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1.2 React 18 Alpha Release

React 18 EE|X =

« 20214 62, X[M|CH 0|O| X &2l React 18 E2|X =H| A2 S & H


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

Alpha

- 2| E MEfAe] =8 2to|E 22|t ot Easth XS T

- MZ2 API OIR 2] E 2 (useMutableSource, useOpaqueldentifier &)
Beta (2 &

— il.’F_ EIElAO-" JII 'ﬂ- _7|<_ I:I=|7c§ *l—'c':'l-j_l_l- AHE_?_ 7|h()| E'c?l'
- O 3 HRLIE[E 205t O|EHE =&
RC (H &t

- AREAP Z2EM 2HE0jA HIAESH= O X gis 2P T
Stable (RC & 2~4%)

- React 18.0 Release


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

1.4 20| FefX|L

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

SSR support for Suspense
Fixes for Suspense behavior quirks

Concurrent Features

startTransition

useDeferredValue

<SuspenselList>

Streaming SSR with selective hydration
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https://github.com/reactwg/react-18/discussions/4

DEVIEW

1.4 20| FefX|L

Concurrent Rendering Mechanism

- oigd

- =Lt (Interruptions)


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

DEVIEW
2021

Installation experimental version

npm tnstall react@experimental react-dom@experimental

Legacy mode, “Concurrent mode ‘=

ReactDOM. render(<App />, root)

ReactDOM. createBlockingRoot(root).render(<App />)

ReactDOM. createRoot(root).render(<App />)



https://reactjs.org/docs/concurrent-mode-intro.html
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Feature Comparison
Legacy Mode Blocking Mode Concurrent Mode

String Refs O** O**
Legacy Context O** O**
findDOMNode O** O**
Suspense
SuspenselList N
Suspense SSR + Hydration N
Progressive Hydration N,
Selective Hydration ) N
Cooperative Multitasking ) )
Automatic batching of multiple setStates ©*
Priority-based Rendering O N
Interruptible Prerendering N, N,
useTransition S )
useDeferredValue O S
Suspense Reveal “Train” ) N


https://reactjs.org/docs/concurrent-mode-adoption.html
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Legacy mode, Concurrent mode &5 At =

- HTIHo| 1 QHX3 ¥ 20|= X

O 1

ReactDOM. render(<App />, root)

ReactDOM. createRoot(root).render(<App />)
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1.7 "Concurrent” 801 42|

* ReactDOM.createRoot AlHA| LHEAOZ "concurrent mode" s}
o 2iL} O] ZHO|A HIEA| "concurrent rendering” ol 22 OfH

 "concurrent features" Ar2¢ I8t "concurrent rendering” =<


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

2. EA|NOZ st = 2R

What Problems Can Concurrency in React Help Us Solve?
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2.1 Concurrency vs Parallelism

https://golang.org/doc/gopher/README
Robert "Rob" C. Pike Designed by Renee French (CC BY 3.0)

https://commons.wikimedia.org/wiki/File:Rob-pike-oscon.jpg
Photo by Kevin Shockey (CC BY 2.0)



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

m DEVIEW
2021

2.1 Concurrency vs Parallelism
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https://go.dev/blog/waza-talk
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2.1 Concurrency vs Parallelism
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2.1 Concurrency vs Parallelism
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1487

Concurrency is when two or more tas
complete in overlapping time periods.
mean they'll ever both be running at th
example, multitasking on a single-core

Parallelism is when tasks literally run :
on a multicore processor.

Quoting Sun's Multithreaded Programr

e Concurrency: A condition that exis
threads are making progress. A mq

< C

@ wiki.haskell.org/Parallelism_vs._Concurrency

Navigation
Haskell

Wiki community

Recent changes

Random page

Tools

Page Discussion Read View sour;

Parallelism vs. Concurrency

The term Parallelism refers to techniques to make programs
the same time. This requires hardware with multiple process
are of the same structure, but this is not necessary. Graphic
problem of parallelism is to reduce data dependencies in org
independent computation units with minimal communicatior
advantage to do the same computation twice on different un

parallelism that can include time-snemygasaTornron

virtual parallelism.

e Parallelism: A condition that arises when at least two
threads are executing simultaneously.

Th
Pragmatic

€
I%%lgrammers

Seven Concurrency Models

in Seven Weeks
When Threads Unravel

Series editor: Bruce A. Tate

Development editor: Jacquelyn Carter



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
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2.2 Blocking Rendering =4

Renderer Process

TR, o
Feeeerd Mai; thread OI.LI-AA'!

e

<script>

tmport awesomeldS from ...
awesomeJS.run( )

</script>

¥ HTML Parsing l Run JavaScript Rendering |EXX



https://developers.google.com/web/updates/2018/09/inside-browser-part1
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2.2 Blocking Rendering &4

Renderer Process

Sl Sk SHH 2|l E
B 21142} 01 Ao
0 Main thread %?J -61'?_1
H=E o~ ALk

ReactDOM. render(<App />, root)

ﬂj React Rendering Operation Commit to DOM
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Renderer Process

.’o.o..o‘“ 3“ :.a_.l E-II
tx &R uJ0
....... > .. O] Q1440]
)))..o Main thread DH—?— EEH
X| & EICHH?

<SCript=

ReactDOM. render(<App />, root)
</SErRUpL>

React Rendering Operation
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2.2 Blocking Rendering &=Xl|

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

const { useState } = React; Blocking (78)

function App() { 312312313132131312321312312312321312312312312321313654564566456654666543555555

const [text, setText] = useState(''); LT L i
<div_className='container >
<h1>Blocking ({text.length})</nl> HEERGEINGSSTHEES S Sen i b R e B e
type="text" R B R R R e T R e B R e
value={text} R R S R e e e e R
maxLength={100} R e T R B L e e
onChange={ ({target}) => {

H

/>
<ColorList length={text.length} /> sttt Hn S R i it e s S s O i
</div> B e e e L

} u EEE EEEECEENCE SENEEEN EETE EEEN EECEECECEE ESCESEEESEEEEEEEE HEEE NEEN EEEEEEN N ENEEN ENEEEEEEETEN] EEECEEEEEENE HE |
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2.2 Blocking Rendering =4

Blocking Rendering 2’8 : Recursive



https://www.youtube.com/watch?v=mDdgfyRB5kg&t=94s
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_.debounce(callback, [wait=0])

_.throttle(callback, [wailt=0])
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Blocking Rendering 2178 (1AM £ £)
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3.React 182 SAIM 7=

Concurrent Features in React 18
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API EI*I LH—I?— :r"?_:l Llet tsInTransition = false

function startTransition(fn) {
== S Fae) tsInTransition = true
. fn()
setStateA(vall) 1sInTransition = false
5

startTransition(() => { function setState(value) {
' ‘ | - dlok stateQueue.push({

nextState: value,
1sTransition: i1sInTransttion

setStateB(val2)
+ }

s Pseudo Code




DEVIEW
2021

e CPU Bound UX &X|Z s}
o [T 2H HH|O|E F SHES §X
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3.1 startTransition

const { useState, useTransition } = React;

function TextInput({ onChange }) {
const [%ext, setText] = useState('');
return . . . . .
cinput type="text” values{text} https://ajaxlab.github.io/deview2021/concurrent/
onChange={({target}) => {
setText(target.value);
}}onChange(target.value);
Tl Concurrent (78)
b

321313123113122132313123321311232132131231231131312578340765460567054868908609

function App() {

const [size, setSize] = useState(0); £ BRI e R e e P s S B e R
const [isPending, startTransition] = useTransition();  Hiififnidine’ gt pEsliini S i R s S R i R
function handleChange(text) { SRR e e e R S B
startTransition(() => { S I s R R e L
setSize(text.length); s R R R S R s T e e B
h; i S s R e e R e N S D
& SRR R L e S R e T i
return IR G S e e D P R B
<div className='container’> e P R
<h1>Concurrent ({size})</hl> P
<TextInput onChange={handleChange} /> L S S R U e B e
<div className={isPending ? 'pending' : ''}> SR R R S e S S T e S R BT
<ColorList length={size} /> e T R R L B P B e e i
</div> B S R s B R P T S S i R
</div> B T e R R e R T e R
e HE R R e e e
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Task / : / / / : / / 3 / / ; 2

Event: keypress ‘.‘ ‘I

Event: textlnput ]
\ Event: input

attemptToDispatchEvent
dispatchEventForPluginEventSystem
batchedUpdates

batchedUpdates$ 1
flushSyncCallbacksOnlylnLegacyMode
flushSyncCallbacks
performSyncWorkOnRoot

n
| Function Call
dispatchDiscreteEvent
dispatchEvent

renderRootSync commitRoot
workLoopSync workLoopSync commitRootimpl
performUnitOfWork p...k p... performUnitOfWork perfo...fWork performUnitOfWork perf...Work perf...ork perf...ork perfor...fWork commitMutationEffects
beginWork$1 commitMutationEffects_begin commitMuta...cts_begin
beginWork co...te commitMut..._complete com...te c... co...te commit...mplete commitM...mplete commitM...omplete
updat...ent$1 (e COTT " co...er coerd | fco™n co...r com...ber co...er commitMu...OnFiber
r... recon...ldren
reconc...ibers
recon...Array
cre...ild
cre...nt
cre...ps
cr...er
Task Task Task Task Task Task  Task Task Task Task Task Task Task Task

N Task
Event:...press Func...all Fun...all Fun...all Fu...ll Fu..ll Fu..ll Fu..l Fu..ll Fu..ll Fu..ll Fu..ll Fu..ll

Function Call I-I
Event:...Input perf...ine pe...ne per...ne p...e p...e p...e p...e p..e p..e pe..e pe..e p..e performWorkUntilDeadline
O n C u r re n t Event: input flus Pork Miuekiy Mlutorkl itk MRk Ak My Stk SRk | kgl Mkl MRS fushWaork
Function Call WOr...op WO...0p WO...0p W..p W..p W..p W..p W...p W..p WwW..p w...p w..p workLoop
disp...ent per...oot pe...ot per...ot P fp& p.-.t [plt p..t p..t p.t p.t p..t performConcurrentWorkOnRoot
disp...ent ren...ent re...nt ren...nt et helx it hdn [l re.t re...t re..t r..t r..t finishConcurrentRender
atte...ent wor...nt  wo...t Wwo...nt w...t  w...t w..t W.t w..t w.t w.t w.t wlt w.. commitRoot
dis...tem per...rk pe...rk  per...rk p... p... p...k p... p... p... p..k p... p... commitRootimpl
batc...tes be...$1 be...1 be...$1 commitMutationEffects
fini...dler be...k be...k be...rk commitMutationEffects_begin com...gin
flu...ync u...t up...t up...$1 commitMutationEffects_complete com...ete
flu...cks re...ks re...en commitM...nFiber commitMutationEffectsOnFiber co...er
per...oot Tr..M rec...rs
c...t (@...s) re...ay
c... C...
C .k
C C...
C Cor
=
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 Yielding : O E 21H=
* |Interrupting : SA|'S &2

+ O|T 21} AHF{2| : XY JENT Bt Foe= S SEl 3= 24 E

setTimeoutz| {2 AH| CIE9}

+ setTimeout2 2 Task Queuel]| S0{2t EH2 E0{?F S=AMCHR

Al FaF s GISL.


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

DEVIEW
2021

Urgent Updates

Transition Updates

o SFL}Q| viewO||AM CI2 view 2 X3ks}17|
o FstE|= S2HPH S J|CHS}HX| OH=L

A0 AlZ2FO] AR K= A= oot}
* Load Transition, Refresh Transition
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™S 2It0| HH|0|E = OFX[2} 40 HEQS

i

startTransition(() => {
setSearchQuery("h");

})

startTransition(() => {
setDependentl(value)
setDependent2(value)

1)

startTransition(() => {
setSearchQuery("he");

})

startTransition(() => {
setDependentl(value)

1)

startTransition(() => {
setDependent2(value)

startTransition(() => {
setSearchQuery("hello");

1)

})
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3.2 Streaming SSR with selective hydration

7|= SSRO| &2x|
« Ot AHO|2tE HO{FV| 2ol B & datas fetchdlOF &
6 0|2t hydratest?| 0| 2ot R E ZS 2 EG|{0f ¢

A\
i JH0|2te A2 2t8617| 2ls] 2E 22 hydrateds{of &

2 2

All or Nothing
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3.2 Streaming SSR with selective hydration

React 180j|A] Zra oAM=l &= 2HX] 2|&

* Server : Streaming HTML
» 7|&9] renderToString() 4! pipeToNodeWritable() At&:

* Client : Selective Hydration

» createRoot()2 20| A HL} X2|7t L&l BEE2S Suspensez ZM}7|
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Case 1. 2R°H|O|HE 25 22{27| [0 HTML AEE[US}Y|

L
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E X
/| O
r:::—: L IE:_::l 'l"":l‘l'|||I II::' IL_/‘I iL_ ’.':—:E
4 C

: [ I' =
'-'.'--_-_: r".'."'ﬂ I;___.:I_ ","’n“||l' :ig l;___-T'I. ll‘.._‘ JI‘“.l"Illr ,-_—__.—.-'4’ OH o T

Ho| 4|0|E IjAI2 J|Cl2| K| Q=L

L0|_
iﬁlﬂﬁbar />

< |=':]| 10NTP ANA™
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- Y . - IL__/!u I‘-._. ot
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nse fallback={<Spinner /

<Comment
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f n ° -
g y | B - — = = ——
~ y . 'y N Bl aVah™
</Ri1iahtPane>
- II'I , e ) - l:__.-‘l S
K =1
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Case 1. ZQSIHIO|EHE 25 22{27| M0|| HTML AEE|U5}7

data fetch?} LM 2F2+9| script X221}
S| HTML Stream 2 F&SIC}

<d1v hidden 1d="comments">

p FlFSt comment /P>
>Second comment</p>

document.getElementById( 'comments-spinner')
.replaceChtildren(
document.getElementById( 'comments')
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Case 2. React.lazye} )| 2= ZEVF 2EEE|7| M0 Hydrate

import { lazy } from 'react’';

EZ0|A
sl =L,

const Comments = lazy(() => import('./Comments.js'

JHA fallback {<Spinner />}> |'O|EE‘"O|+_=I ?=IL||:|'
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Case 3. 2= HTMLO| AE2|UE|7| M0Oj| 5}O|E2{|0|M

JavaScript IEJ B E HTMLELC HX 2EE|M J|CHE 0|2t gLt
m[o]| X[ LIHX| R&Z= St0|=2|0]4 BfL|CE.

<}
NV
o

1/




Case 4. B E HEHAED} 10| E8|0|ME|7| HOof| M2 A&

React 180{|A{ S}O|E4j|0| M2

11 X2 212402 Mslg|oz

=1 L—

H| Q1 A

C=E B
EES S5

O X|

o] i=]
LS

elick!

(W/Jr‘ox‘tina. h
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lective hydration =

3.2 Streaming

Case 5. S|0|E||O0|M M =2
React= 7= ot ot lg| I = 212 10| E8
A

i ?/ 207

0777272777

g/
/) '/
/) // 7/

/77 7, 7777 7777, /7
/ /7/ /// /”w‘//// //é/fc//f//“’/;//f 7 /,/7/??7// 7
//// / /// 00000 L

// / ///
////, //

/ ’//
,/// 7/ // ///

,'//////// //// /'///////,
, / ////////:a// w,
WMEmiimimimin

7
7/ 4/{/ / 7/ 7/

) ///
. / /////;/// ///// /{///////// %
7/ /{,/,;/////// //,/ 7 //
/ 7/ 7 ’/

//,

g
-
R

Z ’;/,/

click (If\t/dr‘octing...)



https://9hfqt.sse.codesandbox.io/
https://codesandbox.io/s/festive-star-9hfqt?file=/src/App.js
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3.3 React 182| Suspense Hz}

M ?1s
 Show old data while refetching pattern : startTransitionEt SHH| A
 Built-in throttling : AO|LJ} L& X3 LIEILIX| e E X E

;tjl.EI A OIE jl%

» Backup suspense boundaries : £7| I & F0f| 4| QtZ0| ¢i= A XEH RA|L|EE 5= HHHH
» CPU-Bound treeE 2|5t Suspense : I/0 00| Ot CPU ZMHO|IM R2|5t 914EA| Placeholder EA

FIEX] = 7ls

LS L—

. 180]| EQUE|= AFSH2 J|HE OF3|EIX{ Q| JiA10]| 11 data fetching 22 F2F2 X|A|6}HX| Ot=L}

» react-fetch (I/0 library), Built-in Suspense Cache, Server Components <= 18.x O|A] oI


https://github.com/reactwg/react-18/discussions/47
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A1S HiZOIT

» React 170|180 &Elf GO E+= O|HI E o =2 Croj| ATt HYX| = £F-F0FRARLCT ( )
» React 180|=% createRoot() APIE A6 2= HX|= XI5 H{X| 2 2SSt} ( )

function handleClick() { fetch( ).then(() => { import { flushSync } from 'react-dom';

setCount(c => c + 1) setCount(c => c + 1) function handleClick() {

setFlag(f => !f) setFlag(f => !f) flushSync(() => {

} 1) setCounter(c => c + 1);
});

flushSync(() => {

_ _ setFlag(f => !f);
setTimeout(() => { elm.addEventListener('click', () => { }):

setCount(c => c + 1) setCount(c => c + 1)
setFlag(f => !f) setFlag(f => !f)
}, 1000) })



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

HCIOH CHEH 917 Zapt A% Ulgt SSE|E 2 S& 2

. B 2 HBOM 2Y 5 AEHE 142
. WHE K2|5|7] 7|ChsHs A
O

=RSES
+ SAIS HECO| SXR 2 HCI U+ 24

= "1 L

function jnd(timeElapsed: number) {
return timeElapsed < 120
7 120
: timeElapsed < 480
? 480
: timeElapsed < 1080
7 1080
: timeElapsed < 1920
7 1920
: timeElapsed < 3000
let workInProgressRootRenderTargetTime: number = Infintity; e 101010
: timeElapsed < 4320
? 4320
: cell(timeElapsed / 1960) * 1960;

let globalMostRecentFallbackTime: number = 0;
const FALLBACK_THROTTLE_MS: number = 500;

const RENDER_TIMEQUT_MS = 500;

CPU Suspense Heuristics Just Noticeable Difference (JND) boundary
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4 /React SA|AIQ| J|HE D=

Under the Hood of Concurrency in React
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function workLoop() { . . : : :
| 0 ; function reconcileChildren(fiber, children) {

while (workInProgress && !shouldYield()) {

| = iterate(children, (child) => {
workInProgress = performUnitOfWork(workInProgress) const status = compareToOldWork(child)
} —_—

_ | switch (status) {
if (!workInProgress && rootToCommit) { case 'toAdd’:

} commitRoot( ) fiber.child = createFiber('PLACEMENT")

\ case 'toUpdate':
fiber.child = createFtiber( 'UPDATE")

case 'toRemove':

function performUnitOfWork(work) { deletions.push(child);

const { children } = work.props
reconcileChildren(work, children)

return getNextWork(work)

}

» Af|EE SS0MK B F

L
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HNE AN : Flow, 2E &1 : Rollup, Babel
« 12|11 Google Closure Compiler

etter eliminate dead code

., HI

B
» Automatically inline small functions
1=

1= umd, node, rn, fb_www

varn run build react/index,react-dom/index --type=UMD

\home\react>yarn build react/index,react-dom/index --type=UMD
yarn run v1.22.11
$ node ./scripts/rollup/build.js react/index,react-dom/index --type=UMD
react.development.js (umd_dev)
react.development.js (umd_dev)

:{UgE[cl react.production.min.js (umd_prod)
react.production.min.js (umd_prod)

[Vpgs[cl react.profiling.min.js (umd_profiling)
react.profiling.min.js (umd_profiling)

{0 [cl react-dom.development.js (umd_dev)
react-dom.development.js (umd_dev)

(o dl\[cl react-dom.production.min.js (umd_prod)
react-dom.production.min.js (umd_prod)

react-dom.profiling.min.js (umd_profiling)
react-dom.profiling.min.js (umd_profiling)

Bundle Prev Size Current Size
react.development.js (UMD_DEV) 111.21 KB
react.production.min.js (UMD_PROD) 11.52 KB
react.profiling.min.js (UMD_PROFILING) 11.52 KB
react-dom.development.js (UMD_DEV) 1.01 MB
react-dom.production.min.js (UMD_PROD) 129.76 KB
react-dom.profiling.min.js (UMD_PROFILING) 137.44 KB

Done in 47.63s.

Diff

n/a

n/a

n/a

n/a

n/a

n/a
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n rollup.js

Prev Gzip

Current Gzip
28.52 KB

4.5 KB

4.5 KB
224.33 KB
41.95 KB

44.33 KB
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"7 create-subscription

= build
=7 fixtures

4.1 React Packages

P a C ka g e ?—}_ " packages = jest-mock-scheduler

=7 scripts =7 jest-react

AUTHORS [T react]
) Ya rn Workspace leH_I-'O_l Monorepo ¥ CHANGELOG.md "7 react-art

~ dom-event-testing-library
=7 eslint-plugin-react-hooks

v v A4 A4 v

¥ CODE_OF_CONDUCT.md =7 react-cache
. . e ¥ CONTRIBUTING.md =7 react-client
¢ /f|XtU reS . ?;IEE'#E-l% -?_l OI_I- E-"éE-g- 01|x-||% LICENSE "7 react-debug-tools
netlify.tom| ~ react-devtools

v README.md [T react-dom |
¥ SECURITY.md =7 react-fetch

/ p a C k a g e S yarn.lock =7 react-fs
€ babel.config.js =7 react-interactions
¢ dangerfile.js = react-is

° ReaCt APIS : /rea Ct ¢ ReactVersions.js " react-native-renderer
package.json ~ 7 react-noop-renderer
! appveyoryml = react-pg

° SChedUIGr : /SChedUIGr rb react-reconciler |

"7 react-refresh

 Reconciler : /react-reconciler B react-server

"7 react-server-dom-relay

" react-server-dom-webpack

* Renderers : /react-dom, /react-native-..., /react-noop- -- 33 react-server-native-relay

~ react-suspense-test-utils

® - "7 react-test-renderer
Share : /share e

=7 shared

« Experimental : /react-cache, /react-server, /react-client - 2 use-subscrptir

= use-sync-external-store
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] ) ] function mountHost(element) {
Stack Reconciler2| Blocking Rendering var type = element. type;
var props = element.props;
var children = props.children || [];

children.forEach(childElement => {

var childNode = mount(chtldElement);
node.appendChild(chitldNode);
});

user input

(rendered)

return node;

}

function mount(element) {
var type = element.type;
if (typeof type === 'function') {

input
response

return mountComposite(element);
} else if (typeof type === 'string') {

search render
photos list items

return mountHost(element);

}

chrome dev summit 2018

}



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

» g|0|0FR A4t HO| domS +HEY I K&

=
» Zf|OJOFRMA] H2 AlRkE & =+ 8101 Utts ZA| BXIok=C| e

Frame Frame
16.7ms

a
v

requestldelCallback

|dle Callback

- L |

HIQAH =0t 2lHS O2|= A2t

L
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requestldleCallback

. st

oF S HX SIA|LL 2|= A2H0]| 24 & SliIFA2
» L= =0 G7HX| G0 HU=X] & ST
Frame Frame
16.7ms

Y
v

requestidieCallback
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let job = null

requestldleCallback

function jobLoop(deadline) {

while'(job && deadline.timeRemaining() > 0) {

+ jobLoop= 0§|2F

* jobLoopOfiA = H|Q! AYE S5 A|210] job = performJob(job)

}
O i=] A0
IQIEI_:| x—ll-?:l-l = Ifl_l'% ‘I‘%}:I | |
requestIdleCallback(jobLoop)
ook o
- I RRAMUS O }

function performJob(job) {
console.info(job)
if (job && job.val < 10) {
return { val: job.val + 1 }

}

return null

}

requestIdleCallback(joblLoop)
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requestldleCallback
+ ORI A EC| FZ0| EEEIX| UER
- HIHY ZAHS Z2 THR|(Chunk) 2 LiFD

+ O] BfY e[l X 240t HET

Frame Frame Frame Frame Frame

AN N G N N N N N DN G . . _—_—
-

M N N N N N G DI PN N . . —_—_—
A

Y PSRN = PENNEY  GEEER)  DEEEEY  BENNNN 0 BSEMEN  KTOMEN G I GOEeS) GO .
A

M N O N T N NN G N G G . _—_—
A

M I N N S N T N N NN D . —_—_—
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requestidleCallback?| =X
» Safari, IE X|H ot
« Cooperative Scheduling of Background Tasks (W3C)

+ Callback 2= F7|7| 2QH
- BEt@X § det Al Hjghd Bel 25 #7010 R KOt


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

ReactDOMRoot.prototype.render()

S C h e d U I e r P a C ka g e EI-ACIJ unstable_scheduleCallback(

priorityLevel, callback

Cooperative Scheduling of

requestHostCallback (flushWork)

Background Tasks
« I'E4 requestldleCallback

schedulePerformWorkUntilDeadline()

I I

OEI§->I-6|-_I- $—7 |E u'"?_léa'"E %I:E (SmS) Yes MessageChanel
MessageChanne| AP| 7|8t performWorkUntilDeadline()

@)
x—ll'?:l-l —?—ﬂ _¢__?_| xl'.:-l (Hea p) hasMoreWork ? flushWork()

workLoop() Q
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https://developer.mozilla.org/en-US/docs/Web/API/MessageChannel

Pseudo Event Loop Code

const performWorkUntilDeadline = () => {
startTime = performance.now( );
currentTask = flushWork(currentTask)
if (currentTask) {
schedulePerformWorkUntitlDeadline( )

}
}

const channel = new MessageChannel()
const port = channel.port?2
channel.portl.onmessage = performWorkUntilDeadline
schedulePerformWorkUntilDeadline = () => {
port.postMessage(null)

}

DEVIEW
2021

const queue = []

const frameInterval = 5
let currentTask = null
let startTime = -1

function shouldYield() {
const timeElapsed = performance.now() - startTuime
return timeElapsed > framelnterval

}

function flushWork(currentTask) {
let count = 0
while (currentTask && !shouldYield()) {

count++

}

return queue.shift()

}

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

function workLoopSync() { function workLoopConcurrent() {

while (workInProgress !== null
&& !shouldYield()) {
performUnttOfWork(workInProgress);

}
}

while (workInProgress !== null) {
performunitOfWork(workInProgress);

}
}
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4 islnputPending() & scheduler.postTask()

async function runExample() {

while (WOFkQueue,length > 0) { let resultPromise = scheduler.postTask(() => {

, . . . - dToContent('h3', 'Schedul: Tasks');
if (navigator.scheduling.isInputPending( [ })?ppe” LTI cheduling Tasks®)

'mousedown’, 'mouseup', 'keydown', 'keyup’ await resultPromise;

] )) { | B let results = [];

break: results.push(scheduler.postTask(() => 'line 3', {priority: 'background'}));
) results.push(scheduler.postTask(() => 'line 2', {priority: 'user-visible'}));
} results.push(scheduler.postTask(() => 'line 1', {priority: 'user-blocking'}));

let job = workQueue.shitt(); results.forEach((promise) => {

jOb.EXECUtE( ), promise.then((result) => appendToContent('div', result));
});



https://engineering.fb.com/2019/04/22/developer-tools/isinputpending-api/
https://www.chromestatus.com/feature/6031161734201344
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switch (priorityLevel) {

A O atepriority;
SCh Ed U Ie r —?—|*_-I _||__T| x-" O-l Caiimirgﬁid:a;;;;g;;gPRlORITY_TIMEOUT;

break;
] ] case UserBlockingPriortity:
° Mln Heapgg __I_LAC-)IEIJ Tlmer Queue’ TaSk Queue E;:gﬁut = USER_BLOCKING_PRIORITY_TIMEOUT;
] ) ] casg IdlePriority:
o 9_| JE-DI'--'E# jl_f,_:_% exp|rat|0nT|me Eﬁlﬁﬁ?t = IDLE_PRIORITY_TIMEOUT;
. case LowPriority:
e scheduleCallback 25*' ‘?‘ﬂ _i__?_ % x|Jg| b R R D
case NormalPriority:
OAN A0 ' ' ' 24 & efault:
T '—-I T'__T|O'" [[l-El- eXp|rat|OnT|meO| =0 '—Il:l- 9 : ]tcim;(t)ut = NORMAL_PRIORITY_TIMEOUT;

break;

» Timer Queuel] SO ULt A|2H0]| Rtz [ )

let expirationTime = startTime + timeout;

TaSk Queueg Ol%Elo_l IAE|'O';:|->|EI_IE|. const newTask = {

1d: taskIdCounter++,
callback: callback,

/ ™ sortIndex: -1

)

| if (startTime > currentTime) {

/ w‘ ‘ﬁ*‘-u f_.«" ! \ .
{ \ p &, \ newTask.sortIndex = startTime;
.@ .@ .@ .@ } else {

newTask.sortIndex = expirationTime;

Timer Queue Task Queue


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

What is Fiber?

- O Y-S 0|M[5HH =2 eCt

- 2016 Sebastian Markbage?t KC2| OCaml SA|0|A &
- JavaScript StackS AFEolX| g2 2loH 2= & 2A[off B A
- Fibergt= 82 &5 AT E2E Ruby S

- AER OGS HZ22|0| 7X| o2 IhE0f| HX=X] 28 =
- Algebraic Effects& X|glo}2| §Igt 2|gto]| =IC}

- React@ 4 =2 Fiber 2 UnitOfWork

S—
O
AL
Of
™
ujo
[
—
O
—
=
O
g




Fiber Node Structure

type Fiber = {

tag: WorkTag;

type: any;

return: Fiber | null,
child: Fiber | null,
sitbling: Fiber | null,
alternate: Fiber | null,
lanes: Lanes,

childLanes: Lanes,
updateQueue: mixed,
pendingProps: any,
memoizedProps: any,
memoizedState: any
nextEffect: Fiber | null,
firstEffect: Fiber | null,
lastEffect: Fiber | null,

DEVIEW
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Fiber Treeg +1'dot= £ &

type Fiber = {
return: Fiber | null,
child: Fiber | null,
sitbling: Fiber | null,
alternate: Fiber | null,

}


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

o Virtual Stack

Fiber Tree

peginWorl
_____ App( )
div()
function App() { hg?e?z)
ar cLe
return ( h
<di1v> interrupt!
<header></header>
<article> footer()
<hl></h1> P b
<p></p> K 4. h
<p></p> | \ p || P
, header 4—» article :\ footer
</article> N header article footer
<footer></footer> — S — ~ »
. o \,
</div> P i 8
App

/ / HostRoot
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4.3 Fiber Architecture

LC-RS Binary Tree A A
/
. ChS ZHAS 2 30| 2IeH AL B{/D/ \E\F\G N
/NN NS
SH ArEorH Z=7 SO I S A R TR TR
. H22| 28AM0| 9%t} / \ | | \O \J \E
e L LC ZHHA OHolAjl.ILIZ-C')-I.xl orS [Ij " 0 i ? K/ \F
o = N /NN

= 2|0| 2EE HPISHD 24 XpA2 K2 LG
. Bt E2|S CI2 E2|9| X}MOR BHE I " m


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

Double Buffering Model

»+  HIHO| AT = 847 | ECt 2T}

. &L X0|2 SIS IS SHo0]
12|™M FlickeringO| &St}

. 0|5 sHZst| Yot ol
Front BufferE s}0H0j| =2461= SOt
Back Buffer0j] Ct=0f| J24% L= #2CF

2 LH8O| L} M{UX[H F HIHE AH

 GPUZ} A1 Q= HI{?| Back Buffer

-
...
»
»
“u
e
L
.

Video
Controller Screen

Switch
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https://pixabay.com/photos/1002

4.3 Fiber Architecture

Double Buffer =H| 1}4

ReactDOM.createRoot(root)

i

createContainer()

l

createFiberRoot()

l

new FiberRootNode(container, ...)
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HostRootFiber

App Fiber

current

FiberRootNode

alternate alternate

workinProgress

HostRootFiber

FiberRootNode= current® HostRootFiber& ?2|2IC}
HostRootFiber= &Yt Fiber2 alternate =/d= A=t

AHO|0|E & I} = workIinProgressE =8 £ current A 2%



Mount Phase FiberRoot

current

function App() {

alternate

const [v, setV] = useState(0) HostRoot HostRoot
return (
| | N _
<div onClick={() => {
setV(v + 1) “
{v}
</div> App
) N

}

ReactDOM.createRoot(root) K4
.render(<App />);

Step 1. alternate node 23|
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FiberRoot

current

alternate
HostRoot HostRoot

Step 2. current 13



4.3 Fiber Architecture

Update Phase

HostRoot

FiberRoot

current

alternate

HostRoot

FiberRoot

current

alternate

HostRoot

HostRoot
1 4
alternate
App App
2
3
div alternate div
2 1

Step 1. alternate =3]

HostRoot

2

Step 2. current £42
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FiberRoot

current

alternate

HostRoot
4
alternate
App App
3
div alternate div

2

O



4.3 Fiber Architecture

Overall Flow

performWorkUntilDeadline

Y

workLoop

|

performConcurrentWorkOnRoot

Y

renderRootSync / Concurrent

I
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\ 4

finishConcurrentRender

l

workLoopSync / Concurrent O commitRoot
I I
performUnitOfWork commitMutationEffects
begi:Work completeljnitOfWork commitPfacement commftWork
l l l
update:ostRoot mountlndetermitateComponent completeWork appendChild commitUpdate

I

:

:

reconcileChildren renderWithHooks createlnstance
\4 4 4
new FiberNode() App createElement

:

React.createElement

Render Phase

Commit Phase

ReactDOM
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4.3 Fiber Architecture

Lane Model for Fiber Priority

. O|FOfl=OIZ A|ZI2 J7|Z=0 2 2M 2912 Hz[3HS -

» Task prioritization : A7} BELC} 2317} J Iy

» Task batching : A7} 0] & H|A3 0| £8}=2}

« Lane2 Task prioritization2} Task batching?| ?E= &c
« CPU>I/0>CPUAY M =271 U2 ]

JE0=F Ha[slH CPU Xffo| ¥

L=l
« 32H|E 4|O|E| 2 Cie| Qo 2t Apj|E Hod D= https://pixabay.com/photos/5108525

- H[EOA3O 585 & U2t iE


https://github.com/facebook/react/pull/18796
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export const TotalLanes = 31;

. . . - export const NoLanes: Lanes 0b0OOEOOOOOOOOOOEOOOOEOOEOE00000000;
Tas k r.l O r|t|Zat| O n n La n e T e export const NoLane: Lane = 0b0000000000000000000000000000000;
p . yp export const SynclLane: Lane 0b0000000000000000000000000000001 ;
e e export const InputContinuousHydrationLane: Lane = 0bOOOOCOOOOEOOOOOEOEOOOEOOO00000010;
o A O] - j | oI-Ol xl |_|- [C - = jl I_ XFOH export const InputContinuousLane: Lanes = 0b0000000000000000000000000000100 ;
L s L. 41— 1L_ O =
export const DefaultHydrationLane: Lane = 0b0OOOOOOOEOOOOOEOOEOEOOO0000001000;
. . export const DefaultLane: Lanes = 0bOOOOCOOOOOOCOCOCOEOOOOOEO00010000;
o AO| - Al-_g_xl- Al‘g Il'_g_()-” O|o|'°'||___-||O|E
_||__T . O o 10 — H — const TransitionHydrationLane: Lane = 0bOOOOEOOOCOEOOOEOCOOOCO0000100000;
const TransitionLanes: = 0b00000000O1111111111111111000000;
const TransitionLanel: = 0b0OOOOOOOEOOOOOEOOEOOOC001000000;
° 3 AN Ol - Ol HI. @) *—I AN Ol const TransitionLane2: = 0b0000000000000000000000010000000 ;
Tl 2 TL T const TransitionLane3: = 0b0000000000000000000000100000000;
const TransitionLane4: = 0b0OOEOOOOOEOOOOOEOOEOEOO01000000000;
const TransitionLane5: = 0b0OOOOOOOEOOOOOEOOEOOO10000000000;
(L_” = (@) q *.'O_" Ol-(')-H AH A—' E (@) I:_”O = :) const TransitionLane6: = 0b0000000000000000000100000000000;
— — (@) = o o L H const TransitionLane7: = 0bOOOOEOOOEOOOOOEOCOO1000000000000;
const TransitionLane8: = 0bOOOOOOOOOOAEOOOEOO1O000000000000;
const TransitionLane9: = 0b0OOOOOOOEOOOOOEOOO100000000000000;
o jl.Xl- IO AOl g SUS ense const TransitionLanel0: . 0b0000000000000001000000000000000;
O X L— 11 - p const TransitionLanell: = 0b0000000000000010000000000000000;
const TransitionLanel2: = 0b0000000000000100000000000000000;
const TransitionLanel3: = 0b0OOOOOOOOOCO1000000000000000000;
. const TransitionLanel4: = 0b0000000000010000000000000000000;
u const TransitionLanel5: = 0b0000000000100000000000000000000;
Task batchi ng : Lanes Type const Trens tionlnets: Lone -
const RetrylLanes: Lanes 0b0000111110000000000000000000000;
. . const RetrylLanel: Lane 0b0000000010000000000000000000000;
o In utDlscreteLaneS a *l._g_xl. Al- yN A=) const RetrylLane2: Lane = 0b0000000100000000000000000000000 ;
p . (@) o _| (@) const RetrylLane3: Lane = 0b0000001000000000000000000000000;
const RetrylLane4: Lane = 0b0000010000000000000000000000000;
jc-l o . o const RetrylLane5: Lane = 0b0000100000000000000000000000000;
¢ DefaUItLaneS u E-”Ol E-l R OO." ——| o|_|- H E-”OlE export const SomeRetrylLane: Lane = RetrylLanel;
. export const SelectiveHydrationLane: Lane = 0b00O1000COCO0O0O0000000000000000;
¢ Tra nSItIOnLanes o const NonIdleLanes = 0b0001111111111111111111111111111;

export const IdleHydrationLane: Lane = 0b0010000000000000000000000000000;

Suspense, useTransition, useDeferredValue st ot Gl s =

export const OffscreenLane: Lane = 0b1000000000000000000000000000000;
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export function getHighestPriorityLane(lanes: Lanes): Lane {
return lanes & -lanes;

}

export function includesSomelLane(a: Lanes | Lane, b: Lanes | Lane) {
return (a & b) !== NolLanes;

}

export function isSubsetOfLanes(set: Lanes, subset: Lanes | Lane) {
return (set & subset) === subset;

}

export function mergelLanes(a: Lanes | Lane, b: Lanes | Lane): Lanes {
return a | b;

}

export function removelLanes(set: Lanes, subset: Lanes | Lane): Lanes {
return set & ~subset;

}

export function intersectLanes(a: Lanes | Lane, b: Lanes | Lane): Lanes

{

return a & b;

}
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Lane ModelZ2 €= A

» useTransition0f|A] &2 AEf 2L 2| F2¢
« useTransition= 9t Parallel Ul transitions
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- useState®3 & SOl 0|2l HEf BHIO|ES W= ALk


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