy 06bsIBI€HNIA B 9TO
dbyHKIMM HeT. YTOOBI TyUIlle TTOHSTh, UTO TakKoe 06JIaCTh BUAMMOCTU Pa3IMUHBIX
6710KOB, TTepernuiieM GyHKIMIO factorial HEMHOIO IMO-IPYTOMY:

CREATE OR REPLACE FUNCTION factorial(INTEGER ) RETURNS INTEGER AS $$
DECLARE
fact ALIAS FOR $1;
BEGIN
IF fact IS NULL OR fact < O THEN
RAISE NOTICE 'Invalid Number';
RETURN NULL;
ELSIF fact = 1 THEN
RETURN 1;
END IF;
DECLARE
result INT;
BEGIN
result = factorial(fact - 1) * fact;
RETURN result;
END;
END;
$$ LANGUAGE 'plpgsql';

OTa QYHKUMSI COCTOUT U3 ABYX OJIOKOB, mepeMeHHas fact — MCeBOOHUM I1€pPBO-
ro aprymeHTa. Bo BHyTpeHHeM 0JI0Ke 00bsSIBJIEHA ITepeMeHHast result TuIIa integer.
IMockonbKy nepemMeHHas fact 00bsIBJIeHa B 00beMJTIOIIEM OJIOKE, €€ MOSKHO MCITONIb-
30BaTh M BO BHYTpeHHEM. [lepeMeHHYI0 ke result MOKHO MCITO/Ib30BaTh TOJIBKO BO
BHYTpPEHHEM OJIOKe.

MNpucsausanue
OrmepaTopsl := U = CIYKaT OJIsI IIPUCBauBaHMS IIepeMEeHHON 3HAUE€HMST BbIpaKeHMSI :
variable { := | = } expression;

iMeHa mepeMeHHBIX He MOKHbI KOHGIMKTOBATh C MMEHAaMM CTOJIOI[OB. JTO
BaKHO IIPY HaNMCaHMM MapaMeTpu30oBaHHbIX KoMaHA SQL. Onepatop = nopnep-
>KMBaeTCs He TonbKo B Bepcuu PostgreSQL 10, HO 1 B mpenpiayiux. K coxkaneHuto,
06 9TOM HMYETO He CKa3aHO B IOKYMEHTAIMM 110 TIPeAbIAYIIM BepcusiM. Bripouem,
ITOCKOJIbKY OTIepaTop = UCIONb3yeTcs B SQL 1151 cpaBHEHMS, TO BO M30ekaHMe He-
JlopasyMeHMii Jiydllle /1151 TPUCBauBaHMS MCIIO0/Ib30BaTh OIlepaTop :=.
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B HEKOTOPBIX KOHTEKCTAaX MOMYCKAeTCsl TOJIbKO OJIH OTlepaTop NMpUCBAaUBAHUS

O Korma IpucBauBaeTCs 3HaUeHMe 110 YMOIYaHUIO, 00s13aTeIbHO MCII0Ib30BaTh
orepaTrop =, 0 YeM HaluCaHO B JOKYMEHTaluu mo agpecy http://www.post-
gresql.org/docs/current/interactive/sql-createfunction.html;

O pmisg o603HAUEHMS MMEHOBAHHBIX ITapaMEeTPOB IPU BbI30Be (QYHKIUM WUC-
T0/Ib3YeTCsI TOJIBKO OIepaTop :=.

B mpumepe HIMsKe TTOKa3aH CJIydaii, KOrja = U := He SBJSIOTCS CMHOHMMaMIN.

CREATE OR REPLACE FUNCTION cast_numeric_to_int (numeric_value numeric,
round boolean = TRUE /* gonycTWMO TOJbKO . Wcnonb3oBaHue ":=" npuBeAeT K CHMHTAKCMYECKON
ounbke */)
RETURNS INT AS
$$
BEGIN
RETURN (CASE WHEN round = TRUE THEN CAST (numeric_value AS INTEGER)
WHEN numeric_value>= @ THEN CAST (numeric_value -.5 AS INTEGER)
WHEN numeric_value< 0 THEN CAST (numeric_value +.5 AS INTEGER)
ELSE NULL
END);
END;
$$ LANGUAGE plpgsql;

[IpoTecTupyem npucBauBaHue:

car_portal=# SELECT cast_numeric_to_int(2.3, round:= true);
cast_numeric_to_int

(1 row)

car_portal=# SELECT cast_numeric_to_int(2.3, round= true);
ERROR: column "round" does not exist
LINE 1: SELECT cast_numeric_to_int(2.3, round= true);

BbIpaskeHye MPUCBAaMBaHNSI MOXET ObITh OJHMM aTOMAapHbIM 3HAUeHMeM, Ha-
npumep pi = 3. 14, U CTPOKOIL:

DO $$
DECLARE
test record;
BEGIN
test = ROW (1, 'hello’, 3.14);
RAISE notice '%', test;
END;
$$ LANGUAGE plpgsql;

DO $$

DECLARE
number_of_accounts INT:=0;

BEGIN
number_of_accounts:= (SELECT COUNT(*) FROM car_portal_app.account)::INT;
RAISE NOTICE 'number_of accounts: %', number_of_accounts;

END; $$

LANGUAGE plpgsql;


http://www.postgresql.org/docs/current/interactive/sql-createfunction.html
http://www.postgresql.org/docs/current/interactive/sql-createfunction.html
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CYH.IECTBY}OT n gpyrue CHOC06LI IIpuCBaMBaHMS 3HAUeHUI IIepeMeHHBbIM IIO pe-
3yJbTaTaM 3aIllpocCa, BO3BPalldomiero Oy CTPpOKy:
SELECT select_expressions INTO [STRICT] targets FROM ...;
INSERT ... RETURNING expressions INTO [STRICT] targets;

UPDATE ... RETURNING expressions INTO [STRICT] targets;
DELETE ... RETURNING expressions INTO [STRICT] targets;

YacTo B POy BbIpaskeHMI BBICTYIIAIOT MMeHa CTOJIOLOB, a easmMu (targets) sIB-
JITIOTCSI IMEHa TTepeMeHHbIX. B ciryuae KoMaHabl SELECT INTO 11€/Th MOXKET MMETD THUIT
record. Komanga INSERT ... RETURNING HEpPEIKO MCIOIb3YEeTCS JIT TOTO, UTOObI Bep-
HYTb 3HAU€H)e HEKOTOPOTO CTOIOIIA 10 YMOTYaHMI0, HATTPUMep KOT/a e pBUYHBIN
KJII0u uMmeeT TuIl SERIAL minm BIGSERIAL:

CREATE TABLE test (
id SERIAL PRIMARY KEY,
name TEXT NOT NULL

);

Iyt TpOBEPKU MIPUCBAMBAHMS BBITTOTHUM CJIeIYIOIINIA KO :

DO $$
DECLARE
auto_generated_id INT;
BEGIN
INSERT INTO test(name) VALUES ('Hello World') RETURNING id
INTO auto_generated_id;
RAISE NOTICE 'The primary key is: %', auto_generated_id;
END

$$;
NOTICE: The primary key is: 1
DO

0 3HayeHWe No YMONYAHUIO MOXKHO 6b1N10 Bbl NOAYYWTL M NOC/IE BCTABKM CTPOKM Ha unctom SQL,
Bocnonb3osaslmch CTE:

WITH get_id AS (

INSERT INTO test(name) VALUES ('Hello World')
RETURNING 1id

) SELECT * FROM get_id;

Haxonelr, 1151 BBITIOJTHEHNS TIPYCBAMBAHMSI MOSKHO ObIJIO GBI MCITOIb30BATh ITOJI-
Hble MMeHa; B TPUTTEPHbIX (QYHKIMIX IJIS1 MAHUITYJMPOBAHUSI 3HAUEHUSIMU IO
¥ TIOCJIe BBITIOTHEHMSI OIlepalluy YIIOTPeOISTIOTCST MMeHa Tabmmil OLD 1 NEW.

YcnoBHble KOMaHAbI

PostgreSQL noppepsxuBaeT KOMaHAbI IF 1 CASE, UTO ITO3BOJISIET BBIMIOJHATD KOMaH-
IIbI B 3aBUCUMOCTH OT yca0BYsI. KoHCTpyKiust IF BRIIISIAUT CIEMYIONIM 00pa3oM:
QO IF...THEN...ENDIF
Q IF...THEN...ELSE... ENDIF
Q IF...THEN...ELSIF...THEN ... ELSE... END IF
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YV KoMaH/IbI CASE ecTb JiBe hOpMbI:

QO CASE...WHEN ... THEN ... ELSE ... END CASE

QO CASEWHEN ... THEN ... ELSE ... END CASE

YT0o6BI JTyUllle OCBOMTb KOMaHy IF, pacCCMOTPUM 3a[1auy O TEKCTOBOM IIPeICTaB-
JIEHUY paHTa OObSBIEHNS :

CREATE OR REPLACE FUNCTION cast_rank_to_text (rank int) RETURNS TEXT AS $$
DECLARE
rank ALIAS FOR $1;
rank_result TEXT;
BEGIN
IF rank = 5 THEN rank_result = 'Excellent';
ELSIF rank = 4 THEN rank_result = 'Very Good';
ELSIF rank = 3 THEN rank_result = 'Good';
ELSIF rank = 2 THEN rank_result ='Fair';
ELSIF rank = 1 THEN rank_result ='Poor';
ELSE rank_result ='No such rank';
END IF;
RETURN rank_result;
END;
$$ Language plpgsql;
- AN TeCTMpOBaHUA GyHKUMK
SELECT n,cast_rank_to_text(n) FROM generate_series(1,6) as foo(n);

[Tocste BoITIOTHEHNMS TI0007 BeTBM IF yIIpaBieHMe epeaeTcsl KOMaHe, CIenylo-
mie’t 3a END IF, eciu TOJTbKO BHYTPM BeTBY HET KoMaH bl RETURN. Ecjiit He BBITIONTHEHA
HM OfHA U3 BeTBel IF 1 ELSIF, TO BBITIOJHSIETCS BeTBb ELSE. OTMeTUM TaKKe, YTO BCe
CTPYKTYPBI YIIPABIEHUS MOTYT ObITh BJIOKEHHBIMMU, T. €. OJHa KOMaHZa IF MOXeT
HaxXOOUTbCS BHYTPU OPYTOIA.

B c1emytomnem parmMeHTe Ta e JIOTMKA Pean30BaHa ¢ TOMOIIbI0 KOMaHIbI CASE:

CREATE OR REPLACE FUNCTION cast_rank_to_text (rank int) RETURNS TEXT AS
$$
DECLARE
rank ALIAS FOR $1;
rank_result TEXT;
BEGIN
CASE rank
WHEN 5 THEN rank_result = 'Excellent';
WHEN 4 THEN rank_result = 'Very Good';
WHEN 3 THEN rank_result = 'Good';
WHEN 2 THEN rank_result ='Fair';
WHEN 1 THEN rank_result ='Poor';
ELSE rank_result ='No such rank';
END CASE;
RETURN rank_result;
END;$$ Language plpgsql;

[Tocse TOro Kak HeKOTOpast BeTBb CASE BBITIOTHEHA, YIIpaB/ieHMe cpa3y IepefaeT-
Cs KOMaHje, cJieayrolnei 3a CASE. OTMeTUM TaKKe, YTO B 3TOV ¢opMe CASE 3arpenie-
HO COITOCTaBJIeHMe cO 3HaueHueM NULL, TOTOMY UTO pe3yJbTaTOM CpaBHeHMs ¢ NULL
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aBisteTcst NULL. UTo6bI 060iTH 3TO OrpaHuUeH e, MOKHO BOCIIOIb30BaThCsI BTOPOIA
dbopmoit 1 3a1aTh YCIOBME COMTOCTABIEHMS SIBHO:

CREATE OR REPLACE FUNCTION cast_rank_to_text (rank int) RETURNS TEXT AS $$
DECLARE
rank ALIAS FOR $1;
rank_result TEXT;
BEGIN
CASE
WHEN rank=5 THEN rank_result = 'Excellent';
WHEN rank=4 THEN rank_result = 'Very Good';
WHEN rank=3 THEN rank_result = 'Good';
WHEN rank=2 THEN rank_result ='Fair';
WHEN rank=1 THEN rank_result ='Poor';
WHEN rank IS NULL THEN RAISE EXCEPTION 'Rank should be not NULL';
ELSE rank_result ='No such rank';
END CASE;
RETURN rank_result;
END;
$$ Language plpgsql;
- TecTupyem
SELECT cast_rank_to_text(null);

HakoHelr, ec/i HY OflHa BETBb CASE He [TO/I0IIIa ¥ BETBb ELSE OTCYTCTBYET, TO BO3-
OY>KIaeTCst UCKITIOUeHMe

DO $$
DECLARE

i int := 0;
BEGIN

CASE WHEN 1=1 then

RAISE NOTICE 'i is one';

END CASE;
END;
$$ LANGUAGE plpgsql;
ERROR: case not found
HINT: CASE statement is missing ELSE part.
CONTEXT: PL/pgSQL function inline_code_block line 5 at CASE

UtepuposaHue

VTepupoBaHue MO3BOJISET IMOBTOPSITh OJI0K KOMaHA. IIpu 3TOM YacTo TpebyeTcs
OIpene/IUTh HAYaJIbHYIO TOUKY U YCI10BMe OKOHYaHus. B PostgreSQL ecTb HECKOJIb-
KO KOMaHf, 11 00X0ofa pe3yabTaToB 3aIlpoca ¥ OpraHM3auuy IMKIOB: LOOP, CON-
TINUE, EXIT, FOR, WHILE v FOR EACH.

Komanoa LOOP
Camas mpocTtast KomaHaa LOOP BBIIISIAUT TaK:

[ <<label>> ]
LOOP
statements
END LOOP [ label ];
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Iljis meMoHcTpauyy nepenuiiem ¢yHKuuio factorial:

DROP FUNCTION IF EXISTS factorial (int);
CREATE OR REPLACE FUNCTION factorial (fact int) RETURNS BIGINT AS $$
DECLARE
result bigint = 1;
BEGIN
IF fact = 1 THEN RETURN 1;
ELSIF fact IS NULL or fact < 1 THEN RAISE EXCEPTION 'Provide a positive integer';
ELSE
LOOP
result = result*fact;
fact = fact-1;
EXIT WHEN fact = 1;
END LOOP;
END IF;
RETURN result;
END; $$ LANGUAGE plpgsql;

3mech yOTOBHAsl KOMaHa EXIT pegoTBpallaeT 3alMKInBaHue. IToce BbIToTHe-
Hus EXIT yIpaBjieHue nepemaeTcss KOMaHze, caemyroneii 3a LOOP. i yripaBaeHust
BBITIOJIHEHMEM KOMaH]I BHYTpY yK/a LOOP PL/pgSQL nmpemocTaBisieT Takske KOMaH-
Iy CONTINUE, KoTopast TToxoska Ha EXIT, TOJIbKO BMECTO BBIXOZIA M3 IIMKJIA IepemaeT
yIIpaBjieHle Ha ero Havasio, MPOMycKast KO, OCTaBIIMIiCS A0 KOHIIA IIMKIIA.

0 PekomeHayeTcs n3beratb koMaHa CONTINUE 1 EXIT, 0co6eHHO B cepenuHe 610Ka, MOTOMY YTO
OHU HapyLwakT NoOpAAOK BbINONIHEHUA, YTO 3aTPYAHAET YTEHME KOoAa.

Komanoa WHILE

Komanpga WHILE ITpoo/KaeT BhITIOMHSATh 670K KOMaH/I, TOKa MCTMHHO 3alaHHOe yC-
JioBMe. BOT ee CMHTAKCIUC:

[ <<label>> ]

WHILE boolean-expression LOOP
statements

END LOOP [ label ];

Hiske MBI ITeyaTaeM JHM TEKYIIEro Mecsiia B ykie while:

DO $$
DECLARE
first_day_in_month date := date_trunc('month', current_date)::date;
last_day_in_month date := (date_trunc('month', current_date)+
INTERVAL '1 MONTH - 1 day')::date;
counter date = first_day_in_month;
BEGIN
WHILE (counter <= last_day_in_month) LOOP
RAISE notice '%', counter;
counter := counter + interval '1 day';
END LOOP;
END;
$$ LANGUAGE plpgsql;
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Komanoa FOR

B PL/pgSQL ecTb 1Be popmMbl KOMaHIbI FOR, TpeJHa3HAUEHHbIe IJIs:
O o06xopa cTpoK, BO3BpaleHHbIX SQL-3arpocom;
O ob6xopma nuamna3oHa IesbIX YMCer.
CuHTakcuc KoMaHbl FOR MpecTaBIeH HIDKe:

[ <<label>> ]

FOR name IN [ REVERSE ] expressionl .. expression2 [ BY expression ] LOOP
statements

END LOOP [ label ;

3[ech name — MMS JIOKAJIbHOM ITepeMeHHOo Tuma integer. O6/1aCThI0 BUAUMOCTH
9TOI1 TIepeMeHHOVi SIBIsIeTCsT UK FOR. KoMaH1bl BHYTpU IIMKJIa MOTYT €€ UNTaTh, HO
He MOT'yT U3MeHThb. Ho 3TO moBeieHre MOKHO MU3MEHUTb, OIIpele/IUB IIepeMeHHYI0
B CEKLIMY OObSIBIEHMIT 06beMITIONIEro 610Ka. BeipaskeHus expressionl 1 expression2
IOJDKHBI MMETh Liesible 3HaueHus1. Ecin expressionl paBHO expression2, TO UMKJI FOR
BBITIOJIHAETCS TOJILKO OOVH pas.

KitoueBoe ¢j1oBO REVERSE HeOOs13aTeIbHO; OHO OIpeeNseT MOPSIaoK, B KOTOPOM
reHepupyeTcsl AuarasoH (Bo3pacTaroilnii uau yosiBatomuit). Eciu cioBo REVERSE
OTYIIEHO, TO expressionl TOKHO OBITh MEHbIIIE expression2, MHAUe VK He BITION-
HUTCS HU pasy. HakoHel, KiroueBoe CJI0BO BY 3a7jaeT mar Mexxay IBYMS [0C/Ien0-
BaTeJbHBIMM YMCIaMM; CJeAyIollee 3a HUM BbIpaskeHMe expression JOKHO ObITh
TIOJIOKUTEJIbHBIM 11eJIbIM UMCIOM. B ToKkazaHHOM HukKe LuK/Ie FOR mpOU3BOOUTCS
06Xo[1 muarasoHa OTPUIIATeTbHbIX YMCe B 00paTHOM MOPSIIKe U IevyaTaloTcs 3Ha-
yeHus -1, -3, ...,-9.

DO $$
BEGIN
FOR j IN REVERSE -1 .. -10 BY 2 LOOP
RAISE NOTICE '%', j;
END LOOP;

END; $$
LANGUAGE plpgsql;

CHHTaKcuC OMKJIa OJIst 06x0/1a pPe3yjIbTaTOB 3aIIpOCa HECKOJIbKO VHOIA:

[ <<label>> ]

FOR target IN query LOOP
statements

END LOOP [ label ];

JIokajbHas mepeMeHHasl target 06bsiBIeHa B 06beMToniem 610ke. OHa HeoOs13a-
TeJIbHO JO/DKHA OBITh MTPMMUTUBHOTO TUIIA, CKaskeM, integer MM text, JOITyCcKaeTCst
TaKoKe COCTaBHO THII U TIT RECORD. B PL/pgSQL 06X0mUTh MOSKHO Pe3y/IbTaT BbITION-
HEHMSI Kypcopa My KoMaH bl SELECT. Kypcop — 3TO cIieliMaabHbIi 06beKT, MHKATICY-
JIPYIOIINiA 3arrpoc SELECT 1 TTO3BOJSIIONIMI YMTATh PE3Y/IbTaThl 10 HECKOIbKY CTPOK
3a pas. B ciepyiomem mpuMepe mmevyaTaloTcs MMeHa Bcex 6a3 JaHHbIX:

DO $$
DECLARE
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database RECORD;
BEGIN
FOR database IN SELECT * FROM pg_database LOOP
RAISE notice '%', database.datname;
END LOOP;
END; $$;
----- BbIBOANTCSA
NOTICE: postgres
NOTICE: templatel
NOTICE: template®

DO

BosBpar u3 ¢pyHKuMMU

Komanpga Bo3Bpara 3aBepiiaeT (GyHKIVIO U IepeJaeT yIIpaBieHue BbI3bIBAIOIIEH
cropoHe. CyIecTByeT HeCKOJIbKO Pa3HOBMIHOCTE! KOMaHIbl BO3BpaTa: RETURN, RE-
TURN NEXT, RETURN QUERY, RETURN QUERY EXECUTE 1 T. i. KomaHga RETURN MOXkeT BO3BpalliaTh
OIHO 3HAUeHlMe UM MHOKECTBO, KaK OyIeT IoKa3aHO HIKe. PacCMOTpUM C 9TOi
TOYKM 3pEeHMUS] aHOHUMHYIO (PYHKIIMIO:

DO $$
BEGIN

RETURN;

RAISE NOTICE 'This statement will not be executed';
END
8
LANGUAGE plpgsql;

- BbiBOAUTCA

DO

Kak Bumym, 13-3a RETURN 3Ta QYHKIIMS 3aBepIIaeTcs elle A0 BbITTOJIHEHMSI KOMaH-
Iobl RAISE.

Bo3sepam void

Tum void Mcrmonb3yeTcs, KOrga CMbICT GYHKIIMM 3aKTI0UaeTcsl B T060YHbIX 3ddex-
Tax, HalIpMMep 3aIMCK B XKypHas. BerpoeHnHast GyHKIMS pg_sleep 3aepsKMBaET BbI-
IMOJTHEHNe CepBepHOro IIporecca Ha 3agaHHOe YMC/I0 CeKYH/I :

postgres=# \df pg_sleep
List of functions

Schema | Name | Result data type | Argument data types | Type
------------ T S T L LT T TR
pg_catalog | pg_sleep | void | double precision | normal

(1 row)

Bo3epam odHoii cmpoKu
@dyuakmus PL/pgSQL MoxkeT Bo3BpaliaTh OHY CTPOKY, IPMMEPOM CITYSKUT QYHKITAS
factorial.

HekoTopble pa3paboTunkm HasbiBaKT cKangpHbiMK GyHKUmMM Ha PL/pgSOL u Ha SQOL, koTo-
pble BO3BPALLAKT OHY CTPOKY, COAEPXKALLYH OAMH CTONOEeL, CO CKaNsAPHbIM 3HAUYEHUEM.
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Tun BO3BpallaeMoro 3HaueHust MOXKeT ObITh 6a30BbIM, COCTAaBHBIM, TOMEHHBIM
MV TICeBAOTUITOM. [ToKa3aHHast Hyske QYHKIMS BO3BpalllaeT IpeaCTaBlIeHl e yueT-
HoJi 3ammcy B popmarte JSON:

- Ha sql
CREATE OR REPLACE FUNCTION car_portal_app.get_account_in_json (account_id
INT) RETURNS JSON AS $$

SELECT row_to_json(account) FROM car_portal_app.account WHERE account_id = $1;
$$ LANGUAGE SOQL;

- Ha plpgsql
CREATE OR REPLACE FUNCTION car_portal_app.get_account_in_jsonl (acc_id INT)
RETURNS JSON AS $$
BEGIN

RETURN (SELECT row_to_json(account) FROM car_portal_app.account

WHERE account_id = acc_id);

END;
$$ LANGUAGE plpgsql;

Bosspam HECKOJIbKUX CMpPOK

Ilyist BO3BpaTa HECKOIbKUX CTPOK MCIIONb3YIOTCST (PYHKIMM, BO3BpaIaloie MHO-
skectBa. CTpoKa MOKET MMeTb 6a30BbIN TUIT (HAIlpUMep, integer), COCTaBHOIL, Ta6-
JINYHBIV, JOMEHHBIV WiIN TCeBOOTUIT. DYHKIMS, BO3BPALAIOIasi MHOXECTBO, T0-
MeyaeTCs K/II0UeBbIM CJIOBOM SETOF:

-~ Ha SQL
CREATE OR REPLACE FUNCTION car_portal_app.car_model(model_name TEXT)
RETURNS SETOF car_portal_app.car_model AS $$
SELECT car_model_id, make, model FROM car_portal_app.car_model
WHERE model = model_name;
$$ LANGUAGE SQL;

-- Ha plpgSQL

CREATE OR REPLACE FUNCTION car_portal_app.car_modeli(model_name TEXT)

RETURNS SETOF car_portal_app.car_model AS $$

BEGIN
RETURN QUERY SELECT car_model_id, make, model FROM car_portal_app.car_model
WHERE model = model_name;

END;

$$ LANGUAGE plpgsql;

Boimonmuum ot pyHKIMu. O6paTuTe BHUMAaHKe, KaK KellMpOBaHMe, OCYIIeCTB-
snsiemoe B PL/pgSQL, BnusieT Ha MPOM3BOAUTENbHOCTb:

car_portal=> \timing
Timing is on.
car_portal=> SELECT * FROM car_portal_app.car_model('A1");
car_model_1id | make | model
.............. +......+_......
1| Audi | A1
(1 row)

Time: 1,026 ms
car_portal=> SELECT * FROM car_portal_app.car_model1('Al1');
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car_model_1id | make | model

.............. Y R
1 | Audi | A1

(1 row)

Time: 0,546 ms

Ecmm pnst Bo3BpaiaeMoro sHaueHus ellle HeT TUIIa, TO MOXKHO!

QO omnpenenuTd 1 UCIOAB30BATh HOBBIV TUII JAHHDIX;

QO wucmonb30BaTh TUI TABLE;

QO nCcnonb30BaTh BBIXOAHBIE TapAMeTPhI ¥ TUII JaHHBIX record.

[TycTb TpebyeTcst BEpHYTH TOJMBKO TTOJS car_model_id u make, i COOTBETCTBYIONIMIA
TUIT JAaHHBIX He orpenesneH. Torma MpeapAyITy0 GYHKIWI0 MOKHO IMepenucaTh
B Buze:

-- SQL
CREATE OR REPLACE FUNCTION car_portal_app.car_model2(model_name TEXT)
RETURNS TABLE (car_model_id INT , make TEXT) AS $$
SELECT car_model_id, make FROM car_portal_app.car_model
WHERE model = model_name;
$$ LANGUAGE SQL;

-- plpgsqQL

CREATE OR REPLACE FUNCTION car_portal_app.car_model3(model_name TEXT)

RETURNS TABLE (car_model_id INT , make TEXT) AS $$

BEGIN
RETURN QUERY SELECT car_model_id, make FROM car_portal_app.car_model
WHERE model = model_name;

END;

$$ LANGUAGE plpgsql;

[IpoTecTupyem 3Ty PyHKLIMIO:

car_portal=> SELECT * FROM car_portal_app.car_model2('Al1');
car_model_1id | make

(1 row)
Time: 0,797 ms

car_portal=> SELECT * FROM car_portal_app.car_model3('Al1');
ERROR: column reference "car_model_id" is ambiguous
LINE 1: SELECT car_model_id, make FROM car_portal_app.car_model WHE...
A
DETAIL: It could refer to either a PL/pgSQL variable or a table column.
QUERY: SELECT car_model_id, make FROM car_portal_app.car_model WHERE model
= model_name
CONTEXT: PL/pgSQL function car_model3(text) line 3 at RETURN QUERY
Time: 0,926 ms

Omnbka Bo3HMKIIA, TOTOMY U4TO PL/pgSQL crryTas MMst CTonb1a ¢ oIpeeeHeM
Ta6MMIIbL. [IeJI0 B TOM, YTO BO3BPAT TAOIMUIIbI — COKpAIleHHAS 3aMVCh BBIXOJHbIX I1a-
pameTpoB. UTOOBI MCIPABUTH OLIMOKY, HYKHO ITEPEVMEHOBATh aTPUOYTHI:
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CREATE OR REPLACE FUNCTION car_portal_app.car_model3(model_name TEXT)

RETURNS TABLE (car_model_id INT , make TEXT) AS $$

BEGIN
RETURN QUERY SELECT a.car_model_id, a.make FROM car_portal_app.car_model a
WHERE model = model_name;

END;

$$ LANGUAGE plpgsql;

car_portal=> SELECT * FROM car_portal_app.car_model3('A1');

car_model_1id | make

(1 row)

9Ty QYHKUIMIO MOXHO TakXe 3aMycaTh C MOMOIIbIO BBIXOAHBIX TapaMeTpoOB
C KJIIOUEBBIM (JIOBOM OUT; MMEHHO TaK Ha CaMOM JeJjie U peajr30BaH BO3BpaT Tab-
JIVILIBI:
CREATE OR REPLACE FUNCTION car_portal_app.car_model4(model_name TEXT, OUT
car_model_1id INT, OUT make TEXT ) RETURNS SETOF RECORD AS $$
BEGIN
RETURN QUERY SELECT a.car_model_id, a.make FROM car_portal_app.car_model a
WHERE model = model_name;
END;
$$ LANGUAGE plpgsql;

car_portal=> SELECT * FROM car_portal_app.car_model4('Al'::text);
car_model_1id | make

MPENONPENENEHHDBIE NEPEMEHHDBIE B ®YHKLIUAX

B PL/pgSQL-bYyHKIMSIX MMeeTCs HECKOJbKO CITeIMaIbHbIX IepeMeHHbBIX, KOTOPbIe
aBTOMATMUYECKM CO3[IAl0TCS B GIOKe BepxXHero ypoBHS. Hampumep, B TPUTTEPHO
dbyHKIIMM co3mat0TCsT ITepeMeHHbIe NEW, OLD v1 TG_OP.

[ToMMuMO crIenMaNbHBIX TPUITEPHBIX IEPEMEHHBIX, CYIIeCTBYeT Oy/ieBa IepeMeH-
Hast FOUND. KomaH b1 SELECT, INSERT, UPDATE, DELETE 1 PERFORM yCTaHABJIMBAIOT €€ B true,
eI, COOTBETCTBEHHO, BhIOpaHa, BCTaB/IieHa, 00HOB/IeHA MY yIaneHa XOTs Obl OHa
CTpOKa.

KomaHpa PERFORM mmoxoska Ha SELECT, HO oTGpachiBaeT pe3yiabTaT 3ampoca. OTme-
TUM TaKXe, YTO KOMaH/a EXECUTE He n3MeHseT 3HaueHMs FOUND. B citemyrommx rpu-
Mepax MoKa3aHo, KaK OTpaXkarTcsl Ha FOUND meliCTBMSI, BBITTIOTHEHHbIE KOMaHIaMy
INSERT v PERFORM:

DO $$

BEGIN
CREATE TABLE t1(f1 int);

INSERT INTO t1 VALUES (1);
RAISE NOTICE '%', FOUND;



216 <« CepsepHoe nporpammunpoBaHue Ha PL/pgSQOL

PERFORM * FROM t1 WHERE f1 = 0;
RAISE NOTICE '%', FOUND;
DROP TABLE t1;
END;
$SLANGUAGE plpgsql;
- BHIBOAMTCA
NOTICE: t
NOTICE: f

B mpeppigyiiieM 3amnpoce MOXKHO O6bLTIO 6bI TAKXKe MOMYyUKUTh 01D (MAeHTUDUKATOP
00beKTa) IOCIeIHE BCTaBI€HHO CTPOKM, @ TAK)KE KOJIMUECTBO CTPOK, 3aTPOHYTHIX
KoMaHzamy INSERT, UPDATE 1 DELETE. [Ijisl 9TOTO CJIYsKUT KOMaH[a

GET DIAGNOSTICS variable = item;

B mipefmonokeHnu, YTo 0ObsIBIeHa IIepeMeHHas i TuIa integer, KOJTMYECTBO 3a-
TPOHYTBIX CTPOK MOXKHO TOJTYUYUTh CJIETYIONMM 06pa3som:

GET DIAGNOSTICS i = ROW_COUNT;

OBPABOTKA UCKJIIOYEHUHA

g mepexBata M BO30OYKAeHMS] MCKIOUeHMiT B PostgreSQL mpemgHa3sHaueHbl KO-
MaHIbl EXCEPTION 1 RAISE. OmMOKM BO3HMKAIOT MPU HAPYIIEHUM OTpaHUYEeHNI 1ie-
JIOCTHOCTY JTAaHHBIX MJIM TIPU BBITIOTHEHMM HEIOMyCTUMbIX Ollepalluii, Harmpumep:
MpuUcBayBaHMe TeKCTa 1eJIOMY YMCITy, eJieHue Ha Hy/lb, IIpMcBaMBaHue repeMeH-
HOJT 3HaUeHMsI BHE JIOITyCTMMOrO AMariasoHa u T. 1. [To yMmoruanuio jrob6ast ommoka
B PL/pgSQL-byHKIMM TIPUBOAUT K TIPEphIBAHMIO BBITIOJIHEHUSI M OTKaTy M3Me-
HeHMit. UTOObI BOCCTAaHOBUTHCSI, MOKHO TE€PEXBATUTh OIIMOKY C MOMOIIbI0 dpa-
3bI EXCEPTION, CMHTaKCHMYeCKM OYeHb ToxXoykeil Ha 6;10ku B PL/pgSOL. Kpome Toro,
OIMOKY MOXKHO BO3OYKIATh B KOMaHae RAISE. UTOObI pa3o6paThCsi BO BCEM STOM,
paccMOTPUM CIeYIOILYI0 BCIIOMOTaTeabHYI0 (QYHKIINUIO:

CREATE OR REPLACE FUNCTION check_not_null (value anyelement ) RETURNS VOID
AS
8
BEGIN

IF (value IS NULL) THEN

RAISE EXCEPTION USING ERRCODE = 'check_violation';

END IF;
END;
$$ LANGUAGE plpgsql;

[MomumopdHas dyHkims check_not_null TpoCTO BO36YKAAET OIIMOKY, B KOTOPOIA
cocTostHMe SQLSTATE cofepskUT CTPOKY check_violation. Eciu BpI3BaTh 9Ty QYHKIIMIO,
nepenas eii NULL B KauecTBe apryMeHTa, TO BO3HUKHET OIIMOKa:

car_portal=> SELECT check_not_null(null::text);

ERROR: check_violation

CONTEXT: PL/pgSQL function check_not_null(anyelement) line 3 at RAISE
Time: 0,775 ms
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YT1o6bI MOKHO OBLJIO TOUHO Y3HATb, KOTHA M IOYEMY BO3HUKIIO MCKIIIOUEHME,
B PostgreSQL ormpeneneHO HECKOJIBKO KaTeropumii KomoB ommubok. ITomHbIi mepe-
YeHb IIpUBEIEH Ha cTpaHwule http://www.postgresql.org/docs/current/interactive/
errcodes-appendix.html. Harmpumep, ecin moab30BaTelb BO30YIMI UCKITIOUeHNE, HE
yKa3saB ERRCODE, To SQLSTATE GyzeT cofiepskaTh CTPOKY P01, a eCJIv HapyIlIeHO OTPaHy-
YeHMe YHUKAIbHOCTH, TO CTPOKY 23505.

Ilyisg ompenmesieHMs] IPUUMHBI OMIMOKM B KOMaHAe EXCEPTION MOXKHO CpaBHMBATh
SQLSTATE mix Ha3BaHMe YCIOBUSI:

WHEN unique_violation THEN ...
WHEN SQLSTATE '23505" THEN ...

HakoHell, mpu BO30OYKIEeHMM OMIMOKM MOXKHO 3aJaTh COOOIIeHMEe 006 OIbke
" SQLSTATE, IMamMsTysI O TOM, UTO KOJ, OImM6KY ERRCODE MOJKEH comepskaTh 5 nudp
u (i) 6ykB B KomyupoBKe ASCII, Ho He momkeH 6b6ITh paBeH 00000, Hanpumep:

DO $$
BEGIN
RAISE EXCEPTION USING ERRCODE = '1234X', MESSAGE = 'test customized SQLSTATE:';
EXCEPTION WHEN SQLSTATE '1234X' THEN
RAISE NOTICE '% %', SQLERRM, SQLSTATE;
END;
$$ LANGUAGE plpgsql;

B pe3yibTaTe BbIIIOJTHEHUSA 3TOV aHOHMMHO d)YHKI_[I/H/I rneyaTaeTcs:

NOTICE: test customized SQLSTATE: 1234X
DO
Time: 0,943 ms

i meMOHCTpaIMM TepexBaTa MCKIUeHuii mepermineM (GyHKIuio factorial
TakK, YTOObI OHA Bo3Bpalaia null, e mepegan aprymenT null:

DROP FUNCTION IF EXISTS factorial( INTEGER );
CREATE OR REPLACE FUNCTION factorial(INTEGER ) RETURNS BIGINT AS $$
DECLARE
fact ALIAS FOR $1;
BEGIN
PERFORM check_not_null(fact);
IF fact > 1 THEN RETURN factorial(fact - 1) * fact;
ELSIF fact IN (0,1) THEN RETURN 1;
ELSE RETURN NULL;
END IF;

EXCEPTION
WHEN check_violation THEN RETURN NULL;
WHEN OTHERS THEN RAISE NOTICE '% %', SQLERRM, SQLSTATE;
END;
$$ LANGUAGE 'plpgsql';

[Tporectupyem 3Ty QYHKIMIO:

car_portal=> \pset null 'null'
Null display is "null".


http://www.postgresql.org/docs/current/interactive/errcodes-appendix.html
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car_portal=> SELECT * FROM factorial(null::int);
factorial

(1 row)
Time: 1,018 ms

@dyukuus factorial He BO36yawmia OMIMOKY, TTOCKOJIbKY OHA ObUIA IepexBaueHa
B KOMaHe EXCEPTION M BMecTO Hee Bo3BpamieHO NULL. O6paTuTe BHMMAaHUE, UTO
CpaBHMBaeTcs He SQLSTATE, a ums ycinoBus. CnienyianbHOe MM yCI0BMS OTHERS COOT-
BETCTBYET JI000¥1 OIMOKe, OHO YaCTO VCIIONb3YeTCs], UTOOBI TePEXBATUTh HEOXKM -
IlAHHbIE OIIMOKNA.

Ecsut SQLERRM 1 SQLSTATE He ITO3BOJISIFOT AOCTATOYHO TOYHO OTMPENeTUTh IIPUPOITY
UCKITIOUEHNST, TO MOKHO ITOJTYYUTh TOTIOTHUTENbHYI0 MHOOPMAIIMIO C TTOMOIIBIO KO-
MaHIbI GET STACKED DIAGNOSTICS:

GET STACKED DIAGNOSTICS variable { = | :=} item [, ... I;

3mech item — KJIIOUEBOE CJIOBO, MAEHTUGDUIMPYIOIee HEKOTOPBIN aCIeKT VICKITIO-
yeHus. Hampumep, kiaoueBbie cioBa COLUMN_NAME, TABLE_NAME m SCHEMA_NAME o603Ha-
YaloT, COOTBETCTBEHHO, MSI CTOJIONA, TAOIUIIBI U CXEMBbI.

AnHammnueckuin SOL

HOvinammueckuii SQL CIy>KUT 1151 TOCTPOEHMS M BBITIOJTHEHMS 3aIPOCOB «Ha JIeTy».
B ominume ot cratTuuyeckoit KomaHabl SQL, IOMHBIN TEKCT AMHAMUYECKO KOMaH/Ibl
3apaHee HeM3BeCTeH ¥ MOKeT MEeHSIThCSI OT BBITIOJTHEHMSI K BBITIOTHeHMIO. Jlommyc-
KawTcsa kKoMaHabl moabsa3bikoB DDL, DCL u DML. Iunamuyeckuii SQL 1103BOJIS -
eT COKpaTUTh 06beM OJHOTUITHBIX 3aAau. Hampumep, Takum o06pa3soM MOXKHO 6e3
0COOBIX YCUJIUI €XEeTHEBHO CO3[aBaTh CEKI[MOHMPOBAaHMUE HEKOTOPOV TaGIMUIIbI,
JI00aBJIATh OTCYTCTBYIOIIME MHIEKCHI 10 BHEITHMM KJTIOUaM MJIM CPe[iCTBa ayauTa
IaHHbIX. Ellle oHO BakHOe MpuMeHeHMe AuHamudeckoro SQL — ycTpaHeHMe 10-
60uHbIX 3(dekToB KemnpoBauus B PL/pgSQL, MOCKOIBbKY 3aIIPOChI, BLITIOIHSIEMbIE
C TIOMOIIIbI0 KOMaHbI EXECUTE, He KeIIMpyIOTCs.

IOnsa peammsauum guHamudeckoro SQL npenHasHayeHa KoMaHpAa EXECUTE. OHa
MIPUHMMAET U UHTePIIPeTUpyeT CTPOKY. CUHTAKCUC 3TOV KOMaH/Ibl TIOKa3aH HIKe:

EXECUTE command-string [ INTO [STRICT] target ] [ USING expression [, ...] 1;

JduHamuueckoe BbinosHeHue KkKomaHa DDL

VHorma 6bI1BaeT HEOOXOMMO BBITIOTHUTD OTIepalliy Ha YPOBHE 00bEKTOB 6a3bl TaH-
HBIX: TabINII, MHIEKCOB, CTOOLIOB, poJieii 1 T. . Hampumep, mocjie pasBepThIBaAHMS
TaGINIIBI C I1€JTbI0 OOHOBJIEHMS CTATUCTUKY YaCTO MPOU3BOAST ee OUMCTKY M aHa-
3. Tak, o1 aHanm3a Tabaui] 13 cxeMbl car_portal_app MOXKHO ObIIO ObI HAITMCATh
TaKOJ CKPUIIT:
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DO $$

DECLARE
table_name text;

BEGIN
FOR table_name IN SELECT tablename FROM pg_tables
WHERE schemaname ='car_portal_app'

LooP
RAISE NOTICE 'Analyzing %', table_name;
EXECUTE 'ANALYZE car_portal_app.' || table_name;
END LOOP;
END;
$$;

IduvHamMuuyeckoe BbinonHeHue KomaHg DML

HekoTophble mpuiokeHust paboTaloT ¢ JaHHBIMM MHTEepaKTUBHO. Hampumep, exe-
MeCAYHO MOI'YT reHepMpOBaThCs JaHHbIE€ IJIs1 BbICTABJIE€HMA CYETOB. briBaeT u Tak,
YTO IIPpMJIOKeHNe (l)I/IJII)TPy'ET OaHHbI€ Ha OCHOBEe KpuUTepusd, 3adJaHHOIO I10JIb30Ba-
TeneM. )i TaKuX 3ajmad oueHb ymobeH muHamuueckuii SQL. Ha caiite Toprosiau
aBTOMOOMIISIMU HEO6XO,ILI/IMa BO3MOXHOCTb IMMHAMMNYECKU MCKATb YU€THbIE 3allCH
110 3aIaHHOMY IIpeauKaTy:
CREATE OR REPLACE FUNCTION car_portal_app.get_account (predicate TEXT)
RETURNS SETOF car_portal_app.account AS
$$
BEGIN

RETURN QUERY EXECUTE 'SELECT * FROM car_portal_app.account WHERE ' ||
predicate;
END;
$$ LANGUAGE plpgsql;

[TporecTupyem 3Ty HyHKIUIO:

car_portal=> SELECT * FROM car_portal_app.get_account ('true') limit 1;

account_id | first_name | last_name | email | password

------------ R e R
1 | James | Butt | jbutt@gmail.com

1b9ef408e82e38346e6ebebf2dcc5ece

(1 row)

car_portal=> SELECT * FROM car_portal_app.get_account
(E'first_name=\'James\'');
account_1id | first_name | last_name | email | password

1 | James | Butt | jbutt@gmail.com
1b9ef408e82e38346e6ebebf2dcc5ece
(1 row)
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OuHamuueckuii SOL 1 KewmposaHue

Kak yske 6bpu10 ckasaHo, PL/pgSQL kemupyeT IIaHbl BBIIIOJHEHMS. DTO XOPOIIO,
eC/IM CTeHepMPOBAHHbIN IUIaH cTaTuuyecKuii. Hampumep, ojis cieayroiei KOMaH bl
OKMIAETCS, UTO Bcerga O6ymeT MCIOoMb30BaThCS IIPOCMOTP MHAeKca Grarogapst ero
M36MpaTeNbHOCTHM. B TakOM citydae KelllpoBaHMe IJIaHA SKOHOMMUT BPeMsI U MTOBbI-
1raeT MpoOU3BOAUTENbHOCTD.

SELECT * FROM account WHERE account_id =<INT>

Ho 6b1BaeT u mo-gpyromy. [IpeAIionoxkum, 4To MOCTPOEH UHAEKC ITO CTOJIOITY ad-
vertisement_date, ¥ MbI XOTUM IIOJYUUTDH KOJMUECTBO OODBSIBIEHMIT, HAUMHAS C He-
KOTOPOVA JaThl:

SELECT count (*) FROM car_portal_app.advertisement
WHERE advertisement_date >= <certain_date>;

Iyig uTeHUs 3amuceii M3 Tabauibl advertisement MOKHO NMPUMEHUTb KakK IPO-
CMOTP MHJIEKCA, TaK U MOCIeA0BaTeIbHbI MPOCMOTP. BCE 3aBUCUT OT n36MpaTeTb-
HOCTM MHIEKca, KOTopas oIpemenseTcsl 3HaueHueM certain_date. KemmpoBanue
TIJIaHA BBITTOJIHEHMST TAKOT'O 3aIIpoca MOXKET CO3/1aTh Cepbe3Hble IPOOJIeMbI, IT0ITO-
MY ITOKa3aHHbI HMKe BapyaHT QYHKIMM CIeyeT MPU3HaTh HeyJauHbIM

CREATE OR REPLACE FUNCTION car_portal_app.get_advertisement_count
(some_date timestamptz ) RETURNS BIGINT AS $$
BEGIN
RETURN (SELECT count (*) FROM car_portal_app.advertisement
WHERE advertisement_date >=some_date)::bigint;
END;
$$ LANGUAGE plpgsql;

Iy pemeHus TPo6IeMbl MbI MOJKEM TIE€PEICaTh PYHKINIO, yKa3aB B KaUeCTBe
si3b1ka SQL, mnu octraButh PL/pgSQL, HO BOCIIOMB30BaThCSI KOMAaHA OV EXECUTE:

CREATE OR REPLACE FUNCTION car_portal_app.get_advertisement_count

(some_date timestamptz ) RETURNS BIGINT AS $$

DECLARE
count BIGINT;

BEGIN
EXECUTE 'SELECT count (*) FROM car_portal_app.advertisement
WHERE advertisement_date >= $1' USING some_date INTO count;
RETURN count;

END;

$$ LANGUAGE plpgsql;

PekomeHpaumMm Nno UCNONb30BAHUIO AUHAMUYECKOTO SQL

HOuuamyudeckuii SQL MOKeT cTaTh MPUUMHOI Cepbe3HbIX MTPo6/ieM, eCyii MONTb30-
BaTbCsl UM 6e3yMHO, TOCKOIbKY ySI3BUM 17151 aTak BHenpeHuem SQL. Ilens momo6-
HBIX aTaK — BBIMIOJHUTh KOMaH/y, KOTOPasi BhIJACT CEKPETHYIO MHGMOPMAIIUIO MU
Iaxke YHUUTOXUT TaHHbIe B 6a3e. BoT ouens npoctoit mpumep PL/pgSQL-byHKINM,
YS3BUMOI1 K BHeApeHnto SQL:
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CREATE OR REPLACE FUNCTION car_portal_app.can_login (email text, pass text)
RETURNS BOOLEAN AS $$
DECLARE
stmt TEXT;
result bool;
BEGIN
stmt = E'SELECT COALESCE (count(*)=1, false) FROM car_portal_app.account
WHERE email = \"'"|] $1 || E'\"' and password = \"''||$2]|E"\"'";
RAISE NOTICE '%' , stmt;
EXECUTE stmt INTO result;
RETURN result;
END;
$$ LANGUAGE plpgsql;

9ta yHKIMS BO3BpAIIAeT true, eCIy apec JMEeKTPOHHOI ITOUTHI COBITAIAEeT C a-
posieMm. [IJ1s1 ee TPOBEPKY BCTaBUM CTPOKY M BHEIPUM KaKOli-HUOYIb KO :

car_portal=> SELECT car_portal_app.can_login('jbutt@gmail.com',

md5( "' jbutt@gmail.com'));

NOTICE: SELECT COALESCE (count(*)=1, false) FROM account WHERE email =
'jbutt@gmail.com' and password = '1b9ef408e82e38346e6ebebf2dcc5ece’
can_login

car_portal=> SELECT car_portal_app.can_login('jbutt@gmail.com',

md5( "' jbutt@yahoo.com'));

NOTICE: SELECT COALESCE (count(*)=1, false) FROM account WHERE email
'jbutt@gmail.com' and password = '37eb43e4d439589d274b6f921ble4ald’
can_login

car_portal=> SELECT car_portal_app.can_login(E'jbutt@gmail.com\'--', 'Do
not know password');

NOTICE: SELECT COALESCE (count(*)=1, false) FROM account WHERE email =
'jbutt@gmail.com'--" and password = 'Do not know password'

can_login

OTMeTHM, uTO (HDYHKIIVSI BO3BpAIIlAeT true, Jaske eCJv Maposib He COBIIAZAET C Ia-
poJieM, XpaHsSILIMMCS B Tab/MIle, — IIPOCTO IIOTOMY, UTO IIPeIMKAT 3aKOMMEHTUPO-
BaH, KaK BMIHO M3 HAaIleYaTaHHOIO COOBIIEHMS:

SELECT COALESCE (count(*)=1, false) FROM account WHERE email =
'jbutt@gmail.com'--" and password = 'Do not know password'

YT06BI 3aIIUTUTD KOJI, OT TAKMX aTakK, COOIOAAlTe ClaemyIolye peKOMe oAl :

O [s mapamMeTpu30BaHHBIX AMHaMMueckux SQL-KoMaH/[ MCIoNb3yiiTe dpasy
USING;

O wmcnonb3yiiTe OISt TOCTPOEHMSI 3aIIPOCoB PyHKIMIO format. OTMeTM, UTO CITe-
unduKaTop %I SKpaHMPyeT apryMeHT KaK MAeHTU(GUKATOD, a %L — KaK IUTepa;
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Q OJis1 IIPpaBUJIBHOTO q)OpMaTI/IpOBaHI/IS[ I/I,Z[eHTI/I(b]/IKaTOpOB n JamuTepajoB MC-
MoMb3yiiTe QyHKIMM quote_ident(), quote_literal() u quote_nullable().
[TpuBemeM OIVH 13 CIIOCOO0B 6€30TIaCHOT0 HATIMCAHMS TOKA3aHHOI BbIIIe (PYHK-
LHUn:
CREATE OR REPLACE FUNCTION car_portal_app.can_login (email text, pass text)

RETURNS BOOLEAN AS
$$
DECLARE
stmt TEXT;
result bool;
BEGIN
stmt = format('SELECT COALESCE (count(*)=1, false) FROM
car_portal_app.account WHERE email = %Land password = %L', $1,$2);
RAISE NOTICE '%' , stmt;
EXECUTE stmt INTO result;
RETURN result;
END;
$$ LANGUAGE plpgsql;

PEe3ioME

PostgreSQL mpemocTaBisieT MOMHOMYHKIMOHAIbHBINM S3bIK MTPOTPAMMMUPOBAHMS
PL/pgSQL, TecHO MHTerpMpOBaHHbBIN C cucTeMoil Tpurrepos. SI3biku PL/pgSQL
1 SQL MO3KHO MCTI0/IB30BaTh [IJIS1 peanu3alui OUeHb (JIOKHOM T0TUKU. [1o BO3MOXK-
HOCTH CIeIyeT Moib30BaThcst PyHKIMsIMY Ha SQL. C rosiBjieHreM TaKuX MPOJABUHY-
TBIX CPEJICTB, KAK OKOHHbIE (DYHKIIVM U JIaTepabHble COeMHEHMS, CTAJI0 BO3MOKHO
peliaTh BeCbMa CJI0KHbBIE 3a[1aulM, He BbIXOZS 3a Ipefesibl crangapTHoro SQL.

B PostgreSQL cyiiecTByeT HeCKOJIbKO apaMeTpPOB [JIs1 yIIPaBaeHUs [I0OBeleHeM
(yHKIIMI, OHY B PaBHOI Mepe OTHOCITCS K pyHKuysam Ha PL/pgSQL u SOL. Hammpu-
Mep, mapameTpbl SECURITY DEFINER 1 SECURITY INVOKER OIIpe/eisiioT KOHTEKCT 6e301ac-
HOCTU U ipuBWIeruu. IlapameTtpsl COST, LEAKPROOF 11 ROWS TOMOTAIOT TJIAHUPOBILUKY
reHepupoBaTh IJIaHbI BBITOTHEHMS. K QyHKIIMSIM TakKe MPUMEHMMbI HEKOTOPBIE
KOH(MUTypanyoHHbIe mapamMmeTpsl.

B sa3bike PL/pgSQL umeeTcs MOMHBIN HAGOP CPeICTB AJIs IPYCBAMBAHNS, YCIIOB-
HOTO BBITIOJTHEHVST, OPTaHMU3ANY IIMKJIOB ¥ 06pabOTKY UCKITIOUeHMiT. DYHKIUMY MO-
TYT BO3BpauaTh MceBOOTUI VOID, CKaIsIpHble 3HAUeHUS, 3anucu U T. . Kpome TorO,
MO/ Te P>KUBAIOTCS mapaMeTpbl Buza IN, OUT u INOUT.

IOvinamnueckuii SQL ro3BosnsieT KOHCTpyMpoBaTh SQL-KOMaHAbl BO BPeMsI BbITION -
HeHus. MOSKHO cOo3/1aBaTh r’MOKye QYHKIINY 00IIEero Ha3HaueHusl, TOTOMY UTO TOJTHbII
TeKCcT SQL-KOMaHIpl HEM3BECTEH 0 3Tarna komnuasaiunun. Ho ¢ auHammndeckum SQL
HY)KHO 06paIaThCsl OCTOPOSKHO, TOCKOJIbKY OH YSI3BUM JJIsI aTak BHeapeHveM SQL.

B cnemyioieit miaBe Mbl 0O6CYIMM CTpaTernyu MomenupoBanus mjist OLAP-mpuio-
>KeHUI1, a TaKKe OTMilieM HeKOTopbie cpecTBa PostgreSQL, KOTOpbie fenatoT ee Mogxo-
naeit CYBII nyist Takux npuioxkeHnii. K Hum, B yactHOCTH, OTHOCUTCS SQL-KOMaH1a
COPY, a TaK>Ke CTpaTermy CeKLVIOHMPOBAaHMS JaHHbBIX ITOCPEACTBOM HacaeqOBaHV.
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OLAP u xpaHunuiia AaHHbIX

basa maHHBIX OOBIYHO MUTPAET POJib XPAaHMUJIUINA B KOMIUIEKCHOM HPOTrpaMMHOM
pelieHnu. B 3aBUCMMOCTM OT TUIIA PENIeHNs M PelraeMoil 3agauy KOHQUTypaims
6a3bl 1 CTPYKTypa JAaHHBIX MOTYT pa3inuaTbcs. OObIYHO 6a3a JaHHBIX HacTpamBa-
eTcs Ajis paboThl B ONHOM U3 JBYX PEKMMOB: OIEPATHMBHON TPaH3aKIVMOHHOM
o06paboTku (online transaction processing — OLTP) 1 omepaTuBHOrO aHajau3a
maHHBIX (online analytical processing — OLAP).

Eciu 6a3a jaHHBIX paboTaeT B KaueCTBe CepBEPHOI YaCTy ITPUIOKEHMS, TO Tpe-
6yetcst OLTP-pemeHne. 9TO 03HAYaeT, UTO 6a3a pery/asspHO 6yIeT BbITTOTHSITh MHOTO
MeJIKMX TpaH3akiuii. CaiiT TOproByiyu aBTOMOOWIISIMM, C KOTOPBIM MbI MMEJIV JI€JI0
B MPEeIbIAYIINX IVIaBaX, SIBJSETCS TUIIMYHBIM MIPUMEPOM CTPYKTYPbI JAHHBIX IS
OLTP. lIpunoskeHue, paboTaloliee ¢ TaKoi 6a3071 JaHHbBIX, BBITIOTHSIET TPaH3aKIIIO
BCSIKMIA pa3, Kak M0JIb30BaTesb UTO-TO AeJIaeT: CO3aeT YUeTHYIO 3al1Ch, MU3MeHSseT
apoJib, BBOAUT B CUCTEMY HOBBIV aBTOMOOW/Ib, CO3AAET M U3MEHSIeT OObsIBJIeHIIe
n T. 1. Jlio6oe JeiicTBye TaKOro pojia IMoAPasyMeBaeT TpaH3aKIuIo B 6ase, B pe3yib-
TaTe KOTOPO¥ CO3[AeTCsT, OOHOBIISIETCS WM YOAJSIETCS OOHA MM HECKOTbKO CTPOK
B OJTHOJ MJIM HECKOJbKMUX Tabnuiiax. Yem Gosbllle MMoib3oBartesieii paboTaeT ¢ cu-
CTEMOI1, TeM Yallle BBIIOJHSIIOTCSI TpaH3aKuyuM. ba3a MaHHbBIX JO/KHA CIIPABJISITh-
Cs1 C HATPY3KOit, a ee IPOU3BOAUTETbHOCTb U3MePSIeTCST KOTMUYECTBOM TPaH3aKLIMIA
B cekyHIy. O6beM JTaHHBIX 0OBIYHO HEe SIBJISIETCS IEPBOCTEIIEHHBIM (PaKTOPOM.

[Tepeuncinm KITIOUEBbIE XapaKTePUCTUKYM 6a3bl JAHHBIX, pAOOTAOMIEl B PesKIMe
OLTP:

HOpMa/M30BaHHAs CTPYKTYpa;

OTHOCUTEIbHO He6Oo/IbI0l 06beM JaHHbIX;

OTHOCUTEJbHO OO0JIbIII0e KOIMUECTBO TPAaH3aKIMif;

KasKIas TpaH3aKIysI HeBeMKa, 3aTparuBaeT OAHY WM HECKOIBKO 3aICeit;
IT0JIb30BaTeMM OOBIUHO BBITIOHSIOT BCEBO3MOXKHBIE OTepar ¢ JAaHHBIMMU:
BBIOOPKY, BCTABKY, YIaJIeHe ¥ OOHOBJIEHME.

Eciyu 6a3a JaHHBIX UTPAET POJIb MCTOYHYMKA JAHHBIX JIJIST OTUETOB U JIJIST aHAIN3a, TO
Tpebyercs: OLAP-perienne. To mpsMast IPOTUBOIIONOKHOCTH OLTP: maHHBIX MHO-
r0, HO M3MEHSIIOTCSI OHM penKo. KomuecTBo 3ampocoB CpaBHUTETbHO Majlo, HO CaMy
3aITpoChl OOJBINNE U CIOXKHbIE, OHM TPeOYIOT UTeHMS M arperMpoBaHms OTPOMHOTO
KOJIMYECTBA JaHHBIX. [[pOM3BOANTENLHOCTD M3MEPSIETCSI BpEMEHEM BBITIOTHEHMSI 3a-
npocoB. OLAP-pelreHs YaCTO Ha3bIBAIOT XPAHMIMIIAMM, VIV CKIAJaMM JAaHHBIX.

0000
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Basa manHbIX, pa6oramias B pexxume OLAP, o6namaeT ciedyomyuMy XapaKTe-
PUCTUKAMM:
O nmeHOpMa/NM30BaHHAS CTPYKTYpPa;
O OTHOCUTENIBHO 60JIbIION 06beM JaHHBIX;
O OTHOCUTETHHO HEGOJbIIIOe KOTUYECTBO TPAH3aKIINIA;
O xaxpmas TpaH3aKIMs BelrKa, 3aTparuBaeT MUIIMOHBI 3aTIUCelt;
O monb30BaTeIM OOBIYHO BBITIOTHSIIOT TOJILKO BHIOOPKY.
B 9071 I71aBe MbI 06CYIMM HEKOTOpPbBIe cBoiicTBa PostgreSQL, momoraroriye B pea-
JIM3aLUMM XPaHUJIUIL JaHHbBIX, 8 UMEHHO:
O ownsaitHOBas aHAIUTHYECKast 06paboTKa: YTO ITO TAKOE U UTO B Heli 0COOeH-
HOTO;
O cexumoHupoBaHMe: crocob GusnUecKoii OpraHu3aly oueHb 6OIbIINX Tab-
JIALL ¥ YIIPaBJIeHUS UMUI;
O mapaienbHbIe 3aTIPOChI: METO, YCKOPEHUS BBITIOTHEHMST 3a11PoCa;
O mpoCMOTp TOJIBKO MHIEKCOB: CITOCOO MOBBICUTD IPOU3BOAUTETHHOCTD ITyTEM
MPaBUJIBHOTO MMOCTPOEHMST MH/IEKCOB.
MbI pacuipum 6a3y HaHHBIX car_portal — m06aBMM B Hee ellle OOHY CXeMy, dwh,
Y CO3TaaMM B Heli HeCKOIbKO Tabmuil. CaMy CXeMy U TeMOHCTPAIMOHHbIE TaHHbIe
MOXKHO HaiTU B Kofe, IPUJIOKEHHOM K 9TOJ I71aBe: B daiiiax schema.sql u data.sql.
Bce npumepsl Kofa HaxoAsaTcs B daiiie examples.sql.

OnNEPATUBHAS! AHAJIMTUYECKAS OBPABOTKA

Komrtanus, yrpapisiioniasi CaiiTOM TOPTOBJIM aBTOMOOWISIMM, MOIJIa ObI XPaHUTb
skypHasibl HTTP-mocTymia B Tabauiie 6a3bl JAHHBIX M UCIIOJb30BaTh €€ JIJIsl aHaIM-
3a JIeiicTBUII I0JIb30BaTesIeli, HAlIPUMep YTOObI M3MEPUTH MPOU3BOAUTEIHHOCTD
MIPWIOKEHVS, BBISIBUTH 3aKOHOMEPHOCTH B ITIOBEIEHNM [10/Ib30BATEIEN VIV ITPOCTO
cob6paTh CTAaTUCTUKY O TOM, KaKiie MOJIeIM BbI3bIBAIOT HAMOOIbIINII MHTEPEC. DT
JaHHbI€ MOKHO ObUIO ObI BCTABJISITh B TAOJINILY, @ IIOTOM He MOAUGUIIMPOBATD U HE
yIa/ISITh, KPOME pPa3Be UTO OUEHb CTapbIX JaHHbIX. O6beM, ITpaBAa, MOTYyUaeTCs To-
paso 60JIblIe, UeM MMEETCS IPeIMETHBIX JaHHBIX BO BCei 6a3e, HO K STUM JaHHbIM
00paIarTCcsl CPAaBHUTEIBHO PEIKO M TOJIBKO COTPYIHMKM KOMIIAHUM — JIJIST aHa/I3a
1 GOpMUPOBAHMS OTYETOB.

HuKTO He OXXUZAeT, UTO 3T I0JIb30BATENM OYAYT BBIMOJHSITH MHOIO 3aIIPOCOB
B CEKYH/Iy, CKOpee Ha0O60pOT, HO 3aTO 3TU 3aIIPOChI OYIYT OOIBIIMMU U CJIOKHBIMUA,
II09TOMY BPEMSI BBITIOTHEHVSI UMEEeT 3HaUeHMe.

Enie ogHa oco6eHHOCTh 6a3 JaHHBIX 17151 OLAP — TOT (paKT, UTO OHM He BCerma ak-
TyabHbI. ITOCKOJIBKY aHa/IN3 ITPOM3BOIUTCS Pa3 B HEJEJIO WJIK B MecsI] (HarpyuMep,
CpaBHEHME KOJIMYECTBA 3alIPOCOB B TEKYIIEM U B IIPEABIAYIIEM MeCSIIEe), HE MMEeT
CMBbICJIA JIE3TH M3 KOKM BOH, UYTOOBI JAHHBIE B XPAaHWINIIE OTPaXKaIi KaPTUHY Ha Te-
KYIIMIi MOMEHT BpeMeH!. JJaHHbIe MOKHO 3arpy’KaTh B XPaHWINIIE ITePUOTUUECKH,
HaIpMMep OIUH WIM HECKOJIBKO Pa3 B I€Hb.
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M3BneueHue, npeobpasoBaHmne U 3arpyska

PaccmorpuM 3aauy o 3arpyske kypHasioB HTTP-pocTyna B 6a3y JaHHBIX U MOJ-
TOTOBKM UX i aHanu3a. [Togo6Hble 3a7aun Ha3bIBAIOTCS U3BJI€UEHNEM, Pe0s-
pasoBaHMeM M 3arpy3Koii (extract, transform, load — ETL).

[Mpennonoxkum, uto HTTP-cepBep, Ha KOTOpOM paboTaeT caiiT TOProBJIX aBTOMO-
OWIISIMM, TIVIIIET KyPHAJTbI JOCTYTIA B (haiiibl, KOTOPbIE ITePeCco3Tal0TCs eXXKeqHEBHO.
Ecnu B KauecTBe cepBepa UCIIONb3YETCS MOMY/sIPHAs porpaMmma nginx, TO CTpoKa
SKypHaJia 0 YMOJTUaHUIO BBITJISIIUT CJIEAYIONIMM 06pa3oM:
94.31.90.168 - - [01/Jul/2017:01:00:22 +0000] "GET / HTTP/1.1" 200 227 "-"

"Mozilla/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML, like
Gecko) Chrome/55.0.2883.87 Safari/537.36"

B Heil BBIOENSIOTCS CAemyIollKe IOs, pa3e/ieHHble MpobeaaMu: yaaJleHHbI
azipec, yoajJeHHbIN M0Jb30BaTelb, BpeMeHHasl MeTka, metof, mocrymna u URL pe-
cypca, KO, COCTOSIHMSI, pasMep Telia, KoauuecTBo 6aiitoB, URL ncTouHMKa 3ampoca
(HTTP referrer) 1 mosnib30BaTenbCKMIi areHrT.

[Tpoutecc Hactpoyiku HTTP-cepBepa BBIXOOUT 3a paMKu 3TOM KHUru. Ho oT-
METUM, 4TO 3arpy3ka B 6a3y maHHbIX PostgreSQL craHeT Mpoile, eciy M3MEeHUTD
dbopMmart xkypHasia. YTo6bI B KaueCTBe pa3esnTeseil UCITONb30BATNCh TOUKM C 3a-
TISITO¥, HY’)KHO TTepeorpenenTb IUPeKTUBY log_format B KOHPUTypaIMoHHOM daii-
Jie nginx.conf:

log_format main '$time_local;$remote_addr;$remote_user;'
'"Srequest";$status;$body_bytes_sent;'
'"Shttp_referer";"Shttp_user_agent"'

Tenepsb skypHas noposxkaaetcs: B dopmarte CSV:

01/Jul/2017:01:00:22 +0000;94.31.90.168;-;"GET / HTTP/1.1";200;227;"-
"s"Mozi11a/5.0 (Windows NT 10.0; Win64; x64) AppleWebKit/537.36 (KHTML,
like Gecko) Chrome/61.0.3163.79 Safari/537.36"

Cocras 11071€¥1 HEe M3MEHMJICS, TOJIbKO BpeMeHHas MeTKa IepeMecTu/Iach Ha mep-
Boe MecTo. ITosst paszesieHbl TOUKOI € 3amsiToli. B 6a3e JaHHBIX MMeeTcsT Tabauiia
dwh.access_log € TakOi CTPYKTYpPOIA:

CREATE TABLE dwh.access_log
(
ts timestamp with time zone,
remote_address text,
remote_user text,
url text,
status_code 1int,
body_size int,
http_referer text,
http_user_agent text
)s
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PostgreSQL mo3BoisieT 6bICTPO 3arpy3uTh B TaGMMITY JaHHbIE — HE ITOCTPOYHO,
Kak B KoMaH e INSERT, a cpa3y MHOTO CTPOK. ITO AejiaeTcss KoMaHmoi COPY. laHHbIe
MOKHO 6paTb 13 daiina, Grusnuecky HaxXOHsIIerocs: Ha cepBepe 6a3bl JaHHBIX B JTI0-
60M MecTe, JOCTYITHOM Ipoiieccy PostgreSQL, viu 13 nmotoxa. [To yMmomyaHuio gaH-
Hble TOJKHBI OBITh MPENCTaBIeHbl B BUIE CIIMCKA IO/, pas3Ie/leHHbIX 3HaKaMu
TaOYIISIMA, @ 3aMVCY JO/DKHBI OBITh pa3eneHbl 3HaKaMy HOBOII cTpoku. Ho Bcé 3To
HacTpauBaeTcs. Komanga COPY He BKIloueHa B craHmapt SQL. Huske mpencraBieHa
YIpOIeHHAasl CMHTaKCc/UecKast JuarpaMma KOMaH/Ibl:

COPY <table name> [(column [, ...])] FROM { <file name> | STDIN } [[WITH]
(<options>)]

3mech options 3agaer opMaT AAHHBIX: Pa3IeUTENN, BUIbI KABbIUEK, CUMBOJIBI
SKpaHMPOBAHMS U HEKOTOPbIE ApyTHMe apaMeTpbl. Eciiv BMmecTo uMeHu daiina yka-
3aHO STDIN, maHHbIe YMTAIOTCS He 13 (aiina, a U3 cTaHgapTHOTO BBozAa. Ecyiu B aii-
Jie TIPUCYTCTBYIOT JAaHHbIE He JIJIST BCEX CTOMOIOB TabIMITbI VIV OHY PACIIOIOKEeHbI
B IPYTOM IOPSIAKe, TO MOKHO yKa3aThb CIVCOK CTOIOIIOB.

YT0ObI 3arpy3nTh JaHHbIE B 623y, HEOOXOIMMO KaK-TO CKOIIMPOBATh (aiiia Ha cep-
Bep, a 3aTeM BBITIOIHUTH KOMaHIy:

COPY dwh.access_log FROM '/tmp/access.log';

B pesynbTaTe B TabmuIy dwh.access_log GymeT 3arpyskeHo copepkumoe daiina /
tmp/access.log. OMHAKO 3TO He CIMIIKOM yHAaYHas MbICJIb IO HECKOTbKUM ITPUIM-
HaM:

O TONMBKO CYyIEepIIoNb30BaTENI0 paspenieHo YATATh JaHHble U3 Gaiiia KoMaH-

o COPY;

O mockoabKy obpamarscs K daiiny 6ymer cepBep PostgreSQL, daiin Heobxomy-
MO TIOMECTUTD TYyZa, TIe XpaHsTcsl mpoure daiibl 6a3bl JaHHBIX, MO0 AATh
MPOIIeCCy postgres JOCTYT K APYTMM Kataysoram. To U Apyroe IIOXO C TOUKMU
3peHust 6e30MacHOCTH;

O komnupoBaHuMe Qaiijia Ha cepBep caMo 110 cebe MOKET 0Ka3aThCsI IPobIeMoii,
ITOCKOJIbKY HEOOXOIMIMO Pa3pelnTh KAKOMY-TO ITOJIb30BaTeNI0 (VI TIPUIIO-
SKEHMIO) TOCTYIT K (aiiJIoBOii cucTeMe cepBepa b0 CMOHTUPOBATh 00IINe
TIaIKM, JOCTYITHBIE CEPBEPY.

YToO6bI M36€KaTh BCEX ITUX MPOOIEM, ClIeAyeT UCII0Ib30BaTh KOMaHIy COPY M
3arpysku JaHHBIX M3 [TOTOKA, & TOYHEe U3 CTAaHZAPTHOTO BBOAA. [IjIs1 9TOTO MOHA-
IOOUTCS IPUIIOKeHMe, KOTOpOe TTOK/IIoUaeTcs K 6a3e JaHHbBIX, 3aITyCKaeT KOMaH-
oy COPY, a 3aTeM IepefaeT Ha cepBep MOTOK AaHHBIX. [I0 cuacTbio, BCE 3TO yMeeT
nenath psql.

[Torpo6GyeM 3arpysuTh IeMOHCTPAIMOHHBIN daitn access.log, MMeUIUIAICST
B IIPMJIaTaeMOM MICXOZHOM KOJIE.

IomyctuMm, uTo (daiyi HaXOAUTCS B TEKYIIEeM Karayore. basa maHHBIX paboraeT
Ha JIOKQJIbHOJ MalllHe, a M0JIb30BaTEI0 car_portal_app pa3pelieHo K Hel MOIKIII0-
yaTbcs. Cremyromas KOMaHAa, 3aylieHHas B cucTeMe Linux, 3arpyskaeT JaHHbIe 13
daiina B Tabnauiry dwh.access_log:
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user@host:~$ cat access.log | psql -h localhost -U car_portal_app -d
car_portal -c "COPY dwh.access_log FROM STDIN WITH (format csv, delimiter ';')"
COPY 15456

KomaHpa cat mevaTtaeT cogepskumoe daiia B CTaHIApTHBIN BbiBoA. OH Tepe-
HaIpas/sgeTcsl B KOMaHAy psql, KOTOpasi BbIMOIHSAET KOMaHAy COPY, 3arpysKarolLyro
IlaHHbIE U3 CTaHIAPTHOrO BBOAA. [Toce 3aBepiueHus nmeyaTaeTcs c10Bo COPY U KO-
JIMYECTBO CKOIIMPOBAHHBIX CTPOK.

B Windows To ke camoe menaeTrcs Tak:
c:\Users\user> psql -h localhost -U car_portal_app -d car_portal -c "COPY

dwh.access_log FROM STDIN WITH (format csv, delimiter ';')" < access.log
COPY 15456

Ty omepainuio MOKHO TaKKe BBITIOJTHUTh MHTEPAKTUBHO 13 06010uKky psql. Ist
3TOrO B psql MMeeTCs KoMaH/ia \copy, CMHTaKCUC KOTOPOI1 IMOX03K Ha cMHTakcuc SQL-
KoMaHbI COPY: \copy dwh.access_log FROM 'access.log' WITH csv delimiter ';'. 3a Ky-
JlucaMu OHa JiejiaeT TO ke camoe. Ha cepBepe BbimoyiHsieTcs KomaHaa COPY ... FROM
STDIN, a psql unTaet daiia 1 repemaeT ero CONEPKUMOE CepPBepY.

[IpyiMeHMB 3TOT IMOOXOM, OYEHD JIETKO OpraHm30BaTh MPOCTyio mpouenypy ETL
U 3aIlyCKaThb ee OOVH pa3 B AeHb. Hago TOMbKO HACTPOUTDL POTALMIO XKYPHAIOB Ha
HTTP-cepBepe, YTOOBI OJHY U T€ K€ JaHHbIe He 3aTPysKaauCh TBasKIbI.

Komanpma COPY MOKeT He TOJIbKO 3arpyskaTh JaHHbIE B TAOGIMITY, HO ¥ BBITPY)KATh
JaHHbIe U3 TAGMUIIBI B (Gailyl Wi Ha CTaHAAPTHBIN BBIBOJ,. DTY BO3MOXKHOCTH TOXE
MOSKHO MCIIOJb30BaTh B mpolieccax ETL, peann3oBaHHbIX B BUe MPOCTHIX bash-
CKPUIITOB, 6€3 IpMUMeHeHusT CJIokHOTo I10, KoTopoe obpainaeTcs: K 6a3e JaHHBIX
yepes nHTepdeiic JDBC mnu gpyrue API.

BoT npumep konvpoBaHus Tabnauubl C OAHOTO CepBepa Ha APYrol (B MpeanosioXeHuu, 4To
CTPYKTypa Tabnuubl B 06enx 6asax AaHHbIX OOMHAKOBA):

$ psql -h serverl -d databasel -c "COPY tablel TO STDOUT"
| psql -h server2 -d database2 -c "COPY table2 FROM
STDIN"

3pecb nepeas koMaHga psql uuTaeT TabnuLy U BbIBOAWT €€ Ha CTaHAAPTHbIN BbIBOA. ITOT
MOTOK NepeHanpaBAseTcs Ha CTaHAAPTHbIM BXOA BTOPOM KoMaHabl psql, kKoTopas 3arpyxaet
DaHHble B Apyryto Tabauuy.

ETL MoskeT Takke BK/IIOYATh OOOTallleHe VCXOMHBIX JAHHBIX MTOMOTHUTETbHbI-
MM aTpuOyTaMy MM UX MpeaBapUTEIbHYI0 06pabO0TKy C IeNbl0 YIPOIIeHUS I0-
clIemyooImX 3anpocoB. Hampumep, MOXHO OTO6PasuTh 3amucy ¢aiiia Ha CTPOKU
6a3bl maHHBIX car_portal. IIpemmonoxkum, uto o6painenue nmo URL /api/cars/30
MOXHO 0TO6Pa3UTh Ha CTPOKY TaGIMUIIbI car C UAeHTU(GUKATOpOM car_id = 30. Takyto
npeno6paboTKy MOXKHO IMTPOU3BECTH B 6a3e JaHHBIX CJIeTYIOUMM 06pa3om:

car_portal=> ALTER TABLE dwh.access_log ADD car_id 1int;
ALTER TABLE
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car_portal=> UPDATE dwh.access_log
SET car_id = (SELECT regexp_matches(url, '/api/cars/(\d+)\W'))[1]::1int
WHERE url like '%/api/cars/%';

UPDATE 2297

AHAJIOTMYHO B TabIMIY access_log MOXKHO JOOABUTH aTPUOYTHI AJISI COeVHEHUS
C IPYTMMM TabaMUIIaMMU.

Ha npaktuke nmpouecc ETL 06b14HO ycTpoeH cioxkHee. Kak mpaBuio, mpoBepsieT-
Cs1, CYIIeCTBYIOT JI y3Ke JaHHbIe B KOHEUHOI TabuIle, ¥ MTPOU3BOIUTCS UX OUNMCTKA
repen 3arpyskoii. Takum 06pa3om, IIpoIecc 0Ka3bIBAeTCs UIEMIIOTEHTHBIM. Kpome
TOT0, IIPOIIECC MOKET PelllNThb, KaKue JaHHble 3arpykaTb, U HaliTU BXOJIHbIE JaH-
Hble. PaccmoTpuMm, K mpumepy, 3amanue ETL, KOTOpoe KaXAblili IeHb 3arpykaeT
OIIVH ¥ TOT ke Habop JaHHbIX. ECM 10 KaKoi-TO MpUUYMHE Cayuuscs c6oii, To Ha
CJIeYIOIVi AeHb IMPOIECC TOJIKeH MOHSTh, YTO ITPONU3O0IIIIO, U 3aTPY3UTh IBA HAG0-
pa JaHHBIX BMeCTO OfHOro. OToBeleHe HY>KHbIX CYCTEM MUJIH JTI0fIe 0 c6oe Takke
MOKeT ObITh BO3JIOKeHO Ha mpoiecc ETL.

Ha pbpIHKe MeeTCs MHOTO PasjIMuHbIX MHCTPYMeHTOB ETL, B TOM umciie C OTKPBI-
THIM MCXOJHBIM KOOM.

MopenupoBaHue paHHbIX ansa OLAP

Bonbmias Tabnuila B XpaHWINIIE JaHHBIX, COmepskallasi CyObeKT aHaan3a, 0ObIYHO
HasbIBaeTcs Tadmuieit axkTos. )KypHan mocrymna mo HTTP, KoTopbIit Mbl 06CysKaa-
JIV B TIpeIbIAYIIEM pasjiesie, Kak pas M UTPaeT poJib TabauIlbl (aKkToB.

He uMeeT cMbIc/Ia BBIIOIHSITH KaKkue-T160 aHaJUTUUECKMe 3alpochl K Tabnuie
(hakTOB, BKITIOUAIOIIME TPYIIIIMPOBKY IO car_id, He MMOHMMAas, YTO CTOUT 3a 3HaUe-
HusIMK 107151 car_id. CiemoBaTenbHO, TabMMIa car TOXKE MO/DKHA MPUCYTCTBOBATH
B XpaHwiuiie. PasHuiia Mesxmy 9Toi Tabiuiieii 1 Tabmuiieil GakToB COCTOUT B TOM,
YyTO B Tab/MMIy (DaKTOB TaHHbIE TTOCTOSTHHO 3arpy>karoTcs, a Tabmmiia car B OCHOBHOM
cTaTuuHa. KommuecTBo 3amuceil B Tabmuile car BO MHOTO pa3 MeHbIie. Takue Tab-
JIATIBI, CTy>KAllue IJIs TpeoOpa3oBaHus MAEHTU(MUKATOPOB B MMeHA, Ha3bIBAIOTCS
CIIPaBOYHBIMMU TaOGIMIIAMMU, UM TAOAMIIAMM M3MepeHwuii. B Tabnuiie car umMe-
eTCsl BHENTHMIA KITI0U car_model_id, yKa3bIBalONMii Ha 3amuich B Tabmuile car_model,
VMEHHO OH M MCITONIb3yeTcs IJise IpeobGpa3oBaHMs MIAEHTU(GUKATOPA B MOJIETb
¥ MapKy aBTOMOOMJIS.

O6bIuHO TabMIIa GAKTOB MCIOIB3YETCS TaK: OObIIME 3aTPOChI SELECT BBITIOMHSI-
IOTCSI He CJIMIIKOM YacTO, HO YMTAIOT OTPOMHOE KOJIMUECTBO 3aIIMCeit, UCUMCISIeMOe
MWITMOHAMY MU JeCSITKaMy MWITMOHOB. B TakKoM ciyyae jTi06ble JOTIOTHUTETb-
HbI€ OMepaLyy cepBepa 00XOISITCS OUeHb AOPOro. ITO KacaeTcs U CoeaUHeHus Tab-
JIUIEI PAKTOB C TAOAUIIAMM M3MePEeHUIA.

[TosTOMYy HmaHHBIE HEPeOKO TOABepraioT JeHopManusanuu. Ha mpakTuke 3TO
03HAYAeT, YTO COeAMHEeHVe TaOINII TPOU3BOAUTCS 3apaHee U pe3yabTaT COXpPaHs-
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eTcs B HOBOI Tabnuiie. Hampumep, ecyiu 6bI 3aMyCy SKypHasia JOCTyIa 6bLIM 0TO6pa-
SKeHbI Ha car_id, KaK B IIpeIbIAYIIeM pasjelie, a aHaJIUTHUecKast 3a7avua COCTOosIIa Gbl
B BBIUMCIEHUM CTATUCTUUYECKUX ITOKa3aTesiei 0 MapKax MalllH, TO HaM MPUIIIOCh
ObI BBITIOJTHUTD IBA COENVHEHMS : access_log C car U car ¢ car_model. DTo IOpOTO.

IJisT 9KOHOMMM BpPE€MEHM MMeeT CMbBICI COeIVHUTH TAGMUIbI car U car_model
¥ COXPAHUTD Pe3yJbTaT B OTAENIbHOI Tabnuile. OHa yke He 6yIeT MMeTh HOpMaJlb-
HyI0 GopMy, TOTOMY YTO OJHA M Ta Xe MOJie/ib BCTpeuaeTcsl B Heli MHOTO pas.
KoneuHo, 3T0O 03HauaeT AOIMOTHUTENbHBIN pacxo Mecta Ha aucke. Ho aTo pasym-
HbIIi KOMIIPOMMCC, TIOTOMY YTO OITPOC TabGauIilbl (GaKTOB CTaHET GbICTpee, eciu
MIPOM3BOIUTH COIVMHEHME C OMHON 3TO Tabauieit, a He ¢ IByMs TabauIlaMMu, car
u car_model.

MosKHO 6b110 6bI BMECTO 9TOTO 3aBecTH 1ojie car_model_id mpsiMo B Tabnuile daxk-
TOB U 3anONHATH ero B npouecce ETL. Takasg cTpyKkTypa TOxXe IJeHOpMalu30BaHa,
OHa TOXKe TOTpeb6sIsgeT 6obIlle MeCTa, HO 3aIIPOC CTAHOBUTCS MPOIIIE.

Tabnuiia GakTOB MOKET CChIAThCS Ha TAOMUIIBI M3MepeHuit. A Tabnuia usme-
peHMIT MOXET, B CBOIO OU€pe[lb, CChLIATHCS HA ApyTrye Tabmuibl u3mMepeHuit. Takast
opranmusainusi B TepmuHonoruu OLAP Ha3biBaeTCsl CXeMOW TUMA «CHEXMHKa»
¥ MOXKET BBIIVISIIETh CJIEAYIOMIVIM 06pa3oM:

car account
car_id int, PK account_id int, PK

number_of_owners int access_log first_name text
registration_number text ts timestamptz last_name text
manufacture_year int remote address text email text
number_of_doors int remoteiuser text password text
car_model_id int, FK url B text
mileage int status_code int
body_size int
http_referer text
http_user_agent text
car_id int, FK
account_id int, FK
car_model seller_account
car_model_id int, PK seller_account_id int, PK
make text account_id int, FK
model text total_rank numeric
number_of_advertisement int
street_name text
street_number text
zip_code text
city text

Mogenb XpaHUnuua OaHHbIX TUMA KCHEXUHKa»

Ewtu cTpyKTypa JeHOpMasu30BaHa M TaGIMIbI M3MEpPEHM He COemVIHSIOTCS
MesKILy CO6071, TO IMOTyyaeTcsl CXeMa TUIIA «3Be3/1a», BOT TaKas:
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account
account_id int, PK

car__car_model access_log first_name text
car_id int, PK ts timestamptz last_name text
number_of_owners int remote_address text email text
registration_number text remote_user text password text

manufacture_year int url text
number_of_doors int status_code int
mileage int body_size int po——

make text http_referer text
model_name text http_user_agent text
car_id int, FK Bo—
account_id int, FK
seller account id int, FK seller_account

seller_account_id int, PK
account_id int, FK
total_rank numeric
number_of_advertisement int
street_name text
street_number text
zip_code text
city text

Mogenb XpaHUIULWa OaHHbIX TUMa «3Be34a»

TTTI0ChI ¥ MUHYCBI €CTh Y 060X TIOIX0IOB, 1, pPa3yMeeTCs, HUUTO He MelllaeT 1C-
[10/1b30BaTh IMOPUIHBIE CXEMbI, B KOTOPBIX «3B€3[1a» COYETAETCS CO «CHEKMHKOI».
OGBIYHO 3TO BOMPOC KOMITPOMMCCA MEKIY CIOKHOCTBIO, MTPOU3BOAUTENILHOCTHIO
" yI,0OGCTBOM COTIPOBOKIEHUSI.

ArpernpoBaHue

XpaHeHMe OTHEeNbHbBIX 3aIliCeil B XpaHW/IMILE JaHHBIX MOXKET O0Ka3aTbCs CIMUII-
KOM A0pOorMmMm ymoBosibcTBMeM. KomuectBo HTTP-3ampocoB B MOMY/ISIPHOM Be6-
MIPUJIOSKEHUM MOKET ObITh OUeHb BEJIMKO, a OTHAeJNbHbIE 3alyCy B TaKOM Habope
HUKOMY He MHTepecHbl. OTenbHbIe 3aMCU MOTYT IPUTOAUTBCS [J151 ITOMCKa Hero-
JIaJIOK B CUCTeMe, HO TOTHA XPaHUTb UX CTOUT BCETO HECKOJIbKO JHE, He JOblIIe.

B Tabnuie, comepskaiieii mupopmaio o BeisoBax HTTP API, moryT ObITh Clie-
IVIOIIVE TIOJIST: KOJIMUECTBO OTIIPaBJIEHHbIX 6aiiToB, BpeMst orBeTa, URL OKOHEUHOI
Touky API, maTta u BpeMs 3aIpoca, uaeHTU(PUKATOpP M0Ib30BaTesisd. B aTomM cryyae
KOJIMYECTBO OTIIPABJIEHHBIX 6AiiTOB M BpeMsl OTBeTa — 3TO nokasaTenu, a URL oko-
HeuHoi1 Touku API, kon coctostHaus HTTP, mata u Bpems 3ampoca U uaeHTU(GUKaTop
T0/Ib30BaTeNIsl — U3MepeHNS.

[laHHbBIE TPYIINMPYIOTCS I10 MOJISIM M3MePeH A, a IO IToKa3aTesei arpermpyor-
cs1. JI1s1 KonmyecTBa OTIIPABJIEHHBIX OAMITOB MMeeT CMBICT MCITO/Ib30BaTh arperar-
HYI0 QYHKIMIO sum, a IJIT BpeMeHM OTBeTa — avg. JJOMOMHUTENTbHO MOKHO ITOICUM-
TaTb KOIMYECTBO 3aMPOCOB. [IJis 1ieseii TpyNnnMpoBKY OT BpeMeH! 3arpoca MOKHO
OCTaBUTb TOMBKO Yachl. Pe3ynbTaT TaKOro arpermpoBaHusl COXPAHSIETCS B XpaHUIN-
me. O6beM TaHHBIX B arpernpoBaHHON Tab/MIle TOPA3i0 MeHbIIle, UeM 3aHUMAaIN
ObI OTHEIbHbIE 3aIMCH, TIO3TOMY PaboTaTh OHA OyIeT ObIcTpee. ATperMpoBaHue Mo-
SKeT ObITh YacThIo mpoiecca ETL.

Eciu 06beM JaHHBIX OU€Hb BEIVMK, TO MOXKHO ITPUHECTU NeTaJbHOCTh B JKEPTBY
MIPOU3BOANUTENBHOCTU. DTO O3HAYAET, YTO KaKoe-TO M3MepeHMe OTOpachIBaeTcs,
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YTOOBI YMEHBIIUTD KOJIMYECTBO KOMOMHAIIMIT 3HAUEHMIT TTPY IpyIIMpoBKe. Hampu-
Mep, MOKHO TPYIIIMPOBATh MO0 JHSIM, a He TI0 Yacam, Uin YIaauTh uaeHTUudUKaTop
ITOJIb30BATEJIST U3 TAOIMUIIbI, COKPATUB T€M CAMBIM KOJMYECTBO CTPOK, [IOTOMY UTO
BCe TOJIb30BaTeIM OyayT 06bemIMHEeHbl B OOHY IPyIIy. HOrma pasyMHO XpaHUTh
TaGIMIIBI C Pa3HBIMM YPOBHSIMM arperMpoBaHusl ¥ BeIOMpATh Hambojee MOaXomsi-
IYIO IJIsI KOHKPETHOTO OTUeTa.

CEKLIMOHMPOBAHME

IlaHHbIe 3aTrpyKaloTCsl B XpaHWINIIE TIOCTOSTHHO MM Nepuoanvecku. basa JaHHbIX
MOKET CTaTh OUeHb 60JbINoii. YeM OHa 6oJibllle, TeM MefJjieHHee paboraeT. Pasmep
6a3bI OrpaHNYeH eMKOCTBIO IMCKOBOV CYCTEMbI XpaHEeHMsI, TO9TOMY BpeMsI OT Bpe-
MeHU JaHHbIe HY)KHO yaaasiTh. Ho ymaneHue 13 oueHb 60O TabIUIIbI TIPOU3BO-
IUTCSI MeJIJIEHHO.

Bornee cBeskie maHHble 0OBIYHO 3ampammBaioTcs yaile. COTPYIHUKY KOMIIAHUA
MOV ObI KaXK[I0€ YTPO MPOCMATPMBATL OTUYETHI 3@ MPOIUIBIN A€Hb, KaXKIbIN MO-
HeJleJIbHMK — OTYeThl 3a MPOILIYI0 HeJealo M B Hauajae Mecsiia — OTYeThl 3a Mpo-
1uiblii Mecsi. [IpuHATO cpaBHMBATh pe3y/lbTaThl Mepuoia ¢ pe3ylabTaTaMiu COOT-
BETCTBYIOIIETO MPOIIOrO MePMUOAA: TEKYIIMIA Mecsl, C TPeAbIAYIINM MU C TAKUM
5Ke MecsIIeM TIPOIIOTo rofa. MasmoBeposTHO, UTO KOMY-TO ITOHaI00SITCS JaHHbIe
JecsTuieTHel 1aBHOCTU.

Bbuto GBI XOPOIIO XPaHUTh CBEXME, YACTO 3ampallXBaeMble JaHHbIE B OIHO
CpPaBHMUTEJIbHO HEOOJIBIION TabuIle, a CTapble — B IPYTrOi TAbIMIIE VIV B HECKOJIb-
KMX TabMuIiax, M OMpaImMBaTh TOMbKO Ty TAGINUILY, B KOTOPOI HAXOASITCS JaHHbIE 3a
uHTepecywuuii nepuon,. C Apyroi CTOPOHbI, TEHEPATOP OTYETOB, KOTOPBIN OIpa-
MIMBAeT pasHble TabAUIbI B 3aBUCUMMOCTY OT MapaMeTPOB 3aIrpoca, OKa3aycs Obl
CJIMILIKOM CJIOKHBIM.

PostgreSQL mpeniaraer criocod XpaHuUTh JaHHbIE B Pa3HBIX TaOIMIIAX, HO UC-
M0/Ib30BaTh 00IIee MMS B 3alpocaxX K HMM. DTO Ha3bIBAETCSl CEKIMOHMPOBA-
HUEM VI peajn3yeTcsl C IIOMOIIbI0 MeXaHW3Ma Hac/leJOBaHNS TAabINI], KOTOPbIN
yKe YIIOMMHAJCS B TiaBe 3. Tabnniia, Hacaeayomasi OgHY MM HECKOIBKO IPYTUX
TabuM1l, HA3bIBAETCS AOUYEpHEei, a Tabmniia, KOTOPYI0 OHA HACIenyeT, — POaU-
TeabCcKoi. [Ipyu 3ampoce K POOUTENbCKON Tab/uIle BO3BPALIAIOTCS JaHHbIE U3
BCeX TOYepHUX Tabauil. B KOHTeKCTe CeKIMOHNPOBAHMS ToYepHye TabIuIbl Ha-
3bIBAIOTCS] CEKIUSIMU.

IJis oripenesieHust CeKIMiA TabIMIIbl HEOOXOIMMO BbIOPATh CEKIIMOHHBIN KIIOY.
OTO 1oJie U BbIpaxkeHMe (I CIIMCOK TaKOBbIX), 3HaUeHMe KOTOPOro oIpeersieT,
KaKO/ CeKUMyU NpuHagaexuT 3amucb. B PostgreSQL nmopmepkuBaeTcs ABe CXeMbl
CeKLMOHMPOBAHMUS: N0 duanasoHam v no chucky. CeKIyMoHMpoOBaHKe 0 Ayarna3o-
HaM 03HayaeT, YTO CeKLM TPMUHAJIEXAT BCe 3HaUeHMS M3 HEKOTOPOTo Auana3oHa.

[agaiiTe onpefenM CEeKIMOHUPOBAHHYIO CTPYKTYPY AJIS1 XpaHEeHUs JaHHBIX U3
>KypHasoB goctyna no HTTP, KoTopbie Mbl MMIIOPTMPOBAIU B IIPEABIAYIIEM pa3ge-
Jjie. JI71s1 TpOCTOTHI OyIeM MCII0Ib30BaTh TOIBKO ITOAMHOXKECTBO TOJIe.
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CHaanaCOBﬂaﬂMNIpOHMTEHbCKYK)TaﬁﬂMHyZ

CREATE TABLE dwh.access_log_partitioned (ts timestamptz, url text, status_code int)
PARTITION BY RANGE (ts);

3mech BpIOpaHa Cxema CEeKIMOHMPOBaHMS [0 JMarasoHaM, a Iojie ts SIBISeTCs
CEKI[MOHHBIM K/TIOUOM.

Ternepb CO3maaMM CEKLIMM [JIST TPEX OMAra3soOHOB 3HAUEHMII MMOJis ts: MIO/b, aB-
IyCT, CeHTsSI6pb 2017:

CREATE TABLE dwh.access_log 2017_07 PARTITION OF dwh.access_log_partitioned
FOR VALUES FROM ('2017-07-01') TO ('2017-08-01');

CREATE TABLE dwh.access_log _2017_08 PARTITION OF dwh.access_log_partitioned
FOR VALUES FROM ('2017-08-01') TO ('2017-09-01');

CREATE TABLE dwh.access_log_2017_09 PARTITION OF dwh.access_log_partitioned
FOR VALUES FROM ('2017-09-01') TO ('2017-10-01');

HuxHAg rpaHMua AManasoHa CEeKUMM BKIOYAETCA, BEpXHAS — He BKNouaetcs. B npumepe
Bbllle cekums access_log_2017_07 ByaeT coaepaTb 3anucK, ya0BETBOPSIOLLME YCIOBUIO ts
>= '2017-07-01" AND ts < '2017-08-01".

Omnpenenus TaKyl CTPYKTYPY, Mbl MOKEM BCTaBJISITh JAHHbIE B POIUTEIbCKYIO
TabauIy access_log_partitioned, ¥ OHM OYIYT aBTOMAaTUUYECKY TIOITASATh B HY>KHbIE
CeKLMM B 3aBUCUMOCTH OT 3HAUEeHMSI CeKLIMMOHHOTO KJIIoua.

YTO MpOU30IIET, €CIM KTO-TO MOMPOOYET BCTAaBUTh 3aITMCh, B KOTOPOIi 3HaUEeHMe
CEKIIMOHHOTO KJTI0Ua He ITOoIaaeT HY B OJMH U3 CYIIeCTBYIOMIMX Ayana3oHoB? Tor-
na PostgreSQL coo6uinT 06 ommoKe:

car_portal=> INSERT INTO dwh.access_log_partitioned values ('2017-02-01',
'[test', 404);
ERROR: no partition of relation "access_log_partitioned" found for row
DETAIL: Partition key of the failing row contains (ts) = (2017-02-01
00:00:00+00).

YT06BI TAKYIO CTPOKY BCE-TaKM MOKHO ObIIO BCTABUTD, HEOOXOIMMO CO3AATh ele
OIHY ceKiuio ajist dheBpassi. Vinu ke co3[aTh CEKIMIO IJIs1 BCEX CTPOK, B KOTOPBIX
KJTI0Y 60JIbIlIe M/IM MeHbIlle HeKOTOPOro 3HaueHus. [IJist 9TOoli 1ieiu 3ape3epBupoBa-
HbI KJII0UeBbie (JioBa MAXVALUE 1 MINVALUE. Crieyroiiiasi KOMaHAa CO3aeT CeKIUIO IJIsT
Bcex 3anmceit 7o 1 uionsg 2017 r.:

CREATE TABLE dwh.access_log_min PARTITION OF dwh.access_log_partitioned
FOR VALUES FROM (MINVALUE) TO ('2017-07-01');

CeKIMOHMPOBaHME 10 CIIMCKY MOKHO VCIIOIb30BaTh IJIS I10JIe, TPUHUMAIOIINX
He CJIMIIKOM OO0JbIIOe KOJMUYECTBO 3HAYEHMIT, ¥ BCe OHM 3apaHee M3BecTHbI. Ha-
npumep, ajst Koga coctosiuyst HTTP MoskHO ciegyomyum 06pa3oM 00beIHUTH 00e
CXeMBbI CeKI[MOHMPOBaHMS, CO3aB ITOMCEKIMMA JIsI CYIeCTBYIOMIMX CeKIIMIA:

CREATE TABLE dwh.access_log 2017_10 PARTITION OF dwh.access_log_partitioned
FOR VALUES FROM ('2017-10-01') TO ('2017-11-01')
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PARTITION BY LIST (status_code);

CREATE TABLE dwh.access_log_2017_10_200 PARTITION OF dwh.access_log_2017_10
FOR VALUES IN (200);

CREATE TABLE dwh.access_log_2017_10_400 PARTITION OF dwh.access_log_2017_10
FOR VALUES IN (400);

Terepb y HaC MMeeTCs CEeKIMsI i1 OKTSIOPS C ABYMS IOACEKLMSIMMU [IJi KOLOB
cocrostHust 200 1 400. OTMeTHMM, UTO P TaKOi KOHQUTypaluym HEBO3MOKHO OyIeT
BCTaBUTh B TAOMUITY JPyTHe KOObI COCTOSTHMS. OOHAKO P CO3AaHMUM CEKIIVU MOXK-
HO yKa3aTh He OJHO 3HaUeHNe CeKIIMOHHOTO K/II0Ya, a ebIli CIIUCOK.

CxeMy CeKIIMOHMPOBAHUS MOXKHO OTIpeNelisiTh He MO MOS0, & TI0 BhIPAXKEHMUIO.
B wienmytomieM rpuMepe ceKIum co3AaloTcsl 1o TepBoit udpe Koma COCTOSTHMS :
CREATE TABLE dwh.access_log_2017_11 PARTITION OF dwh.access_log_partitioned

FOR VALUES FROM ('2017-11-01') TO ('2017-12-01"')
PARTITION BY LIST (left(status_code::text, 1));

CREATE TABLE dwh.access_log_2017_11_2XX PARTITION OF dwh.access_log_2017_11
FOR VALUES IN ('2');

CREATE TABLE dwh.access_log_2017_11_4XX PARTITION OF dwh.access_log_2017_11
FOR VALUES IN ('4');

C mOMOIIbI0 TPAAMIMOHHOIO HaC/IeJOBaHMSI TAOGIMUII BO3MOXKHO peaan30BaTh
1 6oJiee CIOKHbBIE CTPATErMM CeKIIMOHMPOBaHMs. [IpaBaa, morpebyercs mopaboTaThb
BPYYHYIO: CO3IATh TAOIUIIbI, OTIPEIETUTb OTHOIIEHNST HaC/IeqOBaHMsI, CO34aTh ITPO-
BepOUHble OrpaHMueHMs], YToObl cepBep PostgreSQL 3Hasl, KaKue JaHHbIE B KaKOit
CeKLIMM HAaXOOSATCS, ¥ HACTPOUTDb TPUTTEPHI WM MpaBuja IjIs1 paciipemeieHns gaH-
HBIX I10 CEKIIMSIM IIPU BCTaBKE B POAMTEIbCKYIO TAOIMILY.

YTo6b! YOAIUTH CEKINI0, JOCTATOUHO IMPOCTO YOAAUTh Tabiauily. MOsKHO TakKe
OTCOEIVHUTH CEKILIVIO OT POAMTEIbCKOI TabIMIIbI, UTOOBI OHA CTajla OOBIKHOBEHHO
TabIMLen:
car_portal=> ALTER TABLE dwh.access_log_partitioned

DETACH PARTITION dwh.access_log_2017_11;
ALTER TABLE

Haxonell, MO>KHO ITPeBPaTUTD CYIIECTBYIOIIYIO TAOINITY B CEKIINIO KaKOW-TO APY-
rO¥ TaBINIIbL:
car_portal=> ALTER TABLE dwh.access_log_partitioned
ATTACH PARTITION dwh.access_log_2017_11

FOR VALUES FROM ('2017-11-01') TO ('2017-12-01');
ALTER TABLE

151 vnmocTpanyy MpeumyIlecTB CeKIMOHMPOBAHMS paccMOTpum npumep. CHa-
yajia I CPaBHEHMST Pe3y/IbTaTOB CO3aaMM HECeKIMOHMPOBAHHYIO TaOIUILy C Ta-
KOJ JXe CTPYKTYPOIi1, KaK Y CEKIIMOHMPOBAHHOI:
car_portal=> CREATE TABLE dwh.access_log_not_partitioned (LIKE

dwh.access_log_partitioned);
CREATE TABLE
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BcTaBuM JaHHbBIE B CEKIIMOHMPOBAHHYIO M HECEKIIVIOHMPOBAHHYIO TabINITY, IIPO-
IyO6IMpoBaB comepskumMoe Tabaunibl dwh.access_log 1000 pas:

car_portal=> INSERT INTO dwh.access_log_not_partitioned SELECT ts, url,
status_code FROM dwh.access_log, generate_series(1, 1000);
INSERT 0 15456000

car_portal=> INSERT INTO dwh.access_log_partitioned SELECT ts, url,
status_code FROM dwh.access_log, generate_series(1, 1000);
INSERT 0 15456000

Terepb rmocuMTaeM KOJIMUECTBO 3amyceit 3a mocieguue 10 qHel aBrycra u usme-
pUM BpeMsI BBITIOJIHEHUS 3aT1poca:

car_portal=> \timing
Timing is on.

car_portal=> SELECT count(*) FROM dwh.access_log_not_partitioned
WHERE ts >= '2017-08-22' AND ts < '2017-09-01';
count
1712000
(1 row)
Time: 921.122 ms

car_portal=> SELECT count(*) FROM dwh.access_log_partitioned
WHERE ts >= '2017-08-22' AND ts < '2017-09-01';
count
1712000
(1 row)
Time: 336.221 ms

3ampoc K CeKIMOHMPOBAaHHOI TabluIle OKa3aics IpUMepHO B TPU pasa GbIcTpee.
910 06BsicHSIETCS TeM, uTO PostgreSQL 3HaeT, B KaKOii CeKIMM HaXOASITCS TaHHbIe 3a
aBIyCT, ¥ IPOCMaTPUBAeT TOJIbKO ee. ITO BUIHO U U3 TJIaHa BbITTOJTHEHUSI :

car_portal=> EXPLAIN SELECT count(*) FROM dwh.access_log_partitioned
WHERE ts >= '2017-08-22' AND ts < '2017-09-01';
QUERY PLAN

Finalize Aggregate (cost=82867.96..82867.97 rows=1 width=8)
-> Gather (cost=82867.75..82867.96 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=81867.75..81867.76 rows=1 width=8)
-> Append (cost=0.00..80149.89 rows=687141 width=0)
-> Parallel Seq Scan on access_log_2017_08 (cost=0.00..80149.89
rows=687141 width=0)
Filter: ((ts >= '2017-08-22 00:00:00+00"'::timestamp with time
zone) AND (ts < '2017-09-01 00:00:00+00'::timestamp with time zone))
(7 rows)

[TocnemoBaTeIbHO IMTPOCMATPUBAETCS CeKIIMOHHAs Tabmuila access_log_2017_08.
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CeKIMOHMPOBaHMe TOAPOGHO OIMMCAHO HA CTpaHuIle HOKyMeHTaluu https://
www.postgresql.org/docs/current/static/ddl-partitioning. html.

MMAPANNENBHBIE 3ANPOCHI

PostgreSQL co3paeT cepBepHbIil MPOLECC A/ KaKIOTO KIMEHTCKOTO IMOAK/IIYe-
HMsI. DTO 03HAYAET, UTO BCIO paboTy OymeT BBIITOIHSITD TOIHKO OTHO IPOIECCOPHOE
saapo. KoHeuHo, KOT/ia akKTUBHO HECKOJIbKO MOAKITIOUeHNI, PeCypChl cepBepa OymyT
MCIIO/Ib30BaThCS MHTEHCUMBHO. HO B ciTyyae XpaHW/INIL, JaHHBIX KOJMUYECTBO OJHO-
BPEeMEHHBIX CEAHCOB 0OBIYHO HE OUE€Hb BEJIMKO, 3aTO 3aITPOCHI OOJIBIINE U CIIOKHBIE.
[TosToMy MMeeT CMBICT 3aJe/iCTBOBATh HECKOIBKO siep /s 06paboTKM 3arpoCcoB
OT OTHOTO KJIMEeHTa.

PostgreSQL noaaepskuBaeT napajijieabHble 3aIIPOChI, T. €. [I03BOJISIET OTAABATh
HEeCKOJIbKO TPOLIeCCOPOB IO, OAMH 3anpoc. HekoTopble oniepaiyu, B T. 4. IPOCMOTP
TaOINIIBI, COEIVIHEHNE M arperMpoBaHyie, MOKHO OJTHOBPEMEHHO BBITIOJHSTH B He-
CKOJIBKMX Mpolieccax. KomnuecTBo UCIIOTHUTEIE, CO34aBaeMbIX 1S TapaijielbHO-
rO BBIMIOJIHEHMSI 3aIIpOCa, 3afaeT agMuHucTpaTop. Eciau onTuMmusaTrop BULUT, YTO
napaiyieJIbHO€e BbITIOJTHEHVE MOXKET IPUHECTM BbITOLlY, TO OH 3alpall/BaeT JOI0J-
HUTEJbHBIX UCTIOMHUTENIEN, VI eC/IV UX YOAETCS TOMYUUTh (XOTS OBl YaCTUUYHO), TO
3arpoc 6yeT BITIOTHSITHCS MTapauIebHO.

YT06BI OILIEHUTDH ITPEMMYINECTBA MapayIeIbHOTO BBIMIOJIHEHMS 3aIIPOCOB, pac-
CMOTPUM ITpUMeD TabIMIIbI, B KOTOPYIO 3arpykeH XypHaj gocryna 1o HTTP. CHaua-
JIa OTKJTIOUMM TapajuiesibHbIe 3aIIPOChl B TEKYIIEM CeaHce, YCTAHOBMUB KOHMUTypa-
LIMIOHHBIN mTapameTp max_parallel_workers_per_gather B 0. OTmMeTuM, 4TO peub UAET
He 00 001eM uMcIIe MPOLIECCOB, MCITOMHSIIOIIMX 3aIIPOChI, @ O KOJIMYECTBe JONoHU-
MeJibHbIX ICTIOJTHUTEJIeTi. [JIaBHbI CepBEPHBIN TPOLECC, 0O0CTYKMBAIOIIVII TEKYIIMIA
KJIMEHTCKUIA CeaHc, BCeraa mpucyTCTByeT. UToObI MI3MEHNUTH ITapamMeTp, BHITTOIHUTE
KOMaH[y:

car_portal=> SET max_parallel_workers_per_gather = 0;
SET

Bxiaounm XPOHOMETPAX M OIIPOCHUM Taﬁ]’[MLly:

car_portal=> SELECT count(*) FROM dwh.access_log_not_partitioned WHERE url ~ 'car';
count

7030000
(1 row)
Time: 10876.095 ms (00:10.876)

CHOBa BK/IIOUMM IIapaiieJibHble 3aIIPOChl, YCTAHOBMUB I1apaMeTp max_parallel_
workers_per_gather B 1. 3T0 03HayaeT, 4TO 3aIIPOC OYAET MCIIONHATHCS IBYMSI [1apaii-
JIeIbHBIMM TIpoLieccamu. IIoBTopMM 3a1poc:

car_portal=> SET max_parallel_workers_per_gather = 1;
SET
car_portal=> SELECT count(*) FROM dwh.access_log_not_partitioned WHERE url ~ 'car';
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7030000
(1 row)
Time: 6435.174 ms (00:06.435)

3ampoc BHITIOTHSETCS ITOYTH B [1Ba pasa GbicTpee!

[Toxa3aHHbBIIi BbIllle 3alIpOC MHTEHCUMBHO HarpyskaeT MPOLeCCopbl, TOCKOIbKY BO
(pase WHERE MCIIONMb3yeTCs peryispHoe BbipaxkeHue. Eciu 6bl Y3KMM MECTOM ObLI
SKEeCTKMUIA AUCK, TO 3 (eKT 3ameiicTBOBaHMSI HECKOJIbKIUX MIPOIIeCCOPOB ObIT ObI He
TakK SIPKO BbIpakeH.

[omonHuTeIbHbIE CBeleHMSI O MapaJiie/bHbIX 3alIpocax CM. Ha cTpaHuile https://
www.postgresql.org/docs/current/static/parallel-query.html.

MPoCMOTP TONBKO MHAEKCOB

MbI yoRe o6Cykmany MHAEKCh B miaBe 4. [Ipoie roBops, MHOEKC BeAeT cebsl Kak
anhaBUTHBIN yKa3aTeab B KOHIE KHUTU. EC/IM Mbl XOTMM HaiiTU B KHUTe KaKOi-TO
TepMMH, TO 6yIeT GbICTpee 3arISTHYTh B yKa3aTellb, a 3aTeM IepeiiTh Ha yKa3aHHYI0
B HEeM cTpaHuIly. [I0OCKO/IbKY yKa3aTeslb OTCOPTUPOBAH IO aiaBUTy, TTOUCK B HEM
MPOU3BOAUTCS 6bICTPO. HO et HaM HY>KHO 3HATh TOJIbKO, BCTPEUAETCSI JIM TEPMIUH
B KHUT€, TO TIEPEXOAUTD Ha CTPAHUITY BOOOIIIE He HYsKHO — JOCTATOUYHO ITPOCMOTPETh
yKasaTesib.

PostgreSQL ymeet menatb TO ke camoe. Eciu Bcs nHboOpManmsi, Heo6xommumast
IIJISI BBITIOJTHEHMSI 3aIIpOCa, COIEePsKUTCST B MHIEKCe, TO CEpBEP He CTaHeT MpocMaT-
pUBaTh JaHHbIE B TAOMUIlE, @ OTPAHMUUTCS MHAEKCOM. DTO Ha3bIBAETCS IMIPOCMOT-
POM TONIBKO MHAEKca (index-only scan).

IIJIs meMOHCTpaLMy CO3maayuM MHAEKC Ham Tabmuieil dwh.access_log_not_parti-
tioned:

CREATE INDEX on dwh.access_log_not_partitioned (ts, status_code);

ITycts TpebyeTtcs HaviTu nepbiii HTTP-3ampoc ¢ komom coctosiust 201, MmeB-
muit Mecto 1 aBrycra. 3ampoc BBIVISANUT TaK:

car_portal=> SELECT min(ts) FROM dwh.access_log_not_partitioned
WHERE ts BETWEEN '2017-08-01' AND '2017-08-02' AND status_code = '201';
min

2017-08-01 01:30:57+00
(1 row)
Time: 0.751 ms

3arpoc 3aHSI MeHee OAHOM MUJIMCEeKYH/IbI. VI3 TyiaHa BBITIOJIHEHMSI BUTHO, UYTO
cepBep He CTaJl IPOCMAaTPUBATh BCIO TAGIMILY, @ BBIITOJIHUI IIPOCMOT]P TOIbKO VH-
JeKca:

car_portal=> EXPLAIN SELECT min(ts) FROM dwh.access_log_not_partitioned
WHERE ts BETWEEN '2017-08-01' AND '2017-08-02' AND status_code = '201';
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QUERY PLAN

Result (cost=4.23..4.24 rows=1 width=8)
InitPlan 1 (returns $0)
-> Limit (cost=0.56..4.23 rows=1 width=8)

-> Index Only Scan using
access_log_not_partitioned_ts_status_code_idx on
access_log_not_partitioned (cost=0.56..135923.57 rows=37083
width=8)

Index Cond: ((ts IS NOT NULL) AND (ts >= '2017-08-01
00:00:00+00"'::timestamp with time zone)
AND (ts <= '2017-08-02 00:00:00+00'::timestamp with time zone)
AND (status_code = 201))
(5 rows)

YTOoO6bI OLIEHUTH BHITOAY OT MCIIOIb30BaHMSI 3TOr0 MeXaHM3Ma, BBIK/IIOUMM €ro
M CHOBA IIPOBEZEM XPOHOMETPAXK:

car_portal=> SET enable_indexonlyscan = off;
SET

car_portal=> SELECT min(ts) FROM dwh.access_log_not_partitioned
WHERE ts BETWEEN '2017-08-01' AND '2017-08-02' AND status_code = '201';
min
2017-08-01 01:30:57+00
(1 row)
Time: 1.225 ms

Terepb 3aMIPOC BHITTOMHSIETCS IOYTH B IBa pa3a MejieHHee. U I1aH BhITIOTHEHMS
HECKOJIBKO M3MEHMJICS (XOTS 00111ast CTOMMOCTh OCTaJIaCh MPEsKHETT):

car_portal=> EXPLAIN SELECT min(ts) FROM dwh.access_log_not_partitioned
WHERE ts BETWEEN '2017-08-01' AND '2017-08-02' AND status_code = '201';
QUERY PLAN

Result (cost=4.23..4.24 rows=1 width=8)
InitPlan 1 (returns $0)
-> Limit (cost=0.56..4.23 rows=1 width=8)
-> Index Scan using access_log_not_partitioned_ts_status_code_idx on
access_log_not_partitioned (cost=0.56..135923.57 rows=37083 width=8)
Index Cond: ((ts IS NOT NULL) AND (ts >= '2017-08-01
00:00:00+00"::timestamp with time zone)
AND (ts <= '2017-08-02 00:00:00+00'::timestamp with time zone)
AND (status_code = 201))
(5 rows)

OTOT MexXaHM3M MOKeT paboTaTh, TOJIBKO €C/IM BCe IS, YIIOMMUHAeMble B 3a-
Ipoce, SIBJISIIOTCST YaCThI0 MHAEKca. VIHOTIa ONTMMM3aTOP MOKET PelIUTh, UTO I0-
CJieloBaTEeIbHbIN TPOCMOTP TabIMIIbI OYIET JelleBie, Jaxke eI UHIEKC COTePsKUT
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Bce maHHble. OGBIYHO TaK ObIBAET, KOTJA MPeIonaraeTcs, 4To 6ymeT Bo3BpalleHo
MHOTO 3aIucei.

Ha mpocMoTp To/IbKO MHAEKCa HajlaraloTcsl HEKOTOPbIe OrpaHUYeHsI, CBSI3aHHbIe
¢ TeM, Kak PostgreSQL nogmepskuBaeT U30MSLUI0 TpaH3aKuii. [leTanu CM. B I/ia-
Be 10. B nByx cioBax, PostgreSQL mpoBepsieT KapThl BUAMMOCTY TabGINUIIbI, UTOOBI
TTOHSITh, TOJIKHBI JIV TaHHbIE ObITh BUIHBI TEKYILEH TpaH3aKuyu. Eciiu B KapTax BU-
IVMOCTH 9TOi nHOpMaLNUM HeT, 06paliaThCs K JaHHBIM B caMoii Tabjuiie o6s3a-
TeJbHO.

He Bce MHAEeKChI MOAAEPKMBAIOT MeXaHM3M IpocMoTpa. MHaekchl Tuia B-tree
noaaepskuBaloT ero Bceraa, Tuna GiST u SP-GiST - TonbKo IJis HEKOTOPBIX OIepa-
TOPOB, a Tuiia GIN He moaAepsK1UBaIOT BOBCE.

OTa TemMa OTHOCUTCS He ToJbKO K OLAP-pemennusm. OgHako Hap TabauiiaMu
B XpaHWINIIE JaHHBIX YaCTO CO34AeTCsI HEeCKOIbKO MH/IEKCOB M0 Pa3HbIM KOMOMHA-
LIMSIM TI0JIeli, ¥ MHOTAA OHM IepeKpbiBaioTcs. [IoHMMAaTh, Kak paboTaeT IIpoCMOTP
TOJIbKO MHIEKCOB, BaKHO [IJIsI MPOEKTUPOBAHUS ONMTUMATbHOM CTPYKTYPhI OGasbl
IaHHBIX.

IoronHMUTebHbIE CBEIeHMSI O IMIPOCMOTpPe TOJIbKO MHAEKCOB CM. Ha CTpaHUIle
https://www.postgresql.org/docs/current/static/indexes-index-only-scans.html.

PEe3ioME

OLAP m xpaHWINIIA JAaHHBIX NIPUMEHSIIOTCS B Te€X CIyJasx, Korma 6asa JaHHBIX
VCIIONb3YeTCs IJIST aHa/in3a U oT4eTHOCTU. AKpoHMM OLAP 03HavaeTt «omnepaTuB-
Hasl aHaJIMTHUYeckast o6paborka». B ornmume or OLTP, OLAP mpeprmonaraeT 60Jb-
mye 06beMbl JAHHBIX ¥ CPABHUTEIBHO MEHbIIee YNCI0 OFHOBPEMEHHBIX CEAaHCOB
M TPAH3aKIMii, HO pa3Mep TPaH3aKIuM Py 3TOM Oosbiie. YacTo cTpyKTypa 6a3bl
JeHOpMaJIM3yeTCsl BO MMSI TIOBBIIIEHMSI TPOU3BOAUTENbHOCTH. ba3a JaHHbBIX, SIB-
Jisiomiasicss yactbio OLAP-penieHnsi, 4aCTO Ha3bIBAE€TCS XPAHWIMILLEM, MJIM CKJIAAOM
JaHHBIX.

B 3TOi1 r71aBe Mbl pacCMOTpesn, Kak CTPYKTYPUPYIOTCS JaHHbIe B XpaHWINIIE,
Kak B HEro 3arpy)karoTcsl JaHHble ¥ KaK ONMTUMMU3UPOBATh MPOU3BOAUTENbHOCTD,
TIpUMeEHSISI CeKIMOHMPOBaHMe, MapajieibHOe BbIITOTHEHNE 3alPOCOB U ITPOCMOTP
TOJIBKO MHJIEKCOB.

B cnepytolieii iaBe Mbl paCCMOTPUM pacliMpeHHbIe TUITbI JaHHbIX, TTOAAEPXKU-
BaeMble PostgreSQL: maccuBbl, JSON 1 npyrue. OHu MO3BOJISIIOT pean30BaTh CJIOK-
HYI0 GM3HEC-JIOTVKY, [IOJIb3YsICh TOJIBKO BCTpoeHHbIMM B CYB]I cpefcTBamMu.
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lnaBa

3a npeaenamm
TPaAULUOHHDBIX TUNOB AaHHbIX

bnarogapst pa3BuToOii cucTeMe pacimpennii PostgreSQL moskeT paboTaTh CO CJIOXK-
HBIMM TUIIAMM OaHHBIX. JJaHHbIE, HE YK/IaAbIBAIOUIMECS B CTPOTYIO PEJSILIMIOHHYIO
MOJe/b, HampuMep ©1ab0 CTPYKTypMPOBAHHbIE, MOKHO TeM He MeHee XPaHUThb
1 06pabaThIBATh, IOIb3YSICh JIMOO0 BCTPOEHHBIMMU, JIOO JOTIOTHUTEIbHBIMU TUTTAMMA.
K Tomy ske coobiecTBo PostgreSQL akileHTMPyeT BHMMaHNE He TOIbKO Ha Pa3BUTUN
peNSIIMOHHBIX MEXaHM3MOB, HO M Ha IO IePKKe TaKMX TUIIOB JaHHbIX, KAK MaCCUBBI,
XML, xpanwnuia kiawoueil 1 3HaueHnit u JSON-gokymeHTbl. CMellleHNe akleHTOB
CTaJIO pe3y/lbTaTOM yueTa M3MeHeHMIi B SKM3HeHHOM LiuKie pa3paborku I10: pas-
BUTUSI TMOKUX (agile) MeTOmOB ¥ MmoaaepskKiM OGbICTPO M3MEHSIIOIINXCSI TPeOOBaHMIA.

biarogapst HeTpaAUIIMOHHBIM TUIIAM JaHHbBIX PostgreSQL MoskeT XpaHUTh reo-
rpaduyeckme, qBOMYHbIE, 6eccxeMHble maHHble Turna JSON-IOKYMEHTOB U BbI-
CTYIIaTh B POJIM XpaHWINILA Kitodel u 3HaueHMit. [loamepskka HEKOTOPBIX TUIIOB
IaHHBIX, B T. 4. JSON, JSONB, XML, maccuBoB 1 BLOB'0oB, BcTpoeHa B PostgreSQL.
Ho ropasno 6osbliie TUIIOB TOCTYITHO C ITOMOIIBIO PacIIMpeHnit, Harpumep hstore
u PostGIS.

JSON, JSONB u HStore mo3spossiior PostgreSQL paboraTh ¢ 6ecCXeMHBIMU MOJIe-
JIIMU, UTO, B CBOIO OUepe[lb, JaeT pa3paboTymMkaM BO3MOXKHOCTb aBTOMAaTUUYECKU
M IPO3PavyHO BHOCUTH CTPYKTYPHbIE KOPPEKTMPOBKM B peaJibHOM BpeMEHM, He
npuberasi K KomaHe ALTER. Kpome TOro, MblI rosryyaem MIaHC 06eCreunTb r’MOKOCTh,
He OMMpasicb Ha MOJe/b CYIIHOCTh-aTPUOyT-3HaUeHMe (entity-attribute-value —
EAV), xoTopas ¢ TpyIOM COBMEIIAeTCs C PesLMOHHO Mopenblo. OgHako paspa-
60TUYMKM TOJKHBI YIEISTh BHMMAaHMe 00ecTieue IO 11eJIOCTHOCTY AAHHbBIX Ha YPOB-
He OM3HEeC-JIOTUKM, YTOObI TaHHbIE ObIIM YMCTBIMU U O€30IIMO0YHbIMMU.

B 3T07J1 IM1aBe paccMaTpUBAIOTCS C/IefyI0lye TUIIbI JaHHbIX:

O maccus;

O tun gaHHbIX Hstore, ncmonb3yeMblii O OpraHmM3almMy XpaHWINLI, KIoveii

¥ 3HaYeHUIA;

O JSON;

O TuUmbI JaHHBIX [J151 TTOJTHOTEKCTOBOTO MOMCKA, BK/IIoUas tsquery u tsvector.
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PexoMmeHIyeM TakKe MO3HAKOMUTBCS ¢ pacivpeHeM PostGIS, mockonbky oHO
TIOAAePKUBAET PACTPOBBIE 1 BEKTOPHBIE (DOpMATHI U IPeAOCTaB/IsIeT pasHoobpas-
Hble QYHKIMK IJIST MAHUTTYIMPOBAHMUSI UMU. IHTepeceH TakKe TUII TaHHbBIX range,
KOTOPBII MOYKHO MCIIO/Ib30BaTh, HAIIPUMeD, [IJIs OIIpeaeeHNs Ayarna3oHa Iar.

MaccuBsbl

MaccuB cOCTOUT M3 Habopa 3JeMEHTOB (3HAUEHMIA MM TePEMEHHBIX), MOPSIA0K
2JIEMEHTOB MacCUBa BaskeH, KAKIbI 3eMeHT UAeHTUDULIMPYETCS] CBOMM MHJIEK-
com. VIHIeKchl 271eMeHTOB MacCuBa YaCTO HAUMHAIOTCS € 1, XOTSI B HEKOTOPbIX SI3bI-
Kax nmporpaMmmupoBanus, B T. 4. C u C++, mHAekcupoBaHue HaunHaeTcs ¢ 0. Bee ane-
MEHTbI MacCHBa JO/DKHBI UMETb OIVH U TOT K€ TUIL, Harpumep INT miau TEXT.

[Toppep>kMBarOTCS Tak’ke MHOTOMEpPHbBbIe MaccuBbl. B maccuBax PostgreSQL mo-
ITyCcKaloTCcs myonmmKkaThl ¥ 3HaueHus null. B mpumepe HiKe mokasaHo, KaK MHULIMA-
JIM3UPOBATh OLHOMEDPHbBI MacCUB U MOTYYUTb ITEPBbIii JI€MEHT:

car_portal=> SELECT ('{red, green, blue}'::text[])[1] as red ;
red

ITo YMO/IUaHUMIO IJINHA MAaCCMBa HE 3a1aeTCs, HO €€ MOJKHO YKa3aTh, KOrga MaCCu-
BbI MCITOJIb3YIOTCA OJIS OTIIpeae/iIieHNA OTHOIIEHNA. ITo YMO/TYaHMIO MHOEKCUPOBaHMe
MacCClBad HAUMHAETCA C € JMHMIIbI, KaK B IIpMMepe BbIIIe, HO 11 3TO ITOBeAeHMEe MO>KHO
MU3MEHNUTD, OIIpeaeJIMB pa3MEepPHOCTDb Ha 3Talle MHMIMa/IM3alnn:

car_portal=> WITH test AS (SELECT '[0:1]={1,2}"::INT[] as arr) SELECT arr,
arr[0] from test;

arr | arr
............. +_....

[0:1]={1,2} | 1
(1 row)

[ vHULManu3anum MacCuBa UCIIONb3yeTCss KOHCTpyKUus {}. Ho ectb u gpyroit
C11I0co6:

car_portal=> SELECT array['red','green','blue'] AS primary_colors;
primary_colors

{red,green,blue}
(1 row)

PostgreSQL mpegocTaBisieT MHOTO (DYHKIIMI IJIsI MaHUITYJIMPOBAaHUSI MaccuBa-
MM, HalIpUMep array_remove IJisl yoaJleHus aneMeHTa. Huke npogeMOHCTPUPOBAHbI
HeKOTOpbie (PYHKI[MY MacCUBOB:
car_portal=> SELECT

array_ndims(two_dim_array) AS "Number of dimensions",
array_dims(two_dim_array) AS "Dimensions index range",
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array_length(two_dim_array, 1) AS "The array length of 1st dimension",
cardinality(two_dim_array) AS "Number of elements",
two_dim_array[1][1] AS "The first element"

FROM

(VALUES ('{{red,green,blue}, {red,green,blue}}'::text[]1[])) AS

foo(two_dim_array);

+
Number of dimensions

Dimensions index range

The array length of 1st dimension |
Number of elements

The first element

PacripocTpaHeHHOe MOpMMeEHEeHMe MAacCMBOB — MOIeIMpOBaHMEe MHOTO3Haud-
HBIX aTpuoyTOB. Hampumep, y I1aThsl MOXKeT ObITh HECKOIBKO I[BETOB, a Y Ta3eT-
HO1 CTaThM HECKOIBKO KaTeropuii. Takske OHM UCIIOAb3YIOTCS IJIS1 MOZEeTMPOBAHMS
XPaHUIUILL, Ktouelt 1 3HaueHuit. [ 3TOro 3aBOAAT ABa MAacCUBA: OJUH COAEPKUT
KJIIOUM, APYTO¥ — 3HAUEHMS], a JIJIS CBSI3bIBAHMSI K/Tl0Ua CO 3HAUeHMEeM MCIIO0JIb3YeTCsl
MHAEKC MaccuBa. Tak, B Tabiuile pg_stats 3TOT MOAXOM HPUMEHEH [Jis XpaHeHMUs
MHGOpMAIIMM O TUCTOIPaMMe TUITMUYHBIX 3HAaueHuit. B cTonbiiax most_common_vals
1 most_common_freqs XpaHSITCSI, COOTBETCTBEHHO, TUIIMYHbIE 3HAUEHMSI B HEKOTOPOM
CTONOIIE U YaCTOThI STUX 3HAUEHMIA, KaK IT0Ka3aHO B IIPMMepe HIDKe:

car_portal=> SELECT tablename, attname, most_common_vals, most_common_fregs
FROM pg_stats WHERE array_length(most_common_vals,1) < 10 AND schemaname
NOT IN ('pg_catalog','information_schema') LIMIT 1;

-[ RECORD 1 J----- e
tablename | seller_account

attname | zip_code

most_common_vals | {10011,37388,94577,95111,99501}

most_common_fregs | {0.0136986,0.0136986,0.0136986,0.0136986,0.0136986}

Kpome Toro, MacCUBBI TTOJIE3HbI [JIS1 YITPOILIEHNMS KOJA U pean3alii HEKOTOPbIX
TpIoKOB Ha SQL, Hampumep mepemauy (QyHKILMKM [I€PEMEHHOrO 4ic/ia apryMeH-
TOB C ITOMOII[bIO K/IIOUEBOTO CJIOBA VARIADIC M/IM BBIITIOTHEHMSI IMKJIOB C IIOMOIIbBIO
(dyHKIMM generate_series. DTO MO3BOJISIET pelIaTh CJIOXKHbBIE 3a[auy, He Tpuberas
K s13bIKy PL/pgSQL.

[Tycts MMeeTcs Tabnuiia vehicle, comepskamias aTpuoOyThI, OOIIVe 71T BCeX TPaHC-
MTOPTHBIX CPeaCcTBA. M MyCTh MMeeTCs] HeCKOJIbKO TUIIOB TPAHCIIOPTHBIX CPEACTB:
I'PY30BMKM, JIETKOBbIE aBTOMOOWIIN, aBTOOYCHI U T. 1. MbI MOIJIM GbI CMOJIETMPOBATH
9Ty CUTYaLNIO, 3aBeIsI HECKOIBKO CTOMOIIOB, CChIIAOIINXCS HA Ta0/IMIIbI IETKOBBIX
aBTOMOGMJIEN, T PY30BUKOB 1 aBTO6YChI. UTOOBI ITOHSTh, KaK MCIIONb3yeTCs QYHKIINS
C ITepeMeHHbIM Y/CJIOM apryMeHTOB, CMOZEIMPyeM HacleqoBaHme oT vehicle:

CREATE OR REPLACE FUNCTION null_count (VARIADIC arr int[]) RETURNS INT AS
$$

SELECT count(CASE WHEN m IS NOT NULL THEN 1 ELSE NULL END)::int

FROM unnest($1) m(n)
$$ LANGUAGE SQL
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YTo6bI BOCIOIH30BATHCS 3TOM (YHKIIMEN, HY’KHO T0OaBUTh B TaGIMUITy MpOBe-
pOYHOE OrpaHMYEeHNeE:

CREATE TABLE public.car (
car_id SERIAL PRIMARY KEY,
car_number_of_doors INT DEFAULT 5
)s

CREATE TABLE public.bus (
bus_id SERIAL PRIMARY KEY,
bus_number_of_passengers INT DEFAULT 50
)s

CREATE TABLE public.vehicle (
vehicle_id SERIAL PRIMARY KEY,
registration_number TEXT,
car_id INT REFERENCES car(car_id),
bus_1id INT REFERENCES bus(bus_id),
CHECK (null_count(car_1id, bus_id) = 1)
)s

INSERT INTO public.car VALUES (1, 5);

INSERT INTO public.bus VALUES (1, 25);

Mpu BcTaeke B Tabanuy vehicle veobxoammo 3agaTh anbo car_id, ambo bus_1id:
car_portal=> INSERT INTO public.vehicle VALUES (default, 'a234', null, null);
ERROR: new row for relation "vehicle" violates check constraint
"vehicle_check"

DETAIL: Failing row contains (1, a234, null, null).

Time: 1,482 ms

car_portal=> INSERT INTO public.vehicle VALUES (default, 'a234', 1, 1);
ERROR: new row for relation "vehicle" violates check constraint
"vehicle_check"

DETAIL: Failing row contains (2, a234, 1, 1).

Time: 0,654 ms

car_portal=> INSERT INTO public.vehicle VALUES (default, 'a234', null, 1);
INSERT 0 1

Time: 1,128 ms

car_portal=> INSERT INTO public.vehicle VALUES (default, 'a234', 1, null);
INSERT 0 1

Time: 1,217 ms

OTMeTuM, UTO Py BbI3oBe (PyHKIIMM null_count HEOOXOAMMO HOOABUTH K apry-
MeHTaM KJIroueBoe cJIoBO VARIADIC:

car_portal=> SELECT * FROM null_count(VARIADIC ARRAY [null, 1]);
null_count

(1 row)

HpOI/ITUIIOCTpI/IpyeM enie OAMH IIpyeM — resepanmnio rmoacTpoKM TEKCTA,; 3TO OKa-
3bIBAETCA ITIOJIE3HO, KOTIa HY>KHO HAaJTU caMbliil IJIMHHBII COBIAIAI0IINIA HperI/IKC.
Takas 3agaya O4eHb BayXkKHa, HaIpumep, B TEHEKOMMYHMKaHMOHHOﬁ oTpacin — Ojis
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TeseOHHBIX KOMITaHUIT ¥ MOOMIIBHBIX OIIEPATOPOB, Ile CAMBbIi IJIMHHBIN MpeduKCc
orpepensieT ceTb. BOT Kak ee MOKHO pellnTh:

CREATE TABLE prefix (
network TEXT,
prefix_code TEXT NOT NULL
)s
INSERT INTO prefix VALUES ('Palestine Jawwal', 97059), ('Palestine
Jawwal',970599), ('Palestine watania',970597);

CREATE OR REPLACE FUNCTION prefixes(TEXT) RETURNS TEXT[] AS $$

SELECT ARRAY(SELECT substring($1,1,1) FROM generate_series(1,length($1))
g(i))::TEXT[1;
$$ LANGUAGE SQL IMMUTABLE;

@OyHKIMS prefixes Bo3BpalljaeT MacCuB, comepsKkallnii mpedukc cTpoku. YTo6sl
MIPOTECTUPOBATD ee, HaliJleM caMblii JJIMHHbBIN TpedUKC CTPOKM 97059973456789:
car_portal=> SELECT * FROM prefix WHERE prefix_code = any
(prefixes('97059973456789')) ORDER BY length(prefix_code) DESC limit 1;

network | prefix_code
.................. +---..........
Palestine Jawwal | 970599

(1 row)

®yHKUMM U onepaTopbl MAaCCMBOB

1t MacCMBOB, KakK U IJ151 APYTUX TUTIOB TAHHBIX, ONIpefeeHbl onepaTopsl. Hampu-
Mep, orepaTop = CpaBHMBAET Ha paBEHCTBO, a OIlepaTop || IpOU3BOAUT KOHKATeHa-
1uio. B mpeapiayimux rimaBax Mbl TaKKe Buenu onepatop & &, KOTOphI BO3Bpaia-
eT true, ec/iv MacCuBbI IlepeceKarTcs. HakoHell, orrepaTopsl @ > U <@ BO3BpalllaloT
true, eCc/iu MepBbIi MaCCUB COIEPKUT BTOPOI MJIM COIEPSKUTCS BO BTOPOM COOTBET-
cTBeHHO. DYHKIMS unnest BO3BpallaeT MHOXECTBO 3JIeMEHTOB MacCuBa. JTO MO-
JIe3HO, Korja TpeGyeTcsl TPOM3BeCTU Hall MaCCMBAMM TEOPETUKO-MHOKECTBEHHYIO
onepaumio: distinct, order by, intersect, union u T. . B cnenyroiiem npumepe Mbl
yaajsieM TyOGIMKaThI M COPTUPYEM MacCUB B TIOPSIIKE BO3PACTaAHMS

SELECT array(SELECT DISTINCT unnest (array [1,1,1,2,3,3]) ORDER BY 1);

3mech K pe3ynbTaTy GYHKIMM unnest MPUMEeHSIOTCST COpTMpoBKa (ORDER BY) 1 yma-
yenye my61auKaToB (DISTINCT). @yHKIMS array() CTPOUT MacCUB 3 MHOKeCTBa. Mac-
CUBBI MOKHO TaKKe MCIIO/Ib30BaTh /ISl arperupoBaHms JaHHbIX. Hampumep, UTO6bI
TOJIYYUTDb BCe MO HEKOTOPOI MapKi, MOXKHO ITPUMEHUTb (PYHKIMIO array_agg:
car_portal=> SELECT make, array_agg(model) FROM car_model group by make;

make | array_agg
............... o e e e e e e e e e eemeeemeeemeeemeeemeemeemmmememeema—a——a

Volvo | {s860,560,550,XC70,XC90}
Audi | {A1,A2,A3,A4,A5,A6,A8}
UAZ | {Patriot}

Citroen | {c1,C2,C3,C4,"C4 Picasso",C5,C6}
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@yHKuMs ANY aHasiornuyHa KOHCTPYKUIMK SQL IN () U CIy>KUT AJ1s1 MPOBEPKU TIPU-
HaJJIeXXHOCTU 57IeMeHTa MacCUBY:
car_portal=> SELECT 1 in (1,2,3), 1 = ANY ('{1,2,3}'::INT[]);

2column? | ?column?
.......... )

t | t
(1 row)

[TonHbIiT TIepeveHb PYHKINI ¥ OTIeEpaTOPOB MacCHMBOB TOBOJIBHO IJIMHHBIN, €TO
MOKHO HaWTY Ha CTpaHuile opUIMaIbHON JOKyMeHTauuu https://www.postgresql.
org/docs/current/static/functions-array.html. [ToMmumo y>ke mpoieMOHCTPUPOBAHHBIX
dbyHKIIMIT unnest, array_agg, any, array_length, B cyiemyroineit Tabimile mepeuncieHbl
Haubosee yroTpebuTenbHbie QYHKIINA:

DyHKuMa Bo3Bpalwaemsbiii | OnucaHune Mpumep Pesynbrar
™n
array_to_string(anyarray, | text MNpeobpasoBaTtb MaccmB array_to_string(|'1,,x,5'
text [, text]) B TEKCT. MOXHO yKa3aTb pas- ARRAY[1, NULL,
[enUTeNb, a TaKKe CUMBO, 51, ',' 'x")
noacrasnsembiii BMecto NULL
array_remove(anyarray, anyarray YnanuTb BCE 3NE€MEHTbI array_remove( {1,3}
anyelement) C YKa3aHHbIM 3HaYeHMEM ARRAY[1,2,3], 2)
array_replace(anyarray, anyarray 3aMeHUTb BCE 3NIEMEHTbI array_replace( {1,2,3,4}
anyelement, anyelement) C YyKa3aHHbIM 3HaYeHUeM ARRAY[1,2,5,4],
5,3)

[ocTyn K aneMeHTaM MaccuBa M ux MoauduKaums

K 3JIEMEHTY MacCCuBa O6paH.[aIOTCH 10 MHAOEKCY; eCJIN JIEMEHT C YKa3aHHbIM MHOEK-
COM HE€ CYILIeCTBYeT, TO BO3BpalaeTcs: 3HaueHue NULL:

CREATE TABLE color(
color text []
)s
INSERT INTO color(color) VALUES ('{red, green}'::text[]);
INSERT INTO color(color) VALUES ('{red}'::text[]);

YT0oO6bI yOEIUTHCS B TOM, UTO IE/CTBUTEIHHO BO3BpamaeTcst NULL, BHITOTHUM Ta-
KOJi 3a1poc:

car_portal=> SELECT color [3] IS NOT DISTINCT FROM null FROM color;
2column?

(2 rows)

MoxkHO IIOJIYYUTDb Cpe3 MaCCMBa, YKa3aB B€PXHIOIO M HVM>KHIOIO TPaHMIIbI:

car_portal=> SELECT color [1:2] FROM color;
color


https://www.postgresql.org/docs/current/static/functions-array.html
https://www.postgresql.org/docs/current/static/functions-array.html
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{red,green}
{red}
(2 rows)

OGHOBUTH MOKHO MacCUB LI€JIMKOM, Cpe3 MacCuBa MM OTHETbHbIA 3JI€MEHT.
MOKHO TaKKe JOIMCATh 3JeMEeHThbI B KOHEL[ MacC/Ba, BOCIIOIb30BaBILIChH OIepa-
TOPOM KOHKaTeHaLuM ||, Kak B IIPUMepPe HIKe:

car_portal=> SELECT ARRAY ['red', 'green'] || '{blue}'::text[] AS append;
append

{red,green,blue}
(1 row)
Time: 0,848 ms

car_portal=> UPDATE color SET color[1:2] = '{black, white}';
UPDATE 2
car_portal=> table color ;

color

{black,white}
{black,white}
(2 rows)

Iyia yoaneHus BceX 3JIEMEHTOB C YKa3aHHBIM 3HAUeHMeM ITpegHa3HaueHa QyHK-
LM array_remove:

car_portal=> SELECT array_remove ('{Hello, Hello, World}'::TEXT[], 'Hello');
array_remove

{World}
(1 row)

YT0O6BI yIAIUTDb JIEMEHT 10 MHIEKCY, MOSKHO BOCIIOTb30BaThCS (hpa3oit WITH OR-
DINALITY. Tak, YTOOBI yOAIUTH MIEPBBI JIEMEHT MaCCHBa, CIeYeT HAIIMCATD:

car_portal=> SELECT ARRAY(
SELECT unnest FROM unnest ('{Hellol, Hello2, World}'::TEXT[])
WITH ordinality WHERE ordinality <> 1);
array

{Hello2,World}
(1 row)

MHpekcupoBaHnMe MaccMBOB

15t MHOeKCUPOBaHUS MacCUBOB Mcnonb3yetcs:t GIN-MHAEKC; B CTaHAAPTHOM AMC-
TpubyTUBe PostgreSQL mmeeTcs kinacc onepatopoB GIN s oqHOMEpPHBIX Maccu-
BOB. GIN-MHAEKC NoAAepXXMBAIOT CJIeAyIolye OTlepaTophI:

OIepaTop COmEepPKUT @ >;

OIepaTop COTEPIKUTCS B <@ ;

ornepaTtop nepecekaercs & &;

OIepaTop CpaBHEHMSI HA PABEHCTBO =.

000
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GIN-MHJIEKC 0 CTOMBITY color CO37aeTcs CAeyIoNM 06pasoMm:
CREATE INDEX ON color USING GIN (color);

[TpoBepuM, UTO CTOIGEIT TPOVHAEKCUPOBAH::

car_portal=> SET enable_segscan TO off; -- Yrtobbl 3acTaBUTb NPOCMaTpMBaTb WHAEKC
SET

car_portal=> EXPLAIN SELECT * FROM color WHERE '{red}'::text[] && color;

QUERY PLAN

Bitmap Heap Scan on color (cost=8.00..12.01 rows=1 width=32)
Recheck Cond: ('{red}'::text[] && color)
-> Bitmap Index Scan on color_color_idx (cost=0.00..8.00 rows=1 width=0)
Index Cond: ('{red}'::text[] && color)
(4 rows)

XPAHUNULLE KJIFOYEA U 3HAYEHUN

XpaHuUIuile KIK4Jeil M 3Ha4eHM, UK acCOLMaTUBHBIN MaCcCKB, — OUeHb ITOMYJIsIp-
Hasl CTPYKTypa JaHHbBIX B COBPEMEHHbIX SI3bIKaX MPOrpaMMMUPOBaHNSI, B YaCTHOCTU
Java, Python n Node.js. VImeroTcst Takoke 6a3bl JAHHBIX, CIIEIMATbHO «3aTOUEHHbIE»
TIOJI, 3TY CTPYKTYPY HaHHBIX, HarrpuMep Redis.

PostgreSQL mopaepkuBaeT XpaHWINILE KIOUell M 3HaYeHUIl — hstore — Haun-
Hag ¢ Bepcun 9.0. Pacipenne hstore 1aeT B pyKu pa3pabOTUMKy JIydIiiee 13 060ux
MMPOB, OHO ITpeJIaraeT JOTOTHUTEIbHYIO TMOKOCTD, He KePTBYS QYHKIIMOHATbHO-
ctbio PostgreSQL. Kpome Toro, hstore 1o3BosisieT MOIEeIMpPOBaTh C1abo CTPYKTYPU-
pOBaHHbIE JaHHbIE U pa3peskeHHble MacCUBbI, OCTaBasiICh B paMKaxX PeJsSIIIMOHHO
MOJeu.

s co3maHust paciiMperus hstore HY)KHO BBITIOTHUTD CJIEAYIOILYI0 KOMaHAy OT
MMEeHM CyIepIioab30BaTess:

CREATE EXTENSION hstore;

TekcTOBOe TpeacTaBjeHe hstore COmePKUT HY/Ib VIV OOJIee Tap Kily => 3HayeHue,
pasmeieHHbIX 3aISITOM, HallpUMep:

SELECT 'tires=>"winter tires", seat=>leather'::hstore;
hstore

"seat"=>"leather", "tires"=>"winter tires"
(1 row)

MO3KHO TakyKe CreHepupoBaTh ONVMHOYHOE 3HaueHMe B hstore ¢ TOMOIIbIO PYHK-
uun hstore(key, value):

SELECT hstore(' "Hello', 'World');
hstore

"Hello"=>"World"
(1 row)
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OTMeTuM, 4TO BCe K/II0UM B XpaHuUJInIIe hstore yHMKaabHbBI, KaK JOKa3bIBaeT Cie-
IYIOUIUI TIpUMep:
SELECT 'a=>1, a=>2'::hstore;

hstore

a"=>"q"
(1 row)

[Tycth TpebyeTcs mommepskaTh HECKOIbKO AOTIOTHUTETbHBIX aTPpUOYTOB aBTO-
MOOWISI: KOTMYECTBO TOAYIIeK 6€301acHOCTM, HaluuMe KOHAUIMOHEepa, YCUIINTe-
JISE pyJASt i T. . B TpaguIMOHHONM PeNSIIMOHHOM MOAeIu MPUIIIOCh ObI M3SMEHUTD
CTPYKTYPY TabIuIIbl, O06aBMUB HOBBIE CTONOLBI. HO hstore MO3BOJISIET COXPAHUTD 3TY
MHGOPMAIIMIO B XPAaHWINIIE KJIIUeil 1 3HaUeHIA, He M3MeHSISI KaKIblil pa3 CTPYK-
TYpy TaOGINUIIbI:

car_portal=# ALTER TABLE car_portal_app.car ADD COLUMN features hstore;
ALTER TABLE

V hstore ecTb OrpaHMUeHMe: 3TO He HacTosIee XpaHWINIIE JOKYMEHTOB, TI03TO-
My IIPeJICTAaBUTDb B HEM BJIOSKEHHbIE OOBEKTHI TPYAHO. BTOpas mpobiema — yrpasiie-
HMe MHOKeCTBOM KJII0ueif, TOCKOJIbKY KITIOUM B hstore UyBCTBUTENbHBI K PETUCTDY.

car_portal=# SELECT 'color=>red, Color=>blue'::hstore;
hstore

"Color"=>"blue", "color"=>"red"
(1 row)

YTo6BI TMOMYYNUTHh 3HAUEHME KIII0Ya, MCIIOAb3YeTcsl orepatop ->. Iy mobas-
JIeHUs B hstore CIYKUT oIlepaTop KOHKaTeHauuu ||, a Ojs yoajleHus Mapbl KIo4d-
3HAuUeHMe — orepartop -. Jjist 06HOBIEeHMSI XpaHWINIIA hstore cyieyeT KOHKATeHN-
pOBaTh €ro C OPYrUM K3eMIUISIPOM hstore, KOTOPBIN COIEPXKUT HOBOE 3HAUEHNe.
Hipke 1moKasaHo, Kak BCTAB/ISITh, OOHOBJISITh M YOAISTD KTIOuM hstore:

CREATE TABLE features (
features hstore

)s

car_portal=# INSERT INTO features (features) VALUES
("Engine=>Diesel'::hstore) RETURNING *;
features
"Engine"=>"Diesel"
(1 row)

INSERT 0 1

car_portal=# -- [Jo6aBUTb HOBbIA KM
car_portal=# UPDATE features SET features = features || hstore ('Seat',
'Lether') RETURNING *;

features
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"Seat"=>"Lether", "Engine"=>"Diesel"
(1 row)

UPDATE 1

car_portal=# -- 06HOB/NEHWNE K/Ya aHaNOrMYHO BCTaBKE
car_portal=# UPDATE features SET features = features || hstore ('Engine’,
'Petrol') RETURNING *;

features

"Seat"=>"Lether", "Engine"=>"Petrol"
(1 row)

UPDATE 1

car_portal=# -- Ygaautb Kiwu
car_portal=# UPDATE features SET features = features - 'Seat'::TEXT
RETURNING *;

features

"Engine"=>"Petrol"
(1 row)

[lns Tvna paHHbIX hstore cyuiectByeT HeMano dyHKUMIA U onepaTopoB. MIMeeTcs HeCKobKo
onepaTopoB ANs NPOBepKu codepxumoro hstore. Hanpumep, onepatopsl ?, ?& v ?| npo-
BEPSAIOT, YTO hstore COAEPXUT KIIHOY, MHOXECTBO K/tOUel Unu nboi U3 nepeuncieHHbix
Kntoyen. Kpome Toro, 06bekT hstore MOXHO NPUBECTM K TUMY MaccmBa, MHoxecTa uam JSON-
[LOKYMeHTa.

Tun maHHBIX hstore peo6pas3yeTcsl BO MHOXKECTBO C MOMOIIbI0 QYHKIMM each
(hstore), ¥ 9TO OTKpbIBAET Ilepe paspaboTUMKOM BO3MOKHOCTh IPUMEHSITD K hstore
BCe oleparui pesiMoHHO anrebpel, Harpumep DISTINCT, GROUP BY 11 ORDER BY.

Huske moka3aHo, Kak MOMYYUTh YHUKAJIbHbIE KIOUM hstore, 3TO MOXKeT MPUTO-
OUTBHCS IJISI KOHTPOJIST KITHOUet:

car_portal=# SELECT DISTINCT (each(features)).key FROM features;
key

Engine
(1 row)

YT06BI ITOTYUUTH hstore B BMIe MHOXKECTBA, CHOBA BOCIIOb3yeMCsT DyHKITMe each:

car_portal=# SELECT (each(features)).* FROM features;
key | value
........ oo

Engine | Petrol
(1 row)

MupekcuposaHue hstore

I MHAEKCUPOBAHMST HAHHBIX THUIA hstore MOKHO BOCITONb30BAThCS MHIEKCAMM
GIN u GIST, a KaKoii MMEeHHO BbIOpAaTh, 3aBMCUT OT Psia (PaKTOPOB: KOJIMUECTBA
CTPOK B Tabuile, HAIMYHOTO MeCTa, TpedyeMoii TPOoM3BOAMUTETIbHOCTY ITOMCKA U 06-
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HOBJIEHMS TI0 MHJIEKCY, XapaKkTepa 3ampocoB U T. 1. [Ipexie ueM OCTaHOBUTHCS Ha
TOM MJIY MUHOM MHAEKCe, Hy>KHO ITPOBECTU TLIATeIbHOe 3TaJIOHHOE TeCTUPOBaHKeE.
CHauana co3manum GIN-mMHIEeKC st BBIOOPKM 3aMiCH TI0 KITI0UY:

CREATE INDEX ON features USING GIN (features);

IJis TIpOBEpPKU TOTO, YTO MHMAEKC MCIIOIb3YEeTCs, BBHITOJIHUM C/IeOYIOMNii KO,
B KOTOPOM OriepaTop ? IpOBePSIET, COMEPKUT N hstore 3aJaHHBIN KITIOU:

SET enable_segscan to off;

car_portal=# EXPLAIN SELECT features->'Engine' FROM features WHERE features
? 'Engine’;

QUERY PLAN

Bitmap Heap Scan on features (cost=8.00..12.02 rows=1 width=32)
Recheck Cond: (features ? 'Engine'::text)
-> Bitmap Index Scan on features_features_idx (cost=0.00..8.00 rows=1 width=0)
Index Cond: (features ? 'Engine'::text)
(4 rows)

Pa3zymeeTcs, ecm HEKOTODBIN omepaTop He mopgepxkusaeTcss GIN-umHAekcom,
Kak, HalpuMep, oriepaTop ->, MOKHO MCIT0/Ib30BaTh 1 MHAEKC TuIa B-tree:

CREATE INDEX ON features ((features->'Engine'));
car_portal=# EXPLAIN SELECT features->'Engine' FROM features
WHERE features->'Engine'= 'Diesel’;

QUERY PLAN

Index Scan using features_expr_idx on features (cost=0.12..8.14 rows=1 width=32)
Index Cond: ((features -> 'Engine'::text) = 'Diesel'::text)
(2 rows)

CTPykTYPA OAHHBIX JSON

JSON — yHuBepcaiibHas CTPYKTYpa JaHHBIX, IOHSTHAS KakK YeJIOBEKY, TaK Y MallHe.
OHa noaep>KuBaeTcsl MOUYTM BCEMM COBpPeMEeHHBIMU SI3bIKaMM ITPOTpaMMMUpPOBa-
HMSI ¥ TIOBCEMECTHO ITPUMeHSIeTCsI B KauecTBe (popmara oo6MeHa naHHbIMYU B REST-
COBMECTUMBIX BEO-CITy>KOaX.

JSON u XML

N XML, 1 JSON ucrionb3yrTCs OJ1s1 OIpeae/ieHNs] CTPYKTYPbl JaHHBIX MepefaBae-
MbIX OKYMeHTOB. 'pammaTuuyecku JSON npoie, yem XML, Bciencreue yero JSON-
JOKYMEHTbl KOMIIaKTHee U Ipolle 4Ji uTeHus U HanucaHusi. C Jpyroil CTOpOHBI,
CcTpyKTYypy XML-IOKyMeHTa MOXXHO OIpeNe/inTh Ha SA3bIKe OIpeneleHMUsI CXeM
XML (XSD), a 3aTeM MpOKOHTpoNupoBaTh. Y ¢popmatoB JSON u XML pasnmyHbie
npuMeHeHys. Hain onbIT moka3sbiBaeT, uTo JSON ualie uCIoib3yeTcss BHYTPU opra-
HU3ALMY MU B BEO-CITYsKO0aX 11 MOOMJIBHBIX ITPUJIOKEHUSIX — B CUJTY CBO€J ITPOCTO-
ThI, TOTAA Kak XML SB/ISIeTCSI OCHOBOJ /151 CO3aHMS YKECTKO CTPYKTYPUPOBAHHBIX
IOKYMEHTOB 1 (h)OPMAaTOB, TAPAHTUPYIOIIMX BO3MOKHOCTb 0OMeHa JaHHBIMM MEXK-
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Iy pa3HbIMM OopraHusaiusMu. Hampumep, B HeCKOIbKUX CTaHAapTaX KOHCOPIIMyMa
Open Geospatial Consortium (OGC), B 4aCTHOCTM B CTaHAapTe KapTorpaduue-
CKMX CITY’KO, B KauecTBe hopmarta obmMeHa ucronb3yeTcss XML ¢ COOTBETCTBYIOIIEH
XSD-cxeMoii.

Tunbl paHHbIX JSON B PostgreSOL

PostgreSQL nmopgnepxkuBaetr aBa tuma JSON: JSON m JSONB, TOT M APYTOil peannusy-
10T crienydukanyio RFC 7159. O6a TuIta MpUMeHUMBI 151 KOHTPOoss mpaBui JSON.
OuHuM ouTy uaeHTUUHbI, HO JSONB adderTrBHEE, TOTOMY UTO SIBJISIETCS JBOMUHBIM
(opmaToMm 1 moamep>KMBaeT UHIEKCHI.

[Tpn pabore ¢ tTurom JSON peKoMeHAyeTCsT 3aaBaTh AJIs 6a3bl JAHHBIX KOIM-
poBky UTF8, uTo6BI 06€CIIeunTh €ro COBMECTMMOCTh O ctanmapTom RFC 7159. Jlo-
KYMEHT, COXpaHsIeMbIi KaK 00beKT THIa JSON, XpaHUTCS B TeKCTOBOM (popmare. Ecim
ske JSON-00BbeKT coxpaHsieTcsl Kak JSONB, TO puMMUTUBHbBIe Tuiibl JSON - string,
boolean, number — oTo6paskaOTCsI, COOTBETCTBEHHO, Ha TUIIBI text, Boolean u nu-
meric.

HocTtyn K o6bekTam TMna JSON u ux moaudpukaumns

Ecti TeKCT MpUBOAUTCS K TUITY json, TO OH COXPaHSIeTCSI ¥ 0TOOpaskaeTcst 6e3 KaKkoii-
60 06paboOTKM, TTOITOMY COXPAHSIIOTCS BCe MPoOesbl, hopMaTUpPOBaHME YMCe
u apyrue petanu. B dopmarte jsonb 9TM meTanu He COXPAHSIIOTCS, KaK MOKA3bIBAET
CIeoYIOLINIA IpUuMep:

car_portal=# SELECT '{"name":"some name", "name":"some name" }'::json;
json

"name":"some name", "name":"some name"
(1 row)

car_portal=#
car_portal=# SELECT '{"name":"some name", "name":"some name" }'::jsonb;
jsonb

"name": "some name"}
(1 row)

JSON-06beKTBI MOT'YT COAEP3KaTh BIOkeHHbIe JSON-06bEKTbI, MACCUBBI, BIOSKEH-
Hble MaccyuBbl, MaccuBbl JSON-06beKTOB 1 T. 1. [7TyOIHA BJIOXKEHHOCTM ITPOU3BOJIb-
Ha, TaK YTO MOKHO KOHCTPYMPOBaTh BecbMa Cj1oskHbie J[SON-I0o0KyMeHThI. B ogHOM
maccuBe JSON-IOKyMeHTa MOTYT HaXOAUTBCS 3JIeMEHThl pa3HbIX TUIOB. B ciie-
IyIoIeM IpuMepe MoKa3aHo, Kak Co3/1aTh yUeTHYIO 3aICh, B KOTOPOI MMSI — TEKCT,
agpec — JSON-06b€eKT, a paHT — MacCUB:

car_portal=# SELECT '{"name":"John", "Address":{"Street":"Some street",
"city":"Some city"}, "rank":[5,3,4,5,2,3,4,5]}'::JSONB;
jsonb
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"name": "John", "rank": [5, 3, 4, 5, 2, 3, 4, 5], "Address": {"city":
"Some city", "Street": "Some street"}}
(1 row)

MoskHo monmyunTsb 1one JSON-o6bekTa B Buae JSON-o6bekTa miam TekcTa. K mo-
JISIM MOKHO TaKske 00paIiaThcsl [0 MHAEKCY WJIM 110 MMEeHM T10JIsl. B ciiemyroleii Ta6-
JinIle TMepevc/ieHbl OrlepaTopPbl JOCTYTIA:

Json Tekcr Onucavue
-> ->> BozBpauaer none JSON-o0b6bekTa No UHAEKCY UM MO UMEHM Nons
#> #>> Bo3spawaet none JSON-o06bekTa No ykazaHHOMY MyTH

YT0oO6bI MONYYUTH aJIPeC U TOPOJ, U3 CO3IaHHOrO paHee J[SON-06beKTa, y HAC eCTh
IBa crioco6a (OTMeTUM, UTO uMeHa 1oseit B JSON uyBCTBUTENIbHBI K PETUCTPY):

CREATE TABLE json_doc ( doc jsonb );
INSERT INTO json_doc SELECT '{"name":"John", "Address":{"Street":"Some
street", "city":"Some city"}, "rank":[5,3,4,5,2,3,4,5]}"'::ISONB ;

Ewm MBI XOTMM BEPHYTh TOPOJia B TEKCTOBOM (opMaTe, TO K HallUM yCOIyram

oIepaTophl ->> U #>>, HanpuMep:
SELECT doc->'Address'->>'city', doc#>>'{Address, city}' FROM json_doc WHERE
doc->>"'name' = 'John';

?2column? | ?column?

........... [ S

Some city | Some city

(1 row)

B crapsix Bepcusix Postgres, Hanipumep 9.4, manumryanpoBats J]SON-IoKyMeHTaMu
OBLIO 3aTPYOHUTENbHO. HO BOWIEOCTBMM TTOSIBMJIOCHh MHOTO OITEpaTOPOB, B T. U. ||
st KOHKaTeHauyu aByX JSON-0OBEeKTOB U - IJ1s1 yAaJeHuUs Iapbl KJI0U-3HAUeHKe.
Panblie MbI IO/KHBI 6bUIH ITpeo6pa3oBaTh JSON-0GBEKT B TEKCT, 3aTEM C [IOMOIIIbIO
PEery/isipHbIX BbIpaskeHMit HalTU ¥ 3aMeHUTb WU yOJIUTh 37IeMEeHT U, HaKOHell,
MIPUBECTH TEKCT 06paTHO K Tuiry JSON. Tak, uTo6bI yIaauUTh PAHT U3 YIETHO 3arm-
CU, HY3KHO OBLIO TTPOJIeaTh CIeIYIoNIie MaHUITY ISV
SELECT (regexp_replace(doc::text, '"rank":(.*)],',"'"))::jsonb

FROM json_doc
WHERE doc->>'name' = 'John';

B Bepcusax 9.5 u 9.6 COOTBETCTBEHHO IMOSIBMINCH QYHKIMM jsonb_set 1 json_in-
sert. BOT Kak MOJKHO BCTaBUTbh B JSON-06BEKT Mapy KIIOU-3HAUEHME:

car_portal=# UPDATE json_doc SET doc = jsonb_insert(doc,
"{hobby}','["swim", "read"]', true) RETURNING * ;
doc

"name": "John", "rank": [5, 3, 4, 5, 2, 3, 4, 5], "hobby": ["swim",
"read"], "Address": {"city": "Some city", "Street": "Some street"}}
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A BOT Tak M3MeHSIeTCs CylieCTBYIOIIas rMapa KIo4Y-3HadyeHne:

car_portal=# update json_doc SET doc = jsonb_set(doc, '{hobby}','["read"]',
true) RETURNING * ;
doc

{"name": "John", "rank": [5, 3, 4, 5, 2, 3, 4, 5], "hobby": ["read"],
"Address": {"city": "Some city", "Street": "Some street"}}

U HakoHeIl, yoaauM Iapy KIou-3HaueHne:

car_portal=# update json_doc SET doc = doc -'hobby' RETURNING * ;
doc

"name": "John", "rank": [5, 3, 4, 5, 2, 3, 4, 5], "Address": {"city":
"Some city", "Street": "Some street"}}

[MonHbIi TiepeueHb MYHKIMIL U ONEPaTOPOB, CBSI3aHHBIX ¢ TUIIOM JSON, cM. Ha
cTpaHuie https://www.postgresql.org/docs/current/static/functions-json.html.

MupekcuposaHue JSON-pokyMeHTOB

HOns uupexcupoBanusi JSONB-gokymeHTOB ucrnonb3yetcss GIN-mHOeKC, KOTOPBIi
MOAAEepsKMBaeT CAeayIollye OrepaTophbl:
O @>: comepxut au JSON-OOKYMEHT B JIeBOI YaCTU 3HaUeHMe B ITPaBOii 4acTu?
Q ?: cymecTByeT M yKa3aHHbBIM K104 B JSON-gokymeHTe?
O ?&: cymectByeT i B JSON-IOKyMeHTe XOTsI ObI OVIH U3 3JIEMEHTOB TEKCTO-
BOr'o MaccuBa?
O ?|: cymectByloT it B JSON-IOKyMeHTe BCe 37IeMEeHTbl TEKCTOBOTO MacCHBa
(xmoum)?
YT06bI YOEOUTHCS, UTO MHIEKCUPOBaHMe TabaMIIbI json_doc JeiiCTBUTEIBHO OKa-
3bIBaeT AeiiCTBME, CO30aAUM UHIEKC U 3alpeTUM T0oC/Ie0BaTeIbHbIN TPOCMOTP:

CREATE INDEX ON json_doc(doc);
SET enable_seqscan = off;

Ternepb MPOBEPUM, UTO MHIEKC UCITONb3YETCS:

car_portal=# EXPLAIN SELECT * FROM json_doc WHERE doc @ '{"name":"John"}';
QUERY PLAN

Index Only Scan using json_doc_doc_idx on json_doc (cost=0.13..12.16
rows=1 width=32)

Filter: (doc @ '{"name": "John"}'::jsonb)
(2 rows)

JSON-LOKYMEHT MOXHO Mpeobpa3oBaTb BO MHOXECTBO C MOMOLLb0 QYHKLMKM json_to_re-
cord(). OTO Monie3Ho, NOTOMY YTO TMO3BOJSET COPTMPOBATb M (GUILTPOBATbL AaHHbIE, KaK
B 00bIYHbIX Tabnnuax. KpoMe Toro, Mbl MOXEM arperMpoBath AaHHblE U3 HECKOIbKUX CTPOK
U CKOHCTpyMpoBaTb MaccuB JSON-06beKTOB C MOMOLLbI0 DYHKLMU jsosn_agg().
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Peanusaumus REST-coBmecTtumoro untepdeiica Kk PostgreSOL

REST-coBmecTuMmblii API ymo6eH mjst opraHusanuu uHTepdeiica, Mo3BOJSIONIETO
060MeHMBATHCSI JAHHBIMU, KOTOPbIE COBMECTHO MCIIOTb3YIOTCSI HECKOIBKUMU TIPU-
JokeHUSIMHU. [TycTh HEKOTOPAsT TabIMIIA MUCITOIb3YeTCSI B HECKOIbKUX TTPUTOKEHM -
sX. OOMH U3 CITocOO0B AATh K Hel JOCTYM U3 IPWIOKEHUSI COCTOUT B TOM, UTOOBI
CO37aTh IJ151 Hee 00BEKT JOCTYIA K JaHHbIM (data access object - DAQ), 06epHYTb
ero 6MOIMOTEKOI, a 3aTeM MCIIOb30BaTh 3Ty OMOIMOTEKY BO BCEX MPUIOKEHUSIX.
V Takoro mojaxoza eCcTb HeJOCTaTKH, HAIIpMMep pas3pelnieHne 3aBUCUMOCTel OT 616-
JIMOTEKM ¥ HeCcOBIajieHye Bepcuit 6ubmmoTeku. KpomMe Toro, ojsl pasBepThIBaHMUS
HOBBIX BepCuii 616IMOTeKY TPEOYIOTCS HeTPUBMATbHbBIE YCUITUS : KOMIIVIISIIINS, TeC-
THUPOBaHMeE U pa3BepThIBaHNeE.

[TpeumytiectBo REST-coBmectuMoro API kK 6ase maHHbIX PostgreSQL cocTout
B TOM, UTO OH 0becreunBaeT IIPOCTOM JOCTYTI K JaHHBIM 1 TT03BOJISIET pa3paboTun-
KY BK/TIOUUTh apXUTEKTYPY MUKPOCEPBIUCOB, UTO 6IarOTBOPHO BIMSIET HA TMOKOCTb.

CymiecTByeT HECKOIbKO 6MOIMOTEK C OTKPBITBIM MCXOAHBIM KOIOM, ITO3BOJISIIO-
IIMX ITOCTPOUTD Takoii REST-coBmecTuMblii MHTEpdeiic, B T. U. psql-api 1 PostgREST.
g cosmanust monHoro API co Bcemu omepanusvu CRUD Ha 6ase Be6-cepBepa
umeeTcs Mmonyiib PostgreSQL amst Nginx — ngx_postgres, IIpOCTO¥ B MCI0JIb30BaHUM
M XOPOIIIO MoaaepkuBaeMblii. K coxkaneHnto, oH He ohopmiieH B Bue maketa Debi-
an, a 3HaA4YUT, IPUIETCSI OTKOMIIMIMPOBATD U YCTAHOBUTD €r0 BPYUHYIO.

B aremyiomem mnpumMepe mpenctaBieH REST-coBmectumblit API 1yt BHIOGOPKM
IAaHHBIX Ha ocHOBe Nginx u memcached. IIpeamonaraeTcs, YTo JaHHbIE IEIVKOM
yMelnaioTcs B mamsTu. PostgreSQL ormpaBiiseT naHHble cepBepy memcached,
1 Nginx sampammBaeT ux y 3Toro cepsepa. Memcached ucrmonb3yeTcst Ijsl KeI-
pPOBaHMS JaHHBIX U CTYKUT IPOMEKYTOUHbIM YPOBHEM MexXay Postgres 1 Nginx.

IMTockonbky memcached mipencrasisieT co60it XpaHMUIUIILE KIoUeil ¥ 3HaUeHui,
HeoOXOIMMO OIpeNeuTh KU IIJiS JOCTyIa K JaHHbIM. Nginx pas6upaer URI-
aJipec ¥ MCIOJb3yeT TepelaHHble B HEM apryMeHThI JIJIsT OTOOpaskeHMsl 3arpoca
Ha 3HaueHMe, XpaHsieecss B memcached. B paccmaTpuBaeMoM HIsKe pUMeEpe Mbl
He CTaBMM 3aJayy Hay4UTb Bac KOHCTpyupoBaHuio REST-coBmecTumbix API, 31O
BCEro JIMIIb JeMOHCTpAlNY TeXHUKM. Kpome TOro, Ha MpaKkTUMKe MOKHO ObLIO ObI
COBMECTUTH KelIMPOBaHMe C MOJyJIeM ngx_postgres IJIsl IIOCTPOEHMST BBICOKOIIPO-
M3BOAUTENIbHO cyucTeMbl co Bcemu omepaiussmu CRUD. O6bemuunB memcached
C ngx_postgres, Mbl MOIJIM ObI CHSITb OTPAHMYEHME HA Pa3MelleHMe BCeX ITaHHbIX
B OIlepaTUBHO MaMSTH.

[yt oTIipaBKY JaHHBIX cepBepy memcached HyskeH Mopynb PostgreSQL pgmem-
cache. [lo6aBuM ero B 6a3y JaHHBIX templatel, YTOOBI OH OBLI JOCTYIIEH BCEM HOBBIM
6asam. Kpome Toro, mo6aBuM ero B 6a3y car_portal:

$sudo apt-get install -y postgresql-10-pgmemcache
$psql templatel -c "CREATE EXTENSION pgmemcache"
$psql car_portal -c "CREATE EXTENSION pgmemcache"

st yeranoBku Nginx u memcached B OC Ha ocHoBe auctpubyTnBos Ubuntu mim
Debian BbITIONHUTE C/leyIOl/ie KOMaH/Ibl:
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$sudo apt-get install -y nginx
$sudo apt-get install -y memcached

A uTOOBI Ha TIOCTOSTHHOJE OCHOBE CBSI3aTh cepBepbl memcached 1 PostgreSQL, mo-
0aBbTe CJIEAYIOIIYIO ITIepeMEeHHYI0 B 6JI0K T0Ib30BaTeIbCKUX ITapaMeTpoB B daiiie
PostgreSQL.conf:

Secho "pgmemcache.default_servers =
'localhost'">>/etc/postgresql/10/main/postgresql.conf
$/etc/init.d/postgresql reload

Iyt TectupoBauust memcached u pacuiMpenus pgmemcache BOCIIonb3yemMcst (PyHK-
uysimy memcached_add(key,value) u memcached_get(key), 4TOOBI 3ammcaTh B CJIOBaph
memcached 3HaueHue, a 3aTeM U3BJIeUb €r0:

car_portal=# SELECT memcache_add('/1', 'hello');
memcache_add

car_portal=# SELECT memcache_get('/1');
memcache_get

O [lns AeMoHCTpauuM Mbl BOCMOMb30BaAMUCh Linux u3-3a npocToTbl ycTaHOBKM. Ecnu Bbl pa-
6oTaeTe B Windows, TO MOXeTe yCTaHOBUTb KakoW-HWOYAb BapuaHT Linux Ha BUPTYanbHYHO
MawmHy. YTo Kacaetcs cepBepa Nginx, To ero MOXHO yctaHoBWUTb B Windows, HO @yHKLMO-
HaNbHOCTb ByAeT orpaHMyeHa. [JononHUTeNbHblE CBEAEHMS CM. Ha CTpaHuLe http://nginx.org/
en/docs/windows.html.

MonyynTb NONHbIA NepeyeHb GyHKUMi memcached nossonser MetakomaHpa \df memcache_*.

Yro6s! paspemnTh Nginx moctyn K memcached, He06X0aMMO M3MEHUTH KOHDM-
rypauuio 1 rnepesarpysutb Nginx. Huske nmpuBemeH MMHUMAaIbHBIN KOHGUTYpaI-
oHHbII (paiin Nginx, gocraTouHbIi 4151 3TOi ey, OTmeTnM, uto B Ubuntu KoHU-
rypauyoHHbIi daiin Nginx HaxoguTcs B Katayiore /etc/nginx/nginx.conf:

# cat /etc/nginx/nginx.conf
user www-data;
worker_processes 4;
pid /run/nginx.pid;
events {

worker_connections 800;

}

http {
server {
location / {
set $memcached_key "Suri";
memcached_pass 127.0.0.1:11211;
default_type application/json;
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add_header x-header-memcached true;

3
}
}

B sTtom npumepe Be6-cepBep Nginx o6pabaThiBaeT OTBETHI OT CepBepa mem-
cached, agpec KoTOpOTO OMpeneneH mepeMeHHOI memcached_pass. B KauecTBe KiTio-
ya cepBepy memcached nepefnaetcs yHUBepcaabHbI UAeHTUDUKATOP pecypca
(URI). ITo ymomyaHuio oTBeT MpuxoguT B popmaTe JSON. HakoHerl, B 1e/IsIX OT/IAI-
KU 706aBJIsIeTCs 3ar0JIOBOK x-header -memcached.

YTo6BI TPOBEPUTDH HACTPOIIKY cepBepa Nginx, mosyuymMm 3HaueHue kiwoyva /1, cre-
HepUpPOBaHHOEe paclliypeHueM pgnemcache:

curl -I -X GET http://127.0.0.1/1
HTTP/1.1 200 OK

Server: nginx/1.10.3 (Ubuntu)

Date: Wed, 01 Nov 2017 17:29:07 GMT
Content-Type: application/json
Content-Length: 5

Connection: keep-alive
x-header-memcached: true
Accept-Ranges: bytes

CepBep yCITeIIHO OTBETUJI Ha 3arpoc, nomydyeH orseT Tuna JSON, u, Kak moka-
3bIBAeT 3arojioBOK, OTBET Ipuinena oT memcached. [Tpeamnonoxkum, UTO Mbl XOTUM
peanusoBaTb REST-coBMecTuMYyI0 Be6-CITyskOY, KOTOpast BO3BpalaeT MHGOpMAaINIo
06 yueTHOJ 3aIMCK MOTb30BaTesIs U3 TaGMUIIbI account, BKIOYAs MAEHTUDUKATOD,
MM, baMMINIO M aipec 3JIeKTPOHHO IoUThI. 1715 mocTpoennst JSON-goKyMeHTa 13
CTPOKMU PEJISIIIMOHHO TabaMIIbl TpegHa3HaYeHbl QYHKIMM row_to_json(), to_json()
u to_jsonb():
car_portal=# SELECT to_json (row(account_id,first_name, last_name, email))

FROM car_portal_app.account LIMIT 1;
to_json

{"f1":1,"f2":"James","f3":"Butt","f4":"jbutt@gmail.com"}
(1 row)

car_portal=# SELECT to_json (account) FROM car_portal_app.account LIMIT 1;
to_json

{"account_id":1,"first_name":"James","last_name":"Butt","email":" jbutt@gmai
1.com","password": "1b9ef408e82e38346e6ebebf2dcc5ece"}
(1 row)

B aToMm nipuMepe 13-3a UCII0Ib30BaHMsI KOHCTPYKUMMU row(account_id, first_name,
last_ name, email) GYHKIIMS to_json He CMOIJIa OMpeneIuTh MMeHa aTpubyToB, Mo-
9TOMY OHM ObLTM 3aMeHeHbI Ha 1, f2 U T. 1.

YT0OBI peInTh 3Ty IMPO6IeMY, HEOOXOIMMO IMPUCBOUTH CTPOKe M. CIenaTh 3TO
MOSKHO Pa3HbIMM CIIOCOO6aMM, HAaIIpMMep MCIT0JIb30BaTh ITOA3aIIPOCHI MJIM COTIOCTA-
BUTb pe3y/ibTaTaM IICeBIOHMUMBI. B mpumepe HIsKe Mbl 3a1anu TiceBAoHUMbI B CTE:
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WITH account_info(account_id, first_name, last_name, email) AS (

SELECT account_id,first_name, last_name, email

FROM car_portal_app. Account

LIMIT 1)
SELECT to_json(account_info) FROM account_info;
to_json
{"account_1d":1,"first_name":"James","last_name":"Butt","email":" jbutt@gmail.com"}
(1 row)

YTO6BI CreHepupoBaTh 3alycH, COOTBETCTBYIONIME TabIuIle account, MCTIONb3YS
MepBUYHBIN KTI0Y account_id B KauecTBe Kiioua xellla, BBITIOJIHUM 3aIpocC:

SELECT memcache_add('/'||account_id,
(SELECT to_json(foo)
FROM (SELECT account_id, first_name,last_name, email ) AS F0O )::text
)

FROM car_portal_app.account;

[Toce sTOrO Y:Ke MOKHO 0OpallaThCsl K TaHHBIM uepe3 cepBep Nginx. UTobbl
ybenuTbcs B 9TOM, moayuuM JSON-mpemcTaBieHue yUeTHO 3ammcu ¢ account_id,
paBHbBIM 1:

$ curl -sD - -0 -X GET http://127.0.0.1/2
HTTP/1.1 200 OK

Server: nginx/1.10.3 (Ubuntu)

Date: Wed, 01 Nov 2017 17:39:37 GMT
Content-Type: application/json
Content-Length: 103

Connection: keep-alive
x-header-memcached: true

Accept-Ranges: bytes
{"account_1d":2,"first_name":"Josephine","last_name":"Darakjy","email":"jos
ephine_darakjy@darakjy.org"}

Heobxomymo Takke mo3aboTUThCSI 06 06paboTKe OTKATOB TPAH3aKLMIi M COOT-
BETCTBYIOILIEH CTpaTerum KemmpoBaHusl, YTO6bI YCTPAHUTh paccoriacoBaHyue Kelia
1 6a3bl JAHHBIX. B mpuMepe HiKe TT0Ka3aHOo, KaK OTKAT BIMSET Ha JaHHbIe B mem-
cached:

BEGIN
car_portal=# SELECT memcache_add('is_transactional?', 'No');
memcache_add

car_portal=# Rollback;
ROLLBACK

car_portal=# SELECT memcache_get('is_transactional?');
memcache_get

No

(1 row)
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YT06BI rapaHTUPOBATh COITIACOBAHHOCTD TAOMMIIBI account C JaHHBIMM Ha cepBe-
pe memcached, MOXKHO TOGaBUTH TPUTTEP AFTER INSERT OR UPDATE OR DELETE, KOTOPBIit
nepegact B memcached usMeHeHus, Tpou3BeIeHHbIe B Tabuiie. TpUrrep MOKHO
rmoMeTuTh ¢taramy DEFERRABLE INITIALLY DEFERRED, UTOOBI OTVIOKUTH MOIM(UKA-
1[I0 JaHHBIX B memcached. ViHbIiMu ciioBaMu, cocTosiHue memcached n3MeHsiercs,
TOJIbKO €CJIM TPAH3aKIMSI 3aBePIIMIIACh YCIIEIIHO.

MonHoTekcToBbIN NOUcK B PosTGRESQL

PostgreSQL mpenocTaBiisieT cpecTBa MOJHOTEKCTOBOTO MOMCKA, KOTOPbIE TTO3BO-
JISIFOT 3aMeCTUTD OIlepaTOPbl COMTOCTaBIEHMS C TEKCTOM Tura LIKE u ILIKE U pe3Ko
TOBBICUTb CKOPOCTH Ioucka. Hanmpmumep, XOTS MHOEKCUMPOBAHME TEKCTa C IIpUMeHe-
HMeM Kiacca text_pattern_op Iogaep>KkuBaeTCsl, UHIEKC UCITONb3YeTCs TOJBKO TOTAaA,
KOrja obpasell IpUBSI3aH K Hauary CTOJ01a.

V TpaguIMOHHBIX oriepaTopoB LIKE 1 ILIKE eCcThb 1 ellje OfHA ITpobiiemMa — OTCYT-
CTBYE PAaHXMPOBAHMS HA OCHOBE CXOCTBA U MTOANEPKKYM eCTECTBEHHOTO S13bIKa. OTU
OIlepaToOpbl MOT'YT BEPHYTH TOJIBKO OyieBO 3HaueHue: TRUE vu FALSE.

[ToMyMO paHKMPOBAHMS U TTOMCKA B JIIOOOM MeCTe TEeKCTa, CPeICTBA ITOJTHOTEKC-
TOBOro moucka B PostgreSQL 006s1afaloT ¥ MHOTMMM IPYTMMM BO3MOXKHOCTSIMMA.
Bbnaromapst mogaepskke CJIoBapeii OTKPHIBAETCSI BO3MOKHOCTh YUMTHIBATh OCOOEH-
HOCTH $I13bIKa, B T. Y. CUHOHVMUIO.

Tunbl AaHHbIX tsquery K tsvector

IMoTHOTEKCTOBBIN IMTOMCK OCHOBAH Ha TUITaX JAHHBIX tsvector 1 tsquery. TUIT tsvector
MIpeACTaBIsIeT HOPMa/IM30BaHHBI JOKYMEHT, a tsquery — 3aIpoc.

Tun daHHbIX tsvector

Tun maHHBIX tsvector MpeACTaBiseT cOO0 OTCOPTMPOBAHHBIN CIIMCOK YHUKAIb-
HBIX JiekceM. JlekceMa — 9TO OCHOBA CJIOBA; IPOIle TOBOPSI, 3TO KOPEeHb CI0Ba 6e3
cybdukca, 6e3 yueta hopm CKIOHEHUS ¥ TpaMMaTUYeCKUX BAPUAHTOB. B mpumepe
HIKe TI0KA3aHO, KaK IIPUBECTHM TEKCT K TUITY tsvector:

car_portal=# SELECT 'A wise man always has something to say, whereas a fool
always needs to say something'::tsvector;
tsvector

'A'" 'a' 'always' 'fool' 'has'
'whereas' 'wise'
(1 row)

man say' 'say,' 'something' 'to'

[IpuBemeHMe TeKCTa K TUITY tsvector ele He O03HAUYaeT IOJHOM HOpMaIu3alun
IIOKYMEHTa, IOTOMY UTO He YUMTHIBAIOTCS JIMHTBUCTUUECKME TIpaBwIa. Jjis mpa-
BWIbHOJ HOPMaJIM3alluy HY;KHO BOCITO/Ib30BaThCs (PyHKIMET to_tsvector():

car_portal=# SELECT to_tsvector('english', 'A wise man always has something
to say, whereas a fool always needs to say something');
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to_tsvector

'alway':4,12 'fool':11 'man':3 'need':13 'say':8,15 'someth':6,16
'wherea':9 'wise':2
(1 row)
Kak Bumym, QyHKIIMS to_tsvector ymanamiaa HEKOTOPbie OYKBBI, HATIPUMED S U3
CJIOBaA always, u ,Z[OﬁaBI/II[a neaoumnc/JIeHHble MMO3ULnM JIeKceM, HeO6XO,E[I/IMbIe AJIs1
PAHXKMPOBAHMSI C YUETOM OJIM30CTH CJIOB.

Tun dauHbIX tsquery

Tum JaHHBIX tsquery UCIIOMb3yeTCs JJIs1 [TOMCKa JieKceM. JIeKceMbl MOSKHO KOMOVIHM-
poBaTh ¢ nmomoipio orepatopos & (M), | (MJIN) u ! (HE). Oniepatop HE nmeeT Hau-
BBICHIMI TPUOPUTET, Y — CleyIoNmii 110 NOPSIAKY, M camMblii MmeHbiuit — WIN. s
TPYIIIVPOBKM JIEKCEM U OIIePaTOPOB MOKHO TaKKe MCIIONIb30BaTh CKOOKM. B mpu-
Mepe HIDKe [T0Ka3aHO0, KaK MPOM3BOAUTCS MOUCK JIEKCEM C IIOMOIIbIO TUIIOB tsquery,
tsvector 1 orepaTopa COnocTaBjieHUs @ @:

car_portal=# SELECT 'A wise man always has something to say, whereas a fool
always needs to say something'::tsvector @@ 'wise'::tsquery;
?column?

Ilyig Tuma tsquery MMeercs Takke (QYHKIMS to_tsquery, KOoTopasi mpeobpasyer
TEKCT B JIEKCEMbI:

car_portal=# SELECT to_tsquery('english', 'wise & man');
to_tsquery

'wise' & 'man'
(1 row)

Peannu3oBaH Takke MOMCK I10 d)pa3aM, KOr[a pe3yjabTaT CUMTACTCA IMOTOKUTEIb-
HbIM, €C/IM Ba CJIOBA COCeAHME VM PACIIOJIOXKEHbI B YKa3aHHOM ITOpsaKe. I[J'IF[ 3TOro
IIpeJHa3HayeH oreparop <->:
car_portal=# SELECT to_tsvector('A wise man always has something to say,
whereas a fool always needs to say something') @@ to_tsquery('wise <->
man');

?2column?

ConocraBneHune ¢ o6pasuom
HO,Z[ COITOCTaBJ/IEHMEM C O6p33]_[0M ITIOHMMaAaeTCAd IMPOBEPKA BXOXKAEHMS HEKOTOPOTO
06p33ua B 3aIdHHYIO ITOCTIEJ0OBATEJIbHOCTDb CJIOB. Ha pe3yjabTaT ornepaum BIAUAET
HECKOJIBKO Cl)aKTOPOB, B TOM Umucie:
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Q HopManu3aius TeKCTa;

O cnoBapb;

O paHxupoBaHue.

Ecin TekCT He HOpMa/IM30BaH, TO TTIOMCK MOKET He BEpHYTb OXXUAAeMblit pe3yiib-
TaT. B MpuMepax HIKe TTOKA3aHO, KAK MOKET 3aBepIINThHCS Heyhauei TOMCK B He-
HOpPMAa/IM30BaHHOM TEKCTe:

car_portal=# SELECT 'elephants'::tsvector @@ 'elephant';
2column?

B 3TOM 3ampoce npuBeneHue ciosa elephants kK Tuiy tsvector 1 HesIBHOE IIpeo6-
pasoBanue elephant B 3armpoc He MOPOKAAET HOPMAa/IM30BAHHBIX JIEKCEM 13-3a OT-
CyTCTBUS MHGOPMALNM O cIoBape. UYToObI J0OAaBUTh HEJOCTAIOIIYIO0 MHGOPMAIINIO,
MOSKHO BOCITO/Ib30BaThCsI GYHKIMSIMMU to_tsvector 1 to_tsquery:

car_portal=# SELECT to_tsvector('english', 'elephants') @@
to_tsquery('english', 'elephant');
?column?

car_portal=#

car_portal=# SELECT to_tsvector('simple', 'elephants') @@
to_tsquery('simple', 'elephant');

2column?

ITonHOTEeKCTOBBINI ITOUCK nogaep>KmBaeT COIMOCTaBIeHME C 06pa3u0M C yueToM
PaHIOB. JlekceMbl B BEKTOpe tsvector MOXKHO CHaGI[I/ITI) MEeTKaMHI A, B, C, D, rme D —
paHT M0 YMOTYAHUIO, & A COOTBETCTBYET HAMBBICIIEMY paHTy. YTOObI SBHO Ha3HA-
YUTDb BEC BEKTOPY tsvector, MOXKHO BOCIIOIb30BAaThCST QYHKITMEN setweight:
car_portal=# SELECT setweight(to_tsvector('english', 'elephants'),'A') ||
setweight(to_tsvector('english', 'dolphin'),'B');

2column?

'dolphin':2B 'eleph':1A
(1 row)

IJis paHsKUPOBAHMS TIPEIyCMOTPEHbI ABe GYHKUMM: ts_rank U ts_rank_cd. OyHK-
UM ts_rank MCIONB3YeTCS IJIS1 CTAaHAAPTHOTO paHXXUPOBaHMU, a ts_rank_cd — mjis
PaHXMPOBAHMSI C YUETOM TUIOTHOCTM ITOKPBITHUS (cover density ranking). B ciemyto-
meM IIpuMepe IOKa3aHbl pe3yabTaThl ts_rank_cd mpu moucke mo cioBaM eleph
n dolphin:
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car_portal=# SELECT ts_rank_cd
(setweight(to_tsvector('english','elephants'),'A") ||
setweight(to_tsvector('english', 'dolphin'),'B'), 'eleph' );
ts_rank_cd

(1 row)

car_portal=# SELECT ts_rank_cd
(setweight(to_tsvector('english', 'elephants'),'A"') ||
setweight(to_tsvector('english', 'dolphin'),'B'), 'dolphin' );
ts_rank_cd

0.4
(1 row)

PaHXupoBaHMe 4acTO MCTIONb3YeTcsl AJisi oboramieHus, GuabTpaum u ymopsi-
IOYeHMsI Pe3yabTaTOB COMOCTABIEHUSI C 00pa3lOM. B peasbHbIX MPUIOKEHUSIX
y pa3HbIX YacTei JOKyMeHTa MOTYT 6bITh pasHbie Beca. Hampumep, KOra Mbl UIIEM
dbuibM, HaMbOMBIINIT BeC cemyeT Ha3HAUUTh Ha3BaHMIO GUIbMa ¥ IJITaBHOMY re-
POI0, a KPATKOMY OTMCAHUIO CIOKeTa MOKHO Ha3HAUUTb MEHbIITNIT BeC.

lNMonHOTeKCTOBbIE UHAEKCHI

I[J'[H IIOJTHOTEKCTOBOI'O IMOMCKa MpearnouYTUTEe/IbHbI GIN-I/IH,U,QKCBI. qTO6bI CO34aThb
MHIEKC HaJl JOKYMEHTOM, MOSKHO BOCITO/Ib30BaThCs QyHKIIMEN to_tsvector:
CREATE INDEX ON <table_name> USING GIN (to_tsvector('english', <attribute name>));

- nm
CREATE INDEX ON <table_name> USING GIN (to_tsvector(<attribute name>));

Bb160p MHIEKCA 3aBUCUT OT IIpeAMKaTa B 3arpoce. Tak, ecyiy mpeauKaT MMeeT BU]T
to_tsvector('english',...) @@ to_tsquery (...), To Ipu 06paboTKe 3arpoca GymeT uc-
T0Ib30BATHCS ITEPBbIIt MHIEKC.

[ng vHOeKCUpOoBaHMS tsvector M tsquery MOXKHO McIionb3oBaTh GIST-unHpekc,
Toraa Kak GIN-MHAEeKC UCTIOMb3yeT s /IS MHIAeKCUPOBAHUSI OLHOTO JUIIIb tsvector.
B GIST-uMHIeKce TepsieTcst YacThb MHGOPMALNM, ¥ OH MOKET BO3BpallaTh JIOKHOIIO-
JIOKUTeJIbHbIe pe3ynbTaThl. [loaToMy PostgreSQL aBTOMaTHUeCcKu rneperpoBepsieT
BO3BpAIlleHHbII Pe3y/lbTaT, OTOpaCchIBas JIOKHOIIOMIOXKUTEIbHbIE COBMaAeHmsI. 13-
3a Pacxofl0B Ha AOCTYII K 3aI1CSIM ITPOU3BOAUTENbHOCTb MOXKET CHU3UThCS. B GIN-
MHJIEKCEe XPAHSITCS TOJbKO JIEKCEMbI BEKTOPA tsvector 6e3 BeCOBbIX MeTOK. [ToaTomy
ec/M B 3aIipoce yyacTBYIOT Beca, TO MOXKHO CUMUTaTh, UTO U GIN-MHIEKChI TepsIoT
MHGOpMAIHIO.

[TponssoputenbHOCTh GIN- 1 GIST-MHOEKCOB 3aBUCUT OT KOJIMYECTBA YHUKAJIb-
HBIX CJIOB, ITO3TOMY JIJISI YMEHbILIeHMS OOIIEro KOJIMUECTBA TAKOBBIX PEKOMEHYETCSI
MCITOIb30BaTh cioBapu. [Tovick 1o GIN-uHekcy paboTaeT 6bICTpee, HO CaM MHIEKC
CTPOUTCSI MeJIeHHee U 3aHMMaeT Oosblie Mecra, yeM GIST-mHmeKc. YBenmdeHnue
rnapameTtpa maintenance_work_mem MOsKeT yCKOpuUTb moctpoeHue GIN-mHAekca, HO
HMKak He Bauser Ha GIST-uHpekc.
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Pe3ioME

PostgreSQL o6amaeT BecbMa pa3BUTONM CUCTEMOI BCTPOEHHBIX U TOTIOTHUTETbHbBIX
TUNOB. s pacipeHnsi MOKHO MCoib30BaTth s3biku C u C++. Bonee Toro, Post-
greSQL npeparaeT MHGOPACTPYKTYPy co3ganums pacimmpenuit PGXS, mo3Bossonyio
coOMpaTh pacMpeHus sl yCTAHOBIEHHOTO cepBepa. JIJist 06CY>KIeHST HEKOTOPbIX
pacmupenuii, HarmpumMep PostGIS, moHamo6umach Obl 11ej1ast I1aBa.

B PostgreSQL mmeeTcst o6MIMpHBI Ha60p TUIOB AaHHBIX: XML, hstore, JSON,
MAacCuB ¥ T. 1. TUIIBI JAHHBIX HYKHBI JIJIST TOTO, YTOOBI pa3paboTunk He u306peTan
BEJIOCUTIENl, @ MOT BOCIIOJIb30BAaThCSI BCeM 6OTAaTCTBOM (DYHKIMIT M OMEpaTOpPOB.
Kpome Toro, HeKOTOpbIe TUITbI JaHHBIX, B T. U. hstore 1 JSON, ITO3BOSIOT OTlepaTUB-
Hee pearnpoBaTh Ha M3MeHEHMe TpeOOBaHMIi, TOTOMY UTO He TPeGyIoT BHECEHMS
M3MeHEeHMI B cxeMy 0a3bl TaHHBIX.

Maccusel B PostgreSQL mOCTUTIM BBICOKO¥ CTEIIEHU 3PEIOCTH U 00J1a1at0T 60JTh-
M HabopoM orepaTopoB U GyHKIMiA. PostgreSQL MoskeT paboTaTh C MHOTOMED-
HBIMJM MAacCMBaMM Pa3HbIX 6a30BBIX TUIIOB. MacCUBBI ITOJIE3HBI IIPY MOJEIMPOBa-
HMY MHOTO3HAYHBIX aTPMOYTOB, a TAKKe JIs psifa 3a[1au, KOTOPbIE TPYIHO PENNTD,
0CTaBasiCb B paMKax CTPOTOil PENSIIIMOHHON MOMEIM C1abo CTPYKTYPUPOBAHHBIX
JaHHBIX, a TAKKe IJ1s1 obecrieueHus 60Jbileil r’M6KOCTH pa3paboTKM.

[MopmepskuBarwTCS MOKyMeHTHI B (popmatax JSON u XML, 4To TI03BOJISIET 0OMe-
HUBATbCSI JOKYMEHTaMU B pa3anMuHbIX (popmaTax. PostgreSQL mpemocTaBisieT psif,
dbyHKUMI Ay mpeobpa3oBaHus CTPOK Tabmuilel B popmat JSON u o6paTHO, UTO
JleflaeT BO3MOKHbBIM MCIT0/Ib30BaHMe cepBepa Ajist oaaepskki REST-coBMeCcTUMBbIX
BeO-CITY3KO.

PostgreSQL nognepskuBaeT MOTHOTEKCTOBBIN MOUCK, YTO MOIE3HO IJIS1 pelIeHnsT
3a7a4 JIMHTBUCTHKM, & TAK)Ke TIOBBINIAET MPOMU3BOAUTEIBHOCTD ITOMCKA 63 MPUBSI3-
KM K HauaJy TeKcTa. B pe3ysnbraTe mojib30BaTesb OBOJIEH U CUaCTINB.

B ciepytoredt riiaBe MbI ToApo6HO o6¢cyaum cBoiicTBa ACID 1 UX CBSI3b C yIIpaB-
JIeHVeM KOHKYPEHTHOCTBIO. TaM ke OyayT pacCMOTPEHbI YPOBHM M3ONSIIUU U HA
MpuMepax MPoJeMOHCTPUPOBAHbI UX M060UHbIe 3¢ deKThl. HakoHell, Mbl ITIOIOBO-
PUM O pas3JIMYHBIX METOmax GJIOKMPOBKM, BKIIOUAST ITECCUMUCTUYHbBIE CTPATETUN:
6JIOKMPOBKY Ha YPOBHE CTPOK U PEKOMEHIaTe/IbHbIe GIIOKVPOBKIA.
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TpaH3aKuuu 1 ynpaeneHue
napannesbHbIM JOCTYNIOM

B pensioHHOl Mopenu OmMMcaHa JIOTMYecKasl efuHMIla 06paboTKM HAaHHBIX —
mpan3akyus. Mo>kHO CKa3aTh, UTO TPAH3aKIIMS — 9TO MHOXKECTBO MMOCAeJ0BATeIbHO
BBIMOJIHsIEMbIX ornepaiuii. PCYB]I mpegocTaB/isieT MexaHn3M OGJIOKMPOBKY, rapaH-
TUPYIOIINIA 11eJIOCTHOCTb TPaH3aKIINIA.

B 9T0i1 I1aBe Mbl pacCMOTPMM OCHOBHbIE KOHIIEIIIMM, 0OecreunBalonye mpa-
BWIbHOE BBITIOJTHEHME TPAH3aKIMii, a TaKKe 006CyaMM MpobieMy yIipaBaeHus ma-
payIeIbHBIM JOCTYIIOM, CMCTEMbI GJIOKMPOBKM, B3aMIMOOIOKMPOBKY 1 peKOMeH1a-
TeJIbHbIe GIIOKVPOBKIA.

TPAH3AKLMK

TpaH3akiusi — 3T0 MHOXEeCTBO orepaliyii, B COCTaB KOTOPOTO MOTYT BXOIUTD OIle-
pauyy o6HOBJIEHMSI, yOATeHNsI, BCTABKM ¥ BbIOOPKM AaHHBIX. YacTo 9TM orepanumn
MTOTPY)KAIOTCS B SI3bIK 60Jiee BBICOKOTO YPOBHSI MJIM SIBHO OGEPTHIBAIOTCS B OJIOK
TpaH3aKIy, 3aKTI0YeHHBI MeXTy KoMaHaamu BEGIN 1 END. TpaH3aKIusi CAMTaeTCst
YCIEeUTHO BBITTOJIHEHHO, €C/IM YCIIeLTHO BbITIOIHEHBI BCE COCTABIISIIOLIME €€ orepa-
uyn. Ecin kakasi-To onepaiusi TpaH3aKIMU 3aBepliaeTcss HeygauHo, TO YaCTUYHO
BBITTOJTHEHHbIE JIeJiCTBUSI MOXHO OTKATUTh.

[171s1 SBHOTO yIIpaBjieHMs TpaH3aK1eil MOXXHO ITOCTaBUTh KOMaHAy BEGIN B ee Ha-
yajie ¥ KoMaHy END miu COMMIT B KOHIIe. B ciemytoliem nmpumepe MmokasaHo, Kak
BBIOIHUTDL KOMaHAy SQL B TpaH3aKkuuu:

BEGIN;

CREATE TABLE employee (id serial primary key, name text, salary numeric);
COMMIT;

[Tomumo obecrieueHus 11eJIOCTHOCTY JaHHbBIX TPaH3aKIMUY IT03BOJISIIOT JIETKO OT-
MEHUTDb M3MeHEeHMsI, BHECEHHbIe B 6a3y B Mpoliecce pa3paboTKu U OTIaAKu. B uH-
TepakKTMBHOM pekuMe OJI0K TpaH3aKIIMY MOKHO COYeTaTh C KOMaHIOM SAVEPOINT,
YTOOBI IOCTABUTH OTMETKY B TOUKE COXPAHEHMSI COCTOSTHMS. TOUKa COXpaHEeHMS —
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3TO CIOCO6 OTKATUTH HE BCIO TPAH3aKI[UIO IIEJTMKOM, a TOJIBKO ee 4acThb. B mpumepe
HIDKe IeMOHCTPUPYETCS MCIIOIb30BaHMe SAVEPOINT:

BEGIN;

UPDATE employee set salary
SAVEPOINT 1increase_salary;
UPDATE employee set salary = salary + 500 WHERE name ='john';
ROLLBACK to increase_salary;

COMMIT;

salary*1.1;

3mech KoMmaHaa UPDATE employee SET salary = salary*1.1; 3adukcupoBaHa B 6ase
IAHHBIX, a KOMaHaa UPDATE employee SET salary = salary + 500 WHERE name = 'john'; OT-
KaueHa.

o Bce BbinonHseMble PostgreSQL KoMaHAbl TpaH3aKLUMOHHbIE, AAXKe eC/iM 610K TpaH3aKLUUK He
6b11 OTKPBIT ABHO. KOrAa Mbl BbINOHAEM HECKOIbKO KOMaHL, He 06epTbiBas Mx 610KOM TpaH3-
aKUMK, KaXKAas KOMaH/AA BbINOHAETCS B OTAENbHOM TpaH3aKLUMK.

[ToBegeHreM TpaH3aKIINi YIIPABJISIIOT ApaiiBepbl 6a3bl JaHHBIX ¥ KapKachl IIpu-
noxenuii tuna Java EE wnu Spring. Hanpumep, B ciiydae JDBC mMbl MoskeM Mpu ke-
JIAHWY 33[aTh PEKMM aBTOMATUUECKOM (DUKCAITUNA.

[MocMoTpuTe B LOKYMEHTaUMM, LOOABNSET M KAMEHT KoMaHAabl BEGIN M COMMIT aBTOMa-
TUYECKU.

Tpan3sakuuu u csoiictea ACID

l'apaHTKsi aTOMapHOCTHM, COIVIACOBAHHOCTU, M30JIMPOBAHHOCTU U I OJITOBEYHOCTU
(ACID) oniepaumii — pyHIaMeHTaIbHOE CBOVCTBO PESILIMIOHHO 6a3bl JaHHBIX.

TpaH3akiusi — 3TO Joruueckas eIMHUIA BBITIOTHEHNS], OHA HefenMa, Wi aTo-
MapHa, T. e. 1160 BBITIOTHEHA [[eJIMKOM, MO0 He BbITIOTHEHA BOBCE; M 3TO YTBEPIK-
IleHVe CIIpaBeIIMBO BHe 3aBUCYMMOCTH OT IIPUUMHBI omnOKM. Hampumep, TpaH3ak-
I[MSI MOYKET 3aBePIIMTbHCS HEYIauHO M3-32 MaTeMaTUYeCKOM OMMOKM, HEITPABUIbHO
HaTMMCAHHOTO MMEeHU OTHOIIeHMS U TaKe 13-3a aBapuy OlepaiiOHHON CUCTEeMBI.

[Mocste yermemHov hmKcayy TpaH3aKIMY BCe MIPOM3BeIeHHbIe B HEli MI3MeHEeHUS
IOJDKHBI COXPAHSITBCS JIaske MOC/Ie OTKAa30B 060PYIOBaHMS; 3TO CBOICTBO HAa3bIBa-
eTCsl JOIrOBEeYHOCTBI0. B MHOTOMO/Ib30BATENBCKON Cpefe MOoJib30BaTeI MOTYT
OIHOBPEMEHHO BBIMOJHSATh HECKOJIBKO TpaH3aKIMii, Kaskgas U3 KOTOPBIX COmep-
SKUT HECKOJIBKO oreparuii. JIiob6ast TpaH3aKLys JO/KHA BBIOMHATHCS, HEe Memiast
IPYTMM TpaH3aKIIMsIM, BHITIOTHSIONIMMCSI BMECTe C Heli; 3TO CBOMCTBO Ha3bIBAaeTCs
V30 IMPOBAaHHOCTBIO.

HakoHell, cormacoBaHHOCTb — 3TO He CBOICTBO TpaH3aKIIMM KaK TaKOBO, a xke-
JIaTeJIbHOe CIeICTBYME M30IMPOBAHHOCTY M aToMapHOCTH. COTIaCOBAHHOCTD 6a3bl
IAHHBIX HEIOCPeICTBEHHO CBs3aHa C OM3HEC-TPeOOBaHUSIMM, KOTOPbIe OIpeme-
JISTFOTCSI C TIOMOIIIBIO TTPaBMJI, TPUITEPOB U orpaHmuennit. Eciu 6a3a maHHBIX HAXO-
Iniach B COIJIACOBAaHHOM COCTOSIHUM 10 BBITIOJTHEHMST TPAH3aKIMM, TO COCTOSTHUE
IIOJDKHO OBITH COTTIACOBAHO U TTOC/IE ee 3aBepiineHus. CliequThb 3a COIIaCOBAHHOCTBIO
6a3bl JaHHBIX — 33[jaua pa3paboTumka, 3arporpaMMIMPOBaBIIEro TPaH3aKINIO.
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O6ecmeunth cBoiictBa ACID Henerko. Hampumep, HOJITOBEYHOCTb — TPYIHO-
MCITOJIHMMOEe TpeboBaHMe, ITIOTOMY UTO (aKTOPOB, CIIOCOGHBIX ITPUBECTH K MTOTEPE
JaHHBIX, MHOXECTBO: KpaxX OIlepaliOHHOM CUCTeMbl, IpeKpalleHne 3JIeKTPOCHA0-
SKeHUSI, 0TKa3 XXeCTKOTOo JKcKa U T. . K ToMy ke KOMITbIOTepHas apXUTeKTypa BeCh-
Ma CJI0’KHA, B YaCTHOCTM [0 ITOSIBJIEHNST Ha 3KeCTKOM AJMCKe TaHHbIe ITPOXOIST uepes
HEeCKOJIbKO YPOBHETT CCTEeMbI XpaHEeHMs : OTlepaTUBHAasl TaMAThb, 6ydepsl BBOIA-BbI-
BOJa, KeIll I1CKa.

Mo ymonyaHuto PostgreSQL nonb3yetcs cucTeMHbIM BbiI30BOM fsync, KOTOpbIM cOpacbiBaeT
BCE MOAMDULMPOBAHHbIE CTPAHMULbI Kella Ha AUCK, YTOObl U3MeHeHUs Bbln 3aPUKCUPOBAHbI
[laXe B Cly4ae Kpaxa uiu nepesarpysku CUCTEMBI.

TpaH3aKLMKU U KOHKYPEHTHOCTb

KoHKypeHTHOCTh MOXXHO OnpefennTb KaK yepeloBaHMe OeiCTBUIL BO BPeMeHU
IUIST CO3MaHMST VILTIO3UM OTHOBPEMEHHOTO BBITTONHEeHMS. [Ipy 3TOM HeoOXOmMMo
PEeLIUTh HECKOJIbKO MPOGIIeM, B T. U. KaK 06ecreunTb 6e30I1aCHbINi JOCTYI K [J100aIb-
HBIM pecypcaM U Kak 06pabaThiBaTh OLIMOKM, KOIa MMEeeTCsI HeCKOJIbKO KOHTEK-
CTOB BBITIOJIHEHMSI.

KOHKYpeHTHOCTb BCTpeuaeTcsl B KOMITbIOTepax MOBCEMECTHO, HauMHasi ¢ HU3KO-
YPOBHEBOI! anmapaTHO JIOTVKM ¥ KOHYAsT JOCTYIIOM K OOIIVMM JAaHHBIM U3 JII000ii
TOYKM 3eMHOTO Iapa. [IpuMepbl KOHKYPEHTHOCTM MOXKHO HAliTU B OpraHu3alumn
KOHBeliepa KOMaHJ, B MUKPOIIPOIleccopax ¥ B MHOTOIIOTOUHO apXUTEKType oIle-
palOHHOM cucTeMbl. [laske B CBOei MOBCEIHEBHOI IMPAKTUKE MbI CTAJTKMBAEMCS
C KOHKYPEHTHOCTBIO, paboTast, HarmpuMmep, ¢ cucreMoii Git. B3sTh TMIIMUHYIO cUTYa-
LIMIO — HECKOJIbKO Pa3paboTUMKOB paboTalOT C OMHOI U TOJ ske KOIOoBOi 6a30ii, mpu
9TOM BO3HMKAIOT KOH(MIMKTHI, KOTOPble B KOHEYHOM CUETe pa3pemnaloTcs B Mpo-
enype ooObeMHEeHNS.

He cienmyeT myTaTh KOHKYPEHTHOCTD U Mapaienusm. [loa mapauienm3amMmom 1mo-
HMMAeTCsI UCI0/b30BaHye JOIMOJIHUTENbHBIX BbIUUCIUTENbHBIX YCTPOICTB, KOTO-
pbIe MOTYT BBITIOJTHUTD GOJIbIIIe PAGOTHI B €AMHUITY BpeMEHM, TOT/Ia KaK KOHKYPEHT-
HOCTb KacaeTcsl IOTMYEeCKOro AOCTyTa K pa3jessieMbIM pecypcam. MOXKHO CUMTATh,
yTo (DU3MUeCKuii TapauieIM3M — YaCTHBIN CIydail KOHKypeHTHOCTH. [Ipyroii ee
dhopMoit SIBIsIeTCS KBAaHTOBAHME MTPOIECCOPHOTO BpeMEHH, T. €. BUPTYaIbHBbIN Ma-
pasIIeIn3M.

0 Bo MHOrmx 6asax AaHHbIX Napannenusm SBASeTCs LOMOAHEHMEM K KOHKYpEHTHOCTU. B Post-
greSQOL napannenusm n“cnonb3yercs HauMHas ¢ Bepcun 9.6, YTobbl yBENUUNUTL CKOPOCTb Bbl-
nonHeHus 3anpocos. B CYB[], Greenplum, oTBeTBuBLLUENCS OT PostgreSQL, Takke npuMeHseTcs
MaccoBo napannenbHas o6pabotka (massively parallel processing - MPP), 4To6bl NOBbICUTb
MPOM3BOAMTENBHOCTb M CNPABUTLCS C HAarpy3KaMu, XapakTepPHbIMU A1 XPAHUULL AAHHbIX.

@OyHIaMeHTaIbHOV MTPO06IeMOii KOHKYPEHTHOCTHM SIBJISIETCSI UepeoBaHue Aeii-
CTBUIL BO BpeMs OCTyTIa K 0611eMy IiobanbHOMY pecypcy. KoHdumkTa He mpomn3oii-
IleT, eciv KOJI, OCYIIeCTBJISIeT JOCTYII CTPOTO TOC/IeJ0BATeIbHO, 4 He KOHKYPEHTHO.
Ho Ha mpakTyuKe 3TO BbI3bIBaeT 3HAUMTEIbHbBIE 3aJ€P5KKI.
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3amava yrpaBieHusT KOHKYPEHTHOCTHIO 3aK/II0YAeTCsI B TOM, UTOObI KOOPAVHU-
pOBaTh BBIMOJHEHV € KOHKYPEHTHBIX TPaH3aKIUii B MHOTOIIOIb30BaTe/IbCKO Cpefie
1 06pabaThIiBaTh MOTEHIIMAIbHbIE ITPOO/IeMbI: IOTEPSHHbIE 0OHOB/IeHMS, He3apuK-
CHpOBaAHHbIE TaHHBIE 1 HECOTJIACOBAHHYIO BHIOOPKY.

KoHKypeHTHOCTb — pbIHOUHOEe TTpenMylecTBO PostgreSQL, mockonbKy ata CYB]]
KOPPEeKTHO 1 3 PeKTUBHO peliaeT Mpo6ieMbl Jaske IIPY OUeHb BbICOKO MHTEHCHUB-
HOCTY oIepannit uteHus u 3amuciu. B PostgreSQL omepatiuu 3anmcy He 6JIOKUPYIOT
omepaiuy YTeHus1, 1 Hao60poT. IIpumeHsieMbIit B PostgreSQL MeTo[ yripaBiaeHUs
napa/uieIbHBIM JOCTYIIOM C IOMOIIbI0 MHOTOBEPCHMOHHOCTM (multiversion
concurrency control - MVCC) 1CI0/Ib3yeTCs ¥ B HECKOIBKUX APYTUX KOMMePUECKMUX
1 HekomMepueckux CYB]I, Bkiatouast Oracle, MySQL ¢ amkkom InnoDB, Informix,
Firebird u CouchDB.

OtrmeTtum, uto MVCC — He eIMHCTBEHHBII CITOCO0 06ecrevyeHst KOHKYPEHTHOCTHU
B PCYB/I; B SQL Server BMeCTO Hero NpMMeHSIeTCSI MeTO[l CUJIbBHO¥ CTPOTrOi ABYX-
dasHoI1 6JIOKMPOBKM (strong strict two-phase locking — SS2PL).

MVCC 6 PostgreSQL

OIHOBpPEMEHHbIN TOCTYI K ONHUM M TeM Ke TaHHbBIM [IJIsI UTeHUS UM 3alUcu MO-
SKeT MPUBECTU K HECOIVIaCOBAaHHOMY COCTOSIHMIO JAHHBIX WIM K HeNpaBUIbHOMY
pesyabTary ureHus. Harpumep, unTaTesb MOXKET ITOJyYUTh YACTUYHO 3alMCaHHbIe
IaHHbIe. PermmyTh 9Ty Tpo6ieMy MpoIiie BCero, 3arpeTuB YUTATENIO YUTATh TaHHbIE,
ToKa IucaTe/lb He 3aKOHUMUT UX 3aluchiBaTh. HO Mpy TakoM pelieHuu Mpolecchl
COCTSI3aI0TCS 32 MMOTyYyeHue AOCTYIa, UYTO MPUBOAUT K CHUYKEHUIO TTPOU3BOAUTENb-
HOCTH, T. K. UNTATENb TO/KEH XAATh IMUCaTeNS.

B MVCC ormepaiusi 06HOBJIEHUSI CO34AeT HOBYIO BEPCUIO JAHHBIX, @ MCXOAHbIE
JaHHbIe He Mepe3anyuchiBaTCcsI. TakuM 06pa3oM, OMHOBPEMEHHO CyIeCTBYeT He-
CKOJIBKO BepCUii JaHHbBIX, OTCIONA ¥ CJIOBO «MHOTOBEPCMOHHOCTh». K Kakoit Bepcum
JaHHBIX MOYYUT AOCTYI TPAH3aKIIVsI, 3aBUCUT OT ee YPOBHSI U30JSILIUU, TEKYIIErO
COCTOSIHMSI I BEpCUIL KOPTEXEIA.

B PostgreSQL n060ii TpaH3aKIMUM MIPUCBauBAETCsT MAeHTU(UKATOP, HA3bIBa-
embiii XID. XID yBenmumBaeTcs Ha eOVMHMUITY BCSIKMI pa3, KaK HAUMHAETCS HOBAsI
TpaH3akiys. meHTUGMUKATOPbI TPAaH3aKILMii — UeThIpex6aiiTOBbIe LieJIble uKcia 6e3
3HaKa, TaK YTO BCETO MX MPMMEPHO 4,2 MUUIMapaa. BeruncieHe HOBbIX UIeHTUM-
KaTOPOB ITPOM3BOINUTCS [0 MOJYJIIO, T. €. XID’bI M3MEHSIIOTCS 110 KpyTy. Bce TpaH3ak-
uuyn (IpMMEPHO 2 MWIIMapaa), NpeAliecTBYOIMe JaHHOM, CYUTAIOTCS CTapbIMU
Y BUAHBI JaHHOM TPaH3aKLIUN.

B npumepe HisKe MTOKa3aHO, KaK YBeTMUMBAIOTCS MAEHTU(OUKATOPHI TPAH3AKIINIA.
OTMeTMM, 4TO eI GJIOK TPaH3aKIMIM He OTKPbIBAETCS SIBHO, TO XID yBennunuBaeT-
Cs1 IOCJIe KaykKIoi KOMaHIbl.

test=# SELECT txid_current();
txid_current
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test=# SELECT 1;
?2column?

(1 row)

test=# SELECT txid_current();
txid_current

683
(1 row)
test=# BEGIN;
BEGIN

test=# SELECT txid_current();
txid_current

(1 row)

test=# SELECT 1;
?2column?

(1 row)

test=# SELECT txid_current();
txid_current

(1 row)

0 ONMUCaHHbIA MEXaHM3M BbIYUCIEHUS MAEHTU(OMKATOPOB TPaH3aKLUMIA 03HAYaeT, 4To HeobXo-
[MMbl Mepbl NPeLOCTOPOXHOCTM. BO-MEPBLIX — 1 3TO O4YEHb BaXKHO — HUKOIA HE OTK/YaiTe
MPOLLeCC 0YMCTKM (Vacuum), MHadye 6asa JaHHbIX PAHO WM MO34HO OCTAHOBMUTCA M3-3a LMK-
NMYeckoro obopaunBanHus uaeHTuduKkaTopa. Kpome Toro, 3ak/iouaiTe KOMaHLbl MaccoBoi
BCTaBKM UM 0BHOB/IEHNA B ABHbIE 610KM TpaH3aKumMu. HakoHew, MMeiiTe B BUAY, YTO aKTUBHO
06HOBSEMbIE TaBNMLbl MOFYT «pa3byxaThb» M3-3a GOMBLIOTO YMACIA MEPTBbIX CTPOK.

PostgreSQL 3amycbiBaeT MOeHTUOWKATOP TPAH3aKLINMM, CO3aBIIeil KOPTEX, BO
BHYTpEHHee I10JIe xnin, a UAeHTUGUKATOP TPaH3aKIMNM, YIAIUBIIEH STOT KOPTEXK, —
B 11oste xmax. Omepanyst o6HoBaeHNst B MVCC peanmayeTtcs Kak rapa KomaHa DELETE
1 INSERT, ¥ B TaKOM CJiydyae CO3JaeTcs ellle OfHa Bepcusi KopTexka. s pelieHus
npobieM KOHKypeHTHocTM PostgreSQL ucronbsyeT MHGOPMANUIO O CO3MAHUU
Y yIaJIeHUM KOpTeka, COCTOSTHMM TpaH3aKImu (3aGuKCUpPOBaHa, BHITTOITHSIETCS, OT-
KayeHa), YPOBHSX U3O0JSIIUN U BUAMMOCTY TpaH3akiuu. Ha pucyHke HIUXe MMoka-
3aHO, KaK UAeHTUGUKATOPHI TPAaH3aKIIMIT 3aMMCHIBAIOTCS B 1Tosie XMIN IMpy BCTaBKe
3aMmcu:
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Session Table a Session2

begin

begin

INSERT INTO a SELECT 1;

SELECT xmin, xmax,
txid_current(), val FROM a;

SELECT xmin, xmax,

id_current(). val FROM a;
Xmin:691

[ xmaxu

txid_current:691
val1

MNo result
SELECT txid_status(691);
id_status: in progress:

SELECT xmin, xmax, taid_current(),
txid_status(691); val FROM a;

Commit

xmin: €91
xmax: 0
txid_current 692
txid_status: committed
val: 1

YpOBHU U30NALUKN TPAH3aKLUI
PaapaﬁqunK MOXKET 3a4daTb YPOBE€Hb U3OIALNM TPaH3aKLNMUM, BBITIOJHUB TaKYyIO
komaHzy SQL:

SET TRANSACTION ISOLATION LEVEL { SERIALIZABLE | REPEATABLE READ | READ
COMMITTED | READ UNCOMMITTED}

Komanpma SET TRANSACTION ISOLATION LEVEL JOJIKHA BbI3bIBATHCSI BHYTPM 6JIOKa
TpaH3aKIMM IO Havasia 3ampoca, MHavye oHa He Bo3biMeeT 3ddekTa. CyiiecTByer
M IPYTOVi CII0CO6:

BEGIN TRANSACTION ISOLATION LEVEL { SERIALIZABLE | REPEATABLE READ | READ
COMMITTED | READ UNCOMMITTED}

HaxkoHell, MOKHO M3MEHUTDb YPOBEHb M30JISILI [IJIs1 BCeii 0a3bl JAHHbIX, HAIIPM-
Mmep:

ALTER DATABASE <DATABASE NAME> SET DEFAULT_TRANSACTION_ISOLATION TO SERIALIZABLE;

Kaxk cinenyeT 13 3TUX IPUMeEPOB, CYIIeCTBYeT YeTbIpe YPOBHS U30SIIUN:

O SERIALIZABLE: oGecrieumBaeT CaMyIO CTPOTYIO COITIACOBAHHOCTb M OCBOOOXKIA-
eT pa3paboTurKa OT HeoO6XOOMMOCTH AyMaTh O KOHKypeHTHOCTH. Ho 3a 310
MIPUXOAUTCS pacIiauuBaThCs TPOU3BOAUTENbHOCTHIO. B cranmapre SQL ypo-
BeHb SERIALIZABLE monmpa3syMeBaeTcs 1o ymonyaHuto. B PostgreSQL o ymor-
YaHUIO NTOIpPa3yMeBaeTcsl ypoBeHb READ COMMITTED;
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REPEATABLE READ: CIeAYIOIINIA TIO CTPOTOCTY YPOBeHb U30msiiunu. OH MOXOX Ha
READ COMMITTED TeM, UTO OOITyCKaeT UTeHMe TOAbKO 3abMKCUPOBAHHBIX ITaH-
HBIX, HO JOTIOTHUTEIbHO FapaHTUPYeT, YTO IPOUUTAHHbIE JaHHbIe He U3Me-
HSTCSI IPY IOBTOPHOM UTE€HUU;

READ COMMITTED: ypoBeHb, IIOJpasyMeBaeMblli 10 ymonuyaHuio B PostgreSQL.
PaspentaeT TpaH3aKIMK YUTATh TOIbKO 3adUKCUpOBaHHbIe faHHbIe. [Tpu Ta-
KOM YpOBHe IIpeTIouTeHNe OTaeTCsl MPOM3BOAUTENIbHOCTH, & He TOYHOCTH;
READ UNCOMMITTED: camblif HECTPOTHMI1 YPOBeHb U30AsILMN. JJoycKaeT uTeHue
He3a(pUKCMPOBAHHBIX JAHHBIX.

YpoBeHb READ UNCOMMITTED B PostgreSQL He nopaepxmMBaeTcs M TPaKTyeTCs Tak Xe, Kak READ
COMMITTED. PostgreSQL noppepmMBaeT TONbKO TPU YPOBHS U30MSALMUMN.

YT0 TaKoe YpOBEeHb MU3OJISLVN, TIPOIe O6BSICHUTD, OIMCAB O60UHbIE 3(PPEKTHI,
BO3HMKAIOIIMe Ha KaXIOM YPOBHE:
O rpsi3HOe UTeHMe — 3TO MPOMCXOAUT, KOT/ia TpaH3aKILMsI UMTaeT JaHHbIe U3

KOPTeXKa, KOTOPbIi 6bI1 MOOMMUIIMPOBAH APyroii paboTarolleil TpaH3aKIy-
eii u eile He 3adukcupoBaH. B PostgreSQL 3TOro He MOKET CIyUUThCS, T. K.
YpOBeHb READ UNCOMMITTED He TIOAAePKUBAETCS;

HeTIOBTOPsIEMOe UTeHMe — 3TO TIPOUCXOIUT, eC/IU B OTHOM TpaH3aKIUM HEKO-
TOpasi CTPOKA YMTAETCS ABAKAbI U IIPU 3TOM IOTYUYAIOTCSI pa3Hble pe3ysbTa-
Thl. Takoe GbIBAET, €C/IY YPOBEHb M30JISILIMY paBeH READ COMMITTED, 1 3a4acTyio
SIBJISIETCS CJIECTBMIEM MHOTOKPAaTHOTO OGHOBJIEHMSI CTPOKM IPYTUMU TPAH3-
aKLUSIMU;

(baHTOMHOE UTeHME — ITO TPOUCKXOIUT, €CIM Ha TTPOTSKEHMUM TPaH3aKIIUY HO-
Bas CTpoKa (MK CTPOKM) CHAYasa MOSIB/ISIeTCS, a TOTOM ucJye3aeT. YacTo 3To
pe3yabTaT 3apMKCUMPOBAHHOI BCTaBKM, 32 KOTOPOI1 ciieayeT 3adMUKCUPOBAH-
Hoe ynasieHe. DaHTOMHOe UTeHle UMeeT MeCTO, KOTAa B OHOM TpaH3aKIUN
HECKOJIbKO pa3 BhIOMpPaAeTCs OOMH U TOT ke Habop CTPOK, a pe3ylbTaThl OT-
nuyaoTtcs. CornmacHo ctanaapty SQOL, paHTOMHOe uTeHle BO3MOKHO, KOTra
YPOBeHb U30JSIMM paBeH READ COMMITTED u REPEATABLE READ, HO B PostgreSQL
OHO BO3MOYXHO TOJIbKO B peXXyime READ COMMITTED;

aHOMaJIus cepuanu3aluu — pe3yJbTaT BbITIOJTHEHUS TPYTIIbI TPAH3aKIINIi 3a-
BUCUT OT TIOPSIIKA UX BBITIOIHEHUS. ITO MOXKET CJTYUUThCSI TOJIbKO HA YPOBHE
REPEATABLE READ.

Cranpapt SOL ponyckaeT paHTOMHOE YTeHWe Npu ypoBHe M3onaumm REPEATABLE READ. B Post-

greSQL 370 He paspeleHo. [103ToMy Ha ypoBHe REPEATABLE READ BO3MOXHA TO/IbKO aHOManus
cepuanusauuu.

[IpogeMoHcTprpyeM 3¢ beKT HEIIOBTOPSIEMOrO UTeHMSI Ha IIpUMepe CIeAyIolei
Ta6MMIIbI test_tx_level:

postgres=# CREATE TABLE test_tx_level AS SELECT 1 AS val;
SELECT 1
postgres=# TABLE test_tx_level ;
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Byzmem ucronb30BaTh MOJApa3yMeBaeMblii 10 YMOJIUYaHUIO YPOBEHb U3OISLIUU
READ COMMITTED. T1, T2 1 T. . 0603HAYAIOT BPEMSI B ITOPSIIKE BO3PACTAHMSI.

CeaHc 1 CeaHc 2
T1 postgres=# BEGIN;
BEGIN
postgres=# SELECT * FROM test_tx_level ;
val
1
(1 row)
T2 postgres=# BEGIN;
BEGIN

postgres=# UPDATE
test_tx_level SET val = 2;

UPDATE 1
postgres=# COMMIT;
COMMIT
T3 postgres=# SELECT * FROM test_tx_level ;
val
2

(1 row)

postgres=# COMMIT;

COMMIT

B ceaHce 2 3HaueHue val M3MeHMUJIOCh ¢ 1 Ha 2. Vi3MeHeHMe, 3apUKCUPOBAHHOE
B ceaHce 2, OTpakeHO B ceaHce 1. Mbl MMeeM IMpuUMep HEIOBTOPSIEMOTO UTEHMSI.
OTMeTHM TakKe, UTo rocsie BEGIN He 6bIT YKa3aH YPOBEHb U3OJSIINN, [IOITOMY IIPU-
MeHeH YpPOBeHb, IToApa3yMeBaeMblit 10 yMOIYaHUIO.

YT06BI TPOAEMOHCTPUPOBATH (PAHTOMHOE UTEHNe, CHOBA BOCIIOIb3YeMCST YPOB-
HeM U3O0JISIIMY TI0 YMOTYaHUIO.

Ceanc 1 CeaHc 2

T1 postgres=# BEGIN;

BEGIN

postgres=# SELECT count(*) FROM
test_tx_level ;

count

T2 postgres=# BEGIN;

BEGIN

postgres=# INSERT INTO
test_tx_level SELECT 2;
INSERT 0 1

postgres=# COMMIT;
COMMIT
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Ceanc 1 CeaHc 2
T3 postgres=# SELECT count(*) FROM
test_tx_level ;

count

(1 row)
postgres=# COMMIT;

Kak BugHO U3 npumepoB, GaHTOMHOe 1 HEIOBTOpsieMOe UTeHMe MOTYT BCTpe-
TUTHCSI HA YPOBHE M3OJSIIIVYU READ COMMITTED. HermoBTOpsieMoe uTeHue 06bIYHO pac-
MIPOCTpaHSIeTCS Ha CTPOKY WM MHOXKECTBO CTPOK, a (hpaHTOMHOe — Ha BCIO Tabiu-
1ry. HemoBTOpsieMoe uTeHMe SIBSIETCST Pe3y/abTaToM 3abMKCUPOBAHHOTO B APYroit
TpaH3aKLU}1Y OOHOBIEHMS, 8 GaHTOMHOE — Pe3yJIbTaTOM 3a(pMKCUPOBAHHOIT BCTaB-
KU WU YIaJIeHUSI.

Eciut BBITIOMTHUTD Te ke TIPUMepbI C YPOBHEM M30JISIIMM SERIALIZABLE iy REPEAT-
ABLE READ, TO MbI YBUIMM, UTO CEAHC 2 He BJIMSIET Ha pe3y/bTat B ceaHce 1:

Ceanc 1 CeaHc 2
T1 BEGIN TRANSACTION ISOLATION LEVEL
SERIALIZABLE ;

BEGIN

postgres=# SELECT count(*) FROM
test_tx_level ;

count

T2 postgres=# BEGIN;

BEGIN

postgres=# INSERT INTO
test_tx_level SELECT 2;
INSERT 0 1

postgres=# COMMIT;
COMMIT

T3 postgres=# SELECT count(*) FROM
test_tx_level ;
count

(1 row)
postgres=# COMMIT;

Ilo Bepcun 9.1 B PostgreSQL 6bIJI0 TOJBKO IBA YPOBHS M3OJSILINM TPAH3aKIINIA.
B Bepcuu 9.1 6buT mo6GaBiieH ypoBeHb SERIALIZABLE. YpoBeHb M3OSIUM SERIALIZ-
ABLE 3amuiaeT OT MHOTMX aHOMAaJIUi, B T. U. OT MCKaXkeHUsT 3amucu. VckaxkeHne
3aMyCcy UMeeT MeCTO, KOIr[ia Be TpaH3aKU UM YMTAIOT [epeKpbIBaloliecs JaHHbIe,
OTHOBPEMEHHO IMPOM3BOASIT 0OHOBJIEHMeE, a 3aTeM MUKCUPYIOT u3MeHeHus. [Ipen-
TTOJIOXKMM, K IIPUMeEpY, YTO Tabiuila COAEPXKUT HYIM 1 eIMHUIIbL. [lepBast TpaH3aK-
LIMSI XOUeT 3aMeHUTDb BCe eIMHULIbI HYJISIMU, @ BTOpasi — Bce Hy/IM equHuiiamu. Ecin
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TPaH3aKIIMY BBITIOTHSIOTCS IIOC/IEIOBATEIbHO, TO MbI TIOJTYUMM JIMO0 BCe HYJIH, MO0
BCE eIVHMUIIbI B 3aBMCHMMOCTHM OT TOTO, KaKas TPaH3aKLMs BBITOJHSIACH ITEePBOIA.
YT06BI TPOIEMOHCTPUPOBATH 3TY AHOMAJINIO, CO3TAAMM U 3aTIOTHUM TaOINITY:

postgres=# CREATE TABLE zero_or_one (val int);
CREATE TABLE
postgres=# INSERT INTO zero_or_one
SELECT n % 2 FROM generate_series(1,10) as foo(n) ;
INSERT 0 10
postgres=# SELECT array_agg(val) FROM zero_or_one ;
array_agg
{1,0,1,0,1,0,1,0,1,0}
(1 row)

Yrto6bI HaGMIOAATh 3GdEKT MCKaKeHNST 3aIMCH, 3aITyCTUM JIBa CeaHCa C YPOBHEM
n3omsA v REPEATABLE READ:

CeaHc 1 CeaHc 2

T1 postgres=# BEGIN TRANSACTION ISOLATION
LEVEL REPEATABLE READ ;

BEGIN

postgres=# UPDATE zero_or_one SET val =
1 WHERE val = 0;

UPDATE 5
T2 postgres=# BEGIN TRANSACTION
ISOLATION LEVEL REPEATABLE READ ;
BEGIN

postgres=# UPDATE zero_or_one SET
val =0 WHERE val =1;

UPDATE 5

postgres=# COMMIT;

COMMIT

T3 postgres=# COMMIT;
COMMIT

HOCMOTpI/IM, YTO ITOJTYYMJIOCh B UTOTe:

postgres=# SELECT array_agg(val) FROM zero_or_one ;
array_agg

{1,1,1,1,1,0,0,0,0,0}
(1 row)

YTO6BI Y3HATH, UTO MPOUCXOANUT B pekume SERIALIZABLE, yceueM TaGIMUIIbI U BbI-
MIOJTHMM IIPUMeED elle pas:

postgres=# truncate zero_or_one ;

TRUNCATE TABLE

postgres=# INSERT INTO zero_or_one SELECT n % 2 FROM generate_series(1,10)
as foo(n) ;

INSERT 0 10
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CeaHc 1 CeaHc 2
T1 postgres=# BEGIN TRANSACTION ISOLATION LEVEL
SERIALIZABLE ;
BEGIN
postgres=# UPDATE zero_or_one SET val = 1
WHERE val = 0;
UPDATE 5
T2 postgres=# BEGIN
TRANSACTION ISOLATION LEVEL
SERIALIZABLE ;
BEGIN

postgres=# UPDATE
zero_or_one SET val =0
WHERE val =1;

UPDATE 5

postgres=# COMMIT;

T3 postgres=# COMMIT ;

ERROR: could not serialize access due to
read/write dependencies among transactions
DETAIL: Reason code: Canceled on
identification as a pivot, during commit
attempt.

HINT: The transaction might succeed if
retried.

B peskime REPEATABLE READ 06e TpaH3aKIMM BBITIOTHUINCH 6€3 OIIMO0K, HO KOHEY-
HBII pe3yJabTaT OKa3ayicsl HeBEPHBIM. B peskume SERIALIZABLE Mpu HaJIWUMM UCKA-
SKeHUST 3aIMCY TPaH3aKIMK ITPOJODKAIOTCS, TIOKA OffHA U3 HUX He TOIbITaeTC s 3a-
dbukcupoBaTh n3MeHeHus. [lepBast TpaH3aKIMs, TPEAIIPUHSBIIAS TAKYIO TOIMBITKY,
3aBEPIINTCS YCIIENTHO, OCTA/IbHbIE OYIYyT OTKAaueHbl. [IpaBUIO «IIePBBI BBIUTPbI-
BaeT» rapaHTUPYET, UYTO MbI XOTb Ky/la-TO MpoABMHeMCs. U ellle pa3 mogyepKHeM,
YTO YCIEIIHO 3aBepIIaeTcs TOIbKO OHA TPAH3aKIMsI, OCTAIbHBIX KIET IeyaabHast
yuacTb. O6paTuTe Takke BHMMAaHMe Ha MOACKa3Ky «the transaction might succeed
if retried» (TpaH3aKIMS MOXKET 3aBEPIIUTHCS YCITEIIHO ITPY CEAYIONMIEN TOIBITKE).
B uTore ke OTyUMUIICSI TAKOM pe3y/bTaT:

postgres=# SELECT array_agg(val) FROM zero_or_one ;
array_agg

{0,0,0,0,0,0,0,0,0,0}
(1 row)

IlonoaHNUTeNbHbIE CBeIeHNus 06 YPOBHAX U301y REPEATABLE READ u SERIALIZ-
ABLE cM. Ha BUKM-CTPaHUIIE O CEPUATIMU3YEeMOii U3O0ISIIUY METOJOM MTHOBEHHO-
ro cHMMKa (serializable snapshot isolation — SSI) o agpecy https://wiki.postgresql.
org/wiki/SSI.

SBHAS BJIOKUPOBKA

Ectm MVCC-6710KMpOBKa He 06ecreumBaeT HY>KHOT'O IMOBEHAEHMSI, TO MOKHO IpU-
0erHyTh K IBHOMY yIIpaBJIeHMI0 6JIOKMPOBKOIiL. PostgreSQL ripemocTaBiisieT TPy Me-
XaHM3Ma OJIOKUPOBKU:
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O 0670KMpOBKA Ha YPOBHE TabINII;
O 060KMpPOBKA Ha YPOBHE CTPOK;
O pekoMeHaaTelbHast 6IIOKMPOBKA.

BnokupoBka Ha ypoBHe Tabnuu,

CylecTByeT HECKOJIbKO PEKMMOB OJIOKMPOBKYM Tabmni. CMHTAKCHC KOMaHIbl LOCK
MMeeT BUL,:

LOCK [ TABLE ] [ ONLY ] name [ * 1 [, ...] [ IN lockmode MODE ] [ NOWAIT ]

rae lockmode MOXKeT IPUHMMATD CIeAyIolie 3HaUeHUs

ACCESS SHARE | ROW SHARE | ROW EXCLUSIVE | SHARE UPDATE EXCLUSIVE
| SHARE | SHARE ROW EXCLUSIVE | EXCLUSIVE | ACCESS EXCLUSIVE

[Tpu BbITOTHEHMM JT10007 KOoMaHabl PostgreSQL HesIBHO OJIOKMPYET TabIuITy.
A uTO6BI HE MellaTh KOHKYPEHTHOMY BBIMIOJTHEHNIO, GIIOKMPOBKA MPOM3BOIUTCS
B HayMeHee OrpaHMUMTENIbHOM peskuMe. ECiM ke mporpaMMuCTy HykKHa Gojee
OTpaHMYUTETbHAs GIOKMPOBKA, TO OH MOKET BOCITO/Ib30BAThCS KOMAaHI O LOCK.

Pesxcumol mabauuHoti 610KUpoBKuU
TabnuuHast 6;I0KMPOBKA YaCTO CTABUTCS aBTOMATUYECKY, HO €e MOXKHO ITOCTaBUTb
" IBHO KOMaHI0ii LOCK. Hypke mepeuncieHbl Bce PesKMMbI OJIOKMPOBKMA:

O ACCESS SHARE: 9TOT pesKMM yCTaHaBIMBAeTCsI KOMaH0i SELECT;

O ROW SHARE: 3TOT peXMM yCTaHaBJIMBaeTCs KoMaHgamu SELECT FOR UPDATE u SE-

LECT FOR SHARE;
O ROW EXCLUSIVE: 3TOT peXXMM YyCTaHaB/IMBaeTCs] KOMaHI0i UPDATE, DELETE u IN-
SERT;

O SHARE UPDATE EXCLUSIVE: 3TOT PEXMM CAYKUT IJIS1 3aIIUThI TaGIUIIBI OT KOH-
KyPEHTHOTO M3MEHEHMSI CXeMbl. YCTaHABAMBAeTCs KomaHmamu VACUUM (6e3
FULL), ANALYZE, CREATE INDEX CONCURRENTLY, CREATE STATISTICS, ALTER TABLE VALIDATE
U OPYIMMM BapyaHTaMy KOMaHObI ALTER TABLE;
SHARE: 9TOT PEKMM CITYKUT JIJIST 3aIIMUThI TAOINUITBI OT KOHKYPEHTHOTO M3Me-
HeHMs JaHHbIX. YCTaHaBIMBAETCsS KOMaHA0M CREATE INDEX (6e3 CONCURRENTLY);
SHARE ROW EXCLUSIVE: 9TOT peskuM 3allMIIaeT TabauIly OT KOHKYPEHTHOTO M3-
MeHeHMS JaHHbBIX U SIBJISIETCS MOHOIIONbHBIM, T. €. B KaKIbli/i MOMEHT Bpe-
MeHM GJIOKMPOBKOI MOKET BJIAZIETh TOJBKO OJMH CEaHC. YCTAHABIMBAETCS
KoMaHgamy CREATE COLLATION, CREATE TRIGGER ¥ pasnnMuHbIMM BapyaHTaMM KO-
MaHAbI ALTER TABLE;
EXCLUSIVE: ycTaHaBAMBAETCSI KOMaH 10 REFRESH MATERIALIZED VIEW CONCURRENTLY.
PaspeliaeT TOJbKO YNTATh JaHHbIE U3 TaOIUIIBI;
ACCESS EXCLUSIVE: B 9TOM peXMMe TrapaHTUPYETCs, UTO 06palaThCs K Tabiuiie
JII06BIM CIIOCOG0M MOSKET TOJIBKO Biiajesell 6;I0KMpoBKK. OH yCTaHaBJIMBaET-
cs1 KomaHpaMmy DROP TABLE, TRUNCATE, REINDEX, CLUSTER, VACUUM FULL 1 REFRESH MA-
TERIALIZED VIEW (6€3 CONCURRENTLY), a TaksKe pa3MuHbIMM BapMaHTaAMM KOMaH-
IIbI ALTER TABLE. OTOT peXXMM IO YMOJIYaHMIO YCTAHABIMBAETCS KOMaHI0¥ LOCK
TABLE, eciv SBHO He YKa3aH MHOW PEXUM.
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IIJ1sT Kaskmoro peXrMa BaXXHO 3HATDh, KaKMe pe>XMMbI C HUM KOHd))'I]/IKTYIOT. Hwuka-
Kue aBe TpaH3aKIMNM HE MOTYT IIOCTABUTb HAa OOHY Taﬁm/my KOH(bJ'H/IKTY}OH.U/Ie 6110~
KMPOBKN.

Conflicting? ACCESS SHARE ROW SHARE ROW EXCLUSIVE SHARE UPDATE EXCLUSIVE  SHARE = SHARE ROW EXCLUSIVE  EXCLUSIVE ACCESS EXCLUSIVE

/ACCESS SHARE yes
ROW SHARE yes yes
ROW EXCLUSIVE yes yes yes yes
SHARE UPDATE EXCLUSIVE yes yes yes yes yes
SHARE yes yes yes yes yes yes
SHARE ROW EXCLUSIVE yes yes yes yes yes yes
EXCLUSIVE yes ves yes yes yes yes yes
ACCESS EXCLUSIVE yes yes yes yes yes yes yes yes

Kaxk BUIHO U3 9TO¥ Ta6MUIIbI, peskuM ACCESS EXCLUSIVE KOHQUKTYeT ¢ ACCESS SHARE,
a 3TO 3HAYUT, UTO HEBO3MOKHO BBITIOTHUTH KOMaHAY SELECT /17151 TaGMITbI, 320JI0KM -
POBaHHOI1 B pexkrme ACCESS EXCLUSIVE. VI Ha060pOT, HeJTb3sl yIaauTh TaGIUITy KOMaH-
Ilo7i DROP, ecyint ee KTO-TO unuTaeT. OTMeTMUM TaKkKe, UTO BO BCEX OCTATbHBIX PEXKMMaX
YTeHMe KOMaH 0 SELECT BO3MOSKHO, T. €. 3alIpeTUTh SELECT MOYKHO TOJTbKO B PeXU-
Me ACCESS EXCLUSIVE.

B ciemytoliem mpuMepe MoKa3aHo, UTO MPOU30IieT MPU MOTIBITKE YAAIUTD Tab-
JIALLY, KOTJIa Ipyrasi TpaH3aKUMs UUTAET ee.

Ceanc 1 CeaHc 2

T1 BEGIN
postgres=# SELECT COUNT(*) FROM test_tx_level ;
count

(1 row)

postgres=# SELECT mode, granted FROM pg_locks WHERE
relation ='test_tx_level'::regclass::oid;

mode | granted

................. P

AccessShareLock | t

(1 row)

T2 BEGIN
postgres=# DROP
TABLE
test_tx_level;

T3 postgres=# SELECT mode, granted FROM pg_locks where
relation ='test_tx_level'::regclass::oid;

mode | granted
_____________________ P
AccessSharelLock | t
AccessExclusivelock | f

(2 rows)

MpbI BUAMM, UTO 6HOKI/Ip0BKa II0CTaBJIeHa, Korga gaHHbIe BI)IGI/IpaJ'H/ICI) u3 Tabnm-
LIbl B ceaHce 1, 1 3aTeM He CHsTa. Komb CKOpO 6JIOKI/Ip0BKa I1OCTaBJIeHa, OHa 0OBIYHO
YOep>XrBaeTCdad 0O KOHIA TpaH3aKIMN. Hns Ha6.TIlO,EleHI/I$I 3a 6HOKI/II)OBKEIMI/I O4YeHb
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mojiesHa Tabmmiia pg_locks. 3aUacTyi0 OHA MCIIOIb3YeTCs IJIs1 OOHAPYKeHMSI Y3KUX
MECT B CMCTeMaX C BbICOKOI KOHKYPeHTHOCTbI0. Ciiefyiolee MmpeacTaBjieHmne mo-
KasbIBaeT MHPOPMaLMIO 0 6JIOKMPOBKAX B 60jI€€ ITOHSTHOM BUJE:

CREATE OR REPLACE VIEW lock_info AS
SELECT

lockl.pid as locked_pid,

statl.usename as locked_user,

statl.query as locked_statement,

statl.state as locked_statement_state,

stat2.query as locking_statement,

stat2.state as locking_statement_state,

now() - statl.query_start as locking_duration,

lock2.pid as locking_pid,

stat2.usename as locking_user
FROM pg_catalog.pg_locks lockl

JOIN pg_catalog.pg_stat_activity statl on lockl.pid = statl.pid

JOIN pg_catalog.pg_locks lock2 on
(lock1.locktype,lockl.database,lockl.relation,lockl.page,lockl.tuple,lockl.
virtualxid, lockl.transactionid,lockl.classid,lockl.0bjid,lockl.objsubid) IS
NOT DISTINCT FROM
(lock2.locktype,lock2.DATABASE, lock2.relation, lock2.page, lock2.tuple,lock2.
virtualxid, lock2.transactionid,lock2.classid,lock2.0bjid,lock2.objsubid)

JOIN pg_catalog.pg_stat_activity stat2 on lock2.pid = stat2.pid
WHERE NOT lockl.granted AND lock2.granted;
Y1obbl MoCMOTPeTb Ha 6J0KMPOBKM, BbINOAHUM 3aMpoc:
postgres=# SELECT * FROM lock_info ;
-[ RECORD 1 ]----- e o il

locked_pid | 3736
locked_user | postgres
locked_statement | DROP TABLE test_tx_level;
locked_statement_state | active

I

locking_statement SELECT mode, granted FROM pg_locks where relation
='test_tx_level'::regclass::oid;

locking_statement_state | idle in transaction

locking_duration | 00:09:57.32628

locking_pid | 3695

locking_user postgres

Kak Bugum, riporiecc 3736 NbITaeTCs BBIMOIHUTh KOMaHAy DROP TABLE U KAeT 3a-
BepIleHNMs TpaH3aKIMM, HauaToi mporeccoM 3695. TTocKonbKy Ipolecc 3695 Hu-
Yyero He JejiaeT BO BpeMsl pabOThI MPeAbIAYINero 3ampoca, ero coctosiume idle in
transaction. OTMeTUM, YTO 3TO MpeCTaBIeHe HEMHOTO COMBAET C TOJIKY, TOCKOJTb-
Ky TOBOPUT, UTO OGJIOKMPOBKA ITOCTaBJeHa KOMaHI0ii SELECT mode, granted ..;, XOTs
9TO He Tak. IIpocTo B Tabnuie pg_state_activity HaXoguUTCs MOCIeOHSS KOMaHa,
BBITIOJIHEHHAsI TTporieccoM. Kak yske 6bIIO CKa3aHO, 3aXBaueHHas 6JIOKMPOBKA yIep-
SKMBAETCS 0 KOHIIA TpaH3akiuu. [TosTromy mponecc 3736 O6ymeT BUCETbh, ITIOKA He
3aKOHYMTCS TPaH3aKLMs, HauaTas mpoieccom 3695.
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bnoknpoBKa Ha ypoBHe CTPOK

BrokMpoBKa Ha ypOBHE CTPOK BOOOIIe He OMIOKMpPYeT KOMaHAbl SELECT, a CIY>KUT
IJIST 6JTIOKMPOBKY KOoMaH, UPDATE 1 DELETE. Kak u B ciydae GIOKMPOBKM Ha YpPOBHE
TabIMI, HUKAKKME ABE TPaH3aKIMUM He MOIYT ITOCTaBUTh KOHMIMKTYOIINME 6J10-
KMPOBKM HAa OJHY CTPOKY. BIOKMpOBKa CTPOK Moje3Ha, KOrga MpuIokeHe XoueT
CHayaja MpPOCMOTpPETh 3HaUeHMe CTPOKM, a 3aTeM OOHOBUTH ero. Ipyroe mpume-
HeHMe — ITIOMeNIaTh M0/Ib30BaTeNIIM OOHOBUTH CTapoe 3HaUeHMe; HAIpUMep, eCiu
OIIVH TI0JIb30BATEJb PelaKTUPYET JOKYMEHT, TO BCEM OCTAIbHBIM PeIaKTUPOBaHVE
3amnpeineHo. B Bepcun PostgreSQL 9.5 mostBuiicst peskum SKIP LOCKED, M3MeHSIIOLIMiA
roBeJieHye 6JI0OKMPOBKM Ha YPOBHe CTPOK. OH Tose3eH, KOTAa HYsKHO ITPOU3BECTH
MaKkeTHYI0 06paboTKy, He 3aCTaBJIsIsl APYTHe MPOIeCChl JOJITO KAATh, a TalkoKe TP
06paboTKe ouepemeii 1 ITyJI0B Ha CTOPOHE 6a3bl JaHHBIX.

Pexcumbl 610KUPOBKU HA YyPOBHE CIMPOK
B cTapbix Bepcusx, HaripuMep B PostgreSQL 9.3, 661710 BCero IBa peskuma 6JI0KMPOB-
K1: FOR UPDATE 1 FOR SHARE. B peskuiMe FOR UPDATE CTaBMTCSI MOHOITO/IbHAS GJIOKMPOBKA
Ha CTPOKY, IIPU 3TOM BCEM OCTAJIbHBIM TPaH3aKIMSIM 3aIpeleHo 06HOBJSITh MU
yaansaTh ee. Pesxum FOR SHARE He CTOJIb OTPAaHUUNTENbHBIN, B HEM APYTUM TpaH3aK-
IIMSIM pa3pelleHo CTaBUTh Ha CTPOKY BJIOKMPOBKY THIIA FOR SHARE, HO HIO-TIpESKHEMY
3aTpelieHo yaaasaTh I OOGHOBJISITh CTPOKY. Peskum FOR SHARE MCITIOb3YeTCsT IJIst
MpeoTBpAllleHs] HEMMOBTOPSIeMOTO UTeHUsI Ha YPOBHe U30siiyuy READ COMMITTED.
Hampumep, ecsin 3a610KMPOBATh CTPOKY B peskyMe FOR SHARE, TO OHa TapaHTUPOBaH-
HO He M3MeHUTCS 10 GUKcaly TpaH3aKIMn.

Peskxum FOR SHARE He pelraeT mpo6ieMy MOTEePSTHHOTO OGHOBJIEHMSI, TTIOCKOTBKY
paspelraeT OpPyruM TpaH3aKIUsSIM GJIOKMPOBATh CTPOKY B TOM ke pexkume. UToObI
BCe-TaKM PeIlNTh 3Ty IPOOIeMY, Hy>KeH peskuM FOR UPDATE.

MoTepsiHHOe 06HOBNEHME UMeeT MeCTo, KOrAa ABe TPaH3aKLMK MbITATCS OAHOBPEMEHHO
06HOBUTL OZHY U Ty e CTPOKYy. [MogpobHee 06 3TOM CM. B pa3aene, NOCBSLLEHHOM B3anUMO-
6nokmMpoBKaM.

PostgreSQL mpemaraeT Takske peskuM OJOKMPOBKYM FOR NO KEY UPDATE, TTOXOSKMIA
Ha FOR UPDATE, HO 6oJiee cs1abblit, ¥ peskiiM FOR KEY SHARE, siBJIstIoIMiics 6oiee caboit
dbopMoit FOR SHARE. KOHGIMKTBI MEXIY peXXMMaMy GJIOKMPOBKM Ha YPOBHE CTPOK
MIpMBeleHbI B CIeAyIOIei Tabmulie.

Conflicting? FORKEY SHARE = FORSHARE = FOR NO KEY UPDATE FOR UPDATE
FOR KEY SHARE yes
FOR SHARE yes yes
FOR NO KEY UPDATE yes yes yes

FOR UPDATE yes yes yes yes
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YT06BI MPOTECTUPOBATH GIOKMPOBKY Ha YPOBHE CTPOK, yceueM Tabauiry test_tx_
level 1 06aBUM B HEE HOBYIO CTPOKY:
postgres=# truncate test_tx_level ;
TRUNCATE TABLE

postgres=# insert into test_tx_level Values(1), (2);
INSERT 0 2

d 3dTE€M BBITIO/THMM TaKMe KOMaHIbI:

Ceanc 1 CeaHc 2
T1 postgres=# BEGIN;

BEGIN

postgres=# SELECT * FROM
test_tx_level WHERE val = 1 FOR
UPDATE;

val

T2 postgres=# BEGIN;

BEGIN

postgres=# update test_tx_level SET
val =2 WHERE val =1;

CeaHc 2 XIeT ceaHca 1, MOCKOIBbKY TOT 3aXBATUII GIIOKMPOBKY THIa FOR UPDATE.

postgres=# SELECT * FROM lock_info ;
-[ RECORD 1 ]----- b

locked_pid 3368

locked_user postgres

locked_statement update test_tx_level SET val =2 WHERE val =1;
state active

|
I
I
|
locking_statement | SELECT * FROM test_tx_level WHERE val = 1 FOR update;
I
|
I
I

state idle in transaction
locking_duration 00:04:04.631108
locking_pid 3380

locking_user postgres
B3anmo610kMpoBKU

B3auMo6/I0KMPOBKa MIMeeT MEeCTO, KOTa Kak/aasl U3 ABYX Wi 6ojee TpaH3aKIMii
yIepkuBaeT OIOKMPOBKY, HEOOXOOMMYIO APYroif TpaH3akuyy. lcronb3oBaHye
SABHBIX 6HOKI/I]I)OBOK MOBBIIIAET BEPOSATHOCTbL BO3HMKHOBEHUS BSB.I/IMO6J'[OK]/I[JO-
BOK. YTO6BI CMOZETMPOBATh B3aMMOGIOKMPOBKY, BOCIIOIb3yeMCsl GIIOKMPOBKO Ha
YpPOBHE CTPOK B peskuMe FOR SHARE:
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Ceanc 1 CeaHc 2
T1 postgres=# BEGIN;

BEGIN

postgres=# SELECT * FROM
test_tx_level WHERE val = 1 FOR
SHARE;

val

T2 postgres=# begin;
BEGIN
postgres=# SELECT * FROM test_tx_level
WHERE val = 1 FOR SHARE;
val

T3 postgres=# UPDATE test_tx_level
SET val = 2 WHERE val=1;

T4 postgres=# UPDATE test_tx_level SET val
= 2 WHERE val=1;

ERROR: deadlock detected

DETAIL: Process 3368 waits for
ExclusiveLock on tuple (0,1) of relation
139530 of database 13014; blocked by
process 3380.

Process 3380 wailts for ShareLock on
transaction 121862; blocked by process
3368.

HINT: See server log for query details.

T5 UPDATE 1

Yro6bI 136ekaTh B3aMOBIOKMPOBOK, ITepBast 3aXBaueHHasl B TPaH3aKLIuUM 6J10-
KMPOBKA JO/DKHA OBITh HamboIee orpaHMuYnTeNbHOM. Tak, ecyin 6b1 B ceaHce 1 610-
KMPOBKA Oblja ITOCTaB/IieHa B peskume FOR UPDATE, TO ceaHC 2 OKa3ajcst Obl 3a6/10KM-
pOBaH, 1 omKnbKa 13-3a B3aMMOOIOKMPOBKM He MTPON30IIIa Obl.

Mcnonb3ys 6onee orpaHUYUTENbHBIA PEXMM, Mbl 3acTaBnseM Apyrue TpaH3akuuu XAaTb
ocBoboxaeHUs 6noknpoBku. Ho ecnm 6nokupyoLwas TpaH3aKLmsa 0CTaeTcs OTKPbITOM AONTO,
TO B NpunoxexHuu ByayT HabNOAATLCS ANUTENbHbIE 3a4EPXKKM.

PekomeHpatenbHble 610KMPOBKM

PexkomeHpgaTtenpHas 6;0KupoBKa (advisory lock) cTaBUTCS MPUTOSKEHMEM U CITY>KUAT
ILJIST MOZe/TMPOBAHMST TTeCCUMMUCTUUECKMX CTpaTernii 60K1MpoBKkyu. OHa 3aXBaThIBa-
€TCsI Ha YPOBHE ceaHca MM TPaH3aKIyM M 0CBOOOKIAeTCsI B KOHIIE ceaHca Wi IToC-
Jie puKcanuy TpaH3aKIMN.

PexomeHmaTe/IbHbIe GIIOKMPOBKM MOKHO MCITO/Ib30BaTh /ISl OTPaHUYEHNS] KOH-
KyPeHTHOCTM OIHMM IIpoiieccoM. Hampumep, B Hauasie paboThl IIPOIECC MTbITAeTCs
3aXBaTUTh GIOKMPOBKY; €C/IM 3TO IIOJyYaeTcs, TO OH IIPOJo/ikaeT paboTaTh, MHA-
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ye 3aBeplIaeTcsl. PekoMeHzaTe/bHbIe GIOKMPOBKY MTO3BOJISIOT Pa3paboTunKy pac-
cmatpuBaTh CYB]I KaK OIHOIIOIb30BaTENbCKYIO Cpeny U 3a0bITh 060 BCEX CJIOKHO-
CTSIX CICTEMbI OJIOKMPOBOK.

PekoMeHaaTebHbIe GIIOKVMPOBKM XPAHSITCS B ITAMSITH, [TO3TOMY paboTaTh C HUMM
HY’KHO aKKypaTHO, UTOObI He MCcUepIiaTh pecypchl kinactepa. [I0THbI ITepeueHb pe-
KOMeHAaTeIbHbIX GJIOKMPOBOK CM. Ha cTpaHuie https://www.postgresql.org/docs/
current/static/functions-admin.html#functionsadvisory-locks-table.

Ceanc 1 CeaHc 2

postgres=# SELECT
pg_try_advisory_lock(1);
pg_try_advisory_lock

postgres=# SELECT
pg_try_advisory_lock(1);
pg_try_advisory_lock

postgres=# select
pg_advisory_unlock(1);
pg_advisory_unlock

postgres=# SELECT
pg_try_advisory_lock(1);
pg_try_advisory_lock

B OOHOM Ce€aHCe MOJXHO 3aXBATbIBATb OOHY U Ty JK€ PEKOMEHIATEe/IbHYIO 6J'IOKI/I-
POBKY HECKOJIbKO pas. Ho OCBO60)K,HaTb €€ HY)XKHO CTOJIbKO JKe pa3, CKOJIbKO OBLIO
3axBaToB. Hanmpumep:

SELECT pg_try_advisory_lock(1);
SELECT pg_try_advisory_lock(1);
-- OcBoboxaaem

select pg_advisory_unlock(1);
select pg_advisory_unlock(1);

PEe3ioME

PostgreSQL mpemjaraeT HeCKOJIbKO MEXaHM3MOB OJIOKMPOBKM [IJISI TTOBBIIIEHMS
YPOBHSI KOHKYPEHTHOCTY U TTPOU3BOAUTENbHOCTU. Cpeiy HUX HesIBHAST OJIOKMPOB-
Ka cpencrBamy MVCC u siBHast 6;I0KMPOBKA: HA YPOBHE TabiMIl, HA YPOBHE CTPOK
" peKOMeH1aTelbHasl.


https://www.postgresql.org/docs/current/static/functions-admin.html#functionsadvisory-locks-table
https://www.postgresql.org/docs/current/static/functions-admin.html#functionsadvisory-locks-table
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Mopgenb MVCC — 0lHO U3 CaMbIX BaXKHbIX PbIHOUHBIX MpeumyInects PostgreSQL,
TTOCKOJIbKY TTO3BOJISIET HOCTUYb BBICOKOW IMPOM3BOAUTENIBHOCTM. BoobIie roBops,
MVCC mpurogHa B GOJIBIIMHCTBE PaCIpOCTPAHEHHBIX ClieHapyueB paboTsl ¢ 6a30ii
IaHHBIX, U TI0 BO3MOXKHOCTY JIYYIIle MCITO/Ib30BATh €€, YeM SIBHbIe OJIOKMPOBKI.

SIBHBIE GIOKMPOBKYM Ha YPOBHE TaGJIMUIL U CTPOK MO3BOJISIIOT Pa3pelnTh HeCKOJb-
KO IMpo6JIeM HeCOrJIaCOBaHHOCTY AAaHHbBIX. OHAKO ITPY HEIOCTATOYHO TIIATEIbHOM
IJIAHMPOBAHUY TIOBBINIAETCS BEPOSTHOCTb BO3HMKHOBEHMSI B3aMMOOIOKMPOBOK.
Haxkowner, PostgreSQL npepyiaraeT peKoMeHJaTe/IbHbIe OIIOKMPOBKM, TTO3BOJISIONIVE
MO EeNIMPOBATh MECCUMMUCTUYECKIME CTPATETMM OJIOKMPOBKIA.

B wiemyromieit iaBe Mbl PacCMOTPUM ayTeHTU(UKALNMIO U aBTopu3ainuio. by-
IOyT OMMCaHbl MeTodbl ayTeHTHdUKaluyu B PostgreSQL u o6bsiCHEHA CTPYKTypa
KoHpUrypauoHHoro ¢aiiia ayTeHTudGMKaIMM Ha YPOBHE y3/710B. MbI Takke 06Cy-
VM paspelieHus Ha co3/laHue PasIMUHbIX 06beKTOB 0a3bl JaHHBIX: CXeM, TabJInII,
MpeACTaBIeHNIT, MHIEKCOB U CTOI61I0B. HakoHeIl, MbI ITOKaskeM, KaK 3alllUTUTh CEK-
peTHbIe faHHble, HallpUMeP Maposin, C TOMOIIbI0 OHOCTOPOHHETO U ABYCTOPOHHE-
ro mudpoBaHus.
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be3onacHOCTb
B PostgreSOL

3amiuTa JaHHbBIX ¥ 6e30MacHOCTh 06sI3aTeIbHbI IJ1s1 00eceueHns HeIpepbhIBHOCTH
Ou3Heca. 3aluIIaTh JaHHbIe — He caxap, HO 9TOro Tpe6GyeT 3aKOHOIATeIbCTBO. 3a-
KpbITbIe TaHHble — MHGOPMALIMSI O IOJb30BATENIAX, agpeca JIeKTPOHHOI MOYTHI,
reorpaduyeckue agpeca, CBeIeHs O IIaTeXax — JO/DKHbI ObITh 3aIIMIIEeHbI OT JII0-
ObIX B3JIOMOB. Y 6€30MaCHOCTY JaHHbBIX HECKOIBKO aCIIEKTOB, KaK TO: KOH(PUAeHI-
aJIbHOCTb, CPOKM XpaHEHMS U IIPeOTBpalleHe YTPaThl.

CymIecTByeT HECKOJIbKO YPOBHEN 3alIUThI JaHHBIX, 3a4aCTyI0 OHU ITPOMMCHIBA-
IOTCS B ITOJIUTHKE 3aIIUThI JAHHBIX U B 3aKOHAX CTpaHblL. [I0JIMTHUKA 3aIIUThI JAHHBIX
OOBIYHO OITpeesisieT MpaBuia epegaun JaHHbIX TPETbUM CTOPOHAM, IT0/Ib30BaTe-
JIeii, MUMEIOLIMX MPaBo JOCTYIA K JaHHBIM, U T. 1. JlTaHHbIe ClemyeT 3alliyilaTh Ha
PasHbBIX YPOBHSX, B T. U. IIpK Tlepegave 10 KaHaJIaM CBSI3U U IIPU XpaHeHuu (B 3a-
mmdpoBaHHOM Buje). Be3omacHOCTh JaHHBIX — OOLIMPHAsSI TeMa, HepeaKo MIJis ee
obecrneueHus CO3JaeTcs CreLyaabHoe MoApasaeaeHue.

B 9T0i1 I71aBe pacCcMaTPUBAIOTCS C/IEAYIOIIE BOTIPOCHI:

O ayrentuduxauus B PostgreSQL, BkItoUast ayTeHTUOUKALNIO TI0 y3/7aM U pe-
KOMeHIAIINM;

MIPUBWJIETMM JOCTYIIA 10 YMOTYAHUIO U IPUBWIETUM B cxeMe public;
cTpaTerys NpoKCU-ayTeHTUPUKALIIN;

ypoBHM Oe3ormacHocT B PostgreSQL, BKiouast MpMBWIETMM JOCTyIA K 6a3e
IAHHbBIX, CXeMe, Tab/IuIIe, CTONOIY U CTPOKE;

mmdpoBaHue u gemnudpupoBaHe JaHHbIX.

© 000

AvyTEHTMOMKALUMS B POSTGRESQL

AyTeHTMbMKaLVMSI OTBeUaeT Ha BOIIPOC: KeM SIBJISIETCS TTo/ib3oBaTenb? PostgreSQL
TIOAAEPKMBAET HECKOJIIBKO METOA0B ayTeHTUhMKALIVNA:

O trust: 1106071 TOOK/IIOYMBIINIACS K CEPBEPY MMeeT ITPaBo 00paIaThes K 6asze
(unu K 6a3aM) JaHHBIX B COOTBETCTBUM C TE€M, UTO IIPOIMCAHO B KOHPUTypa-
IIMOHHOM (aiine pg_hba.conf. YacTo MCTIOMB3YETCS, YTOOBI pa3peIINTh JOCTYII
K 6a3e mpu nogkimoyeHnu yepe3 Unix-CcOKeT Ha OHOIIOIb30BAaTEIbCKOI Ma-
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©c O O O

myHe. ITOT MeTo[, paboTaeT U MPpY MOAKIIOUeHNH 110 TTpoTtokory TCP/IP, Ho

penKko ObIBAET TaK, UTOOBI TOCTYIT GBI OTKPBIT 1St KAKOTO-HMOY b [P-aipeca,

kpoMe localhost;

ident: nMs momb30BaTeNs B KIMEHTCKOM OTIEPAIMOHHON CUCTeMe 3arpalin-

BaeTcs y cepBepa ident, a 3aTeM MCITOMb3YeTCS JJIsT JOCTYIIAa K 6a3e JaHHBIX.

PekoMeHyeTCs IPMMEHSITh B 3aKPBITHIX CETSIX, I7e BCe KIMEHTCKMEe MalllMHbI

HaxOZSITCS MOJ, MOTHBIM KOHTPOJIeM CMCTEMHOT0 aAMMHUCTPATOPA;

peer: MeTof, aHajiornueH ident, HO MMs M10JIb30BaTesIsI B KIMEHTCKOI orepa-

LIMOHHOJ CMCTeMe 3alpalliuBaeTcs y S4pa;

GSSAPI: sTOT OTpacieBoil cTaHaapT, onpeneneHHsblii B RFC 2743, obecrieun-

BaeT aBTOMATUUYECKYIO0 ayTeHTUOUKAINIO (eAVHAS TOUKA BXO/A);

LDAP: npotokon LDAP (Lightweight Directory Access Protocol) mcronb3yer-

Cs1 TOJIBKO [J151 IPOBEPKU 1ap UMSI-TIapoiib;

ayTeHTUdUKALNS 10 TAPOJIIO: Peaan30BaHO TPU MeTOAA:

- scram-sha-256: camblit CTOVKMII MeTOn ayTeHTUGMKAIMKU TIO0 Tapoio,
nmob6aBneHHbIi B PostgreSQL 10. [TpemoTBpaiiaeT MpouIyliBaHe mapoJis
MpU repefaye O HEHAIEKHBIM COeAMHEHUSIM;;

— md5: BTOpOJi IT0 CTOMKOCTY METOJ, HO JIJIsI HOBBIX IIPUIOKEHN PeKOMEeH-
nmyeTcst scram-sha-256. PostgreSQL mpejiaraeT Takske CpeiCTBO MUTpALIUA
¢ md5 Ha scram-sha-256;

- password: He peKOMeH[IyeTcs], T. K. TapoJib IlepeaeTcsi CepBePY B OTKPbI-
TOM BUZE.

CylIecTBYIOT U ApPyrMe MEeTOHObl ayTeHTUOWKAWM, TOTHbIM MepeyeHb CM. Ha
ctpaHuile https://www.postgresql.org/docs/current/static/authmethods.html.
YTto6bI pa3obpaThcs B ayTeHTUGMKAIMM, HAZ0 3HATD CeAylollee:

o

O
O
o

ayTeHTUdUKanus yrnpasisiercs daityiom pg_hba.conf, rne hba osnauaet host-
based authentication (ayrenTudukanys mo ysaam);

cyleyeT 3HaTh, KaKye Hada/bHbIe ITapaMeTpbl ayTeHTUGUKAINM YCTaHOBIe-
HbI B gucTpubyTuBe PostgreSQL;

aiin pg_hba.conf 06BIYHO HAXOAUTCS B OMHOM KaTaJiore C JaHHbIMU, HO €ro
MeCTOHaxOXIeHVe MOKHO 3aJaTh B daiiie postgresql.conf;

MIpY MU3MEHEeHUM ITapaMeTPOB ayTeHTUhMKAIIMY He06X0IMMO II0CIaTh CepBe-
py curnan SIGHUP, sT0 fmenaetcsl pasiMUHBIMU CITIOCOGAMM B 3aBUCUMOCTHU
oT raTdopMbI, Ha KOTOpoJi paboraet PostgreSQL. OTMeTHM, YTO MOCHIIATh
CUTHAJ MUMeeT MPaBO CUCTEMHBbI T0JIb30BaTeNb postgres WM root (Ha IjaT-
dbopme Linux). Hiske 1mokasaHO HECKOJIBKO CIIOCOO0B Iepe3arpy3uTb KOHDU-
rypamuio PostgreSQL:

psql -U postgres -c "SELECT pg_reload_conf();"

sudo service postgresql reload

sudo /etc/init.d/postgresql reload
sudo Kill -HUP <postgres process id>

MOPSIIOK 3ammceii B daiiie pg_hba.conf uMeeT 3HaueHue. [JaHHbIe, TTepeIaH-
HbIe TIPM YCTAaHOBJEHNM CeaHca, CPaBHMBAIOTCS C 3aMMUCSIMU B pg_hba. conf 1o-
C/leoBaTeIbHO, TOKA He GYIyT OTBEPrHYThI MJIK He BCTPETUTCS KoHell (aiina;


https://www.postgresql.org/docs/current/static/authmethods.html
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O HakoHell, Ba&)KHO ITPOCMaTPUBaTh KypHasbl PostgreSQL, B KOTOPBIX OTpaska-
IOTCSL OIIMOKM, O6GHapyKeHHbIe T0C/Ie Tepe3arpy3kyu KOHGUrypalOHHOTO
(aiina.

®aiin pg_hba.conf

Kak u daitn postgresql.conf, daiin pg_hba.conf coctout u3 3amnmuceit. CTpOKM MOTYT
OBITb 3aKOMMEHTMPOBAHbI 3HAKOM #, TIpo6ebl UrHOPUPYIOTCsa. Kaxkmass s3ammch
MMeeT CJIeIYIONIYI0 CTPYKTYPY:

host_type database user [IP-address | address] [IP-mask] auth-method [authoptions]

[Tose host_type MOXeT IPUMHUMATD CJIeAYIOLMEe 3HAUEHUS :

O Local: ucnonb3yercs B Linux-cucremax, YTo6bl pa3peminTb OOCTYI K Post-

greSQL uepe3 Unix-coker;

O Host: MO3BOMSIET MOAKIIIOUATHCS C IPYTUX Y3JI0B, 3aJaHHbIX TOMEHHBIM MMe-

HeMm mm IP-appecom, o mpotokosny TCP/IP ¢ SSL-mmdpoBaHuem min 6e3;

O Hostssl: aHaIOrMUHO host, HO coeAVHEHME TOJDKHO OBbITh 3aIIM(POBAHO 10

SSL;

O Hostnossl: aHaJIOTMYHO host, HO COeIMHEHNE He NOIKHO ObITh 3aIn(POBAHO.

ITone database comepskuT MMs 6a3bl JAHHBIX, K KOTOPOJi MOAK/IIOYAETCS ITOTbh30-
BaTesib. Pa3pelliaeTcs rmepeyncianuTh yepes3 3arsiTyl0 HeCKOJIbKO MMeH WM 3a7aTh
c710BO all, 03HaualoIee, YTO MOIb30BATENI0 pa3pelleH AOCTYI K Jil000ii 6a3e JaH-
HBIX B K/1actepe. Kpome Toro, 3HaueHus sameuser 1 samerole 03HA4aIoT, UTO MM 6a3bl
IaHHBIX AO/KHO COBMAIATh C MMeHeM IOb30BaTessl UM C UMeHeM POJiu, YIeHOM
KOTOPOI1 SIBJISIETCSI TT0/Ib30BATEb.

[Tose user 3aiaeT UMSI MOJIb30BATEIST 6a3bl JAHHBIX. 3HAUeHMe all paspelnaer 10-
CTYT BCEM T10JIb30BaTE/ISIM.

ITosst IP-address, address 1 IP-mask orpenesisitoT y3Jibl, C KOTOPBIX pa3pelieHo oz -
kimouaThes. [P-ampec moskHo 3amaBath B popmate CIDR (Classless Inter-Domain
Routing — 6eckaccoBast MeKIOMEeHHAasI MapIIPyTU3alLyst) UM B TOUEUHO-IEeCITUY-
HOJ HOTalUN.

HakoHern, mone auth-method mMokeT NpMHMMAThL 3HAUeHUs trust, MD5, reject
u Ipyrue.

Huke mpuBemeHbl TUIMMYHbIE TIPUMepPbl KOHOUTYPUPOBAHUS ayTeHTUUKALIUN
B PostgreSQL.

O TIIpumep 1: 106071 onb3oBaTesb KiaacTepa PostgreSQL MoskeT o6paliaThCs

K JII06011 6a3e maHHbIX yepe3 Unix-coKeT:

#TYPE DATABASE USER  ADDRESS  METHOD
Local all all trust

O IIpumep 2: 1106071 MMoNb30BaTe b KiaacTepa PostgreSQL MokeT o6pamaThCst
K 1100071 6a3e JaHHbBIX Uyepes 3aK0JIbLIOBaHHbIN IP-agpec:
#TYPE  DATABASE  USER ADDRESS METHOD

Host all all 127.0.0.1/32  trust
host all all  ::1/128 trust
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O IIpumep 3: Bce moakatoueHusi ¢ agpeca 92.168.0.53 oTBepratorcs, a MOAKIIO-
YeHMsI C y3JI0B U3 AyuamnasoHa afgpecos 192.168.0.1/24 npMHUMAIOTCS:

#TYPE  DATABASE  USER  ADDRESS METHOD
Host all all 92.168.0.53/32 reject
Host all all 92.168.0.1/24 trust

PostgreSQL mpenjiaraer oyeHb YHOOHBINA CIIOCOO IPOCMOTPETh ITpaBuMIa,
orpeneseHHble B aiiie pg_hba.conf, — yepes mpexncraBieHne pg_hba_file_
rules:

postgres=# SELECT * FROM pg_hba_file_rules limit 1;

line_number | type | database | user_name | address | netmask |
auth_method | options | error

85 | local | {all} | {postgres} | |
peer | |
(1 row)

Mpocnywmsaemblie agpeca

[TpocnymBaeMble ajpeca ompeneneHbl B mapaMmerpe listen_addresses B (aiine
postgresql-conf. DTOT mapameTp MpeAcTaB/sIeT cO60J CIIMCOK aApPeCoOB, IT0 KOTOPbIM
cepBep 6ymeT MpUHMMAaTh IOAKII0UeHMsI KIMEHTOB. Apeca — JOMeHHbIe MUMeHa U
[P-agpeca — mepeuncasioTCs yepes3 3amnsaTyo. [locie n3MeHeHUsT 3TOTO TapaMeTpa
cepBep HeoOXOaMMO Iepe3arpy3uTb. OTMETUM TaKKe, UTO:

O 1o ymMom4aHMIo IoipasyMeBaeTcst eqMHCTBeHHbIN anpec localhost;

O 1myCTOi CIMCOK 03HAYAEeT, UTO K CEPBEPY pa3pelleHo MOAK/II0UaTbCS TOIbKO

yepe3 Unix-coxerT;
Q 3HaueHMe * 03HAUaeT «JII0OO».

0 HauunHatowme nonb3osatenu PostgreSOL uacto 3abbiBatoT U3MeHUTH Listen_addresses.

PEKOMEHAALMM MO AYTEHTUDUKALMM

Kak opraHu3oBbIBaTh ayTeHTUOUKAIMIO, 3aBUCUT OT HACTPONKM MHPPACTPYKTY-
pBI B 1LI€JIOM, OT XapaKTepa MPUIOKeHMsI, XapaKTePUCTUK T10JIb30BaTeseli, YPOBHS
CEeKpPeTHOCTY MaHHBIX U T. 1. MHOTMe CTapTallbl HAUMHAIOT C TAaKO KOHMUTYpaluu:
MpuIokeHMe 6a3bl JAaHHBIX pa3MellaeTcsl Ha OAHOM MalllMHe C CEPBEPOM U MCIIOTb-
3YeTCs TOJIBKO C OMHOTO (GV3MUEeCKOTO KOMIThIOTEPA COTPYAHMKAMM KOMITAaHUMA.
Yacto cepBep 6a3bl JaHHBIX M30IMPYETCS OT BHEIIHEro Mupa OpaHaMay3poM;
B TaKOM Cjy4yae MOXHO MCIOJb30BaTh MeTOf, ayTeHTubuKauum scram-sha-256
M OIpaHMUYUTH OuarasoH IP-agpecoB, ¢ KOTOPBIX cepBep MPMHMMAET 3aIlpochl Ha
nopkmoyeHe. OTMETVM, UTO BaKHO He IMOAK/TIOUaThCs K 6a3e OT MMEeHY CyIepIiojib-
30BaTesIs WIK BJIafenblla 6a3bl JaHHBIX, [IOTOMY YTO €CJIM COOTBETCTBYIONIAS YUeT-
Hasl 3aIMCh OyIeT CKOMITIPOMETMPOBAHA, TO 0], yTPO30¥1 OKasKeTCsI BeCh KiacTep.
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Ecnu cepBep mpuioskeHuit, Ha KOTOPOM pasMellleHa 613Hec-JIoruKa, 1 cepBep 6a3
OAaHHBIX HAXOOSTCA Ha Pa3HbIX MallIMHAX, TO MOXXHO MCIIOJIb30BATb CTOMKUI MeTOo/[,
ayreHTudukanym, Hanpumep LDAP 1 Kerberos. Ho 1151 He601bIIMX MTPUIOKEHNIA,
B KOTOPBIX IMPUJIOKEHME U cepBep 6a3bl paciioiararoTcs Ha OJHOM MallliHe, MeToza
ayreHTHdUKanymu scram-sha-256 1 orpaHnueHNsI MHOXKECTBA aipecoB MOIKITI0Ue-
HMSI MOKET 0Ka3aThCsl JOCTATOUYHO.

g ayTeHTUDURAINM TTPUIIOKEHUS PEKOMEHAYETCSI MCIIOMb30BaTh TOTBKO Of-
HOTO TTI0JIb30BATEJIs, CTAPasiCh IPU 3TOM YMEHBIIUTb MaKCMMAaJIbHOE UMCIIO TOITyC-
TUMBIX TTOIK/ITIOUEHMI C TTOMOIIBIO IPOTPaMM OPraHM3ali IIy/I0B ITOJK/IIOUEHMIA,
yTO6BI 6071ee 3¢ (HEKTMBHO MCITONb30BaTh pecypchl PostgreSQL. Ele oguH ypoBeHb
6e30ITaCHOCTY MOKEeT TTOHAA06MThCsI, KOra 6M3HeC-T0rMKa IIPUIOKEHNST 3aBUCUT
OT KaTeropuy BOIIEIIEro MMOIb30BaTess. sl peaqbHbIX MOb30BaTeNeH IMpeIo-
yTUTeNbHas ayTeHTUdMKaus yepe3 LDAP munu Kerberos.

Haxkownelr, ecii K cepBepy 6a3 JaHHbIX 00pallaloTCs 13 BHELTHEro Mupa, TO MMeeT
CMBICT MGPOBATh CEAHCHI C TOMOIIbI0 SSL-cepTrdnKaToB, YTOORI TPEAOTBPATUTD
repexBaT ITaKeTOoB.

He 3a6bIBajiTe 3amMIIATh CEPBEPbI, KOTOPbIE JOBEPSIIOT BCEM JIOKATbHBIM 10T -
KJTIOUEHMSIM, TIOTOMY UTO K TAaKOMY CepBepy MOKET IOIK/IIOUNUTbCS JII0001, MMelo-
it goctyi K localhost.

MPUBUNErMKM LOCTYNA NO YMONYAHUIO

[To ymomuanutio nonb3oBaTteny PostgreSQL — OHM ke PO C BO3SMOXKHOCTBIO BXO-
Ila — UMEIOT JIOCTYII K cxeme public. OTMeTuM Takke, 4TO Ha Iiatgopme Linux 1mo
YMOJTYaHUIO IeICTBYET OMHOPAHTOBASI TIOJIMTMKA ayTeHTUDUKAINM, pa3pellaonas
IOCTYT KO BceM 6a3am c localhost. [Torib30BaTe/b MOXET CO34aBaTh OOBEKTHI 6a3bl
JaHHBIX — TaGJINIIbI, TpeCTaBIeHNs], PYHKIIMM U T. II. — B cxeMe public /110607 6a3bl
IAHHBIX, K KOTOPOJi Y HETO eCTb AOCTYII. HaKoHell, IT0/Ib30BaTe/b MOXKET MU3MEHSITh
HEKOTOpbIe ITapaMeTphl CeaHCOB, HaIIpuMep work_mem.

[Tonb3oBaTerb HEe MOKET 06paIIaThCs K 06bEKTaM IPYTUX ITOJIb30BATENIEN B CXEMeE
public, a Tak)ke co3maBaTh HOBbIe 6a3bl JaHHBIX U cXeMbl. OTHAKO OH MOYKET Y3HATh
0 CYIIeCTBYIONIMX 00beKTaxX 6a3bl JaHHBIX, OIPOCKUB CUCTEMHBIN KaTanor. Herpusu-
JIETMPOBAHHbII TT0H30BaTeIb MOKET MOTYUNTh MHOOPMALINIO O APYTUX ITOJIb30Ba-
TeJISIX, CTPYKTYPe U Biiafesblie Tab/Mnil, HEKOTOPYIO CTaTUCTUKY TaOGINIL U JIp.

B mpumMepe HisKe TOKa3aHO, KaK IMOAb30BaTeNb test_user MOXKET MOMYYUTDb WH-
dbopmanyio o Tabnuile, MpyHAaIJIeKaIel ITOTb30BaTENI0 postgres; YTOOBI CMOIENN-
pPOBATh 3Ty CUTYaIINIO, CO3AAAVM TECTOBYIO 0a3y JaHHbBIX:
psql -U postgres -c 'CREATE ROLE test_user LOGIN;';

psql -U postgres -c 'CREATE DATABASE test;';
psql -U postgres -d test -c'CREATE TABLE test_permissions(id serial, name text);'

V ronb3oBaresis test_user HeT paspelieHys Ha JOCTYII K caMoii Tabuile, HO OH
MOXKeT 06paIaThCs K CUCTeMHOMY KaTaiory. UTo6bl yOemuTbCs B 3TOM, ITOAKITIO-
yMMCs K 6a3e JaHHBIX OT MMEHU test_user:
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test=# SET ROLE test_user;

SET
test=> \d
List of relations

Schema | Name | Type | Owner
-------- LT nEt SEEEEEE R
public | test_permissions | table | postgres
public | test_permissions_id_seq | sequence | postgres
(2 rows)

test=> \du

List of roles
Role name | Attributes | Member of

........... O R
postgres | Superuser, Create role, Create DB, Replication, Bypass RLS | {}
test_user | | {3

[Tonb30BaTeNb MOKET TAKKEe BbI3BIBATh (DYHKIINY, CO3aHHbIE IPYTVIMMU ITOTH30-
BaresiMu B cxeMe public, Mpy yCJIOBUYM UTO OHY He 06palaloTcs K 00beKTaMm, IJis
KOTOPBIX Y 9TOTO IOTb30BATEJISI HET TOCTYIIA.

HuKTO, KpOMeE CyIepIioiib30BaTesis, He MOXET CO37aBaTh QYHKIMY Ha HEHAIEX-
HBIX SI3bIKAX, B YaCTHOCTY plpythonu. ITpu mombITKe 11060T0 IPYTOTO MOTb30BATES
cosmaTh QyHKUMIO Ha si3bike C ywm plpythonu 6ymer HameyaTaHo coo6IIeHUe 00
omoke.

YT0O6BI 3aIIPETUTH MOTH30BATEINIO AOCTYII K cXeMe public, MOKHO 0TO3BaTh COOT-
BETCTBYIOIINE TTPUBUJIETUNA:

test=# SELECT session_user;
session_user

postgres
(1 row)

test=# REVOKE ALL PRIVILEGES ON SCHEMA PUBLIC FROM public;
REVOKE

test=# SET ROLE test_user;
SET

test=> CREATE TABLE b();
ERROR: no schema has been selected to create in
LINE 1: create table b();

0 Y nonb3oBaTtens test_user MMeKOTCS IBHble MPUBUIErUMM HA JOCTYN K cxeMme public; nonb3o-
BaTeNb HacneayeT ux ot ponu public.

Biagesnern mpeacTaB/ieHUsT He CMOXKET 3allpOCUTh Uepe3 Hero JaHHble, ecyii He
MMeeT IIpaB JOCTYIIa K COOTBETCTBYIOLIMM 6a30BbIM TAOIMIIAM.

CUCTEMA PONEI W MPOKCU-AYTEHTUDUKALIUS

YacTo mpu IIpoeKTUPOBAHNY ITPUIIOKEHNSI TTOJTb30BATETh KOHQUTYPUPYeT IMOAKITIO-
yeHMs K 6a3e JaHHBIX U CpeICcTBa moakIoueHns. Heobxogmm u ene oguH YpOBEHb
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6e30TaCHOCTH: IIPOBEPSITh, UTO KAXKIbIii II0JIb30BaTE/Ih MIMEET IIPAaBO BITIOIHATD 3a-
MIPOILEHHYIO OIlepalyio. JTa JIOTMKa HepeaKo BCTpauBaeTcs B OM3HEC-TIOTUKY IPU-
JokeHMsI. Ho [IJIsI ee 4aCTUMYHONM peanams3alyy MOKHO BOCITO/Ib30BaThCS CHCTEMOIA
poJseit B 6a3e JaHHBIX, AeJIErMPOBAB aBTOPMU3ALMIO APYrOil poJiu, IIOCIe TOTO KaK
MTOIK/TIOUEHVE YCTAHOBJIEHO VI MCIIOIb30BaHO MTOBTOPHO. [IJIsI 9TOTO UCIIOIb3YeT-
CsT KoMaHa SET SESSION AUTHORIZATION myn KoMaHaa SET ROLE B 6/10Ke TpaH3aKILUIA:

postgres=# SELECT session_user, current_user;
session_user | current_user
.............. Fem e e

postgres | postgres
(1 row)

postgres=# SET SESSION AUTHORIZATION test_user;
SET

postgres=> SELECT session_user, current_user;
session_user | current_user
.............. e m e e e

test_user | test_user
(1 row)

Iyt KoMaHab! SET ROLE Tpe6yeTcst 6bITh WIEHOM POJIN, a ISt KOMaH bl SET SESSION
AUTHORIZATION HY>KHBI IIpMBWJIETMM CyIlepIIONb30BaTess. PazpeliaTb MpUIOKEHNUIO
MOAK/IIOYATHCSI OT MMEHU CyIeproib30BaTessl OMNacHO, TIOTOMY UTO AeiCTBUe KO-
MaH[ SET SESSION AUTHORIZATION m SET ROLE MOKHO OTMEHUTH KOMaHIamu RESET ROLE
7 RESET SESSION COOTBETCTBEHHO, B pe3yjbTaTe Yero NpujioxkeHue IMOoJTyduT IIPUBU-
JIETUN CYIIepII0/Ib30BaTes.

YTo6BI MOHSITH, KaK MCII0Jb30BaTh CUCTEMY poJieii PostgreSQL s peanmsanun
ayTeHTUOUKALY ¥ aBTOPU3aLM, 06PATUMCS K TPUIOKEHUIO JIJIST caliTa TOPTOBIN
aBTOMOOMJ/ISIMM, B KOTOPOM MOKHO BBIIEJINTb HECKOJIBKO I'PYIII IOJb30BaTeNel:
web_app_user, public_user, registered_user, seller_user u admin_user. I'pyrima web_app_
user MCIIOJb3YeTCs AJIsI KOHGUIYPUPOBAHMS CPENCTB MOAKIIOUeHMs K 6M3HeC-j0-
I'MKe, a TpyInbI public_user, registered_user u seller_user — 4TOGBI pa3jInyaTh pas-
JIMYHBbIE KaTeropui MojIb3oBaTesneit. I'pyrma public_user MOXKeT 06paliaThCst TOIBKO
K OTKpBITOV MHMOpMaIuu, HampuMep OOBSIBIEHMSIM, HO He BIIpPaBe HU CTAaBUTh
OIIeHKM, KaK registered_user, HM pasMelaTh 00bsIBIeHNs, KaK seller_user. I'pymnma
admin_user CIYKUT [J1s1 YIIPaBAe€HUSI BCEM KOHTEHTOM IIPUJIOKEHUS, B T. U. UMEET
MpaBo (UIBTPOBATH CIIAaM U YIOAJISTh OJb30BaTeleill, He COOMIONAoMMX ITpaBuiIa
caiita. Cpasy mociie moak/IoueHus K 6ase mpuioskeHue car_portal MMeeT IpaBa web_
app_user. 3aTeM OHO BBIIIOJHSIET KOMaHAy SET ROLE B COOTBETCTBUM C KaTeropuen
oJib30BaTeJst. Takoil CItoco6 Ha3bIBAeTCS MPOKCHU-ayTeHTUdUKAIMEI].

Hwuke nipuBenieHbl TIpUMepPbl UCITOIb30BAHUS CUCTEMBI POJieit IOJisl peanusanum
MIPOKCU-ayTeHTUdMKAIMK. [IepBblii AT — CO34ATh POJIY, BKITIOUMUTh B HUX ITOJIb30-
BaTeJieil U Ha3HAUYUTb IPUBUJIETUN:

CREATE ROLE web_app_user LOGIN NOINHERIT;
CREATE ROLE public_user NOLOGIN;



288 <« besonacHocTb B PostgreSQL

GRANT SELECT ON car_portal_app.advertisement_picture,
car_portal_app.advertisement_rating , car_portal_app.advertisement TO public_user;

GRANT public_user TO web_app_user;

GRANT USAGE ON SCHEMA car_portal_app TO web_app_user, public_user;

CiioBo NOINHERIT mJist posi web_app_user He MO3BOJISIET HACIEA0BATh pa3pelieHns
OT 0OBEMJTIONIEI POJIM, OJHAKO web_app_user MOKET M3MEHUTDb POJib Ha public_user,
KaK B (JIeOywllem rpumMepe:

$ psql car_portal -U web_app_user
psql (10.0)
Type "help" for help.

car_portal=> SELECT * FROM car_portal_app.advertisement;
ERROR: permission denied for relation advertisement

car_portal=> SET ROLE public_user;

SET

car_portal=> SELECT * FROM car_portal_app.advertisement;
advertisement_id | advertisement_date | car_id | seller_account_id
------------------ D R R e
(0 rows)

car_portal=> SELECT session_user, current_user;
session_user | current_user

.............. +......__......

web_app_user | public_user

(1 row)

YPoBHM BE30MACHOCTM B POSTGRESQL

B PostgreSQL ormnpeeneHbl pa3anuHble ypOBHM 6€30TIaCHOCTY [Isl OOBEKTOB: Tab-
JIMYHOTO MTPOCTPAHCTBA, 6a3bl AHHBIX, CXeMbI, TAOIMLIbI, afanTepa BHEIIHUX AaH-
HBIX, [10C/Ie,0BaTebHOCTH, IOMEHA, SI3bIKa ¥ 60JIBIIOro 06beKTa. O TOM, KaK 3a7a-
BaTh pasMyHbIe [IPUBUJIETUY, pacCKaXkeT MeTakoMaHza \h B psql:

Command: GRANT
Description: define access privileges
Syntax:
GRANT { { SELECT | INSERT | UPDATE | DELETE | TRUNCATE | REFERENCES | TRIGGER }
[, ...]1 | ALL [ PRIVILEGES ] }
ON { [ TABLE ] table_name [, ...]
| ALL TABLES IN SCHEMA schema_name [, ...] }
TO role_specification [, ...] [ WITH GRANT OPTION ]

be3onacHOCTb Ha YpOBHE 6a3bl AAHHbIX

Y100bI 3aIlIpeTUTb BCeM I10JIb30BaTE/IAM ITIOAK/IIOUATbCS K 6ase OaHHbIX, HY>KHO OTO-
3BaTh BCe paspelieHus y poau public:
$ psql car_portal -U postgres

psql (10.0)
Type "help" for help.
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car_portal=# REVOKE ALL ON DATABASE car_portal FROM public;
REVOKE

car_portal=# \q

$ psql car_portal -U web_app_user

psql: FATAL: permission denied for database "car_portal"
DETAIL: User does not have CONNECT privilege.

YT06BI paspennTbh KOHKPETHOMY IT0JIb30BaTeNII0 MTOIK/IIOUAThCS K 6ase, ciemayeT
MIPeoCTaBUTD paspelieHye:

postgres=# GRANT CONNECT ON DATABASE car_portal TO web_app_user;
GRANT
postgres=# \l car_portal

List of databases

-[ RECORD 1 J----- e
Name | car_portal
Owner | car_portal_app
Encoding | UTF8
Collate | en_US.UTF-8
Ctype | en_US.UTF-8
|

Access privileges | car_portal_app=CTc/car_portal_app+

| web_app_user=c/car_portal_app

MOo3KHO TaKyKe OTO3BaTh pa3peleHns 1o YMOTUYAHUIO B IIa6JIOHHO 6a3e JaHHbIX,
TOrIa MOAK/IIOUeHe KO BCeM BHOBb CO3/laBaeMbIM 06a3aM IO YMOTUAaHUIO OyIeT 3a-
npeieHo. Ecin metakomanza \1 BBIBOOUT IIYCTOM CIIMCOK pa3pelleHunii Ha YpOBHE
0a3bl TaHHBIX, 3HAUNT, JJIST 9TOI 6a3bl JeiiCTBYIOT pa3penieHusI [0 YMOTUYaHUIO.

BynbTe OCTOPOXHbI MpW BbIrPY3KE M BOCCTAHOBEHUM 6a3bl AaHHbIX KOMaHAaMM pg_dump
n pg_restore. PaspeleHns Ha ypoBHe 6a3bl LaHHbIX HE BOCCTAHABAMBAOTCSA, MX Hago byper
npenocTaBnTb SBHO.

be3sonacHOCTb Ha YpOBHe CXeMbl

IMonb30BaTeIb MOXKET CO34aBaTh 0ObEKTHI B cXeMe KoMaH0¥ CREATE min o6paiiaTh-
¢s1 K HUM. YTOOBI 1aTh ITOJTb30BATEJTIO TOCTYIT K HEKOTOPOII CXeMe, HYKHO ITpeIocTa-
BUTh €MY pa3perieHus:

GRANT USAGE ON SCHEMA car_portal_app TO web_app_user, public_user;

be3onacHOCTb Ha YpPOBHE Tabamubl

Ha ypoBHe Ta6iuIiIbl MOTYT ObITb 3a/1aHbl paspenieHnst INSERT, UPDATE, DELETE, TRIGGER,
REFERENCES 11 TRUNCATE. KitoueBoe ¢/10BO ALL TTO3BOJISIET MTPEIOCTaBUTH BCE paspelie-
HUS Cpasy:

GRANT ALL ON <table_name> TO <role>;

PasperiieHus REFERENCES 1 TRIGGER TIO3BOJISIIOT CO3/1aBaTh OrpaHMUYeHNS BHEIIHETO
KJTII0Ya ¥ TPUITEPbl COOTBETCTBEHHO. MOKHO 3a/1aBaTh CIIMCKM TAOIULL U posieit ye-
pes 3amATylo U Jaxe MPpeloCTaB/IsATh OIIpeielIeHHOM POy paspellieH s cpa3y Ha Bce
OTHOIIIeHUSI, UMeIOILecs B CXeMe.
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be3sonacHocTb Ha ypoBHe cTonbua

PostgreSQL 103BOJISIET ONpeneNsaTh paspelleHys Ha YpoBHe cTooa. [IJisg JeMOoH-
CTpaIyu CO3AAAVM TabIUITY Y POJIb CIIeAYIOIINM 00Pa30M:

CREATE DATABASE test_column_acl;

\c test_column_acl;

CREATE TABLE test_column_acl AS SELECT * FROM (values (1,2), (3,4)) as n(f1, f2);
CREATE ROLE test_column_acl;

GRANT SELECT (f1) ON test_column_acl TO test_column_acl;

Iy IpOBEPKYM TTONTPOOYeM MTOTYUNUTh U3 TaGIUITEI BCE JaHHbIE:

test_column_acl=# SET ROLE test_column_acl ;

SET

test_column_acl=> TABLE test_column_acl;

ERROR: permission denied for relation test_column_acl
test_column_acl=> SELECT f1 from test_column_acl ;

f1

1
3
(2 rows)

be3onacHoOCTb Ha YpOBHe CTPOK

Be3onacHOCTh Ha YPOBHe CTPOK (row-level security — RLS), uiu cTrpokoBas mo-
JIMTUKA 06€30IacHOCTH, IPUMEHSIeTCSI IJIs YIIPaBIeHNs TOCTYIIOM K CTPOKaM Tab-
JIMLIBI C TIOMOIBbI KOMaH[ INSERT, UPDATE, SELECT m DELETE. Ha xomaHzy TRUNCATE,
a TakoKke Ha OTPaHMYEeHMS CCbUIOYHOM LIeIOCTHOCTY — [TIEPBUYHOIO K/II04a, BHELTHETO
KJTI0Ua M YHUKAJIbHOCTY — CTPOKOBasi 6e301acHOCTh He pacrpocTpaHsercsi. Kpome
TOTO, NMpaBuia 6e30MacHOCTY Ha YPOBHE CTPOK HE TIPUMEHSIIOTCS K CYIIepPIIo/ib30-
Barem0. YToOBI BKIIOUNTH 6€30IIaCHOCTh Ha YPOBHE CTPOK, HYKHO BBITIOMHUTb IS
KasKI 0¥ TabMMIIbl TaKy10 KOMaHay ALTER:

ALTER TABLE <table_name> ENABLE ROW LEVEL SECURITY

U panee HY>KHO OIIPeIEeIUTb ITONIUTUKY TOCTYIIA K OTIpeeIeHHOMY Habopy CTPOK
CO CTOPOHBI OIHOI MY HECKONbKUX poseit. IIo 3Toit mpuuuHe B TaGIUILy YacTO
BKJIIOUAETCS CTOIOEI], cComepsKaluii ums poiau. Huske Mbl co3aeM ABYX IOTb30Ba-
TeJieit ¥ TabMUILy M BKIIIOUaeM IS 9TOi Tabauilbl 6e30IIaCHOCTh Ha YPOBHE CTPOK:

CREATE DATABASE test_rls;
\c test_rls
CREATE USER admin;
CREATE USER guest;
CREATE TABLE account (
account_name NAME,
password TEXT
);
INSERT INTO account VALUES('admin', 'admin'), ('guest', 'guest');
GRANT ALL ON account to admin, guest;
ALTER TABLE account ENABLE ROW LEVEL SECURITY;
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ITo YMO/TYaHUIO, €CJIM HUKaKNMe IMOJINTUKM He OIMpeaesieHbl, TO I1I0/JIb30BaTE/II0 6Y-
OeT 3alpenieH JOCTYII K CTPOKaM:

test_rls=# SET ROLE admin;
test_rls=> table account;
account_name | password
.............. +....._._..
(0 rows)

[ToAMTUKY MOKHO GbLIO ObI OIIPEAEIUTD TaK:

CREATE POLICY account_policy user ON account USING (account_name = current_user);
test_rls=# SET ROLE admin;

test_rls=> Table account;

account_name | password

31ech MbI IIPOCTO CpaBHMBAEM II0JIe€ account_name KaskOil CTPOKM C current_user
U, €CIM OHM COBIAIAlOT, BO3BpalliaemM CTpoKy. OTMeTMM, UTO B 9TO¥ MOJIUTUKE HET
orpaHMYeHMiI Ha omepalui, MO3TOMY OHA PacpPOCTPaHsIeTCsT Takyke Ha KOMaH/Ibl
INSERT, UPDATE m DELETE

test_rls=# SET ROLE admin;
test_rls=> INSERT INTO account values('guest', 'guest');
ERROR: new row violates row-level security policy for table "account"
CMHTAKCUC KOMaHfbl CO3[aHWA MOJUTUKM MMEeT BMA:
CREATE POLICY name ON table_name
[ FOR { ALL | SELECT | INSERT | UPDATE | DELETE } ]
[ TO { role_name | PUBLIC | CURRENT USER | SESSION USER } [, ...] ]
[ USING ( using_expression ) ]
[ WITH CHECK ( check_expression ) ]

Komamna CREATE POLICY BecbMa rMOKasi, OHA IT03BOJISIET CO34aBaTh MOJIUTUKY IJIS
oTIpenesIeHHOl OoTmepaluy 1 3a4aBaTh MPOU3BOJIIbHOE YCIOBME B Bie OyneBa BbI-
pakeHus. @pasza WITH CHECK CIY>KUT IJ1s1 KOHTPOJISL HOBBIX MJIM U3MEHEHHBIX CTPOK.
Harmpumep, ecjii Mbl XOTUM, YTOOBI IT0JIb30BATE/IM MOIJIM BUIETb BCE COMEPKUMOE
TabIULIBI account, HO MU3MEHSITh TOJIbKO COOCTBEHHbBIE CTPOKM, TO MOYKEM BBIITOJIHUTD
TaKyl KOMaHZY:

CREATE POLICY account_policy_write_protected ON account USING (true) WITH
CHECK (account_name = current_user);

test_rls=# SET ROLE admin;

test_rls=> Table account;

account_name | password

.............. +......__..

admin | admin
guest | guest
(2 rows)

test_rls=> INSERT INTO account values('guest', 'guest');
ERROR: new row violates row-level security policy for table "account"
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[To yMOMUaHMIO TIOMIUTUKU paspeuiumesvHole, T. €. OObeIUHSIOTCS CBSI3KOI OR.
Bbllie ObLIM CO30aHbI IBE TTOMUTUKIA: OHA IT03BOJISIET II0JIb30BATE/II0 BUIETh TO/Ib-
KO CBOM CTPOKM, a Jipyrast — BUIIETh BCe CTPOKU. B MTOTe 1MOIb30BaTe/b MOXET BU-
IIeTh BCE CTPOKMN:

\d account

Table "public.account"
Column | Type | Collation | Nullable | Default
-------------- s T e ST
account_name | name | |
password | text | | |
Policies:

POLICY "account_policy_write protected"
USING (true)
WITH CHECK ((account_name = CURRENT_USER))
POLICY "account_user"
USING ((account_name = CURRENT_USER))

PostgreSQL moamep>kuBaeT TakKe OrpaHUUUTeIbHbIE TIOJTUTUKY, 00beIHsIeMble
CBSI3KOJ AND. BBeieM orpaHuueHMe — OCTY K TabJinile pas3peleH TOIbKO B pabouee
BpeMsi:

CREATE POLICY account_policy_time ON account AS RESTRICTIVE USING (
date_part('hour', statement_timestamp()) BETWEEN 8 AND 16 ) WITH CHECK
(account_name = current_user);
test_rls=# set role admin;
test_rls=# select now();
now
2017-10-07 17:42:34.663909+02
(1 row)

test_rls=> table account;

account_name | password
.............. +_...-.-._.
(0 rows)

Kaxk BuanMm, 13-3a OrpaHNUNUTETbHONM MOTUTUKY He ObIJI0 BO3BPAIEHO HY OIHO
CTPOKU. Bce CTpoKM OTHMIBTPOBAHBI BhIPAsKEHMEM, YCIOBME (DIUIBTPALIIY BBIUMC-
JISJIOCh, KOT/Ia OblIa YCTAHOBJIEHA POJIb admin:

KopTex account_policy |account_policy_write_protected account_policy_time KoHeuHbIl
pesynbTart

(admin,admin) | True True False False

(guest,guest) | False True False False

Bce kopTexu (CTpoku) OTOWIBTPOBAHbI U3-3a TTOIUTUKY account_policy_time, KO-
HEUHbBIIi pe3ynbTar Ajs1 KopTexa (admin, admin) paBeH True OR True AND False, TO eCTb
False.
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LUn®dPOBAHME DAHHBIX

ITo ymomuanmio PostgreSQL caMoCTOSTeNbHO MMdPYyeT CeKpeTHbIE JaHHbIE, B T. U.
napos poseii. Ho v nonb3oBareny MOryT mndpoBaTh 1 AemndprpoBaTh JaHHbIE
C TIOMOIIIBIO PacIIMpPeHust pgerypto.

LWWudposaHune naponeit ponei B PostgreSQL

IMoapo6HbIe CBeIEHMS O POJIN, CO3TAHHOI ¢ OmIIMsIMM PASSWORD 11 LOGIN, MOSKHO Haii-
TU B KaTaJ0KHOI Tabiuile pg_shadow. He peKoMeHAyeTCsl UCIIOMb30BaTh AJIs 3aa-
HMS IApOJISt TAaKO¥ (hbopMaT KOMAaH/Ibl:

CREATE ROLE <role_name> <with options> PASSWORD 'some_password';

Ilesio B TOM, UTO KOMaHza CREATE ROLE MOSKeT MOSIBUThCS B Tabnuile pg_stat_activ-
ity, a TaKKe B KypHajaxX cepBepa, HalpumMep:

postgres=# SELECT query FROM pg_stat_activity;
query

SELECT query FROM pg_stat_activity;
create role c password 'c';

Bce maponu, xpaHsiiyecs B Tabauiie pg_shadow, 3ammgpoBaHbI ¢ «CoIbio». [Tocie
reperMMeHOBaHMS YUETHO 3aIMCy Mapo/ib COpachiBaeTCs:

postgres=# ALTER ROLE a RENAME TO b;
NOTICE: MD5 password cleared because of role rename

st co3maHms TOJIb30BATEIS C Imapo/ieM peKOMeHAYeTCA MCII0JIb30BATh METAKO-
MaHzy \password B psql, IOTOMY UTO B 3TOM Cjy4yae Iapojb B OTKPBITOM BuIe He
MOSIBUTCST HM B MCTOPUM KOMaHJ, psql, HM B JXypHajaxX cepBepa, HU rae-nnbo ele.
YT06BI UBMEHUTD TIAPOJIb, CJIEAYET BLITIOTHUTH 3TY METAKOMAaHAY OT UMeHU CyIep-
IIOJIb30BATEeJIA:
postgres=#\password <some_role_name>
Enter new password:

Enter it again:
ERROR: role "<some_role_name>" does not exist

Pacwupenue pgcrypto

Pacimpenne pgcrypto IpemocTaBisieT Kpunrorpaduueckie cpeactsa. s mmdpo-
BaHUS U Aemn(pupoBaHus JAHHBIX TPEOYIOTCS pecypchl, TIOSTOMY BaskKHO COOJTIO-
IaTh 6aJaHC MEXIY CEKPETHOCTHIO U CIOKHOCTbIO. CylllecTBYeT ABa Byuaa Indpo-
BaHMS JAHHBIX:

O B oIyyae OJHOCTOPOHHErO MIM(POBaHKUS HEKOTOpas GYHKLMS FeHepupyeT
Xelll HeoOpaTuMbIM CcII0co60M. YacTo pes3ylbTUPYIOUIMiA 3aindpoOBaHHbIN
TEKCT MMeeT DUKCUPOBAHHYIO IJIMHY; Hampumep, aaroputM MDS5 renepu-
pyet 16-6aiiToBbie Xein. Xopomas (QYHKINS XeIIMPOBaHMS OO/IKHA ObITh
OBICTPOIL 1 He TOPOKAATh OMH ¥ TOT Ke XeIll [IJIsT pPa3HbIX BXOJHbIX JAaHHBIX;



294 <« be3onacHocTb B PostgreSQL

O 1BycTopoHHee mudpoBaHKe MO3BOJsIET KaK MMUGPOBaTh, Tak U Aemudpupo-
BaTh JaHHbIe. B pgcrypto MMeIoTcst GYHKIMM 711 060MX BUIOB MMM POBAHMS
M TOJIep>KMBAETCS HEeCKOTbKO aJITOPUTMOB XeulMpoBaHus. [IJisT yCTaHOBKMU
pgcrypto BBITIOTHMUTE KOMaHY

CREATE EXTENSION pgcrypto;

OodHocmopoHHee uiugposarue
B ciyyae omHOCTOpPOHHEro miMGpPOBAHMST BOCCTAHABIMBATD JAHHbIE B OTKPHITOM
BUJIe He TpebyeTcs. 3andpOBaHHbBIN TEKCT (CBEPTKA) HY>KEH TOJIbKO [IJISI TOTO, UTO-
OBl MTPOBEPUTD, 3HAET JIM T0JIb30BATENb CEKPETHBII TeKCT. YacTo OMHOCTOpPOHHEe
mpoBaHKe UCIIONb3yeTCs AJIs XpaHeHus naposeii. PostgreSQL M3HavaabHO MOA-
IepKuBaeT aaroputM MD5, ofHaKo, TOCKOJIbKY €ro JIETKO B3JIOMaTh, CTOMJIO ObI MC-
oyIb30BaTh MD5 ¢ «COMbIO», KaK ITOKa3aHO B IIPMMepe HILKE.

[Tpu mIpoBepKe Mapossi 0OBIYHO CPAaBHUBAIOT CreHepMpoBaHHYI0 MD5-cBepTKY
C XpaHMMOIA:

CREATE TABLE account_md5 (id INT, password TEXT);

INSERT INTO account_md5 VALUES (1, md5('my password'));

SELECT (md5('my password') = password) AS authenticated FROM account_md5;
authenticated

pgcrypto ImpenocTasisieT ABe GyHKIMY J1s b poBaHMS ITapos: crypt 1 gen_salt —
¥ TPV 3TOM OCBOOOXKIAeT IOIb30BaTES OT HEOOXOIMMOCTM XPAHUTD «COTTb». DYHK-
Iyu crypt U gen_salt MCITONIb3YIOTCS ITIOUTH TaK 3Ke, Kak MD5:

CREATE TABLE account_crypt (id INT, password TEXT);
INSERT INTO account_crypt VALUES (1, crypt ('my password', gen_salt('md5')));
INSERT INTO account_crypt VALUES (2, crypt ('my password', gen_salt('md5')));
SELECT * FROM account_crypt;
id | password
....+ ....................................
1 | $1SITT7yisa$FdRe4ihz9keploU6wWBro90
2 | $1SHT2wH3UL$8DRAP6KLZ5LVTXF3F2q610
(2 rows)

SELECT crypt ('my password', password) = password AS authenticated
FROM account_crypt;
authenticated

(2 rows)

MbI BUIMM, UYTO CBEPTKM IapoJieii OTIMYAIOTCS M3-3a TOr0, UTO OblIa CreHepu-
pOBaHa pas3JInYHast «Cojib». OTMETUM TaKKe, UTO XPAHUTh «COTb» HUTAE He HYKHO.
HaxkoHel1, maposib MOXKHO CIieiaTh 6oJiee CTOKMUM KO B3JIOMY, M3MEHUB TTapaMeTpPbl
reHepaium «coin». Hampumep, MOKHO 66110 ObI B3sITh aniropuTM Blowfish u 3agaTh
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KOJ/JInueCTBO MTEpaHI/Iﬁ. Yem 6OJIb]J.Ie KOJIM4eCcTBO I/ITepaL[MIZ, TeM MeOJIeHHee IIpO-
ncxXoouT Hl]/Id)pOBaHI/Ie nurTemM 6OJIbLLIe BpeMeHN HOTp96YETCH JJIs1 B3JIOMa (CM. npu-
Mep HMXKe).
\timing
SELECT crypt('my password', gen_salt('bf',4));

crypt

$2a$04SRZ5KWNI . IB4eLGNNT . 37kuuid.Qi4Xh4TZmL7SOB6YWALRpYZ1P/K
(1 row)
Time: 1,801 ms

SELECT crypt('my password', gen_salt('bf',16));
crypt

$2a$16$/cUY8PX7v2GLPCQBCbNL60t L Fm4YACShZaH1gDNZCHYAYBYI. 93g
(1 row)
Time: 4686,712 ms (00:04,687)

ZleycmoponHee uiugposarue

IIBycTopoHHee mudpoBaHMe MPUMEHSETCS OIS XpaHeHUs KOH(UIEeHUIMATbHO
MHbOpMaIIM, HAIPUMep O IIaTekax. Paciipenne pgerypto cOmepskKUT aBe (PyHK-
ouu — encrypt 1 decrypt:

test=# \df encrypt
List of functions

Schema | Name | Result data type | Argument data types | Type
-------- s R R R
public | encrypt | bytea | bytea, bytea, text | normal

(1 row)

test=# \df decrypt
List of functions

Schema | Name | Result data type | Argument data types | Type
-------- T T LT TP TP
public | decrypt | bytea | bytea, bytea, text | normal

(1 row)

OyHKUMMK encrypt U decrypt IPUHMMAIOT TPU apryMeHTa: JaHHbIe, KJII0Y U ajro-
puTM mudpoBanus. Hiske mokasaHo, Kak 3ammM@poBaTh 1 JemnudpupoBaTh CTPOKY
Hello World c mMOMOIIBIO AJITOPUTMA aes:

test=# SELECT encrypt ('Hello World', 'Key', 'aes');
encrypt

\xf9d48f411bdee81a0e50b86b501dd7ba

(1 row)

test=# SELECT decrypt(encrypt ('Hello World', 'Key', 'aes'),'Key','aes');
decrypt
\x48656c6c6f20576f726c64
(1 row)
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test=# SELECT convert_from(decrypt(encrypt ('Hello World', 'Key',
'aes'),'Key','aes'), 'utf-8');
convert_from

Hello World
(1 row)

V takoit popMbl mMdppoBaHUSI €CTh OTPAHUYEHNS: HAIIpyMep, KOMaHIa MOXKET
oKasaTbcs B Tabmile pg_stat_activity mim B KypHase cepBepa, a 3HAUMT, TOCTOPOH-
HMIT MOKET Y3HATh KITIOY.

CymiecTByeT ABa CIIocoba ABYCTOPOHHETO MM(PPOBaHNS : CUMMETPUYHOE U aCUM-
MeTpuYHoe. Bpllle 6bII0 MOKA3aHO, KaK paboTaeT CMMMETpPUUYHOe MbpoBaHue,
Korma B QyHKIMSX encrypt U decrypt MCITONMb3yeTCsT OMH U TOT ke Kittod. [Tpu acum-
METPUYHOM MMEGPOBAHUM €CTh IBa K/II0Ua: OTKPBITBIA M 3aKPHIThIA. OTKPHITHIM
KJTIOYOM JaHHbIe MMUQGPYIOTCS, a 3aKPbITHIM — IeMPPUPYIOTCS. ACMUMMETPUUHOE
mmdpoBaHue 6e30macHee CMMMETPUYHOTO, HO HACTPOUTH ero TpyaHee. CHavasa
HY’KHO CTeHepUpPOBaTh KUY C IIOMOIILIO IIPOTPaMMBbI gpg. Ta IporpamMma IMpo-
CUT 3aJaTh MapoIbHYI0 (pasy; B IpMMepe HIsKe maposibHast ¢ppasa OIyIeHa, 1 Ijist
MIPOCTOTHI MbI B3SI/IV IIapaMeTPbl 110 YMOITYaHUIO:

gpg --gen-key

3aTEM, 4TOOBI M3BJIEYD OTKprTbIVI u 38.KprTbII7[ KIIIO4M, cjieayeT BbIIIOJIHUTD I10-
Ka3aHHbIe HVKe KOMaHObI (EC.T[I/I reHepanmsg KIII0uen nponsBoaMIaChb OT MMEHU
TTOJIb30BATENIST root, TO HYSKHO OYAET ChenaTh BIaeblleM KIIoUeil Toab30BaTest
postgres):
$ gpg --list-secret-key
Jvar/lib/postgresql/.gnupg/secring.gpg

sec 2048R/28502EEF 2017-10-08

uid Salahaldin Juba <juba@example.com>

ssb 2048R/DOB149A9 2017-10-08

$ gpg -a --export 28502EEF>/var/lib/postgresql/10/main/public.key
$ gpg -a --export-secret-key
DOB149A9>/var/lib/postgresql/10/main/secret.key

@nar --list-secret-key BBIBOIUT CIMCOK UAEHTU(UKATOPOB 3aKPBITHIX KIIIOUEiA,
a ¢utaru - -export-secret-key 1 -export 3KCIOPTUPYIOT, COOTBETCTBEHHO, 3aKPBIThIN
M OTKPBITHIN KIIOuM. Dyar -a BbITpyskaeT KUK B dopmaTe, MPUTOAHOM JJIsT KO-
MMpPoBaHMs U BCTaBKU. B Kiactepe PostgreSQL Mbl TO/KHBI BBITIOMHUTD (PYHKIINIO
dearmor. Kpome ToTO, K/TIoUM ObUIM TepeMelleHbl B MankKy KiaacTepa 6a3bl JaHHbIX
IS ymoOcTBa paboThl ¢ pyHKIMeEl pg_read_file. CreHepupoBaB KIIOUM, MbI MOKEM
co31aTh 00epTKY BOKPYT (DYHKILIMI pgp_pub_encrypt 1 pgp_pub_decrypt, UTOOBI CKPBITh
X MeCTOIIONIOXKEeHMe:

CREATE OR REPLACE FUNCTION encrypt (text) RETURNS bytea AS

$$
BEGIN
RETURN pgp_pub_encrypt($1, dearmor(pg_read_file('public.key')));



Pesiome < 297

END;
$$ LANGUAGE plpgsql;
CREATE OR REPLACE FUNCTION decrypt (bytea) RETURNS text AS
$$
BEGIN
RETURN pgp_pub_decrypt($1, dearmor(pg_read_file('secret.key')));
END;
$$ LANGUAGE plpgsql;

Ilyist rectupoBanms 3ammdpyem cTpoky Hello World:

test=# SELECT substring(encrypt('Hello World'), 1, 50);
substring

\Xxc1c04c034db92a51d0b149a90107fe3dc44ec5dcccO39aea2ad4e1d811426583a265feb22
f68421355a3b4755a6cb19eb3fa
(1 row)

test=#
test=# SELECT decrypt(encrypt('Hello World'));
decrypt

Hello World
(1 row)

PEe3loME

B 2T0Ji IM1aBe MbI pacCMOTpeNIM TpU aciiekra 6e3ornacHocTu B PostgreSQL: ayTeH-
TUGUKAIMIO, aBTOPU3ALIMIO U MM poBaHye JaHHbIX. HO 3TO He Bce — He0OXOaAMMO
elle 3aMUTUTDb Kof, oT BHeApeHMs SQL 1 Ipyrux M3BECTHBIX MPO6IeM, K KOTOPBIM
MOYXHO OTHECTY CTOMMOCTD YHKIMM U 6apbep 6e3omacHocTi. PostgreSQL mpemo-
CTaBJISIET PSIT METOAOB ayTeHTUM(UKALNM, B T. U. II0 MAPOJII0 U TOJHOE TOBEpHe.
Be3sonacHOCTb 06GecieurBaeTcsl Ha PasaMyHbIX YPOBHSIX: CaMOii 6a3bl JaHHBIX, CXe-
MbI, TAaOIUILIBI, IpeACcTaBaAeHMsI, GYHKIVM, CTOJAOLOB U CTPOK. HakoHel, KoHUAeH-
LIMaIbHbIe TaHHbIE MOXKHO XPaHUTD B Oa3e B 3alIM(pPOBAHHOM BUIE, €CIM BOCIIO/b-
30BaThCS paclIMpeHmeM pgcrypto.

B cnepnyromeii riaBe Mbl 3aliMeMCsI CMCTeMHBIM KaTanoroM PostgreSQL n magum
peKOMeHAALVM M0 06CTYKMBAaHMIO 6a3bl JAHHBIX. B UaCTHOCTM, MbI ITOKAXKEM, KaK
HaxXOAUTb MOTEHIMAaTbHbIE TTPOOJIEMBI, B T. U. OTCYTCTBYIOIIVE MHAEKCHI, M yCTpa-
HSITD UX.
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Katanor PostgreSOL

Cucremusiit katanor PostgreSQL u QyHKIMM CUCTEMHOTO aJfMUHUCTPUPOBAHUS
MOMOTAIOT pa3paboTumMKkaM 1 aAMUHUCTPATOPAM COJIEPKATh 6a3y B UMCTOTE U MO~
JIepX1UBaTh BBICOKYIO NMPOM3BOAUTENBHOCTb. CUCTEMHBIV KaTajaor MUCIOJIb3yeTCs
IUISI aBTOMATU3AIVU PSIfia 33724, B T. U. HAXOXKIEHUS Tabu1] 63 MHIEKCOB, BbISIBIIE-
HUS 3aBUCUMOCTEN MEXIY 00beKTamMu 6a3bl JAHHBIX Y TTPOBEPKU COCTOSTHUST 6a3bI
DAHHBIX: BBIUMCIEHVS OOLIero pasMepa, HaIMuusl «pa3oyxummx» Tabauy u T. 1. 3-
BJIEUEHHYIO M3 CUCTEeMHOTr0 KaTajora MHGOpMaI1io MOXKHO UCIOIb30BaTh B MPO-
rpaMMax MOHMTOPMHra, HanpuMep Nagios, u B guHamuvyeckom SQL. B aToi1 rnmase
MbI 06CYIM HEKOTOPbIE TTOBCEIHEBHBIE 3a/1aUl aIMUHUCTPUPOBAHUS U Pa3padboT-
KM, TaKMe KaK OYMCTKA JAHHBIX U yOaJeHVe HEUCIIOIb3yeMbIX 0ObEKTOB, aBTOMA-
TUYECKOE MOCTPOEHNE MHIEKCOB ¥ MOHUTOPUHT AOCTyIa K 06beKTaM 6asbl. ByayT
paccMOTpeHBI CIeyIoll/e BOIIPOCHL:

ob11ee omyicaHMe CUCTEeMHOTO KaTanora;

CUCTEeMHBIIi KaTaJor IJi1 alMUHUCTPAaTOPOB;

UCIIOTb30BaHMe CUCTEMHOTO KaTaiora JIjIsl OUMCTKY 6a3bl JaHHBIX;
MCIIO/Ib30BaHMEe CUCTEMHOrO KaTajora IJjisl HaCTPOWKM NMPOU3BOLUTENbHO-
CTU;

BbIGOPOYHASI BHITPY3Ka JlepeBa 3aBUCUMOCTEN ITPeICTaBIEHNS.

©C 0000

CUCTEMHbIA KATANOT

B PostgreSQL Bce 06beKThI 6a3bl JAHHBIX — TAOIUIIbI, TTPEACTABIEHNUS, QDYHKIINMA,
VH[IEKChI, aJarnTepbl BHEIIHNX JAaHHbBIX, TPUITEPhI, OTPaHMUYEHMS, ITPaBIUIa, I0JIb-
30BaTe/IN, TPYIIIbI U T. [I. — OMMCHIBAIOTCS C TIOMOIIbI0 METaJaHHbIX, XPAHSIIXCS
B Tabuiiax 6a3bl. ITa MHGOpMAaLMs pa3MelleHa B cxeMe pg_catalog, a UTOOBI JTIOASIM
6bUT0 yIoOHee ¢ Heil paborarh, PostgreSQL mpemocTaBisieT Takke cxeMy informa-
tion_schema, B KOTOPOIi MeTaJaHHbIe 06€PHYTHI ITPEICTABIEHUSIMMA.

B kimeHTe psql MOXKHO TOYHO YBU/IETb, UTO ITPOMCXOIUT 3a Ky/IMCaMM BO Bpe-
MsI BBITIOJTHEHMST METAKOMaH/I, Harpumep \z. [IJis 3TOr0 HY;KHO BK/IIOUMTDb PEXKUM
ECHO_HIDDEN wmm 3amaTh mpu 3amycke ¢uiar -E. Tak MOKHO M3Y4MTh TabINIIbI U3 CH-
CTEMHOTI'O KaTajiora, Harpumep:
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postgres=# \set ECHO_HIDDEN
postgres=# \d

khkkkkkkkk QUERY khkkkkhkkkk

SELECT n.nspname as "Schema",

c.relname as "Name",

CASE c.relkind WHEN 'r' THEN 'table' WHEN 'v' THEN 'view' WHEN 'm' THEN
'materialized view' WHEN 'i' THEN 'index' WHEN 'S' THEN 'sequence' WHEN 's'
THEN 'special' WHEN 'f' THEN 'foreign table' WHEN 'p' THEN 'table' END as
"Type",

pg_catalog.pg_get_userbyid(c.relowner) as "Owner"

FROM pg_catalog.pg_class c

LEFT JOIN pg_catalog.pg_namespace n ON n.oid = c.relnamespace
WHERE c.relkind IN ('r','p','v','m",'S",'"f','")

AND n.nspname <> 'pg_catalog'

AND n.nspname <> 'information_schema'

AND n.nspname !~ '“pg_toast'

AND pg_catalog.pg_table_is_visible(c.oid)
ORDER BY 1,2;

kkkkkkhkhkkkkhkhhkhkhhkkkhkhkhkkkk

Did not find any relations.

Kak BugumMm, ripu BBITIOJIHEHUM MeTaKOMaHAbl \d cepBepy OTIIpaBJIsIeTCs 3aIpoc.
ITomumo pesxuma ECHO_HIDDEN, ripencraByieHus 13 cxeM information_schema u pg_cata-
log MOKHO ONpallIMBaTh HEIIOCPECTBEHHO:

SELECT * FROM information_schema.views
WHERE table_schema IN ('pg_catalog', 'information_schema');

B 5TMxX cxeMax HaxOMSITCSI COTHU MIPeaCTaBAeHNii, TaGINUI] M afMUHUCTPATUBHBIX
(YHKIINI, TTO9TOMY MbI CMOKEM OITVCATh TOJIBKO Te, UTO MCIIOIb3YIOTCSI 0COOEHHO
4acTo.

OpmHa 13 IJIaBHBIX Ta0JIMIL B cxeMe pg_catalog — pg_class, B Heli XpaHUTCS MHMOP-
Malysl O PasJIMYHBIX TUIIAX OTHOIIEHMI: TabauliaxX, MHAEKCaX, MpeaCTaBIeHUsIX,
MOC/Ie0OBATEIBHOCTSIX ¥ COCTaBHBIX TUIAaX. ATpu6yT relkind ompemenseT TUI OT-
HOILIEHUS M MOKEeT MPUHMMATh CAefyolie 3HaueHUs
: 06bIYHAs TAGNINIIA;

i: MHIIEeKC;

: MOC/Ie0BaTeIbHOCTD;

: TOAST-Tabnuiia;

: mpelicTaBjeHNe;

: MaTepuanM30BaHHOE MpeICTaBIeHNE;
: COCTaBHOJ TUII;

: BHEIIIHsIs Tabnun1ia;

p: CEeKLIMOHMPOBAaHHAsI TA0IUIIA.

[TockonmbKy 9Ta Tab/IMITA YHUBEPCATbHAS, HE BCE CTOOIBI MMEIOT CMbICIT [JIST BCEX
TUTIOB.

(ONONCNONONCNONONE)
N 3 < + 0 ~ "

0 TexHuKy xpaHeHus 6onblmx atpubytoB (The Oversized-Attribute Storage Technique -
TOAST) MOXHO paccMaTpuBaTb Kak METOL BEPTUKANbHOIO CeKUMOHMpoBaHus. PostgreSQL
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He paspellaeT KOpTexy 3aHMMaTb HECKOIbKO CTpaHuL, @ pa3Mep CTpaHuLbl 06bIYHO paBeH
8 KB. MNoatomy PostgreSOL pa36busaeT 6onblune 06beKTbl Ha YaCTU, CKMMAET UX U XPaHUT BO
BcnomoratenbHbix TOAST-Tabnuuax.

VY KaXkIoro OTHOINEHMS eCThb UAEHTU(GUKATOP 00beKTa. ITU UAEHTUPUKATOPSI
UrpaloT poJib NEPBUYHBIX K/IlOUeil B cxeMe pg_catalog, MO3TOMY BayKHO IMOHMMATb,
Kak Ipeobpa3oBaTh uaeHTudukaTop oobekra (OID) B TeKcTOBYIO GOpPMY 1 TTOITY-
YUTh UM OTHOIIeHUs1. OTMeTUM TaKsKe, UTO CYLIEeCTBYIOT pa3Hble Tuiibl OID; Ha-
rpuMep, TUII regclass MAEHTUPULIVPYET BCE OTHOIIEHMS, XpaHSIIMecs] B Tabauiie
pg_class, a TUII regprocedure UCIIOIb3YETCS AJIsI MAeHTUubMKamMmu GyHKmii. B npu-
Mepe HIDKe TI0OKa3aHo, Kak Impeobpas3oBaTh uMs Tabauibl B OID 1 Hao60poT:
postgres=# SELECT 'pg_catalog.pg_class'::regclass::oid;

oid

postgres=# SELECT 1259::regclass::text;
text

pg_class
(1 row)

MO3KHO TaKKe TIOTYIUTh oid C TOMOIIBIO TaO/NIIL pg_class U pg_namespace:

SELECT c.oid FROM pg_class c JOIN pg_namespace n ON (c.relnamespace = n.oid)
WHERE relname ='pg_class' AND nspname ='pg_catalog';
oid

Emie ogHa BaskHasg Tabnuila — pg_attribute, B Heit xpaHuTcs uHboOpMaIus o Tab-
JIULIAX U OPYTUX 00beKTax U3 Tabmuiibl pg_class. B Tabmuile pg_index XpaHUTCS MH-
dbopMmarust 06 nHIeKkcax. A B Tabnuiiax pg_depend 1 pg_rewrite — MHpOpMAIMs O 3a-
BMCHUMBIX 0ObEKTaX U MpaBujIaxX Mepe3anucbiBaHysI IJIsT TabINI] U TpeCTaBIeHMIA.

VroMsiHeM Takyke Habop Ta6GIUIL U TIpeICcTaBlIeHui pg_stat<*>; B HUX XPaHUTCS
cTaTucTUeckass uHdopManus o Tabnuilax, MHIEKCax, CTOI6Iax, MoCIeqoBaTe b-
HOCTSIX U T. . OHA OueHb IIeHHa IJIs1 OTIaAKM MPO6IeM C IMPOU3BOIUTETbHOCTHIO
¥ TIOTyYeHUSI CBeIeHMIT O MaTTepHax paboTsl ¢ 6a30ii. CieayIomyii 3armpoc MoKasbi-
BaeT HEKOTOpbIe CTATUCTUYECKMe OTHOIIEHMS :

SELECT relname, case relkind WHEN 'r' THEN 'table' WHEN 'v' THEN 'VIEW' END as type

FROM pg_class
WHERE relname like 'pg_sta%' AND relkind IN ('r','v')

LIMIT 5 ;

relname | type
............................. 4eccaaaa
pg_statistic | table

pg_stat_user_tables | VIEW
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pg_stat_xact_user_tables | VIEW
pg_statio_all_tables | VIEW
pg_statio_sys_tables | VIEW

CUCTEMHDBIA KATANIOT ANSt ADMUHUCTPATOPOB

B aTom paspgene ommcaHbl HEKOTOpble (QYHKIINMY, KOTOPbIE YACTO OGBIBAIOT HYSKHBI
aIMMHMCTPATOPY 6a3bl JAHHBIX. X MOSKHO MCITOJIb30BaTh B [IOBCEIHEBHOII pabore,
Hanpumep pyHKIMIo pg_reload_conf(), KOTOpas mepe3arpykaeT KjacTep 1ocje BHe-
ceHMsI M3MeHeHMIt B daiii pg_hba.conf mnu postgresql.conf, unu byHKIMIO pg_termi-
nate_backend(pid), KOTOpasi CHuUMaeT yKa3aHHbIN MTPOLIeCC.

MonyuyeHune Bepcum kKnactepa 6as AAHHbIX U KIMEHTCKUMX NPOrpamMm

3Has Homep Bepcum PostgreSQL, monb3oBaTe/ib MOHMMAET, KaKie BO3MOYKHOCTU
MO IeP>KUBAIOTCSI, M MOXKeT mucath SQL-3ampockl, COBMeCTMMbIe C Pa3aMUHbIMU
Bepcusmu. Hampumep, B Bepcusix Hiske 9.2 aTpubyT IMpeacTaBieHus pg_stat_activ-
ity, comepskarmmit uAeHTUGUKATOP IIPOIIecca, Ha3bIBAICS procpid, a IMO3sKe CTaa Ha-
3bIBATHCY pid.

YTOo6BI ITOIYINTb BEPCUIO KacTepa 6a3 JaHHbBIX, BOCIIONb3yeMcsT (PyHKIIME ver -
sion:
postgres=# SELECT version();
version

PostgreSQL 10.0 on x86_64-pc-linux-gnu, compiled by gcc (Ubuntu
5.4.0-6ubuntul~16.04.4) 5.4.0 20160609, 64-bit
(1 row)

BaskHO Takke MPOBEPSITh BEPCUIO KIMEHTCKMX ITPOrpaMm, Hallpumep pg_restore,
pg_dumpall mm psql, Ha MpeaMeT COBMECTMMOCTH C CepBepOoM. BOT Kak 3TO fienaeTcs:

$ pg_dump --version
pg_dump (PostgreSQL) 10.0

VTunurta pg_dump BBITPYKaeT AaHHbIE B (hailyi, KOTOPHIII MOXKHO BOCCTAHOBUTD
B Oosiee cBexxyio Bepcuio PostgreSQL. B mpuHInIie, pg_dump MOKET BBITPY>KAThb JaH-
Hble 113 6a3bl, BepCyst KOTOPOi MJIaliie ee COGCTBEHHOI, HO — ¥ 9TO JIOTUYHO — He U3
6a3bl, BepCust KOTOPOJi cTaplie ee COOCTBEHHOIA.

3aBepu1e|-me U OTMEHa NO0J1Ib30BaATEJ/IbCKOro ceaHca

AnMuHMUCTpaTopy 6a3bl JAHHBIX YACTO IPUXOIUTCS CHUMATh CepBEePHbIe TTPOLIeCChI
10 pasHbIM INpuurHaM. Hanmpumep, MHOrIa oueHb MefJIeHHbIe 3aIIpoChl, paboTaio-
e Ha BeIOMOM WM/ BelylleM y3je, CKOHUTYPMPOBAaHHOM [IJisl TIOTOKOBOI pe-
TJTMKALIVA, MOTYT HApYIIUTD PeIIMKALNIO.
EcTb HECKOIBKO MTPUYMH Pa30pBaTh COeIMHEHME ¢ 6a30Ji JaHHbBIX:
O mpeBbIlIEHO MaKCUMMAaJIbHOE UMCIIO ITOAK/IIOUeHN. ITO ObIBAaeT, KOTa cepBep
CKOHGUTYPUPOBAH HEIPaBUJIbHO, HATIpUMep COeIMHEHUS] B COCTOSTHMM IDLE
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OCTAaIOTCSI OTKPBITBIMM CIAMUIIIKOM [IOJITO, MJIM KOI[IA HEKOTOpPbIe€ CeaHChl OT-
KPbITbI, HO B HUX JaBHO HUYETO He IIPOUCXOINUT;

O TpebyeTcs ynanuTh 6a3y JaHHBIX, @ 9TOTO HEJIb3sI CAENIaTh, [IOKA K Heii KTO-TO

rofAx/IoueH. Takast He06XOAMMOCTb MHOTIA BO3SHMUKAET IIPU TeCTUPOBAHNM;

Q oueHb MeJJIeHHbIE 3aIIPOCHI. ITO MOXKET OKa3aTh KaCKaaHbIN 3 PEeKT Ha I10-

TOKOBYIO PerIMKaliyio, a TakKe ¥ Ha Apyrue TpaH3aKIun.

OyHKIMS pg_terminate_backend(pid) paspbiBaeT coequHeHMe LEINKOM, a QYHK-
uust pg_cancel_backend(pid) oTMeHsIeT TOMBKO TEKYIMIA 3amipoc. B crnenytomiem npu-
Mepe 3aBepIIaloTCsl BCe COeMMHEHMs C TeKylleil 6a30ii JaHHbIX, 3 UCKIIOUEeHNEM
TEeKyIIero ceaHca:

SELECT pg_terminate_backend(pid) FROM pg_stat_activity
WHERE datname = current_database() AND pid <> pg_backend_pid();

OyHKuMS pg_cancel_backend cCHMMAaeT TeKylIMii 3alIPOC, HO MPUJIOKEHME MOXKET
3aITyCTUTDb ero 3aHoBO. DyHKIMS pg_terminate_backend 3aBepiaeT coeguHeHMe, HO
TO K€ caMO€e MOKHO CAeJiaTh ¢ TOMOIIbI0 KoMaHAbl Linux kill. OgHaKko 3TO omacHo,
IMOTOMY UTO IT0 HEOCTOPOKHOCTY MOSKHO CHSITh IJTaBHBIV CepBePHLIN rpoiecc Post-
greSQL, a He Tpolecc, 06CTY>KMBAIOIINI OMHO IMOAK/IIOUEHNE.

[IpencrasieHne pg_stat_activity B coueranum ¢ pyHKIiMei pg_terminate_backend
TO3BOJISIET OCTUYb O0JIbIIe rM6KocTH. Hammpumep, eciiy 3amyieHa OTOKOBast pe-
TUIMKAIMS, TO MOKHO BBISIBUTDH 3allpOChl, KOTOPbIE TPATST MHOTO BpeMEHM Ha Be-
JIOMBIX y3J1aX, UTO IPUBOIUT K GOJIBIIOMY OTCTAaBaHMIO peruiukanyu. Kpome Toro,
eI KaKoe-To MPUJIOKeHMe CKOH(DUTIYPHMPOBAHO HEMPABWIBHO U B HEM 00pa3yeTcs
MHOTO ITPOCTAaUBAIOIINX COeIVHEHMIA, TO MX MOXKHO CHSITh, OCBOOOIMB TEM CaMbIM
IaMsITh ¥ 1aB BO3MOKHOCTh APYTMM KJIMEHTaM ITOAKIIOUNTHCS K 6a3e JaHHbIX.

PostgreSQL mo3BossieT Takke 3aBepiaTh SQL-KoMaHAy 110 TaliM-ayTy. Tak, B He-
KOTOPBIX CIyYasix JOJT0 paboTaronye KOMaHIbl GJIOKMPYIOT BCEX OCTATbHbIX KIIM-
€HTOB. BemunHy TaliM-ayTa MOKHO 3a1aTh IJ106aJIbHO B (paiise postgresql.conf mim
Ha YpOBHe CeaHca:

SET statement_timeout to 1000;

SELECT pg_sleep(1001);
ERROR: canceling statement due to statement timeout

3apaHue 1M nonyyYeHue napamMeTpoB Kaactepa 6a3s AaHHbIX

KoHpurypaiyonHbie mapaMeTpbl YIIPaBISIOT Pa3IUIHBIMU aCMeKTaMyu pPaboThl
knacrepa PostgreSQL. AGMMHMCTpATOp MOXeT 3a4aThb TaiiM-ayT KOMaHIbI, Ha-
CTPOVIKM TaMSITH, KOJIMYECTBO MOAKIIOUEeHUN, MapamMeTpbl MPOTOKOINPOBAHMS,
OUMCTKY ¥ TUIAHMPOBIIMKA. Pa3zpaboTunKy mapaMeTpbl TOMOTAIOT ONMTUMMU3UPO-
BaThb 3aMpOChl. Y3HATh 3HAUEHME [TapaMeTpa MMo3BojsieT GYHKIMS current_settings
MJIM BCIIOMOTraTebHasi KoMaHza show:

SELECT current_setting('work_mem');
current_setting
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(1 row)

show work_mem;
work_mem

YTo6bI M3MEHUTh 3HAUEHVE KOH(MUTYPAIMOHHOTO ITapaMeTpa, CJIeAyeT BbI3BaTh
dyHKIMIO set_config(setting_name, new_value, is_local). Ecim aprymeHT is_local
paBeH true, TO HOBOe 3HaUeHMe OyIeT IeliCTBOBATh TOJIBKO B TEKYILEH TpaH3aKIMH,
/Haye B TEKYILEM CeaHce.

SELECT set_config('work_mem', '8 MB', false);

[Tpu BhInONHeHUM QYHKUMYU set_config MOKET BO3HMKHYTh OMIMOKA, €C/IM yKa-
3aHHbBIN NTapaMeTp HelIpUMEHMM B KOHTEKCTe ceaHca, Kak, HalpuMep, KOJIM4eCcTBO
IOITyCTUMBIX ITOIKIIIOUEHMIT UM pas3essieMbIX 0yhepoB:

SELECT set_config('shared_buffers', '1 GB', false);
ERROR: parameter "shared_buffers" cannot be changed without restarting the server

IMomumo set_config, PostgreSQL npemocTaBisieT AJisl M3MeHeHUs KoHpurypaim-
OHHBIX [TapaMeTPOB KOMaH/y ALTER SYSTEM CO cieAyIOLMM CUMHTAKCUCOM:

ALTER SYSTEM SET configuration_parameter { TO | = } { value | 'value' | DEFAULT }
ALTER SYSTEM RESET configuration_parameter
ALTER SYSTEM RESET ALL

VHorma /151 BCTYTUIEHMS 3HaUeHMS B CUITY TpebyeTcs Iepe3arpysKa CYCTeMbI YK
repesarryck. JI71s1 BHITTOJIHEHMsT KOMaHIbI ALTER SYSTEM HEOGXOIMIMbI IIPUBUIET UM afl-
MuHucTpatopa. Komanma ALTER SYSTEM BHOCUT M3MeHeHMs B daiia postgresql.auto.
conf. CaMo Ha3BaHMe KOMaHbl TOBOPUT, UTO €€ MeiiCTBYEe HOCUT IJI06aIbHbIN Xa-
pakTep, MO3TOMY HY)KHO Iepe3arpy3uTb KOHGUTYpalyio cepBepa:

postgres=# ALTER SYSTEM SET work_mem TO '8MB';
ALTER SYSTEM

postgres=# SHOW work_mem;

work_mem

postgres=# SELECT pg_reload_conf();
pg_reload_conf

postgres=# SHOW work_mem;
work_mem
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CHE,I[YIOH.[&H KOMaHz|a [IoKa3bIBaeT coaepskumoe postgresql.auto.conf:

$cat postgresql.auto.conf

# Do not edit this file manually!

# It will be overwritten by ALTER SYSTEM command.
work_mem = '8MB'

Haxowner, mpocMoTp Bcero (daiina postgresql.conf He BIOJHE TpUBMAJIEH M3-3a
60JIBIIIOTO KoMUecTBa rmapametpoB PostgreSQL. K Tomy ke y GOIBIIMHCTBA Mapa-
METPOB €CTh HavyaJbHble 3HAUEHMS 10 YMOJUAHUIO. [IOTyYUTh CIMCOK TTapaMeT-
POB, 3HAUEHMST KOTOPBIM ITPUCBOEHBI B daiisie postgresql.conf, a He MO yMOIYaHUIO,
JIETKO:

SELECT name, current_setting(name), source FROM pg_settings
WHERE source IN ('configuration file');

name | current_setting | source
............................ +__....._._....._._....._._....._._....._.+....._._
cluster_name | 10/main | configuration
file

DateStyle | IS0, DMY | configuration
file

MonyueHune pasmepa 6a3bl AaHHbIX M 06bEKTa 6a3bl AAHHbIX

YT0o6BI yIIPaB/ISATh MECTOM Ha IMCKe ¥ Ha3HauaTh TabauiamM 1 6a3aM JaHHbBIX Tab-
JIMYHbIE MIPOCTPAHCTBA, HY)KHO 3HAaTh O pasMepe 6asbl ¥ OTHEIbHBIX OGHEKTOB.
B mporiecce JIOrMuecKoro BOCCTAHOBJIEHMS TAOAMIIbI CIEIUTh 38 XOLOM OIleparumn
MOKHO, CpaBHMBast pasMep MCXOQHO TabIMIIbI C TEKYIMM pa3MepOM BOCCTaHAB-
nuBaeMoii. HakoHell, 3Hasi pasmep 00beKTa, 4aCTO MOXKHO Ce/aTh BHIBOI O €ro
«pa3byxaHUM».

o Moa pasbyxaHveM NoOHMMaeTCs Ype3MepHOe pacxofoBaHME MecCTa Ha [MCKe M3-3a KOH-

KYPEHTHbIX MaHUMNynauuii faHHbIMU. Ecnm Tabnmua akTMBHO OBGHOBASETCS, TO OHA 4acTo
oKa3blBaeTca pasbyxwei B cuny camoit npuponbl MVCC. Pa3byxaHue obblYHO yCTpaHsaeTcs
MpoLEeccoM OYMCTKM, MO3TOMY BbIK/HOYATb MPOLLECC aBTOMATUYECKOM OYUCTKM HE PEKOMEH-
nyeTtca.

YTto6BI y3HATH pa3Mep 6a3bl JAHHBIX, HY;KHO HaliTH ee oid B Tabmuiie pg_database
M BBIMIOJIHUTH KOMaHAy Linux du -h /data_directory/base/oid, roe data_directory —
Tanka KjacTepa 6a3 JaHHbBIX, IIpoIycaHHas B (aiiie postgresql.conf.

O bernoe 3HaKoMCTBO C MankaMuW KNacTepoB BeCbMa MOME3HO AN YSCHEHUS OCHOBHbIX KOH-
uenuuit u onepaumit PostgreSQOL, B T. u. ¢ KoH®UrypaunoHHbIMK daiinamu. Hanpumep, aata
co34aHus 6asbl AaHHbIX COBMaaeT C AaToi cospaHusa daina PG_VERSION B KaTanore 3ToW
6asbl.

HomonmuntenbHo PostgreSQL mpemiaraet gyHKuuio pg_database_size, KoTopas
BO3BpalllaeT pasMep 6asbl JAHHbBIX, U (PYHKINIO pg_size_pretty HJIs OTOOGpasKeHMUS
pasmepa B ITIOHSITHOM UeJIOBEKY BUJIE:
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SELECT pg_database.datname, pg_size_pretty(pg_database_size(pg_database.datname)) AS size
FROM pg_database;

datname | size

................. R
postgres | 8093 kB
templatel | 7481 kB
template0 | 7481 kB

OyHKIM pg_total_relation_size Bo3ppalaeTt pasMep TaGIMUIbI CO BCEMU MHIEK-
camu 1 TOAST-Tabnuiamu. Eciii Bac MHTEpeCyeT TOJIBKO pasMep caMoii TabInIIbI,
BOCITO/Tb3YiiTech GyHKIMeN pg_relation_size. 3Ta MHMOpPMALINS TTOMOXKET CJIEAUTH
3@ pPOCTOM TabIMIIBI ¥ TAGIMYHBIX IPOCTPAHCTB. B3IITHMTE Ha C/IeqYIOIINIA 3a1TpoC:

SELECT tablename, pg_size pretty(pg_total_relation_size(schemaname||'."'||tablename))
FROM pg_tables LIMIT 2;

tablename | pg_size pretty

.............. U

pg_statistic | 280 kB
pg_type | 184 kB
(2 rows)

HaxkoHelr, pasmep MHIEKCa TaKKe BepHeT QyHKLMSI pg_relation_size:

SELECT indexrelid::regclass, pg_size_pretty(pg_relation_size(indexrelid::regclass))
FROM pg_index LIMIT 2;

Indexrelid | pg_size pretty

.............................. S

pg_toast.pg_toast_2604_index | 8192 bytes

pg_toast.pg_toast_2606_index | 8192 bytes

(2 rows)

71 MpOCTOTHI B TIporpaMme psql MMEITCS MeTaKOMaHAbI IJIS1 TTIOJTyYeHUs pas-
Mepa 6a3bl JaHHbIX, TAOIUIIBI M MHIEKCA:

O \1+: BeiBOOUT MH(OpMAaLNIO 0 6a3e JaHHBIX, B T. U. M pa3Mep;

O \dtis+: OYKBBHI t, 1, s 03HAYAIOT COOTBETCTBEHHO «TabIUIIA», KUHAEKC» U «IT0-
CJIef0BaTeIbHOCT». JTa MeTaKOMaH/1a BEIBOIUT CIIMCOK 0ObEKTOB, BKIIOUAsI
TabIUILIBI, MUHAEKCHI U ITOC/IeI0BATEIbHOCTH. 3HAK + O3HAYAET, UYTO HYKHO I10-
Ka3aTb MeCTO, 3aHSITOe 0OBEKTOM Ha AJCKe.

O Pazmep Tabnuubl Ha AMCKe AAET NpPeacTaB/eHNEe O XOe NPOLEeCca BOCCTaHOBAEHNS AaHHbIX.
[lonyctM, 4To Mbl NepeMeLLaeM Tabiuuy M3 ofHOM 6a3bl B LPYrylo C MOMOLLbI0 KOMaHAb
COPY; CKONTbKO CTPOK YK€ MepeMELLEHO, Mbl Y3HATb HE MOXEM, HO MOXXHO CPaBHWUTbL pa3Mepbl
06enx TabaumL, 1 NOHATb, CKONbKO eLLe 0CTaNoch.

OunCTKA BA3bl AAHHDBIX

3auacTtyio 6a3a JaHHbBIX COMEPKUT HEMUCIIONb3yeMble 0OBEKThI MM OYeHb CTapbie
maHHble. ECM MX BBIUMCTUTD, TO pe3epBHOE KOIMMPOBaHME GYIeT MPOUCXOAUTH
obicTpee. A C TOUKM 3peHMs] pa3paboTuiMKa, HEUCIIOIb3yeMble O6BEKThI — MTPOCTO
IIyM, MEIIAOIINIA IpoLeccy pedakTopyuHra.
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YT1o6bl OUMCTUTH 6a3y, HY’)KHO BBISIBUTb HENCIIOTb3yeMble OOBEKTHI, BKIIOUAs
TabGIMLIbI, TTPEACTABIEHNMS, MHIEKChI ¥ QYHKIMKU. HaliTy mycThie ¥ HENUCIIoIb3ye-
Mble TaGIUIIbI TOMOYKET CTATUCTMKA: KOJMUYECTBO «KUBBIX» CTPOK, IMTPOCMOTPOB
MHJIEKCA U TTOC/IeI0BATEIbHBIX TPOCMOTPOB. OTMETNM, YTO ITOCKOJIbKY PE3Y/IbTAThI
MIpUBEIEHHbIX HIKE 3aIIPOCOB OMMUPAIOTCS HA CTATUCTUKY, MX HAJI0 IIEPEITPOBEPSITh.
Heobxomumyio nHGOpMaLIO COTEPSKUT Tabmuia pg_stat_user_tables, cemytomiuii
3aITPOC TTOKA3bIBAET ITyCThIE TAOIMIIBI, MCXO/S U3 OLIEHKM KOJIMYECTBA KOPTEXKE:

SELECT relname FROM pg_stat_user_tables WHERE n_live_tup= 0;

JTrob6as nHbopmaLuma, OCHOBaHHAsA Ha CTaTUCTUKE, HE CTONPOLLEHTHO HaLeXHa, MOCKOJbKY CTa-
TUCTUKA MOXET BbITb HEAKTyaIbHOM.

YT06BI HATY ITYCThIE UV HEMCITOIb3yeMble CTOJIO1IbI, MOKHO B3IJITHYTh Ha aTpM-
6yT null_fraction Tabmuiibl pg_stats. Ecim null_fraction paBeH 1, 3HAUMT, B CTONIOIE
BOOOIIE HET JaHHbIX:

SELECT schemaname, tablename, attname FROM pg_stats
WHERE null_frac = 1 and schemaname NOT IN ('pg_catalog', 'information_schema');

st HaxoxkIeHusI 6ecrioie3HbIX MHIEKCOB MPUAETCS ClenaTh IBa [ara:
1) cnauasa ornpenennm, sIBJsIeTCS MHIEKC Ty6IMKaTOM WK YaCThIO PYTOro UH-
IeKca;

2) 3aTeM Ha OCHOBe CTaTMUCTMKM MHJEKCa BbISICHUM, UCIIOIb3YEeTCS I OH.

Crnenmytoumuii 3arpoc MO3BOJSIeT HA OCHOBE CTATUCTUKYU OL@HUTH, UCIIOIb3YeTCs
mu uHIekc. OTMeTHM, UTO MHIEKChbl, HeOOXOIMMble IJIsI IO epskaHusl orpaHuye-
HUI — YHUKAJIBHOCTYU U TIEPBUYHOTO KJII0Ua, — UCKIIOUAIOTCSI, TOTOMY UTO OHU He-
006XOI VMBI, J1ayke eCI He VICTIONb3YIOTCS:

SELECT schemaname, relname, indexrelname
FROM pg_stat_user_indexes s
JOIN pg_index 1 ON s.indexrelid = i.indexrelid
WHERE 1dx_scan=0 AND NOT indisunique AND NOT indisprimary;

Iy BBISIBIEHUST TYOMUPYIOMIVNX MHIEKCOB MOKHO OPMEHTMPOBATHCS Ha Tiepe-
cevyeHyre MHOXecTB aTpubyToB. Crnemyromuit SQL-3ampoc cpaBHMBAaeT aTpuGYThI
VMHJIEKCOB ¥ BO3BpAIAeT Te MHOEKChI, IJIT KOTOPhIX MHOXKECTBA aTpuUOYyTOB mepe-
CEeKaloTCs:

WITH index_info AS (
SELECT
pg_get_indexdef(indexrelid) AS index_def,
indexrelid::regclass index_name ,
indrelid::regclass table_name,
array_agg(attname order by attnum) AS index_att
FROM
pg_index 1 JOIN pg_attribute a ON i.indexrelid = a.attrelid
GROUP BY
pg_get_indexdef(indexrelid), indrelid, indexrelid
) SELECT DISTINCT
CASE WHEN a.index_name > b.index_name THEN a.index_def ELSE b.index_def
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END AS index_def,

CASE WHEN a.index_name > b.index_name THEN a.index_name ELSE
b.index_name END AS index_name,

CASE WHEN a.index_name > b.index_name THEN b.index_def ELSE a.index_def
END AS overlap_index_def,

CASE WHEN a.index_name > b.index_name THEN b.index_name ELSE
a.index_name END AS overlap_index_name,

a.index_att = b.index_att as full_match,

a.table_name
FROM

index_info a INNER JOIN

index_info b ON (a.index_name != b.index_name AND a.table_name =

b.table_name AND a.index_att && b.index_att );

IIJIs TeCTUPOBAHMSI CO3IaayM ITepeceKarolnyiecs MHAEKChI Y BbIITOJIHUM 3a1pocC:

CREATE TABLE test_index_overlap(a int, b int);
CREATE INDEX ON test_index_overlap (a,b);
CREATE INDEX ON test_index_overlap (b,a);

[TosryunTCst TAKO pe3yabTaT:

-[ RECORD 1 ]------ e
index_def | CREATE INDEX test_index_overlap_b_a_idx ON test_index_overlap
USING btree (b, a)

index_name | test_index_overlap_b_a_1idx

overlap_index_def | CREATE INDEX test_index_overlap_a_b_idx ON
test_index_overlap USING btree (a, b)

overlap_index_name | test_index_overlap_a_b_idx

full_match | £

table_name | test_index_overlap

BBIUMCTUTH HEMCIIOAb3yeMble TpeAcTaBieHus 1 GYHKIUY HECKOIbKO CIOKHee.
ITo ymonmuanuio PostgreSQL cobupaeT cTaTUCTUKY 00 MHAEKCAX U Tabnuiiax, HO He
0 dyHKIMAK. YTOOBI pa3pemnTb c60p CTATUCTURY O PYHKIMSAX, HYKHO BKIIOUUTD
nmapameTp track_functions. CTaTHCTHKA UCIIONb30BAHMS QYHKIINIT XPaHUTCS B Tab-
nuie pg_stat_user_functions.

O mpeacTaBaeHUSIX He cOOMpaeTCs] HMKAKOi CTATUCTUKM, €CIY TOMbKO OHM He
MaTepuan3oBaHHble. Pa36uparbcs, UCIIONb3yeTCs U MpefcTaBieHne, HaM TIpu-
JeTCST CAMOCTOSITENIbHO. DTO MOYXKHO CIIeIaTh, COEIMHNUB MIpecTaBieHne ¢ QyHKIm-
eii, UMelollleil HEKOTOPbIii M060UHbI 3ddekT. Hampumep, oHa MOXKET 3alMChbIBATh
B KaKy10-HMOYIb TAbIMITY, CKOJIBKO pa3 06palaaynch K IMpeacTaBIeHUIO, VI TOMe-
IIaTh COOOIEeHYE B SKypHaL. [IJIs1 IeMOHCTPALUU 9TOV TEXHUKY CO3[IaIMM IIPOCTYIO
(YHKIINIO, KOTOpast MUIIET B SKypPHAaI:

CREATE OR REPLACE FUNCTION monitor_view_usage (view_name TEXT) RETURNS

BOOLEAN AS $$

BEGIN
RAISE LOG 'The view % is used on % by % ', view_name, current_time, session_user;
RETURN TRUE;

END;

$SLANGUAGE plpgsgl cost .001;
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Terepb MPEATIONOKUM, YTO HAM XOTEI0Ch Gbl YIAMUTD CAeAyiollee mpeacTaBie-
Hye dummy_view, HO HY)KHA YB€PEHHOCTb, UTO OT HEro He 3aBUCST HUKAKMe MPUJIO-
SKeHMST

CREATE OR REPLACE VIEW dummy_view AS
SELECT dummy_text FROM (VALUES('dummy')) as dummy(dummy_text);

YT06bI YOOCTOBEPUTHCS B TOM, UTO MPEACTABIEHNME HE MCIIOIb3YeTCs, Iepernm-
IIIeM ero, COeIMHMB ¢ QYHKIMeE monitor_view_usage:

-- BKJKWYNTb B npeAcTaBieHne dyHKuui monitor_view_usage

CREATE OR REPLACE VIEW dummy_view AS

SELECT dummy_text FROM (VALUES('dummy')) as dummy(dummy_text) cross join
monitor_view_usage('dummy view');

EC/Iu K ITpeiCTaBI€HIUIO KTO-TO OGPATUTCS, TO B SKYpHAJIe MTOSIBUTCS TAKast 3aIMCh:

$ tail /var/log/postgresql/postgresql-10-main.log
2017-10-10 16:54:15.375 CEST [21874] postgres@postgres LOG: The view
dummy_view is used on 16:54:15.374124+02 by postgres

OuucTKa AaHHbIX B 6a3e

YT06BI TOUNCTUTD pa3dyXIime TabaUIIbI ¥ MHAEKCHI, HY>KHO ITPOCTO BBIMOTHUTD KO-
MaHy VACUUM. Y3HaTh O TOM, KaK BBIUMC/ISIETCS] CTENEeHb pa30yxaHus TaOIuIl U VH-
JIeKCOB, MOXXHO, 3aIVISIHYB B MCXOAHbINM KOJI TTOAK/II0UaeMoro K Nagios momysst check_
postgres Ha cajiTe kommaHuy Bucardo: https://bucardo.org/wiki/Check_postgres.

OuncTka JaHHbBIX — BaskHasl TeMa. 3a4acTyIo TIpU CO3MaHUM TPUTOKEHUS O XKU3-
HEeHHOM IIMKJ/Ie JaHHbIX He OyMaloT, B pe3y/ibTaTe HaKaruIMBAIOTCS TOPbI CTApbIX
¥ HUKOMY He HY>KHBIX TaHHbIX. Hayimuue rpsi3HbIX JaHHBIX MelllaeT pSIay Ipoleayp,
B T. 4. pedpakropuHry 6a3bl. K ToMy ke 3TO BJieueT HeskejaTeIbHbIe IMOCTeICTBUS
ILJIST BCEX ITPOLIECCOB B KOMITaHMM: HETOUHbBIE OTUETHI, IIPOOJIEMBI C BHICTABJIEHMEM
CYeTOB, HeCAHKI[MOHMPOBaHHbIIi JOCTYII U T. 7.

Brlllle MbI Ha TIpUMepax IMOKa3aii, KakK BBISB/ISTh HEMCIIONb3yeMble OOBEKTHI,
HO 9TO e1ie He Bce. CamMy JaHHbIE TaKKe HAZ0 YUCTUTD, M XOPOIIIO ObI OMPEIEIUTh
MX KU3HEHHbIN UK. ['psI3Hble TaHHbIe MOTYT IOSIBJISITbCS PasHBIMMU CIIOCOOAMU,
HO MBI PacCMOTPUM TOJIbKO CTPOKM-IYOIMKATHI, BOSHMUKAIONIME 13-3a OTCYTCTBUS
OTpaHMYEHMST YHUKAJIbHOCTY MM IIEPBUYHOTO KIroua. [IepBbIM J1eJIoM HaiigeM Tab-
JINIIBI, He MMeIollMe TakuX OrpaHMYeHMii. DTO JIeTKO cIe/iaThb C ITOMOIIbI0 CXeMbl
information_schema:

SELECT table_catalog, table_schema, table_name

FROM information_schema.tables

WHERE table_schema NOT IN ('information_schema','pg_catalog')
EXCEPT

SELECT table_catalog, table_schema, table_name

FROM information_schema.table_constraints

' He Bnonue IIOHATHO, KAKMM 06pa30M XpaHeHMe CTapbIX JAHHBbIX MOXXeT IIPUBECT! KO BCeM

9TUM ysKacam, HO 6y[ieM CUUTaTh, YTO aBTOpaM BugHee. — [Ipum. nepes.
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WHERE constraint_type IN ('PRIMARY KEY', 'UNIQUE') AND
table_schema NOT IN ('information_schema', 'pg_catalog');

Ilanee BBISIBUM TaOJUIIbI, KOTOPbIE MECTBUTEIBHO COMepsKaT AyOnmKaThl. s
9TOTO HY)KHO arpernpoBath gaHHbie. Co30aaMM Tabaniry, ComepsKalryto IyomMKaThl:

CREATE TABLE duplicate AS
SELECT (random () * 9 + 1)::INT as f1, (random () * 9 + 1)::INT as f2
FROM generate_series (1,40);

SELECT count(*), f1, f2 FROM duplicate GROUP BY f1, f2;
count | f1 | f2

XUTPOCTH B TOM, KaK yOAJIUTh AYOIMKAThI, Beb CTPOKI-TO ONMHAKOBBIE. [IJIs1 3TO-
rO HY>KHO ITIOMETUTh HEKOTOPbIE CTPOKM KaK OCTAlOIIecs, a OCTa/IbHbIE YAAIUTh.
OTO MOXKHO CZe/aTh, BOCIIOIb30BaBIINCEH CTONMOIOM ctid. B PostgreSQL y Kaskmoit
CTPOKM €CTb 3aT0JIOBOK, a cTobel] ctid comepskuT Gusnueckoe MonokeHne Bepcun
CTpokM B Tabmuie. Ero MOXKHO MCITO/NBb30BaTh KaK BPEeMEHHbIN MIeHTU(HUKATOD
CTPOKU, TIOCKOJIbKY OH MOKET M3MEeHSIThCSI B Pe3y/IbTaTe BBIMTOTHEHUS KOMaHI, 06-
CTy>XKMBaHUsL, Hanpumep CLUSTER.

YT0oO6bI yOaIUTh KyOIMKAThI, BOCIIONb3YeMCST KOMaHI 0 DELETE USING:

SELECT ctid, f1, f2 FROM duplicate where (f1, f2) = (7,4)
ctid | f1 | f2

(2 rows)
BEGIN;
DELETE FROM duplicate a USING duplicate b
WHERE a.f1= b.f1 and a.f2= b.f2 and a.ctid > b.ctid;
SELECT ctid, f1, f2 FROM duplicate where (f1, f2) = (7,4);
ctid | f1 | f2
[ —— [ R R —
(0,11) | 7| 4
(1 row)

0 He 3abbiBaiiTe Npo siBHble 610KM TPAH3AKLMK, KOTAA MaHWUMYUPYeTe AaHHbIMK. DTO NO3BONUT
OTKaTUTb U3MEHEHMS B C/ly4ae OLUMOKM.

Ectb u opyrue CHOCO6bI YOAJIUTb CTpOKI/I-,ILY6J'H/IKaTbI. HaanMep, MOXXHO C IIO-
MOII[BIO KOMaH/ 1, CREATE TABLE 11 SELECT DISTINCT CO3/1aTh Tab/IMILY, COEPIKAIILYIO TOMb-
KO YHHMKaJIbHbI€ CTPOKM, a 3aTeM YOAJIUTb UCXOOHYIO Ta6J'H/ILly " I1IeperMMeHOBaThb
BHOBb CO3IaHHYIO:

CREATE TABLE <tmp> AS SELECT DISTINCT * FROM <orig_tbl>;

DROP TABLE <orig_tbl>;
ALTER TABLE <tmp> RENAME TO <orig_tbls;
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CREATE UNLOGGED TABLE <tmp> AS SELECT DISTINCT * FROM <orig_tbl>;
DROP TABLE <orig_tbl>;
ALTER TABLE <tmp> RENAME TO <orig_tbls;

ALTER TABLE <tmp> SET LOGGED;

IToT crocob 6pICTpee OIMMCAHHOTO BBIIIE, HO OH He OyeT paboTaTh, ey CyIecT-
BYIOT OOBEKTBHI, 3aBUCSIINE OT yHOAISIeMOil TaGMUIIbI: MMPeACTaBIeHUs, VUHIEKChI
UT.TIL.

Eciu BB HE3HaKOMBI C KOMaH0¥i DELETE USING, TO CYIIeCTBYET CItocob cienaTh TO
ke camoe ¢ rmomoinisio CTEs (XOTS mepBbIit 3ampoc, ckopee Bcero, 6ymet paboTaThb
obICTpEe):

WITH should_not_delete AS (

SELECT min(ctid) FROM duplicate GROUP BY f1, f2

)
DELETE FROM duplicate WHERE ctid NOT IN (SELECT min FROM should_not_delete);

OnTUMU3ALMA NPOM3BOAMTE/IbHOCTH

Iy moCTUsKeHMS BBICOKOI Mpom3BoauTenbHOCTM PostgreSQL Heo6X0aMMo BbIOPATh
MpaBWIbHbIE KOHMDUTYpALVIOHHBIE TTApaMETPBI U T03a00TUTHCS 0 HDU3NUECKOI cxe-
Me, BKJTIOUast MHIEKChI. [TaHbI BBITIOTHEHMSI 3aBUCSIT OT COOPAHHOI CTATUCTUKY UC-
MTOJIb30BAHUST TaOGMNIT; K CYACThIO, €CTh BO3MOKHOCTD YIIPABJISITh MOPSIKOM cbopa
CTaTUCTUKMU.

Iy pa3paboTUMKOB XOPOINIasi MPOM3BOAUTENIBHOCTb OUeHb BaskHA. MbI Jagum

IIBe peKOMeHallMi, Kacaroliyecs BHEITHUX KIUeit.

O Bcerga cTpoiiTe MHAEKCHI 0 BHEIIHMM KJjO4YaM. DTO IO3BOIUT Post-
greSQL BeIOMpATD M3 TAGMUIIBI JAaHHBIE, TTPUMEHSISI IPOCMOT]P MHIEKCOB.

O VBennumBaiTe OPMEHTUP CTATUCTUKM IO CTOJIOIAM BHEIIHUX KIHUeri.
DTO OTHOCUTCS TaKKe KO BCeM IpeauKaTaM, MOCKOIbKY MTO3BOJSIET TOUHee
OILIEHUTb KOIMYECTBO MOAXOASIINX CTPOK. [T0o yMo/iuaHi0 OpUEeHTUP paBeH
100, a makcumanbHoe 3HaueHue paBHO 10 000. Yem 60JbIle OPUEHTHUD, TEM
MeaJieHHee paboTaeT KoMaHa ANALYZE.

Iy mpuMeHeHNsT 06euX peKoMeHJanuit Heo6X0aAUMO BbISIBUTb BHEITHME KITIO-

yu. JI7Is1 9TOV 1eIu PUTOAUTCS Tabauiia pg_catalog.pg_constraint. YToObI HaliTU BCe
OTpaHMYeHMsI BHEIITHETO K/I0Ua, JOCTaTOYHO MTPOCTOTO 3aMpoca:

SELECT * FROM pg_constraint WHERE contype = 'f';

Bblle 66110 IMOKA3aHO, KaK HATU Mepecekalonecs: MHAEKChI; Mbl MOKEM BOC-
TI0JTb30BAThCSI ATOI MUAeeli, YTOObI HAiTY HEMHIEKCYMPOBAaHHbIE BHEIHYE KITIOUN:

SELECT
conrelid::regclass AS relation_name,
conname AS constraint_name,
reltuples::bigint AS number_of_rows,
indkey AS index_attributes,
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conkey AS constraint_attributes,

CASE WHEN conkey && string_to_array(indkey::text, ' ')::SMALLINT[] THEN
FALSE ELSE TRUE END as might_require_index
FROM

pg_constraint JOIN pg_class ON (conrelid = pg_class.oid) JOIN

pg_index ON indrelid = conrelid
WHERE contype = 'f';

OtmeTuM, uTO eciu indkey mmepecekaeTcs ¢ conkey, TO MHIEKC, BOSMOXKHO, 100aB-
JISITh Vi HE HaJI0, HO 3TO HEOOXOIMMO ITPOBEPUTD, ITPOAHAIN3MPOBAB, KAK OH MUCITOJIb-
3yercs. B 3ampoce Takke OTOMPAETCS KOIMYECTBO KOPTEXei reltuples, MOCKOIBKY
9TO BasKHBI (PaKTOP, BAMSIONINII HA PEIIeH) e O TOM, HYy>KHO JI CTPOUTh MHIEKC, —
Bellb MOCAeI0BATENIbHBIA ITPOCMOTpP OOJBIINX TAOIMI, OOXOAUTCS OYEHDb JOPOTO.
MOXHO BMECTO 3TOr0 MOCMOTPETh CTATUCTUKY O KOJIMYECTBE MOC/eIOBATEIbHbBIX
IIPOCMOTPOB TaOINIIBI.

Haiizst BHeIIHMe KITF0YM, Mbl MOXKEM ITOCTPOUTb MHAEKCHI IT0 HUM KOMaH0¥ CRE-
ATE INDEX M MI3MEHUTb IOJIpasyMeBaeMble [0 YMOIUaHMIO [IapaMeTphbl cOopa CTaTuc-
TUKM KOMaH1031 ALTER TABLE.

M3BUPATENBHAS BbIrPY3KA

Ectn momuduumpyeTtcs Kakoe-To IpeCcTaBieHye, HalpuMep 106aBsieTcsl HOBbIi
cTON6el] UM U3MEHSIeTCS TUIT CTONOIIA, TO HY’)KHO MOAMGUIIMPOBATh U BCE 3aBUCS-
IIyie oT Hero npeacTtaBaeHns. K coxkanennio, PostgreSQL He rpeocTaBiisieT CpencTB
IJIST IOTMYECKOJ BBITPY3KM 3aBUCUMOTO O6BEeKTa.

Komana pg_dump BbITpY>KaeT BCIo 6a3y vy HeKOTOopbie 06beKThl. Kpome TorO, pe-
KOMEHYeTCsI XpPaHUTh BeCch KoJ, B pertosutopuu Git.

o 3apaHee nnaHWpyinTe BeCb LUMKA pa3paboTKu, BKAKYAS KOAMPOBAHME, TECTUPOBAHME, pas-
BEpTbIBaHME B MPOMEXYTOYHOM M B MPOU3BOACTBEHHOM cpefe. [Tonb3yiTech MHCTPYMEHTaMu
ynpasneHus sepcuamu tuna Git n cpeacrsamm murpaumm 6as gaHHbix Tuna Flyway. 31o cako-
HOMMUT YMMY BpEMEHM.

K coxanenuio, SQL-kop, yHacIeJOBaHHbBIX MPUIOKEHNT 3a4acTyl0 He XPaHUTCS
B CUCTeMe yIpaBJIeHUsI BepCUSIMU WIM B MHCTPYMeHTe Murpaiuu. B Takom cirydae,
et TpebyeTcsl U3SMEHUTD ONpeeeHe MpeaCcTaBaeHus] VI TUII CTOIOIA, TTPU-
IleTCsI HaliTU BCe 3aBUCUMbIe TIPeCTaBIeHNsI, YIAIUTh UX, a 3aTeM BOCCTAHOBUTD.

[lepBBIM I€/IOM TIOVIMeM, Kakue TpeNCcTaBJeHus] caeqyeT YOaauTb U BOCCTAHO-
BUTb. B 3aBMCUMOCTM OT XapaKkTepa 3aJauy MOTYT ITOHAZ0OMUThCSI pa3Hble CKPUIITHI;
KakK MMpaBuUIo, ONpeaeseHs 3aBUCUMBIX MIpeACTaBIeHii yIaasIIoT. B Tabmuiax pg_
catalog, pg_depend 1 pg_rewrite XpaHUTCS MHGOPMAIMS O 3aBUCUMOCTSIX U ITpaBuUiax
TepenuchiBaHMs IIpencTaBieHuit. B 6oee ymoOHOM [IJisT UeJoBeKa BUIE Ta JKe MH-
dbopmanyst HaxomuTcs B Tabauie information_schema.view_table_usage.

[TycTh MMeeTCs] HeCKOIBKO 3aBUCSIINX APYT OT Apyra MpeacTaBJieHnii (CM. pUCy-
HOK HIKe) U TpebyeTcss U3BMEHUTh MpecTaBaeHue a. JIj1s1 STOro MpuUaeTcs yoaauThb
¥ 3aHOBO CO3JaTh 3aBUCUMbIe O6BEKTHI.
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a YpoBeHb 1
b C YpoBeHb 2
d e YpoBeHb 3
f YposeHb 4

YT006BI CreHepupoOBaTh TAKOE JePEeBO 3aBMCUMMOCTEIA, BHIITOIHMUM CIeAYIOLIVe 3a-
MIPOCHI:

CREATE TABLE test_view_dep AS SELECT 1;
CREATE VIEW a AS SELECT 1 FROM test_view_dep;
CREATE VIEW b AS SELECT 1 FROM a;

CREATE VIEW c AS SELECT 1 FROM a;

CREATE VIEW d AS SELECT 1 FROM b,c;

CREATE VIEW e AS SELECT 1 FROM c;

CREATE VIEW f AS SELECT 1 FROM d,c;

A 4TO6BI paspennTh AepeBo 3aBUCUMOCTEN, BOCIIONb3YeMCSI PeKYPCUBHbBIM 3a-
IIPOCOM:

CREATE OR REPLACE FUNCTION get_dependency (schema_name text, view_name text)
RETURNS TABLE (schema_name text, view_name text, level int) AS $$
WITH RECURSIVE view_tree(parent_schema, parent_view, child_schema,
child_view, level) AS
(
SELECT parent.view_schema, parent.view_name ,parent.table_schema,
parent.table_name, 1
FROM information_schema.view_table_usage parent
WHERE parent.view_schema = $1 AND parent.view_name = $2
UNION ALL
SELECT child.view_schema, child.view_name, child.table_schema,
child.table_name, parent.level + 1
FROM view_tree parent JOIN information_schema.view_table_usage child ON
child.table_schema = parent.parent_schema AND child.table_name
= parent.parent_view
)
SELECT DISTINCT parent_schema, parent_view, level
FROM (
SELECT parent_schema, parent_view, max (level)
OVER (PARTITION BY parent_schema, parent_view) as max_level,level
FROM view_tree
) AS FOO
WHERE level = max_level
ORDER BY 3 ASC;
88
LANGUAGE SQL;
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Bo BHyTpeHHelt 4acTy 3ampoca BbIUUC/SIIOTCSI YPOBHM 3aBUCUMOCTeN, a BHeIll-
HSISI Hy>KHA JJTS1 yOAIeHVs yOIMKaToB. Pe3ynbTaT BBITIOMHEHNS 3TO GYHKUMY OIS
MIpesiCcTaBIeHysI a I0Ka3aH HKe:

SELECT * FROM get_dependency('public', 'a');
schema_name | view_name | level

(6 rows)

YT0OBI BHITPY3UTh OIpeIeeHIe IIPeICcTaBIeHN s, MOXKHO BOCIIOJIb30BaThCST YTU-
JIUTO pg_dump ¢ ¢uiaroMm -t, KOTOpBIV 3a7aeT MMSI OTHOIIeHMs. TakuM o6pasom,
ILJISI BBITPY3KU TIpeiCTaB/JIeHN i 13 MpeAbIayllero npuMepa MOXKHO HaMcaTh Takoi
ckpurT Ha bash:

Srelations=$(psql -t -c "SELECT string_agg (' -t ' ||
quote_ident(schema_name) || '.' || quote_ident(view_name), ' ' ORDER BY
level ) FROM get_dependency ('public'::text, 'a'::text)")

Secho Srelations
-t public.a -t public.b -t public.c -t public.d -t public.e -t public.f

$pg_dump -s $relations
- PostgreSQL database dump

- Dumped from database version 10.0
-- Dumped by pg_dump version 10.0
SET statement_timeout = 0;

SET lock_timeout = 0;

SET idle_in_transaction_session_timeout = 0;
SET client_encoding = 'UTF8';

SET standard_conforming_strings = on;

SET check_function_bodies = false;

SET client_min_messages = warning;

SET row_security = off;

SET search_path = public, pg_catalog;

- Name: a; Type: VIEW; Schema: public; Owner: postgres

CREATE VIEW a AS
SELECT 1
FROM test_view_dep;

KomaHpa psql ¢ ¢arom -t Bo3BpalliaeT TOJbKO KOPTEXM, a PyHKIMS string_agg
MTOPOXKIaeT CIMCOK IO IeKAIlINX BBITPY3Ke MpeICTaBAeHIi, OTCOPTUPOBAHHbIN 11O
YPOBHIO 3aBMCUMMOCTH. TakuM 06pa3oM, Mbl FapaHTUPYEM, UTO ITPeICTaBIeHNS 6Y-
IOyT 3aT€M BOCCTAHOBJIEHBI B HY;KHOM ITOPSIZIKE.
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KaTasoskHbie TabaUIIbI 10T 6eClieHHYI0 MH(POpMAIIMIOo 11T aBTOMATU3aLMY 3a1a4
06CTYsKMBAHMS Y aAMUHUCTPUPOBAHMS 6a3bl JaHHBIX. TaK, B IpeAbIIyIIeM pasierne
HaM yIaJIOCh BHITPY3UTb IEPEBO 3aBUCUMBIX 0ObEKTOB B IIPABMUILHOM HOPSIKe. MbI
TaKke yMeeM aBTOMAaTHU3MPOBATh TaKye MTOBCeIHEBHbIE 33/1aUM, KaK OOHapykeHMe
pasOyXImMX TabINI] U BUCSIINX 6JIOKMPOBOK, BBIUMCIEHME pa3Mepa 1 OlleHKa COCTO-
sTHMS 6a3bl MaHHBIX. Baromapst CTaTUCTUYECKMM TAOMMUIIAM MbI MOXKEM HaXOIUTh
HEJCIIOTb3yeMble MHAEKChI, a TAKKe Y3HABATh, IO KaKMUM CTOJIOIAaM GbLIO ObI TTO-
JIE3HO MMOCTPOUTH MHIIEKCHI — HATIPUMED, IO CTOIO1IaM BHEITHUX KITIOUE.

B karanore PostgreSQL xpanuTcst MeTanHopMaiys o 6a3ax JaHHbIX U UX 00b-
eKkTax. DTy MHGOPMALMIO MOKHO ITOJyYaTh C MOMOIIbI0 KoMaHa SQL. OmHako He
peKoMeHAyeTCsT paboTaTh C JAHHBIMM HEIIOCPEACTBEHHO B cxeMe pg_catalog. Post-
greSQL mopmepskuBaeT Takke cxemy information_schema, B KoTOpoit nHbOpMALS
TpefCcTaBieHa B 6ojee ymoOHOM BUTE.

06 omHoM suirb Kataynore PostgreSQL MOKHO 6bIIO 6bI HAMMCATD LETYI0 KHUTY
petienrToB. [Tone3HO 6bII0 GBI UMETh B CBOEM apCeHasie pelernThbl II0 MOHUTOPWHTY
COCTOSTHMSI KTacTepa 6a3 MaHHBIX: MOTpeOIeHe TTaMITH, TPOCTauBaoIIMe COey-
HeHwUsI, pa3mep 6a3bl JaHHBIX, COCTOSTHYE TIPOIeccoB. Kpome TOTO, ITOJIE3HO 3HATD,
KaK paboTaTh C POISIMU U IPUHAIJIESKHOCTBIO K POJISIM, C Pa3peneHusIMI Ha TOCTYTT
K 00beKTaM, KaK 0OHAPYKMBATh OJIOKMPOBKU U CJIEAUTD 32 COCTOSIHMEM ITOTOKOBO
peruTMKaIum.

B cenytoteii rjiaBe Mbl 06CYIMM HEKOTOPbIE TTOAXOAbI K OITUMM3AIUNA TTPOU3-
BOAUTEIBHOCTM. MBI PaCCMOTPUM KOHGUIYPAIMOHHbIE TTapaMeTphbl KjiacTepa, Mc-
TOJIb3yeMble /IS HACTPOVKM ero MpOM3BOAUTEIBHOCTM B 1eJIOM. Takske MbI pac-
CKaskeM O TUITMYHBIX OIMMOKAaX MpY HAIMCAHUM 3aIIPOCOB U MTOTOBOPUM O TaKMUX
CII0co6ax IOBBIMIEHNUS TTPOU3BOIUTENLHOCTH, KaK MCIIONIb30BaHME UHIEKCOB, CEK-
IIMOHMPOBaHME TAGINI] ¥ UCKITIOUEHNE B CYITy OTPAaHMUEHUIA.
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OnTumusauua
NpoOu3BOAUTENIbHOCTH
0a3bl AaHHbIX

OnTuMu3aius MPOU3BOAUTENBHOCTU 6a3bl NaHHBIX — TeMa MHOTOrpaHHas, TYT
" KoHbUrypauusi o060pygoBaHusi, M HACTPOIKa CeTH, M KoOHGUTrypalus 6a3bl TaH-
HBIX, 1 TIepenucbiBanye SQL-3ampocos, 1 06CTykMBaHMe MHAEKCOB, M MHOTOe JIpy-
roe. B 3T0i1 r1aBe Mbl 6yJjeM rOBOPUTD TOIBKO 0 6a30B0OIt KOHOUTYpaLUu U O TIepe-
MMUChIBAHUU 3aIIPOCOB.

Boob1ie roBopsi, I8 HACTPOMKYU TMPOM3BOAUTENBHOCTM 6a3bl JaHHBIX HYKHO
3HaTb O XapaKTepe CUCTEeMbl, HalIpMMepP MCIIO/Ib3YEeTCS OHA [Jis1 OIlepaTUBHOIO
aHanu3a naHHbiX (OLAP) vty 1151 oriepaTuBHOM TPAaH3aKIMOHHO 06pa6oTKMU
(OLTP). Pabora 6a3bl JaHHBIX MOXKET ObITh OrpaHMYeHa CKOPOCTbIO BBOZA-BBIBO-
Ia MM ObICTPONEICTBMEM IPOIleccopa; B 3aBUCUMMOCTM OT 3TOTO HACTPaMBAIOTCS
TaKkue CTOPOHBI KJIacTepa, Kak KOAMYeCTBO M MOIIHOCTb ITPOLIeCCOPOB, KOHGUTYypa-
umst RAID, 06beM onepaTuBHOM maMsiTi. CKOHPUIYPUPOBAB cepBep Oa3bl JaHHBIX,
MOYKHO IIPOTHATh 3TaJOHHbIE TECTbI, HAIIpMMeEp C IOMOIUIbI0 MPOrpaMMBbI pgbench,
M OTIpeeINTh KOJIMUYeCTBO TPAaH3aKIuii B CeKyHay (transactions per second — TPS).

Cnemymouuii mar onTMMM3aLMM MPOU3BOLUTENIbHOCTY IMPOU3BOLUTCS, KOTAA
cucTeMa 3amylieHa 1 paboTaeT, M 0OBIYHO ITO JenaeTcsl mepuonnyvecku. Ha aroit
CTaZ My MOYKHO HACTPOUTD CUCTEMY MOHUTOPUHTA, HAlIpUMeP pgbadger, aHaIM3aToOP
paboueir Harpy3ku PostgreSQL Workload Analyzer (POWA) 1 pg_stat_statements
C LIeJIbI0 TIOMCKA Y3KMUX MeCT U MeJJIeHHBIX 3aIIPOCOB.

719 onTMMM3aLyM MeJIEHHOTO 3a11poca ero Hy)kHO CHavasia ITpoaHaan3upoBaTh.
Ecnu 3ampoc 110xo HamucaH, To, MOXKeT ObITh, Oy[IeT JOCTATOUHO ero rnepemnyucarTh.
B nmpoTuBHOM CiTydae MOXKHO CO3/aTh OTCYTCTBYIOIIME MHIEKChI, MU3MEHUTh KOHDU-
rypalyoHHble TTapaMeTphl cepBepa, mepepaboTatb GuU3nUeCcKyio CTPYKTYpY U T. [,

B 57011 1aBe paccMaTpMBalOTCS CIeAYIOLIe BOIIPOCHI:

O HacTpoiika KOHOUTYpaIMOHHBIX TapamMmeTpoB PostgreSQL;

O ontuMmM3auus NPOU3BOLUTENbHOCTH 3aMNUCH;
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ONITUMM3AIMS IPOMU3BOAUTEIHLHOCTI UTEHNS;
obHapyskeHMe Mpo6IieM B IJIaHAX BBIMOTHEHMS 3aIIPOCOB;
TUIMYHBIE OMNMOKM IIPYU HATIMCAHUM 3aIIPOCOB;
CeKI[MOHMPOBaHMe TabJINII;

repenuchbiBaHue 3aIpocos.

0000

HACTPOMKA KOH®UIYPALMOHHbIX NAPAMETPOB POSTGRESQ_L

BricTaBieHHbIE 0 YMOJYAHNMIO KOH(PUIYpaLMOHHbIe ImapaMeTpsl PostgreSQL He
TOASITCS AJ1sl pabOThI B ITPOM3BOJCTBEHHON cpefie, 3HAUeHMs HEKOTOPBIX ITapaMeT-
POB CIMIIIKOM MaJibl. B miporiecce pa3paboTKy MpWIOKEHUT PeKOMEHIyeTC s MMEeTb
TECTOBYIO CUCTEMY, OUeHb OJTM3KYIO K PeaTbHOM, — TOTBKO TOTa MOYKHO Oy/IeT TOUHO
3aMepUTh IMPOM3BOAUTENIBHOCTD. B II060M ciryuae HeOOXOIMMO U3MEHUTD CIeAyIo-
niMe rnapamMeTphl.

MakcuManbHoOe KOIMYecTBO NOAKNIUYEeHUM

MakcuMaabHOe KOJMYECTBO ITOIK/ITIOUEHMIT — BasKHBIN MapaMeTp 6a3bl JaHHBIX.
KaskmpIit KIMEHT MOTpeb/sieT maMsITh, a CIeloBaTeIbHO, YMEHbIIAeTCsl 00beM Ma-
MSITU, TOCTYITHOI /it APYyTUX 1eneit. [lo ymomyaHuio mapaMeTp max_connections pa-
BeH 100; yMeHbIINB €ro 3HaueHune, aIMUHUCTPATOP CMOXKET YBeIUUNTb NapaMeTp
work_mem. B 06111eM C/Tyyae MMeeT CMbIC/ YCTAaHOBUTD ITPOTPaMMy OpPTaHU3aIMM ITyJIa
COenVHeHMIT. DTO YMEHbBIIUT TOTpeO/IeHNe TTaMsITH U TOBBICUT TPOU3BOAUTETb-
HOCTb, ITOCKOJIbKY Ha 3aBepliieHNe U YCTaHOBJIeHNe COeIHEHMIT TPaTUTCSI BpeMsl.
ITporpamMM TakoTo pojia MHOTO, HO HanboJjiee 3pebIxX ABe:

O PgBouncer;

O Pgpool-II.

MO>KHO Takske OpraHu30BaTh ITyJ1 COeIMHeHUIt Ha YPOBHe mpuioskeHust. Tax, ojst
Java ecTb MHOTO IOIOOHBIX perieHnit, Harpumep: Hikari, mynm coemuuenmii Apache
Tomcat, dbcp2 u ¢3p0.

MapameTpbl namaTH

CylecTByeT HeCKOJIbKO ITapaMeTPOB I YIIpaBIeHUs MoTpebieHneM mamMsTy.

O Pasgensiemble Gydepbl (shared_buffers). [Io yMomuaHuio TOf, paspesise-
Mble Gydepsl BbimenseTcs 32 MB; HO peKOMEHAYEeTCsl BbIAENATh IpUMep-
HO 25 Tpo1eHTOB 0011ero o6bemMa naMsITH, ogHako He 6osbiie 8 I'B B Linux
u He 6oiee 512 Mb B Windows. MHorma 3agadme odeHb 60JIbIIOT0 3HAUeHMS
shared_buffers BegeT K MOBBINIEHUIO TTIPOU3BOAUTEIBHOCTY, IIOTOMY UTO BCS
6a3a JaHHBIX I[eIMKOM KelIupyeTcs B maMsTu. Ho, Boo6Iie roBops, y omo6-
HOT'O MMOJX0/Ia €CTh CYIeCTBEHHbBIN HeJOCTAaTOK: He XBaTaeT MaMsTH IS Ta-
KX oImepaluii, Kak COpTMPOBKA U XeIIMpPOBaHNeE.

O PaGouast mamsTh (work_mem). ITo ymomuanuio 4 MB, it CYeTHBIX 3a7ja4 3TO
3HaueHue Jiyuilie yBeauunuTh. [TapameTp work_mem cBsI3aH C KOJTMYECTBOM ITO]I -
KITIOUEeHMI1, TT09TOMY OOIIMIT 06'beM BbIeJIEHHO MaMSITH PaBeH KOTUUYECTBY
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HO,Z[K)'IIO‘JEHI/II‘/JI, YMHOXEHHOMY Ha work_mem. Pa60qa${ MMaMsATb UCIIOJIb3YETCsA
OJid COPTUPOBKM U XEIIMPOBAHMS, IIO3TOMY €€ O6’beM BJIVSI€T Ha 3aIIpOChbl
C (bpasaMM ORDER BY, DISTINCT, UNION 1 EXCEPT. ,H,J'IF[ IIPpOBEPKM MOJKHO IIpOaHa-
JIN3MPOBATH 3aIIPOC C COPTUPOBKOI U TTIOCMOTPETD, ITPOU3BOIUTCS I COPTU-
POBKa B MMaMATHU UJIN Ha OUCKe:
EXPLAIN ANALYZE SELECT n FROM generate_series(1,5) as foo(n) order by n;
Sort (cost=59.83..62.33 rows=1000 width=4) (actual time=0.075..0.075 rows=5 loops=1)
Sort Key: n
Sort Method: quicksort Memory: 25kB

-> Function Scan on generate_series foo (cost=0.00..10.00
rows=1000 width=4) (actual time=0.018..0.018 rows=5 loops=1)"
Total runtime: 0.100 ms

MapameTpbl XXeCcTKOoro AMcKa

Cy1ecTByeT HeCKOIbKO I1apaMeTpPOB, ITOBBIIIAIIINX [IPOM3BOAUTENBHOCTb BBOLA-
BBIBOZA, OHAKO TaKoe IMOBbIIIeHNe faeTcsl HegapoM. Tak, mapamertp fsync 3acTaB-
JISIeT KKy TPaH3aKIMio cOpachiBaTh AaHHbIe Ha MMUCK mocie dukcauyu. Ecam
€r'0 BBIKJTIOUUTD, TO POV3BOAUTEILHOCTb BO3PACTET, 0COOEHHO B C/TyUae oreparuii
MaccoBoif 3arpy3ku. Hebombline 3HaueHMs] mapameTpoB max_wal_size miam check-
point_segments MOI'YT CHU3UTb IIPOM3BOAUTENBLHOCTb B CUCTEMAaX C MHTEHCUBHOM
3amucpio. C Ipyroy CTOPOHBI, C UX YBe/IMYeHMeM PacTeT ¥ BpeMs BOCCTaHOBJICHMS.

B otnenpHBIX CiTy4yasix, Hallpumep 1Py MacCOBOM 3arpy3Ke, IPOU3BOAUTENBHOCTD
MOXXHO IIOBBICUTD, MU3MEHUB ITapaMeTpPhl KeCTKOI'O AVICKa, YCTAHOBUB MUHMMAJIb-
Hble TapaMeTpbl IPOTOKOIMPOBAHUS U, HAKOHEL], OTK/I0YMB aBTOOUMCTKY. OnHa-
KO TI0 3aBepIlleHNM 3arpy3Ku 00s13aTeIbHO BOCCTAHOBUTEe KOHGUIYpaLyio cepBepa
U 3ammycTuTe KomaHzay VACUUM ANALYZE.

MapameTpbl nhaHUpoBLUKMKa

OddexTuBHBIN pazMep Kellla (mapameTp effective_cache_size) ciemgyer ycTaHOBUTD,
MUCXO[IS U3 OI[eHKY TOT'0, CKOJIbKO MaMSITU JOCTYITHO I/ KeIIMpOBaHMs I1CKa B OTie-
PAIMOHHOV CYCTeMe ¥ BHYTPU 0a3bl JAHHBIX C YU€TOM TOTO, UTO YK€ UCIIONb3yeTCsI
camoii OC u gpyrumu npuioskeHUsIMU. [171s1 BeigeneHHOro cepBepa PostgreSQL sTa
BesMumHa coctasysiet oT 50 mo 70 MpoIeHTOB 0611ero o6bemMa mamMsITu.

MOXHO Takke TMO3KCIIePUMEHTUPOBATh C MapamMeTpom random_page_cost, KOTO-
pbIii OTHaeT MpeATouTeHe MPOCMOTPY MHIEKCOB Tepe, Mocael0BaTe/IbHbIM ITPO-
cvoTtpom. ITo ymomuaHuio 3HaueHne random_page_cost paBHO 4.0. [Ipu ucronb3sosa-
HUM COBPEMEHHBIX TEXHOMIOTUI ceTeBbIX XpaHmmi SAN/NAS MOXXHO YCTaHOBUTh
3HaueHue 3, a jis1 SSD-amckoB — oT 1.5 10 2.5. 9TO MMHMMAaJIbHBIN CIMUCOK; B Oeii-
CTBUTEJIbHOCTU HAZO ellje HACTPOUTb MPOTOKOIMPOBaHME, KOHTPOIbHBIE TOUKM, T1a-
pameTpbl WAL 1 OUYUCTKM.

OTMeTUM, Y4TO B MPOM3BOLCTBEHHOW CUCTEME U3MEHWUTb HEKOTOPbIE MapaMeTpbl TPYAHO, No-
TOMY 4TO He0BX0aMM nepe3anyck. ITo OTHOCMTCS K max_connections, shared_buffers u fsync
[pyrue e napameTpbl, HanpuMep work_mem, MOXHO 33[aBaTb Ha YPOBHE CEaHCa, TakK YTo
y pa3paboTumka UMeeTCs BO3MOXKHOCTb HAaCTpanBaTh work_mem Nof, KOHKPETHbIe 3anpochl.
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DTanoHHoe TectTupoBaHue BaM B NOMOLLb

pgbench — mpocras mporpaMma, KOTOpasi BBINIOJIHSIET 3apaHee TMOJATOTOBJIEHHBIN
Habop SQL-KOMaH[I ¥ BBIYMCISET CPEIHIOI CKOPOCTb TPAH3aKUUM (KOJIUYECTBO
TpaH3aKuii B ceKyHay). OHa siBisieTcs peannusanueii crangapra TPC-B CoBeTa o
MPOU3BOAUTEIBHOCTM TPAH3aKIMOHHOM 00padoTku (Transaction Processing
Performance Council — TPC). [TporpamMmmy pgbench MOXXHO Takke HAaCTPOUTH C T10-
MOIIIbIO CKPUTITOB. B 06111eM cTydae KJIMeHT 3TaIOHHOTO TeCTUPOBAHMS CIeAyeT 3a-
ITyCKaTh B OJMHOYECTBE, UTOOBI HE OTBJIEKATh BPeMS U MIaMSITh TECTUPYEMOTO Cep-
Bepa Ha Apyrue 3agaun. Kpome Toro, pghench pekoMeHIyeTcsl IPOTOHSTh HECKOIBKO
pa3 C pasIMYHBIMM HarpyskamMyu ¥ KOH(DUTypauMoHHbIMM TapameTpamu. Hako-
Hell, TOMMMO pgbench, CYIIeCTBYIOT OTKPBITbIe peanu3alu U APYIUX 3TaJOHHBIX
crangaptoB, Hanpumep TPC-C 1 TPC-H. [Topsiaok BbI3oBa pgbench Takoii: pgbench
[options] dbname. dmar -i CIYKUT IJ1s1 CO3MAaHMSI B 6a3e JaHHBIX TECTOBBIX TaOJINII,
a ¢uiar -s ompenensieT KO3(QOUIMEHT MacIITabMpoBaHusl 6asbl, UM KOJIUIECTBO
CTPOK B KasKI0J1 Tabun1ie.

BriBog pgbench ¢ KO3 PUIIMEHTOM MacCIITabMPOBAaHMS 10 YMOJTUYAHUIO HA BUP-
TyaJbHOJ MallIyHe C OGHUM IIPOLeCCOPOM BBIMISIAUT IIPMMEPHO TaK:
$pgbench -1 test_database

creating tables...

100000 of 100000 tuples (100%) done (elapsed 0.71 s, remaining 0.00 s).
vacuunm. . .

O npyrux ¢uarax KOMaHIbl MOXKHO ITPOYMTATh HA CTPAHMUIIAX PYKOBOJICTBA (pg-
bench --help).

OnTUMKU3ALMA NPOM3BOAMTE/IbHOCTU 3AMUCU

Bricokast Harpyska Imo 3anucyu MOXKeT IpefCTaBaTh B pa3HbIX BUAax. Harmpumep, aTo
MOXeT ObITh pe3yJabTaT 3anmucu cobbiTuit B PostgreSQL wim pe3yiabTaT MaccoBOit
3arpy3Ky BHITPY;KEeHHOI 6a3bl JaHHBIX My 3agaun ETL. [IJ11 onTUMU3aIUy pou3-
BOJIUTEIbHOCTH 3alIMCY MOYXXHO BBITIOJTHUTD CIeAy0lye AeiCTBUS :

O KoHpuUrypauust 060pyIoBaHMSI:

— cnepyet ucnonb3oBaTh RAID 1+0, a He RAID 5 mau 6. JIj1s1 MHTEHCUBHO
samucy RAID 10 mokasbiBaeT ropasfo 6ojee BBICOKYIO ITPOM3BOAUTENb-
HOCTb. KpoMme TOrO, sKypHasIbl TpaH3aKIuii (pg_xlog) Jiydllle XpaHUTb HA OT-
JIeJbHOM JJCKe;

— MOXXHO MCII0/Ib30BaTh SSD-O1MCKM, OCHAIleHHbIe KemIeM C OT/IOKEeHHOM
3anmcbhio (Write-back cache — WBC), 9T0 3aMeTHO ITOBBIIIAET IIPOMU3BO-
IUTETbHOCTH 3amucy. Ho yoemutech, uTo SSD-AMCK He TepsieT KeIMpoBaH-
HbBIX JAHHBIX B CJIy4ae O0TKa3a 3JeKTPONUTAHUS;

O mapamertpsl PostgreSQL:

— fsync. [To yMOTYaHUIO 3TOT PEXMUM BKIoUeH. OH rapaHTUpYeT, 4YTo 6asa
JMAHHBIX CMOXKET BOCCTAHOBUTHCS ITOCJIE AIllIapaTHOTO cO0sI, TOCKOJIbKY Ja-
Hble GU3MUECKN 3aIMCaHbl HA IVUCK. EC/IM BI JOBEpsieTe CBOEMY 060PyI0-
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BaHMIO, TO MOXeTe BBIK/IIOUUTD ITOT MapameTp. Ho mOMHUTe, 4YTO B TAKOM
CJIydae arrapaTHbIi 00/ MOKET IIPUBECTY K ITOBPEKIEHNIO TaHHbIX;

— synchronous_commit 1 commit_delay. Ilo ymomuaHuio napameTp synchronous_
commit BK/TIOUEH M O3HAyaeT, UYTO TPaH3aKUMs OymeT kmath 3ammcyu WAL-
(aiina Ha OVMCK ¥ TOJIBKO MOTOM COOOIIMUT KJIMEHTY 00 YCIEIIHOM 3aBep-
IIeHMM. DTO MOBBIIIAET TPOU3BOAUTENIBHOCTD CUCTEM C GOIBIIVM UMCIIOM
OLHOBPEMEHHBIX MEJIKUX TpaH3aKuuii. [TapameTp commit_delay mo3BosisieT
3agepskaTh copoc WAL-daiina Ha yKasaHHOe KOJIMUYECTBO MUKPOCEKYH]I.
CoueTtaHue 060MX IMapaMeTPOB CHIKAeT HeraTuBHBI 3¢ dekr fsync. Ho,
B OTVINYME OT BBIK/IIOUEHMS fsync, allmapaTHbIi cO0¥ He MpUBEIET K I0-
BPEKIEHMIO TaHHbIX, XOTS YaCTh JAHHBIX MOKET ObITh [IOTEPSIHA;

— max_wal_size u checkpoint_segments (B PostgreSQL 9.4 u crapiue). [Tapametp
checkpoint_segments B Bepcumu PostgreSQL 9.5 o6bsiBIeH HepeKOMeHmye-
MBIM M 3aMeHeH IapamMeTrpamyu min_wal_size m max_wal_size. Mexxmy max_
wal_size u checkpoint_segment MMeeTCsI Takoe COOTHOIIeHMeE: max_wal_size =
(3 * checkpoint_segments) * 16 Mb. YBe/nueHue max_wal_size JaeT BbIUTPBIII
B ITPOM3BOAUTENbHOCTHM, TOTOMY UTO WAL 3amuchiBaeTcs Ha IMCK He Tak
YacTo. DTO BIMSIET Ha YaCTOTY KOHTPOJIbHBIX TOUEK U B CJTyuae c60s 3aMe/T-
JIsieT BOCCTaHOBJIEHNE;

— wal_buffers. [lo ymonuaHuio 3TOT MapaMeTp BbIKIoUueH. OH CITY>KUT IJ1s1
xpaHeHMs naHHbIX WAL, ellle He 3anMcaHHbIX Ha IUCK. Ero yBennuyenue mo-
JIe3HO, eCc/i UMeeTCsI CUJIbHO 3arpy>keHHbIl cepBep ¢ HeCKOJIbKUMU OHO-
BpeMeHHbIMMU K/IMeHTaM. MakcuMaibHOe 3HaueHue paBHO 16 MB;

— maintenece_work_mem. TOT mapaMeTp HaIlpsSMyl0 He BJMsSET Ha IPOU3BO-
JIUTENbHOCTh BCTaBKM, HO yBeIMUMBAET MPOU3BOAUTENbHOCTb CO3IAHMS
U OOCITY;KMBAHUSI MHIEKCOB. Ero yBelmyeHue KOCBEHHO CIIOCOOCTBYET
YCKOpEeHUIo omepaiinii INSERT, 0COOeHHO ITpM BCTaBKe B MHIEKCHMPOBAHHYIO
TabNMNILY;

— Ipyrue TapaMeTpbl. [IJis1 TIOBBIIIEHNUS TPOMU3BOAUTENIBHOCTY MOXHO OT-
K/IIOUUTH ellle HEeCKOJIbKO TMapaMeTpOB, HANpuMep MPOTOKOJMPOBAHMUE.
Kpome Toro, Ha BpeMsi MacCOBO¥ 3arpy3Ky MOXKHO OTK/IFOYaTh aBTOOUYMCT-
Ky, YTOOBbI OHA He TpepbIBaJia Mpoliecca;

O komanasl DDL n DML:

— CyIlIecTByeT MHOTO TIpMeMOB [Jjis TIOBbIILIEHUSI MMPOU3BOAUTENTbHOCTHU
B [IpOIlecce MacCOBOJ 3arpy3ku. Hampumep, MOKHO OTKJTIOUUTDb TPUTTEPHI,
MHAEKCHl ¥ BHEIIHME KJIIUM JIJIT KOIMMPyeMoi Tabiuibl. MOXKHO Takke
Co37aTh HeXypHanupyemylo Tabauiry (UNLOGGED), a 3aTeM mpeo6Gpa3oBaTh
ee B XKypHaJIMPyeMyI0 KOMaHg0 ALTER TABLE <table name> SET LOGGED;

— B CUTYyalMM, KOTAA TPOMU3BOAUTCS MHOTO OTiepaliuii BCTaBKM, TOXe eCTh I10-
Je3Hble TpIoKU. [Ipexxae Bcero MO>KHO YBEJIMUUTD pa3Mep MakeTa B OSHOI
TpaH3aKIMKU. ITO YMEHbIIAET 3aepKKy CMHXPOHHONM (puKcalmum, a Takke
9KOHOMMUT UAEHTU(UKATOPI TPaH3aKLWIl, BCIEACTBME UEro pexke OymeT
3aIyCKaThCsl MPOLEeCC OUYMCTKM, MPEeNOTBPAILlAIOIIMii 3aKOJIbI[OBbIBAHME
9TUX UIEHTUPUKATOPOB. BTOpOIt mpueM — UCIIONIb30BaTh KOMaHIy COPY.
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s 9TOi e MOXKHO mpuMeHsTh JDBC-apaiiBep CopyManager. HakoHelr,
BCSIYECKM PEKOMEHyeM MCIO/Ib30BaTh MOATOTOBIE€HHbIe KOMaHAbl. OHU
paboTaloT GbICTpee, IOTOMY UYTO 3apaHee OTKOMITMIMPOBaHbI HA CTOPOHE
cepBepa;

— BHEIIHMe MHCTPYMEHTHI. [IJIST MacCcoBOJ 3arpy3KM MMEET CMBIC/ ITOITPO60-
BaTh OUEHb OBICTPYIO MporpamMmmy pg_bulkload.

[TogBemeM uToru. B cucremMax ¢ 60JIbINNM KOJIMUECTBOM OITepalyii 3ariCy JIyule
MMCaTh IMOPLMSIMU, @ He BCTABJISITh 110 OIHO CTPOKe KOMaHIoi INSERT. Kpome Toro,
MIpeanodYTUTe/IbHEee MCIO0/Ib30BaTh KOMaHAy COPY, a He INSERT. HakoHelr, orepainio
MOYKHO pacliapaiieJInTh, UCIIOIb3Ysl HECKOJIBKO C€aHCOB BMeCTO OfgHOro. HaunHnas
¢ Bepcuu PostgreSQL 9.3 K HamuMm ycyram KomaHzga COPY ¢ omuuedi FREEZE, KOTO-
pasi 4acTo NPUMEHSeTCs IJIs1 Haua/IbHOM 3arpy3Kku JaHHbIX. Onuys FREEZE Hapyia-
et npuHUMIbl MVCC TeM, UTO JaHHbIe CTAHOBSITCS BUAHBI B IPYTUX CeaHCaX Cpasy
MocJie 3arpy3Ku.

Inst nemoHcTpaunu BansiHus fsync moaroroBum SQL-CKpUMT [Jist pgbench:

$ cat test.sql

\set aid random(1, 100000 * :scale)

\set bid random(1, 1 * :scale)

\set tid random(1, 10 * :scale)

\set delta random(-5000, 5000)

BEGIN;

UPDATE pgbench_accounts SET abalance = abalance + :delta WHERE aid = :aid;
UPDATE pgbench_branches SET bbalance = bbalance + :delta WHERE bid = :bid;
INSERT INTO pgbench_history (tid, bid, aid, delta, mtime) VALUES (:tid,
:bid, :aid, :delta, CURRENT_TIMESTAMP);

END;

Terepb, He BHOCS HMKAKMX M3MEHEHMA, BBITIOTHMUM pgbench, UTO6bBI y3HATH 6a30-
BYIO IPOMU3BOOUTEILHOCTh CUCTEMbI. Bce mapamMeTphl B 3TOM TeCTe MMEIOT 3Haue-
HMS 110 YMOJTYaHUIO.

$pgbench -t 1000 -c 15 -f test.sql

starting vacuum...end.

transaction type: test.sql

scaling factor: 1

query mode: simple

number of clients: 15

number of threads: 1

number of transactions per client: 1000

number of transactions actually processed: 15000/15000
latency average = 18.455 ms

tps = 812.801437 (including connections establishing)
tps = 813.032862 (excluding connections establishing)

Yro6bI MMOHATH, KaK IOBeIeT cebs cucTeMa I10c/ae BhIK/IoUeHus fsync, MSMEeHUM
rapameTphbl U Ilepe3arpy3mm cepBep:
$ psql -U postgres << EOF

> ALTER SYSTEM RESET ALL;
> ALTER SYSTEM SET fsync to off;
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> EOF
ALTER SYSTEM
ALTER SYSTEM

$/etc/init.d/postgresql restart
[ ok ] Restarting postgresql (via systemctl): postgresql.service.

$ pgbench -t 1000 -c 15 -f test.sql

starting vacuum...end.

transaction type: test.sql

scaling factor: 1

query mode: simple

number of clients: 15

number of threads: 1

number of transactions per client: 1000

number of transactions actually processed: 15000/15000
latency average = 11.976 ms

tps = 1252.552937 (including connections establishing)
tps = 1253.082492 (excluding connections establishing)

YT0OBI OIIEHUTD BIMSIHME TTapaMeTPOB synchronous_commit 1 commit_delay, mpoms-
BeJeM CaeayIolyie MU3MEeHEeHUs

$ psql -U postgres << EOF

> ALTER SYSTEM RESET ALL;

> ALTER SYSTEM SET synchronous_commit to off;
> ALTER SYSTEM SET commit_delay to 100000;

> EOF

ALTER SYSTEM

ALTER SYSTEM

ALTER SYSTEM

$ /etc/init.d/postgresql restart
[ ok ] Restarting postgresql (via systemctl): postgresql.service.

$ pgbench -t 1000 -c 15 -f test.sql

starting vacuum...end.

transaction type: test.sql

scaling factor: 1

query mode: simple

number of clients: 15

number of threads: 1

number of transactions per client: 1000

number of transactions actually processed: 15000/15000
latency average = 12.521 ms

tps = 1197.960750 (including connections establishing)
tps = 1198.416907 (excluding connections establishing)

OnTUMKM3ALMA NPON3BOAUTENIbHOCTM YTEHUS

PostgreSQL nmaeT BO3MOKHOCTh BBISICHUTD, TIOUEMY 3alpoc paboTaeT MejJeHHO.
3a KyamcaMy cepBep aHaIM3UPYyeT TabMnIIbl, CO6MpaeT MO0 HUM CTATUCTUKY TUCTO-
rpaMmbl. Bosbliioe yyacTiue B 3TOM INPMHMMAET MPOLLECC aBTOOYMCTKYU, KOTOPBI
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OCBOOOKIAET MECTO Ha AYICKe, 0GHOBJISIET CTATUCTUKY TaOGJINIL U BBITIOJHSIET IPYTHE
aJIMMHMCTPATUBHbIE 3a7]aUl, B T. U. [IPeIOTBpAIllaeT 3aKOJIbII0OBbIBaHME UTeHTUM-
KaTopa TpaH3akiuu. baaromapst cratucTuke tabmui PostgreSQL BbIOMpaeT IutaH
BBITTOJTHEHUSI C HaMMeHbIlIet CTOMMOCTBIO. IIpM ero BbIUMCIEHUM YUMUTHIBAETCS
CTOMMOCTb BBOJIa-BbIBOJIA U, €CTECTBEHHO, CTOMMOCTD MPOI[€CCOPHBIX OIepariuii.
Kpome Toro, PostgreSQL mpenocrasmsier komaHay EXPLAIN, koTopasi moKa3biBaeT
CreHepMPOBAHHbIN TJIaH BBITTOIHEHMSI.

HaunHarmonm 4pe3BbplUaiiHO MOJIe3HO 3aMMChIBATh OAVH U TOT K€ 3ampoC pas-
HBIMM CIIOCO6aMM M CpPaBHMBATh pe3y/abTaThl. Hampumep, B HEKOTOPBIX CITyUastx
KOHCTPYKLMIO NOT IN MOKHO Ipeo6pa3oBaTh B LEFT JOIN myt NOT EXIST. A KOHCTPYK-
uyio IN MOKHO TlepenycaTh C MCIoab30BaHMeM INNER JOIN wim EXISTS. biaromapst
TaKMUM YIIPasKHEHUSIM pa3paboTUMK YUUTCS M36eraTh OnpeaeeHHbIX KOHCTPYKIMIA
¥ HauMHaeT TOHMMATh, IIPU KaKUX YCIOBUSAX KaKkas KOHCTPYKIMS OymeT paboTaTh
nyuiire. Boo6iie roBopst, NOT IN 4acTO BbI3bIBAeT IPOGIEMbBI C MTPOU3BOIUTENTBHO-
CTbI0, TOTOMY UTO TJITAHMPOBIIVK He MOXKeT IIPUBJIEKATh MHIEKCHI IS BBITIOTHEHMSI
TaKOTO 3arpoca.

BaskHO TaksKe IMOCTOSIHHO CJIEAUTh 32 HOBoBBeAeHusMu B SQL. CoobiecTBo Post-
greSQL oueHb aKTMBHO ¥ HEPEAKO BHOCUT MoAM(MKaLMI, HalIpaBieHHbIe Ha pellie-
HMe TUIMYHBIX Mpob6aeM. Hampumep, rosiBuBiyiocs: B PostgreSQL 9.3 KOHCTPYK-
M0 LATERAL JOIN MOXKHO MCIIOJb30BaTh AJIST ONMTUMM3ALNM HEKOTOPBIX 3alPOCOB
C GROUP BY m LIMIT.

MnaH BbinonHeHua u komaHaa EXPLAIN

[Ipn ontummsauum 3anpocoB B PostgreSQL mepBbIM [1eIOM HYKHO IOHSITH, KaK
YNTATh IJIaHbI BBITIOJIHEHMS, CTeHEPMPOBAaHHbIEe KOMaH 0l EXPLAIN. OTa KOMaH[a
MOKa3bIBaeT, KAaKMM 06pa3oM OyIyT UMTAThCS JAHHBIE M3 TaGINUI, HATIPUMED C TI0-
MOILBIO IIPOCMOTpPA MHIEKCa UM I0CIe40BaTe/IbHOIo IIpocMoTpa. IlokasbiBaroTCsa
TaloKe CIoCco6bl coeiHEHMS TabMNLL U OLjeHKa KOJIMYeCcTBa CTPOK.

Y xomaHzbI EXPLAIN eCTb HeCKOJIBKO ONLINIA; IIpU HaIMumMy onum ANALYZE KOMaH-
Ila BBITIOJHSIETCS] M BO3BpalaeT GakTuueckoe BpeMs U KOIMUYeCTBO CTpok. Kpome
TOTO, EXPLAIN MOKeT pacckasaThb 06 MCIOIb30BaHUU Gy(hepoB U KeIIMPOBAaHUMN.
Hwuske nipuBeneH CMHTaKCUC KOMaHIbI, B HEM option MOXeT IPUMHMMATDL 3HAUEHUS
ANALYZE, VERBOSE, COSTS, BUFFERS, TIMING, SUMMARY 11 FORMAT:

\h EXPLAIN

Description: show the execution plan of a statement
Syntax:

EXPLAIN [ ( option [, ...] ) ] statement

EXPLAIN [ ANALYZE ] [ VERBOSE ] statement

IIJ1s1 5KCIIEpUMMEHTOB CO3AaAVIM ITPOCTYIO TAGIMITY U 3aTIOIHUM €€, KaK ITOKa3aHo
HVDKe:
postgres=# CREATE TABLE guru ( id INT PRIMARY KEY, name TEXT NOT NULL );

CREATE TABLE
postgres=# INSERT INTO guru SELECT n , md5 (random()::text) FROM



7

OnTMMM3auMa NPOU3BOAUTENBHOCTM UTEHMS % 323

generate_series (1, 100000) AS foo(n);
INSERT 0 100000

postgres=# -- To update table statistics
postgres=# ANALYSE guru;

ANALYZE

YT06BI TTOTYUMTD IJIaH BBITTOMIHEHMS 3aI1pOCa, KOTOPbIii BbIOMpAET BCe 3aIiCH U3
TaGIMIIBI guru, BOCIIOIb3YeMCSI KOMaHI oM EXPLAIN:

postgres=# EXPLAIN SELECT * FROM guru;
QUERY PLAN

Seq Scan on guru (cost=0.00..1834.00 rows=100000 width=37)
(1 row)

[I1aH BBITTOJIHEHUS COCTOMT M3 OMHOTO y3ja: MOCAeA0BATEIbHOTO MPOCMOTpPA
Tabmuirel. OIleHKa KOMIMYeCTBa CTPOK MPaBUIIbHASI, TTOCKOIbKY ITOC/IEe BCTaBKM Mbl
MIPOAHAIM3UPOBAIY TabaUILy. [/l MoAmepskaHMsI CTATUCTUKY 6a3bl JAHHBIX B aKTy-
aJbHOM COCTOSIHUM BasKHO, UTO pab0Taj mpoLecc aBTOOUMUCTKIA.

PasymeerTcst, eI CTaTUCTVIKA HETTPaBUIbHAS, TO OKMIATh XOPOIIMX TUIAHOB BbI-
TIOJIHEHUST He TIpUXOoguTCst. ITocsie MaccoBO 3arpyskyu JAaHHBIX B 0a3y peKoOMeH-
IYeTCsT BBITTOIHUTDL KOMaHAy ANALYZE mjist OOHOBJIEHUST CTaTUCTUKM. MOKHO TaKKe
YIIPaB/IsITh 00beMOM BBIOOPKM, TTPOM3BOAMMOI ANALYZE, C TIOMOIIbIO CIeIyIOIIeii
KOMAaH/IbI:

ALTER TABLE <table name> ALTER COLUMN <column name> SET STATISTICS <integer>;

VBenuueHMe CTaTUCTUKM IO CTOJOIY YIyYlIaeT OLIEHKY CTPOK, HO 3aMeIjIsieT
rporiecc aBToouMcTKM. CTOMMOCTD 3aIlpoca — 3TO OLIEHKA 3aTpaT Ha ero BBIIIOTHEe-
Hue. B mpumepe Boimie 0.00 — cTOMMOCTb BBIOOPKM ITepBOi CTPOKM, a 1834.00 — cTou-
MOCTb BBIOOPKM BCEX CTPOK, BeIUMCIsieMast 1o gpopmyiie (relpages * seq_page cost) +
(reltuples * cpu_tuple_cost). KomnuecTBO cTpaHuil oTHOUIeHMs (relpages) U CTPOK
oTHoIIeHus (reltuples) MOXKHO HaliTy B Tabuiie pg_class. BemumHbI seq_page_cost
U cpu_tuple_cost — 3TO KOHPUIYpaLMOHHbIE TapaMeTPhl INTAHMPOBLIMKA. TakMM 06-
pa3oM MbI U oJTydaem umcio 1834:

postgres=# SELECT relpages*current_setting('seq_page_cost')::numeric +
reltuples*current_setting('cpu_tuple_cost')::numeric as cost FROM pg_class
WHERE relname='guru';

cost

B sTOoM mpocToM mpumepe IOCIeN0BATENbHOIO MPOCMOTPA BBIUUCIUTD CTOU-
MOCTb He COCTaBjsIeT Tpyaa. Ho ewin 3ampoc BKIOUaeT BbIUMCIeHME TPeauKaTOB,
IPYIIIMPOBKY, COPTUPOBKY U COeIMHEHME, TO ITOTYUUTDh OLIEHKY CTOMMOCTM Topa3s-
o cnoxkHee. HakoHell, BeMuMHA 37 B IVIaHE BBIMIOJTHEHUSI — 3TO CPEeIHSS MIMPU-
Ha KopTexka B 6ajiTax, KOTOPYIO MOXKHO HailTy B Tabiuiie pg_stats. UTOOBI BBIITOJI-
HUTb 3aIIpOC ¥ OTHOBPEMEHHO ITOJIYYUTD €TI0 CTOMMOCTD, MMeeTCsI KoMaHaa EXPLAIN



324 < OnTMMM3auMs NPOU3BOAUTENBHOCTM 6a3bl AAHHbIX

(ANALYZE) mim EXPLAIN ANALYZE. B citenyromiem mpuMepe BO3BPalllaloTCS BCe CTPOKMU,
UIeHTU(GUKATOP KOTOPBIX MPUHAMJIEKUT Auarnasony ot 10 go 20:

postgres=# EXPLAIN ANALYZE SELECT * FROM guru WHERE id >= 10 and id < 20;
QUERY PLAN

Index Scan using guru_pkey on guru (cost=0.29..8.51 rows=11 width=37)
(actual time=0.007..0.010 rows=10 loops=1)
Index Cond: ((id >= 10) AND (id < 20))
Planning time: 0.132 ms
Execution time: 0.028 ms
(4 rows)

3mech IVIAHMPOBIIVK TOTYUYWIT OLIEHKY, OU€Hb G/IM3KYI0 K peaJbHbIM 3HAUeHUSIM |
11 Bmecto 10. Kpome TOro, B creHepuMpOBaHHOM IIJIAHMPOBIIMKOM IIJIaHe Ternepb
UCTIOJIb3YeTCsI MPOCMOTP MHIEKCA, TOCKOJIBKY B 3aIIPOC BXOAUT TMpeayuKkar. B nane
BBITTOJTHEHMS MeeTcsl U ipyras MHbopMaIus, B T. U. KOJIMUYECTBO IIUKIOB U (haKkTu-
yeckoe BpeMsi. OTMeTUM, UTO 3TOT IJIaH 3aHMMAaeT YeTbIpe CTPOKU C pa3IMUHbIMU
oTcTymamu. YuTaTh ero cjiefAyeT CHU3Y BBEepX, HAUMHAS CO CTPOKYU C HAMOOIbIINM
otctynioM. Ctpoka Index Cond: ((id >= 10) AND (id < 20)) MMeeT OTCTYN U MPUHAJJIe-
SKUT y3J1y Index Scan.

B peskume EXPLAIN (BUFFERS) KomMaHa MoKa3bIBaeT 3(PdeKT KeIpoBaHMsI, a Tak-
ke MHGOPMAaIIMIo O TOM, MCIIONIb3YeTCs IV Kelll M TPaBUIbHO Ji OH HacTpoeH. UTo-
ObI B ITOJIHOM Mepe OLleHUTh 3G (eKT KelMpoBaHyisi, HEOOXOAMMO BhITIOTHUTH TeC-
TUPOBAaHMeE [0 U IOCJIe Iporpesa Keia. MimeeTcs Takke BO3MOKHOCTD YIIPABJISTh
(dbopmaTom 11aHa BBITIONHEHMS. B ciefyoliem rpumepe TeMOHCTPUPYETCS pe3y/ib-
TaT UCIIOJIb30BaHMS OIMIIMii BUFFERS 1 FORMAT B peXkKriMe TeCTUPOBaHMSI Ha XOJIOTHOM
U ropstueM Keiie. YToObl IPOTECTUPOBATh Ha XOJIOAHOM Kellle, OCTAHOBMM U CHOBA
3amyCTUM cepBep:

$ [etc/init.d/postgresql stop
$ /etc/init.d/postgresql start

MHorpa nepesanycka PostgreSOL HegocTaTouHO Ans 04YMCTKM Kelwa, Nockonbky PostgreSQOL
nonb3yetcs Takxke 6ydbepamm onepaumoHHon cuctemsl. B OC Ubuntu ong ouncrkm kewwa Hyx-
HO BbIMONHUTb KOMaHAy echo 3 > /proc/sys/vm/drop_caches.

Terepb IpoOYMTAaEM TAOIUILY guru:

postgres=# EXPLAIN (ANALYZE, FORMAT YAML, BUFFERS) SELECT * FROM guru;
QUERY PLAN
- Plan: +

Node Type: "Seq Scan" +

Parallel Aware: false +

Relation Name: "guru" +

Alias: "guru" +

Startup Cost: 0.00 +

Total Cost: 1834.00 +
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Plan Rows: 100000 +
Plan Width: 37 +
Actual Startup Time: 0.016+
Actual Total Time: 209.332+
Actual Rows: 100000 +
Actual Loops: 1 +
Shared Hit Blocks: 0 +
Shared Read Blocks: 834 +
Shared Dirtied Blocks: 0 +
Shared Written Blocks: 0 +
Local Hit Blocks: 0 +
Local Read Blocks: 0 +
Local Dirtied Blocks: 0 +
Local Written Blocks: 0 +
Temp Read Blocks: 0 +
Temp Written Blocks: 0 +
Planning Time: 0.660 +
Triggers: +
Execution Time: 213.879
(1 row)

[IpoTecTupyem Ha IPOrPETOM Kellle, BHITIOJIHUB TOT ke 3aIpoc:

postgres=# EXPLAIN (ANALYZE, FORMAT YAML, BUFFERS) SELECT * FROM guru;
QUERY PLAN

- Plan: +
Node Type: "Seq Scan" +
Parallel Aware: false +
Relation Name: "guru" +
Alias: "guru" +
Startup Cost: 0.00 +
Total Cost: 1834.00 +
Plan Rows: 100000 +
Plan Width: 37 +
Actual Startup Time: 0.009+
Actual Total Time: 10.105 +
Actual Rows: 100000 +
Actual Loops: 1 +
Shared Hit Blocks: 834 +
Shared Read Blocks: 0 +
Shared Dirtied Blocks: 0 +
Shared Written Blocks: 0 +
Local Hit Blocks: 0 +
Local Read Blocks: 0 +
Local Dirtied Blocks: 0 +
Local Written Blocks: 0 +
Temp Read Blocks: 0 +
Temp Written Blocks: 0 +

Planning Time: 0.035 +

Triggers: +

Execution Time: 14.447

(1 row)
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[TepBoe, uToO 6poCaeTcs B IIa3a, — pa3HuIla BO BpeMeH! BhIITOJIHeHMSsI. Bo BTopoii
pas moTpe6oBayoch MOUTH Ha 93% MeHbIle BpeMeH!. ITO OObSICHIETCS TeM, UTO
NAaHHbIe UMTAIOTCS M3 MaMsITH, @ He C IMCKa, 0 YeM roBOpuT nose Shared Hit Blocks
(pasmenseMble GJIOKM B Kellle), KPaCHOPEUMBO CBUIETEIbCTBYIOIIEE, UTO BCE MaH-
Hble 0OHAPY>KEHbI B TTAMSITH.

OBHAPY)XEHME NMPOB/IEM B MJIAHAX BbIMOJIHEHMS 3ANPOCOB

Komanpga EXPLAIN MOXKeT ITOKa3aTh, TIOUEMY 3aIpoc paboTaeT MeIjIeHHO, 0COGEHHO
€CJTIM BBITIONTHSTD ee C OTIMsIMM BUFFER 1 ANALYZE. BOT Ha uTO ciiemyeT o6pariaTh BHU-
MaHMe, IIBITAsICh [IOHSTh, XOPOIII IUIAH BBITIOJIHEHWS WU HET.

O OuneHKa yMc/Ia CTPOK ¥ MCTUHHOE UMCJI0 CTPOK. ITO BaXKHO, IOTOMY UTO
IJITAHUPOBIIMK OPUEHTUPYETCS Ha 3Ty BEIMUYMHY, BbIOWPAs METO[ BBITION-
HeHMs 3arnpoca. EcTe IBa ciaydasi: oljeHKa 4Mciaa CTPOK 3aBblIlIeHa MM 3a-
HskeHa. HempaBuiibHAs OlleHKA BIMSIET HA BCE aJTOPUTMBbI: BBIOOPKM ITaH-
HBIX C AMCKA, COPTUPOBKM, COEIVHEHMS U T. . BooOIIle roBOpSsI, 3aBbINIEHHAS
OILIeHKa — 3TO HEeXOPOILO, HO 3aHVKeHHas — ropasno xyxe. C OLHOV CTOPOHBI,
TPV BBITIOIHEHUM COeIMHEHMSI OYeHb OOTBINNX TAGINI] METOAOM BIIOKEHHBIX
LIMKJIOB BpeMs BBIITOTHEHMUS PACTeT SKCIOHEHIIMAIbHO, €CIU IJIST IPOCTOTHI
IIPeAIIOIOXUTb, 4YTO CTOMMOCTD 3TOTO aaroputMa pasHa O(n”). C gpyroii cTo-
DOHBI, COeAVHEHVE C HeOOIbINON TabaMIIeil MeTOIOM XeIIVPOBAHMUS 3aMef -
JIIeT BBITIOJTHEHME 3arpoca, HO 3(@eKT OKa3bIBaeTCs] He TaKMM UyIOBMUII-
HBIM, KaK B [IEPBOM CJIyJae.

O CoptupoBKa B naMsaTy Win Ha gyucke. COpTUPOBKA BBITIOIHSIETCS IIPU Ha-
JIMYMU TaKuX Gpas, Kak DISTINCT, LIMIT, ORDER, GROUP BY, 1 HEKOTOPBIX APYIUX.
Ecnu maMsiTu 1OCTaTOYHO, TO COPTUPOBKA NMPOU3BOAUTCS B ITaMSITH, MHAUE
Ha JINCKe.

O Bydepusiii Keml. BaskHo 06paniath BHYMMaHMe Ha TO, CKOJIbKO JAHHBIX Ha-
XOOUTCS B Oydepax U CKOJIBKO M3 HUX I'PSI3HBbIX. YTeHMe JaHHbIX U3 O0ydepa
3HAUUTEIBHO MOBBINIAET TPOU3BOAUTENbHOCTb.

YT06BI TPOJEMOHCTPUPOBATD IVIOXO¥ TIJIAH BBIMOTHEHNMSI, COObEeM IIJIAHUPOBIIUK

PostgreSQL ¢ ToJKy, BBIIIOJIHMB OIlepalyio Hajl CTOIOIOM id:

postgres=# EXPLAIN SELECT * FROM guru WHERE upper(id::text)::int < 20;
QUERY PLAN

Seq Scan on guru (cost=0.00..3334.00 rows=33333 width=37)
Filter: ((upper((id)::text))::integer < 20)
(2 rows)

3nech aHMpOBIIUK PostgreSQL He MOXeT BBIUMCIUTD BbIpaxkeHue upper(id::
text)::int < 20 camocTOsITeTbHO. I MHIEKCOM BOCITOJIb30BAThCS TAKKE HE MOXKET,
IIOTOMY YTO HET MHJEKCa, MTOCTPOEHHOrO M0 TaKOMY BBIPAKEHMIO, a U B JIIOOOM
CJTyyae TUIaHMPOBIIMK He CTasl ObI MCITONb30BaTh MHIEKC, TOCKOIbKY OIl€HKa UMC-
JIa CTPOK CIMINKOM BesnKa. Ecy 6bI 3TOT 3aImrpoc 6bIT YacThIo IPYTOTo, TO OIIMOKA
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pacrpocTpaHmIach 6bI KACKAIOM, TIOCKOIbKY TO/I3aMPOC, BO3MOXKHO, TPUIIIOCH ObI
BBIIIOJTHUTDH HECKOJIbKO pas. Mbl co3manu mpobieMy MCKYCCTBEHHO, HO HeBepHast
OlLIeHKa KOJIMYEeCTBA CTPOK — OHA M3 CAMbBIX YACTO BCTPEUAIOLIMXCS OLIMOOK. BbITh
MOJKET, 9TO Pe3y/IbTaT HellpaBUIbHO HACTPOIKM aBTOOUMCTKY. A B 6OJIbIINX Ta0-
JIMIIAX IIPUYMHOM MOSKET GbITh CIMIIKOM MaJlblii II0Ka3aTe/ib CTATUCTUKIA.

HakowHetr, 17151 00HapysKeHMs IYOMHHO MPUUMHBI [TaeHMsI IPOU3BOAUTEIbHO-
CTM TI0JIE3HO 3HATh O Pas/JIMUHbIX aJITOPUTMAaX: COAVHEHMe METOLOM BJIOSKEHHBIX
LIMKJIOB, XELIVPOBAHMS M CIMSIHMSI, IIPOCMOTP MHOEKCA, IIPOCMOTP GMTOBOI KapThI
U T. 1. B ciemytoneM mpumMepe WUTIOCTPUPYETCS CoeiuHeHMe ¢ GOMbIIoi Tabnuiiei
MEeTO[OM BJIOSKeHHbBIX IMK/IOB. CHaua/ia BBIIIOJHNM 3aIpoC, He BBIK/II0UAs IIapaMeT-
PbI IVTAHUPOBIIVKA :

postgres=# EXPLAIN ANALYZE WITH tmp AS (SELECT * FROM guru WHERE 1id
<10000) SELECT * FROM tmp a inner join tmp b on a.id = b.id;
QUERY PLAN

Merge Join (cost=2079.95..9468.28 rows=489258 width=72) (actual
time=8.193..26.330 rows=9999 loops=1)
Merge Cond: (a.id = b.id)
CTE tmp
-> Index Scan using guru_pkey on guru (cost=0.29..371.40 rows=9892
width=37) (actual time=0.022..3.134 rows=9999 loops=1)
Index Cond: (id < 10000)
-> Sort (cost=854.28..879.01 rows=9892 width=36) (actual
time=6.238..8.641 rows=9999 loops=1)
Sort Key: a.id
Sort Method: quicksort Memory: 1166kB
-> CTE Scan on tmp a (cost=0.00..197.84 rows=9892 width=36)
(actual time=0.024..5.179 rows=9999 loops=1)
-> Sort (cost=854.28..879.01 rows=9892 width=36) (actual
time=1.950..2.658 rows=9999 loops=1)
Sort Key: b.id
Sort Method: quicksort Memory: 1166kB
-> CTE Scan on tmp b (cost=0.00..197.84 rows=9892 width=36)
(actual time=0.001..0.960 rows=9999 loops=1)
Planning time: 0.143 ms
Execution time: 26.880 ms
(15 rows)

YT06bI IPOTECTUPOBATH METOL, BIOSKEHHBIX LIVIK/IOB, MbI TOJIKHbBI BHIKITIOUMTD BCE
IIpOYMe METOMbI COeIVMHEHMS I B IIEPBYIO OUePeIb COeOMHEeHMEe CAMSHMEM U XeIl-
pPOBaHMEM:

postgres=#set enable_mergejoin to off ;

SET

postgres=#set enable_hashjoin to off ;

SET

postgres=# EXPLAIN ANALYZE WITH tmp AS (SELECT * FROM guru WHERE id <10000)
SELECT * FROM tmp a inner join tmp b on a.id = b.id;



328 < OnTMMM3aLMs NPOU3BOAUTENBHOCTM 6a3bl AAHHbIX

QUERY PLAN

Nested Loop (cost=371.40..2202330.60 rows=489258 width=72) (actual
time=0.029..15389.001 rows=9999 loops=1)
Join Filter: (a.id = b.id)
Rows Removed by Join Filter: 99970002
CTE tmp
-> Index Scan using guru_pkey on guru (cost=0.29..371.40 rows=9892
width=37) (actual time=0.022..2.651 rows=9999 loops=1)
Index Cond: (id < 10000)
-> CTE Scan on tmp a (cost=0.00..197.84 rows=9892 width=36) (actual
time=0.024..1.445 rows=9999 loops=1)
-> CTE Scan on tmp b (cost=0.00..197.84 rows=9892 width=36) (actual
time=0.000..0.803 rows=9999 loops=9999)
Planning time: 0.117 ms
Execution time: 15390.996 ms
(10 rows)

O6paruTe BHMMaHNe Ha OTPOMHYI0 Pa3HUIy MEXIY COeJMHEHVEeM MeTOmamMu
C/IVSTHYS Y BIIO>KeHHBIX IMKIOB. KpoMe TOro, kak BUIHO 13 IpUMepa, 111 COeMHe-
HUSI CIMSIHYEM HY)XKeH OTCOPTMPOBAHHBIN CIIMCOK.

[penpimymmii mpuMep MoxkHo mepenucaTb 6e3 CTE. Mbr ucmonb3oBamu CTE
TOJIBKO JIJIS1 TOTO, UTOOBI MPOIEMOHCTPUPOBATh KpaiiHue Ciyyau, BO3HUKAIOIIME,
KOIJla KOJIMYeCTBO CTPOK 3aHMKeHO. HecMOTps Ha TO YTO MBI 3alIPeTUIN COeliHe-
HYe CIMsIHMEM U XellupoBaHueM, PostgreSQL Bocnonb3oBanach 151 BBIIIOTHEHUS
3aMpoca MeTOLOM BJIOKEHHBIX LIMKJIOB C TPOCMOTPOM MHAEKCA. B JaHHOM ciydae
BMECTO JIBYX LIMKJIOB OHa 000IIACh OHNUM, UTO CYI[€CTBEHHO MTOBBICUIIO TIPOU3BO-
IUTENbHOCTb, 110 CPaBHEHMIO C BapuaHTOM Ha ocHoBe CTE.

EXPLAIN ANALYZE SELECT * FROM guru as a inner join guru b on a.id = b.id
WHERE a.id < 10000;
QUERY PLAN

Nested Loop (cost=0.58..7877.92 rows=9892 width=74) (actual
time=0.025..44.130 rows=9999 loops=1)
-> Index Scan using guru_pkey on guru a (cost=0.29..371.40 rows=9892
width=37) (actual time=0.018..14.139 rows=9999 loops=1)
Index Cond: (id < 10000)
-> Index Scan using guru_pkey on guru b (cost=0.29..0.76 rows=1
width=37) (actual time=0.003..0.003 rows=1 loops=9999)
Index Cond: (id = a.id)
Planning time: 0.123 ms
Execution time: 44.873 ms
(7 rows)

Ecnun Bbl CTONKHYNIUCb C OY€Hb OJIMHHBIM U CNOXHbIM MJIAHOM BbINMOJIHEHNA U HE MOXETe
MOHATb, B YEM «3aTbIK», I'IOI'IpOGyVITG 3anpeTuTb airOpmUTM C 3KCNOHEHUMANIbHbIM BPEMEHEM
pa60TbI, HanpuMep coeanHeHne MeToA0oM BNIOXKEHHbIX LLMKITOB.
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TUNWYHBIE OWMBKM NPU HAMMUCAHUK 3ANPOCOB

ECTb psII TUIIMYHBIX IIOPOYHBIX IIPAKTUK M OLIMOGOK, KOTOPbIE YACTO JOIYCKAIOT pas3-
paboOTUMKA.

M36bITOuHbIE ONepauum

JIuiHMe oriepaiuy, HalpyuMep MPOCMOTP AMUCKa, COPTUPOBKA U GUIbTPALVs], MOTYT
TTOSIBJIITBCS 10 pa3HbIM IpuunHaM. K mpumMepy, HeKOTopble pa3paboTumMKy BCTaB-
J10T ¢1oBO DISTINCT maske Tyna, Iie OHO He HYXKHO, MJIM He MOHMMAIOT pa3HUIIbI
meskay UNION, UNION ALL, EXCEPT, EXCEPT ALL U T. i. DTO 3aMeJJjiseT BbIMIOJIHEHME 3a-
Ipoca, 0CO6EHHO ecM OKUAAEMOE UMCIO CTPOK Beanko. Cienyooiye aBa 3ampoca
SKBMBAJIEHTHBI, TOCKOJIbKY B TAO/IMIIE €CTh IIEPBUYUHBIN KITIOY, HO 3ar1poc ¢ DISTINCT
paboTaet ropaszo MejieHHee:

postgres=# \timing

Timing is on.

postgres=# SELECT * FROM guru;

Time: 85,089 ms

postgres=# SELECT DISTINCT * FROM guru;
Time: 191,335 ms

Ele omHa TMIIMYHAS OLIMOKA — MCIIO/Ib30BaHMe DISTINCT coBMeCTHO ¢ UNION:

postgres=# SELECT * FROM guru UNION SELECT * FROM guru;

Time: 267,258 ms

postgres=# SELECT DISTINCT * FROM guru UNION SELECT DISTINCT * FROM guru;
Time: 346,014 ms

B oTamume ot UNION ALL, KomaH1a UNION ymassieT Bce myOaMKaThl U3 pPe3yabTUPYIO-
IIero MHOXeCTBa. [I03TOMY B IIOBTOPHOI COPTUPOBKE U (MMJIBTPAIM HET HUKAKOI
HY>KIbI.

Ele omHa pacrmpocTpaHeHHasl olmnbKka — BKIUeHue ORDER BY B ompemeeHue
npeacrasieHus. Torga mpu BbIGOPKe 13 3TOrO MPeACTaBIeHNs IPOU3BOIUTCS COP-
TUPOBKA, BO3MOKHO, COBEPILIEHHO JINIITHAS
postgres=# CREATE OR REPLACE VIEW guru_vw AS SELECT * FROM guru order by 1 asc;

CREATE VIEW

Time: 42,370 ms

postgres=#

postgres=# SELECT * FROM guru_vw;
Time: 132,292 ms

3mech BbIOOpKA JAHHBIX M3 IIPEACTaBIeHMs 3aHMMaeT 132 Mc, a HampsIMylo U3
TaGIMLBI — BCcero 85 Mc.

MUHpekcobl OTCYTCTBYIOT UJIM NOCTPOEHDbI HE TaK

Ewmn o HEKOTOPOMY BbIPDa>X€HWIO, COAEpKalleMy CTOH6L[bI, OTCYTCTBYET MHIEKC,
TO Ta6n1/1ua IIPpOCMATPpMUBAETCA LIEIMKOM. CYI.HECTBYET HECKOJIbKO C/ydaeB, KOorama
MHIOEKCbI CHOCO6CTBYIOT IIOBBIIIEHNIO ITPOM3BOAMUTEIbHOCTHA. Hanpumep, BCsSAYECKN
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PEKOMEHIYEeTCS CTPOMTh MHIEKC 10 BHELIHMM KIrouaM. [IJIst 1eMOHCTpaLyy co3aa-
VM ¥ 3aTIOJTHUM TabIuIry:

CREATE TABLE success_story (id int, description text, guru_id int
references guru(id));

INSERT INTO success_story (id, description, guru_1id)

SELECT n, md5(n::text), random()*99999+1

FROM generate_series(1,200000) AS foo(n) ;

YTO6BI MOMYIUTH UCTOPUIO YCIIexa HeKOTOPOTO I'ypy, HY’KHO HAIMCATh MPOCTOIA
3a1poc, COeIMHSIIONIMIA TAGMUIIBI guru 1 success_story:

postgres=# EXPLAIN ANALYZE SELECT * FROM guru inner JOIN success_story on
guru.id = success_story.guru_id WHERE guru_id = 1000;
QUERY PLAN

Nested Loop (cost=0.29..4378.34 rows=3 width=78) (actual
time=0.030..48.011 rows=1 loops=1)
-> Index Scan using guru_pkey on guru (cost=0.29..8.31 rows=1 width=37)
(actual time=0.017..0.020 rows=1 loops=1)
Index Cond: (id = 1000)
-> Seq Scan on success_story (cost=0.00..4370.00 rows=3 width=41)
(actual time=0.011..47.987 rows=1 loops=1)
Filter: (guru_id = 1000)
Rows Removed by Filter: 199999
Planning time: 0.114 ms
Execution time: 48.040 ms
(8 rows)

O6paruTe BHMMaHMe, 4YTO TabIMIIa success_story IIpoCcMaTpyuBaach MoCaeq0Ba-
TebHO. UTOGBI 9TO MCIIPABUTh, Mbl MOKEM CO3[aTh MHIEKC 10 BHELTHEMY KITHOUY:

postgres=# CREATE index on success_story (guru_id);

CREATE INDEX

postgres=# EXPLAIN ANALYZE SELECT * FROM guru inner JOIN success_story on
guru.id =success_story.guru_id WHERE guru_id = 1000;

QUERY PLAN

Nested Loop (cost=4.74..24.46 rows=3 width=78) (actual time=0.023..0.024
rows=1 loops=1)
-> Index Scan using guru_pkey on guru (cost=0.29..8.31 rows=1 width=37)
(actual time=0.010..0.010 rows=1 loops=1)
Index Cond: (id = 1000)
-> Bitmap Heap Scan on success_story (cost=4.44..16.12 rows=3 width=41)
(actual time=0.009..0.010 rows=1 loops=1)
Recheck Cond: (guru_id = 1000)
Heap Blocks: exact=1
-> Bitmap Index Scan on success_story_guru_id_idx (cost=0.00..4.44 rows=3
width=0) (actual time=0.006..0.006 rows=1 loops=1)
Index Cond: (guru_id = 1000)
Planning time: 0.199 ms
Execution time: 0.057 ms
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[Tocse TOCTpPOEHMST MHIOEKCa BPeMs BBITTOJIHEHUS Pa3sUTENbHO YMEHbIIMIOCH:
¢ 48 mc 1o 0.057 mc.

TToMCK IO TEKCTY TaKKe BHIMTPHIBAET OT HAIMUMS MHAEKCOB. ViHOrma Tpebyercs
MCKaTh 0€3 yueTa permucTpa, HalipuMep eciu peub UaeT o JIOTHHe. [IJI ITOro MOKHO
MIPUBECTY TEKCT K OHOMY PETMCTPY — BEPXHEMY MM HIDKHEMY. [IJ1sT IeMOHCTpalun
CO3JaaMM elile OgHY QYHKIIMIO, IOTOMY UTO aJITOPUTM XeIIMpoBaHust md5 IOPOosKIa-
eT GYKBBI TOJIbKO B HVDKHEM PErucTpe:

CREATE OR REPLACE FUNCTION generate_random_text ( int ) RETURNS TEXT AS
$$

SELECT
string_agg(substr('0123456789abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRST
UVWXYZ', trunc(random() * 62)::integer + 1, 1), '")

FROM generate_series(1, $1)
$$
LANGUAGE SOQL;

Iyist co3manust TabIUITbI, COmepsKallleii TOTMHBI, 3aIiCaHHbIe OYKBaMM 060X pe-
TUCTPOB, BBIMTOJTHUM TaKO¥i KOJ:

CREATE TABLE login as SELECT n, generate_random_text(8) as login_name FROM
generate_series(1, 1000) as foo(n);

CREATE INDEX ON login(login_name);

VACUUM ANALYZE login;

@yHK1UMS generate_random_text() reHepuUpyeT CIydaliHbIl TEKCT 3aJaHHO AJIUHBI.
ITycTb TpebyeTcst IPOBEPUTD, CYIIIECTBYET JIM B Tab/IuIle HEKOTOpast 3amich. MOXKHO
6bLTIO OBbI IIOCTYIIUTH TaK:

postgres=# EXPLAIN SELECT * FROM login WHERE login_name = 'jxaG6gjl';
QUERY PLAN

Index Scan using login_login_name_idx on login (cost=0.28..8.29 rows=1
width=13)
Index Cond: (login_name = 'jxaG6gjl'::text)
(2 rows)

Kak BuauMm, mpuMeHsieTCsl IPOCMOTP MHAEKCa, ITIOTOMY YTO IO CTOIOIY login_
name TIOCTPOEH MHAEKC. IHAEKC MCIOIb3YeTCs M B CJIydae, KOT/IA BbI3bIBAETCS He-
BOJIATWIIbHAST QYHKITMS OT KOHCTAHTHOTO apTryMeHTa, MTOCKOIbKY ONITUMM3AaTOP BbI-
yucasieT QyHKIMIO CAMOCTOSITEIbHO

postgres=# EXPLAIN SELECT * FROM login WHERE login_name = lower('jxaG6gjl');
QUERY PLAN

Index Scan using login_login_name_idx on login (cost=0.28..8.29 rows=1
width=13)
Index Cond: (login_name = 'jxag6gjj'::text)
(2 rows)

Ho ecnu BbI3bIBaeTcs QyHKUMS OT CTOIOIA, TO MPOM3BOOUTCS MOC/IELOBATEINb-
HBII IPOCMOTP:
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postgres=# EXPLAIN SELECT * FROM login WHERE lower(login_name) =
lower('jxaG6gjl');
QUERY PLAN
Seq Scan on login (cost=0.00..21.00 rows=5 width=13)
Filter: (lower(login_name) = 'jxag6gjj'::text)
(2 rows)

O6paTuTe BHMMAaHNe, UTO M B 3TOM C/Iydyae OIleHKA KOJMYeCTBa CTPOK paBHa 5,
ITIOTOMY YTO ONTUMM3aTOP HE MOXKET IPaBMUIbHO BBIUMCIUTD IIPeauKar. [Ijis pele-
HUSI TIPO6/IeMbI [06aBUM MHIEKC:

postgres=# CREATE INDEX ON login(lower(login_name));
CREATE INDEX

postgres=# analyze login;
ANALYZE

postgres=# EXPLAIN SELECT * FROM login WHERE lower(login_name) = lower('jxaG6gjl');
QUERY PLAN

Index Scan using login_lower_idx on login (cost=0.28..8.29 rows=1 width=13)

Index Cond: (lower(login_name) = 'jxag6gjj'::text)
(2 rows)

Kak MMeHHO MHAEKCHUPOBATb TEKCT, 3aBUCUT OT XapaKTepa AoCTyIa. Booobiie, cy-
IIeCTBYET JIBa CITOoco0a: B IEPBOM, paCCUMTAHHOM Ha ITOMCK CTPOKY B Havasie TeKC-
Ta, UCTIOIb3yeTcst opclass, BO BTOPOM — TUITBI tsquery U tsvector:

postgres=# CREATE INDEX on login (login_name text_pattern_ops);

CREATE INDEX

postgres=# EXPLAIN ANaLYZE SELECT * FROM login WHERE login_name like 'a%';
QUERY PLAN

Index Scan using login_login_name_idx1 on login (cost=0.28..8.30 rows=1
width=13) (actual time=0.019..0.063 rows=19 loops=1)
Index Cond: ((login_name ~>=~ 'a'::text) AND (login_name ~<~ 'b'::text))
Filter: (login_name ~~ 'a%'::text)
Planning time: 0.109 ms
Execution time: 0.083 ms
(5 rows)
Time: 0,830 ms

HakoHeti, eciii Tpe6yeTcst MCKaTh IO Havaly TeKCTa, HO 0e3 yueTa perucrpa, To
MOYKHO BOCIIOTb30BaThCsI KOMOMHaIMel GyHKIMM lower U text_pattern_ops:

postgres=# CREATE INDEX login_lower_idx1 ON login (lower(login_name)
text_pattern_ops);

CREATE INDEX

postgres=# EXPLAIN ANaLYZE SELECT * FROM login WHERE lower(login_name) like 'a%';
QUERY PLAN
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Bitmap Heap Scan on login (cost=4.58..11.03 rows=30 width=13) (actual
time=0.037..0.060 rows=30 loops=1)
Filter: (lower(login_name) ~~ 'a%'::text)
Heap Blocks: exact=6
-> Bitmap Index Scan on login_lower_idx1 (cost=0.00..4.58 rows=30
width=0) (actual time=0.025..0.025 rows=30 loops=1)
Index Cond: ((lower(login_name) ~>=~ 'a'::text) AND
(lower(login_name) ~<~ 'b'::text))
Planning time: 0.471 ms
Execution time: 0.080 ms
(7 rows)

Ucnonb3oBaHue CTE 6e3 HeobxoaumocTu

O6une Tabamunble BhipaskeHus (CTE) mo3BoisioT paspaboTunKaM BbIpaskaTh OUeHb
WIOKHYIO T0TUKY. KpoMe TOro, B HeKOTOpbIX caydasix CTE moBbIIatoT mpon3Boau-
TeIbHOCTh. OMHAKO MX MCIIONb30BaHME MOXKET BBI3BIBATH ITPOOJIEMY IIpU ITepemMe-
IeHMUM TIpeiluKaTa B KOHeIl, TOCKOAbKy PostgreSQL He mpoM3BOAUT ONITUMMU3AIINIO
3a npemenamu CTE; kakgoe CTE paboTaeT M30MMPOBAHHO OT ApYyruX. UTOOBI MO-
HSITh, B UeM COCTOUT OrpaHNYeHMe, B3IVISTHUTE Ha CAeAyIolie IBa SKBUBAI€HTHBIX
3arpoca 1 o6paTuTe BHMMaHMe Ha pa3jnyye B MPOM3BOANTETbHOCTH!:

\o /dev/null

\timing

postgres=# SELECT * FROM guru WHERE id = 4;

Time: 0,678 ms

postgres=# WITH gurus as (SELECT * FROM guru) SELECT * FROM gurus WHERE id

= 4;

Time: 67,641 ms

Mcnonb3oBaHue npoueaypHoro a3bika PL/pgSQL

Kemmposanue B si3bike PL/pgSQL — 3ameuaTtesibHOe CPeICTBO TTOBBINIEHNST ITPOU3-
BOAUTEIBHOCTU, HO eC/IM Pa3paboTuMK HeBHUMMATEIEH, TO OHO MOKET CTaTh Mpu-
YMHOJ IVIOXMX TUTAHOB BBITTOMIHEeH Y. [TyCThb, HAlpUMepP, Mbl XOTUM 00epHYTh QYHK-
Lyen caeayonuii 3arpoc:

SELECT * FROM guru WHERE 1d <= <predicate>;

3[ech IIaH BBITIOJHEHUST KelIMPOBATh He CIefyeT, TOTOMY UTO OH MOXEeT 3aBU-
CeTh OT 3HaUeHus1 npefuKarTa. Tak, eciu B IpeJuKaTe yKa3aHO 3HaueHue 1, To Tia-
HUPOBIIMK MPEATIOUTeT MPOCMOTpP nHAeKca, a eciu 90 000, To mowienoBaTeNbHbBIN
npocMoTp. Ho gaBaiiTe n3aMeHMUM 3a1poc:

SELECT * FROM guru WHERE id = <predicate>;

Terneps IJIaH CTOUT KeIIMPOBATh, [IOTOMY UTO OH OyIeT OAMHAKOB [JIsI BCEX Ipe-
IOMKATOB, T. K. 110 CTOJIGIY id TOCTPOEH MHIEKC.

Emie oTmeTnm, 4yTo 06paboTKa mckimoueHmnii B PL/pgSQL 06xXomnuTcst o4eHb J0po-
r0, II03TOMY IIPMMEHSITh 3TY BO3MOKHOCTD CJIEZYET C OCTOPOSKHOCTHIO.
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MexcTron6uoBas koppenaumsa

V3-3a MeXCTONOIIOBOI KOppeNsiMy BO3MOXKHbBI OIIMOKM B OLleHKE KOIMYeCTBa
CTPOK, ITOCKOIbKY PostgreSQL mpeponaraeT, 4ToO Bce CTOMOIbI He3aBUCHMMbI. Ho Ha
caMoM Jiejie 3TO Jajneko He Bcerga Tak. Hampumep, B HEKOTOPBIX KY/IbTypax CyIecT-
BYET KOppeJsiiys MeXay uMeHeM U hamumineii. JIpyroit mpumMep — CTpaHa U SI3bIK
B TIPEATIOUTEHMSIX KIMEeHTOB. UTOOBI MOHSTh, B YeM OINACHOCTh MEKCTOJIOI0BO
KOPPeJISIi, CO3TaaUM TabInIly KIMeHTOB:

CREATE TABLE client (
id serial primary key,
name text,
country text,
language text

);

[I71s1 ;eMOHCTpaIM KOPPEIMPOBAHHOM CTATUCTUKY CTeHepUpPyeM TeCTOBbIE TaH-
Hble CJIeTYIONMM 06pa3oM:

INSERT INTO client(name, country, language)
SELECT generate_random_text(8), 'Germany', 'German'
FROM generate_series(1, 10);

INSERT INTO client(name, country, language)
SELECT generate_random_text(8), 'USA', 'English'
FROM generate_series(1, 10);

VACUUM ANALYZE client;

Ec/iv MbI 3aXOTUM HaiTH OIb30BaTeIel, IJIs1 KOTOPBIX SI3bIK language paBeH Ger -
man, a cTpaHa country — Germany, TO IIOJTYIMM HEBEPHYIO OI[€HKY CTPOK, TOCKOIbKY 3T
CTOJIOIbI KOPPEIUPOBAHBI:

postgres=# EXPLAIN SELECT * FROM client WHERE country = 'Germany' and
language='German';
QUERY PLAN

Seq Scan on client (cost=0.00..1.30 rows=5 width=26)
Filter: ((country = 'Germany'::text) AND (language = 'German'::text))
(2 rows)

31ech OIleHKa KOIMYeCTBa CTPOK paBHa 5, a He 10, MOCKOIbKY BBIYMC/ISIETCS OHA
o opmysie: oyeHka Koauuecmea cmpok = obujee Uucio Cmpox * usdbupameibHocmo
country * uzbupamensHocmo language = 20 * 0.5 * 0.5 = 5. 1o Bepcun PostgreSQL 10
MIPOCTOJ CII0CO6 MCITPABUTH OILIEHKY 3aK/TI0YAJICS B TOM, YTOOBI MI3MEHUTH pusmye-
CKYIO CTPYKTYPY TaOIUIIbI, 06beAVHIB BA TTOJISI B OJTHO:

CREATE TABLE client2 (
id serial primary key,
name text,
client_information jsonb
)s
INSERT INTO client2(name, client_information)
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SELECT generate_random_text(8),'{"country":"Germany", "language":"German"}'
FROM generate_series(1,10);

INSERT INTO client2(name, client_information)
SELECT generate_random_text(8),'{"country":"USA", "language":"English"}'
FROM generate_series(1, 10);

VACUUM ANALYZE client2;

3mech country 1 language 06epHYTBI TUIIOM jsonb; Tereph IIaH BBITTOTHEHMS I10-
Ka3bIBaeT MPaBMJIbHYIO OII€HKY CTPOK:

postgres=# EXPLAIN SELECT * FROM client2 WHERE client_information =
"{"country":"USA","language":"English"}";
QUERY PLAN

Seq Scan on client2 (cost=0.00..1.25 rows=10 width=60)

Filter: (client_information = '{"country": "USA", "language":

"English"}'::jsonb)
(2 rows)

B PostgreSQL 10 mo6aBieHa nmepekpecTHasi CTaTUCTIKA CTOJIOIIOB, TaK UTO 60JIb-
IIe MeHATh PU3NUECKYI0 CTPYKTYPY TabaULIbl He HY>KHO. OHAKO He0OX0aMMO yBe-
OOMMUTD IVIAHMPOBIIMK O HAJIMUYMU TAKUX 3aBUCUMOCTE. LITOGI)I pacCiMpuUTb CTa-
TUCTUKY, BBIIIOITHMM TAaKYIO KOMaHIOY:

CREATE STATISTICS stats (dependencies) ON country, language FROM client;

YToO6bl YBUETh HOBBIN 00BEKT statistic, cHauasa mpoaHaau3upyeM TabIuILy,
a 3aTeM OIPOCKM CXeMy pg_catalog:

postgres=# analyze client;
ANALYZE
Time: 5,007 ms

postgres=# SELECT stxname, stxkeys, stxdependencies FROM pg_statistic_ext
WHERE stxname = 'stats';
stxname | stxkeys | stxdependencies
......... +.-_-_....+_-_....-_-_....-_._....._._....._._....._-
stats | 3 4 | {"3 => 4": 1.000000, "4 => 3": 1.000000}
(1 row)
Time: 0,671 ms

Cronbern stxkey comepkuUT MHGOPMAIIMIO O MOJOXKEHUM CTOJOLIOB B Tabnuie,
B maHHOM cryuae 3 and 4. Cton6err stxdependencies ornpenensieT KOPPeIIIMoOHHbIe
3aBUCUMOCTU — 374ech umeeTcss 100-TIpoiieHTHasT 3aBUCMMOCTb MeXAY language
" country, 1 Ha060pOT. HakoHeII, elle pa3 BLITIOJHUM IPeIbIAYIINii 3aTIPOC, UTOObI
TTOHSTh, [TOMOTJIA JIM PACIIMPEHHAS CTATUCTUKA PEIIATH ITPOOIEMY MEKCTOIOII0BO
KOPPEeJISILN:
postgres=# EXPLAIN SELECT * FROM client WHERE country = 'Germany' and
language='German';

QUERY PLAN



Seq Scan on client (cost=0.00..1.30 rows=10 width=26)
Filter: ((country = 'Germany'::text) AND (language = 'German'::text))
(2 rows)

CEKLIMOHMPOBAHUE TAB/IWLL

CeKIIMOHMPOBaHNe TAaOINI, TTOMOTraeT OBBICUTH ITPOU3BOLUTETHHOCTD 34 CUET
(busndeckoit opraHM3anyM JAHHBIX HA IMCKe B COOTBETCTBUM C 3aJaHHBIMU KPUTE-
pusiMu TpymnnupoBKu. CyIecTByeT 1Ba METO/Ia CEKIIMOHUPOBAHMSI TaGINII;

o

BepPTUKATbHOE CEKIVMOHMPOBaHME — OfHa Tabiuiia pa3buBaeTcs Ha He-
CKOJIBKO C I1€JTbI0 YMEHBIIUTD pasMep CTPOKU. ITO YCKOPSIET MOC/Ieq0BATETb-
HBII MPOCMOTP YaCTUYHBIX Ta6JINII, IIOCKOAbKY Ha OJHOM CTpaHuIle IoMe-
1aeTcst 60sIbIe CTPOK. JJist IpyMepa MpearoiosKuM, YTO Mbl XOTUM XPaHUTh
B Tabiuiie client dororpadum KIMEHTOB B CTOJOIE THUIIa byte mmm blob. ITo-
CKOJIbKY B TabJnIle MOSIBUIACh GOMbIIAsI CTPOKA, KOJIMUECTBO CTPOK Ha CTpa-
HUIY YMEHBIIMIOCh. UTOOBI PeInTh Ipo6aeMy, CO3AaAMM IPYTYIO TabIuILy,
CChITAIOIIYIOCS Ha client:

CREATE TABLE client_picture (

id int primary key,

client_id int references client(id),
picture bytea NOT NULL
);

TOPU3OHTAIbHOE CEKIVMIOHMPOBAaHME — MPUMEHSIETCS JIT TOTO, UTOOBI
YMEHBIIUTh pasMep BCeit TabMUIIbI, pacIipeiesiMB CTPOKM 110 HECKOIbKIM Tab-
JIMIIaM. DTOT ITOJIXO[, peaja30BaH C ITOMOIIbIO HAaC/IeT0BaHWs TabINIL Y ICKITIO-
YeHMs B CUJTy OTPaHMYEHMIA. 3a4aCTyIO POAUTEIbCKAs TaGIMIIA CITYSKUT ITPOCTO
CBSI3YIOIIVM 3BEHOM, a COOCTBEHHO TaHHbIE XPAHSITCS B JOYEPHMUX TaOIMIIAX.
HacnenoBaHue Tabuil O3BOJISIET JOCTUYb CEKLIMOHMPOBAaHMS KaK TaKOBOTO,
a MCKJTIOUEeHNME B CYITy OTPAaHMYEHUI CITY>KUT JIJIST ONTUMMU3ALUY ITPOU3BOAM -
TEIbHOCTY, [TOCKOJIbKY ITPY BBITIOJTHEHUM 3aITPOCa IPOMU3BOAMTCS OCTYTI TOJTb-
KO K TeM JIOUepPHUM TabJMIIaM, KOTOPbIe ComepskaT HY>KHbIe JaHHbIe.

HepocTatku MexaHM3Ma UCKIIOYEHUSA B cainy orpaHuquMﬁ

VHorma MmexaHM3M UCK/IIOUEeHMS B Cuminy OI‘paHI/I‘IEHI/Iﬁ He BK/IIOUaeTCs B pa60Ty, qTo
IIPpUBOAUT K OU€Hb MeAJIEHHbIM 3aIlIpOCaM. OTO ObIBAET B cdienyrmux Cryvyasax:

O
O

o

MCKJTIOUeHMe B CMJTy OTPaHMYeHNi1 3aIpeleHo;

MexaHM3M He paboTaeT, e BbIpaskeHue BO ¢pase WHERE He SIBJISIETCSI CpaB-
HEHMEM Ha PaBEHCTBO WM IIPOBEPKOI BXOXKIEHMS B IMala30H;

MexaHM3M paboTaeT TOJbKO C HeM3MeHsIeMbIMU QYHKIIMSIMMU, T. €. eCIU TIpe-
IMKaT BO (pase WHERE comepskUT (PYHKILNIO, KOTOPYIO HYKHO BBIUMCIIATH BO
BpeMs BBITIOJTHEHMSI, HaripuMep CURRENT_TIMESTAMP, TO MCK/IIOUEHME B CUJTY
orpaHMYeHUIt paboTaTh He OyIeT;
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O HajmMuue CUJIbHO CEeKIVMOHMPOBAHHBIX TAaOIUIl MOXKET CHU3UTh ITPOU3BOIM-
TeJIbHOCTDb 13-3a YBeJIMYEeHNSI BpeMeH! [IJIaHVMPOBaHMUS.

[TycTb MBI XOTMM CEKLIMOHMPOBATH TaGIMITY IO TEKCTOBOMY 00pasily, HalpuMmep
pattern LIKE 'a%'. DTO MOKHO CZenaTh, mepenucas ornepatop LIKE B BUle CpaBHe-
HUSI C IMAIla30HOM: pattern >='a ' AND pattern < 'b'. TakuM 06pa3soM, IPOBEPOUHOE
orpaHMYeHMe Ha TouepHUX Tabmuiiax OyeT sanyucaHo He B Buje LIKE, a ¢ TOMOIIIbIO
IMana3oHoB. A eC/iu TI0b30BaTe/b BBITTOJTHUT KOMaHy SELECT ¢ omepaTopom LIKE,
TO OTpaHNYeHMe B CUITy MCK/TIOUeHNIT He 6yIeT 3a/1eiiCTBOBaHO.

MEPENMCBIBAHME 3ANPOCOB

3aruchIBast 3aIIpoC PasHbIMM CIIOCOOAMM, pa3pabOTUMK YUUTCS M306eraTh IIOPOUYHBIX
MPaKTMK ¥ HaUMHAeT Jy4liie pa3éupaThCsl B TapaMeTpax IIaHUPOBIIMKA U METOaxX
OnTUMM3AIMK. 3alpoc, KOTOPbI BO3BpallaeT UAEHTU(GUKATOPHI TYPY, MX MMEHA
Y KOJIMYECTBO MCTOPUIt yCIiexa, MOXKHO 3aIMCaTh CIEAYIOIMMM CII0CO6aM:

postgres=# \o /dev/null

postgres=# \timing

Timing is on.

postgres=# SELECT id, name, (SELECT count(*) FROM success_story where
guru_id=id) FROM guru;

Time: 144,929 ms

postgres=# WITH counts AS (SELECT count(*), guru_id FROM success_story
group by guru_id) SELECT id, name, COALESCE(count,®) FROM guru LEFT JOIN
counts on guru_id = id;

Time: 728,855 ms

postgres=# SELECT guru.id, name, COALESCE(count(*),0) FROM guru LEFT JOIN
success_story on guru_id = guru.id group by guru.id, name ;
Time: 452,659 ms

postgres=# SELECT id, name, COALESCE(count,®) FROM guru LEFT JOIN ( SELECT
count(*), guru_id FROM success_story group by guru_id ) as counts on guru_id = id;
Time: 824,164 ms

postgres=# SELECT guru.id, name, count(*) FROM guru LEFT JOIN success_story
on guru_id = guru.id group by guru.id, name ;
Time: 454,865 ms

postgres=# SELECT id, name, count FROM guru , LATERAL (SELECT count(*) FROM

success_story WHERE guru_id=id ) as foo(count);
Time: 137,902 ms

postgres=# SELECT id, name, count FROM guru LEFT JOIN LATERAL (SELECT
count(*) FROM success_story WHERE guru_id=id ) AS foo ON true;
Time: 156,294 ms

3mech BapuaHT C LATERAL OKa3bIBA€TCSI CAMBIM ObICTPBIM, @ BAPUAHTHI, OCHOBAH-
Hble Ha CTE 1 Ha coelMHeHUM C TTOA3aIIPOCOM, — CAMBIMMU MeJjieHHbIMU. OTMeTUM,
YTO Pe3y/bTaT MOXKET 3aBMUCETh OT XapaKTEPUCTUK OOOPYIOBaHMsS, B UaCTHOCTU
skecTKOTro fucka. KoHeTpykuys LATERAL oueHb 3dpeKTUBHA B 3aIIpocax, Ime Hy>KHO
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OTPAaHMYUTH KOJMYECTBO Pe3ylbTaTOB, HATIpUMep: Hatimu decsimy Jydwux cmameti
a8 Kaxcdoz2o xypHaiucma. Kpome Toro, LATERAL BechbMa T0Jie3Ha TIPU COeOMHEHUN
€ TaGMMUYHBIMM QYHKLIVSIMMU.

PEe3ioME

HacTtpoiika npoussogutenbHOCTU PostgreSQL — MHOrorpaHHas aesiTeIbHOCTh. Hyk-
HO YYMTBIBATh KOHGUTYpAIMIO 060pYIOBaHMS, TTapaMeTpPbl CETH 1 CAMOT0 cepBepa
PostgreSQL. O6bruyHo PostgreSQL mocraBisieTcss B KOH(GUTypamyy, HEITPUTOTHO
IJIST IPOU3BOACTBEHHO CUCTEMBI. [I03TOMY HY>KHO HAaCTPOUTD, [0 KpaliHeil mepe,
napameTpsl 6ydepoB 1 orepaTUBHOM MaMSITH, KOJINYECTBO MOAKIIOUEHMIT U Kyp-
HanupoBaHyue. OTMeTUM, YTO HEKOTOpbIe mapaMeTpbl PostgreSQL B3anMoCBsI3aHbI,
Halnpumep NapameTpbl aMsTH U KOIUYeCTBO NoakatoueHnit. Kpome toro, ciemyer
C OCTOPOXXHOCTBIO OTHOCUTBCSI K IIapaMeTpam, Mocjie M3MeHeHMsI KOTOPbIX HYXKHO
repes3aryckaThb cepBep, T. K. B IPOM3BOJICTBEHHOI CUCTEME 3TO MOXKET 0Ka3aTbCs
npo6imematnuHo. Kak rpasuiio, PostgreSQL reHepupyeT XOPOILIMii IJIaH BBIITOJ-
HeHwMsI, e/ 6a3a JAaHHBIX HOPMaJIM30BaHA ¥ 3aIpoC MPaBMIbHO HamyicaH. Ho Tak
6bIBaeT He Bcerma. [ paspenieHus IpodaeM ¢ IMTPOU3BOIUTETbHOCTHIO MMEeTCsI
KoMaHza EXPLAIN, KOTOpasi OOBSICHSIET IeTaiy TUIaHa BBIMOTHEHMS. Y 3TOV KOMaH-
JIbI HECKOJIBKO OMIIVIA, B T. Y. ANALYZE 1 BUFFERS. [IJ1s1 HAImMCaHMs XOPOIIMX 3alIpOCOB
HeoOXOIMMO 3HATh O TaKMX 0COOeHHOCTSX PostgreSQL, Kak MeXCTONOIIOBasT CTa-
TUCTUKA, onTumusanus B rpauuiax CTE u BosmoskHocTy PL/pgSQL. BaxkHO Taxkke
OTUYET/IMBO IMOHMMAaTh CEMaHTUKY TaKux KomaHg, SQL, kak UNION, UNION ALL, DISTINCT
M T. I. YIUTECh 3aMMChIBATh 3aIIPOChI Pa3HBIMM CIIOCOOAMM U CPABHUBATH UX IMIPO-
U3BOIUTENbHOCTD.

B cienmyromieit rmaBe Mbl IOTOBOPUM O HEKOTOPBIX acliekTax TectupoBaHus 110
U ero 0COOeHHOCTSIX B IIPMMEHEHNM K 6a3aM JaHHBIX. ABTOHOMHbIE TECThI IJ1s1 6a3
JaHHBIX MOKHO 0(popMJIsITh B Bue SQL-CKPUIITOB MM XPAHMMbIX IIPOLEAY].
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TectupoBaHue

TecTpoBaHME IPOTPAMMHOrO OOeCIeUYeHMsI — 3TO IMPOLecC aHaaMs3a Ipo-
IPaMMHbIX KOMIIOHEHTOB, IIPOTPAMM ¥ CUCTEM C LIeJIbIO BBISIBIEHNS B HUX OINMOGOK
U OIpeie/ieHNsT WM IIPOBEPKU MX TEXHUYECKMX OTPaHMYEeHNI 1 TpeGOBaHMiA.

Basa gaHHbIX — 0co6ast CMCTeMa CO CBOMMM ITOIX0aMM K TECTMPOBAHMIO. DTO CBSI-
3aHO C TeM, YTO ITOBefeHIe TPOrpaMMHBIX KOMIIOHEHTOB 6a3bl JAaHHbIX (IIpenCcTaB-
JIEHUI, XpaHUMBIX TIpOIeayp, GYHKIINI) MOKET 3aBMCETh HE TOJIBKO OT MX KOJa, HO
¥ OT JAaHHbIX. YacTo QYHKIIMM He IBJISIOTCS HeM3MeHSIEMbIMMU, T. €. U'X MHOTOKPATHOE
BBITIOJIHEHME C OMHMMM U TeMMU 3Ke ITapaMeTpaMy JaeT pasnuHble pe3yIbTaThl.

[TosTOMY [JIsT TECTMPOBAHMST MOAY/Iei 6a3bl JAHHBIX HY;KHbBI CIIeIMabHbIe MTPU-
eMbl. PostgreSQL mpemocTaBisieT HEKOTOPbIE CPEICTBA B 9TOM HaIlpaBJIeHUMN.

B apxuTeKkType IporpaMMHOI cucTeMbl 6a3a JaHHBIX OOBIYHO HAXOAMUTCS Ha Ca-
MOM HIKHEM YpoBHe. KOMITOHEHTBI [10J/1b30BaTeIbCKOr0 MHTepdeiica 0To6pakaoT
MHGOPMAIIMIO U TIepefaloT KOMaHIbl CepBePHBIM cucTeMaM. CepBepHbIe CUCTEMBbI
peanusyioT 6M3HeC-JIOTUKY M MaHUITYIUPYIOT JaHHbIMM. [laHHbIE XpaHITCS B 6ase.
TTosToMy Jf06bIe M3MEHEHMs B cxeMe 6a3bl JaHHbIX 3a4aCTYI0 OTPakaloTCsl Ha MHO-
I'MX MPOrpaMMHBIX KOMITOHeHTaX. Ho KoMmaHus pa3BuBaeTcs, MO3TOMY M3MeHe-
HMs HeoOxoayMbl. CO31aI0TCS HOBbIE TaGIMIIbI U T10JIsI, IAISIOTCS CTaphble, BHOCST-
CS1 YIy4IIeHusT B MOZEJIb.

Pa3paboTuuK NOKeH GbITh YBEPEH, UTO M3MEHEHMe CTPYKTYPbI 6a3bl JaHHBIX He
«II0JIOMaeT» CYIIEeCTBYIOIINUX MIPUIOKEHUN U UTO IPUIOKEHUSI CMOTYT KOPPEKTHO
BOCIIO/Ib30BATHCSI HOBBIMM CTPYKTYPaMIM.

B oT0i1 rmaBe Mbl 06CYyOMM HEKOTOpPbIE METOIbl TECTUPOBAHUS OOBHEKTOB 6a3bl
JaHHbIX. OHM IPUMEHMMBI KaK K peaau3alyi M3MEeHEeHUI B CTPYKTYpe AaHHbIX
CJIOKHBIX CHCTEM, TaK U K pa3paboTke MHTepdeiicoB K 6a3e JaHHBIX.

[TpyMepsI 13 9TOJ IITaBbl MOSKHO BBITIOJTHSTH B TO 3kKe 6a3e JaHHbIX car_portal, HO
OHU He 3aBMUCST OT 0OBEKTOB 3TO 6a3bl. UTO6HI CO3AaTh 0a3y, BBIIIOIHUTE CKPUIIT
schema.sql, HAXOMSIIMIICS B COMIPOBOKAAIONIEM IaBy (aiiie, a YTOOBI 3allOTHUTD
ee TeCTOBBIMM JAHHBIMU — CKpUIT data.sql oTTyma ske. Bce mpuMepbl Koa MOKHO
HaiiTu B (paiine examples.sql.

ABTOHOMHOE TECTUPOBAHVE

ABTOHOMHOeE TecTupoBaHMe (Unit testing) — 9To yacTh Ipoirecca paspaboTKM, CBSI-
3aHHas C IIOMCKOM OIIMOOK B OTHEIbHBIX KOMITOHEHTAX VIV MOIYJ/ISIX TTPOTPAMMBI.



340 < TectupoBaHue

B 6ase OJAHHbIX TAKMMM KOMIIOHEHTAMM SBJISAIOTCSA XPpaHMMbIE IIPDOLIEAYPHI, beHK-
oun, TPUITepolr M T. O. O6BbEeKTOM aBTOHOMHOTIO TeCTUPOBAHMS MOXKET ObITh Jaxxe
oripenesieHue rmpeacraB/JIeHMs MM KO 3arpoca.

Nnest aBTOHOMHOTO TEeCTUPOBAHMA 3aK/ITI0YAETCs B TOM, UTO JJIS1 Ka>KOOT0 MOIYJIsA
HpOI‘paMMHOffI CUCTEMBI, HaIIpMMep Kiaacca UJin dJYHKLU/II/I, JO/DKeH OBITh CO30aH Ha-
60p TE€CTOB, KOTOPbI€ BbI3bIBAKOT 3TOT MOOYJIb C OIIpeaeJI€HHbIMM BXOOHbIMU OaH-
HBIMU U IIPOBEPSAIOT, COBIIAAAET JIM PE3YJ/IbTAT BbI30OBa C OJKMOd€MbIM. Ecin TeCTUpy-
eMblIit MOAYJ/Ib 0O/DKEH B3aMMO,E[eI71CTBOBaTb C BHEIITHMMM CCTeMaMM, TO X MOXHO
SMYJIMPOBATH C IIOMOMIbI0 KapKacCa TECTUPOBAHUA U Te€M CaMbIM ITPOBEPUTDH TAKXKE
BBB.I/IMO,Z[EVICTB]/IE C HUMMN.

Ha60p TeCTOB OOJ/IK€H ObITh JOCTAaTOYHO BeJIMK JIS IMOKPBITMA MAKCUMMaJIbHO
BO3MOXKHOI1 YaCTu MCXOOHOTrO Koaa. DTOTr0 MOXXHO ,ZlO6I/ITbC${, €CJIM TeCThbI BbI3bIBAIOT
TeCTI/IPYEMbIﬁ KOO CO BCEMM JIOTMYECKU OOITYCTUMMbIMMN KOM6]/IHaLU/I${MI/I BXOOHBIX
rmapamMeTpoB. Ecn MOOYJ/Ib OOJDKEH KaK-TO pearMmpoBaThb Ha HEOOITYyCTMMbIE JaH-
HbIe, TO JieAyeT BK/III0OUATb TAK)Ke TECThI, IIPOBEPAIOIINE 3TO. BbInmonHEeHNME TeCTOB
OOJIDKHO OBITh dBTOMAaTU3MPOBAHO, YTOOBI MOKHO OBITIO IIPOTrOHATD UX IIPU BBIITYCKE
Ka)K,Z[Oﬁ HOBOI1 BepCuUM TeCTUpPyemMoro MoayJid.

Bnaronapﬂ TaKOMY IIOOAXOAY MbI MOJKEM 6bICTpO IIPOBEPUTH, YOOBJIETBOPSET JIN
MO,Z[I/Id)I/ILU/IpOBaHHOQ 1o CTapbIM Tpe6OBaHI/IHM. OTO Ha3bIBAETCS perpecCMoOHHbIM
TeCTUPOBaHMEM.

CywiectByeT MeToamMKa pa3paboTku nporpaMMHoro obecneveHuns yepes tectupoBaHume. OHa
nofpasyMeBaeT, YTo CHavana NuLLYTCs TeCTbI, BbipaxatoLme TpeboBaHUs K KOMMOHEHTY, a 3a-
TEM KOA, Npv KOTOPOM 3TW TeCTbl NPOXOAAT. B KOHeYHOM uTore nmonyyaetcs paboTatoLmi
KOZ, MOKPbITbIA TeCTaMK, U XOpowunii Habop GopManbHO onpeneneHHbIX QYHKLUMOHANbHbIX
TpeboBaHUIM K MOAYNHO.

Cneuncduka aBTOHOMHOrO TECTUPOBaHUSA B 6ase AaHHbIX

Oco6eHHOCTb aBTOHOMHBIX TECTOB 6a3bI JTAHHBIX COCTOUT B TOM, UTO BXOJAMM U BbI-
XOaMM TEeCTUPYEMOTO MOIY/SI MOTYT ObITh He TOJNBKO mapamMeTpbl MYHKIINM, HO
¥ TaHHbIe, XpaHsAIMecs B Tabnuiax. bonee TOro, BBITIOTHEHME OJHOTO TECTA MOXKET
MTOBJIMSATH HA PE3Y/IbTaThI IOCTEIYIONMX BCIEACTBIE U3MEHEHMS] JaHHbIX, T03TOMY
He UCKJTIOUEeHO, UTO TECTHI CJIEAYET IMPOTOHSTH B OIIPeleJIEHHOM ITOPSIIKE.

Takum 06pa3om, KapKkac TeCTUPOBAHMS TOJIKEH YMETb BCTABJISITh JaHHbIE B 623y,
TIPOTOHSITh TECThI ¥ aHAIM3MPOBATb HOBBIE JaHHbIEe. Kpome TOro, BO3MOXKHO, OT
Kapkaca motpedyeTcs yIpaBIsiTh TPAH3aAKIMUSIMM, B KOHTEKCTe KOTOPBIX ITPOTOHSI-
IOTCST TeCThI. [IOOUTHCST 3TOTO OYIET MpOIle BCero, eciv oOPMISITh TECThI B BUAE
SQL-ckpumnToB. Bo MHOTMX CJTydasix MX yIOOHO 06epThIBATh XPAHUMBIMM ITPOIIEY-
pamu (B ciayuae PostgreSQL — byHKIMSIMM). DTU IPOLIeTyPbl MOTYT XPaHUTHCS B TOM
ke 6ase, rme HaXOOSITCS TeCTUPYeMble KOMITOHEHTHI.

TecToBBIe QYHKIMM MOTYT BbIOMPATh TECTOBBIE IIPUMEPDI M3 HEKOTOPOIi TabI-
IIbI TTI0 OTHOMY. TeCTOBBIX (PYHKIVIT MOKET OBITb MHOTO, ¥ JO/DKHA CYIIECTBOBATH
OITHA cTienyaibHast QYHKIMSI, KOTOPAs BBITIOTHSET UX 10 ouepenu, a 3atemM Gopmu-
pPYeT IPOTOKOJ UCTIBITAHMIA.
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PaccmoTpum mpocToit mpumep. ITycTh uMeeTcst Tabauila B 6a3e JaHHBIX U QPyHK-
LIMS1, BBITIOJTHAIONIAS] HEKOTOPOe JeiCTBMe Haf, JaHHBIMM U3 3TOI TaGIMUIIbI:

car_portal=> CREATE TABLE counter_table(counter int);

CREATE TABLE

car_portal=> CREATE FUNCTION increment_counter() RETURNS void AS $$
BEGIN

INSERT INTO counter_table SELECT count(*) FROM counter_table;

END;

$$ LANGUAGE plpgsql;

CREATE FUNCTION

B Tabnuiie Bcero oiyH CTONGEL, COepPsKaIIii 11es10e Ynciao. OYHKIMS TOACUNThI-
BaeT KOJMMYECTBO 3amuceli B TabuIle ¥ BCTABJSET 3Ty BeIMUMHY B TY JKe TaOMUILy.
Takum 06pa3oM, IocIeoBaTebHbIE BhI30BbI (PYHKIVM MTPUBEIYT K BCTABKE UMCET
0, 1, 2 u T. 1. MBI XOTMM ITPOTECTMPOBATD 3TY QYHKIMOHATBLHOCTD. TeCTOBYIO0 HyHK-
LMI0 MOXKHO HAaMMCaTh TaK:

CREATE FUNCTION test_increment() RETURNS boolean AS $$
DECLARE
c int; m int;
BEGIN
RAISE NOTICE '1..2';
-- OTRe/MTb TeCcTOBbIM MpUMEp OT TECTOBOrO OKPYXeHMs
BEGIN
-- TecT 1. Bbi3BaTb QyHKuMw increment_counter
BEGIN
PERFORM increment_counter();
RAISE NOTICE 'ok 1 - Call increment function';
EXCEPTION WHEN OTHERS THEN
RAISE NOTICE 'not ok 1 - Call increment function';
END;
- Tect 2. lpoBepuTb pe3ynbTaThl
BEGIN
SELECT COUNT(*), MAX(counter) INTO c, m FROM counter_table;
IF NOT (c = 1 AND m = ©) THEN
RAISE EXCEPTION 'Test 2: wrong values in output data';
END IF;
RAISE NOTICE 'ok 2 - Check first record';
EXCEPTION WHEN OTHERS THEN
RAISE NOTICE 'not ok 2 - Check first record';
END;
-- OTKaTUTb NMPOM3BEAEHHbIE B TEeCTe M3MEHeHus
RAISE EXCEPTION 'Rollback test data';
EXCEPTION
WHEN raise_exception THEN RETURN true;
WHEN OTHERS THEN RETURN false;
END;
END;
$$ LANGUAGE plpgsql;
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JTa TecToBast Cl)YHKI.U/IH paﬁDTB.ET CIeayrmmnm 06p330MZ

o

o

o

BeCh TECTOBBII MIPYMep BBIMOTHSIETCS B COOCTBEHHOM 6y10Ke BEGIN-EXCEPTION-
END, UTOGBI M30/IMPOBATh TECT OT TPAH3aKILIUM, B KOTOPOI OH BBITTOIHSIETCS,
M 1aTh BO3MOKHOCTD BBITIOJIHUTD CJI€AYIONINI TECT C TEMU Xe JaHHBIMMI;
KakIast 4acTh TECTOBOTO MpMMepa TaKKe BBITTOMHSIETCS B OTOEIbHOM OJI0Ke
BEGIN-EXCEPTION-END, UTOOBI TECTMPOBaHME MOXHO ObUIO TTPOIO/DKUTH, JayKe
e KaKasi-TO YacCTh 3aBEPIUINTCS C OIMOKOIA;

CHauvasia BbI3bIBaeTCs (yHKIMS increment_counter(). 3Ta YacTb CUMTAETCS
YCITeIHO¥, eyt GYHKIIMS BBITOIHWIACH 6€3 OMMOKY, M HEeyIauHOoli B CTyyae
BO3HMKHOBEHUSI JII00071 OIIMOKHA;

3aTeM U3 TabIUIThI BLIOMPAIOTCS JaHHbIE, U IIPOBEPSIETCST, COBIAMAIOT I OHU
C OkMIaeMbIMu. EC/IM HET MM eyt KoMaHIa SELECT 3aBepIIUTCS C OMIMOKOIA,
TO TECT CUMTAETCS] HeYJauHbIM;

pe3yabTaThl TECTUPOBAHMS BBIBOMISITCSI HA KOHCOMb KOMaHgamu RAISE NOTICE.
dopmart BbIBOfa ciaeayeT TpeboBaHusM mporokosna Test Anything Proto-
col (TAP), yToGbBI pe3ynbTaThl MOMIa 06paboTaTh J100ast TECTOBAsT OOBSI3KA
(BHeIIHMIT KapKac TeCTMpOBaHMsl), Harpumep Jenkins;

€CJTM TEeCThI BBITIOJTHEHBI 6€3 OIIMOOK (KaKOBbI ObI HM ObUTM UX PE3Y/IbTAThI),
TOo QYHKIIMS BO3BpaliaeT true, MHaue false.

3amyCTUB TECTOBYIO (PYHKLNIO, TOTYUMUM:

car_portal=> SELECT test_increment();

NOTICE:
NOTICE:
NOTICE:

1..2
ok 1 - Call increment function
ok 2 - Check first record

test_increment

TecT ycriemHo npouet!
IlomycTuM, UTO TpeOOBAHMS M3MEHUIUCH, U B TaGIMUITy T0OABJIEHO I10JIe, COmep-
sKalee BpeMs BCTaBKM 3HAYEHMSI :

car_portal=> ALTER TABLE counter_table ADD insert_time timestamp with time
zone NOT NULL;
ALTER TABLE

BHecs u3MeHeHue, TPOTOHNUM TEeCT eIre pas, YTo0bl yOeauThCs, UTO QYHKIINS IT0-
MpeXkHeMy paboTaer:

car_portal=> SELECT test_increment();

NOTICE:
NOTICE:
NOTICE:

1..2
not ok 1 - Call increment function
not ok 2 - Check first record

test_increment
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TecT He TPOXOOUT, TTOCKOJBbKY (PYHKIIMSI increment_counter() HMUYEro He 3HAET
0 HOBOM I10J1e. MI3MeHMUM ee:

car_portal=> CREATE OR REPLACE FUNCTION increment_counter() RETURNS void AS
$$

BEGIN

INSERT INTO counter_table SELECT count(*), now() FROM counter_table;

END;

$$ LANGUAGE plpgsql;

CREATE FUNCTION

Teriepb TeCT CHOBA ITPOXOANT:

car_portal=> SELECT test_increment();
NOTICE: 1..2

NOTICE: ok 1 - Call increment function
NOTICE: ok 2 - Check first record
test_increment

HammcanHas BbIllle TeCcTOBast QYHKIMS HecoBepIlieHHa. Bo-miepBbIX, OHA HE MPo-
BepsieT, NeiCTBUTENbHO I increment_counter () MOACUYMTHIBAET 3aMyMcu. TeCT 3aBep-
IIMTCS YCITEIHO, Iaske ecsiu increment_counter() IPOCTO BCTABJSIET B TAGIMUILY ITO-
cTostHHOe 3HaueHMe 0. UTo6bI UCITPAaBUTh 3TO, HYKHO 3aITyCTUTh increment_counter ()
IBasKIbI U TIPOBEPUTH, UTO MTOTYUMIIOCh BO BTOPOII pas.

Bo-BTOpBIX, €C/TM TECT He MTPOXOIUT, TO XOPOIIO ObIJI0 6bI 3HATH, B UEM MPUUM-
Ha. TecToBast GyHKIMS MOIJIa ObI 3aITPOCUTD 3Ty MH(popmanuio y PostgreSQL c mo-
MOIIIbI0 KOMaHabl GET STACKED DIAGNOSTICS m Ioka3aTb ee KoMaHo0i RAISE NOTICE.
VAy4IlleHHbII BapyaHT TECTOBOM (QYHKIMM MMEETCST B COMTPOBOIUTENLHOM (aiire
examples.sql. OH CIMIIKOM AJIMHHBIN, TOSTOMY 3[1€Ch MbI €T0 He TTPUBOAVIM.

B CIOKHBIX MPOrPaMMHBIX CUCTEMAaX OU€Hb IOJe3HO MMeTbh aBTOHOMHbBIE Tec-
ThI JIJI1 KOMIIOHEHTOB 6a3bl JAaHHbIX, ITOCKOJIbKY 3aUaCTyIO 9T KOMIIOHEHThI CO00-
IIa MCITOb3YIOTCS HECKOIBKUMM CIY;KOaMM MJIM MOIY/ISIMU. JIIoOble M3MeHeHUs,
BHECEeHHbIe B 6a3y B MHTEpecaxX OJHON U3 ITUX CITyKO, MOTYT IIPUBECTU K OTKa3y
OCTaJIbHBbIX. BO MHOIMX CJTydasix HEITOHSITHO, KaKasl CIy)K6a KakKMM 06beKTOM 6a3bl
T0JIb3yeTcs U KakK MMeHHO. IIoTOMY-TO TaK BasKHO MMeTh aBTOHOMHbIE TeCThI, UMU-
TUPYIOIIME UCTIOIb30BaHMe 6a3bl JAaHHbBIX KaXKI0i BHEIITHEl CTyk00ii. Torma B mpo-
1ecce M3MEHEHMST CTPYKTYPhI JAHHBIX Pa3paboTUMK CMOXKET IPOTHATb 3TU TECThI
" yOeIUTHCSI, UTO CUCTEMA B LIEJIOM MOXKET paboTaTh C HOBOV CTPYKTYPOIA.

TecTbl MOKHO IIPOTOHSITH B CIIELIMaTIbHO CO3TaHHOM TECTOBOM OKpY>KeHMu. B Ta-
KOM CJTy4yae YCTaHOBOYHBIM CKPUIIT JO/DKEH CO3/IaBaTh TECTOBbIe MJaHHbIe. MOKHO
BMECTO 3TOTO MPOTOHSITh TECThl Ha KOIMMM TTPOM3BOACTBEHHOI Oa3bl. TeCTOBBIN
CKPUIIT MOT ObI TAK3KE COMleP>KAaTh KO, OUMCTKM.

MdpeiiMBOPKU IOHUT-TECTUPOBAHUSA

V mpuMepa 13 IpenbIayIIero pasaena ecTb U Ipyrue HemocTaTku. Hampumep, ecin
TecTupyeMasi PyHKIMS cama BbIAAEeT MPeAyIpexXaeHNs] UM YBeIOMIeHNS, TO OHU
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O6yIOyT MOPTUTH MPOTOKOJ TECTUPOBaHMUs. Kpome TOTO, TECTOBBIN KOZ, HE HA30BEIlb
yncThIM. OHU U Te 3Ke KyCKM MOBTOPSTIOTCSI HECKOJIBKO pa3, 6;10KY BEGIN-END ctmII-
KOM T'POMO3JKMe, a MPOTOKOJ TeCTUPOBaHUS IJIOX0 OTdopmMaTupoBaH. Bce 3Tu
Bely MOXHO aBTOMaTU3MPOBATH C ITIOMOIIIBI0 KAPKAaCcOB aBTOHOMHOI'O TeCTUPO-
BaHMSI.

B xommiexTte nocraBku PostgreSQL HeT KapKacOB aBTOHOMHOTO TECTMPOBaHNS,
HO UX TIpeJIjIaraeT Co0bIIeCcTBO, MTPUYEM Cpa3y HECKOIbKO.

OnuH M3 camMbIX pacnpocTpaHeHHbIX — pgtap (http://pgtap.org). Bl MoxkeTe cka-
yaTh ero ¢ GitHub (https://github.com/theory/pgtap/), OTKOMOMAMPOBATH U YCTAHO-
BUTD B TECTOBYIO 6a3y JaHHbIX. YcTaHOBKA B OC He BbI3bIBAET TPYAHOCTEN U XOPOIIIO
oTyCcaHa B JOKYMeHTaIuu. Bam moHamo6UTCs MpeiBapUTeIbHO YCTAHOBUTH ITAKET
postgresql-server-dev-10. UTO6bI yCTAHOBUTD KapKac B OTIPeIe/IEHHYIO 6a3y JaHHBIX,
HY)XHO OYJIeT CO37aTh paciIMpeHue:

car_portal=> CREATE EXTENSION pgtap;
CREATE EXTENSION

Tectbl mumrytcst B Buge SQL-CKPUIITOB M MOTYT MPOTOHSTHCS IMaKeTaMu C MO-
MOIIIbIO YTUJIUTBI pg_prove, BXOASIIEN B cOCTaB pgtap. MOKHO Takke MUCATh TECThI
B BUJEe XpaHMMBbIX QYHKIMIT Ha si3bike PL/pgSQL.

Kapkac pgtap mpemocTaBisieT IMOJMb30BATEN0 HabOp BCIIOMOTATEIbHBIX (DYHK-
Uil O 06epThIBAHMS TECTOBOTO Koma. OHM TaKKe 3aIMChIBAIOT PEe3YJIbTAThl BO
BPEMEHHYI0 TabIMITy, KOTOPAsl BIIOCIENCTBUM MCITONb3yeTCs I/ hOpMUPOBAHMS
MPOTOKOJIA TecTupoBaHusl. Harpumep, GyHKIMs ok() coobIIaeT, UTO TECT MPOIIEs
YCITEeIIHO, eC/IV ee apryMeHT paBeH true, ¥ 4YTO OH 3aBePIIMJICS OIMMOKOI — B IPO-
TUBHOM cinyvae. OyHKIMS has_relation() mpoBepseT, CyIeCcTBYeT i B 6a3e JaHHbIX
yKasaHHOe OTHoIeHue. Takux QYHKUNI MOpsiAKa COTHMU.

C rmomo1ipIo0 pgtap TeCTOBBIN IPUMeD U3 MPpeIbIaYILero pa3aena MOXKHO peannso-
BaTh CAEAYIOUMM 06pa3oM:

-- W30/1MpoBaTh TECTOBLIA MPUMEP B OTAENLHOW TPaH3aKLMM

BEGIN;

-- CoobunTb, 4TO BYAET BHLINONHEHO 2 TecTa

SELECT plan(2);

-- TecT 1. Bbi3BaTb OQYHKUWMK MHKPEMEHTa

SELECT lives_ok('SELECT increment_counter()','Call increment function');
-- Tect 2. MpoBepuTb pe3yabTaThl

SELECT is( (SELECT ARRAY [COUNT(*), MAX(counter)]::text FROM
counter_table), ARRAY [1, 0]::text,'Check first record');

-- CoobunTb 0 3aBepueHuu

SELECT finish();

-- 0TKATUTb NPOM3BEAEHHLIE TECTOM M3MEHeHus

ROLLBACK;

Kop cran ropasmo uniie. ITOT CKPUIIT HAaXOAUTCS B (aiiie pgtap.sql, COMPOBOXK-
JamleM AaHHYIO IaBy. [Ipu 3amycke u3 psql ero pesyabTaThl BHIISIAT, Kak M0-
Ka3aHo Huske. UToObI ITPOTOKOJI ObUT 60JIee KOMIAKTHBIM, BKIIOUEH peskuM Tuples
only:


http://pgtap.org
https://github.com/theory/pgtap/
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car_portal=> \t
Tuples only is on.
car_portal=> \1 pgtap.sql
BEGIN
1..2
ok 1 - Call increment function
ok 2 - Check first record
ROLLBACK

YroMsiHeM Takke KapKac aBTOHOMHOIrO TecTMpoBaHMs plpgunit. B HeM TecThl
nuiryTces: B Buge ¢yHkuuit Ha PL/pgSQL, KoTopbie BbI3bIBAIOT MPeAOCTaBIIseMble
KapKacoM BcIioMoraTe/lbHble QYHKIMM: HapuMep, assert.is_equal() mpoBepser,
YTO JIBa apryMeHTa paBHbI. BcrioMmoraTenbHble GyHKIMM GOPMATUPYIOT pe3yabTa-
ThI TECTOB U BBIBOJST UX Ha KOHCOJb. YIpasisiionias GyHKUMS unit_tests.begin()
BbI3bIBAeT BCe TeCTOBbIe (DYHKLIMM, 3aIIMChIBAET UX Pe3YyAbTaThl B TAOAUIY U Hop-
MUpYeT IMPOTOKOJI.

HocromHcTBOM plpgunit siBisieTcs mpoctoTa. OH BeCUT OUeHb MaJlo U JIETKO yCTa-
HAaBJIMBAETCSI — YTOOBI BKIIOYUTH KapKac B CBOIO 6a3y, HY)XHO BBITIOTHUTH BCETO
onyH SQL-cKkpumr.

Kapkac plpgunit MOKHO cKauaTh 1o ajpecy https://github.com/mixerp/plpgunit.

Pasznuume cxem

WHorga npu paboTe Haj, M3MEHEHMSIMM B cxeMe 0a3bl JaHHBIX HeOOXOAMMO I10-
HSITb, YEM CTapasi cxeMa OT/IMYAeTCsI OT HOBOW. AHAIM3 9TOV MHGOPMAIMK ITOMO-
SKET OMPeNeINThb, OKAXKYT JIM M3MEHEHMs HeXXeJaTelbHOe BO3IeiCTBMe Ha IpyTriue
MIPWIOKEHMS ¥ HAZO I OTPasKaTh UX B TOKYMEHTAIVM.

VickaTb pasanumsi MOKHO C TIOMOIIbIO CTAHIAPTHBIX KOMAaHIHbBIX YTUJINUT.

IlormycTuM, K IIpUMepY, YTO Mbl UI3MEHUJIM CTPYKTYPY 6a3bl JaHHBIX car_portal.

CHauaja co3gaauM OPYyryio 0a3y IaHHbBIX, COAepKalllyl0 HOBYIO cxemy. Bymem
MpenojaraTh, YTO MOJb30BaTeIb MOXKET 0OpaniaThcs K 6ase, paboTarolieii Ha JIo-
KaJIbHOJ MalllMHe, UTO éMY paspelieHo co34aBaTh 6a3bl M IMTOAK/IIOUATHCS K JII000i1
6a3e. Torma IJist CO3aHMsI HOBOJ 6a3bI 110 IIa6JI0HY CTApOJi IOCTATOYHO BBIIOTHUTD
TaKyl KOMaHAy:

user@host:~$ createdb -h localhost car_portal_new -T car_portal -0 car_portal_app

Tenepb Y HaC MMeeTCda IBe OAMHAKOBbIE 6a3bl. ITogkmrounMcst K HOBOW U pas3Bep-
HeM B Heil U3MeHeHMSsI CXeMbl:

user@host:~$ psql -h localhost car_portal_new

psql (10.0)

Type "help" for help.

car_portal_new=# ALTER TABLE car_portal_app.car ADD insert_date timestamp
with time zone DEFAULT now();

ALTER TABLE

Terepb CTPYKTYpbI 6a3 pasanyaroTcs. UToObI HAITY OTANYMS, BHITPY3UM CXEMBbI
0b6eux 6a3 B (aiiyibl:



346 < TectpoBaHue

user@host:~$ pg_dump -h localhost -s car_portal > old_db.sql
user@host:~$ pg_dump -h localhost -s car_portal_new > new_db.sql

®aiiibl old_db.sql 1 new_db.sql, co3gaHHbIe STUMU KOMaHAAMU, UMEIOTCS B IIPU-
JIOXKeHUU K JaHHOI r7aBe. IX MOXKHO CpaBHUTh CTAaHAAPTHBIMU yTUAUTaMu. B Linux
9TO MOXHO cAenaTh KoMmaHaou diff:

user@host:~$ diff -U 7 old_db.sql new_db.sql
- old_db.sql 2017-09-25 21:34:39.217018000 +0200
+++ new_db.sql 2017-09-25 21:34:46.649018000 +0200
@@ -351,15 +351,16 @@
CREATE TABLE car (
car_id integer NOT NULL,
number_of_owners integer NOT NULL,
registration_number text NOT NULL,
manufacture_year integer NOT NULL,
number_of_doors integer DEFAULT 5 NOT NULL,
car_model_1id integer NOT NULL,
- mileage integer
+ mileage integer,
+ insert_date timestamp with time zone DEFAULT now()

);
A B Windows — komaH071 fc:

c:\dbdumps>fc old_db.sql new_db.sql
Comparing files old_db.sql and NEW_DB.SQL
**%%% old_db.sql
car_model_1id integer NOT NULL,
mileage integer
)s
*%x%% NEW_DB.SQL
car_model_1id integer NOT NULL,
mileage integer,
insert_date timestamp with time zone DEFAULT now()
)s
*kkkk
B 060ux ciryuasx BULHO, YTO OJHA CTPOKA CXeMbI M3MEHWIACh U ellle OfHa 6buia
no6asieHa. [Inst cpaBHeHMs! (aiiyioB ecTb MHOIO 60s1ee yI0OHbIX CIIOCOO0B, HAIIPK-
Mep TaKle TEeKCTOBbIE pelaKTophl, Kak Vim wiu Notepad++.
Bo MHOrux ciydasx mpocTo BUAETD pasandus He,oCTaTOYHO, a HY>KHO ellle CMH-
XPOHU3UPOBATH ABE CXeMbl. [ 3TOI LeIu CYIeCTBYIOT KOMMepUYeCKue MPOLYKThI,
Hanpumep EMS DB Comparer nns PostgreSQL.

MHTEP®ENCHI ABCTPATMPOBAHUS BA3bl JAHHbIX

Ecnn Gombinas 6a3a JaHHBIX MCIIOAb3YeTCS MHOTMMM HPWIOKEHUSIMY, TO MHOTIA
ObIBaeT TPYOHO IMOHSTh, KTO YeM IT0/Ib3YeTCS M UTO MPOU30IAET, ecyiu cxema 6asbl
msMmeHuTcs. C IPyroii CTOPOHBI, ey 6a3a JaHHbIX O0JIbIIAs M CJIOKHAS, TO M3MeHe-
HMSI B Hee BHOCSITCS [IOCTOSIHHO: MEHSIIOTCS 613Hec-Tpe6oBaHMs, JOGAB/ISIOTCS HO-
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BbI€ BO3MOYKHOCTH, 6a3a IepepadbaThIBAeTCs B LEJISX JIyUIlIeil HOPpMaau3aluy U T. II.

B TakoMm citydae MMeeT CMbIC MIPUMEHUTD B CUCTEME MHOTOYPOBHEBYIO apXUTEK-
Typy. ®usnueckasi CTpyKTypa pacrnojoXkeHa Ha HMKHEM YPOBHE, U IPUJIOXKEHUST He
06paIaTcs K Hell HaIpsIMYIo.

Ha BTOpOM CHM3Y YPOBHE HAXOISTCS CTPYKTYPhI, KOTOpbIe aGCTParupyioT JOTHU-
Yyeckye CyIHOCTY OT UX dhu3udecKkoit peanusanyumu. OHM UTPAIOT poiy uHTepdeiicoB
abcTparupoBaHusl JaHHbBIX. Peaan3oBaTh UX MOXKHO IMO-pasHoMy. OguH U3 CII0CO-
60B — (OYHKLIMY B caMoOii 6a3e JaHHbIX. Torma MPUIOKEHMI0 pa3penieHo TOJIbKO BbI-
3bIBaTh 3TU QYHKUMMU. [IPyroii MOAXOM — MCIIOIb30BaTh OOHOBIISIEMbIE IIPEICTaB-
JleHus1. B 3TOM ciydae pMIOKeHMsI MOTYT 06paIiaThCs K IOTMUYECKUM CYIIHOCTSIM
C IOMOIIIbI0 O6bIYHBIX SQL-KOMaH]I,.

MuTepdeiic MOKHO TaKKe peasn30BaTh BHE 6a3bl JAHHBIX B BUIE OTHOCUTEIHHO
MIPOCTOJ1 CITY3KObI, KOTOpast 00pabaThIBAaeT 3aIPOChI OT CCTEM BEPXHETO YPOBHSI, 3a-
TpalBaeT JaHHbIe U3 6a3bl ¥ BHOCUT B Hee M3MeHeHMsI. Y KaXKI0To MoaXoIa eCcTh
CBOM TITIOCHI M MUHYCBI:

O GYHKUINMM TO3BOJSIIOT OCTAaBUTh JIOTUKY abCTparMpoBaHMs JaHHBIX B CaMOit

6ase, X JIETKO TECTUPOBATDb, HO OHY CKPBIBAIOT JIOTUUECKYIO MOJIE/Th Y MHOTIA
C TPYOM TOAJAIOTCS MHTErpaluu ¢ MPUJIOKEeHUSIMY BEPXHETO YPOBHS;

O o06HOBJIsIEMbBIE TIPEICTABIEHNS PACKPBIBAIOT PEJISILIVIOHHYIO MOZEIb (XOTS He
MMEIOT BHELTHUX KJII0Ueil), HO peasn3aius JIOTUKY, BbIXOASIIEN 3a mpeaenbl
mpoctbix KoMaHa INSERT, UPDATE 1 DELETE, MoxkeT oKa3aTbCSl OUeHb CI0XK-
HbBIM U IPOTUBOPEYAIIVM UHTYUIUY TeJIOM;

O MuKpocepBHUChI, paboTalolye BHe 6a3bl JTaHHBIX, TPYIHEE Pearn30BaTh 1 TeC-
TUPOBAaTh, 3aTO OHM JAIOT AOMOTHUTEIbHYIO TMOKOCTB, B T. U. 1OCTYIT K HTTP
REST API.

Ha BepxHeM ypOBHE HaXOISITCS MTPUIOKEHMST, KOTOPbIE peaau3yioT 6M3HeC-I0Tu -
Ky. VIM 6e3pasnuuHa dpusuyeckast CTpyKTypa JaHHbBIX, OHY B3aMMOZEICTBYIOT C 6a-
3011 TOJIbKO Uepe3 uHTepdeiichl abcTparnpoBaHus JaHHBIX.

[Tpu TaKOM TTOAXO/Ie YMEHbIIIAeTCsI KOMUECTBO areHTOB, MMEIOIIMX OCTYII K hu-
3UMYECKUM CTPYKTYpaM JaHHbIX. CTAHOBUTCS IPOIIe ITOHSTh, Kak 6a3a JaHHbIX MC-
MTOJIb3YeTCsT WJTM MOSKET MCIIOIb30BaThCs. B moKyMeHTanym 1mo 6ase JaHHbBIX JOJIK-
HbI OBITh OTIMICAHbI Bce 9T MHTepderickl. [IoaToMy pa3paboTunK, paboTaloii Haf,
pedakTOPUHIOM CXeMbl, JOJKEH TOJMbKO CJIEOUTDb 3a TeM, UTOObI MHTepdeiichl He
OTKJIOHSUIMCh OT crielinduKaIun, 1, ITOKa 3TO TaK, MOKET U3MeHSTh B 6a3e Bce, UTO
eMy 3a6/1aropaccyimuTcs.

bnarogapst Haymunio MHTEpdeiticoB CTAHOBUTCS TIPOIIIe MUCATh ABTOHOMHbBIE Tec-
ThI: SICHO, UYTO ¥ KaK TeCTMPOBAaTh, IOCKOJIbKY MMeeTcs crierinduramnus. Ecam npu-
MeHsIeTCSI MeTOMKa pa3paboTKy uepes3 TeCTUPOBAHNE, TO CAMU TECThI UTPAIOT POJIb
criendukanum MHTEpdECcoB.

OTAnumnga B BAHHbIX

CaMmblIit IPOCTOI1 CrIoco6 co3maTh uHTepdeiic abeTparnpoBaHms 6a3bl JAHHBIX — UC-
TOJIb30BAaTh JIJIS OCTYIIA K JaHHBIM ITpencTaBieHus. Torma ecam KTO-TO 3aX04eT
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M3MEHUTD CTPYKTYPY TAOIUIIbI, TO CMOKET CHeIaTh 3TO, He MEHSIST KO TPUIOKEHMIA.
HykHO 6yZeT TOIbKO MOAUMUIIMPOBATh ONpeaeeHus MHTepdeiiCHbIX TpeCcTaB-
neuwnit. Bonee Toro, PostgreSQL mpeceueT MOMbITKY YIAJIUTh U3 TabINUIbI CTONOEIT,
MCITOJIb3YEeMbIif B KAKOM-TO TpeacTaBaeHn. II09TOMy Te 06beKThl 6a3bl JaHHBIX,
K KOTOPbIM 06paIiaroTcs MPUIOKeHMSI, OKa3bIBAIOTCS 3alllAIIEHBbI.

TeM He MeHee eCTM CTPYKTYypa 6a3bl JAHHBIX M3MEHUIACh U OTIpeie/IeHNS TIpei-
CTaBJIEHMII COOTBETCTBEHHO MOAMOUIIMPOBAHbI, BAXXHO YOEAUTHCS, UTO HOBBIE
TIpeCTaBIeHNsT BO3BPAIIAIOT Te ke JaHHbIe, UTO U CTapble.

MHorma MOKHO peann30BaTh HOBOE IpeicTaB/IeHNe B TOJ ke 6ase. B TakoMm cry-
yae HYKHO IPOCTO CO3[IaTh KOIMIO MTPOM3BOICTBEHHO 6a3bl JAHHBIX B TECTOBOJ
cpele MM IOATOTOBUTH TECTOBYIO 6a3y HaHHBIX, COMEP)Kallyl0 BCE BO3MONKHBIE
KOMOMHAIMM aTPUOYTOB CYIIHOCTEl MpemgMeTHOl 06jacTu. 3aTeM MOXKHO OymeT
pasBepHYTb HOBYIO BEPCUIO MPEeNCTaBeHMs IOH, IPYTMM MMEHEM U BBITIOJTHUTD
CJIeAyIONIVIii 3aIpoC, YTOOBI YOEIUTHCSI, UTO 00a MpeaCcTaBIe s BO3BPALIalOT OIHNI
¥ Te Ke TaHHbIe:

WITH
n AS (SELECT * FROM new_view),
0 AS (SELECT * FROM old_view)
SELECT 'new', * FROM (SELECT * FROM n EXCEPT ALL SELECT * FROM o) a
UNION ALL
SELECT 'old', * FROM (SELECT * FROM o EXCEPT ALL SELECT * FROM n) b;

3mechb new_view 1 old_view — MMeHa HOBOTO M CTaporo rnpenacrasiaenuit. Ecimi oba
MpeacTaBJieHus] BO3BPAILAl0T OOVH U TOT K€ Pe3y/ibTaT, TO 3aIllpOC He BEepHEeT HU
OLHOI CTPOKN.

OmHaKo 3TOT CI0co6 TOIMUTCS, TOMBKO eC/iy 00a MpeaCTaBaAeHNUsS HAXOISITCS B Of-
HOJ 1 TOJ ke 6a3e MAHHBIX U CTapoe IpeacTaB/ieHue paboTaeT Tak ke, Kak 0 pe-
daxropunra. Eciiu ske usMeHsieTcsl CTPyKTypa 6a30BbIX Ta0/IMII, CTapoe TpeICcTaB-
JIeH/e He MOKeT paboTaTh TakK, KaK paHbllie, [I03TOMY CpaBHEHMe HellpUMeHMMO.
[Tpo6ieMy MOKHO PEIIUTb, CO3/IaB BPEMEHHYIO TaOIMITy IO TaHHBIM, BO3BpalleH-
HBIM CTapbIM MpeAcTaBjieHyreM 10 pedaKTOPMHTA, a 3aTEM CPaBHUB €€ C HOBBIM
IpeacTaBJIeHUEeM.

MosKHO TaKKe CpaBHMBATh JaHHbIE U3 pasHbIX 6a3 — cTapoit 10 pedaKkTopuHra
¥ HOBOJA. [I711 3TOr0 MOXXHO IIPUMEHUTDb BHEIIHME UHCTPYMeHTbl. Hanipumep, naH-
Hble 13 00eux 6a3 BBIIPYKAIOTCS B (aiiyibl ¢ TOMOIIBIO psql, a 3aTeM 3TU (aiiibl
CpaBHMBAIOTCS MocpencTBoM diff (3To 6ymeT paboTaTh, TONBKO eC/I MOPSIIOK CTPOK
OAVHAaKOBbIN). CyLIeCTBYIOT TakKyke KOMMepUeCcKue MHCTPYMEHTBDI, TIpefJjarailiiyue
AHAJIOTMYHYIO PYHKIMOHATBHOCTb.

Ellle ofyiH MOIXOM — COeOMHNUTH IBe 6asbl JaHHbIX, BBITIOJTHUTD 3aIIPOChI U IPO-
M3BECTU CpaBHEHMe BHYTpM 6a3bl. MOKET MOKa3aThCs CJIOKHOBATO, HO HA CaMOM
Zlejie 3TO CaMblii GBICTPBIN M HaZeXKHbII cr10co6. CylllecTByeT IBa METOIa COeIVHUTD
IBe 6a3bl MaHHbBIX: pacumpeHus dblink u postgres_fdw (amanTep BHELTHMUX JAHHBIX).

Ncnonb3oBanme dblink, Ha TepBbI B3I, IPOILE M IO3BOJSET BBINOIHATD
3aIIpoChl K pa3sHbIM 06bekTaM. Ho 3Ta TeXHOJOrus yKe ycTapea, IpMUMeHseMblit
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B Heil CMHTAKCUC He COOTBETCTBYET CTaHAAPTaM, K TOMY Ke MMEIOTCS Mpo6aeMbl
C IIPOM3BOAUTEIbHOCThIO, 0COGEHHO KOI/Ia OIPAIINBaAIOTCS OOJbIle TaOGaULIbI U
npeCcTaBIeHus.

C mpyroiit cTOpOHbI, postgres_fdw TpeGyeT co3maBaTh B IOKATLHOI 6a3e 0ObEKT IS
KakIoro 06beKTa B yoajaeHHoi 6a3e, K KOTOPOMY MbI COOMpaeMCcst 06palaThCs, UTo
He CIMINKOM ymo6HO0. Ho 3aTo IOTOM JIerko MCII0/Ib30BaTh B 3aIlIpocax yaajleHHbIe
TabIMIIBI HApaBHE C JIOKAJIbHBIMMU, U paboTaeT BCE GbICTpeE.

B mpumepe 13 mpeablayliero pasmieia Mbl CO3Iaju elle OfHy 6a3y JaHHbIX Ha
OCHOBe MCXOIHOJ 6a3bl car_portal ¥ moGaBuU/IM T0JIe B TaGIMIY car_portal_app.car.
IaBajiTe BBISICHMM, IIPMUBEJIA JIM ITa OMepalus K KaKUM-I1M00 M3MeHEeHUsIM B JaH-
HbIX. BIMTOMHUTE Clieayouue qeicTBUS:

1) cospgaiite HOBYIO 633y JaHHBIX OT MMEHM CYIIePIIOTb30BaATES :

user@host:~$ psql -h localhost -U postgres car_portal_new
psql (10beta3)

Type "help" for help.

car_portal_new=#

2) cospgaifTe pacuiMpeHue, peajin3yloliee amantep BHEIIHUX JaHHbIX. Ero nBo-
MUYHBIN KOJI BK/IIOUEH B cOCcTaB rnakeTta cepBepa PostgreSQL:

car_portal_new=# CREATE EXTENSION postgres_fdw;
CREATE EXTENSION

3) co3paiiTe 0OBEKT cepBepa 1 OTOOpaskeHMe Mob30BaTeIel:

car_portal_new=# CREATE SERVER car_portal_original FOREIGN DATA
WRAPPER postgres_fdw OPTIONS (host 'localhost', dbname 'car_portal');
CREATE SERVER

car_portal_new=# CREATE USER MAPPING FOR CURRENT_USER SERVER
car_portal_original;

CREATE USER MAPPING

4) cospaiiTe BHEIIHIOW TAaOIUITY M ITPOBEPHTE, MOKHO JIM €€ OIIPOCUTh:

car_portal_new=# CREATE FOREIGN TABLE car_portal_app.car_orignal
(car_id int, number_of owners int,
registration_number text, manufacture_year int, number_of doors int,
car_model_1id int, mileage int)
SERVER car_portal_original OPTIONS (table_name 'car');
CREATE FOREIGN TABLE
car_portal_new=# SELECT car_id FROM car_portal_app.car_orignal limit 1;
car_id

Terepb MbI MOKEM OTIPALIMBATE TAOIUITY, HAXOASIIYIOCS B IPYTOii 6a3e TaHHBIX,
Tak, 6yATO 3TO 0ObIuHAs Tabiauia. OHa MOXKeT NMPUMHUMATh yUacTue B OINepaumsix
coenuMHeHMs1, QUIbTPALVIN, TPYIITUPOBKU U TIOObIX APYTUX.
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WTak, Tabnmiia roToBa, ¥ K Heli MOKHO MPeIbsB/ISITh 3a1IpoCchl. UTOGLI CPAaBHUTD
IJaHHbIe, Mbl MOXKEM VCIIOJIb30BATh TOT JKe 3aIIpOC, UTO U paHbIIIe AJIsI CTAPOro M HO-
BOTO IMpeJCTaBIeHUIA:

car_portal_new=# WITH n AS (

SELECT car_id, number_of_owners, registration_number, manufacture_year,
number_of_doors, car_model_id, mileage

FROM car_portal_app.car),

0o AS (SELECT * FROM car_portal_app.car_orignal)
SELECT 'new', * FROM (SELECT * FROM n EXCEPT ALL SELECT * FROM o) a
UNION ALL
SELECT 'old', * FROM (SELECT * FROM o EXCEPT ALL SELECT * FROM n) b;
2column? | car_id | number_of_owners | registration_number |

manufacture_year | number_of_doors | car_model_id | mileage

(0 rows)

Pe3ynbTaT MycTOt. 3HAUUT, JaHHbIE B 06eMX Tab/IuIlax OOMHAKOBBI.

Tectn poBaHKWe Npou3BoAnUTENIbHOCTU

B oTHOmIeHUN 6a3bl JAHHBIX MOKHO 3aJaTh BasKHbI BOIIPOC: HACKOJIbKO OHA GBICT-
pas? CKOJIbKO TpaH3aKIMii B CEKYHAY OHa MOXXeT 06paboTaTh, CKOJIbKO BpeMeHM
paboTaeT KOHKpPETHBIi 3arpoc? Bompoc 0 mpon3BOAUTEIbHOCTY 6a3bl JaHHBIX 00-
CY>KIascs B rnaBe 13. 3mech Mbl IIOTOBOPUM TOJIBKO O TOM, KaK ee M3MepsITh.

Iisg u3MepeHusi BpeMmeHu pabotel SQL-KoMaHIbl B psql ecTh MeTaKOMaH[a
\timing. Eiu XpoHOMeTpask BK/IIOUEH, TO psql ITOKa3bIBaeT BpeMs PabOThI KayKIOi
KOMaH/Ibl:
car_portal=> \timing
Timing is on.
car_portal=# SELECT count(*) FROM car_portal_app.car;

count

(1 row)
Time: 0.643 ms

OGBIYHO 3TOTO IOCTATOYHO, UTOODI TOHSITh, KAKOIi 3aIIPOC ObICTPEE U B TPABUIIb-
HOM JIM HaIlpaBJIeHMM BbI IBMKETECh B IIpoLecce onTummsaumumu. Ho He cTout no-
JlaraThCsl Ha XPOHOMETPAaK, €C/IU BbI IBITAeTeCh OLEHUTh, CKOJIBKO 3aIIPOCOB CepBep
MOXKeT 06paboTaTh B CEKyHAY. JIeJI0 B TOM, UTO BPeMSI BBITIOJTHEHWS OIHOTO 3a1rpoca
3aBMCUT OT MHOXKECTBA CTy4YaifHbIX (haKTOPOB: TEKYIIEl 3aTPy3KM cepBepa, COCTOSI-
HMS Kellla U T. 1.

PostgreSQL nipenyiaraeTt criequajbHy0 YTUIUTY pgbench, KOTOpask MOAK/IOYAETCS
K CepBepy ¥ MHOT'O pa3 BBIINOJIHSET TeCTOBBIN CKpUIT. [To ymonuanmio pgbench cos-
IaeT COOCTBEHHYIO0 HeGOBIIYIO 6a3y JaHHbIX U TOHSET B Heit SQL-CKpUIIT, UMUTH-
pys paboty TurmmaHoro OLTP-mpuioskeHust. DTOTO yKe JOCTATOYHO, YUTOOBI ITOHSTh,
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HACKOJIbKO MOIIIHBIM SIBJISIETCSI CEpBEP U KaK BAMSIIOT Ha MTPOU3BOOUTEIbHOCTD MU3-
MeHeHMsI KOH(PUTYpalMoOHHbIX ITapaMeTpPOB.

YT0O6BI ITOTYUNUTh HOJIee TOUHBIE Pe3Y/IbTAThl, CJIEAYET MOATOTOBUTD 6a3y JaHHBIX
MpPUMEPHO TaKOTO Xe pa3Mepa, Kak MPOU3BOACTBEHHAs], ¥ TECTOBBII CKPUIIT, CO-
Jlepskaliuii 3aIpochl, TaKMe Ke WM TOXOKMe Ha Te, UTO BBIIMOITHSIIOTCS B ITPOU3-
BOZLCTBEHHOI CUCTEME.

Hampumep, MpeamnosioxkuM, 4To 6a3a JaHHBIX car_portal MCIOIb3yeTcs: B Be6-
NpUIOKeHM M. TUIIMYHBINA CIleHapuii — 3aTIPOCUTh KOJIMUECTBO 3alliceii B Tabnuiie
car, a 3aTeM BbIOpaTh repsbie 20 3amuceii gjs1 oToOpaskeHusT Ha SKpaHe. Hiske 1o-
Ka3aH TeCTOBBIV CKPUIIT:

SELECT count(*) FROM car_portal_app.car;
SELECT * FROM car_portal_app.car INNER JOIN car_portal_app.car_model
USING (car_model_id) ORDER BY car_id LIMIT 20;

OTOT CKPUIIT HAXOUTCS B IMpuiaraeMoM (aiisie test.sql, TpegHa3HAUEHHOM JIJISI
IeMOHCTpaLuy NporpamMmmal pgbench.

Heo6xoaMMo MHUIIMAIM3UPOBATh TECTOBbIE MaHHbIE IS pgbench (IIpemrosnara-
eTcsl, YTo 6a3a JaHHBIX paboTaeT Ha TOJ ke MalllHe U K Heil MOXKeT 00paTUThCS
TEeKYIIMI1 TT0JIb30BaTE/Ib):

user@host:~$ pgbench -h localhost -i car_portal

NOTICE: table "pgbench_history" does not exist, skipping

NOTICE: table "pgbench_tellers" does not exist, skipping

NOTICE: table "pgbench_accounts" does not exist, skipping

NOTICE: table "pgbench_branches" does not exist, skipping

creating tables...

100000 of 100000 tuples (100%) done (elapsed 0.17 s, remaining 0.00 s).
vacuunm, . .

set primary keys...

done.

Tereps 3arryckaem TeCT:

user@host:~$ pgbench -h localhost -f test.sql -T 60 car_portal
starting vacuum...end.

transaction type: test.sql

scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

duration: 60 s

number of transactions actually processed: 98314
latency average = 0.610 ms

tps = 1638.564670 (including connections establishing)
tps = 1638.887817 (excluding connections establishing)

Kak Buaum, MpOU3BOAMTETBHOCTh COCTAB/SIET IMPUOGIMU3UTENBHO 1.6 THICSUM
TpaH3aKIMii B CEKYHY, IJIsI He6OJIBILIOTO CaiiTa TOPrOBJIM aBTOMOOWIISIMU 3TO 6ojee
yeM J0CcTaTouHO. [Ipy aTOM pgbench paboTasna Ha OHOI MalllMHE C cepBepoM 6asbl
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JIaHHBIX, ¥ OHY pa3[esyii onuH npoueccop. C Ipyroi CTOPOHBI, CeTeBbIe 3aLePXKKI
OBLT MUHMMAJIbHBI.

YTo6BI TOMYUUTH OOJIee pPeaTMCTUUHYI0 KapTUHY, HY’KHO 3aITyCTUTDb pgbench Ha
TOI MalllMHe, I7ie YCTAaHOBJIEH cepBep MPUJIOKeHUI, a KOJTMUEeCTBO COeAMHEeHMI 3a-
IaTh TaKUM 3Ke, KaK B KOHGUTYpaluy 3Toro cepsepa. OObIYHO MIJIsT TAKUX ITPOCTHIX
3aIlpOCOB BpeMs YCTAHOBJIEHVS COeVHEeHUS 110 CeTU U BpeMs Mepefauu UrparT
OOJBIYIO POJTb, UeM BpeMst 06paboTKY 6a3071 JaHHbIX.

VTunura pgbench 1Mo3BosiseT 3a4aTh KOJMUYECTBO MTOAKIIOUEHNI K cepBepy 6a3bl
IAHHBIX U Iake yMeeT TeHepUpOBaTh (JiydaiiHble 3ampochl. Tak UTO 3TO BeChMa 10-
JIe3HbIVI UHCTPYMEHT /151 OLleHKY MTPOU3BOAUTEIBbHOCTY U HACTPOIIKM TapaMeTpPOB
cepsepa.

PEe3ioME

B 9T0J1 I71aBe MbI pacCMOTpeIN PSif, aclieKToB TecTupoBanust I10 BoobIIe U mpuMe-
HUTEJbHO K 6a3aM JAaHHBIX B YACTHOCTM.

MeTombl aBTOHOMHOTO TECTMPOBAHMS MPUMEHNMMBI K pa3paboTKe Koma, XpaHu-
MoOro B 6a3se JaHHBIX, HAIIpUMep QYHKUMI WX TPUITEPOB. MeToayuKa paspaboTKu
yepes TeCTUPOBAHME — OUeHb XOPOIINIi ITOAX0A K pa3paborke I10. ABTOHOMHOe Tec-
TUpOBaHMe B 6a3ax JAHHBIX UMEET CBOM 0COOEHHOCTM. ABTOHOMHBIE TE€CThI MOXKHO
mcaTth B Buae SQL-CKPUIITOB MM XPaHUMBIX (QYHKIMI. CylIecTBYyeT HECKOJIbKO
KapKacoB, ITOMOTAIOIIUX MM1CATh ABTOHOMHbBIE TECThI 1 06pPabaThIBATh PE3YIbTAThI
TeCTUPOBaHMSI.

Emie omyH acmeKkT TeCTMpOBaHMS 6a3 HAHHBIX — CpaBHEHME JAHHBIX B OIHO
MV B pasHbIX 6aszax [Ijisd MPOBEPKM Pe3yNbTaTOB pedaKTOPMHTA MOETV JaHHbBIX.
WHorma aj1st 5TOro MO>KHO BOCIT0J/Ib30BaThCsl SQL-3arpocamu, a MHOTAA ITPUXOAUTCS
yCTaHaB/IMBATh COeIVHEHME MeKIY 6a3aM — C TIOMOIIIbI0 paciuuperus dblinks min
aJanTepoB BHEITHMUX JaHHBIX.

CxeMbI 6a3bl JAHHBIX JIETKO CPAaBHUTH C TTOMOIIbI0O KOMaHIHBIX YTUIUT, IPENO-
craByisieMbIx PostgreSQL u onepaunoHHol cuctemoii. CylnecTByIoT U 60Jiee pas3Bu-
Thle IIPOrPaMMHbI€e TTPOAYKTHI 1JISI ITOI LIeJIN.

Yrunuta pgbench, BXoAsiasi B KOMIUIEKT IoctaBku PostgreSQL, mpumeHsietcst
IJIST oLleHKU ripousBogutenbHocTy CYB]I,.

B ciepyroleii raBe Mbl ITPOAO/KUM pa3roBop 06 nHterpauyyu PostgreSQL ¢ apy-
MMM IIPOAYKTaMM M 06CyauM paspaboTKy HMPUIOKEHMI 6a3bl JaHHBIX Ha SI3bIKE
Python.
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ba3a [aHHBIX — 9TO KOMIIOHEHT IPOrPaMMHOTO pellleH}s, OTBeYalollii 3a XpaHeHue
IaHHbix. OQHAKO OH He TOJIBKO XPaHUT MHGPOPMAIMIO, HO U rapaHTUPYeT COIIaco-
BaHHOCTD JAHHbIX, IPU YCIOBUM UTO PEISIIMOHHAs MOJe/b IIOCTPOeHa MPaBUIIbHO.
HomomHnTeNbHO 6a3a JaHHBIX MOXKET C TOMOIIIbIO TPUTTEPOB U ITPABMJI MTOIePKATh
CJIOKHYIO JIOTMKY, BBIXOASIIYIO 3 Ipefesibl HopMain3auyuu. busHec-10rnKa MoKeT
OBITH peaaM30BaHa ¢ MOMOIIIbI0 GYHKIIMIA, HancaHHbIX Ha PL/pgSQL 1 Ipyrux s13b1-
Kax, noagepxxuBaeMbix CYBI. CTOUT ix 3TO enaTb, COMHUTEIbHO C apXUTEKTYP-
HOJi TOUKM 3pEeHMs], HO Hac ceiiuac MHTepecyeT He 3TO.

OpnHaxko Xe 3amauy, OTHOCSIIMECS K B3aMMOIENCTBUIO C IOJIb30BaTENSIMU WIN
K BBOZY-BbIBOAY, Oa3e JAHHBIX He Mof, CUIy. DTUM 3aHMMAIOTCS BHEIIHMe MPUIo-
skeHMsI. B TaHHO1 I1aBe Mbl HAYUMMCSI TTOIK/II0YATHCS K 6a3e TaHHBIX 1 B3aMMOZelt-
CTBOBATD C Hell 13 MPUIOKeHMST, HanmMcaHHoro Ha Python.

SI3pik Python oueHb IpOCT 117151 M3yUEHUS ¥ OGHOBPEMEHHO 00/1ajaeT KOI0CCalb-
HOIt BBIPA3UTEIbHOM MONIHOCTHbIO. OH aKTMBHO MOAEPXMBAETCS COOOIIECTBOM
M pacriojiaraeT OrpOMHBIM apXMBOM MOJIYJ/Iel, pacipsomuX GyHKIMOHAIBHOCTD
CTaHZAPTHO 6MbMMoTeKkN. UNTaTh M MIOHUMATD KO, HanMcaHHbIi Ha Python, oueHs
sierko. C Ipyroii CTOPOHBI, SI3bIK MHTEPIIPETUPYEMBIIi U IOTOMY LOBOJBHO MeJJIeH-
Hblii. Turmmsauust B Python nyuHamudeckasi. 9To yoo6HO, HO UpeBaTo OIMOKaMM.

B aT07J1 IM1aBe paccMaTpUBAIOTCS C/IeLyI0lye BOIIPOCHI:

O Python DB API 2.0 - unTepdeiic mpuKIagHIX TPOTPaMM, IIPUMEHSIeMBbI IJ1s1

paboTel ¢ 6a3aMy JAHHBIX U3 IPWIOKEHNH, HamicaHHbIX Ha Python;

O HM3KOYPOBHEBBIN JOCTYN K 6a3aM JaHHBIX C ITOMOIIbIO psycopg2 — CaMOTO

pacripocTpaHeHHOro apaiiBepa miist PostgreSQL Ha Python;

O anbpTepHaTMBHbIE ApariBepsl aJis PostgreSQL;

O KoHUeNIMs OOBEeKTHO-PENIIMOHHOTO OTOOpaKEeHMUSI U ee peanm3aius

B SQLAlchemy.

Iyt 9TeHMsI 9TO¥ I71aBbl HE0OXOIMMO 3HAKOMCTBO € 6a30BBIMU MOHITUSIMU 00b-
€KTHO-OpMeHTUPOBAHHOTO ITPOrpaMMIUpoBaHusl. UTOObI BBIMIOTHSITh TPUMEDBI, TT0-
Hamo6uTcs ycraHoBUTH Python. Bee mpumepsb! paccunTadbl Ha Bepcenio Python 3.5.
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Ilns Windows ckadaTh yCTAaHOBOUHbINM MMaKeT MOKHO C caifta https://www.Python.
org. YCTaHOBUTE €ro B MAIKy, IpeajaraeMylo 10 YMOTUaHMIO, ¥ He 3a6yIbTe TakKe
ycTaHOBUTDH PIP — yCTaHOBUIMK AOTIOMHUTENbHBIX MoAye. [IyTh K manke, B KOTO-
pyio yctaHOBIeH Python, mo/mkeH ObITH BKIIOUEH B TepeMEHHYI0 OKpY>KeHst PATH. [Tj1st
BXOJa B 060/10uKy Python BBemuTe ¢J1oBO python B KOMaHIHOI CTpoKe. IMeeTcsl Takske
MHTepaKTUBHAsI 06010uka Python, noctymHas 13 MeHro ITyck mox nMeHeM idle.

Python BKJIIOUeH B CTaHIAPTHbIE PENO3UTOPUM MHOIUX OUCTPUOYTMBOB Linux.
Inst ycranoBku Python u PIP BeimtosiHMTe KoMaH Iy sudo aptget install python3.5 py-
thon3-pip. YTo6BI BOIiTH B 060/10UKy Python, BBegyuTe B KOMaHIHOJ CTpOKe python3.

B npumepax MbI 6yIeM MCIO0Ib30BaTh TY ke 6a3y JaHHbIX car_portal, UTO U B APY-
r'MX rmaBax. CKPUIITHI [IJIs1 CO3AAHMS U 3aTI0OTHEHMST Oa3bl TECTOBBIMM JAHHBIMY Ha-
XOOATCST B MpuaraeMbIxX ¢aiiax schema.sql u data.sql. Ilpumepsl 6yayT paboTaTh
6e3 MomuduKauuyu, eciu cepBep paboTaeT Ha JoKasbHOI MaiuHe (localhost),
a ToJIb30BAaTeJIO car_portal_app paspelleHo MOJK/II0UaThCS K 6a3e JaHHBIX car_por-
tal 6e3 mapoJis (C MCIOb30BaHMEM MeTOIa ayTeHTUdUKALMY trust). B mpoTuBHOM
cTydae HY>KHO 6yIeT M3MeHUTh ITapaMeTphl MTOAK/TIOUEeHNST B CKPUIITAX.

PyrHon DB API 2.0

PostgreSQL — He enMHCTBEHHAS HAa CBETE PeJISIMOHHAs 6a3a JaHHBIX U, YK KOHEU-
HO, He eIMHCTBEHHAsI, K KOTOPOil BO3MOKeH H0cTyIl u3 Python. Python Database
API npenHasHaveH JJjis1 YHUGUKALMKU pabOThI MPWIOXKEHUI ¢ 6a3aMy JAaHHBIX.
K MomeHTy HamycaHMsI 9TO KHUTYU BBIIIIA YK€ BTOpas crienydukanysi, onpeae-
sneHHas B fokymeHTe Python Enhancement Proposal (PEP) 249. 3TOT IOKYMEHT
IOCTYIIEH 110 agpecy https://www.python.org/dev/peps/pep-0249/.

B API ormpepneneHsl ciaeayioue o6beKTbI, UCIOAb3yeMble MPU IMOAKIIOUEHUN
K 6a3e JaHHBIX ¥ B3aMMOIEICTBUM C Hei:

O connection: peanm3yeT JOTMKY MOIK/IIOUEHMS K CepBepy 6a3bl JAHHBIX, ayTeH-
TUbUKAIMA U YIIpaBIeHNS TpaH3aKkIusamMu. OObeKT connection CO3aeTCs pu
obpaieHun K GYHKIMMU connect() C MapaMeTpaMy, 3aBUCSIIVMM OT Oa3bl
IaHHBIX U ApaliBepa;

O cursor: rpeacTaBsieT Kypcop B 6a3e JaHHBIX. DTOT 00BEKT MCIIOMb3YeTCS IJIsI
yITpaBeHMSI KOHTEKCTOM BbITnoHeHMs SQL-KomaHabl. Haripumep, OH 103BO-
JISIeT BBITIOMHSITD 3ampoc SELECT ¥ BbIOMPATh CTPOKM 10 OJHOV MJIM TIOPLIMSI-
MU. B HEKOTOPBIX peannusalnusix JOMycKaeTcsl M3MeHeHue Mo3UIUKU Kypcopa
B pe3yiIbTUpYyIoIeM Habope. OOBEKT cursor CO3IAE€TCSI B pe3y/abTaTe BbI30Ba
MeToga connect() obbeKTa connection;

O wuckmouenus: B API ompeneneHa mepapxusi UCK/IIOUEHU, BO3MOKHBIX BO
BpeMs BbINIOJIHEHMS. Hanpumep, uckiaoueHne knacca IntergrityError (1mog-
KJtacc DatabaseError) Bo30y:KmaeTcst, Korma 6a3a JaHHBIX COOOIIAET 0 Hapyle-
HUU OTPaHUYEHMUSI 1IeTIOCTHOCTHU.

API ympoinaer mepexof K Apyromy ApaiiBepy 6a3bl JaHHBIX UM Jaske BOOOIIe

K Apyroii 6a3e. OH TaKKe MIOMOTaeT CTAHIaPTU30BaTh JIOTUKY, @ 3HAUNT, CIEIaTh ee
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60Jee MMOHSATHO IPYTMM paspaboTYMKaM U yIo6HOI 151 CONpoBOKAeHMs . OmHAKO
IeTaay MOTYT 3aBUCETD OT ApaiiBepa 6a3bl JaHHBIX.

Hiuke B KauecTBe IpuMepa IpuBeaeHa HebosbIast mporpaMmma Ha Python, koTo-
pasi C TOMOIIIbI0 MOAIYJISI psycopg2 BhIOMpAaeT JaHHbIe 13 6a3bl, a 3aTEM ITeUaTaeT Ux
Ha KOHCO/M (KaK YCTAaHOBUTH psycopg2, 0OBSICHEHO B CIEAYIOLIEM pasjiese).

#!Jusr/bin/python3
from psycopg2 import connect

conn = connect(host="localhost", user="car_portal_app", dbname="car_portal")
with conn.cursor() as cur:
cur.execute("SELECT DISTINCT make FROM car_portal_app.car_model")
for row in cur:
print(row[0])

conn.close()

OTa mporpaMma HaxomuTcs B daiie print_makes.py IpuaaraemMoro apxmaa.

CymectByeT Heckoiabko Python-mpaiiBepoB mist PostgreSQL. Mbl paccMOTpUM

clenyolye:

O psycopg2: OIMH U3 CAMbIX TIOMYISIPHBIX. [T0/Ib3yeTCst «POIHOI» OGUOIMOTEKO
PostgreSQL 1libpq, mosToMy oueHb 3d(PeKTHBEeH, HO HEJOCTATOUHO XOPOIIIO
TepeHoCUM;

O pg8000: aTOT mpaiiBep HaMMCaH Ha uucToM Python u He 3aBucut ot 1ibpg;

O asyncpg: BBICOKOIPOU3BOAUTENbHBIN IpaiiBep, B KOTOPOM ISl JOCTVOKEHUS
MaKCMMaJIbHOV MPOU3BOAUTENbHOCTY MPUMEHSIETCS IBOMUHBIN MTPOTOKOJI.
OpHako 3TOoT fpariBep He peanusyeT DB API.

Hu3KoYPOBHEBbBIN OOCTYN K BA3E JAHHbIX C MOMOLLbIO
PSYCOPG2

psycopg2 — OMH U3 CaMbIX MOMYASPHBIX ApaiiBepoB 11 PostgreSQL, npuMeHsieMbIx
B Python-nporpammax. OH coBmecTuM co creiudurarmeit DB API 2.0. ITo 6ombIieit
yacTy OH Hamucad Ha C U momib3yeTcst 6ubmmoTeroit libpq. IpaiiBep moToko6e30-
TIaCHBIIA, T. €. OOVH U TOT K€ 0OBEKT connection MOYKET MUCITOIb30BAThCSI B HECKOITb-
KUX IoToKax. Paboraet ¢ Bepcussmu Python 2 u Python 3.

OdunmanbHas cTpanuila 6mubmmoreku — http://initd.org/psycopg/.

B Linux gpaiiBep psycopg2 MOKHO YCTaHOBUTH C momoibio PIP 13 komaHaHOT
CTPOKMU:
user@host:~$ sudo pip3 install psycopg2
[sudo] password for user:

Collecting psycopg2
Downloading psycopg2-2.7.3.1-cp35-cp35m-manylinux1_x86_64.whl (2.6MB)
100% | INNEEENRENEEERN 2 6B S40kB/s

Installing collected packages: psycopg2

Successfully installed psycopg2-2.7.3.1


http://initd.org/psycopg/
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B Windows BBeauTe Takylo KOMaH[Iy:

C:\Users\User>python -m pip install psycopg2
Collecting psycopg2
Downloading psycopg2-2.7.3.1-cp35-cp35m-win_amd64.whl (943kB)
100% | #HHHHHH | 952kB 1. 1MB/s
Installing collected packages: psycopg2
Successfully installed psycopg2-2.7.3.1

Pa36epeM IIOCTPOYHO CKPUIIT M3 MPEeabIAYIIETro pa3aea.
#!/usr/bin/python3

[TepBbie IBa cMMBOJIA #!, 32 KOTOPBIMY CIeyeT IyTh K ¢aity, 03HAYaIOT, YTO 3TO
CKPMUIIT, KOTOPBIN JOJIKEH MHTEPIIPETUPOBATHCS yKa3aHHOI mporpaMmMoii. B Linux
TaKo (aiiyT MOXKHO CIeaTh UCTIOMHSIEMbIM U TIPOCTO BBIMOMHUTB. O60m0uka Win-
dows UTHOPUPYET 3Ty CTPOKY, HO OHA HMUEM He BPeUT, TaK UTO JIy4llle OCTaBUTb ee
IJ1sI TIepeHOCUMMOCTH. B TaHHOM c/Tydyae CTpOKa 0O3HayaeT, yTo GyJeT BhI3BaH MHTED-
npetatop Python 3.

from psycopg2 import connect

31ech 13 MOIYJISI psycopg2 MMITOPTUPYETCSI B TEKYIIlee MTPOCTPAHCTBO MMeH (PYHK-
st connect(). MOKHO BMeCTO 3TOr0 HaIlMCaThb MpenjioskeHue import psycopg2, HO
TOIIA MMIIOPTUPYETCS BeCh MOIY/Ib, ¥ K PYHKIMM cyieqyeT o6paiiaThCs 1Mo MMeHU
psycopg.connect().

conn = connect(host="localhost", user="car_portal_app",
dbname="car_portal")

B 3Toi1 cTpoKe ycTaHaBIMBAEeTCs coedyHeHue ¢ 6a30ii maHHbIX. PYHKIINS con-
nect() Bo3BpaliaeT 06bEKT connection, Ha KOTOPBIN CChIIAETCS IIEpeMEeHHas conn.

with conn.cursor() as cur:

Mertop, coegyiHeHust cursor() co3maeT 00beKT Kypcopa. KoHeTpyKRius with ... as
CO3[laeT KOHTEKCTHBI MeHeIKep. JTOT MpueM OYeHb YIOoOeH MAJISl BbIIEeIeHMUS
1 0CBOOOKIEHMS pecypcoB. B Halem ciryuae co3gaeTcst Kypcop, Ha KOTOPbIi yKa3bl-
BaeT repemMeHHas cur. Kak ToJabKO 9Ta mepeMeHHast TOKUAAeT 06/1aCTh BUAMMOCTI
6110Ka with, Kypcop aBToMaTHMUYeCKY 3aKPbIBAETCSI. DTO IIPOM30JiIeT HE3aBUCUMO OT
TOT0, KAKMM CIIOCOO0M CJTYUMJICS BBIXO[ M3 OJI0KA: HOPMAaJIbHO WJIM B Pe3y/bTaTe
VICKITIOUEHMSI.

cur.execute("SELECT DISTINCT make FROM car_portal_app.car_model")

BeironHsieTcs 3arpoc SELECT DISTINCT make FROM car_portal_app.car_model, 1 Kypcop
MIPEe/ICTaBJIIeT KOHTEKCT ero BhIMonHeHMs. O6paTuTe BHMMAaHMe HA OTCTYIbI B Ha-
yajie 3TOi U ABYX CJIeAyIUX CTpoK. B Python oTcTyrbl 0603HaYalOT BJIOSKEHHOCTD
Kozma. B Hamiem ciydyae 3TM TpU CTPOKM HAXOIATCS BHYTpU Oioka with. OTcTyribt
B Python 3aMeHsroT hurypHbsie CKOOKM B sI3bIKax Java 1 C. B pyKoBOZICTBE MO CTUITIO
odopmienns mporpamm Ha Python pekomeHayeTcst menaTh OTCTYIIBI IIMPUHON Ye-
ThIpe npobena. [TogpobHee cM. cTpaHuily https://www.python.org/dev/peps/pep-008/.
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for row in cur:
print(row[0])

OTu IBe CTPOKM — TaKKe 4acTb 670Ka with. B rmepBoit cTpoke ompepeneH MK
for, B KoTOpOM IepebupaloTcs 3amucii, BO3BpalaeMble KypcopoM. B Tejie nmykia Ha
TEeKYIIYI0 CTPOKY CChlIAeTCs IepeMeHHas row. Bo BTOpoii CTpOKe repBoe 1osie 3arm-
CU TleyaTaeTcs Ha KOHCOJIb. [lepeMeHHas row umMeet TUII tuple, KOTOPBI B JAHHOM
ClyJyae MpefcraeT B BUAe MHAeKCUpyeMoro, HaunHas ¢ 0 MmaccuBa, comepykallero
IlaHHbIe 3aIMCH, a BbIpaskeHMe row[0] Bo3BpalljaeT 3HaUeHMe IepBOro MoJsl.

conn.close()

DTOT BbI30B 3aKPbIBAET COeAMHEHMe ¢ 0a30J JaHHbIX. O6paTuTe BHMMAaHNE, 4YTO
B JTOI1 CTPOKE HET OTCTYIIA, a 3HAUMT, BIIIOJIHEHNE TIOKMHYIIO 610K with 1 Kypcop
HESIBHO 3aKPbIJICSL.

Terepb PacCCMOTPUM HEKOTOPbBIE aCIIeKThI PabOThI C psycopg2 6ojiee OIPO6GHO.

CoeauHeHue c 6a30M AAHHbIX

3a coegyuHeHMe ¢ 6a30Ji JTaHHBIX OTBEUAIOT 0OBEKTHI Kjlacca connection, mpeacTaB-
JISTIOIIVe ceaHC paboThl. TaKoii 06EKT CO3/IaeTCST B pe3yyibTaTe 00palieHust K GyHK-
uyu connect(), MpUHAIJIEXKAIIE MOIY/IIO psycopg2. DTOT CITOCO06 CoeMHEHMS OIpe-
nened B DB API 2.0.

IJist 3aaHMsI MECTOTIONOKEHMST 6a3bI TAHHBIX M ayTeHTU(MUKALIMY B HEM UCIIOJb-
3yeTCsl CTPOKa COeIHeHUS

conn = connect("host=db_host user=some_user dbname=database password=$SecreT")

MOo>KHO BMeCTO 3TOro 3aaBaTh MMeHOBaHHbIE ImapaMeTphbI:

conn = connect(host="db_host", user="some_user", dbname="database",
password="$ecreT")

3mech yCTaHABIMBAETCS COeAMHEeHMe ¢ 6a30ii JaHHbIX database, pa3MellleHHO Ha
cepsepe db_host, OT MMeHM ITOJIb30BaTES some_user C ITaposieM SecreT.

@OYHKIMS connect() TPMHMMAET ABa HeOoOsI3aTeTbHBIX ITapaMeTpa, connection_
factory u cursor_factory. OHM ITO3BOJISIIOT 3a4aTh CIeIIMaTIbHble PYHKINM IJISI CO3-
IaHUs COeIVHEHUI VI KYpCOPOB, UTO ObIBAET MOJIE3HO IS PacIIMpPEeHUS] CTaH-
IapTHOV (QYHKIMOHANIbHOCTU. HampuMmep, eciau BbI XOTUTE MTPOTOKOIMPOBATH BCE
SQL-3anpocsl, BbIMOMHSIEMbIEe TPUIOKEHVEM, TO TOAOMAET CelaJIn3upOBaHHbIN
KJIacCC cursor.

B mpempimymiux mpuMepax Ha 0ObEeKT COelnMHEeHMNsI, BO3BpallaeMblil QyHKIIMe
connect, cchlTasiach TepeMeHHast conn. ATOT OOBEKT MCIIOAb3YeTCS MIJIST CO3MAHMS
06BEKTOB KYPCOPOB U YIIpaBJIEHNST CeaHCOM paboThI ¢ 6a30ii. [Tepeuncinm Hanbo-
Jiee yIoTpeb6uTeIbHbIE METOIbI Kitacca connection:

O commit(): purcHpyeT TERYIIYIO0 TPAH3aKIINIO. [T0 YMOTYAHMIO psycopg2 OTKPhI-
BaeT TPaH3aKIMIO Tepe] BBITTOMIHEHMEM JTI00071 KOMaHIbl. [I03TOMY He Cy-
IeCTBYeT IBHOTO MeTOAa Havyaja TpaH3aKIun;

O rollback(): oTKaThIBaeT TEKYIIYIO TPAH3AKIINIO;
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O close(): paspbiBaeT coenuHeHMe ¢ 6a30ii JAHHBIX U 3aKPbIBAET 0OBEKT con-

nection;

O cancel(): oTMeHsIeT TeKYIyI0 KOMaH/y. DTOT MeTOJ, IOMYyCKaeTCsl BbI3bIBATh

u3 gpyroro rnoroka. B DB API 2.0 oH He onipefeneH.

CylecTByeT TakKe psifi METOHOB JIJIsT BBITTOIHEHMST IBYX(a3Hoi pukcanym. Ipo-
TOKOJ AByxda3Hoi Gurcauum rpuMeHsieTcsl, KOrjga HeCKOIbKO CUCTEM JIOKHbI
KOOPAMHMPOBAHO (GUKCHUPOBATH HEKOE NIEJICTBME WM OTKATUTh ero. B kiacce con-
nection MMeeTCs ellle MHOTO TToJieli (HeKOTOpbIe U3 HUX AOIYCKAIOT TOMbKO UTeHNe)
¥ METOZI0B, MO3BOJISIIOIIVX TIPOBEPUTD COCTOSTHME COeVHEHMSI, TOIYIUTh U YCTaHO-
BUTb €T0 CBOJCTBA, 3a7JaBaTh YPOBEHb U301 TPAH3aKIINIi U BBITIOJHSTD IpyTHe
orepaiun.

OO6beKT Kiacca connection MOKHO CO3/IaTh, IPMMEHMUB CMHTAKCUC KOHTEKCTHOTO
MeHemKkepa:
with connect(host="db_host", user="some user", dbname="database",

password="$ecreT") as conn:
cur = conn.cursor()

Korgma BbImojHeHMe MOKMHET GJIOK with M06bIM CITOCO6G0M — HOPMAaabHO WU
B pe3y/ibTaTe UCKIIUEeHNs, — CoeiyHe e OyIeT aBTOMAaTUUYeCKM 3aKPhITO.

Ecnmn coegnHeHne yctaHosneHo B 6oke with, To npu HopManbHOM BbIxoae M3 Hnoka TpaHs-
akums bynet 3aduKcMpoBaHa nepen 3akpbiTMeM coeauHeHus. Ecnm xxe B 610Ke BO3HUKHET
UCKKOYeHWe, TO TpaH3aKLmMs ByneT oTkaveHa.

Myn coeamHeHui

VYcTaHoBIeHMe coeMHeHus ¢ 6a30ii JaHHbIX — HaKIagHbIi mpoliecc. Heo6xommmo
YCTaHOBUTH COeMHEHNEe Ha CeTeBOM YPOBHE, BK/II0Uasi KBUTUPOBAHME, [IPOM3BECTI
ayTeHTUOUKALINIO U BbIIEIUTh HOBOMY CeaHCy pecypchl cepBepa. [IpefcraBbTe cebe
BeO-TIpUJIOKeHMEe, KOTOPOE TOIKHO ObIIO ObI OIK/IIOUATHCS K 6a3e IMpu KaskaoM 3a-
Ipoce Io/Ib30BaTeIs, OTIIPAaB/ISATh 3aIIpOC, a 3aTeM pa3pbiBaTh coefmHenne. Kaxmas
Takas Ipoleaypa 3aHMMaeT HeCKOIbKO MWIIMCEKYH/I, HO KOT/Ia 3allpOCOB MHOTO,
3aTpaThl CYMMMPYIOTCS ¥ OTHMMAIOT MHOI'O BpeMeHM. A eC/iu 3arpocChl MOCTYIIAIOT
OIHOBPEMEHHO, TO MOXXET 6bITh CO3JaHO CIUIIKOM MHOTO COeIMHEHWIt, U cepBep
3ax/1e6HeTCS, T. K. [TOJT, KaXKI0€e CoeIMHeHe HY;KHO BbIIEJISITh PeCYPChI, 1 JasKe ecin
B CeaHCe HUYEro He IIPOVICXOANT, BCE PABHO KOIMUECTBO CEAHCOB OrPaHMYEHO.

B Be6-TIpMIOsKeHMSIX (M He TOJMIbKO B HUX) MPUHSITO Cpasy CO3IaBaTh GUKCUPO-
BaHHOE KOJIMYECTBO COeIVHEHMI, a 3aTeM MCII0Nb30BaTh MX [JIs PasHbIX 3a1ady.
Ecnu 3amay 6osbliie, ueM cOeIVHEHM, TO OHM 6YIOYT 6I0KMPOBATHCS, OKMIas, ITOKa
Kakoe-HMOYOb coemuHeHNe He OCBOGOAMTCS. DTO HashbIBaeTCS IYJIOM COemHe-
HUiA. YV 9TOJ CTpaTerum ecTb HeCKOIbKO MPEeUMYIIECTB:

QO He TpaTUTCS BpeMs Ha ITOK/IIOUeHe K 6a3e JaHHbIX, TIOCKOIbKY COeIMHeHIe

yKe CO3[IaHO 3apaHee;

QO KOIMYECTBO COeNMHEHMIT OrpaHMUIeHO, I09TOMY CTAHOBUTCS MPOILE yIIpaB-

JIITh pecypcamu cepaepa.
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Mopynb psycopg?2 peAoCTaBIsieT IMyJl coegHeHn’i ¢ mpoctbimM API. EcTb naske Tpu
pasHble peaqn3ann:
O mpocToii myn, TpefHa3HAUEeHHbI AJ151 UCTIOIb30BaHMS B OHOIIOTOYHBIX ITPU-
JIOKEHUSIX;
O MHOTOMOTOYHBIN ITYJI JIJISI MICIIOIb30BaHMS B MHOTOITIOTOUYHBIX ITPUJIOKEHMSIX
O TMOCTOSIHHBIN Y/, IpeJHa3HaYeHHbI i1 paboThl ¢ Zope, cepBepoM Beb-
MIPUJIOKEHUTA.

K coxaneHuto, psycopg2 He NOALEPXKMBAET OIOKMPOBKY MNOTOKA, MbITAOLLEFOCS NOAYUYUTb CO-
€OMHEHWE U3 YXKEe UCUEPMAHHOTO MyNa, MO3TOMY Mpu paboTe C 3TUM MYIOM HYXXHa OCTOPOXK-
HOCTb. He noppepuBaeTcst TakKe CMHTAKCMC KOHTEKCTHOrO MeHemxepa, Tak YTo pabotatb
C HUM He TaK ya06Ho, Kak Moo 6bl ObiTb.

B npuiaraemoM apxmuBe MMeeTCSI CKPUIIT psycopg_pool.py, J€MOHCTPUPYIOIIUIA
paboTy C ITyJI0M COeMHEeHMIT U3 psycopg2. OH CIUIIIKOM AJIMHHBINA, UTOOBI TOMENIATh
€ero 37ech 1eJMKOM. MEI ellle BepHeMCsI K 3TOi TeMe, Koraa 6yemM roBOpUTh 0 616-
nmoteke SQLAlchemy.

BbinonHeHune SQL-komaHpg,

[TycTh coenviHeHMe YCTAHOBJIEHO UM MMEEeTCsI TiepeMeHHasl conn, CChUIAIIIAsICS Ha
9K3eMIUISIp Kacca connection. UToObI BBITTOMHUTD SQL-KOMaHy, HEOOXOIMMO CHAa-
yajia co34aTh 00BEKT Kypcopa, MPeACTaBISIONIIi KOHTEKCT KOMaHIbl. ITO IeIaeTCst
ITyTeM BbI30Ba MeToza connection.cursor():

cur = conn.cursor()

Terepb TepeMeHHast cur CChIIAeTCsT Ha 00beKT Kypcopa. MeTop, cursor() MOKeT
MIPUHMUMATh Clenyloye GaKyaIbTaTMBHbIE [TapaMeTPhI:

O name: ein UMSI 33JaHO, TO CO3AETCSI KypCOP Ha CTOPOHe cepBepa. PasHuia
MeXAYy KIMEeHTCKUM U CepBepHBIM KypCcOpaMM COCTOUT B TOM, UTO TePBbIit
OOBIYHO 3arpyskaeT BeCh Pe3yAbTUPYIOIINIT HAOOP ¥ XPaHUT €ro B MaMsITH,
a ToC/IeqHUI TIPOCUT cepBep BbIIaBATh JaHHbIEe TTOPLUUSIMU IO Mepe TOTOB-
HOCTY MPUJIOSKEHUSI K UX 00paboTKe;
cursor_factory: UCTIO/IB3YyeTCs AJ151 CO3AaHUSI HECTAaHOAPTHBIX KypCOPOB;
scrollable: mpuMeHNUM TOJBKO K CepBepPHbIM KypcopaMm. Eciu nmapamerp pa-
BeH true, TO Kypcop MOXKHO ITPOKPYUMBATD Ha3a/, B IIpoliecce 06Xoa pe3yib-
TUPYIOIIEro Habopa;

O withhold: mpMMeHMM TONBKO K CepBepHBbIM KypcopaM. Ecjiv mapameTp paBeH

true, TO Kypcop MOKeT BbIOMPATh JaHHbIE TaKe IToc/ie (GUKCany TpaH3aKIUU
(HO He TIOC/Ie ee OTKaTa).

[Tocne TOTO KaK Kypcop co34aH, AJis BbInoaHeHus: SQL-KoMaHbl Hy>KHO BbI3BaTh
ero Metop, cursor.execute(). Harpumep, 17151 BHIOOPKM WM YIATeHUsT CTPOK MOKHO
BBITIOJIHUTD TAKOM KOZ,:

©0

cur.execute("SELECT * FROM car_portal_app.car_model")
cur.execute("DELETE FROM car_portal_app.car_model WHERE car_model_id = 2")
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Ewmm y 3ampoca ecTb nmapameTpsl, TO X ClefyeT yKa3aTb B 3alIpoce U Iepenarhb
3HaueHMs BO BTOPOM apryMeHTe MeToza cursor.execute(). Harpumep, BOT Kak MOXK-
HO BCTaBUTD 3aIMCh B TAOMUILY:

new_make = "Ford"

new_model = "Mustang"

sql_command = "INSERT INTO car_portal_app.car_model (make, model) " \
"VALUES (%s, %s)"
cur.execute(sql_command, [new_make, new_model])

31ech NpMMeHeHa MO3UIMOHHAsI HOTaIMsI, 03HAYa0IIast, YTO 3HaAUeHUs apa-
METPOB JO/DKHBI ObITH ITepeulc/IeHbl B TOM JKe MTOPSIAKe, B KAKOM OHUM BCTPEUAIOTCs
B CTpOKe 3ampoca. O6paTuTe BHMMaHMe Ha 3HAK \ B KOHIIe TpeTbeil cTpoku. Tak
MbI cO00IIIaeM MHTepIIpeTaTopy Python, uTo BhIpakeHe MPOIO/IKAETCS Ha CJIeTy-
IOIEeI CTPOKeE.

Mopynb psycopg2 monaepXuBaeT TAaKKe MMEeHOBAHHbIE MTapaMeTpsl. TOT ke mpu-
Mep MOYKHO ObIIO ObI 3aIT1CaTh U B TAKOM BUIE:

new_make = "Ford"

new_model = "Mustang"

sql_command = "INSERT INTO car_portal_app.car_model (make, model) " \
"VALUES (%(make)s, %(model)s)"

cur.execute(sql_command, {"model": new_model, "make": new_make})

3agaHue mapametrpoB B SQL-KoMaHAaxX MOKET ITOKa3aThCs 60Jiee CII0KHBIM, UeM
BKJIIOUEHMe UX HEeIOCPeICTBEHHO B TEKCT KOMaH/Ibl, HaII[pUmep:

new_make = "Ford"

new_model = "Mustang"

sql_command = "INSERT INTO car_poral_app.car_model (make, model) " \
"VALUES ('" + new_make + "', '" + new_model + "')"

cur.execute(sql_command)

Ho sro Hukyna He rogutcs! Hukorna He MoncTaBisgiTe JaHHble IpssMo B SQL-
KOMAaHAY. OTO MOXET CTaTh IPUUYMHON Cepbe3HbIX MPobaeM ¢ 6e301acHOCThIO. [lo-
IyCTUM, YTO 3HAUEHMEeM IlepeMeHHOI new_model SIBISIETCSI CTPOKa, COAepsKallasi
OIIHY OIMHOYHYI0 KaBbIUKYy ‘. Torma cepBepy OymeT oTpaBieHa KoMmaHaa INSERT INTO
car_portal_app.car_model (make, model) VALUES ('Ford', ''') — 3aBeIOMO HEKOPPEKT-
Has. Basa JaHHBIX TIPY 9TOM BepHeT OIMOKY. B BeO-TIpMIOKeHU TaKye Bl MO-
TYT TIPUBECTU K YHUUTOXEHUIO JAHHBIX UM K TTOXUIIEHNIO CEKPETOB. A eC/i Mbl
BOCITOTb3yEMCSI [IapaMeTpaMM, TO psycopg2 M03abO0TUTCSI O TOM, UTOOBI TPABUIIBHO
BCTaBUTH ‘ B TAONIMITY, KaK €I ObI 3TO ObIJIO Ha3BaHME MOIEIM aBTOMOOWIIS.

Takas omnbKa fAeaeT MIporpaMmy ySI3BMMOI1 K aTake BHeapeHuem SQL.

o OfAvH 1 TOT e 06bEKT KYpCcopa MOXKHO MCMO/Ib30BaTb MHOMOKPATHO AJ1S1 BbIMOJIHEHUS Pa3HbIX

3anpocoB. OfHAKO Kypcopbl He SBASOTCS MOTOKOGE30MacHbIMU, T. €. OAMH KYpCOp Henb3s

MCMOMb30BaTh M3 pa3HbiX NOTOKOB. B TaKOM cyyae HyXHO CO34aBaTb HECKOJIbKO KYPCOPOB.
OTMEeTUM 3a04HO, YTO 0BLEKT COeaMHEHMS NOTOKOBE30MACHbIN.

B mnpunaraemom apxmBe MMeeTCS CKPUIIT psycopg2_insert_data.py, KOTOpBIi
BCTaBJISET 3aIMCh B TaGMMITY car_model.
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UreHue AaHHbIX U3 6a3bl

Ecu Ha Kypcope BBITIONHSIETCS 3aI1pOC, BO3BpAIAOINii JaHHbIe, TO K 9TUM [IaH-
HBIM MOKET MOJYYUTh AOCTYI MPUIOKEeHNE. DTO KacaeTcsl He TOIbKO 3aIIpOCoB SE-
LECT, HO 1 JIFOOBIX M3MEHSIIONIMX JaHHbIE 3aITPOCOB ¢ ¢pa30ii RETURNING.

ITycTh MMeeTCst Kypcop, Ha KOTOPOM BBITIOTHSIETCST 3aMIpOC:

cur = conn.cursor()
cur.execute("SELECT make, model FROM car_portal_app.car_model")

O6BeKT Kypcopa IpeoCcTaBIsIeT HECKOIbKO CIIOCO60B MOTYYUTh JaHHbIE.
O Hcronb3oBaTh caM 06BEKT KaK UTEPaTop:

for record in cur:
print("Make: {3}, model: {}".format(record[0], record[1]))

3mech record — KOPTEX, a K 3HAYEHMSIM IT0JIei MOSKHO 00PaTUThCS, YKa3aB HO-
Mep MOJIsI B KBaJpaTHbIX CKOOKaX.
O TIlomyunThb 3amuch, BI3BaB MeTO, Kypcopa cursor.fetchone(). ITocnemyroiye

BBI30BBI OYyIyT BO3BpallaTh Cyiemylolniye 3amcy. Korma samuceil He ocTaHeT-
Csl, MeTof, BepHeT None:
while True:

record = cur.fetchone()

if record is None:

break
print("Make: {3}, model: {}".format(record[0], record[1]))

O TonyunTs CllefyOILYI0 MOPLMIO 3amyceli, BbI3BaB MeTo[, cursor.fetchmany().
MeTton mpuHuMaeT (aky/JIbTaTUBHBIN MapaMeTp, 3aJalolluii KOJMUYeCTBO
3amyceit B mopuun. Ei oH He 3a/aH, TO KOJIMUECTBO 3amuceii 6epeTcs us
ToJIs cursor.arraysize. Eciv 3ammceit 601bIiie He OCTaJIOCh, METOJ, BO3Bpallia-
eT mycToit Habop. Hampumep:
while True:

records = cur.fetchmany()
if len(records) ==

break
print(records)

Mocne Toro Kak gaHHble BbibpaHbl M 06paboTaHbl, Kypcop ydlle 3aKpbiTb. TO NPOM30MAET
aBTOMATMYECKM, eCn Kypcop 6bin co3paH B 610ke with. He3akpbiTble Kypcopbl B KOHEYHOM
utore ByayT yaaneHsl cOOPLIMKOM Mycopa Uiu Npu 3aKpbITUK 6a3bl AaHHbIX, HO A0 TEX Nop
OHM ByayT NOTpebN[Tb CUCTEMHbIE peCypCbl.

B mpumaraeMom apxuBe MMeETCS CKPUIIT psycopg_query_data.py, B KOTOPOM Je-
MOHCTPHUPYIOTCSI BCe TPU METO/Ia.

Komanpa COPY

Mopy/b psycopg2 yMeeT TaKyKe BBIIOTHSITh KOMaHIy COPY, UTOOBI GBICTPO MPOYM-
TaTh U3 6a3bl WM 3amMcaTh B 6a3y OOJbIION 00beM JaHHBIX. MeTombl copy_to()
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u copy_from() K/Tacca cursor COOTBETCTBEHHO KOIIMPYIOT JaHHbIe M3 TaOaUIIbI B dhaii-
JIONTOAOOHBI 00bEKT WM U3 (aiiyionogo6HOro 06bekTa B Tabmuiy. Mimeetcs: Tak-
sKe MeTOf, cursor.copy_expert(), MpeaCTaB/AIONIMIi 3HAUUTEIBHO 60ojiee PasBUTYIO
(bYHKIMOHAIBHOCTD, — CTOJIb Ke TMOKMIL, Kak caMa KoMaHzaa COPY.

Mertog cursor.copy_to() MpMHMMAET CAeayIoliue ITapaMeTpbl:

QO file: daitnonomo6HbIii 06BEKT, MPUHUMAIOIINIT JaHHbIe. ITO MOXKET ObITh
aiin, uam obbekT Stringl0, M 1060 APyroii 06BEKT, MOAIEPKUBAIOIIIA
meTtom write();
table: MM KOTIMpPyeMOi1 TabGIUIIBI;
sep: pasgenuTesb mojeii. [1o yMolTyaHKIO 3HaK TaOy/IsIun;
null: TekcToBOe TpencTaBaeHue sHaueHnit NULL;
columns: CITMCOK CTOJIOIOB, MOJJIEXKAIINX KOITMPOBAHMUIO.

3amucu B o6bexTe file OyayT pasmeneHbl 3HAaKaMM HOBO¥ cTpoku. Hike meMOH-
CTPUPYETCS IIPUMEHeHMe MeTOIa cursor.copy_to():

0000

import io

with 10.StringIO() as s:
cur.copy_to(table='car_portal_app.car_model', file=s)
print(s.getvalue())

B pe3synbraTe Ha KOHCOIb OY/IET BHIBEIEHO COMIEPKMMOE TabIUIIbI car_portal_app.
car_model, KaK 3To cesnaja 6b KoMaHga COPY car_portal_app.car_model TO STDOUT;, BbI-
IIOJTHEHHAas B psql.

MeTon, cursor.copy_from() mpuHMMAET Takue ke TTapaMeTpbl U OMOJTHUTEIbHO
rmapameTp size, 3amaromuii pasmep 6ydepa mis ureHus n3 obbvekra file. O6bEKT
file momkeH mopAepKuUBaTb MeTOnbl read() u readline(). Bor npumep TOro, Kak
BCTaBUTH 3aIMCH B TaGIMILy car_portal_app.car_model ¢ TOMOIIIbIO KOMaHIbI COPY:
import 1o
with 10.StringIO('Tesla\tModel-X\n) as s:

cur.copy_from(table="'car_portal_app.car_model', file=s,
columns=[ 'make', 'model'])

B mpuiiaraeMoM apxuBe MMeeTCsl CKPUIIT psycopg2_copy_data.py, B KOTOpoM 06a
9TUX METOZA MUCITONb3YIOTCS AJIST KOMMPOBAHMSI TaHHbBIX B 6a3y 1 13 6a3bl.

ACHHXPOHHBIN pocTyn

B mpenbiaymyx mpumMepax MeTof, cursor.execute() GI0KMPOBAJ IIpOrpaMmMy Ha Bce
BpeMsI BBITIOJTHEHMS 3a1ipoca. Eciu 3armpoc CI0KHBINM, TO mporpaMma 6ymeT 3a6i10-
KMpOBaHa HAJONTO, YTO He BCerja >kejaTeabHO. Mooy/ib psycopg2 MpenoCTaBsIeT
CTI0CO6 aCMHXPOHHOTO BBITTOIHEHMS 3aIIPOCOB. DTO 03HAYAET, UTO ITOKA 3aIPOC BbI-
TIOJTHSIETCST, TPOrpaMMa MOXKET 3aHUMAaThCSI APYTUMU AellaMu.

YT06BI BOCIIOIH30BATHCSI JAHHOI BO3MOKHOCTHIO, HEOOXOIMMO CO3[AaTh aCUH-
XPOHHOEe coeyHeHMe. 1S 5Toro GyHKIMUM connect() ITepemaeTcst apryMeHT async=1.
Cam mpoliecc coeqMHeHMsT TaKkKe aCMHXPOHHBIV. OTMeTUM, YTO IMporpamMmma I0JK-
Ha XIAaTh yCTAaHOBJIEHUS COeAMHeHMsI. DTO MOXKHO C/ieaTh C [TOMOIIbIO MeTO/Ia con-
nection.poll() u pyHKIMM select() u3 6ubAMOTEeKM Python, sBisiorieiicst 06epTKoit
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COOTBETCTBYIOILIETO CUCTEMHOTO BbI30Ba. BCE 9TO MOBOMBHO CJIOXKHO U BBIXOAUT 3a
pamkyu KHUTHK. 1o cUacThio, psycopg2 MpeaoCcTaB/iseT BCIIOMOraTelbHYI0 (PyHKIMIO,
KOTOpasi GJIOKMPYET BBITMIOTHEHME U KAET 3aBepIIeHuss aCMHXPOHHOV OTepaluin.
910 QYHKUMST psycopg2.extras.wait_select(conn), Tme conn — OOBEKT COEMMHEHUS
c 62301 JaHHBIX.

Hwmke nmpuBeneH yIpoleHHbI IpUMep aCMHXPOHHOTO BbITIOJTHEHMS 3aripoca SE-
LECT:

from psycopg2 import connect
from psycopg2.extras import wait_select

aconn = connect(host="1localhost", user="car_portal_app",
dbname="car_portal", async=1)

walt_select(aconn)

acur = aconn.cursor()

# MpepnonaraeTca, 4TO CAEAYWWMA 3aMPOC 33HUMAET MHOrO BPEMEHU
acur.execute("SELECT DISTINCT make FROM car_portal_app.car_model")

# 34ecb fenaeTca 4YTo-TO elje
# ...
# 3aKoHYMB Apyrve fAena, XAeM 3aBepuieHua 3anpoca
wait_select(aconn)
for row in acur:
print(row[0])
acur.close()
aconn.close()

Bosee mMHTepecHble TIpUMepPbl aCMHXPOHHOTO BBITIOTHEHUS] UMeIOTcsl B (aiine
print_makes_async.py 13 mpusaraeMoro apxmaa.

IloTIOTHUTENIbHBIE CBeIeHMS 00 aCMHXPOHHBIX OITepaIysIX B psycopg2 CM. Ha CTpa-
Hu1le http://initd.org/psycopg/docs/advanced.html#asynchronoussupport.

ANbTEPHATUBHBIE APAMBEPI ANl PoSTGRESQL

B aTOM pasmesne Mbl ToApOOGHEee IT03HAKOMMMOCS ellie ¢ ABYMsI ApaiiBepamu ajist Post-
greSQL. [Tepsbiit, pg8000, Takke peanusyetr DB API 2.0 n oyeHb ITOXOX Ha psycopg2.
Pasnnune, omHAKO, B TOM, YTO OH He 3aBUCUT OT 6MOIMoTeKM 1igpq M HAMCaH Io-
HOCTbhIO Ha Python. [TosToMy MOy/b BECUT OUEHb HEMHOI'O ¥ UCHOJb3YIOIINE eT0
MIPUIOKEeHUST TIePEHOCUMBI.

Bropoii, asyncpg, He peanu3ayet Python DB API, a B3aumogericTByeT ¢ PostgreSQL
10 ABOMYHOMY IIPOTOKOJTY M ITPeAoCTaB/IsieT aCMHXPOHHBIN API nipunoxkenusim. [1o-
5TOMY OH ITO3BOJISIET CO3[4aBaTh OYeHb ObICTPhIE TTPUJIOKEHMSI, CITOCOOHbBIE BBIITOJI-
HSITh Upe3BbIUaitHO MHOI'O KOMAaH/I B eIMHUIlY BpeMeHN.

pg8000

Il yCTaHOBKM ITakeTa pg8000 HY>KHO MCII0/Ib30BaTh pip Tak ke, Kak B CJiyyae psy-
copg2. BoT Kak 910 BhIIIAAUT B Windows:


http://initd.org/psycopg/docs/advanced.html#asynchronoussupport
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c:\Users\user>python -m pip install pg8000
Collecting pg8000

Downloading pg8000-1.11.0-py2.py3-none-any.whl
Collecting six>=1.10.0 (from pg8000)

Downloading six-1.11.0-py2.py3-none-any.whl
Installing collected packages: six, pg8000
Successfully installed pg8000-1.11.0 six-1.11.0

B Linux ciengyeT BBIMOAHUTH KOMaHAY pip3 install pg8000, KOTOpas redvaTaeT
MMPaKTUYECKM TO Ke caMmoe.

[MTockonbky 6mbMMoTeKa Take peanusyet DB API 2.0, UCITONb3yeTCs OH ITOUTH
TaK ke, Kak psycopg2. Cremyioiiasi Hebosblasl MporpaMMa MoAK/I0vYaeTcs K 6ase
IAHHBIX, OTIIPABJISIET 3aIIPOC U BBIBOAUT HA KOHCOJIb CIIMCOK MAapOK U MOJeseil Ma-
LIMH, UMEIOIIMXCS B CUCTEME:

#!/usr/bin/python3
from pg8000 import connect

conn = connect(host="1ocalhost", user="car_portal_app",
database="car_portal")
query = "SELECT make, model FROM car_portal_app.car_model"
with conn.cursor() as cur:
cur.execute(query)
for record in cur:
print("Make: {3}, model: {}".format(record[0], record[1]))

conn.close()

EnvHCTBEHHOE OT/IMuMe OT psycopg2 — UMS UMIIOPTUPYEMOTO MOAY/IS B Havaie
ckpurta. CylecTBYIOT TakKkKe HEKOTOpble OTIMYMS B (DYHKIMSIX, HE SIBJISIIOIIMXCS
yactbio DB API 2.0, — HampuMmep, kKomaHaa COPY B pg8000 peas30BaHa MOCPEACTBOM
BbI30Ba MeTofa cursor .execute(). COOTBETCTBYME MEKIY TUITAMM TaHHBIX 6a3bl 1 Py-
thon Toske HECKOJIBKO pasynJaeTcs. pg8000 He mpeajaraeT acMHXpoHHOro API 1 He
MOAAepsKUBaeT MyJIbl COeOUHEHMIA.

OCHOBHOE MpeumyIecTBO pg8000 Ham psycopg2 — OTCYTCTBME BHEIIHMX 3aBUCU-
MocTeii oT gpaiiBepoB PostgreSQL u 6u6amoTek. OCHOBHO HEeIOCTAaTOK — HMU3Kasl
MIPOM3BOIUTEIHHOCTh. Ha HEKOTOPBIX 3a7auax pg8do0 MoskeT paboTaTh 3HAUUTE/Tb-
HO Me[JIeHHee.

asyncpg
Bbubnuoreka asyncpg He peanusyeT Python DB API. BMecTo 3TOro oHa ITpeoCTaBsieT
acMHXpOHHbIN AP, MpemHa3HavYeHHBIN )11 pabOThI COBMECTHO C asyncio — 6M6IM0-
TEKOJ4, MCITOIb3YeMO1 [JIs1 HalMCaHMsI KOHKYPEHTHOro Kojga Ha Python. M3yuenne
ACMHXPOHHOTO MPOrPaMMMPOBAHMS BBIXOIUT 3a PAMKM 3TOI KHUTHU, [TOITOMY MbI
JINIIIb IPUBEleM [Ba YIIPOIIeHHBIX TIpUMepa C MOSICHEHUSIMU.

Kaxk y>ke 6bUIO CKa3aHO BbIIIle, aCMHXPOHHAsI pab0oTa 03HAUaeT, YTO MbI 3aITyCKaeM
3aJ1auy 1, II0Ka OHAa BBITIOJTHSIETCS, 3aHMMaeMCs YeM-TO Apyrum. OyHKIMS asyncio.
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connect(), MCITOIb3yeMast 1Sl IMTOAK/ITIoOUeHMS K 6a3e JaHHbBIX, aCMHXPOHHA. OYHKINN
JJIs1 BBITIOTHEHMSI 3aIIPOCOB M 3aKPBITUS COeIMHEHMS TaK)Ke aCMHXPOHHBI.

B acMHXpPOHHOM ITPOTPaMMMPOBAHMM CYIIECTBYET ITOHSTIE OOPATHOTO BHI30BA.
Tak Ha3bIBaeTCsI CIJYHK]_H/U{, BXOzd11as B COCTaB IIPMJIOKEHMSI, KOTOpas aBTOMAaTH-
YeCKHM BbI3bIBAE€TCS, KOrga IIPOMCXOAUT HEKOTOPOE cobbiTHe. BoT npumep MUCIojab-
30BaHMs QYHKIMM 0OPATHOTO BBI30BA, KOTOpAst pearupyeT Ha COOOIIeHMs OT 6a3bl
JaHHBIX:
import asyncio
import asyncpg
async def main():

conn = awalt asyncpg.connect(host="'localhost', user="car_portal_app',
database="'car_portal')

conn.add_log_listener(lambda conn, msg: print(msg))

print("Executing a command")

await conn.execute('''DO $$ BEGIN RAISE NOTICE 'Hello'; END; $$;''")

print("Finished execution")
await conn.close()

asyncio.get_event_loop().run_until_complete(main())

Iljis unTaTtesneil, He3HAKOMBIX C aCMHXPOHHBIMU cpeacTBamyu Python, mosicHum
HeKOTOpble K/TI0UeBbIe CJI0BA M BbIpaskeHMsI, BCTpeUalollecs: B 3TOM Kofe:

O KiII0YeBOE CJIOBO async 03HAYAET, UTO ONpeeeHHast qanee QyHKIVS SBISIETCS

COIIPOTPaMMOIi, T. €. ACMHXPOHHA U TOJIKHA BBITTOHSATHCS 0CO6BIM 06pa3oM;

O ioueBoe CJIOBO awailt CIY>KUT IJ1s1 CMHXPOHHOT'O BBITIOTHEHMSI COMTPOrPaMM.
Ectu conmporpamMMa BbI3bIBA€TCS B MpeIJIOKEHUN await, TO OHa paboTaeT Kak
00bIYHAasT (PYHKIIVS, T. €. BBIIIOJTHEHME ITPOA0JIKAETCS TOJIBKO ITOC/Ie BO3BpaTa
U3 Hee;

O ximoueBoe ¢10BO lambda ompemensieT BcTpauBaeMylo QyHKIMIO. B mpumepe
BbIIIIe BhIpaskeHue lambda conn, msg: print(msg) ompenmesnsieT GyHKIMIO C ABYMS
rapaMeTpaMM, conn U msg, KOTOpas IeyaTaeT 3HaueHue msg. JITMOaa-BeIpaske-
HMS BCTPEYAIOTCS He TOJIbKO B aCMHXPOHHOM IIPOrpaMMMPOBAaHUN, HO B 3TOM
KOHTEKCTe OHM OYeHb YIOOHBI B KaUeCTBe KOPOTKMX 06PATHBIX BbI3OBOB.

CKpUIIT BBITIOJIHSIET B 6a3e JaHHBIX KO, HancaHHbIi Ha PL/pgSQL. OToT Kop Bce-
IO JINIIIb TeHepUpyeT yBemoMieHue NOTICE. B 6a3e JaHHBIX OH BBITTOJHSIETCST aCUH-
XPOHHO. XOTSI CKPUIIT KAET 3aBeplieHus GyHKINM conn.execute(), PYHKIMS 06paT-
HOTO BbI30Ba BBI3bIBAETCS Cpa3y rmocie reHepayiy NOTICE. YTOObI yOeIUThCS B 9TOM,
MOsKeTe BCTaBUTh B BbIpaykeHMe DO 3a71epykKKy € TOMOIIbI0 GyHKIMM pg_sleep().

B rowtenHeli cTpoke Koma BbI3bIBAETCS (GYHKIMS main(). OYHKIMS OmpemesieHa
KakK COIMporpamMma, MO3TOMY MPOCTO TaK BbI3BaTh €e HEBO3MOXHO. B Hamiem mpu-
Mepe BbIpaskeH!e B ITOC/IeIHE CTPOKe BhI3bIBAET (PYHKIIMIO U SKAET €€ 3aBepIleHNs.

Ipyrue mpuMepsl MMeIOTCS B daiiie asyncpg_raise_notice.py M3 MpuaaraeMoro
apxuBa.

[Tpermy1iecTBOM asyncpg, IO CPAaBHEHUIO C psycopg2, SIBJISIETCS ITPOU3BOIUTEIb-
HOCTb. Pa3paboTumKy asyncpg yTBEPXKIAIOT, UTO OHA paboTaeT MpMMEPHO B TPU pasa
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obIcTpee psycopg2. Hanmnune 6ubnmorek PostgreSQL B cucTeMe He TpebyeTcs. Biaro-
Iapsi aCMHXPOHHOCTM OTKPBIBAETCSI BO3MOKHOCTD CO3/1aBaTh OUeHb 3(hheKTBHbIE
MIPUIOKEHNS.

HenocraTok ke B TOM, YTO pa3pabaThIBaTh M OTIaKMBATh aCMHXPOHHBIN KO
BecbMa CI0KHO. Bubnmoreka HecoBmectuma ¢ DB API 2.0, mosTomy npyrue 6m6-
JIMOTEKU, UCITONb3yIolue 3TOT API abcTparupoBaHust 6a3bl JAHHbBIX, HE MOTYT C Helt
pabotats. [TockonbKy 616IMOTEKA TOBOLHO HOBasI, O HEell ToKa Majio YTO U3BECTHO,
Y IPMMEPOB HeOCTaTOUYHO.

SOLALCHEMY = BUB/IMOTEKA OBbEKTHO-PE/IILMOHHOTO
OTOBPAXEHMS

Borme 6bLIM OmMcaHbl OMOMMOTEKM HM3KOTO YpOBHS. UTOOBI MX MCIIONTH30BATh,
pa3paboTuMK JO/KEeH IMMOHMMATh, KaK PaboTaroT 6a3bl JaHHBIX, M 3HATh A3bIK SQL.
C npyroii CTOpOHBI, ey 6a3a JaHHBIX — BCETO JIMIIb OAVH U3 KOMIIOHEHTOB ITPO-
IPaMMHOTIO peleHusi, 00ecreuMBalonii XpaHeHe JaHHBIX, a BCSI JIOTUKA cocpe-
JIOTOUEHA B IMPWIOKEHUSIX BEPXHETO YPOBHSI, TO Pa3paboTUMK JO/KEH 3aHUMAaThCS
OM3HeC-JIOTUKO, a He peanusallieil B3aMMOIeiiCTBUS ¢ 6a30ii JaHHbIX HAa YPOBHE
OT[Ie/IbHBIX 3aTTPOCOB.

B mpuaoskeHMSX BEpPXHEro YPOBHSI GM3HEC-0OBEKTHI MPeACTaBIeHbl KiIaccaMu
Y UX 9K3eMIUISIpaMiu. MeTobI KITaCCOB COOTBETCTBYIOT OTIEPAIMSIM ITPeaMETHOI 00~
JlacTH. 3aJauy COXpaHEHMST COCTOSIHMSI 00beKTa B 6a3e JAHHBIX M 3aTPy3KM OTTYIA
K TaKMM OIlepaiusiM He OTHOCSITCS.

B paspa6ortke 10 cyiiecTByeT KOHIEMNIMSI 00beKTHO-PEISIIIMOHHOTO 0TOOpa-
skeHus (object relational mapping — ORM). Tak Ha3bIBaeTCS TPOTPAMMHBII CJIO¥,
KOTOPBIN MIPeACTaBIISIET XPaHSIIMecs B 6a3e 3amMC B BU/Ie 9K3eMIUISIPOB KJIaCcCOB.
ITpu co3maHMM TAKOTO SK3eMIUISIpa 3alMCh BCTAB/ISIETCS B TAGNMMILY, @ B Pe3y/abTaTe
ero MoauUKaIu 3armuch OOHOBJISIETCSI.

Inst Python cymiectByet 6ubmnoreka SQLAlchemy, KoTopast peanusyet ORM u yme-
eT paboTaTh C pasHbIMM Oa3aMMu JaHHBIX, B T. 4. ¢ PostgreSQL.

SQLAlchemy COCTOUT U3 IBYX OCHOBHBIX KOMIOHEeHTOB: Core u ORM. Core oTBevuaeT
3a B3auMOJeiicTBMe ¢ 6a30Ji JAHHBIX ¥ BBIITONHeHe koMaHa. ORM paboraeT Io-
Bepx Core 1 peanusyeT 06bEKTHO-PEJISIIMOHHOE OTOOpaskeHMe. B ciemyromux pas-
Jlesiax KPaTKo OIMMCaHbl 00a KOMIIOHEHTA.

Iy IoydYeHust JOTIOHUTENbHBIX cBemennit 0 SQLAlchemy o6paTuTech K odu-
LMaJIbHOMY caiTy https://www.sglalchemy.org.

YcranoBKa SQLAlchemy IIpPOM3BOOUTCS TaK Ke, KakK IJ OPYTUX IIPOAYKTOB, OIU-
CaHHBIX B 3TOI maBe. B Windows BBITTOTHNUTE KOMaHAY:

> python -m pip install sqlalchemy
A B Linux — koMaHy:

$ sudo pip3 install sqlalchemy


https://www.sqlalchemy.org
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OcHoBHble KoMnoHeHTbl SQLAlchemy

bubmmoreka SQLAlchemy pabotaet rmoBepx DB API. OHa MOXXeT MCITONIb30BaTh [IJIsT
roakiouenus K PostgreSQL Kak psycopg2, Tak ¥ JIr000¥ Apyroii mpaiBep, peaansy-
tomuii 3Tot API, Hammpumep pg8000. B coctaB Core BXOAUT HECKOIbKO KOMIIOHEHTOB
SQLAlchemy.

O [luanexmpl CIIysKaT IJisI B3aMMOIENCTBUSI C KOHKPETHBIM ApaiiBepoM 0Oas3sbl
IaHHBIX. B SQLALchemy MMeIOTCST IMaIeKThI IJIsI HECKONIbKMX 6a3 JaHHbIX, B T. U.
Oracle, MS SQL Server, PostgreSQL n MySQL. [TJ11 KaskIoro AuaaekTa Heo6Xo-
VMO YCTaHOBUTH COOTBETCTBYIONTYIO OMOIMOTEKY.

O [IIyn coeduHeHuli OTBEYAET 3a YCTAHOBJIEHME COENMHEHMIT ¢ 6a30¥i JaHHBIX IO-
CpefCTBOM AMasieKkTa, 3a yIipaBjeHue MyJIoM COeHeHMI1 1 3a TpefocTaBIe-
Hue API nmopxioueHNns KOMIIOHeHTY Engine.

O Engine nipenctasisieT 6a3y JAHHBIX IPYTUMM KOMIIOHEHTAM, BbITIOTHSIONMM
koMaHabl SQL. OTo oTmpaBHas TOYKA AJSI MPUJIOKEHUS], UCIIOIb3YIONIEero
SQLAIchemy.

O A3bik SQL Expression — 3TO YpOoBeHb abCTpaKIyy, Tpeo6pas3yonyii BbI3OBbI
BbICOKOYpOoBHeBOro API B komanapl SQL, KOTOpsIii ToHMMaeT Engine. 3TOT
KOMIIOHEHT HEITOCPeICTBEHHO [OCTYyIeH MPUIOKEHUSIM, pPabOTAIOMUM
C SQLAlchemy.

O Schema un Type — 06BEKTHI, OIIpeeISIONMe JOTUUECKYI0 MOJeTb JAaHHbIX.
OHM MOTYT UCTIOJIb30BaThCSI KaK KOMIOHeHTOM ORM, Tak U IPSIMO U3 sSI3bIKa
SQL Expression s MaHUITYJIMPOBaHMS JaHHBIMMU.

Kommnonent Object Relational Mapper, viiu ORM, pacIioyioKeH BbIIlIe KOMIIOHEH-
ToB Core v nonb3yeTcst umu. OH peannsyeT MpeCcTaB/lIeHNe 3amuceii 6a3bl JAHHBIX
B BUJE 9K3eMIUIIPOB KIacCOB, OMPeIessIONIMX CYIHOCTY MpeaMeTHOM 061acTu.
ORM Taxxke yIpaBjsieT CBI3SIMU MeXIy KjlaccamMi, peaiM30BaHHBIMM C TIOMOIIbIO
BHEIIHUX K/TI0Yei B 6a3e JaHHbIX, XOTS 3TO ¥ He0HS3aTeIbHO.

MoaknioueHue K 6ase M BbIGOPKA AaHHbIX C NOMOLLbIO A3bIKA
SOL Expression

KommnoneHT SQL Expression CIysKUT I MAHUITYIMPOBAHMS JaHHBIMMA B 6a3e.
YT06bI MOAKIIOUNUTLCS K 6a3e, HY>KHO TIPeKIe BCero co3maTh 06bEeKT engine, st
yero npegHasHaueHa QyHKIMS create_engine():

from sqlalchemy import *

engine = create_engine(
"postgresql+pg8000: //car_portal_app@localhost/car_portal”, echo=True)

3mecb MbI  BOCIIOJNb30BAINCh CTPOKOV CoemuHeHMs, umeronein ¢opmar
dialect[+driver]://user:password@host/dbname.IlapameTp echo, paBHBIVi True, 03HAYa-
eT, 4TO SQLAlchemy mOJI>KHA ITPOTOKOAMPOBATD BCE BbIMOIHEHHbIe KOMaHabl SQL 1151
OT/1aJKM. B IpuMepe BIIIIe 17151 TOAK/IIOUEHMSI K 6a3e MCIT0Ib30BaH aApaiiBep pgs8ooo.
3aMeTUM, UYTO B 3STOT MOMEHT IIPWIOKEHNe elle He MOIK/IIUMIOCh K 6a3e. OHO Co3-
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IajIo IyJl COeqMHeHmit, 1, Korga 6ubnnoreke SQLAlchemy ITOHALOOGUTCST BBITIOTHUTD
KOMaH[Iy, OHa 3alIpOCUT COeAMHEeHNe 13 ITOro myna. Euin coenuueHne ele He Cy-
IIeCTBYET, OHO OYIEeT YCTAaHOBJIEHO.

Ianee cienyeT co3maTh 00bEKT MetaData, B KOTOpPOM 6YIeT XpaHUThCS MHbOpMa-
1M1 O CTPYKTYpax JaHHbIX, C KOTOPBIMY paboTaeT IPIIOKeHMe:

metadata = MetaData()

3aTeM ompenenumM TabauILy, C KOTOPOii 6ymeM paboTaTh:

car_model = Table('car_model', metadata,
Column('car_model_1id', Integer, primary_key=True),
Column('make', String),
Column('model', String),
schema="car_portal_app')

Tenepb 06BEKT metadata 3HAET O CTPYKTYpe JaHHBbIX. HO MOKa HMKAKUX B3aMMO-
IIeViCTBMIA ¢ 6a30i1 elle He ObLIO.

YTo6bl peann30oBaTh JIOTMUECKYIO CTPYKTYPY, OIpedeNeHHYI0 B MeTaJaHHbIX,
HYKHO BbI3BaTh MeTOJ, metadata.create_all(engine). MOXHO Takke 3arpysuThb Qu-
3MUECKYIO CTPYKTYPY JaHHBIX B 00BbEKT MetaData, 3TO Ha3bIBAETCS OTPAKeHMEM (re-
flection). B ciemytomniem npeajioxkeHy B 00bEKT metadata 3arpyskaeTcst Tabamiia car:

car = Table('car', metadata, schema='car_portal_app', autoload=True,
autoload_with=engine)

Terepb MOMyYUM 13 6a3bl JaHHbIE. [IJIT 9TOTO CJIeAYyeT MOMYIUTh 06BEKT Coe-
HeHMsl, BBITIOJIHUB MeTO[, engine.connect(), KOTOPBIN 3ampalliuBaeT COedUHeHNe
13 myna. [IpuaoskeHre yke MOIKIIOUMIOCH K 6a3e, Korma Mmoaydyano MHGOopMaIuo
o Tabmuiie car. Terepb TO ke caMoe COeIVIHEeHVE MCIIOIb3yeTCsl IOBTOPHO.

conn = engine.connect()

[TepeMeHHas conn CChLIAETCSI HA OOBEKT COeAVMHEHNUS.

Iyis ompemenieHMsl 3alpoca UCIOMb3yeTcsl 00beKT Tuma Select, KOTOPBINi co3ma-
etcst pyHkimeit select(). [IJist BBITIOTHEHMS 3a1IpOCa BbI3bIBAETCSI METOZ, connection.
execute():

query = select([car_model])
result = conn.execute(query)

PesynbpTaToM sIB/IsIeTCSI 00BEKT Kiacca ResultProxy, IpeacTaBisIoNmii Kypcop. Ero
MOYKHO MCIT0JIb30BaTh KaK UTePaTOP A1 TIOTyueHUs 3ammceii:

for record in result:
print(record)

YT0ObI BCTABUTh HOBbBIE JaHHbIe, BBITIOTHMM TaKO KOf:

ins = car_model.insert()
conn.execute(ins, [
{'make': 'Jaguar', 'model': 'XF'},
{'make': 'Jaguar', 'model': 'XJ'}])
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Jloruka moxoyka. CHaudaa co3maeTcs: O6beKT Tuia Insert. 3aTeM OH BBIIIOIHSET-
Csl Ha MMeloleMcs coeqvHeHu. MeTtoq, conn.execute() IIpMHMMAET CIIMCOK Mapa-
MeTpOB 3ampoca. SQLAlchemy TTOHMMAeET, YTO 37€Chb BCTABJISIETCS ABE 3aIllMCU U UTO
B CIIJCKE CJIOBapeil 3aaHbl 3HaUeHMS T10j1ei make m model.

IToka uTo mMbl He Hanmcanu Hu cTpouku SQL. OpHako 3a Kynucamu SQLAlchemy BbI-
nonHseT SQL-KoMaH/Ibl, TOTOMY UYTO 3TO €IMHCTBEHHbII S3bIK, KOTOPbII MOHMUMA-
eT 6a3a maHHBIX. SQLAlchemy ITO3BOJSIET JIETKO Y3HATD, Kakast SQL-KOMaHIa CTOUT 3a
KaKIbIM BBICOKOYPOBHEBBIM 0OBEKTOM. JIOCTATOUHO BCETO JINIIb HATIeYaTaTh ero!
Tax, print(ins) BEIBOOUT Ha KOHCOJb TAKyI0 KOMAaH[y:

INSERT INTO car_portal_app.car_model (car_model_id, make, model) VALUES
(:car_model_1id, :make, :model)

SI3pik SQL Expression maeT BO3MOXKHOCTb (DMIBTPOBATh PE3yabTAThl 3aIlpoca.
V 06beKTa, IpeCcTaB/IsIIOIIEro 3arpoc, MMeeTcsl MeTof, where( ), MpeTHA3HAUYEHHbI
st uabTpanyu. B SQLALchemy ompemenieHO MHOKECTBO OIepaToOpoB U (QYHKIINIA,
COOTBETCTBYIOIIVMX oriepatopam 1 GyHKIMsM SQL. BoT, Hanpumep, Kak ¢ IIOMOIIbIO
orepaTopa == IpoGMIbTPOBATb CTPOKM:

query = select([car_model]).where(car_model.c.make == "Jaguar")

ODTOT 3aIpOC BEpPHET TOJIbKO MOJIeNIM MapKu Jaguar.

B 06beKTax 3alpoCcoB MMEIOTCS TaKsKe MeTobl order_by() m group_by(), peanusy-
Iolye cooTBeTcTBYyIomye dpassl SQL.

V3ke Ha 9TOM ypOBHe OMOIMOTeKa MOXKET Ce/aTh ropasmo 6osbiie. Hampumep,
MOSKHO COeIMHSTDb TabIUIIbI, MCIIOIb30BaTh MO3aMPOChI, BBITIOTHSITh TEOPETUKO-
MHoskecTBeHHbIe oniepaiiuy (UNION) 1 maske BbI3bIBATh OKOHHBIE (QYHKIINMN. [JOTION-
HUTeJIbHbIE CBeJeHMSs O si3bIke SQL Expression MOKHO TIOYEPITHYTh U3 TTOCOOMS 110
aapecy http://docs.sglalchemy.org/en/latest/core/tutorial.html.

[leMOHCTpallMOHHbBIM CKPUIIT, BBITIONHSIIONIMII Olepanyuy, omucaHHble B 3TOM
pasgene, HaxoguTcs B daitie sqlalchemy sql expression_language.py 3 Tipuiarae-
MOTO apxuBa.

ORM

Xors s13bIk SQL Expression yske TIpeIoCTaB/IsSeT TOBOJIbHO BbICOKIIT YPOBEHb abCT-
paKkLNM, OH BCe-TaKu paboTaeT ¢ (pu3MUUeCcKoil MOEIbIO JaHHbIX, @ He C CYIIHOCTSI-
MM IIpeAMETHOI 06/1aCTH.

KommionenT ORM T103BOJISIET OTOOpPas3suTh OOBEKTHI MPEIMETHONM 006acTy Ha
CTPYKTYPbI JaHHBIX B 6ase. 111 JeMOHCTpaluy CO3AaAuM Kiaacc Car U OIpemennm
oTobGpaskeHue.

[Tpu pabore ¢ ORM MbI OIMCBIBAEM CTPYKTYPY 6a3bl JAHHBIX ¥ OTHOBPEMEHHO
oTIpeessieM KJIacChl, TIPEICTABIISIONIME CYIIHOCTM ITPeAMEeTHOI obracTu. ITo ae-
JIaeTcs C TIOMOIIbI0 TToacucteMbl declarative. B SQLAlchemy OHA MHULIIMAIM3UPYETCS
IyTeM CO3[aHMs Kjacca, KOTOPbI 3aTeM MCIIOAb3YeTcsl KaK 6a30BbIi IS IPYIUX
KJIaCCOB:


http://docs.sqlalchemy.org/en/latest/core/tutorial.html
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from sqlalchemy.ext.declarative import declarative_base
Base = declarative_base()

Tenepb MO>KHO OIIpene/InTb KJIaCC BepXHero ypoBH:

class Car(Base):
__tablename__ = "car"
__table_args__ = {'schema': 'car_portal_app'}
car_id = Column(Integer, primary_key=True)
registration_number = Column(String, nullable=False)
def __repr__(self):
return "Car {}: '{}'".format(self.car_id, self.registration_number)

IJ1s 5SKOHOMMM MeCTa MbI OTIPeIeJIVIIV TOJIBKO [IBa T10J1sT. HO UTOGBI MOAUYEePKHYTD,
YTO 3TO CYIIHOCTb MPEIMETHO} 06IacT, a He IPOCTO OIpeaeeHyre CTPYKTYpPbI
IaHHBIX, MbI BKTIOUMJIM B KJIaCC METO/, CIeMaIM3MPOBAHHOrO MpeAcTaBiaenys. OH
OyIeT BbI3bIBATHCS, KOTJA ITpOrpaMmMa 3alpOCUT TEKCTOBOE TTPeICTaBIeHe SK3eM-
IJIsipa Kjacca, HarpyMep uTOoObl HarmevyaTaTh ero. IToaHbIMN Ko Kiacca HaXOmUTCS
B mpuaaraeMom daiie sqlalchemy_orm.py.

YTo6bI 3aIIPOCUTDH JaHHbIE M3 6a3bl U IMOJIYIUTb SK3EMIUISIPhI OIPENeIeHHOTr0
KJIacca B IIPUIOKEeHIM, MbI JO/DKHBI CO30aTh 00BEKT Kj1acca Session. ITOT K/1acc pea-
JIU3YeT CeaHC — MUAJIOT ¢ 6a30i1 JAHHBIX, OTHOCSIINIACS K TEKYIeil BBITOITHSIEeMOIA
omepaiuy mpeaMeTHoi obmactu. Eciu mpuaoskeHue o6paiaeTcss K HeCKOIbKUM
06BbEKTaM MPY BHITIONIHEHUYM OIHOM OIepanuy, TO IJs BCEX MCIIONb3YeTCs OIUH
M TOT 3Ke ceaHc. Hampumep, Ha caiiTe TOProBy aBTOMOOWUIISIMMU ITPUIOKEHE MOTJIO
ObI 3aIIPOCUTh aBTOMOOMIIM ¥ COOTBETCTBYIOIINE MM MOJIENIM B CeaHce, Ie Mojib30-
BaTeIb UIIET aBTOMOOWMIb. OMHOBPEMEHHO B IPYrOM CEaHCe IPYTroil M0JIb30BaTENb
Mor ObI CO3/1aBaTh cebe YUeTHYIO 3aMch. BO MHOTMX CTydasix ceaHC CBSI3aH C OJHOI
TpaH3aKIMen.

CeaHc cosmaeTcs caenyrIIuM o6pa3oM: CHavYaja co3aaTh KIacc Session, IPUBS-
3aHHBII K CO3JaHHOMY paHee 06BEKTY engine, a 3aTeM — 0OBEKT ITOTO KJacca:
from sqlalchemy.orm import sessionmaker

Session = sessionmaker(bind=engine)
session = Session()

OO6BeKT session CIIYKUT [JIs1 3aMpamiMBaHus TaHHBIX. Jle/aeTcsl 9TO MPUMepPHO
TaK, KaK MpyY UCIONb30Bauuu s3bika SQL Expression, a B mIpoliecce MPUBSI3KU 3a-
Tpoca yIoTpeOISIOTCS Te sKe caMble OIepaTopsl U MeTobl. Hiske mokasaH 3arpoc,
KOTOPBIii BEIOMpAET IIATh aBTOMOGMIEN ¢ HAMMEeHbIIMMU UaeHTU)UKaTOpaMu:

query = session.query(Car).order_by(Car.car_id).limit(5)

Eciut 9TOT 3ampoc MCIoab3yeTes AJ1sl BLIOOPKM JAaHHbBIX, TO BO3BPAIAIOTCS 9K3eM-
IJIIpbI Kiacca Car:

for car in query.all():
print(car)

HpI/I rmeyaTt 06beKTOB VICIIO/Ib3YeTCd TeKCTOBOE IIpeacTaB/IEeHMe, OIIpeae/IeHHOe
B KJ1acce, II03TOMY Ha KOHCOJIM Mbl BUONM
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Car 1: 'MUWH4675'
Car 2: 'VSVW4565'
Car 3: 'BKUN9615'

Terepb 0OGHOBMM JaHHbIE 06 OTHOM aBTOMOOGMIE. UTOOBI MOTYUYUTH ITEPBbIii 00b-
eKT Kj1acca Car, BO3BpallleHHbIN 3alIpoCOM, BbI3OBeM MeTOof, query. first():

car = query.first()

YToObI U3MEHUTH perMCTpaLU/IOHHbIVI HOMED aBTOMO6I/I.T[${, IMPpOCTO M3MEHNMM 3Ha-
YeHue I10J14:

car.registration_number = 'BONDOO7'

ATpubyT 3TOTO0 9K3eMILIsIpa n3MeHmcs. ORM 3HaeT, YTO ITOT HK3eMIUISIP OTOOpa-
SKeH Ha CTPOKY TabMIbl, B KOTOPO# car_id = 1, ¥ BBITIONHSIET COOTBETCTBYIONIYIO
KoMaH[y UPDATE B 6a3e JaHHbBIX.

HaxoHet1, 4T06bI 3apUKCHPOBATh TPAH3AKIMIO M 3aKPBITh CEAHC, BHI30OBEM CJle-
Iyloliyie MeTOMbI:

session.commit()
session.close()

PensiiionHas 6a3a JaHHBIX COCTOUT M3 OTHOILIEeHNI 1 cBa3eit. ORM He 3a6bIBaeT
" 0 CBS3SIX. B Tabmuiie car MMmeeTcst cTonbelr car_model_id, yKa3bIBaIOIIMii Ha 3aMCh
B Tabiuie car_model. JIorMuecku 3TO O3HAUAET, UYTO B Kjaacce Car MMeeTcsl aTpuoyT
car_model. ®usnuueckast peanm3saiiys (KOHKPETHO: XpaHeHMe B IPyroii Tabauiie) st
OM3HEC-JIOTUKM HECYIIeCTBEHHA.

O6paTuTe BHMMaHMe, UYTO B CAEOYIOIIMX Jajiee MpUMepax oIpemesieHyne Kiac-
ca Car Gymer M3MeHeHO. SQLAlchemy He ITO3BOJISIET JIETKO TIE€PEOIIPEIENSITh KIacChl,
OoTOOpaskeHHbIe Ha 6a3y JaHHbIX, & 3HAYNT, €CJIV BbI ITPUBBIK/IM BBOIUTH KOJ Ha KOH-
conu Python, To ee mpuaeTcst 3aKpbITh M HAYaTh 3aHOBO: MMIIOPTMPOBATh MOIY/Ib
sqlalchemy, vHUIIMANM3UPOBATh engine 1 CO34aTh KJIACChI Base 1 Session:
from sqlalchemy import *

from sqlalchemy.ext.declarative import declarative_base
from sqlalchemy.orm import sessionmaker

engine = create_engine(
"postgresql+pg8000://car_portal_app@localhost/car_portal", echo=True)

Base = declarative_base()

Session = sessionmaker(bind=engine)

YT06bI pean30BaTh MHTEPECYIOIIYIO HAC CBSI3b, CO3MIAAMM eIlle OJMH KJIacc, KO-
TOPBIV OyIeT MpeAcTaBIsITh Momenayu MamuH, Car_model. Ero ciiegyeT ompemennTb
paHbIe Kjacca Car:

class Car_model(Base):
__tablename__ = "car_model"

__table_args__ = {'schema': 'car_portal_app'}
car_model_1id = Column(Integer, primary_key=True)
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make = Column(String)
model = Column(String)

N3meHum knacc Car: ,ELO68.BI/IM emle aBa anI/I6YTa " 1epeoIipeneamm MeTond __
repr__:

from sqlalchemy.orm import relationship

class Car(Base):

__tablename__ = "car"

__table_args__ = {'schema': 'car_portal_app'}

car_id = Column(Integer, primary_key=True)

registration_number = Column(String, nullable=False)

car_model_1id = Column(Integer, ForeignKey(Car_model.car_model 1id))

car_model = relationship(Car_model)

def __repr__(self):

return "Car {}: {} {3, '{}'".format(

self.car_id, self.car_model.make, self.car_model.model,
self.registration_number)

Termeps elile pa3 BbIMOTHUM 3aIpPOC:

session = Session()
query = session.query(Car).order_by(Car.car_id).limit(5)
for car in query.all():

print(car)

Ha koHconmu GyieT HareyaTaHo:

Car 1: Peugeot 308, 'BONDOO7'
Car 2: Opel Corsa, 'VSVW4565'
Car 3: Citroen C3, 'BKUN9615'

ORM MO3KHO TaKyKe MCIIOIb30BaTh IJISI CO3JaHMsS HOBBIX OObEKTOB, COXPAaHEHNS
MX B 6a3e JaHHBIX U yIaJeHMUSI.
Co3maaym HOBYIO MOJIeTb aBTOMOGMJIS :

new_car_model = Car_model(make="Jaguar", model="XE")
session = Session()

session.add(new_car_model)

session.commit()

session.close()

A 3aTeM ygajium ee:

session = Session()
old_car_model = session.query(Car_model).filter(
and_(Car_model.make == "Jaguar", Car_model.model == "XE")).one()
session.delete(old_car_model)
session.commit()
session.close()

SQLAlchemy ImpemocTaBIIsieT OUeHb MOIIHBIN U T6KMUIT API 1151 pa6oThl ¢ 06beKTa-
MM, OTOOpakeHHbIMM Ha Tabniibl 6a3bI JaHHbBIX. CBSI3M MOSKHO HACTPOUTD, HATIPU-
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Mep Tak, YTO MpU yOaJeHUM MOJeI aBTOMOOWIS GYIyT yaaaeHbl Bce aBTOMOOUIIN
9TOI MOAesn, T. €. IPOU3BeIeHO KackagHoe yaaaeHue. B kimacce Car_model mMor 6b1
CYIIIeCTBOBATh aTPUOYT cars, MPeICTaB/ISIONINIi CIIMCOK 9K3eMILISIPOB Kiacca Car,
COOTBETCTBYIOIIMX 3TOM Mozmenn. ECTh BO3MOKHOCTD Ce/IaTh TaK, YTOOBI SQLAlchemy
coenyHsIa TabauIry car_model ¢ TabGmuIiel car B MOMEHT, KOria OObeKT Car OIMparim-
BaeTcs, — Tak 6ymeT paboTaTh ObICTpee.

CKpHUIT, JeMOHCTPUPYIONMIT MAaHUTTY/ISIIINK C JAHHBIMMU C TIOMOIIbIO SQLALchemy
ORM, HaxoguTcst B IpUaokeHHOM (aiie sqlalchemy_orm.py.

PEe3ioME

basa maHHBIX YacTO SIBISIETCSI KOMIIOHEHTOM KOMILJIEKCHOTO ITPOrPaMMHOTO pe-
IIeHMs, OTBEUAIONIVM 3a XpaHeHMe JaHHbIX. Jlaxke ecyiu O6bI BCIO CJIOKHYIO JIOTUKY
MOSKHO OBIIO peajiM30BaTh B CaMoOil 6ase C ITOMOIIbI0 TPUITEPOB U (YHKILWIA, BCe
PaBHO OCTaeTcsl HeOOXOAMMOCTh B TIOJTb30BATEIbCKOM MHTepderice MpuUIosKeHMs,
BHEIIIHEM IT0 OTHOIIEeHMIO K 6a3e. YacTo pasmesnsioT JIOTUKY XpaHeHUs U Ou3Hec-
JIOTUKY. B TakoM ciyyae 613HeC-JIOTMKA TOKe BLIHOCUTCS BO BHEIIIHee ITPUIoKeHNe.

B 5T0Ji I71aBe Mbl HAYYMIMCh ITOAK/IIOUATHCS K 6a3e maHHbIX PostgreSQL m3 mpu-
JIOKEeHMsI, HAaIIMCAHHOTO Ha si3bIke Python. CymectByior 6ubnmoreku Ha Python,
MIPeAOCTaBISIONIMe pPa3InuHble MHTepdeichl nmporpaMmupoBanus. OqHM U3 HUX
peanusyioT crangaptHblii Python DB API, npyrue — Het. [Is1 Python nmelorcs pea-
ymusaiyy ORM (00beKTHO-PEISIIMOHHOIO OTOOpaskeHMs1), PeKpacHo paboTaroliye
¢ PostgreSQL.

B 9T0Ji m1aBe omucaHbl HU3KOYPOBHEBbIE OMOIMOTEKM: psycopg2, pg8000 u asyn-
cpg. OHM YMEIOT ITOAKIIIOUAThCS K 6a3e JaHHBIX U3 IIPUIOKEHMS U BHIIOIHSITh SQL-
KOMAaH/BI 111 BBIOOPKY MIM MOOMGbUKAIIMY HAHHBIX.

B mocienHem paspenie 6bIa OoIycaHa Takke 6ubimoreka SQLAlchemy, KoTOpast
MIPeAOCTaBIIsIeT CPEeCTBA OOBEKTHO-PEISIIMOHHOTO OTOOPasKeHMSsI, YIIPOIIAIOIIe
peanusauuy GU3HEC-JIOTMKM OJiaromaps OTOOPaKeHMIO CYIIHOCTe! MpegMeTHO
0671acTV Ha TAGMUIIBI 6a3bl JAHHBIX. DTO ITO3BOJISIET Pa3pabOTUMKY COCPEIOTOUNTD-
€Sl HA JIOTMKe TIPUJIOKeHMs, & He Ha HU3KOYPOBHEBBIX AETAJSX B3aMMOZENCTBUS
¢ 6a30ii JaHHBIX. XOTS Pa3pabOTUMK MOJIKEH 3HATh, UTO IIPOUCXOANUT B CUCTEMAX,
C KOTOPBIMM OH paboTaeT, ¥ ITOHMMATh, KaK paboTaloT 6a3bl JaHHBIX, MCIIOTb30Ba-
Hue 6ubmorek ORM ycTpaHsieT Heo6X0aAUMMOCTD IucaTh SQL-KoI,.

W3 nocnemHelt aBbl KHUTY BBl Y3HAETe, KAK OPTaHM30BaTh COBMECTHYIO paboTy
HECKOJIbKIX cepBepoB PostgreSQL miist mocTiskeHus 60siee BbICOKOV ITPOU3BOIM-
TETbHOCTH, AOCTYITHOCTHM WJTV TOTO ¥ APYTOTO. DTO CHeIaeT pelleHye MacuTabupye-
MBIM, CITOCOOHBIM PACTV BMECTe ¢ KOMITaHUE.
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MacwTtabupyemMocCTb

IMocmemHsst iaBa KHUATY TIOCBSIIEHA TpobjaeMe MacmTadoupyemocTu. Ilon stTum
MTOHMMAETCS CITOCOOHOCTH CYCTEMBI PACTM BMECTe C POCTOM KOMITaHUM, KOTOPAs €10
nonb3yeTcsi. PostgreSQL mpesocTaBisieT HEKOTOPBIE CPeNiCTBA IJ1sI TOCTPOEHMSI Mac-
MTabMpyeMbIX pellleHuit, Ho, cTporo roBopsi, cama CYB]I PostgreSQL He MmacIiTa-
6upyema. OHa MoxkeT 3(pPeKTUBHO UCTIONIb30BATh PECYPChI TOJILKO OTHOM MAIIVHbI.

O CVYB] 3ameiicTByeT HECKOIBKO MTPOIECCOPHBIX SIJIEP, UTOOBI YCKOPUTD BBITTOJ-
HeHMe 3arpoca IyTeM pacrnapasiie/MBaHus.

O TIlpu npaBUJIbHOM HACTPOJKEe OHA MOXKET MCIO0/JIb30BaTh BCIO JOCTYITHYIO Ia-
MSITh JIJ1S1 KeITMPOBaHMSI.

O PostgreSQL He HajaraeT orpaHMYeHN Ha pasMep 6as3bl JaHHBIX. biaromaps
MO ZIEPKKE TAGMMUYHBIX MPOCTPAHCTB OHA MOXET MCIIO/Ib30BATh HECKOIBKO
SKECTKUX OUCKOB, a CeKIIMOHMPOBaHMe MMO3BOJISIET [efaTh 3TO ObICTPO U IPO-
3payvyHO JJIs MTOIb30BaTeJIeN.

OpHako pa3BepThIBaHME PEIIeHNsT Ha OCHOBe 6a3bl JAHHBIX Ha HECKOIbKUX Ma-
MIMHAX MPOo6JeMaTUYHO, TIOTOMY UTO CTaHAAPTHBIN cepBep PostgreSQL moskeT pa-
60TaTh TOJILKO Ha ONHOI MaliyHe. [I09TOMY B 9TOJ IJ1TaBe MbI OyZleM FOBOPUTDb HE
TOJIBKO O caMmoii PostgreSQL, HO 1 0 TOM, KyZja IBUraThCs JaJIblie.

BynyT paccMOTpeHbI cliefyollye BOIPOCHI:

O npobnema macirrabupyemoctu u Teopema CAP;

O dusnueckast u mormyeckas pervimkaius B PostgreSQL;

O pasnuuHble ClieHapMM MacIITabupoBaHus 1 ux peanusaiys B PostgreSQL.

9To BechbMa OGIIMPHAsST TeMa, 3aCTyKMBAONIast OTOENbHOM KHUTH. [I09TOMY MbI
He CTaHeM IIPUMBOAUTH MHOTO IPAaKTUUYECKUX PEIeNTOB, a 06CcyauM 6a30Bbie KOH-
Leniuu, YTOObI Bbl TOHMMAJIM, KaK/e eCTh BAPUAHThI, U Najblile yKe U3ydaan Ux
CaMOCTOSITEbHO.

Mbl MOXeM TOPeKOMEHI0OBaTh [pYyrue KHUTU, BBIMyIIeHHbIe M30aTe/IbCTBOM
Packt Publishing Ha 3Ty Temy:

O Hans-Jirgen Schonig «PostgreSQL Replication», Second Edition. Ouens xopo-

110 0ObSICHEHBI BHYTPEHHME MeXaHM3MbI pab0ThI peruinKanym B PostgreSQL,
U MIPUBOAUTCS MHOTO ITPaKTUUYeCKMX ITPUMEPOB MX UCIIOIb30BaHMSI;

O Shaun M. Thomas «PostgreSQL High Availability Cookbook». OG6mMpHbIii
COOPHUK MPAKTUIECKUX PEIEIITOB ITOCTPOEHNMS BBICOKOAOCTYITHBIX PEIIeHM
Ha 6a3e PostgreSQL ¢ 1CIONMb30BaHMEM CPEICTB PETIMKAIINA.
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[TpuMmepsl B 3TOJ IM1aBe MPeLIosaraloT, YTO «IIOLHSTO» Y HACTPOEHO HeCKOIbKO
9K3eMIUISIPOB 6a3bl JaHHBbIX. [I09TOMY B IeMOHCTPAIIMIOHHBIX CII€HAPUSIX MBI UC-
nonb3yem kommosuiiuu Docker. Ecin Bol He3HakoMbl ¢ Docker, o6paTuTech K 10-
KyMeHTaluu 1o agpecy https://docs.docker.com/get-started/. [Ij1s1 BBITIOTHEHUS TIPU-
MepOB IMOHaI06UTCS YCTAHOBUTH docker engine 1 docker-compose.

[Tpumepsl OCHOBaHbI Ha 6a3e JAaHHBIX car_portal, MCITONIb3yeMOil BCIOTY B 3TOIA
KHUTe.

MPoBNEMA MACLLUTABMPYEMOCTU U TEOPEMA CAP

Tpe6oBaHKe 0 MacCIITAOMPYEMOCTU CHCTEMBI O3HAYAeT, YTO CUCTEMA JOJKHA 6e3
MOTePY KauecTBa MOAAEPKMBAThH 6M3HEC KOMITAHUY B YCJIOBUSIX €ro pocTa. Jlommyc-
TUM, UTO B 6a3e gJaHHbIX XpaHuTcs 1 I'b maHHbBIX, M oHa 3¢ QeKTBHO 06pabaThiBaeT
100 3armpocoB B cexkyHay. UTo rpousoiiaeT, eciu 6usHec Bbipactet B 100 pa3? Cmo-
KeT in cucteMa rogaepskatb 10 000 3a1mpocoB B CEKYH/IY, KOrTia 00'beM JaHHbIX BbI-
pacteT 1o 100 I'B? BeITh MOXeT, He MPSIMO ceifyac ¥ He B TeKylleii KOHPUTYpaIU.
Ho B m060M ctyuae mMaciitabupyeMoe pelieHye JOKHO ObITh TOTOBO K paciipe-
HUIO, YTOOBI 06PaboTaTh BO3POCIIYIO HATPY3KY.

O6BIYHO MAaCHITAGMPYEMOCTb HEOTHeNMMa OT pacCIpeneeHHON apXUTEeKTY-
pbI cucreMbl. Eciiy 61 6a3a TaHHBIX MOIVIA 3a/I€/ICTBOBATh MOIIHOCTY HECKOIbKIX
KOMITbIOTEPOB, TO JIJISI MAaCIITabMpOBaHMs ObITIO ObI JOCTATOUYHO TOOABUTH KOMITbIO-
Tepsl B Ki1actep. Takue perreHus CymecTByoT. Ha camom mesie MHOTHME 6a3bl JaHHBIX
NoSQL (maxke ecnu oHM peanun3ytoT SQL) SBSIIOTCS paciipee/ieHHbIMU CUCTEMaMMU.
OnuH 13 caMbIX BIEUAT/ISIONIMX MPUMEPOB MacIITabupyeMoro pereHus naet Cas-
sandra - pacripenenenHas 6a3a gaHHbIX NoSQL. CylecTBYIOT KIacTepbl, COCTOSIIIE
13 IECSITKOB THICSAY Y3JIOB, KOTOPbIE OIIEPUPYIOT IeTabaiiTaMi JaHHBIX U BHITTOMTHSIOT
COTHM MUJUIMOHOB oriepaliyii B ieHb. OMHOMY cepBepYy TaKOe, OUeBUIHO, He TIOJ, CUITY.

C mpyroii CTOPOHBI, 3TU CUCTEMbI MeHee rub6Kku. [Tpoie roBopsi, Cassandra rmpemo-
CTaBJISIET XPAHWININE KII0Ueil M 3HaueHMUii, HO He 06ecITeuMBaeT COIJIaCOBAHHO-
ctu B cmbicie npuHuunoB ACID. Hanporus, PostgreSQL — pensiiiOHHas cuUCTemMa
yrmpasieHuss 6a3amMiM DaHHBIX, KOTOpasl MOAIePKMBAET KPYITHble KOHKYpPEHTHbIE
M30IMPOBaHHbIe TPaH3aKUMUM U OTPaHUYEHNUS 11eI0CTHOCTHU.

B undopmartuke cymiectsyet Teopema CAP, chopmynupoBanHas B 2000 romy
OpuxoM bprosapom, KoTopast yTBepsKIaeT, UTo pacipene/ieHHOe XpaHUINILE TaHHbIX
MOsKeT 06JIaIaTh TOIbKO IBYMS M3 TPEX CBOMCTB:

O cormacoBaHHOCTB (consistency) (ompefeneHHasi yHaue, YeM B TIPUHIIATIAX
ACID): nro6ast orepaiiysi YTeHusI BO3BpaIlaeT caMOe aKTyaJbHOEe COCTOSIHME
IaHHbBIX, 00pa3oBaBIlieecs MMoc/e MoCIeTHe onepaluy 3auci, He3aBUCUMO
OT TOTO, KaKOJi y3es onpalinBaeTcs;

JOCTYIMHOCTH (availability): 106071 3arpoc K cucTeMe 3aBepIIaeTCs YCIelHo
(HO pe3y/nbTaT MOXXeT 0Ka3aThbCsl HECOITTAaCOBAHHBIM);

YCTOMYMBOCTD K pasaeneHuI0 (partition tolerance): cucrema mpomgokaeT
paboTaTh, AasKe eCIV HEKOTOPBIE ee YaCTV HeOCTYITHBI MM KJIacTep pacra-
Cs1 Ha HeCBsI3aHHbIE YaCTH.


https://docs.docker.com/get-started/
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TeopeMa HasBaHa IT10 TIEPBBIM OYKBaM aHIIMIICKMX Ha3BaHMIi 9TUX cBOMCTB: CAP.
OHa yTBEPKAAET, UTO 06€CIIeUNTh Cpas3y TPY CBOICTBA HEBO3MOKHO. II0CKOIBKY peub
MIET O pacipeneieHHOM cucTeMe, eCTeCTBEHHO OXKMIATh, UTO OHa MOKET paboTaTh,
KOTJIa HEKOTOPBIE Y3/Ibl HEAOCTYITHBI. YTOOBI 06€CIeUNTD COMIACOBAHHOCTD, CHCTEMA
IIOJKHA KOOPAVHMPOBATD BCe OIepalviyt UTeHMs U 3aCH, Taske eI OHU TTPOU3BO-
ISITCS B PA3HBIX y371aX. YTOOBI rapaHTUPOBATh JOCTYITHOCTD, CYICTEMA AOJIKHA XPAHUTD
KOIIMM OFHUX U TeX Ke NaHHbIX B Pa3HbIX y3Jlax M CUHXPOHU3UPOBATh UX. Y 31 nBa
CBOJACTBA HeJIb3S TapaHTUPOBATh OMHOBPEMEHHO, eC/TM KaKye-TO y3JIbl HeJOCTYTTHBI.
Cassandra rapaHTMpyeT AOCTYITHOCTb U YCTOMYMBOCTD K Pa3/ie/IeHNIo, T. €. TIPU-
HaJJIeXXUT Kiaccy cAP:
O He cornacoBaHa: MOXeT CJIYUMTBHCS, UYTO Orepalusi YTeHusl, BbITOJIHEeHHAs
B OTHOM Y3Jie, He YBUAUT IaHHBIX, 3alIMCAHHbIX B PYTOM y3Jjie, ToKa JaHHble
He 6YOYyT peIrIMIMpPOBaHbl Ha BCE Y3JIbl, Te JO/KHBI HaXOOUTbCs. U 9TO He
SIBJISIETCST TIPUYMHOM [IJ1sT 67I0KMPOBKM OTI€paIlMy UYTEHMS;

O pmocTymHa: onepaluy YTeHUS U 3aMMCH BCeTIa 3aBepIlaloTCs YCIellHO;

O vycroiiuMBa K pasjaeieHUIO: BbIXO 3 CTPOSI KAKOTo-TO y3Jia He TIPUBOIUT
K OTKa3y 6a3bl JaHHBIX B 11ejoM. Korma oTkasaBiimii y3ea BepHeTCS B Kilac-
Tep, OH aBTOMAaTUUECKM TTOTYyIUT BCe M3MeHeHMs JaHHbBIX.
YpOBeHb COIIACOBAHHOCTM MOSKHO TIOBBICUTD, caenaB Cassandra abcomoTHO co-
IJTaCOBaHHO, HO TOTMIa OHA MepecTaHeT GbITh YCTOUMBOI K pasmeieHuIo.
PensiiyioHHble 6a3bl JaHHBIX, OTBevaroiye mnpuuiumnaMm ACID, coriacoBaHbI
u goctynHbl. PostgreSQL npuHaanexxut kinaccy CAp:
O cornacoBaHa: IOC/Ie TOTO KaK TpaH3aKIys 3adMKCHMpPOBaHa B OOHOM CeaHce,
BCe OCTa/IbHbIe CeaHChl Cpa3y BUIAT pe3yabTaTbl. [[pOMeXXyTOUHbIe COCTOSI-
HUSI TAHHBIX HEe BUHBI,

O pmocTtymHa: 1moKa 6a3a JaHHbBIX paboTaeT, Bce KOPPEKTHBIE 3aITPOChI 3aBepIia-
I0TCSI YCTIEIITHO;

O HeycTOMUYMBA K pa3feleHuI0: el Kakas-TO YacTh JAHHBIX OKa3bIBaeTCs
HeIIOCTYITHOI, 6a3a JaHHBIX [IPeKpallaeT paboTaTh.

Hampumep, aJ1st 6aHKOBCKUX OTIepaliiii COrliacoBaHHOCTDb — HellpepeKkaeMoe Tpe-
6oBanue. [Ipu mepeBoie AJeHEXKHBIX CPEICTB C OAHOTO CUeTa Ha JIPYTroi Mbl OXKUIA-
€M, UTO M3MeHeHbI 6a/1aHChl 060X CUETOB WM OallaHChl He M3MeHeHbI BoBce. Eciu
10 KaKO¥-TO MPUUMHE MIPUIOKEHNE «I1aJaeT», 0OGHOBUB TOJIBKO OJUH CYET, TO BCS
TpaH3aKI[MsI OTMEHSIeTCs, ¥ JaHHbIe BO3BPAIIA0TCS B TIpebIAylilee COrJlacOBaHHOe
cocTosiHMe. [JOCTYITHOCTb TaHHBIX TaKKe BakHa. UTO MPON30iieT, eciiu TpaH3aKIus
3a(MKCHpoOBaHa, HO IVMCK BBIIIIEJ 3 CTPOSI ¥ BCSI 6a3a JAHHBIX «HAKPbUIACh»? UTOOBI
CTIPaBUTHCS C TAKOW CUTyalueli, BCce omepaluu JO/KHBI PETUIUMIIMPOBATLCS B pe-
3epBHOM XPaHWINIIe, ¥ TPaH3aKIMs AOKHA CUMTATHCS YCIIEIIHOH, TONIbKO eCIn
OHa COIJIacoBaHa U JoJIroBevHa. IlepeBof JeHesKHbIX CPEeICTB B 6aHKe MOYKET 3aHSTh
HEKOTOpOe BpeMsi, IOTOMY UTO COIJIaCOBAHHOCTH Upe3BbIUaifHO BaskHA, a TIPUOPU-
TeT MPOMU3BOAUTEILHOCTU HILKE.

Ecnu onnaitHoBast 6aHKOBCKAsI CCTeMa HeIOCTYITHA B TeUEHMe KaKOro-TO BpeMe-
HU, TIOCKOJIbKY 6a3a JaHHbBIX BOCCTAHABIMBALTCS M3 PE3EPBHO KON, TO KIIMEHTbI
MOTYT CMUPUTBCS C HEYA0OCTBAMM IIPU YCJIOBUM, UTO He ITOTEPSIIOT CBOM TEHBI.
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C gpyroii CTOpOHBI, KOTZIa YeJIOBeK «JiaiikaeT» ororpaduio B Instagram, cucre-
Ma OTCIeXMBAeT 3TO JelCTBMe B KOHTeKcTe dhoTorpaduyt U B KOHTEKCTE T0/Ib30-
BaTesl. Ecny Kakas-To M3 3TUX ollepanuii 3aBepIinMTcsl HeyJauHo, TO TaHHbIe OKa-
SKYTCST HECOTJIaCOBaHHBIMM, HO 9TO He KPUTUYHO. ITO He 03HAUaeT, YTO aHHbIe,
KOTOPBIMM omepupyet Instagram, cTaau MeHee IeHHBIMU. IIpocTo 3mech Tpeb6o-
BaHMsI Apyrue. [lonb3oBaTeneit MAIIMOHDI, hoTorpaduit MUIIMAP/bI, U HUKTO He
XOUeT CTOSITh B ouepenn 3a 06Ty kBaHeM. HeKOppeKTHOCTh HEKOTOPBIX JIAIKOB
He MMeeT pellalolero 3HaueHus, HO ec/ii CUCTeMa B 11eJIOM OKa3bIBAaeTCsl Hello-
CTYIIHA, TTOKA BOCCTaHABIMBAET KOPPEKTHOE COCTOSIHME TIocie c60sl, TO MOJIb30Ba-
TeJlb MOXKeT YUTH.

Taxkum 06pa3oM, ISl pa3HbIX TPeGOBaHMIT HY>KHbBI pa3HbIe pellleHus, HO, K CoXKa-
JIEHUIO, CYIIeCTBYeT eCTeCTBeHHOe OrpaHMueHre, He TTO3BOJsIolee MOTYyIUTh BCe
" cpasy.

Pennvkaums nAHHbIX B PoSTGRESQL

Ecmu tpebyeTcst o6ecrieunTh HAMBBICIIYIO ITPOM3BOAUTENBHOCTh, TO OOBIUHO Ha-
CTPaMBalOT JOTIOIHUTEIbHbIE CEPBEPbI, MEXAY KOTOPBIMM pacipefesseTcs Ha-
rpyska. Bce 9Tu cepBepbl MOMYUYaAIOT OJHM U Te Ke JaHHbIe OT BeOYIIero cepsepa.
Ecimu TpebyeTtcst 06eCcIieunTh BICOKYIO JOCTYITHOCTb, TO OOBIYHO TaKKe KOMUPYIOT
JaHHbIe HA Pe3epBHbII cepBep, YTOObI OH MOT IIEPEXBATUTD YIIpaBIeHNE B CJiyyae
OTKa3a BeMyIIEero cepeepa.

XypHan TpaH3akumi

[Ipexxme yeM ImepexoauThb K AeTaasIM HaCTPOMKM periMKaluy, CKaskeM HeCKOIbKO
CJIOB O TOM, Kak PostgreSQL o6pabaTbiBaeT M3MeHeHMe JaHHbIX Ha HVDKHEM YPOBHE.

B xome 06paboTKM KOMaH/Ibl, M3MeHsoMIeli TaHHbIe B 6a3e, PostgreSQL 3ammchl-
BaeT HOBbIE JAHHbIE HA MIMCK, YTOOBI OHYM COXPAHMINCH B CIydae OTKa3a. [JaHHbIe
3aIlMChIBAOTCS B ABa MeCTa.

O B Linux ¢a’iiabl JaHHBIX IT0 YMOTYAHMIO HAXOISITCS B Katayore /var/lib/post-
gresql/10/main/base. 3mech XpaHSITCS TabIUIIbI, MUHIEKCHI, BpeMeHHbIe TabIu-
LIbI ¥ ITpOUMe 00bEeKThI. PazMep 3TOro Katajora orpaHn4eH TOJIbKO pasMepoM
JIycKa.

O JKypHan TpaH3akLuii IO YMOIYaHUIO HAXOOUTCS B Karanore /var/lib/post-
gresql/10/main/pg_wal. B Hero samuceiBaeTcss MHGOPMAIMS O TTOCTIEIHUX U3-
MeHEeHMSIX, BHECEHHBIX B (aitibl JaHHbIX. Ero pasmep 3amaeTcss B KOHGUTY-
paIoHHOM (ajiie 1 1o yMOTYaHUIO COCTaBIsIeT mpubmsuTenbHo 1 IT'B.

B 06a MmecTa 3amChbIBAIOTCS OMHY U Te Ke MaHHbIe. Y TaK0ii KaXKyIeiics M36bIToU-

HOCTM €CTb OCHOBaTeJIbHAsI pUYMHa.

[IpencraBbTe, UTO HEKOTOPAsT TPAH3aKIMS BCTABJISIET B OOBIIYIO TAOIUITY TEK-
CTOBOE 3HaUYeHMe test, M CIYYMIIOCh TaK, UTO B CepeIHe TPAaH3aKIUU CepBeP «yIiai».
ByKBbI te OH yCITeNn 3ammcaTh, a OCTaIbHOE Ha OMCK He momnano. Korma 6asa JaHHbBIX
«TIOJHMUMETCSI», OHA He CMOKeT CKa3aTh, YTO 3aMMCh MOBPEXIEHA, IOTOMY UYTO He
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3HAET, YTO JIOJ/KHO OBITH B ITOJIE: IBe OYKBBI te VI CJIOBO test. Hy magHo, 3Ty Ipo6-
JIeMY MOKHO PELIUTb C TIOMOIIbI0O KOHTPOJIbHBIX CyMM. Ho Kak 6a3a JaHHBIX OymeT
MCKATh TMTOBPEXIEHHYIO 3am1ch? [IpoBepsITh Bce BOOOIIe KOHTPOIbHbIE CYMMBbI ITOC-
Jie HeOXXUIAHHOTO Tepe3arycka CTaHeT OYeHb TOPOTo.

Ho pemeHue ecTb: mepe[1 TeM KaK ITPOU3BOANUTD 3aMMCh B (paiiibl JaHHbBIX, Post-
greSQL Bcerma muuieT B XXypHaa TpaH3akuuii. JKypHan TpaH3aKIui (ero Takke
Ha3bIBAIOT JXYPHAJIOM Mpen3anucy) — 3TO CIIMCOK M3MeHeHMi, BHeCeHHbIX Post-
greSQL B daitiel manHbIX. OH IIpecTaBieH Habopom daiiyios pasmepom 16 Mb Kak-
11l (WAL-daityioB), HaxXosIIMXCS B TOAKATAIOTe pg_wal KaTasaora, Te pasMelleHa
6a3a JaHHbIX. Kaskablii aiiyl ComepsKUT 3aIcy, COOOIIatone, Kakoi (aiia JaHHbIX
¥ KaKM 06pasoM HYKHO M3MeHUTh. U JINIIIb MTOC/Ie TOTO Kak SKypHaI TPaH3aKIIit
COXpaHEeH Ha AMCKe, TPOM3BOAMUTCS 3amMCh B Gaiiibl JaHHbIX. Korga sKkypHas TpaHs-
akImii 3armomHnuTCs, PostgreSQL ymassieT caMblii CTapblii CErMeHT, YTOObI 0CBO6O-
IUTb MeCTO Ha Aucke. YKypHasl TpaH3aKI[Mif OTHOCUTE/IbHO HeBeJIUK, TaK YTO CepBep
MOYKET IPOCMOTPETD €r0 B C/Iyyae HEOKMIAHHO OCTaHOBKU.

BOT uTO MPOMCXOOUT B MpoIlecce mepesarrycka 6a3bl JaHHbIX:

O ewmn cucrema «ymajga» BO BpeMsl 3alMCH B KypHaJl TpaH3akiuii, To Post-
greSQL OTBIIIET HEITOMHYIO 3aIMCh JKypHaIa, TOCKOJIbKY He GyIeT cCOBIaAaTh
KOHTpPOJIbHAsI CyMMa. JTa 3ammch OyaeT oTOpoIlleHa, a TpaH3aKIMM, KOTOpbie
TIOMeIaIM B Hee JaHHbIe, OYIyT OTKAYEeHbI;

O ecnu cucTeMa «yIajga» BO BpeMst 3aIcy B aiiyibl JaHHBIX, HO XKypHaJ TpaH3-
aKL Ui He ToBpeXxaeH, To PostgreSQL mpocMOTPUT BeCh XKypHas TpaH3aKIuiA,
IIPOBEPUT, UTO €TI0 COAEPKMMOe ITOMeNIeHO B (aiiyibl JAaHHBIX, U ITPU HE06X0-
IVIMOCTY MUCITPaBUT (aiiibl JaHHbBIX. HeT HYKIbI TpocMaTpuBaTh Bee (aiiyb
IlaHHBIX, TOCKOJIbKY M3 KypHaJia TpaH3aKIMii M3BeCTHO, KaKyI0 YacTh KaKOTO
(aiina mpepronaragoch U3SMEHUTH U KaK UMEHHO.

[Ipouiecc BoCIpoM3BeAeHUsT XypHaja TpaH3aKlMii Ha3bIBaeTCs BOCCTAHOBIIE-
HueM. Eciiu uMeeTcsl MOMHbBIN KypHa/I TPaH3aKIMii OT MOMEeHTa MHUIMAIU3ALUN
cepBepa JI0 TEKyIero MOMEHTa, TO MOXKHO BOCCTAHOBUTDb COCTOSIHME Oa3bl Ha JI0-
6071 MOMEHT BpeMeHU B IIPOILIOM. UTOObI 06eCreunTh TaKylo GyHKIVMOHATbHOCTD,
MOXHO CKOHpurypmuposath PostgreSQL, Tak uTo6b1 cTapbie WAL-daiitibl He ymans-
JIUCh, & TIe-TO apXUBUPOBAINCE. TOrma apXuB MOKHO OYIEeT UCITONb30BaTh JIJIST BOC-
CTaHOBJIeHMS 6a3bl JAHHBIX HA MOMEHT BpeMeHU Ha APYroil MalluHe.

®dusunyeckan pennukauus

3amucy KypHaia TpaH3aKIIMii MOXKHO B3STh C OTHOTO cepBepa 6a3bl JaHHBIX — Be-
IOyIIero — v MpUMeHUTD K (ajiaM JaHHBIX Ha IPYTOM cepBepe — BeJoMoM. B Takom
cJTyyae BeIOMbIi cepBep OymeT MMeTb TOUHYIO KOMMIO 6a3bl JaHHBIX Ha BemyIleM
cepsepe. IIporecc nepenaum 3anmcer 13 KypHajaa TpaH3aKLMil Ha IPyroil cepBep
U X IpMMeHeH s Ha3bIBaeTcs (pU3mMIecKoii periukanueii. CIoBo «pusudeckass»
03HavaeT, YTO KYpHaJ TpaH3aKLuii paboTaeT Ha HM3KOM YPOBHE U perrika 6asbl
JaHHBIX Ha BEJOMOM cepBepe OyIeT TOUHO 1m06aiiToBoi Komuei 6a3bl JaHHbIX Ha
BefyllleM cepBepe.
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du3uveckast peruiMKanys paboraet Jyist BceX 6a3 JaHHbIX B Kinactepe. Co3gaHme
HOBOJ1 6a3bI OTPAKAETCS B XKypHAJIe TPaH3aKIMIi U IOTOMY PeIUIUIIMPYETCS Ha Be-
IIOMBII cepBep.

Tpancnauus xcypHaioe
OnyvH u3 crmoco60B (GMU3NYECKOil peruIMKaluyuy — TMOCTOSTHHO IepelaBaTh HOBBIE
WAL-aiinbl ¢ Begyliero cepsepa Ha BeIOMbIN U IIPUMEHSITh MX TaM JIJIsI TToTyJe-
HUSI CMHXPOHU3YPOBAHHOM KoMK 6a3bl JaHHBIX. DTO HA3bIBAETCS TPAHCISIE
sxypHanoB (log shipping).

YT106bI HACTPOUTD TPAHCISIIMIO XKYPHAIOB, HY>KHO BBITIOJIHUTH CIeIyIoIue meii-
CTBUSI:

O Ha BepylleM cepBepe:

— rapaHTupoBaTh, uTo B WAL-daitnax moctaTrouHo nHGoOpMayum s perim-
Kauuu: B Qaiise postgresql.conf ycTaHOBUTH mapameTp wal_level paBHbIM
replica unam logical;

— BKIIOUNTDb apxuBanuio WAL-daiinoB, mpucBouB mapaMeTpy archive_mode
3HaYyeHMe on;

— 3actaBuTh PostgreSQL apxmBupoBaTb WAL-daiiibl B 6e30macHoe MecTo,
3a7aB KOHGUTYpAIMOHHBIN TapamMeTp archive_command. CepBep OymeT mpu-
MeHsITh 3Ty KoMaHay OC K kaxkgomy WAL-daiity, Hyskpalomemycs: B ap-
xyBanyuu. KomaHma MOXeT, HalrpuMep, CKMMaTh (Gaiin M KomupoBaTh ero
Ha ceTeBO} Ouck. Eciv KomaHa He 3afaHa, HO pexxum apxuBaunuy WAL-
(aitnoB BKIIOUEH, TO 3T (aiiyIbl OyIyT HAKAIIMBATHCS B KaTauore pg_wal;

O Ha BegoMoOM cepBepe:

— BOCCTAHOBUTH 6a3y M3 pe3epBHOII KOMNM, CHSITOM Ha BemylIeM cepBepe.
[Tpo1re Bcero caenaTh 3TO C MOMOINIbIO ITPOTPaMMBbI pg_basebackup. Bot, Ha-
puMep, Kak MOKeT BbIMISIAEeTh KOMaH/ia, BbITIOTHSIeMasi Ha BeJOMOM Cep-
Bepe:

postgres@standby:~$ pg_pasebackup -D /var/lib/postgresql/10/main -h

master -U postgres

IMogpo6HOe omucaHuMe YTUIUTBI pg_basebackup MpuBemeHO Ha CTpaHUIlE

https://www.postgresql.org/docs/10/static/app-pgbasebackup.html;

— cosmaTh daiin recovery.conf B KaTajiore JaHHBIX. B HEM onmychIBaeTCsl, Kak
cepBep IO/DKEeH BBINOIHATb BOCCTAHOBJIEHME UM HO/IKEH Jii OH paboTaTb
B KauecTBe BeIOMOTro cepBepa. UTo6bI cepBep BHICTYIIAI B POJIM BEIOMOTO,
B (paiine MO/KHBI IPUCYTCTBOBATH KAK MUHMMYM TaKlie JBe CTPOKU:

standby_mode = on
restore_command = 'cp /wal_archive_location/%f %p'

3HaueHue napamMerpa restore_command 3aBUCUT OT MOJIOKeHUs apxuBa WAL-
daitnos. to komanma OC, KoTopast Jo/DKHa ckompoBaTh WAL-daiin 13 ap-
XUBAa Ty[a, Toe HaXOOUTCS KyYpHas TpaH3aKUuii. [IOTIOTHUTe/IbHbIE CBeleHUS
o ¢aiise recovery.conf cM. Ha cTpaHuiie https://www.postgresql.org/docs/10/
static/recovery-config.html.


https://www.postgresql.org/docs/10/static/app-pgbasebackup.html
https://www.postgresql.org/docs/10/static/recovery-config.html
https://www.postgresql.org/docs/10/static/recovery-config.html
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ITocste TOTO Kak Bce GymeT HACTPOEHO 1 06a cepBepa HauHyT paboTaTh, BeIyLIii
cepBep GymeT KomupoBaTh Bce WAL-daiiibl B apxXMBHBII KaTajor, a BeIOMbIii cep-
Bep GymeT 6paTh UX OTTYIA U BOCIIPOM3BOAUTH B CBOEi 6a3e. DTOT MPOIECC IIPOHO-
’KaeTcsl, IIoKa B Qaiiie recovery.conf mMeeTcst cTpoka standby_mode = on.

Ecmu Bemymimii cepBep «ymameT» M HYsKHO OymeT MepeKII0UNTbCS Ha BeOMBIit,
€ro CJieyeT «ITOBBICUTH B UMHE». ITO 03HAUAET, UTO OH JIO/DKEH MPeKpaTUTh BOCCTa-
HOBJIEHME U pa3pelluTh TPaH3aKLUM YTeHUSI-3anCu. [IJis1 9TOro JOCTaTOYHO MpOC-
TO yHaauTh (aiin recovery.conf u mepesamycTUTb cepBep. B pesynbTaTe BemombIit
cepBep CTaHOBUTCS HOBBIM BeIyIiMMm. ITocie BOCCTaHOBJIEHUSI CTAPOTO BeAyIlero
cepBepa MMeeT CMBIC/I CeJaTh ero BeJOMbIM, UTOObI COXPAaHUTh pe3epPBUPOBAHIE
KjiacTepa. B TakoM ciaydae HY>KHO TTOBTOPUTDH OMMCAHHYIO BBIIIE MOCTeN0BaTeNb-
HOCTb JIeJiCTBUI, IOMEHSB cepBepbl poisiMiu. Hu B KoeM (jiyyae He 3amyckaiiTe
cepBep Kak BedyIIuii, eciy BeJOMbIi cepBep ObUI MOBBIIIEH. DTO MOXKET ITPUBECTY
K pasanumsiM B peIIMKax ¥ B KOHEUHOM UTOTE K IToTepe JaHHbIX!

[Mepeuncnum nNpeUmyIecTBa pervinkaluum MeTOOO0M TPAHCISIIUY SKyPHAJIOB:

Q ee CpaBHUTEIbHO JIETKO HACTPOUTD;

O HeT HeO6XOAMMOCTY YCTAHABIMBATh COeOMHEHNE MEXKIY BeIyIIMM U BeIO-

MBbIM CEpBepaMu;

O Benymuii cepBep He 3HAET O CYLIeCTBOBAHUU BeJOMOTO U He 3aBUCUT OT HETO;

QO Be#OMBIX CEpBEPOB MOKET ObITh HECKOIbKO. Ha caMoM fiejie BeIOMbIit cepBep
MOXeT BbICTYIIaTh B POIY BeIYIIEro IJisl IPYTUX CepBepOB. OTO HA3bIBAETCS
KacKaJHOJ perinKalueii.

C Ipyroii CTOPOHBI, €CTh U TTIPOOIEMBbI:

O Heob6X0OMMO IIPeJOCTaBUTh CeTeBOI KaTaslor aJis apxuBa WAL-daiiios, K Ko-
TOPOMY MMeJu Obl TOCTYI BeAYIIVi ¥ BeJOMbBIii cepBepbl. ITO 3HAUUT, UTO
HY)KHO BOBJIEKAaTh B TPOILECC TPEThbIO CTOPOHY. MOKHO, KOHEUHO, apXUBU-
poBaThb WAL-aiiibl IpssMo Ha BeJOMOM CcepBepe, HO TOTa HapyIuiach Obl
CUMMeTpPUS, U B CTyuyae BbIXOAA M3 CTPOS BeAyIlero cepBepa U MOBBIIIEHUS
BEIOMOTI'0 HaCTpOJiika HOBOTO BEIOMOTO CTajia ObI HECKOJIbKO CJIOKHEE;

Q BemoMmblii cepBep MOXKeT BocIipou3sBecT WAL-daii TOJIBKO ITOCjIe ero apxm-
Baly. ITO MPOU3OMAET JIUIITH TIOC/Ie TOTO, Kak ¢aiia 6yIeT 3aKpbIT, T. €. 10-
cTurHeT pasMmepa 16 MbB. A 3HauuT, ocjaeqHMe TPAaH3aKIIMM, BbITIOJTHEHHbIE
Ha BefyleM cepBepe, MOTYT He HaliTu OTpakeHUsI Ha BeJOMOM, a eCJ/Iu TPaH3-
akIMy Ha BeOyllleM cepBepe HeGOoble U MPOUCXOAST He CIUIITKOM YacTo,
TO pesepBHas 6a3a JaHHBIX MOXKET JAJeKO OTCTaTh OT OCHOBHOIL. [ToaToMy
B ciTyyae c60s1 YacTh JaHHBIX MOYKET ObITh IIOTEPsIHA.

Ilomoxoeas penauxkauyus

CylecTByer elle OayH B, PMU3UUECKON PervIMKalyuu, KOTOPbIii MOXKeT paboTaTh
MOBePX TPAHC/SIIIUY KYPHAJIOB WJIM BOOOIIEe 63 TPaHC/SIMY KYPHAIOB. DTO IIOTO-
KOBasl peruuKamnys. B mogo6HoM ciryyae mpearonaraeTcs Hajauume CoeaHeHMs
MeXIy BeIyIlMM U BeJOMbIM CepBepaMu, 10 KOTOPOMY BeAylii MocbuIaeT BCe 3a-
IMMCU U3 KypHaja TpaH3aKIuii BegoMomy. B pe3ynbraTe BeJOMbIN CepBep MoaydaeT
caMble MMOCIeIHIEe U3MEeHEHMSsT, He TOKuAasch apxuBaiyy WAL-daiinos.
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YTo6bl HACTPOUTH IMOTOKOBYIO PEIUIMKAIINMIO, HA BEAYIIEM CepBepe HYKHO BbI-
TIOJTHUTD CJIEYIOIIVe NeiiCTBYUSI B JOTIOTHEHME K BBIIIEYTTOMSIHYThIM :
O B 6ase maHHBIX CIemyeT CO3MATh POJIb IJIST PeIUTMKAIIV, HaTIpyuMep:

postgres=# CREATE USER streamer REPLICATION;
CREATE USER

O B daiie pg_hba.conf HEO6XOAMMO PA3PENIUTb STOMY ITOJIb30BATENIO TOAKITIO-
yeHMe K BUPTya/lIbHOI 6a3e JaHHbBIX replication, Hampumep:

host replication streamer 172.16.0.2/32 md5

A Ha BeTOMOM CepBepe HYKHO BBITIOJIHUTD CAeAYIOe TeiCTBUS :
O pmo6aBuTh B (aiin recovery.conf mapameTp primary_conninfo, OIMChIBAIOIINIA
MO K/TI0YeHe BeJOMOTO cepBepa K BeAylleMy:

primary_conninfo = 'host=172.16.0.1 port=5432 user=streamer password=secret'

Vke u 3TOro focratouHo. Ecinu apxuBupoBaHue WAL-BK/IIOUEHO U HACTPOEHO, TO
cHavasa GymeT mpou3BeeHa TPAHCISIMS SKYPHAIOB, YTOOBI IIPYMEHNUTD BCE apXy-
BupoBaHHbIe WAL-daiiibl K pe3epBHOI 6a3e maHHbIX. Korma ¢aityioB He ocTaHeTcs,
BeIOMbIi cepBep MOAKIIOUUTCS K BeAyllleMy M HauHeT MIPUHUMAaTh HOBbIE 3aIuUCH
SKypHaJia TpaH3aKIMit IpsMo OT cepBepa. Eciiu coeinHeHMe pa3opBeTCs Mn Beno-
MbIiT cepBep OyaeT mepe3aryiieH, TO BeCh IMPOIecC HAYHeTCs cHavasa.

CyliecTByeT BO3MOKHOCTh HACTPOUTD TIOTOKOBYIO peIIMKAIII0 BOOOIIe 6e3 ap-
xuBupoBanusi WAL-cdaitios. Benyinii cepBep 1Mo yMOTYaHMIO XPAaHUT TOCIeIHIe
64 WAL-aiina B kaTasore pg_wal. OH MOXET OTIIPaBJ/ISITh MX BEIOMOMY 10 Mepe He-
obxomumocTu. Pasmep kaxkmoro gaiina cocrasisier 16 Mb. 3To o3HauaeT, UTo IoKa
o6beM M3MeHeHMit (ailyioB JaHHBIX He IpeBbiiaeT 1 I'B, MOTOKOBas peruiMKaIus
MOKeT BOCIIPOM3BECTU UX B pe3epBHOII 6a3e JaHHbIX 6€3 TTOMOIIM apXiBa.

Kpome Toro, PostgreSQL mo3BossieT BenylieMy cepBepy y3HaTb, kKakne WAL-
(daiinbl yke 06paboTaHbl BeJOMBIM, a Kakue HeT. Eciu Bemomblii paboraeT me-
JIEHHO (MJTV TIPOCTO OTKJTIOUMJICST), TO BeOYIIMii He O6yAeT yoansiTh Heo6paboTaHHbIe
(daitnbl, Jaske ecau UX YMCIO TIPEBBICUT 64. DTO JeslaeTcsl MyTeM CO3[aHMSI CJIOTOB
peIruiMKanuy Ha Benyliem cepBepe. Torma BeqOMblii cepBep OYAeT MCIOIb30BaTh
CJIOT PEeTUIMKALIVN, @ BEIYIIMII — OTCIEKMBATh, Kakue WAL-daiiibr 06paboTaHbl 11t
JIaHHOTO CJI0Ta.

YT06bI BOCITONIb30BAThCS 3TOJ BO3MOXKHOCTBIO, HY;KHO MPOZE/IaTh Ha BemyllemM
cepBepe Clenylolye NeiiCTBUS:

O co3maTh CIOT peruinKalyy, BHITIONHUB B 6a3e JaHHbIX (MYHKIIMIO pg_create_

physical_replication_slot():
postgres=# SELECT * FROM

pg_create_physical_replication_slot('slotl');
slot_name | lsn
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O yb6emuThbCs, YTO 3HAUEHME KOHGUTYPaIMOHHOTO MapaMeTpa max_replication_
slots B daite postgresql.conf JOCTATOUHO BEJIMKO.

A Ha BeOMOM cepBepe HYKHO:

O pmob6aBuTb mapameTp primary_slot_name B paiis recovery.conf:

primary_slot_name = 'slot1'

[Tocste aToro Bemymnii cepBep He cTaHeT yaausTh WAL-daiiibl, He ITOTyuYeHHbIE
BeIOMBIM, aske eC/IM BeIOMbIii He moak/oueH. Korma Bemomblii cepBep CHOBA MO -
KJIIOUMTCSI, OH TIOJIyYUT BCe HepocTaromye 3amucy 13 WAL-daitios, mocie yero Be-
IYIIVI cCepBep YOAIUT cTapbie (haiiibl.

[TorokoBas perumMkaiusi o61agaeT UIemyOIMMMY ITPEMMYINECTBAMM, TI0 CpaBHe-
HMIO C TPAHC/ISILVEN JKyPHAIOB:

O paspbiB MEXIY BeAylIMM U BeIOMbIM CepBepamMii MeHbllle, TOCKOIbKY 3alu-
cut WAL-daityioB oTIpaB/sSIoTcsl cpasy nocie dhuKkcalmu TpaH3akIum Ha Be-
IyIeM cepBepe, He IOKMUIasICh apXUBalun;

O MOXXHO HACTPOUTh PeIUIMKaINIO BoOoOIe 6e3 apxuBaliyui, TOraa He OyIeT He-
00XOIMMOCTH BBIJIEJISITh B CETEBOM XPaHWINIIE WU THE-TO eIlle MeCcTo, 10-
CTYITHOE 060MM CepBepaM.

CuHxpoHHaa penaukayus

[To ymonuaHMIO TOTOKOBAs pervinKalus aCMHXPOHHAs. DTO 03HAYaeT, YTO MOIb30-
BaTesb, 3abMUKCUPOBABIINI TPAH3AKIINIO, TIOyYaeT MOATBEPKIeHE HEMeIJIEHHO,
a pervIiMKanys MpoMCXOAUT CITYCTSI HEKOTOpOoe BpeMsi. Ml 3HaUUT, 0CTaeTcsl BO3MOXK-
HOCTb, UTO TPaH3aKI[lsl, 3aBepIlIeHHast Ha BeoyleM cepBepe, He OymeT pernimpo-
BaHA Ha BEeJIOMBIi, eClM BemyIuii «TPOXHETCSI» cpasy mocie dhuKcamuun, He ycIieB
oTpaBuTh 3amnucu u3 WAL-daiina.

Ecmu Heob6xommuma BbICOKAs TOCTYITHOCTh B TOM CMBIC/IE, UTO HMKAKas TOTeps
JaHHBIX HEeJIOMyCTMMa, TO MOKHO YCTAHOBUTb CMHXPOHHBI peXUM IMOTOKOBOI pe-
TTAKALINA.

YTto6bI BKIIOUUTH STOT PEXKMM Ha BeoylleM cepBepe, HY)KHO 3aIlicaTh B Iapa-
meTp synchronous_standby_names B KOHGUTypalMoHHOM ¢aiiie postgresql.conf mmst
BeI,OMOro cepBepa, HanpuMep synchronous_standby_names = 'standbyl'.

3aTeM Ha BeJOMOM CepBepe TO ke caMoe MM HY>KHO BIMCATh B CTPOKY COeIVHe-
Husl B aiie recovery.conf:

primary_conninfo = 'host=172.16.0.1 port=5432 user=streamer password=secret
application_name=standby1'

[Tocste aToro Bemymuit cepBep 6yIeT KIaTh OT BEAOMOTO IO TBEPKIeHMS YCITel -
HOIT 06paboTKM Kaskmoit 3amucyu WAL-daiiia 1 TOMbKO IOTOM MOATBEPAUT duKca-
uyio. KoHeuHo, 3T0 HECKOJIbKO 3aMeIJIUT (DUKCAIMIo TPaH3aKIIWii, a eC/Iu BeJIOMbIit
cepBep OTKJIIOUMTCS, TO BCE TPAaH3aKUUM Ha BemyiieM 6yayT 3a6i1okupoBaHbl. Ho
9TO He 0TKa3, ITPOCTO Beayluii cepBep OymeT KOaTh, KOTIA BeJOMbIi CHOBA TOA-
KITIOUMTCS. 3aTTpOChI HA YTeHMe OYIyT IIPY 9TOM paboTaTbh HOPMATbHO.

[IpenmMy111eCTBO CMHXPOHHO perviMKaly 3aK/II04aeTcsi B TOM, UYTO eCTh yBepeH-
HOCTb: eCJIM TpaH3aKIMsl 3aBepliieHa M KoMaHzga COMMIT BepHy/ia yIipaBjieHlue, TO
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IaHHbIe perIMIIMPOBaHbI HA BeIOMbIi cepBep. HemocTaTok — CHIKeHMe IIPOU3BO-
IUTeTbHOCTU U 3aBUCUMOCTD BeIyIIero cepsepa OT BeJOMOTO.

B mpunaraemom apxuBe nmeeTcss Komnos3unys Docker, B KOTopoii peanm3oBaHa
HaCTPOJiKa IIOTOKOBOI peruiiKaiuy. YTo6bl IpoTecTupoBaTth ee B Linux, mepeiiau-
Te B KaTaJIoT streaming_replication ¥ MOJHMMMTE KOMITO3UIIMIO, BHIIIOJHMB KOMaH-
Iy docker -compose up:

user@host:~/learning_postgresql/scalability/streaming_replication$ docker-compose up
Creating network "streamingreplication_default" with the default driver

Creating streamingreplication_master_1

Creating streamingreplication_standby 1

Attaching to streamingreplication_master_1, streamingreplication_standby 1

Tenepb MMeeTCs IBa 9K3eMIUIsIpa 6a3bl JaHHBIX, PaOOTAIIINX B KOHTEliHepax
Docker master 1 standby. CMHXpOHHAs peruiMKalys yke BKIoueHa. baza JaHHbIX Ha
BeNyIleM cepBepe ITycTa. B OKHO TepMmuMHama 6yayT BIBOAUTHCS KYpHAIbl 060MX
cepBepoB. OTKpOJiTe ellle OAHO OKHO TepMMHAJA, IlepeiiguTe B KaTaaor streaming_
replication, MOOK/IIOUMUTECH K KOHTEVHEPY master, 3allyCTUTE KOHCOJIb psql U CO3-
naiiTe 6a3y JaHHBIX car_portal:

user@host:~/learning_postgresql/scalability/streaming_replication$ dockercompose
exec master bash

root@master:/# psql -h localhost -U postgres

psql (10.0)

SSL connection (protocol: TLSv1.2, cipher: ECDHE-RSA-AES256-GCM-SHA384,

bits: 256, compression: off)

Type "help" for help.

postgres=# \1 schema.sql

car_portal=> \1 data.sql

Terepb Ha BeAyIlleM cepBepe co3faHa 6asa JaHHBIX, peIUIMIIMpyeMast Ha Bemo-
MbIit. IIpoBepuM 3T0. BeliignTe 13 ceaHca 060I0UKM B KOHTeliHepe master, OIKIIIO-
YNUTEeCh K KOHTeliHepy standby, 3amycTuTe psql ¥ BBIMOJTHUTE HECKOJIBKO 3aIIPOCOB:

user@host:~/learning_postgresql/scalability/streaming_replication$ dockercompose
exec standby bash
root@standby:/# psql -h localhost -U car_portal_app car_portal
psql (10.0)
SSL connection (protocol: TLSv1.2, cipher: ECDHE-RSA-AES256-GCM-SHA384,
bits: 256, compression: off)
Type "help" for help.
car_portal=> SELECT count(*) FROM car;
count

(1 row)
car_portal=> UPDATE car set car_id = 0;
ERROR: cannot execute UPDATE in a read-only transaction
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IlaHHbIe PEIIMIIMPYIOTCS, HO B PESKMMe UTeHMs ; cepBep paboTaeT B peXXMe BOC-
CTAHOBJIEHUSI U He MOMyCKaeT HUKAKMX U3MeHeHUIA.

[omonHUTeIbHBIE CBEIeHUSI MOXKHO HAliTU B IOKyMeHTalluu Ha cTpaHutle https://
www.postgresql.org/docs/current/static/high-availability.html.

Jlornueckas peninkauusa

V usudeckoit peruMkam ecTb OOUH MaJeHbKIUiT HeIOCTATOK: CUHXPOHU3UpPYe-
Mble cepBepbl TOKHBI UMeTh UIEHTUUHYI0 KoHbuUrypanuio. [Ipoie roBops, naH-
Hble TO/KHBI HAXOIUTHCSI B ONHUX U TeX ke mecTax (aitnoBoii cucreMbl. U erre
OJTHO — peruIMLIMpyeTcs J060e M3MeHeHMe B ¢aiiaX JaHHBIX, Jaxke ecau CaMu
JIlaHHbIe He M3MeHSI0TCs. Hampumep, 3TO IPOUCXOAUT, KOTZIa Ha BeLyIlleM cepBepe
BBITIO/THSIETCST KOMaHIa VACUUM, KOTopast yassieT U3 Tabaul, MepTBble KOPTEKU, MU
KoMaHza CLUSTER, KOTopasi peopraHu3yeT CTpoku. [laske ecyiu Hag, TabIuIei CTpOUT-
Cs1 MHIeKC, BeJOMOMY CcepBepy IepefiaeTcss He KoMaHia CREATE INDEX, a comepkumoe
MHIeKCHOTO (aitia. ITO Co3JaeT UIUIIHIOI HArPy3Ky Ha CeTh M MOKET 0Ka3aThCs
Y3KMM MECTOM B CMJIbHO Harpy>kKeHHOJ CUCTeMe.

B cnyuae nmormyeckoii periMkamnymm rnepenawTcs He pe3ynbTaTbl SQL-komanz,
a camu KoMaHbl. B 3ToM ciyuae 06beM ITaHHBIX, lTlepefaBaeMbIX IO CeTH, ropas-
IO MeHbllle, a cepBepbl He 00s13aTeTbHO JO/IKHBI ObITh MIEHTUUHBIMU. Bosiee TOTO,
Jla>ke CTPYKTYPbI JaHHBIX Ha cepBepax MOTYT Pa3In4aThCs.

Hanpumep, eciniu Ha BenyleM cepBepe BbIIIOJHEHAa KoMaHa INSERT INTO table_a
(a, b) VALUES (1, 2) 1 9Ta KOMaHJia peIIMLIMPOBaHA HAa BE€JOMBIii, TO He BOSHUKHET
HUKAKOI1 MPo6JIeMbl, eC/i B Tab/I1Ile HA BEIOMOM CEPBEPE UMEIOTCS ellle KaKue-To
CTONO1IBI, KpoMe a U b. SQL-KoMaHia TpaBuIbHA, TO3TOMY MOXET ObITh BHITTOJTHEHA;
IOTIOJIHUTETbHbIE CTOJIOIIBI TIOTYYaT 3HAYEHUST TI0O YMOTYAHUIO.

PostgreSQL mopiep>XuBaeT JJOTMUECKYI0 PeIUIMKAINIO. YCTPOeHa OHA TaKuUM 06-
pasom, YTO OAMH U TOT XKe cepBep MOXKET I10JIy4aTh JaHHble OT OLHOTO cepBepa
U TepenaBarth Apyromy. [loaToMy, KOrga roBOpPST O JIOTMUYECKOM peruiMkauuu, He
YIIOTPEOIISIOT TEPMWHBI BEAYILMIA U BEJOMbIi1; CyIIECTBYET U3/aTelb — CEPBEP, OT-
MpaBJISIIOL M JaHHbIE, M IOANMCYMK — CepBep, KOTOPBIN JaHHble nonydyaeT. OquH
U TOT K€ CEpBep MOKET GbITh OMHOBPEMEHHO U3/IaTelieM OJHMX TaO/NI U TTOATINC-
YMKOM Ha Apyrue. [lognucumuk MOXeT MOoIyvyaTh JaHHbIe OT pa3HbIX U3aaTesel.

Jlormyeckasi peruiMkaiust paboTaeT Ha YpOBHE OTHEIbHbIX TAOIUL, UM HAGOPOB
Tabui. MOKHO TakKe HaCTPOUTH ee /JIs BceX Tabmull B 6ase TaHHbBIX, ¥ TOTIa OHA
aBTOMATMUYECKM PACIIPOCTPAHSIETCS Ha HOBbIe Tabiuiibl. OMHAKO JIOTUYecKas pe-
TUTVKALMSI He 3aTParMBaeT IPyTUx 00bEKTOB CXEMbI, HAIIPUMED MOC/IeI0BaTeTbHO-
CTel, MHOeKCa U IpeICcTaBJIeHUIA.

YTOOBI HACTPOUTD JIOTUUECKYIO PETUIMKAIIMIO, HA CTOPOHE U3aTessl Hy>KHO BbI-
TIOJIHUTD CJIefyIollye Ne/iCTBUS:

O co3paTh B 6aze JAHHBIX POJIb IJIS1 PEIUIMKALINY WM BKAIOUUTD PETUIMKALIUIO

IS CYILeCTBYIOLLEro ITOMb30BaTess:

postgres=# ALTER USER car_portal_app REPLICATION;
ALTER USER
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O B ¢aitsie pg_hba.conf paspeminTb 3TOMY IT0JIb30BATENIO TTOAKIIOYATHCS K BUP-
TyaJbHOJi 6a3e maHHbIX replication:

host replication car_portal_app 172.16.0.2/32 md5

O mpucBouTh KOHGUTYpAIMOHHOMY MapaMeTpy wal_level B daiiie postgresql.
conf sHaueHue logical. dTo Heob6xomumo, 4ToObI PostgreSQL 3samuchiBasl
B WAL-aitibl ;ocTaTouHO MHGOPMALNY IJIST PeTUTMKAIIAN;

O ybemuTbCsl, UTO 3HAUEHME KOHDUTYPaIMOHHOTO IapaMeTpa max_replication_
slots 6oJbIIIE VIV PABHO KOJIMUECTBY ITOATIMCYMKOB, KOTOPbIE MOTYT ITOIKITIO-
YUTHCS K CEPBEPY-U3TATENIO;

MIPUCBOUTHh KOHOUTYPAIIMOHHOMY MapaMeTpy max_wal_senders 3HaueHle, He
MeHbIee max_replication_slots;

co31aTh 06beKT myomKalun. [TyommMKamms — 95T0 MMEeHOBaHHbI HAbop Tab-
nuil. Ecoiv OH co3MiaH, TO cepBep GYyIeT OTCIEXMBATh M3MEHEHNMs B 9TUX Tab-
JIMLIAX U TIepeaBaTh UX JTII0O0OMY cepBepy, IOAIMCABIIEMYCS Ha 3Ty ITy6inKa-
uyio. JIj1st 9TO 11e/M UCIIoNb3yeTcst KoMaHaa CREATE PUBLICATION. B mpumepe
HIDKe CO3JaeTcsl MyO/IMKalysl, OXBaThIBAIOLIAsi BCe TAOMUIIbI B 6a3e JaHHbIX
car_portal:

car_portal=> CREATE PUBLICATION car_portal FOR ALL TABLES;
CREATE PUBLICATION

Ha cropoHe moammcunka cienyeT co3gaTh MOAMMCKY. ITO CIelaabHbIi 0ObEKT,
OMMCHIBAIONINI MOAK/IIOUEHNME K CYIIeCTBYIONIel myoamKaiu usmaresns. [loammucka
co3maeTcst KoMaHa o CREATE SUBSCRIPTION, Kak MOKa3aHO B IIpUMepe HIKe:

car_portal=# CREATE SUBSCRIPTION car_portal CONNECTION 'dbname=car_portal
host=publisher user=car_portal_app' PUBLICATION car_portal;
CREATE SUBSCRIPTION

[Tonnesxammue perMkanuyu TaOMMUIBI OINpeAeneHbl B Imybmukauyuu. Tabmu-
I[bI TOJDKHBI OBITH 3apaHee CO3[IaHbl HA CTOPOHE IOAMKUCYMKA. B mpumepe Bbilie
TOJTIMCKA car_portal TMOAKII0UaeTCs K MyonmuKamm car_portal, KOTopasi yonuKkyeT
Bce Tabmuibl B 6a3e MaHHbBIX. [I09TOMY TaKue ke TabMUIIbI TOJKHBI CYIeCTBOBATh
Ha CTOpPOHE MOAIMUCYMKA.

Kak TonpKo nogmnucka co3maHa, periukanys HauuHaeTcs apTomarudecku. CHa-
yaya PostgreSQL mo yMoI4aHMIO PEIIMIMPYET BCIO TabIMILY, a ITOCe 3TOTO acUH-
XPOHHO PeIvIMUMpyeT U3MEeHEeH NS, 10 Mepe TOTO KaK OHM MOSIBJISIIOTCSI HA CTOPOHE
msparesns. Ecim 106071 13 cepBepoB Iepe3arycKkaeTcsl, TO COeAHeHVe aBTOMaT -
YyeCKy BOCCTaHaBIMBAETCS. ECM MOANMCUMK B TeUeHMe HeKOTOPOro BpeMeHU He
MOAKJIIOYEH, TO M3aTe/b 3alIOMMHAET BCe HEOTIIPaB/IeHHbIe M3MeHeHMs U OTIIPaB-
JISIeT UX, KaK TOIbKO IMOATIMCYMK CHOBA MOAKITIOUNTCS. DTa GYHKIVOHAIBHOCTD pea-
JIM30BaHa C IIOMOIIBI0 CJIOTOB peIuIMKalyy, IPMMEPHO TaK e, KaK B cIydyae II0TO-
KOBOJ1 peTuIMKalum.

JIoTMYyecKy0 perviMKanyio MOXKHO paccMaTpuBaTh Tak, OyATO M3HaTenb OT-
MpaBJisieT MOAIMCUMKY BCe M3MeHsIomue naHHble SQL-KOMaHIbI, OTHOCSILMECS
K ITyOGMKyeMbIM TabiuiiaM. DTO IIPOMCXOAUT Ha YpoBHe SQL, a He Ha GMU3UUECKOM
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ypoBHe. Kaxk y>ke 0TMeuasoch, CTPYKTYPbI JAaHHBIX Ha CTOPOHE U3aTes U TTOATINAC-
YMKa MOTYT Pa3/iMuaThCs: KOIb CKOPO SQL-KOMaHAbI MOSKHO BBITTOIHUTD, BCE OymeT
paboTaTh.

Jlormyeckasi periMKalys He paclpoCcTpaHseTcs Ha ocae0BaTe/IbHOCTH, Ha KO-
maHabl DDL 1 Ha komaHay TRUNCATE. [TepBuuHbBIe Kit0un, orpanmueHus UNIQUE 1 CHECK
Ha KOHEUHBIX TabIuIlaX MPUHMMAIOTCS BO BHMMAaHMe, HO OTPAaHMYEHNST BHEITHETO
KJII0Ua UTHOPUPYIOTCSL.

Jlormyeckyio perviMKaimio, Kak ¥ TOTOKOBYI0, MOSKHO 3aMyCTUTb B CUHXPOHHOM
peskume. i1 9TOro Ha CTOPOHE U3aTesls HY>KHO 3aaTh MMSI IIOAIIMCYMKA B KOHDM-
TypalyoHHOM ItapaMeTpe synchronous_standby_names B daiine postgresql.conf, a Ha
CTOPOHE TOAMNICYMKA TTPOTIMCATH TO K€ UMSI B CTPOKE COeAVHEHMSI IIPU BbIMOTHE-
HUM KOMaHObI CREATE SUBSCRIPTION.

Jlornueckasi peruiMkaius obiamaeT CaeIyouMMI TPEUMYIIeCTBAMMY, IO CpaBHe-
HUIO C PUBMUIECKOIL:

O oHa JIerko HaCTpanBaeTcsl;

O ee MOXHO HACTPOUTDb OYEHDb TUOKO:

— He TpebyeTcst, yTOObI cxeMbl 0a3bl JaHHBIX Ha 000MX cepBepax ObLIU
VMIEHTUYHBI, a ¥ BOOOIIE cepBepbl MOTYT ObITh CKOH(MUIYPUPOBAHBI TO-
pasHoMmYy;,

— OIVH M TOT Ke cepBep MOKeT ObITh OMHOBPEMEHHO M3IaTe/IeM U MOIITNAC-
YUKOM,;

— OJlHA ¥ Ta ke TabjauIla MOKET Y4acTBOBATh B HECKOJIbKUX ITOATIMCKAX, TaK
YTO B Hee OYIyT IOTIAAATh JaHHbIE C HECKOJIbKIX CEPBEPOB;

— IyOGMMKAILIMI0O MOXHO HaCTPOUTH TaK, UYTOOGBI PEIUIMIMPOBATIUCH TOTHKO
onepauuu ornpeneseHHoro tTua (Ckaxkem, INSERT v DELETE, HO He UPDATE);

— KOHeuHasl Tab/iuila Ha CTOPOHE MOAMNMCYMKA JOCTYITHA JIJIsT 3aMVCH;

O 70TMUYecKy0 peruiMKaluio TeopeTUUeckyt MOKHO MCIT0/Ib30BaTh C pasHbIMU
OoCHOBHbIMM Bepcusimu PostgreSQL (ripaBpa, oka 4TO OHa MOAAePsKMBAETCs
TONBKO 1171 Bepcuu PostgreSQL 10);

O s Hee He TpebGyeTCs CTOPOHHEE ITPOTPaMMHOe obecrieueHue i 060pyao-
BaHle, OHA BK/IIOUeHA B KOMILIEKT ImoctaBku PostgreSQL;

O wu3MeHeHMSsI JaHHBIX, TPpOU3BelleHHbIe Ha (QU3MUYECKOM YpPOBHE (HaIpumep,
VACUUM mm CLUSTER), He peTuIMLUPYIOTCSI.

C Ipyroii CTOPOHBI, CIYTHUKOM I'MOKOCTM HEM3MEHHO SIBJISIETCS CIOKHOCTS. [Tpn

BHeJpeHUM JIOTUUEeCKOi peryiMKalin cjiefyeT MUMeTh B BULY PSiJi MOMEHTOB:

O He NPMHMMAIOTCS BO BHMMAaHMe BHEIIHME KJTIOUM, II0O9TOMY KOHeuHas 6asa
JIaHHBIX MOKET 0Ka3aThCsl B HECOTJIACOBAHHOM COCTOSTHUM;

O ecM HA CTOPOHE U3JATeNsl CXeMa M3MEHSIETCSI, TaK YTO HapyIlaeTCcs COBMeC-
TUMOCTD CO CX€MO¥ Ha CTOPOHE TIOATIMCYMKA, TO PEIIMKALIVS MOXKeT BHe3arl-
HO IlepecTaTh paboTaTh;

O momNMCUMKY PeITMLMPYIOTCS TOJTbKO M3MEHEHMs, pou3BeIeHHbIe B Oase
IAHHBIX M3HaTess. ECu KTo-To BHeCeT M3MeHeHMsT HEeITOCPeICTBEHHO B 6a3y
JaHHBIX TTOAMMCYMKA, TO PEIIMKALIMSI HE CMOXKET BOCCTAHOBUTH CMHXPOHM-
3a1[MI0 TaOJINII;
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O 13 Bcex 0ObEKTOB CXEMBbI PEILTULIVIPYIOTCS TOIBKO TaOIMUIIbI. ITO MOXKET CTaTh
po6ieMoit, eciy B 6a3axX JAHHBIX MCIIONb3YIOTCS aBTOMHKPEMEHTHbBIE T10JIST
Ha OCHOBe HOCJIQ,Z[OBHTEJIBHOCTEVI.

B mpunaraemMom apxuBe uMeeTcsi Komro3uiiusi Docker, peannusyiorias gorude-
CKYIO peruinKauuio. JIis ee TeCTUpPOBaHMS epelianuTe B KaTaaor logical_replication
¥ BBITTOJTHMUTE KoMaHy docker-compose up. B pe3ysbraTe 6yayT MOIHSTHI IBA 9K3€M-
msipa PostgreSQL: publisher u subscriber, ¥ Ha cTopoHe U3maTess 6YOYT CO3MaHbI
6a3a car_portal u my6nukaius. Ha ctopoHe MoammcumuKa Takke ymMeeTtcs 6as3a maH-
HBIX, [TOKa mycTas. Jlajee B IpyroM TepMUHaje 3alyCcTUTe 000I0UKy bash B sK3eM-
isipe subscriber =, OTKpo¥iTe psql U BBIIIOTHUTE CAeAYIOIIie KOMaH/Ibl:
user@host:~/learning_postgresql/scalability/logical_replication$ dockercompose
exec subscriber bash
root@subscriber:/# psql -h localhost -U postgres car_portal
psql (10.0)

SSL connection (protocol: TLSv1.2, cipher: ECDHE-RSA-AES256-GCM-SHA384,
bits: 256, compression: off)

Type "help" for help.

car_portal=# CREATE SUBSCRIPTION car_portal CONNECTION 'dbname=car_portal
host=publisher user=car_portal_app' PUBLICATION car_portal;
psql:subscriber.sql:2: NOTICE: created replication slot "car_portal" on
publisher

CREATE SUBSCRIPTION

B 9TOT MOMEHT B OKHe [1epBOT0 TepMMHasIa M06eryT Coo0IeHusI O TOM, UTO BCe
Ta6n1Ibl, MMeloIMecs B 6a3e car_portal, perIMuupyOTCs MOAMUCYUKY. Teriepb BbI-
MIOJTHMM 3aIIpOC Ha CTOPOHE MOJANMCYMKA:

car_portal=# select count(*) from car_portal_app.car;
count

Perukaiiys paboraet. Terepb MOKeTe OTKPbITh CeaHC B KOHTeiHepe publisher,
3aITyCTUTD psql ¥ BCTAaBUTh JaHHBIE B 6a3y. A 3aTeM MpOBepbTe, KaK JaHHbIE PEIUI-
LMPOBAUCH TTOATIUCYUKY.

B karanore logical_replication_multi_master ecTh elle oguH MpuUMep, KOTOPbIi
ITOKa3bIBAET, KAk B OHY TaGIMITY 3aIIChIBAIOTCS MI3MEHEHMS OT Pa3HbBIX M3IaTesIelt.

LlonomHUTeNbHbIE CBeOEeHMS O JOTMUECKON perIMKaluuy MOXHO HalTH B JOKY-
MeHTanum mo agpecy https://www.postgresql.org/docs/current/static/logical-replica-
tion. htmlL.

MPUMEHEHVE PENNMKALMM N1 MACILTABMPOBAHMS
PosTcrReSQL

Peruinkanuo MOXHO MCIO/Ib30BaTh [JIS MaCI.HTa6I/IpOBaHI/IH B PAa3HbIX CUTyallUsIX.
Ee ocHOBHas 1je/1b — KOHEYHO, CO34aTh U nogaep>KmBaTb pe3epBHYIO 6aay JaHHbIX


https://www.postgresql.org/docs/current/static/logical-replication. html
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Ha CTy4aii BbIXO[A CUCTEMBI 13 CTPOst. OCOGEHHO 9TO OTHOCUTCS K (GU3MUeCKOoii pe-
Kauyy. OJHAKO PeIIMKALNMIO0 MOKHO VICIIOJIb30BATh Y /IS IIOBBIIIIEHMS TIPOU3-
BOIMTENbHOCTM DelieHMs] Ha OcHOBe PostgreSQL. VHorma nss peanmsanuyu KOM-
IJIEKCHBIX CIIeHAPMEB MaCIITa0MpOBaHMs BEIOMPAIOT CTOPOHHME MHCTPYMEHTHI.

MacwrabupoBaHue Ha 60bLIOE KONMYECTBO 3aNpPOCOB

PaccMoTpuM cucTeMY, pacCCUMTaHHYIO Ha 06pabOTKy OUeHb OOJIBIIOTO KOJIMYECTBA
3aIlIpoOCOB Ha uTeHMe. Hampumep, 3TO MOXET ObITh IPWIOXKEHMe, peaausyioliee
okoHeuHyto Touky HTTP API, koTopas mpu3BaHa Moagep>kaTh aBTO3aBepllieHre Ha
Beb-caiiTe. Bcsikuit pas, Kak M0Ib30BaTelb BBOOUT CMMBOJI B GOPMY, CCTEMA UIIET
B 6a3e JaHHbBIX 0ObEKTHI, HA3BaHMSI KOTOPBIX HAUMHAIOTCS y3Ke BBEIeHHO CTPOKOIA.
Takux 3aIIpoCOB MOXKET ObITh OYEHb MHOTO, [IOTOMY UTO OJJHOBPEMEHHO paboTaeT
MHOTO I10JIb30BaTesei, KaxkAblil M3 KOTOPbIX MMOPOXKAAET BCE HOBBIE 3aITPOCHI. UTO-
OBbI CITIPaBUTBCSI C ITOI JIaBMHOI, 6a3a JAHHBIX JOJIKHA 3a1€iiCTBOBATh HECKOIbKO
MPOIIeCCOPHBIX siep. EcM umcao 3ampocoB MO-HACTOSIEMY BeTUKO, TO KOJTUYeCT-
BO sIiep MOsKeT MPeBbICUTh BO3MOXXHOCTY OGHOTO KOMIIbIOTEPA.

To ke OTHOCUTCS K CHCTeMe, KOTOpast O/DKHA 00pabaThiBaTh HECKOIBKO «TSIKe-
JIBIX» 3aTIPOCOB OAHOBPEMEeHHO. [laske eciu 3alpoOCOB HEMHOTO, HO KaXKIbII 3 HUX
CJIOKeH, 3ajleficTBOBaHMEe MaKCHMMajbHO BO3MOKHOTO KOJIMYECTBA IIPOIeCCOPOB
MOKET JATh BBIMTPBIII B IIPOM3BOAUTENbHOCTM. OCOGEHHO €M BhITOJHEHNE 3a-
MIPOCOB paclapayieinBaeTcs.

B 1omo6HBIX CUTYAIMSIX, KOT[Ia OfHA 6a3a JaHHBIX HEe CIIPABIISIETCST C HATPY3KOii,
MOYKHO 3aBECTY HECKOJIbKO 6a3, HACTPOUTb PEIUIMKALIMIO B HUX IJIaBHOI 6a3bl U Op-
raHM30BaTh MPUJIOKEHME TaK, YTOOBI OHO HAIPABJISIIO pa3HbIe 3aMPOChl PA3HBIM
6a3am. [TpuIokeHre MOKHO HAy4YUThb 3aMpalinBaTh JaHHbIE Y pa3HbIX 0a3, HO JIJIsS
9TOT0 HeoOXoIyMa CITel[aIbHasi apXMUTEKTypa YPOBHSI TOCTYIIA K TaHHBIM, HATIPU-
Mep Takasl, Kak IToka3zaHa Ha PUCYHKe HIDKe.

@ [naBHas
; % \ 6aza
_—> MpunoxeHne —>
EE—
— 3 '
- SPEI‘IHMKE\LLMH
Monb3oBatenn 3anpocsl 3anpocbl

k0ase  Ppenauku
6a3bl JaHHbIX

I'Ipvmox(eHme, onpalwunearoLlLee HeCKOIbKO penink 6a3bl AaHHbIX

Ilpyroii BapuaHT mpemiaraeT nmporpamma Pgpool-II, o MoxkeT paboTaTh Kak
0aJlaHCUPOBIIMK HArpy3Ky, MOCTABAEHHbIN Mepel HeCKOAbKUMM 6a3aMy JTaHHbIX
PostgreSQL. 3ta nmporpamma mpemocrasisier SQL-uHTepdeiic, TaK UTO MPUIOKe-
HMSI MOTYT paboTaTh Tak, OYATO 3TO HacTosIuit cepBep PostgreSQL. A mporpamma



7

MNpuMeHeHne pennunkauum ang MacwrtabuposaHus PostgreSOL  « 389

HaIIpaBJIsieT 3aIIPOChI 6a3aM, Y KOTOPBIX B ,ZLaHHbIVI MOMEHT MeHbIIIe BCero 3arpo-
COB, T. €. 6aJTaHCUPYeT HAarpy3Ky.

3anpocbl . [naBHas
3 > 4
_ 5 —> —r \ 6a3a
— = S8 <83
—_—> —>
_)i < 3 /PEI'IHMKaLlMFI
Monb3oBatenu 3anpocbl 3anpocsbl

K base K 633e  pennyku
6a3bl JaHHbIX

MpumeHeHune Pgpool-Il gng 6anaHCcMpOBKM HArpy3Kku Mexay cepeepamu 6a3 AaHHbIX

HomonunuTenbHble cBemeHMs o Pgpool-II cm. Ha catite http://www.pgpool.net.

Elie ogHa BO3MOKHOCTb — MaCIITabMPOBATh IIPUJIOKEHVE BMeCTe ¢ 6a3aMy JaH-
HBIX, TAK UYTOOBI KaXKIbIV SK3EMIUISP MPUIOKEHMS TTOIK/IIOUAICS K CBOEMY 9K3€eM-
1Py 6a3bl JAHHBIX. B TAaKOM CTydae 1oab30BaTeb JOKEH ObLT ObI IOAKITIOUATHCS
K OAHOMY 13 HECKOJTbKMX 3K3eMIUISIPOB, UTO JIETKO Pean30BaTh C IOMOIIbI0 OaaH-
cuposuiuka HTTP-Harpysku:

3anpocsl K 6aze

—
5> —7 \ 6asa
<_
_ = [ — &5
—> B
” 3 > ﬁ’ennmaum
Monb3oBaTenu _ —>
3anpochbl —>

Pennukun
6a3bl AaHHbIX

PaspeneHune paHHbIX

Eciu ipo6iemMa 3aKk/II04aeTcst He B KOIMUeCTBe OMHOBPEMEHHbIX 3aIlIpOCOB, a B pa3-
Mepe 6a3bl JaHHBIX ¥ CKOPOCTM BBITIOJIHEHUSI OSHOTO 3aIpoca, TO HY)XeH Ipyroi
roaxof. JIJaHHbIe MOKHO pasgennTh MeXIY HeCKOMbKMMM cepBepaMu, KOTopbie 6y-
IyT ONpalIMBaTHCS MapajebHO, a 00beIMHEeH e YACTUYHbBIX PE3YIbTATOB B OKOH-
yaTebHbIM 6YIeT MPOMU3BOAUTLCS 3a IpeaenaMy 6asbl JaHHBIX. DTa Maes Ha3biBa-
eTcsl pasaeiieHneM JaHHbIX (data sharding).

PostgreSQL nipenjiaraet MeTog, pa3aeneHnsi, OCHOBaHHbIN Ha CEeKIIMOHUPOBaHUM
Tab/IMII, KOTIa CeKIMM pa3sMeIlaloTcsl Ha pasHbIX CepBepax, a IJIaBHbIM cepBep pac-
CMaTpMUBaeT UX KaK BHEIIHME TabauIibl. Mbl yiKe Kacaauch TeEMbI CEKIIMOHMPOBAHMS
B aBe 8, mocssinieHHo OLAP, a TeMbl BHEeITHMX Tabiuil — B 1aBe 14. Buas sampoc,
aJipeCOBaHHBIN POIUTENBCKON TabMMIle, IJIABHBIN CepBep MOXKET ITPOaHaIMU3UPO-
BaThb (Dpa3y WHERE 1 oIlpemesieHusT CEKIIMI, YTOOBI TTOHSTh, KaK/e CEeKLUM COepsKaT
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3ampalliuBaeMble JaHHbIe, ¥ TOJbKO UX U ONpalnBaTh. MHOTA, B 3aBUCUMOCTU OT
3aIpoca, CoeIMHeHe U arperupoBaHye MOKHO BBIIIOJTHUTD Ha YAAJl€HHbIX cepBe-
pax. K coxkanennto, PostgreSQL He MoskeT OnpaimBaTh pa3janyHble CEKIUY Mapan-
nenbHO. Ho pa6ora Ham 3TUM BefeTcs], U, 6bITh MOXKET, B OYAYIIMX BEPCUSIX TaKast
BO3MOYKHOCTb TTOSIBUTCSI. HO 1 TO, UTO eCTh ceiiuac, y>ke MO3BOJIsSIeT TTIOCTPOUTD pe-
IIeHue, B KOTOPOM IIPMIOKEeHMST OYIyT MOAKIIOUAThCS K OHOM 6a3e JaHHBIX, a Ta
(bu3udecky repeHarpaB/siTh 3aIPOCHI K Pa3JIMUHbIM 6a3aM B 3aBUCUMOCTH OT TOTO,
Kakye JaHHbIe 3aMpanmMBaloTcs. ECM 13 pa3inyHbIX CeaHCOB 3aIpalllMBalOTCs pas3-
Hble JaHHbIE ¥ CEKLIMOHMPOBAHME ITPOEKTHPOBAIOCH C YUETOM 3TOTO, TO BBIMIPBILI
B MPOU3BOAUTENbHOCTY HATULIO.

AnropuTMBI pasiesieHNs: JaHHBIX MOXXHO BCTPOUTD U B TIPUJIOKEHMS HA OCHOBE
PostgreSQL. CyTb B TOM, UTO IPWIOKEHME TOJKHO 3HATh, B KAKOJi 6a3e Kakue JaH-
HbIe HAXOJSITCSI. DTO 3HAUUTENbHO YCIOXKHSIET TPUIOKeHNe.

Emje onHa BO3MOKHOCTb — BOCIIO/Ib30BAThCSI OLHMUM U3 MMEIOLMXCSl Ha PbIHKE
pelieHn’i ¢ pasaeieHreM JaHHBIX: KOMMePUeCKUX UK C OTKPBITBIM MCXOAHBIM KO-
oM. Y Bcex HUX CBOM TUTFOCHI M MUHYCBI, HO €CTh Of/Ha 00I1ast UepTa — OHM OCHOBAHbI
Ha cTapbix Bepcusix PostgreSQL 1 He MCMONB3YIOT MOC/IeHME HOBIIECTBA (MHOTAA
rpepjarasi BMECTO HUX COOCTBEHHBIE CPEJICTBA).

OnmHO U3 caMbIX IMOIYJ/ISIPHBIX pellleHMiI Ha OCHOBE pasfeneHus JaHHbIX — Post-
gres-XL (https://www.postgres-xl.org), B KOTOpOM peayiM30BaHa apXUTeKTypa 6e3
COBMECTHO MCIIO/JIb3YEMBbIX PECYPCOB C HeCKOMbKMMU cepBepamu PostgreSQL. Cu-
CTeMa COCTOUT U3 HECKOIbKMX KOMIIOHEHTOB:

O HeCKOJIbKO y3JI0B JaHHbBIX: UCTIO/Ib3YIOTCS /1151 XpaHEeHUS JaHHBIX;

O emMHCTBEHHbIVI INIOOAJIBbHBIN MOHUTOP TpaH3akiuii (CMT): ymnpasiser

KJIaCTepoM, obecrieunBast rI106aJIbHYI0 COTJIACOBAHHOCTD TPAH3aKIINIA;

O HecKO/IbKO Y3JI0B-KOOPAMHATOPOB: MOANepXUBAIOT MOAK/IIOYEHME TI0JIb-
30BarTesielt, MOCTPOeHNe TIJIAHOB BBITIOTHEHUST 3alIPOCOB U B3aMMOIeliCTBIE
¢ I'MT u y31amu IaHHBIX.

Postgres-XL npenocrasnsieT Takoli ke APl kak PostgreSQL, mosTomy npunoxe-
HUIO He HYKHO 00paliaThCs K HeMy KaKMM-TO 0CO6bIM 06pa3om. PerieHne coBmec-
Mo ¢ ACID, T. e. mogmepXuBaeT TPaH3aKUMM U OrpaHUYEHUS] LETOCTHOCTU.
Komanpa COPY ToxKe Mo Aep>K1BaeTCsl.

[Tepeuncinum oCHOBHbIE AOCTOUHCTBA Postgres-XL:

O uTeHMe MacIITabMPyeTCs MMOCPEICTBOM A0OABIEHNS Y3/I0B TaHHBIX;

O 3amuch MacIITabupyeTcs MOCPeNCTBOM 106aB/I€HMS Y3/I0B-KOOPAMHATOPOB;

O Texymas Bepcusi Postgres-XL (Ha MOMEHT HaIlMCaHMs KHUTM) OCHOBaHa Ha
Bepcuu PostgreSQL 9.5, OTHOCUTETBHO HOBOIA. Y3Ke MOCTYITHA aibga-Bepcust
Postgres-XL, ocHoBaHHas Ha PostgreSQL 10.

OcHOBHOJI HemoCTaTOK MporpamMmmbl Postgres-XL cOCTOUT B TOM, UTO B Hee He
BCTPOEHBI CPeNICTBA 06eCIieueHnsT BbICOKOI mocTynHocTh. C yBeTMYeHeM KOJIH-
YyeCTBa CEPBEPOB B KJIACTEPe BO3PAaCTaeT M BepPOSITHOCTb OTKa3a Jro60ro u3 Hux. ITo-
3TOMY HY)XHO aKKypaTHO CO3/1aBaTh pe3epBHbIe KOIIMM WM CAaMOCTOSITE/IbHO Opra-
HM30BaTh PeIUIMKaLMIO Y3JI0B TaHHBIX.


https://www.postgres-xl.org
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Postgres-XL mocTaBJsIeTCsI C OTKPBITHIM MCXOAHBIM KOJIOM, HO TIPe/IJTaraeTCs Tak-
’Ke KOMMepuecKasi TofJepsKKa.

YromsiHeM Takke mporpammy Greenplum (http://greenplum.org). OHa mosuiiuo-
HUPYeTCs Kak peaansalys MacCoBO-TIapajliebHOM 6a3bl JaHHBIX, peJHa3HaAYeH-
HOI1 CIenyagbHO [/ XpaHWIUIL JaHHbIX. CCTeMa COCTOUT U3 (JIeAYIOIIUX KOMIIO-
HEHTOB:

O rmIaBHBINM y3eJ1: YIIpaB/sgeT MOAK/II0YeHeM TOIb30BaTelell, CTPOUT MJIaHbl

BBITIOJIHEHUSI 3aMIPOCOB, YIIPABJsieT TPAaH3aAKIVSIMU;

O y31blI JAaHHBIX: XPAHST JaHHBIE U BBIMOIHSIIOT 3aIIPOCHI.

Greenplum Taxxke peannsyeT PostgreSQL API, Tak uTO MpuIO>KeHMEe MOKET TO/I-
KITI0YaThCs K 6ase maHHbIX Greenplum 6e3 Kakux-11bo M3MeHeHMit. TpaH3aKIUu
TOJITe P>XKUBAIOTCSI, HO TTOJTeP>KKa OTpaHMUeHUT [IeJIOCTHOCTY oTpaHnveHa. KomaH-
na COPY rmonmepskKMBaeTCs.

[TepeunciiumM OCHOBHBIE TOoCcTOMHCTBA Greenplum:

O uTeHMe MacIITaOUPyeTCs MOCPEICTBOM A06aBIEHNS Y3/I0B TaHHbBIX;

O monmepkuBaeTcs CTONOLIOBAs OpraHM3alNs TabINIl, YTO TOEe3HO IS Xpa-

HWIUIL JAHHBIX;

O moppepkuUBaeTCs CkaTue TaHHBIX;

O cpenmctBa obecrieueHMs] BBICOKOIM TOCTYITHOCTM BCTPOEHBI M3HAYAIbHO.
MoskHO (M peKoMeHIyeTcs) JoGaBUTh BCIIOMOTaTeIbHBIN TJIaBHBI cepBep,
KOTOPBIii OGyIeT mepexBaThIBaTh YIIpaB/ieHNE B CJlyuae OTKa3a OCHOBHOTO.
MoOsKHO TakKe BKIIOUUTD 3epKaja y3/J0B JaHHBIX IS TIpeIoTBpalieHus mo-
Tepu JaHHBIX.

Ho ecTp 1 HeoCcTaTKU:
3aIMCh He MaciITabupyeTcs. JIro6ast orepanys 3armcy IPOXOAUT uepes emanH-
CTBEHHBbIII [TIaBHBII cepBep — U ToOaBIeHe Y3/I0B JaHHbIX HUUYETO He JacT;
B ocHoBe jiexkuT PostgreSQL 8.4. B Greenplum peann3oBaHO MHOXECTBO
YJIy4IIeHUi i ¥ HOBBIX BO3MOYKHOCTEN, HO TI0 CYIIeCTBY 3TO BCe-TaKy OUYeHb
cTapasi Bepcusi;

O Greenplum He TofIepsKMBaeT BHELTHME KITIOUM, a TTOAAEPKKA OrpaHMUeHI I
YHUKAJIbHOCTU OTPaHUYEHa.

CylecTByeT KOMMepueckoe 1 OTKpbIToe n3gaHme Greenplum.

Macm‘raGupOBaHue C pOCTOM HUCNa NOAKNIOYEHUN

Elle omyH BU, MacIiTaGMpoOBaHKs BO3HMKAET, KOTIA UMC/IO MOAK/IOUeHiT K 6ase
IAaHHBIX OYeHb BeIMKO. B r71aBe 15 MbI yyke TOBOPUIIM O ITyJie COeAMHEHMIt: mouemMy
OH HeoOXOIMM ¥ B UeM ero npeumyniectsa. Ho Korma ogHa 6a3a JaHHBIX VCIIOTb-
3yeTcsl B cpefie, rae paboTaeT MHOXKECTBO MMUKPOCEPBIMCOB U Y KaXKIOTO eCTh CBOI
ITyJI COeIMHEHMIA, TO Taske ecI OHY B COBOKYITHOCTM BBITIOJIHSIIOT He TaK 3K MHOTO
3aIIPOCOB, KOJMUYECTBO MOIKIIOUEHNIT MOKET JOCTUTATh COTEH, a TO U Thics4. Kask-
Ioe TTOIK/IIoUeHKe TIOTpebiseT pecypchl cepBepa, Tak UTO OJHO JIMIIb TpeboBaHMe
MO IeP>KUBATh TPOMATHOE UMCIIO COeMMHEHMIT MOXKET COCTaBUTh IIPO6IeMy, maske
eC/IM He TIPMHMMATh BO BHMMaHMe 3aTIPOChHI.
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Ecu 6bI TPUJIOSKEHUST He UCITOb30BAJIU ITyJT COeIMHEHMIA, 8 OTKPBIBAIN ObI CO-
eIVTHEHUSI, TOJIbKO KOT/Ia HY>KHO OTPOCUTD 6a3y JaHHBIX, & TIOTOM CPa3y 3aKPbIBAJIN,
TO BO3HMKJIA ObI IpyTast mpobeMa. YCTaHOBJIEHME COeJMHEeHMS ¢ 623071 JaHHBIX 3a-
HUMaeT BpeMs. He oueHb MHOro, HO KOIZa 4MCJIO TaKMX OIlepalnyii OrpOMHO, U3-
Jlep’XKM MOTYT OKa3aTbCsl BECbMa 3aMeTHBIMMU.

CywectByer mHcTpyMeHT PgBouncer (https://PgBouncer.github.io/), KoTopsbIit
peanusyeT GYHKIMOHAIBHOCTD Iysa coequHeHuii. OH MOXeT MPUHUMATh 3aIpo-
ChbI Ha MOAK/IIOUEHME OT MPUIOKEHMIT TaK, OyATO sIBsieTcst cepBepoM PostgreSQL,
M OTKPBIBATh OTPAHMUYEHHOE YMCIIO COeVTHEHMT ¢ 6a30it JaHHbIX. OH TOBTOPHO UC-
MIO/Ib3YeT OLHU U Te JKe COeIVMHEeHMs IJI Pa3INUYHbIX IPUIOKeHNUI. YCTaHOBIEHVE
coenvHeHUs ¢ PgBouncer mpoucxoanT ropasio 6sicTpee, YeM ¢ HACTOSIIIel 6a30ii,
nmoromy 4To y PgBouncer HeT HeO6X0AMMOCTY MHULIMATU3MPOBATH CEPBEPHBII MTPO-
11eCc, KOTOPBIii 6yIeT 06CTy>KMBATh CeaHC.

Cxema pabotsl PgBouncer npezacrapieHa Ha pUCYHKE HIDKE:

Mpunoxenne
Mpunoxeue pgbouncer | F----------- f@
Mpunoxenune

PgBouncer B ponu nyna coeanHeHui

PgBouncer ycTaHaB/IMBaeT HECKOJIBKO COeIMHeHMIT ¢ 6a30ii JaHHbIX. Korma mpu-
JIo)keHMe Tonkiaovaetcsa K PgBouncer 1 HaunHaeT TpaH3akuuioo, PgBouncer Boife-
JIIeT eMy CYIIeCTBYIIee coelnHeHue, nepeHanpanisieT Bce SQL-KoMaHbl 6a3e
IAHHBIX M BO3BpalllaeT pe3yJbTaTbl NPpUIOXKeHM0. [10 3aBeplieHUM TpaH3aKLUUNU
PgBouncer oT6upaeT coenyiHeHNe Y IPWIOKEHMS, HO He 3aKpbIBaeT ero. Ecim apy-
roe IpuaoKeHMe HauHeT TPaH3aKIINIOo, TO MOXKET ObITh MCIIOb30BAaHO TO K& caMoe
coefiHeHMe.

Pgbouncer MokeT Takyke BbIIEJSITh IPUIOKEHNIO COeIMHEeHe B Havyase Kaskaoi
SQL-koMaHAbI. ITO TONE3HO, KOT[Ia MPUIOKEeHe OTIIPaBJIsIeT TOMbKO 3alpOChl Ha
UTeHUe, HO YMCJIO TaKUX 3aIlpOCOB BeNMKO. Ellle OIMH BapMaHT — BbILEIUTDb COeIU-
HeHMe Ha BCe BpeMSs XXU3HU NpuIokeHus. [Ipy 5TOM COKpaljatoTcs HakIagHble pac-
XO[bl HA YCTAHOBJIEHME COeIUHEeHUI, HO KOJIMYECTBO CaMIX COeMHEeHUI He YMEeHb-
1IaeTcs.

PEe3ioME

B 3T0i1 raBe Mbl 06CYIVIIM ITPOOGJIEMBI CO3IAHMSI MACIITAOMPYEMBbIX HPUIOKEHNUI
Ha ocHOBe PostgreSQL, korga 3a7eliCTBYIOTCSI peCypCbhl HECKOJIbKMX CEpBEpPOB. Y Ta-


https://PgBouncer.github.io/

7

Pesiome < 393

KIX CHCTEM eCTb eCTeCTBeHHOE OrpaHMUYeHle — HeBO3MOKHO OTHOBPEMEHHO obec-
TeYNTh TTPOMU3BOIUTENBHOCTD, HAJIESKHOCTb U COTJIACOBAHHOCTh. MOXKHO YIy4IIUTh
KaKo¥i-TO OfMH acMeKT, HO OCTa/IbHbIe TIPM 3TOM ITOCTPaJaloT.

PostgreSQL mpepjiaraeT HECKOJIbKO CITOCOO0B OPTaHM30BaTh PEIIMKAIINIO, KOT-
Ila TIOIepsKMBAeTCs aKTyalbHas KOmMus 6a3bl JaHHBIX Ha IPYTrOM CepBepe WiIn He-
CKOJIBKUX cepBepax. PermKaiyio MOKHO UCIIOIb30BaTh JIJISI CO3JJaHMUsI pPe3epBHO
KOITMY WJI Pe3epBHOTO cepBepa, KOTOPbIi GepeT Ha cebs yrpaBjieHne B CIyyae OT-
Kaza OCHOBHOro. C MOMOIIbIO PeriMKalyy MOKHO Takske MOBBICUTD ITPOU3BOIM-
TeJIbHOCTh MPOTPaMMHOI CUCTEMBbI, pacripeie/iMB Harpy3Ky MexXay HeCKOIbKUMU
cepBepaMy 6a3 JaHHbIX.

VHorma BO3MOXKHOCTeN peruiMkauuu, rnpeajiaraemorx PostgreSQL, HemocTaTou-
Ho. CyIllecTBYIOT CTOPOHHME pelleHNs], pean3yIoliie JOTIOMTHUTEIbHYI0 (PYyHKIMO-
HasbHOCTB. Hammpumep, Pgpool-II urpaet ponb 1yna coeguHeHunit, a PgBouncer pa-
60TaeT Kak 6aaHCUPOBIINK HArpy3Ku. ECTh 1 6oJee CJI0KHBIE pellieHst Ha OCHOBE
Koma PostgreSQL, crioco6HbIe XpaHUTh YaCTH JaHHBIX B PasHbBIX y3J1ax M OMpaliy-
BaTh X OJHOBpeMeHHO. TeM caMbIM CO37jaeTCsl MHOTOCepBepHas paciipeiesieHHast
6a3a TaHHBIX, CIIOCOGHAst 06pabaThIBATh OTPOMHbIE MACCUBBI TAHHBIX U CITPABIISITh-
Cs1 C OUeHb BBICOKOIT Harpy3Koii. Mol yrioMmsinyiu Postgres-XL u Greenplum, HO eCTb
Y IpyTHe pelieHns] — KOMMepUuecKye 1 C OTKPBITHIM MCXOIHBIM KOIOM.
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