[7|& Z4E E11M] Spring Framework EZHZHM X ASHPSA) 22| 3! dlE{ e}
O|= EHZHM B Of7|HIX] 4~

= e

B Ux} 2026-10-26

EHMXL OF7|EIX TF / 2= TOf AX|L|{™ IIE

HE 2% Spring Framework2| EzHZHM X2| &IZ|(PSA-AOP ZEA|-HIYAZ| &) 1, EHMM 3 CHot H|w
5 MAF EE 7to|=2fel =HY

OAHEHE 93 2026-10-30

7|t

M Al HE @netET (52 2¥)

Executive Summary (344 2°f)

X|= #0k: MAL Spring Boot 3.x 7|t MH|AS| EZHMM 2= SeA Y| @Transactional(readOnly = true) +
MI|HIME @Transactional MO HIAMS 7|H X (85%)2Z MEHSIE|, QI APl =Z.24H 2 At 7Hol=
TransactionTemplate ZZIZ{ HIA(15%)2 =511, TH[Ql 7t SKE|=

@TransactionalEventListenex(AFTER_COMMIT) + Outbox IjEio=z 22|&t A2 Hogh

o M MH AR (Key Reasons)

1. 712 5 2tH H7{(PSA) 2 MMM 23} PlatformTransactionManager FA%E Edf JDBC, JPA(Hibernate),
MyBatis S SI2| H|O|E HZ2 7|=0| HAE|O{ H|ZL|A ZE 27 HES 0&(Zero-line change) £ |X|5H, =<2 7{4M X|0o{
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MAF Spring E®MM AL BF 9l HikariCP[JPA 8% T=0Il( 0SIV=false , auto-commit=false ) 2|F HE &°

o

M HF|/FE MH|A A &7 EsiEM (] API 2X F12H) TransactionTemplate Z|HEZ Z4 591 (2F, 10 M/D)

1. =91 i A 31 siM 3 AKSE (Background & Requirements)

o ZE HiZ Y W 2HH (Pain Points)
o 22| EziZiM K|o{e} H| =LA 2Z! et 2X|: 217 JDBC Connection.setAutoCommit(false) EE= JPA
EntityManager.getTransaction() 2 X& XM{E 2L try-catch-finally =EYZ{E|0|EJt EOQl 2X|2 Q¢
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o SiZ SE Y B @FAFE (Requirements)
o [Must-have] £t/=2 H0|E M2 7|=(JPA + MyBatis/JdbcTemplate Z8) 2Z0]| A thY 2| EsiziM MM (ACID)2
100% =g 7.
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o [Nice-to-have] ArchUnit HIAEE Edl| @Transactional 22(private HME M, LHE =, at=gt
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3. O}7|8IX 9 7|= AZ (Architecture & Technical Validation)

3.1Spring EHHM Z=H2H(PSA) X AOP Z=A| LHE SZt 22|

o SHA HZ: Spring2 H|0|E M2 7|&0ICt Alo|st EZHTHM APIZ PlatformTransactionManager QIE{H[O|A SjL}Z ZAS}
(PSA)st, HEII0| CGLIB/JDK SX IEA|( ransactionInterceptor )2t
TransactionSynchronizationManager (ThreadLocal M&EA)E E8)| =LA FTE Sel HAUMES HiQlgl.7{0l. Sulst

o A= o

ARCHITECTURE - SPRING TRANSACTION ABSTRACTION (PSA) & AOP PROXY

Spring EAA 24+3H(PSA) L AOP ZEA| U3 of7]eA

AOP PROXY & INTERCEPTOR (— SPRING TX ABSTRACTION (PSA) POOL & DATABASE ENGINE
CLIENT / CALLER TX MANAGER (PSA)
q ~ CONNECTION POOL
Controller - Scheduler PlatformTransactionManager ™l Lo
QI HigjA ZE2A| HME SZ Jpa / DataSourceTxManager HikariCP DataSource
autoCommit=false - Pool ZS/Hi:t
l l 0SIV=false (E:=M L HQ)
.
SPRING AOP PROXY THREADLOCAL CONTEXT
Transactionlnterceptor ,L_s»/  TxSynchronizationManager -~
1
CGLIB EZA| - F7A AF/E=2 ' Connection Holder - &4 Tx A !
: : J |
1
l ! ! L RDBMS ENGINE
! . MySQL / PostgreSQL
TARGET DOMAIN SERVICE | | j POST-COMMIT HOOK MVCC AEi4 - Undo/Redo Log
@Transactional Bean @TransactionalEventListener Row-level Lock - ACID ®%
&4 H|ZL|A ZZ + Repository AFTER_COMMIT H|S7| OA|X| sl
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o AEHE 4t S& H7{LE
1. AOP ZEA| 7I2*7| ( TransactionInterceptor ):

e o Z2l0|2EJ} orderService.placeOrder() = S=stH AX| EFZ Z4K|71 Ob-l Spring CGLIB ZEA| 2|7t @K S ¢

o
7}2f0{ TransactionAspectSupport.invokeWithinTransaction() & &lalish
2. EsiEiM F M35 OIE{H|0]A ( PlatformTransactionManager | ReactiveTransactionManager ):

e o Z7|(Servlet/JDBC/JPA) &A= PlatformTransactionManager ( getTransaction() , commit() ,
rollback() )7t S26tH, F1¢iM|2 DataSourceTransactionManager (JDBC/MyBatis) FE=
JpaTransactionManager (JPA + JDBC AL 7t5)E FlEtS.

o FIZ Spring 5.2+ Z|YE|E (WebFlux/R2DBC) AEH0|AM = ThreadlLocal L4l Reactor Context £ AM2dtH=
ReactiveTransactionManager 7} Sst PSA &g Lalist
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3. ThreadLocal {4 E7|3} ( TransactionSynchronizationManager ):

e o EZHMMMO| A|ZE|H HikariCP DataSource O|A 253t 22| Connection ( setAutoCommit(false) )1t JPA

=

EntityManager £ ®X A2|=°| ThreadLocal H( resources , synchronizations )0l HIQIZS

o HE| E2HMM LJE0|M SEE|= 0]2] Repository( OrderRepository , PointRepository , JdbcTemplate )7} If
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4. oj|2] 7|4t 7{ol/=S4H ot™ 8l 2|AA H2| ( cleanupAfterCompletion ):

e o ERMAMETL HAHIEtE|H JPA H4M HEIAE flush() ¥ 22| DB commit() S &80,
@TransactionalEventListener (AFTER_COMMIT) 0| SESEl S Al 5| HEIMO| autoCommit AEHE S&Ist
of HikariCP Zof| ghglet,
o 7|2 E8 7%l RuntimeException 9! Error & A| X}S Rollback, 2tH Exception (Checked Exception) L
Al 7|12 Commit M2|E ( rollbackFor = Exception.class HA|IZ xHHQ| 7ts).

3.2 E3™M Fu} £M (Propagation 735) ¥ 22| £Z(Isolation 5&) 74

o Ei| Ezi®iM(Physical Tx) vs =2| EZiZiM(Logical Tx)2| &
=2| EfiFM: M| DB 744 ( Connection )& S3 BEGIN ~ COMMIT/ROLLBACK O] +¥&|= tHel.

o =2| EsiZM: TransactionInterceptor 7t M8l 2t @Transactional HAME ZA el

o CH&A (All-or-Nothing): 0{2f i=2| E&XMo| sjLto| S2| EAMMO 2 20l AR ( REQUIRED ), RE =2| EziMo| Hat
7{gl=|ofofat S2| ExiMo| F{l=|H, Tt siLte] LHE =2| EHMo|2t: EUE|H( rollbackOnly=true 0OiZ) 22| EzH%

M HHL 257 S,

TRANSACTION PROPAGATION - PHYSICAL VS LOGICAL BOUNDARY

EaNAA HMu} 44 (REQUIRED vs REQUIRES_NEW) 5% 2l 0] 5.2

CASE A - PROPAGATION.REQUIRED (22| Tx 17 3% - UF clel Al A Su#)

STEP 1 - OUTER TX STEP 2 - INNER TX STEP 3 - EXCEPTION STEP 4 - OUTER COMMIT
OrderService.order() PayService.pay() RuntimeException &4 Outer try-catch 2A| A|=
22| Tx #1 A% (Conn A) REQUIRED - 7|Z Tx #1 ¥R Conn A0 rollbackOnly=true UnexpectedRollbackEx !

(— CASE B - PROPAGATION.REQUIRES_NEW (22| Tx =22 - A 74N 27 HF F9)

STEP 1 - OUTER TX STEP 2 - SUSPEND TX #1 STEP 3 - NEW PHYSICAL TX STEP 4 - RESUME TX #1
OrderService.order() AuditService.saveLog() [--" Al 22| Tx #2 (Conn B) Outer Tx #1 X7l (Conn A)
22| Tx #1 ZI¥ (Conn A) REQUIRES_NEW - Conn A 27 =& Commit 2& & Conn B g /79 ofF MZ oW H2|

LEGEND — 7|Z 22| E#MM(Conn A) &5  —— rollbackOnly OHY / 7|& Tx YAl S --- A7 52| AH4UMH(Conn B) S& A

Spring E2HZ M M1} £M(REQUIRED vs REQUIRES_NEW) Y rollbackOnly M} SE%

« EziziM Xnt £M (Propagation) 73 SJAHZEH DHER|A
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REQUIRED (7|2
)

REQUIRES_NEW

NESTED

SUPPORTS

MANDATORY

NOT_SUPPORTED

NEVER

7|Z Tx YAl BT (Suspend) =

7|& 22| Tx Wi JDBC Savepoint 4

7|& EfAE0| Eo
7|& EfME0| Eo
7|E Tx LA SH = EHHM

IllegalTransactionStateException

=]
2

EzimM 3| £F(Isolation) 55 22

o DEFAULT (DB 7|

k=Xe)
SQa-

o SA| AIR(MD-EQIE)

=2k

~
S

2H( @Version ) EE= HJ

StMSo
[—

=1
=

MySQL InnoDB= REPEATABLE_READ , PostgreSQL/Oracle2

FOR UPDATE ) / &XI= UPDATE #2|( SET stock

7|E EHHEM IS Al =
2|

7

il

b |

M

x~

[=]

o

ar

Al S| EHM MM 1
Y|

=

o

o

o

A =2 A 22| ESHM MY s
Al

2

H

=

[ =]

o

T

A SE| EAMM My 1
71

a1

o

o

=}

EMAM g{0|(Non-Tx) & 0
EE

=

1

7H

IllegalTransactionStateException 1
Ay o
e

o

o

=]

Ay ETM glo| Al 1
74

=

=

TT

E2iM glo] A 0
71
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WHERE stock >= 1 )Z of{Zdst= Zi0| A2 HEEY

[

3.3 A5 5ol Zol e 5! E= 318 FE (Best Practices)
o IHEd 1: 2HA 2j|¥ @Transactional(readOnly = true) + M7|HAME QHz0|! B=
o @Transactional(readOnly = true) H& Al: @ JPA F&M HEIAETF AMHAF KZEH Gl Dirty Checking(HE ZX)) 2

M2ESHo| M2 AF22F 35% HZ 3 CPU §3t Z4A, ® JDBC E2t0|H 3|20l A Read Replica(Slave DB) 2 A= 2tRE!
( AbstractRoutingDataSource ) 7tsg&.

JAVA

@Service

@RequiredArgsConstructor

@Transactional(readOnly = true) // 1. SzHA 7|2Zf: 27| M2 (Slave DB 2tRE + Dirty Checkin
public class OrderCommandService {

private final OrderRepository orderRepository;
private final ApplicationEventPublisher eventPublisher;

// 2. 7] HMEQN2E @Transactional(readOnly=false 7|2%f) HZI0|Y
@Transactional(rollbackFor = Exception.class) // Checked ExceptionZtX| QtH5HA 24 HE
public OrderResult createOrder(CreateOrderCommand cmd) {
Order order = Order.create(cmd.userId(), cmd.items());
orderRepository.save(order);

// 3. 2F L& (Kafka/YE)2 EHUHM URoIM =Y SZSHA g0 =Ml OJHIER S5

eventPublisher.publishEvent(new OrderCreatedEvent(order.getId(), order.getTotalf
return OrderResult.from(order);

o IHE 2: KL API I/O2} DB EaiMM 22| ( TransactionTemplate Z&)

o 22 ZH| AHO|EY0|(PG) == @Transactional HAME HOZ w1 MAS x3|e

— T

TransactionTemplate @2 ZIM DB 7H4lM R A|ZHS 420ms = 14ms=E &

Y
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JAVA

@Service
@RequiredArgsConstructor
public class PaymentOrchestrator {

private final TransactionTemplate writeTxTemplate;

private final PaymentGatewayClient pgClient; // 28 HTTP &£ (T 350ms £R2)
private final OrderRepository orderRepository;

private final PaymentRepository paymentRepository;

/] F2|: 0] QAAEH0|M HAME XHA0l= @Transactionals =0|X| 3!
public PaymentReceipt processPayment(Long orderId, Money amount) {
// Step 1. &2 EMMM #1 (2 4ms): FE MEf AT L ZA 7] Mef 7|15
OrderSnapshot snapshot = writeTxTemplate.execute(status -> {
Order order = orderRepository.findByIdWithLock(ordexrId).orElseThrow();
order.markPaymentPending();
return OrderSnapshot.from(order);

1)

// Step 2. REM™MM 7t (2 350ms): DB HUMEZS HQSIK| %2 AMEiZ Q2 PG API &=
PgApproveResponse pgRes = pgClient.requestApproval(snapshot.orderNo(), amount);

// Step 3. %2 EMIM #2 (& 8ms): PG 29 Zu} €3 L Qutbox O|HIE XZE
return writeTxTemplate.execute(status -> {
Order order = orderRepository.findById(orderId).orElseThrow();
order.completePayment(pgRes.pgTxId());
return paymentRepository.saveReceipt(order, pgRes);

3);
}
3
1 3: 7{81 2t& = QIS £ X2| ( @TransactionalEventListener + @Async )

EMTHH0| OFE] 7{BIE|7| Tof| H|S7| A2|ELL Kafka HIAIXIS 2SHH, AHIXE7LOFE] F{EIX] 42 HIO[EE =2 (X2 )5t

I
7Lt 2 EsiMMo| SHME|A =0 20| EEE|= FEY Aot ZAE.

_—OHO
EESH AFTER_COMMIT 2Z|AL] LHSO|A 37t DB XMZH(0l: &3 0|2 YH|0|E)o| Hest 22, 7|& EHMME o|0| Z=E AEY
0|2 Z HIEA| @Transactional(propagation = Propagation.REQUIRES_NEW) £ 2
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JAVA

@Component
@RequiredArgsConstructor
public class OrderEventHandler {

private final NotificationClient notificationClient;
private final OutboxRepository outboxRepository;

@Async("eventTaskExecutor")

@TransactionalEventListener(phase = TransactionPhase.AFTER_COMMIT) // &

@Transactional(propagation = Propagation.REQUIRES_NEW) // £ DB {GIO|IEE

public void onOrderCreated(OrderCreatedEvent event) {
notificationClient.sendOrdexConfirmPush(event.orderId());
outboxRepository.markPublished(event.orderId());

}
¥
£14: 28 ¥+ application.yml H4YM E 3 EHMM B BE
YAML
spring:
jpa:
open-in-view: false # Z=: ZEEZ/H HEHYNX| DB HUME 21 Q= OSIV CHE|THE H
properties:
hibernate:
connection:
provider_disables_autocommit: true # Zf: E#MIM A|Z A| £
jdbc:
batch_size: 100
order_inserts: true
order_updates: true
datasource:
hikari:

EEHM

—
=
olst Al E2

93t

st setAutoCommit(false

auto-commit: false # Z: HikariCP Z Z|#o|M autoCommit H[EMSI (Hibernate Z[HSIet ME)

maximum-pool-size: 30
minimum-idle: 30
connection-timeout: 3000 # 3= L 4N 0|5 Al #E 4Amij(Fail-Fast) |k



4. =9 2|23 3 S Lok (Risks & Mitigation)

T gla3 g9l g o
2 8 M
T 7
[
o
M
o
7| IZEA LHE SZ(Self-Invocation) 2 I
&  ©oI8l @Transactional 2=&3}
2  REQUIRES_NEW ZH AI20j| U2 4 B
g HikariCP #{4M = H|=2(Pool
Exhaustion Deadlock)
7| LHE REQUIRED EzHX{M ofIE 20 F &
£ M try-catch 2 ZHoj
UnexpectedRollbackException
y
A @Transactional(readOnly = = s
S  true) 23 0SIV=true HX|Z ¢Ql
8 22| 4
5. 21Z Aot U #% X7

o A= M1 Qo MA Spring OHEZ|H|0] 92 CQRS AEIAZ Command/Query AH|AZE
true) £, &t CommandOl= @Transactional(rollbackFor =

@Transactional(readOnly =

=1

Exception.class) =

TransactionTemplate XTO=Z FF3IE A2 HIEH

2311, 9|5 HTTP/gRPC $£0| E3tE 23t

23} ™ (Mitigation) % 3| ot (Contingency Plan)

- =Y Z2iA LHO[A this.innerMethod() ZE Al TEA|
£ HX[X| gbot EM D|HEE

 OfM: 2= HATHE HI( OrderTxProcessor )22 E2[st
7{Lt, ArchUnit % IntelliJ/SonarQube 7#%!( Spring
transactional methods should not be called

via 'this' )2 Clol| €4 HO|EZ 52

« Z MO|=7H 1070 i 1070 K0 SAlo| RISt ZHX}
Conn A £ # X L§¥ REQUIRES_NEW £ Conn B
St ME BHEE 7|Ci2|H A HX|7F 2ot l(Hang)
B} =]

- CHX: H|=L|A SHAl AZ L REQUIRES_NEW AM2E ZX|dt
A, ZAFZO/0[H2 HIST| 7 E=
@TransactionalEventListener (AFTER_COMMIT) =
CHA|

=

£ 2%
HEHo]|

- LIS MM Z0M of2]7F HM K= &7t
rollbackOnly=true 7} ®3|2Z 2
ol AlEof olle] EH

- CHM: AMIHsH: 2 EHMMS M0} St 27t 22X 2 EHH

M A o2 22|5t7L} TransactionTemplate 22

2|

£2|
HollM catch ST #H

Xh
|
2

- THE QUEIE] K2] A| Y4 HEAE Ay

o= gl
Ho X

Pause API & XA A
- CfX: 2= QueryServiceo||

@Transactional(readOnly = true) £ 7|2
St spring.jpa.open-in-view: false £

=0 ZHe

2™ (Recommendation & Roadmap)

22|t Queryoll=

S20|A = I{AIE (Facade) A +
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Phase 2:
B7| E
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Phase 3:

HA} 710 E

HHZE S QL
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6. &1 x}& 9 £X (References)

ZF2 71 (Action Items)

- 2E I 2E | open-in-view=false , auto-

commit=false , provider_disables_autocommit=true

712 XHE

- ArchUnit EZHM 24Z5 7| (Self-Invocation, private
@Transactional , 2/% FeignClient SA| == EHX|) =7}

« 2X|- =2 ™A QL 100ms X3 &7 | E
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- 2|2 APl S & 372 TransactionTemplate +

@TransactionalEventListener (AFTER_COMMIT)
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- Spring EHMM HMI}/AHz| /S HF2|AE HYE 8l FE 2|7
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- BTG
setAutoCommit 2| =

£ 02 =l

- I|3 EtR HikariCP
Active Connection &
2 85% > 25% 0|5} &

Spring_ Framework 6.1 Official Documentation — Transaction Management (Declarative vs Programmatic,

Propagation & Isolation)

Vlad Mihalcea — High-Performance Java Persistence: Spring_Transaction Best Practices & OSIV Anti-Pattern

HikariCP Official Wiki — About Pool Sizing & Deadlock Avoidance ( REQUIRES_NEW Pool Locking).
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UnexpectedRollbackException
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https://docs.spring.io/spring-framework/reference/data-access/transaction.html
https://vladmihalcea.com/spring-transaction-best-practices/
https://github.com/brettwooldridge/HikariCP/wiki/About-Pool-Sizing

