ARCHITECTURE DESIGN SPECIFICATION (SAD) - ISO/IEC/IEEE 42010 & 4+1 VIEW STANDARD
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o AM2XI HEIRXO|M gilist= HMA| 3] 249 60~70%= React TanStack Query QIHZZ|FHA|( LO )2t CDN/HTTP
304 Not Modified ( L1 ) AIZ0|M HIESYT HIE Q10| ZA| S4E.
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1.2 F{A] OF7|EllX] sHAl M| 21%! HA| (Architecture Principles Specification)
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Cache)7} g st RULE-02

- DE A RESH= HEA
@TransactionalEventListener(phase =
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04 (Stampede-Avalanche-Penetration) A EDLDBE X3|8t= SingleFlight(24/2ZH (k6 /
2H dhof gh) ZH| Gatling)

- Avalanche(CHZ SA| 3t&): 2= TTLY £15%
2 Jitter T &

- Penetration(0|ZX 7| 24): BloomFilter
EE= Null Object ©7| ZHA(TTL 30s) X&

AP-  FHA]| Eol A| Graceful Degradation . Redis 2B{AE| &CH L= EFRIOI2( > 200ms ) & Chaos
05 (Fail-Open Fallback) A A| HA| MH|ATLOH|(X| =5 Redis Kill
Resilience4j CircuitBreaker 7} ZA| &= HAE
st

« MZl Open Al OIQIE 47|11 L1 2E FHA| ==
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1.3 H7|s

E3 &M 9l 25 SLA/SLO EA| (Quality Attribute Specification)

23 B SHER MY SH X|E (Target SLA[/  OF|EIX &¥ H|I7{L|ZE (Architectural Tactics)
gD SLO)
NFR-  AIZE SH XA - React LO Hit: Oms / - HE2IRX staleTime H|Z2| FA| gtzt gl
01 (Latency) HTTP 304 Hit: =15ms ShallowEtagHeaderFilter H|O|2E Yzf
- Spring L1(Caffeine) Hit: « JVM Heap LHE W-TinyLFU #=x 3 Lettuce
P99 < 0.8ms Netty =222 4N Z&
- Spring L2(Redis) Hit:
P99 =4.5ms
NFR-  FHA| HSE (Hit - EAE S A HEE 2 - ItE 7|S Al ApplicationReadyEvent 7|dt 3l
02 Ratio) 92.0% & E0[Ql FHA| MEIH(Warm-up)
. OAEZH| D2/ 2EZE 11 - React Router Hover A|A
M=E = 99.0% queryClient.prefetchQuery M m2|m|%l
NFR- Mgt Mot x|H « BHIE [ 2 Evict + M E « AFTER_COMMIT O|HIE 7|2 Redis UNLINK +
03 (Consistency) L1 Pub/Sub 2&3}: P99 = PUBLISH IlO|Zzfo|d
20ms - Mutation onSuccess ZA| &3} + EF AFZXt
- React 22/0|HE 3™ tHZE SSE( Server-Sent Events ) ZEA|
Stale Z44l: = 500ms
NFR- st M2 (DB - I3 E}(10,000 TPS) 7|Z . Caffeine.refreshAfterWrite H|S7|@{1
04 Offloadlng) RDBMS 2| = = 5% 2tRC A8l SingleFlight 2f
(500 QPS 0|3}) - 8 =5 X3 A| HTTP stale-while-
-3t 7| 2t2 A DB SA| #H2| revalidate 8l 2
& LEgF Hf 1A
NFR- 7t2A al ztof| 2z| . Redis FH| Zof A0 = =3 . Lettuce 7{MHE EII0t2 200ms ZKAFE +
05 (Resilience) API 7t8M = 99.95% | SafeTieredCache 0|2 S 2HTH

- FHA| EfOrR0l| 2t WAS
2gE 0z o

« Redis Z0ll A| L1 Caffeine 2t& A|ZHS LA| HEF
(Grace Mode)s}t0{ DB Z3 &0{

H2E. =2| of7|8lX 3! HEHE 47| (2. Logical & Component View)
2.1 React - CDN - Spring Boot(L1/L2) 54IZ FHA| =2| o}7|&liX| ==

o X HN|: FA| FHA| OFF|EIM = CI|O|E{ 7| |X|St= S2|& 72|0f (}2t Client & Edge Cache Zone (React/CDN/HTTP)
- Spring Boot Tiered Cache Core (L1 Caffeine & SingleFlight) - Distributed Grid & Sync Bus
(L2 Redis Cluster & Pub/Sub) °| 3Ci E<.87 A HEHE( COMP-01 ~ COMP-08 )2 7-AE.



VIEW 01

CLIENT & EDGE CACHE ZONE

COMP-01 - REACT CLIENT

TanStack Query v5

staleTime - gcTime HZ2| FHA|
BroadcastChannel ® 7t 7|3t

COMP-02 - EDGE & HTTP
CDN - Nginx - ETag

s-maxage - Stale-While-Reval
If-None-Match 304 Not Modified

(— SPRING BOOT TIERED CACHE CORE

LOGICAL & COMPONENT ARCHITECTURE (5-TIER FULL-STACK
[+=2] H] React - Spring Boot 54| 7)A] #ojo] AZWHE

5
HE AR

)

COMP-03 - HTTP CACHE FILTER

ShallowEtagFilter - CacheControl

¥

COMP-04 - TIERED MANAGER

TieredCacheManager (Custom)

@Cacheable - L1 — L2 #=X =%
COMP-05 - L1 LOCAL CACHE

Caffeine 3.1 (W-TinyLFU)

JUM Heap Li Oms x1& =3

v

COMP-06 - STAMPEDE GUARD
SingleFlight Lock - BloomFilter

CACHE HIERARCHY)

DISTRIBUTED GRID & SYNC BUS

COMP-07 - L2 REDIS GRID

Redis 7.2 Cluster

Lettuce Non-blocking -
Zstd 2= -

Jitter
Kryo/JSON =&t

COMP-08 - INVALIDATION BUS

Redis Pub/Sub - SSE

M WAS =E L1 2Z JHA| Evict
React AA|ZH Stale 23 FA|

M7 7% [CACHE-RULE-01] -

JPA @Entity XH JHY &2A ZX|(SH DTOL 318)

o ZE Al F| Jitter TTL E3 R0

LEGEND — Z2I0[E - AX| Al X3 55

—— L1(Caffeine) — L2(Redis) #Z X3

--- Pub/Sub 7|8t L1-React HA| R=3}

View 1 =2| § — React - Spring Boot 54|Z 7HA| 20| HEHE X



2.2AnHE F1EI27 9l Ml HM|E (Component Specification Catalog)

COMP-
02

COMP-
03

COMP-
04

COMP-
05

COMP-
06

dRxHEY

React Client Cache
( TanStack Quexry v5)

Edge CDN & HTTP
Cache Gateway

HTTP ETag &
CacheHeader Filter

Tiered Cache Manager
( TieredCacheManager )

L1 Local Cache
( Caffeine 3.1)

Stampede &
Penetration Guard

24 A1 [ 171X

Frontend (Browser
Memory / IndexedDB)

Perimeter Edge
(CloudFront / Nginx)

adapter.in.web.filter
( Spring Web )

common.cache.core
( Spring Cache SPI )

common.cache.l1 ( JVM

Heap Memory )

common.cache.guazrd
( SingleFlight / Bloom )

a3 M| X2l (Core

Responsibilities)

- API SE HEfQ| 2lof=2| 714
( staleTime , gcTime ), S
#H2| 7| = 28 Hel(Request
Deduplication)

useMutation 43 Al <X
HH|0|E(Optimistic Ul) 5! 2t

QueryKey ZA| 23t

- SAlE EX HE

( /assets/*.js, *.css )14
=H( immutable ) 7HA

- 35 X2 APIOf| CH3H Cache-
Control: public, s-
maxage=30, stale-while-

revalidate=60 ClIX| 7{Al 4=3H

- S 2Z(JSON Byte)2|
MD5/Murmur3 SiA|E A A5t
ETag SElIH x5

( ShallowEtagHeaderFilter )
- EHQIEH O H|O|M EE= QIE{H
B 7|8toZ HZE Cache-
Control 3§l S0

- Spring #& CacheManager
5! Cache QIE{HO|AE FHAH
850 £t @Cacheable ATt
O=& Li(Caffeine) -
L2(Redis) =X} =3 9 A2
(Backfill) &3

- Redis Z0lf A| 0|25 Z=/5t1
L1 ot BEZ X5 Fet

( SafeFallback )

« W-TinyLFU 212|& 7|8t %1
HEE 24 QnE2| FHA 2
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expireAfterWrite ZAl)

- 2Ho/AEHS} G HEQS HIE
0| OmsO|E 2 &gt 40t 4 SEg|
= 8 7|2 1kt Hojgt
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COMP-
o7

COMP-
08

L2 Distributed Cache
( Redis 7.2 Cluster )

Cache Invalidation Bus
( Pub/Sub + SSE )

24 A1 [ 171X

adapter.out.cache

( Lettuce / Redisson )

common.cache.sync

( RedisMessagelistener )

a3 M| X2l (Core

Responsibilities)

CompletableFuture> %
Redisson 24t 2tS Zgfsto] T 1
7ol A=t DB Z=3| 43
- Penetration Guard: ZX{s}X]|
o= ID &3] A| NullValue OFH
Z 307 Al
- CHS WAS IEJH 3[/6h= T
TIA FHA| O2|E Y ( 3 Master
+ 3 Replica)
< 7|12 TTLO| 2HE Jitter(£15%)
£ Xt& 71t MESHH, th
JSON( > 10KB )2 Zstd &=
&
- EZHTHM 78l X|=
( AFTER_COMMIT ) L2 Redis 7|
£ UNLINK 3t21
cache:invalidation M2
2R HAIX] 2
« M WAS IIE7} 0| & I8l 22
Caffeine(L1) OflA ZA| ®|Hst
H, @R Al SSEZ React £2t0|H
Eo0j Stale O|HIE ZA|

i
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2.3 HoI= (Spring Boot) Y TEEQIC
TEXT
[1] Spring Boot WA= FHA| O] EZE E{7|X| F£=

com.company.platform
— common.cache

— config

— CacheSpec. java

HI3Z. T2MA

Al Z3|(Read Look-aside) 3 M7|

L (React) 7{A| BE E= IHF|X] 1=

[&= Fo|] FHA| O|2%¥ L1/L2 TTL, MaxSize, Jitter H|}

|
|
| | | TieredCacheConfig.java # [COMP-04] Caffeine(L1) + Redis(L2) + CircuitBrea
| | L HttpCacheHeaderConfig.java # [COMP-03] ShallowEtagHeaderFilter 2 Cache-Contrc
| | core
| | — TieredCacheManager.java # [COMP-04] Spring CacheManager HAE 18|
| | | TieredCache.java # [COMP-04] L1 =3| -> L2 =3|(L1 %#S) -> SingleFli
| | L— JitterTtlGenerator.java # [COMP-07] Base TTL + 15% #E Jitter A7
| — guard
| | — SingleFlightExecutor.java # [COMP-06] SY 7| SA| @& 3§t (Local Future + Dist
| | L BloomFilterGuard.java # [COMP-06] O|=ZX{ ID 7HAl ZE(Penetration) #o{ ZE
| L— sync
| — CacheEvictEvent.java # [COMP-08] =Ofol MEH #Z A| 2¥lzl= LHE/PubSub O[HIE
| — PostCommitCacheEvictor.java # [COMP-08] @TransactionalEventlListener (AFTER_COMM
| L RedisCacheEvictSubscriber.java # [COMP-@8] ™ WAS LtE L1 Caffeine SA| =3t 2|Al
L— domain.product
— application.dto
| L productCacheDto. java # [AP-01] 7HAl M&E M 28 Java Record (JPA @Entity
L application.service
L ProductQueryService. java # @Cacheable(cacheNames = "product:detail", key =
[2] React ZEEQE JHA| go|of == C|AEZ| X (TanStack Query v5)
src/
— app/providers/
| L QueryProvider.tsx # [COMP-01] QueryClient ™ MHE (staleTime, gcTime
— shared/api/
| — httpClient.ts # Axios/Fetch QIAEIA (ETag / If-None-Match =ZE Qi
| L sseCacheSync.ts # [COMP-@8] ®ll= SSE FHA| R&3} O|#IE £ -> queryCl
L entities/product/api/
|— productKeys.ts # [Query Key Factory] ASY #z| 7] ¢ 2| (B 2 5§
|—— useProductDetailQuery.ts # X3 & (staleTime: 60_ 000, placeholderData, prefe
L useUpdateProductMutation.ts # ¥4 = (onMutate H=&XN ICO|[E + onSuccess HA| R&&

2EL] miojatol M| (3. Process & Runtime Sequence View)

283l(Write Invalidation) 8THA| A|2IA

o Phase 1 (Read Path: STEP 1 ~ STEP 5 ): React ZEUEJ} H|O|E{E QASIH LO(TanStack Query) -

L1(CDN/HTTP 304) - L2(WAS Caffeine) - L3(Redis Cluster)
S8l tH174e| AB|=7t DBE X3|6H0] A

STEP 5(SingleFlight Lock) £

o Phase 2 (Write & Invalidation Path: STEP 6 ~ STEP 8 ): AfEfj
o| E2|8o= 7|9l El Z|$( AFTER_COMMIT )02t L2 Redis 7|2
TanStack Query ZHAIE

0E o 5

= =

ZA| HIRH, 2210]

2MZ A2
SR

2tolstH, H AIE Miss Alof|2t
=02 =2 (Backfill).

Z( POST / PUT / DELETE ) QX2 DB Eafi™iM
AH|( UNLINK )3t Redis Pub/Sub 22 ™ WASQ| L1
S7|=tet.



VIEW 02 PROCESS & RUNTIME CACHE SEQUENCE VIEW (READ & WRITE PIPELINE)

[(Z2AHA B] B28 05 AN 23] Y AAZE FE3} 8T oz 2kl

PHASE 1 - MULTI-TIER READ PATH - TANSTACK QUERY — HTTP 304 — L1 CAFFEINE — L2 REDIS

STEP 1 - LO BROWSER
TanStack Query Cache

Fresh Al Ooms ZA| @

STEP 2 - L1 EDGE/HTTP STEP 3
CDN - If-None-Match
ETag ¥X| Al 304 et

- L2 CAFFEINE STEP 4
WAS In-Memory Lookup

Hit Al HIER/IZ & oms

- L3 REDIS
Distributed Cache
Hit Al L1 9#M&(Backfill)

(— PHASE 2 - CACHE MISS FILL & WRITE INVALIDATION - SINGLEFLIGHT — TX COMMIT — PUB/SUB EVICT

STEP 8 - CLIENT SYNC STEP 7 - AFTER_COMMIT STEP 6

L2 Evict - Pub/Sub 23l «--
H WAS =E L1 FA| AtH|

Mutation - SSE Event

invalidateQueries XHZ=3|

- WRITE & COMMIT STEP 5
Primary DB - Tx Commit

=ojel Mef #MF AR {3

e

- SINGLEFLIGHT
Mutex Lock - DB Load

ther Aegh pB E3 - Hxi

LEGEND — FHAl OjA(Miss) Al 8t9l AZ &XF /) —— L1/L2 HAl HF % DB EMMM HA --- AFTER_COMMIT H|S7| HA| f&3 O}

View 2 Z2M|A 7 — A CHAE Al Z3] 8 HAIZH Rt 8EHA| THO|Z2fel




3.2 T8 =ER FHAl Xi2] 4

EHA| A
ID (Stage)
STEP LO Browser
1 Cache
STEP L1Edge &

2 HTTP 304

STEP L2 LocalIn-
3 Memory
STEP L3
4 Distributed
Grid
STEP  SingleFlight
5 DB Load

N EtAOFR-ol[2] Al HA| &

M| HEHE i3 A2k (Key | Header)

React TanStack Query v5 QueryKey

( ['product', 'detail',id])

CDN + ShallowEtagFilter GET /api/vi/... + If-

None-Match: "W/xyz"

COMP-@5 ( Caffeine
Cache )

{cacheName}: : {key?}

COMP-07 ( Redis 7.2
Cluster )

{env}:{svc}:vl:

{cacheName}: {key}

COMP-06 ( SingleFlight )
+ Read DB

Cache Miss Key + Mutex Lock

HER X|2| 7% Y E|

- A AEZ|TL sta
AR HEY3 @Ns
ZA| Hgt

- staleTime Z1}

2ISHHA 22 E )

- 370 API| B< CL
olM ZAl SE

- HHollE EEFA] SE
If-None-Match 2

2 AHZ
S o=

>

« WAS JVM & LK ¢
0(1) =% (UESL:
- NullValue OFAH

DB Z=2| gl0| ZA| ¢l

rg

- Lettuce H|S7| 71§
2 200ms €A H|st
. L2 Hit Al: 92&Es
Z cCaffeine(L1)

-

=
L TE IS

- 5 7|0f| CHol o~
H2t= Completabl
Bloz ot 7 Agj=t

3]
23| Z1}0f Base 1



£

STEP

STEP

STEP

BB

(Stage)

Atomic DB
Write

Post-
Commit
Evict &
Pub/Sub

Client
Cache Sync

Xe| dEHE

Command Service + Primary
DB

COMP-08

( PostCommitCacheEvictor )

React useMutation | SSE

Listener

i3 A2k (Key | Header)

@Transactional AE{tHZ HH

CacheEvictEvent(cacheName,

key)

Mutation Response [ SSE Event

Hl4%. o] % H4M of7|ElX MA| (4. Data & Persistence View)

4.170A] 7| A7|0F-E123}L.TTL Jitter A4 2 ™ A= Mgt

o FHA| HIO|E| 7 HAM|: CHAIZ FHA| SZHOIM ZHE XIFH QI Zholf 212101 HHEE A S2iA A7|0f S8HM TiE (Serialization Conflict),
SA| 2tE EF(Cache Avalanche), WAS E 7t 22 JA| ELX|(Stale L1 Cache)E sli|2517| @/ot EZ H|O|H AF|OFEl &

7|9t mo|Zatels HAE

S8t Ax

HER X|2| 7% Y E|

st L2 & L1 -
TTL 30s 2 Null O]

HIZEL|A SAl 7]

= =

Al

- EZHMM LHROIN =
Q1 Application!

CacheEvictEvent

@TransactionalE
= AFTER_COMMIT)
« @ Redis UNLINK
® PUBLISH cache
2{AH 8 WAS L

- 28 AL onSu
queryClient.inv
queryKey }) E=
A

- E} & S2O[QIE:
queryKey E Stale

Al Hizg|



JITTER TTL & CONSISTENCY ARCHITECTURE

VIEW 03 - CACHE KEY SCHEMA, SERIALIZATION,
(oIl ] 714 71- 5 RASHTTL 4% L 3 AZ Je4 5715 725

(— CACHE DATA MODELING, KEY NAMESPACE & 3-ANOMALY DEFENSE POLICIES
KEY NAMESPACE SPEC DTO SERIALIZATION AVALANCHE GUARD PENETRATION GUARD
{svc}:{ver}:{dom}:{id} Java Record - Zstd Base TTL + £15% Jitter BloomFilter - Null Cache
AF|0b #HF(v1) 7| LR JPA ZEA|/X|GREY HH iR o 7| SAl B2 EX 24 OIEx ID 27 99.9% At
HiE Al AXHst F5 0% 10KB X1t Al Zstd &= X% Soft TTL #I2tec Al Null 2t EF7] FHA(TTL 30s)
END-TO-END CACHE INVALIDATION & CONSISTENCY PIPELINE
TX EVENT LISTENER L2 REDIS & PUB/SUB ALL WAS NODES (L1) REACT QUERY SYNC
@TransactionalEvent UNLINK + PUBLISH __| Caffeine.invalidate() | __ INeI . CYALEIIGELT)]
PHASE = AFTER_COMMIT HIS7| =222 7| AH Z2AH M ME 2H A Mutation 42 / SSE &4l A|
DB Et Al Q¥ 0% HE cache:invalidation EX| &l 10ms O|Lf SA| 2&3} o= XIS HI2t2C Refetch

Faet Hm

LEGEND ~ —— Al CIOJE| Meh & ol 38 —— EZ 7| 42 % A% Al P& A% --- Pub/Sub % SSE JJ# AAIZt
View 3 HIO|E| § — FHA| 7|- ZZSHTTL MM U © A S M 87|13t 2=




4.2 TH|oI'E CHAIE FHA| HM S TTL-37|- 223} 72 HME (Cache Policy Matrix)

HMID

CACHE-
01

CACHE-
02

CACHE-
03

CACHE-
04

CACHE-
05

CHAF o

oE &£

Q! (ol
Al)

OfAE |

383

c [ 7|

=k
rﬁ"E

e b
bt O
Sl

ot
W
P

0%
0%

— O
Ity
o

=

[
Tt
s o

\j/—\
—~ 9
L]

) 0%
H o
pt o

o x

L 1

[e)
il

0x O 8

O rH

A AE 74

LO(React) +
L1(CDN) +
L2(Caffeine)
+ L3(Redis)

LO(React) +
L2(Caffeine)
+ L3(Redis)
+
SingleFlight

LO(React) +
L2(Caffeine)
+ L3(Redis)
(CDN Z& 744
= =)|

LO(React) +
HTTP ETag +
L3(Redis
Zstd &%)

LO(React) +
L2(Caffeine
Refresh) +
L3(Redis
SortedSet)

Z 7HAl 7] THEd (Namespace
Spec)

{env}:
{svc}:vl:common:code:

{groupCode}

{env}:
{svc}:vl:product:detail:
{productId}

{env}:
{svc}:vl:user:perm:
{userId}

{env}:
{svc}:vl:search:1list:
{sha256(params)}

{env}:
{svc}:vl:stats:ranking:

{period}

HEY TTL U Jitter [ 37| 7
A

- LO( staleTime ): 302
« L1( s-maxage ): 102

- L2(Caffeine): TTL 10
&, Max 5,000

- L3(Redis): TTL 6AZt
(+15% Jitter)

- LO( staleTime ): 1&

(gcTime: 10% )

- L2(Caffeine): TTL 15
%, Max 10,0007

- L3(Redis): TTL 30&

(+£15% Jitter)

«HTTPdlH: Cache-
Control: private, no-
store

- L2(Caffeine): TTL 10
&=, Max 20,0007

- L3(Redis): TTL 15%
(£10% Jitter)

- LO( staleTime ): 30=,
keepPreviousData

. L2(Caffeine): OJAIZ (&
HZ2| 2 WX|)

- L3(Redis): TTL 3£
(+15% Jitter)

- LO( staleTime ): 1&

- L2(Caffeine):
refreshAfterWrite=30s ,
expire=2m

- L3(Redis): TTL 102 (HH{

X|[AEZ WET)

. 2|7
HAl
Redis
Pub/¢
x7\3}

- 7t
AFTEF
=9}
L2
TTL

ord

An

0z

NEIET
SHA-Z
+ 10KE
Zstd
EfI=
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TanStack Query + SW
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(— SPRING BOOT APP TIER (L1 + RESILIENCE)

olst
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Hit Ratio - X|® - Evict ZAl
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5.2 IA| ARHO|E (Stampede) #0{, AZIE2|0|7{(Fail-Open) I =M AN 4|

SingleFlight REIA 2, S8 TE JHA| 2& g0f & MAI22[0]7 ol A2 HE =

o FHA| SIEERM. N2 B 2EM AIX|L|o{H mj2I0|E] BM|E (Cache Engineering Specification)



AAHID M Ed NE A HEUE BZE 4% oi2toje] % AX| M| (Parameter Spe

CACHE- Redis 22I0|]HE  Spring Data Redis - command-timeout: 200ms , connect-time
RES-01  EIROIR U EEZ  ( LettuceConnectionFactory ) -
X| Xt A ClusterTopologyRefreshOptions.enablePe

- enableAllAdaptiveRefreshTriggers() (
PERSISTENT_RECONNECTS )
- SocketOptions.keepAlive(true)

CACHE-  FHA| ol ZHz2| A Resilience4j CircuitBreaker .+ slidingWindowSize: 50 , minimumNumber
RES-02  3lE0|7] (Fail- 4+ TieredCache . failureRateThreshold: 40% , slowCallD
Open Fallback) 150ms

« waitDurationInOpenState: 10s

CACHE- Redis Hz22| & Redis 7.2 Cluster - maxmemory: 75% of Node RAM (Fork Copy
RES-03 o3 E|7 EHY ( redis.conf ) )
(Eviction < maxmemory-policy: allkeys-1fu (Ylx= 7|
Policy) « lazyfree-lazy-eviction: yes , lazyfre

yes , lazyfree-lazy-server-del: yes

CACHE-  7{A| Bt=A Micrometer + Prometheus + . T 2T HERL: cache_gets_total(hit/mit
RES-04 (Observability) = Grafana cache_puts_total , cache_evictions_tot
o4 A= obat lettuce_command_completion_seconds

- Redis X|E: used_memory_rss , evicted_k

connected_clients , keyspace_hits

Hl6Z%. B= QIE{mo]A 3 A HIZEE]l HA| (6. Standard Interface & Code Specification)

6.1 HHoll= (Spring Boot) X TE2EQE (React) FHA| 2|0]0f BEZE 313 FE HIZa]

o [Template 1] TH|QIH FHA| HAM 2f|X|AER| Y Jitter TTL A|2t7] ( CacheSpec.java — COMP-04 , COMP-07 )



JAVA
package com.company.platform.common.cache.config;

import java.time.Duration;

import java.util.concurrent.ThreadLocalRandom;
import lombok.Getter;

import lombok.RequiredArgsConstructor;

@Getter

@RequiredArgsConstructor

public enum CacheSpec {
[/ HAH(HE =sgh), L1 o 7%, L1 TTL, L2 7|8 TTL, Jitter HIE(0.15 = +15%)
COMMON_CODE("v1:common:code", 5_000, Duration.ofMinutes(10), Duration.ofHours(6), 0.15
PRODUCT_DETAIL("vl:product:detail", 10_000, Duration.ofSeconds(15), Duration.ofMinutes
USER_PERMISSION("v1:user:perm", 20_000, Duration.ofSeconds(10), Duration.ofMinutes(15)
SEARCH_LIST("vil:search:1ist", @, Duration.ZERO, Duration.ofMinutes(3), ©.15); // L1 O]

private final String cacheName;
private final int 11MaxSize;
private final Duration 11Ttl;
private final Duration 12BaseTtl;
private final double jitterRatio;

public Duration computelL2JitterTtl() {
long baseMillis = 12BaseTtl.toMillis();
double factor = 1.0 + ThreadLocalRandom.current().nextDouble(-jitterRatio, jittexR
return Duration.ofMillis(Math.max(1000L, (long) (baseMillis * factor)));

« [Template 2] L1(Caffeine) + L2(Redis) + SingleFlight £8! #|Z& 7lA| ( TieredCache.java — COMP-04 ,
COMP-05 , COMP-06 )



JAVA

package com.

company.platform.common.cache.core;

import com.github.benmanes.caffeine.cache.Cache;

import java.
import java.
import java.

util.concurrent.Callable;
util.concurrent.CompletableFuture;
util.concurrent.ConcurrentHashMap;

import lombok.RequiredArgsConstructor;

import lombok.extern.slf4j.S1f47;

import org.springframework.cache.support.AbstractValueAdaptingCache;
import org.springframework.data.redis.core.RedisTemplate;

@S1f4j

@RequiredArgsConstructor
public class TieredCache extends AbstractValueAdaptingCache {

private
private
private
private
private

final String name;
final CacheSpec spec;

final Cache<Object, Object> 1iCaffeineCache; // null if L1 disabled

final RedisTemplate<String, Object> 12RedisTemplate;

final ConcurrentHashMap<String, CompletableFuture<Object>> inFlightLocks = new

@Override

protected Object lookup(Object key) {
String rediskKey = buildRedisKey(key);
// 1. L1 (Caffeine) EZ OZZ| =3| (Oms)
if (liCaffeineCache != null) {

3

Object 11Val = 1i1CaffeineCache.getIfPresent(key);
if (11val != null) {
return 1l1iVal;

// 2. L2 (Redis Cluster) =2 HAl =3 + L1 A S (Backfill)

try

{
Object 12Val = 12RedisTemplate.opsForValue().get(redisKey);
if (12val != null) {

if (liCaffeineCache != null) {

li1CaffeineCache.put(key, 12Val);

}

return 12Val;
}

} catch (Exception ex) {
// [AP-05 Fail-Open] Redis &O{ A| O|Q[E HufstX| $11 DB Z3|2 Fallback

log.warn("[TieredCache] L2 Redis lookup failed for key={}.

}

return null;
}
@Override

@SuppressWarnings("unchecked")

public <T> T get(Object key, Callable<T> valuelLoader) {
ValueWrapper cached = get(key);
if (cached != null) {

return (T) cached.get();

Falling back to ori



// 3. [COMP-06 SingleFlight] 3t 7| SA| PtE Al ot AZ|=2t DB Valueloader A3
String lockKey = buildRedisKey(key);
CompletableFuture<Object> future = inFlightlLocks.computeIfAbsent(lockKey, k ->
CompletableFuture.supplyAsync(() -> {
try {
T loaded = valueloader.call();
put(key, loaded);
return toStoreValue(loaded);
} catch (Exception e) {
throw new ValueRetrievalException(key, valuelLoader, e);
} finally {
inFlightLocks.remove(k);

3
)
DE
return (T) fromStoreValue(future.join());
3
@Override

public void put(Object key, Object value) {
Object storeVal = toStoreValue(value);
if (1iCaffeineCache != null) {
l1iCaffeineCache.put(key, storeVal);
3
try {
12RedisTemplate.opsForValue().set(buildRedisKey(key), storeVal, spec.computel2
} catch (Exception ex) {
log.warn("[TieredCache] L2 Redis put failed for key={}", key, ex);

public void evictlLocalOnly(Object key) {
if (11CaffeineCache != null) {
liCaffeineCache.invalidate(key);

private String buildRedisKey(Object key) {
return "prod:commerce:" + name + ":" + key;

o [Template 3] E2HZ4M 7{81 0|3=( AFTER_COMMIT ) L2 AH| 2! Pub/Sub H E L1 £23}
( PostCommitCacheEvictox.java — COMP-08 )



JAVA

package com.company.platform.common.cache.sync;

import com.company.platform.common.cache.core.TieredCache;

import com.company.platform.common.cache.core.TieredCacheManager;

import lombok.RequiredArgsConstructor;

import lombok.extern.slf4j.S1f47;

import org.springframework.data.redis.core.StringRedisTemplate;

import org.springframework.stereotype.Component;

import org.springframework.transaction.event.TransactionPhase;

import org.springframework.transaction.event.TransactionalEventListener;

@S1ft43

@Component

@RequiredArgsConstructor

public class PostCommitCacheEvictor {

public static final String INVALIDATION_TOPIC = "cache:invalidation:topic";
private final StringRedisTemplate stringRedisTemplate;
private final TieredCacheManager tieredCacheManager;

public record CacheEvictEvent(String cacheName, String key) {3}

// [AP-02] EtEA| Z2| DB EzMMO| MIZo2 7{ClE Z=Z0ot JHA| 2&E5 3
@TransactionalEventlListener(phase = TransactionPhase.AFTER_COMMIT)
public void onAfterCommitEvict(CacheEvictEvent event) {
String rediskKey = "prod:commerce:" + event.cacheName() + ":" + event.key();
try {
// 1. L2 Redis H|S7| =22 A{H (DEL CH&l UNLINK ARZ)
stringRedisTemplate.unlink(redisKey);
/] 2. E2{2H LW ZE WAS I}E=Q| L1 Caffeine JHAl SA| F7HE 28] Pub/Sub EZEIHAE
String payload = event.cacheName() + "::" + event.key();
stringRedisTemplate.convertAndSend (INVALIDATION_TOPIC, payload);
} catch (Exception ex) {
log.error("[CacheEvictor] Failed to evict L2/PubSub for {}", rediskKey, ex);
// Redis Fo§ Aoz Sxf 2| L1 JHAle= FA| HIZ
TieredCache cache = tieredCacheManager.getTieredCache(event.cacheName());
if (cache != null) cache.evictlLocalOnly(event.key());

[Template 4] React Z2EYUE TanStack Query v5 AISH 7| HEZ| U 2 AH0|E.- B3t =
( productQueries.ts — COMP-01)



TYPESCRIPT

// File: src/entities/product/api/productQueries.ts

import { QueryClient, useQuery, useMutation, useQueryClient } from '@tanstack/react-query'
import { httpClient } from '@/shared/api/httpClient’;

a4

// 1. [Query Key Factory] AZX gl 7| EZst (B2 23t
export const productKeys = {

all: ['products'] as const,

lists: () => [...productKeys.all, 'list'] as const,

list: (filters: Record<string, unknown>) => [...productKeys.lists(), filters] as const,
details: () => [...productKeys.all, 'detail'] as const,

i

AEetd HE)

detail: (productId: string) => [...productKeys.details(), productId] as const,
iE
// 2. [LO Read Hook] staleTime(1z) ¢ HIERI S 05 EF + ETag Z=HE QFH A&

export function useProductDetailQuery(productId: string) {
return useQuery({
queryKey: productKeys.detail(productId),
queryFn: async ({ signal }) => {

const { data } = await httpClient.get('/api/vil/products/${productId}', { signal });
return data.data;

1,
staleTime: 60 * 1000, // 1287 Fresh &E| RX| (55 API S& AH XRILh)
gcTime: 10 * 60 * 1000, // QOIRE = 1027t JHH|X| ZaM 25
retry: 1,
s

// 3. [Write & Invalidation Hook] H&ZX IGIO|E(Optimistic UIL) 2 2 FHA| SA| BE5}

export function useUpdateProductMutation(productId: string) {
const queryClient = useQueryClient();

return useMutation({

mutationFn: (payload: { name: string; price: number }) =>

httpClient.put('/api/vl/products/${productId}*', payload),
onMutate: async (newProduct) => {

await queryClient.cancelQueries({ queryKey: productKeys.detail(productId) });

const previous = queryClient.getQueryData(productKeys.detail(productId));

queryClient.setQueryData(productKeys.detail(productId), (old: any) => ({ ...old,
return { previous 7;

1,
onError: (_err, _newProduct, context) => {
if (context?.previous) {
queryClient.setQueryData(productKeys.detail(productId), context.previous);
}
1,
onSettled: () => {
// A= AFTER_COMMIT RE3tet =7|ststo] &Ml 2 =5 KAl [HS EZA
queryClient.invalidateQueries({ queryKey: productKeys.detail(productId) });

queryClient.invalidateQueries({ queryKey: productKeys.lists() });
Pe

1)
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JAVA

package com.company.platform.architecture;

import static com.tngtech.archunit.lang.syntax.ArchRuleDefinition.methods;
import static com.tngtech.archunit.lang.syntax.ArchRuleDefinition.noClasses;

import com.tngtech.arxchunit.core.importer.ImportOption;

import com.tngtech.archunit.junit.AnalyzeClasses;

import com.tngtech.archunit.junit.AxrchTest;

import com.tngtech.archunit.lang.ArchRule;

import jakarta.persistence.Entity;

import org.springframework.cache.annotation.CachePut;

import org.springframework.cache.annotation.Cacheable;

import org.springframework.transaction.annotation.Transactional;

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

0jo

// [CACHE-RULE-01] @Cacheable / @CachePut HMELE HC{ JPA @EntityES ZE HEkst £~ olg (88 DT(
@ArchTest
static final ArchRule CACHE_RULE_0Q1_forbid_caching_jpa_entities_directly =
methods().that().areAnnotatedWith(Cacheable.class).oxr().areAnnotatedWith(CachePut.cla
.should() .haveRawReturnType (
com.tngtech.archunit.base.DescribedPredicate.not(

com.tngtech.archunit.core.domain.properties.CanBeAnnotated.Predicates.ann

)

// [CACHE-RULE-02] @Transactional AH|AE RedisTemplate2 Z¥ =510 7| MA|/AAE 4 QI (AF
@ArchTest
static final ArchRule CACHE_RULE_02_transactional_services_must_not_call_redis_directly =
noClasses().that().resideInAPackage(". .application.sexrvice..")
.and().areAnnotatedWith(Transactional.class)
.should() .dependOnClassesThat().haveFullyQualifiedName("org.springframework.data.
.because ("EMM Zi A| JHA] ELXIE U7| 5 HA| RESH= UEA| @TransactionalEventListe



7.2 HAL BE EAE A 7|= AEH HM|M (Standard Cache Layer BOM)

=
T

HI

7l&

Frontend State
& Cache (LO)

Edge & HTTP
Cache (L1)

Backend Local
Cache (L2)

Distributed
Cache Grid (L3)

Redis Client &
Lock

Serialization &
Compression

Resilience &
Fault Guard

Observability &
Fitness

HZ M J|& (Library [ Engine) BZE HA
(BOM)
React 18 + @tanstack/react- v5.56.x
query
CloudFront / Nginx + RFC
ShallowEtagHeaderFilter 9111
Caffeine Cache v3.1.8
( com.github.ben-
manes.caffeine )
Redis Cluster (= Valkey) v7.2.X
LTS
Spring Data Redis ( Lettuce ) + Boot 3.3
Redisson / 3.30.x
Jackson JavaTimeModule 217.x/
(Record) + Zstd-jni 1.5.x
Resilience4j ( CircuitBreaker | v2.2.X
TimeLimiter )
Micrometer + Prometheus + 113.x/
ArchUnit + ESLint 1.3.x

OpF[EiN gt 3l W4 Y 3

staleTime / gcTime £2|,
broadcastQueryClient (& S7|3}),
QueryKey HEZ| BEZ3}

Cache-Control: s-maxage, stale-
while-revalidate , If-None-Match
( HTTP 304 )

W-TinyLFU E[7 €12|F,
recordStats() , maximumSize &lotZ

Hl, Oms & x3|

3 Master [ 3 Replica Multi-AZ,
allkeys-1fu , lazyfree-lazy-
*=yes , UNLINK H|S7| A

Netty =222 1/O, command-
timeout=200ms ,

AdaptiveRefreshTriggers , 24t HE
A 2t

=% Record &3}, 10KB =1t I|0|2=

Zstd 2= ME

Redis Z0H A| Oms Fail-Open 22,
SingleFlight ABRMI|E =l

BloomFilter EE Htof

AZE Hit/Miss/Evict HIE2| 27,
@Entity 7H& XHEH( CACHE-RULE-
01~05 )



