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(DB}
[ApPaHTUM AOCTaBKU

e at-most-once — goctasuaun 1 pa3 naum Het (noTtepwu)
* at-leat-once — poctaBuam 1 n 6onee pas (ay6:1m)
e exactly-once — poctaBunum ctporo 1 pa3 (ocHoBaHa Ha at-leat-once)



DB}
CtaHaapTt X/Open XA (eXtended Architecture)

e lna 2PC (aByxda3Hbi1 KOMMMUT)
e Kafka n RabbitMQ He peannsyioT
* NoSql 6a3bl Tima MongoDB u Cassandra

* A elle 3TO AONTO U CZIOXKHO

https://ru.wikipedia.org/wiki/XA



https://ru.wikipedia.org/wiki/XA

{DB}
O yem NOroBoOPUM

Outbox c oagHOM ANMHHOM TPaH3aKLUMen
Outbox ¢ ABymMmA KOPOTKMMM TPaH3aAKLUNAMM
Outbox ¢ BUpTYanbHbIMU NAPTULUAMM
Outbox ¢ cMHXxpoHM3aumen 3anucu

B whNh e

Kenc — xpaHeHue B PostgreSQL n otnpasKa B Kafka



Tabnnyka coobweHnin

CREATE TABLE outbox_messages (

id int4 GENERATED BY DEFAULT AS IDENTITY() NOT NULL,
topic varchar(128) NOT NULL,

key varchar(128) NULL,

type varchar(128) NOT NULL,

payload jsonb NOT NULL,

headers jsonb NOT NULL,

created_at timestamptz DEFAULT now() NOT NULL,
CONSTRAINT pk_outbox_messages PRIMARY KEY (id)

);

IDB\
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BapmaHT 1 — ANMHHAA TpaH3aKU WA



(DB}
BAOKMPOBKa OTNPaBASAEMbIX COODLLEHUN

BeginTransaction()

messages = GetPendingMessagesForUpdateSkipLocked()

if (messages.Any())
SendBatchToKafka(messages)
DeleteMessages(messages)
CommitTransaction()

else
CommitTransaction()
sleep (5 sec)
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DB}
BAOKMPOBKa OTNPaBASAEMbIX COODLLEHUN

--roundtrip 1
BEGIN;

--roundtrip 2

SELECT * FROM outbox_messages
ORDER BY id

LIMIT Sbatch_size

FOR UPDATE SKIP LOCKED;

--roundtrip 3
DELETE FROM outbox_messages
WHERE id IN (Smesssage_ids);

--roundtrip 4
COMMIT;
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H4TO nony4ynau

[1ntochbl
* HeCKoNbKO BOpPKepoB

MWuHyCbI

e OTNpPaBKa B KaPKy BHYTPM TPaH3aKUUK (ONIMHHAA TPAH3aKLUMA)
* 6B/IOKMPOBKA CTPOK

* MyTaLMA CTPOK (aBTOBaKyym)

* HET NopsAKa coobLeHnmn

(DB}
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Harpyska Ha NpuaoXKeHune

* CPU: Outbox — nepeknagbiBaHune JSON, Harpy3ku He byaeT

* [lamATb — MHOTO KOPOTKOXKNMNBYLLUNX O6'b€|-(TOB, MblNeCoOCATCA
coopLMKom mycopa
* ONTMMM3aumMAa NAaMATU - HE UCNONBb30BaTb TAXKenble ORM

(DB}
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Harpy3ka Ha ba3y

e 1 000 000 coobuweHnmn
e 100 coobweHnn B baTtye
* CoobuweHune 256 baut
* 2 TONUKa no 1 naptmuum

(DB}
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CKOPOCTb OTNpaBKK

1 BOpKep 2 BOpKepa
(mm:ss)
1. OaHa ANMHHAA 01:53 01:00

(DB\
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BapmaHT 1.1 —
pekomMmeHaaTesibHaA 610KMPOBKA

DR



[Topsag0oK coobLeHnM
lock = GetAdvisoryLock()
messages = GetPendingMessages()

if (messages.Any())
SendBatchToKafka(messages)
DeleteMessages(messages)
lock.Release()

else
lock.Release()
sleep (5 sec)

DB}
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‘DB
AdvisoryLock — 6e3 ANMHHOM TPpaH3aKLUUK

--roundtrip 1
SELECT pg_catalog.pg_advisory lock(-1613257171, -31457281);

--roundtrip 2

SELECT * FROM outbox_messages
ORDER BY id

LIMIT Sbatch_size;

--roundtrip 3
DELETE FROM outbox_messages
WHERE id IN (Smesssage_ids);

--roundtrip 5
SELECT pg_catalog.pg_advisory _unlock(-1613257171, -31457281);

20



{DB}

AdvisoryLock — pg bouncer session mode

° pg_bouncer B C€aHCOBOM pexXnme
* MHaye He pa3baokupyem

https://habr.com/ru/companies/karuna/articles/
674730/

21
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NToru

* [1ntochbl
* HeT B/IOKNPOBKMU CTPOK
* HeT AJIMHHOMN TpaH3aKuum
e abCONOTHDBIN NOPAAOK COObLLIEHUN

* MunHycbl
* MyTauuA CTPOK OCTanachb
 advisory lock apep*uUt nogkntoveHue (HNYEro He BbIUrpPan)
¢* OTNpPaBKa O AHNM BOPKEPOM

{DB}
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DR

BapWaHT 2 — KOPOTKME TPaH3aKUUIK



‘DB
KONIOHKa A4/1A NecCMMmMCTMYeCcKom BIOKMPOBKA

CREATE TABLE outbox.outbox_messages (

id int4 GENERATED BY DEFAULT AS IDENTITY() NOT NULL,
topic varchar(128) NOT NULL,

"key" varchar(128) NULL,

"type" varchar(128) NOT NULL,

payload jsonb NOT NULL,

headers jsonb NOT NULL,

ULL,
l available_after timestamptz DEFAULT now() NOT NULL,
pk_outbox_messages PRIMARY KEY (id)

);

CREATE INDEX ix_outbox_messages_available_after ON outbox.outbox_messages USING
btree (available after);
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/1Be KOPOTKME TPaH3aKLLNK

messages = GetPendingMessagesAndLock(now() + lockTimeout)

if (messages.Any())
SendBatchToKafka(messages)
DeleteMessages(messages)
else
sleep (5 sec)

(DB}
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BAnoKMpoBKa cOOOLLEHNI

--roundtrip 1
BEGIN;

--roundtrip 2

SELECT id

FROM outbox_messages
WHERE available_ after < now()
ORDER BY available_after
LIMIT Sbatch_size

FOR UPDATE SKIP LOCKED;

--roundtrip 3

UPDATE outbox_messages

SET available_after = Snow_plus_lock_timeout
WHERE id IN (Smesssage_ids);

--roundtrip 4
COMMIT;

(DB}
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bJ1IOKMPOBKa OAHMM 3aMPOCOM

--roundtrip 1
UPDATE outbox_messages
SET available_after = Snow_plus_lock_timeout
FROM
(
SELECT id
FROM outbox_messages
WHERE available_after < now()
ORDER BY available_after
LIMIT Sbatch_size
FOR UPDATE SKIP LOCKED
) locked_messages
WHERE
outbox_messages.id = locked_messages.id
RETURNING
outbox_messages.*;

IDB\
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DB
Anrpena {DB)

* COXpaHATb eLle 1 Kakon cepBUC 3abJIOKMPOBaAN
* I HACTPOUTb COXpPaHeHne nmeHun npu youmncrtese noaa StatefullSet

* Torga OH MOXeT OTNpPaBUTb COObLLEHUA NOC/Ee Nepe3anycKa,
OCTa/IbHblE He }AYyT TaumayTa
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(DB}
H4TO nony4ynau

[Throchl
* KOPOTKME TPaH3aKUUM

MwuHychbl

* MyTaLMA CTPOK X2 (aBTOBaKyym x2)
* HET NopsAAKa coobLeHnmn

29



CPU 6a3bl 1 BopKep
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CPU 6a3bl 2 BOpKepa
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CKOPOCTb OTNPaBKK

1 BOpKep 2 BOpKepa
(mm:ss)
1. OaHa ANMHHAA 01:53 1 01:00 1
2. [1Be KOpoTKHe 02:08 1.13 |01:17 1.28
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Uero xoyeTtcs

* Hy)keH He abcontoTHbIM NOPAAOK, B TOIbKO BHYTPM arperaTa
* HeCcKo/IbKO BOpKepoB

* KopoTKue TpaH3aKuum

* He 610KMpPYyEM N HE MEHAEM COODLLEeHUS

* He nponyckaem coobueHus

(DB}
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BapWaHT 3 —
BUPTYa/IbHble NapTULUNK

DR



(DB\
|_|pOI‘IyCKI/I N3-3a OJIMHHbIX TPaH3d KLLV”\/J]

SELECT *

FROM outbox_messages
WHERE

id > Slast_processed _id
ORDER BY id

LIMIT Sbatch_size;
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CyeTymK TpaH3aKUMM Ana baTymHra

* 1000 3aBeplueHHaA
* 1001 He3aBepLeHHaAnA
* 1002 3aBeplueHHaA

* tx_id < min_current_tx_id — He byaeT nponycKos

https://event-driven.io/en/ordering in postgres outbox/

(DB}
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| (DB}
Xmin

e xmin (xid) — TpaH3aKuUKA, rae co3gaHa CTPOKa

* Xid Henb3Aa cpaBHUTL € Xid naun bigint, Hy>XHO KOHBEPTUPOBATH
* MHOEKC He co3aaTb

* a ewe xid — 32 pa3paaHbin, cbpacbiBaeTca KaxXable 4 mapa TpaH3aKLUnM
* B Pro Bepcuun — 64 pa3spaaHbin

* CYETUYMK YBEINYMNBAETCA TOJIbKO NPU 3anNmcu

SELECT xmin FROM outbox_messages
WHERE xmin::text::bigint > txid_snapshot_xmin(txid_current_snapshot());

37



. DB}
64 OUTHbLIV CYETUYUK

* Xid8 — HOBbIM TUMN C ONEPaTOPOM CPaBHEHMUA
e pg_current_xact_id() — Tekywana TpaH3aKkuma
e pg_snapshot_xmin(pg_current_snapshot()) — min TpaH3aKkumna B npouecce

SELECT transaction_id FROM outbox_messages
WHERE transaction_id > pg_snapshot_xmin(pg_current_snapshot());
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BUpTyanbHble NapTUumnm

CREATE TABLE outbox_offsets (
id int4 GENERATED BY DEFAULT AS IDENTITY() NOT NULL,

Aasl_p.tmd_Ld_mIA_N.OI_Nllll,

available_after timestamptz DEFAULT now() NOT NULL,
last_processed_transaction_id xid8 NOT NULL,
"partition” int4 NOT NULL,

\topic varchar(128) NOT NULL,

CONSTRAINT pk_outbox_offsets PRIMARY KEY (id)
);

CREATE UNIQUE INDEX ix_outbox_offsets_topic_partition
ON outbox_offsets
USING btree (topic, partition);

DB}
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IDB\
|[d TpaH3aKUMM B COODLEHUNM

CREATE TABLE outbox_messages |

id int4 GENERATED BY DEFAULT AS IDENTITY() NOT NULL,
topic varchar(128) NOT NULL,

"key" varchar(128) NULL,

"type" varchar(128) NOT NULL,

payload jsonb NOT NULL,

headers jsonb NOT NULL,

ULL,

partitian int4 DEFAULT 0 NOT NULL,
transaction_id xid8 DEFAULT pg_current_xact_id() NOT NULL,
CONSTRAINT pk_outbox_messages PRIMARY KEY (id)

);

CREATE INDEX ix_outbox_messages_topic_partition_transaction_id_id ON outbox_messages USING btree
(topic, partition, transaction_id, id);

40



{DB}
BUpTyasibHble MapTULNK

partition = GetAvailablePartitionAndLock(now() + lockTimeout)
if (partition == null)

sleep (5 sec)

return

messages = GetMessagesForPartition(partition)

if (messages.Any())
SendBatchToKafka(messages)
UpdatePartition(messages.Last(), now())

else
UpdatePartition(now() + noMessagesTimeout)

41



J1aBHO He npoBepeHHaa NapTnUmA

UPDATE outbox_offsets
SET available_after = Snow_plus_lock_timeout
FROM
(
SELECT id
FROM outbox_offsets
WHERE available_after < now()
ORDER BY available_after
LIMIT 1
FOR UPDATE SKIP LOCKED
) locked_offsets
WHERE
outbox_offsets.id = locked_offsets.id
RETURNING
outbox_offsets.*;

(DB\
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CoobLleHna ana NnapTuumm

SELECT *
FROM outbox_messages
WHERE
topic = Stopic AND
partition = Spartition AND
transaction_id > Slast_processed_transaction_id AND
(
transaction_id > Slast_processed_transaction_id
OR
transaction_id = Slast_processed_transaction_id AND id > Slast_processed_id
) AND
transaction_id < pg_snapshot_xmin(pg_current_snapshot())
ORDER BY transaction_id, id
LIMIT Sbatch_size;

(DB\
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DB}
Happy path

--roundtrip 1
UPDATE FROM SELECT outbox_offsets;

--roundtrip 2
SELECT * FROM outbox_messages
WHERE {condition};

--roundtrip 3

UPDATE outbox_offsets

SET

available_after = now(),

last_processed_transaction_id = Slast_message_transaction_id,
last_processed_id = Slast_message_id

WHERE id = Sid;

44



(DB}
Error flow

--roundtrip 1
UPDATE FROM SELECT outbox_offsets ...;

--roundtrip 2
SELECT * FROM outbox_messages
WHERE {condition};

--roundtrip 3

UPDATE outbox_offsets

SET

available_after = Snow_plus_timeout
WHERE id = Sid;

45



Partition ana coobweHuA

* Topic u Partition moxHo o6beanHuTb B Groupld

* MHMUumManm3npoBsaTb NPu Co34aHNN COObOLLLEHUNA
e Xew OT KAtO4Ya % KON-BO NAPTULUWN B TOMUKE
* CBoe npaBuno

(DB}
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DB}
KadKa TpaH3aKUMK Ana nopagka coodbueHum

partition = GetAvailablePartitionAndLock(now() + lockTimeout)
if (partition == null)

sleep (5 sec)

return

messages = GetMessagesForPartition(partition)
if (messages.Any())

StartKafkaTransaction()
SendBatchToKafka(messages)
CommitKafkaTransaction()
UpdatePartition(messages.Last(), now())

else
UpdatePartition(now() + noMessagesTimeout)

47



(DB}
H4TO nony4ynau

[1ntochbl

* [lopsaAOK BHYTPU BUPTYaZIbHOM NAPTULUK

* HeCKO/IbKO BOPKepoB

* KOpoTKKe TpaH3aKunm

* He 6/10KMpyem n He meHsiem coobLeHus

* He nponyckaem coobLieHmns

* [Tpn oWwMBbKax MOXKeT BCTaTb KOJIOM TOJIbKO OAiHA NapTULLUA

MuHycCbI

* ANMHHAA TPaH3aKUnNA 6!10Kl/|pyeT OTNPaBKY U3 BCEX I'IapTVlLI,VIﬁ
* MOXEeT ObITb KPUTUYHO ANA MPUOPUTETHDLIX COObLLEHNI
* HO MX Ny4lle OTNPaBAATb CPa3y, a He XAaaTb outbox

* CZI0OKHOE peweHune

48
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CPU 6a3bl 2 BOpKepa
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CKOPOCTb OTNPaBKK

1 BOpKep 2 BOpKepa

(mm:ss)
1. OaHa ANMHHAA 01:53 1 01:00 1
2. [1Be KopoTKue 02:08 1.13 |01:17 1.28
3. BupTt. naptmumun | 02:36 1.38 |01:07 1.12
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BapnaHT 4 —
6e3 AIMHHbBIX TPaH3aKLUUN

DR



DB}
3baBaaemcs oT BAUAHMA AIMHHOM TPpaH3aKL MM

* CUHXPOHM3UpPYeM 3anucb B Tabaunuy outbox messages

* BctaBKa B Tabanuy outbox_messages B KOHLE TPaH3aKLUUK
* Younpaem us taxkenoro ORM ¢ TPEKMHIOM M3MEHEHUN

* MMony4yaem id coobweHnA B nopsaKe BbIMOJIHEHMNA TPAH3aKU MM
* Ho BO3MOXKHO C NpOnyckamMm npu oTKaTe TpaH3aKLuUin
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bblno: AaHHblIEe 1 coobLWEeHNA

unitOfWork.Add(entity1);
unitOfWork.Add(messagel);

unitOfWork.Add(entity2);
unitOfWork.Add(message?2);

unitOfWork.SaveChanges()

(DB}
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DB}
CTano: oTAe/NbHO AAaHHbIE M COODLLEHUS

unitOfWork.Add(entity1);
messageRepository.Add(messagel);

unitOfWork.Add(entity2);
messageRepository.Add(message2);

beginTransaction()
unitOfWork.SaveChanges() // without messages
messageRepository.SaveChanges()

commitTransaction()
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| DB}
bbino 6e3 Unit of Work

beginTransaction()

entityRepository.Insert(entityl);
messageRepository.Insert(messagel);

entityRepository.Insert(entity2);
messageRepository.Insert(message?2);

commitTransaction()
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| DB}
Ctano 6e3 Unit of Work

beginTransaction()

entityRepository.Insert(entityl);
entityRepository.Insert(entity2);

messageRepository.Insert(messagel);
messageRepository.Insert(message?2);

commitTransaction()
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CTtano

--roundtrip 1
BEGIN;

--roundtrip 2
INSERT/UPDATE/DELETE business data;

--roundtrip 3
SELECT pg_advisory_xact_lock(554738281823524); --transactional

INSERT INTO outbox_messages

(topic, partition, type, key, payload, headers)

VALUES

(Stopic, Spartition, Stype, Skey, Spayload, Sheaders);

--roundtrip 4
COMMIT;

(DB}
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CTtano

--roundtrip 1
BEGIN;

--roundtrip 2
INSERT/UPDATE/DELETE business data;

--roundtrip 3
LOCK TABLE outbox_messages IN ROW EXCLUSIVE MODE;

INSERT INTO outbox_messages

(topic, partition, type, key, payload, headers)

VALUES

(Stopic, Spartition, Stype, Skey, Spayload, Sheaders);

--roundtrip 4
COMMIT;

(DB}
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CoobLleHna ana NnapTuumm

SELECT *

FROM outbox_messages
WHERE

topic = Stopic AND
"partition" = Spartition AND
id > Slast_processed _id
ORDER BY id

LIMIT Sbatch_size;

IDB\

60



H4TO nony4ynau

[Throchl
* YTeHue He 3aBUCUT OT AJIMHHbIX TPaH3aKLU MK

MWuHyCbI
* CN1O0XKHOCTb nepeexasia Ha 3alfiiMCb BO BCEX FOCKencax
* MOXXHO AOTHOHUTbL TAXKenbin ORM

e INMHHAA TPaH3aKUMAa 6104YUT 3aNnUCb COOOLWEHUN
* CHN>Xaem BianAHnNeEe, 3alfiMCbiBaAi COO6IJ.I,€HVIFI B KOHUE

(DB}
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CPU 6a3bl 2 BOpKepa

80
70
60
50
40
30
20
10

0

A

—1. OgHa gantHHaa —2. [lBe KOpoTKne —3. BUPT. napTnumnn

N——

4. CUHX. 3anucu

{DB}

63



CKOPOCTb OTNPaBKK

1 BOpKep 2 BOpKepa

(mm:ss)
1. OaHa ANMHHAA 01:53 1 01:00 1
2. [1Be KopoTKue 02:08 1.13 |01:17 1.28
3. BupTt. naptmummn 02:36 1.38 |01:07 1.12
4. CnHxX. 3anucu 01:58 1.04 |0:57 0.95
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B ogHOM npouecce nain B HEeCKO/IbKUX?

* BogHOM
* sleepUntilReset (5 sec) — MOXHO cpa3y OTAPaBUTb
e 20 cepsuncoB - 20 NnoagKAOYEHUIN, 3TO ANA NOCTrpeca HeOYeHb
* Quartz: 2 BopKepa Ha 20 cepBUCOB — U3NNLLHEE YC/IOXKHEHME

* B pa3HbIX
e PosgtreSQL Notify ana ysegomneHma o HOBbIX COODLLEHMNAX

* U3/INLLHEE YCAOXKHEeHNe, Nyylle NPocTo KAaTb 5 cek
https://postegrespro.ru/docs/postgresql/current/sgl-notify

(DB}
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~ {pB)
4YTo ecnm ecTtb NPUopUTET COODLLEHNM

e Cpasy AenaTb NONbITKY OTMPAaBKU, HE ¥ AaTb ayTOOKC

e State based: ase Tabaunubl, Ha NPUOPUTETHDbIE OTAE/IbHbIN BOPKEP
 State based: npmnopurtet coobueHma

e Offset based: npnopuTteT BUPTYabHbIX NAapPTULNIN
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(DB}
ECam 4YTO-TO NOLW1O He TakK

e Echm bnoknpyem KaxXayto CTPOKY — MOXXHO OOHOBUTb
NPONyLEHHbIE U PETPAUTb TONbKO UX

* nna odpdpceTa
* peTpanm Becb 6aTy (ecnm oH He Becb OTBAIUACA)
* UM OTNpaBasem B oTaenbHyto Tabamuy (Dead Letter Queue)

67



[TapTnumm ona coodbLeHnm

* Range-napTMummn No gaTe co3aaHnA COObLLEeHUA, KOTopble
yaanaTca pas B AeHb/Heaento/...

* 1erko yaanAaTb

DB}
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Mow onbIT

* 1 BapuaHT — yHMBEPCa/IbHbIN
e cpegHe rpysut b6asy
* He 3aBUCUT OT AJ/IMHHbIX TPAH3aKLUUMN

* 3 BApUaAHT — CHU3UTb HATPy3Ky Ha ba3y
* B KOHUE mecsALa oTnpaBKa no Bceun base
* npobnema c ANMHHOMN TPaH3aKLUMEN HEAKTYaIbHA

e 2 BApUaHT — eCc/in HeT npobaiem Cc Harpy3Kkom Ha H6a3y

* 4 BAPNAHT — CIMLULKOM MHOTO BO3HW C 3alCbIO

DB



[ naBHble MbICIU

* UpeanbHoro outbox HeTy, "(Mba ansa Bcex BpAa, M NOABUTCA
* Hapo 3HaTb maTyacTb (XpaHuauLLe)

* [Ipn onTMM3aummM He BbiBaeT vygec

* WU O/IMHHbIE TPaH3aKUMK, AN B ABa pa3a b6o/sblue myTaLuui
* MU BIOKMPOBKU Ha YTEHUU, NN BNOKUPOBKM Ha 3anNnUCK

DB



(DB}
[Ton1e3Hble CCbITKU

* Kak He nponycKaTb CTPOKM
https://event-driven.io/en/ordering in postgres outbox/
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