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1.�5년의실험
Five�Years�of Experiment



1.1 동시성실험연대기

React�v16.0

New�core�architecture

Codename “Fiber”

Async�rendering

2017.�9.

2018.�3.

Beyond�React�16

JSConf아이슬란드2018

Time�slicing

Suspense

React�v16.6

Scheduler

Priority�levels

Async�à Concurrent

2018.�10.

React�Conf�2018

React.lazy for�code�splitting

Concurrent�React

2018.�11. React�v16.x�Roadmap

Concurrent�mode�(~Q2�2019)

ReactDOM.unstable_createRoot

스케쥴링개선을위해크롬팀과협업

2018.�11.



1.1 동시성실험연대기

React�v16.7

MessageChannel

for�scheduler

2018.�12.

2019.�8.

React�v16.9.0

Roadmap�Update

Is�Suspense�for�Data

Fetching�ready�yet?�No

동시성모드시간걸릴듯

기한미정

React�v16.13

SuspenseList

Fix isPending

Warn�for�createRoot

2020.�2.

React�v17.0

unstable_startTransition

More�than�11�fix�for

concurrent�mode.

Lane�for�priority

2020.�10. The�Plan�for�React�18

React�18�alpha�release

Working�group

2021.�6.



1.2 React�18�Alpha Release

React�18�릴리즈계획

• 2021년 6월, 차세대메이저버전인 React�18 릴리즈준비계획을발표
https://reactjs.org/blog/2021/06/08/the-plan-for-react-18.html

• 서드파티라이브러리개발자의피드백을받기위해알파버전을릴리즈

• 커뮤니티가점진적으로적용할수있도록Working�Group 설립
https://github.com/reactwg/react-18

https://reactjs.org/blog/2021/06/08/the-plan-for-react-18.html
https://github.com/reactwg/react-18


1.3 React�18�Release�Timeline

Alpha

- 리엑트생태계의주요라이브러리와협력하여필요한지원을받기

- 새로운 API�마무리필요 (useMutableSource, useOpaqueIdentifier 등)

Beta (몇 달)

- 최종릴리스에필요한주요변경사항과새로운기능이포함

- 더큰커뮤니티를초대하여피드백을수용

RC (몇 달)

- 사용자가프로덕션환경에서테스트하는데문제없는안정버전

Stable�(RC�후 2~4주)

- React�18.0�Release

https://github.com/reactwg/react-18/discussions/9

https://github.com/reactwg/react-18/discussions/9


1.4 무엇이달라지나

https://github.com/reactwg/react-18/discussions/4

Out-of-the-box�Improvements
- Automatic�batching�for�fewer�renders

- SSR�support�for�Suspense

- Fixes�for�Suspense�behavior�quirks

Concurrent�Features
- startTransition

- useDeferredValue

- <SuspenseList>

- Streaming�SSR�with�selective�hydration

https://github.com/reactwg/react-18/discussions/4


1.4 무엇이달라지나

https://github.com/reactwg/react-18/discussions/4

Concurrent�Rendering�Mechanism

- 협력적멀티태스킹

- 우선순위기반렌더링

- 스케쥴링

- 중단 (Interruptions)

https://github.com/reactwg/react-18/discussions/4


1.5 실험적세가지모드

https://reactjs.org/docs/concurrent-mode-intro.html

Legacy mode,�Blocking�mode,�Concurrent�mode 🤔

Installation�experimental�version

https://reactjs.org/docs/concurrent-mode-intro.html


1.5 실험적세가지모드

https://reactjs.org/docs/concurrent-mode-adoption.html

https://reactjs.org/docs/concurrent-mode-adoption.html


1.6 수정된업그레이드전략

Legacy mode,�Concurrent�mode 모두사용가능

- 점진적이고안전한업그레이드지원



1.7 “Concurrent” 용어정리

https://github.com/reactwg/react-18/discussions/64

• ReactDOM.createRoot 실행시내부적으로 "concurrent�mode" 활성화

• 그러나이조건에서반드시 "concurrent�rendering" 하는것은아님

• "concurrent�features" 사용할때만 "concurrent�rendering" 수행

https://github.com/reactwg/react-18/discussions/64


2. 동시성으로해결하려는문제
What�Problems�Can�Concurrency�in�React�Help�Us�Solve?



2.1�Concurrency�vs�Parallelism

https://go.dev/blog/waza-talk

Robert�"Rob"�C.�Pike
https://commons.wikimedia.org/wiki/File:Rob-pike-oscon.jpg

Photo�by�Kevin�Shockey�(CC�BY�2.0)

https://golang.org/doc/gopher/README

Designed�by�Renee�French�(CC�BY�3.0)

https://go.dev/blog/waza-talk
https://ko.wikipedia.org/wiki/%EB%A1%AD_%ED%8C%8C%EC%9D%B4%ED%81%AC


2.1�Concurrency�vs�Parallelism

❝동시성은독립적으로실행되는프로세스들의조합이다.

병렬성은연관된복수의연산들을동시에실행하는것이다.

동시성은여러일을한꺼번에다루는문제에관한것이다.

병렬성은여러일을한꺼번에실행하는방법에관한것이다. ❞

https://go.dev/blog/waza-talk

https://go.dev/blog/waza-talk


2.1�Concurrency�vs�Parallelism

❝동시성이란마음의상태이다
실제로는여러개의스레드가사용되지는않지만,

겉으로보기에는마치여러개의스레드가

사용되고있는것처럼보이게만드는것을의미한다.

이것이바로협동적인멀티태스킹을의미한다.�❞

7가지동시성모델6.4.1



2.1�Concurrency�vs�Parallelism

https://stackoverflow.com/questions/1050222/what-is-the-difference-between-concurrency-and-parallelism

https://wiki.haskell.org/Parallelism_vs._Concurrency

https://www.hanbit.co.kr/store/books/look.php?p_code=B3745244799

https://stackoverflow.com/questions/1050222/what-is-the-difference-between-concurrency-and-parallelism
https://wiki.haskell.org/Parallelism_vs._Concurrency
https://www.hanbit.co.kr/store/books/look.php?p_code=B3745244799




싱글코어에서도작동 멀티코어가필요



동시에실행되는것처럼보임

컨텍스트스위칭필요

실제로동시에실행됨



최소두개의논리적통제흐름

예)동영상재생하면서메모장쓰기

최소한개의논리적통제흐름

예) GPU를이용해이미지출력하기

Task1

Task2
Task1



❝동시성이란
2개이상의독립적인작업을잘게나누어

동시에실행되는것처럼보이도록

프로그램을구조화하는방법이다 ❞



2.2 Blocking�Rendering�문제

https://developers.google.com/web/updates/2018/09/inside-browser-part1

https://developers.google.com/web/updates/2018/09/inside-browser-part1


2.2 Blocking�Rendering�문제



2.2 Blocking�Rendering�문제



2.2 Blocking�Rendering�문제

https://ajaxlab.github.io/deview2021/blocking/



2.2 Blocking�Rendering�문제

https://www.youtube.com/watch?v=mDdgfyRB5kg&t=94s

Blocking�Rendering�과정 :�Recursive

https://www.youtube.com/watch?v=mDdgfyRB5kg&t=94s


2.3 적당한지연은어떤가요?

입력하는동안화면을그리지않도록하는디바운싱

입력하는동안일정한주기로화면을그리도록하는스로틀링



2.4 동시성렌더링으로해결해보자

Input�컴포넌트

렌더링

목록컴포넌트

렌더링

급한작업 덜급한작업



2.4 동시성렌더링으로해결해보자

Blocking�Rendering�과정 (1차선도로)

A BA A B C

“A” “B” “C” “D” “E”

반응없음



작업을병렬로배치 (2차선도로)

2.4 동시성렌더링으로해결해보자

A

“A”



메인스레드에일정시간을양보

2.4 동시성렌더링으로해결해보자

A

“A” Yield



2.4 동시성렌더링으로해결해보자

하위컴포넌트렌더링을잘게분해

A

“A” “B”

A B

1 2



2.4 동시성렌더링으로해결해보자

“C” 렌더링도중에

A B

“C”



2.4 동시성렌더링으로해결해보자

“C”�렌더링도중에 “D”�입력이벤트가발생하면?

A B

“C” “D”



2.4 동시성렌더링으로해결해보자

낮은순위렌더링을멈추고

A B

“C” “D”



2.4 동시성렌더링으로해결해보자

높은순위렌더링과페인팅을먼저수행한다

A B

“C” “D”

A B C D



2.4 동시성렌더링으로해결해보자

그리고 Pending�상태의낮은순위렌더링을리베이스한다

A B

“C” “D”

A B C D A B C D



3.React�18의 동시성기능
Concurrent�Features�in�React�18



3.1�startTransition

Pseudo Code

API 및 내부구현



3.1 startTransition

무엇을해결하는가

• CPU�Bound�UX문제를해결

• 대규모화면업데이트중응답성을유지

• 상태전환중에시각적피드백을제공



3.1 startTransition

https://ajaxlab.github.io/deview2021/concurrent/



3.1 startTransition

Blocking

Concurrent



3.1 startTransition

어떻게작동하는가

• Yielding�:�랜더링과정을작게분할하고일시중지할수있음

• Interrupting�:�동시성모드에서업데이트에대해우선순위가있음

• 이전결과건너뛰기 :�현재상태만반영하도록중간상태반영을건너뜀

https://github.com/reactwg/react-18/discussions/65

setTimeout과 어떻게다른가

• setTimeout으로 Task�Queue에들어간작업은들어간순서대로
처리되고 취소될수없습니다.

https://github.com/reactwg/react-18/discussions/65


3.1 startTransition

Urgent�Updates

• 입력,�클릭,�누르기등과같은직접적인상호작용을반영하기
• 즉각적응답이필요하다
• React�18은업데이트를기본적으로urgent로처리

Transition Updates

• 하나의view에서다른 view로전환하기
• 전환되는중간과정을기대하지않는다
• 결과에시간이소요되는것을예상한다
• Load�Transition,�Refresh�Transition



3.1�startTransition

전환은항상일괄처리 짧은순간의업데이트는마지막값만반영



3.2�Streaming�SSR�with�selective�hydration

기존 SSR의문제

• 어떤것이라도보여주기위해모든data를 fetch해야함

• 어떤것이라도hydrate하기전에필요한모든것을로드해야함

• 어떤것이라도상호작용하기위해모든부분을hydrate해야함

All�or�Nothing



3.2�Streaming�SSR�with�selective�hydration

React�18에서잠금해제된두가지기능

• Server�:�Streaming�HTML

• 기존의 renderToString() 대신 pipeToNodeWritable() 사용

• Client�:�Selective�Hydration
• createRoot()와용량이크거나처리가느린부분을Suspense로감싸기



3.2�Streaming�SSR�with�selective�hydration

Case�1.�필요한데이터를모두불러오기전에 HTML�스트리밍하기

특정컴포넌트를Suspense로감싸면

해당부분의데이터패칭을기다리지않는다



3.2�Streaming�SSR�with�selective�hydration

Case�1.�필요한데이터를모두불러오기전에 HTML�스트리밍하기

data�fetch가끝나면약간의 script�조각과

함께HTML�Stream�으로전송한다



3.2�Streaming�SSR�with�selective�hydration

Case�2.�React.lazy와 함께모든코드가로드되기전에 Hydrate

Suspense로감싸면스트림에서

다른부분을블록하지않게됩니다.

이것이선택적하이드레이션입니다.



3.2�Streaming�SSR�with�selective�hydration

Case�3.�모든 HTML이스트리밍되기전에하이드레이션

JavaScript�코드가모든HTML보다먼저로드되면기다릴이유가없습니다.

페이지의나머지부분을하이드레이션합니다.



3.2�Streaming�SSR�with�selective�hydration

Case�4.�모든컴포넌트가하이드레이션되기전에상호작용

React�18에서하이드레이션은

매우작은간격으로실행되므로

메인스레드를블록하지않음



3.2�Streaming�SSR�with�selective�hydration

Case�5.�하이드레이션우선순위조정
React는가능한한빨리모든것을하이드레이션하기시작하고

사용자상호작용을기반으로화면에서가장긴급한부분의우선순위를지정합니다

https://9hfqt.sse.codesandbox.io/

https://codesandbox.io/s/festive-star-9hfqt?file=/src/App.js

https://9hfqt.sse.codesandbox.io/
https://codesandbox.io/s/festive-star-9hfqt?file=/src/App.js


3.3�React�18의 Suspense�변화

추가될기능

• Show�old�data�while�refetching pattern : startTransition과함께사용

• Built-in�throttling�:�스피너가너무자주나타나지않도록조절

추가될수도있는기능

• Backup�suspense�boundaries�:�초기렌더링중에경계안쪽이없는것처럼무시되도록하는방법

• CPU-Bound�tree를위한Suspense�:�I/O�측면이아닌CPU�측면에서무리한연산시Placeholder�표시

추가되지않는기능

• 18에도입되는사항은기반아키텍쳐의개선이고data�fetching�같은전략은제시하지않는다

• react-fetch�(I/O�library),�Built-in�Suspense�Cache,�Server�Components�등은18.x�에서예정

https://github.com/reactwg/react-18/discussions/47

https://github.com/reactwg/react-18/discussions/47


3.4�Automatic�Batching

자동배칭이란

• React�17이전에상태업데이트는이벤트핸들러안에서만배치로작동하였다 (demo)

• React�18이후 createRoot()�API를사용하면모든배치는자동배치로작동한다 (demo)

https://github.com/reactwg/react-18/discussions/21

https://codesandbox.io/s/trusting-khayyam-cn5ct?file=/src/index.js
https://codesandbox.io/s/morning-sun-lgz88?file=/src/index.js
https://github.com/reactwg/react-18/discussions/21


3.5�Concurrent�모드기능에대한공통주제

HCI에대한연구결과가실제 UI와통합되도록돕는것

• 화면간전환에서로딩중상태를너무많이표시하면UX�품질이낮아짐

• 빠르게처리되기기대하는상호작용과느려도문제없는상호작용

• 동시성모드의목적은HCI�연구결과를추상화하고구현할수있는방법을제공하는것

CPU�Suspense�Heuristics Just�Noticeable�Difference�(JND)�boundary



4. React�동시성의기반기술
Under�the�Hood�of�Concurrency�in�React



4장에서소개하는내용의멘탈모델

• 스레드를블록하지않는루프가필요
• 메인스레드에게양보하기위한방법필요

• 컴포넌트트리순회할때블로킹을방지할방법



4.1 React�Packages

개발및빌드환경

• 개발언어 :�Flow, 빌드도구 :�Rollup,�Babel
• 그리고Google�Closure�Compiler

• 빌드결과는umd,�node,�rn,�fb_www

• Better eliminate�dead�code

• Automatically�inline�small�functions



4.1 React�Packages
Package�구조

• Yarn�workspace�기반의Monorepo
• /fixtures�: 컨트리뷰터를위한테스트용예제들

/packages

• React�APIs�:�/react
• Scheduler :�/scheduler
• Reconciler :�/react-reconciler
• Renderers :�/react-dom,�/react-native-...,�/react-noop-…
• Share�:�/share
• Experimental�:�/react-cache,�/react-server,�/react-client�…



4.2 동시성모델과이벤트루프

Stack�Reconciler의 Blocking�Rendering

https://ko.reactjs.org/docs/implementation-notes.html
https://www.youtube.com/watch?v=mDdgfyRB5kg&t=94s

https://ko.reactjs.org/docs/implementation-notes.html
https://www.youtube.com/watch?v=mDdgfyRB5kg&t=94s


4.2 동시성모델과이벤트루프

React�15.x의두개의레이어

Renderer

• Platform
Specific

Rendering

🖼
Stack
Reconciler

JavaScript로개입할수있는부분



4.2 동시성모델과이벤트루프

requestAnimationFrame

• 레이아웃계산전에dom을수정할때유용
• 레이아웃까지남은시간을알수없어연산을일시정지하는데한계

메인스레드가화면을그리는시간

Draw�Callback Idle�Callback



4.2 동시성모델과이벤트루프

requestIdleCallback

• 급한일먼저하시고쉬는시간에요것좀해주세요
• 다음급한일까지얼마남았는지좀알려주세요



4.2 동시성모델과이벤트루프

requestIdleCallback

• jobLoop을예약
• jobLoop에서는메인스레드유휴시간이
있으면작업을반복수행

• 다음유휴시간을예약



4.2 동시성모델과이벤트루프

requestIdleCallback

• 메인스레드의동작이블록되지않도록
• 렌더링작업을작은단위(Chunk)로나누고
• 여러타임프레임에걸쳐분산하여렌더링



4.2 동시성모델과이벤트루프

requestIdleCallback의 문제

• Safari, IE지원안함
• Cooperative�Scheduling�of�Background�Tasks (W3C)

• Callback�호출주기가불안정
• 브라우저탭전환시비활성탭의호출주기가매우낮아짐

https://developer.mozilla.org/en-US/docs/Web/API/Window/requestIdleCallback

https://developer.mozilla.org/en-US/docs/Web/API/Window/requestIdleCallback


4.2 동시성모델과이벤트루프

Scheduler�Package�탄생

• Cooperative�Scheduling�of
Background�Tasks

• 개념상 requestIdleCallback
• 일정한주기로메인스레드양보 (5ms)
• MessageChannel API�기반
• 작업우선순위지원 (Heap)

https://developer.mozilla.org/en-US/docs/Web/API/MessageChannel

https://developer.mozilla.org/en-US/docs/Web/API/MessageChannel


4.2 동시성모델과이벤트루프

Pseudo�Event�Loop Code

https://ajaxlab.github.io/deview2021/eventloop/



4.2 동시성모델과이벤트루프

workLoopSync workLoopConcurrent



4.2 동시성모델과이벤트루프

isInputPending()

https://engineering.fb.com/2019/04/22/developer-tools/isinputpending-api/

scheduler.postTask()

https://www.chromestatus.com/feature/6031161734201344

https://engineering.fb.com/2019/04/22/developer-tools/isinputpending-api/
https://www.chromestatus.com/feature/6031161734201344


4.2 동시성모델과이벤트루프

Scheduler�우선순위제어

• Min�Heap으로구성된Timer�Queue,�Task�Queue
• Heap의정렬기준은expirationTime
• scheduleCallback호출시우선순위를지정
• 우선순위에따라expirationTime이결정된다 à

• Timer�Queue에들어갔다가시간이만료되면
Task�Queue로이동되어실행된다

Timer�Queue Task�Queue

https://github.com/facebook/react/blob/main/packages/scheduler/src/SchedulerMinHeap.js


4.2 동시성모델과이벤트루프

세가지핵심레이어

Scheduler

• Time�Slicing
• Priority

⏱ Renderer

• Platform
Specific

Rendering

🖼
Reconciler

우리가 JavaScript로일시정지할수있는부분

🤔
✔
✔



4.3 Fiber�Architecture

What�is�Fiber?

- 랜더링작업을미세하게분할한다

- 2016년 Sebastian�Markbåge가 KC의 OCaml 동시성에서영향을받아제안

- JavaScript�Stack을사용하지않기위해작업을힙객체에펼친것

- Fiber라는개념은협력적스케쥴링모델로 Ruby 등 다양한언어에존재

- 스택프레임을메모리에유지하기때문에언제든지실행및중지할수있다

- Algebraic�Effects를 지원하기위한기반이된다

- React요소à Fiberà UnitOfWork



4.3�Fiber�Architecture
Fiber�Node Structure

https://github.com/facebook/react/blob/main/packages/react-reconciler/src/ReactInternalTypes.js#L64

Fiber�Tree를구성하는부분

https://github.com/facebook/react/blob/main/packages/react-reconciler/src/ReactInternalTypes.js


4.3�Fiber�Architecture

Fiber�Tree

HostRoot

App

div

header article footer

p ph1

Virtual�Stack



4.3�Fiber�Architecture

LC-RS�Binary�Tree

https://en.wikipedia.org/wiki/Left-child_right-sibling_binary_tree

• 다음작업을쉽게찾기위해사용

언제사용하면좋을까

• 메모리효율성이중요할때
• 노드랜덤액세스가필요하지않을때
• 트리의루트를제거하고각자식을처리
• 한트리를다른트리의자식으로만들때

https://en.wikipedia.org/wiki/Left-child_right-sibling_binary_tree


4.3�Fiber�Architecture

Double�Buffering�Model

• 버퍼에쓰기는읽기보다느리다
• 속도차이로불완전한버퍼를화면에
그리면Flickering이발생한다

• 이를해결하기위해
Front�Buffer를화면에출력하는동안

Back�Buffer에다음에그려질내용을쓴다

• 쓸내용이다채워지면두버퍼를스위칭
• GPU가쓰고있는버퍼가Back�Buffer

https://pixabay.com/photos/1002

https://pixabay.com/photos/1002


4.3�Fiber�Architecture

Double�Buffer준비과정

• FiberRootNode는 current로HostRootFiber를가리킨다

• HostRootFiber는일반Fiber로 alternate�속성을갖는다

• 업데이트할때는workInProgress를수정후current�스위칭



4.3�Fiber�Architecture

Mount�Phase

Step�1.�alternate�node�순회 Step�2. current변경



4.3�Fiber�Architecture

Update�Phase

Step�1.�alternate�순회 Step�2.�current�변경



4.3�Fiber�Architecture

Overall�Flow



4.3�Fiber�Architecture

Lane�Model�for�Fiber�Priority

• 이전에는만료시간을기준으로우선순위를처리했음

• Task�prioritization�:�A가 B보다급한가

• Task�batching�:�A가이그룹테스크에속하는가

• Lane은 Task�prioritization과 Task�batching의개념을분리

• CPU�>�I/O�>�CPU�작업우선순위가있을때

그룹으로분리하면CPU�작업의병목을막을수있음

• 32비트데이터로다수의고유한작업스레드표현가능

• 비트마스크의특성을살려연산속도가빠름

https://github.com/facebook/react/pull/18796

https://pixabay.com/photos/5108525

https://github.com/facebook/react/pull/18796


4.3�Fiber�Architecture
Task�prioritization�:�Lane�Type

• 1�순위 :�기한이지난 또는동기화작업

• 2�순위 :�사용자상호작용에의한업데이트

• 3순위 :�일반우선순위

(네트워크요청에의해생성된업데이트등)

• 가장낮은순위 : Suspense

Task�batching�:�Lanes�Type

• InputDiscreteLanes :�사용자상호작용

• DefaultLanes :�데이터요청에의한업데이트

• TransitionLanes :

Suspense, useTransition, useDeferredValue



4.3�Fiber�Architecture

Lane�Bit�Operations

• 가장높은우선순위찾기
• 특정배치작업순위에현재테스크가속하는가
• 여러순위작업을머지
• 배치작업에서지우기
• 두Lanes에서교집합을구하기



4.3�Fiber�Architecture

Lane�Model로얻는것

• useTransition에서중간상태건너뛰기구현
• useTransition을통한Parallel�UI�transitions
:�관련없는트리의전환이서로블록하는것을막기

• useState후크를통해예약된상태업데이트를빠르게계산

https://github.com/facebook/react/pull/18796

https://github.com/facebook/react/pull/18796


4.3�Fiber�Architecture

세가지핵심레이어

Scheduler

• Time�Slicing
• Priority

⏱ Reconciler

• Fiber
• Lane

Renderer

• Platform
Specific

Rendering

🖼

스케쥴러와Fiber�Reconciler로 Blocking�문제를해결했습니다!

✔ ✔
✔ ✔
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