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YacTb |. Kak ycTpoeHa penauvkauus.

UTO Takoe pensvkauua u eé pasHOBUOHOCTMU.
Write Ahead Log. REDO un peanunsauusa REDO B PostgreSQL.
O6LWNii B3rNgag Ha apxuTekTypy pennankaumm B PostgreSQL.

Oco6eHHOCTM paboTbl NPOLLECCOB OTBEYAalOLMX 3a peninkauuio.,
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UTO Takoe pennuvkauus.

KonvpoBaHue 1 CUHXPOHU3aLNSA HECKOMTbKNX KOMUIA 06beKTa.
I3MeHeHne 0jHOW KOMnK pacnpoCcTPaHSATCA Ha Apyrne Konuu.

Pennukauns OblBaeT CbI/I3I/ILIeCKaFI N nornmyeckas.
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@ Jlornyeckas pensivkauums.

[Mnochbl:

* YMeeT paboTaTb Mexay pasHbiMU BEPCUAMU U apXUTEKTYpaMN,
* YMeeT pennuuuposaTb OTAesibHble Tabnmubl 1 Habopbl Tabmy,
MWHyCbI:

» KpaiHe C/I0XXHO peasin3oBaTb CUHXPOHHYHO penMkauuio.

« [lononHutenbHas Harpyska Ha CPU (Tpurrepsbl).

[Mpumepsbl:

« Slony, Londiste (Skytools), Bucardo, Pglogical.
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dusndeckasa penankauna.

[nocel:

* MWHMMasbHbIM HaknaAHble pacxoibl Ha UCNOJ/Ib30BaHNe Pecypcos.
 Jlerkast HacTpovika 1 ConpoBOXAeHe.

MWHyCBI:

« Standby cepBepa AOCTYMHbI TO/ILKO Ha YTEHKE.

* He ymeet paboTtarb Mexay pasHbIMU BEPCUAMU N apXUTEKTYpaMMU.

* HeT BO3MOXHOCTM penimumpoBaTtb OTAe/bHble TabnnLbl 1 HAG0PbLI TabNL.
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Write Ahead Log. REDO.

durkcnpoBaHme Bcex nameHeHu B 6ase (Durability B ACID).

Mpn COMMIT penaetca cuHxpoHusaumsa (flush) REDO 6ydhepoB Ha auck.
XXypHan REDO cogepXxut nctoputo Bcex nsmeHeHuii B 6/.

JTio6oe nsmeHeHne B b/ cHavana gomkcmpyetca B REDO.

XypHan REDO ucnonb3yetca:

* Npu aBapuMMHOM BOCCTaHOB/EHWUN;

e B pe3epBHOM KonunpoBaHuu n Point In Time Recovery;

* B peryinkaunun.
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Write Ahead Log. REDO implementation in PostgreSQL.

B PostgreSQL, REDO un3BecTteH kak Write Ahead Log (WAL).

WAL rapaHTupyeTt 3annucb nameHeHui 6, 4O MOMeHTa U3MEHEHNA caMmX
AaHHbIX.

Kak 370 rapaHTupoBaTb?

* LSN (log sequence number) - mecTononoxeHue 3anncu sHyTpu WAL
XypHana,

e Kakaas cTpaHuua mapkupyetcs LSN nocneaHein 3anncu XxypHasa Kotopas
3aTparnmBaeT cTpaHuly;

* bufmgr nepen 3annUcbio N3MEHEHHOW CTPaHULbl, A0/HKEH YOeANTLCA UTO
XXypHan copouleH Ha anck o LSN ykaszaHHOro B cTpaHuue.
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B ob6Lwnx yeprax.

backend backend backend autovac
WAL writer* |
WAL
l Startup/Recovery

WAL Sender/WAL Receiver

SR/Archiving/Hot Standby

Point in Time

* - MOXET OTCYTCTBOBaTh
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Startup process.

3apgaya startup npouecca 3anyctutb b/l (nocrie 4yero oH 3aBepLuaeTcs).
B standby pexume oH nHnymnpyet 6eckoHeuHbIn replay loop.

Mpu 3anycke REDO untaem recovery.conf.

REDO:

* yTeHune cermeHToB 13 pg_xlog/archive;

« 3anyck wal receiver n yteHne XLOG c macTtepa;

Mpu gocTmwxeHun consistency (min recovery ending location) paspeluaem
npuHMUMaTb NoAKYeHna 1 3anyckaem checkpointer/bgwriter.

CrnepoBaHue OCTaBLUMMCS recovery napameTpam U3 recovery.conf.

Ewe 60sbLIe KOHKpeTukn cmoTpuTe B StartupXLOG() chyHKUMW.
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WAL Sender process.

Postmaster Ha KaXX0ro KnmMeHTa cosgaet npouecc — backend.

WAL sender ato Toxe backend (c dpsiarom am_walsender).

BakeHp 3anyckaet exec_replication_command().
exec_replication_command() MOXeT aenartb pasHble BeLlN:

e co3faHune/ygasieHne CN10TOB pensinkaunm;

 3anyck basebackup;

* 3anyck oM3nyeckon/nornvyeckon pennmkaymn.

B nocneaHem cnyyae, 63keHa otnpasnsger XLOG cerMeHTbl K/INEHTY.

nn cnut Korga HoBbIX XLOG HeT.
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WAL Recelver process.

Startup npouecc nooyepenHo nposepsAeT UCTouHUKN XLOG.

Startup npouecc numymmnpyet 3anyck WAL receiver'a.

HyxeH recovery.conf + primary_conninfo.

WAL receiver:

onpeaendeT cTapToBylo no3uuuio ana nepepadn XLOG;
NOAKNOYAETCA K MacTepy 1 nepenaeTt cTapToBy NO3ULNIO;
npuHnmMaeT XLOG cermMeHTbl 1 3anncbiBaeT Ux Ha OUCK;

obHoBMAeT nepemeHHyt B shared memory (WalRcv - receivedUpto);

OTNPaBSeT CTAaTUCTUKY + puabex.

Startup npouecc NCnonb3yeT NnepeMeHHy YToObl MOHMMAaTb 40 Kakoi No3uLum
cnepnyet Bocnponssoantb XLOG.
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@ Bonpochkl?

backend backend backend autovac
WAL writer | <
WAL
l Startup/Recovery

WAL Sender/WAL Receiver

SR/Archiving/Hot Standby

Point in Time
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YacTsb |l. HacTponka pensikauum.

BapunaHTbl HACTPOMKMN.

[MoAroToBKa CEPBEPOB K 3anyCcKy pensivkaumu.
icnonb3yemble MHCTPYMEHTHI.

3anyck pensivkaummn 1 NnpoBepka ycnewwHoCcTn 3anycka.

Cneundpnyeckme 0cobeHHOCTN.
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BapnaHTbl HACTPOWKMN.

CUHXpOHHaA/ACUHXPOHHAasA penimkaums.
KackagHaa pennmkauus.

Uni-directional/Bi-directional.
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O6LWnM asmIropuUTMm.

[NogroToBka macTtepa.
KonnposaHue DATADIR.
Moarotoeka standby.
3anyck standby.

[MpoBepka pesynbrara.
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HacTtpoika macTepa.

OTAenbHblin NoMb3oBaTesb ANA penvkauunm.
PepaktuposaHue postgresqgl.conf.
PepaktnposaHue pg_hba.conf.

Co3pgaHue cnoToB penavkaumm (Tosibko Npu He0BXo4MMOCTH).
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HacTtpoika macTepa.

OTAenbHbIN Nonb3oBaTesb AN pPennkalmm.

* CREATE ROLE ... WITH LOGIN REPLICATION PASSWORD "..."
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HacTtpoika macTepa.

PepaktnposaHue postgresqgl.conf.
« wal_level = hot_standby
« max_wal _senders >0

* [lepe3anyck PostgreSQL
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HacTtpoika macTepa.

PepnaktupoBaHue pg_hba.conf.
* host replication username client addr/mask authtype
* host replication replica 10.1.0.99/32 md>5S

* pg_reload_conf()
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HacTtpoika macTepa.

Co3pgaHue cnotoB pensivkaumm (Tofibko Npu He0BXo4MMOCTH).
« max_replication_slots >0
* pg_create_physical_replication_slot('slothame’);

e primary_slot name = 'slotname' (recovery.conf)
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KonnposaHue DATADIR.

pg_basebackup (c Bepcumn 9.1)
-h, --host=...; -p, --port=...; -U, --username=...; -d, --dbname=...; -D, --pgdata=...

-c, --checkpoint=fast | spread

-X, --xlog-method=fetch | stream — stream ¢ 9.2
-R, --write-recovery-conf —-Cc9.3

-, --max-rate=... —c94
--xlogdir=... —-c94

-T, --tablespace-mapping=olddir=newdir -c94

-P, --progress

pg_basebackup -P -R -X stream -c fast -h 127.0.0.1 -U replica -D /pgdb
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KonupoBaHne DATADIR. AnstepHaTtuBbl pg_basebackup.

KonupoBaHue yepes cp, scp, tar, rsync...
Snapshots:

« ZFS send/receive,

 LVM + dd.

pg_start_backup() + pg_stop backup().
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HacTpouka Standby.

NAEHTUYHOCTb doaiiioB KOHUrypauuu.
daiinbl KoHGMrypaunn:
e postgresgl.conf;

e recovery.conf,
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HacTpouka Standby.

NaeHTUYHOCTL dhain/ioB KoHUrypaumm:
e 3auem?

e Kak?
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HacTpouka Standby.

daiinbl KoHGurypaunm (postgresgl.conf):

* hot_standby = on;

max_standby streaming_delay;

wal_receiver_status_interval;

hot_standby feedback;

wal_receiver_timeout;
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HacTtpouka Standby.

daiinbl KoHGmrypaumm (recovery.conf):

e primary_conninfo = 'host=... port=..."

standby _mode = on

primary_slot name = 'slothame’

trigger_file ="...'

recovery_min_apply delay.
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3anyck Standby.

pg_ctl — pogHasa ytunurta ot PostgreSQL.
pg_ ctlcluster — Bpannep Hag pg_ctl B Debian/Ubuntu.

sysvinit, upstart, openrc, systemd...
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[poBepKa yCneLwHocTn 3anycka.

Hannume npouyeccos wal sender 1 wal receiver.
[MpoBepKa XXypHana cobbITUMN.
[MpoBepka Yepe3 06bIYHOE nogkntyeHne (psql).

CuctemMHoe npeacrtas/ieHne pg_stat_replication.
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Pa3Hble 0COOEeHHOCTH.

DATADIR, koHdurn n Debian-based vs. RHEL-based.
pg_ctlcluster 1 owMbKa HEBO3MOXHOCTU NOAK/IHOYEHUS.

Moao3puTeNbHO Masioe KosIMYeCTBO NPOLIECCOB B BbIBO/E PS.
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Torn. NpakTnyeckoe HasHavyeHune pensiuk.

MacwTabnpyemocTb Ha YTEHME.
[MONTHOTEKCTOBLIN MOUCK.
AHaIUTUKaA.

Pennvka He 3HaunT backup.
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@ HacTpowka pennukauun. MNpaktnyeckast 4acTb.

root password: pgconf2016

# su - postgres — BCE 3a/1a4n AeniaeM OT UMeHU postgres
$ ps auxf — YTO BOOOLLIE Mbl UMEEM?

$ pwd — rae Mbl?

$Is-19.5 — rae Bce 6yaeT nponcxoauTs.
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[logroToBka macTtepa.

$ vi 9.5/data/postgresql.conf

 listen_addresses =" — CNlyllaem Ha Bcex uHtepdencax.
« wal level = hot_standby — noapo6bHocTb WAL XypHana.

« max_wal senders =4 — NUMNUT Ha walsender'sl.

* hot_standby = on — pa3pewnTb read-only 3anpochi.
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@ [logroTtoBKka macTtepa.

$ psql — CO3/aeM OTAeNbHOro Nosb3oBarens.
CREATE ROLE replica WITH LOGIN REPLICATION PASSWORD 'rep123’;
$ vi .pgpass — HacTpavBaeM dpainn naporsnei.
***replica:repl23
$ chmod 600 .pgpass
$ vi 9.5/data/pg_hba.conf — nponuncbiBaem npasusia aBTopusaumn.
host replication replica 127.0.0.1/32 md5

$ pg_ctl -D 9.5/data/ -m fast restart — NPUMEHAEM N3MEHEHNS B CUY.
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CospaHue standby cepsepa.

$ pg_basebackup -P -R -c fast -X stream -h 127.0.0.1 -U replica -D 9.5/replica
» -c fast — caenartb NpuHyanTenbHbI checkpoint.
e -X stream — ckonupoBaTb HoBble XLOG yepes Bblae/eHHoe CoaeHNHNE.

¢ -R — co3gaTb MUHUMasbHbIN recovery.conf

$ vi 9.5/replica/postgresql.conf — NpaBnM HOMep MopT.
port = 5433
$ pg_ctl -D 9.5/replica/ start — 3arnyckaem pPern’suky.
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@ [1poBepKa.

$ ps auxf — Hanunuume sender/receiver NpoLEeccos.

$ psql -p 5433 — npoBepsem cTatyc Ha standby.
select pg_is_in_recovery(); — pexunm BoccTaHoB/eHNsA Ha standby.

$ psql — MPOBepSAEM CTaTyC Ha MacTepe.
select * from pg_stat_replication ; — HanuumMe cTtatucTUKK co standby.
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JTO BCe.
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YacTtb |Il. MOHUTOPUHT 1 aKcnyaTauna.

«HacTtpoun n 3abbls1» - 3TO NPO MNOTOKOBYHO penavkaymio.
MOHUTOPWHT:

e BHYTPEHHASA CTaTUCTUKA;

e BCNomoraTesibHble oyHKUMN;

* MPUMeEpLI 3arnpocos.

JkcnnyaTtayus.

« fobaBneHve v yganeHne pensivk;

* MPUOCTaHOBKa pensinkauunm;

« noGaB/eHne 1 yaasieHne CrioToB.
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CuncteMHble npeacTasieHne (views):
e pg_stat replication

e pg_stat _replication_slots
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MOHUTOPUHI. BcnomorartesibHble OYHKLNMW.

pg_is_in_recovery()
pg_current_xlog_location()
pg_last xact replay_timestamp()
pg_last xlog_receive location()
pg_last xlog_replay_location()

pg_xlog_location_diff()
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MOHUTOPUHI. [1prMepbl 3anpPOoCoB.

MOHI/ITOpI/IHF perninkaunin Ha Mactepe.

select
pid, client_addr,
pg_size_pretty(pg_xlog location_diff(pg_current_xlog_location(),sent_location)) as
pending_xlog,
pg_size_pretty(pg_xlog_location_diff(sent_location,write_location)) as write,
pg_size_pretty(pg_xlog_ location_diff(write_location, flush_location)) as flush,
pg_size_pretty(pg_xlog_location_diff(flush_location,replay_location)) as replay,
pg_size_pretty(pg_xlog_ location_diff(pg_current_xlog_location(),replay_location)) as
total_lag
from pg_stat_replication;

pid | client_addr | pending_xlog | write | flush | replay | total_lag
------- T L e
21015 | 127.0.0.1 | © bytes | © bytes | 0 bytes | 48 bytes | 48 bytes
2067 | 192.168.200.4 | 12 GB | 30 MB | © bytes | 156 kB | 12 GB
18635 | 192.168.100.2 | 0 bytes | 48 bytes | © bytes | 590 MB | 590 MB
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Ansa standby:

pg_current_xlog_location() — pg_last xlog_receive location()

Oo6bem WAL:

« SELECT pg_xlog_location_diff(pg_current_xlog_location, '0/0");

Jlar B cekyHpax:

« SELECT now() - pg_last_xact_replay_timestamp();
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akcnayatauna.

[lo6aBneHne HOBbIX NN OTKNKOYeHWe standby y3nos.

BpeMeHHast npuocTaHoBKa pen/iMkauumn n BO306HOBNEHNE.
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[lo6aBneHne HOoBbIX UNK oTkoYeHne standby y3nos.
 max_wal_senders

* max_replication_slots

* pg_create physical_replication_slot()

* pg_drop_replication_slot()
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BpemeHHasi NpuocTaHOBKa pensiMkaLmm 1 BO30OHOB/EHNE.

* pg_is_xlog_replay paused()
* pg_xlog replay pause()

* pg_xlog replay resume()
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YacTb IV. Npobnembl 1 peLlueHus.

Jlar pennnkauun.

[MosiHaA ocTaHoBKa pensikauum.
CeTeBble 1 ANCKOBbIE NPO6GEMbI.
100% mncnonb3oBaHne MecTa Ha Aucke.
KOHJoANKTbI NPy BOCCTAHOBEHUN,
Bloat Tabnuu n MHOEKCOB.

pg_xlog/ bloat.
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Jlar pennunkayun.

CMMNTOMBI:

e naHHble Ha standby oT/IM4YalTCA OT TOr0 YTO HA MacTepe.
[pUYNHLI:

e fnonrune s3anpocsl Ha standby, MHOro 3anncu Ha mMacTtepe;
* npobnemsl ¢ 060pya0BaAHNEM.

PelwleHue:

* onTnMmn3auuna npuiaoxxXeHus.
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Networking un Storage.

Network lag:

 full_page_ writes = off;

» ssh tunnels ¢ komnpeccuen.
Storage lag:

 full_page writes =off;

filesystem barriers;

writethrough/writeback;

RAID BBU learning;

lonice (Tonbko ana cfq elevator).
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[TonHaa ocTaHOBKa pensnkauun.

CMNTOMBI:

* Recovery process ncnonbsyet 100% CPU;

e Jlar yBennymBaeTcs.

[pUYNHLI:

» Taxenble update/delete, MHOro autovacuum.
PelleHue:

« yBenuyeHne wal_keep segments;

* BpeMeHHoe oTk/toYeHue full_page writes;

e paccTaHoBKa NMPUOPUTETOB Hepes ionice u renice.
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100% wncnosnb3oBaHMe MecTa Ha AUCKe.

[pnYnHbI:

» Replication slots 1 BbIk/to4eHHbI standby — HakonneHne XLOG cermeHToB;
PeLleHne:

* YpaneHue cniota n ucnosnb3osaHue wal_keep segments.

XaK Ha CKOpYI0 PYKY:

» Filesystem's reserved blocks percentage n tune?2fs.
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@ KOHMKTBI NPV BOCCTAHOBNEHWMN.

Kak BO3HUKaOT KOH(NKTbI:

* Autovacuum;

« XLOG replay.

PeLleHne:

* hot_standby feedback = on;

* YBenunueHne max_standby streaming_delay.
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Bloat Tabnunu 1 MHAEKCOB.

[NpnynHa:

e [1NHHbIE TpaH3akuun Ha standby.

PeLleHne:

* pgstattuple;

« VACUUM FULL, pgcompacttable, pg_reorg...;
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@ pg_xlog/ bloat Ha standby.

CUMNTOMBI:

» Pa3HbIn pa3mep pg_xlog/ n konnyectso XLOG cermMeHTOB.
PelwleHue:

* YMeHbLWnTb checkpoint timeout;

* YMeHblNTb checkpoint_completion_target.
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YacTtb V. Switchover u Failover.

UTO 3TO?
3a4yeM 1 Koraa 310 HYXHO?

Kak aTo genartb?
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BeogHas nHdopmaums.

Switchover n Failover.
3ayem:
» 06HoBMeHue MO, OC, obopyaoBaHUA.

e OTKa3 06opyaoBaHus.
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Switchover.

3anyck chekpoint Ha macTtepe.
[MpoBepkKa nara pensnkauuu.
BbikntoueHne mactepa.

YpnaneHue recovery.conf n pectapt standby.
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@ Switchover.

[ntocel:

* bbICcTpoe nogknyeHne ctaporo mactep B kadyectse standby;
» OTCyTCTBME NOTEPSAHHbIX TPAH3aKLUWN.

MUHyCBbI:

» [locne pectaprta TpebyeTcs Nporpes KaLwa,

* pg_prewarm extension (c sepcun 9.4).
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Failover.

Co3fgaHune TpurrepHoro anna

* recovery.conf: trigger_file ="..."

 [locne nsamMeHeHusa recovery.conf Hy)XeH pecTtapr.
cnonb3oBaHue pg_ctl

e pg_ctl-D ... promote
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@ Failover.

[Mnochbl:

* ObICTPO;

* He HY)XXHO BpPeMs Ha pecTapr;
* He Hy)XXeH Nporpes KaLla.
MUHyCBI:

* PUCK NOTEepu TpaH3akuui;

* Hesib34 UCNOoJ1b30BaTh CTapbli Mactep B kadyectse standby (a0 9.5).
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[MOBTOPHOE 1CMO/Ib30BaHNE CTApPoOro MacTepa.

Switchover:

* co3faHue recovery.conf n 3anyck.

Failover:

* nepevHuunanmnsayma (ao 9.5);

e pg_rewind (c 9.5).
 timeline gonxeH pasnnyarbca y macTtepa u standby.
e CTapblil MacTep A0/MKEH ObITb KOPPEKTHO 3aBEPLLEH.
e Taku MHoraa 6biBaloT iSSues.

e pg_rewind --target-pgdata=9.5/main --source-server="host=10.0.0.1"
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@ Switchover. NpakTnyeckas yacTb.

$ vi 9.5/replica/postgresql.conf — 3apaHee nonpasBnM KOHAIWUT.
port = 5432
$ mv 9.5/replica/recovery.conf /tmp/ — yaansiem recovery.conf
$ psql
> CHECKPOINT, — coKpaTtnm Bpems byayliero pecrapra.
$ pg_ctl -D 9.5/data -m fast stop — BbIK/1l0OYaeM MacTep.
$ pg_ctl -D 9.5/replica -m fast restart  — npoBo3rnawem HOBOro MacTtepa.

$ tail -f 9.5/replica/pg_log/postgresqgl-Wed.log

$ ps auxf
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Switchover. Kak 6bITb CO cCTapbiM MacTtepom?

$ vi 9.5/data/postgresql.conf — NpaBuM KOHQWUT.
port = 5433
$ mv /tmp/recovery.conf 9.5/data/ — co3faem recovery.conf.
$ pg_ctl -D 9.5/data start — 3anyckaem,
$ ps auxf — NMPOBEPSIEM.
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Failover. Nogrotoeka.

$ vi 9.5/data/postgresql.conf

$ vi 9.5/replica/postgresql.conf

« wal_log_hints = on

« wal _keep segments = 32

$ pg_ctl -D 9.5/data -m fast restart

$ pg_ctl -D 9.5/replica -m fast restart
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Failover.

$ pg_ctl -D 9.5/replica -m immediate stop — «KP3LMM>» MacTep.
$ pg_ctl -D 9.5/data promote — CO3[a€eM HOBbIN MacTep.
$ psql -p 5433 — BHOCUM N3MEHEHNS.

create database test;
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Failover. A 4TO CO cTapbiM MacTepom?

$ pg_ctl -D 9.5/replica start
$ pg_ctl -D 9.5/replica stop
$ pg_rewind -D 9.5/replica --source-server="host=127.0.0.1 port=5433"
$ vi 9.5/replica/postgresql.conf
port = 5432
$ mv 9.5/replica/recovery.done 9.5/replica/recovery.conf
$ vi 9.5/replica/recovery.conf
port = 5433
$ pg_ctl -D 9.5/replica start

$ ps auxf
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