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OTKa3 OT OTBETCTBEHHOCTHU

KomnaHus Postgres Professional He HeCceT HMKaKo OTBETCTBEHHOCTM 3a
N06ble NOBPEXAEHUA N YObITKA, BKKOYAA NOTEPI0 40X04a, HAHECEHHbIEe
NPSAMbIM UM HENPAMBIM, CleunasibHbIM UK CyvYaiHbiM UCMO/Ib30BaHWEM
mMaTepuanos kypca. KomnaHusa Postgres Professional He npegoctasnsaet
Kakux-nnbo rapaHTuii Ha matepuasbl Kypca. MaTepuasbl Kypca
NPeAoCTaBNSTCS Ha OCHOBE NMpuHLUMNa «Kak ecTb» U KoMmnaHusa Postgres
Professional He 06s13aHa NpefoCcTaBNATb CONPOBOXAEHME, NOALEPXKKY,
OGHOB/EHNSA, PaCLUNPEHNS N N3MEHEHNS.
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®PoHOBbIE NPOLECCHI Pos{gres

dUKCUpoBaHHBIN HAOOP C/Ty’KeOHBIX TIPOLIECCOB

postmaster
walwriter
checkpointer
autovacuum

U Aipyrue
HuHamuyeCcKy OpoXKjaeMble (POHOBBIE TIPOL{eCChI

KOHTPOJIUPYIOTCS TPOL[ECCOM postmaster

HMMeIOT IOCTYTI K pa3/iesisieMoi NamMsiTh

MOTYT yCTaHaB/IMBaTh BHYTPeHHee coefiMHeHre C Oa3amMu JaHHBIX
peanu3yroTcs Ha si3bike C

PostgreSQL cocTouT 13 Habopa B3aMMoAencTBYOLWMX NPOLEeCcCoB.

3a OCHOBHbIMW Npoueccamu 3akpensieHbl COOCTBEHHbIE MMEHA U OHU
MMEIOT 0COObIN CMbIC/ AN cepBepa. Hanpumep, npu octaHOBKe
3K3eMmnaspa Hy)XHO 3anucartb B XXYpHas coobLleHne 0 3aBepLUeHn
KOHTPO/IbHOW TOYKK, NO3TOMY npouecc walwriter Hal0 ocTaHaBNMBaTb
nocne checkpointer, 1 1. n. O6bIYHO (XOTH N HE Bcerga) Takue Npouecchbl
paboTaloT NOCTOAHHO OT CTapTa cepBepa [0 ero octaHoBa.

Ho BmMecTe ¢ TeM YacTo BO3HMKAEeT HEOBX0AMMOCTb BPEMEHHO 3amnyCTUTb
npouecc, KOTOPbIA BbINOIHUT HEOBXOANMYHO PaboTy 1 3aBepLUUTCA. Takyto
BO3MOXHOCTb NpefocTaB/iieT MexaHn3M (pOHOBbIX NPOLEecCcoB
(background workers): https://postgrespro.ru/docs/postgresql/16/bgworker

Kak 1 Bce ocTasibHble, (DOHOBbIE NPOLLECCHI NOPOXAATCS 1
KOHTPO/IMPYHOTCS NpoLieccom postmaster. ®OHOBbIE NPOLIECCHI UMEHT
BCE BO3MOXHOCTU, Takue Kak AoCTyn K pasaensieMoit naMsaTi cepsepa
1 coeMHeHVe ¢ 6a3amm AaHHbIX MO BHYTPeHHeMy npoTokosny SPI
(paccmaTtpuBaeTcs B TeMe «A3bIKM NPOorpaMMrUpoBaHus).

®OoHOBbIE MPOLECCHI AOMKHbI ObITb HaMMCaHbl Ha A3bike C, NpUMep MOXHO
HanTK B ucxogHoMm kKoge (src/test/modules/worker_spi).

3ameTunm, 4YTO npouecc aBToounCcTkM (autovacuum launcher) Toxe
AvHaMn4eckn nopoxgaet padoyne npoueccs! (autovacuum worker),

HO UCTOPUYECKN AenaeT 3TO NO-CBOEMY, HE UCMNO/b3ySA 06LMIA MEXaHN3M
(JoOHOBbIX MPOLECCOB.
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l/lcnonb3oBaHue Posigres

[MTapanienbHOE BBITIOIHEHE 3aTIPOCOB

max_parallel_workers = 8
HapaJ]]'IEJ'IbHOE BLEITIO/IHEHH € CJ'Iy}KE6HbIX KOMaH/],

max_parallel_maintenance_workers = 2

Jloruueckasi pervivkarys

max_logical_replication_workers = 4

[ —e O, Qe
A
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max_worker_processes = 8

®oHOoBble nNpoLlecchkl NCNosb3yTca B PostgreSQL Ansa pasninyHbIX Lenei.
1. MapannenbHoe BbINO/IHEHME 3aNpPOCOB.

2. MNapannenbHoe BbiNoMHeHNe cnyXeoHbix komaHa (CREATE INDEX
n REINDEX (B T. 4. CONCURRENTLY) ansa B-gepesbeB, VACUUM).

B aTux cnyyasx umeeTcsa BeayLuii NpoLecc, UHALMUPYOLLII 3anycK
paboymx NPOLLECCOB 1 NOJyYatoL Wi OT HUX HCbopMAaLULO.

3. NNornyeckas pennukauma (4/15 NpoLeccoB Ha CTOPOHe cepsepa-
nognucyvka).

O6Lee KonMyecTBo POHOBLIX NPOLLECCOB B CUCTEME OrpaHnyYeHo
3Ha4YeHneM napameTpa max_worker_processes, N OTAe/IbHbIMU
napameTpamy orpaHN4YeHO KOSIMYeCTBO MPOLLECCOB A/1A KaXKA0M U3 Tpex
kareropuii. Ecnn B nysie HegocTtaTtovyHO (POHOBLIX NMPOLLECCOB, TO 06paboTka
Oy[eT BbINOMHATLCA NOCnefoBaTesibHO, a He napasiieNnibHo (a ornyeckas
pensivkaums n Bosce He 6yaeT pabortarb).



HUcnonb3oBanue GOHOBBIX IPOLECCOB

BoT mpocToi HarIsIgHBIN IPUMEDP HUCIIOIb30BaHus (POHOBBIX MMPOLIECCOB AJISI paclapajie/iuBaHus 3arrpocoB. Eciu
TpebyeTcs IOCYUTATh KOJIMYECTBO CTPOK B OOJIBIION Tabiulle, BEOYIIHUI MIPOIeCC 3allyCKaeT HECKOJIBKO pabouuX MIPOIeCcCoB
(B ma"HHOM ciy4ae 2):

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

QUERY PLAN
Finalize Aggregate (actual rows=1 loops=1)
-> Gather (actual rows=3 loops=1)

Workers Planned: 2

Workers Launched: 2

-> Partial Aggregate (actual rows=1 loops=3)

-> Parallel Seq Scan on mail messages (actual rows=118708 loops=3)

Planning Time: 321.965 ms
Execution Time: 394.497 ms
(8 rows)

3amnIaHUPOBAHHOE KOJIMYECTBO U YHCJIO PEasIbHO 3aIyIIeHHEIX IPOIIECCOB MOTYT OT/IMYATHCS, €CJIM Ha MOMEHT 3aIlyCcKa
3ampoca 1y GOHOBEIX IIPOIecCOoB OyoeT ncuepIiaH.

B KOHIIe YacTUYHEIE Pe3yJIbTaThl COOUPAIOTCS U arperupyloTcs JTUIUPYIOMIUM IIPOLECCOM YTOOH! IOJIyYUTh UTOTOBOE
3HaYeHUe.
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[1puknagHble 3aaa4vn Pos}gres

HexkoTopsie vaeu

TIJTAHUPOBIIMK 3afaHuii BHYTpru CYB]]
acMHXpOHHasi 00paboTKa CoObITHI
pacraparsie/iBaHue CII0KHOM 00paboTKU JaHHbBIX
aBTOHOMHbIe TpaH3aKLU1

U pyroe
Ho mnosib30BaTeibCcKye 3aZilau Heyn00HO mucaTth Ha si3bike C

Kpome wtaTHOro ncnosib3oBaHus, CbOHOBbIe npoueccbl MOXHO
I'IpI/ICI'IOCO6I/ITb n Ansa peweHna nosib3oBares/ibCKUX 3aau.

Hanpumep, MOXHO opraHM3oBaTb NaHUPOBLUVMK 3adaHunii BHYTpu CYB/,.
B oT/iMumne ot, Hanpumep, cron, Takon NaaHNPOBLLMK He ByaeT 3aBUCETb
OT UCMosb3yemoii onepaunoHHomn cuctemsl. (MnaHnposwmk BHYTpY CYB/],
peann3osBaH B Postgres Pro Enterprise 1 paccmarpusaeTcs B Kypce
PGPRO).

MOXXHO BbINOIHATbL aCUHXPOHHYH 06paboTKy CcobbITUIA (4TO ByaeT NoApPo6HO
paccMOTPEHO B OHOMMEHHOW TeMe).

MOXHO pacnapasnnenuseartb C/I0XKHYO O/IMHHY0 06paboTKy 60/bLINX
00bEMOB AlaHHbIX.

MOXHO peann3oBartb aBTOHOMHbIE TPaH3aKLUMK, XOTA 1 BECbMa LOPOrvm
cnocobom. (B Postgres Pro Enterprise uMetoTCA aBTOHOMHbIE TpaH3aKLuu,
OHM paccmaTtpuBatoTca B Kypce PGPRO).

N Tak panee.

OpHako nucaTb NpukagHble 3agayun Ha sa3bike C KpaiiHe Heygo0HOo
N TpebyeT HeonpaBAaHHO BbICOKOW KBasndmkauuu.
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PaclwinpeHue dblink Posigres

Ha3unauenue
BEITIO/IHEHH e HpOI/IBBO]IbHLIX SQL-KOMEIH,Z[ Ha y,[[aJ'IEHHOM CepBepe
B KaueCTBe y/Ia/IeHHOTO CepBepa MOXKET BbICTYMATh Y JIOKATbHBIM
Irockl

CTaH/JldPTHOE pacClIrpeHne

MuHyCbl

(hoHOBBIE MPOLECCHI He UCIIOMb3YHTCS,
yCTaHaB/IMBAETCSI HOBOE COe/JUHEeHUe

OfHO 13 BO3MOXHbIX peLleHnii — UCnosb3oBath paclumperue dblink,
KOTOpoe npegHasHavyeHo A4 BbinonHeHna SQL-3anpocoB Ha yaa1eHHOM
cepBepe PostgreSQL (B kayecTBe yaasieHHOro MOXeT BbICTyNnathb U
NoKasbHbIN cepBep).

3T0 NpoBEpPEHHOE BPEMEHEM CTaHAAPTHOE paclumpeHune. OgHaKo OHO
He UCMNONb3YyeT MEXaHN3M (DOHOBbIX NPOLECCOB — YCTaHAB/IMBAETCS
NO/IHOLEHHOE HOBOE COEAMHEHUNE C CEPBEPOM, UTO CYLLECTBEHHO AOPOXE.

https://postgrespro.ru/docs/postgresqgl/16/dblink




Pacmupenue dblink

OTO cTaHHApTHOE pacuiupeHue. YCTaHOBUM €T0:

=> CREATE DATABASE ext_bgworkers;

CREATE DATABASE

=> \c ext_bgworkers

You are now connected to database "ext bgworkers" as user "student".
=> CREATE EXTENSION dblink;

CREATE EXTENSION

Huzke — caMblif IpOCTOH cr1oco® BHIIOIHUTL ONMHOYHBIM 3alIpoC Ha yaajleHHOM cepBepe. [IepBriil mapaMeTp QyHKIIUU —
CTPOKa COeQUHEHUs], BTOPOM — KOMaH/a, KOTOPYIO HaflO BEIIIOTHUTb.

DyHKIUS BO3BpalllaeT MHOXKECTBO CTPOK THIIA record, II03TOMY CTPYKTYPY COCTABHOTO THUIIa HEOGXOMHUMO yKa3biBaTh SIBHO
Ipu ee BHI30BE.

=> SELECT * FROM dblink(
'host=1localhost port=5432 dbname=postgres user=postgres password=postgres’,
$$ SELECT * FROM generate_series(1,3); $$

) AS (result integer);

KOMaHJIy, He BO3BpAIAIOIIYyI0 CTPOKHU, MOZKHO BBIIIOJIHUTE C IIOMOIIIBIO leyl"OI;I (I)yHKI.II/II/I:

=> SELECT * FROM dblink_exec(
'host=1localhost port=5432 dbname=postgres user=postgres password=postgres’,
$$ VACUUM; $$

)i

dblink exec

VACUUM
(1 row)

OGe (I)yHKLII/II/I OTKPEIBAIOT COeOUHEHNEe, BEIIIOJIHAIT KOMaHOy U TYT 2K€ 3aKPhIBAIOT COEJUHEHUE. Ho ecTh BO3MOXKHOCTDH
SABHO YIIPABJIATH COEOJUHEHHUEM. OTKpOGM €ro, YKa3aB UMs:

=> SELECT * FROM dblink_connect(
'remote’,
'host=1localhost port=5432 dbname=postgres user=postgres password=postgres'

);

dblink connect

0K
(1 row)

MOKHO OTKPBITb U HECKOJIBKO COeMHEeHuM. TeKylrue OTKPHITEHE COeOUHEHUS TOKA3bIBaeT QYHKIIUS:
=> SELECT * FROM dblink_get_connections();

dblink get connections
{remote}
(1 row)

Temneps MOXKHO BBEIIIOJIHSTH KOMaHMABI, HCIIONIb3YsI OTKPEITOE COeNHEHNE. B TOM 4ncie MOXKHO BPYYHYIO YIIPaBJIATh
TpaH3aKIUIMU:

=> SELECT * FROM dblink_exec(
'remote’,
$$ BEGIN; $$

);



dblink exec

=> SELECT * FROM dblink(

'remote’,

$$ SELECT pg_backend_pid(); $$
) AS (pid integer);

=> SELECT * FROM dblink_exec(
‘remote’,
$$ COMMIT; $%

)i

dblink_exec

COMMIT
(1 row)

BaxxHas BO3MOXKHOCTb — ACHUHXPOHHBIE BBEI3OBEI. Cneny}oma;{ Q)yHKHI/IH OTIIPABUT 3alIpOC Ha CepBeP U TYT 2Ke BEPHET
yIOpaBlieHue:

=> SELECT * FROM dblink_send_query(
‘remote’,
$$ SELECT 'done' FROM pg_sleep(10); $$
)i

dblink send query

e 1 — ycmemHo;
e 0 — omwuOKa.

Ianee MBI MOXKEM IIPOBEPUTH, BHIIIOJTIHAETCHA JIU ellle 3allipocC:

=> SELECT CASE dblink_is_busy('remote')
WHEN 1 THEN ‘ewe BbinonHsiercs'
ELSE 'yxe BbinonHuncsa'

END;

elwe BbiNONHAETCA
(1 row)

Pe3ynbTat mojiyyaeM Tak (€CJIM 3arpoc elle He BBIINOJIHUIICS, GYHKIHMS camMa JOKAETCS Pe3yJIbTaToB):

=> SELECT * FROM dblink_get_result(
'remote’
) AS (result text);

result

He 3a0bIBaeM 3aKpHITh COeINHEHUE:
=> SELECT * FROM dblink_disconnect('remote');

dblink disconnect

0K
(1 row)
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Pacwunpenune pg_background Posigres

Ha3unauenue
BO3MOYKHOCTb BBINIOTHUTH KoMaHAy SQL B ¢poHOBOM mpoiiecce
KOMaH,ELa MO>KeT BbI3BATH no,/:[nporpaMMy Ha JII-O6OM CepBepHOM A3bIKE
Irockl

HCII0J/Ib3YIOTCA (bOHOBI:-Ie mpoLnecchbl

MuHyCbI

CTOPOHHEee pacIlIpeHHe

EcTb 1 agpyroe pelwleHne, KOTOpOe NO3BOMSAET NPUKIaAHbIM pa3padoTynkam
BOCMO/1b30BaTbCA (POHOBLIMW MPOLLECCamMn — CTOPOHHEEe pacluMpeHne
pg_background:

https://github.com/vibhorkum/pg_background

dakTnyeckn ato HebosbLas obepTka Hag HU3KOYPoBHEBbLIM API dOHOBLIX
npoueccos, N03BoMAIOLWAA 3anyckaTb B QOHOBOM peXxunme npon3Bo/ibHbIe
komaHabl SQL. PaszymeeTcs, Takum 06pa3omM MOXHO Bbl3blBaTb XpaHUMble
JoyHKUMM 1 NpoLenypbl, HanMcaHHble Ha I0ObIX CepBePHbIX A3blKax
nporpammMmunpoBaHua (Hanpumep, PL/pgSQL).




Pacmimpenune pg_background

Pacmupenue yxe co6paHo ¥ HOCTYITHO IJIs1 yCTAHOBKY B BUPTYaJIbHON MallliHe Kypca:

=> CREATE EXTENSION pg_background;

CREATE EXTENSION

PacmupeHue IpeqocTaBisieT BCero TpU QyHKIUY.

Oyuknus pg background launch 3amyckaet ¢oHOBEIY Ipollecc, BHIIONMHSOMUY ogHy SQL-KOMaHIy.
Hanpuwmep, BeIIONIHUM B hoHe IIpocTol 3amnpoc. [ yno6cTtBa oH 6ymeT paboraTth 10 cekyHn:

=> SELECT pg_background_launch(
$$ SELECT 2+2 FROM (SELECT pg_sleep(10)) $$
);

pg_background launch

Tloka 3aIIpoc BEIIOJIHSETCS, MBI MOXKeM yBHAETD IIPOIECC B pg stat activity:

=> SELECT query, backend_type, wait_event_type, wait_event
FROM pg_stat_activity WHERE pid = 94006 \gx

[ RECORD 1 J--odmmmmmmmmm oo
query | SELECT 2+2 FROM (SELECT pg sleep(10))
backend type | pg_background

wait event type | Timeout

wait event | PgSleep

O6paTI/ITe BHHMaHNE Ha OXKHIOaHue.

Oyuknus pg background result BEIBOIMT pe3ynabTaT BHIIOTHEHUS (GOHOBON KOMAaHAH! (IPX HEOOXOOUMOCTH [OXKUAASICH ee
OKOHYAHUS).

q)yHKLII/IH BO3Bpallla€T 3HAYEHUA TUIIA record, II0O9TOMY OJid BBEIBOOA HeOGXOJII/IMO KOHKPETU3NPOBATh HAa3BaHUA U TUIIBL
TI0JIEY COCTaBHOI'O THIIA.

=> SELECT * FROM pg_background_result(94006) AS (result integer);

dOyaknus pg _background detach oTkmiodaeT TeKyIuil IpoIecC OT OXKUAAHUS Pe3yIbTaTOB (OHOBOI'O IIPOIlEcca.

Ilepemaya pe3yIbTAaTOB BHIIOIHSIETCS Yepe3 oYepenb COOOIIeHNH B pa3mesisieMoy naMsaTu cepsepa. [loaToMy mpu
TIepenoyIHEHNU ouepenu GHOHOBEIM mpouecc OyaeT KaaTh, TI0Ka MBL He IPOYNUTAeM HAKOIMUBIIKNECS COOOLIEHNS, faXkKe eCiu
OHU HaC He UHTEPECYIOT.

3anycTuM mpolecc, BO3BPpaIlaoUui MHOTO HHGOPMAIUH:

=> SELECT pg_background_launch(
$$ SELECT * FROM generate_series(1l,1_000_000) $$
);

pg_background launch

=> SELECT query, backend_type, wait_event_type, wait_event
FROM pg_stat_activity WHERE pid = 94158 \gx

<[ RECORD 1 J---dmmmmmmmmmm e e e e e e
query | SELECT * FROM generate series(1l,1 000 _000)
backend type | pg_background

wait event type | IPC
wait event | MessageQueuePutMessage



OOpaTuTe BHUMaHUE Ha OXKHUIOaHUE.
OTKJIIOYUMCS OT IIpoliecca:
=> SELECT * FROM pg_background_detach(94158);

pg_background detach

=> SELECT query, backend_type, wait_event_type, wait_event
FROM pg_stat_activity WHERE pid = 94158 \gx

<L RECORD 1 J---dmmmmmmmmmm oo e
query | SELECT * FROM generate series(1l,1 000 000)
backend type | pg_background

wait_event_type |

wait_event |

Bormbite OHOBEHIM IIpollecc HUYETo He XKIeT (1, BO3MOXKHO, yKe oTpaboTarn).

3ameTtuM, uTo B ciryuae dblink crmoxkuocTell ¢ mepenonHeHneM Oydepa He BO3HUKAET, IOTOMY YTO HCIIOIL3yeTCs He
MeKIIPOIIeCCHOEe B3auMOIEeUCTBHE, & yCTaHaBINBaETCs 00BIYHOEe COeIUHEHNE 110 KJINeHT-CEPBEPHOMY IIPOTOKOILY.

HHTepecHO, 4TO U3HAYAILHO B COCTaB pacmmpeHus pg background nmimaHHpPOBaIoCh BKIIOUUTh YETBEPTYIO QYHKIINUSI
pg_background run(pid, query), KoTopas monxkHa ObUIa TepeiaBaTh HOBOE 3aflaHUE yKe 3alylIeHHOMY IIpolieccy, u3beras
3aTpaT Ha co3faHue odepemHOro ¢GoHOBOro mpoiecca. OgHAKO ITOKa YTO 3TO HE Pearn30BaHo.
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Toru Posigres

CepBep TipeJjoCTaB/IsieT MeXaHU3M (POHOBBIX MPOIECCOB

®DOHOBBIE IMponeccCol UCIIOJIB3YIOTCA AJ1d BHYTPEHHUX L[EJIEﬁ,
HO MOT'YT OBITH MCITO/IH30BaHbI U AJI TIPUKJ/IaIHBIX 3aid4

Pacimpenue pg_background rno3BossieT peasn30BbIBaTh
choHOBBIE TIPOLIeCChl Ha MPOLeAYPHBIX SI3bIKaxX

11
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Mpaktuka L) Posigras

1. Peanu3yuTe pacueT peWTHHra KHAT HA OCHOBE JJaHHBIX O TOI0Cax
Mo/ib30BaTesiell «3a» U «IIPOTUB.
YrtobbI He OMyCKaTh pa3pacTaHue TaO/IULIbl, BLITIOTHSINATE
obHOBeHre nakeTaMu 10 N cTpok. Mexkay 4aCTUUHBIMU
0OHOB/IEHUSIMY 3aITyCKalTe QUUCTKY.
OdopmuTe 0OHOB/IEHHE B BUIe XPAaHUMOM ITPOLIeYPhI,
npuHUMaroler N Kak napameTp.

2. BpeimosHUTe TIpOIieypy 00HOB/IeHNS B (HOHOBOM DeKUMe.

12

1. PEATUHT KHUTM oueHnBaeTca yncriom ot 0 o 1.

«HaunBHasa» popmyna gns onpeneneHns periTuHra MoXeT ObITb TakKoii:
votes_up / (votes_up + votes_down), ecnv votes_up + votes_down > 0;
0, nHave.

HepocTatok aToli hopMy bl NOKa3biBAET NpMMep: KHWUra, Habpasiuas 100
[0/10COB «3a» U 1 rof10c «MpoTMB», NOMYUUT MEHBLLLINIA PEITUHT, YEM KHUTA,
HabpaBLLas BCEr0 OAMH ro/1oc «3ax.

MOoXHO nogymaTtb Haj, 60nee cnpasef/MBoi (hopMyoi, a MOXHO
BOCMNO/b30BaTbLCS YXXe roTOBOW qoyHKUMen public.rating.

[akeTHoe 0GHOB/IEHNE pacCMaTPMBa/IOCh B NPaKTMKe K TeMe «OuncTka.
34ecb NpMMeHnM ToT e noaxoa. OfHako nogymMaiTe Haf TeM, Kak
NepecynTbiBaTb PEATUHT TOIbKO TEX KHUI, AN1S1 KOTOPbIX 3TO HEOBX0AUMO.

KomaHga VACUUM He MOXeT ObITb Bbl3BaHa BHYTPWU TpaH3akuuu, HO ee
MOXHO BbINO/IHUTbL KaK OTAeNbHY0 SQL-KkomaHay B OOHOBOM npoLiecce.



1. IIpoueaypa pacyeTa peMTHHra

[71s1 BEIYUCIIEHUSI PeUTHHTa MEL OyIeM II0Ib30BaThCs roToBoM dyHKIuel public.rating. 9ta QyHKIUS BEIUUCIsSET PEUTUHT C
ydeToM GanaHca MeXKAY HOJIEH MOJIOKUTEILHEIX OIEHOK U HEOIPEeIEHHOCTHIO MaJIoro Yuciia Habmone i (HUKHSS
rpaHulla JOBEPUTEILHOT'O HHTePBasia BunscoHna anst mapamerpa Beprymnn).

OJII/IH M3 BO3MOXKHEIX CIIOCOOOB He IepecyYruTheIBaTh peﬁTHHT oe3 HaJI[06HOCTI/I COCTOHUT B TOM, YTOOBI ]Z[O6aBI/ITB K Ta6nnue
KHUT CTOJIGEI] IOTHYEeCKOI0 THITA, YKa3bIBAIOIINi Ha He0OXOAUMOCTh IiepecyeTa. [Ipoienypa pacyera peidTuHra 6ynet
cOpaceBaTh 3TOT Gy1ar, a I0b60oe U3MeHeHUe KOJINYeCTBa I'0JI0COB — yCTaHaBIINBATh.

MeI peanu3dyeM gpyro# croco6. [To6aBuM K Tabnuile cTonbel] ¢ JaTo¥ mOCIegHero nepecdera peutunra. [Ipouegypa
nepecyeTa OyIeT BEIIIOIHATHCS TOJBKO IJISI T€X KHUT, «BO3PAcT» PEeUTUHTa KOTOPHIX O0JIbIlle OIIpefeIeHHOr'0 IIopora. 9To
MO3BOJIUT NIPYU HEOOXOOUMOCTH (HAaIIPUMED, €C/Ii U3MEeHUTCs GopMyJia) IepecyuTaTh PEUTHHT BCeX KHUT, He 0OHOBJISS
IPEeOBapUTEIbHO BCE CTPOKY TaGIIUIIEL.

=> ALTER TABLE books ADD COLUMN rating_at timestamp DEFAULT NULL;
ALTER TABLE

O6paTuTe BHUMaHUe: Ho0aBieHne CTON0Ia 3aTparuBaeT TOJIBKO CUCTEMHEIN KaTaJloT ¥ He IPUBOAUT K MIePe3alucCy BCex
CTPOK TaOTHIIHL.

I 06paboTKM CTPOK IIaKeTaMU HYKHO OIPefeIUThCS:

® C pa3MepoM IIakKeTa;
® C TeM, KaK Hu3 BCeX CTPOK BI:IﬁI/IpaTI) AJisa 06pa60TKI/I TOJIBKO HY2KHO€ KOJIN4EeCTBO.

BaxkHEBI MOMEHT: 00paboTKa [TakeTa MOXKeT — B IPUHLNUIE — 3aBEPIIUTHCS OIIUOKON. BazkHO, YTOORI 3TO He MOBJIUSIIIO Ha
BO3MOXKHOCTb IIPOJOJIZKUTE 00PabOTKy ¥ JOBECTH €€ OO KOHIIA.

Ins BEIGOpa akeTa CTPOK MEI UCIIONIb3YEM IIOAXON, IT0Ka3aHHEINM paHee B IpaKTUKe K TeMe «OuncTtka». BygeM BEIOUpaTh U
6J10KMPOBaTh IIePBLIE oaxonsuire N CTPOK, HTHOPUPYS yKe 3a6JI0KHPOBAaHHEIE:

=> \set N 5
=> \set AGE 'l day'

=> WITH batch AS (
SELECT * FROM books
WHERE rating IS NULL OR age(rating_at) > interval :'AGE'
LIMIT :N
FOR UPDATE SKIP LOCKED
)
SELECT book_id FROM batch;

book id

68
(5 rows)

3mech MBI BRIOMpaeM CTPOKHU, IJji KOTOPBIX PEUTHHT He PACCUYUTAH UJIM PACCUUTAH «OaBHO».

Korpa npekpatiats o6HoBIeHre? Eciiyu aHanu3upoBaTh KOJIMYECTBO OOHOBIEHHBIX CTPOK ¥ CPaBHUBAThH C PA3MEPOM IIAKeTa,
TO MOXKHO IIPOIIYCTUTEH CTPOKH, KOTOPHIEe GEIIH 3a6I0KMPOBAHE KaKUM-HUOYAb APYTHM IpolieccoM. [103ToMy nydiie SBHO
TIPOBEPSTH HAJIMYKE CTPOK, Tpebylomux 06paboTKu.

U eme oguH MOMEHT: TOCKONBKY KoMaHny VACUUM Henb3s UCIOIB30BaTh B GYHKIUSIX U NIPOLiefypax, Mbl OymeM
3anyckaTthb ee B (GOHOBOM IIPOLECCE.

Tereps MBI TOTOBHI K TOMY, YTOOB HaIlXCaTh IPOLeRAypy 00HOBIeHHUA. 11151 ymoO6CcTBa IepefafuM B KadeCcTBe ltapamMeTpa He
TOJIBKO pa3Mep ITakKeTa, HO U IIOPOT Bo3pacTa.



=> CREATE PROCEDURE update_rating(
batch_size integer,
age_threshold interval
DEFAULT interval 'O sec' -- no ymonyaHuw obpabotaTb Bce
) AS $%
DECLARE
rows bigint;
-- OypeT HeCKONbKO TpaH3aKuuii, Mo3TOMy BpeMmsi 3anycka Hapfo 3anoMHUTb
start_at timestamp := current_timestamp;
BEGIN
LOOP
-- obHoBnsiem OAWH nNakKeT CTpPOK

WITH batch AS (
SELECT * FROM books
WHERE rating IS NULL
OR start_at - rating_at > age_threshold
LIMIT batch_size
FOR UPDATE SKIP LOCKED
)
UPDATE books
SET rating = rating(votes_up, votes_down),
rating_at = current_timestamp
WHERE book_id IN (SELECT book_id FROM batch);
GET DIAGNOSTICS rows := ROW_COUNT;
RAISE NOTICE ‘updated % rows', rows;

-- ¢ukcupyem, 4Tobbl HE pepKaTb FOPU3OHT TPAH3aAKLUW
-- N NO3BOJINTb OYMCTKE BLINOJIHUTbL CBOW paboTy
COMMIT;

-- BbI3bIBA€M OYMCTKY M AOXMAAEMCH OKOHYaHUS
PERFORM * FROM pg_background_result(pg_background_launch(
'VACUUM books'*
)) AS (result text);
RAISE NOTICE 'vacuumed, backend_xmin = %',
(SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid());

-- ocTanucb HeobpaboTaHHble CTpoku?
EXIT WHEN NOT EXISTS (
SELECT NULL FROM books
WHERE rating IS NULL
OR start_at - rating_at > age_threshold
)i
END LOOP;
RAISE NOTICE 'all done';
END;
$$ LANGUAGE plpgsql;

CREATE PROCEDURE
ITpoBepum:
=> CALL update_rating(10, interval 'l day');

NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 869
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 870
NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 871
NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 872
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 873
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 874
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 875
NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 876
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 877
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 878
NOTICE: all done

CALL

2. PacueTa pedTHHra B (OHOBOM pexKHUMe



IIpocTo BhI30BEM IIpoLenypy B GboHOBOM mporecce. TakuM 06pa3oM, U3 OOHOTO (HOHOBOTO IIPOI[ECCA MOXKHO BHI3HIBATh
IpyTroi (KOHEYHO, HE06XO0OUMO, YTOOH He OBIIIO IIPEBHIIIEHO IIPEeeIbHOE KOIUYEeCTBO (DOHOBLIX IIPOIIECCOB, YCTAHOBIIEHHOE
B CCTEMe).

=> SELECT * FROM pg_background_result(pg_background_launch(
'CALL update_rating(10)"'
)) AS (result text);

NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 879
NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 880
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 881
NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 882
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 883
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 884
NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 885
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 886
NOTICE: updated 10 rows

NOTICE: vacuumed, backend xmin = 887
NOTICE: wupdated 10 rows

NOTICE: vacuumed, backend xmin = 888
NOTICE: all done

result



of] PROFESSIONAL

[1pakTuka+ Pos{gres

1. ®PoHOBBIM TpoLiecc He Oy/eT 3aryIiieH, ec/iv 3arycK MpuBeeT
K MPeBbIIIEHUI0 YMCJIa JOMYCTUMBIX MPOLeCCOB.
Harmummmre dyHkiuo-06epTKy ais pg_background_launch,
KOTOpasi MbITaeTCsl 3aMyCTUTH NpoLiecc N pa3 ¢ UHTepBajioM
B OJJHY CEKYHZY.

2. CpaBHUTe HaK/IaJHbIe PacXObl Ha TIOPOXKAEHKe MpoLecca
pacivpenui dblink u pg_background, MHOTrOKpaTHO BBIMOJIHSIS
TPOCTOM 3arpoc.

13

1. MpepBaputenbHO uccneayiTe, kak yHkumna pg_background_launch
CUrHanmn3upyeTt 06 owwmnoke. A aToro ygo6HO YMEHbLUNTL 3HaUYeHne
napameTpa max_worker_processes, HO y4TuTe, 4To oAnH (pOHOBbLIN
npoecc B cucteme yxe 3anyuieH (logical replication launcher) —

He yMeHbluanTe 3HavyeHre go 1.

O6paboTka owmnbok paccmartpmaetcs B Kypce DEV1.

2. PasymeeTtcs, HaknagHole pacxogbl dblink 6yayT cyuecTBeHHO 3aBUCETb
OT crnocoba ayTeHTU(puKaumn (B Halem criydae — rnpoBepKa naponsa scram-
sha-256).



1. IIpeBrIenne ynuciia (GOHOBBIX MPOIECCOB

=> CREATE DATABASE ext_bgworkers;

CREATE DATABASE

=> \c ext_bgworkers

You are now connected to database "ext bgworkers" as user "student".
=> CREATE EXTENSION pg_background;

CREATE EXTENSION

YMeHbIINM 3HAYEHWE ITapaMeTpa-orpaHudUTeNs [0 2, YYUTHIBasA, 4To oguH (HoHOBLIH nporecc (logical replication
launcher) 3anyckaercst cucTeMoy aBTOMaTu4ecKu. MiaMeHeHue TpeOyeT pecTapTa cepBepa.

=> ALTER SYSTEM SET max_worker_processes = 2;
ALTER SYSTEM

student$ sudo pg ctlcluster 16 main restart
student$ psql ext_bgworkers

=> SHOW max_worker_processes;

max_worker processes

3amyCcTuM OOWH OIUTENIbHEIN (POHOBBIN MIPOLIECC:

=> SELECT * FROM pg_background_launch(
'SELECT pg_sleep(10)'
)i

pg_background launch

Temneps nmonpobyeM 3allyCTUTH ellle OUH, IIepeXBaThIBasi UCKIIIOUEHHE:

=> DO $$
DECLARE
hint text;
BEGIN
PERFORM pg_background_launch('SELECT 42');
EXCEPTION
WHEN others THEN
GET STACKED DIAGNOSTICS hint := PG_EXCEPTION_HINT;
RAISE NOTICE E'sqlstate = %\nsqlerrm = %\nhint = %',
SQLSTATE, SQLERRM, hint;
END;
$$;

NOTICE: sqlstate = 53000

sqlerrm = could not register background process

hint = You may need to increase max worker processes.
DO

Ommbka ¢ kogoMm 53000 oTHOCHUTCs K rpynne insufficient resources.

QyHKIUS MOXKET BHIJISOETh CIenyIomuM 06pa3om:



=> CREATE FUNCTION try_background_launch(sql text, retries integer)
RETURNS integer

AS $$
DECLARE
BEGIN
LOOP
BEGIN
RETURN pg_background_launch(sql);
EXCEPTION
WHEN insufficient_resources THEN
IF retries > 0 THEN
retries := retries - 1;
RAISE NOTICE 'Sleeping for 1 sec, % retries left',
retries;
PERFORM pg_sleep(1l);
ELSE
RAISE;
END IF;
END;
END LOOP;
END

$$ LANGUAGE plpgsql VOLATILE;
CREATE FUNCTION
TIpoBepum:

=> SELECT * FROM pg_background_launch(
'SELECT pg_sleep(10)*
)i

pg_background launch

=> SELECT * FROM pg_background_result(try_background_launch(
'SELECT 42', 15
)) AS (result integer);

NOTICE: Sleeping for
NOTICE: Sleeping for
NOTICE: Sleeping for
NOTICE: Sleeping for
NOTICE: Sleeping for
NOTICE: Sleeping for

sec, 14 retries left
sec, 13 retries left
sec, 12 retries left
sec, 11 retries left
sec, 10 retries left
sec, 9 retries left

PR RERRRERRPRRRP B

NOTICE: Sleeping for sec, 8 retries left
NOTICE: Sleeping for 1 sec, 7 retries left
NOTICE: Sleeping for sec, 6 retries left
NOTICE: Sleeping for 1 sec, 5 retries left
result
42
(1 row)

BoccTaHOBUM 3HadeHHe TapaMeTpa 10 yMOT4aHUIo:
=> ALTER SYSTEM RESET ALL;
ALTER SYSTEM

student$ sudo pg_ctlcluster 16 main restart

2. CpaBueHnue dblink u pg _background

student$ psql ext_bgworkers
=> CREATE EXTENSION dblink;
CREATE EXTENSION

=> \timing on

Timing is on.

HpOCTO 3amnpoc (BBIITOJIHSIEM C ITOMOIIBIO AUHAMUYEeCKoro SQL, YTOOBI HCKITIOYUTH KellnpOoBaHMe IIJlaHa 3ar1poca):



=> DO $$
DECLARE
result integer;

BEGIN
FOR i IN 1 .. 1000 LOOP
EXECUTE 'SELECT 1' INTO result;
END LOOP;
END;
$$;

DO
Time: 7,336 ms

Pacmmpenue pg background:

=> DO $$
DECLARE
result integer;
BEGIN
FOR i IN 1 .. 1000 LOOP
SELECT * INTO result FROM pg_background_result(
pg_background_launch('SELECT 1')
) AS (result integer);
END LOOP;
END;
$$;

DO
Time: 11560,002 ms (00:11,560)

Pacumpenue dblink:

=> DO $$
DECLARE
result integer;
BEGIN
FOR i IN 1 .. 1000 LOOP
SELECT * INTO result FROM dblink(
'host=1localhost port=5432 dbname=postgres user=postgres password=postgres’,

'SELECT 1'
) AS (result integer);
END LOOP;
END;
$$;
DO

Time: 22622,650 ms (00:22,623)



