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1.2 O}7|EllA] SHAl MA| 21X HAM| (Architecture Principles Specification)
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1.3 H|7|5 E& &4 % S8 SLA/SLO EA| (Quality Attribute Specification)
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VIEW 01 - LOGICAL & COMPONENT ARCHITECTURE (HEXAGONAL PORTS & ADAPTERS)
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#dxd  HEHEY A& 71X AE SH2l A Ml (Core HiB /7% QlE{Ho|A 3 o|=EH H|
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2.3 EZ I{j7|X| 1= 9 IE A 1A (Package Hierarchy Specification)
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[COMP-01]
[COMP-02]
[COMP-02]

[COMP-07]
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[COMP-08]
[COMP-08]

[COMP-03]
[COMP-06]
[COMP-04]

[COMP-05]
[COMP-05]
[COMP-05]
[COMP-05]
[38 7]

*Controller, *Request, *Response, *WebMapper
*EventConsumer, *EventPayload
*JobScheduler

*PersistenceAdapter, *JpaEntity, *JpaRepositor
*CacheAdapter, RedisKeySpec

*QutboxAdapter, OutboxJpaEntity, *KafkaProduce
*ExternalClientAdapter, *FeignClient / *RestCl

*UseCase, *Query, command/*Command (Java Recor
Load*Port, Save*Port, Record*OutboxPort, Reque
*CommandService, *QueryService, *OrchestratorF

AggregateRoot, Entity, ValueObject (&% P0JO)
*DomainPolicy, *DomainService

*DomainEvent

*DomainException, DomainErrorCode

config/*, security/*, error/GlobalExceptionHan

E] mio| a2}l MA| (3. Process & Runtime Sequence View)

3.1 BZ X Az| 8thA| ofo|z=z}ol Clojo{13 (Process Pipeline View)
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M, H|=L|A 30| 2% STEP 4 ~ STEP 6 FZiolATH MEE.



VIEW 02 - PROCESS & RUNTIME PIPELINE VIEW (8-STAGE SEQUENCE)

[(Z2AA H] BF 2% A2 so|zalel B ok BN B2

PHASE 1 - INGRESS, ZERO-TRUST SECURITY, VALIDATION & FACADE

STEP 1 - INGRESS STEP 2 - SECURITY STEP 3 - WEB ADAPTER STEP 4 - FACADE
API Gateway / Filter Spring Security 6 RestController UseCase Orchestrator
W3C Traceld ¥=Z - Ratelimit JWT &3 - @PreAuthorize @valid 42 #F - DTO ®Hg HSY A3 - AR I/0 22|

(— PHASE 2 - CACHE LOOKUP, ATOMIC TRANSACTION, OUTBOX & STANDARD RESPONSE

STEP 8 - EGRESS STEP 7 - POST-COMMIT STEP 6 - TX BOUNDARY STEP 5 - CACHE LAYER
Standard Envelope Outbox / EventHook [*--7Domain - @Transactional L1 Caffeine - L2 Redis

ApiResponse - ProblemDetail AFTER_COMMIT H|S7| GIAX| EHAl ZZ - DB MEf #HZE Look-aside ZE3| - ABMIE HfX|

LEGEND — 87| mo|mapel T 5§ dy RAF0|A =2 9 DB EMHMM FA  --- Sl EHF H|S7| OJHIE (AFTER_COMMIT) ¥

View 2 Z2MA F — EF API 2% Xz2| mto|Zatol 5! Zth 2AAKCross-Cutting) S&&



3.2 chA|H 2HEL] A2| Al2F HMIE (Pipeline Stage Contract Specification)
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Level
Cache

X &
Domain
Core

Outbox &
Event

X2l HxHE

API Gateway /
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COMP-01
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l

BHEL X2| 74 U EfIOIR/E
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MM = SLF4J MDCOj| HIIE
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- OAuth2 JWK 3747| ME A4
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. SecurityContext O 2
Principal(userId,

roles) &

- Jakarta @valid #& A%
(Null, e, F4)

- WebMapper £ Edlf 2
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Idempotency-Key Redis
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2| Al

~

. X3 A2 A
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L2(Redis) =Xt Look-
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- Cache Miss A|0]|2t DB Z=%|
< HIS7| 1Al ¥/ (Warm-up)

« @Transactional E&
TransactionTemplate &

A TY (7 < 50ms)

o« O|Ql AE|E[ H| =LA HME

EEEENE PR

- Cojol HED S 22| EM
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E£0f| INSERT

- 22| A H=

( AFTER_COMMIT ) H|S7| &
2[0]7t Kafka Lt

N i

Error)

St Al STEF
HTTP 429 -

Requests

St Al STEF
HTTP 401
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St Al STEF
HTTP 400
(InvalidPa
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& (8 < 5n

Her 9lgt A
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Al BB X2 ExHE A= A2k (Input ZERR X2| 72 HEIIOIR/E ZH R dle| 7

[ =]
ID (Stage) Contract) HHM 3 Error)
STEP  Standard ApiResponse |/ UseCase - JA 3HE: HTTP 200/
8 Egress ExceptionHandler Result = ApiResponse<T> HTTP 4xx/!
Exception (success, data, applicatio

traceld, timestamp) 2HZ
o Of|2] 2l
GlobalExceptionHandler
7t RFC 9457
ProblemDetail = ot

Hla%t. oioje| 3 H&4M of7|ElX M7 (4. Data & Persistence View)

4.1 CQRS HIo|E| = E2|, CfAIS FHAI(L1/L2) X Outbox OF7|Ex| Cto]o{ a3

o AA YM: 47| ZZ( Command )2t 27| Z=( Query )2| CllO[E{H|O|A AHHE Bl BHAS F2(|X.=2|HO 2 Z2[5t0], E =3| E

2jo| sA EHTA He| M5 HshetR LTS A

VIEW 03 - DATA, PERSISTENCE & MULTI-LEVEL CACHE ARCHITECTURE (CQRS)
[clolE] B] CQRS Read/Write 22| 2 C}AZ 7HA]-Outbox +Z &

(— WRITE PATH (COMMAND) - @Transactional(readOnly=false) - ACID & OUTBOX GUARANTEE

COMMAND SERVICE PRIMARY DB (MASTER) OUTBOX RELAY / CDC EVENT STREAMING
Apache Kafka Cluster

Write UseCase Domain + Outbox Table | __| Event Poller - Debezium
Aggregate EHA HZS che 22| Tx Xy ol At-least-once 23 HZ Ef =ofQl AEi S7|st

JPA Dirty Checking HikariCP Write Pool Cache Evict / 2 E2[H 27| 2 (Read View) A

READ PATH (QUERY) - @Transactional(readOnly=true) - MULTI-LEVEL CACHE & REPLICA
1

|
A §

QUERY SERVICE L1 LOCAL CACHE L2 DISTRIBUTED CACHE READ REPLICA DB
Read UseCase (CQRS) Caffeine (In-Memory) Redis 7.2 Cluster QueryDSL / jO0OQ =3
Projection DTO ZZ Hizgh TTL 5~30s - Max 10,0007 TTL 10~60m (+10% Jitter) LazyConnection Ats ZtRE
5 AHLE e HES3 & oms =14 SE SingleFlight AEI|E X HHE QleA ™3t
LEGEND 27| A2 Al Look-aside =3| (L1 — L2 — Replica) — M7| ZZ o 22| EMZMM(Domain + Outbox) #HA --- H|S7| OHIE 2l

View 3 H|O|E{ & — CQRS Read/Write £2|, CtAIZ HAI(L1/L2) & Transactional Outbox HIO|Ef XX



4.2 H|oE] XEA 3 CHAIE FHA] H2H HME (Data & Cache Specification)

FEID HEBLAEZ

DATA-  Primary
01 RDBMS
(Write
Master)
DATA- Read
02 Replica DB
(Read
Slave)
DATA- L1 Local
03 Cache (In-
Memory)
DATA- L2
04 Distributed
Cache

H5E. S2 xS

HE8Jls

Aurora
PostgreSQL
16 [ MySQL
8.0

Aurora
Read
Replica (|
A2LE)

Caffeine 3.1

Redis 7.2
Cluster (3
Master / 3
Replica)

EEIEM. 2=EM

MTL-"10 -

e cllofE 5 7
4

Al
=

i

njr H1

o Q! el

=+

il

0]
outbox_event
EHo|E

x| ME
QueryDSL /
jooQ
Projection 2|

3E 3L, FHED
|, 2t

( {svc}:11:
{domain}:

{id} )

r

b X

[uz]
=

0>

AN,
, EA
|
( {svc}:12:

{ver}:{key})

4T 40

!

Hu
ox MH M
u

on

TTL /B [ 212 A 74

@Transactional(readOnly=false)
T Al
LazyConnectionDataSourceProxy
7} Master PoolZ 2t2&
hikari.auto-commit=false ,

open-in-view=false Z|

@Transactional(readOnly=true)
Ao A| Read Pool 2 AtZ BIRE
. JPA E&M HEIAE ALHAR MEFO 2 |

=]
22| 35% &

- OiE g olEE| L MY

( maximumSize=10,000 ,
expireAfterWrite=5~30s )
- HE®/= I/O H|E Oms &%}

712 TTL 10~608 + MM
Jitter(£10%) 202 SA| T
(Cache Avalanche) Xttt

- X™3}: Kryo EE= Jackson

e =5

Afterburner

Zof o 2tz
(Stamped
S dAl

« Multi-AZ
oflH| =H|2
(Failover <
=)

. HlE2t dix
s =8t Pl

£

X

Om ro do
e 1=

[>

oA

« =H| X

(Replicatio
Lag > 100r
dX Al 582
3t Primary!
Fallback 2}

A ey
Kafka E=!
E EI—L!( cal
evict-top

2 $A1stof

SingleFlig
4 FEA 2

2

- Redis &0
MzlEz|o]7
Al OpenE|C
Read Repli

23|

A7 (5. Deployment, Resilience & Observability View)

5.1 £2}E Y|o|E|E HEIY U i EEEX| C}0]oj1H (Deployment Topology View)

o Olma} ol #EfQ! HA||: 2|E

Threads 7|8t Stateless App PodsZ %
Grafana LGTM ABHOZ MA|ZF M&Et

oy ateway = upberneties
EziZl2 CDN/WAF/ALB 2t API G £ X Kub t
MEE|H, D= OIE= OpenTelemetry Java Agent S S8l HIEZ.E0|A.ZTOE

Z{AH L Java 21 Virtual



VIEW 04 - DEPLOYMENT, RESILIENCE & OBSERVABILITY TOPOLOGY

[ 5] 2e9C vlojElR ek EEEA U AEY A

EDGE & INGRESS LAYER (— KUBERNETES APP RUNTIME (STATELESS) N DATA, STREAM & TELEMETRY
.
JAVA 21 - SPRING BOOT 3.3 RELATIONAL DB
EDGE SECURITY Stateless App Pods (HPA 3~30) Aurora / PostgreSQL
CDN - WAF - ALB Virtual Threads ON - Graceful Shutdown Primary(#7|) - Replica(&7|)
TLS 1.3 £ - DDoS At Liveness / Readiness Probe 22| 74 HikariCP Pool (OSIV=false)

L J

Multi-AZ "AK3 2tRE l
N

CACHE & EVENT BUS
»  Redis Cluster & Kafka
24 JHAl/2E - OHIE HEFH
KRaft 3E - Schema Registry
J

RESILIENCE & FAULT ISOLATION

Resilience4j Fault Guard
CircuitBreaker - Bulkhead - TimelLimiter

API GATEWAY

Envoy / Spring Cloud GW [—— v
3 H= . gleEl
OAuthz 22 B3 ted TELEMETRY COLLECTOR OBSERVABILITY PLATFORM
Fhute| BiE JHESX] H|of L
OpenTelemetry Java Agent Grafana LGTM Stack
W3C TraceContext - Micrometer - JSON Log Loki - Tempo - Mimir - Alert

=

HEIY EXH =H (SLO) - 7H84 99.95% O|4 | API P99 SE XI¥ < 120ms | RFE FiLiZ| HHE | RTO < 52 / RPO = 0 ]

LEGEND — QHRE Efm Y FEZ  —— H|I=LA CIOJE R/W B MIEH0H H2 =F  --- HS7| HE/EY0A/ZI(0TLP) £F mo|Zatel

View 4 HiZ F — Z2}RE H[O|E|E K8s ZEIY EEZX| 3! 1II8Y - #EH Y A

5.2 2|5Etd(Resilience), Hot 9 2tZM (Observability) M| A4

O{Z2|A|0|M HEIR! 3|2 Et2M(MZIE|0|H), Zero-Trust £ 3 AA|ZF 2HEA mho| T2l JHEE

o 3|=EE{M.Hob.2t=M njzto|g| HMIE (Runtime Engineering Specification)



RES-
01

RES-
02

RES-
03

RES-
04

HeZ. BEQ

61458 B&E I
e [Template 1] &4 £0|

274 39

Circuit
Breaker
(MZEz|o]
#)

Bulkhead
&
Timeout
(A2 /EL
o)

Graceful

Shutdown

& K8s
Probe

E3t atEM
-

Resilience4j

CircuitBreaker

Resilience4j
Bulkhead /
RestClient

Spring Boot
Actuator + K8s

OpenTelemetry +

(Logs |/ Logback JSON
Metrics [
Traces)
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+ slidingWindowType: COUNT_BASED ,

slidingWindowSize: 100
failureRateThreshold: 50% ,

slowCallDurationThreshold: 2000ms

+ waitDurationInOpenState: 15s,

permittedNumberOfCallsInHalfOpenState:

10

« ConnectTimeout: 1000ms , ReadTimeout:

3000ms (F%HCH7| 2X)
. SemaphoreBulkhead : 2|5 ¢5 CHAME X|C{

Al ZZ £ maxConcurrentCalls: 50 X|&t

server.shutdown: graceful ,

spring.lifecycle.timeout-per-shutdown-

phase: 30s
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JAVA
package com.company.order.domain.model;

public class Order {
private final OrderId id;
private final BuyerId buyerld;
private Money totalAmount;
private OrderStatus status;
private final List<OrderDomainEvent> domainEvents = new ArraylList<>();

public static Order place(OrderId id, BuyerId buyerId, List<OrderLine> lines) {

if (lines == null || lines.isEmpty()) {
throw new OrderDomainException(OrderErrorCode.EMPTY_ORDER_LINES);

3
Money total = lines.stream().map(OrderLine::calculateAmount).reduce(Money.ZERO, Mo
Order order = new Order(id, buyerId, total, OrderStatus.PLACED);
order.domainEvents.add(new OrderPlacedEvent(id.value(), buyerId.value(), total.amo
return order;

public void confirmPayment(String pgTransactionId) {
if (this.status != OrderStatus.PLACED) {
throw new OrderDomainException(OrderErrorCode.INVALID_ORDER_STATE_TRANSITION);
}
this.status = OrderStatus.PAID;
this.domainEvents.add(new OrderPaidEvent(this.id.value(), pgTransactionId));

o [Template 2] SAF0|A OHEE|H[0]M MH|A ( COMP-04 — EE X35l E2HRM ZAA))



JAVA

package com.company.order.application.service;

@Service

@RequiredArgsConstructor

@Transactional(readOnly = true)

public class PlaceOrderCommandService implements PlaceOrderUseCase {

private final LoadOrderPort loadOrderPort;
private final SaveOrderPort saveOrderPort;
private final RecordOutboxPort recordOutboxPort;

@Override
@Transactional(rollbackFor = Exception.class)
public OrderResult placeOrder(PlaceOrderCommand command) {
/] 1. BEY HZ (85 F& 2F Ho)
if (loadOrderPort.existsByIdempotencyKey(command.idempotencyKey())) {
return loadOrderPort.loadResultByIdempotencyKey(command.idempotencyKey());
}
/] 2. &5 E0Ql o{JZHE MY Y H|=LA 7= H3
Order order = Order.place(OrderId.newId(), new BuyerId(command.buyerId()), command

// 3. Outbound PortE S5t AEf A&#st L Transactional Outbox XA 7|E
saveOrderPort.save(order, command.idempotencyKey());

recordOutboxPort.recordEvents(order.pullDomainEvents());

return OrderResult.from(order);

o [Template 3] 35 SE!( ApiResponse<T> ) % RFC 9457 ProblemDetail Ol2] 7Z ( COMP-01 )
JAVA

package com.company.order.common.Iesponse;

public record ApiResponse<T>(
boolean success,
T data,
String traceld,
Instant timestamp
) {
public static <T> ApiResponse<T> ok(T data) {
return new ApiResponse<>(true, data, MDC.get("traceId"), Instant.now());
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JAVA

package com.company.architecture;

@AnalyzeClasses(packages = "com.company", importOptions = ImportOption.DoNotIncludeTests.clas
public class HexagonalArchitectureFitnessTest {

@ArchTest
static final ArchRule ARCH_RULE_@1_domain_must_be_pure_pojo =
noClasses().that().resideInAPackage("..domain..")
.should() .dependOnClassesThat()
.resideInAnyPackage("org.springframework..", "jakarta.persistence..", "com.faster

@ArchTest
static final ArchRule ARCH_RULE_0@2_hexagonal_layer_isolation =
layeredArchitecture().consideringOnlyDependenciesInlLayers()

.layer("InboundAdapter").definedBy(". .adapter.in..")
.layer("OutboundAdapter").definedBy("..adapter.out..")
.layer("Application").definedBy("..application..")
.layer("Domain").definedBy("..domain..")
.wherelLayer("InboundAdaptexr").mayNotBeAccessedByAnyLayer()
.wherelLayer ("OutboundAdapter").mayNotBeAccessedByAnylLayer()
.wherelLayer("Application").mayOnlyBeAccessedBylLayers("InboundAdapter")
.wherelLayer("Domain") .mayOnlyBeAccessedBylLayers("Application", "OutboundAdapter")
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Virtual Threads( JEP 444 ), ZGC Generational( -
XX:+UseZGC -XX:+ZGenerational )

spring.threads.virtual.enabled=true ,
ProblemDetail (RFC 9457)

open-in-view=false ,
provider_disables_autocommit=true ,
batch_size=100

hikari.auto-commit=false , ddl-

auto=validate , A7|0} T Ak 22|
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Transactional Outbox 20|, acks=all,

enable.idempotence=true
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