MpoynTaB 3Ty KHUTY, Bbl HAYYNUTECh CO3AABATb AMHAMHYHbIE KOPNOPAaTUBHbIE
NPUAOXKEHHUSA Ha OCHOBe nocAeAHei Bepcum CYBA PostgreSQOL, koTopasi no3BoAsieT
aHaAMTHKaM 6e3 TpyAa NPOEKTUPOBaTh GU3NYECKME U TEXHMYECKMUE acneKTbl CUCTEMHONM
apPXMTEKTYPbI.

FaHc- Lé
aHc-lOpreH LUéHur

MpuBOAUTCS BBEAEHUE B HOBble GYHKLMOHAAbHbIE BO3MOXHOCTHU PostgreSQL, 6Aaropaps
KOTOPbIM MOXXHO pa3pabaTbiBaTb 3P PeKTUBHbIE H OTKA30YCTOHYMBbIE MPUAOIKEHMUS.
MoApo6HO onKcbiBaeTca nepeAoBbie cpeAcTBa PostgreSQL, BKAIOYAs AOTMYECKYIO
PenAMKaLMIo, KAacTepbl 6a3 AQHHbIX, ONTUMMU3ALMIO NPOU3BOAUTEAbDHOCTH, MOHUTOPUHT
M ynpaBAeHHe NOAb30BaTeAMU. He ocTaBAeH 6€3 BHUMaHWS ONTMMM3ATOP 3aNpPOCoB
PostgreSQL, koHdurypupoBanue CYBA AASl AOCTXKEHUS BbICOKOT0 GbICTPOACHCTBUS

1 nepexoA ¢ Oracle Ha PostgreSQL. PaccMaTpuBalOTCS TPaH3aKUMK, GAOKMPOBKA, MHAGKCA
M onTMMM3aLua 3anpocoB. KpoMe Toro, onMcaHa HacTpoiiKa ceTeBOoi 6€30NacHOCTH,
OpraHu3auusa pe3epBHOro KONMPOBAHMS U PeNAUKALUK. B KOHLLe KHUIM NPUBEAEHbI
CBeAEHMS 0 MOAE3HbIX paclumpeHusax PostgreSQL.

, PostgreSQL 11
~ MacTepcTBo
' pa3paboTKu

KpaTKoe copepKaHue KHUTH:
° nepeAoOBble CPeACTBA U BO3MOXKHOCTH SOL B PostgreSQL 11;
* UHAeKcHpoBaHKe B PostgreSQL n onTMMMU3aLms 3anpoCcoB;

* XpaHUMble NPOLeAYpbI;

* pesepBHOE KONMMPOBAHHE M BOCCTAaHOBAGHHE;

* PenAMKaLMs U METOAbI OTPA6OTKM OTKA30B;

* MIOUCK W YCTPAHEHHe HeMmoAAAOK C 0630POM TUMTMYHDIX U He CAULLKOM
THNMYHBIX NPOGAEM;

* nepexoA ¢ MySQL u Oracle Ha PostgreSQL.
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06 aBToOpe

TFauc-IOpren Illenur 18 net paboraet ¢ PostgreSQL. OH sBjsIeTCS] TeHepaJTbHbIM
nupekTopoM kommauuu Cybertec Schonig and Schonig GmbH, oxasbiBarorieit
MOOAEPKKY ¥ KOHCYJIbTallMOHHbBIE YCIyTH nob3oBaTenssMm PostgreSQL. Komnanus
YCITeIIHO 0OCTY>KMBaeT 6eCUMCIeHHbBIX 3aKa3UMKOB 110 BceMy Mupy. [lepen Tem Kak
ocHoBaTh Cybertec Schonig and Schonig GmbH B 2000 rozy, oH Tpyawuics paspaboT-
yMKOM 0a3 HAHHBIX B UAaCTHOM MCC/IeNOBATENbCKOV KOMITaHUM, U3ydaBIleil aBCT-
PUICKUIT PBIHOK TPY[A, TIe 3aHMMAJICS B OCHOBHOM J00bIUe TaHHbIX U MMPOTHOC-
TUYECKUMU MoaensaMu. Harmucan HeCKoimbKo KHUT 0 PostgreSQL.



O peueHseHTe

Ilenmon llITpayx — BeTepaH C 23-I€THUM OIIBITOM KOHCYJIbTUPOBAHUS TAKUX KOM-
rmaHuii, kak IBM, Sears, Ernst & Young, Kraft Foods. VimeeT cTerneHb 6akagaBpa 110
OpraHM3aluUyU yIIpaBaeHus], TpUMeHsIeT CBOM 3HAHMS, YTOOBI TTIOMOUb KOMITAHUSM
caMoornpenenuTbcs. B cdepy ero nHTepecoB BXOAAT cOOp, yIIpaBieHMe U TIITyOOKMit
aHa/IM3 TaHHBIX, KAPTHI U UX TIOCTPOeHMe, OM3HeC-aHAMUTUKA U TIPMMeHeHMe aHa-
JIX3a JAaHHBIX B 1e/ISIX HEeIIPEPhIBHOTO YiIy4ullleHus. B HacTosi1ee BpeMs 3aHMMAeTCs
pa3paboTKO¥ CKBO3HOTO YIIPaBIeHUs JAHHBIMU U N0ObIUelt JaHHBIX B KOMITAHUU
Enova International, oka3siBatolieit (pyHaAHCOBbIE YCIYTU U PACIIONOXKEHHO B Un-
Karo. B cBo6omHOE BpeMs yBIeKaeTCsl MCKYCCTBOM, OCOOEHHO MY3bIKOI, U ITyTe-
1IeCTBYeT CO CBOe keHoi MapuinH.



Mpeaucnosue

BTopoe n3naHue 3TOM KHUTU ITPU3BaHO [TOMOYb BaM B CO3JaHUM AMHAMUYECKUX pe-
IIEHNI Ha OCHOBE 0a3bl JAHHBIX JIJISI KOPITOPATUBHBIX MIPUJIOKEHMIA, TIIe B Ka4ecT-
Be 6asbl UCITIONb3YeTCsT ITowTenHsIs Bepeyst PostgreSQL, Mo3BoISIOIIAsT aHATIUMTUKAM
6e3 Tpyza MPOEeKTUPOBATDh (Pr3MUECKIMe U TEXHMUECKIE aCTIEKThI CCTEMHO apXu-
TEKTYPBbI.

KHura HaumHaeTcs BBefjleHMeM B mocjiefHe BO3MOKHOCTU PostgreSQL 11, koTo-
pbie HAI0T BO3MOXKHOCTD CTPOUTH 3D (PEeKTUBHbIE ¥ OTKA30yCTONUYMBLIE TPUIIOKEHMSI.
MbI TOApPO6HO pacCMOTPUM TTepeoBbie aciekThl PostgreSQL, BKITIOUast TOTMUECKYIO
PeIUIMKaINIO, KIIacTepbl 6a3 JaHHBIX, OITUMM3AINIO ITPOM3BOIUTETBHOCTY, MOHUTO-
PUHT U yIIpaBJieHMe T10/Ib30BaTe/sIMu. MbI Takoke TOKaXkeM, Kak Mojb30BaThCs OTITU-
musaTopom PostgreSQL, HacTpanBaTh 6a3y, Tak YTOObI OHA paboTaia MakCUMAaTbHO
6bICTPO, M Kak nepelitu ¢ Oracle Ha PostgreSQL. B miporiecce YTeHMsI KHUTY MbI [T03Ha-
KOMMMCS C TPaH3aKIMIMU, GIIOKMPOBKOI, MHIEKCAMM Y OIITMMM3aliyei 3a1IpoCcoB.

Kpome TOr0, BbI HAyUMTECH HACTPAMUBATh CETEBYIO 6€30TIaCHOCTD M UCITOIb30BATh
pesepBHbIe KOTIUM U perviKaiuio. Mbl Takke paccKaXkeM O MOJIe3HBbIX paciimpe-
HusX PostgreSQL, MO3BONMAIOIIMX YBEJIMUUTh ITPOU3BOIUTENBHOCTh MpU paboTe
¢ 6onpIIMMM 6a3aMy TAHHBIX.

[TpounTaB 3Ty KHUTY 0 KOHIIA, BbI CMOXKETEe BbIKATb 13 CBOEi 6a3bl BCe 0 Karlin
6;aromaps BBICOKOTEXHOOTUYHOM peann3anyy afMUHUCTPATUBHBIX 3a/1a4.

HA KOro PACCYMTAHA 3TA KHUTA

B 3TO#1 KHUTe pacCMOTpPEHBI CPeACTBa, BKItoueHHble B PostgreSQL 11, n mokasaHo,
KaK cOo3[1aBaTh 6oJiee KauecTBeHHbIe TpuaokeHus PostgreSQL 1 addekTMBHO af-
MMUHUCTPUPOBATh 6a3y naHHbIX PostgreSQL. Bbl ocBoMTe mepenoBbie BO3MOKHOCTYU
PostgreSQL u mpuo6peTeTe HaBbIKM, HEOOXOOMMbIe IS CO3MaHMs 3(PPeKTUBHbIX
peunieHu.

KPATKOE COOEPXXAHUE KHUTU

I'maBa 1 «O630p PostgreSQL» comepskut BBemeHme B PostgreSQL 1 cBemeHMs 0 HO-
BBIX CpeACTBax, MossBUBIINXCS B PostgreSQL 11.

B m1aBe 2 «TpaH3akuuu U GIOKMPOBKa» IMOKA3aHO, Kak Haubosee 3¢deKTUBHO
MUCTI0/Ib30BaTh TpaH3akuuu B PostgreSQL.

B rnmaBe 3 «Vcmonmb30BaHMe MHOEKCOB» OOCYKIAIOTCS MHIOEKCHI — UX TUIIBI, CIle-
HapUM UCIIONIb30BAHMS U peann3anysi COOCTBEHHOI CTpaTermu MHIEeKCUPOBaHMS.

I'naBa 4 «Ilepemosbie cpenctBa SQL» mocssimeHa coBpemeHHomy SQL 1 ero Bo3-
MOXKHOCTSIM. Mbl pacCCMOTPUM pasjiMuHbIe TUITbI MHOXXECTB U BOIIPOC O HalMCaHUM
COOCTBEHHBIX arPeraTos.
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B m1aBe 5 «)KypHaJIbl 1 CTaTUCTUKA CUCTEMbBI» OOBSICHSIETCST, KaK M3BJI€Yb ITOJIE3-
HBII CMBIC/I U3 CTATUCTVUKM 6a3bl JAHHBIX.

B r1aBe 6 «OnTMMmM3anms 3aIpocoB 151 JOCTVOKEHMS] MaKCUMaJIbHOM MPOMU3BO-
IUTETbHOCTY» TIOKA3aHO, KaK M1caTh 60j1ee GbICTpbIe 3apOoChl. MbI TaK)Ke IMTOTOBO-
PMM O TOM, UYTO JejlaeT 3aMpocC IVIOXUM.

B rnaBe 7 «HanucaHue XpaHMMBbIX TPOLEAYP» Mbl PACCMOTPUM Pa3aUUNs MEXIY
nponeaypamu 1 byHkiyusIMu. O6CYKIAIOTCS TakoKe XpaHUMble MPOIeNypbl, MUC-
M0/Ib30BaHye pacliMpeHnii M HeKOTOpble IPOIBMHYThIE BO3MOXHOCTY PL/pgSQL.

B rnase 8 «be3omacHoCTb B PostgreSQL» ommcaHbl TUITMYHBIE TTPOGIIeMbI Oe3011ac-
HOCTM, C KOTOPBIMM CTaJIKUBAETCSI pa3paboTUMK WM aIMUHUCTPATOP 6a3bl JAHHBIX
PostgreSQL.

I'maBa 9 «Pe3epBHOe KOIMPOBaHMe ¥ BOCCTAHOBJIEHMEe» II0CBSILeHa BOCCTaHOBIIe-
HIIO 6a3bI JAHHBIX U3 Pe3ePBHOII KON, a TAKSKE BOIIPOCY O YACTUYHOI BhITPY3Ke
TaHHbBIX.

B r1aBe 10 «Pe3epBHOe KONMPOBaHME U PeIUIMKALNSI» Mbl pACCMOTPUM KypHaJl
TpaHsakuii B PostgreSQL 1 06bsICHMM, KaK paboTaTh C HUM, UTOOBI TIOBBICUTD Ka-
yecTBO 1 6e3omacHocTs CYB/I.

B rnaBe 11 «ITose3Hble paciinpeHyst» 006CyKIar0TCsI HEKOTOPbIE HIMPOKO PaCIpO-
cTpaHeHHbIe paciunpenns PostgreSQL.

Temoii rnasel 12 «[ToucK M ycTpaHeHMe HelonagoK» SIBJISIOTCS aHa/IUu3 HEU3BeCT-
HOJ1 6a3bI JAHHBIX, BBISIBIIEHME Y3KMUX MECT, peleHe IpobieM, BO3HUKAIOIIVX TP
MOBPEKIEHUY CUCTEMbI XpaHEHUSI, M MHCIIEKLIMS HepabOTaIOIMUX PETUIUK.

ImaBa 13 «Ilepexon Ha PostgreSQL» mocsimeHa nepexony ¢ apyrux CYB]l Ha
PostgreSQL.

KAK BbIXXATb MAKCUMYM U3 3TOW KHUMU

Kuura HammcaHa JIjis1 IMMPOKOI ayauTopun. st TpopaboTKY MPUBEIEHHbIX TTPU-
MepOB XOPOIIO 6bI UMETbh HEKOTOPBIN OIBIT paboTsl ¢ SQL BoobIe u ¢ PostgreSQL
B YaCTHOCTH (XOTsI 3TO TpeboBaHMe Heobs13aTebHO). He moMelnaeT Takke 3HaKOM-
CTBO C KOMaHIHOI cTpokoi UNIX.

PA®UYECKME BbIAENEHUS

B aT0Ji KHUTe TPUMEHSIETCS PsII, COIIAIIeHMIi 0 rpaduuecKoM BbIIEIeHUN.

Koa B TekcTe: 3ape3epBMpOBaHHbIE CJIOBA, MMeHa Ta0aMIl 6a3bl JaHHBIX, MMEHA
rmamnox u ¢aiinos, URL-agpeca, JaHHbIe, KOTOpPbIe BBOAUT MOb30BaTeNlb, M aapeca
B TBUTTEpeE, HaTIpuMep: «SI m06GaBII0 B TAOIMUITY OIHY CTPOKY C ITOMOIIIbIO TTPOCTO
KOMaHIbI INSERT».

KomaH[pl ¥ MX pe3yabTaThl HAOpaHbl TAKUM HIPUMTOM:
test=# CREATE TABLE t_test (id int);

CREATE TABLE

test=# INSERT INTO t_test VALUES (0);
INSERT 0 1
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HoBble TepMIHbI, BasKHbIE (parMeHThI, a TAK)KE 3JIeMEHTBI IpapuUuecKoro MHTep-
(deiica B MEHIO MM AMAJOrOBBIX OKHAX HaGpaHbl MOMYKMPHBIM IPUEGTOM, Ha-
nipumMep «Bbibepute myHKT System info Ha manen Administration».

0 Tak 6yayT obopMAATLCA NPELyNPEXAEHUS U BAXKHbIE MPUMEYAHMS.

0 Tak 6ynyT 0bopMNSTLCSA COBETHI UM PeKOMEHAALNN.

OT3biBbl U NOXENAHMUS

MpbI Becerzia paJibl OT3bIBaM HAIIMX YMTATesIeii. PacckaxkuTe HaM, 4YTO BbI [yMaeTe 06
9TOI KHUTE — YTO TTIOHPABUJIOCh WJI, MOSKET OBITh, He TIOHPAaBUIOCh. OT3bIBbI BasKHbI
IUIST HAC, UTOOBI BBIITYCKATb KHUTM, KOTOPbIe OYAYT /IS BAC MAaKCMMAaJIbHO TTOI€3HBI.

Bpl MOkeTe HammcaTh OT3bIB MPSIMO Ha HallleM caiite www.dmkpress.com, 3aiiist
Ha CTpaHUIy KHUTU U OCTaBMB KOMMeHTapuii B paspene «OT3bIBbI U pPelLieH3UU».
Taxke MOXKHO IOCIATh MUCbMO IJTABHOMY pemakTopy no agpecy dmkpress@gmail.
com, MPY 3TOM HaMMIINUTEe Ha3BaHNe KHUTU B TeMe MMUChMa.

Ecwtn ecth TemMa, B KOTOPO#A BbI KBAIMMUIIMPOBAHBI, ¥ BbI 3aMMHTEPECOBAHbI B Ha-
MYCAaHUY HOBOJ KHUIM, 3aI0JHKUTE (JOPMY Ha HallleM caiiTe 1o agpecy http://dm-
kpress.com/authors/publish_book/ mnn HanuunTe B M34aTeJbCTBO IO agpecy dmk-
press@gmail.com.

CnucoK OnEYATOK

XOTs1 MBI IIPUHSIIM BCE BO3MOKHBIE MEPbI, [IJisI TOTO YTOObI YIOCTOBEPUTHCS B Ka-
YyeCTBe HAIMX TEKCTOB, OMMOKM BCe PaBHO CIydaroTcs. Ecyiu Bl HalimeTe ommoKy
B OJHO¥ M3 HAIIMX KHUT — BO3MOXHO, OLIIMOKY B TEKCTe UM B KoJe, — MbI OyemM
OueHb OJIaromapHsbl, €CIM BbI COOOHIMTE HaM O Helt. ChoenaB 9TO, Bbl M36aBUTE IPY-
TVMIX YMTATENei OT pacCTPOVCTB U ITOMOXKETE HaM YITyUIIUTD TTOCIeIYIOIIe BePCUm
ITAHHOM KHUTU.

Ewmi BbI HalijeTe Kakue-au60 OmubKM B Kofe, MOXKaIyiCTa, COOOIIUTE O HUX
[JIaBHOMY PefakTopy 1o aapecy dmkpress@gmail.com, 1 Mbl UCIIPaBUM 3TO B CJie-
IOYIOUIUX TUPayKax.

HAPYLIEHUE ABTOPCKMX MPAB

IMupaTCTBO B MHTEpPHETE IMO-TIPEKHEMY OCTaeTCs HACyIIHOI Mpobiemoit. M3ma-
TenbcTBa «IMK IIpecc» u Packt oueHb cepbe3HO OTHOCSTCSI K BOITPOCAM 3alllUThl
aBTOPCKMX TIPaB U JINLeH3UPOBaHMS. ECiin BBl CTONKHETECh B MHTEPHETE C He3a-
KOHHO BBITIOJTHEHHOI KOMMelt JI000ii Hallleii KHUTY, TTOKaayiicTa, COOOUIMTe HaM
azpec KOy uiu Be6-caiita, YTOObI Mbl MOIJIM IIPUHSTH MEPBHI.

[ToxkanyiicTa, CBSIKUTECh C HAMM IO afpecy 3JIeKTPOHHOM ImouThl dmkpress@
gmail.com €O CCBITIKOI Ha MOL03pUTeNbHbIe MaTepuabl.

MbI BBICOKO LIeHMM JIFOOYIO TTOMOIIb TI0 3aIlATe HALIMX aBTOPOB, [TOMOTAIOIIYIO
HaM [IPefoCTaBIsITh BAM KaueCTBeHHbIe MaTepualbl.
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lnaBa

0630p PostgreSOL

[Tpouwto yke HeMaJIo BpeMeHM C TeX MOop, Kak s Halucal ocJIefHI0I0 KHUTY 0 Post-
greSQL. { mpo1ien moaruii My Th U paji pacckasaTb 0060 BCEM, UTO Y3HAJ, B 9TOM MU3-
manuu «OcamBaeM PostgreSQL», rae ocBeleHbl KPyTble HOBIIECTBA, BOLIEAIINeE
B PostgreSQL 11.

PostgreSQL - omHa 13 caMbIX TIePeIOBbIX CHMCTEM 0a3 JaHHBIX C OTKPBITBIM MC-
XOIOHBIM KOJOM, B HeJi MHOTO BO3MOXKHOCTEN, IIMPOKO UCIOAb3yeMbIX KaK pa3pa-
60TYMKaMM, TaK ¥ CUCTEMHBIMU aAMMHUCTpaTOpaMu. A B Bepcuio PostgreSQL 11
nobaByieH psif, Bellleii, CIIOCOOHBIX CHeaTh 3TOT UCKIIOUMUTENbHbIN MPOAYKT elle
yCIeurHee.

B maHHO¥ KHMUTEe MBI TOAPOOHO PACCMOTPUM U 06CYIMM MHOTME U3 HUX.

Ora r71aBa IpecTasisieT coboit BBemeHne B PostgreSQL u rosiBuBIIMECs B Bep-
cun PostgreSQL 11 HoBiIecTBa. [leTaJibHO OMMCHIBAETCS YaCTh HOBOM (YHKIMO-
HaJIbHOCTU. YUUTBIBAsI OTPOMHOE KOJIMUYeCTBO M3MEHEHMI U caM pa3mep IpoeKTa
PostgreSQL, npencraBiieHHbIN CIIMCOK, KOHEUHO, JaJIeKO He I0JIOH, S CTapasCs Bbl-
IenuTh Hauboee BaKHbIe MOMEHTBI, MHTepeCcHble O0NbIIMHCTBY I10Tb30BaTeIEl].

PaccmaTrpuBaeMble B 3TO¥ I7IaBe CPefCTBA MOKHO Pa3bMUTh HAa HECKOIbKO KaTe-
TOpUIA:
4yT0 HOBOTO B PostgreSQL 11;
cpencTBa, oTHocsImyecs K SQL 1 K pa3paboTke,;
pesepBHOE KOMMPOBaHMe, BOCCTAHOBJIEHME U peIUIMKal s ;
MIPOM3BOLUTENbHOCTD.

Yro Hosoro B PosTGReESQL 11.0?

Bepcust PostgreSQL 11, Boiientiasi oceHbto 2018 r., mpeaaraeT Moab30BaTeNsIM CO-
BpeMeHHbIe CPeCTBa, Mojie3Hble paBHO IIpodeccroHasaM M HauMHawImuM. Post-
greSQL 11 — BTOpasi OCHOBHAS BepCUsl, HymepyeMasli B COOTBETCTBUM C HOBOJ Cxe-
MOIJi, TpuHATOI coobrrecTBomM PostgreSQL. Cremyromasi ocHOBHasI Bepcusl OymeT
nMeTh HOMep 12. CepBucHbIe Bepcuu 6yayT HasbiBaThes PostgreSQL 11.1, 11.2,
11.3 u T. . 3TO CylIeCTBEHHOE U3MEeHeHNe, TI0 CPaBHEHUIO CO CXeMOJ HyMepaiuu,
IeiicTBOBaBIIel M0 Bhixoma Bepcuu 10, MOITOMY Ha HEro cjiaemyeT 06paTUTh BHU-
MaHue.

0000
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Kakyio Bepcuio 1CIIonb30BaTh? PekoMeHAyeTcsl paboTaTh C CamMoil MocaemHeit.
HeT HMKaKOrO CMbIC/Ia HAUMHATh PaboTy, cKaskeM, ¢ Bepcun PostgreSQL 9.6. Ecin
BbI TOJIbKO TIPUCTYIIaeTe K UCIonb3oBaunio PostgreSQL, 6epure Bepcuio 11. B Post-
greSQL He 6b1BaeT medeKToB — COO6IIECTBO BCerma JaeT BaM paboTaroInii Ko, 1mo-
aToMy 60s1Thest PostgreSQL 10 vt PostgreSQL 11 He Hamo. OHY paboTaloT — 1 BCE TYT.

Hosble cpeacrea agMUHUCTPUPOBaHUA 6a3bl AaHHbIX

B PostgreSQL 11 MHOT0 HOBBIX CPeZCTB, IOMOTaIOL X CHU3UTD HAIrPy3Ky Ha aiMu-
HUCTPaToOpa U cAeNnaTh CUCTeMy 6oriee HaJleXKHO U CTaOMIbHOI.
OIHO 13 TaKUX CPeliCTB — BO3MOXKHOCTb 3a/1aBaTh pasmep cermeHTa WAL.

3adanue pasmepa cezemenmos WAL

IMepBas Bepcust PostgreSQL Boinuia 20 jieT Ha3a/I, U € TeX Mop pasMep OgHOTO daiiia
npensanucu (daina WAL) 661 paBeH 16 MB. B caMom Hauajie 9TO orpaHMYeHNe
Iaxke GbUTO 3aIlIATO B KO, HO BIIOCIEICTBUY CTAJIO TTapaMeTPOM BpeMeHY KOMITH-
nsuun. Haunnas ¢ Bepcuu PostgreSQL 11 pa3mep cermenToB WAL MOXKHO 3a/5aBaTh
B MOMEHT CO3JaHMs 3K3eMIUIsIpa, YTO JaeT aAMUHUCTPATOPY JOIMOJTHUTETbHBIN
pbIuar KOHGUTypupoBaHus u ontTuMmusaiuu PostgreSQL. B ciemyromem mpumepe
TOKAa3aHo, KaK 3aaTh pasmep cermeHTa WAL B MOMeHT 3arycka initdb:

initdb -D /pgdata --wal-segsize=32

Komanpa initdb cosmaer sx3eMIutsp 6a3bl JaHHBIX. OOBIYHO 3TOT BbI30B CKPBIT
B KAKOM-TO CKPUIITE OTEePAIMOHHOM CUCTEMBI: BAIIero JII0OMMOro AUCTPpUOYTHUBA
Linux, Windows uau uHoii. Tenepb y initdb mosiBuics mapameTp, ITO3BOJISTFOIINIA
3a7aTh TpebyeMbliit pasmep cermeHnTa WAL.

Kax y>ke 6bT0O CKa3aHO, IO YMOJTYaHUIO pa3Mep paBeH 16 MB, HO B 60/IbITMHCTBE
cJTyyaeB JiJ1s1 TIOBBIIIEHMS IPOM3BOAUTEIbHOCTY MMEET CMbICI €T0 YBeJINYUTh. Vc-
M0JIb30BaTh MEHBIINIT pa3Mep CTOUT, TOJIbKO eC/IM Bbl paboTaeTe C COBCEM KPOXOT-
HOJi 623071 JaHHBIX BO BCTPAauBaeMOJi CCTEME.

Kaxkoro BausiHuSsI Ha IpOU3BOAMUTEbHOCTD ClemyeT 0XkuaaTh? Kak Bcerga, Bce 3a-
BYICUT OT TOTO, UTO MIMEHHO BbI fieniaeTe. Eciin 99 % onepalinii, BHIIOTHSIEMbIX 623071
IAHHBIX, — YTeHMe, TO 3 deKT yBesmueHus: pasmepa cermeHToB WAL 6ymeT Hyme-
BbIM. Jla-ma, BbI He ocabimianivch — HYJIEBBIM. Eciiu onepaniuy 3ammuciyt BbITTOTHS -
IOTCSI, KOIJa cucTeMa IpocTauBaer 95% BpeMeHM U He IOABepraeTcsl cepbesHoit
Harpyske, To 3¢ dexT 6yaeT Hy/1eBbIM WM OJIM3KMUM K TOMY. BRIUTPBIIIT MMeeT MecTo,
TOJIBKO €C/IV B COCTaBe pabouelt Harpy3Ku MMpeBaIMPYIOT OIlepauuy 3amuciu. JIniib
B 3TOM Cjlyyae pasmep CTOUT M3MeHSITh. A eC/iv peub UAET O Mapouke OHJIAiHOBBIX
dhopmM, 3aI0THSIEMBIX CTyUYaliHbIM IIOCETUTEJIEM CaiiTa, TO K YeMy OTOPOJI TOPOIUTH?
OTa HOBAst BO3MOKHOCTb 3aUTPAET BO BCIO CMITY, TOJIKO KOTIA B 6a3e MPOM3BOAUTCS
MHOTI'0 M3MeHeHMI 1, CTaao 6bITh, B WAL IMIIeTCss MHOTO JaHHBIX.

YeenuuenHwlii queryid 6 pg_stat_statements
Ecnu BBl XOTUTE Cepbe3HO 3aHATHCS MIPOU3BOAUTENBHOCTHI0 PostgreSQL, TO cTOUT
MIPUITISLIEThCS K TIPeACcTaBaeHNIo pg_stat_statements. JIMuHO 51 cunTalo ero becieH-



18 <« 0630p PostgreSQL

HBIM MOJICTIOPbEM [IJISI BCSIKOTO, KTO XOUeT 3HaTh, UTO MIPOUCXOIUT B cucTeMe. Mo-
IlyJib pg_stat_statements 3arpyskaeTcsi B MOMeHT 3amycka PostgreSQL, eciu mporu-
caH B mapamertpe shared_preload_libraries, ¥ cobupaeTr cTaTUCTUUECKME CBEIEHNS
0 3aIpocax, BbIMNOIHSIEMbIX cepBepoM. [IpeacTaBieHye cpasy IMOKaxeT, eCIY UTO-TO
TIOILJIO He TaK.

B nmpencraBnenun pg_stat_statements MmeeTcs mose queryid, KOTOpoe IO CUX TIOP
cofiepkano 32-paspsaHbiit uaeHTUdUKATOp (BHYTPEHHUIA Xell-Kof). VIHorma 3To
MIPMBOOMIIO K TpobieMaM M3-3a KOJUIM3UM Kiroueit. Marnyc Xaranmep (Magnus
Hagander) B ogHOJi 13 CBOMX CTATe IMOACUNTAI, UTO ITOC/IE BHIMTOJTHEHMS 3 MJIPTI, 3a-
IPOCOB CcAeayeT oxkuaaTh mpumepHo 50 000 komsuii. [Toce mepexona Ha 64-pas-
PSAIHBIN queryid 9TO KOJIMYECTBO yMeHbIIaeTcs a0 mpumepHo 0.25 KoHGIMKTa Ha
3 MUIDJL, 3aIIPOCOB, UTO (JIEAYeT CUUTATh 3HAUUTEIbHbBIM YIyUIIEHUEM.

NwmeiiTe B BUIY, UTO €CJIM Bbl MCMOJb3yeTe B CBOUX CKPUIITAX MpeCcTaBieHNne
pg_stat_statements [IJIsT MMAaTHOCTUKM MPOGIIEM C IMTPOM3BOAUTENIBHOCTIO, TO TTOCTIE
nepexona Ha PostgreSQL 11 3T CKpUIIThI HY>KHO 6yIeT OOHOBUTbD.

yCOBepI.I.IEHCTBOBaHMSI B UHAEKCUPOBAHUU U ONTUMU3ALUU

PostgreSQL 11 mpepjaraet 1ieJiblii CLIEKTP YAydllleHHbIX QYHKIMIA JI1s1 aIMUHUCT-
pupoBaHus. He ocTanuch B CTOpoHe U MHIeKChl. K HMUM Kak pa3 OTHOCSTCSI OMHU U3
CaMbIX BasKHbBIX YCOBEPILIEHCTBOBAHMUIA.

Cmamucmuxa uHdexkca no 8blpaxceHuUr

s omTUMM3atuy MpocToro 3ampoca PostgreSQL aHamuM3upyeT BHYTPEHHIO CTa-
TUCTUKY. PaccMoTpum mpumep:

SELECT * FROM person WHERE gender = 'female';

B satom cnyuae PostgreSQL cMOTpUT Ha BHYTPEHHIOIO CTATUCTUKY U OLIEHMBAET
KOJINYECTBO KEHIIMH B Tabymuile person. Eciu oHo mano, To PostgreSQL 6ymeT mc-
MOJIb30BaTh MHIIEKC, a eCIy GOJIbINas YacTh 3aIuceil OTHOCUTCS K JKeHIIWHAM, TO
PostgreSQL mpearouTeT MocaegoBaTeIbHbIN MPocMOTp. CTaTUCTUKA COOMpPaeTCs
1o Kaxxgomy crosnbiry. Kpome toro, B PostgreSQL 10 mo6aBieHa BO3MOKHOCTb CO-
6MpaTh MEKCTOIOIOBYIO CTATUCTUKY (ITOCMOTPUTE CIIPABKY IO KOMaH/1e CREATE STA-
TISTICS). Xopoiast HOBOCTb COCTOUT B TOM, UTO PostgreSQL MokeT Takke coOUpaTh
CTaTUCTUKY IJIS1 PYyHKIIMOHATbHBIX MHAEKCOB:

CREATE INDEX idx_cos ON t_data (cos(data));

Ho 1o cux mop 66110 HEBO3MOKHO MCIIONb30BATh O0JIee CIIOXKHYI0 CTATUCTUKY TI0
(YHKUMOHATBHBIM MHIEKCAM.
PaccMOTpUM MpUMeD MHAEKCA 110 HECKOJIBKIUM CTOJIOIAM:

CREATE INDEX coord_idx ON measured (x, y, (z + t));
ALTER INDEX coord_idx ALTER COLUMN 3 SET STATISTICS 1000;

31ech Mbl MUMeeM MHAEKC M0 OBYM (I)I/I3I/I‘IECKI/IM cTonbLam u emre OAHOMY BUP-
TYaJIbHOMY CTOJ'I6L[Y, nmpeacTaB/JI€HHOMY BbIPpakKeHMEeM. HoBass BO3SMOXHOCTb M03-
BOJIF€T IBHO C06paTb 60JIbIIIe CTATUCTUKY IJIST TpeTbero CTOIIGL[a, KOTOprVI B IIpO-
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TUBHOM CiTydae GbLI Obl MOKPHIT HEONITMMAIBHO. B 3TOM MpuMepe Mbl TOBOPUM
PostgreSQL, uTO MO TpeThbeMy CTOJOIY B CUCTEMHOI CTAaTUCTUKE MOJDKHO OBITh
1000 3ammcesi. DTO MO3BOAUT ONTUMMU3ATOPY TOUHEE BBIYMCIUTD OLI€HKY U, 3HAUUT,
co3maTh 6ojiee KauecTBEHHBIN IJIaH — BechMa Iojie3Hoe TpubasieHnue 3¢hdekTuB-
HOCTY B HEKOTOPBIX CIIelIaaU3MPOBAHHbIX TPUTOKEHUSIX.

Ioxpsiearouiue uHoexcol

Bo MHOTrUX Ipyrux cuctemMax 6a3 JaHHBIX TaBHO YK€ CYIeCTBYIOT IIOKPBIBAIONIIVE
uHAeKcbl' . UTo 3T0 3HAUMT? PacCcMOTPUM CIeAyIOLMii IpUMep, IZe Mbl IIPOCTO BbI-
6upaem 13 TabIUIIBI IBA CTOIOIA:

SELECT id, name FROM person WHERE id = 10;

[Tpenmnonoxkum, UTO MMeeTCst MHAEKC 1Mo cTo01y id. B Takom crydae PostgreSQL
HajileT KJII0Y B 3TOM MHJEKCe, a OCTaJbHbIe MO/ TPOUMUTAET U3 TaOMUIIbl. ITO Ha-
3BIBAETCSI TPOCMOTPOM MHAEKca (index scan) 1 BK/IOYaeT oopaileHye 1 K MHAEeKCY,
1 K 6a30B0IJ1 Tabnuiie 1151 PopMUPOBaAHMS CTPOKI. PaHbIIIe 1)1 peIeHusI TPOoOJIeMbl
HYKHO ObUIO GBI CO37aTh MHIEKC IT0 IBYM CTOJIOIIAM, UTO ITO3BOJIMI0 661 PostgreSQL
BBITIOTHUTH MIPOCMOTP TOJBKO MHAeKca (index-only scan), a He MPpoCMOTp MHAEKCA.
Ecmi MHIeKe comepskuT Bce HEOOXOAMMbIE CTOIOIIBI, TO JOIIOTHUTEIbHBIX 00palle-
HUI K TabMIIe He HYKHO (KaK IMPaBuUiIo).

o BbibupaiTe ToNbKO CTONOLbI, KOTOPbIE LEMCTBUTENBHO HEODXOAMMDI, MHAYEe BCE MOXET 3a-
KOHUMTbCS BeccMbiCieHHbIM 06palleHMeM K Tabnumue. 3anpockl TMMNA MOKA3aHHOMO HUXe
B 06LLEeM C/lyyae CUMTAKTCS MAOXMMU C TOUKM 3pEHUs NMPOU3BOAWUTENbHOCTU: SELECT * FROM
person WHERE id = 10;

[Ipobnema Bo3HMKAET, eyt id JODKEH OBITh MEePBUYHBIM KIOUOM, HO IIPYU 3TOM
XOYeTCs, YTOObI MPY UTEHMUM LOTOTHUTETHHOTO CTOIOIA BBIMOMHSIICS MPOCMOTP
TOJTBKO MHJIEKCA. 34,eCh-TO Y IPUXOANUT HA MTOMOIIb HOBAsI BO3MOKHOCTb:

CREATE UNIQUE INDEX some_name ON person USING btree (id) INCLUDE (name);

PostgreSQL rapaHTHpyeT, 4To cToiber id 6yeT yHMKaJIbHBIM, HO IIPY 9TOM B MH-
IeKce OymeT XpaHUThCS AOTIOHUTEbHOE T107Ie, TAK UTO ITPU 3aITpoce 000MX CTOIOII0B
6yIeT mpou3BeeH MPOCMOTP TOMbKO MHAeKca. Eciu pabouas Harpyska npeumyie-
ctBeHHO TUna OLTP, To mpon3BOAUTEIBHOCTD MOXKET pe3KO Bo3pacTu. Pasymeercs,
TOUHbIE OLIEHKM ITPUBECTY TPYIHO, TIOTOMY UTO TaOIMITBI M 3aIIPOCHI Y BCEX pa3HbIe.

HapaJmeJleoe nocmpoeHue UHOeKco8

TpamuumMoHHO 17151 mocTpoeHus nHAeKca B PostgreSQL cepBep MCHOMb30BaI TOIBKO
oIHO TIpoiteccopHoe simpo. Ho PostgreSQL mcmonb3yeTcst BO Bce 6osiee KPYITHBIX CU-
cTeMax, II03TOMY CO3/laHMe MHEeKCOB CTAaHOBMJIOCh KAMHEM MPeTKHOBeHMs. U Torma
CO00I1IeCTBO HAYAIO TyMaTh O TOM, KaK YIyULIUTh COPTUPOBKY. [lepBblit miar — pas-

! ABTOp UCTIO/Ib3yeT TEPMUH «ITOKPbIBalOIIie MHAeKChI» Kak cMHOHUM INCLUDE-uHAeKcoB.

B opyrom pacrpocTpaHeHHOM 3HAUY€HUM «[TOKPbIBAIOUIVIM» Ha3bIBAETCS JIF060I MHIEKC,
copepskalimit Bce He06XoMMMbIe /15 3arpoca 3HaueHust. — [pum. ped.
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pelnTsb napaaienbHoOe oCTpoeHre B-gepeBbeB — yke peasin3oBaH B PostgreSQL 11.
B 6ymymux Bepcusix PostgreSQL mapasiienibHast COpTMPOBKA OymeT paspelieHa u st
OOGBIYHBIX OTIepaLnii (B Bepcuu 11 3T0, K COXaIEHMUIO, ellle He TOePKUBAETCS).

[MTapanienbHOE TOCTPOEHME MOKET CYIleCTBEHHO YCKOPUTDb CO3[laHe MHIEKCOB,
M MbI C HETEpPIIEHNEM KIeM AaTbHENIIMX ITPOPhIBOB B 3TOI 061acTy (Harpumep,
TIOAAePXKKY JIJIST MUHIEKCOB JPYTUX TUIIOB).

YnyuweHHoe ynpaBneHue Kelem

PostgreSQL 11 npepjaraet gOMOMHUTENbHbIE CITIOCOOBI YIIPaBIeHNs KellleM BBOAA-
BbIBOJA (pa3mensieMmbiMu Gydepamu). OCO6eHHO CTOUT OTMETUTh KOMAaHAY pg_pre-
warm.

YcoeepuiencmeosanHas Komanoa pg_prewarm
KomaHpia pg_prewarm MO3BOJISIET BOCCTAHOBUTDL COLEpsKMMOe Kellla BBOHA-BbIBOAA
PostgreSQL nocite nepesamycka. OHa CyIecTByeT yyke JOBOJIbHO AABHO U IINPOKO
npuMeHsieTcs mnojb3oBaTensimu PostgreSQL. B Bepcun 11 pg_prewarm AOIOJHEHA
" Terepb JOITyCKaeT aBTOMAaTUYECKYIO BBITPY3KY CIMCKa 6ydepoB ¢ peryaspHbIMU
MHTEepBaJIaMMU.

MosKHO TaKke aBTOMATMUYeCKM 3arpy3suTh CTapoe COOEepKMMOe Kellla, UTOOBI
HabmogaeMast IpoM3BOAUTEIbHOCTh He YXYAIIAIAch Mocie mepesarycka. OT aTux
YAYUIIeHNUiT BEIMTPAIOT CUCTEMbI C OOIBIIMM 00beMOM OIlepaTUBHOM MaMSITH.

YnyulieHHble OKOHHble (PYHKLMK

OxoHHbIe (PYHKIUYU U CPEICTBA aHATUTUKM — KPaeyrolbHbI KaMeHb JIF0007 cCoBpe-
MeHHO¥ peanusaiiuy SQL, TO3TOMY OHM IIMPOKO MCITONb3YIOTCS TTpodeccroHata-
mu. PostgreSQL yske TOBOJBHO JAaBHO TOAAEPKMBAaeT OKOHHbIe QYHKIMM, HO He-
KOTOpbIe BO3MOXXHOCTH, YIIOMSHYTbBIE B cTaHAgapTe SQL, 10 CuX IOp OTCYTCTBOBAJIN.
Termepb, B Bepcun PostgreSQL 11, mommepskuBaeTcs Bce, uTo Tpedyet ctanmapt SQL:
2011 B aTOI1 O6IACTM.
Ilo6aBieHbl CJIEAYIONIIE BO3MOKHOCTH:
O  RANGE BETWEEN:
— paHblile TOITbKO ROWS;
— Telepb NOAAEPXKUBAIOTCS 3HAUEHMST;
O wuckmoueHue ¢peiima:
— EXCLUDE CURRENT ROW;
— EXCLUDE TIES.

Il meMOoHCTpaluy HOBBIX BO3MOXKHOCTeN §1 BKIIOUMI Ipumep. IIpuBeneHHbIN
HIDKE KOJI, COIEepP>XKUT [iBe OKOHHbIe MyHKIMN. B 1epBoit UCIIONb3yeTCs TO, UYTO yKe
65110 B PostgreSQL 10 u panbiie. Bo BTopoit GyHKIMM array_agg MCK/TIOUAETCS TEKY-
1asi CTpoKa, 3TO HOBasi BO3MOKHOCTb, MosiBUBIIasicst B PostgreSQL 11.

test=# SELECT *,
array_agg(x) OVER (ORDER BY x ROWS BETWEEN
1 PRECEDING AND 1 FOLLOWING),
array_agg(x) OVER (ORDER BY x ROWS BETWEEN
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1 PRECEDING AND 1 FOLLOWING EXCLUDE CURRENT ROW)
FROM generate_series(1, 5) AS x;
array_agg | array_agg

|

+
1] {1,2} [ {2}
2 | {1,2,3} | {1,3}
3 4{2,3,4y | {2,4}
4| {3,4,5} | {3,5}
5| {4,5} [ {4}
(5 cTpok)

UckioueHme TEKYIJ.IEI‘/JI CTPOKM — OOBOJIbHO 00BIYHOE Tp66OBaHI/Ie, TaK 4YTO 3TO
YiIy4dlieHre He d1egyeT HeAOOI€eHMBATh.

Jo6aenenue JIT-komnunauum

CBoeBpeMeHHad (just-in-time, JIT) koMIuasiuys — ogHa U3 skeMuykuH PostgreSQL
11. Do6aBieHa obmupHast MHGPACTPYKTypa IS TOAIEPSKKY TOMOTHUTETbHBIX BU-
noB JIT-komnumisinyy B 6yayiem, a PostgreSQL 11 — mepBast Bepcusi, B KOTOPOJi 9Ta
COBpeMeHHas TeXHMKa MCIT0/Ib3yeTCsT Ha TMOTHYIO KaTyIlky. Ho cHavaa pas6epem-
cs1, 4TO, COGCTBEHHO, Takoe JIT-koMmnusiys. [Ipy BBIIOTHEHUM 3aIIpoca MHOTroe
CTAHOBUTCS M3BECTHO TOJbKO Ha 3Tarle BHITOJHEHMS, a He Ha 3Talle KOMIIUISIIUN
3arnpoca. [1oaToMy TpaauIIMOHHBI/ KOMIUASITOP HAXOAMUTCSI B HEBBITOZHOM I10JI0-
SKEHUU, T. K. HE 3HAET, UTO IIPOU30IAET BO BpeMs BbIITOTHEHMS. A JIT-KOMIIUAATOPD
3HAeT ropasio 6OoJbIlle ¥ MOXKET OTPearupoBaTh COOTBETCTBEHHO.

JIT-kKomMmungIus peann3oBaHa HaumHas ¢ Bepcun PostgreSQL 11 n oco6eHHO
rmosiesHa I GOJbIIMX 3aMpocoB. JleTanu 6YOyT pacCMOTPEHbI B MOCIEeIYIOIINX
r7aBax.

yl'ly‘-II.UEHHOE CeKUMOHMUpoBaHue

[MepBbIit BapuaHT cekuoHMpoBaHus nossuics B PostgreSQL 10. KoHeuHo, Hacieno-

BaHMeM MbI MOJIb30Ba/INCh U paHbliie. Ho PostgreSQL 10 crana mepBoii Bepcueit, B KO-

TOPOI1 3TO AeaeTcs Ha COBpeMeHHOM ypoBHe. B PostgreSQL 11 sta u Tak y>ke BeChb-

Ma MOIITHast PYHKIMOHAILHOCTh paclIMpeHa, B YaCTHOCTH TOSIBMJIACh BO3MOXKHOCTD

€O37aBaTh CEKIIMIO 10 YMOIUaHUIO, eC/I HY OfHA U3 CYLIEeCTBYIOLIMX He TTOAXOINT.
BoT Kak 3T0 paboraer:

postgres=# CREATE TABLE default_part PARTITION OF some_table DEFAULT;
CREATE TABLE

B naHHOM C/y4ae BCe CTPOKM, He TIOTIaBIlIMe HU B KaKyl0 JPYTYI0 CEKIMIO, TToIa-
narT B cekiuio default_part.

Ho sTo eme He Bce. B PostgreSQL cTpoKy Helb3s1 ObIJIO (JIETKO) ITepeMeCcTUThb
U3 OHOV CceKuuu B Apyrylo. [IpeanosokumM, 4To Mbl 3aBeJIM 0 OAHON CeKLMM Ha
crpaHy. Eciiu denoBek mepeexai, Hanipumep, u3 dpaHiyu B ICTOHUIO, TO OIHOM
KOMaHAbI UPDATE paHblIiie 6bUI0 HeJOCTaTOUHO. HysKHO 6bUIO YAAIUTD CTAPYIO CTPOKY
¥ BCTaBUTDb HOBYIO0. B PostgreSQL 11 ata mpo6iema pemieHa. CTpoOKY IepeMeIalTcst
13 OJTHO¥ CeKIUM B IPYTYI0 COBEPIIIEHHO MPO3pavyHo.
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Panbire B PostgreSQL 6bI7I0 MHOTO APYTMX HEIOCTATKOB. B MIPEsKHUX BepCUSX
CeKLMY MPUXOOUIOCh MHAEKCUPOBATh O OTHEIbHOCTU. HEBO3MOKHO OBIIO CO3-
IaTh OAVMH MHAEKC IJis Bcex cekuuii. B PostgreSQL 11 mocTpoeHMe MHOEKCa Haf,
POIUTEIbCKO TabIMIIelt aBTOMaTUUECKI FrapaHTHUPYET, YTO BCE TOUepHME TaOIUIIbI
TOXXe GYIyT MPOVHAEKCUPOBAHbI. 1 9TO 3aMevaTesbHO, TOTOMY UTO TeIleph BPSII, JIn
YIACTCSI MPOCTO 3a6BITh PO KaKoii-To nHAeKC. Kpome Toro, B PostgreSQL 11 MokHO
106aBUTH I7106a/IbHbI YHUKATbHBIA MHAEKC', TAK UTO [/ CEKLIMOHMPOBAaHHOI Ta6-
JINIIBI CTAJI0 BO3MOXKHO OIpeAeuTh OTpaHueHie YHUKATbHOCTH.

Briots o PostgreSQL 10 y Hac 6bUIO CEKIIMOHMPOBAHME 10 AMATA30HY U CEK-
IIMOHMPOBaHMe IO crcKy. B PostgreSQL 11 mo6aBmiaoch CeKIMOHMPOBaHME 10
xel-kony. Hanpumep:
test=# CREATE TABLE tab(i int, t text) PARTITION BY HASH (i);

CREATE TABLE

test=# CREATE table tab_1 PARTITION OF tab FOR VALUES WITH (MODULUS 4, REMAINDER 0);
CREATE TABLE

Ho mo6aBiieHa He TOJIbKO HOBast GYHKIVIOHAIbHOCTD, HO U I€JIbII DS, yIydiie-
HUIT TIPOU3BOAUTEIbHOCTY. YCTpaHeHMe CeKUMii Telepb MPOU3BOLUTCS TOpPasno
6bICTpee, a KpoMe TOTO, IOSIBMJIACH BO3MOKHOCTh COeIMHEH NI 10 CeKIVSIM U arpe-
raToB IO CEKLMSIM, & 3TO MMEHHO TO, UYTO HEOOXOIMMO [IJIT aHATUTUKY 1 XPAHUITALI],
JIaHHbIX.

Mopaepxka XpaHUMbIX Npoueayp

B PostgreSQL Bcerma 6blM (GYHKIMM, KOTOPbIE YAaCTO Ha3bIBAIMCh XPaHUMbIMU

nporeaypamu. OgHAKO MEXKOY XpaHMMON MpoIeaypoii M GYHKIMEH ecTh pasin-

yue. BrutoTs 10 PostgreSQL 10 y Hac 6bU1M TOJIBKO (QYHKINM, a IPOLIeayp He 6bIIO0.
Bcst mrTyKa B TOM, UTO (YHKIIVS — 9TO YaCTh 00 BEMITIONIEN CTPYKTYPbI, TPaH3aKIIUIN.

A mpolierypa MOXKeT cofiepykaTh HECKOJIIbKO TPaH3aKIIMii, I03TOMY ee HeJlb3sI BbI3bI-

BaTh 13 0OBEMJIIOIE TPAH3aKIMH, T. €. OHA B KAKOM-TO CMbIC/IE CAMOCTOSITE/IbHA.
[TpuBenem CMHTAKCUC KOMaHIbl CREATE PROCEDURE:

test=# \h CREATE PROCEDURE
KomaHaa: CREATE PROCEDURE
OnucaHne: co3gaTb npoueaypy
CuHTaKkemnc:
CREATE [ OR REPLACE ] PROCEDURE
Wma ( [ [ pexum_aprymenTta ] [ umA_aprymenTa |

Tn_aprymental { DEFAULT | = } BoblpaxeHue_no_ymonyanmwo | [, ...]1 1)
{ LANGUAGE umsa_sa3bika
| TRANSFORM { FOR TYPE wma_tuna } [, ... ]

| [ EXTERNAL ] SECURITY INVOKER | [ EXTERNAL ] SECURITY DEFINER

| SET napametp_koHourypaumm { TO 3HayeHne | = 3Hadenne | FROM CURRENT }
| AS 'onpepenenue'

| AS 'obbekTHbii_dain', 'obbeKTHbIA_cumBoA'

! TexHMUYECKM TAKOi MHAEKC He SIBJISETCS IOOGATBHBIM: B K&KIOM CEKIVM CO3IAI0TCS CO6-

CTBEHHbIEe JIOKaJIbHbIe MHAEKCHI. — [Tpum. ped.
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Hwke II0Ka3aHO, KakK B O,I[HOIZ nponenype MO>XHO BBITIOJTHUTD IB€ TPAH3aKLI UM

test=# CREATE PROCEDURE test_proc()
LANGUAGE plpgsql
AS $$
BEGIN
CREATE TABLE a (aid int);
CREATE TABLE b (bid int);
COMMIT;
CREATE TABLE c (cid int);
ROLLBACK;
END;
$$;
CREATE PROCEDURE

OTMeTHUM, 4TO TIepBbIe ABe KOMaH bl 3a(DMKCUPOBAHBI, 8 BTOpast TpaH3aKILIVs OT-
MeHeHa. YyTb HMKe MBI YBUAUM, K UEMY 3TO [IPUBOIMT.
7151 BBITIOJIHEHUS. TAHHOM MPOLeyPhl UCIIONb3yeTcss KoMaHaa CALL:

test=# CALL test_proc();
CALL

ITepBbie gBe Ta6GIMIIbI CO3AHbI, @ TPEThSI — HET, [IOTOMY UTO BHYTPM IIPOLIEIYPhI
6bL1a KoOMaHaa ROLLBACK:

test=# \d

CNNUCOK OTHOWEHMI
Cxema | Wma | Tun | Bnageneu
-------- ECE: EETTEE R
public | a | table | hs
public | b | table | hs
(2 cTpoku)

[Tpotieypsl — BaskKHbIN IIAT HA ITYTH K CO3AaHMIO TOJHOPYHKIIMOHATBHOI CHCTe-
MbI 06a3 JaHHbBIX.

Ynyuwenune komanabl ALTER TABLE

Komanpa ALTER TABLE MCMONB3yeTCsl, YTOOBI M3MEHUTH OMpPe[eeHNe TaOauIIbI.
B PostgreSQL 11 noBeneHne koMaHAbI ALTER TABLE ... ADD COLUMN yirydiieHo. B ripu-
Mepax HIDKe IT0Ka3aHo, KaK MOXKHO 00aBUTh CTONIOIBI B TabMITy U Kak PostgreSQL
OymeT paboTaTh C STUMM CTOIOLIAMM:

ALTER TABLE x ADD COLUMN y int;
ALTER TABLE x ADD COLUMN z int DEFAULT 57;

[TepBas U3 3TUX ABYX KOMaH/[I Bcerma pabotana 6bICTPO, MOCKOIBKY B PostgreSQL
cTojibel] Mo yMouaHuio uMeeT 3HaueHue NULL. TTosTomy PostgreSQL mpocTto mo-
6aBJIsIeT OIMCAaHMe CTOJIOIA B CYCTEMHBIV KaTaJjlorT, a JaHHbIe Ta0IMIIbI ITPY 9TOM He
usmeHsttorcs. Cronber ;06aBIIsIeTCsT B KOHEL TaGINIIbI, [TO3TOMY eCJIM XPaHSIIascs
Ha IVICKe CTPOKa OKa3bIBAETCS CIMIIIKOM KOPOTKOJ, MbI 3HAE€M, UTO ITOC/IETHEE IT0JIe
B Helt comepkuT NULL.
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Ho Bo BTOpOM ciTydae cuTyalus coBepiiieHHO MHas. Hammume dpassi DEFAULT 57
03HAYaeT, YTO B CTPOKY HY)KHO M06GaBUTH peajbHble HaHHbIe, a B PostgreSQL 10
1 60J1ee paHHUX BePCUSIX 9TO MIPUBOAMIIO K ITepe3arucy Beeit Tabauiibl. Ecim Tabmu-
11a MaJia, TO HUYEero CTPaIIHOTO B 9TOM HeT. Ho ecsiut B Tab/mile MUWIIMAPABI CTPOK,
TO HeJIb3$1 IPOCTO 3a6JIOKMPOBATh €€ Ha BpeMs Iepe3ariuc — B IpodeccoHaaIbHOM
CHUCTeMe oTiepaTuBHOI 06paboTky TpaHsakiuii (OLTP) mpocToii HemOmyCTUM.

Haunnas ¢ Bepcun PostgreSQL 11 MOKHO 106aBIATh HEM3MeEHsIEMble 3HAUEHUS
0e3 mepe3anucu Bcei TabauIIbl, UYTO B 3HAUUTEIBHOI Mepe pellaeT mpobaeMy m3-
MeHEeHUS CTPYKTYPbI JaHHBIX.

PEe3ioME

B PostgreSQL 11 mo6aBjieHO MHOTO BO3MOKHOCTE}, TTO3BOISIIONMX ObICTpee 1 3(]-
(exTUBHEE BBIMOJIHATS elle 60j1ee MpodeccruoHaabHbIe TPUIOKEHMS. YIYUIIEHIIO
MTOIBEPIVIVCH Pa3/IMUHbIE ACIIeKThI cepBepa 6a3bl JaHHBIX. B Oymyiem ycoBepIieH-
CTBOBaHMe Npoao/DKUTCS. KOoHeuHO, MpMBeAeHHbIN B 3TON IlaBe IepeueHb AaJIEKO
He II0JIOH — eCTb ellle MHOTO MeJIKUX M3MeHEeHUIA.

B crenmyronieii rjaBe Mbl IIOTOBOPUM 00 MHIEKCMPOBAHUM ¥ CTOMMOCTHON MO-
nenu B PostgreSQL. To u agpyroe oueHb BasKHO [J151 AOCTUKEHMST BBICOKOI ITPOU3BO-
IUTEIbHOCTMU.

Bonrochl

KakoBa camas BakHasi GyHKIMOHAIbHAs BO3MOXXHOCTb PostgreSQL 11?

TpynHo ckasaTh. Bce 3aBMCUT OT TOTO, KaK BbI MCIIOIb3yeTe 6a3y JaHHBIX ¥ KaKue
cpencTBa Haubojee BasKHbI IJIs1 BaLlero MpuoskeHus. Ho 1r06MMIIbI eCThb Y KaskIo-
ro. JIN4HO [IJ11 MEHS 9TO Mapasijie/IbHOe ITOCTPOEeHMEe MHIEKCOB, UTO OYeHb BasKHO
IUIST 3aKa3YMKOB, pabOTaONIMX C TUTAHTCKMMY 6asaMy JaHHbBIX. B 1060M ciaydae,
BaM pelIaTh, YTO BAM HPABUTCS, a YTO HeET.

Byner i PostgreSQL 11 pa6oraTh Ha moeit miaTdopme?

PostgreSQL 11 paboTraeT Ha Bcex paclpoCTpaHeHHbIX IaTdgopmax, BKiawuas Linux,
Windows, Solaris, AIX, macOS X u HekoTopble npyrue. COoOIIecTBO CTPEMUTCS
OXBATUTh MaKCMMaJIbHOE KOJIMYECTBO IIaTHOPM, UTOOBI HUKTO He ObUT OTIIYYEH OT
PostgreSQL. [1y11 60/bIIMHCTBA TOMY/ISIPHBIX CUCTEM MMEIOTCS laske FOTOBbIe Make-
Tbl, copepskauue PostgreSQL.

VsMeHMIach I MOAEIb IUIEH3UMPOBAHMUSA?
Het, Huuero He M3MeHMIIOCh Y BPSIZ, JIV KOTOA-HUOYIb M3MEHUTCS.

Korpa oxxupats Boixoga PostgreSQL 12?

OG6BIYHO OCHOBHBIE BEepPCHUM BBIXOAAT pas B rof. [Tostomy Bepcuio PostgreSQL 12
wienyet oxXuaathb oceHbio 2019 ropa.
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TpaH3akuum U 61O0KUPOBKaA

Wrtak, BBefeHMe mo3agu, U caMoe BpeMs COCPeIOTOUYMTBLCS Ha IePBOI BaXKHOI
TeMe. BJIOKMPOBKa — BakHefIIash KOHIEMNIMS B 000/ 6a3e maHHBIX. BakHO 1O-
HMMAaTh, Kak OHa paboTaeT, He TOJIbKO UYTOObI MMCATh ITPaBUIbHbIE IPUIOKEHNS, HO
Y C TOUKM 3peHMs IPOU3BOAUTETbHOCTH. EC/iu 6JIOKMPOBKM HeIlpaBUJIbHO 06paba-
TBIBAIOTCSI, TO IPUIOKEHME MOKET paboTaTh MeIJIEHHO, a TO 1 BOBCE HEeIIPaBUJIbHO,
JIIeMOHCTPUPYSI COBEPIIEHHO HEOKMIaHHOE TToBeeHMe. Ha Moii B31Isi, 6/I0KMPOB-
KM — KJTIOY K IIPOM3BOAUTETbHOCTH, TIO9TOMY B HMX HY)KHO Kak CJIeyeT pa3oopaTh-
cs1. [ToHMMaHye GJIOKMPOBOK BasKHO Kak IJIs1 aAMUHMUCTPATOPOB, TaK U JJIs paspa-
OO0TUYMKOB. B 9T071 IJ1aBe Mbl PACCMOTPUM C/IEAYIOIIVE BOIIPOCHI:
pabora c TpaH3akuusiMu B PostgreSQL;
OCHOBBI OIIOKMPOBKH;
ucmosb3oBaHue ¢ppa3s FOR SHARE 1 FOR UPDATE;
YPOBHM GJIOKMPOBKY TPaH3aKIINIi;
TpaH3aKI[UU, UCTIOJIb3YIOle CepUATU3YeMYI0 U30ISIUI0 CHUMKOB (Seria-
lizable snapshot isolation — SSI);
B3aMMOOGIOKMPOBKM ¥ CMEXKHbIE TTPOGJIEMBI;
ONTUMM3ALMS XPAaHWIIUILA U YIIPaBAeHME OUYMCTKOIA.

[TpounTaB mIaBy 0 KOHIIA, Bbl OyJeTe IMOHMMATb, KAK YCTPOEHBI TPaH3aKIUU
B PostgreSQL, 1 cMoxkeTe MakcMMaabHO 3 (PeKTUBHO UCIOAb30BaTh UX.

0 00000

PABOTA ¢ TPAH3AKUMAMM B POSTGRESQL

PostgreSQL mpengocTaBiisieT pa3BUTHIN MeXaHM3M TPaH3aKIINiA, obmagaonmii 6ec-
YMCIEHHBIMYM BO3MOXHOCTSIMM, TTOJIE3HBIMM PaBHO pa3paboTuMKkaM M aJMUHUCT-
paTopam. B aTom pasmesie Mbl paCCMOTPMM CaMO ITOHSTME TPaH3aKIUA.

[TepBBIM I€JIOM HY>)KHO IIOHMMAaTh, uTO B PostgreSQL mo6ast orepaniyst BhIMOTHS -
eTCsl B COCTaBe TpaH3akuuu. Jlaxke OIH MPOCTOI 3aTIpOC, OTIIPaBAeHHbIN cepBepy, —
yke TpaH3akuus. Hampumep:

test=# SELECT now(), now();

now | now
............................... g
2018-08-24 16:03:27.174253+02 | 2018-08-24 16:03:27.174253+02
(1 cTpoka)
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B nanHoM cnydyae komaHza SELECT coCcTaBisieT OTHENbHYIO TpaH3aKLuio. Eciiu Bbl-
TTOJIHUTH €e CHOBA, OYyIyT BO3BpaIlleHbI APyTue BpeMeHHbIe METKM.

MmeliTe B BMAY, YTO PYHKLMS now() BO3BpaLLAET BpEMS Havana TpaH3akumu. [1o3TomMy faHHas
KOMaHza SELECT Bcerna BO3BpalLaeT [ABe OAMHAKOBble BpeMEeHHble MeTKU. Ecnin Bbl xoTuTe
NONYYnTb «HACTOsILLEE BpeMSa», TO Nonb3yhTech dyHKumen clock_timestamp(), a He now().

TpaH3akiusi, comepskaiiasi HeCKOJIbKO KOMaH/I, JO/KHA HauMHATHCSI KOMaHIOM
BEGIN, CMHTaKCMC KOTOPOII OIMCaH HIKe:

test=# \h BEGIN

KomaHaa: BEGIN

OnncaHne: HayaTb TPaH3aKUMK

CuHTaKemnc:

BEGIN [ WORK | TRANSACTION ] [ pexum_tpaH3sakumu [, ...] ]

rae [OMyCTUMbIA PEeXvM_TPaH33KLUMK:

ISOLATION LEVEL { SERIALIZABLE | REPEATABLE READ | READ COMMITTED | READ UNCOMMITTED }
READ WRITE | READ ONLY
[ NOT ] DEFERRABLE

Komanza BEGIN ITO3BOJISIET BK/IFOUMUTD B TPAH3aKI[MI0 HECKOIbKO KOMaH[,, HAallpu-
mep:
test=# BEGIN;
BEGIN

test=# SELECT now();
now

2018-08-24 16:04:08.105131+02
(1 cTpoka)

test=# SELECT now();
now

2018-08-24 16:04:08.105131+02
(1 cTpoka)

test=# COMMIT;

COMMIT

O6paTuTe BHMMAaHMe HA BAKHBII MOMEHT: 06e BpeMeHHbIe METKM OJMHAKOBBI.
Kaxk y>ke 6b17I0 CKa3aHO, OHM COZlepsKaT BpeMsT Hauajia TPaH3aKI[MIA.
s 3aBepilieHNs TpaH3aKIUM CTY>KUT KoMmaHaa COMMIT:

test=# \h COMMIT

KomaHga: COMMIT

OnucaHne: 3aduUKCMpOBaTb TEKYWYH TPaH3aKLUMK
CuMHTaKCKC:

COMMIT [ WORK | TRANSACTION ]

MoskHo mncaTb COMMIT, COMMIT WORK myivt COMMIT TRANSACTION — BCe TpU KOMaHABbI K-
BUBaJIeHTHBI. Eciiu 1 3TOTrO HeaJoCTaTO4YHO, TO €CTh elle OJHa KOMaHaa
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test=# \h END

KomaHaa: END

Onucanve: 3aduKCMpoOBaTb TEKYuWYl TpaH3aKLuo
CuHTaKkCmnC:

END [ WORK | TRANSACTION ]

Komangpi END 11 COMMIT SKBMBaJI€HTHBI.

[TpoTHBOMONOXKHOCTHIO COMMIT siBisieTcsl ROLLBACK. OTa KOMaHAa He 3aBepliaeT
TpPaH3aKIMI0 HOPMAaabHO, a TIPephIBaeT ee, TaK UTO HUMKaKMe MPOu3BeNeHHbIe 13-
MeHeHUs He 6YyIyT BUAHBI IPYTUM TPaH3aKIMSIM

test=# \h ROLLBACK

KomaHga: ROLLBACK

OnncaHve: npepBaTb TEKyWyl TPaH3aKLMio
CuHTaKkCmnC:

ROLLBACK [ WORK | TRANSACTION ]

VHorma B NPpUIOKEeHUSIX MUCIIONb3YIOT KOMaHy ABORT BMeCTO ROLLBACK. DTO OLHO
Y TO JKe.

O6paboTka OLIMOOK BHYTPU TpaH3aKLUK

He Bcernma TpaH3akiuy 6e30mmM604YHO OTpabaThIBAIOT OT Havasa A0 KoHiia. ITo pas-
HBIM IIPUYMHAM YTO-TO MOKET IOVt He Tak. Ho B PostgreSQL sadukcupoBaTh
MOYKHO TOJTbKO TPaH3aKIMM, 3aBepImBIIecs 6e3 ommbok. Hiske mokasaHa TpaH3-
akiys, B KOTOPOIf ol6Ka BbI3BaHa JeJieHeM Ha HOJb:

test=# BEGIN;

BEGIN

test=# SELECT 1;
2column?

(1 cTpoka)

test=# SELECT 1 / 0;

OLWBKA: peneHvne Ha Honb

test=# SELECT 1;

OWMBKA: Tekywas TpaH3akuus NpepBaHa, KOMaHAbl A0 KOHUA 6/10Ka TpaH3aKuuM UrHOpUpYWTCS
test=# COMMIT;

ROLLBACK

0 B nto60i npaBunbHO HanMcaHHOM 6a3e AaHHbIX KOMAHAA, MOKa3aHHas Bbllle, Bbi3bIBAeT He-
MeaJIeHHYH OWKOKY M aBapuiMHOe 3aBepLUeHue onepaTtopa.

[MomuepkHeM, uTo PostgreSQL coobuuT 06 omnmbke, B oTinune ot MySQL, KoTo-
pblii BeeT cebst ropaszo anbepanbHee. [Tocie ommbKy 60J1bllle HUKaKUe KOMaH/Ibl
He IIPMHMUMAIOTCS, yCThb J1aske OHM CMHTaKCUMYeCKM U CeMaHTMUUYeCKU MPaBUIbHBL.
Komanny COMMIT BBITIOTHUTH MOXKHO, HO PostgreSQL mpy 5TOM OTKaTuT TpaH3aK-
LIMI0, IOTOMY UTO B IaHHOV TOUKE 3TO eAMHCTBEHHO NPaBWIbHOE [IeJiCTBIE.
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Ucnonb3oBaHue komaHabl SAVEPOINT

B mpodeccroHambHbIX TPUIOKEHMSIX ObIBAET TOBOJILHO TPYIHO HATIMCATD AJIMHHYIO
TPaH3aKIINIO, TAPaHTVMPOBAB OTCYTCTBME OINMOOK. [IJi pelieHus] 3TOi Mpo6aeMbl
npenHasHaueHa KoMmaHpaa SAVEPOINT. OHa opraHmusyeT 6e30MacHOe MeCTO BHYTPU
TPaH3aKIMM, K KOTOPOMY MOXKHO OYIeT BepHYThCSI, eC/IV BAPYT BCe MOiAeT Harepe-
KocsiK. Hampumep:

test=# BEGIN;

BEGIN

test=# SELECT 1;
?2column?

(1 cTpoka)

test=# SAVEPOINT a;
SAVEPOINT
test=# SELECT 2 / 0;
OLWWBKA: peneHvne Ha Honb
test=# SELECT 2;
OWMBKA: Tekywas TpaH3akuus NpepBaHa, KOMaHAbl A0 KOHUA 6/0Ka TpaH3aKuuM UrHOpMpYWTCS
test=# ROLLBACK TO SAVEPOINT a;
ROLLBACK
test=# SELECT 3;
?column?

(1 cTpoka)

test=# COMMIT;
COMMIT

[Tocste mepBoO¥t KOMaHAbI SELECT ST CO3/1a/T TOUKY COXpaHEHMsI, UTOOBI TPUIIOKEHEe
MOTJIO [TO33Ke BEePHYTHCS K 9TOM TOUKe, TOKa He BBIILIO U3 TpaH3akuuu. Kak Bugure,
Y TOYKM COXpaHeHUs eCTb UMsI, TI0 KOTOPOMY Ha Hee MOXKHO COC/IaThCS.

[Tocse Bo3BpaTa K TOUKe COXpaHEHMS a TpaH3aKIMs MOKeT IMPOO/DKUTHCS HOP-
MaibHO. [TOTOK BBITIOJTHEHMST BEPHYJICS B TOUKY, T/Ie OMIMOKY ellle He ObII0, TaK UTO
BCe XOPOIIIO.

KonmuecTBO TOUEK COXpaHeHMs BHYTPU TpaH3aKIIUM MPaKTUUeCKM He OrpaHnye-
HO. HaMm 10BOAM/IOCHh BCTpEUaTh 3aKa34MKOB, Y KOTOPBIX 0110 cBbIiIe 250 000 Touek
coxXpaHeHMs B ogHOM onepauyn. PostgreSQL ¢ 3TuM j1erKo CIIpaBJisieTcs.

Ecnut BBl XOTUTE yOAIUTh TOUKY COXpaHEHMS U3 TPAaH3aKI[MU, BBITOJIHUTE KOMaH-
Iy RELEASE SAVEPOINT:
test=# \h RELEASE SAVEPOINT
Komanaa: RELEASE SAVEPOINT
Onncaxue: YAa/UTb paHee onpeaesieHHyHw TOYKY COXpPaHEeHMUA

CuHTakCmnc:
RELEASE [ SAVEPOINT ] vMA_TOYKM_COXPaHeHus
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MHorue CITpalIMBaIOT, YTO nponsoﬁ,ueT, €CJ/IN IIOMbITATHCS O6paTI/ITbCH K TOUKe
COXpaHeHNs I10CJIe 3aBeplIeHNsa TpaHSaKLU/II/I? OTBeT HpOCTOf/i — JKM3HDb TOUKM CO-
XpaHEeH!sI 3aKaHUYMBAETCSI BMeCTe C TpaH3aKLU/IEI‘/JI. VHbpIMM CJ10BaMM, BEPHYTbHCA
KHEKOTOPOMY COCTOSAHMIO, ITOC/IE TOI'O KaK TPAH3aKI M 3aBePIIn/IiaCb, HEBO3MOXKHO.

TpaH3akunoHHblie DDL-komMaHAbl

B PostgreSQL ecTh ofHa 3amMmeyvaTe/bHast 0COOEHHOCTb, K COXKaIEHNIO, OTCYTCTBYIO-
mas BO MHOrux kommepueckux CYB]I, — B 6/I0Ke TpaH3aKL}M MOKHO BBITTOTHSTh
DDL-koMaHab! (T. €. KOMaHAbl, U3MeHSIOIIMe CTPYKTYPY JaHHbBIX). B TUNMUHOM
KoMMepueckoit cucteme DDL-kKomMaHza HeSBHO GUKCUPYET TEKYITYIO TPAH3aKIMIO.
B PostgreSQL Takoro He IpOouCXOauT.

3a HebOOJbIINM MCKIIOUeHMEeM (DROP DATABASE, CREATE TABLESPACE, DROP TABLESPACE
U ellle HeCKOIbKO KomaHy), DDL-komaHb!l B PostgreSQL TpaH3akiMOHHbBIE, UTO
OueHb yIO0OHO KOHEUHBIM T0JIb30BaTesIM. [IprBenem mpumep.
test=# \d
OTHOWEHWUI He HaWAeHo.
test=# BEGIN;
BEGIN
test=# CREATE TABLE t_test (id int);
CREATE TABLE
test=# ALTER TABLE t_test ALTER COLUMN id TYPE int8;
ALTER TABLE
test=# \d t_test

Tabanuya "public.t_test"
Cronbey | Tun | MoamdukaTopsl
......... B L L
id | bigint |

test=# ROLLBACK;
ROLLBACK

test=# \d

OTHOWEHWU HE HAWAEHO.

B sTom mpumepe coszmana 1 MmoguduIMpoBaHa TabnnIla, a 3aTeM BCSI TPAaH3aKIIUS
npepBaHa. Kak BuauM, HeT HM HessBHOTO COMMIT, HM ellle KaKOro-TO CTPaHHOTIO I0-
BenmeHust. PostgreSQL paboTaeT TOUYHO TaK, KaK MbI OKMUIAEM.

Tpan3akiyuoHHble DDL-KOMaHAbI 0COOEHHO BakKHbI, KOrja TpebyeTcs pasBep-
HYTb KaKkylo-TO IporpaMmmy. PaccMoTpum, K IpUMepY, CMCTeMY yIIpaBJIeHUs CO-
Jep>kMMbIM (content management system — CMS). ITocne BbIxoma HOBOV Bepcum
MbI XOTUM OOHOBUTBCSI. PaboTaTh CO CTapoil Bepcueil Mo-ImpeXXHeEMY MOKHO; pa-
60TaTh C HOBOJ TOXXe MOYKHO, HO MeUIaTh B Ky4y HOBYIO M CTAPYI0 MbI HE XOTVUM.
[MosToMy pasBepThIBATh OOHOBJIEHVE B OMHOJ TpaH3aKLVM ObLIO ObI BeChMa KeJla-
TeJIbHO, TIOTOMY YTO Takasl orepaiusi aToMapHa.

0 [Ons noouw,peHna npaBunbHbIX METOA0B ynpaBneHUA MO Mbl MOXeM BKJIOYUTb HECKOJSIbKO
OTAENbHbIX Mo,u,yneﬁ N3 CUCTEMbI ynpaBneHnUa UCXO04HbIM KOAOM B OAHY TPaH3aKUMKO pas-
BEpTbIBAHUA.
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OCHOBbI BJTIOKUPOBKMU

B aToM pasnenie Mbl pacCMOTPUM OCHOBBI MexaHM3Ma OJIOKMpOBKM. Hara memip —
TTOHSITh, KaK OJIOKMPOBKA paboTaeT B IMIPUHIINITE M KaK ITPaBMIbBHO HAIMCATh IIPOC-
TOe IpUJIoKeHNe.

Iyis meMOHCTpaluy CO3AaAuM MPOCTYIO TabNUITY ¥ f06aBUM B Hee OJHY CTPOKY
KOMaHI0i1 INSERT:
test=# CREATE TABLE t_test (id int);
CREATE TABLE

test=# INSERT INTO t_test VALUES (0);
INSERT 0 1

[TepBoe, 4TO clemyeT OTMETUTD, — TOT GaKT, YTO MOKET OLHOBPEMEHHO BbITIOJ-
HSITHCSI HECKOJIBKO OTIepallii YTeHMs OMHO TabIuITbl. M13-3a TOTO, UYTO MHOTO MOJTh-
30BaTeiell B OAVH ¥ TOT XK€ MOMEHT UMTAIOT OTHU U Te Ke AaHHbIe, OJIOKMPOBKU
He rpousoiiget. [Tosromy PostgreSQL MoskeT 06CTy>KMBATh THICSUM IT0OTb30BaTeJei
6e3 BCAKUX MPOOIeM.

Heckonbko nonb3oBaTtenei MOryT 0fLHOBPEMEHHO YUTaTb OLHM U Te e AaHHble, He 6NoKMpYs
Aapyr apyra.

A4TO, ec/iv OMHOBPEMEHHO ITPOM3BOASITCS OIlepaliuy uTeHus 1 3annucu? Paccmor-
pum nipumep. [TycTb Tabnuila COmepsKUT OIHY CTPOKY U B Heli id = 0:

Tpansakums 1 TpaHsakuus 2

BEGIN; BEGIN;

UPDATE t_test SET id = 1d + 1 RETURNING *;

Monb3oBatenb yBuAMT 1 SELECT * FROM t_test;
Monb3oBatenb yBUAUT O

COMMIT; COMMIT;

OTKpBITO ABe TpaH3akuuu. [lepBast usMeHseT cTpoKy. Ho HMKaKoii Mpo6IeMbl
HEeT — BTOpasi TPAH3aKIUSI MOXET MPoo/kaThcsi. OHA BEPHET CTapylo CTPOKY —
B TOM BHJe, B KAKOM OHA CYIIeCTBOBaIa A0 UPDATE. Takoe MOBefeHVe HA3bIBAETCS
MHOTOBEPCMOHHBIM YIIpaBJIeHMeM KOHKYPeHTHOCTbIo (multi-version concur-
rency control - MVCC).

0 TpaH3aKuMs BUAMT AAHHbIE, TONbKO €CIM OHM Bbinn 3adUKCMPOBAHbI B TPAH3AKLIMKU 3annUCK
[0 Hayana TpaH3aKuuu YTeHus. HuKkakas TpaH3akLmMs He MOXeT yBUAETb U3MEHEHUS, NPOU3-
BeleHHble B PYroi aKTMBHOM TpaH3aKLUMKU. TpaH3aKLMS BULMT IULLb TE U3MEHEHWS, KOTOPble
y>Ke 3auKCMpPOBaHbI.

EcTb elie ogyiH BasKHBIII MOMEHT — MHOTMe 6a3bI JAHHBIX, KOMMEpPUECKe U C OT-
KPBITBIM MCXOIHBIM KOIOM, 10 cuX 1op (B 2018 romy) He yMeroT 06pabaThIBaTh KOH-
KypeHTHbIe onepaiuu yteHus u 3anucu. B PostgreSQL 3T0 He cocTaBiisieT HUKAKOM
npo6embl. UTeHMe 1 3aICh MUPHO COCYIIECTBYIOT.
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9 TpaH3aKumMK 3anucu He HNOKMPYIOT TPaH3aKLMKU YTEHUS.

[Moce ukcanyy TpaH3aKIyuyM Tabauila 6yIeT comepskaTh 3HaUeHMe 1. A UTo, eC/in
IIBa YeJI0BeKa M3MEHSIIOT JaHHbIe OMHOBpEeMEHHO? PaccMOTpuM npumep:

Tpansakumsa 1 TpaH3akuums 2

BEGIN; BEGIN;

UPDATE t_test SET id = 1d + 1 RETURNING *;

bynet Bo3BpalleHo 2 UPDATE t_test SET id = 1d + 1 RETURNING *;
Bynet xaaTb 3aBeplueHus TpaH3akumm 1

COMMIT; [poyTeT HOBOE COCTOSIHME CTPOKM, YBUAMUT 3HaYEeHUe
2, yCTAaHOBUT HOBOE 3HAYEHUE U BEPHET 3
COMMIT;

[TpenmnoaoKuM, UTO Mbl XOTUM ITOACUUTATh KOJIMUYECTBO 3aXOIOB Ha cailT. Eciau
KOJI, BBITJISITUAT, KaK ITOKAa3aHO BbIIIIe, TO HY OIMH 3aXO0[ He OCTAHETCSI HEYUTEHHbIM,
TIOTOMY UTO BTOPO¥ UPDATE BBITIOSTHSIETCSI ITOC/IE TIEPBOTO.

O PostgreSQL 6nokmpyeT ToNbKO CTPOKK, 3aTPOHYTble KOMaHAOM UPDATE. Tak YTo ecnu B Tabnu-
ue 1000 cTpok, To TeoOpeTUYEeCKM MOXHO BbINOAHATL B Her 1000 KOHKYPEHTHbIX M3MEHEHWUMN.

OTMeTVM TaKyKe, YTO KOHKYPEHTHBIE OIlepali YTE€HsI MOKHO BBIIIOJIHSTD BCET-
na. Hamm gBe oneparym 3amicu He 6JI0KMPYIOT YTEHMS.

MpepoTBpalLeHue TMNUYHBIX OLIMOOK U iIBHas 6N10KUpOBKa

Pa6otas mpodeccroHaIbHBIM KOHCY/IbTaHTOM 10 PostgreSQL (https://www.cyber-
tec-postgresql.com), s BcTpeuas ommbKM, KOTOpbIe TTOBTOPSUIMCH pa3 3a pa3oM. Bot
MOsI TI06MMast:

Tpansakumsa 1 TpaHsakumsa 2

BEGIN; BEGIN;

SELECT max(id) FROM product; SELECT max(id) FROM product;

Monb3oBaTens BUAKT 17 Monb3oBatens BUANT 17

Monb3oBaTenb pellaer 06aBUTb NPOAYKT 18 Monb3oBatenb pelwaeT L06aBUTb NPOAYKT 18
INSERT INTO product ... VALUES (18, ...) INSERT INTO product ... VALUES (18, ...)
COMMIT; COMMIT;

B manHOM ciydae Oymet MO0 HapylleHMe OrpaHNYeHMs] YHUKAJIbHOCTY KITI0Ua,
16O IBe OAMHAKOBbBIe 3ammicu. Hu To, Hu Apyroe He paayerT.

OmyH 13 CITOCO60B PeNIUTh IMPO6IIEMY — BOCIIONIb30BaThCS SIBHO TaGIMYHOI 6510~
KMPOBKOI1. Hioke moka3aH CMHTaKCHMC KOMaHAbI LOCK:
test=# \h LOCK

Komanga: LOCK
Onucanve: 3abnokupoBaTb Tabauuy


https://www.cybertec-postgresql.com
https://www.cybertec-postgresql.com
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CuMHTaKCKC:

LOCK [

TABLE J [ ONLY J wma [ * 1 [, ...] [ IN pexum_6nokupoBku MODE ] [ NOWAIT ]

rAe [OMyCTWMbIA pexum_6a0KMPOBKM:

ACCESS SHARE | ROW SHARE | ROW EXCLUSIVE | SHARE UPDATE EXCLUSIVE
| SHARE | SHARE ROW EXCLUSIVE | EXCLUSIVE | ACCESS EXCLUSIVE

Kak Bupum, PostgreSQL mpemyiaraeT BOCeMb PEKMMOB OJIOKMPOBKM BCeii Tabm-
Ibl. BJIOKMpOBKA MOXeT ObITh KaK BecbMa JIMOepasbHOM, HarpumMep ACCESS SHARE,

TaK 1

OYeHb CTpOroii, HampumMep ACCESS EXCLUSIVE. B mepedHe HyKe IOKa3aHO, UTO

JenaeT KaKIbI peskuM 6JI0KMPOBKMA.

)

ACCESS SHARE: 3TOT pekMM YCTaHaBIMBAETCS OIeparsiMy YTeHUST M KOHQIMK-
TyeT TOJBKO C peXXMoM ACCESS EXCLUSIVE, KOTOPBIN YCTaHABIMBAETCS KOMaH-
IOV DROP TABLE 1 eii momo6HbIMM. Ha mpaKTyuKe 5TO O3HAYAET, YTO KOMaHIa
SELECT He MOXKEeT HavyaThCsl, eIy TAbIUILy COOMPAIOTCS YOAIUTb. JTO TaKKe
O3HauaeT, UTO KoMaHga DROP TABLE mO/IKHA >KOATh 3aBeplIeHMs TpaH3aKUIUU
4YTeHMs.

ROW SHARE: PostgreSQL ycTaHaBIMBAET STOT PEXUM OJIOKMPOBKM IIPU BBITION -
HeHMM KoMaH, SELECT FOR UPDATE v SELECT FOR SHARE. OH KOH(MIMKTYET C pesku-
mamy EXCLUSIVE m ACCESS EXCLUSIVE.

ROW EXCLUSIVE: 3TOT peskKuM yCTaHaBVBaeTCcsa KoMaHamamu INSERT, UPDATE u DE-
LETE. OH KOH(IMKTYET C peskuMaMy SHARE, SHARE ROW EXCLUSIVE, EXCLUSIVE 1 AC-
CESS EXCLUSIVE.

SHARE UPDATE EXCLUSIVE: 5TOT pekKUM yCTaHaB/IMBaeTCs KoMaHmaMu CREATE IN-
DEX CONCURRENTLY, ANALYZE, ALTER TABLE VALIDATE 1 ellje HEKOTOPbIMM BapyaHTa-
MM KOMaHbI ALTER TABLE, a Taxke KOMaHI0# VACUUM (HO He VACUUM FULL). OH
KOH(IMKTYET ¢ peskuMaMy SHARE UPDATE EXCLUSIVE, SHARE, SHARE ROW EXCLUSIVE,
EXCLUSIVE m ACCESS EXCLUSIVE.

SHARE: BO BpeMsl IOCTPOEHMSI MHIEKCA 3aXBaThIBAIOTCS OIOKMPOBKM TUIIA
SHARE. ITOT peskMM KOHQIMKTYET ¢ ROW EXCLUSIVE, SHARE UPDATE EXCLUSIVE, SHARE
ROW EXCLUSIVE, EXCLUSIVE m ACCESS EXCLUSIVE.

SHARE ROW EXCLUSIVE: ycTaHaBaMBaeTCsI KOMaHA0M CREATE TRIGGER 1 HEKOTOPBI-
MM BapMaHTamMM KOMaHAbl ALTER TABLE. KOHGIMKTYET cO BCeMU pesKMMaMu,
KpoMme ACCESS SHARE.

EXCLUSIVE: 3TOT pekKMM COBMECTUM TOJIBKO C peXXMMOM ACCESS SHARE, TO eCTb
rapasuiesbHO C TPaH3aKI[Me, ToMyYuBIeit 6JIOKMPOBKY B 3TOM PeskuMe, 10-
ITyCKAETCS TOJIbKO UTeHMe TabIUIIbI.

ACCESS EXCLUSIVE: caMblii OTpaHUUUTENIbHBIN PesKUM O10oKMpoBKM. OH 3aliy-
[jaeT Kak OT 3aIliCy, TaK U OT yTeHus. Ecnm TpaH3akuys 3axBaTuila TaKyo
GJIOKMPOBKY, TO O0JIBIIIE HUKTO HE CMOXKET HM UUTATh COOTBETCTBYIOIIYIO Ta0-
JIMLY, HY [1MCaTh B Hee.

[MpuHMMast BO BHMMaHMe MHPPaCTPYKTypy GIOKMPOBOK B PostgreSQL, omHO 13
peleHuit ONMCAHHO BbIIIe TPOOIEeMbI TTOTYUEHMSI mMax BBIMIIOAUT CIETYIONMM 00-
pasom:
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BEGIN;

LOCK TABLE product IN ACCESS EXCLUSIVE MODE;

INSERT INTO product SELECT max(id) + 1, ... FROM product;
COMMIT;

mejiTe B BULY, UTO TaKO¥ CII0CO6 BHITIONIHEHMS OIlepaliyiy HeskelaTeleH, IOTOMY
YTO B T€UEHIME BCEro BPeMeHM BBIIIOJHEHNSI HMKTO O0JIbIllle He CMOYKeT HUY UMTATh
Ta6IMITy, HY 3aM1ChIBaTh B Hee. Peskuma ACCESS EXCLUSIVE HY>)KHO BCEMM CHJIAMU U3-
6erarb.

AnbmepHamueHuole peuleHus
EcTb 1 Ipyrue crioco6bl penmThb mpobaeMy. B kauecTBe mpumepa pacCMOTPUM PU-
JIO’KeHMe, TeHepupyolllee HoMepa cueToB-dakTyp. Hasoroast MHCIIEKIMS MOKET
oTpe6oBaTh, YTOOBI B ITOCIENOBATENILHOCTY HOMEPOB He ObUIO HYU JIAKyH, HU Ty0-
nukaToB. Kak 310 cmenaTh? [TOHSITHO, YTO OJHO U3 pelleHuii — 3a6JI0KMPOBaTh Tab-
nuity. Ho ecTsb crmoco6 sryunire. BoT Kak mocTyImI ObI S:
test=# CREATE TABLE t_invoice (id int PRIMARY KEY);
CREATE TABLE
test=# CREATE TABLE t_watermark (id int);
CREATE TABLE
test=# INSERT INTO t_watermark VALUES (0);
INSERT ©
test=# WITH x AS (UPDATE t_watermark SET id = id + 1 RETURNING *)
INSERT INTO t_invoice
SELECT * FROM x RETURNING *;
id

1
(1 cTpoka)

S BBe eiie ogHy Tabnuily t_watermark. OHa COmEPKUT BCEro OHY CTPOKy. CHava-
J1a BBITIOJTHSIETCST KoMaHa WITH. CTpoka GJIOKMpYeTCs, TToJie B Hell yBeTMUMBAEeTCs Ha
1, ¥ Bo3BpalaeTcsi HOBOe 3HaUeHMe. B KaKIblii MOMEHT BpeMeHU 3TO MOXeT Clie-
JIaTh TOJILKO OJMH YeJIOBeK. 3aTeM 3HaUeHMe, BO3BpallleHHOe OOIIMM TabIMUHBIM
BbipakeHneM (CTE), BcraBysieTcst B Tabnuiry cuetoB. OHO rapaHTMPOBAHHO OyIeT
YHUKQJIbHBIM. [IpeiecTb pelieHus COCTOUT B TOM, UTO 15 TaGMMIIbI t_watermark 3a-
XBAaTbIBAETCS IIPOCTAst CTPOKOBAsSI GIOKMPOBKA, UTO He MelIaeT YnTaTh 13 Hee. Ko-
HEYHO, TAKO MOIXO0/I MacCIITabMpyeTCs JTydllIe.

Ucnonb3osaHKE oPA3 FOR SHARE v FOR UPDATE

VHorma mpuaoskeHue BbIOMpaeT JaHHbIe 13 6a3bl, KAK-TO 06pabaThiBaeT UX, a 3aTeEM
3aIMChIBAET M3MEeHEeHHbIe JaHHble B 6a3y. DTO KIaccuueckoe mpumMeHeHme SELECT
FOR UPDATE.

B ciemyomieM IpuMepe I10Ka3aHO HEMpaBW/IbHOE, HO YacTO BCTpevarolleecs
yrnorpebnenue SELECT:
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BEGIN;

SELECT * FROM invoice WHERE processed = false;
*% 371eCb NPUIOXEHME 4YTO-TO AenaeTr **

UPDATE invoice SET processed = true ...
COMMIT;

[Tpo6yeMa B TOM, UTO JiBa YeJIOBEKA MOTYT BbIOPATh OHU U Te ke HeoOpaboTaH-
Hble NaHHble. U M3MeHeHMs], cie/laHHbIe OTHUM, OYIyT Mepe3anyucaHbl MU3MeHeHUs -
MU, COeJaHHBIMY APYrUM. Hannio cocTossHMe TOHKMA.

YTOO6BI pEIIUTD 3Ty IPOBIEMY, MOKHO BOCITOJIb30BATHCSI KOMaH [0 SELECT FOR UP-
DATE. B mpumepe HMsKe ITOKa3aH TUIIMUHBIN CLIEeHapWii:

BEGIN;

SELECT * FROM invoice WHERE processed = false FOR UPDATE;
** 37eCb NPUIOXEHMEe 4YTO-TO AesaeT **

UPDATE invoice SET processed = true ...

COMMIT;

SELECT FOR UPDATE GJIOKMPYET CTPOKM TaK ke, KaK 3TO caenasa 66l KoMmaHa UPDATE.
U cnemoBaTenbHO, KOHKYPEHTHO ITPOU3BECTY M3MEHeHMs Hemb3sl. [Tocste COMMIT Bce
OJIOKMPOBKM, KaK 00BIUHO, 0CBOOOKIAIOTCS.

Ecnu ogHa komaHga SELECT FOR UPDATE XXeT 3aBepIIeHMs IPYTOii TaKo ke KOMaH-
IIbI, TO OHA OyIeT «BMCETh», ITOKA TepBas HauaTas KOMaHIa He 3aBepuInTcs (B pe-
3ynabTaTe COMMIT mim ROLLBACK). Ecnm mepBasi TpaH3aKkUys MO Kakoli-TO MpUYMHE He
XO0UeT 3aBepIlaThCs, TO BTOpas OymeT skmaTh 6ecKOHeuHO. YTOOBI MpeJoTBPaTUTD
TaKkoe pPa3BUTHE CUTyallMM, MOKHO BOCITOIb30BAaThCSI KOMaHIOM SELECT FOR UPDATE
NOWAIT.

Bort Kak 3T0 paboraer.

Tpansakums 1 TpaHsakums 2
BEGIN; BEGIN;

SELECT ... FROM tab WHERE ...
FOR UPDATE NOWAIT;

Kakas-To o6paboTka SELECT ... FROM tab WHERE ...
FOR UPDATE NOWAIT;
Kakas-To o6paboTka OLUMBKA: He Mory nony4nTb 610KMPOBKY CTPOKM B OTHOLUEHMM tab

Ecyu ru6rocT NOWAIT [j1s1 BaC HeLOCTATOYHO, ITOAYMaiiTe 06 MCII0Ib30BaHMM I1a-
pamertpa lock_timeout. C €ro moMolibIo 3a1a€TCsI BpeMsI, B TeUeHMe KOTOPOTO BbI '0O-
TOBBI KIATH ITOJTyYeHMs 6I0KMpOBKiA. [TapaMeTp MOXKHO 3aJaTh HAa YPOBHE ceaHca:

test=# SET lock_timeout TO 5000;
SET

B maHHOM CiTyJae 3alaHO 3HaUeHume 5 C.

Ecyu SELECT 110 CYIIeCcTBY HMUero He GIOKMPYeT, TO SELECT FOR UPDATE MOKET BeCTH
cebst MOBOJIBHO CYPOBO. PacCMOTpMM TaKoii 613HeC-IIpoliecc: TpeOGyeTcsl 3aroTHUTD
camortet, B KotopoMm umeetcs 200 mect. MHOTO JIiofieil mbITaeTcsl 3a6pOHMPOBATh
MecTa OOHOBpeMeHHO. [Ipy 5TOM MOXXeT MPOU30IATH BOT UTO:
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Tpansakuma 1 TpaHsakumsa 2

BEGIN; BEGIN;

SELECT ... FROM flight LIMIT 1 FOR UPDATE;

KneT, noka nonb3oBaTenb BBEAET AAHHbIE SELECT ... FROM flight LIMIT 1 FOR UPDATE;
Xaert, noka nosnb3oBaTesib BBELAET AaHHbIE BbIHYXAeHa X aaTb

[Ipo6iiemMa B TOM, UTO B K&K bIii MOMEHT BpeMeHY MOXKHO 3a0POHMPOBATH TOJIb-
KO oHO MecTo. Bcero umeetcst 200 MmecCT, HO BCe BBIHYXKI€HbI XKIATh ITE€PBOTO MOJb-
30Baresis. M noka mepBoe MecTo 3a6I0KMPOBAHO, HUKTO He MOXKeT HUUero 3a6po-
HUPOBATb, XOTS MTaccakupam 6e3pasyinuHo, KaKoe MeCTO OHY MOTyJar.

1y nmpobiemy pemiaet KomaHaa SELECT FOR UPDATE SKIP LOCKED. CHavasia co3maaum
TeCTOBbIE JaHHbIE:

test=# CREATE TABLE t_flight AS
SELECT * FROM generate_series(1, 200) AS id;
SELECT 200

A BOT Temeps BpeMsl BOIIE6CTBA.

Tpansakumsa 1 TpaHsakumsa 2

BEGIN; BEGIN;

SELECT * FROM t_flight LIMIT 2 FOR SELECT * FROM t_flight LIMIT 2 FOR
UPDATE SKIP LOCKED; UPDATE SKIP LOCKED;

Bo3spaiaer 1 1 2 BosBpawaet 3 u 4

Ecwmm Kaskablii 3aXoueTr BoIOpATh IBE CTPOKM, TO MbI CMOkeM 00cTyskuTh 100 ox-
HOBpEeMeHHbIX TPaH3aKIINiA, He 6eCITOKOSICh O BIIOKMPOBKAX.

[MOMHWTE, YTO OXMAAHME — CaMas MeafieHHas GopMa BbINOAHEHMS. ECIM B KaXAbl MOMEHT
BPEMEHM MOXET BbITb aKTUBHA TOJILKO OAHA TPAH3aKLMA, TO HET CMbIC/a NoKynaTh Bce 6onee
[oporue cepeepbl — BeAb NpobaeMa Bbi3BaHa 6/10KMPOBKOM M KOHMAMKTYIOWMMM TpaH3aK-
LMAMU, @ HE HEXBATKOM pecypcos

Ho aTo enife He Bce. VIHOrga B FOR UPDATE BO3HMKAIOT HEIIpeBUIEHHbIE TTOCTIEe -
cTBMSI. Majio KTO 3HaeT, uTo FOR UPDATE TeCHO CBSI3aHa C BHEUIHMMM KJIIOUaMMU.
IomycTuM, YTO UMeeTCs JBe TaGINIIbl: B OAHOM XPaHSTCSI BaJIIOThI, B IPYroi —
cueTa:

CREATE TABLE t_currency (id int, name text, PRIMARY KEY (id));
INSERT INTO t_currency VALUES (1, 'EUR');
INSERT INTO t_currency VALUES (2, 'USD');

CREATE TABLE t_account (

id int,
currency_1id int REFERENCES t_currency (id)
ON UPDATE CASCADE
ON DELETE CASCADE,
balance numeric);

INSERT INTO t_account VALUES (1, 1, 100);
INSERT INTO t_account VALUES (2, 1, 200);
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Tenepb MbI XOTUM BbIIOJIHUTD SELECT FOR UPDATE 17151 TAOJIMIIBI CUETOB.

Tpausakumsa 1 TpaH3akumsa 2

BEGIN;

SELECT * FROM t_account FOR UPDATE; BEGIN;

Xaert, noka nonb3oBaTenb 3aKOHYUT 06pabOoTKY UPDATE t_currency SET id = id * 10;
XneT, noka nonb3oBaTtenb 3aKOHYMT 06paboTKy Xnet TpaH3akumm 1

XoTs 1J11 TaG/IMIIbI CYUeTOB BBIITOJIHEeHa KoMaH4a SELECT FOR UPDATE, KomaHa UPDATE
IJIST TaGIMIIbI BAJIIOT OKasajach 3a6j0KMupoBaHa. M 3T0 HE06XOAMMO, IIOTOMY UTO
MHaYe OTKPhIIACh ObI BOSMOKHOCTb HAPYIIUTH OTPaHMUEHVE BHEITHETo Kiova. Ta-
KM 06pa3oMm, eciiv CTPYKTypa JaHHBIX JOCTATOYHO CIOXKHA, TO COCTSI3aHVE MOXKET
MIPOU30ITY TaM, T/ie ITOTO MeHbIIe BCETO OKUAAEIb (32 CMJIbHO BOCTPEOOBAHHBIE
CIIpaBOYHbIE TAGINIIbI).

[Tomumo pasbr FOR UPDATE, cylrecTBYIOT erne (pasbl FOR SHARE, FOR NO KEY UPDATE
1 FOR KEY SHARE. Hu>ke ommcaHoO, UTO OHM O3HaAvaloT.

O FOR NO KEY UPDATE: rmoxoska Ha FOR UPDATE. Ho aTa (pa3sa ciabee 1 TIoTOMY MOKET

COCyIILecTBOBATh C SELECT FOR SHARE.

O FOR SHARE: ¢dpasa FOR UPDATE SIBJISIETCSI MOBOJIbHO CUJIbHBIM OTpaHUYeHMEM
" paboTaeT B MPEIITONIOKEHNY, YTO MbI €/ ICTBUTENIBHO COOMpaeMcst U3Me-
HSTb CTpOKM. dpa3a FOR SHARE OTJIMYAETCSI OT HEe TeM, UTO YIepKuBaTh 6J10-
KMPOBKY TAaKOTO TUIIAa OGHOBPEMEHHO MOXKeT HeCKOJIbKO TPaH3aKINIA.

O FOR KEY SHARE: aHajoruuHa FOR SHARE, HO 6JIOKMpOBKa ciadee. OHA KOH(IUKTY-

eT ¢ FOR UPDATE, HO He KOHQUIMKTYeT ¢ FOR NO KEY UPDATE.

Jlyulire BCEro NmoOsKCIEePUMEHTUPOBATh C PA3JIMUYHBIMU DPEXMMAMU U MOCMOT-
peTb, uTo moayuntcs. CiieyeT BCIUECKM CTPEMUTHCS YAYUIINTD ITOBeeHe 6J10-
KMPOBKM, TIOCKOJbKY 3TO MOXKET Pe3KO MOBBICMTb MAacCIITA6MPyeMOCTb BaIllero
[IPUJIOSKEH M.

YPOBHM M30N15LMM TPAH3AKLINIA

o cux mop Mbl paccMaTpuBaiyu 06paboTKy GIIOKMPOBOK M HEKOTOPbIE O6IIVEe BO-
MPOChI KOHKYPEHTHOCTHM. B 9TOM pasfesie Mbl IOTOBOPUM 06 M3OJSIMY TPaH3aK-
1IMit. S cuMTalo, UTO 9TOJ TeMe B COBPeMEHHOIi pa3paboTKe yaeasieTCs: COBEpPIIEHHO
HEeIOCTaTOYHOe BHUMaHMe. JIuib Masas Jojs MPorpaMMICTOB BOOGIe 3HAaeT 06
3TO¥ Mpo6/IeMe, UTO IPUBOIUT K OIIEIOMUTEIbHBIM OIIMGKAM.

[IpuBemeM puUMep TOTO, UTO MOSKET ITPOU30IATH.

TpaHsakumsa 1 TpaH3akumsa 2
BEGIN;

SELECT sum(balance) FROM t_account;
Monb3oBaTenb yBuamT 300 BEGIN;

INSERT INTO t_account (balance)
VALUES (100);
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Tpansakuma 1 TpaHsakumsa 2
COMMIT;

SELECT sum(balance) FROM t_account;
Monb3oBatensb yBUAUT 400
COMMIT;

BonbUIMHCTBO TOb30BaTeNell OKMIAeT, UYTO JieBas TpaH3akius Bcerma OymeT
BO3BpaIaTh 300, YTO ObI HY IIPOUCXOIMIO B IIPaBoi TpaH3akiuy. OJHAKO 3TO He
Tak. [To ymomuauuio PostgreSQL paboTaeT B peskume 301y READ COMMITTED. DTO
O3HAyvaeT, uTo jTi06ast KOMaHIa BHYTPY TPaH3aKI[MI MTOJTyYaeT HOBbI CHMMOK JTaH-
HbIX, KOTOPBIV OCTaeTCs [IOCTOSIHHBIM Ha BCeM MPOTSKEHUM 3ampoca.

0 SQL-KoMaHza paboTaeT C OAHMUM U TEM e CHUMKOM AAHHbIX M UTHOPUPYET BCE U3MEHEHMS,
NPOW3BELEHHbIE KOHKYPEHTHBIMU TPAH3aKLMSAMM.

Ecu Bl XOTUTe M30€kaTh TAKOTO MOBEIEHMSI, TO MOKETe YCTAHOBUTH PEKUM
MO/ TpaH3aKLyit REPEATABLE READ. B aTOM pexkume TpaH3aKUus 6YIeT MOb-
30BaThCsl OMHMUM U TEM K€ CHMMKOM Ha BCEM IPOTSIKEHUM paboThl. BoT uTo Torma
MIPOM30JiIeT.

Tpansakums 1 TpaHsakums 2
BEGIN TRANSACTION ISOLATION LEVEL REPEATABLE READ;
SELECT sum(balance) FROM t_account;

Monb3oBatensb yBManT 300 BEGIN;

INSERT INTO t_account (balance)
VALUES (100);

COMMIT;
SELECT sum(balance) FROM t_account; SELECT sum(balance) FROM t_account;
Monb3oBaTens yBuauT 300 Monb3oBaTens yBUAMT 400

COMMIT;

Kak MbI TOMBKO YTO CKa3asiu, MepBasi TPaH3aKUMs 3aMOPaskUBAET CBOV CHUMOK
MAHHBIX ¥ BO3BPAIAeT MOCTOSHHbIE PE3yIbTaThl HA BCEM MPOTSKEHUU PaBGOTHI.
9TO 0cO6GeHHO MoMe3HO Npyu GOPMUPOBaHMYM OTUETOB. [lepBasi U MOCIeAHSSI CTpa-
HUIIBI OTYETa JOKHBI OTHOCUTBCSI K OMHMM Y TEM 3Ke JaHHbIM. [103TOMY peXum
MOBTOPSIEMOTO UTEHMS — KJTIOU K HEITPOTUBOPEUMBBIM OTUETAM.

OTMeTHUM, YTO ONIMOKM, CBSI3aHHbIE C YPOBHEM M3OJSIINN, HEe BCEra MPOSIBISIOT-
€SI MTHOBEHHO. MOKeT CIyYUThCS, UTO TIpobieMa BhICKAKMBAET CIYCTSI MHOTO JIeT
rocJie repenavyyl MPUIOKEHUS B OKCIUTYaTAIIO.

0 MoBTOpsieMoe uTeHUe 06X0AUTCS He AOPOXKE, YeM UTEHUE 3adUKCUPOBAHHbIX AAHHbIX. Bon-
HOBAaTbCS MO NMOBOAY CHUXKEHWUS NMPOU3BOAUTENBHOCTU HET NPUYMH. B 06bIYHOM pexnMme one-
paTtuBHOM 06paboTku TpaHsakumi (OLTP) pexxum READ COMMITTED MMeeT psja, NMpeuMyLLecTs,
NMOTOMY YTO M3MEHEHWSI BUIHbI FOPa3f0 PaHblUe, U LWAHChI CTONIKHYTHCS C HEOXWUAAHHBIMM
oWMBKaMM YMEHbLLIAKOTCA.
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SSI-TpaH3akumm

I[MomMuMmo peskrumoB READ COMMITTED m REPEATABLE READ, PostgreSQL mipefnjaraeT pesxum
cepuanusyeMoii u3onsuu cHUMKOB (Serializable Snapshot Isolation — SSI). Tak uto
Bcero PostgreSQL moaaep>kuBaeT Tpu YpPOBHS U30siLUu. OTMETUM, UTO PEXUM UTe-
HISI He3a(UKCMPOBAHHBIX JAHHBIX READ UNCOMMITTED (KOTODBIV BCe ellle SIBJISIETCS pe-
SKMMOM I10 YMOJTYaHUIO B HEKOTOPbIX KoMMepueckux CYBIl) He monaepKuBaeTCs:
e/ Bl ITOTpo0OyeTe HauaTh TPaH3aKIMIO B TAKOM pexkume, To PostgreSQL mMosmua 3a-
MEHUT PeXXUM Ha READ COMMITTED. Ho BepHEMCS K cepuanm3yeMoit U30sy CHUMKOB.

Vmest 9TOrO YPOBHS U30JISIIIMM TIPOCTA: €CIY M3BECTHO, UYTO TpaH3aKIys paboTa-
eT IPaBMUIbHO, KOTJA MMEeTCSI BCErO OAVH IT0/Ib30BaTe b, TO OHA OyIeT MPaBUIbHO
paboTaTh M B KOHKYPEHTHOJ Cpefie TIpM BbIOOPE TAKOTO YPOBHS M30JsImu. OgHaKo
TT0JIb30BATE/IN TOIKHBI OBITH TOTOBBI K TOMY, UTO TPAH3aKIMM MOTYT 3aBepIIaThCs
¢ omnbKoi1 (Tak M 3amymMaHo). Kpome Toro, mpuueTcsi CMUPUTBCS CO CHISKEHMEM
MIPOU3BOIUTENbHOCTH.

JKenaroniye y3HaTh 60JIbIlle 06 5TOM YPOBHE U30JISILIMM MOTYT 06PaTUTHCS K CTpa-
Hu1e https://wiki.postgresqgl.org/wiki/Serializable.

paCCManMBaTbCepMaﬂM3y6MyD M301AUUI0 B KayeCTBe aNibTEPHATUBLI CNEAYET, TOJIbKO €CNn
Bbl XOPOLWO NOHMMaETE, YTO NMPOUCXOANT BHYTPU ABUXKKA 6a3bl AAHHbIX.

B3AMMOBIOKMPOBKM U CMEXHbBIE BOMPOCI

B3anM06I0KMPOBKA — 3TO BaskHasT ITpobieMa, KOTOpasi MOXKET MMETb MECTO B JIFO-
0071 M3BECTHOI MHe 6a3e JaHHbIX. DTO MPOMCXOINT, KOT/Ia IBE TPaH3aKIVM BBIHYK-
IeHbI KOAThb IPYT ApyTa.

B aTOM pasmesie Mbl YBUIOMUM, KaK TAaKOe MOXKET CIyUUThCS. IIyCcTh MMeeTcs Tab/u-
11a, cofepskaiias 1Be CTPOKMU:

CREATE TABLE t_deadlock (id int);
INSERT INTO t_deadlock VALUES (1), (2);

PaccmoTpum ripumep:

Tpansakumsa 1

Tpansakuusa 2

BEGIN;

BEGIN;

UPDATE t_deadlock
SET id = id * 10
WHERE id = 1;

UPDATE t_deadlock
SET id = id * 10
WHERE id = 2;

UPDATE t_deadlock
SET id = id * 10
WHERE id = 2;

XneT TpaH3akumm 2

UPDATE t_deadlock
SET id = id * 10
WHERE id = 1;

Xpet TpaH3akumu 2

Xnet TpaH3akumu 1

B3anmobnokupoBska byneT paspelueHa yepes ogHy cekyHay (deadlock_timeout)

COMMIT;

ROLLBACK;
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Cpa3y mocie 06HapY>KEHI/IH BBaI/IMO6J'IOKI/IpOBKI/I IIOABJISIETCS TaKOe COO6H.[eHl/IeZ

OWWBKA: obHapyxeHa B3auMObBNOKMPOBKA

MOAPOBHOCTK: Mpouecc 91521 oxmpaet B pexume ShareLock 6nokmpoBKy "TpaH3akuua 903";
33b0kMpoBaH npoueccom 77185.

Mpouecc 77185 oxupaeT B pexume SharelLock 6aokupoBKy "TpaH3akuus 905";

3abs0knpoBaH npoueccom 91521.

MOACKA3KA: noapobHOCTM 3anmpoca CMOTpUTE B MPOTOKOJE CepBepa.

KOHTEKCT: npu u3meHeHun koptexa (0,1) B oTHoweHun "t_deadlock"

PostgreSQL maske Ji06e3HO COOOIIAeT, Kakas CTpOKa IpuBea K KOHMIMKTY.
B aTom nipumMepe KoOpHeM 3J1a SIBSIETCS KOpTex (0, 1). Mbl Buaum ctid — yHUKa/Ib-
HbII MAEHTUGUKATOP CTPOKM B Tabnuile. OH rOBOPUT O (GU3UUECKOM ITOJIOKEHUN
CTPOKY BHYTPM TabGIMIIbl. B JaHHOM cTydae 3TO IepBasi CTpoKa B epBoMm Giioke (0).
MO>KHO [1axke OIPOCUTD 3Ty CTPOKY, €C/IM OHA ellle BUIHA TPaH3aKIUN:

test=# SELECT ctid, * FROM t_deadlock WHERE ctid = '(0, 3)';

ctid | id
....... [FIEp——
(0,1) | 10

(1 cTpoka)

ViMeiiTe B BUIY, UTO STOT 3aIIPOC MOXKET ¥ HE BEPHYTbh CTPOKY, €C/IM OHA Y3Ke Oblia
yoayieHa Ui Mogu@uIpoBaHa.

OmHako He TOJBKO B3aMMOOJIOKMPOBKM MPUBOASAT K OMIMOKAM B TPaH3aKIMSIX.
HeB0O3MOKHOCTB Cepuanmn3anuy MOKET BbI3bIBATHCS U APYTUMM IpuumMHaMu. B ciie-
OyoleM IpyMepe MOKa3aHo, YTO elle MOXeT Mpou3oiTu. IlpenmnonaraeTcs, 4To
B TabJIMIIEe BCe ellle HaXOASsITCS IBe CTPOKM: id=1m id = 2.

TpaHsakuma 1 TpaH3akuua 2
BEGIN ISOLATION LEVEL REPEATABLE READ;
SELECT * FROM t_deadlock;
Bo3sBpaluatoTcs ABe CTpoku

DELETE FROM t_deadlock;

SELECT * FROM t_deadlock;
Bo3spaluatotcs aBe CTpoku

DELETE FROM t_deadlock;

Ownbka B TpaH3aKLMK

ROLLBACK; -- COMMIT yxe HeBO3MOXeH

B aTOM mpuMepe 0JJHOBPEMEHHO PaboTaloT IBe TpaH3akiyy. [Toka TpaH3akuys 1
TOJIbKO BHIOMPAET AaHHbIe, BCE XOPOIIIO, TOTOMY UTO PostgreSQL jierko MOXKeT Mofi-
Jep>KaTh WITIO3UIO CTaTUUeCKUX JaHHbIX. Ho uTo, ecyii BTOpast TpaH3akius 3aduk-
cupyeT KomaHAy DELETE? Ec/iu B repBoii TpaH3aKIMM MTPOU3BOISITCS TOJMBKO oriepa-
MM UTEHMUs, TO TpobeMa Bce paBHO He BO3HMKAeT. HeMmpusiTHOCTM HAUMHAKOTCSI,
KOrma TpaH3akius | MbITaeTcs YIAIUTh UM MOOUPUIMPOBATh JaHHbIE, KOTOpPbIe
B 9TOT MOMEHT (haKTUUECKM «MePTBbI». EquHcTBeHHOEe, uTo PostgreSQL MoskeT ce-
JIATh B 3TOV CUTYaIVy, — BbIJATh OMIMOKY M3-3a KOHQINKTA TPAH3aAKI[MIA:
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test=# DELETE FROM t_deadlock;
OWWBKA: He ypanocb Cepuann3oBaTb JOCTYM M3-33 NAPa/IENbHOrO M3MEHEHMA

Ha mpakTuKe 3TO 03HAYAET, UTO KOHEUHbIE TI0JTb30BATE N JOIKHBI OBITH TOTOBBI
K 00paboTke omMbOK B TpaH3aKIMIX. ECJIM UTO-TO IIOINIO He TaK, TO HPaBUJIbHO
HamnycaHHOe IPWIOXKeH)e JO/DKHO IMTOBTOPUTH OIepaliuio.

PEKOMEHOATENbHBIE BIOKUPOBKM

B PostgreSQL nmeeTcst BecbMa 3(pGEeKTUBHBIN U IMTPEKPACHO Pa3BUTHIA MEXaHU3M
TPaH3aKIINii, KOTOPBIT MOKET 00pabaThIBATh METKOCTPYKTYPHbBIE 6I0KMpPOBKM. He-
CKOJIBKO JIeT Ha3a/, rPyIIIie JIiofeli MpUIia B TOJIOBY MBIC/Ib UCII0/Ib30BaTh 3TOT KOZ,
IIJISI CMHXPOHM3a1I Y TTPUIIOSKEHUIA.

Tak ¥ MOSIBMINCH Ha CBET peKOMEeHIaTeIbHbIe GJIOKMPOBKI.

BaskHO TOHMMATB, UTO peKOMEeH/IaTe/IbHbIe OIIOKMPOBKH, B OT/INYME OT OOBIUHBIX,
He 1ICYe3al0T N0C/Ie BBIIOMHeHus COMMIT'. CieoBaTeIbHO, MX HY>KHO BOBpEMs Pas3-
67I0KMPOBATh, U MpeHebperaTh 3TUM HU B KOeM CJTyuae Helb3sl.

[TpuMeHsIsT peKOMeHIaTeIbHYI0 6JIOKMPOBKY, BBl HA CAMOM Jiefie 6JIOKMpyeTe He-
Koe uncio. He cTpoku, He JaHHbIE — ITPOCTO YMCIO. BOT Kak 3TO paGoTaer.

TpaHsakumsa 1 TpaH3akumsa 2
BEGIN;
SELECT pg_advisory_lock(15);

SELECT pg_advisory_lock(15);
[lonxHa xnatb

COMMIT; Bce elle AomkHa XaaTtb

SELECT pg_advisory_unlock(15); Bce ewe xaer

BnoknpoBska 3axBayeHa

[TepBast TpaH3aKIIMs OGJIOKMPYET UMCIO 15. BTopas TpaH3aKuusl JO/KHA KIAaTh
pas36aoKMpPOBKM 3TOTO unciaa. OHa KOeT Jake IMOC/Ie TOTO, KaK MepBast TPaH3aKIys
3aukcupoBaHa. Hu B koeM cjydae Heslb3sT HaJlesIThCSI, YTO BMeCTe C 3aBeplieHemM
TpaH3aKIUM BCe MPoOIeMbl OYIyT UyAeCHBIM 00pa30M pa3pelleHsbl.

Iyis pa36IOKMPOBKY BCeX 3a6I0KMPOBaHHbIX umcen PostgreSQL mpemocTasisieT
dyHkIM0 pg_advisory_unlock_all():

test=# SELECT pg_advisory_unlock_all();
pg_advisory_unlock_all

(1 cTpoka)
MHorma BO3HMKaeT HEOOXOAMMOCTb Y3HATh, MOXKHO JIM TTOMYYUTDH GIOKUPOBKY,
" BBIZATH OIIMOKY, eC/iv 9TO HeBO3MOXKHO. 11t aToro B PostgreSQL ecTh dyHKIINM;

! CymecTBYIOT M peKOMeHaTeIbHble 6JI0KMPOBKY Ha YPOBHE TPaH3aKIMM, OHY YCTaHABIIU-

BaroTcs pyHKIMet pg_advisory_xact_lock. — ITpum. peo.
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YTOOBI pacrevyaTaTh CIYCOK BCeX MMeIoMXCst QYHKINI, OTHOCSIIUXCS K peKOMEeH-
IaTeabHbIM O6JIOKMPOBKaM, BBeIuTe KoMaHIy \df *try*advisory*.

ONTUMU3ALMA XPAHWUIIULLA U YNPABNIEHUE OYMCTKOWM

TpaH3aKIMHK SIBJISIIOTCSI HEOTheMJIeMOoii YyacThbio PostgreSQL. OmHako oHM 06XOISITCS
He GecriaTHO. Kak Mbl yske BUJIE/N B 9TOV IJ1aBe, OMHOBPEMEHHO PabOoTaroIINe ITOJTb-
30BaTeIM MOTYT IMOAY4YaTh pa3JiMyHble JaHHbIe B OTBET HA OAVH U TOT >Ke 3ampoc.
Kpome Toro, komanzgam DELETE 1 UPDATE He paspelleHO Iepe3arnncbiBaTh OGHU U Te
K€ JaHHbIe, [IOTOMY UTO TOI[Ia He CMOKET paboraTh ROLLBACK. Eciu BbI HAXOAUTECH
B cepefyHe OOJIbIIOi orepaiuy DELETE, TO HET TapaHTUM, UTO COMMIT BBIIOTHUTCS
ycrienHo. bosee Toro, faHHbIe OCTAIOTCS BUAMMBIMYM BO BpeMsI BbITIOJTHEHMS DELETE,
a MHOTIA OHY BUIHBI CITYCTSI IJINTEJIbHOE BpeMs ITOCJIe 3aBepIIeHNsT MOIUMVKALIVINA.

TakuM 00pa30M, OUMCTKA JOJKHA TPOU3BOAUTHCS aCMHXPOHHO. TpaH3aKIus He
MOKeT Mpu6paThCst 3a co00Ii, a OKOHUATEIbHO YAaISITh MEPTBbIE CTPOKM BO BpeMsi
BBIMOTHEHMST COMMIT 1 ROLLBACK MOSKET OBITh CJMIIIKOM PaHO.

PellleHyeM 3TOJi IIpo6JIeMBbI SIBJISIETCST KoMaHaa VACUUM. BOT ee cMHTaKCHUC:

test=# \h VACUUM
Komanga: VACUUM
Onucanve: mpousBecTn cHopKy Mycopa ¥ MpOaHaaM3vpoBaTb 0a3y AaHHbIX

CuHTaKkeuc:
VACUUM [ ( { FULL | FREEZE | VERBOSE | ANALYZE } [, ...1) ]
[ wma_tabanupl [ (uma_ctonbua [, ...]1 ) ] ]

VACUUM [ FULL ] [ FREEZE ] f VERBOSE ] [ wma_tabaunupl ]
VACUUM [ FULL ] [ FREEZE ] [ VERBOSE ]
ANALYZE [ wma_tabanup [ (uma_ctonbua [, ...] ) 1 1]

VACUUM moceIaeT Bce CTPaHMIIbl, KOTOPbIE MOTYT COAEP>KaTh MOAM(PUKALINA, U Ha-
XOIJT BCe MepTBbIe KOPTeXKM. CBOOOJHOE MeCTO 3aIIOMMHAETCSI B KAPTe CBOOOTHO-
ro npocrpaHcTtsa (Free Space Map — FSM) oTHomeHusl.

OTMeTHMM, UTO B OOIBIIMHCTBE CrydaeB VACUUM He YMeHbIIAeT pasMep TabInIIbI.
OHa ITPOCTO HAaXOAUT U 3aIIOMIHAET CBOOOAHBIE YIACTKY B CYIECTBYIOIMX (aiiiax.

O6bI4HO nocne VACUUM pa3Mep Tabnuubl He 3MeHseTcs. B penkux cnyyasx, Koraa B KOHLe Tab-
NWLBI HET AEWCTBUTENbHBIX CTPOK, hain cxuMaeTcs. Ho 3To CKkopee UCKYeHME, YeM NPaBUIO.

Yro Bce 3TO O3HAuUaeT AJIs MOJAb30BaTeNell, 0ObSICHEHO B pasieie 3TOi IJIaBbl
«Habmogenne 3a pabotoit VACUUM».

Hacrpoitka VACUUM u autovacuum

Korga-To maBHBIM-AAaBHO 3amyckaTh VACUUM mpMXOOuaoCh BpyuHyMw. 1o cuacThio,
Te BpeMeHa mpoiuin. CerofHsl K yoiyraMm aJMUHUCTPATOpa MMeeTCsI MHCTPYMEHT
autovacuum, SIBJISTIOIINIICS YaCThI0 MHPPACTPYKTYpbI cepBepa PostgreSQL. OH pabo-
TaeT B (POHOBOM pekumMe U aBTOMaTUUECKM MTPOU3BOAUT OUUCTKY. OH MTPOChITIaeT-
CST OIMH pa3 B MMHYTY (TTapaMeTp autovacuum_naptime = 1 B ¢aiisie postgresql.conf)
" TIPOBEPSIET, €CTh JIU JIJIsT Hero pabora. Ecin ecTh, TO autovacuum 3aIrycKaeT g0 Tpex
pabounx MmpoIeccoB (MapaMeTp autovacuum_max_workers B ¢haiise postgresql.conf).
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OcTaeTcs IIaBHbIA BOIPOC: YTO MMEHHO CTY;KUT CITYCKOBBIM KPIOUKOM JIJISI CO3-
naHus pabouero mpoiecca?

0 Ha caMoMm fene npouecc autovacuum He 3amyckaeT NpoLEecchbl cam, a MPOCUT 06 3TOM TNaBHbIN
npouecc. 370 AenaeTcs, 415 Toro Ytobbl U3bexaTb 06pa3oBaHMs NPOLLECCOB-30MBM B Cyyae
OWMBKM M MOBLICUTb 06LLYI CTAOWUIBHOCTb CUCTEMBI.

OTBeT Ha 9TOT BOITPOC CHOBA CJIEIyeT MCKaTh B (aiie postgresql.conf:

autovacuum_vacuum_threshold = 50
autovacuum_analyze_threshold = 50
autovacuum_vacuum_scale_factor = 0.2
autovacuum_analyze_scale_factor = 0.1

[TapameTp autovacuum_vacuum_scale_factor roBoput PostgreSQL, uto Tabauiy
Topa OuMIIATh, ecu B Heii u3MeHmuIoch 20 % gaHHbIX. [Ipo6aemMa B TOM, UTO €C/In
B TabJTMIIe BCETO OJJHA CTPOKA, TO Kaskaoe M3MeHeHre — 310 yke 100 %. Ho 3armyckaThb
MIPOIIECC JIJIST OUMCTKY BCETO OIHOI CTPOKYU 6ecCcMBbICIeHHO. [ToaTOMY ITapaMeTp au-
tovacuum_vacuuum_threshold roBoput, uTo BbilIeyrmoMsaHyTbie 20% B abCOTIOTHOM
MCUMCIEHUY OO/DKHBI copepykaTh He MeHee 50 cTpok, MHaue VACUUM He cTaHeT 6ec-
MMOKOUTBCS. TOT ke MeXaHM3M UCTTIONb3YeTCs TPy c60pe CTaTUCTUKY IJIsI OTITUMM3a-
Topa. UTo6b!I OMpaBAaTh HOBBIM akT cOOpa CTATUCTUKM, HY’KHO, YTOOBI M3MEHMUIOCH
He MeHee 10 % IaHHBIX, @ B aOCOMIOTHOM MCUMCIEHUY 3TO JO/DKHO OBITh HE MeHee
50 cTpok. B umeaste autovacuum co6MpaeT HOBYIO CTATUCTMKY BO BpeMs OOBbIUHOI pa-
60TbI VACUUM, uTOGBI M36€KaTh HEHY>KHBIX [IPOCMOTPOB TAGIAIIbI.

ITodpoo6Hee o 3auuknueaHuu udeHMuGuUKamopos mpaH3aKyuii
B daiine postgresql.conf ecTh ele ABa mapamMeTpa, Ype3BbIUATHO BasKHBIX OJIST T10-
HuMaHus paboTel PostgreSQL:

autovacuum_freeze_max_age = 200000000
autovacuum_multixact_freeze_max_age = 400000000

YT0o6bI pa30bpaThCs B CyTH TPOOIeMbl, HYKHO ITIOHMMAaTh, Kak B PostgreSQL 06-
pabaThIBaeTCss KOHKYPEHTHOCTb. MeXaHu3M TpaH3aKIuii OCHOBAH Ha CpaBHEHUU
UIEeHTU(PUKATOPOB U COCTOSTHMIA TPAaH3aKLIVIA.

PaccmoTpum npumep. Eciu s HaX0KyCh B TPAH3aKIMY € UAEHTU(GUKATOPOM 4711,
a BbI — B TpaH3aKIMM 4712, TO 51 Bac He yBMKY, [IOTOMY UTO Ballla TPaH3aKILus elle
BBITIONIHAETCA. HO eciv BbI HAXOAUTECh B TPAH3aKLMM 3900, TO s Bac yBUKy'. Ecim
Ballla TPaH3aKIIMs 3aBePIINUTCS C OIIMOKOIA, TO 51 MOTY CIIOKOTHO UTHOPUPOBATDh BCE
MMOPOXKAEHHbIE €1 CTPOKN.

Bema B TOM, UTO KOJIMYECTBO UAEHTU(DUKATOPOB TPaH3aKIINiI KOHEUHO, U B KAKOii-
TO MOMEHT IPOM30iiIeT 3alMK/INBaHue, T. €. BO3BpaT K Hy/0. Ha mpakTuke 3TO
03HAUaeT, UYTO TPAH3aKIIUSI C HOMEPOM 5 MOKeT OBITh MO33Ke TPaH3aKIMUK C HOMe-
poMm 800 mminoHoB. 1 kak PostgreSQL y3HaeT, kakasi U3 HUX HauaTa paHblie? s

! PaCCy)KJIEHI/IH YIIPOLIEHBI 4O TOrO, YTO CTA/IM HEBEPHBIMM, HO ITPMMeEP OO/DKEH ITI0Ka3aTh,

YTO TpaH3aKIyy (06BIYHO) ITOYYAIOT BO3PACTAIOIME HOMEepA: YeM IT033Ke Hauaiach TpaH-
3aKIys, TeM 6osiblie e€ HoMmep. — [Tpum. peo.
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9TOr0 OHA XPaHUT OTMETKY YPOBHS. PaHO MM NTO3HO 3TV OTMETKM HY>KHO KOppeK-
TUPOBATh, U BOT TYT-TO B UTPy BCTymaeT VACUUM. 3amyck VACUUM (mu autovacuum) ra-
paHTUPYET, UTO OTMETKA YPOBHSI OY/IeT CKOPPEKTUPOBAHA TaK, YTO B OYAyIEM Y Bac
Bcerma OyfeT J0CTaTOYHO UAEHTUMUKATOPOB TPAH3aKI[UIA.

He kaxaas TpaH3aKUMs YBENUUYMBAET CUETUMK MAEHTUDUKATOPOB. ECnm TpaH3akums TONbKO
YNTAET, TO ee MAEHTUDMKATOP BUPTYanbHbIN. Tak caenaHo, 4tobbl MaeHTUGUKATOPbI TPAH3aK-
LMK He pacxofoBanmcCh CKULLKOM BbICTpO.

[TapameTp autovacuum_freeze_max_age oripeesnseT MakKCUMMalbHOE YMCJIO TPaH3aK-
1Mt (BO3pacT), 4O KOTOPOTO MOsKeT lopacTu mosie pg_class.relfrozenxid, accouym-
POBaHHOE C TaHHOJ TabMIIeN, Tpeskae yeMm VACUUM BMeIIaeTcs C IeJTbio ITpeqoTBpa-
TUTD 3allMKIMBaHKe UIeHTU(UKATOPOB TPaH3aKLuii. 3HaUeHMe 3TOro nmapaMerpa
OTHOCUTEJIbHO MaJjio, TOTOMY UTO OH TaKyKe BJIMSIET Ha OUMCTKY Oydepa COCTOSTHMS
duxcanmii clog (clog, mnu commit log — 3To CTPyKTypa JaHHBIX, B KOTOPOI 151 Kask-
IO} TpaH3aKIMM OTBEIEHO JBa OMTa, MOKa3bIBAIOIINMX €e COCTOsSIHMEe — paboTaer,
TpepBaHa, 3auKCcUpoBaHa WK BCe ellle HaXOAUTCS B TTOATPAH3aKIIUN).

[TapameTp autovacuum_multixact_freeze_max_age 3amaeT MaKCUMaJbHbII BO3PaCT
ronst pg_class.relminmxid, acCOIMMPOBAHHOIO C TAGIUIIEH, ITO JOCTIKEHUM KOTO-
poro VACUUM BMeIIMBaeTCs, YTOObI IPeNOTBPATUTh 3aLMKINBaHME UAeHTUDUKATO-
pa MyJbTUTPAH3aKLMI B TAaHHOI Tabyimie. 3aMOpakuBaHMe KOPTEKel — BasKHbBIN
97IeMEeHT MOBBIIIEHNST TPOU3BOIAUTENbHOCTHM, MBI €I1le BEpHEMCS K ITOMY ITPOLIeCCy
B IVIaBe 6, Korga 6ymeM o6CyKaaTh OITUMMU3AIMIO 3aIIPOCOB.

Boo0611ie roBOpst, CTOUT CTPEMUTHCSI K YMEHbIIIEHMIO HAarPy3Ky CO CTOPOHBI VACUUM
MIpY COXpPaHEHUM ONepalyOHHOI 6e3omacHoCTH. [IpuMeHeHye VACUUM K GOJIBIINM
TabnuiaM 06X0AUTCS TOPOTO, [IOITOMY IT0JIE3HO HACTPOUTD ST TTapaMeTpPhbl OITH-
MaJTbHBIM 151 Ballleil CUCTEMbI 0Opa30oM.

Ilapa cnoeé o VACUUM FULL

BMmecTo 06b1YHOI KOMaHIbI VACUUM MOSKHO 3aITyCTUTh VACUUM FULL. HO XOUy OTMETHUTb,
yTO VACUUM FULL 6I0KMpYeT Tabauily U mepes3amnuchbiBaeT ee eaukom. Ecmu Tabmu-
1Ia MaJIeHbKasi, TO HMYEro CTPAIlHOro B 3TOM HeT. OmHaKO 6JI0KMPOBKA OOJbIION
TaOGINUITBI MOKET JOCTaBUTh BaM MaccCy HelpusTHOCTed ! VACUUM FULL GrIOKMpyeT Bce
omepaumM 3ammucy’, MOITOMY Y MOIb30BaTeseli CIOKUTCS BIleyaTIeHne, 4To 6asa
IaHHbBIX 3aBUCa. Tak UTO MIPUMEHSIITe C OCTOPOXKHOCTHIO.

BmecTo VACUUM FULL s peKOMEHAYI0 OOpaTUThb BHMMaHME Ha pacIiMpeHue pg_
squeeze (https://www.cybertec-postgresql.com/introducing-pg_squeeze-a-postgresql-ex-
tension-to-autorebuild-bloated-tables/), KoTopoe ymMeeT Iepe3anuchiBaTh TabINUIY,
He GJIOKMPYSI 3aIIMCh B Hee.

Ha6nwpeHue 3a pabortoin VACUUM

[Tocne 3TOrO BBEEHMS CaMOe BpeMs IOCMOTPeThb Ha VACUUM B IeliCTBUM. Sl BKITIOUNIT
3TOT pasfesl, TOTOMY UTO MOJ OTIBIT KOHCYJIbTUPOBAHUS U TEXHUUECKO MOAIepXK-
ku mionb3oBateneil PostgreSQL (https://www.cybertec-postgresql.com/) moxkasai,

' U omepauyuy uTeHus TOXe, YTO 0COOeHHO HellpuUsTHO. — IIpum. ped.


https://www.cybertec-postgresql.com/introducing-pg_squeeze-a-postgresql-extension-to-auto­rebuild-bloated-tables/
https://www.cybertec-postgresql.com/introducing-pg_squeeze-a-postgresql-extension-to-auto­rebuild-bloated-tables/
https://www.cybertec-postgresql.com/
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YTO HApOZ, B OCHOBHOM MMeeT BeCbMa CMyTHOe TIpe/icTaBeHe O TOM, UTO MIPOUC-
XOIUT B XpaHUJIUIIIE.

[TomuepkHYy elle pas, UTO B OOIBIIMHCTBE CaydaeB VACUUM He yMeHbIIIaeT pa3Mep
Ta6IMIIBI U He BO3BpalllaeT MecTo (aitsioBoii cucTeMe.

B mpuMepe Huske MOKa3aHO, KaK CO3[aTh HEOGOJBIINYI0 TAGIUILY CO CIeluaTb-
HbIMM TIapaMeTpaMy aBTOOUMCTKU. [lepBoHAuyasbHO B TaGMMILY 3aIMChIBAETCS
100 000 cTpok:

CREATE TABLE t_test (id int) WITH (autovacuum_enabled = off);
INSERT INTO t_test
SELECT * FROM generate_series(1, 100000);

OTMeTHUM, UTO aBTOOUMCTKY OTHEIbHBIX TAOINI] MOKHO BbIKIIOUATh. OOBIYHO 3TO
He PeKOMEHYeTCsI, HO B HEKOTOPBIX CITelMalIbHbIX CIy4yasX MapaMeTp autovacuum_
enabled = of f uMeeT cMbIC/I. B3SITh, K IpuMepy, TabIMIIBI C OUeHb KOPOTKUM BpeMe-
HeM XM3HM. 3aUeM OUMIIATh KOPTEKM, eCIv pa3paboTunK 3apaHee 3HAET, YTO yepe3
HECKOJIbKO CEeKYHJ, TabauIlbl He CTaHeT? B XpaHuIMIax JaHHBIX TaK ObIBAeT, eCiau
TabIMIIA UCITONMb3YEeTCS /1T XpaHeHMsI BpeMeHHbIX TaHHbIX. B HameM rpumepe VAC-
UUM BBIKJTIOUEHO, YTOOBI B (DOHOBOM pEKMMe HMUEro He IPOMCXoauio. Bee, UToO Bbl
BUIIATE, — PE3YbTAT MOUX AEICTBUI, @ He pabOThI KAKOTO-TO CTOPOHHETO MpoIfecca.

Iy Hauasa moayYuM pasmep TabIUIIbI:

test=# SELECT pg_size_pretty(pg_relation_size('t_test'));
pg_size_pretty

3544 kB
(1 cTpoka)

@yukiusg pg_relation_size Bo3BpalaeT pasmep TabauIbl B OaiTax, a QyHKIMs
pg_size_pretty IpUMHMMAET 9TO UMCIIO U IIPeoOpasyeT ero B HEUTO yaobounTaeMoe.

3aTeM OOHOBMM BCE CTPOKM TabIMIIbI, BOCIIOIb30BABIIMCH ITPOCTOI KOMaHIOIi
UPDATE:

test=# UPDATE t_test SET id = id + 1;
UPDATE 100000

To, 4TO ceityac Mpon30iaeT, OUeHb BaXXHO 151 ToHMMaHus PostgreSQL. [1BMKOK
6a3bl JAaHHBIX JO/DKEH CKOMMPOBATh BCe CTPOKU. [Touemy? Bo-TmiepBbIX, MbI He 3Ha-
eM, 3aBepIINTCS JIM TPaH3aKIMsl yCIelIHo, T03TOMY He BIIpaBe Mepe3amniucbiBaTh
IaHHbIE. A BO-BTOPBIX, KOHKYPEHTHAS TPaH3aKIIMS MOXKET ele paboTaTh CO CTapoit
Bepcueit JaHHbIX.

KomaHpa UPDATE KomMpyeT CTPOKU. JIOTUUHO, UTO MOC/e 3TOTO M3MEHEeHUs pa3-
Mep TaGIuIIbl CTaHeT GOJIbIIIe:

test=# SELECT pg_size_pretty(pg_relation_size('t_test'));
pg_size_pretty

7080 kB
(1 cTpoka)
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[Mocie UPDATE MOSKHO TOTIBITAThCSI BEPHYTH MeCTO (haiiyioBOii cucTeMe:

test=# VACUUM t_test;
VACUUM

Ho, kak yske 6b110 cCKa3aHo, VACUUM, KaKk ITpaBuio, He BO3BpaIllaeT MeCTO, a JUIIb
IlaeT BO3MOXKHOCTD MCITO/Ib30BATh €r0 IMTOBTOPHO. TakMM 06pa3om, TabIuiia HUIyTh
He YMeHbIIWIACh:

test=# SELECT pg_size_pretty(pg_relation_size('t_test'));
pg_size_pretty

7080 kB
(1 cTpoka)

OpHako cremyiolas KomMaHaa UPDATE He YBeJIMUMUT pasMep TabIUIbI, T. K. BOC-
0JIb3yeTcss CBOGOMHBIM MECTOM, YK€ MMEIONIMMCS BHYTpM Hee. U juiib BTOpast
KoMaHza UPDATE MpuUBEeAET K HOBOMY POCTY TabJINIIbI, ITOCKOJIbKY CBOGOIHOE MECTO
JMCUEePIIaHO U HYKHO OOIIOTHUTE/IbHOe:

test=# UPDATE t_test SET id = id + 1;

UPDATE 100000

test=# SELECT pg_size_pretty(pg_relation_size('t_test'));
pg_size_pretty

7080 kB
(1 cTpoka)

test=# UPDATE t_test SET 1d = id + 1;

UPDATE 100000

test=# SELECT pg_size_pretty(pg_relation_size('t_test'));
pg_size_pretty

10 MB
(1 cTpoka)

Ecsii 661 MHE HY>KHO GbIIO BBIOPATh OAHY-eAMHCTBEHHYIO BEIIb, KOTOPYIO CJIeayeT
3alIOMHMTDb B pe3yJ/IibTaTe IIPOUYTEeHUS 9TOM KHUI'U, TO OGbl OCTAHOBMJICI HA 3TOM
d)aKTe. 3HaHue TOTO, Kak BeJeT cebs roacucTeMa XpaHeHNd, — K4 K ITOBbIIIEHIMIO
NMPOU3BOAUTEJIIbBHOCTU M aAMMHUCTPUPOBAHNUIO B 11€JI0OM.

BoinosHum elne HeCKOJ/JIbKO 3aIIpOCOB:

VACUUM t_test;

UPDATE t_test SET 1d = id + 1;
VACUUM t_test;

U cHOBa pa3mep He u3MeHuIcs. [IocMOTPYUM, UTO HaXOAUTCS B TAOIULIE:
test=# SELECT ctid, * FROM t_test ORDER BY ctid DESC;
ctid | id
........... +. [ ——

(1327, 46) | 112
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(1327, 45) | 111
(1327, 44) | 110

(884, 20) | 99798
(884, 19) | 99797

Cronberny ctid comepskUT MHOOPMALMIO 0 GU3NUECKOM TOJOKEHUM CTPOKM Ha
nmucke. dpa3a ORDER BY ctid DESC mO3BO/ISIET YMTATh TAOIUILY B 06paTHOM (u3nye-
CKOM ITOpSIIKe XpaHeHMs. A Kakast HaM pasHuiia? [Iejio B TOM, YTO B KOHIIE TaOIMIIbI
eCTh OUeHb MaJible ¥ OUeHb OOosbIve 3HaUeHNs. B ciiemyroreit paciieuaTke rmokasa-
HO, KaK M3MEeHSIeTCsI pa3Mep TaGIUIIbI ITPY YaaJIeHUY TaHHbIX:

test=# DELETE FROM t_test

WHERE 1d > 99000

OR id < 1000;
DELETE 1999
test=# VACUUM t_test;
VACUUM
test=# SELECT pg_size pretty(pg_relation_size('t_test'));
pg_size_pretty

3504 kB
(1 cTpoka)

VianeHo Muilb 2 % MaHHBIX, HO pa3Mep TaGIMIIbI COKPATUIICS Ha IBe TpeTu. IIpu-
YMHA B TOM, YTO €C/IM T0C/Ie HEKOTOPOil TOUKM B Tabmuile VACUUM HaXOAUT TOIBKO
MepTBbIe€ CTPOKM, TO OHA MOKET BEPHYTh MeCTO (aiiyioBOii cucTemMe. DTO eIUHCT-
BEHHBI CTy4aii, KoTma pasMep Tabuuilbl yMeHbInaeTcs. KoHeuHO, 0ObIYHbIE TT0JTb-
30BaTeMy He MOT'YT KOHTPOIMPOBATh (h13Mueckoe pacroiokeHne NTaHHbIX Ha OUC-
Ke. [T03TOMY, CKOpee BCEro, Mocjie yaaleHusl CTPOK pasMep Tabluilbl He CUIbHO
M3MEHUTCS, eC/TV TOJIbKO He YIaJISTIOTCS BCe BOOOIIE CTPOKM.

0 Ho noyemy B KoHLe Tabnuupl Tak MHOrO Manbix M 6onblKMX 3HaveHui? Mocne nepBoHa-
yanbHoi 3anncn 100 000 cTpok B Tabnuuy nocneaHMin 610k oKasancs 3aHAT HE NOMHOCTbIO,
no3ToMy nepsas KOMaHAa UPDATE LOMULIET B HEro M3MeHeHws. [1pu 3ToM KoHeL, Tabnuubl,
ecTecTBeHHo, byaeT HeMHOro nepemellaH. B AaHHOM TlaTeNbHO CKOHCTPYMPOBAHHOM Mpu-
Mepe 3TO U SBNFETCS MPUYMHOM CTPAHHOM KapTUHbI B KOHLE TabauLbl.

B PpeaJbHbIX ITPUIIOXKEHMAX Ba>)KHOCTDb 3TOTO HaGJ'IIO,E[eHI/IH HEBO3MOXXHO ITepeolie-
HUTb. be3 MoHMMaHus MexaHu3Ma XpaHeH!s Heuero M rToBOpuUThb 00 OIITMMM3alUN
MMpOn3BOOUTEJIbHOCTN.

OrpaHuquue ANNTENbHOCTU TpaHBHKUMﬁ C NOMOL,bO BpeMEHU
XU3HU CHUMKa

VACUUM mIpeKpacHO cIpaBiseTcs ¢ paboToit 1 ocBOOOKIaeT MeCTO [0 Mepe Heob-
xopuMocTu. Ho B Kakoit MoMeHT VACUUM BIIpaBe BBIUMCTUTD CTPOKU, ITPEBPATUB UX
B cBOGOHOE MecTO? ITpaBuio TaKOBO: €CJIU CTPOKY OOJIbIIIe HUKTO HEe MOXKET YBU-
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IeTh, 3HAUMT, €e MOKHO 0CBOOOAMTDh. Ha mpaKkTuKe 3TO 03HAYaeT, UTO BCE CTPOKM,
KOTOpbIe He BUIHbI CaMOJi CTapOii 13 aKTMBHbBIX TPAH3aKIMI, MOXKHO CUUTATh OKOH-
YaTeJbHO YMEPIINMMU.

Orciofa TakKe CJIeAyeT, YTO OUeHb JOJTMe TPAH3aKIMY MOTYT IIPUBECTH K OTK/Ia-
IbIBAHWIO OUMCTKY Ha JJIUTEIbHBIN CPOK. JIormyeckoe MOCAeICTBUE — pa3byxaHue
Tabmuirel. TabMUIBI HEYMEPEHHO PACTyT, a MPOM3BOAUTENIbHOCTb CHIDKaeTcs. I1o
cYacThio, HauMHas ¢ Bepcuy PostgreSQL 9.6 B 6a3e JaHHBIX CTh I0JIe3Hast BO3MOXK-
HOCTb, 61ar0Iapst KOTOPOit aAMUHUCTPATOP MOKET Pa3yMHO OTPAHUYUTD IJIUTETh-
HOCTb TpaH3akuuu. AgMmuuucrpatopam Oracle 3HaKoOMO coo6GIieHne o6 oumubKe
«snapshot too old» (ctmimkom crapsiii CHUMOK). B PostgreSQL 9.6 aTo coobiienne
TaKoke IPUCYTCTBYeT. Ho 9TO crienyaabHO 3agyMaHHass 0COOeHHOCTD, a He Mo00Y-
HbIl 3¢ deKT HemmpaBMIbHOM KOHbUTrypanum (Kak B Oracle).

YT06BI OTPAaHNYNTD BPEMS SKM3HM CHUMKOB, B KOHGUTYpaIMoHHOM (aiiie Post-
greSQL postgresql.conf umMeeT napameTp:

old_snapshot_threshold = -1
# 1min-60d; -1 - oTKAWYATL; O - HeMeaneHHo

Ec/i 3TOT mapamMeTp yCTaHOBJIEH, TO TPaH3aKI[MK OYyIyT 3aBepIIaThCs C OMIMOKOI
IO VICTeUEeHNM 3a[JaHHOTO BpeMeHu. OTMETUM, UTO ITapaMeTp 3aJaeTcsl Ha YPOBHE
9K3eMIUISIPa, a He B ceaHce. biarogapst orpaHMYeHNI0 BO3pacTa TPpaH3aKLIMY PUCK
BO3HMKHOBEHMSI HECYPAa3HO JOITUX TPAH3aKIIMii 3aMEeTHO YMEHbBIIIAeTCs.

Pe3ioME

B 97071 r71aBe MbI y3HATM O TPAH3aKLMSX, OJIOKMPOBKE U €€ JIOTUUECKIX TTOCTeICTBYU-
SIX, @ TaKoke O TOM, KakK o6Iast apxuTeKTypa TpaH3akuuii B PostgreSQL BiusieT Ha
TOJICUCTEMY XPaHEHUsI, KOHKYPEHTHOCTb U aIMUHUCTPUPOBaHMe. Mbl BUIeNN, KaK
OJIOKMPYIOTCSI CTPOKM, ¥ PACCMOTPENY HEKOTOphle cpencTBa PostgreSQL.

B r1aBe 3 «lcIiob30BaHMe MHAEKCOB» Mbl OOCYIMM OIVH 13 BasKHEHMIITNX acIeK-
TOB PaboThI 6a3bl JAHHBIX: MHIAEKCHPOBaHME. BbI TakOke y3HAeTe 06 ONTUMMU3AaTOpe
3anpocoB B PostgreSQL, 0 pa3IMyHbIX TUTIAX UHIEKCOB U X TTOBEIEeHUMN.

Bonrochl

KaxkoBo Ha3zHauyeHMe TpaH3aKIumn?

TpaH3aKkuMM — OCHOBa OCHOB JIF000/ COBpPEMEHHOI PeNSIMOHHOM 6a3bl JaHHBIX.
Vmest B TOM, uTOOBI Cie/aTh OTiepalii aTOMapHbIMM — «BCEe WM HuUero». Hampu-
Mep, e/ Mbl XOTUM YIaIUTh MUUTMOH CTPOK, TO YIa/Ie€HbI JOKHBI ObITh BCE — HAC
He YCTPOUT, eC/IY apoyKa CTPOK BCe-TaKM OCTaHEeTCSI.

HacKo/IbKO AIMHHOI MOSKeT ObITh TpaH3aKuus B PostgreSQL?

PostgreSQL He HanmaraeT HMKaKMX OTPAaHMYEHMIA HA MAaKCMMaJbHYIO IJIVHY TPaH3-
akmuu. Tak 4To paspelreHsl (ITOUTH) 6ECKOHEYHO IIMHHbIE TPaH3aKIMM, KOTOpbIe
M3MEHSIIOT MWIJTMap/bl CTPOK U COAepKaT COTHU MUJUIMOHOB KOMaH/I.
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YTo Takoe U30JASIMSA TPaH3aKInii?

He Bce TpaH3akuuy paBHbL. [I09TOMY BO MHOTUX CIy4asix MbI JO/DKHBI YIIPABJISITh
BUIMMOCTBIO TAaHHBIX BHYTPM TpaH3akKiuii. IMeHHO [jIs1 3TOTO U MpeaHa3sHavueH
MeXaHM3M U3OJISILVY TPaH3aKLIuii. YPOBEeHb U30JISILVU TT03BOJISIET CIe/IaTh MUMEHHO
TO, YTO HaM HY3KHO.

CiepyeT v U36eraTb TAOJIMYHBIX OJIOKMPOBOK?

Ia, 6e3ycnoBHO. TabnuuHas GIOKMPOBKA 3alpelnaeT AOCTYIT BCEM OCTAJbHBIM
M0/Th30BATENISIM, UTO MOXKET MPUBOAUThH K Mpo6aeMaM C MPOU3BOAUTETHHOCTDIO.
Yem 6GOJIbIIIETO KOAMUECTBA TAOMMUHBIX OJIOKMPOBOK BbI CMOKeTe M36eKaTh, TEM
nydiire 6ymet paboTaTh C1UCTEMA.

Kakoe oTHomieHne TpaH3akuumu umeoT K VACUUM?

Tpausakiuy ¥ KomaHga VACUUM TecHO cBsi3aHbl. Bech cMbics VACUUM B TOM, 4TOObBI
BBIUMCTUTDH MEPTBbIE CTPOKM, KOTOPbIE OOJIbIIIe HUKOMY He HYKHbI. EC/I KOHEUHbIif
I10/Ib30BaTe/Ib IJIOXO IOHMMAET, UTO TAKOe TPAaH3aKI[MIA, TO Hen30eskKHO pa3byxaHiue
TabIML.
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Ucnosb30BaHMEe MHOEGKCOB

B rnaBe 2 MbI TOBOPWINM O KOHKYPEHTHOCTY U 6JIOKMPOBKaX. B 9TO¥ I71aBe MpUIIIO
BpeMs MOVTY B aTaKy Ha MHIEKChI. BayKHOCTb JAHHOTO BOIIPOCa HEBO3MOXHO Iepe-
OLIEHUTDb — MHJIEKCMPOBaHMe sIByIsieTcs (M, CKOpee BCero, OCTaHeTCs) OLHOM U3 I/1aB-
HBIX TeM B SKM3HM JIIOOOT0 ITporpaMmMucTa 6a3 JaHHbIX.

[Tocime 18 neT mpodeccuoHaNbHOV eSITeNTbHOCTU B 06/IaCTM KOHCYIbTUPOBA-
HMS U KPYIJIOCYTOUYHON IOANEpKKM Moyib3oBareneit PostgreSQL (www.cybertec-
postgresql.com) MOTy C yBEpEHHOCTBIO CKa3aTh: IJIOXME UHAEKChl — OCHOBHOI MC-
TOYHMUK HMU3KOIM MPOU3BOAUTENbHOCTU. KOHEUHO, HY)KHO NMPaBUJIbHO HAaCTpanBaTh
rapameTpsbl TaMsITH U Bce Takoe. Ho Bce 3To 6yeT TIIeTHO, eC/T MHIEKChI UCIIOTb-
3yI0TCS HeNpaBWIbHO. HMUTO He 3aMeHUT OTCYTCTBYIOLIMI1 MHAEKC. Emte pas nof-
YyepKHy: 6e3 MOoAXOAsUINX MHIEKCOB HEBO3MOKHO JOCTUYb BBICOKOI ITPOM3BOAM-
TEbHOCTH, II03TOMY, CTOJIKHYBIINCH C TTpo6ieMaMM TI0 3TO¥ YacTH, IIpeskIe BCero
MIPOBEPbTE UHEKCHI.

Sl moCBITUI LieNyI0 IIaBy MHAEKCUPOBAHUIO He 6e3 MPUYMHBI. OTO TO3BOIUT
OCBETUTDb KaK MOKHO OOJIbIlle Pa3/IMUHbBIX ACTIeKTOB.

B aT0J1 I71aBe paccMaTpUBAIOTCS CJIeLYIOIINEe TEMBbI:

O korpa PostgreSQL ucronb3yeT MHOEKCHI?

O Kak UX YUYUTbIBaeT ONITUMMU3ATOP?

O Kakue ecTb TUITBI MHIEKCOB ¥ KaK OHY paboTaT?

O mnpumeHeHMe COOGCTBEHHbBIX CTPATETMI MHIEKCUPOBAHMSI.

[IpounTas 3Ty I71aBY, Bbl Oy[ieTe MOHUMATh, Kak B PostgreSQL mcmonb30BaTh MH-
JLeKCBI C TI0JIb30JA.

MPOCTbIE 3ANPOCHI U CTOMMOCTHAS! MOAE/b

B aTOM pasnerne Mbl IpUCTyIIaeM K U3y4eHUIO MHIEKCOB. Ham rmoTpe6yroTcs Tecto-
Bble naHHble. CO3MaIUM UX:

test=# DROP TABLE IF EXISTS t_test;

DROP TABLE

test=# CREATE TABLE t_test (id serial, name text);

CREATE TABLE

test=# INSERT INTO t_test (name) SELECT 'hans'
FROM generate_series(1, 2000000);


http://www.cybertec-postgresql.com
http://www.cybertec-postgresql.com
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INSERT 0 2000000

test=# INSERT INTO t_test (name) SELECT 'paul'
FROM generate_series(1, 2000000);

INSERT 0 2000000

B mepBoit cTpoKe co3/maeTcs mpocTas Tabauiia ¢ ABYMs CTON6IaMi. B TiepBoM,
aBTOMHKPEMEHTHOM, CTOJIOIE XPaHSITCS MMOCIe0BaTebHbIE UlCIa, 8 BO BTOPOM —
CTaTUYeCKie CTPOKIA.

9 ®yHKUMS generate_series nopoxpaaet uncna ot 1 go 2 mnH. CnenosaTenbHO, B 3TOM NpuMepe
6ynet 2 MAH CTPOK C MMeHeM hans U 2 MAIH CTPOK € UMeHeM paul.

Bcero no6aBieHo 4 MJTH CTPOK:

test=# SELECT name, count(*) FROM t_test GROUP BY 1;
name | count

...... +....._._.

hans | 2000000

paul | 2000000

(2 cTpoku)

V 3Tux 4 MJIH CTPOK €CTh PSIZi MHTEePECHBIX CBOVICTB, KOTOPbIE IOHAIO0SITCSI HAM
B IaHHOJ rnaBe. VmeHTHdUKATOPhl MOHOTOHHO BO3PaCTaloT, a Pa3JIMUHBIX MMEH
BCEro ABa.
BeInomHMM MPOCTOI1 3aMpoc:
test=# \timing
CekyHaoMep BKJWYEH.
test=# SELECT * FROM t_test WHERE id = 432332;
id | name
........ temmm-
432332 | hans
(1 cTpoka)
Bpema: 176.949 mc

MbI BOCII0/Ib30BaIMCh KOMaH/IOM timing, KoTopasi 3acTaBiisieT psql TTOKa3bIBaTh
BpeMsI BBITIOJTHEHMST 3a1Tpoca.

70 HE UCTUHHOE BPEMS BbIMOIHEHUS HA CEPBEpE, a BpeMs, n3MepeHHoe psql. Ecnm 3anpoc
04YeHb KOPOTKMIA, TO 60/blIAA YaCTb BPEMEHU MPUXOAUTCA Ha CETEBbIE 3aAEPXKKM, MOMHUTE
06 3TOM.

Ucnonb3oBaHue komaHabl EXPLAIN

B sTom npumepe uTeHue 4 MTH CTPOK 3aHsu10 60ee 100 Mc. C TOUKM 3peHUS MPO-
MU3BOIUTEIBHOCTH, 3TO KatacTpoda. YTobbl MOHSTH, B yeM Ipobiema, PostgreSQL
npensjaraet KOMaHIy EXPLAIN:

test=# \h EXPLAIN

KomaHga: EXPLAIN

OnncaHve: nokasaTb NJaH BbINOJHEHWS ONepaTopa
CuHTaKCKC:
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EXPLAIN [ ( napametp [, ...] ) ] onepatop
EXPLAIN [ ANALYZE ] [ VERBOSE ] onepatop

rae JOMyCTUMbIA NapameTp:

ANALYZE [ boolean ]

VERBOSE [ boolean ]

COSTS [ boolean ]

BUFFERS [ boolean ]

TIMING [ boolean ]

FORMAT { TEXT | XML | JSON | YAML }

Ecu y Bac BOSHUKIIO OIIYIIEHNME, UTO C 3alIPOCOM UTO-TO He Tak, EXPLAIN momMo-
KT MOHSTh, B UYeM IPUYMHA.
Bor kak 310 paboraer:

test=# EXPLAIN SELECT * FROM t_test WHERE id = 432332;
QUERY PLAN

Gather (cost=1000.00..43463.92 rows=1 width=9)
Workers Planned: 2
-> Parallel Seq Scan on t_test (cost=0.00..42463.82 rows=1 width=9)
Filter: (id = 432332)
(4 cTpoku)

B pacnieyatke mokasaH IuiaH BbinonHeHus. B PostgreSQL BeironneHne SQL-
KOMaH/I COCTOUT M3 YeThIpeX 3TaroB:

1) cuMHTaRcMYecKuii aHajamusaTop (parser) MIIET CUHTAKCUMUYECKME OIIMOKU

" OUeBUIHbBIE TTPOOIEMBI;

2) cucTeMa nepesanmcbIBaHUS TIPMMeEHSIeT TpaBuia (MpencTaBAeHnus: U Ipo-

yee);

3) omTHMMM3ATOp pellaeT, Kak Haubomee 3G(MEKTMBHO BBITOJHUTH 3ampoc,

1 bopMUpPYeT IJIaH BHITIOMHEHNS;
4) TIpe[OKeHHBI ONTMMM3AaTOPOM IJIAH MCIIO/b3YEeTCS MCIIOIHUTEIEM [IJIs
TOyYeHMs pe3y/ibTaTa.

[Tenb EXPLAIN — 1OoKa3aTh MiaH 3(QQPEeKTUBHOTO BBIMOJHEHMS 3aIIpoca, BhIpabo-
TaHHBIN ONTUMMU3ATOPOM. B mpumepe Bbie PostgreSQL 6ymeT Mpon3BOANUTD Ma-
pajuleNibHbBINM MOCAeA0BaTe/lbHbI TPOCMOTP. DTO O3HAYAEeT, YTO ABa MUCIIOTHUTEIS
6ymyT paboTaTh CO0OIIA, TPUMEHSIS YUIOBMe (QuIbTpauuy. 3aTeM YacTUYHbBIE pe-
3y/IbTaThl OOBEOMHSIOTCS Y37I0M cOOpa — KOMIIOHEHTOM, TIOSIBUBIIMMCST B BEPCUM
PostgreSQL 9.6 (370 yacTh MHPPACTPYKTYPHI IaPaIIeIbHOTO BBITIOTHEHMSI 3aIpO-
COB). B3mIsSIHYB Ha 1J1aH 60J1ee IPUCTATbHO, MbI YBUAVM, CKOJIbKO CTPOK PostgreSQL
OXXMIAeT MOTYYNUTh Ha KaKA,0M LIare BpIIIOJHEHMS I/IaHa (B JaHHOM CJTy4yae rows = 1,
T. e. 6yIeT BOo3BpalleHa OlHa CTPOKa).

O B Bepcusax PostgreSQL ot 9.6 no 11.0 konnyecTBo napannenbHbiX UCMONHUTENEN onpeae-

nseTcs pasMepoMm Tabnuubl. YeM Gonblie onepauus, TeM 60/bllie UCNONHUTENEN 3anyCTUT
cepsep. [1ns coBceM HebonbluMx TabauL, pacnapaniennBaHue He UCMOMb3YETCsl, MOCKOMbKY
HaKnafHble pacxonbl 6bin Bbl CIULLKOM BEUKM.
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PacmapanienuBanue — He MpUroBOp. Bcerma MOXKHO YMEHBIIUTh KOIMUUECTBO
napasulebHbIX MCIIOIHUTE e, YTOObI CMOIEeINpoBaTh rmoBeaenne PostgreSQL mo
BbIXOZa Bepcuu 9.6. [IJ1s1 3TOro JOCTATOUYHO IIPUCBOUTD O CJIeAYIOIIEeMY ITapaMeTpy:

test=# SET max_parallel_workers_per_gather TO 0;
SET

OTMeTMM, YTO y ITOTO M3MEHEHMST HeT MOOOYHBIX 3P(HEKTOB — OHO HEeIiCTBYeT
TOJIBKO B TeKyIlleM ceaHce. PasymeeTcst, MOSKHO M3MeHUTDb U ¢aiis postgresql.conf,
HO Sl He PeKOMEH/IYIO TaK IMOCTYIAaTh, IOTOMY UTO BbI ITOTEPSIETE BasKHbIE MTPENMY-
IIecTBa, KOTOpbIe HeceT ¢ cO00¥ pacrapasuieiBaHKe 3aIpOCoB.

CroumocTtHas mopenb PostgreSQOL
Ecnn MICITIO/JIb3YyeTCA TOJIbKO OOMH ITPOLIeCCOpP, TO IIJIaH BbIINTIOTHEHMSA 6YRET BbITJISI-
IeTh CIEAYIONIMM 06pa3oM:

test=# EXPLAIN SELECT * FROM t_test WHERE id = 432332;
QUERY PLAN

Seq Scan on t_test (cost=0.00..71622.00 rows=1 width=9)
Filter: (id = 432332)
(2 cTpokn)

PostgreSQL nmociieqoBaTenibHO yMTaeT (Seq Scan — 1ocjief0BaTENbHBIV TPOCMOTP)
BCIO Ta6MUITy ¥ mpuMeHsieT GuabTp. OKMUIaeTcs, YTo onepaiys OyIeT CTOUTb 71622
mrpadHbix 6amia. Ho uto 1o sHaunT? IllTpadHbie 6amabl (MM CTOMMOCTh) — 9TO
abcTpakTHOe MoHsATHe. OHM HY)KHBI IJISI CPAaBHEHMST Pa3/IMUHBIX CITOCOOOB BBITTOJ-
HeHMs 3ampoca. Emi 3ammpoc MOKHO BBITIOHUTD Pa3HbIMM criocobammu, To Post-
greSQL BbIGepeT I1aH, 06ealoii HAaMMEeHbBIIIYI0 CTOMMOCTD. BOmipoc B TOM, OT-
KyZa B3S17TOCh UYMCIIO 71622.

OOBSICHSIIO:

test=# SELECT pg_relation_size('t_test') / 8192.0;
?column?

21622.000000
(1 cTpoka)

OyHKIMS pg_relation_size Bo3BpamiaeT pasmep Tabuuibl B 6aiiTaXx. B maHHOM
npuMepe Tabauila COmepPsKUT 21622 6oka (rmo 8 K kaskabif). Ciemyst CTOMMOCTHOM
mopenu, PostgreSQL mpubaBisieT K CTOMMOCTY eOUHUITY IJIs1 KaXKI0To 6JI0Ka, KOTO-
PbIif TIPEICTOUT IIPOUYECTh TOC/IeI0BaTe/IbHO. 3HaueHue 1 6epeTcs 13 CIedyIoliero
rapamerpa:

test=# SHOW seq_page_cost;
seq_page_cost

(1 cTpoka)



7

MpocTble 3anpochl M CTOMMOCTHas Moaenb % 53

OpHaKo HeIOCTATOYHO IMPOYNTATH Iapy 6/I0KOB ¢ Aycka. HyskHO ellie TpMMeHUTD
bunbTp 1 06paboTaTh CTPOKM C ITIOMOIIBIO ITpoiieccopa. CTOMMOCTY STUX OIlepalluii
OTIpeesISTIOTCS TTapaMeTpaMu:
test=# SHOW cpu_tuple_cost;

cpu_tuple_cost

0.01
(1 cTpoka)

test=# SHOW cpu_operator_cost;
cpu_operator_cost

0.0025
(1 cTpoka)

B utore IMoJIydyaeTCs:

test=# SELECT 21622*%1 + 4000000%0.01 + 4000000%0.0025;
?2column?

71622.0000
(1 cTpoka)

OTO U eCTh UMC/IO0, IOKa3aHHOoe B maHe. O6I1ast CTOMMOCTh COCTOUT U3 CTOMMO-
CTY TIpOIIeCccopa U CTOMMOCTM BBOJIa-BbIBOMA, KOTOPbIE OObEeIMHSIIOTCS B OHO UMC-
J10. BaxKHO MOHMMATh, UTO CTOMMOCTb He MeeT HMKAKOTO OTHOILEHUS K pealbHOMY
BBIUMC/IEHUIO, TIOSTOMY [€PEBECTU €€ B MUJIIMCEKYHAbI HEBO3MOXXHO. UMC/10, BbI-
pabaTbIBaeMoOe IUIaHMPOBIIMKOM, — BCETO JIUIIIb OlleHKa.

PasymeeTcs, ectb u apyrue napameTpbl. B PostgreSQL umMeroTcs crieninaabHble
rapameTpsl 15 Ofepalyii, B KOTOPbIX YU4aCTBYeT UHJIEKC:

O random_page_cost = 4: eciu PostgreSQL mcIionb3yeT MHAEKC, TO OOBIYHO MPO-
M3BOJIMUTCSI MHOTO OIlepalliii BBOJa-BbIBOIA C IPOU3BOJIbHOI BHIGOPKOIL. ITpn
HaJIM4IUU TPAOAULIVMOHHBIX BPALJAIOLIMXCS AVMCKOB OIepalyy YTEHUS C TIPOU3-
BOJIbHOJ BBIOOPKOJ ropa3go BaskHee orepalnii mocjaeqoBaTeIbHOTO YTeH NS,
mosTomy PostgreSQL comocTaBiisieT MM OObINYI0 CTOMMOCTb. HO ¢ mosiBie-
HyeM SSD-IMCKOB pasinuye MeKAy UTEeHMEM C MPOM3BOJIbHOI BBHIOOPKOI
U TI0C/IeOBATEeIbHBIM UTE€HMEM MCUYe3JI0, TaK UYTO MMeeT CMBbICI IOJI0XUTh
random_page_cost = 1 B ¢haiisie postgresql.conf;

O cpu_index_tuple_cost = 0.005: ecM MCIIOAb3YIOTCS MHIEKChI, TO PostgreSQL
CUMTAET, UTO HA IIPOIECCOP MTPUXOAUTCS OOIbIIAsT Harpy3Ka.

Ecnu BpimosiHEeHMe 3aripoca paclapajyieiuBaeTcsl, TO YUUTHIBAIOTCSI AOTIOTHU-

TeJbHbIe TapaMeTphI:

QO parallel_tuple_cost = 0.1: 3TO CTOMMOCTD epefauy OGHOTO KOPTeKa OT Mpo-
Lecca rnapasiieabHOTO UCTIOTHUTENS Apyromy npoueccy. [lapameTp yuuTbiBa-
eT HaK/JIaJHbIe PacXobl Ha IIepeMellleHle CTPOK BHYTPU MH(PPACTPYKTYPHI;

O parallel_setup_cost = 1000.0: CTOMMOCTb 3aIycka McrosHuTensl. Pasymeer-
Cs1, 3aITyCK ITPOIIECCOB JIJISI BBITTOJTHEHMS 3aIIPOCOB 00XOIMUTCS He GecIiaTHO,
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TaK YTO TOT IapaMeTp — IOMNbITKA BKIIOUMUTD B MOZE/Ib 3aTPAThl, CBSI3aHHbIE
C yIipaBJieHMeM Ipolleccami;

O min_parallel_table_scan_size = 8 MB: MMHMMAaJIbHBII pasMep TaGIUIIbI, IIPK
KOTOPOM PaccMaTpPUBAETCsI BO3MOKHOCTD pacrnapasuiennBadus. Uem 6osbiie
Tabauia, TeM GOJIbIIIE MPOLecCOPOB 3ameiicTByeT PostgreSQL. [list 3armmycka
IOTIOJTHUTETLHOTO VICTIOJTHUTEJIST pasMep TaOUIIbI TOJIKEH YTPOUTDCS;

QO min_parallel_index_scan_size = 512 KB: pa3sMep MHAeKca, HauMHasl C KOTOPOTo
paccMaTpMBaeTcs IapajiebHbIi IIPOCMOTP.

Pa33ep'rb|Ba|-|Me nNpocCTbIX UHAEKCOB

SaHYCK OOITOJITHUTEJIbHBIX VICIIONTHUTeIein OJIs1 IIPpOCMOTpa ITOCTOSAHHO PACTYIIMX
T8.6JII/H.[ He BCeraga MOXHO CUMTAaThb pelieHneM. YuraTh BCIO Ta6n1/1uy, 4yTOObI HANTHU
BCETO OJTHY CTPOKY, — OOBIUHO HE JIYYIlasi MbIC/b.

HOSTOMY umMeeT CMbBIC/I CO30ATh MHOEKChI:
test=# CREATE INDEX idx_id ON t_test (id);

CREATE INDEX
test=# SELECT * FROM t_test WHERE id = 43242;

id | name
....... +...._.
43242 | hans
(1 cTpoka)

Bpemsi: 0.259 mc

B PostgreSQL ucrionbsyetcst B-gepeBo JlemaHa—5o, o6ecrieunBarolnee BbICOKYIO
creneHb KOHKypeHTHOCTM (https://www.csd.uoc.gr/~hy460/pdf/p650-lehman.pdf).
C IOTIOTHUTETbHBIMY ONITUMM3AIUSIMU, cieliuaHbiMy A1t PostgreSQL, oHO gaeT
BEJIMKOJIETTHYI0 TTPOM3BOAUTENbHOCTD. [7IaBHOe — UTO JepeBo JlemaHa—S$Io 1Mo3Bo-
JisieT ONHOBPEMEHHO BBITIOHSATh MHOTO OTlepaliuit (UTeHuUsI U 3arucy) HaJl OqHUM
Y TEM K€ MHAEKCOM, YTO OU€Hb CYJIbHO ITOBBIIIAET MTPOIYCKHYIO CITOCOOHOCTD.

OpmHaKo MHOEKCHI — He 6ecIuiaTHOe YIOBOIbCTBIE:

test=# \di+

CNUCOK OTHOWEHWIA
Cxema | Wma | Twn | Bnageney | Tabauua | Pasmep | OnucaHue
-------- T T s EE e TR P
public | idx_id | wHaekc | hs | t_test | 86 MB
(1 cTpoka)

Kak Buaum, Halll MHIEKC, comepsKaliuii 4 MJIH CTPOK, 3aHMMaeT 86 MB Ha IMCKe.
Kpome Toro, 3amezjisieTcst 3amMch B TaGIMILy, IOTOMY UTO MHAEKC BCErma JOKeH
ObITh CUHXPOHMU3MPOBAH C JaHHBIMU.

Haue roBops, MOCTPOUB Hap Tabnuiieit 20 MHIEKCOB, BbI JO/IKHbI OyieTe 0GHOB-
JISITh UX TIPU KaXKI0Vi KoMaH e INSERT, UTO CYIeCTBEHHO 3aMe/IJIIeT 3amiCh.

O HaunHasa ¢ Bepcun 11 PostgreSQL nopnepxuBaeT napannenbHoe co3faHue MHAEKCOB. Te-
nepb A5 NOCTPOEHWS MHAEKCA MOXHO 334eiCcTBOBaTh 60/s1ee 04HOro NpoLLeccopa, YTo 3ameT-
HO ycKopsieT npouecc. [oka 4YTo TakuM 06pa3oM MOXHO CTPOMTL TOIbKO 0ObIYHbIE B-gepeBbs,
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Lpyrve TUnbl MHAEKCOB elle He noanepxuBatTtcs. Ho B ByaylieM cuTyaums, ckopee BCero,
n3MeHutcs. CteneHb napannennsMa ynpasnseTcsd napamMetpoM max_parallel_maintenance_
workers, paBHbIM MaKCMMasbHO pa3peLleHHOMY YMCy NapafienbHblX MPOLLeCCOB.

CopTupoBKa pe3ynbTaToB

VHpeKchl THIA B-IepeBo UCIONb3YIOTCS He TOMbKO ISt TIOMCKA CTPOK, HO M IS Tie-
pefauy OTCOPTUPOBAHHBIX JAHHBIX CIAYIOIEMY IIary rporecca:

test=# EXPLAIN SELECT *
FROM t_test
ORDER BY id DESC
LIMIT 10;
QUERY PLAN

Limit (cost=0.43..0.74 rows=10 width=9)
-> Index Scan Backward using idx_id on t_test
(cost=0.43..125505.43 rows=4000000 width=9)
(2 cTpokn)

B maHHOM cTyyae MHAEKC yKe BO3BpallaeT JaHHbIE B IIPABUIbHOM ITOPSIIKE, T10-
9TOMY JOTMOTHUTETBHO COPTUPOBATh BECh HAOOP He HYKHO. [IJIs1 OTBETA Ha 3ampoc
IIOCTATOYHO IMPOYEeCThb MOCAeAHMe AeCsITh CTPOK MHeKca. Ha rpakTuKe 3To 03Haya-
€T, UTO Ha IMOUCK MepBbIX N CTPOK TabIUIIbI YIIAYT JOIY MUUTACEKYHIBI.

Ho ORDER BY — He eqMHCTBEHHas OIepanusi, KOTOPOi HY>KHbI OTCOPTUPOBAHHbBIE
naHHble. OyHKUMY min ¥ max TAKKe HYy>KAAIOTCS B COPTUPOBKE, [TO3TOMY MHIEKC MO-
SKeT YCKOPUTD U 3T omniepanyu. Hampumep:

test=# EXPLAIN SELECT min(id), max(id) FROM t_test;
QUERY PLAN
Result (cost=0.93..0.94 rows=1 width=8)
InitPlan 1 (returns $0)
-> Limit (cost=0.43..0.46 rows=1 width=4)
-> Index Only Scan using idx_id on t_test
(cost=0.43..135505.43 rows=4000000 width=4)
Index Cond: (id IS NOT NULL)
InitPlan 2 (returns $1)
-> Limit (cost=0.43..0.46 rows=1 width=4)
-> Index Only Scan Backward using idx_id on t_test t_test 1
(cost=0.43..135505.43 rows=4000000 width=4)
Index Cond: (id IS NOT NULL)
(9 cTpok)

B PostgreSQL nHmeKc (TouHee, B-mepeBo) MOKHO UYMTATh B IIPSIMOM ¥ O6paTHOM
nopsiake. Hac ceiiuac mHTepecyet TOT GakT, 4To B-mepeBo MOXXHO paccMaTpuUBaTh
KaK OTCOPTMPOBAHHBINM CMMUCOK. [I03TOMY He JO/DKHO BbI3bIBATH YAMUBIIEHMS, UTO
HayMeHbIllee 3HaUeHMe HAXOOWUTCS B Hayasle, a HaubosbIllee — B KOHIIE, U, 3HA-
YUT, min ¥ max — uAeajbHble KAHAUIATHI HAa ycKOopeHMe. CTOUT TaK)Ke OTMETUTh, UTO
B 9TOM C/Tyuae K 6a30B0ii Tabuile 06paIaThCsl BOOOIIEe He TTPUIETCS.



56 <« lcnonb3oBaHWe MHAEKCOB

Hcnonwv3osaHue HECKOJIbKUX UHOEKCO8 OaHOBPGMCHHO
Ilo HaCTOSIIIIEr0 MOMEHTAa MbI BUIE/IN, KaK MCITOJIb3YeTCsT OOMH MHAeKC. Ho Ha mpak-
TUKE 3TOTO 3aYacTyi0 OTHIOb HEOCTATOUHO.

PostgreSQL 103BOJISIET UCIIOAb30BaTh HECKOAbKO MHAEKCOB B OJHOM 3alipoce.
[TOHSITHO, UTO 3TO MMEET CMbIC/I, KOTTa OJHOBPEMEHHO OIPAIIMBAETCSI HECKOIHKO
cTon6110B. HO 3TO HE eAMHCTBEHHBI CTy4yaii. BhIBaeT, YTO OAMH MHAEKC MHOTOKPAT-
HO MCIIOTb3YeTcs 151 06paboTKM OJHOTO CTONOIA. PaccMOTpUM mpuMep.

test=# explain SELECT * FROM t_test WHERE id = 30 OR id = 50;
QUERY PLAN

Bitmap Heap Scan on t_test (cost=8.88..16.85 rows=2 width=9)
Recheck Cond: ((id = 30) OR (id = 50))
-> BitmapOr (cost=8.88..8.88 rows=2 width=0)
-> Bitmap Index Scan on idx_idv (cost=0.00..4.44 rows=1 width=0)
Index Cond: (id = 30)
-> Bitmap Index Scan on idx_id (cost=0.00..4.44 rows=1 width=0)
Index Cond: (id = 50)
(7 cTpok)

3mech cronber id Heob6xomum aABakApl. CHaUaza Mbl UIEM B HEM 3HaueHue 30,
a 3arem 50. Kak Bunum, PostgreSQL mpuberia K IpocMOTPY 110 GUTOBOJ KapTe.

0 MpocMoTp no 6UTOBOI KapTe — He TO e CaMoe, YTo BUTOBbIN MHAEKC, 0 KOTOPOM, BO3MOXKHO,

3HAIOT YMTATENU, XOPOLLO 3HaKOMble ¢ Oracle. 3To coBepLUEHHO pa3Hble Belu, He nMetLme

Mexay coboit Huyero obuiero. butoBble MHAEKCHI — OAMH M3 TMNOB MHAeKcoB B Oracle, a npo-
CMOTp no 6UTOBOW KapTe — MeTo NPOCMOTPA.

Mmest mpocMoTpa 1o GMTOBOM KapTe 3aK/IIo4YaeTcsl B TOM, uTo PostgreSQL mpo-
CMaTpMBaeT IepPBbIii MHAEKC ¥ COOMPAET CIIMCOK 6I0KOB (T. €. CTPaHMUIL TAGIUIIBI), CO-
JepsKaliyX JaHHbIE. 3aTeM ITPOCMATPUBAETCS CIeAYIONINIA MHIEKC ¥ CHOBA CTPOUTCS
CIIMCOK GJIOKOB. DTOT IPOILIeCC ITPOU3BOAMUTCSI CTOJMBKO pas3, CKOJbKO HEOOXOAMMO.
B cryuae OR CIMCKY ITOTOM OOBeAVHSIIOTCS, TAK UTO MbI ITOJTyYaeM OGOJTbINONM CITVICOK
6JI0KOB, cofiepsKaIyX naHHble. [Tocie 3TOro Mbl BbIOMpaeM 3Ty GJIOKY U3 TaOIUIIbI.

[Tpo6iema B ToM, uTO PostgreSQL BbiOpasia ropasmo 60sblile JaHHBIX, YeM He06-
XOAyMO. B HallleM cyJae 3aIipoc MIIET IBe CTPOKM, a B pe3y/ibTaTe IMpoCcMOTpa 10
O6UTOBOV KapTe MOKET ObITh BO3BpaIleHO ABa 06JioKa. [I09TOMY MCITOJIHUTEND eIlle
pas mpoBepsieT Bce BO3BpallleHHbIE CTPOKU, OT(MIMIBTPOBLIBAS T€, UTO HE yIOBJIe-
TBOPSIIOT YCIOBUSIM .

[TpocMoTp 110 G TOBOI KapTe paboTaeT TaKKe MIJIst CBSI3KM AND 1 KOMOMHAIIUY CBSI-
30K AND 1 OR. Ho ecit PostgreSQL BuanT yctoBue AND, eit HeobOs13aTeTbHO ITepeXoanThb
K IIPOCMOTPY 10 6UTOBOI KapTe. I[IpeaIioNoxkuM, UTO B 3arpoce TpebyeTcs HaiTu
cpeay BCeX MPOKMBAIOMIMX B ABCTPUM UeIOBEKa ¢ KOHKPETHBIM UIEHTU(GUKATO-
poM. B maHHOM c/Ty4yae HeT CMbIC/Ia MCII0Ib30BaTh IBa MHAEKCA, [IOTOMY UTO I10C/Ie
TTOMCKA M0 UAEeHTUMUKATOPY OCTAHETCS COBCEM HEMHOTO TaHHbIX. [IpocMOTp 060MX

' Ecim 6uToBast KapTa MnoMemaeTcsa B OTBEAEHHYIO e IMaMsTb, TO COCTABJISAETCA CIIMCOK

He 0JIOKOB, 8 KOHKPETHBIX CTPOK. [lepernpoBepKka B TAKOM C/Iyuae He BbITIOIHSIETCS, XOTh
¥ oTOOpaskaeTcs B IiaHe. — [Ipum. peo.
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MHIEKCOB OKasKeTCsI HAMHOTO JIOPOXKe, T. K. B ABCTpUM MTPOKMBAET 8 MITH Ue0BeK
(BKJTIOUast MEHSI), & YMTATh CTOIBKO CTPOK, YTOOBI HATM BCETO OTHOTO UEIOBEKa,
[JIYTIO C TOUKM 3peHMUsI TPOU3BOIUTENbHOCTH. A Terepb XOpoIias HOBOCTb — ONTH-
mu3satop PostgreSQL mpuMHMMAaeT Takue pelleHus 3a Bac, CPaBHMBASI CTOMMOCTH
pasAMUHBIX BAPMaHTOB U MCIIOIb30BaHMS MTOTEHIIMATbHBIX MHIEKCOB.

dddeKTMBHOE UCNOIb30BaHME NPOCMOTPa N0 GUTOBOM KapTe

EcTecTBEHHO BO3HMKAaeT BOIPOC: KOTAA IIPOCMOTP IO GUTOBOI KapTe BBITOIEH
M KoTma ero BbIGMpaeT onTumusaTop? Ha Moii B3IJISII, eCTh BCErO ABa IOJIE3HBIX
CLieHapus:

O 4TOG6BI M36€KaTh MHOTOKPATHOI BHIOOPKY OIHOTO U TOTO ke 6JI0Ka;

O 4YTO6BI 06BEAVHUTD OTHOCUTEIHHO TUIOXME YCIOBYS.

[TepBbiii cry4dari O4eHb pacipocTpaHeH. JonyCTUM, Mbl UILEM JIIO[EI, TOBOPSIIIMX
Ha HEKOTOPOM s13biKe. [1J1s1 onpeie/IeHHOCTU MPeAIToa0XKUM, YTO Ha 9TOM SI3bIKe I'o-
BopAT 10 % miomeit. [ToVCK 110 MHIEKCY O3HAYAeT, YTO KayKIbIit 60K TaGIUIIbI HY>KHO
OyIeT MpOCMOTPETh HECKOTBKO pa3, TOTOMY B OJHOM 6JIOKe MOYKET OKa3aThCsI MHO-
IO MCKOMBIX JIIOZEl. A TPOCMOTP IO OGUTOBOJI KapTe rapaHTUPYET, YTO OJUH OGJIOK
MCTI0JIb3YeTCs TOJIbKO OJIVH Pas, UYTO, KOHEYHO, MTOBbIIIAeT MIPOU3BOAUTETbHOCTD.

BTopoii ciyuait — CoBMeCTHOE MCITI0/b30BaHNe OTHOCUTETBHO CIabbIX KPUTEPUEB.
IorycTum, 9TO MbI uitieM jiofeii oT 20 1o 30 J1eT, HOCSIIMX JKeIThle pyoarky. MoskeT
CJIYUYUTHCS TaK, UTO Y 15 % Bcex Jiofeil BO3pacT IoMafaeT B yKasaHHbIN IMara3soH
1 15 % mromeit HOCAT JKeThle pydamiky. IIpocMaTpyuBaTh TabIKUITY MTOC/TIe0BATEIbHO
noporo, mostoMmy PostgreSQL, BO3MOKHO, pellinT UCIO0/Ib30BaTh BA UHEKCA, T. K.
KOHEUHBIN pe3ylbTaT MOXKeT ComepkaTh Bcero 1 % maHHbIX. MOKeT NOTyIUThCSI, YUTO
MPOCMOTP IBYX MHAEKCOB JlellieBJie UTeHUs BCeX JaHHbIX.

B Bepcun PostgreSQL 10.0 momaepskuBaeTcs apajuiebHbIi IPOCMOTP 110 6UTO-
BOIi KapTe. OB6BIUYHO IIPOCMOTP 10 OGUTOBOI KapTe MPUMEHSIeTCSI JIs1 CPAaBHUTEIbHO
IOPOTrUX 3arpocoB. [ToaToMy peanm3alusi pacrapayielMBaHKus B 3TOW 061acTy —
OTPOMHBIN IIaT BIiepe/, U orpeneeHHO 1aeT BbITObI.

PaBVMHOE ncnosb3opaHne MHAEKCOB

o cux mop npuMeHeHMe MHIEKCOB BhIMVISAAeN0 Kak CBsATOV I'paasb, KOTOPbIN Bcerga
BOJIIIIEO6HBIM 00pa30M ITOBBILIAET IPOU3BOAUTENIbHOCTh. OMHAKO 3TO He Tak. B He-
KOTOPBIX CYYasiX MHIEKChI 6eCITONe3HBbl.

[Tpeskge yeM mepexoguTh K OOCYKIEHMIO 9TOJ TeMBbI, CO3TaauM ITOAXOISIIYIO
CTPYKTYPY JaHHBIX. HAalTOMHMM, 4TO BCe UIEeHTU(PMUKATOPI YHUKAIbHBI, 8 pasind-
HBIX MMEH TOJIbKO IBa.

test=# \d t_test
Tabnanmua "public.t_test"

Cronbey | Tun | MoandukaTopsl

......... +.--__....+-__....--__....--__....--__....--__....--__....--__.
id | integer | not null default nextval('t_test_id_seq'::regclass)
name | text |

NHpeKchl:

"idx_1d" btree (id)
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Cejtuac mMOCTpPOEH OJMH MHIEKC IO CTONO6IY id. [lasee Mbl cOGMpaeMcst BBIMTON-
HUTbH 3aMPOC MO CTONMOIY name. HO cHauaia OCTPOUM MH/IEKC 110 9TOMY CTOMOGITY:

test=# CREATE INDEX idx_name ON t_test (name);
CREATE INDEX

Terepb TOCMOTPUM, TPABWIBHO JI UCIIONb3YeTCS STOT MHAEKC:

test=# EXPLAIN SELECT * FROM t_test WHERE name = 'hans2';
QUERY PLAN

Index Scan using idx_name on t_test (cost=0.43..4.45 rows=1 width=9)
Index Cond: (name = 'hans2'::text)
(2 cTpoku)

Kak u oxxupganocs, PostgreSQL pemnia ucnonb3oBars MHAEKC. Ho 3amMeTnM, 4yTo
B 3aIIpoce yKa3aHOo UM hans2, a 3TOTO MMEeHM HeT B Tab/uIle, U TUIaH 3apoca sSICHO
OTpaskaeT 3TOT (aKT — rows=1 KaK pa3 ¥ MOKA3bIBAET, YTO IVIAHMPOBIINK OXKUOAET,
YTO 3TOT 3aIIPOC BEPHET OUE€Hb MajI0 CTPOK.

B Tabnuue HeT HM ofHOWM noaxoasiuen cTpoku, Ho PostgreSQL Hukoraa He paet oueHku O,
MOTOMY YTO 3TO CYLLECTBEHHO YCNOXHMAO 6bl Nocneayolwme onepaumm, cLenas nonesHole
BbIYUCIEHNS APYrMX Y310B NAaHA NPaKTUYECKM HEBO3MOXHbIMU.

[TocMOTpPUM, UTO ITPOU3OIIET, €C/IN TTOMUCKATH APYTHE TaHHbIE:

test=# EXPLAIN SELECT *
FROM t_test
WHERE name = 'hans'
OR name = 'paul';
QUERY PLAN

Seq Scan on t_test (cost=0.00..81622.00 rows=3000011 width=9)
Filter: ((name = 'hans'::text) OR (name = 'paul'::text))
(2 cTpoku)

B stom ciryuae PostgreSQL cpasy nepexoguT K IIOC/Ie,0BaTeIbHOMY IIPOCMOTDY.
Ho mouemy cuctema UrHOpuUpyeT Bce MHAEKChI? OTBeT MpocT: Kpome hans u paul,
B TaO/uIle HEeT HUKaKMxX uMeH (PostgreSQL 3HaeT 06 9TOM U3 CTaTUCTUKM). [T09TO-
My PostgreSQL menaeT BbIBOJ, UTO TaGIMITY BCE PABHO MPUIETCS UUTATh LIETMKOM.
A pas Tak, TO HEeT CMbIC/Ia YMTATb ¥ MHIEKC, ¥ TABIUITY — Be[Ib UT€HMST OTHO Tab/Iu-
11bI AOCTATOYHO.

Wubimu cnoBamu, PostgreSQL He mcmonb3yeT MHAEKC TOTBKO IMTOTOMY, YTO OH Cy-
iecTByeT. HAeKChI UCTOJIb3YIOTCS NI TOTAA, KOTJa 3TO MMeeT CMbICT. Ecyiu unc-
JIO CTPOK MaJsio, To PostgreSQL 6ymeT paccMaTpuBaTh IMIPOCMOTP IO 6UTOBOJI KapTe
¥ OGBIUHBIN TTPOCMOTP MHAEKCA:

test=# EXPLAIN SELECT *
FROM t_test
WHERE name = 'hans2'
OR name = 'paul2';
QUERY PLAN
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Bitmap Heap Scan on t_test (cost=8.88..12.89 rows=1 width=9)
Recheck Cond: ((name = 'hans2'::text) OR (name = 'paul2'::text))
-> BitmapOr (cost=8.88..8.88 rows=1 width=0)
-> Bitmap Index Scan on idx_name (cost=0.00..4.44 rows=1 width=0)
Index Cond: (name = 'hans2'::text)
-> Bitmap Index Scan on idx_name (cost=0.00..4.44 rows=1 width=0)
Index Cond: (name = 'paul2'::text)

Camoe Ba)XHOE, UTO ci1enyeT ysaCHUTb M3 3TOro Ipmumepa, — TOT Cl)aKT, YTO ILlJIa-
HbI BBIINTOJTHEHMS 3aBUCAT OT BXOOHBIX 3H3‘I€HI/H7[, d He SBJISITCS CTAaTUYECKUMMMU.
B peaJIbHbIX CUTYyallMAIX M3MEHEeHME I1JlaHa BLINTOJTHEHMSA MOJKeT CTATb HpI/I‘-II/IHOIZ
HEeOXXIMIOaHHBbIX Pe3Yy/JIbTaTOB BO BpeMs pa6OTbI.

MoBbILEHME BbLICTPOAENCTBUS
C MOMOLLbIO KJTACTEPM3OBAHHbIX TABJIULL

B stom paszesie MbI IIOTOBOPMM O CHJIe€ KOPPeIAIM U KJIaCTePM30BaHHBIX Ta6J'II/ILl.
B uem I/I,Zlef{? Hpe,ZlHOHO)KI/IM, YTO MbI XOTMM IIPOYMTATH LETYIO 0671aCcTh OJAaHHBIX:
BpeMEeHHOJi A1ana3oH, 610K, MHOKECTBO UAeHTU(MUKATOPOB U T. [I.

BDEMH pa60TbI TaKMX 3aIllpOCOB 3aBMCUT OT KOJIMYECTBA JAHHBIX U NX CbI/ISI/I‘—Ie-
CKOTI'O pacCIIOJIOKeHMs Ha OMCKe. Tak uTo Oaxke ecim B IBYX CUCTeMaX BBITIOTHACT-
Cs1 OOMH U TOT 3Ke 3alpoc, BO3BPALIAIONINii OMHM U Te Ke JaHHble, BpeMs OTBeTa
MOXKET pa3/inuaTbCs, TIOCKOJIbKY (1)M3qu<:1<a$[ CTPYKTYypa He OAMHaKOBa. HpI/IBe,ELEM
npumep.
test=# EXPLAIN (analyze true, buffers true, timing true)

SELECT *
FROM t_test

WHERE id < 10000;
QUERY PLAN

Index Scan using idx_id on t_test
(cost=0.43..370.87 rows=10768 width=9)
(actual time=0.011..2.897 rows=9999 loops=1)

Index Cond: (id < 10000)

Buffers: shared hit=85
Planning time: 0.078 ms
Execution time: 4.081 ms
(5 cTpok)

Kaxk BbI, HaBepHOE, IOMHUTE, AaHHbIE ObUIN 3aTrPy>KeHbI IOCIeI0BATENbHO, B T10-
psifike Bo3pacTaHust uaeHTUGMUKATOPOB. [I09TOMY MOKHO OXXUAATh, UTO M Ha AMCKE
OHM pacmoJiaralTcs MocIeaoBaTeabHO. ITO AeiCTBUTENbHO TaK, eC/iM JaHHbIe 3a-
TPY’KaJICh B TIYCTYIO TAOIUILY C aBTOMHKPEMEHTHBIM CTOJIOIIOM.

Mbl y>ke BuAenu KoMaHay EXPLAIN B lelicTBUM. A B JAHHOM CTy4yae MUCIO0JIb30Ba-
Ha KoMaHza EXPLAIN (analyze true, buffers true, timing true). Eci 3aman mapamerp
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analyze, TO cucTeMa He TOJbKO MOKaXeT IVIaH BBINIOJIHEHMS, HO ellle Y BBIIIOJIHUT
3aIpoC ¥ OKasKeT, YTO MPOM30IIIO HAa CAMOM [ieJie.

EXPLAIN B peskumMe analyze MaeaybHO MOAXOOUT AJ1s1 CPaBHEHMSI OLleHOK IJTAaHMPOB-
KA C PeaIbHOCTDI0. DTO JIYUILMIA CITOCOO Y3HAThD, MPaB TVIAHMPOBIINK MU COMUIT-
Cs1 ¢ IyTU UCTUHHOTO. [TapameTp buffers true coobiaeT, CKOMbKO 8-KMI06aiTHBIX
0JI0KOB 3aTPOHYJI 3aTIpoc. B maHHOM ciydae 3aTpoHyTO 85 6;10K0B. CiioBa shared hit
03HavalT, YTO JaHHbIe B3SThI M3 Kella BBoJa-BbiBoja PostgreSQL (paspmensiemble
6ydepsr). Bcero Ha BEIOOPKY AaHHBIX Y PostgreSQL yiio mpuMepHo 4 Mc.

A uTO IIpOM30IiIeT, eC/IM TaHHbIe TAGINITHI pacIIpeeeHbl 10 JUCKY B CTyYaifHOM
nopsiake? VU3MeHUTCS I CUTYyaus?

YT0o6BI CO31aTh TAGINILY, COIEePsKAIILYIO Te sKe JaHHble, HO B CTy4aifHOM IOpsIiKe,
MOYKHO ITPOCTO BOCII0/Ib30BaThCsI (hpa3oit ORDER BY random(). Torma maHHbIe Ha AyCKe
OyoyT epeMeniaHbl.

test=# CREATE TABLE t_random AS SELECT * FROM t_test ORDER BY random();
SELECT 4000000

YTto6bI CpaBHEHME GbIIO U€CTHBIM, IPOMHIEKCHPYEM TOT JKe CTON6elr:

test=# CREATE INDEX idx_random ON t_random (id);
CREATE INDEX

Ilnst ipaBUIbHOM paboTkl PostgreSQL HyskHa cTaTUCTUMKA onTuMusatopa. OHa
MOKa3bIBaeT, CKOJIbKO BCEro JAHHbBIX, KaK paclpeneneHbl 3HAYeHUSI M KOPPeInpo-
BaHBbI JIM JaHHbIE HA AyicKe. UTOOBI ellle YCKOPUTD JIeI0, ST TPeABAPUTENHLHO BbI3BA
KoMaHAy VACUUM, XOTsI 6os1ee Iogpo6HO OHA 6yIeT 006CysKAaThCsS HIDKE.

test=# VACUUM ANALYZE t_random;
VACUUM

Teriepb BBITIOTHMM TOT K€ 3aIIPOC, YTO U pPaHbIIIe:

test=# EXPLAIN (analyze true, buffers true, timing true)
SELECT * FROM t_random WHERE id < 10000;
QUERY PLAN
Bitmap Heap Scan on t_random
(cost=203.27..18431.86 rows=10689 width=9)
(actual time=5.087..13.822 rows=9999 loops=1)
Recheck Cond: (id < 10000)
Heap Blocks: exact=8027
Buffers: shared hit=8057
-> Bitmap Index Scan on idx_random
(cost=0.00..200.60 rows=10689 width=0)
(actual time=3.558..3.558 rows=9999 loops=1)
Index Cond: (id < 10000)
Buffers: shared hit=30
Planning time: 0.075 ms
Execution time: 14.411 ms
(9 cTpok)
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Coenaem fBa 3ameuaHus. [Ipeskae BCero MpUIIIOCh IPOoUKUTaTh ak 8057 6J10KOB,
¥ BpeMsI paboThI B3JIeTeJI0 M0 14 ¢ IUITHUM MWIIMCEKYH . ENMHCTBEHHOE, UTO He-
MHOTO CIIaC/IO IIPOU3BOAUTEILHOCTD, — TOT (PAKT, UTO JaHHbIE YMTAIMCDh M3 TIAMSITH,
a He C OycKa. A TIpeacTaBbTe, UTO HaM MpUIUIOch 661 8057 pa3 06paTUTHCS K IUCKY
IIJIST OTBETA Ha 9TOT 3arpoc. [Ipousoiiia 661 KaracTpoda, TOTOMY UTO 13-3a BpeMe-
HM OKUIAHMS MCKa Bce paboTao 6bI CYIIIeCTBEHHO MeljIeHHee.

Ho aTo emie He Bce. BumHo, uTo u miad usmenuscs. Teneps PostgreSQL mcnosnb-
3yeT IpOCMOTP 10 6GUTOBOI KapTe, a He 0OBIYHBIN ITPOCMOTP MHAEKca. Tak menaeT-
Cs1, UTOObI YMEHBIIUTh KOJTMUYECTBO HEOOXOAMMBIX 3aMpoCy 6I0KOB M T€M CaMbIM
MIpeIOTBPATUTD ellle XYyIIlee Pa3BUTIE COOBITUIA.

OTKyna miIaHMPOBIIVK 3HAET, KaK JaHHbIe XPaHSITCS Ha Ayucke? CucTeMHOe mpe]-
CTaBJ/ieHMe pg_stats COMEpPKUT BCIO CTATUCTUUECKYIO0 MHMOPMAIIMIO O COAEP>KUMOM
cTon6110B. ClleayIoNIuii 3aIIpoC BBIBOIUT MHTEPECYIOIIe HaC CBeIeHMS
test=# SELECT tablename, attname, correlation

FROM pg_stats
WHERE tablename IN ('t_test', 't_random')

ORDER BY 1, 2;
tablename | attname | correlation
............ e
t_random | id | -0.0114944
t_random | name | 0.493675
t_test | id | 1
t_test | name | 1
(4 cTpoku)

Kaxk Bugum, PostgreSQL yunuThIBaeT BCe CTONOIIBI. DTO IMPEeACTaBIeHMe 3aIIOIHS -
eTcsl KOMaHA0¥ ANALYZE, UTparollieit KI4eBYI0 pOJib AJ1s1 TPOU3BOAUTENbHOCTI:

test=# \h ANALYZE

Komanga  ANALYZE

Onucanune: cobpaTb CTATUCTHKY O Ha3e AaHHbIX

CuHTaKCKC:

ANALYZE [ VERBOSE ] [ wma_tabanupl [ ( wma_ctonbua [, ...] ) 1]

O6bIYHO ANALYZE BBITIOTHSIETCS B (DOHOBOM PEsKMMeE ITPOLIECCOM aBTOOUMCTKH, KO-
TOPbII Mbl PACCMOTPUM HILKE.

Ho BepHeMcs K HatieMy 3arpocy. Kak Buaum, B 06enx Tabnniiax ecTh iBa CTON6-
ta (id u name). Iyt cronbma t_test.id Koppensinys paBHa 1, 3TO O3HAYaeT, YTOo cJie-
Iylolilee 3HaUeHMe 3aBUCUT OT MPeAbIAYIero — B JAHHOM CTyuae 3HaueHUs IPOCTO
BO3pacTaoT. To ke OTHOCUTCS U K CTONIONY t_test.name. CHavYasa UOYT BCe 3aIIUCH,
comepskamue uMs hans, a 3aTem 3anucu ¢ uMmeHem paul. Bce oguHakoBbie MMeHa
XPpaHSITCSI BMecTe.

B Tab6uile t_random cUTyalust coBepliiieHHO MHas. Koppensiiust, 6;113Kkast K HyJTIO,
03HAvaeT, YTO JaHHbIe ITepeMelllaHbl. BUIHO TaKKe, UTOo IJIs CTO/I61Ia name KOppesisi-
1us 61m3Ka K 0.5. 9TO 3HAUMT, YTO HMKAKOTO MOPSIIKA B CJIETOBAHUY OIMHAKOBBIX
VMIMeH He HaOIoaeTcst — MMS IOCTOSTHHO MEHSIeTCS TIPY UYTeHUM Tabmuiibl B pusu-
YyeCcKOM TopsifiKe.
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U moueMy ke BCe 9TO MPUBOAUT K PE3KOMY YBEIMUEHUIO KOIUUECTBA OJIOKOB,
3aTPOHYTHIX 3arpocoM? OTBET MOHATEH. EC/IM Hy>KHbIe HAM JTaHHbIe He XPaHSITCS
BMeCTe, a pa36pocaHbl 10 BCeii TabiuIle, TO 1Sl BLIGOPKY OJJHOTO M TOTO ke 0ObeMa
MHGOpMAINM MOHAZOOUTCSI TIPOUUTATh OOJIbIllEe GJIOKOB, UTO BEIET K CHUKEHUIO
MIPOM3BOANUTETbHOCTH.

Knacrepusauus tabnuy,

B PostgreSQL mmeetcss komanaa CLUSTER, MO3BOJISIIONIASI Tepe3anyucaTbh Tabauiy
B HY’KHOM TIopsiike. Mbl MOXKeM yKa3aTh HEKOTOPbIN MHAEKC U TTOMPOCUTH, UTOObI
ClICTeMa COXpaHWM/Ia JaHHbIe B TOM JKe IIOPSIKe, UTO B ITOM MHIEKce:

test=# \h CLUSTER

KomaHga: CLUSTER

OnucaHve: neperpynnupoBaTb Tabauuy no WHAEKCY

CnHTaKcmnc:

CLUSTER [VERBOSE] wmsa_tabauusl [ USING umsa_uHaekca ]
CLUSTER [VERBOSE]

Komanga CLUSTER CylleCcTBYeT y>Ke MHOTO JIeT ¥ OTJAMYHO CITPaBJISIETCSI CO CBOe
3amayveii. Ho mipexksie yeM cJjierio 3amyckaTh ee B IPOM3BOICTBEHHO CuUCTeMe, clie-
IIyeT TIOMHUTDb O HECKOJbKMX MOMEHTax:

O komanpa CLUSTER GJIOKMpyeT Tabauily Ha Bce BpeMst paboThl. Henb3st 6ymeT HU
BCTaBJISITh, HU U3MEHSITh JaHHbIe. B MPOM3BOICTBEHHO CUCTEME 3TO MOXKET
0Ka3aTbCsI HEIIPUEMJIEMBIM;

O [paHHbIe MOXKHO MeperpymnnupoBaTh TOJbKO B COOTBETCTBUM C OTHUM UHIEK-
coM. Hejib3s1 OMHOBPEMEHHO YITOPSIAOUMTD TAOIMITY 110 TIOUTOBOMY MHJIEKCY,
MMeHU, UAeHTUDUKATOPY, AHIO pOKIeHMs 1 T. 1. C/ie0BaTeIbHO, BBITIONHSITh
CLUSTER MMeeT CMBIC/I TOJIbKO TOI/Ia, KOTJIa MMeeTCs ITpeob/Iagaroimii KpuTe-
puii MOUCKa;

O wumeiiTe B BUIY, UTO NIPUBEIEHHBIN BbIIlle MPUMED AEMOHCTPUPYET XyIIInii
otyvaii. Ha mpakTuke pasinyye B MPOU3BOAUTENbHOCTU MEXAY KIaCTepu30-
BaHHOI 1 HEKJIaCTepU30BaHHOI TabAMIIaMM 3aBUCUT OT paboueii HaTPy3Ku,
06beMa BpIOMpPAEMBIX TaHHbBIX, KO3 duiIreHTa IonagaHus B Kell ¥ MHOTUX
IPYIrUX Bellei;

O cocTostHME KyIacTepu3aluy He TOAAEPKMBAETCS MPU BHECEHWUM B TaOIMITY
M3MeHeHUl B Ipollecce BBIMIOJHEHMSI TUIIOBBIX omepaiyii. Co BpemeHeM
KOPPEeJISILVS MOXKeT YXyAIIaThCS.

Huke mpuBeieH npyumMep BbIMIOJIHEHMS KOMaH/Ibl CLUSTER:

test=# CLUSTER t_random USING idx_random;
CLUSTER

BpeMﬂ KilacTepmusanmm 3aBUCUT OT pa3Mepa TaOIUIIBI.

MpocMoTp TONbKO UHAEKCA

Ilo cUX TTOP MbI TOBOPMJIM O TOM, KOTa MHAEKC MCIIOIb3yeTCsl, a KOorjaa HeT. MbI Tak-
sKe 00CYIMIN TIPOCMOTP 110 6GUTOBBIM KapTaM.
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OnHako 3TUM TeMa MHAEKCUPOBaHMs He ucdyeprbiBaeTcs. Cieayoiiye a1Ba Mpu-
Mepa pasnyalTCs HeCWJIbHO, HO pasHMIIA B MIPOMU3BOAUTETBHOCTY MOXKET ObITh
OYeHb 3aMeTHOI. BOT mepBbIit 3ampoc:

test=# EXPLAIN SELECT * FROM t_test WHERE id = 34234;
QUERY PLAN

Index Scan using idx_id on t_test
(cost=0.43..8.45 rows=1 width=9)
Index Cond: (id = 34234)

Huuero Heo6b1yHOTO0. PostgreSQL mCIonb3yeT MHIEKC, YUTOOBI HAMTH OGHY CTPO-
KY. A 4TO IIpOM30JiJIeT, €CIM MbI BbIOEPEM TOJIBKO OAVH CTOJIOeI?

test=# EXPLAIN SELECT id FROM t_test WHERE id = 34234;
QUERY PLAN

Index Only Scan using idx_id on t_test
(cost=0.43..8.45 rows=1 width=4)
Index Cond: (id = 34234)

(2 cTpoku)

Terneps B IIaHe 3aImrpoca Mbl BUAMM He MTPOCMOTP MHeKca (index scan), a mmpo-
CMOTp TONBKO MHeKca (index-only scan). B Hauem mpumepe MHAEKCUMPOBaH CTOJ-
6err id, TO3TOMY €ro Colep>XKMUMOe, eCTeCTBEHHO, XpaHUTCS B MHAeKce. Kak mpaBu-
JI0, HET CMBbIC/IA 006paIaThcs K Tabauile, ecyiv Bce JaHHbIE MOKHO M Tak B3SITh U3
mHpekca. ObpaieHue K Tabauie Hy>KHO TOJBKO (HY, IIOYTH TOJIBKO) B TOM CIydae,
KOI'[Ia 3aIIpallyBalOTCs JOTIOJHUTEIbHBIE 1018, Yero B JaHHOM ci1ydae HerT. [1osTo-
My IIPOCMOTD TOJIBKO MHAEKCa 0beliaeT 3HaunTeaIbHO 60jee BBICOKYIO IIPOM3BOLM-
TelbHOCTh, UeM OOBIYHBIN TPOCMOTP MHAEKCA.

Ha mpakTuke MHOTIA Jake MMeeT CMBICJ BKITIOUUTH JOMOMHUTEIbHBIN CTOI6el]
B MHJIEKC U IMOJIYYUTb BBITOAY OT 3TOi BO3MOXHOCTM. B MS SQL Takme MHIEKCHI
C IOTIOIHUTEIbHBIMY CTOOIaMM Ha3bIBAIOTCS MOKPBbIBaromymMmu. HaunHas ¢ Bep-
cun PostgreSQL 11 aHaIOrMYHYIO QYHKIIMOHAIBHOCTh MOSKHO TIOTYYUTh, BKITIOUNB
B KoMaHy CREATE INDEX KiroueBoe c10BO INCLUDE.

JONONHUTENBHBLIE CBOMCTBA B-IOEPEBLEB

WupekcupoBanue B PostgreSQL — obmmpHas Tema, CBSI3aHHASI CO MHOTMMM acIiek-
TamMyu paboThl 6a3bl AaHHBIX. Kak yke 6bUIO CKa3aHO, MHAEKCHMPOBAHME — KITIOU
K TIPOM3BOIUTENIBHOCTYU. Be3 MoaxXoAsiInX MHIEKCOB HI O KaKOii IPOU3BOAUTE Ib-
HOCTY He MOXET ObITh U peun. [I09ToMy BO3MOXKHOCTH, CBSI3aHHbIE C MHIEKCHMPOBa-
HMEM, CTOUT U3YUUTDb ITOBHMMATETbHEE.

KOM6MHMpOBaHHbIe UHAEKCbI

MeHS Kak 4yeJioBeKa, MpodeccrOHaTbHO OKa3bIBAIOIIETO TEXHNYECKYIO ITOAIEPKKY
PostgreSQL, 4acTo CrpanBaoT O pasanuuin MeXITy KOMOMHUPOBAHHBIMMU Y MHIV-
BUAYAJbHBIMU MHIEKCAMU. B JTaHHOM pa3sesie s IoCTaparch MPOJIUTh CBET Ha STOT
BOITPOC.
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O6111ee MpaBUIo TAKOBO: €C/IM OAMH MHIEKC MOXKET OTBETUTh Ha Balll 3aIIpOC, TO
¥ He HaJI0 MCKaTh OT Jobpa mo6pa. Ho HeBO3MOXKHO Ke ITPOMHIEKCUPOBATh BCE BO3-
MOKHbIE KOMOVMHAIIMY CTOJIGI[0B, II0 KOTOPBIM MIIYT I0Ib30BaTeIN. B TakOM cyuyae
MMeeT CMbIC/I BOCIIOIb30BAThCSI CBOMCTBAMY KOMOMHMPOBAHHBIX MHIEKCOB, UTOOBI
MOJTYYUTh MaKCYMMYM BO3MOSKHOTO.

PaccmoTpuMm TabnmuiLy ¢ Tpems cTonbiamu: postal_code, last_name, first_name. [To-
JIOOHBI KOMOMHMPOBAHHBIN MHAEKC MOXKHO ObUIO ObI MCITOIH30BATh B TEIE()OHHOM
cripaBouHMKe. CHavasa JaHHbIe COPTUPYIOTCS II0 MECTOITIO/IOKEHMIO, a B Ipeaenax
OHOTO MECTOITOJIOKEeHMUS — 110 PaMUINK U MEHM.

B tabnuiie HusKe ITOKa3aHo, KaKye Orepanyy BO3MOKHBI JJIsT 3TOT0 MHIeKca 110
TPEM CTOJIOIAM.

3anpoc Bo3mMoxHo? 3amMeuaHus

postal_code = 2700 Ha MpeanbHasg cuTyaums ANs 3TOro MHAEKCA
AND last_name =
'Schénig' AND
first_name = 'Hans'

postal_code = 2700 Oa be3 orpaHuyeHuit
AND
last_name = 'Schonig'

last_name = 'Schonig | [a PostgreSQL npocTo noMeHseT Mectamu ycnoBus
AND
postal_code = 2700

postal_code = 2700 Oa To e camoe, 4To MHAEKC No postal_code; KOMOUHMPOBAHHBIV
MHAEKC NPOCTO 3aHMMaeT 6osiblue MecTa Ha Aucke
first_name = 'Hans' [a, Ho 310 apyroi | PostgreSQL Gonblue He MOXeT BOCMO/Ib30BaTLCA
cueHapuii OTCOPTUPOBAHHOCTLIO 3TOFO MHAEKCA. Ho B pefkux ciyyasx

(06bI4HO Ang TabauL, ¢ o4eHb BOMbLIMM KOMYECTBOM CTONOLIOB)
PostgreSQL MoxeT npocMoTpeTh BeCb MHAEKC, €C/IU 3TO
He LOpOXe YTeHWs Bcel Tabauubl

Ecu cTon6IIbl MHAEKCUPOBAHBI 110 OTAEIBHOCTH, TO, CKOpPee BCETo, IIaHUPOB-
YK BbIGEPET ITPOCMOTP IO KapTe mamMsT. PasymeeTcs, onuH crenuanau3upoBaH-
HbI MHIEKC JIyYllle.

[Do6aBneHune d)yH KUMOHAJIbHbIX UHAEKCOB

o cux TOp MbI BUEIM, KaK MHIEKCUPOBATh CaMO COIepXMMoe ctonbia. Ho He
BCerga 5TO MMEHHO TO, YTO HaM HYXHO. [ToaTromy PostgreSQL momyckaeT cozmanne
(YHKIIMOHANBHBIX MHIEKCOB. Vest oueHb IIPOCTa: XpPaHUTH B MHAEKCe He 3HaueHue,
a pe3y/abTaT BBIONIHEHUS (QYHKLINMN.

B mpumepe HMKe TTOKA3aHO, KaK IIOCTPOUTH MHJIEKC TI0 KOCUHYCY CTOONa id:
test=# CREATE INDEX idx_cos ON t_random (cos(id));
CREATE INDEX

test=# ANALYZE;
ANALYZE

Bcero-To 1 Hy>KHO, UTO TTIOMECTUTDb (PYHKIIVIO B CITMCOK CTOI61I0B. KOHEUHO, 3TO
paboTraeT He IS BCAKOM (GYHKIMK. PasperraroTcs auib QYHKINKA C HeU3MeHse-
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MbIM PE€3YyJIbTATOM — TaKMe, KOTOPbI€ BO3BPAIIAIOT OAMHAKOBOE 3HAYE€HME IIPU O -
HUX U TeX Xe apryMeHTax.

test=# SELECT age('2010-01-01 10:00:00'::timestamptz);
age

6 years 9 mons 14:00:00
(1 cTpoka)

DYHKLUMYM TUIIA age HE TOASTCS IJisI MHOEKCMPOBAHMS, TOCKOIbKY MX PEe3y/IbTaT
MOXET M3MEHSIThCS B 3aBMCUMMOCTM OT BpeMeHU. JleiiCTBUTENbHO, CO BpeMeHeM
BO3pacT usMeHsercst. PostgreSQL SIBHO 3ampelnaeTr MCIOAb30BaTh QYHKINM, KO-
TOpPbIe MOTYT BO3BPANaTh pPa3Hbie PE3YIbTAThI IIPU OJHUX U TEX K€ apryMeHTaXx.
DYHKLIMS coS B 3TOM OTHOIIeHNM 6e30macHa, TOCKOIbKY KOCMHYC 3HAUeHMs OyIeT
OJMHaKOBBIM UTO CETOHSI, UTO Uepe3 ThICSUY JIeT.

Ist TpOBEPKY MHIEKCA ST Hamycasl IMPOCTOli 3a1poc, IOKa3bIBAIOIINIA, YTO MPO-
UCXOUT:

test=# EXPLAIN SELECT * FROM t_random WHERE cos(id) = 10;
QUERY PLAN

Index Scan using idx_cos on t_random (cost=0.43..8.45 rows=1 width=9)
Index Cond: (cos((id)::double precision) = '10'::double precision)
(2 cTpoku)

Kaxk 1 cjiemoBasio oxkuagaTh, GYHKIMOHAIbHBIN MHIEKC UCIIOIb3YeTCs, KaK JII060ii
IpYTOVA.

YMeHblIeHMe 3aHATOro MecTa Ha AuUcCKe

NHpekcupoBaHMe — Belllb XOPOIliasi, ero IJiaBHas 1eJib — MaKCUMaJIbHO YCKOPUTD
BBITTOJTHEHME 3ampocoB. Ho, Kak 1 Bce xopoliie Bely, OHO MMeeT CBOIO 1eHY: T0-
TpebieHue Mecta Ha gucke. UToObI BEPIIMTh CBOK Marmio, MHAEKC JOJKEH Haj-
JIeKalMM 06pa3oM OpraHM30BaTh XpaHeHue 3HaueHuit. Eciu B Tabmuie 10 MiH
IIeJIbIX YMCeJsI, TO TTIOCTPOEHHbII Hall Heil MHAeKC 6yaeT comepskaTh Bce aTu 10 MIH
YJICeJT IUTIOC HAK/IaJHbIE PACXO/IbI.

B B-mepeBe XxpaHSTCSI yKa3aTelIu Ha KaXIyI CTPOKY TaOGIMIIbI, U, pa3yMeeTcs,
9TO He 6ecrutaTHO. YTOOBI Y3HATD, CKOJIbKO MECTa 3aHMMAIOT VMHIEKChI, BHIITOTHUTE
B psql KoMaHay di+:

public | idx_name
public | idx_random
(4 cTpoku)

uHaekc | hs
nHaekc | hs

test=# \di+
CNNUCOK OTHOWEHNI
Cxema | Nma |  Twn | Bnageney | Tabmuua | Pa3mep
-------- T e L Ltr SR TR P
public | idx_cos | _random | 86 MB
public | idx_1id | wHpekc | hs _test | 86 MB
|

t
t
t_test | 86 MB
t

+
nHaekc | hs |
I
I
| t_random | 86 MB

B Moeit 6a3e maHHBIX Ha XpaHEHMe 3TUX MHIEKCOB YIIIO0 axk 344 MB. A Teneps
CpPaBHMM 3TO C MECTOM, 3aHSIThIM 6a30BbIMM TAGIUIIAMIU:
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test=# \d+
CNNUCOK OTHOWEHNI

Cxema | Mms | Tvn | Bnapeney | Pasmep
-------- D R R R ERht SRR TP
public | t_random | Tabanua | hs | 169 MB
public | t_test | Tabaua | hs | 169 MB
public | t_test_id_seq | nocneposatenbHocTb | hs | 8192 bytes
(3 cTpokn)

O6e Tabnuilbl BMecTe 3aHMMAaIOT Bcero 338 MB. MIHbIMM C/TOBaMM, OJ1ST MHAEK-
COB TpebyeTcs 6oJbllle MecTa, YeM IJIsl CaMMX JaHHbIX. Ha IpakTyuKe 9TO 06bIYHAas
M BechbMa BeposiTHast cuTyalus. HemaBHO s 6bLT y KiaMeHTa Kommauuy Cybertec
B 'epmanum 1 Bumen 6asy HaHHBIX, TOe 64 % MecTa 3aHMMaJM MHIEKChI, KOTOpbIe
HUKOTIAa He MCIIONb30BaMCh (HM pa3y 3a HECKOJIbKO MecsiieB). Tak 4To u36bITOU-
HOe MHIIEeKCHpOoBaHle, KaK 1 HeIOCTaTOUHOE, UpeBaTo npodaeMamu. HarmoMHIo, UTo
MHIEKChl He TIPOCTO MOTpe6sioT MecTo. Kaskmast komanga INSERT u UPDATE moykKHA
OGHOBJISITh BCE MHAEKCHI. B 9KCTpeMabHBIX C/IyyasX, Kak B HallleM IIpuMepe, 3TO
3HAYMUTETbHO CHMKAET MPOM3BOAUTEIBHOCTD.

Eciu B Tabnuile HEMHOTO PasIMYHBIX 3HAYEHMI, TO MOKHO BOCITOJIb30BAThCS
YaCTUYHBIMU UHIEKCAMIA:

test=# DROP INDEX idx_name;

DROP INDEX

test=# CREATE INDEX idx_name ON t_test (name)
WHERE name NOT IN ('hans', 'paul');

CREATE INDEX

B sTom ciyyae Gosbiast 4aCcTh CTPOK MCK/IIOUEHA U3 MHAEKCA, TaK UTO HaM Ha
pPamoCTb OCTAHETCS] MaJeHbKU ¥ 9P heKTUBHbIN MHIEKC:

test=# \di+ idx_name
CNNCOK OTHOWEHNI

Cxema | WMa | Tun | Bnageney | Tabauua | Pasmep
-------- LT T e S L LT
public | idx_name | wngekc | hs | t_test | 8192 bytes
(1 cTpoka)

3amMeTuM, YTO UCK/IIOYATh MMeEeT CMbICJI TOJIbKO OYe€Hb YaCTO BCTpevarolecs
3HAYEeHMsI, COCTABJISAIONIVE GOJBIIYIO YaCTh TAOIUIIBI (IO KpaitHeit Mepe 25 %). ne-
aJibHbIe KaHIUOATHI HA POJIb YaCTUUYHBIX UHIEKCOB — MOJI (B MPEeAIION0XKEeHUM, UTO
OOJIBIIMHCTBO JIIOIEI — MY>KUMHBI MM JKEHIIMHbBI), HAI[MOHAIbHOCTb (B MIPEIII0N0-
SKeHUM, UYTO OOJTBINMHCTBO JII0[Iei B Ballleil CTpaHe OJHOM HallMOHAJIbHOCTM) U T. 1.
PasymeeTcs, IJist pUMeHeHMs MOA0GHbIX TPIOKOB HYKHO OUeHb XOPOIIIO 3HATh CBOM
IaHHbIe, HO MHOT/A 9TO OKYTaeTCsl.

[o6aBneHne AaHHbIX BO BpeMAa UHAEKCUPOBAHUA

Co3pmaTb MHIEKC Jierko. Ho nmeiiTe B BUAY, YTO BO BpeMsI ero MOCTpoeHust Mofudu-
MPOBaTh TAGMUIY Heab3si. KomaHma CREATE INDEX 3aXBaThIBaeT GJIOKMPOBKY THUIIA
SHARE Ha BCIO TabIMIlY, YTO MPEMSITCTBYET JI0ObIM M3MeHeHUsIM. [IIs1 MaJeHbKIUX
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Tab/IMI B 9TOM, KOHEUHO, HET HMUEr0 CTPAIIHOTO, HO TPy paboTe ¢ 60abLIINMU Ta0-
JIMIIAMU B IIPOU3BOICTBEHHOM CHCTEME BO3SHUKAIOT MPO06/IeMbI. [T MHIeKCUPOBa-
HMS TepabaiiTa TaHHBIX HYKHO HEMaJIo BpeMeHM, [I09TOMY OJIOKMPOBKA TaOIUIIbI
HaJI0JIT0 MOXKeT CTaTh MCTOUHMKOM HEIIPUSITHOCTEI.

Perrenne gaet komaHga CREATE INDEX CONCURRENTLY. IHmeKc 6yIeT CTPOUThCS Ha-
MHOTO JI0JTbIlle (0OBIYHO, IT0 KpajiHeit Mepe, B Ba pa3a), HO 3aTO B 9TO BpeMsI C Tab-
JIAIIeI MOKHO paboTath. IIpuBeaem nmpumep:

test=# CREATE INDEX CONCURRENTLY idx_name2 ON t_test (name);
CREATE INDEX

3ameTum, uTo PostgreSQL He rapaHTUpyeT ycriexa npu UCII0Ab30BaHUM KOMaH-
Ibl CREATE INDEX CONCURRENTLY. EC/iv BBITIOSHSIBIIMECSI B CUCTEME OIlepaluy Kak-TO
KOH(IMKTYIOT C ITIOCTPOEHMEM MHIEKCA, TO MOKET 0Ka3aThCsl, UTO MHAEKC OyIeT IMo-
MedeH KaK HeJleiiCTBUTENbHbIN. YTOObI Y3HATD, Ae/iICTBUTENbHBI JIM MHIEKChI, BOC-
TOJIb3YIATeCh KOMaHAO \d /151 MHTepeCyIoleil TabIuIIbl.

BBELEHME B KJIACCbI OMEPATOPOB

Ilo cux mop Iepej HaMM CTOSIA 3a/a4a MTOHATh, YTO MHIEKCUPOBATh, & 3aTEM I10-
3BOJIMTH CHCTEME MCII0Ib30BaTh STOT MHIEKC IIPY IIOVCKE IO CTOIOLY MM IPYIIIe
CTO/MOLOB. TIpy 3TOM MbI MOTYAIMBO IIPEIII0IArajy, YTO BBIIOJHEHO OFHO YCIO-
Ble — MOPSIIOK COPTUPOBKY JAHHBIX (GUKCUMPOBAH 1 HemsMeHeH. Ha rmpakTuke sTo
He Bcerga tak. KoHeuHo, MopsAIoK COPTUPOBKIM UMCeNT BCerna OOUH U TOT Ke, HO IJIst
IOPYTUX TUIIOB JaHHBIX IIPeONpene/eHHOro (GMKCMPOBAHHOIO ITOPSIIKA MOKET M He
OBITb.

YT0o6b!I YOEIUTH BaC B CBOEIT IIPABOTE, sI PEII B3SITh pealbHblii IpuMep. B3ris-
HUTe Ha 3T ABe 3allMCU:

1118 09 08 78
2345 01 05 77

Borpoc: pacmonoskeHbl i 3TU CTPOKM B IIPaBUIbHOM IOPsiiKe? BO3MOKHO — Befb
B JIeKCUKOTpahMUIeCKOM TIOpsIIKe TepBasi MpeIiecTByeT BTOPOii. U Bce ke 3TO He
TaK, TOTOMY UTO Y 3TUX CTPOK MMEEeTCSI CKPbITasi CeMaHTHKa. 3[leCh IOKa3aHbl 1Ba aB-
CTPUICKMX HOMepa COLMaIbHOTO CTpaxoBaHMsL. 09 08 78 o3HauaeT 9 aBrycra 1978 ro-
Ia, a 01 05 77 — 1 mas 1977 ropa. ITepBble yeTbIpe UGPbI — 3TO KOHTPOJIbHAS CyMMa
U HEKOe aBTOMAaTU4YeCKy MHKPEMEHTMPyeMoe Tpex3HauHoe uncio. [Tockonbky 1977
MeHbIIe 1978, njist morydeHus IpaBUJIbHOTO TIOPSIIKA CTPOKU CIeAyeT IepecTaBUTh.

[Tpo6iema B ToM, uTo PostgreSQL MOHSTHUS He UMEET, UTO ITU CTPOKM O3HAYAIOT.
Ecnu cronber mmeeT Tu text, To PostgreSQL 6ymeT mpuMMeHSITh K HEMY CTaHIapT-
Hble TIpaBMIa COPTUPOBKM TeKcTa. Ecim ke cTonbel uncioBoii, To PostgreSQL 6y-
JIeT IPUMEeHSITh MpaBuia COPTUPOBKY uucen. Hu mpyu Kakux ycaoBUSIX OHA He CTa-
HET JIeJIaTh HEUTO MOJJ06HOe TOMY, UTO S OImycast Bbilie. Eciiv Bbl ;yMaeTe, 4TO 3TO
eMHCTBEHHOe, 0 YeM HYKHO JyMaTh IIPM COPTUPOBKE BbIlIEyKa3aHHbBIX UMCe, TO
BbI HermpaBbl. CKOJBKO MecsiieB B rogy? 12?7 A BOT U HeT. B aBCTpuiiCcKoi cucreme
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COLIMAIBHOTO CTPaxXOBaHMUSI MOXKET ObITb 14 mecsies. [Touemy? [ToToMy UTO eciau
Y UMMUTpaHTa Win 6ekeHIla HEeT JOKYMEHTOB U ero JAeHb POKIeHMS] HeU3BeCTeH,
TO eMy Ha3HavyaT UCKYCCTBEHHBIV JieHb POKIeHUs B 13-M mecsiie.

A Terepb BCLIOMHUTE, UTO TPU LMMPBI — 3TO IPOCTO aBTOMHKPEMEHTHOE TPeX-
3HAYHOe uMc/Io. Bo Bpemst 6aikaHCKKUX BOiH B 1990 rogy ABCTpus mpemocTaBimia
ybesxkuie 6omee uem 115 000 6ekeHiiam. EcrecTBeHHO, Tpex 1Mdp He XBATUIIO,
u Torma 6buT fobaBieH 14-i1 Mmecsr. M Kakoil ske cTaHAAPTHBIN TUI JaHHBIX TPU-
rofieH i1 aToro pyaumenTta COBOL, octaBmierocs ¢ Havana 1970-x rogoB (MMeHHO
TOIIa MMPOEKTUPOBAJICSI GOPMAT HOMEpPA COLMAILHOIO CTpaxoBaHus)? Jla HMKaKOIi.

YTto6bI pa3yMHO 06pabaThIBaTh TaKKe CIlelaabHbIe Mo, B PostgreSQL MMeroT-
€SI KJIaCChl OTIepaTOPOB:

test=# \h CREATE OPERATOR CLASS
KomaHga: CREATE OPERATOR CLASS
OnucaHune: co3AaTb KIAcC onepaTopoB
CuHTakCmnc:
CREATE OPERATOR CLASS wma [ DEFAULT ] FOR TYPE Tum_AaHHbIX
USING meToa_uHaekca [ FAMILY uma_cemencTtBa ] AS
{ OPERATOR Homep_cTpaTerun uma_onepatopa [ ( op_type, op_type ) ]
[ FOR SEARCH | FOR ORDER BY cemeilCTBO_COPTMPOBKM ]
| FUNCTION Homep_onopHoii_npoueaypbl [ ( Tun_onepaumn [ , Tvn_onepaumn ] ) ]
umA_oyHKumMm ( Tun_aprymeHTa [, ...] )
| STORAGE Tun_xpaHeHus
Lo

Kitacc orepaTopoB roBOpPMUT, KakK JOJIKEH BeCTy cebst MHaeKc. PaccMoTpuM cTaH-
napTtHoe B-gepeBo. [1Jis Hero mMeeTcs MSIThb OIeparuii:

Crpaterus Onepatop Onucanue

1 < MeHbue

2 <= MeHbLue unun paBHo
3 = PaBHO

4 >= Bonblue unu paBHo
5 > Bonblwe

CraHmapTHbIE KJIaCcChl OIIEPaTOPOB MOAAEPKMBAIOT CTAHIAPTHbIE TUIIBI JAHHbIX
¥ CTaHIapTHbBIE OTIEPATOPbI, KOTOPbIE BCTPEUYAINCh HAM B 3TO¥ KHUTe. EC/IM MbI XO-
TUM 06pabaThiBaTh HOMEpA COLIMATbHOIO CTPaXOBaHMS, TO HEOGXOAMMO MPUIYMaTh
COOCTBEHHbIE OIEePATOPHI, peaTN3yIol/e HY;KHYIO HaM JIOTUKY. ITU CIIelaabHbIe
omepaTopbl MOXKHO 6yIeT 3aTeM MCII0Ib30BaTh JJIs1 00pa3oBaHMsI Kacca omeparo-
POB, TIpeICTaBJISIONIEero co60it He UTO MHOE, KaK CTPATEruio, IepenaBaeMyio MHIEeK-
CY IUTS 3a[TaHMS €T0 TIOBeIeHNS.

Co3paHue Knacca oneparopoB ana B-aepesa

YTo6bI MMPUBECTY MPAKTUUECKMIA TIPUMeEp Kilacca OIepaTopoB, s HAIIMCAT KO, IJis
06paboTKM HOMEPOB COIMAIbHOTO CTpaxoBaHus. [IJiss IIPOCTOTHI 51 He cTaja obpa-
IIaTh BHMMAaHMS Ha TaKye JeTaau, Kak KOHTPOIbHAas CyMMa.
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Co30aHue HOBbIX ONepamopos

IlepBBIM [EJIOM CIeLyeT OIpedenTh TpebyeMble OrepaTopbl. 3aMeTHUM, YTO BCErO
HY)KHO IISITh OIIEpaTOpPOB, [10 OMHOMY I Kakmoii crpateruu. CTpaTerus MHIEK-
ca - 3TO, 110 CYLIECTBY, ITOAK/I0UaeMblii MOIY/b, BMECTO KOTOPOIO MbI BCTaB/IsIEM
COOCTBEHHDBII KOf,

IIjis Havasia s IIOATOTOBU/I TeCTOBbIEe JaHHbIe:

CREATE TABLE t_sva (sva text);
INSERT INTO t_sva VALUES ('1118090878');
INSERT INTO t_sva VALUES ('2345010477');

Teriepb MOKHO TIPUCTYIIUTL K CO3OaHMUIO omepaTtoposB. s storo PostgreSQL
npepjiaraeT KomaHay CREATE OPERATOR:

test=# \h CREATE OPERATOR
KomaHga: CREATE OPERATOR
OnucaHue: co3paTb onepaTop
CuHTaKemnc:
CREATE OPERATOR name (
PROCEDURE = ums_¢yHKLMK
[, LEFTARG = Ttun_cnesa ] [, RIGHTARG = tun_cnpasa ]
[, COMMUTATOR = kommyT_onepaTop ] [, NEGATOR = obpaTHbiii_onepaTop |
[, RESTRICT = npoueaypa_orpanudenns ] [, JOIN = npoueaypa_coeanHeHus ]
[, HASHES 1 [, MERGES ]

O61as Maess TakKOBa: OMepaTop BbI3bIBAeT (DYHKIINMIO, KOTOPAs MMOIyvyaeT OfVH
WM IBa TTapaMeTpa — JIJisl IeBOTO ¥ JIJisl ITPaBOro OTlepaH/ioB.

Kak BuayuMm, omepaTop — 3TO He YTO MHOe, KaK BbI30B (QYHKINM. [I09TOMY MbI
IOJDKHBI peaan3oBaTh JIOTUKY GYHKIIMIA, CTOSNIMX 3a orepaTopamu. UTo6bl ucmpa-
BUTb MTOPSIIOK COPTUPOBKHA, S HATIMCAT OTIOPHYIO (PYHKINIO normalize_si:

CREATE OR REPLACE FUNCTION normalize_si(text) RETURNS text AS $$
BEGIN
RETURN substring($1, 9, 2)
substring($1, 7, 2)
substring($1, 5, 2)
substring($1, 1, 4);

END; $$
LANGUAGE 'plpgsql' IMMUTABLE;

BbI3oBeM 3Ty QYHKIUIO:

test=# SELECT normalize_si('1118090878');
normalize_si

7808091118
(1 cTpoka)

MbI IpOCTO MepecTaBUIN MeCTaMy HeKoTopbie b psl. [Tocie 3TOro MOSKHO MpH-
MEHUTH OOBIYHYIO COPTUPOBKY CTPOK. Ha ciiemyroieM mrare 3Ty GyHKIVIO Y3Ke MOK-
HO UCII0/Ib30BaTh JJ151 CPAaBHEHMSI HOMEPOB COLIMATbHOTO CTPaXOBaHMSI.
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HepBoﬁ CTpaTerumn H€O6XO,Z[]/IM8. ¢)YHKLU/IH CpaBHEHMS Ha MEHbIIIE:

CREATE OR REPLACE FUNCTION si_lt(text, text) RETURNS boolean AS $$
BEGIN
RETURN normalize_si($1) < normalize_si($2);
END;
$$ LANGUAGE 'plpgsql' IMMUTABLE;

CnenmyeT OTMETUTD 1B MOMEHTA.

O ®yHKIMS NOKHA OBITh HamMcaHa He Ha SQL, a Ha ITpolieIypHOM MJIY KOMITH -
JIUPyeMOM sI3bIKe. [Ieyio B ToM, 4YTO SQL-(QYHKLVM ITPU HEKOTOPBIX YCIOBUSIX
BCTpauMBaIOTCs, a 3TO CBeJIo Obl Ha HeT Bce Hamm ycuaus (Ha SQL Toxke Bce
paboraer. — ITpum. ped.).

O Heob6x0gMMO IPUAEPKMUBATHLCS VCIIOTb3YEMOTO B 9TO¥ I71aBe COTIaIIeHust 06
VMMEHOBAaHUY, TTIOCKOIbKY OHO MPUHSITO CO001IecTBOM. DYHKIMS CpaBHEHMS
Ha MeHbllle TO/KHA Ha3bIBaThCs si_lt, cpaBHEHMST HA MeHbIlle WIM PaBHO —
si_leuT.mo.

Teriepb MbI MOKEM OIPEIEIUTD OCTATbHbIE PYHKIINM, KOTOPbIE TTOHAI00SITCS OY-

IYIIMM oTlepaTopam:

- MeHble WM PaBHO

CREATE OR REPLACE FUNCTION si_le(text, text)
RETURNS boolean AS

$$
BEGIN

RETURN normalize_si($1) <= normalize_si($2);

END;

$$

LANGUAGE 'plpgsql' IMMUTABLE;

-- bosble uan paBHO
CREATE OR REPLACE FUNCTION si_ge(text, text)
RETURNS boolean AS
8
BEGIN
RETURN normalize_si($1) >= normalize_si($2);
END;
8
LANGUAGE 'plpgsql' IMMUTABLE;

-- bonbue

CREATE OR REPLACE FUNCTION si_gt(text, text)
RETURNS boolean AS

$$
BEGIN

RETURN normalize_si($1) > normalize_si($2);

END;

8

LANGUAGE 'plpgsql' IMMUTABLE;

Mb1 onpenenuiy yeTbipe yHKuMM. [IgaTas — Ojs omnepaTopa cpaBHeHMS Ha pa-
BEHCTBO — He HY)XHa. Mbl MOkeM BOCIIOJIb30BaThCS CYLECTBYIOIMM OIIepaTOPOM,
T. K. PABEHCTBO OT MOPs/IKa COPTUPOBKY He 3aBUCUT.
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Nmes Bce HeO6XO,Z[I/IMbIE (I)YHKLU/II/I, MBI MOJKEM OIIpeneanTb CaMMX OImepaTopoB:

- onpejennTb ONepaTopos

CREATE OPERATOR <# ( PROCEDURE=si_lt,
LEFTARG=text,
RIGHTARG=text);

CTpyKTypa oreparopa OYeHb MpocTa. Y orepaTopa JO/DKHO ObITh UMS (B MOEM
cryyae <#), BbI3bIBaeMasi Ipolielypa, a Takke TUTIbI JAHHBIX JIEBOTO U ITPAaBOTO OTIle-
paHzoB. IIpy BbI30Be OmepaTopa JIeBbIii OMepaH]] CTAHET MePBbIM apryMEHTOM si_
1t, a IpaBblIii — BTOPBIM.

OcrapHbIe OMepaToOpbl YCTPOEHbI TOUHO TaK Ke:

CREATE OPERATOR <=# ( PROCEDURE=si_le,
LEFTARG=text,
RIGHTARG=text);

CREATE OPERATOR >=# ( PROCEDURE=si_ge,
LEFTARG=text,
RIGHTARG=text);

CREATE OPERATOR ># ( PROCEDURE=si_gt,
LEFTARG=text,
RIGHTARG=text);

B 3aBMCUMMOCTHM OT TUIIA MHAEKCA MOTYT IMOHAJA00UTHCS JOTIOJHUTETbHBIE OTIOP-
Hble GyHKUMM. [I7151 CTaHIapTHBIX B-IepeBbeB HY)KHA BCero ofHa (QyHKIMS, KOTOpast
CITY>KUT IJ1S YCKOPeHMSI paboThI:

CREATE OR REPLACE FUNCTION si_same(text, text) RETURNS int AS $$
BEGIN
IF normalize_si($1) < normalize_si($2)
THEN
RETURN -1;
ELSIF normalize_si($1) > normalize_si($2)
THEN
RETURN +1;
ELSE
RETURN 0;
END IF;
END;
$$ LANGUAGE 'plpgsql' IMMUTABLE;

OyHKIMS si_same BO3BpallaeT -1, ecyix TepBbIi apryMeHT MeHblile BTOpPOro, 0 —
eIy apryMeHThl PaBHbI, M 1 — eC/IM TepBbIii apryMmeHT Gosbile. Ha BHyTpeHHEM
YPOBHE OHA MIpaeT poJjib paboueii JIOMIAgKM, IIOSTOMY ee KOf, IOJKEH ObITh Kak
MOKHO JIyUIIle ONTTUMMU3UPOBaH.

Co30aHue Kn1accoe onepamopos

Hy BOT, Bce KOMITOHEHTHI HA MeCTe, M Mbl MOKEM CO37aTh HEOOXOAMMbI MHIEKCY
KJIacc orepaTopoB:
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CREATE OPERATOR CLASS sva_special_ops
FOR TYPE text USING btree
AS

OPERATOR 1 <# ,

OPERATOR 2 <=# ,

OPERATOR 3 B

OPERATOR 4 >=# ,

OPERATOR 5 ># ,

FUNCTION 1 si_same(text, text);

Komanpa CREATE OPERATOR CLASS coenuHseT cTpaTeruu ¢ orneparopamu. dpasa OPE-
RATOR 1 <# 03HAYAET, UTO CTpaTerus 1 6ymeT UCIOoIb30BaTh orepaTop <#. U Hamocie-
IIOK C KJIACCOM OTIEPATOPOB COeOMHSIETCST MYHKITMS si_same.

OTMmeTuM, 4TO y Kj1acca oIepaTopoOB eCTh UMS U YTO B OIpeNeeHUN SIBHO yKa-
3aHO, UTO OH ITpefHa3HaueH sl paboTsl ¢ B-gepeBbsiMu. Terepb MbI yke MOXKeM
MCIO/Ib30BaTh CO3AHHBIN HAMM KJIACC OIIepaTOPOB IIPYU CO34aHUM MHIEKCa:

CREATE INDEX idx_special ON t_sva (sva sva_special_ops);

Komanga cosmaHusi MHAEKCa BBITJISIAUT HEMHOTO MHAaYe, YeM PaHbIIe: sva sva_
special_ops 03HAYaeT, YTO CTOJIOEI] sva MHIEKCUPYETCs C MpYMeHeHMeM Kiacca orre-
paTopoB sva_special_ops. ECM omyCTUTD IBHOE yKa3aHMe Kjacca sva_special_ops, TO
PostgreSQL 6ymeT 1CIT0/Ib30BaTh KJIACC OIIEPaTOPOB I10 YMOTUaHUIO.

Tecmuposauue noJjlb306ameJibCKuUxX Kjiaccoe onepamopose

B Hamem npuMepe TeCTOBbIE TaHHbIE COCTOSIT BCETO M3 OBYX CTPOK. [ToaTomy Post-
greSQL 110 cBoejt Bojie He cTasia 6bl MCIIOIb30BaTh MHIEKC, T. K. Ta6IMUIIA CIUIITKOM
MaJia, UTOOBI OIpaBaaTh HaKIaJgHble PACXOIbl Ha OTKPBITHE MHAEeKca. UTOObI Bce-
TaKy MPOTECTUPOBATH KJIACC OMepaTopoOB, He 3arpykas CAUIIKOM MHOTO JAHHBIX,
MbI MOXXeM 3aIlpeTUTh ONTUMM3ATOPY MOCAeA0BaTe/NbHbIN MPOCMOTp. s 3TOTO
BBITIOJTHUM B TEKyIlleM ceaHCe KOMaH[y:

SET enable_segscan TO off;

Nupexc pa60TaeT, KaK " OXXKMOaJIOCh:

test=# explain SELECT * FROM t_sva WHERE sva = '0000112273';
QUERY PLAN
Index Only Scan using idx_special on t_sva (cost=0.13..8.14 rows=1 width=32)
Index Cond: (sva = '0000112273'::text)
(2 cTpoku)

test=# SELECT * FROM t_sva;
sva

2345010477
1118090878
(2 cTpokn)
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o cux mop MbI 00CYKAaIN TOJMbKO B-mepeBnsi. HO BO MHOTMX C/TydasiX MX HeMIO-
craTouHo. [Touemy Tak? Kak 6bUIO CKa3aHO B 3TOiI IVIaBe, B-mepeBbst OCHOBAHbI Ha
COPTUPOBKE U, CTAJIO ObITh, HA OIIEPATOPAX <, <=, =, >= I >. [I[po61eMa, OFHAKO, B TOM,
YTO He JIJIs JIF060TO TUTTA JAHHBIX MOSKHO Pa3yMHO OIPEeIeNTUTh COPTUPOBKY. B34Th,
K IIPUMEPY, MHOTOYTOJIbHYK. Kak MOKHO ObIJIO GBI OTCOPTUPOBATH OOBEKTHI TAKOTO
Tumna? MoxHo, KOHEYHO, COPTUPOBATb I10 TUIONIAJIA, 10 IEPUMETPY U T. [I., HO 3TO He
TTOMOKET HaliTH 06BEKT C IIOMOIIIbI0 TeOMEeTPUUECKOTO MOMCKA.

PellleHye 3aK/II0YaeTCcsl B TOM, UTOObI MMETh pPasHble TUITbl MHAEKCOB. KaskabIit
VMHJIEKC CTY>KUT KOHKPETHOJ 11/ 1 [IellaeT POBHO TO, UTO OT Hero TpebyeTtcs. B Bep-
cum PostgreSQL 11.0 umeroTcst cienyroiye TUIIbI MHIIEKCOB:

test=# SELECT * FROM pg_am;

amname | amhandler | amtype
......... +.--__....--__+...-.__.
btree | bthandler | i

hash | hashhandler | 1

gist | gisthandler | 1

gin | ginhandler | i
spgist | spghandler | 1

brin | brinhandler | 1

(6 cTpok)

CymIecTByeT IeCTh TUTIOB MHIEKCOB. B-IepeBbst MblI yke TOAPOOHO 06CYaAVIIN, HO
II7IS1 Uero Hy>KHbI OCTa/IbHbIe? B ciiemyroninx pasmesiax Mbl KpaTKO OMUIIIEM BCE TUTIbI
MHIEKCOB, moaaepkuBaembie PostgreSQL.

OTMeTMM, UTO CYIIECTBYIOT ellle M PACIIMpeHMs: TUITbI MHAEKCOB rum, vodka
" B OyayIiem cognac.

Xeww-uHaeKcbl

Xenr-uHIOEKChI CYIIECTBYIOT YK€ MHOTO JieT. Mmess B TOM, UTOObI BBIUYMCIIUTD Xelll
BXOJHOTO 3HAUEHUS U COXPAHUTh ero IJjs Mocaenylomiero nomcka. Haanume xem-
MHJIEKCOB OITpaBIaHo, HO B PostgreSQL 10.0 6b1710 peKOMEHI0BaHO He IT0JIb30BaThCSI
umu, noromy 4to mexanmusm WAL ux He nopgnepxusait. B PostgreSQL 11.0 cutyanus
M3MEHWIAaCh — TeTlepb BCe OIepalyi C Xell-uHAEeKCaMU TPOTOKOIUPYIOTCS, TI03TO-
MY OHM TIPUTOIHBI JJISI PETUTUKAIIUY U, CTAJI0 ObITh, Ha 100 % OTKa30yCTOUMBEI.

B obmiemM ciyyae Xenr-MHAEKCH 3aHMMAIOT HEMHOTO 6OJIbllle MecTa, yeM B-me-
peBbsi. Eciut MHAEKCUpyeTCs 4 MITH 1e/IbIX 3HaYeHUI, TO B-mepeBo 3aiimeT npumep-
HO 90 MB, a xemr-unpgexc — 125 MB. TToaTromy nomysipHOe MPeATIONOXKeHIEe O TOM,
YTO XeIll SKOObI 3aHMMAaeT OUeHb MaJIo MeCcTa Ha AMCKe, KaK MPaBuIo, HEBEPHO.

GiST-uHAeKcbl

06o6meHHbIe AepeBbs moucka (Generalized Search Tree — GiST) — upe3BbIYaiiHO
BasKHBII TUII MHEKCA, TOCKOAbKY OHU MCIIOMb3YIOTCS [IIS CAMBIX Pa3HbIX Belleii.
GiST-uHAEKCh MOKHO MUCIOJb30BaTh [Ji peanu3anuu R-mepeBa, oHM MOTYT Aaske
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BBICTYNATh B pony B-nepeBa. Ho npumMeHnsaTs GiST-mHIeKcsl B KauecTBe B-nepeBbeB
He PeKOMEHJIyeTCs — 3TO ObUI0 6bI TpodaHanIelt uIen.
[lepeuncium TUNIMYHBIE cLieHapuy pumeHeHns: GiST-MHAEKCOB:
QO 1mama3oHHBIE TUIIBI;
QO reomeTpyyeckye MHAEKCH! (HallpyMep, B O4eHb IOIYJISIPHOM pacllVpeHUN
PostGIS);
O HedeTKu NMOUCK.

Kaxk pa6omaem GiST

st mHOTMX GiST-MHIEKCHI BCe ellle TTPeCTaB/SIIOTCS YUepHbBIM SIIMKOM. [ToaTomy

S pelI BKITIOUMTD B 3TY IJIaBYy pasiesl 0 BHyTpeHHeM MexaHu3Me pabotbl GiST.
PaccMoTpuM CieyroImuii puCyHOK.

R | R4 R11 |
_____ . |

LR3I [rRo | | |

| | lR* T—

\ | I R13 ||

1,|R8 | | | [|R4 h

[

W I _ 5 | i
S DO 115 I R VT s oot 8 S
I R2 [ I ™ T [

| | R RiS !
! I ! P! (! I

| 1| RL7

I | I | = ||
Iosx = -+ I |
R6 | | | | I

R16
Il | | | | |\ R19 I
I | I |
‘R15 | | | I‘ I
H o — — 7L::7—7—; = = = J‘ I|
| C |

|R8|R9|R:LO‘ |R:L:L‘R12| | |R:L3|R:L4| | |R15|R:L6| | ‘R17|R18| |

B3smisgHute Ha 310 fepeBo. Mbl Buayum, uto R1 1 R2 HaxopsaTcs HaBepxy. R1 nR2 -
OTpPaHUYMBAIOIIME MPSIMOYTOJILHUKY, COZIePsKalllie BHYTPU cebst Bce octanbHoe. R3,
R4 u R5 naxogsites BuyTpu R1; R8, R9 1 R10 — BHyTpu R3 U 1. i. Takum o6pasom,
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GiST-ungekc opraHu3oBaH uepapxuieck. Ha pucyHke MOXXHO BUETb HEKOTOPbIE
omeparuu, He oA aepskMBaeMble B-epeBbsiMu: llepeceKaeTcsl, HAXOIUTCS cjieBa O,
HaxoIMUTCS cripaBa oT U T. 4. CTpykrypa GiST-gepeBa uieanbHa [j151 reOMeTpUYecKo-
r0 MHAEKCUPOBAHUSI.

Pacuwupenue GiST-undeKkcos

PasymeeTcs, Mbl MOJKEM OTIPEIeIUTb CBOV COOCTBEHHbIE KIacChl oriepaTopoB. ITof-
IePsKMBAIOTCS CJIeyIOIIie CTpaTerumn:

Onepauus

Homep cTpaterum

Crporo cnesa ot

He npoctupaetcs npasee

[epecekaeTcs €

He npoctupaetcs nesee

Crporo cnpasa ot

OOMHaKoBbl

Conepxut

CopepxuTcs B

He npoctupaetcs Bbiwe

NN N ENN Ko )N [V, I g [N | NS FE

CTporo Huxe

Crporo Bblwe

[N
==}

He npoctupaetcs Huxe

[N
N

Ecu BbI 3aX0THTE HamMcaTh KJIacchl orepaTopoB ajis GiST-mHmexca, TO IpUaIeT-
Cs1 TIPeIOCTaBUTh HECKOJIIBKO OTOPHBIX GYHKIMIA. B cryuae B-mepeBa Hy>KHa Oblia
TOJILKO (DYHKIIMS same, a B GiST-MHIeKcax MX HAMHOTO 60JIblIIe:

DyHKuMa OnucaHue Homep onopHoii
GyHKUMU

consistent | Onpepnenser, ynoBNeTBOPSET M KIOY YCIIOBMIO 3anpoca. Ha BHYTpeHHEM 1
YPOBHE NMPOCMATPUBALOTCS CTpaTerunm

union Bbluncnset obbeanHeHne Habopa knwoyen. B cnyyae 4ncnoBbix 3HaYeHUM 2
NpOCTO BbIYUCISIET MMHMMA/IbHOE U MaKCUMaNbHOE 3HaYeHUs
unu ananasoH. OcobeHHO BaXKHa A1 FeOMETPUYECKUX MPUNOXKEHN

compress Bbluncnser cxatoe npencTaBneHune Kya Uam 3Ha4eHus 3

decompress | [IpOTMBOMONOXHOCTb COMpress 4

penalty B npouecce BCTaBKM BbIYMCASETCS CTOMMOCTb BCTAaBKM B AepPeBO. ITa CTOM- 5
MOCTb OMpefenseT, B Kakoe MecTo AepeBa nonaseT HoBas 3anuck. [oatomy
xopowas GyHKLMs penalty — K104 K BbICOKOW MPOU3BOAUTENBHOCTM MHAEKCA

picksplit Onpepenser, kakmMe 3anucu CTpaHULLbl AOMKHbI ObITb NEpeMeLLeHbl B HOBYHO | 6
CTPaHULY B C/lyyae paclyenneHus. Hekotopble 3anmcu oCTaHyTcs B CTapoi
CTpaHuLe, ApyrmMe nepenayT B HOBY0. Xopoluas GyHkumMs picksplit Takke
Ba)XHa A151 BbICOKOM MPOU3BOAUTENbHOCTU MHAOEKCA

equal Moxoxa Ha dyHKUMI0 same Ans B-nepeBbeB 7

distance BbluncnseT pacctosiHme (Y4MCNo) Mexay K4OM U UCKOMBIM 3HaYeHUEM. 8
DyHKuMa distance Heobs3aTeNbHA, HO HY)HA AN MOAAEPXKKM MOMCKa
6nmxkanmnx cocenen

fetch Bbluncnser ncxogHoe npencrtaBieHne CKaToro Kiua. 9
Hy»Ha ong nogaepyxku NpocMoTpa TONbKO MHAEKCA, peann30BaHHOro
B nocnesfHei Bepcum PostgreSQL
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Kiaccel onepaTopoB a1t GiST-MHIeKCOB 06bIYHO MUITYTCS Ha si3bike C. Eciu BbI
ullleTe XOpOoIInii MpuMep, peKOMeHIYI0 MOIY/b btree_gist B kaTasore contrib. Tam
IMOKa3aHo, KaK MHAEKCUPOBATh CTaHAAPTHbIE TUIIbI JaHHBIX ¢ moMoIibio GiST, Kof,
MOYKET CJTYKUTb MCTOUHVKOM COOCTBEHHBIX UIE.

GIN-uHAeKcbl

0Go61eHHbIe MHBEPTUPOBaHHbIe MHIEKCH (generalized inverted — GIN) mator
YIOOOHBIN CIIOCO0 MHAEKCUPOBaHMS TeKCTa. JIOMyCTUM, Mbl XOTUM MPOUHAEKCUPO-
BaThb MWUIMOH TEKCTOBBIX JOKYMEHTOB. HeKoTOpoe c10BO MOXeT BCTpe4YaThCst MUJI-
JIMOHBI pa3. B 06b1uHOM B-1epeBe 3T0 03Hauaso 6bl, UTO KII0Y HY)KHO XpaHUTb MUJT-
nuoHbI pas. B GIN-ungexce neno o6ctonT nHave. Kakapiit Kiiou (CI0BO) XpaHUTCS
TOJIbKO OVH Pas3, ¥ C HUM CBSI3bIBA€TCS CIIMCOK JOKYMeHTOB. Kiltoun opraHu30BaHbl
B BUJIe CTaHIApPTHOro B-mepeBa. B kakmoii 3anmucy XpaHUTCS CIMCOK JOKYMEHTOB,
cozepsKalyii ykaszaTeau Ha BCe 3amycy Tabauisl ¢ TeM ke KiouoM. GIN-uHzmexc
OueHb KOMIaKkTHbI. HO eMy HefocTaeT BaskHOTO CBOJICTBA, KOTOPBIM 00J1aaloT
IlaHHbIe, OTCOPTUPOBaHHbIe 10 B-nepeBy. B GIN-mHIeKce CIMCOK yKa3aTesei Ha
JOKYMEHTBI, aCCOLIMMPOBAHHbBIE C OINpeLe/leHHbIM K/II0UOM, OTCOPTUMPOBAH 10 10-
3ULIUY CTPOKU B Tabiulile, a He 110 KaKOMY-TO IMPOMU3BOIbHOMY KPUTEPHUIO.

Pacuiupenue GIN-uHnOekcos

GIN-MHAEKCHI, KaK ¥ JTI06ble IpyTyie, MOXKHO pacmmpsiTh. ONpenesieHs! CeAyoIye
CTpaTeruun:

Onepauus Homep crpaterun
MepecekaeTcs ¢ 1
Copepxut 2
Copepxutcsa B 3
PaBHO 4

OmnpepeseHbl Takke CIeAyIolIe ONopHbie GYHKINNA:

DyHKuMa OnucaHue Homep onopHoii
GyHKUMU
compare AHanorunyHa ofHouMeHHow GyHKummK ansa B-nepesa. Bo3spalaer -1, 1

€CNv NepBbIt apryMeHT MeHblLUe BTOPOro, O — eCIM apryMeHTbl paBHbl,
M 1 - ecnv nepsblit apryMeHT 6onblue BTOPOro

extractValue M3Bnekaet knoun u3 MHOEKCMPYEMOro 3Ha4YeHUa. 3HayeHue MoxeT 2
COAEPXKaTb MHOIO KNoYen. HaI'IpMMep,TeKCT MOXET CoAepXaTb 6onee
O4HOro cnoBea

extractQuery M3Bnekaet Koum 13 ycnoBus 3anpoca 3

consistent MpoBepseT, COOTBETCTBYET /W 3HAYEHUE YC/IOBMIO 3aNpoca

comparePartial |CpaBHMBaEeT 4aCTMUHbIN K04 M3 3anpoca C KN4YoM M3 uHaekca. Bos- |5
Bpawaet -1,0 unm 1 (kak ogHouMeHHas dyHkums ans B-aepesbes)

triConsistent | Onpenensier, COOTBETCTBYET M 3HAUEHME YC/IOBMIO 3anpoca (Tpouy- 6
Hbl1 BapuaHT). Heobs13aTenbHa, ecnn NpucyTcTByeT onopHas QyHKLuS
consistent
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Tem, KTO UileT XOpoinii mpumep paciupenns: GIN-uHaekca, peKOMeH Iy MO-
Iyab btree_gin B Katasore contrib gucTpubyrusa PostgreSQL. DTo meHHbI MCTOY-
HUK MH(pOpMaLIMK ¥ HeIIoxas OTIpaBHAs TOYKA JJISI COOCTBEHHOV peanm3alyii.
Ecnu Bac mHTEpecyeT MOMHOTEKCTOBBIN MOUCK, TO Aajiee B TaHHON IJIaBe MMeeTCs
IOTIONTHUTENbHAS MHGOPMALMS Ha 3Ty TEMY.

SP-GiST-uHpeKchbl

GiST-mepeBbs pa3oueHns mpocTpaHcTBa (space partitioned GiST - SP-GiST) ripo-
eKTUPOBAINCH TTPEUMYIIECTBEHHO JIJIsI UCIIOJIb30BaHMsI B MaMsITH. [leio B TOM, UTO
ripu xpaHeHuu SP-GiST Ha mucke TpebyeTcsl JOBOJIbHO MHOTO OOpalleHnii K AUCKY,
a 3TO KyZa OpOKe MapOvYKM IMePEXOI0B M0 yKa3aTelsIM B TaMsITH.

Kpacora SP-GiST-gepeBbeB COCTOUT B TOM, YTO MX MOKHO MCIIOJIb30BaTh [JISI
peanu3anuy pasaIMUYHbIX TUIIOB AePeBbeB, BKIIOUAs KBaapomepeBbs, k-d-mepeBbst
u ipedUKCHBIE fepeBbs (trie-IepeBbsi).

OmnpepeneHbl ciaeayollie CTpaTernn:

Onepauus Homep ctpaterum

Crporo cneBa ot

1

Crporo cnpasa ot

5

OpmHaKoBbl 6
Copepxutcsa B 8
Crporo Huxe 10
Crporo Bblwe 11

Ilyis HaTIMcaHMsl COOCTBEHHBIX KIaccoB orepaTopoB mjist SP-GiST-MHIEKCOB He-
06X0IMIMO HECKOJIbKO OTTOPHBIX (PYHKIIVIIA:

DyHKuMa Onucanune Homep onopHoii
yHKUMU
config MpenocraBnseT 0CHOBHYK MHMOPMALIMIO O Knacce onepaTopoB 1
choose OnpepenserT, Kak BCTaBUTb HOBOE 3HaYeHWe BO BHYTPEHHMI KOPTEX 2
picksplit Onpepensert, Kak pa3fenuTb MHOXECTBO 3HaUYEHU 3
inner_consistent | Onpepnensert, B Kakux BHYTPEHHUX BETBAX HYXHO UCKaTb 334aHHOE 4
3HaueHue
leaf_consistent | Onpenensert, yaoBneTBopsAeT nn KoY YCA0BMIO 3anpoca 5

BRIN-uHpekcbl

HNupexcsl 6;mouHbIx guana3soHos (block range index — BRIN) mpecTaB/sioT 601b-
IIYIO TIPAKTUYECKYIO IIeHHOCTh. Bce MHIeKChI, pacCMOTPEHHBIE 10 CUX II0p, 3aHMMa-
10T OUeHb MHOTO MecTa Ha Jaycke. I XoTs Ha yMeHbIlleHue pasmepa GIN-uHAeKcoB
¥ MM TIOIOOHBIX ObIIO TTOTPAue€HO MHOTO YCWUJIMIA, TTpo6iemMa OCTanach, TOCKOIb-
Ky [IJIs1 KaXKIO0JM 3amucy Heo6XoauM yKasaTelb B MHAeKce. Tak uTo ecan B Tabnuiie
10 mutH 3amuceit, To moHago6uTces 10 MJTH yKasaTtesieii. DKOHOMUS MeCTa Ha JUCKe —
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OCHOBHasI Tpobema, pemaemast BRIN-ungekcamu. B BRIN-uHIeKce He XpaHSITCS
37IeMEeHTBI, COOTBETCTBYIOIIME KaKAOMY KOPTEXY, XPaHSITCS JUIlb MUHUMAaIbHOE
¥ MaKCMMabHOe 3HaueHus B 128 (110 yMoruaHuio) 6;10Kax JaHHBIX (OOGIIM pa3me-
pom 1 MB). [TosaToMy MHIEKC OUYeHb MaJIEHbKIIA, HO IIPY 3TOM COAEPKUT HEIIOTHYIO
mnudopmaimio. IIpocMoTp MHAEKCa BO3BpaIlaeT 60sbllle JAHHbBIX, UeM 3arpalinBa-
nock. Ha cnenyromiem miare PostgreSQL momkHa oTGUABTPOBATD JIUITHME CTPOKMU.

B nmpumMepe HIKe TeMOHCTPUPYETCS], HACKOIbKO B eMICTBUTEIbHOCTU Masl BRIN-
MHIEKC:

test=# CREATE INDEX idx_brin ON t_test USING brin(id);
CREATE INDEX
test=# \di+ idx_brin

CNnNCOK OTHOWEHWUN

Cxema | Mma | Twn | Bnageney | Tabauua | Pasmep
-------- LT TT T e L Ls TEETEE
public | idx_brin | index | hs | t_test | 48 KB
(1 cTpoka)

B stom npumepe BRIN-ungekc B 2000 pa3 MmeHbIlle cTaHAapTHOro B-gepesa. Ec-
TECTBEHHO BO3HMKAET BOIPOC: ITOYeMYy >Ke MbI He ucnoib3yem BRIN-MHAeKChI Bcer-
na? UToObl OTBETUTDH HA HETO, BasKHO MMPYUHSITh BO BHMMaHMe CTPYKTypy BRIN-uH-
JleKca, B KOTOPOM XPaHSTCS MMHMMaJIbHbIE M MaKCMMaJibHble 3HauUeHUs B MOPLUUU
pasmepom 1 MbB. Eciin naHHble OTCOPTUPOBAHbI (KOppessnys Bbicoka), TO BRIN-
MHIEKC OOBOJIbHO 3((deKTUBEH, MOCKOIbKY Mbl MOXeM BbI6paTh 1 MB HaHHBIX,
MIPOCMOTPETH €r0 U MOJIYIUTh UCKOMBIN pe3ysbTaT. A eciiu TaHHbIe TTepeMeliaHbl?
B rakom cryuae BRIN-MHIeKC He CMOXKET UCKITIOUUTD GJIOKM TaHHBIX, TIOTOMY YTO
¢ 6OJIBIIIOY BEPOSITHOCTBIO BHYTPYU MOPIMM pasMepoM 1 MB HaxomsTcst 3HaUeHMsI,
6/M3KMe 00IeMy MUHUMMYMY MM MakcumyMmy. Takum obpasom, BRIN mogxomut
B OCHOBHOM 151 CUJIbHO KOPPEJIMPOBAHHBIX TaHHBIX, KOTOPbIE yallle BCero BCTpe-
YaloTCs B IPWIOKEHUSX [IJISI OpraHu3aly XpaHWIUIL JaHHBIX. 3aUacTylo JaHHbIe
3arpy>karTcsl KaXXAplli JeHb, U MOTOMY JaThl CUIIbHO KOPPEIVPOBAHBI.

Pacuupenue BRIN-undekcoe
BRIN-MH€EKCHI MOAAEPKUBAIOT TE K€ CTPATErMM, UTO B-TepeBbs, 1, CTAI0 ObITh, HY3K-
IAI0TCS B TOM JKe Habope oriepaTopoB'. Tak 4To KO MOKHO MCIIOIb30BaTh TOBTOPHO.

Onepauus Crparerus
MeHblue 1

MeHblue unu paBHO

PaBHO

2
3
Bbonblie nnu pasHo 4
bonbue 5

JTO BepHO, eciu AaHHbIe JomycKaloT copTupoBKy. Ho BRIN-unpexc, anamornuno GiST,
MOXKHO JCITO/Ib30BaTh U B 6ojiee 06IIeM CTydyae; TOTAA MCIIONb3YeTCs IPYroit Habop orme-
paTopos. — ITpum. peo.
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Ilyist BRIN HY>KHBI CJiefiyIoliye oropHbie GyHKINN:

®yHkuma | Onucanune Homep onopHoii
GyHKUMU
opcInfo Bo3spaluaet BHyTpeHHIo0 MHbOpMaLmio 06 MHAEKCMPOBAHHbIX CTON6LAX 1
add_value |[lo6aBnsieT HOBYIO 3aMuChb B CYLLECTBYIOLLMIA CBOAHbIN KOPTEX 2
consistent | Onpepensert, ya0BNETBOPSIET I 3HAYEHUE YCIIOBUIO 3aMpoca 3
union Bbluncnset obbeanHeHne ABYX CBOLHbIX KOpTEXeN (MMHUMANbHbIX U Makcu- | 4
MasbHbIX 3HaYeHUM)

[o6aBneHne HOBbIX TUMOB UHAEKCOB

Haunnas ¢ Bepcun PostgreSQL 9.6 MOSIBMIICS MPOCTOi CIToco6 pa3BepThIBaTh CO-
BepIlleHHO HOBbIE€ TUIIbI MHAEKCOB B BUE pacliMpeHMii. ITO 3aMeuaTebHO, M0-
TOMY UTO eC/ii BCTPOeHHBIX B PostgreSQL TUMOB MHIEKCOB He XBATaeT, TO MOXHO
I06aBUTh CBOYM, TOUHO OTBEUAloIIye pelaemMoii 3amave. JI1s1 TOro mpegHasHavueHa
KoMaHza CREATE ACCESS METHOD:

test=# \h CREATE ACCESS METHOD
Komanpa: CREATE ACCESS METHOD
OnncaHve: CO3AaTb HOBbIE METOA AOCTYNa
CuHTakCmnc:
CREATE ACCESS METHOD ums

TYPE Tun_meTtoja_paocTyna

HANDLER dyHKums_obpaboTku

Oco60 He TepekMBajiTe IO MOBOAY 9TOV KOMAaHIbl — Ha CJTy4ali, eciu Bbl KOTIA-
HUOYIb 3aXOTUTE CAMM pa3BepHYTh TUIT MHIEKCa, OH OyzmeT opopMIIeH B BUIE FOTO-
BOT'O K paboTe paciiupeHmsi.

OmHO 13 TaKuX paciipennit peanusyet Guiabtp Biriyma. @unbTp Biiyma — 9T0 Be-
POSITHOCTHASI CTPYKTYpa JaHHbIX. IHOTIa OH BO3BpaIllaeT CJIMIIKOM MHOTO CTPOK,
HO HMKOIZA He BO3BpallaeT CIUIIKOM Masio. ITosTomy GuiabTp Biyma — xopormit
MeTO[I IIpeiBapUTeIbHOM GIYIbTpALIIY JaHHBIX.

Kaxk oH paboraet? ®uiabTp biyma ornpeneneH Ijist HECKOIbKMUX CTON6II0B. Ha oc-
HOBE BXOJTHbBIX 3HAUEHMIT BbIYMC/ISIETCS 6MUTOBAst Macka, KOTOpast 3aTeM CpaBHMBa-
eTcs ¢ 3arpocom. [lmocom GunbTpa Biayma siBisieTcst TOT (hakT, YTO MOKHO ITPOMH-
IeKCYPOBATh CKOJIbKO YTOTHO CTOJIOIOB, 8 MUHYCOM — UTO HEOOXOAVIMO 3arpy3UTh
B MaMsITh GUIBTP HenKoM. Ho ocKombKy GuibTp Biryma MeHbIlle MCXOIHbIX TaH-
HBIX, TO BO MHOTMX CJTyYasiX 3TO BeCbMa BBITOIHAs CIesTKa.

Iyis vicionb30BaHMst GUILTPOB BilymMa JOCTAaTOUYHO aKTMBMPOBATh pacIIMpeHie,
BXOZSIIIee B COCTaB MaKeTa contrib:

test=# CREATE EXTENSION bloom;
CREATE EXTENSION

Kaxk yske ckaszaHo, uugest Guibrpa biyma 3aKmo4aeTcsl B TOM, UTO OH ITO3BOJISIET
MHIIEKCYPOBATh CTOIBKO CTOJIOI[OB, CKOJTbKO HYKHO. BO MHOTUX peabHbBIX MPUIIO-
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SKeHMSIX BO3HMKAeT mpobiemMa — MHAEKCUPOBATh MHOTO CTOJIOI0B, He 3HAasl TOUHO,
KaKye KOMOMHAIUY TTOHaJ06SITCS IT0/Ib30BaTe/ M. Eciu Tabuiia BeanKka, TO COBep-
IIIEHHO HeBO3MOKHO ITOCTPOMUTD CTaHIapTHOe B-mepeBo, ckaskeM, 1o 80 MojIsimM Wi
TOro Gosblie. B aToM ciyyae GuabTp BayMa MOXKeT COCTaBUTb allbTepPHATUBY:

test=# CREATE TABLE t_bloom (x1 int, x2 int, x3 int, x4 int, x5 int, x6 int, x7 int);
CREATE TABLE

[TocTpouTh MHAEKC IIPOCTO:

test=# CREATE INDEX idx_bloom ON t_bloom USING bloom(x1, x2, x3, x4, x5, x6, X7);
CREATE INDEX

Sal'lpeTI/IB HOCHE,U,OBaTeJ'[beII‘/’I MMpOCMOTP, MbI CMOXXEM YBUOETb MHOEKC B ,Hef;l-
CTBUMN:
test=# SET enable_segscan TO off;
SET

test=# explain SELECT * FROM t_bloom WHERE x5 = 9 AND x3 = 7;
QUERY PLAN

Bitmap Heap Scan on t_bloom (cost=18.50..22.52 rows=1 width=28)
Recheck Cond: ((x3 = 7) AND (x5 = 9))
-> Bitmap Index Scan on idx_bloom (cost=0.00..18.50 rows=1 width=0)
Index Cond: ((x3 = 7) AND (x5 = 9))

O6paTuTe BHMMAaHMe, YTO B 3aMIPOCe YUaCTBYeT KOMOMHALIMS CIy4aifHO BhIOpaH-
HBbIX CTOJIGIIOB, OHM HMKAK He COOTHOCSTCS C GaKTUUYECKMUM MOPSIKOM XpaHEeHMs
Kiouelt B maaekce. ®uiabtp biiyma Bce paBHO [aeT BBIUTPBIIIL.

Ewm Bbl 3amHTepecoBaysmch GuibTpoM bBiyma, moumrtaiite craTbio https:/
en.wikipedia.org/wiki/Bloom_filter.

IMony4eEHME BONEE TOYHbIX OTBETOB
C NMOMOLLbKO HEYETKOIo NOMNCKA

B Hammu JHU I10JIb30BaTe/JIM HE NOBOJIbCTBYIOTCS TOYHBIM ITOMCKOM. COBpEMeHHbIe
CalThI IIPUYINIIN M0JIb30BaTenein K TOMY, UTO Ha OTBET MO>XHO PAaCCUNUTBIBATDH BCET-
Ja, Kak ObI HY OBLT BBEIEeH 3aI1ipoc. Google OacCT OTBET, Ja>ke eC/IN 3aIipocC IMoJIb30Ba-
TeJisd HeIlIpaBUJIeH, I/I306I/LT[yeT OorneyaTKaMM MJIN IOIMPOCTY HE MMeEET CMbICIA.

PacwmupeHue pg_trgm u ero AOCTOUHCTBA

Il BBITIOJTHEHMSI HEUETKOTO TorMcKa B PostgreSQL MOXKHO TO6GaBUTh pacliMpeHue
pg_trgm. UTOOBI €r0 aKTMBMPOBATH, BHIITOJTHUTE KOMAHIY:

test=# CREATE EXTENSION pg_trgm;
CREATE EXTENSION

Pacmiupenue pg_trgm o6yafaeT IIeJbIM PSIAOM BO3MOXHOCTEH, M, UTOOBI MX
MIPOAEMOHCTPUPOBATh, SI TOATOTOBM/I TECTOBbIE JaHHbIE, COMEpKallye Ha3BaHMUS


https://en.wikipedia.org/wiki/Bloom_filter
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2354 aBCTpUItCKUX TOPOIOB U JepeBeHb. ITU JaHHbIe OYIyT XPaHUTLCS B IIPOCTOI
Tabnuie:

test=# CREATE TABLE t_location (name text);
CREATE TABLE

Bce maHHbIe HAXOMSITCS Ha caiiTe Moei komnauuu, 1 PostgreSQL mo3BosseT 3a-
IPY3UTh HEMOCPEeICTBEHHO OTTYAA:

test=# COPY t_location FROM PROGRAM
"curl https://www.cybertec-postgresql.com/secret/orte.txt';
COPY 2354

Komanay curl (KOMaHAHY YTUAUTY A0S 3arpy3KM OaHHbIX U3 MHTEpHeTa) HE06XOAMMO yCTa-
HOBWTb. ECnn y Bac ee HeT, ckayanTe dain M NOMeCTUTe ero B JI0KaNbHY HainnoByr CUCTEMY.

33pr3I/IB OaHHbIEe, IIPOBEPUM COOEPKMMOe TaOIUIIBI:

test=# SELECT * FROM t_location LIMIT 4;
name

Eisenstadt

Rust

Breitenbrunn am Neusiedler See
Donnerskirchen

(4 cTpokn)

Eciu Bbl He TOBOPUTE ITO-HEMEIIKM, TO IIPOU3HECTM HEeKOTOpbie Ha3BaHMUS 0e3
OIIMGOK BPSI, JIY YAACTCS.

pg_trgm IIpemJiaraeT orepaTop <->, KOTOPBIi BbIUMCISIET PACCTOSIHIE MEXKIY IBY-
MSI CTPOKAMM:

test=# SELECT 'abcde' <-> 'abdeacb';
?2column?

0.833333
(1 cTpoka)

Paccrossuue — 310 uncio mexay 0 u 1. Yem oHO MeHbIIle, TeM 6oJiee MOXO0KMU
CTPOKMU.

Kak ato pab6otaet? ®YHKIMS show_trgm MpMHMMAaET CTPOKY M pa3buBaeT ee Ha
TPUTrpaMMbI — MOC/IeA0BATEIbHOCTM I10 TPU CMMBOJIA:

test=# SELECT show_trgm('abcdef');
show_trgm

{" a"," ab",abc,bcd,cde,def,"ef "}
(1 cTpoka)

BoT Ha 0CcHOBe 3TMX MOC/IeA0BaTEIbHOCTEN M BBIUNISIETCS paccTosiHue. KoHeu-
HO, OIIepPaTOP PaCCTOSTHYSI MOKHO MCITOJIb30BaTh BHYTPU 3a1ipoca sl IToucKa 6/u-
SKayIIero COOTBeTCTBUS


https://www.cybertec-postgresql.com/secret/orte.txt

82 <« lcnonb3oBaHWe MHAEKCOB

test=# SELECT *

FROM t_location

ORDER BY name <-> 'Kramertneusiedel'
LIMIT 3;

Gramatneusiedl
Klein-Neusiedl
Potzneusiedl
(3 cTpoku)

Crpoku Gramatneusiedl u Kramertneusiedel qoBObHO 6113KYM. OHM ITPOV3HOCSTCS
TOX03Ke, a HarcaHue K BMecTo G — JOBOJIBHO pacipocTpaHeHHas ommbka. B Google
BbI HaBepHSKa BUAeNM coobIeHne «Bo3aMoskHO, BbI MMenu B BUay». OueHb MOXKET
CTaThCsI, YTO peanusalms 3TOro MexaHM3Ma OCHOBaHa Ha TpUrpaMmax.

B PostgreSQL ns1 MHAEKCMPOBaHMS TEKCTA MO TPUTPpaMMaM MOXXHO BOCHOJIb30-
BaTbcs GiST-uHAEKCOM:
test=# CREATE INDEX idx_trgm ON t_location

USING GiST(name GiST_trgm_ops);
CREATE INDEX

Pacuinpenue pg_trgm BKIIOUaeT KJIacC OIepaToOPoB gist_trgm_ops, mpegHa3HaAUeH-
HBbIIi CITeIMaTbHO JIJISI TT0MCKa I10 CXOICTBY. M3 pacmeyaTKy HUKe BUTHO, YTO MHIEKC
MCITOIb3YeTCsl, KaK ITOJIOKEHO:

test=# EXPLAIN SELECT *
FROM t_location
ORDER BY name <-> 'Kramertneusiedel'
LIMIT 5;
QUERY PLAN

Limit (cost=0.14..0.58 rows=5 width=17)
-> Index Scan using idx_trgm on t_location (cost=0.14..207.22 rows=2354 width=17)
Order By: (name <-> 'Kramertneusiedel'::text)
(3 cTpoku)

YckopeHue 3anpocos ¢ npeaukartom LIKE

3ampocsl ¢ mpeanKaToM LIKE, 6e3yClIOBHO, SBISIIOTCS IPUUYMHON XYAIIUX ITpoOiemM
C MPOM3BOAUTEIBHOCTbIO, KOTOPBIE TOJIHKO MOKHO BOOOGPasuTh. B GONBIIMHCTBE
CYB]I LIKE paboTaeT MeIJIEHHO ¥ TpeOyeT MocaeloBaTelbHOTO MpocMoTpa. Maso
TOTO0, TI0JIb30BATEIM OUeHb OBICTPO OOHAPYKMBAIOT, UYTO HEUETKMIT TIOMCK BO MHO-
I'UX Cy4yasx gaeT Jydyliye pe3ylbTaThbl, YeM TOUHbIE 3a1pochl. [l03TOMY BCcero ogua
3ampoc ¢ nmpegukaTom LIKE K 60/bII0i Tabiuiie, BBITTOTHSIEMbIi TOCTATOYHO YacTo,
MOYKET MOCTaBUTh KPeCT Ha TPOU3BOAUTENBbHOCTM BCETO cepBepa.

ITo cuactbio, PostgreSQL mpefiaraeT peleHne mpobaeMbl, M OHO Jaske yKe yCTa-
HOBJIEHO:

test=# EXPLAIN SELECT * FROM t_location WHERE name LIKE '%neusi%';
QUERY PLAN
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Bitmap Heap Scan on t_location (cost=4.33..19.05 rows=24 width=13)
Recheck Cond: (name ~~ '%neusi%'::text)
-> Bitmap Index Scan on idx_trgm (cost=0.00..4.32 rows=24 width=0)
Index Cond: (name ~~ '%neusi%'::text)
(4 cTpokn)

TpurpaMMHbIii MHIEKC, TOCTPOEHHBI B TpebIayIeM pa3faesne, MOAXOOUT U [JIsT
yCKOpeHMsI 3arpocoB ¢ LIKE. O6paTuTe BHMMAaHME, YTO CUMBOJIBI % MOSKHO MCITO/b-
30BaTh B JIIOGOM MeCTe ITOMCKOBOJ CTPOKM. DTO 3HAUUTENbHBIN LIAr BHepe, I10
CpaBHEHMUIO C B-mepeBbsiMM, KOTOPBIE MTO3BOJSIIOT 3(PEKTMBHO 00pabaThIBaTh 3a-
MPOCHI ¢ LIKE, TOJIbKO €C/y MeTacMMBOJI HAXOAUTCS B KOHIIE ITOMCKOBOI CTPOKU.

Perynﬂprle BblpaXXeHus
Ho u a1o eme He Bce. TpUrpaMMHBIN MHAEKC CITOCOOEH [aske YCKOPUTD MOWCK I10
MIPOCTBIM PeryiasipHbIM BbIpaskeHUsIM. Huke puBeieH TipuMep:

test=# SELECT * FROM t_location WHERE name ~ '[A-C].*neu.*';
name

Bruckneudorf
(1 cTpoka)

test=# explain SELECT * FROM t_location WHERE name ~ '[A-C].*neu.*';
QUERY PLAN

Index Scan using idx_trgm on t_location (cost=0.14..8.16 rows=1 width=13)
Index Cond: (name ~ '[A-C].*neu.*'::text)
(2 cTpoku)

PostgreSQL aHanmm3upyeT peryaspHOe BbIpakeHMe U UCITONIb3yeT MHAEKC IJIST OT-
BeTa Ha 3arpoc.

0 PostgreSQL npeobpasyeT perynspHoe BbipaxeHue B rpad, a 3aTeM OpraHu3yeT COOTBETCTBY-
towmi rpady NpoCcMoOTp MHAEKCA.

MonHOTEKCTOBBIN NOUCK

ITpu moucke MMeH WIM IPOCTBIX CTPOK OOBIYHO OIPAIIMBAETCS BCE COMEpPKMMOe
nonsi. [TonmHorekcroBeiii mouck (IITII) opraHm3oBaH mHauve. Ero 1enp — HaWTH
B TEKCTe CJIOBA MJIM TpymIibl ¢10B. ITosTomy ITTIT 61ske K Orepanum «COmepsKUT»,
TOCKOJIBKY MbI TIOYTH HUKOTAA He UIEeM TOUHYIO CTPOKY.

B PostgreSQL A/151 MTOTHOTEKCTOBOTO MOMCKA MOSKHO UCTI0Ib30BaTh GIN-MHIEKChI.
Vpest 3aKTI04aeTCs B TOM, UTOOBI BBIIEIUTD M3 TEKCTA LIeHHBIE JIeKCeMbl, T. €. TIPef-
BapUTEIbHO 00pabOTaHHbIE KaHOHMYECKVUe (OPMBI CJIOB, M UHAEKCUPOBATb 3TU
37IeMeHTBI, & He MCXOAHbIN TeKcT. Hanpumep:
test=# SELECT to_tsvector('english', 'A car, I want a car. I would not even

mind having many cars');
to_tsvector



'car':2,6,14 'even':10 'mani':13 'mind':11 'want':4 'would':8
(1 cTpoka)

B sTom npumepe noxkasaHo IpocToe IpemyioxkeHyue. DyHKUMSA to_tsvector mpu-
HMMAaeT CTPOKY, IPMMEHSIeT K Heli paBuia aHIJIMIICKOTO si3bIKa (english), oTopacsI-
BaeT CTOIT-CJIOBA ¥ TTPOU3BOIUT CTeMMUHT. Hammpumep, ciioBa car 1 cars rmpeo6pasy-
I0TCSI B car. 3aMeTUM, UTO PeUb UAET He TIPOCTO O BbIZe/IeHUY OCHOBBI c10Ba. CII0BO
many PostgreSQL npeo6pasyeT B CTPOKY mani, TpUMeHSISI CTaHIAPTHbIE TIPaBUIIa,
OpPMEeHTMPOBaHHbIE HAa aHIIUIACKUIA SI3BIK.

Pesynbrar QpyHKIMYU to_tsvector CMJIBHO 3aBUCUT OT sI3bIKa. EC/IM MbI TIOTIPOCUM
PostgreSQL mHTEeprpeTMpOBaTh Ty XXe CTPOKY Ha rOJUIAHACKOM SI3bIKe, TO PEe3Y/IbTaT
OyaeT COBCEM IPYTUM:
test=# SELECT to_tsvector('dutch', 'A car, I want a car. I would not even

mind having many cars');
to_tsvector

'a':1,5 'car':2,6,14 'even':10 'having':12 'i':3,7 'many':13
'mind':11 'not':9 'would':8
(1 cTpoka)
qTO6bI Y3HATh, KaKue KOHCl)I/II‘ypa]_[I/H/I MMoAOepP>XMBAIOTCs, BBIIIOJTHNUTE TaKOM
3arpoc:

SELECT cfgname FROM pg_ts_config;

CpaBHeHue CTpoK

HeMHOro 1no3sHakomMmBIINCH C nponeccom CTeMMMHTa, IIOCMOTPUM, KaK IIOJIBEPTHY-
THIVi €My TEKCT MOKHO CPaBHUTD C 3alpOCOM TI0Jib30BaTessl. B aiemyromem ¢par-
MEHTe ITOKa3aHO, KaK MCKaTb CJIOBO wanted:
test=# SELECT to_tsvector('english', 'A car, I want a car. I would not even
mind having many cars') @@ to_tsquery('english', 'wanted');

2column?

(1 cTpoka)

OTtMmeTuM, uTo cj10BO wanted He Gurypupyer B UCXOJHOM TeKcTe. 1 TeM He me-
Hee PostgreSQL Bo3Bpataer true. [IpyunHa B TOM, UTO CI0Ba want 1 wanted Ipeo6-
Pa3yIoTCs B OJJHY U TY Ke JIeKceMy. DTO, 6€3yC/IOBHO, MUMEET MPaKTUYECKUIT CMBICII.
[TpencraBbTe, UTO BhI MIETE «aBTOMOOWMIIb» uepe3 Google. Eciu Bbl Halizere cTpa-
HUIIBI CAliTOB, TOPTYIOIINX «aBTOMOOWISIMM», TO OymeTe MOBOJbHBI. Takum obpa-
30M, ITOMCK OOIINX JIeKCEeM — 3 paBast uiesl.

MHorma TpebyeTcsl HaifTM He OZHO CJIOBO, a IPyMIy JIOB. OYHKIMS to_tsquery
MO IeP>KMBAeT U TaKyl0 BO3MOKHOCTb:
test=# SELECT to_tsvector('english', 'A car, I want a car. I would not even

mind having many cars') @@ to_tsquery('english', 'wanted & bmw');
?2column?
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(1 cTpoka)

B sToM cityuae Bo3BpallieHo false, TOTOMY UTO CJIOBO bmw OTCYTCTBYET BO BXOIHOIA
cTpoke. B dyHKIMM to_tsquery cMMBOJ & 03HAvaeT and, a CMMBOJ | — or. Takum 06-
pasoM, JIETKO TIOCTPOUTH CJIOKHYIO ITOMCKOBYIO CTPOKY.

Onpepenenme GIN-uHpekcoB

Ec/iu BbI XOTUTE IPUMEHMUTD MOTHOTEKCTOBbIN IMTOMCK K CTOJOIY U/IU TPYIIIIe CTONI6-
1I0B, TO Y Bac €CTh JIB€ BO3MOXXHOCTMU:

O co3paTh GyHKIMOHAIbHBI GIN-MHIEKC;

O [mo6aBUTH CTOJOEI, COMEPKAINIA YKe TOTOBbIE K VMCITOJIb30BAHUIO BEKTOPBI
tsvector, ¥ TpUTTEp, TAPAHTUPYIOIINIT UX CMHXPOHU3AIINIO C APYTUMMU CTOJIO-
LaMI.

B sTOM paspene paccMaTpMBaloTCs 06a Imoaxoaa. st ;eMOHCTPALVHA ST ITIOATOTO-

BIJI TECTOBBIE TAHHbIE:

test=# CREATE TABLE t_fts AS SELECT comment
FROM pg_available_extensions;
SELECT 43

Pas36op cTonb61ia MPpsIMO MIPY MOCTPOEHNUY PYHKIIMOHATBbHOTO MHAEKCa, KOHEUHO,
MeJIeHHee, 3aT0O TpebyeT MeHbIlle MecTa Ha IYCKe:
test=# CREATE INDEX idx_fts_func ON t_fts

USING gin(to_tsvector('english', comment));
CREATE INDEX

IlobasieHye Gu3MyuecKoro cToubIla TpedbyeT 6oJble MecTa, HO MHIEKC CTPOUTCS
obICTpeEe.

test=# ALTER TABLE t_fts ADD COLUMN ts tsvector;
ALTER TABLE

[TpaBaa, BO3HMKAET BOIIPOC O CMHXPOHMU3AIMM 3TOrO CTONOLA. [IJIsT 9TOro co3ma-
VM TPUTTEP:
test=# CREATE TRIGGER tsvectorupdate

BEFORE INSERT OR UPDATE ON t_fts

FOR EACH ROW

EXECUTE PROCEDURE

tsvector_update_trigger(somename, 'pg_catalog.english', 'comment');

[To cuactwio, PostgreSQL yxke mpemocTasiseT HamnucaHHyilo Ha C QyHKIMIO,
KOTOPYIO MOYKHO BBI3BIBATb M3 TPUITEpA AJISI CMHXPOHM3ALUM CTONAOIA tsvector.
ITpocTo mepenaiiTe eif HYy>KHBIN SI3bIK M MMEHA CTOIOIIOB, a OHA MT03a00TUTCST 060
BCeM ocTasbHOM. OTMETUM, UTO TPUTTEP BCeraa paboTaeT B KOHTEKCTe TOi TpaH3-
aKIMu, KOTOpast COIEePXXUT KOMaHAY 06HOBIeHUs. [I03TOMY pUCKa paccoriacoBa-
HUS HeT.
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OTnapka nomcka

VHorma He BIIOJIHE TTIOHSATHO, II0OYEMY ITOMCK Halllesl COBITaAeHMe C JaHHO CTPOKOA.
Iyis otnagky 3arpoca PostgreSQL mpemyiaraeT QyHKUuIo ts_debug. C TOUKM 3peHUs
[0JIb30BaTessl, OHA OYEHb MOXOKa Ha to_tsvector, HO MpoOJAMBaEeT CBET HA TO, KaK
ycrpoeHa nH@pacTpykrypa IITII:
test=# \x
PacwmnpeHHbIn BbIBOA BKJIHYEH.
test=# SELECT * FROM ts_debug('english', 'go to www.postgresql-support.de');
= 91 =

<[ RECORD 1 J#=-vcecmemmmemmaeeaeaennns

alias | asciiword

description | Word, all ASCII

token | go

dictionaries | {english_stem}

dictionary | english_stem

lexemes | {go}

<[ RECORD 2 J#--nmmmmmmmmmmmmemmceemee o
alias | blank

description | Space symbols

token |

dictionaries | {}

dictionary |

lexemes |

<[ RECORD 3 J#-vsrrmmmmmmmmmccmemnmcccaans
alias | asciiword

description | Word, all ASCII

token | to

dictionaries | {english_stem}

dictionary | english_stem

lexemes | {3

<[ RECORD 4 J=---mmmmmmmmmmmceacaeeo o
alias | blank

description | Space symbols

token |

dictionaries | {}

dictionary |

lexemes |

<[ RECORD 5 J#-sr-mmmmmmmmmmmmmemmoeeees
alias | host

description | Host

token | www.postgresql-support.de
dictionaries | {simple}

dictionary | simple

lexemes | {www.postgresql-support.de}

ts_debug BRIBOAMT CITMCOK BCEX HAlIEHHBIX JIEKCEM M CBEIEHMSI O KasK 0l JIeKce-
Me. Bbl yBuANTE, KaKyIo JIeKCeMY Halllel aHaIM3aTop, KaKoii CJIoBapb MCIIOIb30Ball,
a Takke TUI 00beKTa. B TaHHOM ITpMMepe 0OHAPYKeHbI TTPOGEITb, CJIOBA U TOMEH-
Hble MeHa. MOKHO TaKyKe BCTPeTUTH UICIIa, afpeca 3JIeKTPOHHO ITOUThI ¥ MHOTO€


http://www.postgresql-support.de
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npyroe. Crioco6 06pabOTKY CTPOKM 3aBMCUT OT ee TuIlla. Hampumep, momBepraThb
CTEeMMMHTY JIOMEHHbIE IMEHA 1 TIOUTOBBIE aJpeca, OUeBUIHO, 6ECCMBICTIEHHO.

C60p CTaTUCTUKM NO CNOBaM

B mpoiiecce mMOJIHOTEKCTOBOIO IMOVCKA MOXET 00pabaThIBaThCSI OIPOMHBIN 00beM
IaHHBIX. UTOOBI AATh IOJb30BATEISIM BO3MOKHOCTD JIyUIlle Pa3o0paThCsl B CBOUX
TEKCTOBBIX TaHHbIX, PostgreSQL mpemyiaraet GyHKIMIO pg_stat, KOTOpas Bo3Bpalla-
eT CIMCOK CJIOB:

SELECT * FROM ts_stat('SELECT to_tsvector(''english'', comment)

FROM pg_available_extensions')
ORDER BY 2 DESC

LIMIT 3;
word | ndoc | nentry
.......... S .
function | 10 | 10
data | 10 | 10
type | 7 | 7
(3 cTpoku)

CTOHGELI word COLepKUT pe3y/ibTaT CTeMMMHIA CI0Ba, ndoc — KOJIMYECTBO OOKYy-
MEHTOB, B KOTOPBIX BCTPEUAETCS C/IOBO, a nentry — CKOJIbKO pa3 BCEro BCTPETUIOCH
CJIOBO.

O nonb3e onepaTtopoB UCKJ/IlOYEHUA

Ilo cux IMOp MbI UCITOb30BAIM MHIEKCHI, YTOOBI YCKOPUTh PabOTy U 00eCIeunTh
YHUKAJIbHOCTh. HO 0lHAKIbI KOMY-TO ITPUILLIA B FOJIOBY MbICJIb PACIIMPUTD 00J1aCTh
IIpMMeHeHMSI MHAEKCOB. B 3Toi maBe Mbl Buaenu, 4To GiST-MHIEeKChI MOAAepsKM-
BAIOT OIepalM «IIEPECEKAETCSI», «COIEPKUT» M MHOTMe ApyTre. Tak rmoyemy Obl He
BOCITIO/Ib30BAThCS 3TUM IJISI KOHTPOJISI Haf, 11eJIOCTHOCThIO TaHHbIX ?
[TpuBenem npumep:

test=# CREATE EXTENSION btree_gist;
test=# CREATE TABLE t_reservation (

room int,

from_to tsrange,

EXCLUDE USING GiST (room with =, from_to with &&)
)s
CREATE TABLE

Bo ¢pase EXCLUDE USING GiST oIpe[esieHbl TOMOTHUTENIbHbIE OrpaHuueHus. Ecian

BBl CllaeTe B apeHAY KBapTUPbI, TO MOXETe pa3pellliThb OPOHMPOBAHME Pa3HbIX
KBapTUP Ha OJMH CPOK, HO OFHA ¥ Ta 3Ke KBapTMpa He JOJKHA ObITh 3a0pOHMpPOBaHa
IBaKIbI HA OIVH IepMo. B mpuBegeHHOM Bbille mpuMepe ppasa EXCLUDE 03HAUaeT:
ecsIM KBapTHpa IBaKIbl 3a0pOHMPOBaHA Ha ONVH M TOT JKe PO/, TO JO/KHA ObITh
BbIJIaHa OIIMOKA (Iyara3oHsl from_to, OTHOCSIIMECS K OJHOV KBAPTUPE, HE JOJIKHbI
repeceKkaTbCs).
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Cnenyrolue nBe CTPOKM He HAPYyIIAIOT 3TO OTpaHUUEeHKe:
test=# INSERT INTO t_reservation
VALUES (10, '["2017-01-01", "2017-03-03"]');
INSERT 0 1
test=# INSERT INTO t_reservation
VALUES (13, '["2017-01-01", "2017-03-03"]');
INSERT 0 1

OpHako Takasi KoMaHza INSERT BbI3OBeT HapyllleHMe, ITIOTOMY UTO AMamna3OHbI
rnmepecexkarTCAa:
test=# INSERT INTO t_reservation

VALUES (13, '["2017-02-02", "2017-08-14"]1');

OWMBKA: KOHOAMKTYKLWeEe 3HAYEHMEe K/W4Ya HapywaeT OrpaHWYeHue MCK/NYeHUS
"t_reservation_room_from_to_excl"
MOAPOBHOCTKN: Key (room, from_to)=(13, ["2017-02-02 00:00:00","2017-08-14
00:00:00"]) conflicts with existing key (room, from_to)=(13, ["2017-01-01
00:00:00","2017-03-03 00:00:00"]).

Ucnionb3oBaHue OIIepaTOpOB MCKIKYEHMA OYE€Hb I10JIe3HO, IMOCKOJIbKY IIpeao-
CTaBJISIET MOIIIHbIE CPEeACTBa IMoAaeP>KaHMA HEeJIOCTHOCTU NaHHbIX.

PEe3ioME

Ora aBa 1eMKoM 6blTa TOCBsIIeHa MHAeKcaM. Mbl y3Hamu, kKorma PostgreSQL pe-
11aeT BOCIIOIb30BaThCSl MHAEKCOM UM KaKue CYIIeCTBYIOT TUITbl MHIEKCOB. MOXKHO
TaKoKe peajn30BaTh COGCTBEHHBIE CITOCOOBI YCKOPEHMST PabOThI MTPUIOKEHMIA, TIPU-
6eTHYB K ITOMOIIY TI0JIb30BATETbCKMUX OTIEPATOPOB U CTPATErMii MHIEKCUPOBAHMS.

Tem, KTO TOTOB UATU 10 KOHIIA, PostgreSQL npemaraet Takke MeXaHU3M TTOJIb-
30BaTeIbCKMX METOHOB IOCTYTIA.

[1aBa 4 mocssineHa repenoBsiM cpeactBaM SQL. MHorue He 3HaOT 060 BceM, Ha
yTo criocobeH SQL, mosTomy s1 co6upaioch IpoaeMOHCTPUPOBATD Psif, 3hPEKTUB-
HBIX U 5(PGEKTHBIX MPUEMOB.

Bonprocol

Bcerga 1 MHOEKCbI yayyumaoT HpOMsBO}IMTeJI]:HOCTb?

BEBYCJ'IOBHO, HeT. Eciu 661 Kakoe-To CpeacTBO BCeraa gaBajio XOpOLH]/Iﬁ pe3yibTar,
TO OHO 6BbUIO ObI BKJIIOUEHO II0 YMOJ/TYaHUIO. Nnpekcol MOTYT YCKOPUTb MHOIME
orepanum, Ho MOTyT " CylieCTBEHHO 3aMeIJINTb pa60Ty. HpaBI/IJ'[O OOHO: ILYMafITe
O TOM, UTO JejiaeTe M 4ero XxoTmre JOoCTU4Yb.

IIpaBpa 1y, 4TO MHAEKC 3aHMMAaeT MHOro mecta?

3aBuUCUT OT TuIa uHAekca. BRIN-MHIEKChI COBCEM HeOOJbIIME ¥ CPABHUTEIHHO
JlellleBbIe, HO OCTaJIbHbIE MHAEKCHI OOBIUHO TOTPEOISIIOT ropasmso OoJbIlle MecTa.
K npumepy, B-nepesbst npumepHo B 2000 pa3 o6beMHee BRIN-1HIeKCOB. A MHIEK-
CbI, OCHOBAHHbBIE Ha TPUTPAMMax, KaK IIpaBuJIO, ellle OoJblIIe.



7

Bonpocbl % 89

Kak Y3HaTb, KAKNX MHIOEKCOB HE xXBaTaeT?

Ha Moit B3mIsiI, caMblii JYUIINiA CIIOCO6 — MpOoaHaaM3UpOBaTh TaGMUITEI pg_stat_
statements 1 pg_stat_user_tables. OcobeHHO MHTepeceH cTojbel] seq_tup_read. Ecin
cyucTeMa 4MTaeT OYeHb MHOTO CTPOK, 3HAUMUT, KAKOTO-TO MHAEKCa, BO3MOKHO, He
xBaTaeT. YTOObI ITOHSATh, YTO HA CAMOM eJjie POUCXOOUT, HeOOXOAMMO IPUCTATbLHO
M3YYUTD 3aMpoc. EXPLAIN Bcerga npuaeT BaM Ha TOMOIILb.

MO>KHO 1M CTPOUTH MHAEKCHI IapalieIbHO?

Ia, HaumHas ¢ Bepcun PostgreSQL BKITIoueHa Mo/epskka rmapaiiebHOro mocTpoe-
HUSI MHIEKCOB. DTO MOKET 3HAUMTeIbHO YCKOPUTH CO3MaHMe MHIEKCa.



lnaBa

Mepepnosbie cpencrtea SOL

B r1aBe 3 Mbl y3HaIM 06 MHOeKCUpoBaHUY U 06 umetoteiics: B PostgreSQL Bo3MOK-
HOCTY CO3[aBaTh I10JIb30BaTeNbCKIE UHOEKChI IS YCKOPeHMsI 3ampocoB. Y 60/b-
IIMHCTBA YMTATEJEeN 3TOJ KHUTM €CTb HEKOTOPLIN OIbIT ucnonb3oBanus SQL. Ho,
KaK BbISICHSIETCS], IepefoBble CPeLCTBa, ONMCAHHbIE B 3TOJ KHUIe, M3BECTHBI HE
CJIMILKOM HIMPOKO, MMO3TOMY MMeeT CMBIC/I PacCMOTPeTh UX, 4aB JIOASM BO3MOXK-
HOCTb pelliaTh CBOM 3afaun OpicTpee U 3¢ dekTuBHee. [JaBHO ysKe CIIOPSIT O TOM, SIB-
sisieTcst i 6asa TaHHBIX MMPOCTO XPaHWINILEM MIU B Hee TOJIKHBI ObITh BCTPOEHBI
cpencTBa 61M3HEC-TOTUKY. BbITh MOXKeT, TaHHAas I/IaBa IPOJIbET CBET Ha 3TOT BOIIPOC
Y TIOKaskeT, YeM B IeICTBUTEIbHOCTH SIBJISIETCSI COBpeMeHHas 6a3a JaHHbIX.

OTa r71aBa IOCBSIeHa COBpeMeHHOMY s13bIKY SQL 11 ero Bo3aMoykHOCTSIM. [Togpo6-
HO TIpe[CTaB/eHbl Pa3HOOOpa3Hble, JOCTATOYHO M3OlIpeHHbIe cpeacTBa SQL. Mbl
pPacCMOTPUM C/eAYIolLI/e TeMbI:

HabOopbI TPYIIIMPOBAHNS;

YIIOPSIIOYEHHBIE HAOOPBI;

TUIIOTeTUYECKNE arperarhbl;

OKOHHbIe QYHKIIMU U aHATTUTHUYECKIE CPEe/ICTBA.

0000

BBEAEHVE B HABOPbI MPYNMUPOBAHMS

JI1060ii KBaaupULUMpPOBaHHBII MOb30BaTe b SQL Mo/mKeH 6bITh 3HAKOM C hpasamu
GROUP BY 1 HAVING. Ho 3HaKOoMBI i1 BbI TaksKe ¢ CUBE, ROLLUP 1 GROUPING SETS? Ecnu Her,
TO 9Ty IVIABY CIeAyeT IPOYNTATh 00sI3aTeIbHO.

3arpyska TeCToBbIX AaHHbIX

YTo6bI YMTATh ITY IVIaBY OBIJIO MHTEPECHee, s TOATOTOBMU/I TECTOBbIE JaHHbIE, B3SI-
Thle U3 OTYETa IO MPOU3BOMACTBY SHEPrOHOCUTEIeli, COCTaBJIeHHOMY KOMMaHuel
BP: http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-
world-energy/downloads.html.

Hwuke ommcana CTpyKkTypa JaHHbBIX:
test=# CREATE TABLE t_oil (

region text,
country text,


http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/downloads.html
http://www.bp.com/en/global/corporate/energy-economics/statistical-review-of-world-energy/downloads.html
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year int,
production 1int,
consumption int
);
CREATE TABLE

Camm mjaHHBIEe MOKHO CKAauaTh C HAIIero cajiTa ¢ IIOMOIIbIO curl:

test=# COPY t_oil FROM PROGRAM '
curl https://www.cybertec-postgresql.com/secret/oil_ext.txt ';
COPY 644

B HEKOTOPBIX OMepalMOHHbIX CUCTeMaX YTUINTA curl OTCYTCTBYET WM He yCTa-
HaBJIMBAETCS [0 YMOJYAHMIO, B TAKOM CJTyyae ee HeOoOXOAMMO ITPeaBapUTEIbHO
CKavyaTb ¥ YCTAHOBUTb.

B oTueTe mpuBemeHbl JaHHbIe 3a iepuop ¢ 1965 mo 2010 rox ajis 14 cTpaH B ABYX
perMoHax mupa:

test=# SELECT region, avg(production) FROM t_oil GROUP BY region;
region | avg

............... +...._._....._._....-_-_

Middle East | 1992.6036866359447005

North America | 4541.3623188405797101

(2 cTpoku)

MpumMeHeHue HABOPOB rpyNNUPOBaHUSA

®pa3sa GROUP BY ripeo6pasyeT rpyIiny CTPOK B ofHy. OJHAKO B PeabHbIX OTYETax MO-
SKeT BO3HUKHYTh TAK’Ke HEOOXOIMMOCTb B CPEeIHEM 110 BceMy Habopy. To ecTh HyskHa
OIHA IOTIOJTHATEbHAS CTPOKA.

BOT KaK 9TO MOYKHO CI€/IaTh:

test=# SELECT region, avg(production)

FROM t_oil

GROUP BY ROLLUP (region);

region | avg
................ +..._._....-_._....._._.
Middle East | 1992.6036866359447005
North America | 4541.3623188405797101
| 2607.5139860139860140

(3 cTpokn)

ROLLUP BCTaBisgeT OOIIOIHUTEIbHVIO CTPOKY, COOEepsKallylo CpedHee II0 BCeMy
MHOeCTBY. B oTueTre Takasi cBogHas CTpoOKa, CKopee BCero, moHagoburcs. U uro-
ObI IIPEIOCTAaBUTD 3TU JaHHbIe, PostgreSQL moCTaTOYHO OHOTO 3aIIpoCa, a He IBYX.
O6paTuM BHMMAaHMe ellle Ha OAVMH MOMEHT: B Pa3sHbIX Bepcusix PostgreSQL gaHHbIE
MOT'YT BO3BpalllaThCsl B pa3sHOM Iopsake. [IpmumHa B ToM, uTO B PostgreSQL 10.0
peanusaiysi HA60POB IPYIIIMPOBAHMS ObLJIa CYIIECTBEHHO yayulleHa. B Bepcun 9.6
u paHee PostgreSQL mo/mkHA GbTa BBIMOIHSTH O0JbIION 00beM COPTUPOBKM. Hauu-
Has ¢ Bepcuu 10.0 cTaso BO3SMOKHO 3aMEHUTh COPTUPOBKY XeIIMPOBAHMEM, UTO BO
MHOTMX CTy4asix BeZleT K 3HaUUTeTbHOMY YCKOPEHUIO:


https://www.cybertec-postgresql.com/secret/oil_ext.txt
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test=# EXPLAIN SELECT region, avg(production)
FROM t_oil
GROUP BY ROLLUP (region);
QUERY PLAN
MixedAggregate (cost=0.00..17.31 rows=3 width=44)
Hash Key: region
Group Key: ()
-> Seq Scan on t_oil (cost=0.00..12.44 rows=644 width=16)
(4 cTpokn)

Ecim MbI XOTUM, YTOOBI TaHHBIE GBIV OTCOPTMPOBAHBI M BO BCEX BEPCHUSIX BO3-
BpAlllaJIXICh B OJJHOM U TOM 3Ke ITOPSIIKE, TO CJIEAyeT BKIIIOUNUTD B 3a1poc Gpasy ORDER
BY.

KoneuHo, 3Ta omepanust IpMMeHMMa ¥ K IPYTIIIMPOBKE 110 HECKOIbKUM CTOJO-
Iam:

test=# SELECT region, country, avg(production)

FROM t_oil

WHERE country IN ('USA', 'Canada', 'Iran', 'Oman')

GROUP BY ROLLUP (region, country);

region | country | avg
............... +...-_._..+.-_-_....._-_....-_-_..
Middle East | Iran | 3631.6956521739130435
Middle East | Oman | 586.4545454545454545
Middle East | | 2142.9111111111111111
North America | Canada | 2123.2173913043478261
North America | USA | 9141.3478260869565217
North America | | 5632.2826086956521739

| | 3906.7692307692307692

(7 ctpok)

B stom npumepe PostgreSQL BcTaBisieT B pe3yIbTUPYIONIUIT HA60P TpU CTPO-
Ku: onHy st Bivskaero Bocroka (Middle East), apyryio — nyst CeBepHOI AMepUKu
(North America) 1 TpeTbio — /ISl CPeJTHETO 110 BCeMy Habopy. I BeO-TIPUIOsKeHUST
9TO MUJIeasIbHO, [IOTOMY UTO MbI JIETKO MOKeM ITOCTPOUTD Tpaduueckuit uHTepdeiic
DTS aHaIM3a pe3ylIbTUPYIoNIero Habopa, oTGuUIbTPOBaB 3HaUeHus null.

I'pynmupoBka ROLLUP ymo6Ha, ecu HY>KHO OTOOPasUTh Pe3yIbTaT HEMEAJIEHHO.
JIN4HO 5 BCcerpa MUCIIOMb3YIo ee JI/Is TI0Ka3a KOHEeYHBIX Pe3Y/IbTaTOB M0JIb30BaTESIM.
OpnHako B OTYeTe M0JIb30BaTe/IM MOTYT 3aX0TeThb 60JIbIlel TMOKOCTH, U, CTaJIO ObITh,
MMOHAI00UTCST TIPeIBAPUTENBHO BBIYMCIUTD OOJbIIIE TaHHBIX. BBITh MOXKET, B 3TOM
BaM ITOMOXKeT K/Io4yeBoe cJIoBO CUBE:

test=# SELECT region, country, avg(production)
FROM t_oil
WHERE country IN ('USA', 'Canada', 'Iran', 'Oman')
GROUP BY CUBE (region, country);
region | country | avg
............... -
Middle East | Iran | 3631.6956521739130435
Middle East | Oman | 586.4545454545454545
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Middle East |

North America | Canada
North America | USA
North America |

| 2142.9111111111111111
| 2123.2173913043478261
| 9141.3478260869565217
| 5632.2826086956521739
| 3906.7692307692307692
I
I
I
I

I

| Canada 2123.2173913043478261
| Iran 3631.6956521739130435
| Oman 586.4545454545454545
| USA 9141.3478260869565217

(11 cTpok)

3amMeTbTe, UTO B pe3yIbTUPYIONIMIT HA6OP M06aBIeHO ele 6osblie CTPOK. CUBE
reHepupyer Te ke JaHHble, YTO GROUP BY region, country + GROUP BY region + GROUP BY
country + cpenHee 1o Bcemy Habopy. To eCcTb uaest B TOM, YTOOBI Cpa3y IIPOU3BECTU
arperupoBaHye Ha pa3sHbIX YPOBHSX. Pe3ynbTuUpyoImmit Ky6 COmepsKUT BCe BO3MOXK-
Hble KOMOVHALIMY TPYIIIIL.

ROLLUP 1 CUBE — mpocCTO yao6HbIe BCIIOMOTATeIbHbIE CPEICTBA, IOCTPOEHHbIE Ha
ocHoBe (pa3bl GROUPING SETS. DTa ¢pasa IMo3BOJSIET IBHO IMEPEUNCINTD UHTEPECYIO-
LIye Hac arperarhbl:

test=# SELECT region, country, avg(production)
FROM t_oil
WHERE country IN ('USA', 'Canada', 'Iran', 'Oman')
GROUP BY GROUPING SETS ( (), region, country);
region | country avg
2142.9111111111111111

I
+
Middle East |
| 5632.2826086956521739
I
I
I
I
I

North America

3906.7692307692307692

| Canada 2123.2173913043478261
| Iran 3631.6956521739130435
| Oman 586.4545454545454545

| USA 9141.3478260869565217

(7 cTpok)

B aTom npumepe s 3aa1 Tpy Habopa IpyIImypoBaHys: CpeIHee 10 BceMy Habopy,
GROUP BY region m GROUP BY country. Eciiv Bl XOTMTe CIPyIIIMPOBATD elle KOMOMHA-
LMY PETVOHOB U CTPaH, TO CJiemyeT mo6aBuTh (region, country).

H3syuenue npouseoaumenbuocmu

Ha6opsI rpynmmMpoBaHms — MOIIHOE CPEICTBO, TOMOTAIOIIee YMEHbIITUTD KOJINYEeCT-
BO JOPOT'OCTOSIIIMX 3aITpocoB. Ha BHyTpeHHeM ypoBHe PostgreSQL mpuberaer K Tpa-
IUIIMOHHOMY Y3J1y TiJIaHa GroupAggregate. DTOT y3es HYKAaeTCs B OTCOPTMPOBaHHBIX
IAHHBIX, TO9TOMY OyIbTe TOTOBBI K TOMY, UTO PostgreSQL 6ymeT BhIIOIHSATh MHOTO
MIPOMEKYTOUHBIX OTepalyii COpTUPOBKU:

test=# EXPLAIN SELECT region, country, avg(production)
FROM t_oil
WHERE country IN ('USA', 'Canada', 'Iran', 'Oman')
GROUP BY GROUPING SETS ( (), region, country);
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QUERY PLAN

GroupAggregate (cost=22.58..32.69 rows=34 width=52)
Group Key: region
Group Key: ()
Sort Key: country
Group Key: country
-> Sort (cost=22.58..23.04 rows=184 width=24)
Sort Key: region
-> Seq Scan on t_oil (cost=0.00..15.66 rows=184 width=24)
Filter: (country = ANY ('{USA,Canada,Iran,Oman}'::text[]))
(9 cTpok)

B PostgreSQL xeln-arperatbl MOAAEPsKMUBAIOTCS TOMBKO JIJIsST OOBIYHBIX (hpa3 GROUP
BY 6e3 HabopoB rpymnmpoBanus. B PostgreSQL 10.0 miaHMpPOBIIMK pacIiojaraer
60IbIIMM BO3MOKHOCTSIMM, 4eM B PostgreSQL 9.6. CiienyeT 0XXu1aTh, UTO ObICTPO-
IevicTByie HAGOPOB IPYIIIMPOBAHNS B HOBOV BepCUM ITOBBICUTCSI.

CoueTtaHme HabopoB rpynnupoBaHus ¢ ¢ppasoi FILTER

B peanbHbIX IPUIOKEHMSIX HAOOPBI IPYIIIMPOBAHNS YaCTO COUETAIOTCs ¢ (hpasamu
FILTER, KOTOpbIE TIO3BOJISIIOT BHIYMCISATH YACTUUHbBIE arperaThl, HalpuMep:

test=# SELECT region,
avg(production) AS all,
avg(production) FILTER (WHERE year < 1990) AS old,
avg(production) FILTER (WHERE year >= 1990) AS new

FROM t_oil
GROUP BY ROLLUP (region);
region | all | old | new

--------------- e
Middle East | 1992.603686635 | 1747.325892857 | 2254.233333333
North America | 4541.362318840 | 4471.653333333 | 4624.349206349

| 2607.513986013 | 2430.685618729 | 2801.183150183

(3 cTpoku)

Mpes B TOM, UTO B pa3HbIX CTOJIOIAX arpernpyroTcst pasHbie aHHble. ®pasa FIL-
TER MMO3BOJISIET U306 paTeIbHO MTepeqaBaTh JaHHbIE arperaTHbIM QYHKIMSIM. B aTOM
CIydyae BO BTOPOM arperare pacCMaTpuBaroTCsl TObko mo0 1990 roma, B TpeTbeM
arperare — HeflaBHMe JaHHbIe, a B IEPBOM — BCe BOOOIIEe JaHHbIE.

Ecnn ecTb BO3MOXHOCTb NepeHecTH ycnosums Bo Gpasy WHERE, TO Tak 1 cneayeT nocTynuTb, No-
CKONbKyY Toraa u3 Tabnuuy, 6ynet Bbi6GMpaThCs MeHblUe AaHHbIX. Ppa3a FILTER nonesHa, TobKo
€C/IM He BCe JaHHble, 0To6paHHble WHERE, HyXKHbl B KaXK4,0M arperaTe.

FILTER paboTaerT JjisT BceX arperaTHbIX GYHKIMIA U IIpedjiaraeT MpoCcToii crocoo
pasBepHYTh JaHHbIE: IOMEHSITh MeCTaMM CTPOKM U cTon6Ibl. KpoMme Toro, FILTER
paboTraeT 6bICTPee ero MMUTAIMK C TIOMOIIbIO KOHCTPYKIMM CASE WHEN ... THEN NULL
... ELSE END. Pe3ysibTaThl CpaBHEHMS Ha peasIbHbIX JAHHBIX MOKHO HaiTHU I10 ajipecy
https://www.cybertec-postgresql.com/en/postgresql-9-4-aggregation-filters-they-do-
pay-off/.


https://www.cybertec-postgresql.com/en/postgresql-9-4-aggregation-filters-they-do-pay-off/
https://www.cybertec-postgresql.com/en/postgresql-9-4-aggregation-filters-they-do-pay-off/
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Mcnonb30oBAHME YNOPSAOYEHHBIX HABOPOB

ViiopsimoueHHbIe HAO0OPBI — OUEHbD TT0JIe3HAasT Belllb, HO OHU TIJIOX0 U3BECTHBI CO06-
IeCTBY Pa3paboTuMKOB. Viest ype3BbIYaiHO MPOCTA: NaHHbBIE TPYIIIUPYIOTCS Kak
0OBIYHO, a 3aTeM JaHHble BHYTPU KaXKIOi IPYIIIbI YIIOPSAOUMBAIOTCS B COOTBET-
CTBUU C 33JaHHBIM yci1oBKeM. [Tocie 3TOro ¢ OTCOPTMPOBAHHBIMY JAHHBIMU MTPO-
M3BOAUTCSI HEKOTOPOE BbIUKCIEHNE.

Kinaccuueckuii mpuMep — BbIUMC/IeHVe MeAVaHbl.

MegmaHa - 3T0 3HauyeHue, Haxogdueecs nocepeamHe. Ecnu, K npumepy, y BaC MeAMAHHbIN
[LOXO[, 3HAUYUT, KOIMYECTBO NtOAEN, 3apabaTbiBatoLMX 6OMbLIE U MEHbLLE BAC, OAUHAKOBO.

OnuH 13 Ccroco60B BRIUMCINTG MeAMaHy — OTCOPTUPOBATh JaHHbIE U OTOOPATh
50%. imenHo aTo menaeT pasa WITHIN GROUP:

test=# SELECT region,
percentile_disc(0.5) WITHIN GROUP (ORDER BY production)

FROM t_oil
GROUP BY 1;
region | percentile_disc
................ +..-_-_....._._...
Middle East | 1082
North America | 3054
(2 cTpokn)

@dyHKuus percentile_disc mpomyckaeTr 50% rpymmbsl M Bo3BpalaeT Tpebyemoe
3HaueHue.

0 OTMeTUM, YTo MeamaHa MoXeT CyLLeCTBEHHO OT/IMYaTbCA OT CpeAHEro 3Ha4yeHua.

B 3koHOMUKe pa3HOCTh MEXIY MeOMaHHbIM U CPeJHUM AO0XOAAMU MOKeT MUC-
MOJIb30BAThCSl KAaK MHIAMKATOP COIMAJIbHOTO HepaBeHCTBAa. Uem OoJibllle MeayaHa
10 CPaBHEHMIO CO CPETHUM, TEM BbIIIIe HEPABEHCTBO JOXO0B. 115 myIei rM6KoCTr
crangapt ANSI nipepyiaraeTt He TpocTo GYHKINMIO BEIYMCIEHMS] MeIyiaHbl, HO U 3a-
nmaBaHue B GyHKIMM percentile_disc mo6oro mapamerpa ot 0 1o 1.

[TpenecTb B TOM, UTO YITOPSITOYEHHBbIE HAOOPHI MOKHO JTaKe MCII0JIb30BaTh B CO-
YyeTaHUM ¢ HabopaMy rPyIIMPOBAHMS:

test=# SELECT region,
percentile_disc(0.5) WITHIN GROUP (ORDER BY production)

FROM t_oil
GROUP BY ROLLUP (1);

region | percentile_disc
................ e
Middle East | 1082
North America | 3054

| 1696
(3 cTpoku)
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B nannom ciyuyae PostgreSQL cHOBa BCTaBjsieT LOIOJHUTENbHbIE CTPOKU B pe-
3YJIBTUPYIOLINIT HAGOD.

B cootBeTcTBUM co crangapToM ANSI SQL PostgreSQL npenaraet ape QyHKLIUA
percentile_. dyHKuMS percentile_disc BO3BpallaeT 3Ha4eHMe, KOTOPOEe IeViCTBU-
TeJIbHO MPUCYTCTBYET B Habope maHHbIX. A QyHKIMS percentile_cont Bo3Bpaiaer
MHTePIOoIMPOBaHHOE 3HAUeHMe, eCii TOUHOe OTCYTCTBYeT B Habope. Pasnuune me-
MOHCTPUPYETCS B CJIEAYIOLIEM pUMepe:
test=# SELECT percentile_disc(0.62) WITHIN GROUP (ORDER BY id),

percentile_cont(0.62) WITHIN GROUP (ORDER BY 1id)
FROM generate_series(1, 5) AS id;
percentile_disc | percentile_cont

(1 cTpoka)

3HaueHMe 4 TPUCYTCTBYeT B Habope, a 3.48 uHTepronupoBaHo. PostgreSQL
MIpeAoCTaBIIsIeT He TOMbKO (GYHKIMM percentile_. i1 HAXOKAEHMS] CAMOTO YacTO
BCTpeUaroIlerocs B rpyriie 3HaueHust umeetcsi GyHKIys mode. [Tpeskae yem mpuBoO-
IUTb IIPUMeEDP UCII0/Ib30BaHMSsI mode, 51 BBITIOJIHWII 3aIIPOC, KOTOPBI pacckaxkeT Ham
YyTb OAPOOHEE O COMEPSKMMOM TaOIUIIBI:

test=# SELECT production, count(*)
FROM t_oil
WHERE country = 'Other Middle East'
GROUP BY production
ORDER BY 2 DESC
LIMIT 4;

production | count

53
(4 cTpokn)

Tpu pa3HBIX 3HAUEHMSI BCTPEUAIOTCSI POBHO I10 ISITh pa3. KoHeuHo, GyHKIMS mode
MOYKeT BepHYTb TOJILKO OJHO U3 HUX:

test=# SELECT country, mode() WITHIN GROUP (ORDER BY production)

FROM t_oil
WHERE country = 'Other Middle East'
GROUP BY 1;

country | mode

.................... +_-....
Other Middle East | 48
(1 cTpoka)

B03BpameH0 caMmoe 4aCTO BCTpevalolieecs 3HaueHNe, HO SQL HEe rOBOPUT, CKOJIb-
KO MMEHHO pa3 OHO BCTpe4dyaeTCs, — MOXKET 6])ITL, BCero ogmH.
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MMNOTETUYECKME ArPErATDI

I'MmoTreTnyeckye arperatbl HaITOMWHAIOT CTAaHAAPTHBIE YIIOPSIOUYeHHbIE HAOOPBI.
OnHaKo OHM OTBEUAIOT Ha APYTOil BOIIPOC: YTO MPOM3OIILIO Obl, eCv ObI 3HAUEHVE
MIPUCYTCTBOBAJIO B MaHHBIX? Kak BUOMM, peub UIET He O 3HAUEeHUSX, PaKTUUeCKU
MpeACTaBIeHHbIX B 6a3e MaHHBIX, & O TOM, YTO ITOJYUMIOCH ObI, €yl Obl TaHHbIE
ObLIU TIPeICTaB/IEHBbI.

PostgreSQL rpenocTaBiisieT TOIbKO OAHY TMIIOTeTUUECKYIO (PYHKIINIO — rank:

test=# SELECT region,
rank(9000) WITHIN GROUP (ORDER BY production DESC NULLS LAST)

FROM t_oil
GROUP BY ROLLUP (1);
region | rank

............... +....._
Middle East | 21
North America | 27

| 47
(3 cTpoku)

OTo 03HAUAET, uTO eCu ObI KaKasi-TO cTpaHa mpoussogmiaa 9000 6appesneii B CyT-
KM, TO OHa mosnyumia 6s1 panr 27 B CeBepHOil AMepuke u panr 21 Ha BiskHem
Bocroke.

0 B 3ToM npumepe ncnonb3oBaHa dpasa NULLS LAST. [Ipu cOpTMPOBKE AaHHbIX B MOpsLKE BO3-
pactaHus 3HaveHus null okasbiBaloTCs B KOHLE. Ho M Npu cMeHe nopsiaka COPTUPOBKM OHM
DOMKHbI BbITb B KOHLE. IMEHHO 3TO M rapaHTMpyeT NULLS LAST.

OKOHHBIE ®YHKLMU U AHANIMTUYECKUE CPEACTBA

O6cyauB ynopsioueHHbIe HaOOPbI, Mbl MOKEM ITePeiTy K OKOHHBIM (DYHKIIVSIM.
[MpuHIMI paboThl arperaTHbIX (QYHKIMIT TOBOJIBHO ITPOCT: B3ATh MHOTO CTPOK
" TIpeo6pa3oBaTh X B MEHbIIee KOJIMYECTBO arpermpoBaHHBIX CTPOK. OKOHHAas
dbyHKUMS BepeT cebst nHave. OHA CPAaBHMBAET TEKYIIYIO CTPOKY CO BCEMU CTPOKAMM
B rpyrire. KomyecTBO BO3BpaIeHHBIX CTPOK HE M3MEHSIeTCS.

PaccmoTpum nipumep:

test=# SELECT avg(production) FROM t_oil;
avg

2607.5139

(1 cTpoka)

test=# SELECT country, year, production,

consumption, avg(production) OVER ()
FROM t_oil
LIMIT 4;
country | year | production | consumption | avg
--------- T e R CE T
USA | 1965 | 9014 | 11522 | 2607.5139
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USA | 1966 | 9579 | 12100 | 2607.5139
USA | 1967 | 10219 | 12567 | 2607.5139
USA | 1968 | 10600 | 13405 | 2607.5139
(4 cTpokn)

CpenHee MPOU3BOACTBO B 3TOM HabOpe TaHHbBIX COCTABJISIET IPUOIU3UTENIBHO 2.6
MJIH Gappeneit B cyTku. Llenb 3ampoca — 4o6aBUTh 3TO 3HAUEHME B KavyecTBe OT-
IeJIbHOTO CTOJ1011a. Tereps JIeTKO CPaBHUTD TEKYIIYIO CTPOKY CO CPEIHMM II0 BCEMY
Habopy.

[ToguepkHeM, uTO (pas3a OVER obs13aTenbHa. He 6yab ee, PostgreSQL orkasasach
6bI 06pabaThIBaTh 3aIIPOC:
test=# SELECT country, year, production, consumption, avg(production) FROM t_oil;

OWWBKA: cTonbey "t_oil.country" ponxen ¢urypupoBaTb Bo ¢pase GROUP BY wam

MCMONb30BaTbCA B arperaTHon QyHKUMM
CTPOKA 1: SELECT country, year, production, consumption, avg(productio...

U sto MMpaBMJIbHO, IIOTOMY 4YTO HEO6XO,£LI/IMO TOYHO YyKa3aTb, I10O KaKMM OJaHHbIM
CUMTAaTb CpeaHee. Cama 6a3a JaHHbIX 00 3TOM goragaTbCs HE MOJKeET.

9 [pyrue 6a3bl AaHHbIX COrNacHbl 06pabaTbiBaTh arperatHble GyHKUMKM 6e3 dpa3bl OVER 1 faxe
6e3 GROUP BY. Ho nornyecku 3To HenpasubHO U, bonee Toro, HapyLaet ctaHaapT SOL.

Pa3zbueHue paHHbIX

IMpenbIayIINit 3aIIpOC MOKHO GbUIO GBI JIETKO PeaaM30BaTh U C MIOMOIILIO MOA3a-
npoca. Ho eciiu TpeGyeTcst HeuTo Gosbliiee, UeM cpeHee 0 BceMy Habopy, TO MC-
MOJIb30BaHMe TIOI3aIIPOCOB PE3KO YCJIOKHSIET 3aIlpoc, IIpeBpalas ero B HOUHO
Kommmap. JJomycTum, HaM HY>KHO He cpefHee 110 BceMy Habopy, a cpemHee I0 TeKy-
et cTpaHe. 3agavy IOMOKET permThb Gpasa PARTITION BY:

test=# SELECT country, year, production, consumption,
avg(production) OVER (PARTITION BY country)

FROM t_oil;

country | year | production | consumption | avg
---------- B e R e R
Canada | 1965 | 920 | 1108 | 2123.2173
Canada | 2010 | 3332 | 2316 | 2123.2173
Canada | 2009 | 3202 | 2190 | 2123.2173
Iran | 1966 | 2132 | 148 | 3631.6956
Iran | 2010 | 4352 | 1874 | 3631.6956
Iran | 2009 | 4249 | 2012 | 3631.6956

O6paTuTe BHMMAaHME, YTO KaKI0Ji CTpaHe COIIOCTAaB/IEHO CpefHee 3HaUeHMe I10
romam AJjis 3Toi cTpaHbl. @pasa OVER ompenenseT OKHO. B JaHHOM cjiyyae OKHOM
SIBJISIETCST CTPaHa, KOTOPO MPUHAJIEKUT CTPOKa. VIHBIMM CJIOBaMM, 3aITPOC CpaB-
HMBaeT KaXkAyl0 CTPOKY CO BCEMU CTPOKaMU, OTHOCSIIIMMMCS K TOM 3Ke CTpaHe.
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9 Pe3ynbtaT He oTcopTMpoBaH no cTonbuy year. [MoCcKonbKy B 3anpoce IBHO He yKa3aH NnopsLok
COPTUPOBKM, TO AaHHble MOTYT ObITb BO3BpPaLLEHbI B lo6oM nopsiake. [MoMHuTe, yto SQL He
obeLLaeT OTCOPTUPOBATb Pe3Y/bTaT, €C/I Bbl 3TOMO HE NPOCUIIN.

B npununme, ¢ppasa PARTITION BY mpuHKUMaeT ji060e BbipaskeHyue. OO6bIUYHO pas3-
6ueHMe TPOU3BOANTCS 1O CTONIOITY. HO BOT BaM ApyToii mpumep:

test=# SELECT year, production,
avg(production) OVER (PARTITION BY year < 1990)
FROM t_oil
WHERE country = 'Canada'
ORDER BY year;

year | production | avg

....... e N S
1965 | 920 | 1631.6000000000000000
1966 | 1012 | 1631.6000000000000000
1990 | 1967 | 2708.4761904761904762
1991 | 1983 | 2708.4761904761904762
1992 | 2065 | 2708.4761904761904762

3[ech JaHHbIe pa36MBAIOTCS TT0 3HAUEHMIO BhIPaskeHMsI. BoIpaskeHue year < 1990
MOXKeT BO3BpallaTh ABa 3HaueHus: true u false. B 3aBMCMMOCTY OT TOrO, B KaKylo
TPYIIIY TOTNAfaeT rofl, OH OyAeT YUYUThIBATHCS B CpemsHeM 3a Tonbl Ao 1990-ro mamn
B CpefHeM 3a rofbl, HaurHas ¢ 1990-ro. B sTom niane PostgreSQL nposiBiisieT Hema-
JIYI0 TMOKOCTb. Vicrionb3oBaHue GyHKIMIL I/1S1 3aIaHNS TIPUHAJIESKHOCTY K TPYIIIe
YacTO BCTPEYaeTCs B pea/IbHbIX IIPUIOKEHUSIX.

Ynopﬂp.oqel-me AdHHbIX BHYTPU OKHa

®pa3sa PARTITION BY — He eIMHCTBEHHOE, YTO MOKET HaXOAUTHCSI BHYTpU OVER. THOT-
Ia HeoOXOMMMO OTCOPTMPOBATh JAaHHbIE BHYTPU OKHA. [T 3TOrO CIYKUT (pasa
ORDER BY, KOTOpas pacliojiaraet arperupyemMbie JaHHble B OIIpeeIeHHOM IOpSIaKe.
Hanpumep:

test=# SELECT country, year, production,

min(production) OVER (PARTITION BY country ORDER BY year)

FROM t_oil
WHERE year BETWEEN 1978 AND 1983 AND country IN ('Iran', 'Oman');

country | year | production | min

--------- B SRR T
Iran | 1978 | 5302 | 5302
Iran | 1979 | 3218 | 3218
Iran | 1980 | 1479 | 1479
Iran | 1981 | 1321 | 1321
Iran | 1982 | 2397 | 1321
Iran | 1983 | 2454 | 1321
Oman | 1978 | 314 | 314
Oman | 1979 | 295 | 295
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Oman | 1980 | 285 | 285
Oman | 1981 | 330 | 285

/3 Bcero Habopa JaHHBIX Mbl 0TOGpayM aABe cTpaHbl (MpaH u OMaH) 3a mepuon
¢ 1978 o 1983 ron. MimertiTe B BUIY, uTo B 1979 rogy B MipaHe mpou3oliia peBoso-
LIMSI, UYTO He MOIJIO He CKa3aThCs Ha MPOM3BOACTBe HeTu. [JaHHbIe OTPaskaioT STOT
daxr.

OTOT 3ampoC BBIUKCISET MUHMMAaJIbHOE MPOM3BOIACTBO OO0 HEKOTOPOI TOUKU
B HaIlleM BpeMeHHOM psiay. TyT HaJo XOPOIIIo IIOHUMATh, UTO JeaeT (pasa ORDER BY
BHYTpM OVER. B maHHOM ripumMepe PARTITION BY cO31aeT IO OGHO IrpyIime i1 KaXXa 0
CTpaHbI U YIIOPSIAOUMBAET JaHHbIE BHYTPU IPYIIIbl. OYHKIINS nin TpobGeraer 1o oT-
COPTUPOBAHHBIM AAHHBIM U BBIUNC/ISIET TPeOYyeMble MUHMMYMBI.

Eciiu BBI paHblile He MMeJTM Jiejia C OKOHHBIMM (QYHKIIUSIMM, TO 3aTIOMHUTE OIHY
Belllb: Ha/Muue pa3bl ORDER BY IMOTHOCTHIO MeHSIET pe3y/bTar:

test=# SELECT country, year, production,
min(production) OVER (),
min(production) OVER (ORDER BY year)
FROM t_oil
WHERE year BETWEEN 1978 AND 1983
AND country = 'Iran’;
country | year | production

| min |

--------- R T T Er TEE R
Iran | 1978 | 5302 | 1321 | 5302
Iran | 1979 | 3218 | 1321 | 3218
Iran | 1980 | 1479 | 1321 | 1479
Iran | 1981 | 1321 | 1321 | 1321
Iran | 1982 | 2397 | 1321 | 1321
Iran | 1983 | 2454 | 1321 | 1321
(6 cTpok)

Eciu arperat ucrosb3yetcst 6e3 ORDER BY, TO OH BBIUMC/ISIET MUHUMYM I10 BCEMY
Habopy B okHe. Ecsin ke ORDER BY MPUCYTCTBYET, TO BEIUUCISIETCS MUHUMYM TOTBKO
10 TIOIMHOKECTBY 10 TeKylllelf TOUKHM, a 3TO MOAMHOXKECTBO OIpenesieTcs 3a1aH-
HBIM MTOPSIIKOM.

Ckonb3auwme oKHa

o cux Top Bce OKHa 611 cTaTMueckuMu. Ho, Harpumep, /151 BBIYMCIEHUST CKOJTh-
3SI1[€T0 CPEeJHEr0 ITOr0 HEJOCTATOUHO. [IJIT CKOMB3SIIEro CpeIHero HysKHO CKOJTb-
3s111[ee OKHO, KOTOPOE JABUTAETCS IT0 Mepe 00pabOTKY JaHHbIX.

B npumepe HIKe TOKA3aHO, KaK BBIYMCISIETCS CKOJb3sIIee CpeIHee:

test=# SELECT country, year, production, min(production)
OVER (PARTITION BY country
ORDER BY year ROWS BETWEEN 1 PRECEDING AND 1 FOLLOWING)
FROM t_oil
WHERE year BETWEEN 1978 AND 1983
AND country IN ('Iran', 'Oman');
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country | year | production | min
--------- R Rt SRR TR
Iran | 1978 | 5302 | 3218
Iran | 1979 | 3218 | 1479
Iran | 1980 | 1479 | 1321
Iran | 1981 | 1321 | 1321
Iran | 1982 | 2397 | 1321
Iran | 1983 | 2454 | 2397
Oman | 1978 | 314 | 295
Oman | 1979 | 295 | 285
Oman | 1980 | 285 | 285
Oman | 1981 | 330 | 285
Oman | 1982 | 338 | 330
Oman | 1983 | 391 | 338
(12 cTpok)

3allOMHUTE, UTO CKOJIb3SIIIIee OKHO CJIeTyeT MCII0Ib30BaTh B coueTaHuu ¢ ¢ppasoit
ORDER BY, MHaUe BO3HMKHYT cepbe3Hble Mpobiaembl. PostgreSQL mpumer Takoil 3a-
IIPOC, HO eC/IX MOAAaBaTh HEOTCOPTUPOBAHHbBIE NAaHHbIE CKOJb3SILEeMYy OKHY, TO pe-
3y/IbTaT OyIeT COBEPIIEHHO HEBEPHBIM.

®pas3a ROWS BETWEEN 1 PRECEDING AND 1 FOLLOWING ompeensieT OKHO. B aTom npumepe
OKHO MOXET COfepKaTh 40 3 CTPOK: TEKYILYIO, ITPeAUIeCTBYIOLIYIO U ITOCIeIYIOIIYIO.
st MmroCcTpaluy CKOMb3SIero OKHa pacCMOTPUM ITpUMep:
test=# SELECT *, array_agg(id)

OVER (ORDER BY id ROWS BETWEEN 1 PRECEDING AND 1 FOLLOWING)
FROM generate_series(1, 5) AS id;
id | array_agg

DyHKIMS array_agg IIpeoOpasyeT CIMCOK 3HaYeHuit B maccuB PostgreSQL. OHa
roMoraeT 06BbSICHUTb, Kak GOpMUPYETCs CKOTb3SIIIee OKHO.

Ha camom fene y 3TOro TpMBUAJIbHOIO 3aMPOCa eCTh HeCKOJIbKO BasKHBIX aclek-
TOB. Kak Mbl BUAMM, IIePBbI/i MacCUB COOEPKUT BCEro ABa 3HaueHMs. [I0CKOIbKY
repen 1 3HaUEHMIT HET, MacCUB 3aII0JTHEH He MOTHOCTbI0. PostgreSQL He mobasisieT
B HavaJio 3HaueHus null, MOToOMy YTO OHM BCe PaBHO ObLIM ObI IPOUTHOPMUPOBAHBI
arperaTHbIMM (QYHKIMSIMM. AHAJIOTMYHAS CUTyalysi BO3HMKAET B KOHIe Habopa
JaHHbBIX.

OnmHaKo 3TMM CKOJIb3SIIIMEe OKHA He MCUYepIThIBAalOTCs. ECTh ellle ABa K/IIOUEBBIX
CJIOBA, YIIOTPEO/ISIEMBIX ITPY OTIPee/IeHUY CKOTb3SIIEero OKHa:
test=# SELECT *,

array_agg(id) OVER (ORDER BY id ROWS BETWEEN
UNBOUNDED PRECEDING AND © FOLLOWING)
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FROM generate_series(1, 5) AS 1id;
id | array_agg

KiroueBpie c;ioBa UNBOUNDED PRECEDING O3HAUAIOT, UTO BCe HAXOZLMLIeecs 10 TeKy-
el CTPOKU MPUHAAJIEXUT OKHY. [IpOTMBOMNOMOXKHOCTBIO UNBOUNDED PRECEDING SIBISI-
eTcst UNBOUNDED FOLLOWING. PaccmoTpum mpumep:

test=# SELECT *,

array_agg(id) OVER (ORDER BY id ROWS BETWEEN 2 FOLLOWING AND UNBOUNDED FOLLOWING)
FROM generate_series(1, 5) AS id;
id | array_agg

+
1] {3,4,5}
2 | {4,5}
3| {5}

4 |
5|
(5 cTpok)

Kak BuIyM, MOKHO MCIIOJIb30BaTh OKHO, Haxopsimeecss B OymymieM. PostreSQL
B 5TOM OTHOIIEHNY IIPOSIBJISIET GOJIBITYIO I'MOKOCTD.

A6cTparmpoBaHue OKOH

OxoHHast GYHKIMS TO3BOISIET NOOABSATh B Pe3yIbTUPYIOIINIT HA60p AMHAMIYe-
CKJM BbIUMCIsIeMble CTONOIbI. OgHAKO HepeaKo ObIBaeT TaK, YTO MHOIME CTOJI6IIbI
OCHOBAHbI HA OJHOM ¥ TOM XK€ OKHe. MHOTOKpPaTHO BK/IIOUaTh B 3aIIPOC OJHM U T
ke (hpasbl — He JIYUIast MbIC/Ib, [TOCKOIBbKY TaKie 3aIlIPOChl TPYIHO YMTATh U COTIPO-
BOXKIATh.

®pa3a WINDOW [T03BOJISIET 3apaHee ONpPeNeUTh OKHO U MCIIOAb30BaTh €ro B pas-
HBIX MeCTax 3aI1poca, HalpuMep:

SELECT country, year, production,
min(production) OVER (w),
max(production) OVER (w)

FROM t_oil

WHERE country = 'Canada'

AND year BETWEEN 1980 AND 1985

WINDOW w AS (ORDER BY year);

country | year | production | min | max

-------- e LR PP PR PR
Canada | 1980 | 1764 | 1764 | 1764
Canada | 1981 | 1610 | 1610 | 1764
Canada | 1982 | 1590 | 1590 | 1764

Canada | 1983 | 1661 | 1590 | 1764
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Canada | 1984 | 1775 | 1590 | 1775
Canada | 1985 | 1812 | 1590 | 1812
(6 cTpok)

B aTom npumepe GyHKIMM min 1 max BBIYMCISIIOTCSI IO OJTHOMY U TOMY Ke OKHY.
PasymeeTcs, ¢ ToMoI1bio ¢hpasbl WINDOW MOSKHO OTIpeIeIuTh HeECKOIbKO OKOH — Post-
greSQL He Ha/laraeT Cepbe3HbIX OTPAHUYEHUIT B ITOM OTHOILEHUU.

Ucnonb3oBaHue BCTPOEHHbIX OKOHHbIX PYHKLMUMA

[To3HaKOMMBIINCH C OCHOBHBIMU TOHSITUSIMU, Mbl MOKEM B3IJIIHYTh Ha BCTPOEH-
Hble B PostgreSQL oxonHble GyHKIMM. MBI y3ke BUIENM, YTO OKOHHbIEe BapUAHTbI
CYIIECTBYIOT y BCeX CTAHIapTHBIX arperaTHbix (GyHKuuit. Ho, mommumo Hux, Post-
greSQL mpenyiaraeT psifi, NOTOMHUTENbHBIX (QYHKIINIA, YIIOTPEOISIeMbIX VICKITIOUN-
TeJIbHO B OKOHHOM KOHTEeKCTe JIJIsl pellieHMs aHaIUTUUeCKUX 3a7au. B aTom pasperne
MbI 06CyIVIM Hanbosee BaKHbIE U3 HUX.

dyukuuu rank u dense_rank

Ha moi1 B3msi, pyHkumm rank() u dense_rank() cambie MHTepecHbIe B SQL. ®yHKIINS
rank() BO3BpaljaeT HOMep TeKylIleli CTPOKM B CBOeM OKHe. Hymepanust HaunHaeTcst
cl.

test=# SELECT year, production, rank() OVER (ORDER BY production)
FROM t_oil

WHERE country = 'Other Middle East'

ORDER BY rank

LIMIT 7;

year | production | rank
...... o T
2001 | 7] 1
2004 | 48 | 2
2002 | 8| 2
1999 | 8| 2
2000 | 48 | 2
2003 | 8| 2
1998 | 9| 7
(7 ctpok)

B cTosb1e rank HAXOOUTCS HOMEpP KOpTeka B Habope JaHHBbIX. B aTOM mpumMepe
MHOTO OIMHAKOBBIX CTPOK, ITO3TOMY PaHT U3MeHSIeTcs ¢ 2 cpa3y Ha 7. YTo6bI 136e-
SKaTh 9TOTO, BOCIIONMb3yeMcsl pyHKIMelt dense_rank():

test=# SELECT year, production, dense_rank() OVER (ORDER BY production)
FROM t_oil

WHERE country = 'Other Middle East'

ORDER BY dense_rank

LIMIT 7;

year | production | dense_rank
...... +....-_-_....+_-_....-_-_.
2001 | 47 | 1

2004 | 48 | 2
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2003 | 48 | 2

1998 | 49 | 3
(7 ctpok)

Terepb PostgreSQL mpucBanBaeT paHru 63 MpomyCcKOB.

dyukyus ntile()

B HEKOTOPDBIX IMPUIO)KEHUAX HY>)KHO pa36I/IBaTb OaHHbIE€ Ha PaBHbIE I'PYIIIIbI. NmeH-
HO JIJIS1 9TOTO ¥ TipeqHa3HaueHa GyHKIMS ntile(), JeMOHCTpUpyeMasi B ImpumMepe
HIVDKe:

test=# SELECT year, production, ntile(4) OVER (ORDER BY production)
FROM t_oil

WHERE country = 'Iraq'

AND year BETWEEN 2000 AND 2006;

year | production | ntile

...... +....._._....+_._....
2003 | 1344 | 1
2005 | 1833 | 1
2006 | 1999 | 2
2004 | 2030 | 2
2002 | 2116 | 3
2001 | 2522 | 3
2000 | 2613 | 4

(7 ctpok)

TOT 3ampoc pa3bMBaeT JaHHbIE HA YEThIpe IPYIITbL. [I0OCKOIbKY BHIOPAHO BCETO
CceMb CTPOK, TTOJIyUUTh UeaIbHO OAMHAKOBbIE TPYIIIbl HEBO3MOKHO. Kak BuUaMM,
PostgreSQL nmeaeT nepBbie Tpy IPYITITLI OAMHAKOBBIMU, a ITOCJIEHIOI — 60jiee KO-
poTkoii. Tak 6bIBaeT Bceraa, KOraa He yaaeTcs pa3ouTh HAO0Op Ha paBHbIE TPYIIIIHI.

B 3TOM npumMepe KonM4ecTBo CTPOK HEBENMKO. B peanbHbIX NPUNOXEHUSX CTPOK MUINOHBI,
no3TOMy HeBONbLLIONM NepeKkoC B pa3Mepe noc/eaHen rpynnbl He COCTaBnseT Npobnemsl.

@OyHKIMS ntile() pegKo UCIOIb3yeTcs cama 1Mo cebe. KoHeUHO, OHA MTO3BOJISIET
MIPUCBOUTh CTPOKE HOMEp Ipynibl. HO B pealbHbIX MPUIOKEHUSIX TPEOYeTCsT BbI-
TMOJIHSITh KaKye-TO BbIYMUCIEHUS C STUMU rpyminamu. [Ipearnonoxmm, 4To Mbl XOTUM
co3maTh pas6bueHne JaHHbIX 110 K8apmuism. BOT Kak 9TO JeaeTcs:

test=# SELECT grp, min(production), max(production), count(*)

FROM (
SELECT year, production, ntile(4) OVER (ORDER BY production) AS grp
FROM t_oil
WHERE country = 'Iraq’

) AS x

GROUP BY ROLLUP (1);

grp | min | max | count

----- e

1 | 285 | 1228 | 12

2 | 131311977 | 12
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3011999 | 2422 | 11
4 | 2428 | 3489 | 11

| 285 | 3489 | 46
(5 cTpok)

3/ech caMoe BasKHOE — UTO BBIUMC/I€HVE HEBO3MOXKHO ITPOV3BECTH 32 OIVH IIAar.
ITpoBons yuebHbie Kypchl 1Mo SQL B kommauuu Cybertec (https://www.cybertec-
postgresqgl.com), s cTaparoch OOBSICHUTD CTYAEHTaM, UTO eC/IY HEITOHSITHO, KaK Clie-
JIaTh BCe Cpa3sy, HY>KHO IMOAYMAaTh 00 MCIIOIb30BaHMUM nog3arnpoca. O6bIYHO 3Ta Mes
MIPMHOCUT IIObI B AHAIUTUYECKMX pacueTax. B maHHOM cyTyuae MbI ITePBBIM JI€7IOM
COTIOCTaBWIM METKY KasKI 01 TpyTIre. A 3aTeM 3T IPYIITbI 06pabaThIBAIOTCS B I/IaB-
HOM 3arpoce.

[ToyuyeHHBIN pe3ynbTaT YK€ MOXKHO MCIIOIb30BaTh B PeaJbHOM IPUIOKEHUN
(6BITH MOXKET, HAHECTH Ha rpaduK B BUAE MOSICHUTETbHON HAAIIMUCU MU CHENATh
ele 4TO-TO B 3TOM POZe).

Dyukyuu lead() u lag()

Ecnmu dyukims ntile() Hy>KHa AJ1s pa3oueHus Habopa JaHHbIX Ha TPYIIbL, TO lead()
1 lag() ciykat [Ojis TepeMelieHust CTPOK BHYTPU pe3ylbTUpyoonero Habopa. Tu-
NIMYHOEe NpUMeHeHMe — BbIUMCIeHMe PAa3HOCTM IoKasaTess OT rofa K ropy, Kak
B CJIeIyIollem Ipumepe:

test=# SELECT year, production, lag(production, 1) OVER (ORDER BY year)

FROM t_oil
WHERE country = 'Mexico'

LIMIT 5;

year | production | lag
...... e
1965 | 362 |

1966 | 370 | 362
1967 | 411 | 370
1968 | 439 | 411
1969 | 461 | 439
(5 cTpok)

[Ipeskae yeM BbIUMCISTh M3MEHEeHMe ITPOU3BeIeHHOM IIPOLYKIMM, UMEET CMbICII
pa3o0paThCs B TOM, UTO 3Ke genaer GyHKums lag(). JIerko BUIeTh, uTo cTosibelr lag
COBVMHYT OTHOCUTEIBHO production Ha OHY CTPOKY. XapaKkTep CABUIa JAHHBIX OIpe-
nesieH Gppasoit ORDER BY. B rpumepe Bblllle JaHHbIE COABUrAIOTCS BHM3. Ecii Gbl MbI
Harmicay ORDER BY DESC, TO JaHHbIE COBUTAIMACH Obl BBEPX.

ITocyie 3TOrO BCe Y3Ke MPOCTO:

test=# SELECT year, production,
production - lag(production, 1) OVER (ORDER BY year)

FROM t_oil

WHERE country = 'Mexico'

LIMIT 3;

year | production | ?column?
...... dommmm e ee e

1965 | 362 |


https://www.cybertec-postgresql.com
https://www.cybertec-postgresql.com
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1966 | 370 | 8
1967 | 411 | 4
(3 cTpokn)

Hys>kHO TOJTBKO BBIUMCIATH PA3HOCTD ABYX CTONOIIOB. OTMETUM, UTO Y DYHKIUA
lag() mBa mapameTpa. [IepBblii TOKa3bIBAEeT, KAk CTO0e1] 0TO6paskaTh, a BTOPOii — Ha
CKOJIbKO CTPOK CIBUTATh. ECiu 6bI BTOPOIT mapaMeTp ObLT paBeH 7, TO Mbl CIBUTAIN
ObI Ha C€Mb CTPOK.

OTMeTuM, UTO mepBoe 3HaueHue paBHO Null (Kak 6bUTO 6bI BO BCEX CABUHYTHIX
CTPOKaX, I KOTOPBIX HeT IPeabIAYILero 3HaueHus).

OyHKUMA lead() — IPOTUBOIIOIOXKHOCTD lag(); OHa He OIyCKaeT, a MOAHMMAeT
CTPOKMU:

test=# SELECT year, production,
production - lead(production, 1) OVER (ORDER BY year)

FROM t_oil
WHERE country = 'Mexico'
LIMIT 3;
year | production | ?column?
...... +....-_._....+_._....._.
1965 | 362 | -8
1966 | 370 | -41
1967 | 411 | -28
(3 cTpokn)

PostgreSQL mormyckaeT oTpuilaTe/IbHOe 3HAUEHMEe BTOPOro apryMeHTa B (PYHK-
umsix lead u lag. TakuM o6pasom, lag(production, -1) — To Ke camoe, 4To lead(produc-
tion, 1). OmHaKo, 6€3yCIOBHO, JIYUIlle UCIIOMb30BaTh QYHKIMIO, COOTBETCTBYIOIIYIO
HalpaBJIeHNIO CIBUTA.

Ilo cux TOp MbI BUAENN, KaK COBUHYTb OIMH CTOMOeI]. VI B 6ONbIIMHCTBE MTPUIIO-
SKeHMIi 3Toro gocratouHo. Ho PostgreSQL Ha aToM He orpaHmnymBaetcs. Paspeia-
eTCs CABUTATh CTPOKU L[ETNMKOM:
test=# \x
PacwnpeHHbIn BbIBOA BKJIHYEH.
test=# SELECT year, production, lag(t_oil, 1) OVER (ORDER BY year)

FROM t_oil

WHERE country = 'USA'

LIMIT 3;

<[ RECORD 1 J-ssrmmmmmmmmmmmemmcceeemceeeee o
year | 1965

production | 9014

lag I

<[ RECORD 2 J--srrmmmmmmmmmmmmemm e eecee o
year | 1966

production | 9579

lag | ("North America",USA,1965,9014,11522)
<[ RECORD 3 J-rrcmmrmmmmmmmmmcmmmcacmcaeaenme
year | 1967

production | 10219
lag | ("North America",USA,1966,9579,12100)
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Xopo1Io 371ecCh TO, UTO C MpefbIaylieli CTPOKO MOXHO CPaBHUBATh HE TOJIBKO
omHo 3HaueHne. [Ipobiema, omHaKo, B TOM, UTO PostgreSQL Bo3BpalliaeT BCIO CTPOKY
B BUE COCTABHOTO TUIIA, C KOTOPBIM TPYAHO paboTaTh. UTOOBI Pa3IOKUTh COCTAB-
HOJ TUII Ha YaCT¥, MOXKHO BOCIIOIb30BAaThCSI CKOOKAMU U 3BE3I0UKOI:

test=# SELECT year, production, (lag(t_oil, 1) OVER (ORDER BY year)).*
FROM t_oil

WHERE country = 'USA'

LIMIT 3;

year | prod | region | country | year | prod | consumption
------ R T e et TEE TR TR
1965 | 9014 | | | | |

1966 | 9579 | N. America | USA | 1965 | 9014 | 11522

1967 | 10219 | N. America | USA | 1966 | 9579 | 12100

(3 cTpoku)

[Touemy 310 1none3Ho? OTcTaBaHMe Ha LIEJYIO CTPOKY ITO3BOJISIET YBUIETD, ObLIN
JI/ JAHHbIE BCTABJIEHBI 60JIee OIHOIO pasa. DTO MPOCTO CIT0CO6 0OHAPYKUTD CTPO-
KU-AyOIMKaThl (MM TIOUTH AyOIMKaThl) BO BpEMEHHOM psifie.

PaccmoTpuM cienyroIuii ipumep:

test=# SELECT *
FROM (SELECT t_oil, lag(t_oil) OVER (ORDER BY year)
FROM t_oil
WHERE country = 'USA'
) AS x
WHERE t_oil = lag;
t oil | lag
........ R
(0 cTpok)

PaSYMEETCH, B T€CTOBBIX JaHHbIX )IY6J'II/[KaTOB HeT. Ho B peaIbHOM IIPUJIOKEHUU
9TO BITIOJIHE MOXKET CIYUYUTDHCS, 1 Teliepb Bbl 3HaeTe, KakK 3TO O6Hapy7KI/ITI), Ja’ke He
ViMes IIEPBUMYHOI0 K/II04a.

Cronbeu, t_oil comepuT BCHO CTPOKY. Pe3ynbTaT pyHKUMM Lag B MOA3aNpOCe TaKKe COAEPXKUT
BCHO CTPOKY. B PostgreSQL coctaBHble TUMbI MOXHO CPaBHUBATb HEMOCPEACTBEHHO, €C/IN CO-
OTBETCTBEHHbIE NMONS 0AMHAKOBbI. [1pK 3TOM NONS NPOCTO CPaBHUBAKOTCS NOCAEL0BATENbHO.

dyukuuu first_value(), nth_value() u last_value()

VHorga HeoO6XOIMMO BhIUMC/ISTD JaHHBIE HA OCHOBE ITEpPBOTO 3HAUYEeHMsI B OKHe. He-
YOVBUTEIBHO, UTO JIJISI 3TOTO CyIecTByeT QyHKIMS first_value():

test=# SELECT year, production, first_value(production) OVER (ORDER BY year)

FROM t_oil
WHERE country = 'Canada'

LIMIT 4;

year | production | first_value
...... U
1965 | 920 | 920

1966 | 1012 | 920



108 <« llepepmosbie cpeactea SQL

1967 | 1106 | 920
1968 | 1194 | 920
(4 cTpoku)

U B aTOM CTyyae HEO6XOOMMO YKa3bIBATh MOPSIAOK COPTUPOBKMU, UTOOBI CHUCTE-
Ma 3HaJia, YTO 3HAUUT «mepBoe». B pesynbrate PostgreSQL momenaeT B mocyiesHMUM
CTON6EI] OTHO ¥ TO Ke 3HaueHue. YTo6bl HAMTK TTOC/IeIHee 3HaUeHe B OKHe, HY;KHO
6b1710 6bI HamucaThb last_value() BMecTo first_value().

Ewin Hac MHTepecyeT He TIepBoe U He MocieiHee 3HaUeHe, a YTO-TO CpefiHee, TO
PostgreSQL npepyiaraet gyHkinio nth_value():

test=# SELECT year, production, nth_value(production, 3) OVER (ORDER BY year)
FROM t_oil

WHERE country = 'Canada';

year | production | nth_value

...... U |
1965 | 920 |
1966 | 1012 |
1967 | 1106 | 1106

1968 | 1194 | 1106

B maHHOM CyTyuae B MOC/IeAHMIT CTOIOET] [TOMeIaeTcsl TpeThe 3HaueHne. Obparute
BHMMaHMe, 4TO TepBble IBe CTPOKM MYCTHI. [leno B Tom, uTo Korma PostgreSQL Ha-
YMHaeT MPOXO/, 10 JAHHBIM, TpeThe 3HaUeHMe ellle HeM3BeCTHO, T03TOMY BMECTO
Hero BeIBoAMTCS null. Bo3HMKaeT BOIIPOC: KaK MOIOJIHUTL BPEMEHHO PsiJI, 3aMeHUB
IBa 3HaueHus null 3HAUEHMSIMI, KOTOPBIE MOSIBSITCS MO33Ke? BOT OMH 13 CIIOCOO0B:

test=# SELECT *, min(nth_value) OVER ()

FROM (
SELECT year, production, nth_value(production, 3) OVER (ORDER BY year)
FROM t_oil
WHERE country = 'Canada'

) AS x

LIMIT 4;

year | production | nth_value | min
------ T S
1965 | 920 | | 1106
1966 | 1012 | | 1106
1967 | 1106 | 1106 | 1106
1968 | 1194 | 1106 | 1106
(4 cTpokn)

B mopsaripoce co3paeTcsl HEMONIHbIM BPpeMEHHOM psfi. A IJIaBHBIM 3aMpocC O0-
TIOJTHSIET pe3yybTaT. B 061ieM ciryyae MOIOJHEHWE MOKET ObITh 60jIee CJIIOKHBIM,
M TIO[I3aITPOCHI OTKPBHIBAIOT BO3MOKHOCTH PeaiM30BaTh 60Jiee CIOKHYIO JIOTUKY, IJISI
KOTOPOI1 OJTHOTO I11ara HeJOCTaTOUHO.

dyukyusa row_number()
IMocnenHstst QyHKIMS, KOTOPYIO Mbl 0OCYIMM B 3TOM paspeie, — row_number(), ee
MOSKHO MCITOJIb30BaTh, UTOOBI BEPHYTh BUPTYAIbHbIN MAEHTU(GUKATOP. BOT Tak:
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test=# SELECT country, production, row_number() OVER (ORDER BY production)
FROM t_oil

LIMIT 3;

country | production | row_number
......... U U
Yemen | 10 | 1
Syria | 21 | 2
Yemen | 26 | 3
(3 cTpoku)

@yHKIMA row_number () IpOCTO mpyucBauBaeT HoMep cTpoke. OueBUIOHO, YTO HU-
KaKMX OyOIUKATOB TYT ObITH HE MOXKET.

VIHTepecHO OTMeTUTD, UTO Ja’Ke 3a7aBaTh IOPSILOK He HYKHO (eI OH BaM He
Ba)KEH):

test=# SELECT country, production, row_number() OVER()

FROM t_oil

LIMIT 3;

country | production | row_number
......... e
USA | 9014 | 1
USA | 9579 | 2
USA | 10219 | 3
(3 cTpokn)

Co30AHME COBCTBEHHbIX ArPEFATOB

B aT0it KHUTE OmMMCcaHbl MHOTYE BCTpoeHHbIe B PostgreSQL dyakuumu. Ho Toro, uto
npepjaraet SQL, He Bcerna xBaTtaeT. OMHAKO €CTh ¥ XOPOIlas HOBOCTh: MbI MOKEM
HamucaTb COOCTBeHHbIN arperat. Huske 1okaszaHo, Kak 3TO JejiaeTcsl.

Co3paHue MPOCTbIX arperatos

B aTOM mpuMepe MbI pelliMM OUeHb MPOCTYIO 3afauy. YesoBek, 3aKa3aBIlInii Tak-
C, OOBIYHO TIJIATUT 3a MIOCAJIKY, HATIpuMep, 2,50 eBpo. U peaIionoskum, 4To Kax-
IbIVi KUJIOMETP CTOUT 2,20 eBpo. BoIpoc: KaK BBIYUCINUTD MOTHYI CTOMMOCTD [10-
e3nku?

KoHeuHo, 3Ty 3a7auy JIeTKO PelInTh 0e3 BCSIKMUX MOJb30BATeNbCKUX arpera-
TOB, HO MbI BCe-TaKu MMPOIeMOHCTPpUpPyeM TexHUKy. CHavaia co34aauM TeCTOBbIe
IlaHHbIEe:
test=# CREATE TABLE t_taxi (trip_id int, km numeric);

CREATE TABLE
test=# INSERT INTO t_taxi

VALUES (1, 4.0), (1, 3.2), (1, 4.5), (2, 1.9), (2, 4.5);
INSERT 0 5

Ins co3manus arperatoB B PostgreSQL nmeeTcst komaHa CREATE AGGREGATE. Ee cuH-
TaKCMC CO BpeMeHeM CTajl TAKMM Pa3BUTBIM U JJIMHHBIM, UTO BKIIOYATh €70 B KHUTY
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L[eJINKOM He MMeeT CMbIC/Ia. PEKOMEHTY10 06paTUThCS K TOKyMeHTaluu PostgreSQL
10 agpecy https://www.postgresql.org/docs/devel/static/sql-createaggregate.html'.

[Tpm HanMcaHuy arperaTHOM QYHKLINY MTePBbIM JIeJIOM HYXKHO CO3[IaTh QYHKITHUIO,
KOTOpasi OyzieT BbI3bIBAThCS AJ1s Kaxk10it cTpoku. OHa MPMHMMAET IPOMEKYTOUHOe
3HaueHMe 1 TaHHbIe, B3sITble 13 00pabaTbiBaeMoii cTpoku. Hampumep:

test=# CREATE FUNCTION taxi_per_line (numeric, numeric)
RETURNS numeric AS

$$
BEGIN
RAISE NOTICE 'intermediate: %, per row: %', $1, $2;
RETURN $1 + $2%2.2;
END;
$$

LANGUAGE 'plpgsql’;
CREATE FUNCTION

Bor Ternepb MOXHO CO30aThb HpOCTOﬁ arperar:

test=# CREATE AGGREGATE taxi_price (numeric)

(
INITCOND = 2.5,

SFUNC = taxi_per_line,
STYPE = numeric

);

CREATE AGGREGATE

Kaxk 1 6p110 CKa3aHO, CTOMMOCTD JI000#1 IToe31KM BK/IoUaeT 2,50 eBpo 3a IocaaKy
B TaKC/. ITa BeJIMUMHA OIIpeie/ieHa KOHCTAHTO INITCOND — Haua/IbHbIM 3HAaUe€HMEeM
IS TI060¥ TPYMIIbL. 3aTeM IIJIST KaXKIOi CTPOKYM B TPYIINE BbI3bIBAETCST QYHKITUS —
B TaHHOM CJTydae oripejiejieHHas Bbile QyHKIMs taxi_per_line. OHA MpUMHUMAET
KaK MMHMMYM [IBa MapameTpa. IIepBblil — MPOMEXKYTOUHOE 3HAauYeHMe, a OCTajlb-
Hble — 3HaYeHMS BXOOHbBIX JTaHHbBIX.

Cnenyromiast KOMaHa ITOKa3bIBAET, KaKye JaHHbIe MepefaloTcs, KOraa 1 Kak:

test=# SELECT trip_id, taxi_price(km) FROM t_taxi GROUP BY 1;
NOTICE: intermediate: 2.5, per row: 4.0

NOTICE: intermediate: 11.30, per row: 3.2

NOTICE: intermediate: 18.34, per row: 4.5

NOTICE: intermediate: 2.5, per row: 1.9

NOTICE: intermediate: 6.68, per row: 4.5

trip_id | taxi_price

......... e

1 28.24
2 | 16.58
(2 cTpoku)

HaunHatoTcst maHHbIe 0 TToe3ke 1, u QyHKIIUM MepefaeTcsl HaYaJabHOe 3HaUeHue
2.50 ¥ IPOTSIKEHHOCTD Moe3aKM, 4 KM. O611ast CToMMOCTb paBHa 2.50 + 4 x 2.2. Cne-

! Ha pycckom a3bIke https://postgrespro.ru/docs/postgresgl/11/sql-createaggregate. — ITpum.

nepes.


https://www.postgresql.org/docs/devel/static/sql-createaggregate.html
https://postgrespro.ru/docs/postgresgl/11/sql-createaggregate
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IOyIolas cTpoka rpubasiset 3.2 x 2.2 u T. i. Takum 06pa3oM, CTOMMOCTD TTOe3[IKM
coctaBuia 28,24 eBpo.

3aTeM HauMHAeTCS CJlenyroasi noe3nka. M cHoBa — HaYaJIbHOE 3HaUY€HME U BbI-
30B OYHKIMU IJIST KasKI0M CTPOKU.

B PostgreSQL no6yio arperaTHyio GYHKIMIO aBTOMATUUYECKM MOXKHO MCITIOJb-
30BaTh B KAueCTBe OKOHHOJ, HUKAKUX AOIIOJHUTEIbHBIX IEMCTBUIL IS 3TOTO He
HY)XHO:
test=# SELECT *, taxi_price(km) OVER (PARTITION BY trip_id ORDER BY km)

FROM t_taxi;
NOTICE: intermediate: 2.5, per row: 3.2
NOTICE: intermediate: 9.54, per row: 4.0
NOTICE: intermediate: 18.34, per row: 4.5
NOTICE: intermediate: 2.5, per row: 1.9
NOTICE: intermediate: 6.68, per row: 4.5
trip_id | km | taxi_price

......... o
1] 3.2 9.54
1] 4.0 | 18.34
1] 4.5 | 28.24
2] 1.9 | 6.68
2] 4.5 | 16.58
(5 cTpok)

STOT 3alIpOC BO3BpallaeT YaCTUYHbIE CTOMMOCTY IT0€30KM Ha KaKIOM OTpe3Ke.

OmnpeneneHHbIt HAMM arperar BbI3bIBaeT ONHY MYHKITMIO ST KK o cTpoku. Ho
KaK TOrha BeIUMCIUTD cpenHee? Be3 mobasneHmst GyHKuyM FINALFUNC Takoro poza
BbIUMC/IEHNS] ObLTM ObI HEBO3MOXKHBI. 17151 JeMoHCcTpaiu FINALFUNC mpuMep Heo6-
XOAVMO pacupuTh. [Ipeanonoxkum, UTo B KOHIIE TT0e3IKM KIMEeHT X0UueT JaTh Tak-
cucty Ha vart 10 % oT ctoMMocTy moe3aku. 1jist 3STOro Hy>KHO 3HATh OKOHUYATEIbHYIO
CTOMMOCTb. 3[1eCh-TO U MPUXOIUT Ha MOMoIb GyHKUMsT FINALFUNC. PaGoTaer oHa
CJIeTIYIOIIIM 00pa3om:

test=# DROP AGGREGATE taxi_price(numeric);
DROP AGGREGATE

IlJis Havaja yaajauMM CTapblii arperat. 3aTem omnpenenum (QyHKuyo FINALFUNC.
OHa nosyJyaeT Ha BXOAe NMPOMEXYTOUHBIN pe3yabTaT U AejlaeT To, YTO OT Hee Tpe-
oyeTcs:

test=# CREATE FUNCTION taxi_final (numeric)
RETURNS numeric AS

$$
SELECT $1 * 1.1;

$$

LANGUAGE sql IMMUTABLE;

CREATE FUNCTION

CaMo BbIUMCIeHNME He MPeACTaB/seT HUKAKUX CIOKHOCTEN — Mbl IMPOCTO TIPU-
6aBisieM 10 % K OKOHUYATETbHO CyMMe.
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Vimest GyHKIINMIO, MBI MOKEM TIepeco3/iaTh arperar:

test=# CREATE AGGREGATE taxi_price (numeric)
(
INITCOND = 2.5,
SFUNC = taxi_per_line,
STYPE = numeric,
FINALFUNC = taxi_final
);
CREATE AGGREGATE

B utore croumocThb 6y,ELET HEeMHOTIO 60]'[]:]].[6, YeM paHbllle:
test=# SELECT trip_id, taxi_price(km) FROM t_taxi GROUP BY 1;
NOTICE: intermediate: 2.5, per row: 4.0

trip_id | taxi_price
......... +.-_-_....-_-

1] 31.064
2| 18.238
(2 cTpokn)

PostgreSQL o3a60TUTCS O IPYIIIMPOBKE 1 060 BCEM OCTaIbHOM aBTOMAaTUYECK.

B cyiyyae npoCThIX BRIUMCIEHUT 1151 XpaHEeHUS TPOMEXKYTOUHOTO pe3yabTaTa 10-
CTATOYHO MPOCTHIX TUIIOB JaHHBIX. HO He Bce omepamuy MOKHO BBITIOJIHUATD, IIepe-
JlaBasi MUIIb uyncia u TekcT. [To cuactsio, PostgreSQL nmo3BomsieT MCnoab30BaTh AJIsT
MTPOMEKYTOUHBIX Pe3Y/IbTaTOB COCTABHbIE TUITbI TAHHBIX.

IommycTyMm, TpebyeTcst BBIYMCIUTD CPeIHee 1151 HEKOTOPOTo Habopa TaHHbIX, ObITh
MOJKET, IJisT BpeMeHHOTO psiaa. [I[poMesKyTOUHbIi pe3yabTaT MOT 6bI BHITISIIETD TaK:

test=# CREATE TYPE my_intermediate AS (c int4, s numeric);
CREATE TYPE

HuuTto He MellaeT co3aTh MPOM3BOJIbHBIN cOCTaBHON TuIl. [IpocTo mepenaiite
€ro B KauecTBe MepPBOro apryMeHTa 1 1o6aBbTe OCTaJbHbIE TTapaMeTpHhI.

[o6aBneHue noaAepXKM napannenbHbIX 3anpocoB

Bbllie MbI BUEM IIPOCTOI arperat, KOTOPbIii He Mo IepkKUBaeT Hapaie/IbHbIX 3a-
IIPOCOB ¥ BCETO, YTO C HUMMU CBSI3aHO. J[JIsT pellieHNs 3TOV Mpo6eMbl MbI YAYUIINM
Y YCKOPVM TIPUBEJE€HHbBIE BbIIIE TPUMEPHI.

Co3smaBas arperar, MOsKHO (paKyIbTaTMBHO OTNIPeeNUTDb CeAyIOIINi ImapamMeTp:

[ , PARALLEL = { SAFE | RESTRICTED | UNSAFE } ]

ITo ymonmuaHuio arperatHast GyHKIMs He TIOAIepPKMBaeT Mapa/uleJbHbIX 3apo-
coB. Ho pajy moBBIIIEHNST TPOM3BOANTEIBHOCTM IMEET CMBIC/ SIBHO YKa3aTh, UTO
yMeer JiesiaTh arperar:

O  UNSAFE: B 9TOM peskyMe IapajiiesibHble 3aITpOChl He MO IePsKIBAIOTCS,

QO RESTRICTED: B 3TOM pesKMMe arperaTt MOKHO JCIT0/Ib30BaTh B ITapa/UIeIbHbIX 3a-

IIpOCax, HO BBITIOJTHEHE OrPaHMYEeHO TOJIBKO BEIYIIVM IIPOIIECCOM TPYIIIIhI;
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O SAFE: B 9TOM pekuMe mapajiieJibHble 3alIPOChl MOAAEPKMUBAIOTCSI B TIOTHOM

obbeme.

ITomeuast GYHKIIMIO Kak SAFE, TOMHMTE, UTO OHA He JO/KHA MMEThb ITOOOUHBIX 3¢-
(hexTOB. Pe3ysibTaT BBITIOTHEHMS 3aIIpOCa He JO/DKEH 3aBUCETD OT MOPSIIKA BHI30OBOB
dyukimm. TonbKo B 9TOM crydae PostgreSQL ciemyet pasperiaTh pacrapasuienBa-
Hue orepanuit. [Ipumepamu GyHKIMI 63 MOG0UHBIX 3GD(PEKTOB ABISIOTCS Sin(x)
u length(s). TlomxomsuyMy KaHOUAATAMU SIBJISIIOTCSI HeusMeHsiemble (IMMUTABLE)
(yHKIMM, TOTOMY UTO OHM TapaHTUPOBAHHO BO3BPAIlAIOT OJIMH U TOT Ke pe3yIbTaT
IUIST OMHUX U TeX JKe apryMeHTOB. DYHKIMM, TOMeUYeHHbIe KaK STABLE, TOke OymyT
paboTaThb MPY HEKOTOPHIX OTPaHNUEHUSIX.

MosbiweHune 3¢pPeKTUBHOCTU

OmnpeneneHHbIe A0 CUX TIOP arperarthl ke CIIOCOGHBI Ha MHOroe. Ho eyt mcmomnb-
3YIOTCSI CKOJIb3SIIIME OKHA, TO KOJMYECTBO BBI30BOB (DYHKIMM PACTET SKCIIOHEH-
IMaTbHO. BOT UTO MpOMCXOINT:

test=# SELECT taxi_price(x::numeric) OVER (ROWS BETWEEN O FOLLOWING AND 3 FOLLOWING)
FROM generate_series(1, 5) AS x;

NOTICE: intermediate: 2.5, per row: 1

NOTICE: intermediate: 4.7, per row: 2

NOTICE: intermediate: 9.1, per row: 3

NOTICE: intermediate: 15.7, per row: 4

NOTICE: intermediate: 2.5, per row: 2

NOTICE: intermediate: 6.9, per row: 3

NOTICE: intermediate: 13.5, per row: 4

NOTICE: intermediate: 22.3, per row: 5

g kaxooit crpoku PostgreSQL o6pabaTbiBaeT Bce OKHO I[eTMKOM. Eciy cKomb-
3s1I1lee OKHO BEJINKO, TO 3P GHEKTUBHOCTH MafaeT. YToObI UCIIPABUTD ITO, PACIIUPUM
OIpeJe/ieHHbIN Bblllie arperaT. Ho cHavasa ygaamMm CTapblii:

DROP AGGREGATE taxi_price(numeric);

Hawm ronamo6sTcs nBe dyHKuyy. @yHKIuS msfunc TpubaBiIsieT K IPOMeKYTOUHO-
MY pe3y/IbTaTy CIeIYIONIYI0 CTPOKY OKHA:

CREATE FUNCTION taxi_msfunc(numeric, numeric)
RETURNS numeric AS
$$
BEGIN
RAISE NOTICE 'taxi_msfunc called with % and %', $1, $2;
RETURN $1 + $2;
END;
$$ LANGUAGE 'plpgsql' STRICT;

@OyHKUMI minvfunc MCKITIOYAeT M3 MPOMEXKYTOUYHOTO pe3y/ibTaTa 3HaueHue, Bbi-
IIejiiee 3a rpezesibl OKHA:

CREATE FUNCTION taxi_minvfunc(numeric, numeric) RETURNS numeric AS
$$
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BEGIN
RAISE NOTICE 'taxi_minvfunc called with % and %', $1, $2;
RETURN $1 - $2;
END;
$$
LANGUAGE 'plpgsql' STRICT;

B sTOM IIpMMepe JOCTaTOUHO OIlepalluii CIOKeHUs ¥ BbluuTanus. Ho, B IpUHIIN-
Te, BBIUMCJIEHVIE MOXKET OBITh CKOJIb YTOTHO CJIOSKHBIM.
Ilanee mepeco3maguM arperar:

CREATE AGGREGATE taxi_price (numeric)

(
INITCOND = 0,
STYPE = numeric,
SFUNC = taxi_per_line,
MSFUNC = taxi_msfunc,
MINVFUNC = taxi_minvfunc,
MSTYPE = numeric

)s

U cHOBAa BBITIOJHUM TOT YK€ CaMblit 3arpoc:

test# SELECT taxi_price(x::numeric) OVER (ROWS BETWEEN O FOLLOWING AND 3 FOLLOWING)
FROM generate_series(1, 5) AS x;

NOTICE: taxi_msfunc called with 1 and 2

NOTICE: taxi_msfunc called with 3 and 3

NOTICE: taxi_msfunc called with 6 and 4

NOTICE: taxi_minfunc called with 10 and 1

NOTICE: taxi_msfunc called with 9 and 5

NOTICE: taxi_minfunc called with 14 and 2

NOTICE: taxi_minfunc called with 12 and 3

NOTICE: taxi_minfunc called with 9 and 4

KonnyecTBO BbI30BOB (PYHKIIMI CYIIECTBEHHO YMEHBIIMUIIOCH. JIJIsT KXo CTPO-
KM (GYHKITMS BbI3bIBaeTCS GUKCHMPOBAaHHOE (HEOGOJIBIIIOE) YK CIO pa3. bobiile HET He-
06XOIMMOCTY TTePeCUNTHIBATb OOVH U TOT ke (ppeifM OKHA MHOTOKPaTHO.

HanucaHue runoreTMyeckux darperaTtos

[TrcaTh arperatbl HETPYIHO, & BBHIMTPHIII NP BBIMOJHEHUN CJIOXKHBIX OMeparuii
MOXeT 6bITh 3aMETHBIM. B 3TOM pasfesie Mbl HalMUIIEM IMIIOTETUYECKIT arperar,
KOTOPbIIi 06CY3KIa/Iu BBIIIIE.

Peanusaniyst TMIMIOTETUYECKUX arperaToB He CUIbHO OTJIMYAETCS OT HamyuCaHus
HOpMaJbHbIX. [I0-HaCTOsIIIEMY TPYAHAsE 3a/1a4a — TOHSITh, KOT/A X UCIOIb30BaTh.
YTo6bI CeaTh ITOT Paszesl MaKCMMAaIbHO MTOHSITHBIM, S B3SUT TPUBUAIbHbIN TIPH-
Mep: KakuM 6yJeT pesyibTat 4o6aBaeHus abc B KOHeL, CTPOKM MpK 3aJaHHOM I10-
psiiKe COPTUPOBKU?

Bor kak 3T0 paboraer:

CREATE AGGREGATE uma ( [ [ pexum_aprymeHTa ] [ umA_aprymeHTta ]
TAN_fiaHHbIX_aprymeHTa [ , ... ] ]
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ORDER BY [ pexum_aprymeHTa ] [ umA_aprymeHTa ] TMn_AaHHbIX_aprymedta [ , ...])
(

SFUNC = sfunc,

STYPE = TUN_AaHHbIX_COCTOSAHNSA

[ , SSPACE = pa3mep_paHHbix_cocTosnna ] [ , FINALFUNC = ¢yHKUMA_3aBepueHus ]

[, FINALFUNC_EXTRA ]

[, INITCOND = Ha4anbHoe_ycnoBue |

[ , PARALLEL = { SAFE | RESTRICTED | UNSAFE } ] [ , HYPOTHETICAL ]
)

Ham nonamo6sTest nBe GpyHRuym. ®yHKIMS sfunc 6yIeT BbI3bIBATHCS IJIST KasKI 0
CTPOKU:

CREATE FUNCTION hypo_sfunc(text, text)
RETURNS text AS
$$
BEGIN
RAISE NOTICE 'hypo_sfunc called with % and %', $1, $2;
RETURN $1 || $2;
END;
$$ LANGUAGE 'plpgsql';

Oroil GyHKIMM TepemaeTcsl ABa IlapamMeTpa, 00pabaThIBaeMbIX TaK K€, Kak
¥ paHblie. M TOUHO TaK ke MOXKHO OIpeaeNnnThb QYHKIIVIO 3aBePIIeHNs :

CREATE FUNCTION hypo_final(text, text, text)
RETURNS text AS
$$
BEGIN
RAISE NOTICE 'hypo_final called with %, %, and %', $1, $2, $3;
RETURN $1 || $2;
END;
$$ LANGUAGE 'plpgsql';

Nmes sTtu gBe CDYHKI_U/H/I, Y>Ke MOXXHO CO34aTb TUIIOTEeTUYeCKUIA arperar:

CREATE AGGREGATE whatif(text ORDER BY text)
(

INITCOND = 'START',

STYPE = text,

SFUNC = hypo_sfunc,

FINALFUNC = hypo_final,

FINALFUNC_EXTRA = true,

HYPOTHETICAL

);

OTMeTHuM, UTO arperat rIoMeuyeH KaK TUIIOTeTUUeCKMiA, uToObI PostgreSQL 3Haa,
0 UeM UJieT peyub.
Arperat co3gaH, Teriepb MOXKHO €r0 BbITIOJIHUTD:

test=# SELECT whatif('abc'::text) WITHIN GROUP (ORDER BY id::text)
FROM generate_series(1, 3) AS id;

NOTICE: hypo_sfunc called with START and 1

NOTICE: hypo_sfunc called with START1 and 2
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NOTICE: hypo_sfunc called with START12 and 3
NOTICE: hypo_final called with START123, abc, and <NULL>
whatif

START123abc
(1 cTpoka)

YToObI paso6paTbC${ BO BCeX TAaKuX arperarax, Hy>KHO SICHO IIOHMMAaTb, KOTroa Ka-
Kast CDYHKLU/IH BbI3BIBAETCS M KaK paGOTHET MEXaHNM3M B II€JIOM.

PEe3ioME

B o071 r1aBe Mbl y3HaIM O IOTIOTHUTENbHBIX BO3MOKHOCTAX SQL. [ToMMMO ITpOCThIX
arperaroB, PostgreSQL mpemocTaBiisieT yIopsmoueHHble HaO0Pbl, HAOOPBI IPYTIIIN-
pOBaHMs, OKOHHBIE GYHKIMM, & TAKKe MHTepdeTic /15 CO3aHMs IT0JIb30BaTEeNTbCKUX
arperaToB. ArperMpoBaHye BHYTpPU 0a3bl JaHHBIX MMeEET TO MPeuMYLIeCTBO, UTO
KOJI, JIETKO YUTaTh, & TPOU3BOAUTETbHOCTh OOBIYHO BbIIlIe, TT0 CPABHEHUIO C BHEII-
HUM arpermpoBaHyueM.

B m1aBe 5 Mbl epeKIOUMM BHMMAaHNMe Ha afMUHUCTPATUBHbBIE 3a/1aUM: YIIPAB-
nenue QaitaMu KypHaIOB, OCMbIC/IEHNE CTATUCTUKYU CUCTEMbBI U Peanu3aliuio Mo-
HUTODPUHTA.
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XypHanol
U CTaTUCTUKA CUCTEMDI

B rnaBe 4 Mbl MHOTO€ y3Ha/IM O IlepefoBbIx cpencrBax SQL u cmornu yBuzetrs SQL
B HOBOM cBeTe. Ho 6a3a JaHHbBIX He CBOOUTCS K OOHOMY JIMIIb HATTMCAHUIO XUTPO-
ymHoro SQL-kopa. ViHoTma mpuxoauTcs 3a60TUTHCS O TOM, YTOOBI BCe paboTaio Kak
Hano. i1 3TOro BaXKHO CIeIUTh 32 CTATUCTUKON CUCTeMbl, (ajimamu sKypHaIoB
" T. O. MOHUTOPUHT — K04 K npodeccuoHanbHoM sKkcruryataunu CYBI. Ilo cua-
CTh10, PostgreSQL pacriosiaraeT MHOTOUYMCIEHHBIMY CPeIACTBAMU AJ1S1 MOHUTOPUHTA
6a3 TaHHBIX, B 3TO [7IaBe Mbl HAYIMMCSI UMY TI07Tb30BaThCSI.

B 3T0J1 I71aBe pacCMaTPUBAIOTCS C/IeAYIOIIVEe BOIIPOCHI:

O cbop cTaTUCTUUYECKUX TAHHBIX O paboTe CUCTEMBI;

O cospaHue GaitoB )KypHaIoB;

O cbop BaskHOIT MHDOPMaINH;

O wuHTepHnpeTauys CTATUCTUKYU CUCTEMBI.

[IpounTas 3Ty I71aBY, BbI CMOsKeTe mpodeccMoHaIbHO HAaCTpanBaTh MHOpPacTpyK-
TYypy BeleHMsI )KypHanoB B PostgreSQL 1 1monb30BaThCsl HAXOAALIEHCS B SKypHaIlaxX
nHbopmarnuei.

CBOP CTATUCTUYECKMX JAHHBIX O PABOTE CUCTEMbI

ITepBoe, UTO HY>KHO YCBOUTbD, — KAK MHTEPIIPETUPOBATH U MUCIIOIb30BaTh BCTPOEH-
Hy10 B PostgreSQL craTuctuky. JIM4HO 51 CYMTAI0, YTO HEBO3MOXKHO MOBBICUTD ITPO-
M3BOAUTENBHOCTb ¥ HAAEKHOCTh CUCTEMBI, He COOpaB MpPeaBapUTEbHO JTaHHBIX
IUIST IPUHSTYSI 000CHOBAHHBIX PelIeHMIA.

B sTom pasmesie Mbl pacCCMOTPUM, KaKyl0 CTaTUCTUKY cobupaet PostgreSQL Bo
BpeMsI paboThI, ¥ IOAPOOHO 0OBSICHMM, Kak MOTYYUTD JOTIOTHUTETbHYIO MHpOpMa-
nuto ot CYB/.

CucremHble npeacrasnenus B PostgreSOL

PostgreSQL mpeasiaraet o6IIMPHBI HAG0P CUCTEMHBIX IIPeICTaBIEeHN, [TO3BOJISIIO-
MIYIX aIMUHUCTPATOPaM U pa3paboTUMKaM IJTyOsKe U3YUUTh, UTO MTPOVCXOIUT BHYT-
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pu cucTeMbl. befia B TOM, UTO MHOTM€e COOMPAIOT BCe STU JaHHbIe, HO He 3HAIOT, UTO
¢ HUMU genaTh. O6Iee MpaBMUIO TAKOBO: €C/IM UYero-TO He ITOHKMMAaelllb, TO ¥ HaHO-
CUTD 9TO Ha rpaduK HeT cMbIcia. IleTb 3TOro paszesia — MPOIUTDb CBET Ha TO, UTO BCe-
Taky npeparaet PostgreSQL, B HageXXae MOMOYb BaM ITPaBUJIbHO PaCIOPSIANTHCS
IIpe/jiaraeMbIM OOTaTCTBOM.

Junamuueckas npoeéepka 6bINOJHAEMbIX 3aNPOCO8

[TpucTyIiast K MHCIIEKIIMM CUCTEMBI, S BCETAa HAUMHAKO C OJJHOTO U TOTO K€ CUCTEM-
HOTO IpefcTaBaeHus. Peub, KOHEUHO, MIET O TIpeACcTaBIeHn pg_stat_activity. Ero
Uest — II0Ka3aTh, UTO IIPOMCXOAUT MPSIMO ceifuac.

test=# \d pg_stat_activity
MpeacTaBnenne "pg_catalog.pg_stat_activity"

Ctonbey Tvn | Npasuno coptuposkn | JonyctumocTb NULL
............................................ S
datid oid
datname name
pid integer
usesysid oid
usename name
application_name | text
client_addr inet
client_hostname text
backend_start timestamp with time zone
xact_start

timestamp with time zone
timestamp with time zone

query_start

I
"
|
I
I
|
I
I
|
I
client_port | integer

|
I
I
state_change |
I

I

|

I

I

|

I

| |
| I
| I
| |
| I
| I
| |
| I
| I
| |
timestamp with time zone | |
| I
| |
| I
| I
| |
| I
| I
| |
| I

walt_event_type text
wailt_event text
state text
backend_xid xid
backend_xmin xid
query text
backend_type text

[IpencraBinenue pg_stat_activity comepskuT OOHY CTPOKY Ha KaXkK[oe akTMBHOE
coemyHeHue. Bel BUguTe naeHTuduKaTop 06bekTa 6a3bl JaHHBIX (datid), uMs 6a3bl
IaHHBIX, C KOTOPOJ YCTAHOBJIEHO COeAVHEHME, ¥ UAeHTU(UKATOp Ipoiecca, 06-
CTy>KMBaoIero 3To coeguuenue (pid). PostgreSQL Takske coobImaeT, KTO MMEHHO
MTOAK/TIOUMIICS K 6a3e (usename; 0OpaTUTe BHMMAaHME HA OTCYTCTBYIOIIYIO GYKBY r)
" UAeHTU(GUKATOP BHYTPEHHEr0 060beKTa STOTO MOIb30BaTes (usesysid).

Hanee cienyet nosie application_name, 0 KOTOPOM MMeeT CMbBICI CKa3aTh HECKOJIb-
KO C/I0B. BooO1ie roBopsi, MMsI TpwIokeHusT (application_name) ycTaHaBIMBaeTCS
M0JIb30BaTeIeM:

test=# SET application_name TO 'www.cybertec-postgresql.com';
SET
test=# SHOW application_name;

application_name
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www.cybertec-postgresql.com
(1 cTpoka)

OO6BSICHUM, B UeM €ro CMbICI. IIpenooKuM, UYTO ¢ OgHOro IP-ampeca OTKpPHITO
HEeCKOJIbKO ThICSIU coenuHeHMii. MosKeT M afMUHUCTPATOpP CKa3aTh, UeM 3aHMMa-
eTCsI KOHKpeTHOoe coenyiHeHMe? HeBO3MOXHO MOMHUTh SQL-KOO Kaxkaoro mpuio-
SKeHMsI Hau3yCThb. EC/IM KITMEeHT GbIT HACTOJIBKO JII00e3€eH, UTO 3a1a/l MMSI IIPUJIOXKe-
HMSI, TO TTIOHSITh, IJISl Yero OTKPBITO COeAMHEeHMe, TOpa3 o mpoiile. B mpumepe Beiliie
s1 yKasaj UMs IOMeHa, 13 KOTOPOT'0 OTKPBITO coeMHeHe. B cryuae mpo6ieMbl 3TO
YIIPOCTUT MOUCK COeMHEHMIT, KOTOPbIE MOTYT BbI3bIBAThH AHAJIOTUYHbIE ITPOOIEMBI.

Cnenmyromye Tpu cTonb61a (client_) MO3BOMSIOT Y3HATD, OTKYAA OBITIO OTKPBITO CO-
enuHenue. PostgreSQL mokassiBaeT IP-agpeca u (eciay 3TO 3alaHO B KOHGUTypa-
LIMM) JaXke MMeHa XOCTOB.

[Mose backend_start coobIaer, Korga 6bII0O OTKPBITO COeIMHEHMe, a xact_start —
KOrIJia HavaTa TpaH3akius. IMeroTcs Takke 1moss query_start u state_change. Korga-
TO NAaBHbIM-IaBHO PostgreSQL nmoka3bpiBasia TOMBKO aKTUBHBIE 3aIIPOCHI. B Te mHu,
KOTZa BBITIOJTHEHME 3alIPOCOB 3aHMMAJIO Kyma GojIbllle BpeMeHM, YeM ceifuac, 9T
umMesio cMbicl. Ha coBpeMeHHOM o6opymoBannuy OLTP-3ampochkl MHOTOA BBITION-
HSIIOTCS 3@ JOMY MWUIMCEKYH/IbI, TO3TOMY TPYAHO MOMMAaTh MOMEHT, KOTIA TaKoi
3aIIpoC MTOTeHIMAaJbHO MOXKEeT HaHeCTU Bpe[. PellleHne — MoKas3bIiBaTh MO0 aKTUB-
HbI1, 16O MpeIbIAYIINIA 3aIIpOC Ha JAHHOM COeIVMHEHUN.

BOT BO3MOXXHBII pe3y/ibTaT 3ampoca:

test=# SELECT pid, query_start, state_change, state, query
FROM pg_stat_activity;

<[ RECORD 2 ] #-smmmmmmm e e e e e e e e
pid 28001

query_start 2018-11-05 10:03:57.575593+01

state_change 2018-11-05 10:03:57.575595+01

state active

query SELECT pg_sleep(10000000);

MpbI BUIMM, YTO Ha BTOPOM COeIVMHEHMM BbITIONMHSIeTCs PyHKIMS pg_sleep. ITo 3a-
BepIIeHNM ITOTO 3aMpoca KapTyHa M3MEHUTCS CIeIyIoIM 00pa3oM:

<[ RECORD 2 J#---mmmmmmmmmmm e e e e
pid | 28001

query_start | 2018-11-05 10:03:57.575593+01

state_change | 2018-11-05 10:05:10.388522+01

state | idle

query SELECT pg_sleep(10000000);

Temepsb 3ampoc nmomeueH Kak idle (He BbINONMHSIETCS). Pa3HOCTh Mexay 3Haue-
HUSIMM state_change 1 query_start paBHa BpeMeHM BLIIIOJIHEHMS 3aM1poca.

Takum 06pasom, pg_stat_activity maeT obiee rpeacTaBieHe O MPOUCXOISILEM
B cucTeMe. biiarogapst HOBOMY I0JTIO state_change HAXOOUTD JOPOTrOCTOSIIIME 3aIIPO-
ChbI CTaJIO ropasao Ipolie.


http://www.cybertec-postgresql.com
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Ho Temepb BO3HMKAET BOMPOC: KaK M30aBUThCS OT OOHAPYKEHHBIX IJIOXUX 3a-
npocoB? [y aroro PostgreSQL mpenocrasisieT ABe (GyHKIMM: pg_cancel_backend
u pg_terminate_backend. ®yHK1UMS pg_cancel_backend cCHMMaeT 3ampoc, HO He 3aKpPbI-
BaeT coemuHeHmne. ®yHKIMs pg_terminate_backend BemeT ce6st 6oee paayKaabHO —
OHa 3aKpbIBaeT CoeIMHEeHMe BMeCTe C 3alIpOCOM.

Ectu BBl XOTUTE OTKITIOUNUTD BCEX TIOIb30BaTeNe, KpoMe ce6st CaMOro, HY>KHO BbI-
ITOJIHUTD TaKO¥ 3ampoc:

test=# SELECT pg_terminate_backend(pid)

FROM pg_stat_activity

WHERE pid <> pg_backend_pid() AND backend_type = 'client backend'
pg_terminate_backend

(2 cTpokn)

Ecm oTKIIOUMIN Bac, TO Bbl YBUAMTE TAKOE COOOIIEHME:

test=# SELECT pg_sleep(10000000);
FATAL: terminating connection due to administrator command server closed
the connection unexpectedly

CKopee BCero, 3TO 03HaYaeT, YTO CepBep aBapuifHO OCTAHOBMIICS IO U/IM BO Bpe-
MsI BBITTOJIHEHMsT 3ampoca. CoequHeH e C cepBepoM pa3opBaHo.

0 Mocne paspbiBa coeanHeHns psql NonbiTaeTcs BOCCTaHOBMTL paboTy. Ho 310 oTHOCKTCA TONb-
KO K psql, a He K ApYrMM KAMeHTaM U YK TeM Bonee He K KIMEeHTCKMM 6ubnuoTexkam.

Ionyuenue ungopmavyuu o 6azax OaHHbIX

VI3yunB aKTMBHbBIE COEIMHEHMSI C CEPBEPOM, MOXKHO KOITHYTh TTyGiKe U MOMHTEpe-
COBAThCS CTATUCTUKOI HA YPOBHE OTAEIbHbBIX 6a3 JaHHbIX. [IpefcTaBieHne pg_stat_
database BO3BpaIaeT Mo OJHO CTPOKE Ha KaXKIyI0 6a3y JaHHBIX, 0OCTYKMBAEMYIO
axk3emmuisipom PostgreSQL.

BoT uTO BbI yBUAUTE:

test=# \d pg_stat_database
MpeacTaenenne "pg_catalog.pg_stat_database"

Cronbey vn | Mpasuno coptuposku | JomycTumocTs NULL

|
................ +
datid |
datname | name
numbackends | integer
xact_commit | bigint
|
I
|
I
|

| |
| |
| |
| |

xact_rollback bigint |

blks_read bigint |

blks_hit bigint |

tup_returned bigint |

tup_fetched bigint |

tup_1inserted bigint |

tup_updated bigint |
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blk_read_time
blk_write_time
stats_reset

double precision
double precision
timestamp with time zone

tup_deleted | bigint |

conflicts | bigint |

temp_files | bigint |

temp_bytes | bigint |

deadlocks | bigint | |
I I I
I I I
I | I

[Moce uaeHTudMKaTOpa U MMeHM 6a3bl JAHHBIX ClIeqyeT cTonber numbackends,
KOTOPBIii TTOKa3bIBAET, CKOJIBKO COeNVHEeHN ¢ 6a30ii JaHHBIX OTKPBITO B TaHHBIN
MOMEHT.

Ianee umyT cTONOLBI xact_commit 1 xact_rollback. OHM ITOKa3bIBAIOT, YTO MPUIIO-
sKeHMe feaeT vaiie: Gpurcanyio min otkat. CTono1sr blks_hit u blks_read coobmia-
IOT O KOJIMYECTBe ToMNafaHuii 1 MpoMaxoB Kellla. ViMeiiTe B BUAY, UTO peub OOBIYHO
UIET O Kellle pasnesisieMbix 6ydgepoB. Ha ypoBHe 6a3bl JaHHBIX HEBO3MOKHO OT/IN-
YUTH UTeHMe U3 Kella (aiaoBoit cucTeMbl U ¢ GU3MUECKOro Aucka. B koMmanum
Cybertec (https://www.cybertec-postgresql.com) MbI YaCcTO aHaIM3UPyEM BbIIAUY pg_
stat_database cOBMeCTHO €O CBeleHUSIMM O BpeMeHU OXUIaHMS IMCKa U O TIpoMa-
Xax CUCTeMHOTO Kellla. DTO MMO3BOJISIET JyUllle TIOHSTh, UTO MIPOUCXOAUT B CUCTEME.

Cronb1pl ¢ pedMKCOM tup_ MTO3BOJISIIOT Y3HATh, UTO IIPEBAIMPYET B CUCTEME:
orepauyy YTeHUSI UM oTlepaluy 3ammcu.

Ianee cnemyioT cTon6ubl temp_files u temp_bytes. OHM BecbMa BaskKHBI, IOTOMY
YTO [TOKA3bIBAIOT, IPUXOAMUTCS JIX CUCTEME CO3/IaBaTh BpeMeHHbIe (aiiyibl Ha AUCKe,
YTO HeM36eXKHO 3ameyIsieT paboTy. KakoBbl BO3MOXKHbIE ITPUUMHBI UCITOIb30BAHMS
BpeMeHHbIX (aitoB? [lepeunciiiM OCHOBHbBIE:

O HemnpaBwWIbHAas HACTPOIKA: eCy mapameTp work_mem CJIMIIIKOM MaJi, TO HET
BO3MOYKHOCTM BBITIOJIHSITh OTlepaliui B OIlepaTUBHOM Mams T, Tak uTo Post-
greSQL o6paiiiaeTcs K OUCKY;

O pypauxue omepammm: JOBOJbHO YaCTO 10JIb30BaTeIM MydaT CUCTEMY JOPO-
TOCTOSIIIUMU, HO GeccMbIcieHHbIMU 3anpocamut. Eciu B OLTP-cucTeme co3-
JlaeTcst MHOTO BpeMEHHbBIX ()aiiyiIoB, TOUIIUTE «TSKeIbIe» 3aITPOChI;

O wuHpeKkcHUpOBaHME U APYyTrUe afMUHUCTPATUBHBIE 3a/iauM: BpeMs OT Bpe-
MeHM NPUXOIUTCS CTPOUTH MHIAEKChl WM BBITIOMHITh DDL-kKomaHabl. [Tpn
9TOM MOTIYT CO3[IaBaThCsl BpeMeHHbIe (aiiyibl, HO 3TO HeoOs3aTeIbHO IPU-
3HaK MTPO6JIeMBI (B GOJIBIIVMHCTBE CTY4aeB).

Kopoue roBopst, BpeMeHHbIe (haiyibl MOTYT CO3[aBaTbCs, Jaske eCIu CUCTeMa

B IOJTHOM Topsiake. Ho 3a HMMM Bce ke HY)KHO MPUIJISIAbIBATD U CJAEAUTH, YTOObI
OHM He CO3aBa/IMCh CAUIIKOM 4YacTo.

Haxownelr, ecTb IBa 60j1ee BasKHbIX MO : blk_read_time 1 blk_write_time. ITo ymor-
YaHMIO OHM TTYCTHI, T. K. JaHHbIe IJISI HUX He cobupaioTcs. Vifes B ToM, YTO6OBI ITOKa-
3aTh, CKOJIbKO BpeMeHM ObUIO ITIOTPaueHo Ha BBOI-BbIBOI. A ITYCThI OHM IIOTOMY, UTO
10 YMOJIYaHMIo rapameTtp track_io_timing paBeH off. I ToMy eCTb OCHOBaTeIbHbIE
npuuuHbl. [IpeicTaBbTe, YTO Bbl XOTUTE Y3HATD, CKOJIbKO BpeMeHU YXOIUT Ha UTe-
Hue 1 MJIH 6JI0KOB. JIJIs1 9TOTO HYKHO /11 KaXKIOTo 0j10Ka ABaskAbl BbI3BATh (DYHK-
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Mo time M3 cTaHmAPTHO 6MOGMMOTEKN C, TAK UTO MbI MOJy4aeM 2 MJIH TOTIOJHU-
TeJIbHBIX BBI30OBOB (PYHKIIVIM, TOJBKO UTOOBI mpounTaTh 8 I'B maHHbIX. HacKkombKo
BeJIMKY TaKue HaKJIaJHbIe PacXO/Ibl, 3aBUCUT OT ObICTPOIEICTBIS Ballleil CUCTEMBI.

[To cyacThlo, CYIIeCTBYET MHCTPYMEHT, TTO3BOJSIIONIMIT OIeHUTb CTOMMOCTh XPO-
HOMeTpasKa:

[hs@zenbook ~]$ pg_test_timing
Testing timing overhead for 3 seconds.
Per loop time including overhead: 23.16 nsec
Histogram of timing durations:
< usec % of total count
1 97.70300 126549189

2 2.29506 2972668

4 0.00024 317

8 0.00008 101

16 0.00160 2072
32 0.00000 5
64 0.00000 6
128 0.00000 4
256 0.00000 0
512 0.00000 0
1024 0.00000 4
2048 0.00000 2

B MoeM ciyuae Hak/IafHble pacxofbl, CBSI3aHHbIe C BKIIOUEeHMEeM pexXuMma track_
io_timing B oTmenbHOM ceaHce mau B aiie postgresql.conf, COCTaBISIOT IPUMEPHO
23 Hc, uTo mpuemiemMo. IIpodeccroHabHbIe BBICOKOKIACCHBIE CEPBEPHI MOTYT CHY-
3UTh 3TO BpeMs 10 14 HC, a TJIOXO HACTPOeHHAas BUPTyanu3alusi — YBeJIMYUTb 10
1400 wn maske 1900 He. PaboTras B o6ake, cjieAyeT OKMUIATb BEIVUMHBI ITOPSIAKA
100-120 Hc (B 607bIIMHCTBE cy4yaeB). Eciv BbI BUAMTE YeThIPEX3HAUHbBIE UMCIIA, TO
BKJIIOUEHe XPOHOMEeTpaska BBOJA-BbIBOAA HaBEPHSIKa MPUBEAET K OLTyTUMbIM Ha-
KJIQIHBIM PacXofaM, 13-3a KOTOPbIX paboTa cucrema 3amemintcs. Ob1ee mpaBuiIo
TaKOBO: Ha (pM31UeCcKOM 060PyIOBaHUM XPOHOMETPasK He BbI3bIBAET MPobIeM, Ipu
paboTe B BUPTYAIbHOI CHCTEME HAO0 ITPOBEPSITD.

MOXHO TakXe BKHYATb Pa3fiMyHble NapaMeTpbl M36MpaTenbHO C MOMOLb0 KOMaHA ALTER
DATABASE, ALTER USER 1 T. .

IMonyuenne mHdopmMamm o TabaUIAX

VSICHUB, UTO MPOVUCXOOAUT Ha YpOBHE 6a3bl JAHHBIX, MOKHO KOITHYTh ellle ITyoske
U TIOMHTEPECOBATHCSI OTAETbHBIMY TaOMMIIaMM. B 3TOM HaM MOMOTYT IBa CUCTEM-
HbIX IpeJcTaB/lIeHMsI: pg_stat_user_tables 1 pg_statio_user_tables. CHauaa paccMOT-
puM TepBoe:

test=# \d pg_stat_user_tables
MpeacTaBnenne "pg_catalog.pg_stat_user_tables"
Cronbeuy | Tun | Npasuno coptuposkn | JonyctumocTb NULL
--------------------- T e S et TP
relid | oid | |
schemaname | name | |



7

C60p CTaTUCTUYECKMX AaHHbIX O paboTte cuctembl  ++ 123

relname name
seqg_scan bigint
seq_tup_read bigint
idx_scan bigint
idx_tup_fetch bigint
n_tup_ins bigint
n_tup_upd bigint
n_tup_del bigint
n_tup_hot_upd bigint
n_live_tup bigint
n_dead_tup
n_mod_since_analyze | bigint

timestamp with time zone
timestamp with time zone
timestamp with time zone
timestamp with time zone

last_vacuum
last_autovacuum
last_analyze
last_autoanalyze

I I
| I
I I
| I
I I
| I
I I
| I
I I
| I
bigint | |
| I
I I
| I
I I
I I
I I
I I
I I
I I

vacuum_count bigint
autovacuum_count bigint
analyze_count bigint
autoanalyze_count bigint

Ha moi1 B317151/1, pg_stat_user_tables — 0gHO 13 BaXKHENILMX ¥ BMECTE C TeM CaMbIX
HeJOMOHMMAaeMbIX MM JaXke UTHOPUPYEMBIX CUCTEMHBIX ITPeACTaBJIeHi. Y MeHs
TaKkoe ONIyIleHNe, YTO MHOTHE JIIOAM CMOTPSIT HAa HEr0, HO He MOTYT B ITOJTHOM Mepe
0CO3HATb, UTO XK€ OHM BUIST. A Befb IPU NPaBUIbHOM MCII0JIb30BaHMM pg_stat_
user_tables MOXKHO CpPaBHUTH C OOKECTBEHHBIM OTKPOBEHMEM.

[Tpexxge yeM mepexonuTh K MHTepHpeTaluy JaHHBIX, B&XKHO MOHMMATh, 4TO 3a
TIOJIST HAM TTOKa3bIBAloT. IIpeskae BCero IJ1st Kaskaoii TabamIibl MMEeTCsI OHa 3aIiCh,
B KOTOPOJ1, B YaCTHOCTH, IPUCYTCTBYET KOJIMNUECTBO MOC/IEA0BATEIbHBIX TPOCMOT-
PpOB TabaMIbI (seq_scan). A mojie seq_tup_read TOBOPUT, CKOJIBKO KOPTEXKE cucTemMa
IIPOYMTAasa BO BpeMs 3TUX IIPOCMOTPOB.

0 3anoMHuTe none seq_tup_read; OHO COAEPXKMT BAXKHENLLYIO MHOOPMALMIO, KOTOPAsk MOXET
NoMoYb B pelleHnr npobnem ¢ Npon3BOAUTENBHOCTbHO.

CnenyoluM B CIIMCKe SIBJSIETCS TOJe 1dx_scan, KOTOpPOe TMOKa3bIBaeT, CKOJIbKO
pas 1j1sl 4OCTYyIIA K 9TO¥ TabuIie UCIIoab30Basics uHaekc. Kpome toro, PostgreSQL
€00061I1aeT, CKOJIBKO CTPOK OBIJIO ITPOYMTAHO B ITPOIIecce ITPOCMOTpa 10 MHaeKcy. [Ia-
Jiee MbI BUAMM HECKOJIBKO Iosieit ¢ mpedmkcoM n_tup_. OHM TOBOPSIT, CKOIBKO OBLIO
BBITIOJTHEHO OTIepalluii BCTaBKM, 0OHOBIeHMS 1 yaaneHus. Camoe BayKHOe U3 HUX —
n_tup_hot_upd. I[Ipu BeImiOTHeHMM KOMaH bl UPDATE PostgreSQL gomkHa CKOITMpPOBATh
CTPOKY, YTOOBI TapaHTUPOBATh MPaBMUIbHYIO pPaboTy ROLLBACK. T'opsiuee oGHOBIIE-
Hue (HOT UPDATE) XOpoIlIo TeM, YTO HOBasi CTPOKAa OCTAETCS B TOM 3Ke OJIOKe, UTO
MCXOMHAS, — IJIST TTPOU3BOOUTEIBLHOCTY 9TO 6y1aro. BosbIioe KommMuecTBO TOPSTUMX
OOHOBJIEHMIT 03HAYAET, UTO Bbl Ha MPAaBMIBHOM IIYTU B CUTYyalMu, Korga pabodast
Harpyska BKJIIOUaeT MHOIO KomMaHs, UPDATE. HeBO3MOXXHO CcKa3aTh, KAKMM JOJIKHO
OBITb MIeaTbHOE COOTHOIIEHME MEXKAY OObIYHBIMU U TOPSUMMM OOHOBJIEHUSIMHA,
BCe 3aBUCUT OT CUTyalyu. [Toyib3oBaTe M AO/IKHBI CAaMM ITOHSITh, IIPY KaKkoit pabo-
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yeli Harpy3Ke O0JIbIIIOe KOJIMYECTBO OIlepaliyii, BHITOMHIEMbIX Ha MecTe, IPUHOCUT
OIIYTMMBIi BRIMIPbIII. OO6IIee MpaBUIO TAKOBO: UeM GOJIbllle Ornepanuii 0GHOBIIe-
HUS B paboueii Harpy3Ke, TeM BbITOJIHEE MMETb MHOTO rOpsSiUMX OOHOBJIEHUIA.

HakoHelr, nuMeeTcst CTaTUCTHKa paboThl VACUUM, KOTOpast He HYKIaeTCsI B ITOsICHe-
HUSIX.

Humepnpemauuu daHHeix u3 npedcmaeeHus pg_stat_user_tables

YuTaTh 3TU TAHHbIE MHTEPECHO, HO eC/IM Bbl HE 3HAETE, UYTO C HUMU [Ie/IaTh, TO BCS
3ares 6eccMbicieHHa. OgyH 13 CI0cOO0B MCIO0/Ib30BaHM pg_stat_user_tables — BbI-
SIBJIeHME TabauI, HYKIAOMMXCS B MHEKcaX. [IpaBuibHOE HaIlpaB/lIeHMEe YKaKeT
WIenyIInii 3aIpoc, KOTOPbBIN Bepoii U TIPaBIaoii CIYKUT MHE MHOTO JIeT:

SELECT schemaname, relname, seq_scan, seq_tup_read,
seq_tup_read / seq_scan AS avg, idx_scan

FROM pg_stat_user_tables

WHERE seq_scan > 0

ORDER BY seq_tup_read DESC

LIMIT 25;

Ero uiest — HaiiTH GosbINMe TabMUIIBI, KOTOPBIE YACTO ITPOCMATPUBAIOTCS MOCTIe-
IOBATeIbHO. DTV TAGMMIIBI OKAKYTCS B HaUasIe CIicKa 1 OyayT comepskaTb YMOTIOM-
paunTe/lbHble 3HAUEHMS B ITOJIe seq_tup_read.

MpocMaTpuBaiiTe CMUCOK CBEPXY BHU3 U ULLMTE LOPOrOCTOsILME OnepaLmMmu npocMoTpa. Mom-
HUTE, YTO NOC/IEA0BaTENbHbIA MPOCMOTP — He Bceraa 310. OHM ecTeCTBEHHO BO3HMKAIOT Mpu
pe3epBHOM KOMMPOBAHWM, B aHANMTUUYECKMX 3ampocax M Apyrux nofo6HbIX Bewax, rae co-
BepLweHHO 6e3BpenHbl. Ho eciv Gonblune Tabnuupl Bce BpeMS MPOCMaTPUBAOTCS NOCIEAO0-
BaTe/IbHO, TO HM O KaKOW NMPOU3BOAUTENBHOCTU HE MOXET ObITb U peuu.

DTOT 3aIpocC — YMCTOEe 30JI0TO, OH TIOMOTAeT HANTU TabIUIbI C OTCYTCTBYIOIIN-
MU MHOekcamu. [IpakTuueckuit OmbIT Ha MPOTSDKEHUM TOUTH JBAAIIATHU JIET CHO-
Ba U CHOBa yOeXIaa MeHsI, YTO HelOCTaloII/e MHIEKChl — caMasi IJIaBHast MpUYMHa
HU3KOJ IPOMU3BOIUTENBHOCTM.

Orpenenus, HaJl KAKUMU TabIUIIAMU, BEPOSITHO, HET HYKHBIX MH]IEKCOB, B3IJISI-
HUTE Ha TO, KAK OHU KeIMUPYITCs. [IJjis1 3TOro MpUroguTcs MpecTaBieHne pg_sta-
tio_user_tables, KOTOpoe cOep>KUT pa3HOOOpa3Hyo MHGOPMALIMIO O BBOJIe-BbIBO-
Ie, B T. 4. 0 KellpoBaHuy Tabmuiibl (heap_blks_), mHIeKcoB (idx_blks_) 1 MeTOaMKe
xpaHeHus1 cBepxOonbinx aTpuoyToB (The Oversized Attribute Storage Tech-
nique — TOAST). HakoHel, MOXHO IOJNyYNUTb IOIOTHUTENbHbIE CBELEHMS O IIPO-
CMOTpax I10 UAEeHTU(PUKATOPY KOPTEKA, KOTOPbIE OOBIYHO HE BJIMSIOT Ha OOIIYIO
MIPOU3BOIUTENBHOCTb CUCTEMBI.

test=# \d pg_statio_user_tables
Npeactasnenne "pg_catalog.pg_statio_user_tables"

Ctonbey | Twn | NpaBuno coptupoBkn | [Jonyctumoctb NULL
----------------- LT T ST TP
relid | oid |
schemaname | name
|

relname | name
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heap_blks_read bigint
heap_blks_hit bigint
idx_blks_read bigint
idx_blks_hit bigint

I I I
I I |
I I I
I I I
toast_blks_read | bigint |
I I I
I I I
I I I

toast_blks_hit bigint
tidx_blks_read bigint
tidx_blks_hit bigint

XoTs mpemcTaBiieHue pg_statio_user_tables comepsKUT BakHYIO MH(OpMAIMIO,
OOBIYHO pg_stat_user_tables maeT Gosblile IeiICTBUTEIbHO LIEHHBIX CBeIeHMIT (Ha-
MpyUMep, 0 HeJIOCTAIONIMUX UHIEKCaX).

H3yuenue uHoexkcos
IpencrasieHue pg_stat_user_tables BakKHO 11 TOMCKA HETOCTAIONIMX MHIEKCOB, HO
MHOTIA HeOOXOAMMO BBISIBUTh MHIEKChI, KOTOPHIX HA CaMOM Jejie ObITh He JOJIK-
HO. HemaBHO s e3011 B KOMaHAMPOBKY B [epMaHMIO 1 OOHAPYKMUI CUCTEMY, CO-
Iep>KaBIIyI0 B OCHOBHOM 6ecIioyie3Hble MHIEKCHI (74 % 3aHSITOro MecTa Ha AVICKe).
B He6osnbII0Vi 6a3e JaHHBIX 3TO HE OUEHb CTPAIIHO, HO B GOJBIIMX CUCTEMax Oec-
TT0JIe3HbIE MH/IEKChI, 3aHMMAIOIINe COTHU rMrabaiiToB, HAHOCST CePhe3HbIi yiiepo
MIPOM3BOIUTEIbHOCTH.

K cuacTbio, [IJ1s1 BBISIBIIEHMSI OeCIIONe3HbIX MHAEKCOB eCTh IpefCTaBIeHne pg_
stat_user_indexes:

test=# \d pg_stat_user_indexes
MpeacTaBnenne "pg_catalog.pg_stat_user_indexes"

Cronbey | Tun | Mpasuno coptuposku | [Jonyctumoctb NULL
--------------- T T ST
relid | oid | |
indexrelid | oid |
schemaname | name |
relname | name |
indexrelname | name |
idx_scan | bigint |
idx_tup_read | bigint | |
idx_tup_fetch | bigint | |

JT10 mnpencraBjieHe roBOPUT, CKOJIBKO pa3 MCIIOJIb30BaJICA Ka)K,ElbIﬁ MHAOEKC
(idx_scan). IIpu 3TOM yKa3bIBaeTCs, HaJ, KaKoil TabnuIieit M3 Kakoil CXeMbl STOT MH-
JleKC MOCTpoeH. [Ij1s1 oboraineHus comepskauieiicss B peacTaBIeHny nHGopMauumn
s TipenJiarato ciaenytomuit SQL-3amnpoc:

SELECT schemaname, relname, indexrelname, idx_scan,
pg_size_pretty(pg_relation_size(indexrelid)) AS idx_size,
pg_size_pretty(sum(pg_relation_size(indexrelid))

OVER (ORDER BY idx_scan, indexrelid)) AS total

FROM pg_stat_user_indexes
ORDER BY 6 ;

OH [aeT oueHb I0JIe3HbIe cBegeHus. [ToMrMo MHPOpPMAaLMK O TOM, CKOJIBKO pa3
MCII0/Ib30BAJICS MHAEKC, OH COOOIIAeT, CKOJIbKO MeCTa 3aHMMaeT KayKIblil MHOEKC.
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U B 111€CTOM CTOJIOIE MECTO, 3aHITOE BCeMY MHAeKCaMI HaJl JaHHO Tabimniieit, cym-
mupyetcs. Termepb MOKHO ellje pa3 MOAYyMaTh, a TaK JiX HY>KHBI peJIKO UCIIOIb3ye-
Mble MHIeKchl. ChopMynMpoBaTh 06IIee MPaBWIO yaaJeHUsI MHAEKCa TPYIHO, TYT
He 0607 THCh 6€3 PYUHbIX ITPOBEPOK.

O He cTtouT cneno ypanatb MHAeKcbl. MHOrAa OHM He MCMOo/b3YKTCS NPOCTO MOTOMY, YTO MOJib-
30BaTeNiM paboTaloT C NPUIOXKEHMEM He TaK, Kak oxuaanocb. Ecnm coctas nonb3oBatenen
M3MEeHUTCS (HanpuMmep, HaMMYT HOBYIO CeKpeTapLly), TO MHLEKC MOXeT BHOBb CTaTb O4YeHb
LEHHbIM 0ObEKTOM.

CylecTByeT Take TpeJicTaBieHe pg_statio_user_indexes, comepskaiiee nHpop-
MaLMIO O KelMpoBaHuu nHaekca. OHO MHTEPeCHO, HO 0OBIYHO He JaeT BO3MOKHO-
CTU Cepbe3HO MPOJIBMHYTHCS B IOHMMaHUM CUCTEMBI.

Monumopune ¢hono8020 pabouezo npouecca

B 3TOM pa3spesie Mbl TO3HAKOMMMCS CO CTATUCTUKOM (OHOBOTO Mpoliecca 3armuci.

Bo3Mo>kHO, BaM M3BeCTHO, UTO CepBep OOBIYHO He 3aIMChIBAET OJIOKM JAHHBIX Ha-

MIPSIMYT0. DTO IesiaeT GOHOBBIN MPOIIECC 3aITUCH VIIN ITPOLIECC KOHTPOIbHO! TOUKNA.
[ToHSTh, KaKk 3alMChIBAIOTCS TaHHbIE, IOMOXET IIpeficTaB/ieHue pg_stat_bgwriter:

test=# \d pg_stat_bgwriter
MpeacTasnenne "pg_catalog.pg_stat_bgwriter"

Ctonbey Tun | Npasuno coptuposkn | LonyctumocTb NULL

I
....................... +
checkpoints_timed | |
checkpoints_req | |
checkpoint_write_time | double precision |
checkpoint_sync_time | double precision |
buffers_checkpoint | bigint | |
| bigint | |
| I |
I I I
I I I
| I |
I I I

buffers_clean

maxwritten_clean bigint
buffers_backend bigint
buffers_backend_fsync | bigint
buffers_alloc bigint

stats_reset timestamp with time zone

[Ipeskae BCero HYKHO OOpaTUTh BHUMAaHMe Ha IepBble aBa cTonbia. Hioke
B 3TOI KHUTeE BbI y3HaeTe, yTO PostgreSQL perynsipHO 3anucbiBaeT KOHTPOJIbHbBIE
TOUYKM. DTO HEOOXOAMMO, UYTOObI TapaHTMPOBATh IONAJaHMe AAHHbIX Ha Qusu-
yeckuit auck. O TOM, UYTO MHTEpPBaa MeXAY KOHTPOAbHBIMM TOYKAMM CIUIIKOM
maj, pacckaxert nosne checkpoint_req (KommuyecTBO 3aripoOII€eHHbIX KOHTPOJIbHbBIX
Touek). CIMIIKOM 60JIbIIasl BeIMUMHA B HEM MOXKET 03HAUaTh, YTO 3aIMChIBAETCS
OUeHb MHOTO JAHHBIX, UTO CBUAETEIbCTBYET O BbICOKOM Tpaduke. Kpome Toro,
PostgreSQL pacckaxkeT, CKOJIbKO BpeMeHM ITOTPeb0BaoCch Ha 3aIiCh JaHHBIX BO
BpeMsi KOHTPOJIbHOJ TOYKM M CKOJIbKO BpeMeH! YIIIO Ha CMHXpOoHM3a1uio. [Tone
buffers_checkpoint roBopuT, cKoibKO 6ydhepoB O6BLIO 3aMMCaHO BO BpeMs KOH-
TPOJIbHOM TOUKM, a Toje buffers_clean — CKOJbKO MX ObLIO 3amMcaHO (POHOBBHIM
MpOoI1eCcCcoM 3ammncHu.
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Ho 1 370 e1ie He Bce: mmosie maxwritten_clean TOBOPUT, CKOJIbKO pa3 (POHOBBIN ITPO-
1Iecc 3aIlCy OCTaHABIMBAJI COPOC IPSIBHBIX CTPAHUIL HA IUCK, TOTOMY YTO 3ammca
CJIMIIIKOM MHOTO 6ydepos.

Haxownertr, numetorcst mosns buffers_backend (ckoymbko 6ydepoB 3ammcaHO CaMUMM
06CTysKMBaOIMMU TIpotieccamm), buffers_backend_fsync (CKoOMbKO pa3 o6CTyKMBa-
IOIMM [IpolLieccaM IPUILIIIOCHh BBIMOMHATDL fsync caMOCTOSTeNbHO) U buffers_alloc
(KONMUEeCTBO BbIIEIEHHBIX OydepoB). BoobIie roBops, HEXOPOIIIO, KOraa 06CTysKI-
BaIOIIMI1 ITPOIeCC HAUMHAET CaM 3aIiChIBaTh Oydepsl HA INCK.

MonumopuHe, apxusauyus u nomoKoedas penaukauus

B aTom paspesie Mbl pacCCMOTPUM HEKOTOPbIE CPeiCTBA, OTHOCSIIMECS K peTIMKalun
M apXMBallMM KypHajaa TpaH3aKuuii. [IepBbIM IeJIOM HY>KHO OOpaTUThCS K TIpem-
CTaBJIEHUIO pg_stat_archiver, KOTOpOe pacckaXeT O MpoLiecce apxuBaluy, 3aHSITOM
rnepeMelileHreM XypHana TpaHdakiuii (WAL) ¢ mmaBHOro cepBepa Ha yCTPONMCTBO
pe3epBHOTO XpaHeHUsI:

test=# \d pg_stat_archiver
MpeacTaenenne "pg_catalog.pg_stat_archiver"

last_failed_time
stats_reset

timestamp with time zone |
timestamp with time zone |

Ctonbey | Tvn | Mpasuno coptuposkn | fonyctumocts NULL
-------------------- T T LT T R CE TR
archived_count | bigint | |
last_archived_wal | text |
last_archived_time | timestamp with time zone |
failed_count | bigint |
last_failed_wal | text |
| |
| |

[Tpeskme Bcero Mbl BUAMM, CKOJIBKO (DailyIoB KypHasia TpaH3aKIIMi 6bII0 apXUBU-
poBaHoO (archived_count), a Takske KaKoit ¢aiia 6bI1 apXUBUPOBAH MOCAETHUM U KOT-
Ia (last_archived_wal u last_achived_time).

KoneuHo, 3HaTh KONMuecTBO WAL-(aitioB MHTEPECHO, HO He TaK YK BaskKHO. JIyu-
e o6paTUTh BHUMMaHMe Ha mojs failed_count, last_failed_wal u last_failed_time.
Ecu mpu apxuBanyy sKypHajia TpaH3aKUMil mpousornia omubka, last_failed_wal
COOOIINUT MMSI TIOCTIeIHET0 HeapXMBUPOBAHHOTO (Qaiiya, a moje last_failed_time —
BpeMSI OIIMOKM. PeKOMEHAYEeTCS CIeINTh 3a STUMU TIOJISIMU, ITIOTOMY UTO MHAYe ap-
XMBALVSI MOKET OCTAaHOBUTHCS, a BbI 00 9TOM Jlaske He y3HaeTe.

Eciu B Balleii cucTeMe paGoTaeT MOTOKOBAST PeIIMKAIVSI, TO OU€Hb MTPUTOISITCS
clemyrolye aBa IpeacraBieHus. IlepBoe, pg_stat_replication, comepskut mHMOpP-
MalMo0 O TpoLiecce MOTOKOBOW peruiMKaluuy ¢ IJIaBHOTO CepBepa Ha pe3epBHBIIL.
ITokaspIBaeTCs IO OOHOJ 3aMMMCH A1 Kaxkaoro Ipoitecca otnpaBku WAL. Eciu HeT
HM OFHOI 3aMMCK, 3HAUUT, IOTOKOBASI perinKalns skypHaia TpaH3aKIuii He Mpo-
MU3BOAMUTCS, @ 9TO, BO3MOXXHO, He TO, Uero Bbl XOTeJIN.

BoT kak ycTpoeHo nipefcraBieHye pg_stat_replication:
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test=# \d pg_stat_replication
MpeacTasnenne "pg_catalog.pg_stat_replication”

Cronbey | Tvn | Npasuno copTtuposkn | AonycTumocTb NULL

------------------ B e T
pid | integer | |
usesysid | oid |

usename | name |

application_name | text |

client_addr | inet |

client_hostname | text |

client_port | integer | |
backend_start | timestamp with time zone |

backend_xmin | xid |

state | text | |
sent_lsn | pg_lsn | |
write_lsn | pg_lsn | |
flush_lsn | pg_lsn | |
replay_lsn | pg_lsn | |
write_lag | interval |

flush_lag | interval |

replay_lag | interval |

sync_priority | integer | |
sync_state | text |

31ech MbI BUIVIM TI0JIe, COAepsKalilee MMS M0JIb30BaTeNsI, MOAKIIOUNBILETOCS M0~
CpelCcTBOM MOTOKOBOJ periMkauuu. Jlajee UOYT UMSI IPUIOXKEHUST U CBedeHUs
o coenuHenuu (client_). Taxke PostgreSQL coobiiaeTt, Korga 6610 OTKPHITO IMO-
TOKOBOEe coe[liHeHMe. B Ipou3BOACTBEHHON CUCTeMe HelaBHee BpeMsl OTKPBITUS
MOKET O3HAUaTh CETEBYIO ITPOOJIEMY, a TO M UTO-HUOYIb ITOXYKe (BOIMPOCHI HAIEXK-
HOCTH U T. 11.). [Tosie state moka3sbiBaeT, B KAKOM COCTOSTHUYM HaXOIUTCS ApyTasi CTO-
pOHa TOTOKa.

[omonHuTeIbHbIE CBeleHUSI HA TeMy peIviMKauuu npubeneHsl B rase 10. Cy-
IIECTBYIOT ITOJISI, copepskaliyie MHGOPMAaIMIO O TOM, KaKasi 4acTh )KypHaja TpaH3aK-
uuit 6p1a IepegaHa mo cetu (sent_lsn), CKOJIBKO JaHHBIX ObIJIO OTIIPABIEHO SIAPY
(write_lsn), CKOJIBKO 6bLIO cOpoiieHo Ha auck (flush_lsn) ¥ CKOMBKO yyKe BOCIPO-
u3BeneHo (replay_lsn). HakoHel, ykazaHO COCTOSIHME CMHXpOHM3auyvu. HaumHas
¢ Bepcuu PostgreSQL 10.0 uMmeroTcst JOMOMHUTeNIbHbIE TIONS BUAA *_lag, comepska-
Me 3a7ep>kKKu TIpU BBITIOTHEHUY OTiepalinii IJIaBHbIM U pe3epBHBIM CepBepaMMm.

Ecnmu pg_stat_replication MOXHO OIpamniMBaTh Ha OTIIPABJISIONIEl CTOPOHe CU-
CTeMbl peruviMKauum, To pg_stat_wal_recelver — Ha mpuHMMalOLIel cTopoHe. OHO
JaeT aHAJOTUUHYIO MH(POPMAII0, KOTOPYIO MOKHO M3BJIeUb HAa CTOPOHE PeIUIVKMA.

Bor Kak ompeneneHo 9TO IIpeACcTaBIeHMe:

test=# \d pg_stat_wal_receiver
MpeacTaBnenne "pg_catalog.pg_stat_wal_receiver"

Ctonbey | Tvn | Mpasuno coptuposku | JomycTumocTs NULL
----------------------- T T T
pid | integer |
status | text |
receive_start_lsn | pg_lsn
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receive_start_tli integer
received_lsn pg_Llsn
received_tli integer

I I I
| I |
I I I
last_msg_send_time | timestamp with time zone | |
last_msg_receipt_time | timestamp with time zone | |
latest_end_lsn | pg_lsn | |
I I I
| I |
I I I
I I I
I I I

latest_end_time timestamp with time zone
slot_name text

sender_host text

sender_port integer

conninfo text

ITpeskge Bcero PostgreSQL coobmiaeT uaeHTUOUKATOP Ipoliecca-IpueMHUKa
WAL. 3aTeMm umet cocTosiHue coemyiHeHus. Ilone receive_start_lsn coobimaer 1mo-
3UIMIO B XXypHa/Ie TpaH3aKIMii Ha MOMEHT 3alycka npueMHuka WAL, a mone re-
ceive_start_tli — cocTosiHMe NMHUM BpeMeHU B 3TOT MOMEHT. PaHO Wiu MO3[HO
MOYKeT BO3HMKHYTH JXeJlaHMe Y3HaTb MOowIefHIo no3unuio B daitme WAL u mo-
cjleiHee COCTOSTHME IMHUYM BpeMeHU. DTy 3HaUeHUsI XPaHsSITCS B MOJsX received_lsn
u received_tli.

Cnenyromue nBa noss, last_msg_send_time 1 last_msg_receipt_time, comepikart Bpe-
MeHHbIe METKI: BpeMs OTITIPaBKM ITOCETHETO COOOIEHNS ¥ BPEMSI €T0 TIOMyUeHMs.

[Tone latest_end_lsn comep>KUT MOCAENHIOW MO3UIIMIO B KypHaje TpaH3aKIINIA,
KoTOpasi 6pl1a coobieHa mpoueccy otrpaBku WAL B MoMeHT latest_end_time. TTone
slot_name — 3aIyTaHHBII CIIOCOO MPeCTaBUTh MHPOPMAIMIO O coennHeHnn. B Post-
greSQL 11 mo6asnens osis sender_host, sender_port 1 conninfo, comepskaiiye cBeme-
HMS O cepBepe, K KOTOPOMY IOAK/II0UeH nprueMHUK WAL.

Iposepka SSL-nodxkatoueHuii

MHorue nonb3oBaTeny PostgreSQL mcnonb3yoT SSL myist mmudpoBaHus MOIKIIOUe-
HUIi KIIMeHTa K cepBepy. B HemaBHMX Bepcusx PostgreSQL nosiBunock npencrasiie-
HMe pg_stat_ssl, comepskaliee cBeJleHUs O TaKUX TOAKITIOUeHMSIX

test=# \d pg_stat_ssl
MpeacTaenenne "pg_catalog.pg_stat_ssl"

Cronbey | Tun | Mpasuno coptuposBku | [JonycTtumoctb NULL
------------- T s S C T PP
pid | integer | |
ssl | boolean |
version | text | |
cipher | text |
bits | integer | |
compression | boolean |
clientdn | text |

Kaskmplii Ipoliecc mpefcTaBieH CBOUM uaeHTUduKaTopom. Eciu ropkioueHmne
3ammpoBaHO MO MPOTOKOIY SSL, TO BTOpOeE Ioie paBHO true. TpeTbe 1 YeTBEPTOE
TIOJIST coflepskaT BepCHI0 MPOTOKoja U Imudp cooTBeTcTBeHHO. HakoHell, ykasaHa
paspsiIHOCTh aAropuTMa MMdpoBaHms, MPU3HAK CKATUSI M OTIAMUYUTEIbHOE MMSI
(Distinguished Name DN), B3srTOoe u3 cepTudmKaTa KIMeHTa.
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Hucnekuyus mpaH3axkyuil 8 pexcume peaibH020 peMeHU

Ilo cuX MOp MbI 06CYKIAIM CTaTUCTUUECKIME CBeleHNs O Tabmuiiax. Bce OHM UMEIOT
OO6IIIYIO 11e/Tb: TT0Ka3aTh, YTO MPOUCXOOUT B cucTeMe B IieoM. Ho uTo, eciu pas-
PabOTUYMKY MHTEPECHO Y3HATh O KOHKPETHO TpaH3akuyuu? Ha moMoIlb MpUXOIUT
npefcTaBieHne pg_stat_xact_user_tables. B HeM HeT JaHHBIX 060 BCeX TPAH3aKIIMSIX
B CUCTeMe, TOIbKO O Ballleli TeKylllei TpaH3aKIUn:

test=# \d pg_stat_xact_user_tables
Mpeactaenenne "pg_catalog.pg_stat_xact_user_tables"

Cronbey | Tun | Mpasuno coptuposku | Jonyctumocts NULL
--------------- T T G LT T
relid | oid | |
schemaname | name |
relname | name |
seq_scan | bigint |
seq_tup_read | bigint | |
idx_scan | bigint |
idx_tup_fetch | bigint | |
n_tup_ins | bigint | |
n_tup_upd | bigint | |
n_tup_del | bigint | |
I |

n_tup_hot_upd | bigint

Takum 06pa3om, pa3paboTuMK MOXKET 3aIITHYTh BHYTPb TPaH3aKIVM €elle 0 ee
(dbuKcauyy U y3HATb, HE SIBJISIETCS JIM OHA IIPUYMHOI ITPOGJIEM C TPOM3BOIUTENHHO-
CTBbI0. DTO TIO3BOJISIET OTAEIUTH JAHHBIE B LIEJIOM OT TOTO, UTO JIeJIae€T KOHKPETHOe
MIPUIOKEHNE.,

VpeanbHblii crtioco6 MCIIOMb30BaHMSI STOTO MpPeICTaBIeHys] — J06aBUTh BbI30B
(YHKIMU B IPWIOKeHME N0 GUKCALIMM TPAH3aKIIY, YTOOBI TOCMOTPETh, UTO B HEil
cIenaHo. TV JaHHbIe 3aTeM MOKHO ITPOMHCIIEKTUPOBATh OTAEIbHO OT 00LIeil pa-
60ueit HATPy3KM.

MonumopuHe ouucmku

B Bepcun PostgreSQL 9.6 coobiiecTBo 106aBUIO CUCTEMHOE MTpeacTaBieHe, KOTO-

pOro AABHO XOalIu. B TeueHMe MHOTUX JIET TI0JIb30BaTeNM XOTeNU UMETb BO3MOX-

HOCTb CJIEOUTD 3a XOIOM ITPOI[eCCa OUMCTKY, YTOOBI TTOHSTh, TOJITO JIK OCTAJIOCh.
g peleHust 3TOV MPOO6aEeMbI TTpegHa3HAUEHO TpeAcTaBieHue pg_stat_prog-

ress_vacuum:

test=# \d pg_stat_progress_vacuum
NpeacTasnenne "pg_catalog.pg_stat_progress_vacuum"

Cronbey |  Tun | Mpasuno coptuposkn | JonyctumocTs NULL
-------------------- T Rt SR EE TP
pid | integer | |
datid | oid | |
datname | name |
relid | oild |
phase | text | |
| | I

heap_blks_total bigint
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heap_blks_scanned | bigint | |
heap_blks_vacuumed | bigint | |
index_vacuum_count | bigint |

max_dead_tuples | bigint | |
num_dead_tuples | bigint | |

Bosnbiiast yacTh He HYKAAETCSI B OObSICHEHUM, ITIOTOMY 51 OIyITy meTann. EcTh
JINTIIb JIBE BelllX, O KOTOPBIX CJIeAyeT MMOMHUTbh. BO-TiepBbIX, MIPOLEeCC OUMUCTKU He-
JIMHEIHBIN — OH TO YCKOPSIETCSI, TO 3aMeIJIsIeTcsl. BO-BTOPBIX, OUMCTKA OOBIYHO IPO-
MCXOIUT OBICTPO, TTOSTOMY IIPOCJIEAUTD 3a €€ XOIOM He BCerma yIaeTcs.

Hcnonws3oeanue pg_stat_statements
BoT MbI 1 TOOONUIM K OJHOMY M3 CaMbIX BaXXHbIX TpeACTaBIeHUli, KOTOpoe T0-
3BOJISIET BBISIBUTh MPOGIEMY C ITPOM3BOIUTEIBHOCTHIO. KOHEUHO, s TOBOPIO O pg_
stat_statements. OHO CJTYSKUT IIJIs TIOJTydeHMsT MHGOpMAIMKM O 3aIlpocax B CUCTEMeE
¥ TIOMOTaeT BbIJIEJUTDb TUIIBI MeJJIEHHBIX 3alIPOCOB U Y3HATh, KaK YaCTO 3aIpOChl
BBITIOJTHSTIOTCSI.
YT06bI BOCIIOAb30BATHCS STMM MOMIY/IEM, HY>KHO BBITIOJIHUTD CIeAyIOlIue Meii-
CTBUSI.
1. Oo6aBuUTb pg_stat_statements B CIIMCOK pa3esieMbIX OMOIMOTEK (TTapamMeTp
shared_preload_libraries) B ¢aiise postgresql.conf.
2. TlepesamycTuThb cepBep 6a3bl JaHHBIX.
3. BpimosHUTh KOMaHAy CREATE EXTENSION pg_stat_statements B OmHOV MM He-
CKOJIbKMX 0a3axX JaHHbIX.
PaccmoTpuM orpefiesieHe 3TOTO peCTaBAeHUS

test=# \d pg_stat_statements
MpeacTasnenne "public.pg_stat_statements"

Ctonbey | Tvn | MpaBuno coptuposku | AonyctumocTb NULL
....................................... e
userid oid
dbid oid
queryid bigint
query text
calls bigint
total_time double precision
min_time double precision

mean_time double precision
stddev_time

rows bigint
shared_blks_hit bigint
shared_blks_read bigint
shared_blks_dirtied | bigint
shared_blks_written | bigint
local_blks_hit bigint
local_blks_read bigint
local_blks_dirtied bigint

+
I
I
I
I
I
I
I
max_time | double precision
I
I
I
I
I
I
I
I
I
I
I

I I
I I
I I
I I
I I
I I
I I
I I
I I
double precision | |
I I
I I
I I
I I
I I
I I
I I
I I
I I

local_blks_written bigint
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temp_blks_read | bigint | |
temp_blks_written | bigint | |
blk_read_time | double precision | |
blk_write_time | double precision | |

[IpencraBieHne pg_stat_statements maeT mpocTo paHTACTMUECKYIO MH(GOPMAIIUIO.
IIJ1s1 KasKIOTo TI0/Ib30BATEIS B KAXKI0J1 6a3e MJaHHBIX OHO COIEPSKUT IO OIHOI CTPOKe
Ha 3amnpoc. [To ymomuaauio orcieskuBaeTcst 5000 3amrpocoB (3TO MOXKHO M3MEHUTb,
3aJ1aB [MapameTp pg_stat_statements.max).

3amnpocsl OTAeneHbl OT HapamMeTpoB. PostgreSQL roacTassieT B 3a1IpOC MapKepsbl.
OJTO MO3BOJISIET arPperMpoBaTh 3alIPOChI, OTAUYAIOLIMECS TOJIbKO ITapaMeTpamMmu. Tax,
3ampoc SELECT ... FROM x WHERE y = 10 6ymeT mpeo6pa3oBaH B SELECT ... FROMx WHERE y = 2.

Inia kaskgoro 3arpoca PostgreSQL coobmaeT moHoe BpeMsT BbITIOTHEHMS, @ TaK-
5Ke YMCII0 BhI3OBOB. B HeIaBHMX BepCusIX J0OaBIeHbI OIS nin_time, max_time, mean_
time 1 stddev_time. OcO6eHHO MONIE3HO CTAHJAPTHOE OTKIOHEHME, [IOTOMY UTO OHO
TTOKa3bIBAET, SIBJISIETCS JIM BPEMSI BBITTOJIHEHMS 3aITpOCa CTaOMIbHBIM MM QIYKTYM-
pyeT. HecTabuIbHOCTb MOKET BO3HMKATD I10 PA3HBIM ITPUUMHAM:

O ecnu gaHHBIE He TTOJIHOCTHIO KeIIMPOBAaHbI B TaMSITH, TO CEPBEPY MPUXOAUTCS
o6pamaThCs K AVCKY, ¥ 9TO 3ai/iMeT ropasmo OoJbllle BpeMeHM, UeM JJis 3a-
MIPOCOB, PabOTAONIMX C JAHHBIMU B TAMSITH;

O 1m1aH BBIMTOJIHEHMS U Pe3YIbTUPYIOIINIT HAGOP MOTYT 3aBMCETh OT ITapaMeT-
POB;

O BAMAHME MOTYT OKa3bIBATh KOHKYPEHTHOE BBITIOJIHEHNE U OIIOKMPOBKIA.

PostgreSQL Takske coo6IIaeT 0 KEIIMPOBAHNUM B ITPOIIECCe BBITIOTHEHMS 3aIpoca.
IMonst shared_blks_ roBOpSIT, CKOJIBKO OJIOKOB MPOUYMUTAHO M3 Keira (_hit), a cKOJIb-
KO 13 OIepaluoHHO cucTembl (_read). Eciin 13 oniepali"OHHOM CUCTEMbI UNTAETCS
MHOTO 6JT0KOB, TO BpeMsI BHITTOTHEHMS 3aIIpOoca MOKeT (QIyKTyMpPOBaTh.

Crnemytomiasi IpyriIa rnojei OTHOCUTCS K 6ydepam. JIokanbHbIe 6ydepbl — 3TO 6110-
KU B ITaMSITH, BbIIeJIEHHbIe KOHKPETHOMY ITOIK/IIOUEHMIO K 6a3e JaHHbIX.

[Tomumo Bcero npouero, PostgreSQL rpemocTaBiisieT MHPOPMAIMIO O BBOE-BbI-
BOjie BO BpeMeHHbIe ¢aiiibl. OTMeTUM, YTO BpeMeHHbIe (aiiabl eCTeCTBEHHO CO3/a-
IOTCSI TTPY IIOCTPOEHMY 6OJTBIIIOTO MHIEKCA WITM BBITTOTHeHVY IpyTroii DDL-KoMaHIbI,
Tpebyloreit cosganust 6osbinoro o6bekra. Ho B OLTP-cucTeme BpemMeHHbIe (daii-
JIbI — OOBIYHO 3710, T. K. 3aMe[IJISTIOT paboTy BCeii CMCTEMBbI BCIEICTBYE TIOTEHIMAITb-
HOJVi KOHKYPEHIIMM 3a AMCK. BoJbIoii 06beM BBOJIa-BbIBOIA BO BpeMeHHbIe (Paiisibl
MOXeT yKa3bIBaTh HAa HeXXeJaTelbHble Bellu, U3 KOTOPBIX 51 OTMeuy TPpU, Ha MO
B3IVISII, CAaMble TJIaBHbIE:

O HemnpaBuiabHOe 3ataHue napametpa work_mem (OLTP);

O HeonTuMasbHasI HaCTpoyiKa maintenance_work_mem (DDL-KoMaHbI);

O 3ampockl, KOTOpbIe BOOOIIE He CJIEOBAIO ObI BHITTOTHSITD.

HaxkoHelr, 1Ba moJsist copepskaT MHGOopMaInio o0 XpoHOMeTpayke BBoJia-BbiBoja. [1o
YMOJYaHMIO OHU ITYCThI, [IOCKOJIBKY M3MePeHMEe BPpeMeHM B HeKOTOPBIX CUCTEMax
MOXeT MPUBOIUTh K CYILIeCTBEHHbIM HaKIaJHbIM pacxofgaM. [ToaTomy mapameTp
track_io_timing mo ymomuanuio paseH false, 1, eciu 3TU OAHHbIE BaM HYXXHbBI, He
3a0yIbTe BKIIOUUTB €TO.
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Kaxk To/IbKO MOITY/Th aKTUBMPOBaH, PostgreSQL HauMHaeT co6upaTh JaHHbIE, U BbI
MOsKeTe IOTb30BaThCsl STUM MIPeICTaBIeHUEM.

O Hukorpa He 3anyckanTe 3anpoc SELECT * FROM pg_stat_statements B NpuCyTCTBUM 3aKazuumka.
Ckonb pas s BUAEN, KaK N0AM HaYMHANM TbIKaTb NanbLaMu B 3anpockl M 06bACHATb, KTO, KOTAa,
3a4eM 1 NnoyeMy BbINONHWA TOT UM MHOWM 3anpoc. Ecniu ncnonb3yete 310 npeancTaBieHue, TO
BCEraa CopTMpYMTe BbIBOA, 4TOObI OTHOCAWLANACS K Aeny MHGopMaums bbina cpasy BuAHA.

Mp1 B komnauuu Cybertec cuntaem, 4To CeAyIONMiA 3aIIPOC OUeHb Mojie3€eH, KOT-
Jla Hy>KHO COCTaBUTh TIpeJicTaBIeHNe O IIPOMCXOSIIEM Ha cepBepe:

test=# SELECT round((100 * total_time / sum(total_time) OVER ())::numeric, 2) percent,
round(total_time::numeric, 2) AS total,
calls,
round(mean_time::numeric, 2) AS mean,
substring(query, 1, 40)
FROM pg_stat_statements
ORDER BY total_time DESC

LIMIT 10;
percent | total | calls | mean | substring
--------- T e T
54.47 | 111289.11 | 122161 | 0.91 | UPDATE pgbench_branches SET bbalance = b
43.01 | 87879.25 | 122161 | 0.72 | UPDATE pgbench_tellers SET tbalance = tb
1.46 | 2981.06 | 122161 | ©.02 | UPDATE pgbench_accounts SET abalance = a
0.50 | 1019.83 | 122161 | 0.01 | SELECT abalance FROM pgbench_accounts WH
0.42 |  856.22 | 122161 | 0.01 | INSERT INTO pgbench_history (tid, bid, a
0.04 | 85.63 | 1 | 85.63 | copy pgbench_accounts from stdin
0.02 | 44.11 | 1 | 44.11 | vacuum analyze pgbench_accounts
0.02 | 42.86 | 122161 | ©0.00 | END;
0.02 | 34.08 | 122171 | 0.00 | BEGIN;
0.01 | 22.46 | 1 | 22.46 | alter table pgbench_accounts add primary
(16 cTpok)

Ou nokaseiBaeT 10 3ampocoB ¢ HAUOOMBIIMM CYMMapHbIM BpeMeHeM BbIIOIHe-
HMS, BBIBOIS U [OJII0 BpeMeHU B IpolieHTaX. Kpome Toro, MmMmeeT CMbICI ITOKa3aTh
cpefHee BpeMs BBITIOTHEHUS 3aIIpOCa, YTOObI ObIIO MOHSITHO, NEe/ICTBUTENbHO JIN
OHO OYeHb BeJIMKO.

[TpoiimuTech MO CIMMCKY M HaliJMUTe BCE 3aMpPOChl, CpefHee BpeMst paboThl KOTO-
PBIX KaXKeTCSI CTUUTKOM OOJbIINM.

WwmeliTe B BuIy, uto npocMmatrpuBaTh 1000 3amrpocoB OOGBIYHO 6GeCCMBICIIEHHO.
B 6OMbIIMHCTBE CTy4ae MPUUMHONM BbICOKOI HArpy3ku Ha CUCTEMY SIBJISIIOTCS Tep-
Bble HECKOJIbKO 3aIIpOCOB.

B npumepe Bbiwe 5 B3g1 ToNbko nepeble 40 CMMBOMOB 3anpoca, YTobbl Bblaaya yMecTunach
Ha cTpaHuue. He Hafo Tak Aenatb, eciv Bbl EMUCTBUTENbHO XOTUTE Y3HATb, YTO NPOUCXOAMT.

HarmoMHI0, UTO 10 YMOJIUYaHMIO pg_stat_statements ocTaBiseT TonbKo 1024 Gajita
3ampoca:

test=# SHOW track_activity_query_size;
track_activity_query_size



1024
(1 cTpoka)

[TomymaiiTe 0 TOM, YTOObI YBEIMUYUTDH 3HAUEHME ITOTO IMapaMeTpa, CKaxkeM, 0
16 384. Ecnut kiMeHTaMu SIBJSIIOTCS Java-ITPUIIOKeHNS, HallMCaHHbIE C TIPUMEeHEeH! -
eMm Hibernate, To yBenuueHue track_activity_query_size rapaHTUpyeT, UTO 3ampoc
He 6ymeT o0pe3aH paHbllle, YeM HaUYHeTCsS MHTepeCcHas 4acTb.

51 Xouy BOCITO/Tb30BATHCS CITyUaeM U OObSICHUTD, HACKOIBKO B I€/ICTBUTETLHOCTY
Ba)KHO TIpe[CTaB/IeHMe pg_stat_statements. DTO caMblii MIPOCTOI CIIOCOO BHIIOBUTH
Mpo6IEMBI C TTPOM3BOAUTENIBHOCTDIO. JKypHa/I MeIJIEHHBIX 3aIIPOCOB U PSIIOM He
CTOSI C pg_stat_statements, TOTOMY UTO OH MOKa3bIBA€T TOIBKO OT/I€/IbHbIE MeJIeH-
HbIe 3aITPOChI; M3 HETO MbI He Y3HAeM O MpobjieMax, BbI3BAHHBIX MHOTOUMCIEHHbI-
MM 3alpocaMy CpeHel AIuTenbHOCTU. [I03TOMYy peKOMeHAyI0 BCerna BKIKYATh
9TOT MOAY/b. Hak/TaiHble pacxobl MajIbl ¥ HUMKAK He OTPassITCs Ha 06Ieit mpomns-
BOOVTEIbHOCTU CUCTEMBI.

[To ymomuaumio orciaexxuBaetcs 5000 TUIIOB 3ampocoB. EcaM MpUIOKeHUS He
C/IMIIIKOM 3K30THYeCKye, TO 3TOr0 JOCTATOUHO.

YT06BI COPOCUTH JAHHbBIE, BBIMOTHUTE KOMaH/IY:

test=# SELECT pg_stat_statements_reset();
pg_stat_statements_reset

(1 cTpoka)

C030AHUE ®DAMNIOB XXYPHAJIOB

[To3HaKOMMBIINCH C CUCTEMHBIMM ITPEICTABIEHUSIMY, KOTOPbIe TIpeasiaraeTt Post-
greSQL, MbI MOkeM TIepeiTy K KOHGUTYPUPOBAHMIO ITPOTOKOMMpOoBaHys. [1o cua-
cTbI0, PostgreSQL mpemocTaBiisieT MPOCTOI CIToco6 paboThI ¢ KypHAIAMM U TTIOMO-
raeT MX MPaBWIbHO HACTPOUTD.

BeneHue 5KypHaJ0B BasKHO, IIOCKOJIBKY JaeT MH(pOpMaLuio 06 onmMoKax 1 MOTeH-
LIMadbHBIX IpobieMax B 6ase. Bce Heo6xXomuMble ITapaMeTphl 3aJaloTcst B daiiie
postgresql.conf.

KoHdurypaumnoHHbliit aiin postgresql.conf

B aToMm pasgerne Mbl pacCMOTPUM HambOosee BaskHble pasmenbl (aiima postgresql.
conf, OTHOCSIIIVIECS K TPOTOKOIMPOBAHUIO, U YBUIAUM, KaK UCIIOAb30BaTh MTPOTOKO-
JIMpOBaHue BO 61aro.

Ho cHauasa s1 Xouy cka3aTb HECKOIBKO CJI0B O TPOTOKOAMpoBaHuu B PostgreSQL
Boo6IIe. ITpu pa6ore B cucteme Unix PostgreSQL 1o yMOTYaHUIO MUIIET BCE, UTO
IIO/DKHO TIONaCTh B KypHaJ, B MOTOK stderr. Ho stderr — Hemogxofsinee MecTo JJist
SKYPHAJIOB, ITOCKOJIbKY BbI 00SI3aTE€JIbHO 3aXOTUTE ITOCMOTPETh COMEPsKUMOEe Kyp-
Ha/la B KaKO/i-TO MOMEHT BpeMeHHU. [103TOMy peKOMeHyI0 MPOUUTATh 3Ty IJIaBy
Y HACTPOUTH BCE IO, CBOM HYK/bI.
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OnpedenieHue MeCmMoHAxXoMc0eHUs1 HCYPHAN08 U nopsadKa pomavuu
[TocMOTpPMM, UTO MOKHO 3a/1aTh B (pajise postgresql.conf':

# - Kypa 3anuceliBaTb XypHan -

#log_destination = 'stderr' # [lonycTuMble 3Ha4yeHWs - KOMOMHAaLMK
# stderr, csvlog, syslog u eventlog
# B 33BMCMMOCTW OT nnatdopmbl. [ns csvlog
# Heobxoanmo BKAWYMTL logging_collector.

# 370 WCMoNb3yeTCcA npu MPOTOKOAMPOBaHMM HA stderr:
#logging_collector = off # Pa3peuwnTb nepeHanpaeneHne stderr
# n csvlog B dannbl xypHanoB. [lonxeH ObiTb paBeH
# on ans csvlog.
# (Mocne n3meHeHua HeobxoauMa nepesarpyska.)

[TepBbIii KOHGUTYPAIIMOHHBIN TTapaMeTp OIpeensieT, Kak 06pabaThIBaTh Xyp-
Hai. [To ymonuaHumio Bce 3amucbiBaeTcs B stderr (B Unix). B Windows mecTom Ha3zHa-
YeHMSI TI0 YMOJTYAHUIO SIBJISIETCS SKypHas COObITHI eventlog. MOSKHO Takke yKa3aThb
csvlog mim syslog.

Eciu BbI XOTUTE, UTOOBI PostgreSQL mucasa skypHas B (aitibl, TO OCTaBbTe stderr
" BKITIOUMTE COOpIIMK coobmenmii (logging collector). Torma PostgreSQL 6ymeT co3-
IaBaThb (aitibl SKypHasIoB.

BO3HMKAET BOIPOC: KaK OYIyT Ha3bIBAThCSI 3TU (DaiiJIbL, U Tie OHM OYIYT XPaHUTh-
cs1? B postgresql.conf Ha Hero ecTh OTBET:

# Wcnonb3ywTca, Toabko ecan logging_collector paseH on:
#log_directory = 'pg_log'

# B Kakoi KaTanor 3anucbiBaTb Ganbl XypHasnoBs,

# nNyTb MOXeT ObiTb AbGCONNTHLIM WMAN OTHOCUTENbHO PGDATA
#log_filename = 'postgresql-%Y-%m-%d_%H%M%S.log'

# wabnoH vMeHn Ganna xypHana

# MOXeT BK/JWYaTb cneuudukaTopsl, KoTopble noHumaet strftime()

[TapameTp log_directory cooGIIaeT cuUcTeMe, IIe XPaHUTh KypPHAJIbl. YKasbIBast
abCOITIOTHBII ITyTh, BbI 3a/IaeTe KaTaior IBHO. Ecyti BbI mpeimounTaeTe, YTOOBI Kyp-
HaJIbl XPaHWINCh BMecTe C JaHHbIMM PostgreSQL, yKa>kuTe OTHOCUTENIBbHBIN MTYTh.
[TpeMmy1IeCTBO TAKOTO pelieHs — B TOM, YTO KaTalor JaHHBIX CTAHOBUTCS aBTO-
HOMHBIM U MOXKET IlepeMelaThCs Kak eIuHoe 1eoe.

Ha cnepyroiem 1iare Mbl onpefesieM, Kak JO/DKHBI BBIMVISIAETh MMeHa KypHa-
J10B. PostgreSQL 10o3Bo/IeT UCIIOIb30BaTh BCe CIenUbUKaATOPhl, KOTOPbIe TTOHM-
MaeT 6ubmmoTeuHass GQyHKIuMs strftime. UTOOBI BbI JIyullle MMOHMMAaIN, HACKOIBKO
I'MOOK 3TOT MeXaHU3M, S TIOCUYNTAI, UTO Ha Moeit TuiaTdopme strftime mommepsku-

! B peanbHOM (aitsie TeKCTbI COOBIIeHNMT HAMCaHbI [T0-aHITIMICKI. 3[1eCh OHU TIepeBe/leHbl

IJIs1 yIoOCTBa umTatesneii. — [Tpum. nepes.
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BaeT 43 (!) cienudukaTopa aJis 3amaHus uMeHu ¢daityia. Bo3MOKHO Bce, YTO 0OBIYHO
IIPUMEHSIeTCSI.

OnpepenuBIINACh C UMeHaMM (DaiijioB, CTOUT 3aAyMaThCcst 00 ouKcTKe. [IJis 3TOTO
[peJiararTcs Takue rnapamMmeTphl:
#log_truncate_on_rotation = off
#log_rotation_age = 1d
#log_rotation_size = 10MB

I[To ymomuanuio PostgreSQL muieT B OOMH U TOT ke daiil, TOKa OH He OKayKeT-
cs crapue 1 gHg win ero pasmep He npesbicuT 10 MB. JlononHuTenbHbIN Hapa-
MeTp log_truncate_on_rotation mo3BossieT 3aaTh, HY>KHO JIM JONMCHIBATh B KOHeI],
CYIIeCTBYIOILErO XypHasa Uy HeT. VIHOTAA 3aaeTcsl UMKINYecKasl CxemMa MMeHO-
BaHMS XypHasloB. [lapameTrp log_truncate_on_rotation TOBOpPUT, YTO AeNaTh, €C/IN
(aiin yke CylecTByeT: Tiepe3anycbiBaTh WM JOMMCHIBATh B KOHel. Ho eciu BbI-
6paHa cxemMa MMeHOBaHMSI TI0 YMOTUYaHIIO, TO TAKOTO TOUHO He MPOU30IeT.

OpvH 13 crmoco60B HACTPOUTH aBTOPOTALIMI0 — MCIIONB30BAaTh IIAOIOH BMUOA
postgresql_%a.log B coueTaHUM C rapaMeTpoM log_truncate_on_rotation = on. Crie-
nuduKaTop %a 03HAUYaAET, YTO B UMeHU Qaiiia 6yneT GUrypupoBaTh AeHb HEHEIN.
Torga uMs 6yIeT ITOBTOPSITHCS Yepes3 Kakable ceMb ITHEN, T. e. aiia 6ymeT XpaHUTh-
Cs1 Heflellio, a 3aTeM Iepe3anucbiBaThes. B aTom ciyuae pasmepa daitina 10 MB mo-
SKeT OKa3aTbCsl HeJJOCTATOUHO. BbITh MOKET, CTOMT BOOOIIe OTMEHUTD OTpaHNIeHVe
Ha pasmep.

Hacmpoiika syslog

HexkoTopble npeAnoynTaioT N1caTh KypHasbl B syslog. PostgreSQL nipenyiaraer ajist
9TOTO CIeAylonye KOHOUIrypaloHHbIe TapaMeTphl:

# Wcnonb3ywTca npu 3anucu XypHanos B syslog:

#syslog_facility = 'LOCALO'

#syslog_ident = 'postgres'

#syslog_sequence_numbers = on

#syslog_split_messages = on

3amuch B syslog MOMb3YeTCS TIOMYISIPHOCTBIO Y CUCTEMHBIX aAMWHUCTPATOPOB.
HacTtpouTtb ee nipocto. HyskHO b 3aaaTh cryskoy (facility) u mmentudmkarop.

Ipomoxonupoeanue med1eHHbIX 3aNPOCO8
JKypHasl MOSKHO MCITO/Ib30BaTh TakKe IJIs MOHUTOPMHTA OTHEIbHbIX MeIJIEHHBIX
3aIpocoB. B crapble moOGpbIe BpeMeHa 3TO ObUT e1Ba JI He eIVHCTBEHHbI CII0co0
OTIpenessiTh MIPUUMHBI IIPOOJIEM C TPOMU3BOAUTEIBHOCTDIO.

Kak sro paboraet? B (aiine postgresql.conf umeercs mapamerp log_min_dura-
tion_statement. Ecyiu ero sHaueHme 60sbliie HyJ/IsI, TO BCe 3aIIPOCHI, BBITIOIHSBIINECS
IOJIbIIIE, 3aTTMChIBAIOTCS B SKYPHAJI:

# log_min_duration_statement = -1

MHorue CMOTPAT Ha JKypHa/I MEOJIEHHBIX 3aIlIPOCOB KdK Ha MCTOYHUK BBICIIIET
MYOpPOCTMH. Ho s 661 XOTEN nmpenocrepeynb ITpOTUB 3TOTO. EcTb MHOI'O MeJlJIeHHbBIX 3a-
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MIPOCOB, MOXKMUPAIOLUIMX PeCypChl IIPolieccopa: MOCTPOeHre UHAEKCOB, IKCIIOPT JaH-
HBIX, aHAJIUTUYECKYE 3aMPOChI U T. 1.

Takue 3a1mpochl He SIBASIOTCS HEOXKUAAHHBIMM, M BO MHOTUX CIydasx BOBCe He
OHU — KOpeHb 371a. YacTo BUHOBHMKM — 60j1ee KOPOTKME 3aIIPOChl, KOTOPbIX, OTHAKO,
oueHb MHOTO. Haripumep, 1000 3ampocos 1o 500 Mc xyske ABYX 3aIpocoB 1o 5 c. [To-
9TOMY BO MHOTUX CJTy4asx SKypHaJI MeIJIEHHbBIX 3aIIPOCOB TOJILKO COMBAET C TOJKY.

U Bce ke OH He COBCeM Oecrione3eH, MPOCTO HA/IO0 OTHOCUTBCS K HEMY Kak K Off-
HOMY 13 UCTOYHUKOB MHMOpMAINK, He eIMHCTBEHHOMY.

Umo u Kak npomoxoaupoeamow
WTak, ¢ 6a30BbIMM HACTPOITKAMM MbI TO3HAKOMMUJIUCD, TEIIEPh HACTAIO BpeMsI pe-
IINTh, YTO ITPOTOKOIMPOBATE. II0 YMOIUAHNUIO TPOTOKOIMPYIOTCS TOIBKO OMIMOKIA.
Ho aTOr0 MoxxeT oka3aTbCsl HeJOCTATOYHO. B 3TOM pasfesnie Mbl y3HaeM, YTO MOKHO
MIPOTOKOIMPOBATH U KaK OYAET BBIIVISIAETh CTPOKA JKypHAaIa.

ITo ymonmuanuio PostgreSQL He MUIIET B KypHAI MHPOPMAIMIO O KOHTPOJIbHBIX
TouKax. C/ie[yIolIuii mapaMeTp MO3BOIUT U3MEHUTD 3Ty CUTYaLIUIO:

#log_checkpoints = off

To >ke caMoe OTHOCUTCS K MOAKIoueHusIM ; PostgreSQL MoXkeT mpOTOKOAMPOBATh
Bce (aKThl YCTAHOBJIEHUS Y pa3pbIBa COEAVHEHMS !

#log_connections = off
#log_disconnections = off

B GONBIIMHCTBE CJTyvyaeB MPOTOKOIMPOBATH MTOAK/IIOUEHMS He IMeeT CMbICIIA, IT0-
TOMY UTO 9TO 3aMelisieT paboTy cucTeMbl. K aHaTMTUUeCKMM CUCTeMaM 3TO OTHO-
CUTCSI B MeHbIeit Mepe, Ho OLTP-cucTeMbl MOTYT CEpbe3HO ITOCTPAAATh.

Eciu BbI XOTUTE 3HATh, CKOJIBKO BPEMEHM BBIIIOJHSIIMCh KOMaHIbl, TO MOXeTe
BKJIIOUMTD CJIeYIOIINIT TTapameTp:

#log_duration = off

[TepeiimeM K OMHOMY 13 CAMbIX BasKHBIX ITapaMeTpOB. IToKa UTO MblI ellle He 3a7a-
s hopMaT COOOLIeHNH, TaK YTO MHGOPMAaLMs 00 oubKe 6yaeT MMeThb TaKoi BUT :

test=# SELECT 1 / 0;
OLWWBKA: peneHvne Ha Honb

B skypHaJ1 monaayT cj10BO OWWBKA 11 coobieHme 06 omubke. [1o Bepcuu PostgreSQL
10.0 He GbUIO HM BpPEMEHHOV METKM, HYM MMEHMU I10JIb30BaTelIss — BOOOIe HUUEro.
YT006bI B KypHaIax 6bUT XOTh KAKO-TO CMBIC/, (GOPMAaT HY>KHO OBIJIO Cpa3y Ke U3-
MeHNUTh. B PostgreSQL 10.0 3HaueHMe M0 YMOJIYAHMIO CTAIO 60jiee pa3yMHbBIM, OHO
onpepessercs napametrpom log_line_prefix:

#log_line_prefix = '%m [%p] '
# CneumanbHble 3HAYEHWA:

# %a = VMA NpUAOXeHnA

# %u = uMa nosb3oBaTens

# %d = vmMa 6a3bl AaHHbIX
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%r = YA3NEeHHbli cepep M NopT

%h = ynaneHHbiii cepsep

%P = WAEHTMOMKATOP npoLecca

%t = BpemeHHan MeTKa 6e3 MUANNCEeKYHA

%M = BPEMEHHAA MeTKa C MWIINCEKYHAaMM

%N = BpPEMEHHas MeTKa C MuiMcekyHaamm (kak B Unix)
%1 = Ter kKomaHzbl

%e = cocTosaHmne SQL

%C = WAEHTMOMKATOP CeaHca

%L = HOMEp CTPOKW CeaHca

%S = BPEMEHHanA MeTKa Hayana CeaHca

%V = MAEHTUOMKATOP BMPTYasbHOW TPaH3aKuMM

%X = naeHTudmukaTop TpaHsakumm (0, ecam oTCcyTCTBYeT)
%Qq = HUYero He BLIBOAMT. Henosnb3oBaTeNbCKMe MPOLECCH OCT3H3BAMBAKNTCA B 3TOW TOuKe
%% = "%

BRSSO E SE SE E  E  E L

[TapameTtp log_line_prefix IO3BOJIIET HACTPOUTH (GOPMAT CTPOKU IOJ, KOHKPET-
Hble ITOTPe6HOCTH. B 0611eM cryuae jydiiie BKIOYATh BpeMEHHYI0 METKY, MHaue 6y-
JleT TIOUTY HEeBO3MOXKHO Y3HaTh, KOTAA MPOM30IIIa HENPUSITHOCTD. JIMYHO § 1pef -
MTOYMTAIO0 TAKKe BKITIOUATh MIMSI IT0JIb30BATEIST, MAEHTU(GUKATOP TPAH3aAKIUM U UM
6a3bl TaHHBIX. BripoueM, BaM pelraTh, YTO MMEHHO BaM HYKHO.

MHorma MeIIMTeTbHOCTb BbI3BaHa HEMPaBMIbHBIM yIIpaBIeHeM GIOKMPOBKaA-
mu. Korma monmb3oBaTenyn 6JI0KUPYIOT APYT Opyra, OKMIATb BBICOKOI IMPOM3BOAM-
TEIbHOCTY He TMTPUXOAUTCS, TaKue Mpob61eMbl He06X0AMO pelaTh. BoobIie roBops,
BBISIBJISITD TTPOGJIEMbBI, CBSI3aHHbIE C GIOKMPOBKO, TPYmAHO. [IOMOYL B 9TOM MOXKET
napameTp log_lock_waits. Ecim 6710KMpOBKa yaepskKUBaeT HOJbIlle, YeM BeJIUYMHA
deadlock_timeout, TO B SKypHa/I 3alMMCBIBAETCS COOOIIEHME, TIPU YCIOBUM UTO STOT
rapaMeTp BKJIIOUEH:

#log_lock_waits = off

Hakownern, Hy>kHO cka3aTb PostgreSQL, yTo mpoTOKOAMpPOBaTh. JJ0 CuxX Mop pedb
IIJIa 0 MeJJIeHHBIX 3aIlpocax, omubkax u T. 1. Ho mapaMetp log_statement MoskeT
NIPUHMMATh YeTbIPe 3HAUEHMSI:

#log_statement = 'none'
# none, ddl, mod, all

3HayeHMe none 03HAYAET, YTO MTPOTOKOIUPYIOTCS TOMBKO OLINMOKM, dd1 — UTO mpo-
TOKOMUPYIOTCS Taxke DDL-komaHAabl (CREATE TABLE, ALTER TABLE u T. A.), mod — 4TO
BKJIIOUAIOTCS TakkKe KOMaH[Ibl MU3MEeHeHMs JaHHbIX, a all — UYTO B XypHaJs 3aIluChl-
BAIOTCS BCe KOMAaH/[bI.

O MmeiiTe B BUAY, 4TO B pexkuMe all MOXKET BbIBOAUTLCS O4EHb MHOTO MH(OPMaLMK, 3aMeaiss
paboTy cucteMbl. YT06bl faTh NpeacTaBneHne o Macwtabe npobnembl, s HaNUcan B CBOEM
6n10re cTaTblo, C KOTOPOI MOXHO 03HAKOMMTBLCS No agpecy https://www.cybertec-postgresql.
com/en/logging-the-hidden-speedbrakes/.

Eciu BbI XOTHUTE TIONy4YaTh OoJiee JeTaqbHy0 MH(DOPMALUIO O PeTIMKAIINA, TO
BKJTIOUMTE CIeOYIONINi TapamMeTp:


https://www.cybertec-postgresql.com/en/logging-the-hidden-speedbrakes/
https://www.cybertec-postgresql.com/en/logging-the-hidden-speedbrakes/
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#log_replication_commands = off

ITogpoGHee cM. pasmen moKyMeHTaluu https://www.postgresql.org/docs/current/
static/protocol-replication.html'.

II0BOJIBHO YaCTO CHMKEHME TPOMU3BOAUTEIbHOCTY BbI3BAHO BBOA,OM-BBIBOZ,O0M BO
BpeMeHHbIe (aiiybl. UTOOBI TTOHSITh, KaKye 3aIIPOChl BbI3HIBAIOT ITPOGIEMbI, MOKHO
3a[1aTh CIeAymwllye rapaMmeTpsl:

#log_temp_files = -1
# MpPOTOKONIMPOBATb BPeEMEHHblE (alibi, pa3Mep KOTOPbIX

# B KunobaiTax 6osbwe WM paBeH 33A3HHON BENNYMHE.
# -1 OTKAWYNTb, O NPOTOKONMPOBATb BCE BPEMEHHble daribl

Ecnu pg_stat_statements comepskuT arpernpoBaHHy0 nHboOpManuio, To log_temp_
files paspemnaeT MPOTOKOIMPOBAaHME KOHKPETHBIX 3alIPOCOB, BbI3HIBAIOIIMX ITPOO-
smembl. OGBIYHO MMeeT CMBICI 3aaBaTh He CIMIIKOM OobIlIoe 3HaueHue. Kakoe
MIMEHHO, 3aBMCUT OT paboueil Harpy3Ku, HO HauaTh BIIOJIHE MOXHO ¢ 4 MB.

[To ymonuauuto PostgreSQL 3anmchiBaeT XypHaJIbl B IOSICHOM BpeMeHHU cepBepa.
Ho ecnu cucrema pacmpeneneHa o BceMmy MUpY, TO 6yeT pa3yMHO CKOPPEKTUPO-
BaTh YaCOBOIA MOSIC, TAK YTOOBI MOSKHO OBIJIO CPAaBHUBATD 3aIMCH B SKypHaJIax:

log_timezone = 'Europe/Vienna'

MmeiiTe B Bumy, uTo SQL-KOMaHIbI ITO-TIPEXKHEMY OYIyT BUAETD JIOKAJIbHOE I10-
sicHoe BpeMmsi. Ho ecsin aTOT mapaMeTp 3a7ilaH, TO BpeMeHHble MeTKM B 3aMMCSIX XKyp-
HaJIOB OYIYT OTHOCUTBCS K IPYTOMY YacCOBOMY ITOSICY.

PEe3ioME

Ora raBa 6bUIa MOCBSIIEHA CTATUCTUKE CUCTEMbI. Mbl HAyUYMIUCh TTOMYYaTh MH-
dopmanuio or PostgreSQL 1 y3Ha/mM, KaK MCIIOJb30BaTh CTATUCTUKY C TIOJb3OJA.
BbuM meTaabHO pacCMOTpPeHbI Haubosee BaskKHbIe MTPeCTaBIeHN s.

B m1aBe 6 MbI 6yz1eM rOBOPUTH 06 OITMMM3AIMM 3aITPOCOB. MbI y3HAaeM, KaK aHa-
JIU3UPOBATD 3aTIPOCHI ¥ JOOMBATHCS UX ONTUMAIbHOCTM.

Bonrochl

Kak u B OPYTUX IM1aBaxX, OTBETMM Ha KJ/IIOU€BbI€ BOIIPOCHI, CBSA3aHHbIE C TOJIBKO YTO
M3JI0OJKEHHbIM MaTepnaioM.

Kaxkoro poga cratuctuky co6upaet PostgreSQL Bo Bpemst paGoThI?

PasHoo6pasHyo. [To7HbI 0630p MOKHO HAWTV B OQUIIMATbHOI JOKYMEHTALIUY 110
agpecy https://www.postgresql.org/docs/11/static/monitoring-stats.html®.

Ha pycckom si3bike https://postgrespro.ru/docs/postgresql/11/protocol-replication. — IIpum.
nepes.
Ha pycckom s3bike https://postgrespro.ru/docs/postgresql/11/monitoring-stats. — Ilpum.
nepes.


https://www.postgresql.org/docs/current/static/protocol-replication.html
https://www.postgresql.org/docs/current/static/protocol-replication.html
https://www.postgresql.org/docs/11/static/monitoring-stats.html
https://postgrespro.ru/docs/postgresgl/11/protocol-replication
https://postgrespro.ru/docs/postgresql/11/monitoring-stats
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Kak j1erko BbISIBUTH l'[pOﬁJIEMbI, CBsA3aHHBbIE C HpOM3BO,E[MTeJIbHOCTb]O?

EcTb pasHble crioco6bl. OgMH 13 HUX — BOCIIOIb30BAThCS MTPEACTaBIeHIEM pg_stat_
statements. JIpyroi — mpu6GerHyTh K auto_explain My ITPOCTO K CTAaHAAPTHBIM KypHa-
nam PostgreSQL. Kakoit meTop ayyiile, 3aBUCUT OT Balllnx MOTpeGHOCTel. B cTaThe
o axapecy https://www.cybertec-postgresql.com/en/3-ways-to-detect-slowqueries-in-
postgresql/ omycaHo, Kak MOAYYMUTh TAKOTO poa MH(MOPMAIIMIO OT CUCTEMBI.

Kak PostgreSQL s3amucbiBaeT (aiiyibl SKypHaI0B?

B PostgreSQL ecTb HECKOJIBKO CITOCOO0B CO3aHMs XKypHanoB. CaMblii pacpocTpa-
HEHHbIN — 06bIUHbIE TEKCTOBbIE (aiiabl. HO MOKHO TaKsKe MCIIOIb30BaTh syslog mian
skypHaut cooeiTuii B Windows (eventlog).

OxasbIBaeT iu IIPOTOKOJIMPOBaAHME BIINSTHME HA HpOI/ISBOIH/ITeJIbHOCTb?

B ob6mem, ga. Eciu cepBep BBITIOMHSIET MHOTO HEOOTBINX 3aIIPOCOB U 3aIMChIBAET
MWITMOHBI CTPOK B JKypHAJI, TO IIPOM3BOAUTEIBHOCTb MOKET ITOCTPAIATh.


https://www.cybertec-postgresql.com/en/3-ways-to-detect-slowqueries-in-postgresql/
https://www.cybertec-postgresql.com/en/3-ways-to-detect-slowqueries-in-postgresql/

lnaBa

OnTuMusauua 3anpocos
ANS LOCTUXKEHUS
MaKCUMMaJIbHOM
NPOU3BOAUTENIbHOCTH

B m1aBe 5 MbI y3Ha/IM O TOM, KaK HOMYYUTh CTATUCTUKY CHMCTEMBI ¥ BOCITOIb30BaThCS
eii. BOOpy>kKMBIIMCh STVMMM 3HAHMUSIMM, MbI IIOTOBOPUM O TOM, KaK JOOUTbHCS BbICO-
KOJi MPOM3BOAUTENIBLHOCTH 3aIIPOCOB. ByIyT pacCMOTpEHBI CJIeAYIo/ie BOIIPOCHL:
BHYTpPEHHEe YCTPOJCTBO ONTUMM3aTOPa;

IJIaHbI BbITIOJIHEHMS ;

CEeKLMOHUPOBaHMe NaHHbIX;

BKJ/IIOUEHVE U BBIK/IIOUEeHME [TapaMeTpPOB ONTUMMU3aTOPa;

rmapaMeTpbl, 06eCITeurBaoInye BbICOKYIO TPOM3BOIUTEIHHOCTD;
pacriapauie/iMBaHue 3apoCcoB;

JIT-KOMITUISILIVASI.

[TpounTaB 3Ty IVIaBy, Bbl CMOXKETE MMCATh Oojiee KaueCTBEHHbIE U OBICTPhIE 3a-
IIPOCHI. A eC/iu 3aIpoC HEAOCTATOYHO XOPOIIl, TO Bbl CMOXKETE IOHSTh, B UeM [eJ10.
BbI Takoke cMOXKeTe MPUMEHUTDb BHOBD ITOJTlyU€HHbIE 3HAaHUS K CEKLUMOHMPOBAHMUIO
IaHHbIX.

(ONONCNORONONE)

Y10 AENAET ONTUMU3ATOP

O npou3BOAUTENBHOCTM HE CTOUT Jlaske AyMaThb, He TTOHSB, YeM 3aHMMAaeTCsl OTITH-
MM3aTOP 3aMPOCOB. YIIIYOUTHCSI BO BHYTPEHHEE YCTPOVICTBO MMEET CMBICI XOTST ObI
3aTeM, YTOOBI YICHUTD, IJIs1 Yero IpegHa3sHaueHa 6a3a JaHHbBIX ¥ KaK OHA JOCTUTAEeT
CBOMX LIeJIe.
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OnTumMusauma Ha npumepe

YT06BI MPOIEMOHCTPUPOBATH, KaK paboTaeT ONMTUMM3ATOD, S TIOATOTOBWI IIPUMED.
OH Bepoi1 1 MMpaBIo¥i CIYKWJI MHE MHOTMe Tonbl 1151 0oyyenust PostgreSQL. ITycTb
MMEIOTCS CJIeyIoNe TPY TabIUIIbI:

CREATE TABLE a (aid int, ...); -- 100 MMANNOHOB CTpOK

CREATE TABLE b (bid int, ...); -- 200 MMAAMOHOB CTPOK
CREATE TABLE ¢ (cid int, ...); -- 300 MMAAMOHOB CTPOK

W rIpenoaosKuM, YTO OHM COIePsKaT MUJIJIMOHBI, @ TO ¥ COTHY MUJUIMOHOB CTPOK.
Hapg HMMM ITOCTPOEHBI MHIEKChI:
CREATE INDEX idx_a ON a (aid);

CREATE INDEX idx_b ON b (bid);
CREATE INDEX idx_c ON ¢ (cid);

V1 HaKOHell, MMeeTCsI IIpeiCTaB/IeHl e, COeIMHSIIoIIee IBe TabIMIIbl:

CREATE VIEW v AS SELECT *
FROM a, b
WHERE aid = bid;

Tenepb MMpeaIrojIoKmMMm, UTO I10JIb30BATE/Ib XOUET BBITIOJTHUTD TaKoMi 3arrpoc:

SELECT *
FROM v, c
WHERE v.aid = c.cid AND cid = 4;

Kak noctynut ontumusarop? Kakue BapuaHThI €CTh Y IIJIAHMPOBIIMKA?

OueHKka eapuaHinoe coeduHeHus
V MJIaHUPOBIIMKA €CTh HECKOJIBKO BaPMAHTOB, IOITOMY pa3bepeMcst, YTO IIOXOTO
MOKET CJTYUUTDCSI, €CIY BBIOPATh TPUBUATIbHBIN ITOAXO.

[TpeAmnonoxxumM, UTO TUTAHMPOBIIVK pENIaeT O4YepTs TOJIOBY OPOCKUTBCS BIlepen
U BBIYMCIUTD Pe3ynbTaT npeacraBiaennsi. Kak myurie Bcero coenyanTb 100 1 200 MmH
CTPOK?

B aTOM paspmene mMbl pacCMOTPUM HEKOTOpbIe (He BCe) BapMaHThl COeqUHEeHUS
U ITIOKaXkeM, UTO ymeeT fenatb PostgreSQL.

Bi1o>keHHBIE IVIKJIBI

BiioskeHHBIE IMKITBI — OAVH M3 CIIOCOO0B COeIMHEHMS IBYX TabuIl. I[IpMHIINAII ITpoC-
TOV U OIIMCHIBAETCS CJIEMYIOIIVM IICEBIOKOAOM:

for x in tablel:
for y in table2:
if x.field == y.field
BbIBECTU CTPOKY
else
NPOAOAXMTb

BiioskeHHbIE IIVK/IBI YACTO IMPUMEHSIIOTCS, KOT/Ia OIHA U3 COeIVHSIEeMbIX TaOJINII
oueHb MaJjia. B HallieM mpumepe MpUILIOCh 6bI BRIMOAHNUTH 100 MyTH x 200 MJIH UTe-
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paiuit. OUeBMAHO, UTO 3TO HUKYIA He TOAUTCS, IIOTOMY UTO BpeMs paboThl OKasa-
JIOCh OBbI TUTAHTCKMM.

B o6mem cryyae BpeMeHHas CJIOKHOCTb BJIOKEHHOTO IMKIa paBHa O(n), Tak
YTO paCcCUMUTHIBATH HA 3P(HEKTUBHOCTH MOKHO, TOJILKO €C/IM OHA 13 TablIul] OY4eHb
maJia. IIoCKO/IbKY B JaHHOM IIpMMepe 9TO He TaK, pacCMaTpMBaTh STOT BAPUAHT BbI-
YMCIeHNS COeIMHeHMS He MMeeT CMbICIIA.

CoenyHeHMe XelIVPOBaHVEM

Bropoit BapMaHT — coenVHeHMe XellnMpoBaHMeM. [JisI pelieHMs] Halleil MeJIKO
Mpo6IeMbI MOKHO MTPUMEHUTD CIEAYIOIIYIO CTPATETHIO:

COE,L'II/IHeHVIE XewnpoBaHnem

MocnefoBaTesibHbIi NPocMoTp Tabauusl 1
MocnenoBaTeNbHbIA NPOCMOTP Tabiuupl 2

O6e TabmMITbI MOKHO XEIIMPOBATh, ITOC/IE Yero CPaBHUTD KITIOUM U TTOTYUUTh pe-
3y/IbTaT coequHeHys. [Ipo6iemMa B TOM, UTO XeII-KOZbI BCEX 3HAUEHUIT HYKHO THe-
TO XPaHUTb.

CoegyHeHue CIIVSIHUEM

Haxkonen, CymeCTByeT CoeaMHeHMe CIMSIHMEM. Upesa B ToMm, YTOOBI UCIOIB30BAThH
OTCOPTUPOBAHHLbIE CITUCKN. Ecmm o6e TaGJ'H/IleI OTCOPTUPOBAHLI, TO CMCTE€MA MOJKET
CpaBHMBATDL CTPOKM, ITIOCZIEAOBATE/JIbHO IMPOABUIasiChb OT Havayila CIIMCKOB K KOHILY,
M BO3BpallaThb Te, A1 KOTOPbIX K04 COBIIA/IN. Hwxe IIpUBeOeH IIVIaH:

CoeanHeHNe CANSHUEM
OtcopTtupoBaTb Tabauuy 1
MocnepoBaTesbHbIi MPocMOTp Tabauusl 1
OTcopTnpoBaTh Tabauuy 2
MocnefoBaTeNbHLI MPOCMOTP Tabanupl 2

qTO6bICOEHMHMTbﬂBeTaﬁﬂMuH,ﬂaHHbﬁfHYXGH)HpeﬂCTaBMTbISOTCOpTMpOBaH-
HOM Byie. B 60/bIIMHCTBE caryuaeB PostgreSQL mpocTo copTupyeT ganHbie. Ho ectb
anyrmeCHOC06H(DenMHeHMHOTCOpTMpOBaHHbD(ﬂaHHMX,HaHpMMepBocnonbso-
BaTbCA MHOEKCOM:
CoeanHeHne CansiHueM

MpocMoTp Tabanupl 1 no MHAeKCy
MpocMoTp Tabsmupl 2 No MHAEKCY

Ha onmHOi#t My Ha 06euX CTOPOHAX COeIMHEHNS] MOKHO BOCIIOb30BaThCsl TEM
(akToM, UTO TaHHbBIE 6bUTM OTCOPTUPOBAHBI HA OOJIee HU3KUX YPOBHSIX TIaHA BbI-
MOJTHEH M 3arpoca. Eciv mpon3BOIUTCS JOCTYIT K 6a30B0OIi TAGIUIE, TO OUEBUIHBII
CII0C006 — B3ATh MMOCTPOEHHbIN HAl Heil MHAEKC, HO TOJIbKO €C/TM BbIGOPKA CYIIECT-
BEHHO MEHbIIIEe BCei Ta6MUIIbI. B MPOTUBHOM CiTyuae Mbl YBETMUMM HaK/IaJHbIE pac-
XO[IbI UYTh JIM HE B IBA pa3a, T. K. AO/KHBI OyZeM CHauaja MpOYnUTaTh BeCh MHIIEKC,
a MoToM BCI0 Tabiuiy. Eciiv BhIGOpPKA COCTABIISIET 3HAYUTENIBHYIO YaCTh TaGINIIBI,
TO TIOC/IEI0BATENbHBIN TPOCMOTP 3 deKTUBHEE, OCOOEHHO €C/TU TOCTYI TTPOU3BO-
IUTCS B TTOPSIIKE MTEPBUYHOTO KITI0Ya.
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[l1oc coefyHEeHMS CIMSIHMEM B TOM, UTO TaK MOXKHO 06paboTaTh 60JIbliie 00b-
€Mbl TaHHBIX. A MMHYC — B TOM, YTO JJaHHbIE JO/DKHbBI ObITh B KAKOi-TO MOMEHT OT-
COPTUPOBAHbBI WJIU B3SITHI U3 MHAEKCA.

BpemMmeHHAS CIOKHOCTH COPTUPOBKYM cocTasisieT O(n * log(n)). [ToaToMy mepcrex-
TuBa cOpTUPOBKM 300 MJIH CTPOK He BbI3bIBAET SHTY3Ma3Ma.

B Bepcuun PostgreSQL 10.0 Bce BblwenepeyncneHHble Cnocobbl coeguHeHns LOCTYMHbI
W B MapannenbHbIX BapuMaHTax. [03TOMy ONTMMM3ATOP pacCMaTpUBAET He TOIbKO CTaHAApT-
Hble CNocobbl COEANHEHMS, HO U peLlaeT, UMEeeT IM CMbIC/ pacnapannienneaTth BbiNOAHEHWE
3anpoca.

IMpumeneHnue npeobpasosaHuli

ITOHSTHO, UTO OUYEBUAHOE pellleHNue (CHavaja BBIUMCINTH IpeacTaBiieHyue) 6ec-
MepCIeKTUBHO. BpeMsl BBITIOJTHEHMS BJIOKEHHBIX LIMKIOB HEBOOGPA3MMO BEJIMKO.
Iy coeqyHEeHMST XeIIMPOBaHMEM HYKHO XelpoBaTh 300 MIIH CTPOK, a /It COeu-
HEHUST CIUSTHUEM — OTCOPTMPOBATDh 3TU MUJUIMOHBI CTPOK. Bce Tpu BapmaHTa Hac
He yCTpauBaloT. BbIXom — jiormuecku mpeobpa3oBaTh 3ampoc, caeiaB ero 6uicTpee.
B sTOM pasmesnie Mbl y3HaeM, KakK TUIAHMPOBIIMK MOKET YCKOPUTH 3aIipoc. BhImos-
HsIeTCS IBa Iara.

BcTpanBaHue nipeacTaBieHUs
CHauvaJia OIITYMM3aTOp BCTPAMBAeT MPeICTaBIeHMs. BOT UTO MPOMCXOANT:
SELECT *

FROM

(
SELECT *

FROM a, b
WHERE aild = bid
) AS v, C
WHERE v.aid = c.cid AND cid = 4;

[IpencraBieHne BCTPOEHO U Hp906p8.30BaH0 B ofsanpoc. 1 4to sTo HaMm naet?

Camo 110 ce6e Huuero. Ho OTKpbIBaeT ABEPh IJIsI Ja/IbHeIIei OnTUMU3aLun, KOTo-
pasi B JTaHHOM CJTyJae CTaHeT pelraionieii.

PacnpaBiienne nmoasamnpoca
Crnemyoriuii mrar — «pacripauTh» (flatten) moasarpoc, T. e. BKIIOYUTH €0 B IVIaB-
HBIi1 3ampoc. biaromapst n36aBIeHNIO OT TIOA3aIPOCOB OTKPhIBAIOTCS TOIOTHUTEITb-
HbIe BO3MOKHOCTY OITUMM3ALINAMN.

BOT KaK BBIMISIAMT HAIIl 3aIIPOC IOC/Ie paciipaB/IeHMs [T013aIpoca:

SELECT * FROM a, b, ¢ WHERE a.aid = c.cid AND aid = bid AND cid = 4;
DTO 0OBIYHOE COeHEeHMe.

6 Mbl Mornu 6bl nepenucatb 3ToT SQL-KoA CaMOCTOATENbHO, HO MAAHMPOBLLMK B 060M Cyyae
BbINONMHSAET Takue npeobpasoBaHus. M Tenepb MOXHO MPOM3BECTU AANbHEALIYIO ONTUMM-
3auMmio.
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IpumeneHnue oepanuyeHuii 6 sude paseHcmea

Ianee co3marTCs OrpaHMYEeHNMs B BUle paBeHCTBA. Mmes B TOM, YTOObI BBISIBUTH
IOTIOJTHUTEIbHbIE OTPaHUYEHMSI, YCIOBUS cOenViHeHUS 1 GuabTpbl. Cenaem rimy6o-
KUit BOOX M paCCMOTPUM CJIefylollee paccyxxaeHune: eciu aid = cid u aid = bid, To bid
= cid. Ecim cid = 4 v ocTasbHbIe paBeHCTBA CIIpaBednBbI, TO aid 1 bid TOKe MOJIKHBI
OBITb PABHBI 4, YTO IPUBOAUT K CJIEAYIOLIEMY 3aIIPOCY:

SELECT *

FROM a, b, c

WHERE a.aild = c.cid
AND aid = bid
AND cid = 4
AND bid = cid
AND aid = 4
AND bid = 4

BaskHOCTB 3TOV ONTMMM3ALMM HEBO3MOXHO ITepeoleHNUTh. [ITaHupOBIIMK Aas
BO3MOYXKHOCTb MCIIOJ/Ib30BaTh IBA TOTOJIHUTEIbHBIX MHIEKCA — B ICXOTHOM 3aIIpoce
Takasi BO3MOKHOCTb He TIpoCMaTpuBaach.

B0O3MOKHOCTD MCITIO/Ib30BaTh MHAEKCHI, IOCTPOEHHBIE 10 BCEM TPEM CTOJIOLAM,
IeaeT 3arpoc ropasmo geiesie. ONTUMMU3ATOP Telepbh MOXKET BhIOPATh IBE CTPO-
KM 110 MHAEKCY U UCII0Ib30BaTh JII060J CII0CO6 coenHeHNS.

Hcuepnwiearowuii nouck

IpomenaB 3Tu (GopMasibHble Ipeobpa3oBanusi, PostgreSQL mpousBOOUT McUep-
MbIBaIONIMiA moucK. OHa mpoOyeT Bce BO3MOKHBIE IIJIAHBI BBITIOJHEHMS 3aIipoca
U OCTaBJIsIET caMblii JenieBbiii. PostgreSQL 3HaeT, kakue eCTb MHAEKCHI, U TTPOCTO
MIpUMeHsIeT CTOMMOCTHYIO MOZe/b JIJIsI HAXOKIeHMsT ONITMMAaAbHOTO IIJIaHa.

B npouecce ncuepnbiBatoirero noucka PostgreSQL nibiTaeTcst Takke onpenenuTb
HaWITYYIIUi TOPSIOK CoequMHeHMs. B MCXOMHOM 3arpoce MOPSIAOK ObLT PUKCUPO-
BaH: A — Bu A — C. Ho 6iarogapst orpaHM4YeHNsIM B BUJI€ PaBEHCTBA Mbl MOXKEM
cHauasia coenHUTb B ¢ C, a 3aTeM MpUCOeIMHUTD K pe3yabTaTy A. [I1aHMPOBIIUKY
OTKPBIThI BCE€ BO3MOXXHOCTH.

H umo e umoze

O6CcynuB BCe ONMTUMM3ALNM, Mbl MOKEM ITOCMOTPETh, KaKoil IIaH BbiOpana Post-
greSQL:

ttest=# EXPLAIN SELECT * FROM v, c WHERE v.ald = c.cid AND cid = 4;
QUERY PLAN
Nested Loop (cost=1.71..17.78 rows=1 width=12)
-> Nested Loop (cost=1.14..9.18 rows=1 width=8)
-> Index Only Scan using idx_a on a (cost=0.57..4.58 rows=1 width=4)
Index Cond: (aid = 4)
-> Index Only Scan using idx_b on b (cost=0.57..4.59 rows=1 width=4)
Index Cond: (bid = 4)
-> Index Only Scan using idx_c on c (cost=0.57..8.59 rows=1 width=4)
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Index Cond: (cid = 4)
(8 cTpok)

0 3aMeTuM, YTo MaHbl, MOKa3aHHbIE B 3TOM rnaBe, Heoba3aTebHO B TOYHOCTM COBMAaatoT C TEM,
YTO Bbl BUAMTE. BO3MOXHbI HEBONbLIME BapuaLMmn B 3aBUCMMOCTM OT TOrO, CKONbKO ObIno 3a-
rPY)KEHO AaHHbIX. CTOMMOCTb MOXET TaK)Ke 3aBMCETb OT HDU3UYECKOTO PACMNONONKEHNS AAHHbBIX
Ha Aucke (nopsiaka cnefoBaHus). MimenTe 310 B BUAY, KOraa 6yaeTte nporoHsTb MpuMepbl.

Kak Bupyum, PostgreSQL ncnonbsyer Tpu nupekca. UHTepecHo Takke, uTo Post-
greSQL pewmmiia coefyHATD JaHHbIE METOAOM BJIO’KEHHBIX MHIEKCOB. OTO Pa3yMHO,
T. K. IIOCJIe IIPOCMOTPA 10 MHAEKCY JAHHBIX [IOYTU U He OCTAIOCh. II03TOMY BIO>KEeH-
HbIe [IUKJIbI OYOyT BeCcTu cebst oueHb 3PPeKTUBHO.

Koz0da ece udem nacmapky

MpI BuAenu, 4TO IJ1s1 HaC MOXKeT caenatb PostgreSQL u Kak onTMMMU3aTOP MIOMOraeT
YCKOPUTbD BBITIOJIHEHME 3aripoca. PostgreSQL — co3maHue yMHOe, HO IPeaIiOunTaeT
MMeTb JIeJI0 C YMHBIMM TI0JIb30BaTeIsIMU. BbIBaeT Tak, 4YTO IMOJIb30BaTelb CBOMMM
IJTYTIOCTSIMM CBOAMT Ha HeT BeChb Mpollecc ONTMMM3auuu. JaBaiTe ymaamum Ipem-
CTaBJIeHME:

test=# DROP VIEW v;
DROP VIEW

W cospanum ero 3aHOBO. O6paTI/ITe BHMMAaHIE Ha ,El06aB.TIeHHYIO B KOHeIl Cl)pélBY
OFFSET 0:

test=# CREATE VIEW v AS SELECT *
FROM a, b

WHERE aid = bid

OFFSET 0;

CREATE VIEW

Jlornuecky 3TO TMpeACcTaBeHe SKBMBAJIEHTHO PACCMOTPEHHOMY BbIIle, HO OTI-
TUMM3ATOP BBIHYKIEH PacCMaTpUBaTh €ro Mmo-gpyromy. Jlroboe cMmelieHmne, Kpome
0, USMEHUT pe3yyIbTaT, I03TOMY IIPeICTaBIeH) e HEOOXOAMMO BbIUUCISITh. DTO COM-
BaeT BeChb ITPOIIECC OMTUMM3AIINN.

0 CoobuectBo PostgreSQL He cTano onTMMM3MpOBATb Cyyait Hanuumsa OFFSET 0 B npeacTas-
neHuu. MpocTo CUMTAEeTCs, YTO HOPMarbHbIe NKOAM TaK He AenatoT. Mbl B3saK 3T0 B KayecTse
rpuMepa, YTobbl NMokasaTtb, Kak HEKOTOpble orepaLmuu CMocobHbI MOrybuTb NPOU3BOAUTENb-
HOCTb, U HAMOMHWTb, YTO Pa3paboTuMKaM CleayeT MOHUMATb CKPbITbIN 33 KyaMcaMu npoLecc
ONTUMU3ALMUK.

BoOT Kak BBIIJISIAUT HOBBI TIJIAH:

test=# EXPLAIN SELECT * FROM v, c WHERE v.aid = c.cid AND cid = 4;
QUERY PLAN
Nested Loop (cost=120.71..7949879.40 rows=1 width=12)
-> Subquery Scan on v
(cost=120.13..7949874.80 rows=1 width=8)
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Filter: (v.ald = 4)
-> Merge Join (cost=120.13..6699874.80 rows=100000000 width=8)
Merge Cond: (a.aid = b.bid)
-> Index Only Scan using idx_a on a
(cost=0.57..2596776.57 rows=100000000 width=4)
-> Index Only Scan using idx_b on b
(cost=0.57..5193532.33 rows=199999984 width=4)
-> Index Only Scan using idx_c on ¢
(cost=0.57..4.59 rows=1 width=4)
Index Cond: (cid = 4)
(9 cTpok)

BamisiHuTe Ha IpeaCcKasaHHbI€ IMIaHNPOBIIMKOM CTOMMOCTMA. Ecin paHbIlle OHU
BbIpa’Ka/ICb OIBY3HAYHbIMM 4YMCJIaMM, TO TEIlepb B3JIETE/IN OO Hebec. O‘IeBI/I,Z[HO,
YTO IMPOMU3BOAMTEIIbBHOCTb TAKOT'O 3aIIpoCa HMKYyda HEe I‘O,HI/ITCHI.

(h?()[7(111103¢llille KOHCmMaHm

PostgreSQL yMeeT BBITIONHSITh 32 KY/IMCAMM MHOTO JPYTMX ONTUMM3ALNIA, TOBbI-
MIAIOIIMX TTPOM3BOAUTENbHOCTD. OHA 13 HUX — CBOPpaUMBaHMe KOHCTAHT, T. €. BbI-
YMCJIeHVe KOHCTAHTHBIX BhIPAsKEHMIT BO BPeMst KOMITMISILIAN :

test=# explain SELECT * FROM a WHERE aid = 3 + 1;
QUERY PLAN

Index Only Scan using idx_a on a
(cost=0.57..4.58 rows=1 width=4)
Index Cond: (aild = 4)
(2 cTpokn)

Kak Bumum, PostgreSQL wmmet 4. ITocKonbKy crosber aid MpOMHIEKCHMPOBAH,
PostgreSQL rmpou3BoaUT IIPOCMOTP 10 MHAEKCY. A TIOCKOJIBKY B TaOJIUIIE BCETO OIUH
cronbetr, To PostgreSQL maske MOHsIIA, UTO MTPOCMOTPA OTHOTO JIMIIb MHAEKCA 0-
CTATOYHO JJIsI IOJTyYeHUsT JaHHBbIX.

UTto mpou3soiiaeT, ecyiv BbIpaskeHe HaXOOUTCS B IeBOi 4acTu?

test=# explain SELECT * FROM a WHERE aid - 1 = 3;
QUERY PLAN

Seq Scan on a (cost=0.00..1942478.48 rows=500000 width=4)
Filter: ((aid - 1) = 3)
(2 cTpoku)

B atom cryuae PostgreSQL He CMOKET ITO06PaTh MOIXOASIINI MHIEKC Y BBIHYK-
JIleHa BhIOpaTh IOC/Ie0BaTEIbHbIN TPOCMOTpP. O6paTHUTe BHMMAHNE, UYTO 3TO IIaH
ILJIST OMHOTO IpolLieccopHoro sapa. Ecm rabnuia Benmka mim PostgreSQL ckoHbM-
IrypMpoBaHa IMo-IPyromMy, TO MOXKET ObITh BbIOpAH IIJIaH /151 HECKOJIbKUX sijep. IJist
MPOCTOTHI MbI B 3TOJ I7IaBe pacCMaTpUBaeM TOJIbKO OLHOSAepHbIe TIJIaHbI.

! Jlns maHHOTO 3ampoca 3TO AOBONLHO OYEBUIHO, HO B OOLIEM CJIydae OLleHKa CTOMMOCTHU

HUYEro He TOBOPUT O PeasibHOVi MPOU3BOAUTENBHOCTH. — [Ipum. peo.
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BcmpaueaHnue ¢pyHkuyuii
Eme ogHa omTuMM3alys, MOMOrarwouas yCKOPUTb BBITIOJIHEHME 3alpoCcoB, —
BcTpanBaHue GyHKumii. PostgreSQL ymeeT BcTpauBaTh HeusmeHsieMbie SQL-dyHK-
uyu. Vimest B TOM, 4YTOOGbI YMEHBIIUTD KOJIMYECTBO BHISOBOB (DYHKIIMIT M TEM YCKO-
pUTH paboTy.

Huke nmpuBenmeH npumMep GyHKLINHA, JOMTYyCKAIOIIE BCTpauBaHKe:

test=# CREATE OR REPLACE FUNCTION ld(int)
RETURNS numeric AS

8
SELECT log(2, $1);

$$
LANGUAGE 'sql' IMMUTABLE;
CREATE FUNCTION

OHa BbIUMUISET IBOMYHBIN Jiorapudm umncia:

test=# SELECT 1d(1024);
1d

10.0000000000000000
(1 cTpoka)

IIJIs meMOHCTpaIMM 3aHOBO CO3IaayM TabIMIly, YMEHBIINUB YMCIO CTPOK, UTOOBI
MHIEKC CTPOUJICS GhICTpee:

test=# TRUNCATE a;
TRUNCATE TABLE

Ilo6aBuM JaHHbIE ¥ IOCTPOUM MHJIEKC:

test=# INSERT INTO a SELECT * FROM generate_series(1, 10000);
INSERT 0 10000

test=# CREATE INDEX idx_1ld ON a (ld(aid));

CREATE INDEX

Kax u ciemoBasio oskuaaTh, MHIEKC, TOCTPOEHHBI 110 3HaUeHNIO0 QYHKIMM, pabo-
TaeT, KaK JIlo60ii Ipyroit nHaekc. OmHaKO MPUCMOTPUMCS BHUMATeIbHee K YCIOBUIO
TTOMCKA I10 MHIEKCY:

test=# EXPLAIN SELECT * FROM a WHERE ld(aid) = 10;
QUERY PLAN

Index Scan using idx_ld on a (cost=0.29..8.30 rows=1 width=4)
Index Cond: (log('2'::numeric, (aid)::numeric) = '10'::numeric)
(2 cTpokn)

BaskHoe HabITIoIeHrie COCTOUT B TOM, UTO MBI UIeM B MHIeKce QyHKIMIO log, a He
1d. ONTUMM3aTOP MOJIHOCTbIO U36aBUJICSI OT BbI30BA (PYHKIIUMN.
JIOTMYHO, YTO TeM CaMbIM OTKPBIBAETCSI IBEPD JIJIS CJIeAYIOIIero 3ampoca:

test=# EXPLAIN SELECT * FROM a WHERE log(2, aid) = 10;
QUERY PLAN
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Index Scan using idx_ld on a (cost=0.29..8.30 rows=1 width=4)
Index Cond: (log('2'::numeric, (aid)::numeric) = '10'::numeric)
(2 cTpoku)

Ycmpanenue coeduHeHuti

PostgreSQL npenyiaraeT Takke elne OAHY ONTMMM3ALMIO: YCTPaHeHMe COoeayiHe-
HUii. Vimes B TOM, YTOOBI yIAIUTh COeAMHEHYE, €C/IM OHO He HY;KHO B 3arpoce. DT
ObIBaeT T0JIe3HO0, KOTHa 3aIMpoChl TeHepUpPyITCs KakuM-To 10 mpoMeskyTOUuHOTO
YPOBHSI WJIM CUCTEMO} OOBEKTHO-pPeNSIMOHHOro oTobpakenusi (ORM). Ecin co-
eIVHeHe MOXHO YCTPaHUTh, TO paboTa, eCTeCTBEHHO, YCKOPSIeTCs, a HaK/IagHbIe
pacxofbl CHYKAKTCS.

Ho xak paboTaeT ycTpaHeHMe coeqHeHunii? PaccMoTpuM pumep:

CREATE TABLE x (id int, PRIMARY KEY (id));
CREATE TABLE y (id int, PRIMARY KEY (id));

CHavasia co3gaauM ABe Tabauibl. BaskHO, UTOOBI TT0 06€ CTOPOHBI YCIOBUSI CO-
eIVHEeHMST HaXOAWINCh YHUKAIbHbIE 3HAUEHMSI.
Terepb HanuilIeM IIPOCTOJ 3aIIPOC:

test=# EXPLAIN SELECT *
FROM x LEFT JOIN y ON (x.id = y.id)
WHERE x.1id = 3;
QUERY PLAN
Nested Loop Left Join (cost=0.31..16.36 rows=1 width=8)
Join Filter: (x.id = y.id)
-> Index Only Scan using x_pkey on x
(cost=0.15..8.17 rows=1 width=4)
Index Cond: (id = 3)
-> Index Only Scan using y _pkey on y
(cost=0.15..8.17 rows=1 width=4)
Index Cond: (id = 3)
(6 cTpok)

Kak Bugum, PostgreSQL coemuHsieT 3TM TabaUIbI HEITOCPeACTBEHHO. [Toka Hu-
KaKMx clopripu30B. Ho gaBajiTe HeMHOTO MOIM(UIIMPYEM 3TOT 3aIIpoc: OyIeM BbI-
61MpaTh He BCe CTOJIOIIbI, 8 TOBLKO CTOJIOIBI 113 JIEBOI TAOIMIIbI:

test=# EXPLAIN SELECT x.*
FROM x LEFT JOIN y ON (x.id = y.id)
WHERE x.1d = 3;
QUERY PLAN
Index Only Scan using x_pkey on x (cost=0.15..8.17 rows=1 width=4)
Index Cond: (id = 3)
(2 cTpokn)

PostgreSQL BbIOMpaeT MpOCMOTP IepPBOIi TAGMUIIBI TT0 MHIEKCY, a COeIMHEeHe
BOOOIIE UTHOPUPYET. DTO BO3MOXKHO ¥ JIOTMYECKY IPABUIBHO 110 IBYM IIPUUMHAM:
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O 13 mpaBoit TabANUIIbI CTONMOIBI HE BBIOGMPAIOTCS, [TOITOMY UX UTEHME HaM HU-
Yyero He JacT;

O 3HaueHus CToON6IIA B IIPABOii YaCTM COENVHEHMSI YHUKAIbHBI, TO9TOMY OIle-
paius cCoeqMHeHUsT He MOXKEeT YBeJIMUUTh KOJTMUECTBO CTPOK M3-3a HATMUMS
IyOIVKATOB.

Eciu coenyHenye MOKHO aBTOMAaTHMUYEeCKM YCTPAHUTh, TO BBIIIOJHEHME 3aIpoca

MOYKET YCKOPUThCS Ha MOPsiAOK. IIpenectb B TOM, UTO [1JIs STOTO JOCTATOYHO ITPOCTO
He BbIOMPATh CTOJIO1IbI, KOTOPbIE IIPUIOKEHNIO BCe PABHO HE HYKHBI.

YckopeHue onepayuti Ha0 MHoOX}cecmeamu

Omnepaiuy HaJ, MHOXKECTBAMU ITO3BOJISIIOT KOMOMHUPOBATh Pe3yIbTaThl HECKOIb-
KMX 3aIpOCOB B OJIMH Pe3yIbTUPYIONIMii Habop. K HMM oTHOCSTCST UNION, INTERSECT
u EXCEPT. PostgreSQL peanusyeT ux BCe U IpeaJjaraeTt psif, BaXKHbIX OIITUMMU3aLINIA.

[I1aHMPOBILIMK YMeeT ITePeHOCUTb OTpaHMUeHMsI BHYTPb Orlepaluii Hal MHOXe-
CTBaMM, YTO OTKPBIBAET JBEPb PA3JIMUHBIM XUTPOYMHBIM ONTUMM3AUMSIM. [I7is ne-
MOHCTPAIY PACCMOTPUM CJIeYIOIINIA 3aIIpOC:

test=# EXPLAIN SELECT *
FROM

(
SELECT aild AS xid FROM a
UNION ALL
SELECT bid FROM b
) ASy
WHERE xid = 3;
QUERY PLAN

Append (cost=0.29..12.89 rows=2 width=4)
-> Index Only Scan using idx_a on a
(cost=0.29..8.30 rows=1 width=4)
Index Cond: (aid = 3)
-> Index Only Scan using idx_b on b
(cost=0.57..4.59 rows=1 width=4)
Index Cond: (bid = 3)
(5 cTpok)

3[ech MBI IPOCTO OObeINHSIEM IBA OTHOIIEeHMs. [Ipo6aemMa B TOM, UTO €IMHCT-
BEHHOe OrpaHMYeHre HaxoauTcsl BHe noasamnpoca. OgHako PostgreSQL noHumaer,
YTO GWIBTP MOKHO ITepeHeCTM BHYTPb IUTaHa. [I03TOMY yeioBue xid = 3 HayjaraeTcst
Ha aild u bid, YTO MO3BOJSAET MCIIONH30BATh MHAEKCHI Ha 06ermu Tabnuiamu. 13-
6aBUBIINCH OT ITOCJIEIOBATEIHLHOIO ITPOCMOTpPa 06eMX TabIM1I, Mbl CMOXKEM BBIITOJI-
HUTB 3aIIpOC ropasio 6eicTpee.

O6paTuM BHMMaHMe Ha pasinure Mexxmy dpasamu UNION 1 UNION ALL. @pa3a UNION
ALL crerio mo6aBiisieT JaHHbIe ¥ BO3BpalllaeT pe3yibTaThl 13 06eux Tabmuil. A ¢pa-
3a UNION IOTIOTHUTEIBHO YCTpaHsIeT Iy6IMuKaThl. M3 ciemyrolero miaHa BUIHO, KaK
3TO IPOUCXOOUT:
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test=# EXPLAIN SELECT *
FROM

(
SELECT aid AS xid FROM a

UNION
SELECT bid FROM b
) ASy
WHERE xid = 3;
QUERY PLAN

Unique (cost=12.92..12.93 rows=2 width=4)
-> Sort (cost=12.92..12.93 rows=2 width=4)
Sort Key: a.aild
-> Append (cost=0.29..12.91 rows=2 width=4)
-> Index Only Scan using idx_a on a
(cost=0.29..8.30 rows=1 width=4)
Index Cond: (aild = 3)
-> Index Only Scan using idx_b on b
(cost=0.57..4.59 rows=1 width=4)
Index Cond: (bid = 3)
(8 cTpok)

PostgreSQL 6bl1a BIHYKIEeHa J06aBUTD y3es Sort Haf Append, YTOOBI BIIOC/TET -
CTBUM OTGUIBTPOBATH AYOIUKATHI.

MHorue pa3paboTunMku He NMOAO03PEBANOT O pasnnumMm Mexay dpasamu UNION u UNION ALL.
OHM XanyTcs Ha HU3KYI NPOM3BOAUTENBHOCTb, He 3Has, 4To PostgreSQL oTdunbTpoBbIBaEeT
nybnukaTbl, 4TO 0COBEHHO 3aMeTHO B Cilyyae H0nblwnX HABOPOB AAHHBIX.

PA3BUMPAEMCS B NNAHAX BbINOJIHEHUS

Y3HaB 0 HEKOTOPBIX BaXKHBIX OMITUMM3ALUSIX, TPUMeHsieMbIX B PostgreSQL, MmbI Mmo-
sKeM 6y1vKe TT03HAKOMMUTBCS C TUIaHAMM BBITIOIHEHMS. B 9TOM KHMUTe MBI yiKe He pa3
BCTPEYaTICh C TUTaHAMM, HO, YTOOBI 3a1€1iICTBOBATH MX B IIOJTHO Mepe, He06X0aMMO
CUCTeMaTUYeCKy MO0 TH K BOIIPOCY UX MHTepIIpeTalu. IMeHHO 3TUM MbI ceityac
" 3a1iMeMCsl.

CucremaTnueckuii Nnoaxoa K njaaHam BbiNOJIHEHUS

IIpesxkae BCero HeOOXOAMMO MOHMMATh, UTO KOMaHAa EXPLAIN MOKeT MHOTOe pac-
CKa3aThb O [UIaHe, T03TOMY SI HACTOSITeTbHO PEKOMEH/IYIO MCIOAb30BaTh €e Ha BCIO
KaTYIIKY.

MHorue uMTaTeNy, HaBepHOe, 3HAIOT, YTO KOMaHAa EXPLAIN ANALYZE BBIIIOJIHSIET
3aMpoc ¥ BO3BpalllaeT IiaH, BKIoYas nHOOpMaIuio, MOTy4eHHYI0 BO BpeMs Bbi-
nojaHeHust. Hanpumep:

test=# EXPLAIN ANALYZE SELECT *
FROM

(
SELECT * FROM b
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LIMIT 1000000
) AS b
ORDER BY cos(bid);
QUERY PLAN

Sort (cost=146173.12..148673.12 rows=1000000)
(actual time=837.049..1031.587 rows=1000000)
Sort Key: (cos((b.bid)::double precision))
Sort Method: external merge Disk: 25408kB
-> Subquery Scan on b
(cost=0.00..29424.78 rows=1000000 width=12)
(actual time=0.011..352.717 rows=1000000)
-> Limit (cost=0.00..14424.78 rows=1000000)
(actual time=0.008..169.784 rows=1000000)
-> Seq Scan on b b_1 (cost=0.00..2884955.84 rows=199999984 width=4)
(actual time=0.008..85.710 rows=1000000)
Planning time: 0.064 ms
Execution time: 1159.919 ms
(8 cTpok)

OTOT IJ1aH BBIIIIAUT IyTraolle, HO He HaJlo BMAJaTh B ITAHMKY — MbI pazbepem
ero Imar 3a marom. UuTaTh IUIaH CleqyeT U3HYTPU HapyKy. B 9TOM mpumepe BbI-
TTOJIHeHMEe HAUMHAETCs C MOCIeOBAaTeIbHOTO MPOCMOTpa b. 3ech MbI BUAMM JiBa
6;10Ka MHpopManun: 650K cost 1 6110k actual time. By1oK cost comep>KUT OLIEHKH,
a 610K actual time — axThbI, T. €. UCTMHHOE BpeMsI BbITIOJTHEHMS. B TaHHOM ciy4ae
MOCJIeIOBATEbHbIN MPOCMOTP 3aHsT 85.7 Mc.

B Bawen cucteme oueHKa CTOMMOCTM MOXET ObITb MHOM. PasHuua MoxeT 6biTb 06ycnoBneHa
HeboNbLIMMU OTIMUMAMMK B COBpaHHOM cTatucTuke. Celuac Hac MHTepecyeT B OCHOBHOM, Kak
YuTaTb NNaH.

IlaHHbIe, TOTyYeHHbIE B pe3y/IbTaTe MPOCMOTpa MHIEKCa, 3aTeM ITepearoTcs Y31y
Limit, KOTOPBI OTOPACHIBAET JUIITHME CTPOKN. 3aMETUM, YTO Ha KaKIIOM 3Tarle BbI-
TTOJTHEHMS TTOKA3bIBAETCST KOMMUECTBO CTPOK. Kak Buaum, PostgreSQL BbiOMpaeT 13
Ta6IMIIBI TOBKO 1 MITH CTPOK, 3TO TapaHTHUpPyeT y3ei Limit. OqHako 3To He 6ecriaT-
HO — BpeMs BBITIOJIHEHMSI Ha 3TOM IIare MojCcKoumyo 1o 169 mc. HakoHelr, JaHHbIe
COPTUPYIOTCS, ¥ 3TO 3aHMMAEeT MHOTO BpeMeHM. [JIaBHbI YPOK COCTOUT B TOM, UTO,
IJISIS Ha TIIaH, MBI MOYKEM ITOHSITh, HA UTO YXOOMUT BpeMsl. B 3ToM mpumepe rocie-
IOBATEeIbHBIN IMTPOCMOTP 3aHMMAET HEKOTOPOE BPeMsI, HO CYIIleCTBEHHO YMEHbBIIUTD
ero MbI He MoskeM. OHAKO HACTOSIIINIT CKAUOK HAO/I0aeTC s Ha 3Tare COPTUPOBKIA.

KoHeuHo, mpo1iecc COpTUPOBKY MOKHO YCKOPUTD, HO 3TUM MbI 3aiiMeMCsI TTO3Ke.

Kak cdenams eévidauy EXPLAIN nodpo6hee

B PostgreSQL Bbimauy EXPLAIN MOSKHO CIe/IaTh HECKOJIBKO MTOIpo6Hee. UTOOBI 13BJI€YD
M3 TUIaHAa BCe JI0 Karulu, MOIMpobyeM BKIIOUMTD ITapaMeTpbl, KaK ITOKa3aHO HIDKe:
test=# EXPLAIN (analyze, verbose, costs, timing, buffers)

SELECT * FROM a ORDER BY random();
QUERY PLAN
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Sort (cost=834.39..859.39 rows=10000 width=12)
(actual time=6.089..7.199 rows=10000 loops=1)
Output: aid, (random())
Sort Key: (random())
Sort Method: quicksort Memory: 853kB
Buffers: shared hit=45
-> Seq Scan on public.a
(cost=0.00..170.00 rows=10000 width=12)
(actual time=0.012..2.625 rows=10000 loops=1)
Output: aild, random()
Buffers: shared hit=45
Planning time: 0.054 ms
Execution time: 7.992 ms
(16 cTpok)

[TapameTp analyze true 03HauaeT, YTO HY)KHO BBIMIOJIHUTH 3aIIPOC, KaK ITOKa3aHO
BbIIIe; verbose true BKIIIOUAeT B TUIAH JOTMOMHUTENBHYIO MHGOpMaLnio (0 CTonbuax
VI IHYI0); costs true ITOKa3bIBaeT CTOMMOCTD; timing true JaeTt cBegeHMs O XpOHOMET-
pake Ha 3Tare BbITIOTHEHMS, YTOOBI Mbl MOT/IM BUIETh, HA UTO PACXOIyeTCSI BpeMsl.
Haxkowner1, mapamertp buffers true MOXXeT 1aTh OUeHb LIeHHYIO MHMOpMaLuio. B mpu-
Mepe BbIIlIe OH ITOKa3bIBAET, UTO /I BHITTOTHEHNUS 3a1IPOCca MPUIIIOCh 06PATUTHCS
K 45 6ydepam.

BoisBneHue npobnem

Pacrionaras nadopMarieii 13 maBbl 5, MbI MOKEM YKa3aTh Ha JIBe TTOTEHIMATbHbIE
MPO6JIEMBI C TTPOM3BOAUTEIBHOCTHIO, KOTOPbIE OUEHb BaXKHBI HA IIPAKTHUKE.

AHanu3 epemeHU 6bINOJIHEHUS
Vi3yuast tutaH, MbI 06s13aTeJIbHO TOJKHBI 3a7aTh ce6e IBa BOIpoca:
O omnpaBgaHo M [IJi JAaHHOTO 3aIpoca BpeMsl BbITIOJIHEHMSI, TTOKa3aHHOE KO-
MaH0¥ EXPLAIN ANALYZE?

O ecau 3ampoc BBINOIHSIETCS MeIJIEHHO, TO HAa YTO MMEHHO YXOIUT BpeMsi?

B Hamem ciydae rnocjieqoBaTenbHbIN MPOCMOTP 3aHsuT 2.625 mc. CopTupoBKa 3a-
KOHUMIach cycTsi 7.199 mc, T. e. caMa oriepaiys 3aHsia IpMMepHO 4.5 MC — UMeHHO
Ha Hee MTOTpaveHa 60JIbIIas YacTh BpEMEHM.

Bupsi, Ha uTO TpaTUTCs GOJbIIE BCETO BPeMEeHM, Mbl MOXKEM TTOHSIThb, UTO ITPOMC-
XoauT. UTO NpeAIpUHSITh, 3aBUCUT OT TUIIA CaMOJi ITPOXKOPANBOI omnepanuu. [laTh
0011Vt COBET HEBO3MOXKHO, TIOTOMY UTO ITPOOJIeMbl MOTYT BO3HMKATH 10 CAMBIM
Pa3sHbIM IPUUMHAM.

AHanu3 ouyeHoK

Ho ecTtb OOHa Belllb, KOTOPYIO CJieAyeT OeiaThb BCeraa: IIPOBEepPUThb, CMJIbHO JIM PACX0-
JOSITCA OLI€eHKa U (l)aKTI/I‘IECKaH BeJIMYMHA. B HEKOTOPLIX C/IydasdaXx OIITUMM3ATOD IIPU-
HMMAET IIJIOXME pelleHNVsd, IOTOMY UTO OIl€HKa I10 KaKo¥i-To IIpuyYriHe yMeeT MaJjio
001IIero ¢ IeiCTBUTEIbHOCTHIO. Tak ObIBAeT, HAIIPMUMEP, KOTa CTaTUCTUKA CUCTeMa
ycrapena. [TosToMy HauMHATL HAAO C BBIMTOJIHEHMS] KOMaHIbI ANALYZE. Bripouewm, 3a
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aKTYyaJIbHOCTbIO CTATUCTUKM OOBIYHO CJIeOUT (DOHOBBIN MPOIIeCC aBTOOUMCTKY, TaK
YTO ceAyeT IOAyMaTh U O IPYTUX MIPUUMHAX HeITPaBUIbHOI OIleHKU. PaccMoTpum
CJIeyIomuit mpyuMep, IJisl KOTOPOTO CHavasia Co30aauM U 3aTrlOTHUM TabIuIy:

test=# CREATE TABLE t_estimate AS
SELECT * FROM generate_series(1, 10000) AS id;
SELECT 10000

3arpysus B Tabiuiry 10 000 cTpok, cobepeM CTaTUCTUKY IJIsT OIITUMMU3aTOpa:

test=# ANALYZE t_estimate;
ANALYZE

Tenepb IIOCMOTPMM Ha OLI€HKN:

test=# EXPLAIN ANALYZE SELECT * FROM t_estimate WHERE cos(id) < 4;
QUERY PLAN
Seq Scan on t_estimate (cost=0.00..220.00 rows=3333 width=4)
(actual time=0.010..4.006 rows=10000 loops=1)
Filter: (cos((id)::double precision) < '4'::double precision)

Planning time: 0.064 ms

Execution time: 4.701 ms

(4 cTpokn)

Bo mHorux ciyuasx PostgreSQL He MOXKeT IpaBWIbHO 00pabotaTh dhpas3y WHERE,
ITIOTOMY UTO pacIiojiaraeT TOJIbKO CTATMUCTUKOI IO CTOI6IIaM, HO He 10 BhIpakeHu-
am. [TosTroMy Mbl HaG/IIOmaeM JOCATHYI0 HEJOOLIEHKY KOJIMYeCcTBa CTPOK, BO3Bpa-
meHHbIX WHERE.

PasymeeTcs1, 6bIBAET 1 TaK, UTO OI[€HKA KOJMUYECTBA CTPOK 3aBbIIIEHA:

test=# EXPLAIN ANALYZE
SELECT *
FROM t_estimate
WHERE cos(id) > 4;
QUERY PLAN
Seq Scan on t_estimate (cost=0.00..220.00 rows=3333 width=4)
(actual time=3.802..3.802 rows=0 loops=1)
Filter: (cos((id)::double precision) > '4'::double precision)
Rows Removed by Filter: 10000
Planning time: 0.037 ms
Execution time: 3.813 ms
(5 cTpok)

Eciu HeuTo mogo6Hoe MpOoUCKXOAUT TyO0KO BHYTPH IJIaHa, TO BECh IJIaH MOXKET
0Ka3aTbCsl HEMTPUTOAHBIM. [[09TOMY BaskHO MPOBEPSTDb, YTO OLIEHKM HE CIIUIIKOM
CUJTBHO PACXO[SITCS C PeaTbHOCTHIO.

K cuacTbio, ecThb c11ocob 0607 TH 3Ty TpobIemy:

test=# CREATE INDEX idx_cosine ON t_estimate (cos(id));
CREATE INDEX
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CosmanHye QyHKIIMOHATBLHOTO MHIeKca 3acTaBisieT PostgreSQL XpaHUTb CTaTUCTH-
KY JIJI51 BbIpQsKeHUSI:

test=# ANALYZE t_estimate;
ANALYZE

Masio TOro YTO 3TO pelieHue obecreurBaeT Kyaa JyYIIyio IIPOM3BOAUTENTbHOCTb,
OHO ellle ¥ UCTIPABJISIET CTATUCTUKY, JaXKe eIV MHIEKC He MCIIONb3YeTCs :

test=# EXPLAIN ANALYZE SELECT * FROM t_estimate WHERE cos(id) > 4;
QUERY PLAN
Index Scan using idx_cosine on t_estimate
(cost=0.29..8.30 rows=1 width=4)
(actual time=0.002..0.002 rows=0 loops=1)
Index Cond: (cos((id)::double precision) >
Planning time: 0.095 ms
Execution time: 0.011 ms
(4 cTpoku)

4'::double precision)

OpHako HeBepHbIe OLIEHKM MOTYT GbITh BbI3BaHbI ¥ IIPUUMHAMM, HEe OPOCAIOIIN-
Mucst B 171a3a. [Ipo6iiemMa, KOTOPYIO YaCTO HEIOOLIEHMBAKOT, HA3bIBAETCS MEKCTOJIO-
IIOBOJ Koppeasinuei. PacCMOTpUM MpOCTO IpUMep, B KOTOPOM yYaCTBYIOT IBa
CcTOJIONA:

Q 20% mromeit MI06AT KaTaThCs Ha JIbDKAX;

O 20% mopeit xuBYT B Adbpuke.

Ewi Mbl 3aXOTMM TIOACUUTATHh KOJMUECTBO JIBDKHUKOB B AQpHKe, TO, C TOUKMU
3peHust mareMaTuku, moyantcst 0.2 x0.2 = 4% Bcero Hacenenust 3emin. Ho B Ad-
pUKe HeT CHera, a I0X0/Ibl HaceleHUs MaJjbl. [I03TOMY MCTUHHBIN pe3ynbTatT OymeT
ropaszio MeHbIe. [IBa HaGMOoeHNs He SIBJISTIOTCST CTATUCTUYECKY He3aBUCYMBbIMIA.
V3-3a Toro, uto PostgreSQL XpaHUT CTaTUCTUKY TOJbKO IO OTHEIbHBIM CTOIOIIAM,
YacTo MOMYYalOTCsI HEYOBIETBOPUTE/IbHbIE Pe3Y/IbTaThl.

KoHeuHo, IIaHMPOBIINK MHOTOE JejlaeT, YTOObI TPeAOTBPATUTh TAKOE Pa3BUTHE
co6bITHii. Ho mpobieMa TeM He MeHee CyIIeCTBYeT.

Haunnast ¢ Bepcum PostgreSQL 10.0 MbI MOKeM cOOMpPaTh MHOTOMEPHYIO CTaTUC-
TUKY, UTO TTO3BOJISIET Pa3 M HABCETHA ITOJIOKUTb KOHeI] IpobiemMe MeXKCTONIOII0BO
KOppesinn.

AHanu3 ucnonv3oeatus oygpepos
Ho cam maH — He €IVHCTBEeHHad IIpNYMHa BO3MO>KHBIX npo6neM. BH‘IHCTYIO oIac-
HOCTU TasTCd Ha APYIrOM YPDOBHeE. I[TamsaTtb u KelmrpoBaHMe MOTYT IIPUBOAUTD K HE-
JKejlaTe/JIbHOMY IMOBEOEeHNI0, KOTOPpOe TPYAHO IMOHATh, HE MMeA OITbITa PAaCIIO3HABA-
HMSI IPOOGJIeMbI, OIIMCAHHOI B 9TOM paszere.

B cienymiieM IprymMepe naHHble€ BCTaBJISIOTCA B Ta6m/1uy B CHW&VIHOM IIopdaake.
test=# CREATE TABLE t_random AS

SELECT * FROM generate_series(1, 10000000) AS id ORDER BY random();

SELECT 10000000

test=# ANALYZE t_random
ANALYZE
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MbI co3manu MpocTyro Tabauiry ¢ 10 MTH CTPOK U cOGpaii CTAaTUCTUKY JIJIsST OTITHU -
Mu3aTopa.

Ha cremyromeM miare BBIIOIHMM ITPOCTOM 3arpoc, M3BJIEKAIOIINIT HEOOIBIIYIO
YacTb 3aNNUCeN:

test=# EXPLAIN (analyze true, buffers true, costs true, timing true)
SELECT * FROM t_random WHERE id < 1000;
QUERY PLAN

Seq Scan on t_random (cost=0.00..169248.60 rows=1000 width=4)
(actual time=1.068..685.410 rows=999 loops=1)
Filter: (id < 1000)
Rows Removed by Filter: 9999001
Buffers: shared hit=2112 read=42136
Planning time: 0.035 ms
Execution time: 685.551 ms
(6 cTpok)

[Ipesxae yeM aHAIM3UPOBATh JAHHBIE, BBITIOJIHUTE 3TOT 3aIIpoc ABaKabl. KoHeu-
HO, B JAaHHOM CJTyyae MMeeT CMBbICJI UCIIOIb30BaTh MHAEKC. HO MbI BUIMM, UTO MPU
BbITIONTHeHUY 3ampoca PostgreSQL Hanuta 2112 6ydepos B Ketite, a 421 136 6ydepoB
ToJIyunsia OT OrepalyoHHOM cucTeMbl. I TyT BO3MOsKHBI ABe Belu. Eciu Ham mo-
BE3€eT, TO OTepalOHHasT CMCTeMa HaiIeT JaHHbIe B CBOEM KeIlle, 1 3aITpoC BbITIOJ-
HUTCSI OBICTPO. A eCsi He TIOBe3eT, TO G/I0KM MPUIETCS YATATh C JucKa. Bce Bpoae
6Bl OYEBUIHO, HO Pa3juuMe BO BPeMEHU BBIMOTHEHMS OYIeT OTPOMHBIM. 3aIpoc,
KOTOPBIi MOTHOCTBIO YIOBJIETBOPSIETCS U3 Kellla, 3aBepiinaeTcss B 100 pa3 6bicTpee
3aIpoca, BBIHYKIEHHOTO Me/IJIEHHO COOMpaTh OJIOKM 13 pa3HbIX MECT AUCKA.

[Toripo6yem MOSICHUTD 3Ty MPO6IEMY Ha ITPOCTOM mpumepe. ITycTh uMeeTcs Cu-
cTeMa yripaBiieHust TesieoHaMu, B KOTOPO¥ XpauuTtcst 10 MuIpz, CTPOK (He TaKoe YK
HeOOBIYHOE JTeJI0 AJIsI KPYITHBIX OTIepaTopoB). JIlaHHbIe MU3MEHSIIOTCSI OUeHb OBICTPO,
a TI0JIb30BaTENM XOTST UX BUAETD. [IoHITHO, 4TO 10 MJIpA, CTPOK 1LIEJTMKOM B ITaMSTh
He TIOMECTSITCSI, TI03TOMY JIaHHbIE UacTO OYIyT UMTATHCS C AUCKA.

Terepb HaIUIIIEM MTPOCTOI 3aITPOC, YTOOBI ITOKAa3aTh, Kak PostgreSQL uieT Ho-
mep TejedoHa:

SELECT * FROM data WHERE phone_number = '+12345678';

ITaske eciu BbI BCe BpeMsI pasroBapuBaete 110 TesieoHy, Bally JaHHbIe OyIyT pas-
6pocaHsbI 110 BceMy OUCKY. Ecy BbI 3aKaHUMBaeTe OfVH Pa3roBOP U cpa3y HauMHa-
eTe JIPyroif, TO OGHOBPEMEHHO C BaMM TOUHO Tak ke TIOCTYIAIOT ellle ThICSUN JII0-
Ileii, TO9TOMY IIaHChI, UTO /IBA BAIIMX 3BOHKA OKAXKyTCSI B OHOM GJIOKE, ICUE3a01Ie
Masbl. [IpocTo npencraBbTe, YTO OfHOBpeMeHHO coBepiuaeTtcs 100 000 3soHKoB. Ha
IVICKe TaHHbIe 0 HMX OYOYT pacripe/eneHsl CaydaitHbiM o6pa3om. Eciim Bamnr Homep
TenedoHa BCTpeUaeTcsl 4YacTo, 3HAUUT, IJIsT KaKOOW CTPOKM MPUIETCS IMTPOUUTATh
C OUCKa Lesblit 670K (B MpeArooskkeHnn, YTo Kod(PhULIMEeHT NonafgaHus B Kelll
ouenb Ma). [Ipennonoxkmm, uTo HyskHO BepHYTh 5000 cTpok. CunTast, 4To HAM IIPU-
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nmetcs 5000 pa3 o6paTUThCS K OMCKY, Ha 9TO yitaeT nmpumepHo 50005 mc = 25 c.
3aMeTuM, UTO BpeMs BBITIOJIHEHMSI 3TOTO 3aIipoca BIIOJIHE MOXKeT BapbUPOBAThCS
MEeXIy HeCKOMbKMMU CEeKyHAAMM U, cKaskeM, 30 ¢ — Bce 3aBUCUT OT TOTO, CKOJIbKO
JaHHBIX OBLJIO KEIITMPOBAHO OIepaliOHHO cucTeMoii nnn PostgreSQL.

[TomMHMTE, YTO IMOC/IE KAXKAOTO Iepe3alrycka cepBepa Kemy PostgreSQL u daiino-
BOJ CUCTEMbI OUMIIAIOTCS, TAK YTO OTKA3 y3/1a MOXEeT CTaTh MIPUYMHON Cepbe3HbIX
Ipo6JIeM.

Kak ucnpasums npobnemy uacmoeo umeHus ¢ oucka

Bo3HuKaeT HeM36EXHBI BOIIPOC: KaK yayuwums amy cumyayuio? OmviH U3 CIoco-
6OB — BBITIOIHUTH KOMaH/Ty CLUSTER:

test=# \h CLUSTER

KomaHga: CLUSTER

Onucanue: neperpynnupoBaTb Tabauuy No MHAEKCY
CuHTaKCmnC:

CLUSTER [VERBOSE] umsa_Tabaunupi

[ USING wma_uHgekca ] CLUSTER [VERBOSE]

Komanpga CLUSTER repenuchIBaeT TabIMITy B TOM ITOPSIIKe, B KAKOM OHa O0XOIUT-
cs1 TI0 MHIeKCY (Tuma btree). B ciyyae paboueit Harpy3Ku aHaJUTUUECKOTO THUIIA
3TO MOKeT uMeTb cMbIcI. Ho B OLTP-cucteme aJjist BBIITOJIHEeHMST KOMaH bl CLUSTER
MOJKET He HaWTUCh BpeMeHM, II0TOMY UTO Ha BCe BpeMs ee paboThl Tabauia 610-
KUpPYyeTCs.

COEOMHEHUSA: OCMBICNIEHUE U UCTPABJIEHUE

CoenyiHeHMST — Belllb BaskHasl, BCe MbI TIOCTOSTHHO MMM TI0JIb3yeMcs. I1o3ToMy co-
eIVMHEHNST BasKHbI [IJIST JOCTYDKEHMS U MOAAepsKaHMsI BbICOKOY ITPOM3BOAUTENbHO-
cTu. MBI pacCMOTPUM 3Ty TEMY, YTOOBI [TOMOYb BaM KOHCTPYMPOBATh COENVHEHNS
MpaBUIIbHO.

Kak coeanHaTb npaBuIbHO

Hpe>K,£[e YyeM I1epexognTb K ONITMMM3ali, Mbl JO/IDKHbI pa306paTbC${ C TUIIMYHBIMU
HpO6J’[eMaMI/I, COMYTCTBYKOIIMMM CO€OMHEHUSM, U ITIOHSATh, UYTO JOJ/I)KHO BbI3BIBATH

TPEBOTY.
BoT npumep mpocCToii CTPYKTYPHI AJ151 AEMOHCTPALMM COeOUHEHMIA:

test=# CREATE TABLE a (aild int);

CREATE TABLE

test=# CREATE TABLE b (bid int);

CREATE TABLE

test=# INSERT INTO a VALUES (1), (2), (3);
INSERT 0 3

test=# INSERT INTO b VALUES (2), (3), (4);
INSERT 0 3
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B aregyruieM Iprumepe roKa3aHo IMPOCTOE BHEIIHee COeIVMTHEeHe!
test=# SELECT * FROM a LEFT JOIN b ON (aid = bid);

ald | bid

..... [
1]
2] 2
3] 3

(3 cTpoku)

Kaxk Buaum, PostgreSQL GepeT Bce CTPOKU U3 JIeBOI TaGIUIIBI i COOTBETCTBYIO-
IIyie M CTPOKM M3 TIPaBOJ TaGIMIIbI.
A cnepyomyii mpUMep MHOTMM MOSKET ITOKa3aThCsl HEOKUTaHHBIM

test=# SELECT * FROM a LEFT JOIN b ON (aid = bid AND bid = 2);

ald | bid

..... [
1]
2 ]2
3

(3 cTpoku)

HeT, KomMuecTBO CTPOK HE YMEHBIIMIOCh — OHO OCTAJIOCh MTPEXKHUM. BOJBIIH-
CTBY JIIOZIE} KaskKeTCsI, UTO COeIMHEHEe JO/DKHO COePsKaTh TOJIBKO OIHY CTPOKY, HO
9TO HEIMPaBUIbHO U MOKET IIPUBECTU K CKPBITHIM OIIMOKAM.

PaccMoTpuM CtemyIomnyii 3arpoc, B KOTOPOM BBITIOTHSIETCS TIPOCTOE COeNyHe-
Hue:

test=# SELECT avg(aid), avg(bid)
FROM a LEFT JOIN b
ON (aid = bid AND bid = 2);
avg | avg
.................... -
2.0000000000000000 | 2.0000000000000000
(1 cTpoka)

BONBIIMHCTBO CUMTAET, UTO CpeHee BbIUMCIISIeT S IO OfHOM cTpoKe. Ho, Kak yke
CKa3aHOo BbIIlIe, 3TO He TaK, ¥ 3aIIPOChI, TOLOOHbBIE 3TOMY, 3a4aCTYI0 CTAHOBSITCS TIPH-
YMHO TPO6IeM C MTPOU3BOAUTENBLHOCTBIO, T. K. TI0 KaKOii-To mpuunHe PostgreSQL
He OCYILIEeCTBIISIeT TIOUCK 110 MHIEKCY B JieBoii Tabnuie. Ho ceifuac Hac uHTEpecyeT
He POU3BOUTEILHOCTD, & CEMaHTHUYecKast mpobema. Pa3 3a pa3om aBTOpPHI 3aI1po-
COB C BHEUIHMM COeAVHEeH/eM He IOHMMAIOT, O YeM OHM B 1€/ICTBUTEIbHOCTY ITPOCSIT
PostgreSQL. [ToaToMy TMYHO ST pEKOMEHIYI0 CHava/ia TOMHTEPeCcOBaThCSI CEMaHTUYe-
CKOJi KOPPEKTHOCTBIO BHEIITHETO COeIVHEHMs], & 3aTeM y3Ke pa3dupaThCs B Tpobieme
C TIPOM3BOIMUTEIBHOCTBIO, O KOTOPOIi cOOOIIM 3aka3uuK. He ycTaro moBTOPSITh, Ha-
CKOJIbKO BaKHO YOEUTHCS B TOM, UTO 3aITPOC JeIaeT MMEeHHO TO, 9Yer0 OT Hero XOTeJN.

O6paboTka BHELWHUX COeANHEHUI

V6E,HI/IB].LII/ICB, YTO 3aIlpoC CEMAaHTUYECKM IIpaBUJIEH, CJieAyeT IMOHAThb, YTO MOXXET
COe/IaTb OIITMMM3ATOP OJISI YCKOPEHMA BHEITHUX COEIU/IHEHI/IVI. Bo mHOrMx CIIy4dasix
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PostgreSQL MoskeT M3MeHUTH MOPSIIOK BHYTPEHHUX COeAMHEHMI ¥ TeM CaMbIM Ha-
MHOTO YCKOPUTH paboTy. Ho B cyTyuae BHEITHMX COeIMHEHMI 9TO He BCerma BO3MOXK-
HO. JIOyCTUMBI JIMILb HEMHOIME Ollepaluy U3MeHeHUs MopsiaKa:

QO (AleftjoinBon (Pab)) innerjoin C on (Pac) =

(A innerjoin Con (Pac)) leftjoin B on (Pab)

Pac — 9TO MpenuKar, ccpbutaroumiicss Ha A 1 C (O4eBUIHO, YTO B 3TOM Ciaydyae Pac
He MOXEeT CChITaThCS Ha B, MHAUe Ipeobpa3oBaHye 0Ka3bIBaeTCSI 6€CCMbICIEHHBIM).

Q (A leftjoinBon (Pab)) leftjoin C on (Pac) =

(A leftjoin Con (Pac)) leftjoin B on (Pab)

QO (AleftjoinBon (Pab)) leftjoin Con (Pbc) =

(A leftjoin (B leftjoin Con (Pbc)) on (Pab)

[TocnenHee MpaBUIO MMeET MECTO, TOJIBKO €M MpeauKaT Pbc TODKeH BEpHYTh
false mjast Bcex CTPOK B, comepskammimx null (T. e. Pbc cTporuii XOTs 6bI IjIs1 OJHOTO
cron6iia B). Eciiut Pbc He cTporuit, To mepBast hopmMa MOXKET OPOKAATh CTPOKM, B KO-
TOpPBIX cTosGel C comepskuT He null, a BO BTOPOii hopMe 3T 3ammcu 6yayT comep-
kaTh null.

XOTS TOPSIIOK HEKOTOPBIX COeAMHEHMIT MOXKHO M3MEHUTD, B TUIIMUHOM 3ampoce
3TO He JaeT HMKAKOTO BbIUTPBIIIA:

SELECT ...
FROM a LEFT JOIN b ON (aid = bid)

LEFT JOIN ¢ ON (bid = cid)
LEFT JOIN d ON (cid = did)

YT0 HYKHO C/IeJIaTh, TAK 3TO IIPOBEPUTD, BCE JIM BHEILIHME COeAMHEeHNsT He06X0-
IMMBbIL. 3a4aCTYIO [10/Ib30BaTe/ UIIYT BHEIIHME COeMHEeHsI, KOTOPbIE B IeiCTBIU-
TeJIbHOCTY He HYyKHbI. MIHOIA JIorMKa 3aJaun TakoBa, YTO B HUX BOOOIIE HET He-
006XOIVMOCTH.

MapameTtp join_collapse_limit
B mporecce BoipaboTky 1aHa PostgreSQL mbITaeTcsl IPOBEPUTDH BCE BO3MOSKHbIE
MOPSIIKM coeyHeHust. YacTo 9T0 06XOAUTCS JOBOJIBHO AOPOro, IOTOMY UTO Iepe-
CTAaHOBOK MHOTO0. ECTecTBeHHO, 3TO 3aMeJIsieT IIPOLecC IIaHMPOBAHMSI.

[TapameTp join_collapse_limit mo3BossieT paspaboOTUMKy 00OITH 3Ty MHpObIIe-
My U 6ojiee SIBHO yKa3aTh, Kak JO/KeH 00pabaThIBaThcs 3ampoc. UToObI TOKa3aTh,
B UeM ero CMbICJI, PACCMOTPUM MPOCTOJ IIpuMep:

SELECT * FROM tabi1, tab2, tab3
WHERE tab1l.i1d = tab2.1d
AND tab2.ref = tab3.1id;
SELECT * FROM tabl CROSS JOIN tab2
CROSS JOIN tab3
WHERE tabl.i1d = tab2.1id
AND tab2.ref = tab3.id;
SELECT * FROM tabl JOIN (tab2 JOIN tab3
ON (tab2.ref = tab3.id))
ON (tabl.id = tab2.1d);
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ITo cyiiecTBy, Bce Tpu 3aIipoca UAEHTUYHBI, ¥ TJIAHUPOBUIMK 06pabaThIBAeT UX
onuHaKoBO. [IepBblit 3aIPOC COTEPXKUT HESIBHbIE COeIMHEHMS, TOC/IeAHUIT — TOJb-
KO siBHbIE. [NTAaHVPOBIIMK YIIOPSAOUMBAET COeIMHEHMS, TaK UTOObI TOOUTHCS Hau-
MeHbIIIer0 BpeMeH ! BhITIOTHeHUSI. BOTTpoC: CKOMBbKO SIBHBIX coefiuHeHMi PostgreSQL
OyIeT IJIaHUMPOBAaTh HeIBHO? VIMEHHO 3TO U ompefeseT mapaMmeTp join_collapse_
limit. JIiT OOBIYHBIX 3alIPOCOB 3HAUEHMeE TI0 YMOIUYAHUIO BIIOTHE mpuemiaeMo. Ho
ec/iM B 3ampoce OueHb MHOTO COeIMMHeHMI, TO HaCTPOJiKa 3TOro mapaMeTpa MOKeT
3aMeTHO COKPAaTUTh BpeMsI IJIaHUPOBAHMSI, a 9TO, B CBOIO OUepeib, BasKHO 11 06ec-
TeueHMsI BBICOKO¥ MPOITYCKHO CITOCOOHOCTH.

YTto6bI YBUIETD, KaK 3amanue join_collapse_limit M3MeHseT IIaH, HAIMIIIEM Ta-
KOt TIPOCTO¥ 3apocC:

test=# EXPLAIN WITH x AS
(

SELECT *

FROM generate_series(1, 1000) AS id
)

SELECT *

FROM x AS a
JOIN x AS b ON (a.id = b.id)
JOIN x AS c ON (b.id = c.1d)
JOIN x AS d ON (c.id = d.id)
JOIN x AS e ON (d.id = e.id)
JOIN x AS f ON (e.id = f.id);

Honpo6y171Te BBITNIOJIHMUTD €TI0 C Pa3HbIMM 3HAYEHMAMU ITapaMeTpa M IIOCMOTPUTeE,
Kak n3meHsietcs riaH. K COXXaJIeHU1O, IIJIaH CJIMIIKOM ﬂHMHHbIﬁ, IIO3TOMY s HE MOT'Y
NpMUBECTU ero 34eChb 1 MMoKa3aTb M3MEHEHMSI.

BKIOYEHUE U BbIKNIIOYEHUE PEXXMMOB OMTUMMU3ATOPA

MpbI TOIpO6HO 0O6CYIMIM cCaMble BasKHbIE OTITUMM3AIIMIA, BHITTOHSIEMbIe TUTAHMPOB-
mykoM. C rogamu B PostgreSQL 6bII0 BHECEHO HEMAJIO YCOBEPIIeHCTBOBaHMit. Ho
BCe-TaKM ObIBAET, YTO INITAHMPOBIIMK COMBAETCS C ITyTU MCTUHHOTO Y MTOJIb30BATENTI0
MIPUXONTCSI HACTABJISITh €TO0.

Ina momudukaiuy TuiaHoB PostgreSQL mpemyiaraeT HEeCKOJIBKO ITapaMeTpOB.
Vpmest B TOM, 4TOOBI TIO/Tb30BaTEb MOT CAEJIATh OMHM TUITHI Y3JI0B IIaHa 60iee M0-
porummu, yeM Apyrue. YTo 3TO 03HavaeT Ha MpakTuke?

BoTt mpocToii riaH:

test=# EXPLAIN SELECT *
FROM generate_series(1, 100) AS a,
generate_series(1, 100) AS b
WHERE a = b;
QUERY PLAN
Merge Join (cost=119.66..199.66 rows=5000 width=8)
Merge Cond: (a.a = b.b)
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-> Sort (cost=59.83..62.33 rows=1000 width=4)
Sort Key: a.a
-> Function Scan on generate_series a
(cost=0.00..10.00 rows=1000 width=4)

-> Sort (cost=59.83..62.33 rows=1000 width=4)
Sort Key: b.b
-> Function Scan on generate_series b
(cost=0.00..10.00 rows=1000 width=4)

(8 cTpok)

[lnaH moka3siBaeT, 4To PostgreSQL ronyuaet gaHHble OT GYHKIMKU U COPTUPYET
06a pesysbrata. [Tocsie 3TOro Mpou3BOIUTCS COeTMHEHME CIUSHUEM.

Ho uTo, ecimu coegyiHeHNEe CIMSIHMEM — HE CaMbIii ObICTPBINA CITOCO6 BBITTOJHUTD
aToT 3ampoc? B PostgreSQL HeT crmoco6a BKIIOUMTh KOMMEHTapUM C YKa3aHUSIMU
IJIAaHMPOBIIMKY, Kak B Oracle. BMeCTo 3TOT0 MbI JOJIKHBI COOOIINUTD, YTO HEKOTOPBIE
orepauuy CYUTAIOTCSI moporumu. Tak, KomaHaa SET enable_mergejoin TO of f memaeT
CIUSTHYE CITUIIIKOM JOPOTUM:

test=# SET enable_mergejoin TO off;
SET
test=# EXPLAIN SELECT *
FROM generate_series(1, 100) AS a,
generate_series(1, 100) AS b
WHERE a = b;
QUERY PLAN
Hash Join (cost=22.50..210.00 rows=5000 width=8)
Hash Cond: (a.a = b.b)
-> Function Scan on generate_series a
(cost=0.00..10.00 rows=1000 width=4)
-> Hash (cost=10.00..10.00 rows=1000 width=4)
-> Function Scan on generate_series b
(cost=0.00..10.00 rows=1000 width=4)
(5 cTpok)

TTOCKOBKY CAUSTHYUE CIUIITKOM Joporo, PostgreSQL periia mornpo60BaTh COeI -
HeHue XelupoBaHueM. Kak BUIMM, CTOMMOCTb HECKOJIBKO BO3POC/Ia, HO IJIaH BCe
pPaBHO TIPUHMMAETCS, TOCKOMbKY CTUSIHUE 00bSIBIEHO HEsKETaTeNbHbIM.

A uTO, eCI U COeIMHEHME XelMPOBaHMEM 3aTTPETUTD?

test=# SET enable_hashjoin TO off;
SET
test=# EXPLAIN SELECT *

FROM generate_series(1, 100) AS a,

generate_series(1, 100) AS b
WHERE a = b;
QUERY PLAN

Nested Loop (cost=0.01..22510.01 rows=5000 width=8)

Join Filter: (a.a = b.b)

-> Function Scan on generate_series a
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(cost=0.00..10.00 rows=1000 width=4)
-> Function Scan on generate_series b
(cost=0.00..10.00 rows=1000 width=4)
(4 cTpoku)

PostgreSQL cHOBA IMbITAeTCSI BLIOPATD ellle KaKoii-HMOYIb BApMaHT M OCTaHABJIM -
BaeTCs Ha BJIOXKEHHBIX IIMKIax. CTOMMOCTD TaKOTO TJIaHa OIIeIOMUTETbHO BbICOKA,
HO y TUTAHMPOBIIMKA HET BhIOOpA.

Hy a eciut 3anipeTuThb U BJOKEHHBIE LIUKIIbI?

test=# SET enable_nestloop TO off;
SET
test=# EXPLAIN SELECT *
FROM generate_series(1, 100) AS a,
generate_series(1, 100) AS b
WHERE a = b;
QUERY PLAN

Nested Loop (cost=10000000000.00..10000022510.00 rows=5000 width=8)
Join Filter: (a.a = b.b)
-> Function Scan on generate_series a
(cost=0.00..10.00 rows=1000 width=4)
-> Function Scan on generate_series b
(cost=0.00..10.00 rows=1000 width=4)
(4 cTpoku)

PostgreSQL Bce paBHO BBITIONHSIET COeIMHEHVE METOOM BJIOYKEHHBIX I[MKJIOB.
BaxkHO, uTO of f He 03HAUaeT MOJHOTO 3allpeTa oIepalum, a JIUIIb JejlaeT ee OUeHb
JOPOTOJi. ITO CYIIECTBEHHO, IIOTOMY UTO MHAaue 3alpoc BOOOIIe Heb3sl GbUIO Obl
BBITIOJTHUTD.

Huke rmepeuniciieHsl TapaMeTphbl, BJAMSIONIE Ha paboTy MJIaHMPOBIIMKA:
enable_bitmapscan = on
enable_hashagg = on
enable_hashjoin =on
enable_indexscan = on
enable_indexonlyscan = on
enable_material = on
enable_mergejoin =on
enable_nestloop = on
enable_segscan = on
enable_sort =on
enable_tidscan =on

XOoTs1 3TM mapaMeTpbl, 6€3yCIIOBHO, TI0JIE3HBI, USMEHSITh UX CJIEIYET C OCTOPOSKHO-
CTBIO U TOJIBKO J1JIsI YCKOPEHMsI OTHEeIbHBIX 3aIIPOCOB, a He I7T06aIbHO. BeIK/TIOUeH e
HEKOTOPOTO pekrMa MOKET OUeHb OBICTPO 00EPHYTHCS IMPOTUB BaC U CBECTU IPO-
U3BOAUTENBHOCTh HA HET. Tak UTO JIydllle CeMb pa3 OTMEPUTb, MPEXIE YeM OOUH
pa3 oTpes3aThb.

(ONCNONCRONCRONCRONONG,
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[eHeTHMUecKaa onTUMU3aLMUS 3anpocos

PesynbTaT maaHMpPOBaHUS — KJIIOU K AOCTMKEHUIO BbICOKOW MPOM3BOAUTEbHOCTHA.
Kak mokasaHO B 3TO¥ IVIaBe, IJIaHMPOBaHMe — JaleKo He TPUBUAIbHbIN TpoIlecc,
BKJTIOUAIONINIA pas3aMyHble CJIOKHbIE BRIUMCIeHMS. YeM GosbIie TabauIl yIIoMMHA-
eTcs B 3amIpoce, TeM CJIOXKHee IJIaHMPOBaHMe, MOCKOIbKY MJIaHMPOBIUIMK JO/DKEH
paccMaTpuBaTh 6oJbllle BapyaHTOB. IIOHSITHO, YTO BpeMsI IVIaHMPOBAHMS BO3pac-
TaeT. B Kako¥-TO MOMEHT IJIaHMPOBaHMe HauMHAeT 3aHMMAaTh TaK MHOTO BpeMe-
HMU, YTO KJIACCUYECKUI MCUePIThIBAIOIINII TIOMCK CTAHOBUTCS HEIleaeco0Opa3HbIM.
Bosnee Toro, ommbKky B OlleHKax, JOMYIeHHbIe BO BpeMs IJIAaHUPOBaHMS, B JTI0O0M
CJTyyae HaCTOJIbKO BeJIVKM, UTO TEOPETUUECKY ONITUMAaJIbHbIN TIaH Heo6s13aTeIbHO
JlaeT HaMMeHbIllee BpeMsl BbITTOTHEeHMSI.

B Takux ciydasix Ha ITOMOIIb MOXKeT MPUATY reHeTuuecKasi ONTUMMU3auus 3a-
npocoB (genetic query optimization — GEQO). Uto 3To Takoe? Vest 3auMcTBOBaHa
Yy IPUPOJIbI M HATIOMMUHAET eCTeCTBeHHYIO 9BOTIOLINIO.

PostgreSQL mogxoMT K 9TOi 3a71aue, KaK K 3a7jaue KOMMMBOSTKepa, ¥ KOOMpPYyeT BO3-
MO>KHbIE TTOPSIIKM COeIMHEeHMsI CTPOKaMU 1ebIX unce. Hampumep, 4-1-3-2 o3Havaer:
CHayvaJia CoOeAHUTD 4 C 1, 3aTeM C 3 1 3aTeM C 2. UncnaMmu IpeacTaBieHbl OTHOLIEHNS.

BHauasie reHeTMUYeCKMIi ONITUMMU3ATOP TeHEPUPYET CAyUYaiiHbIii HAabOp IIJIaHOB.
3aTeM 9TU IUTaHbl aHAIM3UPYIOTCS. [ToX1e TIaHbl OTOPAChIBAIOTCS, @ HA OCHOBE r'e-
HOB XOPOIIMX TVIAHOB reHepUPYIOTCsl HOBbIe. TeopeTnueckyt BHOBb CreHepupOBaH-
Hbl€ TIJIaHbl MOTYT 0Ka3aThCsl JIyullle. DTOT IPOLeCC MOKHO MOBTOPUTD CTOJIBKO pas,
CKOJIbKO HeoOXomuMo. B uTore ocraHeTcs IIaH, KOTOPBIN, Kak OXuaaeTcs, OyoeT
HaMHOTO JIyullie cayJdaiiHoro. [eHeTnueckoi onTuMm3alyeit yrpasisieT mapaMeTp
geqo, KaK MoKa3aHo HIKe:

test=# SHOW geqo;
geqo

on
(1 cTpoka)

test=# SET geqo TO off;
SET

I[To yMonmuaHMIO TTapaMeTp geqo BCTYIIAeT B UTPY, KOT/A ITPEBBIIIIEH YPOBEHD CJIOK-
HOCTH, 33[jaBaeMblii CJIeyIOLIMM ITapaMeTpoM ':

test=# SHOW geqo_threshold ;
geqo_threshold

(1 cTpoka)

Eciu Bamm 3aIIpoOChl HACTOJ/JIbKO C/IOXKHbI, UTO JOCTUT'ae€TCs TaKojii YPOBEHb, TO,
6Q3YCHOBHO, ynmeeT CMBIC/I ITIOSKCIIEPVMMEHTUPOBATDL C 3TUM IIapaMeTpOM U ITOCMOT-
peTb, Kak 6y,£[yT M3MEHSATDHCS MTOPO’KaaeMble IJIaHMPOBIIMKOM IIJIaHbI.

! Tlom «ypoBHeM CJIOXKHOCTM» 3[leChb ITOHMMAeTCS KOIMYeCTBO COeJMHSeMBIX TabIui. —

IIpum. peo.
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Ho, BooGi11e roBopSI, 1 peKOMEHAYIO BO3IEPKMBATHCS OT 9KcrepuMeHToB ¢ GEQO
U CHavasIa MOITbITaThCSI KaK-TO UCIIPABUTD MOPSAOK COeIVHEeHNI C TIOMOIIIbIO Iapa-
meTtpa join_collapse_limit. 3ameTuMm, YTO BCe 3aMIPOChl YHUKAIbHbI, TAK UTO CTOUT
Ha6MpaTbCs OTIbITA, SIKCIIEPUMEHTUPYS M HAO/Ioast, KaK BeleT ceOsl IIaHMPOBIINUK
[IPU Pa3HbIX YCIOBUSIX.

Ecmu XOoTuTe MOCMOTpPeTh Ha MeiCTBUTENIbHO 6e3yMHOe CoemMHeHMe, MOCITy-
maiiTe Mpe3eHTAIMI0, KOTOPYIO 51 TpoBoaua B Manpuge (http://de.slideshare.net/
hansjurgenschonig/postgresql-joining-1-million-tables).

CEKLIMOHMPOBAHUE JAHHbIX

ITpu pasmepe 610Kka 8 Kb PostgreSQL mMoskeT XpaHUTh B OGHOJ Tabiuie go 32 Th
naHHbIX. Eciu oTrkomMmmuiipoBath PostgreSQL ¢ pasmepom 611oka 32 KB, To 3Ta Be-
JuuyHa Bo3pacreT 10 128 TB. Ho ¢ TakuMM GONbIIMMM TabIUIIaMM HEYTO0OHO pa-
60TaTh, TO3TOMY MMEET CMbBICJI CEKLIIMOHMPOBATDH UX, YTOOBI YIIPOCTUTH, & MHOTAA
¥ HEMHOT'O YCKOPUTb 06paboTky. HaunHas ¢ Bepcuu 10.0, PostgreSQL npenaraer
yIIy4dllleHHOe CeKI[MOHMPOBaHMe, CyllleCTBEHHO YIIpoIailiee 3a4a4y orpeeneHus
CeKIIUIA.

B aToM paspesie Mbl pacCCMOTPUM Kak CTapble, TaK ¥ HOBbIE CPeICTBA, [IOSIBUBIIME-
cs B PostgreSQL 11.0.

Co3paHue cekuui

CHayvana pacCMOTPUM YCTapeBIINI MEeTO[I CEKIIMOHMPOBAHMS JaHHbBIX. 3HAKOMCTBO
C 9TOV TEXHMKOI BakKHO 11 Gosee IITybOKOro MOHMMAaHMs TOoro, uto PostgreSQL
JlenaeT 3a Kyaucamu.

Ho mpexzae yeM BAaBaThCs B IIPeMMYIECTBA CEKIIMOHUPOBAHMS, I XOUy TTOKa-
3aTh, KaK CO3/IaTh CEKIMN. Bce HAUMHAETCS C POOUTETBCKOM TabIUIIbI, KOTOPAs CO3-
JlaeTcs caeqyromieil KOMaHI0M:

test=# CREATE TABLE t_data (id serial, t date, payload text);
CREATE TABLE

B 3TOM mpuMepe poAuTenbckasi Tabnauia ComepskuUT Tpu cronbia. Cronbery date
OyIeT UCIIONMb30BaThCs 151 CEKIMOHMPOBAHMS, HO 06 9TOM UyTb ITO3XKeE.
mMest pOMUTENTbCKYIO TAGNILY, MBI MOKEM CO3[aTh JOUepHMeE:

test=# CREATE TABLE t_data 2016 () INHERITS (t_data);
CREATE TABLE
test=# \d t_data_2016

Tabnnuya "public.t_data_2016"

Ctonbey |  Tun | MoanonKaTopsl

......... o
id | integer | not null default nextval('t_data_id_seq'::regclass)
t | date |

payload | text |
HacneayeT: t_data


http://de.slideshare.net/hansjurgenschonig/postgresql-joining-1-million-tables
http://de.slideshare.net/hansjurgenschonig/postgresql-joining-1-million-tables
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Ta6nuiia HasbIBaeTcs t_data_2016 1 HaciemyeT t_data. HUKaKMX TOTTOTHUTEIbHBIX
CTONOIIOB B JOUYEPHIO0 TAOIMILy MbI 1OOABJSATh He cTamm. Kak BUOMM, HacaemoBa-
HMe 03HAuaeT, YTO CTOJIOIbI POAMUTENbCKOI TAGIUIIBI TIPUCYTCTBYIOT B AOYEPHEIA.
OTMeTMM TaKKe, UTO CTOjIOeI] id Hac/eayeT OT POAUTENIbCKO TaGIMIIbI ITOCeA0Ba-
TeJIbHOCTb, TaK YTO BCE ITOTOMKM MOJIb3YIOTCS OOIIel Hymepaleii.

Co3gaaum elie HeCKOJIbKO TaOIMII:
test=# CREATE TABLE t_data_2015 () INHERITS (t_data);

CREATE TABLE

test=# CREATE TABLE t_data_2014 () INHERITS (t_data);
CREATE TABLE

[Toxka 4TO BCe Ta6MMIbI ONMHAKOBBI M IIPOCTO HACIEIYIOT POIMUTEIbCKOM. Ho
BOOOIIIE-TO JoUepHIe TabaMIIbl MOTYT MMEeTh GOJIbIIIEe CTOJIOII0B, UeM POAUTETbCKAS.
IIo6aBUTh CTOJIOLIBI TPOCTO:

test=# CREATE TABLE t_data_2013 (special text) INHERITS (t_data);
CREATE TABLE

B manHOM cyuae moGaByieH crojberr special. Ha poguTenbCcKylo TabMuIly OH He
BJIMSIET, & JINIIb 000rallaeT JOYEPHIOI0, TO3BOJISIS XPAHUTD B Helt 60/IbIIe JaHHbIX.
Co31aB HECKOJIBKO TabIuII, 106aBUM, HAKOHEII, CTPOKY:

test=# INSERT INTO t_data_2015 (t, payload)
VALUES ('2015-05-04', 'some data');
INSERT 0 1

Camoe BakHOe 3]1eCh TO, YTO C ITOMOIIbIO pO,EU/ITe)II)CKOI'/JI Ta6J’[I/I]_H)I MbI MOJXeM
HalTu BCe TaHHbIE B JOYEepHUX:

test=# SELECT * FROM t_data;
id | t | payload
....+ ............ + ...........

1 | 2015-05-04 | some data
(1 cTpoka)

3aIpoc K POAUTENbCKON Tab/uiie MO3BOISIeT MPOCTO U 3(PGEKTUBHO MOIYIUTD
IOCTYII K JaHHBIM, BCTaBJIEHHBIM BO BCe JOYEpHMeE.

YT06bI MOHATH, KaK B PostgreSQL o6pabaThIiBaeTCsI CEKIMOHMPOBAHME, B3IJISTHEM
Ha TJIaH BBITIOJTHEHUST 3a1poca:

test=# EXPLAIN SELECT * FROM t_data;
QUERY PLAN
Append (cost=0.00..84.10 rows=4411 width=40)
-> Seq Scan on t_data (cost=0.00..0.00 rows=1 width=40)
-> Seq Scan on t_data_2016 (cost=0.00..22.00 rows=1200 width=40)
-> Seq Scan on t_data_2015 (cost=0.00..22.00 rows=1200 width=40)
-> Seq Scan on t_data_2014 (cost=0.00..22.00 rows=1200 width=40)
-> Seq Scan on t_data_2013 (cost=0.00..18.10 rows=810 width=40)
(6 cTpok)
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Ha camoMm pmee mpoiiecc oueHb MpocToii. PostgreSQL o6benuHsIET BCe TabIMUIIbI
U TIOKa3bIBAeT COAEPIKMMOeE BCeX TabIuIL B JaHHOI CeKLIMU U BO BCEX CEKIIMSIX HIKe
Hee. OTMETVM, UTO BCE TAOIMIIbI HE3aBUCYMBI U JIUIIIb JIOTMUECKY CBSI3aHbI TIOCPE/I-
CTBOM CUCTEMHOTO KaTaJiora.

MNpuMeHeHne TabNNYHBIX OrpaHUYEHUA

A uTO, eIV TPUMEHUTD K Tabnuile GyibTpbl? Kakoii crioco6 BHITTOTHEHMS 3a1Tpoca
OTITYMM3ATOP COUTET Hanbosee 3¢ heKTUBHBIM? B ciieyioiieM nmpumepe mokasaHo,
KakK BefeT cebs MIaHupoBuInK PostgreSQL:

test=# EXPLAIN SELECT * FROM t_data WHERE t = '2016-01-04';
QUERY PLAN
Append (cost=0.00..95.12 rows=23 width=40)
-> Seq Scan on t_data (cost=0.00..0.00 rows=1 width=40)
Filter: (t = '2016-01-04'::date)
-> Seq Scan on t_data_2016 (cost=0.00..25.00 rows=6 width=40)
Filter: (t = '2016-01-04'::date)
-> Seq Scan on t_data_2015 (cost=0.00..25.00 rows=6 width=40)
Filter: (t = '2016-01-04'::date)
-> Seq Scan on t_data_2014 (cost=0.00..25.00 rows=6 width=40)
Filter: (t = '2016-01-04'::date)
-> Seq Scan on t_data_2013 (cost=0.00..20.12 rows=4 width=40)
Filter: (t = '2016-01-04'::date)
(11 cTpok)

PostgreSQL npumeHsieT GyiibTp KO BceM ceKuysiM. OH He 3HAET, UTO UMS Tab/u-
IIbI KaK-TO CBSI3aHO C ee cofepskMMbIM. C TOUKM 3peHMs Oa3bl JaHHBIX, MUMEHA — 5TO
BCEro JIIIb MMeHa, OHM He MMeIOT HMKAKOTO OTHOIIEeHUS K TOMY, YTO Mbl UILEM.
9T0, KOHEYHO, TTPaBUJIbHO, TIOTOMY UTO JJISI MHOTO MOBeleHUsI HeT HUKAKOro MaTe-
MaTUYeCKOro 060CHOBAHMUS.

Torga BO3HMKAET BOIIPOC: KaK CKa3aTh 6ase JaHHBIX, UTO B Tabuie t_data_2016
XPaHSTCS TONIBKO JaHHble 3a 2016 rof, B Tabnuile t_data_2015 — TOJIBKO JAaHHbIE 3a
2015 romg u T. 1.? JIjs1 9TOrO MpenHasHavyeHbl TabauuHble orpaHndeHusi. OHU co-
obmamT PostgreSQL o comepskMMOM TabIUIIBI M, CTAJI0 OBITh, TO3BOJISIOT IUIAHM-
POBIIMKY MPUHMUMATh O0jiee pasyMHbIe penieHys. DTa BO3MOKHOCTb Ha3bIBAETCSI
UCKJII0OUEeHMeM 0 OTPAaHMUYEHUIO ¥ BO MHOTUX CTy4Yasix 3HAUUTETbHO YCKOPSIeT BbI-
ITOJTHEHME 3aITPOCOB.

Hiuke rmokasaHo, KaK CO3Jal0TCS TabIMUHbIe OTPAHUYEHMNS :

test=# ALTER TABLE t_data_2013 ADD CHECK (t < '2014-81-01');

ALTER TABLE

test=# ALTER TABLE t_data 2014 ADD CHECK (t >= '2014-01-01' AND t < '2015-01-01');
ALTER TABLE

test=# ALTER TABLE t_data_2015 ADD CHECK (t >= '2015-01-01' AND t < '2016-01-01');
ALTER TABLE

test=# ALTER TABLE t_data_2016 ADD CHECK (t >= '2016-01-01' AND t < '2017-01-01');
ALTER TABLE
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OrpannueHue CHECK MOSKHO D06aBUTh K 106071 Tabnuiie.

PostgreSQL co3paeTt orpaHuyeHue, TONbKO €CAM Kaxaas CTpoka B Tabnuue yoosneTsopser
3TOMY orpaHumyenmto. B otnmume ot MySQL, PostgreSQL 0THOCKTCS K OrpaHMYeHNsSIM Cepbe3HO
1 TpebyeT X BbINOJHEHWS BO BCEX CIyYasnX.

B PostgreSQL orpaHmyeHust Ha pa3Hble TabIMIbI MOTYT II€PEKPhIBATHCS — 3TO He
3aIpelieHo ¥ B HEKOTOPhIX CIyYasix MMeeT CMbICI. Ho jiyuiiie, KOrga OrpaHuyeHust
He MepeKpbIBAIOTCS, IIOCKOIBKY Torma PostgreSQL MOXKeT MCKIIOUUTD U3 mepedopa
60JIbLIIe TaOJINII.

BOT YTO MPOUCXOLUT MOCIIE JO6ABIEHNS TaAOMIMUHbBIX OTPAaHUYEHMI:

test=# EXPLAIN SELECT * FROM t_data WHERE t = '2016-01-04';
QUERY PLAN

Append (cost=0.00..25.00 rows=7 width=40)
-> Seq Scan on t_data (cost=0.00..0.00 rows=1 width=40)
Filter: (t = '2016-01-04'::date)
-> Seq Scan on t_data_2016 (cost=0.00..25.00 rows=6 width=40)
Filter: (t = '2016-01-04'::date)
(5 cTpok)

HJ’[aHI/IpOBIJJ,I/IK CMOT CKITIOUYUTD U3 3aIIpoCa MHOIrme TaGJII/II_[bI, OCTaBMB TOJILKO Te,
KOTOpbI€ MOTI'YT COOEP>KaTb JaHHbBIE. Ot 6ostee KOPOTKOI'O "1 3(1)(1)EKTI/IBHOI‘O IJyIaHa 3a-
IMpOC, KOHEYHO, CMJIbHO BbIUT'DbIBAET, 0COOEHHO eC/IM UCK/TIOUeHHbIe Ta6JII/ILUJI BEJIIKN.

Moaudukaumna HacneayemMom CTPYKTYpbl

BpeMst OT BpeMeHM CTPYKTYPbI JAHHBIX MPUXOAUTCS MOAUMUIIMPOBATD. [IJIs1 3TOrO
CTYSKAT KOMaHa ALTER TABLE. Borpoc B TOM, KakK MOAMMUIIMPOBATh CEKIIMOHUPO-
BaHHbIE TaOINIIbI.

IlocTaTOYHO JOO6ABUTD UM YIATUTD CTOMOLIBI M3 POAUTETbCKON TabanIIbl, 1 Post-
greSQL aBTOMaTMUECKM PaCIIPOCTPAHUT U3MEHEHMS Ha BCe fOYepHUe:

test=# ALTER TABLE t_data ADD COLUMN x int;
ALTER TABLE
test=# \d t_data_2016
Tabnnuya "public.t_data_2016"

Ctonbey |  Tun | MoanoMKaTOpbI

......... +.-_-_....+_._....-_-_....._-_....-_-_....-_-_....-_._....-_-_..
id | integer | not null default nextval('t_data_id_seq'::regclass)
t | date |

payload | text |

X | integer |

OrpaHNyYeHNs - NIPOBEpPKN :
"t_data_2016_t_check"
CHECK (t >= '2016-01-01'::date AND t < '2017-01-01'::date)
HacnepyeT: t_data

Kaxk Bummm, mocie go6asieHns CToI61a B POOUTEIbCKYIO TabIMIy OH aBTOMATH -
yecky 6bL J06aBJIeH I B JOUEPHIOIO.
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3aMeTUM, UTO 3TO paboTaeT [AJIs CTOJIOIIOB U CBSI3aHHbBIX C HUMM 00beKTOB. C MH-
JeKcaMy — COBepIIeHHO Apyras MCTOpus. B CTpyKType HacjiemoOBaHMS KaKIyIO
TabIMIy HYKHO MHIEKCUPOBATh OTHENbHO. EC/IM MOCTpOUTh MHAEKC Haj, pPOIu-
TeJIbCKO TabINIIel, TO TOJBKO HAJ Heil OH U OyIeT CylecTBOBATh — Ha JOoUepHIe
TabIMIIBI OH He pacIpocTpaHseTcst. MHAeKCMpoBaHye TeX Ke CTOJOI0B B J0oYep-
HUX Tabnuiax — Bala 3amava, PostgreSQL He cTaHeT MPUMHMMATD 3a BaC peIIeHusl.
CunTaTh 3TO 0COOEHHOCTHIO WJI OTPAaHMUYEHVEM — Aej10 BKyca. MOKHO CKa3aThb, UTO
PostgreSQL mo3BosieT r’MOKO MHAEKCUPOBATDh Ta6GIMIII TT0 OTAEIbHOCTH, UTO I0-
TeHL}MATbHO MOKET ITOBBICUTD 3 PEKTUBHOCTh. HO MOKHO ¥ BO3Pa3uTh, YTO CTPO-
UTh MHIEKCHI TI0 OJHOMY — JIMIIIHSS paboTa.

MepemMewieHne Tabnuubl B HacneAyeMylo CTPYKTYpY U U3 Hee

[TycTe MMeeTcs HacIemyeMast CTPyKTypa. JJaHHbIe CeKIMOHMPOBAaHBI 110 AaTe, Y Mbl
XOTMM ITOKa3bIBaTh I10/Ib30BATEIII0 JaHHbIe 32 HeCKOJIbKO MOCIeNHMX JIeT. B KaKoii-
TO MOMEHT BO3HMKAaeT JXeJIaHMe CLe/aTh YaCTh JAHHBIX HeJOCTYITHbIMM I10J1b30Ba-
TeJ1o, He yaanss ux. Harnpumep, HoMeCcTUThb B KaKOW-TO apXUB.

PostgreSQL npemocrasisieT IPOCTbIe CpefcTBa caenaTh 9To. CHavana co3gagum
HOBOT'O POAUTES:

test=# CREATE TABLE t_history (LIKE t_data);
CREATE TABLE

KitoueBoe ¢j10BO LIKE MO3BOJISIET CO3ATh TAOIMILY C TOYHO TaKO¥ K€ CTPYKTYPOI,
Kak y t_data. Eciiu BbI 3a6bUIM COCTaB CTOIOLIOB TaGIMIIbI t_data, TO 9TO OUEHb YI00-
HO, TTIOCKOJIbKY IT03BOJISIET COKOHOMMUTD BpeMs. MOKHO Takke J06aBUTh MHIEKCHI,
OTpPaHMYEHNS ¥ 3HAUEHUS TI0 YMOTUYaHUIO.

3aTeM Mbl OTIEIMM TabIUILy OT CTApPOrO POAMTENS U ITepeHeceM Mo, HOBbIIA:
test=# ALTER TABLE t_data 2013 NO INHERIT t_data;

ALTER TABLE

test=# ALTER TABLE t_data_2013 INHERIT t_history;
ALTER TABLE

KoHeuHO, Bce 3TO MOXHO MPOMAENaTh B KOHTEKCTe OMHOI TpaH3aKLIVM, UYTOOBI
omepaiiys 6bIIa aTOMapHOIA.

OumcTKa AaHHbIX

OnHO U3 MPEUMYIIECTB CeKIIMOHMPOBAHHBIX TAOIMUIL — BO3MOKHOCTb OBICTPO OUMC-
TUTb JaHHBbIe. [[peATI0n0K1M, UTO MBI XOTUM yIAIUTh BCe TaHHBIE 3a rof. Ecm nan-
Hble TTOAXOISAIIMM 06pa30M CEeKIIOHMPOBAHBI, TO IJIT 3TOTO JOCTATOYHO IIPOCTOI
KOMaHbI DROP TABLE:

test=# DROP TABLE t_data_2014;
DROP TABLE

Kak BUAVM, yOAIUTh JOUYEPHIO TaOGIUILy JIETKO. A KaK HacueT POAUTETbCKOI?
ITOCKOJIbKY CYIIECTBYIOT 3aBMCMMbIe OT Hee 00BEKTbI, PostgreSQL, ecTecTBeHHO,
BO3pajkaeT, 3a00TsICh O TOM, UTOObI He ITPOM301II0 HUYET0 HEOKMIAHHOTO:
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test=# DROP TABLE t_data;

OWMBKA: ypanuTb obbekT Tabnmua t_data Hesb3A, Tak Kak OT HEro 3aBUCAT fApyrue 06beKTbl
MOAPOBHOCTW:  3HaueHue no ymonyauuw, Tabaumua t_data_2013 cTonbey id 3aBucuT oT obbekTa
nocnepoBatenbHocTh t_data_id_seq

Tabamua t_data_2016 3aBucMT oT obbekTa Tabnnua t_data

Tabamua t_data_2015 3aBucuT oT obbekTa Tabanua t_data

MOACKA3KA: [ina yAaneHns 3aBUCUMbIX 0ObeKTOB Mcnonb3yiTe DROP ... CASCADE.

Komanma DROP TABLE TIpemyIpeskaaeT, UTO MMEIOTCST 3aBMCHMbIe OOBEKTHI, U OT-
Ka3bIBAETCS yIAISATh TabauIry. UToObI Be ke 3acTaBUTh PostgreSQL ymaauThb pony-
TeJIbCKYIO TaOINITy, Hy>KHO T00aBUTh CJI0BO CASCADE, 1 Torma OyayT yaaJeHbl TaKKe
nmodepHue Tabmuiibl. Hyoke rmokasaHa KackajHasi KoMaH1a DROP TABLE:

test=# DROP TABLE t_data CASCADE;

3AMEYAHWE: ypaneHue pacnpocTpaHaeTcs Ha ewé 3 obbekTa

MOAPOBHOCTU:  yaaneHue pacnpoCTPaHAETCs Ha 0ObEKT 3HAYeHWe Mo YMoNuaHwi, Tabauua
t_data_2013 crtonbey id

yA3NEeHNe PacnpoCTpaHAeTCs Ha obbekT Tabimuya t_data_2016

yAaJieHne pacnpoCcTpaHAeTca Ha obbekT Tabanua t_data_2015

DROP TABLE

CekuuonupoBaHue B PostgreSQL 11.0

MHoroe u3 nob6asieHHoro B Bepcusx PostgreSQL 10 u 11 mpu3BaHo aBTOMaTU3U-
pOBaTh TO, UTO B «CTAPOM MUDPE» 1e1aI0Ch BPYUHYIO. DTO OTHOCUTCS K MHIEKCUPO-
BaHMIO, K MapIIPyTU3aLM KOPTEXKeii IIpy BCcTaBKe U T. . Ho gaBaiite pasbepemMcs
T10 TIOPSIAKY.

Vske monrye Tombl coobiectBo PostgreSQL paboTaeT Haj, BCTPOEHHBIM CEKIMOHM-
poBanueM. Hakower, B PostgreSQL 10.0 6bu1a mpenjioxkeHa repsast peajansanysi, Bo-
1IeA1as B 1ipo, KOTOPYIO Mbl paCCMOTPUM B 3TOV I71aBe. Ho B ecsiToi Bepcum CeKLo-
HMPOBaHME BCE JKe TPEOOBAJIO PYYHOTI'0 TPya, mosTomMy B PostgreSQL 11 MHOroe 66110
YAYUIIIeHO, YTOOBI YITIPOCTUTD MCIIONb30BaHME 3TOM BasKHO (DYHKIVMOHATBHOCTH.

YT0oO6BI MOKA3aTh, KAK PAOOTAET STOT MEXaHM3M, Sl IOATOTOBMJI IIPOCTOI IIpUMep
CEeKIIMOHMPOBAHMS T10 IMAIa30HY:

CREATE TABLE data (

payload integer
) PARTITION BY RANGE (payload);

CREATE TABLE negatives PARTITION OF data FOR VALUES FROM (MINVALUE) TO (0);
CREATE TABLE positives PARTITION OF data FOR VALUES FROM (@) TO (MAXVALUE);

31ech O[THA CEKLIMS COIEPKUT BCe OTpUIlATe/IbHbIe 3HAUEHMSI, a IpyTasi — BCe I10-
JIOKUTEbHBIE. [Ipy cO3MaHNM POAUTENbCKOV TaOINITBI MOKHO ITPOCTO YKa3aTh, KaK
MBI XOTUM CEKIIMOHMPOBATD TaHHBIE.

B PostgreSQOL 10.0 nogaep»X1Banocb CEKLMOHMPOBaHME NO AMaNa3oHy M No cnucky. B Post-
greSQOL 11.0 nosBunoCh CEKLMOHUPOBAHME MO XeLly.

ViMest pomuTeIbCKYIO TabINITY, MOSKHO IIPUCTYIATD K CO3IaHMIO CeKIMiA. [IJIst 9TO-
ro go6aBieHa ¢pasa PARTITION OF. B Bepcuu PostgreSQL 10 ertie octaBainuch OrpaHu-
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YeHMsI, CaMoe BasKHOE 13 KOTOPHIX — HEBO3MOKHOCTD ITepeMeCTUThb KOPTEX (CTPOKY)
M3 OJTHO¥ CeKIUM B IPYyTYl0, HATIpUMep:

UPDATE data SET payload = -10 WHERE id = 5

K cuactsio, B Bepcun PostgreSQL 11 sTo orpanuuenue cHsito. Ho umerite B BUY,
UTO MepemMelleHre TaHHbIX MeXAY CeKIMUSIMU — He JIydiias uaes.

Crnenmyrouuii BaXKHbIVi MOMEHT CBsI3aH C MHAeKcupoBaHueM: B PostgreSQL 10 kax-
Iyio Tabauiry (CeKIMio) HY)KHO ObUIO MHIEKCUPOBATh OTHeabHO. B PostgreSQL 11
9TO y>Ke He Tak. JlaBaiiTe ompo6yeM U TOCMOTPUM, UTO TIOTYIUTCS :

test=# CREATE INDEX idx_payload ON data (payload);
CREATE INDEX

test=# \d positives
Tabnnua "public.positives"
Ctonbey | Tun | Mpasuno coptuposku | Jonyctumocts NULL | Mo ymonuaHmio
--------- T T i AT A
payload | integer | | |
Cekuna n3: data FOR VALUES FROM (0) TO (MAXVALUE)
NHaeKco:
"positives_payload_idx" btree (payload)

Kak BuMOuM, MHIAEKC Haf, JOYEpHEei Tabiuieil MOCTPOeH aBTOMAaTUYECKU. ITO
BaykHast ocobeHHOCTh PostgreSQL 11, KOTOPYIO yske BBICOKO OLIEHMJIM T10JIb30BaTe-
Jin, Tiepelieie Ha 3Ty BepCUIo.

Cnenyomuii MOMEHT — BO3MOKHOCTb CO3[aTh CEKIMI0 M0 yMOIYaHuo0. YToObI
II0Ka3aTh, KaK 3TO paboTaeT, yaaauM OgHY M3 CEeKIIVIA:

test=# DROP TABLE negatives;
DROP TABLE

3areM CO30aAUM CEKIIUIO 10 YMOTYaHUIO OJIS T8.6JII/ILU>I data:

test=# CREATE TABLE p_def PARTITION OF data DEFAULT;
CREATE TABLE

Bce maHHBIe, IJISI KOTOPBIX HE YAAJIOCh ONPEIETUTh IOAXOOSINYI0 CeKIIUI0, OT-
MIPAaBJISIOTCS B CEKITMIO TI0 YMOTYaHMIO. DTO TapaHTUPYeT, YTO Mbl HUKOTIA He 3a6y-
JleM CO3AAaTh HY>KHYI0 CeKIMi0. OTbBIT A0KA3aJI, YTO HAIMUYe CEKIVY 10 YMOTIAHUIO
3aMeTHO ITOBbINIAET HaIeKHOCTb ITPUTOKEHMIA.

Hike 1okasaHo, Kak BCTaBUTh JAaHHbIE U IIe TV JaHHbIe OKa3bIBAIOTCS:

test=# INSERT INTO data VALUES (1), (-1);
INSERT 0 2

test=# SELECT * FROM data;

payload

-1
(2 cTpoku)

test=# SELECT * FROM positives;
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payload

(1 cTpoka)

test=# SELECT * FROM p_def;
payload

-1
(1 cTpoka)

Kaxk BuayuM, IIpu 3a1ipoce K poauTeTbCKOi Tab/uile BO3BPalaloTCsI BCe JaHHBbIe.
A cekiuu comepskaT 4acTy JaHHBIX B COOTBETCTBUM C IIpaBMIaMM CEKIIMOHMPOBA-
HUSI.

HACTPOIKA NAPAMETPOB A1 NOBbILIEHMS
nPOU3BOAMTE/IbHOCTU 3ANPOCOB

HanucaHue Xopommx 3arpocoB — MePBbIi LIAT K JOCTUKEHUIO BbICOKOI MTPOU3BO-
IuTenbHOCTHU. [1710X07 3ampoc — mIoxasi MPOU3BOAUTEbHOCTb. XOPOIIO HAMMCaH-
HbII KO, 1aCT MaKCMMAaJIbHbBIM BBIUTPBIII. A MOCAe TOrO KakK KOf, ONMTUMU3UPOBAH
C JIOTMYECKOM U CeMaHTMUUECKO} TOUYeK 3peHMsl, MOKHO MOAyMaTh O (PMHUIIHBIX
HITpUXaX — YCKOPEHUM 3a CUeT TMPaBWIbHOI HACTPOWKM HapaMeTpOB MaMSITH.
B sTom paspgene mbl y3HaeMm, Kak PostgreSQL MoskeT pacriopsiAUThCSI MaMSIThIO BaM
Ha I10Jb3Y. UTO6BI pabOTAIO TOMBKO OTHO MPOLIECCOPHOE SIIPO, BHITTOTHUTE CIEIYI0-
I1YI0 KOMaHLy:

test=# SET max_parallel_workers_per_gather TO 0;
SET

BoT nmpocToii ripumep, 4eMOHCTPUPYIOIINIA ITOIb3Y ITapaMeTpPOB ITaMSITI:

test=# CREATE TABLE t_test (id serial, name text);
CREATE TABLE
test=# INSERT INTO t_test (name)

SELECT 'hans' FROM generate_series(1, 100000);
INSERT 0 100000
test=# INSERT INTO t_test (name)

SELECT 'paul' FROM generate_series(1, 100000);
INSERT 0 100000

MpbI cHavasia BCTaBUJIN B Ta6m/{uy MMJIJIMOH CTPOK, coaep Kalnx MMs hans, a 3a-
TeéM MIJIMOH CTPOK, CoAepKalinx MM paul. Bcero IIOJIYyYIMJIOCh IBA MUJIJIMOHA YHU -
KaJIbHBIX I/I,HEHTI/Id)I/IKaTOpOB, HO IIpM 3TOM BCEro JiBa pa3HbIX MMEHU.

BoeinonHum HpOCTOf;I 3arpoc ¢ HaCTpOﬁKaMIA IIaMsATU 110 YMOJ/IUaHUIO:

test=# SELECT name, count(*) FROM t_test GROUP BY 1;
name | count

....... e

Hans | 100000
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paul | 100000
(2 cTpokn)

BosBpalleHo ABe CTPOKM, UTO U HEYAMBUTENbHO. BaskeH He caM pe3ynibTar, a To,
yTo PostgreSQL menaeT 3a Ky/l1ucaMu:

test=# EXPLAIN ANALYZE SELECT name, count(*)
FROM t_test
GROUP BY 1;
QUERY PLAN
HashAggregate (cost=4082.00..4082.01 rows=1 width=13)
(actual time=51.448..51.448 rows=2 loops=1)
Group Key: name
-> Seq Scan on t_test (cost=0.00..3082.00 rows=200000 width=5)
(actual time=0.007..14.150 rows=200000 loops=1)
Planning time: 0.032 ms
Execution time: 51.471 ms
(5 cTpok)

PostgreSQL moHs1a, 4TO KOJIMYECTBO I'PYIINT OYeHb Majo. [I03ToMy OHa co3maeT
Xelll, T06aBJIsIeT B HETO 110 OHOM 3aMMUCU Ha K&KIYIO TPYIITY ¥ HAUMHAET TOJCUET.
V3-3a HEOOJTBIIIOTO YMC/Ia I'PYIII Xl COBCeM MaJl, 1 PostgreSQL moskeT 6bICTPO 3a-
BEPIUINTH MOZCYET, UHKPEMEHTUPYS CUTUMKY JIJIST KasKI0M IPYIIIIHI.

A 4To0, ecu TPyNmIMpoBaTh Mo UAEeHTU(UKATOPY, a He 1Mo umMeHnu? KomudecTBo
TPYIII Pe3KO BO3PACTAET:

test=# EXPLAIN ANALYZE SELECT id, count(*) FROM t_test GROUP BY 1;
QUERY PLAN
GroupAggregate (cost=23428.64..26928.64 rows=200000 width=12)
(actual time=97.128..154.205 rows=200000 loops=1)
Group Key: id
-> Sort (cost=23428.64..23928.64 rows=200000 width=4)
(actual time=97.120..113.017 rows=200000 loops=1)
Sort Key: id
Sort Method: external sort Disk: 2736kB
-> Seq Scan on t_test (cost=0.00..3082.00 rows=200000 width=4)
(actual time=0.017..19.469 rows=200000 loops=1)
Planning time: 0.128 ms
Execution time: 160.589 ms
(8 cTpok)

PostgreSQL o6HapyskKMBaeT, 4YTO TEIeph IPYIII Topas3ao O0bIIe, U TYT Ke MeHSIeT
ctpateruto. [Ipobmema B TOM, UTO Xelll, COIep>KallMii TaK MHOTO 3aryceii, He TO-
MECTUTCS B IaMSITh:

test=# SHOW work_mem
work_mem

4MB
(1 cTpoka)
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[TapameTp work_mem yIIpaBjIsieT pa3MepoM Xellla, MCII0b3yeMOTro AJist 06paboTKM
(pasbl GROUP BY. ITOCKOJIBKY 3aITiceli CAUIIIKOM MHOTO, PostgreSQL momskHa BbIGpaTh
CTpaTeruio, KoTopas He Tpe6oBasa 6bI XpaHEeHMs UX BCEX B MTaMSITU. PellleHne — oT-
COPTUPOBATh JaHHBIE 10 UIeHTU(HUKATOPY, a 3aTeM CTPYIIIMpPoBaTh. OTCOPTUMPOBAB
naHHble, PostgreSQL cMOXKeT Mpo6eskaThCsI IO CIMUCKY ¥ chOPMUPOBATb OTHY IPYII-
my 3a Jpyroi. Kak ToabKO TeKyUMit MAeHTU(GUKATOP U3MEHSIETCS, MOKHO BbIBO-
IUTh YACTUYHBIN Pe3y/IbTAT U ITePeXOAUTDb K 00paboTKe CemyIolei IPyIIIIbl.

YT06BI YCKOPUTH BHITTOJTHEHYE 3aIIPOCa, Mbl MOKEM IMHAMMUYECKY (VI TI100aJTb-
HO) YCTaHOBUTD GoJblllee 3HaUeHMe work_mem:

test=# SET work_mem TO '1 GB';
SET

Terepb TUIAHMPOBIIMK CHOBA BBIOMpAET GbICTPOE arperMpoBaHye Mpy MTOMOIIN
Xela:

test=# EXPLAIN ANALYZE SELECT id, count(*) FROM t_test GROUP BY 1;
QUERY PLAN

HashAggregate (cost=4082.00..6082.00 rows=200000 width=12)
(actual time=76.967..118.926 rows=200000 loops=1)
Group Key: id
-> Seq Scan on t_test (cost=0.00..3082.00 rows=200000 width=4)

(actual time=0.008..13.570 rows=200000 loops=1)

Planning time: 0.073 ms

Execution time: 126.456 ms

(5 cTpok)

PostgreSQL 3HaeT (uu, 1o KpaiiHeii Mepe, MpeosaraeT), YTo JaHHbIe TIOMeC-
TATCSI B MaMSITh, I03TOMY ME€PEK/TIOUaeTcsl Ha 6osee GbICTPHIN MiaH. Kak BUOUM,
BpeMst paboThl YMEHbBIIMIOCh. 3aTIPOC BHITIOIHSIETCSI HE TaK OBICTPO, KaK B CIydae
TPYIITMPOBKYU 10 UMEHMU, IIOCKOIbKY HY>KHO BBIUMC/ISTH TOPa3ao 60sIbIlle 3HAUEeHMIA
B Xellle, HO B GOJIBIIMHCTBE CTy4aeB Mbl BCe PABHO HAOIIO[AeM CTAOWIIbHBIN BbI-
WUTPBIIL.

YckopeHue copTMPOBKM

IMapameTp work_mem yCKOpSIET HE TOJBKO I'pyHIMpoBKy. OH OKa3bIBaeT 6JaroTBop-
HOe B/IMSIHME U Ha COPTUPOBKY — BaXKHEMIIINIT MeXaHM3M, KOTOPbIi JIEKUT B OCHOBE
o601t CYB]I,

Hwmke mokasaHa rpocTast orepauus ¢ mapaMeTpoM 1o ymonyanuio 4 Mb:

test=# SET work_mem TO default;
SET
test=# EXPLAIN ANALYZE SELECT * FROM t_test ORDER BY name, id;
QUERY PLAN
Sort (cost=24111.14..24611.14 rows=200000 width=9)
(actual time=219.298..235.008 rows=200000 loops=1)
Sort Key: name, id
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Sort Method: external sort Disk: 3712kB
-> Seq Scan on t_test (cost=0.00..3082.00 rows=200000 width=9)
(actual time=0.006..13.807 rows=200000 loops=1)
Planning time: 0.064 ms
Execution time: 241.375 ms
(6 cTpok)

PostgreSQL moHamo6mmochk 13.8 Mc, UTOOBI TPpOUNTATh JaHHbIE, 1 60mee 200 Mc,
yTOOBI OTCOPTUPOBATh UX. M3-3a HEZOCTATOUHOTO OOBbeMa IMaMSITH COPTUPOBKY
MPUILJIOCH BBITIOJIHSTD C ITOMOIIbIO BpeMeHHbBIX (aiioB. MeTon, BHEIIHEe COpTH-
POBKM Ha AMCKe (external sort) MOTpe6IsieT Majio OrepaTUBHOM TaMSITH, HO TOJIKeH
XpPaHUTh MPOMEXYTOUHbIE JaHHbIe HA CPABHUTEIbHO MeJIIeHHOM 3allOMMHAlOIeM
YCTPOJiCTBE, UTO, KOHEYHO, CHUKAEeT MPOU3BOAUTEIbHOCTbD.

Eciu yBenmuuuTh work_mem, To PostgreSQL cMoKeT MCIONb30BaTh OOJbIIe TaMSITH
IL7ISI COPTUPOBKM:

test=# SET work_mem TO '1 GB';
SET
test=# EXPLAIN ANALYZE SELECT * FROM t_test ORDER BY name, id;
QUERY PLAN
Sort (cost=20691.64..21191.64 rows=200000 width=9)
(actual time=36.481..47.899 rows=200000 loops=1)
Sort Key: name, id
Sort Method: quicksort Memory: 15520kB
-> Seq Scan on t_test (cost=0.00..3082.00 rows=200000 width=9)
(actual time=0.010..14.232 rows=200000 loops=1)
Planning time: 0.037 ms
Execution time: 55.520 ms
(6 cTpok)

[ToCKONbKY Terepb MaMsITH TOCTATOYHO, 6a3a JaHHBIX ITPOU3BOIUT BCIO COPTU-
POBKY B MMaMS$ITH, U TIPOLLECC CTPEeMUTENbHO yCKopsieTcs. Terepb COPTUPOBKA 3a-
HMMaeT BCero 33 Mc, T. €. B CeMb pa3 MeHblle. Hajimune JOMOTHUTENbHONM MTaMsITh
YCKOPSIET COPTUPOBKY U PabOTy BCElt CUCTEMBI.

o cux mop Mbl BuUOeIM OBa MeXaHU3Ma COPTUPOBKM aHHbIX: external sort
u quicksort. Ho ecTh emie u TpeTuii: top-N heapsort (mMpamMuganbHasi COPTUPOBKaA
B namsTi). OH UCTIO/Ib3YeTCsI, KOTJIa HY’KHO MTOMYYUTh TOMBKO TepBbie N CTPOK:

test=# EXPLAIN ANALYZE SELECT * FROM t_test ORDER BY name, id LIMIT 10;
QUERY PLAN
Limit (cost=7403.93..7403.95 rows=10 width=9)

(actual time=31.837..31.838 rows=10 loops=1)

-> Sort (cost=74603.93..7903.93 rows=200000 width=9)
(actual time=31.836..31.837 rows=10 loops=1)
Sort Key: name, id
Sort Method: top-N heapsort Memory: 25kB
-> Seq Scan on t_test (cost=0.00..3082.00 rows=200000 width=9)

(actual time=0.011..13.645 rows=200000 loops=1)
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Planning time: 0.053 ms
Execution time: 31.856 ms
(7 cTpok )

ANropuTM paboTaeT MOSHMEHOCHO, BeCh 3aIIpOC BBITIONHSIETCS] MeHbIIle yeM 3a
30 mMc. A cOpTUPOBKA 3aHMMaeET Bcero 18 mc, T. €. BBITIOJIHSIETCSI ITOUTH TaK ke ObICT-
PO, KaK yTeHMe JaHHbIX.

OTMeTHM, YTO MaMsITh pa3MepoM work_mem BBIJIEJISIETCS Ha KasKAYI0 OTepaliuio.
TeopeTu4ecKky BO3MOKHO, UTO MPU BBITTOJIHEHUN 3aIIpoca MOTPe6yeTcs BhIIESTh
CTOJIbKO MaMsITH Gosiee ogHOro pasa. [lo3ToMy yBenuMBaiiTe 3HaUE€HNE TTapamMmeTpa
C OIVISIIKOTA.

Cnenyet MMeTh B BUIY, YTO BO MHOTMX KHUTaX YTBEPXKIAETCs, YTO €C/IM 3aaTh
CMIIKOM 6osbiioe 3HaueHue work_mem B OLTP-cucTeme, TO y cepBepa MOKeT KOH-
uynThcs mamsTh. [a, ecniu 1000 denoBek omHOBpeMeHHO copTtupyioT 100 MB, To
Mpo6IeMBI C TaMSITHIO MOTYT BOSHMKHYTh. HO HeyKesu Bbl AyMaeTe, UTO IMUCK CIipa-
BUTCS ¢ 3TUM? CoMHeBaloCh. PellleHle TYT OTHO — IIepeCcMOTpeThb CBOIi moaxon. Ta-
KOT0 pojia oreparuii Boobiie He Ao/KHO ObITh B OLTP-cucteMme. ITomymaiiTe o ToM,
YTOOBI TOCTPOUTD MPABUIIbHbIE MHIEKCHI, JIyUIlle HAIIMCATh 3aIIPOChI MV U3MEHUTD
TpeboBaHMs. B 11060M cTydae, KOHKYPEHTHAsI COPTMPOBKA TaKOTO GOIBIIOTO 00b-
ema JJaHHbIX — TI0Xas MbICIb. OCTAHOBUTECH, TTpEX/Ie YeM OCTaHOBUTCS Ballle TIpH-
JIO)KeHue.

YckopeHne agMUHUCTPATMBHbIX 33434

CopTUpOBKOIi U BbIJeIeHEM ITaMsITH pasHooOGpasye onepanyii He McuepIribIBaeT-
Cs1. ADMMHMCTPATUBHBIE 3aaUM, B YaCTHOCTY CREATE INDEX, 3aBUCSIT HE OT MapameT-
pa work_mem, a OT mapameTpa maintenance_work_mem. CMOTpUTE:

test=# SET maintenance_work_mem TO '1 MB';
SET

test=# \timing

CekyHAOMEp BKJIHYEH.

test=# CREATE INDEX idx_1id ON t_test (id);
CREATE INDEX

Bpema: 104,268 mc

Kak BMOMM, TIOCTpOEHME MHAEKCA Haf TabauIeil ¢ JByMs MUIMOHAMU CTPOK
3aHs10 ipuMepHO 100 Mc, 3TO OUeHb MeJjIeHHO. [To3ToMY [I1s1 YCKOpeHUsI COPTH-
POBKM (2 MMEHHO 3TUM 3aHMMAaeTCsl KomaHaa CREATE INDEX) yBeJMUMM MapaMeTp
maintenance_work_mem:
test=# SET maintenance_work_mem TO '1 GB';

SET
test=# CREATE INDEX idx_id2 ON t_test (id);

CREATE INDEX
Bpema: 46,774 mc

CKOpOCTb yABOMIACH, IOTOMY UTO COPTMPOBKA CTaia paboTaTb GbICTpee.
EcTpb U gpyrue afMMHUCTPATUBHbIE 33[]aull, KOTOPbIE BHIUTPHIBAIOT OT HATUUMS
6osbliiero o6bema namMmsTi. Camble BaxkKHbIE M3 HUX — KOMaHbI VACUUM (YyCKOpSIeTCS
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OUMCTKA MHEKCOB) 1 ALTER TABLE. IIpaBuia 3agaHus maintenance_work_mem Takue ke,
Kak Aj1st work_mem. TTapaMeTp fielicTByeT OJisl KasKI 0V oTlepaliui, U IMHAMUUECKU BbI-
JIeJISIeTCST JINIIb CTOBKO MaMSITH, CKOJIbKO HeO06X0AMMO.

B PostgreSQL 11 B simpo 6a3bl JaHHBIX J0OaBIeHAa HOBAsI BO3MOKHOCTh: TeIepb
cepBep MOKeT CTPOUTDb MHJIEKC TUIIA btree nmapanieabHO, YTO CUIIBHO YCKOPSIeT UH-
IeKcypoBaHMe 6ONMbIIMX TabINIl. 32 HACTPOIIKY pacliapa/uieIMBaHMsI OTBEYAET Clie-
IYIOIIVI TTapaMeTp:
test=# SHOW max_parallel_maintenance_workers;

max_parallel_maintenance_workers

(1 cTpoka)

[TapameTp max_parallel_maintenance_workers 3afaeT MakCMMaJIbHOE YMCIIO IMapa-
JIeJIbHBIX TIPOIECCOB, BBHIMOMHAIOMIVX KOMaHIy CREATE INDEX. Kak u mjist 110601 Ta-
pasienbpHOI oneparyuy, PostgreSQL peliaeT, CKOJIBKO MCITOJIHUTENIe He06X0aMO,
B 3aBMCMMOCTM OT pasmepa Tabmuil. IIpy MHIEeKCUPOBaHUM OONbIINX TAOIUIL BbI-
UTPBIII MOXKET ObITh OUeHb CyIIeCTBeHHBIM. B kommanuu Cybertec s rpoBen pas-
HOCTOPOHHEE TEeCTMPOBAaHMeE U IOABEN UTOT B CBoeM Osore: https://www.cybertec-
postgresgl.com/en/postgresql-parallel-create-index-for-betterperformance/.

PACNAPANIIENMBAHME 3ANPOCOB

Haumnasi ¢ Bepcun 9.6 PostgreSQL mopmepkuBaeT Iapa//ieibHOE BbIIIOJTHEHVE
3anpocoB. [lognepkka pacrnapasuieMBaHUsI IOCTEIEHHO COBepLIeHCTBOBAsaCh,
" B Bepcuu 11 QyHKIIMOHAIBLHOCTD B OUepeIHOI pa3 Obla pacipeHa. B aTom pas-
Iene Mbl IIOCMOTPUM, Kak paboTaeT pacrapasuieMBaHue 1 YTO MOKHO CIeNaTh [
YCKOPEHMSI.

[Ipesxxne ueM BIABaThCs B IeTaju, IOJTOTOBUM T€CTOBbIE JaHHbBIE:

test=# CREATE TABLE t_parallel AS
SELECT * FROM generate_series(1, 25000000) AS id;
SELECT 25000000

Terlepb BBITIO/THMM Halll HepBbIﬁ napanneanbIﬁ 3aIIpocC — IMpoOCTO MoACYnuTaeM
KOJIMYeCTBO CTPOK M ITOCMOTPUM, KaK BbIIVIAONT ITJIaH:

test=# EXPLAIN SELECT count(*) FROM t_parallel;
QUERY PLAN
Finalize Aggregate (cost=258537.40..258537.41 rows=1 width=8)
-> Gather (cost=258537.19..258537.40 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=257537.19..257537.20 rows=1 width=8)
-> Parallel Seq Scan on t_parallel (cost=0.00..228153.75 rows=11753375 width=0)
(5 cTpok)

CHauana PostgreSQL BBITIOMHSIET MTapasieabHbIl MOCIeA0BaTeNbHbIN IPOCMOTP.
9T1o o3Hauaet, uTo PostgreSQL mcmomb3yeT Ayt 06paboTKY TaGIUIIbI 6OJTbIIE OTHO-
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o Ipolleccopa ¥ co3aeT YacTUUHbIe arperaThl. 3amava y3ia cb6opa (Gather) — co-
OpaTh JaHHbIE OT BCEX ITPOLIECCOB U BBITIOJTHUTD MOCIEIHNI ITAIl arperupoBaHusl.
Takum ob6pasoM, y3es cbopa 3aBepilaeT pacrapauienupanue. OTMETUM, YTO pac-
napasuienMBaHue (B TeKyIei Bepcuy) He ObIBaeT BIOKEHHBIM, T. €. Mbl HUKOTA He
BCTPETUM OIVH y3es c6opa BHYTpU Apyroro. B mpumepe Boimre PostgreSQL 3arryc-
Tuaa ABa mpoiecca. [louemy?

PaccmoTpum ciefyommii mapameTp:

test=# SHOW max_parallel_workers_per_gather;
max_parallel_workers_per_gather

(1 cTpoka)

[TapameTp max_parallel_workers_per_gather orpaHMYMBaeT KOJIMYECTBO paboUmMx
MIPOIIECCOB MBYMS. BaskHO, UTO ec/iu TabauIla Maja, TO 3aIpockl K Helt Boob1e He
pacrapasuieMBaroTcs. Pasmep TabauIbl JOKEH ObITh He MeHee 8 MB, uTo yrpaB-
JISIeTCs CJIeYyIIMM [apaMeTpoM:

test=# SHOW min_parallel_table_scan_size;
min_parallel_table_scan_size

8MB
(1 cTpoka)

I[TpaBwio TakoBO: uT06bI PostgreSQL mo6aBmiia erte ofguH pabounii mpolecc, pas-
Mep TabIuIIbl JOKEH CTaTh BTpoe Gosbliie. IHBIMM CJIOBAMM, UTOOBI HaJl TabIMLIe
paboTajio ueThipe AOMOJHUTEIbHBIX IIPOLecca, ee pasmMep NOoKeH 6bITh B 81 pas
Oosbilie. ITO MMEET CMbICIT, IOTOMY UTO 13-3a TOTO, UTO pasmMep 0asbl YBEIUUMIICS
B 100 pas, cucrema xpaHeHus He craja B 100 pa3 6picTpee. [T09TOMY KOJIMYECTBO
simep, KOTOpble MOXKHO 3a/l€iiCTBOBATD C M10/Ib30ii, OrpaHUYEeHO.

OpHako Hallla Tabnuiia JOBOJIbHO BeJIMKa:
test=# \d+
CnnMcoK OTHOWEHW

Tun | Bnageney | Pasmep | Onucauue
public | t_parallel table | hs | 864 MB |
(1 cTpoka)

B Hamem mnipumepe max_parallel_workers_per_gather orpaHuMumMBaeT 4muciIo sSIaep.
Ecitu 3MeHUTD 3TOT mapameTp, To PostgreSQL 3ameiicTByeT Gosbliie smep:

test=# SET max_parallel_workers_per_gather TO 10;
SET
test=# EXPLAIN SELECT count(*) FROM t_parallel;
QUERY PLAN
Finalize Aggregate (cost=174120.82..174120.83 rows=1 width=8)
-> Gather (cost=174120.30..174120.81 rows=5 width=8)
Workers Planned: 5
-> Partial Aggregate (cost=173120.30..173120.31 rows=1 width=8)
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-> Parallel Seq Scan on t_parallel (cost=0.00..160620.24 rows=5000024 width=0)
(5 cTpok)

B maHHOM ciIyJae 3amyineHo BCero 5 paboumx mpoieccoB (Kak M OXKUAAIOCH).

OpnHako GbIBAET, YTO MbI XOTUM 3HAUUTEbHO YBEIMUUTH KOJTMUECTBO siaep, 06-
pabaThIBaIOIIMX KOHKPETHYIO Tabmuiry. [IpencraBbTe cebe, uTo 6as3a JaHHBIX 3aHU-
maet 200 I'b, uto umeeTcst 1 Th onepaTuUBHOJ MaMSITU U BCETO OJMH IOIb30BaTe b.
ODTOT MOIb30BaTEb MOT 6bI 3a/1€/ICTBOBATD BCE MMEIOIINECS MTPOIeCCOPhI, HUKOMY
He Meuiad. [IJisi OTMeHbI paCCMOTPEHHOTO BbIllle IIPpaBujia YTPOEeHMSI MOXKHO yKa3aTh
KOJINUECTBO MapalyieIbHbIX paGounx IPoLeccoB B KoMmaH e ALTER TABLE:

test=# ALTER TABLE t_parallel SET (parallel_workers = 9);
ALTER TABLE

OTtmeTumM, uTo napameTp max_parallel_workers_per_gather mo-mpexxHemy ocraer-
CsI B CUJIe U SIBJISIETCSI BepXHel rpaHuIlei.

B3risiHyB Ha IJ1aH, MbI YOEXKIAaeMcs, UTO 3alaHHOEe KOJMYECTBO paboumx mpo-
1I€CCOB YUYUTHIBAETCS:

test=# EXPLAIN SELECT count(*) FROM t_parallel;
QUERY PLAN

Finalize Aggregate (cost=146343.32..146343.33 rows=1 width=8)

-> Gather (cost=146342.39..146343.30 rows=9 width=8)

Workers Planned: 9

-> Partial Aggregate (cost=145342.39..145342.40 rows=1 width=8)

-> Parallel Seq Scan on t_parallel (cost=0.00..138397.91 rows=2777791 width=0)
(5 cTpok)

OnmHako 3TOo He 3HAYUT, UYTO BCe Sgapa IeiiCTBUTEIbHO VICIIO/Ib3YIOTCA:

test=# EXPLAIN analyze SELECT count(*) FROM t_parallel;
QUERY PLAN
Finalize Aggregate (cost=146343.32..146343.33 rows=1 width=8)
(actual time=1209.441..1209.441 rows=1 loops=1)
-> Gather (cost=146342.39..146343.30 rows=9 width=8)
(actual time=1209.432..1209.772 rows=8 loops=1)
Workers Planned: 9
Workers Launched: 7
-> Partial Aggregate (cost=145342.39..145342.40 rows=1 width=8)
(actual time=1200.437..1200.438 rows=1 loops=8)
-> Parallel Seq Scan on t_parallel (cost=0.00..138397.91 ...)
(actual time=0.038..817.430 rows=3125000 loops=8)
Planning Time: 0.091 ms
Execution Time: 1209.827 ms
(8 cTpok)

Kak BUOMM, 3aIIYIIE€HO TOJIbKO CeéMb ITPOLECCOB, XOTA ObLIO 3aIVIAaHMPOBAHO Oe-
BSTD. Hoquy? HOTOMY UTO Ha pelleHNe BIAMAIOT elle ABa IIapaMeTpa:

test=# SHOW max_worker_processes;
max_worker_processes
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(1 cTpoka)

test=# SHOW max_parallel_workers;
max_parallel_workers

(1 cTpoka)

[TepBsiit mapameTp roBopuT PostgreSQL, cKoIbKO paboumx MPOIecCOB BOOOIIE
IocTymHO. A max_parallel_workers TOBOPUT, CKOJIBKO MX AOCTYIHO AJIs1 pacriapaie-
JIMBAHMS 3alIPOCOB. 3aUueM 3TU [Ba MapamMeTpa Hy>KHbI? OHOBbIE MPOLECCHI UC-
MTOJIb3YIOTCSI HE TOJBKO B MH(OPACTPYKType pacliapa/uieMBaHus 3allpoOCOB — OHU
HYSKHBI U JIJISI APYTUX 11eJIelt, TOSTOMY U ObIJIO pellieHo BBeCTH 3TH Ba apaMeTpa.

Msbr B kommanum Cybertec (https://www.cybertec-postgresql.com) cumtaem, 4TO
B 00IIeM Cyyyae 3HAUeHMe max_worker_processes JOKHO ObITh PaBHO KOJIMYECTBY
TIPOIIECCOPHBIX sIiep Ha cepBepe. Bosbille 06bIYHO 3a/1aBATh HE MMEET CMBICIIA.

UYro PostgreSQL ymeeT aenatb napannenbHo?

Kak y:xe oTMeuanoch, moaaepkka pacnapajieMBaHus MOCTEIeHHO YIydllanach,
HauMHas ¢ Bepcuy PostgreSQL 9.6. B Kaxkmoit Bepcuy q106aBiIsyioch YTO-TO HOBOE.
Tenepsb mapasiieIbHO MOTYT BBITIOTHSITHCS CJIeAYIOINe OTlepalui:

napa’siefbHbIl MOCIef0BaTeNbHBIN IPOCMOTD;

napasieabHbIl IPOCMOTP MO UHEKCY (TOMbKO I MHIAEKCOB TUIIA btree);
TapasuIesbHbI TPOCMOTP TAaOIUIIBI TI0 OUTOBOI KapTe;

rnapauieNibHOe coeIuHeHue (BCe TUIIbl COeJHEeHU);

napasieabHOe UHIEKCUPOBaHMe.

B PostgreSQL 11 mo6aBieHo MapasijiesibHOe IOCTpoeHMe MHIEeKCOB. OObIYHbIE
orepanuy COPTMPOBKY MOKa ellle pacnapaiieJieHbl He TOJIHOCTbIO, TO3TOMY CO37a-
BaTh MapassieTbHO MOKHO TOIbKO MHAEKCHI TUIIA btree. [IJ1s yripaBieHUS CTEIEeHbIO
napasienmMsama CIyXXUT CJIeyounii mapamMmeTrp:

0000

test=# SHOW max_parallel_maintenance workers;
max_parallel_maintenance_workers

(1 cTpoka)

[TpaBwta pacrapajuieMBaHysI TaKie ke, KaK AJisI OObIYHBIX OIeparuii.

06 yckOpeHUM TTOCTPOEHMSI MHIEKCA BbI MOXKETE MPOUYMUTATh B MOeM OJiore 110
anpecy https://www.cybertec-postgresql.com/en/postgresql-parallel-create-index-for-
better-performance/.

PacnapannenuBaHue Ha npakTuke

ITo3HAaKOMMBIINCH C OCHOBAMMU pacrapaajaegamnBalHnsd, IOCMOTPMM, KaK 3TO BbBITJISA-
JUT B peaJIbHOCTHA. Bo3sbmem C.T[e,[[y}OH_U/Iﬁ 3aIIpocC:


https://www.cybertec-postgresql.com
https://www.cybertec-postgresql.com/en/postgresql-parallel-create-index-for-better-performance/
https://www.cybertec-postgresql.com/en/postgresql-parallel-create-index-for-better-performance/
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test=# EXPLAIN SELECT * FROM t_parallel;
QUERY PLAN

Seq Scan on t_parallel (cost=0.00..360621.20 rows=25000120 width=4)
(1 cTpoka)

[Touemy PostgreSQL He ucmob3yeT pacnapaienBanne? Tabnauiia Jo0CTaTOYHO
BeJIMKa, paboune MpoIlecChl JOCTYIHBI, TaK B YeM 3Ke Ae10? A B TOM, UTO MEXITPO-
IIleCCHOe B3aMMOIeiicTBMe 06XoauTCsl oueHb moporo. Ecin 661 PostgreSQL momskHa
ObL1a IepeaBaTh CTPOKYM OT OJHOTIO ITPOoIlecca APYroMy, TO 3alIPOC MOT ObI BBIITOJI-
HSITBCS Jaske AOJIbIlle, UeM B OJJHOTIPOLIECCHOM pexkuMe. ONTUMMU3aTOP MOJIb3yeTCst
CTOMMOCTHBIMM TIapaMeTpaMMy, UTOObI HITpadoBaTh 38 MEKIIPOLIECCHOE B3aMMO-
neicTBue.

#parallel_tuple_cost = 0.1

[Tpu Kaxkmoi Iepefayue KOpTeXka MeKIy MpolieccaMi K CTOMMOCTY BbIUMC/IeHUT
npubasisiercs 0.1 6awta. YTob6bl mokasaTh, Kak PostgreSQL crana 6bI BBITTOMHSTD
3aIpoc MapasuieIbHO, eCIM 6bI MbI €€ K 3TOMY IIPUHYIVIIN, SI BKIIOUWIT CIeAYIOIIi
npumMep:
test=# SET force_parallel_mode TO on;

SET

test=# EXPLAIN SELECT * FROM t_parallel;
QUERY PLAN

Gather (cost=1000.00..2861633.20 rows=25000120 width=4)

Workers Planned: 1

Single Copy: true

-> Seq Scan on t_parallel (cost=0.00..360621.20 rows=25000120 width=4)
(4 cTpoku)

Kak BuAMM, CTOMMOCTb OKa3ajiach BbIIlIe, UeM B OJHOIIPOLIECCHOM pexkume. ITO
Ba)KHBI MPAKTUUECKUIL BOTIPOC, IOTOMY UTO MHOTME TO/Ib30BaTe/IN HeJJ0yMeBaloT,
nmouemy PostgreSQL 3ameiicTByeT BCEro OAHO SIAPO.

B peasibHbIX IPUIOKEHUSIX BaXKHO TakyKe IOHMMAaTh, UTO YBeJIMYeHMe unciia saep
aBTOMAaTMUYECKM He TIPUBOIUT K GosbiieMy ObIcTpomelicTBMI0. HaxoskmeHue ornTu-
MaJIbHOTO YPOBHS Nlapajiiein3Ma — TOHKMI IPOLiecc Moucka KoMIpoMmucca.

BeenenuE B JIT-komMnunaumio

JIT-KOMIMISALINS — OMHA U3 CaMbIX 3710601HeBHbIX TeM B PostgreSQL 11. 3To 66110
repomyecKoe MpeaIpusTye, ¥ epBble pe3yabTaThl BEIVISIAST MHOToObOemane. Ho
HavYHEM C OCHOB: UTO BooOIIe Takoe JIT-kommmisuusi? [Ipy BBIMOTHEHMM 3aITpoca
PostgreSQL mo/mkHA MHOTOE BBISICHSITh BO BpeMsI paboThl. [Ipy KOMIMWIISIIIM caMO¥i
nporpamMmmbl PostgreSQL He 3HaeT, KakoV 3alpocC Bbl 3alyCTUTE CJIeAYIOUUM, I10-
9TOMY JIOJIKHA OBITH TOTOBA K JIIOOOMY ClieHaPHIO.

Snpo cucteMbl YHUBEPCAJIbHO, YTO O3HAYAET, YTO OHO MOXKET CIIPaBUTHCS C JII0-
6011 pa6oTtoii. Ho Bemb Mbl XOTMM MaKCHMaIbHO OBICTPO BBIITOTHUTH KOHKPETHBIN
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3aIpoc, a He KaKoii-TO 0000IIeHHbI. VITOr: Ha sTare BBITTOMHEHUST CUCTEME MU3-
BECTHO ropaszo 60JbIIle 0 TOM, UTO IPEACTOUT CHeIaTh, UeM Ha 3Tare KOMITMISIIN
PostgreSQL. TToatomy ecnu JIT-komnunsuus BkiatodeHa, PostgreSQL muccnenyet 3a-
TIpOC 1, ecIY OH 3aHMMaeT MHOTO BpeMeH!, AMHAMUYecKy (CBOeBpeMeHHO — Just in
Time) cosmaeT BbICOKO ONMTUMU3UPOBAHHBIN KO/I.

Hacrpoiika JIT

JIT-KOMOMSILIVIO HEOOXOAVIMO 3a/1aBaTh Ha 3Tare KOMIUJISIIUM ITporpaMmbl Post-
greSQL. [I71g 3TOr0 CykaT cliefyoouue napaMeTpbl YTUIUTBI configure:

--with-1lvm build with LLVM based JIT support

LLVM_CONFIG path to llvm-config command

B HeKOTOPBIX AUCTPUOYTHUBAX Linux MMeeTcsl JOTIOHUTEIbHBIN ITaKeT, CopepiKa-
i monmepskky JIT. Eciiv BbI XOTUTE IT0JIb30BaThCs JIT-KoMITMIsILMeli, He 3a0yIbTe
€ro yCTaHOBUTD.

Ecan JIT-koMmmasiumst OCTYIHA, TO B BallleM PacCIOpsKeHUU MMEKOTCS ClIeay0-
IIMe rmapaMeTphbl [IJIsl ee HaCTPOIKN:

#jit = on # paspewntb JIT-KOMAMASALMI
#jit_provider = 'llvmjit’ # kakyw peanmsaumw JIT ncnonb3oBaTb
#jit_above_cost = 100000 # BbINONHATL JIT-KOMOMAALMIO, €CAN CTOMMOCTb 3anpoca

# 6onblle yKasaHHoW; -1 - BbIKJAHYUTb
#jit_optimize_above_cost = 500000
# onTuMn3npoBaTb JIT-KOMNUAMPOBAHHLIA KOA, €C/AM CTOMMOCTb
# 3anpoca bonbwe YKa3aHHOW; -1 - BbIKIKYUTL
#
#

#jit_inline_above_cost = 500000 MbITAaTbCA BCTPAMBATb OMEPATOPbl U QYHKUMM, €CAM CTOMMOCTb

3anpoca 6o/buie yKasaHHOM; -1 - BbIKJINYMTH

[TapameTp jit_above_cost o3Hauaert, yTo JIT-KOMIIMIISILIVISI pacCCMaTPUBAETCSI, TOIb-
KO ecnu oxkupaemasi crouMocTb He MeHblne 100 000. [Touemy 3TO CymiecTBeHHO?
Ecin 3ampoc HemOCTaTOYHO CJIOKHBIN, TO HaK/JIagHble PacXOAbl Ha KOMITMJISILIVIO
MOTYT OBITh 3HAUMUTEIHLHO BBIIIE TTOTEHIIMATBHOTO BHIUIPBIIIA. ECTh ele mBa mapa-
MeTpa. [To-HacTosmemMy y6oKye ONMTUMMU3ALUY TPeaIPUHUMAIOTCS, TOTBKO eCu
okupaemast CTOMMOCTD 3arpoca He meHee 500 000. B aToM ciryyae Takke Mpou3BO-
IATCS TIOTBITKA BCTPAMBATh OIEPATOPBI M QYHKITUNA.

[Toka uto PostgreSQL moamepskuBaeT TONBKO peanu3anuio ABkka JIT-kommu-
JIAIVY, HAMMCAHHYIO C MpuMeHeHMeM LLVM. B 6ymyiieM, BO3MOXHO, IOSIBSITCS
u apyrue peanusanuu. Brpouem, LLVM mpekpacHO CHpaBisieTCS M OXBaTbhIBAET
GOJIBIIMHCTBO MPO(eCcCMOHATbHBIX INIATHOPM.

BbinonHeHue 3anpocos

Yro6bl TTOKa3aTh, Kak paboTaeT JIT-KOMIMISIMS, PACCMOTPUM IIPOCTOI IpuUMep.
HauHeM c co3gaHusi GOJBINOI TaGIUIbI, TTOCKONBKY JIT-KOMIOMISIMS IONE3Ha,
TOJIBKO €CJIM Ofepanust AOCTaTOUHO CIoxkHas. [Ist Havasa 50 MJTH CTPOK JIOMKHO
XBaTUTh. 3aIIOTHUM TabIMITY, KaK ITOKa3aHO HIDKe:
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jit=# CREATE TABLE t_jit AS
SELECT (random()*10000)::int AS x, (random()*100000)::int AS vy,
(random()*1000000)::int AS z
FROM generate_series(1, 50000000) AS id;
SELECT 50000000
jit=# VACUUM ANALYZE t_jit;
VACUUM

MbI BOCITOJIb30Ba/ICh (YHKIMEN random IJIsT TeHepaluy CAydaiiHbIX JAHHBIX.
Yrob6sl yBUAETH, Kak paboraetr JIT, ¥ YIPOCTUTHh UTEHME IIJIAHOB BBITIOJIHEHMS,
ClenyeT BBIKIIOUMTh pacrapajijiearBaHue 3anpocoB. JIT-kommmisinys paboraer
M [IJIS TapasjiesbHbIX 3alIpOCOB, HO TJIaHbI BHITIOJIHEHMSI CTAHOBSITCSI 3HAUUTENb-
HO JJIMHHEe:

jit=# SET max_parallel_workers_per_gather TO 0;
SET
jit=# SET jit TO off;
SET
jit=# EXPLAIN (analyze, verbose) SELECT avg(z+y-pi()), avg(y-pi()), max(x/pi())
FROM t_jit
WHERE ((y+z))>((y-x)*0.000001);
QUERY PLAN

Aggregate (cost=1936901.68..1936901.69 rows=1 width=24)

(actual time=20617.425..20617.425 rows=1 loops=1)

Output: avg((((z + y))::double precision - '3.14159265358979'::double precision)),
avg(((y)::double precision - '3.14159265358979'::double precision)),
max(((x)::double precision / '3.14159265358979'::double precision))

-> Seq Scan on public.t_jit (cost=0.00..1520244.00 rows=16666307 width=12)
(actual time=0.061..15322.555 rows=50000000 loops=1)

Output: x, vy, z

Filter: (((t_jit.y + t_jit.z))::numeric > (((t_jit.y - t_jit.x))::numeric *
0.000001))
Planning Time: 0.078 ms
Execution Time: 20617.473 ms
(7 cTpok)

B manHOM ciyuae 3ampoc pa6orai 20 c.

9 1 BbINoAHMA VACUUM C Lieblo YCTaHOBMTb BCE GMTbI MOACKA30K M T. M., YTOObl CAENATb YECTHBIM
CpaBHeHMe MexXay 00bl4HbIM U JIT-KOMMUAKPOBAHHbLIM 3aMpPOCOM.

[ToBTOpPUM TECT, BK/IIOUMB JIT-KOMIIUIISILNIO:

jit=# SET jit TO on;
SET
jit=# explain (analyze, verbose) SELECT avg(z+y-pi()), avg(y-pi()), max(x/pi())

FROM t_jit

WHERE ((y+2))>((y-x)*0.000001);

QUERY PLAN
Aggregate (cost=1936901.68..1936901.69 rows=1 width=24)
(actual time=17585.788..17585.789 rows=1 loops=1)
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Output: avg((((z + y))::double precision - '3.14159265358979'::double precision)),
avg(((y)::double precision - '3.14159265358979'::double precision)),
max(((x)::double precision / '3.14159265358979"'::double precision))

-> Seq Scan on public.t_jit (cost=0.00..1520244.00 rows=16666307 width=12)
(actual time=81.991..13396.227 rows=50000000 loops=1)
Output: x, vy, z
Filter: (((t_jit.y + t_jit.z))::numeric > (((t_jit.y - t_jit.x))::numeric *
0.000001))
Planning Time: 0.135 ms
JIT:

Functions: 5

Options: Inlining true, Optimization true, Expressions true, Deforming true

Timing: Generation 2.942 ms, Inlining 15.717 ms, Optimization 40.806 ms, Emission 25.233 ms,
Total 84.698 ms

Execution Time: 17588.851 ms
(11 cTpok)

Tenepsp 3ampoc BeImonHWICS Ha 10% 6bIcTpee, yeM paHbllle, UTO caMo I10 cebe
3HauUUTeIbHOE JOCTIDKeHMEe. B HEKOTOPBIX CydyasiX BBIUTPBIII OKa3bIBAETCS ellle
6onbire. Ho uMeiiTe B BUAY, UTO HA MEPEKOMITWIISIINIO KOAA TPATSITCS TOIIOIHN-
TeJIbHbIE PeCYPChI, TAK UTO 3TO BHITOJHO He IJIs1 KaKI0ro 3arnpoca.

PEe3ioME

B 3T0it m1aBe MbI 06CYIVIIM PSIA, ONITMMM3AIIMIA BBITTOIHEHMST 3aIIPpOCOB. MbI y3Ha-
Ji 00 ONTMMM3ATOPE U PA3JIUYHBIX BHYTPEHHUX ONTUMMU3ALMIX: CBOpAUYMBAHUM
KOHCTAHT, BCTpauBaHUM PeACTaBIeHMI1, COeIMHEeHUSIX U T. I1. Bce OHM IOBBIIIAIOT
MIPOU3BOAUTENBHOCTD ¥ 3aMETHO YCKOPSIIOT paborTy.

Crnenmyrolas riaBa 6ymeT MOCBsIeHa XpaHMMbIM Ipolieaypam. Mbl YBUOUM, UTO
PostgreSQL mpearaeT ajist paboThI C TOTb30BaTEIbCKUM KOIOM.
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HanucaHue
XPaHUMbIX npoueayp

B m1aBe 6 Mbl MHOTOE y3HQIM 00 ONMTUMM3ATOPE U ONITUMM3AIMIX. A ceifuac pac-
CKaskeM O XpaHMMBbIX ITPOIeaypax 1 O TOM, Kak ux 3¢deKTUBHO UCII0Nb30BaATh. Bbl
y3HaeTe, U3 KaKMX 4acTeil COCTOUT XpaHMMas Ipolenypa, Kakue JOCTYIIHbI S3bIKU
MIPOTPaMMMPOBAHMS U KaK MOXKHO YCKOPUTb paboTy. JJONOTHMUTENbHO MbI TIOTOBO-
PMM O HEKOTOPBIX ITPOABUHYTHIX cpencTBax si3bika PL/pgSOL.

B 3T0J1 I71aBe pacCMaTPUBAIOTCS C/IAYIOIIVEe BOIIPOCHI:
MIPaBWIbHBIN BHIOOD SI3BIKA;
pasyinune Mexay mpolenypamMmu u QyHKIusSIMu;
KakK BBITIOJIHSIOTCSI XpaHMMbIe IPOLIeAYPHI;
JIononHuTeNnbHble cpencrsa PL/pgSQOL;
CO3JaHue pacliMpeHuit;
ONTUMM3aLMS IJIs IOBBIILIEHMS TPOU3BOAUTENBHOCTH;
KoH(UTrypupoBaHye napaMmeTpoB GyHKIIMIA.

(ONONCNORONONE)

A3bIKM XPAHUMbIX NPOLIEAYP

B wactu xpaHuMbIx mporienyp u dyHKunit PostgreSQL cyIiecTBEHHO OT/IMYAETCS OT
npyrux CYBII, B GOMBIIMHCTBE M3 KOTOPBIX JIJIsS HAMMCAHMs CEPBEPHOrO KOma MC-
TI0JIb3YEeTCsI BIIOJTHE OTIpeIe/IeHHbIN SI3bIK ITporpaMmupoBanmst. Microsoft SQL Ser-
ver nipeayiaraet Transact-SQL, a Oracle — PL/SQL. PostgreSQL He HaBSI3bIBaeT SI3bIK,
a TI03BOJISIET BaM BHIOMPATH TOT, KOTOPBIN BbI JIyUIlle 3HaeTe U OOJIbIIIE JIIOOUTE.
[MTprunHa Takoii rmokocty PostgreSQL BechbMa MHTEPeCHA U B ICTOPUYECKOM I1J1a-
He. MHOTO JIeT Ha3aJ OOVMH U3 CaMbIX M3BECTHBIX pa3paboTumkoB PostgreSOL, du
Buxk (Jan Wieck), HamucaBImii MHOKECTBO M3MeHEeHMIT, KOrma cucremMa Oblaa ele
COBCEM IOHOJ, BbICKa3al uaew mcnonb3oBaTh TCL B KauecTBe CepBEPHOTO SI3bIKa
nporpamMmmMupoBanust. [Ipo6ema 6bIa B TOM, UTO HUKTO He XOTes paborath ¢ TCL
U BKJIIOUATh 3TO Ho6po B ssapo CYB/. Ho peleHne HAIUIOCh — COEIATh SI3bIKOBOI
MHTepderic HaCTOMbKO I'MOKUM, UTO6bI ¢ PostgreSQL MOKHO OBIIO JIETKO MHTEIPUPO-
BaTh 1106011 s13bIK. TOrma-To 1 poauaach KoMmaHaa CREATE LANGUAGE. BOT ee CMHTaKCIC:
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test=# \h CREATE LANGUAGE
Komanpa: CREATE LANGUAGE
OnncaHve: CO34aTb MPOLEeAYPHbIA A3bIK
CuHTaKemnc:
CREATE [ OR REPLACE ] [ PROCEDURAL ] LANGUAGE ums
CREATE [ OR REPLACE ] [ TRUSTED ] [ PROCEDURAL ] LANGUAGE uma
HANDLER 06paboTumnk_Bbi30Ba
[ INLINE obpaboTunk_BHeapeHHoro_koda ] [ VALIDATOR ¢yHKuMA_npoBepku ]

B Hacrosiiee Bpemst GYHKIMM U XpaHUMbIe ITPOLIeAyPbl MOXKHO IMCATh HA CAMBIX
pasHbIX sI3bIKax. [MO6KOCcTh PostgreSQL MHOTOKpPaTHO OKYIIMJIACh, ¥ Telepb Y Hac
eCTb 60TaThIi BHIOOD SI3BIKOB MPOrPaMMUPOBAHMSI.

Kak mmenHo PostgreSQL crpasisieTcsi ¢ s3bIkamMu? B3ITISHYB Ha CUMHTaKCUC
KOMaH[bI CREATE LANGUAGE, MBI MO>KeM BbIJIe/INTh HECKOIbKO K/II0UEBBIX CJIOB.

O HANDLER: 3Ta QYyHKIMS SIBASIETCS TPOKIaaKoit mesxkny PostgreSQL 1 BHetHUM
s13p1KoM. OHa OTBeuaeT 3a 0TOOpaskeHNe BHYTPeHHUX CTPYKTYP TaHHbIX Post-
greSQL Ha CTPYKTYpPbI, HEOOXOAMMbI€ SI3bIKY, ¥ TIOMOTAeT IlepefaBaTh KOf.

O VALIDATOR: 3TO monuiieiickuii. Eci OH MpuUCyTCTBYeT, TO OTBevaeT 3a U3Be-
IeHye MOb30BaTeeil 0 CMHTAKCUUeCKUX OlMbKax. MHOTHME SI3bIKM YMEIOT
MPOU3BOAUTH I'pPaMMaTHUeckuii pa3bop Koja 0 ero BbIMONHeHUs. Post-
greSQL MoXKeT 3TMM BOCIIO/Ib30BaThCs M CKa3aTh, IPaBUJIBHO JIM HalMcaHa
dbyHKUMS, ellle B MOMEHT ee co3paHus. K coskaseHuIo, Tak yCTPOeHbl He Bce
SI3BIKM, [TO3TOMY B HEKOTOPBIX CITyUastx MPo6IeMbI ITPOSIBIISIIOTCS Y3Ke Ha 3Ta-
T1e BBITIOJIHEHMS.

O INLINE: ecsiu 3TOT 06pabOTUMK MPUCYTCTBYeT, TO PostgreSQL MoskeT BBITION-
HSITh aHOHMMHbIe OI0KU KOJa.

dyHpaMeHTanbHbIe OCHOBbI - XpaHMMble Npoueaypbl U GYHKLMU

[Ipeskme yeM MepexoAnTb K aHATOMMUY XPaHMMOI MPOIeayPbl, TOTOBOPUM O HYHK-
LIMSIX U IIpoLeaypax Boobiie. FToBopst 0 PyHKIMSIX, Mbl TPAAULIMIOHHO YIIOTpe6IsieM
TEePMMH «XpaHMMas mpouenypa». [IoaTomy Tak BakHO IMOHMMAaThb, B UeM pa3HMIlA
MexXIy QYHKIMen v mporeaypoit.

OYHKIMS — YacTh 00bIYHOM KoMaHAbI SQL, et He pa3pelieHo HauMHAaTh WU (PUK-
CUpOBaTh TpaH3akuuw. Hanpumep:

SELECT func(id) FROM large_table;

[Mpenmonosxkum, uto func(id) Bbi3biBaeTcst 50 MyTH pas. UTo JOIKHO 6BIIO OBI ITPO-
M30MTH, eyt ObI B Hell MCIT0/Ib30Baach KoMaHza COMMIT? HeBO3MOXKHO B cepeuHe
3arpoca 3aBepuInTb TPaH3aKUMIO ¥ HauaTh HOBYIO. DTO pa3pymnao 6bl BCIO KOH-
LIeTIMI0 TPaH3aKI[MOHHOM 11eJI0OCTHOCTY, HEIIPOTUBOPEUUBOCTH U T. 1.

HanpoTus, mpoueaypa MOXKeT YIIPaBIsiTh TPaH3aKI MMM U AaXKe IOCAeN0BaTe/lb-
HO 3aITyCKaTb HeCKOJbKO TpaH3aKkuuii. Ho ee He/lb3s BbI3bIBATh M3 KOMaHbI SELECT,
a TOJIbKO C MIOMOIIIbI0 KOMaHbI CALL, CMHTaKCHC KOTOPOi ONIMCaH HUXKE:

test=# \h CALL
Komanga: CALL
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OnucaHve: Bbi3BaTb MpoLeAYpY
CuHTaKCmnC:
CALL wma ( [ apryment ] [, ...]1)

Takum ob6pazom, Mexxay QYHKUMSIMU U TIpoLieaypaMu umeeTcs: PyHIamMeHTab-
HOe pasyinuue. B MHTEpHETe He BCeraa YIoTpebisieTcsl MpaBuiIbHaAs TePMUHOIO-
rust. Ho 3HaTh 06 9TOM BaKHOM pasjinuuy Heo6xoamumo. OYHKINUY CYIIeCTBOBAIN
B PostgreSQL ¢ camoro Havana. Ho KOHLeMIus Mpoleaypbl, ONMCaHHAS B 9TOM pa3-
Ilelie, TOSIBWIACh TOMbKO B Bepcuu PostgreSQL 11. B aT0i#1 r1aBe Mbl pacCMOTPUM TO
u gpyroe.

AHaTtomus pyHKLUM

[Tpeskme yeM BOABAThCS B JeTaaM KOHKPETHOTO SI3bIKA, PACCMOTPUM aHATOMMUIO TH-
MUYHOM QyHKIMN. 1711 AeMOHCTpAIMM BO3bMeM (BYHKIINIO, KOTOpast TPOCTO CKya-
IbIBAET IBA YMC/IA:

test=# CREATE OR REPLACE FUNCTION mysum(int, int)
RETURNS int AS

SELECT $1 + $2;
' LANGUAGE 'sql';
CREATE FUNCTION

Cpa3sy oTMeTuM, uTo 3Ta QyHKIMs HammcaHa Ha SQL. PostgreSQL momkHa 3HATh,
KaKkoW $I3bIK MbI MCIOJIb3yeM, MO3TOMY €ro HY)XHO YKa3blBaThb B OIpeneneHUu
dbyHRIMN.

0 3ameTuMm, uto koA PyHKuMK nepenaetcs PostgreSOL B BMAE CTPOKM, 3aKNOUYEHHOW B OAMHOY-
Hble KaBbl4KMU. DTO BaXKHO, MOTOMY YTO TaKMM 00pa3oM PYHKLMS CTAHOBUTCS YEPHBIM SLLMKOM
[N9 MEXaHU3Ma UCMONHEHUS.

B npyrux CYB]I kom GyHKIMM — He CTPOKa, a HeoTheM/IeMas 4aCTh KOMaHAbL. BoT
9TOT IIPOCTOJ CI0¥ abCTparMpoBaHMS U SIBJSIETCS OCHOBOW T'MOKOCTM AMCIIeTYepa
dbyukumit B PostgreSQL.

BHYTpM CTPOKM MOKHO MCIOAb30BaTh MPAKTMUYECKM BCE, YTO TpeJjiaraeT BbI-
OpaHHbI SI3bIK POTPAMMMUPOBAHMSL.

B sTOM mpuMepe MbI CKIaZbIBaeM JiBa UMCIa, MepefaHHbIX (PYHKIMM, — JIBA 1ie-
JIBIX Yncia. BaxkHO orMeTuTsh, uTo PostgreSQL mpenocTaBiisieT MeXaHU3M Iiepe-
rpy3ku GyHKINA. To ecTh GyHKIMM mysum(int, int) 1 mysum(int8, int8) pa3MUHbI.
IMeperpyska GYHKIINI — Belllb yoo6Has, HO HY;KHO BHMMATeIbHO CJIEOUTh 3a TEM,
YTOOBI CJTyYalfHO HE CO3[IaTh CIMIIKOM MHOTO (DYHKIIVI 13-3a TOTO, UTO CITMCOK Ia-
paMeTpoB BpeMs OT BpeMeHM MeHsieTcsl. Bcerna ymansiite GyHKIMM, CTaBIINe He-
HY>KHBIMU.

KomaHpa CREATE OR REPLACE FUNCTION He mMoauduUMpyeT CIMCOK napameTtpos. [oatomy en
MOXHO MOJIb30BATLCS, TONIbKO €C/IU CUrHATYpa PYHKLMM OCTAeTCs HeU3MEHHOM. B npoTUBHOM
Cny4ae KoMaH4a NMbo 3aBepLIMTCS C OLWMOKOM, B0 CO3A4aCT HOBYIO PYHKLMIO.
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IaBaiiTe BBIIOJIHUM 3Ty (PYHKLIUIO:

test=# SELECT mysum(10, 20);
mysum

30
(1 cTpoka)

HO)’IY‘II/I]’IOCB 30, YTO ¥ HEYOUBUTEbHO. [anee paccMOoTpuM elie OOHY Ba’XKHYIO
TeMy: 3aK/II0YeHMe B KaBbIUKNA.

onnapoeste Kasviuku

IMepenaua xoma PostgreSQL B Buie CTPOKY — OUeHb r'MbOKoe perreHne. Ho mucIonb-
30BaHMe OIMHOUHBIX KaBblUeK MOXKeT BbI3bIBATh MP0OIeMbl. Bo MHOTMX SI3bIKAX
MIPOrPaMMMPOBAHMUS 3TOT CMMBOJI YaCTO BCTpeuaeTcsl. M 4To6bI MCITO/b30BaTh Ta-
KIe KaBbIUKM, IPUXOAUTCSI SKpaHUPOBATh UX NpU nepenave cTpoku PostgreSQL.
MHoro JsieT 3Ta mpoieaypa 6p1a crangapTHoii. Ho, K cyacTblo, Te BpeMeHa MpoIin,
" TIOSIBUJIMCh HOBBIE CIIOCOOBI TepemaBaTh Kofa. OOuH U3 HUX — JOJIJIapOBbIe Ka-
BBIUKU:

test=# CREATE OR REPLACE FUNCTION mysum(int, int)
RETURNS int AS
$$
SELECT $1 + $2;
$$ LANGUAGE 'sql';
CREATE FUNCTION

Hauasio 1 KoHell CTpOKM 0603HAYAIOTCST HE OAVMHOYHOJ KaBbIUKOIA, a ITOC/IeI0Ba-
TeJIbHOCTBIO $$. B HacTos1IIee BpeMsi eCTh ABa SI3bIKa, B KOTOPBIX $$ MIMeeT Crienab-
Hoe 3HaueHue. B Perl u B ckpunrax Ha s3bike bash $$ o603HavaeT uneHTuduKaTop
nporecca. YToObI IMIPeooieTh 3TO MEJIKOe IIPeIsITCTBIE, Mbl MOKEM MUCIIOIb30BaTh
IJIST OTMETKM Hayvajia M KOHIIa CTPOKM IPaKTUUECKM JI0OYI0 MOCIeq0BaTeTbHOCTb
CMMBOJIOB, HAUMHAIOIIYIOCS C $, HATIpUMep:

test=# CREATE OR REPLACE FUNCTION mysum(int, int) RETURNS int AS
$body$
SELECT $1 + $2;
$body$ LANGUAGE 'sql';
CREATE FUNCTION

Bnaromapst Takoii ru6KocTM mpobieMa KaBbIUeK pellleHa pas U HaBcerga. Kosmb
CKOPO Hava/bHas ¥ KOHEeUHAsI CTPOKM COBIIAZAIOT, IIPO6IeM He BO3HMUKHET.

AHOHUMHBbLE O710KU KoOa

Boille MbI HaIMCaIM IPOCTENMITYI0 (PYHKIIMIO M HAyIMIMCh BBITOMHSITH Koma. Ho
PostgreSQL IT03BOJISIET BBITIOIHSATH HE TOJMBKO TOTHOIIEHHbIE QYHKIMI, HO M aHO-
HUMHbIE GJIOKM KO/, KOTOPbIE HYKHBI TOJIBKO OJMH pa3. ITO 0COGEHHO IOJIE3HO
TIpY pelieHny afMUHUCTPATUBHBIX 3aau. AHOHMMHBIN OJIOK KOJa He IIPUHMMAEeT
IapaMeTpoOB ¥ He XpPaHUTCS B 6a3e JaHHbBIX, TOCKOIbKY He MMeeT MMEeHN!.



188 <« HanucaHue xpaHuMbIX NpoLeayp

BoT mpocToii mpuMep aHOHMMHOTO 6JI0Ka Kofa:

test=# DO
$$

BEGIN

RAISE NOTICE 'current time: %', now();

END;
$$ LANGUAGE 'plpgsql';
NOTICE: current time: 2016-12-12 15:25:50.678922+01
CONTEXT: PL/pgSQL function inline_code_block line 3 at RAISE
DO

B 3TOM IIpuMepe Kof, BCEero JMIIb BbigaeT coobineHmne. Kak 1 paHbiiie, HeOOXOI M-
MO yKa3bIBaTh, HA KAKOM sI3bIKke 610K Kona HamucaH. CTpoka, epenaBaemas Post-
greSQL, 3aKki0oueHa B J0JIapOBble KaBbIUKU.

DyHKYUU u mpaH3akyuu

Kak BbI 3HaeTe, Bce, uTo AenaeT PostgreSQL OT MMeHM MOMb30BaTeNs], COBEPIIAeT-
CS1 B KOHTEKCTe TpaH3aKIuu. PasymeeTrcs, 5TO OTHOCUTCS U K QYHKIMAM. OYHKITNS
BCerma SIBJISIeTCS YacThio 00beMIIIoNei Tpan3akuyuy. OHa He aBTOHOMHA — TakK Ke,
KakK orepaTop win obas apyras onepaius. Hampumep:

test=# SELECT now(), mysum(id, id) FROM generate_series(1, 3) AS id;

now | mysum
............................... +...--__
2017-10-12 15:54:32.287027+01 | 2
2017-10-12 15:54:32.287027+01 | 4
2017-10-12 15:54:32.287027+01 | 6

(3 cTpokn)

Bce Tpu BbI30Ba (PYHKIIMM IIPOMCXOIST B OAHOI TpaH3akiuu. OTciona ciaenyer,
YTO BHYTPU (PYHKIUM HE MOKeT ObITb KOMAaH[I YIIpaBaeHMs TpaH3aKkIusmMu. B ca-
MOM JieJie, UTO CTYIMIOCh ObI, €yt ObI BO BTOPOM BBI3OBE TPaH3aKIMs Oblia Obl
3aukcupoBana? Hert, Takoe IpOCTO He MOKET paboTaTh.

Opnaxo B Oracle uMeeTcst MeXaHM3M aBTOHOMHBIX TpaH3aKIMii. iges B TOM, UTO
Jaske ecIM TpaH3aKI[Ms OTKAThIBAETCSI, HEKOTOPbBIE €€ YacTy, BO3MOKHO, HEOOXOIM-
MbI U TOJDKHBI ObITh COXpaHeHbI. [IpyBeaeM KaaccuuecKuii mpumep.

1. HauaTb byHKIMIO, KOTOpAst MU3MEHSIET CeKPeTHbIE JaHHbIE.

2. [O0o6aBUTD B SKypHAJ 3aMMCh O TOM, YTO KTO-TO M3MEHWJI CEKPeTHbIE JaHHbIE.

3. 3aduKcHpoBaTh ITY JKyPHAIbHYIO 3aI1Ch, HO OTKATUTh M3MeHEeH)e JaHHbIX.

4. CoxpaHUTb MHMOPMALMIO O TOM, UTO ObLjIa MOMBITKA U3MEHUTh JAaHHBIE.

Iyia pemreHNsT MOOOGHBIX IPOOIEM M HY>KHBI aBTOHOMHbBIE TPaH3aKIIMH, IT03BO-
JISTIOIIVE BBIMOHSATH (DMKCALIMIO He3aBMCHMO OT IJIaBHOM TpaH3aKkUuu. B maHHOM
cJTyyae 3aIuch B TabMuIle SKypHajaa OCTaeTcs, Aake eI caMoO M3MeHeHue 6ymeT
OTKa4eHo.

B PostgreSQL 11.0 aBTOHOMHBIE TpaH3aKUIUM OTCYTCTBYIOT. OGHAKO IO CeTU yKe
TYJISIIOT 3aIl/IaThl, B KOTOPBIX 3Ta BO3MOXHOCTh peann3oBaHa. byJem kaaThb, Koraa
OHA MOSIBUTCS B sIpe.
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YTo6BI 1TOKA3aTh, KaK 9TO, CKOpee Bcero, oymeT paboTaTh, IpuBeneM (GpparMeHT
KOJIa, OCHOBAHHBII HA MMEIOIINXCS M3MEeHEeHMSIX:

AS
88
DECLARE
PRAGMA AUTONOMOUS_TRANSACTION;
BEGIN
FOR 1 IN 0..9 LOOP
START TRANSACTION;
INSERT INTO testl VALUES (1i);
IF 1% 2 =0 THEN
COMMIT;
ELSE
ROLLBACK;
END IF;
END LOOP;
RETURN 42;
END;
8%

3mech MbI Ha JIeTy pelniaeM, 3aUKCUPOBATb WM OTKATUTh aBTOHOMHYIO TpaH3-
aKLMIo.

A3bIKM XPAHUMbIX NPOLIEAYP

Kak yske 6b110 cKa3aHo, PostgreSQL 1mo3BosisieT mucaTh GYHKIUM Y XpaHUMBbIE TTPO-
Lleypbl Ha Pa3HbIX I3bIKax. B cocTaB sapa BKIIOUEHbI CJIeLYIOIIMe SI3bIKU:

SQL;

PL/pgSQL;

PL/Perl u PL/PerlU;

PL/Python;

PL/Tcl u PL/TclU.

SQL - oueBUAHBII BIOOP MIJI HamMcaHUs (PYHKIMIA, TT0 BO3MOXKHOCTY MMEHHO
€ro U ciefyeT UCTIONb30BaTh, TIOCKOIbKY OH aeT MaKCMMAIbHYIO CBOOOIY OTITUMM-
3aTopy. Ho eciu HY>KHO HammcaTh UyTh 60Jiee CIOXKHbBIN KO, TO CTOUT MPUOErHYTh
K PL/pgSQL.

PL/pgSQL ob6namaeT 6Gosiee pasBUTHIMM CPEACTBAMMU YIIPABJIEHUS U MHOTMMU
IPYTrMMU BO3MOXKHOCTSIMU. B 3TO¥1 I71aBe Mbl pacCCMOTPUM HEKOTOPbIe MaJIOU3BEeCT-
HbIe TIPOABUHYTbIe BO3MOXHOCTU PL/pgSQL, HO nmerliTe B BUIY, YTO 3TO BCE Xe He
TIOJTHOE PYKOBOACTBO TI0 SI3BIKY.

B sampe HaxomMTCS KOM, TIO3BOJISIIONINIA 3aIMCATh CepBepHbIe QYHKIMM Ha SI3bIKe
Perl. Jloruka Takas ke, Kak B OCTAJbHbIX CJIyyasix: KOJ MepefaeTcsl B BUIe CTPOKMU
" uctonHsieTcst uuTepnperatTopom Perl. Ho momunTe, uyto cama PostgreSQL He mo-
HuMaet Perl, oHa b mepenaeT Ko BHEIIHEMY MHTEPIIPETATODY.

0000
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Bbl, BepOSITHO, 00paTu/IM BHUMaHIe, UTO ecTh ABa BapuanTa Perl 1 TCL: «Hamex-
Hblii» (PL/Perl u PL/TCL) u «HeHamexxubiit» (PL/PerlU u PL/TCLU). PasHuiia mexxay
HMMMU OYeHb CylecTBeHHa. B PostgreSQL s3bIK MMeeT JOCTYN K CAaMOMY COefiHe-
HMIO ¢ 6a30J1 JaHHbIX. [I09TOMY Ha HEM MOXKHO HaIlMCATh BPeAOHOCHBIN Kol UTOObI
u36exkaTh pobiieM ¢ 6e30MacHOCTHIO, TPEII0KeHa KOHIIEMIIVS HaJeKHbIX SI3bIKOB.
B HazeskHOe ITOIMHOKECTBO BXOIST CaMble 6a30Bble CPeICTBA SI3bIKa. 3aIlpeliaeTcst
JlesiaTh ClieyIolee:

Q BK/IIOYATh OMOIMOTEKH;

O OTKpbIBaThb CETEBbIE COKETHI;

O BBIIOJHSTD JIIOObIE CMCTEMHBIE BbI3OBBI, B T. U. OTKPHITHE (aiiyioB.

Perl mpenyiaraeT Tak Ha3bIBaeMbIii OCTOPOKHBIN peskuM (taint mode), c TOMOIIbIO
KOTOPOTO 3TOT MeXaHM3M U peayn3oBaH B PostgreSQL. B atom pesxkume Perl cam
HajlaraeT Ha ceOsl OrpaHMYeHMs U BBIJAET OLIMOKY, ecIy BO3MOXKHO HapylleHue
6e30I1acHOCTY. B HeHaJeXKHOM peskMMe MOYKHO JIeJlaTh BCe, T03TOMY 3aIyCKaTh KOJ,
B TaKOM peXXMMe pa3pelleHo TOAbKO CyIlepIioib30BaTeo.

Ecu BbI XOTUTE BBITOMHITD KaK HaLeKHbINM, TaK ¥ HEHAJEKHbIN KO, TO aKTUBU-
pyiiTe o6a si3bika: plperl u plperlu (cooTBeTcTBEeHHO pltcl u pltclu).

B Hacrosmmee Bpems Python nmeeTcst TObKO B HEHAIESKHOM UIIOCTACH, TIOITOMY
aIMUHUCTPATOP JOJKEH ObITh 0COGEHHO OCTOPOXKEH, T. K. (QYHKIIMS, HalMcaHHast
Ha Python, cioco6Ha 060#Ty Bce MexaHU3Mbl 6€30I1aCHOCTH, BCTPOEHHbIe B Post-
greSQL.

WTak, puCTynuM K CaMO >KMBOTpEIIelYIleil TeMe 3TOJ IIaBbl.

Beepenue B PL/pgSQOL

B sTom paszesnie Mbl ITO3HAKOMMMCS C HEKOTOPLIMM IIPOABUHYTHIMY BO3MOXKHO-
ctsmu s13bika PL/pgSQL, BaXKHBIMM [7IST HAITMCAHUS TIPABUWIBHOTO U 3 PEeKTUBHOTO
Koza.

0 OTMeTUM, YTO 3TO He BBELEHME B MPOrpaMMMUPOBAHUE S HAUMHAOLWMX U He 06Lwmi yyeb-
HuK no PL/pgSOL.

JKkpaHuposaHue

OnyiH 13 caMbIX BaXKHBIX BOITPOCOB MTPOrPaMMUPOBaHMsI 6a3 JAaHHBIX — 9KPAHUPOBa-

HMe. HenpaBUIbHO 9KpaHMUPYS ClielalbHble CMMBOJIBI, Bbl MOXKETE CTaTh )KePTBOI

BHenpeHust SQL-Kofa 1 OTKPBITh HelpueMeMble Gpeln B cucTeme 6e30TacHOCTH!.
Yro takoe BHenpeHue SQL-koma? PaccMoTpuM npumep:

CREATE FUNCTION broken(text) RETURNS void AS
$$
DECLARE
v_sql text;
BEGIN
v_sql := 'SELECT schemaname
FROM pg_tables
WHERE tablename = "'' || $1 || '"""';
RAISE NOTICE 'v_sql: %', v_sql;
RETURN;
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END;
$$ LANGUAGE 'plpgsql';

3nech SQL-kom hopMuUpyeTcss KOHKaTeHaleil HeCKOIbKUX CTPOK C MOMOIIIbIO
orepatopa | | 6e3 orsIKy Ha 6e30I1acHOCTb. EC/iv mob30BaTeb ITOACTaBISIET ITpa-
BWJIbHOE MMSI TabIMIIbI, TO HUUETO CTPALIHOrO He ITPOM30JiIeT, Halpumep:

SELECT broken('t_test');

OpHako HANIO OBITh FOTOBBIM K TOMY, UYTO KTO-TO ITOIMBITAETCS B3JIOMATh BAlly
cucTeMy. PaccMoTpuMm Takoii npumep:

SELECT broken('''; DROP TABLE t_test; ');

Tenepb Mbl HAUMHAaeM IOHMMATh, B UeM IMpo6eMa. B IMCTUHTe HMKe ITOKa3aHo
Knaccuyeckoe BHenmpeHnye SQL-koma:

3AMEYAHME: v_sql: SELECT schemaname FROM pg_tables

WHERE tablename = ''; DROP TABLE t_test; '

KOHTEKCT:  ¢yHkuma PL/pgSQL broken(text), cTtpoka 6, onepaTop RAISE
broken

(1 cTpoka)

MbI XOTENM BCE JIUIIIb BBIOPATDb JAHHbIE, a B Pe3Y/IbTaTe YIAIUIN TabIUITY — KOMY
3TO TTOHPaBuUTCsI? OueBUIHO, UYTO 6€30MACHOCTb MPIJIOKEHNS He TOJDKHA 3aBUCETh
OT IlepefaBaeMbIX [1apaMeTpOB.

YToO6bl penoTBpaTuTh BHeApeHne SQL-koza, PostgreSQL mpensaraer pasind-
Hble QYHKIMM, UX 00513aTEIbHO HY)XKHO MCIIONb30BaTh, YTOOBI HE TIO/IBEPraTh MPH-
JIO>)KeHYe OIIaCHOCTH:
test=# SELECT quote_literal(E'o''reilly'), quote_ident(E'o''reilly');

quote_literal | quote_ident
................ S ——
'o''reilly’ | "o'reilly"
(1 cTpoka)

OyHKUMA quote_literal 3KpaHUpPyeT CTPOKY, TaK UTO HUYETO IIJIOXOTO TOYHO He
cayuntcs. OHa 3aK/IfovaeT CTPOKY B KaBbIUKM M SKPAaHMPYeT MOTeHIIMaaIbHO PO0-
JleMaTUYHble CYMBOJIbI BHYTPU CTPOKU. ITO [elaeT HeBO3MOKHBIM HeCaHKLIMIOHU -
pOBaHHOE 3aBepllieHKe OLHOM CTPOKM M Hayajlo JPYTOii.

Bropast byHKuus, quote_ident, CTysKUT J/IsT TPaBMUITBHOTO 3aKTIOUEHMS B KaBbIU-
KI MMeH 00beKkToB. O6paTuTe BHMMAaHNME, YTO UCIIOAb3YIOTCS JBOVIHbIE KaBBIUKM —
MMEHHO TaK CJIefyeT MOCTYNaTh C MMeHaMu Tabaull. B nmpumMepe HuKe OKa3aHoO,
KaK MCIIONb3YIOTCS CTI0’KHbIE MIMeHa:

test=# CREATE TABLE "Some stupid name" ("ID" int);
CREATE TABLE
test=# \d "Some stupid name"

Tabavua "public.Some stupid name"

Cronbey | Tun | MoandukaTopel

......... dommmmmee e e e e

i) | integer |
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O6b1yHO MMeHa Tabnuil B PostgreSQL 3amuchIBalOTCS CTPOUHBIMM OykBamu. Ho
TP UCIIOJb30BaHNUY JBOIHBIX KaBbIUEK MMeHa 0ObeKTOB MOTYT COIepyKaTh U 3a-
r71aBHbIE 6YKBBI. BOoOIIe roBopsI, AenaTh TaK He PEKOMEH/IYEeTCsI, TOTOMY UTO Ipy-
JeTCSI YIIOTPEOJISITh IBOHbBIE KABBIYKM BCE BPEMSI, & 3TO HE OUeHb YI0OHO.

Tenepb MOCMOTPUM, KaK 00pabaThIBalOTCS 3HaUeHMst NULL. B TMcTUMHre HMKe T10-
Ka3aHo, Kak obpamiaetcs ¢ NULL byHKImS quote_literal:

test=# SELECT quote_literal(NULL);
quote_literal

(1 cTpoka)

Ecnu nnepenatsh quote_literal 3HaueHue NULL, TO OHaA mpoCTO BepHeT NULL. B aTom
cryyae 3a60TUTHCST 06 9KpaHUPOBAHUY HE HAZIO.
PostgreSQL nipensaraet u apyrue GyHKIUYU CIIeIMaabHO 151 paboThl ¢ NULL:

test=# SELECT quote_nullable(123), quote_nullable(NULL);
quote_nullable | quote_nullable
................. +.._-_....-_._...
123" | NULL
(1 cTpoka)

PL/pgSQL MOKHO MCIO/Ib30BaTh HE TOJNIBKO [JISI SKpaHUPOBAHUS CTPOK U MMEH
00BEKTOB, HO U IyIst (OPMATUPOBAHMS U TIOATOTOBKM IIEJIBIX 3aITpoCcoB. IIpenecTsb
B TOM, uTO QyHKIIMs format TO3BOJISIET BKIIOUATh ITapaMeTphbl B KOMaHIy, Haripumep:

CREATE FUNCTION simple_format() RETURNS text AS

$$

DECLARE
v_string text;
v_result text;

BEGIN
v_string := format('SELECT schemaname|| '' .'"' || tablename FROM pg_tables
WHERE %I = $1 AND %I = $2', 'schemaname', 'tablename');
EXECUTE v_string USING 'public', 't_test' INTO v_result;
RAISE NOTICE 'result: %', v_result;
RETURN v_string;

END;

$$ LANGUAGE 'plpgsql';

OyuakiMu format mepemaoTcs MMeHa moseit. A Bo pase USING KomaH bl EXECUTE
3a1al0TCS MTapaMeTphl 3a1Ipoca, KOTOPbI 3aTeM U BbITTO/IHseTCs. VI cHOBa BHeJpe-
H1e SQL-Koaa yCIemHo npegoTBpalaeTcs.

BoT UTO IIpoM30iiaeT mpu BbI30OBE 3TOV MPOCTOI QYHKLIVIN:

test=# SELECT simple_format ();
NOTICE: result: public .t_test
simple_format
SELECT schemaname|| ' .' || tablename +
FROM pg_tables +
WHERE schemaname = $1 AND tablename = $2
(1 cTpoka)



S13bIkM XpaHuMbIX Npouenyp <% 193

Kak Buaum, B OT/1aJOYHOM COO6H.[EHI/II/I IIpaBMJIbHO HaIlledyaTaHO MM Ta6J'[I/H_lbI,
BKJIIOUAloIIee cxemy, 1 BeCb 3aIIpoC B IeJIOM.

Ynpaenenue oonacmamu euoumocmu

Pa306paBinch C S5KpaHMPOBaHMEM M OCHOBaMM 6e3oracHoCTy (BHeapeHuem SQL-
KO71a), TIOTOBOPUM elile 06 OJHOI BayKHO TeMe — 00JIaCTSIX BUIVMOCTH.

Kak 1 B GOJBIIMHCTBE TIOIMY/ISPHBIX SI3bIKOB ITPOrpPaMMMUPOBAHMS, UCIIOIb30Ba-
Hue nepemeHHbIX B PL/pgSQL 3aBucuT ot koHTeKcTa. [lepeMeHHbIe OTIpeIesiIoTCs
B koMaH/ie DECLARE. OnHako PL/pgSQL pgormyckaeT Bio>keHHbIe KOMaHAbl DECLARE:

CREATE FUNCTION scope_test () RETURNS int AS
$$
DECLARE
i int := 0;
BEGIN
RAISE NOTICE 'i1: %', 1i;
DECLARE
i int;
BEGIN
RAISE NOTICE 'i2: %', i;
END;
RETURN 1;
END;
$$ LANGUAGE 'plpgsql';

B komaHpe DECLARE oripefiesieHa mepeMeHHas i, 1 eil IpMCBOEeHO 3HaYeHe. 3aTemM
nepeMeHHas 1 oTobpaskaeTcsi. KoHeuHo, 6yzeT BbiBeieHO 0. 3aTeM HauMHAETC s BTO-
pas koMaHa DECLARE. B Heii mepeMeHHas i omnpezeieHa elje pa3, HO 3HaueHue He
MIPUCBOEHO, TIO3TOMY OHO OyzmeT paBHO NULL. [Tanee PostgreSQL orobpakaeT BHYT-
pPEHHIO ITlepeMeHHYI0 1. Bo uTo nomnyvaercs:
test=# SELECT scope_test();
3AMEYAHME: i1: @

3AMEYAHME: 12: <NULL>
scope_test

(1 cTpoka)

Kak u cj1emoBaio OXKuIaTh, mevyatanTcs sHadenus 0 u NULL. PostgreSQL momyc-
KaeT MCIOMb30BaHe Pa3sHOOOpa3HbIX TPIOKOB. HO HACTOSATENbHO PEKOMEHYEeTCs
IeJ1aTh KO, MPOCTHIM M ITOHSITHBIM UMTATETIO.

Oo6pabomka owu60x

O6paboTKka OMIMO0K B IIPOrpaMMe WM B MOJIYJ/Ie — BaskHAsI COCTABHAS YaCTh SI3bIKA
IporpaMmMupoBaHusi. Bce Korma-To JiomaeTcsl, TIO3TOMY OLIMOKM ciengyeT obpaba-
THIBaTh HaJJIekamyuM obpa3om, Kak rnopobaet npodeccuonany. B PL/pgSQL mns
06paboTKM OMMOOK CIy>KaT 6;10KM EXCEPTION. Mimes B TOM, UTO eciu B 60Ke BEGIN
MIPOM30JiIEeT UTO-TO IIOX0e, TO 610K EXCEPTION IT03a60TUTCSI 06 3TOM U PEIINUT ITPo6-
nemy. Kak 1 BO MHOTMX OpYTHUX SI3bIKaX, HAIIPMMeED B Java, MOSKHO ITO-pa3HOMY pea-
TMPOBATh Ha PA3IMUHbIE TUITbI OIIMOOK.
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B cdienymmieM Irpmumepe OIIMOKA MOXKET BO3HMKHYTb M3-3a OEJIEHMA Ha HOJIb.
Hamra 3agava - rmepexBaTUTD €€ 1 COOTBETCTBEHHO OTpearmpoBaTh:

CREATE FUNCTION error_test1(int, int) RETURNS int AS
8
BEGIN
RAISE NOTICE 'oTnagoyHoe coobuenune: % / %', $1, $2;
BEGIN
RETURN $1 / $2;
EXCEPTION
WHEN division_by_zero THEN
RAISE NOTICE 'obHapyxeHo AeneHue Ha Honb: %', sqlerrm;
WHEN others THEN
RAISE NOTICE 'kakaa-To gpyras owubka: %', sqlerrm;
END;
RAISE NOTICE 'Bce ouwmbkn obpaboTaHb';
RETURN 0;
END;
$$ LANGUAGE 'plpgsql';

OueBUIHO, YTO GJIOK BEGIN MOKeT BO3OYIMUTH OMIMOKY M3-3a JeJIeHNsT Ha HOJIb.
OpnHako B 6710Kke EXCEPTION 6ymeT repexBaueHa Kak 3Ta OIIMOKa, Tak U ApyTue Io-
TeHLMaIbHbIE OIIMOKIA.

TexHMYECKM 9TO HATIOMMHAET TOUKY COXpPaHEeHMsI, [TOTOMY OIlIMOKA He MPUBOAUT
K OTMeHe Bceii TpaH3aKiuu. MUHM-OTKATY ITOABEPraeTcs TONIbKO 610K, B KOTOPOM
BO3HMKIIA OIIMOKa.

B mepemMeHHO71 sqlerrm XpaHMUTCSI TEKCT COOBIIEeHMs 00 OLIMOKe. BhITOTHMM KO :

test=# SELECT error_test1(9, 0);

3AMEYAHWE: oTnagoyHoe coobueHue: 9 / 0

3AMEYAHWME: o0OHapyXeHO [efeHWe Ha HOJMb: [E/NEeHNE Ha HOJb
3AMEYAHWE: Bce ownbkn obpaboTaksl

error_testl

(1 cTpoka)

B 6yoke EXCEPTION PostgreSQL mepexBaThIBaeT MCKIIOUEHME ¥ TTOKA3bIBAET CO-
obmreHne. OHa maske JT106€3HO MOKA3bIBAET CTPOKY, B KOTOPOJI IMTPOU30IIIIa OMIMOKA.
OTO 3aMeTHO yIpoIIaeT OT/IaKy U UCIIpaBIeHNe OMIMOOUHOTO Koza.

B HEKOTOPBIX C/IydassX MMeeT CMbIC/ BO3OYIUTh MUCKIIOUEHMEe CaMOCTOSTENbHO.
JTO COBCEM IPOCTO:

RAISE unique_violation
USING MESSAGE = 'MoBTopAwumica uaeHTUdMkaTop noab3osatena: ' || user_id;

Ho Boo611e-To PostgreSQL mpenjiaraeT MHOTO TTpeAopee/IeHHbIX KOAOB OIIN -
60K. IToyTHbIN ITepeueHb MPUBEIEH Ha cTpaHuile https://www.postgresql.org/docs/11/
static/errcodes-appendix.html'.

! Ha pycckom ssbike https://postgrespro.ru/docs/postgresqgl/11/errcodes-appendix. — ITpum.

nepes.


https://www.postgresql.org/docs/11/static/errcodes-appendix.html
https://www.postgresql.org/docs/11/static/errcodes-appendix.html
https://postgrespro.ru/docs/postgresql/11/errcodes-appendix
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Komanoda GET DIAGNOSTICS

MHorue mojib30BaTeNnu, paHee paborasiine ¢ Oracle, 3HaKoOMbI ¢ KOMaHI 0¥ GET DIAG-
NOSTICS, KOTOpasi T03BOJIsIeT Y3HATh, YTO MPOUCXOAUT B cucTeMe. CMHTaAKCUC MOXKET
I10KAa3aThCs CTPAHHBIM TeM, KTO IIPUBBIK K COBpeMEeHHOMY KOy, HO 3TO He yMaJisieT
ee LJeHHOCT! B KaueCTBe CpeLCTBa YIYyUlIeHMs IPUIOXKeHS.

Ha moii B3, koMaHay GET DIAGNOSTICS CTOUT UCIIOIb30BATD [IJ151 PellleHys IBYX
3amayv:

O monyyeHUS CUETUYMKA CTPOK;

O mnonyuyenust MHGOPMAIIUY O KOHTEKCTE U TPACCMPOBKY CTEKa BhISOBOB.

CueTUMK CTPOK MbI TIPOBEPSIEM TTOCTOSTHHO. A MHGOpMAIMs 0 KOHTEKCTe ojie3Ha
IJIS1 OT/1aiku. B ripumMepe Huke 1MoKa3aHo, KaK UCIOoIb3yeTcst GET DIAGNOSTICS:

CREATE FUNCTION get_diag() RETURNS int AS
$$
DECLARE
rc int;
_sqlstate text;
_message text;
_context text;
BEGIN
EXECUTE 'SELECT * FROM generate_series(1, 10)';
GET DIAGNOSTICS rc = ROW_COUNT;
RAISE NOTICE 'cuyeTumk cTpok: %', rc;
SELECT rc / 0;
EXCEPTION
WHEN OTHERS THEN
GET STACKED DIAGNOSTICS
_sqlstate = returned_sqlstate,
_message = message_text,
_context = pg_exception_context;
RAISE NOTICE 'sqlstate: %, message: %, context: [%]',
_sqlstate,
_message,
replace( _context, E'\n', ' <- ' );
RETURN rc;
END;
$$ LANGUAGE 'plpgsql';

Cpasy 1ociie 06bsIB/IEHNS TTepeMEeHHbIX MbI BbITTo/THsIeM SQL-KOMaHay U 3ampa-
mmBaeM y GET DIAGNOSTICS cyeTumMK CTPOK, KOTOPbIi 3aTeM BbIBOAUM B OTIaIOYHOM
COO6IJ.[€HI/H/I. 3aTem Q)YHKLU/IH HaMepeHHO BbI3bIBaeT OI_HI/I6KY, I10CJIie 4yero Mbl 3a-
mparBaeM y GET DIAGNOSTICS nHboOpMaILuio 1 0TOOpaskaem ee.

BOT UTO ITpOMCXOAUT B pe3y/ibTaTe BbI3oBa GyHKIMM get_diag:
test=# SELECT get_diag();
3AMEYAHME: cueTumk cTpok: 10
KOHTEKCT: ¢yHkuma PL/pgSQL get_diag(), cTpoka 10, onepaTtop RAISE
3AMEYAHME: sqglstate: 22012, message: feneHve Ha HoMb, context: [SQL-onepatop "SELECT rc /
0" <- dyHkuma PL/pgSQL get_diag(), cTtpoka 11, onepatop SQL-onepatop]

KOHTEKCT:  ¢yHkuma PL/pgSQL get_diag(), cTpoka 18, onepaTtop RAISE
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get_diag

10
(1 cTpoka)

Kak Buaym, komaHa GET DIAGNOSTICS maeT moapo6Hy0 MHGOPMAIUIO O COOBITUMN.

Hcnonv3oearnue Kypcopa 015 nojiyueHuss OaHHbIX NOPUUAMU

B mporiecce BbimonHenns: SQL-KoMaHIbl 6a3a JaHHBIX BHIYMC/ISIET pe3yIbTaT U OT-
npasJisieT ero NpuiokeHn. OTIIpaBUB pe3yabTaT KIMEHTY, MPUI0KeHe MOXKeT
npomo/skaTh pabory. IIpobiema B TOM, UTO A€IaTh, €CIY Pe3yTbTUPYIOIINIT HAaboP
TaK BeJMK, UTO He TIOMeIaeTcs B maMsTh. UTo, ecsiu 6a3a BepHyna 10 Map CTpOK?
KnneHTCKOE MpuiIokeHNe He MOXeT 06paboTaTh CTONBKO JaHHBIX Cpasy, 1a U He
IOJDKHO. PellleHye — ucnonb3oBaTh Kypcop. Vnes Kypcopa 3ak/lo4aeTcsl B TOM, UTO
IaHHble TeHEepUPYIOTCS MO Mepe HeoOXOAMMOCTYM (B MOMEHT BbI30Ba KOMaH[Ib
FETCH). T[TosTOMY TIpUJIOKEHME MOYKET MPUCTYIIUTh K IOTPe6IeHNI0 JaHHbIX, ITOKa
6a3a ux eie reHepupyet. Ko Bcemy npouemy, 06beM MaMsITV, HEOOXOOMMOI IJIst
BBITIOJIHEHMS OTlepal[i, OKa3bIBA€TCsI ropa3fo MeHbIIIe.

B PL/pgSQL kypcopbl TaKKe UTPAIOT BasKHYIO posib. Korga Mbl B LIMK/Ie TPOXOAUM
Mo pe3yabTupyolemy Habopy, PostgreSQL aBTOMaTUUYECKM UCIIONb3YeT Kypcop.
B utore nmorpebiaeHe TaMITH IPWIOKEHUSIMY 3HAUMUTETbHO CHIKAETCS, M MaJio-
BEpOSITHO, UTO 13-3a GOJBIIOrO 00beMa JaHHbIX MPUIOKEHMIO He XBAaTUT MaMSITH.
Huke ripuBeieH YIIpOIIeHHBIN MpUMep MCII0Ib30BaHMsI Kypcopa BHYTpU QYyHKITAN:

CREATE OR REPLACE FUNCTION c(int)
RETURNS setof text AS

$$

DECLARE
v_rec record;

BEGIN
FOR v_rec IN SELECT tablename FROM pg_tables LIMIT $1
LooP

RETURN NEXT v_rec.tablename;

END LOOP;
RETURN;

END;

$$ LANGUAGE 'plpgsql';

ODTOT KOJI, MHTepeceH Mo ABYM IpuunHam. Bo-1iepBbiX, 3T0 (DYHKIMSI, BO3Bpa-
mammas MHOXecTBO (Set Returning Function — SRF). OHa moposkpaeT 1Lemnbiit
cTonbell, a He OHY CTPOKY. [IJIsl 3TOTO MBI TOTIOTHSIEM YKa3aHKe BO3BPallaeMOoTo
TUIIA JAHHBIX KII0UeBbIM (JIOBOM setof. Komanaa RETURN NEXT mpoio/mkaeT CTPOUTD
pe3yIbTUPYIONINIT HabOP, ITOKa He GYIeT JOCTUTHYT KOHeIl JaHHbIX. KoMmaHma RETURN
TOBOPUT, UTO MbI CIIeJIaiu BCe, UTO XOTEJIN, U SKejlaeM BhIATU 13 (PyHKIMMA.

Bo-BTOpbIX, 06XO 3ampoca B I[MKJIEe aBTOMAaTUYECKU MPUBOIUT K CO3TAHUIO
BHYTpeHHero Kypcopa. IHbIMIU CJI0BaMy, He HYKHO GOSITbCSI, UTO BHE3aITHO KOH-
YUTCS TaMsITh. PostgreSQL onmTUMM3MPYeT 3aIIpoC TaK, YTOObI epBbie 10 % maHHbBIX
(3HaueHMe mapameTpa cursor_tuple_fraction) BepHYTb KaK MOXKHO OBICTpee.
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BoT 4uTO BepHeT 3TOT 3a1poc:
test=# SELECT * FROM c(3);

t_test
pg_statistic

pg_type
(3 cTpoku)

B sTOM npuMepe IevaTaeTcs MPOCTO MepedyeHb CIyvaiiHbIX Tabaun,. Eciu B Ba-
IIeit cucTeMe pe3ynbTaT OTIMIAETCS, TO He IyraiTech — Tak U JO/KHO ObITh.

To, 4TO BBI ceituac BUIEIN, — Ha MO B3IJISII, CAMbIi YIIOTPEeOUTENBHBIN CIIOCOO
MUCTI0/Ib30BaHMSI HesIBHBIX KypcopoB B PL/pgSQL. B nmpumepe HMske TTOKa3aH yCTa-
peBIlINit MeXaHMU3M, KOTOPbII, BO3MOXHO, 3HAKOM UUTATEeSIM, UMEIOLIUM OTIBIT pa-
60thI ¢ Oracle:

CREATE OR REPLACE FUNCTION d(int)
RETURNS setof text AS
$$
DECLARE
v_cur refcursor;
v_data text;
BEGIN
OPEN v_cur FOR SELECT tablename FROM pg_tables LIMIT $1;
WHILE true LOOP
FETCH v_cur INTO v_data;
IF FOUND THEN
RETURN NEXT v_data;
ELSE
RETURN;
END IF;
END LOOP;
END;
$$ LANGUAGE 'plpgsql';

31ech Mbl SIBHO OOBSIB/ISIEM M OTKPbIBA€M KypCOp. 3aTeM B LIMKIIE JAaHHbIE SIBHO
BbIGMPAIOTCS 1 BO3BPAIIAIOTCS 1M0b30BaTe 0. O6a Moaxoma B TOYHOCTH SKBYMBA-
JieHTHBI. Kakoii BoIOpaTh, 3aBUCUT OT IIPUCTPACTUI pa3paboTumMKa.

V Bac CIOXMIOCH OIIYIIEHNe, UTO BbI ellle He Bce 3HaeTe 0 Kypcopax? Tak OHO
U €CTh: CYIIECTBYET TPETUIT BAPUAHT, JeIAI0INI POBHO TO Xe CaMoe:

CREATE OR REPLACE FUNCTION e(int)
RETURNS setof text AS
8
DECLARE
v_cur CURSOR (paraml int) FOR SELECT tablename FROM pg_tables LIMIT parami;
v_data text;
BEGIN
OPEN v_cur ($1);
WHILE true LOOP
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FETCH v_cur INTO v_data;
IF FOUND THEN
RETURN NEXT v_data;
ELSE
RETURN;
END IF;
END LOOP;
END;
$$ LANGUAGE 'plpgsql';

B aToMm ciydae Kypcopy mepenaeTcsl Le/0uMCIeHHbIN apaMeTp, COBIIa a0t
C TeM, UTO 6bUI nepenaH GyHKIMM ($1).

MHorpma Kypcop He UCIIONb3yeTcsl B caMoit GYHKIMM, @ BO3BPaIllaeTCsl BbI3bIBAIO-
et mporpamMmMe. B TakoM ciryuae Bo3BpaliaeMoe 3HaUeHMe TOIKHO UMETh THUII re-
fcursor:

CREATE OR REPLACE FUNCTION cursor_test(c refcursor)
RETURNS refcursor AS

$$

BEGIN
OPEN c FOR SELECT * FROM generate_series(1, 10) AS 1id;
RETURN c;

END;

$$ LANGUAGE plpgsql;

Jloruka mpocrast. DyHKILNM TIepegaeTcs MMst Kypcopa, a OHa OTKPbIBaeT 1 BO3Bpa-
maet Kypcop. IIpesects B TOM, UYTO CBSI3aHHBIN C KYpCOPOM 3arpoC MOXKHO CO3aTh
M OTKOMITUIMPOBATDb JMHAMUYECKI.

[IpuioKeHEe MOXKET ITPOMU3BOIUTb BHIGOPKY M3 BO3BPAIlEHHOTO Kypcopa TOYHO
TaK ke, KaK ¥ paHblile, HarIpuMep:

test=# BEGIN;

BEGIN

test=# SELECT cursor_test('mytest');
cursor_test

mytest

(1 cTpoka)

test=# FETCH NEXT FROM mytest;

id

1

(1 cTpoka)
test=# FETCH NEXT FROM mytest;
id

2
(1 cTpoka)

OTMeTI/IM, YTO 3TO pa60TaeT TOJIBKO BHYTPA 6/710Ka TpaH3aKIOUMN.
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B aToM pasjesie Mbl Y3HAJIM, YTO KYpCOPbI TIOPOKIAIOT JAHHBIE TOIbKO MIPU UTe-
HUM U3 HUX. DTO CIpaBeIIMBO IJIs1 OONBIIMHCTBA 3arpocoB. Ho B mpuBegeHHOM
BbIIIIE TIPMMepe eCThb OJIBOX — eC/IM MCIOb3yeTcs: QYHKIINSI, BO3Bpalawiasi MHO-
SKeCTBO, TO pe3y/lbTaT HO/KEH ObITh MaTepuaan3oBaH 1enukoM. OH co3maeTcs He
Ha JieTy, a cpasy. /leso B Tom, uyTo SQL mo/skeH MMeTb BO3MOKHOCTb ITOBTOPHO MPO-
CMOTPEThb OTHOIIIEHME. ITO JIETKO B CIyyae 0ObIYHO TaOIUIIbI, HO He 15T QYHKIUA.
IMostomy pesynabTaT SRF-(QyHKINM BCerma BbIUUCISIETCS U MaTepuaanu3yeTcsl, UTo
IleJlaeT MUCII0Ib30BaHMe Kypcopa B IpMMepe Bblllle aOCOMIOTHO 6ecrioie3HbIM. HbI-
MM CJIOBaMM, TIPY HaIMCaHUM (QYHKIMIT HeOOXOAMMa OCMOTPUTEIbHOCTb, MHOTIA
OTIACHOCTD TIPSUETCS] B TEXHUYECKUX JIeTalsIX.

Hcnonvs3oeanue cocmasHsix Munoe

B 6ompimHceTBe Apyrux CYB]I XxpaHuMble TPOLIEAYPhI MCIIOTb3YIOTCS TOJIBKO B CO-
YyeTaHUM C MPUMUTUBHBIMU TUTIAMU JAHHBIX: 11€JI0UMC/IEHHBIMY, BellleCTBEHHBIMY,
CTPOKOBBIMU U T. 1i. PostgreSQL B 3TOM OTHOIIEHMM CMJIbHO OT/IMYaeTcs. Paspeia-
€TCsI MCITOJIb30BAaTh JI000I TOCTYIHBINA TUI: IPUMUTUBHBIN, COCTABHONM MJIN TI0JTb-
30BaTesbcKMii. HeT abCcoMoTHO HMKAKMX OTpaHMUYEHMIA Ha TUIIBL. [IJIsT pacKpbITHS
Bceil Moty PostgreSQL cocTaBHbIe TUITBI OUEHb BaXKHbBI M 3a4aCTYIO0 IIPUMEHSIIOTCS
B pacUIMpeHusIx, KOTOpble MO>KHO HaiiTH B MHTEPHETE.

B npumepe HMsKe TTOKAa3aHO, KAK COCTABHON TUII ITepenaeTcst GyHKIMM, UCTIONb-
3yeTcsl BHyTPY Hee U BO3BPalllaeTCsl HAPYKYy.

CREATE TYPE my_cool_type AS (s text, t text);

CREATE FUNCTION f(my_cool_type)
RETURNS my_cool_type AS
8
DECLARE
v_row my_cool_type;
BEGIN
RAISE NOTICE 'schema: (%) / table: (%)', $1.s, $1.t;

SELECT schemaname, tablename INTO v_row FROM pg_tables
WHERE tablename = trim($1.t) AND schemaname = trim($1.s)
LIMIT 1;

RETURN v_row;
END;
$$ LANGUAGE 'plpgsql';

[7aBHOe, Ha UTO CJieqyeT O6paTUTh BHMMaHMe, — CMHTaKcKC $1. field_name mjist mo-
CTyTa K JAHHBIM COCTABHOTO TUTIA. BepHYTh COCTABHO TUII TOXe HETPYAHO. Hy>kHO
JIMLIb JUHAMWYECKU IIOCTPOUTD 3HaUE€HMe COCTaBHOTO TUIIA U BEPHYTD €ro, KaK JIt0-
60e gpyroe. MOKHO Jaske MCITOIb30BaTh MACCUBBI i ellle 6oJiee CIIOKHbBIE CTPYKTYPBI.

Huske mokasaHo, uTo Bo3Bpaiaet PostgreSQL:

test=# SELECT (f).s, (f).t
FROM f ('("public", "t_test")'::my_cool_type);
3AMEYAHWE: schema: (public) / table: ( t_test)
s |t
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........ R -
public | t_test
(1 cTpoka)

Hanucanue mpuezepoeé Ha PL/pgSQL
CepBepHbIii KOJT 0COOEHHO YacTO MPUMEHSIETCS, KOTIa TpeGyeTcst OTpearnpoBaTh Ha
CO6bITI/I${, nponucxogsamime B 6336 O aHHBIX. TpI/Irrep II03BOJIsIeT BbI3BATH ClJYHKLU/I}O,
eIy HaJ, TabauIeil BhIONMHAeT S KoMaHa INSERT, UPDATE, DELETE miim TRUNCATE. BbI-
3pIBaeMasi TPUITepOM (QYHKIMS MOXKET MOIUGUIIMPOBATh M3MEHMBIINECS JaHHbIE
MJIN TIPOCTO BBITNMOJIHUTDH HEO6XO,E[I/IMYIO oriepanmnio.

B PostgreSQL BO3MOXHOCTM TPUTTEPOB C TOAAMU PACIIUPSIUIUCH, M BOT YTO MBbI
VMeeM Tellepb:

test=# \h CREATE TRIGGER

KomaHga: CREATE TRIGGER

OnucaHue: co3paTb TpUrrep

CuHTaKkemnc:

CREATE [ CONSTRAINT ] TRIGGER uma { BEFORE | AFTER | INSTEAD OF } { cobbitme [ OR ... ] }
ON uma_Tabaunupl
[ FROM ccbinawuanca_tabanua ]
[ NOT DEFERRABLE | [ DEFERRABLE ] [ INITIALLY IMMEDIATE | INITIALLY DEFERRED ] ]
[ REFERENCING { { OLD | NEW } TABLE [ AS ] wma_nepexopHoro_oTHowenus } [... ] ]
[ FOR [ EACH ] { ROW | STATEMENT } ]
[ WHEN ( ycnosue ) ]
EXECUTE PROCEDURE ums_¢yHKUMM ( aprymeHTbl )

rae Aonyctumoe cobbitne:

INSERT

UPDATE [ OF uma ctonbua [, ... ] ]
DELETE

TRUNCATE

Cpasy OTMeTUM, UYTO TPUTTEP BCETma CpabaThIBaeT IJIs TAOIUIIbI VIJIU TIPEICTaB-
JIEHWSI U BbI3bIBAET HEKOTOPYIO QYHKIINIO. Y TPUTTEPA €CTh MMSI M MOMEHT CpabaThI-
BaHMS: 10 WM TTocyie co6piTust. B PostgreSQL Haf 0mHOIE TabnuIeli MOKHO OIlpee-
JIUTh CKOJIBKO YTOAHO TPUTTEPOB. s TBepabiX npuBepxkeH1eB PostgreSQL B aTOM
HET HUYero youBUTEIbHOTO, HO XOUy OTMETUTh, YTO BO MHOTUX JOPOTUX KOMMep-
yecknx CYB/I, KoTopbie Bce ellle UCIIOMb3YIOTCSI B MUPE, 9TO He TaK.

Ectu Ham Tabuiieil onpeneieHo HeCKOIbKO TPUITEPOB, TO, COITIACHO TTPaBUIY,
BBEIEHHOMY MHOTO JIeT Ha3aj B Bepcuy PostgreSQL 7.3, oHM cpabaThIBAaIOT B all-
dasuTHOM nopsake. CHauana cpabaTtbiBaioT Tpurrepsl BEFORE, 3aTem PostgreSQL
BBITIOJTHSIET OTTepaIIo Hal CTPOKOIA, IS KOTOPO¥ cpaboTas TpUITep, a IOTOM Cpa-
6arbiBatoT Tpurrepbl AFTER. HBIMM CJIOBaMM, TIOPSIIOK BBITIOTHEHUSI TPUTTEPOB
JleTepMUHUPOBAH, a UX KOJIMUECTBO ITPaKTUUeCKM He OTpaHMUUEeHO.

Tpurrep MoxkeT MOAMGUIMPOBATL JaHHbIE N0 YKA3aHHOTO B KOMaHIe M3Me-
HeHMs. B o6IeM cryyae 9TO XOPOIINii CITOCO6 MPOBEPUTH MTaHHbIE U 3aBEPIIUTh
omepaluio C OIIMOKO, ecIy HapylleHbl KaKue-TO IOJb30BaTeIbCKMe OrpaHuye-



S13bIkn XpaHuMbIX npouesyp < 201

HUs. B mpumepe Hiske TTOKa3aH TPUITEP, KOTOPbI cpabaThiBaeT IMPY BbITIOTHEHUN
KoMaHAbI INSERT U M3MeHSIeT JaHHble, 06aBIeHHbIE B TAOINUITY:

CREATE TABLE t_sensor (
id serial,
ts timestamp,
temperature numeric

);

B Harreit Tabnuile MMeeTCsT BCETO TPM CTONMOIA. 3aaya — BbI3bIBATH (DYHKIINIO
IIPY BCTaBKe KAk 0¥ CTPOKM:

CREATE OR REPLACE FUNCTION trig_func()
RETURNS trigger AS

$$

BEGIN
IF NEW.temperature < -273
THEN

NEW.temperature := 0;

END IF;
RETURN NEW;

END;

$$ LANGUAGE 'plpgsql';

Kak yske 6bUIO CKa3aHO, TPUITEP BCETAa BbI3bIBaeT (YHKLUMIO, YTO ITO3BOJISET
yoo6HO abcTparMpoBaTh Koi. BaskHo, uTo TpurrepHast GyHKUMs 06s13aHa BEPHYTh
3HaueHue Tuna trigger. YToObBI MOTYUUTH TOCTYII K CTPOKE, KOTOPYIO MbI COOMpaeM-
€SI BCTABUTD, HYSKHO 0OPATUTHCS K TIepeMeHHOT NEW.

Tpurrepsl INSERT v UPDATE Bcerzia NpenocTaBnsioT nepeMerHyto NEW. Tpurrepbl UPDATE 1 DELETE
NpesoCTaBAAOT NepeMeHHYo OLD. 3TU NepeMeHHble COAepXKaT MOAUMULUPYEMYIO CTPOKY.

B Hamem rpumepe Ko, TpOBepsieT, He CAMIIKOM JiM Majia TeMreparypa. Ecin
9TO TaK, TO 3HaUeHMe HeIlpaBWIbHOE, T03TOMY OHO AMHAMUYECKM KOPPEKTUPYET-
cs1. UTo6BbI MOAM(PUUMPOBAHHYIO CTPOKY MOKHO OBIJIO MCIIOJIb30BAaTh, MbI ITPOCTO
Bo3BpaiaemM NEW. Eciiv Bwieq 3a TIepBbIM TPUTTEPOM BhI3bIBAETCSI BTOPOIA, TO HOBAsI
OYHKUMS YBUIUT YK€ MOIUGUIMPOBAHHYIO CTPOKY.

Ha cienmyroiem mare co3magmum cam TpUrrep KOMaHI0i CREATE TRIGGER:

CREATE TRIGGER sensor_trig
BEFORE INSERT ON t_sensor
FOR EACH ROW
EXECUTE PROCEDURE trig_func();

Bor kakoB 3¢ deKT 3TOro TpUrrepa:

test=# INSERT INTO t_sensor (ts, temperature)
VALUES ('2017-05-04 14:43', -300) RETURNING *;
id | ts | temperature
....+ ..................... + .............
1| 2017-05-04 14:43:00 | 0
(1 cTpoka)

INSERT 0 1
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Kak Bumum, sHaueHue 6bII0 MPaBUIbHO CKOPPEKTUPOBAHO. B Tabuiry no6ase-
Ha 3aMych, B KOTOPOJ TeMIieparypa paBHa 0.

Tpurrep oueHb MHOTO 3HaeT 0 cebe caMoM. EMy TOCTYITHBI IlepeMeHHbIe, TT03BO-
JITIONIMeE McaTh 60Jee M3OIIPEeHHBIN KO, 00eceunBalonuii Iydiiee abcTparupo-
BaHMe.

CHauaJsa yaajauM TOJIbKO UTO CO3JaHHbBIN TPUTTEP:

test=# DROP TRIGGER sensor_trig ON t_sensor;
DROP TRIGGER

3aTeM HamuIeM HOBYIO QYHKIIMIO U IIePeco3AafyiM TPUTTep:

CREATE OR REPLACE FUNCTION trig_demo()
RETURNS trigger AS
$$
BEGIN
RAISE NOTICE 'TG_NAME: %', TG_NAME;
RAISE NOTICE 'TG_RELNAME: %', TG_RELNAME;
RAISE NOTICE 'TG_TABLE_SCHEMA: %', TG_TABLE_SCHEMA;
RAISE NOTICE 'TG_TABLE_NAME: %', TG_TABLE_NAME;
RAISE NOTICE 'TG_WHEN: %', TG_WHEN;
RAISE NOTICE 'TG_LEVEL: %', TG_LEVEL;
RAISE NOTICE 'TG_OP: %', TG_OP;
RAISE NOTICE 'TG_NARGS: %', TG_NARGS;
-- RAISE NOTICE 'TG_ARGV: %', TG_NAME;
RETURN NEW;
END;
$$ LANGUAGE 'plpgsql';

CREATE TRIGGER sensor_trig
BEFORE INSERT ON t_sensor
FOR EACH ROW
EXECUTE PROCEDURE trig_demo();

Bce 3Tu mepemeHHbIe TIpeAoNpeaeseHbl 1 110 YMOMYaHMUIO AOCTYITHBI. Hamr kop
IIPOCTO MevaTaeT UX 3HAYeHUS :

test=# INSERT INTO t_sensor (ts, temperature)
VALUES ('2017-05-04 14:43', -300) RETURNING *;

3AMEYAHWE: TG_NAME: demo_trigger

3AMEYAHME: TG_RELNAME: t_sensor

3AMEYAHME: TG_TABLE_SCHEMA: public

3AMEYAHME: TG_TABLE_NAME: t_sensor

3AMEYAHME: TG_WHEN: BEFORE

3AMEYAHME: TG_LEVEL: ROW

3AMEYAHME: TG_OP: INSERT

3AMEYAHME: TG_NARGS: 0

id | ts | temperature
g i

2 | 2017-05-04 14:43:00 | -300
(1 cTpoka)

INSERT 0 1
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Kaxk Buaum, TpUrrep 3HaeT CBOe UMsl, TabINITy, IJIs1 KOTOPOii cpaboTast, ¥ MHOTOe
npyroe. Ecii HysKHO BBITTOTHUTD CXOXKMe AeMCTBUS 11 Pa3HbIX TAOJINUII, TO MbI MO-
sKeM HaIucaTh OgHY (QYHKIINIO, BOCIIOMb30BABIINMCh STUMM IepeMeHHbIMMU, YTOOBI
1306exaTh Iy6IMpoBaHMs Koma.

Ilo cUX TTOP MbI TOBOPUJIM O TIPOCTBIX TPUTTEPAX YPOBHS CTPOKM, KOTOpPbIE cpada-
THIBAIOT [0 OTHOMY pa3y JJis KaxkA ol 3aTpOHYTOM cTpoku. Ho B Bepcuu PostgreSQL
10.0 6p1T0 MOGABIEHBI HOBbIE BO3MOXKHOCTY. TpUrTEephl YPOBHSI KOMaHIbI CYILECT-
BOBaJIM TOBOJIBHO JaBHO. OFHAKO paHbIlle ObII0O HEBO3MOXKHO IOMYUUTDb MOCTYIT
K JaHHBIM, M3MeHeHHbIM Tpurrepom. B PostgreSQL 10.0 aTo ucnpaBieHo, U Terepb
MbI MOXKEM IT0JIb30BaThCS ITEPEXOAHBIMU TabIUIIAMM, COMEPsKAIIMM BCe CHeTaH-
Hble U3MeHeHMUSI.

Huske nipuBefeH MOMHBIN KOJI, A€ MOHCTPUPYIOIIUIA UCTIONb30BaHMe TTepexXOHOM
TaOINIIbI:

CREATE OR REPLACE FUNCTION transition_trigger()
RETURNS TRIGGER AS $$
DECLARE
v_record record;
BEGIN
IF (TG_OP = 'INSERT') THEN
RAISE NOTICE 'HoBble AaHHbe: ';
FOR v_record IN SELECT * FROM new_table
LOOP
RAISE NOTICE '%', v_record;
END LOOP;
ELSE
RAISE NOTICE 'cTapble AaHHble: ';
FOR v_record IN SELECT * FROM old_table

LOOP
RAISE NOTICE '%', v_record;
END LOOP;
END IF;
RETURN NULL; -- pe3y/sbTaT WrHOpPMPYeTCA, NOCKOAbKY 3TO Tpurrep AFTER
END;

$$ LANGUAGE plpgsql;

CREATE TRIGGER transition_test_trigger_ins
AFTER INSERT ON t_sensor
REFERENCING NEW TABLE AS new_table
FOR EACH STATEMENT EXECUTE PROCEDURE transition_trigger();

CREATE TRIGGER transition_test_trigger_del
AFTER DELETE ON t_sensor
REFERENCING OLD TABLE AS old_table
FOR EACH STATEMENT EXECUTE PROCEDURE transition_trigger();

B sToM ciryuae HaM HY>KHO JIBa OTIpee/ieHNs TPUTTepa, TIOTOMY UTO B OTHO OITpe-
IeneHre YMEeCTUTh BCe HEBO3MOXKHO. BHYTpU TPUTTEPHON GYHKIMM TTePEXOTHYI0
TaGINITY MCIIOTb30BaTh JIETKO — TOYHO TaK JKe, KaK OObIYHYIO.

[TpoTecTupyeM KOJ 3TOTO TPUTTEPA, IJIsl UeTO BCTAaBUM U YOAIUM JaHHbIE:
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INSERT INTO t_sensor
SELECT *, now(), random() * 20
FROM generate_series(1, 5);

DELETE FROM t_sensor;

B 3TOM mpumepe Kof, IPOCTO BbIgaeT coobmieHue NOTICE i Kaskhoil 3aImicu
B ITIePEXOTHOI Tabnuie:

3AMEYAHME: HOBble AaHHble:

3AMEYAHME: (1,"2017-10-04 15:47:14.129151",10.4552665632218)
3AMEYAHME: (2,"2017-10-04 15:47:14.129151",12.8670312650502)
3AMEYAHME: (3,"2017-10-04 15:47:14.129151",14.3934494629502)
3AMEYAHME: (4,"2017-10-04 15:47:14.129151",4.35718866065145)
3AMEYAHME: (5,"2017-10-04 15:47:14.129151",10.9121138229966)

INSERT 0 5

3AMEYAHME: cCTapble AaHHble:

3AMEYAHME: (1,"2017-10-04 15:47:14.129151",10.4552665632218)
3AMEYAHME: (2,"2017-10-04 15:47:14.129151",12.8670312650502)
3AMEYAHME: (3,"2017-10-04 15:47:14.129151",14.3934494629502)
3AMEYAHWE: (4,"2017-10-04 15:47:14.129151",4.35718866065145)
3AMEYAHME: (5,"2017-10-04 15:47:14.129151",10.9121138229966)
DELETE 5

[ToMHMTE, UYTO TIEPEXOIHBIE TAGIUIIBI, COmEPSKAIIe MUUTAPIbI CTPOK, — He JTyU-
mrast uaest. PostgreSQL, KOHeUHO, MacIITabupPyeTcs, HO B KaKOJ-TO MOMEHT CTaHO-
BUTCSI OUEBUIHO, UTO BCE MMEET CBOIO IIeHY B TepMMHAX ITPOMU3BOIUTEIbHOCTH.

CospaHue xpaHumbix npoueayp Ha PL/pgSOL

Terepb pazbepeMcs, Kak IMMCATh IIPOLeTyPhl. B 3TOM pasgerne Mbl HAYIMMCS CO3/1a-
BaTb XpaHMUMBbIe IIPOoLenypbl, mossBuBILIMeCcs B Bepcum PostgreSQL 11. [Iyist co3panms
npoienyp MpefHasHaueHa KoMaHAa CREATE PROCEDURE. CMHTaKCUMYECKM OHA OYeHb
rmoxoxka Ha CREATE FUNCTION. Ho ecTb u MeKue pasainumsi:

test=# \h CREATE PROCEDURE
KomaHaa: CREATE PROCEDURE
Onucanue: co3aaTb Npoueaypy
CuHTaKCmnC:
CREATE [ OR REPLACE ] PROCEDURE
mma ( [ [ pexum_aprymeHTa ] [ vMA_aprymeHTa ] TuUn_aprymeHTta
[ { DEFAULT | = } BbipaxeHue_no_ymoadaHuw |
[, ...11)
{ LANGUAGE wms_fi3bika
| TRANSFORM { FOR TYPE uma_tuna } [, ... ]
| [ EXTERNAL ] SECURITY INVOKER | [ EXTERNAL ] SECURITY DEFINER
| SET napametp_koHdurypaumm { TO 3HaueHue | = 3HayeHue | FROM CURRENT }
| AS 'onpegenenve'
| AS 'obbekTHbii_dain', 'obbeKTHbIN_cumeon'
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B IIpMeEpe HIDKe MOoKa3aHa XpaHMasd IIpoueaypa, BhIIIOJTHAIOMIAsA IBE€ TPaH3aK-
oun. HepBa,q TpaH3aKOMsa (bI/IKCI/IpyeTCSI n co3gaeT nBe TaﬁJ'II/IleI, BTOpasd OTKAaTbIBa-
eTCA:

test=# CREATE PROCEDURE test_proc()
LANGUAGE plpgsql

AS $$

BEGIN
CREATE TABLE a (aid int);
CREATE TABLE b (bid int);
COMMIT;
CREATE TABLE c (cid int);
ROLLBACK;

END;

$$;

CREATE PROCEDURE

Kak 6bUIO CKa3aHO BbIIIE, TTPOLIEAYPA MOKET SIBHO YIIPAaBJSITh TPAH3aKIUSIMMU.
Ha3HnaueHne npoiieaypsl — 3aITyCKaTh MaKeTHbIe 3aaHus U IpyTye ornepaiun, Ko-
TOpbIe TPYIHO pPean30BaTh C IOMOIIbI0 QYHKIUNA.

Iy 3ammycKa Mpoleaypbl Hy>KHO BBITTOMTHUTH KOMaHIY CALL:

test=# CALL test_proc();
CALL

[TepBble ABe TAGMUIIBI CO3MAHbI, TPEThSI HE CO3JaHa M3-3a OTKATa BHYTPU MPO-
1eyphbl:

test=# \d

CNNUCOK OTHOWEHMI
Cxema | Wma | Tun | Bnageney
-------- EE: LR TP PR
public | a | Tabmuua | hs
public | b | Tabavua | hs
(2 cTpoku)

[Ipotieaypsl — OMHA M3 CAMbIX BaskKHBIX BO3MOXKHOCTEI, JOOABIEHHBIX B Post-
greSQL 11, oHM 3HAUMUTENBHO MOBBICAT 3G PeKTUBHOCTD pa3paboTky I10.

Besenenue B PL/Perl

MoskHo eiie MHOTO roBOpuTh 0 PL/pgSQL. Ho mocko/ibKy HEBO3MOXKHO OXBAaTUTh

BCe B OJTHOI KHUTe, Topa epeXoAuTh K CJIeyolleMy IpoiieAypHOMY s3bIKy. PL/Perl

MHOTUMM CYUTAETCS UleaTbHBIM SI3bIKOM JJISI MAHUMYISIIIUI CO cTpokamu. Kak Bbl,

HaBepHOe, 3HaeTe, I3bIK Perl c1aBUTCS CBOMMM CpecTBaMM JIjist paboThI CO CTPOKa-

MU ¥ IOTOMY, HECMOTPSI Ha TIOYTEHHbIN BO3PACT, OCTAETCS MOMYASIPHBIM.
IMopxounTh PL/Perl MOSKHO IBYMS CITOCOOaMIA:

test=# CREATE EXTENSION plperl;
CREATE EXTENSION
test=# CREATE EXTENSION plperlu;
CREATE EXTENSION



206 <« HanucaHue xpaHuMMbIX NpoLeayp

MOXHO pa3BepHYTb HaJleKHbIV MM HeHamexHbiii Perl. Eciv BamM HYKHO TO
" IpyTroe, pa3BepThIBaiiTe 06a paciupeHms.

YT0o6bI MOKA3aTh, Kak paboTaet PL/Perl, 1 Hammcan QyHKIMIO, KOTOpast pa3doupaeT
ajapec 37IeKTPOHHOI MOYTHI 1 BO3BpalaeT true muan false.
test=# CREATE OR REPLACE FUNCTION verify_email(text)

RETURNS boolean AS

$$
if ($_[0] =~ /~[a-20-9.]+@[a-20-9.-]+$/)
{

return true;

}

return false;
$$ LANGUAGE 'plperl';
CREATE FUNCTION

OyHKIMM TIepeaeTcs mapaMeTp text. BHYTpu GyHKIMM Bce BXOAHbIE ITapaMeT-
PBI IOCTYITHBI C TOMOIIBIO CITelMaabHOM epeMeHHOl $_. B JaHHOM ciyJdae BBITION-
HSIeTCS pery/sipHOe BbIpaskeHle M BO3BpalllaeTcs 3HaueHue true min false.

@OYHKIIMS BBI3bIBAETCS KakK Ji06ast gpyras Mpoleaypa, HalucaHHas Ha JII0O60M
IIPYTOM SI3bIKe:

test=# SELECT verify_email('hs@cybertec.at');
verify_email

(1 cTpoka)

test=# SELECT verify_email('totally wrong');
verify_email

(1 cTpoka)

Hcnonv3oeanue PL/Perl onsa abcmpazuposanus muna 0aHHbIX

Kaxk yxe 6110 CKa3aHO B 3Toii rmaBe, GyHKIMM B PostgreSQL moBoMbHO yHUBED-
CaJIbHbl M MCIIONB3YIOTCS B Pa3HbIX KOHTEKCTaxX. ECiy BBl XOTUTE MCIOIb30BaTh
(GbyHKUMM 17151 TIOBBILIIEHMS KaueCcTBa JaHHbIX, TO B BallleM PaclopsiKeHMY KOMaHza
CREATE DOMAIN:

test=# \h CREATE DOMAIN

KomaHga: CREATE DOMAIN

OnucaHue: co3paTb AOMeH

CuHTaKemnc:

CREATE DOMAIN uma [ AS ] TMn_aaHHbIX
[ COLLATE npaBuao_copTupoBku |
[ DEFAULT BbipaxeHue ]
[ orpannuenne [ ... ] ]

rae orpaHuyeHue:

[ CONSTRAINT wmmsa_orpaHuyenuns |
{ NOT NULL | NULL | CHECK (Bbipaxenue) }
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B aiemyromem nipumepe yHkims Ha PL/Perl mcmonb3yeTcs 1151 co3aaHusI JoMe-
Ha email, KOTOPBI MOXKET BbICTYIIATh B POV TUIIA JAHHBIX.

test=# CREATE DOMAIN email AS text
CHECK (verify_email(VALUE) = true);
CREATE DOMAIN

IloMeHHbIe QYHKINM BeOYyT ce0s1 KaK OObBIYHbBIN TUIT JaHHbIX:

test=# CREATE TABLE t_email (id serial, data email);
CREATE TABLE

Perl-GyHKLMST rapaHTUPYET, YTO CTPOKA, HapyIIaiouias OrpaHMIeHNsI, He [oIa-
IeT B 6a3y MaHHBIX:

test=# INSERT INTO t_email (data)
VALUES ('somewhere@example.com');
INSERT 0 1
test=# INSERT INTO t_email (data)
VALUES ('somewhere_wrong_example.com');
OWMBKA: 3HaueHne u3 pomeHa email HapywaeT mpoBepoyHoe orpaHnyeHne "email_check”

Perl, BO3MOKHO, 1 SIBJISIETCSI XOPOIIMM MHCTPYMEHTOM /11 Pa6OThI CO CTPOKaMM,
HO, KaK OOBIYHO, BAM pelIaTh, XOTUTE JI/ BbI, YTOOBI TAKOH KOJI BHIIIOIHSIICS BHYTPU
caMoi1 6a3bl JAaHHBIX.

Boi6op mescdy PL/Perl u PL/PerlU

o cuX TIOp MBI BCETO JIMIIIb CPABHMBAJIM CTPOKY C PETY/ISPHBIM BbIpaskeHMEeM, TaK
YTO HMKAKMX yrpo3 6GesomnacHoCcTM B Kofie Ha Perl He BosHMKaso. Ho uTto, ecin mo-
MBITATHCSI COBEPIIUTH HEUTO HemomycTuMoe BHyTpu Perl-dyukunmn? Torma PL/Perl
IIPOCTO BBIJACT OIINOKY:

test=# CREATE OR REPLACE FUNCTION test_security()
RETURNS boolean AS
$$

use strict;
my $fp = open("/etc/password", "r");

return false;

$$ LANGUAGE 'plperl’;

OWMBKA: 'open' trapped by operation mask at line
KOHTEKCT: komnunauma ¢oyHkumm PL/Perl "test_security"

PL/Perl pyraetcs yske B MOMeHT co3manus GpyHKIyu. CoobIneHue 06 ommbKe mo-
SIBJISIETCSI MTHOBEHHO.

Eciu BbI Bce ke XOTUTEe BBINOJHATh HeHaJesKHbI Kon Ha Perl, To mOJIKHBI MC-
noab3oBathb PL/PerlU:

test=# CREATE OR REPLACE FUNCTION first_line()
RETURNS text AS
8
open(my $fth, '<:encoding(UTF-8)', "/etc/passwd")
or elog(NOTICE, "Could not open file '$filename' $!");
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my Srow = <$fh>;
close($fh);

return $row;
$$ LANGUAGE 'plperlu';
CREATE FUNCTION

[Mpouenypa He n3MeHunacb. OHa MO-TIPeKHEMY BO3BpalliaeT cTpoky. Ho Tereps
eil pa3pelleHo JenaTh BCe, YTO YTOOHO. ENMHCTBEHHOE OT/INYMe — TO, UYTO TeIrepb
(GbyHKIMS TOMeUeHa Kak HammMcaHHas Ha si3bike plperlu.

Pe3ynbTaT He BbI3bIBAET YAVBIEHUS:

test=# SELECT first_line();
first_line

root:x:0:0:root:/root:/bin/bash+
(1 cTpoka)

Hcnonv3oeanue unmepdeiica SPI

VuHorpma nporenypa, HanucaHHast Ha Perl, nomskHa ob6pamaThes K 6a3e maHHbIX. Ha-
MTOMHMM, YTO (YHKIIMS BBITIOTHSETCS B KOHTEKCTe coenuHeHus ¢ 6a3o0ii. [ToaTomy
HeT CMbIC/IA CO3[AaBaTh HOBOe coenuHeHue. [ obpamieHus: Kk 6ase cepsep Post-
greSQL npenocrasiseT uHTepdeiic SPI K BHYTpeHHUM MeXaHM3MaM, HallMCaHHbI
Ha C. Bce npouenypHble I3bIKM, IPUMeEHsIEMbIE 1)1 HallMCaHUS CEPBEPHOTO KOJa,
MOJIb3YyI0TCsT 3TUM MHTepdericom. PL/Perl — He uckiIioueHe, ¥ B 3TOM pasjiee Mbl
TTOKaykeM, KakK MCIT0JIb30BaTh Perl-o6epTKy BOKpyr uHTepdeiica SPI.

TunuuHas 3a7aua — BHITOTHUTH SQL-KOMaHAY U MOTYYUTH KOJTMYECTBO BbIOpaH-
HBbIX CTPOK. ViMeHHO 3TO menaeT byHKIMS spi_exec_query. [IepBblit ee mapameTp —
caM 3arpoc, BTOPOIt MmapamMeTp — KOAMYECTBO MOJJIeKalIMX BbI6OpKe CTPOK. st
TIPOCTOTHI 51 pellinyI BbI6paTh Bce. Ko mpuBeeH B clenyioleM npumepe:

test=# CREATE OR REPLACE FUNCTION spi_sample(int)

RETURNS void AS

$$

my $rv = spi_exec_query(" SELECT * FROM generate_series(1, $_[0])", $_[0]);
elog(NOTICE, "BbibpaHo cTpok: " . S$rv->{processed});

elog(NOTICE, "cocTosume: " . $rv->{status});

return;
$$ LANGUAGE 'plperl’;

SPI BBIMOJTHSIET 3aIIPOC ¥ OTOOpaskaeT KOJMUECTBO CTPOK. BaskHO, UTO BCE SI3BIKU
IJIS. HallMCaHMS XpaHUMMBbIX MpoleAyp NMpefoCTaBisoT CpelCTBa MPOTOKOIMPOBaA-
Hust. B aryuae PL/Perl ata @yHKIiMst Ha3biBaeTcst elog ¥ IPMHMMAET JIBa apaMeTpa.
[TepBblii ONMMCHIBAET BAXKHOCTH cOOOIIeHMsT (INFO, NOTICE, WARNING, ERROR M T. 1I.), BTO-
poJi — caMo coobIIeHNKe.

Huke mokasaHo, UTO BO3BpalllaeT 3ampoc:
test=# SELECT spi_sample(9);

3AMEYAHME: BbibpaHo CTpok: 9
3AMEYAHME: cocTosiHme: SPI_OK_SELECT
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spi_sample

(1 cTpoka)

Ipumenenue unmepdgeiica SPI 6 hynkuusx, 6o3epauiaroujux MHOMIecmeo
YacTo MbI XOTUM He IIPOCTO BhIMTOMHUTH SQL-KOMaHIy 1 3a0bITh O Heii. B 60/bIIH-
CTBe CJIyYaeB IMporieaypa 06X0IUT pe3ylIbTUPYIONMiI HAG0pP B IIMKJIIE M UTO-TO C HUM
nenaet. B cemyromem mpuMepe IoKa3aHo, Kak 000/ T pe3yIbTaT 3arpoca. 3a0IHO
S peln caeaaTh IpuMep 6oee coaepskaTeabHbIM U IMPOAEMOHCTPUPOBATH (QYHK-
LIMI0, BO3BPAIIAIOIILYI0 COCTABHOM TUIT AHHBIX. PaboTaTh C COCTABHBIMM TUITAMMU
B Perl oueHb j1erK0 — MOKHO ITPOCTO TOMECTUTH JaHHbIE B XeIll ¥ BEPHYTDH €TO0.

@OYHKIIMS return_next TIOCTEIIEHHO CTPOUT Pe3yIbTUPYIOLIMIT HAOOp U 3aBepiia-
eTcs IIpeiJIosKeHMeM return.

B maHHOM Ciy4ae TabmuIia 3arOIHSIETCS CTyJaiiHBIMY 3HAUEHUSIMMU |

CREATE TYPE random_type AS (a float8, b float8);

CREATE OR REPLACE FUNCTION spi_srf_perl(int)
RETURNS setof random_type AS
$$
my $rv = spi_query("SELECT random() AS a, random() AS b
FROM generate_series(1, $_[0])");
while (defined (my $row = spi_fetchrow($rv)))

{
elog(NOTICE, "paHHbe: " . Srow->{a} . " / " . Srow->{b});
return_next({a => $row->{a}, b => Srow->{b}});

}

return;

$$ LANGUAGE 'plperl';
CREATE FUNCTION

CHauana MblI BbI3bIBaeM (DyHKIMIO spi_query ¥ B LIMKJIe 0OXOIMUM De3yIbTUPYIO-
muit Habop, BbI3bIBas PYHKIMIO spi_fetchrow. Ha KaXmoii mTepaiym UMUKIa B Xelr
IIOMelllaeTCs 3HaYeHye COCTaBHOTO THUIIA.

Kaxk u cnemoBano oxxuaaTh, QyHKIMS BO3BpallaeT MHOKECTBO C/TyYaiiHbIX 3Ha-
YeHWI:

test=# SELECT * FROM spi_srf_perl(3);

3AMEYAHWE: pgaHHble: 0.154673356097192 / 0.278830723837018
KOHTEKCT:  dyHkuma PL/Perl "spi_srf_perl"

3AMEYAHME: paHHble: 0.615888888947666 |/ 0.632620786316693
KOHTEKCT:  ¢yHkuma PL/Perl "spi_srf_perl"

3AMEYAHWE: aaHHble: 0.910436692181975 / 0.753427186980844
KOHTEKCT:  dyHkums PL/Perl "spi_srf_perl"

a_col b_col

0.154673356097192
0.615888888947666
0.910436692181975
(3 cTpokn)

.278830723837018
.632620786316693
.753427186980844

[cNoNo]
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[TomHMUTE, UTO pe3ynbTaT GYHKIMM, BO3BpAIlaloIleii MHOXeCTBO, MaTepUaIn3y-
eTCsI U LIeJIMKOM XPaHUTCS B TTAMSITH.

Akpanuposarue 8 PL/Perl u ecnomozamensHele (hyHKUUU
Ilo cux 1op MbI paboTaaM TOJBKO C IIeJIBIMU YMCJIaMU, IIO3TOMY BOITPOC O BHEApe-
Huy SQL-Koma uiu 0 crielyaabHbIX MMeHax Tabiul He ctosul. Ho Boo6iie-To B PL/
Perl umerorcs cnemyoniyie QyHKIMNI:
quote_literal: sKpaHMpyeT INTEPATbHYIO CTPOKY;
quote_nullable: sKpaHMpyeT CTPOKY;
quote_ident: skpaHupyet ugeHTHUGUKATOpPSI SQL (MMeHa 06BEKTOB M T. I1.);
decode_bytea: mekomupyet 6aiiToBbIii MaccuB PostgreSQL;
encode_bytea: KomupyeT JaHHbIE, Tpeo6pasys uX B 6aiiTOBbIV MaCCUB;
encode_literal_array: KOOMpyeT MacCUB JIMTEPAJIOB;
encode_typed_literal: mpeo6pa3syer riepeMeHHy0 Perl B 3HaueHMe, TUIT KOTO-
poro ykasaH BO BTOPOM aprymMeHTe, ¥ BO3BpalllaeT CTPOKOBOe MpecTaBe-
HMe 3TOr'0 3HAaUYeHu;
encode_array_constructor: BO3BpalllaeT CoAepkKuMOe MacCuBa B BULE CTPOKU
B (hbopmaTe KOHCTPYKTOpa MacCHBa;

O looks_like_number: Bo3Bpaiaer true, eCji CTPOKa BBIMISIAUT KaK YMCIIO;

O 1is_array_ref: Bo3BpaliaeT true, eciM apryMeHT BBIIJISIAUT KaK CChbUIKA Ha

MacCHB.

9Ty QYHKIMM MOCTYIHBI BCErma, jsl 00palleHus K HUM He HYKHO 3arpykaTb

HUKAaKyI0 OMOIMOTEKY.

(ONONCNORONONE)

@)

CoxpaHeHue 0aHHbIX Mexcdy 8bl3086amu (pyHKUULL

I/IHOI‘,Z[a HeO6XO,U,I/IMO COXpaHUTDb OaHHbIE MEXOY BbI3OBAMU, U B I/IHClJpaCTDYKType
€CTb COOTBETCTBYIOIIME CpeaCTBd. B Perl xe1mr MOsKHO MCIIO/Ib30BaTh JJIs1 XpaHeHUs
IIPOM3BOJIbHBIX NAHHBIX. PaCCMOTpI/IM CHE,Z[yIOIJ.U/If;I Inmpmumep:

CREATE FUNCTION perl_shared(text) RETURNS int AS

3
if ( !defined $_SHARED{$_[0]} )

$_SHARED{$_[0]} = 0;
else
$_SHARED{S_[0]}++;

}
return $_SHARED{S_[0]};
$$ LANGUAGE 'plperl';

[Tepemennas $_SHARED MHUIIMAIU3UPYETCS HY/IEM, €C/IM OKa3bIBAETCS, UTO Tepe-
IOaHHOTO (QYHKIIMM KITIOUA ellle HeT B Xellle. B MPOTMBHOM C/Tyuae CUeTUMK YBEeTUUM-
BAeTCs Ha 1, Tak YTO HA BBIXOZE MbI ITOJTyYaeM:

test=# SELECT perl_shared('some_key') FROM generate_series(1, 3);
perl_shared
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(3 cTpokn)

B Gosee CIOKHBIX CAy4asix pa3paboTuMK He 3HAET, B KAKOM IOPsiAKe GYIOYT BbI-
3bIBATHCSI QYHKIMHU, U 06 3TOM BaXKHO TOMHMUTb.

Co3danue mpuzzepos Ha Perl
Ha mio6om Bxomsmiem B siipo PostgreSQL mpolieqypHOM SI3bIKE MOXKHO ITMCATh
TpUTTEpHI, B T. U. Ha Perl. [TockonbKy pa3smMep 3TO¥ IJIaBbl OTPaHMYEH, ST pellinl He
BKJIIOUATh IpMMep Tpurrepa Ha Perl, a oTociaTh unTaTesis Ha CTpaHUIy OUIIMAITb-
HOJ IOKyMeHTaluu 1o agpecy https://www.postgresql.org/docs/current/static/plperl-
triggers.html'.

ITo cymecTBy, Tpurrepsl Ha Perl muiryTcs Tak ke, kak Ha PL/pgSQL. Bce mpemo-
npefie/ieHHbIe TIepeMeHHble TTPUCYTCTBYIOT, @ K BO3BpalllaeMbIM 3HAaUE€HUSIM TIpU-
MEHMMbI 06I1IVIe JIJIST BCEX MPOIIeAYPHBIX SI3bIKOB ITpaBuIa.

Beepenue B PL/Python

Eci BbI He3HAKOMBI ¢ Perl, To, 6bITh MOKeT, BaM nopoiimeT PL/Python. 3bik Python
y3Ke TaBHO SIBJISIETCS YaCThio MHPPACTPYKTYyphl PostgreSQL m, cTayno 6bITh, XOPOIIO
MIPOTEeCTMPOBAH.

ToBopst o PL/Python, cyielyeT TIOMHUTbD, UTO OH CYIIECTBYET TOIbKO B HEHAJIEX-
HOJt BepCUM, U 9TO BasKHO C TOUKY 3peHus1 6e30I1aCHOCTH.

Iy monkmoueHust PL/Python BBITTOMIHMTE CJIEYIONIYI0 KOMAH/Iy 13 KOMaHIHO
CTPOKM, B Heli test — MMs 6a3bl JAHHBIX, B KOTOPOW BbI XOTUTE UCIOIb30BaTh PL/
Python:

createlang plpythonu test

[Tocste 3TOrO MOKHO mycaTh Kop Ha PL/Python.

Pa3zymeeTcsi, BMeCTO 3TOTO MOKHO BOCHOJIb30BaTbCSI KOMAaH/ 107 CREATE LANGUAGE.
VimMeiiTe B BUAY, UTO AJisI pabOThI C CEPBEPHBIMMU SI3bIKAaMM HEO6XOAMMBI TaKKe CO-
mepxkaiuue nx nakeTobl PostgreSQL (postgresql-plpython-$(VERSIONNUMBER) U T. 7.).

Hanucanue npocmoezo koda Ha PL/Python

B 9TOM paserie Mbl HAyYMMCS IMCATh MTPolieaypsl Ha Python Ha cienyromiem mpoc-
TOM IIpuMepe: B ABCTpI/H/I, eC/in BbI IIOoCellaeTe KJIMeHTa Ha MallMHe, TO MOXKeTe
BbIUECTb 42 eBpOILIeHTa Ha KMJIOMETP M3 CYMMbI, HA KOTOPYI HAUYMC/ISIETCs OA0-
XOmHbBIN Hajor. Hama GyHKIuS qo/skHa 6yIeT MOyUYUTh KOTMYECTBO KMJIOMETPOB
" BO3BPATUTb CYMMY, BbIUMTAEMYIO 13 HasI0roobaaraemMoro ooxona.

CREATE OR REPLACE FUNCTION calculate_deduction(km float)

RETURNS numeric AS
$$

1

Ha pycckom si3bike https://postgrespro.ru/docs/postgresql/11/plperl-triggers. — IIpum. nepes.
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if km <= 0:

elog(ERROR, 'HenpaBuibHOE KOJMYECTBO KWIOMETPOB')
else:

return km * 0.42
$$ LANGUAGE 'plpythonu';

@OyHKIMS TPOBEPSIET, UTO MlepeaHo MOIoXKUTeTbHOe Yncio. Ecian aTo Tak, To oHa
BBIUMC/ISIET M BO3BpalaeT pe3ynbTar. [lepegaua dyHkuym cepsepy PostgreSQL ocy-
IIeCTBJISIETCS Tak ke, Kak miist Perl u PL/pgSQL.

Hcnonv3oeanue unmepdeiica SPI

Kaxk u Bce mporenypHble s13bikM, PL/Python nmpemoctasisieT OCTYI K MHTepdeiicy
SPI. B mpuMepe HuXe II0Ka3aHO CYMMUPOBaHMe UyCel.

CREATE FUNCTION add_numbers(rows_desired integer)
RETURNS integer AS
$$
mysum = 0
cursor = plpy.cursor("SELECT * FROM
generate_series(1, %d) AS 1d" % (rows_desired))
while True:
rows = cursor.fetch(rows_desired)
if not rows:
break
for row in rows:
mysum += row['id"']
return mysum
$$ LANGUAGE 'plpythonu';

Eciu 6ymeTe BBITIOHATD 9TOT IIPUMep, TO HabepuTe Kof, HAaUMHAIOIINIACS CJIOBOM
cursor, B OHOJ cTpoke. B Python oTcTymbl — yacTh CMHTaKCHCA, TOSTOMY pa3douBaTh
CTPOKY B ITPOU3BOJILHOM MeCT€e HeJb3sl.

Co31aB Kypcop, Mbl MOKeM 000/ THM eT0 B LIMKJIE U BBIYMCIUTD CyMmMYy umcen. CCebl-
JIAThCS HA CTOIGEI] MOYKHO TI0 €T0 MMEHM.

BbI30B OyHKIMM JaeT OKMUTAeMbIil pe3yJIbTaT:

test=# SELECT add_numbers(10);
add_numbers

(1 cTpoka)

Iyist mpoCcMOTpa pesyIbTHUPYIoNIero Habopa, Bo3BpaiineHHoro SQL-koMaHmoii, PL/
Python mpepyaraet pasnuuHble GYHKINUKU. Bce OHU SBASIOTCS 06€pTKaMM BOKPYT
TOrO, UTO TipearaeT uutepdeiic SPI, HamcanHbii Ha C.

Crnenmyromiast GyHKIMS TTO3BOJSIET TOAPOOHO MCC/IeOBATh Pe3y/IbTaT:

CREATE OR REPLACE FUNCTION result_diag(rows_desired integer)

RETURNS 1integer AS

8
rv = plpy.execute("SELECT *
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FROM generate_series(1, %d) AS id" % (rows_desired))
plpy.notice(rv.nrows())
plpy.notice(rv.status())
plpy.notice(rv.colnames())
plpy.notice(rv.coltypes())
plpy.notice(rv.coltypmods())
plpy.notice(rv.str())
return 0
$$ LANGUAGE 'plpythonu';

@OyHKIMS nrows() BBIBOOUT UMCIO CTPOK. PYyHKIIMS status() cooOmiaet, 6bUTM Jin
ommoku. OyHKIMS colnames() BO3BpaIlaeT CIMCOK CTONOIOB. OyHKIMS coltypes()
BO3BpalllaeT 00beKTHbIE UAEHTU(PUKATOPHI TUTIOB JAHHBIX B PE3YILTUPYIOIIEM Habo-
pe. Tax, 23 — 3TO BHYTpPeHHMII HOMeD TUIIa integer, KaK ceqyeT U3 pacrevdaTKy HKe:

test=# SELECT typname FROM pg_type WHERE oid = 23;
typname

int4
(1 cTpoka)

Uro KacaeTcq typmod, TO 3TO IlepeMeHHas YacThb TUIIA, KaK, HAlIpuMep, 20 B ciay4dae
Tuna varchar(20).

Haxkonerr, GyHKIMS rv.str() Bo3BpalllaeT BCIO 3Ty MH(OpMaLNIo B BUAE OTHO
CTPOKM IJIT OTIaaKku. Bei3oB dyHKIMM result_diag() meuaraeT ciaemyrommii pe-
3yJIbTAT:

test=# SELECT result_diag(3);

3AMEYAHME: 3

3AMEYAHME: 5

3AMEYAHME: ['id']

3AMEYAHME: [23]

3AMEYAHME: [-1]

3AMEYAHME: <PLyResult status=5 nrows=3 rows=[{'id': 1}, {'id"': 2}, {'id': 3}]>
result_diag

(1 cTpoka)
HuTepdeiic SPI comepskuT ere MHOTO GyHKINI 17151 BhITToMHeHUST SQL-KOMaHI.

Ob6pabomka owub6oK
OmmbKM BCTPEYAIOTCS, ¥ UX HYKHO oOpabaTbhiBaTh. KoHeuHo, B Python ecTb mis
3TOrO cpencTBa. Hampumep:

CREATE OR REPLACE FUNCTION trial_error()
RETURNS text AS
$$
try:
rv = plpy.execute("SELECT surely_a_syntax_error")
except plpy.SPIError:
return "mbl nepexBaTuaM OwnbKy"
else:
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return "Bce xopouwo"
$$ LANGUAGE 'plpythonu';

MbI MOXXEM MCITOJIb30BAaTh OOBIYHBIN OJIOK try/except ¥ IPOBEPUTD KOJ, OIIMOKM
plpy.SPIError. ITocie 06pabOTKM OMIMOKY (PYHKLMSI MOXKET BEPHYThCSI HOPMAaJIbHO,
He OTMEHSISI TeKYIIYIO TPaH3aKIINIO:

test=# SELECT trial_error();
trial_error

Mbl MEPeXBaTUAM OWMOKY
(1 cTpoka)

Hamomuum, uto PL/Python mMeeT mocTym KO BCeM BHYTPEHHUM MeXaHM3MaM
PostgreSQL. ITosToMy Ipolierypa MOXKET IT0JIydaTh CaMble PasHOOOpa3HbIe OIIMO-
K1, HaIIpMep:
except spiexceptions.DivisionByZero:

return "obHapyxeHo fgeseHue Ha Honb"
except spiexceptions.UniqueViolation:

return "obHapyXeHO HAapyweHWe OrpaHWYeHUs YHUKaNbHOCTH"
except plpy.SPIError, e:

return "npouve ouwnbkn, SQLSTATE %s" % e.sqlstate

[TepexBaTbIBaTh OIMOKY B Python coBceM HeTpyHO, a B pe3y/IbTaTe Balliu PyHK-
1M He Gy/IyT 3aBepLIaThCs aBapUitHO'.

YNYYIWEHWE ®OYHKLMUIA

Bblliie MbI BUIeIM, KaK MUCATh HA Pa3HBIX SI3bIKAX MIPOCTble PYHKIMU U TPULTEPHI.
Pasymeetcsi, PostgreSQL mopmepskuBaeT ropasio 0osblle sS3bIKOB. V3 Haubosee
n3BecTHbIX oTMeTuM PL/R (R — 3TO pa3sBUTHIN MTakeT CTATUCTUUECKUX IIPOTPAMM)
u PL/v8 (ocHOBaH Ha IBMKKe JavaScript, paspaboranHom Google). Ho 9ty s13bIKM
BBIXOJAT 38 PaMKM JaHHOM IVIaBbl (HECMOTPS Ha BCIO MX I10JI€3HOCTD).

B 3TOM paspesne MbI 3aiiMeMCs TIOBBIIIEHVEM TTPOU3BOIUTETHHOCTY (QYHKIIVIA.
VckopUTb 06pabOTKy MOKHO HECKOTBKMMMU CIIOCO6aMu:

QO yMeHblIEHNE UKCIa BbI30BOB;

O wucnonb30BaHKe KEUIMPOBAHHBIX IJIAHOB BBITTOJIHEHMS;

O mnepenava yKasaHMI ONITUMMU3ATODY.

B 3T0i1 r71aBe MbI 06CYIMM BCE TPH.

YMeHbLleHue YUCNa BbI3OBOB (PYHKLMIA

B GOBIIMHCTBE CTyyaeB MPOM3BOAMUTENIbHOCTh HMU3KasK 13-3a TOTO, UTO (DYyHKIVM
BbI3BIBAIOTCSI CJIMIIKOM 4YacTo. JIMUHO I CUMTAIO M He YCTal MOAYEpPKMUBATH, UTO
C/IMIIIKOM YacThie BbISOBbI — IVIABHAS MMPUUMHA HEYJOBI€TBOPUTENBHONM MPOU3BO-

' He crout BOCIIpMHMMATDb 3TOT COBET 6yKBaJ’[bHO. B H€O6pa6OTaHHbIX VICKITIOUEHMAX HeT

HMYEro IJIOXOTO: OIMMOKY Halo IepexBaThiBaTh B TOM MeCTe, B KOTOPOM €€ MOXKHO 00-
paboTraTb OCMBICJIEHHO. — [Tpum. ped.
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IuTenbHOCTHU. TIpy cosmanuy GYHKIMM MOXKHO yKasaTh OJHY M3 TpeX KaTeropui
M3MeHUYMBOCTU: volatile (M3MeHuMBas), stable (cTabuibHas) U immutable (HeusMe-
HseMas). [IpuBenem npumep:

test=# SELECT random(), random();

random | random
................... deccmccccccccnaaaaan
0.276252629235387 | 0.710661871358752
(1 cTpoka)

test=# SELECT now(), now();
now | now
............................... U S —
2016-12-16 12:57:17.135751+01 | 2016-12-16 12:57:17.135751+01
(1 cTpoka)
test=# SELECT pi();
pi

3.14159265358979
(1 cTpoka)

C U3MeHUYMBOJ QYHKIMEN ONTUMMU3ATOP HAUETO He MOXKET caenaTh. OHa TO/KHA
BBI3bIBATHCSI CHOBA M CHOBA. MI3MeHuMBbIe (PYHKLMM MOTYT ObITh TAKKe IMPUIMHOI,
13-3a KOTOPOJi He UCIIOIb3YeTcsI MHIEKC. ITo yMomuaHuio a00as GYHKIMS CUMTAeT-
cst u3MeHuMBoi. CTabMIbHasT QYHKIVSI BO3BpAIAeT OJHY U T€ JKe JaHHbIe B paMKax
opgHoro onepatopa SQL. OnTMMu3aTOp MOXKET YAAJISTH €€ BbI30Bbl. DYHKIIMS now() —
MpuMep CTabMUIbHOM (QYHKIVM, BHYTPU OGHON TPaH3aKIMM OHA BO3BpAIlaeT OJHN
U Te Xe JaHHbIe.

Heusmensiembie QYHKIIMM — 30JI0TOM CTaHAAPT, IIOTOMY UYTO OHU JIOITyCKAIOT
OOJIBIIIMHCTBO ONTUMM3ALNI, a OOBSICHSIETCS 9TO TEM, UTO IPU OJHUX U TEX Ke
BXOIHBIX JAHHBIX OHM BCErla BO3BPAILAIOT OAVMHAKOBBIV pe3ynbTat. [lepBbiii ar Ha
IyTY K ONITUMM3AUUM QYHKIUM — IIPABUJIBHO YKa3aTh ee KaTeropuio M3MeHUYMBO-
cTH, 10OABMB B KOHEI] OITpeIe/IeHN ST KITI0UeBOe CI0BO volatile, stable vy immutable.

Hcnonwv3oeanue KeuupoeaHHbIX Nj1AHOE
B PostgreSQL BbinosiHeHMe 3aITpOCa COCTOUT U3 YeThIpeX 3TAMoB.

1. AnanmsaTop: npoBepseT CUHTaKCUC.

2. CucreMa nmepesanmchIBaHMsI: IPMMeHSET IIpaBuia.

3. OnTMMM3aTOpP/IVIAaHMPOBINUK: ONITUMU3MPYET 3aIpocC.

4. HcnoaHUTENb: BbITIONHSIET IIaH, COCTaBIeHHbIN MIaHUPOBIIMKOM.

Eciu 3ampoc KOPOTKMIA, TO MepBbie TPU dTalla 3aHUMAIOT OOJbllle BpEeMEeHH,
YyeM caMo BBINIOJHeHKe. [I05TOMy MMeeT CMbIC/ KeIIMPOBATh IIJIaHbI BBITIOJIHEHMS.
B PL/pgSQL keumMpoBaHue MJIAHOB MPOMU3BOJUTCS aBTOMATUUYECKM, HAM 00 3TOM
nymath He Hazmo. PL/Perl u PL/Python ocTaBisior 3To Ha Hallle yCMOTpeHMe.

WnTepdeiic SPI npepnjaraetT GyHKUMM 7151 CO3MaHUST U BBITIOIHEHMST TTOATOTOB-
JIEHHBIX 3aIMIPOCOB, TIO3TOMY y TPOrPAMMMCTa €CTh BBIOGOD, TOTOTABINBATH 3aITPOC
uau HeT. Ecayt 3anpoc IIMHHBIN, TO JIy4llle He 3aHMMAaTbCs er0 IOATOTOBKOIA. A KO-
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POTKME 3aIlIpOChI 0OBIYHO MMEeT CMBbIC/ IIOoAroTaB/JIMBATD, YTOOBI COKPATUTH BHY-
TpeHHMEe HaK/IagHbIe paCXOodbI.

Ha3nauenue cmoumocmu pyHKyuu

C TOUKM 3peHus ONTMMM3aTopa, GYHKLIMS BefeT cebst Kak orepatop. PostgreSQL

00palaeTcst Co CTOMMOCTSIMM (PYHKIIMIA TaK ke, KaK eIy ObI 9TO ObLT CTAHIAPTHBIN

omnepatop. [IpobaemMa B TOM, YTO CIOKEHME IBYX UMCea OObIUHO JIelleBie, YeM BbI-

YMCIeHMEe MepeceueHuss 6eperoBbIxX JIMHMIA C TTOMOIIBI0 KaKOV-HUOYAb (YHKLIUU

PostGIS. Ho onTMM3aTOp-TO He 3HaeT, Kakast PyHKIMs TelleBast, a Kakasi — Joporasl.
K cuacTbio, MbI MOKEM COOOIINTH ONMTUMMU3ATOPY CPABHUTEIbHBIE OI[€HKY CTOM-

MOCTU (PYHKIIMIA:

test=# \h CREATE FUNCTION

Komanpa: CREATE FUNCTION

Onucanue: co3paTb GYHKUMK

CuMHTaKCKuC:
CREATE [ OR REPLACE ] FUNCTION

| COST cTOMMOCTb_BbINOJIHEHMA
| ROWS cTpok_B_pe3yabTaTte

[TapameTp COST TOBOPUT, HACKOIBKO BaIma (GYHKIMS TOPOKe CTAHIAPTHOTO OIle-
paropa. DTO UKo, KpaTHOe KOHMUTYpPAlMOHHOMY IapaMeTpy cpu_operator_cost,
a He cratuyeckoe 3HaueHue. [lo ymonuanuio 3HaueHue paBHo 100, ecau TOIBKO
dbyHKUIMS He HamcaHa Ha C.

Temeps 0 mapameTpe ROWS. ITo ymomuanuio PostgreSQL npenmnonaraet, uto SRF-
dyukums Bo3spamiaet 1000 CTpOK, TOTOMY UTO CUCTEMAa HE MOXKET TOUHO CKa3aTh,
CKOJIBKO CTpPOK OymeT Bo3BpamieHo. ITapameTp ROWS IO3BoJisieT coo6mnTh Post-
greSQL oxugaemMoe KOIM4eCcTBO CTPOK.

HUcnonv3oeanue ¢pyukuyuii ona pasHeix yeneti
B PostgreSQL xpaHuMBbIe MpOLeaypPbl MOXKHO UCIT0/Ib30BATh IPAKTUYECKU IJ15 BCETO.
B 21071 I71aBe Mbl yyke BCTpeuaancCh ¢ KOMaH0i CREATE DOMAIN, HO TOYHO TaK >kKe MOX-
HO CO3/1aBaTh CBOM OIl€paTOpPbI, IPUBEIEHNMS TUIIOB U Aake paBuiia COPTUPOBKMU.

B sTOM paspeiie Mbl IPOLEMOHCTPUPYEM CO3aHME U UCIIO/Ib30BaHMeE IIPOCTOrO
npuBeAeHMs TuUIa. [Ijis1 3Toro cIy>kuT komaHa CREATE CAST, MMelolliast Takoi CUH-
TaKCUC:

test=# \h CREATE CAST

Komanpa: CREATE CAST

OnucaHue: co3paTb NpUBEAEHNE

CuHTaKemnc:

CREATE CAST (MCXOAHbIM_TuN AS ueneBoii_Tun)
WITH FUNCTION wuma_oyHkumn [ (Tun_aprymenta [, ...]) ]
[ AS ASSIGNMENT | AS IMPLICIT ]

CREATE CAST (MCxoAHbii_Tun AS Leneson_Twn)
WITHOUT FUNCTION
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[ AS ASSIGNMENT | AS IMPLICIT ]

CREATE CAST (MCXOAHbIA_Tun AS ueneBoii_Twn)
WITH INOUT
[ AS ASSIGNMENT | AS IMPLICIT ]

[Tonp30BaThbCs 3TUM O4YeHbB Jerko. Mbl mpocto roBopum PostgreSQL, kakas nmpo-
Lenypa yMeeT IPUBOAUTD OLVH TUII K IPYTOMY.

B crangapTHoM auctpubytrBe PostgreSQL HeBO3MOXHO mpuBeaeHue IP-agpeca
K Oy/eBy 3HaUeHMIO. BOT Takoe npuBeseHue Mbl 1 co3ganum. CHavyasa HysKHO orpe-
JelUTb XPAaHUMYIO [IPOLeNypPY:

CREATE FUNCTION inet_to_boolean(inet)
RETURNS boolean AS
$$
BEGIN
RETURN true;
END;
$$ LANGUAGE 'plpgsql';

st IIPOCTOTHI ITYCTh dJYHKLU/IH BO3Bpalliaer true. HO, B IIpMHIMIIE, MOXXHO HaIll-
CaTb l'IpOI/I3BO.TIbeII71 KO, Hpe06pasoBaHM;[ Ha JI000M SI3bIKe.
Hanpiie Y>Ke MOXXHO OITpeneJInTb IIPpMUBEAEHVE TUIIA:

CREATE CAST (inet AS boolean)
WITH FUNCTION inet_to_boolean(inet) AS IMPLICIT;

I[Tpeskme Bcero mbl coobmaem PostgreSQL, UTO XOTUM MPUBECTH TUI inet K TUITY
boolean. 3aTeM yKka3bIBaeM (QYHKIMIO, KOTOPAs 3TO JeIaeT, M COO6IIaeM, UTo IIpei-
rouwI GbI HEeSIBHOE TIPUBEIEHE.

Bce, Tenepb MOXXHO T€CTUPOBAThD:

test=# SELECT '192.168.0.34'::inet::boolean;
bool

(1 cTpoka)

TOYHO TaK K€ MOKHO OIPEIEeINUTh IIPABMIO COPTUPOBKIM — HYKHO JIMIIb YKA3aTh
COOTBETCTBYIOIIYIO XPaHUMYIO MTPOLeAYPY:

test=# \h CREATE COLLATION
Komanpa: CREATE COLLATION
OnucaHue: co3jaTb MPaBUIO COPTUPOBKM
CuHTaKkCmnC:
CREATE COLLATION [ IF NOT EXISTS ] wuma (
[ LOCALE = nokanb, ]
[ LC_COLLATE = kaTeropus_copTUpPOBKM, ]
[ LC_CTYPE = kaTeropus_TuUnos_cCMMBOJIOB, ]
[ PROVIDER = npoBaigep, ]
[ VERSION = Bepcus ]
)
CREATE COLLATION [ IF NOT EXISTS ] mma FROM cywecTBykuee _npaBuio
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Pe3ioME

B 3TO0#1 raBe Mbl HAYYMJIMCh MMCATh XpaHMMble Mpoleayphl. [locine TeopeTuue-
CKOTO BBEIEHUSI Mbl COCPEIOTOUMIMCh Ha HEKOTOPBIX M3OpaHHBIX BO3MOKHO-
crax PL/pgSQL. Kpome Toro, Mbl y3Hajau, Kak ucrnoiab3oBaTs PL/Perl u PL/Python,
IIBa BaXKHBIX SI3bIKA, BXOIAIIMX B AUCTpUOYTUB PostgreSQL. KoHeuHO, TOCTYITHBIX
SI3BIKOB ropasno 6osbine. Ho pa3Mmepsl KHUTY He TTO3BOJISIOT PACCMOTPETD UX BCE
oApo6OHO. [TOMOMHUTENbHbIE CBEAeHMs MOKHO HaiTu Ha cTpaHuile https:/wiki.
postgresqgl.org/wiki/PL_Matrix.

['maBa 8 mocasimeHa 6e3omacHocTi B PostgreSQL. MblI y3HaeM, Kak YIpaBJsSTh
T0JIb30BATE/ISIMU U ITpaBaMMu. IIOIYTHO MbI TOTOBOPUM O CETEBOJ 6€30IacHOCTM.

Bonprocol

B uem pasHuiia Mexay GyHKUMeN M XpaHMMOI IIpoLexypoii?

CroBa «QyHKIMSI» U «TIpOlLlelypa» 4aCcTO CYMTAIOT CMHOHMMaMu. Ho Ha camomMm fiene
MEeXIy HUMMU eCThb pasyinune. B mpoiieaype MOXHO BBITIOHSITh HECKOIbKO TPaH3aK-
1M1, TOSTOMY OHa He MOKeT ObITh YaCThI0 KOMaHIbl SELECT, a TOJI’KHA BbI3HIBATHCS

KOMaHmoi CALL. HarmpoTus, y GyHKIMM BO3MOXKHOCTYU yIIPaBIeHUs TpaH3aKIMen
OTpaHMYEHbI, ¥ OHA MOXKET ObITh YaCThI0 KOMaH,I SELECT, INSERT, UPDATE, DELETE.

B ueM pasHMUIIA MeKAY HAXEKHBIM ¥ HEHAJTEKHBIM SI3bIKOM?

HapnexkHblIit SI3bIK OTpaHMUMBaET JOCTYII IPOTPaMMICTa K CMCTEMHBIM Bbi3oBaM. [1o-
3TOMY TaKue SI3bIKU CIUTAIOTCS 6e3omacHbIMU. C IPYTOii CTOPOHBI, HA HEHAIEXKHOM
SI3bIKE MOKHO ITIPOTPaMMMPOBATh JII06bIe OIlepalnyy, I03TOMY OH JOCTYIEH TOJIbKO
CYTIepITIO/Ib30BATEISIM, UTO IIPEIOTBPATUTh Opell B cucTeMe 6e30I1acHOCTH.

(DYHKI.H/H/I — 3TO X0pouIo ujin I10X0?

Ha 3TOT BOIIPOC OTBETUTD 3aTPYAHUTENbHO. He GbIBaeT B Mupe abCoOMIOTHOTO 100-
pa mau 31a. To ke oTHOCUTCS ¥ K QyHKIMIM. OHM MOTYT YCKOPUTDb TOCTVKEHME
11€J111, HO B CJTy4ae 3JI0yIoTpebieHnst ClIoCOOHbI HaHeCTy Bpen. Kak 1 Bce ocTanbHOe,
(YHKIMM CIedyeT UCII0Ib30BaTh PasyMHO.

Kaxkue cepBepHbIe 13bIKM UMelOTcA B PostgreSQL?

Vcropuuecku PostgreSQL mposiBisiia 60/bIIyI0 TMOKOCTh B TOAXOMAaX K CepBep-
HOMY IporpaMMupoBanuio. B simpo BitoueHa nopaepskka SQL, PL/pgSQL, PL/Perl,
PL/TCL u PL/Python. Ho eCcTh MHOTO APYTUX SI3bIKOB, KOTOPbIE MOKHO YCTAaHOBUTD
M3 pa3IMUHBIX MCTOYHMUKOB U MUCIIO/b30BaTh cebe Bo Oiaro. K Hambosee momymsip-
HbIM oTHOCsTCs PL/VS (JavaScript) u PL/R'.

Yrto Takoe Tpurrep?

Tpurrep mosBosisieT aBTOMATMYECKM BBIMIOMHATb (GYHKINIO, KOTJA M3MEHSIOTCS
cTpoku. CyLIecTBYIOT pa3Hble TUIIbI TPUTTEPOB: YPOBHSI CTPOKM, CpabaThIBAIOIINE

! JII TOMTHOTBI KAPTUHBI OTMETUM U A3bIK C. — ITpum. peo.
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IUIST KaKIIOV CTPOKM; YPOBHSI KOMaH[IbI, CpabaThIBaoIIMe JisT KOMaHIbI B I[€JIOM;
U COOBITUITHBIE, CpabaThIBalOIIVe TIpK BbIoaHeHMM DLL-KoMaH I,

Ha kakux si3pIKax MOKHO nmcaThb GyHKiymmn?

O6b1uHO yHKIMM nuiryTcst Ha SQL, PL/pgSQL, PL/Perl, PL/TCL u PL/Python. TTpu
HeOOXOIMMOCTY MOXKHO 106aBUTh U Apyrue sI3bIKU. Bce 3aBUCUT OT KOHKPETHOIA
CUTYalLU, TAK YTO SKCIIEPUMEHTUPYIITE, CKOIBKO TyIlie YTOIHO.

A BoOOGIIIE, CTOUT UCIOJIb30BaTh (QPYHKIINN?

TpymHo cka3aTh. Bce 3aBUCUT OT TOTO, K UeMY BbI cTpeMuTech. Ha Moit B3risi, mepe-
MeIIaTh aJITOPUTMBbI O/IVKe K TaHHBIM — Mjes 3apaBast. Ho ecTh J1r0iy, y KOTOPBIX Ha
3TOT CYEeT COBEPIIEHHO MHOe MHeHMe. 5 TyMaro, YTO «Ha BKYC M Ha I[BET TOBapuiia
HET», [I03TOMY U3YUUTE CUTYAIUIO, TOMMUTE, YETO BbI XOTUTE NOCTUYD, U pellaiTe
caMu, UTO JIJIST BacC JIydIile.

Kaxkoii sI3bIK caMblii ObICTPBIN?

3aBUCUT OT TOTO, UTO BHI AesnaeTre. [lymaro, UTO Ha 3TOT BOMPOC HET U HUKOTJA He
6yIeT 0fHO3HAUHOTO OTBeTa. Hy>)kKHO ITpOBePSTh B KOHKPETHOV CUTYaIUN.



lnaBa

be3onacHocTb
B PostgreSOL

ImaBa 7 6bUIa TOCBAIIEHA XPAHMMBIM IPOIEAypaM U HANMCAHUIO CEPBEPHOTO
kopa. [Tocsie 3HAKOMCTBA CO MHOTMMM BaXKHBIMM TEMaMM 110pa 06paTUTh B30PHI HA
6e3omacHocTh B PostgreSQL. MblI y3HaeM, Kak o6ecrieunTb 6€301MacHOCTb cepBepa
Y HaCTPOUTD MIpaBa gOCTYTIA.

B 3T07J1 IM1aBe paccMaTpMBAIOTCS C/IefyI0llyie BOIIPOCHI:
HaCTpoIiKa JOCTyIa U3 CeTH;
yIpaBjieHue ayTeHTUdUKaLueii;
[I0/Ib30BaTeN U POJIN;
HaCTPOIiKa 6€30TaCHOCTY 6a3bl JAHHBIX;
yIpaBJlieHMe cCXeMaMu, TabIuIaMu 1 CToI6IaMu;
6e30MacHOCTh Ha YPOBHE CTPOK.

[TpounTaB 3TY I71aBY, BbI CMOXKeTe PO ecCMOHATbHO HACTPauBaTh 6€30MacHOCTb
B PostgreSQL.

(ONONCNONONE)

YNPAB/IEHWE CETEBOW BE3OMACHOCTbIO

[Ipeskme ueM TMepexoguTh K MPAKTUUECKUM IIpUMepaM, s XO0Uy IaTh KPaTKuUit 06-
30p pas3IMUHBIX YPOBHEN 6€30IMacHOCTY, KOTOPbIe CTAHYT IIPEeIMETOM 3TOI IJIaBbl.
O HMX B&KHO TMOMHWUTb, BBICTPAMBAsl CUCTEeMATUUECKUI TTOAXON K OpraHM3aluu
6e30I1acHOCTH.

BoT KaKyio Mopesib S IepsKy B TOJIOBe:
azmpeca mMpUBSI3KNU: TTapameTp listen_addresses B ¢aiise postgresql.conf;
yIpaBjieHMe JOCTYIIOM Ha OCHOBe MMeHU y3Jia: ¢aiii pg_hba.conf;
IpaBa Ha YPOBHE 3K3eMIUISIpa: MOJIb30BaTeN!, POJi, CO3IaHMe 6a3bl AaH-
HBIX, BXO B CUCTEMY U PeIUIMKaIIVS;
IpaBa Ha yPpOBHe 0a3bl JAHHBIX: TIOAKIIOUEeHNe, CO3aHNe CXeM U T. [I.;
mpaBa Ha YpPOBHE CXe€MbI: MCIIOJIb30BaHME CXeMbl U CO3JIaHMe 00BHEKTOB
BHYTPY CXEMBI,
IpaBa Ha YPOBHE TaOJIUIIbI: BIOOPKA, BCTABKAa, 0OOHOBJIEHNE U T. [I.;

© 00 000
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O mnpaBa Ha ypPOBHE CTOJIOIA: pa3pelleHe UM 3alIpeT AOCTYIIa K CTOIOLaM;

O 0e30macHOCTH HAa YPOBHE CTPOK: OTpaHMUYEHNe JOCTYIIAa K CTPOKAM.

[lpexxpe yem mnpoumtaTh 3HaueHme, PostgreSQL mposepsieT, LOCTaTOYHO U
y TTOJIb30BATEJIS [TPAB Ha K&KAOM ypOBHe. Bes 1erouka rmpas T0/IKHA OBITh HACTPOe-
Ha [IPaBUJIbHO.

MopknioueHus u aapeca NnpuBA3Ku

OnviH 13 IepBbIX ITANOB HACTPOTiku cepBepa PostgreSQL — onipeniesnieHne ynaieHHO-
ro gocryna. ITo ymonyanuio PostgreSQL He nipMHMMaeT yAaJieHHbIe TTOAKII0UeHMS.
CepBep maske He OTBepraeT TaKye MOMbITKY, TOCKOAbKY OH MOIMPOCTY He MPOCTYIIN-
BaeT MopT. Ec/iu Mbl MOTbITa€MCS YCTAHOBUTD COeIMHEHME, TO TIOTYUYMM COO0IIeHIe
OT OTepaIMOHHOI CUCTEMBI, T. K. PostgreSQL TyT BooGIIle HU MIPU YEM.

B mipemnonoske M, UTO UCIONMb3YeTCs] KOHGUTYpAIMs 10 YMOITYaHUIO AJISI afipe-
ca 192.168.0.123, BOT UTO MbI YBUIVM:

iMac:~ hs$ telnet 192.168.0.123 5432

Trying 192.168.0.123...

telnet: connect to address 192.168.0.123: Connection refused
telnet: Unable to connect to remote host

Telnet TibITaeTCS MTOAKIIOUMTHCS K IOPTY 5432 1 TIOSTy4aeT HeMe/IJIeHHbII OTKa3 OT
YIa7eHHOTr0 KOMITbIoTepa. VI3BHe co3haeTcsl BeyatineHue, uto cepsep PostgreSQL
BOOOIIIe He 3aMylleH.

Koy K ycriexy HaxomuTcs B daiine postgresql.conf':

# - [apameTpbl NOAKAKWYEHMA -

#listen_addresses = 'localhost'’ # kakue IP-agpeca nmpoC/yunBaTh;
# CnUCOK afpecoB yepes 3anaTyw;
# no ymonuavmw 'localhost'; '*' o3HavaeT Bce
# (nocne n3meHeHna HeobXoaWMO nepesanycTUTb CepBep)

[MapameTtp listen_addresses roBoput PostgreSQL, kakue agpeca MpoCayIlInBaTh.
Ha TexHuYecKkoM kaproHe OHM Ha3bIBAIOTCS aipecaMy MpuUBSI3KYU. Pa3zbepemcst, UTO
9TO O3Hayvaer.

[TpenmnonoxxumM, 4TO KOMIOBIOTEDP OCHAIleH YeThIPbMS CeTeBbIMM KapTaMu. Mbl
MOXXeM MPOCIYIINBATh, K IPUMEPY, TPU U3 COOTBETCTBYIOIMX UM IP-agpecos. Post-
greSQL npuHMMaeT BO BHMMaHMe 3alpoChl K TpeM KapTaM U UTHOPUPYeT ueTBep-
Ty10. [TopT Ha 3TOM IP-azmpece moONpoCTy 3aKpbIT.

Mbl LOMKHBI BKHOYMTb B CNMCOK listen_addresses IP-appec Hawero cepeepa, a He IP-agpeca
K/IMEHTOB.

Eciu monmoskuTh listen_addresses paBHbIM *, TO PostgreSQL GymeT mpocayumBaTh
Bce [P-anpeca, Ha3HaYeHHbIE KOMIIBIOTEDY.

! KommeHTapuu B daiiyie HamMcaHbl MO-aHIMICKN. 114 yIo6CTBa UMTATENSI OHY TIepeBe/ie-

HbL. — [Ipum. nepes.
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O MMeiiTe B BUAY, 4TO Moc/e U3MeHeHUs listen_addresses HE06X0AMMO Nepe3anycTuTb Cyxoy
PostgreSQL. IMHaMUYECKM U3MEHUTb 3TOT NapaMeTp HeNb3s.

K yIpaBjieHuIo MOgK/IIOUYEeHUSIMM OTHOCUTCS €lle PsIf He MeHee BaKHBIX Iapa-
MEeTpOB:

#port = 5432

# (nocne n3MeHeHMs HeobXOAMMO Nepe3anyCcTUTb Cepsep)
max_connections = 100

# (nocne n3meHeHns HeobXoaMMO nepe3anyCcTUTb Cepsep)

# MNpuMeyaHne: yBennyeHne max_connections o06xoauTcA NpUMepHO

# B 400 6alNTOB pa3fensieMoil NaMATW Ha Kaxhoe NOAKMKNYEHVe

# nawc namatb noa 6nokuposku (cMm. max_locks_per_transaction).
#superuser_reserved_connections = 3

# (nocne n3MeHeHMa HeobXOAMMO nepe3anycTUTb Cepsep)
#unix_socket_directories = '/tmp' # cnucok KaTanoroe uyepes 3anaTyw

# (nocne n3meHeHMs HeobXOAMMO Nepe3anyCTUTb cepsep)
#unix_socket_group = "'

# (nocne n3meHeHns HeobXoAMMO nepe3anyCcTUTb Cepsep)
#unix_socket_permissions = 0777 # BOCBHMEPWYHOE YMCNIO JOKHO HaYMHATbCA C O

# (nocne u3MeHeHMa HeobXOAMMO nepe3anycTUTb Cepsep)

[Tpexxne Bcero PostgreSQL nmpowtymBaeT enyHCTBeHHbIN TCP-mopTt — 1o ymon-
yaHM1o 5432. [Ipy MOCTYIIIEHUM 3aITpoca MOPOKIAETCSI HOBBIN MTPOIIecc AJisk 00CTy-
SKMBAHMSI HOBOTO IMOAKII0UeHMs. [To yMonmuaHuio paspelireHo He 6oee 100 momKio-
YeHU, MpuyeM TPU U3 HUX 3ape3epBUPOBAHBI [IJisI Cyleproib30BaTeseii, Tak YTo
IJIS1 OOBIYHBIX TIOJIb30BaTeNelt ocTaeTcst 97 MOAKITIOUEeHUIA.

0 Mocne no60oro M3MEHeHMs NapaMeTPOB, OTHOCALLMXCS K MOAK/IUYEHMSAM, HE06X0AMMO nepe-
3anyckatb cepeep. OfHa M3 NPUYMH B TOM, YTO pasaenseMas namMaTb BblAENSETCS CTaTUYECKH
“ ee pasMep Hesb3s U3MEHWTb Ha NETY.

Yucno nodkaoueHuli u npou3eooumeibHOCMb

MeHsT 4acTo CIIpalliBaiOT, OKa3bIBAET JIi MAaKCUMAaIbHOE KOJIMYECTBO IIOOKIII0Ue-
HUIA BIMsSIHME Ha IIPOU3BOAUTENIbHOCTb. HeGobliioe, TOCKOIbKY KOHTEKCTHbIE I1e-
PEKITIOUeHMsI B JII060M CTydae COMPSKEHbI C U3HePKKaMu. A BOT UTO BasKHO, TaK 3TO
KOJIMYECTBO OTKPBITHIX CHMMKOB (snapshot). Uem 6osibliie OTKPHITO CHUMKOB, T€M
OoJiblile HaKJIagHble PacXoIbl Ha CTOPOHE cepBepa. B o61emM, MoKeTe YBeIMuuBaTh
max_connections 6€3 OITACKM.

Ecnu Bac MHTepecytoT peanbHble AaHHble, MOYMTaTE MOK CTapyto CTaTblo No aapecy https://
www.cybertec-postgresql.com/max_connections-performance-impacts/.

JKusue 6 mupe 6e3 TCP

MHorma Mbl He XOTMM MCIIOJIb30BaTh ceTh. Tak uacTo ObIBAeT, Korma 6a3a JaHHBIX
VICIIO/Ib3YyeTCA TOJIbKO IJIsd pa6OTI)I JIOKaJIbHOT'O ITPUMJIOJKEHMNA. BoITh MOXeT, 6asa
OJAaHHBIX PostgreSQL BXOAUT B KOMIIJIEKT ITOCTAaBKM ITPUJIOKEHMS, a ObITh MOXKeT, BbI
IMPOCTO HE PUCKYeETe MUCITI0JIb30BATh CETh. B Takom C/Iy4yae BaM HY>KHbI Unix-cokeTsl —


https://www.cybertec-postgresql.com/max_connections-performance-impacts/
https://www.cybertec-postgresql.com/max_connections-performance-impacts/
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He HYXXJalollleecsl B CeTU CPeACTBO KOMMYHUKaALMK. [IpuiokeHre MOXKeT MOAKITI0-
ynThCs K Unix-COKeTY JIOKAJIbHO, He PaCKpbIBasi HUUETO BHEIITHEMY MUDY.

Ho myis pa6otel ¢ Unix-coKeTOM HEOOXOOMMO yKas3aTb KaTajor. [To yMoluaHuio
PostgreSQL mcronb3yer Katajor /tmp. Ho eciu Ha ogHOI MaliyHe pabGoTaeT He-
CKOJIbKO CepBepOB 0a3 JaHHBIX, TO Y KasKAOTO TOKEH ObITh CBOI KaTaslor.

[ToMumo 6e301acHOCTH, CYIIEeCTBYIOT U IPyTHe TPUUMHBI He TT0JTb30BaThCsI CEThIO.
OnHa U3 HUX — MPOU3BOAUTENBHOCTb. UNiX-COKETHI ropasmo OGbICTpee 3aKOJbI[0-
BAaHHOTO YCTPO¥CTBA (127.0.0.1). EIM BaM 3TO KaXKeTCs YAMBUTEIbHBIM, TO BbI HE
onvHOKM. Tak mwin nHave, U3AEP>KKU CETEBOTO MOKIIOUEeHNUS He cefyeT Hefoolle-
HUBATb, €CJIY BBITIOHSIIOTCS TOJIbKO OYeHb MajleHbKIe 3a1POChI.

[ wyuiocTpauy peajibHOTO TTOJIOKeHMSI Bellleil s MOATOTOBUI MPOCTeHbKUIA
TeCT MPOU3BOAUTENbHOCTU. Daiin script.sql COmEePSKUT CKPUIIT, KOTOPbIiT BEIOMpAET
onHo uucio. [Ipoiile He MpuAyMaenib.

[hs@linuxpc ~]$ cat /tmp/script.sql
SELECT 1

Ianee Mbl MOXXEM BOCIIO/Ib30BAThCS MIPOTPaMMOIi pgbench IJisi MHOTOKPATHOTO
BoinosHeHMs1 SQL-ckpunrTa. [TapameTp -f 3amaeT umMs CKpUIITA, a -C 10 O3HAYAET,
YTO MbI XOTUM €037aTh 10 OIHOBpEMEHHBIX MOAKIIUEHU, Kaskgoe U3 KOTOPBIX
aKkTUBHO 5 ¢ (-T 5). TecT 3armyckaeTcsl OT MMEHM T10JIb30BaTesIs postgres 1 paboTa-
eT ¢ 6a30ii JaHHBIX postgres, KOTOPAas MO YMOTUYAHUIO CYLIECTBYeT. Bce mpuBeeH-
Hble HIKe mpuMepsl paboraroT B UNIX-cucremax, Tpou3BOIHBIX OT AUCTPUOYTHUBA
RHEL. B cuctemax Ha ocHoBe Debian myTu npyrue.

[hs@linuxpc ~]$ pgbench -f /tmp/script.sql -c 10 -T 5 -U postgres postgres 2>/dev/null
transaction type: /tmp/script.sql

scaling factor: 1

query mode: simple

number of clients: 10

number of threads: 1

duration: 5's

number of transactions actually processed: 871407
latency average = 0.057 ms

tps = 174278.158426 (including connections establishing)
tps = 174377.935625 (excluding connections establishing)

Kaxk Bupgum, nporpamme pgbench He niepemaeTcs MM y3Jia, I03TOMY OHa ITOIKIIIO-
YyaeTcs K JJoKaabHOMY UniX-COKeTYy U BbITIOJHSIET CKPUIIT C MaKCUMMaTbHO BO3MOXK-
HOI1 CKOpocCThi0. Ha MoeM ueThIpexbsilepHOM KOMIIbIOTEpe ¢ IIporeccopom Intel
cucTeMa gocTturana rnmpoussogutenbHocT 174 000 TpaH3aKLMii B CEKYHIY.

A uTo, ecyivt §O6aBUTH MapameTp -h localhost? Mbl YBUAMM TaKyI0 KapTUHY:

[hs@linuxpc ~]$ pgbench -f /tmp/script.sql -h localhost -c 10 -T 5 -U postgres
postgres 2>/dev/null

transaction type: /tmp/script.sql

scaling factor: 1

query mode: simple

number of clients: 10

number of threads: 1
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duration: 5's

number of transactions actually processed: 535251
latency average = 0.093 ms

tps = 107000.872598 (including connections establishing)
tps = 107046.943632 (excluding connections establishing)

[Tpon3BOAUTENHbHOCTD, KaK KaMeHb, MoliIa KO IHY U cocTaBuiia Bcero 107 000 TpaH3-
aKIuMii B CeKyHIy. Pa3HUITY, OUeBUIHO, CIeIyeT OTHECTY Ha CUET CETEBBIX U3AEPIKEK.

0 3apaB napaMeTp -j (KONMYeCcTBO MOTOKOB B pgbench), Mbl CMOXEM BbDKaTb U3 CUCTEMBI eLle

HEMHOro TpaH3akuuii. Ho B MoeM npumepe 06Lias KapTMHa Npu 3TOM He u3MeHunacb. B apy-

TMX CUTYaLMSIX MOXET U3MEHUTbCS, MOCKObKY eC/iv NMPOLLEeCcCOop HEAOCTAaTOYHO MOLLHbINA, TO
pgbench MOXeT 0Ka3aTbCs Y3KMM MeCTOM.

Kak BumyM, ceTb MOKET CO3[aBaTh MPOGIEMbI HE TOJIbKO IJIs1 6€30IaCHOCTH, HO
M JIJISI TPOU3BOAUTETbHOCTM.

®aiin pg_hba.conf

3agaB ajpeca MPMBSI3KM, Mbl MOXKEM MEPETY K CJIemyrolneMy Iary. 13 daiiia pg_
hba.conf PostgreSQL y3HaeT, Kak ayTeHTUUIMPOBATDb OIb30BaTeNe, o6palla-
myxcsl K 6ase. B aTom daiise MOryT MpyUCyTCTBOBATD 3aMMCH CJIETYIONIETO BUIA:

# local BA3A MOJIb30BATE/b METO4 [AON. ]

# host BA3A MO0/b30BATE/b AJPEC METOA [AOM.]
# hostssl  BA3A MOJIb30BATE/b AJPEC METOZ [4OM.]
# hostnossl BA3A MO/b30BATENb AAPEC METOR [fo. ]

Hipke ommcaHo, UTO 03HavYaeT Kakaas 3auch:

O local: ucmonb3yeTcst Jisl HACTPOJKM JIOKAJIbHBIX TOAK/IIOUeHNt yepe3 Unix-
COKeT;

O host: MCoOMb3yeTCs IJIST HACTPOIKY ITOAK/IIOUEHMIA 10 CeTH C UCIT0Ib30BaHM -
eM 1 6e3 1cIonb3oBanms SSL;

QO hostssl: oTHOCUTCSI TOJIBKO K SSL-mopkmoueHusM. [jis1 3TOro cepBep OOJ-
SKeH OBITh OTKOMITVJIMPOBAH C IO IepskKoii SSL. JIjis roTOBBIX MakeToB Post-
greSQL Tak oHO 1 ecTb. Kpome Toro, B (haitne postgresql.conf mo/mkeH ObITh
BKJ/IOUeH Iapametp ssl = on;

QO hostnossl: OTHOCKUTCS K TTOAK/IIOUEHNSIM 6e3 UCI0NIb30Banms SSL.

Hike mokasas npumep ¢aiina pg_hba.conf:

# TUN  BA3A TONb30BATE/b AAPEC METOA

# "local" - Tonbko Ana nogkikyeHun yepes Unix-cokeT
local all all trust

# NOKanbHble coefuHeHus no IPv4:

host all all 127.0.0.1/32 trust

# NOKanbHble coefuHeHns no IPv6:

host all all 1:1/128 trust

MbI BUIUM TPU MPOCTHIX MpaBwmiia. 3ammch local 03HAYAET, YTO BCE MOJIb30BATE-
Jiu, obpararnmecs K a6oii 6ase faHHbIX yepe3 Unix-COKeThI, CYUTAIOTCS 3aCITy-
SKMBAIOIIMMU I0Bepyist. MeTog, trust 03HaUaeT, YTO I10JIb30BATEb BXOIUT B CUCTEMY
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6e3 maposga. OcTajabHbIe ABa IIpaBujia 03HAUYAIOT TO K€ CaMoe [Jisl MOIK/IIOUeHNt
yepe3 localhost — o IPv4-aapecy 127.0.0.1 uau o [Pv6-ampecy ::1/128.

[TocKOIBKY MOAKIIOUEeHMEe 6e3 Iaposis — OUEBUIHO, He JYUIINii BBIOOD OIS yaa-
JIEHHOTO JocTyma, PostgreSQL mpeniaraeT pasjiMyHble METOIbI ayTeHTUUKALIN,
KOTOpbIe 3a7a10Tcs B (paiisie pg_hba.conf. Hiske rpuBeneH ux rnepevyeHsb:

o

O
o

1

trust: ayrentudukaiyusa 6e3 naposs. YKasaHHbIN [T0JIb30BATENb TOKEH CY-
mecTBoBaTh B PostgreSQL;

reject: B MOOKITIOUEHMM OyIeT OTKA3aHO;

md5 u password: TogK/TIOUeHKe C maposeM; md5 03HavaeT, UTO Maposib Imepe-
naetcs B 3amnbpoBaHHOM BuUIe, password — UTO B OTKPBITOM BUJie, Yero Bo-
00111e Heb3sT JOITYyCKaTh B COBPEMEHHBIX cucTeMax. MeTop md5 y>ke He CUm-
TaeTcss 6e3omacHbIM. B PostgreSQL 10 u 6osee MO3THUX BEPCUSIX CIEIyeT
JMCIIOJIb30BaTh METO/I, scram-sha-256;

scram-sha-256: npuiien Ha cMeHy md5, 00ecIieurBaeT yayqlIeHHYI0 6e301mac-
HOCTb;

GSS u SSPI: ucnonb3yercst meton, ayreHTuduKanym GSSAPI miu SSPI. To-
CTYITHO TOJIBKO JJIS MOAK/II0UueHuii 1o npotokony TCP/IP u npumeHsieTcs o
obecrieueHust €AVHO TOUKM BXOZaA;

ident: mosyyaeT uMs MOb30BaTENS B KIMEHTCKOM OMEpalyIOHHO cucTeMe
myTeM obGpalieHus K cepBepy ident Ha CTOPOHe K/IMEHTA M CPAaBHMBAET C 3a-
MIPOILIEHHBIM MMEHEM T0JIb30BaTess 6a3bl JaHHBIX;

peer: penrnonoXkuM, YTo Mbl Bolwin B Unix mox uMeHem abc. Ecnu ykazaH
MeTof, peer, TO B PostgreSQL MbI TOKe MOXeM BOJTY TOMbKO Kak abc'. TIpu
TIOIBITKE YKAa3aTh IPYroe MMSI MTOJIb30BATEIS B ITOAK/ITIOUEHUY OyIeT OTKa3a-
Ho. [IpeniecTb B TOM, UTO abc OJist ayTeHTUUKALUY He Hy>KeH MapoJb, a uaest
3aK/TI0YAETCS B TOM, UTO B 6a3y JaHHbIX B Unix-cucTeMe MOKET BOTY TOJb-
KO aAMMHUCTPATOP 6a3bl JaHHBIX, & He BCSIKMIA, KTO MMeeT YUeTHYIO 3aIiCh.
OTOT MeToz, paboTaeT TOIbKO IJIS TOKATbHBIX TOIKITIOUEHNIT,

PAM: ucrionb3yeTcs MOAK/IIOUAEeMbIii MOAY/Ib ayTeHTudukauuu (PAM).
9TO0 0CO6GEHHO BaskKHO, €CJIM BbI COGMpaeTech MCIOIb30BaTh METOJ, ayTeH-
TUGUKAINUY, OTCYTCTBYIOIINI B AUCTpuOyTHBe PostgreSQL. UTO6BI MCIIONb-
30BaTh Meton PAM, cospaiiTe B cBoeit Linux-cucreme ¢aiin /etc/pam.d/
postgresql u ykaxkute PAM-monynu, KOTOpble IJIaHMpYyeTe MCIIONb30BaTh,
B KoHburypaiuoHuoMm daiine. C momoinbio PAM MoOXXHO ayTeHTUDUIMPO-
BaTb MMOJIb30BaTeIelt, HarpuMep 1o katanory Active Directory;

LDAP: meTtop ayTeHTUdUKaIM 1Mo mpotokony LDAP (0G/1eryeHHbIi mpo-
TOKOJI AocTyma K Kartajoram). OtmeTtum, uto PostgreSQL 3ampammBaer
y LDAP TonbKO ayTeHTUOUKAIIMIO; eC/IM ITOb30BaTesb Iporcal B LDAP, Ho
oTcyTcTByeT B PostgreSQL, To B gocTyIrie O6ymeT oTka3aHo. Takke OTMETUM,
uyTo PostgreSQL mo/mkHa 3HATH, rae HaxoauTcs cepep LDAP. Ota nndopma-

MOsKHO BOWTY U TIOZ, APYTUM MIMEHEeM, eC/IM YKa3aTh COTIOCTaB/IeHNe UMeH. — [Ipum. peo.
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LMST TO/DKHA XpaHUTBCST B daiisie pg_hba.conf, Kak onucaHo B opuiiMaabHOM
JOKyMeHTaUuuu 1o anppecy https://www.postgresql.org/docs/current/static/
auth-ldap.html';

O RADIUS: nporokon remote authentication dial-in user service (RADI-
US) - cpencTBa opraHu3anyy eAMHONM TOUKM Bxofa. [lapamMeTpsl Takke 3a-
JAI0TCST B KOHGOUTYpaloOHHOM (aiine;

O cert: B 3TOM MeTofe ayTeHTU(UKALUM UCIIONb3YIOTCS KIMEHTCKUE CEePTHU-
¢duxkatsl SSL, T09TOMY OH paboTaeT TONbKO 151 SSL-ToaKoueHuit. Ipenmy-
IIeCTBO B TOM, UTO He HYKHO IepenaBaTh Maposib. ATpuoyT ceptudurara CN
CpPaBHMBAETCS C 3aIIPOLIEHHBIM MMeHEeM I0JIb30BaTe/Isl 6a3bl JaHHBIX; eCIu
OHM COBNAJAIOT, TO BXO[, paspeliaeTcs. [Iis mepeKoAMpoBaHs MUMeH M0b30-
BaTeseil MOXKHO MCIIOb30BaTh TAOIMILY COOTBETCTBHS.

[TpaBusia 3ammuchIBAlOTCS MOCIefoBaTenbHO. [TopsiioK MMeeT 3HaUeHNe, KaK BUJI-

HO 13 CJIeAyIolero rnpumMepa:

host all all 192.168.1.0/24 scram-sha-256
host all all 192.168.1.54/32 reject

[TpocmatpuBasi daitn pg_hba.conf, PostgreSQL ucmonb3yeT mepBoe IOIXOMAS-
1jee NpaBuiIo. 3alpoc, IpUILeAIINii ¢ afpeca 192.168.1.54, yIOBIETBOPSIET I1€PBO-
My MpaBWIy, a 0 BTOPOTO Aaxke neno He noxoaut. CiemoBaTenbHO, TTOIb30BaTeNb
C aapecom 192.168.1.54 CMOXKET 3aiTU B CUCTEMY, €CIM YKaXKeT MPaBUJIbHOE MMSI
" TapoJib, a BTOPOE TIPAaBWJIO He MMeeT cMbIcia. Eciu TpebyeTcst MCK/IIOUUTh 3TOT
[P-agpec, TO mpaBuIa HY>KHO IOMEHSITh MeCTaMMU.

SSL-nodkatoueHus

PostgreSQL mo3BonsieT ummdpoBaTh 06MeH JaHHBIMU MeKAY KIMEeHTOM U cepBe-
powm. lllndpoBaHne oueHb MOIE3HO, OCOOEHHO €C/V TaHHbIe ITepefaroTcsl Ha 60b-
moe paccrostHue. SSL mpejaraeT MpoCcToi 1 6e30IacHbIi CIIocob rapaHTUPOBATh,
YTO ITOCTOPOHHMIT HEe CMOXeT Bac MOACAYLIaTh. B 3TOM pasfesne Mbl IOKaKeM, Kak
HacTtpauBaTh SSL.

[Ipexknme Bcero Hy>KHO 3aJaTh 3HaueHMe on mapamerpa ssl B daiie postgresql.
conf, KOTOpBIIt cepBep UMTaeT Ha Tare 3amycka. Jlasee cienyeT TOMECTUTb CepPTH-
¢dukaTer SSL B KaTayior, HA KOTOPbI YKAa3bIBAET IepeMeHHasi OKPY>KeHMsT SPGDATA.
Ecin BbI XOTUTE TOMECTUTh CepTUdUKaThl B KAKO-TO APyroit KaTajaor, u3MeHuTe
Clielyrolye mapameTphl:

#ssl_cert_file = 'server.crt' # (nocne u3meHeHns HeOBXOAMMO nepe3anyCTUTb CepBep)
#ss1_key file = 'server.key' # (nocne u3meHeHus HeobxoguMo nepesanycTUTb CepBep)

#ssl_ca_file = # (nocne u3MeHeHWA HeobXOAMMO Nepe3anyCTUTb Cepsep)

#ssl_crl_file = # (nocne v3meHeHus HeOOXOAMMO nepe3anyCTUTb CepBep)

Eciu BbI TOTOBBI MCITOJIb30BaTh CAMOITOITMCAHHbIE CePTUGMKATHI, BHIITOIHNATE
CIeYIONTYI0 KOMaH/Iy':

openssl req -new -text -out server.req

1

Ha pycckom g3bike https://postgrespro.ru/docs/postgresql/11/auth-ldap. — Ilpum. nepes.
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OTBeTbTE Ha BOIPOCHI, KOTOpbie 3amacT OpenSSL. B kauecTBe 06IIero MMeHu
(common name) yKakuTe JIOKaJIbHOe MM y3ia. [laponb MokeTe He 3amaBarTh. B pe-
3yJbTaTe OyJeT CreHepUpOoBaH KITIOY, 3aIIMUINEHHbI MapoabHOi (hpasoii, KoTopas
IOJIKHA GBITh He KOpOUe YeThIpeX CMBOJIOB.

YTOo6b!I YHAIUTD MapoabHYI0 (hpasy (3T0 Heo6XoaMMO, e/ Bbl cOOMpaeTech 3a-
MyCKaTh C€pPBEP B aBTOMATUUYECKOM pPekKMMe), BBITIOTHUTE (JIeAYIOIe KOMaHIbI:

openssl rsa -in privkey.pem -out server.key
rm privkey.pem

YTo6bI pa36IOKMPOBATH KIIIOU, BBEIUTE CTAPYIO MApOabHYIO (pa3sy. [lanee, UTOObI
caenaTh cepTuduKaT CaMOIOIIMCAHHBIM M CKOIIMPOBATh €ro M KU TyOa, IIe UX
CMOSKET HalT! cepBep, BHIMOIHATE KOMaHIY:

openssl req -x509 -in server.req -text -key server.key -out server.crt

3areMm 3afaiiTe mpaBa JOCTYyIIA K (ajiiyiam, Kak TOKa3aHo HIDKe:

chmod og-rwx server.key

3ammcaB Bce Heobxomumoe B (aiin postgresql.conf, MbI MOXKEM ITOIKIIOUUTHCS
K cepBepy 10 SSL. UTo6bI yoenuTbcst B TOM, UTO SSL meiicTBUTENbHO UCTIONb3YeT-
Cs1, BOCIIO/Ib3YyeMCSI TIpefcTaBaeHeM pg_stat_ssl. OHa cOOGIMUT 060 BCeX MOAKITIO-
YEeHMSX U, B YaCTHOCTHU, O TOM, ucIonb3yetcs SSL min Het. Kpome TOro, BbigaeTcs
BaskHas MHGOPMAaLMS O TPUMeHsIeMOM Mu(pPoOBaHNN:

test=# \d pg_stat_ssl
Mpeactasnenne "pg_catalog.pg_stat_ssl"”

Cronbey | Tun | MoandukaTopsl
....................... -
pid | integer |
ssl | boolean |
version | text
cipher | text
bits | integer |
compression | boolean |
clientdn | text

Eciu moste ss1 paBHO true, To PostgreSQL BemeT ce6st o3kmumaeMbIM 06pa3soM:
postgres=# SELECT * FROM pg_stat_ssl;

<[ RECORD 1 J---snnnmmmmmmmmmmmaaaaans
pid | 20075

ssl | t

version | TLSv1.2

cipher | ECDHE-RSA-AES256-GCM-SHA384
bits | 256

compression | f
clientdn |
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be3onacHOCTb Ha YpPOBHE 3K3eMnnapa

IToka YTO MBI OIMMCAIM HACTPOJKY apecoB MPUBSI3KU U ayTeHTUOUKAIINIO 110 Jua-
rmasonam IP-agpecoB. Bce 3T0 yacTyt KOH(GUrypamymu, OTHOCSIIMECS K CeTH.

Ha cremyroieM sTarie Mbl 06paTyMCS K ITpaBaM Ha yPOBHE 9K3eMILIsIpa. [71aBHOe,
0 YeM HYKHO IIOMHUTb, — YTO I10JIb30BaTeny B PostgreSQL ompeneneHbl Ha ypOBHE
sk3eMiutsipa. Co34aHHbIN IT0JIb30BATE/b BUAEH He B OJHOJ, a BO BCceX 6a3ax JaHHbIX.
V Hero MOryT ObITh IIpaBa JOCTYIIA TOJAbKO K OJHOI 6a3e, HO CyIIEeCTBYET OH BCe
PaBHO Ha YPOBHE 3K3eMILIsIpa.

Tem, KTO paHblie He paboran ¢ PostgreSQL, cieqyer MMeTh B BUIY ellle OTHY
Belllb: MOJIb30BaTENN U POIU — OGHO U TO Ke. Y KoMaHg, CREATE ROLE m CREATE USER
pasHble 3HAYEHMS 10 YMOTYaHUIO (COOCTBEHHO, eIMHCTBEHHOE pa3jinyme COCTOUT
B TOM, YTO Y POJIX 10 YMOJTYaHMIO HET aTpubyTa LOGIN), HO IO CYIIECTBY I10h30Ba-
TeJU U POJIM — O HA U Ta Xe KoHLenuus. [IoaToMy 1 cMHTakcuc KomaH CREATE ROLE
v CREATE USER OfMHAKOB:

test=# \h CREATE USER

KomaHga: CREATE USER

OnucaHune: co3aaTb posib B 6ase AaHHbIX
CuHTaKCmnC:

CREATE USER uma [ WITH ] napametp [ ... ] ]

rae fonycTuMblie napameTpbl:

SUPERUSER | NOSUPERUSER
CREATEDB | NOCREATEDB
CREATEROLE | NOCREATEROLE
INHERIT | NOINHERIT

LOGIN | NOLOGIN

REPLICATION | NOREPLICATION
BYPASSRLS | NOBYPASSRLS
CONNECTION LIMIT npegen_noAKAw4eHWi
[ ENCRYPTED ] PASSWORD 'naposb'
VALID UNTIL 'timestamp'

IN ROLE wma_pomm [, ...]

IN GROUP wma_pomm [, ...]

ROLE wma_pom [, ...]

ADMIN uma_poam [, ...]

USER wma_pomt [, ...]

SYSID uid

[Tpeskae BCErO OTMETVM, UTO ObIBAIOT OOBIUHBIE ITOJIb30BATEIN U CYIIE€PIIOIb30-
BaTtenu. Eciu 3agan aTpubyTt SUPERUSER, TO OrpaHMYeHMsI, HaJlaraeMble Ha OObIYHOTO
TI0JIb30BAaTeJIsl, He AelicTBYIOT. CyIieproib30BaTeIb MOXKET YAASTh JII0ObIe 00'bEKThI
(6a3blI JaHHBIX U T. 1I.), KAKMe 3aX0YerT.

BaskHbIII MOMEHT: IJISI cO3JaHust 6a3bl JAHHBIX Y IMOIb30BaTENS JO/DKHBI ObITh
IpaBa Ha YPOBHE 3K3eMIIsIpa.

0 OTMeTMM, 4YTO NoNb30BaTeNb, CO3AABLINMI 633y AOaHHbIX, aBTOMaTU4YE€CKN CTAaHOBUTCA €€ B/la-
OenbLeM.



7

YnpaBneHwue ceTeBoi 6e3onacHoCTbi0 % 229

OG6I1ee MpaBWIO TAaKOBO: CO3HATeNTb 00BEKTA SIBJSIETCS €ro BiamesblieM (ecin
SIBHO He yKa3aHO ITPOTMBHOE, KaK MOKHO CleJlaTh B KoMaHe CREATE DATABASE). Bra-
nenel; 00beKTa MOKET €ro YIaluTh.

0 (®pa3a CREATEROLE/NOCREATEROLE onpeaenseT, pa3peleHo nn noJsib30BaTeto Co34aBaTth ApY-
rMX Nonb30BaTeNen u ponu.

Cnepnytomast BaskHasi ¢ppasa — INHERIT/NOINHERIT. Ecau INHERIT MpuUCYTCTBYeT (110
YMOIIYaHUIO 3TO TaK), TO IIOJb30BaTe/lb MOXeT Hac/lefoBaTh IIpaBa OT KaKOT0-TO
Ipyroro rosib3oBartesst. HaciemoBaHue MO3BOJISIET MUCIIONb30BATh PONIU — YIOOHBIN
crioco6 abcrparupoBaHus mpaB. Hampumep, MOKHO cO37aTh posb bookkeeper (6yx-
rajaTep), KOTOpPOit OyIyT HaclIeqoBaTh MHOTHE APYyTYe posu. CMBICT B TOM, UTO MBI
TONBKO OAMH pa3 roBopum PostgreSQL, uTo paspelnieHO fenaTh poiu bookkeeper,
Iaxke ecyiu B Oyxrajatepuiu paboTaeT MHOTO JTIOIEN.

®pasa LOGIN/NOLOGIN orpepesisieT, pa3pelleHo JIM PO MOAKIIYAThCI K 9K3eM-
ISIPY.

OTMeTuM, YTo 0AHOM NUWb Gpa3bl LOGIN HeAOCTAaTOMHO 419 NOAKAYEHUs K 6a3e AaHHbIX.
[lns 3TOro Hy>KHbl AONONHUTENbHbIE NPaBa.

DK3eMIUISIp — 9TO, MO CYIIeCTBY, TOPTAJ KO BCeM HaXOASIIMMCSI BHYTPU HEro
6a3aM JaHHbBIX. BepHeMcs K HalleMy IIpuUMepy: poiib bookkeeper MOKHO ITOMETUTD
aTpu6yTOoM NOLOGIN, TOTOMY UTO MbI XOTUM, UTOGBI KasKIbIi T0Ib30BATEb 3aX0 AT
B CUCTEMY MOJ, CBOMM HACTOSIIMM MMeHeM. byxranTtepsl (ckaskeMm, I>ko u JI>keiiH)
6yIyT moMeueHbI aTpMOyTOM LOGIN, HO HACTEIYIOT BCe MpaBa oT posiu bookkeeper. ITo-
Io6Has CTPYKTypa TapaHTUPYeT, UTO y BCeX OyXTrajTepoB OYIyT OIMHAKOBbIE ITpaBa,
XOTSI 3aXOUTh OHY OYIYT IO, pa3HbIMM MMEHAMM.

Ecnu mbl taHupyem skcmtyatTupoBaTh PostgreSQL B peskxuMe MOTOKOBOJ peri-
JIUKAIIMY, TO MOKEM ITPOU3BOIUTH ITOTOKOBYIO 00PabOTKY KypHasia TpaH3aKIIMi OT
MIMeHU CYIepIioib3oBaTesis. Ho ¢ Touky 3peHust 6e30MacHOCTY 9TO HEXKeIaTelbHO.
IMoatomy PostgreSQL paspelliaeT IpemoCTaB/sITh MPaBO PEIUIMKALIUY OOBIYHOMY
TT0JIb30BATEJTI0, KOTOPBIi U GyIeT OTBeYaTh 3a MTOTOKOBYIO 00pa6oTKy. OueHb 4acTo
IS 9TOM 11e/T CO30Al0T CelMabHOTO MOAb30BaTEeSI.

Kak MbI yBUAMM HIKe B 9TOI IaBe, PostgreSQL obecrieunBaeT 6e30MTacHOCTh Ha
ypoBHe CTpPOK. CMBIC/I ee B TOM, UTO HEKOTOPbIe CTPOKM MOXKHO CAeaTh HeBUIU-
MbIMU TT0JIb30BATENI0. EC/TM MTO/Ib30BaTeNIO SIBHO pa3pelieHo 06XOAUThb 3TOT Mexa-
HU3M, TO CJIeAyeT YCTAaHOBUTDb aTpuOYT BYPASSRLS. ITo YMOIUAHUIO MTpeATIoNaraeTcst
pe>xmm NOBYPASSRLS.

WHorma MMeeT CMBIC/I OTPAaHUYUTh KOJIMYECTBO COeAUMHEHMUI, JOCTYTHbBIX MO0Jb-
3oBaTeo. 1151 9TOro MpegHasHavyeHa pasa CONNECTION LIMIT. OTMeTuM, UTO obIiiee
YMCIIO COeAVIHEHNIT HUKOTIa He MOSKeT ObITh OOJIbIlle 3aJaHHOTO B daiije postgresql.
conf (mapameTp max_connections). Ho 1151 HEKOTOPBIX MTOIb30BaTeNel MOXKHO 3a0aTh
MeHblllee 3HaUeHue.
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3avacTyio Mbl 3apaHee 3HaeM, YTO HeKIi TT0/Ib30BaTeb CKOPO TTOKMHET OpTaHU-
3anuio. ®pasa VALID UNTIL MO3BOMSIET aBTOMATUYECKM OGJIOKMPOBATh €ro YUETHYIO
3aMnmCh MO OOCTMKEHUY YKAa3aHHOM TaThI.

Bo ¢dpase IN ROLE mepeuncIsiioTCs CyIecTBYOIIMe POk, B KOTOpbie HOBasi poJib
oymeT mobaBjieHa B KavyecTBe WieHa. DTO MO3BOMSIET M30eKaTh JOTOTHUTETbHbIX
maroB. CMUHOHMMOM sIBJisieTcs hpasa IN GROUP.

Bo ¢pase ROLE repeunciisioTest pojiu, KOTopbie 6yayT J06aBIeHbl B HOBYIO POJib.

®pa3za ADMIN — TO ke, uTOo ROLE, HO c mo6aBeHreM WITH ADMIN OPTION.

Haxkownerlr, ¢pa3za SYSID mO3BoJsSIeT 3a/laTh KOHKPETHbIV UAEHTUMUKATOP T0/Ib-
30BaTesis (10 aHAJIOTUM C TeM, UTO HeKOTOpble aaMuHucTpaTopbl Unix genamT Ha
YPOBHE OTlepPalliOHHOM CUCTEMBI).

Co3daHue u modudukauyus nons3oeameneti

HOCHe3TOFOT€OpETMq8CKOFOBBGHEHMHCaMOEBDEMH3aHHTbCHC03ﬂaHMeNIHOH530-
BaTeen u IIOCMOTPETDb, KaK BC€ 3TO BBIIVIAAMUT HaA ITPAKTUKE:

test=# CREATE ROLE bookkeeper NOLOGIN;

CREATE ROLE

test=# CREATE ROLE joe LOGIN;

CREATE ROLE

test=# GRANT bookkeeper TO joe;
GRANT ROLE

CHayvaja MbI co3gaeM pojb bookkeeper. ITOCKONIBKY MbI HE XOTUM, YTOOBI KTO-
TO BXOIWI OT MMEHMU I10JIb30BaTessl bookkeeper, 3Ta poJib MOMeUYeHa MPU3HAKOM
NOLOGIN.

0 OTMeTuM Takxke, 4To NOLOGIN noppasymeBaeTcs N0 YMOAYAHMIO B Clyvae, KOraa UCMonb3y-
eTca KoMaHaa CREATE ROLE. B komaHae CREATE USER MO YMONYaHUIO NOAPA3YMEBAETCS PEXUM
LOGIN.

3aTeM co3aeTcs poJib joe ¢ aTpMOyTOM LOGIN. VI HaKOHeIl, pou joe MepemaroTCs
BCe 1paBa posu bookkeeper, Tak UTO Terepb OHA MOXET Jie/laTh BCe, YTO pa3pelieHo
bookkeeper’y.

Cos[aB Monb30BaTesielt, IPpOBEPUM, UTO MOTYUMIOCH:

[hs@zenbook ~]$ psql test -U bookkeeper
psql: BAXHO: ansa ponm "bookkeeper" Bxoa 3anpeueH

Kak u ciemoBano oxupatb, poiu bookkeeper 3ampeleHO BXOAUTb B CUCTEMY.
A 9TO, ey IOMMPo6OBATh BOWTU B CUCTEMY OT MMEHMU joe?

[hs@zenbook ~]$ psql test -U joe
test=>

Tak ¥ DOKHO OBITh. 3aMETUM, OJHAKO, YTO IpPUIJIAlIeHNe M3MEHMUIOCh — TaK
PostgreSQL nokasbiBaeT, UTO BOIIEAIINIA — He CylIepIioib30BaTeb.
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ViHorma omucaHue IMOIb30BaTeNs] HY)KHO MOAMOUIIMPOBATh, HAIPUMep U3Me-
HUTb maposib. B PostgreSQL mosb3oBaTenyt MOTYT CaMy MEHSIThb CBOM Tapoju, Ha-
npumep:
test=> ALTER ROLE joe PASSWORD 'abc';

ALTER ROLE

test=> SELECT current_user;
current_user

joe
(1 cTpoka)

KomaHza ALTER ROLE (v/1v1 ALTER USER) ITO3BOJISIET MU3MEHUTD GOJIBINYIO UACTh Mapa-
MeTPOB, 3aJaHHbIX B MOMEHT CO3[1aHNs ITonb30oBaTess. Ho aTuM ynpasieHue moib-
30BaTe/IsIMM He MCYepIIbIBaeTCs. 3a4acTyl0 Mbl XOTMM acCOLMMPOBATD C [10Ib30Ba-
TeJieM CIieliagbHble ImapameTpsl. ALTER USER IpeoCTaBiIsieT TaKyl0 BO3SMOKHOCTD:

ALTER ROLE { yka3zanue_pomu | ALL } [ IN DATABASE uma_6a3bl_faHHbIX |
SET napametp_koHdurypaumm { TO | = } { 3Hauyenwe | DEFAULT }

ALTER ROLE { yka3zanue_pomu | ALL } [ IN DATABASE mma_6a3bl_faHHbIX |
SET napameTp_koH¢urypaumm FROM CURRENT

ALTER ROLE { yka3zanue_pomu | ALL }
RESET napameTp_KoH$UIypaLmm

ALTER ROLE { yka3zanue_pomu | ALL } RESET ALL

CHHTAaKCUC TOBOJBbHO MPOCTOM. YTOODI BbI IOHSIIN, 3aUeM 3TO HYXKHO, S IPUBENY
puMep U3 peanbHOI Xu3HU. [IpeAronoxum, uto Ko sKkuBeT Ha OCTpoBe MaBpu-
Kuit. OH XoueT paboTaTh B CHCTEME B CBOEM ITOSICHOM BpeMeHM, aske ecsiu cepBep
6a3bl JTaHHBIX HAXOOUTCS B EBpoTe.

test=> ALTER ROLE joe SET TimeZone = 'UTC-4';
ALTER ROLE

test=> SELECT now();
now

2017-01-09 20:36:48.571584+01
(1 cTpoka)

test=> \q
[hs@zenbook ~]$ psql test -U joe

test=> SELECT now();
now

2017-01-09 23:36:53.357845+04
(1 cTpoka)

KomaHnpa ALTER ROLE MomubuIMpyeT omucaHue mojab3oBaTens. Korma joe cHOBa
BOJJIET B CUCTEMY, OYIET YCTAHOBJIEHO €I'0 ITOSICHOE BpeMsl.
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O YacoBoW Nosic M3MeHseTcs He Cpasy, a TOJIbKO MNPy MOBTOPHOM BXOAE UK MOC/E BbIMONHEHUS
KOMaHab!l SET ... TO DEFAULT.

TOYHO TaK ke MOKHO M3MEHUTh HEKOTOpbIe IapaMeTpPhl IIaMsTH, KOTOPbIe pac-
CMaTPUBAINCh B KHUTe PaHee, HAIIpuMep work_mem.

3apaHue 6e30MacHOCTM Ha YPOBHE 6a3bl AaHHbIX

3aaB I[M0/Ib30BaTesIell Ha YPOBHE 3K3eMILISIPa, Mbl MOKEM MOMTY Jajblile ¥ IOCMOT-

PeTh, UTO MOKHO CEJIaTh Ha YPOBHE 6a3bl JaHHbIX. Cpa3y BO3HMKAET BOIPOC: Mbl

paspenin 1Ko 3aX0OUTh Ha 3K3eMILISIP CEpBepa, HO KTO MJIM YTO MO3BOIMIIO KO

TTOAKITIOUAThCS K KOHKPETHOI 6a3e maHHbBIX? MOKeT ObITh, Mbl HE XOTUM, YTOOBI

II>k0 MOT IMOJKIIIOUAThCS K JII000M U3 MMeRInuXcst 6a3 faHHbIX. OTpaHMYeHnue 10-

CTYIIA K OIIpeieJIeHHbIM 6a3aM — 3TO MMEHHO TO, UTO JeIaeTCsl Ha 3TOM YPOBHE.
Iyt 6a3 maHHBIX KOMaHAa GRANT ITO3BOJISIET 3a1aTh CIeYIONINE [IpaBa:

GRANT { { CREATE | CONNECT | TEMPORARY | TEMP } [, ...]
| ALL [ PRIVILEGES ] }
ON DATABASE uma_6a3bl_AaHHbIX [, ...]
TO ykasaHue_pon [, ...] [ WITH GRANT OPTION ]

IIBa OCHOBHBIX ITpaBa Ha YpoBHe 0a3bl JAHHBIX 3aCTYSKMBAIOT 0COOOTO BHUMAHMSI:

O (REATE: O3BOJISIET CO34aBaTh CXeMbI BHYTPM Oa3bl JaHHBIX. OTMETNUM, UTO CRE-
ATE He paspelraeT co3JaBaTh TAOIUIIbI, 3TO IMPABO PACIIPOCTPAHSIETCS TOTBKO
Ha cxeMbl. B PostgreSQL jr06ast Tabnuiia MpUHAIIEXKUT KaKO-TO cCXeMe, T10-
3TOMY, YTOOBI CO3/IaTh TAOINUILY, HY;KHO CHauUasa IOYIUTh JOCTYTI K CXeMeE;

Q CONNECT: ITO3BOJISIET ITOAK/IIOUATHCS K 0a3e JaHHbIX.

Teriepb BOMPOC: HUKTO SIBHO He BbIAaBasl IpaBo CONNECT posiu joe, TaK KAaKMUM 3Ke
06pa3om oH ero moayumn? OTBET TaKOB: MMeeTCs Takas IITyKa — public, aHamormy-
Hasi ToMy, uTo B Unix HasbiBaeTcst «Mupom» (world). Ecim uTo-To paspelieHo BceMmy
MUPY, TO pa3pelieHo i joe, AB/ISIONIEMYCS YaCThIO MMpa.

BaxxHo, uTO public He SIB/ISIETCSI POJIBIO B TOM CMBICJIE, UTO €€ Hellb3s1 YAAAUTb UIN
repeuMeHOBaThb. MOXKHO MPOCTO CUNTATh, YTO 3TO SKBUBAJIEHT «BCEX ITOTIb30BaTe-
JIell CUCTeMBbI».

[TosTOMY ecyiv MbI HE XOTUM, YTOOBI JIFOOO0J IT0T30BATEb MOT B JII0O0/ MOMEHT
TTOAKITIOUMTHCS K JII000J1 6a3e JaHHbIX, MbI JOJIKHBI OTO3BATh IpaBo CONNECT y public.
JIj1s1 3TOTO CyiefyeT BOMTH OT UMEHU CYTIepIIoab30BaTessl M UCIIPABUTD IOJIOKEHME:

[hs@zenbook ~]$ psql test -U postgres

test=# REVOKE ALL ON DATABASE test FROM public;
REVOKE

test=# \q

[hs@zenbook ~]$ psql test -U joe

psql: BAXHO: pocTtyn k 6a3e "test" 3anpeueH
MOAPOBHOCTN: Monb3oBaTenb He umeeT npusuaermn CONNECT.

Kaxk Buaum, posib joe GoJblile He MOKeT HOOKIounThes. Ceituac Kk 6ase test ume-
0T TOCTYII TOJIBKO CYIIePIIO/Ib30BaTe .
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Boo0611e TOBOPSI, pPEKOMEHAYETCSI OT3bIBATD MpaBa AOCTYIA B 6a3e JaHHBIX post-
gres elie 0 co3aaHust Apyrux 6a3. CMbICI B TOM, YTO TOIZ]Ja OTO3BaHHbBIE ITPaBa He
GyIyT IIPeOCTaBAAThCS BO BHOBb CO31aBaeMbIx 6a3ax’. Ecim komy-To nmorpebyercs
IOCTYII K ONpe/ieJIeHHO 6a3e, TO ero MOXHO GYAeT MpefoCTaBUTh SIBHO. Eciiu Mbl
MOsKeJIaeM PaspelnTh joe MOJKIIOUATHCS K 6a3e JaHHBIX test, TO HY)KHO GYZIeT BbI-
MTOJTHUTD TaKye KOMaH/Ibl OT MUMEHM CYIIePII0/Ib30BaTeIs:

[hs@zenbook ~]$ psql test -U postgres

test=# GRANT CONNECT ON DATABASE test TO bookkeeper;
GRANT

test=# \q

[hs@zenbook ~]$ psql test -U joe

test=>

Y Hac eCcTb IBa BapMaHTa OeiCTBUIL:

O paTe mpaBO CaMOMY ITOJIb30BATEMI0 joe, TaK UYTO TOJBKO OH U CMOXET TOZ-
KJIIOUUTHCS;

O path mpaBo ponu bookkeeper. HamoMHMM, UTO MOJb30BaTeIb joe HACAeAyeT
Bce IpaBa pojiu bookkeeper, TO3TOMY €C/IM MbI XOTUM, YTOGBI BCe GyXTaaTepbl
MOIJIM TTOIK/IIOUAThCS K 3TOI 6a3e, TO uaes MpefqoCcTaBUTh IIpaBa posin book-
keeper BBITVISIAUT MPUBJIEKATEIbHO.

[TpemocraBieHye mpaB poiu bookkeeper 6e30MacHoO, TIOTOMY UTO €i1 caMoii BOoOIIe

3arpeleHo MOAKII0UAThCS K 9K3eMILISIPY, T. €. OHa SIBJISIETCS JIUIIIb MICTOYHMKOM ITpaB.

3apaHue nNpaB Ha YPOBHE CXEMbl

3aKOHYMB HACTPOIIKY Ha YPOBHE 06a3bl JAHHBIX, MbI MOKEM ITEPEITU K YPOBHIO CXe-
mbl. Ho cHavasa BBITIOTHUM MPOCTEHbKUIA TECT:

test=> CREATE DATABASE test;

OWMBKA: HeT npaB Ha co3jaHue 6asbl AaHHbIX
test=> CREATE USER xy;

OWWBKA: HeT npaB ANnf CO3[3HWA poan
test=> CREATE SCHEMA sales;

OWMBKA: HeT gocTyna K 6a3se AaHHbix test

Kaxk BuauMm, y joe CEromHsI IJIOXO¥ IeHb — eMy He pa3pelnieHo HUYero, KpoMe 1o/ -
KITIOUeHNs K 6a3e JaHHbIX.
BripoueMm, eCcTh OMHO MCKITIOUEHME, KOTOPOEe MHOTMX HECKa3aHHO YIUBIISET:

test=> CREATE TABLE t_broken (id int);
CREATE TABLE

test=> \d

CNNCOK OTHOWEHWI
Cxema | Wma | Tun | Bnageney
-------- EELE T TR
public | t_broken | table | joe
(1 cTpoka)

! DTo He Tak: Ipy CO3JaHMM HOBOJ 6asbl JaHHBLIX public aBTOMaTHUYeCKy 1oIydaeT K Heii

IOCTYII B T1060M city4ae. — [Tpum. peo.
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[To ymonmuaHuio KBasuponu public paspeleHo paboTaThb CO cxeMoii public, KO-
TOpas IPUCYTCTBYET Bcerma. Ec/iv BbI cepbe3HO OTHOCUTECH K 6@30ITaCHOCTH CBO€Ni
6a3bl, TO 9Ty IIPOGJIEMY HY;KHO pelinThb. ViHaue 06bIUHbIE TI0JIb30BATEIN 3aMYCOPSIT
cxeMy public BCIKMMM TabnuIlaMu, OT Yero MOXKET IMOCTPaaaTh Bes cucrema. Kpo-
Me TOro, TIOMHUTE, YTO €C/IM TI0JIb30BAaTEe/II0 pa3pelieHo co34aBaTh 0OBHEKT, TO OH
CTaHOBUTCS €ro BAajenblieM. BiiageHne 03HavYaeT, YTO CO3AATENI0 aBTOMATUUECKH
MIPeIOCTaBJISIIOTCST BCE TIPABa, B T. U. ¥ ITPABO YIAJIUTb OOBEKT.

YT0o6bI 0TO3BATh 3TU IIpaBa y public, BBIMOIHUTE CEAYIOIIYI0 KOMaHIy OT MUMEHU
CyTIepIIOib30BaTeIs

test=# REVOKE ALL ON SCHEMA public FROM public;
REVOKE

Teriepb HUKTO HEe CMOYKET CO3JaBaTh OOBEKTHI B cxeMe public 6e3 SBHOro paspe-
meHus. YTo 1 JOKa3bIBAeT CIEAYIOAs paciedyaTka:

[hs@zenbook ~]$ psql test -U joe

test=> CREATE TABLE t_data (id int);
OWMBKA: cxema ana co3paHua 06bekTOB He BbibpaHa
CTPOKA 1: CREATE TABLE t_data (id int);

Kak Bumum, KOMaHIa He BbITIOJTHEHA. VIHTepecHO, KaK ChOpMyIMPOBAHO COO6-
meHue 06 ommoke: PostgreSQL He 3HaeT, Kya ITOMeCTUTb Tabuily. ITo yMoTuaHuio
OHA TIBITAETCSI IOMECTUTD TAOMUILY B OIHY M3 CJIEAYIOMINX CXEM:

test=> SHOW search_path ;
search_path

"Suser", public
(1 cTpoka)

[TocKkoMbKY cxeMbl joe He cymiecTByeT, PostgreSQL mpobyet cxemy public. Ho Ha
cosgmaHue TaGNUIIBI B Hell Het IpaB, mosTromy CYB]I skajayeTcs, YTO He 3HAEeT, Iue
€03/1aTh Ta6NMUILY.

Ho cTouT siBHO yKa3aTb npeduKc TabInIIbl, KaK CUTYaIysi MTHOBEHHO MEHSIeTCSI:
test=> CREATE TABLE public.t_data (id int);

OWMBKA: HeT gocTyna kK cxeme public
CTPOKA 1: CREATE TABLE public.t_data (id int);

BoT Termephb MbI IIOMYYMIN OXKMgaemMoe coobuienne. PostgreSQL 3ampeiaeT 10-
CTYII K cxeMe public.

Cremyroniuii BOIIPOC: Kakye IpaBa MOKHO 3a[1aTh HA YPOBHE CXeMbI, YTOOBI TOJTh-
30BaTeNlb joe MOT XOTb UTO-HUOYIb Ae/IaTh?
GRANT { { CREATE | USAGE } [, ...] | ALL [ PRIVILEGES ] }

ON SCHEMA uma_cxemsl [, ...]
TO ykasauue_poam [, ...] [ WITH GRANT OPTION ]

CREATE 03HAYaeT, YTO I10JIb30BaTeIb MOXKET CO3[aBaTh B cxeme 00beKThl. USAGE
O3HauaeT, UTO T0JIb30BaTE/I0 pa3pelleHo BOWTK B cxemy. Ho 3To ellle He 3HAUMT,
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YTO MTOJTb30BATEb CMOYKET UTO-TO U3 HAXO/SAIIETO B 3TOM CXeMe UCIOb30BaTh; CO-
OTBETCTBYIOIIIME ITPaBa elie He MpeJoCcTaB/ieHbl. [Ioka YTO MoTb30BaTENIO paspeilie-
HO TOJIBKO IIPOCMAaTPMBATh 3Ty CXeMY B CCTEMHOM KaTaJjiore.

YT06bI TT0JIH30BATEb joe MOT ITOMYUYKUTh OCTYIT K CO3JAHHOIT paHee Tab/uie, He-
06X0I1MO BBITIOTHATD CJIEAYIOIIYI0 KOMaHIY (OT MMEHU CYIIepIIob30BaTeIs):

test=# GRANT USAGE ON SCHEMA public TO bookkeeper;
GRANT

Ternepb joe MOXKET YMTATh TAOAMILY':

[hs@zenbook ~]$ psql test -U joe
test=> SELECT count(*) FROM t_broken;
count

(1 cTpoka)

[Tonb30BaTesb joe MOKET TAKKe TOOABISITH ¥ MOAMOUIIMPOBATD CTPOKM, IIOTOMY
YTO SIBJISIETCS BJIaJeIbIleM 9TOi Tabnuilbl. Ho XOTs joe yyke MOKET MHOTO€, OH ellfe
He BCeMOTYII. PaccMOTpUM CIeAyIoIIy0 KOMaHIy:

test=> ALTER TABLE t_broken RENAME TO t_useful;
OWMBKA: HeT gocTyna k cxeme public

[purasaumcs K coobineHnio 06 ommbke. Cucrema skanryeTcss Ha OTCYTCTBUE JI0-
CTYTIa K CXeMe, a He K caMoJi Tabuile (HAaIIOMHMM, joe BJIaJleeT 3To¥ Tabnuieit). [To-
3TOMY ¥ YCTPAHATH MPo6IeMy HY;KHO Ha YPOBHE CXeMBbI, a He TaGmuIibl. BoironanTe
CJIeAYIONIYI0 KOMaHIy OT MMEHM CYIepIIOIb30BaTeIs:

test=# GRANT CREATE ON SCHEMA public TO bookkeeper;
GRANT

Teriepb joe MOKET M3MEHUTD VMS TaOIIIbI:

[hs@zenbook ~]$ psql test -U joe
test=> ALTER TABLE t_broken RENAME TO t_useful;
ALTER TABLE

OmnycaHHOe BbIllIe [eiicTBe HEO6XOMMMO, eC/iu Bbl COOMpAEeTeCh MCIIONb30BaTh
DDL-koMaH/Ibl. B cBoeit pa6oTe 1Mo MpeaoCcTaBIeHNI0 MOAEPKKM TT0Ib30BaTEIIM
PostgreSQL s1 HECKOJIBKO pa3 BCTPeYascsl C CUTYalMsIMM, KOIZa 3TO OKa3bIBAIOCh
po6IEMOiA.

Pa6ota c Tabnmuamu

VTak, MbI pa306pasich C aipecaMy IIPUBSI3KM, CETEBOI ayTeHTU(MKAIIMEN, TTOJTb30-
BaTeNsIMu, 6a3aMi JAaHHBIX ¥ cxeMaMMu. Teriepb, HAKOHEI, MbI TOOPaIMCh 10 YPOBHS
Tabmui. Hiske 1moka3aHo, Kakye MOKHO ITPeJOCTaBUTh ITpaBa JOCTYIIA K TabauIe:

! Bbplle B TeKCTe Ta6m/[ua t_broken He co3maBasach, IIO3TOMY 3Ta M C/Ieayronie KOMaHIbI

3aKOHYATCS onmobKoi. CiemyeT mMb0 co3maTh Tabmuily t_broken, 160 3aMEHUTh UMS Ha
t_data. — Ilpum. nepes.
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GRANT { { SELECT | INSERT | UPDATE | DELETE | TRUNCATE
| REFERENCES | TRIGGER }
[, ...]1 | ALL [ PRIVILEGES ] }
ON { [ TABLE ] wma_tabanusl [, ...]
| ALL TABLES IN SCHEMA uma_cxemsl [, ...] }
TO ykasauve_poin [, ...] [ WITH GRANT OPTION ]

PaccmoTrpuM U TipaBa moouepesHo.

O SELECT: pa3pelleHo YMTATh TAOINITY.

O INSERT: paspelieHO A06aBIATh CTPOKY B TAOMUILY (BKIIOYAET TaKKe KOMaH-

oy COPY u apyrue, a He TOJIbKO KOMaHy INSERT). OTMeTHUM, UTO pa3pelieHue

BCTaBJIAITh CTPOKM elile He 03HavaeT, YTO TabIMITy paspelieHo YnTaTh. UToOb!

BCTaBJIEHHbIE CTPOKM MOSKHO GbIJIO ITPOUYMTATh, HEOOXOAMMBI 06a MpaBsa, SE-

LECT m INSERT.

UPDATE: pa3spelieHO MOOU(PUIMPOBATh COMEPKUMOE TabIMIIbL.

DELETE: paspelieHo yOalsiTh CTPOKM U3 TaOIUIIBI.

TRUNCATE: pa3pelleHo UCII0Ib30BaTh KOMaHAy TRUNCATE. 3ameTuM, 4TO DELETE

¥ TRUNCATE — IBa pasHbIX ITpaBa, IOTOMY UTO KOMaH1a TRUNCATE 6JIOKMPYET BCIO

TabnuIly, uero KoMmaHaa DELETE He fenaeT (Iaske B OTCYTCTBME YCIOBMS WHERE).

O REFERENCES: pa3pellleHO CO31aBaTh BHEIIHYE KIOUM. DTO IIPaBO HEO6XOIAMMO
VMIMETb JIJIs 000MX CTONOIIOB: TOTO, KOTOPBIN CChUTIAETCS, ¥ TOTO, HA KOTOPbIN
OH CCbhUIaeTcsl. B IpOTHBHOM C/yyae nmpu MOMBITKE CO3/3aTh KIOY BO3SHUKHET
ommno6Ka.

O TRIGGER: pa3pelieHO cO37aHle TPUTTEPOB.

000

KomaHpa GRANT xopowla elie v Tem, Y4To MO3BONSeT Cpa3y BblAaTb MpaBa Ha BCe Tabnuubl
B CXEME, YTO CYLLEeCTBEHHO yNpoLLaeT Npoueaypy HaCTPOMKKU Npas.

B KomaHne GRANT MoskeT GbITh TakKe dpasa WITH GRANT OPTION. imest B TOM, UTOOBI
IT03BOJIATh OGBIUYHBIM IT0JIb30BATE/ISIM [IPEL0CTaBIISTh [TpaBa APYrMM, UTO HECKOIb-
KO CHIKaeT HarpysKy Ha afMMHMUCTpaTopa. IIpefcraBbTe CUCTEMY, B KOTOPOi HYK-
HO BbIJIaBaTh IIpaBa COTHSIM I10JIb30BaTesIeif, — 9TO 3aHSITHE CIOCOGHO IMOTIOTUTH
BCe BpeMsl, T03TOMY aJMMHUCTPATOP MOKET MePeIOKUTh YacTh OTBETCTBEHHOCTY
Ha HEKOTOPbIX JOBEPEHHBIX I10JIb30BaTeJIe.

3apaHue npaB Ha YPOBHE CTON6LOB

VHorga He BCeM MOJb30BaTEISIM paspellleHO MPOCMaTpuBaTh BCe JaHHbIe. Pac-
cMoTpuM 6aHK. HEKOTOPBIM COTPYIHMKAM paspelleHO BUAETh BCIO MHGMOPMAIINIO
0 6aHKOBCKOM CUeTe, TOT/Ia KaK OCTaabHbIM — JIMIIb ee ITOJMHOKeCTBO. Ha mmpakTuke
He BCeM pa3pelleHO BUAETh OCTATOK Ha CUETY MJIM IIPOLIEHTHYIO CTaBKY IT0 KPeIUTY.

Ipyroit mpuMep — MOIb30BaTENISIM paspelieHo BUAETb MPOoGUIu OPYTUX JTI0Ieii,
HO He ux ¢oTorpaduu u mpoume rnepcoHasbHble JaHHbIE. BOIIpoC: Kak MOKHO BOC-
TT0JIb30BaThCSI GE30MTACHOCTHIO HA YPOBHE CTOOIIOB?

IJis meMOHCTpaLyy J06aBUM CTOJIOEI] B CYIeCTBYIONIYIO TaOMUITY, TPMHAAJIeKa-
LIYI0 poyiut joe:
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test=> ALTER TABLE t_useful ADD COLUMN name text;
ALTER TABLE

Tenepp TabAMIIA COOEPKUT ABa CcTONOIA. Llesb mpuMepa — coenaaTh Tak, UTOOI
I10/Ib30BATEIb MOT BUAETb TOJIbKO OOMH M3 3TUX CTOJIOIIOB:

test=> \d t_useful
Tabanua "public.t_useful"

Cronbey | Tun | MogudukaTopbl
......... oo m
id | integer |
name | text |

OT MMeHM CyIepIio/Jab30BaTe/Id CO34aaMM HOBOI'O I10/JIb30BaTe/Isd U IMPeJOCTaBUM
eMy JOCTYII K cXeMe, cofepskalieil TabauILy:
test=# CREATE ROLE paul LOGIN;
CREATE ROLE
test=# GRANT CONNECT ON DATABASE test TO paul;
GRANT

test=# GRANT USAGE ON SCHEMA public TO paul;
GRANT

He 3a6ympTe 1aTh HOBOMY IT0JIb30BaTEIO ITpaBo CONNECT, TOTOMY UTO BBIIIIE B 3TOJ
IJIaBe 9TO MPaBo 6bLI0 Y public 0TO3BaHO. Be3 IBHOTro mpemocTaBieHys paul gaxe He
CMOKeT J0OpaThCst N0 TAOMUIIbI.

Hanyim ponu paul mpaBo SELECT:

test=# GRANT SELECT (id) ON t_useful TO paul;
GRANT

TOro yke JocTaToyHO. Terepb MOKHO MOAKIIOUNTHLCS K 6a3€e OT MMEeHM MOJIb30-
BaTess paul U MIPOYUTATH CTOIGEII:
[hs@zenbook ~]$ psql test -U paul
test=> SELECT id FROM t_useful;
id
(0 cTpok)

[Tpu MCIIONb30BAHUM TIPAB JOCTYIIA K CTOJMIOIAM BasKHO MMETh B BUIY, UTO IPO
SELECT * cytemyeT 3a0bITh, T. K. 9Ta KOHCTPYKLIMSI paboTaTh He Oyaer:

test=> SELECT * FROM t_useful;
OWMBKA: HeT mocTyna kK Tabauue t_useful

CumBoi * MO-MpeXHeEMY O3HaudaeT «BCe CTO.TI6L[I)I>>, HO IMOJIYYUTDb OOCTYII KO BCEM
CTOJ'[6LIaM HEeJIb34, IO3TOMY M BO3HUKAET OIIMOKa.

3apaHue npuBMNErnii N0 yMoA4aHuio

WTak, Mbl HayYMIMCh HACTPaMBaTh pasjiMUHbIe acleKkThl 6e3omacHocTi. Ho uTo,
€CIM B CUCTEMY OyIOyT HoOaBIeHbl HOBbIE TAOIMUIBI? YTOMUTETHHO ¥ PUCKOBAHHO
006pabaThIBaTh UX IMOOAMHOUKE, YCTAHAB/MBAS HY>KHbIE ITpaBa. BoT 6b110 6bI XOPO-
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110, ecJii GbI BCE 3TO MPOUCXOOMIO aBTOMaTuuecku! VIMeHHO [Jis 9TOro mpeaHa-
3HaueHa KoMaHAa ALTER DEFAULT PRIVILEGES. CMbIC/I €e B TOM, UTOOBI IIPeNOCTaBUTh
MO0/Ib30BaTeNISIM CPeICTBA aBTOMAaTHMUYECKM 3a/laBaTh sKelaTelbHble IpaBa Cpasy
TocJIe MosiBJIeHNsT 06beKTa Ha cBeT. Torma 6ymeT MoMmpocTy HEBO3MOXKHO 3a0bITh ITPO
YCTaHOBKY IIpaB.

Hike rmokasaHa mepBast YaCTh CMHTaKCUUECKOTO OMMCAHMS :

postgres=# \h ALTER DEFAULT PRIVILEGES

Komanga: ALTER DEFAULT PRIVILEGES

Onncanve: onpeaennTb NpaBa JOCTYNA MO YMOAYAHMI0

CuHTaKcmnC:

ALTER DEFAULT PRIVILEGES
[ FOR { ROLE | USER } uenesasa_ponb [, ...] ]
[ IN SCHEMA wma_cxembl [, ...] ]
npeanoxenne_grant_wam_revoke

rae npeanoxeHve_grant_wi_revoke MoxeT 6biTb Caeayoumm:

GRANT { { SELECT | INSERT | UPDATE | DELETE | TRUNCATE | REFERENCES | TRIGGER }
[, ...] | ALL [ PRIVILEGES ] }

ON TABLES

70 { [ GROUP ] wmsi_poan | PUBLIC } [, ...] [ WITH GRANT OPTION ]

CHUHTaAKCKC TaKoii ke, Kak B KOMaHfe GRANT, T09TOMY CJIOKHOCTei MpU UCIOb-
30BaHUM He BO3HMKAET. [IJIs1 IeMOHCTPAIVY S TIOATOTOBMII IIPOCTOM IIPUMED: eCIn
TabIMILy CO3/1aeT joe, TO paul aBTOMATUUECKY CMOXKET et TI0JTb30BaThCs:

test=# ALTER DEFAULT PRIVILEGES FOR ROLE joe
IN SCHEMA public GRANT ALL ON TABLES TO paul;
ALTER DEFAULT PRIVILEGES

[ToAKTIOUMMCS OT MUMEHM joe ¥ CO3aaNM TaOIUILY:
[hs@zenbook ~]$ psql test -U joe

test=> CREATE TABLE t_user (id serial, name text, passwd text);
CREATE TABLE

Ternepb, MOAKIIOUUBINNCH OT MMEHM POy paul, Mbl YOEIMMCsI, YTO TAO/IMIEe Ha-
3HaYeH HYKHbIi HabOp MpaB:

[hs@zenbook ~]$ psql test -U paul
test=> SELECT * FROM t_user;
id | name | passwd

...-+ ...... + ........
(0 cTpok)

BE30NACHOCTb HA YPOBHE CTPOK

Ilo cux TIop MbI pacCMaTpUBAIM TaGINUITY KaK eAnHoe 1enoe. Eciau Tabnauia comep-
sKaja MUWUTMOH CTPOK, TO Mbl MOIJIM BbIOPATh UX Bce. BCSIKMI, KTO MMeeT MpaBo
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YUTATh TAGINITY, MOKET ITPOUMUTATH ee eJIKoM. Ho BO MHOTHUX CJTydasix 9TOTO He-
IOCTAaTOYHO ¥ TpebyeTcs, UTOOBI MOb30BaTeNI0 ObIIO pa3pelleHo YMTATh He Bce
CTPOKM.

PaccmoTpuMm mpuMep U3 peasibHO KU3HU. Byxranarepust BeJleT yuer AesiTeIbHO-
CTY MHOTMX COTPYIHMKOB. TabauIla ¢ HaJIOTOBBIMM CTaBKaMU TOJKHA OBITh BUIHA
BCEM, TIOCKOJIbKY BCETa MPUMEHSIIOTCSI OMHM U Te ke cTaBKu. Ho uTo Kacaertcs oT-
IeTbHBIX OTepaluii, KaxkIoMy Ue0BeKy pa3pelleHo BUAETh TOJNbKO CBOM Orepa-
UK. A He JOJIKeH BUIEeTh JaHHble B. KpoMe TOTO, pyKOBOAUTEb TTOAPA3Ie/IeHNs
IIOJIKeH MMeThb BO3MOXXHOCTD BUJIETh BCE TaHHbIE, OTHOCSIIECS K TTOIBEIOMCTBEH -
HOJT eMy 4acTy KOMIIaHUM.

BesomacHOCTb Ha YPOBHE CTPOK ITpeIHa3HauYeHa JJIsT pellleHMsI MMeHHO TaKuX 3a-
Ilau ¥ TI03BOJIsIET 6€3 TpyJa CTPOUTb MHOTOApeHIHbIEe CUCTEMBI. [IJIs 3aTaHusT ITpaB
B 9TOM CJTydae IIPUMEHSIOTCS TTIOIUTUKM, CO3aBaeMbie KOMaHA 0¥ CREATE POLICY:

test=# \h CREATE POLICY
KomaHga: CREATE POLICY
OnucaHne: cO34aTb HOBYN MOAMTUKY 3aWWThl HAa YPOBHE CTPOK ANA Tabauubl
CuHTaKcmc:
CREATE POLICY uma ON uma_Tabauupl
[ AS { PERMISSIVE | RESTRICTIVE } ]
[ FOR { ALL | SELECT | INSERT | UPDATE | DELETE } ]
[ TO { wma_poan | PUBLIC | CURRENT_USER | SESSION_USER } [, ...] ]
[ USING ( BbipaxeHne_using ) ]
[ WITH CHECK ( sbipaxeHue_check ) ]

YTo6bI TOHSITh, KaK 3aIllMCbIBAE€TCS MTOAUTMKA, BOVIeM CHavaia OT MMEeHU cynep-
IMOJIb30BaTeJIAd M CO30aaNM Ta6n1/1uy, CoOep>Kally0 HeCKOJIbKO 3armcen:

test=# CREATE TABLE t_person (gender text, name text);
CREATE TABLE
test=# INSERT INTO t_person
VALUES ('male', 'joe'),
('male', 'paul'),
('female', 'sarah'),
(NULL, 'R2-D2');
INSERT 0 4

Teriepb mpegocTaBUM OOCTYII K HEl poiu joe:

test=# GRANT ALL ON t_person TO joe;
GRANT

[Toka 4TO Bce MIAET KaK OOBIUHO — joe MOXKET UMTaTh BCe TAOMILY, TTOCKOIBKY
6e30ITaCHOCTb Ha YPOBHE CTPOK HE aKTMBUPOBAHA. A Terepb MOCMOTPUM, UTO CTy-
YUTCS, €C/IY BKIIOUUTD PesKUM ROW LEVEL SECURITY [JIsI 9TO# TaGIMUIIbI:

test=# ALTER TABLE t_person ENABLE ROW LEVEL SECURITY;
ALTER TABLE

[To yMonmuaHuIo IeiiCTBYeT MOMUTMKA 3aIlpeTa AOCTYIa KO BCEMY, ITO3TOMY joe
YBUIUT ITYCTYIO TaOIUILY:
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test=> SELECT * FROM t_person;
gender | name

........ +..._._

(0 cTpok)

Takast MOJIMTUKA 110 YMOJIYAHMIO HE JIMIIEHA CMbIC/IA, TIOTOMY YTO 3aCTaBJIsSeT
I10/Ib30BaTeIel SBHO 3a1aTh PaspeIieHmus.

ITocsie TOro Kak 6e30MacHOCTh HAa YPOBHE CTPOK aKTMBMPOBAaHA, CYIIePIIO/ib30Ba-
TeJb MOKET CO3/1aBaTh MTOJUTUKIA:

test=# CREATE POLICY joe_pol_1
ON t_person

FOR SELECT TO joe

USING (gender = 'male');
CREATE POLICY

Ecnn TeIlepb 3aliTV OT MMeHU joe nu BbIGpaTb BCe JaHHbIe, TO MbI YBUANM TOJIbKO
OBe CTPOKM:
test=> SELECT * FROM t_person;

gender | name
......... R -

male | joe
male | paul
(2 cTpokn)

PaccMOTpUM TOJNBKO UYTO CO3JAHHYIO MOAUTMKY Oosilee BHUMAaTenbHO. [Ipexne
BCEro Y MOMUTUKHU eCcThb uMs. Kpome Toro, oHa cBsi3aHa ¢ Tabnuiieit M paspemniaeT
HEKOTOpbIe orepanuy (B JaHHOM ciaydyae SELECT). 3aTem upetr ¢dpasa USING. OHa
oTperessieT, YTO pa3pelieHo BUAeThb poiau joe. Takum ob6pasom, dpasa USING 3amaeT
GWIBTP, MPUHYAUTENIBHO ITPUCOIMHSIEMBIN K KQXXIOMY 3aIIpoCy ¥ OTpaHMUYMBAIO-
LIMIA MHOXECTBO CTPOK, BUAMMBIX IT0JIb30BaTEJIO.

OTmeTuM elje OOUH BaXKHbIII MOMEHT: €CJIM IMOJIMTUK HECKOJIbKO, TO PostgreSQL
coenMHSIeT UX CBSI3KO¥ OR. TO €CTh 110 YMOTYaHMIO UeM OOJIblile TOIUTHUK, TeM 60/Tb-
IIle JaHHBbIX BBl CMOXeTe yBUIeTh. B Bepcum PostgreSQL 9.6 Tak 6but0 Beerma. Ho
B Bepcuu PostgreSQL 10.0 ronb3oBaTe/ib MOKET SIBHO yKa3aTb OOHY M3 CBSI30K OR
v AND:

PERMISSIVE | RESTRICTIVE

I[To yMO/MYaHMIO [MOIpa3yMeBaeTcst peskum PERMISSIVE, T. . BbIOMpaeTcst CBsi3Ka OR.
Ecnn ske 3amaH peskum RESTRICTIVE, TO PUIBTPBI COEIMHSIIOTCS CBSI3KOT AND.

[TpeAronoKuM Terepsb, YTO joe pa3pelieHo BUAETh TAKXKe POOOTOB. [IJisl peleHust
9TOI 3a7jaUuM Y HAC eCTh [Ba MyTH. [IepBbIli — USMEHUTH CYLIECTBYIOLIYIO ITOIUTUKY
KOMaH 101 ALTER POLICY:

postgres=# \h ALTER POLICY

KomaHpa: ALTER POLICY

OnucaHue: M3MEHUTb ONpejeseHne MOANTMKM 3aWUTbl HA YPOBHE CTPOK
CuHTaKemnc:

ALTER POLICY wma ON uma_tabanubl RENAME TO HoBoe_wms
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ALTER POLICY uma ON wma_Tabauupl
[ TO { wma_poam | PUBLIC | CURRENT_USER | SESSION_USER } [, ...] ]
[ USING ( BbipaxeHne_using ) ]
[ WITH CHECK ( sbipaxeHue_check ) ]

BTopoii myTh — cO3[aTh ellle OIHY MTOMUTUKY:

test=# CREATE POLICY joe_pol_2
ON t_person

FOR SELECT TO joe

USING (gender IS NULL);

CREATE POLICY

Kaxk 6110 CKa3aHO BbIIlIEe, 06€ MOMUTUKY COeTMHSIIOTCS CBSI3KO¥ OR, eC/Ti He 3aja-
HO KJIF0UeBoe ¢10BO RESTRICTIVE. [TosaTomy Teneps PostgreSQL BepHeT He iBe, a TP
CTPOKMU:
test=> SELECT * FROM t_person;

gender | name
......... +.......

male | joe
male | paul

| R2-D2
(3 cTpoku)

B cocrtaB pesynbTaTa Ternepb BXOOUT TAaKKe POJb R2-D2, MOCKOIbKY OHA COOTBET-
CTBYET BTOPOJi moiuTuKe. YTOObI T0Ka3aTh, Kak PostgreSQL BBIMOIHSET 3TOT 3a-
IPOC, 51 BKJIOYWJI IVIaH BBITIOJIHEHUS :

test=> EXPLAIN SELECT * FROM t_person;
QUERY PLAN

Seq Scan on t_person (cost=0.00..21.00 rows=9 width=64)
Filter: ((gender IS NULL) OR (gender = 'male'::text))
(2 cTpokn)

Kak Bumgum, o6e ¢pasbl USING IpeBpaTUINCh B IIPUHYIUTEIbHO N06aB/I€eHHbIE
GuabTpeI'. 3aMeTMM, 4TO B CMHTAKCMYECKOM OIMCAHMY eCTh [Be pasHble (pasbl:
O USING: 3amaeT GMIbTPAMIO YKe CYIIeCTBYIOIIMX CTPOK ¥ MPUMEHSIETCS
K KOMaHgam SELECT, UPDATE 1 T. I1.;
O CHECK: mpuMeHsIeTCSI K HOBBIM CTPOKaM, CO3aBaeMbIM KoMaHIamu INSERT,
UPDATE M T. 1I.
BoT uTo mpom3soigeT npu MOMbITKE BCTABUTD CTPOKY:

test=> INSERT INTO t_person VALUES ('male', 'kaarel');
OWMBKA: HOBas CTpOKa HapywaeT MOJAMTMKY 3aluTbl HA YPOBHE CTPOK Ana Tabauupl "t_person”

[TockonbKy i1 KOMaHIbl INSERT HET IMOIUTUKM, Mbl €CTEeCTBEHHO IOayyaem
omn6Ky. Hiske mpuBeeHa MoMUTKa, pa3peliaioias BCTaBKY:

! HpI/IMEHeHI/Ie TIOJIUTUK HE CBOOUTCS K IIPOCTOMY ,E[O63.BJ'I€HI/IIO d)I/IJ'IprOBI YC/IOBMS TTOIN -

TUK TTPOBEPSIIOTCS] PaHbIlle OObIYHBIX YCJIOBUIA, UTOOBI MPEAOTBPATUTD YTEUKY 3alllMIIae-
MbIX JAaHHBIX Yepe3 IM0JIb30BaTeNbCKye QyHKIMn. — [TIpum. peo.
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test=# CREATE POLICY joe_pol_3

ON t_person

FOR INSERT TO joe

WITH CHECK (gender IN ('male', 'female'));
CREATE POLICY

Posut joe paspenieHo 706aBISITh B TAOIUILY 3aTIMCH O MY>KUMHAX U SKEHIMHAX

test=> INSERT INTO t_person VALUES ('female', 'maria');
INSERT 0 1

Ho ecTb 1OiBOX, KOTOPBIN M/UTIOCTPUPYETCS CIEAYIOIIUM ITPYMEPOM

test=> INSERT INTO t_person VALUES ('female', 'maria') RETURNING *;
OWMBKA: HOBas CTpOKa HapywaeT MOJMTMKY 3aWuTbl HA YPOBHE CTPOK Ana Tabauupl "t_person"

HarmoMHuM, 4TO OIpejeaeHa TOJIbKO MOMUTHKA it BbIGOpa 3aIniceil 0 My»KUM-
Hax. [Ipo6seMa B TOM, YTO 3Ta KOMaH/a BO3BpalaeT 3alyCh O KEHIIMHE, YTO 3a-
TMIpeIeHo.

®pasa RETURNING * 6ymeT paboTaTh, TOTHKO €CJIM BCTABJIEHA 3aIMCh O MY)KUMHE:

test=> INSERT INTO t_person VALUES ('male', 'max') RETURNING *;
gender | name

......... fonaaa-

male | max

(1 cTpoka)

INSERT 0 1

Eciu Takoe moBefieHMe HEXXeIaTeIbHO, TO HY)KHO HAIMCATh MOJIUTUKY C TTOIXO0-
nstiieit hppasoii USING.

MrPocMOTP NPAB

VHorma Heo6X0aMMO y3HaTh, KTO KaKMMM MIpaBaMy HafesleH. ATMUHMCTPATOpam
He06XOIMMO 3HATh, KTO UYTO MOXKET Je/iaTh. K coskasieH1io, 3TO HeIpoCTast polieny-
pa, Tpebyonias Koe-Kakux 3HaHMii. Boo6iie-To, s mpeIounTalo moIb30BaThCS KO-
MaH/IHOJ CTPOKOJi. HO B c/Iyuae cyCcTeMbl IIpaB MMeeT CMbIC/I IPMOerHyTh K rpadu-
yeckomy MHTEpdericy.

[Ipeskme ueM MpoIeMOHCTPUPOBATh UTeHue rpaB B PostgreSQL, HasHAuUMM ITpaBa
poiu joe, UTOGBI HA CJIEAYIOIIEM IlIare UX MOKHO ObLIO POCMOTPETD:

test=# GRANT ALL ON t_person TO joe;
GRANT

Iy mosyueHust HGOpMaIyu o IIpaBax MPUroauTCs KoMaHzaa \z B psql:

test=# \x

PacwnpeHHbIi BbIBOA BKJYEH.

test=# \z t_person

MpaBa poctyna

-[ RECORD 1 ]------ e
CxeMa | public

ma | t_person
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table
postgres=arwdDxt/postgres +
joe=arwdDxt/postgres

Tun
MpaBa poctyna

I
|
I
MpaBa ana cTtonbuos |
MoAMTHKK | joe_pol 1 (r):
| (u): (gender = 'male'::text)
| to: joe
| joe_pol 2 (r):
| (u): (gender IS NULL)
| to: joe
| joe_pol 3 (a):
| (c): (gender = ANY (ARRAY['male'::text, 'female'::text]))+
|  to: joe

+ + + + + + +

MbI BUAMM BCe MOMUTUKM, a TaKKe CBeJeHMs 0 TipaBax gocTtyna. K coxxaneHuio,
3TU COKpaIleHUs TPYJHO UNTATh, U Y MEHS TaKOe YyBCTBO, UTO He BCe aAMUHUCTpa-
TOPBI UX MTOHUMAIOT. B 3TOM mpumMepe posb joe momyumiia ot PostgreSQL mpasa arwd-
Dxt. UTO 3TO 0O3HauaeT?

a: COKpalleHue ot «appends», OTHOCUTCS K KoMaHe INSERT.

: COKpaleHue ot «reads», OTHOCUTCSI K KOMaHie SELECT.

: COKpalleHe OT «writes», OTHOCUTCSI K KoMaHe UPDATE.

: coKpalieHue ot «deletes», OTHOCUTCST K KOMaHIe DELETE.

: OTHOCUTCS K KoMaHe TRUNCATE (KOrza 9TO COKpalleHe BBOAMIOCh, OyKBa
t y>ke ObLIa 3aHSITA).

O X: OTHOCUTCS K CChUTKaM (BHELTHMM KJTIoUam).

O t: OTHOCUTCS K TPUTTEPAM.

Ect BbI He MOKeTe 3aITIOMHUTD 3T KOZbI, eCTh BTOPOJ CITOCOO MOAYYUTD MHPOP-
Maiuio B 6osiee yno60unTaEMOM BUIE:

test=# SELECT * FROM aclexplode('{joe=arwdDxt/postgres}');
grantor | grantee privilege_type | is_grantable

(ONONONON®)
O a = N

|
--------- T e LT
10 | 18481 | INSERT | f
10 | 18481 | SELECT | £
10 | 18481 | UPDATE | f
10 | 18481 | DELETE | f
10 | 18481 | TRUNCATE | f
10 | 18481 | REFERENCES | f
10 | 18481 | TRIGGER | f
(7 cTpok)

Kaxk Buaum, Ha6op IIpaB BO3BpaIlleH B BUE IIPOCTOI TabIMIIbI, KOTOpasl CYIIecT-
BEHHO 006Jiervyaer >kKmu3Hb.

MePEOAYA OBBEKTOB U YOANEHUE MOJIb30OBATENEN

BriBaeT, 4TO 13 CUCTEMBI HY)KHO YIAIUTD IT0b30BaTe/el. HeyauBuTeabHO, 4TO OIS
3TOM Lieu MpegHa3sHaYeHbl KoMaHabl DROP ROLE 1 DROP USER:
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test=# \h DROP ROLE

KomaHga: DROP ROLE

OnucaHue: yaaiuTb poab nosb3oBaTens bJ]
CuHTaKkCmnC:

DROP ROLE [ IF EXISTS ] wma [, ...]

[TorrpoGyem.

test=# DROP ROLE joe;

OWWBKA: ponb "joe" Henb3A yAanuTb, NOTOMY YTO €CTb 3aBUCAWME OT Hee O6beKThl
MOAPOBHOCTKN: cybbekT noanTukn joe_pol_3 ana Tabavusl t_person

cybbekT noamtuku joe_pol_2 ana Tabmvusl t_person

cybbekT nonntuku joe_pol_1 ana Tabauup t_person

npaBa joctyna K Tabauuye t_person

Bnageney tabauusl t_user

BNajeney nocnegoBaTenbHocTH t_user_id_seq

Bnajenel NpaB MO YMOAYaHMW HA HOBble OTHOWEHMA, MPpUHaANexauue posu joe B cxeme public
Bnageney tabauupl t_useful

PostgreSQL BbImaeT coobmieHnst 06 onmoKax, IOTOMY UTO [TOIb30BaTEJISI MOSKHO
YIIUTD, TOJILKO ITOC/Ie TOTO KaK y Hero oTo6paHo Bce. I B 3TOM eCTb CMBICI: MTPe/I-
CTaBbTe, YTO HEKTO BiiajeeT Tabmuiieit. Yo PostgreSQL ¢ aroit Tabnuiieit nenaTs?
Komy-To ke oHa Ao/IKHA TTPUHAIEXATD.

Yro6bI IepemaTh TAGIMUIIBI OT OZHOIO I0JIb30BATENSI IPYrOMY, BOCIIOIb3yEeMCS
KOMaH/ 1071 REASSIGN:

test=# \h REASSIGN
KomaHaa: REASSIGN OWNED
OnucaHve: CMeHUTb BRafesbla 06beKTOB 6asbl AaHHbIX, MPUHAANEXAWMX 3aJaHHOW poJM
CuHTaKCmnC:
REASSIGN OWNED BY { ctapas_poab | CURRENT_USER | SESSION_USER } [, ...]
TO { HoBas_ponb | CURRENT_USER | SESSION_USER }

CHUHTaAKCKC CHOBA OYeHb ITPOCTOI, ob1ervyaomuii mpouenypy nepegaun. Hampu-
mep:

test=# REASSIGN OWNED BY joe TO postgres;
REASSIGN OWNED

[Toripo6yem CHOBa YAIUTh POJIb joe:

test=# DROP ROLE joe;

OWMBKA: ponb "joe" Henb3s yAaAuMTb, MOTOMY YTO €CTb 3aBUCAWME OT Hee 0ObLEKTHI
MOAPOBHOCTW: cybwvekT noanTukm joe_pol_3 ans Tabmmupl t_person

cybbekT noamtuku joe_pol_2 ana Tabmvusl t_person

cybbekT noamtuku joe_pol_1 ana Tabmvusl t_person

npaBa goctyna k Tabauue t_person

BnajieNiel NpaB MO YMONYaHMK H3 HOBble OTHOWEHUS, MPpUHaANexaune posm joe B cxeme public

Kak Buaum, nmepeueHb mpobjaeM 3HAUYMUTETbHO COKpaTuics. Ham HyskHO paspe-
IIUTH VX TIO0YEPEIHO, a 3aTeM YIAIUTDb POib. Hi 0 KaKOM KOPOTKOM IYTM MHE He-
13BeCTHO. [TOBbICUTD 3(PHEKTUBHOCTH MOKHO TOJIBKO OJTHUM CIIOCO6G0M — BbIIaBaTh
KaK MOKHO MeHbIIIe IMpaB KOHKPeTHBIM JofsiM. [locTapaiTech cCOCpeqOTOUNUTD UX
B POJISIX, KOTOPBIM MOTYT HaC/IeI0BaTh MHOTME TTOb30BaTEMN.
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Pe3ioME

BesomnacHoCTb 6a3bl JaHHBIX — OOLIMPHAsS TeMa, 1 Ha 30 cTpaHuLaxX BPSII JIM MOKHO
OXBaTUTh BCe acIeKThl 6e3omacHocTy B PostgreSQL. MbI Jaxke He Kacaayuch TaKUX
Bemeit, Kak SELinux, 6e301acHOCTh BbI3bIBAIOIIETO M OIpEeNeNMBIIEro M MHOTOe
napyroe. Ho MbI y3HaIu 0 6OJBIIMHCTBE TUIIMYHBIX TIPO6IEM, C KOTOPBIMM CTaIKM-
BaIOTCS pa3spaboTUMKY 1 aIMUHUCTPATOPDI 6a3 JaHHBIX. MbI TAKKe paccKasasii, Kak
1306eKaTh OCHOBHBIX JIOBYIIIEK U CIeIaTh CUCTEMBI H0siee 6e30acHbBIMA.

B m1aBe 9 MbI GyieM 13y4uaTh pe3epBHOE KOIMPOBaHMe /i BOCCTAHOB/IEHNE.

Bonrochl

Kaxk HacTpouTts ceteBoii goctyn K PostgreSQL?

CylecTByeT Ba YPOBHSI HACTPOWKM CETEBOrO HOCTyma. B daiine postgresql.conf
(mapamertp listen_addresses) 3amaroTcs afgpeca IMPUBSA3KU U KOJIMYECTBO YIaJTeHHbIX
MTONK/TIOUeHNI K 6a3e maHHBIX. B ¢aiine pg_hba.conf HacTpauBaeTcs ayTeHTU(MKA-
LIV CeTeBbIX coeVHeHMI. [IJish pa3HbIX Auana3oHoB [P-aipecoB KiMeHTa MOTYT 3a-
laBaTbCs pas3Hble IMpaBuia.

YTto Takoe ojib30BaTelb U pOJIb?

PasHuipl Mexxay Moab3oBaTe/eM M POIbI0 MOUTY HeT. [ posiy Mo yMOMTYaHUIO
npezronaraeTcs pesxyum NOLOGIN, a 711 ITo/Ib30BaTeJIs 3TO He TaK. Bo Bcex ocTambHbIX
OTHOIIEHMSIX POJIb M T10JIb30BATEIb — OHO U TO 3KeE.

Kak nsmeHUTb Naposib?
OuyeHb IPOCTO — BOCIIOJIb3YiiTeCh KOMaH 0 ALTER USER:

test=# ALTER USER hs PASSWORD 'abc';
ALTER ROLE

VimeiiTe B BUIY, YTO Iapoyiy HeoOs13aTebHO XpaHaTcs B PostgreSQL. Eciu BbI mc-
Tob3yeTe ayTeHTUGUKammo yepes LDAP uau ele Kakoii-TO BHEIITHUI METOI, TO
naposnb Ha cTopoHe LDAP He n3MeHUTCS.

Yo Takoe 6e30MacHOCTh HA YPOBHE CTPOK?

9TO BO3MOKHOCTh OTPAaHMUYUTH AOCTYII TIOJb30BaTENEl K COAEPKUMOMY TaOINIIbI.
Hampumep, monb30BaTenio joe MOXKET ObITh pa3pelleHO BUAETh TOMBKO 3aIncy
0 JKeHIIMHAX, a TT0JIb30BATEJTI0 jane — TOIBKO 3aMMICH O MY>KUMHax. Takum o6pasom,
6e30ITaCHOCTb HA YPOBHE CTPOK CBOAUTCST K GUIIBTPY, IPUHYAUTETBHO ITPUMeEHsIe-
MOMY K Tab/IuIIe C Ie/IbI0 OTPaHMYEHNSI MHOKECTBA CTPOK, TOCTYITHBIX MOTh30Ba-
TeJII0.
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PesepBHOe KonupoBaHue
U BOCCTAHOBJIEHUE

B m1aBe 8 MbI y3Ha/IM O TOM, KaK 00ecreunTsb 6e30macHoOCTh PostgreSQL B TUITMUHBIX
CUTyalysIX. JTa [7laBa MOCBSIEeHa Pe3epPBHOMY KOMMPOBAHMUIO ¥ BOCCTAHOBJIEHMUIO.
BoINONHATH pe3epBHOE KOMMPOBaHMe CJlefyeT PETYISIPHO, M K&KI I afMUHUCTPATOP
JOJDKeH BHMMATEeIbHO CIeIUTD 3a 3TOM XXKM3HEHHO BayKHOM JlesiTeIbHOCTBIO. [1o cua-
CTh10, PostgreSQL npenocTaBiiseT POCTble CPeLCTBA CO34aHMS pe3ePBHbBIX KOMUIA.

B aT0J1 IM1aBe paccMaTpUBAIOTCS C/IefyI0llye BOIIPOCHI:
nporpamma pg_dump;
YacTUYHAas BbITPy3Ka JaHHBIX;
BOCCTaHOBJIEHME U3 Pe3ePBHOJ KOIINY;
pacrnapajuie/iMBaHue;
coXpaHeHMe TVI06ATbHBIX TaHHBIX.

[TpounTas 3Ty I71aBy, Bbl CMOKETE ITPaBUIbHO HACTPOUTh MeXaHM3Mbl Pe3epBHO-
IO KONMPOBaHUS.

0000

MPOCTAS BbIFPY3KA

Cyl1ecTByeT Ba OCHOBHbBIX METO/,A Pe3ePBHOT0 KOMIMPOBAHMSI:

O normueckue Konuu (BeIrpy3Ka SQL-CKpHUIITa, IpeCTaB/ISIIONIEr0 JaHHbIe);

O TpaHWISLMS XKyPHATOB TPaH3aKI[MiA.

Mnmes TpaHCISIMY JKyPHAIOB 3aK/IF0OYAETCS B TOM, YTOOBI B ABOMYHOM BUJIE apXU-
BMPOBATh M3MEHEeHUs, ITpou3olienie B 6a3e. BOIbIIMHCTBO MMOIb30BATENIEl CUM-
TaeT, UTO TPAHC/ISIIMS JKYPHAIOB TPAH3aKIMii — eIMHCTBEHHbBIN peasbHbIA Cr1ocob
pe3epBHOro KonMpoBaHus. Ho, Ha MOJi B3IVISIA, 3TO He BCeraa Tak.

MHoOTMe TONb3YIOTCS MTPOrpaMMOit pg_dump, YTOOBI BHITPY3UTh TEKCTOBOE ITPE]T -
CTaBJIeHMe JTaHHbIX. VIHTepecHo, UTO pg_dump — 9TO CaMbIii CTapblii CIIOCOO pe3eps-
HOTO KOIMPOBAHMS, CYIeCTBOBABILNMIL C MOMEHTa Cco3aaHus IpoekTa PostgreSQL
(TpaHCISAIMS KYPHAJIOB TpaH3aKUMi Oblia Job6aBjieHa ropasmo 1mosske). Kaskmobrit
agMuHKcTpaTop PostgreSQL paHO MM MO3OHO CTanKMBAeTCsl C pg_dump, IIOSTOMY
Ba)KHO 3HATh, KaK OHA PaboTaeT 1 UTO /eJaer.
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3anyck pg_dump
Iy Havaja co3aaA/M IIPOCTYIO TEKCTOBYIO BBIIPY3KY:
[hs@linuxpc ~]$ pg_dump test > /tmp/dump.sql

JTo camasi IPMMUTMBHAs pe3epBHasi KOs, KOTOPYIO TOJIbKO MOXHO TpeJicTa-
BUTh. [Iporpamma pg_dump 3aXOOUT Ha JIOKAIbHBIN SK3eMIUISIP 6a3bl JaHHBIX, ITOA-
KITI0YaeTcs K 6a3e test ¥ HAUMHAET BbIOMPATH BCe JaHHbIE, KOTOPbIE 3aTEM OTIIPaB-
JITIOTCSI Ha CTAHJAPTHBIN BHIBOJ, U TIepeHaIpaBIsioTcs B ¢aiii. [IpenecTsb B TOM, UTO
CTaH[AaPTHBIN BBIBO, MIPEIOCTABIISET BCIO 'MOKOCTh cucTeMbl Unix. [JaHHbIE JIETKO
MOXXHO CKaTh, TOOABUB COOTBETCTBYIOIIYIO ITPOrPaMMy B KOHBETep, 1 BOOOIIE cie-
JIaTh C HUMU BCe, UTO YTOAHO.

WHorma TpebyeTcst 3aIyCTUTD pg_dump OT MMEHM JPYToro Moib30BaTess. Bee Kim-
eHTcKue rmporpamMmmbl PostgreSQL roaaep>kuBaroT eyHbIii HA6Op IMapaMeTpoB JIJIst
3agaHus MHGOpMAaIMK O TIoTb30BaTese. UTOOBI MPOCTO YKa3aThb I0Ib30BaTes, BOC-
MoJb3yiiTech darom -U:

[hs@linuxpc ~]$ pg_dump -U whatever_powerful_user test > /tmp/dump.sql

Huke mepeuncieHbl apameTpbl, IPUCYTCTBYOIIME BO BCEX KAMEHTCKUX IPO-
rpammax PostgreSQL:

MapameTpbl NOAKINYEHNA

-d, --dbname=b[ “MA 6a3bl AaHHLIX AA BbIFpPY3KK

-h, --host=nMa “MA cepBepa 6asbl AAHHLIX WAM KATasor COKeTOB

-p, --port=MoPT Homep nopTa cepsepa bJl

-U, --username=MMf vma nonb3oBaTens 6a3 AaHHbIX

-W, --no-password He 3anpawMBaTb NMaponb

-W, --password 3anpaumBaTh naposib Bcerga (obbuHO He Tpebyetca)
- -role=ROLENAME BbinosHMTL SET ROLE nepep Bbirpy3Kom

BbI coobraeTe He06X0AMMYI0 MHGOPMAINIO pg_dump, ¥ €CIM Y BacC JOCTaTOYHO
npaB, To PostgreSQL BbIOMpaeT gaHHbIE. BaskHO MOHMMATh, KaK IIporpaMMa pa-
6oraeT Ha camoM Jee. OHa MOAK/IIOUAETCS K 6ase MaHHbBIX M HAUMHAET OOJIBIIYIO
TpaH3aKIMIO C YPOBHEM M30JsIMM REPEATABLE READ, KOTOpasi UMTaeT BCE JTaHHbIE.
Hanomuwum, uto B 3TOM ciaydyae PostgreSQL co3maeT HEIPOTUBOPEUYUBBINI CHUMOK
IlaHHBIX, KOTOPbIii He M3MeHSIeTCsI Ha BCeM MPOTSKeHUM TpaH3akuyuu. UHbIMU CJ10-
BaMU, KOIIMSI OYyIeT COIIAaCOBAaHHOM — HM OJHO OTpaHMYEeHMe BHEITHETrOo K/IIoua He
6ymeT HapyuieHo. Ha BbIXO/ie TTOTyYMTCSI CHUMOK, OTPaskaloIIyii COCTOSTHME TaHHbIX
Ha MOMEHT Hauajia BbIrpy3ku. COmIacOBaHHOCTh — 3TO KJ/IHOueBoe cjioBo. OTcioma
CJIe[lyeT, UTO HMKaKMe M3MeHeHMs JaHHbIX, TPOU3BeleHHbIe BO BPeMS BbITPY3KH,
He MoMnagyT B KOIMUIO.

I'IporpaMMa pg_dump NpoCTO YMTAET BCE NoApand, MO3TOMY HUKAKUX CnelnanbHbIX paspelle-
HUI Ha BbIFPY3KY HE HYXHO. Ecnu Bbl MOXeTe unTaTb, TO MOXETE TaKXKe CO34aTb pe3epBHyHO
KOMUIHo.
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OTMeTHM TaKKe, YTO IT0 YMOJTYAHUIO BBITPY3Ka ITPOM3BOIUTCS B TEKCTOBOM (hop-
MaTe. DTO 03HAYAeT, UTO MOKHO CITOKOIHO BBIrpy3UTh maHHblie B OC Solaris u me-
peHecTM UX Ha MalllMHY C APYroii apXMUTEeKTypoil rpoiieccopa. B ciyuae 4BOMYHBIX
KOITMIT TaKOe, OUEBUTHO, HEBO3MOYKHO, TIOTOMY UTO (pOpMaT JaHHBIX Ha IMCKe 3a-
BUCUT OT apXUTEKTYPBI MIpOLieccopa.

3apaHue napons u uHGopMaLMM 0 NOAKAIOUYEHUU

O6paTuTe BHMMAaHME, YTO Cpeny IapaMeTpOB MOIK/IIOUEHMUS, IepeulcIeHHbIX
B IIpeIbIaYIIEeM pa3jeie, HeT rmapossi. MoXHO 3aTpeboBaTh IpUI/IallieHue AJ1s1 BBO-
Ila T1apoJisi, HO HeJIb3s 3a4aTh €ero B KOMaHIHO cTpoke pg_dump. IIpyumHa B TOM, UTO
IapoJIb IIPUCYTCTBOBAJI ObI B TAOJIMIIE ITPOLIECCOB, BUAMMOI OpyTrUM JroasaM. Torma
BO3HMKAeT BOIIPOC: ecIM B HaxoJsIeMcsl Ha cepBepe aiise pg_hba.conf ykasaHo,
YTO MapoJib HeOOXOAVM, TO KaK IlepeaaTh ero KJIMeHTCKOI mporpamme?

EcTh pasHble croco6bl. BOT HEKOTOpBIe U3 HUX:

O B mepeMeHHOV OKPYKeHMUS;

O B (aiie .pgpass;

O B (ailse CIysKOBI.

Ilajsiee MbI paCCMOTPUM BCE TPU.

HUcnonv3oeaHue NEePeMEHHbIX OKPYHCEeHUS
IlepeMeHHbIE OKPYKEHUSI — OJMH M3 CIIOCOOOB TMEpenaTh MporpaMme pasauuHbIe
napameTpsl. Eciu HekoTopas nHbopMaIys He repegaHa pg_dump IBHO, TO IIPOTpaM-
Ma OyIeT UCKaTh ee B IIpeloIpee/IeHHbIX ITlepeMeHHbIX OKpykeHMsI. CIIMCOK BCex
TaKUX MepeMeHHbIX TpUBeNeH Ha crpaHuue https://www.postgresqgl.org/docs/11/
static/libpg-envars.html'.

Hiuke mepeuncieHbl HEKOTOPbIe ITepeMeHHbIe OKPYKeHMSI, KOTOPbIe OOBIUYHO MC-
TOIBb3YIOTCS JIJISI pe€3€PBHOT0 KOTIMPOBAHMUSI:

O PGHOST: ompefensieT, K KAKOMY cepBepy MOJK/IIUaThCS;

O PGPORT: onpepensieT HoMep ucnonabzyemoro TCP-miopra;

QO PGUSER: 3amiaeT MM II0OJIb30BaTEJIS ;

O PGPASSWORD: 3amaeT maposb;

O  PGDATABASE: ompezesnisieT MMs 6a3bl JaHHBIX, K KOTOPOI HYSKHO MTOIK/TIOUNUTDCS.

[TpenMyIIecTBO 3TUX MEPEMEHHBIX B TOM, UTO I1apojib He OyIeT IMOSIBISTHCS
B Tabuile mpoiieccoB. Ho 9To elie He Bce. PaccMOTpuM mpumep:

psgl -U ... -h ... -p ... -d ...

[IpencraBbTe, YTO BbI CUCTEMHBII aAMUHUCTPATOP. 3aX0UETCSI BaM HaOMpPaTh 9Ty
IJIVHHYIO CTPOKY IT0 MHOTY pa3 KaxKblii JeHb? Eciv BbI Bcerma paboraeTe ¢ OGHUM
cepBepoM, TO MPOCTO YCTAHOBUTE MepeMeHHbIe OKPYKeHUS I BBOJUTE TOIbKO CTPO-
Ky psql. Hiske rmokasaHo, Kak 3TO CoenaTh:

[hs@linuxpc ~]$ export PGHOST=localhost
[hs@linuxpc ~]$ export PGUSER=hs

1

Ha pycckom sa3bike https://postgrespro.ru/docs/postgresql/11/libpg-envars. — IIpum. nepes.


https://www.postgresql.org/docs/11/static/libpq-envars.html
https://www.postgresql.org/docs/11/static/libpq-envars.html
https://postgrespro.ru/docs/postgresql/11/libpq-envars
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[hs@linuxpc ~]$ export PGPASSWORD=abc
[hs@linuxpc ~]$ export PGPORT=5432
[hs@linuxpc ~]$ export PGDATABASE=test
[hs@linuxpc ~]$ psql

psql (11.0)

Beegute "help", uTOObI MOAYYMTL CMpaBKy.

Kak Buaum, mapaMeTpbl KOMaHIHOM CTPOKM OOJIbIIIE HE HYKHBI.

Bce npunoxeHus, 0CHOBaHHble HA CTaHOAPTHOM KnueHTckon Gubnunoteke PostgreSQOL, Ha-
nucaHHoi Ha C (Libpqg), NTOHMMALOT 3TU NepeMeHHbIe OKPYXKEHUS, MO3TOMY UX MOXHO MUCMOSb-
30BaTb He TONbKO B psql U pg_dump, HO U BO MHOTUX APYTrMX NPUNOXKEHUSIX.

Hcnonv3oeanue ¢paiinoe .pgpass

OueHb yacTo MHMOPMAINIO O MOAKIIOUEHNM XPaHST B ¢aiiiax .pgpass. Mmes mpoc-
Ta: IIOMECTUTEe B CBO JOMAIIHMII KaTasor (aiia .pgpass, comepskailuii Bce mapa-
MeTpbl coefiuHeHMs. DopmaT 0ueHb ITPOCTOA:

“Msi_CepBepa:nopT:6a3a_AaHHbIX : MMA_N0/b30BATeNN : Naposib
Hampumep:
192.168.0.45:5432:mydb:xy:abc

PostgreSQL mpepjiaraeT JOMOJIHUATENbHYIO QYHKIMOHAIBHOCTD, paspeliast moJis,
cofepsKkalye 3Be3104Ky ¥, Harpumep:

* ik kixyiabc

3mech 3Be3IOUKM 03HAYAIOT, YTO Ha JIIO60M cepBepe, IIpH JII0O0M HOMepe TopTa,
IU1s1 1106071 6a3bl TaHHBIX MTOJIb30BATENb Xy OYIET MCITONb30BaTh Mapoib abc. Post-
greSQL 6ymeT ncIoyib30BaTh (Gaiil . pgpass, TOIbKO eC/I IJIsI HETO 3aJaHbl [TPaBUIIb-
Hble paBa JOoCTyIIa:

chmod 0600 ~/.pgpass

daitn .pgpass MOXKHO MCIoMb30BaTh M B Windows. B aToM crydae myTh K HEMY
JIOJDKEH MMeTb B, %APPDATA%\postgresql\pgpass.conf.

Hcnonv3oeanue ¢paiina ciy oot
Ho .pgpass — He eAVMHCTBEHHbII (aiis, O3B0 PeIIUTb 3a7auy. MOsKHO Takoke
BOCIIOJIb30BAThCS (aiiiioM cryskOb1. Eciv BbI cOGMpaeTech Bce BpeMsI ITOAK/ITI0YAThCS
K OTHMM M TeM Ke cepBepam, TO MOXeTe co3aaTh daiti .pg_service.conf, 3amnucas
B HETO BCI0 HEOOXOIMMYIO MH(POPMAIIUIO.

Huke nmpuBemen npumMep daiina .pg_service.conf:

Mac:~ hs$ cat .pg_service.conf
# npumep Cayx6ol

[hansservice]

host=1ocalhost

port=5432

dbname=test

user=hs
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password=abc

[paulservice]
host=192.168.0.45
port=5432
dbname=xyz
user=paul
password=cde

TSt MOKITIOUEeHM S K JTF0601 13 MTepeurCIeHHBIX CTYKO MPOCTO YCTAaHOBUTE TIEepe-
MEHHYIO OKPY>KEHUS :

iMac:~ hs$ export PGSERVICE=hansservice

Terlepb MOJKHO ITIOOK/IIOYAaTbCs, He IepeaaBasi mapaMeTpPbl psql:
iMac:~ hs$ psql
psql (11.0)
Beeagute "help", uTo6bH MOAYYNTbL CMpPaBKY.
test=#

MO>KHO BMeCTO 3TOTO CAe/iaTh TaK:

psql service=hansservice

UsBneueHne NOAMHOXECTBA AaHHbIX

ITo cMX ITOP MbI TOBOPMJIM O TOM, KaK BBITPY3UTh 633y JaHHBIX HIeMKoM. OTHAKO He
BCerma 3To Heobxoaumo. VHorma TpeGyeTcs M3BJIeUb JIMIITb ITOAMHOKECTBO TaOJINL]
mau cxeM. K cuacTbio, pg_dump IIOMOSKET M B 9TOM — C ITOMOIIIbIO 11100 psiga ¢Jiaros:
-a: BBITPY’KATh TOJIBKO CaMM [JAHHbIE, HO He CTPYKTYPY 6asbl;
-S: BBITPY’KATh TOJIBKO CTPYKTYPY 6a3bl, HO HE CaMyi JaHHbIE;
-n: BBITPYKATh TOJIBKO OIPeIe/IeHHbIE CXeMBI;
-N: BBITPY’KaTh BCE, KPOME OIpe/IeJIeHHbIX CXeM;
-t: BBITPY’KATh TOJIBKO OIpeIe/IeHHbIe TabINIIbI;
-T: BBITPY>KATh BCE, KPOME OIpeeIeHHbIX TA0/INII (9TO II0Ie3HO, eC/IM MbI XO-
TUM VCKTIOUNUTD TaOIMIIbI JKYPHAJIOB U T. I1.).

YacTuuHas BHITPY3Ka TAKKe IM03BOJISIET 3HAUMTEIbHO COKPATUTh BPeMS KOIIMPO-
BaHUS.

(ONONCNORONE)

(DoPMATbI PE3EPBHOM KOMWK

Ilo cuX TIOp MbI pacCMaTPUBAIN UCIIONIb30BaHMe pg_dump JIJIST CO3MaHMUS TEKCTOBBIX
(aitnos. ITpobema B TOM, UYTO TEKCTOBBI (aiil MOXKHO BOCCTAHOBUTD TOJIBKO Iie-
JIMKOM. EC/i MbI COXpaHWIIM KOITMIO BCeit 6a3bl, TO ¥ BOCCTAHOBUTD CMOSKEM TOJIBKO
BcIo 6a3y. Ho 06bIYHO HaM HYKHO He 3T0. [Toatomy PostgreSQL rpepjaraet apyrue
dhopMbl, 061amaoNe JOMOTHUTEIbHOM (PYHKIVMOHATBHOCTDIO.

B HacTosIee BpeMs IOIIep>KUBaeTCs yeTohipe opmara:

-F, --format=c|d|t|p ¢opmaT BbIBOAMMBIX AaHHbIX (MOJb30BATENbCKWW, KaTanor, tar,
TEKCTOBLIA(MO YMOAYaHMK))
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TekcToBbIit hopMat Mbl yske Buaenu. CylecTByeT TakKe M0JIb30BaTenbCKuii hop-
MaT. DTO CKaTasl KOMus C BKIOUEHHBIM OraBieHreM. ECTh 1Ba crocoba co3maTh
KOIIMIO B MTOJIb30BaTeIbCKOM opmare:

[hs@linuxpc ~]$ pg_dump -Fc test > /tmp/dump.fc
[hs@linuxpc ~]$ pg_dump -Fc test -f /tmp/dump.fc

[TomuMmoO or/IaBAeHMS, y CKATOI KOIMUU eCTh ellle OHO JOCTOMHCTBO — OHA ropas-
0 MeHbIie. Kak rmpaBusio, KOIus B IT0JIb30BaTeIbCKOM (popmate mpumepHo Ha 90 %
MeHbIlle pa3Mepa MCXOOHbIX GaiiyioB 6a3bl JaHHbIX. KOHEUHO, BCe 3aBUCUT OT KO-
JIMYECTBA MHIEKCOB, HO JIJIs1 GOJIbIIMHCTBA MIPUIOKEHMIT 9Ta rpybast OlleHKa BepHa.

Co31aB KOMMI0, Mbl MOXKEM ITPOCMOTPETD cofepskumMoe daiina:

[hs@linuxpc ~]$ pg_restore --list /tmp/dump.fc
; Archive created at 2018-11-04 15:44:56 CET
;  dbname: test

;5 TOC Entries: 18

; Compression: -1

;5 Dump Version: 1.12-0

; Format: CUSTOM

;5 Integer: 4 bytes

;  Offset: 8 bytes

; Dumped from database version: 11.0

; Dumped by pg_dump version: 11.0

; Selected TOC Entries:

3103; 1262 16384 DATABASE - test hs

3; 2615 2200 SCHEMA - public hs

3104; 0 O COMMENT - SCHEMA public hs
1; 3079 13350 EXTENSION - plpgsql
3105; 0 0 COMMENT - EXTENSION plpgsql
187; 1259 16391 TABLE public t_test hs

Komanza pg_restore --1ist Bo3BpailiaeT orasjieHne pe3epBHOM KOIMNA.

[Tonb3oBaTenbckuit hopmat XOpoUI TeM, YTO pa3Mep Komuu yMmeHbliaeTcsi. Ho
3TO ele He Bce: KOMaHa ¢ (arom -Fd cozgaeT Komuio B (popmare KaTauora, T. e.
BMECTO OHOTO (aiijia MbI ITOJTyyaeM KaTajor, ComepsKalimii HeCKOIbKO (haiiioB:

[hs@linuxpc ~]$ mkdir /tmp/backup

[hs@linuxpc ~]$ pg_dump -Fd test -f /tmp/backup/
[hs@linuxpc ~]$ cd /tmp/backup/

[hs@linuxpc backup]$ 1s -1lh

total 86M

-rw-rw-r--. 1 hs hs 85M Jan 4 15:54 3095.dat.gz
-rw-rw-r--. 1 hs hs 107 Jan 4 15:54 3096.dat.gz
-rw-rw-r--. 1 hs hs 740K Jan 4 15:54 3097.dat.gz
-rw-rw-r--. 1 hs hs 39 Jan 4 15:54 3098.dat.gz
-rw-rw-r--. 1 hs hs 4.3K Jan 4 15:54 toc.dat
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OnHO U3 MPEeMMYIIeCTB TaKOro PekuMa 3aK/II0UaeTcsl B TOM, UTO JIJIST CO3/TaHMs
KOIIMM MOXHO 3aJ1e/iICTBOBATh HECKOJIbKO SIAep, TOTAA KaK KOIMSI B TEKCTOBOM WJIN
I10JIb30BATEIHCKOM (pOpMaTe CO3IAeTCsI OTHMM SIAPOM. B mpumMepe HiKe ITOKa3aHo,
KakK CKa3aTb pg_dump, UYTO HY>KHO MCII0Ib30BaTh YeThIpe si/ipa (3aaHus):

[hs@linuxpc backup]$ rm -rf *
[hs@linuxpc backup]$ pg_dump -Fd test -f /tmp/backup/ -j 4

0 YeM Bonblie 06beKkTOB B 6a3e AaHHbIX, TEM Honblle BEpPOATHOCTb YCKOpEeHUA npouecca.

BOCCTAHOBNEHME M3 PE3EPBHOM KOMWUK

Hannune pesepBHOI KOMyM He MMeNO ObI CMbIC/IA, €CIM Obl He MOIJIM BOCCTAHO-
BUTH U3 Hee Oa3y JaHHbBIX. K cUuacTbio, 9TO JIerKo caenath. Eciy Komms co3gaBanach
B TEKCTOBOM (hopMaTe, TO HY>KHO ITPOCTO BBITOJHUTD SQL-cIieHapuii:

psql your_db < your_file.sql

[T BOCCTaHOBJIEHMST 13 KOIIMY B TOJIb30BaTEIbCKOM (opmaTe mwin B popmaTte
KaTajiora CTy>KUT KOMaH/1a pg_restore. Y Hee eCTh MHOTO TOTIONTHATEIbHBIX BO3MOXK-
HOCTe1, HarpuMep BOCCTAHOBJIEHME YacTy 06a3bl JaHHBIX U T. 1. Ho ualie BCero Ml
BOCCTaHaB/IMBaeM 6a3y LeIMKOM. B cremyioiieM mpumepe Mbl CO37aeM IyCTyio 6asy
IAHHBIX ¥ BOCCTAHAB/IMBAEM B Hee KOIMIO B I0JIb30BaTEIbCKOM (opmaTe:

[hs@linuxpc backup]$ createdb new_db
[hs@linuxpc backup]$ pg_restore -d new db -j 4 /tmp/dump.fc

OTMeTUM, UTO pg_restore MOOaBIISIET TaHHBIE B CYIIECTBYIONIYIO 6a3y. Ecii 6asa
He ITyCTa, TO pg_restore MOXKeT BbIIABaTh COOOIIEHMs 00 OLIMOKAX, HO MIPU 3TOM
MIPOIOJIKUT PaboTy.

@ar -j Mo3BOJISIET 3aITyCTUTb HECKOJIBKO ITPOIeCCOB. B JTaHHOM citydae 1jist BOC-
CTAHOBJIEHUS 3a/IeJiCTBOBAHO UeThIpe SIApa, HO CMBICJI B 3TOM €CTh TOJIbKO TOI/A,
KOI/Ia BOCCTAHOBJIEHUIO MTOJIEXKUT 60jIee OJHO TabIuIIbl.

0 Ecnu konus cospaHa B (bopMaTe KaTanora, T0 HYXKHO nepeaatb M4 KaTanora, a He q)aﬁna.

C TOYKM 3peHMs TPOU3BOIUTENILHOCTH, pe3ePBHbIE KON XOPOIIIN, €CIM MbI pa-
60TaeM C TaHHBIMM HEOGOJIBIIOTO WIN CpegHero o6bemMa. Y HUX IBa OCHOBHBIX He-
JocTaTKa:

O MbI MojyyaeM MIHOBEHHBII CHMMOK, T. €. BCe M3MeHeHNs, IPOU3BeIeHHbIe

C MOMEHTa Hauajia KOIMPOBAaHMUSI, TEPSIIOTCS;

O BOCCTAaHOBJIEHME BBIIPYKEHHbIX JaHHBIX IIPOMUCXOOUT Me/IJIEHHO, 110 CpaBHe-
HUIO C IBOMYHBIMM KOTIMSIMM, TIOTOMY YTO HEOOXOIMMO IepecTpanuBaTh BCe
MHIEKCHI.

Co3paHne ABOMYHBIX KO Mbl paCCMOTPUM B I1ase 10.
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COXPAHEHME IMOBANIbHBIX AAHHbIX

Brilire MbI paccMOTpesiu MporpamMmmbl pg_dump U pg_restore, IpMMeHsIeMbIe B IPOLieC-
ce pe3epBHOTO KOMmMpoBaHus. OTMETUM, UTO pg_dump BBITPYKAeT TOJIBKO OIHY 6a3y
IaHHBbIX. ECJIM MBI XOTUM CO3aTh pe3ePBHYIO KOIIMIO BCETO SK3EMILISIPA, TO HY’KHO
BOCITOJIb30BATbCS MTPOTPaMMOii pg_dumpall MM BBITPYKATh 6asbl MO OTOEIbHOCTH!.
IIJis HauajIa MOCMOTPHUM, Kak paboTtaet pg_dumpall:

pg_dumpall > /tmp/all.sql

[Tporpamma pg_dumpall moouepesHO IMOAKIIIOUAETCS K KaKI0i 6a3e ¥ OTIIpaBiIsieT
JlaHHbIEe HA CTAHJApPTHBIN BBIXO[, TAK UTO Mbl MOXXeM 06paboTaTh X CpPeICTBaMMU
Unix. Ho, B osinune oT pg_dump, y pg_dumpall ecTb HegocTaTku. OHa He MO Iep>K1uBa-
eT HU TT0/Ib30BaTeNbckuii hopMmat, Hu hopMaT KaTaaora, T03TOMY BOCII0/Ib30BaThCSI
Haau4MeM HeCKOJIbKMX sSAep HeBO3MOXXHO — BCe KOMMPOBaHMe MPOMU3BOAUTCS Of-
HMM IIPOIECCOM.

OnHaxko y pg_dumpall ecTh B 3amace Koe-uto ele. [Ipy co3manny 0ObIYHOM KOIIUM
6a3bI JAHHBIX COXPAHSIIOTCS BCe TTpaBa, HO He KOMaHIbl CREATE USER. DT 2100a16Hble
JaHHbIe He BKIIOYAIOTCS B OOBIYHYIO KOIMIO, X MOSKET M3BJI€Ub TOJIbKO pg_dumpall.

Eciiu HY>KHBI TOTBKO I7106aIbHbIe JaHHbIe, 3amycTuTe pg_dumpall ¢ darom -g:

pg_dumpall -g > /tmp/globals.sql

B GONMBIIMHCTBE CJIyYaeB JJIsSI CO3MaHMSI Pe3ePBHONM KOMMUM SK3EMIUISIpa MOKHO
06'I)e,ElI/IHI/ITb pg_dumpall -g C KOIMMpPOBAaHMEM B II0JIb30BATEJIbCKOM d)opMaTe nJin
(bopMaTe KaTajora. HpOCTOI‘/JI CKPHUIIT MOT OBbI BBIIVIAOETDb CJIeAYIOIIMM o6pa30M:
#!/bin/sh
BACKUP_DIR=/tmp/
pg_dumpall -g > $BACKUP_DIR/globals.sql
for x in $(psql -c "SELECT datname FROM pg_database

WHERE datname NOT IN ('postgres', 'template@', 'templatel')" postgres -A -t)
do
pg_dump -Fc $x > SBACKUP_DIR/$x.fc done

OTOT CKPUIIT CHava/ia BBIFPYKaeT MIOOaJbHbIe NAaHHBIE, a 3aTeM Iepebupaer
B I[MKJIe BCce 6a3bl JAHHBIX, BBITPYKAs MX B MTOJIb30BATEIbLCKOM (hopMare.

PEe3ioME

B 21011 r11aBe Mbl y3HAMM O CO34,aHUM pe3epPBHBIX Konuii. [Toka 4To Mbl HE TOBOPUIN
0 IBOMYHBIX KOIIMSIX, HO YK€ yMeeM IT0JTy4aTh OT cepBepa KO B TEKCTOBOM (op-
MaTe ¥ BOCCTaHABIMBATh M3 HUX JAaHHbIE CAMBIM IIPOCTHIM CITOCOO0M.

B rnaBe 10 mMbl pacckaXkeM O TPaHWISILMM KYPHAJIOB TpaH3aKLUii, IOTOKOBO
peruiMKanuy U IBOMUHBIX pe3epPBHBIX KoNusIX. Mbl Takke y3HaeM, KaK UCI0JIb30-
BaTh BKIIOUeHHbIe B PostgreSQL MHCTPYMEHTHI [J151 peTIUKAIUY SK3€MILISIPOB.



254 < PesepBHOe KONMpPOBaHME M BOCCTAHOBNEHME

Bonrochl

Bcerpa i1u ciemyer co3maBaTh pe3epBHbIe KOMum?

Ecnu 6a3a JaHHBIX OTHOCUTEIBHO Maja, TO pe3epBHOe KOMMPOBaHue, 6e3yCI0BHO,
umeeT cMbIcI. Ho eciiut 6a3a orpomHa (> XXX I'B), To co3maTh pe3epBHYIO KOO He
BCerga MpakTUyeCcky BO3MOXKHO M HYKHO MCIIOIb30BaTh IPyTMe CpelcTBa (apXu-
BalMio XypHaioB mpexpsanucu — WAL). Crnenyet Takke IOMHUTB, YTO pe3epBHOE
KOIMPOBaHME JTaeT JINIIb MIHOBEHHbIV CHMMOK JAHHBIX M He 06ecIrieuynBaeT BOC-
CTaHOBJIEHNE Ha ONpe/ie/ieHHbIVi MOMEHT BpeMeHM. [I03TOMyY ero jyyiiie paccmart-
PUBAaTh KakK IOIIOJHUTEIbHOE CPEeCTBO, a He 3aMeHy apxuBauyy WAL.

IMouemy ¢aityibl pe3epBHBIX KOIIMI TaKue MajleHbKue?

CskaTast pe3epBHast KOS 00bIYHO MpUMePHO B 10 pa3 MeHbIIIe MCXOIHO 6a3bl JaH-
HbIX. [IpMUMHa B TOM, UYTO B 6a3€e XpaHsSITCS MHIEKChI, a B KOIUM — TOJIBKO CaMM TaH-
Hble U ompeneneHus uHIekcoB. Kpome toro, PostgreSQL XpaHUT HOMOMHUTETbHbIE
MeTaJaHHbIe, HAlIpMMep 3aTr0JIOBKM KOPTesKeii, KOTOpble TOXKE 3aHMMAIOT MECTO.

Hy>KHO /iy KOIMPOBaTh TaKKe INI00a/IbHbIEe TaHHbIe?
Ila, 6e3ycJIOBHO.

Be3omnaceH iu daiin .pgpass?

Ia. Eciy mpaBa JOCTYIIa YCTaHOBJIEHbBI MIPaBMIbHO, TO (baiis .pgpass COBEPIIEHHO
6esomaceH. K TomMy sKe IOCyauTe camy: KOMIIbIOTED, C KOTOPOIO 3aIlyCKaeTcsl pe-
3epBHOE KOMMPOBaHIe IPyroii 6a3bl JaHHbIX, JOJDKEH paciiojiarath Beei nHdopma-
Lyeli, HeoOXOAMMOJ IJ1s1 TIOAK/IIoueHMs K 6ase. M He BaskHO, B KaKoM opmare 3Ta
MHGOPMAIINS XPAHUTCS.



masa 1.0

PesepBHOe KonupoBaHue
U pensiMkaums

B rnmaBe 9 Mbl MHOroe y3Haau O pe3epBHOM KOMMPOBAaHMUU U BOCCTAHOBJIEHUU —
TeMe, Hepa3pbIBHO CBSI3aHHOI ¢ afMMHUCTpUpOBaHueM. Ho roka mMbl paccMoTpenu
TOJIBKO JIOTMYECK}E pe3ePBHbIE KOMNN, a ceifuac MUCIPaBUM 3TO yIyIIeHNe.

OTa IVlaBa IOCBSIeHa XXypHaly TpaH3akuit B PostgreSQL 1 ToMy, Kak IpaBuib-
HO ero HaCTPOUTh, TTOBBICKB T€M CaMbIM 6€30IacHOCTb. MbI paCCMOTPUM CJIeAYIo-
11ye BOIPOCHI:

YTO TaKoe >XypHas TPaH3aKILMii 1 3aUueM OH HYXKEH;
BOCCTaHOBJIEHME Ha OIpefle/IeHHbI/i MOMEHT BpEMEH;
HAaCTPOJiKa MOTOKOBOI periMKalum;

KOH(IMKTBI peTUIMKAIINN;

MOHUTOPUHT peIIMKaluy;

CMHXPOHHAs ¥ aCMHXPOHHAS peIviMKalus;

YTO TaKoe JIMHMUY BPEMEHN;

JIoTMYecKas periMKanus;

co37aHMe MOAIMCOK U ITyOIMKaLuii.

[lpounTaB 3Ty IM1aBy, Bbl CMOKETe HACTpauBaThb apXMBaLMI0 U PEIIMKALUIO
>KypHasia TpaH3akuuii. VimeiiTe B BuAy, YTO 3Ta I7laBa — He IOJTHOE PYKOBOLCTBO
M0 peIvIMKaluy, a JUIIb KpaTkoe BBeleHMe. [lolHOe M3/I0KeHNe BCeX acleKTOB
peruMkanuu 3auumMaeT okono 500 crpanuil. [ cpaBHeHMS 3aMeTUM, UTO B KHU-
re «PostgreSQL Replication», Boimemiieii B usmatenbcTBe Packt Publishing, mourn
400 cTpaHuL.

B 3T0i1 raBe MbI U3/I05KMM OCHOBHBIE (DaKThI B 601ee KOMIIaKTHO GopMme.

(ONONCNORONCNORONE)

YT0 TAKOE XXYPHAN1 TPAH3AKLINIA

Jliobast coBpemenHast CYB]l comepskUT cpefcTBa, TapaHTUPYIOIINe, YTO CUCTEMA
CMOXET MPOIO/DKUTL (QYHKIMOHMPOBaHME TTOC/Ie aBapuy B pe3ynbraTe c60sT M
OTK/TIOUEHMST 9JIEKTPOIMUTAHMS. DTO CIIPaBeIIMBO Kak it (ailyIoBbIX CUCTEM, TaK
M IJIST CUICTEM yIIpaBjieHus 6a3aMy JaHHbIX.
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PostgreSQL Takske IpemocTaBiIsieT CPeICTBa, 67arogapsl KOTOPbIM aBapust He Mpy-
BOJIUT K IOBPEXIEHMIO JAHHBIX ¥ HAPYLIEHUIO 11eIOCTHOCTU. [apaHTupyeTcs, YTo 10~
CJ1e BBIKJIIOUEHMS TIUTAHMSI CYICTEMA CMOSKET BOCCTAHOBUTBCS U MPOIOJIKUTD PaboTy.

Takyio 3anmTy obecreunBaeT sKypHai npeasamucu (Write Ahead Log - WAL),
OH 3Ke KypHaJI TpaH3akuwmii (xlog). imess B TOM, UTOObI TPOU3BOAUTD 3aIUCh HE
cpasy B (aiia JaHHbIX, a CHavyaia B kypHai. [louemy 3To Tak BaskHO? [IOIyCcTHUM, UTO
MBI 3aIJICbIBa€M KaKye-TO JaHHbIe:

INSERT INTO data ... VALUES ('12345678');

[TpenmnookuM, UTO 3aIMCh IMIPOMU3BOAUTCS Cpasy B ¢aiiyl JaHHbIX. EIM 4TO-TO
CJTYYUTCS B cepeiviHe orneparnyi, To ¢haiil JTaHHBIX OKaskeTCsl TOBPeXkIeHHbIM. [leio
MOXKeT KOHUMTHCS HATTOJIOBMHY 3aIMCAHHBIMM CTPOKAMM, CTOIOIaMM 6e3 MHAEKC-
HBbIX yKasaTeseit, OTCYTCTBYIOlIel nHpopmaimeir o dukcauuu u T. A. [IoCKOIbKY
o6opyIoBaHMe He rapaHTUPYeT aTOMapHOI 3amucy OONbIINX G6JI0KOB TaHHBIX, HE-
00X0IMMO HaiiTV 60J1ee HaJesKHbI CI1oco6. ITpo6aeMy MOSKHO PEIIUTD, €CJINU ITUCATh
B XXypHaJI, a He B (aii.

0 B PostgreSQL >xypHan TpaH3aKLMIA COCTOUT U3 3anucen.

OnHa omepauys 3amMcy MOXKET COAepsKaTh HECKOJIBKO Pa3HbIX 3aImyceif, Kaskaast
MMeeT KOHTPOJIbHYIO CYMMY, M BCe OHM CBSI3aHbI B II€II0YKY. B 0flHOI TpaH3aKIuu
MOTYT ITPMUCYTCTBOBATD 3aI1CH, Kacalolyecs: B-mepeBa, MHIeKCa, AuCIieTyepa XxpaHe-
HYSI, MKCAIMM ¥ MHOTOT'O Apyroro. C KaskabIM TUIIOM OObEKTOB CBSI3aHbI CBOU 3aIl-
cu WAL, rapaHTHpyIollie, YTO 0ObEKT CMOXKET IepeXkuThb aBapuio. Korga PostgreSQL
3aITyCKaeTCs MTOC/Ie aBapyuy, OHA UCITPaBIseT (haiiyIbl JAHHBIX, MCXOMS U3 COIEPsKIMO-
IO )KypHaJjia TpaH3aKIiuii, IpefoTBpallias TeM caMbIM ITepMaHeHTHOe TTOBpekaeHue.

3HaKOMCTBO C XKYPHaNIOM TpaH3aKLUM1i1

B PostgreSQL skypHa mpea3anucy 06bIYHO HAXOOUTCS B IOAKATamore pg_wal Ka-
Tanora data, e IPOTUBHOE He yKasaHOo Ipu 3arrycke initdb. B crapbix Bepcusx
PostgreSQL kaTanor >kypHaJOB MpeA3anucy Ha3bIBAIACS pg_xlog, HO C BBIXOOM
PostgreSQL 10.0 6»11 TeperMeHOBaH.

[IpyunHa B TOM, YTO IMOJAb30BATENM YACTO YAAISUIM COMEPXKMMOe KaTajora pg_
x1og, YTO, KOHEUHO, BEJIO K Cepbe3HbIM IMOCJIEACTBUSIM 1, BOSMOXKHO, TOBPEXKIEHNIO
6a3bl JaHHBIX. [I03TOMY COOGIIECTBO PEIIMIOCh Ha GecrpelleqeHTHbII IIar — repe-
MMEHOBATbh KaTaJIOT, SIBJSTIOIINIACS YacThio sK3eMIusipa PostgreSQL, B Hamexxe, uTO
HOBOE MMSI OYyIeThb BBIIVISIIETh AOCTATOUHO 3arajlodyHO, YTOOBI HMKTO HE PUCKHYJI
YAAMUTD COOepKUMOe.

B cnenyromeit pacmevaTke MoKa3aHO, KaK BbIMVISIAUT KaTalor pg_wal:
[postgres@zenbook pg_wall$ pwd
/var/lib/pgsql/11/data/pg_wal
[postgres@zenbook pg_wall$ 1s -1
total 688132
SrW--=---- . 1 postgres postgres 16777216 Jan 19 07:58 0000000100000000000000CD
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STW------- . 1 postgres postgres 16777216 Jan 13 17:04 0000000100000000000000CE
SrW--=---- . 1 postgres postgres 16777216 Jan 13 17:04 0000000100000000000000CF
“MW------- . 1 postgres postgres 16777216 Jan 13 17:04 0000000100000000000000D0
STW------- . 1 postgres postgres 16777216 Jan 13 17:04 0000000100000000000000D1
SrW--=----- . 1 postgres postgres 16777216 Jan 13 17:04 0000000100000000000000D2

Mb1 BUIMM, UTO KaKIbIN (aiii skypHana TpaH3akiuii 3aHumaet 16 MB, a ero ums
coctouT U3 24 mecrHaanatepmuuHbix nudp. 3a CF aiegyer DO. Bee daiinbl ogunHa-
KOBOTO pasmepa.

0 3ameTum, yTo B PostgreSQOL konnyectBo dainoBs xypHana TpaH3aKLMI He CBS3aHO C pa3me-
pOM TpaH3akumu. Jaxxe ovyeHb HeboNbLWOM Habop dhainos BNOAHE CNPABASETCS C TPAH3aKUM-
e/ pa3aMepoM HeckobKo TepabaiTos.

TpaguuMOHHO KypHas MpeAsaniucu coctost u3 daitioB pasmepom 16 MB. Ho
Ternepb pasmep cermeHTa WAL MOXXHO 3aJaBaTh C IIOMOIIIbIO NTpOrpaMmel initdb.
WHorga 310 yckopsieT paboty. Hiske mokaszaHo, Kak cuenaTth pasmep daiiia WAL
paBHbIM 32 Mb:

initdb -D /pgdata --wal-segsize=32

KoHTponbHbie TOUKH

Kak yke oTMedaynoch, JiIo60e M3MeHeHMe 3aIlMChIBAETCS B JKypHA TPaH3aKIui
B IBOMYHOM (popmaTe (OHO He COmepsKUT HUMKaKuUX KoMaug SQL). ITpobaema B TOM,
YTO CepBep He MOXKET MHUCATh B XXypHaJI 6€CKOHEYHO, TIOCKOIbKY CO BpeMeHEeM OH
3aHMMaeT Bce 6oiblie u 6oibiie Mecta. ClieoBaTeIbHO, B KAKOM-TO MOMEHT KypP-
HaJI TPaH3aKIMiT HYy;KHO MCII0/Ib30BaTh MTOBTOPHO. [JIs 5TOTO MpeHa3HaYeHa KOHT-
pPOJIbHASI TOYKA, KOTOPAs CO3/IaeTCsl aBTOMATUUECKY B POHOBOM pEXMME.

CMBICIT B TOM, UTO 3aMyChIBaeMble JaHHbIE CHAYa/Ia ITOMAaaloT B XKypHAaJI TpaH3aK-
uuit. Ho co BpemeHeM M3MeHeHHbIe («Ipsi3HbIe») Oydepsl cOPachIBAIOTCS Ha OUCK,
T. €. 3aIMChIBAIOTCS B (haiiIbl JAHHBIX (DOHOBBIM ITPOIIECCOM 3aIMCH VI B ITPOITeC-
ce CO3[IaHMs KOHTPOIbHOM TOUKM. Kak TOIbKO Bce Ipsi3Hble Oydepsl cOPOIIeHbI Ha
IVCK, SKypHaJI TPAH3aKI[Mii MOXKHO YIS Th.

YMondio Bac, HUKOrAA He yAansanTe XypHan TpaH3akuui BpyYHyto. VMiHaye B ciyyae aBapum
cepBep He CMOXET 3aMyCTUTbCS, @ eC/IM BaC 6eCnoKoMT MecTo Ha AMCKE, TO OHO TakK MU MHave
6yneT 0cBO6OXAEHO NO Mepe MOCTYMNAeHUs HOBbIX TpaH3aKuuid. [oxanyicra, He npukacan-
Tecb K XypHany TpaH3akumii. PostgreSOL cama no3aboTutcs o HeM, a Balle BMeLLATeNbCTBO
TO/MIbKO MOBPEauT.

OnTumusauums XXypHaJsia TpaH3a KUMMH

KoHTpo/bHbIE TOUKM CO3AI0TCS aBTOMAaTUUeCKM, KOT[la CepBep COUTeT HY>KHBIM.
OpnHako B (aiie postgresql.conf ecTh HECKOIBKO KOHMUTYPAIIMOHHBIX [TAPaMETPOB,
BJIMSIIONIMX HA 3TOT IPOLIeccC:

#checkpoint_timeout = 5min # guanason 30s-1d

#max_wal_size = 1GB
#min_wal_size = 80MB
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EcTb fBe MpUUYMHBI HAYaTh CO3[aHMe KOHTPOJIbHOI TOYKU: UCTEKJIO OTBEIeHHOe
BpeMsI MJIM 3aHSITO BCe 3ape3epBMPOBAHHOE IO/ JKypHa/Ibl MeCTO Ha JUCKe.

MaxkcuMasbHOe BpeMsl MeXIy IBYMsI KOHTPOJbHBIMM TOUKaMM 3aJaeTcs rmapa-
meTpoM checkpoint_timeout. MecTo mJisi XpaHeHMS XKYPHAJIOB TPaH3aKLUMUIA MOXKET
M3MeHSThCS OT min_wal_size o max_wal_size. PostgreSQL aBTOMaTMUeCKM HAUMHAET
Co3JaHle KOHTPOJbHOI TOUKM, TaK UTOOBI (PAKTMUECKY 3aHSITOE MECTO He BhIXO V-
JIO 3a 9TU Mpeferbl.

BennuunHa max_wal_size — HecTporuii npepen, nHoraa (npu BbICOKOW Harpyske) PostgreSQL
MOXeT BPEMEHHO 3aHATb YyTb OOsblle MecTa. MHbIMU CI0BaMu, eC/iv KypHan TpaH3aKLUui
XPAHWUTCS HA OTAENbHOM AMCKE, TO MMEET CMbIC/ 3ape3epBMPOBaTh MOJ, HEFO MECTO C He-
60NbLIMM U3BBITKOM',

Kak HacTpouTs XypHan TpaH3akiuii B Bepcusx PostgreSQL 9.6 n 10.0? B Bepcun
9.6 O6bUTM BHECEHBI HEKOTOPbIE M3MeHEeHMsI B MeXaHM3M (OHOBOI 3amMCH ¥ KOHT-
POJIbHBIX TOUEK. B TpeskHUX BepCUsIX CYIeCTBOBAIM CUTYyallu, KOTAA /IJ151 TOBbIIlIe-
HMS TPOM3BOAUTENBHOCTM MMEJIO CMbIC] 3a7laBaThb MeHblllee BpeMsl MeXIy KOHT-
pONbHBIMM TOUYKaMu. HaumHas ¢ Bepcuu 9.6 MoJOKeHMEe M3MEHWJIOCh, U Ternepb
6OJBINIT MHTEPBAJ BCETIA BbITOMHEE, IIOTOMY UTO Ha ypoBHe 6a3bl gaHHBIX 1 OC
BO3MOXXHBI MHOTOUMC/IEHHbBIE ONITMMM3AINH, yCKOpsIonye paboty. Camas rimaBHast
M3 HUX — COPTUPOBKA GJIOKOB Iepe[, 3aMyChio, UYTO CYIIECTBEHHO CHIKAET 00beM
MIPOU3BOAbHOTO BBO/A-BbIBO/IA [IJISI BPAILLAIOLIMXCS JUCKOB.

Ho aT0 eme He Bce. YeM 60Jibllle MHTEPBAJ MEKAY KOHTPOJIbHBIMY TOYKAMMU, TEM
MeHbllle pasMep co3gaBaeMbix daitioB WAL. [Ta, f1a, s He OTOBOPUJICSI — UeM MeHb-
11le MHTepBaJj, TeM MeHbIlle pa3mep.

[IprumHa oueHb TpocTas. JIIo60i1 60K, BIIepBble M3MEHEHHBII I0CTIe 3aIiCh
KOHTPOJIbHOJI TOUKM, JO/DKEH ObITh oTrpaBieH B WAL 1ennkoM. Ecimi 610K M3Me-
HSIETCS YacTOo, TO B KYpHAJI 3aIMChIBAIOTCS JINIIDb M3MeHeHus. YeM 6oJibIlie MHTEP-
BaJl MEXY KOHTPOJIbHBIMM TOUKAMM, TEM MeHbIlle KOJIMUYeCTBO 3amiuceit MOTHbIX
6710KOB, UTO BeJleT K COKpalleHMIO 00IIero pasMepa KypHasia TpaH3akimii. PasHuia
MOXXeT OBITh BeChMa CYIIIeCTBEHHO, KaK IT0Ka3aHO B MOe¥i CTaThbe 1o afpecy https:/
www.cybertec-postgresql.com/checkpoint-distance-and-amount-of-wal/.

PostgreSQL Takske IO3BOJISIET YKAa3aTh, OJIKHBI JI KOHTPOJIbHbBIE TOUKY OBITh KO-
POTKMMM ¥ MHTEHCUBHBIMMU MM Pa3Ma3aHHBIMU 110 6ojiee IIUTeIbHOMY ITIepPUOLY.
ITo ymomyaHMIo Tofpa3yMeBaeTcsl 3HaueHue 0.5, 03Havawlllee, YTO KOHTPOIbHYIO
TOUKY HY’KHO CO3J]aBaTh TaK, YTOOBI ITPOIIECC 3aKOHUMIICS TIOCEPEIVIHE MEXKTY TeKY-
1Iei 1 Caenyrleil KOHTPOAbHOM TOUKO:

#checkpoint_completion_target = 0.5

Eciu yBemMumTh 3TO 3HAUEHME, TO KOHTPOJIbHAS TOUKa OyaeT 60siee pacTsIHYTOM
BO BpeMeHM. Bo MHOTMX cTyJasx yBeJIMUeHHOe 3HaueHMe OKa3bIBaeTCsl BhITOIHEE,

ITapameTp max_wal_size 3ajaeT He 061IMit pa3Mep sKypHaJIbHbIX GaitioB, a pazMmep MexIy
KOHTPOJIbHBIMM TOUKaMM. EC/IM KOHTpO/IbHAsT TOUKA PACTSIHYTa 110 BpeMeH! (CM. HIDKe),
TO OGIIMIT pa3Mep MOKET OKa3aThCs B 1Ba (a B 6osee cTapbix Bepcusix PostgreSQL — B Tpu)
pa3sa 6osblie. — ITpum. ped.


https://www.cybertec-postgresql.com/checkpoint-distance-and-amount-of-wal/
https://www.cybertec-postgresql.com/checkpoint-distance-and-amount-of-wal/
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T. K. IIO3BOJIAET CIJIaAUTDb ITMKM BBO4Ad-BbIBO4, Hen306eKHbIe B ClIy4dyae MHT€HCUBHO-
ro mmpoiriecca.

APXVBALMS U BOCCTAHOBJIEHME XXYPHAJNA TPAH3AKLIMM

TToce KpaTKOTO BBENEHMS B MEXaHM3M pabOThl XXypHala TpaH3aKIuii mepeigem
K TIPOIIECCY apXMBaIM KypHasia. Kak MbI TOJTbKO UTO BUIEJN, SKyPHAT TPAH3aKIINIA
COZIEP>KUT TMOC/IeIOBATENHHOCTD IBOMYHBIX M3MEHEHMIA, TPOU3BEIEHHBIX B CUCTE-
Me xpaHeHusl. Tak mouemy 6bI He MCITOMb30BATh €ro AJISI PeIUIMKALIMY SK3eMIUISIpa
6a3bl JAHHBIX U 1I€JIOTO PSIa IPYTUX Belleil, Harpumep apXuBauymu?

Hactpoiika apxusauuu

IIpeskme Bcero Mbl OMMUIIEM, KakK HAaCTPOUTh CTaHZAPTHOE BOCCTAHOBJIEHME Ha
onpeneneHHbii MomeHT BpemeHu (Point-In-Time Recovery — PITR). Y PITR ecTb
HECKOJIBKO ITPEeUMYIIECTB, IT0 CPABHEHMIO C 0OBIYHOI BBHITPY3KOi TaHHBIX.

O TepsieTcst MeHbIlle JAHHBIX, TOTOMY UTO OTKPBIBAETCSI BO3MOSKHOCTh BOCCTA-
HOBUTD IaHHbIE HA OIpeJieJIeHHbI/i MOMEHT BpeMeH!, & He Ha MOMEHT Ha-
yajia pe3epBHOr0 KOMMPOBAHMSL.

O BoccraHOBE€HNE TTPOU3BOAUTCS ObICTpEE, TIOTOMY UTO MHIEKCHI He HYKHO
co3/aBaTh ¢ Hyssl. OHM TTPOCTO KOMMPYIOTCS U Cpa3y rOTOBBI K pabore.

HactpouTs PITR nerko. Hy>kHO uIIIb BHECTY HECKOJIBKO M3MeHeHMi B (aiis post-

gresql.conf:

wal_level = replica # B cTapbix Bepcusix 3HauyeHue Ha3sbiBasocb "hot_standby”
max_wal_senders = 10 # He meHee 2

[TapameTp wal_level TOBOPUT, UYTO CEPBEP AOJIKEH 3aNMChIBATh B JXYPHAJI TPaH3-
axkuuii mocraTouHo mHpopmanum misg PITR. Eciu B kauecTBe wal_level 3amaTh 3Ha-
yeHne minimal (KOTOpOe MoApa3yMeBaaoch 10 YMOJIUYaHUIO BIUIOTH 10 Bepcuu Post-
greSQL 9.6), To XypHas 6ymeT comepskaTh JUIIb NHPOPMALIVIO, HEOOXOIUMYIO IS
BOCCTAaHOBJIEHUSI OGHOTO y3J1a, — 3TOr0 MaJio Ajis pervinkanuu. B PostgreSQL 10.0
3HAUYEeHMe 10 YMOTUYAHMIO YCTAHOBJIEHO MPaBMUILHO U OTITa/Ia HE0OXOIMMOCTb U3-
MEHSTh OOJIBINYIO YacCTh ITapaMeTPOB.

[TapameTp max_wal_senders MO3BOJISIET TOTOKOM IlepeaBaTh KypHa/I TpaH3aKLUii
¢ cepBepa. [I7s co3jaHusI HAYa/IbHOM pe3epBHOI KO Mbl MOKeM BOCITO/Ib30BaTh-
CsT IIporpaMMoVi pg_basebackup BMECTO TpaJUIIMOHHOIO KOMMpoBaHus daiinos. [lo-
CTOMHCTBO pg_basebackup — B mpocToTe ucnonb3oBaHusi. B Bepcun 10.0 HauanabHOeE
3HaueHMe YCTAaHOBJIEHO TaK, uyTo B 90 % ciyyaeB HMKAKMX M3MEHEHMI He TpebyeTcsl.

Vmes TTIOTOKOBOI PeIUIMKAIMYM 3aKITI0UAeTCs B TOM, YTOOBI CKOMMPOBATh CO37a-
BaeMbIi JKypHaJl TpaH3aKIuii B 6e3omnacHoe Mecto. CyllecTByeT IBa criocob6a TpaHC-
TIOPTUPOBKMU KypHasa:

O mnporpamma pg_receivewal (BIJIOTh A0 Bepcuu 9.6 OHa Ha3biBajachb pg_re-

ceilvexlog);

O wucnonb3oBaHKe (aiiyIoBOV CUCTEMBI KakK CPeICTBa apXUBalll.
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B aTom pasmene Mbl pacCMOTpUM BTOPOJ BapuaHT. B ripoiiecce HOpMaabHOI pa-
60TbI PostgreSQL nipomoskaeT mucath B daiiasl WAL. Eciu mapametp archive_mode
B (haiite postgresql.conf paBeH on, TO I KasKOOTO (daiiia aBTOMATUIECKM BbI3bIBA-
eTCs [IporpaMma, 3aflaHHas B rmapamMmetpe archive_command.

Huske mpuBeneH npumMep dparmMeHTa KoHGUrypammMoHHoro daiiia. [TpegBapu-
TeJIbHO CO3[IalMM KaTasor AJis XxpaHeHus (aiiios sXypHaia TpaH3aKLuii:

mkdir /archive
chown postgres.postgres archive

3aTeM M3MeHUM ITapaMeTpbl B (aiiie postgresql.conf:

archive_mode = on
archive_command = 'cp %p /archive/%f'

Iyist 3amycKa apxXuBaliuy He0OXOAMMO ITepe3aITyCTUTh CepBep, HO CHavaJia u3me-
HMM Qa’iia pg_hba.conf, YTOOBI CBECTY BpPeMsI ITPOCTOSI K MUHUMYMY.

0 B napameTtp archive_command MOXHO 3anMcaTb MPOU3BO/IbHYIO KOMAHAY.

MHor¥Me UCITOMb3YIOT JJISI TPAHCIIOPTUPOBKM (paiiyioB WAL B 6e30macHoe MecTo
KOMaH[BbI rsync, scp 1 gpyrue. Eciu ckpunt Bosspauiaet 0, To PostgreSQL cuuraer,
yTO (haiis yCIeTHO apXUBUPOBaH, B TPOTUBHOM CiTydae GyIeT MbITaThCsT apXUBUPO-
BaTh €ro ere pas. ITO He06XOIMMO, TIOTOMY UTO CEpPBEp IOJIKEH ObITh YBEPEH, UTO
HM ofiyiH (aiisl He moTepsycs. JIjs BOCCTaHOBJIEHMSI He0OXOIMMO UMETh Bce (aiiibl,
OTCYTCTBME XOTsI ObI OHOTO /ieJIaeT BOCCTAHOBJIEHVE HEBO3MOKHBIM.

Kondurypuposanue daiina pg_hba.conf

CxroHduryprpoBasn ¢aiis postgresql.conf, mepeitgem K daiiny pg_hba.conf. 91O He-
06X0IMMO, TOJIBKO eCJIM BbI cOGMpaeTech MCII0Ab30BaTh IIPOrpaMMy pg_basebackup —
COBpeMeHHOe CPeICTBO CO3IaHMsI pe3ePBHbIX KONt 6a3bl JAHHBIX.

[TapameTpsl, 3aaBaeMbie B ¢aiie pg_hba.conf, yske ObIIM OIMCAHBI B IVIaBe 8, ITO-
CBAIEHHOI 6e30omacHocT B PostgreSQL. Hy>KHO TOJTBKO IIOMHUTD 006 OGHOM Bask-
HOM HIOQHCE:

# Pa3pewnTb NoAKAkYeHna Ana penamkaumm ¢ localhost oT wMeHn noab3oBaTens
# c npusuneruen replication.

local replication postgres trust

host replication postgres 127.0.0.1/32 trust

host replication postgres ::1/128 trust

MbI MOkeM OIMpeneNnTb CTaHIApPTHBIE MpaBuiia B (daiine pg_hba.conf. Ho Bask-
HO, UTO BO BTOPOM CTOJIOLIe HAXOOUTCS cI0BO replication. OGBIUHBIX MTpaBUI He-
JOCTATOYHO — HEOOXOOMMO SIBHO J00aBUTh MPAaBO Ha perviMKauuio. Ilpuuem 3T0
HeobsI13aTeIbHO TOJIKEH ObITh CYITepPITOb30BaTeb, MOXKHO CO3JIaTh CITEIMAIbHOTO
TII0JIb30BATEJIsSI, KOTOPOMY OyZIeT paspelieHO TOJbKO MOAK/IIOYATHCS Y BBITOTHSITh
peruiMKainmio.
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Haunnast ¢ Bepcun PostgreSQL 10 cucrema 3apaHee CKOHGUTYpMpPOBaHA, Kak
OITMCAaHO B 9TOM pasjesie. JIokajabHasl perviMkanys paboraet 6e3 Kakoii-1mbo mo-
TTOJTHUTENIbHOI HACTPOIKY, a IJIsl yIaleHHO Hafo yKka3aTh [P-agpeca B daiine pg_
hba.conf.

Bor Tennepb MOKHO nepesaryckaTb cepsep PostgreSQL.

Co3zpaHue 6a30BOI pe3epBHOI KONUK

Utak, apxuBupoBaTh ¢aiiisl WAL Mbl HAyYMIMCh, HACTAJIO BPEMS CO3/1aTh IIEPBYIO
pesepBHYIO KoiMio. imes ee 1 nocienytorie ¢aiiibl WAL, MbI cMOXeM BOCCTaHO-
BUTb COCTOSIHME 6a3bl JAHHBIX Ha 000/ MOMEHT BpEMEHM.
151 co3manyst HauaJIbHOV KOTIMYM BOCMOJIb3yeMCsI KOMaH/I0M pg_basebackup:
pg_basebackup -D /some_target_dir
-h localhost

--checkpoint=fast
--wal-method=stream

Y 3TO0Ii KOMaH/Ibl YeThIpe mapaMeTpa.

O -D: rme moyKHA HaXOIUThCST 6a3oBast pe3epBHast Konusi? PostgreSQL tpebyer,
YTOOBI 3TO OBUT ITYCTOI KaTasor. [1o 3aBepIIeHn KOIMPOBaHMS B HEM OKa-
SKeTCsT Komusl KaTasora data Ha cepBepe.

-h: IP-ampec win UM IIAaBHOTO cepBepa (MCTOUHMKA), KOTOPbI MbI cOOMpa-
eMCsl CKOIMPOBAaTh.

--checkpoint=fast: 0ObIYHO pg_basebackup >KIeT, TOKa IJIAaBHBI/ cepBep He
C03[,aCT KOHTPOJIBHYIO TOUKY, TOCKOJIBKY MPOILIECC BOCCTAHOBIEHUS JOJIKEH
C yero-To HauMHaThcsl. KOHTpo/IbHAsI TOUKA rapaHTUPYeT, UTO 3amcaHbl Bce
JIlaHHbIE BIJIOTh OO OINpeNeIeHHOr0 MOMeHTa, mosToMy PostgreSQL moskeT
0e30I1aCHO HavyaThb BOCCTAHOBJIEHME C STOTO COCTOSIHMS. B mpuHIMIIe, s
3TOTO IMapameTp --checkpoint=fast He HykeH. Ho Torma pg_basebackup moxxeT
OTJIOXKUTH HAauaJI0 KOMMPOBAHUS, €C/i, K TPUMepy, UHTePBal MeXKIY KOHT-
POJIbHBIMM TOYKAMM COCTaBJISIET Yac, a 3a4eM HaM Takas 3ajepskka?

O --wal-method=stream: Mo ymomuaHuio pg_basebackup moakmoUaeTcss K IaBHO-
MYy CepBepy M HauMHaeT KOomMpoBaTh ¢aiiibl. Ho nmeiiTe B BUAy, 4TO MMOKa
MIPOUCXOUT KOTIMPOBaHME, 3T (ajiibl MOTYT MOAMGMUITMPOBATHCS. [TosTOMY
JlaHHbBIE B Pe3epPBHOI KOMIMY MOTYT OKa3aThCsl HECOTTIACOBAHHBIMU. DTy HECO-
[JTACOBAHHOCTh MOYKHO YCTPAHUTD B IPOL€CCEe BOCCTAHOBIEHMS C TIOMOIIbIO
SKypHajia TpaH3akiuii. Ho cama pesepBHasl KOs HeOOSI3aTeIbHO COTTIAco-
BaHa. [TapameTp --wal-method=stream o3BoJsIeT CO31ATh COIJIACOBAaHHYIO pe-
3epPBHYI0 KOMMIO, M3 KOTOPOIl MOXKHO BOCCTAHOBUTHL 6a3y HAaHHBIX, HE BOC-
MIPOM3BO/IS KypHAa/I TpaH3aKIMii. ITO yI06HO, eCi HaM HY;KHO BCEro JIXIIb
KJIOHMPOBATb 3K3EMILISIP, 8 BOCCTAHOBJIEHME Ha OIIPee/IeHHbII MOMEHT Bpe-
MeHU HU K ueMy. K cuacTbio, pexkxum --wal-method=stream B Bepcum PostgreSQL
10.0 mompasymeBaeTcst 1o ymonuauuoo. Ho B Bepcun 9.6 1 60j1ee paHHUX pe-
KOMEHJIyeTCsI MCITOIb30BaTh €r0 MPesKHUI aHaJoT - -xlog-method=stream.
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Ymensuienue nonocwi nponyckadus, 3aHaAMoli pP€3EePBHBIM KONUupoeaHuem
ITporpamma pg_basebackup cTpeMuUTCSI 3aKOHUMTH PaboTy Kak MOKHO cKopee. Eciu
ceTb OBICTpAst, TO OHA MOXKET KOIMPOBATh COTHY MerabaiT B cekyHay. Ho eciu mmop-
CMCTeMa BBOJA-BbIBOJA HE CITPABJISIETCSI, TO pg_basebackup crtoco6Ha MOTJIOTUTH BCE
pecypchl,  TOTJIa 3aITPOCHI ITOJIb30BaTeNel OYIYT BBITIOTHATHCS OUeHb MeIJIEHHO.
17151 KOHTPOJISI HAJl MAKCMMAaTbHOM CKOPOCTBIO epefiaun y pg_basebackup umeeTcs
rnapaMmerp:
-r, --max-rate=RATE

MaKCMMa/bHaA CKOPOCTb NEpPeAayn AaHHbX C CepBepa
(no ymonuyanmi B Kb/C, HO MOXHO yka3aTtb cyddukc "k" wm "M")

Co3pmaBasi 6a30BYI0 Pe3EPBHYIO KOIMIO, CIEAUTE 38 TEM, YTOObI IMCKOBAST MTOACH-
cTeMa Ha cepBepe CIpaB/siach ¢ Harpy3Koit. HacTpoitka CKOpoCTy repeaun MOKeT
0Ka3aTh B 3TOM [TOMOIIIb.

OmoobparceHue mabaUYHBIX NPOCIMPAHCING

Ecim cTpykTypa KaTajoroB B KOHEUHOI CUCTeMe Takas ke, KaK B MCXOLHO, Ipo-
rpaMmy pg_basebackup MOKHO 3aITyCKaTh 6€3 JOTIOJHUTEIbHBIX ITapaMeTpoB. B mpo-
TUBHOM C/Ty4ae MbI MOKEM OTOOPA3UTh CTPYKTYPY (HailyIoBOIt CUCTEMBI cepBepa Ha

HY)XHYIO HAM CTPYKTYPY:

-T, --tablespace-mapping=0LDDIR=NEWDIR
nepemMecTuTb TabanyHoe NPOCTPaHCTBO M3 KaTanora OLDDIR B katanor NEWDIR/

Ecnu Bawa cuctemMa Mana, To pa3yMHO XpPaHMTb BCE [aHHblE B 04HOM TabNMYHOM NPOCTpaH-
cTBe. JTO CMpaBea/IMBO, KOTAA BBOA-BbIBOS, HE BNSETCS NP061eMOoi (6bITb MOXET, MOTOMY YTO
pa3Mep AaHHbIX COCTABASET BCETO HECKObKO rurabair).

Hcnonv3oeaHue pa3nuuHsix popmamos

IMporpamma pg_basebackup mopmepskuBaeT pasanuHble ¢GopMaThl. IT0 yMOTIaHUIO
BCe JaHHbIe MOMEIIAI0TCSI B MyCTOI KaTaaor. [I[porpaMMa MOAK/IIOUaeTCs K cepBe-
PY-UCTOYHMKY U KOMMMPYeT JaHHbIe B YKa3aHHbIIN KaTasor.

[Tpo6iiema B TOM, UTO pg_basebackup cosmaeT MHOrO (aiiyioB, UYTO HEYIO0OHO, e
MbI COOMpaeMcst TIOMECTUTDb Pe3ePBHYIO KOMMIO BO BHEITHIOW CUCTEMY apXUBUPO-
BaHusa tmna Tivoli mam eit momo6Hyo. Hiske mmokasaHo, Kakue (GopMaTbl BHIBOAA
rnoaJep>kuBaeT pg_basebackup:

-F, --format=p|t dopmaT BbiBoga (npocToit (Mo ymonyawuw), tar)

YTo6bI cO3aTh OOMH (aiin, cemyeT 3agath ¢iar -F=t. I[To yMOTYaHMIO TIPU STOM
cosmaeTcst (aiin base. tar, ¢ KOTOPHIM IIOTOM MPOIIE YIIPaBasiThcs. OUueBUIHbBIN He-
JOCTaTOK 3TOTO ITOAX0A B TOM, UTO Iepe BOCCTAHOBIEHMEM apXyUB IPUAETCS pac-
[1aKOBAaTh.

Ipoeepka pe3ynrsmama apxueauuu ¥cypHaia mpaH3axuyuii

Ipeske uem repexoauTh K BOCCTAHOBJIEHUIO, UMEET CMBIC/ IIPOBEPUTD, ITPABUILHO
JI/ TIPOM3BeeHa apXMUBaLyst ¥ OymeT Jiu oHa paboTaTh, Kak okumgaeTcs. JIjs1 9Toro
JOCTATOYHO MMPOCTOI KOMaH bl 1s:
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[hs@zenbook archive]$ 1s -1
total 212996

SW---- - 1 hs hs 16777216 Jan 30 09:04 000000010000000000000001
R AREEEEE 1 hs hs 16777216 Jan 30 09:04 000000010000000000000002
STW------- 1 hs hs 302 Jan 30 09:04 000000010000000000000002.00000028.backup
STW---- - 1 hs hs 16777216 Jan 30 09:20 000000010000000000000003
R AREEEEE 1 hs hs 16777216 Jan 30 09:20 000000010000000000000004
SIW---- - 1 hs hs 16777216 Jan 30 09:20 000000010000000000000005
R AREEEEE 1 hs hs 16777216 Jan 30 09:20 000000010000000000000006

[ToMyMoO TPOCTOI MPOBepKM (aiijoB, MOME3HO TAKKe CIeAyIOIlee CUCTEMHOE
TpeJicTaBleHue:

test=# \d pg_stat_archiver
MpeacTasnenne "pg_catalog.pg_stat_archiver"”
Ctonbey | Tun | MoandukaTtopsl
.................... +
archived_count |
last_archived_wal | text
I
I
I
I
I

failed_count bigint
last_failed_wal
last_failed_time
stats_reset

I
I
last_archived_time | timestamp with time zone |
I
I

text
timestamp with time zone |
timestamp with time zone |

[IpencraBinenmue pg_stat_archiver OuyeHb MONIE€3HO, KOrAa HYKHO BbISICHUTD,
He OCTAaHOBWJIACh JIM [0 KaKOW-TO NPUYMHE apXuBalus, U eClu a, TO KOrga 3TO
npou3sonuro. OHO COOOUIUT O KOIMYUECTBE y3Ke apXUBMPOBAHHBIX (aitnoB (archived_
count). Takske BUIHO, KaKo¥ (daiiy1 6bI1 apXMBUPOBAH MOCIETHUM M KOTIA 9TO CIy-
yn10ch. HakoHel, eciu Ipou3oIilia Kakas-To OlInbKa, TO pg_stat_archiver mokasxer
9T10. K cokayieHuIo, H1 Kofa OIMOKM, HY COOOILEeHNMS O Heil B 9TOM IpeICTaBIeHUN
HEeT, HO COOOIIeHNsI KOMaH/Ibl apXUBUPOBAHMSI archive_command HETPYIHO MPOTOKO-
JIMPOBATh CAMOCTOSITENIbHO.

O6paTtuM BHMMAaHME ellle Ha OJVH MOMEHT. BhIie yske 6bUIO OMMCAaHO, Kak I10-
CMOTpETh, Kakye ¢aiiyibl apxuBupoBaHbl. Ho aTo He Bce. [Iporpamma pg_basebackup
cosmaeT Takke (aii ¢ pacipenneM .backup. 3To HeGObINO (aii, comepsKanit
TOJIBKO CBEJIEHMSI O CAaMOJi pe3epBHOI KOIIMM, OH YMCTO MH(POPMAILMOHHbIN U B TIPO-
1iecce BOCCTaHOBJIEHMS He McITonb3yeTcss. OmHako OH BecbMa rnosie3eH. Korga rmosp-
Hee Mbl HAUHEM BOCITPOM3BOINUTD JKypHAJ TpaH3aKiuit, Bce (aiibl WAL, KoTOpbie
crapiire backup-daitna, MOKHO ymnanuThb. B Harem ripumepe backup-daiin Ha3bIBaeT-
Cs1 000000010000000000000002.00000028 .backup. DTO 3HAUMT, UTO ITPOIECC BOCCTAHOB-
JIeHUs] HauMHaeTcs rae-To B daiiie ...0002 (¢ mosuuuu ...28). M cieqoBaTesbHO,
Bce ¢aiibl, KOTOpbhIE CTapIIE . ..0002, MOKHO YIATUTh, TOCKOIbKY OHU Y3Ke He TIPU-
rogsTcs. imeliTe B BUIY, UTO MOXKET XpaHUTHLCS Oojee OHOV 6a30BOil pe3epBHOI
KOTINH, SI Ceifyac rOBOPIO TOJBKO O TEeKYILeli.

BocnpousBeaeHue XypHana TpaH3aKumii

IMoaBemeM UTOT CAeJaHHOMY A0 CUX TOp. Mbl 3amanu mapameTpsl B daiiie post-
gresql.conf (wal_level, max_wal_senders, archive_mode 1 archive_command) 1 nmponucanu
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rapaMeTpsl )i pg_basebackup B daiine pg_hba.conf. 3aTeM MbI epe3anycTuiyu 6asy
IOAHHBIX U CO3Aa/IM Oa30BYIO pe3ePBHYIO KOIHIO.

OTMeTuM, UTO B IIpoliecce co3gaHus 6a30B0Ji pe3epBHOI Koy 6a3a MOKeT pa-
6oTaThb 6e3 orpaHnueHMit. Ham mpuImioch TOMbKO HEHAOJTO IIPUOCTAHOBUTH ee Ha
BpeMsI Ilepes3aIycka, YToObI mapaMmeTpbl max_wal_sender v wal_level BCTYIIMJIN B CUITY.

Hy a motom B mpoiiecce paboThl CCTEMbI MOXKET ITPOM30ITU aBapusl, ¥ HaM IIPH-
IeTcst BOCCTaHaBIMBATh 6a3y. Mbl MOsKEM BBITIOJTHUTD mpoliemypy PITR, 4To6bI BOC-
CTAaHOBUTb CTOJBKO JAHHBIX, CKOTbKO BO3MOXHO. [IepBbIM Ae/10M MbI JO/DKHBI 110~
MeCTUTh 6a30BYIO pe3ePBHYI0 KOIINIO B HYsKHOE MeCTO.

O Sl pekoMeHAy NpeaBapUTENbHO COXPAHUTL CTapbIii Knactep 6a3 faHHbIX. [axke ecnm oH no-
BPEXIEH, KOMMNaHWU, OCYLLECTBASOLLEN TEXHUYECKYH NOAAEPXKKY, OH MOXET NOHaL06UTbCS
LS yCTaHOBNIEHWUS NPUYMHDBI aBapuu. BnocneacTBuum, Korna Bce CHoBa 3apaboTaeT, ero MoXHO
oynert yoanuTb.

[I7151 3TOTO HYKHO OYZIeT BBITOJIHUTD IPUMEPHO TaKyl0 KOMaH[Iy:

cd /some_target_dir
cp -Rv * /data

3mech IpearojaraeTcs, YTo JaHHbIe BOCCTAHOBJIEHHOTO cepBepa OyOyT HAXO-
IUThCS B KaTasore /data. [Ipeskme ueM KOIMpPOBaTh 6a30BYI0 KOMNIO, yOeauUTeCh, UTO
3TOT KaTaJIoT ITyCT.

Ha cnepyromem mare HY>KHO co3aaTh daiin recovery.conf. OH O6ymeT comepskaTb
BCIO MHGOPMALMIO O ITpoliecce BOCIIPOM3BeeHNS: MeCTOHAX0KIeH1e apxuBa daii-
joB WAL, BpeMs, Ha KOTOpOe MbI XOTMM BOCCTAaHOBUTH JIAHHbBIE, U T. 1. Huke mipu-
BenieH npumep daiina recovery.conf:

restore_command = 'cp /archive/%f %p'
recovery_target_time = '2019-04-05 15:43:12'

ITomecTtuB aitn recovery.conf B KaTaysor $PGDATA, MbI MOKEM 3aITyCTUTDb CEPBEP.
[Tpu sTOM GyAeT revataTbCss MHGOPMAaINS BUOA:

server starting

LOG: database system was interrupted; last known up

at 2017-01-30 09:04:07 CET

LOG: starting point-in-time recovery to 2019-04-05 15:43:12+02
LOG: restored log file "000000010000000000000002" from archive
LOG: redo starts at 0/2000028

LOG: consistent recovery state reached at 0/20000F8

LOG: restored log file "000000010000000000000003" from archive
LOG: restored log file "000000010000000000000004" from archive
LOG: restored log file "000000010000000000000005" from archive

LOG: restored log file "00000001000000000000000E" from archive

cp: cannot stat '/archive/00000001000000000000000F': No such file or directory
LOG: redo done at O/E7BF710

LOG: last completed transaction was at log time

2017-01-30 09:20:47.249497+01
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LOG: restored log file "00000001000000000000000E" from archive

cp: cannot stat '/archive/00000002.history': No such file or directory
LOG: selected new timeline ID: 2

cp: cannot stat '/archive/00000001.history': No such file or directory
LOG: archive recovery complete

LOG: MultiXact member wraparound protections are now enabled

LOG: database system is ready to accept connections

LOG: autovacuum launcher started

[Tocste TOTO Kak cepBep 3aIyCTUTCS, HY3KHO ITOMCKATh B XKypHaJie COOOIIeHN s, 110-
Ka3bIBaIL}e, UYTO BOCCTAHOBJIEHME MPOM30LLIO0 ycrenrHo. [lepBoe n3 HUX — con-
sistent recovery state reached. OHO 03HauaeT, uto PostgreSQL cmoxkeT Bocrpons-
BECTM YaCTbh XypHaia TPaH3aKIMil U MpuBecTu 6a3y JaHHBIX B paGOTOCIIOCOGHOE
COCTOSIHME.

3aTteMm PostgreSQL HauMHaeT moouepesHO KOMMPOBATh 1 BOCITPOU3BOAUTD (ait-
sil. O6paTuTe BHUMAaHMeE, 4YTO B daiiie recovery.conf MbI TOIIPOCWIIN AOBECTU 6a3y
IaHHBIX 70 HeKoToporo MoMeHTa B 2019 romy. Ho sToT TekcT 6611 HamvcaH B 2017 ro-
oy, mostomy aitioB WAL 3a 2019 roz, KoHeuHo, HeT. PostgreSQL coobiiaeT 06 aTom
¥ BBIBOIUT BpeMsl TIoc/ieIHelt 3apUKCMPOBAHHO TpaH3aKIUNA.

PasyMmeeTcs1, 5TO BCero AMilb JeMOHCTpalysl, Ha MPaKTUKe Mbl, CKOpee BCero,
yKaszasu Obl JATy B IPOILIOM, IO KOTOPO MOXKHO 6€30TacHO BOCCTAaHOBUTHCS.
S TPOCTO XOTeJ ITOKa3aTh, UTO 3a/1aBaTh ATy B OYAYIEM TOXE MOXHO, TOITBKO ITPU-
TOTOBBTECH YBUIETD COOOIIEHEe 06 OIIMOKe.

[To 3aBepiieHNY BOCCTaHOBIeHMs daits recovery.conf IlepeMeHOBLIBAETCS B re-
covery.done, UTOOBI OBLTIO TTOHSITHO, YTO 3aZaya BbIMIOJTHEHA. Bce cepBepHble Mpo-
1[eCChl 3aIyIIeHbI, ¥ 9K3eMIUISIp 6a3bl JaHHBIX TOTOB K paboTe.

HaxoxcoeHue Hy»cHOTI 6peMeHHOll MemKuU

Ilo cux 1op Mbl TipefIonaraim, YTo 3HaeM, Ha KaKoii MOMEeHT BpeMeHU XOTUM BOC-
CTAaHOBUTBCS, MM COOMPAEMCsT BOCITPOU3BECTU BeCh JKypHAJT TPAH3aKIVI, UTOObI
MMUHMMM3MPOBATh MOTEePI0 JaHHbIX. HO UTO, eciu Mbl He XOTUM BOCIIPOM3BOIUTH
Bce? U He 3HaeM TOYHbBII MOMEHT BpeMeHM? Ha IpakTuke 3TO camasi pacIpocTpa-
HeHHas cuTyarus. Kak-To ogyH 13 HaliX pa3paboTunKOB YTPOM ITOTEPSUT JaHHbIE,
a oT Hac TpebOBAIOCh CHeIaTh, UTOOBI BCE CHOBA CTa/Jo0 Xopoino. Ho BOT Bompoc:
YTPOM-TO yTPOM, HO KOTZia MMeHHO? Ec/ii BocCTaHOBJIeHMe 3aKOHUMIIOCh, TO 3aHOBO
3aITyCTUTD €r0 He TaK-TO ITPOoCTo. IToce BOCCTaHOBIEHNS 6a3a OKasKETCST B COCTOSI-
HUM, COOTBETCTBYIOIEM YKa3aHHOMY MOMEHTY BpeMeH!, i CHOBA BOCIIPOU3BECTU
SKypHaJI TPaH3aKIIMii Mbl y3ke He CMOXEeM.

OmHaKko MbI MOSKEM ITPMOCTAHOBUTDH BOCCTAHOBIJIEHME Oe3 mepeBofa 6a3bl B HO-
BOE€ COCTOSTHME, IPOBEPUTD, UTO 0KA3aJIOCh B 6a3e, U MPOIOIKUTD.

Coenath 3TO mpocto. CHauajiia ImpoBepbTe, UTO mapaMeTp hot_standby B daiine
postgresql.conf paBeH on. DTO O3HAYAeT, UTO 6a3y JAHHBIX MOXXHO YUTATh B ITPO-
Ilecce BOCCTAaHOBJIEHMS. 3aTeM ellle IO 3aITyCKa BOCIIPOU3BeAeHMs M3MeHnuTe (aiin
recovery.conf:

recovery_target_action = 'pause'
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[TapameTp recovery_target_action MOXeT IpMHMMATh pasanyHble 3HaYeHus. Ecin
3aJ1aHO 3HaueHue pause, TO PostgreSQL mpMoCcTaHOBUT IIPOLIECC B yKa3aHHOE BpeMs
U JACT BO3MOXHOCTb IIPOBEPUTH, UTO yKe BOCIpou3BeneHo. [IoToM MOXHO CKOp-
PEKTHPOBATh BPeMsI 1 ITOMPo6oOBaTh CHOBA. [Ipyryie BO3MOKHbIE 3HAUEHMS : promote
u shutdown.

EcTh M MHOI cr1oco6 MPUOCTAHOBUTDH BOCIIPOM3BeleHNe KypHaia TpaH3aKLIuit.
Ero Mo>kHO 1CII0/Ib30BaTh [P BOCCTAHOBJIEHU M Ha OTIpeJle/IeHHbII MOMEHT BpeMe-
HM, HO OOBIYHO OH IIPYMEHSIETCSI B COUeTaHNM C IIOTOKOBOI periMkanyeii. BoT uto
MOYKHO CIlesIaTh BO BpeMsi Bocrpon3Benenust dhaitioB WAL:
postgres=# \x
PacwnpeHHbIn BbIBOA BKJIHYEH.
postgres=# \df *pause*

CNncoK dyHKLWMiA

-[ RECORD 1 ]---------- e
CxeMa pg_catalog
ma pg_is_wal_replay_paused

Tun paHHbiX pe3ynabTaTa | boolean
TUnbl AaHHLIX aprymMeHToB |

Tun obblyHan

-[ RECORD 2 ]---------- e e
Cxema pg_catalog

WA pg_wal_replay_paused

Tun AaHHbIX pe3ynbTata | vold
Tunbl AaHHbIX ApryMEHTOB |
I

Tun 06blyHas

postgres=# \df *resume*

CnMcoK QyHKLWiA

[ RECORD 1 ]---------- b
Cxema | pg_catalog

Vma | pg_wal_replay_resume
Tun AaHHbIX pe3ynbTata | vold

TUnbl AaHHLIX aprymeHToB |

Tun | obblyHan

MbI MO>KEM BBITTOTHUTb KOMaHIy SELECT pg_wal_replay_pause();, YTOOBI OCTAHO-
BUTb BOCIIPOM3BeleHMe XXypHasa TpaH3aKiuii 0 MOMEHTa BbITIOTHEeHMST KOMaH/ bl
SELECT pg_wal_replay_resume();.

3amava B TOM, UTOOBI BBISICHUTD, KaKasi YaCTh JKypHaJIa TpaH3aKIMii yske BOCIIPO-
M3BelleHa, U, eI HeoOXOIMMO, TPONOKUTE. Ho MMeliTe B BUIY: eC/iu cepBep yke
repeBefieH B HOBOe COCTOSIHME, TO MTPOJIO/DKUTh BOCIIPOM3BeleH1e KypHasa Mbl He
CMOKeM.

WTax, y3HaTh, 1O KAKOTO MOMEHTa CleqyeT BOCCTAHABIMBATD JaHHBIE, OBOJIbHO
TpyaHo. [TosTomy PostgreSQL mpemocTasiisieT TOMOIIb B 3TOM Aese. PaccMoTpum
Tako¥ MpumMep U3 peayibHO KM3HU: eKeJTHEBHO B IOJTHOYb MbI 3allycKaeM Ipo-
11eCC, KOTOPBI 3aBepIlaeTCs] HeM3BeCTHO Koraa. 3aadya — BOCCTAHOBUTD JaHHbBIE
TOYHO Ha MOMEHT 3aBepllleHus1 3TOro mpoiecca. Ho kak y3HaThb, KOra npoiiecc
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3aBepinicsi? O6BIYHO 3TO Heserko. Ho rmouemy 6bI He BKJIIOUMTD B SKypHAJT TPaH3-
aKkIMii crieruaabHbI MapKep:

postgres=# SELECT pg_create_restore_point('my_daily_process_ended');
pg_create_restore_point

1F/E574A7B8
(1 cTpoka)

EcM Hall MpoIecc BBIMOIHUT 3Ty KOMaHAy Cpasy IMOC/Ie 3aBepIleHNs], TO Mbl
CMO’KeM BOCITO/Ib30BaThCSI 3TOI METKOI ¥ BOCCTAHOBUTHCSI TOUHO Ha 3TOT MOMEHT.
IJist 5TOrO HYKHO T06aBUTh B aiia recovery.conf TaKyI0 CTPOKY:

recovery_target_name = 'my_daily_process_ended'

Ecnu ncronb30BaTh 3Ty IMPEKTMBY BMECTO recovery_target_time, TO BOCIIpoOu3Be-
JleHye ToJeT TOUHO 10 MOMEHTa 3aBepllieHysI HOUHOTO IpoLecca.

PasymeeTcs, BOCIIPOM3BECTY SKypHAI MOXKHO 1 10 MAEHTU(hUKATOPA KOHKPETHO
Tpansakuuu. Ho B sKM3HM MAEHTUGUKATOP TPaH3aKIMM PeIKO ObIBAeT U3BeCTeH
aJMMHUCTPATOPY, TaK YTO NPAKTUUYECKON M10Ib3bI B TOM HEMHOTO.

OuMCTKa apXMBa XXYPHANOB TPaH3aKLUUH

Ilo cyx TIOp MBI TOJIBKO MYCAIN B apXUB U He 3ayMbIBAJIMCh O TOM, KOTJIa €r0 OUM-
IaTh, UTOOBI OCBOOOINUTH MeCTO B (aityioBoit cucteMe. PostgreSQL He MOKeT ce-
JIaTh 9Ty paboTy 3a HAC, TOTOMY UTO He 3HAeT, 3aXOTUM JI MbI KOTHa-HUOYIb MC-
TII0JIb30BaTh apxuB. Tak UTO GpeMs OUMCTKYM apXyBa JIEKUT Ha afMUHUCTPATOPE.

[TpenronoskMmM, YTO MbI XOTUM CTEPETh CTAPbIii, Y3Ke He HYsKHBII KypHas TPaH3-
aKIMii. BBITh MOXKET, MbI XpaHUM HECKOJIbKO 6a30BbIX Pe3ePBHBIX KO U CTHPaeM
SKYPHAaJIbl, KOTOPBIE Y)Ke He TTOHAA00SITCS 111 BOCCTAHOBJIEHUST U3 CTAPBIX KOTINIA.

B Takom ciryyae HaM NOMOKeT KOMaHAHast yTuianTa pg_archivecleanup. Eif Hy)KHO
repefaTh KaTajor apxuBa U UM backup-daiina, a oHa 1m03a60TUTCS 06 yaaneHun
(aitoB ¢ gyicka. biaromapst 5ToMy MHCTPYMEHTY MbI MOSKEM He TyMaTb, KaKie sKyp-
HaJIbl TPaH3aKIIMii COXPaHSITh, @ KAKME MOKHO CTePETh.

[hs@asus ~]$ pg_archivecleanup --help
pg_archivecleanup ypanset ctapbie ¢ainbl WAL m3 apxuBoB PostgreSQL.

MopsaoK BbI30Ba:
pg_archivecleanup [OPTION]... ARCHIVELOCATION OLDESTKEPTWALFILE

MapameTpsl:
-d BLIBOAWNTbL OT/N3A0YHbIe COoO0bueHMA (pexum noApobHOM MHGOPMALWK)
-N NPOOHbIA MPOrOH, MOKasbiBaTb MMeHa $ainoB, KoTopble BYAYT yAaneHbl
-V, --version BbiBECTM MHHOPMALMIO BEPCUM U BHINTK
-X EXT cTupaTb TOJbKO $ainbl C YKAa3aHHbIM pacliMpeHnem
-7, --help BbiBeCTM 3T0 coobueHne u BbIATH

[na ncnonb3oBaHua B kavectBe archive_cleanup_command B ¢aiine recovery.conf, Korpga
standby_mode = on:

archive_cleanup_command = 'pg_archivecleanup [OPTION]... ARCHIVELOCATION %r'
Hanpumep:
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archive_cleanup_command = 'pg_archivecleanup /mnt/server/archiverdir %r'
MM ans MCnonb30BaHWA B KayeCTBe aBTOHOMHOTO CPeACTBAa OYMCTKU apXMBOB:
Hanpumep:

pg_archivecleanup /mnt/server/archiverdir

000000010000000000000010.00000020. backup

OdTa mporpaMma MMeeTcsl Ha Bcex IiaTdopMax, 1 paboTaTh C Heii JIerko.

HACTPOKA ACMHXPOHHOM PEMIMKALMN

[To3HaKOMMBIIMCH C apxMBalMell >KypHajia TPaH3aKLUMI M BOCCTAHOBJIEHMEM Ha
oIpeneseHHbII MOMEHT BpeMeH!, IlepeiifieM K OLHOMY M3 CaMbIX ITOMY/ISIPHBIX Ha
CerofHsAIIHUI NeHb cpencTs PostgreSQL: moTokoBoil perummkauumn. Viges mpocra:
Moc/ie Co3JaHusl HavyalbHO 6a30BOJ KONMM pe3epBHBINM CcepBep MOAKII0YAEeTCS
K [JIaBHOMY, 3a61paeT KypHas TpaH3aKLMil B peXXuMe peaabHOro BpeMeHM U Mpu-
MeHsieT ero. BocriponsBeeHe )XypHasla TpaH3aKU Uil CTAHOBUTCSI HE ONHOKPATHOM
oriepaliyeil, a HelipepbIBHBIM IIPOLIECCOM, KOTOPBII paboTaeT Ha MPOTSsKEHUY BCETO
BpeMeHM CyILlleCTBOBaHMS KjlacTepa.

basoBas HacTpoiKka

B aTom pasmesne Mbl y3HaeM, Kak JIETKO ¥ ObICTPO HACTPOUTD ACMHXPOHHYIO PeIli-
Kanuio. Hameii mienbio 6ymeT KOHPUTYpUpPOBaHYEe CUCTEMBI C ABYMS Y3JIaMMU.

Co6CTBEHHO, OCHOBHASI 4aCTh PabOTHI YyKe OblIa IMpojeaHa, KOrma Mbl HaCTpau-
BaJIM apx1BallMIo XypHasia TpaH3akuuii. Ho Bce ke pacCMOTPHUM BCIO MPOLIEAYPY OT
Havasia 10 KOHIIA, IIOCKOJIbKY MbI HE MOXXeM IIpeArioaaraTh, 4To TpaHusiumus WAL
IeICTBUTEIbHO HACTPOeHa MPaBUIbHO.

[Tpeskae Bcero M3MeHUM CJIeyIolyie apamMmeTpsl B daiiie postgresql.conf:
wal_level = replica

max_wal_senders = 10 # wan nwboe 3HayeHne >= 2
hot_standby = on # 3TO yxe yC/NOXHeHue

0 [ins HekoTopbix NnapameTpoB B PostgreSQOL 10.0 yxxe 3apaHbl Xopolune 3Ha4YeHust No yMon-
YaHUto.

Kak 1 panbiie, mapametp wal_level 3amaH Tak, uTo6s! PostgreSQL nmopokmana mo-
CTAaTOYHO (HalyIOB KYPHAJIOB, YTOOBI pe3epBHbII cepBep ObIT TOCTOSTHHO 3aHST. 3aTeM
HY)KHO BbIOpaTh 3HaueHue max_wal_senders. B MOMEHT 3aIrycka pe3epBHOIO cepBepa
U TIpU COo3TaHuy 6a30BOIi pe3epBHOII KOMMY MpoILecc-oTipaBuTeb WAL KOHTaKTH-
pyerT c ripouieccom-nonyyateneM WAL Ha cTopoHe KinueHTa. [TapameTp max_wal_senders
no3BossieT PostgreSQL co3aTh JOCTATOYHO ITPOIIECCOB ISt OOCTY>KMBAHMSI KIIMEHTOB.

TeopeTnyeckn fOCTaTO4HO BCEro oaHoro npouecca-otnpasutens WAL. Ho 31o Heypo6Ho. [Ins
6330BOM pe3epBHONM KOMUU C MapaMeTpoMm --wal-method=stream y)e Hy>XHO ABa npoLecca-
otnpasuTens. Ecam Bbl xoTuTe, 4TOObI OLHOBPEMEHHO paboTan pe3epBHbINA CepBep M CO34a-
Banacb 6a3oBas pesepBHas Konus,To TpebyeTcs yxe Tpu npouecca. lNoatomy nossonbre Post-
greSQL 3apaHee co3aaTb OCTaTOYHO NPOLLECCOB, YTOObI M36eXaTb INLLHMX Nepe3anyCckoB.
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Cnenmyrouuit mapaMmeTp — hot_standby. I7TaBHbBIN cepBep UTHOPUpPYET MmapameTp
hot_standby. Ero equHCTBeHHOe HasHaueHUe — pa3pelluTb YTeHNe C Pe3epBHOTO
cepBepa BO BpeMsI BOCIPOM3BeNeHMs XXypHaia TpaH3akuuii. Torga kakoe HaM J10
Hero Jieyio? BcmoMHUTe, YTO mMporpaMma pg_basebackup KTIOHUPYeT cepBep LeIUKOM,
BKJII0YAsi KOHGUTYpalyio. DTO 03HAUaeT, UTO ecIM 3TOT IapamMeTp YCTaHOBJIEH Ha
IJTaBHOM CepBepe, TO OH MepeiifeT Ha BCce pe3epBHbIe IIPU CO30aHUM KOIIUNA.

Ianee nepeiineM K ¢aiiry pg_hba.conf: MbI JO/DKHBI pa3peIinuTb pe3epBHOMY cep-
Bepy BBITIOJHSITh PeIUIMKALINIO, JO6AaBYUB MIpaBijIa — Te Ke caMble, UTO TP HaCTPOii-
ke PITR.

[Tocste 3TOrO HYKHO ITepe3aIryCTUTh cepBep 6a3bl JaHHBIX.

3aTeM MOYKHO 3alyCKaTh HA pe3epBHOM cepBepe Mporpammy pg_basebackup. Ho
cHayvaia ybeayuTech, YTo KaTalor /target mycT. Ecjiv BbI ITosib3yeTech RPM-niakeTamu,
TO CHayaja OCTAHOBUTE IMOTEHIIVATbHO PaOOTAIONIMIT SK3EMIUISP U YOAIUTE BCE U3
Karajora (Hanpumep, /var/lib/pgsql/data).
pg_basebackup -D /target

-h master.example.com

--checkpoint=fast
--wal-method=stream -R

BMmecTo /target momcTaBbTe CBOV KOHEUHBIN KaTajaor, a BMeCTO master.example.
com — [P-agpec wau goMeHHOe UMS TJIaBHOTO cepBepa. [lapameTp - -checkpoint=fast
0O3Hayaer, YTO KOHTPOJIbHYIO TOUKY CJIeflyeT CO34aTh HeMeljieHHO. biaromaps mna-
pameTpy --wal-method=stream OTKpbLIBAIOTCA OBa MOTOKA. Yepe3 OOVH ITOTOK KOIM-
PYIOTCSI TaHHbBIE, a Uepes APYTol — SKypHaJl TpaH3aKIMii, KOTOPBIN CO3[4aeTCsl, TToKa
paboTaet mmporpamma pg_basebackup.

U nakoHer1, ¢ar -R:

-R, --write-recovery-conf  # 3anucaTb recovery.conf nocse cosgaHusi pe3epsHOW Komuu

OJTO OUeHb MoJe3Hasi BO3MOXKHOCTB. [Iporpamma pg_basebackup ymeeTt aBTOmMaTu-
YeCKy CO37aBaTh KOHGUTYPAIMIO pe3epBHOTO cepBepa, BKIoUast pas3jiMyHble rapa-
MeTphI B (haiis recovery.conf:

standby_mode = on
primary_conninfo =

[TepBriit mapameTp roBoput, uto PostgreSQL momkHa ITOCTOSSHHO OCTaBaTbCS
B peXXyIMe BOCIIPOM3Be[eHM s )KypHaJla TPaH3aKLMii: eC/iv BECh SKypHaJI YyKe BOCIIPO-
M3BeJIeH, TO cepBep IO/IKeH KAATh IMOCTYIUIeHUs cienytoriero daitia WAL. Bropoit
rapameTp CoO0IaeT, Ime HaXOIUTCS [TIaBHbI cepBep. DTO CTaHAAPTHAs MHPOpMa-
LIS O TIOAK/IIOUeHNM K 6ase JaHHbIX.

O OOMH pe3epBHbIii CEpBEP MOXET MOAK/IOYATLCS K APYrOMY A1 NOTOKOBOM Nepesaum XypHa-
NOB TpaH3aKLUMit. MOXHO HACTPOMUTb KacKafgHYH Penamnkaumio, CHAB 6a30BYH0 pe3epBHYIO KO-
MUI0 C pe3epBHOro cepBepa. B 3ToM KOHTEKCTE 2/1a8HbIl 03HAYaeT MPOCTO CEPBEP-UCTOUHMK.

I[Tocse 3amycka IMporpamMMbl pg_basebackup yske MOKHO 3aITycKaTh CIysk6bl. CHa-
yaJia IIPOBEPMM, UTO Ha IJIABHOM cepBepe paboTaeT npouecc-omnpasumens WAL:
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[hs@linuxpc ~]$ ps ax | grep sender
17873 ? Ss 0:00 postgres: wal sender process ah ::1(57596) streaming 1F/E9000060

Eciu 970 Tak, TO Ha pe3epBHOM cepBepe OymeTt pabotaTs npoyecc-npuemHux WAL:

17872 ? Ss 0:00 postgres: wal receilver process streaming 1F/E9000060

Ec/iu 9T IIPOLIeCChl IIPUCYTCTBYIOT, 3HAUNUT, MbI Ha IIPAaBUIbHOM IIYTH, Y PeILIn-
Karus paboTaet, Kak oxkumaeTcss. 06e CTOPOHbI B3aMMO/IECTBYIOT IPYT C IPYTOM,
U SKypHaJT TPaH3aKIMii TepefaeTcs OT [JIaBHOTO CepBepa pe3epBHOMY.

Iosslenue yposHs 6e3onacHocmu

o cux TTOp MOTOKOBas peIIMKalMs OCYIIeCTB/ISIach OT MMEHM CYIepIioiib30Ba-
tesss. Ho paspemiaTh JOCTYII OT MMEHM CYIEepPIIONb30BATEIS C YIAJIeHHOrO y3ja He
crout. ITo cyacteio, PostgreSQL mo3BosisieT co37aTh MOTb30BaTENS], KOTOPOMY Pas-
pelleHO TOIbKO MOTPEBISITh MOTOK KypHaIa TPaH3aKIMit 1 6OJIbIlle HUYETO.

test=# CREATE USER repl LOGIN REPLICATION;
CREATE ROLE

IlaB miosib30BaTeNto paBo replication, MbI Hafie/IsieM €er0 BO3MOXKHOCTbIO MPO3-
BOIUTD IIOTOKOBYIO PEIJIMKALMIO — BCe OCTA/IbHOE 3allpelleHo.

HacTosiTenbHO peKOMeHyeTCsl He MCII0/Ib30BaTh YUYETHYIO 3allMCh CyIIePIIOIb30-
BaTeJIs )1 IOTOKOBO peruiMKanyin. [IpocTo M3MeHnTe UMS T0JIb30BaTess B haiiie
recovery.conf. TeM caMbIM BbI CyIII€CTBEHHO ITOBBICUTE YPOBEHb O€30ITaCHOCTM.

OcTaHoBKa 1 BO306HOBNEHUE peninkauuu

Bynmyuu 3amyiieHa, TIOTOKOBas peruiMKanust paboraert, He Tpebysl 0co060ro BHUMA-
HMST afiMUHMCTpaTopa. Ho B HEKOTOPBIX CIydyasx ObIBaeT HEOOXOIMMO OCTAaHOBUTD
peruinKaImio, ¢ TeM UYTOObl BOSOOHOBUTH €€ MO3sKe. 3aueM 3TO MOXKeT MOHaI0-
OUTbCS?

PaccMoTpuM C/lefylolIyl0 CUTyalMIO: Bbl OTBevaeTe 3a HACTPOWKY CUCTEMBbI
C TVIABHBIM ¥ Pe3epBHBIM CepBepaMi, Ha KOTOPOJt paboTaeT Kakas-To gypankas CMS
(cucTeMa yIipaB/IeHUsI KOHTEHTOM) MM COMHUTENbHBIN GopyM. TpebyeT mepeitTu
¢ ykacHoit Bepcuu CMS 1.0 Ha kommapayio CMS 2.0. B 6a3e maHHBIX ITPOU3BOIST-
Cs1 HEKOTOpbIE M3MEHEeHMSI, KOTOPble MTHOBEHHO PeIUIMIMPYIOTCS Ha Pe3epBHbII
cepBep. A 4TO, eCu IpU TTepexosie Ha HOBYIO BEePCUI0 UTO-TO NoiiaeT He Tak? Torma
oIMbKa cpasy ke MOSIBUTCS Ha 000MX y3/1aX.

YT065bI M36€5KaTh MTHOBEHHOTO PAacIIpOCTpaHeHMs M3MeHeHM, Mbl MOXKEM OCTa-
HOBUTbH PEIUIMKAIINIO ¥ BO30OHOBUTH, KOT/IA IIOHAI06MUTCS. B paccMOTpeHHOM Tpu-
Mepe HYKHO OyIeT caenaTh CIegyomee.

1. OcCTaHOBUTH pernKaInIo.

2. TIpomsBectu o6HOBIeHMe 1O Ha ITaBHOM cepBepe.

3. TIpoBepuTh, UTO NIPUJIOKEHME TTO-TIpEXKHEMY paboTraeT. Eciu 3T0 Tak, BO306-

HOBUTD peIvinKaliuio, MHaue cienaTh IJTaBHbIM CEPBEPOM PEIUIMKY, Ha KOTO-
pOJi MO-TIpeXKHEMY HaXOASTCS CTapble JaHHbIE.



7

HacTpoiika aCMHXpOHHOM pennnkauum < 271

JTOT MeXaHM3M MO3BOJSIET 3aUUTUTD JAaHHbIE, T. K. Mbl MOKEM BEPHYTbCS K CO-
CTOSTHUIO, CYIIeCTBOBABIIEMY I1epell BO3HMKHOBeHMeM Ipo6iembl. Hiuxke B 9TOi
I71aBe MbI [IOKaXkeM, KaK IOMEHSITh POJISIMY Pe3ePBHbII U [TIaBHBIN CepBepHI.

Teriepb BOIPOC: KaK OCTAaHOBUTh pernuKauyui? [Ijisi 3TOro HY>KHO BBIIIOJTHUTh
CJIeIyIOIIYI0 KOMaHAy Ha pe3epBHOM cepBepe:

test=# SELECT pg_wal_replay_pause();

JTa KOMaH/la OCTaHaBJMBaeT peIvMKauio. )KypHasa TpaH3aKIuii no-npexxHemy
repenaeTcs C IFITaBHOTO cepBepa Ha pe3epPBHbIN — OCTaHOBJIEH TOJIBKO MPOILIecc BOC-
npousBefeHus. [JaHHbIe MO-TTPeXXHEeMY 3allUIIeHbI, TOCKOIbKY X KON HaXOOUT-
Cs1 Ha pe3epBHOM cepBepe. B ciryuae aBapum gaHHbIe He OYAYT ITOTEPSIHBI.

[loMHMUTE, YTO MPOLIECC BOCIPOM3BEAEHUSI C/efyeT OCTaHaBIMBAThb MMEHHO
Ha pe3epBHOM cepBepe. B mpotusHoM cryuae PostgreSQL BwigacT coobiieHme o6
oIoKe:

OLKWBKA: BOCCTaHOBNEHME He BHIMOJHAETCA
MOACKA3KA:  dyHKLMM ynpaBfeHMs BOCCTAHOB/IEHWEM MOXHO WMCMO/Nb30BAaTb TOJbKO B npouecce
BOCCTAHOBJIEHNSA.

Korma HacTaHeT BpeMst BO30OHOBUTh PEIUIMKALINIO, HAa pe3epPBHOM CepBepe HyK-
HO OYIeT BBIITIOJHUTD TAKYI0O KOMAHIY:

SELECT pg_wal_replay_resume();

PostgreSQL cHOBa HauHeT BOCIIPOU3BOAUTD KYPHAJ TPaH3aKIUIA.

MpoBepka cocToaHUa pennukauumn ana obecneyeHms fOCTYNHOCTH

OpnHa 13 OCHOBHBIX 334 aAMUHUCTPATOPA — CIEIUTh, YTOOBI PETUIMKALINS He OCTa-
HaBIMBaIacCh. ECIM penmMKanust IpekpaTuTcs, TO B CIyyae aBapuu INIaBHOTO cepBe-
pa BO3MOYXHA MOTePst JaHHbIX.

K cuactbio, PostgreSQL ripenocTaBiisieT CUCTEMHBIE IIpeACTaBIeHUs, KOTOpbIe
MTO3BOJISIOT ITOAPOOHO U3YUNTh, UTO ITpoucxoanT. OTHO 13 HUX HAa3bIBAETCS pg_stat_
replication:

test=# \d pg_stat_replication
MpeacTaenenne "pg_catalog.pg_stat_replication”

Ctonbey Tun | Mpasuno coptuposku | JomycTumocTb NULL

|
------------------ + +
pid I I
usesysid | |
usename | name
application_name | text
client_addr | inet
I |
I |
I |
I |
I |
I |
I |

integer
oid

client_hostname text

client_port integer

backend_start timestamp with time zone
backend_xmin xid

state text

sent_lsn pg_lsn

write_lsn pg_lsn
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flush_lsn | pg_lsn | |
replay_lsn | pg_lsn | |
write_lag | interval |
flush_lag | interval |
replay_lag | interval |
sync_priority | integer | |
sync_state | text |

OTO TpeiCTaB/IeHN e CONEPKUT MHPOPMAIINIO 00 OTIIpaBuTese. S He XOuy YIIo-
Tpe6/IATh 3/IeCh TEPMUH «IJIaBHBII cepBep», IOTOMY OIMH pe3epBHbIii cepBep MO-
SKeT OBITh COeIMHEH C IPYTUM, TOKe pe3epBHbIM. MOXKHO IOCTPOUTH IE€PEBO Cep-
BEpOB, U TOIA IJIaBHbBI cepBep OymeT 3HATH TOIBKO O TeX Pe3epPBHBIX, KOTOPbIE
MOJK/IIOYEHBI K HEMY HaIPSIMYIO.

[TepBoe, YTO MbI BUAMM, — 3TO MUIAEHTUPUKATOP Mporecca-oTinpasuTens WAL.
OH MoMoykeT HalTU TPOoILiecc, eciy UTO-TO TOAeT He Tak. Bripouem, 3TO peiKoCTb.
Hanee uaeT uMs MI0JIb30BaTeJsI, KOTOPOE pe3epBHbIi cepBep UCIIOIb30BaJ AJ1sI IO -
KJIIOUeHUs K oTrpaBuTento. [Tomns Buaa client_* MOKasbIBaIOT, I[i€ B CETU HAXOAUTCS
pe3epBHbIii cepBep. [lone backend_start roBOpuUT, KOTa pe3epBHBI cepBep Hayasl
TTOTOKOBYIO PEIUIMKALVIO OTIIPABUTES.

Ilanee Mbl BUIMM 3aragouHoe mojie backend_xmin. [Tpenmosoxum, uTo paboraeT
cucTeMa B KOHGUTYpaluy IIaBHbII—pe3epBHbIV. Pe3epBHBIN cepBep MOKHO I10-
MIPOCUTH, YTOOBI OH COOBIINIT ITTABHOMY CBOJ uaeHTUdUKATOP TpaH3aKiuu. CMbICT
B TOM, UTOOBI 3aeP5KaTh OUMCTKY Ha IIaBHOM CepBepe, TaK UTOObI JaHHbIE He 6pa-
JINCh U3 TPAaH3aKIMU, BBITIOHSIEMOV Ha Pe3ePBHOM.

[Torne state mHGOPMUPYET O cOCTOSTHUM cepBepa. Ec/iu ¢ cucTemMoit Bce B TTOpsIAKe,
TO ToJsie 6yJeT comepykaTh 3HAUeHMe streaming. B TpOTMBHOM ciTydyae HEOOXOAMMO
MU3YYUTD ITPOBIEMY € TATBHO.

Cnenyroiye yeTbipe IOJSI OUeHb BaskHbBI. [Tose sent_lsn, KOTOpoe paHbIlle Ha-
3bIBAsIOCh sent_location, MOKa3bpIBaeT, Kakas 4aCTh XKypHasa TpaH3aKIIuii yXe rmepe-
JlaHa APYTOli CTOPOHE, T. €. MOATBePXKAeHa NpueMHUKoM. [locie TOTO Kak JaHHbIe
SKypHaJia TpaH3aKLuii OpuHSATHI U3 ceTu, oHu nepepaiorcss OC. [Tome write_lsn,
obIBIIEEe write_location, TOBOpUT, KaKasl yacTh KypHasa yke monuia mo OC. ITore
flush_lsn, 6biBmIee flush_location, TOBOPUT, Kakasi 4yacTh KypHasa yke cOpolieHa
Ha IUCK.

U HakoHel, rose replay_lsn, KOTOpOe paHbllle Ha3bIBasOCh replay_location. ToT
(axT, 4TO JKypHaJI TpaH3aKI[Mif 3aTIMcaH Ha JMUCK pe3epBHOTO cepBepa, ellle He 03Ha-
yaert, uTo PostgreSQL y>ke BOCIipon3Bena 3TOT XXypHaJI, T. €. Caelana HaXOOsIyecst
B HeM M3MeHEeHMS BUIMMBIMMU IOIb30BaTeNSIM. [Ipenonokmum, YTO permKanus
MpuoCTaHoB/eHa. [laHHbIe TO-TIpeXXHeMy IepefaloTcss pe3epBHOMY cepBepy, HO
IoKa He BOCIpou3BomaTCs. ITone replay_lsn Kak pa3 U TOBOPUT, KaKasl 4yacTb IaH-
HbBIX BUAUMA.

B Bepcun PostgreSQL 10.0 B mipencraBieHye pg_stat_replication mo6aBiaeHbI HO-
BbI€ TOJIST; TOJIS BMa *_lag MOKa3bIBAIOT, HACKOJIBKO PEe3ePBHBIN CepBep OTCTaeT OT
[JIaBHOTO.
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9 Tun 3Tux nonew interval, 4Tobbl ObINA HAFNSLHO BUAHA PA3HULLA BO BPEMEHM.

Haxownert, PostgreSQL coo6miaet, IBASeTCS M perviMKalius CUHXPOHHO! WMIn
ACUHXPOHHOIA.

Ecu Bl Mo-nipeskHeMy paboTaete ¢ Bepcueit PostgreSQL 9.6, To MoXKeTe IOACcUn-
TaTh OTCTaBaHMe MPMHMMAIOIIETO cepBepa OT Iepemarolero B 6aiiTax. [Tomeit *_lag
B Bepcuu 9.6 ellle HeT, HO 3HATh pacxokaeHue B 6aiiTax MHoOrma mojaesHo. BoT kak
3TO JleiaeTcs:

SELECT client_addr, pg_current_wal_location() - sent_location AS diff
FROM pg_stat_replication;

@®yHkuus pg_current_wal_location(), BbIMONHSEMass Ha ITIaBHOM CepBepe, BO3-
BpalllaeT TeKyIllyl0 IO3MLMIO B XypHase Tpan3akuuii. B PostgreSQL 9.6 umeercs
CrienanbHbI TUIT JAHHBIX pg_lsn OJIs1 TaKUX MO3ULMIA. [l 3TOro TuUIlla ornpene-
JIEHO HECKOJIBKO OITepaTOPOB, KOTOPBIMM MbI 3[€Ch BOCITIOJIb30BAINCh, YTOOBI BbI-
YeCThb MO3UIMI0 HA Pe3epPBHOM CepBepe 13 MO3ULIMK Ha INIaBHOM cepBepe. Takum
06pa3oMm, 3arpoc BO3BpalllaeT pacXokaeHne MeXIy IBYMS cepBepaMu B 6aiiTax (3a-
JIIePKKY peruiMKanun).

9 B Takom Buae komaHaa pabortaet Tonbko B PostgreSOL 10. B npenbiaywmx Bepcunax dyHKLMS
Ha3biBanacb pg_current_xlog_location().

Ewn mipencraBiienne pg_stat_replication comepskut mHOpMaluio o mepeaar-
1Ieit CTOpoHe, TO pg_stat_wal_receiver IaeT aHATOTMYHYIO MHPOPMAIIMIO O TIPUHU-
Marolei CTOpoHe:

test=# \d pg_stat_wal_receilver
MpeacTaenenne "pg_catalog.pg_stat_wal_receiver"
Ctonbey | Tun Mpasuno coptuposku | JonycTumocTb NULL

integer
text
pg_lsn

I
+ +
| I
status | |
receive_start_lsn |
receive_start_tli | integer
received_lsn | pg_lsn |
received_tli | integer
last_msg_send_time | timestamp with time zone |
last_msg_receipt_time | timestamp with time zone |

I I
I I
| I
| |
| |
I I

latest_end_1sn pg_Llsn

latest_end_time timestamp with time zone
slot_name text

sender_host text

sender_port integer

conninfo text

[Tomumo maentudmraropa mpoiecca-nmpuemumnka WAL, PostgreSQL coobiaeT
COCTOSIHMeE 3TOro Ipoiecca. [Tosne receive_start_lsn COOePKUT MO3ULIMIO B KypHase
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TpaH3aKIUii, HAUMHas ¢ KOTOPOJ OCYILeCTBJSIeTCSI mpueM, a Tosie receive_start_
tli — IMHMIO BpeMeHM, KOTOPast MCII0Ib30BaIach, KOTIA ObII 3aITyIIeH ITPYEeMHUK.

B niosne received_lsn XpaHUTCSI MO3ULIMS B XXypHaJie TpaH3aKLMiA, 10 KOTOPO TaH-
HbIe yyKe IIPUHSITHI 1 COPOIIIeHbI Ha IMCK. 3aTeM UAeT MH(pOpMaIlus 0 BpeMeHMU, CJI0-
Tax peIvIiMKaluyu U IMOAK/II0UYeHUN.

Boo6iiie roBopsi, MHOTME CUMTAIOT, YTO UMTATh MIpeacTaBieHue pg_stat_replica-
tion mmpoire, uem pg_stat_wal_receiver, 1 GOJIBIIMHCTBO MHCTPYMEHTAIbHBIX CPENICTB
paboTaeT MMeHHO C pg_stat_replication.

O'rpa60TKa OTKa3oB U TIMHUU BpeEMEHU

OpnyiH pa3 HacTpoeHHas Iapa IJIaBHbIi—pe3epBHbI 00bIUHO Geciiepe6oitHO paboTa-
€T B TeUeHMe OYeHb JOIroro BpemMenn. Ho Bce KOIma-To J0MaeTcsl, I03TOMY BaskHO
MMOHMMATh, KAK 3aMEHUTh BBILIEIINI 13 CTPOS CEpBEP Pe3ePBHBIM.

PostgreSQL ympoiaeT oTpaboTKy OTKa30B U MEPeXoj pe3epBHOrO cepBepa Ha
PoJIb [IaBHOTrO. HysKHO JIMIIIb BEI3BATh IIPOrpamMmy pg_ctl, KOTOpasi IIOBBICUT CTATyC
PEIUINKIA:

pg_ctl -D data_dir promote

PesepBHbIli cepBep MTHOBEHHO OTK/IIOYAETCSl OT I[JIAaBHOTO M CaM CTaHOBUTCS
r71aBHBIM. HarmtoMHMM, UTO B MOMEHT TOBBIIIEHMS CTATyCca pe3epBHbIi cepBep MOT
06CTYsKMBATh THICSUM TTOIK/IIOUEHMI, TI0 KOTOPbIM ITPOMU3BOAMIIOCH uTeHue. 1 Bce
9TU TIOIK/TIOUEHMSI OYIYT aBTOMAaTUUYECKY ITPe0O6pa30BaHbl, TaK UTO CTAHET BO3MOXK-
Ha U 3aMKCh — Jaxke MepernoiKkaouaTbCs He TIPUAeTCS.

[Moseimag cratyc cepsepa, PostgreSQL yBesimumMBaeT Ha eAUHUILY TUHUIO BpeMe-
HM. [I71 COBepIlIeHHO HOBOTO CepBepa JIMHMS BpeMeHM paBHa 1. Eiu pe3epBHbIN
cepBep SIBJISETCST KOMMEN IIaBHOrO, TO €ro JIMHUSI BpeMeH! OyIeT TaKoii ke, Kak
y IJIaBHOTO, T. €. 00a cepBepa GYmyT HaXOAUTHCS Ha JuMHMUK BpeMmeHu 1. ITocie mo-
BBINIEHMSI CTATyCa Pe3epPBHbIN cepBep CTAHOBUTCS HE3aBUCUMbBIM ITIaBHBIM U Mepe-
XOIUT Ha JIMHUIO BpeMeHM 2.

JIHUM BpeMeHM 0COOEHHO BaskKHbI ITPY BOCCTAHOBJIEHMM Ha OIpe/ieJIeHHbI MO-
MeHT BpeMeHMU. [Ipenonokum, u4To 6a30Basi pesepBHast KOIMS CO3/IaHa IIPUMepPHO
B oyiHOUb. B 12:00 nHS pe3epBHBI cepBep cTaa MiaBHbIM. B 3:00 mHS mpomucxoauT
€60J1, ¥ MbI XOTMM BOCCTAHOBUTb COCTOSTHYME HAa MOMeHT 2:00 mHs1. MbI BocIipou3Be-
JleM KypHaJI TPaH3aKILMii, CO3IaHHblii TToc/ie 6a30BOI pe3epPBHOI KOMMUU, U 3aTEM
nepeiigem Ha NOoTOK WAL OT I71laBHOTO cepBepa, MOCKOIbKY 9TH JIBa y3J/1a Pa30lLINCh
B 12:00 mus1.

06 M3MeHeHUM JIMHUY BpeMeHM MOXKHO TaKKe CYAUTD 110 MMeHaM GaiiioB Kyp-
Hasa TpaH3akuuii. Bot kak Beirmsaaut daiin WAL Ha nuHMM BpemeHn 1:

0000000100000000000000F5
[Tocste mepexo/a Ha IMHUIO BpeMeHu 2 MM (daiiia CTAaHOBUTCS TAKMUM:

0000000200000000000000F5

Kaxk Bugum, daitisl WAL, npuHapjiexkaiiye pasHbIM JIMHUSIM BpeMeHU, TeOpeTu-
YeCKy MOI'YT HaXOOUTHCS B OLHOM apXMBHOM KaTtasore.
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YnpasneHue KOHGAUKTaMU

MpbI y3ke MHOTO Y3HaJIM O perutMkaium. Jlajee Mbl IO3HAKOMUMCST C KOHMIMKTaMMU
periukaiyn. [7aBHbI BOIIPOC: KaK BOOOIIEe MOXKET CIYUUTHCS KOHGIUKT?
PaccmoTpum nipumep.

[naBHbI Pe3epBHbIi

BEGIN;

SELECT ... FROM tab WHERE ...
.. paboTaert ..

DROP TABLE tab; .. IMEeT MeCTO KOHQMMKT ..

.. TPaH3aKumM paspeweHo paboTaTb ewe 30 C ..
.. KOHO/AMKT pa3pewaeTcs, WM 3anpoC CHUMAETCA A0 WCTEeYEHUs TalM-ayTa ..

[Tpo6ema 31ech B TOM, UTO IJIaBHBII CepBep He 3HAET, UYTO Ha pe3epBHOM BhITION -
HsIeTcs TpaH3aKuyst. [IoaToMy KoMaH 1a DROP TABLE He 3aepsKMBaeTCs 10 OKOHYAHMS
YyTeHMsI, Kak 6bI0 6bI, €cyIv Obl 00e TpaH3aKIuM paboTany Ha ogHOM cepepe. I1o-
CKOJIbKY CepBepbl pa3Hble, TO KOMaHIa DROP TABLE oTpabaTbIiBaeT HOPMAIbHO, U TTO-
Cpe[CcTBOM JKypHaJIa TpaH3aKLMit Ha pe3epBHbIii cepBep IoIaaeT 3ampoc ¢ Tpebo-
BaHMEM YIaJIUTh COOTBETCTBYIOIIME (aiiabl JaHHBIX ¢ AycKa. Terepb pe3epBHbIN
cepBep CTAJIKMBAETCS C IMJIEMMOIi: eCiu YIaIUTh TabIuITy C IMCKa, TO KOMaHIy SE-
LECT HY>KHO MIPepbIBaTh, a €CIu KAaTh, TOKa SELECT 3aBepIINTCS, M 3a7epkaTb BOC-
TIpou3BeeHNe KypHasa, TO MOKHO 6e3HaZeXXHO OTCTaTh OT [JTABHOTO cepBepa.

VnmeasbHBIM peIIeHMeM SIBJISIETCSI KOMITPOMMCC, KOTOPBIN YIIPaBIIsIeTcs] KOHOMU-
TypanyoOHHBIM ITapaMeTPOM:
max_standby_streaming_delay = 30s

# MaKCMManbHas 3aJepXKa A0 OTMEHbl 33anNpoCoB YTEHUA
# B cucTeMe C MOTOKOBOW penaukaunen WAL;

Vpest B TOM, 4TOOBI MOZOKaaTh 30 ¢, Ipeskae ueM OTMEHSITh 3alIpoC Ha pe3epB-
HOM cepBepe. B 3aBMCHMMOCTM OT MPUIOKEHMSI MOKHO 3a7aBaTh 3TOT ITapameTp 60-
Jiee UM MeHee arpeccMBHO. OTMeTuM, uTO 30 C OTHOCSITCSI KO BCEMY MTOTOKY periy-
Kallyy, a He K OMHOMY 3ampocy. MOKeT CIyUYUThCS, YTO KOHKPETHBII 3apoc OymeT
CHSIT ropa3zo paHbliie, TOTOMY UTO CHCTeMA YKe JTOJITO KAEeT 3aBepIlleHNsT KaKoro-
TO APYTOTO 3arpoca.

Komana DROP TABLE — oueBMIHBIN IIpUMep KOH(IMKTA, HO 1a/IeKO He eJMHCTBEeH-
HbIN. BoT emie ogymH:

BEGIN;

DELETE FROM tab WHERE id < 10000;
COMMIT;

VACUUM tab;

CHOBa MOpPeNNoNOXUM, YTO Ha Pe3epBHOM CepBepe BBIMOMHSIETCS IJINTe/lbHas
KoMaHja SELECT. [TOHATHO, UTO KoMaHAa DELETE He COCTaBJ/IsIeT MPOOIEMBI, TOTOMY
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YTO OHA TOJBKO MTOMeyYaeT CTPOKY Kak yAaJeHHYI0, a He yoaJiseT ee Ha CaMOM Jieie.
COMMIT TOXe He TpobemMa, IOTOMY UTO OHA IPOCTO ITOMevaeT TPaH3aKIMIo KaK 3a-
BepllieHHY10. DM3UUecKy CTPOKa BCe ellle Ha MecTe.

[Tpo6yieMbl HAUMHAIOTCS, KOTIA B UIPY BCTyIlaeT KoMaHzaa VACUUM. BoT oHa-TO
YHUYTOXKaeT CTPOKY Ha IucKe. VI pasymeeTcs, 3TU M3MeHeHMs TI0MafaioT B XKypHal
TpaH3aKIMil M paHO MM MO3THO J0OepyTcsl IO pe3epBHOrO cepBepa, y KOTOPOro
BO3HUKHYT HEMTPUSTHOCTH.

YT0oO6BI TPEAOTBPATUTD MOSBIEHME TUITMYHBIX ITPO6IEM, XapaKTEePHbIX JJIST CTAH-
IapTHOI paboueit Harpy3ku Tua OLTP, 611 BBeAEH CIemyronnii KOHPUTrypammoH-
HbIV TapaMmeTp:
hot_standby_feedback = off

# pe3epBHbii cepsep byaeT OTNpaBAATb WHPOPMALMI,
# 4TObbl NPeAoTBPATUTL KOHGAMKTLI MPU BbINOJHEHWN 3anpoCoB

Ewin sTOT MapaMmeTp paBeH on, TO pe3epBHbIN cepBep MepruoandecKy OTIIpaBIs-
eT IJITaBHOMY MAeHTUdUKATOp camoit ctapoit TpaH3akuyu. Torga mpoiecc OUMCcTKI
OymeT 3HaTh, UTO TIE-TO B CUCTEME MMeeTcs 6osee cTapast TpPaH3aKIVsI, I CIBUHET
BO3paCT OUMCTKM Ha Oojiee MO3MHMII MOMEHT, KOTA CTPOKM OymeT 6e30I1acHO CTe-
peTb. ITo cyTu mena, mapametp hot_standby_feedback mpuBoauT K TakOoMYy ke 3¢ dek-
Ty, KaK BBITIOJIHEHME JOJITOI TpaH3aKIMM Ha TJTAaBHOM CepBepe.

[To ymomuanuio nmapameTp hot_standby_feedback paBeH off. [Touemy? IIpuunHa
BecbMa OCHOBAaTeIbHasI: €CJIM 3TOT PEeKMM BBIK/TIOUEH, TO pe3epBHbIl cepBep HMKAK
He BJIMSIET Ha IVIaBHbIN. II0TOKOBAs mepemava JKypHasia TpaH3aKINi He ToTpebseT
MHOT'O PecypcoB IIPOIeccopa, Tak UTO IMOTOKOBAsT periMkanys a¢hdekTuBHa U 06-
XOOUTCS HeJoporo. Ho et pe3epBHLIN cepBep (KOTOPBIM MbI, BOSMOKHO, JaXKe He
KOHTPOJMPYEM) CJIUIIKOM JOJITO YAEPKMBAET TPAH3aKIMIM OTKPBITHIMM, TO Ha IJIaB-
HOM cepBepe 6yIeT MMeTh MecTo pa3byxaHue TabauIl U3-3a OTIOKEHHOM OUMCTKIA.
B koHbUTYpa1uy 1Mo yMoaT4aHUIo 3TO CUUTAETCSI MeHee KejlaTeTbHbIM, YeM YMeHb-
IIeHue Ynciaa KOHGINKTOB.

Ecwmm 3amats hot_standby_feedback = on, To 06bIYHO ymaeTcst mpegoTBPaTUTh 99 %
TUNUYHBIX 1J11 OLTP KOHMIMKTOB, UTO 0COOEHHO BaKHO, €CJIN IJTUTEIbHOCTh TPAH3-
aKIMit IpeBbINIaeT Mapy MUUIMCEKYHI,

MoBbileHMe HaAEeXHOCTU peninkauuun

Kak MbI BUIeIM B 9TOJ IJ1aBe, HACTPOUTD PeIIMKAaIuIo pocTo. Ho 6bIBalOT HETH-
MUYHbIE CJTydau, MPUBOISIIME K IKCIUTyaTallMOHHBIM (JIOKHOCTSIM. OAVH U3 HUX
CBSI3aH CO CPOKOM XpaHEeHMSI )KypHaI0B TpaH3aKI[MiA.

PaccmoTrpum cienyrommii ciieHapuii.

1. CospganHa 6a3oBast pe3epBHast KOTMS.

2. Tlocre ee co3gaHmst HUYEro He MTPOMCXONIIO B TeUeHMe vaca.

3. 3areM 3amylilleH pe3epBHbIl cepBep.

[maBHOMY cepBepy HeT Jieia 10 CyIeCTBOBaHMS pe3epBHOro. [loaToMy XypHaia
TpaH3aKIINii, He0O6XOIMMOTO Pe3ePBHOMY CepBEpY, MOXKET Y3Ke U He ObITh, TOCKOTb-



KD

Nepexoa Ha CMHXPOHHYI penavkaumio <% 277

Ky OH yIaJIeH ITPOIeccoM CO3aHus KOHTPOIbHOM TouKM. Terepb 1j1s 3aIycka pe-

3epBHOTO cepBepa HeoO6XomuMa MOBTOPHAST CMHXPOHM3aIys. [IOHSITHO, UTO B CTy-

yae 6a3bl pa3MepPOM HECKOJIBKO TepabaiiTOB 3TO cepbe3Hast Ipobiiema.
[ToTeHLIManbHOE pellleHMe gaeT mapameTp wal_keep_segments:

wal_keep_segments = O # u3mepAeTCA B CErMeHTax XypHana givHon 16 Mb; O - BbIKJIHYMTb

[To ymomuanuio PostgreSQL xpaHUT JOCTAaTOYHO CErMEHTOB KypHaja TpaH3akK-
1M1, 9TOOBI BOCCTAHOBUTHCS IOC/IE HEOXKMIAHHOI aBapyy, HO He Gosbiie. [TapameTp
wal_keep_segments ITO3BOJISIET CKA3aTh CEPBEPY, UTO HYSKHO XPAHUTD OOJTbIIIE JAHHBIX,
yTOOBI pe3epBHbIN CepBEP MOT JOTHATDH IVIABHBIN, Jaxke €C/TM CUIbHO OTCTaJ.

BaskHO MMeTb B BU/TY, UTO CEpBEP MOKET OTCTATh He TOJIbKO ITOTOMY, UTO OH CJIUIII-
KOM Me[IJIeHHBII MM CJIMIIKOM 3aHSIThIN. 3aUacTyio 3ama3biBaHle BOSHMKAET U3-
3a Me[JIEHHO1 ceTu. [IpeaIonokimM, UTO CO3aeTcss MHIEKC Hajl Tabnuiieii pasmepa
1 TB; PostgreSQL copTupyeT naHHbIe, IOCAe Yero yke MOCTPOeHHbIN MHAEKC T0-
MeIaeTCs B KypHas TpaH3aKIuii. A Terepb NpefCcTaBbTe, YTO MPOU30IALT IIPU MO~
MIBITKE TIepelaTh COTHY MerabaiT sKypHaia 10 CeTH C MPOITYCKHOI CIIOCOOHOCTHIO
Bcero 1 I'6/c wim okojio Toro. B pesynbrare MOXKeT ObITh ITOTEPSIHO MHOTO I'MTrabaiT
IIaHHBIX, M 9TO IIPOU30MIET B TEUEHME HECKOIbKUX CeKyH/I. [IoaToMy nmapameTp wal_
keep_segments cieflyeT 3aaBaTh B pacyeTe He Ha TUMIMYHYIO, @ HA MaKCUMaJbHYIO
3a7IeP3KKY, ellle YCTPanBalolly0 agMUHUCTpaTopa (ObITh MOXKET, C HEKOTOPBIM 3a-
1acoMm [ijIs1 Iytelt 6e301acHOCTH).

3afaHye JOCTaTOUHO 6OJbIIOro 3HaUeHNs wal_keep_segments 6oJiee ueM orpaBa-
HO, U I PEKOMEH/IYIO IT03a00TUTHCS O TOM, YTOOBI JAHHBIX BCEIIa XBATAJIO.

AJIbTepHATHBHOE pelieHye Tpob1eMbl IIPeXIeBpeMEeHHOTO yaaJleHNs SKYpHaIOB
TpaH3aKI[Mi1 Jal0T CJIOThI peruIMKaly, KOTOpble Mbl pACCMOTPUM JlaJiee.

MePEXOR HA CUHXPOHHYIO PEMJIMKALIMIO

Boillle MBI ITOBOJBHO MOAPOOHO PACCMOTPENM ACMHXPOHHYIO perviMkamuioo. Ho
ACHMHXPOHHOCTD O3HavaeT, uYTo (pUKcalys TpaH3aKIMM Ha pe3epBHOM cepBepe MOo-
SKeT IIPOUCXOINUTD Mociie ee MKCALMM HA IIaBHOM. Ec/iu I71aBHBIN cepBep BbIAIET
U3 CTPOsI, TO TaHHbIe, He MOIIeIIe 0 Pe3ePBHOTO, MOTYT ObITh IIOTEPSIHBI, Taske
IIPY HACTPOEHHO perinKalyn.

[Tpob6iiemy pelraeT CMHXPOHHAST PEIIMKALIUSI — B 9TOM CIydae 3ahUKCUPOBaHHAS
TpaH3aKIIMs JO/DKHA IONACTh Ha MMCK XOTS 6bI Ha OMHOM perinke, YTOObI TpaH3-
aKkIusl cuuTansach 3aUKCUPOBAHHONM Ha IJITaBHOM cepBepe. [I03TOMy CMHXPOHHAasI
perviMKaius 3HaunuTeIbHO CHMXKAeT BEPOSITHOCTD ITOTePU TaHHbIX.

B PostgreSQL HacTpouTb CMHXPOHHYIO peIUIMKALMI0 npocTto. HykHO chenaThb
BCEro JBe Bellu:

O wm3meHuUTh napamerp synchronous_standby_names B aiise postgresql.conf Ha

IJIaBHOM CepBepe;

O pob6aBuTh mapameTp application_name B CTpOKY primary_conninfo B ¢aiie re-

covery.conf Ha pervinke.
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Haunewm c ¢aiina postgresql.conf Ha IJTaBHOM cepBepe:

synchronous_standby_names =
# pe3epBHble CepBepbl, MPUHMMAKWME Y4ACTUE B CMHXPOHHON pernvkauuu
# CNWUCOK CMHXPOHHbIX PE3EPBHLIX CEPBEPOB, KaXAblh M3 KOTOPbIX
# vpeHTudMUMpyeTCA 3HayeHunem application_name B cBoicTBax
# nogknwuyenna; '*' = Bce

Ecmu aTOT mapamMeTp 3aAaTh PaBHBIM '*', TO BCe y3JIbI OYOYT PacCMaTpUBATHCS
KaK KaHAMIATBI HA CMHXPOHHYIO peruiMkaimio. Ho Ha MpakTuKe 06bIYHO YKAa3bIBAIOT
BCETr0 HECKOJIbKO Y3JI0B, HAIIpuMep:

synchronous_standby_names = 'slave2, slavel, slave3'

Tenepb HY>KHO U3MeHUTH (aiin recovery.conf, mo6aBUB application_name:

primary_conninfo = '... application_name=slave2'

C aTOr0 MOMEHTA peruiiKa OymeT MOAKIIUAThCS K [JTABHOMY CepBepy IoJ, MMe-
HeM slave?. [TTaBHbIN cepBep IPOBEPUT CBOIO KOH(MUTYPAIIMIO M BBISICHUT, 4TO slave2
TePBBIii B CIIUCKE, TIOITOMY SIBJISIETCSI pe3epBHBIM cepBepoM. ITosTomy PostgreSQL
6ymeT cunTaTh GUKCALMIO HA TVIAaBHOM CepBepe YCIIeIHO, TOTbKO eCJI Pe3epPBHbBIN
cepBep MOATBEPAUT, UTO 3aPUKCUPOBAT ee.

[Tpenmnonoxxum Tenepb, YTO slave IO KaKO-TO IPUYMHE BbIlIeN U3 CTpos. Torma
PostgreSQL nmpoBepuT OCTa/ibHbIE ABa CEpBeEpa, ITePEUNCIEHHBIX B CITMCKe synchro-
nous_standby_names. Ho 4ToO, ec/iv He OCTa/IOCh HM OJJHOTO paboTaroIero ceppepa?

B Takom ciryuae PostgreSQL 6ymer skaath pukcaiuy BeaHo. [la-1a, *MEHHO TaK —
PostgreSQL He 3aduKCcUpyeT TPaH3aKIINIO, EC/TV HET XOTSI ObI IBYX paO0OTOCIIOCOOHBIX
y310B. HamomHmMm, uto Mbl nipocuin PostgreSQL coxpaHsTh faHHbIe, 110 KpaliHe
Mepe, Ha IBYX Y3JIaX, 1 eC/I Mbl He CMOkeM 06eCIeUnThb JOCTATOUHOe KOJMMUeCTBO
CepBepoB BJII0O0I MOMEHT BpeMeHM, TO 3TO Hallla BuHA. Ha mpakTuKe 3TO 03HAYAET,
YTO JJI51 CUHXPOHHOM peruiMKaluy Jydille BCero MMeTb TPU y3Jia — OOUH IJIaBHBIN
" 1Ba pe3epBHBIX, — IOCKOJIbKY BCer/ia eCTh IaHC MTOTEPSITh OAVH y3ell.

Pa3 ysk MbI 3aTOBOPMIM 06 OTKa3ax CepBepoB, TO OTMETUM ellle OJMH MOMEHT:
eIV CMHXPOHHBI TTapTHEP BBIIET M3 CTPOS B ITpoliecce pukcaium, To PostgreSQL
OymeT JKIaTh ero BO3BpaileHus. M ke MOKET 3aBepIINTb CUHXPOHHYIO0 (GUKCALIIO
Ha KaKOM-TO APYyroM MOTeHLMaabHOM MapTHepe. KOHeuHblil 110/1b30BaTeNb MOKET
Jlake He 3aMeTUTb, YTO MapTHeP M0 CMHXPOHHO periMKau CMeHUIICS.

VHorma XpaHUTb AaHHbIE TOJIBKO Ha ABYX y3JlaX HEeLOCTATOYHO — [JJIs IyIieit
6e30I1aCHOCTY MbI MOYKEM ITOTPe6OBATh, UTOOBI KOIMUECTBO PE3EPBHBIX Y3/I0B ObIIO
6osbIie. [Ij1st aTOro HaumMHas ¢ Bepcuu PostgreSQL 9.6 ciiemyeT UCITOIb30BaTh TAKOM
CUHTaKCUC:

synchronous_standby_names =
'4(slavel, slave2, slave3, slave4, slave5, slave6)'

JTO O3HAyaeT, UTO JaHHbIE JO/DKHBI ObITh COXpaHEHbBI XOTS Obl Ha YeThIpeX U3
IIECTM YKa3aHHBIX CEpPBEPOB, TOIBKO TOTJA IJIaBHbIN cepBep OyIeT CUMTATh TPaH3-
aKIIMIo yCIenrHo 3aUKCUPOBAHHOIA.



7

[Tepexopn Ha CUHXPOHHYIO pennukaumi % 279

Pasymeercs1, 3a BCce 9TO HAMO IUIATUTh — CKOPOCTh PabOThl CHMUKAETCS TI0 Mepe
Iob6aBIeHMsT CMHXPOHHBIX PeIuIMK. BecriaTHbIX 3aBTPakoB He GbIBaeT. Bpouem,
PostgreSQL mpepjaraer aBa criocoba mepskaTh MPOM3BOAUTEIbHOCTD IO, KOHTPO-
JieM. MbI 00CyIMM UX B CJIETYIONIEM pasperie.

B Bepcuu PostgreSQL 10.0 mo6aBieHa HOBast GYHKIIMOHATbHOCTD:

[FIRST] uncno_cuHxpoHHbIX ( uMa_pe3sepBHoro [, ...] )

ANY 4ncno_cuHXpOoHHbIX ( wmA_pesepBHOro [, ...] )
MA_pe3epBHoro [, ...]

Io6aBieHbI KITF0OUeBbIe c7I0Ba ANY 1 FIRST. FIRST MO3BOJISIET 3a/1aBaTh MPUOPUTETHI
CepBepOB, a ANY MOBBINIAET I'MOKOCTDb B YacTU (MKCALMY CUHXPOHHOM TpaH3aKLIWMA.

Hactpoiika aonroee4yHocTu

Kaxk mMbI BUfienu, JaHHbIe MOKHO PEIIUIIMPOBATh CUHXPOHHO WM aCMHXPOHHO. Ho
9TO He IJI00aJIbHbIN pesKUM. [IJIs1 MOBBIIMIEHNST TPOU3BOAUTENbHOCT PostgreSQL
IOITyCKAaeT OUeHb rmbkme KoHpurypanmy. KoHeUHO, HUKTO He MeIllaeT perviuim-
pOBaTh BCe CMHXPOHHO JIMO0 aCMHXPOHHO, HO BO MHOTHUX CJTyYastX MOKHO ITOAONTHU
K JieJTy He CTOJIb MPSIMOJIMHEHO. 111 3TOro NnpefgHasHaueH napameTrp synchronous_
commit.

B mpepronoskeHun, YTO 3aJaHa CMHXPOHHAS peruiMKalus, nmapameTtp applica-
tion_name B (aiiye recovery.conf u mapamerp synchronous_standby_names B (aitie
postgresql.conf, mapameTrp synchronous_commit OTKpbIBaeT Cjlenyroljye BO3MOX-
HOCTU:

O off: aT0, MO CylIecTBY, aCMHXPOHHAs peruinKaius. XXypHaa TpaH3akLuuii Ha

[JTABHOM CepBepe He cOpachIBaeTCs Ha OMCK MIHOBEHHO, U ITIaBHbI cepBep
He JXIEeT, MOKa pe3epBHbIIl 3aluileT JaHHble Ha CBOM AMUCK. Eciiyu ryaBHBIN
CepBep BBIIIET M3 CTPOSI, YaCTh AAHHBIX MOXET ObITh IMOTEPsIHA (32 BpeMms,
B TPM pasa mnpesblliaroliee wal_writer_delay);

O local: kypHas TpaH3aKIMii cOpackIBAeTCs HA JUCK IJIABHOTO cepBepa B MPo-
mecce dukcanuu. Ho rmaBHbIN cepBep He KAET pe3epBHOTO (AaCMHXPOHHAS
peruiMKanus);

O remote_write: B 3TOM pexkumMe PostgreSQL yske IMpou3BOAUT CUHXPOHHYIO pe-
minkanyio. OqHaKo JaHHbIe Ha JMUCKe COXPaHSeT TOAbKO IVIaBHbIN cepBep.
Pe3epBHOMY JOCTAaTOUYHO IepenaTh JaHHbIE OMEpPaLMOHHON cucteme. Mnes
B TOM, UTOOBI He TOKUAATHCS COpOCca Ha BTOPOJA IMCK ¥ TEM YCKOPUTH PaboTy.
KpaiiHe Maji0BepOSITHO, UTO 00€ CUCTEMBI XPAaHEHMSI BBIMIYT U3 CTPOSI OGHO-
BpeMeHHO. [103TOMY PUCK MOTepy JAaHHBIX OJIM30K K HYJIIO;

O on: B 3TOM ciIyyae TpaH3aKIMs CUUTAETCS YCIIeUTHO, ecyii U TJIaBHBbIA, U pe-
3epBHbIE CepBePhI COPOCHIY AAaHHbIe HA IUCK. [IpuToskeHMe He TTOTYUNT ITOf-
TBepXKIeHMs] KoMaHAbl COMMIT, ec/iv JaHHbIE HE COXpaHEHbI Ha IBYX cepBepax
(vti 6OJTBIIIEM YMC/IE — B 3aBUCMMOCTY OT KOHUrypaumum);

O remote_apply: pexMm on TapaHTHUPYyeT COXpaHeHMe JAaHHBbIX Ha ABYX y3Jjax,
HO He TapaHTMPyeT BO3MOXKHOCTM HeMe[JeHHO 6aJaHCUpPOBaTh HArpy3Ky.
Tot dhaxT, UTO JaHHbIe COPOIIEHBI HA AVCK, ellle He O3HAYaeT, YTO IMOIb30-
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BaTeb MOXeT MX yBUIeTb. Hampumep, B ciiyuae KOHGIMKTA pe3epBHbIN
cepBep OCTAaHOBUT BOCIIPOM3BeIeHMe TPaH3aKLIMMU, HO TO-TIPpeXXHEMY OyaeT
MIPUHMMATD XXypHaJ TpaH3aKIMii 1 3aMUChIBATh €ro Ha Jiick. Kopoue rosops,
MOXKET CTYUMTBCSI TaK, UTO JaHHbIe COPOIIEHbI Ha MUCK pPe3epBHOIO CepBe-
pa, XOTS T0JIb30BATEe/Ib UX ellle He BUAUT. DTy MMPoO6IeMy UCIIPaBIISIeT PeKUM
remote_apply. OH TpebyeT, UTOOBI JaHHbIe ObUIM BUIHBI Ha PEIUINKE, TaK UTO
TIpY CJIeAYIOIIEM 3aIipoce Ha UTeHMe Ha Pe3epBHOM cepBepe yke OYIyT BUMI-
HbI M3MeHeHUs], IPOM3BeleHHbIe Ha IVIaBHOM cepBepe. [IOHSITHO, UTO peXum
remote_apply — caMblIif MeJJIEHHBII CITOCOO PeIUIMKALY JAHHbIX, TOCKOIbKY
TpebyeTcs, YTOOBI pe3epBHbINi cepBep caeral M3MeHeHNsT BUTMMbIMU KOHeY-
HOMY T10JIb30BaTeJIo.
B PostgreSQL mapameTp synchronous_commit He sIBjsieTcs Io6GanabHbIM. Kak
¥ MHOTMe JIpyTHe TTapaMeTpbl, ero MOXKXHO 3aJ]JaBaTh Ha pa3HbIX YPOBHSX, HAIIPUMeED
Ha ypoBHe 6a3bl JaHHbIX:

test=# ALTER DATABASE test SET synchronous_commit TO off;
ALTER DATABASE

WHorma onpeneneHHbIN peXXUM peIliMKaluyu CIeayeT 3a4aBaTh JIUILb OJ1S1 OGHON’
6a3bl JaHHBIX. MOKHO TaKKe 3aJaThb CMHXPOHHYIO PEIUIMKAIIMIO TOJIbKO B ceaHce
oIpeneIeHHOTO IT0Ib30BaTeis. 1 HakKoHell, MOSKHO YKa3aTb, Kak CJIeIyeT peruiAi-
pOBaTh OAHY KOHKPETHYIO TPAH3aKIIMIO.

PaccMoTpuM, K IpUMepY, IBa CIleHaApHsI:

O mpwu 3amucK B KYPHAIbHYIO TaOMMIy GUKCALVS JOJIKHA ObITh aCMHXPOHHOIA,

YTOOBI YCKOPUTH PaboTy;

O mnpu coxpaHeHMM HAHHBIX O IIATEKe KPeOUTHON KapToil MbI XOTMM obec-
MEeYNTh MaKCMMaJIbHYI0 6€30I1acHOCTh, I03TOMY TPaH3aKIMS TO/KHA ObITh
CUHXPOHHOIA.

Kak Buaum, B OMHOI ¥ TOJ Ke 6a3e JaHHbIX TPEOOBAHMSI MOTYT ObITh PA3HBIMU —

B 3aBMCMMOCTHM OT TOTO, KaK/e JaHHbIe M3MEHSII0TCS. [I03TOMYy M3MeHeHMe pexkuMa
peIruMKaIy Ha YPOBHE TPaH3aKIIMyM BechbMa IT0JIe3HO JIJIsI ITOBBIIIEHMST ObICTPOI eI -
CTBUSI.

CnoTbl PEMIMKALIMK

IM03HAKOMMUBIINCH C CMHXPOHHOI peruiMKaiuein M OIMHaMUUYEeCKUM M3MeHeHUeM
JIOJITOBEUHOCTHM, 0OGPATUMCS K IIOHSITHUIO CJIOTA PeIIMKaIIUM.

PaccMoTpuM mpuMep: MMEIOTCS [JIaBHBI U pe3epBHbBIN cepBepbl. Ha rmaBHOM
cepBepe BBIMOHSETCS Goblas TPaH3aKIMsI, HO CKOPOCTh CETEBOTO COeIMHEeHMS
HeJ0CTaTOUYHA JJIS JOCTAaBKM BCEX MaHHBIX BOBpeMS. B KaKkoii-To MOMEHT (BO Bpe-
M CO3TaHMsI KOHTPOJIbHOM TOUKM) IJIaBHBII cepBep yaaaseT sKypHaa TPaH3aKIIMiA.
Eciu pesepBHBIN cepBep OTCTasI CIMIIKOM Ia/Ieko, TO Heo6XoayiMa ITOBTOPHAsT CUH-
xpoHusanyst. Kak Mbl Buaenn, mapaMmeTp wal_keep_segments ITO3BOJISIET YMEHBIINUTD
PUCK OIKOKY perinKaiuy. Ho Bo3HMKaeT BOIIPOC: KAKOBO ONTMMAaIbHOE 3HAUeHIe
aToro rapamerpa? [TOHSITHO, UYTO YeM 6OJIbIIle, TEM JIyUIlle, HO TIe OCTaHOBUTHCS?
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STy mpo6IeMy pellaoT CIOThI PeIUIMKauyu. ECay UCIonb3yeTcs CI0T perviMKa-
LMY, TO IJIaBHBI cepBep MOXKeT CTepeThb XKypHas TpaH3aKIuii TOIbKO TOTa, KOoTaa
ero o6paboTasy Bce periMku. [110c B TOM, UTO pe3epBHbIii cepBep HUKOTIa He CMO-
SKeT OTCTaTh HaCTOJIbKO, UTO ITOHAIOOUTCS TOBTOPHAS] CMHXPOHM3AIMS.

Ho mipenonoskmum, 4To Mbl OCTAaHOBWIN PEIUIMKY, He YBeIOMUB IJIaBHbIN cepBep.
Torma rmaBHbI cepBep 6yIeT XpaHUTD KYPHaJ TpaH3aKIMii Ha CBOEM IMCKe BEUHO,
¥ B KOHIIe KOHIIOB JIMCK 3aTIOTHUTCSI, YTO IPUBEJIET K OCTAHOBKE CUCTEMBI.

Y106l YMEHBIINTH STOT PUCK, CJIOTHI PEIUIMKAIMM CIeIyeT VCIIOTb30BaTh TOTbKO
B COUeTaHMM C HaJIaXKeHHbIM MOHUTOPUMHTOM M CUCTeMOI1 oroBeleHus. Heo6xomu-
MO CJIEIUTD 32 OTKPBITBIMU CJIOTAMM PeIIMKAIMM, KOTOPble MOTYT BbI3BaTh IIPOO-
JIeMbI VJTU y3Ke BOOOIIe He VCTIOIb3YIOTCS.

B PostgreSQL ecTb IBa TUIA CIOTOB periMkamnmu: dhusmdeckme u Jormueckue.
®dusnyeckme CJIOTbI UCIIONb3YIOTCS IJISI CTAaHAapTHOM ITOTOKOBOW peruiMKalyu.
OHM TapaHTUPYIOT, YTO JaHHbIe He OYIYT YHUUTOKEHbI CIMIIKOM paHo. Jloruue-
CKMe CJIOThI pelllaloT Ty JKe 3a7auy, HO MPUMEHSIOTCS JJisl IOTMYeCKOTo TeKOAM-
poBanusa. CMBIC JIOTMUECKOTO NeKOAMPOBAaHMUS 3aK/II0UaeTcsl B TOM, UTOOBI JaTh
MOTb30BaTEII0 BO3MOKHOCTb TIPUCOEIMHUTHCSI K XXYpHaIy TpaH3akiuit U C Io-
MOIIbIO TTOIK/TIOUaeMOT0 MOITYJISl IEKOAMPOBATH ero. TakuM 06pa3oM, TOTUYeCKIii
CJIOT — 9TO UTO-TO BpoJie KOMaHbI tail -f mJisg 9K3eMILIsIpoB 6a3 maHHbIX. OH I0-
3BOJISIET Y3HABaTh 00 M3MEHEHMSIX, TPOU3BEeHHbIX B Oa3e MaHHBIX (U, CIemoBa-
TeJIbHO, MOMAaBIINX B JKypHaJ TpaH3aKIMii), ¥ IPeICcTaBIsATh UX B TI060M hopMmare.
3ayacTyo JOTUUYEeCKUit CJIOT peIIMKaly UCTIONb3YeTCs ISl BBITIOTHEHMSI JIOTUYe-
CKOJi perinuKalum.

Pa6ota c ¢M3M‘-IECKMMM CNoTaMu pensinkaumm
JJIs1 MCITOIb30BaHMs CJIOTOB pervmMKaumu B (ait postgresql.conf HYKHO BHECTU
CIeIyIOLIVe M3MeHeHMs :

wal_level = logical
max_replication_slots = 5 # wwm snwboe apyroe yucio

Iyis pu3uUecKux CI0TOB 3HaueHue logical HeobsI3aTeabHO, JOCTATOUHO U 3HA-
yeHus replica. Ho mjs1 jorMueckux CJI0TOB Heo6xogumo 6Gosiee TpeboBaTeIbHOE
3HaueHue wal_level. [lapametp max_replication_slots ciemyeT M3MeHUTD, €C/IU Bbl
paboraete ¢ Bepcueit PostgreSQL 9.6 mau 6omee panHeit. B PostgreSQL 10.0 yxke
YCTAHOBJIEHO 60Jiee MOAXOsIee 3HaUEeHNe TI0 YMOT4aHuio. B o61em, 3agarite Ta-
KO€e UICJI0, KOTOpOe OTBeYaeT BalllMM LessiM. Sl peKOMeHAYyI0 3a/laBaTh YNCIIO CI0-
TOB C 3aI1aCOM, UTOOBI MOKHO ObIIO ITOAK/IIOUNTD JOTOJHUTEIbHbIX TIOTPEOUTENeN,
He mepe3aIrycKas cepsep.

[MTocne mepesamycka MOXKHO CO30aTh CIOT:
test=# \x
PaCI.l.Il/IpeHHbIFI BblBOJ BKJIWYEH.
postgres=# \df *create*physical*slot*

CMCoK QyHKLNIA
-[ RECORD 1 ]------
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CxeMa | pg_catalog
Ama | pg_create_physical_replication_slot
Tun AaHHbIX pesynbTata | record
Tunbl AaHHLIX aprymeHToB | slot_name name,
immediately_reserve boolean DEFAULT false,
temporary boolean DEFAULT false,
OUT slot_name name,
OUT 1sn pg_lsn
Tvn | func

OyHKuMA pg_create_physical_replication_slot cosmaeT cioT. Ee MOKHO BbI3bIBATh
C ONHUM WY OBYMS ITapaMeTpamMu. Eciii 3a1aHo TOIbKO MMSI C10Ta, TO CJIOT aKTUBU-
pyeTcsi Py epBOM MOAKIIOYEHMN KIIMeHTa NOTOKOBOM peruinkaunu. Ecim BTopoit
rapaMeTp 3aJiaH M paBeH true, TO CJIOT Cpa3y ke HaUMHAET 3a00TUTHCS O COXpaHe-
HUU XypHasa TpaH3aKIWii:

test=# SELECT * FROM pg_create_physical_replication_slot('some_slot_name', true);
slot_name | lsn

................ +..._._....-_

some_slot_name | O/EF8AD1D8

(1 cTpoka)

YToOBI IOJYYUTh CIMCOK aKTMBHBIX CJIOTOB HAa IJITABHOM CepBepe, BBIITOJIHUTE
wienymwoiyo Komangy SQL:

test=# \x

PacwmpeHHbIi BbIBOA BKJIYEH.

test=# SELECT * FROM pg_replication_slots;
-[ RECORD 1 ]------- fomm e
slot_name | some_slot_name
plugin |

slot_type | physical

datoid |
database |
temporary | £
active | £
active pid |
xmin |
catalog_xmin |
restart_lsn |
confirmed_flush_lsn |

0/1653398

OTO mpeacTaBieHM e MOKET MHOI'O PAacCKasaTh O CJIOTE: eT0 TUII, TO3ULIVN B KyP-
HaJle TpaH3aKLUU U T. .

YT0O6bI BOCIOIb30BATHCST CJIOTOM, MbI IOJ/IKHBI JIMIIL JOGABUTh €ro B (aiil reco-
very.conf:

primary_slot_name = 'some_slot_name'

[Tocne rnepesairycka TIOTOKOBOM permmMKanum CJIOT HAYHET 3alllMIIaTh ee. Ecin
CJIOT Gosibllle He HYJ>KeH, ero MOXHO yOaJINThb:

test=# \df *drop*slot*
CnMcoK QyHKLWiA
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-[ RECORD 1 J--==------ b
Cxema | pg_catalog

Ams | pg_drop_replication_slot
Tvn AaHHbIX pe3ynbTata | vold

Tunbl 4aHHLIX aprymeHToB | name

Tun | normal

C ToukM 3peHusd yaajJeHus, JIOTMYECKUIL CJIOT HUYeM He OTIMYAeTCs OT CIJI/I?:I/I‘-IE-
CKOro. Hy)l(HO JINIIb I1epeaaTb MM CJIoTa (bYHKLU/II/I.

O 3anpelleHo MCNonb3oBaTb yAaneHHbl cnoT. B npotmeBHom cnyyae PostgreSQL Bbimact
oLINOKY.

Pabota c nornueckumu cnotamm peninkauuun

Jlormyeckue CJI0ThI PEIUIMKALIMM UTPAIOT BasKHEMIIIYIO POIb B JIOTUUECKON perim-
Karuu. 3-3a HeloCcTaTKa MecTa HEBO3MOXKHO OCBETUTD B 3TO¥I IJIaBe BCe aCIIeKThI
JorMueckoi peruMkaiym. Ho s Bce ke X0uy OOBSICHUTH HEKOTOPbIe 6a30BbIe KOH-
LEMIIMI JIOTUYECKOTO TeKOIMPOBAHMSI, & CTAJIO OBITH, ¥ IOTMYECKO perIMKAIlAA.

OYHKIMS CO3[IaHMS JIOTMUYECKOTO CJI0Ta peruinKaiuy MpUuHMMaeT JiBa rmapamMmeT-
pa: MM JIOTA ¥ MMSI IOJK/TF0UaeMOro MOIYJISI IJIsI IeKOAMPOBaHMS JKypHasa TpaH3-
aKmit:

test=# SELECT *
FROM pg_create_logical_replication_slot('logical_slot', 'test_decoding');
slot_name | 1sn
.............. +.....-__....
logical_slot | ©/EF8AD4BO
(1 cTpoka)

JI71s1 IPOBEPKM CYIECTBOBAHMS CJIOTA MOXKHO BOCIIONIb30BAThCS TOI K€ KOMaH-
IIOJ1, uTO U paHbIie. YTOOBI TIOHATD, UTO B IEMCTBUTEILHOCTY Ie/1aeT C/I0T, HAIMIIIeM
HeOOJIBIIO TeCT:

test=# CREATE TABLE t_demo (id int, name text, payload text);
CREATE TABLE

test=# BEGIN;

BEGIN

test=# INSERT INTO t_demo

VALUES (1, 'hans', 'some data');

INSERT 0 1

test=# INSERT INTO t_demo VALUES (2, 'paul', 'some more data');
INSERT 0 1

test=# COMMIT;

COMMIT

test=# INSERT INTO t_demo VALUES (3, 'joe', 'less data');
INSERT 0 1

Kak BMOMM, BBIIIOJIHEHO AB€ TPaH3aKIMN. HpOI/I3Be,E[eHHI)Ie STUMU TpaH3aKIMsI-
MU M3MEeHEeHMS MOXXHO ITOJIYUYUTDb U3 C/I0Ta:

test=# SELECT pg_logical_slot_get_changes('logical_slot', NULL, NULL);
pg_logical_slot_get_changes
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(0/EF8AF5B0,606546,"BEGIN 606546")

(0/EF8CCCAQ,606546,"COMMIT 606546")

(0/EF8CCCD8,606547,"BEGIN 606547")

(0/EF8CCCD8,606547,"table public.t_demo: INSERT: id[integer]:1
name[text]:'hans' payload[text]:'some data'")

(0/EF8CCD60,606547,"table public.t_demo: INSERT: id[integer]:2
name[text]: 'paul' payload[text]:'some more data'")

(0/EF8CCDEO, 606547, "COMMIT 606547")

(0/EF8CCE18,606548,"BEGIN 606548")

(0/EF8CCE18,606548,"table public.t_demo: INSERT: id[integer]:3
name[text]:'joe' payload[text]:'less data'")

(0/EF8CCE98, 606548, "COMMIT 606548")

(9 cTpok)

dopMar 3aBUCUT OT 3aJaHHOI'0 paHee Moak/IyaeMoro monys. s PostgreSQL
€CTh HeCKOJIbKO TaKUX MOAYJeli, Harmpumep wal2json.

0 Mo yMOMYaHMIO IOTMYECKMI MOTOK COAEPXKUT 3HAUEHMS, @ HE NPOCTO DYHKLMU. DTO 3HAYEHMUS,
KOTOpble 0Ka3aauch B nNonsx 6a3oBbix Tabnuu,.

Taxke umelite B BUAY, YTO ITIOC/I€ TOTO KaK OaHHbI€ OOMH pa3 IIPOYMUTAHBbI, CJIOT
60JIbIIe He BO3BpallaeT nx:

test=# SELECT pg_logical_slot_get_changes('logical_slot', NULL, NULL);
pg_logical_slot_get_changes

(0 cTpok)

[Ipu BTOpOM O6pallleHn pe3yIbTUPYIONUIMI Habop oKasascs ImycT. Ha ciayuait,
eCT Mbl 3aXOTUM BbIOpATh JaHHbBIE HECKOJIbKO pa3, PostgreSQL mpeparaet hyHK-
umio pg_logical_slot_peek_changes. OHa paboTaeT Tak ke, Kak pg_logical_slot_get_
changes, HO He yaanseT JaHHbIE U3 CI0TA.

KoneuHo, SQL — He eAMHCTBEHHBIN CITOCOO MOTYYMUTh TaHHbIE 13 JKypHaJIa TPaH3-
akuuii. imeeTcs Takke KOMaHIHas yTuiauTta pg_recvlogical. DTO HeKUii aHAIOT
KoMaHApb! taill -f mjisi Bcero sk3emmiisipa, OHa MOIy4YaeT MOTOK JAaHHBIX B PEXMME
peanbHOro BpeMeH!:

[hs@zenbook ~]$ pg_recvlogical -S logical_slot -P test_decoding
-d test -U postgres --start -f -

B maHHOM clydyae KOMaHAa IMOAK/IIOUAeTCsl K 6ase JaHHBIX test M MOTpe6isieT
naHHble 13 ¢1oTa logical_slot. dnar -f 03Ha4aeT, YTO MOTOK HAIIPaBJIsIeTCs Ha std-
out. JlaBaiiTe yoaaum 4acTb JaHHbBIX:

test=# DELETE FROM t_demo WHERE id < random()*10;
DELETE 3

Vi3MeHeHMsI MOMAfaioT B XKypHasI TpaH3akiuii. Ho 1mo yMmonmuanuio 6ase JaHHBIX
MHTEPECHO TOJbKO, KaK OyaeT BBIIVISIIETh Tabiauia nocie ymajeHus. OHa 3Haer,
Kakye 6JIOKM TOJIKHBI ObITh M3MEHEeHbI U BCe TaKoe, HO He 3HAEeT, UYTO B HUX ObLIO
paHblIe:
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BEGIN 606549
table public.t_demo: DELETE: (no-tuple-data)
table public.t_demo: DELETE: (no-tuple-data)
table public.t_demo: DELETE: (no-tuple-data)
COMMIT 606549

Takum 06pa3om, BBIBOJ, MajIo UYTO HaM JaaeT. UYTOOBI UCIIPABUTh CUTYALINIO, BbI-
TOJTHMM TaKyl0 KOMaHy:

test=# ALTER TABLE t_demo REPLICA IDENTITY FULL;
ALTER TABLE

Eciu B Ta6MITy BCTaBUTD ¥ CHOBA YIAINTD JAaHHbIE, TO TTOTOK JKypHAaIa TpaH3aK-
U,I/If/i 6y;[eT BBIIVIAAETDb CJIeAYIOIIMM 06pa30M:
BEGIN 606558
table public.t_demo: DELETE: id[integer]:1 name[text]:'hans'
payload[text]:'some data'
table public.t_demo: DELETE: id[integer]:2 name[text]:'paul'
payload[text]:'some more data'
table public.t_demo: DELETE: id[integer]:3 name[text]:'joe'
payload[text]:'less data'
COMMIT 606558

Bot TeIlepb Mbl BUOMM BCe MUI3MEHEHUSI.

1117![ﬂ4617£d npumeHeHusl jio2uduecKux ¢ionoe

CnoThl perIMKauyuy IPUMEeHSIOTCS /ISl pa3HbIX 11eieli. CaMblit TPOCTOI BapMaHT —
TTOJIYYUTDb JAaHHbIE OT CEpBepa B sKeJlaeMoM (opmarte U MCIIOIb30BaTh IJIs1 ayAuTa,
OTJIAIKV MUJIU TIPOCTO IJISI MOHUTOPUHIA paboThI 9K3€MILISIpAa.

Cnenyrouuii mar — B3sITh MOTOK M3MeHeHMI U UCII0Ib30BaTh €ro JIJisl perimka-
uyy. Takue pelieHusi, Kak JBYCTOPOHHSS perummkanms (Bi-Directional Replica-
tion — BDR), Bcelle/io OCHOBaHbI Ha JIOTUUECKOM JeKOAMPOBAHUMN, TTOCKOIbKY TBO-
MYHOJ peruiMKaliy ¢ HeCKOJIbKMMM IVIaBHBIMM CEpBepaMi He CYIIeCTBYeT.

Haxownelr, yrioMsiHeM ITepexo Ha HOBYIO Bepcuio 6e3 mpocTos. HarroMHMM, UTO
IBOMUHYIO peIyIMKalMIO KypHasia TpaH3aKIMii Hesib3s1 MCI0JIb30BaTh [IJIS1 Pervin-
IMPOBAaHMS MEXAY pasHbIMU Bepcusamu PostgreSQL. ITosToMy B 6yOyIIuX BepCusix
PostgreSQL 6ymeT mopmepskuBaThcs mporpamma pglogical, KoTopast mejaeT BO3-
MOSKHBIM CMEHY Bepcuu 6e3 0CTaHOBKM CepBepa.

Ucnonb3osaHuE koMAHA CREATE PUBLICATION
n CREATE SUBSCRIPTION

B Bepcuio 10.0 cooburectBo PostgreSQL BKIIOUMIIO BE HOBble KOMaHIbI: CREATE PUB-
LICATION 1 CREATE SUBSCRIPTION. FIX MOKHO MCIO/JIb30BaTh AJISI IOTUMUECKOM pervivMKa-
1IMY, KOTOpast TT03BOJIIET 130MpaTeIbHO PEIUIMIIMPOBATh JaHHbIE U MTPOM3BOAUTH
repexoy Ha HOBYIO BEPCUIO ITOUTH 6e3 IMPOCTOosL. Bollie Mbl pacCMOTpPeM JBOUIHYIO
pernuKaIuio 1 pervinkaluio sKypHaaa TpaH3akiuii. Ho MHOTAa Mbl XOTUM pervin-
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IIMPOBaTh He BCIO 0a3y JAHHBIX, a BCETO JIMIIDb Mapy-TPOiKy Tabmuil. IMeHHO 1jist
5TOTO U MOXKeT IMPUTOLUTHCS JIOTUUecKas perviMKalus.

[Ipeskae Bcero M3MeHUM 3HaueHMe mapameTpa wal_level B ¢aiine postgresql.conf
Ha logical u nepe3amnycTum cepsep:

wal_level = logical

3arem CO3JaMM MIPOCTYIO TABIUITY:

test=# CREATE TABLE t_test (a int, b int);
CREATE TABLE

Tab6nuiia ¢ Takoii ske CTPYKTYPO¥t JO/KHA CYIleCTBOBATh BO BTOPOIt 6a3e JaHHbIX.
AsTomaTmuecku PostgreSQL ee He co3/acT.

test=# CREATE DATABASE repl;
CREATE DATABASE

repl=# CREATE TABLE t_test (a int, b int);
CREATE TABLE

Haa 1ep — my6/ImMKOBaTh COmepskKMMOe TabmuIIbl t_test B 6a3e JaHHBIX test IJis
3aMHTEePEeCOBAHHO CTOPOHBI. [IJis mybnukanyy nsmeHnenuit PostgreSQL mpemyara-
eT KoMmaHay CREATE PUBLICATION:

test=# \h CREATE PUBLICATION
Komanpa: CREATE PUBLICATION
Onucanne: co3gatb ny6ivkaumio
CuHTaKemc:
CREATE PUBLICATION umma
[ FOR TABLE [ ONLY ] wma_tabanupl [ * ] [, ...]
| FOR ALL TABLES ]
[ WITH ( napameTp_nybaukaumm [= 3Hauewwe] [, ... 1) ]

CuHTaKCKC MpoCToii. Hy>KHO TOTBKO 3aaTh MMST MyOIMKAIIMM W CIIMCOK PeIlii-
UM PYEMbIX TaOINII:

test=# CREATE PUBLICATION publ FOR TABLE t_test;
CREATE PUBLICATION

Ha ciepyroniem miare MOXXHO CO34aBaTh NOAIMCKY. CMHTAKCC CHOBA HE3aMBbIC-
JIOBAThI:

test=# \h CREATE SUBSCRIPTION
Komanpa: CREATE SUBSCRIPTION
OnucaHue: co3aaTb NOAMUCKY
CuHTaKemnc:
CREATE SUBSCRIPTION wMA_noAnncku
CONNECTION 'cTpoka_noakawdyenus'
PUBLICATION wma_nybaukaumm [, ...]
[ WITH ( napameTtp_noanucku [= 3Hauenne] [, ... ] ) ]

Boo611ie-T0, HEoCpPeACTBEHHOe CO3[aHMe IONIMCKM He BbI3bIBAET HUKAKMUX
npo6iem. Ho eciii MbI coGMpaeMcst IejiaTh BCe 3TO B IIpefesiax OMHOr0 9K3eMIUIsIpa
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IUIST peruIMKanyy 6a3bl JaHHBIX test B 6a3y JaHHBIX repl, TO HEOOXOAMMO BPYUHYIO
CO34aTh CJIOT peruimKauyu. MiHaue komaHga CREATE SUBSCRIPTION HMKOIIA He 3aBep-
LIUTCS:

test=# SELECT pg_create_logical_replication_slot('subl', 'pgoutput');
pg_create_logical_replication_slot

(sub1,0/27E2B2D0)
(1 cTpoka)

B nanHOM C/iy4dae MbI CO30a/IN B [JIaBHOJ 6a3e IaHHBIX 0T subl. Jlajiee MbI OJIK-
HbI OAKIIOUNTHCS K 1IeI€BO 6ase OAHHBIX U BBIIIOTHUTDH TAKYI0O KOMaHIOY:

repl=# CREATE SUBSCRIPTION sub1
CONNECTION 'host=localhost dbname=test user=postgres'
PUBLICATION publ
WITH (create_slot = false);

CREATE SUBSCRIPTION

KoHeuHO, BbI JOJDKHBI TOACTABUTD B 3TY KOMAaHAY COOCTBEHHbIE ITapaMeTPhI IO -
kioueHus. [Towrte atoro PostgreSQL cMHXpOHM3MpPYET AAaHHBIE, U BCe OYIET TOTOBO
K pabore.

0 3ameTnM, 4To YacTb create_slot = false ykaszaHa TO/IbKO NOTOMY, 4To 6a3a AaHHbIX test Ha-
XO[MTCS B TOM Xe 3Kk3eMnnspe, yto v repl. Ecim 6b1 6a3bl HAXOAMNMCH B pa3HbIX 3K3eMnnapax,
TO He NpUWoCh Obl HU CO34aBaTh CIOT BPYUHYHO, HM YKa3biBaTb create_slot = false.

PEe3ioME

B 3TOi1 r1aBe MBI y3HAIM O HamboIee BasKHBIX yepTax perumkanyuu B PostgreSQL,
B YaCTHOCTY O TIOTOKOBOJ perinKauuy 1 KOHMIUKTaX peruiMkanum. 3aTemM Mbl Io-
3HaKOMWINChH C BOCCTAHOBJIEHEM Ha OIpeie/ieHHbI/i MOMEHT BpeMeHU U CO CJI0-
TaMM perviMkaiumu. 3aMeTUM, YTO JJ1s1 TIOTHOTO U3JI0KEeHMS] TeMbI peIUIMKal Uy 110~
Hago6mI0ch 661 Topsiaka 400 CTpaHMIL, HO MbI BCE JKe PaccKa3aii O CAMbIX [TTABHBIX
Belllax, KOTOPbIe AO/DKEH 3HATD JII00011 aAMUHUCTPATOP.

B raBe 11 peub noiizeT o nonesHbIx pacupeHusix PostgreSQL. Mbl pacckaskem
0 paclIMpeHusx, MUPOKO MCMHOAb3yeMbIX B OTpaciau U Hagensomux PostgreSQL
emne 60sbIneit GyHKIVMOHATbHOCTbIO.

Bonrochl

B uem 11eJ1b JTIOTMYECKO periMKanum?

B ciyuae nBOMYHOI peruiMKauyuy Ha TIaBHOM 1 pe3epBHOM cepBepax Jo/KHA pabo-
TaTh OfHA U Ta ke ocHOBHAas Bepcus PostgreSQL. UubiMM cioBaMU, IepeiiTu ¢ Bep-
cum PostgreSQL 10 Ha Bepcuio PostgreSQL 11, permuuypyst XypHaa TpaH3aKI Ui
ITOTOKOM, HEBO3MOKHO. JIornueckast periMKarys IIoMoraeT 3akKpbITh 3TOT IIpoGert.
Kpome Toro, Iornueckyio peruiMKamyio MOXKHO IPUMEHNUTD [IJIsT M36MpaTenbHO pe-
IUIMKALMM TaOInII.
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Kak CMHXPOHHAsA peIrvinKanus B/JINSIET Ha HpOI/I3BOI[I/ITEJII:HOCTb?

CUHXpOHHAas peIuIMKays MeIjIeHHee aCMHXPOHHOI. OCO6eHHO 9TO 3aMeTHO B CTy-
yae JJIMTeNbHBIX TpaH3aKIMii. TPyJHO TOYHO OIIeHUTDb CHIKEHYE TTPOMU3BOJUTENb-
HOCTH, TTOCKOJIbKY 3TO CYIIeCTBEHHO 3aBMCUT OT CeTeBO 3aiepskku. UeM mepieH-
Hee CeThb, TeM MeJjieHHee OyaeT paboTaTh CMHXPOHHAST PeTUIMKALIVS.

I[Touemy He MMOJIL30BATHCS TOJIBKO CMHXPOHHOJ perviMKauuen?

Ecin xoTuTte mOo6MTHCS BBICOKOIO OBICTPOMENCTBMS M HOCTYIIHOCTM CUCTEMBI, TO
cTapaiTech MCIIOIb30BaTh CMHXPOHHYIO PEIUIMKAIINIO, TOHKO KOT/A 3TO abCOIOT-
HO Heo6X0MMO. B GOBIIMHCTBE CTyYaeB aCMHXPOHHOM perviMKaliii BIIOJIHE 10-
CTaTOYHO.
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[MonesHble pacwmnpeHus

I'maBa 10 6bL1a MOCBSIIIEHA PEIUIMKAIIMY, TPAHCISIIUY KypPHaAIa TPaH3aKIUiA U JI0-
IMYECKOMY JeKOIMPOBaHMIO. PaccMOTpeB TeMbl, MHTEpECHbIE IJIaBHBIM 00pa3soM
aIMMHMCTPATOPY, MbI Telepb o6paTuMcs K 6oj1ee MIMPOKOMY KOHTEKCTY. B Mupe
PostgreSQL mMHoroe nenaeTcs ¢ MOMOUIbIO pacuiupeHuit. JJOCTOMHCTBO UX B TOM,
YyTO (PYHKIMOHAIBHOCTh MOKHO PacIIMpPUTh, He pasmyBas siipo PostgreSQL. ITosb-
30BaTeNiM MOTYT CcaMy BbIOpaTh, KaKue paciiypeHusl (MHOTHA KOHKYPUPYIOIINe
MeXIy coboit) uM 6Gosbine moaxonaT. @umocodus PostgreSQL — coxpaHSTh SIapo
KOMITaKTHBIM, ITPOCTBIM JIJISI COTTPOBOKIEHMS ¥ TOTOBBIM K OyIyIeMy.

B aT0i1 rmaBe Mbl 06CyOMM HEKOTOpbIe Haubosee pacrpocTpaHeHHbIe pacuImpe-
Hus PostgreSQL. Cpa3y xouy mpegynpennTb, UTO pacCMaTpPUBAIOTCS TOJIBKO pac-
HIMPEeHNs], KOTOPbIe JIMYHO S CUMTAI0 MOAe3HbIMM. B HallyM IHM MOAY/IM TaK pac-
TJIOAVUIVICh, UYTO OMIMCATh MX BCE CKOJIbKO-HMUOYIb MOIPOOHO MOIMTPOCTY HEMBICVIMO.
HoBbie Mogyny myOGIMKYIOTCSI Kaskabli TeHb, ¥ MHOTIA Aaxke TpodecCuoHaTy TPYI-
HO OCTaBaThCsl B Kypce coObITuii. PekoMeHayi0 3amisiHyTh Ha caiit PGXN (https://
pgxn.org/), Toe HaXOAUTCS MHOXKeCTBO paciuupenuii PostgreSQL.

B 37011 r1aBe 6yoyT pacCMOTpPeHbI C/IeAYIOIIyie BOIPOCHI:

O Kak paboTalT pacIpeHus;

O mnoxbopka Mopyieit contrib;

O KpaTkoe 3HaKOMCTBO C MOZY/ISIMM, OTHOCSMMMCs K TUC;

O ppyrue rosnesHble paciiMpeHusl.

OTMeTuM, YTO YIIOMSIHYThI TOJIbKO CaMble BasKHbIe paCIIMpeHUsI.

KAK PABOTAIOT PACILMPEHMS

[Mpexxme ueM paccKasbiBaTh 00 MMEIOIINXCST PACIIMPEHMsIX, 6bIIO ObI MOJe3HO I0-
HSITh, KaK OHM BOOOIIE YCTPOEHBI 1 paboTaloT.
CHavasa CMHTaKCUC:

test=# \h CREATE EXTENSION

KomaHaa: CREATE EXTENSION

OnncaHve: yCTaHOBWTbL pacuwMpeHue

CuHTaKemc:

CREATE EXTENSION [ IF NOT EXISTS ] umAa_pacumpeHus
[ WITH ] [ SCHEMA umsa_cxembl ]


https://pgxn.org/
https://pgxn.org/
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[ VERSION Bepcus ]
[ FROM cTapas_sepcua |
[ CASCADE ]

YT06BI pa3BePHYTDb pacIIMpeHye, IPOCTO BLITIOTHUTE KOMAHTy CREATE EXTENSION.
OHa IpoBepPUT Ha/IMUMe PacIIMpPeHMs] 1 3arPy3UT ero B 6a3y JaHHbIX. OTMETHM, UTO
pacimpeHue 3arpy’kaeTcsi B KOHKpPeTHYI0 6a3y, a He B 9K3eMILISIP B IIEJIOM.

[Tpu 3arpyske pacimMpeHust MOKHO yKa3aTb cxeMy. MHOrue paciunpeHsi MOXXHO
repeMeIaTh, Tak YTOOBI ITOJIb30BATeIb MOT BBIOPATh CXeMY, KOTOpast eMy yaoOHee.
Jlanee MOXXHO yKa3aTb KOHKPETHYIO BePCUIO pacIlIMpeHusl. 3a4acTyi0 Mbl HE XOTUM
YCTaHaBIMBATh IOCIEHIO BEpPCUI0, ITOCKOIbKY Ha CTOPOHE KiMeHTa MOXeT pa-
6oratp ycrapesiiee I10. B TakoM crydae yomo6HO MMETbh BO3MOXKHOCTD 3aTrPy3UTh
JIIOOYI0 13 BepCUil, UMEIOIIXCSI B CUCTEME.

O dpase FROM cTapas_sepcua CTOUT IIOTOBOPUTH ogpobHee. Korma-To maBHO Post-
greSQL He mnoamepskuBaia pacliMpeHu’i, MO3TOMY B CETU BCe ellle MOXHO HalTu
pocchiny He 0pOPMIIEHHOTO B BUe MakeTa Koja. JTa ¢pasa 3acTaBisieT KOMaHIy
CREATE EXTENSION BBITIOJTHUTD aJbTE€PHATUBHBIV CKPUIIT YCTAHOBKM, KOTOPBI KOHCT-
pPyUpYeT pacilpeHe U3 CYIIeCTBYIOMNUX 00bEKTOB, @ He CO3/IaeT HOBbIE. B aTOM
crydae Bo pase SCHEMA moypkHA ObITh YKa3aHa CXxeMa, cofiepskaliasi 3T ysKe CyIIecT-
ByOIMMe 00BbeKThl. I10b3yiiTech 3TOI BO3MOKHOCTBIO, TOIBKO KOTZIa B CHUCTeMe
MMeIOTCS CTapble MOLY/IN.

U HakoHel, ¢pa3a CASCADE. BrIBaeT Tak, YTO OJHO paclIMpeHye 3aBUCUT OT APY-
rux. [Tpu Hamumu paser CASCADE OyIyT aBTOMATUUECKN YCTAHOBJIEHBI BCe HEOOXO-
IyMble akeTsl. Hanpumep:

test=# CREATE EXTENSION earthdistance;

OWMBKA: Tpebyemoe pacuupenune "cube" He ycTaHOBAeHO

MOACKA3KA: BbinonHute CREATE EXTENSION ... CASCADE, 4T06bl YyCTaHOBMTb Takxe Tpebyemble
pacumpeHus.

Mopnyib earthdistance BIUMC/ISIET PACCTOSIHME IO OOIBIIOI OKPYKHOCTHU. Kak BBI,
HaBepHOe, 3HaeTe, KpaTyaillee pacCTOsIHME MeXYy IBYMS TOUKaM} Ha [IOBEPXHO-
CTY 3eMJIM — He TIpsSIMast; MAJIOT JO/DKEH MOCTOSTHHO KOPPEKTUPOBATh KypC, UTOObI
HalTM CaMblIii GBICTPBIN MapIIPYT [epesieTa U3 OJHOM TOUKY B Apyryi0. Ho Ham Bak-
HO, UTO pacluupeHue earthdistance 3aBUCUT OT paciuvpeHus cube, ITO3BOISIOLIETO
BBITIOJTHSITh MaTeMaTU4YecKue onepanum Ha cdepe.

YT0oO6BI aBTOMATUYECKN YCTAHOBUTH 3aBUCUMOCTb, Mbl MOXeM N06aBUTb Gpasy
CASCADE:

test=# CREATE EXTENSION earthdistance CASCADE;
3AMEYAHME: ycTaHoBKa Tpebyemoro pacumpenus "cube"
CREATE EXTENSION

Ternepb ycTaHOBJIEHBI 002 PaCIIMPEHMS.

lMpoBepKa AOCTYNHbIX pacluMpeHUN

PostgreSQL mpejiaraeT pasJnMJHbIe CIIOCOObI Y3HATD, KAKMe PaCIIVPEHNS] UMEIOTCS
B CUCTeMe U KaKkue U3 HUX YCTaHOBJeHbl. ONVH U3 HUX — CUCTEMHOe TIpefcTaBie-
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HMe pg_available_extensions. OHO COmEpPsKUT COMCOK BCEX JOCTYIHbBIX PACIIUPEHUI,
BKJTIOUAIOIIMI UMSI, HOMeD BepCUM [0 YMOTYaHUIO U HOMEP YCTaHOBJIEHHOW BEePCUIA.
Iy yno6CTBa MOIb30BaTeNS MPUBEIEHO TAKKe KPAaTKOe OMMCcaHMe pacilpeHmsI.

B cnemytomieit pacrneyaTke MOKa3aHbl IBe CTPOKM U3 TIpeACTaBaeHus pg_availab-
le_extensions:
test=# \x
PacwnpeHHbIi BbIBOZ BKJKYEH.

test=# SELECT * FROM pg_available_extensions LIMIT 2;
-[ RECORD 1 ]----- b e

name | unaccent

default_version | 1.1

installed_version |

comment | text search dictionary that removes accents

-[ RECORD 2 ]----- e

name | tsm_system_time

default_version | 1.0

installed_version |

comment | TABLESAMPLE method which accepts time in milliseconds as a limit

B moei1 6a3e maHHBIX YCTAHOBJIEHBI paciiMpeHust earthdistance u plpgsql. Pac-
mpeHne plpgsql ycTaHaBAMBAETCS IO YMOIUAHUIO, a earthdistance 6b110 T06aBIe-
HO MHOIi. TO MMpeACTaBJIeHNe MOJIe3HO TeM, UTO MO3BOJISIET JIETKO Y3HATh, UTO yKe
YCTaHOBJIEHO, & UYTO MOKHO YCTaHOBUTb.

B HEKOTOPBIX CTyUasIX MpeaiaraeTcsl HeCKOIbKO BepCuii pacimperus. YToOb! 1Mo-
JIYUYUTD OOIOHUTEIbHbIE CBEeleHMS O BepCUAX, MOKHO BOCIIO/Ib30BaThCS CIeLyI0-
IIMM [IpeacTaBIeHueM:

test=# \d pg_available_extension_versions
MpeacTaBnenne "pg_catalog.pg_available_extension_versions"

Cronbey |  Tun | MoamdukaTopsl
.............. +....-_-_.+..._._....-_-_
name | name |
version | text |
installed | boolean |
superuser | boolean |
relocatable | boolean |
schema | name |
requires | name[] |
comment | text |

OHO comepskuUT 6osee MOAPOOHYI0 MHGOPMAIINIO, KaK BUIHO U3 CIeAyioleit pac-
[IeYaTKI:

test=# SELECT * FROM pg_available_extension_versions LIMIT 1;

<[ RECORD 1 J-nnrmmmmmmmmmmmm e e e e e e e e o
name | earthdistance

version | 1.1

installed | t

superuser | t

relocatable | t
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schema |
requires | {cube}
comment | calculate great-circle distances on the surface of the Earth

PostgreSQL Taxske cooO6IIaeT, MOKHO JIY ITepeMeIaTh paciMpenne, B KaKylo cxe-
MY OHO YCTAHOBJIEHO U OT KaKUX pacliupeHunii 3aBUCUT. FiMeeTcs eliie mosie comment,
KOTOpPOEe ObUIO PACCMOTPEHO BBIIIIE.

CnpammBaeTtcs, oTKyga PostgreSQL ronyuaeT BCio MHGOPMAINIO O paciiMpeHu-
SIX, UMEIOLIMXCs B cucTemMe? B mpenmosnosxkeHnu, 4To Bbl 6panu PostgreSQL 11.0 u3
odpuimanbHoro RPM-penosuropus PostgreSQL, B kaTasore /usr/pgsql-11/share/ex-
tension GymeT HaXOOUThCS Psif, QaiiyioB:

-bash-4.3$% 1s -1 citext*
1s -1 citext*

-rw-r--r--. 1 hs hs 1028 Sep 11 19:53 citext--1.0--1.1.sql
-rw-r--r--. 1 hs hs 2748 Sep 11 19:53 citext--1.1--1.2.sql
-rw-r--r--. 1 hs hs 307 Sep 11 19:53 citext--1.2--1.3.sql
-rw-r--r--. 1 hs hs 668 Sep 11 19:53 citext--1.3--1.4.sql
-rw-r--r--. 1 hs hs 2284 Sep 11 19:53 citext--1.4--1.5.sql
-rw-r--r--. 1 hs hs 13466 Sep 11 19:53 citext--1.4.sql

-rw-r--r--. 1 hs hs 158 Sep 11 19:53 citext.control

-rw-r--r--. 1 hs hs 9781 Sep 11 19:53 citext--unpackaged--1.0.sql

Y pacimimpeHus citext (T€KCT, HEUYBCTBUTEIbHBIN K PETUCTPY) BEPCUS 110 YMOJI-
YaHUI0 MMeeT HoMep 1.4, mostomy umeetcst aiin citext--1.4.sql. Kpome TorTO,
umeroTcs (aiiibl 151 Tlepexofa ¢ omHoM Bepcuu Ha apyryio (1.0 — 1.1, 1.1 — 1.2
U T.1.), a Takke daita ¢ pacmmpeHneM .control:

-bash-4.3$ cat citext.control

# citext extension

comment = 'data type for case-insensitive character strings'
default_version = '1.4'

module_pathname = '$libdir/citext'
relocatable = true

OtoT dai comepsKUT MeTaJlaHHble paciiMpeHys. B mepBoit 3ammucy HaxXxOgUTCS
KOMMeHTapuii. IMeHHO OH TOKa3bIBaeTCsI B PAaCCMOTPEHHBIX paHee CUCTeMHbBIX
npeacraBieHusx. Korma Mbl o6paiiaemcst K 3TUM MpeAcTaBieHusm, PostgreSQL 3a-
XOAUT B 3TOT KATaJIOT M YATAET BCe MPUCYTCTBYIOMIME B HeM control-daiiasl. [Tomu-
MO KOMMeHTapus, control-daita comepsKUT HOMeEpP BEPCUM 110 YMOTYAHUIO U MYTh
K MCHOMHSIeMbIM (aiiiam.

[Tpu ycTaHOBKE TUITMYHOTO pacuipenns u3 RPM-pemosutopust Gaiiabl KOUpy-
I0TCS B KaTajor $libdir, coBmagarwommii ¢ mogkaTajorom lib yCTaHOBOYHOTO KaTa-
siora PostgreSQL. Ho eyt Bbl Hanmcaaiu paciiMpeHye caMmu, TO MOXKeTe ITIOMeCTUTD
€ero B JIpyroe MecCTo.

[Mocmemumii mapameTp coobmaet PostgreSQL, MOKeT /v paciIMpeHe HaXOoUThb-
cs1 B JIFOO0JE CXeMe MJIM TOJIBKO B ITpenoIpeneeHHOA.

Haxownerr, B KaTayiore umMeeTcs aiii, MMsI KOTOPOTO COAEPSKUT CTPOKY unpackaged.
[TpuBenem ero parmMeHT:
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ALTER EXTENSION citext ADD type citext;

ALTER EXTENSION citext ADD function citextin(cstring);
ALTER EXTENSION citext ADD function citextout(citext);
ALTER EXTENSION citext ADD function citextrecv(internal);

dtoT ¢ailt mpeobpasyeT CyIIeCTBYIOIINI Ko, B pacuiMperue. OH, TakuM obpa-
30M, BaXKE€H JIJIsl TOTO, YTOOBI COOGPATh MMeoIIVecs B 6a3e 0ObeKThI BMECTE.

Mcnonb3oBAHWME MOAYNEN U3 NOABOPKU CONTRIB

TT03HAKOMMBIIVCH C TEM, UTO TAKOE PACIIMPEHNS BOOOIIE, B3TVITHEM Ha HEKOTOPbIE
BaskHbIe KOHKpETHbIe pacliMpeHus, IpecTaBaeHHble B KaTajaore contrib. 51 peko-
MEH/IYI0 BCeraa yCTaHaBIMBATh 3T MOAyau Bmecte ¢ PostgreSQL, mockonbKy OHU
coflepykaT paciiMpeHNs, CIOCOOHbIE ClleNaTh Bally JXM3Hb CyILIleCTBEHHO IpPOllle.

B cienmytomem pasnene naeTcst 0630p Tex M3 HUX, KOTOPbIe SI cuMTaio Hanbonee
VHTEPEeCHBIMU ¥ I0JIe3HBIMU I10 TOJ MJIV MHOV NPUYMHe (/15 OTIaIKW, 1JIS1 OIITHU-
MM3auuy IPOU3BOIUTENBHOCTH U T. I1.).

Moaynb adminpack

Mopynb adminpack JaeT aZMMHMCTPAaTOpaM Crocob o6paTuthes K GailmoBoii cuc-
TeMe, He HacTpampas moctyna 1o SSH. Iyt 3TOro makeT COLEPSKUT HECKOIbKO
byHKITUIA.

YT06bI 3arpy3UTh MOAY/Ib B 6a3y JaHHBIX, BHITIOTHUTE KOMaHAY:

test=# CREATE EXTENSION adminpack;
CREATE EXTENSION

OpnHO 13 caMbIX MHTEPECHBIX CPeA,CTB MOAY/Is adminpack — BO3MOKHOCTb [TPOCMAT-
puBaTh daitibl XKypHaioB. DyHKIMs pg_logdir_ls Bo3BpaiaeT crucok log-daition

u3 KaTasora log':

test=# SELECT * FROM pg_catalog.pg_logdir_ls() AS (a timestamp, b text);
OWMBKA: napametp log_filename gonxeH 6biTb paBeH 'postgresql-%Y-%m-%d_%H%M%S.log'

3[ech TOBOPUTCS, UTO rmapaMmeTp log_filename mOJIsKeH ObITh BHICTABJIEH B COOT-
BETCTBUM C TpeboBaHMSAMM MOAyIs adminspack. ECiv BbI ycTaHaBIMBAIM OVCTPU-
6yTuB 13 RPM-apxuBa, HaxoAsIerocs B pernosutopusx PostgreSQL, To mapamerp
log_filename ompepesieH Kak postgresql-%a, ¥ 9TO HY>KHO M3MEHUTb, YTOOBI MCIIpa-
BUTbH OIINOKY.

[Tocte sTOr0 BO3BpAIAETCS CIMCOK MMeH (ailyioB SKYpHAaJIOB:
test=# SELECT * FROM pg_catalog.pg_logdir_1ls() AS (a timestamp, b text);

a | b

..................... +_......__.....-__......__......__....-.__

2017-03-03 16:32:58 | pg_log/postgresql-2017-03-03_163258.1log
(1 cTpoka)

' B PostgreSQL 10 B sape nosiBuiach aHanorndHas GyHkuus pg_ls_logdir. — ITpum. peo.
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MOKHO TakKe oImpeAeanThb pasMep daiiia Ha JucKe, HallpuMep:

test=# SELECT b, pg_catalog.pg_file_length(b)
FROM pg_catalog.pg_logdir_1s() AS (a timestamp, b text);
b | pg_file_length
......................................... +.._-_....._-_...
pg_log/postgresql-2017-03-03_163258.1og | 1525
(1 cTpoka)

Monynb nipegoctaBisieT u Apyrue GYHKINUN:

test=# SELECT proname FROM pg_proc WHERE proname ~ 'pg_file_ .*';
proname

pg_file_write
pg_file_rename
pg_file_unlink
pg_file_read
pg_file_length
(5 cTpok)

Kak BMOMM, MbI TIOJTy4aeM BO3MOXKHOCTb YMTaTh, 3aMMChIBATh, IEPEMMEHOBbI-
BaTh U yOAISITDb (aiiibl.

0 PazymeeTcs, Bce 3TM QYHKLMKM MOXKET BbI3bIBATb TOMLKO CYNEPNOb30BaTENb.

MNpumeHenue punsvrpa bnyma

Haumnnas ¢ Bepcun PostgreSQL 9.6 cTaso BO3MOKHO € MTOMOIIBIO paCIIVPeHNIi IN-
HaMUYecKy J06aBJISITh MOMHOMYHKIIMOHATbHBIE TUITBI MHIEKCOB C ITOMAIEePKKOM
TPaH3aKIMOHHOCTU. [IJIsT 9TOTO MUCIIOAb3YyeTCsI HOBast KoMaHaa CREATE ACCESS METHOD
B COUETAHUM C HEKOTOPBIMU IOTIOTHUTEIbHBIMY CPEJICTBAMMU.

Pacmmpenne bloom mpefocTaBisieT B pacopsbkeHne rmonb3osareneli PostgreSQL
dunbTp Biryma, KOTOpbIit 03BoIsIeT 3G (MEKTUBHO YMEHbIIATh 00b€M JaHHBIX Ha
paHHUX cTagusx. Vimest duiabTpa BiyMa 3akmovaeTcst B TOM, YTOObI BBIYMCIATD OM-
TOBYIO MacKy JaHHbBIX ¥ CDAaBHUTb ee ¢ 3arrpocoM. ViHoraa buabTp Biryma Bo3Bparia-
€T JIOKHOITOJIOKUTETbHbIE Pe3Y/IbTaThl, HO BCE PABHO 06beM AAHHBIX 3HAUNUTETHLHO
COKpaliaeTcs.

9TO 0COGEHHO MOJIe3HO, KOTAA TabaMIIa CONEPSKUT COTHU CTOJIOIIOB ¥ MUJIIVMIOHBI
cTpok. C mOMOIIbI0 B-IepeBbeB IMPOMHAEKCUPOBATh COTHM CTOIOII0B HEBO3MOSKHO,
nosTomy GuibTp Biayma sIBiisseTcs MOAXOZSIIEl aJibTepHATUBOM, T. K. TIO3BOJISIET
MIPOMHAEKCUPOBATh Cpasy BCe.

YTO0O6BI IMTOHSTH, KaK 3TO paboTaeT, yCTAHOBUM pacIIMpeHle:

test=# CREATE EXTENSION bloom;
CREATE EXTENSION

Ianee co3gaaym TabaMIy C HECKOJIbKMMM CTOIOLIAMIA:

test=# CREATE TABLE t_bloom
(
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id serial,

coll int4 DEFAULT random()
col2 int4 DEFAULT random()
col3 int4 DEFAULT random() * 1000,
col4 int4 DEFAULT random() * 1000,

* 1000,
*
*
*

col5 int4 DEFAULT random() * 1000,
*
*
*
*

1000,

colé int4 DEFAULT random() * 1000,
col7 int4 DEFAULT random() * 1000,
col8 int4 DEFAULT random() * 1000,
col9 int4 DEFAULT random() * 1000
);
CREATE TABLE
IJist TIPOCTOTHI Y KaskKAOTO CTONOIA eCTh 3HAUEeHMe TI0 YMOTUaHUIO, TaK YTO 3a-
TIOJTHUTh TAOJIMITY TTO3BOJISIET CJIeAYIOIAs ITpocTast KoMaHaa SELECT:
test=# INSERT INTO t_bloom (id)

SELECT * FROM generate_series(1, 1000000);
INSERT 0 1000000

ToT 3ampoc Ao6aBiseT B TAGIUITY MUJUIMOH CTPOK. Terepb MPOUMHIEKCHPYEM
TabMIUIy:
test=# CREATE INDEX idx_bloom ON t_bloom

USING bloom(coll, col2, col3, col4, col5, col6é, col7, col8, col9);
CREATE INDEX

O6paTuTe BHMMAaHNE, YTO MHIEKC COMEPKUT BCe NEeBSITh CTOIOLOB. B oTinune ot
B-mepeBa, MOpsIIOK CTOJIOIIOB POJIM HE UTPaeT.

Co3paHHas Tabnauia 6e3 MHIEKCOB 3aHMMAaeT mpuMepHo 65 MB. Haekc mo6as-
nset enle 15 MB:

test=# \di+ idx_bloom
CNNCOK OTHOWEHNN

Cxema | Nms | Twn | Bnapgeneu | Tabauuya | Pasmep | Onucatue
-------- LT T L LR T ST TP
public | idx_bloom | index | hs | t_bloom | 15 MB

(1 cTpoka)

[Ipenects dubTpa Biryma B TOM, UTO OH ITO3BOJISIET MCKATh 110 JIF0O07 KOMOWHA-
LIVIM CTOJIOLIOB:

test=# explain SELECT count(*)
FROM t_bloom
WHERE col4 = 454 AND col3 = 354 AND col9 = 423;
QUERY PLAN
Aggregate (cost=20352.02..20352.03 rows=1 width=8)
-> Bitmap Heap Scan on t_bloom
(cost=20348.00..20352.02 rows=1 width=0)
Recheck Cond: ((col3 = 354) AND (col4 = 454) AND (col9 = 423))
-> Bitmap Index Scan on idx_bloom
(cost=0.00..20348.00 rows=1 width=0)
Index Cond: ((col3 = 354) AND (col4 = 454) AND (col9 = 423))
(5 cTpok)
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To, 4yTO MBI ceifuac BUIeNN, BBIVISIGUT TOPa3sUTeNbHO. BO3HMKAeT eCcTeCTBeHHBI
BOIIPOC: a MouemMy MbI He nosib3dyeMcst puibTpom Biyma Bcerma? [IpuunHa mpoc-
Tast — YTOOBI BOCITONB30BaThCs hubTpoM Biryma, cepBep HosKeH eTMKOM ITPOoun-
TaTh €ro B IaMsTh. B ciiyyae B-mepeBa (1 He TOIBKO) 3TO HEOOSI3aTeNbHO.

B Gymyiiem, BepOsITHO, OYAyT J06aB/I€HbI HOBbIE TUIIBI MHAEKCOB, TaK UTO Post-
greSQL MOXHO OyIeT MCIOIb30BaTh [JISl PelIeHus elfe GObIIero ymciaa 3amad.
JKenatomime 6osbliie y3HaTh 0 GuIbTpax BiiymMa MOryT 03HAKOMUTBCSI CO CTaThelt
B HallleM 6y1ore 1o azapecy https://www.cybertec-postgresgl.com/en/trying-out-post-
gres-bloom-indexes/.

YcraHoBka btree_gist u btree_gin

B PostgreSQL cyiiecTByeT KOHIIEIIINS KJIaCCOB OIepaTopOB, KOTOPYIO Mbl 06CYysKaa-
JI B I71aBe 3, MOCBSILIeHHOM MHIEKCaM.

B karasnore contrib ectb nBa pacmupenus (btree_gist u btree_gin), KoTopblie Ha-
nenstitoT nupexcsl Tuna GiST u GIN gyHKUMOHANBHOCTBIO B-nepesa. [I1s1 uero 3To
HY>kHO? GiST-MHIeKChI MO e psKMBAIOT PA3HOOOpa3HbIe CBOICTBA, OTCYTCTBYIOIINE
y B-mepeBbeB. OgHo 13 Hux — mouck K Gmmkaitmmx coceneii (K-Nearest Neigh-
bor — KNN).

Hy u uT0? - cripocute Bbl. IIpecTaBbTe, UTO TPeOYeTCsT HATY AaHHbIe, 10OaB-
JIEHHbIE BUepa B paiioHe nomyaHs. Tak Korja ke 9To 661107 VIHOTIA TPYIHO Onpene-
JINTh TPaHUIIbI, HATIPMMeEp eC/IM KTO-TO MILET TOBap CTOMMOCTBI0 0Komno 70 eBpo. Ha
nomo1ub MoxeT npuinT KNN.

Co3pmanum TeCTOBYIO TaOIUILY:

test=# CREATE TABLE t_test (id int);
CREATE TABLE

ITomecTuMm B Hee IIPOCThIE JAaHHbIE:

test=# INSERT INTO t_test SELECT * FROM generate_series(1, 100000);
INSERT 0 100000

Ilo6aBMM paclIMpeHue:

test=# CREATE EXTENSION btree_gist;
CREATE EXTENSION

[MTocTpouth 10 cTONOIY GiST-MHAEKC MPOCTO — HY)KHO JIMIIh H06aBUTH (pasy
USING gist. 3ameTumM, uTo co3maTh GiST-MHIOEKC MO CTONOIY THIIa integer MOSKHO,
TOJIBKO €C/M YCTAHOBJIEHO paciivpeHue btree_gist. B mporuBHOM «iyuyae Post-
greSQL COOBIINT, UTO HET MOAXOISIIEr0 Kaacca orepaTopoB:

test=# CREATE INDEX idx_id ON t_test USING gist(id);
CREATE INDEX

Mimest MHIIEKC, MOSKHO YTIOPSIOYNTD JaHHbBIE IO PACCTOSTHUIO:

test=# SELECT *
FROM t_test
ORDER BY id <-> 100


https://www.cybertec-postgresql.com/en/trying-out-postgres-bloom-indexes/
https://www.cybertec-postgresql.com/en/trying-out-postgres-bloom-indexes/

KD

Mcnonb3oBaHue Moaynen u3 nogbopku contrib - < 297

LIMIT 6;
id

101
99
102
98
97
(6 cTpok)

Kaxk Buaum, mepsasi CTpOKa JaeT TOYHOE COOTBETCTBME. B MocIeayomnmx cTpokax
TOYHOCTh YMEHbILIAETCS — YeM [Jasibliie, TeM XysKe. 3arpoc Bo3Bpaiiaet puKCUpo-
BaHHOE YMCJIO CTPOK.

[TocMOTpUM Ha IJIaH BBIMOJIHEHMS — 3TO OUeHb BAXKHO:

test=# EXPLAIN SELECT *
FROM t_test
ORDER BY id <-> 100
LIMIT 6;
QUERY PLAN

Limit (cost=0.28..0.64 rows=6 width=8)
-> Index Only Scan using idx_id on t_test
(cost=0.28..5968.28 rows=100000 width=8)
Order By: (id <-> 100)
(3 cTpoku)

Mb1 BuayuM, uto PostgreSQL BbIGMpaeT MPOCMOTP 10 MHAEKCY, YTO 3HAUUTEIbHO
YCKOpsieT BbITIOJIHEHME 3ampoca.

B 6ymymiux Bepcusx PostgreSQL B-mepeBbsi, ckopee Bcero, 6yayT MOAIepsKMUBaTh
nouck KNN. [lortosiHeHMe, cofepskaliee 3Ty BO3MOXKHOCTb, y3Ke BK/IIOU€HO B CITMCOK
PaCChUIKY JJIs1 Pa3pabOTUMKOB. BbITh MOKET, B KOHEUHOM MTOTe OHO BOMIET U B SIIPO.
TMoppepskka KNN B-nmepeBbsiMu 103BoJIMIa GbI peske CTpouTb GiST-MHAEKCHI 1O
CTONOIIAM, MMEIOIIVM CTaHIapTHbIE TUITbI JAHHbIX.

Dblink - nopa paccratbca

JKenanue CBSI3bIBATh pa3Hble 6a3bl JaHHBIX CYLECTBOBAIO MHOTO jeT. Ho Ha py6e-
K€ CTOJIETUII 06ePTKM BHEITHMX JAHHBIX laske He ITPOCMAaTPUBAJIMCh Ha TOPM30HTE,
KakK, BIIPOYEM, U TPAAULIMOHHAS peaqn3alus CBSI3Y MeXay 6asaMy JaHHbBIX. [Ipu-
MEpPHO B 3TO BpeMst pazpaboTunk u3 Kammudopuun (Ixko Konseit) Havan paboTy 1o
CBSI3BIBAHMIO 0a3 MaHHBIX, BKIOUMB B PostgreSQL kouuemnuuio dblink. Pacmmpenne
dblink Bepo¥t 1 MpaBAOIi CYKUIIO JIIOASM Ha MPOTSDKEHUYM MHOTHUX JIET, HO Telepb
Y>Ke He SIBJISIEeTCS TTOC/IeHUM CJIOBOM.

[TosToMy MBI peKoMeHIyeM OTKasbiBaThcsi OT dblink u mepexoguTh Ha 6Gosee
COBpeMeHHYI0 peaymsauuio crierudukanum SQL/MED, KoTopast omnpenensier, Kak
cyleyeT MHTErpUPOBaTh BHEIIHME NaHHble C PesIIMOHHON 6a3oii. Pacmmpenne
postgres_fdw moctpoeHo B coorBeTcTBUM ¢ SQL/MED 1 npenjiaraeT He TOJIbKO MO/ -
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KITI0UeHre K apyroit 6ase maHHbIX PostgreSQL, HO U MpaKTUYECKU K JII060MY MC-
TOUHMKY JAHHBIX.

Hoctyn K daiinam ¢ nomoublio file_fdw

VHorma Bo3HMKaeT HEOOXOAMMOCTD IIPOUYUTATh (aiiyl ¢ AMCKA U TIPeACTaBUTh €ro
PostgreSQL B Buze Tabmuiibl. IMeHHO [IJIsT 3TOTO CITYKUT pacipenne file_fdw.
Mopymb ycTaHaBIMBAETCS KaK OOBIYHO:

CREATE EXTENSION file_fdw;

Ilanee MbI CO34aM BUPTYaIbHbIN cepBep:

CREATE SERVER file_server
FOREIGN DATA WRAPPER file_fdw;

CepBep file_server o0CHOBaH Ha 00epTKe BHEIIHNX (CTOPOHHMX) TaHHBIX file_fdw,
Kotopast HagensieT PostgreSQL BO3MOKHOCTBIO AOCTYIIA K (paiimam.
YT0oO6BI ITpeAcTaBUTh (aiiyl B BUIe TaOINITbI, BBITIOTHUM TaKyl0 KOMaHIY:

CREATE FOREIGN TABLE t_passwd
(

username text,

passwd  text,

uid int,
gid int,
gecos text,
dir text,
shell text

) SERVER file_server
OPTIONS (format 'text', filename '/etc/passwd', header 'false', delimiter ':');

B stom mpumepe unrtaercst (aiin /etc/passwd. IO/KHBI OBITH TIEPEUMCIEHDBI BCe
€ro TOJIST Y IS KaKIOTO YKa3aH MOAXOMSIINIA TUTL. JJoTIoTHUTeIbHAS MHGbOpMAaIIus
repenaeTcss MOIYIIO BO ¢pase OPTIONS. B manHOM ciyuae PostgreSQL Heo6xomumo
3HaTh TUII (aiiyia (TEKCTOBBIN), ITyTh K HEMY M CMMBOJI-pa3aenTelb. Takke MOKHO
CKa3aTb, MMeeTcsI M B (haiisie 3arosoBoK. Ecin 1a, To TiepBasi CTpokKa MPOMyCcKaeTcsl.
910 BaskHO Ipyu uTeHuu ¢daiios B popmare CSV.

Co3maB TabmuITy, MbI MOKEM ITPOUYUTATD JaHHbBIE:

SELECT * FROM t_passwd;
PostgreSQL, ecTecTBeHHO, BO3BpallaeT comepskmumoe daiina /etc/passwd:

test=# \x
PacwnpeHHbIn BbIBOA BKJIHYEH.
test=# SELECT * FROM t_passwd LIMIT 1;

[ RECORD 1 ]-------
username | root
passwd | x

uid | 0

gid | 0



Mcnonb3oBaHue Moaynen u3 nonbopku contrib - < 299

gecos | root
dir | /root
shell | /bin/bash

B mnaHe BbITIONHEHMST MPUCYTCTBYeT mar «Foreign Scan» (MMpoCMOTpP BHEIIHUX
IaHHBIX) JIJIST U3BJIEUEHMS] JaHHbIX 13 (aiiia:

test=# EXPLAIN (verbose true, analyze true) SELECT * FROM t_passwd;
QUERY PLAN

Foreign Scan on public.t_passwd (cost=0.00..2.80 rows=18 width=168)
(actual time=0.022..0.072 rows=61 loops=1)
Output: username, passwd, uid, gid, gecos, dir, shell
Foreign File: /etc/passwd
Foreign File Size: 3484
Planning time: 0.058 ms
Execution time: 0.138 ms
(6 cTpok)

[T1aH BBIMTOMIHEHMS TAKKe COOOIIAeT pasmep daiiia u mpoune cBemeHust. Pas yx
MbI TOBOPMM O MJIAaHMPOBIIVIKE, YMECTHO CAeNaTh ONHO 3amMmeuaHye. PostgreSQL un-
TaeT Jlaske CTaTUCTUUeCcKue JaHHbie o0 ¢aitie. [ITaHUPOBIIUK OIpeenseT pasmep
(daita 1 Ha3HavaeT dailTy Takylo ke CTOMMOCTb, KaKyl0 Ha3HAUWI Obl OOBIYHOI
TabMiIe TAKOTo pa3mepa.

AHanus xpaHunmLLa C NOMOLLbIO pageinspect

CTONIKHYBIIMCD C TIOBPEKIEHMEM XPAaHWINILA UV MHOV TTPO6IeMOoii, KOTopast MO-
KeT GbITh BbI3BaHa JedeKTHbIMM 6JI0KaMM B Tabinile, MOXKHO MPU3BaTh Ha TOMOIIb
paciipenue pageinspect. CHayama ycTaHOBUM pacliipeHue:

test=# CREATE EXTENSION pageinspect;
CREATE EXTENSION

Momymb pageinspect MO3BOSIET U3YUNUTH TAOAUILY HA ABOMYHOM ypoBHe. [Ipu pa-
60Te C 3TMM MOAYJIEM MPEsKIe BCEro HYKHO BbIOpATh OJIOK:

test=# SELECT * FROM get_raw_page('pg_class', 0);

OTOT BhI30B BO3BpallaeT OAyH 610K — ITepBbIii 6JI0K CCTeMHO TabauIIbI pg_class
(BBI, KOHEUHO, MOYKETEe B3SITh JTI06YIO IPYTYIO TaOIUILY).
3arem IOSy4YMM 3ar0JI0BOK CTPAaHMUIIbI:
test=# \x
PacwnpeHHbIn BbIBOA BKJIHYEH.
test=# SELECT * FROM page_header(get_raw_page('pg_class', 0));

-[ RECORD 1 ]---------
lsn | 1/35CAE5B8
checksum | 0
flags | 1

lower | 240
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upper | 1288
spectal | 8192
pagesize | 8192
version | 4
prune_xid | 606562

Vske B HEM COIep>KUTCSI MHOTO MHMOopManuu o crpanuiie. Ho eciau sToro Hepmo-
CTaTOYHO, TO MOKHO BbI3BaTh (PYHKIMIO heap_page_items, KOTOpasi BO3BpaIlaeT 1Mo
OHOVi CTPOKe Ha KOPTEeX:

test=# SELECT * FROM heap_page_items(get_raw_page('pg_class', 0))
LIMIT 1;

-[ RECORD 1 ]---

p | 1

1p_off | 49

1p_flags | 2
1p_len | 0
t_xmin |
t_xmax |
t_field3 |
t_ctid |
t_infomask2 |
t_infomask |
t_hoff |
t_bits |
t_oid |
t_data |

MOXKHO TaKksKe paB6I/ITb JaHHbI€ Ha KOPTEeXn:

test=# SELECT tuple_data_split('pg_class'::regclass,
t_data, t_infomask, t_infomask2, t_bits)

FROM heap_page_1items(get_raw_page('pg_class', 0))

LIMIT 2;
<[ RECORD 1 J-=r-rmmmmmmmmmmmcemmeemcceeeeee o
tuple_data_split |
<[ RECORD 2 J-=s-mmmmmmmmmmmmmmm e oeeeee o
tuple_data_split |
{"\\x6100000000000000000000000000000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000000000000000000", "\ \x98080000", "
\\Xx50ac0c00", "\\x00000000" , "\\x01400000" , "\ \x00000000" , "\ \x4eac0cO0" , "\ \x00
000000","\\xbb010000" , "\ \x0050c347" , "\ \x00000000" , "\\x00000000" , "\\Xx01", "\\
x00", "\\x70", "\\x72","\\x0100" , "\\x0000", "\ \x00", "\\x00","\\x00", "\\x00" "
\X00","\\x00", "\\x00", "\\x01", "\\x64" , "\\xC3400900" , "\ \x01000000" ,NULL ,NULL
}

Ijis MHTepIIpeTauuyn 3TUX OAHHBIX HEOOXOAMMO IOHMMATh (opMaT XpaHeHMs
JaHHBbIX Ha Ayucke B PostgreSQL, mHaue 3TO BRIISAUT abpakamadbpoii.

Paciumpenne pageinspect mpemocTasisieT QyHKUMM ST BCEX METOHOB JOCTYIIa
(K TabMMIIaM, K MHAEKCAM U T. [I.), T03BOJISISI OUeHb MOAPOOHO MPOaHaIN3UPOBaTh
XpaHWINIIE.
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AHanus kewa c nomouibio pg_buffercache

[Tocne KpaTKOro 3HaKOMCTBa C pacClIMpeHMeM pageinspect meperigem K pacuimpe-
HUIO pg_buffercache, KOTOpOe MO3BOJISIET 3aIVISIHYTh BHYTPb Kellla BBOLA-BbIBOAA:

test=# CREATE EXTENSION pg_buffercache;
CREATE EXTENSION

B 3TOM paciiunpeHny MMeeTcs IIpecTaBlIeHne, CoaepsKaliee HeCKOIbKO ITOJIelt:

test=# \d pg_buffercache
NpeacTasnenne "public.pg_buffercache"

pinning_backends

Cronbey | Twun | MoandmkaTopsi
................. +...__....-+__....-.__....
bufferid | integer |
relfilenode | oid
reltablespace | oid |
reldatabase | oild
relforknumber | smallint |
relblocknumber | bigint |
isdirty | boolean |
usagecount | smallint |
I |

integer

ITosne bufferid — uncmoBoit unenTudukarop 6ydepa. [Tone relfilenode ykaspiBaeT
Ha ¢aitt Ha aucke. ECM MBI XOTMM y3HaTb, KaKoii Tabiuile OH MPUHAAJIEKUT, TO
IOJDKHBI 06paTUThCs K Tabiuiie pg_class, KOTOpasi Takke ComepskuT mose relfile-
node. [Tanee crnenyroT nosns reldatabase u reltablespace. OTMeTUM, UTO BCe TPU MOJISI
MMEIOT TUII oid, TO3TOMY [IJIsl TTOYyYeHMsI TT0JIe3HOM MHGpOPMaIMK HY>KHO TTPOU3-
BECTU COeOMHEHMNEe C CUCTeMHbIMU TabIMIIaMMU.

ITosne relforknumber TOBOPUT, KaKast YaCTh TAGIMIIBI KEIIVMPOBAaHA. ITO MOKET ObITh
Ky4a, KapTa CBOOOIHOTO MeCTa MM KaKasi-TO Ipyrasi KOMIIOHEeHTa, HallpMuMep KapTa
BUIMMOCTH. B GymyIiemM HaBepHSIKA MOSIBATCSI HOBbIE TUIThI CJTIOEB OTHOIIIEHMSI.

Cnenytoiee mose, relblocknumber, rOBOpUT, KaKkoii 6JIOK KeUIMPOBAH B TaHHOM
6ydepe. HakoHelr, rose isdirty mokasbsIBaeT, 6bLT I MOAUGUIIMPOBAH OJIOK, TI0JIe
usagecount — CKOJIbKO pa3 K HeMy 00pallaanch, a moje pinning_backends — KommuecTBo
06CTYKMBAOIIMX MTPOIIECCOB, 3aKPEMMBIINX 3TOT 6ydep.

IIJIT OCMBICJIEHHOTO MCIIOJIb30BaHMs paciiupeHust pg_buffercache HeobGxomuma
IOTIONHMUTeNbHAs MHbopMauys. UToObl y3HATh, B KaKoil 6a3e JaHHBIX KeIIMpoBa-
HIe TIPUMeHseTcs] Hanboee MHTeHCUBHO, ITOMOSKET CJIeAYIOIIVI 3aIpocC:

test=# SELECT datname,
count(*),
count(*) FILTER (WHERE isdirty = true) AS dirty
FROM pg_buffercache AS b, pg_database AS d
WHERE d.oid = b.reldatabase
GROUP BY ROLLUP (1);
datname | count | dirty

abc | 132 ] 1
postgres |
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test | 11975 | 53
| 12137 | 54
(4 cTpokn)

B maHHOM CJTydae MbI coemuHMUIN pg_buffercache ¢ Tabnuileit pg_database. Coemu-
HEeHMe TTPOU3BOIUTCS CO CTONOIIOM 0id, UTO MOXKET ITOKA3aThCSl HEOUEBMUIHBIM Ha-
YMHAIIMM Moyib3oBarensam PostgreSQL.

MHorma HysKHO Y3HATh, Kakue 6;I0KM KOHKPETHOV 6a3bl JAHHBIX KeIIMPOBAHbI:

test=# SELECT relname,
relkind,
count(*),
count(*) FILTER (WHERE isdirty = true) AS dirty
FROM pg_buffercache AS b, pg_database AS d, pg_class AS c
WHERE d.oild = b.reldatabase
AND c.relfilenode = b.relfilenode
AND datname = 'test'
GROUP BY 1, 2
ORDER BY 3 DESC

LIMIT 7;

relname | relkind | count | dirty
--------------------------- L CET T ST R
t_bloom | r | 8338 | 0
idx_bloom | 1 | 1962 | 0
idx_id | 1 | 549 | 0
t_test | r | 445 | 0
pg_statistic | r | 90 | 0
pg_depend | r | 60 | 0
pg_depend_reference_index | i | 34 | 0
(7 cTpok)

B aTom npuMepe Mbl BbiGpaiu 6a3y JAaHHBIX U TPOU3BETY COEIMHEHNE C OTHO-
neHueM pg_class, COmepsKallyuM CIIMCOK 00beKTOB. OCOGEHHO MHTepeceH CTonber]
relkind: 6ykBa r o3HauaeT Tabiuiy (relation), a 6yksa i — mHgekc (index).

LUndppoBaHne AaHHbIX C NOMOLWbIO pgcrypto

Pgcrypto — OHO M3 CAaMbIX MOIIIHBIX pacIIMpeHuii B KaTanaore contrib. [TepBoHavasib-
HO OHO ObUIO HaNMCAaHO OFHMM M3 CUCTEMHBIX aJIMMUHUCTPATOPOB Skype u mpen-
Jlaraet 6ecuyciaeHHbIe QYHKUMM )i IM(GPOBaAHMS U Aem@pUPOBaHNS JAHHBIX.
MmetoTcst GYHKIMM KaK 11 CUMMETPUYHOTO, TaK U JIJIS aCUMMETPUYHOTO M-
poBaHusl. [TockoMbKY GYHKIIVI O4eHb MHOTO, PEKOMEHTYI0 00paTUTbHCS K TOKYMEH-
TauuM 1o agpecy https://www.postgresql.org/docs/current/static/pgcrypto.html’.
/3-3a HeXBAaTKM MeCTa MbI He MOKeM BIIaBaThCs B IeTAIM pacIIiMpeHus pgcrypto.

MporpeB Kewwa ¢ NOMOLWbIO pg_prewarm

B nporrecce HopmabHOI paboThl PostgreSQL cTpeMuUTCSI KeIMPOBATDh BasKHbIE TaH-
Hble. [TapameTp shared_buffers ompemensieT pasmep Kkeira PostgreSQL. IIpo6iema
B TOM, UTO TIOCJIe Tiepe3alrycka cepBepa Bech kel TepsieTcsi. KoHeuHo, omiepalioH-

1

Ha pycckom sg3bike https://postgrespro.ru/docs/postgresql/11/pgcrypto. — IIpum. nepes.
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Hasl CHCTeMa ellle MOKeT XpPaHUTh B CBOEM Kellle KaKie-TO JaHHble, yMeHbIIaoIe
BpeMsI OKMIAHMS [I1CKA, HO, KaK MIPaBWIO, 3TOr0 HeJOCTATOYHO. Perenue mnpen-
JlaraeT paciiypeHme pg_prewarm.

test=# CREATE EXTENSION pg_prewarm;
CREATE EXTENSION

ITO pacIIMpeHne ComepsKUT GYHKLMIO, ITO3BOJISIOLIYIO IBHO Npozpems Kelll IIpyu
HE0O6XOIMMOCTN:

test=# \x

PacwWpeHHbI BbIBOA BKJIYEH.
test=# \df *prewa*

Cnucok GyHKLMI

-[ RECORD 1 J-----==--- e
Cxema | public
Vma | autoprewarm_dump_now
Tun paHHbix pesyabTaTta | bigint
TUNbl A3HHLIX apryMeHToB |
Tun | func
-[ RECORD 2 ]-----==--- e
CxeMa | public
ma | autoprewarm_start_worker
Tun AaHHbIX pesyabtata | void
Tunbl AaHHbIX ApryMEHTOB |
Tvn | func
-[ RECORD 3 J-----n=--- e
Cxema | public
ma | pg_prewarm
Tun AaHHbiX pe3ynabTata | bigint
I

regclass, mode text DEFAULT 'buffer'::text,
fork text DEFAULT 'main'::text,

first_block bigint DEFAULT NULL::bigint,
last_block bigint DEFAULT NULL::bigint

Tvn | func

Tvnbl AaHHBIX apryMeHToB

CaMblif IIPOCTO¥ ¥ PaCIpOCTPaHEHHBIN CITOCO6 pabOThI C pg_prewarm — IIOITPOCUTH
€ro KeIIpoBaTh OObEKT IIeJTMKOM:

test=# SELECT pg_prewarm('t_test');
pg_prewarm

443
(1 cTpoka)

3aMeTUM, YTO eC/Iy TabImila OUeHb BeIMKa M He [TOMEeNIAaeTcs B Kelll LIeJIMKOM, TO
OyIyT KeIIMPOBaHbI TOJBKO €€ YaCTH, YTO B GOJIBIIMHCTBE CJTYYaeB XOPOIIIO.

@DYHKIIMS BO3BpAIlaeT KOJMMUECTBO 00paboTaHHBIX 8-KMI00aTHBIX 6JIOKOB.

Eciivt MbI He XOTUM KeIIMpoBaTh BCe 67I0KM 00bEKTA, TO MOSKEM 3a[4AaTh OMara30H
6J10KOB. B iprmepe HIKe KemmpyroTcst 6110k ¢ Homepamuy ot 10 mo 30 13 ¢1os matn:

test=# SELECT pg_prewarm('t_test', 'buffer', 'main', 10, 30);
pg_prewarm
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21
(1 cTpoka)

BuaHO, uTO KempoBaH 21 6/I0K.

AHanus npousBoAUTENBHOCTH C NOMOLIbIO pg_stat_statements

PacmmpeHnne pg_stat_statements — BarkHeJilllee M3 BCeX HAXOOSIIMXCS B KaTajlore
contrib. Ero o6s13aTenbHO C/iefyeT aKTUBUPOBATh, IOCKOJIbKY OHO JIaeT IeHHeIe
JlaHHbIE O IPOMU3BOAUTENbHOCTHU. be3 pg_stat_statements oueHb TPYIHO MTOHSTh IPU-
YMHBI IPOOJIEM B 3TO 06/I1aCTH.

B cuy ero BaskHOCTM pacilupeHie pg_stat_statements 6bIJIO paCCMOTPEHO B 3TOJ
KHUTE BbIIIIE.

AHanu3 xpaHunuuwa c noMmouwbio pgstattuple

BbriBaeT, uto Tabnuilel B PostgreSQL HAUMHAIOT HEYAEePsKMMO pacTu. TeXHUUeCKY 3TO
HasbIBaeTCs pasoyxaHuem Tadanibl (table bloat). CripamBaeTcst, Kakye TabanIIbI
pasdyx/M U B KaKO¥ Mepe MX POCT 06bsIcHAeTCs pa3byxaHmem? Ha 3Ty BOIpoCkI OT-
BevaeT pacuipeHue pgstattuple.

test=# CREATE EXTENSION pgstattuple;
CREATE EXTENSION

OyHKIMS, TIpeIoCcTaBisieMast 3TUM pacIIMpeHreM, BO3BPAIAeT CTPOKY COCTaB-
HOTO Tura. II03ToMy, UTOObI TIOJYUNTh OHATHBII Pe3y/IbTaT, ee Halo YIIOTPebIsITh
BO (pase FROM:
test=# \x

PacwMpeHHbIN BbIBOA BKJIHYEH.
test=# SELECT * FROM pgstattuple('t_test');

-[ RECORD 1 ]
.................... +__.....-__....
table_len | 3629056
tuple_count | 100000
tuple_len | 2800000
tuple_percent | 77.16
dead_tuple_count | @
dead_tuple_len | 0
dead_tuple_percent | 0
free_space | 16652
free_percent | 0.46

Tabuiia, UCIIOIb30BAHHAS B 9TOM MIPUMeEpe, HaXOAUTCSI B IIPUIUUHOM COCTOSI-
HUM; ee pa3Mep paBeH 3.6 MB, 1 MepTBbIX CTPOK B Heiil HeT. CBo6oAHOe ITPOoCTpaH-
CTBO TOXe He CIVIIKOM BeJIMKO. Eciu JoCcTyT K Tabnuiie 3ameajisieTcs u3-3a pas3oy-
XaHMSI, 3HAUUT, YMCI0 MEPTBBIX CTPOK ¥ 06beM CBOOOLHOIO MPOCTPAHCTBA BBIILIN
M3-TI0f, KOHTPOJIS. B HEe6OMbIIMX A03aX TO U Apyroe 6e3BpemHO, HO ecau Tabmuiia
COCTOUT TIPEMMYIIECTBEHHO M3 MEPTBBIX CTPOK M CBOOOIHOTO MPOCTPAHCTBA, TO
HY’KHBI PeIINTebHbIE MephI.
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PaCH.II/II)EHI/Ie pgstattuple mpenjiaraeT Takxe Cl)YHKLU/IIO JJI aHa/IM3a MHOEKCOB:

test=# CREATE INDEX idx_id ON t_test (id);
CREATE INDEX

®OyHKUMS pgstattindex Bo3BpamiaeT moapo6Hy0 MHGOPMaLNIO 06 MHIEKCe:

test=# SELECT * FROM pgstatindex('idx_id');
-[ RECORD 1 ]

+
version |
tree_level |
index_size |
root_block_no |
internal_pages |
leaf_pages |
empty_pages |
deleted_pages |
avg_leaf_density |
leaf_fragmentation |

Hau vHAeKrc JoBOMbHO TUIOTHBIN (89.83 %). 3TO XOpowmnii npusHak. ITo ymosnua-
HUI0 Koo duumeHT 3anonHeHust nHaekca (FILLFACTOR) paBeH 90 %, Tak UTO 3HaAUe-
Hue, 6;mskoe K 90 %, TOBOPUT, UTO UHAEKC B OTJIMUHOM COCTOSTHUM.

MHorma MbI XOTMM IPOAaHAIM3UPOBATh He OMHY TabuILy, a Bce Tabauiibl B 6ase
IAHHBIX WM B KaKoJi-To cxeme. Kak 9710 cmenath? O6bIUHO CIIMCOK ITOIIeKaIINX 06-
paboTKe 0ObEKTOB YKa3biBaeTcs BO ¢pase FROM. OmHaKo B HallleM IpuMepe Bo ¢pase
FROM yske HaxomuTcsl GYHKIMS, ¥ KaK HaM 3acTaBUTh PostgreSQL nmpocMoTpeTs CIiu-
cok Tabui? OTBET AaeT JIaTepaabHOE COeIVIHEHME.,

MmeiiTe B BUAY, UTO pgstattuple MO/KHA MPOUNTATH OOBEKT HenmkoM. Eciu 6asa
IIAHHBIX BeJIMKa, TO HA 3TO MOXET YIATY MHOTO BpemMeHU. [Io3ToMy peKoMeHAYI0 CO-
XPaHATDb pe3ylIbTaThl 3aIIPOCa, YTOOBI X MOXKHO GbIIO BCECTOPOHHE ITpOaHaIU3U-
pOBaTh, He BBITIOIHSISI 3aITPOC CHOBA U CHOBA.

HeueTkuit nouck c nomolubio pg_trgm

Pacimpenne pg_trgm TO3BOJISIET BBITIOHSITh HEUETKMI TTOUCK. MBI y3Ke paccMaTpu-
BaJIM €ro B I71aBe 3.

Moakno4yeHue K yAaNeHHOMY cepBepy C NOMOLbIO postgres_fdw

He Bcerga maHHble HaXoAsITCSI B OfHOM MecTe. [opa3mo yaie oHM paciipeeneHbl
I10 BCeii MHGPACTPYKTYPe, ¥ OBIBAET TaK, UTO AAHHbBIE U3 PA3HbIX MECT HEOOXOIMMO
06beHUTD. PellieHne gaeT o6epTKa BHENTHUX (CTOPOHHMX) TAHHbBIX, Pean30BaH-
Hasl B COOTBeTCTBUM O cTanmaptoMm SQL/MED.

B aToM paspesie Mbl 06CYIUM paciiupeHue postgres_fdw, KOTOpOe MO3BOJISIET BbI-
6MpaTh TaHHbIE M3 UCTOYHMKA TJaHHBIX PostgreSQL. ITepBbIM €710M HYKHO CO3/1aTh
006epTKy BHEITHUX TaHHBIX:

test=# \h CREATE FOREIGN DATA WRAPPER
Komanpa: CREATE FOREIGN DATA WRAPPER



306 < TlonesHble paclmpeHus

OnucaHne: co3faTb OBEPTKY CTOPOHHMX AAHHbIX
CuHTaKCmnC:
CREATE FOREIGN DATA WRAPPER ums
[ HANDLER ¢yHKuma_obpabotumk | NO HANDLER ]
[ VALIDATOR ¢yHkuma_npoBepku | NO VALIDATOR ]
OPTIONS ( napametp '3Hauenue' [, ... 1) ]

Komanza CREATE FOREIGN DATA WRAPPER CTAHOBMTCSI OCTYITHA ITOC/Ie YCTAHOBKY pac-
MIMPEHUsI CTAHAAPTHBIM 06pa30M:

test=# CREATE EXTENSION postgres_fdw;
CREATE EXTENSION

Crnemyromuii mar — ornpeaeieHie BUPTYaJbHOTIO CepBepa, KOTOPbIi OyIeT yKasbl-
BaTb Ha peasbHbIii cepBep, oTKyAa PostgreSQL momkHa 6paTh JaHHbIE. B KOHEUHOM
urore PostgreSQL momkHa 6ymeT CKOHCTPYMPOBATh ITOJHYI0 CTPOKY COEIMHEHMSI,
U CBeleHMs 0 MeCTOHAaXOXIeHUY cepBepa — I7IaBHOe, O YeM OHa JJO/DKHA 3HaTh. VIH-
dbopMmanuio o momb3oBaTesie Mbl OOABUM IO3XKe, a TIOKa 3aJaguM aapec, Homep
rmopTa u T. . J1st 3TOro CJIy>KUT KoMaHAa CREATE SERVER € TAKMM CUMHTAKCUCOM:

test=# \h CREATE SERVER

KomaHga: CREATE SERVER

OnncaHve: co3aaTb CTOPOHHMI CepBep

CuMHTaKCKC:

CREATE SERVER [ IF NOT EXISTS ] wmsa_cepsepa name [ TYPE Tun_cepsepa' ]
[ VERSION 'Bepcua_cepsepa' ]
FOREIGN DATA WRAPPER uMA_06EpTKN_CTOPOHHUX_AaHHbIX
[ OPTIONS ( napametp 'sHauenne' [, ... ] ) ]

IJist meMOHCTpalMM CO3TaaM BTOPYIO 6a3y JaHHBIX Ha TO¥ ke MalllMHe 1 OTpe-
IeJIIM BHEIIHUIL cepBep:

[hs@zenbook~]$ createdb customer

[hs@zenbook~]$ psql customer

customer=# CREATE TABLE t_customer (id int, name text);
CREATE TABLE

customer=# CREATE TABLE t_company (
country text,
name text,
active text

)s

CREATE TABLE

customer=# \d
CnuCoK OTHOWEHMI

Cxema | VM | Tun | Bnageney
----------- T T S
public | t_company | table |
hs public | t_customer | table | hs
(2 cTpoku)

Terepb ciaemyeT f06aBUTH cepBep B 6a3y JaHHBIX test:
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test=# CREATE SERVER customer_server

FOREIGN DATA WRAPPER postgres_fdw

OPTIONS (host 'localhost', dbname 'customer', port '5432');
CREATE SERVER

Bcs BakHas mHbOpMauus 3agaercs Bo dpase OPTIONS. DTO yBelMYMBaeT I'mbO-
KOCTb, TIOTOMY UTO Pa3JMUYHbIX 00ePTOK BHEIIHNX JAHHBIX MHOTO, U Y KaskKIoil 13
HUX CBOM ITapaMeTphl.

Orpesenus cepBep, IEPeiiieM K COITOCTaBIEHMIO TI0b30BaTeseit. Mbl paboTaem
C IByMS CepBepaMu, i BOBCe HeOOSI3aTeNIbHO, UTO COCTAB T0Tb30BaTeNei Ha 060Mx
onnHakoB. [I09TOMYy HEOOXOAVMO COTIOCTaBUTD IOIb30BATENI0 HA OJJHOM CepBeEpe
MOJTb30BATEJISI HA IPYTOM
test=# \h CREATE USER MAPPING
Komanga: CREATE USER MAPPING
Onucaxue: C034aTb COnocCTaBaeHWe noJib3oBaTena ANA CTOPOHHEro cepsepa
CuHTaKCmnc:

CREATE USER MAPPING FOR { wma_nonb3osaTens | USER | CURRENT_USER | PUBLIC }

SERVER uma_cepsepa
[ OPTIONS ( napametp 'sHauewne' [ , ... ] ) ]

CHMHTAKCHC ITPOCTOI, TO3TOMY HAIMCATh HYKHYIO KOMaH[Y JIETKO:

test=# CREATE USER MAPPING
FOR CURRENT_USER SERVER customer_server
OPTIONS (user 'hs', password 'abc');
CREATE USER MAPPING

M cHOBa Bcs BaskHasi MH(OpMaLus HaxoguTcsl BO ¢pase OPTIONS, IMOCKOJIBKY
B Pa3HbBIX 00epPTKax COCTaB MTapaMeTPOB MOKET OBbITh pasanyeH. B aHHOM ciaydae
3a/IAF0TCS IIPOCTO JAHHBIE JIOKATBbHOTO TI0Tb30BaTES.

IToAroTOBUB HEO6XOOAUMYIO MHMPACTPYKTYPY, MbI MOKEM IIPUCTYIUTh K CO37a-
HIIO BHEIHMX Tabauil. CMHTaKCUUeCKHM CO3TaHe BHelllHel Tab/uIbl Majio YeM OT-
JIMYAETCS OT CO3aHMsI OOBIYHOI JIOKAIbHOM TaGMUIIBI. MbI TOIKHBI ITE€PEUNCINTD
BCE CTOJIOIIbI, YKA3aB UX THUIIbI:

test=# CREATE FOREIGN TABLE f_customer (id int, name text)
SERVER customer_server
OPTIONS (schema_name 'public', table_name 't_customer');
CREATE FOREIGN TABLE

CTon61IbI OMMCHIBAIOTCS TAK K€, KaK B KOMaHe CREATE TABLE. Ho BHemLIHss Tab/Iu-
1Ia yKasbIiBaeT Ha TaGIMIYy Ha yOaJleHHOM cepBepe. IMs1 cXeMbl U MMs YAaJIeHHO
TabaMLbI 3a7al0TCsI BO (ppase OPTIONS.

Co3aHHYI0 TabIUITy MOKHO MCITOb30BaTh:

test=# SELECT * FROM f_customer
id | name

..... +_.....

(0 cTpok)
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YT0oO6BI MTOHSATH, UYTO HPU ITOM menaeT PostgreSQL, BBITOTHUM KOMaHIy EXPLAIN
C rmapamMeTpoM analyze:

test=# EXPLAIN (analyze true, verbose true)
SELECT * FROM f_customer
QUERY PLAN

Foreign Scan on public.f_customer
(cost=100.00..150.95 rows=1365 width=36)
(actual time=0.221..0.221 rows=0 loops=1)

Output: id, name

Remote SQL: SELECT id, name FROM public.t_customer
Planning time: 0.067 ms
Execution time: 0.451 ms
(5 cTpok)

Camast BaskHas 4acTb 37ech — Remote SQL. O6epTKa BHEIIHNUX JaHHBIX OTIIPAB-
JISIET 3aIPOC IPYTOii CTOPOHE U BhIOMpPAeT MUHUMAIbHO BO3MOKHOE UMC/IO CTPOK,
MIOTOMY UYTO BCE OTPaHMYEHMSI, KaKie BO3MOXKHO, OTPabaThIBAIOTCSI HA YA€ HHOM
cepBepe. DTO OTHOCUTCS K YCIOBUSIM GUIbTPAIMM, COeAMHEHUSIM U Iaske arperar-
HbIM GyHKIMSIM (B Bepcun PostgreSQL 10.0).

KoneuHo, komaHza CREATE FOREIGN TABLE — Belllb 3aMeuaTe/bHasi, HO IIepeuyyciIsiTh
CTOJOLBI KASKI0M Ta6MUIIBI CHOBA M CHOBA YTOMMUTEIBbHO. MOSKHO BMECTO 3TOTO BOC-
MOJIb30BaThCSI KOMaHI0¥ IMPORT, KOTOPAsI MO3BOJISIET JIETKO U ObICTPO MMIIOPTUPO-
BaTh B JIOKAJIbHYIO 623y BCIO CXeMYy IIeJIMKOM, CO3/1aB BHEIIHME TaONIIbI:

test=# \h IMPORT
Komanga: IMPORT FOREIGN SCHEMA
OnncaHne: MMNOpPTMPOBATbL OnpejeneHns Tabimy Co CTOPOHHEro cepsepa
CuHTaKeuc:
IMPORT FOREIGN SCHEMA yaanévHas_cxema
[ { LIMIT TO | EXCEPT } ( wma_tabamubl [, ...] ) ]
FROM SERVER wmsa_cepsepa
INTO nokanbHas_cxema
[ OPTIONS ( napameTp '3HaueHne' [, ... ] ) ]

IMPORT maeT BO3MOXKHOCTb CBSI3BIBATD LieJIble HAOOPbI Tabmuil. [Ipy 5TOM yMeHb-
IIIaeTCsl PUCK OIeYaTOK ¥ Pa3sHOTO pojia OIIMO0K, [IOTOMY UTO BCSI MHGopMalus 6e-
peTcst HeIoCpeACTBEHHO 13 YA€ HHOTO MCTOUHMKA JaHHBIX. BOT Kak 3T0 paboraet:
test=# IMPORT FOREIGN SCHEMA public

FROM SERVER customer_server INTO public;
IMPORT FOREIGN SCHEMA

MBI cBsI3a/IM BCe TabaMIIbl, KOTOPbIe paHee ObUIM CO3MAHbI B cxeme public. JIerko
BUJIETH, UTO BCE yAaJeHHbIE TAOIUITbI TEIIEPD JOCTYITHBI:

test=# \det
CNNUCOK yAaNeHHbIX Tabauy
Cxema | Tabavmua | CepBep
........ o

public | f_customer | customer_server
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public | t_company | customer_server
public | t_customer | customer_server
(3 cTpokn)

Ob6pabomka owuGOK U oneuamox
Co3maBaTh BHENIHME TaOGIMUIBI HETPYAHO, HO MHOI[A CIy4aroTCs OmIMOKM, a TO
U TIPOCTO U3MEHSIIOTCS TTapoJIN TI0Tb30BaTeseil. JIjist pemeHus Takux rmpobiaem Post-
greSQL pacrionaraet gByms KomaHgamu: ALTER SERVER m ALTER USER MAPPING.

ALTER SERVER 1103BOJISIET M3MEHUTH OIIpeLe/ieHle CepBepa:
test=# \h ALTER SERVER

KomaHga: ALTER SERVER
OnncaHve: M3MEHUTb OMpejesieHne CTOPOHHEero cepBepa

CuHTaKemnc:
ALTER SERVER wuma [ VERSION 'HoBas_epcua' ]
[ OPTIONS ( [ ADD | SET | DROP ] napametp ['3Hauewne'] [, ... 1) ]

ALTER SERVER wma OWNER TO { Hosuii_Bnageney | CURRENT_USER | SESSION_USER }
ALTER SERVER uma RENAME TO HoBoe_ums

9Ty KOMaHIy MOXKHO MCITO/Ib30BaTh [JIsI J0OaBIeHMs 1 yIajdeHus rmapaMeTpoB
cepBepa — OUeHb YI0OHO, eCJIM MbI UTO-TO 3a0bLIN.
Iy u3MeHeHUsT MHGOPMALIMY O TI0JIb30BaTeNe CAYKUT KoMaHa ALTER USER MAP-
PING:
test=# \h ALTER USER MAPPING
Komanga: ALTER USER MAPPING
OnMCaHne: W3MEHWTb COMOCTABNEHWE MOJIb30BAaTENEN
CuHTaKCmnc:
ALTER USER MAPPING FOR { wuma_nonbsosaTens | USER | CURRENT_USER | SESSION_USER | PUBLIC }

SERVER umma_cepsepa
OPTIONS ( [ ADD | SET | DROP ] napametp ['3Hayenne'] [, ... 1)

WuTtepdeiic SQL/MED peryisipHO COBEPIIEHCTBYETCS, ¥ HA MOMEHT HaIlMCaHUS
9TOJ KHUTY Beylach paboTa Haja Ao6aB/ieHVeM HOBBIX BO3MOKHOCTEN. B Gymyiiem
B IIpO OGYIOYT BHECEHBI IOMIOHUTEIbHbIE OIITUMM3AINK, UTO caenaetT SQL/MED xo-
POILIMM MHCTPYMEHTOM IOBBIIIEHMS] MACIITa6MPyeMOCTH.

LLPYrVE NONE3HBIE PACLUMPEHUS

Bce onmcaHHbIe BblllIe pacliMpeHys BXOOIT B COCTaB IakeTa contrib, mocTaBisieMo-
ro BMecTe ¢ ucxonHbiM KogoM PostgreSQL. Ho 3To He eIMHCTBEHHbIE paCIIMPEHMS,
IoCTymHbIe coobiecTBy PostgreSQL. EcTh MHOTO APYTMX ITAKETOB, PeaTn3YIONINX
caMy1o pa3Hyio QYHKI[MOHAIbHOCTD.

K coxkajsieHuio, 3Ta riaBa CJIMIIKOM KOPOTKa, YTOGbI pacckasaTh 060 BCEM MMEI0-
memcs 6orarcTe. KonnuecTBo Moysieii pacTeT ¢ KaXKIbIM JHEM, M pACCMOTPETb UX
BCe HEBO3MOXKHO. [I03TOMY OCTaHOBJIIOCh TOJIBKO Ha TeX, KOTOPbIe CUMTAI0 CAMBIMU
B&)KHBIMU.

PostGIS (http://postgis.net/) — unTepderic Mexxmy 6a30ii JAHHBIX U reoMHPOPMAa-


http://postgis.net/
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uyroHHO¥ cucteMoit (I'MC). OH NMPUHSIT TOBCEMECTHO U SIBJISIETCSI CTAHIAPTOM Jie-
dakro B Mmupe pensaioHHbIXx CYB]l ¢ OTKPBITHIM MCXOIHBIM KOAOM. OTO B BBICILIEH
cTereHu MpodeccruoHaabHbIN M MOLTHbBIN MPOIYKT.

Ecu Bac MHTepecyeT reonpoCTpaHCTBEHHAsI MapIIPyTHU3aLysi, TO 00paTuTe BHU-
MaHMe Ha MOZOY/b pgRouting. OH COOEpsKUT pasauUHble aJTOPUTMBbI HAXOKIEHUS
HaWTYYIIero myTy MeXXIy TOYKaMy ¥ paboTaeT Ha ocHoBe PostgreSQL.

B 3TOl rmaBe MbI pacckasajiu O paciiMpeHuu postgres_fdw, KOTOpoe MO3BOSIET
TTOIK/TIOUAThCS K APYroit 6ase maHHbIX PostgreSQL. Ho 06epTOK BHENTHUX TaHHbIX
Kyma 6onbie. OmHa 13 CaMbIX M3BECTHBIX Cpeay MpodeccoHaIoB — pacilupeHue
oracle_fdw. OHO TT03BOJISIET MHTErpUpoBaThcs ¢ Oracle u mosmyyaTh JaHHbIE U3 yIa-
JIEHHOJ1 6a3bI TaK 3Ke, KaK postgres_fdw.

MHorma HaC MHTepeCcyeT TeCTMPOBaHMe CTabUIbHOCTY MHGPACTPYKTYPBI. [IJ151 9TO-
ro npegHasHaueHO paciumpeHue pg_crash (https://github.com/cybertec-postgresql/
pg_crash). 9TOT MOMY/b, KOTOPBIii ITOCTOSTHHO MPUBOIUT K Kpaxy 6a3bl JAHHBIX, —
MpeKpacHoe pelleHue sl TeCTMPOBAHMS M OTIAAKM IYJIOB TOAKIIOUEeHUit, 06-
Jlajalnee BO3MOXKHOCTBIO 3aHOBO MOIKIIIOUAThH MPWIOKEHNE K «yIIaBIieil» 6ase.
pg_crash Trepuopuyecku «B3pbIBaeT 60MOy» — pas3pbIBaeT ceaHchl paboThl ¢ 6a30it
TIaHHBIX UK 3aTUPaeT MaMsITh. VigealbHO OIS IJINTETbHOTO TeCTUPOBAHMSI.

PEe3ioME

B aToi1 rmaBe Mbl y3HaIM 0 HauboIee MHOTOOOEIIANMX MOIY/ISX, TTOCTABISIEMbIX
B COCTaBe CTaHAapPTHOTO AUCTpuOyTHBa PostgreSQL. OHy BechbMa pa3HOOOpa3HBI 110
(OYHKUIMOHAIBHOCTH : OT ITOAK/TIOUEHMS K 6a3e JaHHBIX 0 HEUYBCTBUTEIbHOTO K pe-
TUCTPY TEKCTa U aHaM3a BHYTPEHHETO COCTOSIHMSI cepBepa.

[To3HAaKOMMBIINCH C PACIIMPEHUSIMU, MbI B (JIE[IyIOIIEli I7IaBe IOTOBOPUM O TOM,
KaK MCKaTh U YCTPAHSTD Heroaaky B PostgreSQL.


https://github.com/cybertec-postgresql/pg_crash
https://github.com/cybertec-postgresql/pg_crash
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[Mouck u ycTtpaHeHue
Henonapok

B rnaBe 11 MbI y3HaaM 0 HEKOTOPBIX IOJIE3HBIX M IIMPOKO PACIIPOCTPAHEHHBIX pac-
HIMPEHMSIX, KOTOPbIe 3HAUMTETbHO PACIIMPSIIOT BO3MOXHOCTM Balileit cucteMbl. Te-
repb MbI pacCKaskeM O CUCTeMaTUUeCKOM IOAXO0e K TIOUCKY U YCTpaHEeHMI0 Herlo-
nanox B PostgreSQL.

B 5T0I1 r1aBe paccMaTpMUBaIOTCS JIEAYIONIE BOITPOCHI:
IepBOHAYaIbHOE M3yUYeHMe He3HAKOMO 6a3bl JaHHBIX;
cOOp CBeIeHMIt,;
BbISIBJIEHME Y3KUX MECT;
yCTpaHeHMe TTOBPeKIeHUI XpaHUUIIA;
aHa/Iu3 MOBPEXIEHHbIX PErINK.

MmeiiTe B BUAy, UTO B 6a3e JaHHBIX BO3MOXKHBI PA3HOOOPa3HbIe HEIIOMAIKN, IT0-
3TOMY OYeHb BakeH MPOdeCcCMOHATbHbI MOHUTOPYHT.

0000

MEPBOHAYANLHOE M3YYEHME HESHAKOMOW BA3bl AAHHbIX

IMpuctynast K aAMUHUCTPUPOBAHMIO KPYITHOMACIITAOHOI CMCTEMBbI, BbI He BCerma
3HaeTe, YTO MMEHHO JenaeT cucreMma. Korma yrnpas/sTh IPUXOAUTCSI COTHSIMU CU-
CTeM, HeBO3MOKHO 3HaTh, YTO MPOMUCXOANUT HA KaXKA 0N 13 HUX.

CyTp moucka HemosagoK MOXKHO BbIpasUTh OOHMM CJIOBOM: JaHHbIe. Eciu naH-
HbIX HEJOCTaTOUYHO, TO HMUETO He MCIpaBulllb. [I03TOMY MepBbIM AeI0M HYKHO
HACTPOUTbL CPeACTBO MOHUTOpPMHrA, Harmpumep pgwatch2 (https://www.cybertec-
postgresgl.com/en/products/pgwatch2/), KoTopoe 1mo3BoJisieT 3alJISHYTb BHYTPb Cep-
Bepa 6a3 TaHHBIX.

Ecnu 13 oTUueTOB BUAHO, UTO CUTYyalMs 3aCTy>KMBAET MPUCTAIbHOTO BHUMAaHMS,
3HAYUT, MHCTPYMEHT OKa3aJcs MOoe3HbIM CPeCTBOM OpTraHMu3aluu paboThl.

AHANM3 PE3YNIBTATOB PG_STAT_ACTIVITY

[TepBBIM [1€7IOM peKOMEHIYETCs IPOBEPUTD MIpeACcTaBIeHne pg_stat_activity u mo-
JIYYUTDb OTBETHI HA CIEAYIOIIVE BOIIPOCHI:


https://www.cybertec-postgresql.com/en/products/pgwatch2/
https://www.cybertec-postgresql.com/en/products/pgwatch2/
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CKOJIbKO 3aITPOCOB OTHOBPEMEHHO BBITTOIHSETCS B CHCTeMe?

BEPHO JII, YTO B CTONOIIE query BCe BPEMSI OTOOPasKAIOTCS TIOXOKME 3aMPOChI?
MMEIOTCS JIV 3aIIPOChI, KOTOPbIE BBITTOMHSIOTCS JOJT0?

OKMIAET JIM KaKoii-HUOYIb 3aIIpoC OCBOOOKAEHMS OIOKMPOBKIU?

HeT JIV TIOIK/TIOUEHUII C TIOIO3PUTENbHbIX apecoB?

[pencraBiaeHue pg_stat_activity JaeT o6IIyI0 KAPTUHY ITPOVICXO/SIIETO B CUCTE-
Me, [I09TOMY €r0 1 HY>KHO ITPOBEPSITh ITepBbIM. KoHeUHO, rpadmMuecKuii MHCTPYMEHT
MOHMTOPWHTA ITOKa3aJI 6bI COCTOSTHME [IeJI TyUIlle, HO B KOHEUYHOM MUTOTe BCe CBOIMUT-
Cs1 K BBITIOJTHSIEMBIM 3aripocaM. [109ToMy XOpOIlnii 0630p CUCTEMBI, KOTOPbIN JaeT
pg_stat_activity, MCK/IIOUMTETHLHO BaskeH JIJIST BBISIBJIEHUS TIPOOIEM.

YT0G6BI YIIPOCTUTH BaM KU3Hb, I TTIOATOTOBM/T HECKOIBKO 3aIIPOCOB, KOTOPBIE CUM-
Talo MOJIe3HBIMM [JISI CKOPENIIIero HaxXoKAeHMs MTOTeHIMaTbHBIX ITPOGIeM.

0000

Onpoc pg_stat_activity
Cne,uyloumﬁ 3aIIpoC ITOKa3bIBA€T, CKOJIBKO 3aIIPpOCOB K 6ase JAaHHDbIX BBITIOJIHAETCSI
B ,E[aHHI)II'/JI MOMEHT:

test=# SELECT datname,
count(*) AS open,
count(*) FILTER (WHERE state = 'active') AS active,
count(*) FILTER (WHERE state = 'idle') AS idle,
count(*) FILTER (WHERE state = 'idle in transaction') AS idle_in_trans
FROM pg_stat_activity
WHERE backend_type = 'client backend'
GROUP BY ROLLUP(1);
datname | open | active | idle | idle_in_trans

(2 cTpoku)

YTo6bI ITOKA3aTh KAK MOKHO 00JIbIlle MH(POpMAIMM Ha OTHOM SKpaHe, UCIIOJb-
30BaHbI YaCTMYHbIE arperaTbl. Mbl BUIMM aKTUBHbIE, HEAKTUBHbIE U HEAKTUBHbIE,
HO HaxOAAIIMecs BHYTPU TPaH3aKLMM 3aMIPOCkl. EC/IM KOMM4yecTBO HeaKTUBHBIX 3a-
MIPOCOB BHYTPU TPaH3aKI[MM BEJIMKO, TO HY;KHO pa3o6paThCs, Kak JOJIr0 STU TpaH3-
aKIMU OTKPBITHI:

test=# SELECT pid, xact_start, now() - xact_start AS duration
FROM pg_stat_activity
WHERE state LIKE '%transaction%'
ORDER BY 3 DESC;

pid | xact_start | duration
....... S e
19758 | 2017-11-26 20:27:08.168554+01 | 22:12:10.194363
(1 cTpoka)

[TokazaHHas BbIIIE TPAH3aKIVSI OTKPbITa Goyee 22 wyacoB. Bompoc: Kak crydm-
JIOCh, UTO TPaH3aKIMsSI OTKPbITA B TeUeHMe CTOJIb AJIUTeIbHOro BpeMeHn? Kak mpa-
BWJIO, Takue [OJTMe TPaH3aKLUM O/KHBI BbI3bIBATH ITO0O3pEeHME U HECYT Cepb-
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€3HYI0 OIIaCHOCTb. B ueM >ke MX OIacHOCTb? Bpllle B 5TOVi KHUTE MBI BULEIN, YTO
KoMaHga VACUUM MOKeT OUMCTUTD TOJIbKO T€ MePTBbI€ CTPOKM, KOTOPBIE Y3Ke He BUJI-
HBI HY OJHOM TpaH3akuyuy. Ho ety TpaH3aKkuys OCTaeTcss OTKPhITOM MHOTO 4acOB
WIn gaxe ,Z[Hef;[, TO VACUUM He MOKeT cejaTh HUYero ojge3Horo, YTo BegeT K pas-
OyXaHMIO TaOIMIIbI.

[To3TOMY HACTOSITEIHHO PEKOMEHAYETCST HAOMI0AATh 3a TUTETbHBIMU TPAH3-
aKIUSIMU U B CTy4ae He06X0IMMOCTY OTMEHSITh ux. HaunHast ¢ Bepcuu 9.6 B Post-
greSQL mosiBuaach QyHKIMST «CIUMIIKOM CTapblii CHUMOK», KOTOPasl MO3BOJISI-
eT IIpeKpalllaTh OJIUTEe/IbHble TPaH3aKLUMUM, €CIM CHUMOK CYIIeCTBYeT CIMIIKOM
JOJITO.

Kpome TOT0, I10/1e3HO IMPOBEPSITh, HET JIX B CUCTEME LOJITO BBINOIHAIOIIVXCS 3a-
MPOCOB:
test=# SELECT now() - query_start AS duration, datname, query

FROM pg_stat_activity

WHERE state = 'active'
ORDER BY 1 DESC;

duration | datname | query
................. dommm e e cmeec e mmeem e
00:00:38.814526 | dev | SELECT pg_sleep(10000);
00:00:00 | test | SELECT now() - query_start AS duration,

datname, query
FROM pg_stat_activity
WHERE state = 'active'
ORDER BY 1 DESC;

(2 cTpoku)

B JAaHHOM C/iy4a€ MbI BbI6paHI/I BCe€ aKTMBHbIE€ 3aIIPOCBhI M BbIUYMCINIIN, CKOJIBKO
BpeMeHN Ka)K,ELbIIZ "3 HUX Hpe6bIBaET B 9TOM COCTOSIHMM. YacTo HaBepXy OKa3bIBa-
I0TCA IMOXO0XKME 3aIIPOChbl, 3TO OA€T LEHHYIO I/IHCl)OpMaLU/IIO O TOM, UTO ITPOUCXOOUT
B cucreme.

Komanowl, 2zenepupyemote Hibernate

MHorue cucTeMbl 06beKTHO-PEISIIIMOHHOT0 oToopakeHust (ORM), B 1. u. Hibernate,
reHepupyroT 6e3yMHO IaMHHbIE KoMaHabl SQL. Bega B ToMm, uTO pg_stat_activity
MOKa3bIBaeT TOJbKO IepBble 1024 GaiiTa 3arpoca, a OCTaJbHbIe OTCeKaeT. B ciy-
yae IJIMHHBIX 3aMPOCOB, creHepupoBaHHbIX Hibernate, camble MHTepeCcHbIe YacTu
(B wacTHOCTH, (bpasa FROM) Kak pas 1 oTceKaroTcs. JIjst peleHus mpobaeMbl HYXKHO
M3MEHUTb KOH(PUTYPALMOHHbINA mapaMeTp B ¢aiiie postgresql.conf:

test=# SHOW track_activity_query_size;
track_activity_query_size

(1 cTpoka)

Ecnu yBenmuuuth 3HaueHue (CKaxkeM, A0 32 768) u nepesamyctuth PostgreSQL,
TO MbI OyZIeM BUAETH ropasno 6osee AJIMHHBIE 3aMIPOChI, ¥ JMATHOCTUPOBATD ITPO6-
JIeMbI CTaHeT MpoIIie.
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Kak esiaicHums, omkyoda nputuie 3anpoc
B mpencTaBiennu pg_stat_activity eCcTb HECKOBKO IO/, TO3BOMSIONINX Y3HATH,
OTKYy/1a IIPUIIIEJT 3a1pOC:

client_addr | inet
client_hostname | text |
client_port | integer |

OTU 1o comepskat IP-agpeca u ;joOMeHHbIe MMeHa (eC/IM X MOKHO OIIPEeNEe/INTD).
Ho 4uTo, ecniy Bce mpuiosKeHMsI OTIIPABJISIIOT 3aIIPOChI C OOHOrO 1 TOro e IP-agpeca,
ITOCKOJIbKY paboTaIOT Ha OMHOM cepBepe mpwioskennit? Torma 6yaeT oueHb TPYOHO
TIOHSITh, OT KAKOTO MPUJIOXKEHUSI MOCTYIIUI KOHKPETHBIN 3aTpoC.

PermmTh Mpo6aeMy MOKHO, IIOMTPOCUB Pa3paboTUMKOB YCTAHOBUTD IapaMeTp ap-
plication_name:

test=# SHOW application_name
application_name

psql
(1 cTpoka)

test=# SET application_name TO 'some_name';
SET

test=# SHOW application_name
application_name

some_name
(1 cTpoka)

Eciu oHM TIONAYT HAaBCTpeUy, TO 3HaUeHue application_name MTOSIBUTCSI B CUCTEM-
HOM IIpeACTaBJeHMM, TaK YTO Y3HATh MCTOUHMK 3aIlpoca CTaHeT ropasmio IpoIle.
IMapameTp application_name MOKHO TaKKe 3a[1aTh B CTPOKE MOIK/ITIOUEHMS.

BbiSIBNEHME MEAJIEHHDBIX 3ANPOCOB

[Tocme nsyyenus pg_stat_activity CTOUT MOMHTEPECOBATLCS MeLIeHHbBIMU, 3aHUMAl0-
IIYIMM MHOTO BpeMeHM 3aripocaMiu. ECTh 1Ba OCHOBHBIX IIOJX0/1a K 3TOJ IIpobeMe:

O wuckaTh OTAeNbHbIE Me/lJIeHHbIe 3aITPOChI B KypHase;

O ucKaThb TUITBI Me[JIeHHbIX 3aIIPOCOB.

HaxoxxgeHne oTaenbHbIX MeAIeHHbIX 3aIIPOCOB — KIaCCUYeCKNUI MMOAXO0M K OITU-
MM3aluu pousBoauTeNbHOCTU. ECiiu 3amaTe B mapaMmeTpe log_min_duration_state-
ment MOporoBoe 3HaueHne, To PostgreSQL OGymeT momMeInaTh B 5KypHasI MHGOOPMALIO
0 KaXJIOM 3aI1poce, KOTOPBI BBIMTOMHAICS Aoblie. [I0 yMOMYaHuIO ITIPOTOKOIUPO-
BaHMe MeJJIeHHBIX 3alIPOCOB BBIK/IIOUYEHO:

test=# SHOW log_min_duration_statement;
log_min_duration_statement

(1 cTpoka)



7

BbisBneHve MegneHHbix 3anpocoB <%+ 315

Ho BbiCTaBUTH pa3yMHOe 3HAUE€HME OUeHb faxe uMeeT CMbICc/I. KoHeuHo, 9TO 3Ha-
YyeHMe 3aBYCUT OT XapaKTepa paboueit Harpy3Ku B Ballleii CuCTEME.

YacTo mopor MeHsieTcst OT 6a3bl K 6a3e. [I03TOMY MOKHO YCTaHOBUTD 3TOT Mapa-
MeTD JIJI KasKI 01 6a3bl OTHEIBHO:

test=# ALTER DATABASE test SET log_min_duration_statement TO 10000;
ALTER DATABASE

IIpu MCIIONb30BaHUM KypHAaa MeJIeHHbIX 3alPOCOB CJIeAYeT IIOMHUTb 06 OfI-
HOM Ba’kKHOM (DaKTOpe — MHOIO OBICTPBIX 3aIIPOCOB CO37aeT Goyiee BBICOKYIO Ha-
IPY3KYy, YeM IOpCTKa Me[JIeHHbIX. PasymeeTcs, 3HaTh 00 OTAEIbHBIX MeIJIeHHbIX
3aIpocax IMoJyie3HO, HO MHOT/IA He OHU SIBJISTIOTCST IPOo61eMoii. PaccMOTpuM IpuMep:
B CMCTeME BBIITOTHSETCSI MUJUIMOH 3a1TpocoB 1o 500 Mc KaskKabIii, a TAKKe HECKOJTb-
KO aHAJIMTUYECKUX 3aIIPOCOB, 3aHMMAIOLIMX 10 HECKOMbKY MUHYT. OUeBUIHO, UTO
HacToSIIas MpobiemMa Tak ¥ He OTPA3UTCS B SKypHasIe MeJ[JIEHHbBIX 3aIPOCOB, a BCe
omeparuy 9KCIIopTa JaHHbIX, CO3TaHMs MHIEKCOB ¥ MacCOBO 3arpy3ku (130eKaTh
KOTOPBIX BCE€ PAaBHO HEBO3MOYKHO) GYIYT ITPOTOKOIMPOBATHCS M YKa3bIBaTh B He-
BEPHOM HarlpaBIeHUNA.

[TosTOMY TMYHO S pEKOMEHYIO MCITOTb30BaTh JKypHAaJ MeIJIEHHBIX 3aIIPOCOB, HO
C OCTOPOKHOCTHI0. BaXKHO TOHMMATB, UTO MUMEHHO MbI M3MepsIeM.

Ha moit B3mIsA, Topasmo mojie3Hee aKTMBHO MCIIOAb30BaTh MpeCcTaBlIeHne pg_
stat_statements. OHO COmePKUT arperupoBaHHY0 MH(POPMALMIO, a He CBeIeHUs 00
OTHeNbHBIX 3ampocax. ITO MpeAcTaBjieHue yke 00CyKIanoch Bbllle, HO Iepeolie-
HUTH €T0 3HAUMMOCTh HEBO3MOSKHO.

AHanus otaenbHbIX 3anNpocoB

VHoTrma mMeijieHHbIe 3aITpOChl yIaeTcs UIeHTUGUIIPOBaTh, HO MbI BCe PaBHO He I10-
HMMaeM, UTO TponcxoauT. ClieIyrolinii eCTeCTBEHHBIN IIar — TPOaHaIU3UPOBATh IVIAH
BBITIOJTHEHMST 3aITpoca. BeISIBUTD orepariyy, 13-3a KOTOPbIX pacTeT BpeMsl BbITIOHe-
HMS1, AOBOJIbHO TIpOCTO. [Ipeiyaraio ciemyIomniyo nocaef0BaTeTbHOCTh OeiiCTBUIA:
O mnocMoTpuTe, B KAKOM MECTe [JIaHa TPATUTCSI 60JIbIIle BCEI'O BpeMEeH;
O mpoBeprbTe, BCE JI HEO6XOAMMbIE MHIEKChI IIOCTPOEHBI (OTCYTCTBYUE MH/IEK-
COB — OFfHA 13 OCHOBHBIX ITIPUYMH HIU3KOV TPOM3BOAUTEIBHOCTH);
O BbImoHUTE KOMaHIy EXPLAIN (buffers true, analyze true M T./1.), 9TOOBI Y3HATD,
He TTOTPe6IISIeT U 3aMpoC CIUIIKOM MHOTO 6ydepoB;
O BxiouMTe mapameTrp track_io_timing, 4TOOGBI IOHSTbH, CBsSI3aHa MpobieMa
C BBOJOM-BBIBOJIOM WJIM C IIPOLIECCOPOM (OCOOEHHO BHMMATEIBHO CMOTPUTE,
HET JI BBOJA-BbIBOZA C IIPOMU3BOJIbHOI BHIOOPKOIA);
O 1moCMOTpHUTe, HET I HeIIPaBWIbHbBIX OLIeHOK, U, €C/IU eCTb, ITI0CTapanTech 1c-
MPaBUTh CUTYALINIO;
O mouuTe CAMIIKOM YaCTO BbITIOJHSIEMble XpaHMMble TTPOIeayphl;
O u3yunTe, HEJIb351 I TIOMETUTh HEKOTOPbIe U3 HMX KaK STABLE mau IMMUTABLE.
3aMeTuM, 4TO B IIPeACTaBJIeHNM pg_stat_statements He yUMTbIBAE€TCS BpeMS CUH-
TaKCHMYeCKoro pa3bopa 3aIpocoB, IIOITOMY €C/IM 3alpoChl OUeHb AJIMHHBIE, TO TT0-
Ka3aHHBIN pe3ybTaT MOXKeT ObITh HE COBCEM TOYHBIM.



316 <+ TloucK M ycTpaHeHue Henonanok

Yrny6neHHbl aHanus ¢ nomoubio perf

B GONMBIIMHCTBE CTyYaeB OMMCAHHBIE NeCTBYUSI IOMOTYT HAWTY ITPO6IeMbI ObICTPO
u 3¢derTBHO. Ho MHOTIA MHMOpMALNM, ITOJIyYEeHHOV OT 6asbl JaHHBIX, MOXKET
OBbITh HEJIOCTATOYHO.

[Tporpamma perf — 3TO MHCTpPYMEHT aHaim3a IJjsg Linux, KOTOpPbI TO3BOJIS-
eT y3HaTh, Kakue HamucanHble Ha C QyHKUMM BBI3BIBAIOT CHCTEMHbIE TTPOOIEMBI.
OG6BIUHO perf He YCTAHABIMBAETCS IO YMOTUAHMIO, HO 51 PEKOMEH/IYI0 YCTAHOBUTD €e.
Ins vicrionb30BaHus perf 3aiiIuTe HA CEpPBEP OT MMEHM root M BHITIOHUTE KOMAaHIY:

perf top

BKpaH 0OHOBJISIETCS pa3 B HECKOJIbKO CEeKYH], TaK YTO BbI 6YJIET€‘ BUIOETb, UTO
MNpoOnUCXoouT, B AMMHaAMMKe. B pacrieyaTke HIMKe IIOKa3aHa TUIIMYHAaA KapTuHa OJid
6a3bI, B KOTOpOﬁ MMPOU3BOAUTCS TOJIbKO UTE€HHME!:

Samples: 164K of event 'cycles:ppp', Event count (approx.): 109789128766
Overhead Shared Object Symbol

.10% postgres[.] AllocSetAlloc

.99% postgres [.] SearchCatCache

.51% postgres [.] base_yyparse

.42% postgres [.] hash_search_with_hash_value

.27% 1ibc-2.22.s0 [.] vfprintf

.13% 1ibc-2.22.s0 [.] _int_malloc

.87% postgres [.] palloc

.74% postgres [.] MemoryContextAllocZeroAligned

.66% libc-2.22.s0 [.] __strcmp_sse2_unaligned

.66% [kernel] [k] _raw_spin_lock_irgsave

.66% postgres[.] _bt_compare

.63% [kernel] [k] __fget_light

.62% libc-2.22.s0[.] strlen

[clNcoNoNoNoNo NN Y]

B manHOM Cyryyae HY OfHA QYHKIMS He TIOTPEOIISIeT CAUIIIKOM MHOTO BpeMeHM!,
T. €. CCTeMa paboTaeT HOPMAaJIbHO.

Ho Tak 6biBaer He Bcerma. CyllecTByeT BecbMa paclpOCTpaHeHHas MpobiaeMa
COCTSI3aHMA 3a CIIMHJIOK (IIMK/INYECKYIO 6JIOKMPOBKY). B uem ee cyTb? CIIMHIOKM
(https://ru.wikipedia.org/wiki/Spinlock) ucrnonb3ytorcs ssapom PostgreSQL gjis cuH-
XPOHM3ALVH, HATIPUMeD, HOCTyIa K 6ydepy. DTa BO3MOKHOCTb IMPEIOCTABIISIETCS
COBpPEMEHHBIMM MPOLIECCOPaMM, YTOObI M30eKaTh OOpalleHusT K OIepariOHHOI
cucTeMe pagy MeJKMX orepauuii (HanpuMep, yBeIMueHusl cueTurKa Ha equHNILY).
Boob1ie roBopsi, 9T0 0UeHb YOOOHO, HO B HEKOTOPBIX OCOOBIX CJIyUastX CIIMHJIOKMU
HAUMHAKT CXOAUTH ¢ yMa. O HaAMuMM COCTSI3aHMUS 3a CIMHJIOK CBUIETENbCTBYIOT
clielyrolye CMMIITOMBbI:

O oueHb BbICOKAS 3aHSTOCTb MPOLIECCOPA;

O HeBBIHOCMMO HM3Kasi MPOU3BOAUTENBHOCTh (3aMpPOChI, BHITIOJHEHME KOTO-
PbIX OOBIYHO 3aHMMAET CUMTAHHbIE MWIUIMCEKYH[IbI, TETIEPh PAabOTAIOT He-
CKOJIBKO CEKYH[);

O BBOZa-BBIBOJA TOUTHM HET, IIOTOMY YTO ITPOLIECCOP 3aHAT OOCIYKMBAHMEM
CII/HIIOKOB.


https://ru.wikipedia.org/wiki/Spinlock
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YacTo cocTs3aHMe 3a CIIMHJIOK BO3HMKaeT BHe3amHo. CucTeMa paboTana HOp-
MaJIbHO, ¥ BAPYT HU C TOTO HU C CErO 3arpyska IOACKaKMBaeT, a IMIPOITYCKHAsI CIT0-
COOHOCTbD T1aJIaeT, Kak KaMeHb Ha JHO. KomaHa perf top IMOKasbIBaeT, UTO CUCTEMA
MIPOBOIUT TTOUTH BCe BpeMs B pyHKumM s_lock. Ecitv BbI HabmoaeTe Takyo KapTu-
HY, TOIPOOYIiTe MU3MEHUTH CJIENYIONINIT TapaMeTp:

huge_pages = try # on, off wwm try

VcTaHOBUTE €ro 3HaueHue paBHbIM of f, a He try, MM BOOOIIe BBIKIIOUNTE OUeHb
O0JbIlIie CTPAHUIIBI HA YPOBHE OIMEpPAIMOHHONM cucTeMbl. ECTh MOHO3peHue, uTo
B OIHUX BEPCHSIX SIAPA TaKye Mpob6aeMbl BO3HUKAIOT Yallle, ueM B Ipyrux. OcobeHHO
TIJIOX0 B TOM OTHOIIIEHUM, TIOXOXKe, BeoyT cebs simpa cepun Red Hat 2.6.32 (obpatu-
Te BHMMaHMe Ha CJIOBO NOX0Mxce).

[Iporpamma perf Iojle3Ha Takke MpU MCMoOnNb3oBaHMu PostGIS. Eciu Gosbiie
BCEro BpeMeHM MOTPebIIsIoT GyHKIMM, OTHOCsmMecs K TUC (13 Kakoii-To mogmep-
SKMBAIOLIeil OGMOMMOTEeKM), TO TpobaeMa, BepPOSTHO, CBSI3aHa He C HeIllpaBUIbHOI
HacTpoiikoii PostgreSQL, a MpoCTO € TeM, YTO BBIMOIHSIIOTCS OEeMiICTBUTENIbHO [0-
pPOTOCTOSIIIME OTIepal.

AHANM3 XXYPHANA

Ectu cucrema BemeT cebsl IOOO3PUTENBHO, TO MMEET CMBICT 3aIVITHYTh B SKypHAUT
U TIOCMOTPETh, UYTO IMpoucxXoauT. OTMeTUM, UTO 3aMCH B XypHaJle pa3jnyaroTcs 1o
BaskHOCTU. B PostgreSQL cepbe3HOCTb COOOIIeHMs BapbupyeTcst oT DEBUG (0TIamou-
HOe) 10 PANIC (aBapus).

IJis amMUHKUCTpATOpa O0COOBI MHTepeC MPeACTaBISIOT COOOIIEHNST TPEX YPOB-
Heli:

O ERROR

QO FATAL

Q PANIC

CoobimeHust Tura ERROR OTHOCSITCS K CMHTAKCUMYECKMM OIIMOKaM, MpobaeMam
C TIpaBaM¥ JOCTYIA U T. 1. Takue coobIeHMs MTPUCYTCTBYIOT BCerna. BaxkHO JINIIb,
HACKOJIbKO YaCcTO BO3HMKAIOT ONIMOKM OIpeneIeHHOTO Buaa. OueBUIHO, YTO MU~
JIVOHBI CMHTAKCUYECKMX OIMIMOOK — CUTYaLMsI, KOTOPOJ He TOIKHO ObITh Ha IPOU3-
BOJCTBEHHOM cepBepe 6a3bl TaHHbIX.

Coo0OuieHust Tuma FATAL cepbe3Hee, ueM ERROR. OHM BO3HMKAIOT, HaIpyuMep,
KOI[a CUCTeMe He yOajioCh BBIAENIUTh pasfessieMylo IMaMSITh MM 06HApYyKeHO
HEOXMIAHHOE COCTOSIHME MPUEeMHMKA XXypHasia TpaH3akiuii. UHpIMU ClTIoOBaMMU,
TaKye COOOIIEHUSI CBUAETENbCTBYIOT O HAJIMUMM OMMOKM, KOTOPYIO HEJb3ST UT-
HOPMPOBATh.

U HakoHell, coobieHust Tiia PANIC. Ecim BaM BCTPETUIIOCh TaKOe COOOIIeHNeE,
3HAUUT, BCe JeliCTBUTENbHO I10X0. Kitaccuueckue rpuMepbl PANIC — TOBpeXIeHNe
Ta6INUIIBI 6IIOKMPOBOK UJTU CIIUIIIKOM OGOJIbIIIOE KOJTMYECTBO CO3AAaHHbBIX ceMadOpOoB.
JTO MPUBOJUT K OCTAHOBKE CepBepa.
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AHANM3 HANMYMA MHOEKCOB

BpinmonHUB mepBble TpM IIara, Mbl JOKHBI B3IJISHYTh Ha MPOU3BOAUTENBHOCTD
B 00mieM 11aHe. Ha TIpOTSsKeHMM BCeii KHUTY S1 HE YCTalo MOBTOPSITh, UTO OTCYT-
CTBYE UHJEKCOB MOXET CTaTh MPUUMHOI HUKY/A He TOJHO MPOU3BOAUTETbHOCTH!.
[TosToMy BCsSIKMIA pa3, KaK MbI CTaJIKMBAEeMCSI C MeIJIEHHOM CUCTEMOIA, CJlelyeT mpo-
BEePUTD, BCE JI HEOOXOAMMbIE MHIEKChI IIOCTPOEHBI, 1, €C/IY HeT, JOCTPOUTDb Helo-
craloiue.

O6BIYHO 3aKa3UMKM IPOCIT HAC ONTUMMM3UPOBATL ypoBeHb RAID, HacTpouTb
SITIPO MJIM 3aHSIThCS ellle KaKMM-TO HeTPUBMAJIbHBIM JeioM. Ho Ha mpakTuke Bce
YacTO CBOJUTCS K TOPCTKE OTCYTCTBYIOLIMX MHAEKCOB. Ha Mo¥i B3IIsiI, BCeTaa CTOUT
MOTPATUTDb KAKOe-TO BPEMSI, UTOOBI ITPOBEPUTD, BCE JIV HY)KHbIE MHIEKChI HA MeCTe.
OTO HETPYIHO U HE OTHMMAET MHOTO BpeMeHM, II03TOMY JTOJIKHO ObITh CIeJIaHO BHE
3aBUCMMOCTY OT XapaKTepa Ipo6jeM ¢ IPOU3BOIUTEIbHOCTbIO.

BoT Moi1 IF06MMBIii 3aITpOC, KOTOPBIi MOXKET IMOACKAa3aTh, YTO KAKOI-TO MHIEKC
OTCYTCTBYET:

SELECT schemaname, relname, seq_scan, seq_tup_read,
idx_scan, seq_tup_read / seq_scan AS avg

FROM pg_stat_user_tables

WHERE seqg_scan > 0

ORDER BY seq_tup_read DESC

LIMIT 20;

[MouuuTte GosbInye TabIMUIbI, KOTOPbIE YAaCTO MPOCMAaTPUBAIOTCS MOC/TENOBa-
TeabHO (6osblast BeinumHa avg). OHY 06BIYHO OKa3bIBAIOTCS B BEPXHUX CTPOUYKAX
pesyJbTaTa.

AHANM3 NAMSATU U BBOLA-BbIBOZA

Pa306paBimch C OTCYTCTBYIOUIMMM MHIEKCAMM, Mbl MOKEM ITPOaHAIM3UPOBATh
roTpeb/ieHe TaMSITH 1 XapaKTep BBOJA-BbIBOAA. JIJIs1 9STOr0 PeKOMEHIYETCS BKITIO-
yuUTh MapameTp track_io_timing. Ecyiv oH paBeH on, To PostgreSQL 6ymeT cobupaTb
U TIOKa3bIBaTh MHMOpMaLMIO 06 OKMIAHUM AMCKA.

Hepenko 3akasumMky CIpaIlMBarOT, YCKOPUTCS M paboTa 6a3bl, eciv 106aBUTh
IVUCKU. MOKHO TaiaTh O TOM, UTO CJIYYMUTCSI, HO, BOOOIIIe rOBOPS, TYUIIIe U3MEPUTD.
BxitoueHne peskmma track_io_timing momoskeT co6paTh JaHHbIE U ITOHSITh, UTO IIPO-
MCXOIUT B NEMCTBUTEILHOCTH.

PostgreSQL mpencTaBiisieT cBeeHMs 00 OKMUIaHMUM IMCKA Pa3sHBIMU CITOCOOaAMMU.
OpuH 13 HUX — IpeacTaBaeHne pg_stat_database:

test=# \d pg_stat_database
MpeacTasnenne "pg_catalog.pg_stat_database"
Ctonbey | Tun | MogndukaTopel
................ N T e
datid | oid |
datname | name
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conflicts | bigint |
temp_files | bigint |
temp_bytes | bigint |

blk_read_time | double precision |
blk_write_time | double precision |

O6paTuTe BHMMAaHMe Ha ABA MOCIeIHMX HoJsi: blk_read_time m blk_write_time. OHm
TOBOPSIT, CKOIbKO BpeMeHM PostgreSQL nmoTpaTtuiia Ha OXXKuagaHue OTBETa OT Orepa-
LIMOHHO cucTeMbl. [lomuepkHeM, UYTO U3MepsIeTCsI He CaMO BpeMsI OXKMUIaHMS OUCKa,
a BpeMsl, TOHaJ00MBIIIeeCs OIePAIMOHHONM CUCTeMe, YUTOObI BEPHYTH JaHHbIE.

Ewin onepauiyoHHasi cucTeMa Hallljla TaHHbIe B Kellle, TO 3TO BpeMsI OyIeT cpaB-
HUTENbHO Masio. Eciiu ke el IPUIIIOCh BBIMOJHSTD peabHblil BBOJ-BBIBO, C ITPO-
M3BOJILHOI BBIOOPKOJA, TO IMOYUEHNE OTHOI0-eAMHCTBEHHOTO 6JIOKA MOXKET 3aHSTh
HECKOJIbKO MUJIJIUCEKYHT,.

YacTto 3HaueHust blk_read_time u blk_write_time Benuku, Korma BeJIMKM 3HaUEHUS
temp_files u temp_bytes. Bo MHOTMX Cly4dasix 3TO CBUAETENbCTBYET O HEITPABUILHOM
YCTaHOBKE ITapamMeTpoB work_mem mim maintenance_work_mem. 3amoMHuTe: eciu Post-
greSQL He MOKeT cAenaTh YTO-TO B IIAMSITV, OHA BBIHYKIEHA 00paIaThCst K JUCKY.
[Tpu3HaKOM 3TOrO SIBJISIETCS POCT 3HaueHus temp_files. Ecim BpeMeHHble (haiiibl
(temp_files) CylleCTBYIOT, 3HAUNUT, €CTb BCE€ OCHOBAHMS IJISI OKMIOAHMS IMCKa.

[11oGanbHOE TIpeACTaB/IeHMe HAa YPOBHE 6a3bl TaHHBIX, KOHEUYHO, MHTEPECHO, HO
OHO He JIaeT ITOJIHOM MH(POPMAaLMM 0 HACTOSIIEM MCTOUHMKE ITPO6IeMbl. 3a4acTyio
BMHOBHMKAaMM SIBJISIETCSI BCETO HECKOJIBKO 3aMPOCOB. HaiiTu MX MOXXHO C ITIOMOIIbIO
IpencraBjieHus pg_stat_statements:

test=# \d pg_stat_statements
MpeacTaBnenne "public.pg_stat_statements"

Ctonbey | Tvn | MoandukaTopsl

...................... U gt
query | text [
calls | bigint |
total_time | double precision |

temp_blks_read | bigint |
temp_blks_written | bigint |
blk_read_time | double precision |
blk_write_time | double precision |

OHO MO3BOJISIET IJIS KAXKIOTO 3aIpoca MOHSTh, ObLIIO OXKMAAHME OMCKA VIU HeT.
Oco6eHHO MHTEePECHO OTHOMLIEeHMe IMost blk_time K total_time. B obmmem ciayyae 3a-
IIpoc, AJI KOTOPOro OkuAaHue Oucka InpesbimaeT 30 %, MOKHO CYUTATh CUJIBHO
OTpaHMYeHHBIM CKOPOCThIO BBOZA-BbIBOZA.

[TpoBepuB cuctemMHbie Tabmuibl PostgreSQL, MOKHO ITIOMHTEPECOBATHCS, O UEM
TOBOPUT KOMaH[a vmstat, SIBJISIONIASICS YacThio LinuX. AJIbTepHATUBOI SIBJISIETCS
KOMaHa iostat:
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[hs@zenbook ~]$ vmstat 2

procs ----------- MEMOrY---=--=-==-- --- swap-- ----- 10---- -system-- ------ cpu-----
r b swpd free buff «cache si so bi bo in  cs us sy id wa st
0 0 367088 199488 96 2320388 0 2 83 96 106 156 16 678 0 0
0 0 367088 198140 96 2320504 0 0 0 10 5952624 3 19 0 0
0 0 367088 191448 96 2320964 0 0 0 8 920 2957 8 29 0 ©

I[Tpu paboTe c 6a30Jt JAaHHBIX CIeIyeT 00paIlaTh BHUMAaHMeE Ha TPY OIS bi, bo 1 wa.
IMose bi comepsKUT KOMMUECTBO IIPOUUTaHHbIX 6;10K0B — 1000 o3Hauaet 1 Mb/c. ITone
bo — 3TO KOJIMYECTBO 3aIlMCAHHBIX GJIOKOB. B HEKOTOpOM pojie bi 1 bo ornpenensioT
YMCTYIO ITPOMYCKHYIO CITOCOOHOCTh. CaMu 110 cebe oHm 6Ge3BpeaHbl. IIpo6aeMy cocTaB-
JISIeT BbICOKOe 3HaueHye wa'. Eczii bi 1 bo Masibl, a wa IIpy 3TOM BeJIMKO, 3HAUYMT, AVMCK
MOKET SIBJISIThCSI Y3KMM MECTOM, UTO, KaK ITPaBMJIO0, CBSI3aHO C OOJTBIITNM KOJTMYECTBOM
omepaluii BBoga-BbIBOZA C IIPOM3BOJIbHOI BbIGOPKOIL. UeM 6osbliie wa, TeEM Me/IIeH-
Hee BIMOJIHSIOTCS 3aIIPOChI, [IOCKOIbKY CEPBEP IO/DKEH XXAATh OTBETA OT AMCKa.

Bbicokas uncTas nponyckHas cnocobHOCTb — 3T0, KOHEYHO, XOPOLLO, HO OHA MOXET TakXe fB-
NaTbCa MHAMKATOpoM npobnembl. Ecin B OLTP-cuctemMe HabntogaeTcs BbiCOKas NponyckHas
CNOCOBHOCTb, 3HAYMUT, HELOCTATOMHO OMEepPaTMBHOM NaMATU UAKM OTCYTCTBYHOT KaKMe-TO WH-
[ekcol, Bcneactaue yero PostgreSQL BbIHY>XAeHA YUMTaTb CIMLLKOM MHOMO AaHHbIX. [ToMHUTe,
YTO BCE B MMPE B3aMMOCBSI3aHO U AaHHble He C/lefyeT pacCMaTpuBaTh B OTPbIBE OT BCErO
oCTasnbHOro.

O KOHKPETHbIX OLIMBOYHbIX CUTYALIUSX

IpencraBuB 06IIVE peKOMEHIALVY 10 TIOMCKY HEeIT0/IaloK B 6a3e JaHHbIX, MbI Ia-
Jiee 00CYIVIM HEKOTOPBIE PacCIPOCTPaHEeHHbIE OLIMOKY, BCTpevuarolnyecs mpu pabo-
Te ¢ PostgreSQL.

MospexaeHue clog

B PostgreSQL mmeercs 6ydep coctosiHus durcaiuit (ceiiuac OH Ha3bIBAETCS
pg_xact, a paHblle Ha3bIBaICA pg_clog). B HeM XpaHUTCS COCTOSIHME BCEX TPaH3-
akuuit B cucreme, uro6sl PostgreSQL Morsa MoOHSITh, BUIHA HEKOTOpas CTpOKa
uiy HeT. Boo6Iie ToBOpPSI, TpaH3aKIIMS MOXKET HaXOAUThCS B OTHOM M3 YEeThIpex
COCTOSIHUIA:

#define TRANSACTION_STATUS_IN_PROGRESS  0x00

#define TRANSACTION_STATUS_COMMITTED 0x01

#define TRANSACTION_STATUS_ABORTED 0x02
#define TRANSACTION_STATUS_SUB_COMMITTED 0x03

Inst clog MeeTcsl OTAeIbHbBIN KaTaIOT BHYTPY 9K3eMIUISIpa 6a3bl JAHHBIX (pg_xact).
B mpormiom 1monb3oBaTteny, GbIBAIO, JKaJ0BAIMCh Ha MoBpekaeHue clog, oHo
MOXKET ObITh BBI3BAHO COOMHBIMY JMCKaMM MK ommbkaMu B PostgreSQL, KoTopbie
C rogaMu ObLIM MCITpaBJIeHbl. ITIoBpeXXaeHHbI Oydep cocTosTHMS GUKCaIuii — BEellb

! DT0 3HaYeHMe TOKAa3bIBAET, CKOABLKO MPOIEHTOB BPeMeH! Mpoleccopa 6bII0 MOTPayeHo

Ha OXMIaHMe OVMCKOBBIX omnepaiuii. — ITpum. peo.
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KpaliHe HeNPUSITHAS, TOTOMY UTO, HECMOTPSI Ha HaJnMuye BCex TaHHbIX, PostgreSQL
He MOXKeT OIPeJIeNUTh, IeICTBUTEIbHBI ellle CTPOKM WM yKe HeT. Tak UTo Takoe
MOBpeXIeHNe MOKHO Ha3BaTh MOTHO KaTacTpodoii.

Kak agMMHMCTPATOpP MOKET OIpenenuThb, YTO 6ydep cocTosiHMS PuKRcanmii mo-
BpexkmeH? OGBIYHO 06 3TOM CBUIETEIbCTBYET COOOIIEeHYe BUIA:

OWWBKA: He yAanocb MOAYYMTb COCTOAHME TpaH3akuum 118831

Ecm PostgreSQL He MOXKeT MOAYYMUTh JOCTYIT K COCTOSTHUIO TPAH3aKIIVM, TO ITPO6-
JieMa Haiu10. Bompoc B TOM, Kak ee MCIpaBUTh. YeCTHO rOBOPSI, HUKAK — MbI MOXKeM
TOJIBKO MOTIBITAThCS CIIACTU CTOIBKO JAHHBIX, CKOJIBKO YACTCS.

Bydep cocrostHus dbmkcaimii comep>kKUT MO ABA OMTA Ha KaXKIYI0 TPaH3aKIMIO,
T. €. OIMH 6GaiiT IpeCTaBJIsIeT YeThIpe TpaH3aKIMi, a ONVH 6JI0K — 32 768 TpaH3aK-
Lyit. BeIuMcIuB, B KaKoM 6710Ke HaXOAUTCsI MHGOopMaIMsl 0 KOHKPETHOM TpaH3aK-
1IMY, MbI MOKEM TIOAeNaTh Oydep coCTOSTHUS hMKCaIii:

dd if=/dev/zero of=<mecTononoxexne katanora data>/pg_clog/0001 bs=256K count=1

3mech KoMaHa dd MCITONMb3yeTCsI, YTOOBI U3MEHUTD 6ydep cocTosTHMS huKcamyit
M 3aMMCcaTh B COCTOSTHME TPaH3aKIUM TpebyeMoe 3HaueHre. Ho BO3HMKaeT Kiiove-
BOJI BOIIPOC: KAKMM JIOJDKHO OBITh COCTOSIHME TpaH3akiuu? Jla Ji00bIM — OHO BCE
paBHO 6epeTcs ¢ MOTOJIKa, [IOTOMY UTO MbI He 3HaeM, Kak Ha CaMOM JieJie 3aBepIy-
Jlach TPaH3aKIUS.

OnHako MMeeT CMbICI yKa3bIBaTh, UYTO TpaH3aKlys 3aduKcUpoBaHa, T. K. IPU
9TOM OyIIeT ITOTepPSTHO MeHbIIIe JaHHBIX. BITpoueM, KaKoii pe3y/ibTaT CYMTaTh MEHee
pas3pyIINTeNTbHBIM, 3aBUCUT OT KOHKPETHBIX TAHHBIX ¥ pabodeit Harpy3Ku.

Ecnt y3K IPUXOAUTCS UATYU Ha TaKOIA IlIar, TO IIoCcTapaiTech XOTs Obl IO 1e/TbIBaTh
clog He 6osbIIIe, YeM HEOOXOAMMO. [IOMHMTE, YTO BbI BPYUHYIO BHICTABJISIETE COCTOSI-
HMe TpaH3aKI[Mii, YTO COBCEM HEIT0/Ie3HO IS IBIKKA 6a3bl JaHHBIX.

[MTocie mogmenku clog ciaemyer Kak MOXKHO ObICTpee CO37aTh Pe3ePBHYI0 KOIUIO
U TIepeco3faTh 9K3eMIUIIp 6a3bl JaHHbIX. CricTeMe O0JIbIlle Hellb3sl JOBEPSTh, I0-
9TOMY MBI IOJIKHBI TTOCKOpEee U3BJIeUb 13 Hee JaHHbIe. ViMeliTe B BUIY, UTO XpaHsI-
Iecs B CUCTeMe JaHHbIe MOTYT GbITh IPOTUBOPEUMBBI U HEIIPAaBUJIbHBI, [IO3TOMY
HeoOXoaMMOo GYIeT TIaTeIbHO MTPOBEPUTD KAUeCTBO TOT'0, UTO YIaIOCh CIIACTH.

UTo 03HAUYaKT COOOLLEHUSA O KOHTPOJIbHOM TOUKE

KoHTposbHbIE TOUKM HEOOXOIMMBI [JIs1 06ecIieue s [eJIOCTHOCTU JAaHHbIX U MTPO-
M3BOAUTENbHOCTM. YeM 6osIbllle MHTEPBAT MEXKIY KOHTPOIbHBIMU TOUKAMU, TEM
OOBIYHO BBIIIe MMPOMU3BOAUTENbHOCTb. KoHduryparus PostgreSQL mo ymMonmuaHuio
JIIOBOJIbHO KOHCEPBAaTUBHA, I03TOMY KOHTPOJIbHbIE TOYKM CO3aI0TCSI CPABHUTEIb-
HO 6bIcTpO. ECiit B 6a3e 0JTHOBpEMEHHO M3MeHSeTCSI MHOTO TaHHbIX, TO PostgreSQL
MOXeT COOOLIUTh, YTO KOHTPOJbHBIE TOUKM CO3HAIOTCS CIIMIIKOM dYacTo. Torma
B JXypHaJie TOsIBSITCS 3aIllMCy BUIA:

COOBWEHNE: KOHTPO/IbHbIE TOYKM MPOMCXOAAT CAMWKOM 4acTo (4Yepe3 2 cek.)
COOBWEHNE: KOHTPO/IbHbIE TOYKM MPOMCXOAAT CAMWKOM 4acTo (4Yepe3 3 cek.)
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[Tpu BBIMOMHEHUM MHTEHCUBHBIX OMepaluii 3arncu BCAeCTBUE BbITPY3KI/BOC-
CTaHOBJIEHUS VI APYroi 60iblioii ornepanyuyu PostgreSQL MokeT 3aMeTUTD, UTO
3HAYeHMSI KOHPUTYPAIMOHHBIX TApaMeTPOB CAUIIKOM MaJsibl. Torma oHa 1 momera-
eT B JKypHaJI TOKa3aHHbIe BBIIIE COOOIIEeHNS.

Eciu BCTpeTUTCST TaKoe COO0DOIeHNe, TO B MHTepecax MPOM3BOAUTENIbHOCTU Ha-
CTOSITETbHO PEKOMEHIYeTCsI YBeIMUYUTD MHTEePBaJI MeKIy KOHTPOJbHBIMYU TOUKAMMU,
YCTAaHOBUB ropasfo 6osiee BHICOKOE 3HAUEHMe mapaMmeTpa max_wal_size (B IpeskKHUX
Bepcusix OH HasbiBajics checkpoint_segments). B mocimenmnux Bepcusix PostgreSQL
KOHMUTypamys mo YMOJIUaHNIO CTaia TOPa3/Io JIydille, YeM paHbllle, HO BCe PaBHO
CJIMILIKOM YacToe CO3[aHKe KOHTPOJIbHBIX TOUEK BITOJIHE BO3MOXKHO.

VBUIEB Takoe COObIIeHNe, He CIeAyeT BIagaTh B MaHuKy. CAUIIKOM 4acToe Co3-
JlaHV/e KOHTPOJIbHBIX TOUEK He OIMacHO, MPOCTO OHO BelleT K CHVOKeHUIO TTPOU3BO-
IUTETbHOCTH. 3aMVCh ITPOVICXOANT ropas3mo MejieHHee, Y4eM MOIJIa Obl, HO JTaHHbIM
HUYTO He yrpoxkaeT. Eciu yBeJIMUUTb MHTEPBAI MEXIY KOHTPOJbHBIMU TOUKAMMU,
TO COOOILEeHMS IePECTAHYT MOSIBJSThHCS, a 6a3a JaHHBIX CTaHET paboTaTh ObICTpee.

Yto penatb noBpexaAeHHbIMU CTPaHULUAMU OAHHbIX

PostgreSQL - ouens crabwmibHast CYB]I. OHa HagekKHO 3alMIIaeT JaHHbIe, UYTO ObIIO
JIOKa3aHO Ha IPOTSDKeHMM MHOTUX JieT akcrryatanuu. Ho PostgreSQL 3aBucur ot
060pyIOBaHMS ¥ KOPPEKTHOI paboThl (aiiioBoil cucTteMbl. ECiy XpaHUIuIILe OT-
Ka3bIBaeT, TO OTKa3biBaeT U PostgreSQL — 1 TyT Ma/Io UTO MOXKHO CIie/laTh, KpOMe
nI06aBIEHNST PEIUIVK JIJIST ITOBBIIIEHYST OTKA30yCTONYMBOCTM.

Bpewmst oT BpeMeHM ¢aiiyioBas cucTeMa MU IMCK BBIXOOUT U3 CTPOst. Ho 06bIYHO
3TO He 03HAYaeT, UTO BCe MPOMNaso, — MIPOCTO OKa3aIMCh MOBPEXKIEHHBIMY HECKOJb-
KO 6;710k0B. HeTaBHO MbI CTOJMKHY/IMUCH C 3TUM B BUPTya/IbHOI cpeme. HekoTopbie
BUPTYyaJIbHble MalllMHbI 110 YMOMYAHMUIO He MPOMU3BOIAT cO6poca Ha IUCK, MTOITO-
My PostgreSQL He MOXeT rapaHTMpPOBaTh, YTO JaHHbIe 3aMMCAaHbl Ha YCTPOICTBO.
Takoe MoBeeHMEe MOXKET CTaThb MPUUMHONM CAyYaiiHbIX OIIMOGOK, KOTOPbIE TPYIHO
MpeACcKa3aTh.

Eciu 610K MepecTaeT YMTAThCS, TO MOXKET BOSHMKHYTb COOOIIeHMe BUIA:

"He yganocb npounTaTb B0k %u B darne "%s": %m"

BbITnoTHEHYE 3aMIpoca MIPY 3TOM 3aBEPIIAETCS C OMMUOKOIA.
ITo cuacTsio, B PostgreSQL ecTh cpeicTBO 60PHOBI C TAKUMU CUTYAIMSIMMA:

test=# SET zero_damaged_pages TO on;
SET

test=# SHOW zero_damaged_pages;
zero_damaged_pages

on
(1 cTpoka)

[TapameTp zero_damaged_pages ompezesnsieT CIioco6 pearupoBaHMsI Ha MOBpPeXIe-
Hue cTpaHuil. BMecTo Beimaum omm6ku PostgreSQL mpocTo 3amomHseT 610K HYISIMMA.
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OTMeTHM, UTO 3TO IO HeOOXOAMMOCTHM BeIET K IoTepe AaHHbIX. Ho Bellb TaHHbIE
¥ TaK y3ke ObLIM TIOBPEKAEHBI MU TIOTEPSIHBI, TAK UTO 3TO He 6ojiee yeM criocob 06-
paboTKM TTOBPEXAEHMS, BHI3BAHHOTO C60SIMU B CHCTEME XPaHEeHMsI.

51 peKOMEeHJYI0 OTHOCUTBCS K TTapaMeTpy zero_damaged_pages C OCTOPOKHOCTBIO —
BbI TO/DKHBI TIOHMMATh, UTO JIeIaeTe, yCTAHABIMBAS STOT PEKMUM.

be33aboTHoe ynpasneHue noakjnvYeHuaIMm

B PostgreSQL kaskmoe moAkiIoueHe K 6ase JaHHBIX OOCTY>KMBAETCST OTIeTbHbIM
MpOIeCCOM. Bce OHM CMHXPOHM3MPOBAHBI M 06GpallamTcs K o6Iieit pasmensemoit
MaMsTH (TEXHUYECKN B OOJIBIIMHCTBE CIy4aeB 3TO IIpoenypyeMast amsTh, HO Celi-
yac 5TO He BaXKHO). B pa3mensieMoii maMsITy XpaHSITCS Kelll BBOJA-BbIBO/IA, CIIMCOK
AKTMBHBIX TTOAK/IIOUEHWI, GJIOKMPOBKYM ¥ MHOTOE JIPyroe, HeoOXoaMoe IJIs Tpa-
BUJIbHOJ PabOThI CUCTEMBI.

[Tpyu 3aKpBITUM TIOAK/TIOUEHMSI BCe OTHOCSIIMECS] K HeMy JaHHble yIaISIOTCS U3
pa3zgesnsieMoli TaMsITH, M CUCTeMa OCTaeTCsI B KOPPEKTHOM COCTOsIHMM. Ho uTo, eciin
MMOK/TI0UeHMe 10 KaKOii-TO MpUUMHe 3aBepIINTCS aBapUitHO?

[MaBHBIA TIpollecc postmaster OGHAPYKUT OTCYTCTBME KAKOTO-TO AOUYEPHErO
npoiiecca. ITocie 3TOTO BCe OCTajibHble MOAK/IIOUEHMST 3aKPbIBAIOTCS UM HauMHa-
eTcsl Mpollecc HaKaTa >KypHaaoB. 3auemM? BriosiHe MOXeT CTYUUTbCS, UTO MPoIecc
«TPOXHYJICSI», KOT/Ia M3MEHSUT 06/1acTh pasmesisieMoli MaMsITV, M OCTaBWUI ee B He-
coriacoBaHHOM cOCTOsIHMM. [ToaToMy postmaster BMeIIMBaeTCs, TIpexie ueM Mo-
BpeXIeHMe yCIleeT pacipoCTPaHUThBCS 10 BCei cucTeMe. Besl maMsTh OUMIaeTcs,
Y KaKIblii KIMEHT JOKeH 6YIeT MOAKIIOUNTLCS 3aHOBO.

C TOYKM 3peHUs TOAb30BaTES, 3TO BBIVIIAUT, Kak O6yaTo PostgreSQL «rpoxHy-
JIach» U Mepe3aryCcTUIach, XOTS HA CAMOM [iejie Bce He Tak. [IoCKOobKy Tpoliecc He
MOSKET OTpearupoBaTh Ha COOCTBEHHOE «IajieHue» (HapylleHMe 3allUThl TaMsITU
VI HEKOTOPbIE APYTME CUTHAJIBI), TO OUMCTKA BCEro abCOMIOTHO HeoObXoamuma Ijist
3alIMThI JAHHbIX.

To ke camoe IPOM30JiJIET, €IV Bbl CHUMETE ITPOIecC, OOCTYKMBAIOIINIA 1O -
KJIIOUeHMe K 6a3e JaHHbIX, KoMaHmoii kill -9. [Ipoiiecc Mo onpeaeaeHNnIo He MOKeT
repexBaTUTb CUTHAJ 9, TO3TOMY AO/IKEH BMellaThCsl postmaster.

bopbba ¢ pazbyxaHnem Tabnuy,

PasbyxaHue TabIuIl — OHA M3 BasKHEHIMX mpobieM 1pu pabore ¢ PostgreSQL.

CTONKHYBIINUCH C HU3KOV MPOM3BOAUTENbHOCTHIO, BCETAA MMeEeT CMBICT MTOCMOT-

peTh, HeT Ji 06beKTOB, 3aHMMAIOLIMX HAMHOTIO 60JIbIlIe MeCTa, UeM OXKMUIaeTCs.
Kax y3HaTh, UTO MMeeT MecTO pa3dyxaHue Tabiauibl? IIpoBepuTh MpeacTaBIeHue

pg_stat_user_tables:

test=# \d pg_stat_user_tables

NpeacTasnenne "pg_catalog.pg_stat_user_tables"
Ctonbey Tun | MoandukaTopsi
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schemaname | name |
relname | name |
n_live_tup | bigint |
n_dead_tup | bigint |

IMTonst n_live_tup u n_dead_tup mOKasbIBAIOT, YTO MPOUCKXOAUT. MOXKHO TaKke BOC-
MOJIb30BAThCSI MOAYJ/IeM pgstattuple, ONIMCAHHBIM B MIpeabIAyIeil I1aBe.

Yro menath, ey Tabnuila CMIbHO pa3dyxina? OCHOBHOeE JieueHMe — KOMaHIa
VACUUM FULL. Bema B TOM, 4TO 9Ta KOMaHa GJOKMpYeT BClo Tabmuily. Eciu Tabnuiia
BeJIMKa, TO BO3HMKAeT IpobieMa, T. K. IT0JIb30BaTe/IM He CMOTYT MICaTh B Hee.

O Ecnu Bbl paboTaete ¢ Bepcueit PostgreSQL He Huxke 9.6,T0 MOXKeTe BOCNOIb30BaTbCS MPOrpaM-
MOM pg_squeeze. OHa peopraHusyeTt Tabnuuy 6e3 6nokuposku (https://www.cybertec-post-
gresql.com/en/products/pg_squeeze/). 3To 0cO6eHHO NOMe3HO Ans 04eHb B6onbLIMX TabAUL,.

PEe3ioME

B 3T0J1 r/1aBe MbI M3YUMIIM CUCTEMATUUECKIUIT TIOAXOM K OOHAPYKEeHUIO U YCTpaHe-
HIIO Hanbosiee pacpoCTPaHEHHBIX HETIOMaI0K, C KOTOPBIMY CTaJIKUBAIOTCS TTOJTb-
3oBaTenu PostgreSQL. Mbl pacCMOTpesTii HEKOTOPbIe BaskKHbIE CMCTEMHbIE TabINIIbI,
a Takke (aKTOPbI, OIIpeAesIone yIauHblii WM HEYIauHbIii MCXO/ OTrlepaluin.

B mocienHelt rmaBe Mbl 3aiiMeMcs BOIpOoCcoM O mepexone Ha PostgreSQL. Bos-
MOKHO, BbI pabotaere ¢ Oracle mau Kakoi-to apyroit CYBII, HO mogyMbIBaeTe
o PostgreSQL. B raBe 13 mbl pacckaxkeM, KaKk OCyIIeCTBUTh 3TOT IJIaH.

Bonrochl

IMouemy CYB]], He asMUHMCTPUPYET ceds cama?

IMonb30BaTeNb BCerma 3HaeT 60blie, yeM 6a3a JaHHbIX. Ko BceMy ImpoyeMy, y IoJb-
30BaTesIs WM aIMUHMCTPATOPA MMEETCS JOCTYT K O0IIMPHOI BHEIlIHel MH(popMa-
Iy 00 ONepanyoHHON cucTeMe, 060pyo0BaHMM, CITOCOOaX UCIOAb30BAHMS U T. [I.
IBUKOK 6a3bl JAHHBIX HE MOKET ITOHSITh, OCMBICJIEH 3aIIpoC ITOJIb30BATENS WU
HeT — OH [IPOCTO He 3HaeT, KaKoBa ero 1ieJib. [IoaToMy y afMMHUCTPATOPOB U pa3pa-
60TUMKOB BCerga umeeTcs rmpeumyinecTso Hag CYB/I, ¥ IOTOMY OHM HEOOXOIMMBbI
(1, cKOpee Bcero, Tak 6yeT Bcerma).

Yacro 1u B PostgreSQL ciyualoTcsi HOBpeXaeHus?

HeTt. Most KoMIIaHMsI OOCTYKMBAeT ThICSIUM KOMITaHMit. HO HaM oueHb peiko mpu-
XOAWJIOCH BCTPEUaThCs C IMOBPEKAEHMEeM 6a3bl JAHHBIX, a €CIU U MPUXOAUIOCh, TO
TTOYTH BCErJa OHO O6bUIO BBI3BAHO amIlapaTHBIMM ITPUUMHAMMA.

Hyxpaetcs nu PostgreSQL B mOCTOSIHHOM mpucMoTpe?

OOGBIUHO HeT, pa3Be YTO BbI IKCIUTyaTHpyeTe 623y B HEONITUMAIbHOM pexume. Bo-
o61e roBopsi, PostgreSQL MHOroe fiejiaeT caMOCTOSITeIbHO, HalIpMMep aBTOMaTy-
YeCKM BBITIOJTHSIET OUMCTKY C TOMOIIbI0 KOMaHAbI VACUUM.


https://www.cybertec-postgresql.com/en/products/pg_squeeze/
https://www.cybertec-postgresql.com/en/products/pg_squeeze/

rasa 1. 3

Mepexopn Ha PostgreSOL

B rnaBe 12 mMbl BUe/IM, KaK IMAarHOCTUPOBATh U YCTPAHSITh TUNIMUHBIE HEIlOaiKu,
BCTpeuaInyecst mpu padbore c PostgreSQL. 3mech BaskeH CHMCTeMATUUECKUIA TTOIXO]I,
KOTOPBIN MBI ¥ IOCTapaJIUCh OMMUCATD.

[TocnenHss rmaBa KHUTM TOCBSILeHA Iepexony ¢ apyrux CYB], Ha PostgreSQL.
MHOTrMM UMTaTeNsIM SOCKIAEeT BbICOKAsl CTOMMOCTD JIMLIEH3MM Ha UCII0/Ib30BaHNe
koMmmepueckoit CYBII. S xouy ykasaTb TaKMM I10JIb30BATENSIM BbIXOJ, M OOBSICHUTb,
KaK MOXKHO IepeHeCcTy NaHHble U3 KoMMepyecKkoii cucteMbl B PostgreSQL. [Tepexon
Ha PostgreSQL ompaBiaH He TOJBKO C (MHAHCOBOJ TOUKM 3PEHMS, HO M eCIM BaM
HYKHBI TIlepeIoBble BO3MOKHOCTH ¥ MOBBIIIeHHAas! TMOKOCTh. PostgreSQL ecth uTO
MIPeJIOKUTD, U C KASKIBIM JHEM 0OaBIISIIOTCSI HOBbIE BO3MOSKHOCTY. DTO OTHOCUTCSI
U K pa3Ho0Opasuio cpeAcTs Is mepexona Ha PostgreSQL. THCTpyMeHThI CTAHOBSIT-
Cs1 BCe JIyullle, a pa3paboTYMKY MTOCTOSIHHO paboTaloT HaJl COBEPIIeHCTBOBAHMEM
CBOMX U3MEJINIA.

B aT0iJ1 IM1aBe paccMaTpUBAIOTCS C/IeLyI0lye BOIIPOCHI:

O mnepeHoc komauHg SQL B PostgreSQL;

O mepexop c Oracle Ha PostgreSQL;

O mnepexon ¢ MySQL Ha PostgreSQL.

MepeHoc koMAHA SQL B PosTGRESQL

ITpu niepexope Ha PostgreSQL c apyroit CYB/] cinemyeT mpoaHann3upoBaTh PyHKINO-
HaJIbHbIe BO3MOXKHOCTH, Tpefjiaraembie obeumu CYB]I. [lepeHecTy camyu JaHHbIE
M CTPYKTYpPYy OOBIYHO He cocTaBiseT Tpyma. Ho BoT ¢ mepemnucbiBanueM SQL-koma
Ieo o6ctouT uHave. [T03TOMY ST BKITIOUMIT LIeJIbIii pasien, B KOTOPOM pacCMaTpuBa-
I0TCSI pa3nyHble nepenosbie cpefctBa SQL 1 Mx 1oCTymHOCTD B coBpeMeHHbIX CYB]I.

JlatepanbHble coepMHeHUS

B SQL naTepasibHOE COeIMHEHMEe MOKHO paccMaTpMBaTh KaK CBOeOOPasHbINA IIMUKII.
OHO M03BOJISIET TapaMeTPU30BaTh COeMHEHNEe U UCII0/Ib30BaTh BCe HAXOSIIeecs
BHYTpM (ppa3sl LATERAL HECKOIBKO pa3. Hampumep:

test=# SELECT *
FROM generate_series(1, 4) AS x,
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LATERAL (SELECT array_agg(y)
FROM generate_series(l, x) AS y
) AS z;

dea3a LATERAL BBIIIOJTHSAETCS OJIST KaXKI0r0 X M MMUTUPYET LIVKIL.

IModdepika namepanvHbix coeduHeHUll

Himke onmcaHo, kakue CYB]] nmoaaepsKuBaloT jaTepaabHble COeAMHEHMSI, a KaKue —
HeT:

MariaDB: He noaepXK1BaeT;

MySQL: He o epK1BaeT;

PostgreSQL: moanepxxuBaeT HaunHas ¢ Bepcuu PostgreSQL 9.3;

SQLite: He nogep>XKUBaerT;

Db2 LUW: nnogaepkuBaeT HaumHasi ¢ Bepcun 9.1 (2005);

Oracle: mognepskuBaeT HauMHas1 ¢ Bepcun 12¢;

Microsoft SQL Server: nonnepskuBaeT HaunHasi ¢ Bepcuu 2005 roga, HO mc-
TOIb3YeTCs IPYToii CMHTAKCUC.

000000

Ha6opbl rpynnupoBaHus

Habops! rpynmupoBaHusl OYeHb ITOJIE3HBI, KOTAA HYKHO BBITIOJHUTH HECKOJIBKO
arperaTHbIX QYHKIIMII B OMHOM 3aIrpoce. VX 1cronb30BaHMe YCKOpsIeT arperupona-
HMe, TIOCKOIbKY He TpebyeTcst 06pabaThIiBaTh JaHHbIE HECKOJIBKO pas.
[IpuBenem npumep:
test=# SELECT x % 2, array_agg(x)
FROM generate_series(1, 4) AS x

GROUP BY ROLLUP (1);
?2column? | array_agg

.......... B
0 | {2,4}
1] {1,3}
| {2,4,1,3}
(3 cTpoku)

[Tomumo ROLLUP, PostgreSQL moamepskuBaeT pasnl CUBE 1 GROUPING SETS.

IModdepicka Habopoe pynnuposanus
Huske onmcano, kakue CYB]I mommepskMBalOT HaGOPhI IPYIIIMPOBAHMS, @ KaKue —
HeT:
O MariaDB: noamepskuBaeT TOJbKO ROLLUP HaumHasi ¢ Bepcuu 5.1 (HermonHas
MOAIEPKKA);
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MySQL: moasepskuBaeT TOIbKO ROLLUP HaumHast ¢ Bepcuu 5.0 (HeToiHast o/ -
AEPKKa);

PostgreSQL: nonnepxxuBaet HaunHas ¢ Bepcuu PostgreSQL 9.5;

SQLite: He mogaep>kKUBaeT;

Db2 LUW: niogaep>kuBaet, o kpaiiHeit Mepe, ¢ 1999 roza;

Oracle: mopmepskuBaeT HauuHas c Bepcuu 9iR1  (IpUbGIU3UTETHHO
¢ 2000 ropa);

Microsoft SQL Server: noaaepskuBaeT HaunHasi ¢ Bepcuu 2008 roma.

o000 O

@)

®pasza WITH - o6wme TabnuuHbie BbipaXkeHUs

O61me Tabmunblie BbipaxkeHust (CTE) — U3SIIIHBIN CITOCO6 BBITIOHUTH 3aIIPOC BHYT-
pu SQL-koMaHAbl, HO TONBKO OAMH pa3. PostgreSQL BbIimoMHSIET Bce ¢dpas3bl WITH
M TI03BOJISIET BOCIIONb30BATLCS MX pe3ylIbTaTaMy B OCHOBHOM 3aIipoce.

Huke nipuBesneH mpocToit mpumMep:

test=# WITH x AS (SELECT avg(id)
FROM generate_series(1, 10) AS id)
SELECT *, y - (SELECT avg FROM x) AS diff
FROM generate_series(1, 10) AS y
WHERE y > (SELECT avg FROM x);
y | diff

0.5000000000000000

1.5000000000000000

2.5000000000000000
| 3.5000000000000000
| 4.5000000000000000
(5 cTpok)

3mech B 06111eM TabIMUHOM BbIpaskeHUM WITH BHIUMCIISIETCS CpeiHEe BPEMEHHO-
rO psifia, CTeHepUPOBAHHOTO (DYHKIIMEl generate_series. BrIuMcieHHOE 3HAUEHME
X MOKHO MCITO/Tb30BaTh KaK TAGIMITY B JIFOOOM MeCTe CIeyIOIIero aajee 3arnpoca.
B maHHOM c/Ty4ae x MCTIOTb3YETCs IBASKIbI.

IModdepika o6uuX MAGTUUHBIX 8bIPANCEHUL

Hioke ormmcano, kakue CYB]I mogaepskmBaroT dhpasy WITH, a Kakue — HeT:
MariaDB: He ongepKMBaeT;

MySQL: He monaepKMBaeT;

PostgreSQL: mogaepkuBaeT HaunHas ¢ Bepcuu PostgreSQL 8.4;
SQLite: mognepsxuBaeT HaUMHAsI ¢ Bepcuu 3.8.3;

Db2 LUW: nogaep;kuBaeT HaumHasi ¢ Bepcuu 8 (2000 rom);

Oracle: mognepskuBaeT HauMHasi ¢ Bepcun 9iR2;

Microsoft SQL Server: nmogaepxkuBaeT HaunHas ¢ Bepcuu 2005 roga.

000000

0 OtMmeTumM, yto B PostgreSQL obuime TabnuyHble BbipaXXeHWs NOAAEPXKMBAIOT AaXKe onepaLum
3anucy (komManabl INSERT, UPDATE 1 DELETE). 1 He 3Hato Hukakow apyroi CYB[l, koTopas ymena
6bl 37O Aenartb.
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®pasa WITH RECURSIVE

EcTb nBe pasHOBUIOHOCTY (Ppasbl WITH:
O cranpaprHbie CTE;
O CTE, no3Bossiioliye BbITIOMIHSITh peKypCcuBHBIe 3armpock! B SQL.
ITpocteie CTE 6pu1M OMMCaHbI B IPEIbIAYILEM pasjiesie, a ceifuac Mbl paCCMOTPUM

pPeKypcuMBHYIO popmy.

ITododepixka ¢ppaszet WITH RECURSIVE

Huske ommcaHo, kakue CYB]I mogaepskuBatoT dpasy WITH RECURSIVE, a KaKue — HeT:
MariaDB: He nmongepsKMBaeT;

MySQL: He o epK1BaeT;

PostgreSQL: mogaepskuBaeT HaunHas ¢ Bepcuu PostgreSQL 8.4;

SQLite: mogmep>xuBaeT HaUMHas ¢ Bepcun 3.8.3;

Db2 LUW: niogaep>xuBae HaumHasi ¢ Bepcuu 7 (2000 rox);

Oracle: mognep>xuBaeT HaunHast ¢ Bepcun 11gR2 (B Oracle nmpuHSTO MCITOMb-
30BaThb (bpa3y CONNECT BY, a He WITH RECURSIVE);

Microsoft SQL Server: noaaepsxxuBaeT HaunHasi ¢ Bepcuu 2005 roma.

Mpasza FILTER

B cranmapte SQL ¢dpasa FILTER mpucyTcTByeT HaumuHas ¢ 2003 roga. Ho nuib He-
mHorue CYDB]I nnoanepsKuBaroT STOT B BbICILEN CTEIIeHU I10JIE3HbIN 3JIEMEHT.
Hwuxe npuBeneH npumep:

test=# SELECT count(*),
count(*) FILTER (WHERE id < 5),
count(*) FILTER (WHERE id > 2)
FROM generate_series(1, 10) AS 1id;
count | count | count
....... e
10 | 4 | 8
(1 cTpoka)

(ONONCNONONG)

@)

dpasa FILTER ojie3Ha, e/ yCIOBME HEBO3MOXKHO ITOMECTUTh B 06bIUHYIO (ppasy
WHERE, HaIripymep IOTOMY, 4TO TPeGYyeTCsI BIUMCINTh HECKOIbKO arperaTos.

OTMeTuM, UTO TOrO ke 3(PpdheKTa MOKHO AOCTUYD C MOMOIIbIO O0jiee IJIMHHON
KOHCTPYKLIVMA:

SELECT sum(CASE WHEN .. THEN 1 ELSE © END) AS whatever FROM some_table;

Iododepixka ¢ppaset FILTER

Huske ormmcaHo, kakue CYB]I mogaepskuBaioT Gpasy FILTER, a Kakue — HeT:
MariaDB: He noagepXK1BaeT;

MySQL: He niogiepXuBaeT;

PostgreSQL: moaaepxxuBaeT HaunHas ¢ Bepcuu PostgreSQL 9.4;
SQLite: He MoaIeP>XKMBAET;

Db2 LUW: He nogaepskK1BaerT;

0000
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Q Oracle: He nmogmep:KUBaeT;
O Microsoft SQL Server: He IToAep>KUBaET.

OKOHHble PyHKLMUU

OxoHHbIe QYHKUMYM U UX MPUMEHeHMe IJIsI pellieHus aHATUTUUeCKUX 3amad Io-
IPpo6GHO 06CYRIaMMCh B 9TOI KHMre. [I0aTOMY cpasy IepeiieM K BOIIpoCy O COBMecC-
TUMOCTH.

IModdepika oKOHHBIX hyHKUULTT

Hioke onmcano, kakue CYB]I moamepskMBaiOT OKOHHbIe (QYHKINMY, & KaKue — HeT:
MariaDB: He noggepXK1uBaerT;

MySQL: He nogepXnBaeT;

PostgreSQL: mogaepsxkuBaeT HaunHas ¢ Bepcuu PostgreSQL 8.4;

SQLite: He MoaIeP>XK1BAET;

Db2 LUW: nioagepkuBaeT HauMHasi C Bepcun 7,

Oracle: nmognepkuBaeT HauMHasi ¢ Bepcuu 8i;

Microsoft SQL Server: noaaepxxkuBaeT HaunHas ¢ Bepcuu 2005 roga.

(ONCNONONORONE)

AHanuTuyeckue cpencTsa NoanepXKMBaOT Takxke HekoTopble apyrne CYB[, B T. u. Hive, Im-
pala, Spark n NuoDB.

YnopsiaoueHHble Habopbl — ppasa WITHIN GROUP

VropsimoueHHbIe HAOOPBI MOSIBMINCH B PostgreSQL HemaBHO. PasHuila MeXIy yIIo-
PSAIOYEHHBIM HabOPOM M OGBIUHBIM arperaToM COCTOMUT B TOM, UTO AJISI YIIOPSIAO-
YeHHOT0 Habopa MMeeT 3HaueHNe, KaKMM 06pa3oM JTaHHbIe TIOJAI0TCST arperaTHoM
dbyHKuMN. [IpeanonokuM, YTO Mbl XOTUM BBISIBUTDb TPEH], B TaHHBIX — IIOPSITOK JaH-
HBIX B 9TOM C/Ty4yae BaskeH.

B mipocToM mpuMepe HMsKe BBIUMCISETCS MeOMaHHOe 3HaueHue:

test=# SELECT id % 2,
percentile_disc(0.5) WITHIN GROUP (ORDER BY 1id)
FROM generate_series(1, 123) AS id
GROUP BY 1;
2column? | percentile_disc

0| 62
1] 61
(2 cTpoku)

Me,uMaHy MO>KHO HaI‘/JITI/[, TOJIBKO eC/I1 BXOOHbIe NaHHbI€ OTCOPTUPOBAHLI.

Ioddepixka ¢ppazet WITHIN GROUP

Hioke onmcano, kakue CYB]I mopmepskuBaoT dhpas3y WITHIN GROUP, a KaKiue — HeT:
O MariaDB: He noAepK1BaeT;
O MySOL: He mognep>Kx1Baer;
O PostgreSQL: nogmepskuBaeT HaunHas ¢ Bepcun PostgreSQL 9.4;
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SQLite: He mogAepKUBAET;

Db2 LUW: He mioggeps>KM1BaeT;

Oracle: mognepxkuBaeT HauMHas ¢ Bepcun 9iR1

Microsoft SQL Server: nosiepsk1BaeT, HO 3a1poc cieayeT rnepedopMyanpo-
BaTh C MCITOb30BaHMEM OKOHHOV (PyHKIMMA.

®pasa TABLESAMPLE

Vi3ByieueHye BHIOOPKHM U3 TAGIUIIBI TOJITOE BPeMsl GbUIO CUMJIBHOI CTOPOHO! KOM-
mepueckux CYB/. Tpagunmonusie CYB]l mpepjaraa 3Ty BO3MOXHOCTb B Teue-
HMe MHOruX jeT. Ho Temepp ux MOHOIOAMS paspyiuieHa. HaumHas ¢ Bepcun Post-
greSQL 9.5 y Hac Takke ecTb pelleHue mpo6yieMbl BBIOOPKIL.

Huske mmokasaHo, Kak OHO paboraer. CHavyasa co3gaguM TabIuIly, COIePsKaIlyio
MWJIJIMOH CTPOK:

000

test=# CREATE TABLE t_test (id int);
CREATE TABLE

test=# INSERT INTO t_test

SELECT * FROM generate_series(1, 1000000);
INSERT 0 1000000

3aTeMm BBIIIOJIHMM TeCThI:

test=# SELECT count(*), avg(id)

FROM t_test TABLESAMPLE BERNOULLI (1);
count | avg

........ +..._-_....-_._....-_.
9802 | 502453.220873291165

(1 cTpoka)

test=# SELECT count(*), avg(id)

FROM t_test TABLESAMPLE BERNOULLI (1);
count | avg

........ e
10082 | 497514.321959928586

(1 cTpoka)

MbI BBITIOTHWINM OJUMH U TOT K€ TeCT ABAXKIbI, M B KAKIOM CJTyyae BbIOpaayu u3
Tabmuiel 1% cTpok. B 060ux cryuasx cpemHee 3HaUeHMe GIM3KO K 5 MJTH, TaK 4TO
CO CTAaTUCTUYECKOV TOUKY 3PEHUS Pe3yJIbTaT XOPOIIUIA.

Ioddepska ¢ppazet TABLESAMPLE

Hwke onucano, kakue CYB]] nopmepskuBaioT dhpasy TABLESAMPLE, a Kakue — HeT:
MariaDB: He nonepxnBaer;

MySQL: He nnonfepKBaerT;

PostgreSQL: nonnepxkuBaet HaunHas ¢ Bepcuu PostgreSQL 9.5;
SQLite: He rogaep>KUBaET;

Db2 LUW: nonep>xuBaeT HauMHasi ¢ Bepcuu 8.2;

Oracle: mogmepskuBaeT HauUMHasI C Bepcuu 8;

Microsoft SQL Server: nognepskupaeT HaunHas ¢ Bepcun 2005 ropa.

(ONONCNORONON®)
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OrpaHM‘-IEHMe Bbl60pKM U cMelleHune

Orpannuenne Bbi6opku B SQL — 370 rpycTHast ucropus. Eciv KopoTtko, To Bce CYB]I
MOAAEPXKUBAIOT 3Ty BO3MOXKHOCTb, HO IO-pa3HoMy. X0Ts B ctaHzapre SQL yeTko
OTIMICaHO, KaK OTPAaHMYMBATb BIOOPKY, HY OIVH MTOCTABIIVK He Peaan30Basl MOTHOIA
MO e PSKKM CTAHJAPTHOTO CMHTaKcKca. [IpaBUIbHO ObUTO OBI MICATD TaK:
test=# SELECT * FROM t_test FETCH FIRST 3 ROWS ONLY;

id

1
2
3
(3 cTpoku )

Ecyi BbI HMKOTIa HE BCTPeUasIM TaKoi CMHTAKCHUC, HE pacCTpauBaiiTeCh — Bbl HE
OIVIHOKI.

Iododepixka ¢ppaset FETCH FIRST
Huske ormcaHo, kakue CYB]I mogmnepskuBaroT Gpasy FETCH FIRST, a KaKue — HeT:

O MariaDB: noggepskuBaeT HauMHas ¢ Bepcun 5.1 (06b1YHO McTonb3yeTtcs li-
mit/offset);
MySQL: nogaepskuBaeT HauuHasi ¢ Bepcun 3.19.3 (06BIUHO MCIIOIb3YETCS
limit/offset):
PostgreSQL: nmognepskuBaeT HauMHast ¢ Bepcuu 8.4 (0ObIYHO MCITOIb3YETCS
limit/offset);
SQLite: nmoxmepskuBaeT HauMHas ¢ Bepcun 2.1.0;
Db2 LUW: nogaep>xuBaeT HauMHasi C Bepcun 7,
Oracle: mogmepskuBaeT HauMHasi ¢ Bepcuu 12¢ (MCITONb3yeTcs IMOA3aIpoc
¢ QYHKLMEN row_num);
Microsoft SQL Server: nogmepskupaeTt HaumHas ¢ Bepcuu 2012 roma (Tpagu-
LIMIOHHO UCI0JIb3yeTcs top-N).

Kak BuayuMm, orpaHMUYUTb pa3Mep BbIOOPKU — HETPUBMAIbHAS 3a4a4a, U €C/IN Bbl
OymeTe MepeHOCUTh KOMMepUecKyro 6a3y maHHbiX Ha PostgreSQL, To, ckopee Bcero,
CTOJIKHETECh C KaKMM-HUOYIb HECTAHAAPTHBIM CMHTAKCHCOM.

®pasza OFFSET

®pasa OFFSET a”ajoruuHa dpase FETCH FIRST. OHa mpocTa, HO He MOIePsKUBAETCS
BceM. [leJ1o 0O6CTOUT He TaK IJIOXO0, KaK ¢ ppa3oii FETCH FIRST, HO MpobiiemMa TeM He
MeHee CyIeCTBYeT.

IMTododepixka ¢ppaset OFFSET

Huske ormmcano, kakue CYB]I mogaepskuBaioT Gpasy OFFSET, a Kakue — HeT:
O MariaDB: nmoggepkuBaeT HauUMHasi C Bepcun 5.1;
O MySOQL: nognep>xxuBaeT HauMHasi ¢ Bepcun 4.0.6;
O PostgreSQL: nognepxkuBaeT HaunHas ¢ Bepcun PostgreSQL 6.5;

©c 000 ©O O
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O SQLite: nmognep>xuBaeT HauMHasi ¢ Bepcuu 2.1.0;

QO Db2 LUW: nonaepkuBaeT HauMHas ¢ Bepcum 11.1;

Q Oracle: noggepsxuBaeT HauMHas ¢ Bepcun 12¢;

O Microsoft SQL Server: noaaepsxxuBaeT HaunHasi ¢ Bepcuu 2012 roma.

TeMHOpaanble Tabnuubl

B Hexotopeix CYB]] TemmopasibHble TaOAULIBI UCIONb3YIOTCS 1JIST BEPCMOHUPOBA-
Hus. K coxkanenuio, B quctpubyTtuBe PostgreSQL HeT BepcuoHMpoBaHus. [losToMmy
ecu BbI iepexoauTe ¢ Db2 uiu Oracle, To s iepeHoca TpebyeMoit QyHKIMOHAIb-
HocTH B PostgreSQL mpumeTcs mopa6oratb. O6bIYHO BHECTM HEOOJbIlNe M3MeHe-
Hust B Kop, it PostgreSQL HeTpymHO. Ho Bce ke rmorpebyeTtcst pyuHas paboTa — Ko-
MMPOBaHMEM U BCTABKOII yke He 0007ieIIbCs.

IModdepicka memnopansHsix maodauy

Huske ommcano, kakue CYB]I mogmepskuMBaioT TeMIIOpaabHble TaGIUIIbI, 8 KaKue —
HeT:

MariaDB: He mongepkKMBaeT;

MySQL: He moaAepKMUBaeT;

PostgreSQL: He moaep>kuBaer;

SQLite: He nogep>XUBaeT;

Db2 LUW: niogaepkuBaeT HaunHas ¢ Bepcun 10.1;

Oracle: mognepskuBaeT HauMHas ¢ Bepcuu 12cR1;

Microsoft SQL Server: mognepskuBaeT HaunHas ¢ Bepcuu 2016 roga.

000000

ConocraBneHue ¢ 06pasL,OM BO BPEMEHHbBIX psAAaX

B nmocwienHem n3BectHoMm MHe craHgapTe SQL (SQL 2016) umeeTcs: cpeicTBO ISt
TOMCKa COOTBETCTBUIT BO BpeMeHHbIX psifiax. [loka 4To ToibKo KommaHus Oracle
peann3oBaa 3Ty QyHKIMOHAIbHOCTD B MowienHel Bepcun cBoeit CYB/I.

B HacToAMLIMIT MOMEHT ee puMepy 60JIbliie HUKTO He IocienoBat. YTo6sl cMofe-
JIUPOBATh ITOT MOCTAETHMI MMUCK TEXHOIOTMYECKOi Mofbl B PostgreSQL, nmpuaeTcs
MICITOJIb30BaTh OKOHHbIE (DYHKIMM U Toa3arpockl. B Oracle comocraBienue ¢ 06-
pasiioM BO BpeMEeHHbIX PsIlax — JOBOIbHO MOIIIHOE CPEACTBO; YTOOBI [TOBTOPUTD €T0
B PostgreSQL, ogHOT0 KakOro-To TUMa 3aMPOCOB HE XBATUT.

Mepexon ¢ ORACLE HA PosTGRESQL

Boime Mbl 1oKasany, Kak repeHectu B PostgreSQL Hambosiee BaskHbIe U3 Ilepe-
IoBbIX cpeacTB SQL. A Terepb NOCMOTPUM, KaK BBIIIOJIHUTD Iepexol KOHKPETHO
¢ CYBJI Oracle.

B Hacrosmiee Bpems repexop ¢ Oracle Ha PostgreSQL cras BecbMa ITONY/ISIPEH U3-
3a HOBOJ ITOJIMTVKM JTIULIEH3UPOBaHMS U BemeHus 6usHeca Oracle. Bo Bcex cTpaHax
JIIOIM HAaUYMHAKT paccraBaThesi ¢ Oracle u mepexoauTs Ha PostgreSQL.
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Ucnonb3oBaHue paclinpeHus oracle_fdw ANnAa nepeHoca AaHHbIX

JInaHo 51 i mepeHoca gaHHbIX ¢ Oracle B PostgreSQL mpenrounTar HaIucaH-
Hoe Jlaypenuiem Anbe (Laurenz Albe) pacmmpenne oracle_fdw (https://github.com/
laurenz/oracle_fdw). 9To 06epTKa BHemIHUX maHHbIX (FDW), mo3BoJisroIast mpey-
cTaBuUTh Tabuiry Oracle kak Tabnuiy PostgreSQL. Pacmupenne oracle_fdw — omHa
13 CaMbIX Pa3BUTHIX 00EPTOK, OHO HAJIeXKHO KaK CKaJia, XOPOIIOo JOKYMEeHTUPOBAHO,
6eCcIIaTHO U C OTKPBITBHIM MCXOJHBIM KOOM.

Iyt yctaHoBKM oracle_fdw HY)KHO OyZeT YCTaHOBUTb KIMEHTCKYIO OMOMoTe-
Ky Oracle. K cuactbio, umerorcs roroBsie RPM-maketsl (http://www.oracle.com/
technetwork/topics/linuxx86-64soft-092277.html). ITonagoburcst apaiisep OCI mist
B3ammogeiicTBus ¢ Oracle. [ToMyMO rOTOBBIX KIMEHTCKMX HIpaiiBepoB Oracle, Hy-
>keH RPM-naker, comepskaimii caMmo paciypenue oracle_fdw, OH MpegocTaBiisieTCs
coobiectBoM. Ecsin BbI pabortaeTe ¢ OC, B KOTOPOi1 HET MeHeIkepa rakeToB RPM,
TO CMOKeTe OTKOMITWJIMPOBAThH pacIiMpeHye CaMOCTOSITeIbHO, YTO, 6e3yCI0BHO,
BO3MO3KHO, HO HECKOJIBKO YTOMUTEJIbHO.

YCTaHOBUB pacliupeHne, akTUBUPYIATE ero:

test=# CREATE EXTENSION oracle_fdw;

KomaHnpma CREATE EXTENSION 3arpyskaeT pacliMpeHyue B TeKyIIyi0 6a3y maHHbIX. Ha
ClemyrolieM 1are Heo6xXoAMOo CO3/1aTh CEPBEP U YCTAHOBUTb COOTBETCTBYE MEKIY
rob3oBarenssvu PostgreSQL u Oracle:

test=# CREATE SERVER oraserver FOREIGN DATA WRAPPER oracle_fdw
OPTIONS (dbserver '//dbserver.example.com/ORADB');

test=# CREATE USER MAPPING FOR postgres SERVER oradb
OPTIONS (user 'orauser', password 'orapass');

Terniepb MOXXHO NMPUCTYNATh K IMOTYYEHUIO JaHHBIX. Sl TpefnoYnTar UCIoab30-
BaTb KOMaHy IMPORT FOREIGN SCHEMA, KOTOpasi UMIIOPTUPYET OIpefeneHus JaHHbIX.
OHa co37aeT BHEIIHIOW TabIUILy IJis KaKI0ii TabauIIbl B yAAJIEHHON CXeMe, Mocie
Yyero MOKHO JIeTKO UMTaTh faHHbie 13 Oracle.

Camblit TPOCTO¥ CII0CO6 BOCIIOMb30BATHCS MMIIOPTOM CXeMbI — CO3JaTh OTIe/b-
HbIe cxeMbl Ha cTopoHe PostgreSQL, Kyma 6yoyT MMITIOPTMPOBAThLCS Tabiuiibl. B mmo-
cJie[HEM paszesie 3TOi IMIaBbl I0Ka3aHo, KaK 3TO AeIaeTcs B (JIydae repeHoca JaH-
HbIx 13 MySQL/MariaDB. VimeliTe B BUIy, 4TO KOMaHAa IMPORT FOREIGN SCHEMA — yacThb
crangapra SQL/MED, noatoMmy npouecc oguHakoB yTo nasa MySQL/MariaDB, uto
nyst Oracle. DTo OTHOCKUTCS IPAKTUUECKU K JTI0607 06epTKe BHEIIHMX JAHHbIX, KO-
TOpas noguep>xuBaeT KomaHay IMPORT FOREIGN SCHEMA.

Xors pacmypeHnue oracle_fdw menaer 3a Hac GOJBIIYIO YacTh paboThI, BCE Ke
MMeeT CMBIC/ TIOJII060TIBITCTBOBATD, KAK COMOCTABIISIIOTCS] TUITHI TaHHBIX. B Orac-
le u PostgreSQL Habop TUIIOB JaHHBIX Pa3jiMyeH, & UX COMOCTaBIeHKe MOKHO
160 opyunTh oracle_fdw, 1160 BBITIOTHUTH CAMOCTOSITEIBHO. B Tab/uile HIsKe
MOKAa3aHO COOTBETCTBME TUIIOB JaHHBIX: ¢yieBa — Tuibl Oracle, cripaBa — TUIIbI
PostgreSQL.


https://github.com/laurenz/oracle_fdw
https://github.com/laurenz/oracle_fdw
http://www.oracle.com/technetwork/topics/linuxx86-64soft-092277.html
http://www.oracle.com/technetwork/topics/linuxx86-64soft-092277.html
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Tunbl Oracle Tunbi PostgreSQL

CHAR char, varchar, text

NCHAR char, varchar, text

VARCHAR char, varchar, text

VARCHAR2 char, varchar, text

NVARCHAR2 char, varchar, text

CcLoB char, varchar, text

LONG char, varchar, text

RAW uuid v bytea

BLOB bytea

BFILE bytea (Tonbko ans uTeHMS)

LONG RAW bytea

NUMBER numeric, float4, float8, char, varchar, text
NUMBER(n,m) ¢ m<=0 numeric, float4, float8, int2, int4, int8, boolean, char, varchar, text
FLOAT numeric, float4, float8, char, varchar, text
BINARY_FLOAT numeric, float4, float8, char, varchar, text
BINARY_DOUBLE numeric, float4, float8, char, varchar, text

DATE date, timestamp, timestamptz, char, varchar, text
TIMESTAMP date, timestamp, timestamptz, char, varchar, text
TIMESTAMP WITH TIME ZONE date, timestamp, timestamptz, char, varchar, text
TIMESTAMP WITH LOCAL TIME ZONE | date, timestamp, timestamptz, char, varchar, text
INTERVAL YEAR TO MONTH interval, char, varchar, text

INTERVAL DAY TO SECOND interval, char, varchar, text

MDSYS.SDO_GEOMETRY geometry

Eciu BbI cob6MpaeTech MCIIOAb30BaTh TeOMeTpuyUecKye JaHHble, TO He 3a6ymbTe
YCTaHOBUTH paciiupeHue PostGIS.

Henmocratoxk pacuinpenns oracle_fdw 3akitoyaeTcs B TOM, YTO OHO He MOJKeT Iie-
peHecTH MpoIeayphl. XpaHMMbIe POIIeyPhI — Belllb crienyduyeckast, s UX repe-
HOCa He0OXOMMO BMEIIATe/IbCTBO UeoBeKa.

Mcnonb3oBaHue ora2pg ansa nepexopa ¢ Oracle

JIromu nepexomuau ¢ Oracle Ha PostgreSQL 3am0/ro A0 MosIBJIEHMSI 06€PTOK BHEII -
HUX JAHHBIX. BbICOKAsI CTOMMOCTD JIMI[€H3UY TaBHO BbI3bIBaeT HEJOBOIbCTBO MOJIb-
30BaTesielt, MO3TOMY ykKe MHOTrO jieT nepexof, Ha PostgreSQL mpexncraBisieTcs ec-
TeCTBEHHBIM pellleHNeM.

AnprepHaTuBa pacimiupeHnuio oracle_fdw — mporpamma ora2pg — CyleCTByeT MHOTO
JIeT, ee MOKHO CKauvaTh C caira https://github.com/darold/ora2pg. 3TOT CKpPUIIT, Ha-
MMCaHHbIN Ha Perl, mepeskui yske MHOTO BEpPCUIA.

[TepeyeHb BO3MOXKHOCTEV Ora2pg BIleUYaT/IsIeT:

O mepeHOC Bceit cxeMbl 6a3bl JaHHBIX, BK/TIOUast TaOIUIIbI, IPeCTaBIeHMS, TT0-

CJ1ef0BaTeIbHOCTU U MHIEKCHI (OTpaHMUYEHUSI YHUKAIbHOCTH, IEPBUYHOTO
KJII0Ya, BHEIIHEro KJ0ua 1 MPOBEPOYHbIE);


https://github.com/darold/ora2pg
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TepeHocC MpaB MoJib30BaTeseli U rPyIn;
TepeHOC CeKIMOHMPOBAHHBIX TAONII,
CIOCOGHOCTh SKCIIOPTUPOBATh IIpefolpene/ieHHble (PYHKINUM, TPUTTEPHI,
MPOLeayPbI, TAKETHI U TeJIa TaKeTOB;
TIOJTHBII MJIY YaCTUYHBIN (C yka3aHueM ¢pa3sl WHERE) TTlepeHOC JaHHbIX;
TOTHOIIeHHas noaaepskka BLOB-06bekToB Oracle ¢ mMOMOIIbIO TUITA JaHHbIX
PostgreSQL bytea;
CITOCOOHOCTD 3KCIIOPTUPOBATh mpencTaBaennus Oracle B Bume Tabmuiy Post-
greSQL;
CITOCOOHOCTD SKCITOPTUPOBATD ITOJIb30BATENbCKYE TUTTBI TaHHbIX Oracle;
6a3oBoe aBTOMaTHUeckoe rpeobpasoBanmne PL/SQL-koma B PL/pgSQL-kof,.
OTMeTHM, U4TO IMOTHOCThI0 aBTOMAaTHYeCKoe ITpeo6pa3oBaHme BCETo Koaa Bce
ke HeBO3MOXKHO, HO 3HaUMTeIbHAasl ero 4acTh IIpeodpasyeTcs aBToMaTuye-
CKU;
CIIOCOGHOCTH 9KCITOPTUPOBATh Tabmuikl Oracle B Bue BHenrHux (FDW) Ta6-
JIALL;
CITIOCOOHOCTD 9KCIIOPTUPOBATh MaTepUaIN30BaAHHbIE TPECTABIEHMS;
dhopMupoBaHye TOAPOOHBIX OTYETOB O COIEePKMMOM 6a3bl JaHHbIX Oracle;
OIleHKa CIIOKHOCTU ITpoliecca mepeHoca 6a3sl JaHHbIx Oracle;
oleHKa ctoumocTy nepeHoca PL/SQL-kopa;
CIIocoGHOCTDb reHepupoBaTh XML-daiibl 4151 MHTerpaTopa JaHHbIX Pentaho
(Kettle);
CITOCOOHOCTD IKCITOPTUPOBATh HaHHbIe Oracle Locator u MpocTpaHCTBEHHbIE
reomeTpudeckue gaHHole B PostGIS;
CITOCOOHOCTDH SKCIIOPTMPOBATh CCHUIKM Ha 0asbl JAHHBIX B BUIE O0EPTKMU
BHeIIHMX JaHHbIX Oracle FDW;
CITOCOOHOCTD SKCITOPTUPOBATH CMHOHMMBI B BUJIE TIPEICTaBIEHNI,
CITOCOOHOCTD IKCIIOPTUPOBATH KATAJIOT B BUJIe BHEIIHE! TabIUITbI MM KaTa-
Jiora [jis paciumupeHns external_file;
CITIOCOOHOCTD pacIpenesaTh IepeveHb 3aauy Ha SQL MeXay HeCKOIbKUMU
noaxk/iardeHnsimu K PostgreSQL;
CIIOCOGHOCTh BBIUMCIATh pasHuily (diff) mesxkmy 6asamu manHbix Oracle
u PostgreSQL st mpoBepKu.

Ha mepBblit B3IUISI, MOKET MIOKA3aThCsI, UTO PaboTaTh C ora2pg TpyaHo. Ho B meii-
CTBUTEJIBHOCTM 3TO TOpa3Ao mpole, yeM KaxkeTcs. [I[porpamma 3arryckaeTcs ciie-
IYIOIIYM 00pa3oMm:

cOo O 00 00O

¢ 0 00 O O 00000 ©

[usr/local/bin/ora2pg -c /some_path/new_ora2pg.conf

Ilyis paboThl ora2pg HEOOXOOUM KOHGUIYpaLMOHHbBIN (aji, comepsKkalimii BCIO
MHpOpMAIINI0, HEOOXOOMMYIO /IS YIIpaBjaeHUs MpoieccoM. ITo YMOMTUYaHUIO STOT
(aiis1 MOKHO pacCMaTPMBATDh KaK OTIIPABHYIO TOUKY [I/Is1 OOJBIIMHCTBA 3a/1a4 Iepe-
HoOca. B TepMuHONIOrMM ora2pg MpoIiecc rmepeHoca Ha3bIBaeTCsl IPOEKTOM.

KoHburypalius onmcbiBaeT Bech POeKT. Bo Bpemst paboThI ora2pg CO3aeT KaTa-
JIOTM, B KOTOpbIE [TOMEIIIAI0TCs BCe JaHHbIe, SKCIIOpTMpoBaHHbIe 13 Oracle:
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ora2pg --project_base /app/migration/ --init_project test_project
Creating project test_project.
/app/migration/test_project/
schema/
dblinks/
directories/
functions/
grants/
mviews/
packages/
partitions/
procedures/
sequences/
synonyms/
tables/
tablespaces/
triggers/
types/
views/
sources/
functions/
mviews/
packages/
partitions/
procedures/
triggers/
types/
views/
data/
config/
reports/

Generating generic configuration file
Creating script export_schema.sh to automate all exports.
Creating script import_all.sh to automate all imports.

Kak BuauM, mporpaMma reHepupyeT CKPUIITHI, KOTOPbIE 3aTeM MOXXHO BBITION-
HUTD. Pe3ynbrupymomnime nanHble 6e3 Tpyma uMnoptupyioTtcs B PostgreSQL. Bympre
TOTOBBI BHECTY HEKOTOPbIE TTPABKM B MPOIleAyphl. He Bce mopmaeTcss aBToMaTnye-
CKOMY ITePeHOCY, TaK UTO PyUHOE BMEIIATeIbCTBO — BEIl[b OKUAaeMasl.

PacnpocTpaHeHHble NoABOAHbIE KAMHU

CylecTByeT ps MPOCTEMIINX CUHTAKCUUYECKMUX 3JIEMEHTOB, KOTOpble paboTaioT
B Oracle, Ho MmoryT He pa6oratb B PostgreSQL. B 3ToM paszesie nepeuncieHbl caMble
Ba’skKHBIE M3 TaKMX IOJBOAHBIX KaMHeI1. PasyMeeTcs, CITMCOK JaeKo He TTO0JI0H, HO OH
YKa3bIBaeT B IIPaBMIbHOM HaIlpaBIeHUN.

B Oracle MOXKHO BCTPETUTD TaKyI0 KOMaHIYy:

DELETE mytable;

B PostgreSQL aTa KOHCTPYKLMST HEeIIPaBUIbHA, T. K. B KOMaHe DELETE HeoOXomu-
MO KJIF0UeBOe CJI0BO FROM. BripoueM, 3TO J1erko MoIpaBUTb.
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Cnenmyroiast mpobjaema:
SELECT sysdate FROM dual;

B PostgreSQL HeT HU yHKUMM sysdate, Hu Tabnuiisl dual. C dual pasobparbes
JIETKO, IOCTaTOYHO CO3/aTh IpefcTaBieHne, colepskaiiee ofHy CTpoky. B Oracle
Tabnuiia dual ycTpoeHa cieyonMM 06pa3om:

SQL> desc dual
Name Null? Type

DUMMY VARCHAR2(1)

SQL> select * from dual;
D

X
B PostgreSQL Toro xe aderra MOKHO LOOUTHCS, CO3/1aB MPeCTaBIeHNe:
CREATE VIEW dual AS SELECT 'X' AS dummy;

[Tpobnemy ¢ hyHKIIMel sysdate TOKe JIETKO PeIInTh, 3aMeHUB ee GyHKImeit clock_
timestamp().

Emie omHa TuUnMuHas mpobjiemMa — OTCYTCTBME HEKOTOPbIX TUIIOB JaHHBIX, Ha-
npuMep VARCHAR2, I HEKOTOPBIX CIlelMabHbIX QYHKINIA, KOTOPbIe MOAaepKMUBAET
TonbKo Oracle. [Ijist paspenieHust 9TUX TPYIHOCTE MOXKHO YCTAaHOBUTD paciiMpeHme
orafce, KOTOpOe MpenoCTaB/sIeT GOJBIIYIO YaCTh HeJOCTAMIIel (YHKIIMOHATbHO-
cTu. [I7s ToiydyeHusl TOTIOJIHUTEeNbHBIX CBeeHUIl 3aiiauTe Ha caiT https://github.
com/orafce/orafce. 9To pacuiMpeHue CyiecTByeT yske MHOTO JIET, U €My MOXHO J10-
BEpSITh.

HenaBHee uccnenoBanne (mposegenHoe NTT) mokasano, yTo paciuupeHue orafce
IT03BOJISIET BBITTOMHUTH B PostgreSQL 73 % SQL-kopga, HanmcanHoro st Oracle, 6e3
KaKoii-11n60 Momudukanm.

OnHa 13 caMbIX U3BECTHBIX JIOBYIIIEK — CMHTAKCUC BHEITHUX coeAHeHmnii B Ora-
cle. PaccmoTpum nipuMep:

SELECT employee_id, manager_id
FROM employees
WHERE employees.manager_id(+) = employees.employee_1id;

PostgreSQL He moagepskuBaeT ¥ HUKOrIA He OyaeT MoAaepKuBaTh TaKoi CUH-
Takcuc. [ToaToMy yKazaHHYI0 KOMaHAYy HY>KHO MepeniucaTh Kak MojoXkeHO. 3HakK +
B 9TOM KOHTeKCTe — cyryoas creiuduka Oracle, oT KOTOpoii ciiegyeT n36aBUThHCS.

ora_migrator - 6bicTpas murpauus Oracle B PostgreSQL

B cuty crieninduky cBoeit paboThl MHE He pa3 JOBOAMIOCH OCYLIECTBIISITh ITePEXO]
u3 Oracle B PostgreSQL. Ho nHorma Bo3HuKay mpo6ieMbl € IIOVMCKOM MHCTPYMEH-
Tapusi, TOYHO OTBEYAKONIET0 MOUM Lie/siM. MHe Tak 1 He yAaJI0Ch HATU UAeanbHbI
MHCTPYMEHT, KOTOPbIV MOT GbI OBICTPO IIEPEHOCUTD IIPOCThIE Oa3bl JAHHBIX, HE IThI-


https://github.com/orafce/orafce
https://github.com/orafce/orafce
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Tasich OPaThCS 3a CJIOKHBIE Bellly (C KOTOPBIMM, BO3MOYKHO, He CIipaBuUICs ObI). ToT-
Jia §1 peluT HalucaTh MHCTPYMEHT cam. BmecTe ¢ cOTpyIHMKaMU MbI pa3paboTanmn
MporpaMMy Ha OCHOBe oracle_fdw, KoTopas obramaeT MHGPACTPYKTYPOIt IJIsT oTIpe-
JleJIeHVsI TUITOB TaHHBIX Ha cTopoHe PostgreSQL 1 ymeeT 3arpyskathb JaHHbIE ObICT-
po u acddexrtuBHO. Ko Bcemy mmpouemy, oracle_fdw yMeeT He TOIHKO MOJKIIOYATHCS
K Tabiuile, HO 1 MPeo6pa3oBbIBATh PE3Y/IbTAT 3ampoca B Tabiuiy PostgreSQL. ITo-
sToMy oracle_fdw — IIpekpacHasi OCHOBA JIJisl pa3paboTKy CpefiCTBa ePeHOCa.

Kak pabomaem ora_migrator?
EcTecTBEHHO BO3HMKAET BOMPOC: KaK paboTaeT ora_migrator? Pas6epemcs. ITpexk-
Ile BCero ora_migrator MOAK/IIOUaeTCS K cucTeMHOMY Katanory Oracle u kommpyet
JaHHbIE B IIPOMEKYTOUHYIO CXeMy B 6a3e maHHbIX PostgreSQL. DTo KITIOY K yCIIEXY,
MTOCKOJIbKY HaM HeT HYsK/Ibl pa3bMpaTh BeCh KOJ, HamcaHHblii Ha Oracle SQL, v mbI-
TaThCsI KOHBEPTUPOBATH ero. O6pamasich K CMCTEMHBIM TabIMIIaM HAIIPSIMYTO, Mbl
MOXeM coOpaThb Bce HeoOxopuMmoe Ha cropoHe PostgreSQL camMmocTOSITeNTbHO, UTO
ropasio mpoliie 1 HagexHee. B pacipennn oracle_fdw ecTh Bce He0OXOAMMBIE 11T
3TOT0 MeXaHM3Mbl, TaK UTO HaM HYKHO TOJIbKO HaIMucaTh CBOV KO, TTOBepX HeTO.

3aTeM ompeneeHMs] TaHHBIX KOUpPyIOTcs u3 Oracle B MpoMeXyTOUHYIO CXeMy
PostgreSQL. imest B TOM, UTOOBI ITO34HEE MOKHO OBIIO MI3BMEHUTH CTPYKTYPY Tabmm-
LBl U TUIIBI JaHHBIX. oracle_fdw OTINYHO CIIPABJISIETCS C ONpefeneHieM CTPYKTYPbI
IaHHbIX B PostgreSQL, HO He MOKeT 3HAaThb HaBEpPHSKA, YTO HaM HY>KHO. [ToaTomy
JIydiiie BBITIOTHUTD 3TOT IMTPOMEKYTOUYHbBIN 1Iar repel; OKOHUaTeIbHbIM TIepeHOCOM
IaHHbIX B PostgreSQL.

Ha HameM cajiTe yCTpOMCTBO ora_migrator OMMCAaHO BO BCEX MOAPOOHOCTSIX: https://
www.cybertec-postgresql.com/en/ora_migrator-moving-from-oracle-to-postgresql-
even-faster/.

6 JTO OTKPbITbIM KOA, KOTOPbIA MOXHO MCMOMb30BaTh HecnnaTHo.

Mepexon 13 MYSQL vnn MARIADB HA PosTGRESQL

WTak, MbI y>kKe YCBOMIM HECKOJIbKO IIEHHBIX YPOKOB O Tepexome u3 Oracle B Post-
greSQL. [Tepexon n3 CYB/, MySQL mnau MariaDB Ha PostgreSQL npomusBoauTcs go-
BOJIbHO JIETKO, 10 cpaBHeHmIo ¢ Oracle mau Informix. Ho y Informix u Oracle ectb
ofHA 00IIast uepra: OHU COOMIOMAIOT orpaHuMyeHust CHECK ¥ KOPPEKTHO paboTaioT
C TUIIAMM JaHHBbIX. BooOIIe, MbI MOXXeM 6e3 OIacky IpeAIoaaraTh, UTo JaHHbIE
B 9TUX KOMMEPUECKUX CMCTEeMaX KOPPEKTHbIe, He HapyIIaloT 6a30BbIX MTPABUII Lie-
JIOCTHOCTY M He UAYT Bpa3pes CO 34, PaBbIM CMBICIOM.

Cnepnyroliuit Halll KAHAMIAT He TAKOB. MHOTOe 113 TOT0, UTO Bbl 3HAETE O KOMMep-
yeckMux 6asax mJaHHbIX, K MySQL Henmpumenumo. @pasa NOT NULL Majio 4TO 3HAUUT
171t MySQL (ec/iut TOJIBKO BBI IBHO He YCTAHOBUTE CcTporuii pexkum). B Oracle, Infor-
mix, Db2 1 Bcex ocTanbHbIX M3BecTHBIX MHE CYB]I NOT NULL — 3aKOH, KOTOPbIii HeJIb-
351 HapyuIaTh HU MPU KaKUX 00CcTosITeNbCTBaX. MySQL 110 yMO/uaHUIO HE OTHOCUT-


https://www.cybertec-postgresql.com/en/ora_migrator-moving-from-oracle-to-postgresql-even-faster/
https://www.cybertec-postgresql.com/en/ora_migrator-moving-from-oracle-to-postgresql-even-faster/
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CSI K 3TUM OTPaHMUYEHMSIM CKOIBKO-HUOYIb CePhe3HO (XOTS OymeM CIIpaBeljIuBbI,
B MOC/IeIHUX BepCUIX 9TO U3MEHWJIOCh — CTPOTUIL PeKUM Telepb M0 YMOTUaHUIO
BKJIIOUEH, HO BO MHOTUMX CTapbIX 6a3ax JAaHHBIX MO-TPEKHEMY JIeIICTBYIOT CTapble
ymommuaHus). B mpoliecce mepeHoca 3TO co37aeT cepbe3Hble pobyieMbl. UTo fenaTh
C IAHHBIMU, KOTOPBIE, C TEXHUUECKO TOUKM 3peHMs], HeKOPPeKTHbI? Eciin B cTON6-
e ¢ orpanuuenyiem NOT NULL BOpYT oGHapy>kKMBaeTcs Kyua 3HaueHuit NULL, KaK MBI
IOJDKHBI UxX 06pabaTteiBaTh? Her, MySQL He BcTaBisieT NULL-3HAUEHUS B CTOMOLIBI
Buaa NOT NULL. OHa moCTyTiaeT uHave — BCTaBJ/sIeT MYCTYIO CTPOKY MJIM HOMb B 3aBU-
CUMMOCTY OT TUIIA JAHHBIX. BBIIJISIAUT BCe 9TO KpaliHe HeMpusITHO.

O6pabotka paHHbIX B MySOL 1 MariaDB

Kaxk BbI, HaBepHOe, 3aMEeTU/IM, KOTJa peub 3aXOJUT O 6a3ax MaHHbBIX, S JaJIeK OT
6ecripucTpactHocTi. Ho 1 He co6uparoch 1o 3Toii mpuunuHe rpy6o oxansatb MySQL
u MariaDB. Hama HacTosimas nenb — noHsith, nouemy MySQL 1 MariaDB Bbi3biBa-
IOT TaKMe CJIOKHOCTH. Y MO MPUCTPACTHOCTM €CTh OCHOBAHMUSI, U 51 XOUy 0ObsIC-
HUTb, B UeM Jes10. Bce Te Bely, C KOTOPBIMU HaM IIPEACTOUT CTOIKHYTHCS, ITYTal0T
U UMEIOT Cepbe3Hble MOCIeCTBUS [IJIs IIpoliecca IlepeHoca B LiesIoM. 5 yke ckasall,
yTo MySQL - 9TO HEYTO 0COGEHHOE, U TeIePh MOMbITAI0Ch 060CHOBATb CBOIO TOUKY
3peHusl.

[ToBTOpIO, UTO B IpMMepax HIUKe MBI [IpefIioaaraeM, YTo B Toit Bepcuut MySQL/
MariaDB, ¢ KOTOpoii MbI paboTaeM, CTPOTHMII PEXKUM BBIK/IOUEH. Tak OHO U GbLIO,
KOT/Za 51 Tucas MepBblii BapMaHT 3Toi m1aBbl (Bo BpeMeHa PostgreSQL 9.6). Korma
BbItia Bepcust PostgreSQL 10.0, cTporuit peskum ObLT y3Ke 0 YMOTUAHUIO BKITIO-
YeH, TaK UTO GOJIbIIast YaCTh CKA3aHHOTO HYKE OTHOCUTCS K 60JIee CTapbhIM BEPCUSIM
MySQL/MariaDB.

Iyig Havasa co3MaiuM POCTYIO TabmuILy:

MariaDB [test]> CREATE TABLE data (
id integer NOT NULL,
data numeric(4, 2)

);
Query OK, 0 rows affected (0.02 sec)

MariaDB [test]> INSERT INTO data VALUES (1, 1234.5678);
Query OK, 1 row affected, 1 warning (0.01 sec)

[Toka uTO HMUEro ocobeHHoro. MbI co3manu TabMuIly ¢ AByMs cTonbiamu. Ilep-
BbIif CTOJI0€1] IBHO omycaH Kak NOT NULL, a BTOpOJi, 10 upee, O/DKeH ComepsKaTh Umc-
JIOBOEe 3HaueHue, copepkailnee He 6oyee uerhipex udp. Y HakoHel, Mbl 106aBu-
JIV HUYEM He TIpMMevaTe/bHYI0 CTPOKY. BbI BUauTe, THe 3a0keHa 60Mb6a, roToBast
BOT-BOT B30pBarthcsi? Ckopee Bcero, HeT. Ho maBariTe mMOCMOTPUM Ha (JIEAYIOIILYIO
pacrevarTky:

MariaDB [test]> SELECT * FROM data;
R +

| id | data |
R SELEETE +
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| 1] 99.99 |
T T +
1 row in set (0.00 sec)

Ewii MHe He M3MeHSIeT TaMSITh, MbI ITBITAJIUCh 106ABUTh BOCbMIM3HAYHOE YKCIIO,
" 3TO BOOOIIE He O/DKHO 6b110 paborath. OnHako MariaDB mpocTto B3suia 1 n3me-
HUIa Moy JaHHble. KOHeUHO, BhIIaHO TpeayIpeskaeHne, HO Kakas pa3sHuIla, ecimn
CofepsKMMOe TabIMUITBI HUKAaK He COOTHOCUTCSI C TeM, UYTO GbIJIO BCTABIEHO HAa CAMOM
nesne?

[Torrpo6yem mpojenaTth TO ke camoe B PostgreSQL:

test=# CREATE TABLE data

(
id integer NOT NULL,

data numeric(4, 2)
)s
CREATE TABLE
test=# INSERT INTO data VALUES (1, 1234.5678);
OWMBKA: nepenojiHeHWe noss numeric
MOAPOBHOCTN: none C TOYHOCTbW 4, NOPAAKOM 2 JONXHO OKPYrAATbCA AO
abCoMNTHOTrO 3HAYeHMA MeHblie, yem 1072,

Tabauiia cosmaHa, Kak ¥ paHblile, HO KapauHalibHOoe oTinuye ot MariaDB/MySQL
COCTOUT B TOM, 4TO PostgreSQL BbIgaeT OmmOKY IPU IMOMBITKE BCTABUTH B TAOIUITY
HefoImycTUMoOe 3HaueHMe. Kakoii CMbIC/I YeTKO yKa3bIiBaTh, UeT0 Mbl XOTUM, €C/Iu
6a3a JaHHBIX TUTIOET Ha 3T0? [IpecTaBbTe, UTO Bl BRIMTPAJIM B JIOTEPEIO, a CUCTEMA
He BbIJIaJ1a TIapy MWIIMOHOB J0J/UIapOB, IOTOMY UTO PeInia, YTO TakK IS Bac 6ymeT
snyue!

Bcro ¢BO1O >X1M3HB 51 cpaxkaroch ¢ KomMepueckumy CYB]l, HO HUKOTra He BCTpedas
HMYEro MoJo0HOro HM B KAaKOW JOporyuieii KomMmepueckoii cucreme (Oracle, Db2,
Microsoft SQL Server u T. 11.). Y HUX, KOHEUHO, €CTh CBOM IIPOOGJIE€MbI, HO K TaHHbIM
OHM OTHOCSITCST 6epeskHO.

H3meneHue onpedeneHuss cmoaoyo6

[TocMOTpPMM, UTO MTPOM3O0IIET, €C/IM MbI [TONMPOOYEM M3MEHUTh OIpe/eieHne Tad-
JINIIBI:

MariaDB [test]> ALTER TABLE data MODIFY data numeric(3, 2);

Query OK, 1 row affected, 1 warning (0.06 sec)
Records: 1 Duplicates: 0 Warnings: 1

Bor oHa, mpo6iema:

MariaDB [test]> SELECT * FROM data;
S ST +
| 1d | data |

1 row in set (0.00 sec)
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Kaxk BuauTe, maHHbIE CHOBA MOAM(UIIMPOBAHbBI. DTOTO HE JO/DKHO GbLIIO ObITH 13-
HavyaJbHO, HO CIYYMJIOCH OIISITh. MBI ellle pa3 MOTIM Obl TTOTEPSITh TeHbIM U elIe
KaKue-TO IIeHHOCTH, ToToMy 4To MySQL cTpeMuUTCs 6bITh YMHEe Hac.

A BOT Kak 3TO BbIIsIauUT B PostgreSQL:

test=# INSERT INTO data VALUES (1, 34.5678);
INSERT 0 1
test=# SELECT * FROM data;
id | data
..... e
1| 34.57
(1 cTpoka)

Terepb U3MEHUM OTpee/ieHne CToIoA:

test=# ALTER TABLE data ALTER COLUMN data TYPE numeric(3, 2);
OWWBKA: nepenosHeHne nosia numeric

MOAPOBHOCTWA: none C TOYHOCTbW 3, MOPAAKOM 2 [OJNXHO OKPYrAATbCA A0
abCoONNTHOrO 3HAYeHWs MeHbue, uyem 1071,

U cHoBa PostgreSQL BbiaeT oumMbKy, He TI03BOJISISI HAM U3TaAUTh JaHHbIe. 1 Ta-
KOTO 3Ke TIOBeJIeHMsI MbI O3KMZaeM OT Jit000ii apTroputeTHo CYB]I. [paBuiio mpoc-
Toe: PostgreSQL u gpyrue 6a3bl He IMO3BOJSIOT HAM YHUYTOXUTb COOCTBEHHbIE
JaHHbIE.

OpHako koe-uTo PostgreSQL rmo3BosisieT caenaThb:
test=# ALTER TABLE data

ALTER COLUMN data TYPE numeric(3, 2) USING (data / 10);
ALTER TABLE

MbI MOKEM SIBHO CKa3aThb CUCTEMe, UTO Ae/laTh. B JaHHOM C/Tyyae MbI SICHO yKa-
3aJI1, YTO 3HaUeHMe CTOIOIA HYKHO pasmenuThb Ha 10. Pa3paboTumk BIipaBe 3a4aTh
sIBHBIE IIpaBia, KOTOpbIE CIeayeT IPUMEHNUTD K JaHHbIM. PostgreSQL He mbiTaeTcst
OBITh YMHEe BCeX — U He 6e3 MPUUMHBI:

test=# SELECT * FROM data;

id | data

..... [ R
1] 3.46

(1 cTpoka)

IlaHHbIE 3MeHEeHbI TOYHO TaK, KaK MbI " XOTeJIN.

Oopabomxka 3HaueHuii null
MbI He XOTUM TpeBpAIaTh 3TY IIaBY B XKayI06bI HAa TO, YTOo MariaDB — moxas CYB/I,
HO 3TOT NOCJIeNHWIE IpUMep, Ha MOJi B3I/IS1[L, OYeHb Ba)KeH.

MariaDB [test]> UPDATE data SET id = NULL WHERE id = 1;
Query OK, 1 row affected, 1 warning (0.01 sec)
Rows matched: 1 Changed: 1 Warnings: 1

Cronbers id SBHO IToMeueH Kak NOT NULL:
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MariaDB [test]> SELECT * FROM data;
TR +

| id | data |

S BT +

| @ ] 9.99 |

s ST +

1 row in set (0.00 sec)

OueBuaHo, MySQL 1 MariaDB nonarator, uto null u Hoib — ogHO 1 TO Ke. [Torpo-
OyI0 TTPOMJUTIOCTPUPOBATD ITY MPOO6IEMY C TTOMOIILIO MTPOCTOI aHAOTUM: 3HATD,
YTO B GYMaskHMKE HMUETO HeT, M He 3HaTh, CKOJIbKO B HEM JIeHeT, — COBCEM He OJTHO
1 TO ke. Korma st muiiy aTu CTPOKM, S He 3HAI0, CKOIIbKO Y MeHs ¢ co60ii neHer (null
= unknown), HO 5T aBCOJTIIOTHO YBEpPEH, UTO OOJIbIIIEe HYJ/IS (S TOUYHO 3HAI0, UTO UX XBATUT,
YTOOBI 3aIIPaBMUTh MOIO JIACTOUKY I10 ITyTU JIOMOI 13 a3pOIIopTa, YTo ObIIO ObI 3a-
TPYAHUTEIHHO 6€3 rpolia B KapMaHe).

Bor erie 60see TMyraroumii ClieHapuit:

MariaDB [test]> DESCRIBE data;

Hmmmmmn ECEEE T Hmmmmn Hmmmm e R Hmmmmm +
| Fleld | Type | Null | Key | Default | Extra |
T R EEEEEE LT B oo +
| id | int(11) | NO | | NULL | |
| data | decimal(3,2) | YES | | NULL |

Hmmmmmn  EEEEETT T Hommm- tonm- Fommmmmnas Hmmmmma- +

2 rows in set (0.00 sec)

MariaDB moMHMT, uTO cTos6er 6bUT ToMedeH Kak NOT NULL, HO B ouepemHoii pa3
M3MeHsIeT JaHHbIe, KOTOpbIe Bbl 3a1a/IN.

JKodume npo6iem

OcHOBHast Tpo6JieMa 3aKJII0YaeTcs B TeX HEIPUSITHOCTSIX, KOTOPbIe IPO3SIT HaM TPy
nepeHoce naHHbIX B PostgreSQL. [IpeAcTaBbTe, UTO MbI XOTUM Me€peHeCTU TaHHbIe,
u Ha ctopoHe PostgreSQL mmeeTcs orpannyerue NOT NULL. Mbl 3HaeMm, uto MySQL
Ha Hero HalieBaTh:

MariaDB [test]> SELECT

CAST('2014-02-99 10:00:00' AS datetime) AS x,
CAST('2014-02-09 10:00:00' AS datetime) AS y;

Hommm-- L E R +
[x |y |
Hommm-- o +
| NULL | 2014-02-09 10:00:00 |
R R TP +

1 row in set, 1 warning (0.00 sec)

PostgreSQL, 6e3yciioBHO, oTBeprHeT maty 99 deBpans (M 3TO NMpaBUIbHO), HO
u NULL He CMOXKeT IIPUHSITh, €C/IM 3TO SIBHO 3ampelieHo (M 3TO TOXe MPaBUIbHO).
Bam mpumeTcst Kak-TO MCIIPaBUTh JaHHbIE, YTOOBI OHM YIOBJIETBOPSIIM MIPaBUIaM
MOe/I, KOTOpble BBeIeHbl He 6e3 MPUUMHBL. 1 K 3TOMY He CJIeAyeT OTHOCUTHCS
C JIETKUM CeplieM, [IOTOMY UTO BbI CO6GMpaeTech MU3MEHUTH TaHHbIE, YETO B MMPUH-
LIMITE Ie/iaTh He CIenyerT.
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I1epe|-|oc AaHHbIX U CXEMbI

IMoce TOoro Kak s 06BSICHWI, IToYeMy Iepexon Ha PostgreSQL — 3mpaBasi MbICIb,
" 06pMCOBaJI HEKOTOPbIe HanboJIee cepbe3Hble TPYIHOCTH, HACTAI0 BpeMS paccKa-
3aTh O HECKOJIbKUX CII0c06ax 1M36aBUThCS, HaKoHell, oT MySQL/MariaDB.

HUcnonv3oeanue pg_chameleon

OnuH u3 crioco6oB mnepeiitu ¢ MySQL/MariaDB Ha PostgreSQL — BOCITOIb30BaThCSI
nporpammoit ®enepuko Kammonu (Federico Campoli) pg_chameleon, KOTOPYIO MOKHO
ckavaTh ¢ GitHub (https://github.com/the4thdoctor/pg_chameleon). OHa crielagabHO
paspaboTaHa 1151 IlepeHoca TaHHbIX B PostgreSQL 1 BBITIONHSIET 3a HAC Ky4dy pabo-
ThI, B T. 4. Ipe0OPa30BaHMe CXeMBI.

B 5T0I1 mporpaMme MOXKHO BbIZIE/INTDb YeThIpe OCHOBHBIX IIara.

1. pg_chameleon unTaeT cxembl u gaHubie 13 MySQL u co3paet cxemy B Post-

greSQL.

2. TIlporpamma 3amomuHaeT B PostgreSQL ocHOBHYIO MHGOPMAIINIO O MOIKIIIO-

yenun K MySQL.

3. B PostgreSQL co3marTcsi mepBUYHbBIE KIHOUM U UHOEKCHI.

4. JanuHble konupytoTcsi u3 MySQL/MariaDB B PostgreSQL.

ITporpamma pg_chameleon mogaepkuBaeT oCHOBHble DDL-KOMaHAbI, HaIIpUMep:
CREATE, DROP, ALTER TABLE 1 DROP PRIMARY KEY. OmHaKo B cuiTy camoii ipupoast MySQL/
MariaDB oHa He MoXxeT nogaepskatb Bce DDL-KoMaH/1bl ¥ OTpaHUUUBAETCS TOJIBKO
CaMbIMM BaXXHbIMM CpeICTBAMMU.

Ho aT0 emie He Bce. §I He pa3 noguepKuUBal, 4TO JaHHbIE He BCerna Takue, KaKUMU
IOJKHBI ObITh. ITogxom pg_chameleon K 3TOi IMpo6GieMe MPOCTOi: OHA OTOPAChIBAET
HEeKOPPEeKTHBIE JaHHbIe, HO COXpaHseT uX B Tabyuie sch_chameleon.t_discarded_rows.
KoHeuHo, 3TO HeuJleaTbHOE, HO — C YY€TOM HM3KOTO KaueCTBa BXOJHBIX JaHHBIX —
eIMHCTBEHHOe pa3yMHOe pellleHle, KOTOpoe MPUXOAUT MHe Ha yM. IlycTh pas-
paboTUMK CaM pelllaeT, YTo AeIaTh C HEKOPPEKTHBIMM CTPOKaMu; pg_chameleon He
MOXXeT U He [O/KHA IPMHMUMATD PelleHys 0 TOM, KaK [IOUMHUTh TO, YTO CJIOMaHO
KeM-TO JPYTUM.

B pa3paboTKy 3TOT0 MHCTPYMEHTA B IOC/IeHee BpeMs BIIOXKEHO HEMAJIO Tpya.
[MosTomy 51 MCKpeHHe peKOMEeHyI0 3arisIHyTh Ha ero crpaHuily B GitHub u mpo-
HITYIMPOBaTh JOKYMeHTaluio. [lo6aBIeHie HOBbIX BO3MOKHOCTE 1 MCIIpaBieHe
OIIMOOK MPOMCXOMAST MPSIMO Ceifuac — IoKa Bbl yMTaeTe 3TOT ab3all. HemocraTok
MecCTa He TT03BOJIsIeT MHe U3JI0KUTD BCe TTOIPOOHOCTH.

0 XpaHuMble npoLeaypbl, TPUITEpPbI M NPoYKe CneumanbHble 06bekTbl MOXXHO 06paboTaTh TONb-
KO Bpy4Hyto. B pg_chameleon HeT cpefcTB Ang MX aBTOMaTU4eCkon 06paboTku.

Hcnonv3oeaHue 06epmox éHeuIHUX OaHHbIX

Insa nepexoma ¢ MySQL/MariaDB Ha PostgreSQL ecTb He ofyH crioco6. AbTepHa-
TUBOJ pg_chameleon siBjisieTcst 06epTKa BHeITHMUX AaHHBIX (FDW), KoTopasi To3BosisieT
6BICTPO MMITOPTHPOBaTh B PostgreSQL cxemy u maHHbIe. BO3MOKHOCTb COEIVIHUTD
MySQL n PostgreSQL cymiecTByeT LOBOAbHO JaBHO, mo3Tromy FDW ompeneneHHO
3aCTy>KMBaeT BHUMaHMSI.
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B o61eMm, pacupenne mysql_fdw paboTaer, Kak Jito6ast mpyrast obeprtka. ITo cpas-
HEHUIO C APYyTUMU, MeHee 13BeCcTHbIMU FDW, mysql_fdw BecbMa pa3BUTO U IpefJia-
raeT ¢jiefylolye BO3MOXHOCTU:

O 3amuch B 6a3y MySQL/MariaDB,;

QO mnyn NopK/II0YeHn ;

O mnepeHoc ¢dpasbl WHERE Ha ymalieHHbIV cepBep (9TO O3HAYaeT, YTO QUJIBTPHI,
IIpUMeHsIEMbI€ K Tab/uIle, B IeICTBUTEIbHOCTY BBIMIOJHSIIOTCS B yIaJIEHHO
6a3e [IJis TOBBIIIeHNsI [TPOU3BOAUTEILHOCTH));

O orpaHuMueHue cocTaBa CTONOIIOB (M3 yaaJeHHO 6a3bl BIOMPAIOTCS TOTHKO
HeoOXOoOMMblIe CTOJIOLIbI; B PEKHMUX BEPCUSIX BHIOMPATCh BCE CTONOIIBI, UTO
MIPUBOAMIIO K YBEIMUYEHUIO CETEBOTO TpaduKa);

O mnoAroroBKa KOMaH/, Ha yaJieHHOM cepBepe.

Iy MCITONb30BaHMs paciuupenust mysql_fdw HeOOXOAMMO BBITIOJHUTH KOMaHIY
IMPORT FOREIGN SCHEMA, KOTOpasl ITO3BOJISIET BITOCIENCTBUM IIEPEHECTU JaHHbIe B Post-
greSQL. K cuacTbio, B Unix-cucreMax 3TO JOBOJBbHO MPOCTO CAenaTh. PaccMoTpum
MOCJIeIOBATEIbHOCTD IIIaroB MOAPOGHO.

[TepBbIM AenoM ckaunBaeM Kop, ¢ GitHub:

git clone https://github.com/EnterpriseDB/mysql_fdw.git
3arem komnmirpyem FDW. B Balei cucreme ImyT MOTYT OT/IMYATBCS OT YKa3aH-

HbIX HIpKe. S ipenmnonoxkui, uTo MySQL n PostgreSQL ycTaHOB/IeHBI B KaTaJIor [usr
/local, Torma Kak y Bac BCe MOXKET GbITh ITO-IPYrOMY:

$ export PATH=/usr/local/pgsql/bin/:$PATH
$ export PATH=/usr/local/mysql/bin/:$PATH
$ make USE_PGXS=1

$ make USE_PGXS=1 install

[Tocste TOro Kak Kof, OTKOMIMIMpoBaH, FDW MOKHO BKTIOUMTb B 6a3y JaHHbIX:
CREATE EXTENSION mysql_fdw;

Criepgyrounii mar — Co37aTh OIMCaHMe cepBepa, C KOTOPOTO Mbl XOTUM MePEHECTU
IlaHHbIE:

CREATE SERVER migrate_me_server
FOREIGN DATA WRAPPER mysql_fdw
OPTIONS (host 'host.example.com', port '3306');

3areM co3gaemM OT06pa)KeHI/Ie MOIb30BaTeNeN:

CREATE USER MAPPING FOR postgres
SERVER migrate_me_server
OPTIONS (username 'joe', password 'public');

V HakoHell, MPUCTyIIaeM K repeHocy. CHavasa HY>KHO MMITIOPTUPOBATh CXeMY.
51 peKOMeHAYI0 CO3/1aTh CIIeLMATbHYIO CXeMY /IS CBSI3aHHBIX TaOINII:

CREATE SCHEMA migration_schema;
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B xomaHze IMPORT FOREIGN SCHEMA MbI CMOXeM yKa3aThb 3Ty CXeMy B KauecTBe 1ie-
JIeBOJI — TOIA, e 6YAYT XpaHUTHCS BCe BHEIIHME TaOaUIIbI. A TI0 3aBepIleHn Iepe-
HOCa MBI ee IIPOCTO yOaINM.

ITo 3aBepuieHMM KOMaHIbl IMPORT FOREIGN SCHEMA MOKHO CO3[aTh peajbHbIe Ta0-
bl [Ipoiie Bcero coenaTh 3TO € ITIOMOLIBIO KITI0YEBOTo ¢10Ba LIKE, KOTOpoe MOXK-
HO yKasaTb B KOMaHje CREATE TABLE. OHO MO3BOJISIET CO3/IaTh JIOKAJIbHYIO TaGIUILY
B PostgreSQL ¢ Takoii ke CTPYKTYpOIJi, Kak y BHelllHeli. Hanpumep:

CREATE TABLE t_customer
(LIKE migration_schema.t_customer);

Terepb MOKHO IPUCTYIIUTD K TIEPEHOCY JAHHbIX:

INSERT INTO t_customer
SELECT * FROM migration_schema.t_customer

VIMeHHO Ha 3TOM IlIare MblI MOXK€M MCIIPABUTh JAHHbIE, UCKIIOUNTH HEKOPPEKT-
HbIe CTPOKM WMJIN MPONU3BECTU MUHVMAJIbHYIO 06pa60TKy AJaHHDbIX. YuuTtbiBast HU3-
KO€ KaueCTBO MCXOJHBIX TaHHbIX, TI0JIE3HO IIPUMEHUTb OrPaHMUEHIST [TOC/Ie TIePBOii
ITOTIBITKY ITepeHoca. TaKkoi oAX0od MOKET OKa3aThCs MeHee 601e3HeHHbIM.

I[Tocjie MMIIOPTA SAHHBIX MOKHO JOOABUTh OrpaHMUYeHNsT, MHIEKChI 1 mpouee. Ha
9TOM Il1are MOTYT OOHAPYKUTHCS BCE T€ HETTPUSTHBIE CIOPIIPU3bI, 0 KOTOPBIX S TOBO-
PWII BbIIIIE, [I09TOMY HE CTOUT OKIIATh, UTO JaHHbIE OYIyT HEMTOTPelnMbl. B cryuae
MySQL mMurpaiis MOKeT 0Ka3aThCsl OBOJIBHO CIOKHBIM ITPOLIECCOM.

PEe3ioME

B aT0i1 rmaBe Mbl y3Hanu o repexopne Ha PostgreSQL. Murpaiius — BaskHas Tema, o-
CKOJTbKY BCe G0JIbIlie HAPOAY MOMISIbIBAIOT B CTOpPOHY PostgreSQL.

B Bepcuu PostgreSQL 11 mosiBMI0Ch MHOT'O HOBBIX BO3MOKHOCTEH, B T. Y. BCTPO-
€HHOe CeKIMOHMPOBaHye. B 6yayieM Mbl YBUAMM IIPOrpecc BO BceX vacTsax Post-
greSQL, a 0co6eHHO B TeX, KOTOpbIe 06ecIieunBaloT 60iee BbICOKMIT YPOBEHb Mac-
mTabupoBaHus U Gosiee OBICTPOE BBIMIOJIHEHNE 3ampocoB. Ham erne mpencTouT
YBUIETb, UTO IMPUTIACIIO AJIS HAC Bymyliee.
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