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Pogzgres O Aoknaae

» Konnekums Kencos, Kak NoCTrpec BHe3anHo U HeOXUAaHHO AN Bcex
3arHysnca.

» MNepBas YacTb nexuT 3aechb: https://pgconf.ru/2019/247964

» B npoLwunbiit pa3s 3allno He NA0X0, peLln NOBTOPUTL TOT e popmaT
CO CBEXMM MaTepuanom.
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o] PROFESSIONAL

Posy,gres

MnaH

» Ynépnunce B BufMappinglLock
» Ynépnuco B ProcArrayLock

» Konnuswuum B fast path locking
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PROFESSIONAL

Pos{gres

Kenc Nol: (MoyTtn) Be4yHOE oXKnaaHue
BufMappinglLock
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off PROFESSIONAL Bocnpom3BeAeHl/|e: Setup

Posy,gres

» ¢5d.18xlarge (72 VCPU)

» postgresql.conf

shared_buffers = 8GB
synchronous_commit = off
max_connections = 300

create table testl (id serial primary key,
value int8 not null);
create table test2 (id serial primary key,
value int8 not null);
insert into testl (value)
(select i from generate series(1, 30) i);
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Pos . EFFSSéNg BocnpoussegeHue: pghench

» scriptl.sql

select * from testl where id in (1,2, ... , 390);

» script2.sql

\set value random(1l, 100000)
insert into test2 (value) values (:value);

» 3anyckaem B napansienb

pgbench -M prepared -f scriptl.sql -c 150 \
-j 150 -T 1000000 -P 1 postgres

pgbench -M prepared -f script2.sql -c 1 \
-j 1 -T 1000000 -P 1 postgres
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o PROFESSIONAL Ha6nmAaeM0eﬂOBEAEHMe

Posy,gres

» scriptl.sql

CrabunbHo 64-65 KTPS.

» script2.sql

progress:
progress:
progress:
progress:
progress:

progress:

21.0 s, 2741.9 tps, lat 0.364
22.0 s, 2076.7 tps, lat 0.393
23.0 s, 0.0 tps, lat 0.000 ms
24.0 s, 0.0 tps, lat 0.000 ms
25.0 s, 0.0 tps, lat 0.000 ms

ms stddev ©.502
ms stddev ©.537
stddev 0.000
stddev 0.000
stddev 0.000

846.0 s, 0.0 tps, lat ©0.000 ms stddev 0.000

Bbino 2.5-3.5 kTPS, ctano 0.
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Poddgias

KTo BUHOBAT?
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o] PROFESSIONAL MLU,eM BUHOBHOTIO: easy mOde

Pos{gres

# select query, wait_event_type, wait_event
from pg_stat_activity;
-] RECORD 1 J--mdmmmmmmmm e e e e

query | insert into test2 (value) values ($1);
wait_event_type | LWLock
wait_event | buffer_mapping
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o] PROFESSIONAL

Posy,gres

Kto Takomn buffer_mapping?
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off PROFESSIONAL BUffer mapping: hash table
Pos gres block_number => buffer_number
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) o Buffer mapping: shared hash table
Pos gres block_number => buffer_number

AnekcaHap KopoTkos
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Poddgias

Kto Takon LWLock?
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o Proressonas 1 \A/Lock: pa6OTa oyepean (1/4)

Posy,gres
a

Mprém foKyMeHTOB

A MHe Tonbko
cnpocuTb

A nopato
OOKYMEHTbI

i i
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Pogzgres LWLock: paboTa ouepeau (2/4)

M X

Mpném pokymeHTOB

Pee
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o Proressonas 1 \A/Lock: pa6OTa oyepean (3/4)

Posy,gres

AnekcaHap KopoTkos

a

27??

Mpném pokymeHTOB
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off PROFESSIONAL LWLOCk: pa6OTa o4vyepeam (4/4)

Posy,gres

AnekcaHap KopoTkos

A

Mprném poKymeHTOB

Y3kue mecta PostgreSQL #2
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J oo | \Wiock: shared npuxoamT BHe ouepeam (1/2)

Posy,gres

A

Mpném noKymeHTOB

REC

A MHe Toxe
TOJbKO CMPOCUTB
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J e L WLock: shared npuxogut BHe ovepeam (2/2)

Posy,gres

AnekcaHap KopoTkos

alg

772
277

Mpném pokymeHTOB
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o] PROFESSIONAL

Posy,gres

YTO MOXKeT NONTU He TaK?
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POQPROFE%"”’“ Exclusive LWLock waiter starvation

sigares

AnekcaHap KopoTkos

FNGE
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[Mprém poKymeHTOB

=

A

N Ham ToXxe
TOJbKO CMPOCUTb
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o] PROFESSIONAL

Posy{gres

YTto penatb?
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off PROFESSIONAL P 1:
Pogzgres elweHune 1: KopoHaBMpyC

b

Mpuém nokymeHToB g i

o<
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Pogzgres PeweHune 1: TexHuKa

» B coBpemeHHbIX npoueccopax CAMWKoM mHoro aaep! A Bbl ewwé
BCTaBUIM CIMLLKOM MHOTO NPOLLeCcCOpoB B cBOM cepaep!

» Kynute (apeHnayiTe) cepsep no-xyxe!

» Unun orpaHunybte ncnonbsosaHme CPU co ctopoHbl PostgreSQL.
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of PROFESSONAL - Dl 1jeHUe 2: OrpaHMYUTb 40CTVN
Pogzgres i e

A ﬂpmewﬁmos % ib %h
1= ibibil i'%"i'
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Pogza’;isse"”g PeweHue 2: TexHMKa

» Y Bac canwkom mHoro read-only Harpy3sku!
» OrpaHuybTe read-only Harpy3sKy, KOTopas Bbi3blBaeT npobnemy.

» Ha ypoBHe npuioxeHun
» BanaHcupoBLKMKOM Harpy3ku: pgbouncer, odyssey, ...
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Poddgias

ITO e He Haw meToa,!
[asanTte ynHnto CYBA!
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of FROFESSONAL - PajleHMe 3 y6paTb KOHq)flMKT

Posy{gres
B

Mpuném nokymeHTOB CnpaBoyHanA

f&
f
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Pogza’;isse"”g PeweHue 3: TexHUKa

» MoXHo nouynHuTb LWLock use cases.

» BufMappinglLock: lockless trie for buffer mapping
» ProcArrayLock: CSN snapshots
» WALInsertLock: lockless queue for WAL writer

» KpyTo!

» HO TpyaAoOEMKO, @ 3HAUMT AONTO. A HAM HYXXHO pelleHne Npamo
cenyvac!
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J oSt PelueHue 4: “yecTHan odepeap” (1/2)

Posy,gres

A i

279

Mpuém noKymeHTOB

=

N Ham ToXxe
TOJIbKO CMPOCUTb
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B ouepenb, %&@*b!
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J oSN PerieHMe 4: “yecTHas odvepeab” (2/2)

Posy,gres
ﬁ _8;%’7’7’7
R

Mpném pokymeHTOB

ﬁ ﬁ i
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Pogzgres PeweHune 4: TexHnKa

v

MaTty “more fair” LWLock: http://bit.1ly/2uPUdpU

Mocne Toro, kak npoxoauT lwlock_shared_limit nocnepoBatenbHbIx

v

shared locker’os, nepesogmm LWLock B “yecTHbIN” pexxum.

v

B “uecTHOM” pexkmnme, shared locker’bl cTaHOBATCA B 0uepeab.

v

Korga ouepeab aoxoant ao exclusive locker’a, oH cHumaet
“YecTHbIN” pexunm.
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http://bit.ly/2uPUdpU

Pos

o] PROFESSIONAL

gres

TPS

“More fair” LWLock benchmark: regression

pgbench -s 100 -j $n -c $n -M prepared on c5d.18xlarge
median of 3 5-minute runs with shared_buffers = 32GB, max_connections = 300
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Pogzai?sec’”g “More fair” LWLock benchmark: Haw keric

» scriptl.sql

CtabunbHo 64-65 kTPS.
» script2.sql

CtabunbHo 2.7-3.0 kTPS.

» To, uTo Hapo!
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o] PROFESSIONAL

Posy,gres

Ho naTty He 3akoMmmumyeH!
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Pogza’;isse"”g Kak ncnonb3sosatb “more fair” LWLock

Ecnum ectb SSS, To KynuTb Postgres Pro Enterprise.

v

Ecnu HeT SSS, To cobpatb cebe PostgreSQL ¢ natyem Ha CBOM cTpax u
PUCK.

v

Aewe ObITb CO3HATE/IbHbIM YY4aCTHUKOM COO6LLI,eCTBa M noaennTbCAa

v

CBOUM ONMbITOM B Tpeae.

III

N He 3ab6bITb CKa3aTb: “Bepre-AHApPEC, Tbl HE NPaB

v
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Poddgias

Kenc Ne2: U ProcArraylLock Tyaa xe
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g oM MpoynnoBble onTummsaumm (1/3)

Posy,gres
ﬁ _8—.9’)’)’)
R

Mpném pokymeHTOB

Dasante
BCE& MHe!
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g oSN MpoynnoBble onTummsaumm (2/3)

Posy,gres

AnekcaHap KopoTkos

Mprém nokymeHTOB

Y3kue mecta PostgreSQL #2

39/63



g oSN MpoynnoBble onTummsaumm (3/3)

Posy,gres

Q

Mprém nokymeHTOB

AnekcaHap Kopotkos Y3kue mecta PostgreSQL #2 40/63



J oo [pynnosble onTummnsauunm B PostgreSQL
Pogzgres > ) Fes

» OnTummsaumsa exclusive ProcArrayLock npu commit’e (group
ProcArray clear xid) — PostgreSQL 9.6

» Ontumumsaums exclusive ClogControlLock (group clog update) —
PostgreSQL 11.

» Momoraer, HO He cnacaert!
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Pogzaiisse‘“g BocnpounssegeHue: pgbench

» Setup TaKoW e Kak B MPOLUIOM Kelice

» scriptl.sql

select 1; select 2; ... select 30;

» 3anycKaem

pgbench -M prepared -f scriptl.sql -c 150 \
-j 150 -T 1000000 -P 1 postgres
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Pogzaiisseog Habnopgaemoe noseaeHme

» scriptl.sql
CtabunbHo 34-35 KTPS.

» HukTo 6onblIE NOAKNHOUYNTLCA HE MOXKET.

» Tonbko 117 KOHHeKToB paboTatoT, 33 3aBMC/M Ha authentication.
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Poddgias

KTo BUHOBAT?
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Pogzgres ProcArrayLock

v

bBepétca shared Ha B3aTMe cHanwoTa.

v

BepéTcsa exclusive Ha KOHHEKT, Ha KOMMMUT TPAH3aKLUMW.

“w,n

“SELECT const;” 6epét cHanuwoT, “;” He 6epéT (gotchal).

v

v

BeHumapk “3abun” ProcArrayLock Harnyxo.
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o] PROFESSIONAL

Posy{gres

YTto penatb?
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o PrOTESSONAL - Ut nenaTb ¢ ProcArra LOCk?
Pogzgres 8 !

v

YMeHbLWUTb HarpysKy (Ccm. npeaplaywmin Kemnc).

v

Mcnonb3oBatb “more fair” LWLock (cm. npeabiayLimnii Keic).
MpumeHnTb CSN naty: http://bit.ly/2S9ma3V

v

v

OnNTMMM3MPOBaATb HarpysKy!
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Pogz

PROFESSIONAL Current Snapshot mode|

gres
™ | ‘ ™7 |

TX2 | xmin: 2
[ xmax: 6
! X3 | | IT)I(6 | Xip: [2. 4]

' TX4 |
g | [ e ]
1 2 3 4 5 6|7 8 xid

shapshot
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Pogzaiisse"”g CSN model

1 2 3 4 5 6 7 8csn

| X2 L] | csn: 4

TX8

»
>

1 2 3 4 5 6|7 8 xid
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J oo CSN benchmark: 90% read, 10% write

Pos{gres
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AnekcaHap KopoTkos
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Pogzaiissé’”g OnTummanpyem Harpysky Ha ProcArrayLock

v

script2.sql

select 1; ... select 30; select txid current();

v

txid_current() aenaet TpaH3aKkuuio “nuwywen”, pasbasnaer
cnaowHom notoK shared lock’os.

CtabunbHo 33-34 kTPS (~3% 3ameaneHue)

Bce noakatounamnce!

v

v
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Kenc Ne3: Konnusus fast path locking
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of] PROFESSIONAL ”Fastpath” |0Cking

Posy,gres

A

Mpvém noKymeHTOB

=

WHdhopmauma

A MHe
[0CTaTO4HO U3Y4NTb
VHopMaumio

A nopato
[OKYMEHTbI

A
A

AnekcaHap KopoTkos

ﬁi
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off PROFESSIONAL BOCI’IpOVI3Beﬂ.eHV|e: Setup

Posy,gres

v

MawwmHa n postgresql.conf Takune e Kak B NpoLbIX Kencax

> |pgbench -i -s 1000 postgres

v

®yHKuUMKM oTcroaa https://gist.github.com/akorotkov/
fce8ec80e3boObf113b68a82fe41294a3

> |create table nocollision (i int);
select make_collision();
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https://gist.github.com/akorotkov/fce8ec80e3b0bf113b68a82fe41294a3
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Pogzaf;fség BocnpowussegeHue: ckpuntbl pgbench

» nocollision.sql

truncate nocollision;

» collision.sql

truncate collision;

AnekcaHap KopoTkos
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J "o BocnpounsseaeHue: 3anyckaem pgbench

Posy,gres

» 3anyckaem B napannenb

pgbench -M prepared -S -c 150 \
-j 150 -T 1000000 -P 1 postgres
pgbench -M prepared -f nocollision.sql -c 10 \
-j 10 -T 1000000 -P 1 postgres

» 3anyckaem B napannenb

pgbench -M prepared -S -c 150 \
-j 150 -T 1000000 -P 1 postgres
pgbench -M prepared -f collision.sql -c 10 \
-j 10 -T 1000000 -P 1 postgres
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Pogzaiisse"”g Habnopgaemoe noseaeHme

» -S—830-840 kTPS
-f nocollision.sql — 200-250 TPS

» -S—145-150 kTPS
-f collision.sql — 500-600 TPS

AnekcaHap KopoTkos
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o] PROFESSIONAL

Posy,gres

YTo nponcxogut?

AnekcaHap Kopotkos Y3kue mecta PostgreSQL #2 58/63



J Foessonva - Konnnsua“fastpath” locking

Posy,gres

A FE

Mpvém nokymeHTOB MHopmauma

Meperopoavnu Bcé!
Mpupétca cToATh...

AnekcaHap Kopotkos Y3kue mecta PostgreSQL #2 59/63



o] PROFESSIONAL

Posy{gres

YTto penatb?
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J oS Kak He nonadaTth Ha Konnmsum fast path
Pogzgres . ’

» He 6epurTe strong locks (> ShareUpdateExclusive) chmwKkom yacro.

» Ecnu 3anpocsbl, KoTopble orpaHuymnBatoTcs weak locks (<
ShareUpdateExclusive) Bucar c wait_type =’lock_manager’ — 3to
noA03pUTENHO.

» MomeHalTe oid 1 BCE NPOMAET :)
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BmecTo 3aK1o4YeHusa.
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Cnacmnbo 3a BHMMaHue!
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