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O KHure

— Jlo uero ke 3T0 Bce IpoCTO! — BOCKIAUKHY LITyHTHUK. — A 4 rie-To
YUTaJl, YTO MMCATENI0 HY>KEH KaKO¥i-TO BBIMBICE, 3aMbICEJL. ..

— D, 3aMblIces! — HeTeprenuBo nepebus ero CMeKaino. — 3TO TOMBKO
B KHUTAX TaK MUILIETCS, YTO HYKEH 3aMbICEJI, a TOMPo6Yyii 3aayMait
yTO-HUGYb, KOTTA BCe y3ke U 6e3 Tebst 3amymaHo! UTo HIf BO3SbMY —
BCe y3Ke ObUTO.

Hukomnait Hocos, ITpukaiouenus He3Hnatiku u e2o opy3eii

na Koro ata KHura

DTa KHUra JJist T€X, KOTO HE YyCTPpanBaeT pa60Ta ¢ 6a3o0it JaHHBIX KaK C YepHbIM
simukoM. Eciiu Bl .T[IO6O3HaTeJ'IbeI, He OOBOJIbCTBYETEeCh aBTOPUTETHBIMMU COBE-
TaMM 1 XOTUTE BO BCEM pa306paTbCH CaMI — HaM I10 IIyTH.

51 opueHTUPYIOCh HA UMTaTeNel, MMeIOIIMUX OINpeeleHHbI! OIbIT UCIIOIb30Ba-
Hus PostgreSQL u XoTst 6bI B 00LIVX UepTax MPeACTaB/SIoNNX cebe, YTO K UeMy.
[nst coBceM HOBMYKOB TEKCT OymeT TsokenmoBaT. Hampumep, s HM c10Ba He cKa-
5Ky O TOM, KaK yCTaHaBIMBATh CepBep, BBOAUTb KOMaH[bI B psql WM U3MeHSITh
KOH(UTYpalyoOHHbIe TTapaMeTpBhI.

Hapetoch, uTo KHMUTA OyIeT MOJIe3HOM U TEM, KTO XOPOIIIO 3HAKOM C YCTPOICTBOM
npyroit CYBII, Ho mepexoauT Ha PostgreSQL u xoueT pa3o6paThCst B OTIMUMSX.
HeckombKo jIeT Ha3a Takast KHUTa COKOHOMMIA ObI MHE MHOTO BpeMeHMU. VIMeH-
HO TM03TOMY I ee B KOHIle KOHLIOB M Hallucal.

Yero HeT B KHUre

JTa KHUTa — He COOPHMK pelenToB. Ha Bce cyyam SKM3HU FOTOBBIX pellleHU
He HaraceIibCs, a TOHMMaHMe BHYTPeHHel MeXaHMUKU CIOXKHOM CUCTeMbl laeT
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O KHuze

BO3MOYKHOCTh KPUTMUECKN TT€PEOCMBICIMBATD UysKOI OIBIT U ejaTh CBOM CO6-
CTBEHHbIE BBIBObI. [103TOMY S U OBGBSICHSIO TakMe MOAPOGHOCTM YCTPOICTBA,
3HAHME KOTOPBIX Ha IEPBbIii B3IJISI He MMeeT IIPaKTUYeCKOTO CMbIC/IA.

Ho ara kaura u He yuye6HuK. OHa yrryossieTcs B oqHu obactu (bonee MHTepec-
Hble MHE CaMOMY) ¥ 06XOAUT CTOpOHOI npyrue. Eciau BbI nsydaere SQL, o6paTu-
Te BHMMaHMe Ha yue6HUK EBreHust Moprysosa PostgreSQL. Octogbi si3bika SQL,
a HeoOXOIMMBII TeopeTuueckuil GyHaamMeHT aact Kuura bopuca HoBukoBa Oc-

HOBbI mexHono2ull 6a3 daHHbIx>

HaspIBaThCsl CITPaBOYHMKOM 3Ta KHUTA TOXe He MpeTeHayeT. I crapaicst ObITh
TOYHBIM, HO Y MEHS He ObLJIO LIe/IV 3aMEeHUTb KHUTOJ JOKYMEHTAIIMUIO, TT03TOMY
s1 JIETKO OITyCKaJl HeIPUHIIMIIMATbHbIE, HA MOV B3IVISIA, MMOAPOOHOCTHU. B 06071
HEMOHSITHOM CUTyalM YUTANTe JOKYMEeHTAalMIO.

Eme asta KHMra He yuyuT paspabaTtbiBaTh siipo PostgreSQL. SI He mpepmonarao
y unTaTtens 3HaHus s13bika C M OpUEeHTUPYIOCh Ha aIMUHUCTPATOPOB U MPUKIIAL -
HbIX pa3paboTuMKOB. XOTS U CChIIAIOCH TTOCTOSTHHO HAa MCXOIHBIN KO, U3 KOTOPO-
r'o MOXKHO Y3HaTh CTOJIBKO ITOAPOOHOCTEN, CKOITBKO AyIle YTOOHO, U Jaxke 60bIIIe.

UTo B KHUre eCTb

Bo BBOAHOJ% I71aBe 6e3 0COOBIX IeTajeli S Jal OCHOBHbIE MOHSTHS, HA KOTOPbIe
orupaeTcs Bce JajibHelilee MoBecTBOBaHMe. S Ipe/iosaraio, UTo Bbl He [Touepri-
HeTe U3 3TO IMIaBbl MTPAKTUUYeCKM HUYero HOBOTO, HO BCe-Taky BK/IIOUAI0 ee JIJist
TOJHOTBI KapTuHBI. K TOMy ke OHa MOXXeT IMPUTOJUTHCS TEM, KTO MepexoauT
¢ npyrux CYB/I.

IMepBast yaCcTb KHUTU ITOCBSIIIIEHA BOITPOCAM COTJIACOBAHHOCTU U U3OJISIIINU, KOTO-
pble s cliepBa pacCMaTpPUBAI0 C TTO3ULINMY TT0JIb30BaTesI (KaKue YPOBHM U30ISILIUU
CYIIIECTBYIOT ¥ YeM 3TO TPO3MUT), a 3aTE€M C TOUKM 3PEHMsI BHYTPEHHETO YCTPOTi-
CTBA. [IJIs 3TOTO MHE TIPUXOANTCS ITOTPY3UTDHCS B AETATY peaan3aluu MHOTOBep-
CMOHHOCTM Y U3OJISIIMY HAa OCHOBE CHMMKOB JaHHbIX. OCO6OeHHO MHOTO BHMMA-
HMSI TpeByeT Mpollelypa OUMCTKY HEeaKTyaabHbIX BEPCUIT CTPOK.

1 postgrespro.ru/education/books/sglprimer.
2 postgrespro.ru/education/books/dbtech.
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Obo3HaueHus

Bo BTOpOIi yacTu s paccMaTpuBalo 6ydepHbIil Kelll M MeXaHU3M, IT03BOJISIOIII
BOCCTAaHAB/IMBATh COIIACOBAHHOCTbD MOCJIe C60eB, — SKypHAaJI ITpeA3armnci.

B TpeTbeii yacTy geTarbHO pa3dbyupaeTcs YCTPOICTBO U UCIIOJIb30BaHME OJIOKUPO-
BOK Pa3HbIX YPOBHEJ: JIETKUX OJIOKMPOBOK JIJISI OTIEPATUBHOM MaMSITH, TSIKEJTbIX
OJIOKMPOBOK JIJIST OTHOIIIEHMI, GJIOKMPOBOK TaGIMUHBIX CTPOK.

YeTBepTas 4acTb 0OBSICHSIET, KaK cepBep IIaHUPYeT U BbITloHsIeT SQL-3a1pochl.
4 paccka3bpIBaio, KaKue eCcTb CIIOCOOBI JOCTYIIA K JAHHBIM, KaKie TPUMEHSIIOTCS
MEeTOZbI COeAMHEHMS Y KaK MCITONMb3YeTCs CTaTUCTUIecKast MHpopMaims.

B maToit yacTu o6CyKIeHMe MHIEKCOB, CBOAMBIIEeCs] paHee K B-mepeBbsaM, 0-
O6upaeTcs U I0 OCTAJIbHbIX MeTOHOB AocTyrna. CHavasia s paccMaTpuUBalo o6Iye
MIPUHIATIBI PaCHIMPsSIeMOCTH, YCTaHaBIMBalOIMe TPaHUIIbl MeXIY SIIPOM CUCTe-
MbI MHIEKCUPOBAHMSI, UHAEKCHBIMU MeTOAaMU JOCTYMa U TUTIaMU JaHHbIX (UTO
TpebyeT BBeeHUS ITOHSITHUSI KIAaCCOB OIEPaTOPOB), a 3aTEM IMOAPOOHO OCTaHAaB-
JIMBAIOCh HA OCOOEHHOCTSIX KaKIOro U3 MMEIOLIMXCS METOHOB.

B cocTras PostgreSQL BXoguT Macca «<MHTPOCIIEKTUBHBIX» pACIIMPEHMIT, KOTOpbIE
He HYXKHBI )11 06bIYHO paboThl, HO AAIOT BO3MOKHOCTb 3aIJISTHYTh BO BHYTPEH-
HIOIO KM3Hb cepBepa. B KHUTe UCTIONb3YIOTCSI MHOTMe U3 HUX. Kpome Toro, 4TO
9TU pacUIMpeHUs MO3BOJISIOT JIydllle U3YIUTh YCTPOICTBO cepBepa, OHU MOTYT
06JIETYNTD AMATHOCTUKY B CJIOKHBIX CITYUasIX.

0603HaueHus

S mpITaICs MMUCaTh KHUTY TaK, YUTOOBI ee MOKHO ObIJIO UMTATh MTOCIEI0BATENbHO,
CTpaHM1Ia 3a cTpaHuleii. Ho BCio rpaBAy He MOMy4YaeTcs paCKpbITh Cpasy, M K Of -
HOJi ¥ TO¥ Xe TeMe MPUXOIUTCS BO3BPAIATbCSI HECKOIbKO pas. Ecyini 65l 1 KaxK-
IIbIVi pa3 IMCall «3TO OYIET pacCMOTPEHO MO33Ke», KHUTA CMITbHO YBEINUYUIIACh Obl
B paszmepe, MO3TOMY B TaKMX CIy4asix s CTaBJIO Ha TMOJMSIX HOMep CTPaHMIIbI, Ha
KOTOPOJi TeMa pa3BMBaeTCs Aasiblile. Takoii >ke HOMep, BeOylnii Ha3al, OTChIIaeT
K MECTY B KHUT€, TIE YK€ YTO-TO FOBOPWIIOCH O IIpeIMeTe 0OCYKIAEHMSI.

TeKCT KHUIY U BCe TIpUMepbI akTyalbHbl 1151 PostgreSQL 16. Hekotopsie a63a-
1IbI MMEIOT Ha IOJISIX OTMETKY O HOMepe BepCcuy. DTO 03HAYaeT, YTO CKa3aHHOe
cripaBeIIuBO 11 Bepcuit PostgreSQL, HauMHas ¢ yKa3aHHOI, a 6oee paHHMe
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O KHuze

Bepcuy MO0 BOBCE He MMM OMMCAHHOM BO3MOKHOCTH, NGO ObLIM YCTPOEHbI
Kak-To MHaue. Takue IOMEeTKY MOTYT 0Ka3aThCs II0JIe3HbIMM IS TEX, KTO elle He
0GHOBWJI CUCTEMY IO MTOC/IETHETO BBITYCKa.

TaKoke Ha IMOJISIX YKa3bIBAIOTCS 3HAUEHMSI IT0 YMOTYAHUIO JJIS1 O6CY;KIaeMbIX IMa-
pamMeTpoB. Camy mapamMeTpsbl (KaK OObIUHbIE, TAK U ITApaMeTPbl XpaHEHMS) BbIJIe-
JIeHbI KypCUBOM: work_mem.

B cHOCKaXx 51 IOCTOSTHHO CChITAIOCh Ha MTEPBOMCTOYHUKH. VX HECKOJBKO, M Ha TIep-
BOM MeCTe CTOMT K/Iafie3b TI0/e3HO MHPOPMAIMy — JOKyMeHTauys L. SIBsisich
OpraHMYHOM YaCThIO MTPOEKTa, OHA BCErha IMOAIEepPKMBAETCS B aKTyaJbHOM CO-
CTOSTHUM caMuMM pa3paboturkamu. Ho IJ1aBHbI IEPBOMCTOYHMK — 6€3yCIIOBHO,
VICXOIHBIf1 KO, > VIMBUTETLHO, Ha KAKOE KOJTMYECTBO BOIIPOCOB MOSKHO HAMTH OT-
BEThI IPOCTO B KoMMeHTapusx u ¢aitax README, nake He Biagest si3bikom C.
Peske 51 cChUIAOCH HA 3aImycy KOMMUTdecTa’: B meperckax pgsql-hackers Bcerma
MOSKHO ITPOCTIEOUTH MCTOPUIO MU3MEHEHMIA U TTOHSITh JIOTUKY ITPUHSTHIX pa3paboT-
YMKAMM PeIleHyit, HO LIeHO YTeHMsI OTPOMHOTO MacCuBa OOCYKIEHMIA.

Jivpuyeckue oTCTynneHUs M 3aMeyaHusi, KOTOpble MOTYT YBECTU B CTOPOHY OT OCHOBHOM
MbIC/IW, HO KOTOpbIE | HE YAEPXaNcs U BCTaBUA B KHUTY, BblAENEHbl TaK, YTO6bl MX MOXHO
6b1710 NPONYCTUTD.

KoHeuHo, B KHUTe MHOTO ¢parMeHTOB KOJIa, B OCHOBHOM Ha s13bike SQL. Kop, 1mo-
Ka3aH C MpUIalieHneM =>; ecJii Heo6X0auMO, TO CJIEOM 3a HUM MPUBEAEH U
OTBET cepBepa:

=> SELECT now();
now

2024-03-24 21:24:54.698804+03
(1 row)

Eciin akkypaTHO MOBTOPSITh BCe NIpMBeeHHbIe KOMaHAbl B PostgreSQL 16, moi-
>KEH MOMYYUTbCS TaKo ske pe3ynbTaT (KOHEUHO, C TOYHOCTbIO O HOMEPOB TpaH-
3aKI1Mii ¥ MPOYMX HECYII[eCTBEHHbIX ieTasielt). Bo BCSIKOM ciyJyae, BeCb KOJI, B KHU-
re — pe3y/abTaT BhIITOIHEHUS CKPUIITA, COAepsKalllero POBHO 3TU KOMaHIbI.

1 postgrespro.ru/docs/postgresql/16/index.
2 git.postgresql.org/gitweb/?p=postgresql.git;a=summary.
3 commitfest.postgresql.org.

20


https://postgrespro.ru/docs/postgresql/16/index
https://git.postgresql.org/gitweb/?p=postgresql.git;a=summary
https://commitfest.postgresql.org

BnazodapHocmu

Korga TpebyeTrcs moka3aTb OJHOBPEMEHHYIO pabOTy HECKOMbKUX TPaH3aKINii,
KOJI, BBITIOTTHSIIOUINIACS B IPYTOM CeaHce, BbIJIeJIeH OTCTYIIOM Y OTYepKMBAHMEM:

=> SHOW server_version;
server_version

YTt0o6BI TOBTOPUTH TaKye KOMAaH/IbI (a4 9TO IMOJIE3HO IS cCaMOoo6pa3oBaHMs, Kak
¥ JII0ObIE SKCIIEPUMEHTBI), YIOOHO OTKPBITH ABA TepMUHAA C psql.

OtpenbHble KOMaH[Ibl M HA3BAHUS PA3JIMYHBIX 0OBEKTOB 06a3bl JAHHBIX (TAKUX
KaK TabuIIbl ¥ CTONOIBI, PYHKIMM, pACIIVPEHST) BbIIe/IeHbl B TEKCTE MOHOIIN -
punHbM mpudTom: UPDATE, pg_class.

BbI3OBBI yTMIAT U3 OII€PALMIOHHOM CHCTeMbI II0Ka3aHbl C IIPUVIAIICeHMEeM, OKaH-
yyBarommmces Ha $:

postgres$ whoami
postgres

g ncnonb3yio Linux, Ho 6e3 KaKoii-11M60 creinduKy; ToCTaTOYHO OyIeT caMoro
6a30BOro MOHMMAaHMS.

bnaropapHocTu

KHury HeBO3MOYKHO HAmucaTh B OAMHOYKY, ¥ 3TO OT/IMYHBIN [TOBOJ, CKa3aTh CIia-
€160 XOPOILNM JIIOISIM.

i 6naromapen ITaBiy JIy3aHOBY, KOTOPBIV B HY>KHbI/I MOMEHT ITPEIJIOKM MHE 3a-
HATBCS YeM-TO JeVCTBUTEIbHO CTOSILIVM.

S npusHatenen kommanuu Postgres Professional 3a BO3MOKHOCTb paboTaTh Haf,
9TOJi KHUTO¥ He TOJIbKO B CBOOOIHOE BpeMs. HO KOMIaHusI — 3TO JIIOOU, U S XO-
Yy cKa3aTh OTAENbHOE criacub6o Osery BapTyHOBY 32 HEMCCIKAEMYIO SHEPIUIO U
munen u Visany ITaHueHKO 3a BCeCTOPOHHIOI NoamepskKy 1 ETEX.
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O KHuze

Craci60 MOMM TOBapHIiiaM 1o 06pasoBaTeIbHOMY OT/IETY 38 TBOPUECKYIO aTMO-
cdepy U IUCKYCCUU, B XOIe KOTOPBIX (POPMIUPOBAJICS MaTepUal y4eOHbIX KypCOB
" crioco6 ero mofaum, YTO HAILIO CBOE OTpaxkeHue u B kKHure. Criacu6o IMasiry
TonMaueBy 3a BHUMAaTEIbHYIO BBIYUTKY UePHOBUKOB.

MHOT¥e I71aBbl KHUTY BIIEpBbIe ObUIM ONYOIMKOBAHbI B BUfe cTaTeii Ha Xabpe
U s GaromapeH YMTATENISIM 3a 3aMedYaHusT U OTKIMKKU. OHU TTOKa3aIM HYy>KHOCTb
9TOi paboThI, TO3BOMM/IN Pa3MISAETh Oesible MATHA B MOMX 3HaHUSX U CHEIATh
TEKCT JIyYIIle.

Cnacu6o JirogMuie MaHTPOBOIA, ITpoeiaBliieli OrpOMHYI0 paboTy Haf, SI3bIKOM
KHUTU. Ecat BBl He CIOThIKaeTeCh Ha KaXXIOM BTOPOM IPEIOKEeHUH, ITO ee 3a-
cryra.

B kHUre s He Ha3bIBalo MMEH, HO 3a KXol GhyHKIMel M BO3MOXHOCTbIO, TIPO
KOTOpBIE 51 MUIITY, CTOUT MHOTOJIETHUI TPy, BIIOJIHE KOHKPETHBIX Jomeli. S Boc-
XUIIAI0Ch pa3paborumkamu PostgreSQL, 1 MHe 0COGEHHO IIPUSTHO, YTO MHOTUX
U3 HUX I MMeI0 4YeCTb Ha3bIBaTh KOJJIETaMMU.

1 habr.com/ru/company/postgrespro/blog.
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BBeoeHune

1.1. OpraHusaums BaHHbIX

ba3bl gaHHbIX

PostgreSQL — nporpamMmma, KOTopast OTHOCUTCS K KJIacCy CUCTeM yIpaBiieHus 6a-
3aMu JaHHbIX. Korma sTa rnmporpamMma BbITIOTHSETCSI, Mbl HA3bIBAeM ee cepeepom
PostgreSQL, nim sk3emnispom cepsepa.

JlaHHBIe, KOTOPBIMM yIIpaBisieT PostgreSQL, xpaHsITcs B 6a3ax JaHHbBIX |. OnuH
sk3eMIuIsip PostgreSQL ogHOBpeMeHHO paboTaeT ¢ HeCKOIbKMMY 6a3aMu, KOTO-
pble BMECTe Ha3bIBAIOTCS KAAcmepom 6a3 OaHHbIX.

YTo6bI KJIACTEP MOXKHO ObLIO MCIIONb30BATh, €T0 HEOOXOOUMO UHUYUANUSUPO-
sams? (co3math). Karanor, B KOTOPOM pa3MemaioTcst Bce (aiibl, OTHOCSIIMECS
K KJIacTepy, OGbIYHO Ha3bIBaIOT cJIoBOM PGDATA, 110 MMeHM IepeMeHHOI OKpY-
>KeHUSI, YKa3bIBalolleil Ha 3TOT KaTaJor.

[akeTHble YCTaHOBKM MOFYT BBOAWTb CBOM «C/TIOM abBCTPaKLUMM» HAL LITATHbIM MEXaHW3-
MoM PostgreSQL, sBHO nponucbiBas Bce HeobxoaMMble yTunutaM napametpsl. Cepsep 6a3
[LlaHHbIX NPEACTABSETCS B TAKOM C/ly4ae B BUAE CNTY>KObl ONEPALLUOHHO CUCTEMBI, U HEMO-
cpeacTBeHHo ¢ nepeMeHHoM PGDATA MOXHO HMKOrga He BCTpeTUTbCS. HO caM TepMuH
ycrosncs, v 9 6yay UM nNonb3oBaThCs.

1 postgrespro.ru/docs/postgresql/16/managing-databases.
2 postgrespro.ru/docs/postgresql/16/app-initdb.
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c. 613

I'nasa 1. Bsederue

IMpu uuummanusayy B PGDATA co3maioTcst TPy OgVHAKOBbIe 6a3bl JAHHBIX:

template0 ucronb3yeTcsl, HaIIpUMep, [T BOCCTAaHOBJIEHUSI U3 JIOTMYECKON pe-
3€pPBHOI KOTIMY VJIM AJIsI CO30aHuust 6a3bl B IPYTOii KOOMPOBKE M HUKOTIA He
JO/KHA MEHAThCS;

templatel CITY>)KUT 11a6JI0HOM AJis1 BCeX OCTa/IbHbIX 6as JaHHBIX, KOTOPbI€ MOJKET
CO34aThb IT0JIb30BATE/Ib B 3TOM KJIaCTepe;

postgres IIpeaCTaB/sIeT CO00Ji 0OBIYHYIO 6a3y JaHHbIX, KOTOPYIO MOKHO VMCIIOJb-
30BaTh 10 CBOEMY YCMOTPEHMIO.

Jk3emnnsp PostgreSQL

S—
] Knactep
CREATE DATABASE =|| 6a3
[aHHbIX
postgres template0 templatel newdb

CucteMHbIN KaTanor

MeTtaunndopmaiiyst 060 Bcex 06beKTaxX Kiacrepa (TakKux KakK TabMUIIbl, MHIEKCHI,
TUIIBI JAHHBIX WIM (QYHKIMM) XPAHUTCS B TaOAMIIAX, OTHOCSIIMXCS K cUCmeM-
HoMy Kamanozy'. B Kaxkmoit 6a3e JaHHBIX MMeeTCs] COGCTBEHHbI Ha6op TaGINI]
(M TIpeCTaBIIeHMIT), OMMChIBAIOIINX OObEKTHI 3TOJ KOHKPETHOJ 6a3bl. CyIecTBy-
eT TakkKe HeCKOJIbKO TaOJIMI] CMCTEMHOIO KaTajiora, O6IIyX JJIsi BCETO KIacTepa,
KOTOpbIe He MPMHAIIeXaT KaKoi-11b0 ornpeneneHHoi 6ase JaHHbIX (hopmaib-
HO UCTIO/Tb3yeTcst GUKTUBHAS 6a3a C HY/IEBbIM UAEHTUGUKATOPOM), HO TOCTYITHBI
B JIIO00II 3 HUX.

1 postgrespro.ru/docs/postgresql/16/catalogs.
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1.1. Opezanu3sayus 0aHHwix

K cucremMHOMY KaTayory MOXKHO 06pamiaThCs C IIOMOIIbI0 OOBIYHBIX 3aIIPOCOB
SQL, a usMmeHeHMs B HEM MPOUCXOIST MPU BbinosHeHun koMaHz DDL. KnueHT
psql pacrionaraeT LeJbIM PSIIOM CIIeLMaabHbIX KOMaHI, JJIsT IPOCMOTpPa CUCTEM-
HOTO KaTajora.

Bce uMmena Tabmui] CHCTEMHOTO KaTajora MMeT IpeduKC pg_, Hampumep
pg_database. iMeHa cTONOLIOB HAUMHAIOTCS C TPEXOYKBEHHOTO KOJIa, KOTOPBIA
06BIYHO COOTBETCTBYET MMEHU Tabiniipl, HarpumMep datname.

Bo Bcex TabauIjaX CMCTEMHOIO KaTajiora CTojI6el] C IEPBUYHBIM KIIOUOM Ha3bIBa-
ercst oid u umeet ogHoMMeHHbBIN Tul 0id (object identifier) — 1resoe 32-6uTHOoE
YUCITO.

Mo cyTn, MexaHu3M maeHTUdMKaTOpoB 06bekToB 0id — aHanor nocienoBaTesbHOCTEN,
noseuslniica B PostgreSQL 3agonro oo cammx nocnegosaTenbHocTeln. Ero ocobeHHOCTb
B TOM, YTO YHWMKabHble HOMEpA MCMOJb3YHTCS B Pa3HbIX TabnMLax CUCTEMHOrO KaTtanora,
XOTS BblAAKOTCA C MOMOLLbI eAMHOro cyeTumnka. Koroa obliee Yncio BblAaHHbIX HOMEPOB
BbIXOZMT 32 AMANA30H 3HAYEHWIA, CHETYMK OOHYNAETCS. YHUKANbHOCTb 3HAYEHM I B KOHKPET-
HOM TabnnLLe rapaHTUPYETCs TEM, YTO OYepeaHOEe 3HaueHue 0id npoBepseTcs ¢ NOMOLLbIO
YHUKANbHOIO MHAEKCA U, eC/IM OHO YXKe UCNOMb3YyeTcs B 3TOM Tabnuue, CHETUMK YBENUUU-
BaeTcs, a NpoBepka nosTopsetcal

Cxembl

C)((?Mbl2 IpeacTaB/IsIIOT coboii IIPOCTPAaHCTBA MMEH JIsI BCEX 06’beKTOB, XpaH4I-
IINXCA B 6ase JaHHbIX. Kpome ITOJIb30BATEJIbCKUX CXeM, MMeeTCsI HECKOJIBKO CITe-
IMaJIbHbIX CJ'[y>K€‘6HbIXI

public 1coab3yeTCs M0 YMOIUYAHMIO IJ1S1 TT0JIb30BATEIbCKUX 0ObEKTOB, €C/IU HE
BBITIOJIHEHBI MHbIE€ HACTPOIKY;

pg_catalog mcronab3yeTcst st TaGINI CUCTEMHOTO KaTalora;

information_schema [aer anbTepHaTMBHOE IIpeLCTaBIeHEe CUCTEMHOIO KaTajlo-
ra, peryiaMeHTHpyemMoe ctangaptom SQL;

pg_toast mcIionb3yeTcs it 06beKTOB, OTHOCAIMXCS K TOAST;

! backend/catalog/catalog.c, ynkius GetNewOidWithIndex.
2 postgrespro.ru/docs/postgresql/16/ddl-schemas.
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I'nasa 1. Bsederue

pg_temp oObeqMHSIET BpeMeHHbIe TaOINIIbI (XOTS BpeMeHHbIe TaOMUIIbI Pa3HbIX
TI0JIb30BATEJIel CO3MAIOTCSI B pa3HBIX cxeMax pg_temp N, KaskabIit o6pamia-
€TCsT K CBOMM 0ObEeKTaM, UCIIONb3ys UMS pg_temp).

CxeMbI CyleCTBYIOT BHYTPpU 6a3bl OJaHHBIX, 1 BCe 00BeKThI Oa3bl IIpMHanjaeXxart
KaKMM-JI60 cxemaM.

Ecmi mpu obpalieHny K 06beKTY CXeMa He yKa3aHa SIBHO, BbIOMpAaeTcs mepBast
MOIXOAIIAS CXeMa U3 TIEPEeUnCIeHHbIX B hymu nouckd. IlyTb hopMupyeTcs: Ha
OCHOBe 3HaueHMs mapameTpa search_path, K KOTOpOMY, B YaCTHOCTH, HESIBHO JI0-
6aBJISTIOTCS CXeMbl pg_catal og u (py HeOO6XOIMMOCTH) pg_temp. ITO HO3BOJISI-
€T MEeTb B Pa3HbIX CXeMaX 00BEKThI C OAMHAKOBbIMIM MMEHAMMA.

TabnunuHble npocTpaHCcTBa

B ominume OT JIOrMUeCKOTo pacrpenenieHus: 06beKTOB M0 6a3aM JaHHbBIX U CXe-
MaMm, mabnuiHsle NPOCMpPAHCMEd OTIPeAeSIIOT GU3UUECKOe PACIIONIOKEHYE TaH-
HbIX. PaKTUUECKY TaGIMUHOE ITPOCTPAHCTBO — 3TO KaTasor (GaitioBoii CUCTEMBI.
Hanpumep, TabamuHbie IPOCTPAHCTBA MOSKHO MCITO0JIb30BaTh, YTO6BI PA3MECTUTh
apxXyMBHbIE JaHHbIE HA MeIJIEHHbIX HOCUTEJISIX, a JaHHbIe, C KOTOPbIMM UIET aK-
TUBHasl paboTa, — Ha OBICTPBIX.

OmHO 1 TO 3Ke TabIMYHOE MTPOCTPAHCTBO MOKET MCITO/Ib30BAThCS pasHbIMM Ga3a-
MM JaHHBIX, a OTHA 6a3a JAHHBIX MOKET XpPaHUTh JaHHbIE B HECKOIBKUX TabINY-
HBIX ITpocTpaHcTBax. To ecThb Jiornueckast 1 Gpusudeckass CTPyKTypbl HE 3aBUCST

Opyr OT Apyra.

V Kaxkmoi 6a3bl JaHHBIX €CThb TaK Ha3bIBaeMoe mabiuiHoe NPOCMpAaHcmeo no
YMOJIUAHUI, B KOTOPOM CO3AAIOTCSI BCe OOBEKTHI, €C/IM SBHO HEe yKa3aTb MHOE.
B aTOM 3Ke TaGIMUHOM IMTPOCTPAHCTBE XPAHSTCS ¥ 00BEKThI CUCTEMHOTO KaTajora.

HpI/I VHULMAJIN3aINN KIaCcTepa CO3OalTCA ABa TabIMUHBIX IIPpOCTpaHCTBA:

pg_default pacronaraercs B Katasore PGDATA/base U Mcronb3yeTcs Kak Ta6-
JIMYHOE IIPOCTPAHCTBO 10 YMOITUYaHUIO, EC/TU SIBHO He BBIOPATH IJISI 9TOW 1IeJIN
Ipyroe MpoCTPaHCTBO;

pg_global pacronaraercs B katanore PGDATA/global u xpanuT ob1iiue 111 Bcero
KJIacTepa 06bEKThI CCTEMHOTO KaTasiora.
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1.1. Opezanu3sayus 0aHHwix

IMpn co3maHuM TONTb30BATENBCKOTO TAGIMYHOTO IMPOCTPAHCTBA YKAa3bIBAETCS
MMPOM3BObHBIN KaTasor; PostgreSQL co3maeT Ha HErO CMMBOJIBHYIO CCBIJIKY B Ka-
tanmore PGDATA/pg_tblspc. Boobiie, Bce myTu PostgreSQL oTHOCUTe/bHbBIE U OT-
CUMTBHIBAIOTCS OT KaTajora maHHbix PGDATA. biaromapsi 35ToMy MOKHO IepeHo-
cutb PGDATA Ha npyroe mecTo (KOHEUHO, TPeABAPUTEIBHO OCTAHOBUB CePBep).

PucyHOK cBOIMT BOeAMHO 0a3bl MaHHBIX, CXeMbl M TaOJIMUHbIE TTPOCTPAHCTBA.
3mech 6a3a MaHHBIX POStgTes MUCIOIb3yeT TAGIUMUHOE MPOCTPAHCTBO M0 YMOJI-
YaHMIO Xyzzy, a 6a3a templatel — pg_defaul t. Ha mepeceueHnn TabIMUHbIX
MIPOCTPAHCTB U CXeM HAXOIATCS pas3iMUHble 0ObEeKThI 6a3bl JAHHbBIX:

pg_global
06wwue 06beKTbI KNnacTepa

(s =N ==
=0 = = =1
pg_catalog public plugh pg_catalog public
N N \ AN J
—_— \@
postgres templatel
OTHOWweHusA

CamMble Ba>kHble 00beKTbI 6a3bl JAHHBIX — MadAUYysl U UHOEKCbl — IIPY BCEX CBOUX
Pas3INUMSIX CXOKM B TOM, UTO COCTOST U3 CTPOK. IjIs TAGINLL 3TO OUEBUIHO, HO U
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c. 509

I'nasa 1. Bsederue

B B-,ZLEI)EBBHX Y3JIbI COCTOSAT 13 CTPOK, CoAep KallX MHOEKCMPOBAHHbIE 3HAYECHUA
U CCbIJIKM Ha Opyrue y3Jibl WM Ha TabIMUHbIe CTPOKMN.

EcTh ellle HEKOTOpOE KOIMYECTBO OOBEKTOB, YCTPOEHHBIX ITOXOKMM 06pasoMm:
nocnedosamenvHocmu (IO CYTY OMHOCTPOUHbBIE TaGIUIIbI), MAMEPUATUIOBAHHDBIE
npedcmasnerus (10 CyTY TabIMIIbI, KOTOPbIE IIOMHSIT 3aIIPOC). A ellle eCTh 00bIU-
Hble npedcmaseHus, KOTOpPble caMy IO cebe He XPaHSIT JaHHbIe, HO BO BCEX
OCTaJIbHbIX CMBIC/IaX ITOXOX! Ha TaOIULIBI.

Bce 3Tu 06bekThl B PostgreSQL Ha3bIBaIOTCS 0OLMM CJIOBOM OmHouleHue (re-
lation).

CnoBo, Ha Mo B34, BbIOPAHO HEYAAYHO, MOCKO/bKY CMeLIMBAET TabnuLbl 6a3bl AAHHbIX
U (HacTOSILLME) OTHOLLEHMS PensLMOHHONM Teopuu. laeT o cebe 3HaTb YHUBEPCUTETCKOE
NPOUCXOXAEHUE NMPOEKTA U CKIOHHOCTb ero 0CHoBaTens, Maiikna CtoyH6perikepa, BO BCEM
BMAETb OTHOLWEHMS. B 0gHOM 13 paboT OH faxke BBEN NMOHATUE KyNOPSAAOYEHHONO OTHOLLE-
Hus» (ordered relation) ong Tabnuubl, B KOTOPOM NOPAAOK CTPOK 3343ETCH UHAEKCOM.

Tabnuua cMCTeMHOro KaTanora Ans OTHOLIEHMI M3HAYanbHO HasbiBanacb pg_relation,
HO JOBONbHO CKOPO, HA BOJIHE YBNeYeHWUs 0ObEKTHOM OPMEHTUPOBAHHOCTbIO, ee nepe-
MMEHOBANM B MPUBbIYHbIA HaM ceityac pg_class. OpHako cTonbubl 3TOM Tabauupl no-
npexHemy nmetot npedumkc rel.

Chou u daiinbl

I/IHCl)OpMaL[I/IH, CBsI3aHHAaA C OTHOLIEeHMEM, OPpraHnM3oBaHa B HECKOJIbKO CJIO€61

(forks) pasHbBIX TUITOB, K&KABIN 13 HUX COIEPKUT OTIPeie/IeHHbI BU JTaHHBIX.

Vi3Hava/IbHO CJION MpeCTaB/IeH eIMHCTBEHHBIM (atiiom. VIMs daiiia cocTouT U3
YICI0BOTO uAaeHTUdMKaTopa (0id), K KOTOpOoMY MOKET 6bITh Job6aBIeH cypbduxc,
COOTBETCTBYIOUIUIT TUITY CIIOSI.

@aiis TTOCTEIIeHHO pacTeT, M Korga ero pasmep gocturaet 1 I'6aiiTa, cosmaeTcs
CIeTyIOIMi (aiil 9TOro ke c10s (Takue (aiibl MHOTIA Ha3bIBAIOT CE2MEHMAaMU).
TMopsIAKOBBIN HOMEDP cerMeHTa J06aB/IsIeTcsl B KOHell uMeHn daiinia.

Orpannyenne pasmepa ¢daitna B 1 ['6aiiT BOSHMUKIO UCTOPUUECKU IJIS TIOAAEPK-
KM PasIMuHbIX (ailIoBbIX CUCTEM, HEKOTOPbIE 3 KOTOPBIX HE YMEIOT paboTaTh

1 postgrespro.ru/docs/postgresql/16/storage-file-layout.
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¢ aiimamu 6onbiioro pasmepa. OrpaHuueHe MOKHO M3MEHUTb HpPU cOOpKe
PostgreSQL (. /configure --with-segsize).

Takum 06pa3oM, OZHOMY OTHOIIEHMIO Ha IOUCKE MOXKET COOTBETCTBOBATh
HEeCKOJIbKO (aiioB. [laxke 1151 HeGObILOM TabMUIlbl 6€3 MHIEKCOB UX O6yIeT My-
HUMYM TPHU, TIO YMCTY 00S13aTETbHBIX CJIOEB.

BHYTpu KaTajora Kaskaoro TabaMyHOro MpocTpaHcTBa (KpoMe pg_global) co-
3[AI0TCS TTOAKATAIOIY JIS1 OTHENbHBIX 6a3 JaHHbBIX. Bce daitibl 06bEKTOB, IPU-
HaJJIeKanxX OMHOMY TabIMUYHOMY ITPOCTPAHCTBY M OJIHOV Oa3e TaHHBIX, OYIyT
TTOMEIIEHbI B OVH ITOAKATAJIOT. DTO HEOOXOAMMO YUUTHIBATD, IIOTOMY UTO (aii-
JIOBBIE CHCTEMbI OOBIYHO HEe OUEHb XOPOIIO PabOTaIOT C GOIBIINM KOMTUYECTBOM
(daiinos B KaTasore.

OCHOBHOJ COM

TA25H#5 2
TAFH5 7
T2FHZ5 kapta cB0604HOr0
NPOCTPaHCTBa
TA2FHZS /5727,
TFHAS /577 KapTa BAMMOCTH
TAFHAS 777

HMeeTcsl HECKOIBKO CTaHOAPTHBIX TUIIOB C/IOEB.

OcHoBHo# cnoit (main fork) — 3To cOGCTBEHHO JaHHbIE: T€ CaMble TaGIMUHbIE VTN
VMHIEKCHbIe CTPOKM. OCHOBHOI CJIOM CYIIECTBYET ISl JIIOOBIX OTHOIIEHMI
(KpoMe TipencTaBaeHNI, KOTOPbIEe HE COIepXXaT JaHHbIX).

Vimena ¢aitioB OCHOBHOTI'O C/I0SI COCTOSIT TOJIBKO U3 UMCJIOBOTO MIAeHTUDU-
KaTopa (paBHOro 3HaueHuo cronoia rel filenode Tabnuisl pg_class).

IMocMoTpuM [JIsI TIpUMepa ITyTh K (aiiy Tabauiibl, CO3JaHHOM B TAOTMYHOM
npocrpaHcTBe pg_defaul t:
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=> CREATE UNLOGGED TABLE t(
a integer,
b numeric,
Cc text,
d json
J;
=> INSERT INTO t VALUES (1, 2.0, 'foo', '{3}');
=> SELECT pg_relation_filepath('t');

pg_relation_filepath

base/16384/16385
(1 row)

Karasor base cooTBeTcTByeT TabamMuHOMY IpocTpaHcTBY pg_default, cie-
IOYIOIINIi TIOAKATAIOT — Oase MaHHbBIX, M YK€ B HeM HaXOAUTCS MHTepPecylo-
muit Hac daiin:

=> SELECT oid FROM pg_database WHERE datname = 'internals';
oid

=> SELECT relfilenode FROM pg _class WHERE relname = 't';
relfilenode

Bot cooTBeTcTBYIOLIMIA (haiia B (ailioBoii cucTeMe:

=> SELECT size
FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385');

size

Cnovi uHMumanmsaumun (init ﬁnk% CYILIECTBYET TOMbKO [AJISI HEeKypHaJIUPyeMbIX
Tabnuil (co3gaHHbIX ¢ ykazaHueM UNLOGGED) u ux mHmekcoB. Takye 06beKThI

1 postgrespro.ru/docs/postgresql/16/storage-init.
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HMYEM He OTJIMYAIOTCS OT OOBIYHBIX, KPOME TOTO, YTO JEVCTBUS C HUMU He
3aIMCBIBAIOTCS B JKypHAJI IMpeasamnyci. 3a CUeT 3TOro pabora ¢ Humu rpouc- ¢. 201
XOIUT ObICTpee, HO B CIyvae cO0si HeBO3MOKHO BOCCTAHOBUTD JIaHHbBIE B CO-
I71acOBaHHOM cocTosiHMK. [loaTomy nipu BoccTaHoBieHnn PostgreSQL mpoc-

TO YAQISIET BCE CJIOU TaKMX OOBbEKTOB ¥ 3aIMChIBAET CJION MHUIMAIU3AIAN

Ha MeCTO OCHOBHOTO CJI0s1. B pe3ynbTare MomyJyaeTcs «ITyCThIIIKax».

Tabnuia t co3gaHa HeKYpHAIUPYEMOIi, TIOSTOMY Y Hee eCTb CJIOV MHUI[MA-
musanum. OH MMeeT TaKoe ke MMsI, KaK M OCHOBHO CJ10¥1, HO ¢ cydduKrcom
init:

=> SELECT size
FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385_init');
size

Kapta cBo6oaHoro npoctpaHctea (free space mapl) — c/10it, B KOTOPOM OTCITEXM-
BAeTCsI IPUMEPHbBIi 00beM CBOOOTHOTO MECTa BHYTPU CTPAHUIL. ITOT 06beM
ITOCTOSTHHO MEeHSIeTCSI: Tpu J06aBIeHUY HOBbIX BePCHii CTPOK YMEHbIIIaeTcs,
MIPY OUMCTKe — yBeamuyuBaeTcs. Kapra cBOGOIHOTO ITPOCTPAHCTBA UCITONb3Y-
€TCSI ITPY BCTaBKe HOBBIX BEPCUIL CTPOK, YTOOBI OBICTPO HANTY MTOAXOISIIYIO
CTpaHMILy, Ha KOTOPYIO TTIOMECTSITCS ToOaBJIsieMble TaHHbIE.

®ajiibl, OTHOCAIIMECS K KapTe CBO6OIHOIO IIPOCTPAHCTBA, UMEIOT cypduKce
_fsm. Ho mosiBASIIOTCS OHM He cpasy, a TONbKO Mpu Heob6xogumocTu. CaMblit
MIPOCTO1 CITOCO6 HOGUTHCS STOTO — BBIMOTHUTD OUUCTKY TaOMUIIBI: c. 133

=> VACUUM t;
=> SELECT size
FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385_fsm');

1 postgrespro.ru/docs/postgresql/16/storage-fsm;
backend/storage/freespace/README.
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JI7s1 yCKOpeHMsI IToMCcKa KapTa CBOOOSHOT0 ITPOCTPAHCTBA OPraHN30BaHa KaK
IlepeBo 1 3aHMMAaeT MYUHMMYM TPU CTPaHUIIbI (OTCI0Aa 1 pazmMep daiiia cios
IJISI TIOUTH ITYCTOI TaGIUIIbI).

Kapra cBO60JHOTO MPOCTPAHCTBA CYLIECTBYET HE TOIBKO JJIsl TAGMNUIL, HO U
IU1SI UHIIeKCOB. HO MOCKOMBbKY MHAEKCHYIO CTPOKY HeJlb3sl JOOABUTH HA IIPO-
V3BOJIBHYIO CTPaHMLy (HallpuMep, AJis B-nepeBa MecTO BCTaBKM OIpeensi-
eTCs HOPSAKOM COPTUMPOBKM), OTCIEXMUBAIOTCS TONIBKO T€ CTPaHULbI, KOTO-
pble GBIV MOJHOCTBIO OUNIIEHBI M MOTYT ObITH CHOBA 33/1€/ICTBOBAHbI B MH-
IIEKCHOJ CTPYKTYype.

Kapta Buaumoctyn (visibility map') — ci1oit, KoTopsIi 103BoJsIeT GBICTPO OMIpere-

JIUTb, TPEOYET U CTPAHMUIIA OUMCTKY MU 3aMOPO3KHU. [IJIs1 9TOT0 Ha KasKAYIO
TabIMYHYIO CTPAHMILY B 9TOM C/I0€ OTBEEHO ABa OUTa.

OgHMM GMTOM OTMEUEeHbI CTPAHUIIbI, KOTOPbIE COOEPKAT TONBKO aKTyasIb-
Hble Bepcuu CTPOK. ITpollecc OYMCTKM IMPOMYCKAeT TakKue CTPAHMUILIBI, I10-
CKOJIBKY B HMX HEYEro ouminaTh. Kpome TOro, Korma TpaH3aKIMS MTbITAETCS
MPOYMUTATh CTPOKY M3 TAKOV CTPAaHMIIbI, MOXKHO He ITPOBEPSITh ee BUAMMOCTbD,
a 3TO TO3BOJISIET UCIIOTb30BaTh CKAHMPOBAHME TOIBKO MHIEKCA.

BTopoit 6GUT OTMeUaeT CTpaHUIIbI, HA KOTOPBIX BCE BEPCUU CTPOK 3aMOPOKe-
HbL. DTY YaCTb CJIOS 51 6YAY Ha3bIBATh KAPMOL 3aMOPO3KLU.

@aiiapl KapThl BUAMMOCTU MMeIOT cydpdurc vm. OGBIYHO OHM CaMble
He6oJIbIINe TI0 pa3Mepy:

=> SELECT size
FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385_vm');

KapTa BUAMMOCTHM CYIIeCTBYET IJ1s1 TAO/IMII, HO He IJIs1 MHIEKCOB.

1 postgrespro.ru/docs/postgresql/16/storage-vm.
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CrpaHuubi

s ymo6cTBa OpraHmM3aiuy BBOMAA-BbIBOMA (ailbl JOTMYECKM ITOfeIeHbl Ha
cmparuys! (U 6710Ku) — 9TO MUHMMAJIbHBIN 00bEM AAHHBIX, KOTOPBIA CUMTHI-
BaeTcst uiau 3anycbiBaeTcsl. COOTBETCTBEHHO, M MHOTYE BHYTPEHHME aJITOPUTMBbI
PostgreSQL opueHTHPOBaHbI Ha paboOTy CO CTPaHUIIAMMA.

O6b1yHO cTpaHuia uMeetr pasmep 8 Kb6aiitT. Er0 MOKHO HOMEHSITh B HEKOTO-
pbIx mpenenax (mo 32 K6aiit), HO Tonmbko npu cbopke (./configure --with-
blocksize), u, Kak mpaBUIO, HUKTO 3TUM He 3aHMuMaeTcst. CoOGpaHHbIT U 3a1Ty-
IIEeHHBIN 9K3eMIUISIP MOKET paboTaTh CO CTPAHUIIAMM TOJIBKO OJJHOTO pa3Mepa —
CO34aTh TaGMMYHbIE IPOCTPAHCTBA C pa3HOPA3MEPHBIMM CTPAHUIIAMY HEJTb35.

He3aBucumo oT TOro, K KaKOMY C/I0I0 IIpUHaIekaT (aiibl, OHU MUCIIOIb3YIOTCS
CepBepoOM IIPMMePHO OAMHAKOBO. CTpaHMUIIbI CHaYasIa IIOMeIaTCs B 6ydepHbIit
Kell (Te UX MOTYT YATATh U M3MEHSTH ITPOIIECCHI), & 3aTEM ITPU HEOOXOIVMOCTH
BBITECHSIIOTCSI 0OpaTHO Ha JINCK.

TOAST

Kaskmast cTpoka JosKHa ITOMENAThCs LIeJIMKOM Ha OJIHY CTPaHMILY: HET Crocoba
«IIPONOJDKATh» CTPOKY Ha Cjemyioleil ctpannie. sl IIMHHBIX CTPOK VMCIIOJNb-
3yercst TexHonorysi, HasBanHast TOAST! (The Oversized Attributes Storage Tech-
nique).

TOAST mompasyMeBaeT HECKOJIBKO CTpaTeruii. JMHHbIe 3HAUeHUs aTpubyTOB
MOYKHO OTITPAaBUTh B OTAEIbHYIO CTY;KeGHYI0 TabMuILy, TpeABapuUTeIbHO Hape3aB
Ha He6obIIVe GParMeHThbI-«TOCThI». [IpyTroi BApMaHT — CKaTh AJIMHHOE 3HaUe-
HME TaK, YTOObI CTPOKA BCe-TaKM [TOMECTUIIACh Ha OIHY CTPaHUITY. A MOKHO U TO
M IpyToe: CHauajia CKaTh, a ysKe ITOTOM Hape3aThb U OTIIPaBUTh.

Ecmu ocHOBHast Tabimuia CONEPSKUT MOTEHLMAAbHO IJMHHBbIE aTPUOYTHI, IJIs
Hee Cpasy ke CO3[aeTcsl OTaenbHas toast-tabmuiia (0gHa Ij1s1 BceX aTpubyToB).

1 postgrespro.ru/docs/postgresql/16/storage-toast;
include/access/heaptoast.h.
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Hampumep, ectu B Tabauiie ectb cTonben Tua numeric umm text, toast-tab-
nuua 6ymeT cosmaHa, Jaxke eciM B TAKOM CTO/I0Le HMKOrIa He GYIyT XpaHUThCS
IJIMHHbIE 3HAUCHUS.

Insa numekcoB TexHomoruss TOAST mpenjiaraeT TOJIbKO CKaTye; BhIHECEHME aT-
pUOGYTOB B OTAENbHYIO TAGMUILY He TIOAIePKMBAETCS. DTO HaK/IaAbIBaeT OTPaHM-
YyeHMe Ha pa3sMep MHAEKCUPYEMBIX KITIoUeii (Kak 3TO OTpaHMYEHN e peannu3yeTcs,
3aBUCUT OT KJIacCa OIepaTopoB).

OGBIYHO CTpaTeruu OIMpeRessIioTCsS TUIIAMM CTOOLOB. IlocMOTpeTh cTpaTernn
Tpoiie Bcero komaumoit \d+ B psql, HO JiJIs COKpaIeHusI BbIBOJA S MCIIONb3YIO
3ampoc K CUCTEMHOMY KaTaJory:

=> SELECT attname, atttypid::regtype,
CASE attstorage
WHEN 'p' THEN 'plain'
WHEN 'e' THEN 'external'
WHEN 'm' THEN 'main’
WHEN 'x' THEN 'extended'
END AS storage
FROM pg_attribute
WHERE attrelid = 't'::regclass AND attnum > 0;

attname | atttypid | storage
_________ +__________+__________
a | integer | plain

b | numeric | main

c | text | extended
d | json | extended
(4 rows)

CTpaTeI‘I/II/I COCTOAT B C/Ieaylouem:

plain — TOAST He ucrnonb3yeTcs: (CTpaTerus MpUMeHSIeTCs IS 3aBeIOMO «KO-
POTKUX» TUIIOB IaHHbIX, KaK integer);

extended — gomyckaeTcsl Kak CKaTue, TaK M XpaHeHMe B OTHEeIbHOI toast-
Tabnuie;

external — OIMHHBIE 3HAUEHMS XPAHSITCS B toast-Tabuile HECKAaTbhIMMU

main — [IMHHbIE 3HAUEHMs B MTEPBYIO0 OYepeib CKUMAKTCS, a B toast-Tabmuiry
TOTaJIaI0T, TOMBbKO €C/IU CKaTie He TIOMOTIIO.
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B 06IIMX YepTax aJTOPUTM BBIIISLAUT CIemyomyM o6pasom . PostgreSQL cTpe-
MMTCSI K TOMY, YTOOBI Ha CTPaHMIIE TIOMEIIAJIOCh XOTsI ObI UeThIpe CTPOKMU. ITo-
3TOMY, eC/I pa3Mep CTPOKM ITPEeBBIIIaeT YeTBEPTYIO UaCTh CTPAHUIIBI 38 BBIUETOM
3aroJIoBKa (I/1S1 CTPaHMIIbI CTAHAAPTHOTO pa3Mepa 3To okoio 2000 6aiiT), K yacTu
3HaueHuit Heobxomumo npuMeHnTb TOAST. [IeiicTByeM B MOPSIIKE, OMMCAHHOM
HIDKe, U TIpeKkpaliaem, Kak TONbKO JjIMHA CTPOKM IlepecTaeT MpeBbIllaTh IOPOTo-
BOe 3HaueHue.

1. CHauasa mepebupaeM aTpuOyThI CO cTpaTerussmu external u extended, nBu-
rasicb OT CaMbIX JIJIMHHBIX K 60j1ee KOpOTKMM. Extended-aTpubyThl CKMMAOT-
Cs1, ¥ ec/Iu TIOCJIe 3TOTO 3HaUeHMe (caMo o cebe, 6e3 yueTa Opyrux aTpuby-
TOB) IPEBOCXOAUT YeTBEPTh CTPaHMLIbl, OHO Cpa3y ke OTIIpaBJseTcs B toast-
Tabnuiy. External-aTpuoOyTsl 06pabaThIBAIOTCS TaK K€, HO He CKMMAIOTCS.

2. Ecnu mocne mepBoro nmpoxona CTpoka BCe ellle He IIOMeIlaeTcs, II0 OfHO-
My OTIpaBisieM B toast-Tabauily OoCTaBIIMECsS aTPUOYTHI CO CTPATETUSIMU
external 1 extended.

3. Ecti 1 9TO He IOMOIVIO, IBITAEMCS CKaTh aTPUOYTHI CO CTpaTerueii main,
OCTaBJISISI IX TIPY 9TOM B TaOGJIMYHOI CTpaHMUIIE.

4. Eutnt cTpoKa Bce paBHO HENOCTATOYHO KOPOTKA, OTIIpaBjisieM B toast-Tab-
JIUITY Main-aTpu6yThl.

IMoporoBoe 3HaueHue coctapiseT Bce Te ke 2000 6aiiT, HO MOXKeT mepeorpemne-
JIATBCS TTapaMEeTPOM XpaHeHus toast_tuple_target Ha ypOBHe TaOIUIIbI.

MHorga MOXXeT OKa3aTbCsl MOJIE3HBIM M3MEHUTb CTPATErui0 IJisi HEKOTOPBIX
cTon61oB. Ec/iu 3apaHee M3BECTHO, YTO JaHHbIE B CTONOIE He CKUMAIOTCS (Ha-
npuMep, B cTonbile xpaHsaTcest JPEG-1u300paskeHNsT), MOKHO YCTAaHOBUTD JIJIST HETO
cTpaTeruio external — 3TO MO3BOJUT COKOHOMUTh Ha 6eCrojIe3HbIX IOIbITKAX
oKatust. I3MEeHUTh CTPaTErMI0 MOKHO KakK IPU CO3TaHUM TabIuUIIbI (TTpeaaoKe-
Hue STORAGE xomanzgbst CREATE TABLE), Tak 1 Bnoc/ieCTBUM :

=> ALTER TABLE t ALTER COLUMN d SET STORAGE external;
[ToBTOPUB 3a11pOC, MOTYUMM:

! backend/access/heap/heaptoast.c.
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attname | atttypid | storage
_________ +__________+__________
a | integer | plain

b | numeric | main

c | text | extended
d | json | external
(4 rows)

v. 15 [Ing ckaTus OOCTYIHBI IBa ajroputma: TpaguuuoHuslii PGLZ u 6omee coBpe-
MeHHbII LZ4 (06a SIBJITIOTCS Pa3HOBUIHOCTSIMM aJITOPUTMA CJIOBAPHOTO CKATUS
Jlemnienssi—3uBa). IIo yMomuyaHMiO CKaTKe BBITIOMHSETCS aJITOPUTMOM, yKa3aH-

pglz HBIM B mapamerpe default toast_compression; 3SHaUeHNME MOXKHO YCTaHOBUTbD JIJISI
OTIENbHBIX CTONOLIOB B IpemaaoskeHun COMPRESSION. 3TaloHHbIE TECTHI ITOKA-
3BIBAIOT, UTO IpU CXO0OHOM ¢ PGLZ ypoBHe ckaTtus LZ4 TpaTUT MeHbllie peCypCcoB
rpoiieccopa.

Toast-TabauMIIBl PacIioNaraloTcs B OTHAENbHONM cxeMe pg_toast, He BXomsIiei
B ITyTh MOMCKA, ¥ TIO9TOMY OOBIYHO He BUIHBI. 111 BpeMeHHbIX TaO/IUIIL UCITOJb-
3yeTcs cxema pg_toast_temp_N aHaTorMyHO 06bIYHOI pg_temp_N.

KoHeuHo, npy keaHMM BCETAa MOXKHO MOATTSAETDb 3a BHYTPEHHEN MeXaHUKOM
nporiecca. CkaxkeM, B Tabiuiie t ecTh TPy MOTEHIMATIbHO JJIVMHHBIX aTpUOyTa, 0-
aTOMYy toast-Tabnuiia o6s13aHa 6bITh. BOT OHa:

=> SELECT relnamespace::regnamespace, relname
FROM pg_class WHERE oid = (
SELECT reltoastrelid FROM pg_class WHERE relname = 't'

)y

relnamespace | relname
______________ _+_________________
pg_toast | pg_toast_16385
(1 row)

=> \d+ pg_toast.pg_toast_16385
TOAST table "pg_toast.pg_toast_16385"

Column |  Type | Storage
____________ +_________+_________
chunk_id | oid | plain
chunk_seq | integer | plain
chunk_data | bytea | plain

Owning table: "public.t"
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Indexes:
"pg_toast_16385_index" PRIMARY KEY, btree (chunk_id, chunk_seq)
Access method: heap

JIOTMYHO, UTO JJ151 KTOCTOB», HA KOTOpPbIe Hape3aeTcsl CTPOKa, IpUMeHsIeTCs CTpa-
Terus plain: TOAST BTOpOro ypoBHS He CyIIeCTBYET.

Bmecre ¢ tOB.St-Ta6III/ILl6ﬁ B TOI1 3Ke Cxeme CO3[aeTcs U MHIOEKC, KOTOpr‘/JI scez0a
VCIIOJ/Ib3YeTCA OJId JOCTYyIIa K d)parmeHTaM 3HaYeHui1. UMs MHIeKca BUAHO B BbI-
BOJe KOMaH/JbI, HO €ro MO>XHO HaiTU U 3aIIpoCcoM:

=> SELECT indexrelid::regclass FROM pg_index

WHERE indrelid = (

SELECT oid FROM pg_class WHERE relname = 'pg_toast_16385'
DE

indexrelid

pg_toast.pg_toast_16385_index
(1 row)

=> \d pg_toast.pg_toast_16385_index
Unlogged index "pg_toast.pg_toast_16385_index"

Column | Type | Key? | Definition
chunk_id | oid | yes | chunk_id
chunk_seq | integer | yes | chunk_seq

primary key, btree, for table "pg_toast.pg_toast_16385"

Takum o6pa3oM, toast-Tab/uiia yBeIMunBaeT MyUHMMaIbHOe YicIo (aitios, «06-
CTY>KMBAIOIIMX» TAOIUITY, 1O BOCBMU: TPU CJIOSI OCHOBHOI TaGIMIIbI, TPU CJIOS
toast-TabuMIIbl M JBa C/10s toast-MHaeKca.

Cronbery ¢ UCIIONMB3YET CTpaTernio extended, 3HaUeHNS B HEM GYAYT CKUMATHCS :

=> UPDATE t SET c = repeat('A',5000);
=> SELECT * FROM pg_toast.pg_toast_16385;
chunk_id | chunk_seq | chunk_data

B toast-Ta6iuile HUYEro HeT: MOBTOPSIIOIIMECS] CMMBOJIbI C3KAIMCh aTOPUTMOM
LZ, 1 1oc/ie 3TOro 3HaueHme IMIOMeCTUIOCh B 06bIYHOI TabIMUYHOI CTPaHUIIE.
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A Teriepb COCTaBUM 3Ha4Y€HME U3 CJIy4YaliHbIX CMMMBOJIOB:

=> UPDATE t SET c = (
SELECT string_agg( chr(trunc(65+random()*26)::integer), '')
FROM generate_series(1,5000)

)
RETURNING left(c,10) || '...' || right(c,10);

?column?
NHZVKVXINZ. . .XSTAOFMPRV
(1 row)
UPDATE 1

Takyi0 IMOC/IeI0BAaTENbHOCTh CKaTh He IOJNy4YaeTcs], M OHA IMOMajaeT B toast-
TaGIUILY:

=> SELECT chunk_id,
chunk_seq,
Length(chunk_data),
left(encode(chunk_data, 'escape')::text, 10) || '..." ||
right(encode(chunk_data, 'escape')::text, 10)
FROM pg_toast.pg_toast_16385;

chunk_id | chunk_seq | length | ?column?
—————————— e i
16390 | 0 | 1996 | NHZVKVXINZ...WQUEQDXAMA
16390 | 1] 1996 | CNCCDGCZYE. . .ELWTNRJIRHL
16390 | 2 | 1008 | CPNYWTCYIQ...XSTAOFMPRV
(3 rows)

BugHo, UTO JaHHbIE Hape3aHbl Ha pparMeHThI. PasMep hparMeHTOB BbIOMpPaEeTCs
TaK, YTOGbI Ha CTpaHuIle toast-TabIuIIbl TOMENaI0Ch YeThIpe CTPOKU. OT Bepcum
K BEpPCUM ITO 3HAUEHMEe MOKET HEMHOIO MEHSThCS B 3aBMCMMOCTM OT pasMepa
3aroJIOBKA CTPAHMUIIbI.

ITpu obpaieHnu K «IJAMHHOMY» aTpubyTy PostgreSQL aBTOMaTMuecku, IMpo-
3pavyHo [JI NIPUIOKEHMS], BOCCTAaHABIMBAET MCXOLHOE 3HaUeH)e ¥ BO3BpalaeT
ero kimeHTy. Eciv ske Takue aTpuOyThI He yIaCTBYIOT B 3aIIpoce, TO toast-Tabmumia
He 4yuTaeTcsa. JTO OJHA M3 IIPUUMH He MCII0Ab30BaTh «3BEe3404YKy» B IIPOU3BOJ, -
CTBEHHOM Kofe.

Ecnmu kveHT 3ampammBaeT Ha4aIbHYIO YaCThb AJIMHHOTO 3HAYEHMS, TO OYIYT ITPO-
YUTaHbI TOJTBKO HeobxoayuMble parMeHThl, B TOM UKC/Ie U B ¢JTyyae, KOTja 3Ha-
YyeHMe XPaHUTCSI B CKaTOM BUIE.
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1.2. Ilpoyeccst u namsims

Tem He MeHee M Ha CKaTue C Hapeskoi, M Ha MoOCaeAylollee BOCCTaHOBJIE-
HJE TPAaTUTCS JOBOJIbHO MHOTO pecypcoB. [I03TOMY XpaHUTb 00bEMHBIE TaHHbIE
B PostgreSQL — He nyurasi uaest, 0COOEHHO eCJIM OHUM aKTUBHO MCITOJIb3YIOTCS
¥ TIPU 3TOM ISl HUX He TpebyeTcsl TpaH3aKI[MOHHAs JIOTMKA (KaK IpuMep: OT-
CKaHVPOBAHHbIE OPUTMHAJIBI OYXTaITepCKUX AOKYMEHTOB). [ToTeHIIMaNIbHO 60-
Jlee BBITOAHAS adbTepPHATMBA — XPAHUTDb TaKye JaHHbIe B (ailioBoii cucTEME,
a B 6a3e MAHHBIX IEePKaTh TOJIBKO MMEHAa COOTBETCTBYWOIIMX (aitnos. IIpaBna,
torga CYB]I He cMoskeT o6ecrieunBaTh COrJIaCOBAaHHOCTD TaHHbIX.

1.2. Mpoueccbl U namMaTb

Ok3eMIuIsip cepBepa PostgreSQL cOCTOUT M3 HECKOMBKUX B3aMMOEMCTBYIOIIUX
MPOLLECCOB.

B nepBylo ouepens Ipy cTapTe cepBepa 3aIyCcKaeTcsl IPOoLLecc postgres, Tpaguim-
OHHO Ha3bIBaeMblii postmaster. Postmaster 3amyckaeT Bce OCTa/IbHbIe ITPOIIeCChl
(B Unix-nmomo6HbIX CUCTEMAX [IJIS 3TOrO MCIIONb3YeTCsI CUCTEMHBIN BbI3OB fork)
U «IIPUCMATPUBAET» 38 HUMU — eC/IM KaKO¥-HMUOYAb MPOIecC 3aBepIInTCs aBa-
puitHO, postmaster nepe3anycTUT ero (UM BeCb CepBep, eIy COYTET, YTO MPO-
1IecC MOT ITOBPEAUTH 00IIe TaHHBIE).

MpoueccHas Mopenb npuMeHsetcs B PostgreSQL ¢ caMoro Hauana NpoekTa u3-3a CBOEN
MPOCTOTbI, U BCE 3TO BPEMS HE MPEKPALLAIOTCA AUCKYCCUM O MEPEXOAE K UCMOb30BaHUIO
MOTOKOB.

Y Tekylieil MOAENU ecTb psfd, HeAOCTaTKOB: CTAaTUYECKM BblaensiemMas obuias namsaTb He
NO3BO/ISET Ha NIETY MEHATb pa3Mep TakmMx CTPYKTYP, Kak ByhepHbIi Kel; napannenbHble
anropuTMbl CIOXKHbI B peanusaumn u MeHee 3dEKTUBHbI, YeM MOMM Bbl BbITb; CEAHCbI
XECTKO MpMBA3aHbl K npoLeccaM. Mcnonb3oBaHue NOTOKOB BbIMSAUT MHOroobeLLatoLLe,
XOTSl M YpEeBATO C/IOXKHOCTSMM C U30/IMPOBAHHOCTbI, COBMECTUMOCTBIO C ONEPALIUOHHBIMM
cUCTEMaMu, ynpaBieHUeM pecypcamu. He roBops yke o TOM, YTo nepexof notpebyet pa-
[MKaNbHbIX M3MEHEHWIT B KOAE M roabl paboThl. [oka nobexaaeT KOHCepBaTMBHbIN B3ra4,
U B Bamxaiillee BpeMs HUKAKUX U3MEHEHUIA HE NPeaBUANTCA.

Paboty cepBepa obecrieunBaeT psi CTysKeOHBIX poreccoB. OCHOBHBIE U3 HUX:

startup BOCCTaHAaBJIMBAeET CUCTEMY ITOCIE C60€B;
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I'nasa 1. Bsederue

autovacuum OYMINAeT TaGMUIIbI M MHAEKCHI OT HEAKTYaTbHBIX TaHHbIX;
wal writer 3amuchiBaeT Ha AMCK KypHaIbHbIE 3aTMNCH;

checkpointer BBITIOTHSIET KOHTPOIBHYIO TOUKY;

writer 3amyMcbIBaeT Ipsi3HbIE CTPAHUIIBI HA JUCK;

wal sender nepenaeT sKypHaJbHbIE 3aIIMCK HA PEILIUKY;

wal receiver NpyHMMAaET XXYpHaJIbHbIE 3aMMCU Ha PEIUIMKE.

HeKOTOpre M3 3TUX MPOLECCOB 3aBepUIalOTCA I10C/I€ BBIIIOJTHEHUA CBOei1 3ama-
un, gpyrue pa60Ta10T IIOCTOSAHHO B dJOHOBOM pexume, a KakKme-To MOryT ObITh
OTK/TIOYEHBbI.

Kaxpaplii npouecc ynpaBaseTcs KOHGUrypaLMOHHbIMK NapaMeTpaMu, MHOTAA LecsaTKamu
napameTpoB. YTo6bl OCMbIC/IEHHO BbINOMHATH HACTPOWKY CEPBEPA, HYXXHO XOPOLUIO fpes-
CTaBNSATb €ro BHyTPEHHee YCTPOoMCTBO. Ho M3 061mMXx CO0bparKeHUn MOXHO BblBpaTh NnLLIb
HayafbHble aAeKBATHbIE 3HAYEHUS NapaMeTPoB, KOTOPble 3aTeM MOTPebyeTcs YTOUHNATD,
nonyyasi 06paTHyH CBSI3b OT MOHUTOPUHTA.

YTo6hI MpOIIeCChl MOT/IM 0OMEHMBATLCST MHGOpPMalIueit, postmaster BbifensieT
06wy namsamep, KOTOpas JOCTYITHA BCEM ITPOIIECCaM.

W3-3a Toro, uTo Aucku (ocobenHo HDD, Ho u SSD Toxke) paboTaloT 3HAUMUTEb-
HO MeJjIeHHee, ueM ollepaTUBHAas MaMsTh, IPMMeHsIeTCs KellupoBaHue: B 00-
1ieit 061acTu ornepaTUBHONM MaMSTY OTBOIUTCS MECTO T0J, HeJaBHO MPOYMTaH-
Hble CTPaHMILIbI B HAZEKIe, UTO OHM ellle He pa3 [TOHAJ00SITCS M MOXKHO 6ymeT
COKOHOMMUTD Ha ITOBTOPHOM O6GpaIeHM] K OUCKY. isMeHeHHbIe JaHHbIe TaKKe
3aMMChIBAIOTCS Ha IMCK HE CPasy, a Yepes HEKOTOPOe BpeMs.

BydepHblii Kelll 3aHMMaeT 60IbINYIO YacTh 06I1ei mamsaTi. B Helt ske pacronara-
10TCS U ipyTre 6ydepsl, KOTOPbIE UCITOIb3YIOTCSI CEPBEPOM ISl YCKOPEHUST pabo-
ThI C AVICKOM.

CBOI1 Kell uMeeTcsl U y OnepauyoHHON cuctembl. PostgreSQL He mcrmonb3yeT
(ouTH) MPSIMOM BBOA-BBIBOZ, B 00XOJ MEXaHM3MOB OIEPAIVIOHHO!N CUCTEMBI,
[I03TOMY KeIllPOBaHMe IOIy4aeTCs] ABOMHbBIM.

ITpu cboe (Harpumep, IPU aBapUITHOM OTKJIIOUEHUM ITUTAHUSI UM Kpaxe oIe-
pPaLIOHHOM CUCTEMBI) COZIePKMMOe OTIepaTUBHOI MaMsITH, BKIouast 6ydepHbIit
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1.3. KnueHmul u K1ueHm-cepeéepHbili nNpomoKon
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Kem, rpornagaet. Ha myucke ocrawoTrcs (aiyibl, CTPAaHUIIBI KOTOPBIX 3aICaHbI
B pa3Hble MOMEHTBI BpeMeHM. UTOObI MMeTh BO3MOKHOCTh BOCCTAHOBUTD COTJIA-
COBAHHOCTb JAHHBIX, B IIpoIiecce paboThl PostgreSQL BenmeT #cypHa npedzanucu
(WAL), MOo3BOSIONINIA TPY HEO6XOAMMOCTHM BBITTOTHUTD MTOTEPSIHHbIE OTITepalumn
TOBTOPHO.

1.3. KnueHTbl U KNUEHT-CEpBEPHbI NPOTOKON

Emre omHa 3agava npoiiecca postmaster — cayImaTh BXxogasiye coenyHeHus. [Ipu
MOSIBJIEHUY HOBOTO KJIMEHTA postmaster OpOKIAeT IJis HETO 00C/yHU8aoujul
npoyecc! (backend). KiMeHT ycTaHaBIMBAeT COeIMHEHME Y HAYMHAET CEaHC 06-
IIeHMs CO CBOMM CepBepPHBIM IpoiieccoM. CeaHC MPOAOIKAETCS 10 OTKIIOUEHNS
KJIMEHTA WU pa3pbiBa CBSI3M.

1 backend/tcop/postgres.c, dyukuus PostgresMain.
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I'nasa 1. Bsederue

IIJIs KasKIOro KJIMEHTAa Ha cepBepe MOPOKIAeTCsl CO6CTBEHHBIN 00CTYKMBAIOIIIA
Trpoliecc. BospIioe KoMMYecTBO MOIK/IIOUEHMIT MOKET BbI3HIBATDb ITPOOIEMBI :

» Kaskmomy mpoiieccy TpeOyeTcsl ornepaTuBHAs MaMSTh IJIS XpaHEeHUs Kelia
CUCTEMHOTO KaTajora, MOATOTOBJIEHHBIX 3aIlPOCOB, IMPOMEXKYTOUHBIX pe-
3y/IbTATOB IIPY BBITIOJIHEHUN 3aIIPOCOB U IPYIUX AAHHBIX. Yem 6GoJblle co-
eIVHEeHUI OTKPBITO, TeM GOJIbIIIe TOIKHO ObITh JOCTYITHO TaMsITH.

o Ecin coemyHeHMsT BBITIONHSIIOTCST YaCTO, a CEAHChI IIPU 3TOM KOPOTKME (TO
€CTb KJIMEHT BBITIOJIHSIET OAVMH HeOOJbIION 3aIIpoC U OTK/IIOYAETCST), HEMO3-
BOJIUTEJILHO MHOTO PeCcypcoB OyIeT TPaTUThCS Ha YCTaHOBJIEHME COelHe-
HMSI, IOPOXKIEeHMe HOBOTO Mpollecca ¥ HeHY>KHOe 3arojHeHMe JIOKaIbHbIX
Kele’s.

e YeMm 6osbIIIe 3allyuieHo MmpoiueccoB, TeM 60JbIIIe BpeMeH!n Tp66YETC$[ Ha Ipo-
CMOTDP UX CIIMCKa, a 3Ta olnepanyus BhITIOJIHAETCA OYE€Hb 4acCTO. B pesyibTare
C yBeJIMUeHMeM UYMcjia KINMEeHTOB ITPOM3BOANTE/IbHOCTD MOXKET I1agaTh.

B Takux ciaydasx MCIOIb3YIOT NyJ coeduHeHuli, YTOObI OrPaHMUYUTDh YMUCIO 00-
wTy>KUBaIux npoieccoB. PostgreSQL He mMeeT BCTPOEHHOrO IyJsa COeVHEe-
HUI, TO3TOMY NPUXOAUTCS MPUMEHSITb CTODOHHME pellieHUs: MeHeIKephl My-
JIOB, BCTPOEHHBIE B CEPBEP MPWIOXKEHWUI, UM BHEIIHME MPOrPaAMMBI (Takue Kak
PgBouncer! mmm Odyssey?). IIpy 9TOM, KaK ITPaBWIo, OOVH IIPOLIECC Ha cepBe-
pe MoovepeHO BBITIONHSIET TPAH3aKIMM PAa3HbIX KIMEHTOB. DTO HAK/IAIbIBAET
ompeeseHHbIe OTPaHNYEHNS Ha pa3paboTKy ITPUIOKEeHWI, TT0O3BOJISIS ICTIOMb30-
BaTh CPeCTBa, KOTOPbIe JIOKA/IM30BaHbI B IIpeenax TpaH3aKLK, HO He ceaHca.

YT06bI KIVEHT U CEPBEP MTOHUMAJIY JPYT APYTa, OHY JOKHbI MCIIOIb30BATh O VH
¥ TOT 3Ke TIPOTOKOJ B3auMogeiicTBus . OGBIUYHO /IS peaau3aIiuy IIPOTOKOMA MC-
MOJIb3YIOT MITaTHYIO 6ubmoTeky libpg, XOTs BCTpevyaroTcs U He3aBUCUMbIe pea-
JM3aLnn.

ToBOpST B CaMbIX OOIIVX YepTax, MPOTOKOJ ITO3BOJSIET KIMEHTY TTOAKIIOUNTHCS
K cepBepy U BBIITONMHATh SQL-3a1pocs!.

1 pgbouncer.org.
2 yandex.ru/dev/odyssey.
3 postgrespro.ru/docs/postgresql/16/protocol.
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1.3. KnueHmul u K1ueHm-cepeéepHbili nNpomoKon

TMoxk/oueHe BCera BhITOMHSIETCS IO/ OTPeeIeHHO POJIbIO (I10/Ib30BaTeIeM)
M K KOHKPETHOI 6ase maHHbIX. HecMOTpst Ha TO UTO cepBep paboTaeT ¢ Kiac-
TepoM 6a3 JaHHBIX, IJIS VCIIOIb30BaHMsI B IIPUJIOKEHUM Cpa3y HECKOIbKMUX 6a3
TIPUIETCS BBITIOJTHUTD OTAEMbHOE MOAKIIOUeHNe K KaXKa0i u3 Hux. [Ipu mogKiIo-
YEHUY BBITIOIHSIETCST aymeHmudukayus: o6CIy>KMBarOLIii IPOIecC ya0CTOBepsI-
€TCSI, YTO [T0JIb30BATEJb SIB/ISIETCSI TEM, 38 KOTO Ce0sI BbIaeT (HarpuMep, CIIPpOCUB
Maposib), ¥ TPOBEPSIET MOTHOMOYMS MT0JIb30BATE/ISI HA MOAKIIOUEHNE K CEPBEPY
" K BbIOpaHHOI 6a3e TaHHbIX.

SQL-3ampochl IepeaarTcs 06CTYKMBaOIIEMY ITPOLIeccy B TEKCTOBOM Bue. IIpo-
1[ecc pa3bupaeT TEKCT, ONTUMU3UPYET 3aIIPOC, BHITIOIHSIET €r0 1 BO3BpaIllaeT pe-
3Y/IbTAT KIMEHTY.
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N3onauung

2.1. CornacoBaHHOCTb

BakHast ocob6eHHOCTh pensiuoHHbix CYBI — obecrieueHue coz21aco8aHHocmu
(consistency), To eCTb KOppekmHOCMuU JaHHbIX.

Vi3BecTHO, UTO Ha YpOBHe 6a3bl JaHHBIX MOXXHO CO37,aBaTh 02PAHUYEHUs! Yesl0Cc -
Hocmu (integrity constraints), Takmue kak NOT NULL mmay UNIQUE. CYB]I cienut 3a
TeM, yTOOBI JaHHbIE HMKOTJA He HapYIIaJIX 3TU OTPAaHUYEHMS], TO eCTh OCTaBa-
JIUCh LIeTOCTHBIMM.

Eciu 6b1 Bce orpaHmyeHust 6611 cOpMYIMPOBaHbl HAa YpPOBHE 6asbl JAHHBIX,
COIVIACOBAHHOCTH Gbla 6bI rapaHTHpOBaHa. HO HEKOTOpBIE YCIOBUSI CAMIIKOM
CJIOXKHBI IJI1 9TOTO, HAIIPMMeED 0XBaThIBAIOT Cpa3y HECKOIbKO Tabuil. U maxke ec-
JI OTpaHMYEHMe B IIPUHIIAIIE MOXKHO ObITIO GbI ONIpeNeNTh B 6a3e JaHHBIX, HO
13 KaK1X-TO COOBpaskeHii OHO He OIlpeeieHo, 3TO He 03HAUYAET, YTO ero MOKHO
HapylIaTh.

Urax, cornacoBaHHOCTb CTPOXKE, Y€M LIeJIOCTHOCTh, HO YTO KOHKPETHO MOJ, Hel
noHnmaetcs, CYB]] He 3HaeT. ECi mpuiioskeHMe HAPYIIUT COIJTaCOBAHHOCTD, HE
Hapyias 1ejgoctHocti, y CYB]I He 6ymeT criocoba y3HaTh 06 sTom. IomydaeT-
Cs1, UTO TAPAHTOM COTJIACOBAHHOCTU BBICTYTAeT MPUJIOKEHME, U OCTAeTCSI BEPUTh,
YTO OHO HAMMCAHO KOPPEKTHO ¥ HUKOT/IA He OInbaeTcs.

Ho ecnu mpwioskeHye BBITIOMHSIET TOJBKO KOPPEKTHbIE ITOCTIeH0BaTeIbHOCTHU
OIIepaToOpOB, B UueM Torga poiab CYBII?

BO-HepBbIX, KOppEeKTHad I10CJIeJOBaTEe/JIbHOCTh OIIEpaTOPOB MOXKET BPEMEHHO
HapyuiaTb COIVIaCOBAHHOCTb JaHHBIX, 1 3TO, KaK HM CTPAaHHO, HOPMaJIbHO.
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I'nasa 2. HUsonayus

3ae3XeHHbIN, HO TIOHSTHBIV IPUMeEpP COCTOUT B IepeBOAEe CPEACTB C OJHOIO Cue-
Ta Ha Apyroii. [IpaBmIo COTIaCOBAaHHOCTY MOSKET 3BYyUaTh TaK: nepesod Hukozda He
MeHsiem obujeti cymmol 0eHez Ha cuemax. Takoe MPaBUIIO JOBOJIBHO TPYIHO (XOTSI U
BO3MOXXHO) 3amucaTh Ha SQL B BUJle OoTpaHUUEHUSI LIeIOCTHOCTH, TaK YTO ITyCTh
OHO CYIIIeCTBYeT Ha YPOBHe NMPUIOKeHMs U ocTaeTcss HeBuamumbIM gst CYB/I. Tle-
peBOJ, COCTOUT U3 ABYX OIepalnii: mepBasi yMeHbIIaeT CPeACTBA Ha OAHOM CUEeTe,
BTOpas — yBeJMUMBaeT Ha ApyroM. IlepBas omepaiiusi HapyllaeT COIJIaCOBaH-
HOCTb JAHHBIX, BTOpPasi — BOCCTaHABIMUBAET.

Eciu mepBast orepaniyst BBIMOJIHUTCS, & BTOpasi — I10 MIPUYMHE KAaKOTO-TO CO60sT —
HET, TO COIVIAaCOBAaHHOCTh HApPYIIMUTCS. A 3TO HemomycTumo. LleHoii HeuMoBep-
HBIX YCUJINI TaKMe CUTyaIluyY MOKHO 00pabaThIBaTh HA YPOBHE MPUJIOKEHMS, HO,
K CYACTbIO, 3TO He TpebyeTcs. 3a1auy MoMHOCTbIO peraetr CYBI, eciy 3HAET, YTO
IIBe ollepaluy COCTaB/SIOT HeJleIMMOe 11eJ10€e, TO eCTh MPaH3aKyuro.

Ho ects u BTOpOI1, Gosiee TOHKMUIT MOMEHT. TpaH3aKIuy, abCOMIOTHO MPaBUIb-
HbIe caMy 110 cebe, TP OJHOBPEMEHHOM BBITIOJIHEHUYM MOTYT HavaTh paboTaTh
HEKOPPEKTHO. DTO MPOMUCXOAUT U3-3a TOTO, UYTO TIepeMeNIMBaeTCs ITOPSIOK BbI-
TTOJTHEHMST oTlepalyit pasHbIx TpaH3akuuii. Eciu 661 CYB]I cHavasia BBITIOMHSIIA
BCe OIepanyy OJHOM TpaH3aKIMM, a TOJIbKO ITOTOM — BCe OIepaIyu Apyroii, Ta-
KOV ITpo6J1eMbI He BO3HMKAJIO ObI, HO 6€3 pacrnapasuie/IMBaHust paboThl TPOU3BO-
IUTEIbHOCTh Obl1a ObI HEBOOGPA3MMO HU3KOIA.

[lefcTBUTENBHO OLHOBPEMEHHO TPaH3aKUMKM paboTaloT B CMCTEMAX, F4E€ 3TO NO3BOASET
annapartypa: MHOrosiAePHbI NPOLLECcop, AMCKOBbLIA MaccuB. Ho Bce Te e paccyaeHus
CNpaBeAnMBbI U ANS CEPBEPA, KOTOPbIK BbINONHSET KOMaH/bI NOC/EA0BATENBHO B pEXMME
pasgeneHus BpeMeHu. MHoraa 419 0606LWEHUS UCMONb3YIOT TEPMUH KOHKYPEHMHOE 8bi-
nonHeHue.

Cutyanym, Koraa KOppeKTHbIe TpaH3aKIMy HEKOPPEKTHO paboTaloT BMeCTe, Ha-
3BIBAIOTCS AHOMAIUAMU OIHOBPEMEHHOT'O BBITIOTHEHMSI.

[TpocToit mpuMep: eciu MPUIOKEHNE XOUeT MOMYYUTh 13 6asbl COIIACOBAaHHbIE
JlaHHbIe, TO OHO KaK MMHUMYM He JO/IXKHO BUIETh U3MEHEHUS IPyTux He3aduk-
CMPOBAHHBIX TPaH3aKLMi1. lHave (ec/u Kakas-mnbo TpaH3aKIus OyIeT OTMeHe-
Ha) MOKHO YBUAETb COCTOSIHME, B KOTOPOM 6a3a JaHHBIX HUMKOIIA He HAaXOAM/IaCh.
Takast aHOMaJIMs Ha3bIBAeTCS eps3HbIM UmeHueM. ECTb MHOXeCTBO IpyTHux, 6osee
CJIOXKHBIX aHOMAaJIMIA.
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2.2. YpoeHu usonsuyuu u aHomanuu 8 cmardapme SQL

Ponb CYB]I, COCTOUT B TOM, UTOOBI BBIIIOJIHATh TPAH3aKIMM MapaUIeNIbHO U TIpU
9TOM rapaHTUPOBATh, UTO PE3Y/JIbTAT TAKOTO OJHOBPEMEHHOTO BBITIOTHEHMS OY-
JleT COBIAAATh C Pe3yabTaTOM OJHOTO U3 BO3MOXHBIX MOCI€I0BATE/IbHbIX BbI-
NoMHeHui. UHBIMU ClTOBaMM — U30/1UP06ams TPaH3aKIUU OPYT OT pyTa, ycTpa-
HUB JTI06bIe BO3MOKHbIE AaHOMAJTUA.

Takum 06pa3oM, TpaH3aKIIMel Ha3bIBA€TCSI MHOXKECTBO OIepalluii, KOTOphIE Te-
peBOAAT 6a3y TaHHBIX U3 OJJHOTO KOPPEKTHOTO COCTOSIHMS B IPYroe KOppeKTHoe
COCTOSTHME (C02/1aC08AHHOCMY) TIPU YCIIOBUM, UTO TPAH3aKIIMSI BbITIOIHEHA MOTHO-
CTBIO (amomapHocmp) ¥ 6e3 MOMeX CO CTOPOHBI APYTUX TPaH3aKIMit (U30aYus).
910 ompepneneHue o6beaVHIET TPebGOBaHMS, CTOSIIME 32 MMEPBBIMU TpeMsl GYK-
Bamm akpoHuma ACID: Atomicity, Consistency, Isolation. OHM HacTONBKO Tec-
HO CBSI3aHBI JIPYT C APYrOM, YTO pacCMaTpMBaThb MX MO OTAEIbHOCTYU ITPOCTO
HeT cMbIcia. Ha caMoM fesie CJIOKHO OTHENINTh U TpeboBaHMe MOJTOBEYHOCTH
(Durability), Bemb mpu Kpaxe CUCTEMBI B Heii OCTAIOTCS M3MeHeHUs He3ahUKCH-
POBAaHHBIX TPAH3aKLMNIA, @ C HUMM IIPUXOIUTCS YTO-TO JI€JIaTh, YTOOBI BOCCTAHO-
BUTb COTJITACOBAHHOCTh JAHHBIX.

HOJ’[Y‘{aeTCH, uyto CYB]l momoraeTt MMPpUIOKEHMIO IIOOOEPKMBATH COIVIaCOBAH-
HOCTb, YUUTDBIBAS COCTAB TPAaH3aKIIMM, HO HE MMes IIPU 3TOM IIOHSATHUA O Ioagpa-
3yMeBaeMbIX ITpaBMJIaX COIJIAaCOBaAHHOCTMA.

K coxanenuio, peanusaumsi MOJTHON U3OMSALUM — TEXHUUYECKU CIOXKHAS 3ana-
Ya, CONpPsKeHHAs C yMeHbIlIeHVeM TTPOU3BOAUTENbHOCTU cucTeMbl. [loaToMy Ha
MIpaKTHKe TIOYTH BCEraa MPUMEHSIeTCST 0C1abieHHasT U301, KOTOpast IIPeaoT-
BpalaeT HEKOTOPbIe, HO He BCe aHOMAIMMU. A 3TO 03HAYAET, UTO YaCTh PAbOThI
1o obecreueHI0 COITIaCOBAaHHOCTM JAHHBIX JIOXKUTCS Ha MpuioxkeHue. ViMeHHO
MO3TOMY O4Y€Hb BaXHO MTOHUMATh, KAKO YPOBEHb U3O0JSIIUN UCTIOIb3YeTCS B CU-
cTeMe, Kakye TapaHTUM OH JAeT, a Kakue — HeT, X KaK B TaKMUX YCIIOBUSIX MUCATh
KOPPEKTHBIN KO,

2.2. YpoBHM U30aSILMK U aHOManuM B cTaHpapTe SOL

CranpapT SQL oImychIBaeT YeThIpe YPOBHS M3OMSILMM L DTH YPOBHU Ompemens-
IOTCS TTlepeuncaeHeM aHOMaJuii, KOTOpble NOMYyCKalTCSI WX He AOMYCKaloTCs

1 postgrespro.ru/docs/postgresql/16/transaction-iso.
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TPV OGHOBPEMEHHOM BBITIOJIHEHUM TPaH3aKIuii. [IoaTomMy pasroBop 06 ypoBHSIX
NIPUAETCS Ha4yaTb C aHOMaJIuiA.

CTOUT UMeTb B BUAY, UTO CTAHOAPT — HEKOE TeoOpeTUYeCKOoe IOCTpoeHmne, KOTo-
poe B/IMSET Ha ITPAKTUKY, HO C KOTOPBIM IIPAKTHMKA B TO XK€ BpeMA CUMJIbHO pacxo-
OUTCA. HOSTOMY BCe MpuMephbl 31eCb YMO3PUTE/IbHbIE. Ouu 6Y,ELYT MCITIO/Ib30BaTh
oriepanyym Had CYyeTaMM KIMEHTOB: 3TO OOBOJIbBHO HAIVISOHO, XOTsd, HaOO IIPpU-
3HaTb, HEe MMeeT HU Maseiiiero OTHOLIEHUS K TOMY, KaK 0GaHKOBCKME orepaunmn
YCTPOEHBI B IeiCTBUTETbHOCTN.

WHTepecHO, uTo co craHAaptom SQL pacxomuTcst U HacTosIast Teopust 6a3 maH-
HBIX |, pa3BMBIIASsICS Y3Ke MTOCTIe TOTO, KaK CTAHAAPT ObLI IIPVHSIT, a TPAKTUKA YCITe-
Jia YUATHU BIIEpE.

MoTepsiHHOe 06HOBNEHME

AnoManust nomepsHHo20 00HosieHus (lost update) BO3HMKAeT, KOrga ABe TpaH-
3aKIMM YUTAIOT OOHY U Ty K€ CTPOKY TabuIIbl, 3aTeM OHA M3 HUX OOHOBJISET
9Ty CTPOKY, ITOCJIe Yero BTOpasi OOHOBJISIET 3TY K€ CTPOKY, HE YUUTHIBAS U3MEHe-
HUI, Coe/IaHHBIX [IepBOil TpaH3aKLMeN.

Hampumep, ABe TpaH3aKIMK COOUPAIOTCS YBEIUUUTH CYMMY Ha OTHOM U TOM 3Ke
cuete Ha 100 P. [TepBas TpaH3akLus unTaet Tekyilee 3HadeHue (1000 P), satem
BTOpasi TPaH3aKL /s YMTAET TO JKe caMoe 3HaueHue. [lepBast yBenuuuBaeT CyMMy
(monyuaetcst 1100 P) u 3anuceiBaet B 6a3y 3T0 HOBOe 3HaueHue. Bropas nmocrymna-
eTTak xe: nomyvaet re xxe 1100 Pu 3anncpiBaeT ux. B pesynbpTaTe KIMEHT OTEPSLT
100 P.

IMoTepsiHHOEe OGHOBJIEHME HE MOITYCKAeTCs CTAaHAAPTOM HM HAa OJHOM YPOBHE
U3OJISILIVIN.

lpsasHoe uteHue n Read Uncommitted

AHomanust epasHozo umenus (dirty read) BosHMKaeT, KOTIa TPaH3aKIMUS UUTAET
elle He 3aUKCUPOBAHHbIE U3MEHEHMSI, CieJIaHHbIe IPYTOi TpaH3aKIMe.

1 postgrespro.ru/education/books/dbtech.
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Hanpumep, niepBas TpaH3akuys nepesoguT 100 P Ha MyCTOI CUET KAMEHTa, HO
He duKkcupyeT M3MeHeHMe. [Ipyrast TpaH3aKLUMSI YMTAET COCTOsIHME cueTa (06-
HOBJIEHHOE, HO He 3a(MKCUPOBAHHOE) U MO3BOJISIET KIMEHTY CHSITh HaJIMUHbIE —
HEeCMOTPS Ha TO, UTO TiepBas TpaH3aKIus IIpepbIBaeTCs M OTMeHseT CBOU U3Me-
HeHMSI, TaK YTO HMKAKUX JleHer Ha cyeTe KIMeHTa HeT.

I'psisHOE UTeHMe JOMyCKaeTCs CTaHAApTOM Ha ypoBHe Read Uncommitted.

HenosTtopsioweecs ureHue u Read Committed

Anomanust Henosmopsiroujezocs umeHus (non-repeatable read) Bo3HUKaeT, Korga
TPaH3aKIMsI YATAET OIHY M Ty K€ CTPOKY ABa pasa, a B IIPOMEXYTKE MEXIY UTe-
HUSIMM BTOpast TPAH3aKLUMS M3MeHSeT (MIU YOAJSeT) 3Ty CTPOKY U MUKCUpPYeT
usMeHeHus. Torma rmepBasi TpaH3aKIMsI TOTYUUT pa3HbIE Pe3Y/IbTaThI.

Harmpumep, mycTh MpaBuUIO COTJIACOBAHHOCTY 3anpewaem ompuyamesnsHsle CyM-
Mbl Ha cuemax KaueHmos. IlepBasi TpaH3aKIysI COGMPAETCS YMEHBIIUTh CYMMY Ha
cuete Ha 100 P. OHa mpoBepseT Tekylee 3HaueHue, nomydaet 1000 P u pema-
eT, UTO YMeHbllleH/e BO3MOKHO. B 3TO Bpems BTOpasi TpaH3aKIMUsl YMeHbIIaeT
CYMMY Ha cueTe A0 Hy/s U GUKCUpyeT u3MeHeHus1. Eciiu Gbl Terepb nepBast TpaH-
3aKIVs IOBTOPHO ITPOBEPIIIa CyMMY, OHa Hoyumia 6b1 0 P (HO OHa ke IpUHSIIA
pelilieH)e YMEHBbIUIUTb 3HaUeHe, U CYET «yXOAUT B MUHYC»).

HemnoBTopsrolieecs: yTeHUe OOITYCKAeTCs CTaHLAPTOM Ha YpPOBHsAX Read Uncom-
mitted 1 Read Committed.

®MaHTOoMHOe uTeHue u Repeatable Read

AnoManust (panmomHozo umerusi (phantom read) BO3HMKaeT, KOrjaa OfHa TpaH-
3aKIyMs IBa pasa YuTaeT Habop CTPOK MO OJMHAKOBOMY YCJIIOBMIO, @ B ITPOMESKYT-
Ke MeXIy UYTeHUSIMU JpyTas TpaH3aKLuus 006aBIIseT CTPOKM, YIOBIETBOPSIOIIe
9TOMY YUIOBMIO, M GUKCUPYET M3MeHeHusl. Torma rmepBasi TpaH3aKLIMS MTOTYUUT
pasHbie HabOPhI CTPOK.

HaanMep, IIyCTb MMpaBUJIO COIVIaCOBAHHOCTU 3anpeuwiaem KJaueHmy umemas bonee
mpex cuemoes. HepBaﬂ TpaH3aKOMsa C06MpaETCH OTKPBITb HOBBIN CUeT, IIpoBepseT
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UX TeKylllee KOJMUeCTBO (CKaskeM, Ba) U peliaeT, YTO OTKPbITHE BO3MOKHO. B 310
BpeMsI BTOpasi TPaH3aKIMs TOKe OTKPbIBAeT KJIMEHTY HOBBIN cueT U GUKCUpPyeT
mn3MeHeHusl. Eciiu 6bl Terepb mepBast TpaH3aKIMs MepernpoBepusia KoauuecTBo,
OHa Toyyumyia O6bl TPy (HO OHA YyKe BBIMOTHSIET OTKPBITHE eIlle OTHOTO CUeTa,
M Y KIMeHTa UX OKa3bIBAeTCS ueThipe).

®aHTOMHOE UTeHMe [OIYCKaeTCs CTaHAAapTOM Ha ypoBHsSX Read Uncommitted,
Read Committed u Repeatable Read.

OTcyTtcTBMe aHoManui U Serializable

CraHzapT onpenensieT M YpOBeHb, Ha KOTOPOM He JOIYCKAITCS HUKaK/ue aHOMa-
nun, — Serializable. I 3To coBceM He TO ke caMoe, UTO 3aIlpeT Ha IOTepSTHHOe 06-
HOBJIEHME U Ha TPSI3HOe, HEMOBTOpsIoneecs: 1 paHToMHOe uTeHue. [Iesio B TOM,
YTO CYIIEeCTBYET 3HAUMTEIBHO OO0JbIIe M3BECTHBIX AHOMAJIUIA, UeM ITepeUnCIeHO
B CTaHZApTe, 1 ellle HeU3BeCTHOe YMC/IO0 II0KA HEM3BECTHBIX.

VpoBeHb Serializable go/mkeH mpemoTBpaIaTh Jil06ble aHOMAINM. DTO O3HAYAET,
YTO HAa TAKOM YPOBHE pa3paboTUMKY IMPWIOKEHMS He HAI0 IyMaTh 00 M30JISIINA.
Ecnu TpaH3akuyy BBITIOTHSIOT KOPPEKTHBIE MOCAeN0BaTebHOCTU OIepaToOpOB,
paboTast B OIMHOYKY, TaHHbIe OCTAHYTCSI COIIACOBAHHBIMM U IPU OTHOBPEMEH-
HOJi paboTe 3TUX TpaH3aKI[Uii.

B KauecTBe MLTIOCTpALMY IIPUBEIY U3BECTHYIO BCeM TaO/IMITy 13 CTAaHIAPTa, K KO-
TOPOI1 IJ1s ICHOCTM H06aBjIeH IMOCIeqHNI CToN6el:

MnoTepsHHbIE  rpA3HOE  HenoBsTopsioweecs — (aHTOMHOe npyrne

W3MEHEHUS  YTeHue yTeHue yTeHme aHoManuu
Read Uncommitted - Aa Aa JiF: JiF]
Read Committed - - JiE] JiF: JiE]
Repeatable Read - - - Aa JiF]
Serializable - - - - -

MouyeMy UMeHHO 3TM aHoManuu?

Hoqemy 13 MHOXeCTBa BO3MOXXHbIX aHOMAJIUI1 B CTaHOapTe rnepeuncjaeHbl TOMb-
KO HECKOJIbKO, 11 IT0YeMy MMEHHO Takue?
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IoCTOBEPHO 3TOTO, BUAMMO, HUKTO He 3HaeT. Ho He MCKITIOUEHO, YTO O IPYTUX
AHOMAJTMSIX BO BpeMeHa IPUHSATHS MepBbIX BepCuil CTaHJapTa MPOCTO He 3a1y-
MbIBAJICh, TTIOCKOJIbKY TEOPUSI 3aMETHO OTCTaBaja OT MPaKTUKMA.

Kpome Toro, rpearonaranioch, YTO M30SLMS LOKHA OBITH IIOCTPOEHA Ha 6I1o-
KMpOBKax. Mmest MIMPOKO MPUMEHSIBIIETOCS NPOMOKoJa 08YX(ha3Hozo 60KUposa-
Husi (2PL) cocTOUT B TOM, UTO B ITpoliecce BHITIOMHEHUS] TPaH3aKIUs GIOKUpyeT
3aTPOHYTHIE CTPOKM, a MPU 3aBepIIeHNN — OCBOOOXKAAeT 6I0KMPOBKU. CUITBHO
yIpoIas: 4yem 6osblie 6I0OKMPOBOK 3aXBaThIBAET TPAH3AKLMS, TEM JIyUIlle OHA
M30/IMPOBaHa OT APYIMX TpaH3akuuii. Ho 1 TeM cuibHee cTpasaeT Ipou3BOAM-
TEbHOCTb CUCTEMbI, TTIOCKOIbKY BMECTO COBMECTHOM paboThl TpaH3aKLIMY HAUM-
HAalOT BBICTPaMBaThCs B OUepeb 3a OLHMMU U TEMMU Ke CTPOKAMMU.

Kak MHe mpeicTaB/IsieTcs, pa3Huiia MeXKIy CTaHAAPTHBIMY YPOBHIMM U3O0JISILIUN
B 3HAUMUTEJIbHOJ CTeIIeH! 0OBSICHSIETCS KaK pa3 KOIMUYeCTBOM HeO6XOIMMBIX JIJIst
UX peanusanuy 6JI0KMPOBOK.

Ecmm TpaH3akuys 6JI0KMPYeT U3MEHSIeMbIE CTPOKM IJIS1 U3MEHEHUI, HO He IS
yTeHus, MojsiyyaeM ypoBeHb Read Uncommitted ¢ BO3SMOKHOCTBIO IIPOUYUTATH
He3a(pMKCUPOBAHHbIE JaHHBIE.

Ecnu n3meHsieMble CTPOKY OIIOKUPYIOTCS ¥ IJIS1 UTEHUS, U IJ1 MI3MEHEeHMIA, TIOMy-
yaeM ypoBeHb Read Committed: He3aduKkcupoBaHHbIe TaHHbIE TPOYUTATH HEJTb-
351, HO TPV IOBTOPHOM 0OpaIleHny K CTPOKE MOKHO MOTYYUTh IPYTOe 3HaUeHne
(HermoBTOpSIIOIIEECS UTEHME).

Ecmu pjist Becex orepaiinii 6;I0KMPYIOTCSI M YMTaeMble, ¥ U3MEHSIEMbIE CTPOKU, I10-
JIyyaeM ypoBeHb Repeatable Read: moBTOpHOE UTeHMe CTPOKM OyIEeT BbIIaBaTh TO
>Ke 3HaYeHue.

Ho c Serializable nmpo6iema: HeBO3MOKHO 3a6/I0KMPOBATh CTPOKY, KOTOPOIi ere
HeT. /3-3a 3TOr0 0CTaeTcsi BO3MOXKHOCTb (PAHTOMHOTO UTeHUSI: fpyrasi TpaH3aK-
M MOKET J0OABUTH CTPOKY, TIOTAIAI0IIYI0 110, YCIOBUS BBITIOJIHEHHOTO paHee
3ampoca, ¥ 3Ta CTPOKa OKaskeTCsl B IOBTOPHO BbIOOPKE.

TMosToMy AJist TIOJTHO¥ MU30MSIIMY OOBIYHBIX 6JTOKMPOBOK HE XBaTaeT — HYKHO 6J10-
KMPOBATh He CTPOKMU, a YCIOBUS (TIpeauKaThl). Takue npedukamisie G;IOKUPOBKA
ObLTM TIpedJIoKeHbI elle B 1976 romy mpu pabore Hap System R, HO ux mpaxk-
TUYeCKass IPUMEHMMOCTb OTpaHNUY€eHa AOCTATOYHO MPOCTBIMU YCIAOBUSIMU, OIS
KOTOPBIX TOHSITHO, KOH(IMKTYIOT /I IBA pasHbIX Ipeaukara. /o peanusauumn
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MpeaKaTHbIX GJIOKMPOBOK B 3aJyMaHHOM BUJIE [€JI0, HACKOJIbKO MHE M3BECTHO,
He JOIIJIO HU B OJHOM CUCTeMe.

2.3. YposHu usonsaumuu B PostgreSQL

Co BpeMeHeM Ha CMeHY 6/IOKMPOBOYHBIM ITPOTOKOIAM YIIPABIE€HNS TPAH3aKIIVSI-
MM IIPUIIENT NPOMOKO U30aayuu Ha ocHoge cHumkos (Snapshot Isolation, SI). Ero
MIest COCTOUT B TOM, UTO KayKIast TpaH3aKLus paboTaeT C COr/IaCOBaHHBIM CHUM-
KOM [TaHHBIX Ha OIpeje/eHHbII1 MOMEHT BpeMeH!. B CHMMOK MomnazaoT Bce ak-
TyaJIbHbIE M3MeHeHMs, 3a(PUKCMPOBAHHbBIE IO MOMEHTA €r0 CO3IaHMs.

V3oma11Msl Ha OCHOBE CHMMKOB IT03BOJISIET OOXOAUTHCS MUHMMYMOM OJIOKMUPO-
BOK. ®aKkTuyecku 6IOKUPYETCS TOJMbKO IIOBTOPHOE M3MeHeHMe OIHO U TOi ke
CTpOKU. Bce ocTanbHble OMepaluy MOTYT BITIOIHSAThCS OJHOBPEMEHHO: TIHIITY-
IIyie TPaH3aKIMM HUKOIA He 6JIOKMPYIOT UMTAOIe TPaH3aKLMK, a YUMTAIOIie
BOOOIIIe HMKOTIA HUKOTO He BJIOKUPYIOT.

B PostgreSQL peann3oBaH MH0208epCcuUOHHbII BapUaHT npoTokosna SI. MHorosep-
CMOHHOCTb moapasyMmeBaeT, utTo B CYB/l B OAMH MOMEHT BpeMEeHU MOTYT CO-
CYyLLeCTBOBATb HECKOIBKO BEPCUIT OHOM U TOM XXe CTPOKU. ITO MTO3BOJSIET BKIIIO-
YaTh B CHUMOK ITOJIXOJISIIIYI0 BEPCHIO, 8 He O6PBIBATH TPAH3AKI[UH, TIBITAIOIIVECS
MPOYNTATh yCTAapeBIlNe TaHHbIE.

3a cueT MCIOIb30BaHMsI CHUMKOB TaHHbBIX M3071s111s B PostgreSQL oTimyaeTcs ot
TOI, UTO TpebyeT CTaHAAPT, U B IIEJIOM OHA CTpOXKe. [psI3HOE uTeHMe He IOITyCKa-
eTcs no onpepenernto. PopmanbHo B PostgreSQL MoOKHO yKa3aTh ypoBeHb Read
Uncommitted, Ho paboTaTbh OH OyJeT TOYHO TaK ke, Kak Read Committed, mosTomy
Iasbliie s BOOGIIe He OyIy TOBOPUTD ITPO 3TOT YpOBEHb. YpoBeHb Repeatable Read
He IOTyCKaeT He TOJIbKO HeIOBTOPSIOIIEerocs, Ho M GaHTOMHOTO YTeHUS (XOTS U
He obecreuMBaeT MOJHYI0 U30/suio). IIpaBaa, Ha ypoBHe Read Committed MOXK-
HO 8 pside ciyuaes TIOTePSITh U3MeHeHMs.

noTepsiHHble  FPA3HOE  HeroBTOpAloleecs  (GaHTOMHoe  Apyrue

M3MEHEHMS  YTeHue yTeHue yTeHMe aHOManuu
Read Committed Ja - Jit] na aa
Repeatable Read - - - - it

Serializable - - - - _
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Ilepen TeM Kak MCCAeNOBAaTh BHYTPEHHeEe YCTPOIICTBO M3OJALMM, AaBaiiTe IO-
IPOGHO PaCCMOTPUM KaXKIbIN 13 TPEX YPOBHEI C TOUKM 3PEHMSI IT0JIb30BATEJIS.

s aroro cosmanum Tabnuily cuetoB. Y Anucsl 1 Boba mo 1000 P, Ho y Bob6a ot-
KDBITO JIBa cyeTa:

=> CREATE TABLE accounts(

id integer PRIMARY KEY GENERATED BY DEFAULT AS IDENTITY,
client text,

amount numeric
);
=> INSERT INTO accounts VALUES
(1, 'alice', 1000.00),
(2, 'bob', 100.00),
(3, 'bob', 900.00);

Read Committed

OTCyTCTBME rpA3HOro uteHusd. Jlerko yoeauThCsl B TOM, UYTO TPSI3HbIE TaHHbIE ITPO-

Y)TaTh HeBO3MOXHO. HauHeM TpaH3akuyio. IIo yMOMUaHUIO OHA MCIIONb3YeT
ypoBeHb usonsanuu Read Committed!:

=> BEGIN;
=> SHOW transaction_isolation;
transaction_isolation

read committed
(1 row)

T'oBOpst TOUHEE, YMOTUATEIbHBIN YPOBEHD 3aIa€TCS ITapaMeTPOM, KOTOPBINA TPy
HEeOOXOAVMOCTY MOKHO M3MEHUTh:

=> SHOW default_transaction_isolation;
default_transaction_isolation

read committed
(1 row)

1 postgrespro.ru/docs/postgresql/16/transaction-iso#XACT-READ-COMMITTED.
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WTak, B OTKPBITOV TPAH3aKI[MM CHMMAaeM CPeJCTBA CO CYEeTa, HO He (hMKCUpPyeM
mn3MmeHeHust. CBOM COOCTBeHHbIE M3MEHEHMS TPAH3aKIMs BCerna BUIOUT:

=> UPDATE accounts SET amount = amount - 200 WHERE id = 1;
=> SELECT * FROM accounts WHERE client = 'alice';

id | client | amount
____+ ________ + ________

1 | alice | 800.00
(1 row)

Bo BTOpOM ceaHce HauMHAEeM ellle OOHY TPaH3aKIMIO C TeM >Ke ypoBHeM Read
Committed:

=> BEGIN;
=> SELECT * FROM accounts WHERE client = 'alice';

id | client | amount
____+ ________ + _________

1 | alice | 1000.00
(1 row)

Kak n oxumamoch, opyrast TpaH3aKIusl He BUANT He3adhUKCUPOBAHHbIE I3MEHe-
HUSI — TPSI3HOE UYTeHMe He JOITYCKAeTCs.

HenoeTopsioweecs utenne. IlycTh Temepsb repBasi TpaH3aKIMs 3aUKCUPYET U3-
MeHeHMsI, a BTOPasi IOBTOPHO BBITIOHUT TOT Ke CaMBblii 3a1pocC:

=> COMMIT;

=> SELECT * FROM accounts WHERE client = 'alice';

id | client | amount
____+ ________ + ________

1 | alice | 800.00
(1 row)

=> COMMIT;

3arnpoc nosyyaeT y>ke HOBble JaHHbIE — 3TO U €CTh aHOMAaJINSI HEN08MOPSIOULe20Cs
umeHusi, KOTOpas JOnyckaeTcs Ha ypoBHe Read Committed.

HpaKTI/I‘IeCKI/Iﬁ BbIBOJ: B TPAH3aKIIMM HEJ/Ib34 IIPMHMMATDL pelleHs Ha OCHOBA-
HUM OJaHHBIX, IPOYNUTAHHBIX IIPEAbIAYIIMM OII€epaTOpPOM, B€ob 3a BPEMS MEXOY
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BBITIOJTHEHVIEM OTIEPATOPOB BCE MOKET M3MEHUTHCS. BOT IIpuMep, Bapuanmum Ko-
TOPOT0 BCTPEUAIOTCs B IPUKIAZHOM KOJIe TaK YacTO, UTO OH SIBJIIETCS Kiaccuye-
CKUM aHTUIIATTEPHOM:

IF (SELECT amount FROM accounts WHERE id = 1) >= 1000 THEN
UPDATE accounts SET amount = amount - 1000 WHERE id = 1;
END IF;

3a BpeMsl, KOTOpOe MTPOXOAUT MEXKITY ITPOBEPKOIi 1 OOHOBIEHNUEM, IPYTHe TPaH-
3aKIMM MOTYT KaK YTOAHO MI3MEHNUTH COCTOSTHIE CUETA, TAK UTO TaKast <IIPOBEpKa»
HU OT Y€ero He cracaeT. YIo6HO IPeACcTaB/siTh cebe, YToO MEXKIY OTlepaTopamu O -
HOJ TpaH3aKIMM MOTYT «BKIMHUTbBCSI» TIPOU3BOIbHBIE OIIEPATOPHI IPYTUX TPaH-
3aKIMit, HaIpUMep BOT TaK:

IF (SELECT amount FROM accounts WHERE id = 1) >= 1000 THEN

UPDATE accounts SET amount = amount - 200 WHERE id = 1;
COMMIT;

UPDATE accounts SET amount = amount - 1000 WHERE id = 1;
END IF,;

Ecnu, mepectaBuB OmepaTopbl, MOXHO BCe MCIOPTUTH, 3HAUUT, KO HamICaH
HEKOppeKTHO. He cToMT o6GMaHbIBaTh Ce6s, UTO C TaKUM CTeYEHUEM OBCTOSI-
TebCTB MbI HE CTOJIKHEMCS: €CJTM HENPUSITHOCTb MOXET CIYUUThCS, OHA IPO-
M307AeT 00s13aTeIbHO. A BOT BOCIPOM3BOAUTD U, CJIEAOBATEIbHO, UCIIPAB/ISTh
TaKkue OMMOKM OYEHb CJIOKHO.

Kaxk HanmcaTh Kog, KOppeKTHO? ECTbh HeCKO/IbKO BO3MOXHOCTEI:

e 3aMeHUTb NPOLIEOYPHbIN KO AEeKIapaTUBHBIM.

Hanpumep, B JaHHOM CjTyyae IIpOBEpKa JIerKo MpeBpallaeTcss B OrpaHmye-
HI€ 11eJI0CTHOCTH:

ALTER TABLE accounts ADD CHECK amount >= 0;

Terepb HUMKaKMe TPOBEPKYU B KOZIE He HYKHBI: JOCTATOYHO IPOCTO BBIIOJ-
HUTh AeNCTBME U TIPU Heo6XOOMMOCTH 06paboTaTh MCKIOUEeHMe, KOTOpoe
BO3HMKHET B CJTyyae MOMBITKM HaPYIIEeHNST 11eJIOCTHOCTH!.
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» Hcmnonb3oBaTh oauH onepatop SQL.

HpO6.TIeMbI C COIl1aCOBAaHHOCTbBIO BOSHMKAKOT 1M3-3a TOI'0, UYTO B IIPOMEKYTKE
MeXOy OoIlepaTopaM MOXXET 3aBEPIIMNTHCA Apyrad TpaH3aKUusd, 1 BUAMMbIE
IaHHbIe u3MeHsTCcs. Ecin oriepaTop OAMH, TO M TIPOMEXYTKOB HUKAKUX HET.

B PostgreSQL gocTaTOYHO CpeacTB, UTOObI ogHUM SQL-0orepaTopom penaTh
c/oskHbIe 3agaun. OTMmeuy o6miye TabauyHblie BoipaskeHus: (CTE), B KOTOpbIX
B TOM YMC/Ie MOXHO MCII0/Ib30BaTh ornepaTopbl INSERT, UPDATE, DELETE,
MERGE, a taxke omepatop INSERT ON CONFLICT, KoTopsIii aToMapHO pea-
JIU3YET JIOTUKY «BCTABUTh, a €C/IM CTPOKA y3Ke €CTh, TO OOHOBUTb».

» 3azeificTBOBATh MOb30BATEIbCKIE OIOKMPOBKNA.

IMocegHee cpeCcTBO — BPYUHYIO YCTAHOBUTD UCKITIOUUTENBHYIO GIIOKMPOB-
Ky Ha Bce HykHbIe cTpoku (SELECT FOR UPDATE) wim BoOOIIe Ha BCIO Tab-
yuiy (LOCK TABLE). 9To Bcerma paboTaeT, HO CBOOUT Ha HET IIPeUMYIIeCcTBa
MHOTOBEPCHMOHHOCTH: BMECTO OTHOBPEMEeHHOT'O BBITIOTHEHMS YacCTh Orepa-
1M1 GyIeT BBITIOHSATHCS MTOC/IeA0BATEIbHO.

HecornacoBaHHoe uteHne. OnHAKo He Bce Tak npocto. Peanusanus PostgreSQL
TaKOBa, UTO JIOITyCKaeT Ipyrue, MeHee U3BeCTHble aHOMalIui, KOTOpbIe He per/a-
MEeHTUPYIOTCS CTaHIAPTOM.

JomycTyMm, epBasi TpaH3aKLMs Hayasla lepeBoJ, CpefiCcTB ¢ ogHoro cueta boba Ha
IpYTOA:

=> BEGIN;
=> UPDATE accounts SET amount = amount - 100 WHERE id = 2;

B 3TO BpeMs Apyrast TpaH3aKLMSsI MOACYUThIBAeT 6amaHc Boba, mpuuem mopacuer
BBIITOTHSIETCS B IIMKIIE 10 BceM cueTaM bo6a. dakTuuecku TpaH3aKIMsI HAaUMHAET
C IepBOro cueta (1, pasymMeeTcsl, BUAUT IIPpEXXHeEe COCTOSTHUE):

=> BEGIN;
=> SELECT amount FROM accounts WHERE id = 2;
amount
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B 3TOT MOMEHT IepBasi TpaH3aKIVs YCIEIIHO 3aBepIIaeTCs:

=> UPDATE accounts SET amount = amount + 100 WHERE id = 3;
=> COMMIT;

A nmpyrast UMTaeT COCTOSTHME BTOPOTO cUeTa (M BUIUT YsKe HOBOE 3HAUEeHMe):

=> SELECT amount FROM accounts WHERE id = 3;
amount

1000.00
(1 row)

=> COMMIT;

B utore BTOpas TpaHsakius nomyumwia B cymme 1100 P, To ecTh mpoumTana
HeKOppeKTHbIe JaHHble. Takas aHOMaIusl Ha3bIBAeTCSI HEC021ACO8AHHbIM UMEHU-
em (read skew).

Kak n36eskaTb 3TO¥ aHOMaNM, OcTaBasich Ha ypoBHe Read Committed? Koneuno,
UCTI0JIb30BaTh OAUH omepaTop. Hanpumep, Tax:

SELECT sum(amount) FROM accounts WHERE client = 'bob';

o cux Mop § yTBEPXKAal, UTO BUAMMOCTD JaHHBIX MOXeT IIOMEHSThCS TOMBKO
MeXy OIllepaTopaMy, HO TaK JiX 5TO OYEBUIHO? A ey 3arpoC BBIOTHSIETCS
JOJITO, MOXKET /I OH YBUAETb YaCTh JAHHBIX B OLHOM COCTOSIHUY, @ YaCTb — YK€
B Ipyrom?

ITpoBepuM. YIo6HBII CIIOCO6 IJIs1 STOTO — BCTABUTH B OMEPATOP UCKYCCTBEHHYIO
3aepsKKy, BbI3BaB MyHKIMIO pg_sleep. [lepBas cTpoka GymeT mpounTaHa cpasy,
a BTOpas — uepe3 JIBe CeKYH/IbI:

=> SELECT amount, pg_sleep(2) -- 2 ceKkyHAabl
FROM accounts WHERE client = 'bob';

Tloka 3Ta KOHCTPYKIIMsI BBITIOTHSIETCS, B APYrOii TpaH3aKUMUM IIePeBOIMM Cpe[i-
CTBa 00paTHO:

=> BEGIN;

=> UPDATE accounts SET amount = amount + 100 WHERE id = 2;
=> UPDATE accounts SET amount = amount - 100 WHERE id
=> COMMIT,;

1]
W
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PesynbTaT IMOKa3bIBAET, YTO OMEPATOP BUAUT JaHHbIE B TAKOM COCTOSIHMU, B Ka-
KOM OHM HaXOOWINCh Ha MOMEHT Hayajia ero BBIIIOJHEHMUS, YTO, 6€3yCIOBHO,
MpaBUJIbHO:

amount | pg_sleep
_________ +__________

0.00 |
1000.00 |
(2 rows)

Ho u Tyt He Bce Tak npocro. Ecin B 3ampoce BbI3bIBAeTCS U3MEHUU8As. QYHKIMS
(c kateropueit usmenunBoctu VOLATILE) u B 3T0i (PyHKIMYU BBITIOTHSIETCS IPY-
rojt 3a1poc, TO 3TOT BIOXKEHHBIN 3a1poc OyJeT BUOETh JaHHbIE, He COITIacOBaH-
Hble C JAaHHBIMM OCHOBHOTO 3aI1poca.

ITpoBepuM cocTosiHMe cueTOB Boba, MCIonb3ys GYHKIMIO:

=> CREATE FUNCTION get_amount(id integer) RETURNS numeric
AS $$

SELECT amount FROM accounts a WHERE a.id = get_amount.id;
$$ VOLATILE LANGUAGE sql;

=> SELECT get_amount(id), pg_sleep(2)
FROM accounts WHERE client = 'bob';

U cHOBa mepeBeneM AeHbIY MEXKIY CUeTaMM, TTI0Ka 3aIpoc ¢ 3aIep>KKO BbITION-
HSIeTCS:

=> BEGIN;

=> UPDATE accounts SET amount = amount + 100 WHERE id 2;
=> UPDATE accounts SET amount = amount - 100 WHERE id
=> COMMIT,;

I
W

B sTOM cityyae mosmydyuM Hecor/iacoBaHHbIe JaHHble — 100 P nmpormanu:

get_amount | pg_sleep
____________ +__________

100.00 |
800.00 |
(2 rows)

IMoguepkHy, 4TO Takoi 3¢ (eKT BO3MOKEH TOJBKO Ha YPOBHE M30jsimuu Read
Committed u TonbKO ¢ KaTeropuein usmeHnunsoctu VOLATILE. bega B ToM, uTO
10 YMOJYaHUIO MUCTOJIb3YeTCS UME@HHO 3TOT YPOBEeHb U30MSIUM U MMEHHO 3Ta
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KaTeropusi MU3MEHUYMBOCTH, TAK UTO OCTAETCS MPU3HATh — Irpabiy JieskaT OueHb
yIa4yHo.

HecornacoBaHHOe YTeHMEe BMECTO NOTEPSHHOIrO OGHOBNEHUS.. AHOMAa/IMIO HeCOor/ia-
COBAHHOTO YTEeHMS B paMKax OJJHOTO OrlepaTopa MOXKHO — HeCKOJIbKO HeOXKUAaH-
HBbIM 06pa30M — IOYUUTD U TIpY OGHOBIEHUNA.

ITocMOTpUM, UTO IIPOUCXOIUT IIPU MOIIbITKE U3SMEHEHMS OJHOM U TOV JKe CTPOKU
nByMms TpaH3akiusmu. Ceityac y boba 1000 P Ha nByX cueTax:

=> SELECT * FROM accounts WHERE client = 'bob';

id | client | amount
____+ ________ + ________

2 | bob | 200.00

3 | bob | 800.00
(2 rows)

HaumHaem TpaH3aKLMIO, KOTOpast yMeHbIIaeT 6ajaHc boba:

=> BEGIN;
=> UPDATE accounts SET amount = amount - 100 WHERE id = 3;

B 3T0 3Xe BpeMsi Iipyrast TpaH3aKIMsS HAYUC/ISIET ITPOIIEHThI Ha BCE CYETA C OOIIUM
6aylaHCOM, paBHBIM MM TIpeBbImatonym 1000 P:

=> UPDATE accounts SET amount = amount * 1.01
WHERE client IN (

SELECT client

FROM accounts

GROUP BY client

HAVING sum(amount) >= 1000

);

Brironuenue oneparopa UPDATE coctouT 13 nByx uacteit. CHauana pakTuiecku
BoITIONHsIeTcs: onepaTop SELECT, KOTOphIi oT6MpaeT sl 06HOBIEHMS CTPOKH,
COOTBETCTBYIOIIME YCIOBMIO. [IOCKONMBKY M3MeHeHNe IIepBoil TpaH3aK MK He 3a-
(bmKcMpoBaHO, BTOpas TPAaH3AKIMS HE MOXKET ero BUIETh, M OHO HUKAK He BIINSI-
€T Ha BbIOOP CTPOK IS HAYMCIEHUS MpoLieHToB. TakuM o6pa3om, cueta Boba
MOMNAaJAIoT 10, YC/IOBME, U TI0C/Ie BBITIOTHEHMSI OOHOBIEHUS ero 6anaHC JO/KeH
yBesmuuThest Ha 10 P.
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Ha BTOpOM 3Tare BbIOMIHeHNS BEIOpaHHBIE CTPOKM OOHOBJISIIOTCS OfHA 32 JpY-
roii. Bropasi TpaH3aKuMs BEIHYXXEHA IMOL0XKAATh, ITOCKOIbKY CTpoKa id = 3 B Ha-
CTOSIIIVMI MOMEHT M3MEHSIETCS TTEPBOIA TPaH3aKIMeli U ITO3TOMY 3a6/I0KMPOBaHA.

Mekay TeM mepBas TpaH3aKuus GUKCUPYeT M3MEHEHMSI :

=> COMMIT,;

=> SELECT * FROM accounts WHERE client = 'bob';
id | client | amount

S P
2 | bob | 202.0000
3 | bob | 707.0000

(2 rows)

Ia, c ogHott ctopoHbl, kKoMaHaa UPDATE He moykHa BUAETh MU3MEHEHUIT BTOPOA
TpaH3akiunu. Ho ¢ apyroit — oHa He IO/DKHA TTOTEPSITh U3MeHeHusI, 3apuKCcupo-
BaHHbIE BO BTOPOJIi TpaH3aKILIMMN.

IMocne cHusiTUs 6;10KMpPoBKU orepatop UPDATE nepeuumsigaem CTpPOKY, KOTOPYIO
TIBITAeTCSI OOHOBUTD (HO TOJBKO ee OmHy!). B pesynbraTe monmydaercs, 4To BoGy
HaumcieHo 9 P, ucxopst u3 cymmbr 900 P. Ho ecii 661 y Bo6a 66110 900 P, ero cueta
BOOOIIe He JO/KHBI ObLIM ITOIACTh B BHIOOPKY.

Takum o6pa30M, TpaH3aKOMs IIpouynTaia HEKOPpPEKTHbIE JaHHbIe: YaCTb CTPOK —
Ha OOVMH MOMEHT BpeMeHM, 4YaCTb — Ha ,ElpyTOf/i. B3amen IIOTEPSITHHOTO 00HOBJIE-
HMA Mbl CHOBaA ITIOJIy4YaeM aHOMaJIMIO HEeCOIJIaCOBAHHOTI'O UTEeHM.

MotepsiHHoe o6HOBNEeHMe. BripoueM, XMTPOCTH C ITEPEUNTHIBAHMEM 3a6JIOKMPO-
BaHHOI CTPOKM He CIlacaeT OT MOTepU U3MeHEHUIt, ec/iu OGHOBJIEHYE TTPOUCXO-
IUT He B omHOM orepaTope SQL.

Bor mpumep, KoTopslit yke 6611, [IpuioskeHNe UuTaeT U 3alIOMUHAEeT (BHE 6a3bl
IAHHbBIX) TeKyIINi 6anmaHc cueTa AJIUCHI:

=> BEGIN;
=> SELECT amount FROM accounts WHERE id = 1;
amount

B aro BpeMs Apyrada TpaH3aKIMs HEIZCTBYET TaK Xe:
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=> BEGIN;
=> SELECT amount FROM accounts WHERE id = 1;
amount

[lepBas TpaH3aKklMs yBeIMIMBaeT 3allOMHEHHOe paHee 3HaueHue Ha 100 P i 3a-
MJChIBaeT B 6asy:

=> UPDATE accounts SET amount = 800.00 + 100 WHERE id = 1
RETURNING amount;

amount

(1 row)
UPDATE 1

=> COMMIT;
U BTOpAas TpaH3aKUMS TOXKE:

=> UPDATE accounts SET amount = 800.00 + 100 WHERE id = 1
RETURNING amount;

amount

(1 row)
UPDATE 1

=> COMMIT;

K coxanenuto, Anuca Hegocuntanach 100 P. CYB]/l Huuero He 3HaeT O TOM, UTO
3armoMmHeHHOe 3HaueHMe 800 P Kak-TO CBSI3aHO C accounts.amount, 1 JOmycKa-
€T aHOMAaJIMIO TIOTEPSIHHOTrO n3MeHeHus1. Ha ypoBHe usonsuunu Read Committed
TaKOM KOJ, HEKOPPEKTEH.

Repeatable Read

OTcyTcTBME HenoBTopsiowerocs U paHToMHOro YteHusa. CamMo Ha3BaHME YPOBHS
n3onsauuu Repeatable Read! TOBOPUT O TTOBTOPSIEMOCTU uTeHus. [IpoBepum 3TO,

1 postgrespro.ru/docs/postgresql/16/transaction-iso#XACT-REPEATABLE-READ.
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a 3a0IHO yOemyuMcst ¥ B OTCYTCTBUM (DaHTOMOB. JIJIs STOrO B II€PBOi TPpaH3aKLIUMU
BepHeM cueTa boba B IpeskHee COCTOSTHME U CO3aAuM HOBBI cueT ajist Yapmn:

=> BEGIN;
=> UPDATE accounts SET amount
=> UPDATE accounts SET amount

=> INSERT INTO accounts VALUES
(4, 'charlie', 100.00);
=> SELECT * FROM accounts ORDER BY id;

200.00 WHERE id = 2;
800.00 WHERE id = 3;

id | client | amount
____+ _________ + ________

1 | alice | 900.00

2 | bob | 200.00

3 | bob | 800.00

4 | charlie | 100.00
(4 rows)

Bo BTOpOM ceaHCe HauHeM TpaH3aKLMIO C ypoBHeM Repeatable Read, ykasas ero
B koMaH/ie BEGIN (ypoBeHb 1epBoOil TpaH3aKIMM He BaXKEH):

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT * FROM accounts ORDER BY id;
id | client | amount
____+ ________ + __________
1 | alice | 900.00
2 | bob | 202.0000
3 | bob | 707 .0000
(3 rows)

Ter[epb rnepBas TpaH3aKIUA q)MKCI/IDYET M3MeHeHMN, a BTOpasi IOBTOPHO BBITTIOJI-
HSIET TOT Ke CaMbIii 3aIIpoc:

=> COMMIT;

=> SELECT * FROM accounts ORDER BY id;
id | client | amount

____+ ________ + __________
1 | alice | 900.00
2 | bob | 202.0000
3 | bob | 707.0000

(3 rows)

=> COMMIT,;

64



2.3. VYposHu usonayuu 6 PostgreSQL

BTOpaH TPpaH3aKOMsA IIPOAO/IKAeT BMOETb POBHO Te >Ke JaHHbIe, UYTO M B HadaJie:
He BUIHO HU U3MEeHEeHMUI1 B CymeCTBYIOIINMX CTPOKaX, HM HOBBIX CTPOK. Ha rakom
YPOBHE MOXHO He 6eCIIOKOUTHCS O TOM, UYTO MEXOY ABYMI OIlepaToOpaMM 4YTO-TO
IIOMEHSsIeTCs.

Owunbka cepmanusaumm BMECTO NOTEPSIHHbIX M3MeHeHu. Kak Mbl yke BuIenu, Ha
ypoBHe usonsauuu Read Committed mpy 0OHOBJIEHUM OTHON M TOI JKe CTPOKMU
IBYMS TPaH3aKUMUSIMU MOKET BO3HUKHYTh aHOMAJIVSI HECOTJIACOBAHHOTO UTEHMSI.
OTO MPONCXOANUT U3-3a TOTO, YTO OXKMUIAIONIAS TPAH3AKIMS TIEPEUNTHIBAET 3a6J10-
KUPOBAHHYIO CTPOKY ¥ BUIUT €€ Ha OAVH MOMEHT BpeMeH!, a OCTa/IbHbIE CTPOKU
BBIOOPKM — Ha IPYTOii.

Ha ypoBHe Repeatable Read Takast aHOMa/ins He OIyCKAaeTCs, HO, eC/IX OHa BCe-
Taky BO3HMKAeT, CleaTh yke HUUEero Heb3sl — MO3TOMY TpaH3aKIus o6pbiBa-
eTcs ¢ ommbKoit cepuanusanuu. IIpoBepuM, TOBTOPUB TOT Ke CLIEHApWIi C TTPO-
LeHTaMM:

=> SELECT * FROM accounts WHERE client = 'bob';
id | client | amount

____+ ________ + ________
2 | bob | 200.00
3 | bob | 800.00

(2 rows)

=> BEGIN;

=> UPDATE accounts SET amount = amount - 100.00 WHERE id = 3;

=> BEGIN ISOLATION LEVEL REPEATABLE READ;

=> UPDATE accounts SET amount = amount * 1.01
WHERE client IN (

SELECT client

FROM accounts

GROUP BY client

HAVING sum(amount) >= 1000

J;

=> COMMIT;
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ERROR: could not serialize access due to concurrent update
=> ROLLBACK;

JlaHHbBIE OCTa/INCh COTTIACOBAHHBIMMU

=> SELECT * FROM accounts WHERE client = 'bob';
id | client | amount

____+ ________ + ________
2 | bob | 200.00
3 | bob | 700.00
(2 rows)

Taxkas ke omnbKa 6ymeT 1 B cIydae J000ro IPYyroro KOHKYPeHTHOTO M3MeHEeHUs
CTPOKMU, Iaske eC/IV OHO He 3aTparrMBaeT MHTEPECYIOIIMe HAC CTOMOLIbI.

MO3KHO TTPOBEPUTD, UTO U CIIEHAPUIA C IPUIIOKEHMUSIMM, OOHOBJIIONMMY OaaHC
Ha OCHOBE 3aIIOMHEHHOTO 3HAUeHMSsI, TPUBOIUT K TOI 5Ke OLIMOKe:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT amount FROM accounts WHERE id = 1;
amount

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT amount FROM accounts WHERE id = 1;
amount

=> UPDATE accounts SET amount = 900.00 + 100.00 WHERE id = 1
RETURNING amount;

amount

1000.00
(1 row)
UPDATE 1

=> COMMIT;
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=> UPDATE accounts SET amount = 900.00 + 100.00 WHERE id = 1
RETURNING amount;

ERROR: could not serialize access due to concurrent update
=> ROLLBACK;

ITpakTUYecKuit BbIBOM: €CIM MPUIOKeHNMe MUCIOAb3yeT YPOBeHb M30Isuun Re-
peatable Read mJist OUIIYIIMX TPAH3aKIMIA, OHO JOJIKHO ObITh TOTOBO ITOBTOPSITh
TpaH3aKI[MK, 3aBePIIMBILIMECS OIIMOKON cepuanm3aiun. s TOMbKO YMTAOIINX
TpaH3aKIMi1 TaKOi1 UCXOM, HEBO3MOKeH.

HecornacoBaHHas 3anucb. Urtak, B PostgreSQL Ha ypoBHe m3onsauyum Repeatable
Read nmpenoTBpanjaroTCs BCe aHOMaJINM, ONMCaHHbIe B cTaHAapTe. Ho He Bce BO-
06111e — HayKe 0 CMX TIOp HEM3BECTHO, CKOJIBKO MX CyllecTBYeT. OJHaKO JOKa3aH
BayKHBIN (PaKT: M3O0JISLIVS HA OCHOBE CHMMKOB OCTaBJISIET BO3MOKHBIMU POBHO 08€
aHOMaJIMM, CKOJIbKO ObI X HY GBIIO BCETO.

IMepBast U3 3TUX aHOMAJINIT — HeC021ac08AHHAs 3anuch (write skew).

ITycTh meiiCTBYET TaKoe MPaBUIO COTVIACOBAHHOCTI: J0ONYCKaAomMCca ompuyamens-
Hble CyMMbl HA 0MOeIbHbIX Cuemax KaueHma, ecau oo0udas cymma Ha 8cex cuemax
2M020 KAueHma ocmaemcs HeompuyameabHol.

[TepBas TpaH3aKIMs OIYYaeT CyMMY Ha cueTax boba:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT sum(amount) FROM accounts WHERE client = 'bob';

Bropast TpaH3aKIus TOTyYaeT Ty Ke CyMMY:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT sum(amount) FROM accounts WHERE client = 'bob';
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IepBas TpaH3aKLUMS CIIPaBeAJIUBO [10JIaraeT, YTO CYMMY OJHOTO M3 CUETOB MOXK-
HO yMeHbLINTH Ha 600 P:

=> UPDATE accounts SET amount = amount - 600.00 WHERE id = 2;

U BTOpas TpaH3aKIusl MPUXOIUT K TAKOMY K€ BbIBOAY. HO yMeHbIIaeT gpyroi
CUer:

=> UPDATE accounts SET amount = amount - 600.00 WHERE id = 3;
=> COMMIT;

=> COMMIT;
=> SELECT * FROM accounts WHERE client = 'bob';
id | client | amount

____+ ________ + _________
2 | bob | -400.00
3 | bob | 100.00
(2 rows)

V Hac monyumioch yBecty 6ananc boba B MUHYC, XOTsI IIOOAMHOUKE KasKmast 13
TpaH3aKIuii oTpaboTana 661 KOPPEKTHO.

AHOManua ToNbKO YMTaIOWEN TPaH3aKUMKU. AHOMAaIMS MOIbKO uumarnuwel mpam-
3aKyuu — BTOpasi ¥ MOCIEOHSISI U3 aHOMaJIMI1, BO3MOXHBIX HAa YPOBHE Repeatable
Read. UTo6bI MpOIeMOHCTPUPOBATD €€, TOTPeOYIOTCS TPU TPaH3aKIUM, IBE U3 KO-
TOPBIX OYIYT MU3MEHSITh TAaHHbIE, & TPEThS — TOIbKO UUTATD.

Ho cHauasa BoccTaHOBUM COCTOsIHME cueToB boba:

=> UPDATE accounts SET amount = 900.00 WHERE id = 2;
=> SELECT * FROM accounts WHERE client = 'bob’;

id | client | amount

_____+_ ________ + ________
3 | bob | 100.00
2 | bob | 900.00
(2 rows)

[TepBast TpaH3aKI¥s HAYKMCISIET BOBY MPOIIEHThI HA CYMMY CPEJCTB Ha BCEX Cye-
Tax. [IpoIeHThI 3aUMC/ISIOTCS Ha ONMUH U3 ero CUeTOB:
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=> BEGIN ISOLATION LEVEL REPEATABLE READ; -- 1

=> UPDATE accounts SET amount = amount + (

SELECT sum(amount) FROM accounts WHERE client = 'bob'
) * 90.01
WHERE id = 2;

3aTem [pyrast TpaH3aKIVsI CHUMAET JEHbI'M C Ipyroro cueta boba u Gpukcupyer
CBOM MI3MEHEHMUSI:

=> BEGIN ISOLATION LEVEL REPEATABLE READ; -- 2
=> UPDATE accounts SET amount = amount - 100.00 WHERE id = 3;
=> COMMIT;

Ectu B 3TOT MOMEHT TepBasi TpaH3akuus OymeT 3adMKCUMpOBaHa, HUKAKO aHo-
MaJIMM He BOSHMKHET: Mbl MOIJIM ObI CYMTATh, UTO CHAYaJIa BbIITOJIHEHA TepBast
TpaH3aKIMs, a 3aTeM BTopasi (HO He Ha060pOT, TOTOMY UTO ITepBast TPaH3aKIVS
yBUIeNna cocTossHMe cueta id = 3 1m0 TOro, KaKk 9TOT CUeT ObLI M3MEeHEH BTOPOit
TpaH3aKIuein).

Ho mpencraBuM, 4TO B 3TOT MOMEHT TPeThbs (TOJAbKO UMTAIOLIAS) TPaH3aKIMs
3ampanmBaeT CyMMbI Ha cuetax bo6a. OHAa MOXXET BUAETb M3MEHEHMST BTOPOIA
TpaH3aKIuM (KoTopas yke 6b1a 3apuKCUpoBaHa), HO He MepBoii (KoTopas elle
He 6bUI1a 3aUKCUpOBaHA):

=> SELECT * FROM accounts WHERE client = 'bob'; -- 3
id | client | amount
_____+_ ________ + ________
2 | bob | 900.00
3 | bob | 0.00
(2 rows)

C Opyroit CTOPOHBI, MBI YK€ YCTAaHOBMJ/IM BBIIIE, UTO BTOPYIO TPAH3aKIINIO Clle-
IyeT CUMTATh HauaBIIeiics Mocye rmepBoii. [Ioc/eACTBUS aHOMAIMM CTAHOBSITCS
MTOHSTHBIMY TI0CJ/IE 3aBEPIIeHNS ITePBOI TPAH3AKINN:

=> COMMIT;

V Boba Ha cuertax Bcero 900 P (uTo mokasasna TONBKO YMTAIONIAS TPAH3aKLIMS),
a IMPOLIeHThI OKa3a/IMCh HaUMCIeHHbIMU Ha Bce 1000 P:
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=> SELECT * FROM accounts WHERE client = 'bob';

id | client | amount
____+ ________ + __________
2 | bob | 910.0000
3 | bob | 0.00
(2 rows)
Serializable

Ha yposHe Serializable! [pesoTBPAllalOTCS BCe BO3MOKHbIE aHOMaNuUu. OaKkTu-
yecku Serializable peann3oBaH KaK HaACTPOIiKa HaI M30JIs1eli Ha OCHOBE CHUM-
KOB JaHHbBIX. Te aHOMa/IMM, KOTOpbIe He BO3HMKAIOT 1Py Repeatable Read (Takue
KaK IpSI3HOe, HEITOBTOpsieMoe, aHTOMHOE UTEHME), He BO3HUKAIOT M Ha YPOBHE
Serializable. A Te nBe aHOMaIMK, KOTOPbIe BO3HUKAIOT (HECOIVIACOBAHHAS 3alUCh
¥ aHOMAaJIMSI TOJIBKO UMTAIONIel TpaH3aKIMK), CrellMaJIbHbIM 06pa3oM OOHapy-
SKMBAIOTCSI, ¥ B 9TOM CJTydae TPaH3aKIMst 06pbIBAETCS: BO3HMKAET y3Ke 3HaKoMast
HaM olMbKa cepuanusainm.

OTtcyTcTBME aHOManuii. MOXKHO yOeIUThCS, UYTO CLIEHapUii C aHOMaJIMei Hecoria-
COBAHHOI 3aMyCH NPUBEET K OLIMOKe cepuanu3alum:

=> BEGIN ISOLATION LEVEL SERIALIZABLE;
=> SELECT sum(amount) FROM accounts WHERE client = 'bob';
sum

910.0000
(1 row)

=> BEGIN ISOLATION LEVEL SERIALIZABLE;
=> SELECT sum(amount) FROM accounts WHERE client = 'bob';
sum

910.0000
(1 row)

1 postgrespro.ru/docs/postgresql/16/transaction-iso#XACT-SERIALIZABLE.
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=> UPDATE accounts SET amount = amount - 600.00 WHERE id = 2;

=> UPDATE accounts SET amount = amount - 600.00 WHERE id = 3;
=> COMMIT;
COMMIT

=> COMMIT;

ERROR: could not serialize access due to read/write dependencies
among transactions

DETAIL: Reason code: Canceled on identification as a pivot, during
commit attempt.

HINT: The transaction might succeed if retried.

K Takoi1 ke ommbKe IpuBENET U ClieHapUii aHOMaJIMU TOJIbKO UMTAIOIIei TpaH-
3aKLNNA.

OTknagbiBaHWe uuTaKolei TpaH3akuun. UTOObI TOTHKO UMTAIOIIAS TPAH3AKIIMS
He IIPMBOAMI/IA K aHOMaJIMM M He MOIJIa IIOCTpafaTth OT Hee, PostgreSQL npepnia-
raeT MHTePEeCHbI/l MeXaHM3M: TaKasl TPaH3aKI[Ms MOXKeT ObITh OTJIOKeHA JI0 TeX
TI0p, TIOKa ee BHIMTOJTHEHVE He CTaHeT 6e30IacHbIM. ITO eAMHCTBEHHbIN CTyJaii,
korza onepatop SELECT MoxeT 6bITh 3a67I0KMPOBAH OOHOBIEHUSIMY CTPOK.

IMocMOTpUM Ha IIpUMepe ClieHapUs aHOMAaJTUM TOTBKO UYMTAIOIIEl TPaH3aKIN:

=> UPDATE accounts SET amount 900.00 WHERE id 2;

=> UPDATE accounts SET amount 100.00 WHERE id 3;

=> SELECT * FROM accounts WHERE client = 'bob' ORDER BY id;
id | client | amount

_____+_ ________ + ________
2 | bob | 900.00
3 | bob | 100.00
(2 rows)
=> BEGIN ISOLATION LEVEL SERIALIZABLE; -- 1

=> UPDATE accounts SET amount = amount + (

SELECT sum(amount) FROM accounts WHERE client = 'bob'
) ¥ 0.01
WHERE id = 2;
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=> BEGIN ISOLATION LEVEL SERIALIZABLE; -- 2
=> UPDATE accounts SET amount = amount - 100.00 WHERE id = 3;
=> COMMIT;

TpeTbio TPaH3aKLUMIO SIBHO 00bsIB/ISIEM TOMbKO unTatomuit (READ ONLY) u oTka-
IoiBaemoii (DEFERRABLE):

=> BEGIN ISOLATION LEVEL SERIALIZABLE READ ONLY DEFERRABLE; -- 3
=> SELECT * FROM accounts WHERE client = 'alice';

HpI/I IMTOIIBITKE BBIMMOJIHUTD 3aIIPpOC TpaH3aKI M 6HOKI/IpyETC$I, IIOTOMY UTO MHaue
OHa IMIpUBEOET K aHOMAJINN.

U Tonbko mocsie TOTO, Kak IMepBasi TpaH3akuus OymeT 3aduKCcUpoBaHa, TPEThs
MIPOAOJIKUT BBITIONIHEHME :

=> COMMIT;
id | client | amount
____+ ________ + _________
1 | alice | 1000.00
(1 row)
=> SELECT * FROM accounts WHERE client = 'bob';
id | client | amount
____+ ________ + __________
2 | bob | 910.0000
3 | bob | 0.00
(2 rows)
=> COMMIT;

Takum 06pasoM, IPUJIOKEHNE, MCITONIb3YIOIee YPOBEeHb U3osauu Serializable,
JIIOJKHO TTOBTOPSITh TpPaH3aKIMM, 3aBEepIIMBIINMECS OIIMOKON cepuaau3aiinn.
(TouHo Tak >xe cienyer MOCTYIIATh U Ha YpPOBHe Repeatable Read, eciu He orpa-
HUYMBATHCS TOIBKO YUTAIOIMMMU TPAH3AKIMSIMMU. )

VYpoBeHs Serializable jaeT mpocTOTy MpOorpaMMMUpPOBaHMsI, HO IieHa 3a Hee — Ha-
KJIaJIHbIE PaCcXO[Ibl HA OOHAPYKEHME BO3MOKHbBIX aHOMAaJINIT ¥ 0OPbIB HEKOTOPOIi
oy TpaH3akuyii. CHU3UTDb HAaK/IagHbIE PacXOAbl MOKHO, IBHO 0003HAYas TOJb-
KO unTatoniue Tpan3axkiuy Kak READ ONLY. Ho riaBHbBIN BOIIPOC, KOHEUHO, B TOM,
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2.4. Kakotl yposeHsb U301yuu ucnois308ams?

HACKOJIBKO BeJIMKA JO0JIsS1 0O0PBAHHBIX TPAH3aKIIMiA, Belb UX MPUIETCS BBITIOJ-
HSTH TOBTOPHO. EC/iut 661 06PBIBAIMCH TOMBKO T€ TPAH3aKIMM, KOTOpPbIE AeCTBU-
TeJIbHO HECOBMECTHMO TIEPECEKAI0TCS 10 JaHHBIM, Bce ObII0 6bI Hertoxo. Ho Ta-
Kas peanu3anys HeM30esKHO 0Ka3aaach ObI CIUIIIKOM PeCypCOeMKOIt, TOCKOIbKY
MIPUILTIOCH ObI OTCIEKUBATH ONEepalluy C KaskIoi CTPOKOIA.

B meiicTBMUTENIBHOCTM peaam3aliysl TaKoBa, UTO HOIMYCKaeT JIOXKHOIIOIOXKATEIb-
Hble cpabaThIBaHMS: OYIYyT 06PBIBATHCS ¥ HEKOTOPbIE COBEPIIEHHO HOPMAaJIbHbIe
TPaH3aKIMM, KOTOPBIM «IIPOCTO He MOBE3JI0». Be3eHue 3aBUCUT OT MHOTUX IIpU-
YIMH, HAIPUMeEpP OT HaIUuMs MOIXOOSIINX MHIEKCOB MM JOCTYITHOTO 00bema
orepaTMBHOI IIaMSITH, X IIOBeIeHMe CJI0XKHO IIpeIcKasaTh 3apaHee.

Ecnu ucnonb3yeTrcs ypoBeHb usonsiuu Serializable, OH Ao/I’KeH MPUMEHSIThCS
Il BCEX TpaH3aKkUuuii mpunokeHus. [Ipu cMelneHMn TpaH3aKIMii pa3HOTO YPOB-
HS U30JISIIMM YpOBeHb Serializable 6ymeTr (6e3 BCSIKMX MpemynpeXIeHnii) Bec-
TH cebst Kak Repeatable Read. ITosTomy mpu mcmonb3oBaHuu Serializable nmeer
CMBICJI MUBMEHUTDH 3HAUeHMe MapameTpa default transaction isolation, XoTsI, KO-
HEYHO, 3TO He MMoMelllaeT YKa3aTb HemPaBUIbHBIN YPOBEHb SIBHO.

EcTb 1 Apyrue orpaHnyeHus peanayusaluu, HalfpuMep 3arpockl Ha ypoBHe Serial-
izable He 6ymyT paboraTh Ha peruiMKax. M XoTs paboTa Haj yaydimeHueM (QyHK-
L[MOHAJIbHOCTM He MPeKpallaeTcs, MMEIOIMecs] OTpaHMYEHNS M HaK/IaJHble pac-
XOJIbl CHYKAIOT MPUBJIEKATEIbHOCTb TAKOTO YPOBHS M30/ISILIVIN.

2.4. Kakoi ypoBeHb U3019LUN UCNONb30BaTb?

YpoBenb usomnsauyuu Read Committed mcnonb3yetcs B PostgreSQL 1o ymonuaHuio,
U, TI0 BCEl BUIMMOCTH, UMEHHO 3TOT YPOBEHbB ITIPUMEHSIETCS B a6COIIOTHOM 00JThb-
IIMHCTBE TpUIoKeHui. OH yno6eH TeM, UTO Ha HeM O6PBIB TpaH3aKIIMKY BO3MO-
SKeH TOJIbKO B cJTyuae c60s1, HO IJIs ITpeIOTBpalleHM s HeCOTIaCOBAHHOCTY OOPbIB
He MIpuMeHseTcs. THbIMM c/TIoBaMM, OIIMOKA Cepuann3aiiuu BO3SHUKHYTh He MO-
SKET, ¥ 0 TIOBTOPEHMM TPaH3aKILIMI1 3a00TUTHCS He HAJO.

O6parHast CTOpoHa Mefaiy — OGOJIbIIOe UMCIO BO3SMOKHBIX aHOMAaJINiA, TOAPO6-
HO PacCMOTPEHHBIX Bbilie. Pa3paGoTUMK BBIHYKIEH MOCTOSIHHO MMETh UX B BU-
Iy ¥ TIMCATh KOJ, TaK, YTOObI He MTOIMyCKaTh UX MOSBIeHMs. ECau He HoayJaeTcs
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chopMyIMPOBaTh HYKHbIE IeiICTBMS B 0MHOM SQL-omepaTope, MpUXOOUTCS IIPU-
6eraTb K SIBHOJ yCTaHOBKe GIOKMPOBOK. CaMoe HEMPUSTHOE TO, YTO KOJ, CJIOSKHO
TEeCTMPOBATDb Ha Ha/IMUMe OIMOOK, CBSI3aHHBIX C ITOTyUYeHEeM HeCOTJIaCOBaHHbIX
IAHHbIX, & CAMM OIIMOKM MOTYT BO3HMKATD HEIIpeicKa3yeMbIM ¥ HEBOCITPOU3BO-
IVMBIM 00pa30M ¥ IO3TOMY C/IOKHBI B MCITPABIEHUN.

VpoBeHb u3oNsIMyu Repeatable Read cHMMaeT yacTb Ipo6eM HeCOIIacOBaHHO-
CTH, HO, YBBI, He Bce. [I03TOMY IIPUXOAUTCS He TONIbKO IIOMHUTb 06 OCTaBIIMUXCS
aHOMAaJTMSIX, HO M M3MEHSTh MPWIOKEHMe TaK, YTOObI OHO KOPPEKTHO ob6paba-
THIBAJIO OMIMOKY cepuanmusany. ITo, KOHEUHO, Heymo6Ho. Ho [j1s1 TOIBKO um-
TAOIIMX TPaH3aKIMi 3TOT YPOBeHb IpeKpacHO moronHsgeT Read Committed u
1oJie3eH, HarpuMep, IJis IOCTPOEHMSI OTUYETOB, UCIIOAb3YIOIIMUX HECKOIBKO SQL-
3aIIpOCOB.

Haxkownerr, ypoBeHb Serializable mo3BossieT Boo61Ie He 3a60TUTHCSI O HECOIIACO-
BaHHOCTH, YTO 3HAUYUTEIbHO YIIPOILAEeT HalucaHue Koxa. EAMHCTBEHHOe, UTO
TpebyeTcs OT MPWIOKEHMUSI, — YMETb ITOBTOPSITh JIIOOYIO TPaH3aKIMIO ITPU ITOJTY-
YeHUM OIMOKM cepuanusanyu. Ho g0 mpepbIBaeMbIX TPaH3aKIWit ¥ TOTIOTHU-
Te/ibHble HaK/IaJHble PacxXofbl MOTYT CyI[eCTBEHHO CHU3UTD TMPOIYCKHYIO CIIO-
co6HoCTh. TakKe CJieoyeT YUUTHIBATh, UTO YPOBEHb Serializable He mpuMMeHUM Ha
perimkKax M 4TO ero Hejib3si CMelnBaThb C APYTMMU YPOBHAMM U30JIALINUN.
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CTpaHuubl U BEpCUU CTPOK

3.1. CrpyKkTypa cTpaHuL,

Kaskmas cTpaHuila uMeeT BHYTPEHHIOI pa3MeTKYy 1, KaK ITPaBUiIo, COLEPsKUT clie-

oyruiue pasaesibl 12

* 3aroJioBOK;

» MacCUB yKasaTesieil Ha BepCUM CTPOK;
e cBOGOIHOE MPOCTPAHCTBO;

e BepCUM CTPOK;

* CIIenMaJIbHYIO 00671aCTbh.

3arosoBOK CTpaHULbI

3a2071080K CTpaHUIIBI pacriosaraeTcsl B MIaAIIMX afjpecax U umeeT PUKCUPOBaH-
HbIii pa3mep. OH XpaHUT PasIMUHYI0 MHPOPMALIMIO O CTPaHMIlEe, TAKYIO KaK KOHT- C. 127
pOJIbHAS CYMMa, a TaKoKe Pa3Mephl BCEX OCTAIbHBIX 001acTeid.

Pa3zmepsl j1IeTko NOMy4YUTh C MTOMOIIBI0 pACIIMPEHUS pageinspectz. 3arisiHeM
B CAMYI0 TI€PBYI0 CTPAHUITY TaOIMIIBI (HyMepauysl HAaUMHAeTCS C HYJIS):

' postgrespro.ru/docs/postgresql/16/storage-page-layout;

include/storage/bufpage.h.
2 postgrespro.ru/docs/postgresql/16/pageinspect.
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I'nasa 3. CmpaHuyst u 8epcuu cmpox

=> CREATE EXTENSION pageinspect;

=> SELECT lower, upper, special, pagesize
FROM page_header(get_raw_page('accounts',0));

Llower | upper | special | pagesize

——————— e T
152 | 6904 | 8192 | 8192
(1 row)
0
3aronoBoK
24
MacCuB yKazaTenen Ha BEpCUM CTPOK
lower
cBoboaHOE MpOCTPaHCTBO
upper
BEPCUM CTPOK
special
cneumanbHas obnacTb
pagesize

CneumanbHasg obnactb

CneyuanvHass 0o61acms pacroyioskeHa B MPOTUBOIIONIOKHOM KOHIIE CTPAHUIIBI,
B cTapumux agpecaX. OHa MCIIOAb3YeTCs] HEKOTOPHIMM TUIIAMM MHIEKCOB IS
XpaHeHMsI BCIIOMOTaTe/IbHO MHbOopMali. B 0CTalbHBIX CIyYasx, B TOM 4MCIe
B TAOJIMYHBIX CTPAHUIIAX, 3Ta 06JIACTh MMEET HYJIEBOI pasmep.

B 1ieJ1oM MHIEKCHbIE CTPAHUIIBI YCTPOEHbI O0/Iee pa3sHOO6PasHO, U UX COMEPsKU-
MOe 3aBMCUT OT KOHKPETHOTO TUIIA MHOeKca. M make y OJHOTO TUIIAa MHIEKcA
OBIBAIOT Pa3HbIe BUIBI CTPAHMII: HATIpUMED, Y B-IepeBa ecTb HyseBas CTpaHuUIIA

¢. 515 mMeTamaHHBIX C 0COO0I CTPYKTYPOil U «OOBIYHbIE» CTPAHMIIBI, OPTaHM30BaHHbIE
KaK TabJIMUHbIE.

Bepcum cTpok

IMepep crienaabHO 06/1aCTHIO PACITIOIATAIOTCS CMPOKU (rOWS) — Te caMble TaH-
Hble, KOTOPbIe XpaHATCS B 6a3e, ¢ Jo6aBIeHeM HEKOTOPOI CIyRke6HOi MHDOP-
Malyn.

76



3.1. Cmpykmypa cmpaHuy

B wryuyae Ta6nuil Mbl TOBOPMM He IIPOCTO O CTPOKAX, @ O 8epCUAX CMpoK (TOw
versions, tuples), MOCKOJIbKY MHOTOBEPCUMOHHOCTb ITPEIoaraeT CyliecTBOBa-
HMe HeCKOJIbKMX BepCuil OMHOI U TOi ke cTpoKu. Ha MHIeKChI MHOTOBEPCUOH-
HOCTb He pacIIpoCTPaHsIeTC s ; BMECTO STOTO MHIEKChI CChIIAI0TCS Ha BCe BO3MOXK-
Hble Tab/IMYUHbIe BEPCUM CTPOK, CPEIy KOTOPBIX 110 MPaBWIaM BUIMMOCTH BbIGM-
paloTCs TIOAXOMMIIME.

TepMuH tuple 3aMMCTBOBAH U3 peNSLMOHHON TEOPUU U MEPEBOAUTCS KAK Kopmex(. ITO elue
0[HO Hacneaue akagemuueckoro npouwnoro PostgreSQL. Ytobbl He cMelunBaTh TEOPUIO
c yctpoiicteoMm CYB[L, s 6yay ncnonb3oBaTth NepeBOS, 8epcus CMpokuU (MIHOTAA, eCNW 3TO He
BbI3bIBAaET HEOAHO3HAYHOCTEN, 3aMeHss Bonee KOPOTKUM CTIOBOM CMpPOKA).

Ykasatenu Ha Bepcuu CTPOK

Maccus yxazamerneti Ha BepCUM CTPOK CTY>KUT OIiaBieHMeM cTpaHuipl. OH pac-
roaraeTcs cpasy 3a 3aroJI0BKOM.

VIHAeKCHbIE CTPOKY JO/DKHBI KaK-TO CChIIAThCS HAa BEPCUM CTPOK B Tabmuie. JIis
9TOT'0 MCIIOIb3YIOTCS IIecTubaiiTHBIe udeHmuguxkamopes! sepcuti cmpok (tuple id,
tid). UmeHTM(MUKATOP COCTOUT U3 HOMEpA CTPAHUIIbI B (aiijie OCHOBHOTO CJIOS U
IOJDKEH ellle CofepskaTh KaKoe-TO YKasaHue Ha BEPCUIO CTPOKM B 3TON CTpaHMUIIE.

B KauecTBe TAaKOro YKa3aHMsSI MOXKHO GbUIO GbI MCIIONb30BaTh CMEINIEHME OTHO-
CUTENBHO Havaja cTpaHuiibl. Ho Torma Bepcuio CTpOKM Hejb3sl 6bUTO ObI ITepe-
MeIllaTh BHYTPY CTPAHMIIbI, HE CJIOMAB CChUTKM M3 MHIEKCOB. A 3TO NMPUBEJIO ObI
K (parMeHTaLMM MECTa BHYTPY CTPAHUIL U IPYTUM HEIIPUSITHBIM ITOC/IEICTBUSIM.

IMosToMy MCITONMb3yeTCst KOCBEHHAs afgpecalusi: UIeHTU(GUKATOp BepCuM CChlia-
eTCsl Ha HOMEp yKasaTess, a y)Ke yKasaTesllb — Ha TeKYIIYI0 MO3UIMI0 BepCumn
CTPOKU B cTpaHulie. [Ipy nmepemerneHnu BEPCUM CTPOKM ee UAeHTUIUKATOD He
MEHSIETCSI; JOCTATOUHO M3MEHUTDh YKa3aTeslb, KOTOPbIii HAaXOOUTCS Ha TOM ke
cTpaHuIle.

KaskmpIit ykasaTenb 3aHMMAEeT POBHO YeThIpe 6aiiTa M COMepsKNT:
* CMeIlleHVe BEPCUU CTPOKY OTHOCUTENbHO Havasia CTPaHUIIbI;
e IJIMHY BEPCUU CTPOKM;

* HECKOJIBbKO 6I/ITOB, OIIpenenArInX CTaTyC BEpCUN CTPOKN.
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CBo6opHoe mecTo

Mesky yka3zaTenasiMu 1 BepCUSIMM CTPOK MOYKeT OCTaBaThCS c60000H0e Mecmo (KO-
TOpOe 1 OTMeUeHO B KapTe CBOOOIHOrO IpocTpaHcTBa). Hukakoit pparmeHTaumum
BHYTPU CTPAHUIIbI He ObIBAET, BCE CBOGOIHOE MECTO BCET/IA MPEICTABIEHO OTHUM

dparmenTom .

3.2. CTpyKkTypa Bepcuii CTpOK

Bepcm{ CTPOKM COCTOUT M3 3arojioBKa, 3a KOTOPbIM CJIEAYIOT Cco6CTBEHHO JaHHbIe.
3arosoBOK BepCUM COOEPKUT MHOKECTBO 1'[0]'[8]7[, cpeayn KOTOPbIX:

Xmin, xmax — HOMepa TPaH3aKI1ii, KOTOpble OTINYAIOT JaHHYI0 BEPCUIO OT Apy-
TMX BepCuii TOM ke CTPOKU;

infomask — ps MHGOPMALIIOHHBIX OMTOB, OIIPEAEISIONINX CBOVICTBA BEPCUN;
ctid — ccplIKa Ha CJIemyIolLyio, 60j1ee HOBYIO BEPCUIO TOV K€ CTPOKM;

6uTOBasA KapTa HeonpeaeneHHbIX 3HaYeHMit — MaccuB OUTOB, OTMeYaloIUX
CTONOIIBI, KOTOPBIE AOMYCKAIOT HeolpeneneHHblie 3HaueHus (NULL).

B pesynbraTe 3aroJIoBOK ITOJIy4aeTcsl AOBOJIbHO 6OJbIION — MUHUMYM 23 6aliTa
Ha KaKAYI0 BEPCUIO CTPOKM, @ OOBIYHO GOJIbIlle M3-3a KapThl HEONpeaeeHHbIX
3HAYEHMIT 1 13-3a 06s13aTeJIbHOTO BhIPAaBHMBAHMST Hauaia JaHHbIX. [IJIST «y3KOi»
TaGMIUIIBI 0ObEM CITY’KEOHBIX TaHHBIX BIIOJIHE MOSKET ITPEBBINIATH 06BEM I10JIE3-
HOJi MHGOpMAaIUN.

dopmaT IaHHBIX Ha AYCKE TOJHOCTHIO COBIALAET C IMpeAcTaBlIeHNeM JaHHBIX
B orepaTuBHOM nmaMsTu. CTpaHMUIIA BMECTe C BEPCUSIMMU CTPOK UMTAETCsS B Oy-
(hepHbBIiT Kelll «KaK ecTh», 63 Kakux 6bI TO HY 6bIIO TTpeobpa3oBanmii. [IoaToMy
(haiiyibl JTaHHBIX C OTHO MIAaTGOPMbI OKa3bIBAIOTCS HECOBMECTUMBIMMU C JPYTHU-

MM riatopmamm >

1 backend/storage/page/bufpage.c, bynkuus PageRepairFragmentation.
2 include/access/htup_details.h.
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3.2. Cmpykmypa eepcuil cmpox

OnHa U3 IPUUYMH HECOBMECTUMOCTY — MOPSAOK clenoBanus 6aiiTos. Hampumep,
B apXUTEKType X86 MPUHST MOPSITOK OT MIAAIMMX paspsamoB K crapmmm (little-
endian), z/Architecture ucnonb3yet o6paTHbiii mopsaaok (big-endian), a B ARM
MOPSIAOK MTepeKII0uaeMblii.

HecoBMecTMMOCTDb BbI3bIBA€TCSI TAaKKe BbIpaBHMBAHMEM JTaHHBIX 10 I'pPaHUIIAM
MaIIVHHBIX CJIOB, KOTOPOE TPeOyeTcss MHOIMM apxXuTekTypaMm. Hampumep, B 32-
OUTHOI cucTeMe apXUTEKTYphbl X86 Ieble unciaa (Tun integer, 3aHMMaeT ve-
ThIpe 6aifTa) 6YmyT BBIPOBHEHBI TI0 TPaHMIIE YeThIPEXOaTHBIX CJIOB, KaK U UMC-
Jia C TIaBaloIleil TOUKOV OBOMHO TouHOCTU (Tull double precision, BoceMb
6aiiT). A B 64-61THOII cucTeMe 3HaueHMs doubl e 6yayT BHIPOBHEHBI 110 IPaHUIIE
BOCbMMOAMTHBIX CIOB.

V3-3a BbIpaBHMBAHMS pasMep TabIMUHOI CTPOKM 3aBUCUT OT IIOPSIAKA PACIIONO-
skeHusI mojieii. OGBIYHO 3TOT 3G dEKT He CUTbHO 3aMeTeH, HO B HEKOTOPBIX CTyva-
SIX OH MOYKET ITPMBECTH K CYIIeCTBEHHOMY YBEeJIMUEHNIO pa3Mepa. BoT mpumep:

=> CREATE TABLE padding(
bl boolean,
il integer,
b2 boolean,
i2 integer
)
=> INSERT INTO padding VALUES (true,1,false,2);
=> SELECT lp_len FROM heap_page_items(get_raw_page('padding', 0));

lp_len

40
(1 row)

S ucnonb3oBan GyHKIMIO heap_page_items pacummpeHus pageinspect, KOTo-
past ITO3BOJISIET HOTYYUTh MHGOPMAIINIO 06 YKa3aTesAX U BEPCUSIX CTPOK.

CnosoM heap (kyua) B PostgreSQL o603HauatoTcst Tabamupl. 3TO ele 0AHO He BNOJHE oyYe-
BUAHOe ynoTpebieHne TepMUHA, HAMEKaIOLLLee Ha CXOACTBO MeXaHM3Ma BblAeNeHNs MecTa
nof Bepcuu CTPOK C AMHAMMYECKMM pacnpefeneHvemM onepatuBHOM namMaTh. KoHeuHo,
HEKOTOPYI0 aHaNOoMMI0 YyCMOTPETb MOXHO, HO AN ynpaBneHus Tabnuuel MCnonb3ylTcs
COBCEM [pyrue anroputMbl. MOXHO cuMTaTb, YTO CNIOBO YNOTpeBASETCS B CMbICE «BCE CBa-
NEHO B Ky4y», NOAYEPKMBAs OT/IMUME OT YNOPSLOYEHHBIX MHAEKCOB.

Crpoka 3auumaet 40 6aitt. I3 Hux 24 6ajiTa yXOOUT Ha 3ar0JIOBOK, CTOJIOIIBI TH-
ma integer saHumaror 1o 4 6aiita, boolean — mo 1 6aiity. B cymme umeem 34,

79



c. 150

I'nasa 3. CmpaHuyst u 8epcuu cmpox

a 6 6aiiT MpoIafaloT M3-3a BhIpaBHMBAHMS integer Imo rpaHulle YeThIpexoanT-
HBIX CTPOK.

ITepecTpouB TabmMILy, MOKHO MCITOb30BaTh MeCTO bosee 3 peKTUBHO:

=> DROP TABLE padding;

=> CREATE TABLE padding(
il integer,
i2 integer,
bl boolean,
b2 boolean

J;

=> INSERT INTO padding VALUES (1,2,true,false);

=> SELECT lp_len FROM heap_page_items(get_raw_page('padding', 0));
lp_len

34
(1 row)

Ele ogHa BO3MOKHAsI MMKPOOIITUMM3AII S — ITIEPEHEeCT B HA4aJIo TabIuIIbI BCe
CTONOIIBI GUKCUPOBAHHOTO pa3Mepa, He JOITyCKaIolIe HeolIpele/IeHHbIX 3HaUe-
HMit. [IOCTYII K TaKUM TI0JIsIM GymeT 6onee 3pdeKTUBHBIM 6/1aromapst BO3MOXKHO-

CTU 3aKelIMpPOBAThb CMeEIleHNe 11O/ OT Hauajila BepCHM CTPOKIM 1.

3.3. BoinonHeHue onepauuMii Hag BEpCUSMU CTPOK

YToObI pasHbIe BepCUM OIHO U TOV Ke CTPOKM MOKHO ObIIO Pa3INunTh, Kaskaas
3 BepCuil uMeeT iBe OTMETKU, OTIpeeIsIIolye ee «<BpeMs JeMCTBUSI», — Xmin u
xmax. Ho ucnosnb3yeTcst He BpeMsl KaK TAaKOBOe€, a TIOCTOSTHHO YBeIMYMBAIOIIUIACS
CYETYMK HOMEPOB TPaH3aKIUIA.

Korma cTtpoka co3maeTrcsi, 3HaU€HME XMin yCTAHABIMBAETCS PAaBHBIM HOMEDPY
TpaH3aKLMK, BbINOMHKUBIIEN KoMaHay INSERT.

Korma ctpoka ypanseTcs, 3HaUeHUI0 XmaX TeKyIeil BepCuy MPpUCBaUBAETCS HO-
Mep TpaH3aKLuY, BeINoJHuBILIel komaHay DELETE.

! backend/access/common/heaptuple.c, byuxiuus heap_deform tuple.
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3.3. BwinonHenue onepauyuti Haod eepcusimu Cmpox

Komanmy UPDATE MOKHO B HEKOTOPOM IPUOIVKEHUM PacCMaTpUBaTh Kak ABe
ornepauum: DELETE u INSERT. B TeKky1ieil Bepcuyt CTPOKU YCTaHABIMBAETCS 3HA-
YyeHMe Xxmax, paBHOe HOMepy TpaH3aKLuuy, BeirnonHyBLIeit UPDATE. 3aTem cospa-
eTCs HOBasl BepCus TOM ke CTPOKM; 3HaUeHMe Xmin y Hee COBIIaJlaeT CO 3HaYeHM -
eM xmax mpenpinyielt Bepcuu. TouHO Tak ke 1 komaHa MERGE «pacnazmaeTcsi»
Ha 9/7leMeHTapHble BCTaBKY U yaJIeHNs.

Hanbliie s HO,E[pO6HO IMOKa’XXy, KaK BBITIOJTHAIOTCA pa3HbIe OIiepaumm ¢ BepCusaiMu

CTPOK Ha HM3KOM YPOBHE 1.

IJ1s1 9KCIIepMMEHTOB MIOHALOOUTCS TabMMIIa C ABYMS CTOIOIAMM U MHAEKCOM I10
OIHOMY U3 HUX:

=> CREATE TABLE t(
id integer GENERATED ALWAYS AS IDENTITY,
s text

);
=> CREATE INDEX ON t(s);

BcraBkKka

Bcrasisem OOHY CTPOKY, ITpeIBapUTE/IbHO Ha4YaB TPaH3aKIMIO:

=> BEGIN;
=> INSERT INTO t(s) VALUES ('F00');

BoT HOMep Hamieli Tekyiel TpaH3aKINN:

=> -- txid_current() go v.13
SELECT pg_current_xact_id();

pg_current_xact_id

(1 row)

[ins noHaTMS TpaH3akumu B PostgreSQL yacTo Mcnonb3yeTcs cokpalleHune xact, kotopoe
MOXHO HAalTU U B UMeHax ByHKLMIA, U B Koae. COOTBETCTBEHHO, HOMEP TpaH3aKLMK 0603Ha-
YyaeTcs Kak xact id, txid unu gaxe npocTo xid. DTM Ha3BaHMS eLLe He pa3 HaM BCTPETATCA.

1 backend/access/transam/README.
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I'nasa 3. CmpaHuyst u 8epcuu cmpox

3amisiHeM B cofiep>kmumoe cTpaHuiipl. DyHKIMSI heap_page_items maeT HaM BCIO
HeobxomuMy0 MHGOpPMAaINIO, HO IMOKAa3bIBAET JaHHbIE «KaK eCTh», B hopmare,
CJIOXKHOM [IJ1S1 BOCIIPUSITUS:

=> SELECT *

FROM heap_page_items(get_raw_page('t',0))
\gx

-[ RECORD 1 ]--————————————————~=
lp | 1

lp_off | 8160

Lp_flags | 1

lp_len | 32

t_xmin | 773

t_xmax | @

t_field3 | ©

t_ctid | (0,1

t_infomask2 | 2

t_infomask | 2050

t_hoff | 24

t_bits |

t_oid |

t_data | \x0100000009464f4f

YTto6bI pa306paThCs, OCTABUM TOJBKO YaCTh MHPOpMaLMM 1 paciiudpyeM HEKO-
TOpPBIE CTOJIOIIBI:

=> SELECT '(0,'||lpl|')"' AS ctid,
CASE lp_flags
WHEN © THEN 'unused'
WHEN 1 THEN 'normal’
WHEN 2 THEN 'redirect to '||lp_off
WHEN 3 THEN 'dead'’
END AS state,
t_xmin as xmin,
t_Xmax as xmax,
(t_infomask & 256) > @ AS xmin_committed,
(t_infomask & 512) > @ AS xmin_aborted,
(t_infomask & 1024) > @ AS xmax_committed,
(t_infomask & 2048) > @ AS xmax_aborted
FROM heap_page_items(get_raw_page('t',0))
\gx
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-[ RECORD 1 J-—+-—--—--
ctid | (0,1)
state | normal
xmin | 773
Xmax | @
xmin_committed | f
xmin_aborted | £
xmax_committed | £
xmax_aborted | €

BoT uToO 31€ech caenaHo:

» VkasaTenb Lp MpUBeIeH K 06bIYHOMY BUAY UAEHTU(GUKATOPA BEPCUM CTPO-
KI: (HOMep CTpaHWLbl, HOMEp yKasaTtens).

» Pacimmdposano cocrosinue ykasarteins Lp_flags. 3mech oH MMeeT 3HaUeHNe
normal — 3TO 3HAUYUT, YTO yKa3aTe/lb JeiCTBUTENbHO CChLIAETCSI Ha BEPCUI0
CTPOKMU.

» U3 Bcex MHGOPMALIMOHHBIX GMTOB ITOKA BbIIEIEHBI TOIBKO JIBe Mapbl. bu-
Thl xmin_committed u xmin_aborted nokassiBaioT, 3abMKCUpPOBaHA JIU U
OTMEeHeHa JIM TpaH3aKLMs C HOMepoM xmin. AHaIOTMYHYI0 MHPOPMAIUIO
0 TPaH3aKIUY Xmax JAoT 6UThI xmax_committed u xmax_aborted.

B pacwmpennn pageinspect ectb dyHkumsa heap_tuple_infomask_£flags, pacwmnod-
poBblBaioLLas Bce MHOOPMALMOHHbIE 6UTbI, HO 9 6yAy BbIBOAMTL TONbKO Te, YTO HYXKHbI
B laHHbI MOMEHT, 1 B 60s1ee KOMNAKTHOM BUAE.

WTak, mpu BCTaBKe CTPOKY B TaGIMYHOI CTpaHUIlE TTOSIBUIICS YKa3aTelb ¢ HOMe-
pOM 1, cchUTaroNMiics Ha MEePBYIO U TTOKA €IMHCTBEHHYIO BEPCUIO CTPOKA.

[Mose xmin B Bepcuu CTPOKM 3aIlIOTHEHO HOMEPOM TeKylei TpaH3akiuuu. TpaH-
3aKIMs ellle aKTUBHA, ITO3TOMY OMThI xmin_committed m xmin_aborted He
YCTaHOBJIEHBI.

IMose xmax 3amoMHEeHO GUKTUBHBIM HOMepoM 0, TOCKOIbKY TaHHASI BEPCHSI CTPO-
KI He yZiajieHa U SIBIsieTcs akTyanbHoi. TpaH3akium He GyIyT obpaiaTh BHUMA-
HMSI Ha 9TOT HOMeP, ITOCKOJIbKY YCTaHOBJIEH OUT Xmax_aborted.

MoeT nokasaTbCs CTPaHHbIM, YTO 6UT 060PBAHHOM TPAH3aKLMM YCTAHOBNEH Y TPaH3aK-
LMK, KOTOPOM He 6b110. HO € TOUYKM 3peHUs U30AALMM 3TO OJHO U TO XKe: OTMEHEHHas
TPaH3aKLUMs He OCTaBASEeT CNeLfoB U, ClefoBaTeNbHO, HE CYLLeCTBOBaNa.

83



I'nasa 3. CmpaHuyst u 8epcuu cmpox

Taxoii 3aIIpoc HaM ellle He pa3 MOHAZ0OUTCs, T0ITOMY I 00epHY ero B PyHKIIUIO.
A 3a0HO J/151 KOMIIAKTHOCTY BbIBOZA yOepy CTOMOIbI MHOOPMAIMOHHBIX OUTOB,
TIPUIINCAB CTATYC TPAH3aKIMU K ee HOMepY:

=> CREATE FUNCTION heap_page(relname text, pageno integer)
RETURNS TABLE(ctid tid, state text, xmin text, xmax text)
AS $$
SELECT (pageno,lp)::text::tid AS ctid,
CASE lp_flags
WHEN @ THEN 'unused'
WHEN 1 THEN 'normal’
WHEN 2 THEN 'redirect to '||lp_off
WHEN 3 THEN 'dead'’
END AS state,
t_xmin || CASE
WHEN (t_infomask & 256) > @ THEN ' c'
WHEN (t_infomask & 512) > @ THEN ' a'
ELSE '’
END AS xmin,
t_xmax || CASE
WHEN (t_infomask & 1024) > @ THEN ' c'
WHEN (t_infomask & 2048) > @ THEN ' a'
ELSE ''
END AS xmax
FROM heap_page_items(get_raw_page(relname,pageno))
ORDER BY 1lp;
$$ LANGUAGE sql;

B rakom Buge Y>Ke 3HAaUMTEJIbHO ITOHATHEE, YTO TBOPUTCA B 3aroJIOBKe BepCUu:

=> SELECT * FROM heap_page('t',0);

ctid | state | xmin | xmax
——————— Tt e

(0,1) | normal | 773 | @ a
(1 row)

IToxoxy10, HO CYIIeCTBEHHO MeHee JIeTaTbHYI0 MHGOPMAIMI0 MOKHO MOTYYUTD
¥ U3 CaMO¥i TabIUITbI, UCTIONb3YS IICEBIOCTOMOIIBI XMin m Xxmax:

=> SELECT xmin, xmax, * FROM t;

xmin | xmax | id | s
—————— e ————
773 | @] 1| FOO

(1 row)
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3.3. BwinonHenue onepauyuti Haod eepcusimu Cmpox
®Pukcaums

IMpu ycIienTtHOM 3aBepIIeHUY TPAaH3aKIIUY HY;KHO 3alIOMHUTD €€ CTaTyC — OTMe-
TUTb, UTO OHA 3APUKCUPOBAHA. [IJis1 3TOTO UCITONb3YeTCs CTPYKTYPa, Ha3bIBaeMast
clog! (commit log). 9To He TabMMLIA CUCTEMHOTO KATAJIOTa, a CIelMaIbHbIe daii-
Jibl B KaTasiore PGDATA/pg xact.

Panble dannbl clog pacnonaranuce B PGDATA/pg_clog, Ho B Bepcun 10 kartanor nepe-
MMEHOBaNM? NOCKOMbKY afIMMHUCTPATOPbI, He3HakoMble ¢ PostgreSQL, uHorna yaananu
KaTanor B noMckax cBoHOAHOro Mecta Ha AMCKe, AyMas, YTo «log» — 3TO0 HeyTo Heobs3a-
TenbHoe.

Ha HeckonbKo ¢aiiioB clog paséuUT MCKITIOUMUTENbHO i yoobcTsa. Pabora ¢ aTu-
MM daitamy BeJeTcs TOCTPAHWYHO, uepe3 Gydepsl B 061Ieil maMsITu ceppepa’.

B clog, Kak 1 B 3aT0JIOBKE BEPCUY CTPOKM, IJIS1 KAKIO¥ TpaH3aKI[MM OTBEAEHO ABa
6uTa: committed 1 aborted.

Wtax, npu Gpurcauyy TpaH3akuym B clog BeicTaBiseTcss out committed misa maH-
HOJi TpaH3akiuu. Korma kakas-mub6o gpyrast TpaH3aKmys o6paTUTCSl K Haliei
TabIMYHOM CTpaHUIIE, €if IIPUIETCS OTBETUTH Ha BOIIPOC: 3aBEPIIMIIACD JIX TPaH-
3aK1Ms C HOMepoM xmin?

» Ecwin Her, TO co3aHHas Bepcus CTPOKY He HOKHA ObITh BUAHA.

YTO6BI MTPOBEPUTD, BBITIONHSIETCS JIM TPAH3aKIMUsI, TPOCMATPUBALTCS ellle
OJHA CTPYKTYpa, KOTOPAsi pacIoyaraeTcsi B 00LIelt mamsTi SK3eMIisipa u
HasbIBaeTcs ProcArray. B Heit HAXOOMTCS CIIMCOK BCEX aKTUBHBIX IIPOLI€CCOB,
M JJ151 KQXK0TO YKa3aH HOMeD ero TeKylei (aKTUBHOM) TpaH3aKLVIN.

« Eciu 3aBepimmiack, To puKcaleit uiyu oTMeHoii? IIpy oTMeHe Bepcusi CTpo-
KM TOKe He JO/DKHA ObITh BU/THA.

Iyia 3TO¥ MpOBEepKM Kak pa3 U HyKHa CTpyKTypa clog. Ho xoTs mocnep-
HMe CTpaHUIIbI clog coxpaHsSioTcsl B 6ydepax B onepaTUBHON IaMSTH, BCe

1 include/access/clog.h;
backend/access/transam/clog.c.
commitfest.postgresql.org/13/750.
3 backend/access/transam/clog.c.

2
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I'nasa 3. CmpaHuyst u 8epcuu cmpox

PaBHO TaKylo IPOBEPKY HaK/IagHO BBIIIOMHATh KaskAbliil pa3. [IosToMy BbIsiC-
HEHHBI OJHAaKABI CTATYC TPAH3aKI[MM 3aIIMChIBAETCS B 3aT0JIOBOK BEPCUN
cTpoKM B MH(MOpManMoHHble 6uThl xmin_committed u xmin_aborted;
UX ellle Ha3bIBAKOT 6umamu-nodckaskamu (hint bits). Eciv onue u3 atux 6u-
TOB YCTaHOBJIEH, TO COCTOSIHME TPAH3aKUMM XMin CUMTAETCS] U3BECTHBIM,
U CIeyIoleil TpaH3aKINUM yKe He ImpuaeTcss obpamarbcs HU K clog, Hu
K ProcArray.

IMouemMy 3TM GUTHI HEe YCTAHABAMBAIOTCS TOV TpaH3aKI[Mei, KOTopasi BCTaBJIsIeT
CTpoKy? J1es10 B TOM, UYTO B 3TO BpeMsI TpaH3aKL M ellle He 3HaeT, 3aBePILUTCS U
OHAa YCIIeNTHO. A B MOMEHT (hMKCALIMM yKe He MOHSITHO, KaK/e MMEHHO CTPOKU
B KaKMX MMEHHO CTpaHUIaX ObUIM M3MeHeHbI. TaKMX CTPaHMI[ MOKET OKa3aThb-
CS1 MHOTO, ¥ 3aIIOMMHATh UX HEBBITOAHO. K TOMY JKe 4acTb CTpaHUI] MOXKET ObITh
BBITECHEHA 13 OyepHOro Kellla Ha AMCK; YATATh MX 3aHOBO, UTOOBI MU3MEHUTH
6UTBI, 03HAYAIO ObI CYIIECTBEHHO 3aMeIJIUTh (HUKCAITHIO.

O6paTHasi CTOpOHa 5KOHOMMM COCTOUT B TOM, UTO JIt06ast TpaH3aKIus (Taske BbI-
nosHsIIomast mpocroe yreHne — SELECT) MoskeT HauaTh BBICTaBJATh MH(MOpPMa-
[[MOHHbIE OUTHI B CTPAHUIIAX JAHHbIX. KOHEUHO, CTpaHUIlbl B 6ydepHOM Kelle

IIpY 3TOM CTAHOBSTCA I'PSI3HBIMMN.

Bad)I/IKCI/IpyeM HaKOHeIl BCTaBKYy CTPOKH, C KOTOpOf/i MBI Ha4a/IM TPAH3aKIMIO:

=> COMMIT;

B cTpanuiie HMUEro He M3MEeHMIOCh (HO Mbl 3HAEM, UTO CTATYC TPaH3aKIMM yiKe
3ammcaH B clog):

=> SELECT * FROM heap_page('t',0);

ctid | state | xmin | xmax
——————— e

(0,1) | normal | 773 | @ a
(1 row)

Ternepb TpaH3aKIMs, IEPBOII 0OPATUBIIASCS K CTpaHUIle («<HOPMaJIbHBIM» 06pa-
30M, He C IOMOIIbI0 pageinspect), Jo/mKHA 6yIeT onpenenTh CTATyC TPaH3aK-
LMY XMin U 3amycaTh ero B MHGOpMaliOHHbIE GUTHI:
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=> SELECT * FROM t;

=> SELECT * FROM heap_page('t',0):

ctid | state | xmin | xmax
——————— e e

(0,1) | normal | 773 ¢c | @ a
(1 row)

Ypanenue

Ipyu yoajieHuy CTPOKM B II0JIe XMax aKTyajabHOI BEPCUM 3alMChIBAETCS HOMED
yIoassonnei TpaH3aKIum, a 6uT Xxmax_aborted copacbiBaeTcs.

370 e 3HaueHWe xmax, COOTBETCTBYIOLLEE aKTMBHOM TpaH3aKUMK, BbICTyMaeT B Kadectee  C. 258
6n10KMPOBKM CTpOKU. Ecnn apyras TpaH3akumsa cobupaetcs 0OHOBWUTbL MNU yAANUTbL 3TY
CTPOKY, OHa ByAeT BbIHYX/AEHa [OXAATbCS 3aBepLUEHMS TPaH3aKLMM Xmax.

Ynanum CTpoKy:

=> BEGIN;

=> DELETE FROM t;

=> SELECT pg_current_xact_id();
pg_current_xact_id

(1 row)

HOMep TpaH3aKIMM 3alIMCajICid B I10JIe XmaXx, HO I/IH(i)OpMaI_U/IOHHLIe OUTHI elnie He
YCTAaHOBJIEHDI:

=> SELECT * FROM heap_page('t',0);

ctid | state | xmin | xmax
——————— B e

(0,1) | normal | 773 c | 774
(1 row)
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OTMeHa

OTmeHa u3MeHeHMi paboTaeT aHAJIOTUYHO (MUKCAIVMM U BBHITTOTHSIETCS TaK JKe
OBICTPO, TOJBKO B clog BMecTo 6uTa committed BbicTaBisieTcst 6ut aborted. XoTb
koMaHza 1 HasbiBaeTcs ROLLBACK, oTkaTa M3mMeHeHNii He IIPOUCXOIUT: BCe, YTO
TpaH3aKIMs ycIiejia U3SMEHUTDb B CTPaHUIIAX JaHHbIX, OCTAeTCsl Ha MecCTe.

=> ROLLBACK;

=> SELECT * FROM heap_page('t',0);
ctid | state | xmin | xmax

——————— et st
(0,1) | normal | 773 c | 774

(1 row)

IIpu obpamieHnn K CTpaHuIle MPOBePsIeTCs CTaTyC, M B BePCUM CTPOKM YCTaHAB-
JIMBaeTCsl GUT-ToicKas3ka xmax_aborted. Cam HOMep Xmax IIPU 3TOM OCTAETCS
B CTPaHUIlE, HO CMOTPETH Ha HETO Y)Ke HUKTO He GyeT:

=> SELECT * FROM t;

id | s
____+ _____
1 | FOO
(1 row)
=> SELECT * FROM heap_page('t',0);
ctid | state | xmin | xmax
——————— B et T S
(0,1) | normal | 773 c | 774 a
(1 row)
O6HoBNEHME

O6HOBJIEHME pa60TaeT TaK, KakK 6Y,HTO CHa4vaJ/ia BbITIOJTHMJIOCH Y aJIEeHIE TEKYH_IEVI
BepCuM CTPOKH, a 3aTeM — BCTaBKa HOBOIA:

=> BEGIN;

=> UPDATE t SET s = 'BAR';
=> SELECT pg_current_xact_id();
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pg_current_xact_id

(1 row)
3amnpoc BbIAAET OHY CTPOKY (HOBYIO BEPCUIO):

=> SELECT * FROM t;

Ho B cTpaHuiie XpaHsITCcs 06e BepCuin:

=> SELECT * FROM heap_page('t',0);

ctid | state | xmin | xmax
——————— e

(0,1) | normal | 773 c | 775

(0,2) | normal | 775 | @0 a

(2 rows)

VhaneHHas paHee Bepcus IoMedyeHa HOMEpPOM TeKylleil TpaH3aKLUuy B I10jie
Xmax. DTO 3HaAUeHMe 3aMyCaHo MMOBEPX CTapOro, ITOCKOIbKY IPeIbIayIias TpaH-
3aKuus 6pl1a OTMEHEeHa. A 6UT xmax_aborted c6poliieH, Tak KaK CTaTyC TEKYIIEi
TPaH3aKIINK ellfe HeU3BECTEH.

Hy u 3aBepiium TpaH3aKUIUIO.

=> COMMIT;

3.4. UHpekcbl

B uHpekcax /060ro TUIla HUMKOTOA He GbIBAeT BepPCMil CTPOK, Kaskmash CTpPOKa
MpeicTaB/ieHa POBHO OJHUM 3K3eMIUIIpOM. VIHBIMU ClIOBaMM, B 3arOJIOBKE MH-
JIeKCHOJ CTPOKM He ObIBaeT mosieit xmin u xmax. CChbIIKYM 13 MHAEKCA BeAYT Ha BCe
TabIMYHbIE BEPCUM CTPOK. TpaH3aKIIuy TpebyeTcs 3aI/ISTHYTh B TaGIMITY, UTOOBI
pasobpaThbcs, Kakasl M3 Bepcuii eif BUIHA (€CJIM TOMbKO CTPAaHUIA HE OTMeUeHa
B KapTe BUIMMOCTH).
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I'nasa 3. CmpaHuyst u 8epcuu cmpox

[nst ymobeTBa co3manum MpocTyio GyHKIMIO, TIOKA3bIBAIOIIYIO C TIOMOIIBIO pac-
mupeHus pageinspect Bce MHOEKCHbBIE 3aIIMCU HA CTpaHMIle (B IIpefeiax cTpa-
HU1IBI B-mepeBa 3ammcu pacronaraioTcs B BUe IJIOCKOTO CIIMCKA):

=> CREATE FUNCTION index_page(relname text, pageno integer)
RETURNS TABLE(itemoffset smallint, htid tid)
AS $%
SELECT itemoffset,
htid -- ctid go v.13
FROM bt_page_items(relname,pageno);
$$ LANGUAGE sqgl;

O6Hapy>kMBaeM Ha CTpaHMIIE yKa3aTeay Ha 00e Bepcuy TabIMUHOM CTPOKM, KaK
Ha aKTyaJIbHYIO, TAK ¥ Ha CTApYIO:

=> SELECT * FROM index_page('t_s_idx',1);

itemoffset htid

(2 rows)

ITockonbky BAR < FOO, yka3saTesib Ha BTOPYI0 BEpPCUIO CTPOKM CTOUT B MHAEKCE
Ha [IepBOM MeCTe.

3.5. TOAST

Toast-Tabiuiia SIBJISIETCS, 10 CyTH, OOBIYHONM TaGINUIIEeid, U IJIST Hee IOAIePKU-
BaeTCs COGCTBEHHAs BEPCHMOHHOCTh: BEPCUM «TOCTOB» HE CBSI3aHbI C BEPCUSIMMU
CTPOK OCHOBHOI1 Tabu1Ibl. Ho BHYTpeHHsIsT paboTa ¢ toast-Tabnmuiieit mocTpoeHa
TaK, YTO CTPOKM HUKOTIA He OGHOBJISIIOTCS, @ TOIBKO T06aB/ISIIOTCS M YIAISIOTCS,
TaK YTO BEPCMOHHOCTH B JAHHOM C/Iy4ae HeCKOJIbKO BhIPOKIEHHas.

Korma maHHbIe MEHSIIOTCSI, B OCHOBHOI Tab/uIle Bcerma Co3JaeTcst HOBast BepCust
cTpoku. Ho eciy 0GHOBJIEHNE He 3aTparMBaeT «IJIMHHOe» 3HAUeHMe, XpaHsIee-
cst B TOAST, To HOBast Bepcusl CTPOKM OyIET CChIIAThCS Ha IMpeXXHee 3HAUeHMe
B toast-tabmuue. U TonbKO KOTIa 0OGHOB/IEHME TTIOMEHSIeT «IJIMHHOe» 3HaUeHue,
OyIyT CO3IaHbl ¥ HOBAsI BEPCUS CTPOKY B OCHOBHOI Tab/IMIIe, I HOBbIE «TOCTbI».
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3.6. BupmyanwsHsle mpaH3akyuu

3.6. BuptyanbHble TpaH3aKuum

PostgreSQL ucrnonp3yeT onTMMMU3aLuioo, MO3BOISIIOIIYI0O «3KOHOMUTb» HOMEpa
TpaH3aKU M.

Ecu TpaH3akiys TOJIbKO YMTAET JaHHbIe, TO OHA HMKAK He BAMsSeT Ha BUOVMMOCTh
Bepcuii cTpok. [loaromy BHauasie 06CTys;KMBAIOILMIT [TPOLIECC BhIAAET TPaH3aKIMM
gupmyansHulii Homep! (virtual xid). Homep coctout u3 upeHTMdMKATOPa 06CITY-
SKMBAIOIIETO MPOIecca ¥ MOCIeq0BaTeIbHOTO YMC/Ia. Bbigaua 3TOro HoMepa He
TpebyeT CMHXPOHM3ALUM MEXKIY BCeMM IPOLiecCaMy ¥ IOITOMY BbIITOTHSETCS
oueHb ObICTPO. HacTos1ero HoMepa y TpaH3aKI[MH ellle HeT:

=> BEGIN;

=> -- txid_current_if assigned() go v.13
SELECT pg_current_xact_id_if_assigned();

pg_current_xact_id_if assigned

(1 row)

B pasHble MOMEHTHI BpEMEHM B CUCTEME BIIOJIHE MOTYT OKa3aThCSI BUPTYasb-
Hble TPaH3aKLINY C HOMepaMM, KOTOPbIE Y3Ke UCIIONTb30BaNCh. 1 3TO HOpMAaJIbHO,
MTOCKOJIbKY BUPTYaJbHbIE HOMEPA CYIIECTBYIOT TOJBKO B OTIEPATUBHOI MaMSITH,
TTOKa TPaH3aKLMSI aKTUBHA; OHM HUKOT/IA He 3aIMChIBAIOTCS B CTPAHMIII JAHHbIX
M He TIOTTaIAI0T Ha JINCK.

Ecin xe TpaH3aKOMs1 HAUMHaeT MEHATDb JaHHbIe, eli BbIIaeTcs HaCTOHLLU/If;I, YHUI-
KaJIbHbIi HOMED TPpaH3aKIMN:

=> UPDATE accounts
SET amount = amount - 1.00;

=> SELECT pg_current_xact_id_if assigned();
pg_current_xact_id_if assigned

(1 row)
=> COMMIT;

1 postgrespro.ru/docs/postgresql/16/transaction-id;
backend/access/transam/xact.c.
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I'nasa 3. CmpaHuyst u 8epcuu cmpox

3.7. BnoxxeHHble TpaH3aKuum

Touku coxpaHeHus

B SQL ompeneneHbl mouku coxpaHeHus (savepoint), KOTOpbIe TTO3BOJISIIOT OTMe-
HUTb YaCTb Ollepaluii TpaH3aKLUK, He IpepbIiBas ee MOAHOCThI0. Ho 9TO He ykiia-
IIbIBAETCS B IPUBEIEHHYIO BhIIlIE CXeMY, TTOCKObKY CTAaTyC TpaH3aKLMM OAVH Ha
BCe M3MeHeHMs], a GU3NUeCcKM HUKaKMe JaHHble He OTKAThIBAIOTCSI.

YTo6bI peasn30BaTh TAKOi GYHKLMOHAJ, TPaH3aKIMS C TOUKOJ COXpaHEeHUs pas-
61MBaeTCs Ha HeCKOJBKO 6/10KeHHbIX mpansakyuii' (subtransaction), cTaTycom Ko-
TOPBIX MOXKHO YIIPABJSTh OTJIEbHO.

BitoskeHHbIE TpaH3aKIUM UMEIOT CBO COOCTBEHHbBIT HOMep (6OJbINIi, UeM HO-
Mep OCHOBHOJM TpaH3akuyuu). CTaTyC BJIOKEHHBIX TPaH3aKIMii 3aIMChIBA€TCS
B clog 06BIYHBIM 06pa30M, HO 3a(MKCHMPOBAHHbIE BIIOKEHHbIE TPAH3AKIMM OFHO-
BpeMeHHO OTMeuarTcs AByMs 6utamu, committed u aborted. ®uHaIbHBIN CTa-
TYC 3aBMCUT OT CTATyca OCHOBHONM TpaH3aKIIMU: eC/I OHA OTMEHEeHa, TO U BCe
BJIOSKEHHbIE TPAH3aKIMU CUUTAIOTCS OTMEHEHHBIMM.

Nudbopmanust o BIOKeHHOCTM TPaH3aKIMit XpaHUTCS B paiyiax BHyTpU KaTaaora
PGDATA/pg subtrans. O6paiiienne K ¢aitiam mpoucxogut uepes 6ydepsl B 06-
1ef1 MaMSITH 9K3eMILISIpa, OpPraHM30BaHHBIE TAK e, Kak U 6ydepsl clog?

He nyTaiiTe BNOXEHHbIE TPAH3aKLMM C aBTOHOMHbIMU. ABTOHOMHbIE TPaH3aKLMKU HUKAK He
3aBWUCAT Apyr OT Apyra, B OT/IMYME OT BJIOKEHHbIX. ABTOHOMHbIX TPaH3aKUMIiA B 0ObIMHOM
PostgreSQL Her, u, noxanyi, K y4llemy: no feny OHM HYXHbl O4EHb U OYEHb PEAKo, a UX
Hanuuue B gpyrux CYB[ npoBoumpyeT 310ynoTpebneHuns, oT KOTOpbIX MOTOM BCE CTPaAAIoT.

Omnycrommm TabiuIly, HAUHEM TPAH3aKI[MIO Y BCTABUM CTPOKY:

=> TRUNCATE TABLE t;

=> BEGIN;

=> INSERT INTO t(s) VALUES ('F00');
=> SELECT pg_current_xact_id();

1 postgrespro.ru/docs/postgresql/16/subxacts;
backend/access/transam/subtrans.c.
2 backend/access/transam/slru.c.
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3.7. BnoxceHHble mpaH3akyuu

pg_current_xact_id

(1 row)
Terepb IMOCTaBUM TOUYKY COXPAaHEHMS M BCTaBUM ellle OLHY CTPOKY:

=> SAVEPOINT sp;

=> INSERT INTO t(s) VALUES ('XYZ');
=> SELECT pg_current_xact_id();
pg_current_xact_id

(1 row)

3ameTbTe, yTO QYHKIMSI pg_current xact id BeimaeT HOMEP OCHOBHOI, a He
BJIOYKEHHOJI TpaH3aKIUN.

=> SELECT *
FROM heap_page('t',0) p
LEFT JOIN t ON p.ctid = t.ctid;

ctid | state | xmin | xmax | id | s
——————— e B S e
(0,1) | normal | 779 | @a | 2 | FOO
(0,2) | normal | 780 | @ a | 3 | XYZ

(2 rows)
OTKaTUMCS K TOUKE COXpPaHEeHMS U BCTABUM TPETBIO CTPOKY:

=> ROLLBACK TO sp;
=> INSERT INTO t(s) VALUES ('BAR');

=> SELECT *
FROM heap_page('t',0) p
LEFT JOIN t ON p.ctid = t.ctid;

ctid | state | xmin | xmax | id | s
——————— e T B
(0,1) | normal | 779 | @a | 2 | FOO

(0,2) | normal | 780 | @ a | |
(0,3) | normal | 781 | @ a | 4 | BAR

(3 rows)

B cTpanuiie Mbl pomo/kaeM BUIIETh CTPOKY, J0OaBIeHHYI0 OTMEHEHHO BJIO-
SKEHHOM TpaH3aKLUuei.
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dukcUpyem nM3MeHeHUS :

=> COMMIT;
=> SELECT * FROM t;

4 | BAR
(2 rows)

=> SELECT * FROM heap_page('t',0);
ctid | state | xmin | xmax

(0,1) | normal | 779 ¢ 0 a
(0,2) | normal | 780 a 0 a
(0,3) | normal | 781 c | @ a
(3 rows)

Terepb XOPOIIO BUIHO, UTO Kakmasi BIOKEHHAsT TpaH3aKIMUs MMeeT COOCTBEH-
HbIV CTaTYyC.

BnoskeHHbIE TpaH3aKIVM HeJIb34 MCII0/JIb30BaThb B SQL HaIIpsAMYIO, TO €CTb HeJIb34
Ha4yaTb HOBYIO TPAaH3aKIMIO, HE 3aBEPIINB TEKYIIYIO:

=> BEGIN;
BEGIN
=> BEGIN;

WARNING: there is already a transaction in progress
BEGIN

=> COMMIT;

COMMIT

=> COMMIT;

WARNING: there is no transaction in progress

COMMIT

OTOT ME€XaHM3M 3aJIeMICTBYETCSI HESIBHO: IIPU UCII0/Ib30BaHUM TOUEK COXPaHEeHMS,
npu 06paboTke uckmouennit PL/pgSQL 1 B HEKOTOPBIX IPYTUX, 601ee sK30ThYe-
CKUX CJIyYasx.

OwnbKM M aTOMapPHOCTb Onepaumin

dro CIIYYUTCA, €eCJIM B IIPOIieCCe BbIIIOJTHEHMSA OII€epalunumn nponsoﬁmeT ommbka?
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Hamnpumep:

=> BEGIN;
=> SELECT * FROM t;

4 | BAR
(2 rows)

=> UPDATE t SET s = repeat('X', 1/(id-4));
ERROR: division by zero

IMToce c60s1 TpaH3aKLUMSI CYUTAETCSI IIPEPBAHHOI, 1 GOJIbIIIE HM OHA OTepalys
B Helt He JIOITyCKaeTCs:

=> SELECT * FROM t;

ERROR: current transaction is aborted, commands ignored until end
of transaction block

U maske eciv MOMBITAThCs 3apuUKCUpOBaTh M3MeHeH s, PostgreSQL coobunt o6
OTMeHe:

=> COMMIT;
ROLLBACK

TloueMy HeJb3s MPOMO/DKUTD BBIMOJHEHME TPaH3aKIMu mocie c60s1? [ToCKomb-
Ky YK€ BBITIOJTHEHHbIE JEMCTBUSI HUKOTJ|A HE OTKAThIBAIOTCS, MbI ITOTYYIIU GbI
IOOCTYII K YaCTU M3MeHEHUIA, BHITIOMHEHHBIX 10 OUIMOKY, — 6blIa 6bI HApyIIeHa
aTOMapHOCTD JIaske He TPaH3aKI[MH, & OIlepaTopa.

Kak B HaleM nmpumepe, rie ornepaTop 0 OMK6KM ycriea 0OHOBUTb OLHY CTPOKY
"3 ABYX:

=> SELECT * FROM heap_page('t',0);

ctid | state | xmin | xmax
——————— et

(0,1) | normal | 779 c | 782

(0,2) | normal | 780 a | O a

(0,3) | normal | 781 c | @ a

(0,4) | normal | 782 | @ a
(4 rows)
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K croBy, B psql umeeTcst pexkuM, KOTOPbIii BCe-TaKy MMO3BOJISIET MPOIO/IKATh pa-
60Ty TpaH3aKIMHU IOCIe c60sI TaK, KaK OYyTO AeiCTBUSI OMIMOOYHOIO OrlepaTopa
OTKAaTbIBAIOTCS:

=> \set ON_ERROR_ROLLBACK on

=> BEGIN;

=> UPDATE t SET s = repeat('X', 1/(id-4));
ERROR: division by zero

=> SELECT * FROM t;

4 | BAR
(2 rows)

=> COMMIT;
COMMIT

HeTpyaHo goragaThcsi, 4TO B TaKOM pexkuMe psql parkTruyecky cTaBUT Iepes Kax-
IOJ KOMaHI 01 HESIBHYIO TOUKY COXpaHEHMSI, a B cJryuae c60s1 MHULIMUPYET OTKAT
K Helt. Tako peskuM He UCIIOMb3YeTCs 10 YMOTYaHUIO, TOCKO/IbKY YCTAaHOBKA TO-
yeK coxpaHeHMs (gaxe 6e3 0TKaTa K HMM) COITPSDKEHA C CYIeCTBeHHbIMM HaK/Ia -
HBIMU PaCXOaMMU.
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CHUMKMU OaHHbIX

4.1. Yto Takoe CHUMOK AaHHbIX

®U3MYECKM B CTPAHMUIIAX JaHHBIX MOTYT HAXOIUThCS HECKOJIBKO BEPCUIT OHOI 1
TOJ K€ CTPOKM, XOTSI KaKhas TpaH3aKIUs TO/KHA BUIETh MaKCMMYM OOHY U3
HUX. Bce BMecTe Bepcuy pasHbIX CTPOK, HaO/I0gaeMble TpaH3aKiyei, 06pasy-
IOT CHUMOK OaHHbix (snapshot). CHUMOK obecrieuMBaeT coriaacoBanuyio B ACID-
CMBIC/Ie KAPTUHY JaHHBIX Ha OIIpeIe/IeHHbI MOMEHT BpeMeHMU U COIeP>KUT TOJIb-
KO caMble aKTya/IbHbIe JaHHbIE, 3abUKCUPOBaHHbIE K MOMEHTY €0 CO3IaHMs.

YTto6bl 06€CIeunTh M3OMSLNIO, KaKIas TpaH3aKIus paboTaeT co CBOUM COO-
CTBEHHBIM CHUMMKOM. [Ipy 3TOM pasHble TpaH3aKLMM BUAAT PasHblie, HO TEM He
MeHee COIIacOBaHHbIe (Ha pasHble MOMEHThI BpeMeH ) JaHHbIe.

Ha yposHe u3somnsuyn Read Committed CHUMOK CO3HaeTCs B Havaae KakXaoro ore-
paTopa TpaH3aKIUM U OCTAETCSI aKTUBHBIM BCE BpeMsI pabOThI 3TOTO OIepaTopa.

Ha ypoBHsix Repeatable Read u Serializable cHMMOK co3paeTcsl OOMH pa3 B Hayase
IIepBOTO OIepaTopa TPpaH3aKLUMM U OCTAaeTCsl aKTMBHBIM O CAMOTr0 KOHLIA TPaH-
3aKUUMN.

CHUMOK1 CHUMOK2 CHUMOK

| onepatopl  , onepatop2 | oneparopl oneparop2

i —t 1@ ot —+t 10

i | I | I 1

I | I | i 1

I | I | i 1

I [ l . ! 1 .
' —t t xid t ; xid

Read Committed Repeatable Read,
Serializable
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4.2. BUaAMMOCTb BepCUii CTPOK B CHUMKE

KoHeuHO, CHUMOK IaHHBIX He SIBJISIeTCS PU3UMUECKOi KOIeit Bcex He06X0IMMBbIX
Bepcuit CTpoK. PaKTUUECKM CHUMOK 3aJaeTCsl HeCKOJIbKUMY UMCIaMi, a BUIU-
MOCTb BepCHUii CTPOK B CHUMKE OTIpeesISieTCs] IpaBUIaMNA.

ByneT maHHas Bepcusi CTPOKM BUIHA B CHUMKE MJTM HET — 3aBUCUT OT IToJielt xmin
M Xmax ee 3arojioBKa (TO eCTb OT HOMEpPOB CO3/aBIliell U yaaJauBIIel TpaH3aK-
LIMI1) ¥ OT COOTBETCTBYIOIIMX STUM ITOJISIM MH(OpMaIMOHHBIX OMTOB. IHTEepBaIbl
Xxmin—xmax He mepecekaloTcs, TOITOMY Kaskaasl CTpOKa MpeaCcTaBjeHa B II060M
CHMMKEe MakCMMyM OJHOM CBO€e Bepcueii.

TouHBIe ITPaByIa BUAMMOCTY | JOBOBLHO CIOKHBI M YIUTBIBAIOT MHOKECTBO Pas3-
JIMYHBIX CUTYaIMii M KpalfHUX CJrydaeB. YIIPOIasi, MOXKHO CKa3aTh, YTO BEPCUS
CTPOKM BUIHA, KOTHIA B CHUMKE BUIHBI M3MEHEHMUS, CoeJaHHbIe TpaH3aKIuei
Xmin, ¥ He BUIHBI U3MEHEHMS, CieJIaHHbIe TPaH3aKIMel xmax (MHbIMU CI0Ba-
MM, eCJIV BEPCUST CTPOKM Y3Ke TTOSIBUJIACh, HO ellle He yaajaeHa).

B cBOI0 0uepenb, u3MeHeHUS TPaH3aKIIUY BUIHBI B CHUMKE, eC/Ti 3Ta TPaH3aKIIs
6bl71a 3aUKCMPOBaHa 1O MOMEHTA CO3IaHMs CHMMKA. U ellle, B KaueCTBe MCKIIIO-
YeHMs U3 06IIEero MpaBuiia, TpaH3aKLIMsSI BUTUT B CHUMKE CBOM COGCTBEHHBIE ellle
He 3auKcupoBaHHbIe M3MeHeHMsI. Vi3MeHeHNsI 000PBaHHBIX TPaH3aKI[Mi1, pas3y-
MeeTcsl, H/ B OTHOM CHMMKE He BUHBI.

Bort nipocToit mpumep. TpaH3akuyuu n3006pakeHbl B Bile OTPE3KOB (OT MOMEHTa
HauaJia o MOMeHTa UKCcaINN):

CHUMOK

*—0

|
|
|
|
|
|
|
|
|
!
|
[
|
|
t

xid

! backend/access/heap/heapam visibility.c.
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4.3. U3 uyez0 cocmoum CHUMOK

31ech:

* M3MEeHEeHMS TPaH3aKuyuu 2 6yIyT BUAHBI, TIOTOMY YTO OHA 3aBepUIMIACh J0
CO3IaHMSI CHUMKA;

* JIBMEHEHMS TpaH3aKIIUn 1 He 6y,ILyT BUOHBI, IOTOMY UYTO OHa Obl71a aKTMBHA
Ha MOMEHT CO3aHNI CHMMKA;

* M3MEHEeHMS TPaH3aKIMM 3 He OYIyT BUAHBI, IOTOMY YTO OHA HAa4Ya/Iach M03-
K€ CO3JaHMsI CHUMKA (He BaKHO, 3aKOHUYM/IACh OHA WJIM HET).

4.3. 3 yero cOCTOUMT CHUMOK

1 Kak 6bLI10 OKA3aHO

K coxxanennto, PostgreSQL BUOAUT KapTUHY COBCEM He TaK
Ha pUCyHKe. JleJio B TOM, YTO CUCTEME HEM3BECTHO, KOTJ|a TPAH3aKUIMUN ObUIM 3a-
dbuxcupoBaHsbl. VI3BeCTHO TOMBKO, KOTAA OHM HAUMHAIUCh (3TOT MOMEHT OIIpe[ie-

JITETCSI HOMEPOM TPaH3aKIVM), a BOT (PaKT 3aBepLIeHMs HATIE He 3aITMChIBAETCS.

Bpems duKcaLmmn oTcnexnsaeTca? Npu BKAKYEHHOM napameTpe track_commit_timestamp,
HO OHO HMKaK He y4acTBYeT B MPOBEpKE BUAMMOCTM (XOTS MOXKET ObiTb NONE3HbIM, HAMPU-
Mep, ANs CTOPOHHWUX PENnIMKALMOHHbIX peLleHUi).

Kpome Toro, PostgreSQL Bcerna coxpaHseT BpeMst GUKCaLMM U BpeMS OTMEHbI TpaH3aKLuit
B COOTBETCTBYHOLLMX XXYPHA/bHbIX 3aMMUCAX, HO UCMONb3YET 3Ty MHPOPMALMIO TONBKO NpU
BOCCTAHOB/IEHUU [0 LLENEBOM TOUKM.

V3HaTbh MOKHO JIMIIb MeKywuil CTaTyC TpaH3akuyit. DTa MHGOPMAaIus ecTh B 06-
el maMsITU cepBepa B CTPYKType ProcArray, KOTOpast COOEPSKUT CIIMCOK BCEX
aKTUBHBIX CEAHCOB U UX TpaH3aKiuii. [IocThakTyM ke HEBO3MOKHO BBISICHUTb,
ObLIa Y KaKasi-TO TPAaH3aKIMs aKTYMBHA B MOMEHT CO3JaHMs CHUMKA.

[MosToMy Aj1s1 TIOYYEHMSI CHMMKA HEIOCTATOYHO COXPAHUTh MOMEHT €ro co37a-
HMUSI: TpeOyeTcsI TaKKe 3aIIOMHUTh, B KAKOM CTaTyCe HaXOOMUIMUCh TPaH3aKIUM Ha
9TOT MOMEHT. Be3 uHboOpMaum o craTycax BIIOCIEACTBUM HEBO3MOXKHO OymeT
TOHSITh, KAKMe BEPCUM CTPOK JO/DKHBI ObITh BUIHBI B CHUMKE, a KaKue — HeT.

1 include/utils/snapshot.h.
backend/utils/time/snapmgr.c.
2 backend/access/transam/commit_ts.c.
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CpaBHUTe, Kakast MHGOpMAIMs JOCTYITHA CCTEME B MOMEHT CO3IaHMS CHUMKA U
HEKOTOpOe BpeMsI CITycTs (6e1bIM KPYsKKOM 00603HaueHa aKTUBHAS TPaH3aKLIMs,
a YepHbIMM — 3aBepIlIeHHbIE):

)
() ()
e) ()
} } } xid ; ; } xid
1 2 3 1 2 3
B MOMEHT C0311aHKs CHUMKA yepe3 HeKOTOpoe BpeMs

Eciu He 3alIOMHUTB, UTO BO BpeMsI CO3IaHMsI CHMMKA ITepBast TPaH3aKIIKs elle
BBIITOJTHSIACh, @ TPETHEI HE CYIIECTBOBAJIO, UX HEBO3MOKHO OyIeT OTIMYUTH OT
3a(pMKCUPOBAHHOI HAa TOT MOMEHT BTOPOJ TpPaH3aKIUM U UCKIIOUUTH U3 pac-
CMOTpEeHMSI.

[To stoit npuunHe B PostgreSQL Henb3sT cO30aTh CHUMOK, MTOKAa3bIBAIOLINIL CO-
IJIacOBaHHbIE JaHHbIE TI0 COCTOSIHUIO HAa HEKOTOPbI MOMEHT B ITPOIIIOM, Iake
eIy Bce HeoOXO0IMMbIe JIJISI STOTO BePCUM CTPOK CYIECTBYIOT B TAOMIMUHBIX CTpa-
HuiaXx. COOTBETCTBEHHO, HEBO3MOXKHO peayin30BaTh U PETPOCIEKTUBHbIE (TeM-
ropajnbHble, flashback) 3ampocsr.

MHTepecHo, 4To Takas dyHKLMOHANbHOCTL Bbina 3asiBneHa Kak ofiHa U3 uenei Postgres u
6bl1a peann3oBaHa C CaMOro Havana, Ho ee ybpanu u3s CYB[, koraa npoekT 6bin B3AT Ha
noaaepxky coobiiectaom®

I/ITaK, CHMMOK HaHHBIX COCTOUT N3 HECKOJIbKUX 3HaquMIZ, KOTOpbI€ 3aIIOMMHA-

I0TCS B MOMEHT €ero COB,Z[&HI/IHzl

HuxHAa9 rpaHnua cHMMKa Xmin, B KauecTBe KOTOPOI BBICTYIaeT HOMEp Camoil
CTapo¥ aKTUBHOM TPaH3aKLINUN.

Bce TpaH3aKLUuy ¢ MEHbIIVMM HOMepamu 1160 3a(GUKCUMPOBaHbI, i TOTIA UX
M3MEeHEeHMsI BUIHBI B CHUMKe, 60 OTMEHEHbI, ¥ TOTIa M3MEHEH ST UTHOPM -
pyioTCs.

U IIwosedp Xennepwimeiin. Postgres B peTpocrekTuBe // habr.com/ru/company/postgrespro/blog/
438890.

2 backend/storage/ipc/procarray.c, gyukiys GetSnapshotData.
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4.3. U3 uyez0 cocmoum CHUMOK

BepxHAa rpaHMuUa CHUMKA Xmax, B KaueCcTBE KOTOPOIi 6epeTcsl 3HaUeHe, Ha ey -
HUILy Gosblilee HOMepa MocienHel 3aGUKCMPOBAHHOM TpaH3aKuuu. Bepx-
HsISI TPaHMIIA OTIpeesisieT MOMEHT BpeMeHM, B KOTOPbIii ObLT CIe/laH CHUMOK.

Bce TpaH3aKLuM ¢ HOMepaMu, 6OIbIIMMU UM PAaBHBIMU Xmax, He 3aBepiile-
HbI WJIU HE CYIIECTBYIOT, ¥ II0STOMY M3MEHEeHMSI TAKMX TPaH3aKI[MUii TOUHO He
BUJIHBI.

Cnucok akTMBHbIX TpaH3akumii xip_list (xid-in-progress list), B KOTOpbIit Mmoma-
JIal0T HOMepa BCex aKTUMBHBIX TPaH3aKIMii (MeHbIIIMe Xmax), 3a UCKIIoUeHN-
€M BUPTYaJIbHbIX, KOTOPbIe HMKAK He BIUSIOT Ha BUIMMOCTD.

Takxe B CHUMKe COXPaHAITCS ellle HECKOJIbKO ITapaMeTpOB, HO OHM ITOKa He TaK
Ba’KHbI.

Fpa(bM‘-IeCKI/I MOXKHO IIpeaCTaBUTb CHMMOK KaK IIPSIMOYTOJIbHUK, OXBaTbIBAIOILMIA
TpaH3aKIOUNU OT Xmin g0 xmax:

xip_list
Xmin Xmax
| |
[ ]
@]
} } ! xid
1 2 3

YToO6hI IMOCMOTPETb, KaK BMAMMOCTD OIIpenenasaeTCsa CHMUMKOM, BOCIIDOM3BedeM
CUTYyalIMIO I10 ITOKa3aHHOMY BbIIII€ CLIEHAPDUIO Ha Ta6m/1ue accounts.

=> TRUNCATE TABLE accounts;
[TepBas TpaH3aKIMsI BCTABJSIET B TAOAMILY IEPBYIO CTPOKY M OCTAETCSI aKTUBHOIA:

=> BEGIN;

=> INSERT INTO accounts VALUES (1, 'alice', 1000.00);
=> SELECT pg_current_xact_id();

pg_current_xact_id
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Bropas TpaH3aKIys BCTaBJISIET BTOPYIO CTPOKY M Cpa3y 3aBepIllaeTcs:

=> BEGIN;

=> INSERT INTO accounts VALUES (2, 'bob', 100.00);
=> SELECT pg_current_xact_id();

pg_current_xact_id

(1 row)
=> COMMIT,

B 3TOT MOMEHT (B ApPyrOM ceaHce) CO34aeM HOBbIM CHUMOK. JIJIs1 5TOr0 OCTaTOY-
HO BBITIOJIHUTB JII060¥ 3aITpocC, HO MbI Cpa3y MOCMOTPUM Ha CHMMOK C TTIOMOIIIbIO
crielMaIbHOM QYHKIIUK:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> -- txid_current_snapshot() go v.13
SELECT pg_current_snapshot();

pg_current_snapshot

787:789:787
(1 row)

@OYHKIMS BBIBOAUT Yepe3 ABOETOUME TPU COCTABISIONMX CHMMKA: MOJST Xmin,
Xmax ¥ crmcok Xxip_list (cocTosimii B JaHHOM CIy4ae U3 OJHOTO HOMepa).

IToce TOro Kak CHUMOK CO3[,aH, 3aBepuiaeM IIepBYyIO TPaH3aKIMIO:
=> COMMIT;

TpeTbH TPpaH3aKIMs BBIIIOJHAETCA ITOC/Ie CO34aHMda CHMMKA M MEHsEeT BTOPYIO
CTPOKY. ITosiBnsieTcst HOBast BepCcusd:

=> BEGIN;

=> UPDATE accounts SET amount = amount + 100 WHERE id = 2;
=> SELECT pg_current_xact_id();

pg_current_xact_id

(1 row)
=> COMMIT;

B co3maHHOM CHMMKE BUHA TOJIbLKO OOHA BepCusd:
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4.3. U3 uyez0 cocmoum CHUMOK

=> SELECT ctid, * FROM accounts;

ctid | id | client | amount
——————— s e
(0,2) | 2 | bob | 100.00
(1 row)

XoTs B TabnuIle UX TPU:

=> SELECT * FROM heap_page('accounts',0);
ctid | state | xmin | xmax
——————— T et m e
(0,1) | normal | 787 c | @ a
(0,2) | normal | 788 c | 789 ¢
(0,3) | normal | 789 c | @ a
(3 rows)

Kak PostgreSQL roHuMaeT, Kakue Bepcuu mokasbiBaTh? ITo chopmynmpoBaHHbIM
BBIIIIe TIPABMJIAM B CHMMKE BUIHBI M3MEHEHMS TOBKO CJIEAYIOMUX 3auKcupo-
BaHHbBIX TPAH3aKIMIA:

e c HOMepamu xid < xmin — 6e3yCIOBHO (HalpuUMep, TPAaH3aKIMs, CO3/1aB-
1rast TabMuIly accounts);

¢ c HOMepaMM xmin < xid < xmax — 3a UCK/IIOUEHMEM TOMaBIINX B CIIMCOK
xip_list.

ITepBas ctpoka (0,1) He BMOHA, TaK KaK HOMEp CO3JaBIleli ee TpaH3aKI MM BXO-
IUT B CIIMCOK aKTMBHBIX TPaH3aKILMii (XOTS U MOIajaeTr Mpyu 3TOM B Auaria3oH
CHUMKA).

IMocneqHsst Bepcust BTopoit ctpoku (0,3) He BUAHA, TOCKOMbKY CO3/IaHa TPaH3aK-
1Mei ¢ HOMEPOM, BBIXOHSIIMM 33 BEPXHIOI TPAHMUILy CHUMKA.

3aTo BUAHA nepsasi Bepcus BTOpoli ctpoku (0,2): HoMep co3aaBIIeil ee TpaH3aK-
LM TIOTIa/laeT B AMAaINa30H CHUMKA, HO He BXOAUT B CIIMCOK aKTUBHBIX TPaH3aK-
uuii (BCTaBKa BUOHA), M TIPU 3TOM HOMED yAa/JIMUBIIEl TpaH3aKIMM BBIXOAUT 3a
BepXHIOIO I'PaHUILy CHUMKA (yLaaeHue He BULHO).

|| => comMIT;
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4.4. BupMMoOCTb COOCTBEHHbIX U3SMEHEeHUM

KapTuHYy HeCKOIbKO YCIOKHSIET OIpene/ieHe BUIMMOCTY COOCTBEHHBIX M3Me-
HEHUI TpaH3aKIINY, TOCKOIbKY BO3MOKHA CUTYaIIMS, IPU KOTOPOJi JO/KHA OBITh
BUJIHA TOJILKO YacCTh U3 HUX. Hampumep, Kypcop, OTKPBITHIN B ONpeAe/eHHbI
MOMEHT, HU TP/ KaKOM YpOBHE U3OJSILVY HE MOKET BUAETh MOCAEAYIONIME 13-
MeHeHMUS.

Iy 9TOTO B 3ar0jI0BKe BEPCUM CTPOKU eCTh CIellMaibHOe 1osie (KOTOpoe 0T06-
paykaeTcs B IICeBIOCTONOIIAX cmin 1 cmax), MOKasbIBalolee MOPsIAKOBbI HOMeD
omepaluu BHYTpy TpaH3zakuyu. CTonber; cmin mpeacTasisieT HOMep Onepaiun
BCTaBKM, & CMax — OIepanyuu yaaJleHusl, HO i1 5KOHOMUM MeCTa B 3aTOJIOBKe
CTPOKM 3TO Ha CaAMOM Jiejie OHO I1071e, & He Ba pa3HbIX. CUMTaeTCs, YTO BCTaBKa
U yIajieHue TOM e CTPOKU B OJTHOV TPaH3aKLUU BBIIIOIHAIOTCS penko. (Eciau 3To
BCe-TaKy IMPOMCXOINUT, B TO K€ CaMOe IT0JIe 3aIChIBAETCS CIIeIMaTbHbIN «KOMOO-
HOMeEp», IS KOTOPOTO O6CTYKMBAIONIMIA IIPOIIeCC 3aIIOMMHAET peaibHble Cmin
u cmax L)

B kauecTBe mpuMepa HaYHEM TPAH3aKILMIO ¥ BCTABMM B TaOIMUIy CTPOKY:

=> BEGIN;

=> INSERT INTO accounts VALUES (3, 'charlie', 100.00);
=> SELECT pg_current_xact_id();

pg_current_xact_id

(1 row)

Terepb OTKPOEM Kypcop /IS 3aITpOCca, BO3BPAIIAIOIIEro YMC/IO CTPOK B TabuIle:
=> DECLARE c CURSOR FOR SELECT count(*) FROM accounts;

U nowie 3TOr0 BCTaBUM ellje OLHY CTPOKY:

=> INSERT INTO accounts VALUES (4, 'charlie', 200.00);

BoiBefieM comepskumMoe Tabauiibl, 4O6aBMUB CTOMGEL] Cmin sl CTPOK, BCTABJIEH-
HBIX Hallleii TpaH3aKIMei (J1s1 APYTUX CTPOK 3TO 3HAUEHME He MMeeT CMbIC/IA):

1 backendyutils/time/combocid.c.
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4.5. Topusoum mpau3axkyuu

=> SELECT xmin, CASE WHEN xmin = 790 THEN cmin END cmin, *
FROM accounts;

xmin | cmin | id | client | amount
—————— s e L T
787 | | 1 | alice | 1000.00
789 | | 2 | bob | 200.00
790 | © | 3 | charlie | 100.00
790 | 1| 4 | charlie | 200.00
(4 rows)

3ampoc Kypcopa 0GHapysKUT TP CTPOKM, a He YeTbIpe — CTPOKa, J06aBaeHHast
ITOC/Ie OTKPBITHS KypCopa, He MOMNafeT B CHMMOK JaHHbIX, [IOCKOJIbKY B HEM yUli-
THIBAIOTCSI TOTLKO BEPCUM CTPOK € cmin < 1:

=> FETCH c;
count

PasymeeTcs, 3TOT HOMep cmin Takke 3alIOMUHAETCS B CHUMKeE, HO BBIBECTHU €T0
cpencrBamu SQL He mOMy4dnTCS.

4.5. lopU3OHT TpaH3aKL1HU

HiokHss rpaHuila CHMUMKaA (HOMep Xxmin caMoii paHHel TpaH3aKIuM, aKTUBHOM
Ha MOMEHT €r0 CO3[JaHMus) MMeeT BaXHbI CMbIC — OHA OIpefessieT 20pU30Hm
mpax3axkyuu, paboTarolieit C 3TUM CHUMKOM.

Topu30HT TpaH3aKUMUM 6e3 aKTMBHOTO CHMMKA (HaIllpuMep, TPaH3aKIUM C YPOB-
HeM usonsauuu Read Committed MeXay BbIIOTHEHUSIMY OTIePaTOPOB) OTpeiesisi-
eTcsl ee cO6CTBEHHBIM HOMEPOM, eC/i OH eJi IIPMCBOeH.

Bce TpaH3akiium, HaxopsMecss 3a TOpU30HTOM (TO eCThb TpaH3aKLUuUM C HoMe-
pamu xid < xmin), yke rapaHTUPOBAHHO 3a(DUKCUPOBAHBI. A 9TO 3HAYUT, UTO
3a CBOMM TOPM30HTOM TPaH3aKLUUSI BCETAA BUAUT TOAbKO aKTyalbHble BEPCUU
CTPOK.

Ha3BaHue HaBesiHO, KOHEYHO, MOHATUEM 20puU3oHma cobbimuli B CDIABMKE.
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I'nasa 4. CHUMKU OaHHBIX

PostgreSQL 3HaeT TeKyluii TOPU3OHT TPaH3aKLMii BCeX MPOLIECCOB; COOCTBEH-
HBIIi TOPU30OHT TPaH3aKIINS MOXKET YBUAETh B Tabmuile pg_stat_activity:

=> BEGIN;

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend_xmin

(1 row)

BupTyanbHbie TpaH3aKIMK XOTb U He MMEIOT HACTOSIEero Homepa, HO UCIOJIb-
3YIOT CHUMKM TOYHO TaK 3Xe, KaK ¥ O0O0bIYHbIE TPaH3aKIMM, ¥ IOITOMY obJiaja-
IOT COOCTBEHHBIM TOPU3OHTOM. VICKIIOUeHMe COCTaBJISIIOT BUPTYyaabHble TpaH-
3aKiuy 6e3 aKTMBHOTO CHMMKA: JJIs1 HUX TIOHSITYE TOPM30HTA HEe MMeeT CMbICIA,
Y OHU TIOJTHOCTBIO «ITPO3PAUHbI» JIJISI CUCTEMbI C TOUKM 3peHMSI CHUMKOB JJaHHbIX
¥ BUAMMOCTHM (HECMOTpSI Ha TO 4YTO B pg_stat_activity.backend_xmin mo-
SKeT OCTaThCsl HOMEP OT CTapOro CHUMKA).

IMoxokMM 06pa3oM MOXKHO OIIPeIeUTb U 20pU30HIm 6a3sl 0aHHbIX. IS 3TOTO Ha-
IIO B3SITh TOPM30HTHI BCEX TPAH3aKIIMI, paboTaIOMIMX C 3TOV 62301, M CpeIy HUX
HaiiTu Haubosee «IalbHMIT», UMEIOLIMIA caMblii CTapblit Xmin L 3ton OymeT ToT
TOPM30HT, 32 KOTOPBIM HeaKTya/IbHbIe BEPCUM CTPOK B 9TOI 6a3e JaHHBIX YKe HU-
Korma He 6yIyT BUIHBI HYM OTHOM TpaH3akiuu. Takue eepcuu cmpox mozym Obvlims
0e30nacHo yoaieHsl 0OUUCMKOL — UMEHHO ITO3TOMY IOHSITME TOPM30HTA TaK BasKHO
C IPaKTUYeCKO TOYKU 3peHMusl.

CoenaeM BbIBOABI U3 CKA3aHHOIO:

e eIV TPaH3aKLMs ¢ ypoBHeM m3omsa1uy Repeatable Read miu Serializable (e
Ba)KHO, HACTOSIIAs1 MM BUPTya/ibHasl) BBITIOMHSIETCS IOJITO, OHA TEM CaMbIM
yIepsKMBaeT TOPM3OHT 6a3bl JaHHBIX U IIPEITSITCTBYET OUMCTKE;

e HaCTOsSWIAas TpaH3aKUMs ¢ ypoBHeM msonsaumuu Read Committed TOUHO Tak
Ke yIepkuBaeT rOpM30HT 6a3bl JAHHbBIX, BBITIOIHSET JIM OHA OlepaTop UIu
MpoCTO Ge3meiicTByeT (HaxomuTcs B coctossHmy idle in transaction);

» BUPTYyaJbHasl TPAH3aKIIMS C ypoBHEM M3omsauyuyu Read Committed ymepskuBa-
€T TOPU30HT TOJBKO B IIPOITECCe BHITTOTHEHNS OTIEPATOPOB.

1 backend/storage/ipc/procarray.c, dyukius ComputeXidHorizons.
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4.5. Topusoum mpau3axkyuu

TOPU30HT
0a3bl JaHHbIX

HeakTya/bHble BEPCUM CTPOK
MOXHO BbIUMLLATH

.

|

|

|

l t t t t t t xid
1 2 3 4 5 6 7 8 9 10

Ilpu 3TOM Ha BCIO 633y JAHHBIX €CTh TOJBKO OIVMH FOPM30HT, M €C/IM KaKas-To
TpaH3aKIIMs ero yIepKMBaeT — OHa He JaeT OUMIIATh JaHHbIe BHYTPU 3TOTO Io-
PU30HTA, ake Te, K KOTOPbIM He o6palianach.

[nsa obuieknactepHbix TabauL, CUCTEMHOMO KaTanora UCNosb3yeTcsl OTAENbHbIM FOPU30HT,
YYUTbIBAKOLLMIA TPAH3aKLMKM BO BCeX Bazax AaHHbIX. A ans BpeMeHHbIX Tabnuu, Haobopor,
HEe HY)XHO YYMTbIBAaTb HUKAKME TPaH3aKLMKU, KPOME BbIMOJHSIOLMXCS B TEKYLLEM NpoLLecce.

ITpomomkum ripumep. TpaH3aKLMS B IEPBOM CeaHCe A0 CUX ITOP BBITIOTHSIETCS U
MIPOAOJ/DKAET YAEPKMBATh TOPU3OHT, UTO MOXKHO IIPOBEPUTD, YBEIUUUB CYETUYMUK
TpaH3aKILWA:

=> SELECT pg_current_xact_id();
pg_current_xact_id

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend_xmin
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U TonbKO MOC/Te 3aBepIIeHNs TPaH3aKIUY TOPMU30HT MTPOIBUTAETCS BIIEPe]T, 103-
BOJISIST OUMCTKE YOAIUTh HEAKTya/IbHbIe BepCUU CTPOK:

=> COMMIT;

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend_xmin

B umearste He cyiegyeT COBMeIaTh aKTMBHbIE 0OHOBJIEHMS (TIOPOSKAAIOIINE BEPCUM
CTPOK) C AOITMMM TPaH3aKIMSIMM, TIOCKOIbKY 9TO OyIeT MPUBOIUTD K pa3myBa-
HMIO TaO/INLL ¥ MHOEKCOB.

4.6. CHUMOK AaHHbIX ANS CUCTEMHOro KaTtajaora

XOT$S1 CUCTEMHBIH KaTaJIOT U MPECTaBIeH OObIYHBIMM TabIMUIIAMU, TIPU obpaiie-
HUM K HUM HeJb3sl 38[1e/iCTBOBATh TOT K€ CHUMOK JAHHBIX, UTO MUCIIOIb3YeTCsI
TpaH3akuueii uia onepatopom. CHUMOK [IOJDKEH OBbITh JOCTATOYHO «CBEXKMM»,
YyTOOBI BK/IIOYATD BCE TTOCTEIHME U3MEHEHMS, Beb MHAUE TPaH3aKIIVsSI MOIJIa ObI
YBUETH YK€ HEAKTyaJIbHOE OIpefesieHne CTONOIOB TabIMUIIbI MU TIPOITYCTUTh
CO3JaHHOe OrpaHuveHNe 1[eT0CTHOCTH.

Bot nipocToit npumep:

=> BEGIN TRANSACTION ISOLATION LEVEL REPEATABLE READ;
=> SELECT 1; -- cosgaH CHUMOK A TpaH3akuuu

=> ALTER TABLE accounts ALTER amount SET NOT NULL;

=> INSERT INTO accounts(client, amount) VALUES ('alice', NULL);

ERROR: null value in column "amount" of relation "accounts"
violates not-null constraint
DETAIL: Failing row contains (1, alice, null).

=> ROLLBACK;
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4.7. DKcnopm CHUMKA OAHHbBIX

Komanga INSERT «yBupaena» orpaHudyeHue IeJIOCTHOCTH, KOTOPOE MOSBUIOCH
y3Ke TToC/Ie TOro, Kak 6bL CO30aH CHMMOK JAaHHbIX TPaH3aKIuiu. MOKeT MoKas3aTh-
s, UTO TaKoe MOoBeJeHNe HapyliaeT U300, HO ec/ii Gbl TPaH3aKLMs ycIena
06paTuThCs K Tabnuile accounts, To komauga ALTER TABLE 6bu1a 661 3a6/10K1-
pOBaHa 10 OKOHYAHMS 3TOM TPaH3aKINMA.

B mesoM cucrema BefeT cebsl Tak, Kak OYATO IJIS KaXkKOOro obpaiieHus K Cu-
CTeMHOMY KaTaJIOTy CO3aeTcsi HOBbIi cHMMOK. Ho peanysanys | koHeuHo, 6oree
CJIO’KHA, TTOCKOJIbKY TTOCTOSTHHOE CO3[laHMe HOBbIX CHMMKOB HEraTMBHO CKa3a-
JIOCh OBl Ha MPOM3BOAUTEILHOCTU; KPOME TOr0, MHOTME 06BEKThI CYCTEMHOTO
KaTajoTa KeIlMPYITCS, ¥ 9TO TOXKE HAJI0 YIUThIBATD.

4.7. DKCNOPT CHUMKA AAHHbBIX

BbIBaOT cuTyalum, KOTAAa HECKONbKO Iapajle/ibHbIX TPaH3aKIil JOKHBI Tra-
PaHTMPOBAHHO BUIETH OOHY M TY ke KapTUHY JaHHBIX. B KauecTBe mpuMepa MOK-
HO IIPUBECTU YTUIUTY pg_dump, yMeIollylo paboTaTh B MapauieIbHOM peXume:
Bce paboune ITPOIeCChI JOIKHBI BUIETb 6a3y JAHHBIX B OGHOM U TOM 3Ke COCTOSI-
HUM, YTOOBI pe3epBHas KOMMSI ITOTYINIach COMIAaCOBAHHOIA.

P3.3YMEETCH, HeJIb34 I10/1araTbCs Ha TO, YTO KapTUHDbI JaHHBIX COBIIaAYT IIPOCTO
IMOTOMY, UTO TPAH3aKIMM 3allyII€Hbl «OOHOBPEMEHHO». Takue rapaHTUM gaeT
MEeXaHM3M 3KCIIOPpTa M MMIIOPpTa CHMMKaA.

OyHKIMA pg_export snapshot BosBpallaeT MAEHTUOUKATOP CHUMKA, KOTO-
PbIi MOXET OBbITh MEpPefaH B IPYryI0 TPaH3aKIUIO (BHEIIHMMM 10 OTHOIIEHUIO
k CYB/I cpencTtBamm):

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT count(*) FROM accounts;
count

1 backend/utils/time/snapmgr.c, byHkuus GetCatalogSnapshot.
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=> SELECT pg_export_snapshot();
pg_export_snapshot

00000004-00000V6E-1
(1 row)

Ilepen Tem Kak BBIIIOJIHUTD II€PBbBIN OIlepaTop, Apyrasd TpaH3aKLys MOXKeT MM-
MOpTUPOBATh CHMUMOK ¢ nomouiblo kKoMaHnbl SET TRANSACTION SNAPSHOT.
IIpenBapuTenbHO HaLO YCTAHOBUTH YPOBeHb U30aIUUKM Repeatable Read wiu
Serializable, moromy uTo Ha ypoBHe Read Committed orepaTopsl 6YOYT UCITONb-
30BaTh COOCTBEHHbIE CHYIMKN:

=> DELETE FROM accounts;
=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SET TRANSACTION SNAPSHOT '00000004-0000006E-1"';

Temepb BTOpas TpaH3akuusl GymeT paboTaTb CO CHMMKOM ITepBOIi M, COOTBET-
CTBEHHO, BUJETh UeThbIpe CTPOKM (4 He HOJIb):

=> SELECT count(*) FROM accounts;
count

Pasymeertcst, u3MeHeHMsI, Cle/laHHbIe TepBOJi TpaH3aKLMel Iocie 3KCIopTa
CHMMKa, He 6yOyT BMIHBI BTOPOI TpaH3aKLMM (M HA000POT): AECTBYIOT 0ObIU-
Hble TIpaBuia BUOUMOCTHA.

BpeMs kKM3HM SKCIOPTUPOBAHHOTO CHMMKA COBITAZAeT CO BpeMeHeM KM3HU IKC-
MTOPTUPYIOLIEI TPAH3aAKILIUMN.

|  => COMMIT;

=> COMMIT;
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BHyTpUCTpaHMUYHAa OUYUCTKA
n hot-obHoBNEHUS

5.1. BHyTpucTpaHuM4Has 0O4UCTKa

ITpu obpailieHMy K TabIMUHONM CTpaHMIle — KaK MMpyU OOHOBJIEHUM, TaK U IIPU
O0GBIYHOM UTEHMM — MOSKET BBITTOHSTBCSI GBICTPAst BHYMPUCMPAHUUHAS OYUCTN-
xa'. DTo MPOMCXOANUT B OHOM U3 IBYX CJIy4aeB:

» Panee BoimonHeHHOe o6HOBeHMe (UPDATE) He 06HapyKMJIO JOCTATOYHO
MecTa, YTO6bI Pa3MeCTUTh HOBYIO BEPCHUIO CTPOKM Ha 9TOI ke cTpaHuiie. Ta-
Kasl CUTyalusl 3aTIOMMHAETCSI B 3aT0JIOBKE CTPAHUIIBI.

o TabGnuuHas CTpaHUIlA 3aIT0JIHEeHa O60JIbIlle, YeM Ha 3HaUeHe rIapaMeTpa Xpa-
Henud fillfactor.

PostgreSQL Bcrasiser (INSERT) HOBYIO CTPOKY Ha CTpaHUILY, TOJBKO €C/IU
3Ta CTpaHuIla 3alo/iHeHa MeHee, ueM Ha fillfactor mpoueHToB. OcTanbHOE
MeCTO IpubeperaeTcs IJist HOBbIX BEPCHIi CTPOK, KOTOPBIE ITOTYYaIOTCS B pe-
synbTaTe 06HOBaeHuit (UPDATE). Co 3HaUeHMeM 110 YMOTYaHUIO MECTO B Tab-
JIU1axX He pe3epBUpyeTcs.

BHyTpuCcTpaHMYHAsT OUMCTKA YOMPaeT CO CTPaHMIIbI BEPCUM CTPOK, HE BUAVIMbIE
HJ B OHOM CHMMKE (HaXO/SIIyecs: 3a TOPU30HTOM 6a3bl JaHHBIX). OHAa HUMKOTIA
He BBIXOIMT 3a OJHY TaGJIMUYHYI0 CTPAHMILY, 3aTO BBIIOJIHSIETCS OUEHb OBICTPO.
VKasaTenu Ha BbIYMIEHHbIE BEPCUM CTPOK HEe OCBOOOXKIAIOTCS, TaK KaK HAa HUX
MOTYT BECTM CChUIKM U3 MHAEKCOB, @ MHAEKC — 3TO y3Ke JIpyras CTpaHuIia.

1 backend/access/heap/pruneheap.c, byukuus heap_page prune_opt.
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I'nasa 5. BHympucmpaHuuHas ouucmka u hot-o6HosneHus

W3 3Tux ke coobpaskeHui He OGHOBJISIIOTCS HY KapTa BUAMMOCTH, HM KapTa CBO-
0O HOrO MPOCTPAHCTBA (TIOyYaeTCsl, YTO OCBOOOKIEHHOE MECTO MCIIOIb3yeTCs
1711 OOHOBJIEHMIA, @ He /IS BCTaBOK).

ToT ¢akT, YTO CTpaHUIA MOKET OUMINATHCS IPY YTEHMM, O3HAYAET, YTO OIlepa-
Top SELECT MosKeT BpI3BaTh M3MeHEHME CTPaHUL. JTO ellle OIWH TaKOoW ciayJdan
B IOTIOJTHEHME K OTJIOXKEHHOMY M3MEHEHUIO OMTOB-TIOACKA30K.

ITocMoTpuM Ha mpuMepe, Kak paboTaeT BHyTpUCTpaHUUHAs ouncTka. Co3maamum
TaGIUIY C IBYMSI CTONOIAMM Y MHIEKCHI M0 KasKIOMY U3 HUX:

=> CREATE TABLE hot(id integer, s char(2000)) WITH (fillfactor = 75);
=> CREATE INDEX hot_id ON hot(id);
=> CREATE INDEX hot_s ON hot(s);

Ecmu B cTon61ie S XpaHUTD TOTBKO JIATMHCKYE OYKBBI, KasKaast BEPCUSI CTPOKM OY-
IeT uMeTh GUKCUPOBaHHBIN pasmep 2004 Gaiita, He cuuTas 24 6aiT 3arosoBKa.
IMapameTp xpaHeHus fillfactor ycraHoB/ieH B 75 %. 3HauUKUT, MecTa Ha CTpaHUIle
OyZeT XBaTaTb Ha YeThIpe BePCUY CTPOKM, HO BCTABUTD IOITYUUTCS TOTBKO TPU.

Terepb BCTABMM OLHY CTPOKY M HECKOJIBKO Pa3 U3MEHUM ee:
=> INSERT INTO hot VALUES (1, 'A');

=> UPDATE hot SET s = 'B';

=> UPDATE hot SET s = 'C';

=> UPDATE hot SET s = 'D';

B cTpaHuiie ceituac yeTbipe BEpPCUM CTPOKM:

=> SELECT * FROM heap_page('hot',0);

ctid | state | xmin | xmax
——————— e
(0,1) | normal | 798 ¢ | 799 ¢
(0,2) | normal | 799 c | 800 c
(0,3) | normal | 800 c | 801
(0,4) | normal | 801 | @ a
(4 rows)

Kak 1 oskmanock, Mbl TOJIBKO UTO ITpeBbICUIIM TTOPOT fillfactor. Ha TO yRa3bIBaeT
pa3sHULIa MeXOY 3HAaUeHUSIMU pagesize u upper — oHa IpeBbIlaeT nopor s 75 %
OT pa3Mepa CTPaHMIIbI, COCTABJISIONINII 6144 GaiiTa:
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5.1. BHympucmpaHuuHas ouucmka

=> SELECT upper, pagesize FROM page_header(get_raw_page('hot',0));

upper | pagesize
_______ +__________

64 | 8192
(1 row)

Ilpy cnemyiomeM o6paleHMM K CTpaHulle cpabaThiBaeT BHYTPUCTPAHUYHAS
ouncTKa. Bce HeaKTyaabHbIe BEPCUM BBIUMIIAIOTCS; TIOC/IE 3TOTO Ha OCBOGOIVB-
mieecst MecTo fgobassieTcst HoBast Bepcus (0,5):

=> UPDATE hot SET s = 'E';
=> SELECT * FROM heap_page('hot',0);

ctid | state | xmin | xmax
——————— et st

(0,1) | dead | |

(0,2) | dead | |

(0,3) | dead | |

(0,4) | normal | 801 c | 802

(0,5) | normal | 802 | @ a
(5 rows)

Bepcum cTpOK, OCTaBIIMECS] TTOCIe OUUCTKY, GDU3MIECKM CABUTAIOTCS B CTOPOHY
CTapHINX aIPECOB CTPAHUIIBI TAK, YTOOBI BCE CBOOOTHOE MECTO ObLIO ITPeICTaBIIe-
HO OTHMM HeIpepbiBHbIM (pparmeHTOM. COOTBETCTBYIONIMM 06pa30M M3MeHsI-
I0TCsI M yKasaTesu. Biarogapst aToMmy He BO3HMKAET 1pobiiem ¢ pparmeHTarmei
CBOGOHOTO MECTa B CTPaHUIIE.

VkasaTenu Ha yJajgeHHble BepCUM CTPOK IT0KA Heslb3sl 0CBOOOIUTD, TOCKOIbKY Ha
HUX BeOYyT CCbUIKU C MHAEKCHOJ CTPaHUIIbI; CTATYC TAKUX yKasaTeneil MeHsIeTCs
¢ normal Ha dead («MmepTBasi» Bepcus). 3aIJISTHEM B IIEPBYIO CTPAHMIY MHIEKCa
hot_s (ayneBas 3aHsiTa MeTauHbopManuei):

=> SELECT * FROM index_page('hot_s',1);
itemoffset | htid

____________ +_______
11 (0,1)
2| (0,2)
31 (0,3)
4| (0,9
51 (0,5

(5 rows)
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I'nasa 5. BHympucmpaHuuHas ouucmka u hot-o6HosneHus

Ty ke KapTUHY MbI YBUIVM U B APYTOM MHAEKCE:

=> SELECT * FROM index_page('hot_id',1);
itemoffset | htid

____________ +_______
11 (0,1)
21 (0,2)
31 (0,3)
41 (0,4
51 (0,5)

(5 rows)

IIpu uHOeKCcHOM fgocTyrie cepBep MoxeT roayuuts (0,1), (0,2) miu (0,3) B KauecTBe
uneHTUdUKaTOPa Bepcum CTpoku. Toraa oH nonpo6yeT MPOYUTATh COOTBETCTBY-
IOIIYIO BEPCUIO CTPOKY U3 TaGIMUHOM CTPaHMUIIbI, HO OGHAPYKUT, UTO YKa3aTeNlb
umeet craTyc dead, TO eCTb Bepcus yke He CYIeCTBYeT M JO/DKHA UTHOPUPO-
BaThCs. A 3a0HO M3MEHUT CTATyC YKa3aTessl U B MHAEKCHOM CTpaHuIle, YTOOBI
TIOBTOPHO He 06pamaThcs K Tabmuiie L

Pacimipum QyHKUMIO 711 TPOCMOTpPa MHIEKCHOV CTPaHUIIbl, JO6aBUB MPU3HAK
«MEPTBOIO» YKa3aTeIs:

=> DROP FUNCTION index_page(text, integer);
=> CREATE FUNCTION index_page(relname text, pageno integer)
RETURNS TABLE(itemoffset smallint, htid tid, dead boolean)
AS $$
SELECT itemoffset,
htid,
dead -- HeT go v.13
FROM bt_page_items(relname,pageno);
$$ LANGUAGE sql;
=> SELECT * FROM index_page('hot_id',1);
itemoffset | htid | dead

(5 rows)

1 backend/access/index/indexam.c, pyukius index_fetch_heap.
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5.2. Hot-o6Ho8/1eHUs

IMoka Bce yKasaTeIu Ha MHIEKCHOJ CTpaHulle akKTUMBHbI. Ho mpu repBoMm ke 06-
palieHuu K TabinIie Mo MHAEKCY CTaTyC yKa3aTesei MeHsIeTCs:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM hot WHERE id = 1;

QUERY PLAN

Index Scan using hot_id on hot (actual rows=1 loops=1)
Index Cond: (id = 1)
(2 rows)

=> SELECT * FROM index_page('hot_id',1);

itemoffset | htid | dead

____________ +_______+______
11 (0,1 ¢
21(@0,2) |t
31,3 1t
41 (@@,4) | t
51 (@,5 | £

(5 rows)

XoTs TabMMYHAsT CTPOKA, HA KOTOPYIO CChIJIAETCSI UeTBEPTHI yKa3aTesb, ellle He
BBIUMINIEHA ¥ MMeEeT CTaTyC normal, OHa yke yIja 3a TOPU3OHT 6a3bl JaHHBIX.
[TosTOoMy ¥ 4YeTBePTHIi1 YKa3aTe/lb B MHAEKCE TOMeUeH Kak MEPTBBIIA.

5.2. Hot-obHOBNEeHus

Iep>kaTh B MHIEKCE CCUIKYM HA BCe BEPCUM KaXKIO¥ CTPOKM Hea(PheKTUBHO.

Bo-11epBbIX, IIpY JI0O0M M3MEHEHUM CTPOKM IPUXOAUTCS OOHOBIISTh 8C€ MHEK-
CbI, CO3AHHbIE /IS TAGMMIIbI: pa3 IOSIBMIACh HOBAsI BepCHsl, He06XO0AMMO IMETh
Ha Hee CChIIKM M3 KaXKI0ro MHAEeKCa, Aake eCI U3MEHMIUCH IT0JIS, B 3TOT UHIEKC
He BXOJsIIIue.

Bo-BTOpbIX, B MHAEKCAX HaKaIUIMBAIOTCS CCHUIKM HA MCTOpUUYECKME BepCun
CTPOK, KOTOPbIE TTOTOM ITPUXOANTCS BBIUUIIATD BMECTE C CAMUMM BEPCUSIMMU. ¢ 125

EcrecTBeHHO, yeM 60JIbIlIe MHIEKCOB CO3/IAaHO Ha Ta6m/1ue, TeM C OOIBIINMU
C/IOJKHOCTSMU IMIPUXOOANUTCA CTAIKMBATbHCA.
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I'nasa 5. BHympucmpaHuuHas ouucmka u hot-o6HosneHus

OpHako eciu B pesyiabTare OOHOBJIEHUSI 3HAUEHUS CTOJ'IGI_[OB He M3MEHWJINCh
HU 8 00HOM MHOEKCe, TO HeT CMbIC/Ia CO3aaBaTh B MHAEKCAX JOIIOJIHUTEJIbHYIO
3alMnChb, COOEPXKAIITYIO T€ XK€ CaMbl€ 3HaUYEHMA.

C mosiB/ieHMeM JIUIITHUX MHOEKCHBIX 3armuceit 60peTcst ONTUMMU3als, Ha3biBae-
Mast hot-o6HoeneHuem! (Heap-Only Tuple update). Takoe 0GHOB/IEHME BO3MOXKHO
B TpeX CIyJasix:

» Ha Tab/uile He CO3JaH HY ONVH MHIEKC (B 9TOM C/Tydae JIloboe 06HOBJIEHME
oymeT hot-o6HOBIIEHMEM);

* Ha Ta6]1]/[].[e €CTb MHOEeKCbI, HO 0OHOBJISIEMbIEe CTOJ'[6]_U)I He UCIIOJIb3YIOTCA HU
B OMHOM M3 HUX;

e OOHOBJIIEMbIE CTO.TI6L[bI VICITOJIB3YIOTCS B MHIOEKCE, HO X 3HAUYEHMs He U3-
MEHUINCH.

[Tog ucronb3oBaHMEM B MHAEKCE 30eCh IOHMMAETCS Haaudue MHaeKca (TIoJIHO-
IO MM YaCTUYHOTO) T10 CTOOLY MM TI0 BBIPAKEHUIO, COMepsKaIlleMy CTONbeI,
a TakKe yJacTye B KaueCTBe HEK/TI0UEeBOro cTonb1a B include-uHaekce — To eCThb
JI06ast BO3MOXKHAs CChIJIKA Ha cTonben B Komange CREATE INDEX. MckiioueHie
COCTaBJISIIOT JIMIIIb MHAEKCh BRIN: B HMX HeT CChUIOK Ha TabJMYHbIe CTPOKU 1 I10-
9TOMY OHM HMKAK He MellaioT hot-0O6HOBIEHUSIM.

[Tpu hot-06HOBIEHNM B MHIEKCHOI CTpaHMIle IPUCYTCTBYET JUIIb OJHA 3aIMCh
C UIeHTUHUKATOPOM CaMo¥i TIePBOIt Bepcuy TabMMUHOI CTpOKM. Bee ocTanbHbIe
BEpPCUM TOV K€ CTPOKYM BHYTPY TaGIMUHOM CTPAHUIIBI CBSI3aHbI B IIETIOYKY YKa3a-
TenssMu ctid B 3aro/sioBKax BepCuii.

Bepcuu, Ha KOTOpbIe HET CChIIOK M3 MHAEKCca, MapKupyooTcs 6utom Heap-Only
Tuple («TOJBKO TabAMUHAS BepCUS CTPOKM»). EC/IN ske Bepcisi BXOOUT B LIEIIOUKY,
oHa romevaeTcst 6utom Heap Hot Updated.

Ecnu ipy cKaHMPOBaHUYM MHIEKCA cepBep MoNagaeT B TabIMYHYIO CTPaAHUILY U 00-
HapyxuBaeT Bepcuio ¢ darom Heap Hot Updated, oH moHuMaeT, UTO He Ha0
OCTaHABJIMBAThCS, M IIPOXOAUT JajIbllle TI0 BCeii IIeroUKe 0OHOBIEHMII. Pasyme-
eTcs1, IS BCEX MTPOUNTAHHBIX TAKMM 00pa3soM BEPCUIT CTPOK ITPOBEPSETCS BUIV-
MOCTb, TIpEXX/Ie YeM KJIMEHT IMOTYIUT pPe3y/bTar.

! backend/access/heap/README.HOT.
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5.2. Hot-o6Ho8/1eHUs

YTo6bI HOCMOTPETD Ha paboTy hot-06HOBIEHMS, AATUM OOVH UHAEKC U OIyCTO-

IIMM Ta6InITy.

=> DROP INDEX hot_s;
=> TRUNCATE TABLE hot;

s ymo6eTBa mepecosnanuM GyHKIuio heap_page, TOMOMTHUB BbIBOJ, TPEMSI I10-

namMu — ctid u gByMs 6MTaMu, OTHOCSIIMMUCS K hot-0OHOBIEHUIO:

=> DROP FUNCTION heap_page(text,integer);

=> CREATE FUNCTION heap_page(
relname text,
pageno integer

)

RETURNS TABLE(

ctid tid,
state text,
xmin text,
xmax text,
hhu text,
hot text,
t_ctid tid
) AS $%

SELECT (pageno,lp)::text::tid AS ctid,
CASE lp_flags

WHEN
WHEN
WHEN
WHEN
END AS
t_xmin
WHEN
WHEN
ELSE
END AS
t_Xxmax
WHEN
WHEN
ELSE
END AS

CASE WHEN (t_infomask2 & 16384) > @ THEN 't' END AS hhu,
CASE WHEN (t_infomask2 & 32768) > @ THEN 't' END AS hot,

t_ctid

@ THEN 'unused'

1 THEN 'normal'

2 THEN 'redirect to '||lp_off

3 THEN 'dead'

state,

| | CASE

(t_infomask & 256) > @ THEN ' c'
(t_infomask & 512) > @ THEN ' a'
xmin,

| | CASE

(t_infomask & 1024) > @ THEN ' c'
(t_infomask & 2048) > @ THEN ' a'

xmax,

FROM heap_page_items(get_raw_page(relname,pageno))

ORDER BY 1lp;

$$ LANGUAGE sql;
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IToBTOpSIEM BCTaBKY M OOHOBJIEHME CTPOKN:

=> INSERT INTO hot VALUES (1, 'A');
=> UPDATE hot SET s = 'B';

B crpanmiie mosieuaack hot-1emnouka M3MeHeHMI:

« ¢utar Heap Hot Updated roBopuT 0 TOM, 4YTO HaI0 MATK AAJbIIIE 110 IIeTIOYKe
ctid;

« ¢mar Heap Only Tuple rmokasbIBaeT, YTO Ha JaHHYIO BEPCUIO CTPOKU HET CChI-
JIOK 13 UH/IEKCOB.

=> SELECT * FROM heap_page('hot',0);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e e Rt

(0,1) | normal | 809 c | 810 | t | | (0,2)
(0,2) | normal | 810 | @ a | | t | (0,2) .;
(2 rows)

[Tpy ganbHENIIMX M3MEHEHUSX LIEIoYKa OyIeT pacTy — HO TOJNIBKO B ITpenenax
CTPaHUIIBI:

=> UPDATE hot SET s = 'C';
=> UPDATE hot SET s = 'D';
=> SELECT * FROM heap_page( 'hot',0);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— B T B s T S

(0,1) | normal | 809 c | 810 c | t | | (0,2)

(0,2) | normal | 810 c | 811 c | t | t | (0,3)

(0,3) | normal | 811 c | 812 | t | t | (0,4)

(0,4) | normal | 812 | @ a | | t | (0,4)
(4 rows)

IIpu 3TOM B MHAEKCe OOHAPYKMBaeM ONHY-eAVMHCTBEHHYIO CChUIKY Ha «TOJIOBY»
IIETMOYKHA:

=> SELECT * FROM index_page('hot_id',1);

itemoffset | htid | dead
____________ +_______+______

11 @,1) ] f£
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5.3. BHympucmpaHuuHas ouucmka npu hot-06H081eHUsX

Llermouka hot-06HOB/IEHMII HE BBIXOAUT 3a PaMKM CTPAHUIIbI, [IO3TOMY O6GXO[
BCell 1[eTOYKM HMUKOTa He TpebyeT obpalieHus K APYyTUM CTPaHULIAM U He YX/I-
IIaeT MPOU3BOAUTETbHOCTD.

Ty 06HOBIEHMIT OTCAEKMBAETCS KaK YaCTh CTATUCTUKM MCII0/Ib30BaHMsI TabIm-
1bl. B manHOM ctydae u3 cemu omneparuii UPDATE Tpu 66111 hot-06HOBIEHUSIMIA:

=> SELECT n_tup_upd, n_tup_hot_upd
FROM pg_stat_all_tables
WHERE relid = 'hot'::regclass;

n_tup_upd | n_tup_hot_upd

5.3. BHyTpucTpaHuMuyHag oumuctka npu hot-o6HoBNEHUAX

YaCTHBII, HO BasKHBII CIy4aii BHYTPUCTPAHUYHOM OUMCTKY IIPeICTaBIsIeT COO0Ii
OuMCTKa IpU hot-06HOBIEHUSIX.

B HauaTOM mpuMepe yke MpeBbIlIeH Mmopor fillfactor, Tak uTo cyiemyioliee 06HOB-
JIeHVe TOJKHO MPUBECTU K BHYTPUCTPAHUYHO ouncTKe. Ho Ha 3TOT pa3 B CTpaHu-
11 HaxOIMTCS 1[elTouKa 06HOBIeHMI. «[010Ba» 3TO/ hot-11emouky Bcerga oomKHa
0CTaBaThCsI HA CBOEM MeCTe, TIOCKOJIbKY Ha Hee CChUIAeTCSI MHAEKC, & OCTalbHbIe
yKa3aTeu MOTYT GbITh OCBOOOKIEHDI, BE[Ib HA HUX TOYHO HET CChIJIOK U3BHE.

YTOoObI HE TPOTATh «TOJIOBY», IPMMEHSIETCS TBOMHAS afipecarysi: yKa3aTeslb, Ha
KOTOPBIi1 CChUTAeTCS MHAEKC, — B JaHHOM ciryvae (0,1) — nomy4daert craTyc redirect
Y BefleT Ha BepCUIO CTPOKM, C KOTOPOJA B JaHHBI/I MOMEHT HaUMHAeTCsI L[e[10uKa:

=> UPDATE hot SET s = 'E';
=> SELECT * FROM heap_page('hot',0);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e e s et B
(0,1) | redirect to 4 | | | | |

(0,2) | normal | 813 | 0 a | | t | (0,2)
(0,3) | unused | | | | |

(0,4) | normal | 812 ¢ | 813 | t | t | (0,2)
(4 rows)
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I'nasa 5. BHympucmpaHuuHas ouucmka u hot-o6HosneHus

3mech Bepcum (0,1), (0,2) u (0,3) 6611 BEIUMITIEHBI, «TOJIOBHOM» YKa3aTesb 1 ocTai-
CSI TIepeHaInpaBJIsSITh JOCTYII, a yKasaTeau 2 U 3 6bUIM OCBOOOXKIEHBI (TIOTYIMUIIN
craryc unused), TOCKOJIbKY Ha 3TU BEPCUM FAPAHTUPOBAHHO HE GbIIO CCHUIOK U3
MHIeKkcoB. HoBast Bepcust CTpoKM Oblya 3amcaHa Ha 0CBOOOIMBIIIEECST MECTO IO
Homepom (0,2).

BbInoHUM 06HOBJIEHIe €le HeCKOJIbKO pa3:

=> UPDATE hot SET s

1]
-

=> UPDATE hot SET s

1]
@D

Hot-nenouka BbIpOC/Ia:

=> SELECT * FROM heap_page('hot',0);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e s it

(0,1) | redirect to 4 | | | | |

(0,2) | normal | 813 ¢ | 814 c | t | t | (0,3)

(0,3) | normal | 814 c | 815 | t | t | (0,5)

(0,4) | normal | 812 c | 813 c | t | t | (0,2)

(0,5) | normal | 815 | @ a | | t | (0,5)
(5 rows)

CHG,HYIOH.IEE 0GHOBJIEHE CHOBA BbI3bIBAET BHYTPUCTPAHUYHYIO OUYNCTKY:

=> UPDATE hot SET s = 'H';
=> SELECT * FROM heap_page( 'hot',0);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e T e o T

(0,1) | redirect to 5 | | | | |

(0,2) | normal | 816 | 0 a | | t | (0,2)

(0,3) | unused | | | | [

(0,4) | unused I | | | |

(0,5) | normal | 815 c | 816 | t | t | (0,2)

OnsTh 4YacTh BepCIAVI BbIUMIIIE€HA, a YKa3aTe/Ib Ha «I0JIOBY» COOTBETCTBYIOIIMM 00-
pa3om COABMHYT.
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5.4. Pa3pwie hot-yenouxu

5.4. PaspbiB hot-uenouku

Ecnu Ha cTpaHuIle He XBaTUT CBOGOIHOTO MECTA, YTOObI PA3MECTUTb HOBYIO BEp-
CUI0 CTPOKMU, I[eTI0UKa mpepBeTcs. Ha Bepcuio CTpOKM, pa3sMelleHHYI0 Ha A pyroii
CTpaHulle, MPUAETCS CAENaTh OTAETbHYIO CCIIKY U3 MHIEKCA.

YT06BI MOMYUUTD TAKYIO CUTYAIMIO, HAUHEM MMapaUIeIbHYI0 TPAH3aKLIMIO U I10-
CTPOVIM B Heil CHMMOK JJAHHBIX, KOTOPBIi He TacT BHIUYMIIATh BEPCUM CTPOK:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT 1;

Ter[epb BBITIOJTHUM OGHOBJIEHVSI B IIepBOM CeaHcCe:

=> UPDATE hot SET s = 'I';
=> UPDATE hot SET s = 'J';
=> UPDATE hot SET s = 'K';

ctid | state | xmin | xmax | hhu | hot | t _ctid
——————— B B s ST ST S

(0,1) | redirect to 2 | | | | |

(0,2) | normal | 816 ¢ | 817 c | t | t | (0,3)
(9,3) | normal | 817 ¢ | 818 ¢ | t | t | (0,4)
(0,4) | normal | 818 ¢ | 819 | t | t | (0,5)
(0,5) | normal | 819 | 0 a | | t | (0,5)
(5 rows)

[Tpu cnepyromemM 06HOBIEHUM MeCTa Ha CTPAHUIIE Y3Ke He XBATUT, & BHYTPUCTPA-
HUYHAS OYMCTKA He CMOSKET HMYEro OCBOOOIUTD:

=> UPDATE hot SET s = 'L';

=> COMMIT; -- cHuMOk b0/ble HE HYMKeH

121



v. 16

I'nasa 5. BHympucmpaHuuHas ouucmka u hot-o6HosneHus

=> SELECT * FROM heap_page('hot',0);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e e it e

(0,1) | redirect to 2 | | | | |

(0,2) | normal | 816 c | 817 c | t | t | (0,3)
(0,3) | normal | 817 c | 818 c | t | t | (0,4)
(0,4) | normal | 818 c | 819 c | t | t | (0,5)
(0,5) | normal | 819 ¢ | 820 | | t | (1,1)
(5 rows)

B Bepcuu (0,5) Buanm ccpuiky (1,1), Begyinyro Ha CTpaHuiy 1:

=> SELECT * FROM heap_page('hot',1);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e T s ent e e e e
(1,1) | normal | 820 | @ a | | | (1,1
(1 row)

Bripouem, 3Ta cChlIKa He UCIIOb3YETCS, MOCKOIbKY B Bepcuu (0,5) He yCTaHOB-
sneH 6ut Heap Hot Updated. A Ha Bepcuio (1,1) MOXHO IMOMACTb U3 MHAEKCA,
B KOTOpPOM Tellepb JiBe cChbUIKM. Kaskmas M3 HMUX BeleT Ha Haudalo cBoeii hot-
LeTTOUKN:

=> SELECT * FROM index_page('hot_id',1);
itemoffset | htid | dead

(2 rows)

PaspbIBbI hot-11eIT0UeK OTC/IEKMBAIOTCS B CTATUCTUKE OTHAEIBHO:

=> SELECT n_tup_upd, n_tup_hot_upd, n_tup_newpage_upd
FROM pg_stat_all_tables
WHERE relid = 'hot'::regclass;

n_tup_upd | n_tup_hot_upd | n_tup_newpage_upd
(1 row)

3mech 13 naTHaAuaTy onepanuii UPDATE oguuHaguaTh 66111 hot-06HOBIEHMSI -
MM: JeCSITU XBaTUJIO MecTa Ha CTpaHMIle, a OTHOM HeT, UYTO IIPUBEJIO K pPa3phiBy
LIETIOYKM.

122



5.5. BHympucmpaHu4Has o4ucmKa uHoeKcos

Ipu yacThIx OGHOBIEHUSIX CTOJOLIOB, HE BXOASIIMX B MHIEKCHI, MOKET MMETh
CMBICJI YMEHBIIUTH TTapamerp fillfactor, 4To6bI 3ape3epBUPOBATH HEKOTOPOE MeC-
TO Ha CTpaHuIle IJs1 0OHOBIeHNI. KOHEUHO, HaO0 YUYUTHIBATh, UTO YeM HMKE
fillfactor, Tem 60JIbIlIe OCTAETCS HE3AHSITOIO MECTa Ha CTPAHMIIE, ¥, COOTBETCTBEH-
HO, (pu3Mueckuii pasMep TaGINUIIbl YBeIMUIMBACTCS.

5.5. BHYTpUCTpaHMUYHaa OYMUCTKA MHAEKCOB

S TOBOPWII 0 TOM, UTO BHYTPUCTPAHUYHAS OUMCTKA PabOTaeT C OHOI TaGIMUHO
CTpaHUIIEl ¥ He TporaeT MHAEKChL. Ho U /11 MHAEKCOB eCTh COGCTBEHHASI BHYT-
PUCTpaHMYHASI OYMCTKA L, KOTOpas Toke paboTaeT ¢ OFHOI (HO YKe MH/IeKCHOI)

CTpaHULIeN.

Takast OUMCTKa MMPOMCXOINUT, KOrIa IpM BCTaBKe CTPOKM B B-IepeBo Ha MHAEKC-
HOJT CTpaHMIle He OKa3bIBaeTCs MecTa U ee TpebyeTcs: pacwenums (split), mepe-
pacripeiesiMB JaHHbIE MEXIY ABYMS HOBBIMM CTpaHuIiaMu. ITpo6iemMa B TOM, UTO
IIpU yOAJIeHUM CTPOK JIBE MHAEKCHbIE CTPAHMIIBI Y3KE He «CKIEMBAIOTCSI» B OJHY.
DTO MPUBOIUT K pasmyBaHMIO MHOEKCA, a OMHAaKIbI BHIPOCIINI pasMep MOXKET
He YMEHBIIUThCS Jaxke MpU yAaJIeHU!M CYIeCTBEeHHO YacTu JaHHbIX. Ho ecin
BHYTPUCTPAHUYHOI OUMCTKE yaaeTcss yopaTh 4acTb CTPOK, MOMEHT pacilernie-
HUSI MOJKET OBITh OTJIOKEH.

EcTb 1Ba BUa CTPOK, KOTOPbIe MOTYT YAAJSTHCS M3 MHIEKCa BHYTPUCTPAHUUHON
OUMCTKOIA.

B mepByio ouepeb YAANSIOTCS CTPOKM, TOMeUeHHbIe paHee Kak MepTBble? Kak
s ykKe TOBOPMJI, TaKasl [TIOMEeTKa CTaBUTCS IIPU MHIEKCHOM JOCTYIIe, eC/T OKa3bl-
BaeTCs, UTO MHAEKCHAS 3aTIMCh CChIIIAeTCS Ha BEPCUIO CTPOKM, KOTOpas He BUTHA
HU B OJHOM CHMMKE WJTU Y3Ke He CyIIeCTBYeT.

Ecu 3aBe1oMO MepTBbIX CTPOK He HalIOCh, TIPOBEPSIIOTCSI CTPOKU, CChLIAOIIe-
Cs1 Ha pa3Hble BepCyy OTHOI U TOJ1 5Ke TabIMuHO CTPOKM >, VI3-3a MHOTOBEPCHOH-
HOCTY IIPY OOHOBJIEHUSIX MOKET BOSHUKATD OOJTIIIOE KOMMUECTBO HEAKTYaIbHBIX

1 postgrespro.ru/docs/postgresql/16/btree-implementation#BTREE-DELETION.

2 backend/access/nbtree/README, paszen Simple deletion.

3 backend/access/nbtree/README, pasgen Bottom-Up deletion;
include/access/tableam.h.
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I'nasa 5. BHympucmpaHuuHas ouucmka u hot-o6HosneHus

BePCHUIi CTPOK, KOTOPbIE, CKOPEe BCETO, TOCTATOUHO GBICTPO YiAAYT 38 TOPU3OHT
6a3bl JaHHbIX. Hot-06HOBIEHMS CMATUYAIOT 3TOT 3¢ (deKT, HO paboTalT He BCer-
Ia: ecyiv OOHOBJISIEMBI CTOIOEI BXOIUT B KaKOi-HUOYIb MHIEKC, CCBIIKM Ha BCE
BEepPCUM CTPOK MOSIBJISIIOTCS U BO BCEX OCTAIbHBIX MHAeKcax. Ilepes paciieruie-
HUEM CTPAHUIIBI UMEET CMbIC ITOMCKATD B HEli CTPOKY, ellle He TOMeUYeHHbIe KakK
MepPTBbIe, HO Y3Ke JOMYCKAIoIIMe OYVCTKY. [IJIsl 9TOTO HaJj0 TPOBEPUTb BUAUMOCTD
COOTBETCTBYIOIIVX BEPCUIL CTPOK, UTO TpeGyeT 06palieHus K TabIMUHO CTpaH -
e. [ToaTOMy paccMaTpUBAIOTCS He BCE, a TOBKO «IIE€PCIIEKTUBHbIE» MHAEKCHBIE
CTPOKM, TIOSBUBIIMECS KaK KOMMSI CYIIECTBYIONIMX JJIst HY3K], MHOTOBEPCUOHHO-
CTU. 3aMIaTUTD 1IeHY MPOBEPKU BUAMMOCTU TAKUX CTPOK OKA3bIBAETCS BBITO[I-
Hee, yeM JOMYCTUTD JINUITHee PacileruieHe NHIEeKCHOM CTPaHMLIbL.
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O4yncTKka M aBTOOUYUCTKA

6.1. OuucTka Bpy4Hylo

BHyTpUCTpaHMYHAsT OYMCTKA BBIMOMHSIETCSI GBICTPO, HO OCBOGOXKIAET TOIBKO
yacTh Mecta. OHa paboTaeT B Ipeaeaax OHOM TabIMUHOI CTPAHMIIbI U He 3a-
TparMBaeT MHAEKCHI (MM Ha060POT: B Mpeaenax OgHOM MHIEKCHON 1 He 3aTpa-
r'MBaeT Tabnuiry).

! primonusiercs komanmoit VACUUMZ Ona o6pa6a-

OCHOBHHH, 00bIUHASL OUUCMKA
TbIBaeT Ta6m/1uy ITOJTHOCTBI0, BbIUMIIIAS HE TOJIbKO HEHY)KHbIE€ B€pPCUM CTPOK, HO

" CCBIJIKM Ha HUX 13 BCeX MHOEKCOB.

Ourcrka paboTaeT MapauieNbHO C IPYroil akTMBHOCTDIO B cyucreMe. Tabmuia u
VMHIEKCHI TIPU 3TOM MOTYT MCIIOIb30BAThCSI OOBIYHBIM 00pa3soM M IJISI UTEHMUSI,
U ISl M3MeHeHus1 (OOHAaKO OSHOBPEMEHHOe BBINIOJHEHNE TaKUX KOMaH7, Kak
CREATE INDEX, ALTER TABLE, ¥ HERKOTOPBIX IPYrUX OyIeT HEBO3MOXHO).

YTt06bI HE MPOCMATPUBATD JIMIIHUX CTPAHMUII, UCIIOTb3YETCS KapTa BUAUMOCTMH.
OTMeueHHbIe B HEJ CTPaHMIIbI ITPOITYCKAIOTCS, IOCKOIbKY COMEPKAT TOMbKO aK-
TyajibHbI€ BEPCUM CTPOK, a BOT B OCTAJIbHBIX MOTYT ObITh BEPCUI, KOTOPbIE MOKHO
BBIUYMCTUTD. OUMCTKA OOHOBJ/ISIET KapTy BUAMMOCTHU, €C/IU TToc/Ie 00paboTKy Ha
CTpaHMIIE OCTAIOTCS TOJIBKO BEPCUM CTPOK 34 TOPM3OHTOM 6a3bl JaHHBIX.

Ouncrka O6HOBJ/ISIET ¥ KAPTy CBOOOIHOIO IIPOCTPAHCTBA, OTPaskasi IOSIBUBILEECs
B CTPaHMIIAX CBOGOTHOE MECTO.

' postgrespro.ru/docs/postgresql/16/routine-vacuuming.
2 postgrespro.ru/docs/postgresqgl/16/sql-vacuum;
backend/commands/vacuum.c.
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I'masa 6. Ouucmka u asmoouucmka

Co3gagyum TabauILy M UHOEKC:

=> CREATE TABLE vac(
id integer,
s char(100)
) WITH (autovacuum_enabled = off);

=> CREATE INDEX vac_s ON vac(s);

31ech C IOMOIIbIO IIapaMeTpa XpaHeHUs autovacuum_enabled OTK/IIOYAeTCd aB-
ToOMaTn4decCKasa OumMcCTKa, YTOOBI — UCKIIOUUTETBHO U1 1enedt SKCIIEpMMEHTa —
TOYHO YIIPABJIATb MOMEHTOM OUYMCTKMU.

Ilo6aBiisieM CTPOKY ¥ BBIMTOJIHSIEM Tapy OGHOBJIEHMIA:
=> INSERT INTO vac(id,s) VALUES (1,'A');

=> UPDATE vac SET s = 'B';

=> UPDATE vac SET s = 'C';

Ceituac B TabmuIle TPY BEPCUM CTPOKU:

=> SELECT * FROM heap_page('vac',0);

ctid | state | xmin | xmax | hhu | hot | t ctid
——————— B i T R e Iaias Tttt

(0,1) | normal | 823 c | 824 c | | | (0,2)

(0,2) | normal | 824 c | 825 | | | (0,3)

(0,3) | normal | 825 | @ a | | | (0,3)
(3 rows)

Ha KaKIOYI0 M3 HUX BeAeT CCbIJIKAa M3 MHAOEeKCa:

=> SELECT * FROM index_page('vac_s',1);
itemoffset | htid | dead

(3 rows)

IMocse OYMCTKY MepPTBbIe BEPCUM CTPOK MPOIIAaJAIoT, M OCTAETCS TOIBKO OfHA, aK-
TyaJabHas:

=> VACUUM vac;
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6.1. Ouucmxa epyuHyr

=> SELECT * FROM heap_page('vac',0);
ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e Tt
(0,1) | unused | | | | |
(0,2) | unused | | | | |
(0,3) | normal | 825 c | @ a | | |
(3 rows)

(8,3

IIpu sTOM [ Ba NEPBBIX YKa3aTess, CCbUIAaBIIMXCS Ha BbIUMIIeHHbIEe BepCUU, TIONY-
UMM cTaTyc unused, a He dead, Kak 6bUTO OBI IIPY BHYTPUCTPAHUIHON OUMCTKE,
MTOCKOJIbKY Ha HMX OOJIbIlle HET CChIJIOK M3 MHIEKCa:

=> SELECT * FROM index_page('vac_s',1);

itemoffset | htid | dead
____________ +_______+______

1] (,3) | £

VKkasarenu B cTatyce unused CYMTAIOTCSI CBOOOSHBIMY M MOTYT GBITh 33J€/CTBO-
BaHbI JIJIst HOBBIX BEPCHUIT CTPOK.

CTpaHuLia Terlepb OTMeUeHa B KapTe BUIMMOCTY, KyLa Mbl MOXXeM 3aIvsIHYyTh
C IIOMOILIBIO pacliMpeHns pg_visibility:

=> CREATE EXTENSION pg_visibility;

=> SELECT all _visible

FROM pg_visibility_map('vac',0);
all_visible

HpI/I3HaK TOro, YTO BCe Be€pCUM CTPOK Ha CTPpaHMUIe BMOHbI BO BC€X CHMMKAX OJaH-
HbIX, ITPOCTABJISAETCA U B 3arojiOBKe TabIMUHOI CTpaHMUIIbI:

=> SELECT flags & 4 > @ AS all _visible
FROM page_header(get_raw_page('vac',0));

all_visible

127



c. 106

I'masa 6. Ouucmka u asmoouucmka

6.2. Ewe pas o ropusoHTe 6a3bl AaHHbIX

OuncTKa ornpenesnseT, Kake BepCcuy CTPOK CUMTATh MEPTBBIMM, UCIIONb3YS TO-
PU3OHT 6a3bl JAHHBIX. ITO HACTOIBKO BaKHOE IMOHSTHE, UTO K HEMY CJIeZyeT Bep-
HYTbCS ellle pas.

[MoBTOpMM TpeABITYIINIA OTIBIT CHAYAJIA:

=> TRUNCATE vac;
=> INSERT INTO vac(id,s) VALUES (1,'A');
=> UPDATE vac SET s = 'B';

Ho nepep TeM Kak CHOBa OOHOBUTDb CTPOKY, HAUHEM BTOPYIO TPaH3aKIIMIO, yaep-
SKMBAIOIYI0 TOPM3OHT 6asbl JAHHBIX (MTOMOMIET MPAKTUYECKY JII00ast TpaH3aK-
LIMsI, KpOMe BUPTYa/IbHOM ¢ ypoBHeM m3onsauumu Read Committed). Hampumep,
ITyCTh TPAH3aKLMS IIOMEHSIET UTO-HMOYb B 0py20ii TabmuIie.

=> BEGIN;

=> INSERT INTO accounts(id, client, amount)
VALUES (1, 'alice', 1000.00);

=> UPDATE vac SET s = 'C';

Ceituac B TabUIIE TPU BEPCUM CTPOKH, & B MUHIEKCE — TPU CChIIKK. UTO M3MEHUT-
Csl TIOCJIe OUUCTKU?

=> VACUUM vac;
=> SELECT * FROM heap_page('vac',0);

ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— et B e mt
(0,1) | unused | | | | |

(0,2) | normal | 829 c | 831 c | | | (0,3)
(0,3) | normal | 831 c | @ a | | | (0,3)

(3 rows)
=> SELECT * FROM index_page('vac_s',1);
itemoffset | htid | dead
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6.2. Euie pa3 o zopu3onme 6a3vt 0aHHbIX

Ecsiu B mponuiblii pa3 B Tabimile 0CTaIach TOMBKO OTHA BEPCUS CTPOKY, TO TEIIEPh
MX JIBE: OUMCTKA pelnniia, uTo Bepcus (0,2) ellle He MOKET ObITh ymayneHa. [Tpyan-
Ha, KOHEYHO, B TOPM30HTe 6a3bl JaHHBIX, KOTOPBI B HAIlIeM IIpUMepe OIpemess-
eTcs He3aBepIlleHHO TpaH3aKIlueii:

=> SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid();

backend_xmin

(1 row)

MO>KHO ITOITPOCUTDb OUMCTKY pacckas3aTh O TOM, UTO ITPOUCXOINUT, yKa3as IIpe/IJio-
skeHue VERBOSE:

=> VACUUM VERBOSE vac;

INFO: vacuuming "internals.public.vac"

INFO: finished vacuuming "internals.public.vac": index scans: ©
pages: @ removed, 1 remain, 1 scanned (100.00% of total)

tuples: @ removed, 2 remain, 1 are dead but not yet removable
removable cutoff: 830, which was 2 XIDs old when operation ended
frozen: @ pages from table (0.00% of total) had @ tuples frozen
index scan not needed: @ pages from table (0.00% of total) had @
dead item identifiers removed

avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 10 hits, @ misses, © dirtied

WAL usage: @ records, @ full page images, O bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
VACUUM

31ech BUTHO, YTO:

 BTabnuile He 06HAPYKEHO BEPCHI CTPOK, KOTOPbIE MOSKHO 6bIJIO ObI YIATUTh
(tuples: @ removed);

e HalJeHO JBe BepPCUl, KOTOpbIe YOAJSTh Hellb3sl (2 remain);

e OIHA U3 HeyHansseMbIx CTpok MepTBas (1 are dead but not yet removable),
JIpyrasi — akTyaJibHas;

¢ TeKyLINI TOPpU30HT OUUCTKY (removable cutoff) coBnamaer c ropM30HTOM
OTKPBITOJ TPaH3aKLIUMN.
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I'masa 6. Ouucmka u asmoouucmka

3aBepIieHe OTKPBITOM TPAH3aKIMM ITPUBOAYT K TOMY, YTO TOPU3OHT 6a3bl JaH-
HBIX ITPOJABUTAETCS U MO3BOJISIET IMTPOIO/KUTD OUMCTKY:

|  => CoMMIT;

=> VACUUM VERBOSE vac;

INFO: vacuuming "internals.public.vac"

INFO: finished vacuuming "internals.public.vac": index scans: 1
pages: @ removed, 1 remain, 1 scanned (100.00% of total)

tuples: 1 removed, 1 remain, @ are dead but not yet removable
removable cutoff: 832, which was @ XIDs old when operation ended
new relfrozenxid: 831, which is 2 XIDs ahead of previous value
frozen: 0 pages from table (0.00% of total) had @ tuples frozen
index scan needed: 1 pages from table (100.00% of total) had 1 dead
item identifiers removed

index "vac_s": pages: 2 in total, © newly deleted, @ currently
deleted, @ reusable

avg read rate: 0.000 MB/s, avg write rate: 100.160 MB/s

buffer usage: 16 hits, @ misses, 1 dirtied

WAL usage: 6 records, 1 full page images, 8840 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
VACUUM

OuncTka 06HapYKWIa YIIEIIIYIO 32 MU3MEHUBIIUIACS TOPU3OHT MEPTBYIO BEPCUIO
" yoanuia ee.

Tenepb B CTpaHuUIie OCTa/IaChb TOJIbKO IMMOCTIEAHSS, aKTya/IbHasI BePCUS CTPOKN:

=> SELECT * FROM heap_page('vac',0);
ctid | state | xmin | xmax | hhu | hot | t_ctid
——————— e et S s tat e
(0,1) | unused | | | | |
(0,2) | unused | | | | |
(0,3) | normal | 831 c | @ a | | [
(3 rows)

B uHpekce Taxke TOTBKO OAHA 3aINCh:
=> SELECT * FROM index_page('vac_s',1);

itemoffset | htid | dead
____________ +_______+______

11 (@,3) 1] £
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6.3. Omansl 8bINOJIHEHUSI OUUCMKU

6.3. DTanbl BbINOJIHEHUS OYUCTKMU

Pa6oTa 0UMCTKY BBIIVISIAUT HECIOKHOI, HO 3TO KaskyLIasics MpoCToTa. Bemp 1 Tab-
JIUITY, M MHIEKChI HaJo 00pabaThiBaTh OJHOBPEMEHHO, HE GIOKUPYS IPU 3TOM
paboTy OCTAIbHBIX ITPOIECCOB. [IJIST 9TOr0 OUMCTKA KaskAO0¥ TaOGIMIIbI BBITIOHSI -

€TCA B HeCKOJIbKO 3TaIllOB 1.

BHauaste TabauIla CKAaHMPYETCS B IMTOMCKAX MEPTBBIX BEPCUii CTPOK; HailIeHHbIE
BepCUM BBIYMILAIOTCS CIIEPBA M3 MHAEKCA, a 3aTeM M3 TabauIbl. DTOT MPOIECC
MOJKET ITOBTOPATHCS, €C/IY MEePTBhIX BepCiit 0Ka3aJI0Ch CIMIIKOM MHOTO. B KOHIIe
paboThI TAbIMIIA MOKET ObITH yCeueHa.

CkaHupoBaHue Tabnuubl

Bce HauMHAETCSA CO CKAHUPOBAHUS MAGULbI® C YIETOM KapThl BUAVIMOCTH: OT-
MeueHHbIe B KapTe CTpaHMIIbl IIPOIYCKAOTCS, IIOCKOIbKY rapaHTMPOBAHHO CO-
Zlep>KaT TOMbKO aKkTyanabHble Bepcun cTpok. UnenTtuduxaropsl (tid) Tex Bepcuit
CTPOK M3 MPOYUTAHHBIX CTPAHUII, UTO BBIXOMSIT 32 TOPU3OHT U OOJbIIEe HE HYX-
HBI, 3alMCbIBAIOTCS B CllelMalbHbIM MaccuB. Cpasy yoaudaTh 3TU BepCUM CTPOK
HeJIb34, IIOCKOJIbKY Ha HUX MOL'YT CChIJIATbCS! MHIEKCBI.

MaccuB pacriosiaraeTcsl B JIOKaJbHOIM IaMsITH IIPOILecca OUMCTKIM; IS HEero OTBO-
IuUTCs pparMeHT pasMepoM maintenance_work_mem.Bech parMeHT BbifiesisieTcs
B IIaMSITU Ccpa3y B ITOJIHOM 0O0beMe, a He 10 Mepe HeobxomumocTu. [IpaBaa, oH
HMKOIZA He MpeBbiiaeT 06beM, KOTOPbIil MOKET [I0TPe6oBaThCs B XyIIIEeM CITy-
yae, Tak UTO IIpy paboTe Haj HeGOJbIOJ TaGINUIei OUMCTKA MOKET PacXOIOBaTh
MeHbllle ITaMsITi, YeM YKa3aHo B [1apaMeTpe.

OuncTKa MHAOEKCoB

Hasnbliiie BO3MOXXHO OFHO U3 ABYX: JIMOO CKAHMPOBAHME JOXOAUT A0 KOHIIA Tab-
JINIIBI, 1160 3aKaHUMBAETCs TIaMSITh, BbIIeJIeHHas 01 MaccuB. B 1060M 13 3Tux

1 backend/access/heap/vacuumlazy.c, dyuxims heap vacuum rel.
2 backend/access/heap/vacuumlazy.c, yskuus lazy scan_heap.
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I'masa 6. Ouucmka u asmoouucmka

CJIy4aeB HAUMHAETCS 3Man ouucmku uHdexcos . Jinst aToro Kaxdsiii M3 UHIEKCOB,
CO3[aHHbIX 15 TAOIMIbI, NOJIHOCINBIO CKAHUPYENCA B IIOMCKAX 3aIMCell, KOTOpble
CCBHIJIAIOTCS HA 3aIIOMHEHHbIEe BepCuy CTPOK. HajimeHHble 3aMCy BhIYMIIAIOTCS
M3 UHAEKCHBIX CTPaHMII,

MHaekc no3sonset 6bICTPO HAUTU BEPCUIO CTPOKU, EC/TU U3BECTEH KHOY MHAEKCMPOBAHUS,
HO HeT cnocoba BbICTPO HAWTU MHAEKCHYH CTPOKY, 3Has MaeHTUdMKaTop TabnnMyHoi Bep-
cuun. PaboTa B 3TOM Hanpasfnenuu Ans B-gepesbes noka He npusena K ycnexy?

I KakOoro MHAEKCa, pasMep KOTOPOTO ITpeBbINIaeT 3HAUYeHMe rapameTrpa
min_parallel index_scan_size, MOXeT 3aIIyCKaTbCSI OTOEIbHBIN PabOUMil IIPOIIECC;
B 9TOM CJIyyae OUMCTKA HeCKOJIbKMX MHIEKCOB GYIeT MPOMCXOIUTD B Iapaslielb-
HOM peXume. B TomomHeHye K 00LIMM OTrpaHMUYeHMSIM Ha UMCI0 (OHOBBIX ITPO-
1eccoB® B cycTeMe, TIpe/ieTbHOe KOMMYECTBO IIPOLIECCOB OYMCTKY MOKHO YKa3aTh
B KomanHzae VACUUM (parallel N). Ho mOoCKoibKy OOVMH MHAEKC HE MOXKET 00-
pabaThIBaTHCS HECKOJBKMMM IIPOLIeCCaMy OJHOBPEMEHHO, IIPOIeCCOB B JTI0O0OM

cayyae GyZIeT 3amyiieHo He 60JIbIle, YeM UMEETCs TOAXOISAIINX MHIEKCOB.

Ha sTarme ouMcTKYM MHOEKCOB BHITIOMHSIETCS paboTa Mo IO AePsKaHII0 KapThl CBO-
OGO0HOTO MPOCTPAHCTBA B aKTYaJTbHOM COCTOSIHMM ¥ BBIUMCIEHUIO CTATUCTUKA
paboThl ouncTkM. Ho 3TOT aram GymeT MpomnyIieH, eC/iv CTPOKYU TOITBKO J06aBIIs -
I0TCS (HO He yIa/IsIOTCS M He M3MEHSIIOTCS), TIOCKOIbKY B TAKOM C/Ty4ae B Tab/uiie
He GymeT HY OJHOI MepTBOIi Bepcuy. Torma OUMCTKa MHIEKCOB BhITIOTHUTCS IIPH-

HYIMTETbHO OIMH pa3 B KOHI[E, B PAMKAX OTJeIbHOTO 3Tara «y6opKu» uHdekcos™

WTak, mocjie 3TOro 3Tara B MHAEKCAX yKe HeT CChUIOK Ha HeHYKHble Bepcun
CTPOK, HO CAMM BEPCUM €ellle TIPUCYTCTBYIOT B Tabnuile. ITO HOpMaJIbHAsl CUTYa-
IMSI: TIPY MHAEKCHOM JOCTYIIe Ha HUX Y)Ke HEBO3MOSKHO TOTACTh, a P MocIIe-
IOBaTeTbHOM CKaHMPOBAHMM TAGIUIIBI MePTBbIe BepCuu OYIyT OTMETEHBI MPO-
BEPKOI BUIVIMOCTH.

1 backend/access/heap/vacuumlazy.c, dyuximst lazy vacuum_all_indexes.

2 commitfest.postgresql.org/21/1802.

3 postgrespro.ru/docs/postgresql/16/bgworker.

4 backend/access/heap/vacuumlazy.c, byuxuus lazy cleanup all indexes;
backend/access/nbtree/nbtree.c, pyHkuus btvacuumcleanup.
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6.3. Omansl 8bINOJIHEHUSI OUUCMKU
Ouyucrka Tabnumubl

3aTeM HaYMHAETCS 2Man ouucmKu mabnuyst . TabauIa CHOBA CKAHUPYETCS: 3TO
HeO0OXO0AVMO, YTOOBI BLIUMCTUTD M3 CTPAHMUIL 3aIIOMHEHHbIE B MAacCHBe BepCUn
CTPOK ¥ 0CBOOOAUTD yKa3aTenn. Terepb, KOTAA CCbUIOK 13 MHOEKCOB yKe HET, 3TO
MOXKHO cZie/iaTh 6e30I1acHO.

OcCBOOOXKIEHHOE TPV OYMCTKE MECTO 3aIMChIBAETCSI B KApTy CBOOOJHOTO ITPO-
CTPaHCTBA, & CTPAHUIIbI, HA KOTOPBIX OCTAINCH TOJNBKO aKTyaJTbHble BepCUU, BU-
IMMble BO BCEX CHMMKaX, OTMEUAIOTCS B KapTe BUAVMOCTH.

Ecnu Ha 3Tarne ckaHMPOBaHMS TAabaMIIA He ObIa MPOYNTAHA TTOTHOCTHIO, TO Mac-
cuB tid ouniaeTcs, M Bce TOBTOPSIETCS C TOTO MECTA, Ha KOTOPOM CKAaHMPOBaHMe
TabGIUIIBI OCTAHOBMJIOCH B ITPOIIbIN pas.

YceueHue Tabnuubl

TMocste OUMCTKY B TAGAMUYHBIX CTPAHMUIIAX TTOSIBJISIETCS CBOOOIHOE MECTO; MHOTIA
MOXKET IMOCYACTIMBUTBCS OCBOGOANUTH CTPAHMITY IIeTMKOM. Eciiu B KoHIIe daiina
06pa3oBasIoCh HEKOTOPOE KOJMMUYECTBO ITYCThIX CTPAHUII, OUMCTKA MOYKET «OTKY-
CUTh» XBOCTOBYIO YacTh (paiijia ¥ BepHYTb MECTO OIEPAIllMOHHONM cucTeMe. ITO
TIPOVICXOIUT Ha 3aK/TIOUNTETLHOM 2mane yceueHus mabnuybsl>.

VceueHne TpeObyeT KpaTKOBPEMEHHOI MUCKIIOUMTEIbHO GJIOKMPOBKY Ha Tab/u-
11y. TTONBITKY TOMYUYNUTh GIOKUPOBKY MPOJOJIKAIOTCS HE JOJIbIle TISITU CEKYHI,
YTOOBI HE OCTAHABIMBATD HAMIOJITO PaboTy APYTMX MPOLIECCOB.

W3-3a He06X0OMMOCTY 6JIOKMPOBATh PaboTYy C TabIMIIe yceueHe BbIITOIHIETCS,
TOJIBKO €C/IU ITYCThIX CTPAHUI] IOCTATOYHO MHOT'0: KAK MUHUMYM %6 yacTb ¢aiiia
WK, 11 60nbinux Tadauil, 1000 cTpaHuil (3TU MOPOTOBbIE 3HAUEHMS He HaCTpa-
UBAKOTCS).

Eciu 610KMpOBKa BbI3bIBAET MPOGIEMbI, [ake HECMOTPSI HA 3TU MEPbI IPeno-
CTOPOKHOCTM, yCeUeHe MOKHO MTOTHOCThIO OTK/IIOUMUTh C TIOMOIIbIO TapaMeTPOB
XpaHeHus vacuum_truncate vi toast.vacuum_truncate.

1 backend/access/heap/vacuumlazy.c, yuxims lazy vacuum_heap.
2 backend/access/heap/vacuumlazy.c, pyukums lazy truncate_heap.
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6.4. AHanus

B moronHeHMe K OUMCTKE eCThb ellle OAHAa 3aJaua, HUKAK C Hel (I)OpMa.TIbHO He

CBsI3aHHAadA: dHAIU3 1

, VJIK, UHBIMM CJIOBaMU, C60p CTaTUCTUUECKOI MHGOPpMaLI
IUTST TUTAHMPOBIIMKA 3a1pocoB. CTaTUCTVKA BKIIOUAET B Ce0SI KOTMUYECTBO CTPOK
(pg_class.reltuples) u crpanull (pg_class.relpages) B OTHOLIEHUSIX, pac-

TpefiesieHye TaHHbIX IT0 CTOJIOIAaM TabIuIL U IPYTUe CBEIeHMUS.

Bpy4uHYI0 aHa/IM3 MOKHO BBIITOJIHATh CaM I10 cebe KOMaH 10 ANALYZE? HO MOX-
HO ¥ coBMelaTh ¢ ouncrkoi: VACUUM ANALYZE. ITpaBna, rpu 3TOM OYMCTKA U
aHaaM3 BBIMOIHAIOTCS [10C/IeN0BaTeIbHO — HMKAKOM 3KOHOMUY He IIPOUCXOINT.

Mctopuyeckn Bapmant VACUUM ANALYZE BO3HWK mepBbiM, B Bepcun 6.1, a oTaenbHas
koMmaHza ANALYZE nosiBunacb Tonbko B Bepcum 7.2. B 6onee paHHUX BEPCUAX CTaTUCTMKA
obHoBnsANACk ckpunTom Ha TCL.

ABTOMaTHMUeCKast OUMCTKA ¥ aBTOMATMUYECKMIT aHaIM3 HACTPaMBAKOTCS CXOKUM
06pa3oM, IT03TOMY YIOOHO paccMaTpuBaTh 00e 3a1auy BMECTe.

6.5. ABTOMaTMyeckasa ouMcTka u aHanus

Korpa TOPM30HT 6a3bl JAHHbIX HE yIEep>XMBAE€TCA HadoJro, 0OBIYHAS OUMCTKA
OOJDKHA CIIPaBJIATHCA CO CBoeit pa60T0171. Bonpoc B TOM, KaK 4aCTO €€ CJIeayeT BbI-
3bIBATD.

Eciu ouniiaTh M3MeHSIOIIYIOCS TabInIly CAMIIKOM PeIKO, OHA BhIPACTET B pas-
Mepax 6osibllie, YeM XOTeI0Ch 6bI. Kpome TOro, B Heit MOKET HaKOMUThCSI CIMII-
KOM MHOTO M3MEHEeHMii, ¥ TOTIa OuepeqHOoi OUMCTKe MOTpedyeTcs COBEPIINUTD
HECKOJIBKO MTPOXOM0B 10 MHAEKCaM.

Ecu ouninath Tabauiy CIMIIKOM 4acTo, TO BMECTO I10JIe3HOI paboThl cepsep 6y-
IeT ITOCTOSIHHO 3aHMMAaTbCST 00CTYKMBAHMEM.

' postgrespro.ru/docs/postgresql/16/routine-vacuuming#VACUUM-FOR-STATISTICS.
2 backend/commands/analyze.c.
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K TomMy ke Harpyska MOXeT M3MEHSIThCSI CO BpEMEHEM, TaK YTO 3aITyCK OUMCTKU
110 KaKoMy-JIn60 PUKCMPOBAHHOMY pacCIMCAHUIO B JIOOOM C/Tyyae He TOAUTCS:
YyeM yaiie 06GHOB/IsSIeTCs] TabnnLa, TeM Yallle ee HaZo ¥ OYMIIATb.

3ajava pelraeTcs asmomMamuueckoli o4ucmKoli' — MexaHu3MOM, KOTOPBbIii M03-
BOJISIET 3aMyCKaTh OYMCTKY M aHAJIN3 B 3aBUCUMMOCTU OT CKOPOCTU M3MEHEHMS
TaGINLI,

YCTpOMCTBO aBTOOUMCTKH

ITpy BK/IIOUEHHOJ aBTOMAaTUMYECKOV OUMCTKe (KOH(PUTYpalMOHHBIN MapameTp
autovacuum) B CUCTeMe BCerma MPUCYTCTBYeT Mpollecc autovacuum launcher,
OTBETCTBEHHBII 3a pacnycanue. OH MOAJepKUBAET CIMCOK 6a3 JaHHBIX, B KO-
TOPBIX €CTh KaKasi-TMO0 aKTUBHOCTb, UTO OIpenesieTcs M0 CTaTUCTUKE UX UC-
MMo/ib30BaHMs. Takast CTaTUCTMKA COOMpAeTCs TPY YCTaHOBJIIEHHOM IlapaMeTpe
track_counts. He ciemyeT BBIK/TIOUATD 9TU ITapaMeTpbl, MHAUE aBTOOUMCTKA He OY-
JIeT paboTaTh.

Pa3 B autovacuum_naptime egyHUI BpeMeHM TIpoliecc autovacuum launcher 3a-
myckaeT (Kak 00BIYHO, C TTOMOIIBI0 postmaster) paboumii mpoliecc autovacuum
worker? 17151 KaXX/[071 «aKTUBHO}1» 6a3bI JaHHBIX U3 cIIMCKa. COOTBETCTBEHHO, ec-
JIM B KJIaCTE€PE UCTIONb3YeTCST HeCKOIbKO 6a3 JaHHbIX (N HITYK), TO 38 MHTEpBas
autovacuum_naptime 6ymet 3arryineHo N pabouux mporieccoB. Ho mpu sTom 06-
IIee KOJIMYeCTBO OJHOBPEMEHHO BBIMOTHAIOMIVIXCS PabouMx MpoIeccoB OTPaHM-
YeHO 3HAYeHMeM I[1apaMeTpa dutovacuum_max_workers.

Paboune npoueccbl aBTOOUMUCTKM OYeHb HANOMMHAKT (GOHOBbIE paboyme npouecchl, HO
NOSIBUAUCH 3340110 A0 TOrO, Kak 6bin CO34aH 3TOT MeXaHW3M 3agaHui oblero Buaa. Pea-
NIM3aLMI0 NPOLLECCOB aBTOOUUCTKM HE CTaZIM MEHATb, NO3TOMY OHU He 33[leMCTBYHOT CNOTbI
u3 max_worker_processes.

3aITyCTUBIIMCD, PabOUMii ITPOIECC IMOAK/IIOUAETCS K YKa3aHHOI eMy 6a3e JaHHbIX
¥ HaUMHAaeT C TOTO, YTO CTPOUT JIBaA CITMCKA:

e CITMCOK BCEX TaO/IMII, MaTEPUAIM30BAHHBIX IIPEICTABIECHNI 1 toast-TabuniI,
TPeOYIOIINX OUUCTKA;

1 postgrespro.ru/docs/postgresql/16/routine-vacuuming#AUTOVACUUM.
2 backend/postmaster/autovacuum.c.
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* CITMCOK BCEX TAOGINI] ¥ MaTepuaanM30BaHHbBIX MTPEACTABICHNI, TPEOYIOIMNX
aHanm3a (toast-TabIUIIbI HEe AaHATU3UPYIOTCS, [IOTOMY UTO 00pallleHI e K HUM
BCeraa IMPOUCXOOUT I10 UHIEKCY).

Hanpiie pa6oqvn71 nmponecc 1o ouepean OUuniaeT M aHaJlIn3mpyeT 0T06paHHbIe
0OBEKTHI (I/LTII/I BBITIOJIHSAET M TO N ,upyroe), I10CJIe Yero 3aBepuiaeTcs.

OuncTKa Kaskgoi TaGIMIbI MTPOMCXOOUT TakK Ke, KakK IpM 3aIlycKe KOMaH[Ibl
VACUUM BpyuHy10. HO eCcTbh HEKOTOpbIe OTIIUYMS

» QuucTKa, 3aITyckaeMast BpyYHYI0, MCITO/b3YeT JIJIsl HaKOIIEHUST UAeHTUGK-
KaTOpOB Bepcuit pparMeHT IaMsIT pa3MepoM maintenance_work_mem.

IIpy aBTOMATUUYECKOM OUMCTKE OJHOBPEMEHHO BBITTOTHSIOTCS HECKOIbKO
pabounx MPoIECcCOoB, ¥ MaMSITh HY)KHA KaKIOMY; K TOMY ke BeCh (hparMmeHT
BBIIEJISIETCS Cpa3y M IMOJHOCThIO, @ HEe 10 Heo6XoamMMocTu. I1osTomy s
aBTOOUMCTKY IIPeIyCMOTPEH OTHE/NbHBIN ITapamMeTp autovacuum work_mem.
3HaueHue Mo YMOTYaHUIO, TPV KOTOPOM MCIIONb3YeTCs 06bIYHOE OrpaHuye-
HUe maintenance_work_mem, CKOpee BCETO, CIENYET CKOPPEKTUPOBATD, ECIIN
YCTAHOBJIEHO GOJIbIIOE 3HAUEHMe TIapaMeTpa autovacuum_max_workers.

» OuncTka, 3aIryckaemMasi BpyqHYI0, MOKeT 00pabaThiBaTh HECKOIbKO MHIEK-
COB Ha OJHO¥ Tabnulie MapasiebHO, a aBTOMAaTHUYeCKast OUMCTKA — HET, 110-
CKOJIbKY 3TO MOTJIO ObI IPMUBECTM K CJIMIIIKOM GOJIBIIIOMY YMCTY OMHOBPEMEH -
HO 3aITyIIeHHBIX ITPOIIECCOB.

Ecu ripotiecc He ycIeeT BhIIIOTHUTh BCI0O HaMeUeHHYI0 paboTy 3a MHTepBaJl Bpe-
MeHM autovacuum_naptime, mpoiecc autovacuum launcher nomnurer B Ty ke 6a-
3y TaHHBIX ellle OAMH pabounii mpoiiecc, M OHu 6yayT paboTaTth BMecTe. BTopoii
IIPOIIeCC MMOCTPOUT CBOM COOCTBEHHBIE CIIMCKU OOHEKTOB [JISI OUMCTKU M aHAIN-
3a U MovigeT mo HuM. ITapauienbHo 6ymyT 06pabaThIBaThCS pa3Hosle TaOINUIII; HA
YPOBHE OIHOJ TabIMIbI [TapasIien3Ma HeT.

Kakue Tabnunubl TpebyroT 0UnMcTKH

ABTOOYMCTKY MOXXHO OTK/TIOUMTb HAa YPOBHE OTHENbHbBIX TAOUII, XOTS CIOXKHO
MpUAOyMaTh IPUYMHY, TI0 KOTOPOJi 9TO 6bII0 6bI HEOOXOOMMO. 3a OTK/IIOUEHME
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OTBEYAIOT /iBa [TapaMeTpa XpaHeHMs: OOVH [JIs1 IPOCTHIX TAONII, IPYroi — [Jis
toast-Tabmamir:

e autovacuum_enabled,;

* toast.autovacuum_enabled.

OO6BIYHO 3Ke cpabaThIBaHNME aBTOOUVMCTKY BbI3HIBAETCS IMOO HAKOIIEHMEM Heak-
TyaJIbHbIX BEPCUI CTPOK, TMOO BCTABKOI HOBBIX CTPOK.

HeaktyanbHbie Bepcum cTpok. [IprMepHOe Unc/I0 HEeaKTyaJlbHbIX BEPCUIl ITOCTO-
STHHO OTCJIEXKMBAETCs M TOCTYITHO B Tabnmuile pg_stat_all_ tables.

CumTaeTcs, 4YTO OUMCTKAa Heo6XOaMMa, eCy KOMMUECTBO HeaKTyaabHbIX, MEPT-
BbIX BEPCHMIi CTPOK ITPEBBIIIAET IIOPOrOBOe 3HAUEHNeE, OIpee/sieMoe apoit ma-
paMeTpoB:

* autovacuum_vacuum_threshold — a6comoTHOe 3HaUeHMe (B ITYKaX);

* qutovacuum_vacuum_scale_factor — moJst CTPOK B Tabnuile.
dopmysia TaKOBAa: OUMCTKA MEPTBBIX BepCuii TpebyeTcst, ecn

pg_stat_all_tables.n_dead_tup >
autovacuum_vacuum_threshold +

autovacuum_vacuum_scale_factor x pg_class.reltuples.

I'maBHBIN MapamMeTp 34eCh, KOHEUHO, autovacuum_vacuum_scale_factor — uMeHHO
OH BaskKeH IS 60JTbIINX TAOMII (2 UMEHHO C HUMM U CBSI3aHbI BO3MOXKHbBIE ITPO06-
JileMbl). 3HaueHue 1Mo ymoadanuio 20 % mpeacTaBisieTCss CYMJIbHO 3aBbIIIEHHBIM;
CKOpee BCero, ero moTpebyeTcs CymeCTBEHHO YMEHbBIINTD.

OnTuMasbHble 3HAUEHMST TTapaMeTPOB MOTYT OTIMYATHCS IJIST Pa3sHbIX TaOIMIT
B 3aBMCUMOCTH OT MX pa3Mepa U xapakTepa u3MeHeHUit. ViMmeeT CMbICT YCTaHO-
BUThH B [I€JIOM aJleKBaTHbIE 3HAUYEHUSI ¥ — TIPU HEOOXOOMMOCTM — Iepeorpee-
JIUTb HACTPOVKY JIJIS1 OTAEIbHBIX TAGINI] C IOMOIIBIO TTapaMeTPOB XpaHEeHMS |

 autovacuum_vacuum_threshold w toast.autovacuum_vacuum_threshold;

 autovacuum_vacuum_scale_factor u toast.autovacuum_vacuum_scale_factor.
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BcTtaBneHHble cTpoku. Ecay cTpOKM HOGABISAIOTCS, HO HUMKOTAA He YIAISIOTCS U
He U3MEHSIOTCS, B Tabuiie He OyIeT MepTBBIX Bepcuit. OmHAKO U TaKye TabIuITbI
Heo6XOIYIMO OUMIIATh, YTOOBI 3a0671arOBPEMEHHO 3aMOPaXKMBATh BEPCUM CTPOK U
O6GHOBJISITh KAPTy BUAMMOCTHM (M TEM CaMbIM pa3pelllaTh CKaHMPOBAHME TOIBKO
MHJIEKCA).

OuncTka 6yeT BBIIOTHSATBCS, €CIM YMCIO CTPOK, BCTABJIEHHBIX C MOMEHTA TI0-
clieHelt OUMCTKY, TIPeBbBIILIaeT IOPOrOBOe 3HaUeHMe, OTpeensieMoe ellle OgHOI
MOXOXKel Iapoii mapaMeTpOB:

e autovacuum _vacuum_insert_threshold,
e autovacuum_vacuum_insert_scale_factor.

Kak u uncio HeaKTYyaJIbHbIX Bepcnﬁ, KOJIMYeCTBO BCTAaBJIEHHBIX CTPOK OTC/IEXKM -
BaeTCsa KaK 4YaCTb CTAaTUCTUKU MCITIO/Ib30BaHMSI Ta6JII/H.[bI.

®opmyiia TakoBa:

pg_stat_all_tables.n_ins_since_vacuum >
autovacuum_vacuum_insert_threshold +

autovacuum_vacuum_insert_scale factor x pg_class.reltuples.

Kak u B mpempimynieM ciydae, 3HaUeHMsT MOTYT IepeoIpefessThCs Ha YPOBHE
Ta6JINII C TOMOIIIBIO [TAPAMETPOB XPAHEHUSI

e autovacuum_vacuum_insert_threshold v To e aJid toast;

. autovacuum_vacuum_insert_scalejactor U TO Xe A4 toast.

Kakue Tabnuubl Tpebylor aHanusa

C aBTOAHAIM30M JEJI0 OGCTOUT UYTh IPOIIe, YEM C OUMCTKOI, TOTOMY UTO YUMU-
TBIBAIOTCSI TOIBKO M3MEHEHHbIe CTPOKNA.

CunTaercs, UTO aHa/IM3a TPEeOYIOT Te TabG/MMIIbl, B KOTOPBIX UMC/IO M3MEHEHHBIX
CTPOK (C MOMEHTA MTPOIIOTO aHaaM3a) MpeBbIllaeT TOPOroBoe 3HAUeHMe, 3aaH-
HOe Iapoyi mapaMeTpoB:

* autovacuum_analyze_threshold;

» autovacuum_analyze_scale factor.
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dopmyra cpabaTbIBaHNS aBTOAHAIM3A:

pg_stat_all_tables.n_mod_since_analyze >
autovacuum_analyze_threshold +

autovacuum_analyze scale_factor x pg_class.reltuples.

HacTpoiiku aBTOaHa/nM3a TakKe MOXKHO I1epeoIpefesinTh C IOMOIIbI0 OHO-
VMIMEHHbIX IIapaMeTPOB XPaHeHMs ISl OTHEebHbIX TAOINII;

* autovacuum_analyze_threshold,
» autovacuum_analyze scale factor.

HOCKOHLKY toast-TabauIbl He dHAJIM3UPYIOTCA, COOTBETCTBYIOIIMX ITapaMeTpOB
OJIs1 HUX HeT.

ABTOOYMUCTKA B A€ICTBUMU

Yto6b1 hopmann3oBaTh Bce CKa3aHHOe BbIllle B 3TOM pasfenie, CO30aauUM Ipef-
CTaBjIeHMs, TTOKasbIBaoIIMe, Kakue TaOaUIIbI B JAHHBII MOMEHT HYKIAIOTCS
B OUMCTKe ¥ aHami3e L. OHM GYIyT UCIIONB30BaTh (GYHKIMIO, BO3BPAIIAIOILYIO Te-
Kylllee 3HaUeHMe rmapamerpa. OyHKIMS yUUTHIBAET, UTO 3HAUEHVE MOXKET OBITh
repeoripesie/ieHO Ha YPOBHe TabIuIIbI:

=> CREATE FUNCTION p(param text, c pg_class) RETURNS float
As $$%
SELECT coalesce(
-- ec/nu napameTp xpaHeHus 3ajaH, To bepem ero
(SELECT option_value
FROM pg_options_to_table(c.reloptions)
WHERE option_name = CASE
-- ans toast-rabauy vuma napaMmeTpa OT/IMYaeTCA
WHEN c.relkind = 't' THEN 'toast.' ELSE ''
END || param
s
-- uMHaye bepeM 3HayeHWe KOHPUI'YPaLWOHHOLO napamMerTpa
current_setting(param)
)::float;
$$ LANGUAGE sql;

! backend/postmaster/autovacuum.c, dyHxiuus relation_needs vacanalyze.
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Tak MOsKeT BBITISIAETD IpencTraBeHne ajsi OUYUCTKU:

=> CREATE VIEW need_vacuum AS
WITH c AS (
SELECT c.oid,
greatest(c.reltuples, 0) reltuples,
p('autovacuum_vacuum_threshold', c) threshold,
p('autovacuum_vacuum_scale_factor', c) scale_factor,
p('autovacuum_vacuum_insert_threshold', c) ins_threshold,
p('autovacuum_vacuum_insert_scale_factor', c¢) ins_scale_factor
FROM pg_class c
WHERE c.relkind IN ('r','m','t")
)
SELECT st.schemaname || '.' || st.relname AS tablename,
st.n_dead_tup AS dead_tup,
c.threshold + c.scale_factor * c.reltuples AS max_dead_tup,
st.n_ins_since_vacuum AS ins_tup,
c.ins_threshold + c.ins_scale_factor * c.reltuples AS max_ins_tup,
st.last_autovacuum
FROM pg_stat_all_tables st
JOIN c ON c.oid = st.relid;

Cronber;max_dead_tup mokasbIBaeT IOPOrOBOe 3HAUEHMeE CpabaThIBaHUS aBTO-
OUMCTKMU 3-3a MEPTBBIX BEPCUI1 CTPOK, a CTObeI max_ins_tup — u3-3a BCTaBKU
HOBBIX CTPOK.

U aHanmornyHoe IIpencTraBJeHMe OJIs aHa/In3a:

=> CREATE VIEW need_analyze AS
WITH c AS (
SELECT c.oid,
greatest(c.reltuples, @) reltuples,
p('autovacuum_analyze_threshold', c) threshold,
p('autovacuum_analyze_scale_factor', c) scale_factor
FROM pg_class c
WHERE c.relkind IN ('r','m")

SELECT st.schemaname || '.' || st.relname AS tablename,
st.n_mod_since_analyze AS mod_tup,
c.threshold + c.scale_factor * c.reltuples AS max_mod_tup,
st.last_autoanalyze

FROM pg_stat_all_tables st
JOIN c ON c.oid = st.relid;

CTOIIGGLI max_mod_tup IOKa3bIBAE€T IIOPOTOBOE 3HAUYEHNE Cpa6aTbIBaHI/I$[ dBTO-
dHa/m3a.
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YT06BI HE JKIATH IOJITO aBTOOUYMCTKY, /IS SKCIIEPUMMEHTOB OyIeM 3aIrycKaTh ITpo-
1[eCC KKOYI0 CeKYHAY:

=> ALTER SYSTEM SET autovacuum_naptime = 'ls';
=> SELECT pg_reload_conf();

OHYCTOI.LII/IM Ta6n1/1uy vacC 1 BCTaBMM B Hee€ ThICAYY CTPOK. HB.I'IOMHIO, YTO aBTO-
O4YMCTKaA OTK/IIOU€Ha Ha YPOBHE Ta6.TII/ILIbI.

=> TRUNCATE TABLE vac;
=> INSERT INTO vac(id,s)
SELECT id, 'A' FROM generate_series(1,1000) id;

BoT uTO moKaskeT Hallle npencraBjaeHne OJIsd OUNCTKI:

=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \gx

-[ RECORD 1 ]--—+--————————-
tablename | public.vac
dead_tup | @
max_dead_tup | 50
ins_tup | 1000
max_ins_tup | 1000

|

last_autovacuum

IMoporoBoe 3HaueHue max_dead_tup = 50, XOTsI 110 MpUBEIEHHOI BbIlIe (op-
MyJie JOJKHO 6bITh 50 + 0,2 x 1000 = 250. [Iesio B TOM, UTO ellie HET CTaTUCTUKA
1o Tabuiie, TOCKoNbKY KoMaHaa INSERT cama o cebe ee He OOHOBJISIET:

=> SELECT reltuples FROM pg_class WHERE relname = 'vac';
reltuples

3HaueHue pg_class.reltuples paBHO —1; 3Ta cienMaibHasi KOHCTAaHTa BMeC-
TO HYJISI ITO3BOJISIET OT/IMYATh TabaMIy 6€3 CTaTUCTUMKM OT ITyCTOM, HO MpoaHa-
JIM3UPOBAHHON TabAUIIBL. [IJIST pacueToB OTPULIATEIBHOE 3HAUEHME ITPUBOAUTCS
K HyJT10, uTO 1 faeT 50 + 0,2 x 0 = 50.

3HaueHue max_ins_tup = 1000 otinuaeTrcs oT pacyeTHoro uuciaa 1200 o Toit
SKe TIpUYMHE.

3amisiHeM B npeacraB/JI€eHMe OJId aHa/In3a:
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=> SELECT * FROM need_analyze WHERE tablename = 'public.vac' \gx
-[ RECORD 1 ]-———+-——=——————=

tablename | public.vac
mod_tup | 1006
max_mod_tup | 50

last_autoanalyze |

B Tabnuie namenumnach 1000 cTpok (B JAHHOM C/Tyyae OHM ObULIM LOOABIEHBI),
1 9TO GoJIbILe [TOPOTa, KOTOPBIN II0Ka paBeH 50 ¢ yueTOM HeM3BeCTHOTO pa3Mmepa
TabIUIbl. 3HAUNT, aBTOAHAIN3 JO/KEH CpaboTaTh. BKIOUMM ero:

=> ALTER TABLE vac SET (autovacuum_enabled = on);

Toce HeGOMBINOI May3bl TaGAUIIA OKA3bIBAETCS POAHAIN3UPOBAHHOI, TTOPO-
roBO€ 3HaUeHMe UCIIPaBISeTCs] Ha KOppeKTHbIe 150 CcTpoK:

=> SELECT reltuples FROM pg_class WHERE relname = 'vac';
reltuples

1000
(1 row)

=> SELECT * FROM need_analyze WHERE tablename = 'public.vac' \gx
-[ RECORD 1 J-———t-—————————————————m

tablename | public.vac
mod_tup | @
max_mod_tup | 150

last_autoanalyze | 2024-03-24 21:25:33.63711+03
BepHeMcs K aBTOOUMCTKE:

=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \gx

-[ RECORD 1 ]-——+-—————————-
tablename | public.vac
dead_tup | @
max_dead_tup | 250
ins_tup | 1000
max_ins_tup | 1200

|

last_autovacuum

3HaueHus max_dead_tup U max_ins_tup TOXe UCIPaBMINCh C YYETOM BBISIC-
HEHHOTO B ITpoliecce aHa/In3a pa3Mepa TabInIIbL.

Ha maHHbII MOMEHT OUMCTKA MOXKET COCTOSIThCSI B OMHOM U3 OBYX C/Iy4daeB:
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 TIpu NosIBJIeHMM 60s1ee 250 MepTBBIX BEpPCUil CTPOK;
 Ipu BCTaBKe B Tabuiry 6omee 200 CTPOK.

CHOBa OTK/IIOUMM aBTOOUYMCTKY 1 OOHOBMM 251 CTPOKY — Ha OfHY G0JIblile, YeM
IIOPOTOBOE 3HaUeHNe:

=> ALTER TABLE vac SET (autovacuum_enabled = off);
=> UPDATE vac SET s = 'B' WHERE id <= 251;
=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \gx

-[ RECORD 1 J-——+--———————-—
tablename | public.vac
dead_tup | 251
max_dead_tup | 250
ins_tup | 1000
max_ins_tup | 1200

I

last_autovacuum

Terepb ycioBye cpabaThIBaHMST BBITIOIHSIETCS. BKIIOUMM aBTOOUMCTKY U ITOCTIE
HEIMPOIOIKUTENIbHO May3bl 00HAPYKMUM, UTO Tabiuiia o6paboraHa, a CTaTUCTHU-
Ka MCII0JIb30BaHMs cOpoIleHa:

=> ALTER TABLE vac SET (autovacuum_enabled = on);
=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \gx
-[ RECORD 1 J-——+———————————————————————

tablename | public.vac
dead_tup | @
max_dead_tup | 250
ins_tup | @
max_ins_tup | 1200

last_autovacuum | 2024-03-24 21:25:38.738681+03

6.6. PerynupoBaHue Harpysku

Ouncrka He GIOKMpPYeT OpyTMe MPOIeCChl, TOCKOIbKY paboTaeT MOCTPAHUYHO,
HO TeM He MeHee CO37aeT Harpy3Ky Ha CUCTeMY M MOKET OKa3bIBaTh 3aMeTHOe
BJIMSIHME HA TTPOU3BOAUTETLHOCTb.
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YnpaBneHue UHTEHCMBHOCTbIO 06bIYHOM OUMCTKHU

YT06BI MOSKHO OBLIO YIIPABJISIT MHTEHCUMBHOCTBIO OUMCTKU U, CTIEIOBATENBHO, €€
BAMSIHMEM Ha CUCTEMY, POollecc yepenyet paboTy u oxkupaHme. OunucTKa BbIIOJ-
HSIET TPUMEPHO vacuum_cost_limit yCIOBHBIX eIMHUI] pabOThI, a 3aTEM 3aChIITaeT
Ha vacuum_cost_delay emuHUI BpEMEHM.

HyseBoe sHaueHue 110 YMOIUaHMIO IJIst vacuum_cost_delay daxkTiuecku o3Haua-
eT, 4TO (0ObIYHAS) OUMCTKA BOBCE HE 3aChIMaeT, TaK UTO KOHKPETHOE 3HaueHMe
vacuum_cost_limit He UTpaeT HUKAKOI PON. ITO CAELNAHO U3 COOOPAXKEHNS, UTO
ecsIn YK aIMUHUCTPATOPY MPUIIIOCH 3aITyCKaTh OUMCTKY BPYUHYIO, TO OH, BEPO-
SITHO, XOUeT BBIIIOJIHUTH €€ KaK MOKHO GbICTpee.

Tem He MeHee ec/y Bce-TaKy YCTaHOBUTh BpeMsI CHa, TO YKa3aHHbIi B IapaMeT-
pe vacuum_cost_limit 06beM paboThI OYIET CKIaAbIBATbCS M3 CTOMMOCTEN pabo-
THI CO CTpaHMIIaMM B GydepHOM Kelile. Kaskmoe uTeHMe CTPaHUIIbI OlLleHMBAeT-
cs1 B vacuum_cost_page_hit emMHUIL, eCIM CTpaHMUIIA HaIllJIach B GydepHOM Kelle,
VI B vacuum_cost_page_miss eqyVHMIL, eclIv He Hauwiach . Ecv ske cTpaHuIa He 6bI-
Jla TPsI3HOI, a B pe3y/ibTaTe paboThl OUMCTKM HA HEI UTO-TO IIOMEHSIOCh, 3TO
CTOWT JOTIONMHUTENBHBIX vacuum_cost_page_dirty emvaui>

Ecnu ocraBuTh 3HaUeHMe vacuum_cost_limit o yMmoa4aHuIo, 38 OOUH IIUKIT OUUCT-
Ka MokeT 06paboTtath oT 200 CTpaHMUII B IYUIIIEM CTydae (eC/Ti Bce OHU 3aKeNIpo-
BaHbI U B pe3yJibTaTe paboThI He MOSIBUJIOCH HY OJTHOV HOBOJI I'PSI3HOIT) 10 Bcero 9
B XyAIIeM (ec/Iy BCe CTPaHUIIbl YUTAIOTCS C AYICKA Y CTAHOBSITCS TPSI3HBIMM).

anaBneHue UHTEHCUBHOCTbIO aBTOOYUCTKU

PerympoBaHMe Harpy3KM J/I aBTOMATMIeCKOii OUMCTKU® paboTaeT MpUMepHO
TaK ke, Kak 1 JJ1s1 06b14H0¥i. Ho 4T06bI OHM MOI/IM paboTaTh C pa3HO MHTEHCUB-
HOCTBIO, JIJIS1 aBTOOUMCTKY MPEAYCMOTPEHbI COGCTBEHHbBIE TTapaMETPhI:

e autovacuum _vacuum_cost_limit;

* autovacuum_vacuum_cost_delay.

1 backend/storage/buffer/bufmgr.c, dyuxims ReadBuffer common.
2 backend/storage/buffer/bufmgr.c, dynximsa MarkBufferDirty.
3 backend/postmaster/autovacuum.c, GpyHKIms autovac_balance _cost.
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6.7. MoHumopuHz ouucmixu

Ecmy Kakoii-mubo 13 9TUX MapaMeTpoB paBeH —1, 711 Hero MCII0/Ib3yeTcsl 3Have-
HMe COOTBETCTBYIOIIEro rapaMeTpa 06bIYHOM 0uMCTKM. TO €CTh M0 YMOITUAHUIO
IJIST autovacuum_vacuum_cost_limit mpumeHsieTcs: 3HaUeHue vacuum_cost_limit.

[o Bepcun 12 3HayeHWe MO yMONYAHWUIO MapaMeTpa autovacuum_vacuum_cost_delay co-
ctaBnsano 20 MUANUCEKYHA, YTO MPUBOAMIO K OYEHb MEANIEHHOW paboTe Ha COBPEMEHHOM
obopynoBaHuu.

Enviauirel paboThl aBTOOUMCTKM, OTPAaHUYEHHBIE B OJHOM ITMKIIE TIPEETIOM auto-
vacuum_vacuum_cost_limit, pacxomyIoTcst BceMu pabounmm mpoieccamy, Tak 4To
o6Iast Harpy3Kka Ha CUCTeMY OCTaeTCsl MPUMEPHO OAMHAKOBOI MPH JII0O0OM MX
KonmyecTBe. [To3TOMY, €ciiu CTOUT 3a/iaya YCKOPUTb aBTOOUMCTKY, TIpU yBeIude-
HMUM TIapaMeTpa autovacuum_max_workers CTOUT IIPOTIOPIIMOHAIBLHO YBEIUUNUTD
M 3HAUeHue qutovacuum_vacuum_cost_limit.

[Tpy HeoOXOOMMOCTM [I7Is1 Pa3HBIX TAOMNIL MOKHO yCTaHABIMBATh COOCTBEHHBIE
3HAuYeHMs C IOMOIIbIO TapaMeTPOB XpaHeHMSI:

 autovacuum_vacuum_cost_delay v toast.autovacuum_vacuum_cost_delay;

e autovacuum_vacuum_cost_limit v toast.autovacuum_vacuum_cost_limit.

6.7. MOHUTOPUHI OYUCTKH

OTwutexkBaHMe X0a BBITOJIHEHMSI OUMCTKM I03BOJISIET O6HAPYKUTh CUTYALMIO,
KOI/Ia IIPOLIeCC 3a OMH IIPMeM IMbITAeTCs YAAIUTb TaK MHOTO BepCHii CTPOK, UTO
CCBUIKM HAa HUX He MOMEINAIOTCS B MaMsSTh pasMepoM maintenance work_mem.
B TakoM cyuae BCe MHIEKCHI 6YIYT TOMHOCTHIO CKAHMPOBATHCS HECKOIBKO pas.
[1s1 GONMbLIMX TAGINIL ITO MOXKET 3aHMMATh CYIIeCTBEHHOE BpeMs U CO3aBaTh
3HAUMTE/IbHYIO HATPY3KY Ha cucTemy. KoHeuHo, 3a11pochl He 6yayT 6JI0KMPOBATh-
Cs1, HO JIMIIIHWI BBOZI-BbIBOJ, MOXKET CEPbE3HO CHU3UTH ITPOM3BOIUTETHHOCTD.

CuTyanuio MOXKHO UCITPABUTD, MO0 BBI3bIBASI OUMCTKY yallle (UTOOBI 38 KasKAbIii

pa3 OuYMILATIOCh He OYeHb GOJIbIIOE KOMMYECTBO BEPCUIl CTPOK), IMOO BhIAEINB
GoJIblile IMaMsITH.
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OTcnexxuBaHue BbINONHEHUS PYHHOWU OYUCTKU

Komanga VACUUM ¢ ykazanuem VERBOSE BBITIONMHSIET OYMCTKY U BBIBOOUT OTYET
0 TponenaHHOl paboTe, a MpelcTaBlIeHNe pg_stat_progress_vacuum IMOKa-
3pIBaeT COCTOSIHME Y)Ke 3aIlylLeHHOro Ipoliecca.

[Toxoskee mpencTaBieHne ecTb U g aHanusa (pg_stat_progress_analyze),
XOTSI aHAJIU3 BBITIOJTHIETCS OBICTPO M OOBIUHO HE TOCTaBIISIET ITPOBIEM.

BcraBuMm B TabmuIly 60/blIIe CTPOK ¥ BCe 0GHOBYMM, UTOOBI OUMCTKA BBITIOTHSIIACH
OIIyTMMOE BPEMSI:
=> TRUNCATE vac;
=> INSERT INTO vac(id,s)
SELECT id, 'A' FROM generate_series(1,500000) id;
=> UPDATE vac SET s = 'B';

Ilyist ienieit meMOHCTpaIMy YMEHbBIIIMM pasMep IaMsITH, BblIeJIeHHO IO/ MacCuB
UIeHTU(PMUKATOPOB, A0 OMHOTO Merabaiira:

=> ALTER SYSTEM SET maintenance_work_mem = '1IMB';
=> SELECT pg_reload_conf();

3anycTiM OUMCTKY i, II0OKA OHA paboTaeT, 06paTUMCs HECKOIBKO pas K IIPeICcTaB-
JIEHMIO pg_stat_progress_vacuum:

=> VACUUM VERBOSE vac;

=> SELECT * FROM pg_stat_progress_vacuum \gx

-[ RECORD 1 ]------ Fomm e
pid | 14564

datid | 16391

datname | internals
relid | 16482

phase | scanning heap
heap_blks_total | 17242
heap_blks_scanned | 352
heap_blks_vacuumed | ©
index_vacuum_count | ©
max_dead_tuples | 174761
num_dead_tuples | 20416
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-[ RECORD 1 ]------
pid

datid

datname

relid

phase
heap_blks_total
heap_blks_scanned
heap_blks_vacuumed
index_vacuum_count
max_dead_tuples
num_dead_tuples

6.7. MoHumopuHz ouucmixu

=> SELECT * FROM pg_stat_progress_vacuum \gx

internals

16482

vacuuming indexes
17242

3009

0

0

174761

174522

Hpe,ELCTaBIIEHI/Ie, B YaCTHOCTU, ITIOKa3bIBaeT:

Gonbirel);

CTUTDb 3a OOAMH IIPOXO/.

phase — Ha3BaHMe TEKYIIero stama (s OIucal OCHOBHbIE, HO BOOOIIE UX

heap_blks_total — obImee 410 CTPAHUIL TAOIUIIBI,
heap_blks_scanned — unci0 NpOCKaHUPOBAHHBIX CTPAHMULL;
heap_blks_vacuumed — 4ucCiI0 yXKe OUMILEeHHBIX CTPaHuUll;
index_vacuum_count — KOAM4eCTBO IPOXOA0B [0 MHAEKCAM;

max_dead_tuples — KOIM4eCTBO MEPTBbIX BEPCUIL, KOTOPOE MOXKHO BbIUM-

O6mmuit mporpecc OUUCTKU OIpenensieTcs oTHouleHeM heap_blks_vacuumed
Kheap_blks_total, HO HY)KHO YUUTHIBATh, YTO 13-3a CKAHMPOBAHUS UHIEKCOB

9TO 3HAY€HMe M3MEHIETCS «PbIBKaAMM». BHpO‘—IEM, OCHOBHO€ BHMMaHMe CTOUT

00paTUTh Ha KOJIMYECTBO LIMKIOB OUMCTKY — 3HAUEHMe OOJIbIe eIMHUIIbI O3HA-
YyaeT, UTO BBIIEJIEHHON MaMsITU maintenance work_mem He XBaTWJIO AJISI 3aBep-
IIEHMST OUMCTKY 3a OFVH MPOXO[ (KaXKIbIit yKasaTeab tid saHumaer 6 6aiir).

BriBOg, 3aBepinBIIelics K 3ToMy BpemeHu komaHabel VACUUM VERBOSE moka3sbi-

BaeT OOIIYI0O KAPTUHY:

1 postgrespro.ru/docs/postgresql/16/progress-reporting#VACUUM-PHASES.
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INFO: vacuuming "internals.public.vac"

INFO: finished vacuuming "internals.public.vac": index scans: 3
pages: @ removed, 17242 remain, 17242 scanned (100.00% of total)
tuples: 500000 removed, 500000 remain, O are dead but not yet
removable

removable cutoff: 857, which was @ XIDs old when operation ended
new relfrozenxid: 855, which is 1 XIDs ahead of previous value
frozen: @ pages from table (0.00% of total) had @ tuples frozen
index scan needed: 8621 pages from table (50.00% of total) had
500000 dead item identifiers removed

index "vac_s": pages: 868 in total, 433 newly deleted, 433 currently
deleted, @ reusable

avg read rate: 41.787 MB/s, avg write rate: 46.099 MB/s

buffer usage: 44339 hits, 3973 misses, 4383 dirtied

WAL usage: 35770 records, © full page images, 4003138 bytes
system usage: CPU: user: 0.18 s, system: 0.03 s, elapsed: 0.74 s
VACUUM

B manHOM Ciy4ae oumcTKe MOTPe6OBAIOCh BBITIOTHUTD IEJbIX TPU ITPOXOJA 10
MHIEKCAM.

OTcnexxmBaHue BbINOJIHEHUS aBTOOMUCTKHU

C momorbio mpeacraBaennii need_vacuum u need_analyze, KOTOpbIe MbI pac-
CMOTpEIN, MOKHO OTCJIEKMBATh CIIMCOK TAOIMUII, TPEOYIONIMX OUMCTKM M aHa-
Jn3a. YBeluMueHne IIVMHBI CIIYCKA TOBOPUT O TOM, YTO aBTOOUMCTKA HE CIIPaB-
JIIETCSL M ee Halo YCKOPUTDb, YMEHbIIUB Nay3y (autovacuum_vacuum_cost_delay)
VIV YBEIMUMB 00beM paboThl MeXIY may3aMu (autovacuum_vacuum_cost limit).
He MCKII0UEHO, YTO MOHAZOOUTCS TaKKe YBEJIMUMUTh CTEIleHb Iapaiennsma
(autovacuum_max_workers).

Ho 06b1yHbIl cT0CO6 MOHUTOPYHIA aBTOOUMCTKM — BBIBOJI, MHGpOPMaLu (aHa-
JIOTMYHO TO¥i, KOTOPYIO IToKa3biBaeT komaHaa VACUUM VERBOSE) B skypHaJt co06-
LIeHUI1 cepBepa [ AanbHeliniero aHaansa. [lpy HylieBom 3HaueHUM IapamMerpa
log_autovacuum_min_duration B 5XypHaJI ITOIaJal0T BCE 3aITyCKM aBTOOUMCTKU:

=> ALTER SYSTEM SET log_autovacuum_min_duration = @;
=> SELECT pg_reload_conf();

=> UPDATE vac SET s = 'C';

UPDATE 500000

148



6.7. MoHumopuHz ouucmixu

postgres$ tail -n 16 /home/postgres/logfile

2024-03-24 21:25:59.869 MSK [17353] LOG: automatic vacuum of table
"internals.public.vac": index scans: 3

pages: @ removed, 17242 remain, 17242 scanned (100.00% of total)

tuples: 500000 removed, 500000 remain, @ are dead but not yet
removable

removable cutoff: 859, which was @ XIDs old when operation ended

new relfrozenxid: 857, which is 2 XIDs ahead of previous value

frozen: 2331 pages from table (13.52% of total) had 135158
tuples frozen

index scan needed: 8622 pages from table (50.01% of total) had
500000 dead item identifiers removed

index "vac_s": pages: 1696 in total, 433 newly deleted, 866
currently deleted, 433 reusable

avg read rate: 9.580 MB/s, avg write rate: 14.396 MB/s

buffer usage: 45756 hits, 6370 misses, 9572 dirtied

WAL usage: 44952 records, 14375 full page images, 102127671 bytes

system usage: CPU: user: 0.32 s, system: 0.34 s, elapsed: 5.19 s
2024-03-24 21:26:00.230 MSK [17353] LOG: automatic analyze of table
"internals.public.vac"

avg read rate: 50.619 MB/s, avg write rate: 0.022 MB/s

buffer usage: 15051 hits, 2339 misses, 1 dirtied

system usage: CPU: user: 0.09 s, system: 0.03 s, elapsed: 0.36 s
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3aMOpoO3Ka

7.1. NepenonHeHue cyeTYMUKA TPaH3AKLUMA

IMox HoMep TpaH3akiuy B PostgreSQL BoimeneHo 32 6uta. UeTslpe MuMapaa
BBIIVISIAUT OBOJIbHO OOJIBIIMM UMCIOM, HO MPU aKTUBHOI paboTe OHO MOXKET
OBITh M3PACXOJOBAHO JOBOJBHO ObICTpO. Hampumep, pu Harpyske 1000 TpaH-
3aKLUI B CeKyHAY (He CUMUTasl BUPTYaJIbHBIX) 5TO [IPOU30IIET BCErO Uyepes Io-
TOpa MecsI1a HEMPePbIBHO paboThI.

IMocte vcueprianms paspsgHOCTY CYETUMK JODKEH OymeT OOHYIUTLCS M TONTU
T10 CJIeAYIOIIEMY KPYTY (ITO-aHIIMIACKYM 9TO Ha3bIBAeTCsl JIoBoM wraparound). Ho
Be/lb CYMUTATh, UTO TPAH3aKIIMS C MEHBIIIMM HOMEPOM Hauajach paHblile TpaH3aK-
MK ¢ 6OIBIIMM HOMEPOM, MOKHO TOJTBKO B CJTyuae MOCTOSTHHO BO3PacCTaroIINX
HOMepOB. I[T03TOMY IMOHSITHO, UTO ITPOCTO TaK OOHY/IUTD CYETUMUK ¥ HAYATh HyMe-
paLuio 3aHOBO HeNb3l.

IMouemy mog HOMep TPaH3aKIMK He BbigeneHo 64 61UTa — Bellb 3TO ITOJHOCTHIO
VICKITIOUMITO ObI TTpo6sieMy? JIesio B TOM, UTO B 3aTOJIOBKE KasKI 0l BepCUM CTPOKA
XPaHSTCS ABAa HOMepa TpaH3aKIMii — Xxmin 1 xmax. 3aroioBOK U TaK AOCTATOYHO
60s1b107 (MMHUMYM 24 6aiiTa ¢ yueTOM BbIpDAaBHUBAHMUS), & YBeIMUEHME PA3PSI-
HOCTM 006aBWIIO ObI ellle 8 6aifT.

64-6UTHbIe HOMepa TpaH3aKLUMit, fobasnsowme K 06bIY4HOMY HOMepy 32-6UTHYIO «3MOXY»,
TOXE MCMOMb3YIOTCA’, HO TONLKO ANA CYKEBHbIX LLENEeN M HUKOrAA HE MONajaloT B CTPaHM-

Libl AAHHbIX.

1 include/access/transam.h, tun FullTransactionId.
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7.2. 3amopo3ka eepcuii u npasuna suoumocmu

YTo6bI KOPPEKTHO 00pabaThIBaTh IEPEIIOTHEHNE CUETUMKA, HAZ0 CPABHMBATh He
HOMeEpa TpaH3aKUMIA, a UX BO3PACT (BbIPa’KEHHbIN B KOAMYECTBE TPaH3aKLMIA,
HayaTbhIX C MOMEHTA IOSBJIEHMS TaHHOV TpaH3akuuu). Takum ob6pa3om, BmMec-
TO TIOHSITUI «MEHbIIIe» U «OOJTbIIIEe» MCITOMb3YIOTCS «IIPEAIIeCTBYET» («CTapIle»)
U «CIefyeT 3a» («MJIagie»).

B Kopie 9T0 ecTeCTBEHHBIM 00pa3oM peanusyeTcs 32-6MTHOI apudMeTUKOI: Ha-
IO HAWTH Pa3sHUIY 32-6GMTHBIX HOMEPOB TPAH3aKIIMIA ¥ CPABHUTH TOTYIEHHBIN

pesynbrar c Hynem .

I'pacdnyecky MOXKHO IIPeCTaBUTh, UTO HOMepa TPaH3aKIIMi1 3aK0JIbIIOBaHbI. TOT-
Iia 1J1s 110607 TpaH3aKIMM ITOJIOBYHA HOMEPOB IIPOTMUB YaCOBOI CTPENIKY OymeT
cTapiie (B MPOILLIOM), a TTOJIOBMHA T10 YaCOBO¥ CTpesike — Myaflie (B OyayIiem).

OnHaKo B Tako¥ 3aKOMbIIOBAHHO CxeMe BO3HUKAeT HempusTHas cutyanus. Cra-
pas Tpansakuys (T1) HaxoguTCs AJS1 HOBBIX TpaH3aKIMUii B JaJIEKOM IIPOIIOM.
Ho depes HeKOTOpOe BpeMs AJ1s1 OUepeaHON TpaH3aKLMM OHA OKAXXETCS B TOM MO-
JIOBMHE KpyTa, KOTOpast OTHOCUTCS K OymyIemMy. Eciiv 661 3TO ObLIO TaK, TO MpUBe-
J10 6bI K KaTaCTpoUUeCcKUM MOCIEACTBUSIM — U3MEHEHMS, CIe/laHHbIe TPaH3aK-
1ueit T1 aBHBIM-AABHO, 0KA3aJIMCh Obl HEBUAVMBIMM JIJIST HOBBIX TPAH3aKI[UIA.

7.2. 3amMopo3Ka BepCcUil U NnpaBuaa BUAUMOCTH

YT06BI HE AOMYCTUTh TAKUX ITyTEIIEeCTBUI BO BpeMeHM», POIeCC OUUCTKA (IT0-
MMMO OCBOGOXIEHMSI MeCTa B CTPAHMIIAX) BHIIOMHSIET elle OfHy 3amauy’ OH

1 backend/access/transam/transam.c, dyakums TransactionIdPrecedes.
2 postgrespro.ru/docs/postgresql/16/routine-vacuuming#VACUUM-FOR-WRAPAROUND.
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c. 264

I'nasa 7. 3amoposka

UIIET BEPCUU CTPOK, HAXOMSIIMeCss 32 TOPU3OHTOM 0a3bl JaHHBIX (BUOMMbIE BO
BCEX CHMMKaX), ¥ CIIeIMaJbHBIM 06pa30oM UX IIOMEeYaeT — 3amopaxcusaem.

SaMOPO)KEHHaSI BepcCcud CTPOKU BMHA BO BCe€X CHMMKaX JaHHbIX 6e3 OINIAOKM Ha
HOMEP TpaH3aKIMn xmin, IIO3TOMY TaKoi HOMEp MOXKeT ObITh 6€30MaCHO MC-
IMOJIb30BaH 3aHOBO.

MOKHO CUMTATh, YTO B 3aMOPOKEHHBIX BEPCUSIX CTPOK HOMEDP Xmin 3aMeHseT-
CSI Ha YCJIOBHYIO «MMHYC 6ECKOHEUHOCTD» (TI0OKa3aHHYI0 Ha PUCYHKE B BUJIE CHE-
SKMHKM) — TIPM3HAK TOTO, UTO CO3/aBIlasi BEpPCUIO TPaH3aKIIMs 3aBepIiniach Tak
IaBHO, UTO KOHKPETHBII HOMep yKe He BaskeH. XOTsI Ha CaMOM fiejie Xmin He Me-
HSIETCSI, a B KAUYeCcTBe IMPM3HaKa 3aMOPO3KM BBICTABISIOTCS OJHOBPEMEHHO JIBa
6UTa-TIOACKa3KM — OUT puKcay 1 OUT OTMEHBI.

% {

MHoru1e UCTOYHUKM (BKJTHOUAs AOKYMEHTALMIO) YNIOMUHAIOT CELMANbHbIM HOMEp TpaH3akK-
umn FrozenTransactionld = 2. 370 1 ecTb Ta caMas <MUHYC BECKOHEUHOCTb®, Ha KOTOPYHO
3aMeHanca xmin no sepcun 9.4, Ho cenyac UCMONb3yHTCA BUTLI-NOACKA3KKU. ITO NO3BONIS-
€T COXPaHMUTb B BEPCUM CTPOKM UCXOAHBINA HOMEP TPAH3aKLMu, 4TO YA0OHO ANs NOAAEPKKM
1 oTnaaku. OaHaKo TpaH3aKLMKM C HOMEPOM 2 eLle MOryT BCTPETUTLCS B CTPAHULLAX AAHHbIX
CTapblX CUCTEM, AaKe 0OGHOB/IEHHBIX A0 MOCAEAHUX BEPCUIA.

Homep TpaH3akImy xmaxX HMKAK He y4acTBYeT B 3amopo3ke. OH durypupyer
TOJIBKO B HEAKTYaJbHbBIX BEPCUSX CTPOK,  KOTJA TaKue BEPCUY ITePeCTaHyT ObITh
BUAMMBI B CHUMKAX (TO €CTh HOMED yiiJeT 3a TOpU30HT 6a3bl JAHHBIX), OHU OYIYT
yOaJieHbl OUUCTKOIA.

[IJ1s1 9KCIIepMMEHTOB CO3IaAM HOBYIO TabIuily. YCTAaHOBUM It Hee MUHUMAaJIb-
Hoe 3HaueHMe mapametpa fillfactor Tak, UYTOObI Ha KaskKOOJ CTpaHMIle IOMeIla-
JIOCh BCETO [IBE CTPOKYU — TakK OGymeT yno6Hee HabII0aTh 3a Mpoucxoasumm. M ot-
K/TIIOYMM aBTOMAaTUKY, YTOOBI YIIPAB/ISITh BpEMEHEM OUMCTKM CAaMOCTOSITETBHO.
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=> CREATE TABLE tfreeze(
id integer,
s char(300)
) WITH (fillfactor = 10, autovacuum_enabled = off);

OuepenHoit BapMaHT GYHKUMM OJIST IIPOCMOTpA CTPaHMI C [TOMOIIbIO PaCIi-
peHust pageinspect 6ymer oTo6paykaTh AMAMa30H CTPaHUII, paciinudpOBhIBATD
MPU3HAK 3aMOPO3KM («f») M MOKasbIBaTh BO3PACT TpaH3aKUUMU Xmin (mast 3TO-
'O MICTIOTb3YeTCs cucTeMHast GYHKIMS age; caM BO3pacT, KOHEUHO, He XPaHUTCS
B CTPAHMIAX JaHHbIX):

=> CREATE FUNCTION heap_page(
relname text, pageno_from integer, pageno_to integer

)
RETURNS TABLE(
ctid tid, state text,
xmin text, xmin_age integer, xmax text
) AS $$%
SELECT (pageno,lp)::text::tid AS ctid,
CASE lp_flags
WHEN @ THEN 'unused'
WHEN 1 THEN 'normal'
WHEN 2 THEN 'redirect to '||lp_off
WHEN 3 THEN 'dead'
END AS state,
t_xmin || CASE
WHEN (t_infomask & 256+512) = 256+512 THEN ' f'
WHEN (t_infomask & 256) > @ THEN ' c'
WHEN (t_infomask & 512) > @ THEN ' a'
ELSE ''
END AS xmin,
age(t_xmin) AS xmin_age,
t_xmax || CASE
WHEN (t_infomask & 1024) > @ THEN ' c'
WHEN (t_infomask & 2048) > @ THEN ' a'
ELSE ''
END AS xmax
FROM generate_series(pageno_from, pageno_to) p(pageno),
heap_page_items(get_raw_page(relname, pageno))
ORDER BY pageno, lp;
$$ LANGUAGE sqgl;

Bcrasssiem B TabGMMIy HEKOTOPOE KOJIMYECTBO CTPOK U CPa3y BHITIOTHSIEM OUMCT-
Ky, YTOGBI CO37aIach KapTa BUIMMOCTIHA:
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=> CREATE EXTENSION IF NOT EXISTS pg_visibility;

=> INSERT INTO tfreeze(id, s)
SELECT id, 'FOO0'||id FROM generate_series(1,100) id;

INSERT @ 100
=> VACUUM tfreeze;

Bymem Habm0maTh 3a MEePBBIMM ABYMSI CTPAHUIIAMM C IIOMOIIBIO PaCIIMPEHMS
pg_visibility. [Nocte ouncTky o6e CTPaHUIIBI OKA3bIBAIOTCS OTMEUEHHBIMU
B KapTe BuauMocTy (all_visible), Ho He B KapTe 3amopo3ku (all_frozen) —
OHU ellle COAep>KaT He3aMOPOKeHHbIE BEPCUM CTPOK:

=> SELECT *

FROM generate_series(@,1) g(blkno),
pg_visibility_map('tfreeze',g.blkno)

ORDER BY g.blkno;

blkno | all_visible | all_frozen
0]t

1]t
(2 rows)

VY TpaH3aKkuuu, CO3aaBIIelt CTPOKM, BO3PACT Xmin_age paBeH 1, MOCKOMbKY 3TO
MOC/IeIHSIS TPaH3aKLMsI, KOTOPasl BBIMIOMHSIACH B CUCTEME:

=> SELECT * FROM heap_page('tfreeze',0,1);

ctid | state | xmin | xmin_age | xmax
——————— e s

(0,1) | normal | 862 c | 110 a

(0,2) | normal | 862 c | 11 0 a

(1,1) | normal | 862 c | 11 0 a

(1,2) | normal | 862 c | 110 a
(4 rows)

7.3. YnpaBneHue 3aMOpPO3KOi

3aMOpPO3KO¥ YIPAB/ISIOT YeThIpe OCHOBHBIX KOH(PUIYpalMOHHBIX MapaMmeTpa.
3HaUyeHMs BCeX YeThIpeX MPeCTABSIOT BO3PACT TPAaH3aKLMIA U OTIPeeIsIIOT MO-
MEHTbI, HAUMHAsI C KOTOPBIX:

* BepCUMM HAUMHAKOT 3aMOPasKMBATbCSI — vacuum_freeze min_age;
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* BBIIIOJIHSIETCSI «arpeccuBHas» 3aMOpOo3Ka — vacuum_freeze_table_age;
* 3aMOpO3Ka cpabaThIBaeT aBapuitHO — autovacuum_freeze_max_age;

* 3aMOpO3Ka paboTaeT B MPUOPUTETHOM pekuMe — vacuum_failsafe_age.

MuHMManbHbIM BO3pacT ANS 3aMOPO3KH

MuHMMa/IbHBIN BO3PACT TPAH3aKIIMM XMin, TPy KOTOPOM BEPCHIO CTPOKM MOKHO
3aMOpakMBaTh, OMIPENE/ISIeTCS TapaMeTpoM vacuum_freeze_min_age. YeM MeHb-
IlIe 3TO 3HAUeHNe, TEM CUIbHEE MOTYT BbIPACTM HaK/IaJHbIE PACXO/bI: €CJIU CTPO-
Ka OKaskKeTCsl «ropsiueii» U 6yIeT aKTUBHO M3MEHSThCS, TO 3aMOPO3Ka BCe HOBBIX
M HOBBIX Bepcuit 6ymeT mpormnaaath 6e3 moib3bl. YCTaHOBKA OTHOCUTETBHO 60JIb-
III0T0 3HAUEHMS TapaMeTpa IMO3BOJISIET BbIKAATh.

YT06BI MOCMOTPETH, KaK MPOUCXOIUT 3aMOPO3Ka, YMEHBIIMM 3HAUEHME IO eIU-
HUIIBL:

=> ALTER SYSTEM SET vacuum_freeze_min_age = 1;
=> SELECT pg_reload_conf();

OO6GHOBMM TeIepb OHY CTPOKY Ha HY/IeBOii cTpauuile. HoBas Bepcus momnazer Ha
Ty JKe CTpaHuily 6arogapst HebonbIoMy 3HaueHuio fillfactor:

=> UPDATE tfreeze SET s = 'BAR' WHERE id = 1;

Bospact TpaH3aKIuii yBeIuumiIcs Ha equHUITY. TabayuHble CTPAHUITbI BBITISISIT
ceifuac cjaenyoumum o6pa3som:

=> SELECT * FROM heap_page('tfreeze',0,1);

ctid | state | xmin | xmin_age | xmax
——————— e it S

(0,1) | normal | 862 c | 2 | 863

(0,2) | normal | 862 c | 2| 0 a

(0,3) | normal | 863 | 1]10a

(1,1) | normal | 862 c | 21 0a

(1,2) | normal | 862 c | 21 0a
(5 rows)
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Termepb CTPOKM CTapile vacuum_freeze_ min_age = 1 mopgjyesxkat 3amopo3ke. Ho
OUMCTKA paccCMaTPUBAET TOJIBKO Te€ CTPaHULbl, KOTOpble He OTMEUeHbl B KapTe
BUIVMOCTU:

=> SELECT * FROM generate_series(@,1) g(blkno),
pg_visibility_map('tfreeze',g.blkno)
ORDER BY g.blkno;

blkno | all_visible | all_frozen
_______ +______________+_____________
0| £ | £
11t | £
(2 rows)

OuncTKa UrHOpUpYET KapTy BUAMMOCTM, €CIM CTPaHMLbI C PasHbIMM MPU3HAKaMU UAYT
Bpa3Ho60i. [ponyckatoTcs AManasoHbl MUHUMYM M3 32 CTPaHULL, COLEPXKALLMX TONbKO BU-
AMMble BO BCEX CHMMKaX BEPCUM CTPOKY, MOCKO/bKY B MPOTUBHOM C/lydae BCE CTPaHMLLbI,
CKOpee BCEro, OKaXxyTcsi B ONepaTMBHOM NamMsaTu Gnarofaps npengblbopke, Tak YTo Mpo-
MyckaTb MX HE MMeeT HONbLIOro CMbicNa. MMeHHO no3tomy Tabnuua tfreeze cosmaHa
[0CTaTOYHO GObLLOM, XOTS HAaC MHTEPECYIOT TOIbKO ABE CTPaHULbI.

IMpensimymas komanga UPDATE copocuia 6GUT BUOAMMOCTY HYJIEBOW CTPAHUIIBI,
a BOT [1IEPBYI0 CTPAaHUIy OUMCTKA TPOITYCTHUT:

=> VACUUM tfreeze;

VACUUM
=> SELECT * FROM heap_page('tfreeze',0,1);
ctid | state | xmin | xmin_age | xmax
——————— e T S
(0,1) | redirect to 3 | | |
(0,2) | normal | 862 £ | 2| 0 a
(0,3) | normal | 863 f | 1] 0a
(1,1) | normal | 862 c | 21 0a
(1,2) | normal | 862 c | 21| 0 a
(5 rows)

O6paTuTe BHMMAaHMe, UTO HA HYJIEBOV CTpaHMIIE OBV 3aMOPOKEHBI 06€ BepCum
CTPOK, XOTSI BO3PACT TPaH3aKI[MM XMin BO BTOPOJ BepCuu He IIPeBbIIIaeT 3HAUe-
HMSI IapameTpa vacuum_freeze_min_age. [I0CKOIbKY CTpaHUILY BCe PaBHO MPUXO-
IUTCS MEHSITh, Ha Heil 3aMOpaskMBalOTCS BCe BepCUM CTPOK 38 TOPU3OHTOM 6a3bl

! backend/access/heap/vacuumlazy.c, dyakuus lazy scan_skip.
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DAHHBIX — 3TO MPaKTUYECKM He YBeINUMBAeT CTOMMOCTh Ollepanuu, HO MOKeT
CIKOHOMMUTD YCUIIUS B Oy yILIEM.

Termepb 06€ CTPaHMUIIbI CHOBA OTMEUEHbI B KapTe BUAMMOCTY. HecMOTps Ha TO UTO
repBasi CTPaHUIIA COMEPKUT He3aMOPOKeHHbIE CTPOKM, OUMCTKA OyIeT MpoIyC-
KaTh ee, eC/IV B Hell HMUero He M3MEHUTCS:

=> SELECT * FROM generate_series(0,1) g(blkno),
pg_visibility_map('tfreeze',g.blkno)
ORDER BY g.blkno;

blkno | all_visible | all_frozen
_______ +_____________+____________
0]t | t
11t | £
(2 rows)

Bo3spacT ans arpeccMBHOM 3aMOPO3KU

WTak, eciiu Ha CTpaHMIIe OCTAINCh TOJIBKO aKTya/IbHbIe BEPCUM, BUAMMBIE BO BCEX
CHMMKAaX, OUMCTKA He 3aMOPO3UT MX. CIIpaBUThCS C IIPO6/IeMOii IT03BOJISET Mapa-
MeTp vacuum_freeze table age. Ero 3HaUeHMe oIpemeseT BO3pacT TPaH3aKIUN,
IIPY KOTOPOM OYMCTKa UTHOPUPYET KapTy BUAMMOCTH 1 3aMOPaskMBaeT BCe CTpa-
HUIIBI TAGIMLIBI.

I1st Kaskmoit TaGIUIIbI B CMCTEMHOM KaTajioTe XpaHUTCS HOMep TpaH3aKLIuu, IIpo
KOTOPYIO M3BECTHO, UTO BCe 6oJiee cTapble TPaH3aKIUM rapaHTMPOBAHHO 3aMO-
POKEHBI:

=> SELECT relfrozenxid, age(relfrozenxid)
FROM pg_class

WHERE relname = 'tfreeze';
relfrozenxid | age
______________ +_____

862 | 2

(1 row)

C BO3pacTOM 3TO¥ 3alIOMHEHHOJ TpPaH3aKIMM U CpaBHUBAETCS 3HaAUEHMe mapa-
MeTpa vacuum_freeze_table_age njisi IpUHSITUS pelieHUss 06 arpecCMBHO 3aMo-
po3Ke.

157

150 mnH



I'nasa 7. 3amoposka

Brarogapst KapTe 3aMOpPO3KM HET HEO6XOAMMOCTH MOJTHOCTbIO CKAHMPOBATD Ta0-
JIUITY TIPU OUMCTKE; JOCTATOYHO MPOCMOTPETh TOJIBKO T€ CTPAHUIIBI, KOTOPbIE
ele He OTMeUeHbl B KapTe. KapTa 3aMOpO3KiM He TONbKO CYIIECTBEHHO YMeHb-
aetT 06bemM paboThl, HO U JAeT YCTOMUYMBOCTD K IIPEPhIBAHMSIM: €C/IM IIPOLeCcC
OUMCTKM OCTAHOBUTD M HAUaTh 3aHOBO, MY He MPUIETCS BO3BPAIIaThCs K CTpa-
HUIIAM, KOTOPBIE y3Ke ObLIM 06paboTaHbl M OTMEUEHBI B KApTe B MPOLIIbINA pas.

[I71s1 3aMOPO3KM BCeli TaGMUIbl YMEHBIINM 3HAUeHUe vacuum_freeze_table_age no
IBYX, YTOOBI BBITTOIHUIIOCH YCJIOBYE arpeCcCUBHON 3aMOPO3KI:

=> ALTER SYSTEM SET vacuum_freeze_table_age = 2;
=> SELECT pg_reload_conf();

BoinmonHum O4YNCTKY:

=> VACUUM VERBOSE tfreeze;

INFO: aggressively vacuuming "internals.public.tfreeze"

INFO: finished vacuuming "internals.public.tfreeze": index scans: @
pages: @ removed, 50 remain, 50 scanned (100.00% of total)

tuples: O removed, 100 remain, © are dead but not yet removable
removable cutoff: 864, which was @ XIDs old when operation ended
new relfrozenxid: 864, which is 2 XIDs ahead of previous value
frozen: 48 pages from table (96.00% of total) had 96 tuples frozen
index scan not needed: @ pages from table (0.00% of total) had @
dead item identifiers removed

avg read rate: 0.000 MB/s, avg write rate: 0.000 MB/s

buffer usage: 106 hits, @ misses, O dirtied

WAL usage: 97 records, @ full page images, 6401 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
VACUUM

Tenepb, MOCKOIBbKY arpecCUBHAsI OUMCTKA ITPOBEPSIET BCIO TABINILY, HOMED 3aMO-
PO’KeHHOI TpaH3aKIMM MOXHO YBeIMYUTh — B CTPAHUIIAX TAPAHTUPOBAHHO He
ocTayioch 6oJiee CTapoii He3aMOPOKEHHO TPaH3aKIUNI:

=> SELECT relfrozenxid, age(relfrozenxid)
FROM pg_class
WHERE relname = 'tfreeze';
relfrozenxid | age
______________ +_____
864 | 0
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PasymeeTcst, Ha TIePBOJi CTPaHMIIE TEIIePh 3aMOPOKEHBI BCe BEPCUM CTPOK:

=> SELECT * FROM heap_page('tfreeze',0,1);

ctid | state | xmin | xmin_age | xmax
——————— e St it IR

(0,1) | redirect to 3 | | |

(0,2) | normal | 862 £ | 2| 0 a

(0,3) | normal | 863 £ | 1]10a

(1,1) | normal | 862 £ | 2| 0 a

(1,2) | normal | 862 £ | 2| 0 a
(5 rows)

Kpome Toro, mepBast CTpaHuiia OTMeUeHa B KapTe 3aMOPO3KIA:

=> SELECT * FROM generate_series(0,1) g(blkno),
pg_visibility_map('tfreeze',g.blkno)
ORDER BY g.blkno;

blkno | all_visible

0
1

+
|
|

(2 rows)

ArpeccuBHAsI 3aMOPO3Ka BCEX CTPAHMUIL B TabIMIE BBITIOTHSIETCS He Yalle, 4emM
pas B vacuum_freeze table_age — vacuum_freeze_min_age tpausakuuit (100 MaH
IpY 3HAYEHMSIX MapaMeTpOB IO yMonuaHuio). OHa OyIeT 3amycKaTbCs pexe,
eCsIM OUMCTKA B HEearpecCMBHOM peXKMMe TOKe CMOXKeT MPOABUHYTb 3HAUEHME
rel frozenxidl B mo6om cTyJae Hafio YIYUTIBATD, UTO CJIMIIKOM OOJbIIIOE 3HA-
yeHMe mapamMeTpa vacuum_freeze_min_age BMeCTO S5KOHOMUU MOXKET ITPUBECTU
K M30BITOUHBIM CpabaThIBAHMSIM arpeccMBHOI 3aMOPO3KM UM YBEIMUEHMIO Ha-
KJIaIHbIX PacXO/IOB.

BospacT ansa aBapuitHOro cpabaTbiBaHMS aBTOOUMCTKM

BrIBalOT cuTyaluu, Korjga mpeablayIinX ABYX HACTpOeK OKa3bIBaeTcsl HeJoCTa-
TOYHO [JIJISI CBOEBPEMEHHO 3aMOPO3KM BEpCUii CTPOK. ABTOOUMCTKY MOKHO OT-
KJIIOYNTh, @ OOBIYHYIO OUMCTKY — He 3aITyCKaTh (Tak JejaTh He HaJo, HO TeX-

1 commitfest.postgresql.org/37/34353.
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HUYECKY 3TO BO3MOKHO). Taxke MOTYT MPUCYTCTBOBATH TAOIMIIBI C ApXUBHBIMU
IaHHBIMU, He TTOMAJAloIMe B Ouepe/ib aBTOOUMCTKY, UM HeaKTUBHbIe 6a3bl 1aH-
HBIX (HarpuMmep, template®), B KOTOpble aBTOOUMCTKA BOOOIIE HE MPUXOIUT.
st TOmOGHBIX CTyYaeB MpemIyCMOTPEHO agdpuliHoe cpabaThiBaHMe aBTOOUVCT-
KM B arpeCcCBHOM DeXMMe.

ABapuitHas aBTOOUMCTKA 3aITyCKAeTCs A1 6a3bl JaHHBIX TPMHYAUTEILHO | (naske
ecsiM OTKITIOUeHa), KOrJla BO3pacT Kakoi-HuOyab He3aMOpPOKeHHOI TpaH3aKIUK
B Helt MOXKeT IIPeBbICUTH 3HaUeHMe autovacuum_freeze max_age. Onipeqensiioninum
SIBJISIETCST BO3PACT CaMOi CTapoii U3 TpaH3akiuii pg_class.relfrozenxid mo
BCceM Tabmmiiam 6a3bl, ITIOCKOJIbKY BCe ellle 6ojiee cTapble TPaH3aKIUY rapaHTy-
POBAHHO 3aMOpPOKeHbI. HoMep 3TO¥ TpaH3aKIMKM 3alIOMMHAETCS B CUCTEMHOM
KaTaJsore:

=> SELECT datname, datfrozenxid, age(datfrozenxid) FROM pg_database;

datname | datfrozenxid | age
___________ +______________+_____
postgres | 722 | 142
templatel | 722 | 142
templated | 722 | 142
internals | 722 | 142
(4 rows)

datfrozenxid
BCE BEPCUM

CTpOK B 6a3e AaHHbIX
rapaHTMPOBAHHO 3aMOPOXKEHbI

|

|

|

|

|

|

|

|

|

|

¥ 1

) 1

: 4

)

) 1

I 1

t 1 1

¥ 1 1

¥ 1 .

¥ ] 1

¥ 1 1

¥ 1 1

| | |

| | |
[ ] | |

| | |

I | | .

: . . xid

relfrozenxid relfrozenxid relfrozenxid
Tabnuupl 1 TabnuLpl 3 TabnuLpl 2

! backend/access/transam/varsup.c, dyakuus SetTransactionIdLimit.
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[pepmen nns 3HAYEHUS autovacuum_freeze_max_age cOCTaBisieT 2 MIIPJ TPaH3aK-
LU (4yTh MeHee IT0JIOBUHBI KPyra), a 3HaUeHue 110 ymMoayanuo B 10 pa3 MeHblIe.
B 3TOM ecTb cMBIC/T: 6O/IbILIOE 3HAUEHME YBeTMUMBAET PUCK TOTO, YTO 32 OCTaB-
1reecs 10 TepernoaHeHNsI CUeTUYMKA BpeMsl aBTOOUYMCTKA ITPOCTO He yCIieeT 3aMO-
PO3UTH BCe HEOOXOAMMbBIE BEpCUM CTPOK. B aTom ciryuae PostgreSQL aBapuitHo
OCTaHOBUTCS, YTOOBI MPEJOTBPATUTb BO3MOXKHbIE TTPOOIEMBI, ¥ 3aITyCK IOTpe-
6yeT BMeIlIaTeIbCTBA aIMUHUCTPATOPA.

Kpome Toro, 3HaueHMe 3TOTO IapamMeTpa OIpeaessieT pasMep CTPYKTyphI clog.
B kiacTepe He MOXKET OCTaThCs 6ojiee CTapbiXx He3aMOPOXKEHHBIX TPaH3aKIIMii,
yeM crapeiiirast u3 datfrozenxid mo Bcem 6a3aM JAaHHBIX, a IJISI 3aMOPOKEH-
HBIX TPaH3aKIMii CTAaTyC XpPaHUTb He HY;KHO. HeHy>KHbIe (haiiyibl-cerMeHThI clog

VIAJISIOTCS aBTOOYMCTKOI |

V3smeHeHue mapameTpa autovacuum_freeze_ max_age TpebyeT mepesarrycka cep-
Bepa. Ho mipu HEOOGX0OMMOCTH BCe pacCMOTPEHHbIE BhIIIE IapaMeTphl yIIpaBiie-
HISI 3aMOPO3KO0Ji MOKHO TIepeoIpeenTh C IIOMOIIbI0 [TapaMeTPOB XpaHeH st

Ha YPOBHE OTAENbHBIX Tabmuil. O6paTuTe BHMMaHMe Ha TO, UTO HA3BaHUS BCEX
rIapaMeTpOB HAYMHAIOTCS Ha «auto»:

* autovacuum_freeze_min_age y toast.autovacuum_freeze_min_age,
» autovacuum_freeze table age v toast.autovacuum_freeze table age;

 autovacuum_freeze_max_age v toast.autovacuum_freeze_max_age.

Bo3pacT ana npMOpUTETHOrO peXXMMa 3aMOpPO3KH

Eciu aBTOOUMCTKA YKe paGoTaeT Haf MpeaoTBpallleHMeM MTePEeIoTHEHNST CUeT-
yMKa TPaH3aKIMif, HO SIBHO He yCIIeBaeT, CpabaThiBaeT «IIPefoXPaHUTelb»: aB-
TOOYMCTKA TPeKpallaeT yYUTHIBATh 3aJepPKKy autovacuum_vacuum_cost_delay
(vacuum_cost_delay) u mepectaeT OUMIIATh MHAEKCHI, YTO6BI KAK MOSKHO 6hICTpEe
3aMOPO3UTh BEPCUM CTPOK.

! backend/commands/vacuum.c, byHKims vac_truncate_clog.
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[IpMOPUTETHBI/ PEXXMM 3aMOPO3KYM BKIIOYAETCS |

, €CJIY BO3PacT KaKoii-HUOYIb
HEe3aMOPOKEHHOI TpaH3aKIM B 6a3e JaHHBIX MOKET MPEBBICUTH 3HAUEHME T1a-
pameTpa vacuum_failsafe_age. TIpeqmonaraercsi, YTo 3HaUEHME 3TOTO TTapaMeTpa

JOJDKHO OBITh BbIIII€, YEM 3HAUYEHME autovacuumjreeze_max_age.

7.4. 3aMOpO3Ka BPY4HYIO

VHorpa 6b1BaeT yoo6HO YIIPaBIISITh 3aMOPO3KOI BPYUHYIO, & He TOKMUIATbCS TTPU-
X072 aBTOOUYMCTKM.

OuucrTka ¢ 3aMOpO3KOM

3aMOpPO3Ky MOKHO BbI3BaTh BPyUHYI0 KoMmaHoi VACUUM FREEZE. ITpu sTom 6y-
IOyT 3aMOPO’KEHBI BCe BepCHM CTPOK 6e3 OrIsiAKM Ha BO3PACT TPaH3aKIuit, Kak
6yaro vacuum_freeze_min_age = 0.

Ectu 11e/1b TakKoro BbI30Ba — KaK MOXKHO OBICTpee 3aMOPO3UTh BEPCUM CTPOK
B Tabnuile, MMeeT CMbICI OTKIIOUUTh OUMCTKY MHIEKCOB, KaK B IIPUOPUTET-
HOM peXyuMe. ITO MOXKHO CHeNaTh JMbo SIBHO, MUCIOAb3ysa KoMmaHmay VACUUM
(freeze, index_cleanup false), mmbo ¢ IMOMOIIbIO MapaMeTpa XpaHEHUS
vacuum_index_cleanup. JoBOJIbHO OYEBUAHO, UYTO ITO He CJie[IyeT AeiaTh Ha pery-
JIIPHOJ OCHOBE, ITOCKOJIbKY IJIaBHAsI (YHKIIMS OUMCTKM — OCBOOOXKIEHME MeCcTa
Ha CTpaHUIAX — IIPU 3TOM OYAET BBITTOMHSITHCS TIOXO.

3amMopo3Ka npu 3arpyske

IlaHHbIE, KOTOpbIE He TO/IKHbI MEHSATHCS, MOXKHO 3aMOPO3UTb Cpa3y IpU Havalb-
HOI1 3arpyske. [Ij151 aToro ucnosnb3yetcs komanaa COPY ¢ mapametrpom FREEZE.

3arpykaTb JaHHbIE C 3aMOPO3KOJ MOKHO TONBKO B TabNMUIly, CO3LAHHYIO WIN
onycromeHHylo (komaHpoit TRUNCATE) B aroit ke TpaHzakuuu. O6e 3Tu ore-
palnyuy MOHONOIBHO GJIOKMPYIOT Tabiuily. Takoe orpaHuMueHyue HeO6XOOUMO,

! backend/access/heap/vacuumlazy.c, dyuxuus lazy check wraparound failsafe.
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7.4. 3amopo3ka epyuHy0

MTOCKOJIbKY 3aMOPO’KEHHbIE BEPCUMM CUMUTAIOTCS BUAVMBIMM BO BCEX CHMMKAX
JAHHBIX HE3aBYCUMO OT YPOBHS U3OJSIIUNM; MHAUE TPAH3aAKI[MM HEOKMIAHHO 00-
Hapy>XuBaju Obl CBeske3aMOpPOKeHHbIe CTPOKY IIPSIMO IO Mepe ux 3arpy3ku. Ho
rmoka Tabnuiia 3a6I0KMPOBaHa, APyTr1e TPaH3aKIUKU He CMOTYT MOMYIUTh K Hell
IOOCTYII.

Tem He MeHee GopMaTbHO HapyIIeHNe U3O0JSLMYU BCe ke BO3MOXHO. B oThensb-
HOM CeaHCe HauHeM TPaH3aKLMIo C yPOBHEeM MU3oisiuu Repeatable Read:

=> BEGIN ISOLATION LEVEL REPEATABLE READ;
=> SELECT 1; -- nocTpoeH cHuUMOK

Omnycrommm Tabnauily tfreeze u B TO Xe TpaH3aKIMM 3aTPy3UM B Hee HOBBIE
ctpoku. (Ecy 661 unTaromas TpaH3aKums ycrena o6paTuThes K tfreeze, komaH-
na TRUNCATE 6bl11a 6b1 326;T0KMpOBaHa.)

=> BEGIN;
=> TRUNCATE tfreeze;

=> COPY tfreeze FROM stdin WITH FREEZE;
1 FOO

2 BAR

3 BAZ

\.

=> COMMIT;

Ter[epb YMTaoada TpaH3aKUMA BUANT HOBbI€ JaHHbIE B HAPYIIE€HME M30IAINN

=> SELECT count(*) FROM tfreeze;
count

(1 row)
=> COMMIT;

Ho IMOCKOJIBKY 3arpy3ka OaHHbBIX BPAL JIM IIPOUCXOAUT PEryIsipHO, B GOJIBIINH-
CTB€ C/IydaeB 3TO He IIpeacTaB/isdeT l'[pO6J'I€MbI.

ITpu 3arpysKe ¢ 3aMOPO3KOit Cpasy ke CO3JaeTcs KapTa BUAMMOCTH, 1 B 3ar0JI0B- V. 14
Kax CTPaHMII IIPOCTABJISIETCS IIPU3HAK BUIMMOCTI: ¢ 127
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=> SELECT * FROM pg_visibility_map('tfreeze',0);

all_visible | all_frozen
_____________ +____________

t | €
(1 row)

=> SELECT flags & 4 > @ AS all_visible
FROM page_header(get_raw_page('tfreeze',0));

all_visible

Takum 06pa3oM, TOC/Ie 3aTPy3KM C 3aMOPO3KOM OUMCTKA YKe He 6ymeT o6pabda-
ThIBATh TAGINMILY (€C/IM, KOHEUHO, JaHHbIe B Helt 0CTaHyTCs Hem3MeHHbIMM). K co-
SKaJIEHMIO, 3TO TIOKa He paboTaeT AJis toast-Tabmuil: Mpy 3arpysKe JIVMHHBIX 3Ha-
YeHUI OUMCTKE TIPUMETCS JIUIITHUI pa3 MepenucaTh 3aHOBO BCIO toast-rabimiry,
YTOOBI TPOCTAaBUTD IMPU3HAK BUAMMOCTM B 3aTOJIOBKY BCEX CTPAHMUII.
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[MlepecTtpoeHue Tabnuy,
N UHOEKCOB

8.1. NMNonHag ounuctka

Heob6xoaumMocTb

OO6bIuHAs OUMCTKA OCBO60)K,HaET 60JIbIIIe MecCTa, YeM BHYTPUCTPpaHMUYHAA, HO U
OHa He BCerja peliaeT 3aaavy IMOJTHOCTBIO.

Ecnmu ¢aiimbl TabauIIbl MM MHAEKCA 10 KaKMM-TO MPUUMHAM CUIBHO BBIPOCN
B pa3Mepax, TO 0ObIYHASI OUMCTKA OCBOOOKIAET MECTO BHYTPU CYIIECTBYIOIIMUX
CTPaHUI], HO YMCIO CTPAHMUI B GOJBIIMHCTBE CIy4aeB He yMeHbInaeTcs. EquH-
CTBEHHAs] CUTyaLysI, IPY KOTOPOJ OUMCTKA BO3BpaIlaeT MECTO OMepalMoOHHO
cucreMe, — 06pa3oBaHNe MOTHOCTHIO IYCTHIX CTPAHUIL B CAMOM KOHIIe (aiia,
YTO MPOUCXOAUT HEUACTO.

WsnumHmnin pa3Mmep NpMBOANUT K HEMMPUATHBIM ITOC/I€OCTBMSIM

* 3aMeJIsIeTCsl IOMIHOe CKaHVPOBaHMe TabMMLIbI (VI MHEKCA);

* MOXeT MOTpeboBaThCsl 60MbIIMii 6ydepHbIit Kelll (BeAb KeIMUPYITCS CTpa-
HMUIIBL, & IVIOTHOCTD T0JIe3HOI MHOpMaLnuy B HUX Nafaer);

» B B-ZIepeBe MOXeT MOSIBUTHLCS TUIIHUI YPOBEHb, KOTOPbIN 6yeT 3aMelIsTh
MHIEKCHBII TOCTYTI;

. (.Jpal‘/’U[bI 3aHMMAIOT JIMIIIHEeEe MeCTO Ha AMCKE 1 B pe3e€PBHbIX KOIIMIX.
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Ecmm mons mose3Hoi MHopManyu B daiiiax onyCcTuUIach HUKe HEKOTOPOro pa-
3YMHOTO IpefieNa, afMUHICTPATOP MOKET BBIOTHUTD NONHYI0 ouucmKy ' komaH-
noit VACUUM FULL. ITpu aToM Tabiuiia 1 Bce ee MHIEKCHI IIepecTpanBaloTcs ¢ Hy-
Jisl, @ JaHHbIe YIIaKOBBIBAIOTCS MaKCMMaabHO KOMIIAKTHO (C yUeTOM IapaMeTpa
fillfactor).

IIpn nonmHOM oumcTke PostgreSQL mocnemoBaTenbHO MepecTpaMBaeT CHadvasa
Tabnuily, a 3aTeM M KaXKIbIl 13 ee MHIEKCOB. B mpoliecce mepecTpoeHMst 06bek-
Ta Ha [IYICKe XPaHSTCS U CTaphble, M HOBbIE (aiiyibl2 OITOMY ISl paGOTHI TIOMTHO

OUYMCTKU MOXKET HOTp86OBaTbCH JOBOJIbBHO MHOTO CBO60,Z[HOI‘0 MecTa.

CnenyeT yUUTHIBATh, UTO HA BCE BPEMS IIePECTPOEHMSI TabIMIIA TIOTHOCTbIO 6710-
KUPYETCS U IJISI 3aTIUCH, U JJIS1 ITEHUSL.

OueHka NNoTHOCTU UHGOpMaLUU

st MJTIOCTpalyy BCTaBMM B TH6J’II/IL[Y HEKOTOpOe KOJINYeCTBO CTPOK:

=> TRUNCATE vac;

=> INSERT INTO vac(id,s)
SELECT id, id::text FROM generate_series(1,500000) id;

[InoTHOCTD MHGbOPMALIUK YEOOHO OLIEHMBATH C IOMOIIIBIO CIIEIIMATBHOTO PaCIIN-
peHus pgstattuple:

=> CREATE EXTENSION pgstattuple;
=> SELECT * FROM pgstattuple('vac') \gx

-[ RECORD 1 ]-—---- o
table_len | 70623232
tuple_count | 500000
tuple_len | 64500000
tuple_percent | 91.33
dead_tuple_count | @
dead_tuple_len | @
dead_tuple_percent | 0
free_space | 381844
free_percent | 0.54

1 postgrespro.ru/docs/postgresql/16/routine-vacuuming#VACUUM-FOR-SPACE-RECOVERY.
2 backend/commands/cluster.c.
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8.1. IloaHas ouucmka

@DYHKIMS YATAET BCIO TAGAMITY U MTOKA3bIBAET CTATUCTUKY IO pacIpeeseHNIO
Mecta B (aitnax. [Tone tuple_percent MoKasbIBaeT MPOLIEHT MeCTa, 3aHSITO-
IO TT0JIE3HBIMMU JAHHBIMMU (BepCcUsIMU CTPOK). Ero 3HaueHMe HEM30EKHO MeHbIIe
100 % n3-3a HaKIaAHBIX PACXOHOB Ha CAY)KeOHYI0 MHGOPMAIIMIO BHYTPU CTPaHU-
1Ibl, HO TeM He MeHee B 3TOM IIpuMepe OHO IOBOJbHO BbICOKO.

s vHOeKkca BBIBOAUTCS nOpyras uHbopmanusi, Ho mojne avg_leaf density
VMIMEET TOT 5Ke CMBICIT: ITPOLIEHT IOJIe3HOI MHMOpManyy (B IMCTOBBIX CTPAHUIIAX).

=> SELECT * FROM pgstatindex('vac_s') \gx

-[ RECORD 1 J------ Fom
version | 4
tree_level | 3
index_size | 114302976
root_block_no | 2825
internal _pages | 376
leaf_pages | 13576
empty_pages | ©
deleted_pages | @
avg_leaf density | 53.88
leaf_fragmentation | 10.59

Vcnonp3oBaHHble QYHKIMM pacmiMpeHust pgstattuple unTaioT Tabnuiy miamn
VMHJIEKC IeJIVKOM, YTOObI MOTYYUTh TOUHYIO MHGOpPMaIInio. B ciaydae 601b1IIOTO
06bEeKTa 9TO MOJKET 0Ka3aThCsl CJIMIIIKOM 3aTPaTHO, [IO3TOMY B PaCIIMPEHUM €CTh
dbyHKIIMS pgstattuple_approx, KOTopas MpOITyCKaeT CTPaHUIIbI, OTMEUYEeHHbIE
B KapTe BUOMMOCTH, U TTOKa3bIBAET IIPUMepHbIe IUPHI.

Emre 60siee ObICTPBIN, HO U ellle MeHee TOUHBII CII0CO00 — MPUKUHYTh OTHOIIIEHe
o6beMa JaHHBIX K pa3Mepy (aiisia o CUCTEMHOMY KaTalory .

Bort Kakoit pasmep 3aHMMAaIOT TabIUIIA Y MHIEKC:

=> SELECT pg_size_pretty(pg_table_size('vac')) AS table_size,
pg_size_pretty(pg_indexes_size('vac')) AS index_size;

table_size | index_size

1 wiki.postgresql.org/wiki/Show _database bloat.
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Terneps yoanum 90 % Bcex CTPOK:

=> DELETE FROM vac WHERE id % 10 != @;
DELETE 450000

IMoce 06bIYHOI OUMCTKM pasMep (aiiyioB He MEHSETCSI, IIOCKOJIbKY HET ITyCThIX
«XBOCTOBBIX» CTPAHMIL:

=> VACUUM vac;

=> SELECT pg_size_pretty(pg_table_size('vac')) AS table_size,
pg_size_pretty(pg_indexes_size('vac')) AS index_size;

table_size | index_size
____________ +____________
67 MB | 109 MB

(1 row)

Ho niotHOCTh MHGOPMaLuyy yMeHbIINIACh IPYMEPHO B 1eCSTb pas:

=> SELECT vac.tuple_percent,
vac_s.avg_leaf density

FROM pgstattuple('vac') vac,
pgstatindex('vac_s') vac_s;

tuple_percent | avg_leaf_density

(1 row)
Ceifuac Tabnuiia ¥ MHIEKC pa3MenaloTcs B (aiiiax co cieayomyumMu MMeHaMMu:
=> SELECT pg_relation_filepath('vac') AS vac_filepath,

pg_relation_filepath('vac_s') AS vac_s_filepath \gx

-[ RECORD 1 ]-——4-———————————————-
vac_filepath | base/16391/16521
vac_s_filepath | base/16391/16522

Terepb MpoBepUM, YTO ITOTYUYUTCS ITOC/TE TTOTHOM OUUCTKU.
=> VACUUM FULL vac;

TToka KoMaHJa paboTaeT, X0/ e BBITOJHEHMSI MOXKHO OTC/IEKMBATD B IIPENCTaB-
JneHuu pg_stat_progress_cluster (MOXOXKeM Ha Ipe[CTaB/IeHM e MJisT 0ObIY-
HOJ OUMCTKM pg_stat_progress_vacuum):
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=> SELECT * FROM pg_stat_progress_cluster \gx

-[ RECORD 1 ]---—-—-- Fomm
pid | 19585

datid | 16391

datname | internals

relid | 16482

command | VACUUM FULL
phase | rebuilding index
cluster_index_relid | @
heap_tuples_scanned | 50000
heap_tuples_written | 50000
heap_blks_total | 8621
heap_blks_scanned | 8621
index_rebuild_count | ©

VACUUM

1

OTamnbl BbIMOJTHEHUS TTOJTHOM OYMCTKU , KOHEYHO, OT/IMYAaKTCSA OT 3TAIlOB 00bIU-

HOJ OUMCTKU.

IMocste momHOM OUMCTKY (aitibl TOMEHSUIUCh Ha HOBBIE:

=> SELECT pg_relation_filepath('vac') AS vac_filepath,
pg_relation_filepath('vac_s') AS vac_s_filepath \gx

-[ RECORD 1 ]-——+-———————————————-
vac_filepath | base/16391/16533
vac_s_filepath | base/16391/16536

Pasmep TabaMIIbI M MHIEKCA CYIIECTBEHHO YMEHbBIITUIICS :

=> SELECT pg_size_ pretty(pg_table_size('vac')) AS table_size,
pg_size_pretty(pg_indexes_size('vac')) AS index_size;

table_size | index_size
____________ +____________
6904 kB | 6504 kB

(1 row)

InoTHOCTD MHOPMALMYM TTOC/IE TIOTHOM OYMCTKM, COOTBETCTBEHHO, YBEIUUM-
JIach, IPMUEM B MHJIEKCe OHA YBEJIMUYMIIACh aske 110 CPAaBHEHMIO C ITIepBOHAYAIb-
HOJ1. 3aHOBO CO31aTh MHEKC (B-IepeBo) 10 MMENIMMCS JaHHBIM OOBIYHO BbI-
roJlHee, YeM BCTaBJISITh JAHHbIE CTPOKA 3a CTPOKON B y>Ke UMEIIIUIACSI UHIEKC:

1 postgrespro.ru/docs/postgresql/16/progress-reporting#CLUSTER-PHASES.
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=> SELECT vac.tuple_percent,
vac_s.avg_leaf density

FROM pgstattuple('vac') vac,
pgstatindex('vac_s') vac_s;

tuple_percent | avg_leaf_density

3amopo3ska

HpI/I ImepeCcTpoeHnmn Ta6HMHbI BepCuM CTPOK 3aMOPa>KMBaIOTCA, IMOCKOJIbKY 3TO
HM4Yero He CTOUT 110 CPAaBHEHMIO C OCTA/IbHbIM 00beMOM pa6OTbIZ

=> SELECT * FROM heap_page('vac',0,0) LIMIT 5;

ctid | state | xmin | xmin_age | xmax
——————— et et

(0,1) | normal | 867 £ | 6 | 0 a

(0,2) | normal | 867 f | 6] 0 a
(0,3) | normal | 867 £ | 6] 0 a
(0,4) | normal | 867 £ | 6] 0 a
(0,5) | normal | 867 f | 6] 0 a
(5 rows)

OfHaKO CTpaHMIIbI HE OTMEUAloTCS B KapTe BUIMMOCTY U 3aMOPO3KM, U B 3ar0-
JIOBKE CTpPaHMIIbl He TTPOCTaBJISIeTCS MPU3HAK BUAMMOCTHM (KaK 3TO IMPOUCXOOUT
rpu BeinioHeHMM KoMmaHabl COPY ¢ mapameTrpom FREEZE):

=> SELECT * FROM pg_visibility_map('vac',0);
all_visible | all_frozen

_____________ +____________

f | £

(1 row)

=> SELECT flags & 4 > 0 all_visible

FROM page_header(get_raw_page('vac',0));
all_visible
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8.2. Jlpyzue cnocobsl nepecmpoeHust

U TonbKo nocie BeinoaHeHus komaHabsl VACUUM (mu cpabaThiBaHMS aBTOOUMCT-
KU) CUTyaLusl UCTIPaBIISIETCS:

=> VACUUM vac;

=> SELECT * FROM pg_visibility_map('vac',0);
all_visible | all_frozen

(1 row)

=> SELECT flags & 4 > @ AS all_visible
FROM page_header(get_raw_page('vac',0));
all_visible

MDaKTMYECKM 3TO O3HAYAET, UTO TaKasl CTpaHuiia GyfeT rmepesaricaHa elie pas —
IasKke ecyIy Iy IepecTpOeHI BCe BePCUM CTPOK TabIMUHOM CTPAHMIIbI HAXOmM-
JICh 32 TOPU30HTOM 0a3bl JAHHBIX.

8.2. Apyrue cnoco6bl nepecTpoeHus

AHanoru noNHOM OUYUCTKMU

IToM¥MMO TIOTHO OUMCTKY €CTh ellle HeCKOIbKO KOMaH/I, KOTOpbIe IepecTpanBa-
10T TabIUIBI M MHOEKChI TIOIHOCTBIO. Bce 0HM MOHOIONBHO GIOKUPYIOT PaboTy
¢ Tabnuileil, Bce OHUM YIAISIOT cTapble (aiibl JaHHBIX U CO3/IAI0T HOBbIE.

Komanpga CLUSTER Bo Bcem ananmormuna VACUUM FULL, HO JOTIOHUTENBHO YII0-
PSANOUMBAET BepCUM CTPOK B ailiax B COOTBETCTBUM C OIHUM U3 MMEIOIIMXCS
MHIEKCOB. ITO JaeT IVIAaHUPOBIIMKY BO3MOKHOCTb B HEKOTOPBIX CJIydasix 6osiee
9(pGeKTUBHO UCIIONB30BaTh MHAEKCHBIN OoCTyn. OJHAKO Hal0 IMOHMMATh, UTO
KJIacTepusalys He TOANEPKUBAETCS : TIPU MTOUIEIYIOIIUX M3MEHEHUSX TaOIUIIbI
busmueckuit MOPSIIOK BepCcuit CTPOK OYIeT HapyIIaThCs.
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C toukn 3penus koga VACUUM FULL — mpocto vactHbiii cirydait CLUSTER, He Tpe-
GYIOIINIT ITepeyIopsI0UMBaHMS CTPOK -

Komanga REINDEX mepecTpauBaeT MHIEKC UM HECKOIbKO I/IH,ZLEKCOBZ. VACUUM
FULL u CLUSTER dakTnuecky UCITONb3YIOT MEXaHW3M 3TOJ KOMaHIbI, UTOOBI I1e-
PeCTPOUTDb UHIEKCHI.

Komanpa TRUNCATE? yIoajsieT Bce TabMYHbIe CTPOKU U JIOTUUECKM COOTBETCTBY-
et komaHge DELETE 6e3 ycroBust WHERE. Ho DELETE Tonbko rmomevaeT Bepcum
CTPOK KaK yaaJleHHbIe, 4TO TpebyeT manbHeiiei ounctku. TRUNCATE ke mpocTo
CO3/TaeT HOBBIN YMUCTHIN (aiii, 4To, Kak MpaBuIo, paboTaeT ObICTpeE.

MepectpoeHue 6e3 ponrmx 6N0KMPOBOK

IMonHas ouMCTKA He TIpeAIIoaraeT peryasipHOro MCII0/Ib30BaHMSsI, TaK KaK MOJTHO-
CTBIO GIOKMPYET BCSIKMI TOCTYI K Ta6/uIle (BKITIOYAS M BBITTOJIHEHYE 3aIIPOCOB)
Ha BCe BpeMsI CBOeli paboThl. 1)1 BBICOKOIOCTYITHBIX CUCTEM 3TO OOBIYHO HETIPH-
eMJIeMO.

CyleCcTBYeT HeCKOMBbKO pacIlMpennii (Harpumep, pg_repack?), mossonsomux
MIepeCTPOUTh TAGMUITY U MHAEKCHI MPAKTUUECKM 6e3 MpepbiBaHMsS 06CTyK1Ba-
Husl. VIcKmiounTebHasT 6JIOKMPOBKA TAaOGIMIbI BCE paBHO TpebyeTcs, HO JUIIb
B Hauaje ¥ B KOHIIe paboThl, ¥ Ha KOPOTKOe BpeMs. JlocTUraeTcst sTo Gosee
CJIOKHOJ peasnm3saliueii: B mporiecce mepecTpoeHus M3MeHeHMs JaHHbIX UCXOI-
HO?1 TabJIMIIbI COXPAHSIIOTCS TPUITEPOM, a 3aTeM IIPMMEHSIOTCS K HOBOJ Tab/IuIIe;
B KOHIIe O[{Ha Tab/IMI[a TIOAMEHSIeTCS Ha APYTYIO B CMCTEMHOM KaTasiore.

VIHTepecHOe pellleHNe MpezjaraeT yTUIUTa pgcompacttable® Viges cocrout
B MHOTOKPAaTHOM (UKTUBHOM (He MEHSIIOIIEeM JaHHbIe) OOHOBJIEHUM CTPOK Tab-
JIIIBI, B pe3y/IbTaTe KOTOPOrO aKTya/bHbIe BEPCUM CTPOK IIOCTEIIEHHO IIepeme-
IIAIOTCS BHYTPU (aiiia 6/1vKe K ero Havany. Mexkmy cepusiMy OOHOBJIEHMIA 3aITyC-

backend/commands/cluster.c.
backend/commands/indexcmds.c.
backend/commands/tablecmds.c, dynkumst ExecuteTruncate.
github.com/reorg/pg repack.
github.com/dataegret/pgcompacttable.

[ N
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8.3. Ipogunaxmuxka

KaeTcs OUMCTKaA, KOTOpasl yaasisieT HeaKTyalbHbIe BEPCUY U ITOCTENIEHHO yCeKaeT
(aitn. Takoit MOAXOA OTHMMAET CYIIeCTBEHHO 6O0JIbIIle BpEMEHU U PEeCYPCOB, HO
He TpebyeT AOTOTHUTEIHHOTO MEeCTa JIJIsl IepeCTPOeHMS TabMULIbI U He CO3/IaeT
MMMKOBBIX Harpy30K. KpaTkoBpeMeHHbIe UCKITIOUNTENbHbIE OIIOKMPOBKY TIPU yCe-
YeHUM TabIUIIBI BOSHUKAIOT ¥ B 9TOM C/Ty4yae, HO OHM 06pabaThIBAIOTCS OUMCTKOM
IOCTaTOYHO MSITKO.

8.3. MpodunakTuka

YuTarowme 3anpocobl

OHO¥ U3 IPUYMH pa3ayBaHus GaitaoB sIBJISIETCS COBMEIEHME JTOITO BhITIOMHSI -
IOMIVIXCS TPAH3aKIINIA, YIEPsKMBAIONIIMX TOPU3OHT 6a3bl, C aKTUBHBIM OOHOBJIEHN-
€M JaHHBIX.

Camu 1o cebe fonrue (UUTAONIVE) TPAH3AKIIMY HE BbI3BIBAIOT HUKAKMX ITPOGIEM.
ITosTomy 06bIYHOE pellleHMe — pa3HeCTy HarpysKy Ha pasHble MamyHbl: OLAP-
TpaH3aKIMK BBITIOHSIT HA PeIUIMKe, a 6bicTpble OLTP-TpaH3aKUuM OCTaBUTh HA
OCHOBHOM cepBepe. KoHeYHO, 3TO YCIIOKHSIeT U yOOPOKaeT CUCTEMY, HO MOXKeT
0Ka3aThCsI HEOOXOIVIMBIM.

BeIBafOT cuTyauyu, Korga AoJTMe TPaH3aKIMM BbI3BaHBI He HEOOXOOMMOCTBIO,
a omMbKaMy B IIPMJIOKEHUM WM JpaiiBepe. Eciayu mpobieMy He yaaeTcsl pelnThb
UMBUJIX30BAaHHBIM ITyTEM, Y aAMUHUCTPATOPa B pPaCIOPSIKEHUNM eCTh ITapaMeTp
idle_in_transaction_session_timeout, KOTOPbIi OIpeaensieT MaKCUMaJIbHOE BpeMs
SKU3HM Ge3meiiCTByomel TpaH3aKIMK: M0 MPOIIeCTBUM YKA3aHHOTO BpeMeHU
TpPaH3aKIMs IPepPbIBAETCS.

O6HoBNEeHUe AaHHbIX

Bropas npmumHa pasgyBaHUsSI COCTOUT B OTHOMOMEHTHOM M3MeHEHMM OOJThIIIOTO
yncia cTpok. OGHOBJIEHNME BCEX CTPOK TAGIUIIBI MOXKET ITPUBECTY K YBEINUEHUIO
KOJIMUeCTBa Bepcuit B IBa pasa, a OUYMCTKA He ycIieeT BMellaTbcsl. BHyTpucTpa-
HMYHAs OUYMCTKA MOXKET CIJIaJUTh IIPO6IeMY, HO U TOJIbKO.
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IobaBuM K Tabmuiie cronben processed, B KOTOpOM OygeM oTMedyaTb 06pabo-
TaHHbIE CTPOKU:

=> ALTER TABLE vac ADD processed boolean DEFAULT false;
=> SELECT pg_size_pretty(pg_table_size('vac'));
pg_size_pretty

6936 kB
(1 row)

IMocte OGHOBIEHMST BCEX CTPOK pasmep TaGMUIbl YBEJIMUMBAETCS HMPUMEPHO
BIIBOE:

=> UPDATE vac SET processed = true;

UPDATE 50000

=> SELECT pg_size_pretty(pg_table_size('vac'));
pg_size_pretty

14 MB
(1 row)

PellleHye COCTOUT B YMEHbIIEHUM 06beMa U3SMEeHEHM, BBITTOMHSIEMbIX B OJHOI
TpaH3aKIMUM, M pasHECEHUM M3MEHEHMII BO BpeMeHM, YTOObI OUMCTKA yCIiea
YIAINTh HEHYKHbIE BEPCUM CTPOK ¥ OCBOOOAMTD MECTO ITOJ HOBbIE BEPCUM BHYT-
DU Y3Ke CYIIeCTBYIOIIMX CTpaHuIl. EC/IM CUUTaTh, YTO OGHOBJIEHME KAXKI0M CTPOKM
B IIPUHLINIIE MOXKET GbITh 3a()MKCUPOBAHO HE3aBUCUMO, TO B KAUeCTBe 1ab10Ha
MOSKHO MCITO/Ib30BaTh 3aIIPOC, BhIAEISIONIMIA B TAOIMIIE ITaKET CTPOK O peIesieH-
HOTO pa3Mepa:

SELECT wpeHTudvmkaTop

FROM Tabnuua

WHERE dunbTpaumnsa yxe obpaboTaHHbIX CTPOK
LIMIT pasMep nakeTa

FOR UPDATE SKIP LOCKED

B aTom ¢parmeHTe Koia BbIOMPAeTCs ¥ cpasy 6JI0KMpyeTcsl HAGOp CTPOK He 6ojiee
3aJjaHHOTO pasMepa. [Ipy 3TOM CTPOKM, yKe 3a6J0KMPOBAHHbBIE IPYTUMU TPaH-
3aKIMUSIMM, MTPOITYCKAIOTCS — OHM TIOMAagyT B APYTOil MakeT B CJIEOYIOMIMI pas.
OTO JOBOJIBHO YHUBEPCAIbHBIN U YIOOHBIN CITOCO0, TTO3BOJISIIOIINI JIETKO MEHSITh
pasmep IaKeTa ¥ BHITOIHATD TIOBTOPHYIO 06pab0TKY B C/Tydae KaKUx-11b0 cO0eB.
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8.3. Ipogunaxmuxka

CobpocuM mpu3HAK 00pabOTKM U BBIINOIHUM IIOJTHYIO OUYMCTKY, YTOOBI BEPHYTH
pasMep K MCXOJHOMY:

=> UPDATE vac SET processed = false;
=> VACUUM FULL vac;

TMocte 06HOBJIEHMS TIEPBOTO MaKeTa pasMep TabIMIIbl HEMHOTO YBEeIMUYMBAETCS :

=> WITH batch AS (
SELECT id FROM vac WHERE NOT processed LIMIT 1000
FOR UPDATE SKIP LOCKED

)
UPDATE vac SET processed = true

WHERE id IN (SELECT id FROM batch);

UPDATE 1000

=> SELECT pg_size_pretty(pg_table_size('vac'));
pg_size_pretty

7064 kB
(1 row)

Ho 6onbliie pa3mep npakTUUYeCcKy He pacTeT, TOCKOIbKY HOBbIe BepCUM CTPOK J0-
6aBJISTIOTCS] HA MECTO BBIYMIIEHHBIX BEPCUIA:

=> VACUUM vac;

=> WITH batch AS (
SELECT id FROM vac WHERE NOT processed LIMIT 1000
FOR UPDATE SKIP LOCKED

)
UPDATE vac SET processed = true

WHERE id IN (SELECT id FROM batch);

UPDATE 1000

=> SELECT pg_size_pretty(pg_table_size('vac'));
pg_size_pretty

7072 kB
(1 row)
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bydepHbIn KeLw

9.1. KewuposaHue

KemmpoBaHue MCHOMb3yeTCSI B COBPEMEHHBIX BbIUMUINTEIBHBIX CUCTEMAX I10-
BCEMECTHO, KaK Ha ITPOrpaMMHOM, TaK ¥ Ha alllapaTHOM YpOBHe. Y OTHOTO TOJIb-
KO ITpoIieccopa MOKHO HaCUMTATh TPU-UYEeThIpe YPOBHS Kellla; CBO Kelll ObIBaeT
TaKoKe ¥ Y KOHTPOJ/IEPOB IMCKOBBIX MAaCCMBOB, U Y CAMMUX AVCKOB.

Boobiiie, /1106071 Kelll Hy>kKeH JIJIsT TOTO, YTOObI KOMITEHCHPOBATh Pa3HYIO MTPOU3-
BOAUTEIBHOCTD IBYX TUIIOB MaMSTH, OJHA U3 KOTOPBIX ObICTpEe, HO TOPOKe U
MeHbIIIEe [T0 00beMY, a Ipyras — MeJJIeHHee, HO AelieBsie 1 6osbiie. B 6p1cTpoii
MaMSITX HEBO3MOKHO pa3MeCTUTh 6ce JaHHbIe 13 MeIJieHHOoI maMsaTi. Ho B 60/1b-
IIMHCTBE CJTyYaeB aKTUBHAS paboTa BeIeTCsl OHOBPEMEHHO TOBKO C He601bWOl
BBIOOPKOIA, TOSTOMY, BBIIEIMB YaCTb ObICTPOI MAMSTU TIOA, Kewl OJIsl XpaHeHUs
«TOPSTUMX» MTaHHBIX, YIAETCS CYIIeCTBEHHO YKOHOMUTDb HA OOpalieHusIX K Mel-
JIEHHOMY YCTPOJCTBY.

BydepHblit kel PostgreSQL1 XpPaHUT CTPAHUIIbI OTHOILIIEHUI, CTJIasKMBAsT pa3HU-
1y MeXAy BpeMeHeM J0CTyma K OlepaTuBHOM MamMsaTy (HaHOCEKYH/IbI) U K JUC-
KaM (MUJIJTMCEKYH/BI).

CBOJ1 Kelll, pelIaoLKii Ty e caMylo 3aJaJdy, UMeeTCs M y OllepalOHHOM CUCTe-
MblI. [ToaToMy 06bIYHO TTpU MTpoekTHpoBauny CYB]I craparoTcs n3beraTs IBOHO-
'O KeIIMPOBaHMSI, TPEIITOUNTAast 06paIaThCs K UCKY HAMpsIMyto, MuHys ket OC.
Ho B ciyuae PostgreSQL 3TO He Tak: BCe JaHHbIE UUTAOTCS M 3alIUChIBAIOTCS C I10-
MolIbIo 6ydhepr30BaHHBIX (PaiIOBBIX OMepaIii.

1 backend/storage/buffer/README.
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Y1o6bl M36EXKaTb ABOMHONO KewupoBaHMs, HEO6XOAMMO WMCNOAb30BaTb MPSIMOM BBOA-
BbIBOA. OTO 60nee 3hHeKTMBHO, MOCKOMbKY MOXHO MCMOMb30BaTh NPAMOM AOCTYM K NaMs-
™1 (DMA) BMecTo KonuMpoBaHUa cTpaHuL, u3 BydepHoro Kelwa B agpecHoe NpoCcTpaHCTBO
OnepaLMOHHON CUCTEMBI, U K TOMY Xe M03BONSET HENOCPEACTBEHHO KOHTPONMPOBAaTh (K-
3MYeCKyH 3anucb Ha Auck. Ho npu npsMoMm BBOAe-BbiBOAE nepecTtaeT pabotaTb Npeasbi-
6opKa AaHHbIX, KOTOpyl obecneunsaeT bydepusaums, 1 Taky npeasbibOpKy npuaeTcs
OpraHu30BbIBaTb OTAENbHO, UCMO/b3Ys BO3MOXHOCTM aCMHXPOHHOMO BBOAA-BbIBOAA. ITO
noTpebyeT CylecTBeHHbIX U3MEHEHUI B KOAE A4pa, U K TOMY Xe NpUAeTcs UMeTb AeNno
C HECOBMECTUMOCTSIMMU OMEPALLMOHHBIX CUCTEM B HYACTU MOALEPXKKM MPAMOro U aCUHXPOH-
Horo BBOAa-BbiBoAA. OAHAKO, peanv3oBaB aCMHXPOHHOE B3aMMOAENCTBME, MOXHO MONy-
YUTb AONONHUTENbHbIE NMPENMYLLECTBA, n3beras NpocToes BO BpeMs 06palleHnii K AMCKaM.

37a Gonbluas paboTa yxe BegeTcs COOBIWECTBOMY M ANS OTNaAKM NOSBUACS napameTp
debug_io_direct, HO NpaKTUYeCKM NONE3HbIe pe3ynbTaThbl NOSBATCS elle He CKOpO.

9.2. YcrpoiicTBo 6ydepHOro Kewa

BydepHblii Kelll pacrioniaraeTcs: B 00ILel MamMsITK cepBepa 1 LOCTYIIeH BCeM Ipo-
neccam. OH 3aHMMAaeT OGOIBIIYIO YAaCTh OOIIEll MaMsTU U SBJSETCS OFGHOI U3
CaMbIX BaXKHBIX U CJIOKHBIX CTPYKTYD IaHHBIX. [loHMMaHMe TPUHIMIIA PaObOTHI
Kellla BaKHO €aMo I0 cebe; K TOMY JXKe MHOTMe [IpyTue CTPYKTYpPHI (Takue Kak
BJIOKEHHbIE TpaH3aKIMM, CTATyChl TpaH3aKkuit clog, JKypHaabHble 3alMCK) UC-
TMI0JIb3YIOT I10XO0¥Kee, XOTS 1 60jiee IPOCTOoe KellypoBaHue.

Keur HasbiBaeTcst GyGepHbIM, TOTOMY UTO MPEACTAB/SIET cO60IT MaccuB 6ydepos.
Kaxkmpiit 6ydep pesepBupyeT hparMeHT MaMITH, JOCTATOUHbIN AJIsI OMHOI CTpa-

2

HUIIBI JaHHDbIX U €€ 3arojioBKa“.

1
2

CTpaHuLa

BydepHblit kel

3arofoBoK | | | | | | | |

www.postgresql.org/message-id/flat/20210223100344.1lw5an2aklengrmn%40alap3.anarazel.de.
include/storage/buf _internals.h.
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9.2. Ycmpoticmeo 6ygepHozo Kela

3aroJIoBOK CcomepskUT MH(popMaLuio o 6ydepe 1 3arpy>keHHO B HEro CTpaHuIIe,
TaKyIO Kak:

» (u3MUecKoe pacIoNiokeHue CTpaHuilbl (MaeHTUGMUKaTop (Qaitna oTHoIIeE-
HMUSI, CJIOV M HOMep 6JI0Ka B CJI0e);

¢ MMPU3HAK TOro, YTO JaHHbI€ Ha CTPaHUIIe M3SMEHU/INCHh U PaHO MM ITO3OHO
JOJIDKHBI ObITh 3aMMCaHbI HA OUCK (TaKYIO CTPpaHMIy Ha3bIBAIOT 2pﬂ3HOﬂ);

 YyCI0 0bpaleHmnii K 6ydepy (usage count);

* CUeTUMK 3aKpervieHuit 6ydepa (pin count mian reference count).

YT0OBI MOJIYYUTh AOCTYI K CTPAHMIIE JaHHBIX OTHOIIEHMS, ITPOIECC 3aIlpalim-
BaeT ee y MeHemxkepa 6ydepos! u momyuaer Homep Gydepa, comepKaimero Ty
cTpanuiy. IIpoiecc unMTaeT JaHHbIe U3 CTPAHMIIBI B Kellle M TaM K& MOXKEeT Me-
HATb MX. Ha BpeMs paboThI O cTpaHuiieii 6ydep 3akpenssemcs, 9To6bl MEHEIKED
He 3aMEeHMJ ee Ha Apyryio. IIpy KaXXaoM 3aKperyieHU YBeIUUMBAETCS CUETUMK
obpaiennit K cTpaduiie. [IoMMMO 3aKperieHuit, IPUMEHSIOTCS U ApyTrue 6j10-
KUPOBKUA.

IToka cTpaHuiia HaxoauTcs B 6ydhepHOM Kellle, paboTa ¢ Helt He MPUBOAUT K (aii-
JIOBBIM OITepalysiM.

BHyTpb 6ydhepHOro Kellla ITO3BOJISIET 3aIISIHYTh paciuupene pg_buffercache:
=> CREATE EXTENSION pg_buffercache;
Co3manyM TabauIly ¥ BCTaBUM B Hee OIHY CTPOKY:

=> CREATE TABLE cacheme(

id integer
) WITH (autovacuum_enabled = off);
=> INSERT INTO cacheme VALUES (1);

Terepb B 6yepHOM Kellle COOePKUTCS TabIMuHast CTpaHuIa C TOJIBKO UTO BCTaB-
JIEHHOJi CTPOKOI1. B 3TOM MOXXHO y6emuTbcst, 0To6paB 6ydepbl, OTHOCSIIMECS
K KOHKpeTHOI1 Tabiuiie. Takoii 3aripoc HaMm elile IIPUTOIUTCS, I03TOMY o6epHeM
ero B QyHKIMIO:

! backend/storage/buffer/bufmgr.c.
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=> CREATE FUNCTION buffercache(rel regclass)
RETURNS TABLE(
bufferid integer, relfork text, relblk bigint,
isdirty boolean, usagecount smallint, pins integer
) AS $$%
SELECT bufferid,
CASE relforknumber
WHEN © THEN 'main'’
WHEN 1 THEN 'fsm'
WHEN 2 THEN 'vm'
END,
relblocknumber,
isdirty,
usagecount,
pinning_backends
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode(rel)
ORDER BY relforknumber, relblocknumber;
$$ LANGUAGE sql;
=> SELECT * FROM buffercache('cacheme');

bufferid | relfork | relblk | isdirty | usagecount

254 | main | 0
(1 row)

Crpanuua rpsisHas (isdirty), MOCKOAbKY M3MEHEHA U ellle He 3allMcaHa Ha JUCK.
CueTuMk obpaleHuii (usagecount) paBeH equUHNULIE.

9.3. NMonapaHue B Kell

Korzma MeHemskepy 6yhepoB TpebyeTcs IPOYNTATh CTPAHUILY |, OH CHavasa MmbITa-
eTcsl HaliTu ee B Oy epHOM Kellle.

JI711 GBICTPOTO TTOMCKA HYKHOTO Gydepa MCITIOMb3yeTcsl Xel-Tabmiia 2, xpaHsimast
HoMepa 6ydepos.

MHorue COBpPEMEHHDbIE A3bIKM NPOrpaMMUPOBAHUA BKITHOYAKOT Xelw-Tabnunupl Kak ognH u3
6a30BbIX TMMOB AAHHbIX. YaCTO OHM HA3bIBAKOTCA ACCOLMATUBHBIM MACCUBOM, U AEWACTBU-
T€NbHO, C TOYKM 3pEHUA NONIb30BaTENS OHU BbIMNAAAT KakK MaCCUB, HO B Ka4eCTBe UHAEKCa

1 backend/storage/buffer/bufmgr.c, dyuxims ReadBuffer common.
2 backend/storage/buffer/buf table.c.
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(KOTOPbIV Ha3bIBAETCS K/IHYOM XeWwUpo8aHUs) MOXHO MCNONb30BaTb Nt06OM TUM AAHHBbIX,
Hanpumep TEKCTOBYH CTPOKY, @ HE LLeSI0e YMCoO.

[unana3oH BO3MOXHbIX 3HAYEHWUI KOYa MOXET ObiTb OYEHb BENUK, HO O4HOBPEMEHHO
B Xew-Tabnuue XPaHUTCA HE TaK MHOIo 3HayeHun. Moes XEWNpoBaHUA COCTOUT B TOM,
YTO 3HaYeHUE KNn4a C NOMOLLbIO xew—qbyHKuuu 0T06pa>|<aeTc;1 B HEKOTOpOE LLEeNOE Ynucno.
nOJ'Iy‘-IEHHOe YUCNO MM YacTb ero 6uToB MCNoNb3yeTca Kak MHOEKC 0b6bI4HOro Maccumea.
JneMeHTbl TAKOro MacCMBa Ha3blBAKOT Kop3uHamu Xxew-mabauysl.

Xopowas xew-hyHKUMS pacnpenensieT Kayu no KOp3uHaM paBHOMEPHO, HO TEM He Me-
HEe OHa MOXeT BblAaTb OAMHAKOBbIE YUC/IA A1 PA3HbIX KMlOYei U TakuM 06pas3oM Ha-
MpaBUTb K/KOYYM B OAHY U Ty XKe KOP3UHY; 3TO HasbiBaeTcs ko/iusuel. o3ToMy BMeCTe co
3HaYeHWEM B KOP3WHE COXPAHSETCS U KUY XELUMPOBAHUS, @ MPU YTEHUM 3HAYEHUS MO
K/t04y NepenpoBepsHTCS BCE KOUM, KOTOPbIE MOMaau B 04HY KOP3UHY.

V3BeCTHO MHOTO BapMaHTOB peaju3aluy xemni-tabmuil. st 6ydepHOro Kema
UCTIONB3YeTCSl AMHAMMUYECKU paciuupsieMast Tabiuiia ¢ pa3penieHueM Xell-KoJi-

JIM3MUHA C TOMOIIBIO [eroyueK .

Kirouom xemmpoBaHus CIyXKaT MAeHTUGUKATOP daiiia OTHOIIEHNS, TUIT CJIOST U
HOMeEp CTpaHUIbI BHYTpU daiia 3Toro cos. Takum o6pa3om, 3Has CTPaHMUILY,
MOXHO OBICTPO HATHU comepsKaiuii ee 6ydep UM yoOCTOBEPUTDCS, UTO CTPAHMU-
IIbI HET B Kellle.

3501,0,3

2610,0,7

Xel-Tabnuua

! backend/utils/hash/dynahash.c.
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Mcnonb3oBaHue xew-Tabauubl AAaBHO BbI3bIBAET HapeKaHWs. Takas CTPYKTYpa HUKaK He
noMoraeT Haltu Bce Bydepsbl, 3aHATble CTPAHMLAMU ONPefeNeHHOro OTHOWeHMS. A 310
Tpebyetcs npu ynanenun (DROP), onyctowennn (TRUNCATE) mnu yceuyeHum xBocToBoM
4acTi TabauLibl BO BPEMS OYMCTKM, YToBbI yBpaTh M3 Kella COOTBETCTBYIOWME CTpaHMLbIL
Ho xopoluyto 3aMeHy Noka HUKTO He Mpenoxu.

Ecnu Homep Gydepa HaliieH B Xelll-Tabauie, MeHeIKep 3aKperviseT 3ToT 6ydep
M BO3Bpallaer ero HoMmep mporieccy. [Tocsie aToro mpoiecc MoxkeT paboTaTh €O
cTpaHuiiei B 6ypepHoM Kellle, 1 3TO He IPUBOAUT KO BBOIY-BbIBOLIY.

YT06bI 3aKpenuTh 6ydep, Hy>KHO YBEIMUUTD CYETUYMK Pin count B 3aronoske 6y-
depa; omyiH 1 TOT ke 6ydep MOTYT OFHOBPEMEHHO 3aKPENUTh HECKOJIBKO ITPOIlec-
coB. [Toka 6ydep 3aKpervieH (T. . 3HAUEHME CYETUMKA OOJbIIE HYJIST), CUUTAETCS,
yTo Gydep MCIOMb3YeTCS M ero COMePKMMOe He NOKHO «paguKalbHO» M3Me-
HUTBCS. Hammpumep, B cTpaHuIle MOXKET TOSIBUTHCS HOBasi BEPCUSI CTPOKM (OHA
He GygeT BMHa 6arogaps mpaBuiaM BUOUMOCTH), HO CTPaHMIIA HE MOKET GbITh
3aMeHeHa Ha JpyTyIo.

Komanpa EXPLAIN ¢ mapametrpamu analyze u buffers He npocTo nmokasbiBaeT
TJIaH 3aIpoca, HO U BBITIOIHSET €T0, & TAKKe BBIBOAUT KOJIMYECTBO UCMOIb30BaH-
HbIX 6ydepoB:

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)
SELECT * FROM cacheme;

QUERY PLAN

Seq Scan on cacheme (actual rows=1 loops=1)
Buffers: shared hit=1
Planning:
Buffers: shared hit=12 read=7
(4 rows)

3mech hit=1 roBopur 0 TOM, YTO ITOTPEe6OBATIOCH IIPOYUTATH OFHY CTPAHMUILY
¥ OHa Obl/Ia HAli[eHa B Kellle.

3akperieHue 6ydepa yBeIMUMIO CYETUMK 00paIlleHMiT Ha eIVHUITY :

! backend/storage/buffer/bufmgr.c, dyuxuus DropRelFileNodeBuffers.
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=> SELECT * FROM buffercache('cacheme');

bufferid | relfork | relblk | isdirty | usagecount | pins

254 | main | 0
(1 row)

Terepb 0GHOBUM CTPOKY, YTOOBI B CTpaHMIlE ObUIN IBE BEPCUM : O HA aKTyaIbHasl,
a BTOpast — MepTBasi. DTO MOHAAOOGUTCS HaM UyTh ITO3Ke.

=> UPDATE cacheme SET id = 2;
UPDATE 1

BocrmonbsyeMcst TeM, UTO OTKPBIThIN KypCop yAEPsKUBAET 3aKperieHye, YTO6bI
MMETb BO3MOXXHOCTb GBICTPO MPOYUTATH CJIEAYIONIYIO CTPOKY BHIGOPKM. ITO MO3-
BOJIUT HaM YBUJIETD 3aKpeIlIeHe B Mpoliecce paboThl 3ampoca:

=> BEGIN;
=> DECLARE c CURSOR FOR SELECT * FROM cacheme;
=> FETCH c;
id
2
(1 row)
=> SELECT * FROM buffercache('cacheme');
bufferid | relfork | relblk | isdirty | usagecount | pins
—————————— et e Hcat t e e
254 | main | 0|t I 4 | il

(1 row)

B HEKOTOPBIX CITyUasx, Koraa TpedyeTcsl MMEHHO 3aKpeIlieHHbIi Gydep, mpoliecc
BCTaeT B OUepelb M 3aChIlaeT IO TOrO MOMEHTA, KOTIa OH CMOYKET IOJTyUUTh MO-
HOIOJIBHBII JOCTYII K 6ydepy. [IpyMep Takoii omeparyy — 3aMopo3Ka .

Ho, Kak mpaBuIo, ey MpoLeccy MellaeT 3aKpelieHne, OH MPOCTO MPOIyCKaeT
Takoii 6ydep 1 BbIOMpaeT aApyroii. [IpMMepoM MOXKET CIYKUTb OUMCTKA TaOIUIIbI.
B manHOM ciydae cTpaHuiia 6yeT MpomnyleHa, TOCKOIbKY 3aKperieHye MpersiT-
CTBYET PU3NUECKOMY yIaJeHUI0 MEPTBOI BepCUut:

! backend/storage/buffer/bufmgr.c, dyuxums LockBufferForCleanup.
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=> VACUUM VERBOSE cacheme;

INFO: vacuuming "internals.public.cacheme"

INFO: finished vacuuming "internals.public.cacheme": index
scans: ©

pages: @ removed, 1 remain, 1 scanned (100.00% of total)

tuples: O removed, 2 remain, O are dead but not yet removable
tuples missed: 1 dead from 1 pages not removed due to cleanup
lock contention

removable cutoff: 884, which was @ XIDs old when operation ended
new relfrozenxid: 881, which is 1 XIDs ahead of previous value
frozen: 0 pages from table (0.00% of total) had @ tuples frozen
index scan not needed: @ pages from table (0.00% of total) had @
dead item identifiers removed

avg read rate: 0.000 MB/s, avg write rate: 77.608 MB/s

buffer usage: 22 hits, @ misses, 3 dirtied

WAL usage: 4 records, 3 full page images, 24960 bytes

system usage: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s
VACUUM

Ipu repexofie Kypcopa Ha APYTYI0 CTPaHMILY WIM TIOCIE €r0 3aKPhITHS 3aKper-
JieHye CHMMaeTcs. B Hallem mpyMepe 3TO ITPOMCXOOUT OSHOBPEMEHHO C OKOH-
YaHMeM TPaH3aKLINN:

=> COMMIT;
=> SELECT * FROM buffercache('cacheme') WHERE relfork = 'main';
bufferid | relfork | relblk | isdirty | usagecount | pins

254 | main | (4]
(1 row)

Tak ke 3aKkperieHue paboTaeTt U Mpu U3MeHeHUM cTpaHuilsl. Hampumep, noba-
BMM B Ta6IUILY ellle OFHY CTPOKY (OHA MOTAIeT B TY JKe CaMYI0 CTPaHMUILY):

=> INSERT INTO cacheme VALUES (2);
=> SELECT * FROM buffercache('cacheme') WHERE relfork = 'main';
bufferid | relfork | relblk | isdirty | usagecount | pins

254 | main | %
(1 row)

CTpaHI/IL[a He 3aIIMCbIBAe€TCsd Ha AMCK HEMeOJIEHHO, a OCTaeTCd I‘pSI3HOIL/'I B 6y(bep—
HOM Kelle: ITPOUCXOAUT SKOHOMMS M Ha YTeHUM C 1MCKa, M Ha 3allMCH.
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9.4. MNMpomax Kewa

Ecnu B Xeli-Ta6uiie He HallJIOCh 3aIiCH, COOTBETCTBYIONIEH CTpaHuIle, SHAUMT,
9Ta CTpaHMIlA OTCYTCTBYeT B GydepHOM Kelie. B TakoM ciydae OISl CTPAHUILBI
BBIOMpAeTCs (M TYT 5Ke 3aKpeIuIsieTcsT) HOBbIii Oydep, CTpaHUIla YMTAETCS B 9TOT
6ydep, a CCHUTKM B XEII-TabIuIle M3MEHSIIOTCSI COOTBETCTBYIOIIMM 00Pa30oM.

IMepesanycTUM 9K3eMILISP, YTOOBI OUMCTUTD 6Y(epHBIiT Kell:

postgres$ pg_ctl restart -1 /home/postgres/logfile

TMormpITKa MIPOYNTATh CTPAHMUILY TIPMBEIET K IIPpOMaxy Kellla, ¥ CTpaHuila 6ymeT
3arpy’keHa B 3aHOBO OTBeJI€HHBbI IJis1 Hee 6ydep:

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)
SELECT * FROM cacheme;

QUERY PLAN

Seq Scan on cacheme (actual rows=2 loops=1)
Buffers: shared read=1 dirtied=1
Planning:
Buffers: shared hit=15 read=7
(4 rows)

Tertepp BMecTO hit KOMaHAa MoKa3biBaeT read, UTO O3HAUYaeT IIpoMax Kela.
IIpu sTOM B pesyibraTe 3alpoca CTpaHulla ctajna rpsasHoit (dirtied), Tak Kak
3aIpoC M3MEHMUIT OUTHI-TTOICKA3KY Ha CTPAHUIIE.

3arpoc K 6ydhepHOMY Kelly MOKasKeT, UTO CYETUMK MUCITOIb30BaHMIA TOIBKO UTO
I06aBIEHHOI CTPaHUIIbI paBeH eIMHUIIE:

=> SELECT * FROM buffercache('cacheme');

bufferid | relfork | relblk | isdirty | usagecount | pins

99 | main | 0
(1 row)

OO611yI0 CTaTUCTUKY UCIOIb30BaHMsI 6yhepHOro Kemia Jjisl TabIUITbl MOXKHO I10-
JIyUUTDb U3 IIpefcraBieHus pg_statio_all_tables:
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=> SELECT heap_blks_read, heap_blks_hit
FROM pg_statio_all_tables
WHERE relname = 'cacheme';

heap_blks _read | heap_blks_hit
________________ +_______________

0 | 14
(1 row)

AHaJIOTMUHbIE PeICTaBAEHNS €CTh IJISI MHAEKCOB U JIJIsSl IIOCAeq0BaTe/IbHOCTEI.
B HUX Takke cOOMpaeTcsl CTATUCTHKA IO OIepalusiM BBOJA-BbIBOAA, HO OHA JI0-
CTYITHA TOJIBKO IIPY BKJIIOUEHHOM IapameTpe track io_timing.

Mouck 6ydepa u BoiITeCHeHUe

IMouck mopxopsimero 6ydepal — Hempocras 3agaya. ECTh Ba BapMaHTa pa3By-
THUS COOBITHIA.

1. Cpasy 1mociie 3aIrycKa cepBepa Kelll COIePSKUT TOJIbKO IYCThbie, CBOGOHbIE OY-
depsl, ¥ Bce OHM CBSI3aHbBI B OOIIMIA CITUCOK.

IToka ocraioTcs cBO6omHbIE Oydepbl, MEPBIN U3 HUX CUUTAETCS MOIXOIS-
IM¥M ¥ yOMpaeTcs U3 CIIuCKa.

Bydep MOXeT BepHYTbCSI> B CIIMCOK CBOGOIHBIX 6y(epOB TOMBLKO B TOM CIIy-

yae, KOIJla CTpaHMLA MCYe3aeT, a He 3aMeHseTCs APYroi cTpaHuleiil. 3To
npoucxogut npu yganeHuu (DROP), omycromenun (TRUNCATE) uiu yceue-
HMM XBOCTOBO¥ YaCTy TaGINI BO BPEMS OUMCTKMA.

2. PaHo mm 1o3aHO cBo60gHbIe 6y(depbl 3aKaHUMBAIOTCS (TIOCKOIbKY OOBIYHO
pasmep 6a3bl JaHHBIX MPEBbIIIAT 06beM MTaMsITH, BbIIEIEHHON MO, Kel),
M TOTIA MeHeIKep J0/IKeH BbIOPATh OJMH U3 3aHSThIX 6y(PEPOB 1 BHITECHUTD
HaxOAAIIYIOCS TaM CTPaHMITy. 17151 9TOTO UCIIONIb3YeTCsk «<4aCOBOI» aJITOPUTM
(clock sweep). ViMeeTcst «qacoBasi CTpeiKa», yKasbIBaloasi Ha OOUH U3 Oy-
tdepos. Crpenka mmpoberaeT 6ydepHbIii Kelll 10 KPyTY, YMEeHbIIIask CYeTUNKN
o6palleHnit K CTpaHMLIaM Ha eauHuIly. [IJisk BBITeCHEHMSI BbIGMpaeTCs mep-
BbIiT BCTpeUeHHbIIi He3aKpeIIeHHbI 6ydep ¢ HyJIeBbIM CUETUMKOM.

1 backend/storage/buffer/freelist.c, yHxims StrategyGetBuffer.
2 backend/storage/buffer/freelist.c, pynxuus StrategyFreeBuffer.
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C OHOJ CTOPOHBI, CYUETUMK OO6paleHNUiT YBeTMUMBAETCS KaXKablil pas, Koraa
6ydep ucroab3yeTtcs (3akperiseTcs). C Ipyroit — yMeHbIIaeTCsI ITPY IOVICKE
6ydepa a1 BeITecHeHMs. TakuM 06pa3oM, B ITepBYIO ouepelb BHITECHSIIOTCS
Te CTPAHMIIbI, K KOTOPBIM peske 00palllaiich B ITOC/IeJHee BpeMs, a aKTUBHO
MCIIOJIb3yeMbl€ CTPAHMIIbI OCTAIOTCS B Kelle.

MOKHO 3aMETUTh, UYTO eCIu Bce Oydepbl MMEIOT HEHYIEBOW CYETUMK 00-
pallleHMIt, TO «4aCOBOIi CTPeIKe» MIPUMETCS CeaTh 6OJbIle OMHOTO KPyrTa,
yMeHbIllas CUeTUMKM, [I0KA KaKOi-HMOYIb U3 HUX HE OOpaTUTCS HAaKOHeI]
B HOJb. UTO6BI 136€5KaTh JOJITOr0 «HaMaThIBAHMSI KPYTOB», MaKCMMa/IbHOE
3HaUeHMe CUeTYMKa 0O palleHNit OrpaHUMIYeHO YMCIOM 5.

TMocste Toro Kak 6ydep HaiileH, Halo YOAIUTh U3 Xell-TabauIIbl CChIIKY Ha
CTapyIo CTPaHMILY, ellle HaXxOsIIyIocs B 6ydepe.

Ho ecnu 6ydep okasacst rpsi3HbIM, TO €CTh COIEPKUT M3MEHEHHbIE TaHHbIe,
CTapyIo CTPAHMITY HEJIb3SI IIPOCTO BBIOPOCUTD — CHavaIa MeHemKep 6ydepoB
COXpaHSIET ee Ha JAUCK.

co6ozHble bydepsl

«4acoBaA CTpenka»

B HalimenHbIlt 6ydep — cpeay CBOOOAHBIX MM Cpemy 3aHSTHIX — MeHeIKep
O6ydepoB UMTaeT HOBYIO CTpaHMIly. [IJIs1 3TOTO UCIOIb3yeTcs 6ydepr30BaHHbIM
BBOJI-BBIBOJI, IO9TOMY CTpaHMIIA OyIeT MpoUMTaHa C IMCKa TOIbLKO B TOM CTyJae,
eCJIu oTiepaIMoHHast CUCTeMa He HalJIeT ee B CBOEM COOCTBEHHOM KellIe.

CYB/, ncnonbsytolime NpsSMON BBOA-BbIBOA, M HE 3aBUCSALLME OT Kella OnepaLmoHHON CU-
CTEMbI, Pa3/IMYAIOT JIOTUYECKME YTEHUS (M3 ONEepaTMBHOM MaMATU, TO eCTb U3 BydepHoro
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Kewa) u dusmueckne ytenmns (c amcka). C Toukun 3penmns PostgreSQL crtpanmnua nmbo npo-
yuTaHa u3 bydepHoro Kewwa, 1Mb6o 3anpoLleHa y onepaumnmoHHom cucteMsl, HO 'y CYB[ HeT
BO3MOXHOCTM Y3HaTb, BblNa 1M OHa B MOCNEAHEM C/lyYae HallieHa B ONepaTUBHOM NaMsTH
WM NPOYUTaHa C AMCKa.

B xemr-Tabnuiry momeIraeTcst CCbUTKA Ha HOBYIO CTPAHUILY, a 6ydep 3akperuisieT-
cs1. OTO IPUBOAUT K YBEIMUEHUIO CUETUYMKA OOpalieHnii, a GakTMIecku K ycra-
HOBKe €ero B equHuILy. B utore y 6ydepa nosisisieTcst BpeMsi HApaCTUTh CUETUUK
obpalieHuit, MoKa «4acoBasi CTpesika» 00XOIUT IO Kpyry 6ydepHbIit Kell.

9.5. MaccoBoe BbiITeCHEeHUue

Hp]/[ oriepanyax, BBIMMOJTHAIOIIMX MaCCOBO€ UTeHMEe MM 3allMCb JaHHbIX, €CTb
OITIaCHOCTbDb 6blCTp0I‘O BbITECHEHMS I10JIE3HBIX CTPaHUIL U3 6y(bepHoro Kellla «O-
HOPa30BbIMM» HaHHBIMU.

YT06bI 3TOr0 M36€KaTh, [IJIs1 MaCCOBBIX OIepaluii B 6yhepHOM Kellle MCII0/Ib3Y-
IOTCSI OTHOCUTEILHO Hebobline 6ygepHsie konvua (buffer ring), u BeiTecHeHUE
MIPOMCXOOUT B UX ITpefenax, He 3aTparuBasi OCTajabHble Oydepsl.

Hapsay c TepmuHom «buffer ring» B koge ncnonbsyetcsa u «ring buffer», To ecTb «konbue-
Bov Bydep». Ho Takolt nepeBoa Bbi3Ban Obl MyTaHMLY, MOCKO/bKY CaM (KonbLieBoi) bydep
coctouT u3 bydepos (bydepHoro Kewwa). TepMUH «KONbLLO» NULLIEH TaKOro HeA0CTaTKa.

BydepHoe KombIlo 3aaHHOTO pasMepa TpecTaBiseT coboit MaccuB Gydepos,
KOTOPbBIE MUCTIONb3YIOTCS <TI0 KPYTY», O4UH 3a ApyruM. CHavana 6ydhepHoe KOoJb-
10 ITyCTO, U 6ydepsl HabuparwTCcs B Hero u3 6ydhepHOro Kemia 06bIYHBIM 06pa30M.
A 3aTeM HauMHaeT Je/iCTBOBATh BBITECHEHMeE, HO TOJbKO BHYTPY KOMIbIA L

ITpu s3TOM Gyepsl, BXOASIINE B KOJIbIIO, HE UCKIIOUAIOTCS 13 OydepHOro Kema
" B MPUHLINUIIE MOTYT GbITh MCIIONIb30BAHBI M APYTMMM omepauusmiu. [losTomy,
eIy ouepemHoil 6ydep oKa3bIBaeTCs 3aKPEIIEHHbIM WX MMeeT 6ojiee OTHOTO
obpaieHus, OH youpaeTcs: u3 6ydepHOTo KOJIbIa U 3aMEHSIeTCSI KaKUM-HUOYIb

Ipyrum 6ydepom.

CylIlecTByeT TpU CTpaTeTrny BbITECHEHMS.

1 backend/storage/buffer/freelist.c, pyrkuus GetBufferFromRing.
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Crpaterusa maccoBoro uteHus (bulkread) mpumeHsieTcsi mpu IOCIeAOBaTEIbHOM
CKaHMPOBaHUM GONMbUIMX Tab/MMII, pa3Mep KOTOPBIX MPEBBINIAET YETBEPTh
6ydepHoro Keia. Mcroab3yeTcst KOJIblo pasMmepoM 256 K6aiiT (UTo cocTaB-
JisieT 32 cTaHAAPTHbBIE CTPAHUIIBI).

Tpu UCTIOb30BaHMM 3TO CTPATETUY TPSI3HbIE CTPAHUIIBI He 3aMChIBAIOTCS
Ha IMCK, YTOOBI 0CBOOOAUTD 6ydep; BMeCTo 3TOro 6ydep OTK/IIOUAETCST OT
KOJIbIIA ¥ 3aMeHsIeTcs ApyruM. Tak UTeHMI0 He Halo OOXKMOAThCS 3aIliCH,
Y OHO BBITIOJTHSIETCS OBICTpEE.

Eciu B MOMEHT Havajla CKaHMPOBaHMS TaGIMIIbI OKa3bIBAETCS, YTO 3TA TA0-
JINIIA YK€ CKAaHUPYETCS IPYTMM IIPOLIECCOM, MTPOLIECC MTPUCOEINHSIETCS K CY-
HIECTBYIOIEMY OydhepHOMY KOJbIY M TOJYYAEeT YacTh TAOIUIIBI 6e3 M30bI-
TOYHOTO BBOZA-BbIBOZA L. Korna mepBblif Ipoliecc 3aKaH4MBaeT CKaHMPOBa-
HIM€e, BTOPOJ OTAeIbHO JOUYMTHIBAET IIPOIYIIeHHOe Havajio Tab/InIlbl.

Crparterusa MaccoBoii 3anucu (bulkwrite) mpumensietcs st onepaiuit COPY FROM,
CREATE TABLE AS SELECT, CREATE MATERIALIZED VIEW u Tex BapMaHTOB
ALTER TABLE, koTOpble BbI3bIBAIOT Mepe3amych Tabauibl. Beigensercs: go-
BOJIbHO OOJIBIIIOE KOJIBIIO pasMepoM 16 M6aiT (2048 craHmapTHBIX CTpa-
HMUIT), HO He Goiblile % OT pasmepa Bcero 6ydepHoro Kera.

Crpaterus ouMcTkun (vacuum) IIpUMeEHSIETCS IPOoLeccaMy OYMCTKY M aHaau3a Ipu
TOJTHOM CKaHMPOBaHMM TabuIl 6e3 ydeTa KapTbhl BUAMMOCTH. Pazmep Kojb-
1Ia oIpenessieTcs mapamMeTpoM vacuum_buffer usage limit, HO MOXeT ObITb
nepeornpeneneH B komange VACUUM mim ANALYZE.

BydepHble Koblla He BCeraa 3aiMiIiaT OT HEHYKHOTO BbITeCHeHMS. [Ipu nsme-
HeHuM 60bIIOro umciaa cTpok komangamy UPDATE wmu DELETE BbimonHsIeTCS
CKaHMPOBaHMe TabIUIIbI, KOTOPOE UCIIOIb3YET CTPATETMIO MACCOBOTO UTEHMS, HO
M3-3a TOT'0, YTO CTPAHUIIBI U3MEHSIIOTCS, Oy(hepHOe KOIbIIO BRIPOKIAETCS U (aK-
TUYECKM He paboTaer.

Ipyroit BaskHbIi CIydail — XpaHeHue B 6ase JaHHBIX OONbIIMX 3HAYEHMIA, IJIs
KOoTopbIX ucronb3yercss TOAST. Toctym K toast-Tabmuiie Bcerga MpOUCXOIUT T10
MHIIEKCY, HeCMOTPsI Ha MOTEHIIMATbHO OOMbINO 06beM UMTAE€MbIX JAHHbBIX, U,
CJIeoBaTebHO, He UCITONb3yeT 6ydepHOe KObIIO.

1 backend/access/common/syncscan.c.
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ITocMoTpuM Telepb Ha CTpaTeruio MacCOBOTO UTeHus1. [IJisl yIIpolLeHs pacueToB
CO3maauM TabmuIly Tak, YTOOBI IIPY BCTaBKe OFHA CTPOKA 3aHMMAaJIa IeJTyI0 CTpa-
Huily. Pazmep 6ydepHOro Kela mo ymomrdanuio — 16 384 crpanunb o 8 K6aiir.
3HauuT, YTO6BI CKAHMPOBaHKE TAOIUILIBI UCTIOIB30BATIO OydhepHOe KOIbII0, Tab-
JIMIIA TOJKHA 3aHMMaTh 6osbiie 4096 cTpaHuil.

=> CREATE TABLE big(
id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
s char(1000)

) WITH (fillfactor = 10);

=> INSERT INTO big(s)
SELECT 'FOO' FROM generate_series(1,4096+1);

Ipoa”anusupyem TadIniLy.

=> ANALYZE big;

=> SELECT relname, relfilenode, relpages
FROM pg_class
WHERE relname IN ('big', 'big_pkey');

relname | relfilenode | relpages
__________ +_____________+__________
big | 16555 | 4097

big_pkey | 16560 | 14

(2 rows)

Terepb MPUAETCS ITePe3aITyCTUTh CEPBEP, UTOOBI OUMCTUTD KEIll OT TabIMUHbIX
CTpaHMUII, MPOYMTAHHBIX BO BpeMSI aHa/I13a.

postgres$ pg_ctl restart -1 /home/postgres/logfile
ITocne Irepe3arpy3ku rnpoumTaem BCIO Ta6m/1uy:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM big;

QUERY PLAN

Seg Scan on big (actual rows=4097 loops=1)
(1 row)

TabmuMuHbIMK CTPaHUIIAMY B 6ydepHOM Kellle 3aHSTO TONMbKO 32 6ydepa, cocTas-
JISIBIIMX 6yhepHOe KOMbIIO ITOM ONeparyumn:
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=> SELECT count(*)
FROM pg_buffercache

WHERE relfilenode = pg_relation_filenode('big'::regclass);

Ewin xe T&6J’II/ILIa YNUTaAETCSa C IIOMOIIbIO MHAEKCA, TO 6yd3epHoe KOJIbIIO HE MC-
IMMOJIb3YyeTCA:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM big

ORDER BY id;
QUERY PLAN

Index Scan using big_pkey on big (actual rows=4097 loops=1)
(1 row)

B pesynbraTe B 6ydhepHOM Kellle OKa3bIBAETCS BCS TAOMMIIA U BeCh MHAEKC:

=> SELECT relfilenode, count(*)
FROM pg_buffercache
WHERE relfilenode IN (

pg_relation_filenode('big'), pg_relation_filenode('big_pkey')

GROUP BY relfilenode;

relfilenode | count
_____________ +_______
16560 | 14
16555 | 4097
(2 rows)

IMogpo6Has MHGOpMAaIMs O BBOJe-BbIBOJE, IPOXOASIIEM uepes 6ydepHsblit ke, V. 16
HaKarMBaeTcsl B IpeacraBieHuMn pg_stat_io. Hampumep, MOXHO M3YyUYUTH

06beM BBOA-BbIBOMIA B Pa36MBKe 110 CTPATErUsIM MCITO/Ib30BaHMs Gy(hepHbIX KO-

Jienl (KOHTEKCT normal COOTBETCTBYET OOBIUHBIM OIepaIusIM 6e3 KOJbIIa):

=> SELECT context, sum(reads) reads, sum(writes) writes,

sum(hits) hits, sum(evictions) evictions, sum(reuses) reuses
FROM pg_stat_io

WHERE object = 'relation'
GROUP BY context;
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context | reads | writes | hits | evictions | reuses
——————————— B T B il
vacuum | 22639 | 15312 | 150860 | 177 | 22420
bulkwrite | 0 | 0 | 8 | 2 | (4]
normal | 15513 | 38675 | 10059864 | 18823 |
bulkread | 29716 | 10019 | 91114 | 9028 | 19771
(4 rows)

I[TomuMO KomMyecTBa MPOUYUTAHHBIX U 3alIMCAHHBIX CTpaHUll (reads u writes)
3/1eCh IIOKAa3aHo YMC/I0 onamanmii B Keml (hits) u BBITeCHEHMIT U3 Kellla: «06bIu-
Hble» BBITECHEHMSI YUMTHIBAIOTCSI B MOJie evictions, a BbITECHEHUS CTPaHUIL
13 6yepHOro Koiblia — B II0JIe TEUSES.

9.6. HacTtpoiika pasmepa

Pasmep 6ydepHOro Kelia ornpemenseTcs mapamMmetpom shared_buffers. 3HaueHue
10 YMOJTYaHUIO 3aBE€IO0MO 3aHIKEHO; MMEET CMbIC YBEIMUUTD €0 CPasy ke Moc-
Jie ycraHoBKM PostgreSQL. Mi3ameHeHMe nmapamMeTpa TpebyeT repesarrycka ceppe-
pa, TTOCKOIbKY 00I1Iast TaMSITh BhIIEMSIeTCS 0, Kelll TP CTapTe cepBepa.

W3 KaKkuX coob6paskeHunit BbIGUPATh MOAXOAsIIee 3HaUeHe?

Haske camasi 6ombiasi 6a3a MMeeT OrpaHMUYEHHBbII HAOOP «rOpsSYMX» JAaHHBIX,
C KOTOPBIMM BEJIETCSI aKTMBHAsI paboTa B KaskAbIii MOMEHT BpeMeHU. B uzeasne
MMEHHO 3TOT Habop U AOKEeH MOMeIaThest B 6ydepHbIi Kelll (KOHEUHO, C 3ara-
COM MOJ, HeU36eKHbIE «OIHOPa30Bbie» JaHHbIe). Eciu pa3mep Keliia 6yIeT MeHb-
IIe, TO aKTVBHO MCIONb3yeMble CTPAHUIIBI GYAYT MOCTOSIHHO BBITECHSTH OPYT
Ipyra, co3naBasl M36BITOYHBIN BBOZ-BBIBOL,. HO 1 6e3myMHO yBeIMUMBATDH Kell
TOXe HEeIpaBWIbHO, IMOCKOIbKY 3TO YBEIMUYMBAET HAKJIAZHbIE PACXOMIbI HAa €ro
Mofiiep>kaHiie, a orepaTUBHAs aMSITh TPeGYeTCs U AJIST IPYTUX HYK]I.

OnTuMainbHbIi pasmep 6ydhepHOro Keira 6ygeT pasHbIM B pa3HbIX CUCTEMAX: OH
3aBUCUT U OT OOILETO JOCTYITHOTO 06beMa aMsITH, U OT JAHHBIX, ¥ OT poduis
Harpy3ku. K coskaseHnio, HeT TaKOro BOJIIIEOHOTO 3HAUEHUS VT iaske GOPMYIIbI,
OIIMHAKOBO XOPOIIO MOJXOAAIIEN BCEM.

Hago Taxke mpMHMMAaTh BO BHMMaHMe, YTO Mpomax Kemia PostgreSQL He 006s1-
3aTeIbHO IPUBOIUT K (p131UeCKOMY BBOAY-BbIBOAY. IIpy He6o/IbIIOM 6ydhepHOM
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Kellle cBOGOIHOE MecTO OyaeT 3a[eiiCTBOBAHO IO, Kelll OIepalMOHHOM cucTe-
MBI, UTO MOXKET B OIIPeIeIEHHO CTEIIeHN CIJIaskMBaTh IpobieMy. Ho, B oTimune
ot CYB]I, ortepaliuoHHas CUCTeMa HUUEro He 3HAeT O CMbIC/Ie IIPOYNTAHHBIX JaH-
HBIX, IO3TOMY UCITIO/Nb3YeT JPYTYIO CTPATETUI0 BbITECHEHMS.

CraHapTHAs! peKOMEHIALMSI — B3SITh B KAYECTBE [IEPBOTO IIPUBIVKEHNUS © OITe-

1
PaTUBHOJ ITaMSITH, a JaJIbIIIe CMOTPETH 0 CUTYaLIUMN.

Jlyuiiie Bcero mpoBeCTU SKCIIePUMEHTBI: YBeTUUUTD UM YMEHBIIUTb pasmep Ke-
I1a ¥ CPaBHUTb XapaKTePUCTUKU cucTeMbl. KOHEUHO, AJisi 3TOTO Hajgo MMEThb
TeCTOBBIN CTEH[, aHAJIOTUYHbIN ITPOM3BOACTBEHHO CUCTEMeE, U YMETh BOCIPO-
M3BOOUTH TUIIOBYIO HATPY3KY.

Ho HeKkoTOpBIiT aHa/M3 BCe K€ BO3MOKEH Ha OCHOBE CTAaTUCTMKM B pg_stat_io
U C TTIOMOIIIbI0 paciuupenus pg_buffercache. Hampumep, MOKHO M3YUUTh pac-
npenenenye 6ygepos Mo cTerneHu UX UCIOIb30BaHMS:

=> SELECT usagecount, count(*)
FROM pg_buffercache
GROUP BY usagecount
ORDER BY usagecount;

usagecount

(6 rows)

ITycTble 3HAUEHMS CUETUMKA COOTBETCTBYIOT CBOGOIHBIM Oydepam. B maHHOM
CIydyae 3TO HEYIAMBUTEIbHO, MIOCKOIBbKY CepBep MepesamycKaacs U K TOMY ke
MpaKTUUecky 6e3meiicTByeT. BoMbIIMHCTBO 3aHATHIX 6YhepoB comepskaT CTPaHM-
I[bl CMCTEMHBIX TabJINII, KOTOPbIe ObUIM MPOYUTAHBI OGCITYKMBAIOIINM MPOIIEC-
COM [IJIS 3aITOJTHEHMSI CBOETO Kellla CMCTEMHOTO KaTaloTa U JIJisl BBITIOJIHEHWS 3a-
IIPOCOB.

MoskHO IMOCMOTPETDb, KaKad 4aCTb Ka>Kao0ro mu3 OTHOIIIEeHI 3aKellpoBaHa U Ha-
CKOJIbKO aKTMBHO UCITIOJIb3YIOTCA 3TU NAaHHbIE (B 3TOM 3aIllpoCe aKTUBHbBIMM CUM-
TAIOTCA CTPAaHMUIIbI CO CYHETUMKOM MCIIO/Ib30BaHMA 0oJIblIIe e,HI/IHI/I]_[bI)Z
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=> SELECT c.relname,
count(*) blocks,
round( 100.0 * 8192 * count(*) /
pg_table_size(c.o0id) ) AS "% of rel",
round( 100.0 * 8192 * count(*) FILTER (WHERE b.usagecount > 1) /
pg_table_size(c.oid) ) AS "% hot"
FROM pg_buffercache b
JOIN pg_class c ON pg_relation_filenode(c.o0id) = b.relfilenode
WHERE b.reldatabase IN (
@, -- obume obbeKTh KacTepa
(SELECT oid FROM pg_database
WHERE datname = current_database())
)
AND b.usagecount IS NOT NULL
GROUP BY c.relname, c.oid
ORDER BY 2 DESC

LIMIT 5;

relname | blocks | % of rel | % hot
—————————————— B e
big | 4097 | 100 | 1
pg_attribute | 32 | 50 | 47
pg_proc | 17 | 15 | 8
big_pkey | 14 | 100 | 0
pg_class | 11 | 61 | 61
(5 rows)

3mech BUAHO, UTO Tabmmiia big u ee MHAEKC MOMTHOCTBIO 3aKEIIMPOBAHBI, HO UX
CTpPaHUIIbI He UCTIONMb3YIOTCS aKTUBHO.

V3yueHne JaHHBIX B pa3/IMUHBIX pa3pe3ax MOXKeT aTh [oe3Hy0 MHbOpMAaInio
I pa3MbliieHuii. CTOUT YYUTBIBATD, UTO 3apockl K pg_buffercache:

* HaJ0 IMOBTOPATH HECKOJIBKO Pa3, TaK KakK I_[I/I(bpbl 6y,ZLYT MEHSTbLCA B OIIpeae-
JIEHHBIX ITpegesiax;

* He HaJ0 BBIMOJHSITh HEIIPEPhIBHO, IIOTOMY UTO IIpeACcTaBjieHye GI0KUPYeET,
XOTb ¥ KPaTKOBPEMEHHO, IIpOCMaTpyBaeMble Oydephl.

IMosToMy [IJIT MOHUTOPMHTA JIyYIlle TT0JIb30BaThCs APYTUMM QYHKUMSAMM pacIiy-
penusi — pg_buffercache_summary m pg_buffercache_usage_counts, —
KOTOpbIE TPEOYIOT MeHbIlle 6JIOKMPOBOK U 3a CUET 3TOrO0 MO3BOJISIIOT GBICTPO OlLie-
HUTD OOIIYIO (XOTSI, BO3MOKHO, HEMHOTO PaCCOTJIaCOBAaHHYI0) KAPTUHY ITPOUCXO-
ISIIEro.
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9.7. MNporpes Kewa

IMoce mepesarnycka cepBepa JO/KHO TPOITH HEKOTOpPOe BpeMsi, UTOObI Kel
«IIpOrpesicsi» — Habpasl akTya/lbHble aKTUBHO MCITOIb3YIOUMEeCs qaHHbie. MHOT-
Ia MOXKET 0Ka3aThCsl IIOJIe3HBIM Cpa3y IIPOYNTATh B Kelll JaHHbIe OMpPeeIeHHbIX
TabJINII, ¥ [JIs1 3TOTO NMpeAHa3HauYeHOo pacliMpeHye pg_prewarm:

=> CREATE EXTENSION pg_prewarm;

Kpome 06br4HOrO uTeHMUS TabmuIl B OyhepHbIil Kelll (MM TOJMbKO B KeIll orepa-
LIMOHHOJ CMCTEMBI), paciiypeHye I03BOJISeT COXPAHATh aKTyaJlbHOE COCTOSHIE
Kellla Ha AMCK ¥ BOCCTaHaB/IMBATh €r0 JKe IoCIe repe3arpysku cepsepa. IIjis sTo-
T'0 HaJI0 0OaBUTb 6MOIMOTEKY paciiupeHust B mapametp shared preload libraries
U TIepe3arpysuTh cepBep:

=> ALTER SYSTEM SET shared_preload_libraries = 'pg_prewarm';
postgres$ pg_ctl restart -1 /home/postgres/logfile

IMocte mepesanycka, eCyii 3HaUeHMe mapameTpa pg_prewarm.autoprewarim He Me-
HSUIOCh, OYIeT aBTOMAaTUUYECKM 3aITyIeH GOHOBBIN Mporiecc autoprewarm leader,
KOTODBINi pa3 B pg_prewarm.autoprewarm_interval eqyiaui, BpeMeHu GymeT cOpa-
CBhIBATh HA OVCK CIMCOK CTPAHMII, HAXOISIIUXCS B Kellle (3TOT IIPOLIeCC UCITOJb-
3yeT OJiMH U3 CJIOTOB max_parallel processes).

M3HavanbHO NpoLecc HasbiBanca autoprewarm master, HO B Bepcuu 13 1 OH nonan nog
pasgauy.

postgres$ ps -o pid,command \

--ppid ‘head -n 1 /usr/local/pgsql/data/postmaster.pid’ | \
grep prewarm

23371 postgres: autoprewarm leader

Ceituac, rocjie mepesarpysku, Tabmmiia big B Kele OTCyTCTBYET:
=> SELECT count(*)

FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('big'::regclass);

197

v. 11

on

300s



I'nasa 9. BygepHblii kel

Eci ecTh 060CHOBaHHbIE ITPEAIIONOKEHNS, UTO BCE COMEPKUMOE TabMInUIIbI 6yaeT
aKTUBHO MCII0/Ib30BaThCsl, a JOCTYII K AMCKY HEeOIYCTUMO CHU3SUT BPEMS OTKIIM-
Ka 3aIpOCOB, TAGIUILY MOKHO 3apaHee IIPOUMUTATh B Oy(QepHbIit Kell:

=> SELECT pg_prewarm('big');
pg_prewarm

(1 row)

=> SELECT count(*)
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('big'::regclass);

Crmcok crpanu], copaceiBaercst B daitm PGDATA/autoprewarm.blocks. MoskHO
MOJOXKAATh, IIOKa Mpoliecc autoprewarm leader oTpaboTaeT B IepBbIii pa3, HO Mbl
UHUIMUPYEM 3aTTUCh BPYUHYIO:

=> SELECT autoprewarm_dump_now();
autoprewarm_dump_now

(1 row)

Uncio cOpolreHHbIX cTpanutl 6oibiine 4097, TOCKONIBKY BKIOYAET BCE 3aHSIThIE
6ydepsl. Paitn 3anMCbIBAETCS B TEKCTOBOM (hopMaTe U COmepKUT uaeHTudIKa-
TOpPBI 6a3bl JAHHBIX, TAGMMYHOTO MPOCTPAHCTBA U ¢aiiyia, HoMep oSl U HoMep
6/oKa:

postgres$ head -n 10 /usr/local /pgsql/data/autoprewarm.blocks

<<4226>>
0,1664,1262,0,0
0,1664,1260,0,0
16391,1663,1259,0,0
16391,1663,1259,0,1
16391,1663,1259,0,2
16391,1663,1259,0,3
16391,1663,1249,0,0
16391,1663,1249,0,1
16391,1663,1249,0,2
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Temnepb CHOBa II€pe3aITyCTUM CEPBED.

postgres$ pg_ctl restart -1 /home/postgres/logfile

Tab6muiia cpasy ke OKa3bIBaeTCs B Kellle:

=> SELECT count(*)
FROM pg_buffercache
WHERE relfilenode = pg_relation_filenode('big'::regclass);

910 obecrieunBaeTCs TEM JKe caMbIM ITpolieccoM autoprewarm leader: oH unTa-
eT ¢aiia, pasmenseT CTPaHUIIbI IO 6a3aM JaHHBIX, COPTUPYET UX (YTOGBI UTEHME
C IycKa 6bUIO IT0 BO3MOKHOCTM MOC/IeIOBATEIbHBIM) U TIepeiaeT OTAeIbHOMY pa-
6oueMy Ipoiieccy autoprewarm worker fijiss 06paboTKu.

9.8. JlokanbHbI# Kell

VickmoueHneM 13 06IIero mpaBuia SBISIOTCS BpeMeHHbIe Tabmuiibl. T10CKOIb-
Ky BpeMeHHbIe JaHHbIe BUIHBI TOJBKO OJHOMY ITPOILIECCY, UM HEYero AeyaTh
B 001eM O6ydepHOM Kelire. [I03TOMY /11 BpEMEHHBIX JAHHBIX MCITOb3YeTCS Kl
B JIOKAJIbHOJ ITaMSITH IIPOIlecca, BJaer0Ilero Tabuuieii 1

B 11e710M JIOKa/IbHbI OyhepHbIi Kelll yCTPOeH Tak ke, Kak M OOIIuit:
e JIJISI TIOVICKA CTPAHMUIIL MCITONIb3YeTCsT COOCTBEHHAsI Xelll-TabInIIa;

* CTPaHMUILIBI BBITECHSIIOTCS TI0 OOBIYHOMY JITOPUTMY (HO 6€3 MCIIOTb30BaHMUS
O6ybepHBIX KOJIelr);

e IIpn HEOGXO,ZU/IMOCTI/I 136eKaTh BBITECHEeHUS CTpaHUIBI 3aKPEIIAI0TCA.

OpmHako ero peanu3alys Cepbe3HO YIIPOLIAeTC s, [IOCKOIbKY OTIIaJaeT HeoOXoau-
MOCTbH B 6/I0KMPOBKAax B OTIEPATUBHOI MMaMSTH (TaK Kak JOCTYII K 6ydhepam umeeT
TOJIbKO OZIVH TPOLIeCC) U B 3aI[UTE AAHHBIX OT c60s (TaK KakK JJaHHbIE B JTI0O0M
CTy4ae CyIeCTBYIOT MaKCMMYM /IO KOHIIA CeaHCa).

! backend/storage/buffer/localbuf.c.
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IMamMATh TIOM JIOKAJTbHBIA KeIlll BBIAENSIETCS MOCTENeHHO, 10 Mepe HeobXomu-
MOCTH, TTOCKOJIbKY BpeMeHHbIe TabIMIIbl UCIIOAb3YIOTCS IajleKo He BO BCeX ce-
aHcax. MakcuMasbHbIit 00beM Kellla OFHOTO CeaHca OrpaHMYeH IMapaMeTpoM
temp_buffers.

[apameTp ¢ co3By4YHbIM uMeHeM temp_file_limit OTHOCUTCH He K BpeMeHHbIM Tabnuuam,
a K daiinam, KoTopble MOryT CO3[3aBaTbCs NPU BbINONHEHUM 3aNPOCOB 4715 BPEMEHHOIO
XPAHEHUS MPOMEXYTOUHbIX AAHHbIX.

B BbiBozme KomauHabel EXPLAIN obpatieHys K JIOKaJIbHOMY 6yhepHOMY Kelly OT-
MeyarTcs ¢1oBoM Local Bmecro shared:

=> CREATE TEMPORARY TABLE tmp AS SELECT 1;

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)
SELECT * FROM tmp;

QUERY PLAN
Seq Scan on tmp (actual rows=1 loops=1)
Buffers: local hit=1
Planning:
Buffers: shared hit=12 read=7
(4 rows)

IpencraBienve pg_stat_io Mo3BossgeT MOMYYUTh MaHHbIE O BBOIE-BBIBOJE,
CBSI3aHHOM CO Bp€MEHHBIMM 06 BEKTaMU B JIOKATbHBIX Kelllax IMPOIeCCcOB:

=> SELECT context, sum(reads) reads, sum(writes) writes,
sum(hits) hits, sum(evictions) evictions, sum(reuses) reuses

FROM pg_stat_io

WHERE object = 'temp relation'

GROUP BY context;

context | reads | writes

normal | 0 | Q
(1 row)
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10

XypHan npepnsanumcu

10.1. XXypHanupoBaHue

B cryuae c6os1, HAaTIpUMep MPY BBIKITIOUEHUM SJIEKTPONUTAHUS VIIM TIPU OTKase
CYB[l miu onepauyOHHON CUCTEMBbI, TEPSIETCS BCE COLEPKMMOE OIlepaTUBHON
MaMSsITI ; OCTAeTCs TOJbKO MHMOpMaILys, 3ancaHHast Ha J1cK. UToObI cepBep MOT
CTapTOBaTh mocje c60si, HeOOXOAMMO BOCCTAHOBUTH COIJIACOBAHHOCTh JAaHHBIX.
Ecmu mipu c60e mocTpagai caM OUCK, Ta Ke 3aJava BO3HUKAET U IIPY BOCCTAHOB-
JIEHUU U3 Pe3epPBHOI KOIIUN.

OnyH 13 TeopeTUUYeCcKy BO3MOKHBIX CITOCOO0B — BCE BpeMsI ITOAIePKUBATh JaH-
Hble Ha IMCKe B COTJIACOBAaHHOM Bujie. PaKTHUeCKY 9TO O3HAYaeT HeO6X0AMMOCTb
ITOCTOSTHHOW 3amycy OTAENbHBIX CTPAHUIL Ha OUCK (a caydaiiHas 3ammch 00X0-
IOUTCS TOPOXKe TTOCIeI0BaTeNbHOI), IPUYEM B TAKOM IMOPSIAKE, YTO HU B KAKOM
MOMEHT BpeEMEHM COTIACOBAaHHOCTh HEe HapylIaeTcs (a 3TO TPYAHO, 0COOEHHO JIJIst
CJIO’KHO OPTaHM30BaHHBIX MHIEKCOB).

PostgreSQL, xak 1 6onpuacTBO CYB]I, MCIONBb3yeT APYToii MOAXOH,

B nporrecce paboThI 4aCTh aKTYaTbHBIX TAHHBIX XPAHUTCS TOBKO B OMTePaTUBHOM
MaMSITU M 3aMMCHIBAETCS HAa OUCK (I HA OPYroii SHepProHe3aBVCYMBIN HOCHU-
TeJb) OT/IOKeHHO. [I03TOMY JaHHbIE HA IMCKE PAcCOTTACOBAHbI B TEUEHME BCETO
BpeMeHM paboThl cepBepa — pa3HbIe CTPAHUIIBI OKA3bIBAIOTCS 3aMVCAHHBIMU T10
COCTOSTHMIO Ha pa3HbIe MOMEHTHI BpeMeH!. [Ipy 3TOM Kaskoe JIeiicTBYe B oItepa-
TUBHOJI MAMSITU (HArpuMep, U3MeHeHMe CTPaHULIbI B 6Yy(hepHOM Kellle) HYpHa-
Jlupyemcs: CO30AeTCsl U COXpaHsIeTCs Ha AMCKe KypHa/IbHAasl 3al1Ch, CoAepsKalias
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MUHUMAaJIbHYIO MH(GOPMAIINIO, JOCTATOYHYIO JJIS1 IOBTOPEHMS TOTO Ke IeCTBUS

B CJIy4ae HeO6XOAMMOCTH L.

JKypHasibHas 3anuch 06 M3MeHEeHUY CTPAHMIIBI B 00S13aTEIbHOM IOPSIIKE ITOTIa-
JAeT Ha JUCK neped mem, Kak Ty[a MomnazeT M3MeHeHHas ctpanuia. OTciona u
Ha3BaHMe: JypHal npedsanucu (write-ahead log). 9To TpeboBaHMe JaeT BO3MOXK-
HOCTbD B CJTydae c60sI IPOUUTATB C JMCKA SKYPHAJ ¥ TIOBTOPUTD T€ OTepaIum, KOTo-
pbie 6bUIV BBITIOTHEHBI 0 CO0sI, HO Pe3y/IbTaT KOTOPHIX He YCIIeNI JOMTY 0 IMUCKa
13 OIepaTUBHONM NaMSTH U IIPOIIal.

Kak mpaBwmiio, BecTy XypHal 3¢ deKTUBHee, YeM 3aMMChIBATh OTAENbHBIE CTpa-
HuIbl. JKypHast mpeacTaBiseT cob0ii Ioc/IeqoBaTebHbIN MOTOK, C 3aIMChI0 KO-
TOPOTO HEIlJIOXO CIpaBJsaioTcs faxke HDD-nucku. K Tomy ke sKxypHa/ibHas 3aIIUCh
MOJXKET ObITh MEHbBIIIE CTPAHUIIBI IO Pa3MepY.

JKypHanupoBaTh HYKHO BCE OIEepaLyy, [Py BbIIIOJIHEHUY KOTOPbIX €CTh PUCK
MIOJIYYMTh HECOIJIACOBAHHOCTDb Ha IMCKE B CIyuae c60s. B 4acTHOCTH, B KypHas
3aIMChIBAIOTCS CIeAYIOIIMe NeCTBIS:

* M3MeHEeHMe CTpaHuI] OTHOLIeHMI B 6ypepHOM Kelle — cOpOC M3MEHEHHOI
CTPaHUIIbI HA AUCK OTKJIaIbIBAETCS ;

e ¢uMKcauus ¥ OTMeHa TPaH3aKIMii — M3MeHeHMe CTaTyca IMPOUCKXOOUT B Oy-
tdepax clog 1 Toke Momnagaet Ha JUCK He Cpasy;

« ¢haiiyioBble omepauuy (co3maHue U yaaneHue (paitaoB U KaTaloroB, HAIIPU-
Mep, MIpU CO3MaHUM TAOMULIBI) — TaKKue omepaluy JOJKHBI MPOUCXOIUTD
CMHXPOHHO C M3MeHeHMeM JIaHHbIX.

B >KypHasT He 3aMMChIBAIOTCS :

 omnepauuu ¢ HeskypHamupyembiMy (UNLOGGED) ta6nuiamu;

v. 15 e olepauuyu C HeXypHaJIMPyeMbIMM TOCAe0BaTeNbHOCTIMM (KaK ITpaBuUiIo,
OTHOCSIIMMMUCS K HEXKYPHATUPYEMbIM TabIUIIaM);

e OIlepanyuym C BpeMeHHbIMU TabauIamMu u mocjea0BaTe/IbHOCTAMM — BpeMsA
SKM3HU TaKMUX 0OBEKTOB B JIIOOOM C/Iy4yae He IIpeBbIlIaeT BpeMeHM JKM3HU CO-
30aBIIEro ux ceaHca.

1 postgrespro.ru/docs/postgresql/16/wal-intro.
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10.2. Ycmpoiicmeo xcypHana

JKypHau ucrosnb3yeTcst He TOJBKO JIJIsS BOCCTAHOBJIEHMS TTocsTe ¢60s1, HO M 1S BOC-
CTaHOBJIEHUS Ha TPOM3BOIbHBIV MOMEHT BpeMeH! 13 pe3epBHOI KoMUY, a TaKKe
IJIST peTUTUKAIIUN.

10.2. YcTpoicTBO XXypHana

Jlornyeckas cTpykrypa

Jloruuecky XypHaI' MOXHO IpeCTaBUTh cebe Kak MOC/Ie0BaTelbHOCTb 3aIlyi-

ceit pasnuuHoOIi IauHbL. Kaxkmast 3ammuch cOmepskKUT daHHble 0 HEKOTOPOJi orepa-
1M, TIpeJBapeHHble CTAHAAPTHBIM 3d207106KOM> B 3arooBKe, B 4iciie poyero,
YKa3aHbI:

e HOMeED TPaH3aKUNM, K KOTOPOI OTHOCUTCS 3aIiCh;

* MeHe[Kep PecypcoB, OTBETCTBEHHBIN 33 MHTEPIIPETAIMIO 3aIINCH >,

* KOHTPOJIbHASI CyMMa /11 OOHAPYKeHMs TTOBPEXIEHN JaHHbIX;
 JTMHA 3aITUCH;

¢ CCbIJIKa Ha IIpeabIaAylnIiyo 3armchb JXypHaJa.

O6bI4HO XXYpHan YMTaeTCs B MPSIMOM HampasieHWu, HO, HanpuMep, yTuauTa pg_rewind
npocMaTpuBaeT ero B 06paTHOM.

CamMu maHHbIe MMeEIOT pa3Hbiii popmaT M cMbici. Harmpumep, oHM MOTYT IIpef-
CTaBJISITh COOOV HEKOTOPBI (parMeHT CTPAaHMIIbI, KOTOPbI/i Hamo 3amucaTh
TOBEpX €e CONEepPKUMMOTO C OmpefeleHHbIM CcMellleHeM. MeHemIKkep pecypcoB
«TIOHMMAaeT», KaK pacmmdpoBaTh ¥ BOCIPOM3BECTM 3aIucCh. ECTh OTHENIbHbIE
MeHeKephl sl Tabauil, OISl KaskAOro TUIIAa MHAEKCa, IJIS CcTaTyca TpaH3aK-
Uuii M Opyrux CymHocTel. [1oMHbI MX CIMCOK MOXKHO IMOMYyYUTbh KOMAaH[OM
pg_waldump -r list.

1 postgrespro.ru/docs/postgresql/16/wal-internals;
backend/access/transam/README.

2 include/access/xlogrecord.h.

3 include/access/rmgrlist.h.
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B paspensieMoit maMsTH cepBepa IJIS KypHaja BbIAENEHbI CIelyalbHble OY-
depsl. Pazmep KypHaJIbHOrO Kella 3amaeTcsl mapamerpoM wal buffers. 3naue-
HMe TI0 YMOTYaHUIO TIofpasyMeBaeT aBTOMAaTUUECKYI0 HACTPOIIKY: BbIIesIeTCs
16 M6aiiT (pasMep >KypHaJIbHOTO CETMEHTA) MM MeHbIIe TIPY COBCEM HeOOb-
IIMX pasMepax 6ypepHOro Keiua.

JKypHaJIbHBIN Kelll IOXO0X 0 CBOEMY YCTPOJCTBY Ha OydepHbIii, HO paboTaer
MPEMMYIIECTBEHHO B PEKMMeE KOJbIIEBOTO Gydepa: 3ammcu J06aB/SIOTCS B <I0-
JIOBY», @ COXPaHSIOTCS Ha OUCK C «XBOCTa». CAUIIKOM MaJeHbKUil pasMep Kyp-
HaJIbHOTO Kellla IIPUBEIeT K TOMY, YTO CMHXPOHM3ALMS C AMCKOM OyIeT BbIIOJI-
HSITBCS Yalile, ueM HeoOXOAUMO.

IMosuius yske COXpaHeHHbIX 3aImceit («XBocT» 6ydepa) 1 mo3uIMsl BCTaBKU (I0-
JIoBa» Oydepa) B HEHATPY>KeHHO CMCTeMe TTOUTH BCeraa OyayT COBIAaTh:

=> SELECT pg_current_wal_lsn(), pg_current_wal_insert_Lsn();

pg_current_wal_lsn | pg_current_wal_insert_lsn
____________________ +___________________________

0/3FOA9CBO | ©/3FOA9CBO
(1 row)

[o sepcumn PostgreSQL 10 Ha3BaHms Bcex PyHKUMI copepxanm xLog Bmecto wal.

YT0OBI COC/IATHCS Ha OTpele/IEHHYIO 3aTIUCh, MCITOIb3YETCSI TUTT JAHHBIX Pg_Lsn
(log sequence number, LSN), npeacTaB/siiolimii 64-6UTHOe cMelleHne B 6aiiTax
Il SKypHa/IbHOI 3aM1cy OTHOCUTEIbHO Hauasa xXypHasa. LSN BbIBoguTCS Kak IBa
32-6MTHBIX UMC/IA B IIECTHAAIIATEPUUYHOI CUcTEME Uepes KOCYIO YepTy.

Co3gagum TabaunIy:

=> CREATE TABLE wal(id integer);
=> INSERT INTO wal VALUES (1);

Haunem TPpaH3aKIOMIO M 3aIIOMHMM IMO3UINI0 BCTABKUM B )KYPDHaAJI:

=> BEGIN;
=> SELECT pg_current_wal_insert_Lsn();
pg_current_wal_insert_lsn

0/3FOBFADO
(1 row)
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Terepb BITIOTHUM KaKyl0-HMOYIb OTIepalyio, HallpuMep OOHOBUM CTPOKY:
=> UPDATE wal SET id = id + 1;

Vi3MeHeHMe BBIMOIHSIETCS B CTPaHUIIE, HAXOMASIIENCS B OMEepaTUBHON MaMSITH
B 6ydepHoM Kelie. MHbopMalus 06 M3MEeHEeHUM COXPAHSIETCS U B )KYPHaIbHYIO
CTpaHUILY, TAKKe B ONepaTUBHOI maMsTH. [I09TOMY MO3UIMS BCTABKY YBEIUYUM-
BaeTCs:

=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/3FOBFB18
(1 row)

YT06BI rapaHTUPOBATD, UTO M3MEHEHHAs CTPaHMIIA JaHHbIX OyIeT BhITeCHEeHa Ha
IICK CTPOTO T03Ke, ueM XXypHaabHasl 3allCh, B 3aTOJIOBKe CTPAHMUIIbI COXpaHS-
etcs Homep LSN mocnenHei 3ammcu, OTHOCSIIENCS K 3TOM cTpaHule. [To3uimio
MO>KHO ITPOBEPUTH C IIOMOIIbIO pacIIMpeHus pageinspect:

=> SELECT lsn FROM page_header(get_raw_page('wal',8));
Lsn

0/3FOBFB18
(1 row)

I Bcero KaacTepa 6a3 JaHHBIX MCITOMb3YeTCsT OOUH OOIIMIA JKypHasl, M B HEro
BCe BpeMsl MOMajgalT HOBbie 3amucu. [losatomy Homep LSN Ha cTpaHwuiie mo-
SKeT 0Ka3aThCs MeHbIIIe, YeM 3HAUEHME, KOTOPOe BEPHY/IA UyTh paHblle PyHKIMS
pg_current_wal _insert lsn.Ho B cucreme, rme HUYEro He MpOMCXOANT, -
PbI COBTIAIYT.

Terepb 3aBePIINM TPAH3aKIINIO:
=> COMMIT;
3amnmch 0 pUKcanyy TakKe MOMaAaeT B JKypHAT, ¥ TTO3UIUS CHOBA MEHSIETCS

=> SELECT pg_current_wal_insert_Lsn();
pg_current_wal_insert_lsn

0/3FOBFB40
(1 row)
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c. 225

16MB

I'nasa 10. KypHan nped3anucu

durcanys MeHsIeT CTaTyC TpaH3aKIMM B CTpaHKUIlax clog, HaXOAsIIIUXCSI B CBOEM
co6cTBeHHOM Kelle . OBGBIYHO OH 3aHMMAeT B pasjensieMoii mamsitu 128 crpa-
Hu > Yto6bl cTpaHuiy clog Hemb3st GbIIO BHITECHUTD HA IMCK PaHbIIe, 4eM CO-
OTBETCTBYIOIIYIO JKyPHAJIbHYIO 3aIMCh, MIJIsT CTpaHuI] clog ToXKe OTCIeXUBaeTCs
HoMmep LSN nocienHeit xkxypHaabHO 3anucu. Ho aTa nHpopmanms xpaHUTcs He
B CaMoi1 CTpaHulle, a B OTIePaTUBHOM MTaMSTH.

B xakoJi-To MOMEHT CO3,aHHbIE )XypHaJIbHbIE 3aII1CH OKaXYTCs Ha aucke. [Tocre
3TOTO CTPAaHMLBI JAHHBIX ¥ clog MOTYT O6bITh BBITECHEHBI U3 Kela. Eciu 661 110-
TpebOoBaIOCh BBITECHUTH UX PAaHbIIIe, 3TO OBII0 6bI 06HAPYKEHO, U SKYpHATbHbIE
3anucy 6K 651 TPUHYAUTENLHO COPOIIeHbI Ha AMUCK MePBhIMIL.

3Has aBe nosuuyum LSN, MOXXHO IOIy4UTh pasMep XYPHAIbHbBIX 3aMIMCeN MEXIY
HMUMU (B 6aifTax) MPOCTHIM BbIYMTAHMEM OIHO MO3UIIMK U3 Ipyroii. Hamo Tonb-
KO IIPMBECTY NO3ULINMY K TUITY Pg_Lsn:

=> SELECT 'Q/3FOBFB40'::pg_lsn - 'Q/3FOBFADO'::pg_lsn;
?column?

B nanHOM Ctyyae o6HOBIIEHME CTPOKM UM GUKcAnMs IOTPe6OBaIM OKOIO COTHU
0aifTOB B JKypHaJe.

TakuMm ke CITOCOO0OM MOYKHO OII€HUTh, KaKOil 00beM KypPHAIbHBIX 3aIMCeil re-
HEPHUPYeTCsT CepBEPOM 3a eIMHUILY BpeMEeHM NPy ONpee/ieHHOM Harpyske. Jta
MHpOopMaIMs NoTpebyeTcs Py HACTPOiIKe KOHTPOIbHO TOUKN.

®Pusnyeckasn cTpykrypa

Ha nmucke kypHan xpaHuTcsl B Katajgore PGDATA/pg wal B Bume ¢aiinos-
cerMeHTOB. [TapameTp wal _segment size, DOCTYITHBII TOJbKO IJISI UYTEHMUS, TTOKA-
3pIBaeT pasMep cerMeHTa.

1 packend/access/transam/slru.c.
2 backend/access/transam/clog.c, byukuus CLOGShmemBuffers.
3 backend/storage/buffer/bufmegr.c, pyuxuus FlushBuffer.
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10.2. Ycmpoiicmeo xcypHana

7151 HaTpy>KeHHBbIX CUCTEM YBeJIMueHe pa3Mepa CerMeHTOB MOXeT CHU3UTh Ha- V. 11
KJIa[IHbIe PACcX0fbl, HO 3Ta HACTPOJiKa BHITIOTHSIETCS TOJIBKO ITPY MHUTLIMATU3ALIUN
knacrepa (initdb --wal -segsize).

X(ypHaHbeIe 3aI1icy 1noragalT B TeKYH.[MVI (baﬁn; KOrga OH 3aKaHYMBAETCId —
Ha4yMHaeT MCII0/JIb30BaTbCs C)'Ie,U,YlOH.lMﬁ.

MOsKHO y3HaTh, B KaKOM ¢hajiie Mbl HaiigeM HYKHYIO [TO3ULINIO, M C KaKUM CMe-
neHyeM OT Havasia aiina:

=> SELECT file_name, upper(to_hex(file_offset)) file_offset
FROM pg_walfile_name_offset('@/3FOBFADO');

file_name | file_offset
__________________________ +_____________
00000001000000000000003F | BFADO
%/_/

BETBb log sequence number
BPEMEHMU

Vims daitna cocTouT U3 ABYX yacTeii. CTapiine BOCEMb IIeCTHAAIIATEPUYHBIX pas-
PSILOB TIOKa3bIBAIOT HOMEDP 6em6uU 6pemeHuU, KOTOPasl UCIIO/Ib3yeTCsl IPYU BOCCTa-
HOBJIEHUM U3 pe3epBHOI KOIMNM, & OCTATOK COOTBETCTBYET CTapIIMM pa3spsiam
LSN (mnapmme paspsabl LSN nokassiBaet rosie £ile_offset).

JKypHasbHble (haiiyibl MOXKHO ITOCMOTPETD CIeIl[MaTbHOM GYHKIMEI]: v. 10

=> SELECT *
FROM pg_ls_waldir()
WHERE name = '00000001000000000000003F ' ;

name | size | modification

00000001000000VROVRAA3F | 16777216 | 2024-03-24 21:26:39+03
(1 row)

3arisiHyTh B 3ar0OJIOBKYM CO3IAHHBIX KYPHAIbHbIX 3aIMCEN MOXKHO MO0 YTUIIN-
Toii pg waldump, 1160 c momoinpio pacumpenus pg_walinspect: v. 15

=> CREATE EXTENSION pg_walinspect;
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=> SELECT start_lsn, resource_manager, xid, record_type,
left(description,44) description, block_ref
FROM pg_get_wal_records_info('0/3FOBFADQ', '@/3FOBFB40') \gx

=[ RECORD 1 Jmmmmrmmm = mm e o e e e e

start_Llsn | @/3FOBFADO

resource_manager | Heap

xid | 893

record_type | HOT_UPDATE

description | old_xmax: 893, old_off: 1, old_infobits: [],
block_ref | blkref #0: rel 1663/16391/16571 fork main blk @
-[ RECORD 2 J-———t——————— e
start_lsn | ©/3FOBFB18

resource_manager | Transaction

xid | 893

record_type | COMMIT

description | 2024-03-24 21:26:39.794229+03

block_ref |

31ecb Mbl BUAMUM 3arOJI0BKU OBYX 3arnuceri.

IMepBas — oneparnust HOT _UPDATE, oTHOCSIasics K MeHeiskepy pecypcoB Heap.
B cronb6iie block_ref ykazanbl uMs ¢daitia ¥ Homep 06HOBIEHHOM TaGIMUHOM
CTpPaHUIIBI:

=> SELECT pg_relation_filepath('wal');
pg_relation_filepath

base/16391/16571
(1 row)

Bropas 3annuce — COMMIT, oTHOCsIasics K MeHeIkepy pecypcoB Transaction.

10.3. KoHTponbHas Touka

7S BOCCTAHOBJIEHMSI COTVIACOBAHHOCTM TOC/Ie COOS HeOOXOOMMO MOCTIe0Ba-
TeJIbHO YMUTATh KypHAI U MIPUMEHSITh K CTpaHMUIIAM Te 3aIlyucy, KOTOpble OTHO-
CSITCS K MTPOIAaBIIMM M3MeHeHUIM. UTo6bI MX 00HAPYKUTb, HaJlOo CPaBHUTh LSN
cTpaHuipl Ha aucke ¢ LSN XypHa/ibHON 3amucu. OGHAKO OCTAaeTCs HEIOHST-
HbIM, C KaKOJ1 MMEeHHO 3aIlUCH ClelyeT HauMHATh BOCCTaHOBIeHMe. Eciiu HauaTh
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CIMOIKOM MO34HO, TO K CTPaHMUIIaM, 3allICAHHBIM Ha AMCK PaHbIIE 3TOT0 MO-
MeHTa, OyIyT IPMMEHEHBI He BCe M3MEHEHMSI, a 9TO MPUBEIET K HE0OpaTUMOMY
MOBPEXAEeHNI0 NaHHbIX. HauaTh ke ¢ caMoro Hauasja HepeaJbHO: HEBO3MOXXHO
XPaHUTD TaKOJ MMOTEeHLMATbHO OTPOMHBII 00beM JaHHBIX, M HEBO3MOKHO CMMU-
PUTBCS CO CTOb Xe OTPOMHBIM BpeMeHeM BOCCTaHOBIeHMs. HyskHa Takas 1o-
CTEeIeHHO MMPOIBUTAIIIASICS BIIepe] KOHMPOAbHASL MOUKA, C KOTOPOI MOKHO 6e3-
OITacHO HauMHaTh BOCCTAHOBJIEHME; ITPeIIIeCTBYIOIIME eif sKypHaabHbIe 3aMICH,
COOTBETCTBEHHO, MOXHO YAAJSATh.

CaMblIit IPOCTOI BapMAaHT IMOTYYUTh KOHTPOJIbHYIO TOUKY — MEPUOTUYUECKU TIPHU-
OCTaHaB/MBATh PabOTy CUCTEMBI 1 COPAChIBATDh HA IMCK BCE IPSI3HbIE CTPAHUIIBI
6ydepHOro u Apyrux Keiei. Takoi croco6, KOHEUYHO, HUKYAA He TOOUTCS, I10-
CKOJIbKY B 3TV MOMEHTBI CHCTEMA OY/IET 3aMMUPATh Ha HEOTIPEIEJIEHHOE, HO BECh-
Ma CyIIeCTBeHHOe BpeMs.

ITosTOMY Ha ITPaKTMKe KOHTPOJIbHASI TOUKA PACTATMBAETCS BO BpeMeHM 1 (haKTu-
YeCKM MPeBpallaeTcs B OTPe30K. BhITIOTHEHEM KOHTPOIbHOI TOUKYM 3aHMMaeT-
cs1 crieLanbHbIi GoHOBBII npouece checkpointer .

Hauano KoHTponbHoi1 Toukn. CHavasia IpoIecc KOHTPOIbHOM TOYKM COpachiBaeT
Ha IVCK CTPYKTYPbI, KOTOPbIe MOXKHO 3aIMCaTh OMHOMOMEHTHO 6arogaps
UX HebobIIoMYy 06beMy. K HUM OTHOCSATCS CTaTyChl TpaH3aKkImii clog, MH-
dbopManust 0 BIOKeHHBIX TPAH3aKIIMSIX M HEKOTOPbIE IPYTVie OOBEKTHI.

BbinonHeHne KOHTPONbLHOM TOUKU. OCHOBHOE BpeMS BBINTOJTHEHMS] KOHTPOIbHOMN
2

TOYKM 3aHMMAEeT 3aIMMCh TPSI3HBIX CTPaHMIL 6ydepHOro Kema~.
CHauajia B 3aroJIOBKax BCEX I'PSI3HBIX HA TEKYIMIi MOMEHT (MOMEHT Haua-
Jla KOHTPOJIbHOI TOUKM) 6ypepoB MpocTaBisieTcsl creluanbHblil ¢iar. 9To
MIPOUCXOIUT GbICTPO, TOCKOJIBKY HE CBSI3aHO CO BBOJIOM-BBIBOJTOM.

3aTeM mpoIecc KOHTPOIBHOM TOUKM TTOCTEIIEHHO ITPOXOAUT T10 BceM Oyde-
pam 1 c6pachiBaeT rMoMeueHHble Ha AUCK. CTpaHUIIBI TIPM 3TOM He BBITEC-
HSIIOTCST U3 Kellla, a TOJIbKO 3aIlMChIBAIOTCS, TTIOSTOMY He HYKHO 06paliaTh
BHMMaHMSI HY Ha YMCJIO 0OpaleHnii K 6ydepy, HU Ha ero 3aKperieHune.

! backend/postmaster/checkpointer.c;
backend/access/transam/xlog.c, pynxkiusa CreateCheckPoint.
2 backend/storage/buffer/bufmgr.c, yuxuus BufferSync.
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CrpaHuiibl cOpachbIBAIOTCS MO MTOPSIIKY HOMEPOB, UTOOBI 3aIMCh Ha AUCK ObI-
JIa 110 BO3MOXXHOCTH T10C/IeA,0BaTeNbHO, a He cay4yaiiHoii. [Ipyu sTom 3anmuch
B pa3Hble TaGMMUYHbIE TTPOCTPAHCTBA (KOTOPBIE MOTYT COOTBETCTBOBATH Pa3-
HbIM GM3UUECKMM YCTPOIICTBAM) UepemyeTcs IJis paBHOMEPHOTO pacIipeme-
JIEHWS HAaTPY3KNU.

TTomeueHHble Gydepbl MOTYT TaKKe OBbITh 3aIMCAHBI Y OOCTYKMBAIOIMMMU
Mpolieccamm — CMOTpst KTo mobepeTcst o 6ydepa mepBbiM. B mo6om ciy-
yae IIpyu 3aIMCY CHMMAETCS YCTaHOB/IEHHBIN paHee iar, Tak uTo (A1 Leieii
KOHTPOJIbHOJE TOUKM) 6ydep OymeT 3ammcaH TOJIbKO OIUH pas.

EcTecTBeHHO, B X0/le BBITTOJIHEHMSI KOHTPOIbHO TOYKY CTPAHUIIBI TTPOJIOI-
SKaIOT M3MeHSIThCs B 6ydepHoM Kelre. Ho HOBBIe Ipsi3HbIe 6ydepbl He moMe-
yeHbI U1aroM, ¥ MpoIecC KOHTPOIbHOM TOUKYM He OYIeT UX 3aIMChIBATD.

3aBepLieHue KOHTposbHOM Touku. Korma Bce 6ydepsl, KOTOpbie ObUIM IPSI3HBIMU
HA MOMEHM HA4a1d KOHTPOIbHOM TOUKM, 0Ka3bIBAIOTCS 3alIMICAHHBIMU, KOHT-
pOJbHAs TOUKA CUMTaeTCs 3asepuleHHol. Tenepp (HO He paHbllie) MOMEHT
Hauana UCTIONb3yeTCsl B KaueCTBe TOV TOUKY, C KOTOPOJi HaJi0 HAUMHATb BOC-
craHoBjeHye. JKypHaabHble 3aliCK BIUIOTH IO 3TOTO MOMEHTa OoJbllie He
HY>KHBI.

Hayano
BOCCTAHOB/IEHNA

HeobxoanMble hainbl XypHana

—@® ® @ % Bpema
KOHTPO/IbHaA TOUKa W

Hayano
BOCCTAaHOBNEHMUA

HeobxoauMble (haiinbl XypHana

® @ Bpems
KOHTPO/IbHAsA TOUKA KOHTPO/IbHAA TOYKA
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B KOHIIe cBO€i1 pabOoThI ITPOLIECC CO3MIaeT KYPHAIbHYIO 3aM1Ch 00 OKOHYAHUM
KOHTPOJIbHOM TOUKM, yKa3biBast LSN momeHTa ee Havasa. [IOCKOIBKY KOHT-
pOJIbHAst TOYKA HMYEro He 3alMChIBaeT B JKypHa/l B Havasie CBOei paboThI,
aTomy LSN MOsKeT COOTBETCTBOBATD KypHAaIbHasl 3aIMCh JIIOOOTO THUIIA.

Kpowme Toro, B aiine PGDATA/global/pg control o6HOBIIsIETCS yKa3aHMe HA
MTOC/IEIHIOIO TTPOITEHHYI0 KOHTPOIbHYIO TOUKY. (I0 3aBepIleHus mpoiecca
pg _control yka3biBaeT Ha MpeabIAyIIyIo.)

YTo6bI OKOHYATEIBHO Pa300paThCsl, YTO HA UTO YKA3bIBAET, PACCMOTPUM HEO0Ib-
mroi mpumep. CaenaeM HECKOJIBKO CTPaHUIL B 6y(GepHOM Kellle rpsI3HbIMM :

=> UPDATE big SET s = 'FO0';

=> SELECT count(*) FROM pg_buffercache WHERE isdirty;
count

3aroMHNM TeKYIIYIO TO3UIINIO B XKypHaJIe:

=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/3F955590
(1 row)

Ter[epb BBITIOJTHMM KOHTPOJ/IbHYIO TOUYKY BPpYUYHYVYIO. Bce TpsAi3HbIE CTPAHUIIbI 6y,ZLYT
C6pOH.IEHbI Ha OMCK; ITOCKOJIbKY B CMCTEME HMUYETO HE IMPOMCXOOUT, HOBBIX I'DSI3-
HbIX CTpaHUII HE ITIOSABUTCA:

=> CHECKPOINT;

=> SELECT count(*) FROM pg_buffercache WHERE isdirty;
count
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IMocMOTpuUM, KaK KOHTPOJIbHAS TOUKA OTPA3WIaCh B KypHaJIe

=> SELECT start_lsn,
resource_manager,
record_type,
left(description,46)||'...' description
FROM pg_get_wal_records_info('0/3F955590', 'FFFFFFFF/FFFFFFFF')
-- pg_get_wal_records_info_till_end_of_wal go v.16
WHERE record_type = 'CHECKPOINT_ONLINE'

\gx
start_lsn 0/3F9555C8
resource_manager | XLOG

record_type
description

CHECKPOINT_ONLINE

=[ RECORD 1 J-———t——————— e
|
|
|
| redo ©/3F955590; tli 1; prev tli 1; fpw true;

3amnuch CHECKPOINT ONLINE roBOpUT O MPOXOXKIEHMM KOHTPOIbHOM TOUYKMU.
LSN Hauvasa KOHTPOJIbHOM TOUKM yKa3aH Iocae ¢ioBa redo, M 3Ta MO3ULUS CO-
OTBETCTBYeT ITOC/IeHel BCTaBAeHHOI B XXYpHaJI 3allMCY HA MOMEHT Hauasia KOH-
TPOJIbHOM TOYKMU.

Ty ke MHGOpMAIMIO HaiIeM U B yIIpaBJsitomieM daiine:
postgres$ /usr/local/pgsql/bin/pg_controldata \

-D /usr/local/pgsql/data | egrep 'Latest.*location'’

Latest checkpoint location: 0/3F9555C8
Latest checkpoint's REDO location: 0/3F955590

PGDATA/global/pg_control

Latest checkpoint location: 0/3F9555C8
Latest checkpoint's REDO location: ~ 0/3F955590

Havano
KOHTPO/bHO
TOYKM

3aBeplueHme
KOHTPO/bHO
TOYKM

‘

CHECKPOINT
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10.4. BoccTtaHoBNneHUue

IIpu crapTe cepBepa MepPBbIM JEJIOM 3aIMyCKaeTcs TMpoiiecc postmaster. B cBoio
ouepenb OH 3aIlycKaeT Tporecc startupl, 3aaua KoToporo — 06ecrednTsb BOC-
CTaHOBJIEHME, eC/IV TTPOU30IIIEST COO.

YT06bI OIpenenTh, TPe6YeTCs i BOCCTAHOBJIEHME, startup YnTaeT yIipasisio-
muii daiin pg control u mpoBepsieT craTyc Kiaactepa. YrwinTa pg controldata
MO3BOJISIET 3aIVISTHYTD B COiepskuMoe daiina:

postgres$ /usr/local/pgsql/bin/pg_controldata \
-D /usr/local/pgsql/data | grep state

Database cluster state: in production

CraTyc akKKypaTHO OCTaHOBJIEHHOTO cepBepa — «shut down». CraTyc «in produc-
tion» y HepaboTaloliero cepsepa CBUIETENLCTBYET 0 c60e. B aTOM Citydae mpo-
1ecc startup aBTOMaTUYeCKY BbITTOMHSET BOCCTAHOBJIEHME C TTO3ULIMM HAYAA T10-
C/lemHelt IIpoiiIeHHO KOHTPOJIbHOI TOUKM U3 TOTO Ke (daitia pg control.

Ecnu B kaTanore PGDATA npucytcTByeT dain backup_label u3 pesepsHoii konuu, no3mums
Hayana BOCCTAHOB/IEHWS YMTAETCS U3 HETO.

[Ipouecc nocinenoBaTe/IbHO YUTAET XXYPHAJI, HAUMHAS C HAaMEHHOI ITO3ULIUN,
U TIpUMEHSIeT KypHaJbHbIe 3alUCU K CTPaHUIIAM JTaHHBIX, eciau LSN cTpaHuUIlbl
menbie LSN sammcu. Eciau ske LSN cTpaHMIIbI OKa3ajcst 60JIbIlie, TO 3aIUCh IIPU-
MEHSITh He HYy>KHO, 8 TOYHee rOBOPSI — HeJlb3$1, [IOCKOJIbKY 3allMCH PACCUMTAHbI HA
CTPOroO IocIef0BaTelbHOE IIpUMeHeHNe.

OmHaKO HEKOTOpbIE 3amycu (GOPMUPYIOTCS Kak nosusliii 06pa3z cmpavuyst (full
page image, FPI). IToyiHbIi 06pa3 MOKHO MIPUMEHUTD K JTI0O0MY COCTOSIHUIO CTpa-
HUIIbI, TOCKOJIBKY OHO BCe paBHO OymeT crepTo. Takue M3MeHEeHUS] Ha3bIBAIOT
udemnomeHmHsiMu. [JIpyroit IpuMep MAEMIIOTEHTHOTO AeiCTBUS — 3aIUCh 06 13-
MeHEeHUM CTaTyca TPAH3aKIMM: KaXKI0i TPaH3aKI[MM COOTBETCTBYIOT OTHEIbHbIE
(bukcupoBaHHble 6UTHI B clog, yCTAaHOBKA KOTOPBIX HE 3aBUCUT OT UX MPEIbIIY-
mero 3HaueHus. I1oaToMy BHYTpM CTpaHul clog HeT HeOGXOAMMOCTY XPAaHUTD
LSN nmocnenHero usmeHeHus.

! backend/postmaster/startup.c;
backend/access/transam/xlog.c, dyukuus StartupXLOG.
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c. 30
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JKypHanbHbIe 3aMUCK MIPUMEHSIOTCS K CTpaHuiaM B 6ydepHoM Kelle, Kak 3TO
TIPOVUICXOAUT U TIpU 00BIYHOI paborTe.

AHaJIOTMYHO XypHaJIbHbIE 3aTMCHU TIPUMEHSIOTCS U K daiiyiaM: HallpuMep, ecin
3aIMCh TOBOPUT O TOM, UTO (paiiyl JODKEH CyIIeCTBOBATD, a ero Het, — (a1 co-
3IaeTcsl.

IMocte OKOHYAHMST BOCCTAHOBJIEHMSI BCe HEKYPHAIMPYeMble OTHOIIIEHUS TIepe3a-
MMCHIBAIOTCS C IIOMOIIIBIO 06pa30B B init-daiinax.

B 3aktoueHMe BbITIOTHSIETCS KOHTPOJ/IbHAs TO4YKa, YTOObI 3a(bI/IKCI/IpOBaTb Ha guc-
Ke BOCCTAHOBJIEHHOE COCTOSAHHE.

Ha sToMm pa6ora mpoiiecca startup 3aKaHYMBaeTCsl.

B knaccuueckoM Buae NpoLecc BOCCTaHOBIEHUS COCTOMT M3 IBYX 3TanoB. Ha nepsom (roll
forward) HakaTblBalOTCS KypHasbHbIE 3amMWCH, NPU 3TOM CEPBEP MOBTOPSET NOTEPSHHYHO
npu cboe pabory. Ha BTopom (roll back) oTkaTbiBaloTCs TpaH3aKLUMKM, KOTOpble HE Bbln
3a(MKCMPOBaHbl HA MOMEHT cbHos.

PostgreSQL He HyxaaeTcs Bo BTOpoM 3Tane. [locne BoccTaHoBneHus B clog He ByaeT ycTa-
HOBJIEH HW BUT durKcauuu, H1 BUT 06pbiBa (4TO HOPMaNbHO COOTBETCTBYET BbIMOMHSOLWLEN-
€S TPAH3aKLMM), HO NOCKOJbKY TOYHO U3BECTHO, YTO TPaH3aKLIMSA YXKe He BbINOMHAETCS, OHa
6yneT cuntaThes 060pBaHHOIAL

MOKHO CBIMMTMPOBATb COOJ, IPUHYIMUTEIbHO OCTAHOBMB CEPBEP B PEXKUME
immediate:

postgres$ pg_ctl stop -m immediate

HpOBepI/IM COCTOsIHME Ki1acTepa:

postgres$ /usr/local/pgsql/bin/pg_controldata \
-D /usr/local/pgsqgl/data | grep 'state'

Database cluster state: in production

[Ipu 3amycke cepBepa Mporiecc startup MOHMMAET, YTO IIPOM30ILeN cOO0i, U 3amyc-
KaeT BOCCTaHOBJIEHME:

1 backend/access/heap/heapam _visibility.c, dyrxums HeapTupleSatisfiesMVCC.
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10.4. BoccmaHosnieHue

postgres$ pg_ctl start -1 /home/postgres/logfile

postgres$ tail -n 8 /home/postgres/logfile

LOG: database system was interrupted; last known up at 2024-03-24
21:26:40 MSK

LOG: database system was not properly shut down; automatic recovery
in progress

LOG: redo starts at 0/3F955590

LOG: invalid record length at 0/3F955640: expected at least 24, got
0

LOG: redo done at ©/3F9555C8 system usage: CPU: user: 0.00 s,
system: 0.00 s, elapsed: 0.00 s

LOG: checkpoint starting: end-of-recovery immediate wait

LOG: checkpoint complete: wrote 3 buffers (0.0%); @ WAL file(s)
added, © removed, @ recycled; write=0.008 s, sync=0.007 s,
total=0.046 s; sync files=2, longest=0.004 s, average=0.004 s;
distance=0 kB, estimate=0 kB; Llsn=0/3F955640, redo Lsn=0/3F955640
LOG: database system is ready to accept connections

IIpy HOpMaIbHOM OCTAHOBE cepBepa IIpollecc postmaster OTK/IOUaeT BCeX K-
€HTOB ¥ 3aTeM BBINIONHSIET (PMHATBHYIO KOHTPOJIbHYIO TOUKY, YTOOBI COPOCUTH
IpSI3HbIE CTPAHUIIBI HA IVCK.

3alloOMHUM TEKYIIYIO IIO3UINIO B )KypHaJie:

=> SELECT pg_current_wal_insert_lsn();
pg_current_wal_insert_lsn

0/3F9556B8
(1 row)

Terepb akKKypaTHO OCTaHOBMM CEpPBEP:

postgres$ pg_ctl stop

ITpoBepMM COCTOSTHME KTacTepa:

postgres$ /usr/local/pgsql/bin/pg_controldata \
-D /usr/local/pgsql/data | grep state

Database cluster state: shut down

ITocmoTpeB XypHasl, 0OOHapy>KMM B KOHIle 3alych O (pMHaIbHOI KOHTPOIBHOM
Touke (CHECKPOINT_SHUTDOWN):
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postgres$ /usr/local/pgsql/bin/pg_waldump \
-p /usr/local/pgsql/data/pg_wal -s @/3F9556B8

rmgr: XLOG len (rec/tot): 114/ 114, tx: 0, lsn:
0/3F9556B8, prev 0/3F955640, desc: CHECKPOINT_ SHUTDOWN redo
0/3F9556B8; tli 1; prev tli 1; fpw true; xid 0:896; oid 24763; multi
1; offset 0; oldest xid 722 in DB 1; oldest multi 1 in DB 1;
oldest/newest commit timestamp xid: 0/0; oldest running xid 0;
shutdown

pg_waldump: error: error in WAL record at 0/3F9556B8: invalid record
length at ©/3F955730: expected at least 24, got ©

IMocnentee coobieHme ot pg waldump roBopuT 0 TOM, YTO YTWINTA JOUYMTAIA
SKYpHAaJI 10 KOHIIA.

CHOBa 3aITyCTUM 9K3eMIUISP:

postgres$ pg_ctl start -1 /home/postgres/logfile

10.5. PoHoBas 3anuchb

Ecmn o6cTyskuBaromeMy Mmpoleccy notrpedyercs BHITECHUTD U3 6ydepa rps3Hyio
CTpaHUILy, eMy IIPULETCS CAMOCTOSITENTbHO 3aIMCaTh ee Ha IUCK. ITO HeXOPOoIIas
CUTYyaIusl, TPUBOASINAS K OKUIAHUSIM, — rOpas/io Jydlile, KOT/a 3ammch MpouC-
XOIIUT aCMHXPOHHO, B (DOHOBOM DEXUME.

YacTuuHO paboTy 110 COpOCY TPSA3HBIX CTPAHUIL 6epeT Ha cebst MpoIlecc KOHTPOIIb-
HOJ TOYKM, HO 5TOTO HEIOCTATOYHO.

IT03TOMYy CyIIecTByeT TakKe ITpollecc (oHosoll 3anucu bgwriter!, KoTopsiit mpu-
MEeHSET TOT K€ aJITOPUTM IIoMcKa OydepoB, UTO M MeXaHMU3M BbITECHEHMS, HO
C ABYMSI OTVIMUMSIMIA:

* MCIIO/Ib3YyeTCA COOCTBEHHAs «4acoBas CTpe/IKa», KOTOpasi MOJKeT OIlepekaTb
«4aCOBYIO CTPEJIKY» BBITECHEHMS, HO HUKOTOd HE OTCTAaeT OT HEe;

* mpu 06xo/e 6yhepoB cUeTUMK 0OpalleHNiT He YMEHbIIIaeTCs.

! backend/postmaster/bgwriter.c.

216


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/postmaster/bgwriter.c;hb=REL_16_STABLE

10.6. Hacmpoiika

I'psi3Has cTpaHuiia c6pacbiBaeTcsl Ha OUCK, ecau 6ydep He 3aKpeIvieH U MMeeT
HyJIeBOe UMCI0 obpaineHuii. Takum o6pa3oM, (GOHOBBIN MPOLIECC 3alUCU UAET
BIIepeIy BhITECHEHMS U 3apaHee cOpachiBaeT Te Gydepbl, KOTOpPbIE C GOJBIIOIN
BEpOSITHOCThIO BCKOpE 6YIYT BbITECHEHBI.

ITO YBEJIMUMBAET LIAHCHI HA TO, UTO Gydepbl, BhIGpaHHbIe P BHITECHEHNM, He
OyIyT IPSI3HBIMM.

10.6. Hacrpoiika

HacTpoitka KOHTPONbHOM TOUKM

ITpogOMKNUTENLHOCTh KOHTPOAbHOM TOUKM (TOUHEE TOBOPS, MPOIOJIKUTEND-
HOCTb JTalla 3alucy IPSI3HBIX OyhepoB) ompenesnsieTcss 3HaUEHMEM ITapaMeTpa
checkpoint_completion_target. OHO ITOKa3bIBaeT, KAKYIO YaCTh BpeMeHM MEXIY Ha-
YyajaMi ABYX COCEIHMX KOHTPOIbHBIX TOUEK OYIeT MPOVICXOAUTD 3aIMCh. YBEIN-
YMBATh 3HAUEHME 10 €IMHUIIBI HE PEKOMEHAYETCSI, TOCKOJIIbKY MOYKET ITOTyYUTh-
s Tak, YTO CIeIyIolast KOHTPOIbHAsI TOUKA JO/DKHA 6YIeT HauaThCs 0 TOT0, Kak
TTOJTHOCTBIO 3aBePIIMIIACh Ipenbiayias. KatacTpodsl He CIYUYUTCS, TOCKOIbKY
B JIIOOOM CJTy4yae B OIVH MOMEHT BPeMEHM BbITIOTHSETCS TOTbKO OHA KOHTPOJIb-
Hasl TOUKa, HO HOPMAaJIbHbII PUTM PabOThl MOKET ObITh HAPYIIEH.

K HacTpoiike OCTa/JbHBIX ITapaMeTPOB MOKHO ITOLOMTM CAeIYIOIIMM 06pasoM.
CHavasia ompemenuMMcs, Kakoif 06beM KypHa/IbHBIX (pailioB HOMMyCTUMO COXpa-
HSITb MEKIY IBYMS [TOC/Ie0BaTe/IbHBIMM KOHTPOJIbHBIMM TOUKaMu. Yem Goibiie
06beM, TeM MeHblle HaKJIaJHbIX PACXOf0B, HO B JII060M C/Tyyae 3TO 3HaueHMe
OyZeT orpaHMYeHO JOCTYITHBIM CBOOOMIHBIM MECTOM M JOITYCTMMbIM BpeMeHeM
BOCCTaHOBJIEHMUS.

MOSKHO ITOCUMTATh, 38 KAKOE BpeMsI IIpU 00bUHOLl HaTpy3Ke 6yIeT reHepupoBaTh-
CS1 3TOT 00beM. [IJIs1 3TOTO HAJO 3aIIOMHUTD HAYa/IbHYIO ITO3UIINIO BCTABKU B JKYP-
HaJ U IePUOAMNYECKY ITPOBEPSTh PA3HOCTD TEKYILEN U 3a[IOMHEHHOV MO3ULINIA.

IMonyyeHHOe BpeMs OyIeM CUMTATb OOBIYHBIM MHTEPBAIOM MEXKIY KOHTPOJIb-
HBIMM TOUKaMM M 3alMileM ero B IapameTtp checkpoint timeout. 3HaueHue
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110 YMOJTYaHMIO, CKOpee BCero, CJIMIIKOM MaJjio; 0ObIYHO BpeMsl YBeIMUMBAIOT, Ha-
mpumep, 10 roayvaca.

OpHako BO3MOXHO (M Jake BEpOSITHO), UTO UHO020d HArpy3Ka OyIeT BbIlle, 1 3a
yKa3aHHOe B MapaMeTpe BpeMsl Gy/IeT CreHepUPOBaH CIMIIIKOM GOJIbINONI 06beM
SKYpHATbHBIX 3aIiceii. B 9TOM cjTyyae KOHTPOJIbHASI TOUKA TOIKHA BBITTOTHSITh-
cs1 yatie. [IJIs 3TOTO IMapaMeTpoM max_wal_size OTpaHNYNM 06BEM KyPHATbHBIX
daiinos, HeOGXOIMMBIX /I7Is1 BOCCTAHOBJIeHs1. [Tpy IpeBbILIe M 3TOTO Ipezena
cepBep MHUIMUPYET BHEIJIAHOBYIO KOHTPOJIbHYIO TOUKY.

JKypHanbHble (aityibl, HEOGXOIMMbIE [JIsI BOCCTAHOBJIEHMSI, COIePKaT 3aIUCH 3a
MIPOIIEIIYIO 3aBEPIIeHHYI0 KOHTPOJIBHYIO TOUKY M 33 TEKYIIYIO, ellle He 3aBep-
neHHy10. [Io3TOMY 17151 OIIeHKM 001Iero 00beMa HaJ0 YMHOKUTD M3BECTHBIN 00b-
eM MeXIy KOHTPOJIbHBIMYM ToOuKaMu Ha 1 + checkpoint_completion_target.

[lo Bepcumn 11 xpaHunuch daiinbl U 3a NO3anpoLLyi0 KOHTPOJIbHYO TOUKY, TO3TOMY YMHO-
XaTb Hapjo 6bino Ha 2 + checkpoint_completion_target.

Ipu Takoit HaCTpoOiiKe 6OIbIIAs YaCTh KOHTPOIbHBIX TOUEK ITPOMCXOIUT IO pac-
mMcaHuio pas B checkpoint_timeout enyiHuil BpeMenn. Ho Tpy MOBBIIIEHHO Ha-
IPy3Ke KOHTPOJIbHAsSI TOUKA BbI3bIBAETCS Uallle, 10 JOCTIIKeHMM 06beMa KypHasia
max_wal_size.

ITpoitecc KOHTPOIBHOM TOUKM ITOCTOSTHHO COTIOCTABJISIET CBOM (paKTHUeCKUIL ITPo-
2

Ipecc ¢ OXKMUIaeMbIM“:
dakTuueckuii nporpecc orpemesnsieTcss Oojeit yke MPOCMOTPEHHbBIX CTpaHuI, 6y-
(epHoOro Kea;

0)XXMAAeMblit NPOrpecc No BpeMeHU OIIPeesisSeTCs HoJIeii yKe MOTPaueHHOro Bpe-
MEHM, MCXOIS U3 TOTO, YTO KOHTPOIbHAS TOUKA JO/KHA 3aBEPIINUTHCS 3a UH-
TepBan checkpoint _timeout x checkpoint_completion_target;

0XXMAAEeMbIi1 nporpecc No 06beMy OIpefesiseTcsl Mojeli yKe 3aIllOTHEeHHBIX JKyp-
HaJIbHbBIX (PaiiyIoB, IJIAHMPYyEeMOe KOITMUECTBO KOTOPBIX BHIUMCIISIETCS MCXOIst
"3 3HaUeHusT max_wal_size x checkpoint_completion_target.

1 backend/access/transam/xlog.c, dyukuymu XLogCheckpointNeeded u CalculateCheckpointSeg-
ments.
2 backend/postmaster/checkpointer.c, dyuxims IsCheckpointOnSchedule.
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10.6. Hacmpoiika

Ecmu 3ammch TPpSI3HBIX CTPAHMUIL OIlepeXkaeT rpaduk, OHA ITPUOCTAHABIMBAETCS,
€C/IM OTCTAaeT XOTs 6bl 10 OMHOMY M3 JBYX MapaMeTPOB — JOTOHSET 6e3 3a/ep-
xek . VyeT u BpeMeHM, 1 06beMa MO3BOJISIET OMHOTHUITHO YIIPABIISITh CKOPOCTHIO
BBITTOJTHEHVST KOHTPOJIbHBIX TOUEK KaK IT0 pacCaHuIo, TaK U 110 TPeOOBaHUIO.

TMocste IPOXOXKIEHMST KOHTPOJIbHOI TOUKM cepBep 136aB/sSeTcs OT HEeHYKHbIX
Zi7151 BOCCTAHOBJIEHMSI (M IPYTMX 3a7a4) KypHAIbHBIX 3amuceiiZ [Ipy 5TOM 4acTb
(aitsoB ymassieTcs:, a OCTaJIbHbIe TIePeMMEHOBbIBAIOTCS M MCIIOIb3YIOTCS 3aHOBO.
VX KOMMYECTBO 3aBUCUT OT MHTEHCUBHOCTY TeHepaluy KypHaIbHbIX 3aIyceit,
HO B j060M crydyae B PGDATA/pg wal monepskmBaeTcss MMHUMAJIbHBIN 00beM
min_wal_size>.

OG6BIYHO TIEpeMMeHOBaHMe TT03BOJISIET COKOHOMUTD Ha TTOCTOSTHHOM CO3JaHUM U
yoaneHuu ¢GaitjioB, HO IIPY HeO6XOAMMOCTH TaKoe IMTOBeIeHV e MOKHO OTK/IIOUUTD
C IoMoIIbIo mapameTtpa wal recycle.

PucyHOK TOKa3bIBaeT, Kak MeHSIeTCSI 00'beM HeOOXOIMMBIX CepBEPY KYPHATbHbIX
(daitoB B HOpMaabHbBIX YCIOBUSX.

obbem WAL

max wal_size

Bpems

checkpoint_timeout \ 06bem WAL, reHepupyeMmbiid 33 Bpems
MEX[y Ha4anamm KOHTPOSbHBIX TOHeK

' backend/postmaster/checkpointer.c, dbyukums CheckpointWriteDelay.
2 backend/access/transam/xlog.c, yHkuus RemoveOldXlogFiles.
3 backend/access/transam/xlog.c, dyakuus XLOGfileslop.
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BaskHO ITOHMMAaTh, UTO peasibHbI/ 06beM JKypPHAJIbHBIX (aiiioB Ha cepBepe MO-
KeT ObITh 6Osbllle, 8 B HEKOTOPBIX CJIyUasX MOXKeT M IPEBBICUTh 3HAUeHUe
max_wal size:

 [TapameTp max wal_size 3aJjae€T OPUEHTUD, HO HE CITYSKUT SKECTKUM OTPaHM-
yennem. Eciiu Harpyska Bo3pacTer, 3aICh MOXKET OTCTaTh OT rpaduka.

» CepBep He UMeET IMTpaBa CTUPATh XKypHa/IbHbIe (aii/ibl, ellle He repeJaHHbIe
yepes CIOThI PETUIMKAIMIA U e1lle He 3aIIMCaHHbIe B ApXUB ITPY HEIIPEPHIBHOM
apxuBupoBaHuu. ECiv aTOT QYHKIIMOHAI MCTIOTb3YeTCs, HEOOXOAMM MTOCTO-
SIHHBIII MOHUTOPMHT, IOTOMY UTO MOKHO JIET'KO [TE€PEITOJIHUTD IMCKOBYIO I1a-
MSITh cepBepa.

« Hekotopoe KoamuecTBO (GaiijioB MOKET ObITh 3ape3epBUPOBAHO YCTAHOBKO
rmapametpa wal_keep_size.

Hacrtpoitka ¢doHOBO# 3anucu

Ipotiecc GOHOBOI 3aMMCK UMEET CMBICJI HACTPAMUBATh MOC/Ie KOHTPOIbHOM TOU-
K1. COBMECTHO 3TM ITPOLIECChI JOJDKHBI YCIIEBATh 3aIMChIBATD IPsI3HbIE Gydhepsl
JIO TOT0, KaK OHM MOTPe6YIOTCS 00CTYKMBAIOIIVIM MPOIIeCCaM.

IMportecc hboHOBOI 3amMCH BBITIONHSIET PAOOTy IMKIAMM, 3aChINasi B IIPOMEKYT-
Kax Ha bgwriter_delay eqyiHu1] BpeMeHM.

KonmuecTBo cTpaHuil, KOTOpbie GYAYT 3aIiCaHbl 3a OAUH LUK paboThl, OIpe-
IeNIIeTCs TI0 CPeIHEMY KOJTMYeCTBY 6yGhepoB, 3aITpOIIEHHBIX 00CTYKMBAIOIMMM
MPOLIECCAMMU C MPOIUIOTO 3amycka (MCIOMb3YeTCs CKOb3SIIee CpefHee, YTOObI
CIVIAIATh HEPAaBHOMEPHOCTh MEXKIY 3aIlyCKaMy, HO TIpU 9TOM He 3aBUCETDb OT
IaBHE MCTOPMM). BhIuMCIeHHOe KOIMYeCTBO AOMOMHUTETbHO YMHOXKAETCS Ha
Ko duiment bgwriter Iru_multiplier. Ho B n060M cyydae 3a OOVH LMK pabo-
ThI He OymeT 3amucaHo Gonee bgwriter lru_maxpages cTpaHull.

Ecu nportecc He 06HAPYKII HY OJHOTO TPsI3HOT0 O6ydepa (To eCTh B CHCTEME HU-
Yero He MPOMCXOONUT), OH «BIIa[JaeT B CIISTUKY», M3 KOTOPOi €ro BhIBOAUT ITEPBOE
ke ob6palleHne cepBePHOTo Mpotiecca 3a 6ydepom. ITocte 3TOTO MPOIECC MPOCHI-
raeTcs ¥ IpoJoJIKaeT paboTaTh OOBIYHBIM 00Pa3OM.
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MoHuTOpHUHT

HacTpoiiky KOHTPOJIbHOJ TOUKY ¥ (POHOBOJI 3aIMCH MOKHO U HY>KHO KOPPEKTH-
pPOBaTh, IoTyyast 06PaTHYIO CBSA3b OT MOHMTOPWHTA.

Eciu KOHTpPOJIbHBIE TOYKM, BbI3BAHHBIE IMPEBbIIIEHEM 00beMa KYPHaJbHBIX
(daitnoB, BBIMOMHSIIOTCS Yallle, YeM yKasaHO B Iapametpe checkpoint warning,
B JKypHaJ COOBIIeHN BBIBOAUTCS MpeAyIpexaeHe. 3HaueHue mapamMmeTpa CTo-
VT IIPUBECTU B COOTBETCTBUE C MPEII0araeMoii IMKOBOI Harpy3Koii.

HeTanbHast MHGOPMALMS O XOJIe BBITIOJTHEHMSI KOHTPOJIbHBIX TOUKAX BHIBOAMUTCS
B JKypHaJI COOOIIeHNIT cepBepa Py BKIIOUeHHOM napametpe log checkpoints.

ITomeHsiem ‘{TO-HMﬁy,[[b B JaHHBLIX Y MTHUIIMMPYEM KOHTPOJIbHYIO TOUKY:

=> UPDATE big SET s = 'BAR';
=> CHECKPOINT;

B XypHajie coOOIIeHMiI Mbl YBUIMM, CKOJIbKO OydepoB ObIJIO 3alMCcaHO, KaK U3-
MEHMJICS COCTAB KYPHAIbHbIX (ailioB TOC/Ie KOHTPOIbHO TOYKM, CKOJIbKO Bpe-
MeHM 3aHs/Ia KOHTPOJIbHAsI TOUKA M pacCTosHue (B OaiiTax) MeXIy HavajiaMu
COCeIHMX KOHTPOIbHBIX TOUEK:

postgres$ tail -n 2 /home/postgres/logfile

LOG: checkpoint starting: immediate force wait

LOG: checkpoint complete: wrote 4100 buffers (25.0%); 0 WAL file(s)
added, 1 removed, @ recycled; write=0.102 s, sync=0.016 s,
total=0.147 s; sync files=3, longest=0.010 s, average=0.006 s;
distance=9213 kB, estimate=9213 kB; 1lsn=0/40254C98, redo
Lsn=0/40254C60

Ho Hau6onee monesHass nHGoOpMauus s 1ieieli HaCTPOMKM — CTaTUCTUKA pa-
60ThI MTPOLIECCOB KOHTPOIBHOM TOUKM ¥ (OHOBOI 3amMCU B MPECTaBIEHUN
pg_stat_bgwriter.

MpencraBneHune obliee, NOCKOMbKY A0 Bepcun 9.2 o0be 3a4aum BbiMOAHANMCH NPOLECCOM
(hOHOBOM 3anNMUCK; 3aTEM KOHTPO/bHYIO TOUKY BbIAENMIN B OTAEMbHbIA NPOLECC, HO Npea-
CTaB/IeHMe 0CTanoch.

=> SELECT * FROM pg_stat_bgwriter \gx
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2024-03-24 21:24:52.822313+03

-[ RECORD 1 ]-—-------- o
checkpoints_timed | @
checkpoints_req | 10
checkpoint_write_time | 35352
checkpoint_sync_time | 474
buffers_checkpoint | 15053
buffers_clean | 13734
maxwritten_clean | 125
buffers_backend | 87535
buffers_backend_fsync | ©
buffers_alloc | 88412
I

stats_reset

B uncne ImpoYero rnpeacraB/JieHMe IMOKa3bIBA€T KOJINMYECTBO BbITIOJTHEHHBIX KOHT-
POIBbHBIX TOUEK:

e checkpoints_timed — mo pacnucaHuio (10 SOCTUXKEHUM MHTepBaja Bpe-
MeHu checkpoint_timeout);

» checkpoints_req — no Tpe6oBaHMIO (B TOM YMC/Ie 10 JOCTUXKEeHUM 06beMa
max_wal _size).

Bonbuioe 3HaueHne checkpoint_req (1o cpaBHeHuo ¢ checkpoints_timed)
TOBOPUT O TOM, UYTO B PeaIbHOCTY KOHTPOJIbHbIE TOUKM MIPOUCXOIST Yyallie, 4eM
TpeJnoaaraaoch.

[lnst HacTpoiiky (hOHOBOI 3aMMCH MTOJIE3HO 3HAUeHMe maxwritten_clean — 3To
YMCIIO0 TIOKA3bIBAET, CKOIIBKO Pa3 mpoiiecc (hOHOBOIT 3ammcu mpeKkpaiial UK pa-
60TbI U3-3a TIpeBbIlieHNs bgwriter_lru_maxpages.

B Xopoi1lio HaCTPOEeHHOJ cucTeEME OOCTYKMBAKOIINE ITPOLIECCH MPAKTUYECKM He
BBIMTOTHSIOT 3aIVCh, @8 OCHOBHOJI €e 00beM ITPUXOIUTCS Ha MPOIeCChl KOHTPOIIb-
Hoi1 Touku (buffers checkpoint) u ¢ponoBoit 3amcu (buffers _clean).K co-
>kaneHuto, none buffers_backend, HecMOTps Ha CBOe Ha3BaHMe, ITOKAa3bIBaeT
KOJINYECTBO CTPAHUII, 3aITMCAHHBIX HE TOTBKO 0OCTYKMBAOIIMMY, HO Y APYTYUMMU
TpolleccamMi. B Mx 4mciio BXOASIT MPOLIECCHI OUMCTKM, KOTOPBIE, UCIIOIb3Ys Oy-
(dbepHbIe KOJbIIA, AKTUBHO 3aMMChIBAIOT CTPAHUIIBI CAMOCTOSITEIHHO. DTO He T03-
BOJISIET OpMEHTUPOBaThC Ha 3HaueHMe buffers backend a1 HacTpoiiku.

HamHoro 6ostee feTanbHYI0 MHGOPMaLMIO O BBOJE-BbIBOJE B Pa36MBKe 10 TUIIaM
MIPOIIeCCOB MOKHO MOMYYUTD U3 NpefcTaBieHus pg_stat_io:
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=> SELECT backend_type,

sum(reads) reads, sum(writes) writes, sum(fsyncs) fsyncs
FROM pg_stat_io
GROUP BY backend_type;

backend_type | reads | writes | fsyncs
————————————————————— e T B
background worker | 4227 | 0 | 0
client backend | 59542 | 32986 | 0
walsender | 0 | 90 | 0
standalone backend | 545 | 979 | 0
autovacuum worker | 12578 | 5424 | (%]
autovacuum launcher | 7 | 90 | Q
background writer | | 13734 | 0
startup | Q0 | 0 | Q
checkpointer | | 15053 | 517
(9 rows)
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11.1. MNMpounssoaUTENBHOCTD

ITpu 06bIYHOI paboTe cepBepa MPOUCXOANUT MOCTOSTHHAS, HO TTOC/IeloBaTeIbHAs
3aIMCh KYPHAIbHBIX (aiyioB. IIOCKONBKY CIyJaiiHbli JOCTYI MPAKTUUECKU OT-
CYTCTBYET, C 3TOI 3a4aueli BIIOJIHE MOTYT CripaB/isaTbcsa U HDD-pucku. Ho Takoit
XapakTep Harpy3Ku CYI[eCTBEHHO OTIMYAETCsI OT TOTO, KaK MPOUCXOAUT OCTYII
K ¢aityiaM JaHHbIX. [I03TOMY MOKET ObITh BBITOJHO Pa3sMECTUTH KypHAJ Ha OT-
JIeIbHOM (pM3UUYEeCKOM HOCUTeNIe, CO3aB BMecTo KaTanora PGDATA/pg wal cum-
BOJIbHYIO CCHIJIKY Ha KaTaJIOT IPUMOHTUPOBAHHO (aiiyIoBOIi CUCTEMBI.

EcTb napa cuTyaumit, npu KOTopbIX XXypHasibHble daiinbl HE06X0AMMO He TONbKO NMUCaTh, HO
M umnTathb. [lepBas — NOHATHBIN CNyYal BOCCTaHOBNEeHMS nocne c609. Bropas Bo3HMKaeT npu
MCNONb30BaHWM NOTOKOBOM penaukaumu. Mpouecc walsender® unTaeT xypHanbHbie 3anu-
C1 HenocpeacTBeHHO M3 haiinos2 Mo3ToMy, eciu pennunka He ycnesaeT NoNyyaTh KypHab-
Hbl€ 3aMK1CK, MOKA HYXXHbIE CTPAHULLbI eLle HaxoaaTcs B Bydepax onepaLmMoHHON CUCTEMDI
OCHOBHOTO cepBepa, AaHHble 6yayT npounTaHbl ¢ Aucka. Ho 1 B 3ToM cnyyae goctyn 6yaert
nocnenoBaTeslbHbIM, @ He C/TyYaiHbIM.

3amnuch JXypHaJia IpoucxXoamuT B OOJHOM U3 OBYX PEKMMOB!

e CMHXPOHHOM — TIpY (MKCALIMYM TPaH3aKIMK MPOJO/DKeHE paGOThl HEBO3-
MOKHO, TTI0Ka BC€ KYpHaIbHbIE 3aIMCH 00 9TOM TpaH3aKIMM He OKaXKyTCS Ha
ICKeE;

* ACMHXPOHHOM — TPaH3aKLMs 3aBEPIIAETCS HeMEeJIEHHO, a JKypPHaJI 3aI1Chl-
BaeTcst B QOHOBOM PEXUME.

1 backend/replication/walsender.c.
2 backend/access/transam/xlogreader.c.
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11.1. IIpoussodumenbHOCMb

Pe>kuM ycTaHaBIMBAETCS TapaMeTpoM synchronous_commit.

CHHXPOHHBDIM pexuM. [IJIsT HaleXXHOTO coxXpaHeHMsl ¢akTa (pukcanuy HeaoCTa-
TOYHO MPOCTO MepelaTh KypHaJbHbIE 3aIMCK OIEpPalIOHHON cucreme —
HEO0OXOAMMO CMHXPOHM3UPOBATD UX C JUCKOM. ITOCKOITBKY CMHXPOHMU3ALINS
CBsI3aHa C peasbHbIM (TO €CTh MeJjIeHHbIM) BBOA,OM-BbIBOOM, BBITOJHO BbI-
TIOJTHSITh €€ KaK MOKHO PesKe.

IlJist 3TOTO OOCITY;KMBAIOIIMIA TTPOIIECC, 3aBePIIAIONIMii TPaH3aKIMIO U 3aIlu-
CBIBAIOIIMIA SKypHaJI, MOKET JIeJIaTh HeOObIIYIO May3y, ONpeaeseMylo Ia-
pameTpom commit_delay. Ho IpoMCXOOUT 3TO TONBKO B TOM CIIydae, €Ciin
B CUCTeMe MMeeTcsl He MeHee commit_siblings aKTMBHBIX TpaH3aKuuii!: 3a
BpeMsI OKMIAaHMS HEKOTOPbIE M3 HUX MOTYT 3aBEPIIUTHCS, U TOTIA YOACTCS
CMHXPOHM3UPOBATDh BCE XXypHaIbHbIE 3aMMCH 3a OJUH MPUEM. ITO MTOXOXKE
Ha TO, KaK BbI MpUIep>KUBaeTe ABepu anudTa, YTOOBI KTO-TO YCITeT 3aCKOUUTD
B KaOMHY.

Co 3HaYeHNsIMM 110 YMOIYAHMIO I1ay3a He BblepkuBaeTcs. MI3MmeHATh 3Ha-
yeHye rnapameTpa commit_delay yimeeT CMBICI TONbKO B CUCTEMaX, BbIIIOJ-
HSIOMIVX GOMTBIIOE KOTMYECTBO KOPOTKUX OLTP-TpaH3aKIuit.

TMocste BO3MOXKHOI Tay3bl MPOLIECC, 3aBepIlauii TpaH3aKIMioo, copachl-
BaeT Ha AMCK BCe HAKOMMBINMECS XypHAIbHbIE 3aMUCKU Y CUHXPOHU3UPYET
MX C JUCKOM (BaKHO, UTO Ha JAMCKEe OKa3bIBAETCS 3amMCh O (GUKCALIUM U BCe
MpeabIAyIIe 3aMCH, OTHOCSIIIMECS K 9TOM TpaH3aKIMK; BCE OCTAIbHOE 3a-
MIMChIBAETCS MPOCTO IOTOMY, UTO HE YBEIMUUBAET CTOMMOCTb).

C 3TOrO0 MOMeEHTa TPpaH3aKIMia CUUTACTCA HAAEXKHO BEl.BepH_IeHHOf/'I2 — rapaH-

Tupyetcs gonroseuHocts (Durability u3 Habopa Tpe6oBanmit ACID). TToaro-
MY CMHXPOHHBII PEKUM UCIIOMb3YeTCS 110 YMOTYaHUIO.

O6paTHast CTOPOHa COCTOMT B TOM, UTO CMHXPOHHAs 3alyCh YBEINYMBAET
BpeMsI oTKIMKa (koMaHaa COMMIT He BO3BpalaeT ynpaBieHue 10 OKOHYA-
HMSI CMHXPOHM3ALMM) U YMeHbIIaeT NMPOU3BOLUTENbHOCTh CUCTEMBI, OCO-
6enHo OLTP.

1 backend/access/transam/xlog.c, byakuus XLogFlush.
2 backend/access/transam/xlog.c, dyHkimst RecordTransactionCommit.

225


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/transam/xlog.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/transam/xlog.c;hb=REL_16_STABLE

200ms

1MB

I'nasa 11. Pexcumbl xcypHana

1

ACMHXPOHHBII peXXUM. ACMHXPOHHYIO 3aIMCh  MOYKHO ITOYIUTD, YCTAHOBUB IS

napameTpa synchronous_commit 3Hauenue «off».

B acMHXPOHHOM peskuMe cOpOC SKYPHATbHBIX 3aITCEN BBITIOTHSIET ITPOIIECC
walwriter? yepemyst LMK/IBI paBGOTHI ¢ O3kMAaHMEeM. [IpOJOKUTEIBHOCTD T1a-
y3 ycTaHaBIMBaeTCs mapameTpom wal writer delay.

ITpocHyBIIMCH TIOCTIE OYepeAHOI TIay3bl, IPOILlecC ITPoBepsieT, MOSBUINUCD JIn
B Kellle HOBBbIE NONIHOCMbI0 3allOMTHeHHbIe cTpaHuilbl WAL. Eciu mossBuancCh,
TO TIPOLIECC 3aMMChbIBAaeT X Ha JUCK, UTHOPUPYS TeKyllyio cTpaHuity. Eciamn
Ke C TIPOIIJIOTO pa3a HY OfTHa CTPaHMIla XXypHaJia He 3alTOIHM/IACh 10 KOHIIA,
TO IIPOIIeCC 3aMyCchIBaeT TEKYIIYI0 Hel03aroTHEeHHYIO CTPaHUITy, pa3 YK Bce
PaBHO IIPOCHYJICSI .
OTOT aJITOPUTM HalleJIeH Ha TO, YTOOBI IT0 BO3MOKHOCTY He COpachIBaTh OIHY
M Ty Xe CTpaHMITy HeCKOJbKO pa3, UTO BaKHO IPU OOJIBIIIOM IMOTOKE M3Me-
HEHMUIA.

XOTs sKypHaTIbHBIN Kelll ¥ UCITO/Ib3yeTCs Kak KoJblieBoit 6ydep, 3ammch ocTa-
HaBJIMBAETCS, KOTJA JOCTUTAET IMOCaeIHel CTPaHUIbI Kellla; CIeTyIoNmit
TTOCJIe Tay3bl IMKIT 3aMMCY HAYHETCS € TTepBoi cTpaHuiibl. [IosToMy B camom
XyOlIeM crydae walwriter ;o6vupaeTcst 10 XypHaIbHO 3aIIUCH C TPEThEN 1M0-
MIBITKM: CHavasia 6yayT cOpoIIeHbl 3aIT0JIHEHHbIE CTPAHMITBI B KOHIIE Kellla,
3aTeM B Hauaje, ¥, HaKOHeIl, IeJI0 NOVIeT IO Hell03aIl0JTHEHHO CTPaHMUIIbI,
cofepsKaIiei MCKOMYIO 3aIyCh. B 6OMBIIMHCTBE e CTyJIaeB XBaTAeT OTHOTO-
IBYX IIMKJIOB.

CHMHXPOHM3ALMS TaHHBIX IIPOUCXOIUT Uuepe3 Kaskable wal writer flush_ after
MerabaiiT ¥ OmVH pa3 B KOHIIe LIMKJ/Ia 3aMCH.

AcuHXpOHHas 3anmnch 3G heKTUBHee CMHXPOHHOI — QUKcaIs U3MeHeHU
He kaeT Gu3ndeckoii 3ammcy Ha AUcK. OgHAKO HAJEeKHOCTb YMEHbIIAEeT-
cs1: B crydae c60s 3apuKCMpPOBAHHbBIE JAHHbIE MOTYT ITPOTACTh, €CJIU TTOCITe
dbukcamuu nponwto MmeHee 3 x wal writer_delay emyHui, BpeMeHU (UTO IIpU
HACTPOJiKe TI0 YMOIYaHUIO coCTaBiseT 0,6 CEKyHADbI).

1 postgrespro.ru/docs/postgresql/16/wal-async-commit.
2 backend/postmaster/walwriter.c.
3 backend/access/transam/xlog.c, dpyakuus XLogBackgroundFlush.
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11.1. IIpoussodumenbHOCMb

B peanbHOCTM 3TU PEKMMBI JOMOHSIOT APYT Apyra. [laske py CUHXPOHHO (PUK-
cauuu XypHajbHble 3allMCU [ONTOM TpaH3aKUUM MOTYT 3alMChIBATbCSI aCUH-
XPOHHO, UT06bI 0CcBOGOAUTH Gydhepst WAL. A eciiu ipu c6poce cTpaHULIbI U3 6y-
(dbepHOTO Kelra OKaxkeTcsi, YTO COOTBETCTBYIONIAS KypHa/IbHas 3aI1Ch ellfe He Ha
IVICKe, OHA OymeT cOpoleHa HeMeIJIeHHO Jaske B aCMHXPOHHOM peXume, I0-
CKOJIbKY MHAa4Ye HEBO3MOKHO ITPOJO/IKATh PAabOTY.

B OCHOBHOM K€ HempocToii BbIOOp — 3 (PEKTUBHOCTh UM AOJATOBEUYHOCTh —
OCTaeTCs 3a MPOEKTUPOBIIMKOM CHCTEMBI.

IMapametp synchronous_commit MOXXHO yCTAHaB/JIMBATb B TOM UMCI€ U IJIST OT-
IenbHBIX TpaH3akuuii. Eciv Ha ypoBHe IPWIOXKEHMS TONyYaeTcs pasfeinTh
TpaH3aKIMM Ha abGCOMIOTHO KPUTUUHBbIE (Hampumep, paboTaioiiye ¢ GMHAHCO-
BBIMM JAHHBIMM) U MeHee BaskKHbIe, TO MOKHO YBEJIMUUTD IIPOM3BOAUTEIbHOCTD,
SKEPTBYST HAZEXKHOCTHIO TOJTBKO YaCTV TPAH3aKIIMIA.

YT06BI MOMYUNTh KaKOE-TO MPeACTaBIeHe O TOM, KaKOii BbIMTPBIII JaeT acuH-
XpOHHast hMKcallust, CpaBHUM BPeMsT OTK/IMKA U MPOIYCKHYIO CITOCO6HOCTD IIpK
IBYX PeXXMMax Ha 9TaJIOHHOM TecTe pgbench L

VunupanusupyeM Heo6XomyuMble TabMuUIbI M 3amyckaeM 30-CeKyHIHbBI TeCT
B CMHXPOHHOM peXIMe:

postgres$ /usr/local/pgsgl/bin/pgbench -i internals
postgres$ /usr/local/pgsgl/bin/pgbench -T 30 internals

pgbench (16.2)

starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 30 s

number of transactions actually processed: 7597
number of failed transactions: 0 (0.000%)
latency average = 3.949 ms

initial connection time = 1.863 ms

tps = 253.221466 (without initial connection time)

1 postgrespro.ru/docs/postgresql/16/pgbench.
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U 3aTem IpoBeneM TaKOi ke TeCT B aCMHXPOHHOM pesKuMe:

=> ALTER SYSTEM SET synchronous_commit = off;

=> SELECT pg_reload_conf();

postgres$ /usr/local/pgsql/bin/pgbench -T 30 internals
pgbench (16.2)

starting vacuum...end.

transaction type: <builtin: TPC-B (sort of)>
scaling factor: 1

query mode: simple

number of clients: 1

number of threads: 1

maximum number of tries: 1

duration: 30 s

number of transactions actually processed: 74457
number of failed transactions: © (0.000%)

latency average = 0.403 ms

initial connection time = 1.769 ms

tps = 2481.706758 (without initial connection time)

Tpu acMHXPOHHOJ (UKCAIMK B ITOM IIPOCTOM TecTe BpeMs OTKIMKa (latency)
CYIIECTBEHHO YMEHBIIMIOCH, a POITYCKHAs CIIOCOOHOCTD (tps) yBeanmumiach. Pa-
3yMeeTcsl, B K&KI0V KOHKPeTHOM CUCTeMe MPU KOHKPETHOI Harpyske COOTHO-
nieHue 6ygeT CBOUM, HO BUIHO, UTO Py KOpOoTKuX OLTP-TpaH3akiusax (g dexr
MOXKET 6bITh BEChMa 3HAUUTETbHBIM.

BoccranoBuM 3HaUeHMS IIapaMeTpoOB I10 YMO/IYaHUIO:

=> ALTER SYSTEM RESET synchronous_commit;
=> SELECT pg_reload_conf();

11.2. HapexHocTb

OueBUAHO, YTO MEXaHM3M XKYPHAIMPOBAHUS IOKEH TapaHTUPOBATh BO3MOK-
HOCTb BOCCTaHOBJIEHUS MOCIIE COOS B JIIOOBIX CUTYAIUAX (He CBSI3aHHbIX, KOHEY-
HO, C pa3pylleHyeM HOCUTeNS AaHHbIX). Ha cOmacoBaHHOCTh NAHHBIX BIMSET
MHOTO (PakTOpOB, M3 KOTOPBIX Haubosee BaskHbI KEIIMPOBaHME, TTOBPEXIEHME

JAaHHBIX M HEATOMAPHOCTDb 3aIlCHn 1.

1 postgrespro.ru/docs/postgresql/16/wal-reliability.
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11.2. HaodexcHocmbp

KewupoBaHue

Ha myTu maHHBIX K SHEPrOHEe3aBUCYMMOMY XPAHWINILY (TAKOMY Kak IUIacTMHA
SKECTKOT'O IVICKA) CTOSIT MHOTOUMC/IEHHbIE KEIlN.

CucTeMHbBIl BbI30B 3alIMCK HA AVCK MPUBOAUT JUIIb K TOMY, UTO OTlepaliioHHas
CUCTeMa MePEeHOCUT JaHHbIe B CBOM Kelll (TaKyKe HaXOISIIMIACS B OllepaTUBHOM
MMaMsITU ¥ IIOJIBEPSKEHHBIN c60siM). DaKTUUecKast 3amch MPOUCXOIUT aCUHXPOH-
HO, B 3aBUCMMOCTH OT HaCTPOEK TJIaHMPOBIIMKA BBOAA-BbIBO/IA OTIepal[MOHHOM
CUCTEMBI.

Korpa miaHupoBUMK pelllaeT 3anmcaTh JaHHbIe, OHY MTOTafaloT B Kelll HAaKOMUTe-
Jisl ()KeCTKOr0 AMUCKa). DJeKTPOHMKA HAKOMUTE/IS TOKe MOXKET OTJIOXKUTDb 3aTIUCh,
Hampumep cobupast JaHHbIE B IPYIIIIbI, KOTOPbIE BbITOJHEE 3aMycaTh OJMHOBpe-
MeHHO. RAID-KoHTposTep no6aBisier elle OOVH YPOBEHb KeUIMPOBAHMS MEKIY
OIEePAILMOHHOM CUCTEMO U OUCKOM.

Euin He IIpeaIrnpmHMMaTh ClieliMaJIbHbIX Mep, MOMEHT HAaAEKHOIo COXpaHeHMI
JAaHHBIX OCTaeTCA HeEM3BECTHBIM. OG6BIYHO 3TO U He Ba’XHO, ITOCKOJIbKY €CTb >KYyp-
HaJl, HO CaMM JXYPHaJ/IbHbI€ 3aIllCU 00s13aHbI HeMeIJIEHHO COXPaHsATbCS HaIaexX-
HBbIM o6pa30M1. 9TO BE€pHO " i1 aCMHXPOHHOI'O peXXMMa, IIOCKOJIbKY MHaye
HEJIb35 rapaHTUPOBATh, UTO XXYPHAJIbHbIE 3aIIMCU IIOIAAYT Ha AMCK PpAaHbIIIEe 13-
MEHEHHbIX NaHHbIX.

KoHTpobHas TOUKa TaKKe AO/KHA COXPAHSTH TaHHbIe HAIEXKHO, YTOOBI TPSI3HbBIE
CTPaHUIIbI AeICTBUTENBHO GbIIM COPOIIEHBI Ha AUCK, & He OCTAINCh B Kellle oIle-
palMoOHHO cucTeMbl. KpoMe TOro, KOHTPOAbHASI TOUKA CMHXPOHU3UPYET C IMUC-
KOM 1 Bce ¢haiiyIoBbIe OIepalyy, BHIIOJHEHHbIE PaHee APYTMMMU ITpoLieccaMu (Ta-
KMe KakK 3aIMych CTPaHULIBI MM yoajaeHue ¢aiiia): K 3aBepluieHnI0 KOHTPOIbHOI
TOUKM Pe3ybTaThbl BCEX 3TUX NEMCTBUI TOXKe JO/IKHbI TapaHTUPOBAHHO 0Ka3aTh-

Cs Ha OMCKe 2.

EcTb 1 HEKOTOpBIE ApyTHEe CUTYallUM, TPeOYIoIMe HaJeXKHOI 3aIMCH, Halpumep
BBITIOJTHEHYE HEsKYpHaAIMPyeMbIX Ollepaliuit Ha ypoBHe XXypHasaa minimal.

OmnepalnoHHbIe CUCTEMBI ITPENOCTABJISIOT Pa3Hble CPEACTBA, KOTOPbIE TOIKHBI
rapaHTVPOBAaTh HEMEAJIEHHYIO 3aMyCh JAHHBIX B SHEProOHE3aBMUCUMYIO ITaMSTh.

! backend/access/transam/xlog.c, dyakuus issue_xlog fsync.
2 backend/storage/sync/sync.c.
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OHM CBOIATCS K ABYM OCHOBHBIM: JI0O II0C/IE 3aIIMCH BBITTOHSIETCST OTAEIbHASsT
KoMmaHga cuuxpoHusanuu (fsync, fdatasync), 1160 He06GXOAMMOCTb CMHXPOHM3a-
My (VI Taske IPSIMO¥A 3amycy, MMHYS Kelll OTlepalliOHHO CUCTeMBbI) YKa3bIBa-
€TCsT TP OTKPbITUY (bajiyia Iy 3aTMCH B HETO.

Vrunura pg test fsync momoraer ompemenuTs Hambojee MOAXOMSININIA CIIOCOO
CMHXPOHM3alMN JXKyYpHaJia OJisd KOHKPETHOI‘/,I OHepaL[I/IOHHOI‘/JI CucTeMbl M KOHK-
peTHOJ (aityIoBOM cucTeMbl; BbIOPAHHBIN CII0CO6 YKa3bIBaeTCs B IlapaMeTpe

wal_sync_method. JInst IPYTUX CUTYaLMIi CIIOCOG OTIpeieNsieTcs] aBTOMaTidecky L

TOHKMIT MOMEHT COCTOMUT B TOM, UTO [P BBIOOpE MEeTOa HalO YUUTHIBATD XapaK-
TEePUCTUKM aTiapatypbl. Harrpumep, eciv UCIIONb3yeTCs KOHTPOJUIEp ¢ 6aTapeeit
pe3epBHOTO MUTAHUS, HET pe30HA He MCII0/Ib30BaTh €ro Kelll, TOCKOIbKY 6aTapest
TTO3BOJIUT COXPAHUTD JaHHbIE B CIy4ae cO0sT SIeKTPOIIUTaHNS.

ACUHXPOHHBIN pexkUM (GUKCAIUYU ¥ OTCYTCTBME CMHXPOHU3AUNY — TIPUHIIUIIN -
aTbHO pasHble peskuMbl. OTKIIOUEHMEe CUHXPOHM3AIMK (TTapaMeTp fSync) eie
Gosblile yCKOpsieT paboTy CUCTEMBI, HO TIpH JTII060M c60e BCe TaHHbIE KIacTepa
O6yayT 6e3BO3BPATHO MOTEPSIHBI. ACMHXPOHHBI PEXMUM JaeT TapaHTUI0 BOCCTa-
HOBJIEHVSI COTTIACOBAHHOTO COCTOSTHMSI JAHHBIX ITOC/TE cO0sI, HO, BO3MOKHO, 4aCTh
MOC/IeIHUX TPAH3aKIMI OYIeT B TOM COCTOSTHUM OTCYTCTBOBATbD.

MoBpexaeHue AaHHbIX

O6opynoBaHye HECOBEPIIEHHO, 1 JaHHbIEe MOTYT ITOBPEAUTHCS B TaMSITH MJIM Ha
HOCUTeJe, USMEHUTDCS IIPU Tlepenayde Mo MHTepdeiicHbIM KabessiM. YacTh TaKMX
ommboK 06pabaThIBae€TCS Ha alliapaTHOM YPOBHE, HO YacTh — HET.

YTo6bI BOBpEeMS 0OHAPYKUTb BOSHUKIIYIO ITPO6GIEMY, SKYpHAJIbHbIE 3aITMCH BCET-
Ia CHa6ykaroTCst KOHTPOJIbHBIMM CYMMaMM.

CTpaHMIBI JaHHBIX TAKKe MOXHO 3aIIMTUTh KOHTPOJIBHBIMM CyMMammZ DTO
MO’KHO Ce/aTh 1160 MU MHUIMAIM3ALMY KITACTePa, 160 C TOMOIIBIO YTUTUATI
pg_checksums® npu ocraHOBIEeHHOM cepBepe.

1 backend/storage/file/fd.c, dyukuus pg_fsync.

2 backend/storage/page/README.

5 postgrespro.ru/docs/postgresql/16/app-pgchecksums.
4 commitfest.postgresql.org/27/2260.
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11.2. HaodexcHocmbp

B mpou3BOACTBEHHOV Cpefle KOHTPOIbHbIE CYMMbI 00S3aTe/TbHO JO/DKHBI ObITh
BKJ/IIOUEHBI, HECMOTPSI Ha (He3HAUMTe/IbHbIE) HAK/IagHbIe PACXOIbl HA UX BHIYMC-
JIeHME ¥ IIPOBEpKy. DTO YBeIMUMBAET IIaHChl 06HAPYKUTH cO0i BoBpeMs. Ho He
JaeT TOJTHO rapaHTum:

* KOHTPOJIbHbIE CYMMbI ITPOBEPSIIOTCS TOJTBKO IIPM O6GpaIieHnu K CTpaHulle,
ITO3TOMY IOBPEXKIEHNE MOKET JOJITOe BPeMs OCTaBaThCS He3aMeUeHHbIM U
MIOTIACTh BO BCe pe3epBHbIe KOMMM, TAK UTO He COXPAHUTCS HY OJTHOTO MCTOY-
HMKa BepHOI MHpopMaLun;

 CTpaHMIIA, 3aTIONIHEHHAS] HY/ISIMM, CUUTAETCS KOPPEKTHOIA, TO3TOMY, €C/U
(aitnoBast cucTema 1o ourmbke «0OHYAUT» (aiii, MpoBepKa He 06HAPYKUT
pobiemy;

e KOHTPOJIbHBIE CYMMbI 3alIMIIAIOT TOJIBKO OCHOBHOM CJIO OTHOIIEHMIA,
a oCTaJIbHbIE CJIOM U BCe Mpoune daiibl (Harpumep, CTaTyChl TPaH3aKIMii
clog) HMYeM He 3alUIIEHBI.

V6enyumcst, UTO KOHTPOJIbHbIE CYMMBbI BK/TIOUEHbI, [IPOBEPUB 3HAUEHME [TapaMeT-
pa data_checksums, GOCTYITHOT'O TOJTLKO [IJISI UT€HUS :

=> SHOW data_checksums;
data_checksums

on
(1 row)

OcTaHOBUM cepBep ¥ OGHYIMM HECKOJIbKO 0aliTOB B HYJIEBON CTpPaHMIlE OCHOB-
HOTO CJIOST TABINIIBI:

=> SELECT pg_relation_filepath('wal');
pg_relation_filepath

base/16391/16571

(1 row)

postgres$ pg_ctl stop

postgres$ dd if=/dev/zero of=/usr/local/pgsql/data/base/16391/16571 \
oflag=dsync conv=notrunc bs=1 count=8

8+0 records in
8+0 records out
8 bytes copied, 0,031134 s, 0,3 kB/s
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CHOBa 3aIyCTUM CepBep:
postgres$ pg_ctl start -1 /home/postgres/logfile

B npuHImIie, cepBep MOKHO 6bIIO ObI M HE OCTaHABIMBATh. J{0CTATOUHO, UTOOBI
CTpaHMUIIA 3amMcagach Ha AUCK U Obla BhITECHEHA M3 Kella (MHaue cepBep Oy-
JleT MPOJ0/IKaTh paboTaTh C 3aKeLIMPOBAHHOI cTpaHuiieit). Ho Takoii ciieHapuit
CJIO’KHEee BOCIIPOU3BECTH.

Termepb Tpo6GyeM MIPOUNTATD TAGIUITY:

=> SELECT * FROM wal LIMIT 1;

WARNING: page verification failed, calculated checksum 5204 but
expected 41639
ERROR: 1invalid page in block @ of relation base/16391/16571

Ecny manHbIe HEBO3MOKHO BOCCTAHOBUTH U3 PE3ePBHON KOMUM, CTOUT XOTSI ObI
MOTIBITATHCS TPOYUTATh [TOBPEXIEHHYIO CTPAHUILY (ECTECTBEHHO, C PUCKOM I10-
JIYYUTh MCKasKeHHYI0 MHbopmauuio). s 3Toro Hajgo YCTAaHOBUTH IapamMeTrp
ignore_checksum_failure:

=> SET ignore_checksum_failure = on;
=> SELECT * FROM wal LIMIT 1;

WARNING: page verification failed, calculated checksum 5204 but
expected 41639
id

2
(1 row)

B njaHHOM C/Tyyae BCe MPOIILIO YCIIEeIIHO, TOTOMY YTO MbI MCIIOPTU/IM HEKPUTUY-
HYIO 4aCTb 3arojioBKa crpaHuibl (Homep LSN nocienHein KypHa/JIbHON! 3aImcu),
a He caMy JaHHbIe.

HeaToMapHoCTb 3anucu

Crpanuiia 6a3sl JaHHBIX 0OBIYHO 3aHMMaeT 8 K6aiiT, a Ha HM3KOM YPOBHE 3armch
MIPOUCXOAUT 6II0KaMM, KOTOpbIe B OOBIIMHCTBE CTYYaeB MMEIOT MEHbIINII pas-
Mep (Kak mpaBuio, 512 6aiit mnu 4 Koaiita). [IosToMy rpu c60e CTpaHuUIa JaHHbIX
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MOKET 3aIMcaThCst YacTUIHO. [Ipy BoccTaHOBIeHUY 6eCCMBICTIEHHO ITPUMEHSITh
K TaKko¥i IOBPEXIEeHHO CTpaHMIle 0ObIYHBIE )XypHa/IbHbIE 3aMMACH.

s 3amuTel OT yacTuyHoOM 3anucy PostgreSQL coxpaHseT B sKypHaje ITOTHBIN
06pa3 CTpaHUIlbI TPV TIEPBOM €€ M3MeHEeHUM I0c/Ie Hayala KOHTPOTbHOI TOU-
K1. DTUM ITOBeAEHMEM YITpaBJsieT mapaMmeTp full page writes, HO €T0 OTK/TIOUEHME
MOXKeT IIPUBECTY K HEYCTPaHMMOMY II0BPEXIEHMIO NaHHbIX.

Ectu mpu BoCCTaHOBJIEHMM B JKypHale BCTpevaeTcss o6pa3s CTpaHMIIbl, OH 6e3-
ycoBHO (6e3 mmpoBepky LSN) 3amuchiBaeTcsl Ha JUCK, TOCKOJbKY, KaK M BCSIKasT
SKYpHaIbHas 3aMyCh, OH 3alIUIIeH KOHTPOIbHOM CYMMO1 M He MOSKET ObITh He3a-
MEeTHO McropyeH. U yske K 3TOMY rapaHTMPOBAHHO KOPPEKTHOMY 00pasy mpume-
HSIIOTCSI OGbIUHbIE KYPHAIbHbIE 3aIVICH.

V3meHeHUsT GUTOB-TOICKA30K HE MMEIOT OTAEIbHOTO TUITA XXYPHAIbHBIX 3aIli-
Ceif, TOCKOJIbKY CUMTAIOTCS HEKPUTUUHBIMU, — TTEPBBIA JKe 3a1poc, 06PaTUBIIINIi-
sl K CTpaHuIle, 3aHOBO YCTAHOBUT HEOOXOAMMbIe 6MThl. OFHAKO M3MEHEHUE JTH0-
60ro, faxke HeCyLIECTBEHHOTO 61UTa MPUBOIUT K M3MEHEHMIO KOHTPOJIbHOM CyM-
MblI. [T03TOMY ITPU BKITIOUEHHBIX KOHTPOJIbHBIX CyMMaX (MJIU IPU YCTAHOBIIEHHOM
napametpe wal_log_hints) usmeHeHust GUTOB-TIOICKA30K KYPHATUPYIOTCS B BUJIE
TIOJIHOTO 06pa3a CTpaHMIIbI L

XOTS1 MeXaHU3M KypPHa/JIMPOBAHMUST MCKIIIOUAET M3 IMOJHOrO o6pasa He3aHsIToe
MeCTO BHYTPY CTPaHUIBI% 06beM TeHepypPyeMbIX KYPHATbHBIX 3aIICeli BCe Ke
CYIIECTBEHHO Bo3pacTraeT. CUTyanui0 MOXKHO 3HAUMTEIbHO YIYUIIUTH 33 CUET
CKaTySI TIOJTHBIX 06pa30B, KOTOPOe BKITIOUAETCS ITapaMeTpoM wal_compression.

ITpoBegeM IPOCTOi SKCHEPMMEHT C ITOMOIIbI0 YTUIUTBI pgbench. BeimomHum
KOHTPOJIbHYIO TOUKY M Cpa3y ke 3aIyCTUM TeCT C GUKCMPOBAHHBIM KOJIMUECTBOM
TpaH3aKLWA:

=> CHECKPOINT;
=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/4405F8A0
(1 row)

1 backend/storage/buffer/bufmgr.c, dyuxums MarkBufferDirtyHint.
2 backend/access/transam/xloginsert.c, hyakuus XLogRecordAssemble.

233

c. 213
on

c. 86

off

off


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/storage/buffer/bufmgr.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/transam/xloginsert.c;hb=REL_16_STABLE

v. 15

I'nasa 11. Pexcumbl xcypHana

postgres$ /usr/local/pgsql/bin/pgbench -t 20000 internals
=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/45E81478
(1 row)

Pa3zmep >KypHaJIbHBIX 3aIIUCEI:

=> SELECT pg_size_pretty('0/45E81478'::pg_Llsn - '0/4405F8A0Q'::pg_lsn);
pg_size_pretty

30 MB
(1 row)

IMonmHbIe 06pa3sbl B HAIIEM CTyyae COCTaBISIOT 3HAYMTENbHYIO YaCTh CreHepUpo-
BaHHOTO 00beMa, B UeM MOXKHO yOeIUThbCSl, TOCMOTPEB CTATUCTUKY YTUINTOM
pg waldump c kiouom --stats unu dyHkmeit pg_get_wal_stats pacmupe-
Hus pg_walinspect.

Tabnuila MOKasbIBaeT KOJIMUYECTBO KypHaAbHbIX 3amuceii (N), 06beM 0ObIUYHBIX
3armceit (Record size) 1 06beM nmoaHbIX 06pa3oB (FPI size) ajis Kaxkmoro Tuia

pecypcos (Type):

postgres$ /usr/local/pgsql/bin/pg_waldump --stats \
-p /usr/local/pgsql/data/pg_wal -s 0/4405F8AQ -e 0/45E81478

WAL statistics between 0/4405F8AQ and 0/45E81478

Type N (%) Record size (%) FPI size (%)
XLOG 5025 ( 3,88) 246225 ( 2,92) 20995004 ( 92,14)
Transaction 20006 ( 15,44) 680764 ( 8,09) 0 ( 90,00
Storage 1 ( 0,00) 42 ( 0,00) 0 ( 90,00
CLOG 1 ( 0,00) 30 ( 0,00) 0 ( 0,00)
Standby 12 ( 0,01) 852 ( 0,01) 0 ( 90,00
Heap2 23620 ( 18,23) 1489067 ( 17,69) 32768 ( 0,14)
Heap 80321 ( 61,99) 5965184 ( 70,86) 283468 ( 1,24)
Btree 577 ( 0,45) 36555 ( 0,43) 1473940 ( 6,47)
Total 129563 8418719 [26,98%] 22785180 [73,02%]

CooTHolieHue 6yeT MeHbIIe, /I CTPAHUITBI YCITEIOT USMEHUTHCS MEXKITY KOHT-
POTBHBIMM TOUKAMM HECKOJBKO pa3. DTO ellle OAVH MOBOJL He BBITIOTHATh KOHT-
pOJIbHbBIE TOUKM CJAMUIITKOM YacTo.
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Temnepb TOCMOTPUM, KaK IIOMOraeT CKaTue, Ha TOM Ke ITpuMepe:

=> ALTER SYSTEM SET wal_compression = on; -- wim pglz
=> SELECT pg_reload_conf();

=> CHECKPOINT;

=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/45E81528
(1 row)

postgres$ /usr/local/pgsgl/bin/pgbench -t 20000 internals
=> SELECT pg_current_wal_insert_Lsn();
pg_current_wal_insert_lsn

0/469BE328
(1 row)

Pasmep >KypHaJbHBIX 3aIIMCEN CO CKATUEM:

=> SELECT pg_size_pretty('0/469BE328'::pg_lsn - '0/45E81528'::pg_lsn);
pg_size_pretty

11 MB
(1 row)

postgres$ /usr/local/pgsql/bin/pg_waldump --stats \
-p /usr/local/pgsql/data/pg_wal -s ©@/45E81528 -e 0/469BE328

WAL statistics between 0/45E81528 and 0/469BE328

Type N (%) Record size (%) FPI size (%)
XLOG 1731 ( 1,29) 88249 ( 1,01) 2224422 ( 83,32)
Transaction 20005 ( 14,88) 680682 ( 7,76) 0 ( 90,00
Storage 1 ( 0,00) 42 ( 0,00) 0 ( 90,00
Standby 13 ( 0,01) 96 ( 0,01) 0 ( 0,00)
Heap2 32562 ( 24,23) 2073702 ( 23,65) 327799 ( 12,28)
Heap 80056 ( 59,57) 5921968 ( 67,55) 12442 ( 0,47)
Btree 33 ( 0,02) 1876 ( 0,02) 105146 ( 3,94)
Total 134401 8767425 [76,66%] 2669809 [23,34%]

I[MoMMUMO TPaaAUIIMOHHOTO alropuTMa ckatusi PGLZ, mocTymnHbl aBa apyrux: LZ4 v. 15
u Zstandard. AnroputMm LZ4 06bIYHO TpebOyeT MeHbIle PECypcoB Ipolieccopa,
TOKa3bIBasi IPUMEPHO Ty JKe CTeleHb cKaTtus. Anroputm Zstandard couetaer
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CJIOBAPHOE CKaTye C SHTPONMMUITHBIM KOAVPOBAHMEM ; OH CYJIbHEE HArpysKaeT ITpo-
1[eCCOpP, HO CKMMAeT AaHHbIe JyYJIle.

=> ALTER SYSTEM SET wal_compression = zstd;
ALTER SYSTEM

=> SELECT pg_reload_conf();

=> CHECKPOINT;

=> SELECT pg_current_wal_insert_Lsn();
pg_current_wal_insert_lsn

0/469BE3D8
(1 row)

postgres$ /usr/local/pgsqgl/bin/pgbench -t 20000 internals
=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/47335E48
(1 row)

PasMep XypHaJIbHbIX 3aMuceii co ckatueM Zstandard:

=> SELECT pg_size_pretty('0/47335E48'::pg_Lsn - '@/469BE3D8'::pg_lsn);
pg_size_pretty

9695 kB
(1 row)

BoIBOg: ITpy HayMumy GOJIBIIOTO YMC/IA MOMHBIX 00pa3oB CTpaHuIl (M3-3a KOHT-
POJIbHBIX cyMM uau full page writes, TO eCTb TIOUTU BCETIA) MMeET CMbICJ BOC-
M10JIb30BAaThCS C’KaTMeM. HeCKOIbKO a/ITOPUTMOB ITO3BOJISIIOT HA TV KOMITIPOMMCC
MEXIY JOIOJIHMTEIbHO HarPy3KOoJi Ha ITPOIeCccop U COKpallleHeM 00beMa Kyp-
HaJIbHBIX 3aMMCe.

11.3. YpoBHM XypHana

OcHOBHas 3a7aya XypHa/a MpeAsamyucu — 00ecreynTb BO3MOXKHOCTb BOCCTa-
HOBJIeHMsI TTocsie c60s1. Ho sKkypHa/ MOKHO MCIIONB30BaTh U IJIs PEIleHUs ApY-
I'MX 3a[a4, paclIMpUB COCTaB BXOIAIIMX B Hero 3amuceil. ECTb HeCKOIBKO yPOB-
Hell XypHanupoBaHus: minimal, replica u logical. Kaskzblii ciieyroniuii ypoBeHb
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BKJTIOUAET B ce6sT BCe, UTO MOMAZAeT B XKypHAJI MPeIbIIYIIEro YpOBHSI, ¥ A006aBIs-
eT HEKOTOPYIO HOBYIO MHGbOPMAIUIO.

Hcronb3yeMblii ypoBeHb 3amaeTcs mapamerpom wal level; ero usMeHeHue Tpe-
6yeT repesarycka cepBepa.

Minimal

HauanbHbIi1 ypoBeHb Minimal rapaHTUpyeT TOJbKO BOCCTAHOBJIEHME TTOC/Ie COOSI.
[171s1 5KOHOMMM MeCTa Ofepauyy C OTHOIEHMUSIMMU, CO3aHHBIMU UJI OMTYCTOLIEH-
HBIMU B TEKYIIei TpaH3aKI[MU, He 3aIMCbIBAIOTCS B XXYPHAJI, €CIV OHU CBSI3aHbI CO
BCTaBKO#1 60JIBIIOTO 00beMa JaHHbBIX (B YaCTHOCTH, 3TO KacaeTcst TaKUMX KOMaH/I,
Kak CREATE TABLE AS SELECT wnu CREATE INDEX)L Bmecro SKypPHaIUPOBaHUS
HeobOxoAMbIe JaHHbIe Cpa3y ke COPAChIBAIOTCS HA IVCK, @ U3MEHEHUS B CUCTEM-
HOM KaTaJiore CTAaHOBATCS BUAMMBIMMU IIPU (I)I/IKCB.LU/II/I TpaH3aKIUN.

Ecnu c60ii Tpon30iieT B Ipoliecce BBITIOTHEHNS OIepalyy, TO YKe 3acaHHbIe
Ha IVICK TaHHbIe OCTAHYTCSI HEBUAVMMBIMMU M HE HapyIIaT COIJIaCOBaHHOCTH. Ecin
ke c60¥1 TPOMU30IIeT MoC/Ie TOro, Kak omepalius 3aBepIInTCs, TO Bce HeOOXOmu-
Mble JaHHbIE JIJIs1 IPYMeHEeHMS TOCTIeIYIONIMX KyPHATbHBIX 3aIiceii yske 6ymyT
HaXOAUTHCS Ha JUCKeE.

O6beM JaHHBIX, KOTOPBI TpebyeTcs 3amMcaTh B TOAbKO UTO CO3TAHHOE OTHO-
IIeHMe, YTOObI TaKast OIITUMM3ALMS Hauala paboTaTh, OIPedeisIeTcsl 3HaueHueM
rapametpa wal_skip_threshold.

IMocMOTpUM, UTO TTOMAJAeT B KypHAI Ha ypoBHEe minimal.

ITo ymomuaHMIO UCTIONb3YeTCsl 6osiee BHICOKUIT YPOBeHb replica, pacCuMTaHHBIN
Ha MOAIEPKKY pervtuKauun. [Ipy ycTaHOBKE MUHMMATBHOTO YPOBHS TOTPeOyeT-
s TaKKe OOHYIUTH 3HAUeHNe TTapamMeTpa max_wal_senders, KOTOPBIii omIpezesnsieT
IOITyCTMMOE KOJIMYECTBO IpolieccoB walsender:

=> ALTER SYSTEM SET wal_level = minimal;
=> ALTER SYSTEM SET max_wal_senders = 0;

VisMeHeHMe MapaMeTpoB TpebyeT mepesarycka cepBepa:

1 include/utils/rel.h, makpoc RelationNeedsWAL.
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postgres$ pg_ctl restart -1 /home/postgres/logfile

3allOMHMM TEKYLIYI0 IO3ULIMIO B JXypHaJe:

=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/47337D78
(1 row)

OmnycTommm Tab/IuITy U B TOI sKe TpaH3aKLMY BCTaBUM HOBbIE CTPOKM, IPEBHICHB
npenen wal_skip threshold:

=> BEGIN;
=> TRUNCATE TABLE wal;

=> INSERT INTO wal
SELECT id FROM generate_series(1,100000) id;

=> COMMIT;

S ucnonb3yto komaHay TRUNCATE, a He co3pato oTaenbHy Tabnumuy, NOCKONbKY Npyu 3TOM
reHepUPYeTCs MeHbLUE XXYPHAbHbIX 3aNnCen.

C nmomo1uibo YK€ 3HAKOMOTI'O paCHIMpeHNnsa pg_waL inspect nmocMoTpuM conpep-
JKMMOe JXKypHaJia.

=> SELECT start_lsn,
resource_manager AS rmgr,
record_type,
(regexp_match(block_ref, '[0-9]+\/[0-97+\/[0-9]+'))[1] AS rel
FROM -- pg get_wal_records_info_till_end_of_wal po v.16
pg_get_wal_records_info('0/47337D78"','FFFFFFFF/FFFFFFFF');

start_lsn | rmgr | record_type | rel
———————————— B i et
0/47337D78 | Storage | CREATE |

0/47337DA8 | Heap | UPDATE | 1663/16391/1259
0/47337E28 | Btree | INSERT_LEAF | 1663/16391/2662
0/47337E68 | Btree | INSERT_LEAF | 1663/16391/2663
0/47337EA8 | Btree | INSERT_LEAF | 1663/16391/3455
0/47337EE8 | Transaction | COMMIT |

(6 rows)

238



11.3. YpoeHu xypHanra

[epBas 3anmch TOBOPUT O CO3TAHMM HOBOTO (haiiyia 11t OTHOIIEHMSI (ITOCKOIBbKY
TIpY OITyCTOIeHUY Tabmuiia PakTUUeCKy repe3anycbiBaeTcsl).

Ianee cieyl0T HECKOIBKO 3aIMCeii, OTHOCSLIIMUXCS K CUCTeMHOMY KaTajory. OHu
OTpaskaloT M3MeHeHMe Tabauibl pg_class u gobGaBieHKe 3amuceii K TpeM UH-
JleKcaM, ITIOCTPOEHHbIM Ha 3TOJi TabauIie.

HakoHel1, ugeT 3ammchb o (I)I/IKCHLU/II/I TPaH3aKINN. BcTaBka JaHHbBIX B Ta6m/1uy He
JKypHaJIMpyeTCA.

Replica

Korpma cucrema BocCcTaHaBIMBaEeTCS Iocie c60s1, JaHHbIE, COXPAHEHHbIE Ha TUC-
Ke, OOHOBJISIIOTCSI IO COTVIACOBAHHOT'O COCTOSIHUSI C [TOMOIIBIO SKYPHATbHBIX 3aITH-
ceit. To ke caMmoe IIPOUCXOONUT M IIPU BOCCTAaHOBIEHMUM U3 pe3epBHOI Konmuu. Ho
B 9TOM C/Ty4ae MOTYT MCII0/Ib30BaThCSI 3aapXVBUPOBaHHbBIE XXypHAIbHbIE 3aINUCH,
YTOOBI HE IMTPOCTO BOCCTAHOBUTH COITIACOBAHHOCTD, 8 TOBECTY COCTOSTHME TaHHbIX
JO 1IeJIeBOi TOUKM BocCCTaHOBJIeHMs. KoanuecTBO TakuX 3amuceii MOXeT ObITh
BecbMa BeJMKO (HalmpyumMmep, OHM MOTYT OXBaThIBATh HECKOJIBKO AHEI), TO eCTh
Iepuoz, BOCCTAHOBIEHUS GYIeT comepyKaTh He OJHY KOHTPOJIbHYIO TOUKY, 8 MHO-
skecTBO. [103TOMY MUMHMMAaILHOTO YPOBHS XKypHasa HeJOCTaTOUHO — HeJlb3s T10-
BTOPUTH OIlepaluio, eCy OHa He KypHaJIupyeTcs. 1151 BO3MOKHOCTY BOCCTAHOB-
JIeHUs U3 pe3epBHOI KON B KypHaJI JOKHbBI TOTIalaTh 8ce oTllepalun.

To ke camMoe BepHO U JIJIs1 peIvIMKaluy — BCe, YTO He JKypHaIUpyeTcs, He 6ymeT
repeaHo Ha PEIUIMKY U He OyAeT Ha Heli BOCITPOM3BeIeHO.

Ho ecnu peruinka MCHoOAb3yeTCs IJIsl BBIITOJIHEHMS 3aIIPOCOB, BCE ellle GosbIie
yCIOKHSIETCS. Bo-T1epBbIX, HyskHA MHGOpPMAIMS 00 MCKITIOUNTENbHBIX GJIOKMPOB-
KaX, BO3HMKAIOIINX Ha OCHOBHOM CepBepe, IMOCKOIbKY OHM MOTYT KOHQIMKTO-
BaTh C 3aIIpOoCaMy Ha peruike. Bo-BTOpbIX, HY;KHO YMETh CTPOUTh CHUMKM JaH-
HBIX, a JJIS1 9TOT0 HeoOxoAmma MHGOPMAIMs O BBITTOMHSIOMMXCS TPaH3aKIIVSIX.
B crydae periMky HY>KHO YUMUTBIBATh HE TOJIBKO JIOKAJIbHbIE TPAH3aKINY, HO U
TpaH3aKIMM Ha OCHOBHOM CepBepe.
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EnyHCcTBeHHBII C110C06 MepenaTh 3Ty MHGOPMALIUIO PeIvinKe — MePUOaMIeCcKN
3aMCHIBATH ee B KypHaI . OTUM pa3 B 15 ceKyH/, (MHTepBal He HACTPauBaeTcs)
3aHMMaeTcs mpolecc GOHOBOI 3armcy bgwriter?

B0O3MOXXHOCTH BOCCTAaHOBUTD JaHHbIE U3 pe3epBHOI KOMMUM U UCIIONIb30BaTh Hu-
3MUECKYIO PeIIMKAIIMIO TapaHTUPYeTCs Ha YpOBHE sKypHaia replica.

VIMEeHHO 3TOT YPOBEHb MCIIONb3YeTCs 110 YMOIUAHMIO, II03TOMY ITPOCTO CEPOCHM
YCTAHOBJICHHBIE BhIIIIe TIapaMeTPhI 1 IIepe3arpys3uM cepBep:

=> ALTER SYSTEM RESET wal_level;
=> ALTER SYSTEM RESET max_wal_senders;

postgres$ pg_ctl restart -1 /home/postgres/logfile

ITOBTOPUM TY 5Ke IT0C/Ie0BaTeIbHOCTh NeCTBIMIA, YTO U B IPOLILIBIN pa3 (HO orpa-
HUYMMCST BCTaBKOJ OIHOI CTPOKM, UYTOOBI HE 3arPOMOSKIATh BbIBOJ):

=> SELECT pg_current_wal_insert_Llsn();
pg_current_wal_insert_lsn

0/47959180
(1 row)

=> BEGIN;

=> TRUNCATE TABLE wal;

=> INSERT INTO wal VALUES (42);
=> COMMIT;

Tenepb IIpOBEePUM JXYPHaJIbHbIE 3allNCH.

=> SELECT start_lsn,

resource_manager AS rmgr,

record_type,

(regexp_match(block_ref, '[0-9]+\/[0-97+\/[0-9]+'))[1] AS rel
FROM pg_get_wal_records_info('0/47959180@', 'FFFFFFFF/FFFFFFFF');

1 backend/storage/ipc/standby, dyuxims LogStandbySnapshot.
2 backend/postmaster/bgwriter.c.
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start_Llsn | rmgr | record type | rel
———————————— e s st e
0/47959180 | Standby | LOCK |

0@/479591B0O | Storage | CREATE |

@/479591EQ | Heap | UPDATE | 1663/16391/1259
0/47959260 | Btree | INSERT_LEAF | 1663/16391/2662
0/479592A0 | Btree | INSERT_LEAF | 1663/16391/2663
0/479592EQ | Btree | INSERT_LEAF | 1663/16391/3455
0/47959320 | Heap | INSERT+INIT | 1663/16391/24796
0/47959360 | Standby | LOCK |

0/47959390 | Standby | RUNNING_XACTS |

0/479593C8 | Transaction | COMMIT |

(10 rows)

K 3amucsiM, KOTOpbIe TIOSIB/ISIOTCS Ha YpOBHE minimal, 1o6aBuInCh:

» 3amucyu MeHemkepa pecypcoB Standby, cBs3zanHble ¢ peruinkaumeit: LOCK
(6mokupoBki) 1 RUNNING XACTS (akTMBHBIE TPaH3aKI[MUN);

* 3amUCh 00 MHUIIMATU3ALUY HOBOW CTPAHMIIBI ¥ OFHOBPEMEHHO BCTaBKe
B Hee cTpoku INSERT+INIT.

Logical

Haxkownell, MakCUMMaJIbHBIA YpoBeHb logical o6ecreurtBaeT BO3MOXKHOCTb JIOTHMYe-
CKOTO IEKOAMPOBAHMS M JIOTMUECKOI periuKaiy. OH JO/KeH ObITh BKITIOUEH Ha
MyOIMKYIOIIEM CepBepe.

C TOUKRU 3peHMA XYPHaAJIbHBIX 3amnucei 3TOT YPOBE€Hb IIPAKTUYECKN He OT/INYa-
eTcst OT YpoBHS replica — m06aBISIOTCS 3alMCH, OTHOCSIIMECS K MCTOUYHMKAM
PeIvIMKaIyi, ¥ IPOU3BOIbHbIE JIOTMUYECKIME 3AMCH, KOTOPbIe MOTYT H06GAaB/ISITh
MIpUIOKeHNsI. B OCHOBHOM ke JIOTMUYeCKOe JeKOAMPOBaHMEe 3aBUCUT OT UHGOP-
Mainyy 0 BeIMOMHSIOWMXCS TpaH3akuymax (RUNNING _XACTS), MOCKONBbKY /151 HETO
Heo6XOIYIMO CTPOUTh CHUMOK JaHHBIX, YTOOBI OTC/IEKMBATD USMEHEHUS CUCTEM-
HOTO KaTajora.
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12

BNOKUPOBKU OTHOLLEHUI

12.1. O6bwue cBepeHnsa o 6N0KMpOBKax

Fnokuposku (locks), Ha3bIBaeMble TaKKe 3aMKAMU, YIIOPSAOUMBAIOT KOHKYPEHT-
HBII TOCTYT K pa3aeisieMbIM PecypcaM.

Iof KOHKYPEHTHBIM JOCTYIIOM MTOHMMAETCSI OHOBPEMEHHOE 06paleHne K pe-
CYPCY HECKOJIIbKUX Mpo1ieccoB. CaMu MPOIECChl MOTYT MPU 3TOM BBITIOTHSATHCS
KaK MapaiieJIbHO (eC/TM TI03BOJISIET anmapaTypa), Tak M IMocIeqoBaTelbHO B pe-
SKUMe pasfeneHus BpeMeHy — 3TO He BaXHO. ECIM HEeT KOHKYpPeHIIUH, TO HeT U
HYKIbI B OJIOKMPOBKaX (Harpumep, oo1imii 6ydepHbIii kel TpedyeT 67I0KUPOBOK,
a JIOKaJIbHBI — HET).

Ilepen TeM Kak 0OpaTUTBHCS K pecypcey, IMpoiiecc 06si3aH 3axeamums (acquire)
OJIOKMPOBKY, aCCOLMMPOBAHHYIO C 3TUM PECYPCOM, a 110 OKOHUYAHMUM PabOThI —
oceo600ums (release) ee, uTO6BI peCypCcoOM MOT/IM BOCITO/Ib30BaThes Apyrue. Kor-
na 6mokupoBkamy yrpasisier CYB]I, ycTaHOB/IEHHbIN MOPSIAOK IO AEepKUBAeT-
Cs1 aBTOMAaTHUUYECKN; e G/IOKMPOBKM YCTaHABIMBAET MPUJIOKEHE, TO 06SI3aH-
HOCTb COOJIIOATh ITpaBuIa JIOKMUTCS Ha HEro.

Ha HM3KOM ypoBHe 6IOKMPOBKA ITPEICTABIISIETCS YUaCTKOM pa3esisseMoil mamsi-
TU, B KOTOPOM HEKOTOPBIM 06pa30M OTMEUAEeTCs CTaTyC GIOKMPOBKY (CBOGOIHA
MY 3aXBaveHa) 1, BOSMOXKHO, IOTIOJIHMTebHAs MH(OpMaIs (Takast Kak HoMep
Mpoliecca ¥ BpeMsl 3aXBara).

MOXHO 3aMeTWTb, Y4TO TakOW y4acCTOK pasgensieMoi mamstu cam no cebe sensercs pe-
cypcoM. KOHKYPEHTHbIN JOCTYN K HEMY YNOPSA0YMBAETCSA C MOMOLLbIO CNeLMaNbHbIX NpU-
MWTUBOB CMHXPOHM3ALMM (TaKMX Kak ceMadopbl UK MbIOTEKCbI), TPeA0CTaBaSeMbIX one-
paumnoHHoi cuctemoii. OHM obecneunBaloT CTPOro nNocnefoBaTebHOe BbINOMHEHWE KOAQ,
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obpallatollerocs K pasnenseMoMy pecypcy. Ha caMoOM HM3KOM ypOBHE 3TV NMPUMMUTUBBI
peanu3yoTca Ha OCHOBE aTOMapHbIX MHCTPYKLMIA Npoueccopa (Takux Kak test-and-set unum
compare-and-swap).

3aluiaeMbIM PeCypCcoM B IIPUHIIATIE MOKET GbITh BCE UTO YTOLHO, JIUIITh O6bI 3TOT
pecypc MOKHO 6bIJI0 OTHO3HAYHO UAEHTUGUIIVIPOBATH M COTIOCTaBUTh EMY afipec
GJTIOKMPOBKMA.

Hampumep, pecypcom MOKET GbITh 00BEKT, C KOTOphIM paboTtaeT CYB/I, Takoit KaKk
Tabnuia (MAeHTUGUIMPYETCS C TOMOIIbI0 01id B CMCTEMHOM KaTayiore), CTpaHu-
1a JaHHBIX (MAeHTUGUIMpYeTCs uMeHeM daiiia 1 Mmo3uiineir BHyTpu Qaiina),
Bepcus CTPOKU (MAeHTUGULMPYeTCs CTpaHullelt U cMelleHMeM BHYTPU CTpa-
HUIIbI). PecypcoM MOXET OBITh CTPYKTYypa B MaMSTH, Takas KaK XeIl-Tabmuiia
mmu 6ydep (maeHTHGUIIMPYETCS 3apaHee MIPUCBOEHHBIM HOMepoM). VIHorma ma-
ke ObIBaeT YA0OHO MCITOIb30BaTh a6CTPAKTHBIE PECYPCHI, HE MMEIOII /e HUKAKOTO
(busnyeckoro cMbicia.

3axBaT GJOKMPOBKY BO3MOKEH HEe BCEIr/la: PECYPC MOXKET OKa3aThCs yKe 3aHs-
TBIM KeM-TO ApyrumM. Torma mporiecc M60 BCTaeT B ouepenpb (e MeXaHU3M
GJIOKMPOBKM AAET TAKyI0 BO3MOKHOCTB), TMO0 MOBTOPSIET MOMBITKY 3axBaTa 6710-
KMPOBKY uepe3 onpeeseHHOe BpeMs. Tak uiu nHave, 3TO IIPUBOANUT K TOMY, UTO
MIPOLIECC BBIHYKAEH MPOCTauBaTh B OKMAAHUYM OCBOOOXKIEHNS pecypca.

Boigenio nBa ¢hakTOpa, CUIABHO BAUSIOMNX HA 3D (GEKTUBHOCTD OIOKMPOBOK.

[paHynApHOCTb — CTemeHb AeTanusaluy GIOKMPOBKU. I'paHYISIPHOCTh BakKHa,
eCsI pecypchbl 06pasyioT Mepapxuio.

Hampumep, Tabm11a COCTOUT U3 CTPAHMUIL, KOTOPbIE COMEePsKaT BEPCUM CTPOK.
Bce 3T 06BEKTBI MOTYT BBICTYIIATh B KAUeCTBE pecypcoB. Eciiv ycTaHOBUTD
67I0KMPOBKY Ha YPOBHE TaGMUIIbI (KPYITHASI IPAHYISPHOCTD), IIPOIIECCh He
CMOTYT paboTaTh OJHOBPEMEHHO, JaXe ey OHM 0OpaljaloTCcsl K pasHbIM
CTPaHUIIAM UV CTPOKAM.

BiioKMpoBKa OTHEIbHBIX CTPOK (MeJKasi TPaHYJASIPHOCTb) JIMIIEHA 3TOTO
HeJ0CTaTKa, HO KOJMYECTBO OJIOKMPOBOK CWIJIBHO yBenuMumBaeTcs. UToObI
mMHGOpMAaIS 0 HUX He 3aHsUIa CIMIIKOM MHOTO TTaMSITU, MOTYT IIPUMEHSITh-
Cs1 pa3Hble MeTOIbl, HAIIpMMED NosbluleHUe YPOsHs (3CKamalus): Korma Ko-
JIMYECTBO HU3KOYPOBHEBBIX, MEJKOTPAHY/SIPHBIX OJIOKMPOBOK ITPEBBINIAET
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ompeeseHHbIN TIpefiesl, OHM 3aMEeHSIOTCS Ha OFHY GJIOKMPOBKY 6oJiee BbI-
COKOT'O YPOBHSI.

Ha60p PEeXUMOB, B KOTOPLIX MOI'YT 3aXBaTbIBATbCs 6]10KI/II)OBKI/I.

YacTo nMpuMeHSIOT BCero ABa pexkxuma. HckatouumensHoiii (exclusive), min
MOHONOJIbHBLTL, PESKUM He COBMECTUM HU C KaKUM IPYTUM PEXUMOM, B TOM
yucyie ¢ caMuM coboii. B pasdensemom (shared) pexxuime 6I0KMpPOBKA MOXKET
3aXBaThIBaTbCSl HECKONBKMMM MPOLIECCaMy OLHOBpeMeHHO. PasnenseMslit
PEXUM MOSKET UCIIO/Ib30BaThCS IJIs1 YTEHUS pecypca, a UCKIIUUTeTbHbINA —
IJIST U3SME@HeHMsI.

B O6H.[eM Cl1y4yae peXMMOB MOXET ObITh O0JIbIIIE. FIMeHa PEeXXMMOB He IMEIOT
3HAaU€HMs, Ba’)KHaA JIMIIb MaTPUIid X COBMECTMMOCTN OAPYT C APYTOM.

YeM MeJibye TPAHYISIPHOCTD GIOKMPOBKY ¥ YeM OO0JIbIlle MOKHO BBIIEIUTDb COB-
MECTMMBIX PEXXMMOB, TeM 6OJIbIIIe BO3MOKHOCTEN [JIS1 pacriapaieMBaHMUs.

BIOKMPOBKM MOKHO KIacCH(PUIMPOBATD 110 BpEMEHU UCIIONIb30BaHMs.

DnutenbHble GJIOKMPOBKM 3aXBAaThIBAIOTCS HAa IMOTEHIMAIbHO OGOJbIIOE BpeMmsi
(0OBIYHO IO KOHIIA TPaH3aKIMM) U Yallle BCEro OTHOCSITCS K TaKUM pecyp-
caM, KaKk OTHOIIIeHUs 1 cTpoku. Kak mpasuio, PostgreSQL yripaBiiseT Taku-
MM GJIOKMPOBKAMM aBTOMATUYECKH, HO TI0Tb30BATENIb TEM HE MEHEE MOXKET
HEKOTOPBIM 06pa30M KOHTPOIMPOBATH 3TOT IIPOIIECC.

InuTenbHbIe GIOKMPOBKYU XapaKTePU3YIOTCS OOMBIIUM KOTUIECTBOM PeXKU-
MOB, ITO3BOJISTIOIIMX BITIOJIHSTh pa3jMyHble OOHOBPEMEHHbIE TeiICTBIS Hal
IaHHbIMY. OOBIYHO TaKMe 6IIOKMPOBKM CHABKAIOTCS Pa3BUTOM MHGPACTPYK-
TYpOIJi (ouepenbIo OKMUIaHMS, 0GHAPY>KEHVEM B3aMMOOIOKMPOBOK, MOHUTO-
PUHIOM), IIOCKOJIbKY 3aTPaThl HA MOAIep>KaHMe ITUX CPEICTB OKa3bIBAIOTCS
HECPaBHMMO MEHbIIIE CTOMMOCTM OTlepalluii Hafi, 3alUIIaeMbIMY JaHHBIMMU.

KopoTkue OGJIOKMPOBKM 3aXBaThIBAIOTCS Ha JOMM CEKYHIbI (4 3a4acTyl0 — Ha
BpeMSI BBITIOIHEHUST HECKOIbKUX MHCTPYKLMI MPOoIeccopa) U OOBIYHO OT-
HOCSITCSL K CTPYKTypaM JaHHBIX B 06mIelt maMsti. TakuMu 6JI0KMPOBKAMMU
PostgreSQL ynpasisieT MOJTHOCTbIO aBTOMaTUYECKNA.

,H)'[H KOPOTKHMX 6]'[OKI/IpOBOK XapaKTepHbl MMHMMYM DEXMMOB U IIPOCTast
I/IHdeaCTI)YKTypa, MOTYT OTCYTCTBOBATD Ja’ke CpeaACTBa MOHMUTOPMHTA.
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B PostgreSQL 1CIIOIb3yIOTCS caMble pa3Hble BUABI GIOKMPOBOK L. K mmTebHbIM
OTHOCATCS «msiiceslvle» 6JI0KUposKU (Ha yPOBHE OTHOILIEHMIA U IPYTUX OObEKTOB);
OTZEJIbHO BBIESIOTCS O/10KUPOBKU HA Ypo8He cmpoK. K KOPOTKUM GIOKMPOBKaM
OTHOCSITCSI pas3INYHbIe O0KUPOSKU 8 onepamueHoli namsmu. OCOOHSIKOM CTOSIT
npedukamHsie 6J10KUPOBKU, KOTOPbIe, HECMOTPS Ha Ha3BaHMe, GJIOKMPOBKAMU He
SIBJISTIOTCSL.

12.2. Taxenble 61OKUPOBKU

Taxrcenvie (heavyweight) 6;I0KMPOBKM OTHOCSITCS K IJIUTETbHBIM. OHM YCTaHABIN-
BAaIOTCS Ha YPOBHE 005eKM06: B [IEPBYI0 OUepe b OTHOIIEHMIT, HO TAK)Ke 1 HEKOTO-
PBIX APYTUX. DTU GIOKMPOBKYM OOBIUHO 3aIIUINAIOT OOBEKTHI OT OJHOBPEMEHHOTO
M3MeHeHMs WU OT UCITO/Ib30BaHMSI BO BpeMsl peopraHu3alyy, Ho MOTYT IpyuMe-
HSITBCSI M ISl APYTUX HYKH. Takast HeueTkast GOpMy/IMpOBKa CBSI3aHa C TEM, UTO
GIOKMPOBKM M3 3TOV TPYIIIIbI UCIIOMb3YIOTCS IJIS1 CAMbIX Pa3HbIX Iieieif, a 00b-
eIVHSEeT UX JIUIIb TO, KAK OHU YCTPOEHBI.

OGBIYHO IO, CJIOBOM «OJIOKMPOBKA», €C/IV HET SIBHbIX YTOUHEHUI, TOHMMAIOTCS
VMMEHHO TaKue, TSKesble 67I0KMPOBKIA.

TsKesble GIOKMPOBKM PACIIONATAIOTCS B O6IIEHl MAMSTH cepBepa’ 1 JOCTYITHBI
U1 u3ydeHus B npeactaBaeHun pg_locks. VX KoInmuyeCcTBO OTPaHUUYEHO MPO-
M3BeJeHNeM 3HAUEHMI ABYX ITapaMeTpoB cepBepa: max_locks_per _transaction un
max_connections.

[Ty 6;10KMPOBOK — OOGIIMIA AJISI BCEX TpaH3aKIMii, TO €CTh OJHA TPaH3aKIMS
MOXKET 3aXBaTUTh GoJjIbIlle 6IOKMPOBOK, ueM max_locks per transaction. BaxkHo
JIUIITh, YTOOBI 06IIIee Yncao 6I0KMPOBOK B CUCTEME He MPEBhICUIIO YCTAHOBJIEH-
HbIN TIpemest. Iy co3maeTcs py 3aITycKe, Tak UTO M3MeHEHMe JII000T0 M3 ABYX
YKa3aHHBIX ITapaMeTpoB TpebyeT mepesarpy3Kku cepBepa.

Ectn pecypc yke 3a670KMpPOBaH B HECOBMECTMMOM peXMMe, IPOIeCC, IbITai0-
HIMIACS 3aXBaTUTh GIIOKMPOBKY, CTAaBUTCS B ouepenb. OKuaaloliye mpolecchl He

1 backend/storage/lmgr/README.
2 backend/storage/lmgr/lock.c.
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12.2. Taxcenvie 610KUPOBKU

TPATST MMPOLIECCOPHOE BPEMsI: OHM 3aChIMAIOT M 3aTeM MMPOGYKIAIOTCS OTeparii-
OHHOJ1 CHCTEMOI TIPY OCBOOOKIEHMM pecypca.

BosmoskHa cutyarus 83aumobnokuposku (deadlock), uam mynuka nByx TpaH3aK-
1IMiA, TIPY KOTOPOII ITepBOIi M3 HUX [JIs IPONOJIKeHMUsT paboThI TpebyeTcst pecypc,
3aHSATHIN BTOPOI TpaH3aKIMeli, a BTOPOil B 3TO BpeMsI HeOOXOAUM pecypc, 3a-
HSITBIV MIePBOI. ATO MPOCTOI CJIy4aii; MONAacTb B TYMIMKOBYIO CUTYallMIO MOTYT U
60s1ee IBYX TpaH3akiuii. I[Ipy B3anMOOIIOKMPOBKE OKMUIaHME IJINIOCH ObI 6ECKO-
HeYHO, Mo3ToMy PostgreSQL aBTOMaTHM4YeCKM OTpeesieT TYIIMKOBbIE CUTYalUN
¥ aBapUIfHO TIPEPBIBAET OMHY M3 TPAH3aKIIMii, YTOOBI OCTaTIbHbIE MOTJIV ITPOJIOJ-
SKUTh pabory.

IToCKONMBbKY pa3Hble TUIIBI TSDKEIBIX GJIOKMPOBOK CITYKAT Pa3sHbIM IIEJISIM, 3alliy-
IIAIOT pa3Hble PeCcypchl M MMEIOT pa3Hble PEKMMBbI, KaXKIbIi TUIT IIPUAETCS pac-
CMOTDETH I10 OTeTbHOCTH.

B npuBeIeHHOM CITMCKe Ha3BaHUS COOTBETCTBYIOT cTONOIY Locktype mpezacTaB-
nenud pg_locks:

transactionid u virtualxid — 6/10KMpOBKa HOMepa TpaH3aKLVN;

relation — GJIOKMPOBKA OTHOIIEHNS ;

tuple — GJIOKMPOBKA BEPCUM CTPOKM;

object — 6710KMpOBKA 06BEKTA, KOTOPHIN HE SIBJISIETCS OTHOLIEHUEM ;

extend — G10KMpOBKa (HaiIoB OTHOIIEHMIT TTPY J0OaBIEHM HOBBIX CTPaHMII;
page — GJIOKMPOBKA CTPAHUIIBI (MCIIONb3YeTCsS HEKOTOPbIMM TUITAMM MHIEKCOB);

advisory — pekomMeH/1aTebHas 6I0OKMPOBKA.

IpaKkTuyecKu BCe TSKeble 6II0OKMPOBKY YCTAHABIMBAIOTCSI aBTOMATUY€ECKY, KOT-
Ila B 5TOM BO3HMKAeT HeOOXOOMMOCTh, M aBTOMATUUYECKM JKe 0CBOOOSKIAIOTCS ITPU
3aBeplIeHMM TpaH3aKuyMu. ECTh U MCKITIOUeHNS: Hampumep, 6;I0KMPOBKMU OTHO-
IIeH#1 MOKHO 3aIIPOCUTD SIBHO, a YIIpaBlieHMe peKOMeHIaTeTbHbIMU GIOKUPOB-
KaMM MOJTHOCTBIO HAXOAUTCS B pyKax MOIb30BaTeJIs.
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12.3. BhoKMpOBKM HOMEPOB TPAH3aKLMA

Kaskmast TpaH3aKIMsI BCETma yaep>kKUBaeT UCKIIOUUTEbHYIO 6]IOKMPOBKY CBOETO
COGCTBEHHOI0 HOMepa (M BUPTYaIbHOTO, i — €CJIA €CTh — PeajabHOro).

Vicrionb3yloTcsl ABa peskuMa OJOKMPOBKM, UCKITIOUUTENbHBINA U pa3ieiseMblii.
Martpuila KOHQAMKTOB OUeHb ITPOCTA: pa3IeiIeMblii pesKMM COBMECTUM CaM C CO-
007J1; UCKITIOUNTEIbHBIN PEKMM HEe COBMECTUM HU C KAKUM PEXKMMOM.

Shared Exclusive
Shared X
Exclusive X X

YT106b! OOKAATHCS OKOHUAHMSI KaKOM-T1M00 TpaH3aKLNM, HaLO 3allPOCUTh 6J10-
KMPOBKY ee HoMepa (B 11060M peskume). [ToCKOIbKY caMa TpaH3aKLus yKe yaep-
SKUBAeT UCKTIOUUTENTbHYIO OJIOKMPOBKY CBOETO HOMEDA, ee He YAACTCS MOTYyUUTb.
3anpalnBaloIIii MPoLecc BCTAHeT B ouepeb 1 ycHeT. [Ipy 3aBepuieHnn TpaH-
3aKIMUM OJOKMPOBKA CHUMETCS, M TOTA OXUAAIOUINIA ITpoliecc OymeT pa3OyskeH.
KoHeuHOo, TOJyYUTh 3aMpOIEeHHYI0 GIOKMPOBKY OH HE CMOXKET — Pecypc yKe Mmc-
ye3. Ho 210 1 He TpebyeTcs.

Haunem TPAaH3aKIMIO B OTOEJIbHOM CeaHCe U IMOJIyYMM HOMEDP O6C.TIY)KI/IB8.IOH.[€I‘O
rnpomecca:

=> BEGIN;
=> SELECT pg_backend_pid();
pg_backend_pid

(1 row)

TosbKO UTO HayaTash TPaH3aKIMs YOEPKMBAET MUCKIIOUUTENbHYIO OIOKUPOBKY
COOCTBEHHOTO BUPTYaJIbHOTO HOMeEpa:

=> SELECT locktype, virtualxid, mode, granted
FROM pg_locks WHERE pid = 29861;

locktype | virtualxid | mode | granted
———————————— ettt e Gt e
virtualxid | 5/2 | ExclusiveLock | t
(1 row)
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3mech Locktype — 3TO TUIl GIOKMPOBKY, virtual xid — BUpTya/lbHBI HOMEpP
TpaH3aKkuUM (MOeHTUGULMPYIOUMIT pecypc), mode — peskuM (B JAHHOM CIydae
UCKIIIOUNTENbHBIN). drar granted MoKas3bIBaeT, yAaa0Ch 1Y ITONYYUTD 3aIlpalln-
BaeMyI0 GIIOKMPOBKY.

Korga TpaH3akIus moyJaeT peaabHbIii HOMeD, ero 6JI0KMPOBKa TaKkKe J06aBIIs -
€TCSI K CIIUCKY:

=> SELECT pg_current_xact_id();
pg_current_xact_id

=> SELECT locktype, virtualxid, transactionid AS xid, mode, granted
FROM pg_locks WHERE pid = 29861;

locktype | virtualxid | xid | mode | granted
——————————————— e
virtualxid | 5/2 | | ExclusiveLock | t
transactionid | | 142989 | ExclusivelLock | t
(2 rows)

Ternepb TpaH3aKIMs YIEePXKMUBAET MCKIIOUUTEIbHYIO 6IIOKMPOBKY 060X CBOMX
HOMEPOB.

12.4. bnoKMPOBKK OTHOLLEHMIA

Hns 6.TIOKI/II)OBKI/I OTHOIIIeHU OIIpene/ieHO L eJIbIX BOCEMb Pa3/IMUHBIX PEXKMMOB 1.

Takoe pasHooOpasue HeO6XOIMMO JIJISI TOTO, UTOObI KaK MOKHO GoJibliee KOu-
YeCTBO KOMAaH/, OTHOCSIIMXCS K OMHOMY OTHOINEHMIO (Tab/uile, MHIEKCY MK
IPyromy 06beKTY), MOIJIO BBIIIOIHATHCS OLHOBPEMEHHO.

Huke mokasaHa MaTpuila KOHQIMKTOB, JOTIOJTHEHHAS TIpMMepaMM KOMaH/I, KO-
TOpbIE TPEOYIOT COOTBETCTBYIOIIME PEKMMBI GIOKMPOBOK. HeT cMbIC/Ia IIBITATHCS
3aIIOMMHATh 3T PEKMMbI WM MCKATh JIOTMKY B UX Ha3BaHMsIX. Ho BHMMAaTeEb-
HO pacCMOTpeTh TabNInIly, CeaaTh 06Ie BRIBOAI M 06paliaThCs K Heli 1o Mepe
Heo6XOIMMOCTU — 6e3YCJIOBHO, CTOUT.

1 postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-TABLES.

251


https://postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-TABLES

I'nasa 12. bnokupoeku omHoOWeHUl

AS RS RE SUE S SRE E AE
Access Share X SELECT
Row Share X X SELECT FOR UPDATE/SHARE
Row Exclusive X X X X INSERT,UPDATE, DELETE
Share Update Exclusive X X X X X VACUUM,CREATE INDEX CONCURRENTLY
Share X X X X X CREATE INDEX
Share Row Exclusive X X X X X X CREATETRIGGER
Exclusive X X X X X X X REFRESHMAT.VIEW CONCURRENTLY
Access Exclusive X X X X X X X X DROPTRUNCATE,VACUUM FULL,

LOCK TABLE, REFRESH MAT.VIEW

IMepBbIit peskum Access Share camblii c1abbIi, OH COBMECTUM C JIIOOBIM IPYTUM,
KpoMme Access Exclusive. DTOT nocneIHUI peXXUM — UCK/IIOUUTEIbHBIN, OH HE COB-
MeCTUM HU ¢ O0HUM peskuMomM. [Tlostomy komaHza SELECT He MeliaeT BbINOTHE-
HUIO ITOYTY HUKAKMX KOMaH/I, HO He JACT, HalIpUMeD, YIAUTUTb TabIUIIbI, K KOTO-
PBIM 06paIaeTcs 3aIpoc.

IepBbIe YeTHIpE PEXKMMA AOITYCKAIOT OMHOBPEMEHHOE M3MeHeHe TaHHbBIX B Ta0-
JInlie, a cenywlye yetoipe — HeT. Hampumep, komanga CREATE INDEX mcrions-
3yeT pexkuMm Share. OH COBMECTMM caM C c060¥i (TO eCTb MOKHO OJTHOBPEMEHHO
CO37aBaTh HECKOJIbKO MHIEKCOB IJIsI OMHO TabINIIbI) U C PeSKMMaMM UUTAIOIINX
KoMauz. Takum o6pasom, KoMaHabl SELECT 6yayT BBITTOMHSITHCS, @ BOT KOMAHIbI
INSERT, UPDATE u DELETE 6ynyT 3a6/10KMpOBaHBI.

U HaobopoT — He3aBeplIeHHbIE TPAH3AKIMMU, U3MEHSIONINE JaHHbIE B Tabiu-
e, 6ymyTt 6;okupoBath paboty komauasl CREATE INDEX. [ToaTomMy 1 CyliecTByeT
BapuanT CREATE INDEX CONCURRENTLY, ucrnonb3yromuit 6oee C1abblii peskum
Share Update Exclusive: Takast KomaHa co3maeT MHAEKC HOJIbIIE OOBIYHOM (M Ia-
5Ke MOKeT 3aBepIIUThCS OLIMOKOIT), 3aTO AOMyCKaeT OMHOBpeMeHHOe M3MeHeHe
JaHHBIX.

Komanpa ALTER TABLE mMeeT MHOrO BapMaHTOB, KOTOPbIe TPeOYIOT pasHbIX pe-

skuMoB 6okupoBku (Share Update Exclusive, Share Row Exclusive, Access Exclu-

sive). Bce PEXMMbI, pa3yMeeTCs, OIIMCAaHbI B ,HOKYMEHTHLU/II/Il.

1 postgrespro.ru/docs/postgresql/16/sql-altertable.
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12.4. bnokuposéKku omHoweHull

[TpuMepsI B 3TO YaCTV KHUTY OYIYT MCII0Ib30BaTh YyKe 3HAKOMYI0 HaM TaOGInITy
CYETOB:

=> TRUNCATE accounts;
=> INSERT INTO accounts(id, client, amount)
VALUES (1, 'alice', 100.00),

(2, 'bob', 200.00),

(3, 'charlie', 300.00);

3arpoc K Tabuiie 6;I0KMPOBOK ITOHAIOOUTCS ellle He pas, TO3TOMY CO3IaayM 1T
Hero IpeacTaBjieHNe, B KOTOPOM [IJisi KpaTKOCTY BbIBOZA CBEpHEM BCE MOEHTM-
(buKaTopsl B OAMH 061Nt cTONIGEII:

=> CREATE VIEW locks AS
SELECT pid,
Locktype,
CASE locktype
WHEN 'relation' THEN relation::regclass::text
WHEN 'transactionid' THEN transactionid::text
WHEN 'virtualxid' THEN virtualxid
END AS lockid,
mode,
granted
FROM pg_locks
ORDER BY 1, 2, 3;

TpaH3akiius B IepBOM ceaHce (OHa He 3aBeplliasiach) OGHOBIISIET CTPOKY. BmecTe
C Tabuiieit GIOKMUPYIOTCS ¥ BCE MHEKCHI 3TOM TabIMIIbI, TOITOMY ITOSIBJISTIOTCS

JIBe HOBbIE OIOKMPOBKY ¢ TUIoM relation u peskumom Row Exclusive:

| => UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

=> SELECT locktype, lockid, mode, granted
FROM locks WHERE pid = 29861;

Locktype | lockid | mode | granted
——————————————— B e Sttt S
relation | accounts | RowExclusiveLock | t
relation | accounts_pkey | RowExclusiveLock | t
transactionid | 142989 | ExclusiveLock | t
virtualxid | 5/2 | Exclusivelock | t
(4 rows)
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12.5. Ouepepnpb oxxupaHus

TsKenble GIOKMPOBKM TPENOCTABIISIIOT «4eCTHYIO» odepenb oxupanus!. IIpo-
1lecC BCTAaeT B OuYepelb, €C/IM TIbITAETCS 3aXBAaTUTh OIOKUPOBKY B peXUME,
HECOBMECTMMOM C PEXXMMOM, B KOTOPOM OJIOKMPOBKA y3Ke 3aXBaueHa, UIu C pe-
SKMMOM JIF060TO 13 Y3Ke OXKMIAIOUMUX B OUepey MPOIeCcCoB.

IToka B IIepBOM CeaHCe TPpaH3aKUIM BbIIIOJIHAET 06HOBJI€HI/Ie, HOHpO6YEM B Ipy-
rom ceaHCe CO3aaThb MHAEKC IO Ta6J'II/ILIEZ

=> SELECT pg_backend_pid();
pg_backend_pid

(1 row)
=> CREATE INDEX ON accounts(client);

KomaH[a «ImogBucaeT» B OKMUIAHUM OCBOOOKIeHMS pecypca. TpaH3aKIIus IIbITa-
eTcsl MMOYYUTh OJIOKMPOBKY TaOIUIIBI B pekuMe Share, HO He MOKET:

=> SELECT locktype, lockid, mode, granted
FROM locks WHERE pid = 30340;

locktype | lockid | mode | granted
———————————— B T
relation | accounts | Sharelock | £
virtualxid | 6/3 | ExclusiveLock | t
(2 rows)

ITycTh Temephb B TPETbeM ceaHce GymeT 3amyineHa KomaHnga VACUUM FULL. Oxa
TOXXe OyJeT MoCTaBJIeHa B OUepelb, IOCKOIbKY HEOOXOAMMBIi eii peskuM Access
Exclusive He COBMeCTMM HM C OLHUM PEXUMOM:

=> SELECT pg_backend_pid();
pg_backend_pid

(1 row)
=> VACUUM FULL accounts;

! backend/storage/lmgr/lock.c, dyukums LockAcquire.
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12.5. Ouepedsv oxcudanus

=> SELECT locktype, lockid, mode, granted
FROM locks WHERE pid = 30543;

locktype | lockid | mode | granted
——————————————— e
relation | accounts | AccessExclusiveLock | £
transactionid | 142993 | ExclusivelLock | t
virtualxid | 7/4 | ExclusivelLock | t
(3 rows)

Teneps 1 Bce ocIeAyoOLIye TPeTeHAEHTHI OyAYT IONAIaTh B OUepesb, yke He3a-
BUCUMO OT peXXuma 6;10KMpoBKU. [laske o6bruHbIe 3arpockl SELECT 6yayT uecTHO
BcraBaTh 3a VACUUM FULL, XO0Th U COBMeCTUMSBI C OJ10KMPOBKOI Row Exclusive,
KOTODYIO yIeP>XMBaeT IIepBblii CeaHc, BhITONHA0mMII kKomanay UPDATE.

=> SELECT pg_backend_pid();
pg_backend_pid

(1 row)
=> SELECT * FROM accounts;

=> SELECT locktype, lockid, mode, granted
FROM locks WHERE pid = 30753;

locktype | lockid | mode | granted
———————————— B Bt Tt e
relation | accounts | AccessShareLock | f
virtualxid | 8/3 | ExclusivelLock | t
(2 rows)

SELECT
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O61y0 KapTUHY Okupanuii gaet ¢GyHKOus pg blocking pids. OHa mokasbi-
BaeT HOMepa IMPOIIeCCOB, KOTOPbIE CTOSIT B OUEpPENV Mepes YKasaHHbIM U JI60

YAEPKUBAIOT, 6o 3anpamynBalOT HECOBMECTMMYIO 6JIOKI/IpOBKy2

=> SELECT pid,

pg_blocking_pids(pid),

wait_event_type
state,

s

Left(query,50) AS query
FROM pg_stat_activity
WHERE pid IN (29861,30340,30543,30753) \gx

-[ RECORD 1 J——=—t———————— =
pid 29861

pg_blocking_pids | {}

wait_event_type Client

state

idle in transaction

|
|
|
|
query | UPDATE accounts SET amount = amount + 100.00 WHERE
-[ RECORD 2 J——=—t+————————
pid | 30340
pg_blocking_pids | {29861}
wait_event_type | Lock
state | active
query | CREATE INDEX ON accounts(client);
—[ RECORD 3 J-———t———————
pid | 30543
pg_blocking_pids | {29861,30340}
wait_event_type | Lock
state | active
query | VACUUM FULL accounts;
—[ RECORD 4 J————t——————— =
pid | 30753
pg_blocking_pids | {30543}
wait_event_type | Lock
state | active
|

query

SELECT * FROM accounts;

Boiee feTabHOE MpeCTaBIeHMe MOKHO MOTYYMUTh, aKKYPATHO aHATU3UPYS CO-
mepskuMoe Tabmuisl pg_Locks L

Korpma TpaHsakuus 3aBepiraeTtcst (HeBaXKHO, puKcalueil uiam o6pbIBOM), BCe ee
6IOKMPOBKY CHUMAIOTCs 2 TIpoliecc, CTOSIIMIT ePBbIM B OYepey, IOyYaeT 3a-
MpanBaeMyio GJIOKMPOBKY U MTPO6YKIaeTCs.

1 wiki.postgresql.org/wiki/Lock_dependency information.
2 backend/storage/Imgr/lock.c, dpyakumu LockReleaseAll u LockRelease.
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12.5. Ouepedsv oxcudanus

HeoueBMAHbIN MOMEHT COCTOMT B TOM, YTO MPM OTKAaTe K TOUKE COXpaHeHus (koMaHgon . 92
ROLLBACK TO SAVEPOINT wmnu npu nonagaHum B cekumto EXCEPTION PL/pgSQL-6n0oka)
CHUMaLOTCS BCe 6NOKMPOBKM, 3aXBaYeHHble TpaH3aKLMed C MOMEHTa YCTaHOBKM 3TOM TOY-

KMW. OTO CBSA3aHO C OTKATOM B/IOXXEHHOM TPaH3aKLUMK U 0CBOOOXAEHNEM ee 610KMPOBOK.

B Hamem IIpumMepe 3aBeplieHne TpaH3aKIIMM B IIEePBOM CeaHCe IIpuBeaeT K I10-
C1e10BaTEe/IbHOMY BbITIOJTHEHUIO BCEX 3alIPOCOB, CTOAIIMX B OUepean:

=> ROLLBACK;
ROLLBACK

I CREATE INDEX

Il VACUUM
id | client | amount
____+ _________ + ________
1 | alice | 100.00
2 | bob | 200.00
3 | charlie | 300.00
(3 rows)
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c. 87

BNOKMPOBKK CTPOK

13.1. YcrpoiicTBo

Bnaropmapst u3onaiyuu Ha OCHOBe CHMMKOB TabMuHble CTPOKM He TpebyeTcs: 6J10-
KMpOBaTh IIpy uTeHMM. Ho HeNTb3S1 JOMYCTUTD, UTOOBI JIBE TPAH3aKLIUM U3MEHSIIN
OIHY U Ty Xe CTPOKY B OAMH MOMEHT BpeMeHM. CTPOKM HYKHO OJIOKMPOBATh,
BOT TOJIbKO TSDKEJIbIe OJIOKMPOBKM TIJIOXO MOAXONST IJIST 3TOTO: KaKOas U3 HUX
3aHMMAET MeCTO B pas3fessieMoi aMsTH cepBepa (COTHM 6aiiT, He cumTast BCIIO-
MOTaTeJIbHOM MH(PACTPYKTYPbl), a BHYTPEHHME MEXaHM3Mbl HE PACCUMTAHbI Ha
paboTy C OrPOMHBIM KOJTMYECTBOM OJTHOBPEMEHHO CYLIECTBYIONINX GIIOKMPOBOK.

B HekoTopbix CYB]I aTa mpobieMa peniaeTcst MOBbIIIEHMEM YPOBHST GIOKMPOBKU
ecs 6JIOKMPOBOK YPOBHS CTPOK CTAHOBUTCS CJMIIIKOM MHOTO, OHM 3aMEHSIOT-
CsI OZTHOVE 6oJiee 061Iel GIOKMPOBKOI (HAIpUMep, YPOBHSI CTPAHUIIbI MU BCeit
TabIMIIbl). DTO YIIPOIAEeT peann3alnio, HO MOXKeT IIPMUBOAUTD K CUIbHOMY CHMU-
skeHu10 3G PeRTUBHOCTHU.

B PostgreSQL mHGopMaIus o0 TOM, UTO CTpOKa 3a6/IOKMPOBaHA, XPAHUTCS TONb-
KO B 3ar0JIOBKe Bepcuy CTPOKM. PaKTUUECKM ITO IIPOCTO IIPU3HAKY B CTPAHUIIAX
IAHHbBIX, & He HACTOsIIVe OIIOKMPOBKYM — B ONEPAaTUBHONM MaMSITU OHY HUKaK He
OTpaskaroTcs.

OG6BIYHO CTPOKA OJIOKMPYETCS IIPY M3MEHEeHUM UM yaaaeHun. B o6oux cydasx
aKTyaJIbHast BEPCUS CTPOKY ITOMeYaeTcs Kak yaaaeHHas. [IpyM3HakoM CIy>KUT HO-
Mep TPaH3aKILMM B [T0JIe XMaXx, M 9TOT K€ HOMeD (B COUETaHUM C JOTIOTHUTETbHbI-
MM MH(MOPMALMOHHBIMM OMTaMM) YKa3bIBaE€T HA TO, UTO CTPOKA 3a6/I0KMPOBaHA.
Korga Kakas-mM60 TpaH3aKLIysl COOMpPaeTcs M3MEHUTh CTPOKY, HO BUIUT B II0-
Jie Xmax aKTyaJbHOI Bepcuiu HoMep He3aBeplIeHHOM TpaH3aKiuu, OHa 00s3aHa
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13.2. Pexcumbl 610KUPOBKU CINPOKU

IOXAATHCS ee 3aBepiueHust. ITocie 3Toro Bce 6II0KMPOBKU OYIYT CHSITBI, M OXKM-
JAIoNIast TPaH3aKUIMS CMOXKET ITPOIO/DKUTh CBOIO OTIepaI[MI0 HaJ, CTPOKOIA.

Takoe peleHue MO3BOJISIET OJIOKMPOBATh CKOJIBKO YTOTHO CTPOK, He TIOTPe6Isst
HUKAKUX PECYPCOB.

O6parHast CTOpOHA MeHaju COCTOUT B TOM, UTO 6e3 MH(pOpMaLK O GIOKMPOB-
Ke B OIMepaTMBHONM MaMsITH OpYTHe IIPOIlecChl He MOTYT BCTaTh B ouepenb. I1o-
3TOMY MPUXOIUTCS BCE-TAaKU MCIIOIb30BaTh ¥ OGBIUHBIE TSKEJIbIe GIIOKMPOBKM.
HokIaTbCst OCBOOOXKAEHMSI CTPOKYM O3HAYAET AOKIATHCSI OKOHYAHUS GIIOKUPYIO-
1Ieit TpaH3aKLMM, a [IJIs1 9TOTO HY;KHO 3alIpOCUTD 6JIOKMPOBKY ee HoMepa. Takum
06pasoM, YMCITO UCIIOb3YEMBbIX TSKEJIBIX GIOKMPOBOK IMPOIOPIMOHATbHO UMCITY
OJHOBPEMEHHO PabOTAIOIIMX IPOIECCOB, @ HE KOIMYECTBY U3MEHSIEMbBIX CTPOK.

13.2. Pexxumbl 6NOKMPOBKK CTPOKM

CyIeCTBYeT YeThIpe peskiMa, B KOTOPBIX MOKHO 3a6JIOKMPOBATh CTPOKY L [IBa pe-
SKMMa TIPeICTABIISIOT UCKIIOUMTEIbHbIe GIOKMPOBKYM, KOTOPhIe OTHOBPEMEHHO
MOKET yIep>kK1BaTh TOJIBKO ONHA TPaH3aKIMs, U ellle ABa — pasfeysieMbie OJ10-
KMPOBKM, KOTOPbIE MOTYT YAEPKUBATHCSI HECKOTbKMMM TPAH3aKIVISIMMA.

Martpuiia KOHQIMKTOB BBITVISIAUT CJIETYIONIM 06pa3oM:

No Ke
Key Share  Share UpdatZ Update
Key Share X
Share X X
No Key Update X X X
Update X X X X

UcknwoumutenbHble peXuMbl

Pexxum Update mpefonaraet u3aMeHeHue JTIOOBIX MOJIEN CTPOKM UM ee yae-
Hue, a peskuM No Key Update — 3MeHeHMe TOTbKO TeX oI, KOTOPbIe He BXOIST

1 postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-ROWS.
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I'nasa 13. bnokuposéku cmpox

B YHMKaJIbHbI€ MHEKCbI (I/IHbIMI/I CJIOBaMI, TaKOe M3MEeHeHMe, KOTOpOe He MOJKeT

3aTPOHYTH BHEIIHME KII0UM).

Komanma UPDATE caMa BbIOMpAaeT MUHMMAJbHbIN MOIXOASIINI PEKUM OIOKM-
POBKM; TTOCKOJIbKY KJTIOUYM OOBIYHO HE MEHSIOTCS, Yallle BCero CTPOKM GIOKMUPY-

1otcs B pexxume No Key Update.

Cosmamum (YHKIINMIO, KOTOpash C IMOMOIIBI0 pacIUIMpeHusl pageinspect Mmoka-
SKeT MHTePeCyIoIyio Hac MHMOPMAIIMIO O BEPCUSIX CTPOK, 8 MMEHHO TIOJIe Xmax

" HEKOTOpble MHGOPMALIMOHHbIE O

UTDI:

=> CREATE FUNCTION row_locks(relname text, pageno integer)

RETURNS TABLE(
ctid tid, xmax text,
lock_only text, is_multi tex
keys_upd text, keyshr text,

) AS $$

SELECT (pageno,lp)::text::tid,
t_xmax,
CASE WHEN t_infomask & 128
CASE WHEN t_infomask & 4096
CASE WHEN t_infomask2 & 8192
CASE WHEN t_infomask & 16
CASE WHEN t_infomask & 16+6

ty
shr text

= 128 THEN
= 4096 THEN
= 8192 THEN
= 16 THEN
4 = 16+64 THEN

Ytl
ltl
ltl
Ytl
ltl

END,
END,
END,
END,

EN

FROM heap_page_items(get_raw_page(relname,pageno))

ORDER BY lp;
$$ LANGUAGE sqgl;

HauyHeMm TpaH3aK1uio ¥ OGHOBMM CyMMYy IE€PBOTO CcueTa B Tabiuile accounts

D

(KJII04 He MeHSeTCsl) U HOMep BTOPOro cueTa (K/II0Y MEHSETCS):

=> BEGIN;
=> UPDATE accounts SET amount
=> UPDATE accounts SET id = 20

3arnsiHeM B CTpaHULY:

=> SELECT * FROM row_locks('accounts',0) LIMIT 2;

ctid | xmax | lock_only |
(0,1) | 142998 | |

(0,2) | 142998 | |
(2 rows)
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13.2. Pexcumbl 610KUPOBKU CINPOKU

Peskum GJTIOKMPOBKY OIpeensieTcs: MHGOopMalMoHHbIM 6uTom keys updated.
=> ROLLBACK;

To ke camoe IojIe Xmax UCIOAb3yeTcsl Kak MpU3HaK GJIOKMPOBaHMS KOMaH/IO
SELECT FOR, HO B 3TOM Ciy4yae MpOCTaB/SeTCS TOMOIHUTENbHBIN MHbOpMaIn-
OHHBIII 6UT xmax_lock_only. OH TOBOPUT O TOM, UTO BEPCUSI CTPOKU TOTHKO
3a67I0KMpPOBaHa, HO He yaajeHa U MO-TIPesKHEMY SIB/ISIETCST aKTyaJIbHOM :

=> BEGIN;

=> SELECT * FROM accounts WHERE id = 1 FOR NO KEY UPDATE;

=> SELECT * FROM accounts WHERE id = 2 FOR UPDATE;

=> SELECT * FROM row_locks('accounts',9) LIMIT 2;
ctid | xmax | lock_only | is_multi | keys_upd | keyshr | shr

——————— i B T et
(0,1) | 142999 | t | | [ |
(0,2) | 142999 | t | [ |

(2 rows)

=> ROLLBACK;

t |

Paspensemblie pexxumbl

Pexxum Share moxeTt IIPUMEHATBHCA, KOT4a HY>KHO ITPOYUTATDL CTPOKY, HO ITPM 3TOM
HeJIb35 OOITyCTUTD, YTOOBI OHA KaK-IMO0 M3MEHUIACh ,upyroﬁ TpaHBaKL{MEVI. Pe-
JKM Key Share OOITyCKaeT USMEHEHNE JIIOOBIX TOJIeN] CTPOKH, KPpOME KIII0OUEeBbIX.

U3 paspensembIx pexxumoB caMo s1po PostgreSQL ucrionb3yeT Tonbko Key Share
MIpU TPOBEPKe BHENIHUX Kitoueit. OH COBMeCTUM C UCK/IIOUUTETbHBIM PEKMMOM
No Key Update, To ecTb TpOBepKa BHELTHUX K/TI0UEl He MellaeT OGHOBPEMEHHOMY
0GHOBJIEHUIO JTIOOBIX HEKTIOUEBBIX TT0J1eli. KOHEUHO, TPUIIOKEHMST MOTYT MUCITOJTb-
30BaTh JI0007 OIXOISIIINIA PEXKUM.

IMoguepkHy ellle pas, YTO IMIPY YTEHUM HE VICIIOIb3YIOTCS HUKAKMeE OIOKUMPOBKYU
YPOBHSI CTPOKM.

=> BEGIN;
=> SELECT * FROM accounts WHERE id
=> SELECT * FROM accounts WHERE id

1 FOR KEY SHARE;
2 FOR SHARE;
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B BepcusIx CTPOK BUAUM:

=> SELECT * FROM row_locks('accounts',@) LIMIT 2;

ctid | xmax | lock_only | is_multi | keys_upd | keyshr | shr
——————— s S G et
(0,1) | 143000 | t | | | t |
(0,2) | 143000 | t | | | t | t
(2 rows)

B o06oux ciayuasx ycraHoBieH 6ut xmax_keyshr_lock, a pexkxum Share MOKHO

pacIo3HaTh, TOCMOTPEB ApPyrie MHPOPMAILVIOHHbIE GUTHI .

13.3. MynbTuTpaH3sakumm

IMpu3HaK 6JI0KMPOBKM MIPEACTaBIeH HOMEPOM GIIOKUPYIONIEli TPaH3aKIUM B IT0-
Jle Xmax, HO pasjessieMble OJOKMPOBKY MOTYT YAEPKUBATHCS HECKOTbKUMU
TpaH3aKIMIMM OGHOBpeMeHHO. Kak B 0[jHO 1oJie 3anucaTh Cpa3y HECKOJIbKO HO-
MepoB?

s pasgensieMbIX 6JIOKMPOBOK MPUMEHSIOTCS TaK Ha3bIBaeMble MYJAbMUMpPAH-
3a;<uuu2 (MultiXact). MynbTUTpaH3aKIIMs — 3TO TPYINa TPaH3aKI[Mii, KOTO-
POl TIPUCBOEH OTHENbHBIN HOMep. [leTanmbHas MHGpOpMAaNus 00 yyaCTHMKaX
TaKOJ TPYIIIbI M PEKMMAX MX OJIOKMPOBOK XPaHUTCS B ¢ailyiax B KaTajore
PGDATA/pg multixact. EcTecTBeHHO, CTpaHUIIbI KEIIMPYIOTCS B 061l maMsaTu
cepBepa’ 11 yCKOpeHMSI JOCTYIIA M 3allMIIAIOTCS OT COO0ST SKyPHAIOM.

Homep MybTUTpaH3aKUMM MIMEET Ty K€ PAa3MEPHOCTb, UYTO U OOBIUHBIN HOMED
TpaHsakiuu (32 6uTa), HO HOMepa BBIIESIOTCS He3aBUCUMMO, TO €CTh HoMepa
TpaH3aKIMif U MyJbTUTPAH3AKIMIT MOTYT IepecekaThbcsl. UTOObI OTIMUUTH OIUH
BUJ TPaH3aKIMil OT IPYroro, UCIONIb3yeTCs TOMOJHUTENbHbIN MHGOPMAaIKMOH-
HBII OMT Xxmax_is multi.

Ho6aBuM K MMeIOMMMCS 67I0KMPOBKAM ellle OOHY MCKIIOUNUTEeNIbHYIO, BHITIOTHEH-
HYIO IPYroi TpaH3akLyei (3TO MOXHO CAeNnaTh, II0CKONAbKY pexkumbl Key Share
1 No Key Update coBMeCTUMbI MEXIY CO60IA):

1 include/access/htup_details.h.
2 backend/access/transam/multixact.c.
3 backend/access/transam/slru.c.

262


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/include/access/htup_details.h;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/transam/multixact.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/transam/slru.c;hb=REL_16_STABLE

13.3. MynsmumpaH3axkyuu

=> BEGIN;
=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

=> SELECT * FROM row_locks('accounts',0) LIMIT 2;

ctid | xmax | lock_only | is_multi | keys upd | keyshr | shr
——————— i e et i St
0,1) |1 I | t | I |
(0,2) | 143%000 | t | | | t | t
(2 rows)

B mepBoit cTpoke OOBIYHBII HOMEP 3aMeHeH Ha HOMep MYJIbTUTPAH3aKIUU —
06 9TOM roBOpUT 6UT Xmax_is_multi.

UToO6bI HEe BHMKATD B I€TAIM Peaau3aluy MyJIbTUTPAH3aKIINIA, MOKHO BOCIIONb-
30BaThCs pacipeHyeM pgrowl ocks, KOTOpoe TT03BOJSIET YBUIETD BCIO MHDOP-
MallMio O BCeX TUITaxX GIOKMPOBOK CTPOK B YIOGHOM BUTIE:

=> CREATE EXTENSION pgrowlocks;
=> SELECT * FROM pgrowlocks('accounts') \gx

-[ RECORD 1 ]
locked_row | (0,1)

Llocker | 1

multi | t

xids | {143000,143001}

modes | {"Key Share","No Key Update"}
pids | {31304,31604}

-[ RECORD 2 J-————=———————————————
locked_row | (0,2)

lLocker | 143000

multi | £

xids | {143000}

modes | {"For Share"}

pids | {31304}

Takoit 3arpoc BHeIIHe MOX0XK Ha obGpaleHue K npeacrasieHuio pg_locks, HO
dyHkMsa pgrowlocks uMTaeT TabaMUHbIE CTPAHUIIBI, TAaK KaK B OMEPaTUBHOI
naMsiTi uHopMalu 0 6II0KMPOBKAX YPOBHS CTPOKM HET.

=> COMMIT;

=> ROLLBACK;
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IMOCKONBKY [JIS MY/IbTUTPAH3aKIMIA BBIOENSIOTCS 32-6MTHBIE HOMepa, U3-3a
OTPaHMYEHMST Pas3pSTHOCTY CYETUMKA C HMMM BO3HMKAET TaKasl ke MpobiiemMa
nepenonHeHus (Xid wraparound), UTo ¥ ¢ OOBIYHBIM HOMEPOM. [T03TOMY [IJIST HO-
MEpPOB MY/JIbTUTPaH3aKIMiI HEOOXOOMMO BBIMOMHATh aHAIOT 3aMOPO3KM — 3a-
MEHSITb CTapble HOMepa Ha HOBbIe (VI Ha OOBIYHBIN HOMEDP TPaH3aKIIUU, eCIIN
B MOMEHT 3aMOPO3KM OJOKMPOBKA YOEPKMBAETCS YoKe TOIHKO OFHOW TpaH3aK-
uyeir)

Ho eciu 3aMopo3Ka 0OBIYHBIX HOMEPOB TPAH3aKIIMIA BBITTOMHSIETCS TOMbKO IS
oyt Xmin (Tak Kak BePCUY C HEITYCTBIM ITOJIEM XMaxX HeaKTyalIbHbI U OYAYT OUM-
IeHbl), TO IJIS1 MyJIbTUTPaH3aKIMit, HAO60POT, 3aMOPasKMBAETCS TI0JIe Xmax: ak-
TyaJIbHasl BepCUs CTPOKM MOKET ITOCTOSIHHO 6JIOKMPOBAThCS BCe HOBBIMM TpaH-
3aKIMSIMM B pasmesisieMoOM peskuMe.

3a 3aMOPO3Ky MYJIbTUTPAH3aKIIMII OTBEUAIOT ITapaMeTphl cepBepa, aHAJIOTUIHbIE
TEeM, UTO YIIPaB/SIOT OOBIYHONM 3aMOpO3KOit: vacuum multixact freeze_min_age,
vacuum_multixact_freeze table age, autovacuum multixact freeze max_age, a Tak-
ke vacuum_multixact failsafe_age.

13.4. Ouepenpb oXXuaaHUA

UcknountenbHble PeXuMbl

U3-3a Toro, uTO 6JO0KMPOBKA CTPOKM — IIPOCTO MPU3HAK, OUuepenb OpraH130Ba-

Ha BecbMa HeTpuBMaabHO. Korma TpaH3akiyst cobupaeTcs MU3MEeHUTh CTPOKY, OHa

BBITIOJIHSIET CIeYIONIYIO ITOCIe0BaTeTbHOCTD IeHCTBII:

1) ecnmu mosne xmax ¥ MH(POPMAaIMOHHbIE OMTHI BEPCUY CTPOKM YKa3bIBalOT HA
TO, UTO CTPOKA 3a6JIOKMPOBaHA B HECOBMECTUMOM PEXKIME, 3aXBaThIBAET UC-
KITIOUUTEBHYIO TSKETYI0 GIOKMPOBKY M3MEHSIeMOI BepCUM CTPOKMU;

2) MpU HEOOXOAMMOCTH JOKUIAETCS OCBOOOXKIEHUS HeCOBMECTMMBIX OJIOKM-
POBOK, 3ampaininBas 6JIOKMPOBKY HOMepa TPaH3aKIUM XmaX (VI HeCKOJb-
KUX TPaH3aKUMi, eCIY Xmax — MYJIbTUTPaH3aKIVs);

1 backend/access/heap/heapam.c, byukuus FreezeMultiXactId.
2 backend/access/heap/README.tuplock.
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3) mpomnuchIBaeT B BEPCUIO CTPOKM CBOJ HOMeED (B ITOJIe Xmax) ¥ yCTaHABIMBAET
Heo6XxomyMble MHGQOPMAIIMOHHBIE OUTHI;

4) ocBOGOXIAET 6IOKMPOBKY BEPCUM CTPOKM, €C/TM OHA 3aXBaThIBAIaCh B II. 1.

BiokupoBka gepcuu cTpoku (tuple lock) siByisieTcs ele OMHUM BUIOM TSKETbIX
6JIOKMPOBOK; OHa uMeeT TuIl tuple. He myTajiTe ero ¢ 6;10KMpOBKOIT CO6CTBEHHO
cTpoku (row lock).

MosKeT MoKa3aThCs, UTO maru 1 ¥ 4 U36bITOUHBI ¥ JOCTATOYHO OTPAHUUUTHCS
TOJIbKO OXKMIaHVeM OJIOKMPYIOMIVX TpaH3aKuyit. Ho ecyin CTpoKy 0THOBpEMEHHO
MIBITAIOTCSI OOHOBUTH HECKOJIBKO TPAH3aKIINIA, BCE OHY OYIYT SKAATh 3aBEPIIEHNUS
TpaH3aKIuK, paboTaroleil HaJ CTPOKON B TaHHbBI MOMeHT. [Ipy 3aBepiIeHUN
3TO¥ TpaH3aKUUU MeXAY OKUAAKIMMIU BO3SHUKHET COCTOSIHME TOHKM 3a IIPaBO
obamaHust CTPOKOIA, a 9TO MOXKET IIPUMBECTM K HEOIpeme/NeHHO AOJTOMY OXKM-
IaHUIO OJ151 OTAeNbHBIX «HEBE3yUMX» TpaH3akuuii. Takasi cuTyaiusi Ha3bIBaeTcs
pecypcHbiM 2onodaHuem (starvation).

BHOKI/IpOBKa BepCUM CTPOKUM BbhIAEJISET ITEPBYIO B oUepean TDAH3aKINI0 Y TapaH-
TUPYET, YTO MMEHHO OHa ITOJIYyUYUT 6HOKI/IpOBKY CI[e,ELYIOI.HEI‘/’I.

OpmHako Jyyiie ofayH pa3 yBUAeTh. [I0CKOIbKY B MpoIiecce paboThl BO3HMUKAET 0-
BOJIbHO MHOTO Pa3HbIX 6JIOKMPOBOK, M KAKIO¥ COOTBETCTBYET OTHeIbHAsI CTPOKA
B Tabnuiie pg_locks, s co3mam ele OmgHO mpeacTaBiaeHue Hag pg_locks. OHO
MokasbiBaeT MHGOPMAIMI0O KOMIIAKTHO M OCTaBJIsIET TOJIbKO MHTEpeCcHble HaM
ceityac GIOKMPOBKY (OTHOCSIIIMECS K TAG/IMITe aCCOUNtsS U K caMoii TpaH3aKIuu,
HO 6€e3 6JIOKMPOBKM BUPTYAJbHBIX HOMEPOB):

=> CREATE VIEW locks_accounts AS
SELECT pid,
Locktype,
CASE locktype
WHEN 'relation' THEN relation::regclass::text
WHEN 'transactionid' THEN transactionid::text

WHEN 'tuple' THEN relation::regclass||'('|Ipagell','||tuplel|"')’
END AS lockid,
mode,
granted

FROM pg_locks
WHERE locktype in ('relation', 'transactionid', 'tuple')

AND (locktype != 'relation' OR relation = 'accounts'::regclass)
ORDER BY 1, 2, 3;
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HaunHeM nepByIo TpaH3aKINIO ¥ OOHOBUM CTPOKY:

=> BEGIN;
=> SELECT txid_current(), pg_backend_pid();

txid_current | pg_backend_pid
______________ +________________

143003 | 31604
(1 row)

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

TpaHsaKum[ YCIIEIIHO BBITIO/JIHSET YeThbIpE IIara rnocjieaoBaTeJIbHOCTU U TeIlePb
YOEPXKUBAET 6)'IOKI/Ip0BKy TaG)'II/IL[bII

=> SELECT * FROM locks_accounts WHERE pid = 31604;

pid | Locktype | lockid | mode | granted
——————— B i Tt
31604 | relation | accounts | RowExclusivelLock | t
31604 | transactionid | 143003 | ExclusivelLock | t
(2 rows)

Haunnaem BTOPYIO TPAaH3aKIMIO U MbITaeMCs OOHOBUTH TY Xe CTPOKY. TpaH3aK—
s IMoABMCAET B OKMOaHUN 6J'IOKI/IpOBKI/IZ

=> BEGIN;
=> SELECT txid_current(), pg_backend_pid();

txid_current | pg_backend_pid
______________ +________________

143004 | 31675
(1 row)

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

Bropas TpaH3aKius JOIIa TOMbKO J0 BTOPOro Iara. IIoaToMy, MOMUMO GJTOKU-
POBKM TabIMIIbI M COBCTBEHHOTO HOMEPA, OHa I06aB/seT B pg_locks ele 1Be
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CTPOKM: 3aXBAUEHHYI0 HA TI€PBOM Ilare GJIOKMPOBKY THUIIa tuple M 3arpoiieH-
HYIO Ha BTOPOM I1are 6JI0OKMPOBKY HOMepa MepBoit TpaH3aKI[MN:

=> SELECT * FROM locks_accounts WHERE pid = 31675;

pid | Locktype | Llockid [ mode | granted
——————— e e Ear S Dt e
31675 | relation | accounts | RowExclusiveLock | t

31675 | transactionid | 143003 | ShareLock | £

31675 | transactionid | 143004 | ExclusivelLock | t

31675 | tuple | accounts(@,1) | Exclusivelock | t
(4 rows)

TpeTbst TpaH3aKUMS MTOMIET TOMBKO IO mepBoro mrara. OHa MOMbITAeTCs 3aXBa-
TUTH OJTIOKUPOBKY BEPCUM CTPOKU ¥ OCTAHOBUTCS y3Ke Ha STOM:

=> BEGIN;
=> SELECT txid_current(), pg_backend_pid();

txid_current | pg_backend_pid
______________ +________________

143005 | 31746
(1 row)

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

=> SELECT * FROM locks_accounts WHERE pid = 31746;

pid | Locktype | Llockid | mode | granted
——————— e T KT e
31746 | relation | accounts | RowExclusiveLock | t
31746 | transactionid | 143005 | Exclusivelock | t
31746 | tuple | accounts(@,1) | Exclusivelock | £
(3 rows)

YeTBepTas U mocienylolie TpaH3aKIMK, keaalie oOHOBUTh TY SKe CaMylo
CTPOKY, HMUeM He GYIyT OTIMYAThCS OT TPETheli — Bce OHU OYAYT OXKUIATh OIHY
U Ty ke GJIOKMPOBKY BepPCUY CTPOKMU.

=> BEGIN;
=> SELECT txid_current(), pg_backend_pid();

txid_current | pg_backend_pid
______________ +________________

143006 | 31817
(1 row)
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| => UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

=> SELECT * FROM locks_accounts WHERE pid = 31746;

pid | Locktype | lockid | mode | granted
——————— T K el
31746 | relation | accounts | RowExclusiveLock | t
31746 | transactionid | 143005 | ExclusivelLock | t
31746 | tuple | accounts(@,1) | Exclusivelock | £
(3 rows)

O6IyI0 KapTUHY TeKYLIMX OKUIaHWMiI MOXKHO TIOCMOTPETh B MpeNCTaBIeHUN
pg_stat_activity, mo6aBuB MHGOpPMAIINIO O GIOKMPYIOMIMX MPOLeccax:

=> SELECT pid,
wait_event_type,
wait_event,
pg_blocking_pids(pid)
FROM pg_stat_activity
WHERE pid IN (31604,31675,31746,31817);

pid | wait_event_type | wait_event | pg_blocking_pids
——————— et A
31604 | Client | ClientRead | {3

31675 | Lock | transactionid | {31604}

31746 | Lock | tuple | {31675}

31817 | Lock | tuple | {31675,31746}
(4 rows)

Eciu mepBast TpaH3aKIMs 3aBEPIIMTCS OTKATOM, BCSI 9Ta KOHCTPYKIMS GyaeT pa-
60TaTh TaK, Kak ¥ CJIeIOBAIO 6bI OKMAATD: OCTABIINMECS TPAH3AKIIMIM TPOIABUHYT-
CS1 B OU€pe/Ili B TOM JKe IOpSIIKe Ha OOMH ILar.
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Ho Bce-Taku 6osee BepOSITHO, UTO TE€PBAst TPaH3aKIMS 3aBepIINTCS purcanye.
Ha ypoBHe nsonsiuyumu Repeatable Read minnm Serializable 3To mpuBeneT K 06pbIBY
BTOPOI! TPAH3aKIMY C OIIMGKOI cepuammM3alMi ' (a 3aTeM U OCTaTbHbIX, CTOSIIX
B ouepenu). Ho Ha ypoBHe Read Committed M3MeHeHHas CTpOKa ITepeunuThIBAETCS,
¥ BO30OHOBJISIETCS TIOMBITKA €€ OGHOBJIEHMS.

Wtak, nepBasi TpaH3aKIMs 3aBePIIAETC:
| => COMMIT;

Bropas TpaHsakius mpo6y>KaaeTcst ¥ YCIIENTHO BbITIOIHSET TPETUIA Y YeTBEPThIN
1Iaru nociaesoBaTeNbHOCTHI:

[ UPDATE 1

=> SELECT * FROM locks_accounts WHERE pid = 31675;

pid | Locktype | lockid | mode | granted
——————— T Kt it
31675 | relation | accounts | RowExclusivelLock | t

31675 | transactionid | 143004 | ExclusivelLock | t
(2 rows)

Kaxk To/bKO BTOpasi TpaH3aKiius 0CBOOOKIAeT 6JIOKMPOBKY BEPCUM CTPOKI, ITPO-
CHITIAETCS ¥ TPEThsI TPAH3AKIVSI, HO OHA OOHAPY)KMBAET B TI0JIE XMax HOBOI Bep-
CUM CTPOKM YKe Jpyroii Homep. Ha 3ToM mocieoBaTe/IbHOCTb GIOKMPOBAHMS,
MIpMBeIeHHas BbIllle, 3aBepiIaeTcst HeycriexoM. Ha ypoBHe usonsaiuy Read Com-
mitted BBIMOMHSIETCS NMOBTOPHAS TOIBITKA 3a6JIOKMPOBATh CTPOKYZ HO 3Ta T10-
MIBITKA Y3Ke He CJIefyeT IIPUBeIeHHOI MOCIeI0BaTebHOCTI. TpeThs TPaH3aKIMs
OyIeT OXMUIaTh 3aBEPIIEHMS] BTOPOJ 6€3 ITOIBITOK 3aXBATUTh GIIOKMPOBKY BEP-
CUY CTPOKM:

=> SELECT * FROM locks_accounts WHERE pid = 31746;

pid | Locktype | lockid | mode | granted
——————— et B et ta e T L I
31746 | relation | accounts | RowExclusivelLock | t

31746 | transactionid | 143004 | ShareLock | £

31746 | transactionid | 143005 | ExclusivelLock | t
(3 rows)

1 backend/executor/nodeModifyTable.c, pynkums ExecUpdate.
2 backend/access/heap/heapam_handler.c, byuxuys heapam_tuple lock.
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To ke camoe MPOUCXOAUT U C UeTBEPTON TPaH3aKIME:

=> SELECT * FROM locks_accounts WHERE pid = 31817;

pid | Locktype | lockid | mode | granted
——————— B i T
31817 | relation | accounts | RowExclusivelLock | t

31817 | transactionid | 143004 | ShareLock | £

31817 | transactionid | 143006 | Exclusivelock | t

(3 rows)

Terepb 1 TPETbSI, ¥ YETBEPTAS TPAH3AKIIVY OKMIAIOT 3aBepIIEHMSI BTOPOJA C IIep-
CTIEKTMBOJ TOHKM 3a 3aXBaT OJIOKMPOBKY. Ouepenpb KaK TAKOBAs pacranach.

Eciu 6b1, TOKa ouepe[b ellle CyleCcTBOBAJA, B Hee YCIIeI BCTaTh HECKOIBKO IPY-
I'MX TPaH3aKIMii, BCe OHM 0Ka3aCh Obl HEBOJIbHBIMM YUACTHUKAMM 3TOJ TOHKU.

BbIBOJ: OIHOBpEMEHHO OOHOBIISITh OLHY U TY K€ CTPOKY TabIMIIbl BO MHOTMX I1a-
pallefbHBIX Mpolieccax — He caMas yaauHas ujesi. JTO CO3/AaeT FOpsSUuyIo TOUKY,
KOTOpast IPU JOCTATOYHO BBICOKOI HATPy3Ke CTAHOBUTCS Y3KMM MECTOM U BBI-
3bIBaeT IIPOOIEeMbI C TPOM3BOAUTENBHOCTHIO.

3aBepIM BCe HavaThle TPAH3aKI[UMA.

|| => comMIT;

UPDATE 1
=> COMMIT;

UPDATE 1
=> COMMIT;
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Paspensembie pexxumbl

PasnenseMbie G6JOKMPOBKM CTPOK MpUMeHSIOTCS PostgreSQL TONbKO AJIS Mpo-
BEPKU CChIJIOUHOI 11€/I0CTHOCTU. VICTo/b30BaHMe UX B HATPY>KEHHOM TPUJIOXKe-
HUM MOXKET IMIPUBOAUTD K PECYpPCHOMY TOJIOIAHMIO, U IBYXYPOBHEBAsT cxeMa 6J10-
KMPOBaHMS 3TOMY HMKAK He MPensiTCTBYeT.

HanomHI0 enie pa3 nociefoBaTebHOCTDb NEeMCTBUI, KOTOPYIO BBIMIOIHSIET TPAH-
3aKUMS IpU GIOKUPOBKE CTPOKU:

1) ecnm mone xmax v MHGOPMAaIMOHHBIE OGUTHI BEPCUM CTPOKM YKA3bIBAIOT HA
TO, UTO CTPOKA 3a0IOKMPOBAHA B HECOBMECMUMOM PEXKVMe, 3aXBaThIBAET JC-
KITIOUUTENIbHYIO TSKETYI0 GJIOKMPOBKY M3MEHSIEMOI BEPCUM CTPOKMU;

2) Mpyu HeOOXOAMMOCTU IOKMUIAETCS OCBOOOKIEHUSI HECOBMECMUMbIX OIOKMU-
POBOK, 3ampailBasi 6JIOKMPOBKY HOMepa TPaH3aKIMMu xmax (I HeCKOJIb-
KMX TPaH3aKIMii, eCI XMaX — MYJIbTUTPaH3aKIIKsI);

3) OpOMUCHIBAET B BEPCUIO CTPOKM CBOVE HOMED (B TI0JIe XMaXx) M yCTaHABIUBAET
Heo6xomyMble MHGQOPMAIIMOHHBIE GUTHI;

4) ocBOGOXIAET 6IOKMPOBKY BEPCHI CTPOKM, €C/TM OHA 3aXBaThIBAIACh B 1. 1.

[TepBble ABA I1ara rOBOPSIT O TOM, UTO €C/IM PEXXMMbI GIIOKMPOBOK CO8MECMUMbL,
TpaH3aKUMs IPoiineT 6e3 ouepedu.

HOBTOpI/IM HaIll 3KCIMepMMEHT C YMCTOrO JInCTa.

=> TRUNCATE accounts;

=> INSERT INTO accounts(id, client, amount)
VALUES (1,'alice',100.00),

(2, 'bob',200.00),

(3, 'charlie',300.00);

Haunnaem II€PBYIO TPDAH3aKI IO

=> BEGIN;
=> SELECT txid_current(), pg_backend_pid();
txid_current

pg_backend_pid

— +— 1
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IMepBas TpaH3aKIMs GIOKUPYET CTPOKY B pasieseMOM peskKuMe:
| => SELECT * FROM accounts WHERE id = 1 FOR SHARE;

BTopas TpaH3aKLMs IbITAETCSI OOHOBUTD TY JK€ CTPOKY, HO He MOXKET — PEKMMBbI
Share 1 No Key Update HecoBMeCTUMBbI:

=> BEGIN;
=> SELECT txid_current(), pg_backend_pid();

txid_current | pg_backend_pid
______________ +________________

143010 | 31675
(1 row)

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

BTopas TpaH3aKIMs KOET 3aBeplieHus] TIEPBO U yaepskuBaeT 6JI0KMPOBKY BEP-
CUY CTPOKM — Kak " B IIPOIIJIOM ITpyMepe:

=> SELECT * FROM locks_accounts WHERE pid = 31675;

pid | Locktype | lockid | mode | granted
——————— e
31675 | relation | accounts | RowExclusiveLock | t
31675 | transactionid | 143009 | ShareLock | £
31675 | transactionid | 143010 | ExclusivelLock | t
31675 | tuple | accounts(@,1) | Exclusivelock | t
(4 rows)

ITycTb Temepb TPeThsl TPAH3aKIMS GIIOKMPYET CTPOKY B pasmesisieMoOM PeXUME.
Ee 6;10KMpPOBKA COBMECTMMA C y3Ke UMEIOLIENCst GIOKMPOBKOA, 1 TOITOMY TPEThSI
TpaH3aKIMs MPOXOIUT 6e3 ouepen:
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=> BEGIN;
=> SELECT txid_current(), pg_backend_pid();

txid_current | pg_backend_pid
______________ +________________

143011 | 31746
(1 row)

=> SELECT * FROM accounts WHERE id = 1 FOR SHARE;

U BOT Y>Ke OB€ TPaH3aKIUN 6)'IOKI/II)YIOT CTPOKY:

=> SELECT * FROM pgrowlocks('accounts') \gx

-[ RECORD 1 J-—-———-—————-—=
locked_row | (0,1)

Locker | 2

multi | t

xids | {143009,143011}
modes | {Share, Share}
pids | {31604,31746}

Tenepb, eciv TIepBast TPAH3aKIUS 3aBEPUIUTCS, BTOpast GymeT pa3byxeHa, HO
YBUINUT, YTO GIIOKMPOBKA CTPOKM HUKyJA He McCue3lia, M CHOBA BCTAHET B OUe-
penb — Ha 3TOT pa3 3a TPeThei TPaH3aKIMe:

|  => COMMIT;

=> SELECT * FROM locks_accounts WHERE pid = 31675;

pid | Locktype | lockid | mode | granted
——————— e e
31675 | relation | accounts | RowExclusivelLock | t
31675 | transactionid | 143010 | ExclusiveLock | t
31675 | transactionid | 143011 | ShareLock | £
31675 | tuple | accounts(0,1) | Exclusivelock | t
(4 rows)
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VI TONTbKO KOT1a TPEThS TPAH3aKIMS 3aBePIINTCS (M €C/IM 32 9TO BpeMsI He IMOSIBSIT-
cs1 Ipyrye pasaenseMble GIOKMPOBKIM), BTOPAst CMOXKET BbITIOTHUTH OGHOBJIEHME.

Il => COMMIT;

UPDATE 1
=> COMMIT;

[TpoBepka BHEIIHMX KIIOUEit BPSIZ, JIM CO3/IaCT MPOOIEMBI, TIOCKOIBKY KII0UeBbIe
0/ OOBIYHO He MeHSII0TCs, a pexkumbl Key Share 1 No Key Update coBmecTuMBI.
Ho oT uzen ucrionb30BaHus pa3aensieMbIX PEKMMOB GIOKMPOBOK CTPOK B TIPU-
JIOKeHVM B OOJIBIIMHCTBE CJIyYaeB JyYIle OTKa3aThCs.

13.5. bnokupoBka 6e3 oxxuaaHus

O6b1YHO KOMaHAbI SQL 03KMIaI0T 0CBOOOKIEHNS HEOOXOAMMBIX UM pecypcoB. Ho
MHOTA XOUeTCSI 0TKA3aThCs OT BBITIOJTHEHMSI KOMAH/IbI, eC/TV GJIOKMPOBKY He y/a-
JIOCh IOJIYYUTb cpasy ske. [Ijis1 aToro Takme komaHabl, Kak SELECT, LOCK 1 ALTER,
TIO3BOJISIIOT UCII0NAb30BaTh NpeajiokeHe NOWAIT.

3ab6JI0KMPYyEM CTPOKY:

=> BEGIN;
=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1;

Komanpa ¢ npennoskenuem NOWAIT HemezieHHO 3aBeplIaeTCsl OUIMOKOM, eciu
pecypc oKa3aJics 3aHST:

=> SELECT * FROM accounts
FOR UPDATE NOWAIT;

ERROR: could not obtain lock on row in relation "accounts"
B mpuKkiIagHOM KOzl TaKyr0 OIMOKY MOKHO IIEPEXBATUTH 1 06paboTaTh.

Y komang UPDATE u DELETE mpennioxkeHnne NOWAIT He mpenmycmorpeHo. CTaH-
JapTHBI IPUeM COCTOUT B TOM, UTOOBI CHAuaja ITOMpoO0BaTh 3a06JOKMPOBATD
crpoky komaHzoii SELECT FOR UPDATE NOWAIT, a 3aTemM — eCiy IOJIy4UIOCh —
OOHOBUTD MU YHOATUTD €e.
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B penkux cyuasx 6pIBaeT yIo6HO IMIPOMYCKATh yKe 3a0J10KMPOBAHHBIE CTPOKU U
cpa3sy ke IoJiydyaTh CBOOOIHBIE 1151 00paboTku. Tak paboraer komaHaa SELECT
FOR ¢ npennoxxennem SKIP LOCKED:

=> SELECT * FROM accounts
ORDER BY id
FOR UPDATE SKIP LOCKED
LIMIT 1;

id | client | amount
____+ ________ + ________

2 | bob | 200.00
(1 row)

B 3TOM mpuMepe mepBas — 3a6I0KMpOBaHHAs — CTPOKa 6bijia TIPOTyIeHa, 1 3a-
POC 3a6JI0KUPOBAJ U BEPHYJT BTOPYIO.

Takoit moaxo[, M03BOJIIET OPraHN30BaTh MHOTOIIOTOYHYIO 06paboTKy ouepeseii
MY TTAKeTHYI0 06pabOoTKYy IPYII CTPOK. HO He CTOMUT MCKATh It 9TO KOMaH/IbI
Ipyrue MprMeHeHus: — OOMBIIMHCTBO 3a7ay pemiaeTcst 6oee MPOCTHIMMU CpeJi-
CTBaMM.

Haxkownelr, ecTb CItoco6 He JOMYCTUTH IJIUTEIBHOTO OKMUIAHNS C TIOMOIIBIO YCTa-
HOBKMU TaliM-ayTa:

=> SET lock_timeout = 'ls';
=> ALTER TABLE accounts DROP COLUMN amount;

ERROR: canceling statement due to lock timeout

Komanpa 3aBepraeTcst OIMOKOI, TOCKOIBKY He cyMeJia MOMYUUTb OIOKUPOBKY
B T€UEHME OGHO CeKyHabl. KOHEUHO, TaliM-ayT MOXXHO YCTaHABIMBATDb HE TOJIbKO
Ha YpOBHE CceaHca, HO U, Hallpumep, AJ151 OTA,eNbHOM TpaH3aKLIUMN.

OTOT IIpMeM MO3BOJSIET UCKIIOUMTD IJINTEIbHYIO IMPUOCTAaHOBKY paboThI C Tab-
JuLedt, KoTma KoMaHaa, Tpe6yIolast MCKIIOUMTEIbHYIO GJIOKMPOBKY, BHITTOTHSIET-
Cs1 TIOT, Harpy3Koii. ITpy mosydyeHuy OMMOKM KOMaHIy MOKHO ITOBTOPUTD Yepes
HEKOTOpOE BpeMsl.

MapameTp lock_timeout oTnMYaeTCs OT napameTpa statement_timeout TeM, YTO OrpaHUYU-
BaeT BPEMS 0XWMAAHUS BNOKMPOBKM, @ He obLiee BpeMs BbINONHEHUS onepaTopa.

=> ROLLBACK;
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13.6. B3saumo610KMpOBKH

OpHOIt TpaH3aKUMM sl TPOAOIIKEHUST paboThl MOKET TPeOOBAThCS PeCypC, 3a-
XBaUeHHbII IPYToil TpaH3aKIMe; Ta MOXKET HYKIAThCS B peCcypce, 3aXBaueHHOM
TpeTbeii TpaH3aKLMel, U Tak ganee. TpaH3aKIIMM BHICTPAUBAIOTCSI B OUepeb, UC-
TOJTb3YSI MEXaHM3M TSDKEJbIX GJIOKMPOBOK.

Ho Bo3MOKHa CcUTyalysi, KOTJa TPaH3aKIVM, 38 KOTOPOJi CTOUT OvYepe.b, OHA-
IOGUTCS ellie OOVIH Pecypc, 1 eif camMmoii ToTpeGyeTcst BCTATh 38 HUM B TY JKe CAMYI0
ouepesib. BO3HMKHET 63aumo6/10KuposKa’ : ouepenh 3aMKHETCSI B KPYT U He CMO-

SKET ysKe paccocaThCs cama coboii.

YT06bI HAIJISIIHO MPEICTaBUTh ce0e KapTUHY 6JIOKUPOBOK, ITOCTPOUM I'pad OKM-
naHuit. BepumHbl 3TOro rpada — BBINOMHSIONUMECS mpoliecchl. Ero pe6pa —
CTpEJIKY, MPOBEJIEHHbIE OT MPOIECCOB, OXKUIAIOIINUX TONYyYeHUsT GIOKUPOBOK,
K TIpoIleccam, KOTOpbIe YIepKUBAIOT 3T OJIOKMPOBKU. Eciiu B rpade ecTdb KoH-
myp, TO eCTh U3 KaKO¥-11M60 BEPIIMHBI MOKHO IO CTPeIKaM Jo6paThCs IO Hee
5Ke CaMoii, — 3HAYUT, TPOM30IIIa B3aMMOGIOKMPOBKA.

Ha pucyHkax s nokasblBato He MPOLLECChl, a TpaH3akuuu. OBbIYHO Takas 3aMeHa fonyCcTUMa,
MOCKO/IbKY OAMH NPOLLECC BbINOHAET OAHY TPAH3aKLMI0, @ 6TIOKUPOBKM HE 3aXBaTbIBAKOTCS
BHE TpaH3akumit. Ho B 06LWEM Clyyae HYXKHO FOBOPUTb O MPOLLECccax, MOCKONbKY He BCe
6710KMPOBKM CHUMALOTCS Cpas3y NoC/Ie 3aBEPLUEHUS TPAH3AKLIUM.

1 postgrespro.ru/docs/postgresql/16/explicit-locking#LOCKING-DEADLOCKS.
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Ecy B3aMOGIOKMPOBKA BO3HMKIIA U HY OAVIH YUACTHYUK HE YCTAHOBWJI TaliM-ayT
OKUIAHMS, TPAH3aKIMM OYIYT KAATh APYT Apyra 6eckoHeuHO. [Io3TOMY MeHeI -

JKep 6J'IOI(I/II)OBOK1 dABTOMATMYECKHM OTC/IEKMBAET TaKMe CUTyalln.

OpHako MpoBepKa TpebyeT onpeaeneHHbIX YCUIINIA, KOTOPbIE HE X0UeTCs Ipuia-
raTh BCAKMIT pa3, KOrJa 3ampallnBaeTcsl HOBast 6lI0KMPOBKA (BCe-TakM B3aMMO-
67IOKMPOBKM JOCTATOYHO penkyu). [[03ToMy KOrJa MpoIeccC MbITAeTCS 3aXBATUTh
GJIOKMPOBKY ¥ HE MOXET, OH ITPOCTO BCTAET B OUEPEAD U 3aCHIMAET, HO IIPU STOM
aBTOMAaTHYECKM YCTaHABIMBAETCS TaliMep Ha BpeMsl, yKazaHHOe B rapamMmeTpe
deadlock_timeout? Ecnu pecypc ocBOGOAMUTCS paHbllle — OTIMYHO, HA TPOBEPKe
yIasoch COKOHOMUTB. Ho eciiu 1o micteuenuu deadlock _timeout eqVHULL BpeMEHU
OXXMIaHMe TPOIOJIKAETCS, OKUIAIOIINIA ITpollecc 6yaeT pa3oy>keH M MHUILIUUPYET
TIPOBepKy>.

Ilo cyTu, IpoBepKa 1 COCTOUT B ITOCTPOEeHNM rpada OKMIAHMIA U [TOMCKA B HEM
KOHTYpoB* Ha Bce BpeMs! ITPOBEPKY OCTAHABIMBAETCS JII06ast paboTa C TSKeIbI-
MM GJIOKMPOBKAMM, UTOOBI «3aMOPO3UTh» TEKYIIEE COCTOSIHME rpada.

Ecn IMIpoOBepKa He BbIsIBMJIA B38.I/IMO6HOKI/IpOBOK, mpouecc CHOBA 3acChbIlaeT; paHO
VIV TIO3[JHO JI0 HEro J0MIeT ouepeb.

Ecn ske B3aiMOGIOKMPOBKA O6HAPYKeHa, OHA 13 TPaH3aKIMii IPUHYAUTETbHO
0OpbIBAETCSI, UTOOBI OCBOOOANUTD 3aXBaueHHbIE i1 OIOKMPOBKM U TATh BO3MOXK-
HOCTb OCTaJIbHbIM TPAH3aKIMSIM IIPONOKUTh paboTy. B GONIbIIMHCTBE C/TyYaeB
MIpephIBAeTCS Ta TPAH3aKIIMS, KOTOpas MHULIMMPOBAJIa IIPOBEPKY, HO eC/IM B KOH-
TYP BXOAUT paboumii IpoIecc aBTOOUMCTKM, He 3aHSThINi 3aMOPO3KOJi B CBI3U
C IeperoJIHeHeM CUeTUMKA TPAH3aKIMiA, TO IIPEPhIBAETCS aBTOOUMCTKA KaK Me-
Hee IIPUOPUTETHAs.

B3aMMOGIOKMPOBKM OOBIYHO O3HAYAIOT, YTO IPWJIOXKEHME CIIPOEKTUPOBAHO
HenmpaBuIbHO. OOHAPYKUTb TaKue CUTyallMM MOXHO IBYMSI CIIOCOGAMM: BO-
TIepPBBIX, OYIYT MOSIBJSITHCS COOOIIEHMS B SKypHaJle cepBepa, a BO-BTOPbIX, OymeT
yBenuuuBaThes 3HaueHue deadlocks B Tabnmuiie pg_stat database.

1 backend/storage/lmgr/README.

2 backend/storage/lmgr/proc.c, byHkius ProcSleep.

5 backend/storage/lmgr/proc.c, dyHkims CheckDeadLock.
4 backend/storage/Imgr/deadlock.c.
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B3aumob6n0KkupoBKa npu 06HOBNEHUM CTPOK

XOT$1 B KOHEUHOM cYeTe K B3aI/IMO6J'[OKI/IpOBKaM IIPUBOLAT TSXKeJIble 6HOKI/IpOBKI/I,
Haubojiee yacTas IIpYrHa X BOSHMKHOBEHUA — paBHbIVI IIOPSAO0K 6J'IOKI/Ip0Ba-
HUS TAOIMYHBIX CTPOK.

IycTsb NepBast TpaH3aKkLus cobupaetcs repexHectu 100 P ¢ mepBoro cuera Ha BTO-
poii. [IJ1s 3TOro OHA CHavasia yMeHbIllaeT [epBblil CUET:

=> BEGIN;
=> UPDATE accounts SET amount = amount - 100.00 WHERE id = 1;
UPDATE 1

B 3T0 ke BpeMst BTOpast TpaH3akuus cobupaetcs nmepenecty 10 P co BToporo cue-
Ta Ha nepBbiii. OHA HAUMHAET C TOTO, YTO YMEHbIIIAeT BTOPOII CUeT:

=> BEGIN;
=> UPDATE accounts SET amount = amount - 10.00 WHERE id = 2;
UPDATE 1

Temepb nepBas TpaH3aKUMS MBITAETCS YBEIVUYUTH BTOPOII CUeT, HO 0OHApYKMBa-
€T, YTO CTPOKa 3a6I0KMPOBAHA:

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 2;

3areM BTOpast TPAH3aKIMs TIHITAETCST YBEIUUUTD TTEPBBIT CUET, HO TOXKE OIOKM-
pyeTtcsi:

| => UPDATE accounts SET amount = amount + 10.00 WHERE id = 1;

BosHukaeT quKIMUeCKOe OKUAAHME, KOTOPOe HUKOTAA He 3aBePIIUTCS CaMo I10
cebe. Uepes ceKyHAY MepBasi TpaH3aKIMsI, He TIOJTYUYMUB JOCTYII K pecypcy, MUHULI-
MPYeT MPOBEPKY B3aMMOOIOKMPOBKM U OOPHIBAETCSI CEPBEPOM:

ERROR: deadlock detected

DETAIL: Process 31304 waits for SharelLock on transaction 143017;
blocked by process 31604.

Process 31604 waits for ShareLock on transaction 143016; blocked by
process 31304.

HINT: See server log for query details.

CONTEXT: while updating tuple (0,2) in relation "accounts"
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Termeppb BTOpas TpaH3aKIMs MOXKET IPOAOIKUTD paboTy. OHA IPOOYKIAETCS U
BBITIO/IHSIET OGHOBJIEHME:

|  UPDATE 1

3aBepuInM TpaH3aKLIUN.

| => ROLLBACK;

=> ROLLBACK;

ITpaBUIBHBIN CITOCOO BBHITTOIHEHMS TAKUX Olepanyii — 6JI0KMpPOBaHME PECYpCOB
B OIHOM ¥ TOM e mopsigke. Hanmpumep, B JaHHOM CTydae MOKHO GJIOKMPOBATh
cJeTa B IIOPSIAKE BO3pacTaHMS UX HOMEPOB.

B3aumobnokuposka ayx komana UPDATE

beiBaroT c1y4dan, korga B3aI/IMO6J'[OKI/Ip0BKa KaXkeTcCsa HeBOSMO)KHOVI, HO BCe-TaKMu
BO3HMKaerT.

Vno6HO ¥ IPUBBIYHO BOCIIPMHMMATb KoMaHabl SQL Kak aToMapHbie. Ho Bo3bMeM
UPDATE: xoMaH1a GIOKMPYET CTPOKM II0 Mepe UX 0OHOBJIEHMS (a He Bce cpasy),
Y 3TO IIPOMCXOIUT He OMHOMOMEHTHO. [ToaTomy, eciiu ogHa KomaHga UPDATE 06-
HOBJISIET HECKOJIBKO CTPOK B OAHOM IOPSIIKE, a Apyras — B APYrOM, OHM MOTYT
B3aMMO03a0I0KMPOBATHCS.

[IJ1s1 BOCIIPOM3BEAEeHNST CO3OAAUM MHIEKC 110 CTOI6IY amount, TOCTPOEHHBII 110
yOBIBAaHUIO CYMMBbI:

=> CREATE INDEX ON accounts(amount DESC);
YT06BI YCIIETh YBUIETDb IIPOUCXOSINEe, HATTUIIIEM 3aMeJISIONIYI0 QYHKIINIO:

=> CREATE FUNCTION inc_slow(n numeric)
RETURNS numeric
As $$%
SELECT pg_sleep(l);
SELECT n + 100.00;
$$ LANGUAGE sqgl;

279



c. 190

I'nasa 13. bnokuposéku cmpox

IMepBast komanaa UPDATE 6ymeT 0GHOB/ISITh BCIO Ta6nuiry. IlaH BBIITOMTHEHUS] —
MOC/IeA0BATENbHBIN TPOCMOTP BCE TaOGIUIIbI:

=> EXPLAIN (costs off)
UPDATE accounts SET amount = inc_slow(amount);

QUERY PLAN

Update on accounts
-> Seq Scan on accounts
(2 rows)

Pacrionoxknm Bepcum CTpPOK Ha TabIMUHO CTpaHMlie B IIOpsAaKe BO3paCTaHMA
CYMMBbI. [J1s1 3TOTO BCTABMM MX 3aHOBO B OITYCTOIIE€HHYIO Ta6n1/1uy:

=> TRUNCATE accounts;

=> INSERT INTO accounts(id, client, amount)
VALUES (1,'alice',100.00),
(2, 'bob',200.00),
(3, 'charlie’',300.00);
=> ANALYZE accounts;
=> SELECT ctid, * FROM accounts;

ctid | id | client | amount
——————— e

(0,1) | 1 | alice | 100.00

(0,2) | 2 | bob | 200.00

(0,3) | 3 | charlie | 300.00

(3 rows)

Ipu noc/iegoBaTeIbHOM CKaHMPOBAHMM CTPOKM OYIYT OGHOB/ISIThCS B TOM 3Ke I10-
psimKe (IJ1st GOMBIIMX TAGINI] 9TO HE BCETTA BEPHO).

3amyckaeM OOHOBJIeHME paboTaTh:
=> UPDATE accounts SET amount = inc_slow(amount);

A B 3TO BpeMs B IPYTOM Ce€aHCe 3aIllpeTM MCII0JIb30BaHME MOC/Iea0BaTEIbHOTO
CKaHMPOBaHWMAI:

H => SET enable_seqscan = off;

B sTom cnyuae gys cnepytoiero oneparopa UPDATE niaHMpPOBIIMK pellaeT UC-
MOJb30BaTh CKAHMPOBAaHMeE MH/eKCa:
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=> EXPLAIN (costs off)
UPDATE accounts SET amount = inc_slow(amount)
WHERE amount > 100.00;

QUERY PLAN
Update on accounts
-> Index Scan using accounts_amount_idx on accounts
Index Cond: (amount > 100.00)
(3 rows)

IMop ycioBye MOnagaloT BTOPast M TPEThS CTPOKM, TPUUEM, ITOCKOIbKY MHAEKC IT0-
CTPOEH 10 YOBIBAHMIO CYMMBI, CTPOKM OYIYT OGHOBJISITHCS B 0OPaTHOM ITOPSIIKE.

SaHYCKaeM cienyroiiee OGHOBJIEHME:

=> UPDATE accounts SET amount = inc_slow(amount)
WHERE amount > 100.00;

3arsiHyB B TAaOMMUHYIO CTPaHMILY C ITOMOIIbIO paciypeHus pgrowlocks, Mbl
YBUIVIM, UTO IIEPBBIIT OIIEPATOP yCIeJ 00HOBUTH IepBYIO cTPoky (0,1), a BTOpoit —
nocienHoo (0,3):

=> SELECT locked_row, locker, modes FROM pgrowlocks('accounts');

locked_row | locker | modes
____________ +________+___________________
(0,1 | 143023 | {"No Key Update"} <— nepBbIn
(0,3) | 143024 | {"No Key Update"} <— BTOpOI
(2 rows)

ITpoxoguT elle ceKyHAa. IlepBbIit orepaTop 0OGHOBWI BTOPYIO CTPOKY, @ BTOPOIA
XOTeJ1 Obl 3TO C/IeNIaTh, HO HE MOKeT.

=> SELECT locked_row, locker, modes FROM pgrowlocks('accounts');

Llocked_row | locker | modes
____________ +________+___________________
(0,1) | 143023 | {"No Key Update"}
(0,2) | 143023 | {"No Key Update"} <— MepBbli yCnen paHbLue
(0,3) | 143024 | {"No Key Update"}
(3 rows)

Terneps MepBbIit OIIepaTop X0Tes 6b 0GHOBUTD IMOCIEIHIO CTPOKY TabIUIIbI, HO
OHa y3Kke 3a6/10KMpOBaHa BTOPHIM. IIpon3oiiuia B3aMOBIOKMPOBKA.
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OpHa 13 TpaH3aKINUii MpepbIBAETC:

ERROR: deadlock detected

DETAIL: Process 31675 waits for ShareLock on transaction 143023;
blocked by process 31604.

Process 31604 waits for ShareLock on transaction 143024; blocked by
process 31675.

HINT: See server log for query details.

CONTEXT: while updating tuple (0,2) in relation "accounts"

A npyras 3aBepllaeT BbITIOJTHEHME:

|  UPDATE 3

HeCMOTpH Ha KaXXYIIYIOCSd HEBEPOSATHOCTDb, TaKMe CUTyalli1 pea/IbHO BO3SHMKAIOT
B HArpy>X€HHbIX CCTEMAX, O6HOBJ’[${IOIJ.U/IX IMakeTbl CTPOK.
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BNOKMPOBKM pa3HbiX OOBLEKTOB

14.1. BNOKMPOBKU HEOTHOLLEHMUIA

Korga TpebyeTcst 3a6/10KMPOBATH pecypc, He SIBSIOUUIACS 0mHowleHUemM B TIOHN-
mauuu PostgreSQL, UCIIONB3YIOTCS TsKeIble 6JIOKMPOBKM THIIAa object 1 Takum
pecypcomM MOKeT ObITh MOYTU BCE, UTO MOXXHO HAifTM B CMCTEMHOM KaTajore,
Hanmpyumep TabIMYHbIe TTPOCTPAHCTBA, TOAIMCKY, CXEMBbI, POJIU, TIOTUTUKY, TTe-
peuncaMmeble TUIIBbI JaHHbIX.

HauHeM TpaH3aKLMIO U CO3JaMM B Heit Tabnuiy:

=> BEGIN;
=> CREATE TABLE example(n integer);

Termepb MOCMOTPUM Ha GIIOKMPOBKM HEOTHOMIEHMIT B pg_locks:

=> SELECT database,

C
SELECT datname FROM pg_database WHERE oid = database
) AS dbname,
classid,
¢
SELECT relname FROM pg_class WHERE oid = classid
) AS classname,
objid,
mode,
granted
FROM pg_locks
WHERE locktype = 'object'
AND pid = pg_backend_pid() \gx

! backend/storage/lmgr/Imgr.c, dyuxumu LockDatabaseObject u LockSharedObject.
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-[ RECORD 1 J-———————=————~
database | 16391

dbname | internals
classid | 2615

classname | pg_namespace
objid | 2200

mode | AccessShareLock
granted |t

BiiokupyeMblii pecypc orpenessieTcst 34eCh TPeMsI TTOISIMM :

database — oid 6a3bI JaHHBIX, K KOTOPOJi OTHOCUTCS OJIOKMPYEMBIii 00BEKT (MU
HOJIb, €CJIY 3TO OO 0OBEKT KJIACTEPA);

classid — oid u3 pg_class, KOTOpbIi COOTBETCTBYET MMEHM TaOIUIIbI CUCTEM-
HOT'O KaTajora, orpeJesiolei TUIl pecypca;

objid — oid u3 Ta6nuIIbI CMCTEMHOrO KaTajaora, Ha KOTOpyo ykasan classid.

B cronbue database ykasaHa 6a3a JaHHbIX internals, K KOTOPOi MOOKITIOUEH
ceanc. Cronber classid ykasbIBaeT Ha TabauIly pg_namespace, COmepsKallyo
CXeMbl.

Terepb MbI MOKeM pacimdpoBaTb objid:

=> SELECT nspname FROM pg_namespace WHERE oid = 2200;
nspname

public
(1 row)

Takum o6pasom, 3a610KMpoBaHa cxeMa public, 4To6bI HUKTO He MOT YAAIUTh
ee, TTOKA TPaH3aKIIMs elle He 3aBepiieHa.

COOTBeTCTBeHHO, npu yaajJieHnUn 00BEKTOB 3aXBaThIBAIOTCSI MCKITIOUUTEIbHbIE
1

6)'IOKI/IPOBKI/I KakK caMoro O6’beKTa, TaK 1 BCeX, OT KOTOPbIX OH 3aBUCUT .
=> ROLLBACK;

! backend/catalog/dependency.c, byHkuus performDeletion.
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14.2. Bnokuposku paciuuupeHust 0mHoueHus

14.2. BnoKMPOBKM pacLlUMPEHUSA OTHOLLEHUSA

Korpga uncio cTpok B oTHOLIeHUM pacteT, PostgreSQL 110 BO3MOXHOCTM UCIIONb-
3yeT /1 BCTaBKY CBOOOHOE MECTO B MMEIONIMXCS cTpaHuiiax. Ho oueBUIHO, YTO
B KaKO#1-TO MOMEHT IIPUXOAUTCS JOOABJIATb ¥ HOBbIE, TO €CTh PACWUUPSMb OMHO-
weHue. OU3MYECKY CTPAHUIIBI JOOABISIOTCS B KOHEL COOTBETCTBYIOIEero daiiia-
cerMeHTa (M 3TO MOXeT IIPUBECTU K CO3LaHUI0 HOBOTO CErMEeHTa).

YTto06bl ABa MpoLiecca He Hauaau J06aB/siTh CTPAHMUIIBI OMHOBPEMEHHO, 3Ta OIle-
paLus 3aliuiieHa CrelaabHOM TSKeI0i 6JI0KMPOBKOJ C TUTIOM ext endl Takas
sKe 6JIOKMPOBKA MCIIOb3YETCS U MPU OUMCTKE MHIEKCOB, YTOOBI IPyTHE MPOLEeC-
CbI He MOTJI J006aBUTh HOBBIE CTPAHMIIBI BO BpEMSI CKAHMPOBAHMSI.

B/I0KMpOBKa paciiMpeHist OTHOIIEHNS BeHeT ce6st HEMHOTO MHaue, YeM pacCMOT-
peHHbIe paHee:

e OHA CHMMAETCS Cpasy MO 3aBepIIeHNN PacHIMPEHNs], He JOKUAASICh KOHIIA
TpaH3aKLNMK;

e OHA HE MOXKET IPUBOIUTH K B3aMMOOGIOKMPOBKAM, IOSTOMY B IPOLIEAype
OOHapY;KeHMsI ISl Hee CIIeJIaHO MCKITIoUeHYe: OHA He T0IagaeT B rpad oxku-
ITaHUiA.

TeM He MeHee npoLeaypa NPOBEPKMU BCE PABHO Bbi3bIBAETCS, €C/IM OXMAAHUE PACLIMPEHUS
NPOMCXOAMT AONbLUE, YEM YCTaHOBIEHO NapaMeTpoM deadlock_timeout.3TO HEHOPManbHas
CUTyaLMsi, HO OHA MOXET BO3HWKHYTb NpY H6ONbLLIOM NOTOKE BCTAaBOK M3 HOMbLLIOFO YMcna
napannenbHo paboTaoLmx NpoLeccoB. B 3ToM cnyyae npoBepka MOXET 3anycKaTbCs MHO-
roKpaTHO, GaKTUYeCKM Napanunsys HopMasbHylo paboTy CUCTEMBI.

st apderTrBHOCTY aiiabl TAGINI] PACIIMPSIIOTCS He Ha OMHY CTPAHMUILY, a Cpasy

Ha HECKOJIbKO (ITPOTOPLIMOHATIBHO YMCITY OKMAAIOIMINX OIOKMPOBKY IIPOIECCOB,

HO He Gosee ueM Ha 64 CTpaHMIBI 32 OAMH pa3)> OpHako yBemyeHue daiinos  v. 16
VIHJIEKCOB Ha OCHOBE B-JiepeBa MPOMUCXOIUT TOMLKO MO OHOI CTpaHuIe”.

1 backend/storage/Imgr/Imgr.c, bynkums LockRelationForExtension.
2 backend/access/heap/hio.c, pyrkims RelationAddBlocks.
3 backend/access/nbtree/nbtpage.c, dyukuus bt _allocbuf.
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14.3. bnoKMpOBKM CTpaHMUL,

TspKesnast 6IOKMPOBKA Ha YPOBHE CTPAHMIIBI C TUIIOM page ! IpuMeHsIeTCs B eIVH-
CTBEHHOM CJTy4ae, CBSI3aHHOM ¢ ocobeHHOoCTsIMU GIN-MHAEKCoB.

GIN-MHAEKCHI TO3BOJISIIOT YCKOPSITh ITOMCK 3JIEMEHTOB B COCTaBHbBIX 3HAUEHMSX,
Hanpumep CJIOB B TEKCTOBBIX IOKYMeHTaX. Takye MHIEKCHI B TIEPBOM ITPUOIIIKe-
HUM MOXKHO ITPeJICTaBUTh KaK 00bIYHOE B-epeBo, B KOTOPOM XPaHSITCS HE CaMy
IOKYMEHTBI, @ OTeIbHbIe CJIOBA 3TUX JOKYMEHTOB. [IoaToMy mpu q06aBIeHUn
HOBOTO JOKyMEHTa MHIEKC MPUXOIUTCS TTepecTpanBaTh JOBOIbLHO CUIBHO, BHO-
CS1 B HETO KaXKJ0€e CJIOBO, BXOASIIEe B JOKYMEHT.

YTto6bl YAYUYMIUTH ITPOU3BOAUTENBHOCTb, GIN-MHAEKCHI IPEemOoCTaBSIOT BO3-
MOXXHOCTb OT/JIOKEHHO! BCTaBKM, KOTOpPAast BKIIOUAETCS MapaMeTPOM XpaHEHUS
fastupdate. HoBble cyioBa CHayvasia GbICTPO JOOABJISIOTCS B HEYIIOPSIIOUEHHbIN
cnucox oxuodaHus (pending list), a crrycTst Kakoe-To BpeMsI BCe HaKOIMBIIIeecs re-
pEeMEIIaeTcs: B OCHOBHYIO MHIEKCHYIO CTPYKTYPY. DKOHOMMS IMTPOMUCXOINT 38 CUET
TOTO, UTO Pa3HbIe JOKYMEHTHI C GOJIBIION BEPOSITHOCTHIO COEPIKAT MOBTOPSIIO-
IIyecs caoBa.

YT0OBI UCKITIOUUTH ITepeMeleHye CJIOB U3 CIIMCKA OKMIAHMS B OCHOBHOM MHIEKC
OIHOBPEMEHHO HECKOJIBKMMM ITpOIleccaMy, Ha BpeMs IlepeHoca MeTacTpaHuIla
MHIeKca 6I0KMPYeTCS B UCKIIOUMTETBHOM pekuMe. DTO He MellaeT 06bIYHOMY
MCIIOTb30BAHMIO MH/IEKCa.

Kaxk 1 6;10KMpOBKa pacuIMpeHnst OTHOIIEHMUS, BIOKMPOBKA CTPAHUIbI CHUMAETCS
cpasy 110 3aBeplieHu paboThl (a He B KOHIIE TPaH3aKLIUM) U He MOXKET IIPUBO-
IUTh K B3aMOGIOKMPOBKAM.

14.4. PekoMeHpaTenbHble 610KUPOBKU

B ominure OT OAPyruX TSOKENbIX GIOKMPOBOK (TaKUX KakK OGJOKMPOBKYU OTHOIIE-
HUi1), pekomendamensHole 6nokuposku® (advisory locks) HUKOIZA He YCTaHABIM-
BaIOTCS aBTOMAaTUUYECKY, MMM YIIPABJISIET pa3paboTunK mpuiaokenus. Vix yono6Ho

1 backend/storage/Imgr/Imgr.c, byukuus LockPage.
2 postgrespro.ru/docs/postgresql/16/explicit-locking#ADVISORY-LOCKS.
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UCIIONIb30BaTh, €C/IY TIPUIOKEHUIO [ KAKUX-TO LeNeii TpeGyeTcst HecTaHAapT-
Hasl JIOTYKa 6;I0KMpPOBaHMSI.

IlormycTyM, UMeeTCSI pecypc, He COOTBETCTBYIOIINIA HUKAKOMY 0ObEeKTY 6a3bl JaH-
HBIX (KOTOPBII MbI MOIIM 6bI 3a6/10KMpoBaTh KoMaHAamu tumna SELECT FOR wiu
LOCK TABLE). [Ins1 6;IOKMPOBKYM HAJI0 COIIOCTABUTDb PECYpPCY UMCIOBOI MIEHTU-
duxarop. Ecn y pecypca ecTb YHUKaJIbHOE MIMSI, TO ITPOCTOM BapyaHT — B3SITh
XelI-KoJ, OT UMEeHMU:

=> SELECT hashtext('pecypcl');
hashtext

243773337
(1 row)

MeeTcs Lefoe ceMeiicTBO (YHKUMI! [y yITpaBIeHMs] peKoMeHIaTelbHbIMM
6moxkupoBKamu. Mix Ha3BaHMS HAUMHAIOTCS HAa pg_advisory u comepskaT LOTO-
HUTEIbHbIE CJIOBA, YTOUHSIONMe Ha3HAaUeHe QYHKIWN:

lock — 3axBaTUTH GIIOKUPOBKY;
try — 3aXBaTUTb GIIOKMPOBKY, €CJIM 3TO MOXKHO CIenaTh 6e3 OXUIAHWS;
unlock — 0cBO6OIUTH GIIOKMPOBKY;

share — 1cI10/1b30BaTh pa3messIeMblil peXXUM (TI0 YMOITYAHUIO MUCITONIb3YeTCST UC-
KITIOUUTENTbHBIN PESKUM);

Xact — GJIOKMPOBATH OO KOHIA TPAH3aKIMM (IT0 YMOIYAaHUIO — JTO KOHIIA CeaHca).
Hampumep, 3aXBaTMM UCKITIOUUTEIbHYIO OIOKMPOBKY 0 KOHILIA CeaHca:

=> BEGIN;
=> SELECT pg_advisory_lock(hashtext('pecypcl'));

=> SELECT locktype, objid, mode, granted
FROM pg_locks WHERE locktype = 'advisory' AND pid = pg_backend_pid();

Locktype | objid | mode | granted
—————————— T s St
advisory | 243773337 | ExclusiveLock | t

(1 row)

1 postgrespro.ru/docs/postgresql/16/functions-admin#FUNCTIONS-ADVISORY-LOCKS.
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YTto6bI GIOKMpPOBaHME NEeICTBUTEIHHO paboTaio, Ipyrye MPOoLecchl TaKKe J0JIK-
HbI IPUIEPKMBATHCST YCTAHOBJIEHHOTO TOPSIAKA TIOMYyUEHNMs TOCTYIIa K PECypCy.
3a cobmofieHMeM 3TOTO MpaBUIa AOKHO CIEOUTD IPUIOXKEHNE.

YcraHOoBJ/IeHHAs 6J'IOKI/Ip0BKa He CHMMAaEeTCs U IToCJIe 3aBepuIeHMsI TPDaH3aKIMN

=> COMMIT;

=> SELECT locktype, objid, mode, granted
FROM pg_locks WHERE locktype = 'advisory' AND pid = pg_backend_pid();

Locktype | objid | mode | granted
—————————— e e
advisory | 243773337 | ExclusivelLock | t
(1 row)

ITocie okoHYaHMS pa60TbI C pecypcomMm OCBO60)KL[aeM 6HOKI/IpOBKY SIBHO:

=> SELECT pg_advisory_unlock(hashtext('pecypcl'));

14.5. MNpepukaTHble 6GNOKUPOBKMU

TepmuH npedukamuas 6J10KUPO6KA TIOSIBUJICS ellle TIPU MEePBBIX MOIbITKAX pea-
NM30BaTh IOMHYIO M30JISIIMIO Ha OCHOBE 6710KMpoBOK L. [Tpo6iiema, ¢ KOTOPOi TO-
1A CTOJKHY/IUCH, 3aK/TI0Ya/Iach B TOM, UTO Jaxke 6JIOKMPOBKA BCEX ITPOUMTAHHBIX
" M3MEHEHHbIX CTPOK He [JaeT ITOJIHOM M30MSLuM: B TabIuile MOTYT ITOSIBUTHCS
HOB8ble CTPOKM, TTOTIafaoIye o, IIPEeKHIE YCIOBMS 0T6OPA, UTO IIPUBOAUT K BO3-
HUKHOBEHMUIO ()aHmomos.

IMosTomMy ObUIO TIPEIJIOKEHO GJIOKMPOBATh HE CTPOKM, a YCIOBUS (TIPeaUKaThI).
ITpu BBIMIOTHEHMM 3a1Ipoca ¢ IIpeauKaToM d > 10 6;I0KMpOoBKa CaMoro MpeayuKa-
Ta He JacT o6aBUTh B TAGAUILy HOBbIE CTPOKM, ITOTIAAAOIINE IO 3TO YCJI0BHUe,
¥ TI03BOJIUT 136exkaTh haHTOMOB. CJIIOKHOCTh B TOM, UTO IIPY MOSIBJIEHUY 3aIIPO-
ca ¢ IpyruM ycaoBueM, Hampumep da < 20, TpebyeTcs OIpeennTb, TepecekaroTcs
JIVL 3T YCJIOBM. B 06IeM cryyae 3TO aJrOpUTMMUYECKY HepaspelmMasi 3a7ava;
Ha IIPaKTUKE ee MOKHO PEIINTh TOIIBKO AJIS TPEANKATOB, UMEIOIINX OYeHb ITPOC-
TOV BUA, (KaK B IPUBEIEHHOM IIpUMepe).

1 K. P. Eswaran, J. N. Gray, R. A. Lorie, I. L. Traiger. The notions of consistency and predicate locks in a
database system.
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14.5. IIpeduxamHvie GIOKUPOBKU

B PostgreSQL ypoBeHb m3onsauum Serializable gocturaercss mHade. i HEro
MUCIIOJIb3YeTCSI TIPOTOKOJ Cepuanu3yemoli M3oasaium Ha OCHOBe CHUMKOB (Seri-
alizable Snapshot Isolation, SSI).. Tepmun npedukamuas 6n0Kuposka ocTacs,
HO CMBICJI €0 B KOpHE M3MeHUJICS. PaKTUUECKU TaKue «OIOKMPOBKU» HUUETO
He GJIOKMPYIOT, a UCIIOMb3YIOTCS JIJIST OTCAEXKMBAHMS 3aBUCUMOCTEN 110 JaHHBIM
MeXIy TpaH3aKLIMUSIMMU.

Iloka3aHo, UTO U301 HA OCHOBE CHMMKOB, peajiM30BaHHas Ha ypoBHe Repeat-
able Read, moryckaeT aHoManu HeCo2naco8aHHOU 3anucu U aHOMAau MmoyvKo
yumaroujeti mpaH3axyuu, Ho HUKaKkue Ipyrye aHOMaauy HeBO3MOXKHBLI. [IByM Ha-
3BaHHBIM aHOMAJIVSIM COOTBETCTBYIOT OIpe/ie/IeHHbIe 3aKOHOMEPHOCTHM B Tpade
3aBUCUMMOCTE MEXOY TPaH3aKIMSIMM, KOTOpble MOXKHO OOHAapYKMBATh, HE 3a-
TpauyMBas Ha 3TO CAUIIKOM MHOTO PeCcypCoB.

CnOXXHOCTB B TOM, UYTO HEO6XO,ZLI/IMO pa3jinmyaTb 3aBUCUMMOCTH ABYX BIIOB:

* OfIHA TpaH3aKILMs YMUTAET CTPOKY, KOTopasl 3aTeM M3MeHSIeTCs PYyTroil TpaH-
3akiuein (RW-3aBuCMMOCTD);

e OHA TPAH3aKLUMS U3MEHSET CTPOKY, KOTOPYIO 3aTeM UMTaeT Apyrasi TpaH-
3akuus (WR-3aBUCUMOCTD).

WR-3aBUCMMOCTM MOXHO OGHAPYXUTb, UCITOIB3YS YKe UMeIIuecs: 0ObIYHbIe
67I0KMPOBKU, & BOT RW-3aBUCHMOCTY IPUXOAUTCS OTCIEKMUBATD JTOMOTHUTEIb-
HO C TIOMOIIBIO MPeIUKATHBIX 6I0KMPOBOK. Takoe OTCAekMBaHMe BKIOYAETCs
Ipu BbIOOPe YpOBHS M3o0sauyu Serializable, 1 MMeHHO MMO3TOMY BakKHO, YTOOBI
éce (WM IO KpaliHeil Mepe BCe B3aMMOCBSI3aHHbIE) TPAH3aKIUUU UCIIOIb30BAIN
3TOT ypoBeHb. Eciin Kakasi-nmmbo TpaH3akius 6ymeT paboTaTh Ha IPYrOM yPOBHE,
OHa He Oy#eT ycTaHaBAMBATh (M IIPOBEPSITh) MPeAyIKaTHbIE OIOKMPOBKH, U YPO-
BeHb Serializable BeipoguTcs 0o Repeatable Read.

Ellle pa3 MoBTOPIOCh: HECMOTPS HA Ha3BaHMe, MPeAVKATHbIE GIOKMPOBKY HUUE-
r'o He 6JIOKMPYIOT. BMecTo 3TOro mpy GMKcalyuy TPaH3aKI[MM BBITTOMHSIETCS TIPO-
BepKa, 1 eci 06HAPYKMBAETCS «HEXOPOIIIasi» CTPYKTYpa 3aBUCHMOCTE, KOTopast
MOXKET CBUAETEIBCTBOBATH 06 aHOMAJIMU, TPAH3aKIVSI OOGPbIBAETCS.

! backend/storage/Imgr/README-SSI;
backend/storage/lmgr/predicate.c.
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Co3pgagum Tabnuily ¢ JAHHBIMU M MHIEKC Ha Heli, 3aHMMAIOIIMii HEKOTOPOe KO-
JIMYECTBO CTpaHMIL (IjIs1 STOTO yKa3aHO HU3Koe 3HaueHmue fillfactor):

=> CREATE TABLE pred(n numeric, s text);

=> INSERT INTO pred(n) SELECT n FROM generate_series(1,10000) n;
=> CREATE INDEX ON pred(n) WITH (fillfactor = 10);

=> ANALYZE pred;

Ecsiu 3ampoc BBITIONMHSIETCS € IIOMOIIBIO TIOC/IeJOBATeIbHOTO CKAHMPOBAHMSI Tab-
JIALIBI, TIpeIMKATHAs OJOKMPOBKA YCTaHABIMBAETCS HA BCIO TAGMUILY IIE€IMKOM
(maske ecyiu O[T, YCIIOBUS OUIIBTPAIMM TTONAfaloT He BCe CTPOKM).

=> SELECT pg_backend_pid();
pg_backend_pid

(1 row)
=> BEGIN ISOLATION LEVEL SERIALIZABLE;
=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM pred WHERE n > 100;
QUERY PLAN

Seq Scan on pred (actual rows=9900 loops=1)
Filter: (n > '100': :numeric)
Rows Removed by Filter: 100

(3 rows)

XoTs1 mpeguKaTHble GIOKMPOBKM MCIIOIb3YIOT COGCTBEHHYIO MHGPACTPYKTYPY,
OHU 0TOGpaXKkaloTCs B peacTaBiaeHnu pg_Llocks BMecTe ¢ TSKeTbIMU 6JI0KMPOB-
Kamu. Jro6blie IpeauKaTHbie OJIOKMPOBKY BCEIr[a 3aXBaThIBAIOTCS B OMHOM CITe-
umuanabHOM pexkuMe SIRead (Serializable Isolation Read):

=> SELECT relation::regclass, locktype, page, tuple
FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 35632
ORDER BY 1, 2, 3, 4;

relation | locktype | page | tuple
—————————— e e ettt

pred | relation | |

(1 row)
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| => ROLLBACK;

CTOUT MMETh B BUTY, UTO IIPeIMKATHbIE OJIOKMPOBKM He BCEerma CHMMAIOTCS Cpasy
I10 3aBepIIEeHUM TPAH3aKIINY, Belb OHY HY>KHbI, UTOObI OTC/IEXKMBATD 3aBUCUMO-
CTU Mexdy TpaHsakiusmu. Ho B o6oM cryyae yrpaBieHMe UMY ITPOUCKOINUT
aBTOMATUYECKNU.

Ecin ke 3ampoc BBIMOMHSIETCS C TIOMOIIbI0 MHIEKCHOTO CKAHUMPOBAHUS, CUTYa-
IIMSI MEHSIeTCS B JIUIIYIO CTOPOHY. B cityyae B-mepeBa JOCTATOYHO YCTAaHOBUTD
MpeAVKATHYIO 6JIOKMPOBKY Ha MPOYMTAHHBIE TAGMMUHbIE CTPOKM M HA MIPOCMOT-
peHHbIe JUCTOBbIE CTPAHUIIBI MHIEKCA. TeM caMbIM «BJIOKUPYIOTCSI» HE TOIBKO
KOHKpeTHble 3HaueHMsI, HO U BeCb IIPOYUTAHHBII 1aTna30H.

=> BEGIN ISOLATION LEVEL SERIALIZABLE;
=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM pred WHERE n BETWEEN 1000 AND 1001;

QUERY PLAN
Index Scan using pred_n_idx on pred (actual rows=2 loops=1)
Index Cond: ((n >= '1000'::numeric) AND (n <= '1001'::numeric))
(2 rows)

=> SELECT relation::regclass, locktype, page, tuple
FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 35632
ORDER BY 1, 2, 3, 4;

relation | locktype | page | tuple

———————————— et s ST
pred | tuple | 4 | 96
pred | tuple | 4 | 97
pred_n_idx | page | 28 |

(3 rows)
UYnI0 IMCTOBBIX CTPAHULL, IOKPBHIBAIOIIVX [TPOYUTAHHBIN OMana3oH, MOXeT U3-

MEHUTBCST, HAaIIpUMeD U3-3a pacileriIeHUsT MHIEKCHBIX CTPaHUI] ITPU BCTaBKe HO-
BBIX CTPOK. Ho peanmm3sanyst 3T0 yUUTHIBAET U 6JIOKMPYET HOBbIE CTPAHMUIIBI:

=> INSERT INTO pred
SELECT 1000+(n/1000.0) FROM generate_series(1,999) n;
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=> SELECT relation::regclass, locktype, page, tuple
FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 35632
ORDER BY 1, 2, 3, 4;

relation | locktype | page | tuple

———————————— e
pred | tuple | 4 | 96
pred | tuple | 4 | 97
pred_n_idx | page | 28 |
pred_n_idx | page | 266 |
pred_n_idx | page | 267 |
pred_n_idx | page | 268 |
pred_n_idx | page | 269 |

(7 rows)

Ha Kakmyio IpOYMTaHHYIO BEPCUIO CTPOKM CO3[AeTcsl OTaeabHasl GI0OKMPOBKa,
HO MMOTeHIIXATbHO TaKMX BEPCUii MOXKET 6bITh OUeHb MHOTO. JIJIs1 TpeIyKaTHbIX
GJIOKMPOBOK MCITONb3YETCS OTHENbHBIN ITyJI, MaMSTh IHOJ KOTOPBI BbIAEISET-
cs Ipu cTapre cepsepa. O6lee KOMMUECTBO MPEAMKATHBIX OJOKMPOBOK Orpa-
HUYEHO MPou3BeAeHMeM 3HaUeHmii mapameTpoB max_pred locks_per transaction
M max_connections (HeCMOTpSI Ha Ha3BaHMS IapaMeTpPOB, YUET IO OTAETbHBIM
TPaH3aKIMUIM He BeHeTCs).

ITo cyTu, BOSHMKAET Ta ke IIPpo6JIeMa, uTo U C 6JI0OKMPOBKOI CTPOK, HO PeIliaeTcs

OHA TIO-ZIPYTOMY: N0BbIUIEHUEM YPOBHS GIIOKMPOBOK .

3HayeHMs, IPY KOTOPBIX MOBBINIAETCSI YPOBEHb, MOKHO 33/1aTh KOHMUTYpaIMOH-
HbIMM TTapamMeTpamMu. Eciy KommuecTBo 6;I0KMPOBOK BEPCUIt CTPOK, OTHOCSIIIIMX-
Cs1 K OIHOI cTpaHulle, TipeBbliiiaeT max_pred locks per page, Takuie GJIOKUPOBKA
3aMEeHSIIOTCS Ha OMHY GJIOKMPOBKY YPOBHSI CTPAHMUIIBI.

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM pred WHERE n BETWEEN 1000 AND 1002;

QUERY PLAN
Index Scan using pred_n_idx on pred (actual rows=3 loops=1)
Index Cond: ((n >= '1000'::numeric) AND (n <= '1002'::numeric))
(2 rows)

1 backend/storage/Imgr/predicate.c, pynkuus PredicateLockAcquire.
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BMecTo Tpex 6JIOKMPOBOK THIIa tupl e MossBMIach OJHA TUIIA Page:

=> SELECT relation::regclass, locktype, page, tuple
FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 35632
ORDER BY 1, 2, 3, 4;

relation | locktype | page | tuple
———————————— et it ST
pred | page I 4 |
pred_n_idx | page | 28 |
pred_n_idx | page | 266 |
pred_n_idx | page | 267 |
pred_n_idx | page | 268 |
pred_n_idx | page | 269 |
(6 rows)
=> ROLLBACK;

ITo TAaKOMY JK€ IMIPMHIUITY ITIOBBIIIA€TCA YPOBEHDb CTPAHMYHBIX 6J'IOKI/Ip0BOK. Ecin  v. 10

YMCI0 6JIOKMPOBOK CTPAHMIL, OTHOCSIIIMXCS K OTHOMY OTHOIIIEHNIO, ITPEBBIIIIAeT
max_pred_locks_per relation, Takvie 6JIOKMPOBKM 3aMEHSIIOTCSI HAa OJTHY OJIOKMPOB-
Ky YPOBHS oTHOIIeHus. (IIpy oTpuilaTeJIbHOM 3HaUeHUM B KauecTBe Ipemesna 6e-
petcst 3HaueHue max_pred _locks per transaction, meieHHOe Ha MOIY/Tb 3HAUEHMS
3TOrO MapaMeTpa; TaKMM 00pa3oM, 110 YMOIUaHUIO IIPees COCTaBUT 32).

KoHeuHo, nOBbIIIeHVE YPOBHS GIOKMPOBOK HEM30EXKHO MPUBOIUT K TOMY, UTO
6osblllee YMCIO TPAH3aKIMi1 HAIIPACHO 3aBeplIaeTcsl OUIMOKOI cepuanmn3annin.
TporycKkHast CIOCOGHOCTH CUCTEMBI B UTOTE CHIDKAeTcsl. Hy)KHO McKkaTh GaaHc
MeXIy PacXofloM OTIepaTUBHOI MaMATH Ha XpaHeHMe GIOKMPOBOK U MPOU3BO-
IOUTEIbHOCTBIO.

IMpenukaTHbIE GIOKMPOBKY MOAAEPKUBAIOT MHAEKCHI CJIETYIONINX TUIIOB:
* B-mepeBbs;
o xem-uHAeKchl, GiST u GIN.

Ecnu ucronb3yeTcst MHIEKCHBIN TOCTYII, a MHOEKC He paboTaeT ¢ mpeayKaTHbIMU
670KMpPOBKaMU, TO GIOKMPOBKA HAKIAIbIBAETCSI HAa BeCh MHJEKC LeankoM. Ko-
HEYHO, 3TO TOXKE YBeIUUYMBAET YMCIO JUIIHMX OOGPBIBOB TPaH3aKIINIA.
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Iyt 6omnee addhexTUBHOI paboThI Ha YpoBHe Serializable ciiegyeT SsBHO momMevaThb
TOJIBKO UMTalomye TpaHsakiuyu Kak READ ONLY. Eciu meHemskep GJIOKMPOBOK
y6emuTcss B HEBO3MOKHOCTY KOHGIMKTOB UMTAIOIIEi TpaH3aKIUK C IPYTUMU
TPaH3aKIMSIMU , OH CMOXeT OCBOGOAUTH YKe YCTaHOBJIEHHBIE IS Hee IIpefiy-
KaTHbIe OJIOKMPOBKU M He 3a[eiiCTBOBATh HOBBIE. A €C/M TOIMOMHUTETBHO 00b-
SIBUTDb TaKyI0 TpaH3akuuio oTkaagbpiBaemoii (DEFERRABLE), aTo mosBoaut usbe-
¢. 71 >KaTh aHOMAaJIMM TOJIbKO UNTAIOLIEN TPaH3aKILIUN.

1 backend/storage/Imgr/predicate.c, makpoc SxactIsROSafe.
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1o

bnoKMpoBKKM B NaMAaTu

15.1. CnnH-6N0KUPOBKMU

IJist 3aIIUThI CTPYKTYP B pasiesisieMoil OIlepaTUBHONM MaMSITH MUCITONb3YIOTCS He
OOBIUHBIE TSIKEIbIe 6JIOKMPOBKM, & HECKOIbKO BUIOB GoJiee JIErKUX ¥ MeHee 3a-
TPaTHBIX OJIOKUPOBOK.

CamMble ITPOCThIE U3 HUX — CNUH-O10KUpo8KU, v cnuHaoku (spinlock). Oum mipes -
Ha3HaueHbI [T 3aXBaTa Ha OUYEeHb KOPOTKOE BpeMsl (HECKOIbKO MHCTPYKIIMIA
MIPOLIeccopa) M 3alMIaoT OTAeMbHbIE YIACTKY MTaMSITV OT OFHOBPEMEHHOIO U3-
MEHEeHUS.

CrniMH-6JIOKMPOBKY PeaIM3YIOTCSI Ha OCHOBE aTOMapPHBIX MHCTPYKIMIA ITPOLIECCO-
pa, TaKMX Kak compare-and-swap . OHM Mofiep)X1BaIOT eAMHCTBEHHbIN UCKITIO-
YUTETbHBIN peskuM. Ecit 610KMpoBKa 3aHSITa, OXKMIAIONIMIA ITPOLIECC BBITTOJTHS -
eT aKTMBHOE OXMJIaHMe — KOMaHJa MOBTOPSIeTCs (KKPYTUTCSI» B LIMKIIe, OTCIOAa
" Ha3BaHMe). Eciyu 6J0KMPOBKY He yOAeTcs MOMYUYUTh 3a OIpeiesieHHOe BpeMsl,
Tpollecc HEHAIOITO MPUOCTAHABIMBAETCS U 3aT€M CHOBA HAUMHAET MK/ aKTUB-
HOTO OXKUIaHUSI.

Takasi cTpaTerusi MMeeT CMbIC/I, eC/IV BEPOSTHOCTh KOHQUIMKTA OLEHMBAETCS KakK
OYeHb HM3KAs, U [I03TOMY, ITOJIYUMB OTKA3, MOKHO OXKMIATh OCBOOOKIEHMS 0710~
KUPOBKM YK€ Uuepe3 HeCKOIbKO MHCTPYKLIMIA.

CroyH-6IOKMPOBKY He MTO3BOJISTIOT 0OHAPYKMBATh B3aMMOOIOKMPOBKY 1 HE VIMe-
0T HMKAKMUX CPeaCTB MOHUTOpuHra. C IPUKIAMHOM TOUKM 3DEHMUS OCTAETCs
TOJIbKO 3HATh 06 UX CYIIECTBOBAHUM, & BECh I'PY3 OTBETCTBEHHOCTH JIEXKUAT Ha pa3-
pabotunkax PostgreSQL.

! backend/storage/lmgr/s_lock.c.
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15.2. Nlerkue 6N10KUMPOBKH

Cr1eOM MAYT Tak Ha3biBaeMble Jiezkue Onoxuposku' (lightweight locks, Iwlocks).
VX 3axXBaThIBAIOT HA KOPOTKOE BPeMSI, KOTOPOe TpebyeTcs it paboThl CO CTPYK-
TYpOJt JaHHBIX (HaTIpMMeD, C XelI-Tab/IMIIel MK CIIMCKOM yKa3saTeseit). Kak mpa-
BIJIO, JIETKI€e OJIOKMPOBKY YIeP;KUBAIOTCSI HELOJIT0, HO B HEKOTOPbIX CIyYasiX OHU
3aIMIIAI0T OTiepalyy BBOJA-BbIBOMA, TAK UTO, B IIPUHIINUIIE, BpEMS MOKET OKa-
3aThCsI i 3HAUUTEIbHBIM.

ViMmeloTcst [Ba pexXyuMa: UCKIIOUUTENbHBIN ([J11 M3MeHeHUsI JAaHHbBIX) U pasje-
JIIeMblii (TOJIBKO [IJist uTeHus). IlofaepKuBaeTcsl ouepeab OXKUAAHKS, HO TTOKa
GJIOKMPOBKA YAEPKMUBAETCS B pa3Ae/isieMOM PeskuMe, Ipyrie YuTalolie Ipolec-
ChbI IPOXOMSIT BHE ouepenn. B cucreMax ¢ BbICOKOI CTEMEHbIO MapalyieTbHOCTU

¥ GOBIION HATPY3KO#i 5TO MOKET IIPMBOAMUTD K HEITPUATHBIM 3ddexram>

MexaHu3M IIPOBEPKYM B3aMMOOGIIOKMPOBOK He IPEeIyCMOTPEH, KOPPEKTHOEe MC-
MOJIb30BaHMe JIETKMX OJIOKMPOBOK OCTAeTCS Ha COBECTM pa3paboTumkoB Post-
greSQL. OgHako Jierkyue GJIOKMPOBKY MMEIOT CPeICTBa IJ/Is1 MOHUTOPUHTA, IT03TO-
MY, B OT/IMYME OT CITMH-OIOKMPOBOK, X MOKHO YBUIETD.

15.3. Mpumepnbl

YTOo6bI MOMYYUTh HEKOTOPOE MPENCTaBIeHNMEe O TOM, KaK U TJe MCIIOIb3YIOTCS
CTIVHJIOKU U JIETKME GIIOKMPOBKY, TOCMOTPUM JIBa TIPMMepPa CTPYKTYP B Pa3iessi-
eMoii mamsaTi: 6ydepHblii kel 1 6ydepsl KypHaia npen3anuciu. Sl Ha30By AalIeKO
He Bce GJIOKMPOBKY; ITOJTHAST KAPTUMHA CJIUIIKOM CJIOSKHA U TIPEICTABIISIET MHTEPEC
TOJIBKO J1JIs1 Pa3paboTUMKOB sIpa.

bydepHbii Kew

¢. 179 Yto6bl 06pPaTUTHCS K Xelll-TabiuIle, TO3BOJISIONIei HaiiT Oydep B Kellle, IIPo-
1IeCcC JOJIKEH 3aXBAaTUTh JIETKYIO OJIOKMPOBKY G BufferMapping: B pa3gensemom
peXkuMe — IJIS1 UTeHUS, B UCK/TIOUUTEIbHOM — JIJISI U3SMEHEHUIA.

! backend/storage/Imgr/Iwlock.c.

2 www.postgresql.org/message-id/flat/CAPpHfdvJhO1qutziOp%3Ddy8TO8Xb4L38BxgKG4RPaluplLzh_
UQ%40mail.gmail.com.
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! I

A

buffer header

P

3akpennienue
bydepa

A

L 1]

L 1]

L1

772277
@ Bufferl0

0 BufferContent
iz

O6paleHus K Xel-Tabuiie MPOMCXOOSAT OUeHb aKTYMBHO, ¥ 3a4aCTYIO 3Ta OJIOKM-
POBKa CTAaHOBUTCS Y3KUM MeCTOM. [IJ1s1 yBeTMueHUs IPaHyIIpPHOCTY OHa PakTm-
YeCKM YCTpOoeHa Kak mpaHil, COCTOSLMIA U3 128 OTHeNbHBIX JIETKUX OTIOKUPOBOK,
KaXX[Jast U3 KOTOPBIX 3aIIMIIAeT CBOIO YaCTh XeIll-TabmmIIp! &

BnepBble eAnHUYHYIO 610KMPOBKY, 3aLLMLLAOLLYI0 Xell-Tabnumuy, npeobpa3oBanm B TpaHLL
pa3mepom 16 B Bepcun PostgreSQL 8.2 B 2006 rony. Pasmep TpaHwa ysennuunm go 128
cnycts 10 net B Bepcun 9.5. Ha coBpeMeHHbIX MHOrOSAEepHbIX CUCTEMaX NOPOM M 3TOro
3HayYeHus OKa3bIBaeTCs Marno.

IMporrecc moy4aeT JOCTYH K 3arolIOBKy Oydepa, 3aXBaThIBast CIIMH-OIOKUPOBKY
$ buffer header? (Ha3BaHMe YCIOBHOE, TOCKOJIBKY CIVH-GIOKMPOBKY HE VIMEIOT
BHENTHMX uMeH). OTaebHbIe ONlepali, TaKMe KaK yBeJMueHue cueTurKa oopa-
IIeHMIT, MOTYT BBITTOJTHSATHCS ¥ 6€3 SIBHBIX GJIOKMPOBOK C ITOMOIIbIO aTOMapPHBIX
MHCTPYKUMI poLeccopa.

YT06bI TPOUKTATD Comepskumoe 6ydepa, Tpebyetcst Gmokuposka @ BufferContent,

! backend/storage/buffer/bufmgr.c;
include/storage/buf _internals.h, makpoc BufMappingPartitionLock.

2 backend/storage/buffer/bufmgr.c, dyuxuus LockBufHdr.
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KOTOpast pacroiaraeTcs B 3aroJioBKe JaHHOTo 6ydepa . O6bIYHO OHA 3aXBaThIBA-
€TCSI TOJIbKO Ha BpPeMsi, He06X0aMMOe [IJIsl UTeHMs yKas3aTesieil Ha BepCUM CTPOK,
a JaJiblile TOCTATOYHO 3allUThI, TTPEOCTABISIEMOI -& 3akperuiennem Gydepa.
s u3sMmeHeHust comepskumoro 6ydepa 61mokuposka BufferContent momkHa 3axBa-
THIBAThCS B MCK/TIOUMTETLHOM PEXIMME.

IMpu utenuu 6ydepa ¢ Aucka (UIM 3allMCHU Ha OMCK) 3aXBaThIBAeTCS TaKKe 6J10-
k1upoBka @ BufferlO B 3arooBke 6ydepa; hakTHUUeCKy 9TO He HACTOSIIAS GII0-
KMPOBKA, a TIPU3HaK, UTPAIOIIMIL ee posb2 BIOKMPOBKA CUTHAIMU3UPYET APYIUM
mporieccaM, 3aMHTePeCOBAHHBIM B 9TOJ CTpaHUIIE, YTO HEOOXOIMMO JTOKIATHCS
OKOHYaHMsI BBOZIa-BbIBOA.

VKaszaTeslb Ha CBOGOIHBIE Oydephl 1 «4acoBasi CTpeIKa» MeXaHM3Ma BbITeCHEeHUS
TaKKe 3allMIIeHbl OMHO 06IIel CIIMH-OTOKMPOBKOI $ buffer strategy”.

Bbydepbl )XypHana npeasanucu

! I
WALBufMapping 6 l
@ WALWrite
Xel-Tabnm us i
insert position WALInsert x8
S . -8
I | - :/\,; . 8
PrevBytePos | (O—— -
l | -~
CurBytePos : O_‘r/ Y . g
]

s SKypHAJIBHOTO Kellla TOXe MCIOAb3YeTCsl Xenl-Tabauiia, comepskaiiasi 0To6-
pakeHMe cTpaHui] B 6ydepsl. B oTinume oT xem-Tabnuiipl 6ydbepHOro Kemra 3ta
Tabnuila 3allMiIeHa eIMHCTBEHHO JIeTKoil GJOKMPOBKOI 0 WALBufMapping,

1 include/storage/buf internals.h.
2 backend/storage/buffer/bufmgr.c, dynxius StartBufferIO.
3 backend/storage/buffer/freelist.c.
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15.4. MonumopuHz oxudaHuii

ITOCKOJIbKY pasMep KYpPHAJIbHOTO Kellla ropas3io MeHbIle (06bIYHO OH PaBEH Ofl-
1

HOMY CErMeHTY) U obpalieHue K 6ydepam 6os1ee yIIopsiIoueHo
3amMch Ha IUCK CTPaHMUIL JKypHasIa 3al[uIeHa Jerkoii 6JI0KMpPOBKOi G WALWrite,
YTOOBI B KaKAbIii MOMEHT BpEMEHM TOJbKO OAVH IPOIECC MOT BBIIOIHSTD 3Ty
orepaiuio.

YT0o6bl CO3[AaTh JKYPHAJIbHYIO 3alyCh, [IPOLIECC CHAYAJA pPEe3epBUpPYeT MECTO
BHYTpM cTpaHuiibl WAL, a 3aTeM 3aIl0HSIeT ero Heo6X0oMMbIMM JaHHbIMU. Pe-
3epBUPOBAHME CTPOTO YIOPSAOUEHO; IIPOIECC NO/KEH 3aXBAaTUTD CITMH-GIOKM-
poBKyY ‘® insert position, 3alKIIA0NIYIO YKa3aTenb BcTaBKu % Ho 3amomHsITh yske
3ape3epBMPOBAHHOE MECTO MOTYT OJHOBPEMEHHO HECKOJbKO IMpoleccoB. s
9TOTO IPOIIecC JOKEeH 3aXBaTUTh JIH0OYI0 U3 BOCbMU JIETKUX OJIOKMPOBOK, 06pa-
3yromux TpaHi @ WALInsert?.

15.4. MOHUTOPUHI OXXMAAHUM

Besyc/ioBHO, 6IOKMPOBKY HEOOXOIMMBI 1151 KOPPEKTHO paboThbl, HO OHU MOTYT
MIPMBOAUTD U K HekeJlaTeIbHbIM OkKuAaHMUsIM. Takue oKuIaHus MOJIe3HO OTCIIe-
SKUBATh, YTOOBI Pa306PaThCS B MIPUYMHE UX BOSHUKHOBEHMSI.

CaMpblit IIPOCTOI1 CITOCOO MOMYUKUTD MpeCcTaBlIeHe O AJIUTEIbHBIX OJIOKMPOBKAX
B CUCTeMe — BKJIIOUUTD mapameTp log lock waits. B 3ToM ciTydae B SKypHaJI CO00-
IIeHNi1 cepBepa GYOyT MMOMAAaTh OAPOGHbIE CBEIEHMS O OIOKMPOBKE KasKIblii
pas, KOrga TpaH3aKLusI KAET Joblie, ueM deadlock timeout. 9T JaHHbIE BIBO-
ISTCsI, KOTA TPaH3aKIMs 3aBepliaeT IIPOBEePKY Ha B3aMMOOIOKUPOBKY, OTCIOZA
¥ UM TTapaMeTpa.

Ho ropasgo 6onee mosnHyo U Mojae3Hyl0 MHGOPMaLUNI0 MOXHO HAlTH B Ipe[-
craBieHmu pg_stat_activity. Korga mporecc — cucTeMHbIN MM 06CTysKMBa-
IOIINIT — He MOXKeT BBITIOIHSITh CBOIO PabOTy U KIeT uero-ambo, 3To okugaHue
oTrobpaxkaeTcsl B CTO/OIAX wait_event_type (Tunm oxupaHus) U wait_event
(MMS1 KOHKPETHOT'O OXKUIAHUS).

1 backend/access/transam/xlog.c, pyukiua AdvanceXLInsertBuffer.
2 backend/access/transam/xlog.c, pyHkius ReserveXLogInsertLocation.
3 backend/access/transam/xlog.c, hyrkums WALInsertLockAcquire.
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Bce oxxumaHuss MOKHO pa3aejnTb Ha HECKOJIbKO TUIIOB 1.

BO.TI])IJ.IYIO KaTeropmio COCTaBJAIT OXXKMAAaHUA Pa3/JIMUYHbIX 6.TIOKI/IIJOBOKZ

Lock — TskesbIX GIIOKMPOBOK;
LWLock — yierkux 6JI0KMPOBOK;

BufferPin — 3akperieHHoro 6ydepa.
Ho mpouieccbl MOTYT OKMAATD U APYTUX COOBITMIA:

10 — BBOJa-BbIBOIA, KOraa Tpe6yeTc51 3alMcaTb MM MIPOYNTATDh JaHHbIE;

Client — ma”HHBIX OT KJIMEHTa (B 3TOM COCTOSIHMM OGBIYHO MPOBOAUT OOJIBIIYIO
YyacTb BpeMeHu psql);

IPC — maHHBIX OT APYTOro MpoLecca;

Extension — creruduueckoro coobITHS, 3aPETUCTPUPOBAHHOTO PACIIMPEHNEM.

BBIBAIOT CUTYaI[MM, KOT/IA ITPOLIeCC IIPOCTO He BBITIOIHSET IT0JIe3HOI paboTsl. Kak
MPaBWIO, TAKME OKUAAHUS «HOPMATbHBI» ¥ He TOBOPST O KaKUX-Inbo 1mmpobiie-
Max. K 5Toi1 KaTeropum OTHOCSITCS OKUTAHUS:

Activity — (OHOBBIX ITPOLIECCOB B CBOEM OCHOBHOM IIMKIIE;

Timeout — Taiimepa.

Ka)K,I[bIﬁ TUIT KOHKPETU3UPYETCA MMEHEM OXMOAHWUS. HaanMep, JJIA JIETKUX

6IOKMPOBOK 3TO GYAET UM G7IOKMPOBKM WJIM COOTBETCTBYIOLIETO TpaHIIa >

CrnemyeT YUMTHIBATD, YTO MPENCTABIEHNE TIOKA3bIBAET TOJBKO T€ OKMAAHMS, KO-
TOpBIe COOTBETCTBYIOLIMM 06pa3oM 06pabaThIBAIOTCS B MCXOLHOM Kofe. Ecm
VM TUIIA OXMUIAHKUS He OIIpeeeHo, IPOLecC He HaXOOUTCS HY B OJHOM M3-
BeCTHOM OxupgaHum. Takoe Bpems CJIeoyeT CUUTATh HEyumeHHbIM, TaK KaK 3TO
He 03HAyYaeT CO CTOMPOLEHTHO BEPOSATHOCTBIO, UTO MPOLIECC HIMYETO He JKIET;
Ha CaMOM [Iejie HeM3BeCTHO, YTO MMEHHO IIPOMUCXOLOMUT B ITOT MOMEHT.

1 postgrespro.ru/docs/postgresql/16/monitoring-stats#WAIT-EVENT-TABLE.

2 postgrespro.ru/docs/postgresgl/16/monitoring-stats#WAIT-EVENT-LWLOCK-TABLE.
3 include/utils/wait_event.h.
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15.5. CemnauposaHue

=> SELECT backend_type, wait_event_type AS event_type, wait_event
FROM pg_stat_activity;

backend_type

I I

+ +
logical replication launcher | Activity | LogicalLauncherMain
autovacuum launcher | Activity | AutoVacuumMain
client backend | |
background writer | Activity | BgWriterMain
checkpointer | Activity | CheckpointerMain
walwriter | Activity | WalWriterMain
(6 rows)

B manHOM cytyuae Bo BpeMsi o6palieHus K pecTaBaeHnIo Bce GOHOBbIE CTYKe0-
Hble TIPOlLiecchl «Oe3menbHMYaIN», a 00CTyKMUBatomuit mpotecc (client back-
end) 6bUT 3aHAT BLIITOJIHEHMEM 3aIIpOCa ¥ HUUEro He JKIal.

15.5. CemnanpoBaHue

K coskanenuio, mpefcrasienue pg_stat_activity mokasbiBaeT nHbOpPMAINIO
06 OXMIAHUSAX TOJMBKO HA MeKywuli MOMeHm; CTaTUCTUKA He HaKaIlJIMBaeTCs.
EnyHCTBEHHBIN CITOCO6 MOMYUYUTh KAPTUHY OKUIAHMIA BO BpEMEHU — CEMNIUPO-
8aHue COCTOSIHUS MTPeLCTaBIEHMS C ONIpeelleHHbIM MHTEePBaIOM.

Heo6x0mMMO yUMThIBATh BEPOSTHOCTHBIN XapaKTep CeMIUIMPOBaHys. YeM MeHb-
IIe IIUTCS OXKUOaHMe IO OTHOIIEHMIO K MepUoay CeMIUIMPOBAaHMS, TeM MeHb-
1ile BepOSITHOCTh TOTO, UTO 9TO OXupaHue 6ymeT 3abukcupoBaHo. [ToaTomy uem
Gosbllie TIepuof, TeM GOJbIlee KOJIMUECTBO M3MepeHuit TpebyeTcs, YTOObI To-
JIYYUTh JOCTOBEPHYIO KAPTUHY. A MOBBIIIEHE YaCTOThI CEMIIMPOBAHMS ITPUBO-
AT K YBEJIMUEHNIO HAKJIaJHbIX pacXomoB. I10 9T0i ke IpuurHe CeMIUTMPOBaHe
MPaKTUYECKY OeCIToNe3HO /ISl aHaIM3a KOPOTKOKUBYIINX CEAHCOB.

BCcTpoeHHBIX CPeACTB AJISI CEMIUIMPOBAHMSI He MPeAyCMOTPEHO, HO B KayecTBe
TIpMMepa MbI BOCIIONb3yeMcsl paciuypeHneM pg_wait_samplingl Heo6xomumo
mponucaTth 6ubmoreky B mapametp shared preload libraries v Tiepe3ammyCTUTb
cepBep.

1 github.com/postgrespro/pg wait_sampling.
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=> ALTER SYSTEM SET shared_preload_libraries = 'pg_wait_sampling';
postgres$ pg_ctl restart -1 /home/postgres/logfile

Tereps yCTaHOBUM paciiMpeHnye B 6a3e JaHHBIX:

=> CREATE EXTENSION pg wait_sampling;

Pacinpenme 1o3BosisieT MPOCMOTPETh MUCTOPUIO OXKUAAHNI, KOTOPAst COXpaHseT-
csl B ero KonblieBoM Gydepe. Ho ropa3mo MHTepecHee MOMyUYUTb MPOdITb OXKM-
IaHVT — HaKOIVIEHHYIO CTATMCTUKY 3a BCe BpeMsI paboTHI.

Hampumep, MOCMOTPUM Ha OXMIAHMS, BOSHUKAIOIINE TP PaboTe 3TaIOHHOTO
TecTUpoBaHus. 3anyctum yrwinty pgbench u, moka ona paboraer, onpenenum
HOMeD Tpoliecca:

postgres$ /usr/local/pgsgl/bin/pgbench -T 60 internals

=> SELECT pid FROM pg_stat_activity
WHERE application_name = 'pgbench';

[Tpoduib oxkumaHmit mocie OKOHYAHUS PabOThI:

=> SELECT pid, event_type, event, count
FROM pg _wait_sampling_profile WHERE pid = 37242
ORDER BY count DESC LIMIT 4;

pid | event_type | event | count
——————— et it e
37242 | I0 | WALSync | 5149

37242 | I0 | WALWrite | 26

37242 | I0 | DataFileRead | 5

37242 | LWLock | WALWrite | 3
(4 rows)

C ycraHOBKaMu I10 YMOJTUaHUIO (IapaMeTp pg wait_sampling.profile_period) 3Ha-
yeHus coxpassitorest 100 pa3 B cekyHy. [ToaToMy, YTOOBI OIEHUTD JJIUTETbHOCTD
OXUAAHUI B CEKyHIaX, 3HaueHue count Haao geauTsb Ha 100.

B manHOM ciyyae 6O/bIIast YacTh OKUOAHUI MPUXOOUTCS HA CMHXPOHU3AIINIO
SKYpHATbHBIX 3arluceii ¢ IMCKOM. JTOT IIPUMep XOPOIUIO MJUTIOCTPUPYET TOHS-
THe HeyumeHHozo BpeMeHu. O6paboTka cobbiTvst WALSync mosiBuiach B BEpCUM
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15.5. CemnauposaHue

PostgreSQL 12; Ha 6oee paHHeli Bepcuu Mpoduiib He comepska bl TepBoii CTPo-
KM, XOTSI CaMO OXMAaHue, pa3yMeeTcsl, MMeJIo 6bI MeCTO.

A BOT Kak OyzeT BBIIISAETh MPOGUIb, €CIY UCKYCCTBEHHO 3aMeIUTh PaboTy
(aityioBoI cucTeMbI (HamIpuMep, C ITOMOIIbIO slowfsl), YTOOBI JII06ast omepanus
BBOJa-BbIBOAA 3aHuMaJia 0,1 CeKyHApbI:

postgres$ /usr/local/pgsql/bin/pgbench -T 60 internals

=> SELECT pid FROM pg_stat_activity
WHERE application_name = 'pgbench';

=> SELECT pid, event_type, event, count
FROM pg_wait_sampling_profile WHERE pid = 37656
ORDER BY count DESC LIMIT 4;

pid | event_type | event | count
——————— e e
37656 | IO | WALWrite | 3640

37656 | LWLock | WALWrite | 1627

37656 | I0 | WALSync | 49

37656 | I0 | DataFileExtend | 19
(4 rows)

Terepb Ha MePBOE MECTO BBIILIM ONEpaLy BBOJAA-BbIBOMA, [JTABHBIM 00pa3oM
CBSI3aHHbIE C 3aMMCHI0 KYpHaja B CUMHXPOHHOM pexume. ITOCKONBKY 3alucCh
SKypHaia Ha JVUCK 3alMIeHa JIeTKo# 6/10KkupoBKoit WALWrite, COOTBeTCTBYIOIIAs
CTPOKa TaKke MPUCYTCTBYET B IIpoduie.

OueBUAHO, UTO 3Ta GIIOKMPOBKA 3aIpalIBaIach 1 B MpeIbIIyleM IpuMepe, HO,
MIOCKOJIbKY ee oXXuJaHue 6bII0 Kopoue, ueM Iepuof, ceMIUIMPOoBaHus, OHa 6o
MoTIaia B BRIOOPKY OUYeHb HEOOJBbIIOe KOIMYECTBO Pa3, MO0 He Iomana BOBCe.
9TO ellle pa3 MOKA3bIBAET, YTO aHAIN3 KOPOTKUX OXKMUIAHUI TpeGyeT CeMIUIMPO-
BaHMS B T€UEHME AOCTATOUHO ITPOAOKUTETBHOTO BpEMEHN.

! github.com/nirs/slowfs.
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DTanbl BbINOJIHEHUS 3aNPOCOB

16.1. eMoHcTpaunoHHasa 6asa AaHHbIX

B mpenpIayImyx 4acTsX KHUTY Mbl 0OXOAVIIMCH ITPOCTHIMY TAOIUIIAMU C HECKOJTb-
KMMM CTpOKaMM. JTa ¥ CIEAYIOIast YaCTy MMEIOT [IeJI0 C BbITIOJTHEHMEM 3aIipo-
COB, ¥ HAM IMOHAJ00STCSI B3aMMOCBSI3aHHbIE TAOJIUIIBI C OOJIBIIMM KOJIUMYECTBOM
CTPOK. BMecTo TOro 4To6b! M306peTaTh IJIsI Kaskaoro mpumMepa cBoit Habop JaH-
HBIX, 51 B35/l TOTOBYIO I€MOHCTPALMOHHYI0 06a3y JaHHBIX aBMariepeBo3ok .. Jle-
Mo06asa CyIeCTBYeT B HECKOIbKMX BapMaHTaXx; s MCIIOMb3YI0 BEPCUIO 60JIBIIIOrO
o6bema ot 15.08.2017. [I;1s1 ee yCTAaHOBKM HAJI0 pa3apXMBUPOBATh (GaiisI ¢ Konueit

2

6a3bl JaHHBIX~ U BBITIOTHUTD €T0 B psql.

ITpu pa3paboTke meMo6a3bl Mbl CTAPAINUCh CAENATh CXeMY JaHHBIX TOCTATOUHO
IIPOCTO1, UTOOBI €€ GbIIO JIETKO MOHSITh 6€3 0COOBIX ITOSICHEHMIA, HO B TO JKe BpeMsI
IOCTATOYHO CJIOXKHOJ, UTOGbI OHA MMO3BOJISIa CTPOUTh OCMBICTIEHHbBIE 3aIIPOChHI.
basa HamonHeHa pealuCTUYHBIMM JaHHBIMM, KOTOpPbIE YIIPOLIAIOT IIOHMMAaHMe
MIPMMEPOB ¥ C KOTOPbIMM MHTEPECHO paboTaTh.

Hmxke g KpaTKO OIIMIITY OCHOBHbIE 0OBEKTHI ,ILEMO6&3bI, d ITOJTHOE OoInMcaHue MOX-
HO ITPOYMTATD I10 CChIJIKE B CHOCKeE.

OCHOBHOIJI CYyIITHOCTBIO SIBJISIETCSI OpoHMpoBaHue (Tabmuia bookings). B ogHo
OPOHMPOBAHNE MOKHO BK/TIOUMTDb HECKOIBKO MTACCAsKUPOB, KAKIOMY U3 KOTOPBIX
BBIJAeTCS JIEKTPOHHBIN 6miteT (tickets). [Taccaskup He SBISETCS OTHEIbHOI
CYITHOCTBIO; OYIEM CUMTATh, UTO BCE MACCAXKVPDI YHUKATbHBI.

1 postgrespro.ru/education/demodb.
2 edu.postgrespro.ru/demo-big-20170815.zip.
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Kaskmblii 6uiteT BKIOYAET OJMH UM HECKOJIbKO mepeseToB (ticket flights).
HeckonbKo nepeneToB MOXKET MOSIBUTBCS, KOTIa BBITIOIHSIETCS TO0JIeT C repeca-
KaMI MM OMJIET B3AT «Tyma U 06paTHO». B cxeMe MaHHBIX HET JKeCTKOTO Orpa-
HUYEHMS, HO TIpeIIoaraeTcs, YTo Bce OMIEThI B OMHOM OGPOHMPOBAHUYU UMEIOT
OIIMHAKOBBII HAGOP IepesIeToB.

Kaxxgpiii peric (flights) wienyet n3 ogHOro aspomnopra (airports) B IpyTOi.
Peiicbl ¢ OIHMM HOMEpPOM MMEIOT OAMHAKOBbIe ITyHKTbI BbUIETA M HAa3HAUEHNS,
HO OYIYT OTJIMYATHCS JAaTO OTIIpaBIeHMS.

[IpencraBieHue routes BbIAENSET U3 TaOIMIbI PeiicOB MHGOPMAIMIO O MapuI-
pyTax, He 3aBUCSIIYI0O OT KOHKPETHBIX AT PEiiCOB.

[Mpu perucTtpamum Ha peiic macca>kMpy BbiIaeTCs MOCaJ0UYHbIN TajJoH (board-
ing_passes), B KOTOPOM yKa3aHO MeCcTO B camoserte. [laccaxkup MoskeT 3ape-
TMCTPUPOBATHCS TOJIBKO HA TOT peiic, KOTOPBIi eCcTh y Hero B 6umiere. Kom6mHa-
1M peiica M MecTa B caMoJieTe AO/KHA ObITh YHUKAIBHOI, UTOOBI He IOMYCTUTD
BbIZauy IBYX [MOCATOYHBIX TAJIOHOB HA OLHO MECTO.

KonnuecTBo MecT (seats) B camosieTe U UX paclipefeseHue o KiaaccaM 06CIy-
SKMBaHMS 3aBUCUT OT KOHKPETHOI Modeu camosiera (aircrafts), BhIITOTHSIO-
uiero peric. IlpegnonaraeTcsi, YTO y KaxKO0il MOJENM €CTb TOAbKO OfHA KOMIIO-
HOBKa cajioHa.

B omHMX TabMMIiax UCIONb3YIOTCS CYppOraTHbie IIePBUYHbIE KITIOUM, B IPYTUX —
ecTecTBeHHbIe (Mp1YeM HEKOTOPbIe U3 HUX SIBJISIIOTCSI COCTaBHBIMM). DTO CLeIaHo
B IEMOHCTPALMOHHBIX LIEJISIX U HE SIBJISIETCS TPUMEePOM JIJIsT TIOAPaskKaHuSI.

Iemo6a3y MOXKHO pacCMaTpUBaTh KaK pPe3epBHYIO KOMMUIO PeajbHOI CUCTEMBbI:
OHAa COJlePKUT aKTyaJibHbIe TaHHbIe Ha OTIpe/ie/IeHHbIV i MOMeHT. Bpems 3Toro mo-
MEHTa COXpaHeHo B GyHKLMM bookings . now. Ee MOXKHO MCITO/Ib30BaTh B 3aIIpO-
cax TaM, Tie B OObIYHO KM3HU BCTPETUIACH ObI (YHKIIVSI NOW.

Ha3BaHust aspomnopToB, TOPOJOB U MOJeJeli caMoJIeTOB XpaHSITCS B Tabmuiiax
airports_data um aircrafts_data Ha ABYX SI3bIKax, pyCCKOM M aHIIMIICKOM.
B 3ampocax 0OBIYHO MCIIONB3YIOTCS TIpeAcTaBieHus airports m aircrafts,
nokasaHHble Ha ER-auarpamMmme. OHM MOACTAB/SIOT IIEPEBOA, B 3aBUCUMOCTU OT
s13bIKa, BBIOpaHHOTO B mapameTpe bookings.lang. Ho umeHa 6a30BbIX TabIUIL MO-
TYT MOSIBJISITHCS B IJIaHAX BBITIOJTHEHMS 3aIIPOCOB.
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16.2. MpocToit npoTOKON 3anNpocoB

[IpocToit BapMaHT KIMEHT-CepBepHOro mpoTokona PostgreSQL! mosBonser BbI-
MOMHUTD 3anpoc SQL, oTnpasisisi cepBepy ero TEKCT U Moydasi B OTBET IMOTHBIN
pe3y/bTaT BBIIOMHEHMs], CKOBKO GBI CTPOK OH HM cofiepskaa® 3ampoc, mocTyma-
IOIINIT cepBepy, IPOXOAUT HECKOIBKO 3TAIlOB: OH pa3bupaercs, TpaHchopMuUpy-
eTcsl, TJIaHUPYeTCs U, HAaKOHell, MCIIOMHSIeTCSI.

Pas6op

Bo-IepBbIX, TEKCT 3aIIpoca He06XOAUMO pa3o6pams” (parse), YTO6bI TOHSTD, UTO
MMEHHO TPeOyeTCs BhIITOIHUTb.

JleKcuueckuit M CMHTaKcMueckui pas6opsbl. Jlekcuueckuli aHanuzamop pasdoupaer
TeKCT 3aIpoca Ha Jiekcembl* (Takue Kak KITIOUeBble CJIOBA, CTPOKOBBIE ¥ YMCIIO-
Bble JIUTEPAJIb), & CUHMAKCUUEeCKUll aHanu3amop yoexkmaeTcsi, UTO MOMyUeHHbIN
Habop JIeKCeM COOTBETCTBYET rpaMMaTyKe s13bIKa°. PostgreSQL mcnonb3yeT s
pasbopa cTaHmapTHbIE MHCTPYMEHThI — YyTuanThI Flex u Bison.

PaBO6paHHbII7[ 3aIIpocC IIpeacTaB/IsieTCsSa B IIaMATU O6CJ'[y7KI/IBaIOH.[9I‘O Imponecca
B Buge a6CTpaKTHOI‘0 CMHTAKCMYEeCKOro aepeBa.

BosbMeM Jijis TpUMepa CIeAyIoNInii 3arpoc:

SELECT schemaname, tablename
FROM pg_tables

WHERE tableowner = 'postgres'
ORDER BY tablename;

Jlekcuueckuit dHaJIN3aTOP BbIAEJINUT IIATb K/IIOUEBLIX C/IOB, ITATH I/I,ELeHTI/ICI)I/IKaTO-
POB, CTpOKOBbefI JIUTepasa v TPU OLHOCUMBOJIbHbIE JIEKCeMBI (IJIsT 3alIsITOM, 3HaKa

1 postgrespro.ru/docs/postgresql/16/protocol.

2 backend/tcop/postgres.c, yHKIMS exec_simple_query.

3 postgrespro.ru/docs/postgresql/16/parser-stage;
backend/parser/README.

4 backend/parser/scan.l.

5 backend/parser/gram.y.
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paBEeHCTBA ¥ TOUKM C 3arsToi). CMHTaKCMUEeCKMIT aHAMM3aTOP MOCTPOUT U3 ITUX
JiekceM JepeBo, IoKa3aHHOe Ha PUCYHKe B CMIBHO YIPOLIEHHOM Buae. Pagom
C y3JIaMU JepeBa MMOAMCaHbl YaCTH 3aIpoca, KOTOpble MM COOTBETCTBYIOT:

SELECT
QUERY
TARGETENTRY I FROMEXPR ‘ SORTGROUPCLAUSE
schemaname, tablename FROM ORDER BY tablename
RTE OPEXPR
pg_tables tableowner =postgres’

pg_table WHERE tableowner = 'postgres'

RTE — HeoueBugHOe cokpaiieHue oT Range Table Entry. imeHem range table
B MCXOTHOM Kome PostgreSQL Ha3bIBAIOTCS TabGINITbI, ITOA3AMPOCHI, PE3YIbTATHI
COeOVMHEeHMI — MHBIMU CJIOBaMM, HAG0pbl CMpPOK, HaJl, KOTOPBIMY paboTaloT orle-
patops! SQLL

CeMaHTHUYeCKHit pasﬁop. Sa,uaqa cemMaHmuuecKkozo aHaﬂu3a2 — OIIpenejnTb, eCTb

J B 6a3e MaHHBIX TAOIUIIBI U OPYTHE 0OBEKTHI, HA KOTOPbIE 3aIIPOC CChIIAETCS
10 MMEHMU, U eCTh JIX Y T0/Ih30BaTesIs MpaBo 06paiaThCcsa K 3TMM 06beKTam. Bes
HeoOxomyMasi IJisk CEeMaHTUUECKOTO aHaIM3a MHGOPMaIUsI XPaHUTCS B CUCTEM-
HOM KaTaJiore.

CeMaHTHYECKMIT aHATM3ATOP II0TyYaeT OT CMHTAKCUMUECKOTO aHaI13aTopa aepe-
BO pa3bopa 1 IiepecTpanBaeT ero, IOMOTHSIS CChIIKaMM Ha KOHKPETHBIE 00beKThI
0asbl JAaHHBIX, YKa3aHMEM TUIIOB JAHHBIX U IPYroi nHdopmaimeii.

TMosHOe [epeBo, TOCTPOEHHOE B pesy/ibTaTe pa3bopa, MOXKHO MOMYYUTh B Kyp-
HaJie COOOGIIeHNMIT cepBepa, YCTaHOBMUB Mapametp debug print_parse, XOTs TIpak-
TUYECKOTO CMBIC/IA B 9TOM HEMHOTO.

1 include/nodes/parsenodes.h.
2 backend/parser/analyze.c.
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TpaHchopmauus

Jlasee 3arrpoc MOXKeT MpPaxHcPopmuposamscs (nepenucsi6amscs) .

TpaHchopMaLy UCIIONb3YIOTCS SIAPOM JIJIST HECKOIbKUX Lieeil. OmHa U3 HUX —
3aMeHSIThb B lepeBe pa3bopa MM ITpeicTaBIeHNs Ha o aepeBo, COOTBETCTBYIO-
1iee 3arpocy 3TOro MpeCTaBlIeHNs .

Ilpyroit ipuMep UCIONb30BaHMs TpaHchopMaluii IIPOM CUCTEMbI — peasn3sa-
1S pa3rpaHMUYeHMsI JOCTYIIA Ha YPOBHe CTPokK? (row-level security).

Ha arare TpaHcopmalmu Takxke MPOUCXOAUT MpeobpasoBaHme MpeaIoKeHin
SEARCH 1 CYCLE 1151 peKypCUBHBIX 3aIIpOCOB>.

B nmpumepe Bbillle pg_tables — mpencTaBieHne; MOACTABUB €ro Olpeae/ieHne
B TEKCT 3aI1poCca, Mbl TIOTYIMIN ObI:

SELECT schemaname, tablename
FROM (
-- pg_tables
SELECT n.nspname AS schemaname,
c.relname AS tablename,
pg_get_userbyid(c.relowner) AS tableowner,

FROM pg_class ¢
LEFT JOIN pg_namespace n ON n.oid = c.relnamespace
LEFT JOIN pg_tablespace t ON t.oid = c.reltablespace
WHERE c.relkind = ANY (ARRAY['r'::char, 'p'::char])

)
WHERE tableowner = 'postgres'

ORDER BY tablename;

Ha camom fene cepBep He paboTaeT ¢ TEKCTOBBIM ITPEICTABIEHVEM U BBITIONHS -
eT BCce MaHUITY/ISIIIMK TOTBKO HAJl IepeBoM pasbopa. Ero cocTosiHMe mocye arana
TpaHchopMaIy MokasaHo Ha pUCYHKe B YIIPOILIEHHOM BU7Ie (a MOTHbIN MOXHO
MTOJTYYUTD B SKypHajie COOOLIEeHN 1, yCTaHOBUB TapaMeTp debug print_rewritten).

IepeBo pa3bopa OTpaskaeT CUHTAKCMUYECKYIO0 CTPYKTYPY 3arpoca, HO HUYero He
TOBOPUT O TOM, B KAKOM TOPSIIKe OYIyT BBITIOTHEHDI OTT€paIiyi.

1 postgrespro.ru/docs/postgresql/16/rule-system.
2 backend/rewrite/rowsecurity.c.
3 backend/rewrite/rewriteSearchCycle.c.
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QUERY
TARGETENTRY FROMEXPR SORTGROUPCLAUSE
RTE OPEXPR

pg_tables tableowner = ‘postgres’
| QUERY !
| | TARGETENTRY FROMEXPR
OPEXPR
l JOINEXPR crelkind = ANY (ARRAY[...]) |
RTE OPEXPR
! JOINEXPR pg_tablespace t.oid = c.reltablespace |
: RTE RTE OPEXPR |
3 pg_class pg_namespace | | n.oid = c.relnamespace 3

PostgreSQL maeT IOMb30BATEN0 BO3MOXKHOCTh HAIlMCATh CBOM COOCTBEHHbIE
TpaHchopManyn. JIJIs 3TOTO UCIONbL3YeTCs cucTeMa npasus nepesanucu’ (rules).

Moanepxka NpaBun Bbina 3asBneHa Kak oaHa M3 ueneit’ paspaboTku Postgres, Tak uTo
npaBuna CyLL,ECTBOBA/M ellle Ha dTane YHUBEPCUTETCKOro NPOeKTa M 3aTeM HeoLHOKpaT-
HO MEPEeOCMbICIMBANIUCh. DTO MOLLHbINA, HO CIOXKHbIA B OTNAAKE M MOHUMAHUU MEXaHU3M.,
MocTynano aaxe npeaioxeHue yépartb npasuna us PostgreSQL, HO OHO He HaLwo obLwe
noaAepXku. B 60bLWIMHCTBE Cly4aeB BMeCTO NpaBui yaobHee M Ge3onacHee MCMNOMb30-
BaTb TPUITEPDI.

1 postgrespro.ru/docs/postgresql/16/rules.
2 M. Stonebraker, L. A. Rowe. The Design of Postgres.
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MnaHupoBaHue

SQL — ,EleKJIapaTI/IBHbIIZ SI3BIK: 3aIlpOC OIIpenesideT, KaKkue OaHHbIe Hado II0Ty-
YNUTb, HO HE TOBOPUT, KAK UMEHHO MX I10/Iy4aThb.

JI10607i 3arIpoC MOXKHO BBITIONIHUTh Pa3sHbBIMM criocobamu. i Kaxkmoit ormepa-
MM, TIPEICTABIIEHHOI B lepeBe pa3bopa, MOTYT CYIeCTBOBATh pa3Hbie BapMaH-
THI €€ peaJM3alyy: HaIIpMMeD, JaHHbIe U3 TaOIUIIBI MOXKHO TTOJTYIUTD, ITPOUM-
TaB BCIO TAOAUILY (M OTOPOCUB HEHYKHOE), 8 MOKHO HATH IMOIXOASIIE CTPOKA
C TIOMOIIbI0 MHIeKca. Habopbl CTPOK BCETa COeNVHSIIOTCS MTOMapHo, YTO TPHU-
BOAUT K OTPOMHOMY KOJIMYECTBY BapMaHTOB, OT/INYAIOIIMXCS TTOPSIAKOM COey-
HeHuit. Kpome TOro, CylecTBYIOT pa3Hble aJITOPUTMbI COeOMHEHMII: HallpumMep,
MOSKHO ITepebMpaTh CTPOKM OJHOTO HAb0opa M HAXOAUTb JIJISI HUX COOTBETCTBYIE BO
BTOpOM Habope, a MOKHO ITpe/IBAPUTEILHO OTCOPTUPOBATh 06a Habopa 1 3aTeM
CIUTh UX BMecTe. Kakue-To aJropuTMbl paboTaoT JIyUIlle B OMHUX CUTYaIIUSIX,
Kakue-TO — B IPYTHUX.

PasHiuiia BO BpeMeHM BBIITOTHEHNSI MEKAY HEOIITUMAaIbHbIMU 1 OIITUMAaTbHbIMM
IIaHAMM MOXKET COCTaBJISITb MHOTVE M MHOTME TOPSAKM, TI03TOMY NAAHUPOS-
wuK ', BBITIOMHSAIOMWMIT onMuMU3ayuio pa3so6paHHOTO 3arIpoca, SIBJISeTCs OHMUM
13 CAMbIX CJIOSKHBIX KOMITIOHEHTOB CYCTEMBI.

.EEPEBO nnada. [I1aH BBITIOJIHEHMS TaKKe npeacraB/IsieTCa B BUOE JAepeBa, HO
€r0 y3JIbl COAEep>KaT He JIOTU4YeCKue, a Cl)I/IBI/I‘-IeCKI/Ie oriepanummM Haa JaHHbIMMN.

s uccnenoBaTenbCKUX 1ieJieli IIOIHOE NepeBO IJIaHa MOKHO MOJIYYUTD B XXypHa-
Jie coobIIeHnit cepBepa, yCTAHOBUB TTapaMeTp debug print_plan. A Ha TIpaKTUKe
TEeKCTOBOE IpeCTaB/JIeHle IJlaHa BIBOOUT KOMaHAa EXPLAINZ

Ha pucyHke BbiZlesieHbl OCHOBHBIE Y3J1bl flepeBa. IMeHHO OHM U TTIOKa3aHbl HUKe
B BbIBOJIe KoMaH bl EXPLAIN.

V35bl Seq Scan B IjlaHe 3arpoca COOTBETCTBYIOT UTeHMIO Tab/uil, a y3ea Nested
Loop — coeviHEHUIO.

1 postgrespro.ru/docs/postgresql/16/planner-optimizer.
2 postgrespro.ru/docs/postgresql/16/using-explain.
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PLANNEDSTMT
SORT
TARGETENTRY NESTLOOP
SEQSCAN SEQSCAN OPEXPR
TARGETENTRY .
pg_class pg_namespace n.oid = c.relnamespace
OPEXPR

relkind = ANY (r,p’::"char"[]) AND pg_get_userbyid(relowner) = postgres'::name

=> EXPLAIN SELECT schemaname, tablename
FROM pg_tables

WHERE tableowner = 'postgres'

ORDER BY tablename;

QUERY PLAN

Sort (cost=22.33..22.33 rows=1 width=128)
Sort Key: c.relname
-> Nested Loop Left Join (cost=0.00..22.32 rows=1 width=128)
Join Filter: (n.oid = c.relnamespace)
-> Seq Scan on pg_class ¢ (cost=0.00..21.23 rows=1 width=72)
Filter: ((relkind = ANY ('{r,p}'::"char"[])) AND (pg_g...
-> Seq Scan on pg_namespace n (cost=0.00..1.04 rows=4 wid...

(7 rows)

IToka cTtout OGpaTI/ITI) BHMMaHMe Ha 1Ba MOMEHTA:

* U3 Tpex Ta6HI/ILl 3arpoca B nepeBe 0CTaJIOCh TOJIbKO OBE: IIIAHUPOBIIMK I10-
HSJT, YTO OHA 13 Ta6J'II/ILl He HY>XKHa [JIs ITOJTydeHM pe3yiibTaTa, M €€ MOXHO
YAUIUTb U3 IepeBa IJIaHa,

e KaKAbIi y3eJ gepeBa cHabkeH nHGOpMalyeii 0 mpearoiaraeMoM Uucie 00-
pabaTbIBAEMBIX CTPOK (rOWS) ¥ O CTOMMOCTH (COSt).
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Mepe6op nnavoB. PostgreSQL ucronb3yeT cmoumocmuoii onmumusamop’. Orm-
TUMM3ATOP PaccMaTpuBaeT MOTEHLMATbHO BO3MOXHbIE TUIAHBI U OLIEHMBAEeT
TIpeJrojaraeMoe KOJIM4ecTBO pecypcoB, HEOOXOAMMBIX JJISI MX BBITOTHEHMS (Ta-
KMX Kak oTiepaliiiu BBOAa-BbIBO/IA U TaKThI ITpolieccopa). OlieHKa ONTUMMU3aTOopa,
NpuBefeHHas K YMCI0BOMY BULY, Ha3bIBAETCS CMOUMOCMbIO0 TIaHa. VI3 Bcex Mpo-
CMOTPEHHBIX IVIAHOB BbIOMPAaeTCs IJIaH C HaMeHbIIIel CTOMMOCTBIO.

[Tpo6sieMa B TOM, UTO KOJIMYECTBO BO3MOKHBIX TJITAHOB 9KCITOHEHIMAIbHO 3aBU-
CUT OT KOJIMYECTBa COeIMHSIeMbIX TaO/NII, ¥ IIPOCTO MepedpaTh OAMH 3a APYTUM
BCE BapMaHThl HepeaJbHO Jake IJIsi OTHOCUTEIbHO MPOCThIX 3arpocoB. st co-
KpalleHus MPOCTPaHCTBA Iepebopa TPaaAUIIMOHHO MUCIIONb3YETCS aTOPUTM -
HaMMYECKOTO ITPOTPaMMMPOBAHMS B COUETAHMM C HEKOTOPBIMU IBPUCTUKAMMU.
OTO MO3BOJISET YBEJIMUNTDH KOJMUYECTBO TAOIMI B 3aIIPOCE, IJIT KOTOPBIX MOXKET
OBITb HaliIeHO MaTeMaTUUYECKM TOUHOE pellleHye 3a IpUeMIeMoe BpeMs.

ToyHoe peleHve 3a4a4mn ONTMMMU3ALMM He TapaHTUPYET, YTO HalUAEHHbIM NnaH dedicmeu-
menbHo ByaeT NyyLmM, NOCKONbKY NAaHMPOBLLUMK MCMOMb3YET YNPOLLEHHbIE MaTeEMaTHUYe-
CKMe MOAEenn U MOXEeT AeACTBOBaTb Ha OCHOBE He BMOIHE TOYHOM BXOAHOM MHbOPMaLMK.

K cokanmeHnio, gaxke aropuTM IMHAMUUECKOTO MTPOrpaMMMUpPOBaHys 3aHUMAaeT
CJIMIITKOM MHOTO BpeMeHM U TpebyeT CAMIIKOM MHOTO IaMSIT, KOrja Koinue-
CTBO COeIVHEHMIT IepeBaMBaeT 3a AecsTOK. UTOObI ele O0bIlle OrpaHUuYUTh
rmepe6op, IMIaHMPOBIINUK MOKET 3adMKCUPOBATh MOPSIAOK HEKOTOPBIX COemuHe-

HII1 B COOTBETCTBYM C CMHTAKCUUECKOj1 CTPYKTYPOJi 3arpoca’

PaccMoTpuM 3aripoc, B KOTOPOM TaG/IMIIbI IePeUNCIeHbI uepes 3arsITyI0 B IpeJ-
noskeHuu FROM 6e3 ssBHOTO yKasauust JOIN:

SELECT
FROM a, b, c, d, e
WHERE

IJ1s TaKOTO 3aIpoca IVIaHMPOBIIYK OyIeT pacCMaTPUBATh BCE BO3MOXKHBIE KOM-
OMHAIMM TIOMaPHBIX COeAVMHEHMII. 3aIIpOCy COOTBETCTBYET CJIETVIOIINIA (CXeMa-

TUYHO MOKa3aHHbIN) parmeHT IepeBa pasbopa:

1 backend/optimizer/README.
2 postgrespro.ru/docs/postgresql/16/explicit-joins.
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FROMEXPR

B npyrom npumepe coeiyHeHMs] MUMEIOT ONpefeleHHYI0 CTPYKTYPY, ONlpefese-
my1o npepjoxxkenviemM JOIN:

SELECT ...
FROM a, b JOIN c ON ..., d, e
WHERE ...

JepeBo pa36opa oTpaskaeT 3Ty CTPYKTYpY:

FROMEXPR

A JOINEXPR D E

OG6BIYHO TUTAHMPOBIIMK YILIOUIAET ePEBO COeAVHEHU, Tpeobpasys ero K TOMy
5Ke BUJLY, UYTO B [IEPBOM IIpUMeEpe. AITOPUTM PEKYPCUBHO OOXOANT AEPEBO, 3aMe-
HSIS1 Y371 jOineXpr IIOCKMM CIIMCKOM HIDKeJIeKAIIMX 3IeMeHTOB |,

Ho ymomeHne BBITTOMHSIETCST TOIBKO TIPU YCJIOBUM, UTO B IVIOCKOM CITVMCKE HE
rosiBUTCS 6ostee join_collapse limit sneMeHTOB. B maHHOM IpMMepe ISATh 3je-
MEHTOB, [TO3TOMY TPU JTI06BIX 3HAUEHMSIX TTapaMeTpa, MEHbIINX 5, y3es joinexpr
VIUIOIIAThCS He OyerT.

711 TUTAaHMPOBIIMKA 3TO O3HAYAET cienymiiee:

 Tabnuia B momkHa 6bITh coepyHeHa ¢ Tabnuieii C (v Hao6opoT, C ¢ B — Ha
MOPSIAOK COeIMHEHNS B ITape OorpaHuveHle He HaK/IaJbIBaeTcs);

1 backend/optimizer/plan/initsplan.c, dyuxims deconstruct_jointree.

317


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/optimizer/plan/initsplan.c;hb=REL_16_STABLE

I'nasa 16. Dmanbvt 66IN0JIHEHUS 3ANPOCOE

e Tabnuisl A, D, E u pesynbraT coequHenust B ¢ C MOTYT GbITh COeIVIHEHBI B JIIO-
60M mopsIAKe.

ITpu 3HaueHuu napametpa join_collapse_limit = 1 MOPSIIOK JIIOOBIX IBHBIX COEIM-
Henuit JOIN GymeT coxpaHeH.

Kpome Toro, onepauasr FULL OUTER JOIN Huxozda He YILIONIAIOTCS, KaKoe Obl
3HaUYeHMe HY IIPUHMUMAJI ITapaMeTp join_collapse limit.

IMapameTp from_collapse_limit TOYHO TaK ke OrpaHMYMBAET YIUIOIeHMe Mo/ 3a-
MMPOCOB. XOTS BHEIIHE MOA3aMpoChl He TTOX0XM Ha coeavHenns: JOIN, Ha ypoBHe
IepeBa pa3bopa aHAIOTMS CTAHOBUTCS OUEBUIHOIA.

Bor npumep 3armpoca:

SELECT ...
FROM a,
(
SELECT ... FROM b, c WHERE ...
) bc,
d, e
WHERE ...

CooTBeTCTByIOIIIEE €My IepeBO COeAMHEHMII MOKa3aHO Ha pUCyHKe. Bcst pa3Hu-
11a B TOM, YTO BMECTO y3Ja joinexpr CTOUT y3es fromexpr (OTCI0Oga U He COBCEM
OueBUIHOe Ha3BaHMe MTapaMeTpa).

FROMEXPR

A FROMEXPR D E

Takum 06pa3om, KOJMUECTBO IEMEHTOB Ha OGHOM YPOBHE AepeBa Iocie Mpo-
LleTypbl YIUIOMIEHNSI, KaK TTPaBU/I0, OTPaHMYEHO 3HaUeHUIMU join_collapse_limit
u from_collapse_limit, HO TIpU COeIVMHEHUM «Uepe3 3aISITyI0» MOKET 0Ka3aThCsl
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1 6osnbinee. ITOCKOIBKY BpeMsI TVITAHUPOBAHUS 3aBUCUT OT KOJIMUECTBA COEIVHS-
€MbIX HaO0POB CTPOK IKCIIOHEHIIMATBHO, OHO B 3TOM C/Iydae MOKET MMPEeBBbICUTD
pasyMHbIe TTpeestbl.

BriloueHHbII ITapaMeTp geqo MmepekiiovaeT IIaHUPOBIIMK HA MCIIOIb30BaHMe
2eHemuUecKk02z0 anz0pUmMa’, eciay Ymucio sMeMeHTOB JOCTUTAeT 3HAUeHNs Hapa-
MeTpa geqo_threshold. TeHeTuueCcKuii airTOPUTM PabOTaeT CyIleCTBEHHO ObICTpee
aJITOPUTMa OMHAMUYECKOTO IIPOrpaMMMUPOBaHMsI, HO He TapaHTUPYeT HaxoxKIe-
HMSI OITYMAJIbHOIO IUIaHa. [[jIs reHeTMYeCKOro ajirOpMUTMa MMEeTCs LIeIblit PsiI

HAcTpoeK? HO 5 He GY/y MX pacCMaTpPUBATb.

HemnosnHoe ymuioleHue AepeBa Uiy IepekIioueHre Ha TeHeTUUECKUI alTOpUTM
MIPUBOAST K IIPOMU3BOJIBHOMY COKpAIIEeHMI0 PacCMaTPUBaeMbIX BapMaHTOB Iia-
Ha ¥, KaK CJeICTBME, K PUCKY YIIYCTUTh ONTUMAIbHbINA [JIaH ¥ HECTaGMIbHBIM
pesybTaTaM IUIAHMPOBAHMS . B TaKMX C/Tyyasix aBTOPY 3arrpoca MOXKET MOTpe-
60BaThCS B3STh Ha ceOst pa3bueHne 3ampoca Ha He3aBUCHMO ONTUMM3UPYeMble
YacTu:

o OOuIe TabaMUHbIE BhIPAXKEHMST MOTYT ONITUMMU3MPOBATHCSI OTOEIBHO OT OC-
HOBHOTO 3anpoca; npennoxkeHne MATERTALTZE rapaHTUpyeT MUMEHHO TaKoe

nosenenme?,

 3ampochl BHYTpHU QYHKIIMIA, HAIIMCAHHBIX Ha JII0O0M s13bIKe, KpoMe SQL, or-
TUMMU3UPYIOTCS OTAEJbHO OT OCHOBHOTO 3armpoca. (Temo dyHkimu Ha SQL
B HEKOTOPBIX CITy4YasiX MOXXET MOACTaBISTHCS B 3ampoc®)

» VcTaHOBKA MapaMeTpoB join_collapse_limit v from_collapse_limit B emyuHUIly
COXpaHsIeT MOPSNOK COeNVHEeHU, 3aJaHHbII1 CUHTAKCUUYECKO CTPYKTYpPOM
3ampoca (4To, CKopee BCero, CJAMIIKOM Hern6Ko).

Bbibop nyywero nnaHa. [Ijisl KIMEHTa ONTUMAaAbHOCTb IIJIaHA 3aBUCUT OT TOTO,
Kak IpearosaraeTcs UCI0Ab30BaTh pe3ynbTaT. Ecau pe3ynbTaT Hy)KeH LeIUKoOM

1 postgrespro.ru/docs/postgresql/16/geqo;

backend/optimizer/geqo/geqo_main.c.
2 postgrespro.ru/docs/postgresql/16/runtime-config-query#¥RUNTIME- CONFIG-QUERY-GEQO.
3 habr.com/ru/company/postgrespro/blog/662021.
4 postgrespro.ru/docs/postgresql/16/queries-with.
5 wiki.postgresql.org/wiki/Inlining of SQL functions.
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(HampuMep, IJIs1 TIOCTPOEHUST OTUEeTA), TUIaH MOJKEH ONMTUMMU3UPOBATD IOTyYe-
HJE BCeX CTPOK BbIOOPKY. HO UTOGBI KaK MOSKHO OBbICTpEE MOMYyUYUTh IIePBBIE CTPO-
KM (HaIpuMep, IJis BhIBOA Ha 9KpaH), MOKET IOTPeO0BaThCS COBEPIIEHHO APY-
roii IiaH.

PostgreSQL pelraet 3Ty 3aauy, BBIYKC/ISS IB€ KOMIIOHEHTbI CTOMMOCTMU

=> EXPLAIN

SELECT schemaname, tablename
FROM pg_tables

WHERE tableowner = 'postgres'
ORDER BY tablename;

QUERY PLAN

Sort (cost=22.33..22.33 rows=1 width=128)
Sort Key: c.relname
-> Nested Loop Left Join (cost=0.00..22.32 rows=1 width=128)
Join Filter: (n.oid = c.relnamespace)
-> Seq Scan on pg_class ¢ (cost=0.00..21.23 rows=1 width=72)
Filter: ((relkind = ANY ('{r,p}'::"char"[])) AND (pg_g...
-> Seq Scan on pg_namespace n (cost=0.00..1.04 rows=4 wid...
(7 rows)

IlepBas KOMIIOHeHTa (HavyajJbHasl CTOMMOCTD, startup cost) rpezncrasiiseT 3aTpa-
Thl Ha INOJATOTOBKY K Hauva/ly BBITIOJIHEHUS y3J1a, a BTOpas (MOJIHAsA CTOMMOCTD,
total cost) — mosHbIe 3aTpaThl Ha MOyYeHMe BCeX Pe3yIbTUPYIOMINX CTPOK.

MHoroa MoXHO BCTPETUTb YTBEPXKAEHUE, YTO HaYa/lbHagd CTOMMOCTb — 3TO CTOMMOCTb MO-
Ny4yeHuna nepBoH CTPOKM Bbl60pKVI, HO 3TO He BMNOJIHE TOYHO.

YT06BI pemmnTh, KAKMM IJIAHAM OTHABAaTh IPEANOoUYTeHMe, INIAHNPOBIIUK CMOT-
PUT, ucoab3yeTcs au Kypcop (komanga SQL DECLARE mnu s8Hoe 00bsIBIIEHME
Kypcopa B PL/pgSQL) 1 Ecim Her, To [pearoiaraeTcs HeMeJleHHOe ToJlyYeHue
BCEX Pe3yIbTUPYIONIUX CTPOK KIMEHTOM, U U3 TPOCMOTPEHHBIX MIJIAHOB ONTUMMU-
3aTOp BbIOMPAET IUIaH C HaMeHbIIIeii TOJTHO CTOUMMOCTbIO.

,[[I[F[ 3arpoca, KOTOprVI BBITIOJIHAETCA C IIOMOIIBIO KypcCOopa, BbIGI/IpEIETCH IJIaH,
OHTI/IMI/IBI/IDYIOLLU/Iﬁ II0JIy4eHMe He BCEX CTPOK, a TOJIbKO O0JIN, paBHOI;’I 3HAaYEeHUIO

! backend/optimizer/plan/planner.c, dyuximsa standard_planner.
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mapamerpa cursor_tuple_fraction. ToBopst TouHee |, BBIGMpaeTcst iaH ¢ HauMeHb- 0.1
MM 3HaYeHMEeM BbIpasKeHUST

startup cost + cursor_tuple fraction (total cost — startup cost).

O6wan cxeMa BbluUCNEHUA OUEHKM. UTOGBI MONMYUYUTH OOIIYI0 OIEHKY IIIaHa,
HEO06XOIMMO OLIEHUTh KaKIblii 13 ero y3/10B. CTOMMOCTD y3/1a 3aBMCUT OT TUIIA

3TOrO y3/1a (OYeBUIHO, YTO CTOMMOCTD UTEHMS JAHHBIX M3 TabIUIIbI ¥ CTOMMOCTD
COPTUPOBKM OTJIMYAIOTCS) U OT 0O6beMa 00pabaThIBA€MbIX STUM Y3JI0M JaHHBIX
(0OBIYHO UeM MeHbllle, TeM HelieBsie). TUIT y3/1a M3BeCTeH, a [IJIs1 IPOTHO3a 00b-

eMa JaHHbIX Heo6XOIMMO OILIEHUTh KApOUHAJIbHOCMb BXOMHBIX HA6OPOB (KOJIM-
YeCTBO CTPOK, MPUHMMAEMBbIX Y3/I0M Ha BXOI€) U CeleKMuUsHOCMs y3/a (Moo

CTPOK, KOTOPAsi OCTAHETCsI Y HETO Ha BbIXOAE). A IJI1 3TOT0 Hal0 UMETh CMamuc-
muueckywo uHgopmayuio o JaHHbIX: pasMep Tabiull, pacripeeneHye JaHHbIX 0 . 331
CTONIOIAM.

Takum 06p8.30M, OIITMMM3alMsa 3aBUCUT OT KOppeKTHOI‘/JI CTaTUCTUKU, co6Mpae—
MO ¥ 0GHOBJISIEMOIA IIpo1ecCcoM aBTOaHa/IM3a.

Eciyu B KaXZOM y3iie IiaHa KapAMHAJIbHOCTh OLleHeHa NMpaBUIbHO, TO U CTOU-
MOCTb OOBIYHO aleKBaTHO OTpaskaeT peajibHble 3aTpaThl. OCHOBHBIE OIMIMOKYU
TJIAaHMPOBIIMKA CBSI3aHbl MMEHHO C HeTPaBW/IbHO OlleHKO KapANMHAIbHOCTU U
CeJIEKTUBHOCTH. DTO MOXKET IIPOMCXOAUTD 3-3a HEKOPPEKTHO MU yCTapeBlIei
CTaTUCTUKU, HEBO3MOKHOCTH €€ MCIT0/Ib30BaHMSI WJIM — B MEHbIIel CTelleHn —
13-3a HEeCOBEPIIEHCTBA MOJieseli, TeXXalluX B OCHOBE IJIaHUPOBILMKA.

OueHka KapauMHanbHocT. OIlleHKa KapaVHAJIbHOCTY — PEeKYPCUBHBIN MPOLIeCC.
YT06BI OLIEHUTh KapAMHAIBHOCTD Y3/1a IJIaHa, Haflo:

1) oleHUTh KAPOAMHAIBHOCTD KAXKIOTO U3 TOUePHUX Y3JI0B U MOJYUYUTh KOJIU-
YeCTBO CTPOK, IOCTYIAIIIMX Y371y Ha BXOZ,;

2) OLEHUTD CEJIEKTUBHOCTDb CaMOTI0 Yy3Jia, TO €CTb JO/II0 BXOOAIMINX CTPOK, KOTO-
pasi OCTaHETCA Ha BbIXOJE.

HpomaBe,ueHme OOHOI'O Ha Apyroe n nacCT KapaAMHaJIbHOCTD y3J1d.

! backend/optimizer/util/pathnode.c, byuxuys compare_fractional path_costs.
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CenektuBHOCTb Npeactasnsetca unciom ot 0 o 1. CenekTMBHOCTb, 611M3Kas K HYH0, 06bIY-
HO Ha3bIBAETCH B8bICOKOU, @ BNN3KasA K eAMHULIE — HU3KOU. ITO MOXKET NOKa3aTbCs HEOrmnY-
HbIM, HO CENEKTUBHOCTb 34eCb MOHMMAETCS Kak U3bupamesnbHOCMeb: yCnoBue, BbibupatoLiee
Manyt LOM0 CTPOK, 06/1aAaET BbICOKOW CENEKTUBHOCTLIO (M30MPaTENbHOCTLIO), @ YCI0BUE,
OCTaB/ISIIOLLLEE MOYTH BCE CTPOKM, — HU3KOMA.

CHauajia pacCUMThIBAIOTCSI KapAMHATbHOCTY JIMCTOBBIX Y3JI0B, B KOTOPBIX HAXO-
IOSTCSI METOIbI JOCTYIIA K JaHHBIM. [IJIsT 9TOTO UCIIONb3yeTCs CTaTUCTUKA, B YaCT-
HOCTY OOt pasMep TabIuIIbI.

CeIeKTUMBHOCTD YCJIOBUIA, HAJIOKEHHBIX Ha TaOIUITY, 3aBUCUT OT BUAA ITUX YCIO-
BMii. B mpocreiiniemM cryyae MOXHO IIPUHSITH 32 CEJIEKTUBHOCTDh KAKyH-TO KOH-
CTaHTY, XOTsI, KOHEYHO, TUIAHUPOBIIMK CTAPALTCS UCIIOIb30BaTh BCIO IOCTYITHYIO
MHGOPMAIMIO JJIS1 yTOUHEHMSI OI[eHKU. [IOCTaTOYHO YMETh OIleHUBATD CEIEKTUB-
HOCTb MPOCTHIX YCJIOBUIA, @ CeIEKTUBHOCTD YCIIOBUIA, COCTaBJIEHHBIX C TIOMOILBIO
JIOTMYECKNX OTIepalyii, pacCIMTHIBAETCS IO GopMyIam ' :

selyandy = sely sel;

selyory = 1 = (1 — sel,)(1 — sel,) = sel, + sel, — sel, sel,, .

K cokanmennio, 3Tu (GopMyJIbl MIPeaITonaraloT He3aBUCUMOCTD ITPEIUKATOB X U .
B ciryuae koppenpoBaHHBIX IPEIMKATOB TaKkas OlleHKa Oy/ieT HeTOUHOM.

IIJIsT OIIeHKM KapAVMHAIBHOCTY COEIMHEHMI BbIUUC/ISIETCS KapAMHAIbHOCTD Je-
KapToBa TpousBeleHUs (paBHAasI NIPOM3BENEHMI0O KapAMHAIbHOCTEN ABYX Ha-
O0OPOB JAaHHBIX) M OIIEHUBAETCSI CEJIEKTUBHOCTD YCIIOBUIT CcOeNMHEeHMsI, KOTopast
OIISITH K€ 3aBUCUT OT TUIIA YCIIOBUIA.

AHAJIOTMYHO OLI€HMBAETCS KapAMHaJIbHOCTb M OPYIUX Y3JI0B, TAKMX KaK COPTU-
POBKa MJIN arperanmus.

BaskHO OTMETUTD, UTO OIMIMOKA pacuyeTa KapAMHAIbHOCTY, BO3HUKIIAS B HYDKHUX
y3j1ax IUIaHa, paclpOCTPaHSIETCs BhIllle, IIPUBOAS B UTOr'e K HEBEPHOM OLleHKe U
BBIOOPY HEYIAUHOTO IUIaHA. TOT HEMPUSTHbBIN 3DdeKT ycyryomseTcs TeM, UTO
IJIAHMPOBIIYK PACIIONAraeT CTATUCTUIECKO MH(pOpMAIMeii TOMBKO O TabINIIaX,
HO He 0 pe3yJ/ibTaTax CoeqMHEeHUIA.

! backend/optimizer/path/clausesel.c, byuxiuu clauselist_selectivity ext u clauselist_selectivity or.
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OueHka ctouMocTu. IIpollecc OIeHKY CTOMMOCTHM TaKKe peKypcuBeH. UTOObI BbI-
YUCIUTh CTOMMOCTD MOAAEepeBa MjiaHa, Halo PacCYUTaThb CTOMMOCTU AOYEPHUX
Y3JI0B, CJIOKUTb UX U JOGABUTH CTOMMOCTb CAMOTO Y3J1a.

CroumMocTh paboThI y371a PACCUMUTHIBAETCS HA OCHOBE MaTeMaTUUECKO Mozenn
omepalyu, KOTOPYIO BBIOMHSIET JAaHHBINM y3e/l. BXOTHBIMY JaHHBIMM JJIST OII€H-
KM CTYSKUT KapaAMHAIBHOCTD, KOTOpas yke paccumtana. OTAeNbHO OLIeHMBAIOTCS
HavajbHas U MOTHAS CTOMMOCTH.

HekoTopble onepanuyu He TPeOYIOT HMKAKOI IMOATOTOBKM M HAUMHAIOT BBITIOJ-
HSAThCS HEMEIJIEHHO; Y TaKUX y3JI0B Hava/lbHasl CTOMMOCTh OyIeT paBHa HYJIIO.
Ipyrie omepaiyuy, HA060POT, TPEOYIOT BBIMOJHEHMS IIpeIBapUTEIbHbBIX Aeii-
cTBuit. Haripumep, y3es COPTMPOBKY OOBIYHO MO/DKEH IOMYyUMUTh OT JOUYEPHEro
y3J1a éce AaHHbIe, YTOOBI HauaTh paboTy. Y TaKUX y3/I0B HavyaabHas CTOMMOCTh
OyIeT OTIMYHA OT HY/IST — 3TY IIeHy MPUIeTCs 3alJIaTUTh, Jaxke eC/IM BhIIIECTOsI-
meMy y3iay (WM KIMEeHTY) IOoTpe6yeTCs TONbKO OHA CTPOKa M3 BCeil pe3ynbTu-
pylo1ei BBIGOPKM.

CTOMMOCTD OTpaskaeT OIEHKY IUIAaHMPOBIIMKA ¥, €CIY IIAHUPOBIIVK ONIbaeT-
s, MOKET He KOppenupoBaTh C peaqbHbIM BpeMeHeM BbINoHeHMs. OHa HY>KHA
JIUIIb AJISI TOTO, YTOOBI TUIAHUPOBIIVK MOT CPaBHUBATh Pa3HbIe IIAHbI 00H020 U
M020 Xce 3aTIpoca B 00HUX U MeX Jce YCIOBUSIX. B 0CTalbHBIX CJTyyastX CPaBHUBATh
3aIpochl (TeM 6osiee pas3HbIe) IO CTOMMOCTY — HEIMPaBWIbHO U 6€CCMBICIEHHO.
Hampumep, cToMMoCTh MOI/Ia GbITH HeAOOIIEHeHa 13-3a HEeITPaBUIbHOM CTaTUC-
TUKM; TIOCIE aKTyaIu3aluyuu CTaTUCTUKM CTOMMOCTh MOXET BBIPACTM, HO CTAaTh
Gosee aIeKBATHOIA, ¥ TUTAH HA CAMOM JIejie YITyUIIUTCS.

UcnonHeHue

HJIaH, HOCTpoeHHbIﬁ B X0 e OIITMMM3alMM 3aI1poca, repenaeTcsa Ha UCNnoJIHEHUe 1.
B maMsITH 06C/TY;KMBaIOLIEro MPOoIecca Co3IaeTcst nopmaﬂ2 — 00BEKT, XpaHSIIIi
COCTOsIHME BBIIIOJIHAIOMIETO0Cs 3aIlipoca. CocrossHMEe IIpeaCTaBJIsSIETCSa B BUe Oe-
peBa, MMOBTOPSIIOIIETO CTPYKTYPY AepeBa IiaHa. @akKTuuecKy y3JIbl gepeBa pabo-
TalT KaK KOHBeliep, 3arpalinBas 1 rnepenasasi Apyr APYyry CTPOKU.

' postgrespro.ru/docs/postgresql/16/executor;
backend/executor/README.
2 backend/utils/mmgr/portalmem.c.
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BrinonHeHne HauMHaeTcs ¢ KOpHs. KopHe-
BOIJ1 y3eJ (B IpMMepe 3TO orepaLusi COpTHu-
POBKM sort) obpaiijaeTcs 3a JAaHHBIMMU K J10-

SORT yepHeMmy y3Jy. [lonyuus Bce CTpOKU, y3emn
BBITIOTHSIET COPTUPOBKY U OTHAET JaHHbIe

BbILIIE, TO €CTh KJIMEHTY.

NESTLOOP

HexkoTopsie y35bl (Kak nestloop Ha pUCYH-
/ \ Ke) COeIUHSIOT NaHHble, MOJyUYeHHble U3
SEQSCAN SEQSCAN pa3HbIX MCTOYHMUKOB. TaKkoi1 y3en obpaiia-
pg_class pg_namespace eTcsl 3a JTaHHBIMM K IBYM [IOUYEPHUM Y3-

nam. IlonyyuB gBe CTPOKM, YAOBIETBOPS-
I0lMe YCIOBMIO COeAVIHeHMs, y3ell cpasy
Ke IepefaeT pe3yIbTUPYIOLIYIO CTPOKY Ha-
BepX (B OTIMYMe OT COPTUPOBKM, KOTOpas CHayaja BBIHYX[EHA IOIYyUYUTh 6ce
cTpoku). Ha aTOM BBINIOJIHEHMe y3J1a IPEPBIBAETCS IO TeX 10D, IT0Ka BBIIIECTOS -
M1 y3es1 He 3aTpebyeT CaelyIolIyio CTPOKY. TakumM 06pa3oM, ecsin HyKeH TOIbKO
YaCTUYHBIN pe3yabTaT (Harpumep, n3-3a orpanndyenus LIMIT), onepaius He 6y-
JleT BBINIOMHSATHCS [IOTHOCTDIO.

[IBa MMCTOBBIX y3/1a IepeBa seqscan MpeICcTaBisiioT obpaiienne K tabmiam. Ko-
IIa BBIMIECTOSIINIT Y3€J 0OpalaeTcs 3a JaHHBIMMY, JIMCTOBOI Y36/ UMTAEeT Oue-
PEeAHYIO CTPOKY U3 COOTBETCTBYIOMIEN TaBINITBI M BO3BPAIAET €€.

Takum 06pa3oM, YaCTh y3/I0B HE XPAHUT CTPOKM, & HEMEeJIEHHO TTepefaeT UX BbI-
III€ U TYT K€ 3a6bIBAET, HO HEKOTOPHIM y3J1aM (HallpuMep, COPTUPOBKE) TpeOyeTCst
COXPaHSTh MOTEHIMATbHO 6OJIbINO0I 06beM JaHHbBIX. i1 9TOTO B IMaMSITH 00CTy-
SKMBAIOIIEro Mpollecca BbieseTcss GparMeHT pasMepoM work_mem; eciiu 9To
TIIaMSITU He XBaTaeT, JaHHbIe COPachIBAIOTCS Ha JYICK BO BpeMeHHBIH daitn

B ogHOM I1aHe MOKeT 6bITh HECKOIBKO Y3/10B, KOTOPhIM HEOOXOAMMO XPaHMIIN-
Ille JaHHbBIX, TO3TOMY [JIST 3aIIpOCa MOXKET ObITh BbIZEIE€HO HECKOJIIBKO (hparMeH-
TOB MaMSITH, KaXKIblii pasMmepoM work_mem. O61uit 06beM OTIepaTUBHON MaMs-
TU, TOCTYIIHBIN 3aIIPOCY, HMKAK He OTpaHMUUEH.

1 backend/utils/sort/tuplestore.c.
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16.3. PacwiupeHHslll npomMoKoJ 3anpocos
16.3. PacwumpeHHbI NPOTOKON 3anpocoB

HpI/I MCITIOJIb30BAaHMM IIPOCTOIO IMTPOTOKOJ/IA 3alIpOCOB KaK[aasi KOMaHa, 0axKe eC-
JI1 OHa ITIOBTOPSETCS U3 pa3a B pa3, IIPOXOAUT BCe ITepeuMC/JI€HHbIe BbIIIe 3TallbI:

1) pas6op;

2) TpaHchopMaIuio;
3) IUIaHUMpPOBAHUE;
4) UCIIOIHEeHMe.

Ho HeT HMKAKOro CMbIC/Ia pa3bupaTh OAMH M TOT JKe 3aIIpoc 3aH0BO. HeT cMbicia
pas6uparhb 1 3aIPOChl, OTIMYAIOLIMECS TOTBKO KOHCTAHTAMM, — CTPYKTYpa Jepe-
Ba pasbopa He U3MEHUTCS.

Eme omHO HEYmo6CTBO ITPOCTOTO CII0CO6A BBITIOTHEHMS 3aIIPOCOB COCTOUT B TOM,
YTO KJIMEHT IOYYaeT BCIO BBIOOPKY Cpa3y, CKOJIBKO ObI CTPOK OHA HY COAepIKaa.

B npuHIMIIE, 062 OrpaHMYEHMS] MOKHO ITPEO0JIeTh, MCITONb3ysI KoMaHabl SQL:
repBoe — MOATOTaBJAMBAs 3anpoc KomaHgoil PREPARE u BbINIO/MHSSA ero C mo-
Moo EXECUTE, BTOpoe — co3paBas kypcop komanaoi DECLARE u mu3Bnekas
cTpokyu ¢ momounpio FETCH. Ho B 3TOM C/lydae Ha KIMEHTA JIOKUTCSI OTBETCTBEH-
HOCTb 332 MMEHOBaHME CO3JaBaeMbIX 0ObEKTOB, a CEpPBEP HATPYKaeTCs JIMIIHEN
paboToi1 10 pa36opy MOMOTHUTEIbHBIX KOMAaH/I.

IMosToMy pacIIMpeHHbIVi KIMEHT-CepPBEPHbINl ITPOTOKOM IO3BOJSIET OETATbHO
YIIPaBJISITh OTAENbHBIMY 3TANIaMM BBITIOTHEHMSI OIIEpPaTOPOB Ha YPOBHE KOMAaH]T
€aMoro MpOTOKOJIA.

MoaroToBka

Ha stamne nodzomosku 3ampoc pasbupaercs u TpaHCHOPMUPYETCST O6BIYHBIM 00-
pasoM, HO ITOJIYYeHHOe JepeBo pa3bopa COXPaHSIeTCs B IaMsTI 06CTyKMBaloIile-
ro mpoliecca.

B PostgreSQL oTCyTCTBYET INTI06a/IbHBIN Kelll 3aITpoCOB. MMHYCHI TAKOTO PeIleHNs
MTOHSTHBI — KaXKIObIM 06CTYKMBAIOIINIT MPOIeCC BBIHYKIEH pa3duparh Bce 3a-
MIPOCHI CAMOCTOSITENIbHO, Taske eCJIM TAKO¥ ke 3aIIpoc yske ObUT pa300paH APYyTUM
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npoueccom. Ho ects ¥ mumrockl. Kelll B 001ei MaMsTH JIETKO MOXKET CTaTh Y3-
KMM MECTOM M3-3a HEOOXOAMMOCTU OJIOKMPOBOK. OIVH KJIMEHT, BHITOTHSIOIINI
MHOKeCTBO MeJIKUX, HO Pa3HbIX 3alIPOCOB (OTIMYAIOIINXCS, HATIpUMep, TOJIbKO
KOHCTAHTaMM), CO3IaeT GOIbINYI0 HArPY3Ky Ha TaKOJii Kelll, YTO MOKET CKa3aThb-
CS1 Ha TTPOM3BOIMUTELHOCTY BCETO 9K3eMIuisapa. B PostgreSQL pa36op 3ampocoB
BBITIOJTHSIETCS JIOKQJIBHO U ITIO3TOMY He BAMSIET Ha ApyTye MPOLECCHI.

[Tpu MoATroTOBKE 3aITpoca ero MOKHO IapaMeTpu30BaTh. BOT mpocToit npumep
Ha ypoBHe SQL-KoMaH/, (IOBTOPIOCH, UTO 3TO He COBCEM TO K€ caMOe, UTO ITOI-
TOTOBKA HA YPOBHE KOMaH/I ITPOTOKOJIa, HO B KOHEUHOM cueTe 3hdeKT TOT ke):

=> PREPARE plane(text) AS
SELECT * FROM aircrafts WHERE aircraft _code = $1;

ITocMOTpeTh MMEHOBaHHbIE IOATOTOBIEHHbIE OIIePATOPhI MOKHO B IIpeICTaBIIe-
HuM pg_prepared_statements:

=> SELECT name, statement, parameter_types
FROM pg_prepared_statements \gx

-[ RECORD 1 J———4————————— ==

name | plane

statement | PREPARE plane(text) AS +
| SELECT * FROM aircrafts WHERE aircraft_code = $1;

parameter_types | {text}

VBUmeTh TakMM 06pa3om OGe3bIMSHHBIE OIepaTopbl (KOTOPbIe UCIIONb3yeT pac-
mMpeHHsi mporokosn uiu PL/pgSQL) He monyuuTtcs. KoHeuHO, ceaHCy LOCTYITHBI
TOJIBKO COOCTBEHHbIE TTOJITOTOBIEHHbIE OIIepaTOpPhl; 3aIISTHYTh B IaMSITh JPYTOro
CeaHCa HEBO3MOXKHO.

MNpuBsaska napameTpos

Iepe[ BBIMOTHEHMEM TOATOTOBIIEHHOTO 3aITpOCa BBITIOIHSIETCS MPUB3Ka (Bak-
TUYECKUX 3HAUEHUIT TTapaMeTpOB.

=> EXECUTE plane('733');

aircraft_code | model | range
_______________ +_______________+_______
733 | BbouHr 737-300 | 4200
(1 row)
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Bo3MOXXHO, UyTh 60JIee HAIISIAHO STAIl MPUBSI3KYM IIPeICTaBIeH IIpy Hemocpen- V. 16
CTBEHHOM MCITOJIb30BAHUY PACHIMPEHHOTO MMPOTOKOA B psql:

=> \bind '733'
=> SELECT * FROM aircrafts WHERE aircraft_code = $1;

aircraft_code | model | range
_______________ +_______________+_______

733 | BbouHr 737-300 | 4200

ITpeumyIecTBO MapaMeTpPoOB IMOATOTOBIEHHBIX OTIepaTOPOB IMepel, KOHKaTeHa-
LMei JIUTepasoB CO CTPOKOI 3ampoca — MPUHLUIKMAIbHAS HEBO3MOKHOCTb
BHeapeHus1 SQL-Koza, MOCKOAbKY HMKAKOe 3HaUeHMe ITapaMeTpa He CMOKeT U3-
MEHUTDb YKe IMOCTPOEHHOe JepeBo pasbopa. UToObI JOCTMYL TOTO K€ YPOBHS
6e30IacHOCTY 6€e3 TIOTOTOBIEHHBIX OTIEPATOPOB, TPEGYETCS aKKYPaTHO SKPaHM-
poBaTh Kaxk/ioe 3HaUeHMe, TToJTyueHHOe 13 HeHaIeKHOTO MCTOUHMKA.

nnaHMpOBaHMeIAMCHOHHeHMe

Korpa meno goxXoguT 10 BBITOTHEHYS IIOATOTOBIEHHOIO OIepaTopa, MPOUCXOIUT
IJIAaHMPOBAHME C yUETOM 3HAYeHM PaKTUIECKMX ITapaMeTpPOB, IIOC/IEe Yero IiaH
repenaeTcs: Ha UCIIOJHEHNE.

VUUTHIBATh 3HAUEHMS [TAPAMETPOB BasKHO, TOCKOJIbKY OITMMAaIbHbIE TUTAHbI JIJIST
pa3HbIX 3HAYEHMIT MOTYT He COBIagaTh. Hampumep, Momck oueHb JOPOTUX Gpo-
HUPOBAHMI UCITIONb3YET MHAEKC, TAK KaK IVIAHMPOBIIMK ITPEATIONaraeT, YTo IO -
XOIAIIMX CTPOK He OUeHb MHOTO:

=> CREATE INDEX ON bookings(total_amount);

=> EXPLAIN SELECT * FROM bookings
WHERE total_amount > 1000000;

QUERY PLAN
Bitmap Heap Scan on bookings (cost=81.86..9154.92 rows=4314 wid...
Recheck Cond: (total_amount > '1000000': :numeric)
-> Bitmap Index Scan on bookings_total_amount_idx (cost=0.00....
Index Cond: (total_amount > '1000000'::numeric)
(4 rows)
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OpHaxo IMof, cIeyrollee yCIoBlMe I0MaAaloT Boobiie Bce GpOHMPOBAHNS, [T03TO-
MY MHIEKC 6ecrioyieseH, ¥ Tabauiia MPOCMaTPUBAETCS ETVKOM:

=> EXPLAIN SELECT * FROM bookings WHERE total_amount > 100;
QUERY PLAN

Seq Scan on bookings (cost=0.00..39876.88 rows=2111110 width=21)
Filter: (total_amount > '100'::numeric)
(2 rows)

B HEKOTOPBIX CIyUasiX IAHMPOBIIVK 3alIOMIHAET He TOIBKO IepeBo pasdopa, HO
¥ IJIaH 3aI1poca, YTO6bl HEe BBIMOIHSITD [IAHMPOBaHNe MOBTOPHO. Takoii miaH,
MMOCTPOEHHBIN 6e3 yueTa 3HAUEHMIT ITapaMeTPOB, HA3bIBAETCS 00WUM NIAHOM
(B OT/IMYME OT YACMHO20 NJIAHA, YIUTHIBAIONIETO (haKTUUeCcKye 3HaYeHus) L

OueBMUIHBINM CJIyYail, KOIma MOXKHO ITepeiiTi Ha o6IIuii Ij1aH 6e3 yiiepoa ajist a¢-
(heKTUBHOCTH, — 3aIIpocC 6e3 mapaMeTpPOB.

IMoaroTOBIEHHBIE OIIEPATOPSI C ITapaMeTpaMy ITepBbIe MATh pa3 BCerma ONTUMMI-
3UPYIOTCS C Y4eTOM (PaKTUUECKUX 3HAUEHUIT; TIPU STOM BBHIUMCISIETCS CPemHSIS
CTOMMOCTD YaCTHBIX IIaHOB. HauymHas ¢ mecToro pasa, ecim o0uii ryiaH OKa3bl-
BaeTCs B CpeTHEM BHITOIHEE, UeM YACTHBIE (C YUETOM TOT'O, YTO YACTHbIE TIIAHbBI
He0o6XOYIMO KaskIbIi pa3 CTPOMTB 3aHOBO?), INTAHMPOBILMK 3aITOMMHAET OB
TIJIaH Y JabIlle MCIIOAb3YeT ero, yske He MMOBTOPSIS OITUMM3AIIHIO.

IMoaroroByieHHbI orepaTop plane yxke 6bUI OOMH pa3 BbINONHEH. [Tocte cie-
OYIOIIMX TPeX BBIMOTHEHUI MO-MPEeKHEMY UCIIOAb3YIOTCS YAaCTHbIE MJIaHBI, UTO
BUHO I10 3HAYEHUIO [IapaMeTpa B IIJIaHe 3aI1poca:

=> EXECUTE plane('763');
=> EXECUTE plane('773');
=> EXPLAIN EXECUTE plane('319');
QUERY PLAN

Seq Scan on aircrafts_data ml (cost=0.00..1.39 rows=1 width=52)
Filter: ((aircraft_code)::text = '319'::text)
(2 rows)

1 backend/utils/cache/plancache.c, dyHkuus choose_custom_plan.
2 backend/utils/cache/plancache.c, pynkuus cached_plan_cost.
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[Tocre eme 0fHOTO, MSTOTO BBIMOMHEHMS IVIAHVMPOBIIMK MEPEKTIOUYNUTCS HA UC-
MOJIb30BaHMe OOIIero miaHa — OH COBMIAZAET C YaCTHBIMMU ITUIAaHAMMU, UMEeT Ty
K€ CTOMMOCTD, HO €T0 MOYKHO 3alIOMHUTD U OOJIbIIe He TPATUTh PECYPChl HA OIl-
tumusanuio. Komanga EXPLAIN mokasbiBaeT Tellepb He 3HaUeHMe ImapamMeTpa,
a ero Homep:

=> EXECUTE plane('320');
=> EXPLAIN EXECUTE plane('321');
QUERY PLAN

Seq Scan on aircrafts_data ml (cost=0.00..1.39 rows=1 width=52)
Filter: ((aircraft_code)::text = $1)
(2 rows)

HecnokHO mpencTaBUTh CUTYalLMIO, B KOTOPOJ M0 HEyJauyHOMY CTEUEHUIO0 00-
CTOSITE/IbCTB MepBbie HECKOJIbKO YaCTHBIX [JIAHOB OYAyT 60/iee JOPOTrMMM, YeM
001U TIJIaH, a MMOUIemYIoIIVe OKa3aauch 6b1 3pdeKTUBHEE 00IIEro — HO IJIaHN-
POBILMK y3Ke He OyIeT UX paccMaTpuBaTh. Kpome TOro, MaaHUpPOBLIMK CPaBHM-
BaeT OYeHKU CTOMMOCTeIA, a He (paKTUUecKue pecypchl, M 9TO TaKKe MOXKET M-
BOOUTH K OMIMOKAM.

[MosToMy Ipy HENTPaBUIbHOM aBTOMATUUECKOM peIlleHNM MOXKHO MTPUHYINUTENb-
HO BbIGPATH OOIIMI1 MO0 YaCTHBI IJIaH, YCTAHOBMB COOTBETCTBYIOIEE 3HAUEHME
nmapamertpa plan_cache_mode:

=> SET plan_cache_mode = 'force_custom_plan';
=> EXPLAIN EXECUTE plane('CN1');
QUERY PLAN

Seqg Scan on aircrafts_data ml (cost=0.00..1.39 rows=1 width=52)
Filter: ((aircraft_code)::text = 'CN1'::text)
(2 rows)

IpencraBienne pg_prepared_statements mokasbiBaeT B TOM UMC/IE M CTATHUC-
TUKY BbIOOPA IJIAHOB:

=> SELECT name, generic_plans, custom_plans
FROM pg_prepared_statements;
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name | generic_plans | custom_plans

_______ +_______________+______________
plane | 1| 6

(1 row)

MonyuyeHue pesynbraToB

PacipeHHbI TPOTOKOJ 3aIIPOCOB MO3BOJISIET KIMEHTY MOIy4aTh He BCe pe3y/b-
TUPYIOLIVEe CTPOKY Cpa3y, a BEIOVPATh JaHHbBIE 110 HECKOJIBKY CTPOK 3a pa3. [Toutu
TOT Xe 3¢ dekT maeT ucronb3oBanue SQL-KypcopoB (3a UCKITIOUEHMEM JIUIITHE
paboThl IJI cepBepa U Toro (axkra, YTo IIAHUPOBIIUK ONMTUMUSUPYET MOTyUe-
HIe He Bceit BBIOGOPKU, a IEPBBIX cursor_tuple fraction CTpoK):

=> BEGIN;

=> DECLARE cur CURSOR FOR
SELECT * FROM aircrafts ORDER BY aircraft_code;

=> FETCH 3 FROM cur;

aircraft_code | model | range
_______________ +__________________+_______
319 | Aspobyc A319-100 | 6700
320 | Aspobyc A320-200 | 5700
321 | Aspobyc A321-200 | 5600
(3 rows)
=> FETCH 2 FROM cur;
aircraft_code | model | range
_______________ +_______________+_______
733 | BouHr 737-300 | 4200
763 | bouHr 767-300 | 7900
(2 rows)
=> COMMIT;

Ecnu 3ampoc Bo3BpaillaeT MHOTO CTPOK U KJIMEHTY HY>KHbI OHU BCE, TO OTPOMHOE
3HAUYeHMe IJI1 CKOPOCTU Tepeqauy JaHHBIX UTPaeT pa3Mep BbIGOPKM, ITOTyYae-
MOJ1 3a ofMH pa3. UeM 6oJibliie BHIOOPKA, TEM MEHbIIIe KOMMYHMKAIMOHHBIX 13-
IepkeK Ha obpallleHye K CepBepy U MoiaydeHue orBeta. Ho ¢ pocToMm BeIGOPKMU
3 deKT corpaleHns U3AepP>KeK YMEHbIIAeTCS : pa3HMUIIA MeXTY OTHOM CTPOKOI
Y IeCSATHIO MOXKET OBITh KOJIOCCATIBHO, 8 MEXKITY COTHEI U ThICSUEi — y3Ke TTOUTH
He3aMeTHOJA.
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Cratnuctmka

17.1. ba3oBas cTaTUCTUKA

basoBas craTuctuka YPOBHs OTHOIJ.IEHI/ISI1 XpaHUTCS B T8.6)'II/IL[€ pg_cLass cn-
CTeMHOro KaTasnora. K Helt OTHOCSITCS:

e YNCJIO CTPOK B OTHOLIeHUM (reltuples);
e pasMep OTHOIIEHMS, B CTpaHuLax (relpages);
e KOJIMYECTBO CTPAHMUII, OTMEUEHHBIX B KapTe BuaumMocTtu (relallvisible).

Bort 31 3HaueHust Ha pumepe Tabauiel flights:

=> SELECT reltuples, relpages, relallvisible
FROM pg_class WHERE relname = 'flights';

reltuples | relpages | relallvisible
___________ +__________+_______________

214867 | 2624 | 2624
(1 row)

3HaueHne rel tuples UCNONB3YETCS B KAUECTBE OLIEHKY KapAMHAIbHOCTH, KOT/Aa
3aIIpoC He HaK/IagbIBAeT HMKAKMX YCIOBMUIT HAa CTPOKM TabIMUIIbI:

=> EXPLAIN SELECT * FROM flights;
QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(1 row)

1 postgrespro.ru/docs/postgresql/16/planner-stats.
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100

I'masa 17. Cmamucmuka

CTaTUCTMKA COBMpPaeTCss MPY aHAMM3e, PYJHOM WM aBTOMAaTUYeckoM . OfHaKO
BBUAY 0C060i1 BaXXHOCTY 6a30Bast CTATUCTUKA PACCUMTHIBAETCS TAKKE IPU BbI-
TIOJIHeHMM HeKOTOpbIX omepanmii (VACUUM FULL u CLUSTER? CREATE INDEX u

REINDEX®) 1 yrounsietcs mpyu ouncTke.

Ins ananmsa ciayvaiiHo Bbioupatorcs 300 x default statistics target ctpok. ITo-
CKOJIbKY pa3mep BbIOOPKU, TOCTATOYHO /It IOCTPOEHMSI CTATUCTUKY 3aJaHHOI
TOYHOCTH, CJ1a00 3aBUCUT OT 0ObeMa aHATIM3UPYEMbIX JAaHHBIX, pa3Mep TaOIuIIbl

He YUUTBhIBACTCA 5.

CTpoxu BBIOMPAIOTCS M3 TAaKOro ke KommuecTBa (300 x default statistics target)
CTy4YaliHbIX CTpaHI/II_[6. KoneuHo, 111 He6OJIbIION TabaMIIBI KOJTMUECTBO MPOYM-
TaHHBIX CTPAHMII ¥ BBIOpAHHBIX JIJISI aHAIM3a CTPOK MOKET OKa3aThCsl MEHbIIIE.

IToCKOIBKY B JOCTATOUHO OOTBIIMX TAOIMIIAX CTATUCTUKA COOMPAETCS HE TI0 BCEM
CTPOKAaM, OLIeHKY MOTYT HEMHOTO PacXOOUThCS C PeaIbHOCThI0. DTO HOPMAaJIbHO:
CTaTUCTHKA B JIIOOOM CJTyyae He MOXKET Bce BpeMsl ObITh TOUHOI, eCIu JaHHbIe
M3MeHsoTcs. 1711 BhIOopa aleKBaTHOrO IJIaHa 06BIYHO JOCTATOYHO IOMNafaHs
B IIOPSITOK.

Cospgagum komuio Tabiauupl flights ¢ OTKIIOUEHHOV aBTOOUYMCTKOI, UTOOBI
YIIPaBJISITh BpeMeHeM BbITIOJIHEHMS aHa/In3a:

=> CREATE TABLE flights_copy(LIKE flights)
WITH (autovacuum_enabled = false);

IIj1st HOBO¥ TaGIMIIBI HUKAKOI CTATUCTUKM ellle HeT:

=> SELECT reltuples, relpages, relallvisible
FROM pg_class WHERE relname = 'flights_copy';

reltuples | relpages | relallvisible

backend/commands/analyze.c, dbynkius do_analyze_rel.
backend/commands/cluster.c, pyHkums copy_table_data.
backend/catalog/heap.c, yHkuus index_update_stats.
backend/access/heap/vacuumlazy.c, dyHkuust heap_vacuum_rel.
backend/commands/analyze.c, dyHkuus std_typanalyze.
backend/commands/analyze.c, yHKiMs acquire_sample_rows;
backend/utils/misc/sampling.c.

[N B % B -

332


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/commands/analyze.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/commands/cluster.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/catalog/heap.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/access/heap/vacuumlazy.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/commands/analyze.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/commands/analyze.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/utils/misc/sampling.c;hb=REL_16_STABLE

17.1. Basosas cmamucmuka

3Hauenye reltuples = —1 MO3BOMSAET OTIIMUUTH TAOGMNUILY, IJIsI KOTOPOIi cTaTuC- V. 14

TUKA HU pasy He cOOMpasach, OT IeCTBUTENIBHO ITyCTO TabIUITbI €3 CTPOK.

Ho ¢ 601b111071 BEpOSITHOCTBIO B TAGNMMILY 6YOYT JOOABIEHbI KaKMe-TO CTPOKY Cpa-
3y nociie cospanus. [loaTomMy, HaxXo[sCh B HeBeAeHUM, TVIAHMPOBUIMUK CUUTAET,
yro Tabnuia 3auuMaet 10 cTpaHmiIr:

=> EXPLAIN SELECT * FROM flights_copy;
QUERY PLAN

Seq Scan on flights_copy (cost=0.00..14.10 rows=410 width=170)
(1 row)

KonnuecTBO CTPOK pacCUMTHIBAETCS MCXOMS M3 pasMepa OIHOI CTPOKM; OH OTOG-
paykaeTcs B IUIaHe 3ampoca Kak width. OGbIYHO /11 OLIEHKM MCITO/b3YeTCs Cpefi-
Hee 3HAUeHMe, BbIUMCISIEMOE TIPY aHaIM3e, HO B 3TOM CJTyuyae, MOCKOJIbKY CTa-
TUCTUKA OTCYTCTBYET, Pa3MepP CTPOKM BBIUMUCISIETCS IPUOGITU3UTETHLHO C YIETOM
TUIIOB JAHHBIX KAXJOTO U3 CTON6IOB L

Teneps ckonMpyeM JaHHbIe 13 Tabmuibl £1ights 1 BRIIOIHUM aHAIN3:

=> INSERT INTO flights_copy SELECT * FROM flights;
INSERT 0 214867
=> ANALYZE flights_copy;

Ceifuac CTaTUCTMKA COBHAAAET C PeaIbHbIM KOJTMYECTBOM CTPOK (pasmep Tabin-
IIbI TAKOB, UTO CTATUCTUKA COOMPAETCS TI0 ITOTHBIM JAHHBIM):

=> SELECT reltuples, relpages, relallvisible
FROM pg_class WHERE relname = 'flights_copy';

reltuples | relpages | relallvisible
___________ +__________+_______________

214867 | 2624 | 0
(1 row)

3HaueHue relallvisible ucmonb3yercsl pu OLieHKE CTOMMOCTM CKaHMPOBA-
HMUSI TONBKO MHAEeKca. OHO OGHOBJISIETCS ITPU OUUCTKE:

=> VACUUM flights_copy;

1 backend/access/table/tableam.c, hyrkiums table block relation_estimate_size.
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=> SELECT relallvisible FROM pg_class WHERE relname = 'flights_copy';
relallvisible

(1 row)

Ter[epb YABOMM KOJIMYECTBO CTPOK, HE C06I/Ipaﬂ CTaTUCTUKY, M IPDOBEPUM OLIEHKY
KapaMHaJIbHOCTHA B IIJIaHE 3aI1poca:

=> INSERT INTO flights_copy SELECT * FROM flights;
=> SELECT count(*) FROM flights_copy;
count

429734
(1 row)

=> EXPLAIN SELECT * FROM flights_copy;
QUERY PLAN

Seq Scan on flights_copy (cost=0.00..9545.34 rows=429734 width=63)
(1 row)

OlieHKa OKasajaach TOUYHA, HECMOTPSI Ha yCTapeBIiye cBefeHus B pg_class:

=> SELECT reltuples, relpages
FROM pg_class WHERE relname = 'flights_copy';

reltuples | relpages
___________ +__________

214867 | 2624
(1 row)

Ieo B TOM, UTO [JIAHMPOBIIMK MTOBBIIIAET TOUHOCTh OLIEHKY, MacCIITabupys 3Ha-
yeHue reltuples B COOTBETCTBUM C OTKJIOHEHMEM peajbHOTo pasmepa daiiia
JAHHBIX OT 3HaueHus1 relpages . [TockonbKy pasmep daiina BHIPOC B Ba pasa
[0 CpaBHEHMIO C relpages, KOMIMUECTBO CTPOK CKOPPEKTMPOBATIOCH UCXOMAS U3
MIPEeAIIOI0KEeH NS, UTO IVIOTHOCTD JAHHBIX He M3MeHMIacCh:

=> SELECT reltuples *
(pg_relation_size('flights_copy') / 8192) / relpages AS tuples
FROM pg_class WHERE relname = 'flights_copy';

1 backend/access/table/tableam.c, hyrkiums table block relation_estimate_size.
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429734
(1 row)

KoHeuHo, Takast KOppeKTUPOBKa paboTaeT He Bcerma (Harpumep, eciayu yIaIuTh
YacTh CTPOK, OLIEHKa He M3MEHUTCS), HO B psiie CJIyYaeB IO3BOJSIET «IIPOAEP-
SKaThCS» IO MPUXOa aHaaM3a IIPY KPYIHbIX M3MEHEeHUSIX.

17.2. HeonpepeneHHbie 3Ha4YEHUSA

Heonpe/:(eneHHbIe 3Ha4YeHMs, IIOpUliaeMble TEOPpEeTUKaMU 1, UrparmTTeM He MEHee

BaXKHYIO PDOJIb B PEJISIIMOHHBIX 6a3ax JAaHHBIX KaK y,ﬂO6HbII7[ crioco6 ImpencraBJlie-
HUA TOTO Q)aKTa, YTO 3HAUE€HME He CYLIeCTBYeT MM HEM3BECTHO.

Ho ocoboe 3HaueHue TpebyeT U 0cobOro K cebe orHoueHus. [loMmuMo Teope-
TUYECKUX HEYBSI30K, BO3HMKAET MHOXKECTBO CYTy60 MPaKTUUECKUX CIIOKHOCTEN,
C KOTOPBIMM TIPUXOIUTCS cuMTaThcsl. OObIYHAs OyJieBa JIOTMKA IIPEBpaIlaeTcs
B Tpex3HauHy1o, a KOHCTpyKius NOT IN Bemet cebst HeoxudaHHo. HemoHSTHO,
IOJDKHBI JIV HEoTIpeleJieHHbIe 3HAUeH Vs CYUUTAThCS MEHbIIe 0ObIUHBIX 3HAUEHMIT
unu 6onbie (oTciona crenyanbhbie mpenyioxkerdnuss NULLS FIRST u NULLS LAST
ILJ11 COPTUPOBKM). He Tak yk 0ueBMUIHO, JOJIKHBI I HEOTIpeeleHHble 3HaUeHUs
YUUTHIBATBHCS B arperaTHbIX QyHKUIMIX. [I0CKOMBKY, CTPOTO TOBOPSI, Heolpeze-
JIeHHble 3HaueHMs BOBCe He SIB/ISIIOTCSI 3HAaUeHUSIMU, TO IJIS1 UX yueTa IJIaHUPOB-
MIYIKY HeoOX0oayMa JOTIOTHUTEIbHAs MHDOpMaIs.

IToMMMO caMOi1 IIPOCTOI1, 6a30BOI CTATUCTUKM Ha YPOBHE OTHOLIEHMIA, TPK aHa-
JIM3e co6MpaeTcs CTaTUCTYMKA IS KasKIOro CToI6Ia OTHOImEe . OHa XPaHUTCS
B TaB/IMIIe CHCTEMHOTO KaTanora pg_statistic? Ho 3HAUMTeNLHO ITPOIIIe TI0Mb-
30BaThCs IIpeCTaBIeHeM pg_stats, KOTopoe MoKas3biBaeT MHMOPMAINIO B 60-
Jiee ymoOHOM BUJIe.

Jlonsa HeonpedeneHHbIX 3HAYEHULI KaK Pa3 OTHOCUTCS K CTATUCTUKE YPOBHS CTOJIO-
11a; BBIUMCIEHHOE [IPY aHa/IM3e 3HaueHue mokasbeiBaeT aTpubyr null_frac.

1 citforum.ru/database/articles/evergreen_nulls.

2 include/catalog/pg statistic.h.
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Hampumep, uyTo6bI HAliTK ellle He OTIPaBUBIIMECS Peiichl, MOXKHO BOCITIOJIb30-
BaTbCSI TEM, UTO BpeMSI UX BblJIETa HE OTpPee/IeHO:

=> EXPLAIN SELECT * FROM flights WHERE actual_departure IS NULL;
QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=16409 width=63)
Filter: (actual_departure IS NULL)
(2 rows)

O1ieHKa BBIYMCIISIETCS KaK 06IIIee UnciIo CTPOK, YMHOKeHHOe Ha moimio NULL:

=> SELECT round(reltuples * s.null_frac) AS rows
FROM pg_class

JOIN pg_stats s ON s.tablename = relname
WHERE s.tablename = 'flights'

AND s.attname = 'actual_departure';

TouHoe 3HaUeHMeE:

=> SELECT count(*) FROM flights WHERE actual_departure IS NULL;
count

17.3. YHUKaNbHbIe 3HaYeHUs

IMonme n_distinct mpencrasienns pg_stats MokasbIBaeT KOMMYECTBO YHUKAIb-
HbIX 3HAUEHMI1 B CTONIOLIE.

Ecnu 3Hauenme n_distinct oTpuiiaTenbHO, TO MOIY/Ib 3TOTO YMC/Ia paBeH He KO-
JIMYECTBRY, a I0JIe YHUKAIbHBIX 3HaueHui. Hampumep, —1 o3HavaeT, YTO BCe 3HA-
YeHUS B CTOJIOIE YHUKAIbHBI, & —3 TOBOPUT O TOM, UTO K&K 0e 3HAUeHMe B Cpef-
HEM BCTpeuaeTcsl B TpeX CTpoKaxX. AHAIN3aTOp UCIIONb3yeT NOJM, KOTAA BhIUMC-
JIEHHOE TIpM aHa/Iu3e KOJMYEeCTBO YHMKAIbHBIX 3HaueHMit mpesbimiaer 10 % ot
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4acrora

nullfrac +--------------“"-““---- oo

n_distinct

3HavyeHns

061].[61‘0 KOo/IM4yecTBa CTPOK; B 3TOM C/Iydae IMpoIropumus, CKopee BCero, COXpaHuT-

Csa U IIpn ,ElaHbHeIZLHEM M3MEeHeHUn ,Z[aHHbIXl.

KonmuecTBO YHMKA/IbHbIX 3HAUEHUI MCIIONb3YETCSI BO BCEX CIydasix, KOTOpbIe
MpeIoJiaraloT paBHOMEpPHOE pacIipefelieHne qaHHbIX. Hanpumep, npu oljeHKe
KapAVHAIbHOCTHU YCIOBUS «CMoabey = 8blpapceHlie», KOTIa 3HaUeHUe 8bIpareHUsl
HEM3BEeCTHO Ha JTarle IIaHMPOBaHMS, CUUTAETCS, UTO 8bIpaXceHle MOKET ITPUHM-
MaTb T060€ 13 BO3MOXKHBIX 3HAYEHNIT CTONIOIA C PABHOI BEPOSITHOCTBIO :

=> EXPLAIN SELECT *
FROM flights
WHERE departure_airport = (
SELECT airport_code FROM airports WHERE city = 'CaHkT-lleTepbypr'
J;
QUERY PLAN
Seq Scan on flights (cost=30.56..5340.40 rows=2066 width=63)
Filter: (departure_airport = $0)§\
InitPlan 1 (returns $0)
-> Seq Scan on airports_data ml (cost=0.00..30.56 rows=1 wi...
Filter: ((city —>> lang()) = 'CankT-leTepbypr'::text)

!
|
|
{

! backend/commands/analyze.c, byakuus compute_distinct_stats.
2 backend/utils/adt/selfuncs.c, byHKuus var_eq non_const.
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3nech y3en maaHa InitPlan BbImomHsIeTCS OAMH pa3, ¥ BEIYMCIEHHOE 3HAaUeHMe UC-
TOIb3YeTCS B OCHOBHOM ILJIaHe.

=> SELECT round(reltuples / s.n_distinct) AS rows
FROM pg_class

JOIN pg_stats s ON s.tablename = relname
WHERE s.tablename = 'flights'

AND s.attname = 'departure_airport';

Eciy KonmuuecTBO YHMKAIbHBIX 3HAUEHWMI BBIUMC/ISIETCSI HEBEPHO (M3-3a OTpaHMu-
YEeHHOCTY BBIOOPKM, 10 KOTOPOI ITPOBOAUTCS aHAINU3), 3TO KOIUIECTBO MOKHO
yKa3aThb JJI51 CTOJOLA SIBHO:

ALTER TABLE ... ALTER COLUMN ... SET (n_distinct = ...);

Ecu 651 Bce maHHbIe GbUIM BCETOa pacipenesaeHbl paBHOMEPHO, 3Toi MH(popma-
LMK (OOTIONIHEHHOV MMHMMAIbHBIM ¥ MaKCYMAaJIbHbIM 3HAUE€HMUSIMM) ObUIO Gbl
IocTaTouHo. Ho mpyu HepaBHOMEpPHOM pacIipele/ieHny, KOTOpoe Ha IIPakKTUKe
BCTpeYaeTcs ropaszo vaile, Takas OlleHKa He Oy/leT TOuHa:

=> SELECT min(cnt), round(avg(cnt)) avg, max(cnt) FROM (
SELECT departure_airport, count(*) cnt
FROM flights GROUP BY departure_airport

)t

min | avg | max
_____ +______+_______
113 | 2066 | 20875
(1 row)

17.4. Haubonee yacTbie 3HaYeHUA

[IJ1s1 yTOUHEeHMsT OLIeHKM MIPY HepaBHOMEPHOM paciipeeieHny cobupaercs cTa-
TUCTHKA 10 HaubOoJIee YacTo BCTpeUalolMMcs 3HaueHMsIM (most common values,
MCV) 1 yacToTe ux nosiBjieHus. IIpeicTaBieHne pg_stats Mokas3bIBaeT ABa ITUX
MaccuBa B cTonbIax most_common_vals u most_common_fregs.
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Bor IIpuMep TaKO¥ CTATUCTUKU I10 YaCTOTE MCIIOIb30BaAHMS Pa3/IMYHbIX TUIIOB
CaMOJIETOB:

=> SELECT most_common_vals AS mcv,
Lleft(most_common_freqs::text,60) || '...' AS mcf
FROM pg_stats
WHERE tablename = 'flights' AND attname = 'aircraft_code' \gx
=[ RECORD 1 J-——==———————
mev | {CN1,CR2,SU9,321,733,319,763,773}
mcf | {0.2831,0.2703,0.25633332,0.057066668,0.039833333,0.03846666. ..

JJIsI OIIeHKM CENIeKTUBHOCTY YCUIOBUS «CMonfey = 3HaueHue» JOCTaTOUuHO HalTu

3HaUeHye B MaccuBe most_common_vals ¥ B3SATh 4aCTOTY U3 /IEMEHTa MacCuBa

most_common_freqs c TeM 5xe HOMepOM ':

=> EXPLAIN SELECT * FROM flights WHERE aircraft_code = '733';
QUERY PLAN

Seq Scan on flights (cost=0.00..5309.84 rows=8559 width=63)
Filter: (aircraft_code = '733'::bpchar)
(2 rows)

1 backend/utils/adt/selfuncs.c, pyHkums var_eq_const.
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=> SELECT round(reltuples * s.most_common_freqs[
array_position((s.most_common_vals::text::text[]),'733")

1
FROM pg_class

JOIN pg_stats s ON s.tablename = relname
WHERE s.tablename = 'flights'
AND s.attname = 'aircraft_code';

OueBUAHO, YTO TaKas OLleHKa 6y,ueT 6/IM3Ka K TOYHOMY 3HAaUE€HUIO:

=> SELECT count(*) FROM flights WHERE aircraft_code = '733';
count

CHOMCOK YacThIX 3HAUEHMIT MCIONb3YyeTCsS U M1 OLIEHKU CeJeKTUBHOCTU YCIIO-
BMi1 c HepaBeHCTBaMU. HampuMmep, J1s1 yOIOBMS BUIA «CMoJi0ey < 3HaueHue» Hamo
HaiiTy B most_common_vals Bce 3HaYEHMsI, MEHBIIIE MCKOMOT'O, ¥ TTPOCYMMM-
POBAaTh YACTOTHI M3 Most_common_fregs™.

CTaTuCTMKA YaCThIX 3HAUEHMII OTIMYHO paboTaeT, KOTAa KOJIMYECTBO pasjind-
HbIX 3HAUEHMIT He OUeHb BEJIMKO. MaKCMMaIbHbBI pa3sMep MacCUBOB OIpeesi-
eTcsl TeM JKe IapameTpoM default_statistics_target, KOTOpbIii OrpaHUYMBAET pas3-
Mep CIyJaitHol BbIGOPKM CTPOK JJ/IsT aHAIM3a.

B HEKOTOPLIX CIydasaX MOXKET MMEeTb CMBIC/I YBEJIMUNUTDL 3HAaUYEHME ITapaMeTpa I10
YMOJ/TYaHUIO, YTOOBI pPacCIIMpPUTD CIIMCOK YaCThIX 3HA4YE€HMI ¥ IOBBICUTH TOUHOCTD
OLIEHOK. DTO MOKHO CAeiaTh Ha YPOBHE OTAEJIbHOIO CTOJ'[6LIaI

ALTER TABLE ... ALTER COLUMN ... SET STATISTICS ...;

[Tpu 3TOM yBETUUYUTCS U pa3Mep BBIOOPKM, HO TOJIBKO JJ1S YKa3aHHOM TabaUIbL.

HOCKOJ'Ibe B MacCHBe YaCThIX 3HAUEHUM COXpPaHAKTCSI CaMI 3HaYeHMd, MaCCB
MOJKeT 3aHMMaTb OOBOJbHO MHOI'O MecCTa. YTo6bI Ype3MEepHO He yBe/IM4YMBaTb

1 backend/utils/adt/selfuncs.c, byuxims scalarinegsel.
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17.5. T'ucmozpamma

pg_statistic u He HarpyskaTh INIAHUPOBIIUK OECIIONE3HOM PaboTOI, U3 aHAJIM-
3a ¥ CTATUCTUKM MUCKITIOUAIOTCS 3HAUEHMSI, pa3Mep KOTOPBIX IpeBbImraeT 1 K6aiiT.
K Tomy ke Takue 60bIIMe 3HAUEHNSI, CKOPEe BCETr0, YHUKAIbHBI ¥ TI03TOMY BCe
PaBHO He TO/DKHBI IOMACTh B most_common_vals.

17.5. Tucrorpamma

Korga umcio pasjnyHbIX 3HAaUEHUIT CAAUIIKOM BEJIMKO, YTOOBI 3aMycaTh UX B Mac-
C}B, Ha MIOMOIIb IIPUXOAUT TMCTOrpaMma. ['McTorpaMma COCTOUT U3 HECKOIbKUX
KOpP3UH, B KOTOPbIE TTOMEIAI0TCst 3HaueHs1. KomuecTBO KOP3MH OrpaHNYEHO BCe
TeM Xe IapamMmeTpoM default_statistics_target.

[[IpyHa KOP3UH BBIGMPAETCS TaK, YTOOBI B KSKIAYIO ITOIAI0 IIPUMEPHO OJMHAKO-
BO€ KOJIMYECTBO 3HAUeHU (Ha PUCYHKe 3TOMY CBOMCTBY COOTBETCTBYET OAMHA-
KOBas IUIOIIA b OOMBUINX 3AIITPUXOBAHHBIX MIPSIMOYTOILHUKOB). [Ipy 3TOM yum-
THIBAIOTCS TOJIBKO Te 3HAUeHMsI, KOTOpbIe He MTOTaIN B CIIMCOK Haubosee YacThIX.

Ipu TaKOM OCTPOEHUM CYMMapHast 4aCTOTa 3HaYeHUIT OTHO (T106071) KOP3UHbI
1

paBHa ————.
Uucjio KOp3uH

4acrora

[mev]

[ mcf]
—
|

|

null frac 5555555555555 5555 % N A A A A

- 3HaveHus
[ histogram_bounds |
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I'vcrorpamma xpanuTcs B 1ojsie histogram_bounds npeacrasienus pg_stats
KaK MaCCHuB 3Ha‘{eHI/[I7[, OTrpaHMYMBAIOIINX KOP3MHBI:

=> SELECT left(histogram_bounds::text,60) || '...' AS hist_bounds
FROM pg_stats s
WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no';

hist_bounds

{10A,10A,10D, 10D, 10E,10F,11B,11H,12E,12E,12H,13G, 14B,15B,15G. ..
(1 row)

FI/ICTOI‘paMMa UCITO/NIb3YeTCH, B YaCTHOCTMH, AJIsI OUEHKN CeJIEKTUBHOCTHU OIlepaTo-
poB «0BOJIbIIIEe» VJIY «MEHbIIIe» BMECTE CO CIIMCKOM HayuboJiee 4acThIX SHAaUeHM 1.
PaCCMOTp]/IM npmumep — KOJIMYECTBO MOCaaJOYHbIX Ta/JIOHOB, BbIJaHHbIX Ha OaJIb-

HIe pSaabI:

=> EXPLAIN SELECT * FROM boarding_passes WHERE seat no > '30B';
QUERY PLAN

Seq Scan on boarding_passes (cost=0.00..157374.55 rows=3052821
Filter: ((seat_no)::text > '30B'::text)
(2 rows)

HOMep MecTa CIieomaJibHO BbI6paH TaK, YTO OH JIEXKUT TOYHO Ha I'paHMIle KOP3MH
I'MCTOTPpaMMBI.

OLieHKa CeTIeKTUBHOCTU TaKOTO YCIIOBUA 6y,ELET paBHa L, roe N — Konu-
UUC0 KOp3UuH

4eCTBO KOP3MH, 3HaY€HMS B KOTOPBIX YOIOBJIETBOPAIOT YCJIOBUIO (TO €CTb HaXoOsT-
Cs CIipaBa OT 3HaquI/I${). HpI/I 3TOM HeO6XO,EU/IMO y4ecCTb, 4TO Haubojiee yacThie
3Ha4YeHMs He BXOOAT B TMCTOTpaMMYy.

Boo0i1ie roBopst, HeompeeIeHHble 3HAUEHUSI TOXKE He BXOMST B TUCTOIPAMMY, HO
B CTOJIOIE Seat_No MX He MOXKET ObITh:

=> SELECT s.null_frac FROM pg_stats s
WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no';

null_frac

! backend/utils/adt/selfuncs.c, dyuxiuus ineq_histogram _selectivity.
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X 3HaYeHus

CHavasia Haiffiem T0O/i0 Haubosiee YacThIX 3HAYEHWIT, KOTOPbIE YIOBIETBOPSIOT
YCIIOBUIO:

=> SELECT sum(s.most_common_freqgs[
array_position((s.most_common_vals::text::text[]),v)

D

FROM pg_stats s, unnest(s.most_common_vals::text::text[]) v
WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no'
AND v > '30B';

0.23586667
(1 row)

O611as mons Haubojee YacThIX 3HAUEHMIT (He YUMThIBaeMasl 'MCTOrpaMMOii) co-

CTaBJISIeT:

=> SELECT sum(s.most_common_freqs[
array_position((s.most_common_vals::text::text[]),Vv)

D

FROM pg_stats s, unnest(s.most_common_vals::text::text[]) v
WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no';
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0.67539984
(1 row)

[TockonbKy MHTEpBal 3aHMMAeT POBHOE KOMMYECTBO KOP3UH IMCTOTPaMMBbl (43
100 BO3MOXXHBIX), IOTy4aeM CIeAYIOUIYIO OLI€HKY:

=> SELECT round( reltuples * (
0.23586667 -- BKAa[ 4acTbiX 3HaAYEHMU
+ (1 - 0.67539984 - @) * (46 / 100.0) -- Bksiag rucTorpammbl

))
FROM pg_class WHERE relname = 'boarding_passes';

round

3052821
(1 row)

B ob1iem ciryuae, Korfa 3HaueHue JIEKUT He Ha TPaHMIIe, C TOMOIIbIO JIMHETHO]
MHTePIOJISALMMA YUUTHIBAETCS SO KOP3MHBI, B KOTOPOi HaXOMMUTCS 3HAUEHe.

TouyHOe 3HaueHNe COCTABJISIET:

=> SELECT count(*) FROM boarding_passes WHERE seat_no > '30B';
count

2993735
(1 row)

VBenuueHue napamerpa default_statistics_target MOXeT YIYUIIUTh OL[EHKY, OfHA-
KO, KaK ITOKa3bIBaeT IpyMep, B COUETAHUM CO CIIMCKOM Hamubojiee yacThIX 3Have-
HMIA TYUCTOrpaMMa O6BIUHO JAeT XOPOIINi Pe3y/IbTaT Jaxke Py GOJIbIIOM KOJIM-
YecTBe YHMKAIbHBIX 3HAUEHNI B CTOJOLIE:

=> SELECT n_distinct FROM pg_stats
WHERE tablename = 'boarding_passes' AND attname = 'seat_no';

n_distinct

(1 row)

VBennueHye TOUHOCTU OLIEHKM MMeeT CMBICI TOJbKO B TOM C/Ty4yae, KOrga OHO
MIPMBOAUT K IIOCTPOEHMIO 6ojiee KaueCTBEHHOTrO IiaHa. be3gyMHoe yBenuueHue
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rmapaMeTpa MOXeT 3aMe[JIUTh BBIMIOTHEHME aHaIM3a M paboTy TUIAaHMPOBIINKA,
HMuero He yay4inus. C Ipyroi CTOPOHBI, yMeHbIIeHMe apamMeTpa (BIUIOTb 10 HY-
JIST) MOKET YCKOPUTD aHAIM3 U INTAaHMPOBaHME, HO MOXKET U IMTOCTYKUTh ITPUUMHOI
IJIOXVX TUIAHOB. Takast «<9KOHOMMSI» O6bIYHO HeoIIpaBIaHHa.

17.6. CratucTrKa ANS HECKaNSAPHbIX TUMOB AAHHbIX

1 HeCKaISIPHBIX TUIIOB JAHHBIX MOXKET COOMPAThCS CTATUCTUKA TI0 pacIipeme-
JIEHUIO He TOJIbKO CAaMMX 3HauUeHMUIt, HO U 37IeMeHTOB, 13 KOTOPbIX 3TU 3HAUEHUS
COCTOSIT. DTO MO3BOJISIET 6OJIee TOYHO IJIAHMPOBATD 3aITPOCHI C YUYACTUEM CTOJO-
1IOB He B IIEPBOI1 HOPMaJIbHOI (hopMe.

e MaccuBbl most_common_elems umost_common_elem_freqs mokasslBaOT
CITMCOK Haubosee UacmolX 3/1eMeHMO08 U UX YaCTOTBI.

CraTuctuka CO6I/IpaeTCH " UCITIOJIb3YETCA IIPU OLI€HKE CEJIEKTUMBHOCTU IJISA

MaccuBoB i Tima maHHbIX tsvector?

e MaccuB elem_count_histogram mokasbiBaeT TMCTOTPAMMY KOJUUECMEA
YHUKAJIbHBLX 371eMeHM06 B 3SHAUeHUM.

CraTucTuka co6MpaeTcs U UCIIONb3YeTCs TP OI[eHKe CeIeKTUBHOCTU TOJb-
KO JIJIST MACCUBOB.

N ,HJIH ANAIla30HHBbIX TUIIOB CO6I/IpaIOTCH TUCTOTpaMMBbI pacCIipenejieHns HMXK-
HUX U BePXHUX I'PaHNULL AMaIlla30HOB 1 JJIMHBI AMalla30Ha. 2T TMCTOIrPpaMMbI

VICITONTb3YIOTCS JIJIST OLIEHKM CEJIEKTYMBHOCTY Pa3IMUHbBIX OTIepalinii C JaHHbI-
MM TUIIAMM S HO B TIpeJICTaBIeHNM pg_stats OHM He OTOGPasKaloTCs.

Taxkas >ke CTaTUCTUKA MCITIOJIb3YeTCA U OJisI MHOTOAMaIlla30HHbBIX TI/IHOB4.

postgrespro.ru/docs/postgresql/16/arrays;
backend/utils/adt/array_typanalyze.c;
backend/utils/adt/array_selfuncs.c.
postgrespro.ru/docs/postgresql/16/datatype-textsearch;
backend/tsearch/ts_typanalyze.c;
backend/tsearch/ts_selfuncs.c.
postgrespro.ru/docs/postgresql/16/rangetypes;
backend/utils/adt/rangetypes_typanalyze.c;
backend/utils/adt/rangetypes_selfuncs.c.
backend/utils/adt/multirangetypes_selfuncs.c.
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I'masa 17. Cmamucmuka
17.7. CpepHuii pasmep nons

ITone avg_width npexncrasienus pg_stats mokasbpiBaeT CpeJHUI pa3mep 3Ha-
yeHuit B cTonb1e. KoHeUHO, 1S TAKMX TUIIOB, Kak integer mau char(3), aToT
ToKa3aTesb BCeraa OAMHAKOB, HO IJISI TUTIOB IAHHBIX C [IepeMeHHO JIMHOM’, Ta-
KMX KakK text, OH MOXeT CMJIbHO OTIIMYAThCS OT CTOIOIA K CTONOITY:

=> SELECT attname, avg_width FROM pg_stats
WHERE (tablename, attname) IN ( VALUES
('tickets', 'passenger_name'), ('ticket_flights','fare_conditions')

)

attname

fare_conditions
passenger_name
(2 rows)

DTa cTaTUCTMKA MUCITOMb3YeTCs IS OIIeHKY 06beMa aMsI T, He06X0IMMOii HeKO-
TOPBIM OIEepaIMSIM, HAIIPYMep COPTUPOBKE WU XeIIMPOBAHMIO.

17.8. Koppensuusa

ITone correlation mpencraBieHus: pg_stats MOKasblBaeT KOPPEISILUI0 MeX-
oy GusuUecKuM pacrojIokKeHMeM JAaHHbBIX U JIOTUUYECKUM ITOPSIAKOM B CMBICTIE
omepaiuii cpaBHeHMs1. EC/iu 3HaueHUs XpaHSTCS CTPOTO IO BO3pacTaHUIo, KOp-
pensius 6ymeT 6113Ka K eJUHUIIE ; eCIU TT0 YOBIBAHUIO — K MUHYC equHuiie. Yem
6oJiee XaOTUYHO PACIIONIOKEHBI JTAHHBIE HA JUCKE, TEM OJIMKe 3HAUEHME K HYITIO.

=> SELECT attname, correlation
FROM pg_stats WHERE tablename = 'airports_data'
ORDER BY abs(correlation) DESC;

attname | correlation

+
coordinates
airport_code | -0.21120238
city | -0.1970127
airport_name | -0.18223621
timezone | 0.17961165
(5 rows)
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O6partuTe BHMMaHMe, 4TO [J1s1 CTONOIA coordinates 3Ta cTaTUCTMKA He coOupa-
eTCsl, IOCKOJIBKY [JIsI TUIIA JaHHBIX point He oIpezeeHbl OIepaTopbl «60bIie»
M «MEHbIIIe».

Koppenﬂum{ VCITIO/Ib3YeTCA OJISI OLE€HKM CTOMMOCTU MHOEKCHOTO CKAaHMPOBAHMS.

17.9. CraTMCTUKA NO BbIpaXKEHUIO

OG6BIYHO CTATUCTMKA IO CTOJIOIY MOYKET MCIIOIb30BAThCSI, TOILKO €C/IU B Orepa-
MM CPaBHEHMS CJIEBA WJIM CIIPaBa OT orepaTopa GUrypupyer cam CTosOer, a He
BbIpakeHue. Harpumep, MJIaHMPOBUIMK He 3HAET, KAK M3MEHUTCS CTaTUCTMKA
ToCJIe BhIUMUCAEeHNUST QYHKIMM OT CTONOLIA, M TIOSTOMY JJISI YCIIOBUST «8b1308-(yHK-
Yuu = KOHCMaHmMa» BCera VICIIONb3yeT GMKCUPOBAHHYIO OLIEHKY B 0,5 %!

=> EXPLAIN SELECT * FROM flights
WHERE extract(
month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow'
) =1
QUERY PLAN

Seq Scan on flights (cost=0.00..6384.17 rows=1074 width=63)
Filter: (EXTRACT(month FROM (scheduled_departure AT TIME ZONE ...
(2 rows)

=> SELECT round(reltuples * 0.005)
FROM pg_class WHERE relname = 'flights';

round

I1aHMPOBLIMKY HEM3BECTHA CEMAaHTHMKa Jake CTaHIaPTHBIX QYHKIMIA. XOTS HaM
13 06IIMX COOOpasKeHMIi TTOHSITHO, YTO PEiiCcOB, COBEPIIEHHBIX B SIHBape, 6ymeT
MIPUMEPHO % OT 00IIIero KOIMYECTBA, TO €CTh Ha MOPSIIOK GOJIbIle CITPOTHO3U-
POBAHHOI'O 3HAYEHMSI.

YT06BI MCIPABUTD CUTYALINIO, HAZTO COOPATH CTATUCTUKY HE 110 CTOJIOITY TaGIMIIbI,
a 0 BBIPAKEHMIO. ITO MOXKHO CHEIATh ABYMSI CITOCOOAMIA.

! backend/utils/adt/selfuncs.c, dyrkiuus eqsel.
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PacwumpeHHas cTaTUCTUKA MO BbIPaXKEHUIO

IlepBblit BAPUAHT — MCIIONb30BATh PACUUPEHHYI0 CMAMUCMUKY | T0 BRIpaskeHMIO.
Takast CTaTUCTMKA He COOMpAeTCs aBTOMAaTUUeCKM; HeO6XOAMMO BPYYHYIO CO-
31aTh 00beKT 6a3bl JaHHbIX KoMaHAoii CREATE STATISTICS:

=> CREATE STATISTICS flights_expr_stat ON (extract(
month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow'’

J)
FROM flights;

TMocse c6opa CTaTUCTUKM OLIEHKA UCIIPABIISIETCS :

=> ANALYZE flights;
=> EXPLAIN SELECT * FROM flights
WHERE extract(
month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow'’
) =1
QUERY PLAN

Seq Scan on flights (cost=0.00..6384.17 rows=16659 width=63)
Filter: (EXTRACT(month FROM (scheduled_departure AT TIME ZONE ...
(2 rows)

YT0o6bI COOpaHHAS CTATUCTYKA MUCITOb30BaIach, BRIpaskeHe B YCIIOBUM 3amIpoca
JO/KHO OBITH 3amMCaHo B TOM 3Ke Biue, uTo ¥ B KomaHge CREATE STATISTICS.

Pasmep cobupaeMoii pacIiMpPeHHO CTaTUCTUKMA MOKHO M3MEHUTb OTOENbHO
koMmaHAovi ALTER STATISTICS, Hanipumep:

=> ALTER STATISTICS flights_expr_stat SET STATISTICS 42;

O6mas uHGopMaLys 0 PacIiMPEHHO CTATUCTUKE XPAHUTCS B TAGINIE CUCTEM-
HOTO Katayjora pg_statistic_ext, a cobcTBeHHO coGpaHHAasl CTaTUCTUKA —
B OTHENbHOM Tabmuile pg_statistic_ext data.CMbICa TAaKOTO pasiesieHus Co-
CTOUT B BO3MOKHOCTY OTPaHNYeHMs AOCTYTa M0Jb30BaTeiell K UyBCTBUTEIbHOMN
uHOpMAaIINN.

1 postgrespro.ru/docs/postgresql/16/planner-stats#PLANNER-STATS-EXTENDED;
backend/statistics/README.
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IOCTYIIHYIO TTOJIb30BATENI0 PACIIMPEHHYIO0 CTATUCTUKY 10 BbIPASKEHUIO MOKHO
ITIOCMOTpETh B 60Jiee yI0GHOM BHUIE C IOMOIIbIO CIEeI[MaTbHOIO IIPeICTaBIeHMS:

=> SELECT left(expr,50) || '...' AS expr,
null_frac, avg_width, n_distinct,
most_common_vals AS mcv,

left(most_common_freqs::text,50) || '...' AS mcf,

correlation
FROM pg_stats_ext_exprs WHERE statistics_name = 'flights_expr_stat' \gx
=[ RECORD 1 J——=————=————— ==
expr | EXTRACT(month FROM (scheduled_departure AT TIME ZO...
null_frac | @
avg_width | 8
n_distinct | 12
mcv | {8,9,5,7,3,10,1,12,6,11,4,2}
mcf | {0.12256667,0.1075,0.08036666,0.0791,0.07876667,0. ...
correlation | 0.09259062

CraTucTuka pnsa MHAEeKca no BbIpaXXeHUKo

BTopoii crmocob MCIpaBUTh OLIEHKM KapAMHAIbHOCTM — BOCIIOIb30BaThCSI TEM,
YTO IIPU CO3TAHNUM MHIEKCA I10 BhIPAsKEHMIO [JIS1 HETO COOMpaeTcs oTaebHas cTa- ¢. 386
TUCTYKA, KaK IJIsI TAGIUIIbI. DTO YIOOHO, €C/IM MHIEKC AeICTBUTEIbHO HYKEH.

=> DROP STATISTICS flights_expr;
=> CREATE INDEX ON flights(extract(
month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow'’
))s
=> ANALYZE flights;
=> EXPLAIN SELECT * FROM flights
WHERE extract(
month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow'’
) =1
QUERY PLAN
Bitmap Heap Scan on flights (cost=318.86..3237.40 rows=16831 wi...
Recheck Cond: (EXTRACT(month FROM (scheduled_departure AT TIME...
-> Bitmap Index Scan on flights_extract_idx (cost=0.00..314.6...
Index Cond: (EXTRACT(month FROM (scheduled_departure AT TI...
(4 rows)
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CraTucTuKa 151 UHAEKCOB I10 BhIpaKeHMI0 XPaHUTCS Tak ke, KaK CTaTUCTUKA T10
Tabnuie. Hampumep, 3 pg_stats MOXHO MOMYYUTh KOTMUECTBO YHUKATbHBIX
3HAUYeHUI, yKa3as B KauecTse tablename umsa nHpekca:

=> SELECT n_distinct FROM pg_stats
WHERE tablename = 'flights_extract_idx';

n_distinct

V3MeHUTh TOYHOCTb CTaTUCTMKU B CJIyyae MHAEKCca MOXHO koMmaHAoi ALTER
INDEX. ;i aTOrO CHayajaa MOXET ITOTPeOOBAThCS Y3HATD, KAK HA3bIBAETCS CTOJ-
6ell, COOTBETCTBYIONINIT BbIpaskeHMto. Hampumep:

=> SELECT attname FROM pg_attribute
WHERE attrelid = 'flights_extract_idx'::regclass;

attname

extract
(1 row)

=> ALTER INDEX flights_extract_idx
ALTER COLUMN extract SET STATISTICS 42;

17.10. MHoroBapuaHTHas CTaTUCTUKA

PostgreSQL maeT BO3SMOKHOCTb COOMPATb MHO208APUAHMHYI0 CMAMUCMUKY, OXBa-
THIBAIOILIYIO HEe OJIMH, & HECKOJIBKO CTOJMOIOB Tabmuiibl. [Ijis1 3TOr0 Heo6XoAuMOo
BPYYHYIO CO37IaTh COOTBETCTBYIOIIYIO PACIIUPEHHYIO CTATUCTUKY.

PeanusoBaHo TpU Baa MHOI‘OBapI/IaHTHOﬁ CTAaTUCTUKN.

CDyHKUMOHaﬂbeIe 3aBUCUMOCTU MeXAay cron6buamm

Ecnu 3HaYeHUST B OJHOM CTOJIOIE OTMpenensioTcsl (TIOTHOCTbIO VI YaCTUYHO)
3HAYEHMUSIMU JPYTOTO CTOJIOIA U B 3aMIpOCe YKa3aHbl YCIOBUS Ha 062 TaKUX CTONO-
113, OLIeHKa KapIMHAIbHOCTY Oy/IeT 3aHMKEHA.
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PaccMoTpuM 3amIpoc ¢ ABYMS YC/TOBUSIMMA:

=> SELECT count(*) FROM flights
WHERE flight_no = 'PGO0O7' AND departure_airport = 'VKO';

count

OlLieHKa OKa3bIBAeTCS CMIbHO 3aHM>KEHHOI

=> EXPLAIN SELECT * FROM flights
WHERE flight_no = 'PGO0A7' AND departure_airport = 'VKO';

QUERY PLAN

Bitmap Heap Scan on flights (cost=10.49..816.84 rows=15 width=63)
Recheck Cond: (flight_no = 'PGO0O7': :bpchar)
Filter: (departure_airport = 'VKO'::bpchar)
-> Bitmap Index Scan on flights_flight_no_scheduled_departure_key
(cost=0.00..10.49 rows=276 width=0)
Index Cond: (flight_no = 'PGOQA7'::bpchar)
(6 rows)

JT0 M3BecTHas! npobrema KopperuposaHHslx npedukamos. [IMaHMPOBIIVIK T10JIA-
raeTcsl Ha TO, YTO MPeAVKATHI HE3aBUCYMbI, M BBIYNC/ISIET OOIIYIO CETIEKTUBHOCTD
Kak ITpou3BefeHNe CeJIeKTUBHOCTel YCIOBUIA, 00beVTHEHHBIX JIOTUYECKUM «M».
JTO XOPOIIO BUAHO B IIPMBEIEHHOM ILJIaHe: OLleHKa B y3ie Bitmap Index Scan,
MosTyyeHHas 1o ycIoBuio Ha cronbert £light_no, cylnecTBeHHO YMeHbIIAeTCs
rocie GuIbTpaIy Mo YCIOBMIO HA cTonber departure_airport B ysie Bitmap
Heap Scan.

OmHaKko MbI ITOHMMAeEM, UTO HOMEp pejica OMHO3HAYHO OIpeIesieT a3poIopPThl:
(hakTMYeCcKM BTOpPOe YCIOBME U3OBITOYHO (KOHEUHO, eC/IM a9pOIOpT YKasaH Ipa-
BWIbHO). B TakMx ciayyasx pacummpeHHast CTaTUCTUKA M0 GYHKIMOHAIbHBIM 3a-
BUCHMOCTSIM MOXKET YIYUIIUTD OLIEHKY.

Co3maayM pacIIMPeHHYIO CTATUCTUKY 10 (PYHKIMOHAIBHOM 3aBUCUMOCTM MEK-
Iy IBYMS CTOJIOIIAMU:

=> CREATE STATISTICS flights_dep_stat(dependencies)
ON flight_no, departure_airport FROM flights;

351

¢ 322



v. 10

I'masa 17. Cmamucmuka

IMpu ouepemHOM aHajaM3e TaGIMIBI KejlaeMasl CTaTUCTMKA OymeT cobpaHa, U
OIleHKa YAYUIIUTCS :

=> ANALYZE flights;

=> EXPLAIN SELECT * FROM flights
WHERE flight_no = 'PGOOO7' AND departure_airport = 'VKO';

QUERY PLAN

Bitmap Heap Scan on flights (cost=10.56..816.91 rows=276 width=63)
Recheck Cond: (flight_no = 'PG@@@7': :bpchar)
Filter: (departure_airport = 'VKO': :bpchar)
-> Bitmap Index Scan on flights_flight_no_scheduled_departure_key
(cost=0.00..10.49 rows=276 width=0)
Index Cond: (flight_no = 'PGO0O7'::bpchar)
(6 rows)

B cucTeMHOM KaTajiore COGpaHHYIO CTATUCTUKY MOKHO ITOCMOTPETH CAeAYIOIINM
obpasom:

=> SELECT dependencies
FROM pg_stats_ext WHERE statistics_name = 'flights_dep_stat';

dependencies

{"2 =>5": 1.000000, "5 => 2": 0.0106673}
(1 row)

Uncna 2 1 5 — HoMepa cTos61I0B Tabmuiiel U3 pg_attribute. 3HaueHus ompe-
IIeNSIIOT cTerneHb (PyHKIMOHANIBHOM 3aBUCUMOCTH: OT O (3aBUCUMMOCTHU HET) 1o 1
(3HAYEHMS B TIEPBOM CTOJIOIIE ITOTHOCTHIO OIIPEAEISIOT 3HAUeHUST BO BTOPOM).

MHOFOBapMaHTHoe YUCNO pa3/IUYHbIX 3HaYeHUH

Nudbopmanust o KonuuecTBe YHUKATbHBIX KOMOWHAIIMI 3HAUEHUI U3 HECKOb-
KMX CTOJIOIIOB TIO3BOJISIET TOYHEE OLIEHUTH KapAWHAIBHOCTb I'PYIIUPOBKU IO
HECKOJBKUM CTOJIOIIAM.

Hampumep, KOmMuecTBO BO3SMOKHBIX AP a9POIIOPTOB OTIIPABIEHMS U TPUOBITHS
OIIeHMBAETCS TUIAHMPOBIIMKOM KaK KBaApaT KOJMMUYECTBA a9POITOPTOB, HO Peaslb-
HOe 3HaueHye CUJIbHO MeHbllle, TOCKOIbKY JaleKo He KaskAas rmapa asporopToB
coeHeHa MPSIMbIM peiicom:
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=> SELECT count(*)
FROM (

SELECT DISTINCT departure_airport, arrival_airport FROM flights
)t

count

(1 row)
=> EXPLAIN SELECT DISTINCT departure_airport, arrival_airport
FROM flights;

QUERY PLAN

HashAggregate (cost=5847.01..5955.16 rows=10816 width=8)

Group Key: departure_airport, arrival_airport

-> Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=8)
(3 rows)

Co3mamuM 1 cobepeM pacIIMPEeHHYIO CTATUCTUKY 10 UMCITY PA3HbIX 3HAUEHMIL:

=> CREATE STATISTICS flights_nd_stat(ndistinct)
ON departure_airport, arrival_airport FROM flights;

=> ANALYZE flights;
Tenepb OIl€HKa KapAMHaJIbHOCTU UCIIPAaBNUJIACh:

=> EXPLAIN SELECT DISTINCT departure_airport, arrival_airport
FROM flights;

QUERY PLAN

HashAggregate (cost=5847.01..5853.19 rows=618 width=8)

Group Key: departure_airport, arrival_airport

-> Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=8)
(3 rows)

CobOpaHHYIO CTAaTUCTUKY MOKHO YBUIETh B CMCTEMHOM KaTajiore:

=> SELECT n_distinct
FROM pg_stats_ext WHERE statistics_name = 'flights_nd_stat';

n_distinct

{"5, 6": 618}
(1 row)
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MHoroBapuaHTHble CMUCKKU YaCTbIX 3HAYEHUMH

ITpu HepaBHOMEpPHOM paclipefieJieHU 3HaueHUi OTHOTO TOJIbKO 3HaHUS QyHK-
IIMOHAJbHOM 3aBUCUMOCTM MOYKET ObITb HEJOCTATOUYHO, ITOCKOIBbKY OIleHKa Cy-
IIeCTBEHHO 3aBMCUT OT KOHKPETHOI mapsl 3HaUueHni. Hanpumep, IIaHUPOBIIMK
ommbaeTcs1, OLieHMBAsI KOJIMUYECTBO peiicoB u3 IllepemMeTnheBa, BBITIOMHSIEMbIX BO-
MHIOM 737:

=> SELECT count(*) FROM flights
WHERE departure_airport = 'SVO' AND aircraft _code = '733';

count

=> EXPLAIN SELECT * FROM flights
WHERE departure_airport = 'SVO' AND aircraft_code =

QUERY PLAN
Seq Scan on flights (cost=0.00..5847.00 rows=743 width=63)
Filter: ((departure_airport = 'SVO'::bpchar) AND (aircraft_cod...
(2 rows)

|
~
W
W

B TakoMm ciydyae OIeHKY MOKHO YTOUHUTH, COOMpast CTaTUCTUKY 110 MHOTOBapu-

QHTHBIM CIIMCKaM 4YacCTbIX 3HaUeHUM 12

=> CREATE STATISTICS flights_mcv_stat(mcv)
ON departure_airport, aircraft_code FROM flights;

=> ANALYZE flights;
HoBag ouieHKa KapaMHaJIbHOCTY ropa3ao TOUYHee:

=> EXPLAIN SELECT * FROM flights
WHERE departure_airport = 'SVO' AND aircraft_code = '733';

QUERY PLAN

Seq Scan on flights (cost=0.00..5847.00 rows=2163 width=63)
Filter: ((departure_airport = 'SVO'::bpchar) AND (aircraft_cod...
(2 rows)

! backend/statistics/README.mcv;
backend/statistics/mcv.c.
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17.10. MHoz208apuaHmHas cmamucmuxa

15 ee romydeHUS IVIAHMPOBIIMK BOCIIOIb30BAJICS YaCTOTOM, COXPAaHEHHOI B CH-
CTeMHOM KaTaJjore:

=> SELECT values, frequency

FROM pg_statistic_ext stx
JOIN pg_statistic_ext_data stxd ON stx.oid = stxd.stxoid,
pg_mcv_list_items(stxdmcv) m

WHERE stxname = 'flights_mcv_stat'

AND values = '{SV0,773}';

values | frequency
___________ +______________________
{SV0,773} | 0.005366666666666666
(1 row)

B MHOroBapuMaHTHOM CITMCKe, KaK 4 B OGBIYHOM CITMCKe YaCThIX 3HAUEHWUIA, CO-
xpaHsietcst default_statistics_target 3HaUYeHMIt (€C/IM [TapaMeTp 3aJaH Ha YPOBHE
CTOJIOIOB, TO UCIOIb3yeTCs Hauboblllee 3HaUeHNE).

Kak n gnst paCHJMDEHHOﬁ CTaTUCTUKU I10 BhIPpAXXEHUIO, ITPpU HeO6XO,£[I/IMOCTI/I MOX-
HO U3BMEHUTDb pa3mMep CIIMCKa:

ALTER STATISTICS ... SET STATISTICS ...;

Bo Bcex Impumepax g UCII0Jb30BaI TOJbKO OBa CTOJ'[6L[a, HO MHOTOBapMaHTHYIO
CTAaTUCTUKY MO>XHO CO30aBaThb U I10 60nbmemy KOJIMYEeCTBY.

B ogHOM 06beKTe MOSKHO KOMOMHMPOBATH CTATUCTUKY Pa3HBIX TUIIOB, YKa3bIBas
UX yepe3 3aILITYIO (2 ecu He yKa3aTh TUIL, )i 38JaHHBIX CTOIOIIOB OYIyT COOM-
paThCs Cpa3y Bce BO3MOKHbIE BAPUAHTHI CTATUCTUKM).

Bosee TOro, Kak 1 B CTATUCTHKE TI0 BHIPAKEHMIO, B MHOTOBAPMAHTHOI CTATUCTH-
Ke TO)Ke€ MOKHO MCIIOJIb30BaTh ITPOU3BO/IbHbIE BHIPAKEHMS, a He TOJbKO MMeHa
CTOJIOIIOB.
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Tabnn4Hble MeTOAbl A0CTYNa

18.1. MNoaknioyaemble ABUXKU XPaHEHUSA

Croco6 opraHM3aluy JaHHBIX HA AMCKe, TPUHATHIN B PostgreSQL, He sIBsieTCS
HU eIMHCTBEHHO BO3MOKHBIM, HY HAMTYUIITUM IS BCEX TUTIOB Harpy3ku. Cinenyst
upaee pacmupsieMoctu, PostgreSQL rosBossieT co3gaBaTh M MOAKIIOUATh Pasiny-
Hble mabauuHvie Memoodsl docmyna (IBVIKKU XpaHEHUS JaHHbBIX), XOTS B HACTOSI -
IIee BpeMsI «13 KOPOOKM» TOCTYIIEH TOTbKO OVH:

=> SELECT amname, amhandler FROM pg_am WHERE amtype = 't';

amname | amhandler
________ +______________________
heap | heap_tableam_handler
(1 row)

VMg nBuskka MOXKeT yKasbiBaThcsl pu co3panuy tabmuiubl (CREATE TABLE . ..
USING); o yMOI4aHMIO MCIIONb3YETCS IBUKOK, ONpenensseMblii 3HaueHyeM Ia-
pametpa default_table_access method. BriociencTBuu OBUKOK MOXKHO CMEHUTD
(ALTER TABLE ... SET ACCESS METHOD), HO, KOHEYHO, LI€HOI MepenyCbIBaHUS
BCeX IaHHBIX.

YT06BI IAPO MOIJIO OMHOTUITHO PAab0TaTh C pa3sHbIMU IBMUKKAMMU, TAOIMUHbIE Me-
TOZIBI JOCTYIIA JOJDKHBI PeaTM30BBIBATH CIEIMaIbHbI MHTepdeiic . OyHKms,
yKasaHHasi B cTo61e amhandler, BosBpalaeT MHTepdeiicHyI0 CTPYKTYpy>, CO-
JIepsKallyio BCI0 HeOOXOAVMYIO IS siapa MHGOpMAaLNIo.

1 postgrespro.ru/docs/postgresql/16/tableam.
2 include/access/tableam.h.
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18.1. ITodknwuaemslie 08UNCKU XPAHEHUS
Bénblias yacTh KOMIOHEHTOB SIAPa OCTAeTCs OOIeli IJis TI00bIX TaGIMUYHBIX Me-
TOMOB JOCTYIIA:

e MeHeJ>Kep TpaH3aKU M, BKiItouas noaaepxky ACID u usonsuum Ha OCHOBE
CHUMKOB;

* OydepHbIii MeHeIKep;

* SKypHaJI, BKJTIOUas OAEPKKY Crel[M(PUUHBIX orepalyii ¢ TOMOIIbI0 MeXa-

HM3Ma y'HI/Id)I/ILU/IpOBaHHbIX JKypHaJIbHBIX 3armce1711 MJIN T1I0JIb30BaTE/JIbCKUX

MeHeIKepoB peCprOB2 s

e IIoACHCTEeMa BBOOA-BbIBOAA,
» TOAST;
* ONTMMM3ATOP M UCIIOTHUTEJIb 3aIIPOCOB;

e MHAEKCHas IOoAdepsKKa.

He Bce 3T KOMIIOHEHTBI MOIyT OBITh HYJKHBI OBVMJKKY, HO BO3MOXHOCTb UX MC-
IMIOJIb30BaHMA COXPAHSIETCH.

B cBo1O ouepenb, IBVMIKOK OIlpenendaeT:

» (hopMaT BepcuM CTPOKU U CTPYKTYPY JaHHBIX;

e peanu3aluio CKAHMPOBAHMUS TAOIMUIIbI U OLIEHKY €TI0 CTOMMOCTH;
e peanu3alluio BCTABOK, yaaaeHMii, 0GHOBIEHMIT U GIOKMPOBOK;

* IpaBuia BUAVMMOCTY BEPCUIL CTPOK;

* MpoOLeAYypbl OYMCTKM U aHAIMU3A.

Ucropmuecku PostgreSQL 1cronb30Bal eIMHCTBEHHYIO CUCTEeMY XpaHeHUs JaH-
HBIX, BCTPOEHHYIO B SIIPO 6€3 KaKoro-Jmbo OmpefeIeHHOTO TPOrPaMMHOTO MH-
Tepdeiica. [ToaToMy ceifuac KpajiHe CJI0KHO CO3[IaTh YIAUYHbI MHTepdeiic, KOTO-
DBIit yUUTHIBAJI OBI BCE CTIOKMBILMECS] 0COO@HHOCTHM CTAaHAAPTHOTO JBUSKKA U ITPU
9TOM He Melllaj 6bl APYTUM METOAAM.

1 postgrespro.ru/docs/postgresql/16/generic-wal.
2 postgrespro.ru/docs/postgresql/16/custom-rmgr.
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IMosTomy U 51 He cTapaics IPUAEPKUBATHCS CTPOTOTO IeeHUS] MEXKIY SIAPOM U
TabIMYHBIMM MeTomaMyu. MHOToe M3 CKa3aHHOT'O B ITPEIbIAYIIMX YaCTSIX KHUTK
(bopmasbHO OTHOCUTCS He K (PYHKIMSIM SIIpa, a K 0COOEHHOCTIM MeToia heap.
Ckopee Bcero, TOT MeTof, HaBceraa ocTaHeTcs B PostgreSQL Kak yHMUBepCaslb-
HbIV CTAaHAAPTHBIN IBVSKOK, a IPYTHE METOIbI 6YAYT 3aHMMAaTh OTAETbHbIE HUIIIN,
TTO3BOJISISI ONITMMAJIbHEE CITPABJIATHCS C ONpPeAeIeHHbIMY TUIIAMM HArPy3Ku.

OcBoeHye MexaHu3Ma TabIMUHBIX METOIOB HAuaJoCh CO CAEAYIONIMX TBUKKOB:

Zheap 6bII IpU3BaH CIIPABUThHCS € IPOGIeMoit pasayBanys Tabmumi L. JIjist 3Toro
OH peaynm3yeT OGHOBJIEHME BepCUii CTPOK HA MeCTe U BBIHOCUT UCTOpUUE-
CKye JaHHble, He0OXOAVIMbIE IJISI [TOCTPOEHMST CHUMKA, B OTHeIbHOe undo-
xpaHuuiie. Takoi IBUKOK ITOJIe3eH Py Harpy3Ke, BKIOYAIoIeil aKTMBHOe
O06GHOBJIEHME TAaHHBIX.

VeTpoiicTBO ABMKKA IOKAKETCS 3HAKOMBIM Iojib3oBaTensam Oracle, xoTa
eCThb U HIOAHChI (Harpumep, uHTepdeiic MHIEeKCHBIX METOL0B He IT03BOJIs-
€T CO3/1aBaTh MHIEKCHI C COOGCTBEHHO BEPCHMOHHOCTHIO).

Zedstore peanu3yeT KOJIOHOUHOE XpaHeHMe? ¥ JOmKeH ObITh 3(DdeKTUBeH s
OLAP-3ampocos.

IaHHbIe OpraHM30BaHbl B OCHOBHOE B-IepeBo MIeHTU(HOUKATOPOB BEPCHit
CTPOK, a KaXkIObIil CTOMOeI] XpaHUTCS B COGCTBEHHOM B-IepeBe, CBSI3aHHOM
C OCHOBHBIM (C TIEPCIIEKTUBOI COXpPAHEHMSI B OTHOM JlepeBe Cpa3y HeCKOJIb-
KUX CTOJIOLIOB ISl TOTyYeHUSI TUOPUIHOTO XPaHU/IUIIIA).

K COJXaJIeH10, 3TU ABVJKKU He ObUIN JOBeOeHbI 00 HpOMbI]J.U'IGHHOf/I TOTOBHOCTMU;
pa60Ta Hag HUMMA d)aKTI/I‘-IECKI/I IIpexkpaTuaach. B HacTog1ee BpeMs aKTMBHO pa3-
BMBAKOTCA OPYyIrMe IMMPOEKThI, HAIIPUMED:

OrioleDB — 1BMSKOK, CIIPOEKTUPOBAHHBIN C yUE€TOM BO3MOXXHOCTE COBpeMeH-
HOTO 000pYIOBaHMs ¥ OCOOEHHOCTEl 06TaUHBIX CEPBUCOB 35 Merop, Jocryma
XPaHUT JaHHbIe B TabauMIlaX, OpraHM30BaHHbBIX KaK JEpPeBbsl, M YCTPaHSIEeT
pasgyBaHMe TabIuIl 3a CYET MCITOJIb30BaHMS SKypHaia OTKaTa.

1 github.com/EnterpriseDB/zheap.
2 github.com/greenplum-db/postgres/tree/zedstore.
3 github.com/orioledb/orioledb.
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18.2. ITocnedosamesnvHoe CKAHUPOBAHUE

V3-3a HEIOCTATOYHO IPOpaboTaHHOTO MHTepdeiica TabIMUHbIX METOIOB
moctyra ycraHoBka OrioleDB TpeGyeT ompefeeHHbIX M3MEHEeHUIT B spe
PostgreSQL.

Citus Columnar peann3yeT KIacCMUeCKoe KOJIOHOYHOE XpaHeHNe NaHHbIX CO CKa-
TeM . DTOT MeTox DOCTYIIA MpefHA3HAYEeH ISl AHATUTIYECKOI Harpy3Ku
¥ XpaHWIUII JaHHBIX, OH He TOAJepK1BaeT OOGHOBIEHME U UMEET ApyTue
OTpaHNYeHMsI.

18.2. NocnepoBatenbHoe cKaHUpOBaHUE

JBYDKOK XpaHeHMUs OTBevaeT 3a (pr3nuecKyo OpraHm3amiio TabIMIHbIX JAaHHBIX
Y NpefoCTaBisieT METOJ, AOCTYIIa K HUM — IIOC/Iel0BaTe/]bHOe CKaHMPOBaHue,
MIpM KOTOPOM ITOTHOCTBIO unTaeTcst aitn (uam ¢aitabl) OCHOBHOTO €105 Tabin-
Ubl. Ha Kakg071 MpOYMTaHHONM CTpaHulle IPOBepsIeTCsl BULMMOCTD KaKI 0l Bep-
CUY CTPOKU; BEPCUU, HE YIOBIETBOPSIIOIINE YCIOBUSIM 3aI1pOCa, OTOPACKIBAIOTCS.

A N A A A N A
|

TabnnyHas
CTpaHuLa

BEPCHSA CTPOKM,
He YOO0BNEeTBOpSIoLas
YCI0BUAM

YreHye IPOUCXOIUT yepe3 6ydepHbIii Kelll; YTO6bI 60/bIIMe TaGMUIIbI HE BHITEC-
HSLTY TI0JIe3HbIE TaHHbIE, IJIS1 TIOC/Ie0BATETbHOTO CKAHMPOBAHMS UCIIOIb3YETCST
6ydepHOe KoMbIIo HEGOMBIIOTO pasMepa. IIpu 3TOM ApyTHe MPOIeCChl, OMHOBpe-
MEHHO CKaHMPYIOIIeE Ty Ke TabInITy, IPUCOeIMHSIOTCS K KOJbILY ¥ TEM CaMbIM
SKOHOMSIT OIlepainii UCKOBbIX uTeHuit. [IoaTomy B 06IiieM cydyae CKaHMPOBa-
HIMe MOKET CTapTOBaTh He ¢ Havasia ¢a’iiia.

1 github.com/citusdata/citus/tree/main/src/backend/columnar.
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IMocnemoBaTeabHOE CKAaHMPOBaHME — CaMblii 3P (EeKTUBHBIN CIIOCOO ITPOUYUTATD
BCIO TAGMUILY WJIV 3HAUUTEIBHYIO €e YacThb. IHbIMM CJIOBaMM, ITOC/IeA0BATEIbHOE
CKaHMPOBaHMe XOPOoIo paboTaeT Ipu HU3KOI ceieKTUBHOCTU. (IIpu BBICOKOI] ce-
JIEKTUBHOCTM, KOTJA U3 BCeil TabIUIIbl HY)KHA TOJIBKO HEGOJbINAS YacTh CTPOK,
6osee IpeAIOYTUTENBHBIM Oy/IeT UCITOIb30BaHNe MHIEKCA.)

OueHKa CcTOMMOCTU

B maHe BhINOMHEHMS 3ampoca MocjiefoBaTelbHOe CKAHMPOBaHMe MpeCcTaBIs-
eTcs y3710M Seq Scan:

=> EXPLAIN SELECT * FROM flights;
QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(1 row)

O1eHKa KOJIMYECTBa CTPOK (rows) sIBJIsteTcsl 6a30BOI CTATUCTUKOI :

=> SELECT reltuples FROM pg_class WHERE relname = 'flights';
reltuples

214867
(1 row)

B olieHKe CTOMMOCTU OIITMUMM3ATOP YUUTBIBAET AB€ COCTABJIAIOMINE: IVICKOBBIN
BBO-BbIBOI 1 pPECYPChI npoueccopal.

CTrouMOCTb BBOAA-BbIBOAA PACCUMTBHIBAETCS KaK MPOM3BENEHMe UMC/IA CTPAHULL
B Tab/MIle Ha CTOMMOCTD YTeHMSI OMHOI CTPaHMIIbI, NPU YCI08UU YMO CMpa-
HUysl yumaromes nociedosamensto. Korma 6ydepHbIii MeHemKep 3arpanim-
BaeT y OMepaIMoOHHOM CUCTEMBI CTPAHUITY JaHHBIX, GU3MYECKM C AMCKa 3a
OIIMH pa3 YuTaeTcs G0l 00beM JaHHBIX, TAK YTO C BHICOKOI BEPOSITHO-
CTHIO HECKOJIBKO CJIEAYIOMIMX CTPaHUI] ke OKasKyTcs B Keltte OC. 3a cyeT 3T0-
r'O CTOMMOCTb ITOC/IeIOBATEIbHOTO YTEHUSI OHOV CTPaHUIILI (KOTOpAsT MIJIst

! backend/optimizer/path/costsize.c, hyHkims cost_segscan.
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18.2. ITocnedosamesnvHoe CKAHUPOBAHUE

IJIAaHMPOBIIVIKA OTpeeiseTcsl 3HaueHeM rapaMeTpa seq_page cost) momy- 1
YyaeTcs MeHbIle, UeM CTOMMOCTb MPYU CAYYaifHOM JOCTYyIIe (OIpemesisemMast
3HAUYeHMeM rnapamerpa random_page_cost). 4

CooTHoLeHKe o ymonmyaHuio noaxoaut nnsi HDD-nuckoB; Ajisi Hakomu-
Tenelt SSD MMeeT CMBIC/ CYIIeCTBEHHO YMEHbIIUTh 3HAUY€HMe MapaMeT-
pa random_page_cost (3HauUeHMe Seq_page_cost, Kak IPaBWJIO, He TPOTAIOT,
OCTaBJIsIs1 eIMHUITY B KauecTBe ONIOPHOTO 3HaYeHMs). [I0CKONIbKY COOTHOIIe-
HIe 3aBUCUT OT XapaKTePUCTUK 060PYIOBaHMSI, TapaMeTPbl 06bIYHO 3aJA0T
Ha ypoBHe TabmuHbIX mpocTpaHcTB (ALTER TABLESPACE . .. SET).

=> SELECT relpages,
current_setting('seq_page_cost') AS seq_page_cost,
relpages * current_setting('seq_page_cost')::real AS total
FROM pg _class WHERE relname = 'flights';

relpages | seq_page_cost | total
__________ +_______________+_______

2624 | 1 | 2624
(1 row)

IMpuBenenHas GopmMyna OTYETIMBO MTOKA3bIBAaeT MOCIAENCTBUS pa3ayBaHus c. 165
TabIUI] 13-32 HECBOEBPEMEHHO OYMCTKI: YeM GOobInii 06beM 3aHUMAaeT
OCHOBHO1 CJIOJ TaGIuUIBl, TeM OOJIbIIe CTPAaHUIL MIPUAETCS CKAaHMPOBATH,
HEe3aBMCMMO OT KOJIMYECTBA aKTyalIbHbIX BEPCUIL CTPOK B HUX.

OueHKa pecypcoB Npoueccopa YUMTHIBAET CTOMMOCTb 00pabOTKY KaXKI0it Bepcum
CTPOKM (KOTOpast OIpeaesieTcs 411 IVTaHUPOBIIMKA 3HaYeHeM IlapameTpa
cpu_tuple_cost): 0.01

=> SELECT reltuples,
current_setting('cpu_tuple_cost') AS cpu_tuple_cost,
reltuples * current_setting('cpu_tuple_cost')::real AS total
FROM pg_class WHERE relname = 'flights';

reltuples | cpu_tuple_cost | total
___________ +________________+_________

214867 | 0.01 | 2148.67
(1 row)

Cmea OBYX IIPUBEIEHHDbIX OLI€HOK M COCTaBJISET IOJTHYIO CTOMMOCTD ITJIaHa.
HavanbHasi cTOMMOCTD paBHa HYJIIO, ITOCKOJJIbKY I10C/IEJOBATE/JIbHOE CKaHU-
pOBaHME He Tp66y9T BBITIOJTHEHVSI TOATOTOBUTEIbHBIX AEeJCTBUIA.

361



c. 331

0.0025

I'nasa 18. TabnuuHsie memodst docmyna

Ecny Ha ckaHMpPYeMYIO TabIUITy HalOXKeHbI YCIOBUS, OHM OTOOPayKaloTCs B IVIaHe
3ampoca 1mop y3ioM Seq Scan B cekiuu Filter. OuieHKa ynciia CTpoK 6ymeT yum-
TBIBaTh CEJIEKTUBHOCTb 3TUX YCJIOBUIA, a OLleHKa CTOMMOCTM — 3aTpaThl Ha UX
BBIUMCIIEHUS.

Komanga EXPLAIN ANALYZE BeiBeeT M peayibHO IOJyYEHHOE KOJIMYECTBO CTPOK,
Y KOJIMYECTBO CTPOK, OT(PMIBTPOBAHHBIX YCIOBUSIMMU

=> EXPLAIN (analyze, timing off, summary off)
SELECT * FROM flights
WHERE status = 'Scheduled';

QUERY PLAN

Seq Scan on flights
(cost=0.00..5309.84 rows=15383 width=63)
(actual rows=15383 loops=1)
Filter: ((status)::text = 'Scheduled'::text)
Rows Removed by Filter: 199484

(5 rows)

PaCCMOTpI/IM 4yTh 6oJiee CJI0KHBIN IIpMMep IIaHa BbIIIOJTHEHWUS C arperauneﬁ:

=> EXPLAIN SELECT count(*) FROM seats;
QUERY PLAN

Aggregate (cost=24.74..24.75 rows=1 width=8)
-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=0)
(2 rows)

IInaH coCTOUT U3 IBYX y37I0B: BepxHUit y3en Aggregate, B KOTOPOM ITPOUCKXOAUT
BbIUMCIeHMe GYHKINMY Count, MoMyJyaeT TaHHbIe OT HUKHETO y371a Seq Scan, BbI-
TMIOJTHSIIOIIEr0 CKaHMPOBaHVe TabINLIbI.

HauanbHast CTOMMOCTD y371a Aggregate BKIIIOUAET CaMy arperaiiuio: HeBO3MOXHO
BbIIaTh [TEPBYIO (M €AMHCTBEHHYIO) CTPOKY pe3y/ibTaTa, He MTOJYUYMB BCE CTPOKMU
OT HMKeCTosIIIero y3iaa. OleHKa BbIUMCISIETCS MCXOIS U3 CTOMMOCTM BBITIO/THE-
HISI YCIOBHOJ OTIepalium Cpu_operator cost HaJi KaxkI0ii BXOLHO# CTPOKOii

1 backend/optimizer/path/costsize.c, hyHKkims cost_agg.
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=> SELECT reltuples,

current_setting('cpu_operator_cost') AS cpu_operator_cost,

round((

reltuples * current_setting('cpu_operator_cost')::real
)::numeric, 2) AS cpu_cost

FROM pg_class WHERE relname = 'seats';

reltuples | cpu_operator_cost | cpu_cost
___________ +___________________+__________

1339 | 0.0025 | 3.35
(1 row)

IMonyuyeHHas olleHKa A06aBIsIeTCs K MOIHOM CTOMMOCTH y31a Seq Scan.

ITosHas CTOMMOCTD y371a Aggregate TOTIOMHUTENBHO BKIIOUAET CTOMMOCTh 06pa-
GOTKM OTHOV CTPOKM pesynbraTa cpu_tuple_cost:

=> WITH t(cpu_cost) AS (
SELECT round((
reltuples * current_setting('cpu_operator_cost')::real
)::numeric, 2)
FROM pg_class WHERE relname = 'seats'

SELECT 21.39 + t.cpu_cost AS startup_cost,
round((
21.39 + t.cpu_cost +
1 * current_setting('cpu_tuple_cost')::real
)::numeric, 2) AS total_cost

FROM t;
startup_cost | total_cost
______________ +____________
24.74 | 24.75
(1 row)

Takum 06pa3soM, 3aBUCUMOCTY MEXKIY OlLIEHKaMy CTOMMOCTE MOXKHO ITpeCcTa-
BUTD cebe cieayoommum o6pa3om:

.24.75
f\
9.00..21.39)
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18.3. MapannenbHbie NNAHbI BbINOJHEHUS

PostgreSQL mopiepskuBaeT MapauielbHOe BBITOMHeHMe 3apocos L. Mes cocTo-
UT B TOM, YTO BeIyIIMii IpOLIeCC, BHIMOJHSIIONIMIA 3aMpoc, MOpoXaaeT (C mo-
MOIIBI0 postmaster) HECKOIBKO PabouMX MPOIECCOB, KOTOPbIE OJHOBPEMEHHO
BBITIOTHSIOT OFHY Y TY Ke Mapaljie/bHYI0 YacTh IjlaHa. Pe3ybTaThl 3TOT0O BBITON -
HeHMsI TIepeIaloTCsl BeaylleMy IIpoLeccy, KOTOPBIil cobupaeT ux B y3ie Gather?
B cBOGOIHOE OT MpMeMa TaHHBIX BpeMs BeAyIIMit MPoIecc Takske MOXKeT BbITION-
HSTb NMapasjiebHyI0 4YacTh IJIaHa.

v. 11 TIpu HeO6XOAMMOCTU MOKHO OTK/TIOUMTD BeIYILINI ITPOIIE€CC OT BhITTOJIHEHMSI T1a-
on  paJuTeJIbHOI YacTy IJIaHa C TIOMOIIbIO IapameTpa parallel leader participation.

nocnenoBatefibHad
YaCTb NNiaHa

N
napannenbHaa !
YaCTb NNiaHa i

napannenbHad
YaCTb NJidHa

napannenbHas
YaCTb NNiaHa

paboumii npouecc BeAyLUMIA npoLiecc paboumit npouecc

PasymeeTcs, 3aITycK MPOIECCOB U TIePeCchUIKa JaHHBIX TPEBYIOT OMpeIeeHHbIX
PecypcoB, TO3TOMY /IaieKo He Kakblii 3aITpOC MMEeeT CMbIC/T BBITIONHSATD Tapasi-
JIEJIBHO.

Kpome Toro, naske nmpu rapasielbHOM BbITIOTHEHUY He HaJl BCeMU 1aramu Iuia-
Ha 3aIpoca MOXXHO paboTaTh OJHOBpeMeHHO. YacTh orepaiiii MOXKEeT BBITION-
HSTBCS BEIYIIMM IIPOI[€CCOM B OIMHOUKY, TIOC/IeIOBATETbHO.

B PostgreSQL He peann3oBaH Apyrov TeoOpeTMYeCckr BO3MOXHbIV peXXnM pacnapansienunsa-
HWS, NPU KOTOPOM HECKO/IbKO MPOLECCOB COCTABNAIOT KOHBeWep Ans 06paboTku AaHHbIX
(rpy6o roBops, OTAENbHbIE Y3/bl NAaHA BbIMONHSATCSA OTAENbHBIMKU NpoLeccamu). Paspa-
60Tumkmn PostgreSQL counu Takoi pexxum HeshdEKTUBHBIM.

1 postgrespro.ru/docs/postgresql/16/parallel-query;
backend/access/transam/README.parallel.
2 backend/executor/nodeGather.c.
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18.4. IIapannensroe nociedosamesibHoe CKAHUPOBAHUE

18.4. MapannenbHoe nocnepoBaresbHOe CKAHUpPOBaHUE

[TpuMepom y3ia, peJHa3HauUeHHOTO [Jis [apajieIbHOTO BhITIOTHEH WS, SIBISIET-
cs Parallel Seq Scan — «napasienbHOe MOC/Ief0BaTEeIbHOE CKAHMPOBAHMEY.

Ha3BaHue 3BYUMUT HECKOJIBKO TPOTUBOPEUYMBO (BCe-TaKy MapasijieibHOe MU T0-
cllefoBaTebHOE?), HO TEM He MeHee OTpaskaeT CyThb omnepanyu. C TOUku 3peHust
obpatieHmnii K Gaitay CTpaHUIIbl TAOIUIIBI YUUTAIOTCS [IOC/IeOBATEIbHO, B TOM JKe
MOPSIAKE, B KOTOPOM OHM UMUTAIUCh ObI TIPU OOBIYHOM ITOC/IEIOBATEIBHOM CKa-
HupoBaHuY. OMHAKO YTEHME BBITTOTHSIETCS HeCKOMbKMMMY apaielbHO paboTa-
IOIIMMU TIpolieccaMu. [Tporecchl CMHXPOHU3UPYIOTCS MEXKITY cO00Ji ¢ TOMOIIIbIO
CrelyaJbHO OTBEIEHHOrO yJacTKa OOIIei MaMsiTi, UTOObI He MIPOYUTATh OOHY
M TY K€ CTPaHUIIY JBaKIbI.

TOHKMIT MOMEHT COCTOMUT B TOM, UTO BMECTO 0011eii KapTUHBI II0C/IeIOBATEIbHO-
ro CKaHMPOBAHMS OIlepalMOHHAs CMCTeMa BUAUT HeCKOIbKO IIPOIeCCOB, BBITION -
HSIOIIMX Cy4aitHoe uTeHue. V3-3a 3TOT0 MpeaBbhIOOpKa JaHHBIX, OOBIYHO YCKO-
psIoIas IMoC/IeoBaTeIbHOE YTEHME, paboTaeT II0X0. [109TOMy KaxkIoMy Ipo-
LIeCCy BbIAEesIeTcs AJ1s1 YTEHUS He O HA, 8 HECKOJIbKO CTPAHULL, UAYIIUX OO PSL, L

Cama 110 cebe omepaiusi MapajuieIbHOTO CKaHUPOBAHUSI HE MMeeT GOJIbIIOro
CMBICJIA, ITOCKOJIbKY K OOBIUHBIM 3aTpaTaM Ha UTeHMe CTPaHUI J06aBIISIIOTCS Ha-
KJIaIHbIe PacXodbl Ha MepechbUIKY JaHHBIX OT IIpoliecca K rpoiieccy. Ho ecin pa-
60ure MPOIIECCHI BBITTOTHSIIOT KaKyI0-TO 00paboTKY MPOYUTAHHBIX CTPOK (HATIPH-
Mep, arperaiiio), To CyMMapHOe BpeMsI BBIITOJTHEHNSI 3aIIpOCca MOKET OKa3aThCst
CYILIECTBEHHO MEHBIIVM.

OueHKa CcTOMMOCTHU

PaccMmoTpuM IpoCTO¥i 3aTIpocC ¢ arperaiyeit Haa 60/bInoi Tabauiieii. [naH BbI-
TTOJTHEeHMST 6YIEeT UCITOIb30BaTh MapajlIeu3M:

1 backend/access/heap/heapam.c, Gynkimu table block parallelscan_startblock init u table block -
parallelscan_nextpage.
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=> EXPLAIN SELECT count(*) FROM bookings;
QUERY PLAN

Finalize Aggregate (cost=25483.58..25483.59 rows=1 width=8)
-> Gather (cost=25483.36..25483.57 rows=2 width=8)
Workers Planned: 2

->{Partial Aggregate !
1 (cost=24483.36..24483.37 rows=1 width=8)
i —> Parallel Seq Scan on bookings
. (cost=0.00..22284.29 rows=879629 width=0) ,
(7 rows) T

V351b1 HMKe Gather cOCTaB/SIIOT MapasuIeNbHYIO YacTh iaHa. OHa BBITTOTHSIETCS
B K&XIOM M3 paboumx MPoIeccoB (KOTOPbIX B JAHHOM C/Iydae 3aryIaHMPOBAHO
IIBe IITYKM) ¥, BOSMOXKHO, B BeIyIIleM Ipollecce (eC/i 3TO He OTK/IIOUEHO mapa-
meTtpoM parallel leader participation). Cam y3en Gather u y3/bl BbIllle HETO CO-
CTaBJIAIOT TIOC/IEOBATEIbHYIO YaCTh TIaHA U BBIMOIHSIOTCS TOMTBKO B BEAYIIEM
mpotiecce.

V3en Parallel Seq Scan mpexacraBisieT CKaHMPOBaHME TAGIMIIBI B ITapa/lJIeIbHOM
pexxuMe. B 1mose rows mmokasaHa oOlieHKa 4McIa CTPOK, KOTOpbie 8 cpedHem obpa-
60TaeT 00uH mpotiecc. Bcero Haji BLITTOTHEHVEM IOIKHO TPYAUTHLCS TPU ITpoliecca
(Bemymmii 1 mBa paboumx), HO BeAYIIMII IpoIiecc 6yaeT 3a7eiiCTBOBaH He TOTHO-
CTBIO: €r0 BK/IAJ, YMEHbIIAeTCS C POCTOM 4McIa pabounx mpoueccosl. B maHHOM
cTy4yae MCHoab3yeTcs: KoagbuuyeHr 2,4.

=> SELECT reltuples::numeric, round(reltuples / 2.4) AS per_process
FROM pg_class WHERE relname = 'bookings';

reltuples | per_process
___________ +_____________

2111110 | 879629
(1 row)

CroumocTs y3i1a Parallel Seq Scan olieHMBaeTCsI [IOYTHM TaK Ke, KaK U CTOMMOCTb
[I0C/IeJ0BATEe/IbHOTO CKAHMPOBAHMS. BBIMIPBIII MOMYyYaeTCs 3a CYET TOTO, UTO
KasK[IbIi 13 Mpo1leccoB 06pabaThIiBae€T MEHbIIIEe KOJIMUYECTBO CTPOK; COCTABIISIO-
11asi BBOAA-BbIBOAA IIPYM 3TOM YUUTHIBAETCS IIOJHOCTBIO, IIOCKOJIBKY Tab/IMITy BCe
PaBHO IIPUAETCS IIPOUYNTATh LEIMKOM, CTPAHMIIA 32 CTPAaHMIIeH:

! backend/optimizer/path/costsize.c, byukiuus get_parallel divisor.
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=> SELECT round((
relpages * current_setting('seq_page_cost')::real +
reltuples / 2.4 * current_setting('cpu_tuple_cost')::real
)::numeric, 2)
FROM pg_class WHERE relname = 'bookings';

round

22284 .29
(1 row)

Cnepytounii y3en — Partial Aggregate — BbINIOTHSIET arperanyuio JaHHbIX, MOIY-
YeHHBIX paboYMM IIPOLIECCOM, TO €CTh B JaHHOM CJyyae IMOACYMUTHIBAET KOIU-
YeCTBO CTPOK.

O11eHKa CTOMMOCTM arperaiuu BhITIOMHSIETCS yKe M3BeCTHbIM 06pa3om U 1,06aB-
JISIETCSI K OI[€HKE CKaHMPOBAHMS TaOIMIIbI:

=> WITH t(startup_cost) AS (
SELECT 22243.29 + round((
reltuples / 2.4 * current_setting('cpu_operator_cost')::real
)::numeric, 2)
FROM pg_class WHERE relname = 'bookings'
)
SELECT startup_cost,
startup_cost + round((
1 * current_setting('cpu_tuple_cost')::real
)::numeric, 2) AS total_cost

FROM t;
startup_cost | total_cost
______________ +____________
24442 .36 | 24442 .37
(1 row)

Cnepnytounii y3en — Gather — BBITIOMHSIETCS BeAYIIMM IIPOIECCOM. DTOT y3€eJI OT-
BeyaeT 3a 3aITyCK pabounx MPOoIIeCCOB U MOTYYEHNE OT HUX JaHHBIX.

OlieHKa CTOMMOCTHM 3aITycKa IIpOIeccoB (He3aBUCHUMO OT UX KOJMYECTBa) OIpe-
IessieTcs Oj1s INIaHMPOBIIMKA 3HAaUeHeM Iapamerpa parallel_setup cost, a cTou-
MOCTb TePeChUIKM Kask[0ii CTPOKM JaHHBIX MEXIY IIpolieccaMy — 3HaueHueM
parallel _tuple cost.

B nanHOM ciydae npeo6afaeT HauyaabHasi CTOMMOCTD (3aITyCK ITPOLIECCOB), U 3TO
3HaueHMe 006aBsIeTCs K HAUaJIbHOM CTOMMOCTH y3a Partial Aggregate. IlonHas
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CTOMMOCTDb YUMUTHIBAET TEePECHIIKY IBYX CTPOK, M 3TO 3HAUeHMe CKIaIbIBaeTcs
C IOJTHO# CTOMMOCTBIO y371a Partial Aggregate!:

=> SELECT
24442 .36 + round(
current_setting('parallel _setup_cost'): :numeric,
2) AS setup_cost,
24442 .37 + round(
current_setting('parallel_setup_cost')::numeric +
2 * current_setting('parallel_tuple_cost'): :numeric,
2) AS total_cost;
setup_cost | total_cost
____________ +____________
25442 .36 | 25442 .57
(1 row)

ITocnepnuuit ysen — Finalize Aggregate — arperupyeTt 4acTU4HbIE€ CYMMBI, TTOTY-
YeHHbIe y3/10M Gather OT mapasuiesbHbIX IPOLLECCOB.

OTa OKOHYaTeJbHAsI arperamnys OLIEHMBAETCS TaK ke, Kak ¥ o6bruHas. Havasb-
Has CTOMMOCTb YUYUTBIBAET arperanuio Tpex CTPOK; 3TO 3HaUeHMe CKJIaJblBaeT-
CsI C TIOMTHOV CTOMMOCTBIO y31a Gather (ITOCKOMBKY [J1S1 BBIUMCJIEHUST pe3yabTara
HY’KHBI BCe CTPOKM). K OTHO# CTOMMOCTY H0OAB/SETCS CTOMMOCTD BBIIAUM OfI-
HOJ CTPOKM pe3yJibTara.

=> WITH t(startup_cost) AS (
SELECT 25442.57 + round((
3 * current_setting('cpu_operator_cost'): :real
)::numeric, 2)
FROM pg_class WHERE relname = 'bookings'
)
SELECT startup_cost,
startup_cost + round((
1 * current_setting('cpu_tuple_cost')::real
)::numeric, 2) AS total_cost

FROM t;
startup_cost | total_cost
______________ +____________
25442 .58 | 25442 .59
(1 row)

! backend/optimizer/path/costsize.c, hynkums cost_gather.
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18.5. OepanuueHus napanieivHoz0 8bINOJHEHUS

3aBUCUMOCTY MeXIY OLleHKaMM CTOMMOCTEN OIpesessiioTCs TeM, HaKariMBaeT
JIU y3eJ1 JaHHble Tlepe, Bblaueli pe3ylbTaToB BbIIIECTOSIIEMY Y3/Ty. ATperanyst
He MOKeT BO3BpalllaTh pe3yJIbTaThl IO TeX IOpP, TOKA He MOMIYUYUT BCe BXOLHbIE
CTpoKu. [T03TOMY B OCHOBY HAUAJIbHOLI CTOMMOCTY arperaui JIOKUTCS NOJIHAS
CTOMMOCTD HI3KECTOSIIIIETO Y3J1a. A y3et Gather BbIiaeT CTPOKM HaBepx Cpasy, Kak
TOJIBKO TIOJTy4YaeT UX CHMU3Y. [I03TOMy HavasbHast CTOMMOCTD 3TOV OIepanyy 3a-
BUCUT OT HAUQJIbHOI CTOMMOCTM HMKECTOSIIIETO y371a, a TIOJTHAsT — OT ITOJIHOI.

CxeMaTH4yeCKM 3TO MOXKHO npeacTaBUTb cebe c1eayrmnum 06pa30M:

(25483.58],.25483.59
(\

(25483.36). .[25483.57]

(24483 .36). .24483.37]

0.00..22284.29

18.5. OrpaHuyeHna napannenbHOro BbiNOJHEHUS

Konuuectso pabounx npoueccos

KonuecTBO MpoOIecCOB OTPaHMUMBAIOT TPM MapameTpa, 06pasyioimx uepap-
X110. MakcMabHOE YMC/I0 OMHOBPEMEHHO BBIMOIHSIOIMXCS pabounx IpoIec-
COB OIpeie/IsIeTCs 3HaueHneM rmapaMeTpa max_worker_processes.

Ho mexaHM3M pabounx IIPOLECCOB MCITOIb3YETCsT HE TOMBKO /IS ITapajie/IbHOTO
BBITIOJIHEHUS 3a1pocoB. Hampumep, GoHOBbIe paboune MPOIeCcChl 3a/1e/iCTBOBA-
HbI B JIOTMYECKO! peIuIMKaluy, UMM MOTYT IOJb30BaThCs pacuimpenus. Kommu-
YeCcTBO paboumx IIPOIECCOB, 3aHMMAIOIINXCS MMEHHO ITapajie/IbHbIMU IUIaHa-
MM, OTPaHMUYEHO 3HaUeHueM rapaMmerpa max_parallel workers.

W3 sToro umcia He 6onee max_parallel workers_per gather mpoieccoB MOTYT 06-
CITY>KMBATbh OIVH BeIyIINii IIpoliecc.
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Ha BbI60Op 3HAUEHMIT /I STUX HAPaMETPOB BJIUSIOT:

* BO3MOXXHOCTU aIlliapaTypbl — CUCTe€Ma OO/DKHA pacIliojgaraTb CBO60,E[HI:IMI/I
SAApaMH, HE 3aHATbBIMU APYTMMU 3ada4aMMU;

e Haymuye B 6a3e JaHHbBIX OOIbIIMX TAOINII;

e Harpys3kKa — OOJ/DXKHbI BBIIIOJIHATHCSA 3aIIPOChI, TOTEHIMATIbHO BbIUTPbIBAIO-
e OT I1apa/lyieJ;IbHOT'O BbITIOJTHEHMA.

B GOSBIIMHCTBE CTyYaeB TaKUM KPUTEpUSIM yOOBIeTBOPSIOT OLAP-, a He OLTP-
CUCTEMBI.

[TnaHupoBUIMK BOOOIIE He 6yIeT paccMaTpMBaTh Mapalie/ibHOe CKaHPOBaHue,
eCIu TI0 ero OIleHKe pasMep IPOUYMTAHHBIX M3 TaGIUITbI JAHHBIX HE TPEBBICUT
3HaueHue min_parallel table scan_size.

Ecmy umemo mpoieccoB He yKa3aHo JJIst TaO/UIIbI SIBHO B ITapaMeTpe XpaHeHUs
parallel workers, OHO BbIUMCIISIETCS TIO hopMmyJIie

pa3mep Tabnuubl
1+ |1 .
{ 083 <min_parallel_table_scan_size>J

OHa 03HayYaeT, YTO KakJ0e yBeauueHue Tabauiibl B TpU pasa OymeT mo6aBisiTh
ellle OAVH MapaieNibHbIN rpouecc. Hampumep, 3HaUeHUSI MTapaMeTpPOB 10 YMOJI-
YaHUIO JAIOT CIeAyIolnye Iudpsbl:

Tabmuua, KommuecTBo
M6ajiT  mpoIeccoB
8

24

72

216

648
1944

(@) W@ 2 WY RSN I NG R

B s1060M crydyae ymciIo MPOLeCCOB HE MOKET MPEBBINIATh 3HAYEHNST TapamMeTpa
max_parallel workers _per gather.

Ecnu 3sanpocutsb nHbopmMalmio 13 Hebosbioi Tabnuilel pasmepom 19 Mbaiit, 6y-
IeT 3all/ITaHMPOBAH Y 3alyLieH OOVH pabounii mporecc:
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=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*) FROM flights;

QUERY PLAN

Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=2 loops=1)
Workers Planned: 1
Workers Launched: 1
-> Partial Aggregate (actual rows=1 loops=2)

-> Parallel Seq Scan on flights (actual rows=107434 lo...
(6 rows)

ITpu 3anpoce gaHHbBIX 13 Ta6KIIEI pasMmepoM 105 M6aiiT 6ymeT 3ariaHUPOBAHO
TOJIBKO JIBa TIpoiiecca u3-3a orpaunuenust max_parallel workers _per gather:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*) FROM bookings;

QUERY PLAN

Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (actual rows=1 loops=3)

-> Parallel Seq Scan on bookings (actual rows=703703 L...
(6 rows)

CHSIB orpaHMUeHMe, TIOTYIMM pacyeTHbIE TPY MpoIlecca:

=> ALTER SYSTEM SET max_parallel_workers_per_gather = 4;
=> SELECT pg_reload_conf();

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*) FROM bookings;

QUERY PLAN
Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=4 loops=1)
Workers Planned: 3
Workers Launched: 3
-> Partial Aggregate (actual rows=1 loops=4)

-> Parallel Seq Scan on bookings (actual rows=527778 Ll...
(6 rows)
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Ecin IIpU BBITIOJTHEHMM 3aIIpocCa YMC/Io CBO60,Z[HbIX CJIOTOB OKaykeTCd MEeHbIIIe 3a-

IUTAaHMPOBAHHOTO KOJIMUYECTBA ITPOIECCOB, OYIET 3alMylieHo TOIbKO JOCTYITHOEe
KOJIMYECTBO PabouMx MPOIECcCoB.

OI‘paHI/I‘{I/IM 06Luee KOJIMYEeCTBO ITapa/lJieJIbHbIX ITPOLI€CCOB IISITbIO M BLINIOTHUM
IBa 3aI11poCa OOJHOBPEMEHHO:

=> ALTER SYSTEM SET max_parallel_workers = 5;
=> SELECT pg_reload_conf();

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*) FROM bookings;

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*) FROM bookings;

QUERY PLAN
Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=3 loops=1)
Workers Planned: 3
Workers Launched: 2
-> Partial Aggregate (actual rows=1 loops=3)
-> Parallel Seqg Scan on bookings (actual rows=7037...

(6 rows)

QUERY PLAN

Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=4 loops=1)
Workers Planned: 3
Workers Launched: 3
-> Partial Aggregate (actual rows=1 loops=4)

-> Parallel Seq Scan on bookings (actual rows=527778 Ll...
(6 rows)

XOTS B KaKIOM CTydae 6bLI0 3aIJIaHMPOBAHO TPy pabouMx IIpoliecca, OTHOMY
3aIpOCy AOCTaIOCh TOJBKO IBa CBO6GOIHBIX C/IOTA.

BoccTraHOBMM 3HAaUYeHMS IIapaMeTpoOB I10 YMOJ/IYaHUIO:

=> ALTER SYSTEM RESET ALL;
=> SELECT pg_reload_conf();
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Hepacnapannenueaembie 3anpocbi

He Kayk/Iplit 3aIIpOC MOKET BBITIOMHSTLCS B MapaienbHoM pexxume . He moryT
pacrapasienuBaThCs:

 3ampochl, U3MeHsIomue uau Omokupylomue maHHbie (UPDATE, DELETE,
SELECT FOR UPDATE u rogo6HbIe UM).

OJTO He KacaeTcs 3alpoCcoB, KOTOPbIE MCIIOIb3YIOTCS B KOMaHax:
— CREATE TABLE AS, SELECT INTO, CREATE MATERIALIZED VIEW;
— REFRESHMATERIALIZED VIEW.
Ho BcTaBKa CTpOK BO BCeX 3TUX CJIy4asixX BBIIOIHSIETCS II0C/IeOBATEIbHO.

 3aIpochl, BbITIOJTHEHME KOTOPBIX MOXKET ObITh IPUOCTAHOBIEHO. ITO OTHO-
CUTCS K 3aIlpocaM B Kypcopax, B ToM uucie B ukiaax FOR PL/pgSOL.

* 3amnpockl, cofiep>kallue BbI30BbI Hebe30nacHslx GyHKIUIA, TOMeUeHHbIX KaK
PARALLEL UNSAFE. K TakoBpIM II0 YMOJNYaHMIO OTHOCSTCSI BCE I10Jb30Ba-
TenbCcKue GYHKIVMY U HeGOobIIasl YaCTh CTaHAAPTHBIX. CIIMCOK Hebe3ormac-
HBIX QYHKIVI MOXKHO ITOMYIUTH U3 CUCTEMHOTO KaTauora:

SELECT * FROM pg_proc WHERE proparallel = 'u';

* 3ampochl BHYTPU (PYHKIMIL, KOTAa 3TM GYHKLMY BI3bIBAIOTCS U3 pacrapai-
JIEJIEHHOTO 3ampoca (UTO06bI He JOMYCTUTh PEKYPCUBHOTO pa3pacTaHus KO-
JIMYecTBa pabouynx MpoIeccoB).

YacTb 3TUX OrpaHUYEHMIT MOKET ObITb CHSITA B CJIeAyIOMmuX Bepcusx PostgreSQL.
Tak, Hampumep, MOSIBWIACh BO3MOKHOCThH paclapajielMBaHMsI 3aIllpOCOB Ha
ypOBHe u3osauuu Serializable.

Banpoc MOXKET He BLIINMOJIHATHCA B IIapalJyIeJIbHOM peXMMe 10 HeCKOJIbKUM ITpn-
YMHaM:

 JJAaHHbII 3aIIPOC B IPUHIINAIIE HE MOXKET ObITh pacriapajuieied Hu Py KaKUx
00CTOATE/IbCTBAX;

1 postgrespro.ru/docs/postgresql/16/when-can-parallel-query-be-used.
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* MapaUIeJIbHBIV TIIAH 3allpenieH 3HAaYeHMSIMM KOHGUIYpaIlMOHHBIX Iapa-
METpPOB (B TOM UMC/Ie 3-3a OTPaHMYEHMS Ha pasMep Tab/uil);

* TMapaJuIeNIbHBIN IIaH MMeeT 60J1ee BBICOKYIO CTOMMOCTb 110 CPaBHEHMIO C TI0-
C/IeI0BaTeNbHBIM.

YT0o6bI MPOBEPUTH, MOKET JIM 3aMPOC ObITh pacrapajuie/ieH B IPUHIINIE, MOXK-
HO Ha BpeMsI BK/IIOUUTD Iapametp debug parallel_query.TIpy 5TOM INIaHMPOBIIUK
OGyZeT CTPOUTD NapaJlie/IbHbIe TUIAHbI BO BCEX CJTyUasiX, KOTA 3TO BO3MOXHO:

=> EXPLAIN SELECT * FROM flights;
QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(1 row)

=> SET debug_parallel_query = on;

=> EXPLAIN SELECT * FROM flights;
QUERY PLAN

Gather (cost=1000.00..27259.37 rows=214867 width=63)

Workers Planned: 1

Single Copy: true

-> Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(4 rows)

Ter[epb MbI IIOHMMaeM, 4TO INIaHMPOBIIMK pacCMaTpUBaJl napanneanbHZ IJIaH,
HO BbIGpaJ’[ 6osee Bd)(beKTI/IBHOE B TaHHOM (/Iy4dae ImocjieqoBaTe/JIbHOE CKaHMPO-
BaHIe.

OrpaHuquHo pacnapannenueaembie 3anpochbl

YeMm GOSBIIYIO YACTh IUIAHA YOAETCS BBITIOTHUTD MapaieNIbHO, TeM GOJbIINit
Bo3MoskeH 3 dekT. OmHAKO eCTb Psif, orepaluit, KOTOpble B II€JIOM He ITpertsiT-
CTBYIOT pacliapajuie/iMBaHNI0, HO CAMIM MOTYT BBITIOJTHSIThCSI TOABKO MOCAeN0Ba-
TeJIbHO B BefyleM Iporiecce . IHBIMM CTOBAMM, OHY He MOTYT ITOSIBUTBCS B fle-
peBe myaHa HiKe y3ia Gather.

1 postgrespro.ru/docs/postgresql/16/parallel-safety.
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HepackpbiBaemblie nogsanpocbl. Haubosee oueBUIHBIN IIpUMep onepanyn, CBs-
3aHHO} C HepacKphIBAeMbIMM TOA3aNpocaMu, — uTeHme pesynbrarta o6IIero
TabIMYHOro BhIpaskeHus (y3en rtaHa CTE Scan):

=> EXPLAIN (costs off)
WITH t AS MATERIALIZED (
SELECT * FROM flights

)
SELECT count(*) FROM t;
QUERY PLAN
Aggregate
CTE t
-> Seq Scan on flights
-> CTE Scan on t
(4 rows)

Ecmu o61ee TabIMYHOE BhIpasKEHNE HE MAaTepPUAIN3YeTCs, TO IUIAaH He COIEPKUT V. 12
y3na CTE Scan, 1 3TO orpaHn4YeHue He IeliCTBYeT.

HpI/I 3TOM CaMO 06mee TabIMuHOe BbIpa’kKe€Hle BITIOJIHE MOJKET BbIUMNCIISATHCA B I1d-
pa/UIeJIbHOM peXXmme, eC/i 3TO BbITOOHO:

=> EXPLAIN (costs off)
WITH t AS MATERIALIZED (
SELECT count(*) FROM flights

)
SELECT * FROM t;

QUERY PLAN

CTE Scan on t
CTE t
-> Finalize Aggregate
-> Gather
Workers Planned: 1
-> Partial Aggregate

-> Parallel Seq Scan on flights
(7 rows)

Jpyras Takas ollepalis — MCIIOJNb30BaHME HePacKpbIBA€MOTIO I10A3aIpoca,
MIpeJICTaBIeHHOTO B IUIaHe y3/I0M SubPlan:

! backend/optimizer/plan/subselect.c.
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=> EXPLAIN (costs off)

SELECT *

FROM flights f

WHERE f.scheduled_departure > ( -- SubPlan

SELECT min(f2.scheduled_departure)

FROM flights f2

WHERE f2.aircraft_code = f.aircraft_code

)
QUERY PLAN

Seq Scan on flights £
Filter: (scheduled_departure > (SubPlan 1))

-> Aggregate 3
-> Seq Scan on flights f2
! Filter: (aircraft_code = f.aircraft_code) ,

IepBble ABe CTPOKM MMOKA3bIBAIOT IJIaH OCHOBHOTO 3aIlpoCa: BBIMTOMHSIETCS II0-
cJlemoBaTe/bHOE CKaHMpoBaHMe Tabauibl £lights, u Kaskaast CTpoka MpoBepsi-
eTCs Ha COOTBETCTBME DIbTPY. YeioBMe GUIbTpaliy BKIIOUaeT B cebs Mmofi3a-
IIPOC, IJIaH KOTOPOTo MPUBEJEH HaUMHad C TpeThbel CTpoku. To ecThb y3en SubPlan
BBITIOTHSIETCSI HECKOJIBKO Pas, B TAHHOM C/Tydae — /ISl KaXKI 0l CTPOKU TOC/IE0-
BaTeJbHOTO CKAaHMPOBAHMSL.

BepxHuii y3en Seq Scan B 9TOM IUIaHe He MOKET yYacTBOBATh B Mapa/UIeIbHOM
BBITIOJTHEHWY, TIOCKOJIBKY TIOTb3YeTCs pe3yJbTaTaMu y3ia SubPlan.

U HakoHell, TpeThsl orepalusi — BbIUMC/IeHMe HepacKpbiBaeMoro Ioj3arpoca,
MpeaCcTaB/JIeHHOrO B IUIaHe y3710M InitPlan:

=> EXPLAIN (costs off)
SELECT *
FROM flights £
WHERE f.scheduled_departure > ( -- SubPlan
SELECT min(f2.scheduled_departure)
FROM flights f2
WHERE EXISTS ( -- InitPlan
SELECT *
FROM ticket_flights tf
WHERE tf.flight_id = f.flight_id
)
DK
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QUERY PLAN
Seq Scan on flights £
Filter: (scheduled_departure > (SubPlan 2))
SubPlan 2
-> Finalize Aggregate
(fn‘i:cﬁféﬁ 1 (returns $1)
1 —> Seq Scan on ticket_flights tf
\ Filter: (flight_id = f.flight_id)
-> Gather 77
Workers Planned: 1
Params Evaluated: $1
-> Partial Aggregate
-> Result
One-Time Filter: $1

! -> Parallel Seq Scan on flights f2

B otnmumne ot SubPlan ysen InitPlan BeruncisieTcsl TOMIbKO OAVH pa3 (B JaHHOM
MpUMepe — OAMH pa3 Py KaXXAOM BbIOJIHeHUM y3ia SubPlan 2).

Popgutensckuii ajist InitPlan y3esn He MoskeT y4acTBOBATh B HapalieIbHOM BbITIOJ -
HeHMM (HO Yy3JIbl, ITOJIb3YIOIIMeCs pe3yabTaTOM BbiunciaeHus InitPlan, MoryT, Kak
B 9TOM IIpUMepe).

BpemeHHble Tabnuubl. BpeMeHHble TabGIMIIbI HE MOTYT CKAHMPOBATHCS IMapai-
JIeJIbHO, TIOCKOJIBKY TOCTYITHBI MCK/TIOUMTEILHO CO3/IaBIIeMY UX Ipolieccy. Pa6o-

Ta CO CTPaHUIIAMM BPEMEHHBIX TabIuI] BeleTCs B JIOKaabHOM 6ydepHoM Kemie. c. 199
YTo6bI paspelnTh 06paniaThCs K HEMY HECKOJIBKMM MPOLieccam, TOTpeboBaaoch

ObI BBECTH OGJIOKMPOBKY, KaK B pasfe/isieMOM Kellle, 8 3TO YMEHbIIWIIO 6bI OCTa/lb- . 295
HbIe MPEeUMYIIEeCTBa.

=> CREATE TEMPORARY TABLE flights_tmp AS SELECT * FROM flights;
=> EXPLAIN (costs off)
SELECT count(*) FROM flights_tmp;

QUERY PLAN

Aggregate
-> Seq Scan on flights_tmp
(2 rows)
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OrpaHuuyeHHo pacnapannenmeaemMble GYHKUMK. BbI30BbI QYHKILNIL, TOMEUEHHbIX
Kak PARALLEL RESTRICTED, MoOryT BBIMOJHATBCS TOJLKO B MOC/IE€A0BATE/IbHON
yacTy rutada. Crycok Takux GYHKIMIE MOSKHO ITOIYYUTh M3 CUCTEMHOT'O KaTajaora
3apocom

SELECT * FROM pg_proc WHERE proparallel = 'r';
IMomeuaTb cobcTBeHHBIE QYHKINM Kak PARALLEL RESTRICTED (1 Tem 6osiee Kak

PARALLEL SAFE) HYkHO C 60/BIII0} OCTOPOSKHOCTHIO, BHUMATEIbHO U3YUNB UMe-

IOIIecs OrpaHNdeHus .

1 postgrespro.ru/docs/postgresql/16/parallel-safety#PARALLEL-LABELING.
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MHOeKCHble MeToabl A40CTYyMna

19.1. UHpekcbl U pacwMpaemMocTb

VHOekcbl — 06bEeKThI 6a3bl JaHHBIX, ITpeIHa3HAUEeHHbIE B OCHOBHOM [IJIST YCKO-
peHMs IOCTyIa K JaHHBIM. DTO BCIIOMOTATe/lbHbIE CTPYKTYPBI: JII000I MHAEKC
MOYKHO YIQIUTh ¥ BOCCTAaHOBUTD 3aHOBO 110 MHMOpManyu B Tabauiie. Ho, kpome
YCKOPEHMUSI, MHIEKChI CTYKaT U JJIST TOAIEPsKKY HEKOTOPBIX OTpaHUYEHMUI 1Ie-
JIOCTHOCTH.

B s11po BCTpOEHBI IeCTh MHAEKCHBIX METOMIOB TOCTYIIA (TUIIOB MH/IEKCOB):

=> SELECT amname FROM pg_am WHERE amtype = 'i';
amname

spgist

brin

(6 rows)
CnemoBaHMe ujee pacIIMpsieMOCTM IIPeNIoaraeT BO3MOXKHOCTb OGABISTh U
HOBble METOABI AOCTyIa O6e3 u3MeHeHUs sapa. OmyH Takoi mpumep (MeTO[
bloom) BK/IIOUEH B CTaHAAPTHBI HAGOP pacIIMpeHu.

HecmoTpst Ha Bce pasanumst MEXXIY TUITAMU MHIEKCOB, B KOHEUHOM cUeTe JTI06071
M3 HUX YCTAaHABIMBAET COOTBETCTBYE MEXKIY K/IIOUOM (HAIpuMep, 3HAUeHMEM
MIPOUHAEKCUPOBAHHOIO CTOJOIIA) ¥ BEPCUSIMU CTPOK TAOIMUIIbI, B KOTOPBIX 3TOT
KJII0Y BCTpedaeTcs. B KauecTBe CCbUIKM MCITOMb3YeTCs MeCTUOaiTHbIN udeHmu-
ukamop sepcuu cmpoku (tuple id, tid). 3Has K/1t0Y UM HEKOTOPYIO MHPOPMAIINIO
0 HEM, MOKHO ObICTPO ITPOYMUTATH T€ BEPCUM CTPOK, B KOTOPBIX MOXKET HAXOIUTD-
CsT Hy>KHast MTHGOpMaLys, He TPOCMaTpuUBasi BCIO TaGIMITY ITOJTHOCTBIO.
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YTo6bI HOBBII METO, JOCTYIIa MOKHO 6bUIO 06aBUTh KaK paciiMpeHe, BblaeaeH
001IMiT MexaHu3m uHdexcuposaHus. Ero OCHOBHOJ 3a7aueii SIBSIETCS MOTyYeHne
MIEeHTU(GUKATOPOB BePCHil CTPOK OT METOA JOCTYIIa ¥ paboTa ¢ HUMM:

e YTeHMe JAHHBIX 3 COOTBETCTBYIOIIMX BEPCUIi CTPOK TaOMIIbI;
* MMPOBepKa BUAMMOCTY BEPCUIi CTPOK B CHUMKE JAHHbIX;

e JIeperpoBepKa YCHOBMIZ, edin METOA He rapaHTUPYET UX BbITIOJTHEHMS.

MexaHM3M MHIEKCMPOBAHNS YUaCTBYET B UCITOTHEHUM IIAHOB, TOCTPOEHHBIX HA
aTane onTummsanuu. ONTUMU3aTOD, Tepedbupast ¥ OIeHNBasT Pa3INIHbIe MTyTH
BBITIOJTHEHMST 3aITPOCa, JO/DKEH 3HATh CBOVCTBA BCEX MOTEHIMATbHO IIPUMEHM-
MBIX METOJOB IOCTYIIA: MOXKeT JIM METOJ, OTAABATh JAaHHbIE CPa3y B HYy>KHOM ITO-
psSiIKe WIM HaJlo OTIEeIbHO MPegyCMOTPeTh COPTUPOBKY? MOKET JiM MeTOJ, Bep-
HYTb HECKOJIBKO TIePBBIX 3HAUEHWI IV TOJIBKO BCIO BBIOOPKY Cpasy? U Tak Jaee.

Vudbopmanust 0 MeToze AOCTyIIa HY>KHA He TOMbKO ONTumm3sartopy. [Ipu cozma-
HUM MHAEKCA HAJ0 PEUINTD: AOIYCKAET I METO, CO3/IaHMe COCTAaBHOIO MHAeKca?
MOKET JIM TaHHbIN MHIEKC 06eCITeunTh YHUKATbHOCTD?

MexaHu3m VMHOEKCMPOBAHNA ITI03BOJIAET paﬁOTaTb C CaMbIMM PAa3HbBIMM METOHa-
MM JOCTYIIa; OJIsd 3TOrO MeTOoO AOCTYIIa OO/DKEH peain30BaThb OHpe,ZLEHeHHbII'/JI NH-
Tepd)ef/'{c, COO6I.L[I/IB 0 CBOMX BO3MOXKHOCTSIX ¥ 0COOEHHOCTSIX.

B 3amaun MeToa MOCTYIIa BXOIST:

* peannsanys aJITOPUTMOB ITOCTPOEHM MHOEKCA, BCTABKU U yOa/IeHUS CTPOK,

o opra"musanys pazbéueHns JaHHbIX MHIEKCA [10 CTpaHMiaM (17151 paboThl ¢ Me-
HeIkepoM 6yGhepHOro Kelia);

e peanu3anus aJrTOPpUTMa OUMUCTKA;

* YCTaHOBKA GJIOKMPOBOK /151 KOPPEKTHOTO KOHKYPEHTHOTO BBITIOTHEHUS;
» (hopMupoBaHMe KypHaJa Mpea3arnuci;

* MMOMCK MHGOPMAIMK B MHIEKCE TI0 KUY,

* OLl€HKa CTOMMOCTU MUCITIO/JIb30BaHMs MHAEKCA.
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PacimmpsieMoCThb MPOSIBIIIETCS. M B TOM, UYTO B CUCTEMY MOTYT J00aBISTbCS HO-
Bble TUITbI JAHHBIX, ITPO KOTOPbIE METOMY AOCTYIIA 3apaHee HUUYEro HeEM3BECTHO.
TTo3TOMY METOABI AOCTYIIA OMPEAESIOT COGCTBEHHbIE MHTEPMEIIChI ISl TIOIKITIO-
YeHMSI POM3BOJIbHBIX TUITOB TaHHBIX.

YTt0o6bI 3HAUEHUST OIPeeeHHOTO TUIIA MOXKHO ObLIO MCIIONb30BaTh C OIpee-
JIEHHBIM METOJOM JIOCTYIIa, Hy;KHO peaan30BaTh 3TOT MHTEePdETiC, TpeqoCTaBuB
OTIepPaATOPBI, JIIST KOTOPBIX MIPUMEHMUM UHJIEKC U, BO3MOKHO, HEKOTOPbIE BCIIOMO-
ratenbHble onopHoele GyHKIIMK. Takoit Habop ornepaTopoB U GYHKIMIT HA3bIBAETCS
KJIACCOM 0nepamopos.

YacTh JOTUKM MHAEKCUMPOBAHMSI [IPM 3TOM HAXOIUTCSI B CAMOM METO/Ie JOCTYIIa,
a 4aCTh OKA3bIBA€TCSI BBIHECEHHOM B K/IACC OMEpPaTOpPOB. ITO JOBOJLHO MPOU3-
BOJIbHOE JieieH1e : ecyiy /i B-mepeBbeB BCs JIOTMKA «3allUTa» B METOE JOCTYIIa,
TO HEKOTOPbIE€ METOIbI MOI'YT IIPeNOCTABIISATh JIMIIb OCHOBHO KapKac, OTHaBast
BCe CYIIeCTBEHHbIE IeTa/Iy Ha OTKYI KOHKPETHBIM K/IaccaM OIIepaTopoB. Bo MHO-
[MX CTyYasix [IjIs1 OMHOTO ¥ TOTO JKe THIIA JaHHbBIX CYIIIeCTBYeT HeCKOIbKO KIacCOB
OTIepaToOpPOB C OTVIMYAIOIIMMCS IOBEIEHNEM, CPeIY KOTOPbIX I10Ib30BaTelb MO-
KT BbI6GpaTh HambosIee MOAXOMAIIMIA.

Heb6onb110ii pparmeHT 0611Ie71 KAPTUHBI TI0KA3aH HA PUCYHKeE:

@7 boolean

METOAbI A0CTYNa Knaccbl onepatopos TUNbI AdHHbIX

integer

btree

text

MexaHu3m

MHOEKCMPOBAHUA

gist
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19.2. Knaccbl u cemeiicTBa onepaTropos

Knacc onepatopos

HTepdeiic MeToma JOCTYIA! peanmayeTcss K1accom onepamopos> — HaGOPOM
OTIEPATOPOB ¥ OMOPHBIX (DYHKIMI, KOTOPBI MCIIOML3YETCS METOIOM AOCTYIIA
IUIST pabOThHI C KOHKPETHBIM TUTIOM JTaHHBIX.

Kitacchbl o11epaTopoB XpaHSTCS B CMCTEMHOM KaTayiore B Tabmuiie pg_opclass.
TMosHbIe JaHHbIE /IS PUCYHKA BbILIE MOXKHO ObLIO ObI IIOJYYMTH 3aIIPOCOM:

=> SELECT amname, opcname, opcintype::regtype
FROM pg_am am
JOIN pg_opclass opc ON opcmethod = am.oid;

amname | opcname | opcintype
________ +______________________________+_____________________________
btree | array_ops | anyarray

hash | array_ops | anyarray

btree | bit_ops | bit

btree | bool_ops | boolean

brin | pg_lsn_minmax_multi_ops | pg_lsn

brin | pg_lsn_bloom_ops | pg_lsn

brin | box_inclusion_ops | box

(177 rows)

B GOMBIIMHCTBE C/TyUaeB MPO KIACChl OTIEpPAaTOPOB He TPeGyeTcss HUUero 3HaTh.
O6BIYHO MBI MPOCTO CO3Ja€M WMHIEKC, M IPU ITOM MCIIONb3YeTCS HEKOTOPbIN
K/IacC OIIepPaTOPOB I10 YMOTYAHUIO.

Hampumep, BOT Kacchl OrepaTopoB AJis B-gepeBa u tuma text. OguH u3 umero-
IIVIXCS KITACCOB 06s13aTe/bHO TIOMeYeH 11 UCIIOIb30BaHMSI TI0 YMOTUAHUIO:

=> SELECT opcname, opcdefault
FROM pg_am am

JOIN pg_opclass opc ON opcmethod = am.oid
WHERE amname = 'btree'

AND opcintype = 'text'::regtype;

1 postgrespro.ru/docs/postgresql/16/xindex.
2 postgrespro.ru/docs/postgresql/16/indexes-opclass.
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opcname | opcdefault
_____________________ _+.____________
text_ops | €
varchar_ops | £
text_pattern_ops | £
varchar_pattern_ops | £

(4 rows)

IIpuBbIUHASA KOMaHAa CO30aHMS MHAEKCA BBITISIAUT TaK:
CREATE INDEX ON aircrafts(model, range);
Ho 3T0 npocTo coKpaleHue 4151 pa3BepHYTOrO BapMaHTa:

CREATE INDEX ON aircrafts

USING btree -- meToa gocryna rno YMOAYaHUIO
¢
model text_ops, -- ksiacc ornepaTopoB Mo yMoa4daHww A1s text
range int4_ops -- kJsiacc onepaTopoB Mo yMO/n4YaHuw Ans8 integer
)

Ecnm HykeH MHAEKC KaKOTo-TO JPYroro TUIIA WIM HeOOXOOMMO HeCTaHIapTHOe
[IOBeIeHNe, MOTpedyeTcsl SIBHO yKas3aTh KeJaeMblii MeTOH JOCTyIa WIM KJIacc
OTepaTopOB.

Knacc omepaTopoB, cO3/laHHBIN JJjIs1 HEKOTOPOTO METO/a JOCTyIa M HEeKOTOpPO-
T'O TUIIA JaHHbBIX, JO/DKEH COEPIKaTh HAb6OP OMepaTopoB, KOTOPbIE TPUHUMAIOT
rapaMeTpbl ITOTO TUIIA Y UMEIOT CEMaHTUKY, ITPEIyCMOTPEHHYIO STUM METOIOM
IOCTYyTIA.

Hanpumep, MmeTopn moctyma btree onpemenser naTh 06s13aTEIbHBIX OIIEPATOPOB
cpaBHeHMs1. JIF060Ii Kacc OTiepaTopOoB [I/Isl HETO JO/DKEH COIEPsKAaTh BCE IISITh:

=> SELECT opcname, amopstrategy, amopopr::regoperator
FROM pg_am am
JOIN pg_opfamily opf ON opfmethod = am.oid
JOIN pg_opclass opc ON opcfamily = opf.oid
JOIN pg_amop amop ON amopfamily = opcfamily
WHERE amname = 'btree'
AND opcname IN ('text_ops', 'text_pattern_ops')
AND amoplefttype = 'text'::regtype
AND amoprighttype = 'text'::regtype
ORDER BY opcname, amopstrategy;
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opcname amopstrategy amopopr
text_ops <(text,text)
<=(text,text)
text_ops
text_ops >=(text,text)
text_ops >(text,text)

text_pattern_ops
text_pattern_ops
text_pattern_ops
text_pattern_ops
text_pattern_ops
(10 rows)

~<~(text,text)
~<=~(text,text)
=(text,text)
~>=~(text,text)

|
+
|
text_ops |
|
|
|
|
|
|
|
| ~>~(text,text)

|
+
|
|
| =(text,text)
|
|
[
|
|
[
|

Uu P ENNELUTPAWNERE

CeMaHTHMKa OIe€paTopa, mogpasyMeBaeMasi METOZOM JIOCTYIIA, OTPaskeHa B HO-
Mepe cTpareruyu amopstrategy . Hanpumep, inst btree crparterns 1 o3Hauaer
«MeHbIIIe», 2 — «MeHbIIIe WY PaBHO» U Tak Jajnee. CaMu OIepaTophl IpK 3TOM
MOTYT MMETh IIPOM3BOJIbHbIE HA3BAHMS.

B mpuBemeHHOM MpuMepe OObIUHbIE OIEPaTOPbI M OMEPATOPbI C TUIBION OT-
JMYAIOTCS TeM, 9TO MOCTIeHIe He YIUTBIBAIOT npasuna copmuposku (collation)?
¥ CPAaBHMBAIOT CTPOKM 1106aiiTOBO. TeM He MeHee 06a BapyaHTa Pean3yIoT OJHA
¥ Te JKe CMBIC/IOBBIE OTlepaI CpaBHEHMS.

Kitacc ontepatopoB text _pattern_ops mo3BosseT IIpeonoieTh OTpaHMUYeHN e Ha
TIOAAEPIKKY orepaTopa ~~ (KOTOPbIii cCOOTBETCTBYeT KOHCTpyKLmu LIKE). B 6ase
JaHHBIX C [IPaBUJIOM COPTUPOBKU, OTIMYHBIM OT C, 3TOT OIlepaTop He MOXKET UC-
TT0JIb30BaTh OOBIYHBIN MHJIEKC TI0 TEKCTOBOMY ITOJTIO:

=> SELECT datcollate FROM pg_database
WHERE datname = current_database();

datcollate

en_US.UTF-8
(1 row)
=> CREATE INDEX ON tickets(passenger_name);

=> EXPLAIN (costs off)
SELECT * FROM tickets WHERE passenger_name LIKE 'ELENA%';

1 postgrespro.ru/docs/postgresql/16/xindex#XINDEX - STRATEGIES.
2 postgrespro.ru/docs/postgresgl/16/collation;
postgrespro.ru/docs/postgresql/16/indexes-collations.
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QUERY PLAN
Seg Scan on tickets
Filter: (passenger_name ~~ 'ELENA%'::text)
(2 rows)

Ipyroe meno — MHOEKC C K/IacCOM OIepaTopoB text_pattern_ops:

=> CREATE INDEX tickets_passenger_name_pattern_idx
ON tickets(passenger_name text_pattern_ops);

=> EXPLAIN (costs off)
SELECT * FROM tickets WHERE passenger_name LIKE 'ELENA%';

QUERY PLAN

Bitmap Heap Scan on tickets

Filter: (passenger_name ~~ 'ELENA%'::text)

-> Bitmap Index Scan on tickets_passenger_name_pattern_idx
Index Cond: ((passenger_name ~>=~ 'ELENA'::text) AND
(passenger_name ~<~ 'ELENB'::text))

(5 rows)

O6paTuTe BHMMAaHMe, KaK M3MEHWIOCh BbIpaskeHue B yotoBuu Index Cond. Ijis
MTOMCKA UCIIOMb3YeTCs TOIBKO ITpedMKC mabaoHa 10 CMMBosIa %, a JINIITHME COBIIA-
JIIeHUS OTCEMBAIOTCS MPU NeperpoBepke ycioBuem Filter. Kitacc onepaTopos f,is
MeTOoJa OCTYIa btree He COLEPKUT OIlepaTopa CpaBHeHMs 110 1abI0HY, U eIUH-
CTBEHHBIIT CITOCO0 MCIIOb30BaTh B-IepeBo — IepenycaThb YCIOBME C TOMOIIbIO
orepaTopoB cpaBHeHMs1. OmiepaToOphl U3 Kiiacca text_pattern_ops meiCcTBYIOT
6e3 yueTa MpaBwI COPTUPOBKU, UYTO U JAET BO3MOKHOCTb 3aMEHUTD YCJIOBME Ha

9KBUBasieHTHOE L.

WHOeKC MOXeT MCIOIb30BaThCS IJIST YCKOpeHMs 40CTYyIIa I10 YCIOBUIO, eC/IN

1) yutoBMe uMeeT BUI, <«UHOEKCUPOBAMHbILI-CMOnbey onepamop BulpajceHue»
(a eciy [JIST oTIepaTopa yKa3aH KOMMYTUPYIOIMII OIepaTop? TO U «8bIpa-
JHeHle Onepamop UHOeKCUPOBAHHbLIi-cmonbey»)>

2) ¥ 0onepamop BXOOUT B KJIACC OIepaTOPOB, YKa3aHHbIN JIsT UHOEKCUPOBAHHO20-
Cmosbya py CO3JaHUM MHIEKCA.

1 backend/utils/adt/like_support.c.

2 postgrespro.ru/docs/postgresqgl/16/xoper-optimization#id-1.8.3.18.6.
3 backend/optimizer/path/indxpath.c, dyskuus match_clause_to_indexcol.
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Hamnpumep, Takoii 3arpoc MOXKeT UCIT0Ib30BaTh MHIEKC:

=> EXPLAIN (costs off)
SELECT * FROM tickets WHERE 'ELENA BELOVA' = passenger_name;

QUERY PLAN

Index Scan using tickets_passenger_name_idx on tickets
Index Cond: (passenger_name = 'ELENA BELOVA'::text)
(2 rows)

O6partnuTe BHMMAaHME Ha TO, KaK IepecTaBjieHbl apryMeHThbl B yClIoBMM Index
Cond: Ha 3Tare BHIIOTHEHMST MHIEKCHPOBAHHOE TI0/Ie MO/IKHO ObITh JIEBBIM ap-
ryMeHTOM orepartopa. [Ipy mepecTaHOBKE OIEPATOP 3aMEHSIETCS Ha KOMMYTH-
PYIOIINMIT; B JAHHOM C/TyYae 3TO TOT Ke CaMblii orrepaTop, MOCKOIbKY OTHOIIEHMEe
paBeHCTBAa KOMMYTaTUBHO.

A cremyromuii 3armpoc B MPUHINIIE He MOXKET MCII0JIb30BaTh OOBIUHbIN MHIEKC,
ITOCKOJIbKY BMECTO MMEHMU CTOJIOIA B YCJIOBUM CTOUT BbI30B (DYHKIIUNA:

=> EXPLAIN (costs off)
SELECT * FROM tickets WHERE initcap(passenger_name) = 'Elena Belova';

QUERY PLAN

Seq Scan on tickets
Filter: (initcap(passenger_name) = 'Elena Belova'::text)
(2 rows)

B TaKOM C/Tyyae MOKHO IPUMEHUTD UHOEKC N0 8bIpaxeHuo ", yrkas3a TIpy ero co-
3IaHUM He CTOojI6ell, a IIPOM3BOIbHOE BhIpakeHe:

=> CREATE INDEX ON tickets( (initcap(passenger_name)) );
=> EXPLAIN (costs off)
SELECT * FROM tickets WHERE initcap(passenger_name) = 'Elena Belova';

QUERY PLAN
Bitmap Heap Scan on tickets
Recheck Cond: (initcap(passenger_name) = 'Elena Belova'::text)
-> Bitmap Index Scan on tickets_initcap_idx
Index Cond: (initcap(passenger_name) = 'Elena Belova'::text)

(4 rows)

1 postgrespro.ru/docs/postgresql/16/indexes-expressional.

386


https://postgrespro.ru/docs/postgresql/16/indexes-expressional

19.2. Knaccsl u cemeticmea onepamopos

BoIpaskeHye MOXKeT 3aBMCETb TOJILKO OT 3HAUEHMI 1ojieli B TaGMIMUHO CTPOKE U
He JTOJIKHO 3aBUCETb HU OT COCTOSIHUSI PYTUX JAHHBIX B 6a3e, HYM OT HACTPOEK
(Hammpumep, OT JoKaiu). UHbIMM CJIOBaMMU, €C/IM BbIpakeHUe COeP>KUT BbI30BbI
GbyHKIIMIA, TO 9TM GYHKIMMU O6SI3aHbI MMETb U C061100amb KaTeropuio M3MeH-
uyBocTy IMMUTABLE!. B IIPOTMBHOM CJIydyae pe3y/bTaT 3alpoca, BHIIOJTHEHHOI'O
C MHIEKCHBIM JIOCTYIIOM, MOKeT OTIIMYAThCS OT pe3yJibTaTa TOTO e 3aIpoca, BbI-
TTOJITHEHHOTO MTOJTHBIM CKaHMPOBAaHMEM TaOIULIBI.

Kpome co6CTBEHHO OMEPATOPOB, KJIACC ONIEPATOPOB MOKET MPEIOCTABIISATD 0NOP-
Hole GyHKyuu?, HeobxomMMBble MeTozy. Hanpumep, MeToz focTyra btree ompe-
JleNIsSeT TSTh OMOPHBIX (GYHKILMITS, M3 KOTOPBIX TOMBKO NepBast (CpaBHMBAIONIAS
IBa 3HAUEHMSI) SIBJISIETCSI HEOOXOAMMOIA, & OCTAIbHbIE MOTYT OTCYTCTBOBATh:

=> SELECT amprocnum, amproc::regproc
FROM pg_am am
JOIN pg_opfamily opf ON opfmethod = am.oid
JOIN pg_opclass opc ON opcfamily = opf.oid
JOIN pg_amproc amproc ON amprocfamily = opcfamily
WHERE amname = 'btree'
AND opcname = 'text_ops'
AND amproclefttype = 'text'::regtype
AND amprocrighttype = 'text'::regtype
ORDER BY amprocnum;

amprocnum | amproc
___________ +____________________
1 | bttextcmp
2 | bttextsortsupport
4 | btvarstrequalimage
(3 rows)

CeMeNCTBO OnepaTopos

KJacc omepaTopoB BCera BXOIWUT B KaKoe-mubo cemeiicmeo onepamopos® (Ta6-
nuua pg_opfamily cucremHoro katasora). IIpy 3TOM B OIHO 06Illee ceMeiiCTBO
MOTYT BXOJIUTh HECKOJIbKO KJIACCOB, €C/IM OHM paboTaloT OAMHAKOBBIM 06pa3oM
C TIOXOKMMM TUTIAMU JaHHbIX.

postgrespro.ru/docs/postgresql/16/xfunc-volatility.
postgrespro.ru/docs/postgresql/16/xindex#XINDEX-SUPPORT.
postgrespro.ru/docs/postgresql/16/btree-support-funcs.

1
2
3
4 postgrespro.ru/docs/postgresql/16/xindex#XINDEX-OPFAMILY.

387


https://postgrespro.ru/docs/postgresql/16/xfunc-volatility
https://postgrespro.ru/docs/postgresql/16/xindex#XINDEX-SUPPORT
https://postgrespro.ru/docs/postgresql/16/btree-support-funcs
https://postgrespro.ru/docs/postgresql/16/xindex#XINDEX-OPFAMILY

I'nasa 19. HHOexcHbie memodsl docmyna

Hamnpumep, cemeitcTBO integer_ops BKIKUYAeT HECKOIBKO KIaCCOB JJISI pa3HBIX
10 pa3Mepy, HO OAMHAKOBBIX 10 CMbIC/TY YUCIOBBIX TUIIOB:

=> SELECT opcname, opcintype::regtype
FROM pg_am am
JOIN pg_opfamily opf ON opfmethod = am.oid
JOIN pg_opclass opc ON opcfamily = opf.oid
WHERE amname = 'btree'
AND opfname = 'integer_ops';
opcname | opcintype
__________ +___________
int2_ops | smallint
int4_ops | integer
int8_ops | bigint
(3 rows)

A B cemeiicTBO datetime_ops BXOAST KJIacChl OIEPATOPOB JJIS PAOOTHI C TaTaMMU:

=> SELECT opcname, opcintype::regtype
FROM pg_am am
JOIN pg_opfamily opf ON opfmethod = am.oid
JOIN pg_opclass opc ON opcfamily = opf.oid
WHERE amname = 'btree'
AND opfname = 'datetime_ops';

opcname | opcintype
_________________ +_____________________________
date_ops | date
timestamptz_ops | timestamp with time zone
timestamp_ops | timestamp without time zone
(3 rows)

KaskmpIit Kacc ormepaTopoB paboTaeT ¢ KaKMM-TO OIHUM TUIIOM. CeMelicTBO ke
BKJIIOUAET U OIlepaTopbl, MPUHMUMAIOIINe pa3Hble TUIIbI JAHHBIX:

=> SELECT opcname, amopopr::regoperator
FROM pg_am am
JOIN pg_opfamily opf ON opfmethod = am.oid
JOIN pg_opclass opc ON opcfamily = opf.oid
JOIN pg_amop amop ON amopfamily = opcfamily
WHERE amname = 'btree'
AND opfname = 'integer_ops'
AND amoplefttype = 'integer'::regtype
AND amopstrategy = 1
ORDER BY opcname;
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opcname amopopr
int2_ops | <(integer,bigint)
int2_ops | <(integer,smallint)

|
+
I
|
int2_ops | <(integer,integer)
I
|
I
|
|
I

int4_ops | <(integer,bigint)
int4_ops | <(integer,smallint)
int4_ops | <(integer,integer)
int8_ops | <(integer,bigint)
int8_ops | <(integer,smallint)
int8_ops | <(integer,integer)
(9 rows)

3a cYeT TPYIIIMPOBKY OIEPATOPOB B CEMENCTBO TIAHMPOBIIVK MOXKET MUCITOJb-
30BaTh MHAEKC AJIS YCIOBUIA CO 3HAUEHMUSIMM PA3HBIX TUIIOB, HE TPEOYS SIBHOTO
TIpUBEIEeHMS.

19.3. UHTepdeiic MexaHU3Ma MHAEKCUPOBAHUS

Kak u g5 TaGMMUHBIX METOOB AOCTYyIA, cTonben amhandler Tabmuilsl pg_am
COZepsKUT MMsI QYHKLMY, peanusyiomeii uaTepdeiic!:

=> SELECT amname, amhandler FROM pg_am WHERE amtype = 'i';
amname | amhandler

+
btree | bthandler
hash | hashhandler
gist | gisthandler
gin | ginhandler
spgist | spghandler
brin | brinhandler

(6 rows)

OYHKLMS 3aM0THSeT MHTepdeiCHYI0 CTPYKTYPY> HeOGXOAMMBIMM 3HAUeHUSIMIL.
YacTb ITpeoCcTaBisieMoil MHGOpMaIuy — 3T0 QYHKIIVH, BHITTOIHSIOINIVE OTOEeb-
Hble 3JIeMeHThI 001eli paboThl (HAlpUMep, CKAaHMPYIOIMe UHAEKC ¥ BO3Bpalla-
o1ye uaeHTUOUKATOpbl BepCuii CTPOK), a YaCTh — CBOMCTBA MHIEKCHOTO MeTO-
Ila, 0 KOTOPBIX JOJIKEH 3HATh MeXaHM3M MHIIeKCUPOBaHNS.

1 postgrespro.ru/docs/postgresql/16/indexam.
2 include/access/amapi.h.
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Bce cBojicTBa pa3zelieHbl HAa TPU YPOBHS | :

¢ CBOJICTBA MeTOJA AOCTYMa;
e CBOJICTBA KOHKPETHOTO MH/IEKCa;

* CBOJICTBA OTAE/NbHBIX CTOJ'IGLIOB MHIOEeKCa.

BbiiesieHe ypoBHeli MeTO/Ia AOCTYIA U MHJEKCA CIeIaHOo C IPUIIENIOM Ha Gyay-
Ilee: B HACTOSIIIee BPeMSI BCe MHJIEKChI, CO3AaHHbIe HA OCHOBE OIHOTO MEeTO/a
IOCTYIIa, BCerma 6yayT MMeTh OOMHAKOBbIE CBOMCTBA ITUX IBYX YPOBHEIA.

CsoiicTBa MeToAa AocTyna

K cBojicTBaM MeTOAa AOCTYIIa OTHOCATCS CAeAyloliMe MSTh (MIOKa3aHbl Ha IIpU-
Mepe B-nepesa):

=> SELECT a.amname, p.name, pg_indexam_has_property(a.oid, p.name)
FROM pg_am a, unnest(array[

'can_order', 'can_unique', 'can_multi_col',
'can_exclude', 'can_include'

1) p(name)

WHERE a.amname = 'btree';

amname | name | pg_indexam_has_property

________ _+_________________+__________________________

btree | can_order | t

btree | can_unique | t

btree | can_multi _col | t

btree | can_exclude | t

btree | can_include | t

(5 rows)

CAN ORDER BO3MOKHOCTDb ITIONY4YaTh JAHHbIE B OTCOPTMPOBAHHOM IIOpsAKe?.
B Hacros1ee BpeMs TOAEPKMBAETCS TOJNBKO B-mepeBbsiMut.

YT06BI MOTYYNTD PE3YIbTATHI B HY’KHOM MOPSIAKE, BCErja MOKHO IMTPOCKAHM-
pOBaTh TAOIUITY ¥ OTCOPTUPOBATD ITOTyUeHHbIE TaHHbIE:

1 backend/utils/adt/amutils.c, dyskums indexam_property.
2 postgrespro.ru/docs/postgresql/16/indexes-ordering.
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=> EXPLAIN (costs off)
SELECT * FROM seats ORDER BY seat_no;

QUERY PLAN

Sort

Sort Key: seat_mo

-> Seq Scan on seats
(3 rows)

Ho IIpY HAJIMYUM MHAOEKCa, ITOAOEeP>)KMBAIOIIETr0 3TO CBOIZCTBO, MO>XKHO ITOJTy-
UUTDb JaHHbIE€ Cpa3y B HY’)KHOM ITOpSAOKe:

=> EXPLAIN (costs off)
SELECT * FROM seats ORDER BY aircraft_code;

QUERY PLAN

Index Scan using seats_pkey on seats
(1 row)

CAN UNIQUE Iloggnepskka orpaHMYeHUSI YHUKAJIbHOCTU U TEPBUYHOIO koual.
[IpuMeHMUMO TONBKO K B-nepeBbsam.

[Tpu 06BsIBNIEHNY YHUKAIBHOTO MM IEPBMYHOTO KII0Ua aBTOMAaTUUECKH CO-
3[1aeTCsl YHUKAIbHBI MH]IEKC, TOIepXXUBAIOIINIT 9TO OrpaHYeHIe 11e/I0CT-
HOCTH.

=> INSERT INTO bookings(book_ref, book_date, total_amount)
VALUES ('000004', now(), 100.00);

ERROR: duplicate key value violates unique constraint
"bookings_pkey"
DETAIL: Key (book_ref)=(000004) already exists.

C Ipyroii CTOPOHBI, eC/Ii He 00bSIB/ISIT OTpaHUYEHMe 11eJIOCTHOCTY SIBHO, HO
CO30aTh YHUKATbHBIN MHAEKC, BUAMMBII 3 deKT 6yIeT TakuM Ke: CTon6elr
He OyIeT JOomycKaThb Iy6IMKaToB. B uem pasuniia?

OrpaHuyeHMe 1eJI0CTHOCTU — JeKaapalusi CBOMCTBA, KOTOPOe NOIKHO BbI-
TTOJTHSITHCS, @ MHIIEKC — TOT MeXaHM3M, KOTOPbIii 3TO oOecreunBaeT. B mpuH-
1IMIIe, OTPaHMYEHME MOXKET rapaHTUPOBATHCS U IPYTUMM CPEICTBAMMA.

1 postgrespro.ru/docs/postgresql/16/indexes-unique.
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Hampumep, PostgreSQL He M0O3BOJISIET CO34aBaTh INIOOATbHbIE MHIEKCHI Ha
CEKIMOHMPOBAHHbBIX TAOIMIIAX, HO TEM He MeHee MO3BOJISIET OObSIBUTD YHU-
KaJIbHBIN KJIIOU (€C/IM B HErO BXOOUT KJII0U CEKLIIMOHUPOBAHUSA). B 3TOM Ciy-
yae m1obasbHash YHMKAIbHOCTh 00eCIieurBaeTcs JOKATbHbIMY YHUKATbHBI-
MM MHIEKcaMM Ha KakKIOii CeKUyu 1 TeM (aKTOM, UTO B IBYX CEKIMSIX He
MOKET ObITh OAVMHAKOBBIX 3HAUYEHMII KITFOUa CEKIIMOHUPOBAHMSI.

CAN MULTI COL B0o3MOXXHOCTb IIOCTPOUTb COCMABHOU UHOEKC TI0 HECKOJIbKUM
cronbam’.

CoCTaBHO MHAEKC MO3BOJISIET YCKOPUTh MOMUCK 10 HECKOJIBKUM YCIOBUSIM
Ha pasHbIe CToNOLbI Tabnuilel. Harpumep, Tabnuia ticket flights mmeer
COCTABHOJI TTEPBUYHBII KJTIOYU ¥, COOTBETCTBEHHO, MH/IEKC:

=> \d ticket_flights_pkey
Index "bookings.ticket_flights_pkey"

Column | Type | Key? | Definition
——————————— G it
ticket_no | character(13) | yves | ticket_no
flight_id | integer | yes | flight_id
primary key, btree, for table "bookings.ticket_flights"

[Touck repesieTa o HOMepy 6mIeTa U AEHTUYUKATOPY peiica BHITOITHIETCS
C TIOMOIITBI0 MHAEKCA:

=> EXPLAIN (costs off)
SELECT * FROM ticket_flights
WHERE ticket_no = '0005432001355' AND flight_id = 51618;

QUERY PLAN

Index Scan using ticket_flights_pkey on ticket_flights
Index Cond: ((ticket_no = '0005432001355'::bpchar) AND
(flight_id = 51618))

(3 rows)

Kaxk npaBuio, cocTaBHOI MHIEKC MOXKeT UCII0Ib30BaThCs U [IJIS1 YCKOPEeHUs
BBIOOPKM IO YCJIOBMSIM Ha YacTh oseit. B caryyae B-gepeBa mouck 6ymer a¢-
(beKTMBHBIM, TOIBKO €CJTU YCIIOBYSI OXBATHIBAIOT HAYaIbHbIE CTOIOIIBI U3 TEX,
10 KOTOPBIM IIOCTPOEH MHJIEKC:

1 postgrespro.ru/docs/postgresql/16/indexes-multicolumn.
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=> EXPLAIN (costs off)
SELECT * FROM ticket_flights
WHERE ticket_no = '0005432001355';

QUERY PLAN

Index Scan using ticket_flights_pkey on ticket_flights
Index Cond: (ticket_no = '0005432001355': :bpchar)
(2 rows)

B ocranbHbIX CIydasax (HampuMmep, npu yciaoBum Toiabko Ha flights_id)

MoUCK (hakTuuecku 6yeT orpaHnYeH HauaabHBIMY CTOIOIAMU (€C/TU TaKKe
YCJIOBUS €CTh), & OCTaJIbHbIE YUIOBUS OYIYT UCIIOIB30BaThCS IJist GUIBTPA-

LMY TIOTyYEHHBIX pe3ynbTaToB. HO A/ MHAEKCOB APYTMX TUIIOB 3TO MOXeT . 610
OBITb U He TaK.

CAN EXCLUDE TIlogmepskka orpaHnnueHus: uckiatouenmsi EXCLUDE L

OrpaHnyeHMe UCKIIOUEHNS] TapaHTUPYET, UTO YCIOBME, OTIpelesisieMoe oIle-
paTopoM, He 6YIeT BhIMOTHATHCS AJIs JTIOOBIX TIap CTPOK TaGmuIb. ISt IIpo-
BEPKM OTpaHNYEHMsI aBTOMATUUECKM CO3TAETCS MHIEKC; KJacC OIepaTopoB
METO/Ia TOCTYIIA TO/DKEH CONEPsKaTh BbIGPaHHbI OMepaTop.

B kauecTBe orepaTopa OOGbIYHO MCIIONb3YETCS «mepecedyeHue» &&. Hampu- c. 552
Mep, TaKMM 00pa3oM MOKHO JeK/IapaTUBHO OOBSIBUTDb, UTO ayaAUTOPUST He

MOKeT OBbITh ABaKIbl 3a0pOHMPOBAHA Ha OTHO M TO K& BpeMs MJIM UTO 31a-

HMSI Ha KapTe He MOTYT HaK/IaJabIBaThCs IPYT Ha IpyTa.

C omepaTopoM «paBHO» OTPaHUYEHME UCKIIOUEHMS TPUOOpeTaeT CMbICI
OTpaHMYEHMS] YHUKATbHOCTY  3aIIpelllaeTcs Hauuue B TabIuile ABYX CTPOK
C COBNAJAIIIMMM 3HAUEHUSIMU K/TIOUEBBIX CTONOLIOB. TeM He MeHee 3TO He
TO K€ CaMOe€, UTO OTpaHNYEeHMEe YHUKAIbHOCTHU: B YaCTHOCTH, Ha KJTIOY Orpa-
HUUYEHMS UCKITIOYEHMS HeJb3$ CChbIAThCS BO BHEIIHMX KIIIOUAX, €r0 HeJb3s
UCIoJb30BaTh BO (ppase ON CONFLICT.

CAN INCLUDE B03MOXHOCTh T0OaBUTb K MHAEKCY CTOJIOLIBI, He SABsSomuecs ya- V. 11
CTBIO MHJIEKCHOTO KJTI04a, YTOOBI CIIe/IaTh MHIEKC ITOKPbIBAIOIIVIM. c. 410

Tak, HarpuMep, MOXHO A0OABUTH JOTIOMHUTENbHBIE CTONOIbI K YHUKAIbHO-
My uHpAeKcy. Takoit MHIeKC OyIeT rapaHTUpPOBaTh YHUKAIBHOCTh 3HAUeHU

1 postgrespro.ru/docs/postgresql/16/ddl-constraints#DDL-CONSTRAINTS-EXCLUSION.
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B K/IIOUEBBIX CTOJIOLIAX, MIO3BOJISIST TIPM 3TOM TIOIyYaTh 3HAUEHMS JOTIOIHM-
TeJIbHBIX CTOJIOIIOB 6e3 06palleHNs K Tabnuie:

=> CREATE UNIQUE INDEX ON flights(flight_id) INCLUDE (status);
=> EXPLAIN (costs off)
SELECT status FROM flights WHERE flight_id = 51618;

QUERY PLAN

Index Only Scan using flights_flight_id_status_idx on flights
Index Cond: (flight_id = 51618)
(2 rows)

CBolicTBa UHAEKCa

CBOﬁCTBa, OTHOCANIMECA K MHOEKCY (HOKaBaHbI Ha IIpmmMepe CyH_IECTBYIOH.IEI‘O)Z

=> SELECT p.name, pg_index_has_property('seats_pkey', p.name)
FROM unnest(array[
'clusterable', 'index_scan', 'bitmap_scan', 'backward_scan'

1) p(name);

name

clusterable
index_scan
bitmap_scan
backward_scan
(4 rows)

CLUSTERABLE B03MOXHOCTh (pM3MUECKM II€PEMECTUTh BEPCUU CTPOK TaOIMIIbI
B COOTBETCTBUM C TTOPSIAKOM, B KOTOPOM JaHHBI MHIEKC BbIJAeT UX UJEeH-
TUGUKATOPHI ITPU MHIEKCHOM CKaHUPOBAHUM.

ODTO CBOWCTBO OmpeaenseT JOIMyCTUMOCTD BbiltoHeHuss kKomaHabl CLUSTER.
INDEX SCAN ITonmepskka uHOeKCH020 CKAHUPOBAHUSL.

CBOJICTBO 03HAYAET, YTO METOJ, TOCTYTIA YMEET BbIAABATb UIEHTUDWKATOPHI
BepCuit CTPOK 110 OTHOMY. MOXKeT ITOKa3aThCs CTPaHHbBIM, HO He BCE MHIEKChI
TOAAEP>KUBAIOT 3TO CBOVCTBO.
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BITMAP SCAN Tlopmepskka CKaHUpos8aHus o 6umosoli kapme.

CBOIJiCTBO 03HAYAET, YTO METOJ, AOCTYIIA MOXET IMOCTPOUTD U BEPHYTb GUTO-
BYIO KapTy Cpasy 0 BCceM UIeHTUHUKATOPAM BEPCUIT CTPOK.

BACKWARD SCAN B03MOKHOCTh BO3BpalllaTh pe3y/lbTaT B MOPSAKE, 06paTHOM
YKa3aHHOMY TIpU CO30aHUM UHEKCA.

DTO CBOWCTBO dKTYa/JIbHO, TO/JIBKO eC/IM MEeTO AOCTYyIIa IMOAOEPKMBAET MH-
JEKCHOe CKaHMPOBaHMeE.

CsoiicTBa cTON6LOB

HaxkoHel1, cBOJiCTBa CTOJIOIIOB:

=> SELECT p.name,
pg_index_column_has_property('seats_pkey', 1, p.name)

FROM unnest(array[
'asc', 'desc', 'nulls_first', 'nulls_last', 'orderable',
'distance_orderable', 'returnable', 'search_array', 'search_nulls'

1) p(name);

name pg_index_column_has_property

I

+
asc |
desc |
nulls_first |
nulls_last |
orderable |
distance_orderable |
returnable |
search_array |
search_nulls |
(9 rows)

t t ct Hhct t HhHh ot

ASC, DESC, NULLS FIRST, NULLS LAST YnopsaouyeHHOCTh 3HAYEHUi1 CTONIOIIA.

OJTU CBOJCTBA OMPEAENsIIOT, XPAaHSITCSI 3HAUEHMSI B MOPSIAKE BO3paCTaHUS
MV YOBIBAHMS U T HAXOHSATCS Heompee/eHHbIe 3HaUeHNS — IO OObIUHBIX
3HaueHMI uiau nocie. Bce cBOVCTBA M3 3TOV TPYIIIbLI IIPUMEHUMbI TOJIBKO
K B-nepesbsim.
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ORDERABLE B03MOXXHOCTb YIOPSIAOUMBATh 3HAUEHMS JAHHOTO CTOJIOIA B ITpef -
noxxeunu ORDER BY.

DTO CBOVCTBO TaKXXe IMIPUMEHMMO TOIbKO K B-IlepeBbsim.

c. 396 DISTANCE ORDERABLE IlommepskKka 0nepamopos ynopsoouusaHus .

B ommume oT 0OBIYHBIX MHIIEKCHBIX OMIEPATOPOB, BO3BPALIAOIINX JIOTHYE-
CKO€ 3HaueHye, OIlepaTophl YIIOPIAO0UMBaHNS BO3BPAILAIOT BelleCTBEHHOe
YMCIIO — «PacCTOsIHMe» OT OLHOI0 aprymMeHTa 1o Apyroro. MHaeKkc nonmgep-
SKV/BAeT Takue orepaTtopsl B npenyioxkeHun ORDER BY.

Hampumep, ¢ IOMOILIBIO ONepaTopa YIOPSLOUYMBaHUS <-> MOXHO HalTU
as3pOIOPTHI, OIVKAIIMe K 3aJaHHO TOUKE:

=> CREATE INDEX ON airports_data USING gist(coordinates);
=> EXPLAIN (costs off)

SELECT * FROM airports

ORDER BY coordinates <-> point (43.578,57.593)

LIMIT 3;

QUERY PLAN

Limit
-> Index Scan using airports_data_coordinates_idx on airpo...

Order By: (coordinates <-> '(43.578,57.593)'::point)
(3 rows)

RETURNABLE B03MOXHOCTb ITOJIyYeHUSI TaHHBIX U3 MHOeKca 6e3 oOpalleHus
c. 407 K TabJu1Ie, TO €CThb MOAIEPIKKA CKAHUPOBAHUS MOJIbKO UHOEKCA.

CBOJICTBO OIpeeIsieT, MO3BOMSIET JIM UHIEKCHASI CTPYKTYpPa BOCCTAHOBUTD
MIPOVHIEKCUPOBAHHbIE 3HAUEHMsSI. DTO BO3MOXHO He BCerma; Hampumep,
HEKOTOpbIe MHIEKChI MOI'YT COXPAHSITh HE CaMy 3HAUEeHMS, a UX Xell-KOIbI.
B Takux crydasix He 6ymet pa6otaThb U cBoiicTBo CAN INCLUDE.

SEARCH ARRAY Tlognepskka moucKa HeCKOJAbKUX 3HaUeHMI M3 MacCuBa.

Takast HeO6XOOMMOCTb BO3HMKAET HE TONBKO TPU SIBHOM MCIIOIb30Ba-
HMM MaccuBOB. Hampumep, IIaHMPOBIIYK MMpeodpasyeT KOHCTPYKUNMiI0 IN
(cnuncok) B MOMCK MO MacCUBY:

1 postgrespro.ru/docs/postgresql/16/xindex#XINDEX-ORDERING-OPS.
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19.3. Hnmepdapetic mexaHu3ma uHOeKcuUpos8aHus

=> EXPLAIN (costs off)
SELECT * FROM bookings
WHERE book_ref IN ('C7C821', 'A5D06@', 'DDE1BB');

QUERY PLAN

Index Scan using bookings_pkey on bookings
Index Cond: (book_ref = ANY
('{C7C821,A5D060,DDE1BB}': :bpchar[]))

(3 rows)

Eciyu MHIEKCHBIN MeTon He yMeeT paboTaTh C TAKMMM OIlepaTopamu, Ipu
VCIIOJTHEHUY [IJIaHA TTOTPeOyeTCs] HECKOIbKO MTepaluii 1JIs OUCKa ONUHOY -
HbIX 3HaUeHU (YTO MOXKeT cKa3aThCs Ha 3PGheKTUBHOCTH).

SEARCH NULLS Bo3smoskHOoCTh oucka 1o yotosusM IS NULL m IS NOT NULL.

Hapo nu MHOeKcupoBaTh HeompeneleHHble 3HaYeHUs? JTO JAeT BO3MOX-
HOCTb MCIIO0/Ib30BaTh MHIeKC 1y yeiaoBuit IS [NOT] NULL, a Takke B KauecT-
Be MOKPBIBAIOIIEr0 MHAEKCA MPY ITOJIHOM OTCYTCTBUM YCIOBMI Ha TaOIUITY
(TIOCKOJIbKY B 3TOM CJTydae MHIEKC NOKeH BePHYTh JaHHbIE BCEX CTPOK Tab-
JIUIIBI, B TOM YMCJIE ¥ C HEOIpeneJleHHbIMM 3HaUYeHusIsMu). 3aTto 6e3 NULL
MHOEKC MOXeT MOJIyYUThCSI KOMITaKTHee.

Pernienne NMPpUHMMAIOT paBpaGOT‘-II/IKI/I MeToda OoCTyIla, HO 00BIYHO HeoIpe-
OeJIeHHbIe 3HaUeHMs BCe-TaK MHOEKCUPYIOTCS.

Ecnu HeompenesieHHbIe 3HAYEHMS B MHIEKCE HE HYXKHBI, UX MOKHO MCKITIO-
YUTh, TOCTPOUB YACMUYHBIII UHOEKC ' TOJBKO IO TeM CTPOKAaM TaGIMIbl, KO-
TOpbIE MIPEICTABIISIOT MHTepec. Hanmpumep:

=> CREATE INDEX ON flights(actual_arrival)
WHERE actual _arrival IS NOT NULL;

=> EXPLAIN (costs off)

SELECT * FROM flights

WHERE actual _arrival = '2017-06-13 10:33:00+03';

QUERY PLAN

Index Scan using flights_actual_arrival_idx on flights
Index Cond: (actual_arrival = '2017-06-13 10:33:00+03'::ti...
(2 rows)

1 postgrespro.ru/docs/postgresql/16/indexes-partial.
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I'nasa 19. HHOexcHbie memodsl docmyna

YacTUUHBIN MHAEKC OYIeT MeHbIIe TIOJHOTO 10 pasMepy U He OyIeT 0OHOB-
JISITbCSI TIPU MU3MEHEHMM CTPOK, He BXOASIINX B MHAEKC. B HeKOTOPBIX cityya-
SIX 9TO MOKET [aTh OIIYTUMbIN BbIUTPHIlI. KOHEUHO, yClI0BMe B TIpeJioxke-
Huy WHERE MoskeT GbITh JIF0GBIM (YAOBJIETBOPSIONIVM TPEOOBAHMSIM KaTero-
pun namenunBoct IMMUTABLE), a He TO/IbKO TPOBEPKOI HeoMpeae/IeHHbIX
3HAYeHUIA.

HOCTpOGHI/Ie YaCTUYHBIX MHOEKCOB HE 3aBMCUT OT MeTOda OJOCTYyIla 1 obec-
IeYMBaeTCsa MEXaHM3MOM MHOEKCMPOBaHMSI.

PasymeeTcst, mHTepdeiicom oxXxBaueHbl He BCe BO3MOXXHOCTY MHIEKCHBIX METO/IOB
IOCTYTIa, a TOJIbKO T€, O KOTOPhIX HEOOXOAMMO 3HATH 3apaHee, YTOObI IPUHSTh
NpaBUIbHOE pelieHre. Hanpumep, HET CBOICTB, KOTOpbIE OTPaXkaloT MOAAEPXKKY
MpeIMKATHBIX OIIOKMPOBOK, BO3MOKHOCTH HEOJIOKMPYIOIIETO CO3AaHNSI MHIEKCA
(CONCURRENTLY). Takue cBoiicTBa OompemensitoTcs KogoM (GyHKIMIA, peannsyio-
mux uHTepderic.
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MHOoeKCHOe CKaHupoBaHue

20.1. MNMpocToe uHAEKCHOE CKaHUpOBaHUe

CymiecTByeT nBa 6a30BbIX BapuaHTa pabOThl C MAEHTUGUKATOPAMMU BepCuii
CTPOK, IOCTaBJIIEMbIMM MHIEKCOM. IlepBbIii U3 HUX — UHOEKCHOE CKAHUposd-
Hue. BOMBbIIMHCTBO MHIEKCHBIX METOIOB (HO He Bce) 00/1amaroT cBoiicTBoM INDEX
SCAN ¥ oz IepsKMBAIOT STOT CITIOCO0.

Onepaum[ NnpencTaB/IsIETCS B IIJIAHE 3aI1poca y3JI0M Index Scan 1:

=> EXPLAIN SELECT * FROM bookings
WHERE book_ref = '9ACOC6' AND total_amount = 48500.00;

QUERY PLAN

Index Scan using bookings_pkey on bookings
(cost=0.43..8.45 rows=1 width=21)
Index Cond: (book_ref = '9ACOCE': :bpchar)
Filter: (total_amount = 48500.00)

(4 rows)

ITpy MHIEKCHOM CKaHMPOBAHUM METOJ JOCTYIIa BO3BpaIlaeT UAeHTU(MUKATOPI
BepCuii CTPOK 110 OZHOMY 3a pa3® MeXaHM3M MHIEKCHMPOBAHUS MOTyYaeT oyue-
penHoi umeHTUGUKATOP, 0OpamlaeTcst K TabMIMYHOM CTpaHuIle, Ha KOTOPYIO OH
YKa3bIBaeT, [T0JTyYaeT BePCHI0 CTPOKM M, eC/IM OHA YAOBJIETBOPSIET IIpaBuiaM BU-
IVMOCTH, BO3BpalllaeT HeoOXOaMMbIii Habop moJeii. [Ipoliecc mpomgoskaeTcs, Imo-
Ka Y MeTojla OCTYIla He 3aKOHYATCS UIEeHTU(PUKATOPBI, TOAXOASIIINE IO, YCII0-
BMS 3ampoca.

1 packend/executor/nodelndexscan.c.
2 backend/access/index/indexam.c, bynxims index_getnext tid.
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c. 321

I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

B ctpoke Index Cond yKa3bpIBalOTCSI TOJIBKO T€ YCJIOBUSI, KOTOPBIE MOTYT OBITh ITPO-
BepEeHbI C TOMOIIbIO MHAEKCA. [JOTONMHUTEeIbHBIE YCIOBUA, TPeOyIolIue Iepernpo-
BEpKMU 110 Tab/uIle, 0TOOPAXKAIOTCS B OTAEIbHOI cTpoke Filter.

Takum o6pa3om, oOpalieHns K MHIEKCY U K TabIuIle He BbIIe/IeHbI B IBA OTHE/Tb-
HBIX y3JIa IJIaHAa, a BBITIOMHSIOTCS B 0611eM y3i1e Index Scan. X0oTs U CylecTBYeT
crienymanbHBbI y3en Tid Scan', unTaromuii 13 TaGMUIBI BEPCUM CTPOK IO U3BECT-
HBbIM MAeHTUUKATOpaAM:

=> EXPLAIN SELECT * FROM bookings WHERE ctid = '(0,1)'::tid;
QUERY PLAN

Tid Scan on bookings (cost=0.00..4.01 rows=1 width=21)
TID Cond: (ctid = '(@,1)'::tid)
(2 rows)

OueHKa cToMMOCTH

Ol1leHKa MHIEKCHOTO CKaHMPOBAHMSA CKIaabIBA€TCA M3 OHEHKM NOCTYIId K MHIAEK-
Cy M OHEHKIM UTEHUA TabIMUHBIX CTpaHUII.

OueBUAHO, YTO MHAEKCHAS YaCTh OIEHKM MOTHOCTBIO 3aBUCUT OT KOHKPETHOTO
MeToma JocTyIa. B arydae B-gepeBa 0CHOBHBIE pacXOIbl PUXOASITCS Ha UTEHME
MHIEKCHBIX CTPaHMIl ¥ 00pabOTKY CTPOK B 3TUX cTpaHuiiax. CKOJIbKO MMEHHO
CTPaHUIL ¥ CTPOK OymeT MPOUYUTAHO, MOKHO OIpeNeNnTh, 3Hasl 06IIuii 06beM
IAHHBIX U CEJIEeKTUBHOCTDb YCIOBUIA. JIOCTYIT K MHAEKCHOM CTpaHUIle HOCUT CITy-
YyaliHbIil XapakTep (CTPAHMIIbI, COCEICTBYIONIME APYT C IPYrOM JIOTUIeCKu, hu-
3MYECKM MOTYT pacIioyiaraThCs HempenckasyeMbiM o6pasom). K olieHKam Takke
I06aBJISIOTCS Pecypchl IIPOLeccopa Ha CITYCK OT KOPHSI 10 JIMCTOBOM CTPaHMUIIbI
VI Ha BBIUVICTIEHVIEe HeOBXOVIMBIX BBIPKEeHMI

TabmuuHas 4acTh OIE€HKYM YUUTHIBAET CTOMMOCTD JOCTYTIA K CTPAHUIIAM U TIPO-
1IecCopHOe BpeMs Ha 06pabOTKy BCeX MTPOUMTAHHBIX BepCcuit. BaskHO, UTO OLieHKa
BBOJIA-BbIBOJA 3aBUCUT He TOTBKO OT CeJIEKTUBHOCTY MHIEKCHOTO NOCTYIIA, HO U

1 backend/executor/nodeTidscan.c.
2 backend/utils/adt/selfuncs.c, dyHkims btcostestimate;
postgrespro.ru/docs/postgresql/16/index-cost-estimation.
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20.1. IIpocmoe uHOeKCHOe CKAHUpPOBaHue

OT Koppenasyuu G1U3UIeCKOTO PaCIIONOKEHNS BEpCHil CTPOK Ha AVCKe C TEéM II0-
PSAOKOM, B KOTOPOM MeTO AOCTYyIIa BblJaeT UX I/IILeHTI/I(bI/IKaTOpI)I.

Xopowmuii cnyyaii: BbiICOKasi Koppenauus

Ecnu dusuyecknit mopsilok Bepcuii Ha AucKe MaeabHO KOPPeIupyeT C Jormnye-
CKMM TIOPSIAKOM UIOEHTU(GUKATOPOB B MHAEKCE, TO, YMTAS BEPCUM CTPOK ONHY
3a Apyroii, y3en Index Scan 6ymeT nociedosamesibHo MEPEXOAUTb OT CTPAHMIIBI
K CTPaHUIIE ¥ 06PaTUTCS K KaXKI0/ U3 HUX MObKO 00UH pas.

NTaY
|

TabnnyHas
CTpaHULA
BEPCHA CTPOKM,
YLOBNETBOPSHOLLASA
YCNoBUAM

Nudbopmanust o Koppensiunuy cobMpaeTcst Kak 4acTb CTATUCTUKU:

=> SELECT attname, correlation
FROM pg_stats WHERE tablename = 'bookings'
ORDER BY abs(correlation) DESC;

attname | correlation
______________ +______________
book_ref | 1
total_amount | 0.0026738467
book_date | 8.02188e-05
(3 rows)

3HaueHwus, 6;IM3KME MO MOAYIIO K equHuUIle (Kak Jyist ctonbua book _ref), roso-
PSIT O BBICOKO1 YIIOPSIIOU€HHOCTH, a G/IM3KIe K HYITI0 — HA060pOT, O XaOTUIHOM
pacrpeneneHun.

B naHHOM cnyyae Bbicokas koppenaumsa ang ctonbua book_ref Bbi3BaHa, KOHEYHO, TEM,
YTO AaHHble Oblnv 3arpyKeHbl B TabnuLy B Nopsiike BO3pacTaHUs 3Ha4YeHuiA 3Toro ctonbua
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

M He naMeHanncb. K Takoi e KapTMHe npueenet BbinonHeHne komanabl CLUSTER pns
MHAEKCa No 3TOMY cTonobuy.

Ho paxe Hanuuue nonHom KoppensumMu He JaeT HUKAKMX rapaHTuid, 4to nboi 3anpoc
6yLeT BO3BpaLLlaTh AaHHble MMEHHO B nopsake Bo3pacTtaHus book_ref. Bo-nepsbix, ns-
MeHeHue Ntoboi CTPOKM NPUBELET K NepeMeLleHUd BEPCUM CTPOKU B KOHeL, Tabauubl.
Bo-BTOpbIX, NNaH, MCNOMb3YIOWMIA UHAEKCHBIA JOCTYN N0 KakoMy-nnbo apyromy cton6-
Ly, BblAACT AaHHble B Apyrom nopsake. M naxe nocnenoBaTenbHOe CKaHUPOBAaHUE MOXET
HayaTbCa He C Havana Tabnuubl. NoaToMy ecnn TpebyeTcs onpefeneHHbIM NopaAoK, ero
HeobxoauMo ykaszatb B npeanoxerHun ORDER BY.

BoT npumep MHAEKCHOTO CKAaHMPOBAHMS OOIBIIOTO KOJINYECTBA CTPOK:

=> EXPLAIN SELECT * FROM bookings WHERE book_ref < '100000';
QUERY PLAN

Index Scan using bookings_pkey on bookings
(cost=0.43..4640.91 rows=132999 width=21)
Index Cond: (book_ref < '100000'::bpchar)

(3 rows)

CeleKTUBHOCTh YCJIOBMSA 110 OLI€HKE IVIaHMPOBIIMKA COCTaBJISET:

=> SELECT round(132999: :numeric/reltuples: :numeric, 4)
FROM pg_class WHERE relname = 'bookings';

round

9TO 6/IM3KO K OLIEHKE 1—16, KOTOPYIO MOXKHO JIaTh U3 OOIINMX COOOpaskeHMi, 3Hast

JIuara3oH 3HaueHuii book _ref ot 000000 no FFFFFF.

VHpeKcHas 4acTh OILIEHKM BBOZA-BBIBOZAA /IS B-mepeBa yuMThIBA€T CTOMMOCTh
yTeHMsT HeO6XOAMMOI0 KOJIMYECTBA CTpaHull. IHIeKCHbIe CTPOKM, COOTBETCTBY-
IomIye J11060My YCIOBUIO, KOTOPOE MOAAepskuBaeTcs B-mepeBoM, yIIopsmoYeHbl
M HAXOZSITCS B JIOTMYECKY CBSI3aHHbIX JIMCTOBBIX CTPaHUIIAX, IO3TOMY KOIMYECT-
BO MPOUYUTAHHBIX MHAEKCHBIX CTPAHUI] OLIEHMBAETCS MTPOV3BEIEeHEM pasMepa
MHJIEKca Ha CeJIeKTUBHOCTb. Ho Gpu3Muecku 3TU CTpaHMUIIbI He YITOPSIA0UYEHbI, TI0-
9TOMY UTE€HMe HOCUT CIyuatiHbili XapaKkTep.
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20.1. IIpocmoe uHOeKCHOe CKAHUpPOBaHue

Pecypchl mporeccopa TpaTATCs Ha 06pabOTKy BCEX MPOUYMTAHHBIX WHAEKCHBIX
CTPOK (CTOMMOCTb 06pPabOTKYM OFHOI CTPOKM OLIEHMBAETCS 3HAUEHMEM Iapa-
MeTpa cpu_index_tuple_cost) M BbIUMCIIEHME YCTIOBUS IJIST KAsKIOM U3 3TUX CTPOK
(B TaHHOM CJIy4ae yCJIOBMeE COMEPSKUT OIMH OIepaTop; CTOMMOCTD €ro BbIUMCIe-
HMUSI OIIEHMBAETCS 3HAUEHMEM TapaMeTpa cpu_operator cost).

Ta6MMUHbII BBOI-BBIBOJ pACCMATPUBAETCS KaK n0cn1edosamesbHoe UTeHYe Heoo-
XOIVIMOTO KOJIMYeCTBa CTpaHull. [Ipu maeanbHO KOppensiun TabinuHble Bep-
CUY CTPOK OYAYT GM3MUECKM COCENCTBOBATD APYT C IPYTOM, ITI0ITOMY KOJTMYECTBO
CTpaHMUI] OLIEHUBAETCS IIPOU3BEIeHMEM pa3Mepa TabIUIIbI Ha CEIEKTUBHOCTb.

K croumocTn BBoga-BbIBOAA JOOABISIIOTCS 3aTpaThl HA 06PabOTKY BCEX IMPOYM-
TaHHbIX BEPCUIL CTPOK; CTOMMOCTH 06paGOTKM OFHOI BepCUU OLIEHUBAETCS 3HA-
yeHMEeM napameTpa cpu_tuple_cost.

=> WITH costs(idx_cost, tbl_cost) AS (
SELECT
( SELECT round(
current_setting('random_page_cost')::real * pages +
current_setting('cpu_index_tuple_cost')::real * tuples +
current_setting('cpu_operator_cost')::real * tuples
)
FROM (
SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples
FROM pg_class WHERE relname = 'bookings_pkey'
) c
)
( SELECT round(
current_setting('seq_page_cost')::real * pages +
current_setting('cpu_tuple_cost')::real * tuples
)
FROM (
SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples
FROM pg_class WHERE relname = 'bookings'
) c
)

SELECT idx_cost, tbl_cost, idx_cost + tbl_cost AS total FROM costs;

idx_cost | tbl_cost | total
__________ +__________+_______
2457 | 2180 | 4637
(1 row)
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

dopmysia MOKa3bIBAET JIOTMKY BBIUMCIEHNST CTOMMOCTH, M PE3YJIbTAT XOPOIIIO CO-
OTBETCTBYET OLIEHKE [UIaHMPOBIIMUKA, XOTSI M He SIBJISIeTCST TOUYHbIM. [TomyueHmne
TOYHOTO 3HAUEHMsI IOTpe6oBaio Obl yueTa JeTaseif, Ha KOTOPbIX Mbl He GymeM
OCTaHaBJIMBAaThCS.

Mnoxoit cnyyait: HU3Kaa Koppensauus

Cutyanusi ¢ JOCTYIIOM K Tabjuile MEeHSEeTCsI, KOrja KOppensiiyusl OKa3bIBaeTcs
HM3Koit. Co3mammum MHAEKC Mo cTobuy book_date, MMewneMy IpPaKTUUECKA
HYJIEBYIO KOPPEJISIINIO C MHIEKCOM, ¥ TTIOCMOTPUM Ha 3aIIpoC, BBIOMPAIOIINIA ITPH-
GM3UTENTBHO TY K€ IO CTPOK, UTO U B IIPEIbIAYIIEM ITpuMepe. IHAEKCHBIN 10-
CTYII OKa3bIBAETCSI HACTOIBKO JOPOTUM, YTO IJIAHUPOBUIVK BHIOMPAET €ro, TOJNb-
KO eCJIM 3alpeTUTh emMy BCe aJIbTepHATUBBIL:

=> CREATE INDEX ON bookings(book_date);
=> SET enable_seqgscan = off;
=> SET enable_bitmapscan = off;

=> EXPLAIN SELECT * FROM bookings
WHERE book_date < '2016-08-23 12:00:00+03"';

QUERY PLAN

Index Scan using bookings_book_date_idx on bookings
(cost=0.43..57121.48 rows=132403 width=21)
Index Cond: (book_date < '2016-08-23 12:00:00+03'::timestamp w. ..
(3 rows)

Ieno B TOM, YTO UeM HIDKe KOpPpesslys, TeM Bbillle BepOSTHOCTb TOTO, YTO
CJIeAYIOIIAsl BePCUSl CTPOKM, MAEHTUMUKATOP KOTOPOJi BBIAAET METO[ HOCTYIIa,
OKaXeTCs Ha Jpyroil crpaHuie. I103ToMy BMECTO MOCAe40BaTebHOTO YTEHUS
y3en Index Scan «cKayeT» CO CTPaHMIIbI HAa CTPAHUILY, a KOIMYECTBO o6GpalieHmit
K CTpaHUIIAM B IIpeIe/IbHOM CTy4ae MOKET TOCTUTATh KOJMMUECTBA BbIOMPAEMbIX
BepCuii CTPOK.

OxHako 6b1710 6bI HEKOPPEKTHBIM IIPOCTO 3aMEHUTD B IPUBEIeHHOIi Bbllie (hop-
MyJie seq_page_cost Ha random_page_cost, a relpages — Ha reltuples. Crou-
MOCTb, KOTOPYIO Mbl BUIMM B IIJIaHe, HA TOPSIOK MEHbIIIe TTOJYUYEeHHOM TaKuM
00pa30M OLIEHKMU:
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20.1. IIpocmoe uHOeKCHOe CKAHUpPOBaHue

=> WITH costs(idx_cost, tbl_cost) AS (
SELECT
( SELECT round(

current_setting('random_page_cost')::real * pages +
current_setting('cpu_index_tuple_cost')::real * tuples +
current_setting('cpu_operator_cost')::real * tuples

)

FROM (
SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples
FROM pg_class WHERE relname = 'bookings_pkey'

) c
( SELECT round(
current_setting('random_page_cost')::real * tuples +
current_setting('cpu_tuple_cost')::real * tuples

)
FROM (
SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples

FROM pg_class WHERE relname = 'bookings'
)c
)
)
SELECT idx_cost, tbl_cost, idx_cost + tbl_cost AS total FROM costs;

idx_cost | tbl_cost | total
__________ +__________+________

2457 | 533330 | 535787
(1 row)

[leso B TOM, YTO MO[E/b AOIMOJHUTENbHO YUMUThIBAET 3(PQHEKT KelMpoBaHUSI.
YacTo MCHoib3yeMble CTPAHUIIBI 3a[lepKuMBaloTcs B OydepHOM Kelle (M B Ke-
IIe OIepalMOHHON CUCTEMBI), TOITOMY YeM OoJIbllle Kelll, TeM OOJbIe BEpO-
SITHOCTh HAWTU HYXKHYIO CTPaHUIY B HEM U M30eXaTbh OUCKOBOI OIMeparyu.
Jnst ueneil IIaHMPOBAaHMS pa3Mep Kellla OIMpenensieTcss 3HaueHMeM IapamerT-
pa effective_cache_size. YeM OHO MeHblIle, TEM BbIIIe OIleHKA KOJMYECTBa CTpa- 4GB
HUII, KOTOPbIE MPUAETCS MPOYnTaTh. [paduK MOKa3bIBAET 3aBUCUMOCTD OLIEHKU
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

KOJIM4YeCTBa IIPOYMTAHHBIX CTPAHUIT OT pazMepa Ta6JII/IleI (,EUIH CEJIEKTUBHOCTI %
" Cj1y4dasi, KOraa Ha CTpaHMIIe ITIOMeITaeTCS OeCsAThb CTpOK) 11
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[TynkTupoM Ha rpaduKe IIOKA3aHO KOJIMYECTBO OOpalleHnii, paBHOe IIOJIOBUHE
KOJIMYECTBA CTPaHuI] (JTy4IlIMii TeOPETUYECKM BO3MOKHbIN C/Tydail Mpy Uaeaib-
HO KOppensuyn) U IMOJM0BMHE KOIMYeCTBa CTPOK (XYALINI ciry4dali IIpy HyJlIeBO
KOppeJsiiuy U OTCYTCTBUY Kellla).

IMpenmonaraeTcs, YTO 3HaUeHMe apameTpa effective_cache_size TOIKHO COOTBET-
CTBOBATb 00IIeMy 00beMY MaMSTH, JOCTYITHOMY JJI KeIIMPOBaHUS (BK/IIOUas
u 6ydepubiit ket PostgreSQL, u kemr OC). Ho mOCKO/IbKY apaMeTp CITY>KUT TOJb-
KO JIJIT OLIeHKM ¥ He TIPMBOAUT K peaJbHOMY BbIIEJIEHUIO TaMsITH, TIPU Heo6X0-
IVMOCTY €r0 MOKHO M3MEHSITb ¥ 6e3 OIISIAKM Ha peasibHbIe IV (PBHI.

YcTaHOBMB MMHMMAIbHOE 3HAUEHMe TIapaMeTpa, OAyYUM OL[eHKY TUiaHa, 6m3-
KYI0 K HAauXyaueMy 3HaueHMI0, BBIYMCIEHHOMY Bbllle 6e3 yueTa a¢dexTa Keln-
pPOBaHMS:

1 backend/optimizer/path/costsize.c, hyuxims index_pages_fetched.
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20.2. CkaHuposaue moJivkKo uHdexca

=> SET effective_cache_size = '8kB';

=> EXPLAIN SELECT * FROM bookings
WHERE book_date < '2016-08-23 12:00:00+03"';

QUERY PLAN

Index Scan using bookings_book_date_idx on bookings
(cost=0.43..532745.48 rows=132403 width=21)
Index Cond: (book_date < '2016-08-23 12:00:00+03'::timestamp w. ..
(3 rows)

=> RESET effective_cache_size;
=> RESET enable_segscan;
=> RESET enable_bitmapscan;

CTOMMOCTD TaGIMYHOTO BBOJA-BBIBOJA BHIUMC/ISIETCS IS ABYX PACCMOTPEHHBIX
CJTydyaeB — XOpOILero U IJIOXOro, a 3aTeM 6epeTcsl TPOMEKYTOUHOe 3HaueHMe
B 3aBMCMMOCTH OT peabHOii Koppesimm &

WTak, MHOEKCHOEe CKaHupoBaHue 3((eKTMBHO, Korma TpebGyeTcs IPOUUTAThb
HEKOTOPYIO YacCTh CTPOK TabmuiIbl. EC/IM BEpCHM CTPOK B Tabiinile KOPPeIMpoBa-
HBI C TTIOPSIAKOM, B KOTOPOM METOJ, IOCTYIIa BbIAAeT UAeHTU(DUKATOPHI, 3Ta YaCTh
MOJXKET OBITh BEChMa CYIIeCTBEHHOI. EC/Iu ke Koppensiys ciaabasi, To C yMeHbIlle-
HIMeM CeJIeKTUBHOCTYM MHIEKCHBI/ JOCTYIT O4eHb 6bICTPO TEPSIET CBOIO ITPUBJIEKa-
TeJIbHOCTb.

20.2. CkaHMpoBaHMe TONbKO MHAEKCA

WHpekc, comepskalnmii Bce JaHHbIE U3 TAaOIUIbI, HEOOXOIMMbIE [IJIST BbITIOTHEHMS
3aIpoca, Ha3bIBaeTCs NOKpbigarowjum (covering) st JaHHOTOo 3anpoca. [Ipy Hanm-
YU TTOKPBIBAIOIIETO MHIEeKCa MOKHO M36e3KaTh IUIIHMX 00palieHnit K Tabiauie,
rosydasi OT MeTOfa IOCTyra He uaeHTU(hMKATOPbI BepCHuii CTPOK, a caMM JTaH-
Hble. Takast Bapuanys MHIEKCHOTO CKaHMPOBAHMS HA3bIBAETCSI CKAHUPOBAHUEM
monvko uHdekca’. OHa MOXKeT MCIOIb30BAThCSI TeMM MEeTOJAMM JOCTYIa, KOTO-
pble noanepxxuBalT cBoicTBO RETURNABLE.

1 backend/optimizer/path/costsize.c, yHKIms cost_index.
2 postgrespro.ru/docs/postgresql/16/indexes-index-only-scans.
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

Omnepauys NpeacTasisieTcs B IVIaHe 3a1poca y3iaoM Index Only Scan!:

=> EXPLAIN SELECT book_ref FROM bookings WHERE book_ref < '100000';
QUERY PLAN

Index Only Scan using bookings_pkey on bookings
(cost=0.43..3793.91 rows=132999 width=7)
Index Cond: (book_ref < '100000'::bpchar)

(3 rows)

HasBaHue MOXKeT HaBeCTU Ha MbIC/Ib, UTO y3es Index Only Scan Hukorma He 06-
pamraercsl K Tabnuile, HO 3TO He Tak. MiHgekchl B PostgreSQL He comepskaT MH-
dbopmanym, mo3BOJISIONIEN CYAUTH O BUIVMMOCTH CTPOK, TOSTOMY METO, AOCTYTIA
BO3BpalllaeT JaHHbIe U3 6CeX BEPCUI CTPOK, MOMafawluX Mo, yCI0BMe TTOUCKaA,
He3aBMCUMO OT TOTO, BUAHbBI OHM TeKyIllel TpaH3aKLUuy Win HeT. BUmumMocTs 3a-
TeM IMPOBepsSIeTCs MeXaHM3MOM UHIEKCUPOBAHMUSI.

Ho ecsiu 651 MpUXOAMIOCH KasKAbIiA pa3 3amissAbIBaTh B TAGIUITY [IJIsT OTIpeIesIeHMs
BUIVIMOCTM, STOT METOM, CKAaHMPOBAHMS HUUEM He OTIMYAJICS ObI OT OOBIYHOTO
MHIEKCHOro cKaHupoBaHwusl. [IpobiemMa peiraercst TeM, uto PostgreSQL moamep-
SKUBaeT sl Tabnui, kapmy eudumocmu, B KOTOPO¥ ITPOLIeCC OUMCTKY OTMeYa-
eT CTpaHUIIbl, CoAepKallue TOJIbKO TaKue BepPCUM CTPOK, KOTOPbIe BUIHBI BCEM
TpaH3aKIMIM, He3aBUCUMO OT UX CHUMKOB. Eciu uaeHTUPUKATOP BEPCUM CTPO-
KU, BO3BpallleHHbII MHIEKCHBIM METOJO0M, OTHOCUTCS K TaKO¥ CTpaHulle, TO BU-
IMMOCTb BEPCUM MOKHO He TIPOBEPSITh.

Ha OLIEHKY CKaHMPOBAaHMA TOJIbKO MHIAEKCA BJIMSAET OOJIA TaOIUMIHBIX CTpaHNII,
OTMEUEeHHBIX B KapTe BUAMMOCTH. dTa I/IHCbOpMaI_U/IH BXOOUT B COﬁMpaeMYIO CTa-
TUCTUKY:

=> SELECT relpages, relallvisible
FROM pg _class WHERE relname = 'bookings';

relpages | relallvisible
__________ +_______________

13488 | 13446
(1 row)

! backend/executor/nodeIndexonlyscan.c.
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20.2. CkaHuposaue moJivkKo uHdexca

OreHKa CTOMMOCTY CKaHMPOBAHMS TOJNBKO MHIOEKCA OTIMYAETCS OT OLIEHKU
OOBIYHOTI'O MHIEKCHOTO CKAaHMPOBAHMS TEM, UTO CTOMMOCTb BBOJIa-BbIBO/IA, CBSI-
3aHHAasl C JOCTYNOM K Tab/uile, 6epeTcsl IPOMOPIMOHAIBHO JToJie CTPaHUI], He
BK/IIOUEHHBIX B KapTy BUAMMOCTU. (CTOMMOCTb 06pabOTKM BEpCHii CTPOK IPO-
1IeCCOPOM OCTaeTcs 6e3 M3MeHeHMIt.)

ITOCKONIBKY B JAHHOM IIpMMepe BCE BepCHM CTPOK Ha BCEX CTPAHUIIAX BUIHBI
BCEM TPaH3aKLUMAM, (PaKTMUECKM U3 OLIEHKM CTOMMOCTM ITOJTHOCTHIO MCK/IIOUa-
€TCSI CTOMMOCTb TabIMYHOIO BBOJA-BbIBOIA:

=> WITH costs(idx_cost, tbl_cost) AS (
SELECT

SELECT round(
current_setting('random_page_cost')::real * pages +
current_setting('cpu_index_tuple_cost')::real * tuples +
current_setting('cpu_operator_cost')::real * tuples
)
FROM (
SELECT relpages * 0.0630 AS pages,
reltuples * 0.0630 AS tuples
FROM pg_class WHERE relname = 'bookings_pkey'

) c
) AS idx_cost,
(
SELECT round(
(1 - frac_visible) * -- gons cTpaHuy BHE KapThl BUAWMOCTU
current_setting('seq_page_cost')::real * pages +
current_setting('cpu_tuple_cost')::real * tuples
)
FROM (

SELECT relpages * 0.0630 AS pages,
reltuples * 0.0630 AS tuples,
relallvisible::real/relpages::real AS frac_visible
FROM pg_class WHERE relname = 'bookings'
)c
) AS tbl_cost

)
SELECT idx_cost, tbl_cost, idx_cost + tbl_cost AS total
FROM costs;

idx_cost | tbl_cost | total
__________ +__________+_______
2457 | 1333 | 3790
(1 row)
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

Hanuune naMmeHeHMi, elie He MOMABUIMX 38 TOPU3OHT 6a3bl JAHHBIX U He 06pa-
6OTaHHBIX OUMCTKOM, YBEIMUMBAET OLIEHKY CTOMMOCTH IUIaHa (M, COOTBETCTBEH-
HO, YMeHbIIAeT IIPUBJIEKATENbHOCTD TUIaHA [ onTuMu3aTopa). YTo6s! y3HATh
peanbHOe KOIMYECTBO BBIHYKIEHHbBIX 00paleHuit K Tabnuile, MOXKHO MCIIOIb30-
BaTb KomaHny EXPLAIN ANALYZE.

B TO/IbKO UTO CO3/TaHHO TabMIle TIepepPOBEPSIETCS BUIMMOCTD BCEX BEPCUIL:

=> CREATE TEMP TABLE bookings_tmp WITH (autovacuum_enabled = off)
AS SELECT * FROM bookings ORDER BY book_ref;

=> ALTER TABLE bookings_tmp ADD PRIMARY KEY(book_ref);

=> ANALYZE bookings_tmp;

=> EXPLAIN (analyze, timing off, summary off)

SELECT book_ref FROM bookings_tmp WHERE book_ref < '100000';

QUERY PLAN

Index Only Scan using bookings_tmp_pkey on bookings_tmp
(cost=0.43..4641.91 rows=132999 width=7) (actual rows=132109 1...
Index Cond: (book_ref < '100000'::bpchar)

Heap Fetches: 132109
(4 rows)

OuncTKa co3gaeT KapTy BUAMMOCTHU, 1 HeO6XO,Z[I/IMOCTb B ITpOBEpKe OTIIagaeT:

=> VACUUM bookings_tmp;

=> EXPLAIN (analyze, timing off, summary off)
SELECT book_ref FROM bookings_tmp WHERE book_ref < '100000';

QUERY PLAN

Index Only Scan using bookings_tmp_pkey on bookings_tmp
(cost=0.43..3794.91 rows=132999 width=7) (actual rows=132109 1...
Index Cond: (book_ref < '100000'::bpchar)

Heap Fetches: ©
(4 rows)

Include-uHaekcobl

Bo3morkHa cuTyanyd, Koroa MHOEeKC HeJIb3s paCIIMPUTD Tak, YTOOBI OH comepiKall
BCe HeoOXOIMMble 3arpocy CTOJOIIBI:
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20.2. CkaHuposaue moJivkKo uHdexca

e IIJIS VHMKAJIbHOTO MHIEKca JobaBiieHe CTOMOIAa He OYIeT rapaHTUpOBaTh
YHUKAIbHOCTb MCXOIHBIX CTO6IIOB;

e TUII JaHHBIX JOIMOJTHUTEILHOTO CTO0IA MOKET He MMeTh KJlacca orepaTo-
POB IIJIT MUHAEKCHOTO METOIa JOCTYIIA.

B aTOM CJlyuae MOXKHO J00aBUTh K MHAEKCY CTOJOIBI, He Jeyas UX YacThio MH-
IeKCHOTO KTroua. ITOVCK 10 JOTOTHUTEIbHBIM CTOI01aM, KOHEUHO, 6y/IeT HEBO3-
MOKEH, HO JIJIsI 3aIIPOCOB, BK/IIOUAIOIIMX 3TU CTOIOLbI, MHIEKC CMOKET paboTaTh
KaK IMOKPbIBAIOLINIA.

IMpumep MOKa3bIBaeT 3aMeHY MHAEKCA, aBTOMATUUYECKM CO3IAHHOTO IJIS TIOA-
IEeP>KKY MePBUYHOTO KITI0Ya, Ha OPYTOH, C AOTIOTHUTEIbHBIM CTOIOIIOM:

=> CREATE UNIQUE INDEX ON bookings(book_ref) INCLUDE (book_date);
=> BEGIN;
=> ALTER TABLE bookings DROP CONSTRAINT bookings_pkey CASCADE;

NOTICE: drop cascades to constraint tickets_book_ref fkey on table
tickets

ALTER TABLE
=> ALTER TABLE bookings ADD CONSTRAINT bookings_pkey PRIMARY KEY
USING INDEX bookings_book_ref_book_date_idx; -- HoOBwbIWI uHAEKC

NOTICE: ALTER TABLE / ADD CONSTRAINT USING INDEX will rename index
"bookings_book_ref book_date_idx" to "bookings_pkey"
ALTER TABLE
=> ALTER TABLE tickets
ADD FOREIGN KEY (book_ref) REFERENCES bookings(book_ref);
=> COMMIT;
=> EXPLAIN SELECT book_ref, book_date
FROM bookings WHERE book_ref < '100000';

QUERY PLAN

Index Only Scan using bookings_pkey on bookings (cost=0.43..438...
Index Cond: (book_ref < '100000': :bpchar)
(2 rows)

OuyeHb YacTo NOKPLIBAWUMU HA3bIBAOT UMEHHO TakuMe include-uHAEKCbI, HO 3TO HEBEPHO
MHAeKC ABNSETCS NOKPbIBAKOLLMM, eCNn ero Habop cTonbLoB nokpsieaem ctonbupl, He06xo-
[VMble NS KOHKPETHOro 3anpoca. Micnonb3yoTcs v Npu 3TOM KtoYeBble MO Uu Nons,
nob6aBneHHble ¢ nomolbto npeanoxeHns INCLUDE, — He urpaeT HuKakoi ponu. bonee
TOrO, OAMH U TOT K& MHAEKC MOXET ObITb MOKPbLIBAKLLMM A1 OLHOMO 3anpoca M He BbiTb
TaKOBbIM A9 ApYroro.
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

20.3. CkaHupoBaHue No 6UTOBOM KapTe

OrpaHnueHnue MHIEKCHOTO CKAHMPOBAHMS CBSI3aHO C TEM, UTO ITPU YMEHbIIEHUN
KOPPEeJISIIYY YBEeIMUIMBAETCS KOTMYECTBO 06palieHnit K CTpaHuIlaM, a XapakTep
YTEHMS MEHSIETCS C IOCIeI0BAaTe/bHOrO Ha CIy4aiiHblil. 3TO OTpaHUMYEHME MOX-
HO TIPeomoieTh, MOAYUYUB Tepen obpallleHneM K Tabnuie éce MOeHTUPUKATO-
PBI U PACIIONOKMB UX B TIOPSIZIKE BO3PACTAHMSI HOMEPOB CTPaHMI . IMeHHO Tak
YCTPOeH BTOPO#t 6a30BbIi cl10c06 PaboThI ¢ MAEHTUDUKATOPAMM — CKAHUPOBAHUE
no 6umosoti kapme. Ero MOTYT MCIIOTb30BaTh METOIbI AOCTYIIA, MIOAAEPKMBAIO-
e cBoiictBo BITMAP SCAN.

B ommume oT 06bIYHOTO MHIEKCHOTO CKaHMPOBaHMA Ooriepanuus nmpeacraBjisaeTcda
B IIJIaHEe 3aI1pocCa ABYMS y3JIaMM:

=> CREATE INDEX ON bookings(total_amount);
=> EXPLAIN
SELECT * FROM bookings WHERE total_amount = 48500.00;

QUERY PLAN

Bitmap Heap Scan on bookings (cost=54.63..7045.60 rows=2865 wid...
Recheck Cond: (total_amount = 48500.00)
-> Bitmap Index Scan on bookings_total_amount_idx
(cost=0.00..53.92 rows=2865 width=0)
Index Cond: (total_amount = 48500.00)
(5 rows)

V3en Bitmap Index Scan? o6pauaercs K MEeTO/Iy IOCTYTIa 3a 6Umoesoli Kapmoti Bcex
VIeHTU(PUKATOPOB BEPCHIi CTPOKS.

buTtoBas kapra cocTouT M3 GparMeHTOB, KaX/blii 13 KOTOPBIX COOTBETCTBYET
OIIHO¥ TabMIMYHOI cTpaHulie. Bce pparMeHThl MMEIOT OJMHAKOBBIA pasMep, I0-
CTaTOYHBIN JIJIST TOTO, YTOOBI OXBATUTH BCE BEPCUM HA CTPAHMIIE, CKOJIBKO OBI MX
HM 6GbLIO. DTO KOMMYECTBO OTPAHMUEHO M3-3a JOBOJBHO KPYITHOTO 3arojioBKa;
Ha CTpaHMIle CTAHJAPTHOTO pa3Mepa MoMeniaeTcst He 6osbline 256 Bepcuii, st
TIpe/ICTaB/IeHNsI KOTOPBIX XxBaTaeT 32 6aitt?

1 backend/access/index/indexam.c, dbyHkums index_getbitmap.
2 backend/executor/nodeBitmapIndexscan.c.

3 backend/access/index/indexam.c, dbyHkums index_getbitmap.
4 backend/nodes/tidbitmap.c.
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20.3. CkaHuposaHue no 6umosoti kapme

V3en Bitmap Heap Scan! 3aTem mpocmarpuBaeT 6MTOBYIO KapTy (parMeHT 3a
(bparmMeHTOM, UMTAET COOTBETCTBYIONIYIO OUEpPeTHOMY (parMeHTy CTPaHUIY U
TpOBepSIeT Ha 3TOM CTpaHMIle BCe BEPCUU CTPOK, OTMeUeHHbIe B OMTOBOI KapTe.
Takum 06pasoM, CTPaHMUIIbI UATAIOTCS B ITOPSIKE BO3PACTaHMSI HOMEPOB, U KasK-
Jlasi CTpaHMIIa YATAeTCs TObKO OUH pas.

Ho xapakTep 4TeHMs] OTVIMYAETCS OT MOCIEeN0BATETbHOTO, TOCKOJIBKY B GOJBIINH-
CTBe CJIy4aeB CTPAHUIIBI HE PACIIOIAraloTCs MOAPSA APYT 3a ApyroM. O6bpraHas
MpenBBIOOPKA OIepalMOHHOM CUCTeMbl B 3TOM C/Ty4ae He [IOMOTaeT, ¥ I103TO-
My y3en Bitmap Heap Scan — enqMHCTBEHHBIN U3 BCEX y3/JI0B — peayn3yeT cOb-
CTBEHHYIO TTPeJIBBIOOPKY, ACMHXPOHHO YUTAsI CTOIBKO CTPAHUII, CKOJIbKO YKa3a-
HO B mapametpe effective_io_concurrency. Pabora 3TOoro MexaHnusma Ioyaraercst
Ha peanun3anuio BpizoBa posix_fadvise B omepaliioHHOM cucteMe. Eciu Takas
GbYHKUMS TTOAIepKUBAETCS, CTOUT HACTPOUTD IMapamMeTp Ha YPOBHE TabIMUIHBIX
MPOCTPAHCTB B COOTBETCTBUM C BO3MOKHOCTSIMU aIapaTyphbl.

ACMHXpOHHas nNpenBblIbopKa UCMONb3YeTCs TaKXKe CNyKebOHbIMKU NpoLeccamm:

* MpM yaaneHmum CTpoK 13 Tabauibl — A8 MHAEKCHBIX CTpaHML’;
* npw aHanuse (ANALYZE) — ans TabanuHbix crpaHmu;
* MpM BOCCTAHOBAEHWM NPeaBbIBUPAIOTCA CTPaHMLbl KypHana®

TnybuHa npeasbi6OpKM YCTaHABAMBAETCS NapaMeTpoM maintenance_io_concurrency.

To4yHOCTb KapTbl

Yem 6osibliie CTPaHNI, OXBAYEHO BEPCUSIMM CTPOK, COOTBETCTBYIOIMINX YCIOBUIO
3ampoca, TeM 60JjIbIlie MecTa 3aHuMaeT 61ToBast Kapta. OHa CTPOUTCS B JIOKAJIb-
HOJ1 MaMsITH 06CTYKMBAIOIETO MPOIIecca ¥ OrpaHuYeHa pa3MepoM, YKasaHHbIM
B mapameTpe work mem. Eciut TIpy IMOCTPOEHUM KapThl pa3Mep OOCTUTaeT Ipe-
IeTbHOTO 3HAUYeHMsI, HeKOTOpble (hparMeHThI KapThl «3arpyoIIsSIIOTCSI» TAKUM 00-
pasom, uT06bI Kaskabiii 6MT pparMeHTa COOTBETCTBOBAJI 1[€JI0M CTpaHMIle, a caM

1 backend/executor/nodeBitmapHeapscan.c.

2 backend/access/heap/heapam.c, dyuxims index_delete prefetch_buffer.
5 backend/commands/analyze.c, dyHKums acquire_sample_rows.

4 backend/access/transam/xlogprefetch.c.
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

dparMeHT OXBATHIBAT He OJHY CTPAHMILY, a AMANa30H L. OTO I03BOISET YMeHb-
NUTH pa3Mep 6UTOBOI KapThl, IOKEPTBOBAB IIPY 3TOM TOYHOCTHIO.

Komanga EXPLAIN ANALYZE noka3bIiBaeT TOUHOCTb [IOCTPOEHHOM KapThI:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM bookings WHERE total_amount > 150000.00;

QUERY PLAN

Bitmap Heap Scan on bookings (actual rows=242691 loops=1)
Recheck Cond: (total_amount > 150000.00)
Heap Blocks: exact=13447
-> Bitmap Index Scan on bookings_total_amount_idx (actual rows...
Index Cond: (total_amount > 150000.00)
(5 rows)

B sToM cryuae o6beMa aMsITV XBaTUIIO IJ1s1 TOUHO¥ (exact) 6MTOBOI KapThl.

Ecmi yMeHbIIUTh 3HAUYEHMe wWork mem, 4acTb (parMeHTOB KapThl OymeT Xpa-
HUTBCS C IoTepeii TOUHOCTH (lossy):

=> SET work_mem = '512kB';

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM bookings WHERE total_amount > 150000.00;

QUERY PLAN

Bitmap Heap Scan on bookings (actual rows=242691 loops=1)
Recheck Cond: (total_amount > 150000.00)
Rows Removed by Index Recheck: 1145721
Heap Blocks: exact=5178 lossy=8269
-> Bitmap Index Scan on bookings_total_amount_idx (actual rows...
Index Cond: (total_amount > 150000.00)
(6 rows)

=> RESET work_mem;

IMpu yTeHUU TaGIUYHOM CTPaHUIIbI, COOTBETCTBYIONIEN IpyooMy dparMeHTy Ou-
TOBOJT KapThl, HEOOXOAMMO ITEPENPOBEPSATH YCIOBUS BHIOOPKM IJIST KasKA 0 BEP-
CUU CTPOKM Ha cTpaHuiie. YCI0BMeE MeperrpoBepKy Bcerga oToopaxkaeTcs B IIaHe
Kak Recheck Cond — He3aBMUCUMMO OT TOrO, BBIIIOJIHSETCS JIX MepelpoBepKa Ha
caMoM Jiesie. A KOJIMYeCTBO BepCHUii CTPOK, OTMWIBTPOBAHHBIX TTepeIlrpoBepKoOii,
rmokasbiBaeTcs otaenbHO (Rows Removed by Index Recheck).

1 backend/nodes/tidbitmap.c, pynxums tbm_lossify.
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20.3. CkaHuposaHue no 6umosoti kapme

Mpn ouyeHb 60NbLWION BbIBOPKE MOXET MOMYYUTLCS, YTO BMTOBAS KapTa, AaXe LEeNMKOM
cocToswas u3 rpybbix GparMeHTOB, BCE PaBHO HE MOMELLAETCS B NaMaTb pa3MepoM
work_mem. B 3ToM cnyyae orpaHuyeHue He cobntoaaeTcs, M KapTa 3aHUMAET CTObKO Mec-
Ta, CKOJIbKO He06x0AMMO. HUKaKOro AONONHUTENBHOTO YMEHbLUEHUS TOYHOCTH MK cbpoca
4acT GparMeHTOB HA AWUCK HE MPesyCMOTPEHO.

DeicTeus ¢ GUTOBLIMM KapTaMu

Ecmu B 3ampoce yc1oBUST HaJOKEHbI HA HECKOJIbKO ITOJIei TaGMUITbl U AJIST 9TUX
ToJIeli Co3MaHbl pasHble MHIEKChI, CKAHMPOBaHME OMTOBOI KapThl TO3BOJISIET UC-
TI0/Tb30BaTh HECKONBKO MH/EKCOB OJHOBPEMeHHO L. JIIs KaskIoro M3 MHIEKCOB
CTPOSITCSI GUTOBBIE KAPTHI BEPCUIL CTPOK, KOTOPBIE 3aTeM JIMO0 TOOUTOBO JIOTMYe-
CKV YMHOKAIOTCSI (eC/Iv BhIpaxkeHUsI coequHeHbl yotoByeM AND), 6o 1ornueckmu
CKJIaIBIBAIOTCS (€C/IM BhIpaskeHUs coeiuHeHbI yoiioBueM OR). Hanpumep:

=> EXPLAIN (costs off)

SELECT *

FROM bookings

WHERE book_date < '2016-08-28'
AND total_amount > 250000;

QUERY PLAN

Bitmap Heap Scan on bookings
Recheck Cond: ((total_amount > '250000'::numeric) AND (book_da...
-> BitmapAnd
-> Bitmap Index Scan on bookings_total_amount_idx
Index Cond: (total_amount > '250000'::numeric)
-> Bitmap Index Scan on bookings_book_date_idx
Index Cond: (book_date < '2016-08-28 00:00:00+03'::tim...
(7 rows)

3mech y3en BitmapAnd oGbenuHseT aBe 6MTOBbIE KapThl C MOMOIIBI0 OUTOBOIA
orepanyu «u».

IIpu 06bemVIHEHUN IBYX GUTOBBIX KapT B OGHY> TOUHbIE (D)ParMeHTHI OCTAIOTCS
TOYHBIMM (€C/TM AJIsI HOBOJI KapThl XBaTaeT MecTa wWork_mem B IIaMSITH), HO €CIu
XOTSI OB OIVH U3 PpParMeHTOB IPYObIii, TO U PE3YAbTUPYIOMINIT HparMeHT TOXe
6yIeT MUMeTb HU3KYIO TOUHOCTb.

1 postgrespro.ru/docs/postgresql/16/indexes-ordering.
2 backend/nodes/tidbitmap.c, bysxuym tbm_union u tbm_intersect.
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

OueHKa cToMMOCTH

BosbMeM mpuMep 3ampoca co CKaHMpPOBaHMEM 110 6GUTOBOI KapTe:

=> EXPLAIN
SELECT * FROM bookings WHERE total_amount = 28000.00;

QUERY PLAN

Bitmap Heap Scan on bookings (cost=599.48..14485.96 rows=31878 ...
Recheck Cond: (total_amount = 28000.00)
-> Bitmap Index Scan on bookings_total _amount_idx
(cost=0.00..591.51 rows=31878 width=0)
Index Cond: (total_amount = 28000.00)
(5 rows)

B,HECIJ CEJIEKTUBHOCTD YC/IOBMSA I10 OLI€EHKE IVIaHMPOBIIMKA PaBHA IIPMMEPHO

=> SELECT round(31878::numeric/reltuples: :numeric, 4)
FROM pg_class WHERE relname = 'bookings';

round

O1ieHKa IMOMHOM CTOMMOCTU y3Ja Bitmap Index Scan BbIUMCIsIETCS TaK 3Ke, Kak
CTOMMOCTDb OOBIYHOTO MHIEKCHOTO AOCTYIIa 6e3 yueTa obpalieHnit K Tabauie:

=> SELECT round(
current_setting('random_page_cost')::real * pages +
current_setting('cpu_index_tuple_cost')::real * tuples +
current_setting('cpu_operator_cost')::real * tuples

)
FROM (

SELECT relpages * 0.0151 AS pages, reltuples * 0.0151 AS tuples
FROM pg_class WHERE relname = 'bookings_total_amount_idx'
) c;

round

Ins y3na Bitmap Heap Scan olieHKa BBOAA-BbIBOA OT/IMYAETCS OT aHAJTIOTUYHON
OLIeHKM B C/Tyyae MPOCTOTO MHIEKCHOTO CKaHMPOBAHUS MPU UAealbHOI Koppe-
SIS, BUTOBAs KapTa MO3BOJISET YMTATh TAG/IMUHbIE CTPAHUIIBI B ITOPSAKE BO3-
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20.3. CkaHuposaHue no 6umosoti kapme

pacTaHusi HOMepOB U 6e3 TOBTOPHBIX 0OpalleHMii, HO BEPCUU CTPOK, COOTBET-
CTBYIOIIME YCIOBMIO, GOJIbIIIE HE PaCIIOaraloTCs M0 COCEACTBY OPYT C IPYTOM.
BMecTo CcTpOro mocieqoBaTebHOT0 KOMITAKTHOTO JMaria3oHa, CKopee BCero, mo-
Tpe6yeTcst MPOYNTATh HAMHOTO GOJIbIIle CTPAHMII.

PW—\/\

KomnyecTBO MPOYMTAHHBIX CTPAHMIL OLIeHMBAeTCS HOPMYIOit

< 2 relpages - reltuples - sel

,relpages |,
2 relpages + reltuples - sel

a CTOMMOCTb UTEHMSI OMHOM CTpaHMIIbI — 3HAUYEeHMEeM OT Seq page cost Mo
random_page_cost B 3aBUCMMOCTY OT IO/ MPOUYMTAHHBIX CTPAaHMIL [0 OTHOIIIEe-
HUIO K 06I1IeMY KOJIMUECTBY CTPAHMUIL B TAGIMIIE:

=> WITH t AS (
SELECT relpages,
least(
(2 * relpages * reltuples * 0.0151) /
(2 * relpages + reltuples * 0.0151),
relpages
) AS pages_fetched,
round(reltuples * 0.0151) AS tuples_fetched,
current_setting('random_page_cost')::real AS rnd_cost,
current_setting('seq_page_cost')::real AS seq_cost
FROM pg_class WHERE relname = 'bookings'
)
SELECT pages_fetched,
rnd_cost - (rnd_cost - seqg_cost) *
sqrt(pages_fetched / relpages) AS cost_per_page,
tuples_fetched

FROM t;

pages_fetched | cost_per_page | tuples_fetched

_______________ +_______________+________________
13488 | 1| 31878

(1 row)

1 backend/optimizer/path/costsize.c, hyHkimst compute_bitmap_pages.
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

Kak 06bI4HO, K OLIeHKEe BBOJIa-BbIBOJA J0OOAB/ISIETCS OLlEHKAa 06PabOTKM KayKIoii
MIPOYMUTAHHON BEpPCUM CTPOKM. IIpy TOUHOV OGUTOBOI KapTe KOIUYECTBO CTPOK
OIIEHMBAETCS TIPOU3BEIEeHEeM OOIIero KoJMuecTBa CTPOK B Tab/uile Ha Celek-
TUBHOCTb YCJIOBMIE. HO Korma HeKoTopbie (parMeHThl OMTOBOI KapThl HETOUHBI,
MIPUXOOUTCS IPOBEPSTH BCE BEPCUM CTPOK Ha COOTBETCTBYIOIIMX CTPAHUIIAX.

mﬂﬂ/—\/\

HEeTOYHbI (hparmeHT BUTOBOW KapTbl TOYHbI QparMeHT

IMosToMy B OlLieHKe YUMTHIBAETCSI IpearoaraeMasl ol HETOUHBIX (pparMeH-
TOB OMTOBO# KapThI (KOTOPYIO MOKHO [TOCUMTATH, 3HAS 001Iee KOJIMIeCTBO CTPOK
B BHIGOPKeE ¥ OTpaHIYeHMe Ha pa3Mep GMTOBOII KapThl work_mem) L.

K orieHke Takke 106aBJISIeTCS ITOJTHASI CTOMMOCTD ITepeIrpoBePKY YCI0BUi (He3a-
BMCHMMO OT TOUYHOCTM OUTOBOII KapThI).

O1leHKa HavyaJbHOM CTOMMOCTU y3ia Bitmap Heap Scan omupaercs Ha OLleHKY
MOJTHOV CTOMMOCTH y31a Bitmap Index Scan, K KOTOpOIt 106aBIISIETCSI CTOMMOCTD
paboThI ¢ GUTOBBIMM KapTaMM:

(599.48] .[14485.96]

1 backend/optimizer/path/costsize.c, hyHkimst compute_bitmap_pages.
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20.3. CkaHuposaHue no 6umosoti kapme

B Hamem npumepe 6uToBas KapTa ITOJTHOCTbIO TOYHA, M OLI€HKa BBIUMNC/ISAETCS

IIPUMEPHO CIeyIOIIMM 06pa3om '

=> WITH t AS (
SELECT 1 AS cost_per_page,
13488 AS pages_fetched,
31878 AS tuples_fetched
s
costs(startup_cost, run_cost) AS (
SELECT
(
SELECT round(
589 /* oueHka Hwkenewawero ysna */ +
0.1 * current_setting('cpu_operator_cost')::real *
reltuples * 0.0151

)

FROM pg_class

WHERE relname = 'bookings_total _amount_idx'
)
(

SELECT round(
cost_per_page * pages_fetched +
current_setting('cpu_tuple_cost')::real * tuples_fetched +
current_setting('cpu_operator_cost')::real * tuples_fetched

)
FROM t

)

SELECT startup_cost, run_cost,
startup_cost + run_cost AS total_cost

FROM costs;
startup_cost | run_cost | total_cost
______________ +__________+____________
597 | 13886 | 14483
(1 row)

Eciu nnan 3arpoca UCIIOJIb3YyeT 06’I)e,£U/IHEHI/Ie HECKOJIbKMX OMTOBBIX KapT, CyMMa
CTOMMOCTEN OOCTYyIIa K OTAE/JIbHBIM MHAEKCAM YBE/IMYMBAECTCA Ha (HE60)IbI.LIy}O)

CTOMIMOCTb COOCTBEHHO 06’be,I[I/IH€HI/I${ 2.

1 backend/optimizer/path/costsize.c, yHxims cost_bitmap_heap_scan.
2 backend/optimizer/path/costsize.c, pynkumu cost_bitmap_and_node 1 cost_bitmap_or_node.
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

20.4. MapannenbHble BepCUU UHAEKCHOIO CKAHUPOBAHUS

Bce crioco6bI MHIEKCHOTO CKAHUMPOBAHUSI — OOBIYHOE, CKAHUPOBAHME TOIBKO VH-
¢. 364 pekca, CKaHMpPOBaHMe 0 GUTOBOI KapTe — MMEIOT BEPCUM ISl TTapalIebHbIX
IIJIAHOB.

CTOMMOCTD MapaJIjIe/IbHOTO BBITIOMIHEHMS OIeHUBAETCSI AaHAJIOTMYHO TI0C/IeI0Ba-
TeJbHOMY, HO (KaK ¥ B CJyyae MapaieJibHOro Moc/ieOBaTeIbHOTO CKaHUPOBa-
HMUSI) pecypchl IpoIeccopa pacipeaensiioTcs MesKIy BCeMU Mapasiie/IbHbIMU ITPO-
1leccaMm, YMEHbIIAs UTOTOBYI0 CTOMMOCTb. COCTaBJISIONIAsl BBOAA-BBIBOAA He
pacrpenensieTcs, MMOCKOAbKY UTeHMe CTPaHUL, CUHXPOHU3UPYETCS MEXKIY ITpo-
1eccaMm U IIPOUCXOIUT ITOCIeI0BATENbHO.

Hasnbliie s MPOCTO IMOKAKY IMPUMEPHI MapalIe/IbHbIX IJIAHOB 6e3 pa36opa OLleHOK
CTOMMOCTH.

[TapannenbHOe MHAEKCHOe cCKaHMpoBaHue Parallel Index Scan:

=> EXPLAIN SELECT sum(total_amount)
FROM bookings WHERE book_ref < '400000';

QUERY PLAN

Finalize Aggregate (cost=19202.81..19202.82 rows=1 width=32)
-> Gather (cost=19202.59..19202.80 rows=2 width=32)
Workers Planned: 2
-> Partial Aggregate (cost=18202.59..18202.60 rows=1 widt...
-> Parallel Index Scan using bookings_pkey on bookings
(cost=0.43..17652.82 rows=219907 width=6)
Index Cond: (book_ref < '400000': :bpchar)
(7 rows)

IMpu mapasieTbHOM CKaHMPOBaHNUY B-mepeBa B 06111el MaMsTy cepBepa XpaHuT-
Cs1 HOMeDp TeKyllei MHIeKCHOM cTpaHuilbl. HauanbHOe 3HaueHMe yCTaHaBIMBa-
eTCsl IIPoLeCccoOM, KOTOPbI HauMHaeT CKaHMPOBaHMeE: OH CITYCKaeTCsl OT KOPHS
IlepeBa K JIMCTOBOJ CTpaHMIle U 3arioMuHaeT ee. Paboume mpoiieccsl obpaiia-
I0TCSI TI0O Mepe HeoOXOAMMOCTH 3a CIeAyIolleil MHIEKCHO CTpaHuLel, MU3MeHSsIs

¢. 510 coxpaHeHHbIIT HOMep. IToyuuB CTpaHMILy, IMpollecc 06pabaThiBaeT BCe TOIXO0-
IAIIMe CTPOKM B HEl U YUTAeT COOTBETCTBYIONIME BEPCUM CTPOK U3 TAOIMUIIBI.
CkaHMpOBaHMe 3aBeplliaeTcs, KOrjga NPOYMTaH Bech OMalna3oH 3HAUYEeHMU, yoo0-
BJIETBOPSIIOLIMX YCIOBUIO 3aIIpoca.
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20.4. IapannensHoie 8epcuul UHOEKCHO20 CKAHUPOBAHUS

[TapannenbHOe CKaHMPOBaHMe TOAbKO MHAeKca Parallel Index Only Scan:

=> EXPLAIN SELECT sum(total_amount)
FROM bookings WHERE total_amount < 50000.00;

QUERY PLAN

Finalize Aggregate (cost=23538.60..23538.61 rows=1 width=32)
-> Gather (cost=23538.38..23538.59 rows=2 width=32)
Workers Planned: 2
-> Partial Aggregate (cost=22538.38..22538.39 rows=1 widt...
-> Parallel Index Only Scan using bookings_total _amoun...
(cost=0.43..21555.27 rows=393244 width=6)
Index Cond: (total_amount < 50000.00)
(7 rows)

Hapanneanoe CKaHMpPOBaHMeE TOJIbKO MHAOEKCa OT/INYaeTCA JINIIb TEM, UTO He 00-
pamaeTcda K TabIMUHBIM CTpaHMIaM, eCJi1 3TO MMO3BOJISET KapTa BUAMMOCTU.

U HakoHel, mapaJjijieJibHOe€ CKaHMPOBaHME I10 OGUTOBOIA Kapre:

=> EXPLAIN SELECT sum(total_amount)
FROM bookings WHERE book_date < '2016-10-01';

QUERY PLAN

Finalize Aggregate (cost=21533.21..21533.22 rows=1 width=32)
-> Gather (cost=21532.99..21533.20 rows=2 width=32)
Workers Planned: 2
-> Partial Aggregate (cost=20532.99..20533.00 rows=1 widt...
-> Parallel Bitmap Heap Scan on bookings
(cost=4891.17..20174.01 rows=143588 width=6)
Recheck Cond: (book_date < '2016-10-01 00:00:00+03. ..
-> Bitmap Index Scan on bookings_book_date_idx
(cost=0.00..4805.01 rows=344611 width=0)
Index Cond: (book_date < '2016-10-01 00:00:00+. ..

(10 rows)

Ipu cKaHMPOBaHMM IO GMTOBOM KapTe IMOCTPOEHNe KapThl BCETNa BBIMTOMHSIET-
s MOC/IeqOBaTebHO, OMHMM BeAYIIMM IIPOIIeCCOM; IMTO3TOMY K Ha3BaHMIO y3ja
Bitmap Index Scan He gobassiercs ciioBo Parallel. Korma 6uToBast KapTa roToBa,
CKaHMPOBaHMe TabIUIIbI BBITIOTHSIETCS MapasuiesibHO B y3iie Parallel Bitmap Heap
Scan. Pa6oune mporiiecchl 06paliaioTcs 3a ouepenHoit TabIMUHOM cTpaHuIei u
00pabaThIBaIOT €ee.
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I'nasa 20. HHOeKkcHOe CKAHUpo8aHue

20.5. CpaBHeHHe MeTOAOB AOCTYNA

3aBUCUMOCTb CTOMMOCTY Pa3INUHbIX METOOB JOCTYIIA OT CEJIEKTUBHOCTU YCIIO-
BUIT MOKHO TIPEICTaBUTh CTIeAYIONIMM 06pa3oMm:

CTOMMOCTb

seq scan

CENIeKTUBHOCTD

Il
T

0 1

OTOT rpadMK MMeeT KaueCTBEHHBI XapaKTep; KOHKPETHbIE YKciIa, pasyMeeTcs,
OyoyT 3aBMUCETH OT TAOIUITLI M OT IIApaMeTpPOB cepBepa.

IMocneqoBaTebHOE CKAHMPOBAaHME HE 3aBMCUT OT CEJIEKTMBHOCTU U, HauMHas
C HEKOTOPOJ 10TV BbIOMPAEMBIX CTPOK, 0OBIYHO pabOTaeT JIydIlle OCTAIbHBIX Me-
TOJOB.

CTOMMOCTb MHAEKCHOTO CKAHMPOBAHUS CUIBHO 3aBUCUT OT KOPPESIIUU MEXIY
(bu3uYecKuMM pacrmookeHMeM BEPCHil CTPOK ¥ MOPSIKOM, B KOTOPOM MHJIEKC-
HBIIi METOJ MOCTYIIa BbIIAaeT UX MAeHTU(UKATOPLI. [Ipy umeaabHOI KOppes-
LI MHAEKCHOE CKaHMpoBaHMe 3(hGeKTUBHO Aake IIPY TOBOIBHO OOJBIIION A0jIe
BbIOVMpaeMbIX CTpOK. Ho mpu ciaboit Koppensimu (4To Jalle BCTpevaeTcs B pe-
aJIbHOCTM) CTOMMOCTD BbICOKA ¥ OU€Hb ObICTPO HAUMHAET IIPEBBIIIATH JaKe CTO-
MMOCTb MTOC/IEIOBATENIbHOTO CKaHUPOBaHMs. [Ipy BceM 3TOM MHIEKCHOe CKaHU-
poBaHMe — 6e3yCIOBHBII MAep B OUeHb BAXKHOM C/Iydae, KOrjga MHAEKC (4acTo
YHUKAJIbHbIIT) UCIIONb3YeTCs AJIsI BBIOOPKY eqMHCTBEHHO CTPOKM.
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20.5. CpasHerue memodos docmyna

CraHMpOBaHMeE TOMBKO MHAEKCA (€C/TV OHO MPUMEHMMO) MOKET IaBaTh IIpeKpac-
Hble Pe3y/IbTaThl ¥ BBIUTPBIBATH Y MTOCIEL0BATENILHOIO CKAHUPOBAHMS Iaske IpK
BBIOOPKE BCeX CTPOK. Ero rmpomsBoauTeIbHOCTh, OHAKO, OYEHD CUIBHO 3aBUCUT
OT KapThl BUOMMOCTH, ¥ B XYAIIeM cIyyae CKaHMpPOBaHMe TOJMbKO MHAEKCa Jerpa-
IVPYET OO0 OOBIYHOTO MHAEKCHOTO CKAaHMPOBAHMS.

CTOMMOCTb CKAaHMPOBAHMS IO GUTOBONM KapTe 3aBUCUT OT 0ObEMA IOCTYITHON
MaMsITH, HO B TOPas/io MeHbIllell CTelleH, YeM CTOMMOCTb MHJIEKCHOTO CKaHU-
POBaHMSI 3aBUCUT OT Koppensiun. [Ipu ¢1aboit Koppeasuyuu cKaHMpOBaHMe 0
OUTOBOJI KapTe CYIIeCTBEHHO BHIUTPHIBAET.

KaskmpIit 13 METOIOB HOCTYIIA TPEBOCXOAUT OCTATbHbIE B OIpee/IeHHbIX CUTYa-
LIMSIX; HET TaKOro MeTOo[a, KOTOPBIA Bcerma ycTymaa 6bl ApyrMM. ILIaHMpPOB-
IIVIK BBITIOJTHSIET Cepbe3HYI0 pabOoTYy 10 OlieHKe 3(DGEKTUBHOCTH KaKIOT0 MeToIa
B KaKIOM KOHKPETHOM csTyuae. KoHeUHO, 6/1130CTh 3TUX OIEHOK K PeajbHOCTH
CWJIBHO 3aBUCUT OT aKTYaJbHOCTY CTATUCTUUYECKOI MHGbOPMAaIIUA.
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B1OXXE@HHbIN LUK

21.

1. Buabl U cnocobbl coeauHEeHUM

CoeduHenus — KI0ueBast BO3MOXKHOCTbD si3bika SQL, ocHOBa ero rm6KOCTH M MOIII-
HocTy. Habopbl CTPOK (TTOTyYeHHbIE HEITOCPEACTBEHHO M3 TAOIMI] MM KaK pe-
3y/bTaT BBITTOJIHEHUS IPYTUX OTlepalinit) BCceraa CoeqUHSIOTCS MOTIapHo.

CyIecTByeT HeCKOJIbKO 81008 COeIVMHEHUIA.

BHyTpeHHUWe coeamuHenuna. Brymperuee coeduHerue (INNER JOIN, mam mpocTo

JOIN) BKIIIOYAET TaKyue Iapbl CTPOK M3 IBYX HAOOPOB, AJISI KOTOPBIX BbI-
TIOJTHSIETCS yCl08uUe coeduHeHus. YCIOBUE COeNVIHEHMSI CBSI3bIBAET HEKOTO-
pbIe CTOJIOIBI OMHOTO Habopa CTPOK C HEKOTOPBIMM CTOOIaMM JIPYTOTro; BCe
YUaCTBYIOIIME CTOJIOIbI COCTABJISIIOT KJIH04 COeOUHEHUSL.

Ecnu ycnoBue TpebyeT paBeHCTBa 3HAUeHMI B CTONOIAX OLHOTO U IPYTOro
Hab0pOB, coeVHEeHMe HA3bIBAIOT IKEUCOEOUHEHUEM; ITO Hanbosee 4acThlit
CIyvarii.

Zexapmoso npoussederue (CROSS JOIN) mByx Hab6OpOB BK/IIOUAET BCE BO3-
MO>XKHbIE TIapbl CTPOK U3 000X HAGOPOB — 3TO YACTHBIN CJTyyaii BHyTPEHHE-
IO COeIVHEHMSI C UICTUHHBIM YCIIOBUEM.

BHewHue coeauHenns. Jlesoe sHeuiHee coeduHerue (LEFT OUTER JOIN, mau mmpoc-
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To LEFT JOIN) mo6aBisieT K BHYTPEHHEMY COEAVMHEHUIO CTPOKM U3 JIEBOTO
Habopa, 711 KOTOPBIX HE HAIIVIOCh COOTBETCTBMUSI B IPAaBOM HabOpe (CTOIOIIbI
OTCYTCTBYIOILIETO MPABOTO HAGoOPa MOTYYalOT HEOTIPee/IeHHbIE 3HAUEHUST).

To ske BepHO U 1)1 npasozo eHeuwiHezo coeduHerust (RIGHT JOIN), c TOUHOCTbIO
IO TIePEeCTaHOBKM HabOPOB.



21.1. Budst u cnocobsl coeouHeHuli

Ionnoe sHewHee coedunerue (FULL JOIN) o6beqmHsIeT 1eBOe U IpaBoe BHEIII-
HMe CoemVHeHMsI, JOOaBIISsI CTPOKM KaK U3 JIEBOrO, TaK M U3 IIPaBOro Habo-
POB, [IJISI KOTOPBIX HEe HAIIVIOCh COOTBETCTBUSI.

MonycoeauHeHus u antucoeauHenus. IlonycoeduHeHue MOXOKe Ha BHYTPEHHEE CO-
eIViHeHe, HO BK/IIOYAaeT CTPOKM OJHOTO Habopa, /i1 KOTOPbIX HAIIJIOCh CO-
OTBETCTBME B IPyrom Habope (CTpoKa 6yaeT BKIOUEHa B Pe3y/IbTaT TOIbKO
OIIVH pas, Iake eCJTM COOTBETCTBUI HECKOJIBKO).

AHmucoeduHeHue BKIIOYAET CTPOKM OFHOrO Habopa, OJIT KOTOPhIX He Ha-
IIJIOCH Maphl B APYrOoM Habope.

B ga3bike SQL HeT IBHBIX OIlepaLuii IOoy- U aHTUCOEAMHEHMS, HO K HUM, Ha-
puMep, TPUBOIST TaKue KOHCTpyKuyu, Kak EXISTS u NOT EXISTS.

Bce aTo — snoruueckue omepanuu. Hampumep, BHYTpeHHee COeIMHEHMe Yac-
TO OTMCHIBAETCS KaK Je€KapTOBO MPOM3BeNeHNe, B KOTOPOM OCTAaBJIeHBI TOTBKO
CTPOKU, YAOBIETBOPSIONINE YCIOBUIO coenuHeHus. Ho ¢dusmyeckyu BBITOMTHUTD
BHYTPeHHee CcoeljyiHeHMe OOBIYHO MOXKHO IpYyruMMy, O0ojlee 5SKOHOMHBIMMU Cpe]l-
CTBaMMU.

PostgreSQL npemocTaBisieT HeCKOIbKO CNOC0608 COeTVTHEHMSI :
e CcoedVHEHMeE BJIIOKeHHBIM LIKIOM (nested loop);
» coenuneHue xemyposanuem (hash join);
* coefiHeHMe CIUSIHMEM (merge join).

Croco6bI COeAVHEHNST — AJITOPUTMBI, PeTU3YIOIIMEe JTOTUYECKME OTlepalyy Co-
envHeHusT SQL. DTy 6a30BbIe aJTOPUTMBbI YACTO MMEIOT BapMalyu, IPUCIIOCO6-
JIeHHbIe [1J151 KOHKPEeTHbIX BUIOB COeOMHEHMI, XOTSI MOTYT U He MOoAJepKUBaTh
BCe 13 HUX. Hanpumep, BIOXeHHBI LUK MOKET IPUMEHSIThCS U OJ1S1 BHYTPEH-
Hero coequMHeHus: (B 9TOM cjaydyae OH OymeT mpepctasieH y3ioMm Nested Loop),
M [7151 IEBOT'O BHEIITHErO COeAMHEHMS (UTO OYIEeT OTpaskeHO B IutaHe y310M Nested
Loop Left Join), HO He MOXeT UCII0JIb30BaThCS IJISI IIOJTHOTO COeAMHEHMSI.

Bonee TOro, BapMaHThI TEX K€ AJITOPUTMOB MCHOTb3YIOTCS U IJIS1 BBITIOTHEHMS
IPYTUX OIlepalnuii, HarpMumMep arperaiumn.

B pasubIx cutyaumsix 6osee 3(pGheKTUBHBIMM OKa3bIBAIOTCS pa3HbIE CIIOCOOBI;
IJIAHMPOBIIVIK BHIOMPAET JIYUIINiA 10 CTOMMOCTH.
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21.2. CoeauMHeHUe BNOXEHHbIM LIUK/IOM

Ba30BbIit aTOPUTM COEOMHEHUS BJIOKEHHBIM IIMKJIOM YCTPOEH CIeIyIOUIMM 00-
pasom. Bo BHemHeM HyK/Ie TePeObUPAIOTCS CTPOKYU MEPBOTO HAbOpa (KOTOPBI
Ha3bIBAETCS 8HEWHUM). [IJIsT KaXKAO0M TaKOi CTPOKU BO BJIOXKEHHOM LIMKJIE Mepe-
OGUPAIOTCSI CTPOKY BTOPOTO Habopa (KOTOPbIii HA3bIBAETCSI 6HYMPEHHUM), YIOBIIE-
TBOPSIIONIME YCIOBKIO coequHeHMs . Kaxknas HalileHHas rapa HeMeIJIeHHO BO3-

BpallaeTCs KakK 4aCTb pe3yjbTaTa 1.

Asroputm obpaiiaercsi K BHyTpeHHEMY Habopy CTOIBKO pas, CKOJIBKO CTPOK CO-
JIep>KUT BHEITHMI Ha6op. [TosToMy Ha 3 PEKTUBHOCTh COeIMHEHMS BIOYKEHHbIM
L[MKJIOM BJIUSIET HECKOJIbKUX YCJTOBUIA:

¢ KAapAMHAJIbHOCTH BHEITHETO Ha6opa CTPOK;

* HajIMYMe METOIa JOCTYIIa KO BHYTPeHHeMY Habopy, IT03BOJISIONIero 3¢ dex-
TUBHO TIOTYYUTD HY;KHbIE CTPOKM;

* IIOBTOPHBIE 06pau_[eHM5{ K OOHMM U T€M XK€ CTPOKaM BHYTPEHHETO Ha6opa.

JekapToBo npousBeaeHue

CoenuHeHMe BI0OKEHHBIM HIUK/IOM — HauboJjee 3(1)(1)9KTI/IBHBII7[ CI10c06 BBITIOJIHE-
HVA JeKapToBa ITPOM3BeAeHNsI, HE3aBMCMMO OT KOJIM4YeCcTBa CTPOK B Ha60anZ

=> EXPLAIN SELECT * FROM aircrafts data al
CROSS JOIN aircrafts_data a2
WHERE a2.range > 5000;

QUERY PLAN

—>(Seq Scan on aircrafts_data al
i (cost=0.00..1.09 rows=9 width=72)

| BHELHMI Habop
->'Materialize (cost=0.00..1.14 rows=5 width=72)

| —=> Seq Scan on aircrafts_data a2 |

| (cost=0.00..1.11 rows=5 width=72) !

N Filter: (range > 5000)

BHYTPEHHMIA Habop

! backend/executor/nodeNestloop.c.
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21.2. CoeduHeHue 8J10HEHHbIM YUKIOM

VY3en Nested Loop BbITMTOMHSIET COeAMHEHME aJITOPUTMOM BJIOKEHHOTO 1uKIa. OH
BCerJa MMeeT JiBa AouepHMX y3/a. ToT, UTO HaXOAUTCS Bbillle B BbIBOZE ILJIaHa,
TpeJICTaBJIsIeT BHEIIHNIT Hab0Op CTPOK; TOT, UTO HUKE, — BHYTPEHHMUIA.

B IaHHOM C/Iydyae BHYTPeHHMIT HaGOp TpefCTaBlIeH y3i10M Materialize!. ®aktu-
YyeCKM 3TOT y3eJl BO3BpalliaeT [oydyeHHbIe OT HUXKeCTOSIIIEro y3J1a CTPOKH, Mpei-
BapUTEIbHO COXPAHSS UX (TTOKa pa3sMep JaHHBIX He MpeBbIIIaeT work_mem, oHU
HAaKaIUIMBAIOTCS B MaMSITH, a 3aTeM HAUMHAIOT 3alMChIBAThCSl HA AUCK BO Bpe-
MeHHbIH ¢aitn). [Ipy MOBTOPHOM OOpalleHNy y3€e/I UMTaeT 3alIOMHEeHHbIe paHee
CTPOKM, y>kKe He 00paIasch K JOUepHEMY Y3/Iy. ITO IMO3BOJISIET HE BBITIOTHSTh
MIOBTOPHO CKaHMPOBaHMeE BCei TabaMIbl, & TPOYNUTATh TONBKO HY)KHbIE CTPOKMU,
YILOBJIETBOPSIIOLIME YCIOBUIO.

K IIJIAHY TAaKOTO >Xe B1aa MOXET IIPUBECTU U 3aIIpoC C OOBIYHBIM 9KBUCOeaMHe-
HUeMm:

=> EXPLAIN SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
WHERE t.ticket_no = '0005432000284';

QUERY PLAN
Nested Loop (cost=0.99..25.05 rows=3 width=136)

-> Index Scan using tickets_pkey on tickets t
(cost=0.43..8.45 rows=1 width=104)
Index Cond: (ticket_no = '0005432000284': :bpchar)

-> Index Scan using ticket_flights_pkey on ticket_flights tf
(cost=0.56..16.57 rows=3 width=32)
Index Cond: (ticket_no = '0005432000284': :bpchar)

(7 rows)

3mech MJIaHMPOBUIVK, [IOHMMAasi PaBeHCTBO ABYX 3HAUYE€HMI, 3aMEeHUT yCIOBUe
coenuHenus tf.ticket_no = t.ticket_no Ha ycimoBue tf.ticket_no = koH-

cmaHma, Cl)aKTI/I‘-IECKI/I CBeOd SKBMCOEOMHEHME K IEKAPTOBY HpOI/IBBe,E[eHI/IIOZ.

OueHka KapauHanbHOocTH. KapauHaNIbHOCTL AeKapTOBa INMPOU3BENEHMS paBHa
MIPOM3BENEHNIO KapAMHAIbHOCTEN CoeqMHIeMbIX Ha60poB: 3 =1 X 3.

1 packend/executor/nodeMaterial.c.
2 backend/optimizer/path/equivclass.c.
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OueHka croumoct. HauanbHasi CTOMMOCTD COeiMHEHMS] paBHA CyMMe Hadaib-
HbIX CTOMMOCTEN JOUYEPHUX Y3JI0B.

ITomHast CTOMMOCTD COeAMHEH S B JAHHOM ClIy4dae CKIaabIBa€TCs:

* U3 CTOMMOCTH TIOTyYeHMsI BCeX CTPOK BHEINTHero Habopa;

* OIHOKPATHOJ CTOMMOCTH ITOYUEHMSI BCEX CTPOK BHYTpeHHEero Habopa (To-
CKOJIbKY OIT€HKa KapAMHAIbHOCTM BHEITHEro Habopa paBHA eIVHUIIE);

* CTOMMOCTY 0OPabOTKM Kaska 0l CTPOKY pe3y/bTaTa.

CxeMa 3aBUCUMOCTEN IIPpY BbIYNCJIEHMM OL€HOK BBIITIAANT TAK:

6.99) 25.65)

BOT Kak BBIUMCIISIETCSI CTOMMOCTD COeIMHEHMS B 9TOM ci1y4yae:

=> SELECT 0.43 + 0.56 AS startup_cost,
round((
8.45 + 16.57 +
3 * current_setting('cpu_tuple_cost')::real
)::numeric, 2) AS total_cost;

startup_cost | total_cost

(1 row)
BepHewmcs Teneps K NpenpiayliemMy NpuMepy:

=> EXPLAIN SELECT *
FROM aircrafts_data al

CROSS JOIN aircrafts_data a2
WHERE a2.range > 5000;
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QUERY PLAN

Nested Loop (cost=0.00..2.78 rows=45 width=144)
-> Seq Scan on aircrafts_data al
(cost=0.00..1.09 rows=9 width=72)
-> Materialize (cost=0.00..1.14 rows=5 width=72)
-> Seq Scan on aircrafts_data a2
(cost=0.00..1.11 rows=5 width=72)
Filter: (range > 5000)
(7 rows)

OH oTnuuaeTcs y3710M Materialize, KOTOPBIN, ONMH pa3 3allOMHUB CTPOKU, TIOTY-
YeHHbIE OT JOUYEPHETO Y3714, IIPY MOCIeAYIOMX 00palleHUSIX OTAAeT UX TOPa3io
obICcTpee.

B 0611eM ciTydae MOTHask CTOMMOCTb COeYHEHMST CKIIaZIbIBAeTCS | :
* J3 CTOMMOCTY TIOJTYYeHMsI BCeX CTPOK BHENTHEro Habopa;

* OJHOKPATHO} CTOMMOCTY TepBOHAYAIbHOTO ITONyUYeHUs BCEX CTPOK BHYT-
peHHero Habopa (B X0Ofie KOTOPOTO BBITIOMHSIETCS MaTepyaIu3anms);

(N—1)-KpaTHOJ CTOMMOCTM ITOBTOPHOIO IIOTyYeHMsI CTPOK BHYTPEHHEro Ha-
6opa (rme N — YMC/IO0 CTPOK BO BHENIHEM Habope);

e CTOMMOCTM 06pabOTKY KaXKI0J CTPOKM pesy/bTaTa.

CxeMa 3aBUCUMOCTEN 30eChb ITOJIy4aeTCd TaKas:

0.00) 2.78

1 backend/optimizer/path/costsize.c, hyuximu initial_cost nestloop 1 final cost_nestloop.
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B aTrom mpuMepe 6saromapsi MaTepMaau3anuy MOBTOPHOE TOTyUYeHMe TaHHbIX
obxomutcs geniesjie. CTOMMOCTD IIEPBOT0O 0OpalleHus K y3/1y Materialize ykasa-

Ha B IIJIaHEe, HO CTOMMOCTb ITIOBTOPHOTO 06pameHM,q He BbIBOAMUTCS. S He 6y,£[y

p<':136I/IpaTb, KaK BbIUMCIAETCA 3Ta OII€HKa 1, HO B JaHHOM CJ/Iy4ae OHa COCTaBJISIET

0,0125.
Takum o06pa3om, CTOMMOCTb COeIMHEHMS I STOTO IPMUMepa BbIUMCISETCS TaK:

=> SELECT 0.00 + 0.00 AS startup_cost,
round((
1.09 + (1.14 + 8 * 90.0125) +
45 * current_setting('cpu_tuple_cost')::real
)::numeric, 2) AS total _cost;

startup_cost | total_cost

MapameTpusoBaHHOe coeAUHEHUE

PaccMoTpuM Apyroit, 60ee TUITMYHBINM TpUMep, KOTOPbIi He CBOIUTCS K ITPOCTO-
MY JIeKapTOBY IIPOM3BEIEHNIO:

=> CREATE INDEX ON tickets(book_ref);
=> EXPLAIN SELECT *
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
WHERE t.book_ref = '@3A76D';

QUERY PLAN
Nested Loop (cost=0.99..45.67 rows=6 width=136)

-> Index Scan using tickets_book_ref idx on tickets t
(cost=0.43..12.46 rows=2 width=104)
Index Cond: (book_ref = '@3A76D'::bpchar)

-> Index Scan using ticket_flights_pkey on ticket_flights tf
(cost=0.56..16.57 rows=3 width=32)
Index Cond: (ticket_no = t.ticket_no)

(7 rows)

! backend/optimizer/path/costsize.c, hyHKuus cost_rescan.
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21.2. CoeduHeHue 8J10HEHHbIM YUKIOM

3mech y3en Nested Loop repebupaeT CTpOKM BHEIIHEro Habopa (61eThl) U I
Ka)K[IOJ TaKoi CTPOKM 0OpallaeTcs K CTpOKaM BHYTpeHHero Habopa (mepee-
ThI), T€peaBasl B yCJIOBME JOCTyIa HoMep 6uieta t.ticket_no kax napamemp.
Korma BbI3bIBaeTCsI BHYTPEeHHUIT y3e Index Scan, OH MMeeT Heo ¢ YCIOBUEM
ticket_no = koncmanma.

OueHKa KapauMHanbHocTU. Ilo olleHKe IUIAHMPOBIIMKA, YCIOBUIO HA HOMep 6po-
HUPOBAHMSI YIOBJIETBOPSIOT IBE CTPOKYM BHENTHEro Habopa (rows=2), U ISl KaxK-
IIO¥ U3 3TUX CTPOK BO BHyTpeHHEM Habope B cpefHeM 6yaeT HaliieHo TPU CTPOKM
(rows=3).

CenekmueHoCmpi0 coeduHeHUs Ha3bIBaeTCsI HOJSI CTPOK OT JeKapTOBa IIPOM3Be-
IeHMs IBYX HaOOPOB, KOTOPast OCTAETCsI MOC/Ie coenyHeHs . KoHeuHo, 13 yuyeta
HAJI0 Cpasy UCKIIIOUUTh CTPOKY 060MX HaOOPOB, CopepsKalie HeonpeaeeHHbIe
3HAUEeHMS B CTONOIAX, 10 3HAUEHMSIM KOTOPBIX IPOMCXOOUT coemyHeHue (1o-
CKOJIBKY ISt TAKMX CTPOK YC/IOBME PaBEHCTBA 3aBeIOMO He 6YIeT BhIITOIHSITHCS).

KapaynHa/ibHOCTh OlleHMBAETCsI Kak KapAMHAAbHOCTDb JeKapToBa Mpou3BeeHus
(TO ecTb IpOMU3BeeHMEe KapAMHAIbHOCTEN IBYX HaOOPOB), YMHOKEHHAs Ha ce-
JIeKTUBHOCTB L

B maHHOM CTy4yae MMeeM OLIeHKY KapIVMHaJIbHOCTY MEePBOTO (BHELIHEro) Habo-
pa — nBe cTpoku. HUKakMx ycioBuit Ha BTOPO¥i (BHYTPEeHHUIT) Ha6Op, Kpome ca-
MOTO YCJIOBMS COeqMHeHMs, HeT. [IooToMy 3a KapAMHAIbHOCTh BTOPOTrO Habopa
MIPMHUMAETCS KapaMHAIbHOCTh Tabmuiipl ticket _flights.

TTOCKOMBbKY COeIMHsIeMble TaBIUIbI CBSI3aHbI BHELIHVMM KIIIOUOM, OLIeHKa CeJTeK-
TMBHOCTY [JAeTCsl HA OCHOBAHMM TOTO, YTO KaKIasl CTPOKA LOUYepHei TaBmIbl
JIMEeT POBHO OfHY IIApy B POAMTENIBCKOI Tab/umile. 3a CeIeKTMBHOCTh B 3TOM
C/Iydae MIPMHMMAETCS BeJMUMHA, 06paTHAsE pa3Mepy Tab/IMIIbl, HA KOTOPYIO CChI-
JTaeTCst BHELHMI KITI0Y 2

TakuM 06pa3oM (YUMTBIBASI, UTO CTONBLBI ticket Mo He MMeIOT HeolpeeneH-
HBIX 3HaUeHI1), OLIeHKA COCTABISIET

1 backend/optimizer/path/costsize.c, yuxiums calc_joinrel size estimate.
2 backend/optimizer/path/costsize.c, pynkims get_foreign key join_selectivity.
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=> SELECT round(2 * tf.reltuples * (1.0 / t.reltuples)) AS rows
FROM pg_class t, pg_class tf
WHERE t.relname = 'tickets'

AND tf.relname = 'ticket_flights';

PasymeeTcst, TabaMIIBI MOKHO COEAVHSTD M 6e3 BHEIIHMX Kioueii. Torga B Ka-
YyeCcTBe CEeJIEKTUBHOCTU COeIMHEHMS OyIeT MCIT0b30BaThCSI OLIEHKA CEJIEKTUBHO-

CTU KOHKPETHbBIX YCJIOBI/IIZ CoeaMHEHW S 1.

s Hallero cayyasl SKBucoenyHeHus «6as3oBas» (Gopmyia pacuera CeIeKTUB-

HOCTH, TIpeJioiarailasi paBHOMepHOe pacIipesie/ieHne 3HaueHMi, BhITISIUT

%, % ), rae nd; — YMCI0 YHUKAIbHBIX 3HAaUeHMI KTloua CoeJMHEeHUs
1 2

B IepBOM Habope CTPOK, a ndy — BO BTOPOM .

Kak min <

CTaTuCTMKA IO KOIMUYECTBY YHMUKATbHBIX 3HAUEHMIT ITOKa3bIBaeT, UTO B Tab/IM-
e tickets HoMepa 6MIETOB YHUKAIbHBI (UTO €CTECTBEHHO, ITOCKOJIbKY CTOJIGeI]
ticket_no siByseTCS MepBUYHBIM KIIOUOM), a B Tabmuie ticket _flights Ha
KaKObIi OWIIET B CpeqHeM IMPUXOAUTCS IIPUMEPHO TP CTPOKM:

=> SELECT t.n_distinct, tf.n_distinct
FROM pg_stats t, pg_stats tf
WHERE t.tablename = 'tickets' AND t.attname = 'ticket_no'
AND tf.tablename = 'ticket_flights' AND tf.attname = 'ticket_no';
n_distinct | n_distinct
____________ +_____________
-1 | -0.29991186
(1 row)

B utore OILleHKa COBITaJIa OBl C OHeHKOﬁ Ha OCHOBE€ BHEIIHETO K/IIo4a:

=> SELECT round(2 * tf.reltuples ¥
least(1l.0/t.reltuples, 1.0/tf.reltuples/0.29991186)
) AS rows
FROM pg_class t, pg_class tf
WHERE t.relname = 'tickets' AND tf.relname = 'ticket_flights';

1 backend/optimizer/path/clausesel.c, pynxiums clauselist_selectivity.
2 backend/utils/adt/selfuncs.c, hyskuus egjoinsel.

432


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/optimizer/path/clausesel.c;hb=REL_16_STABLE
https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/utils/adt/selfuncs.c;hb=REL_16_STABLE

21.2. CoeduHeHue 8J10HEHHbIM YUKIOM

I1aHMPOBIIMK CTapaeTCs 110 BO3MOXKHOCTU YTOUYHUTD 6a30BYIO OLIEHKY. B HacTO-
siee BpeMsi OH He MCIO/Ib3yeT TMCTOTPaMMbl, HO YUMTBIBAET CIIMCKM Hambosee
YaCThIX 3HAUEHUI, eC/TM TaKasl CTaTUCTMKA COOpaHa I0 KUY COeOMHEHUST ISl
o6enx Tabmui L. B 3TOM CTydae MOKHO OTHOCUTENTBHO TOYHO PACCUUTATh CeTeK-
TUBHOCTb COEIVIHEHMSI TOV YaCTH CTPOK, KOTOpast MOMaaeT B CITUCKHU, U TOJTbKO
OCTaBIIYIOCS YaCTh OLIEHMBATD UCXO/ISl U3 PABHOMEPHOTO pacIipesiesieHusl.

TeMm He MeHee B OOIIEM CIy4yae OLIEHKa CeJIeKTUMBHOCTU COeIMHeHUsT 6e3 BHell-
Hero KJioua MOKeT 0Ka3aTbCsl XyKe OLIeHKM, KOT[la BHEIIHMI KJII0U OIlpe/iesieH.
OCo6eHHO BEJIMK PUCK ITOJYUYUTh CUJIBHO 3aHMKEHHYIO OLIEHKY JJISI COCTaBHbIX
KJII04ei coeIlHeHMSI.

C nomoibro KomaHabel EXPLAIN ANALYZE MOXKHO ITOCMOTPETD HE TOJIbKO peasib-
HOE YMCJI0 CTPOK, HO U KOJIMYECTBO OOpaIeHNnit K BHyTPpEHHEMY LIVKITY:

=> EXPLAIN (analyze, timing off, summary off) SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
WHERE t.book_ref = '@3A76D';

QUERY PLAN

Nested Loop (cost=0.99..45.67 rows=6 width=136)

(actual rows=8 loops=1)

-> Index Scan using tickets_book_ref idx on tickets t
(cost=0.43..12.46 rows=2 width=104) (actual rows=2 loops=1)
Index Cond: (book_ref = '@3A76D'::bpchar)

-> Index Scan using ticket_flights_pkey on ticket_flights tf
(cost=0.56..16.57 rows=3 width=32) (actual rows=4 loops=2)
Index Cond: (ticket_no = t.ticket_no)

(8 rows)

Bo BHeImrHeM Habope 0Ka3ayoch ABe CTPOKM (actual rows=2); olleHKa IOATBepAM-
Jlack. BHyTpeHHMIT y3en Index Scan BBIMOMHSICS MO3TOMY ABa pasa (loops=2) u
Ka)KIbIii pa3 BbIOMpPAJ B CpeIHEM UYeThIpe CTPOKY (actual rows=4). OTcroga obiiee
KOJINYECTBO HaliAeHHbIX CTPOK: actual rows=8.

! backend/utils/adt/selfuncs.c, byuxiuus egjoinsel.
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S1 BbIK/HOYAK0 BbIBOJ, BPEMEHM BbINOMHEHUS KQXKAOro wara naaHa (timing off), utobol
He YBEeNMYMBATb LUMPUHY BbIBOAA, CUIbHO OFPAaHUYEHHYIO PA3MEPOM KHUXKHOM CTPaHULLbI;
K TOMY e Ha HeKOTOpbIX NiaThopMax TakoM BbIBOA MOXET CyLIeCTBEHHO 3aMeaNsThb Bbl-
nosHeHuWe 3anpoca. Ho ecnu Bpems Bce-Taku 0CTaBUTb, BbIBEAEHHOE 3HaYeHWe Toxe OyaeT
yCpenHeHHbIM, Kak U KOIMYeCTBO CTPOK. YTo6bl MONy4nTh NONHOE BpeMS, cpesHee HaAo
YMHOXMTb Ha KOM4ecTBO utepaumii (Loops).

OueHka croumoctn. CTOMMOCTD PACCUMTHIBAETCS TAK JKE, KAK B YK€ PACCMOTPEH-
HBIX MTpMMepax. HaltoMHIO IJIaH 3arpoca:

=> EXPLAIN SELECT * FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
WHERE t.book_ref = '@3A76D';

QUERY PLAN

Nested Loop (cost=0.99..45.67 rows=6 width=136)
-> Index Scan using tickets_book_ref idx on tickets t
(cost=0.43..12.46 rows=2 width=104)
Index Cond: (book_ref = '@3A76D'::bpchar)
-> Index Scan using ticket_flights_pkey on ticket_flights tf
(cost=0.56..16.57 rows=3 width=32)
Index Cond: (ticket_no = t.ticket_no)
(7 rows)

CTOMMOCTDH TIOBTOPHOTO CKaHMPOBAaHUSI BHYTPeHHEr0 Habopa CTPOK B JAHHOM
cJTydyae He OT/IMYAeTCS OT CTOMMOCTY ITepBOT0 CKAHMPOBaHMS. B MTore nmomyyaem:

=> SELECT 0.43 + 0.56 AS startup_cost,
round((
12.46 + 2 * 16.57 +
6 * current_setting('cpu_tuple_cost')::real
)::numeric, 2) AS total_cost;

startup_cost | total_cost

KewwuposaHue (MeMousaums) CTpok

Ecn IMIOBTOPHOE CKaHMPOBaHME BHYTPEHHEIO Ha60pa CTPOK 4YaCTO BbITIOJIHSET-
Csq C ODTHMMM U Te€éMMU Xe 3HaAaUYeHMSAMU IMapaMeTpa U, COOTBETCTBEHHO, IIPUBOAUT
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K ODHUM M TeM 3Ke Pe3yJibTaTaM, MOXET OKa3aThCs BbITOAHBIM 3aKEelIMPOBATDb
CTPOKY BHYTpEeHHero Habopa.

Takyo GYHKIMIO BBITIONHSIET y3e1 Memoize L. OH CXOXK C Y3/10M MaTepuanu3anmm
Materialize, HO paccuMTaH Ha MapaMeTPMU30BaHHOE COeAVMHEHME U YCTPOEH 3Ha-
YUTEeIbHO CJIOKHEe:

¢ y3es Materialize mpocTo MaTepuanusyeT Bce CTPOKU JOUepHero y3ia, a Mem-
0ize OTHENIbHO 3alIOMMHAET CTPOKM JJIsI KaKOOro 3HaAYeHMs TapamMeTpa;

* IpU TeperoIHeHNM XPaHWIUIIEe CTPOK y3ja Materialize HauMHaeT c6pachi-
BaTh AAaHHbIE HA IUCK, a XpaHWINIIE y3/1a Memoize — HeT (3TO YHUUTOKUIIO
6bI BCe ITPEMMYIIECTBO KeIIVPOBAHMS).

BoT nmpumep 1iaHa 3amnpoca, KOTOPbI UCIIONb3yeT y3ea Memoize:

=> EXPLAIN SELECT *
FROM flights £

JOIN aircrafts_data a ON f.aircraft_code = a.aircraft_code
WHERE f.flight_no = 'PGR@@3';

QUERY PLAN
Nested Loop (cost=5.44..387.10 rows=113 width=135)
-> Bitmap Heap Scan on flights £
(cost=5.30..382.22 rows=113 width=63)
Recheck Cond: (flight_no = 'PGO0OO3': :bpchar)
-> Bitmap Index Scan on flights_flight_no_scheduled_depart...
(cost=0.00..5.27 rows=113 width=0)
Index Cond: (flight_no = 'PGOOO3': :bpchar)
-> Memoize (cost=0.15..0.27 rows=1 width=72)
Cache Key: f.aircraft code
Cache Mode: logical
-> Index Scan using aircrafts_pkey on aircrafts_data a
(cost=0.14..0.26 rows=1 width=72)

Index Cond: (aircraft_code = f.aircraft_code)
(13 rows)

IJ1s KeIIMpoOBaHMsI CTPOK BBIIEISIETCS IaMSITh ITpollecca pasMepoM work mem x  4MB
x hash_mem_multiplier. Kak cjiemyeT 13 Ha3BaHUSI BTOPOro IlapameTpa, BHyTpu 2.0

1 backend/executor/nodeMemoize.c.
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IUISI TIOVICKA CTPOK MCIIONB3YeTCs Xell-Tabauiia (BapuaHT ¢ OTKPBITOI afgpecarin-
eit!). Kimouom xemmposanus (Cache Key) cry>xuT 3sHaueHMe apameTpa (M Ha-
60p 3HAUEHUIT TapaMeTPOB, €CJIU X HECKOIbKO). B mornueckom pexxume (Cache
Mode: logical) KoUK COIOCTABIISIOTCS OIIEPATOPOM PaBEHCTBA, & B IBOMYHOM —
MOGUTOBO.

Kpome Toro, Bce KII0UM XeIMPOBAHUS CBSI3aHbI B CIIUCOK, OAUH KOHEL KOTOPOTO
CUUTAETCS «XOJOOHBIM» (IAaBHO He UCIIOIb30BaHHbIE KJIIOUN), & IPYroil — «Topsi-
4yuM» (KJIF0YM, UCII0JIb30BAHHbIE HEABHO).

Ecnu ipu obpamieHun K y3;1y Memoize oKkasbIiBaeTcs, UTO CTPOKY, COOTBETCTBY-
IolI}Me MepefaHHbIM 3HaUYeHMsIM ITapaMeTpOB, HaXOIATCS B Kellle, OHM BO3Bpa-
marTcst poauTenbckoMy y3iry (Nested Loop) 6e3 o6palieHs K JOUepHEMY Y3ITy.
Vcnonb30BaHHbINM KITHOY XeIIMPOBAHMS IMEPEABUTAETCS B TOPSUMIA KOHEIL] CITMCKa.

Ecin ke B Kellle HeT HYJKHBIX CTPOK, y3€JI Memoize mojry4aeT CTPOKM OT JOUYEPHETr o
Yy3/1a, COXpaHdaeT UX B Kellle M BO3BpalllaeT y3J/Iy BbIIIE. HoBbglih Kimt04 XemmnpoBa-
HMVA TaK>Ke CTaHOBUTCA rOpSAYMM.

IMoka Kelll 3aI0HSETCS] HOBBIMM AAHHBIMM, JOCTYITHAS MaMSIThb MOXKET Mcuep-
maTbesl. YTo6bI 0OCBOOGOANUTH €e, 13 Kellla YAAISIOTCS CTPOKM, COOTBETCTBYIOI e
XOJIOAHBIM K/TI0YaM. DTOT aJITOPUTM BbITECHEHMSI OT/IMYAETCS OT TOTO, UTO MC-
TOJIb3YETCS B Oy(hepHOM Kellle, HO BBITIONHSIET TY Ke 3aJauy.

MosKeT 0Kas3aTbCsl, YTO KaKMM-TO 3HAUEHMUSM ITapaMeTPOB COOTBETCTBYET TaK
MHOTO CTPOK, UTO OHM He TIOMEIIAI0TCS TTOTHOCTDIO B Kelll, Jaske eC/IU BCe OCTaJTb-
Hble CTPOKM YyKe BbITeCHeHbl. Torma Takue mapaMeTpbl ITPOITYCKAlTCS — HET
CMBIC/Ia 3aTIOMMHATD JIUILb YaCTh CTPOK, TOCKOJIBKY B CJIEAYIOLINIT pa3 Bce paBHO
MIPUETCS 06PaLIaAThCS K JOUepHEMY Y3JTY 3a TIOHOM BBIOOPKOIA.

OLEHKM KapAMHANbHOCTH U CTOMMOCTU.  BBbIUNIC/IeHNe OLIeHOK HIYeM PagyiKaabHO
He OT/IMYAeTCsI OT TOTO, YTO MbI Y3Ke BUAE/M Bbille. OTHAKO CIefyeT YIecTb, UTO
CTOMMOCTb y371a Memoize, oKa3aHHasl B IIaHe, He IMeeT HIYero oGLIero ¢ pe-
aTBHOCTBIO: 9TO IIPOCTO CTOMMOCTD JOUEPHETO y3/1a, yBeIMUeHHas Ha 3HAUeHMe
cpu_tuple_cost>

1 include/lib/simplehash.h.
2 backend/optimizer/util/pathnode.c, dyukims create_ memoize path.
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Ho 4t065I y3es1 Memoize MesT CMbICII, €r0 CTOMMOCTD IO/KHA ObITh HEe OOJIbIIIe,
a Ha0b60pOT, MeHbIIIe CTOMMOCTHU JouepHero y3/a. C Moxoskei cuTyauyei Mbl yke
CTJIKMBAJIICh HA TIpUMepe y3Jia Materialize: «HacTOsSIast» CTOMMOCTb BbIUUCIISI-

€TCA OJI1 N0BMOPHO20 CKAHUPOBAHUS y3na1 1 B IIJIaHE He 0TO6pa)KaeTC5{.

CTOMMOCTb TOBTOPHOTO CKAaHMPOBaHMS y3/1a Memoize yuuTbIBaeT pasmep Ma-
MSITH, TOCTYITHO JJIs1 KeIIMPOBAaHMUS, M IIpeIioaraeMblii XapakTep obpaiieHui
K Kenry. PacyeT oueHb CMJIBHO 3aBUCUT OT TOYHOCTM OI[€HKM KOJIMYECTBA pas3-
JIMUHBIX 3HAUEHU [TapaMeTPOB, C KOTOPbIMY Oy/IeT CKAHVMPOBATbCSI BHYTPEHHUIA
Ha6op cTpok 2 [ToNyYnB ee, MOKHO IPUKMHYTh BEPOSITHOCTh OGHAPYKEHMSI CTPO-
KM B Kellle I BePOSITHOCTh BBITECHEHUS CTPOK U3 Kema. OxkugaeMblie MOMagaHus
B Kelll YMEHbIIAIOT OI[eHKY CTOMMOCTH, a IIOTeHIIMaTbHble BLITECHEHMSI — HA000-
pOT, YBEIMUMBAIOT. B meTanu BeIUMCIEeHNSI CTOMMOCTY S BAABAThCS He Oyy.

Pa3o6paThbcsl B TOM, UTO Ha CAMOM JieJie IMPOMCXOAUT IIPY BhITTOJHEHNUY 3aI1poca,
Kak 06bI14HO, moMoraeT komanga EXPLAIN ANALYZE:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT * FROM flights f

JOIN aircrafts data a ON f.aircraft code = a.aircraft_code
WHERE f.flight_no = 'PG0003';

QUERY PLAN
Nested Loop (actual rows=113 loops=1)
-> Bitmap Heap Scan on flights f
(actual rows=113 loops=1)
Recheck Cond: (flight_no = 'PGOOO3': :bpchar)
Heap Blocks: exact=2
-> Bitmap Index Scan on flights_flight_no_scheduled_depart. ..
(actual rows=113 loops=1)
Index Cond: (flight_no = 'PGOOO3': :bpchar)
-> Memoize (actual rows=1 loops=113)
Cache Key: f.aircraft_code
Cache Mode: logical
Hits: 112 Misses: 1 Evictions: @ Overflows: @ Memory
Usage: 1kB
-> Index Scan using aircrafts_pkey on aircrafts_data a
(actual rows=1 loops=1)
Index Cond: (aircraft_code = f.aircraft_code)
(16 rows)

1 backend/optimizer/path/costsize.c, yHKIMsS cost_ memoize _rescan.
2 backend/utils/adt/selfuncs.c, byHKuus estimate_num_groups.
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B HameMm mpumepe BbIOUPAIOTCS Peiichl 0 OGHOMY MapIIPyTy, KOTOPbIii 06CITy-
SKMBaeTCs OOHUM TUIIOM CaMoJIeTa; I03TOMY KJTI0U XeLIMPOBAaHMS COBIIaaeT s
Bcex obpaieHuit K y3imy Memoize. IlepBblit pa3 3a HY>KHOM CTPOKOI TPUXOIUTCS
CXOOuUTDb B Tabmuiry (Misses: 1), HO Bce MTOBTOPHbBIE 0OpaIleHNsT 0OCTYKUBAIOTCS
KeireM (Hits: 112). Ha Bce mmpo Bce XBaTUJIO OJHOTO KMJIOOaiiTa maMsITH.

Emle 1Ba BbIBeeHHbIX 3HAUEHMS DABHBI HYJIIO: KOJIMYECTBO BbITEeCHEHMI! 13 Kellla
(Evictions) u KOMMUYeCTBO MEPEIOTHEHMI MaMSTHU C HEBO3MOKHOCTbIO COXPAaHUTD
BCe CTPOKM, OTHOCSAIIMECS K ofHOMY Habopy napametpoB (Overflows). Bonbiine
1MdpbI TOBOPMIIM GBI O TOM, UTO BBIZEIEHHO O[T KEIIl TAMSITU 0Ka3aJI0Ch HEI0-
CTaTOYHO, CKOPee BCero, 13-3a HeKOPPEKTHOI OLleHKM KOIM4ecTBa pa3HbIX 3Ha-
YeHMI mapaMeTpoB. B TakMX yUIOBMSIX IIPUMEHEHMe y3/1a Memoize MOXeT OKa-
3aThbCsl BeCbMa 3aTpaTHLIM. B KpaliHeM cirydyae MOKHO 3alIpeTUTh IVIaHUPOBIIN -
Ky MCII0JIb30BaTh Kelll, OTK/II0UUB IlapaMeTp enable_memoize.

BHewHWe coeauHeHus

CoenuHeHMe BIOXEHHBIM IIMKIOM MOXKET MIPUMEHSIThCS JJIS1 J1e68020 8HEUIHE20 CO-
edurerus (y3en Nested Loop Left Join). B aToM mpumMepe mIaHUPOBIIMK BbIOpas
HellapamMeTpPU30BaHHOE COeIHEHNE:

=> EXPLAIN SELECT *
FROM ticket_flights tf
LEFT JOIN boarding_passes bp ON bp.ticket_no = tf.ticket_no
AND bp.flight_id = tf.flight_id
WHERE tf.ticket_no = '0005434026720' and tf.flight_id = 82977;

QUERY PLAN
Nested Loop Left Join (cost=1.12..17.17 rows=1 width=57)

-> Index Scan using ticket_flights_pkey on ticket_flights tf
(cost=0.56..8.58 rows=1 width=32)
Index Cond: ((ticket_no = '0005434026720': :bpchar) AND
(flight_id = 82977))

-> Index Scan using boarding_passes_pkey on boarding_passes bp
(cost=0.56..8.58 rows=1 width=25)
Index Cond: ((ticket_no = '0005434026720'::bpchar) AND
(flight_id = 82977))

(9 rows)
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KapanHanibHOCTb BHEITHETO COeAVHEeHMS] OLIeHMBAETCS TaK JKe, KaK ¥ KapAVHAaIb-
HOCTb BHYTpPEHHEr0, HO B KaueCTBe pe3y/ibTaTa 6epeTcss MakKCUMYM U3 TTOTyYeH-
HOJ OLIEHKM M KapAMHAIbHOCTY BHeIIHero Ha6opa cTpokl. VIHbIMM CTOBaMy,
BHeIlIHee CoeJMHeH)e HUKOTAa He YMeHblIaeT KOJIMYeCTBO CTPOK (HO YBeIUUYUTD
MOJKET).

CTOMMOCTbD OLIeHMBAETCSI aHAJIOTUYHO BHYTpE€HHEMY COeIMHEHUIO.

IIpasoe coeduHeHue He HO,H,ILEI))KI/IB&ETCHZ, TIOCKOJIbKY IJISI aJITOPUTMaA BJIOKEHHO-

IO IIMKJIa BHEIITHU ¥ BHYTPEHHMI HaOOPbI CTPOK HEpaBHO3HAYHbI. BHeIIHMIT Ha-
60p CTPOK IMTPOCMATPUBAETCS MTOTHOCTHIO, & M3 BHYTPEHHETO IIPY MHIEKCHOM JI0-
CTyIIe YMTAIOTCSI TOBKO CTPOKH, YIOBIETBOPSIONINE YCIOBMIO coequHeHust. [Ipu
9TOM YacCTh CTPOK MOYKET OCTAThCSI HEITIPOCMOTPEHHOIA.

IonHoe coeduHeHue He IIogAep>KMBaeTCsd 110 TEM Ke C006pa)KEHI/I5{M.

AHTU- U nonycoeanHeHUs

AHTMCOEOMHEHMS U [TOSTYCOeIMHEHNS TOXO0KM TeM, UTO /It KaXKI0i CTPOKM Iep-
BOro (BHEIIHEro) Habopa BO BTOPOM (BHYTpeHHeM) Habope JOCTaTOYHO MCKATh
JIAIITL 00HY TIOIXOMSIIYIO CTPOKY.

AHmucoeduHeHue BO3BpallaeT CTPOKM ITepBOTO Habopa, eCc/IM TOMbKO JIJIST HUX He
HaIUIOCh COOTBETCTBYMS B PyroM Habope. IHbIMM C/IOBaMM, eC/Iv BO BTOPOM Ha-
60pe HalLIach OfHA MOAXOIAIIAS CTPOKA, CTPOKA M3 IepBOoro Habopa yke He I10-
MajieT B pe3y/bTaT, U JaJibllle MOKHO He TTPOBEPSTh.

AHTHCOeOVHEHVE MOXKET MUCIO0JIb30BaThCs IJisl BerunciieHus mpegukata NOT EX-
ISTS. Haitgem, HamipyMep, MOJIENIM CaMOJIETOB, IJ1s1 KOTOPBIX He 3aJaHa KOHpU-
rypauusi cajioHa. AHTMCOeIVHEHME BJIOKEHHBIM IIMKIOM OTOOpaskaeTcsl B IIaHe
Kak y3en Nested Loop Anti Join:

=> EXPLAIN SELECT *

FROM aircrafts a

WHERE NOT EXISTS (

SELECT * FROM seats s WHERE s.aircraft_code = a.aircraft_code

Js

1 backend/optimizer/path/costsize.c, yHkuus calc_joinrel_size estimate.
2 backend/optimizer/path/joinpath.c, ynkius match_unsorted _outer.
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QUERY PLAN

Nested Loop Anti Join (cost=0.28..4.65 rows=1 width=40)
-> Seq Scan on aircrafts_data ml (cost=0.00..1.09 rows=9 widt...
-> Index Only Scan using seats_pkey on seats s
(cost=0.28..5.55 rows=149 width=4)
Index Cond: (aircraft_code = ml.aircraft_code)
(5 rows)

TorT ke T1aH 6ygeT MOCTPOEH U /1T 9KBUBaIeHTHOTO 3ampoca 6e3 NOT EXISTS:

=> EXPLAIN SELECT a.*
FROM aircrafts a

LEFT JOIN seats s ON a.aircraft_code = s.aircraft_code
WHERE s.aircraft_code IS NULL;

QUERY PLAN

Nested Loop Anti Join (cost=0.28..4.65 rows=1 width=40)
-> Seq Scan on aircrafts_data ml (cost=0.00..1.09 rows=9 widt...
-> Index Only Scan using seats_pkey on seats s
(cost=0.28..5.55 rows=149 width=4)
Index Cond: (aircraft_code = ml.aircraft_code)
(5 rows)

ITonycoeduHeHue BO3BpALIAET Te CTPOKM ePBOro Habopa, /ISl KOTOPBIX HAIIIOCh
XOTs1 GBI OZTHO COOTBETCTBME BO BTOPOM Habope (M CHOBA MOC/IEIYIONIMe COBIIA-
IEeHMST MOSKHO He IIPOBEPSTh — Pe3y/IbTaT YKe U3BECTEH).

[MomycoennHeHe MOXXET UCIIOAb30BATHCS JJ1s1 BbluncaeHus npeaukaTta EXISTS.
HarimeMm Terepb Mogeny CaMOJIETOB, B CaJIOHE KOTOPBIX YCTAHOBJIEHBI Kpecya:

=> EXPLAIN SELECT *
FROM aircrafts a
WHERE EXISTS (

SELECT * FROM seats s WHERE s.aircraft_code = a.aircraft_code
)
QUERY PLAN

Nested Loop Semi Join (cost=0.28..6.67 rows=9 width=40)
-> Seq Scan on aircrafts_data ml (cost=0.00..1.09 rows=9 widt...
-> Index Only Scan using seats_pkey on seats s
(cost=0.28..5.55 rows=149 width=4)
Index Cond: (aircraft_code = ml.aircraft_code)
(5 rows)
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[TonycoennHeHMe BIOKEHHBIM LIMKIIOM IpeacTaBaeHo y310M Nested Loop Semi
Join. B aToM rutaHe (M B IJIaHAX BBIIIE [IJISI aHTUCOEOVMHEHMS) IJIsI TAOMUIIBI Seats
yKasaHa 00bIUHAasl OlleHKa CTPOK (rows=149), XOTs Ha caMOM JieJie JOCTATOUHO I10-
JIyIUTb BCEro O HY. [Ipy BBITTOIHEHMHM 3aTIPOCa, KOHEUHO, IVKJI OCTAHABIMBAETCS
MOCJIe IepBOii CTPOKM:

=> EXPLAIN (analyze, costs off, timing off, summary off)

SELECT * FROM aircrafts a

WHERE EXISTS (

SELECT * FROM seats s WHERE s.aircraft_code = a.aircraft_code
)

QUERY PLAN

Nested Loop Semi Join (actual rows=9 loops=1)
-> Seq Scan on aircrafts_data ml (actual rows=9 loops=1)
-> Index Only Scan using seats_pkey on seats s
(actual rows=1 loops=9)
Index Cond: (aircraft_code = ml.aircraft_code)
Heap Fetches: 0
(6 rows)

OueHKa KapAMHanbHOCTU.  [IJ1s1 TIOSTyCOeAVHEHNS TaeTCsl OOBIYHBIM 06pa30M, HO
KapAMHAJIbHOCTb BHYTPEHHEr0 Habopa CTPOK CUMTAETCSI PABHOM egyHUIIE. A [IJ1sT
AQHTUCOEAVHEHUS PACCUUTAHHAS CEJIEKTUBHOCTb BBIUYMTAETCS U3 €OUHMUILIbI, KaK

715 oTpULaHus L

OueHka ctouMocTu. [IjIs1 aHTU- U TTOTyCOeNMHEHUII OlleHKa CTOMMOCTY YUUThI-
BAET, UTO BTOPOJi HAOOP UMUTAETCS He MMOTHOCTHIO, @ TOJIbKO OKa He OYIeT Haii-
JleHa Tapa K CTpOKe IepBoro Hab6opa

He>kBucoeauHeHus

AJITOPUTM BJIOSKEHHOTO IIMKJIA TTO3BOJISIET COEAVHSTh HA60PbI CTPOK TI0 JIIO60MY
YCIOBUIO COeMHEHUS.

1 backend/optimizer/path/costsize.c, yuxiums calc_joinrel size estimate.
2 backend/optimizer/path/costsize.c, dyrxuus final_cost_nestloop.
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KoHeuHo, e/t BHYTpeHHMIT HA6Op CTPOK SIBJIsIeTCst 6a30B0O¥ TabIuIeid, Ha STOV
Tab/IMIEe CO3/IaH MH/IEKC U OTIEPATOP YCIOBUSI COEAVHEH ST BXOAUT B KJIaCC oIepa-
TOPOB 3TOT'0 MHAEKCA, TO K BHYTPEHHEMY Hab0py CTPOK BO3MOXKeH 3D (PeKTUBHBIN
moctyr. Ho Bcerma ocTaeTcsl BapMaHT JeKapToBa MPOU3BEIeHUs CTPOK C QUIIb-
Tpaiyesi 1o yCIOBMIO — I B 9TOM C/Iydae yCIOBMe MOYKeT ObITh COBEPIIEHHO IIPO-
M3BOJIbHBIM. Kak, Hampumep, B 9TOM 3aIpoce, BbIOMPAIOIeM Iapbl a9POIIOPTOB,
PACIIOIOKeHHBIX HEIAJIEKO APYT OT Apyra:

=> CREATE EXTENSION earthdistance CASCADE;

=> EXPLAIN (costs off) SELECT *
FROM airports al

JOIN airports a2 ON al.airport_code != a2.airport_code
AND al.coordinates <@> a2.coordinates < 100;
QUERY PLAN

Nested Loop
Join Filter: ((ml.airport_code <> ml_1.airport_code) AND
((ml.coordinates <@> ml_1.coordinates) < '100'::double precisi...
-> Seq Scan on airports_data ml
-> Materialize
-> Seq Scan on airports_data ml_1
(6 rows)

MNapannenbHblit pexum

CoenuHeHMe BIOKEHHBIM LMKIOM MOSKET MCIOIb30BaThCS B ImapaJjijieJIbHOM pe-

JKMe 1.

PacmapaymienBaHue MPOUCXOAUT TOJIBKO Ha YPOBHE BHEIIHEro Habopa CTPOK,
KOTOPBI/I MOKET OZHOBPEMEHHO UMTAThCS HECKOIBKMMM paboummu Ipoiecca-
M. TToTyunB 0YepeqHYI0 CTPOKY BHEIIHEro Habopa, KasKAblii TPOLIecc 3aTeM caM
nepebupaeT COOTBETCTBYIOIINE €if CTPOKM BHYTPEHHET0 Habopa — yke MOCIef0-
BaTeJIbHO.

Huske NpUBEAEH IIPMMeEDP 3alIpoca C HECKOJIbKMMM COEAMHEHMSIMMA, KOTOprVI Ha-
XOOUT IMacCCa>knMpoB, KYIIMBIINX OMIeThI HAa OHpe,ILEHeHHbIIZ peﬁc:

! backend/optimizer/path/joinpath.c, dbyuxuus consider parallel nestloop.
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=> EXPLAIN (costs off) SELECT t.passenger_name

FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
JOIN flights £ ON f.flight_id = tf.flight_id

WHERE f.flight_id = 12345;

QUERY PLAN

Nested Loop
-> Index Only Scan using flights_flight_id_status_idx on fligh...
Index Cond: (flight_id = 12345)
-> Gather
Workers Planned: 2
-> Nested Loop
-> Parallel Seq Scan on ticket_flights tf
Filter: (flight_id = 12345)
-> Index Scan using tickets_pkey on tickets t
Index Cond: (ticket_no = tf.ticket_no)
(10 rows)

Ha BepxHeM ypoBHe coefyHeHME BIOKEHHBIM LIMKIOM MCIIOIb3YeTCSI B 0ObIU-
HOM, TIOCJIeIOBATEIbHOM peXXuMe. BHelrHuit Ha6op AAaHHBIX COCTOUT U3 OFHON
CTPOKM TabiuIpl peiicoB £lights, momyyeHHOI IO YHUKAIbHOMY KITIOUY, II03TO-
MY BJIOSKEeHHBII LIVKJI OMTPaBAaH Jaske J1si 0BIIOT0 BHYTPEHHETo Habopa CTPOK.

Iyt TToNTydeHMsI BHYTPEHHET0 Habopa MCHOb3yeTcsl MapaiiebHbIi riad. Kaxk-
IbIi 13 TIPOIIECCOB UMTAET CBOM CTPOKM TaOIMIIbI MepeneToB ticket flights
Y COeIVHSIET UX BJIOKEHHBIM IIMKIIOM C 6umetamu tickets.
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00

XewunpoBaHue

22.1. CoeanHeHune XewMpoBaHUEM

OnHONpoXxoAHoe CoefUHEHUE XELUPOBaHUEM

Wpes coemMHEHMS XeLMIMPOBAHMEM COCTOMT B IOMCKE MOAXOMSIIMX CTPOK C II0-
MOIIBIO 3apaHee MOArOTOBJIEHHOM Xell-Tabnuiipl. BOT mpyMep I1aHa, UCIIONb-
3YIOIIET0 TAKOe COeAVHEeHNE:

=> EXPLAIN (costs off) SELECT *
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no;

QUERY PLAN

Hash Join
Hash Cond: (tf.ticket_no = t.ticket_no)
-> Seq Scan on ticket_flights tf
-> Hash
-> Seq Scan on tickets t
(5 rows)

Ha mepBom arame y3en Hash Join! o6pamaercs k y3ny Hash? Tot nonyuaer ot
CBOETO JI0YepHEro y3/1a BeCb BHYTPEHHMIT HAbOp CTPOK U MOMeIaeT ero B xeul-
maonuyy.

XEH.I-T:':16III/II_[{:1 IMO3BOJIIET COXPAHATD IMapbl, COCTAaBJIEHHbIE N3 KJIloUA Xewuposd-
HUsl U 3HA4€HuUs, a 3aTeéM MCKaTb 3HAUYeHMs I10 KTy 3a d)I/IKCI/IpOBaHHOG Bpe-
M, HE 3aBUCAIIee OT pa3Mepa Xe]J.I-Ta6J'[I/ILIbI. IIJIs1 3TOTO KII0YU XelmMpoBaHMA

1 backend/executor/nodeHashjoin.c.
2 backend/executor/nodeHash.c.
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pacrpezensorcs 6oee ui MeHee paBHOMEDPHO IO OrPaHMYEHHOMY KOJIMYeCT-
By kop3uH (bucket). Homep KOp3MHBI Xell-TabaUIIbI ONPeIesseTcsl 3HaUeHUeM
Xel-(yHKYUU OT KTI0Ya XelMPOBaHMS ; TTIOCKOIBbKY UMCI0 KOP3UH BCEraa sIB/seT-
CS1 CTEIeHbI0 ABOIKY, 13 BHIUMCIEHHOTO 3HAUYEeHMST 6epeTcst HY;KHOe KOJTMYECTBO
IBOMYHBIX Pa3psiIoB.

Peamsanusi UCIIONb3YeT IMHAMMYECKN PACIIMPSIEMYIO Xelll-Tab/IuIly ¢ paspelie-

HMEeM KOJIU3UIA C IMOMOIIIBIO HEHOHEKl, Kak OJist 6yd)epH01"0 Kelia.

WTak, Ha TepBOM 3Tarle oC/IeJ0BaTeIbHO YUTAIOTCSI CTPOKM BHYTPEHHETo Habo-
pa, ¥ IJIs K&KOO0M M3 HUX BhIUMUIIeTcs xell-GyHKuys. KimouoM xemypoBaHus
B IaHHOM Cjly4ae SBJISIIOTCA I0JISl, Y4aCTBYIOLINMe B YCIOBUM coeuHeHud (Hash
Cond), a B camMoi1 XellI-TabauIIe COXPAHSIOTCS BCE TOJIS CTPOKM U3 BHYTPEHHETO
Habopa, HeoOXOoAMMbIE IJIS 3aITpoca.

Hamnbonee sdpdexkTMBHO — 3a OOMH MPOXOH MO HAHHBIM — COeIVHEHMue Xe-
MMpoBaHMEM paboTaeT, ecay Xem-Tabnuiia LeIMKOM ITOMENIAeTCss B olepa-
TUBHYIO0 NaMsITh. OTBeJleHHbIIi eii pa3Mep OrpaHMYeH 3HAUeHMeM Work_mem X
x hash_mem_multiplier.

BHYTPEHHUN
Habop

BHELUHMI
Habop

Bor nipumep, B KOTOPOM 3aIipocC BBIMIOJIHEH C MOMOIIbI0 KoMmaHAbl EXPLAIN AN-
ALYZE, uT0G6bI MTONTyYnTh MH(POPMAINIO 00 MCITONb30BAHUY TAMSITH

=> SET work_mem = '128MB';

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *
FROM bookings b

JOIN tickets t ON b.book_ref = t.book ref;

! backend/utils/hash/dynahash.c.

445

c. 182

v. 13

4MB
2.0


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/utils/hash/dynahash.c;hb=REL_16_STABLE

I'nasa 22. XewuposaHue

QUERY PLAN

Hash Join (actual rows=2949857 loops=1)
Hash Cond: (t.book_ref = b.book_ref)
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
-> Hash (actual rows=2111110 loops=1)
Buckets: 4194304 Batches: 1 Memory Usage: 145986kB
-> Seq Scan on bookings b (actual rows=2111110 loops=1)
(6 rows)

B oTanune oT coequHeHUs BAOKEHHBIM IIUKIIOM, IJIsI KOTOPOTO BHYTPEHHUIT U
BHEIIIHMI HAaGOpbI CYIIECTBEHHO Pa3/IMJYalOTCs, COeAVHEHEe Ha OCHOBE Xelllu-
pOBaHMSI TTO3BOJISIET ITEPECTABISATh HA6Opbl MecTamu. Kak rpaBumiio, B KauecTBe
BHYTPEHHEIO MCITOJIb3YEeTCSI MEHbINI HAabOpP, TTOCKOJIbKY 3TO YMEHbIIAEeT pas-
Mep MaMsITh, HeOOXOIMMbIii [AJIsT Xell-TaO/IUIIbI.

3mech o0beMa MaMsITV XBaTWIO JJIS Pa3MeIIeHus BCelt Xell-TabmnIibl, KOTopast
3aHMMaeT okono 143 M6aitt (Memory Usage) u comepxut 4 M = 222 xopsun
(Buckets). [TosToMy coefmHeHMe BBITIONHSETCS B OAMH ITpoxon, (Batches).

OnHaKo eciu 6bI B 3aIIPOCE UCIIOIb30BAJICS OAMH CTOI0EI, TO IS XeIlI-TabIuIIbI
xBaTwiao 6b1 111 M6arir:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT b.book_ref
FROM bookings b

JOIN tickets t ON b.book_ref = t.book_ref;

QUERY PLAN

Hash Join (actual rows=2949857 loops=1)
Hash Cond: (t.book_ref = b.book_ref)
-> Index Only Scan using tickets_book_ref idx on tickets t
(actual rows=2949857 loops=1)
Heap Fetches: ©
-> Hash (actual rows=2111110 loops=1)
Buckets: 4194304 Batches: 1 Memory Usage: 113172kB
-> Seq Scan on bookings b (actual rows=2111110 loops=1)
(8 rows)

=> RESET work_mem;

JTo ellie OfHA IPUYMHA He MCII0/Ib30BaTh B 3aIIPOCAX JIAIIHME TI0JIST, B TOM YKCIIe
«3BE3/I0UKY>.
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KonmuecTBO KOP3UH XelI-TabIMIIbl BIOMPAeTCs Tak, YTOOBI B IIOJTHOCTHIO 3aIT0JI-
HEHHOJ JaHHBIMM TabJIMIIe KaXKast KOP3MHa COepKaia B CPeJJHEM OHY CTPOKY.
Bosee MIOTHOE 3arOIHEHVE TIOBBICMIIO ObI BEPOSITHOCTH XEIll-KOJTU3UIA U, Ciie-
IOBATeIbHO, CHM3MIO 6bI 9 (heKTMBHOCTh MOMCKA, a 60jee pa3pekeHHas Xel-
TabaMIa CIMIIKOM HESKOHOMHO pacxomoBaia 6bl IaMsITh. PaccunMTaHHOE KOJIN-

YeCTBO KOP3UH YBEIMUNBAETCS 0 MEPBON MOAXOASIIEN CTeeH) IBOVIKU L

(Ecnu, ucxods u3 OLleHKM CpefHel «IIMPUHBI» OLHOI CTPOKM, pa3Mep Xell-
TAOIUIBI C PACUETHBIM KOJMYECTBOM KOP3MH IPEBBINIAET OrpaHUUYEHNE T10 Ia-
MSITH, UCIIO/Ib3YeTCs IBYXIIPOXOLHOE XelIMPOBaHMeE.)

IToka xem—Ta6m/1ua He ITIOCTPOeHa ITIOJIHOCTbhbIO, COeAMHEHMEe XellMPpOBaHeM He
MOJKeT HauaTb BO3BpalllaTb Pe3yJIbTaThbI.

Ha BTOpoMm 3Tamne (xenr-tabnuiia K STOMy MOMEHTY Y3Ke TOTOBa) y3ei Hash Join
o6paraeTcst KO BTOPOMY JOUepHEMY Y3JTy 32 BHEIITHVM Ha60pOM CTPOK. 1715t Kaxk-
[0V MMPOYMUTAHHON CTPOKM IIPOBEPSIETCS HAIMUUME COOTBETCTBYIOIIMUX €M CTPOK
B xem-tabnuiie. st 3TOro xeur-QyHKUMST BBIYMC/ISETCS OT 3HAUEHUIl ToJeit
BHEITHEro Habopa, BXOASIINX B YCIIOBUE COEIMHEHMUSI.

BHELLHWHA
Habop

HalimeHHbIe COOTBETCTBYSI BO3BPAIAIOTCS BHIIIECTOSIIIEMY Y3ITy.

OueHka croumocti. OI€HKY KapAVHAIbHOCTU s YK€ pacCMaTpuUBaj, M OHA He
3aBUCUT OT CIIOCO6a COeAVHEHMS, TIO3TOMY JajIbliie 51 Gy TOBOPUTb TOIBKO 06
OLIEHKe CTOMMOCTH.

1 backend/executor/nodeHash.c, pynkuus ExecChooseHashTableSize.
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B kauecTBe cToMMOCTH y3/1a Hash 6epeTcs Io/iHasl CTOMMOCTD €ro JOUepPHEero y3-
7na. 3To GUKTMBHAS IMdPa, IIPOCTO YTOOBI GBIIO UTO ITOKA3ATh B ITaHe 3ampoca .

Bce peasibHBIe OIIEHKY BKIIOUEHbI B CTOMMOCTB y371a Hash Join2

Paccmotpum nipumep:

=> EXPLAIN (analyze, timing off, summary off)
SELECT * FROM flights f
JOIN seats s ON s.aircraft_code = f.aircraft_code;

QUERY PLAN

Hash Join (cost=38.13..278507.28 rows=16518865 width=78)
(actual rows=16518865 loops=1)
Hash Cond: (f.aircraft_code = s.aircraft_code)
-> Seq Scan on flights £ (cost=0.00..4772.67 rows=214867 widt. ..
(actual rows=214867 loops=1)
-> Hash (cost=21.39..21.39 rows=1339 width=15)
(actual rows=1339 loops=1)
Buckets: 2048 Batches: 1 Memory Usage: 79kB
-> Seq Scan on seats s (cost=0.00..21.39 rows=1339 width=15)
(actual rows=1339 loops=1)
(10 rows)

HavanpHasi CTOMMOCTb COeIHEHUS OTpakaeT B OCHOBHOM CO3OaHue XeII-tab-
JINIObI U CKJIaAbIBA€TCS:

* U3 TIOJTHOWM CTOMMOCTM IOMyYeHMs] BHYTpeHHero Habopa CTPOK, KOTOPbIi
HeoO6X0omyM [JISI TOCTPOEHMST XeIll-TabnIIbI;

e CTOMMOCTY BBIUMCIIEHUS Xell-(YHKIMM OT BCeX I0jIeit, BXOOAIIMX B KIIOY
CoemVMHeHMsI, OISl KaXkIoii CTpOKM BHYTpeHHero Habopa (omHa orieparyst
OIIEHMBAETCS 3HaUEeHMEeM IapaMeTpa Cpu_operator_cost);

e CTOMMOCTY BCTaBKY BCEX CTPOK BHYTPEHHEro Habopa B XelI-TabauIry (BCTaB-
Ka KaKI 0¥l OIeHMBAETCS 3HAUEHMEM MapameTpa cpu_tuple cost);

* HAYaJbHOI CTOMMOCTY ITOTyYeHMS BHEIIHEro Habopa CTPOK, 6e3 KOTOpOoro
HEJIb3SI IPUCTYITUTD K BBIITOJIHEHUIO COeIVIHEHMS.

1 backend/optimizer/plan/createplan.c, byHkuus create_hashjoin_plan.
2 backend/optimizer/path/costsize.c, dyHxuun initial cost _hashjoin u final cost _hashjoin.
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IMosnHast CTOMMOCTD 400aB/IeT K HauaJbHOJ OLIeHKe CTOMMOCTb COOCTBEHHO CO-
eIV HEeHMS:

* CTOMMOCTb BBIUMCIEHMS XeIll-(QYHKIIMMA OT BCEX I10JI€1, BXOASIIMX B KITIOU CO-
eIVIHeH M, IJIsT KaXKI0 CTpOKM BHeIIHero Habopa (cpu_operator_cost);

* CTOMMOCTD ITePEITPOBEPOK YCIOBUI COeIMHEHNSI, KOTOPbIe HEOOXOAVIMBI W3-
3a BO3MOSKHBIX XeIll-KOJUIM3UIA (BbIUMC/IeHe KaKIOro orepaTopa OleHUBa-
eTcsl 3HaUeHMeM TTapaMeTpa cpu_operator cost);

e CTOMMOCTb 06PabOTKM KaXKI 0 pe3ylnbTUpYIolieit CTpoku (cpu_tuple_cost).

Hanbosnee CJIOKHO YacThIO OLIEHKM 3[I€CH SIBJISIETCS OMpene/ieHre KOIMIecTBa
TepernpoBepoK, KOTOpbIe IOTPEOYIOTCS B xome coeavHeHusl. OHO OIleHMBaeT-
Cs1 MpOM3BeeHMEM UlC/Ia CTPOK BHEIIHEro Habopa Ha HEKOTOPYIO JOJI0 YKciIa
CTPOK BHYTPEeHHETo Habopa (HaXosIierocst B xen-rabimuiie). OeHKa 3Toii Tomm
YUMTBIBAET B TOM UYMC/I€ ¥ BO3MOXHOE HepaBHOMEPHOE pacipefeieHne 3Have-
Humit. 51 He Gyy BIABaThCS B IIOAPOGHOCTM !} B JTAaHHOM C/Tydae 3Ta JOJIs OLLeHM-
BaeTtcs Kak 0,150112.

WTax, o151 Halllero mpuMepa olleHKa BhIUMCISIETCS CIeTYIONMM 06pa3om:

=> WITH cost(startup) AS (
SELECT round((
21.39 +
current_setting('cpu_operator_cost')::real * 1339 +
current_setting('cpu_tuple_cost')::real * 1339 +
0.00
)::numeric, 2)
)
SELECT startup,
startup + round((
4772.67 +
current_setting('cpu_operator_cost')::real * 214867 +
current_setting('cpu_operator_cost')::real * 214867 * 1339 *
0.150112 +
current_setting('cpu_tuple_cost')::real * 16518865
)::numeric, 2) AS total
FROM cost;

! backend/utils/adt/selfuncs.c, dyaxums estimate_hash bucket stats.
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startup | total
_________ +___________
38.13 | 278507.26
(1 row)

CxeMy 3aBMCUMOCTE pacyeTa CTOMMOCTY MOKHO MTPEICTaBUTD TaK:

(38.13] .[278507.28]

L&

@.0@..

,D,BYXI'IPOXO.CI.HOG coeguMHeHue XxewunposaHueM

Ecu Ha 3Tarie riaHXpOBaHMsI OLIEHKM [TOKa3bIBAIOT, UTO XeIll-Tab/Iiiia He ToMec-
TUTCSI B OTBEJ€HHbIE paMKJ, BHYTPEHHMIT HA60P CTPOK Pa36MBaeTCs Ha OTAeNb-
Hble nakems! (batch), KaxkIblii M3 KOTOPBIX 00pabaThiBaeTCs OTOeIbHO. KomuecT-
BO ITaKeTOB (KaK M KOP3MH) BCeraa SIBJISIeTCS CTeMeHbIo ABOMKM; HOMeD IaKkeTa
OIIpe/ieNsieTcss COOTBETCTBYIONIMM KOJMYECTBOM GITOB Xelll-3HaueH s |

JIto6ble IBE CTPOKM, COOTBETCTBYIOIIME IPYT APYTY MIPU COEIMHEHNUY, TIPUHAIE-
SKaT OMHOMY ¥ TOMY K€ TIaKeTy, ITOCKOJIbKY Y CTPOK M3 pa3HbIX ITAaKETOB He MOTYT
COBTACTbh X€II-KO/IbI.

K Kakgomy IakeTy OTHOCUTCSI OOAMHAKOBOE KOJMYECTBO Xelll-3HaueHuil. Eciau
JaHHbIe paclipefeseHbl pABHOMEPHO, TO ¥ pa3Mepbl BCEX IMAKETOB OYIyT Ipu-
MEpPHO OIMHAKOBbIMM. [ITaHMPOBIIMK MOKET YIIPABISITh MOTPeOIeHeM HaMsi-

™, BbI6I/Ipa${ noaxonduniee KoandeCTBo HaKETOBZ.

1 backend/executor/nodeHash.c, pyukuns ExecHashGetBucketAndBatch.
2 backend/executor/nodeHash.c, byukuus ExecChooseHashTableSize.
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Ha mepBoM 3Tamne BbIMOJTHEHMS YATAETCS BHYTPEHHMIT HA60P CTPOK M CTPOUTCS
xenr-Tabmuia. Eciiv ouepeqHast CTpoKa BHYTPEHHEro Habopa OTHOCUTCS K ITEPBO-
MY ITaKeTy, OHa J06aB/IsIeTCs K Xelll-TablIuile 1 OCTAeTCs B OTIepaTUBHOI aMSITH.
Ecn ke cTpoka OTHOCUTCST K KAKOMY-IMO0 APYroMy IaKeTy, OHa 3aMyChIBAeTCsI

BO 8peMeHHblil (hatin — CBO¥ JISI KasKIOTO U3 MTaKeTOB 1

06beM MCMONb3yeMbiX CEAHCOM BPEMEHHbIX QaiifioB Ha AMCKE MOXHO OFpaHUumUTb, yCTa-
HOBMB NpefenbHOe 3HauYeHWe B napametpe temp_file limit (BpemMeHHble Tabnuubl B 3TO
orpaHuyeHune He BxoadT). Ecim ceaHc ncyepnaeT orpaHuyeHue, 3anpoc 6yaet aBapuinHo
npepBaH.

BHYTPEHHMIA
Habop

BHELUHMI
Habop

Ha BTOpOM 3Tame uMTaeTcs BHEIIHMIT HAGOp CTpoK. ECyiu ouepemHast CTpoKa
MIPMHAITIEXXUT TTIePBOMY TTIAKETY, OHA COMOCTABISIETCS C XelI-Tabuileit, KoTopas
Kak pas CoAep>KUT CTPOKM MEPBOTO MaKeTa BHYTpeHHero Habopa (a B IPyrux mna-
KeTaxX COOTBETCTBUI ObITh HE MOXKET).

Eciu ke cTpoKa MpUMHAIIEXUT IPYroMy THaKeTy, OHa cOpachIBaeTCsl BO BpeMeH-
HbII (aiim — omsTh Ke CBOI ISl Kakmoro makera. Takum o6pasom, ipu N Tma-
KeTax OymeT ucnoiab3oBathes 2(N — 1) ¢aiiioB (Miu MeHbllle, eC/Ii HEKOTOpbIe
ITaKeTbl OKaKYTCS MIYCTHIMU).

IMocste OKOHYAHKMS BTOPOTO 3Talla MMaMsTh, 3aHMMaeMasl XelI-Tab/uiiei, ocBo-
ooxmaeTcs. Ha 3TOT MOMEHT ysKe MMeeTCsl YaCTUYHBIN pe3yabTaT COeayHe s

10 OMHOMY 13 MMEIOIINXCS ITaKeTOB.

1 backend/executor/nodeHash.c, pynkums ExecHashTablelnsert.
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e ] (D a
e
e ) (D (D

Hanee o6a sTara MOBTOPSIIOTCS TTOOYEPETHO TSI KAKAOTO U3 COXPAHEHHBIX HA
IVCK [TAKeTOB: 13 BpeMeHHOro ¢ajijia B XelI-Tab/InIy IepeHoCsSITCS CTPOKM BHYT-
peHHero Habopa; CTPOKM BHeNIHero Habopa, COOTBETCTBYIOIIME 3TOMY JKe Ia-
KeTy, CUMTBHIBAIOTCS M3 IPYrOrO BPEMEHHOTO ¢aiilia M COMOCTaB/SIOTCS C Xelll-
Tabaueit. cromb30BaHHbIE BpeMeHHbIe (Qaiiyibl yAAISIOTCS.

"t (LD (LD (i

I BYXIIpOXOLHOE coefuHeHNe B BbIBoAe KoMaHabl EXPLAIN oTamnyaeTcs OT OGHO-
MIPOXOJHOTO KOJIMUYECTBOM I1aKeTOB, OOIbIINM eqUHUILIBI. KpoMe TOro, ¢ Kiue-
BbIM CI0BOM buf fers koMaHa MOKaXkeT CTATUCTUKY 06MEeHA C TYCKOM:

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)
SELECT *
FROM bookings b

JOIN tickets t ON b.book_ref = t.book_ref;
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QUERY PLAN

Hash Join (actual rows=2949857 loops=1)
Hash Cond: (t.book_ref = b.book_ref)
Buffers: shared hit=7315 read=55613, temp read=54218
written=54218
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
Buffers: shared read=49440
-> Hash (actual rows=2111110 loops=1)
Buckets: 131072 Batches: 32 Memory Usage: 4551kB
Buffers: shared hit=7315 read=6173, temp written=10701
-> Seq Scan on bookings b (actual rows=2111110 loops=1)
Buffers: shared hit=7315 read=6173
(11 rows)

I yske TIpMBOIMIT STOT IIpMMeED BbIllIe, HO C YBeJIMUeHHbIM 3HaUeHeM work_mem.
B oTBefeHHbIE 110 yMOTUaHNIO 8 M6aiIT BCs Xell-Tabnuiia He IIOMeIaeTcs ; 371eCh
3aJ1eficTBOBAaHO 32 makeTa, Xem-tabmuua ucrnonbayer 128 K = 217 kopsun. Ha
JTare MOCTPOEeHUS Xell-Tabmuibl (y3ea Hash) BBITOMHSIETCS 3aICh BO BpeMeH-
Hble ¢aityibl (temp written); Ha aTane coeayHeHus (y3ea Hash Join) daitibl u 3a-
MMMCBIBAIOTCS, ¥ UMTAIOTCS (temp read, written).

IMapameTtp log temp_files IO3BOJNET MTOMyUaTh Gosiee AeTANTbHYIO MHDOPMAILIIO
0 BpeMEHHBIX (ajiyiax B SKypHaJie coobIieHnii cepsepa. [Ipy HyJ1eBOM 3HAaUEHUU
B JXypHaJie OymeT oTMeueH KaX[blit dhaiil u ero pasMep (Ha MOMEHT YIAIEHUST).

JduHaMHuecKue KOppPeKTUPOBKMU NaaHa

3amIaHMPOBAHHbIN XOA, COOBITUI MOTYT HAPYIIUTD ABE MPOGIEMbI: HEKOPPEKT-
Hasl CTaTUCTUKA ¥ HepaBHOMEPHOe pacripeneeHue.

HpI/I HepaBHOMEPHOM pacIipeaejleHnn 3HA4YeHU B CTOJ'[6LlaX, BXOOAIIMX B K/ITIOY
COeaMHEHS, PAa3HbIE ITIaKEThI 6Y,ELYT MMETDb pa3Hoe KOJIN4YECTBO CTPOK.

Ectn kakoif-HuGynb makeT (KpoOMe CaMOTO IEePBOTr0) OKaskeTcsl GOJIbIINM, BCe
€ro CTPOKM IPUAETCS CHAavaa 3ammMcaTh Ha OUCK, a 3aTeM MPOYMUTATh C JUCKA.
B OCHOBHOM HENPUSITHOCTH JOCTaBJSIET BHEIIHNI HAOGOP AAHHBIX, [IOTOMY UTO
0OBIYHO OH 6osbiie. [T03TOMY ec/u 111 BHeIlIHero Habopa CTPOK JOCTYITHA 06bIY-
Hasl, He MHOTOBapyaHTHAas CTaTUCTHMKA 10 HauboJiee yacThIM 3HAUEHUSIM (TO eCThb
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BHEIIIHWIT HabOp IIpeICTaB/IeH TabIuIeli M COeqVMHEeHNE BbITIOTHSETCS TI0 OMHOMY
CTONOILY), TO CTPOKM C XeIll-KOAAaMM, COOTBETCTBYIOIIMMI HECKOJIbKUM Hambosiee
YacTBIM 3HAYEHMSIM, CUMTAIOTCS PMHAIEKAIMMM IepBOMyY HakeTyl. dTa om-
tumusanus (skew optimization) 1mo3BosisieT HeCKOJIbKO YMEHbBIINTh BBOJI-BBIBO],
TIPY IBYXIIPOXOZHOM COeIVHEHUM.

O6e 1po61eMbI MOTYT ITPUBECTU K TOMY, UTO pa3Mep HEKOTOPBIX (MJIU BCEX) TTaKe-
TOB OKa)KeTcs 6osiblie pacueTHOro. Torma xemr-tabuniia it HUX He ITOMEeCTUTCS
B 3aIJIAaHMPOBAHHBI pa3sMep M BIMIET 38 PaMKM OTPaHUYEHUIA.

IosTOMY ec/iu B MPOLiecce TIOCTPOEHMS Xell-TabINIIbl BBISICHSIETCSI, UTO €€ pas-
Mep He YKIaAbIBaeTCsl B OrpaHMYEHMS, KOJMUYECTBO IAKETOB YBEIMUMBAETCS
(yoBauBaeTcs) Ha yieTy. @aKTMUECKM KaKAbI MAKeT PasaesieTcsl Ha IBA HOBBIX:
MIPMMEPHO TTOJIOBMHA CTPOK (€C/IM ITpeATIoNaraTh pAaBHOMEpHOE pacIipesesieHIe)
ocTaeTcs B Xelll-Tabiuliie, a Apyras MOJIOBMHA cOpachIBaeTCs Ha AUCK B HOBBIA
BpeMeHHbli1 haiin?

9TO MOKET ITPOMU30MTH M B TOM C/Iyyae, KOr[a IIaHMPOBaI0Ch OIHOIIPOXOLHOe
coenyHenue. ITo cyTu, OmHO- U ABYXIIPOXOIHOE COEOMHEHMsST — OfUH U TOT JKe
QJITOPUTM, peayn3yeMblii OMHUM U TeM Ke KOAOM. S pasmesisiio UX TOIbKO JJIsT
yI0OCTBA MU3JIOKEHMSI.

KonnuecTBOo MakeTOB MOXKET TOJIBKO YBEIUMUMBATHCS. EC/Y OKa3bIBAeTCS, UTO IIIa-
HUPOBIIVK OMMOCS B OOJIBIIYIO CTOPOHY, TAKEThI HE 00beAVHSIOTCS.

OpHako Impy HEPaBHOMEPHOM paciipeeieHny YBeIMUeHe unc/ia akeToB MOo-
SKeT He MoMoub. Hampumep, KIoueBoi cTon6el] MOXKeT CofepskaTh 00HO U MO e
3HAUEHMe 80 8CeX CTPOKAX: OUEBUIHO, UTO BCE OHM TOMAAYT B OAUH MAaKeT, IM0-
CKOJIbKY Xelll-(DyHKIIMS OyIeT BO3BpallaTh OMHO ¥ TO ke 3HaueHMe. YBbI, B TAKOM
cIydae xemr-tabmmiia 6yaeT IpoCTO pacTy, HeB3Mpast Ha 3HAYeHMs OrpaHMUMBa -
IOIMX [TaPaMeTPOB.

TeopeTuuecku Ans TaKOW CUTYaLMU MOXKHO 6bi10 6bl MPUMEHUTL MHOTONPOXOAHOE COeau-
HEHWe, paccMaTpuBas 338 OAMH pas TObKO YaCTb MakeTa, HO 3TO He peann3oBaHo.

,HI[F[ OEeMOHCTpaluM AMHAMMYECKOIO YBe/JIMUYEHNMS KOJIMYEeCTBa MaKeTOB IIPpUOET-
CA IIPDUJIOKUTDb HEKOTOPbIE YCUIINA, YTOOBI O6MaHYTb IJIAaHMPOBIIMK.

1 backend/executor/nodeHash.c, pynkuns ExecHashBuildSkewHash.
2 backend/executor/nodeHash.c, dyukuns ExecHashIncreaseNumBatches.
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=> CREATE TABLE bookings_copy (LIKE bookings INCLUDING INDEXES)
WITH (autovacuum_enabled = off);

=> INSERT INTO bookings_copy SELECT * FROM bookings;
INSERT 0 2111110

=> DELETE FROM bookings_copy WHERE random() < 0.9;
DELETE 1899257

=> ANALYZE bookings_copy;

=> INSERT INTO bookings_copy SELECT * FROM bookings
ON CONFLICT DO NOTHING;

INSERT @ 1899257
=> SELECT reltuples FROM pg_class WHERE relname = 'bookings_copy';
reltuples

211853
(1 row)

B pesynbraTe 3TUX MaHMUIYISLMIT MbI MOMYUMIM Tabauiy bookings copy —
MOHYI0 Konuio bookings, HO TUTAHUPOBUIUK CYUTAET, YTO B HEWM B JIECSITh pa-
3a MeHbIIIEe CTPOK, YeM Ha CaMOM fese. B pealbHOCTY OXOXKAsI CUTYyaLIUSI MOXKET
BO3HMKHYTb, HAIIpMMep, KOTJa Xell-Tabauila CTPOUTCS 110 HaGOpy CTPOK, MOJy-
YeHHOMY B pe3y/bTaTe JPYroro coeAMHeHus, s KOTOPOTO B TaKOM C/Tydyae HeT
JIIOCTOBEPHOM CTaTUCTUKMN.

V3-3a 9TO¥ OMMOKM IJIAHMPOBIIVUK I10JIaraeT, YTO 6YIET JOCTAaTOUHO 4 MaKeTOoB,
HO B IIPOIIeCCe BBIMOIHEHMSI COeIVHEeHMsI UX YMCI0 Bo3pacTaeT Ao 16:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *
FROM bookings_copy b

JOIN tickets t ON b.book_ref = t.book_ref;

QUERY PLAN
Hash Join (actual rows=2949857 loops=1)
Hash Cond: (t.book_ref = b.book_ref)
-> Seq Scan on tickets t (actual rows=2949857 loops=1)
-> Hash (actual rows=2111110 loops=1)
Buckets: 131072 (originally 131072) Batches: 16 (originally
4) Memory Usage: 8085kB
-> Seq Scan on bookings_copy b (actual rows=2111110 loops=1)
(7 rows)
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OueHKa cTouMoCTU.  BOT TOT ke mpumep, Ha KOTOPOM S TIOKAa3bIBAJT pacyeT CTOU-
MOCTH /ISl OGHOIIPOXOJHOTO COeOVMHEHMSI, HO Tereph s MpefeibHO YMeHbIIaw0
pasMep JOCTYIHOM MaMsITH, ¥ TUIAHMPOBIIMK BBIHYXX/IEH MCIIOIb30BaTh IBA Ma-
KeTa. CTOMMOCTb CO€IVHEHUSI IIPY 9TOM YBEIMUMBAETCS :

=> SET work_mem = '64kB';
=> SET hash_mem_multiplier = 1.0;

=> EXPLAIN (analyze, timing off, summary off)
SELECT *
FROM flights £

JOIN seats s ON s.aircraft_code = f.aircraft_code;

QUERY PLAN

Hash Join (cost=45.13..283139.28 rows=16518865 width=78)
(actual rows=16518865 loops=1)
Hash Cond: (f.aircraft_code = s.aircraft_code)
-> Seq Scan on flights f (cost=0.00..4772.67 rows=214867 widt. ..
(actual rows=214867 loops=1)
-> Hash (cost=21.39..21.39 rows=1339 width=15)
(actual rows=1339 loops=1)
Buckets: 2048 Batches: 2 Memory Usage: 55kB
-> Seq Scan on seats s (cost=0.00..21.39 rows=1339 width=15)
(actual rows=1339 loops=1)
(10 rows)

=> RESET work_mem;
=> RESET hash_mem_multiplier;

Pacxonbl BTOpOTO MPoOX0ja CBsI3aHbI C 3aIMChI0 CTPOK BO BpeMeHHbIe ¢aiiibl 1
YTeHMeM UX U3 (Haiios.

HauaspHasi CTOMMOCTD, pacCuYMTaHHas JIJIT OAHOIIPOXOIHOTO COeAMHEeHMS], yBe-
JIMYMBAETCS B 9TOM CJTy4yae Ha OIIEHKY 3aIT/CH TAKOTO KOJIMYECTBa CTPAHMIT, KOTO-
POTO XBaTUT JJIsl COXPAHEHMS] HYKHBIX TI0NIeli | 6cex CTPOK BHYTpPeHHero Habopa.
XOTs TepBbIii ITaKeT U He 3aMMChIBAETCS Ha MCK ITPY ITOCTPOEHUM XeII-TabINIIbI,

9TO He YUUTHIBAETCS B OLI€EHKE, IOSTOMY OHA He 3aBMCUT OT KOJIMYEeCTBA ITaKeTOB.

ITonHast CTOMMOCTD YBEJIMUYMBAETCA Ha OLI€HKY UTEHMA 3aIllMMCAaHHbIX paHee CTPOK
BHYTPEHHEIO Ha60pa " O EHKY 3alliCy M YTEHMA CTPOK BHEIITHETO Haﬁopa.

Kaxk 3aIINCb, TaK M UTE€HNE OIHO CTpaHUILbI OLIEHMBAIOTCS 3HAUYE€HNMEeM ITapaMeT-
pa seq_page_cost, ucxons U3 1ocjaenoBaTe/IbHOro XxapakTepa BBOAa-BbIBOA.

1 backend/optimizer/path/costsize.c, yHxims page_size.
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B maHHOM IpuMepe KOJIMYECTBO CTPAHMII [JIsSI CTPOK BHYTPEHHEero Habopa oie-
HeHO Kak 7, a A1 BHelIHero — kak 2309. JIo6aBuB OLIEHKM K CTOMMOCTHU, KOTO-
past 6bly1a IOoTyYeHa BbIIIIe JIJIST OJHOIIPOXOAHOTO COeIVHEH NS, ToTydaeM IudphI,
COBIIaJA0IIMe CO CTOMMOCTDIO B IJIaHe 3ampoca:

=> SELECT 38.13 + -- HayasbHas CTOMMOCTb OAHOMNPOXOAHOI'O COEAUHEHUS
current_setting('seq_page_cost')::real * 7
AS startup,

278507.28 + -- nosHas CTOMMOCTb OAHOMNPOXOAHOLO COEAMNHEHMS
current_setting('seq_page_cost')::real * 2 * (7 + 2309)
AS total;

startup | total
_________ +___________
45.13 | 283139.28
(1 row)

TakuM 06pa3oM, IIpMU HEXBATKE ONepaTMBHONM MaMSITU aJTOPUTM COeIVHEHUS
CTAHOBUTCS IBYXIPOXOIHBIM, U 3(DGEKTUBHOCTh €ro nagaet. [I03TomMy BaskHO,
YTOOBI:

e B XeII-TabauIy IOMafaan TOIbKO JeiCTBUTENIBHO HYKHbIE IT0JIsT (06s13aH-
HOCTb aBTOpa 3a1poca);

* XemI-Tabyiniia CTpOUIACh IO MEHBIIEMY HaGOPY CTPOK (00SI3aHHOCTD TUIaHMU-
pPOBILIVIKA).

CoepuHeHue XewupoBaHueM B NapanyiefibHbiX NN1aHax

CoefyiHeHMe XeMPOBaHMEM MOKET yUYaCTBOBATh B MAPA/IIENIbHBIX IVIAHAX B TOM
BUJIe, B KOTOPOM I OMTMCBHIBAJI €T0 BhIlle. DTO O3HAYAET, UTO CHAUa/Ia HECKOIBKO
rapasuielbHbIX ITPOLIECCOB HEe3aBUCUMO JIPYT OT APYyTra CTPOSIT COOCTBEHHBIE (CO-
BepIIeHHO OJMHAKOBbIE) Xelll-TabINIIbl IO BHYTPEHHEMY Hab0py JaHHbBIX, a 3a-
TEeM UCITOb3YIOT MapaIeIbHbINA TOCTYI K BHENTHEMY HAaO60PY CTPOK. BeIMTphIiT
3/1€Ch JTOCTUTAETCS 3a CYET TOTO, UTO KAKABI M3 MPOIECCOB MPOCMATPUBAET
TOJIBKO YaCTh BHEIITHEro Habopa CTPOK.

Bor npumep 1jiaHa C ydaCTueM 0OBIYHOTO (B ;aHHOM Ci1yuyae O,Z[HOI'II)OXO,[LHOI‘O)
CoeIMHEeHMs XellIMpOBaHMEM !
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=> SET work_mem = '128MB';
=> SET enable_parallel_hash = off;

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*)
FROM bookings b

JOIN tickets t ON t.book_ref = b.book_ref;

QUERY PLAN

Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (actual rows=1 loops=3)
-> Hash Join (actual rows=983286 loops=3)
Hash Cond: (t.book_ref = b.book_ref)
-> Parallel Index Only Scan using tickets_book_ref...
Heap Fetches: 0
-> Hash (actual rows=2111110 loops=3)
Buckets: 4194304 Batches: 1 Memory Usage:
113172kB
-> Seq Scan on bookings b (actual rows=2111110...
(13 rows)

=> RESET enable_parallel_hash;

3mech KakIblii Mpoliece xemupyeT Tabiauiy bookings, a 3aTeM corocTaBiseT
C XelI-Tabauieii CBOI0 YacTh CTPOK, MOJYUYEHHYIO MapaielbHbIM MHIEKCHBIM
pocrynoMm (Parallel Index Only Scan).

OrpaHmyeHye Ha MaMSITh IOf, XeII-TabMUIy MPUMEHSETCSI K KaKIOMY Tapa-
JIeILHOMY TIPOIIECCY, TaK YTO CyMMapHO OyZIeT BbIJeNIeHO B TpU pasa 6osblie ma-
MSTH, YeM 3TO yKa3aHo B IiaHe (Memory Usage).

napaﬂﬂeﬂbHoeOAHOHPOXOAHOGXGUPCOEAMHEHME

HecMmoTpst Ha TO YTO M OOBIYHOE COeOMHEHME XeIIMPOBAHMEM MOXET IaBaTh
OTIpezie/IeHHYIO BITOY B IlapasljieJibHbIX IIaHax (0CO6EHHO B C/Tyyae HeGOIbIII0-
IO BHYTPEHHEro Habopa, KOTOPbIi HET CMbIC/Ia 00pabaThIBATh MapaslIebHO), IS
GoJBIINX HAGOPOB TaHHbIX JyUllle paboTaeT CrielaabHbIi MapaiebHblii alaro-
PUTM Xelll-COeqMHEeHMS.
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BaskHOe oTMuMe OT Hemapaslie/IbHOM BEePCUM aJrOpPUTMa COCTOMT B TOM, UTO
Xelr-tabnmiia co3gaeTcsl He B JIOKAJIbHOM MaMATHM Ipoliecca, a B obulell AuHA-
MMWYECKM BbIIe/IsIeMOIi TaMATH M JOCTYITHA KaXKIOMY IapajieIbHOMY ITPOoIeccy,
YYaCTBYIOIIEMY B COEAVHEHNUN. ITO MO3BOJISIET BMECTO HECKOIbKUX OTAETbHbIX
XeI-Tabnil Co34aTh OJHY OOIIYI0, MCITOMb3Ys CyMMapHbI/i 00beM IaMSITH, BbI-
IensgeMblii BCeM IpoleccaM-yJacTHMKaM. Biarogapst sTomy yBeMumMBaeTcs Be-
POSITHOCTD BBITIOJTHEHUS COeIMHEH NS 3a OAVH IIPOXO]I.

Ha mepBoM 3Tame, npeacrapisieMOM B IiaHe y3iom Parallel Hash, Bce mapai-
JielibHbIe MPOIIECCHI CTPOSIT OOIIYIO Xelll-TabInIy, UCIIONb3YS MapalIeNbHbI 10-
CTYII K BHyTPeHHEMY HaB6opy CTpOK .

work_mem X hash_mem_multiplier X
X 4UCI0 NPOLECCoB

BHYTPEHHMI
Habop

BHELUHMI
Habop

YTo6bI MOKHO OBLIO ABUTaTbCA OgaJibllie, Ka)K,[LbIVI "3 Mapa/yieJIbHbIX IMTPOIEeCCOB

JIOJKEH 3aBepIINTD CBOIO YaCTh IIEPBOTO Tana’

Ha BTopom artare (y3en Parallel Hash Join), Korga xen-ta6iniia mocTpoeHa, Kask-
IIbIV IIPOIIECC COTIOCTABJISIET C HEli CBOIO YaCTh CTPOK BHEIIHETO Habopa, VCIIOIb-
3ys MapaJuIebHbIi JOCTYII .

BHELLHWHA
Habop

1 backend/executor/nodeHash.c, pynkuus MultiExecParallelHash.
2 backend/storage/ipc/barrier.c.
3 backend/executor/nodeHashjoin.c, byukims ExecParallelHashJoin.
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BoT mpumep Takoro miaaHa:

=> SET work_mem = '64MB';

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT count(*)
FROM bookings b

JOIN tickets t ON t.book_ref = b.book_ref;

QUERY PLAN

Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=3 loops=1)
Workers Planned: 2
Workers Launched: 2
-> Partial Aggregate (actual rows=1 loops=3)
-> Parallel Hash Join (actual rows=983286 loops=3)
Hash Cond: (t.book_ref = b.book_ref)
-> Parallel Index Only Scan using tickets_book_ref...
Heap Fetches: @
-> Parallel Hash (actual rows=703703 loops=3)
Buckets: 4194304 Batches: 1 Memory Usage:
115360kB
-> Parallel Seqg Scan on bookings b (actual row...
(13 rows)

=> RESET work_mem;

OTO TOT Ke 3aIpoC, UTO s MMOKA3bIBAJI B IPEIbIAYIIEM pasjese, HO TaM Iapai-
JIeNibHAsI BepCusl Xelll-CoeaMHeHs Oblia CIelaabHO OTK/IUeHa rapaMeTpom
enable_parallel hash.

HecMOTpst Ha TO YTO S YMEHBIIMI 00beM MaMSTH IO, XeII-TabMUIy BIBOE TI0
CPaBHEHUIO C OOBIYHBIM Xelll-COeIVHEHMEM U3 TPEIbIAYIIEro pasenna, Coequ-
HeHMe OCTa/IOCh OAHOIIPOXOIHBIM 32 CUeT COBMECTHOTO MCIIOIb30BaHMS MaMs T
BCeX MapasuIeNIbHBIX MpolleccoB (Memory Usage). Xel-tabimiia 3aHMMAaeT Ternepb
HEMHOTO 60JIbllle TaMSTH, OHAKO OHA CYIIeCTBYEeT B €IMHCTBEHHOM 3K3eMILISI-
pe, Tak YTO CYMMapHOe UCIT0/Ib30BaHMe TTaMSITU YMEHbIIUIOCh.

MapannenbHoe ABYXNPOXOAHOE XeL-COeAUHEHNE

Ia>ke COBMECTHOI MaMsITU BCeX napasijieJIbHbIX ITPOLIECCOB MOXET HEe XBATUTb
OJis pa3MelleHns BCe XEI.L[-TaﬁJ'[I/IleI. DTO MOKET CTaTh ITOHSITHO KakK Ha 3Talle
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IJIAHMPOBAHMS, TaK ¥ MO3Ke, BO BpeMsI BBITIOJIHEHMS. B TakoM ciydae MCITO/b-
3yeTcsl ABYXITPOXOAHBIN aIrOPUTM, KOTOPBIN CYIIeCTBEHHO OTIMYAETCSI OT BCeX
y3Ke pacCMOTPEHHBIX.

BaskHoe oTiMuMe COCTOUT B TOM, UTO MCIIOIb3YyeTCsl He ofHa 6osblias obIias
Xel-Tabnniia, a HeCKOIbKO TabINI] MeHbIero pasmepa. Kaxxaplit mpoiecc pabo-
TaeT co CBOeil Tabnuiieil u 06pabaThiBaeT MaKeThl HE3aBUCUMMO OT APYTUX MPO-
1eccoB. (OmHAKO OTeIbHbIE XeN-TabIMIIbI TOXKE PACIIONaralTCs B 00IIei mams-
TU, TaK YTO AOCTYII K HUM MOXKET IOJIyYnTh 1106071 mpoiiecc.) Ecin yke Ha sTame
TIAaHMPOBAHMS CTAHOBUTCS SICHO, YTO OJHMM ITaKeTOM He 0GOITUCH |, IIs1 KaKI0-
To IpoIriecca cpas3y Co3JaeTcs CBOS Xell-Tabmuiia. Ecu pereHne MpyHUMAETCS

BO BpeMsI BBITIOJTHEHS, Tab/IMIIa IIepecTpauBaeTcs

WTak, Ha MepBOM 3TAIle MPOLIEeCChl MapayIebHO YMTAIOT BHYTPEHHMIT HAG0P
CTPOK, pasfesiss ero Ha IaKeThl M 3aMyuchiBasi 9TM IMaKeThl BO BpeMeHHbIe ¢aii-
761>, TIOCKOMBKY KaskKbIi IIPOIIeCC YUTAET TONBKO CBOIO 4aCTh CTPOK BHYTPEHHETO
Habopa, HY OOVMH U3 HUX He MOCTPOUT ITOJHYIO XelI-TabIUIy HI /IS OOHOTO I1a-
KeTa (He MCKITIoUast 1 nepBblif). [ToHbI Ha6op CTPOK TI0O0T0 akeTa cobupaeTcst
TOJBKO B (baiiyie, 3ammch B KOTOPBI i BeAYT BCe MapasulebHble MPOIECChI, CUH-
XPOHUBUPYSCh APYT ¢ Apyrom [ToToMy, B OT/IMUMe OT HellapauIeNbHOl Bepcun
aJITOPUTMa ¥ OT IapajljieJibHO/ OIHOIIPOXOAHOM BepCuu, B JaHHOM CIy4yae Ha
IMCK COpaChIBAIOTCS BCE TIAKEThI, BK/IIOUAS [T€PBBIiA.

BHYTPEHHMI
Habop

(1D (D (D @

BHELUHMI
Habop

1 backend/executor/nodeHash.c, pynkuus ExecChooseHashTableSize.

2 backend/executor/nodeHash.c, pynkuns ExecParallelHashIncreaseNumBatches.
3 backend/executor/nodeHash.c, pynkuns MultiExecParallelHash.

4 backendy/utils/sort/sharedtuplestore.c.
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Korga Bce mmpoliecchbl 3aKOHYMWIN XeUIMPOBaHMe BHYTPEHHETo Habopa, HAaUMHAET-

cs1 BTOpOii aTamn .

B c1yuae HemapasienibHOV BEPCUM QJITOPUTMA CTPOKM BHEITHET0 Habopa, OTHO-
csiyecst K epBoMy TaKeTy, cpasy ske COMOCTaBISUIUCh Obl ¢ xemi-Tabnuieit. Ho
B IapajuieJIbHOM BepCcuy FOTOBOM Xell-TabluIlbl elle HeT B MaMSITH, U MTaKeThl
06pabaThIBAIOTCS MpoIleccamy He3aBucumMo. [I03TOMy B Havajie BTOPOTO JTara
BHEIIHMI HabOp CTPOK UMTAETCS IMapauiesibHO, PACIIpeensieTcsl TI0 MaKkeTaM,
Y KaXKAbIV MTaKeT 3alUCbIBAETCSI B CBOJ BpeMEHHBI d)aﬁnz. [IpounTanHbIe CTPO-
KM He TTOTaJaloT B XeII-Tab/auIly (KaK 3TO IPOMCXOIUT Ha IIEPBOM 3Talle), Tak UTO
yBeJIMYeHMe KOMMUeCTBa MaKeTOB HEBO3MOKHO.

Korgma Bce mpoirecchl 3aKOHUYWINM UTEHMe BHEIIHero Habopa HaHHBIX, Ha IUC-
Ke okasbiBaeTcsi 2N BpeMeHHbIX (aiiioB, comepskalux IMaKeTbl BHYTPEHHETO
¥ BHEIIHEro HabopoB..

"o (LLLL) CLLLLLD) (CILD

BHELLHWIA
Habop

(LLLLTT) CREEFRPED CCOREEY G

3aTeM Kaskblit ITpoIlecc BbIOMPAET OJMH U3 TIAKETOB U BHITIOTHSET COeAMHEHNE:
3arpy>kaeT BHYTPEHHUI HA60p CTPOK B CBOIO XEII-TabauIly B MaMsTH, UATAET
CTPOKY BHENIHETO Hab0opa ¥ COTIOCTABIISET MX CO CTPOKaMM B Xel-Tabinuiie. Korma

TMpollecc 3aBepiraeT 06paboTKy OJHOIO MaKeTa, OH BhIOMpAET CIemYIONINIA, elle

He 06pa6oTaHHBbII1°,

1 backend/executor/nodeHashjoin.c, pynkuus ExecParallelHash]Join.
2 backend/executor/nodeHashjoin.c, dyuximst ExecParallelHashjoinPartitionOuter.
3 backend/executor/nodeHashjoin.c, byukuus ExecParallelHashjoinNewBatch.
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BHYTPEHHMIA [T]
Habop

"o (LD CLIITITD LD CRRED

Korma HeoGpaboTaHHbBIEe ITaKeThl 3aKAHUMBAIOTCS, OCBOOOAMBIIMIACS TTPOIECC
MTOIK/TIOYAEeTCsT K 06paboTKe OMHOIO M3 ellle He 3aBepIIeHHbIX [TaKeTOB, MTOIb3Y-
SICh TeM, UTO BCe XeIll-TabIMIbl HAXOOATCS B pasmesieMoli aMsITH.

BHELLHWNA
Habop

Takas cxema paboTaeT Jiyuiile, ueM offHa 60/IbIas Xel-Tabauia, 061ast 11 Bcex
MIPOLIECCOB: IIPOIlle OPraHK30BaTh COBMECTHYIO PaboTy, MEHbIIle PecypcoB Tpa-
TUTCST HA CMHXPOHM3ALIAIO.

Moaudukauum

AnropuT™M coefVHEHMS XePOBaHMEM MOXEeT MCIIONb30BaThbCs He TONBKO IS
BHYTPEHHMUX, HO U JJIS TIOOBIX APYTUX TUIIOB COEAVHEHMIA: IeBbIX, ITPABBIX U ITOJ-
HBIX BHEIIHUX COeIMHEHUI, A TOMy- U aHTucoeguHeHnit. OfHaKo, KakK S yxxe
TrOBOPWJI, B KaueCTBe yCIOBUS COeIVIHeHMS JOITyCKaeTCs TOJIbKO PaBEHCTBO.

YacTh omepaiuit s yske TIOKa3bIBaa Ha IIPUMepe COeMMHEHMS BIOKEHHBIM IUK-  C. 438
JioM. BOT IIpuMep npagozo eHeluHez0 coeQUHEeHUS:
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=> EXPLAIN (costs off) SELECT *
FROM bookings b
LEFT OUTER JOIN tickets t ON t.book_ref = b.book_ref;

QUERY PLAN

Hash Right Join
Hash Cond: (t.book_ref = b.book_ref)
-> Seq Scan on tickets t
-> Hash
-> Seq Scan on bookings b
(5 rows)

O6paTI/ITe BHMMAaHIE, KaK JIOrM4YeCKas oIliepanus JIeBOro CoeaMHeHUs B SQL-
3aIripoce rmpeBpaTmiacb B (bMBI/I‘lECKYIO OoIrepanmnio rIpaBoro CoeaAMHeHs B IJIaHe
BbBITIOJTHEHW .

Ha mormrueckoM ypoBHe BHEIIHE TabmIieii (CTOSIIEN CJIeBa OT OTlepaIluy COeIu-
HeHMs) SIBJISIOTCST OpoHupoBauus (bookings), a BHyTpeHHel — Tabiauiia 6uie-
TOB (tickets).IoaTOMYy B pe3y/ibTaT CoeHeHMS JOJKHBI IT0I1aCTh B TOM UMCie
1 OpOHMPOBaHMST 6e3 OUIETOB.

Ha ¢dusnueckom ypoBHe BHENIHMIT M BHYTPEHHUI HA6OPHI JAHHBIX OTIPeIesIOT-
€Sl He I10 TIOMIOKEHMIO B TeKCTe 3aIpoca, a MCXOAS U3 CTOMMOCTY COeIVHEeHMS.
OOBIYHO 3TO 03HAYAET, UTO BHYTPEHHMM HAO0POM OYIET TOT, Ubsl XEII-TabnuIa
MeHblie. Tak TPOMUCXOAUT U 3[1eCh: B KAUECTBE BHYTPEHHEr0 Ha6opa BbICTYIIAeT
Tabnuia 6pPOHUPOBAHMIA, ¥ BUI COeIVIHEHNSI MEHSIeTCS C JIEBOTO Ha IPaBblii.

U Hao60pOT, ecu B 3aIIpoce yKa3aTh MPaBoe BHEINTHee COeNMHeHYe (3Ketast BbI-
BECTM OWJIETHI, He CBSI3aHHbIE C OPOHMPOBAHMSIMM), TO B IJIAHE BBHITTOJTHEHUS CO-
eIVHEeHe TIOMEHSIeTCS Ha JIEBOe:

=> EXPLAIN (costs off) SELECT *
FROM bookings b
RIGHT OUTER JOIN tickets t ON t.book_ref = b.book_ref;

QUERY PLAN
Hash Left Join
Hash Cond: (t.book_ref = b.book_ref)
-> Seq Scan on tickets t
-> Hash
-> Seq Scan on bookings b
(5 rows)
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22.2. Ipynnupoeka u yHUKaabHbvle 3HAUeHUs!

1151 MOMHOTBI KapTMHbI — IIPMMeED IlVIaHa C IIOJIHbIM BHEUIHMM COeIMHEHVEeM !

=> EXPLAIN (costs off)
SELECT *
FROM bookings b
FULL OUTER JOIN tickets t ON t.book_ref = b.book_ref;

QUERY PLAN

Hash Full Join
Hash Cond: (t.book_ref = b.book_ref)
-> Seq Scan on tickets t
-> Hash

-> Seq Scan on bookings b
(5 rows)

[MapaienbHOe coOeOMHEHNE XEIIMPOBAHMEM TOAAEPXKUBAETCS AJIsT BCEX BUIIOB
COeIMHEeHMIT: He TOJMbKO JAJIsI BHYTPEHHUX M BHEIIHMX JIEBBIX, HO TAKKe U IS
MpaBbIX U TOJHBIX. B cyiemyiomem mpumepe IVIAHMPOBIINK OTHAET MPeHIouTe-
HIM€e IIPABOMY COeMHEHUIO, UTOOBI ITOCTPOUTD XENI-TabIUILy MEHBIIIETO pPa3Mepa

=> EXPLAIN (costs off)
SELECT sum(b.total_amount)
FROM bookings b
LEFT OUTER JOIN tickets t ON t.book_ref = b.book_ref;

QUERY PLAN

Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Hash Right Join

Hash Cond: (t.book_ref = b.book_ref)
-> Parallel Index Only Scan using tickets_book_ref...
-> Parallel Hash

-> Parallel Seq Scan on bookings b
(9 rows)

22.2. TpynnupoBKa U YHUKANIbHbIE 3HAYEHUS

I'pynnmpoBKa 3HAUYEHMII [JIS arperauyuy U ycTpaHeHue OYOJIMKATOB MOTYT BbI-
TTOJTHSITHCS QJITOPUTMaMM, CXOKMMU C aITOPUTMaMM coequHennsi. OnyH U3 CIIo-
COGOB COCTOUT B TOM, UTOGBI ITOCTPOUTH XEII-TAOIMITY 10 HY>KHBIM CTOJIGIIAM.
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3HayeHMs [MOMEIIAIOTCS B XelI-TabJuILy, TOIbKO eCM OHM OTCYTCTBYIOT B HEJA.
Takum 06pa3om, B KOHEYHOM UTOTe B XelI-Tabiuile COOMPAIOTCS BCe YHUKAIb-
Hble 3HAaUeHMS.

V3eJ1, KOTOPBII OTBEYAeT 3a arperaniuio METOLOM XeIlPOoBaHusI, 06003HAYaeTCsI
B IIIaHe BHITIOMHEHMs Kak HashAggregate .

[MpuBeny HECKOIBKO MPUMEPOB CUTYALIA, B KOTOPBIX MOKET UCITO/Ib30BaThCSI Ta-
KOJ1 y3eJl.

KonmuecTBO MecT 17151 KaXKI0ro Kiaacca obcmyskuanust (GROUP BY):

=> EXPLAIN (costs off)

SELECT fare_conditions, count(*)
FROM seats

GROUP BY fare_conditions;

QUERY PLAN
HashAggregate
Group Key: fare_conditions
-> Seq Scan on seats
(3 rows)

Crncox kiaccoB ob6cmyskuanuust (DISTINCT):

=> EXPLAIN (costs off)
SELECT DISTINCT fare conditions
FROM seats;

QUERY PLAN
HashAggregate
Group Key: fare_conditions
-> Seq Scan on seats
(3 rows)

Kiaccer o6cmyskuBanums u emie ogHo 3HaueHue (UNION):

=> EXPLAIN (costs off) SELECT fare_conditions
FROM seats

UNION

SELECT NULL;

1 backend/executor/nodeAgg.c.
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22.2. Ipynnupoeka u yHUKaabHbvle 3HAUeHUs!

QUERY PLAN

HashAggregate
Group Key: seats.fare_conditions
-> Append
-> Seq Scan on seats
-> Result
(5 rows)

V3en Append cOOTBETCTBYET 00beIMHEHMIO ABYX HAOOPOB CTPOK, HO HE yAasser
Iy6MMKaThl, Kak Toro Tpedyet ornepatyst UNION. YoasmeHne BbITTOTHSIETCS OTAeTb-
HO y3710M HashAggregate.

[TamsaTs, BbifeisseMas MO, Xelll-TabnuIly, orpaHMyeHa 3HaueHuem work_mem x  4MB
x hash_mem_multiplier, Kak ¥ B ciTy4yae Xelll-coeAMHeHNSI. 2.0

Ecnu xemn-tabnmiia moMeIaeTcsl B OTBEOEHHYIO TaMSTh, arperays BbIITOTHSIET-
cs1 3a oguH poxop, (Batches) mo Habopy CTPOK, KaK B TOM IIpUMepe:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT DISTINCT amount FROM ticket_flights;

QUERY PLAN

HashAggregate (actual rows=338 loops=1)
Group Key: amount
Batches: 1 Memory Usage: 45kB

-> Seq Scan on ticket_flights (actual rows=8391852 loops=1)
(4 rows)

VHMKa/IbHBIX 3HAUEHMIT CTOMMOCTY HE TaK MHOT'O, [T03TOMY XeII-Tab/InIIa 3aHsIa
Bcero 61 K6aiit (Memory Usage).

Kak To/lbKO BO BpeMsI ITOCTPOEHMS Xelll-TabMUIbl HOBbIE 3HAYEHMS TIepecTalT V. 13
TOMEIIATbCS B OTBEAEHHBII 00beM, OHM COpPaChIBAIOTCSI BO BpeMeHHbIe (aii-
JIbI, pacIpemesssich 1o pasgenaM (partition) Ha OCHOBe HECKOJIbKIUX OMTOB Xelll-
3HaueHus . KomuecTBo pa3iesioB sIBJISIETCS CTEEHbIO ABOMKY U BBIOVPAETCS TaK,
YyTOOBI Xem-Tabmuia st KaKI0r0 U3 HUX TOMECTU/IACh IEeJIMKOM B OIepaTuB-
HYI0 MaMsiTh. KOHeUHO, OlleHKa 3aBUCUT OT KauecTBa CTaTUCTUKMU, [TOITOMY pac-
YyeTHOE 3HaUeHMe YMHOKaeTCs Ha IMOITOPa, YTOOBI JOMIOTHUTEIBHO YMEHBIIUTh
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pasMep pas/eNoB ¥ YBETUUYUTb BEPOSITHOCTD TOTO, UYTO KaXKABIH 13 HUX MOXKHO
6yzmeT 06paboTaTh 3a OAVH pas L.

TTocie TOroO Kak BeCh Ha60p JAaHHBIX IIPOYNTAH, Y3€JI BO3BpalldeT Pe3y/IbTaThl ar-
peranyu 110 TeM 3Ha4eHMAM, KOTOPbIE I10I1a/IN B XeH_I-Ta6JII/I]_[y.

3aTeM xel-TabauIla OUMINAETCS, M KakKOblii U3 pa3meioB, 3alMCaHHBIX Ha
MpeAbIayIeM 1Iare BO BpeMeHHbIe (hajiiibl, YUMTaeTCs ¥ 06pabaThiBaeTCsl TOUHO
TaK ke, KaK OObIYHbII Ha6op CTpOK. [IpM HeyZauHOM CTeUYeHUM O0OCTOSITEIbCTB
xemr-Tabiniia paszesia MOKeT CHOBA He IIOMECTUThCS B [TaMSTh; TOTIA «JIALIHIE»
CTPOKM CHOBa GymyT pa36uThl HA pasmesibl M 3alMCaHbl Ha OUCK AJIS TOCIeIYI0-
mieit 06paboTKM.

B IBYXIIPOXOIHOM aJTOPUTME COeOMHEHMS] XeIlMpOBaHMEM Hauboyiee vacThbie
3HaueHMsl CIelMaabHbIM 06pasoM MEPEeHOCSTCS B MEPBbIii MakeT, YTOObI U3-
6exkaTh JMIIHEro BBOAA-BbIBOAA. [IJIsT arperauuy Takasi ONTUMMU3AIMUSI He HYX-
Ha, ITOCKOJIbKY Ha pasesibl pa36uBaloTCsS He BCe CTPOKM, a TOIHKO Te, KOTOPhIM
He XBaTWIO OTBeIEHHOI maMsaTy. YacTble 3HAUEHUS C GOJIBIIOI BEPOSITHOCTHIO
BCTPETATCST B HAOOPe CTPOK JOCTATOYHO PaHO, UTOOBI YCIIETh 3aHSATh MECTO.

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT DISTINCT flight_id FROM ticket_flights;

QUERY PLAN

HashAggregate (actual rows=150588 loops=1)

Group Key: flight_id

Batches: 5 Memory Usage: 10289kB Disk Usage: 31512kB

-> Seq Scan on ticket_flights (actual rows=8391852 loops=1)
(4 rows)

B aTOM IpuMepe KoMM4eCcTBO YHUKATbHBIX MIeHTU(GUKATOPOB OTHOCUTENBHO Be-
JIUKO, TIO3TOMY XeII-Tabiuiia He TIOMEIIAeTCs B MaMsATh LeIMKOM. [ BbITION-
HEHMSI 3aIIpoca MoTpe6oBajIoCh ATk UTepanuit (Batches): ogHa 1Mo Ha4aJIbHOMY
Habopy JAaHHBIX U ellle YeThIpe M0 KaKIOMY U3 3alIMCaHHbIX Ha IMUCK Pas3iesioB.

! backend/executor/nodeAgg.c, yHkuus hash choose num_partitions.
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a3

CopTupoBKa U cnugaHue

23.1. CoegpuHeHue cauaHuemM

CoenyiHeHMe CIMSIHMEM paboTaeT JIJisT HabOPOB JaHHBIX, OTCOPTUPOBAHHBIX I10
K/IIOUY COeadVHEeHMs, M BO3BpalllaeT OTCOPTUPOBAHHLIN e pe3ynbTaT. BxogHo

Ha6op MOJKeT OKa3aTbCs yKe OTCOPTUPOBAHHBIM B pe3yJ/IbTaTe MHAEKCHOI'O CKa-

HMUPOBaHWMS, NJIN OH MOXKET ObITh OTCOPTUPOBAH SIBHOI.

ChusHMe OTCOPTUPOBAHHBLIX HabopoBs

Botr npumMep coenyHeHUs CIMSIHMEM; OHO IMPeLCTaB/IeHO B IJIaHE BbIMOTHEHUS
y3710M Merge Join?:

=> EXPLAIN (costs off) SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
ORDER BY t.ticket_no;

QUERY PLAN
Merge Join
Merge Cond: (t.ticket_no = tf.ticket_no)
-> Index Scan using tickets_pkey on tickets t
-> Index Scan using ticket_flights_pkey on ticket_flights tf
(4 rows)

1 backend/optimizer/path/joinpath.c, dyHkuus generate mergejoin_paths.
2 backend/executor/nodeMergejoin.c.
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3mech ONTMMM3ATOP IIPEANoYesl MMEHHO 3TOT CII0CO6 COeIVHEHMS, TTOCKOIbKY
OH BO3BpalllaeT pe3y/lbTaT KakK pa3 B TOM MOPSIKe, KOTOPBI yKa3aH B IIpesjo-
skeduy ORDER BY. Pa6oTas ¢ miaHamu, OITUMMU3aTOP YUUTHIBAET MOPSIIOK COP-
TUPOBKYM HaGOPOB TaHHBIX Y HE BBITIOTHSIET SIBHYIO COPTUPOBKY, €C/TU B Heil HET
HeOoOXOAMMOCTH. B yacTHOCTH, HAGOP CTPOK, MOTYUEHHBIN B Pe3yabTaTe COemM-
HEHMS CIIUSIHMEM, MOKHO UCIIO/Ib30BaTh IJIS1 CIeNYIOIero CoOeIHeHNs CIVUSIHU -
€M, eC/Iu MOAXOAUT UMEILIUIACS TTOPSIIOK COPTUPOBKA:

=> EXPLAIN (costs off) SELECT *
FROM tickets t
JOIN ticket_flights tf ON t.ticket_no = tf.ticket_no
JOIN boarding_passes bp ON bp.ticket_no = tf.ticket_no
AND bp.flight_id = tf.flight_id
ORDER BY t.ticket_no;
QUERY PLAN

Merge Join
Merge Cond: ((t.ticket_no = tf.ticket_no) AND (bp.flight_id =
-> Merge Join
Merge Cond: (bp.ticket_no = t.ticket_no)
-> Index Scan using boarding_passes_pkey on boarding_passe. ..
-> Index Scan using tickets_pkey on tickets t
-> Index Scan using ticket_flights_pkey on ticket_flights tf
(7 rows)

CHauajia COeIMHSIIOTCSI CTPOKM TabINIIL TOCaIOYHbIX TAIOHOB boarding_passes
1 6uneToB tickets, mpounTaHHbIE C TOMOIIBIO MHAEKCHOTO AOCTYIIA B MTOPSIIKE
ticket no; pesynbTaT Tak ske OTCOPTMPOBAH IO cTo0Iy ticket no. ITomyuyeH-
HbIIi HAOOp COeNMHSIETCSI CO CTpOKaMM Tabiuibl nmepeneToB ticket flights,
BbIJaBa€MbIMU MHAEKCHBIM CKAaHMPOBAHMEM B TOM 3Ke TTOpsiIKe.

CoenyHeHMe BBITIOMHSIETCS 38 OJMH MPOXO[, N0 060MM HabopaMm HaHHBIX U He
TpeGyeT NOMOMHUTETbHOI MaMsTU. VICTIONb3YIOTCS JBA YKa3aTelis Ha TeKyIIye
(M3HayYaIbHO — TIEPBBIE) CTPOKM BHYTPEHHETO U BHEIIHETO HAb6OPOB.

Ecmu kimroum IBYX TEKYIIMX CTPOK He COBITAIAIOT, OAVH M3 yKasaTelei — TOT, 4TO
CChIJIAeTCS Ha CTPOKY C MEHBIIMM KII0UOM, — ITPOJBUTAETCSI Ha OJIHY TTO3ULINIO
BIIEpe[I 10 TeX IOP, IoKa He 6yAeT HalieHo coBItameHye. COOTBETCTBYIOIIE IPYT
IPYTY CTPOKM BO3BPAIAIOTCSI BBIMIECTOSIIIEMY Y3y, 8 YKa3aTe/lb BHYTPEHHErO
Habopa TaHHBIX MPOABUTAETCS HA ONHY MO3ULINIO BIlepen. CoeaHeHMe TPOHOI-
SKaeTest 1o McUepIiaHus OMHOTOo 13 HabopOoB.
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23.1. CoeduHeHue cnusaHuem

Takoit airOpUTM CIpPaBJSEeTCs ¢ Ay6IMKaTaMy KJIIOUeil BO BHyTpeHHeM Habope
JaHHBIX, HO, [TOCKOJIbKY JOYOJIMKAThl MOTYT OBITh M BO BHEIIHEM Habope, ajiro-
PUTM TPUXOOUTCS HEMHOTO YCIOXKHUTB: €C/y TOC/ie TIPOABVKEHUST BHEIITHEro
yKasaTeJsl KJII0U OCTaeTCsl IIPesKHUM, BHYTPeHHMII yKa3aTel b BO3BpalaeTcsl Ha-
3a7, Ha TIePBYIO CTPOKY C TE€M 3Ke 3HaueHyueM Kioda. TakuM o6pa3om, Kaskmoii
CTPOKe M3 BHENTHEro Habopa JaHHBIX OYIYT COITOCTABIEHbI BCE CTPOKM C TEM JKe
KJIIOYOM 13 BHYTPEHHero Habopa JaHHbIX .

[ BHEIITHETO COeNVHEHMS] AJITOPUTM ellle HEMHOTO MeHSIeTCsI, HO 06Iast uaest
OCTaeTCs TOM ke CaMOiA.

EZMHCTBEHHbII OIepaTop, Ha KOTOPBI/i pacCUMTAHO COeNVHEHNMe CIMSHIEM, —
PaBEHCTBO, TO eCTb IO/, ePKUBAIOTCS TOMBKO SKBYMCOEIMHEHMS (XOTS paGoTa Hay
TIOIeP>KKOI IPYTHX YCIIOBUIT TOKE BemeTcs?).

OueHka ctoumoct. PaccMoTpuM NpuBeNeHHbIN BhIIIe ITpUMep:

=> EXPLAIN SELECT *
FROM tickets t

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
ORDER BY t.ticket_no;

QUERY PLAN

Merge Join (cost=0.99..822504.48 rows=8391852 width=136)
Merge Cond: (t.ticket_no = tf.ticket_no)
-> Index Scan using tickets_pkey on tickets t
(cost=0.43..139135.48 rows=2949857 width=104)
-> Index Scan using ticket_flights_pkey on ticket_flights tf
(cost=0.56..571096.21 rows=8391852 width=32)
(6 rows)

B HavajbHYI0 CTOMMOCTDH COEMIMHEHMS BXOISAT KaK MMHMMYM HauyajbHbIe CTOU-
MOCTY JJOUE€PHUX y3JI0B.

B o61eM ciyyae OJsi HaXOXKIEHMS ITepBOr0 COOTBETCTBUS MOXKET IMOTPeb0oBaTh-
CSl TIPOYMTATh HEKOTOPYIO JTOJI0 BHEIIHETO WM BHYTPEeHHero Habopa JaHHbBIX.

1 backend/executor/nodeMergejoin.c, pyuxims ExecMerge]oin.
2 Hampumep, commitfest.postgresql.org/33/3160.
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YT06BI OIIEHUTH ITY JOMI0, MOSKHO CPABHUTH (C IOMOIIBIO TMCTOTPAMMbI) MUHM-
MaJIbHble 3HAUeHMs KJIIoua COeqVHeHus B AByX Ha6opax . Ho B maHHOM ciyuae
IMarasoHbl HOMEPOB GMJIETOB B 00eyX TabauIaX COBIAIa0T.

ITonHast CTOMMOCTh COeIMHEHMSI CKIaAbIBA€TCS U3 CTOMMOCTU IMOJIy4YeHNMs OaH-
HbBIX OT JOYE€PHMX Y3JIOB 1 CTOMMOCTH BBIUMC/IEHUIA.

ITocKoMbKY aarOpuUTM COeAMHEHMsI OCTaHaBIMBAETCS, KOrma 3aKaHUYMBaeTcs
OIIMH 13 HaOOPOB JaHHBIX (KOHEUYHO, KpOME CJTy4ast BHEIITHETO COeqMHEHMsT), IpY-
roii Habop MOXKeT ObITh MMPOUYMTAH HE IOJHOCTbI0. OIEHKY 3TOi HOIM MOXKHO
MOJTYYUTDb, CPABHMB MaKCHMMaJIbHbIE 3HAUeHMS K/Tl0Ya B IBYX Habopax. B Hamem
cryyae 06a Habopa GymyT MPOYMTaHbl O KOHIIA, TaK YTO B IOJTHYI CTOMMOCTD
COeIVMHEeHMS BOMIET CyMMa IOHbIX CTOMMOCTE 000MX JOUEPHUX Y3JIOB.

Kpome Toro, pu Haimuuy gy6/IMKaToB YacTb CTPOK BHYTPEHHETO HaGopa MOKeT
ObITH MPOYMTAHA HECKOIBKO pa3. KomMuecTBO MOBTOPHBIX UTEHMIT OI[€HUBAETCSI
Pa3sHOCTBIO KapIMHAIBHOCTE}1 pe3y/bTaTa COeIHEe Vsl M BHYTPEeHHero HaGopa’.
B Haiem 3ampoce 3T KapauHaIbHOCTY COBIIAAI0T, YTO FOBOPUT 00 OTCYTCTBUM
Iy6IMKaTOB.

AJITOPUTM CpaBHMBAET KJIIOUM COeIMHEHMIT ABYX Ha60poB. CTOMMOCTh OJHOIO
CpaBHEHMS OIIEHMBAETCS 3HAUEHMEM IapaMeTpa Cpu_operator cost, a UX KOJU-
YeCTBO MOKHO OII€HUTb CYMMOIJi UMC/Ia CTPOK B 060MX Habopax (J06aBUB K Heli
KOJIMYECTBO MMOBTOPHBIX UTEHUI, BbI3BAaHHBIX Ay6nrKaTamu). CTOMMOCTb 00pa-
OOTKM Kask0ii pe3yabTUPYIOIEei CTPOKM OLieHMBaeTCsl, KaK OObIYHO, 3HAUeHMEeM
mapamMeTpa cpu_tuple cost.

B wToOre /151 HAIllero MpyuMepa CTOMMOCTD COeIMHEHMS BBIYMCTISIETCS CIeAYIOIIM
o6pasom>:

=> SELECT 0.43 + 0.56 AS startup,
round((
139110.29 + 571096.21 +
current_setting('cpu_tuple_cost')::real * 8391852 +
current_setting('cpu_operator_cost')::real * (2949857 + 8391852)
)::numeric, 2) AS total;

1 backend/utils/adt/selfuncs.c, byHkums mergejoinscansel.
2 backend/optimizer/path/costsize.c, bynxius final cost_mergejoin.
3 backend/optimizer/path/costsize.c, yHkuuy initial cost mergejoin u final cost_mergejoin.
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startup | total
_________ +___________
0.99 | 822479.29
(1 row)

MapannenbHbii pexum

CoenyHeHMe CIMSIHMEM He MMeeT ClielMaJlbHOM napanneanoﬁ peannsanuun, HO
1

MOXKET MCII0Ib30BaThCs B [TapalIe/IbHbIX IIaHAX

CKaHMpOBaHMEe BHENTHEro Habopa CTPOK BBITIOMHSIETCS pabouMMM MpoLieccaMm
nmapasuiesibHO, HO BHYTPEHHMIT HA6Op CTPOK KakIblii pabounit mpoiiecc Bceraa
YMTAET CAMOCTOSITEIbHO.

HOCKOIII)KY ImapaJjijieJibHOe Xell-CoeAMHEeHME ITOUYTU BCerga BbIMI'PbIBA€T IO CTOM -
MOCTHU, 4 BDEMEHHO OTK/IIOYY €r'0:

=> SET enable_hashjoin = off;
Bor IIpMep Iapaui€JIibHOIO IJIaHad, MCITOJIb3YIOMIEro CoOeAMMHEHME CIMSAHNUEeM

=> EXPLAIN (costs off)
SELECT count(*), sum(tf.amount)
FROM tickets t
JOIN ticket_flights tf ON tf.ticket_no

QUERY PLAN

t.ticket_no;

Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Merge Join

Merge Cond: (tf.ticket_no = t.ticket_no)
-> Parallel Index Scan using ticket_flights_pkey o...
-> Index Only Scan using tickets_pkey on tickets t

(8 rows)

[TonHble u IIpaBble BHEIIHNME COeAMHEHNS CJIMSIHMEM B ITapa/lJIeJIbHbIX IVIaHaX He
nogaep>KmBarTCs.

! backend/optimizer/path/joinpath.c, dyukiuus consider parallel mergejoin.
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Moaudukauum

CoenyHeHNe CIMSIHMEM TIOAAEePKMBAET JII00ble BUObI coequHeHMit. ETVHCTBEH-
HOe OTpaHMueHMe JJiS TOJHOTO M MPAaBOr0 BHEITHUX COENMHEHUII — YCIOBUe
COeIVHEHUsT JOJIKHO CONEPKaTh TOJBKO BbIpakeHMs, ITOOXOMNMIIMEe OISl CIIUASI-
HUSI (PaBEHCTBO CTOJIGIIOB M3 BHEITHETO ¥ BHYTPEHHET'0 HAOOPOB WJIM PABEHCTBO
cTonbua KoHcTaHTe) L [Ipy BHYTpeHHeM U JIeBOM BHEIIIHEM COeHeHUSIX Pe3yilb-
TaT CIUSHUS TPOCTO GUIBTPYETCS 110 HEMTOAXOASAIIVIM YC/IOBYMSIM, HO JIJISI TTOJTHOTO
U TIPABOTO COeAMHEHMII Takas PuabTpalnus HeBO3MOXKHA.

Bor IIpMeEp ITOJTHOIO COEAMHEHNS, MCITOJIb3YIOIMIETO aJITOPUTM CJIMAHUA

=> EXPLAIN (costs off) SELECT *
FROM tickets t

FULL JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
ORDER BY t.ticket_no;

QUERY PLAN

Sort
Sort Key: t.ticket_no
-> Merge Full Join
Merge Cond: (t.ticket_no = tf.ticket_no)
-> Index Scan using tickets_pkey on tickets t
-> Index Scan using ticket_flights_pkey on ticket_flights tf
(6 rows)

BHyTpeHHee 1 j1eBOe CoeqMHeHUS CAUSIHMEM COXPAaHSIOT MOPSIOK COPTUPOBKIN.
Ho p151 ToHOTO ¥ ITpaBOro BHEITHUX COeITHEHUT 3TO He TaK, TOCKOIbKY MeKIY
YIOPSIOUeHHbIMM 3HaU€HUSIMY BHEIIIHero Habopa JaHHbIX MOTYT GbITh BCTaBJIe-
HbI HeOIIpe/ie/leHHble 3HaUeHMs — a 9TO HapyIlaeT COPTUPOBKYZ [T03TOMY 371eCh
TIOSIBJISIETCS y3€eJT Sort, BOCCTaHABAMBAIOWIMI HYXXHBIV MOPSILOK. OTO, KOHEYHO,
YBEIMUYMBAET CTOMMOCTD IUIAHA U IeJIaeT Xell-coeIyiHeHue 6ojiee IIpUBIIeKaTe b-
HBIM, ¥ TJTAHMPOBIIYK BIGPA 5TOT IUIAH TOIBKO IIOTOMY, UYTO XeIll-COeTUHEHUS
ObLIV OTK/IIOUEHEI.

Ho B dienaymiuiem rnpmumMepe HeT MHOTO C110c06a BBITIOHUTD orepanumnio: BJIOXKEeH-
HbIV LMK B IIPMHINUIIE HE IToAaeP>KMBaeT ITOJIHOE COeaAMHEHNE, a CJIMAHME 3[1€Ch

1 backend/optimizer/path/joinpath.c, byukuus select mergejoin_clauses.
2 backend/optimizer/path/pathkeys.c, dyuxuus build_join_pathkeys.
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HEeIIPMMEHMMO 13-3a YCII0BMS HEIOAXOIsIero Buaa. [loaromy xeli-coeuHeHne
MCITOb3YeTCs, aske HeCMOTPSI Ha 3HaUeHMe enable_hashjoin:

=> EXPLAIN (costs off) SELECT *
FROM tickets t
FULL JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no
AND tf.amount > 0
ORDER BY t.ticket_no;

QUERY PLAN

Sort
Sort Key: t.ticket_no
-> Hash Full Join
Hash Cond: (tf.ticket_no = t.ticket_no)
Join Filter: (tf.amount > '@'::numeric)
-> Seq Scan on ticket_flights tf
-> Hash

-> Seq Scan on tickets t
(8 rows)

BoccTaHOBUMM OTK/TIOUEHHYIO paHee BO3MOXXHOCTb MCITOJIb30BaHMS Xelll-Coefy-
HeHU:

=> RESET enable_hashjoin;

23.2. CopTupoBKa

Eciyu Kakoii-To u3 Ha6OpOB CTPOK (2 BO3MOXHO, ¥ 06a) HE OTCOPTUPOBAH IO
KITIIOUY COeIMHEeHUs, Tiepe]l BbITTOTHEHNEM CIUSHUS OH AO/DKEH OBbIThH Iepeyrio-

psinode. Takasi SBHasi COPTMPOBKa IIPeCTABISIeTCS B IVIAHE BBITIOTHEHMS Y3/I0M
Sort!:

=> EXPLAIN (costs off)
SELECT *
FROM flights £

JOIN airports_data dep ON f.departure_airport = dep.airport_code
ORDER BY dep.airport_code;

1 backend/executor/nodeSort.c.
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QUERY PLAN
Merge Join
Merge Cond: (f.departure_airport = dep.airport_code)
-> Sort

Sort Key: f.departure_airport
-> Seq Scan on flights £
-> Sort
Sort Key: dep.airport_code
-> Seq Scan on airports_data dep
(8 rows)

Takas ke COPTMPOBKA MOXKET IIPUMEHSITHCSI M BHE KOHTEKCTa COeOMHEeHMUII TPy
ucronab30Banuu npenyoxkenust ORDER BY, kak camoro 1o cebe, Tak U B COCTaBe
OKOHHBIX (YHKIINIA:

=> EXPLAIN (costs off)
SELECT flight_id,

row_number() OVER (PARTITION BY flight_no ORDER BY flight_id)
FROM flights f£;

QUERY PLAN

WindowAgg
-> Sort
Sort Key: flight_no, flight_id
-> Seq Scan on flights £
(4 rows)

3mech y3en WindowAgg! BbIuMCIsIeT OKOHHYIO (YHKIMIO 1O HaGopy JaHHBIX,
MIpeABapUTeIbHO OTCOPTUPOBAHHOMY Y3JI0M Sort.

B apceHase miaHMPOBIIMKA MMEETCST HECKOJIBKO CITOCO60B COPTUPOBKM TaHHBIX.
B npumepe, KOTOPBHII 51 y>Ke MOKa3bIBaJI, MCIOIb3YIOTCS ABa 13 HUX (Sort Method).
Kak 06bIYHO, 9TU JeTaiu Io3BoJsieT y3HaTh kKomanaa EXPLAIN ANALYZE:

=> EXPLAIN (analyze,costs off,timing off,summary off)
SELECT *
FROM flights £
JOIN airports_data dep ON f.departure_airport = dep.airport_code
ORDER BY dep.airport_code;

! backend/executor/nodeWindowAgg.c.

476


https://git.postgresql.org/gitweb/?p=postgresql.git;a=blob;f=src/backend/executor/nodeWindowAgg.c;hb=REL_16_STABLE

23.2. Copmuposeka

QUERY PLAN

Merge Join (actual rows=214867 loops=1)
Merge Cond: (f.departure_airport = dep.airport_code)
-> Sort (actual rows=214867 loops=1)
Sort Key: f.departure_airport
Sort Method: external merge Disk: 17112kB
-> Seq Scan on flights f (actual rows=214867 loops=1)
-> Sort (actual rows=104 loops=1)
Sort Key: dep.airport_code
Sort Method: quicksort Memory: 43kB

-> Seq Scan on airports_data dep (actual rows=104 loops=1)

(10 rows)

BbbicTpas copTupoBKa

Ecu coptvpyeMblii Ha60p JaHHbBIX TOMENIAETCS B MaMsTh, OTPAaHMYEHHYIO 3Ha-
yeHMeM IapaMeTpa work mem, IpUMEHSETCS TPaaUIMIOHHAs Gbicmpas copmu-
poeka (quick sort). DTOT aJIrTOPUTM OIMMCAH BO BCEX YUEOHMKAX, TAK UTO ST He Oymy

€ro TMOBTOPSITb.

C ToukM 3peHuda pealn3anyy COPTUPOBKA BBITIOJIHAETCS CIiedyaJIbHbIM KOMIIO-

1

HEHTOM ', KOTODbII BbIOMpAET Hambosee IMOAXOASIINIA aJITOPUTM B 3aBUCUMOCTH

OT AOCTYITHOM MaMSTH U IPyruX (HakTOpOB.

OueHKa cToumocTU. B KauecTBe IpuMepa BO3bMeM COPTUPOBKY HEOObINO Tab-

Juibl. B aTom CJTy4dae€ BbITMIOJTHACTCA 6bICTpaH COPTUPOBKA B IMTAMSATHA:

=> EXPLAIN SELECT *
FROM airports_data
ORDER BY airport_code;

QUERY PLAN

Sort (cost=7.52..7.78 rows=104 width=145)
Sort Key: airport_code

-> Seq Scan on airports_data (cost=0.00..4.04 rows=104 width=...

(3 rows)

! backend/utils/sort/tuplesort.c.
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N3BecTHO, YTO COPTMPOBKA N 3HAUEHUIT MMeeT BBIUMCIUTENbHYIO CJIOXKHOCTD
O(nlog, n). OnHa omepauus cpaBHeHMS OLIEHMBAETCS YIABOEHHBIM 3HaueHUEM
napameTtpa cpu_operator_cost. [IocKOIbKY pe3yabTaT MOXKHO MOJIYYUTh, TOTBKO
MIPOYMTAB M OTCOPTUPOBAB 8ech HAOOP MAHHBIX, HAUAJbHASI CTOMMOCTb COPTHU-
POBKM OIpeJensieTcs MTOHOM CTOMMOCTBIO JOUepHEero y3ja M CTOMMOCTbIO BCeX
orepauuii CpaBHEHMSI.

B mosHyI0 CTOMMOCTH COPTUPOBKYM N06aBIIsIeTcs] 06paboTKa KaskAoil CTPOKK pe-
3y/IbTaTa, KOTOpas OLeHMBAETCS 3HAUEHVEM ITapaMeTpa cpu_operator_cost (a He
cpu_tuple_cost, Kak 0GBIYHO, TOCKOJIbKY JIJISI y371a Sort HaKk/IagHble PacXobl HEBE-
JIIKN) L

B Hamem npumepe CTOMMOCTDb BbIUMC/ISAETCS TAK:

=> WITH costs(startup) AS (
SELECT 4.04 + round((
current_setting('cpu_operator_cost')::real * 2 *
104 * log(2, 104)
)::numeric, 2)
)
SELECT startup,
startup + round((
current_setting('cpu_operator_cost')::real * 104
)::numeric, 2) AS total

FROM costs;
startup | total
_________ +_______

7.52 | 7.78
(1 row)

YacTuuHaa nupamMupanbHas cCOpTMPOBKA

Ecmu HY;KHO OTCOPTMPOBATh He BeCh HAOOp AAHHBIX, @ TOJIBKO €r0 4acTb (UTO
omnpegeinsgetcs npegaoxkeHueM LIMIT), MoXeT MPUMEHSITBLCS YaACmMuuHas nupa-
MmudansHas copmuposka (top-N heapsort). TouHee, 3TOT aJTOPUTM UCITONb3YETCH,
eC/IM KOIMYeCTBO CTPOK TOC/Ie COPTUPOBKY YMEHbINIAeTCSI KaK MUHUMYM BIBOE
VTV €CJTY BXOIHOM Habop CTPOK He TIOMEIAeTcs LIeJIMKOM B OTBEIeHHYIO oItepa-
TUBHYIO IaMSITh (HO AJISI BBIXOAHOTO Habopa Py 3TOM JIOCTAaTOYHO MECTa).

! backend/optimizer/path/costsize.c, hyHKuus cost_sort.
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=> EXPLAIN (analyze, timing off, summary off)
SELECT * FROM seats
ORDER BY seat_no LIMIT 100;

QUERY PLAN

Limit (cost=72.57..72.82 rows=100 width=15)

(actual rows=100 loops=1)

-> Sort (cost=72.57..75.91 rows=1339 width=15)
(actual rows=100 loops=1)
Sort Key: seat_no
Sort Method: top-N heapsort Memory: 32kB
-> Seq Scan on seats (cost=0.00..21.39 rows=1339 width=15)

(actual rows=1339 loops=1)
(8 rows)

YTto6bI HATU k MAaKCUMAaIbHbIX (MUHMMAIbHBIX) 3HAUEHWUI U3 N, B CTPYKTYPY
JaHHBIX, HA3bIBAEMYIO Kyueil, JOOABJISIOTCS K TePBbIX CTPOK. 3aT€M IT0 OTHOIA
I06aBJISIIOTCS U BCE OCTAbHBIE CTPOKMU, HO TOC/e T06aBAEHUS KaKA0l CIenyro-
el CTPOKM M3 KY4YM M3bIMAETCS] ONHO HauMMeHblllee (HauOosbliee) 3HAUEHME.
B pesynbTaTe B Kydye OCTalOTCS kK MICKOMBIX 3HAaUEHMIA.

Kyya (heap), ucnonb3yemas B 3ToOM anropuTme, IBASETCA CTPYKTYPOM AAHHbIX U HE MMeeT
Huyero obuiero ¢ Tabnuuamu 6asbl AaHHbIX, KOTOPbIE YACTO HA3bIBAKT 3TUM XKE TEPMUHOM.

OueHka croumoctn. CIOXKHOCTDb anroputMma oreHuBaercs: kak O(nlog, k), onHa-
KO Kaxkmasi orepanysi 00XOIUTCS TOPOKe, UeM B CJIydae ObICTPOI COPTUPOBKU.
ITosTomy dopmyna pacueTa CTOMMOCTY UCTIONb3YeT nlog, 2k,

=> WITH costs(startup) AS (
SELECT 21.39 + round((
current_setting('cpu_operator_cost')::real * 2 *
1339 * log(2, 2 * 100)
)::numeric, 2)
)
SELECT startup,
startup + round((
current_setting('cpu_operator_cost')::real * 100
)::numeric, 2) AS total
FROM costs;

! backend/optimizer/path/costsize.c, hyHKuus cost_sort.
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startup | total
_________ +_______

72.57 | 72.82
(1 row)

BHewHas copTupoBKa

Ecmu nipyt uteHny Habopa JaHHbBIX BBISICHSIETCSI, UTO OH CJIMIIKOM BEJIMK JIJIST COP-
TUPOBKMU B OTIepaTUBHO MaMSITH, y3€/I COPTUPOBKY ITePEKITIOUAETCS Ha 6HEULHIOH
copmuposky ciusHuem (external merge).

Vike MpOUNTAHHbIE CTPOKU COPTUPYIOTCS B TIAMSITU aJITOPUTMOM OBICTPOIL COP-
TUPOBKM U 3aIIMChIBAIOTCS BO BpEMEHHBIN (aii.

B 0CcBOGOXKIEHHYIO TTAMSITh UYMTAIOTCS CJIEAYIOIINE CTPOKM, U Mpolieaypa IMOBTO-
psieTcst IO TeX Iop, ITOKa BCe JaHHbIe He OYOYT 3aIiCaHbl B HECKOIbKO (aiiioB,
KaKIbIi 13 KOTOPBIX B OTOEIBHOCTM OTCOPTUPOBAH.

(LLLED  (ERRD

Hanee HeCKONMBKO (aiiyIoB 0ObEIUHSIOTCS B OOVH IIPUMEPHO TEM JKe aJITOPUT-
MOM, UTO MCIIONIb3YeTCS U IPU coenuHeHun causinueM. OCHOBHOe OTIn4Me CO-
CTOUT B TOM, UTO OOBEAMHSITHCS MOTYT 60Jiee BYX (aitioB OMHOBPEMEHHO.
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Inst cmusiHus He Tpe6GyeTcss MHOTO IMaMsITH. B mpuHIMITe, 1OCTaTOYHO pacrosna-
raTh MECTOM I1OZ, OFHY CTPOKY IJIsl Kaskaoro daiiia. V3 ¢paityioB UnMTaroTCs rmepBbie
CTPOKU, CPEIY HUX BHIOMPAETCS MUHUMAIbHAsST (WJIM MaKCMMasIbHasl, B 3aBUCHU-
MOCTM OT HaIIpaBJieHNsI COPTUPOBKM) M BO3BPAIlAeTCsl KaK YacTh pe3ysbTaTa, a Ha
ee MeCTO YMTAeTCsI HOBasl CTPOKa M3 Toro ke daiina.

Ha npakTuke CTpOKM UMUTAIOTCS HE IO OAHONM, a MOPUUIMU IO 32 CTPAHUILbI;
9TO YMeHbIIaeT KOJIMYeCTBO olepalnii BBoaa-BbiBoaa. Komuecto ¢aityios, KO-
TOpble OOBEOUHSIOTCS 34 OOHY UTEPAINIO, ONIPenesieTcs] JOCTYITHBIM MeCTOM
B MMaMSTU, HO MEHbIIIEe IIeCTU He MCIONIb3yeTCs HuMKoraa. CBepxy 3TO KOIMYECT-
BO TOXKe orpaHudeHo (unciaom 500), TocKombKy 3G HeKTUBHOCTD TepSeTCs], KOTaa
(aitsoB CTaHOBUTCS CIUIITKOM MHOTO L

[lns anropuTMOB COPTUPOBKM B aHINIUIACKOM $3blKE MCTOPUYECKM CNI0XMNACH CneuuanbHas
TepMUHONorus. BHewWwHAs copTMpoBKa M3HAYaNbHO MCMOMb30BaNa HAKOMUTENN HA MarHUT-
HOM NeHTe, n KoMnoHeHT PostgreSQOL, ynpaBnstowmii BpeMeHHbIMK hannamm, coxpaHun
370 Ha3BaHMe 2 YacTMYHO OTCOPTMPOBaHHbIE Habopbl JaHHbIX HA3bIBAKOTCA CIOBOM run (ce-
pusi B pycckoM nepesoge Knuru KuyTa®). Konuuectso cepuii, yuacTBYIOWLMX B CUSHUM,
Ha3biBaeTcs merge order (nopsidok causiHus). 1 He UCMONb30BaN 3TU TEPMMUHBI, HO UX MO-
Ne3HO 3HaTb, YTO6bI MOHMMATb KO M KOMMEHTapuu.

Ecnu 06beIMHUTD BCe OTCOPTYPOBaHHbIE BpeMeHHbIe (haiiyibl 3a OMHY UTepaLio
He TT0JTyYaeTCsl, IPUXOIUTCS BBITIONHSTD CAMsIHME (GaiijioB 110 YacTSIM M 3aIIMChI-
BaTh pe3y/IbTaT B HOBbIe BpeMeHHbIe (aiiibl. Kaskgas Takast uTepaiys yBeJIudn-
BaeT 00beM 3aIMChIBAEMbBIX ¥ UMTAEMbIX JAHHBIX, IO3TOMY 4eM OoJblle orle-
PaTMBHOI MaMSATU JOCTYIIHO, TeM 3 deKTrBHee GYIeT BBITOMHITHCS BHEIIHSIS
COPTUPOBKA.

(LD (HD ([ ([ )

1 2 3 4 5 1+2+3

1 backend,utils/sort/tuplesort.c, byHkuus tuplesort_merge order.
2 backendy/utils/sort/logtape.c.
5 Ilonanso Krnym. VickyceTBo nporpammypoBanusi. Tom 3. CopTupoBKa 1 IOUCK.
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(i1 il ) | )

4 5 1+2+3 445

Ha cnepytonieit utepaiiuy camsiHue MPOI0KAEeTCs Yoke ¢ HOBBIMM (paiimamut.

14243 4+5

@OUHAIbHOE CIUSHME OOBIYHO OTKJIaAbIBAETCS M BBITIOJIHAETCS Ha JIeTY, KOraga Bbl-
LIEeCTOS LM y3eJ1 IJIaHa 3alipaliBaeT JaHHbIe.

Komanma EXPLAIN ANALYZE roka3sIBaeT 06beM JMCKOBOJ IaMSITI, KOTOPKIN IO-
TpeboBaJics BHEIIHE copTupoBKe. [106aBMB KiroueBoe ciaoBo buffers, Moxk-
HO TIOJTYYUTH U CTATUCTUKY UCITONIb30BaHMsI 6ypepoB BpeMeHHbBIX (aiiyioB (temp
read 1 written). KonuuecTBo 3amcaHHbIX OydepoB 6ymeT (IIpMMepHO) paBHO KO-
JIMYECTBY MTPOUYNUTAHHBIX, ¥ UMEHHO 3TO 3HaUeHMe, TepeCYUTaHHOe B KMIO0AThI,
I10Ka3aHO B Iu1aHe B no3uuumu Disk:

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)
SELECT * FROM flights
ORDER BY scheduled_departure;

QUERY PLAN
Sort (actual rows=214867 loops=1)
Sort Key: scheduled_departure
Sort Method: external merge Disk: 17112kB
Buffers: shared hit=2627, temp read=2139 written=2145
-> Seq Scan on flights (actual rows=214867 loops=1)
Buffers: shared hit=2624
(6 rows)
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Bosiee ogpo6HYIO0 CTATUCTUKY UCIIOIb30BaHMSI BpEMEHHbIX (DaiijioB MOKHO I10-
JIYYUTH B SKypHaJIe COOOIeHMIA, ycTaHOBUB IapameTp log temp_files.

OueHka ctoumocTi. B KadecTBe mpuMepa BO3bMEM TOT Ke IJIaH C BHEIIHel cop-
TUPOBKOI:

=> EXPLAIN SELECT *
FROM flights
ORDER BY scheduled_departure;

QUERY PLAN

Sort (cost=31883.96..32421.12 rows=214867 width=63)

Sort Key: scheduled_departure

-> Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(3 rows)

3mech K 00bIYHOI CTOMMOCTU CPaBHEHMI (KOIMYECTBO KOTOPBIX OCTAETCS TAKUM
Ke, Kak ¥ B ¢Jyyae OBICTPOIi COPTUPOBKU B MaMSTH) N0OABISIETCSI CTOMMOCTD
BBOJZIa-BbIBOZIA . Bce BXOIHbIE JaHHBIe TIPUETCS CHavaIa 3alicaTh Ha IUCK BO
BpeMeHHble (aiiibl, a 3aTeM MPOUUTATh C IMUCKA MPU CUIUSIHUYU (TIpUUeM, BO3-
MOYKHO, HECKOJIBKO Pa3, eC/IY KOJIMYECTBO CO3TAaHHbBIX (aiiyIoB OyIeT IpeBbIIaTh
KOJIMYECTBO OJHOBPEMEHHO 00beIVHSIEMBIX HAOOPOB).

O6partieHne K IUCKY (M 3aIMCh, M UYTEHME) CUMTAETCS Ha TPU YeTBEPTU MOCIe0-
BaTeJbHBIM U HA OIHY U€TBEPTh CTYYafHbIM.

O6beM JaHHbIX, TTOMAIA0NUX Ha JUCK, OMpeiesiseTcs] KOJIMUueCTBOM COpPTUpYe-
MBIX CTPOK M UMC/IOM CTONGLIOB, MCHIONb3yeMbIX B 3ampoce’ B maHHOM cayuae
3ampoc BBIBOAUT Bce CTOMOIBI Tabmuisl £lights, mosTomy Ha AuCK momangeT
00beM, IMOUTU PaBHbIN pasMepy BCeil TabIMIIbI, 38 BBIYETOM CITYsKeOHOI MHPOP-
MaLly B BepCUSIX CTPOK U cTpaHuLiax (2309 crpanul BMecTo 2624).

B Hamem npumepe Ha COPTUPOBKY XBATaeT OGHON UTepaluN.

Takum o6pa30M, CTOMMOCTDb COPTUMPOBKM B HallieM IlJIaHE BbIUYMCIAETCA TaK:

1 backend/optimizer/path/costsize.c, yHKIMS cost_sort.
2 backend/optimizer/path/costsize.c, hyakuus relation byte_size.
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=> WITH costs(startup) AS (
SELECT 4772.67 + round((
current_setting('cpu_operator_cost')::real * 2 *
214867 * log(2, 214867) +
(current_setting('seq_page_cost')::real * 0.75 +
current_setting('random_page_cost')::real * 0.25) *
2 ¥ 2309 * 1 -- oagHa uTepauua
)::numeric, 2)
)
SELECT startup,
startup + round((
current_setting('cpu_operator_cost')::real * 214867
)::numeric, 2) AS total

FROM costs;
startup | total
__________ +__________
31883.96 | 32421.13
(1 row)

MHKpeMeHTanbHas COpTUPOBKA

Ecnm Habop aHHBIX TpebyeTcss OTCOPTUPOBATH 10 KiaodaM K; ... Ky, ... K, v ipu
9TOM M3BECTHO, YTO HabOp yKe OTCOPTUPOBAH I10 IMEPBBIM /1 KITI0UaM, TO He 06s1-
3aTeJIbHO IMepecopTUPOBBIBATh BECh HAG0P 3aHOBO. MOXKHO pa3buTh HAGOP JaH-
HBIX Ha I'PYIIIbI, MMeIoyie OO/ HaKOBble 3HaUeHMs HayalbHbIX KItouel K ... K,
(3HauUeHMsT TaKMUX TPYMIl CJIEAYIOT APYT 3@ APYrOM), U 3aTe€M OTCOPTMPOBATH OT-
IenbHO KaXKIYI0 M3 TPYII 10 ocraBmmmcs kmodaM K, ... K,. Takoit croco6
Ha3bIBAETCS UHKPEMEHMAILHOL COPMUPOBKOILL.

VIHKpeMeHTa/IbHasE COPTUPOBKA YMEHbIIAET TPeGOBaHMS K IMaMsTH, pa36buBas
BeCch HAOOP HA HECKOJIbKO MEHBIINX TPYII, U TTO3BOJISIET BHIIABATh PE3Y/IbTAThl
y3Ke rmocjie 06paboTKY ITepBOii IPYIIIbI, He JOKUIASICh COPTUPOBKY BCETo Habopa.

Peanm3zarst ! JleiicTByeT 60Jiee TOHKO: OTAENbHO 06pabaThIBAIOTCS TOTBKO OTHO-
CUTEIbHO KPYITHbIE TPYIIIIBI CTPOK, @ HEGOJIbIIIE 00beIMHSIIOTCS M COPTUPYIOTCS

MOJIHOCTBI0. DTO YMeHbIlIaeT HaK/IaaAHbI€ PACXOAbl HAa BbI3OB COpTI/IpOBKI/IZ.

1 packend/executor/nodelncrementalSort.c.
2 backend/utils/sort/tuplesort.c.
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23.2. Copmuposeka

B miaHe BBINTOMTHEHMSI MHKpPeMEHTAJbHAs COPTMPOBKA IIPe[CTaB/IeHA Y3JIOM
Incremental Sort:

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *

FROM bookings

ORDER BY total_amount, book_date;

QUERY PLAN

Incremental Sort (actual rows=2111110 loops=1)
Sort Key: total_amount, book_date
Presorted Key: total_amount
Full-sort Groups: 2823 Sort Method: quicksort Average
Memory: 28kB Peak Memory: 28kB
Pre-sorted Groups: 2624 Sort Method: quicksort Average
Memory: 2193kB Peak Memory: 2263kB
-> Index Scan using bookings_total_amount_idx on bookings (ac...
(8 rows)

Kak BupHO M3 11aHa, HA6OP CTPOK YKe OTCOPTMPOBaH 1o total _amount, mo-
CKOJTbKY TIOSTYYeH CKaHMPOBAaHMEM WHAEKCA, MOCTPOEHHOTO IO 3TOMY CTOJ6-
1y (Presorted Key). Komanga EXPLAIN ANALYZE moka3sbiBaeT Takke CTaTUCTUKY
BpeMeHM BbInosiHeHus . Ctpoka Full-sort Groups OTHOCUTCS K HEGOJBIIUM I'PYII-
1aM, KOTOpble 6bUIY 06beAVHEHbI ¥ OTCOPTUPOBAHbI MOTHOCTHIO, & CTpOKa Pre-
sorted Groups — K KPYITHBIM I'pyTIIIaM, KOTOPbIE TOCOPTUPOBBIBAIMCH TI0 CTOIOITY
book_date. B 060ux ciydasix UCIIOIb30Balach ObICTPasi COPTUPOBKA B MTAMSITH.
Hannuue rpynm pa3Horo pa3Mepa BbI3BaHO HEpaBHOMEDPHBIM paciipefereHnem
CTOMIMOCTM OPOHVPOBAHMIA.

VHKkpemeHTanbHasl COPTUPOBKA MOXKET MUCIIOAb30BAThCS M TIPU BBIYUCIEHUU
OKOHHBIX (PYHKIIMIA:

=> EXPLAIN (costs off)
SELECT row_number() OVER (ORDER BY total_amount, book_date)
FROM bookings;

QUERY PLAN
WindowAgg
-> Incremental Sort
Sort Key: total_amount, book_date
Presorted Key: total_amount
-> Index Scan using bookings_total_amount_idx on bookings
(5 rows)
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I'nasa 23. Copmupoexa u ciusiHue

OueHKa cTouMocTH. PacyeT CTOMMOCTM MHKpPEMEHTAlbHO COPTMPOBKM! ormm-
paeTcs Ha OLLeHKY KOIMYeCTBa IPYIII> U OLEHKY COPTMPOBKY TPYIIIBI CPETHETO
pasmMepa (KOTOPYIO MBI YoKE€ PaCCMOTPENN).

HavasnbpHasi cTOMMOCTb OTpaykaeT OLLEHKM COPTUPOBKM OLHOI (IIepBOIi) IPYIIIIEI,
T10C/Ie KOTOPOJ y3e yyKe MOXKeT BblIaBaTh OTCOPTMPOBAHHbBIE CTPOKM, a TIOIHAS
CTOMMOCTD YYUTBIBAET COPTHPOBKY BCEX TPYIIIL.

HO,U,I)O6HO OCTaHaBJ/IMBATbCA HA BBIUMC/IIEHMHM OLI€HOK 51 HEe 6y,£[y

MNapannenbHblii pexum

CopTupoBKa MOKET BBITTOTHATDLCS MapayiebHo. Ho XoTs pabourie mpoIiecchl Bbi-
JAI0T CBOIO YaCTh JAHHBIX B OTCOPTMPOBAHHOM BUJE, y3€es Gather HUYEro mpo sTo
He 3HaeT ¥ MOKeT 00beAMHSATh JaHHbIE TOJbKO B IMOPSAKE MTOCTYIUIeHNS. UTO6BI
COXPAaHUTb COPTUPOBKY, IPUMeHSIeTCs Ipyroii y3en — Gather Merge®.

=> EXPLAIN (analyze, costs off, timing off, summary off)
SELECT *

FROM flights

ORDER BY scheduled_departure

LIMIT 10;

QUERY PLAN
Limit (actual rows=10 loops=1)
-> Gather Merge (actual rows=10 loops=1)

Workers Planned: 1

Workers Launched: 1

-> Sort (actual rows=8 loops=2)
Sort Key: scheduled_departure
Sort Method: top-N heapsort Memory: 27kB
Worker @: Sort Method: top-N heapsort Memory: 27kB

-> Parallel Seq Scan on flights (actual rows=107434 lo...
(9 rows)

V3en Gather Merge MCIONb3yeT OBOMYHYIO Kyduy* IJIS VIIOPSZOYEHMS CTPOK,
MOCTYIAIOIIMX OT HECKOJbKUX MpoLeccoB. [Io CyTu, OH BBINOJIHSET CI