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1.프리미엄�콘텐츠�Hub



1.1�프리미엄�콘텐츠�Hub

프리미엄�콘텐츠�Hub�

- 유료�콘텐츠�생산/발행/공급�플랫폼

콘텐츠�Hub� 서비스
생산/발행 공급창작자�스튜디오�

(CMS)



1.1�프리미엄�콘텐츠�Hub

프리미엄�콘텐츠�Hub�

- 유료�콘텐츠�생산/발행/공급�플랫폼

연관�플랫폼�
…

콘텐츠�Hub� 서비스

Smart�Editor 오디오�플랫폼

생산/발행 공급창작자�스튜디오�
(CMS)

연동

동영상�플랫폼



Microservice�Architecture�

��-�채널�Service�
-�유료화(상품)�Service�
-�알림�Service�
-�…

유료화�상품�
서비스

콘텐츠�Hub

알림��
서비스

채널��
서비스 …

1.1�프리미엄�콘텐츠�Hub



1.2�프리미엄�콘텐츠�Hub�구성
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생산/발행 공급

창작자�스튜디오�
(CMS)

GW��
Server

GraphQL

REST
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ConsumerKafka��
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2.Reactor로�보는�콘텐츠�Hub.SSUL



2.1�API�서버�기술�스택

프리미엄�콘텐츠�Hub��

- Spring�Boot�2.3.3/JDK11��
- Spring�Webflux/Reactor



프리미엄�콘텐츠�Hub�

- 타�서비스/플랫폼과�순차적�연동�빈도가�높음�
- Step�별�에러�및�후처리�격리가�필요

2.2�Fallback�Publisher

유료화/상품��
API

콘텐츠�Hub��
API�Server

Editor�API

DB

생산/발행
창작자�스튜디오 Fallback

Fallback

순차적�연동

Fallback

발행�완료



2.2�Fallback�Publisher

onErrorResume

projectreactor.io

Fallback�Publisher�
에러�발생시�publisher�대체



2.2�Fallback�Publisher

단계별�Fallback�처리�-�onErrorResume

Step 2

Step 1

1.�상품�등록�(타�서비스�연동)�
��-�Step�1�-�Fallback:�임시저장�콘텐츠로�전환�

2.�DB�저장�
��-�Step�2�-�Fallback:�상품�롤백�

Step�별�Fallback�격리�실행�



단계별�Fallback�처리�네이밍�-�on{실패한�행위}

2.2�Fallback�Publisher

Step 2

Step 1

실패한�행위에�중점을�둘�것인가?�

실행할�행위에�중점을�둘�것인가?�

실패한�행위�

네이밍�->�on{실패한�행위}�

-�필요한�경우�동일한�니즈에�대해�재사용�가능�

-�코드가�곧�매뉴얼�->�flow�파악�용이�



2.3�그래프�순회

콘텐츠�Hub��
API�Server Something

R

E

BA

D F

C

G

프리미엄�콘텐츠�Hub�

- 그래프를�생성하고�순회가�필요한�케이스�



Flux/Mono.expand�

- Reculsively,�Breadth-first�순회

root

21

21

11 31

3

2.3�그래프�순회

projectreactor.io



Flux/Mono.expand�

- Reculsively,�Breadth-first�순회

root

21

21

11 31

3

1

2

3

2.3�그래프�순회

projectreactor.io

너비�우선�순회�검증

자식�노드�리턴



2.3�그래프�순회

Graph

외부�API�페이징�요청

1~50

101~150

51~100 Emit

Emit

Emit

1

2

3

projectreactor.io

자유변수�변경이�필요



2.3�그래프�순회

better!�각�상황에�맞게�사용

Graph

1~50

101~150

51~100

1

2

3

외부�API�페이징�요청

Emit

Emit

Emit

projectreactor.io

Next�Page�추출이�가능한�경우



2.3�그래프�순회

총�N개�노출�

e.g.)�N이�5인�경우�->�다음�글�2개�/�현재�글�/�이전�글�2개

이전�글/다음�글�스펙�

- 콘텐츠�엔드�하단�->`동일�카테고리의�콘텐츠�목록`�노출�
- 현재�콘텐츠를�가운데�원소로�포함하여�다음�글/이전�글�노출



2.3�그래프�순회

노출�Flow�

1. 다음�글�N개,�이전�글�N개�

2. Reduce�

3. 현재�콘텐츠를�기준으로�breadth-first�순회�

4. N에�도달한�경우�순회�중지

Application�Join

이전�글/다음�글�스펙�

- 콘텐츠�엔드�하단�->`동일�카테고리의�콘텐츠�목록`�노출�
- 현재�콘텐츠를�가운데�원소로�포함하여�다음�글/이전�글�노출



2.3�그래프�순회

Graph

이전�글/다음�글�스펙�

- 콘텐츠�엔드�하단�->`동일�카테고리의�콘텐츠�목록`�노출�
- 현재�콘텐츠를�가운데�원소로�포함하여�다음�글/이전�글�노출



Flux/Mono.expandDeep�

- Reculsively,�Depth-first�순회

root

21

21

11 31

3

2.3�그래프�순회

projectreactor.io



Flux/Mono.expandDeep�

- Reculsively,�Depth-first�순회

2.3�그래프�순회

root

21

21

11 31

3

1

2

3

projectreactor.io

깊이�우선�순회�검증

자식�노드�리턴



프리미엄�콘텐츠�Hub�

- 빈도�높은�외부�API�연동�
- 배포/장애/네트워크�이슈�등�API�연동�실패�
- 적절한�재시도가�필요

콘텐츠�Hub��
API�Server

유료화/상품��
API

채널/가입자�
API

Editor�API

사내�플랫폼�
API

…

2.4�재시도�전략

Client



2.4�재시도�전략

Flux/Mono.retryWhen

RetryBackoffSpec RetrySpec

projectreactor.io



2.4�재시도�전략

RetryBackoffSpec

RetrySpec

Simple
[정보통신용어기술해설]�http://www.ktword.co.kr/test/view/view.php?m_temp1=991

Jitter

projectreactor.io

projectreactor.io



2.4�재시도�전략

RetryBackoffSpec

RetrySpec

Simple
[정보통신용어기술해설]�http://www.ktword.co.kr/test/view/view.php?m_temp1=991

Jitter

projectreactor.io

projectreactor.io



Retry.backoff�

-�점진적으로�재시도�간격을�늘린다�with�Jitter

Retry.fixedDelay�

-�재시도�간격�고정

2.4�재시도�전략

projectreactor.io



콘텐츠�Hub의�재시도�전략�-�Default:�fixedDelay�

- Client�별�timeout�설정이�각기�다르기에�Backoff�설정이�무의미해질�가능성이�있음�
- Retry에�실패하더라도�client에게�빠른�응답을�보장해야�함�
- 배치작업에서�backoff�사용

2.4�재시도�전략

-�Retry..Spec#doAfterRetry/Asnc(..)�

-�Retry..Spec#doBeforeRetry/Asnc(..)�

-�Retry..Spec#onRetryExhaustedThrow(..)�

-�Retry..Spec#filter(..)�

-�Retry..Spec#jitter�(..)�

-�…�



프리미엄�콘텐츠�Hub�

- 프로그래밍�과정에서�데이터를�검증하거나,�에러를�발생시켜야�하는�경우가�빈번�
- e.g.)�size�check�/�데이터�상태�체크�등�

1. Flux/Mono.handle�

2. Flux.concatMap�

3. Flux/Mono.flatMap

콘텐츠�Hub��
API�Server Something

2.5�검증�및�에러�throw

Throw�Error!



2.5.1�Flux/Mono.handle

Flux/Mono.handle

projectreactor.io



Flux/Mono.handle�-�SynchronousSink

SynchronousSink는�동기적으로�한�번에�하나의�데이터만�생성한다.�

Generator�함수�내에서�

- next/complete/error�모두�최대�1번�호출�

- next/complete/error�혼합�호출�불가�

2.5.1�Flux/Mono.handle

-�void�next(T�t)�

-�void�complete()�

-�void�error(Throwable�e)



Flux/Mono.map�vs�Flux/Mono.handle

map Handle 비고

Element�ignore X O - map은�1대1�매핑�
- handle은�skip�가능

Error throw�new�~ sink.error(Throwable�t) - 모두�onError로�전파�O�
- map은�unchecked�exception�only

Emit�item return�t sink.next(T�t)

Mono/Flux�지원�여부 모두�지원 모두�지원

2.5.1�Flux/Mono.handle

Skip�가능

Error

Emit

Synchronous�처리�시,�더�복잡한�조건의�element�processing이�필요한�경우에�handle



2.5.2�Flux.concatMap

Flux.concatMap

Inner�Publisher의�complete�이후�next�generate

Empty

Asynchronous�handling�of�a�single�stream�at�a�time�

- concatMap은�asynchronous를�유지하며,�마치�map과�비슷하게�활용�가능�
����(데이터�매핑/변환�관점이�아닌�순차적�처리�측면)�

- Flux�처리시�map�->�concatMap으로�대체�가능�

projectreactor.io

Error

Emit



Flux/Mono.flatMap

Inner�Publisher의�complete를�기다리지�않음

flatMap은�asynchronous�/�여러�stream을�merge�하도록�설계��

- Sub�stream�asynchronous�handling�
- 내부적으로�추가적인�메모리�사용�
����(e.g.�stream�별�Queue�할당�등)�

Scalar�stream/error�를�던지기�위해�flatMap을�사용하지�않아도�됨.��

->�concatMap으로�대체�가능

scalar�stream

projectreactor.io

Error

Emit

Empty

2.5.3�Flux/Mono.flatMap



Flux/Mono.handle�

- emit/error/ignore�모두�필요한�복잡한�케이스를�컨트롤하는�경우��

Flux.concatMap�

- Asynchronous를�유지해야�하는�경우��
- Flux�chaining에서�map을�사용하고�있는�경우�대체�가능�
- flatMap으로�scalar�stream�/�error�를�반환하는�경우�대체�가능����

Flux/Mono.flatMap�

- Asynchronous를�유지하며�1:N�변환�혹은�flatten이�필요한�경우�
- 이미�사용하고�있는�경우��

Flux/Mono.map�

- Mono�chaining에서�간단한�매핑�혹은�error�를�반환하는�경우�
- 이미�사용하고�있는�경우�

2.5.4�검증�및�에러�throw�정리



2.5.4�검증�및�에러�throw�정리

시간이�소요되는�작업�(e.g.�외부�API/DB�연동)은?��

- 항상�Mono/Flux�타입을�반환�
- block()�사용�X�
- 사용처에서�flatMap으로�flatten�시켜줘야�함��
(Mono는�concatMap을�지원하지�않으니,�일반적으로�flatMap�사용)



시간이�소요되는�작업에�map�연산자를�사용하고�있는가?��

- No,�단순�매핑�및�검증에만�사용

2.5.4�검증�및�에러�throw�정리

시간이�소요되는�작업�(e.g.�외부�API/DB�연동)은?��

- 항상�Mono/Flux�타입을�반환�
- block()�사용�X�
- 사용처에서�flatMap으로�flatten�시켜줘야�함��
(Mono는�concatMap을�지원하지�않으니,�일반적으로�flatMap�사용)



Reactor의�다양하고�어려운�연산자��

실제�병목�구간이�아닐�가능성이�높다.��

선택과�집중�

자유도를�높이고�더�영향도가�높은�곳에�집중

그렇다면�타이트하게�연산자를�가져가는�정책이�성능상�많은�이점을�주는가?

2.5.4�검증�및�에러�throw�정리

시간이�소요되는�작업에�map�연산자를�사용하고�있는가?��

- No,�단순�매핑�및�검증에만�사용

시간이�소요되는�작업�(e.g.�외부�API/DB�연동)은?��

- 항상�Mono/Flux�타입을�반환�
- block()�사용�X�
- 사용처에서�flatMap으로�flatten�시켜줘야�함��
(Mono는�concatMap을�지원하지�않으니,�일반적으로�flatMap�사용)



2.6�리액터�테스트�

프리미엄�콘텐츠�Hub�

- StepVerifier�
- PublisherProbe�
- TestPublisher



2.6.1�StepVerifier

StepVerifier�

- Publisher�sequence를�테스트하는�declarative�way�
- 데이터�스트림/예외/완료�검증��
- 가장�높은�빈도로�사용됨�



2.6.2�PublisherProbe

PublisherProbe�

- Control�flow와�관련된�테스트를�위해�Mono/Flux를�쉽게�얻을�수�있는�test�utility�
- subscribe/cancel/request�event�캡처�및�검증�가능��
- 정적�팩토리�메소드�제공��
- PublisherProbe.of(Publisher<?�extends�T>�source)�
- PublisherProbe.empty()

subscribe/cancel/request�Capturing

assert{~}

Publisher�추적�가능

projectreactor.io



2.6.2�PublisherProbe�-�retry�검증

1.�상품�아이디�중복시�N번�retry�로직을�포함



2.6.2�PublisherProbe�-�retry�검증

2.�상품등록(registerProduct)은��

정의�된�Publisher를�반환하도록�설정

1.�상품�아이디�중복시�N번�retry�로직을�포함



2.6.2�PublisherProbe�-�retry�검증

4.�probe�subscribe�count�검증��
-�probe.subscribeCount()�==�원본�요청�+�retry�요청�

3.�probe�requested�/�subscribed�검증�

Mockito�

counting�method�invocations���

대체�가능�

-�Mockito.times(n)

2.�상품등록(registerProduct)은��

정의�된�Publisher를�반환하도록�설정

1.�상품�아이디�중복시�N번�retry�로직을�포함



2.6.3�TestPublisher

TestPublisher�

- 직접�데이터�조작이�가능한�Publisher�생성�
- 테스트�목적으로�onNext/onComplete/onError�트리거�가능�
- Reactive�Streams의�rule�위반�가능�(e.g.�null�허용)�
- Hot�/�cold�주의해서�사용�
- Implements�PublisherProbe

-�TestPublisher<T>�emit(T...�values)�

-�TestPublisher<T>�error(Throwable�t)�

-�TestPublisher<T>�next(T�value)�

-�TestPublisher<T>�next(T�first,�T...��rest)

projectreactor.io



2.6.3�TestPublisher

테스트�통과

PublisherProbe.empty()

통과

통과



2.6.3�TestPublisher

테스트�실패

TestPublisher.create()

통과

실패



2.6.3�TestPublisher

TestPublisher.create()�-�hot�publisher를�생성�

테스트가�통과하려면�createCold()로�변경�

TestPublisher는�주의를�필요로�하기에�

Reactive�Streams의�rule을�위반하려는�것이�아니라면�

PublisherProbe를�사용하는�것이�좋은�선택

TestPublisher.createCold()

테스트�통과



3.�Kafka로�보는�콘텐츠�Hub.SSUL



3.1�콘텐츠�발�이벤트

콘텐츠 Hub

API Server

창작자 

스튜디오 … MongoDB…

Code base publish / Mongodb Change Streams

콘텐츠�관련�모든�C/U/D�이벤트는�kafka로�publish�

��- 콘텐츠�히스토리�저장�
- 알림/뉴스레터�전송��
- 캐시�갱신��
- 카운트�갱신��
- 타�플랫폼�연동�
- …



Kafka�Consumer�분리

http�call
후속�작업Kafka 


Consumer

 API Server

3.1�콘텐츠�발�이벤트

API�Server�/�Consumer�분리�구성�

•��- 이벤트별�독립적�처리를�필요로�하는�경우�
- 기능/배포�격리가�필요한�경우



3.1�콘텐츠�발�이벤트

Kafka�Consumer�분리

http�call
후속�작업Kafka 


Consumer

 API Server



- 이벤트�유실�대응�중요도가�낮은�Kafka�Consumer�
- 이벤트�순서에�민감한�Kafka�Consumer�

e.g.)�캐시�갱신

단점�-�처리�속도�저하

Basic�한�접근�

N번�Retry�이후�commit�->�해당�이벤트�skip

3.1�콘텐츠�발�이벤트



Single�App�기반�Retry/DLT�pipeline�개발�

Retry�topic�/�Dead�letter�topic�

- 런타임�에러시�유연한�재처리를�위해�개발��
- Retry�topic�~�DLT�까지의�데이터�파이프라인�구성

런타임�중�동적으로�Retry�Kafka�Endpoint�(Listener)를�등록�시켜��
Single�애플리케이션�기반으로�메인�컨슈머�및�리트라이�컨슈머를�모두�구동

3.2�Single�App�기반�Retry/DLT�pipeline



Usage�

- 설정�기반�config�
- 메인�컨슈머�/�리트라이�컨슈머가�서로�다른�메소드�사용�가능

3.2�Single�App�기반�Retry/DLT�pipeline



Consumer�group�별�retry/dead-letter�topic�format

3.2�Single�App�기반�Retry/DLT�pipeline



Retry�Consumer에서�원본�메시지�timestamp�활용�

- DeadLetterRecoverer�커스텀�구현을�통해�원본�메시지의�timestamp�헤더�추가��
- 추후�작업에�따라�순서를�따질�수�있음�
- e.g.)�timestamp를�기반으로�key를�생성하여�이후�데이터를�저장하는�case�
- e.g.)�last�timestamp를�이후�데이터에�포함하는�case

3.2�Single�App�기반�Retry/DLT�pipeline



- 메시지�처리�속도�증가�
- 메인�컨슈머에서�Retry�로직�없이�API�연동�에러�대응�가능�
- 처리에�최종�실패한�이벤트는�error�topic으로�수렴��
- 원본�메시지의�timestamp�기반으로�db�key를�생성�->�순서가�변경되어도�이슈�없음

적용�사례�-�컨텐츠�변경�이력을�쌓는�경우

3.2�Single�App�기반�Retry/DLT�pipeline



복구�flow�

- 필요한�경우�DLT(error)�topic�대상으로�재처리�consumer�run�
- DB�수동�변경�

서비스�비노출�데이터�or�노출�영향이�적은�데이터��
->�뒤늦게�발견되거나,�작업에�시간이�소요되어도�OK��

-

3.3�복구



우리는..�Microservice�per�Database�

- Polyglot�Database�
- 서비스�간�순차적�write/update�flow�빈번�

- 서비스�간�Data�Consistency를�최대한�높게�유지할�필요가�있음

https://www.baeldung.com/cs/microservices-db-design

3.3�복구



타�Part의�Microservice�와�연동하며�데이터�상태를�변경하는�경우는?��

- 빠른�복구가�필요함�
- 서비스�간�Data�Consistency를�높게�유지할�필요가�있음

3.3�복구

복구�flow�

- 필요한�경우�DLT(error)�topic�대상으로�재처리�consumer�run�
- DB�수동�변경�

서비스�비노출�데이터�or�노출�영향이�적은�데이터��
->�뒤늦게�발견되거나,�작업에�시간이�소요되어도�영향이�작다.��

-



A Service

3.4�Saga

Message/event

Local 

Transaction

B Service

Message/event

Local 

Transaction

C Service

Local 

Transaction

- Sequence�of�local�transactions�
- 각�local�transaction이�완료된�후�이벤트/메시지�발행�



A Service

Message/event

Local 

Transaction

B Service

Message/event

Local 

Transaction

C Service

Local 

Transaction

A Service

Message/event

Local 

Transaction

B Service

Message/event

Local 

Transaction

Trigger��

compensation

- Sequence�of�local�transactions�
- 각�local�transaction이�완료된�후�이벤트/메시지�발행�
- Compensation�이벤트/메시지�
- Data�consistency

3.4�Saga



https://microservices.io/patterns/data/saga.html

Orchestration-based�

��- Local�transactions을�중앙에서�관리하는�Orchestrator가�존재�
- 많은�서비스가�포함된�복잡한�연동에�적합�
- Transaction의�중앙�집중화�But�복잡해질�수�있음

3.4�Saga

Choreography-based�

��- 각�local�transaction이�타�서비스의�local�transaction�trigger�
- 적은�서비스�및�간단한�연동에�적합�
- 구현이�비교적�쉽지만,�트랜잭션�추적이�어려움



DB
메일�전송�플랫폼

발송�process�/�10분�주기�processing

적용�사례�-�콘텐츠�뉴스레터�발송�

��- 뉴스레터�서비스는�요청�정보를�DB에�먼저�쌓고,�10분�주기�배치로�발송�
- 비동기�실행이기에,�발송�완료�응답은�즉각�받을�수�없음��
- Data�Consistency가�지켜져야�함��
- e.g.)�실제�발송이�완료되었음에도�‘발송�중’�상태를�가지면�안�됨�
- e.g.)�실제�발송이�실패했음에도�‘발송�중’�상태를�가지면�안�됨�

…
뉴스레터�작성�및�발송

DB

Local�Transaction
Local�Transaction

3.4�Saga

콘텐츠�Hub��
API�Server

Newsletter�발송�
API�Server

콘텐츠�Hub
뉴스레터�서비스



요청�및�응답�유실�최소화�

Data�Consistency를�지원�

적은�서비스�간�연동

Choreography-based

3.4�Saga



DBNewsletter�발송�
API�Server

Local�Transaction

Next..

발송�process�/�10분�주기�processing

…

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송중”�
}

뉴스레터�작성�및�발송

Local�Transaction

MongoDB

발송�요청�event

Kafka

Topic Kafka��
Consumer

콘텐츠�Hub��
API�Server

3.4�Saga

콘텐츠�뉴스레터�발송�요청�

��-�서비스�간�long�term�비동기�연동



연동�불가능�상태

Single�App�기반��

Retry/DLT�pipeline�

장애,�배포,�인프라�이슈에도�요청�유실�최소화

DBNewsletter�발송�
API�Server

Local�Transaction

Next..

발송�process�/�10분�주기�processing

…

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송중”�
}

뉴스레터�작성�및�발송

Local�Transaction

MongoDB

발송�요청�event

Kafka

Topic Kafka��
Consumer

3.4�Saga

콘텐츠�Hub��
API�Server

콘텐츠�뉴스레터�발송�요청�실패�case�

- Newsletter�server는�rest/http�endpoint만�지원�
- Retry/DLT�pipleline�적용�
- 서비스�연동�불가�시�Retry/DLT�topic으로�pipe�
- 연동�가능�시점에�재처리



콘텐츠 Hub 
API Server

Topic
발송�완료�event

발송�실패�event

Kafka��
Consumer

Local�Transaction

MongoDB

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송�완료”�
}

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송�실패”�
}

Kafka

DBNewsletter�발송�
API�Server

Local�Transaction

발송�process�/�10분�주기�processing

…

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송중”�
}

뉴스레터�작성�및�발송

Local�Transaction

MongoDB

발송�요청�event

Kafka

Topic Kafka��
Consumer

콘텐츠�Hub��
API�Server

3.4�Saga

콘텐츠�뉴스레터�발송�응답�처리�

��- 서비스�간�long�term�비동기�연동



Topic
발송�완료�event

발송�실패�event

콘텐츠 Hub 
API Server
Kafka��

Consumer

Local�Transaction

MongoDB

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송�완료”�
}

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송�실패”�
}

Kafka

DBNewsletter�발송�
API�Server

Local�Transaction

발송�process�/�N분�주기�processing

…

Document�
{�
���“_id”:�“~”,�
���…�
���“state”:�“발송중”�
}

뉴스레터�작성�및�발송

Local�Transaction

MongoDB

발송�요청�event

Kafka

Topic Kafka��
Consumer

콘텐츠�Hub��
API�Server

3.4�Saga

콘텐츠�뉴스레터�발송�응답�처리�실패�case�

��- Server�장애�시�consumer�down�/�group에서�제거��
- 복구�시�이전�offset�기준�자동�재처리�진행



Always�Saga?�

예시처럼�Service�간�연동에�지연이�존재하는�경우만�적용�

현재�대부분의�경우�불필요�

각�상황별�특징에�따라�구성하는�것이�중요

3.4�Saga



4.�향후�계획



4.1�콘텐츠�Hub는�성장�ing

콘텐츠�Hub

- Change�Data�Capture�
- Kafka�Consumer�Monitoring��
- MongoDB�복구�flow�
- …



Thank�You


