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ACNHXpPOHHasA obpaboTka Pos{gres

Pa3HeceHre BO BpeMEHHU BO3HUKHOBEHUST COOBITHS
1 ero 00paboTKH

Coo0OpaskeHHs TIPOU3BOIUTETHHOCTH

K/IHEHTY He TpeOyeTcsi )KaTh OTBeTa
BO3MO)XHOCTb YTIPAB/ISATE PecypcamMu Ayisi 06paboTKu

Peanu3zanus

odepelb COOOIIeHNH
OoJsiee CIOKHBIN BapUaHT: MOJIe/Th Iy O/TUKaLIVs — TOATHCKA

pesa acMHXpPOHHOM 06paboTKM COObLITUIA COCTOUT B TOM, YTO BO3HUKHOBEHWE
COo6bITMA N ero 06paboTka pasHOCATCA BO BPEMEHM.

Hanpumep, nonb3oBaTesib XOUET MoAyUnTb AeTanim3aunio pacxofoB Ha
MOOWNbHYO CBA3b. [eTanuzaums popmMmpyeTcsa HECKO/IbKO MUHYT. MOXHO
nokasartb Mosib30BaTe o «NecoYHble Yacbl» 1 3aCTaBuUTb €ro XaaTb
(CMHXpPOHHaA 06paboTKa), a MOXHO BbiC/NaTb AeTaNM3aUnio No 3/1EKTPOHHO
noyrte, Korga oHa 6yaet rotoBa (acMHXpPOHHas 06paboTka).

[pyroi npumep: nHTerpauunsa Asyx cuctem. lNepeasi cuctema obpatlaercs Ko
BTOPOW, nepegasasi naket coobueHnin. ObpaboTka 0gHOro cooobLLEHS
3aHMMaeT HEeCKO/IbKO CEeKyH[, HO B NakeTe MOXET OKa3aTbCs ThicAYa
CcOo006LeHnit. MOXHO 3aCTaBuUTb MEPBYI0 CUCTEMY OXMAATb MNOYyYEHUS
pe3ynbrara (CMHXpPoHHaA 06paboTka), a MOXXHO OTBETUTb «paboTaem»,
obpaboTarb CO0OLLEHNS aCMHXPOHHO U YXXe 3aTeM COOOLWMTb pe3y ibTar.

ACVHXPOHHas 06paboTKa CNoXHEEe CMHXPOHHOM, HO YacTo OKa3blBaeTCs
o4eHb yao6Holn. OHa no3BossieT paboTtaTtb adhhekTBHEE (KANEHTY HE HaA0
npocTamBaTb, OXMUAAACL OTBETA) M YNpaBnATb pecypcammn (obpabdaTbiBaTb
CO6bITMSA C YAO0OHON CKOPOCTLIO M B yA06HOE BpeMsi, a He HeEMeA/IEHHO).

(AcHXpPOHHas 0bpaboTka LUMPOKO NpuUMeHsieTca n B aape PostgreSQL.
BCNOMHUTE peXnm aCUHXPOHHOWN domKcauum; NpoLEeCC KOHTPOIbHON TOUKK;
npoLecc aBTOOUNCTKN.)

OO6blyHas peanusauns COCTOUT B HASIUUMK ovepean cobbITUiA (COOOLLLEHNIA):
OlHW NpOoLLeCCbI CO34at0T CobbITUSA, Apyrne — obpabarbiBatoT. BO3MOXHbI
6osiee CrI0XHble MOAENN, B KOTOPbIX €CTb BO3MOXXHOCTb My6/IMKOBaTb
COObLITUA N NOANUCLIBATLCA Ha COOLITUA HY)XXHOTO TuUna.
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BHellHne cucTemsl Posigres

RabbitMQ, ActiveMQ, ZeroMQ u T. 1.

ITnrockl

9TH CUCTEMBI PabOTaroT
cnenoBanue cradgapram (AMQP, JMP, STOMP, MQTT...)
T'MOKOCTbh, MaCIITAOMPOBaHKe, IPOM3BOJUTETLHOCTD

Bo03MOKHBIEe MUHYCBI

oT/iesibHasl crvcTeMa (BK/IroUaroias otenbHyo CYB/I)
CO CBOMMHU 0COOEHHOCTSIMK HaCTPOUKH, a[MUHUCTPHUPOBAHKS, MOHUTODHUHTA

BCE CJIO)KHOCTH ITOCTPOEHUsI paclipe/ie/ieHHbIX CUCTEM
(oTcyTCTBHE I7100a/TbHBIX TPaH3aKIIMHN)

OAHUM 13 BapnaHTOB peasnisaumm ovepenein coobITUin ABNAKTCA BHELUHME
cuctembl. HazBaHNA MHOMMX U3 HUX TPaAMLMOHHO 3aKaHuymMBatoTcs Ha MQ —
Message Queuing.

Kak npaBuno, ato 60/nbLIne cepbe3Hblie CUCTEMbI, 06ecneyunBaroLmne
rMOKOCTb, MacLLITabnpyemMoCTb, BbICOKYI0 NPON3BOAMTE/TIbHOCTL U Npoyme
nosesHble cBoncTBa. K TOMy e OHM peasin3ytoT OANH NN HECKOJSTbKO
CcTaHAapTHbIX MPOTOKO/I0B PaboTbl C COOOLEHMUSIMU, YTO NO3BONAET
NHTErpupoBaTth MX C APYrMmMm cuctemamm, NOHMMaKLWUMK Te Xe MPOTOKO/bI.

Ho Hafo noHMMmaTb, 4To Nbas 60o/bLwas cuctemMa NoTpPedyeT cepbes3HbIX
3aTpar Ha ee u3yyeHune 1 BHegpeHue. MNMotpebyeTcs pasobpaTbeA

C OCOBEHHOCTAMN HACTPOMKN, afMUHUCTPUPOBAHNA, MOHUTOPUHTA.
3ameTum, 4YTO B COCTaB CUCTEM pPaboThl C oUepeasaMM BXOAUT U OTAeNbHAsA
CYB/ Ansa HafeXHoro XxpaHeHns ovepesen.

Kpome Toro, ncnosib3oBaHne BHELUHER CUCTEMbI MPUBOAUT KO BCEM
C/IOXXHOCTSIM MOCTPOEHUS pacnpeaeneHHbix cuctem. Mpn oTcyTCTBUM
rno6anbHbIX TPaH3aKUMii, 06 beAUHAIOLLNX pa3Hble CUCTEMbI, BO3MOXHDbI
cny4dam notepu coobuieHnin B pesynbrarte cboes.
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Ouepenb BHYTpW 6a3bl: PgQ Posigres

I mrochl

CHUCTEMA OaBHO Hd PbIHKE M ITHMPOKO HUCII0J/Ib3YETCA

Bo3MoxxHbIe MHHYCBI

MaJsio TMOKOCTH, HarpuMep, NCKJIFOUUTe/IbHO NakeTHast 06paboTka
I/IOXO JOKyMEeHTHUPOBaHa
BHeIIIHAA [TPorpaMMa-ZieMOH

Bonee NpocTbIM PELLEHMEM MOXET C/TYXXUTb peannilauns ouepean
B camoii CYB/[]. OCO6EHHO 3TO MMEET CMbIC/1, €C/IN COObITUS BO3HUKAKOT
n obpabarbiBaloTCA Ha cepBepe 6a3 AaHHbIX.

Hanbonee n3BecTtHa cuctema PgQ, paspabotaHHas B CBOe BpeMS
komnaHuein Skype (https://github.com/pgq). 3T1a cuctema focTaTOUHO
LLMPOKO NCMO/b3YETCA N NPO Hee U3BECTHO, YTO OHa paboTaeT. Ecnu
TpebyeTcs roToBoe peLleHne, TO el MOXHO 1 BOCMO/1b30BaTbCS.
MopopepxunsaroTca Bepcum PostgreSQL 10+.

3 MMHYCOB 3TOr0 peLleHnst OTMETUM:

* HepocTaTtoyHyto rmékocTb. Hanpumep, BO3MOXHA TO/IbKO NakeTHas
o6paboTka cobbITnii. NMoka 06paboTUMK HE MOMETUT NakeT, Kak
MO/IHOCTLIO 06pPabOoTaHHbI, BCe COObITUSA NakeTa MoryT 6bITb
[oCTaB/1eHbl MOBTOPHO B C/yyae c6os.

* OTCcyTCTBME KAa4eCTBEHHOW AOKYMeHTauun (ecTb onnucaHune API:
https://pgq.qgithub.io/extension/pgq/).

* HeobxoanmMocTb BO BHeLLHeN (oTHocuTenbsHo CYB/) nporpamme,
obecneumnBaroLleil paboty oyepeamu.



https://github.com/pgq
https://pgq.github.io/extension/pgq/
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Ouepepnb BHYTpU 6a3bl: pgmq Posdgres

I mrochl

CHUCTEMd dKTUBHO pPa3BHMBAETCA
JIETKOBECHas pea/n3alus
BC€ KOMITOHEHTBI BHYTPpHU 6a3bl

Bo3MOXHBIE MUHYCBI

HeaoCTarouyHad rUOKOCTE B yhpdB/I€HUU Ha HU3KOM YPDOBHE
cs1ab0 IOKyMeHTHpPOBaHa
TOJIbKO UCXOJJHBIE KOJIbI, HEOOXOAUMOCTb COOPKH

PelueHne 3asaB/1eHO kKoMnaHvel Tembo kak nerkosecHas peanmsauns
ouepepeit. PaclwumpeHue pgmqg HanncaHo Ha Rust n ncnonb3yet
NHPPaCTPYKTYPY COOPKM pacLLUMpeHUiA pgrX.

Ouepegun 1 MeTanHopmauma npeacTtaB/ieHbl Tabnmuamn B 6ase gaHHbIX,
a aN1leMeHTbl oyepean («coobLLeHNs») — 3anucamu B Tabnmuax.
Coob6LeHMst MOXHO nomellaTb B ovepeb (B TOM YMC/1e N0 HECKO/bKO
cpasy), umMtaTtb U3 ouepenu, yaansaTb U apxmBmpoBaTtb. 19 BbINO/THEHUSA
3TUX OCHOBHbIX AEUCTBUI (M ewe psaga AONONHUTENbHbIX) B paclupeHnm
npeaycMoTpeH Habop PyHKUNA. leTann peannsaumm ovepen CKpbiTbl

OT NONb30BaTE/IsA, YTO YNPOLLAET PaboTy.

3 MUHYCOB pgmq OTMETUM CNeayoLve:

* HepocTaroyHas rmbKoCTb B ynpaBfieHUM Ha HU3KOM ypoBHe. CBA3aHo
C TeM, YTO pacLumpeHne pgmg 6asupyetcsa Ha pperiMBOpKe pgrx,
B KOTOPbIA BCTPOEHO, B TOM YuMcC/ie, ynpasieHne coegnHeEHNAMM
c cepsepom CYB/. MNMNoBNunATbL Ha HEro cpeacTBamMm yxe co6paHHOro
pgmg Henb3A.

« JlokymeHTaumsa HegoCcTaTouyHO NoAposGHa.
* B penosnTopumn OTCYTCTBYHT FOTOBbIE NMAKeTbI, 8 CO0PKa pacLunpeHns
MOXXET OKa3aTbCs HETPUBUA/ILHOW 1 pECYPCOEeMKOIA.

https://[tembo.io/pgmaq/

https://qithub.com/tembo-io/pgmag



https://tembo.io/pgmq/
https://github.com/tembo-io/pgmq

Ouepeas cpeCTBAMH PacCIIHPeHUsT pgmq

CospaguM 6a3y JaHHBIX U TOJKIIOYHUMCS K Hell:

=> CREATE DATABASE ext_async;

CREATE DATABASE

=> \c ext_async

You are now connected to database "ext async" as user "student".

PacmmpeHue pgmq y>Ke cOGPaH0 U JOCTYITHO /I YCTAHOBKHU. BBIITOJTHUM KOMaHZy CO3[aHUS PacIIpeHus B Hallel 6ase. Bce ero
06'BbeKTEI 6yyT pasMeleHbl B CXeMe Pgm(:

=> CREATE EXTENSION pgmgq;

CREATE EXTENSION

Co3maiuM ouepe/ b II0/f Ha3BaHUEM pgm(_queue:
=> SELECT pgmq.create('pgmq_queue');

create

NHbopManys 06 ouepesx XPaHUTCS B TaGJIHIle meta; IIOCMOTPETE OUepe iy MOYKHO C IIOMOIITBI0 TaGIMIHOHN QYHKITHI:

=> SELECT * FROM pgmq.list_queues();

queue _name | created at | is partitioned | is unlogged
------------ R e R Il
pgmq_queue | 2025-06-24 05:12:31.264031+03 | f | f

(1 row)

Taxoke OBUTH CO3JJaHbI TaOJIUIIB IS COOOIIEHNH OUepe/ii: OCHOBHAS (_pgm(_queue ¥ apXUBHAs a_pgmq_queue:

=> \dt pgmq.*
List of relations

Schema | Name | Type | Owner
-------- B ot L
pgmq | a_pgmq queue | table | student
pgmq | meta | table | student
pgmqg | q_pgmg_queue | table | student
(3 rows)

ITomecTyM B o4yepeab HECKOJIBKO COOGmeHHﬁ (rtosesHas I/IHq)OpMaU;I/IH IIpencTaB/IgIeTCd SHaYeHUeM TUIla jsonh)...

=> SELECT pgmq.send('pgmq_queue', to_jsonb(i))
FROM (

VALUES ('alpha'), ('beta'), ('gamma')
) AS v(i);

(3 rows)

... 3aIJIsHEM B OCHOBHYIO Ta6nnuy ouepemgu:

=> SELECT msg_id, enqueued_at, message

FROM pgmq.q_pgmq_queue
ORDER BY msg_id;

msg id | enqueued_at | message

1 | 2025-06-24 05:12:31.549414+03 | "alpha"

2 | 2025-06-24 05:12:31.549414+03 | "beta"

3 | 2025-06-24 05:12:31.549414+03 | "gamma"
(3 rows)



IIpocToii criocob 3a6paTh coobIIleHMe U3 OUepeA — BBI3BaTh QYHKIIHUIO pop:

=> SELECT msg_id, enqueued_at, message
FROM pgmq.pop('pgmq_queue');

msg_id | enqueued_at | message
________ e T T

1 | 2025-06-24 05:12:31.549414+03 | "alpha"
(1 row)

[Jpyrue 06pab0TIMKH TOXKe MOTYT 6paTh COOOIIEeHUS:
student$ psql -d ext_async

=> SELECT msg_id, enqueued_at, message
FROM pgmq.pop (' pgmq_queue');

msg_id | enqueued at | message
________ T TR

2 | 2025-06-24 05:12:31.549414+03 | "beta"
(1 row)

student$ psql -d ext_async

=> SELECT msg_id, enqueued_at, message
FROM pgmq.pop('pgmg_queue’);

msg id | enqueued at | message
________ T TR

3 | 2025-06-24 05:12:31.549414+03 | "gamma"
(1 row)

A TIepBBIY IIPHU 04YepeHOM 00palieHHH 0GHAPY>KUT, UTO 0Uepes b IIycTa:

=> SELECT msg_id, enqueued_at, message
FROM pgmq.pop('pgmq_queue');

msg id | enqueued at | message
________ B T I e,
(0 rows)

W Hamocyiemox yAasiuM caMy ouepenb. HpI/I 9TOM ee OCHOBHAas U apXHUBHasdA TaGJII/II_U:I HCYEe3HYT, KaK 1 HHQ)opMaum{ B TaﬁJII/II_Ie
meta:

=> SELECT pgmq.drop_queue('pgmq_queue');

drop_queue

t

(1 row)
=> \dt pgmq.*

List of relations

Schema | Name | Type | Owner
-------- EE LTI P
pgmq | meta | table | student

(1 row)
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Ouepegb CBOMMU pykamu Posgres

Bo3mo)kHBIe TITHCKI

He TpeOyIOTCsI BHEIlIHUe 3aBUCUMOCTU
TpoCThIe TpeOOBaHUSI — IMPOCTas pear3aLyst

MunyCbl

TpebyeTcs 0T/1aZiKa U TeCTUPOBaHKe
TP YCIO)KHEHUH TpeboBaHMI rOTOBasi CUCTeMa MOYKeT 0OOMTHUCH JiellieBie

[Nsi pelwennst NpocToin 3agayvun, Tpebyroulenn aCMHXPOHHOW 06paboTKu,
MCNO/Ib30BaHNE CTOPOHHUX CUCTEM MOXET OKa3aTbCs HEBbITOAHbIM.
Bo3MOXHO, Npolle Hanmcatb COGCTBEHHYIO peanim3aluto, Yem
npucnocabnmeaTbCs K 0COBEHHOCTAM CTOPOHHEN CUCTEMBbI.

KOHeYHO, HYy)XXHO NOHUMAaTb, YTO:

* peanusaumsa Ao/KHa 6bITb cAeNaHa akKypaTHO, MHAaYe OHa MOXET
NPUBECTU K Npo6riemam aKcnyaTauuu;

* ec/I1 K cucTemMe oyepefein npeabsaBnaTCca cepbesHble TpeboBaHNs
(Mnn ecTb WaHC, YTo Takne TpeboBaHUsA NOABATCA B OyayLLeM),
TO pa3BuTHe, TECTUPOBaHME U NoALEPXKKA COOCTBEHHOIO peLleHuns,
Hao60pOoT, MOXET OKa3aTbCA HEBbLITOAHOWA.

[anee Mbl NOCMOTPUM, Kak peasin3oBarb ovepenb CO00LeHNI
B PostgreSQL cBoMK pyKamu, 1 Kakue nogBogHble KaMHU eCTb Ha 3TOM
nyTu.



Peasmmsanus odepesu COOOIIeHMI

Harra 3ajjaua: peajil30BaTh IIPOCTYI0 OUEPEb COOGIIEHHU C BO3MOXKHOCTHI0 KOHKYPEHTHOTO IIOTYUeHMUsI COOOIIeHUI 13
HeCKOJIbKHX ITpoIfeccoB. [Tosie3Hy0 MHGOPMAIIMI0 CHOBA IIPe/ICTaBUM THUIIOM JSON — Tak ouepefib 6YAET ZOCTaTOUHO
YHUBepcaJIbHa.

B Ka)K[BIY KOHKPETHBIM MOMEHT BpeMeHH B TaGJIHIIe COOGIIeHHE He 6y/leT MHOTO CTPOK, HO 3a BCe BpeMsi PaGOTHI UX MOXKET
0Ka3aThCsI CYII[eCTBEHHOE KOIMUECTBO. [[03TOMY MAEHTHGHUKATOP HAZI0 CPa3y CesIaTh 64-paspsiHbIM:

=> CREATE TABLE msg_queue(
id bigint PRIMARY KEY GENERATED ALWAYS AS IDENTITY,
payload jsonb NOT NULL,
pid integer DEFAULT NULL -- npouecc-obpaboTtuunk

);

CREATE TABLE
BcraBka coOGIIeHH# B 04epeb IIpoCTa:

=> INSERT INTO msg_queue(payload)
VALUES

(to_jsonb(1)),

(to_jsonb(2)),

(to_jsonb(3));

INSERT 0 3

Teneps 3aiiMeMcs GYHKIHE TIOTyYeHUs U 6JI0KUPOBaHUS 0UepeJHOTO COOOIIeHUS.

HawMm TpebyeTcst 6,10KMpOBaTh II0JIyYeHHYI0 CTPOKY, YTOOBI OZJHO COO6IIeHHe He MOTJIO GBITH BEIOPAHO /iBa pasa (AByMs
O/THOBpPEMEHHO paboTarIuMU 06paboTYMKaMHu). ITO MOKHO c/iesIaTh ¢ IToMoIbio ¢passl FOR UPDATE:

=> BEGIN;
BEGIN

=> SELECT * FROM msg_queue

WHERE pid IS NULL -- Hukem He obpabaTbiBaetcs
ORDER BY id LIMIT 1 -- ogHO B nopsinke MOCTYMJeHUs
FOR UPDATE;

Ho B TakoM ciydae aHaJIOTHYHBIHA 3aIIpoC B IPYTOM IIpolfecce 6y/ieT 3a6I0KMpPOBaH 10 3aBepllleHHs IIepBOM TpaH3aKIIHH.
| => \c ext_async

| You are now connected to database "ext async" as user “"student".

| => BEGIN;

| BEGIN

=> SELECT * FROM msg_queue
WHERE pid IS NULL

ORDER BY id LIMIT 1

FOR UPDATE;

BTopa;{ TPaH3aKI Ui 366JIOKI/Ip0BaHa.

=> DELETE FROM msg_queue
WHERE id = 1;

DELETE 1
=> COMMIT;

COMMIT

id | payload | pid



| => comMmIT;

| commIT

JJ1s TOro YTOOBI He 0CTaHAaBJIMBAThHCS Ha 3a6/I0KMPOBAaHHBIX CTPOKaX, CIIY>KUT ¢ppasa SKIP LOCKED xomaHs! SELECT.
=> BEGIN;

BEGIN

=> SELECT * FROM msg_queue
WHERE pid IS NULL

ORDER BY id LIMIT 1

FOR UPDATE SKIP LOCKED;

| => BEGIN;
| BEGIN

=> SELECT * FROM msg_queue
WHERE pid IS NULL

ORDER BY id LIMIT 1

FOR UPDATE SKIP LOCKED;

id | payload | pid

=> COMMIT;
COMMIT

| => coMMIT;

| commIT

HTak, QyHKIIHUA AJId ITOTy49eHHs U 6JI0KUPOBaHMs 09epelHOT0 COOBIIeHHsI MOKeT BBITJIA/IETh CIeYIOIIIM 00pa3oM:

=> CREATE FUNCTION take_message(OUT msg msg_queue)
LANGUAGE sql VOLATILE
BEGIN ATOMIC
UPDATE msg_queue
SET pid = pg_backend_pid()
WHERE id = (SELECT id FROM msg_queue
WHERE pid IS NULL
ORDER BY id LIMIT 1
FOR UPDATE SKIP LOCKED) RETURNING *;
END;

CREATE FUNCTION

B IIPaKTHUYECKUX 3aJaHUAX K TeMaM «Ounctka» 1 «®POHOBBIE 3a/laHUs» MBI pacCMaTpUBa/IA TUITUYHOE pelleHue i II0JIyYeHUST
I1akeTa CTPOK TaﬁJII/II_ILI, HaIIpuMep, C 11eJIbI0 06HOBJIEHUS I yaajeHus. 3anpoc BBITJVIAAEJI TaK:

WITH batch AS (
SELECT * FROM t
WHERE /* HeoOxopumbie ycnoBus */
LIMIT /* pa3mep naketa */
FOR UPDATE SKIP LOCKED

Kak BujuTe, B 060HX CIy4asx UCIIOJIb3yeTCs TOT Ke CaMbIi ITOIX0/: BEIGHpaeTcs U 6JI0KUPYeTCs YacTh CTPOK (0/[HA MK
HECKOJIBKO), IIPH 3TOM YoKe 3a6JI0KHPOBaHHEIE CTPOKH ITPOITYCKAIOTCS.

Teneps HanumeM GYHKIIUIO 3aBepIIeHHs PaboTHI ¢ cO06IeHreM. MBI 6y/ieM IIPOCTO YAAIATE €T0 U3 OUepe/H.

=> CREATE FUNCTION complete_message(msg msg_queue) RETURNS void
LANGUAGE sql VOLATILE
BEGIN ATOMIC
DELETE FROM msg_queue WHERE id = msg.id;
END;

CREATE FUNCTION



Tenephb MBI TOTOBBI HalIMCaTh LUK 06paboTKU coobIieHUiH. OGOPMUM ero B BUJIe IIPOIIeyPhL.

=> CREATE PROCEDURE process_queue() AS $$
DECLARE
msg msg_queue;
BEGIN
LOOP
SELECT * INTO msg FROM take_message();
EXIT WHEN msg.id IS NULL;

-- obpaboTka

PERFORM pg_sleep(1l);

RAISE NOTICE '[%] processed %; n_tup_del=%, backend_xmin=%',
pg_backend_pid(),
msg.payload,

(SELECT n_tup_del FROM pg_stat_xact_all_tables -- cratuctuka, HakonsneHHas BHYTPU TpaH3aKuuu
WHERE relname = 'msg_queue'),

(SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid());

PERFORM complete_message(msg);
END LOOP;
END;
$$ LANGUAGE plpgsql;

CREATE PROCEDURE

B atoMm BapuaHTe NUKJI 3aKaHYHUBaeTCsd, KOIrZla B ouepequ He OCTaeTCsa HeoﬁpaGOTaHHLIX C006meHHﬁ. BmecTo 3TOrO MO’KHO He
IIpeKpamaTh IMUKJI, HO IIPOA0J/IKaTh OKUIATh HOBEIE COGBITHS, 3acChIIIas, HaIIpuMep, Ha OJHY CEKYHIY.

IIpobyeM.
=> CALL process_queue();

NOTICE: [32641] processed 2; n_tup del=0, backend xmin=833
NOTICE: [32641] processed 3; n tup del=1, backend xmin=833
CALL

TeHEpB B /IBa ITOTOKa.

=> INSERT INTO msg_queue(payload)
SELECT to_jsonb(id) FROM generate_series(1,10) id;

INSERT 0 10

=> \timing on

Timing is on.

=> CALL process_queue();

| => CALL process_queue();

NOTICE: [33379] processed 2; n_tup del=0, backend xmin=835
NOTICE: [33379] processed 4; n_tup del=1l, backend xmin=835
NOTICE: [33379] processed 6; n tup del=2, backend xmin=835
NOTICE: [33379] processed 8; n tup del=3, backend xmin=835
NOTICE: [33379] processed 10; n_tup del=4, backend xmin=835
CALL

NOTICE: [32641] processed 1; n_tup del=0, backend xmin=835
NOTICE: [32641] processed 3; n_tup del=1l, backend xmin=835
NOTICE: [32641] processed 5; n tup del=2, backend xmin=835
NOTICE: [32641] processed 7; n_tup del=3, backend xmin=835
NOTICE: [32641] processed 9; n tup del=4, backend xmin=835
CALL

Time: 5042,337 ms (00:05,042)

=> \timing off
Timing is off.

O6pa6oTka 10 coobmieHNH ABYMsI IOTOKaMH 3aHsIa 0KOJIO 5 CEKYH/I, HO TOPHU30HT TpaH3aKIIHH Jlepykajics Ha O{HOM YPOBHeE Bce
BpeMs 06paboTKH odepesu! ITo 6yAeT MellIaTh BHIITOJIHEHHIO OYMCTKH U CO3/laBaTh IIP06JIeMBI JJIs BCelt 6a3bl JaHHBIX.



of] PROFESSIONAL

BcnoMmnHaem Npo ropu3oHT  Posgares

YT0 nomyunnock: ofHa 60sbliias TpaH3aKLs

take_message();
-- 0bpaboTka
complete_message();

take_message();
-- 0bpaboTka
complete_message();

take_message();
-- 0bpaboTKa
complete_message();

COMMIT;
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[MNoka3aHHOe pelleHre NMEeET CyLLeCTBEHHbIN He40CTaTOK: BCA 06paboTka
BbINO/IHAETCHA B O4HOW A/IMHHON TpaH3akumn. BcnoMmmvHasi TeMbl
«MHOroBepCMOHHOCTb» U «OUNCTKa» MOAYSA «APXUTEKTYpPa», MOXHO

C YBEPEHHOCTbIO CKasaTb, YTO 06paboTka ovepenmn byaet mewatb
HOPMaJIbHON paboTe OUYUCTKMN.



BcnomMmnHaem nNpo ropusoHT

of] PROFESSIONAL

Posggres

Yrto Ha/l0: KaXkAoe cOObITHE B OTZAE/bHON TPaH3aKIUU

take_message();
-- 0bpaboTKa
complete_message();

COMMIT;

take_message();
-- 0bpaboTka
complete_message();

COMMIT;

take_message();
-- 06paboTKa
complete_message();

COMMIT;
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UT06bI Taknx npobsiem He BO3HMKas0, HaA0 pa3gpobutb ASIMHHYHO
TpaH3akKUuUIo Ha HECKO/IbKO 60/1ee KOpoTkMX. B Hawiem cnyvyae —
obpabatbiBaTb KaXKa0e cobbITe B COGCTBEHHON TpaH3aKUuN.



BcnomMmnHaem nNpo ropusoHT

of] PROFESSIONAL

Posygres

Eitie nmyuriie: mo3BojiMTh 00paboTKe COOBITHSI COCTOSITh
13 HeCKOJIbKUX TPaH3aKI|H

take_message(); take_message(); take_message();
COMMIT; COMMIT; COMMIT;
-- 06paboTka -- 06paboTka -- 0bpaboTka
complete_message(); COMMIT; COMMIT;
COMMIT;

-- 06paboTka -- 06pa6oTka

COMMIT; complete_message():

COMMIT;

-- 06paboTka

complete_message();

COMMIT,
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Bonee Toro, o6paboTka 0f4HOro cobbITUS TOXE MOXET (B NPUHLMNE)
pa3buBaTbCA HA HECKO/IbKO TPaH3aKLWiA.

B Takom cnydae mMbl cHadana pukcrupyemM nsmeHeHue cratyca cobbitus

B ouepenm («B paboTe»), 3aTem BbINO/IHAEM 06paboTKy, a B KOHLE
donkcmpyem hakTt 3aBepLueHnsa paboTbl ¢ cCobbITEM (Hanpumep, yaansem
ero 3 tabnuupl).



VuuThIBaeM rOPU30HT TPaH3aKIHii

9TO JIETKO CHaeJsiaTh, IIOCKOJIBKY IIPOIielypa II03BOJIAeT YIIPaBJIAThL TPaH3aKITUAMU.

=> CREATE OR REPLACE PROCEDURE process_queue() AS $$

DECLARE
msg msg_queue;
BEGIN
LOOP
SELECT * INTO msg FROM take_message();
COMMIT; --<<

EXIT WHEN msg.id IS NULL;

-- obpaboTka

PERFORM pg_sleep(1l);

RAISE NOTICE '[%] processed %; n_dead_tup=%, n_tup_del=%, backend_xmin=%"',
pg_backend_pid(),
msg.payload,

(SELECT n_dead_tup FROM pg_stat_all_tables -- crartuctuka, yuuTbiBaemas aBTOOHYMCTKON
WHERE relname = 'msg_queue'),

(SELECT n_tup_del FROM pg_stat_xact_all_tables
WHERE relname = 'msg_queue'),

(SELECT backend_xmin FROM pg_stat_activity
WHERE pid = pg_backend_pid());

PERFORM complete_message(msg);
COMMIT; --<<
END LOOP;
END;
$$ LANGUAGE plpgsql;

CREATE PROCEDURE
IIpoBepum:

=> INSERT INTO msg_queue(payload)
SELECT to_jsonb(id) FROM generate_series(1,5) id;

INSERT 0 5
=> CALL process_queue();

NOTICE: [32641] processed 1; n dead tup=0, n tup del=0, backend xmin=840
NOTICE: [32641] processed 2; n dead tup=0, n tup del=1, backend xmin=842
NOTICE: [32641] processed 3; n_dead tup=0, n tup del=2, backend xmin=844
NOTICE: [32641] processed 4; n dead tup=0, n tup del=3, backend xmin=846
NOTICE: [32641] processed 5; n dead tup=0, n tup del=4, backend xmin=848
CALL

Tenepb TOPU30HT TpaH3aKHHfI IIpoABUTaeTCd BIIEPEN M HEe MeIllaeT OYHCTKE. O,I[HaKO MOMEHT CpaGaTLIBaHI/IH aBTOMAaTHUYeCKON
OYHCTKH OIIpeessieTcd Ha OCHOBE JaHHBIX CTATUCTUKH, KOTOpas 0GHOBJIIETCS JIUIITH 110 OKOHUaHUU pa60TI:I BCero oriepaTopa
CALL.

=> SELECT n_dead_tup, n_live_tup, n_mod_since_analyze, n_ins_since_vacuum
FROM pg_stat_all_tables
WHERE relname = 'msg_queue';

n_dead tup | n_live tup | n_mod since analyze | n_ins_since vacuum

Takum 06pa30M, YTOOBL TaﬁHHHa C ouepeablo BOBpeMsi OUHnIiasaCh, MOKHO:

® MOAUQHIMPOBATE IIPOLIEAYPY Process_queue TAKUM 06pasoM, ITOGHI 06eCIIeUUTh ee TapaHTHPOBAHHOE IIEPUOAHIECKOe
3aBepIlleHre U II0JIO’KUTHCS Ha aBTOOUHCTKY;

® IIepHOJMYECKH 3aIlyCKATh OGBIYHYIO0 (HEaBTOMATHYECKYI0) OUHCTKY. OJIMH U3 CII0COG0B pean3al[iy — UCII0Ib30BaHUe
($OHOBBIX IIPOIIECCOB, KOTOPBIE PACCMOTPEHBI B COOTBETCTBYIOIIIEH TEMe 9TOT0 Kypca.



of] PROFESSIONAL

Uero He xBaTaeTt Posigres

3aBuCIIIrie COOOITIeHUS

OCTaloTCs B CTaTyce «B paboTe» Tpy aBapuifHOM 3aBepilieHnH 00paboTurka

take_message();
COMMIT;

-- 06paboTka

Pentienue

TIPOBEPSITH CyIlleCTBOBaHHe TpoLjecca-00paboTurKa, yKa3aHHOTO B Tabnure
TIpY OTCYTCTBUM BO3BpAIL|aTh COOOIIEHNE B CTaTyC «HOBBIM» (BO3MOXKHO)
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Uero He XxBaTaeT B Hallleli peannsaummn?

Bo-nepsbix, 06paboTUMK MOXET 3aBEPLUNTLCHA aBapuiiHO. Ecnu Mbl
doMKCcupyem n3MeHeHne ctaryca 06paboTku, TO COObITUE «MOBUCHET»
B cTaTyce «B pabote» 1 He ByaeT 6osibLle obpabaTbiBaTbCA.

B Hawel peanimsaumm Mbl yxe caenasnu war B Hy)XXHYtH0 CTOPOHY: B Tabnuue
coxpaHsieTcs Homep obcnyxumsatouero npouecca (pid), KoTopbI B35/
Cco6bITME B paboTy. MOXHO HanucaTb NPOCTYH0 NPOBEPKY: ecnn pid nmeetcs
B Tabnuue, HO npouecca ¢ TakMuM HOMEPOM HEeT B CUCTEME — 3HAYMWT,
npown3soLuen co6oil.

UTto genaTb B TakoM cny4dae? Ecnin 06paboTka cobbITUA BbINOHAMACH

B OHOI TpaH3aKuun, TO OHa Obl/la NpepBaHa 1, cnegoBaTe/lbHO, MOXHO
6e30MacHO BEpPHYTb COObITME B CTATyC «HOBOE» — OHO OyzeT 06paboTaHo
NOBTOPHO.

Ecnn xxe o6paboTka AenmTcsa Ha HECKOIbKO TpaH3akuuii, Haao ObITb
YBEPEHHbIM B TOM, YTO 06pabOoTKy MOXHO 3aryckaTb NOBTOPHO.



of] PROFESSIONAL

Uero He xBaTaeTt Posigres

KoppekTHasi 00paboTKa UCK/TFOUUTE/TbHBIX CUTYallAi
CoxpaHeHHe pe3y/bTaToB 06paboTKH

Pertienue

He y#assaTh 00paboTaHHbIe COOOIIEeHMs, a TOMeUaTh OT/Ie/IbHbIM CTaTyCOM
noTpe0yeTcst MPABUTBHBIA UH/EKC

noTpedyeTcs epuouUecKoe yianieHe UCTOPUUeCKUX JAHHBIX
obpailjaeM BHUMaHHe Ha OUUCTKY
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Bo-BTOpbIX, Halla peann3auns HUKak He o6pabaTbiBaeT UCKIOUNTENbHbIE
cuTyaummn. 310, KOHEYHO, HEC/IOXHO A06aBUTb. MpU BO3HUKHOBEHMM
NCK/OUYEHUS! XOTENOCh Obl MMETb MHPOPMAaLMIO O TOM, YTO C/TyUNSIOCh.

[a v ecnun cobbiTe 06paboTaHo 6e3 OWMBOK, MOXET ObITb NONE3HbLIM
COXpPaHATb KaKyt-To nHhopmMauuno 06 obpaboTke. ITO, KOHEYHO, 3aBUCUT
OT KOHKPETHOW 3aauu.

Hawa peanusauunsa yganset obpaboTaHHble cObbITUA U3 ovepeau, HO
BMECTO 3TOI0 MOXHO OCTaB/IsATb UX, MOMeYvas crneunasibHbIM CTaTyCcoM
(«3aBepLUeHO», «owmnbka» 1 T. n.). Toraa Bcto MHdopmMauunto 06 obpaboTke
MOXHO MMETb HENOCPEACTBEHHO B Tab/mLe C CobbITUAMU. B TakoM ciyyae
notpebdyeTtcsa aPpdeKTUBHbIN AOCTYN K elle He 06paboTaHHbIM COOBLLEHUSM:
4YacCTUYHbIN nHAeKC ¢ ycnosuem pid IS NULL. (Opyrnm pelieHnem MoxeT
ObITb NEPeHOC 06paboTaHHbIX COOLITUIA B OTAE/bHYHO Tabnuy.)

3a yno6¢cTBO noTpebyercs nnaTtuTb peanmsaymein nepmoanyeckKoro
yAasieHNs «XBOCTa» ovepean — UCTOPUYECKNX AaHHbIX. Ecnv nepuopg,
[10CTAaTO4HO 60/IbLION, TO, BO3MOXHO, yAasIeHNe Haao BbINOHATb
naketamy — 4T06bI HE AONycKaTb NIMWHEro paspacTaHus Tabnubl

N HEe MeLLaTb OYNCTKE.

N, NOCKONbKY Tabnmua oyepeaein nsMeHsIeTcs 4OBOMbLHO aKTUBHO,
HaZ0 06ecneynTb ee CBOEBPEMEHHYH OUMCTKY, O YEM FOBOPUIOCH
B IEMOHCTpPALMN.



of] PROFESSIONAL

Toru Posygres

AcuHxpoHHasi 06paboTKa 1ojie3Ha BO MHOTHX CJTyvasix

BHelliHMe crcTeMbl UMeeT CMBIC/T HCII0J/Ib30BATh, €C/IN

BITMCBHIBAIOTCS B OOIIYI0 apXUTEKTYPy MH(OPMAIIMOHHON CUCTEMBI
K peasiu3aliyiu Mpe/bsIB/SIOTCS cephe3Hble TpeboBaHUs

Ouepenb cooObIeHNl B Oa3e JAaHHBIX —
IMMpOCTOE perieHne i IMPOCThIX 3a4d4
Ba)KHA MMPaBU/IbHAs peann3aLusi:
s¢dexTrBHOE TIomyyeHre ouepegHoro cobeitust (SKIP LOCKED),

n3beraHue JJOJTUX TPaH3aKLUH,
CBOEBPEMEHHast OUMCTKA Tab/UIIbI 0OUepeu

yeM Gosibilie TpebOBaHU, TeM C/ioXKHee OyzieT peanu3aiys

16



of] PROFESSIONAL

Mpaktuka L) Posigras

1. B nipunoxkeHuu npeyCMOTPeH MexaHu3M (DOHOBBIX 3a/laHUM,
HO CepBepHasi uacTb 00paboTKH ouepeii OTCYTCTBYET.

Hammivte HemocTaromye QyHKINAMN:

- take_task — monyuaeT ouepesiHOe 3aZlaHue U3 OUepe/y;
- complete_task — 3aBepitiaeT 00pabOTKY 3a/IaHusI;

- process_tasks — OCHOBHOM I[UK/T 00pabOTKM 3alaHUH.

2. 3amyctute ripoliefypy 00paboTku ouepeau 3asiaHuii B HOHOBOM
pexxuMme. [IpoBepbTe, uTo (POHOBBIE 33/]aHUs, TOCTaB/IEHHbIE
B ouepe/ib B IPU/IO’KEHWH, BBITIOJIHSKOTCS, a pe3y/bTaThbl UX
paboThI AOCTYTIHBI /1JIs1 TPOCMOTPa.
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1. ®oHOBbIE 3a7]aHNSI NO3BO/ISAKOT 3aNyCTUTb cneLuasibHoO
3aperncTpupoBaHHy OYHKLMIO 13 NONb30BaTE/IbCKOro MHTepdelica
1 3aTeM NPOCMaTPMBaTb COCTOSIHNE W Pe3Y/bTaT BbINO/THEHUS.

B kauecTBe pe3sysibTata PyHKUNA MOXET BO3BpaLlaTb MHOXECTBO CTPOK,
TO eCTb B npocTeiemM Buae Teno OyHKUNN MOXET COCTOATb N3 O4HOTO
SQL-3anpoca. Ha Bxo4 pyHKUMA A0/MKHA NPUHMMATL OAWH NapamMeTp Tuna
jsonb. Mpumep 3agaHus: public.greeting_program.

Hannwwute nognporpammebl take_task, complete_task v process_tasks
MO aHa/10rMN C NoKasaHHbIMU B AEMOHCTPALUUN NpUMepamMun. YutuTe:

« take_task gomkHa Bo3BpatllaTtb 3agavy B ctatyce «scheduled»
N 3ano/IHNTb noaxoasuime nons tTadnumubl tasks:

started = Tekyulee Bpems, status = «running», pid = HoOmep npouecca.
 complete_task gomkHa He yaanaTtb 3aaHue, a 3anosiHnUTb nons tasks:

finished = Tekywee Bpems,
Npn HOpMasibHOM 3aBepLueHnn: status = «finished», result = pesynbrar,
B C/lyyae OLIMNOKK: status = «error», result = coobueHmne o6 ownoke.

* process_tasks He fo/xHa 3aBepLlaTbCs; OpraHn3yiiTe 6eCKOHEeYHbIN
LMK C 3aZlepXKon B 1 cek Mmexay 3afavyamn. YbeamuTechb, YTO B pexvme
OXNOAaHWA He BO3HMKAaeT J0/roin TpaH3akuun. s ynoberea ycTaHoBUTE
napametp application_name B 3HayeHne «process_tasks».

[na dpakTMyeckoro BbINO/IHEHNA 3afaHns npouenypa Ao/KHa Bbl3BaTb
doyHKUMo empapi.run(task tasks). B c/iyyae ycnewHoro BbinosIHEHUS
oyHKUMS BEPHET pe3ynbrat, 0OOpPM/IEHHbIN B BUAE TEKCTOBOW CTPOKM.
B cnyyae owmnbkn 6yaeT creHepnpoBaHO UCK/IHUYEHME.



1. Peau3sanusa 06paboOTKH oyepeau 3aJaHAN

DyHKIU II0JIy4eHHs 3alaHHs U3 ouepe/id aHaJIOTMYHa II0Ka3aHHOH B leMOHCTPALMH, HO [JO/DKHA YYUTHIBATh I10JI51 Ta6IHITBL:
=> SELECT * FROM tasks \gx

-[ RECORD 1 ]---------
task id
program_id
status
params

pid
started
finished
result
host

port

O

scheduled

(UrHOpHpY#Te CTOIGITHI host ¥ port — OHU IIPUTOAATCS B TeMe «0630p GHU3NIeCKOH PeILTHKAIIHH».)

=> CREATE FUNCTION take_task(OUT task tasks) AS $$
BEGIN

SELECT *

INTO task

FROM tasks

WHERE status = 'scheduled’

ORDER BY task_id LIMIT 1

FOR UPDATE SKIP LOCKED;

UPDATE tasks
SET status = 'running’,
started = current_timestamp,
pid = pg_backend_pid()
WHERE task_id = task.task_id;
END;
$$ LANGUAGE plpgsql VOLATILE;

CREATE FUNCTION

II0CKOJIBKY MBI He 6YIeM YAAJIATH 3aJJaHUsI U3 0UePe/IH, CO3/IalM YaCTHYHBIN HHAEKC I 3G GeKTUBHOTO TOCTYIIa K
C/IeyIoNeMy Heo6paGoTaHHOMY 3a/[aHHIO:

=> CREATE INDEX ON tasks(task_id) WHERE status = 'scheduled’;
CREATE INDEX
OyHKIMS 3aBepIlleHNs paboTEl ¢ 3a/laHKeM JOII0JTHUTEIbHO IIPUHUMAaET CTaTyC 3aBepIlleHUs U TEKCTOBBIM pe3ysbTarT:

=> CREATE FUNCTION complete_task(task tasks, status text, result text) RETURNS void
LANGUAGE sql VOLATILE
BEGIN ATOMIC
UPDATE tasks
SET finished = current_timestamp,
status = complete_task.status,
result = complete_task.result
WHERE task_id = task.task_id;
END;

CREATE FUNCTION

IIporemypa 06pabOTKH OUepeu:



=> CREATE PROCEDURE process_tasks() AS $$
DECLARE
task tasks;
result text;
ctx text;
BEGIN
SET application_name = 'process_tasks';
<<forever>>
LOOP
PERFORM pg_sleep(1l);
SELECT * INTO task FROM take_task();
COMMIT;
CONTINUE forever WHEN task.task_id IS NULL;

BEGIN

result := empapi.run(task);

PERFORM complete_task(task, 'finished', result);
EXCEPTION

WHEN others THEN
GET STACKED DIAGNOSTICS
result := MESSAGE_TEXT, ctx := PG_EXCEPTION_CONTEXT;
PERFORM complete_task(
task, ‘error’, result || E'\n' || ctx
)i
END;

COMMIT;
END LOOP;
END;
$$ LANGUAGE plpgsql;

CREATE PROCEDURE

O6paTHTe BHUMaHUe, 4TO IlepBasg KomaHga COMMIT npefiectByeT KoMaHze CONTINUE. B IpOTUBHOM CJIy4dae P OTCYyTCTBHU
3aJlaHUI BO3HUKaJIa OBl jo/Iras TpaH3aKI[Ks.

HeCKoJIBKO CJIOB 0 TOM, 3a4eM Hy>KHa GYHKITHS run. B IPHHITHITE, BRIIIOJIHUTE 3aaHUE U ITOJIYYUTE Pe3yJIbTaT MO>KHO GBLIO GBI
TaKHUM 06pasoM:

func := (
SELECT p.func FROM programs p WHERE p.program_id = task.program_id
)i

EXECUTE format(
$$SELECT string_agg(f::text, E'\n') FROM %I($1) AS f$$,
func

)

INTO result

USING task.params;

K cokanenuto, PL/pgSQL He 1103B0oJIsIeT THOKO paboTaTh CO 3HAaUEHMSIMU COCTaBHOTO THUIIA: ¥ 3HaUeHUsI HeM3BeCTHOTO Harepe/,
THIa (record) HesIb3s1 TepeGpaTh Bce UMeIOIIKecss B HeM I1oJ1s. [I03ToMy /11 BBIBO/]a IIPUXO/IUTCS IT0JIaraThCs Ha CTaH/lapTHOe
npeobpasoBaHHe CTPOKH B TEKCT. ITO Oy/leT HeKPaCHBO BBIIJIA/ETH B CIy4ae HeCKOJIbKHUX II0JIeH:

=> SELECT string_agg(f::text, E'\n') FROM greeting_task() AS f;

string agg

(1,"Hello, world!")+
(2,"Hello, world!")+
(3,"Hello, world!")
(1 row)

JlJIs1 aKKypaTHOTO 0)OPMIIEHHS Pe3yIbTaTa MOKHO BOCIIOJIB30BaThCs IPYTUM IIPOIe[yPHEBIM SI3bIKOM. MBI UCII0JIb3yeM
GYHKIIMIO, HAaTMCcaHHY0 Ha PL/Python. ®yHKITHS run He BHI3BIBAETCS HAIIPSIMYI0 IIPUJIOSKEHHEM, HO B TeMe «0630p GH3MUIecKoit
peIUIHKaIlUK» MBI 6Y/leM BBI3BIBATh ee Ha JPYyIOM cepBepe, II09TOMY OHa HaXOAUTCS B cxeMe empapi, a He public.

IlofpoGHee 0 TOM, B KaKHUX CJIyJasix MOTYT IPUTOJUTECS JPYTHe SI3BIKH, Gy/ieT pacCKa3aHo B TeMe «SI3bIKH IIPOrpaMMUPOBAHUS».

2. 3amycK 00paboTKH odepeAu B POHOBOM perKuMe

B ouepeqy CTOUT TeCTOBOE 3a/laHUe:

=> SELECT * FROM tasks \gx



-[ RECORD 1 J---------
task_id
program_id
status
params

pid
started
finished
result
host

port

e

scheduled

3aryckaeM 06paboTKy (B OJMH IIOTOK) H, €CJIH BCe C/leJIaHO IIPaBUJIBHO, OHO GY/IeT BHIIIOJIHEHO.

=> SELECT * FROM pg_background_detach(
pg_background_launch('CALL process_tasks()")
)i

pg_background detach

ITomoXxreM HeMHOTO...
=> SELECT * FROM tasks \gx

-[ RECORD 1 J---------
task id
program id
status
params

pid
started
finished
result
host

port

N

scheduled

Ba;(aHHe YCIIEITHO BBIIIOJITHEHO. OﬁpaTI/ITe BHHMAaHNE, YTO Pe3ysIbTaT BBIIIOJTHEHUS COIePKUT U Ha3BaHUA CTO]I6L{0B us3
OPHUTHHAJIBHOTO 3aIrpoca.

DOHOBEIE IIPOITECCH], 06PabaTHIBAIOIINE OUEPe/ib, IETKO HANTH GJ1arofiapsi TOMY, UTO IIPOIlefiypa YCTaHABIMBAET IIapaMeTp
application_name:

=> SELECT pid, wait_event_type, wait_event, query
FROM pg_stat_activity
WHERE application_name = 'process_tasks' \gx

(0 rows)



[1pakTuka+ Pogga’?ég

1. HarmimmTe TecT, IpOBepSIOIHM, uTo 00paboTKa ouepey,
TIOKa3aHHast B IEMOHCTpAIMu, paboTaeT KOPPeKTHO MpH
BBITTO/THEHUH B HECKOJTbKO TTOTOKOB.

Yb6eaurtech, UTO TECT He TIPOXOJHUT, eC/Ii yOpaThb Tpe/JioyKeHre
FOR UPDATE SKIP LOCKED.

2. JloGaBbTe B peanu3ariyio MPOBEPKY «3aBUCIIIMX» COOOITIeHHH.
Ecnu Takas cutyaiys Oyzetr oOHapy»keHa, 3aBHCIIIee COO0IjeH1e
JIOJDKHO OBITH CHOBA TIPUHSITO B paboTy.
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1. BctaBbTe B Tab/muy coo6LeHnIn 60/bLIOE KONMMYECTBO CTPOK
N NpoBepbTE, YTO:

a) 6110 06paboTaHo Kaxaoe coobuleHue;
6) Kaxxgoe coobuleHne 6biNo 06paboTaHO POBHO OAMH pa3.

Yb6epute n3 peannsaumm cekKyHaHy0 3aepxky (Mmutaumo paboTbl), YTOObI
TECT BbINOJHANCA ObICTPEE N C 4OCTATOYHbIM YPOBHEM KOHKYPEHTHOCTU
MeXxay npoteccamu,



1. TecTupoBaHHe peajM3anu oyepesu

=> CREATE DATABASE ext_async;

CREATE DATABASE

=> \c ext_async

You are now connected to database "ext async" as user "student".
IIOBTOPHM peaIH3aIiHio O4epe/iH, I0Ka3aHHYI0 B IEMOHCTPAITHH.

TabJsmria:

=> CREATE TABLE msg_queue(

id bigint GENERATED ALWAYS AS IDENTITY PRIMARY KEY,
payload jsonb NOT NULL,

pid integer DEFAULT NULL

)i

CREATE TABLE
DYHKIIHS ITOTyUeHHUs U GIOKUPOBAHHUS 0UepeJHOTO COOOIIeHUS

=> CREATE FUNCTION take_message(OUT msg msg_queue) AS $$
BEGIN

SELECT *

INTO msg

FROM msg_queue

WHERE pid IS NULL

ORDER BY id LIMIT 1

FOR UPDATE SKIP LOCKED;

UPDATE msg_queue
SET pid = pg_backend_pid()
WHERE id = msg.id;

END;

$$ LANGUAGE plpgsql VOLATILE;

CREATE FUNCTION
DYHKITUS 3aBepIIIeHHs PaGOTHI C COOGIEHUEM:

=> CREATE FUNCTION complete_message(msg msg_queue) RETURNS void
LANGUAGE sql VOLATILE
BEGIN ATOMIC
DELETE FROM msg_queue WHERE id = msg.id;
END;

CREATE FUNCTION

B mporiesiypy 06paboTKU ouepesy BHeCEM M3MeHeHIe: BMECTO CeKYHAHOM 3a/lep KKHU 6y/1eM 3alHCchIBaTh HHYOPMAIIHIO 06
obpabaTeIBaeMOM COOOIIEHUY B OT/EJIbHYIO TabIHITY:

=> CREATE TABLE msg_log(
id bigint,
pid integer

)i

CREATE TABLE

=> CREATE PROCEDURE process_queue() AS $$
DECLARE
msg msg_queue;
BEGIN
LOOP
SELECT * INTO msg FROM take_message();
EXIT WHEN msg.id IS NULL;
COMMIT;

-- obpaboTka
INSERT INTO msg_log(id, pid) VALUES (msg.id, pg_backend pid());

PERFORM complete_message(msg);
COMMIT;
END LOOP;
END;
$$ LANGUAGE plpgsql;



CREATE PROCEDURE
Co3paeM 60JIb1110€e KOJIMYEeCTBO COOOIIIeHUM:

=> INSERT INTO msg_queue(payload)
SELECT to_jsonb(id) FROM generate_series(1,1000) id;

INSERT 0 1000

3amyckaeM 06paboTKy B ZBa II0TOKA, 3aceKasi BpeMs:
student$ psql ext_async

=> \timing on

Timing is on.

=> CALL process_queue();

| => CALL process_queue();

CALL

CALL
Time: 10281,169 ms (00:10,281)

=> \timing off
Timing is off.

[IpoaHaju3upyeM pe3yabTaTel. [Ipy KOppeKTHOH paboTe MBI ZO/DKHBI 00HAPYKUTh B )KypHaJIbHOM Tabuuiie poBHO 1000
YHUKaJIbHBIX HIeHTUPHUKATOPOB, UTO Oy/leT 03HAUaTh, YT0 06paboTaHbI BCe COOBITHS, U HU OJJHO He 06paboTaHo BarK/bI.

=> SELECT count(*), count(DISTINCT id) FROM msg_log;

count | count

1000 | 1000
(1 row)

Bce KOppeKkTHO.

IIpoBepHM Temeph peaausanui 6e3 mpeaiosxeHuss FOR UPDATE SKIP LOCKED.

=> CREATE OR REPLACE FUNCTION take_message(OUT msg msg_queue) AS $$
BEGIN

SELECT *

INTO msg

FROM msg_queue

WHERE pid IS NULL

ORDER BY id LIMIT 1

/*FOR UPDATE SKIP LOCKED*/;

UPDATE msg_queue
SET pid = pg_backend_pid()
WHERE id = msg.id;
END;
$$ LANGUAGE plpgsql VOLATILE;
CREATE FUNCTION
=> TRUNCATE msg_queue;
TRUNCATE TABLE
=> TRUNCATE msg_log;
TRUNCATE TABLE

=> INSERT INTO msg_queue(payload)
SELECT to_jsonb(id) FROM generate_series(1,1000) id;

INSERT 0 1000

3amyckaeM 06paboTKy:

=> \timing on

Timing is on.

=> CALL process_queue();

| => CALL process_queue();



CALL
Time: 15988,459 ms (00:15,988)

| cALL

=> \timing off

Timing is off.

=> SELECT count(*), count(DISTINCT id) FROM msg_log;

count | count

1499 | 1000
(1 row)

Kak BUUM, 4acTb co00IeHuH 6b11a o6paboTaHa fBa>kasl. HammpuMep:

=> SELECT id, array_agg(pid) FROM msg_log
GROUP BY id HAVING count(*) > 1
LIMIT 10;

[

+

| {73541,73334}

| {73334,73541}
1108 | {73334,73541}

|

I

|

[

[

1128 | {73541,73334}
1284 | {73541,73334}
1899 | {73334,73541}
1494 | {73541,73334}
1831 | {73541,73334}
1003 | {73541,73334}

1331 | {73541,73334}
(10 rows)

JTO IIPOM30IILIO H3-3a TOTO, YTO COOBINEHHE, 06pabaThIBaeMoe OHHUM IIPOIIeCCOM, HUKAK He GJIOKHPYeTCs B ZOCTYIIHO IJIs
IPYroro Iporecca.

BoccTaHOBHM KOPPEKTHYI0 QYHKITHIO:

=> CREATE OR REPLACE FUNCTION take_message(OUT msg msg_queue) AS $$
BEGIN

SELECT *

INTO msg

FROM msg_queue

WHERE pid IS NULL

ORDER BY id LIMIT 1

FOR UPDATE SKIP LOCKED;

UPDATE msg_queue
SET pid = pg_backend_pid()
WHERE id = msg.id;

END;

$$ LANGUAGE plpgsql VOLATILE;

CREATE FUNCTION

2. 06paboTKa 3aBHCHINX COOOIeHUI

MBI MOJKEM IT€PEeXBATUTH OITHUGKY, BOSHUKAOIIYIO IIPK 06paGoTKe COOBITHS, HO TeM He MeHee BCer7ia eCcThb IIIaHC TOIo, YTO caMa
IIpoITeypa-06paGoTUMK 3aBEPIINUTCS aBaPUIHO. CEIMUTHPYEM TaKyI0 CUTYAIHIO:

=> TRUNCATE msg_queue;

TRUNCATE TABLE

=> TRUNCATE msg_log;

TRUNCATE TABLE

=> INSERT INTO msg_queue(payload)
SELECT to_jsonb(id) FROM generate_series(1,1000) id;

INSERT 0 1000
3amyckaeM 06paboTKy...

| => CALL process_queue();



... B 3TO BpeMs B IPYTOM CeaHCe:

=> BEGIN;

BEGIN

=> LOCK TABLE msg_log;

LOCK TABLE

=> SELECT pid, pg_terminate_backend(pid) FROM msg_log LIMIT 1;

pid | pg_terminate backend

73541 | t
(1 row)

=> COMMIT;

COMMIT

FATAL: terminating connection due to administrator command
CONTEXT: SQL statement "INSERT INTO msg log(id, pid) VALUES (msg.id, pg backend pid())"
PL/pgSQL function process queue() line 11 at SQL statement
server closed the connection unexpectedly
This probably means the server terminated abnormally
before or while processing the request.
connection to server was lost

O6paboTunk «ymnas». [IpudeM, 61arogaps komaszie LOCK TABLE, — cpasy Iocjie Toro, Kak 3apUKCHpoBas HOMep IIpoliecca B
TabJIKIle ouepeid. B ouepe/iu ocTaIMCch Heob6paboTaHHBIe COOBIeH s 1 Cpe/id HUX — OJHO 3aBHUCIIee:

=> SELECT count(*), count(DISTINCT id) FROM msg_log;

count | count

=> SELECT * FROM msg_queue WHERE pid IS NOT NULL;

id | payload | pid
______ B
2006 | 6 | 73541
(1 row)

CaMBIif IIPOCTOH CIT0CO6 UCIIPaBUTh CUTYAIIMIO — U3MEHHTDH QYHKITHIO BEIGOPA COOGIIIEHHUS:

=> CREATE OR REPLACE FUNCTION take_message(OUT msg msg_queue) AS $$
BEGIN

SELECT *

INTO msg

FROM msg_queue

WHERE pid IS NULL OR pid NOT IN (SELECT pid FROM pg_stat_activity)

ORDER BY id LIMIT 1

FOR UPDATE SKIP LOCKED;

UPDATE msg_queue
SET pid = pg_backend_pid()
WHERE id = msg.id;
END;
$$ LANGUAGE plpgsql VOLATILE;
CREATE FUNCTION

Ecym co6bITHS 06pabaThIBaoTCs GBICTPO M BayKHA BBICOKAsI IIPOITYCKHAsI CIIOCOGHOCTD, TO IIPOBEPKY JIYYIlle BEIIOTHATH OTAEIBHO
U TOJILKO BpeMs OT BpeMeHH, UT0OH!I M36e)kaTh IIOCTOSTHHOTO obpallleHUs K pg_stat_activity.

CHOBa 3aIlyCTHUM 06pab0TUYHK, ¥ BCe COOOIIeHHs, BKJII0Yasi 3aBUCIIIee, OyyT 06paboTaHbL.
=> CALL process_queue();
CALL

=> SELECT count(*), count(DISTINCT id) FROM msg_log;



count | count
_______ e

1000 | 1600
(1 row)



