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PGDAY'1 .
RUSSIA Y1o Mbl bysem 3HaTb B pe3ynbTaTe 3TOro0 CeMMHapa’

e Yt0 Takoe xopowunii cepsep ans 6asbl gaHHbix PostgreSQL?
e Kak He cenaTb N3 XOpPOLUEro cepeepa naoxoi’

e Kak caenaTb 13 xopollero cepsepa xopowunii cepsep’?
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e [lpouseoanTensHOCTL
e HapexHocTb

e [locTynHasi ueHa
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MponseoanTeNnsHOCTL
e HapgexxHocTb
e [locTynHas ueHa

e Yem He Teopema? VY TouHo He xyxe CAP
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o Xopouwwe xapaktepuctuku: CPU, RAM, guckn
e Xopownit banaHc 3TUX XapaKTEPUCTUK

L CepBepHoe JKENE30, HE AECKTON nog BMAOM CepBepa
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PGDAY’15
RUSSIA

[NponsBoanTENBHOCTD

e Bpems oTknuka
o CknapblBaeTCsl M3 OXUAAHUS Pa3HbIX PECYPCOB

L npOCTOVI NO NPUHYNHE HEHAAEXKHOCTIN XKEJIE3a YBEJINHNBAET CPpEAHEE BPEMA OTKIIMKA
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PGDAY’1

RUSSIA Y710 ocobenHoro B PostgreSQL-cneuyndpunynom workload

Client connections

shared_buffers

Kernel buffer

WAL

S a3 PostgreSQL-Consulting




Y PGDAY’1
RUSSIA

Ons yvero n kak PostgreSQL ncnonb3yet namath

e shared buffers

» "CrpaHunynbiii kaw’”

» "YHucroie" ctpannubl "nogHumatotes” B shared buffers, ecnn xotb ogun tuple
M3MEHWJICS, CTPaHNLA NMOMEeYaeTcsl Kak 'rpsizHas’”

» COMMIT; He BO3BpaLyaeT ynpasieHus, Noka cTpaHuua He 3anucaHa B8 WAL

» Bpewms ot Bpemenu nponcxogut CHECKPOINT: rpsiztble cTpaHuub ns
shared buffers nuwyrcs Ha guck (fsync)

L work_mem N ee pa3HOBMAHOCTU

» Ecan OTAENbHOMY NMpPpOoUeCCY Hy>XXHa NamMsATb (COpTI/IpOBKI/I, XoWwnpoBsaHue,
KOHKYPEHTHOE NepecTpoeHne VIH,IJ,EKCB)
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"Bonbwoit awmk”’ vs "MHOro mManeHbkux'

Mnatdopma

e CPU

e RAM

o [luckoBasi nogcucrtema

e OnepaunoHHas cuctema

Mpocbuns Harpysku
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Bonblwoii swuk noyTn Bcerga nydie

e Ecnn Bbl "nomewaeTtect’ B ognH "6onbluoii AwmK’ Bam noeesno

e BusHec Bcerga nioxo BbIAENSET AEHLIN NOA Ty HArpy3sKy, KOTOpYIO OTAen
MapkeTuHra obeutaet obecneunTb

o [lpexxaeBpeMeHHbI WapAMHT 3TO NOYTM BCErga njoxo
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RUSSIA

MnaTcopmMa 3TO O HAAEKHOCTM 1 PACLUNPSEMOCTH

L] EPEHJJ, 3TO HE BCerga Xopowo, HO No4YTu BCerga syduwe 4em CcoBCeEM noname

e Ckonbko €ue NaMATN Bbl CMOXKETE BCTAaBUTb B Ball CEPBEP N 4HeEro 6y,qu CTOUTDb
CAENAThb 3TO 4YEpe3 Tpwm roaa

e Jlyywas nnatcopma - Ta, KOTOpPOIi JOBEpsieT Ball agMUH

PostgreSQL-Consulting



e JTO He TaK

V PostgreSQL npoueccHas mogenb

o [Ipn nHTEHCMBHOII Harpyske Ha 8-si4epHOM cepeepe Bawmn fedonTHble
max__connections=100 byayT 3aHUMaTbLCA OXUAAHNEM APYr Apyra

Ecte CPU-emkue 3agaun v y 6asbl gaHHbIx

e To ectb pekomMeHaauws - BoibupaTe xapaktepuctuku CPU nexops uns
YKENAEMOMIO napaJsiennsma
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PGDAY’15

e MHoro He bbiBaeT

» [amsATb BbicTpee ancka
» CTouT afeKkBaTHbIX aeHer

o MoxeT He ahheKTUBHO pacxofoBaThCs
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e 25% RAM - xopolwasi oTnpaBHasi To4ka
e 75% - MoxeT bbITh XxOpoLLO ecnn basa NomeLlaeTcs B naMsaThb

e bosblimne obbembl shared buffers - Tonbko npu xopowmnx anckax

PostgreSQL-Consulting



Mpobnembsl
e Muoro namsaTu

e Mano namsaTu

SWAP vm.swappiness = 0 #sysctl
NUMA

e [lnoxue guckn

Oxunpanne CPU
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ﬁ' PGDAY’15
o RUSSIA

Ecan namsatn muoro

Huge pages - 4To 370 Takoe?

Cepsepa ¢ bonbwum konmdectsom namstn (128-256Gb) tenepb cTosT pasymHbix
JeHer

[Jepxatb 6a3y B namstu xopowo (ntobyto xopowo, PostgreSQL coscem xopotuo)
Mo ymonyaHuto namsTe Boigensiercs no 4kB - Tak bbicTpee
OC TpaHcimpyeT BupTyanbHble agpeca B (PU3NYECKNe, Pe3yabTaT KILLMPYETCs B

Translation Lookaside Buffer (TLB)

% = 262144 v 64-buTtHas agpecauuns - Ha bonbwnx obbeMax NamMaTH OBepPX3 U

Hu3kast acppekTmeHocTs TLB

Bblp,eJ'IHEM namMATb 6OJ1bLUI/|MI/I nopunamn
PostgreSQL-Consulting
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Kak 3actasutb PostgreSQL ucnons3osatb huge pages
e vm.nr _hugepages = 3170 (sysctl, sagpo Ao/KHO noafepKuBaTh)
e [1o 9.2 BkatoumMTENLHO - Yepe3 bubnuoteky hugetlb

e 9.3 ynyyweHa pabota ¢ shared memory ¢ nomowbto mmap - huge pages He
paboTatoT

9.4+ huge pages = try|on|off (postgresql.conf)

try - pedonT, He NOAYHMNIOCH, HE UCMONb3YEM

Ceiivac paboTaT Tonbko Ha linux, try Ha FreeBSD - OK

PostgreSQL-Consulting
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RUSSIA

Mano namsaTtu

Ecnn namatn He xBaTaeT Ha HopMmanbHbIli pasmep shared buffers, Bce byger
MEeANEHHO

MuHumanbHbIl (HOpManbHbIA) pasmep onpegensietcs pasmepamu basbl,
XapaKTepOM HarpysKku u NponyckHOW CMOCODHOCTHIO BCErO CTIKa

Ectb bonee xutpble cnocobsl

e Ecan He HAaCTPOEH aBTOBAaKyyM, NaMATN HE XBATUT HUKOrAa

PostgreSQL-Consulting



o

http://www.keithf4.com/a-large-database-does-not-mean-large-shared _buffers/

e BasoBas uges: bonblioli pasmep basbl He 03HAYaeT aBTOMATMYeCKM 6obLIONA
pa3mep shared buffers

e lMposepsiTb c nomouybio pg_ buffercache uto-nnbo Hapo ocTopoxHo!

e [puuun, no kropoii shared buffers ncnonbsytorcs HeadbdbekTBHO MOXKET ObITH
bonblie oaHOIA

e Orpatuuenne shared buffers 8 8Gb - 3o anokpud. (Ectb ewe Windows)

PostgreSQL-Consulting



e [loposiBnseTcst 0bbIYHO B HArpy3Ke HE OYEHb MOHATHOrO MPOUXOXKAEHUS HA
OTheNbHble siapa

numa — off unn vm.zone reclaim _mode = 0
e To ecTb no ymy nyywe numact! — —interleave = all /etc/init.d /postgresql start

e Eweé nyywe ytobbl baza paspynmeana cama, HO 3TO CBETJ/IOE byayuiee

PostgreSQL-Consulting
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RUSSIA

Mnoxue guckn (B KoHTekcTe shared buffers)

e Het cnocobor 3actaButs pabotath buicTpo cepeep ¢ HarpyxenHoin OLTP-6a3oii,
256Gb namsatu u ogHum SATA-anckom
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e TpaanumoHHo npobneMHoe mMecTo Ans ntoboli 6asbl JaHHbIX
e TpaauumoHHO Npobnembl BO3HUKAIOT:

> [lpwn 3anucun WAL
» Koraa cnyyvaetca CHECKPOINT
» avtovacuum, pg_clog, tmp, sorts, hashing etc

PostgreSQL-Consulting



3a4emM Hy>XHbl 4eKMnonHTbI?
e Bonee bbicTpoe BoccTaHoBneHue: undo n redo Hy>KHO genaTb TOJBKO A0
YeknoiiHTa, a He no scemy WAL
e Ho npu 6onbwux shared buffers CHECKPOINT 3anpocto moxeT neperpy3utb
OUCKOBYIO MOACUCTEMY
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AduarHocrtunka

e Ckaykm anckoBoii yTuimsaumn Ha rpadmkax (iostat -d -x 1, nocnefHsis KonoHka
%util)
e pg stat bgwriter
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Kak Mmuinmym
¢ IOPS - npumepHo becnonesHo, ecnm 3To eANHCTBEHHAs METPIUKA
e % utilization
e latency
Xopowo 6bl umeTtb
e iowait
e Mbps
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RUSSIA

['pachbuk no3eonsieT yBuaeTb TpaHA!

1/0 usage of /ssd LS”I ',f,§§I:PAaJJl
30 installed

24 Jan 26 Jan 28 Jan 30 Jan 1 Feb 3 Feb 5 Feb

— i/o percent
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pg _stat bgwriter

pgbench=# select * from pg_stat_bgwriter ;

-[ RECORD 1 J--------
checkpoints_timed
checkpoints_req
checkpoint_write_time
checkpoint_sync_time
buffers_checkpoint
buffers_clean
maxwritten_clean
buffers_backend
buffers_backend_fsync
buffers_alloc
stats_reset

postgres=# select pg_:
-[ RECORD 1 J--------
pg_stat_reset_shared

e
| 29

| 13

| 206345

| 9989

| 67720

| 1046

I o

| 48142

| o

| 30137

| 2014-10-24 17:59:15.812002-04

stat_reset_shared(’bguriter?’);

+-
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PGDAY
RUSSIA

pg _stat bgwriter

pgbench=# select * from pg_stat_bgwriter ;

-[ RECORD 1 ]- -t
checkpoints_timed | 29
checkpoints_req | 13
checkpoint_write_time | 206345
checkpoint_sync_time | 9989
buffers_checkpoint | 67720
buffers_clean | 1046
maxwritten_clean (Y
buffers_backend | 48142
buffers_backend_fsync | O
buffers_alloc | 30137
|

stats_reset 2014-10-24 17:59:15.812002-04

postgres=# select pg_stat_reset_shared(’bgwriter’);
-[ RECORD 1 J-------- +-
pg_stat_reset_shared |

PostgreSQL-Consulting
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pg _stat bgwriter - HeMHOro nosy4tue

postgres=# select *, now() from pg_stat_bguwriter ;
-[ RECORD 1 J--------- R i

2015-03-22 06:00:02.601286+03
2015-03-22 16:01:21.3482+03

stats_reset

checkpoints_timed (Y
checkpoints_req | 38
checkpoint_write_time | 20288693
checkpoint_sync_time | 34751
buffers_checkpoint | 9176173
buffers_clean (Y
maxwritten_clean (Y
buffers_backend | 10521857
buffers_backend_fsync | 0
buffers_alloc | 9815168

|

|

now
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1/0 usage /dev/sda db14

Ewe nyywe umetb rpacuky Ha OAHON CTpaHuLe

06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00 10:30 11:00 11:30 12:00 12:30 13:00 1330
— ifo percent

Buffers written db14

o
2
g
H
H]
H

H

]
H

5
3

06:00 06:30 07:00 07:30 08:00 08:30 09:00 09:30 10:00 10:30 11:00 1130 12:00 12:30 13:00 1330

I buffers_backend [l buffers_clean [l buffers_checkpoint
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Hardware: RAID
e [lewesbiii RAID konTponnep (6e3 4una) - 310, yx ay4qwe software RAID
e RAID koHTponnep gonxeH bbiTh ¢ "baTapeiikoii"

e [Ipouzeogutenn: megaraid nnn perc - OK, a Hanpumep HP unn ARECA - He
BCerga

e Bartapelika - npucyTCTBYeT 1 nCnpaeHa

e cache mode — write back (T.x. y Hac ecTb baTapeiika)

e io mode (ip policy) — direct (y PostgreSQL cBoii kL)

e Disk Write Cache Mode — disabled (c SSD ectb TonkocTtu!)
PostgreSQL-Consulting
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Hardware: Ouckn
e 2,5"SAS (BnonHe 6biBaet 15K) - seek B 2-3 pasa bbicTpee yem 3,5"

e He Bce SSD opuHakoBo nonesubl: enterprise level Intel p3700 vs desktop-level
Samsung

e llcnonbzoeaTe Tonibko SSD ans PostgreSQL o3Havaer ObITh roToBbIMU K psgy
npobnem

e B HacToswmii momeHT HeT npnynH HE pepxate OLTP-6a3y na SSD
e RAID 140
e bonblie "wnuHgenen’

e Ecnn HeT xopoluux [UCKOB NN KOHTposnepa - synchronous commit — off
PostgreSQL-Consulting
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Hardware: SSD
e NAND vs DRAM
e NAND

> OrpaqueHo KOJ1-BO LMKNOB
» SLC, MLC

> KOHZeHcaTop

random page cost gosixeH bbITb bimxke K seq page cost #postgresql.conf

effective_io concurrency ny4we ysennunts #postgresql.conf

FusionlO, Verident etc - Bcé BbilleckaszaHHOe cnpaBAennBo B elle bonbLueli
cTeneHn
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®daiinosas cucrema
o xfs nam ext4 - OK
e barrier=0, noatime (bapbep Henb3si oTkatoHaTh ¢ naoxumu SSD n bes BBU)

e ZFS

» JBOD vs RAID-Z
» 3a ypobcTBO Hafo NAAaTUTL NPOU3BOANTENLHOCTLIO
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OnepauyuvoHHasn cuctema
e [lo ymonyaHuto vm.dirty ratio = 20 vm.dirty background ratio = 10 - nnoxo

e bonee pasymHble 3Havenuss vm.dirty background bytes = 67108864
vm.dirty _bytes = 536870912 (512Mb kaw na RAID)

e Ecnn Het kawa Ha RAID - pasgenuts Ha 4

PostgreSQL-Consulting



postgresql.conf
wal _buffers (768kB — 16Mb)
checkpoint _segments (3 - 4eknoiiHT kaxasle 48Mb — 256 - 4Gb)

checkpoint _timeout = 60 (4To nepBoe HacTynuT)

checkpoint _completion _target = 0.9 (ans pacnpegeneHnsi 4eKnoiHTOB)
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Kak cebsi nposeputs?

pgdev@pg-dev-deb:~$ tt_pg/bin/pg_test_fsync
5 seconds per test

O0_DIRECT supported on this platform for open_datasync and open_sync.

Compare file sync methods using one 8kB write:
(in wal_sync_method preference order, except fdatasync

is Linux’s default)

open_datasync 11396.056 ops/sec 88 usecs/op
fdatasync 11054.894 ops/sec 90 usecs/op
fsync 10692.608 ops/sec 94 usecs/op
fsync_writethrough n/a
open_sync 67.045 ops/sec 14915 usecs/op
Compare file sync methods using two 8kB writes: PostgreSQL Consulting

(in wal_sync_method preference order, except fdatasync
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Hebonbwas xutpocts: nyctb bgwriter pabortaet

postgres=# select name, setting, context, max_val, min_val from pg_settings where name ~ ’bgwr’;

| setting | context | max_val | min_val

name
------------------------- LT T e O
bgwriter_delay | 200 | sighup | 10000 | 10
bgwriter_lru_maxpages | 100 | sighup | 1000 | 0
bgwriter_lru_multiplier | 2 | sighup | 10 | 0

(3 rows)
bgwriter cnut (kak npasuno!) bgwriter delay ms, 3aTem cnuceiBaeT Ha AUCK CTONLKO Xe ByGhepos, CKO/IbKO
NMoHagobunoCL YNCTbIX B npowbiii npoxos * bgwriter lru_multiplier, Ho He 6onbwe bgwriter lru_maxpages

33 Of4UH NPoxos4
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OnepauuoHHasi cuctema

e Linux
e Hosble agpa

e [IponseognTensHOCTL 1 testbase - rnaeHblii aprymeHT npotus FreeBSD

HP UX u Solaris - B HacToSILMIA MOMEHT CTPaHHO, ECAIN HET CREUMabHbIX
apryMeHTOB

Windows + PostgreSQL = muoro npobnem

PostgreSQL-Consulting



o kernel.sched migration cost ns - ecnn npoueccoB MHOro, bonee BbiCoKMe
3HAYeHUs1 MOTYT MOMOYb

e kernel.sched autogroup enabled - wepgynnep ny4iwe rpynnupyet npouecchl ot
ofHoro ncesgotozepa no CPU

Mpoeeputs Bepcuio agpa!
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e net.ipv4.ip_local port range - MoxeTnoHagobutcs yyenmumnts
e limits ( BaxHO He TosibKO Ans pg_ bouncer)
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e |0 6bIn0 1 ocTaeTcst ragHol Npobaemoii

e ocHoBHasi npobsiema |0 370 latency
e [Mponssoantenshbiii DBaaS gopoxe aHnornyHoro cepsepa (MHOTAA BKIKOYAsi €ro
obcnyxusanue)
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