Pa3roHaem BCTaBKy
Spring + PostgreSQL



[Tapy crnoB o cebe:

- Gatos AMutpun

- bonee 12 net B UT

- Nuwy Ha Kotlin

- Paborato B [[@aznpombaHke

- Cosgaem n ctpoum pelleHnsa Ha nnatgopme G2




O yem pgoknaa:

Kak yckopuTb BCTaBKy AaHHbIX B PostgreSQL

- Hactponkn Spring

- Co3paHue cobcTBEHHOWM MPOCMONKK ANst BCTaBKM AaHHbIX B BJ]
- lcnonb3oBaHmne kactomMHbIXx meTogoB PostgreSQL

- PacnapannenvsaHune npouecca BCTaBKu



HeMHoro npeabICTOpuUM:

- PaspabartbiBaem SaaS

- EcTb BHEWHKWE nHTErpaunm 4yepes xmi

- bbino <30 000 gokymMeHTOB B O4HOU BbIrpy3ke

- Crano ~ 2 000 000 pokymeHTOB B ogHown Bbirpy3ke = 4 000 000 3anunceun B B[]

- SLA < 5 MMHYT Ha 0OMeH gaHHbIMU CO CTOPOHHUMW CUCTEMaMU



Application

- Code and benchmars:

https://qithub.com/FatovDI/acceleration-insertion-postaresqgl-joker2023

- [logrotosneHHas b1, pasamep b 32 I'6

- 100 _000 000 cTtpok B 0OCHOBHOM Tabnuue ¢ nHaekcamu
- byoem Tectuposatb BctaBky Ha 4 000 000 3anucen

- 3amepsbl: 3 uTepauyun nporpesa, 5 nTepaymn 3amepos

- OkpyxeHue: java 17, PostgreSQL 14.5


https://github.com/FatovDI/acceleration-insertion-postgresql-joker2023

Spring

@Transactional

fun saveBySpring(count: Int) {
val currencies = currencyRepo.findA11()
val accounts = accountRepo.findA11()

for (i in @ = wuntil < count) {
pdCustomRepository.save(
getRandomEntity( id: null, currencies.random(), accounts.random())



Spring

"name": "Save by Spring",
"count": 4000000,
"time": "10 min, 28 sec 218 ms"

4,0Gb - - - ‘ | « Suossieas
3,0Gb |
2,0Gb
1,0Gb |
0,0Gb 1

:14:08 :‘14:09 :14:10 :14:11 :14:12 :14:13 :14:14 :14:15 :14:16 :14:17



Spring

Hibernate caches all the newly inserted| Customer instances|in the session-level cache,|so, when the transaction ends,

100 000 entities are managed by the persistence context. If the maximum memory allocated to the JVM is rather low,

4,0Gb + « Swssieas
3,0Gb
2,0Gb 1
1,0Gb |
0,0Cbl

14:08 1409 1410 1411 1412 1413 1414 1415 1416 1417



Spring

log.info("start save $count by Spring")

for (1 1n O = wuntil < count) {1

pdCustomRepository.save(

getRandomEntity( id: null, currencies.random(), accounts.random())

1

log.info("end save $count by Spring")

14:43:03.699 INFO 637355 --- [nio-8888-exec-1] c.

insert into payment_document] (account_id, amount,

insert into payment_document| (account_id, amount,
insert into payment_document] (account_id, amount,
INFO 637355 --- [nio-8088-exec-1] c.
INFO 637355 --- [nio-8088-exec-1] 1i.

14:43:83.738
14:43:03.745

PaymentDocumentService

e.p.lL.service.

start save 3 by Spring

cur, expense, order_date, order_number,

cur, expense, order_date, order_number,

order_date,

cur, expense,

e.p.lL.service.PaymentDocumentService

StatisticalloggingSessionEventListener

order_number,

payment_purpose, prop_10,

prop_10,

payment_purpose,

end save 3 by Spring

Session Metrics {




Spring

spring:
jpa:
properties:
hibernate:

generate_staotistics: true

424698 nanoseconds spent acqui
® nanoseconds spent releasing

2621112236 nanoseconds spent p
514877687335 nanoseconds spent

ring 1 JDBC connections;
® JDBC connections;
reparing 4000006 JDBC statements;

executing 4000006 JDBC statements;

® nanoseconds spent executing

® JDBC batches;

® nanoseconds spent performing
® nanoseconds spent performing

0 L2C puts;
® L2C hits;

10



Spring

Kak obbegnHnTb faHHble B baTyn?

11



Spring

spring:
jpa:
properties:
hibernate:
jdbc:
batch_size: 100000

424698 nanoseconds spent acqui
® nanoseconds spent releasing

2621112236 nanoseconds spent p
514877687335 nanoseconds spent

ring 1 JDBC connections;

® JDBC connections;

reparing 4000006 JDBC statements;
executing 4000006 JDBC statements]

® nanoseconds spent executing

® JDBC batches;

® nanoseconds spent performing
® nanoseconds spent performing

© L2C puts;
® L2C hits;

12



Spring

6 Hibernate disables insert batching]at the JDBC level transparently if you use an[identity identifier generator.

CREATE SEQUENCE IF NOT EXISTS seq_id INCREMENT BY 1 NO MAXVALUE START WITH 1000000 CACHE 10 NO CYCLE;

ID bigint NOT NULL DEFAULT nextval('seq_id')

@Id
@GeneratedValue(strategy = GenerationType.IDENTITY)
var id: Long? = null

@Id

@SequenceGenerator(name = "seg_gen", sequenceName = "seqg_id", allocationSize = 1)
@GeneratedValue(strategy = GenerationType.SEQUENCE, generator = "seqg_gen")

var id: Long? = null

13



Spring with batch size 100k

"name": "Save by Spring",
"count": 4000000,
"time": "8 min, 30 sec 791 ms"

50Gb
4,0Gb ! p :J?og 092 440
3,0Gb 1

2,0GCb {

1,0Cb {

0,0Cb1

10:36  10:37 10:38  10:39 1040  10:41 10:42 10:43  10:44



Spring with batch size 100k

358179 nanoseconds spent acquiring 1 JDBC connections;

® nanoseconds spent releasing © JDBC connections;

1465726582 nanoseconds spent preparing 4000007 JDBC statements;
129752963482 nanoseconds spent[executing 4000006 JDBC statementsj
295347948254 nanoseconds spent|executing 40 JDBC batches;

® nanoseconds spent performing © L2C puis;

A nanncarnndec cnant narfarmina A | 2 hitc-

15:36:00.014 INFO 640412 --- [nio-8080-exec-1] c.e.p.l.service.PaymentDocumentService : start save 3 by Spring

r;elect nextval ('seq_id')
select nextval ('seq_id')
(select nextval ('seq_id')
15:36:00.042 INFO 640412 --- [nio-8080-exec-1] c.e.p.l.service.PaymentDocumentService : end save 3 by Spring

insert into payment_document |(account_id, amount, cur, expense, order_date, order_number, payment_purpose, prop_10,
insert into payment_document |(account_id, amount, cur, expense, order_date, order_number, payment_purpose, prop_160,
Gnsert into payment_document J(account_id, amount, cur, expense, order_date, order_number, payment_purpose, prop_10,
15:36:00.060 INFO 640412 --- [nio-8080-exec-1] i.StatisticalloggingSessionEventlListener : Session Metrics {

15



Spring with batch size 100k. Method saveAll()

dTransactional
fun saveBySpring(count: Int) {
val currencies = currencyRepo.findA11()

val accounts = accountRepo.findA11()

(6 = .. < count)
.map { getRandomEntity( id: null, currencies.random(), accounts.random()) }
.let { it: List<PaymentDocumentEntity>
pdCustomRepository.saveAll(it)

16



Spring with batch size 100k. Method saveAll()

"name": "Save all by Spring",

"count": 4000000,

"time": "7 min, 51 sec 705 ms"
5’0 Gb T Used

4 4506377312

4,0 Gb }
3,0Gb {
2,0Gb {
1,0 Gb {
0,0Gbl

11:38  11:35  11:36 11:37 __ 11:38 _ 11:39 _ 11:40  11.41



Spring

Hibernate: insert into payment_document (account_id, amount, cur, expense, order_date, order_number,
payment_purpose, prop_10, prop_15, prop_20, id) valves (?, ?, 2, 2?2, 2, 2?2, 2, 2?2, 2, 2?2, 2)

Hibernate: insert into payment_document (account_id, amount, cur, expense, order_date, order_number,
payment_purpose, prop_10, prop_15, prop_20, id) valves (?, ?, ?, 2, ?, ?, 2, 2?2, ?, ?, 2)

r r r ol o, ol o, ol o,

2023-09-24 09:15:07.072 UTC [54] LOG: execute S_4:|insert into payment_documentl(account_id,_anan.
: ayment puUrpose, prop_10, prop_15, prop_20, id)| values

- parameters' $1 = '1000005', $2 = '0.8508023973840357', S
= 'RUB', $4 = 't', S5 = '2ﬂ23 09-24', $6 = 'QIFgHvmcRb', $7 = 'MGhENeU3argzJDQHYdNARSpPZLYLYFQq78K
Kt3kXauSSeNMh3mwedQAvmemgBcBGvOI2pjMEZiFjt7eRRzuLjloFnsmFVe6v2edHA] ', $8 = 'WXR4m468qQ', $9 = 'z8t

1qMct15tPuR3', $10 = 'LvM8070l1fAQjqYv4teq', $11 = '215382318'



Spring

INSERT

VALUES
INSERT

VALUES
INSERT

VALUES

INSERT

VALUES

INTO payment_document (account_id, amount, expense, cur, order_date, order_number, payment_purpose, prop_10,
prop_15, prop_20)

(1000004, '10.23', true, 'RUB', '2023-06-25', '123456', 'some purposeB', 'some 10', 'some 15', 'some 20');

INTO payment_document (account_id, amount, expense, cur, order_date, order_number, payment_purpose, prop_10,
prop_15, prop_206)

(1660005, '11.23', true, 'RUB', '2023-086-26', '123457', 'some purposel’', 'some 10', 'some 15', 'some 20');

INTO payment_document (account_id, amount, expense, cur, order_date, order_number, payment_purpose, prop_10,
prop_15, prop_26)

(1000006, '12.23', true, 'RUB', '2023-86-27', '123458', 'some purposel', 'some 10', 'some 15', 'some 20');

INTO payment_document (account_id, amount, expense, cur, order_date, order_number, payment_purpose, prop_10,
prop_15, prop_20)

(1000004, '10.23', true, 'RUB', '2023-06-25', '123456', 'some purpose@', 'some 10', 'some 15', 'some 20'),

(1066005, '11.23', true, 'RUB', '2023-06-26', '123457', 'some purposel', 'some 10', 'some 15', 'some 28'),

(1000006, '12.23', true, 'RUB', '2023-06-27', '123458', 'some purposel', 'some 10', 'some 15', 'some 20');

19



Spring reWriteBatchedInserts

datasource:
username: ${POSTGRES_USER_NAME}
password: ${POSTGRES_PASSWORD}

url: jdbc:postgresql://${POSTGRES_HOST
hikari:

schema: "test_insertion"

data-source-properties:

reWriteBatchedInserts: true

for (int i = 2; i <= batchSize; i++) {
if (> 2 1l pos 1= 1) {
// For "has binds" the first valuds
s.append(',');
+
s.append(nativeSql, chunkStart[6], chunkEnd[08]);
for (int j = 1; j < chunkStart.length; j++) {
if (params == null) {
NativeQuery.appendBindName(s, pos++);
} else {
s.append(params.toString(pos++, standardConformingStrings: true));
+
s.append(nativeSql, chunkStart[j], chunkEnd[j]);
}
}

/7] Add raoil ”
// Add troili

multi values.

// This coulc ents, so it is important to add them at end.

s.append(nativeSql, start: valuesBraceClosePosition + 1, nativeSql.length());
sql = s.toString();

20



Spring reWriteBatchedInserts

Hibernate: insert into payment_document (account_id, amount, cur, expense, order_date, order_number,

payment_purpose, prop_16, prop_15, prop_20, id) valves (?, ?, 2?2, ?, 2?2, 2?2, 2, 2, 2?2, 2, ?)

iy e i e i P P Pan o
Hibernate: insert into payment_document (account_id, amount, cur, expense, order_date, order_number,

payment_purpose, prop_18, prop_15, prop_20, id) valves (?, ?, 2?2, ?, ?, 2, 2, 2, 2?2, 2, ?)

I I I I I e, i, e, i, -

2023-09-24 12:00:08.120 UTC [299] LOG: execute <unnameds>:

(81, $2, S$3, S4, S5, $6, S$7, $8, $9, S$10, S$11)
2023-09-24 12:00:08.120 UTC [299] DETAIL: parameters.
'UsD', $4 = 'f', $5 = '2023-09-24', $6 = 'lnpXhMxgml', $7 = 'er3MCMeVdovABpekvtIYIGwabZAcMLc?eSbgaq
1hkoalgKJdcQAGXTEt67Ldeolax2cpwOD7wyerMmTRsv85pxtmulJyL1IfRBwW', $8 = 'WHOzrqSIMe', $9 = 'ymXzGYXukULMKT
t', $10 = 'Fla66GWWmghRfwigmIWS', $11 = '215382345', $12 = '1000004', $13 = '0.663112690442114', $14 =
'UsD', $15 = 'f', $16 = '2023-09-24', $17 = 'ctdFQ6lpdu', $18 = 'qbsRWtPujFF719TBQqkn0SIeUE1plT2026db
FgCeMiIcM1lVg1GopOuAcrPjCvZfdwB2w18amOdRELRLXpZucCqtCQOjzKRPWNNhc', $19 = 'IZwgH3whoM', $20 = 'AzPpmé6eH
gO3neCc', $21 = '3y1l10eoaYUXi8WSCzee',6 $22 = '215382346'

21



Spring reWriteBatchedInserts

"name": "Save by Spring",
"count": 4000000,
"time": "6 min, 41 sec 558 ms"

6,0 Gb ¢
5,0Gb ¢
4,0 Cb ¢

Used
4 4185882 496

3,0Cbt
2,0Cb {
1,0Cb {

0,0Gb !

1719 17.20 1721 1722 17.23 __17:24 _ 17:25



Spring

Kak cokpatutb o00bemMm namaTn?

23



Spring with manual persisting

@PersistenceContext

lateinit var entityManager: EntityManager

@Transactional

fun saveBySpringWithManualBathing(count: Int) {
val currencies = currencyRepo.findA11()
val accounts = accountRepo.findA11l1()

for (i in @ = wuntil < count) {
entityManager.persist(getRandomEntity( id: null, currencies.random(), accounts.random()))
if (i != 0 & i % batchSize == 0) {
entityManager.flush()

entityManager.clear()

24



Spring with manual persisting and reWriteBatchedInserts

"name": "Save by Spring with persisting"”,
"count": 4000000,
"time": "6 min, 22 sec 98 ms"

2,0Cb ¢
1,5Gb {
1,0 Gb
Used
4 760766560
0,5Gb {
0,0Gbl

0013 0014 0015 _ 0016 0017 0018 00:19



Spring

YctaHaBnusaeT NopsgoK npu
spring: COXPaHEHUN HECKOSTbKNX TUMOB
jpa: CYLLHOCTEN B OOHOM TpaH3aKuuW.
show-sql: false [MossonseT 6aTunHry pabortatb
. cTabunbHo.
properties: )
hibernate:

generate_statistics: true
ddl-outo: validate
jdbc:

batch_size: ${batcp insertion.batch_size}

order_inserts: true




Spring. Utoro:

- HacTtpowuka batch_size nossonsieT oTnpaBnsaTb AaHHble 6aTyam, He paboTaeT
c GenerationType.IDENTITY

- Hibernate xpaHuT Bce co3aaHHbIe AaHHble B session-level cache go
OKOHYaHuA TpaH3akunn. MoxHo ounwaTb Yepes EntityManager

- Hactpouka order_inserts no3sonsieT 6aTymHry ctabunbHo pabotarsb.

- Ypanocb yBennyinuTb CKOPOCTb BCTaBku npmumepHo Ha 40%

27



Spring

MoxeT Hy ero, aTtoT Hibernate?

28



Spring

MoxeT Hy ero, aToT hibernate?

INSERT INTO payment_document (account_id, amount, expense, cur, order_date, order_number, payment_purpose, prop_18,
prop_15, prop_26)
VALUES (1000004, '10.23', true, 'RUB', '2023-06-25', '123456', 'some purpose®', 'some 10', 'some 15', 'some 208'),
(1000605, '11.23', true, 'RUB', '20823-06-26', '123457', 'some purposel', 'some 108', 'some 15', 'some 208'),
(1000006, '12.23', true, 'RUB', '2023-86-27', '123458', 'some purposel', 'some 10', 'some 15', 'some 20');

29



Reflection vs jpa-modelgen vs KProperty

Kak?

30



Reflection vs jpa-modelgen vs KProperty

fun getDataFromEntity(entity: BaseEntity) =
entity.javaClass.declaredFields.map { field ->

field.trySetAccessible()
getDataFromEntityByField(entity, field)?.toString() “map

val data = PaymentDocumentEntity( }

account = AccountEntity().opply { id = 1 },
fun getDataFromEntityByField(entity: BaseEntity, field: Field) =
when (val obj: Any? = field.get(entity)) {
null -> null

expense = false,

amount = BigDecimal( val "18.11"),

cur = CurrencyEntity(code = "RUB"), is BaseEntity -> {

orderDate = LocalDate.parse( text: "20823-81-081"), field.annotations Array<(out) Annotation!>

orderNumber = *123%; ?.filterIsInstance(JoinColumn: :class.java) List<JoinColumn>?
?.firstOrNull() JoinColumn?

prop20 = "1345"1 ?.referencedColumnName String?

propl5 = "END", ?.takeIf { it.isNotEmpty() }

paymentPurpose = "paymentPurpose", ?.let { obj.jaovaClass.getDeclaredField(it) } Field?

arapi = Npropbat ?2.apply { trySetAccessible() }
?.get(obj)

) ?: obj.id

}

else -> obj



Reflection vs jpa-modelgen vs KProperty

hibernate-jpamodelgen

val data =
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.
data[PaymentDocumentEntity_.

VS

mutableMapO0f<String, String>()

ACCOUNT] = "1
AMOUNT] = "10.11"
EXPENSE] = "true"
CUR] = "RUB"

ORDER_DATE] = "2023-01-01"
ORDER_NUMBER] = "123"

PROP20] "1345"

PROP15] = "END"

PAYMENT_PURPOSE] = "paymentPurpose"
PROP10] = "proplB"

https://hibernate.org/orm/tooling/

KProperty

val data =

data[PaymentDocumentEntity:
data[PaymentDocumentEntity:
data[PaymentDocumentEntity:
data[PaymentDocumentEntity:
data[PaymentDocumentEntity:
data[PaymentDocumentEntity:

data[PaymentDocumentEntity
data[PaymentDocumentEntity
data[PaymentDocumentEntity
data[PaymentDocumentEntity

Kotlin

mutableMapOf<KMutablePropertyl<out BaseEntity, *>, String?>()

:account] = "1"

:amount] = "10.11"

:expense] = "true"

:cur] = "RUB"

:orderDate] = "2023-01-01"
:orderNumber] = "123"

::prop208] = "1345"

::propl5] = "END"

: :paymentPurpose] = "paymentPurpose"
::propi8] = "propl®"

32


https://hibernate.org/orm/tooling/

Reflection vs jpa-modelgen vs KProperty

Benchmark Mode Cnt Score Error Units
ProcessorBenchmark.saveDataByJpamodelgen 4 000 000 avgt 5 2,181 + 0,082 s/op

ProcessorBenchmark.saveDataByKotlinProperty 4 000 000 avgt 5 2,498 + 0,089 s/o
ProcessorBenchmark.saveDataWithReflection 4 000 _000 avgt 55,369 + 0,106 s/op




Application

Kak aTto paboTtaet?
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Application

com.example.postgresglinsertion
v [ batchinsertion
v api
v I8 Factory
= BatchinsertionByEntityFactory
7= BatchInsertionByPropertyFactory
£ SaverType
v ¥ processor
= BatchinsertionByEntityProcessor
7. BatchinsertionByPropertyProcessor
v [ saver
= BatchinsertionByEntitySaver
T BatchInsertionByPropertySaver
7= BatchlInsertionSaver
- SqlHelper

N msr e LN

[Mony4yaeT HyXHbIN saver rno Tuny

Jlorvka npeobpasoBaHns gaHHbIX AN
coxpaHeHus B b[]

YnpaBneHune npoueccomMm coxXxpaHeHus

35



Application

v I impl
v factory
& BatchinsertionByEntityFactory 3aroToBKuM Ans co3gaHua Knacca KOMMNOHEHTa.
¢ BatchinsertionByPropertyFactory
v [N processor
& AbstractBatchinsertionProcessor
& PostgresBatchinsertionByEntityProcessor
& PostgresBatchinsertionByPropertyProcessor
*% [ap osltony Wcnonb3yeTca B saver Ans CoOXpaHeHUsA AaHHbIX.
& ConcurrentSaverHandler
& CopySaverBatchRepository
v [ saver
¢ AbstractBatchinsertionByEntitySaver
& AbstractBatchinsertionSaver
¢ CopyBinaryByEntitySaver
¢ CopyBinaryByPropertySaver
CopyBinaryViaFileByEntitySaver
CopyBinaryViaFileByPropertySaver
CopyByEntityConcurrentSaver

Penosutopuin ona nHterpaumm co Spring

=}

~

~

¢ CopyByEntitySaver

¢ CopyByPropertySaver

& CopyViaFileByEntitySaver Peanunsauumn saver.
¢ CopyViaFileByPropertySaver L

& InsertByEntitySaver

¢ InsertByPropertySaver

¢ UpdateByEntitySaver

¢ UpdateByPropertySaver 36
% SqlHelper



Application

UTO BHYTPU?
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Application

Ar cave nr undote dotn
* For save or u paate data

fun rollback()

abs

chInsertionSaver(
val conn: Connection

: BatchInsertionSaver {

val log by logger()

init {
log.info("start save data")
conn.agutoCommit = false

& 4 2
override fun commit() {
conn.commit()

G

[override fun rollback() {
conn.rollback()

L}

r

override fun close() {

conn.close()
log.info("end save data")

¢

38



Application

* /"

interface BatchInsertionByEntitySaver<E: BaseEntity>

: BatchInsertionSaver {

* gdd entity for save
* @param entity - entity
* ,/"'

fun addDataForSave(entity: E)

cond do¥n ~ NR
* send data To UB

fun saveData()

abstract class AbstractBatchInsertionByEntitySaver<E

conn: Connection,
private val batchSize: Int

: BaseEntity>(

) : AbstractBatchInsertionSaver(conn), BatchInsertionByEntitySaver<t> {

private var counter = 0

override fun addDataForSave(entity: E) {
counter++
if (counter % batchSize == 08) {

log.info("save batch insertion $batchSize")

saveData()

override fun commit() {
if (counter % batchSize != 8) {
saveData()
}
log.info("start commit $counter data")
counter = @
super.commit()

~

J
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Application

open class InsertByEntitySaver<E: BaseEntity>(
private val processor: BatchInsertionByEntityProcessor,
private val entityClass: KClass<E>,
dataSource: DataSource,
batchSize: Int
) : AbstractBatchInsertionByEntitySaver<E>(dataSource, batchSize) {

private val dataForInsert = mutoblelListO0f<String>()

( override fun addDataForSave(entity: E) {
dataForInsert.add(processor.getStringForInsert(entity))
super.addDataForSave(entity)

\
e

override fun saveData() {
processor.insertDataToDataBase(entityClass, dataForInsert, conn)

dataForInsert.clear()

\ }

40



Application

abstract class BatchInsertionByEntityFactory<E: BaseEntity>(

private val entityClass: KClass<E>,

) : BatchInsertionByEntityFactory<t> {

@value("\${batch_insertion.batch_size}")

private var batchSize: Int = 100

@Autowired

override lateinit var processor: BatchInsertionByEntityProcessor

@Autowired

override lateinit var dataSource: DataSource

override fun getSaver(type: SaverType): BatchInsertionByEntitySaver<t> {

G

SaverType

SaverType.
SaverType.
SaverType.
SaverType.
SaverType.

ﬁal conn = dataSource.connection

return when (type) {
.COPY -> CopyByEntitySaver(processor, entityClass, conn, batchSize)

COPY_BINARY -> CopyBinaryByEntitySaver(processor, entityClass, conn, batchSize)
COPY_VIA_FILE -> CopyViaFileByEntitySaver(processor, entityClass, conn, batchSize)

COPY_BINARY_VIA_FILE -> CopyBinaryViaFileByEntitySaver(processor, entityClass, conn, batchSize)

INSERT -> InsertByEntitySaver(processor, entityClass, conn, batchSize)
UPDATE -> UpdateByEntitySaver(processor, entityClass, conn, batchSize)

~N

J

41



Application

(I?'C omponent

class BatchInsertionPaymentDocumentByEntityFactory
BatchInsertionByEntityFactory<PaymentDocumentEntity>(PaymentDocumentEntity::class)

@Service

class PaymentDocumentService(
private val pdBatchByEntitySaverFactory: BatchInsertionByEntityFactory<PaymentDocumentEntity>,

.

(;;BatchByEntitySaverFactory.getSaver(SaverType.INSERT).use { saver -> ﬂ‘\
for (i in ® = wntil < count) {
saver.addDataForSave(getRandomEntity( id: null, currencies.random(), accounts.random()))

}

saver.commit()

\ Y
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Application

[lepengem K 3amepam.
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Insert with batch size 100k

"name": "Insert method",
"count": 4000000,
"time": "5 min, 5 sec 781 ms"

900 Mb +
’-/J-I Used
600 Mb + 4 617 507 664
300 Mb |
0,0 Mb L
12:06 12:07 12:08 12:09 12:10 12:11 12:12




PostgreSQL

UTo MOXEeT MewaTb BCTaBKe DOnbLUMX 0ObEMOB AaHHbIX?

- Tpwurrepsbl
-  VHpaekKkcbl

NHpekcbl

- MoXHO yganutb nepen BCTaBKom
- 3aTeM BepHYTb

45



PostgreSQL

SELECT
indexname,
indexdef

FROM pg_indexes

WHERE schemaname ? AND tablename = ? AND indexdef LIKE 'CREATE INDEX%'

“H

[# indexname
ix_payment_document_cur
ix_payment_document_order_date

ix_payment_document_order_number

'3 indexdef :
CREATE INDEX ix_payment_document_cur ON test_insertion.payment_document USING btree (cur)
CREATE INDEX ix_payment_document_order_date ON test_insertion.payment_document USING bt..
CREATE INDEX ix_payment_document_order_number ON test_insertion.payment_document USING ..
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Insert with drop index

fun saveByInsertWithDropIndex(count: Int) {
val currencies = currencyRepo.findA11()
val accounts = accountRepo.findA11()

val scriptForCreateIndexes = sqlHelper.dropIndex(PaymentDocumentEntity::class)

pdBatchByEntitySaverFactory.getSaver(SaverType.INSERT).use { saver ->
for (i in ® = wuntil < count) {
saver.addDataForSave(getRandomEntity( id: null, currencies.random(), accounts.random()))

}

saver.commit()

sglHelper.executeScript(scriptForCreateIndexes)
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Insert with drop index

"name": "Insert method with drop index",
"count": 4000000,
"time": "8 min, 24 sec 354 ms"

2,0Gb ¢

1,5GCb ¢

1,0GCb ¢

Used
4 136516136

0,5Gb {

0,0Gb!

12:43 12:44 12:45 12:46 12:47 12:48 12:49 12:50 12:51 12:52



Insert with drop index

ncnonb3oBaHune LM

B i (e T I A G y B 100¢
\{ | 50%
Nt/ - - — et 0%
3 MUH 9 cek 5 MMH 12 cek 60 cexyun 50 40 30 2 10 0
BCTaBKka 6e3 BOCCTaHOBMEHNe E LTt 0,0% g Lin4 0,0%
N5 5,9% I 117 0,0% Lns 2,0%
MHOEKCOB WHOEKCOoB [ Ln9 0,0% [ Jum1o00% [ |umz0,0%

|08:53:48.205| C.e.p
08:53:48.772 c.e.p
08:53:50.341 c.e.p
08:53:55.325 c.e.p

08:56:54.4 [ni0-8080-exec-1]
- [nio-8080-exec-1]
- [nio-8080-exec-1]
- [nio-8080-exec-1]

- [ni0-8080-exec-1]

NnNNNNN
mmm™mMT™m
T TVDO©ODO

Mcnonb3oBaHue NaMATH U NOAKAYKH

.l.service.PaymentDocumentService
.b.impl.saver.InsertByEntitySaver
.b.impl.saver.InsertByEntitySaver
.b.impl.saver.InsertByEntitySaver

.b.impl.saver.InsertByEntitySaver
.b.impl.saver.InsertByEntitySaver
.b.impl.saver.InsertByEntitySaver
.l.service.PaymentDocumentService
.l.service.PaymentDocumentService

: start drop index befac
: start save data

: save batch insertion
: save batch insertion

: save batch insertion

: start commit 4000000

: end save data

: start create index af

: stop create index afi 49



Insert with drop index

CeKUMOoHNPOBaHHbIe TabnuLbI.

[No3BonseT aenartb CekuMm No AnanasoHy, CMUCKY, XeLly

MoxxHO A06aBnATbL CEKUMIO MPU MacCOBOW BCTaBKe

B HoBOW cekunn BcTaBka bydeT ocyLeCcTBNATLCS Kak B MyCTyt0 Tabnuuy

https://postarespro.ru/docs/postaresql/13/ddl-partitioning?ysclid=Inkccn 1266239693409
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https://postgrespro.ru/docs/postgresql/13/ddl-partitioning?ysclid=lnkccn1z6b239693409

PostgreSQL

YTo ewle Tbl ymeellb, PostgreSQL?
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PostgreSQL

Kak ewie PostgreSQL moxeT BcTaBnATb AaHHble B b7

Export with pg_dump (postgres@joker) X

~ Options
Path to pg_dump: /usr/bin/pg_dump

copy z Pogzgrespro KOMMAHWS ~ MPOAYKTbI~ YCAYIY ~

Statements:

Database:
Insert

Schemas: .
Insert with columns

Tables: eTeTtioTipTTeTTe

Format: File -

Clean database| | Create database Co PY

Add "IFEXISTS"| | Data only

Outpath: /home/fatov/{data_source}-{timestamp}-dump.sql
d {data_source} substitution patterns allowed COPY — konupoBaTb AaHHble Mexay dainom u Tabnuuei

{timestamp}, {database} a

--file="/home/fatov/{data_source}-{timestamp}-dump.sql"
--dbname=postgres --schema='"test_insertion"'
--table="test_insertion".account

m Cancel
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Copy

COPY payment_document (order_date, order_number, amount, cur, expense, account_id, payment_purpose, prop_10, prop_15,
prop_20) FROM STDIN (DELIMITER '|', NULL 'NULL')

fun saveToDataBaseByCopyMethod(
tableName: String,
columns: String,
delimiter: String,
nullValue: String,
from: Reader,
conn: Connection

) o

conn.unwrap(P6Connection::class.java) copyAPI.copyIn(]
sgl "COPY $tableName ($columns) FROM STDIN (DELIMITER 'S$delimiter’, NULL '$nullvalue')",

from



Copy

open class CopyViaFileByEntitySaver<E: BaseEntity>(
private val processor: BatchInsertionByEntityProcessor,
private val entityClass: KClass<E>,
dataSource: DataSource,
batchSize: Int
) : AbstractBatchInsertionByEntitySaver<E>(dataSource, batchSize) {

private var file = File(Paths.get( first: "./${UUID.randomUUID()}.csv").toUri())
private var writer = file.bufferedWriter()

override fun addDataForSave(entity: E) {
processor.addDataForCreate(entity, writer)
super.addDataForSave(entity)

override fun saveData() {
writer.close()
processor.saveToDataBaseByCopyMethod(entityClass, FileReader(file), conn)
file.delete()
file = File(Paths.get( first: "./${UUID.randomUUID()}.csv").toUri())
writer = file.bufferedWriter()

override fun close() {
writer.close()
file.delete()
super.close()
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Copy via file

"name": "Copy method via file",
"count": 4000000,
"time": "4 min, 22 sec 972 ms"
Overview | Memory| | Threads Classes VM Summary MBeans .
Chart: | Heap Memory Usage - Perform GC
200 Mb
150 Mb
100 Mb
Used
50 Mb 4 56321600
0,0 Mb
14:54 14.55 14:56 14.57 14:58
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Copy

open class CopyByEntitySaver<E: BaseEntity>(
private val processor: BatchInsertionByEntityProcessor,
private val entityClass: KClass<E>,
dataSource: DataSource,
batchSize: Int
) : AbstractBatchInsertionByEntitySaver<E>(dataSource, batchSize) {

private var writer = StringWriter()
private var bufferedWriter = writer.buffered()

override fun addDataForSave(entity: E) {
processor.addDataForCreate(entity, bufferedWriter)
super.addDataForSave(entity)

override fun saveData() {
bufferedWriter.flush()
processor.saveToDataBaseByCopyMethod(entityClass, writer.toString().reader(), conn)
writer = StringWriter()
bufferedWriter = writer.buffered()
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Copy with batch size 100 _000

300 Mb ¢

250 Mb ¢

200 Mb ¢

150 Mb ¢

100 Mb ¢

60 Mb L

"name": "Copy method",

"count": 4000000,

"time": "3 min, 51 sec 703 ms"
13:49 13:50 13:51 13:52

Used
4 207088112

:1 3:53
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Copy

YTo ewse?

58



Copy

YTto ewe?

OBouyHbIA hopmaT

Mpu BbiGope popmaTa binary BCe JaHHble COXPaAHAKTCH/CUYMTbIBAKOTCA B

[AIBOMYHOM, a He TeKCToBOM Buae. MHoraa atoT popmat obpabaTbiBaeTcs
6biCTpee, YeM TEKCTOBbIV U CSV, HO OH MOXET OKa3aTbCA HernepeHoCMMbIM
MeXJy pa3HbiMWU MalUMHHbIMWU apxXuTeKTypamu u Bepcuamm PostgreSQL.

Kpome TOro, 4BOUYHbIN d)opmaT CW/IbHO 3aBUCUT OT TUNOB AaHHbIX, Hanpumep,
OH He MNno3BonAeT BbiIBECTU JaHHbIEe U3 CTOﬂ6ua smallint, a 3aTeM Npo4YnTaThb
nx B CTOﬂ6€U, integer, XOTA C TeKCTOBbIM (bOpMaTOM 3TO BIOJIHE BO3MOXHO.
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Copy binary

hisrka naf- o pDorN ’ =y el el
Te 07 startT POGLOFY\n\ao/7/7\ \n\vt

s ]

27

441 UYL

outputStream.writeBytes( s "PGCOPY\n")

outputStream.write( b: 8xFF)
outputStream.writeBytes( & "\r\n")
outputStream.write(byteArrayosr(e))

Hauano danna

|

1TH

diecnhl e )
gisaple UlLL

outputStream.writeInt( v: 0)

Length ©OJ a@dad

b,

tion header

KonnyecTtBo KOMOHOK

outputStream.writeInt( v: 8)

outputStream.writeShort(fields.size)

Camu gaHHble Ha npumepe Long

outputStream.writeInt( v: 8)

outputStream.writelong(data)

KoHel danna

outputStream.writeShort( v: -1)

L\

outputStream.close()
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Copy binary. LocalDate

outputStream.writeInt( v: 4)
val sqlData = Date.valueOf(data)

val buf = ByteArray( size: &)

val tz = TimeZone.getDefault()

var millis = sqlData.time

millis += tz.getOffset(millis).toLong()

val secs = toPgSecs( seconds: millis / 1000)
ByteConverter.int4(buf, idc 8, (secs / 86400).toInt())

outputStream.write(buf)

private fun toPgSecs(seconds: Long): Long {
var secs = seconds
secs -= 946684800L
if (secs < -13165977600L) { Jctober 15, 1582 -> October 4, 1582
secs -= 86400 * 10
if (secs < -15773356800L) { 1500-03-01 - 90-02-

MpeobpasoBaHue LocalDate B binary

var years = ((secs + 15773356800L) / -3155823056L).toInt()
years++

years -= years / 4

secs += years * 86400.toLong()

+

return secs

BaaTto n3 gpanBepa PostgreSQL
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Copy binary. BigDecimal

public static byte(] nuaeric(Bigdecisal nbr) {

F1na1 PositiveShorts shorts = new Positivesherts();
BigInteger unscaled = nbr.unsealeavalue().abs()
int scale = nbr.scaleQ);

£F (unscaled.equals(Biginteger.26R0)) {

tel] bytes = new bytel] {0,0,-1,-1,8,0,0,0;
ByteConverter. {nt2(bytes. 6, Hath.max(o, seale))
return bytes

}

int wetgnt

1 (seate <= 0) {

iF (seale < 0) {

scate = Hath.abs(scate)]

110 cTpoK KoAa

int mod = seale % 4

val bytes =|ByteConverter.numeric(data) ey

scate = o;

While (unsealed.compareTo(ST_WAX_LONG) > 8) {

Finsl BigInteger(] pair = unsceled.divideAndRessinder(5I_TEN_THOUSAND);

outputStream.writeInt(bytes.size) 7o A

LF (shartvslue 1= o |1 tshorts.1sEapty() {

outputStream.write(bytes) :

shorts. push(shortvatue);

sonetgnt;

)

long unscalediong = unscaled.longValueExact()
do {

FLnal short shar

slue = (short) (unscalediong % 1

1F (snortvalve 1= 0 |1 tshorts.isEapty() {
shorts. push(shortvalue);

unscaledlong = unscsledLong /

Sonetgnt;
) While (unscaledLong 1= 8);
) etse

Fins1 Biglnteger(] split = unscaled.divideAndRessinger(tenpower(scale));
Bignteger dectast = split(1l;
wholes = splitle);

1F (1Biginteger.ZER0. equals(decinal)) {
1nt mod = seale % 4;
1ot sequents = scate / &

iF (s0d 1= 9) (
dectaal = gecimal.multiply(tenPomer( 4 - moa));
+esegaents;

}

4o {

Finel BigInteger(] pair = decisal.divideAndResainder (51
dectnsl = patelol;

Finsl short shortvalue = pair(1]).shortValve();

A_THOUSAND) ;

£F (shortvalue 1= 0 || tsharts.1sEapty() {
shorts. push(shartvalue);



Benchmark. Reflection vs jpa-modelgen vs KProperty vs Binary file

Benchmark

ProcessorBenchmark.
ProcessorBenchmark.
ProcessorBenchmark.
ProcessorBenchmark.

saveDataByJpamodelgen_4_000_000
saveDataByKotlinProperty 4 000_000
saveDataWithReflectionAndBinary 4 000 000
saveDataWithReflection_4_000_000

Mode
avgt
avgt
avgt
avgt

Cnt
10
10
10
10

Score Error Units
2,111 + 0,021 s/op
2,794 + 0,040 s/op
5,608 + 0,071 s/op
5,284 + 0,032 s/op
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Copy binary

[lepengem K 3amepam.
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Copy binary via file

200 Mb ¢

150 Mb 1

100 Mb 1

50 Mb 1

0,0 Mb L

Used
4 102234120

"name": "Copy method via binary file",
"count": 4000000,
"time": "4 min, 25 sec 274 ms"
20:37 20:38 20:39 20:40 20:41
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Copy. csv vs binary

CSV. Pasmep channa: 831 m6. Co3gaHue panna: 56 cek, BctaBka B b[l: 3 MuH 3 cek.

15:09:47.419| INFO 1 --- [nio-8080-exec-9] c.e.p.b.i.s.CopyviaFileByEntitySaver : start save data
15:10:43.086) INFO 1 --- [nio-8080-exec-9] c.e.p.b.i.s.CopyViaFileByEntitySaver : save batch insertion 4000000
15:13:46.740) INFO 1 --- [nio-8080-exec-9] c.e.p.b.1i.s.CopyViaFileByEntitySaver : start commit 4000000 data
15:13:46.751) INFO 1 --- [nio-8080-exec-9] c.e.p.b.i.s.CopyViaFileByEntitySaver : end save data

0 2a788fe3-e616-4407-be02-0f616c4edaaf.csv 831,1 MB

Binary. Pasmep anna: 918 m6. CosgaHune hanna: 56 cek, BctaBka B B[]: 3 MuH 8 cek.

15:26:57.318 | INFO 1 --- [nio-8080-exec-1] e.p.b.1.s.CopyBinaryVviaFileByEntitySaver : start save data
15:27:53.865 | INFO 1 --- [nio-8080-exec-1] e.p.b.i.s.CopyBinaryViaFileByEntitySaver : save batch insertion 4000000
e3101y INFO 1 --- [nio-8080-exec-1] e.p.b.1.s.CopyBinaryViaFileByEntitySaver : start commit 4000000 data
15:31:01.354 | INFO 1 --- [nio-8080-exec-1] e.p.b.1.s.CopyBinaryViaFileByEntitySaver : end save data
9‘}0 f34e1e58-8679-4483-917¢-9243414e8ded 918,5 MB
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Copy binary with batch size 100 _000

"name": "Copy method by binary",
"count": 4000000,

"time": "3 min, 58 sec 223 ms"

300 Mb ¢

250 Mb {

200 Mb 1

150 Mb {

Used
4 107 120080

100 Mb {

50 Mb {

0,0Mbl

18.08 18:09 1810 18:11



Copy

Kak NnpuUKpyTUTb 3TO K TpaH3akumam Spring?
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Copy

Kak npuKf

= Nipyirntech

M Spring?
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Copy T

@Transactional

fun saveByCopyViaSpring(count: Int) {
val currencies = currencyRepo.findA11()

val accounts = accountRepo.findAl11()

for (i in ® = wntil < count) {
pdCustomRepository.saveByCopy/(
getRandomEntity( !d: null, currencies.random(), accounts.random())



Transaction synchronization manager

public abstract class TransactionSynchronizationManager {

7 Usages

private static final ThreadlLocal<Map<Object, Object>> resources =
new NamedThreadLocal<>("Transactional resources");

Code fragment: Kotlin~
hransactionSynchronizationManager.getResourceMap()
e
Use Alt+Down and Alt+Up to navigate through the history
Result:

v oo result = {CollectionsSUnmodifiableMap@12094} size=2
v = {HikariDataSource@12100} "HlkanDataSource(HlkarlPool1)" ->{ConnectionHolder@12101}
ikari jkariDataSource (HikariPool-1)"

> value = {ConnectionHolder@12101}

v {SProxy107@12102} "org.springframework.orm.jpa.LocalContainerEntityManagerFactoryBean
’ key ={SProxy107@12102} "org.springframework.orm.jpa.LocalContainerEntityManagerFact«
> value = {EntityManagerHolder@12103}
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Transaction synchronization manager

r
val conn = (TransactionSynchronizationManager.getResource(dataSource) as ConnectionHolder).connection

val saver = CopyByEntitySaver(processor, entityClass, conn, batchSize)
\.

TransactionSynchronizationManager.bindResource(copySaverResourceName, saver)

TransactionSynchronizationManager.getResource(copySaverResourceName)

TransactionSynchronizationManager.registerSynchronization(
object : TransactionSynchronization {

override fun beforeCommit(readOnly: Boolean) H{
super.beforeCommit(readOnly)
saver.saveData()




JPA repository with copy saver

private fun getCopySaver(): BatchInsertionByEntitySaver<t> {

if (!TransactionSynchronizationManager.isActualTransactionActive()) {
throw BatchInsertionException("Transaction is not active. Batch insertion by saver is not available.")

return TransactionSynchronizationManager.getResource(copySaverResourceName)
?.let { it as BatchInsertionByEntitySaver<Eg> }
?: let { it: CopySaverBatchRepository<E>

val conn = (TransactionSynchronizationManager.getResource(dataSource) as ConnectionHolder).connection
val saver = CopyByEntitySaver(processor, entityClass, conn, batchSize)

TransactionSynchronizationManager.registerSynchronization(
object : TransactionSynchronization {

override fun beforeCommit(readOnly: Boolean) {
super.beforeCommit(readOnly)
saver.saveData()

+

override fun afterCompletion(status: Int) {
TransactionSynchronizationManager.unbindResource(copySaverResourceName)

)
TransactionSynchronizationManager.bindResource(copySaverResourceName, saver)
saver “let
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JPA repository with copy saver

abstract class CopySaverBatchRepository<E : BaseEntity>(
val entityClass: KClass<E>
) gk

@value("\${batch_insertion.batch_size}")
private var batchSize: Int = 100

@Autowired

private lateinit var processor: BatchInsertionByEntityProcessor

@Avtowired

private lateinit var dataSource: DataSource

private val copySaverResourceName = "BatchInsertionCopySaver"

fun saveByCopy(entity: E) {
getCopySaver() .addDataForSave(entity)

@Suppress( ..names: "UNCHECKED_CAST")
private fun getCopySaver(): BatchInsertionByEntitySaver<tE> {...}
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JPA repository with copy saver

@Component

class PaymentDocumentCustomRepository(

ANAAAANA

-
val repo: PaymentDocumentRepository,
) 2 faymentDocumentRepository by repo,

CopySaverBatchRepository<PaymentDocumentEntity>(PaymentDocumentEntity::class)
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Save by custom repository with copy saver

"name": "Save by Spring with copy method",
"count": 4000000,

nvT

"time": "3 min, 55 sec 999 ms"

300 Mb -
250 Mb |
200 Mb }
150 Mb | o Yagvsasm:

100 Mb ¢
50 Mb ¢

0,0Mbl

18.32 1833 18:34 18.35




Copy

Kak pacnapannenutb BCTaBKy AaHHbIX?
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211
212
7.4 [
21e
743 1
212
21:

Copy

[0e Bpema?

52:
LA
52:
52:
]
52:
LPA

49.
53.
55.
59.
.828
59.
59.

59

124
725
396
824

828
833

INFO
INFO
INFO
INFO
INFO
INFO
INFO

O N S S

[ni0-8080-exec-1]
[ni0-8080-exec-1]
[nio-8080-exec-1]
[ni0-8080-exec-1]
[nio-8080-exec-1]
[ni0-8080-exec-1]
[ni0-8080-exec-1]

NnNNnNnnNnnNnnNnnN
mMm®Mm®MMmTOM®TIM™I™mM
TVTTOTO©OVOOO

(= gile gl gile gl v gl v gl g

.impl.
.impl.
.impl.
.impl.
.impl.
.impl.
.impl.

saver

saver

saver
saver

%3 oT 06LLUEero BpeMeHH

.CopyByEntitySaver
saver.
saver.
.CopyByEntitySaver
saver.
.CopyByEntitySaver
.CopyByEntitySaver

CopyByEntitySaver
CopyByEntitySaver

CopyByEntitySaver

: start save batch insertion 100000
: end save batch insertion 100000
start save batch insertion 100000

:|save time 2 min, 53 sec 167 ms data
: start commi data
: end save data
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211
212
7.4 [
21e
743 1
212
21:

Copy

[0e Bpema?

52:49.124
52:53.725
52:55.396
52:59.824
52:59.828
52:59.828
52:59.833

INFO
INFO
INFO
INFO
INFO
INFO
INFO

O N S S

[nio-8
[nio-8
[nio-8
[nio-8
[nio-8
[nio-8
[nio-8

KTo MbI?

Yero Mmbl XoTum?

&

Korga Mbi 3T0 XOTUM?

RorAajibiiro:xe
padoraeilib :

tart save batch insertion 100000
nd save batch insertion 100000
tart save batch insertion 100000

ave time 2 min, 53 sec 167 ms data

tart commit 4000000 data

nd save data
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Copy with concurrent saver

YTto onga aTo caenaem:

- OtaenbHbin ThreadPoolExecutor anga ynpaesneHnsa 3agadamm

- ConcurrentSaverHandler koTopbi OygeT pacnpeaenaTs Harpy3ky no
HecKomnbkum Saver

- Pacwmpum pyHkumoHanbHocTb CopyByEntitySaver ans Hebnokupytowen

OTnpaBKu AaHHbIX B B[]
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Copy with concurrent saver

Kakne MunHychbl y aToro nogxoaa:

- HekoHTponupyemoe notpebneHne KOHHEKTOB NPu OOMbLUMX Harpy3kax

- TpaH3akuus ans napannenbHbIX saver nepecTaHeT ObiTb aTOMapHON

81



Concurrent saver

class CopyByEntityConcurrentSaver<E : BaseEntity>(
processor: BatchInsertionByEntityProcessor,
entityClass: KClass<E>,
conn: Connection,

fbaichSize' Int

private val executorService: ExecutorService

) CopyByEntitySaver<E>(processor, entityClass, conn, batchSize) |{
\_

private var saveDatadob: Future<x>? = null




Concurrent saver

override fun addDataForSave(entity: E) {
checkSaveDataJob()
super.addDataForSave(entity)

override fun saveData() {
checkSaveDataJob()
saveDataJob = executorService.submit { super.saveData() }

override fun commit() {
checkSaveDataJob()
super.saveData()
conn.commit()

}

f’;rivate fun checkSaveDatadob() {
try {
saveDataJob?.get()
} catch (e: Exception) {

~

throw BatchInsertionException("Can not execute send data to DB", e)

J
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Concurrent saver handler

class ConcurrentSaverHandler<tE : BaseEntity>(
private val processor: BatchInsertionByEntityProcessor,
private val entityClass: KClass<E>,
private val dataSource: DataSource,
private val batchSize: Int,
private val numberOfSavers: Int = 4,
executorService: ExecutorService

)il

private var counterEntity = 0

private var counterSaver = 0
private val savers = (1 = .. < numberOfSavers)
.map { CopyByEntityConcurrentSaver(processor, entityClass, dataSource.connection, batchSize, executorService) }
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Concurrent saver handler

fun addDataForSave(entity: E) {

f val currSaver = savers[counterSaver % number0fSavers]

currSaver.addDataForSave(entity)

counterEntity++

J

\‘7counterEntit1.takeIf { it % batchSize == 0 }?.let { counterSaver++ }
}

fun commit() {
savers.forEach { it: CopyByEntityConcurrentSaver<g>
it.commit()
it.close()

fun rollback() {
savers.forEach { it: CopyByEntityConcurrentSaver<E>
it.rollback()
it.close()
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Concurrent saver handler

fun addDataForSave(entity: E) {

’ val currSaver = savers[counter$

currSaver.addDataForSave(entity

counterEntity++
\‘7counterEntitx.takeIf { it % bat
}

‘QJAILV}_HHTBCI; elleina3ok

N
- o

et Copymieroiapy3na

} \
b - A

fun commit() {
savers.forEach { it: CopyByEntityCon
it.commit()

fun rollback() {

savers.forEach { it: CopyByEntityCon

it.rollback()
it.close()
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Save by copy method with concurrent

fun saveByCopyConcurrent(entity: E) {

checkTransactionIsOpen()

val handler
?.let {

= TransactionSynchronizationManager.getResource(concurrentSaverHandlerName)
it as ConcurrentSaverHandler<E> }

?: let { it: CopySaverBatchRepository<E>

(,,, val

\

handler = ConcurrentSaverHandler( \
processor = processor,
entityClass = entityClass,
dataSource = dataSource,
batchSize = batchSize,

number0OfSavers = concurrentSavers,

executorService = execuvtorService
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Save by copy method with concurrent

TransactionSynchronizationManager.registerSynchronization(
object : TransactionSynchronization {

override fun beforeCommit(readOnly: Boolean) {
super.beforeCommit(readOnly)
handler.commit()
¥
override fun afterCompletion(status: Int) {
if (status !'= 08) {
handler.rollback()

}

TransactionSynchronizationManager.unbindResource(concurrentSaverHandlerName)
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Save by copy method with concurrent

@Transactional

fun saveByCopyConcurrentViaSpring(count: Int) {
val currencies = currencyRepo.findA11()
val accounts = accountRepo.findA11()

for (1 in ® = wuntil < count) {
pdCustomRepository.saveByCopyConcurrent(
getRandomEntity( id: null, currencies.raondom(), accounts.random())
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Save by copy method with concurrent

[lepengem K 3amepam.
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Save by copy method with concurrent

"name": "Save by Spring with copy concurrent method",

"count": 4000000,

"time": "1 min, 47 sec 82 ms"
Overview | Memory | Threads Classes VM Summary MBeans :

Chart: | Heap Memory Usage v Perform GC
600 Mb
500 Mb ¢
400 Mb Used
4 347811864

300 Mb
200 Mb {
100 Mb {
0,0Mb 1
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3akrno4dyeHue:

- Spring n Hibernate genaet cBon overhead, MOXHO yBENMYNTL CKOPOCTb BCTABKU
AaHHbIX ~ 40%

- CBos1 peanusaums Npocrnonkn. beicTpee, MOXXHO NOAPYXNUTb CO Spring,
pacnapannennTb NpoLecc BCTaBKW, NSTIHOLWKN CNPUHra He paboTatoT.

- Copy metog beictpee insert ~ 30%. PaboTaeT Tonbko ¢ PostgreSQL

- Copy binary vs csv. CoMHUTENBLHbIN MPOGOUT MO CKOPOCTU, BO3MOXKHbI MPOOnemsbl ¢
nepexoaomM Ha HOBbIE BEPCUM

- Ypanocb yCKOpUTb MpoLecc BCTaBKM AaHHLIX B 6 pas.
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Cnacunbo 3a
BHUMaHue!

Tenerpam: @FatovDI

Penosutopun:
https://github.com/FatovDI/acceleration-insertion-postaresal-joker2023
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