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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
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OT3bIBbl, 3aMeYaHnst 1 NPeASIOKEHNA HanpaBNANTe No aapecy:
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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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[opsaunmn peseps ansa HA Posigres

OCHOBHOIi cepBep pesepBHblii cepeep

(macTep) (pennuka)
synchronous_commit = on hmﬁstandbyjeedback = off
max_standby_streaming_delay =t

select, insert wal sender (O] " wal receiver startup
update, delete 4

=
LTI
SRERE

cermeHTbl WAL

CHMHXDOHHa# PEIVIMKALUA: PETUVIMKd MdKCHMMaJ/IbBHO COOTBETCTBYET MACTEDPY

3ampOChI K PeriiKe BO3MOKHbI, HO He TIPUOPUTETHBI:
oHU OyayT mpepBaHbI MPU 1H000M KOHGITUKTe

Pennnka MoXeT co3aBaTbCsl /151 PELLEHUs pa3HbIX 3a4a4, U HacTpoKa
3aBUCUT OT ee npeAHasHauYeHus.

OfVH 13 BO3MOXHbIX BapMaHTOB — 0b6ecrneyeHne ropsyero pesepsa 4/1s
Lieniei BbICOKOW AOCTYMHOCTU. 3TO O3HAYaeT, 4YTo npu c60e OCHOBHOIO
cepBepa TpebyeTcs Kak MOXHO OGbICTpee NepenTn Ha pensiuky, He NoTepsiB
Mpn 3TOM [aHHble.

HazexHocTb obecneumBaeT CUHXPOHHAA pennkaumsa B pexume
synchronous_commit = on (3Ha4YeHne write He rapaHTUpPyeT HafeXHOCTb;
3HauyeHue apply 6yaet nepebopom).

UT06bI penivka kak MOXHO MeHbLle OTCTaBasia OT OCHOBHOIO cepBepa,
HY>XHO NPUMEHSTb XYpHasibHble 3anncu cpaasy Xxe. 118 aToro BbiCTaBNsieEM
3a4epXkKy max_standby_streaming_delay B HeGonbLIOE 3HAYEHNE.

UT06bI 3anpockl K pensiuke He MOr/iM HeratMBHO MOB/IUSATb HA OCHOBHOIA
cepsep, Bbik/to4aem obpartHyto cBasb (hot_standby feedback = off).

C TakMmu HacTpoiikamu 3anpockl K pensinke BO3MOXHbI, HO B C/lyyae
KOHCP/IMKTOB OHM ByAyT npepBaHbl. Ecnn 3anpockl K pensvke He
npeanosiaraloTcA, MOXHO CO34aTb €€ B PexumMe «Tensioro pesepsa»
(hot_standby = off).

3ameTum, YTo penimkaums — 6a30Bblii MEXaHU3M 115 o6ecneyeHus
BbICOKOW [OCTYNHOCTM, HO [la/lIeKO He BCe, UTO HY)HO. Bonee nogpobHee
3T0 06CyXaaeTcs B Moayne «KnactepHble TEXHONOMUN.
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BanaHcupoBka OLTP Pos{gres

OCHOBHOIi cepBep pesepBHblii cepeep

(macTep) (pennuka)
synchronous_commit = off hmﬁstandbyifeed‘back =on
max_standby_streaming_delay = T

select, insert wal sender (O] " wal receiver startup
update, delete 4

=
LTI
SRERE

cermeHTbl WAL

3ampOChI Ha PervikKe J0/KHBI 0TpabaThIBaTh
JIOJTHe 3ampOChI TIOBJ/IUSIFOT Ha MacTep, HO B OLTP-Harpy3ke ux He I0/DKHO OBIThH
COT/IaCOBAaHHOCTb JIaHHBIX [IO/DKHA 00eCTIeurnBaThCs OT/Ie/TbHO

[pyroii BapnaHT — pensvka ucnonb3yetcs ans 6anaHcupoBku OLTP-
Harpy3ku Ha YTeHue.

OLTP-Harpy3ka xapaktepunsyeTca HebGOobLLIMMK N0 A/INTENTbHOCTY
3anpocamu. 31O NO3BOJIAET AOCTATOYHO TECHO CBA3aTb PENINKY C
OCHOBHbIM CepBEPOM, YTOObI 3aMpOCbl rapaHTMPOBAHHO He NpepbIBa/INCH
N3-3a KOH(PIMKTOB, N B TO XX BPemMs He 6eCnoKoUTbLCH O HeratTMBHOM
B/IMSTHUN HA OCHOBHOW cepBep.

Bkntoyaem obpaTHyto cBA3b (hot_standby feedback = on) v BbiCTaBNseM
[0CTaTOYHO 60/bLUYIO 3a4ePXKY MPUMEHEHNS KOHQ/IUKTHBIX 3anumcen
(max_standby_streaming_delay).

CUHXpOHHasi pennvkaLms B Takoit KOHdUrypaumm, ckopee BCero, He
TpebyeTcsi. OHa BCce paBHO He o6ecneynBaeT CornacoBaHHOCTb JaHHbIX:
3a)MKCMPOBAHHOE M3MEHEHME HA OCHOBHOM CEPBEPE HE rapaHTUPYET, UTo
3anpoc K peninke yBuamT 3Th U3MEHEHNS.

[na obecneyeHns cornacoBaHHOCTUN HYXXHO, YTOObI MU3MEHEHUA NOABNAIUCH
Ha 060X cepBepax 00HOBPeMEHHO. Pexum synchronous_commit = apply
NO3BO/IAET AOXAATLCA NPUMEHEHMWA XYPHAUTbLHOW 3annucuy Ha pensnke
(LeHoM cnNbLHOro NaZieHnss NPoU3BOANTE/IbHOCTM OCHOBHOIO CepBepa),

HO OCTaeTcs BO3MOXHOCTb YBUAETb AaHHble Ha pennke paHblle, 4em Ha
mMacTepe. HagexHoe v npo3pavHoe A1 NPUIoXKEHWI peLleHne MOXHO
NoNy4YnUTh, NCNONb3YA cnelnasibHbie NPOTOKO/bI pacnpeneneHHbIX
TpaH3akumin (CM. Moaynb «KnactepHble TEXHONOIMn»).
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Pennnka onga oTyeToB Posigres

OCHOBHOIi cepBep pesepBHblii cepeep
(macTep)

(pennuka)

hot_standby_feedback = off
max_standby_streaming_delay = -1

synchronous_commit = off

select, insert wal sender (O] " wal receiver startup
update, delete 4

=
LTI
SRERE

cermeHTbl WAL

3ampOChI Ha perinKe J0/KHbI 0TpabaThiBaTh, B TOM UKC/Ie U [JOTHe
(HO He TpeOyIOTCS CaMble aKTyasIbHbIE JaHHbBIE)

MacTep He ZI0/KeH UCIBIThIBaTh HETaTUBHOTO BIUSIHUSL 00paTHOM CBSI3U
uyT00OBI COBCEM pa3Bsi3aTh CepBepbl — yOpaTh CI0T U UCIOIb30BaTh apxuB WAL

ELLle oauH BO3MOXHbIN BApuaHT — pasfesieHne no cepeepam Harpysku
pasHoro Tuna. OCHOBHOW cepBep MOXET 6paTb Ha cebst OLTP-Harpysky,
a ANnTeNbHble YnTatoLme 3anpochl (OTYETbI) MOXHO BbIHECTU Ha PENJINKY.

Kpome pacnpeaeneHunst Harpy3ku Mexay cepBepamu, Takoe peLleHne
NO3BOMUT U36eXaTb NPO6/IEMbI C TEM, UTO A/INTENbHbIE 3aNpPOoChl Ha
OCHOBHOM CepBepe MOryT 3a/1epPXX1BaThb BbINO/IHEHNE OUUCTKM U NMPUBOAUTD
K paspacTaHuio Tabnuu,

N3 3TUX COOBpaKeHUIn «OTHETHAA» pen/nka Ao/mMKHA ObiTb MakCMMasibHO
oTAenieHa OT OCHOBHOrO cepBepa. [Jo/mkHa O6bITb OTK/Il0YeHa obpaTHas
cBa3b (hot_standby_feedback = off), HO BpemMs oTKnaabiBaHWS
KOHMPIMKTYIOLLMNX XKYPHaUIbHbBIX 3arncei HY>XHO CU/TbHO YBENYNUTD, BMN/I0Th
0o 6eckoHeyHocTu (max_standby streaming_delay = —1).

[MOCKONbKY AN ANUTENbHbIX OTYETOB HE TPEBYHOTCS CUIOMUHYTHbIE AaHHbIE,
MOXHO, MPWY HaJIMYMK apxuBa, 0TKasaTbCs OT cnoTa penvkauumn (He 3abbiB
BbICTaBUTb NapameTp max_standby archive _delay aHanornyHo
max_standby_streaming_delay). Toraa, ecnm mactep ycneert yaaimtb
Heo6XxoAMMbIn pennivke thain, pennnka BO3bMET ero U3 apxmBsa.

TaKkyo peninky MOXHO TakXe MCNONb30BaTh A/19 BbINO/IHEHNSA Pe3epBHOro
KOnnpoBaHUA.

PasymeeTcs, Ha NpakTUKe BO3MOXHbI U Apyrne coYeTaHnsi napaMeTpoB.
[NaBHOE — YETKO MOHMMaTb, KakKyto 3aja4vy TpebyeTcs pelmnTb, U Kakoe
BNUSIHME OKa3bIBatoT Te UM UHble NapaMeTpbl.
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HeCKo/1IbKO pensivk Pos{gres

pe3epsHbIii cepsep
(pennuka A)

(macTep)
pe3epBHbIii cepsep
select, insert y . -
update, delete )i pg_copy_physical_replication_slot() (pennuka B)
wal sender @
cermeHTbl WAL \ ‘

K ocHOBHOMY cepBepy MOXHO NOAKIOYMUTL HECKOILKO pensivk. Hukakumx
creymasibHbIX HACTPOEK A/1s ATOro He TpebyeTcs, HO HaJ0 yunTbiBaTb, YTO
KaoKaoM pennvke 6yaeT COOTBETCTBOBATbL OTAE/bHbIN npouecc wal sender

N OTAENbHbIN CMIOT pennivkaumn. MNMpu pasBepTbiBaHNN MOXHO
pacTypaxupoBaTb 0AHY 6a30BY0 KOMUIO U KNTOHUPOBATL CNOT penankaymm
doyHkumein pg_copy_physical_replication_slot().
https://postgrespro.ru/docs/postgresqgl/13/functions-admin#FUNCTIONS-RE
PLICATION

OO6bIYHO Takasi cxeMa TpebyeTcs Ans pacnpeaeneHns Harpysku, HO
COGCTBEHHO pacnpe/ienieHne [0/MKHO peLlaTbCs BHELHMMU cpeacTBamMm
(cM. Moaynb «KnacTepHble TEXHOMOMMN»).




Macrep u nBe du3nIeCKHe PEIUIHKH

HacTtpouM KoHOUI'Ypauuio ¢ OIByMs PeNUKaMU.
Co3panyuM aBTOHOMHYIO Pe3EPBHYIO KOIIKIO IIEPBOT0 CEPBEPA, OMHOBPEMEHHO CO3[aB CJIOT.
student$ pg_basebackup --pgdata=/home/student/backup -R --create-slot --slot=beta

TTocKONBKY TpPETHH CepBep IIPU CTapTe HauyHeT IPUMeHTh 3anucu WAL ¢ Tol XKe MO3UIIUY, YTO U BTOPOU, MOXKHO
ny6IupoBaTh CIIOT:

a=> \c - postgres
You are now connected to database "student" as user "postgres".
a=> SELECT pg_copy_physical_replication_slot('beta', 'gamma’);

pg_copy physical replication slot

(gamma, )

(1 row)
a=> \c - student
You are now connected to database "student" as user "student".
BreInoKUM aBTOHOMHYIO Konuio B KaTanoru PG DATA BTOPOTrO U TPETHETO CEPBEPOB:
student$ rm -rf /var/lib/postgresql/13/beta
student$ sudo cp -r /home/student/backup /var/lib/postgresql/13/beta
student$ sudo chown -R postgres:postgres /var/lib/postgresql/13/beta
student$ rm -rf /var/lib/postgresql/13/gamma
student$ sudo cp -r /home/student/backup /var/lib/postgresql/13/gamma
student$ sudo chown -R postgres:postgres /var/lib/postgresql/13/gamma
B KoHOUTypanuy TpeThero cepBepa yKazxkeM CJI0T gamma:
student$ sudo sed 's/beta/gamma/g' -i /var/lib/postgresql/13/gamma/postgresql.auto.conf
student$ sudo tail -n 1 /var/lib/postgresql/13/gamma/postgresql.auto.conf
primary slot name = 'gamma'
3amyckaeM 00e periuKu:
student$ sudo pg_ctlcluster 13 beta start
student$ sudo pg_ctlcluster 13 gamma start
CnoTnl WHUIIUAJIU3UPOBAJIUCh:
a=> SELECT slot_name, active_pid, restart_lsn FROM pg_replication_slots;

slot name | active pid | restart 1lsn

___________ Sy
beta | 19324 | 0/5000060
gamma | 19366 | 0/5000060
(2 rows)

ITpoBepsem.

a=> CREATE DATABASE replica_usecases;

CREATE DATABASE

a=> \c replica_usecases

You are now connected to database "replica usecases" as user "student".
a=> CREATE TABLE revenue(city text, amount numeric);

CREATE TABLE

student$ /usr/lib/postgresql/13/bin/psql -p 5433 -d replica_usecases

| B=> \d revenue



Table "public.revenue"

Column | Type | Collation | Nullable | Default
-------- e e e R
city | text | |
amount | numeric | |

student$ /usr/lib/postgresql/13/bin/psql -p 5434 -d replica_usecases

y=> \d revenue

Table "public.revenue"
Column | Type | Collation | Nullable | Default
-------- B e e
city | text | |
amount | numeric | | |

MBI HACTPOUIIH [IB€ PEIIMKH OJHOTO0 MacTepa Ha OCHOBE OJHOM 6a30BOM KOIHUH.
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KackagHaa pennukayus Posigres

OCHOBHOIi cepBep pe3epBHbIii cepsep pe3epBHbIii cepBep
(macTep) (pennuika A) (pennuka B)

= B =

select, insert wal sender (O wal recelver startup wal sender wal receiver stanup
update, delete

DD]]:‘]] SyachronousReommitilof recovery_target_timeline = 'latest'

cermeHTbl WAL

T03BOJISIeT CHU3UTb Harpy3Ky Ha MacTep U Tiepepacripe/ie/IuTh CeTeBoM Tpaduk
He T0/I/IeP/KUBAeTCs KacKasiHasi CHHXPOHHAsl PeTUIMKaIUst
oOparHasi CBsI3b TIOCTYTIAaeT OT BCEX PervIiK

HeckonbKo pensnk, NoAKIHYEHHbIX K 0O4HOMY OCHOBHOMY CepBepy, byayT
co3faBaTtb Ha HEro onpeaeneHHy Harpysky. Kpome Ttoro, Hago yunTtbiBaTb
Harpy3Ky Ha CeTb A1 NePEeCbISIKN HECKO/IbKMX KOMUIA NOTOKa XYPHasIbHbIX
3anuncen.

[Nsi CHUKEHNA HArpy3Kn Peninku MOXHO COeAMHATb KackaaoM; Npy 3TOM
cepBepbI NepeaaroT XypHasibHble 3anvcy Apyr Apyry no uenouke. Yem
flasiblie OT MacTepa, TeM 6osbliee MOXET HAaKONUTbLCS 3anasibliBaHue.
Cxema MOHUTOPUHTa YCNOXHSIETCS: NPOLECcC Hal0 KOHTPO/IMPOBATbL Ha
HECKO/bKNX cepBepax.

[Na HaCTPOMKN Ha NPOMEXYTOUYHbIX pensikax Tpebyetca obecneunTb
[OCTaToyHOe 3HaYeHne napamMeTpoB max_wal_senders n
max_replication_slots n NpoBepPUTb HACTPONKN NOAK/THOYEHMS MO NMPOTOKOSY
pennvkauun B pg_hba.conf.

Ecnun coBeplumntca nepexoq Ha pensinky (6nmkanilyo K OCHOBHOMY
cepBepy), TO Ha Hel NPON30NLET yYBENIMYEHNEe HOMEpPA JINHUM BPEMEHW.
3Ha4deHue (No ymon4yaHuio ¢ Bepcumn 12) recovery_target timeline = 'latest'
HanpaBUT BOCCTAHOB/IEHNE NO 3TOW HOBOW NIMHUMN.

3ameTum, 4YTO KackagHas CUHXPOHHAas pennkaums He noanepXmnBaeTcs:
OCHOBHOW cepBep MOXET OblTb CUHXPOHU3MPOBAH TOJIbKO

C HenocpeAcTBEHHO NOAK/IYEHHOW K HEMY pensinKoin. A BOT obparHas
CBSA3b MOCTyNaeT OCHOBHOMY CepBepy OT BCEX PerJIvK.
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OTnoXxeHHasa penakauns Posgres

OCHOBHOI cepBep pesepBHbIii cepsep
(macTep) (pennuka)

b I hot_standby_feedback = off

o

select, insert wal sender (O] " wal receiver startup
update, delete 4
= ]
[D:Dj:‘]j recovery_min_apply_delay = T

AT

cermeHTbl WAL

«MallliHa BpeMeHU» U BO3MOXHOCTb BOCCTaHOBUTBLCS
Ha orpe/ie/leHHbIIi MOMEHT B TIpOLLIIOM 6e3 apxuBa

pg_wal_replay_pause()
pg_is_wal_replay_paused()
pg_wal_replay_resume()

10

3agavya:; UMeTb BO3MOXHOCTb MPOCMOTPETh flaHHble HA HEKOTOPbIA MOMEHT
B NPOLLSIOM W, NPY HEO6X0AMMOCTMN, BOCCTAHOBUTL CEPBEP Ha 3TOT MOMEHT.

OObIYHbI MEXaHN3M BOCCTAHOB/IEHMA U3 apXBa HA MOMEHT BpPeEMEHMU
(point-in-time recovery) NO3BOMISIET peLWnTb 3aga4y, HO TpebyeT 60/1bLION
NOArOoTOBUTENLHON PaboThbl U 3aHUMaET MHOIO BPEMEHW.

[pyroe pelueHne — co3fartb pensnky, Kotopas NPUMeEHSIET XYpPHa/ibHble
3anvcu He cpasy, a Yepes yCTaHOB/EHHbI UHTEPBas1 BPEMEHM
(recovery_min_apply_delay). UTo6bl 3agepxka pabotana npasBu/ibHO,
Heobxo4uMa CMHXPOHM3AaLMA YacoB MexXay cepBepamu.

OTknagblBaeTca NPUMEHEHNe He BCEX 3anuceil, a ToNbKo 3anucei

0 domKcauum nameHeHuin. 3anmcun ao pukcaumm MoryT ObITb NPUMEHEHDI
«paHblLe BpeMeHW», HO 3TO He npeAcTasnseT npobnemsl 6narogaps
MHOITOBEPCUOHHOCTM.

O6paTHYI0 CBSI3b C/leAyeT OTK/UYaTb, YTOObI HE Bbl3BaTb paspacTtaHue
Tabnuu, Ha macTtepe.

TUNWYHbLIN cueHapuii: HA OCHOBHOM CepBepe NPOUCXoAuT Kakasa-nnobo
npobnema (AoONycTUM, yaaseHbl KOUTUYHbIE AaHHble). Ha pennuke gaHHble
elle ecTb, MOCKO/IbKY COOTBETCTBYHOLLME 3aMUCU ELLEe HE MPUMEHEHDI.
[anbHellwee npourpbiBaHMe 3anucei npnocTaHaBIMBaEeTCA C MOMOLLbHO
doyHkuum pg_wal_replay pause(), noka naet uccnegosaHne npobiemsi.

Ecnn npnHATO pelleHne BepHyTbCA Ha MOMEHT BpeMeHN A0 yaasieHus,
HY>XHO yKa3aTb LeneByt0 TOYKY BOCCTaHOB/IEHUA O4HUM U3 NapamMeTpoB
recovery_target _* n nepesanyCctuTb PEnJuKY.



Jlornyeckasa pennvkaums Q °°°°°°°°°°°°

KoHconmuaarys 1 061iye CTipaBOYHUKA
OG6HOB/IEHHe OCHOBHOM BepCHH cepBepa

Mactep-mactep (B Oyzyiiem)

11
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KoHconnaauus Pos{gres

pervoHasbHbIi
cepsep

TO/TyYeHHe ¥ KOHCOJIHIAL|HsT ' )
>

JIaHHBIX HeCKOJbKUX (hranion . '
N % select, insert
update, delete

cermeHTbl WAL

LeHTpaNbHbIi
cepsep

logical repl.
. worker 7
select, insert orkel permoHanbHblii
update, delete logical repl. cepsep
worker

[T= ]

cermeHTbl WAL

‘@ select, insert
wal sender update, delete

[TT— ]

cermeHTbl WAL

12

[yCTb MUMEKTCA HECKOJIbKO permoHasibHbIX IUINanos, Kaxablil U3 KOTOPbIX
paboTaeT Ha co6cTBEHHOM cepsepe PostgreSQL. 3agada coctonT
B KOHCO/MMAAUMN YacTU faHHbIX Ha LLEHTpasIbHOM CepBepe.

[NnA pelleHns Ha perMoHasibHbIX cepBepax co3garTcsa nybavkaumm
Heo6XoAMMbIX AaHHbIX. LleHTpasibHbI cepBep No4NUCLIBAETCH Ha 3TU
nyénunkaumn. NonyyeHHble gaHHble MOXHO obpabartbiBaTb (Hanpumep,
NPUBOANTL K €ANHOMY BUAY) C MOMOLLbIO TPUITEPOB HA CTOPOHE
LleHTpasIbHOro cepeepa.

MocKonbKy pennukalms OCHOBaHa Ha nepefade AaHHbIX Yepes C/oT, Mexay
cepBepaMmn HeOOGX0AMMO 60ee NN MEHEE MOCTOSAHHOE COeAMHEHME, TaK
Kak BO BpeMsl pa3pblBa COeIVIHEHNSI pErMOHaIbHbIE CEPBEPLI OyayT
BbIHY)X/1€Hbl COXpaHATb haiinbl XXypHana.

ECTb MHOXECTBO OCOBGEHHOCTEN Takoro NPoLecca 1 ¢ TOUKM 3peHunst 61u3Hec-
JTOTVIKU, TPEBYIOLLNX BCECTOPOHHETO U3ydeHus. B psfie cnyyaes MOXeT
oKasaTbCsl NpoLLe nepeaaBaTh AaHHbIEe MAKETHO pa3 B OMNpeAe/eHHbIN
VHTEepPBas1 BPEMEHM.



O6Lre crnpaBOYHUKN Posigres

pervoHasbHbIi
cepsep

PeTUIMKALIMs CTIPABOYHUKOB . )
LeHTpanbHbIi select, insert
date, delete
cepsep " worker up! 3

cermeHTbl WAL

select, insert pervoHasbHbli

update, delete cepsep
wal sender @
S >
—

cermeHTbl WAL

s logical repl. select, insert
worker update, delete

[TT— ]

cermeHTbl WAL

13

[pyras 3agada; Ha LeHTPa/IbHOM CEpBEPE NOAAEPXKUBAIOTCS CNPaBOYHUKMN,

aKTyaslbHble BEPCUM KOTOPbIX A0/MKHbI ObITb AOCTYMHbI HA PETMOHA/IbHbBIX
cepBepax.

B 3TOM c/iyyae cXeMy Haflo pa3BepHyTb HA0GOPOT: LEHTPa/IbHbI cepBep

Ny6ANKyeT N3MEHEHUS, a PerMoHasibHble CepBePbI NOANMUCHLIBAKOTCA Ha 3TU
0OHOBNEHUA.



KoHCOMHaanusi C MOMONILIO JIOTHYECKOH PeIlTHKAIHH

BbIBeJZ[eM obe HaCTpPOEHHEBIE paHee PEIJIMKU U3 PeXKUMa BOCCTAaHOBJIEHUS U HACTPOUM KOHCOJIHUOAIIUIO JaHHBIX.
| B=> \c - postgres

| You are now connected to database "replica usecases" as user "postgres".

| B=> SELECT pg_promote(), pg_is_in_recovery();

pg _promote | pg is in recovery

| y=> \c - postgres
H You are now connected to database "replica usecases" as user "postgres".
| y=> SELECT pg_promote(), pg_is_in_recovery();

pg_promote | pg _is in recovery

II71s1 TOrMYeCcKOM PeIInKalluy HyKHO MOBLICUTEL ypoBeHb WAL (moTpebGyeTcst pecTapT).
| B=> ALTER SYSTEM SET wal_level = 'logical’';

| ALTER SYSTEM

[ y=> ALTER SYSTEM SET wal_level = 'logical’;

[ ALTER SYSTEM

student$ sudo pg_ctlcluster 13 beta restart

student$ sudo pg_ctlcluster 13 gamma restart

[Ty6nukyem Tabiauiy Ha BTOPOM U TPETHEM CEpBepax:

student$ /usr/lib/postgresql/13/bin/psql -p 5433 -d replica_usecases

| B=> CREATE PUBLICATION revenue FOR TABLE revenue;

| CREATE PUBLICATION

student$ /usr/lib/postgresql/13/bin/psql -p 5434 -d replica_usecases

[ y=> CREATE PUBLICATION revenue FOR TABLE revenue;

[ CREATE PUBLICATION

[TepBHIil cepBep MOANIKCHBAETCS Ha 00e MyOIuKalnuu:

a=> \c - postgres

You are now connected to database "replica usecases" as user "postgres".
a=> CREATE SUBSCRIPTION msk CONNECTION 'port=5433 dbname=replica_usecases' PUBLICATION revenue;

NOTICE: <created replication slot "msk" on publisher
CREATE SUBSCRIPTION

a=> CREATE SUBSCRIPTION spb CONNECTION 'port=5434 dbname=replica_usecases' PUBLICATION revenue;

NOTICE: created replication slot "spb" on publisher
CREATE SUBSCRIPTION

a=> \c - student
You are now connected to database "replica usecases" as user "student".
B dunuanax Kunut padboTa:

B=> INSERT INTO revenue
SELECT 'MockBa', random()*1e6 FROM generate_series(1,70);

| INSERT 0 70



y=> INSERT INTO revenue
SELECT 'CaHkT-NleTepbypr', random()*le6 FROM generate_series(1,10);

| INSERT 0 10

A ueHTpanbHEIH 0GHUC BUAUT PabOTy BCell KOMITaHUH (TOM0KAEM HECKOJIBKO CeKyH/, YTOGh cpaGoTasa periuKalus):

a=> SELECT city, sum(amount) FROM revenue GROUP BY city;

MockBa
CaHkT-NeTepbypr
(2 rows)

32200606.17084354584
5102086.4333627039



OG6HOB/IEHNE CepBepoB Pos{gres

OCHOBHO

pesepBHbIii
cepsep

cepsep

select, insert N .

cermeHTbl WAL

MacTep U (prznyeckas peruvivka: TpedyeTcss 00HOBUTh OCHOBHYIO BEPCHIO
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Jlornyeckaa pensimkaymsa MOXeT UCNOob30BaTbCA A1 0bOHOBNEHUA

OCHOBHOW Bepcuun cepeepa 6e3 npepbiBaHns 06CyXmnsaHnsa (Mnm
C MUHMMaJIbHbIM NPepPbIBAHNEM).

[lonycTM, MMEeTCs OCHOBHOW cepBep 1 onsnyeckas NoTokoBas pensvka.
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OG6HOB/IEHNE CepBepoB Pos{gres

pesepBHbIii
OCHOBHO cepsep

S T
— s
e t

select, insert
update, delete

b

cermeHTbl WAL

OCHOBHOIA
cepeep

K/NEHTbI eLe logical repl.
He NOAK/IYEHDI worker

cermeHTbl WAL
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Co3pnaem HOBbIN cepBep ¢ Tpebyemoin Bepcueit PostgreSQL 1 nepeHocum
Ha Hero CTPYKTYpy Bcex Tabnuu, BbiIopaHHON 6a3bl AaHHbIX.

Ha ocHOBHOM cepBepe npeablayLlei Bepcun ny6nmnkyem n3aMeHeHus Bcex
Tabnm1y, 6a3bl AaHHbIX. [MOCKONLKY U3MEHEHUSI CXEMbI AAHHbIX HE
PeNnNNUMPYIOTCS, Ha BPeMsi 0GHOBNEHNSI Takue N3MEHEHNsT AO/MKHbI ObITb

3anpeLLeHbl.



OG6HOB/IEHNE CepBepoB Pos{gres

pesepBHbIii
OCHOBHO cepsep
cepsep
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A

l / V4
A

N .
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update, delete

b

pesepBHbIii
cepsep

HoBast

chusunueckan
m e
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worker
K/MEHTbI ellie
He NOAK/IYEHDI
Al wal sender (O]

[T—~ ]

cermeHTbl WAL

l \
VAN
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N
V
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Co3pgaem hn3NYecKyto pensimky, aHasiorMyHyo pensvke cepeepa
npeapblayLiein BEpCcumn.

B ntore nonyyaem napannensHy CTPYKTYpy CEPBEPOB C HOBOW Bepcueit
PostgreSQL. 3Ta CTpyKTypa aHa/10rMyHa UMEIOLLLENCS A5 CTapoil BEPCUMN.



o)) PROFESSIONAL

OG6HOB/IEHNE CepBepoB Pos{gres

K/IMEHTBI
nepekioYeHb
Ha HOBbIA

cepeep

pesepBHbIii

OCHOBHOIA
cepsep

cepeep

D a

a‘v
A\

select, insert N\ "
’ wal sender (O]
(M= ]
cermeHTbl WAL 18

[ocne 3Toro Nepek/lYaem K/IMEHTOB HA HOBbIE CEPBEPSI, a cTapble
ocTaHaBnunBaeM. [pepbiBaHNE 06CYXMBaHUS ByAeT onpeaensiTbCs TeM,
HACKOJ/1bKO M/1aBHO MOXHO BbINOMHUTL 3TO NEPEK/IOUEHME.

Hapno umeTb B BMAy, YTO TaKoii NPOLLECC HENb3S CUNTaTb YHUBEPCA/IbHBIM:
OH HaknadpblBaeT AOCTATOYHO MHOIO OrpaHnyYeHuii n cyuecTBeHHo 6onee
CMOXEH, YeM MCMNOMb30BaHe YTUNNUTLI pg_upgrade, koTopas NO3BONSET
BbIMNOMHUTbL OOHOB/EHME 3@ HEOO/bLLIOE BPEMS.
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MacTep-macTep Pos{gres

KjIaCTep, B KOTOPOM JaHHbIe MOT'YT M3MEHATH HECKOJILKO CEPBEPOB

(zmeso Gymy1iero)
OCHOBHOIi cepBep OCHOBHOIi cepBep
N | logical repl.
select, insert @) Y select, insert
update, delete logical repl. | update, delete
worker |\ 1O) wal sender
= 1 []

cermeHTbl WAL cermeHTbl WAL
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3apaua: 06ecneunTb HaZIeXXHoe XpaHeHne JaHHbIX Ha HECKObKUX
cepBepax C BO3MOXHOCTbIO 3an1cu Ha N1tobomM cepBepe (Y4TO MosiesHo,
Hanpumep, AN1a reopacnpeaenieHHol CMCTeMb!).

[NnA peleHns MOXHO MCNob30BaTh ABYHarNpaBeHHY0 peninkaunto,
nepegasas N3MEHeEHNA B OQHUX N Tex e Tabnuuyax ot ogHoro cepsepa
K pyromy 1 obpartHo.

Cpasy 3amMeTnmM, YTO B HACTOSLLEe BPeEMSA CPeacTBa, AOCTYMHbIE

B PostgreSQL 13, He N0o3BOJIAKT 3TOr0 peasin3oBaTb, HO CO BpeMeHeM 3Ta
BO3MOXHOCTb [lO0/DKHa ByaeT nosABUTLCS B sape, CM. pacwumnpeHus pg_logical
(https://www.2ndgquadrant.com/en/resources/pglogical/) 1 BDR
(https://Iwww.2ndquadrant.com/en/resources/bdr/).

KoHeuHo, npuknagHas cuctema [Ao/mkHa 6biTb NOCTPOEHA Takum 06pas3omMm,
4TO6bI N36€eratb KOH(IMKTOB NPU U3MEHEHMUWN AAHHBLIX B OJHUX N TEX Xe
Tabnmuax. Hanpumep, Ucnosb3oBaTh r106asbHble YHUKa/bHbIE
naeHTUhrKaTopbl UM rapaHTUPOBaTb, YTO pasHble CEPBEPbLI paboTatoT

C pasHbIMU AnanasoHamm Kodei.

Hafo yunTbiBaTh, UTO CUCTEMA MacTep-MacTep, NOCTPOEHHaA Ha
JIOTNYECKOW pennnkaunmn, He obecrneyrsaeT cama Mo cebe BbINONHEHNE
rnob6asibHbIX pacnpegeneHHblxX TpaH3akunin. Mpu ncnonb3oBaHUN
CYHXPOHHOW pensinkaunm MOXXHO rapaHTMpoBaTb HafeXHOCTb, HO He
COrNacoBaHHOCTb AaHHbIX Mexay cepBepamMn. Kpome Toro, HUKakmx
cpencTs Ana aBTomarusaumm o6paboTkm cb60eB, NOAKNYEHNSA UM
yaasnieHna y3noB 13 knactepa u T. n. B PostgreSQL He npeaycMoTpeHo —
3TN 3afia4M LO/MKHbI pellaTbCa BHELWHUM CpeacTBaMu.
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Toru Posigres

dusrueckas peruikanus — 6a30BbIi MeEXaHU3M
JI7Is1 peliieHus 11eJ10Tr0 psifia 3a/1au

obecrieueHue BBICOKOM JJOCTYITHOCTH
OanaHCMpPOBKA OJJHOTUITHOM Harpy3ku
pasjienieHre pa3HbIX BU/IOB Harpy3Ku

U ap.
Jlornueckast pervinKalysa paClipdaeT BO3MOXXHOCTH
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[1pakTnKa Pos{gres

1. HacTpoiiTe perniMKal1o Mexxy cepBepamu alpha u beta.

HacTpoiiTe KacKa/IHytO PerIMKal[[io Ha cepBep gamma
¢ npuMeHeHUe 3anvcert WAL c 3a/lep>KKOH B [1eCSITb CEKYH/I,.

3. IIpoBepbTe paboTy pervMKal[iy, yoeauTech B TOM, UTO Ha
cepBepe gamma JaHHbIe MOSB/ISIIOTCS C YCTaHOB/IEHHOU
3a/1eP>KKOM.

4. (OcTtaHOBUTe MacTep U IepeliuTe Ha ceprep beta.

5. TIpoBepbTe, UTO CepBep gamma IPOoAo/KaeT paboTaThk B pexxume
PEerUIMKHU.

21



1. HacTpo#iKa pelIMKanuy MeXkAy NePBLIM H BTOPbIM CepBepaMH

CHauasa co3ganuM 6a3y HaHHBIX.

student$ /usr/lib/postgresql/13/bin/psql

a=> CREATE DATABASE replica_usecases;

CREATE DATABASE

a=> \c replica_usecases

You are now connected to database "replica usecases" as user "student".

COEUJBEM CJIOT ¥ @BTOHOMHYIO PE€3€PBHYIO KOITHIO.

student$ pg_basebackup --pgdata=/home/student/backup -R --create-slot --slot=replica
Qaiinel postgresql.auto.conf u standby.signal mogrorosness! yrunuToi pg_basebackup.

student$ cat /home/student/backup/postgresql.auto.conf

# Do not edit this file manually!

# It will be overwritten by the ALTER SYSTEM command.

primary_conninfo = 'user=student passfile=''/home/student/.pgpass'' channel binding=prefer host='"'/var/run/postgresql'' port=5432 sslmode=prefer sslcompression=0 sslsni=1 ssl_min_proto
primary slot name = 'replica’

student$ 1s -1 /home/student/backup/standby.signal

SrW------ - 1 student student 0 mas 20 14:17 /home/student/backup/standby.signal
BEIK/TajibiBaeM KOIHIO U 3aIlyCKaeM PerUIuKy:

student$ rm -rf /var/lib/postgresql/13/beta

student$ sudo mv /home/student/backup /var/lib/postgresql/13/beta

student$ sudo chown -R postgres:postgres /var/lib/postgresql/13/beta

student$ sudo pg_ctlcluster 13 beta start

2. HacTpoMKa penInKalui MeXKIy BTOPHIM H TPETHHM CepBepaMu

student$ /usr/lib/postgresql/13/bin/psql -p 5433 -d replica_usecases

CO3]JBJIHM ABTOHOMHYIO Pe3€pPBHYIO KOIIHIO CO BTOPOTo cepBepa, 9TOGHI TOKA3aTh BO3MOXKHOCTD BHIIOJIHEHHS Pe3epBHOT0 KOITUPOBAHUS C PENJIUKH. Crmot co3paeTrcst yTPIHHTOﬁ.
student$ pg_basebackup -p 5433 --pgdata=/home/student/backup -R --create-slot --slot=replica

@aiin postgresql.auto.conf moprorosnes yrumuroi pg basebackup, foGaBnsieM 3amepKKy BOCIPOH3BECHUS:

student$ echo "recovery_min_apply_delay = '10s'" | tee -a /home/student/backup/postgresql.auto.conf

recovery min_apply delay = '10s'

Bot uto TOJIY4YHIIOCh:

student$ cat /home/student/backup/postgresql.auto.conf

# Do not edit this file manually!
# It will be overwritten by the ALTER SYSTEM command.

primary_conninfo = 'user=student passfile=''/home/student/.pgpass'' channel binding=prefer host='"'/var/run/postgresql'' port=5432 sslmode=prefer sslcompression=0 sslsni=1 ssl_min_proto
primary slot name = 'replica’

primary_conninfo = 'user=student passfile=''/home/student/.pgpass'' channel binding=prefer host='"'/var/run/postgresql'' port=5433 sslmode=prefer sslcompression=0 sslsni=1 ssl_min_proto
primary slot name = 'replica’

recovery min_apply delay = '10s'

Kommuto 3anuceiBaem B katanor PGDATA TpeTsero cepeepa.

student$ rm -rf /var/lib/postgresql/13/gamma

student$ sudo mv /home/student/backup /var/lib/postgresql/13/gamma
student$ sudo chown -R postgres:postgres /var/lib/postgresql/13/gamma
3ar[chaeM cepeep gamma.

student$ sudo pg_ctlcluster 13 gamma start
3. IIpoBepka paGoThL

Ha nmepsom cepBepe co3faauM TaGNMIly ¥ TPOBEPUM, YTO OHA MOSIBUIIACH CHAYasIa Ha OIHOM peruiuke, a yepe3 10 ceKyHR — ¥ Ha PyToii.
a=> CREATE TABLE test(s text);

CREATE TABLE

a=> INSERT INTO test VALUES ('MpuBet, mup!');

INSERT 0 1

TIpoBepsieM OfiHY PETUTHKY:

| B=> SELECT * FROM test;

Mpuset, mup!

(1 row)
TIpoBepsieM PYTYIO PETIHUKY:
student$ /usr/lib/postgresql/13/bin/psql -p 5434 -d replica_usecases
I y=> SELECT * FROM test;

ERROR: relation "test" does not exist
LINE 1: SELECT * FROM test;

Ta6muuel noka HeT. [Tonoxmem 10 cekyHI...
I y=> SELECT * FROM test;

Mpuset, mup!
(1 row)

Tabnu1a nosBUIIACh.
4. Tlepexon Ha BTOPOH cepBep

TeKymlasi TMHUS BPEMEHHU Ha TPETheM CepBepe.

| y=> SELECT received_tli FROM pg_stat_wal_receiver;



received tli

Hpﬂ «TIOBBIIIEHHWH» BTOPOTr'O CEpBEpa HOMEP BETBU YBEJIMYHUTCS Ha €UHHILY, X IIPOLenypa BOCCTAHOBIIEHUS HAa TPEThEM CepBepe HOﬁﬂeT TI0 HOBOY BETBH 6]']3]"0):[3})5[ 3HA4Y€HHUIO 110 YMOITYaHHUIO:
| y=> SELECT setting, boot_val FROM pg_settings WHERE name = 'recovery_target_timeline';

setting | boot_val
_________ e
latest | latest

(1 row)

a=> \q

student$ sudo pg_ctlcluster 13 alpha stop

student$ sudo pg_ctlcluster 13 beta promote

JluaUS BpPEMEHHU Ha TPeTheM CepBepe CMeHHUJIach.

| y=> SELECT received_tli FROM pg_stat_wal_receiver;

received tli

5. IIpoBepka paGoTsI

Ha BTOpOM CepBepe 106aBuM B TaG/IMIly CTPOKH K IIPOBEPHM, YTO OHH MOSIBHIIMCH Ha TPEThEM CepBepe uepe3 10 CeKyHII.
\ B=> INSERT INTO test VALUES ('Mocne nepexopma Ha BTOpoW cepeep');

| INSERT 0 1

IIpoBepsieM:

| y=> SELECT * FROM test;

Mpuset, mup!
(1 row)

HaHHbIX T0OKa HeT. 2KneM 10 cekyHI...
I y=> SELECT * FROM test;
Mpuset, mup!

Mocne nepexopa Ha BTOPOi cepsep
(2 rows)

JlaHHbIE TIOSTBUITACD.



