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Wcnonb3oBaHne matepuanoB Kypca

HekomMmepueckoe 1cnosib3oBaHne maTepunanios Kypca (npeseHTaLmu,
AeMOHCTpaummn) paspeluaetcs 6e3 orpaHuyeHunii. Kommepueckoe
MCNOJIb30BaHNe BO3MOXHO TO/IbKO C MMCbMEHHOIO paspeLLeHns KoMmnaHum
Postgres Professional. 3anpeuwjaeTcsi BHeCEHME U3MEHEHUI B MaTepuasibl
Kypca.

OGpaTtHas cBA3b
OT3bIBbl, 3aMeYaHnst 1 NPeASIOKEHNA HanpaBNANTe No aapecy:
edu@postgrespro.ru

OTKa3 OT OTBETCTBEHHOCTU

KomnaHus Postgres Professional He HeceT HMKako OTBETCTBEHHOCTM 3a
N06bIE NOBPexXAeHUA 1 YObITKKX, BK/IOYas NoTepto A40X04a, HAHECEHHbIe
NPSAMbIM UN HENPAMBIM, CleunasibHbIM UK CyYaiHbIM UCMO/Ib30BaHMEM
MaTtepuasnioB kypca. KomnaHus Postgres Professional He npegocTtasnser
Kakux-1mbo rapaHTuii Ha matepuasibl Kypca. MaTtepuasnbl Kypca
NPeaocTaB/STCA HA OCHOBE MPUHLUMNA «KakK eCTb» 1 KoMnaHua Postgres
Professional He 06s3aHa nNpeAoCcTaBNATb COMPOBOXAEHME, NMOALEPXKKY,
06GHOB/IEHNSA, pacLUMPEHNA N U3MEHEHNS.
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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 npegpiaywnx tTemax Mbl pazodpasincb ¢ TeM, Kak paboTaroT 3anpocskl, u3
KaKuX «KUPMMYNKOB» CTPOUTCA MNJ1aH BbINO/IHEHUS U YTO B/IUSIET HA BbIGOP
TOro WM NHOTO NlaHa. ITO caMOe C/I0XHOE N BaXkKHOoE. NoHSB MexaHU3Mbl,
C NMOMOLLIbIO /TOTVIKM 1 34paBOro CMbIC/1a MOXHO pa3obpatbCs B 11060
BO3HUMKLLEN CUTYaLUN M MOHATL, 3IJIEKTUBHO /11 BbIMOJTHAETCSA 3anpoc

N YTO MOXHO cAenarb, YTOObI YNy4LINTb 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
nog3anaud.

Uem 60nblUe 0018 noA3agayqn B 06LeM BpeMeHU, TeM 60/IbLUEe BbIUTPbILL
OT oNTUMM3auUM UMEHHO 3TOW Nnoa3agayn. Ha npaktvke npuxoguTca
YyUYuUTbIBaTb N OXMgaeMble 3aTpaTtbl Ha ONTUMM3aLNIO: NOYUYUTb
MOTEHUMa/TbHbIN BbIMIPbIL MOXET OKa3aTbCsl Heserko.

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

Mpodonab 06LWEN aKTUBHOCTU MOXET MHOrOe cKasaTb agMUHUCTPaTopYy,
KOTOPbI 3aHAT HE peLleHneM KOHKPETHOW Npo6eMsl,

a nouckom Hamborsee pecypcoemMKkux 3agad, onTumMm3aLmsi KoTopbix,
BEPOSATHO, 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).

[Ns peleHns KOHKPETHOW NpPo6/1eMbl HEOOXOAMMO CTPOUTL NPOGIUIL Tak,
YTOObI N3MEPEHUS 3aTparMBasiv TONbKO AelCTBUSA, HeobxoauMble ANs
BOCMNPOM3BeAeHNs UMEHHO 3TOW NpobnemMsbl. Ecnin, Hanpumep,
NONb30BaTE/b XXa/TYeTCS Ha TO, UTO «OKHO OTKPbIBAETCS LIENYI0 MUHYTY»,
6eCcCMbIC/IEHHO CMOTPETbL Ha BCIO aKTUBHOCTb B 6a3€e AaHHbIX 3a 3Ty
MUHYTY: B 3TW UMPbI NonaayT AeicTBus, He NMELoLLIMEe 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
Harpy3ku, TO eCTb OyAeT coBnagaTb Ha pasHbIX cepBepax npu ycrioBum
OOWHAKOBbIX AaHHbIX.

[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

[pwn BbINO/THEHMW NOMbL30BATENEM [AENCTBUS, BbINO/HSAETCS 06bIYHO He
O/IMH, & HECKO/bKO 3anpocoB. Kak onpeaenuTb TOT 3anpoc, KOTOpbIi MMeeT
CMbIC/T ONTUMU3NPOBATL? [151 3TOTO HYXeH Npodunsib, AeTaNIN3NPOBAHHbII
[10 3aMnpocoB.

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/bigsal/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).

MocKoMbKY KypC MOCBSAWEH onTuMmnsaumm 3anpocoB SQL, Mbl He Byaem
paccmaTtpuBaTh 3TO paclUMpeHne, HO YNOMUHAEM ero A1s NoHOTbI
KapTWHbI.
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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 XypHasie Te 3anpochl, KOTOPble OTHOCATCS K
[EeNCTBMAM nonb3oBaTensn? MiMeno 6bl CMbIC/ BKKOYATb U BbIK/KOYATb
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/postgrespro/13/auto-explain).

Cnepytouwian npobsema — aHaIn3 XXypHasia. 970 OCYLLEeCTB/ISETCS
BHELLHMMW CpeAcTBaMu, U3 KOTOPbIX CTaHAAPTOM Ae-(akTo SBNseTcs
pacwupeHue 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

BTopoi cnocob — ctatncTuka, a UMeHHO paclumpeHne pg_stat statements
(https://postgrespro.ru/docs/postgresql/13/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.



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 13 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 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 OIS IIPOCTOTEHI IIOKA3bIBa€M TOJIBKO YacCThb ToJe# U BEIBOOUM TOJIBKO 00II[ee YUCIIO CTPaHHUII Kellla.

IIpoduns BLINOJTHEHUSA

PaccmotpuMm 3apmauy. TpebyeTcsl HIOCTPOUTE OTUET, BEIBOASIINY CBOOHYIO TaOIUITy KOJINYEeCTBa IlepeBe3eHHEBIX I1acCakKUPOB:
CTPOKaMu OTYeTa JOJIKHEI ORITh MOLENIM CaMOJIETOB, @ CTONIOI[AaMH — KaTETOPUU 00CIIyKUBaHUS.

CHayvasna co3gaauM (HYHKIHIO, BO3BPAIIAOLIYI0 YHCIIO TacCa’kKUPOB [IJIs 3afaHHONM MOIENIM M KaTeropuu 06CITyKUBAHUS:

=> 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
[ns oTueTa co3pmanuM (PyHKITHIO, BO3BpALIAIONIyI0 HAG0p 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 uccnenyeM paboTy IpeaokKeHHON peanu3anuu. COPOCUM CTaTUCTHKY:

=> SELECT pg_stat_statements_reset();



pg stat statements reset

model | economy | comfort | business

--------------------- L L T TIEEEPE RSP

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

Cyxon CynepoxeTt-100 | 2425034 | 0 | 342423

(9 rows)
HOCMOTpI/IM, KaKyI0 CTaTUCTHUKY MBI ITOJIY4YHUJIN:
=> SELECT * FROM statements_v \gx

S RECORD 1 J---mmmmmmmmm e o e e e e e e
query | SELECT * FROM report()

calls | 1
time sec | 14.37

shared_blks | 922122

= RECORD 2 J---mmmmmmmmmm o e e e e e e
query | SELECT count(*) +

| FROM flights f +
| JOIN boarding passes

calls | 27
time_sec | 14.359

shared_blks | 921621

<[ RECORD 3 J---mmmmmmmmm oo oo m e
query | SELECT a.aircraft code, a.model FROM aircrafts a ORDER
calls | 1
time_sec | 0.001

shared blks | 23

<[ RECORD 4 J----mmmmmm oo oo e o
query | SELECT pg stat statements reset()
calls | 1
time_sec | 0

shared blks | 0

e [lepBEIM UIET OCHOBHOM 3alIpPOC, KOTOPHIY JeTalu3upyeTcs HuxKe. K coxaneHuio, HeT IPU3HaKa, BJIOKEHHBIH 5TO
3anpocC WU BHEITHUN.

e BTOpeIM HAeT 3anpoc u3 GyHKIUU qty — OH BEI3BIBasICS 27 pas.

e TpeTuii — 3ampoc, o KOTOpoMy paboTaeT IUKII.



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.

Moa3agadamu Takoro Npodonia ABMAAKTCA Y3/bl NaHa (M1aH — He NMI0CKNI
CNUCOK, a aepeBo). MNMpoao/MKNTETbHOCTL BbIMO/THEHUA y3/1a 1 YUC/I0 ero
NMOBTOPEHUI NOKaxKeT time n loops 13 6/1oka 3HadyeHnin actual. C nomoLybio
napameTtpa buffers MoXHo nonyuntb 06bEM BBOAA-BbIBOAA.

Kpome nepeuncneHHoro, naaH BbINO/IHEHUS COAEPXUT AONOSTHUTESTbHYI0 —
N KpailHe BaXKHYH0 — MHGopMauunio 06 oXxnaaHum ontumMmsaropa
OTHOCUTE/NbHO KapAnHa/IbHOCTU Kaxaoro wara. Kak npaBunio, ecnm HeT
Cepbe3HOoM OWNBKN B MPOrHo3e KapAvHasibHOCTH, TO 1 niaH byaet
NOCTPOEH afeKBaTHbIN (€C/in HET, TO HaA0 MEHSATb 1100a/1bHblE HACTPOWKN).
MosTomy cTouT obpallarb BHUMaHWe He TO/IbKO Ha Hanbornee
pecypcoemMkmne y3nbl, HO U Ha y3/1bl C 60/1bLION (Ha NOPSAOK UK BbILLIE)
ownoékor. CMoTpeTb HaA0 Ha Hanbonee BIOXKEHHbIN NPOGIEMHBbIIA y3er,
MOCKO/IbKY OLwmnbKa 6yaeT pacnpoCTpaHATLCA OT HEro Bbllle No AepeBsy.

BbiBaloT cutyauum, Koraga 3anpoc BbINO/THAETCA Tak 4010, YTO BbINO/IHUTL
EXPLAIN ANALYZE He npencTtaBnsgeTca BO3MOXHbIM. B TakoM cnyyae
npuaeTca AoBosibcTBoBaTbCsA NpocTbiM EXPLAIN 1 nbiTatbca pa3obparbes
B NpUYnHe Headd(PeKTUBHOCTN 6e3 NOIHOW NHpopmau K.

PaboTaTb ¢ 60/1bLUIMMK M1aHAMW B TEKCTOBOM BUAE He Bcerga yaooHo. [Ans
NydLen HarnsAHOCTM MOXHO M0/1b30BaTbCA CTOPOHHUMU MHCTPYMEHTaMN,
N3 KOTOpPbIX OTMeTUM https://explain.tensor.ru/about.




IIpoduns ogHOrO 3ampoca

ITonpoGyeM Temephb BEIBECTH TOT K€ OTYET OOHUM 3alIPOCOM, U IOCMOTPUM Ha ero BrionHeHune koMmaunoit EXPLAIN c nmapamerpamu analyze
u buffers:

=> 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=20572 written=20572
-> Hash Left Join (actual rows=9 loops=1)
Hash Cond: (ml.aircraft code = t.aircraft code)
Buffers: shared hit=4073 read=56839, temp read=20572 written=20572
-> 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=20572 written=20572
-> Subquery Scan on t (actual rows=8 loops=1)
Buffers: shared hit=4072 read=56839, temp read=20572 written=20572
-> HashAggregate (actual rows=8 loops=1)
Group Key: f.aircraft code
Batches: 1 Memory Usage: 24kB
Buffers: shared hit=4072 read=56839, temp read=20572 written=20572
-> 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=20572 written=20572
-> Hash Join (actual rows=7925812 loops=1)
Hash Cond: (bp.flight id = f.flight_id)
Buffers: shared hit=4064 read=56839, temp read=20572 written=20572
-> Seq Scan on boarding passes bp (actual rows=7925812 loops=1)
Buffers: shared hit=1440 read=56839
-> Hash (actual rows=214867 loops=1)
Buckets: 131072 Batches: 4 Memory Usage: 3127kB
Buffers: shared hit=2624, temp written=549
-> 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=45
Planning Time: 0.657 ms
Execution Time: 5130.938 ms
(40 rows)

OGpaTuTe BHUMaHNe, KaK YMEHBIIUIOCh BPEMSsI BHIIIOJIHEHHUS 3aIIpOca U HACKOJIbKO MEHbIIIe CTPAHUII IPUIIIOCH IPOYKUTATh GIarofgaps
yCTpaHeHUIO U30BITOUYHBIX YTeHU (BepxHss cTpodyka Buffers).

MO3KHO IOCYUTATH 00Ilee KOJIMYECTBO CTPAHUI] BO BCEX 3aleICTBOBAaHHEIX TabIUIIax:

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

OTO YUCIJIO MOXKET CIIy2KUTH pr6017I OLIEHKOM CBepXy OJis 3aIllpoca, KOTOpoMy Tpe6yIOTC$I BCe CTPOKH: 06pa60TKa CyLIEeCTBEHHO 6oJbIIETO
YHCJla CTPAQHHUI] MOXKET I'OBOPUTH O TOM, YTO JaHHLIE nepeﬁnpa}oTc;{ II0 HECKOJIbKY pas3.



BupHO, 4TO B JAaHHOM CJIy4ae IIIaH GJIM30K K ONTHMaIbHOMY. ET0 TOKe MOKHO yJIy4INUTh, HO Y2Ke He TaK PafuKaabHO (0YEeBUOHEIA MOMEHT
— HEJOCTATOK ONEPATUBHOM IaMSTH [JIs Xell-COeNUHEeHUI).



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. OTueT

=> 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

BxIIi09aeM BBIBOJ] OIIEPATOPOB U BPEMEHH HX BEIIIOTHEHHUS B KypHaIL:
=> SET log_min_duration_statement = 0;

SET

=> SELECT * FROM report();

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

(9 rows)

2. CooOuIeHus1 B KypHaje

postgres$ tail -n 1 /var/log/postgresql/postgresql-13-main.log

2023-06-28 20:13:52.793 MSK [28478] postgres@demo LOG: duration: 13907.165 ms statement:

Bnoxenusie SQL-ommepaTopsl He BEIBOOSTCS.
3. Paciiupenue auto_explain

=> LOAD 'auto_explain';

LOAD

=> RESET log_min_duration_statement;

RESET

=> SET auto_explain.log_min_duration = 0;

SET

=> SET auto_explain.log_nested_statements = on;
SET

=> SELECT * FROM report();

SELECT * FROM report();



model | economy | comfort | business
--------------------- B e e
Aspobyc A319-100 | 337129 | 0 | 70232
Aspobyc A320-200 | 0 | 0 | 0
Aspobyc A321-200 | 649388 | 0 | 127982
Bounr 737-300 | 589901 | 0 | 59829
Bounr 767-300 | 817621 | 0 | 127947
Bounr 777-300 | 895896 | 132571 | 83080
BoMbapabe CRJ-200 | 1155683 | 0 | 0
CeccHa 208 KapasaH | 111096 | 0 | 0
Cyxon CynepoxeT-100 | 2425034 | 0 | 342423

(9 rows)

BrIBeZIeM HECKOJIBKO MTOCJIEHUX CTPOK KypPHasia COOOLIeHUH:

postgres$ tail -n 30 /var/log/postgresql/postgresql-13-main.log

Finalize Aggregate (cost=106685.35..106685.36 rows=1 width=8)
-> Gather (cost=106685.13..106685.34 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=105685.13..105685.14 rows=1 width=8)
-> Hash Join (cost=4417.66..105490.79 rows=77738 width=0)
Hash Cond: ((bp.seat no)::text = (s.seat no)::text)
-> Parallel Hash Join (cost=4401.39..104373.63 rows=412797 width=7)
Hash Cond: (bp.flight id = f.flight id)
-> Parallel Seq Scan on boarding passes bp (cost=0.00..91303.21 rows=3302421 width=7)
-> Parallel Hash (cost=4203.90..4203.90 rows=15799 width=8)
-> Parallel Seq Scan on flights f (cost=0.00..4203.90 rows=15799 width=8)
Filter: (aircraft_code = $1)
-> Hash (cost=15.64..15.64 rows=50 width=7)
-> Bitmap Heap Scan on seats s (cost=5.41..15.64 rows=50 width=7)
Recheck Cond: (aircraft code = $1)
Filter: ((fare conditions)::text = ($2)::text)
-> Bitmap Index Scan on seats pkey (cost=0.00..5.39 rows=149 width=0)
Index Cond: (aircraft code = $1)
2023-06-28 20:14:06.612 MSK [28478] postgres@demo CONTEXT: SQL function "qty" statement 1
PL/pgSQL function report() line 9 at assignment
2023-06-28 20:14:06.612 MSK [28478] postgres@demo LOG: duration: 0.096 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)
Sort Key: ((ml.model ->> lang()))
-> Seq Scan on aircrafts data ml (cost=0.00..3.36 rows=9 width=36)
2023-06-28 20:14:06.612 MSK [28478] postgres@demo CONTEXT: PL/pgSQL function report() line 5 at FOR over SELECT rows
2023-06-28 20:14:06.612 MSK [28478] postgres@demo LOG: duration: 13605.999 ms plan:
Query Text: SELECT * FROM report();
Function Scan on report (cost=0.25..10.25 rows=1000 width=56)

B XypHaJs nomnafaloT BJIOKEHHEBIE 3aIIPOCH U IIJIaHEL BHIIIOJIHEHHUS — COOCTBEHHO, 3TO ¥ €CTh OCHOBHAsI QYHKIIUS PaCLUIMPEHUS.



