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Mcnonb3oBaHue MaTepuasioB Kypca

HekoMmmepueckoe ncnosib3oBaHne Marepuanos Kypca (npeseHtauuu,
AeMOHCTpaummn) paspeluaeTtcs 6e3 orpaHnyeHnii. Kommepueckoe
MCNOMb30BaHNEe BO3MOXHO TOSIbKO C NMMCbMEHHOIO paspeLleHms KoMnaHum
Postgres Professional. 3anpeliaercs BHeECEHNE U3MEHEHWNI B MaTepuabl
Kypca.
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OT3bIBbl, 3aMeYaHns 1 NPeasIOKEHUA HanpasnsnTe No agpecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.



o)) PROFESSIONAL

Tembl Posigres

[TpodunvpoBaHue Kak MHCTPYMEHT /1J1s1 TTIOUCKA Y3KHUX MEeCT
Bri60op 1o/3aaum 17151 TpohHUIMPOBAHMS

CpezcTBa IoCTpoeHus podu/is
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VIHCTPYMEHT Posigres

[TpodunupoBaHue

BbIZle/IeHre TI0/13a/1au
TIPOZIOJKUTETEHOCTD
KOJTMUECTBO BBITIO/THEHUH

UTo onTuMmU3upoBaTh?
yeM OoJIbIIIe 10JIS1 TT0J3a/iaul B 00II[eM BPEMEHU BBITTOJTHEHUS,
TeM OOJIbIIle TIOTeHI[Ua/IbHBIN BHIUTPHIIL
HEOOXOJUMO YUUTBIBATh 3aTPaThl Ha ONTUMU3ALIIO
TI0/Ie3HO B3IVITHYTh Ha 3a/iauy IIMpe

B npeabigynx temax mMbl pasobpanince ¢ Tem, Kak paboTtaroT 3anpochl,
N3 KaKnX «KUPrnMUYnKoB» CTPOUTCA NJiaH BbIMONHEHUSA N YTO BINAET

Ha BbIGOP TOro UM MHOTO NJlaHa. ATO caMoe C/I0XKHOe N BaxkHOe. [oHAB
MeXaHM3Mbl, C MOMOLLbIO JIOTUKU U 34paBOro CMbIC/1a MOXHO pa3obparbcs
B 11060 BO3HUKLLE CUTYaLUN U MOHATL, 3PPEKTUBHO /X BbINOSTHAETCS
3anpoc 1 YTO MOXHO cAenartb, YToObl YNy4LIUTb NnokasaTesnu.

Ho kakK HaiiTu TOT 3aripoc, KOTOprI\/'I MMEeET CMbICJ1 OFITI/IMI/ISI/IpOBaTb?

B npuHumne, pelueHne noboi 3agadm ontummusaumm (He TO/IbKO B KOHTEKCTE
CYb/) HaunHaeTcsa ¢ npodnIMpoBaHns, X0Tb 3TOT TEPMUH 1 HE Bceraa
ynoTtpebnsaerca ABHO. Mbl O/KHbI pa3buTb 3a4a4y, Bbi3blBaOLLYHO
HapekaHus, Ha noAasagadn n N3MepuTb, Kakyto 4acTb 06LLEro BPpEMEHN OHU
3aHUMAalOT. Takke nonesHa MHopmaunsa 0 YMcne BbINOSTHEHUI KaxXa0M 13

nogzaaau.
Uem 6onblue Aons noasagadyn B 00LIEM BpeMEHU, TEM 60/bLLIE BbIUIPbILL
OT ONTMMM3aLUN NMEHHO 3TOI NoAa3agayn. Ha npakTuke npuxogmTcs

YUUTbIBaTb U OXXnAaaemMble 3aTpatbl Ha ONTUMN3alnto: NOTyYUTb
I'IOTeHLI,I/IafIbeII7I BbINTPbILW MOXET OKa3aTbCA HENETKO.

BbiBaeT Tak, UTo nojszagaya BbINOMHAETCA ObICTPO, HO YacTo (37O,
Hanpumep, xapakTepHo A4/1s 3anpocos, reHepupyembix ORM-amun). MoxeT
OKa3aTbCA HEBO3MOXHbIM YCKOPUTL BbINO/IHEHWE OTAENbHbLIX 3aNpPOCOB,
HO CTOUT 3a4aTbCA BONPOCOM: A0/HKHA /N noA3ajava BbINOMHATLCA mak
yacTo? Takon BOMNpPOC MOXET NPUBECTM K HEOBXOAUMOCTU N3MEHEHWS
apXMTEKTYpbl, YTO BCErAga HenpocTo, HO B UTOre AaTb CyLEeCTBEHHbI
BbINTPbILL.
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YTo npodomnnpoBaTth Posigres

Bcro akTUBHOCTE CUCTEMBI

TI0J1e3HO aJMUHUCTPATOPY [i/151 TIOMCKa pecypcoeMKHX 3aziau
MOHUTOPUHT, paciivpenye pg_profile

OTxenbHYIO 3a/jauy, BbI3bIBAIOLLYIO HapeKaHusl

TI0JIe3HO Ji/1s1 pellieHrs1 KOHKPeTHOM Mpo0sieMbl
yeM TOYHee, TeM JIyyllle: IIIMPOKUM 0XBaT pa3MbIBaeT KapTUHY

Mpochnnb 06Let akTMBHOCTU MOXET MHOroe ckasaTb aiMUHUCTPATOPY,
KOTOPbI 3aHAT HE peLLeHneM KOHKPETHOI Npo6iembl, a MOUCKOM Hanbonee
PecypcoemMKmx 3agay, onTMMM3aLms KOTOpbIX, BEPOSTHO, CHU3UT Harpy3ky
Ha cUCTeMY.

Takoi I'IpOCbI/II'Ib JOJ/DKHa nokKa3biBaTb CUCTEMa MOHUTOPWHTa.

MOXHO TaKxe BOCMo/1b30BaTbCA pacmpeHnem pg_profile. OHO ocHoBaHO
Ha cTaTucTnyeckux npeacrasneHnax PostgreSQL, nHdopmMaumnsa n3 KoTopbixX
COXpaHAeTCcs B XpaHWUNULLLE CHUMKOB akKTUBHOCTU. VI3yyasa u cpaBHMBasA
MexXay co60u CHUMKM, MOXHO BbISIB/IATb MPO6GAEMbI U MPUYNHBI X
BO3HMKHOBEHMUSA. ABTOP paclumpeHnss — AHgpen 3y6KoB
(https://github.com/zubkov-andrei/pg_profile).

[eTtanibHoe 06CyXAeHne Toro, Kak UMeHHO CTPOUTb CUCTEMY MOHUTOPUHTIA,
Kakne NHCTPYMEHTbI AJ/15 3TOr0 MCNOoJib30BaTh U Kakne MeTpuku cobmparb
BbIXOAMT 3a pamMKu Kypca, HO nopekoMeHayeMm KHury Anekces J1eCOBCKOro
«MOHUTOpUHT PostgreSQL»:

https://postgrespro.ru/education/books/monitoring

[N peleHns KOHKPETHOW NpPo6/1eMbl HEOOXOAMMO CTPOUTL NPOGIUIL TaK,
4TOObI N3MEPEHUS 3aTparMBasiv TONbKO AelCTBUSA, HeobxoauMble NS
BOCMNPOM3BeAeHNs UMEHHO 3TOW Npobnemsbl. Ecnin, Hanpumep,
NONb30BaTE b XXa/TYeTCS Ha TO, UTO «OKHO OTKPbIBAETCS LIENYH0 MUHYTY»,
6eCcCMbIC/IEHHO CMOTPETbL Ha BCIO aKTUBHOCTb B 6a3e AaHHbIX 3a 3Ty
MUHYTY: B 3TW LUMdPbI NnonaayT AeicTBus, He NMELOLLIME HUKAKOro
OTHOLLUEHMS K OTKPbITUIO OKHa.
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UTO N3mMepaTb Pos{gres

Bpewms BbITIO/THeHUs

MMeeT CMBIC/I /151 T10/Ib30BaTeJIst
KpaiiHe HecTabU/IbHBIN TTOKa3aTesb

CTpaHHUYHBIM BBO/I-BBIBO/,

cTabu/ieH 110 OTHOIIIEHNIO KO BHEIITHUM (I)aKTOpaM
MaJIO UTO I'OBOPUT I10/Ib30BaTe/IAM

B Kaknx eamMHULLAX N3MepsaTb pecypcbl? Camasi 0OCMbIC/IeHHas Ass
KOHEYHOro NoMb30BaTe s XapakTePUCTKa — 3TO BPeMs OTK/IMKA: CKOJIbKO
MPOLLNO BPEMEHUN «OT HAXATUSA HA KHOMKY» [0 «MNOJTyYEHUs1 pesy/ibTaTa.

O[IHaKO C TEXHNYECKOW TOUKM 3PEHUSI CMOTPETb Ha BpeMsi He Bceraa
y06H0. OHO CWU/IbHO 3aBUCUT OT MaCChl BHELLIHMX (DaKTOPOB: OT
Hamno/IHEHHOCTY Kella, OT TeKYLLeR 3arpy>XeHHOCTK cepBepa. Ecnn nonckom
Npo6/eMbl 3aHMMAKTCS He HA OCHOBHOM, a Ha TECTOBOM CEpPBEpPE C UHbIMY
XapakTepucTukamu, To Ao6aBnsieTcs U pasHuLa B annapaTHOM
obecneyeHun, B HacCTpolikax, B npodhnie Harpysku.

B aTOM CMbIC/1Ie MOXET OKa3aTbCA yA00bHee CMOTPETL HA BBOA-BbIBOA,
TO €CTb Ha YNC/10 NPOYNTAHHbLIX M 3anUCaHHbIX CTpaHuL,. ITOT Nnokasartesb
6onee ctabuneH. OH He 3aBUCUT OT XapaKTePUCTUK «oKenesa» n oT
Harpysku, TO eCTb OyAeT coBnagaTb Ha pasHbIX cepBepax ¢ OANHAKOBbIMM
AaHHbIMW 1 paBHbIMY 3HAYEHUAMU NapamMeTpoB KOHUrypauun.

[Mo3TOMY O4YEeHb BaXKHO aHa/IM3MpoBaTb NPobemMbl Ha NONHOM Habope
AaHHbIX. [1na 3Toro, HanpumMep, MOXHO ncnosib3osars Database Lab
Engine — cpeacTBo GbLICTPOro co3fgaHna TOHKMX K/TOHOB, pa3pabdoTaHHoe
Postgres.ai: https://github.com/postgres-ai/database-lab-engine.

BBOA-BbIBO/, Kak NpaBusio, aflekBaTHO oTpaxaeT 06bem paboThl,
Heo6XoAMMbIiA AN BbINO/THEHUA 3anpoca, NoCKo/IbKY OCHOBHOE BpeMs
YXOOUT Ha YTeHne 1 06paboTKy cTpaHuL, C AaHHbIMU. XOTS TakoWn
nokasaresib He UMeeT CMbIC/a 4J/15 KOHEYHOro NoJsib30BaTtesis.
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[Mpodonb NPUNOXEHUA Posigres

[Toazagauu

KJIMEHTCKasl 4acThb
cepBep MPUI0KEeHU

cepBep 6a3 JAHHBIX — npobnema uacmo, Ho He 8ce20d, UMEHHO 30eChb
CeTb

Kak npodunupoBarb

TEXHUUYECKH TPYAHO, HY>KHbI pa3Hoo6pa3Hble CpeaCTBd MOHHUTOPHHI'a
MoATBEPAUTD ITPEATIO/IOKEHUE 00BLIUHO HECJIOKHO

[na nonb3oBaTenid UMeeT CMbIC/T BpeMSA OTK/IMKA. DTO O3HA4YaeT, yYTo
B Npodonsib, BOOOLLE rOBOPSA, A0/HKHA BXOANTb He Tonbko CYB/, HO U
K/IMEHTCKasA YacTb, U CepBeEP NPUOXEHNI, U Nepedaya AaHHbIX Mo CeTu.

YacTo npobnemMbl C NpON3BOAUTENBHOCTLIO KPOKOTCA MMeHHO B CYB/,
MOCKO/IbKY OANH HeaZleKBaTHO NOCTPOEHHbIN N/aH 3anpoca MoXeT
yBe/MunBaTb BpemMs Ha nopsagkn. Ho ato He Bcerga tak. Npobnema moxet
oKasaTtbCA B TOM, UYTO Y K/IMEHTa MefJ/IeHHOe COeaVHEHNE C CEPBEPOM, UTO
KNMEeHTCKaa 4YacTb A0/IT0 OTPUCOBLIBAET MOMYYEHHbIE AaHHbIE U T. M.

K coxanieHuto, NonyymTb Takoi NosiHbIA NPothnnb 4OCTATOYHO TPYAHO. Ans
3TOro BCe KOMMNOHEHTbI MH(POPMAaLMOHHON CUCTEMBI AO/MKHbI ObITh
CHabXeHbl nogcucTtemaMmy MOHUTOPUHIA N TRPACCUPOBKU, YYNUTbIBAKOLLMMY
0COBEHHOCTU UMEHHO 3TOW cUcTEMbI. HO 06bIYHO HEC/TOXKHO N3MEPUTL
obulee Bpems oTKNMKa (XOTs Obl U CEKYHLOMEPOM) U CPABHUTbL C OOLLUM
BpemMeHeM paboTtbl CYB/]; y6eanTbCa B OTCYTCTBUN CYLLECTBEHHbLIX CETEBbIX
3a4epXxeKk 1 T. . Ecnn xe 3T10ro He npojenartb, TO BNO/IHE MOXET OKas3aTtbC4,
4YTO Mbl ByZlEM MCKaTb K/IOUM TaMm, r4e CBET/Iee, a He TaM, rae nx noTepssiv.
Co6CTBEHHO, BECb CMbIC/T NPOIUINPOBAHNA U COCTOUT B TOM, YTOObI
BbIACHUTbL, YTO UMEHHO HYXJaeTca B ONTUMU3aLnN.

[lanee Mbl OygemM cumTaTb YCTAHOB/IEHHbIM, YTO Npobnema nveHHo B CYB/.



Mpodonnb PL/pgSQL Pos{gres

Paciivpenue PL Profiler

CTOPOHHEee pacllipeHre

rpe/iHa3HaueHo TOJILKO /151 pyHKimii Ha PL/pgSQL
npo¢uIMpoBaHue OT/eMbHOI0 CKPHUIITa UM CeaHca
orueT o pabore B html, Bkrouas flame graph

Pacimvpenue plpgsql_check

CTOpPOHHee pacllpeHue

ripoBepsieT PL/pgSQL u BcTpoeHHbiit SQL

T03BOJISIeT HAXOAUTh OMIMOKY KOMITH/ISTIVN

TIOUCK 3aBUCUMBIX 00BEKTOB B (DYHKI[USIX

BO3MO>XHOCTb @BTOMaTHueCKOro po¢uIrpoBaHus GyHKLWN

Mpwn BbINO/THEHMW NOMb30BATENIEM HEKOTOPOTO [eCTBUS, BbINO/HSAETCS
06bI4YHO HEe OfIVH, @ HECKO/IbKO 3anpocoB. Kak onpeaenutb TOT 3anpoc,
KOTOPbI/i UMEET CMbIC/T ONTUMU3MPOBATL? [/1s1 3TOr0 Hy)XXeH NPon/ib,
[eTaNIM3NPOBaHHbI 40 3anpPoCoB.

OpfHaKo cepBepHas YyacTb NpunoXeHus, sbinonHawwaaca 8 CYB/l, moxet
COCTOATb He ToMbKO U3 SQL-3anpocoB, HO U codepXaTb NpoueaypHbIin Kop,.
Ecnn kog HanucaH Ha a3bike PL/pgSQL, To Ana ero npodpuanposaHns
MOXHO BOCMNO/Ib30BaTbLCSA CTOPOHHMM paclumpeHunem PL Profiler (0CHOBHOIA
aBTop — AH Buk: https://github.com/bigsql/plprofiler).

PacluvpeHmne no3BonseT NPoPUINPoBaTh Kak OTAE/TbHO BbIMO/THAEMbIE
CKpPUNTbI, Tak U CHAMAaTb Npodon/ib paboTatoLLero ceaHca. Pesynerar paboThl
dopmumpyetcs Kak html-chainn, cogepxatimnin HeobxoanmMyr nHopmauumio.

B TOM uncrie OH BK/KOYAET M306paxXeHne BbI30BOB B BUAE «SA3bIKOB
nnameHmn» (flame graph).

Ewe mMoxHO nopekomeHaoBaTb pacwumpeHune plpgsgl_check (0CHOBHOM
aBTop — [MaBen Crexyne: https://github.com/okbob/plpgsqgl_check).
D10 pacwmpeHne NpoBepseT 4OCTOBEPHOCTL naeHTunkatopos SQL,
ncnosnb3yemblx B koge PL/pgSQL, nbiTaeTcs BbIIBUTb NPO6GEMbI

C NPON3BOANTENBHOCTbLIO, UMEET BCTPOEHHbI NPOUIMPOBLLMK KOAA.

MoCcKOMbKY KypC NOCBSILEH onTummnsalmm 3anpocoB SQL, Mbl He byaem
paccmaTpuBaTh 3TU PACLLUMPEHUS, HO YNIOMUHAEM X A5 MOMHOThI KAPTUHBI.
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[Tpocdonnb 3anpocos Posigres

JKypHan coobiijeHuii cepsepa

BKJIFOUAETCsl KOH(PUTYpaLIMOHHBIMU [TapaMeTpaMH:
log_min_duration_statements = 0 — BpeMs U TEKCT BCeX 3allpOCOB
log_line_prefix — ueHTU(ULIMPYIOLLas MH(OpMaLUs
C/I0’KHO BKJTFOUUTS [IJIs1 OT/IeJIbHOTO ceaHca

OosibI1I0l 00beM; TIpY YBEeJTMUEHHH TTOPOTa BpeMeHU TepsieM UH(OPMaLI1io

He OTCJIe)KUBAIOTCS BJIOXKEHHbIE 3arpOChl
(MO>XHO KCI0/1b30BaTh paciliMpeHue auto_explain)

aHa/IM3 BHELIHKMMHU CpeJiCTBaMM, TaKUMH, Kak pgBadger

[na nonyyeHna npodmna no BbinosHAeMbIiM SQL-3anpocam ecTb Asa
OCHOBHbIX CpeAcTBa, BCTPOEHHbIX B PostgreSQL.: )ypHas coo6LEeHWNI
cepsepa 1 cTaTtucTuKa.

B XXypHasie cooOLLEHNIA C MOMOLLLI0O KOHJIMUTYPaLMOHHBLIX NapaMeTpoB
MOXHO BK/1HOUYNTb BbIBOA, MHCDOPMaLUmM O 3anpocax U BPEMEHN UX
BbINO/IHEHNA. OBbIYHO A/191 3TOr0 UCNOMb3yeTcs napameTp
log_min_duration_statement, xoTs eCTb U Apyrue.

Kak nokanunsosartb B XXypHasie UMEHHO Te 3anpochbl, KOTOPbIE OTHOCATCS

K AeNCTBMSIM nonb3oBatesnisa? IMeno 6bl CMbIC/T BK/IHOYaTb U BbIKNHOYATb
napameTp Ana KOHKPETHOro ceaHca, HO LUITaTHbIX CPeACTB A1 3TOro He
npeaycMmoTpeHo. MoXHo omnbTpoBaTh O6LLKIA MOTOK COOBLLUEHMIA, BblAENASA
TO/IbKO HY)XHble; A1 3Toro yaobHo B napameTp log_line_prefix BblBECTU
AOMNOMTHUTENBHY0 NAEHTUULMPYIOLLYI0 MH)opMauuio. icnonb3oBaHne
nyna coefMHeHWIA eLle 60/bLIe YCIOXHAET CUTYyaLMIO.

[na aHanmn3a BNOXeHHbIX 3anpocoB (Koraa B 3anpoce Bbl3blBaeTcsA
JoyHKUMSA, coaepxallan apyrve 3anpockl) notpebyerca mogynb auto_explain
(https://postgrespro.ru/docs/postgresql/16/auto-explain).

Cnepgytowas npobnema — aHasms XypHasa. [ns aToro npuxoanTcs
NMPUMEHSATb BHELLHME CpeAcTBa, U3 KOTOPbIX CTaHAApPTOM Ae-goakTo
saBnsieTca pacwmpeHne pgBadger (https://github.com/darold/pgbadger).

PasymeeTcsl, MOXHO BbIBOAUTL B XXypPHas! 1 COOGCTBEHHbIE COOBLLEHNS, EC/N
OHV MOTYT NOMOYb Zeny.
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[Tpocdonnb 3anpocos Posigres

PacmvpeHue pg_stat_statements

niofipobHast uHGopMalys 0 3ampocax B MpeJCTaBIeHUH
(B TOM uMC/Ie O B/IOYKEHHBIX)

OrpaHHYeHHbIN pa3Mep XpaHW/IMIIA

3dIlIpOChI CYUTAKOTCA OJMHAKOBBIMU «C TOYHOCTBIO JO KOHCTAHT»,
AdXKe eC/IM UMEIOT pd3HbIe I1JIaHbI BBITTO/THEHWA

I/IAEHTI/I(i)I/IKaL[I/IH TOJILKO 110 UMEHHU T0/Ib30BaTe/1s1 U base JaHHBIX

yHUGbHULMPOBaHHbIN UAeHTU(UKATOP 3arnpoca (compute_query_id = auto)

BTopoi cnocob — ctatncTuka, a UMeHHO paclumpeHne pg_stat statements
(https://postgrespro.ru/docs/postgresql/16/pgstatstatements).

PacwmpeHne cobmnpaeT AocTartoyHO NoapobHy MHdopMauuno
0 BbINOJIHAEMbIX 3anpocax (B TOM 4uc/ie B TepMMHaxX BBOAa-BbiBOAA
CTpaHuL) 1 oTobpaxkaeT ee B nNpeAcTaBieHnn pg_stat_statements.

MOCKO/bKY YMCNO pa3/INyHbIX 3anpoCOB MOXET ObITb OYEHb BO/bLLVM,
pasmMep XpaHuauLLLa orpaHnyYeH KOHpUrypaLnoHHbIM NnapamMeTpoM; B HEM
ocTaloTcs Hambosiee YacTo UCNosb3yeMble 3anpochl.

Mpy 3TOM «OANHAKOBbIMMY» CUATAKOTCS 3anNpoChbl, UMEIOLLNE OAMHAKOBOE

(C TOYHOCTBIO 10 KOHCTAHT) AepeBo pas3bopa. Hago nmets B BUAY, YTO Takne
3anpocbl MOI/I UMETb pasHble NsiaHbl BbINO/THEHWS U BbIMNO/THATLCA pa3Hoe
BpeEMS.

K coxaneHuto, ecTb C/IOXHOCTU U C naeHTUdmKaLlueii: 3anpocbl MOXHO
OTHECTU K KOHKPETHOMY MO/Ib30BATEN0 U 6a3e AaHHbIX, HO HE K CeaHcy.

[Mpwn ycTaHOBKE KOHUTrypaunoHHOro napametpa compute_query._id

B 3HauyeHue auto uam on aapo CYB/ 6yaeT BblYUCATb eANHbIN
naeHTudmkarop 3anpoca. Ero MoXHoO BbIBOAUTL B XXYPHas1 COOOLLEHNIA,
HacTpous napameTp log_line_prefix, a Takke UCNo/b30BaTb AN
coeguHeHua nHpopmaumm n3 aapa (KosoHka pg_stat_activity.query_id),
pg_stat_statements n gpyrnx pacumpeHun.

https://postgrespro.ru/docs/postgresal/16/runtime-config-statistics#GUC-CO
MPUTE-QUERY-ID




Pacumiupenue pg_stat_statements

TTopkmiouuM pacuiupeHnue pg stat statements, ¢ momompio KOTOPOro 6ymeM CTPOUTH IPODUIIb:

=> CREATE EXTENSION pg_stat_statements;

CREATE EXTENSION

=> ALTER SYSTEM SET shared_preload_libraries = 'pg_stat_statements';

ALTER SYSTEM

TTopkmiouenue 6uGIUOTEKU TPeOyeT epe3arpy3Ku.

student$ sudo pg_ctlcluster 16 main restart

student$ psql demo

HacTtpoum pacuiupenue Tak, 4ToObl cobupanach HHGOPMAalKMs 0 BCEX 3alTPOCcax, B TOM YHCJIE BIIOKEHHBIX:
=> SET pg_stat_statements.track = 'all’;

SET

Co3pmaguM npencraBieHre, 4TOOR CMOTPeTh Ha COOpPaHHYI0 CTAaTUCTUKY BHIIIOJIHEHUS OIIEPaTOPOB:

=> CREATE VIEW statements_v AS
SELECT
queryid,
toplevel,
substring(regexp_replace(query,' +',' ','g') FOR 55) AS query,
calls,
round(total_exec_time) /1000 AS time_sec,
shared_blks_hit + shared_blks_read + shared_blks_written AS shared_blks
FROM pg_stat_statements
ORDER BY total_exec_time DESC;

CREATE VIEW

3mech MBI 419 IIPOCTOTEI IIOKA3bIBa€M TOJIBKO YaCThb TOJIe¥ ¥ BEIBOZUM TOJIBKO OOII[ee YUCIIO CTPaHHUI] Kellla.

IIpodunps BHINOTHEHUS

PaCCMOTpI/IM 3agavdy. Tpe6yeTc5{ IIOCTPOUTH OTHET, BI)IBOJZ[HH.[I/Iﬁ CBOOHYIO Ta6m/1uy KOJIn4eCTBa II€PEeBE3€HHbIX ITaCCaXXHUPOB:
CTPOKaMM OT4YeTa OOJIZKHBL OBITH Mopesiu CaMOJIETOB, a CTOTI6H3MI/I — KaTeropuu O6CHy}KHBaHI/I5{.

CHauasa co3gagum (I)yHKI.[I/IIO, BO3BpALIAIOIIyI0 YHUCJIO ITaCCaXXUpPOB AOJIs 3alaHHOM MOAenu U KaTeropuu 06CJ’Iy)KI/IBaHI/I$I:

=> CREATE FUNCTION qty(aircraft_code char, fare_conditions varchar)
RETURNS bigint AS $$
SELECT count(*)
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id
JOIN seats s ON s.aircraft_code = f.aircraft_code AND s.seat_no = bp.seat_no
WHERE f.aircraft_code = qty.aircraft_code AND s.fare_conditions = qty.fare_conditions;
$$ STABLE LANGUAGE sql;

CREATE FUNCTION
[ns1 oTueta co3maguM (GYHKLNIO, BO3BPAILAIOIIYI0 HAOOp CTPOK:

=> CREATE FUNCTION report()
RETURNS TABLE(model text, economy bigint, comfort bigint, business bigint)

AS $$
DECLARE
r record;
BEGIN
FOR r IN SELECT a.aircraft_code, a.model FROM aircrafts a ORDER BY a.model LOOP
report.model := r.model;
report.economy := qty(r.aircraft_code, 'Economy');
report.comfort := qty(r.aircraft_code, 'Comfort');
report.business := qty(r.aircraft_code, 'Business');
RETURN NEXT;
END LOOP;
END;

$$ STABLE LANGUAGE plpgsql;

CREATE FUNCTION



Teneps uccrnenyeMm paboTy npennoxkeHHoN peanu3anuu. COPOCUM CTaTUCTUKY:
=> SELECT pg_stat_statements_reset();

pg stat statements reset

Ilata nmocnepHero copoca CTaTUCTUKY BUMHA B IPeACTaBiIeHuU pg stat statements info:
=> SELECT stats_reset FROM pg_stat_statements_info;

stats reset

2025-02-05 11:11:38.701602+03
(1 row)

BrimosHUM QyHKIINUIO report():

=> SELECT * FROM report();

model | economy | comfort | business
--------------------- R T
A3pobyc A319-100 | 337129 | 0 | 70232
Aspobyc A320-200 | 0 | 0 | 0
Aspobyc A321-200 | 649388 | 0 | 127982
BouHr 737-300 | 589901 | 0 | 59829
Bounr 767-300 | 817621 | 0 | 127947
Bounr 777-300 | 895896 | 132571 | 83080
Bombapobe CRJI-200 | 1155683 | 0 | 0
CeccHa 208 KapasaH | 111096 | 0 | 0
Cyxoi CynepoxeTt-100 | 2425034 | 0 | 342423
(9 rows)
HOCMOTpI/IM, KaKyI0 CTaTUCTHUKY MBI ITOJIY4YHUJIN:
=> SELECT * FROM statements_v \gx
[ RECORD 1 J-mmmmmmmmmmmi oo oo e
queryid | 1399367483717482784
toplevel | t
query | SELECT * FROM report()
calls | 1
time_sec | 19.081
shared_blks | 922080
S RECORD 2 J---mmmmmmm o e e e e e e e e
queryid | -6704952473219487249
toplevel | f
query | SELECT count(*) +
| FROM flights f +
| JOIN boarding passes
calls | 27
time sec | 19.065
shared blks | 921564
= RECORD 3 J---mmmmmmm o m o e e e e e e
queryid | 1651686694542252645
toplevel | f
query | SELECT a.aircraft code, a.model FROM aircrafts a ORDER
calls | 1
time_sec | 0.001
shared blks | 19
<[ RECORD 4 J---mmmmmmm oo e
queryid | -7737098410881999591
toplevel | t
query | SELECT stats reset FROM pg stat statements info
calls | 1
time sec | 0.001
shared blks | 0
[ RECORD 5 J--mmmmmmmm i oo oo
queryid | -7827778417405733903
toplevel | t
query | SELECT pg stat statements reset()
calls | 1
time_sec | 0
|

shared blks | 0

. HepBI:IM uger OCHOBHOM 3arpoc, KOTOpI:Iﬁ JeTaJIu3upPyeTCsi Huxe. Toplevel — IIPHU3HAK BHIIIOJIHEHHNS 3allpoCa Ha



BePXHEM YpPOBHe.

e BTOpHIM uAaeT 3anpoc u3 GyHKIUU gty — OH BhI3BIBAJICS 27 pas.
e TpeTuii — 3amnpoc, 10 KOTOPOMY PaboOTaET IUKII.

ObpaTrTe BHEMaHUe, YTO UAEHTH(GHUKATOD 3anpoca B pg stat statements coBnapmaeT c cucTeMHEIM 61arogapst HaCTPOHKe
compute query id:

=> EXPLAIN (verbose)
SELECT pg_stat_statements_reset();

QUERY PLAN

Result (cost=0.00..0.01 rows=1 width=4)

Output: pg stat statements reset('0'::oid, '0'::0id, '0'::bigint)
Query Identifier: -7827778417405733903
(3 rows)



o)) PROFESSIONAL

[Mpodonnb ogHOro 3anpoca Posigres

EXPLAIN ANALYZE

T0/3a/laul — y3J/Ibl T/1aHa

TIPOJIO/KUTENBHOCTh — actual time
WU CTPAaHWYHBIN BBOA-BbIBOZ, — buffers

KOJINYEeCTBO BBINOIHEHU — loops

OcobeHHOCTH
TOMHUMO Hanubosiee peCcypCoeMKUX Y3710B, KaHAUJAThl Ha ONTUMH3ALIAI0 —
Y376l C OOJIBIIION OIMMOKOM TIPOTHO3a KapAMHAIBHOCTH
nrob0e BMeIIaTeTbCTBO MOXKET TTPUBECTH K TIOJTHOM TepeCTpOoUKe TlaHa
WHOI/Ia IPUXOAUTCS JOBOJILCTBOBATHCS MPOCThIM EXPLAIN
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Tak unn nHadve, cpeam BbIMO/IHEHHbIX 3aMPOCOB Mbl HAXOAMM TOT, KOTOPbI
oyaem ontummnsnpoBatb. Kak pabotarb ¢ camum 3anpocom? TyT Toxe
MOMOXET npodousb, KOTopbI BbigaeT komaHaa EXPLAIN ANALYZE.

Mopg3agadyamm Takoro npodonns ABNATCA Y3/bl NnaHa (naaH — He MI0CKUi
CNUCOK, a aepeBo). MNMpoao/MKNTETbHOCTL BbIMO/THEHUA y3/1a 1 YUC/I0 ero
NMOBTOPEHUI NOKaXyT time n loops 13 61oka 3HadyeHnin actual. C nomoLybio
napameTpa buffers MoXxHoO nonyuntb 06bLEM BBOAa-BbIBOAA (M BPEMS,
noTpavyeHHOEe Ha ornepauuy BBoAa-BbIBOAA, EC/IM BK/IOYEH NapameTp

track _io_timing).

[MNaH BbINO/IHEHUSA COAEPXMUT TaKKe KpainHe BaxKHYt0 MHdopmaumio 06
OXMAAHUN ONTMMMU3aTopa OTHOCUTE/TIbHO KapAMHA/IbHOCTU KaX4oro wwara.
Kak npaBusio, ecsiv HeT cepbe3Hon OLMOKM B NPOrHO3e KapAnHaIbHOCTH,
TO M N1aH GyaeT NOCTPOEH afeKBaTHbI (eCNN HET, TO HAA0 MEHATb
rno6asibHble HacTpoiikun). MoaToMy CTOUT obpallarb BHUMAHUE He TOMbKO
Ha Hanbonee pecypcoemMkue y3/ibl, HO 1 Ha y3/bl C 60/1bLWNM (Ha MOPAL0K
NN BbILLE) pacxoxaeHnem mexay rows u actual rows. CMoTpeTb HaZ0
Ha Hanbonee BNOXeHHbI NPo6/1eMHbIN y3en, NOCKO/bKY olnbka byaet
pacnpoCcTpaHATLCA OT HEro Bblllie Mo AepeBY.

BbiBaloT cuTyauunun, Korga 3anpoc BbINOSHAETCA Tak A0Jr0, YTO BbINO/THUTL
EXPLAIN ANALYZE He npenctaBnsgeTca BO3MOXHbIM. B TakoM cnyyae
npuaeTca gososbcTBoBaTbes NpocTbiM EXPLAIN 1 nbiTatbca pasobparbes
B Npu4YMHe HeahheKTUBHOCTM 63 NOAHON MHGOpMaL K.

PaboTaTb ¢ 60/1bLUMMK M/1aHAMW B TEKCTOBOM BUAE He Bceraa yaooHo. Ans
Nydwein HarnsgHOCTM MOXHO M0/1b30BaTbCA CTOPOHHUMU MHCTPYMEHTaMu,
N3 KOTOPbIX OTMETUM https://explain.tensor.ru/about.




IIpoduns ogHOrO 3ampoca

ITonpo6yeM Teleph BEIBECTHU TOT K€ OTYET OOHUM 3allPOCOM U IIOCMOTPUM Ha ero BhIIonHeHue KoMaHmoi EXPLAIN c
napaMeTpaMu analyze u buffers, 4To6H B I1aHe 0To6pazxanoch KOMUYECTBO GaKTUYEeCKU MPOYUTAHHBIX ¥ 3allMCaHHBIX
cTpaHul (aiioB JaHHLIX ¥ BpeMeHHEIX (aiiioB:

=> EXPLAIN (analyze, buffers, costs off, timing off)
WITH t AS (
SELECT f.aircraft_code,
count(*) FILTER (WHERE s.fare_conditions 'Economy') economy,
count(*) FILTER (WHERE s.fare_conditions = 'Comfort') comfort,
count(*) FILTER (WHERE s.fare_conditions = 'Business') business
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id
JOIN seats s ON s.aircraft_code = f.aircraft_code AND s.seat_no = bp.seat_no
GROUP BY f.aircraft_code
)
SELECT a.model,
coalesce(t.economy,0) economy,
coalesce(t.comfort,0) comfort,
coalesce(t.business,0) business
FROM aircrafts a
LEFT JOIN t ON a.aircraft_code = t.aircraft_code
ORDER BY a.model;



QUERY PLAN

Sort (actual rows=9 loops=1)
Sort Key: ((ml.model ->> lang()))
Sort Method: quicksort Memory: 25kB
Buffers: shared hit=4073 read=56839, temp read=13666 written=13666
-> Hash Left Join (actual rows=9 loops=1)
Hash Cond: (ml.aircraft code = t.aircraft code)
Buffers: shared hit=4073 read=56839, temp read=13666 written=13666
-> Seq Scan on aircrafts data ml (actual rows=9 loops=1)
Buffers: shared hit=1
-> Hash (actual rows=8 loops=1)
Buckets: 1024 Batches: 1 Memory Usage: 9kB
Buffers: shared hit=4072 read=56839, temp read=13666 written=13666
-> Subquery Scan on t (actual rows=8 loops=1)
Buffers: shared hit=4072 read=56839, temp read=13666 written=13666
-> HashAggregate (actual rows=8 loops=1)
Group Key: f.aircraft code
Batches: 1 Memory Usage: 24kB
Buffers: shared hit=4072 read=56839, temp read=13666
written=13666
-> Hash Join (actual rows=7925812 loops=1)
Hash Cond: ((f.aircraft code = s.aircraft code) AND
((bp.seat no)::text = (s.seat no)::text))
Buffers: shared hit=4072 read=56839, temp read=13666
written=13666
-> Hash Join (actual rows=7925812 loops=1)
Hash Cond: (bp.flight id = f.flight id)
Buffers: shared hit=4064 read=56839, temp
read=13666 written=13666
-> Seq Scan on boarding passes bp (actual
rows=7925812 loops=1)
Buffers: shared hit=1440 read=56839
-> Hash (actual rows=214867 loops=1)
Buckets: 262144 Batches: 2 Memory Usage:
6256kB
Buffers: shared hit=2624, temp written=366
-> Seq Scan on flights f (actual
rows=214867 loops=1)
Buffers: shared hit=2624
-> Hash (actual rows=1339 loops=1)
Buckets: 2048 Batches: 1 Memory Usage: 79kB
Buffers: shared hit=8
-> Seq Scan on seats s (actual rows=1339 loops=1)
Buffers: shared hit=8
Planning:
Buffers: shared hit=29
Planning Time: 26.159 ms
Execution Time: 7527.452 ms
(40 rows)

O6paTuTe BHUMaHUe, KaK YMEHbBIINIIOCh BDEMSI BEIIIOJIHEHUS 3alIpoca ¥ HaCKOJIBKO MEHbIIIe CTPAHUIL IPUIIIOCh IPOYUTaTh
6aromaps yCcTpaHeHMIO U30BITOYHBIX YTEeHUH (BepXHsA cTpouka Buffers).

MOKHO ITOCYHUTATE 00Illee KOJIMYECTBO CTPAHMUI] BO BCeX 3aeiICTBOBAaHHHBIX TabIHUIlaX:

=> SELECT sum(relpages)
FROM pg_class
WHERE relname IN ('flights', 'boarding passes', 'aircrafts’','seats’');

ITO YKCIIO MOXKET CIIyKUTh IPy0OI OLIEHKOM CBEPXY AJIS 3arpoca, KOTOPoMy TpeGyIoTcst Bce CTPOKHU: o6paGoTKa
CYyILIeCTBEHHO GOJIBLIET0 YKCia CTPAHUL] MOXKET TOBOPUTH O TOM, YTO JaHHEIE TePeOUpPaloTCs 110 HECKOJIbKY pa3.

BupHO, 9YTO B JAHHOM CiIydae IUIaH 0JIM30K K ONTUMAIbHOMY. Ero TOXe MOKHO YJIy4YIIUTh, HO y2Ke He TaK PaguKaabHO
(oueBUOHBIM MOMEHT — HEOOCTATOK OMEPATUBHOMN MaMSITH AJIS XeIl-COeOUHEHUI).



o)) PROFESSIONAL

Toru Posigres

171 oMcKa 3a/jau, HY>KJAoIIUXCsl B ONTUMU3aL1Y,
WCII0JIb3yeTCsl MpoduIMpoBaHye

CpezncTBa MpoQUIMPOBAHUS 3aBUCST OT 3a/auu:

JKypHaJs cooblijeHni cepBepa 1 pg_stat_statements
EXPLAIN ANALYZE
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. BhinonHWTe NEPBYIO BEPCUIO OTYETa, NOKa3aHHOTO
B ZIeMOHCTPALMH, BK/IFOUMB BbIBOJ, TEKCTa U BpeMeH!
BBITIO/THEHUSI 3alPOCOB B JKyPHaJ/I COOOIIeHUA.

2. TlocmotpuTe, Kakast HH(OpMaI[Hs Toraia B )KypHasl COObIeHuUH.

3. [IloBropure npeabIAylyie MyHKTHI, BKIOYUB pacllIMpeHue
auto_explain ¢ BbIBOZOM B/IO’KEHHBIX 3alIPOCOB.
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1. OTuer

=> CREATE FUNCTION qty(aircraft_code char, fare_conditions varchar)
RETURNS bigint AS $$
SELECT count(*)
FROM flights f
JOIN boarding_passes bp ON bp.flight_id = f.flight_id
JOIN seats s ON s.aircraft_code = f.aircraft_code AND s.seat_no = bp.seat_no
WHERE f.aircraft_code = qty.aircraft_code AND s.fare_conditions = qty.fare_conditions;
$$ STABLE LANGUAGE sql;

CREATE FUNCTION

=> CREATE FUNCTION report()
RETURNS TABLE (model text, economy bigint, comfort bigint, business bigint)

AS $$
DECLARE
r record;
BEGIN
FOR r IN SELECT a.aircraft_code, a.model FROM aircrafts a ORDER BY a.model LOOP
report.model := r.model;
report.economy := qty(r.aircraft_code, 'Economy');
report.comfort := qty(r.aircraft_code, 'Comfort');
report.business := qty(r.aircraft_code, 'Business');
RETURN NEXT;
END LOOP;
END;

$$ STABLE LANGUAGE plpgsql;

CREATE FUNCTION

BxJ04aeM BHIBOZ, OIIEPATOPOB U BPEMEHH HX BBIIIOJIHEHUS B KypPHAI:
=> SET log_min_duration_statement = 0;

SET

=> SELECT * FROM report();

model | economy | comfort | business
--------------------- L e e
Aspobyc A319-100 | 337129 | 0 | 70232
Aspobyc A320-200 | 0 | 0 | 0
Aspobyc A321-200 | 649388 | 0 | 127982
BouHr 737-300 | 589901 | 0 | 59829
BouHr 767-300 | 817621 | 0 | 127947
BouHr 777-300 | 895896 | 132571 | 83080
Bombappbe CRJ-200 | 1155683 | 0 | 0
CeccHa 208 KapaBaH | 111096 | 0 | 0
Cyxon CynepoxeTt-100 | 2425034 | 0 | 342423

(9 rows)

2. CooO11eHus1 B 2XKypHajie

student$ tail -n 1 /var/log/postgresql/postgresql-16-main.log

2025-02-05 11:39:08.293 MSK [85355] postgres@demo LOG: duration: 15906.020 ms
statement: SELECT * FROM report();

Bnoxennrsie SQL-onepaToOphl HEe BEIBOOASTCS.
3. Paciiupenue auto_explain

=> LOAD 'auto_explain';

LOAD

=> RESET log_min_duration_statement;

RESET

=> SET compute_query_id = on; -- pns BhiBoga UAEHTUOMKATOPOB 3anpocos
SET

=> SET auto_explain.log_min_duration = 0;



SET

=> SET auto_explain.log_nested_statements = on;
SET

=> SET auto_explain.log_verbose = on;

SET

=> SELECT * FROM report();

model | economy | comfort | business
--------------------- B s S
Aspobyc A319-100 | 337129 | 0 | 70232
Aspobyc A320-200 | 0 | 0 | 0
Aspobyc A321-200 | 649388 | 0 | 127982
Bounr 737-300 | 589901 | 0 | 59829
BouHr 767-300 | 817621 | 0 | 127947
BouHr 777-300 | 895896 | 132571 | 83080
Bombappbe CRJ-200 | 1155683 | 0 | 0
CeccHa 208 KapaBaH | 111096 | 0 | 0
Cyxoi CynepoxeTt-100 | 2425034 | 0 | 342423

(9 rows)

BriBezieM HECKOJIBKO ITOCTIEOHUX CTPOK KyPHAsIa COOOIIEeHHUH:
student$ tail -n 50 /var/log/postgresql/postgresql-16-main.log

JOIN seats s ON s.aircraft code = f.aircraft code AND s.seat no = bp.seat no
WHERE f.aircraft_code = qty.aircraft_code AND s.fare_ conditions =
qty.fare conditions;

Query Parameters: $1 = 'SU9', $2 = 'Business'
Finalize Aggregate (cost=106685.47..106685.48 rows=1 width=8)
Output: count(*)
-> Gather (cost=106685.25..106685.46 rows=2 width=8)
Output: (PARTIAL count(*))
Workers Planned: 2
-> Partial Aggregate (cost=105685.25..105685.26 rows=1 width=8)
Output: PARTIAL count(*)
-> Hash Join (cost=4417.66..105491.45 rows=77522 width=0)
Inner Unique: true
Hash Cond: ((bp.seat no)::text = (s.seat no)::text)
-> Parallel Hash Join (cost=4401.39..104374.33 rows=412804
width=7)
Output: f.aircraft_code, bp.seat no
Inner Unique: true
Hash Cond: (bp.flight id = f.flight id)
-> Parallel Seq Scan on bookings.boarding passes bp
(cost=0.00..91303.77 rows=3302477 width=7)
Output: bp.ticket no, bp.flight id,
bp.boarding no, bp.seat no
-> Parallel Hash (cost=4203.90..4203.90 rows=15799
width=8)
Output: f.flight id, f.aircraft_code
-> Parallel Seq Scan on bookings.flights f
(cost=0.00..4203.90 rows=15799 width=8)
Output: f.flight id, f.aircraft code
Filter: (f.aircraft code = $1)
-> Hash (cost=15.64..15.64 rows=50 width=7)
Output: s.aircraft code, s.seat no
-> Bitmap Heap Scan on bookings.seats s
(cost=5.41..15.64 rows=50 width=7)
Output: s.aircraft code, s.seat no
Recheck Cond: (s.aircraft code = $1)
Filter: ((s.fare conditions)::text = ($2)::text)
-> Bitmap Index Scan on seats pkey
(cost=0.00..5.39 rows=149 width=0)
Index Cond: (s.aircraft code = $1)
Query Identifier: -6704952473219487249
2025-02-05 11:39:22.796 MSK [85355] postgres@demo CONTEXT: SQL function "qty" statement 1
PL/pgSQL function report() line 9 at assignment
2025-02-05 11:39:22.797 MSK [85355] postgres@demo LOG: duration: 4.163 ms plan:
Query Text: SELECT a.aircraft code, a.model FROM aircrafts a ORDER BY a.model
Sort (cost=3.51..3.53 rows=9 width=36)
Output: ml.aircraft code, ((ml.model ->> lang()))
Sort Key: ((ml.model ->> lang()))
-> Seq Scan on bookings.aircrafts data ml (cost=0.00..3.36 rows=9 width=36)
Output: ml.aircraft code, (ml.model ->> lang())
2025-02-05 11:39:22.797 MSK [85355] postgres@demo CONTEXT: PL/pgSQL function report()



line 5 at FOR over SELECT rows
2025-02-05 11:39:22.797 MSK [85355] postgres@demo LOG: duration: 14183.154 ms plan:
Query Text: SELECT * FROM report();
Function Scan on bookings.report (cost=0.25..10.25 rows=1000 width=56)
Output: model, economy, comfort, business
Function Call: report()
Query Identifier: 5264940823427202119

B XKypHaJI ToNafaioT BIOKEHHEIE 3alIPOCHL U IIJIaHEI BHIIOJIHEHUSI — COOCTBEHHO, 9TO ¥ €CTh OCHOBHAsI QYHKINS
pacIIupeHusi.

TToMKUMO 3TOT0, C yKa3aHHLIMU HaCTPOMKAMH B XKyPHAJI MOMafaloT mapaMeTps! 3anpoca (cTtpoka Query Parameters) u
uaeHTUGUKATOP 3ampoca (cTpoka Query Identifier).



