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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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Seq Scan Pos{gres

[TocnenoBare/ibHOe UTeHHE BCEX CTPaHUI]

CTpPaHULIbI YUTAIOTCA B Kelll (MCTosb3yeTcst OydepHoe KOJbLIo)
TIPOBEPSIeTCS BUAUMOCTD BEPCHI CTPOK

JlAaHHBIe BO3BPAILlAIOTCsl B TIPOM3BOJIHOM TOPsiKe

BpeMsi CKAHUPOBaHMSI 3aBUCHUT OT (hr3ruecKoro pamepa (aiina

B pacnopshkeHun ontuMmmnsaTopa UMeeTcs HECKO/IbKO CNOcob0B AocTyna
K AaHHbIM. Camblil NPOCTON U3 HUX — NocsiefoBaTe/lbHOe CKaHUpoBaHue
Tabnuubl. ®aiin (Mnun daiinbl) Tabnvubl YATAETCHA NOCTPAHUYHO OT Havana
[0 KOoHua. NMpn 3aTOM paccmMaTpurBaloTCH BCe BEPCUM CTPOK Ha KaxXkaoM
CTpaHuue: yaoBNETBOPSIOT /I OHU YC/I0BUAM 3anpoca U Cob/o4eHbl v
npaswuia BUANMOCTM.

HanomMHMM, UTO YTEHME NPOUCXOAUT Yepes3 BydpepHblii Kelll. UTo6bI
60nbLIas Tabnuua He BbITECHW/IA BCE NOMe3Hble AaHHble, A/1s
nocfeoBaTe/lbHOr0 CKaHMPOBAHMSA CO3aEeTCs «KO/bLIO GychepoB»
He6o/bLIOro pasmepa. Mpu 3ToM Apyrne NpPoLecchl, 0AHOBPEMEHHO
BbINO/IHSAOLME NOCNef0BaTeIbHOE CKaHNpPOBaHMe Tol Xe TabnunLpbl,
«MPUCOEANHSIIOTCS» K TOMY XKE KOJIbLly U TEM CaMbIM 3KOHOMST ANCKOBbIE
yTeHus (ecny npouecc NPUcoeanHUACS He cpasy, OH 3aTeM OTAE/bHO
[I04NTbIBAET HAaUYa/IbHblE CTPaHULbI TAGNLbI).

MNocnepoBarenbHOe YTeHUe paina No3BOJISET UCNONb30BaTh TOT PakT, UYTo
onepauuoHHasa cucteMa 06bIYHO YNTAET AaHHble NopuMsaMn 6o/bLle, YeM
pasmep CTpaHuLbl: C 60/1bLLOI BEPOATHOCTLIO HECKOBKO CIeAYHLLINX
CTpaHuL, yXXe okaxyTtcs B Kewle OC.

MNocnenoBaTenbHOE CKaHMpoBaHMe 3PPeKTMBHO paboTaeT, Koraa Haio
NPOYNTATb BCHO TAG/MLY WU 3HAUUTENbHYIO ee YacTb (EC/IN CENEKTUBHOCTD
YC/I0BUSI H3KA). ECNn e 13 Bcei TabnmLbl HyXXHa To/IbKO HebonbLias
yacTb 3anuceil, 6onee NpeanoYTUTENIbHBLIMU ABMSIOTCS METO/bI A0CTYNA,
MCNO/b3YIOLLINE NHAEKC.



ITocniegoBarTenbHOE CKaHHpPpOBaHHe

B nnaHe BHITONIHEHUS 3allpoca MI0CJieoBaTeIbHOe CKaHUPOBaHUE IIPEACTaBIEHO y37IoM Seq Scan:
=> EXPLAIN SELECT * FROM flights;

QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(1 row)

B ckobkax IIPUBENEHBl BaXKHbI€ 3HAYEHU:

e COSt — oOlleHKa CTOMMOCTY;
e rOwS — OLIeHKa YHCJIa CTPOK, BO3BPAIllaeMEIX Ollepalue;
e width — oreHka pa3Mepa ogHOU 3anucu B GaiTax.

CTOoUMOCTh YKa3bIBa€TCA B HEKOTOPHIX YCJIOBHBIX €JUHHUIIaX U COCTOUT U3 OBYX KOMIIOHEHT.

ITepBoe 4MCIIO TOKA3EBAET HAYAJIFHYIO CTOMMOCTD BEIYUCIIEHUS y3/1a. 11 TOCIeqoBaTeIbHOTO CKAHUPOBAHUS 3TO HOJIb —
4TOOBl HAYaTh BO3BpalllaTh JaHHEIEe, HUKAKOU IIOATOTOBKY He TPebyeTcs.

BTOpoe YHCJIO ITIOKa3bIBAET IIOJIHYI0 CTOMUMOCTD [JId IIOJIYy4YE€HHUS BCEX NaHHBIX. Kak oo HOJ'Iy‘-IaETCﬂ?

Onrtumusatop PostgreSQL yuuTeBaeT OUCKOBBIM BBOI-BEIBO M PECYPCHL Ipouieccopa. CocTaBnsgomias BBOOa-BBOOA
paccuYuTHIBaeTCs KaK IPOU3BeNeHNe YNciia CTPaHuIl B TabIuIle Ha YCIOBHYIO CTOMMOCTD YTEHUSI OIHOM CTPAHUIIB:

=> SELECT relpages, current_setting('seq_page_cost'),
relpages * current_setting('seq_page_cost')::real AS total
FROM pg_class WHERE relname='flights';

relpages | current setting | total

CocrasJsioiias PeCcypcCoB IIpoieccopa CKiaablBaeTCsa U3 CTOUMOCTH 06p360TKI/I KaxXmon CTPOKH:

=> SELECT reltuples, current_setting('cpu_tuple_cost'),
reltuples * current_setting('cpu_tuple_cost')::real AS total
FROM pg_class WHERE relname='flights';

reltuples | current setting | total

___________ P M
214867 | 0.01 | 2148.67

(1 row)

Arperanmus

PaccmoTtpuM 6oJiee CIIOKHEBIHA 3allpOC C arperaTHoi GyHKIMel (Ha He6obIol Tabnune):
=> 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)

[IaH COCTOUT U3 OBYX y3710B. Bepxuuit — Aggregate, B KOTOpOM IPOUCXOOUT BRIUHUCIIEHUE count, — MOJTy4aeT JaHHHEIE OT
HUXKHEro — Seq Scan.

O6paTuTe BHUMaHKUe Ha CTOMMOCTD y37la Aggregate: HadyanbHasi CTOMMOCTD ITPAKTUYECKH paBHA MOJTHON. DTO 03HAYaeT,
YTO y3eJl He MOXKEeT BEIAATh Pe3y/IbTaT, II0Ka He oOpaboTaeT Bce JaHHbIe (YTO BIIOJIHE JIOTUYHO).

PasHula MexX[y OLEHKOH Ot Aggregate u BepxHell OLleHKOMH Ayst Seq Scan — CTOMMOCTE paGoThl COGCTBEHHO y37Ia
Aggregate. OHa BEIYUCIISIETCSI UCXOMS U3 OLIEHKU PECYPCOB Ha BHIIOJIHEHHE 3JIEMEHTAPHOM Ollepallnuiu:

=> SELECT reltuples, current_setting('cpu_operator_cost'),
reltuples * current_setting('cpu_operator_cost')::real AS total
FROM pg_class WHERE relname='seats';



reltuples | current setting | total
___________ e o T T J ey

1339 | 0.0025 | 3.3474998
(1 row)



o)) PROFESSIONAL

[lapannenbHbie nsaHbl Posigres

Bepayiuumu riporjecc
BBITIOJIHAET MOC/ie1oBaTe/IbHYIO UdCThb I1/IdHA
3amycKaeT pabouue MpoIecChl U Mo/IyyaeT OT HUX JAHHbIe

Paboumne mpo1jeccel

OJHOBPEMEHHO pa60Ta10T Haf HapaHHEHbHOﬁ YACThIO I1J/IaHA

nocnegfoBate/ibHbIi
nnaH
7y
> Gather
napannenbHbli
nna

pabounii npouecc BeAyLni npouecc pabounii npoyecc

noaknwyaetca,

€C/in HeT
v

pyroi pabotbl

napasnnenbHbli
nnaH

napannenbHbli
nnax

PostgreSQL nogaepxusaeT napassiesibHoe BbIiNo/IHEHNE 3anpocoB. aes
COCTOUT B TOM, YTO BeAyLy1ii Npouecc, BbIMOTHAKOLWMWIA 3anpoc, NopoxaaeT
(c nomouwbio postmaster, KOHEYHO) HECKO/IbKO pabo4ymx npoueccos,
KOTOpble OAHOBPEMEHHO BbIMOJTHAKT OAHY U Ty Xe «napasinefibHy» 4acTb
nnaHa. Pe3ynbTaTbl 3TOro BbINO/IHEHWS NEepefatoTca BeayLemy npoueccy,
KOTOpbIn cobupaeT ux B y3ne Gather.

Ecnu paboune npouecchl He ycnesatoT 3arpy3nTb BeAyLIEro aHHbIMu,
BeYLLMIA NPOLIECC TOXE NOAKNIUAETCS K BbINOTHEHUIO TOTO XXE CaMoro
napannesbHOro njaaHa.

Pa3ymeeTcs, 3amnyck NpoLIeccoB 1 Nepechlsika AaHHbIX TpebytoT
onpeaeneHHbIX PecypcoB, NO3TOMY Aa/IEKO He KaXpblii 3anpoc
BbIMNOJIHAETCA Napasi/ieNbHo.

Kpome Toro, gaxke npv napannesibHOM BbINO/IHEHUW He BCe Lwary nnaHa
3anpoca MoryT 6bITb pacnapanneneHsl. YacTb onepauuii MoXeT
BbINO/IHATLCS BEAYLLUM NPOLLECCOM B OZIMHOUKY, NOCNEeA0BaTENbHO.

https://postgrespro.ru/docs/postaresqgl/13/parallel-query

3ameTum, 4yto B PostgreSQL HeT apyroro TeopeTuyeckn BO3MOXHOIo
pexvma pacnapasinennBaHus, Npu KOTOPOM HECKOJILKO MPOLLECCOB
COCTaB/IAKOT KOHBeWep 419 06paboTkn faHHbIX (rpy60 roBops, OTAeNbHbIe
y3/bl N1aHa BbINOMHAKTCA OTAE/bHBbIMU npoueccamu). Paspabotunku
PostgreSQL counu Takoin pexxum Hea(ppeKTUBHbIM.
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Parallel Seq Scan Pos{gres

o
] |
Parallel Seq Scan Parallel Seq scan Parallel Seq Scan

CTPAaHHULIbI YNTAKOTCA 110C/1e40BaTE€/1bHO, HO PAa3HBIMHU ITPpOLIeCCaMMH

MpryMepoM napannensHOro BbinonHeHus siensietcs Parallel Seq Scan —
«napannenbHoe nocsiegoBatesibHoe CKaHMpPOBaHME.

HasBaHue 3By4MT NPOTUBOPEUMBO, HO, TEM HE MEHEE, OTPAXAET CyTh
onepauuun. CTpaHuLbl TabnuLbl Yumarmcs rnoc/1e0o08ame/ibHO, B TOM Xe
camMoM nopsake, B KOTOPOM OHW YnuTaINCh Obl NPU 06bIYHOM
nocnenoBaTeslbHOM ckaHMpoBaHMU. OfHAKO 3anpochkl HA YTEHWE BblAatoTcs
HEeCKONbKUMW napasisie/ibHO paboTatowmmm npoueccamu. Mpoueccsl
CUHXPOHU3MPYHOTCA MEXy CO6O0iA, YTOObI MX 3anpochl LWV B NPaBUIbHOM
nopsifike.

[MpenmyLLLEeCTBO TaKoro CKaHNPOBaHUA NPOSBAAETCA B TOM, UYTO
napasinenbHble NPoLecchbl 0AHOBPEMEHHO 06pabaTbiBalOT CBOU CTPaHULbI.
UTo6bl 3chhekT onpaBaan AOMNO/HUTENbHbIE HaKMaHble pacxodbl Ha
nepecblfiKy AaHHbIX OT npoLecca K npoueccy, 0bpaboTtka Ao/mkHa 6bITb
[OCTaTO4YHO pecypcoemMKoi. XopoLwnm npuMmepom ABAseTCs arperauns
[aHHbIX, NMOCKO/MbKY A/1 Hee HeobxoAMMbl pecypchl npoLeccopa, a
nepecblnarb TpebyeTcs TOIbKO O4HO UTOrOBOE YMC/10. B Takom cnyyae
napasinieNibHoe BbINOJIHEHNE 3anpoca MOXET 3aHATb CyLEeCTBEHHO MeHbLLE
BpeMeHu, YeM nocriefoBartesibHoe.



Hapannenbﬂoe mmocjiegoBaTe/;ibHOe CKaHHPpOBaHHEe

PaccMmoTpuM npumep IjlaHa C IapajuleIbHEIM I10CIeI0BaTeIbHEIM CKaHUPOBaHUEM:
=> EXPLAIN SELECT count(*) FROM bookings;

QUERY PLAN

Finalize Aggregate (cost=25442.58..25442.59 rows=1 width=8)
-> Gather (cost=25442.36..25442.57 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=24442.36..24442.37 rows=1 width=8)
-> Parallel Seq Scan on bookings (cost=0.00..22243.29 rows=879629 width=0)
(5 rows)

Bce, uTo Haxogutcsa HuXKe y3na Gather — nmapannenbHas gacTh mtaHa. OHa BEIIOIHSETCS B KaXKAOM U3 pab04Yux IPOIECCOB
(KOTOPEIX 3alJIaHMPOBAHO [Ba) ¥, BO3MOXKHO, B BeAyIlleM IIpolecce.

¥V3en Gather u Bce y3JIBI BBIIIE BHITOIHSIOTCS TOJIBKO B BEOYIIEM IIPOLIECCE. DTO MOCTIeNOBaTeIbHAS YacCTh IIJIaHa.

HauneM pa36upaTthbcsi CHH3Y BBepX. V3ein Parallel Seq Scan npencraBiisieT CKaHHPOBaHue TaGIUIE B TapalielbHOM
pexume.

B mosie rows moka3aHa OIIeHKA YHCJia CTPOK, KOTOphle o6paboTaeT oguH pabouuii mporiecc. Bcero ux 3amiaHUpoOBaHoO 2, U
ellle 4acTb pabOThI BEIIOJIHUT BEAYIINH, II03TOMY O0Illee YHMCIIO CTPOK AEIUTCS Ha 2.4 (o Beoyllero mpouecca
YMEHBIIIAETCS C POCTOM 4YKCIa pabouuXx IPOIIECCOB).

=> SELECT round(reltuples / 2.4) "rows"
FROM pg_class WHERE relname = 'bookings';

879629
(1 row)

TTo yMONTYaHWIO BEAyIIK} IPOIIECC YYaCTBYeT B BHIMTOIHEHNH MAapasIiebHOM YacTH MylaHa:
=> SHOW parallel_leader_participation;

parallel leader participation

on
(1 row)

Ecnu Benmymiui npouecc CTAaHOBUTCS Y3KUM MECTOM, €er0 MOXKHO pa3rpy3uTh:
=> SET parallel_leader_participation = off;

SET

=> EXPLAIN SELECT count(*) FROM bookings;

QUERY PLAN

Finalize Aggregate (cost=27641.65..27641.66 rows=1 width=8)
-> Gather (cost=27641.44..27641.65 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=26641.44..26641.45 rows=1 width=8)
-> Parallel Seq Scan on bookings (cost=0.00..24002.55 rows=1055555 width=0)
(5 rows)

B satom Cliy4dae ob1mee 4ucio CTPOK EJIUTCA Ha YHUCJIO 3allJIaHUPOBAHHBIX pa60qHX IIponeccos (2):

=> SELECT round(reltuples / 2) "rows"
FROM pg_class WHERE relname = 'bookings';

1055555
(1 row)

BepHeM 3HaueHUe 10 YMOJIYaHUIO AJIs TapameTpa parallel leader participation:

=> RESET parallel_leader_participation;



Ins ouenku y3na Parallel Seq Scan koMnoHeHTa BBo#a-BeIBoga 6epeTcs IMOTHOCTHIO (TabInIly Bce PaBHO IPUAETCS
IIPOYUTATh CTPAHUIIA 3a CTPAHUIIEN), @ PeCYypCHI IIpolleccopa AeIsaTCs MeXKIy IpolieccaMu (Ha 2.4 B aHHOM CIIy4ae).

=> SELECT round(
(
relpages * current_setting('seq_page_cost')::real +
reltuples * current_setting('cpu_tuple_cost')::real / 2.4
) : :numeric,
2
) "cost" FROM pg_class WHERE relname = 'bookings';

22243.29
(1 row)

=> EXPLAIN SELECT count(*) FROM bookings;

QUERY PLAN

Finalize Aggregate (cost=25442.58..25442.59 rows=1 width=8)
-> Gather (cost=25442.36..25442.57 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=24442.36..24442.37 rows=1 width=8)
-> Parallel Seq Scan on bookings (cost=0.00..22243.29 rows=879629 width=0)
(5 rows)

Cnepnyromuii y3en — Partial Aggregate — BBEIIOTHSIET arperanuio JaHHBIX, TOJTyYeHHBIX PAa60YMM IPOIIeCCOM, TO ECTh B
IAHHOM CJIy4ae MOACYUTHIBAET KOJIMYECTBO CTPOK. OlleHKa BHIIIOIHIETCS YK€ U3BECTHHIM 00pa3oM (1 Ho0aBiIsieTcs K
OIIEHKE CKaHUPOBAHUS TaGIUIIE):

=> SELECT round((reltuples / 2.4 * current_setting('cpu_operator_cost')::real)::numeric, 2) "cost"
FROM pg_class WHERE relname='bookings"';

2199.07
(1 row)

Cneuy}omnﬁ y3emn — Gather — BrITONHSETCS BeOyiuM IIpoumeccoM. OH oTBeyYaer 3a 3allyCK paGO‘H/IX IIPOIIECCOB U
IIOoJIydyeHHe OT HUX HaHHBIX.

3amyck IIpoIeccoB U IepechlIKa KaXIoM CTPOKHU JaHHBIX OIeHUBAIOTCS CIEeOYIOIINMY 3HAUYEeHUSIMU:

=> SELECT current_setting('parallel_setup _cost') parallel_setup_cost,
current_setting('parallel_tuple_cost') parallel_tuple_cost;

parallel setup cost | parallel tuple cost

=> EXPLAIN SELECT count(*) FROM bookings;

QUERY PLAN
Finalize Aggregate (cost=25442.58..25442.59 rows=1 width=8)
-> Gather (cost=25442.36..25442.57 rows=2 width=8)
Workers Planned: 2
-> Partial Aggregate (cost=24442.36..24442.37 rows=1 width=8)
-> Parallel Seq Scan on bookings (cost=0.00..22243.29 rows=879629 width=0)
(5 rows)

ITocnepuuit y3en — Finalize Aggregate — arperupyet nony4eHHBIe YaCTUYHBIE arperaTsl. [IOCKONIBKY OJISL 3TOr0 Hamo
CJIOKUTB BCETO TPH YHUCJIa, OIleHKa MUHUMAaJbHa.
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O6Lne HaCTPONKK Pos{gres

Gather Gather

» A

pabouve npoueccol

napasienibHoe BbINO/IHEHWE 3aMpPOCOoB [pyrve 3agaumn

max_parallel_workers_per_gather = 2

max_parallel_workers = 8

max_worker_processes = 8

MapannenbHbIM BbINO/IHEHWEM YNPAaB/ISieT 0BO/IbHO MHOTO NapameTpoB.
CHauasia pacCMOTPUM Te, UTO OrpaHMuYMBAlOT YMC0 paboUnX NPOLIECCOB.

BoobLe mexaHn3mM pabounx npoLeccoB UCMOMb3yeTCHA He TOIbKO A1
napasinieNnbHOro BbIMO/IHEHWS 3anpPoCcoB. Hanpumep, paboune npouecchl
3a,eMCTBOBaHbI B JIOTMYECKOW pensivkauumn, MU MOryT Nosib30BaTbCs
pacwmpeHus. ObLuee 4YMCc/io 0 4HOBPEMEHHO BbIMOTHAOLNXCA Ppabounx
MpoLLeccoB orpaHNYeHo napameTpom max_worker_processes (no
yMO/14aHuio 8).

Uncno ogHOBPEMEHHO BbINOMHAKOLWNXCA pabounx npoLeccos,
3aHMMalLWMXca napannenbHbIMK NaHaMn, OrpaHMyYeHo napamMmeTpom
max_parallel_workers (no ymonyaHuio Toxe 8).

Uncno ogHOBPEMEHHO BbINOJTHAKLWNXCA paboymx NpoLLeccos,
06CcNyXMBarLWKUX OANH BeAyLLMIA NPoLEecc, OrpaHMyeHo napameTpom
max_parallel_workers_per_gather (no ymonyanuio 2).

3HaueHUs 3TUX NapameTpoB cneayeT U3MEHUTb B 3aBUCUMOCTU OT
BO3MOXHOCTEN annaparypbl, 06beMa JaHHbIX 1 3arpy>XEHHOCTW CUCTEMBI.
Hanpumep, gaxe ecnu B 6a3e AaHHbIX CTb GO/bLLME Tab/MLbl U 3anpochl
MOINn 6bl BbIUrpaTb OT pacnapasifesimBaHns, Ho NPy 3TOM B CUCTEME HeT
CBOGOAHLIX S/1ep, TO NapasifieNlbHOe BbINO/IHEHNE He ByAeT UMETb CMbICNA.
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Yucno paboumx NnpoueccoB  Posgares

PaBHO Hy/Tt0 (Mapasuie/ibHbIN MJ1aH He CTPOUTCS)

ecim pasmep mabauybt < min_parallel_table_scan_size = 8MB

DUKCUPOBAHO

ecm A1 TabnULIbI yKa3aH TlapaMeTp XpaHeHus parallel_workers

BoruncnsieTcs 1o dopmyre

1 + | logz(paamep mabauybt / min_parallel_table_scan_size) |

Ho He Gosibitie, uem max_parallel_workers_per_gather

CKOMbKOo paboumnx npoLieccoB GyAeT UCMob30BaThCA?

[MnaHMpoBLLMK BOOOLLE He ByaeT paccmarpmearb napasnesibHoe
CKaHupoBaHue, ecnn pusnyecknii pasmep Tabnvbl MeHbLLE 3HaYeHUS
napametpa min_parallel _table_scan_size.

OO6bIYHO YMCO NPOLIECCOB BblUMCISETCS No hopmyne, NpuBeAeHHOM Ha
cnage. OHa O3Ha4vaeT, YTo Npu yBeNMYeHnn Tabnuubl B Tpyn pasa oyaet
[06aBNATLCA ovepenHoit npouecc. Hanpumep, o151 CTaHAapPTHOrO 3HAYEHWS
min_parallel_table_scan_size = 8MB:

Tabnnua npoueccsl Tabnuua npoueccsl
8MB 1 216MB 4
24MB 2 648MB 5
72MB 3 1.9GB 6

Umncno npoueccoB MOXHO 1 ABHO yKas3aTb B NapaMeTpe XpaHeHUs
parallel_workers Tabnuupl.

Mpn 3TOM YMCNO NPOLECCOoB B IIOGOM criydae He OyaeT npesbillaTb
3HauyeHna napameTpa max_parallel_workers_per_gather. Ecnn npu
BbINOJ/IHEHNN 3anpoca AOCTYNHOE YNC/I0 NPOLLECCOB OKAXETCA MeHbLLUe
3ansiaHMpoBaHHOro, ByayT MCMNOMb30BaTbLCSA TO/ILKO AOCTYMHble (BM/10Th A0
nocnenoBartesibHOrO BbINOIHEHWUSA, €C/IM MY/ NOTHOCTLIO NcYepnaH).



Yuciao pabodYux MpoIeccoB

TI1aHUPOBIIUK HE paCCMaTPUBAET MapasjiesibHbIe IJIaHbl IJI TaGJIUIl pa3MEPOM MEHBIIE, YeM:
=> SHOW min_parallel_table_scan_size;

min parallel table scan size

Ecnu 3anpocuts nHOpMaruio u3 Tabnuisl HeMHOro 6osbiero pasmepa (flights, 19 M6aiit), 6yneT 3amiaHupoOBaH ONUH
IOIIOJTHUTEJIbHBIN IIPOLIECC:

=> EXPLAIN (analyze, costs off) SELECT count(*) FROM flights;

QUERY PLAN
Finalize Aggregate (actual time=67.734..70.208 rows=1 loops=1)
-> Gather (actual time=67.583..70.202 rows=2 loops=1)

Workers Planned: 1

Workers Launched: 1

-> Partial Aggregate (actual time=62.602..62.603 rows=1 loops=2)

-> Parallel Seq Scan on flights (actual time=3.524..57.289 rows=107434 loops=2)

Planning Time: 0.094 ms
Execution Time: 70.236 ms
(8 rows)

[Ipu 3ampoce maHHEIX U3 Gobinoi Tabmuie! (bookings, 105 M6aiT) pacyeTHOE KOIMYECTBO — TPHU IIPOLIEcca.
=> EXPLAIN (analyze, costs off) SELECT count(*) FROM bookings;

QUERY PLAN
Finalize Aggregate (actual time=309.198..310.958 rows=1 loops=1)
-> Gather (actual time=307.887..310.950 rows=3 loops=1)

Workers Planned: 2

Workers Launched: 2

-> Partial Aggregate (actual time=304.727..304.728 rows=1 loops=3)

-> Parallel Seq Scan on bookings (actual time=4.354..201.346 rows=703703 loops=3)

Planning Time: 0.049 ms
Execution Time: 310.979 ms
(8 rows)

OpHako 3alyIaHMPOBAHO ABa IIpollecca, Tak Kak mapaMeTp max parallel workers per gather orparuudmuBaeT 4ucio
MPOIECCOB IapalyIe/IbHOr0 yJyacTKa IIJlaHa U celdac AeldCTByeT 3Ha4eHue 110 YMOIYaHHuIo (2).

=> SHOW max_parallel_workers_per_gather;

max_parallel workers per gather

OcnabuB orpaHUYeHue, [OJIyYUM IIJIaH C TPeMsI IPOLleccaMHu:

=> SET max_parallel_workers_per_gather = 5;

SET

=> EXPLAIN (analyze, costs off) SELECT count(*) FROM bookings;

QUERY PLAN
Finalize Aggregate (actual time=208.378..214.335 rows=1 loops=1)
-> Gather (actual time=206.314..214.329 rows=4 loops=1)

Workers Planned: 3

Workers Launched: 3

-> Partial Aggregate (actual time=181.790..181.791 rows=1 loops=4)

-> Parallel Seq Scan on bookings (actual time=0.022..114.372 rows=527778 loops=4)

Planning Time: 0.045 ms
Execution Time: 214.362 ms
(8 rows)



II71s1 KOHKpeTHOM TabnIulEl TapaMeTpoM XpaHeHus parallel workers MoxkHO 3afaTh peKOMEHIOBaHHOE KOJTUYECTBO
IIPOLIECCOB:

=> ALTER TABLE bookings SET (parallel_workers = 4);
ALTER TABLE
=> EXPLAIN (analyze, costs off) SELECT count(*) FROM bookings;

QUERY PLAN

Finalize Aggregate (actual time=214.461..216.738 rows=1 loops=1)
-> Gather (actual time=212.575..216.731 rows=5 loops=1)

Workers Planned: 4

Workers Launched: 4

-> Partial Aggregate (actual time=181.540..181.541 rows=1 loops=5)

-> Parallel Seq Scan on bookings (actual time=0.022..84.888 rows=422222 loops=5)

Planning Time: 0.066 ms
Execution Time: 216.759 ms
(8 rows)

Ecnu ycTaHOBUTH IapaMeTp XpaHeHUs B HOJIb, IIJIAHUPOBIITUK Bceraa OymeT BRIOMPATh MOCHIeN0BaTe/IbHOEe CKAaHUPOBaHUEe
IAaHHOU TaOIIUIIEL.

Ho B mo60M cmydae KOJIMYECTBO 3alljlaHMPOBAHHAIX IIPOIIECCOB He OymeT nmpeBwimIaTh max parallel workers per gather,
HEe3aBHUCHMO OT ITapaMeTpa XpaHeHHUs.

BoccTraHOBMM HadasbHEIE 3HAYEHUS ITapaMeTpPOB:

=> ALTER TABLE bookings RESET (parallel_workers);
ALTER TABLE

=> RESET max_parallel_workers_per_gather;

RESET



o)) PROFESSIONAL

He pacnapannenmsaloTcs Posigres

3arpockl Ha 3aruch

a TakyKe 3ampoChI C OJIOKUPOBKOM CTPOK
Kypcopsi

B TOM ymcsie 3arpockl B qukiie FOR B PL/pgSQL
3arpockl C (l)yHKLlI/IHMI/I PARALLEL UNSAFE

3arpockl B QyHKIUSX,
BbI3BaHHBIX U3 pacrapasiie/leHHOro 3arpoca
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He Ka)K,quI\/ll 3alrpoc MOXET BbIMNO/THATLCA B NMapasiyie/ibHOM pexnme.

He pacnapannenuBatoTcsa 3anpockl, U3MEHsIIoLLME NUn GokupytoLme
faHHble (UPDATE, DELETE, SELECT FOR UPDATE n T. n.).

He pacnapannenuearoTcs 3anpochbl, BbINO/IHEHME KOTOPbIX MOXET ObITb
MPMOCTAHOB/IEHO — 3TO OTHOCUTCSA K 3anpocam B Kypcopax, B TOM yucrie
B uuknax FOR PL/pgSQL.

He pacnapannenueatoTcs 3anpochbl, cogepxatime QyHKUUN, NoOMeYeHHble
kak PARALLEL UNSAFE (Bce oCHOBHble cTaHAapTHble (OYyHKL MK
6e30nacHbl; CNUCOK Hebe3oMnacHbIX MOXHO NOTyUYNTb U3 Tabnuubl pg_proc
no ycnosuto proparallel = 'u’).

He pacnapannenuBaloTcs 3anpochl, coepxalinecst B PYHKUUSIX, KOTOpble
BbI3bIBAOTCS M3 pacnapasi/ieqIeHHoro 3anpoca (4Tobbl He AoNyCTUTb
PEKYPCMBHOIO paspacTtaHus).

YacTb 13 3TUX OrpaHNYEHN MOXET ObITb CHSITA B ClieyHOLMX BEPCUSIX
PostgreSQL.

https://postgrespro.ru/docs/postgresqgl/13/when-can-parallel-query-be-used




o)) PROFESSIONAL

Tonbko nocnegoBatesibHO Pos{gres

YreHue pe3ynbTaToB 00X Tab/muHbIX BhipaykeHui (CTE)
YreHue pe3y/bTaTOB HepaCKpPbIBaeMbIX T10/]3alPOCOB
OOparrieHnst K BpeMeHHBIM Tabmuam

Bbi30BbI (PyHKIMM PARALLEL RESTRICTED

(DYHKI_II/II/I, HCIIOJ/IB3YOIIKE BJI0KEHHBIE TPDAH3dKIIWMH
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B uenom, yem 60/bLUYIO YaCTb N1aHa yaaeTcs BbINOHUTL NapasiesibHo,
TeM 60/bLUNIA BO3MOXEH adhhbekT. OgHaKo eCcTb psaf onepaunii, Kotopble
B LIe/IOM He NPenaTCTBYIOT pacnapasiieniuBaHuio, HO camu MoryT
BbINOIHATLCA TO/ILKO NOC/1eA0BaTe/IbHO B BeAyLLEM Nnpouecce.

K HUM OTHOCATCA:

- YTeHue pe3ynbLTaToB 06X TabMYHbIX BblpaXeHui (noA3anpocos
B npegoxeHnn WITH);

- YTeHWe pe3ynbTatoB ApYrMx HepackpbiBaeMblX NoA3anpocos (KoTopble
npeacTaBnATCA B NsiaHe y3namu, Hanpumep, SubPlan);

- 06pallleHnst KO BpeMEHHbIM Tabnmuam (Tak Kak OHM AOCTYMNHbI TO/TbKO
BeAyLLeMy npoteccy);

- BbI30Bbl DYHKLMIA, MOMeYeHHbIX Kak PARALLEL RESTRICTED (cnucok
MOXHO MO/y4YnTb U3 Tabnmupbl pg_proc no ycnosuto proparallel ='r').

Ecnun B 3anpoce Bbi3blBaeTCA PYHKLUNA, UCMO/b3YIOLLLAA BIOXEHHbIe
TpaH3akumn (Hanpumep, hyHkumm Ha PL/pgSQL ¢ 06paboTKol
NCKIOYEHWI), 3anpoC 3aBEPLUMTCSA C OLUIMOKOW. Takne doyHKUNN LOKHbI
ObITb NOMe4eHbl Kak PARALLEL RESTRICTED.

https://postgrespro.ru/docs/postgresqgl/13/parallel-safety




ITomeTKH mapa/uleIbHOCTH IJisA GYHKIMH M arperaToB

1 GyHKIUM CyllecTByeT TPU TUIIA IIOMETOK IapaseslbHOCTH:

e SAFE — He NpensiTCTBYeT IlapajjleIbHOMY BHIIOIHEHUIO 3aIIpoca;

e UNSAFE — 3amnpelaet napajiefibHOe BHIIOIHEeHUe 3anpoca (GyHKINUS U3MeHsIeT COCTOsIHYE 0a3bl TaHHBIX,
TpaH3aKIUuU UM KOHPUIypallMOHHAIX ITapaMeTpOB);

e RESTRICTED — 3anpoc MOXeT BHIIOHATHCS TapajielbHo, HO GYHKINS MOXKET BHIIOJIHATLCS TOIBKO B BEOyIIeM
npouecce (pyHKIUSA odpamaeTcss K COCTOSHUIO CeaHca: K BpeMeHHBIM TabuiiaM, KypcopaM, IOATOTOBIEHHEIM
omepaTropaM H T. IL.).

TTonb3oBaTenbCKHUE QYHKIIUH 10 YMOJTYAHHUIO MoTy4aoT moMeTky UNSAFE.

TIpoBepuM, Kak IOMETKaA MTapaie/IbHOCTH BIIMSET Ha IJIaH BHITOJTHEHUS 3aIpoca.
HanumreM pyHKITNIO, BEIYUCISIONIYI0O CTOMMOCTD OuieTa. OHa moMedeHa Kak 6e30ImacHast OJisl TapajjleIbHOI'O BHITOJTHEHUS:

=> CREATE FUNCTION ticket_amount(ticket_no char(13)) RETURNS numeric
LANGUAGE plpgsql STABLE PARALLEL SAFE
AS $$
BEGIN
RETURN (SELECT sum(amount)
FROM ticket_flights tf
WHERE tf.ticket_no = ticket_amount.ticket_no
);
END;
$$;

CREATE FUNCTION
3ampoc IpoBepsieT, YTO 00IIast CTOMMOCTL OPOHUPOBAHUM COBIIAZIAET C OOIe CTOMMOCTEIO OUIETOB:

=> EXPLAIN (costs off)
SELECT (SELECT sum(ticket_amount(ticket_no)) FROM tickets) =
(SELECT sum(total_amount) FROM bookings);

QUERY PLAN
Result
InitPlan 1 (returns $1)
-> Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Seq Scan on tickets
InitPlan 2 (returns $3)
-> Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Seq Scan on bookings
(13 rows)

IInan 3ampoca COCTOUT U3 OBYX 4acTel: B y3ie InitPlan 1 BrmonHseTcs moA3anpoc c arperanuei no tickets, a mogsanpoc B
y3re InitPlan 2 BrmomnHsieT arperanuio mo bookings.

Cettuac o6a Imof3anpoca BEIIOTHSIIOTCS ITapalIeIbHo.

ITomensieM moMeTKy napayuienbHocTd Ha UNSAFE:
=> ALTER FUNCTION ticket_amount PARALLEL UNSAFE;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT (SELECT sum(ticket_amount(ticket_no)) FROM tickets) =
(SELECT sum(total_amount) FROM bookings);



QUERY PLAN
Result
InitPlan 1 (returns $0)
-> Aggregate
-> Seq Scan on tickets
InitPlan 2 (returns $1)
-> Aggregate
-> Seq Scan on bookings
(7 rows)

Tenepb oba ImoA3alipoca BRIMMOJIHAKTCA MIOCIeJOBaTEe/IbHO — IIOMETKa 3allpelllaeT I1apajljieJIbHbI€ IIJIaHbI.

A Teneps nomMeTuM QYHKIMIO KaK OrpaHHYeHHO pacnapasennBaemMyio (RESTRICTED):
=> ALTER FUNCTION ticket_amount PARALLEL RESTRICTED;
ALTER FUNCTION

=> EXPLAIN (costs off)
SELECT (SELECT sum(ticket_amount(ticket_no)) FROM tickets) =
(SELECT sum(total_amount) FROM bookings);

QUERY PLAN
Result
InitPlan 1 (returns $0)
-> Aggregate
-> Seq Scan on tickets
InitPlan 2 (returns $2)
-> Finalize Aggregate
-> Gather
Workers Planned: 2
-> Partial Aggregate
-> Parallel Seq Scan on bookings
(10 rows)

ITopsanpoc ¢ GyHKLKEH BEHIIONHSIETCS II0CIe0BaTeNIbHO BEOYIINM IIPOLeCCOM, IJIsT BTOPOIo IOA3anpoca BHOpaH
TnapajuleNbHbIN IJIaH.



o)) PROFESSIONAL

Toru Posigres

[TocniemoBaTe/lbHOE CKAHMPOBaHWE UWTAET BCHO TaO/IULly

3¢ deKTUBHO TIPU HU3KOM CeIeKTUBHOCTH

[TapaniefibHOe BBITIO/THEHME B Psifie C/Ty4YaeB MO3BOJISIET
YCKOPHUTD 3arpocC
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o)) PROFESSIONAL

[1pakTnKa Pos{gres

1. Ybeautech, uTO 3arpoC, BLIYUC/ISIOIINN CPETHIOI0 CTOUMOCTD
TriepesieTa, BbITIOJIHAETCS [1apasule/lbHO.

2. TIpoBepbTe, KaK BBHITIOJHAETCS TOT YK€ 3arpoC, eC/IA UTeHHe U3
Tab/UIBI TIepesieToB 0hOpM/IeHO Kak 00iijee TabmuuHOe
BbIp@KEHHE.

3. B meMoHCTpal[uu 3arpoc BCeX CTPOK U3 TabIMIlbI peiicoB
BBITIOJIHSJICS TTOC/IeloBaTenbHO. [Touemy? MoykeT /i Takou
3arpoc B MPUHIINITE OBITH PacIiapasiiesieH Ui OH 3arpelaer
rapa’ijiesibHOe BbIMOJIHEHUE?

Bocnons3syiiTeck mapameTpoM force_parallel_mode, uToObI
OTBETUTb HAa 3TOT BOIPOC.

15

2. Ncnonbayinte ykaszaHne MATERIALIZE, uTo6bl N1aHUPOBLUMK He
packpbiBan obLee TabnnyHoe BbipaXkeHue.

3. MapameTp force_parallel_mode MOXXHO NCNONb30BaThb TOMLKO ANA
NPOBEPKX, AONYCKAET N1 3anpoc pacnapannenmsaHue, Ho He ANS peasibHO
pa6oTkl. C aTm napameTpom PostgreSQL pacnapannennsaet /1o60om
3anpoc, ec/m TO/IbKO 3TO BO3MOXHO, laXKe eC/in B 3TOM HET HUKaKOro
cmbicnia. KonnyectBo napasiniesnibHbIX NpoLeccoB Bcerga Bolbupaetcs
paBHbIM euHNLE, TaK YTO YCKOPEHUA NPY TakoM pexume B 1I0O60M criyyae
He Oyaer.



1. CpegHsisi CTOMMOCTD IIepeJjieTra

=> EXPLAIN SELECT avg(amount) FROM ticket_flights;

QUERY PLAN
Finalize Aggregate (cost=114640.79..114640.80 rows=1 width=32)
-> Gather (cost=114640.57..114640.77 rows=2 width=32)
Workers Planned: 2
-> Partial Aggregate (cost=113640.57..113640.57 rows=1 width=32)
-> Parallel Seq Scan on ticket flights (cost=0.00..104899.05 rows=3496605 width=6)
(5 rows)

T171aHUPOBINKK BLIGHPAET Hapasiie/IbHbIH IIaH.

2. Oduree TaOGTHYHOE BHIPaKeHHE

=> EXPLAIN

WITH tf AS MATERIALIZED (
SELECT * FROM ticket_flights

)

SELECT avg(amount) FROM tf;

QUERY PLAN

Aggregate (cost=342668.19..342668.20 rows=1 width=32)
CTE tf
-> Seq Scan on ticket flights (cost=0.00..153851.52 rows=8391852 width=32)
-> CTE Scan on tf (cost=0.00..167837.04 rows=8391852 width=16)
(4 rows)

3mech y3en CTE mpepncTaBiseT IIOA3apocC B 001ieM TabIuYHOM BEHIPaXKEHUH.

3arem Brinonusietcs y3en CTE Scan: o cyTu oH paboTaeT Tak ke, Kak ¥ Seq Scan, HO IpocMaTpUBaeT He TAGIHILy, a
MIOJTyYEHHBIM M MaTepPHUaTN30BaHHBIN Pe3yJIbTaT BHITOIHEHHS II0A3aIlpoca. JTa OlepaLys BEIIOIHSIETCS [T0CIeI0BaTeIbHO.

[Ipu 3TOM CaM ITOA3AIPOC B 00IeM TaGIUYHOM BEIPAXKEHHUU MOXKET paGoTaTh ITapajuleIbHoO:

=> EXPLAIN
WITH x AS MATERIALIZED (
SELECT avg(amount) FROM ticket_flights

)
SELECT * FROM x;

QUERY PLAN

CTE Scan on x (cost=114640.80..114640.82 rows=1 width=32)
CTE x
-> Finalize Aggregate (cost=114640.79..114640.80 rows=1 width=32)
-> Gather (cost=114640.57..114640.77 rows=2 width=32)
Workers Planned: 2
-> Partial Aggregate (cost=113640.57..113640.57 rows=1 width=32)
-> Parallel Seq Scan on ticket flights (cost=0.00..104899.05 rows=3496605 width=6)

(7 rows)

3. ITocaemoBaTeILHBIM IIAH

=> EXPLAIN SELECT * FROM flights;

QUERY PLAN

Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)
(1 row)

Pasmep Tabmumel 4OCTATOYHO OOJIBIIOHN, YTOOH! IIJIAHUPOBIITUK PACCMOTPEIT TapaUIeIbHbIH IJIaH:

=> SELECT pg_size_pretty(pg_table_size('flights')) size;



Ucnonb3yst KOHGUTYPAIIMOHHEIN ITapaMeTp MOXKHO yOeqUTHCS, YTO 3aIlIpOoC B IIPUHINIIE He 3allpellaeT IapaielbHoe
BBIIIOJIHEHUE, HO IIJIAHUPOBIIUK O0TKa3bIBAETCS OT TaKOM BO3MOXKHOCTHU U3-3a ee Hed(phHeKTUBHOCTH:

=> SET force_parallel_mode = on;
SET
=> 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)

B maHHOM CiIydae [Iejio B TOM, YTO II€PeChiIKa BCEX CTPOK TaOJIMIEI MEeX/y IIPOLeCCaMy HEeBBITOHA.



