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5.1.1 FBEBIN

TE Vue2 /1, 0 o7 2885 2 8 3 Object. defineProperty SZELHY ;5 7E Vued o, XF 1% 58 43 it
17 7 @ Proxy X AU Object. defineProperty 77 %, i th Vue2 H 0k i1l Object
KPS B S TN B L 552 TT 2R A 1S T A B 45 n) A

Vue3 Hhim 7 2 JE AT Vue2 H 28 B K, MRAR 2 A 50 5 FIR & S8 A8 43 . (BLTE
Vued TG AT effect BIVEH PR EL, % REL 555 2 3 A9 watchEffect P4 #K R S8 A — 3,
B reactive b PR N SCEHE L Y ALOF AT 58 setup J5 L il id setupRenderEffect () B
B effect BIVEFT RS, Z 568 B8R DIFE $ runtime-core_render X4 A mountComponent i
BNAER. T BN G n =5 e N2 .

5.1.2 RBEBE

W b3 A 7 B 1 K A 8 T DA Viwe2 195 35 75 B R 0 B . Ve FR4F
Vue2 Gk, AT LU Z 805 B 3 data 77 A, 3R (80 0 7 08080 » 58— g P 2 A i iz X
AbE AT

data() {
return {

count: 1
1
}

ZAL PR ATE $ runtime-core_component. ts SN SZ B, 7E AT setup Ab 3R ] 25 4k 21
data Jy ¥ B Vue2 5 W AARBIF .
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// support for 2.x options
if (__ FEATURE OPTIONS API _ && !(_ COMPAT _ &% skipOptions)) {
setCurrentInstance(instance)
pauseTracking()
// JbFE data R A 1% B0
applyOptions(instance, Component)
resetTracking()
unsetCurrentInstance()

}
koA B M N S B R SC B, AR B 8 32 5 Kl 3T applyOptions BREIXT data iR [F]
(%t G2 b AT A B 95 S ARAS I .

if (dataOptions) {
if (__DEV__ && !isFunction(dataOptions)) { ...}
const data = dataOptions.call(publicThis, publicThis)
if (__DEV__ && isPromise(data)) { ...}
if (!isObject(data)) {
__DEV__ && warn( ‘data() should return an object. ‘)
} else {
instance.data = reactive(data)
if (_ DRV ) { ...}
}
}

5.1.3 reactive O RE

WAL FH reactiveO) BRELXT data ZUHE HEAT AL FE , 38 13 reactive ) 454 effect BIVE FH e 52
P 5 2T fe A TF $ reactivity _reactive SCHFN L ¥ S AL AN .

// $ reactivity reactive
export function reactive(target: object) {
if (target && (target as Target)[ReactiveFlags. IS READONLY]) {
return target

}

return createReactiveObject(
target,
false,
mutableHandlers,
mutableCollectionHandlers,

reactiveMap
)
}

5.1.4 createReactiveObject() B

AR 1 — A = B pR BRI 3% 18] 55 A — A~ 81 i 57 X B 1) BB createReactiveObject O,
i L R B PR A O ARAE S AL 8 S S EOE S R 1 IS B 1Y reactive, shallowReadonly %5 R iﬁl

E EALER lambda A F LA JEFH L SH; AHEA lambda 7ﬂﬁ(ky%§§( T
RpARFEBZANT EAD R P SGU RHARRIH IHNB R H R DK, £
A2 BT F — A F R & R R AR AT A& A,

createReactiveObject () F 4 B AKX AL 4= T .

function createReactiveObject(
target: Target,
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isReadonly: boolean,

baseHandlers: ProxyHandler < any >,
collectionHandlers: ProxyHandler < any >,
proxyMap: WeakMap < Target, any>

) {

}

if (!isObject(target)) {
[/ AE NIRRT G, B IR ], A ARt 1
/] TEFF R AGE g L
if (__DEV_ ) {
console. warn( ‘value cannot be made reactive: $§ {String(target)}’);
}
return target;
1
// WA target B4 & — 4> reactive X4, W B %R [A]
/] S AR X 4 E H readonly()
if (
target[ReactiveFlags. RAW] &&
! (isReadonly && target[ReactiveFlags. IS REACTIVE])
) {
return target;
}
/7 FETEACHR, B4R Il
const existingProxy = proxyMap.get(target)
if (existingProxy) {
return existingProxy
}
/7 A A A A 2R
const targetType = getTargetType(target)
if (targetType === TargetType. INVALID) {
return target
}
/7 A 4
const proxy = new Proxy(
target,
targetType === TargetType.COLLECTION ? collectionHandlers : baseHandlers
)
/] PRI G AR BT 4
proxyMap. set(target, proxy)

return proxy

target AJAUHE X AL 46 . WA skip bRl M9 UR X 4, A R 45 W X 2 1 Object., Array .
Map,Set, WeakMap , WeakSet ZE &I () X} 52, createReactiveObject () (1) 3= B 32 48 W] ] £k 5% U0
TILA DB

(1) 3o PEASTT AR B 175 00 5

(2) i Al T G2 A7 I 1 O 5

(3) A MZEATARHRT R

T2 A AR X DAL 2D BRI T T

(D) S IEAR AR IFEAIE O . i reactive fRFE readonly X4,

const obj = { key: 1}

const nl = readonly(obj)

const n2 = reactive(nl)
console. log( ' H #22iR [f] obj XF 4 ")
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(2) AW ATE AR O . 83 reactive Z2 WAUHR [ — D XF 4,

const obj = { key: 1}

const nl = reactive(obj)

const n2 = reactive(obj)

console. log( "% [l 55 — W ACHE obj X4 ")

(3) HEFICHEXT 4. W reactive fRBH reactive M B X 42,

const obj = { key: 1}

const nl = reactive(obj)

const n2 = reactive(nl)
console. log( ' H #2iR Ml obj Xf 4 ")

5.1.5 mutableHandlers() R

createReactiveObject O FREL N ERIE A B 222 3, 75 K FE MY R & ProxyHandler #4, ¥ K
RASAF .

export const mutableHandlers: ProxyHandler < object> = {
get,
set,
deleteProperty,
has,
ownKeys

5.1.6 createGetter()RE

i ERACHS BT 50, Vued % 5 Fh 7 B4 T AC B, 4 B & get. set, has, deleteProperty #l
ownKeys, X H R Ul fil i 2 1952 get F1 set ik,
get i1t createGetter ) BREUSZEL, W AR ANT .

function createGetter(isReadonly = false, shallow = false) {
return function get(target: Target, key: string | symbol, receiver: object) {
// 1. reactive Frif v ib 3
if (key === ReactiveFlags.IS REACTIVE) {
return ! isReadonly;
} else if (key === ReactiveFlags.IS READONLY) {
return isReadonly;
} else if (
key === ReactiveFlags.RAW &&
receiver ===
(isReadonly
? shallow
? shallowReadonlyMap
: readonlyMap
: shallow
? shallowReactiveMap
: reactiveMap
). get(target)
) o
return target;
}
/7 2. WIRE T key, &5 H B AF, H IR W
const targetIsArray = isArray(target);
if (!isReadonly && targetIsArray && hasOwn(arrayInstrumentations, key)) {
return Reflect. get(arrayInstrumentations, key, receiver)



96 || Vue.js 3.0JF53 AT (HORILIAR)

}
// 3. BHERE
const res = Reflect.get(target, key, receiver);
// 4. 3P T track BY key
if (
// JilA] builtInSymbols [N [ symbol key 8 ¥ 15 [n] JR B Fl ref PN &P )& 1k
isSymbol(key) ? builtInSymbols. has(key) : isNonTrackableKeys(key)
) 1
return res;
}
// 5. HKas A
if (!isReadonly) {
// AE readonly W £E — KK get AYKIS
track(target, TrackOpTypes.GET, key);
}
// 6. AbBEIRH A (E
if (shallow) {
/7 AR BRI B R 5 i key HE) B {E
return res;
}
if (isRef(res)) {
/7 ARG key BERIGZ ref, W B S FIT, ALE XX &
const shouldUnwrap = !targetIsArray || !isIntegerKey(key)
return shouldUnwrap ? res.value : res
}
if (isObject(res)) {
// G i key BUH & X4, H shallow 4 false, N ¥ 473 9 (CER
return isReadonly ? readonly(res) : reactive(res);
}
return res;
¥
}

IR Ty A AP S IR B pR B T R AE A SR . eREUAR I B S X
3 A4 reactive FriR key HEATHIHT ARG key ZRAUAFR MR RME ., W WME 5.1 i,

get Ik

lisReadonly

isReadonly

target

& 4 & l

isArray isSymbol(key) lisReadonly shallow isRef{res) isObject(res)
i 1 1 ! f 1
Reflect.get res track res res.valuesires readnnlly(res)uk
reactive(res)

5.1 FWTRiE
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B & 5.1 AT HEAS B AT R4 DL LA 2 -

(1) HIWr key S0 3 Bk R RLNME . #702  ARIE key H 23R [0 X5 0 H . 25 3R >4 i 2R
AT,

(2) #5 target S804 WA arraylnstrumentations P05 X 5020 47T AL 3,

(3) f#iH Reflect. get X} target #F47 BUE AR 381 e £

(4) WU AT D8 AN 5 ZEHOBCHE 1Y key o B4R [0 X060 W4

(5) £F3%FAE readonly BIE DL HEIT— IR get RUMK I LE .

7E: Reflect 2 — AN E WAL, A TR B AR L0947 A A A JavaScript B1E 6 7 %,
X 3 % 5 proxy handlers % %48 F ., Reflect RAZ —AF 43T 5, BT 2L RTHEN,

X YR key HUH BO(E AT 5 4R SE AR A refl ZE RIS G2 A AL B

(1) FEAEARL, HHEHR ],

(2) refl ZEHY, JFURCHE g X GO R AG ref 270 J5 3R [, Ji KA o K20 I 2R [

(3) R RIEA A JE shallow AT B4R [, 25 A8 2 5k (] 3 05 4B p) AR BT 42

TE EREEE ) H, 5 3T H AL BB arraylnstrumentations () RPN F8 52 81 T X £ 4H 19
includes.indexOf Fl lastIndexOf FILE L , A MKBIICEE . RESSZIANTF .

const arrayInstrumentations = /% # PURE _ * / createArrayInstrumentations()
function createArrayInstrumentations() {
const instrumentations: Record< string, Function> = {}
; ([ 'includes', 'indexOf', 'lastIndexOf'] as const).forEach(key => {
instrumentations[key] = function (this: unknown[], ...args: unknown[]) {
const arr = toRaw(this) as any
for (let 1 = 0, 1 = this.length; i< 1; i++) {
/7 X B 2R 0 R AT AR R
track(arr, TrackOpTypes.GET, i + '')
}

const res = arr[key](...args)

if (res === —1 || res === false) {
return arr[key](...args. map(toRaw))

} else {

return res
1
}
1)
; ([ 'push', 'pop', 'shift', 'unshift', 'splice'] as const).forEach(key => {
instrumentations[key] = function (this: unknown[], ...args: unknown[]) {
/1 LR LAY, SR B K B, A B S A, ke T B 0
pauseTracking( )
const res = (toRaw(this) as any)[key].apply(this, args)
resetTracking( )
return res
}
1)
return instrumentations

}

T 58 JSON Lt BT 5 2 AT AR Wi B o MRS e £ 38 3 track S 3, T THT A0 48 AR RS AT RR B
ZERENL T S reactivity_effect. ts N 85 AU AN «
export function track(target: object, type: TrackOpTypes, key: unknown) {

/1 O G HEAT BB A A
/71 2 RWERRRIT
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/7 2. FEAESGE I mIVE H R AL
if (!isTracking()) {
return
}
// B H W E map target — deps — effect
let depsMap = targetMap. get(target);
if (!depsMap) {
targetMap. set(target, (depsMap = new Map()));
}
let dep = depsMap. get(key);
if (!dep) {
depsMap. set(key, (dep = new Set()));
}
trackEffects(dep, eventInfo)
}
export function trackEffects(
dep: Dep,
debuggerEventExtraInfo?: DebuggerEventExtralInfo
) {
let shouldTrack = false
/7 BE R
if (effectTrackDepth <= maxMarkerBits) {
if (!newTracked(dep)) {
dep.n | = trackOpBit // set newly tracked
shouldTrack = !'wasTracked(dep)
1
} else {
/] ERTEH
shouldTrack = !dep. has(activeEffect!)
}

if (shouldTrack) {

/7 AR AR B4R

dep. add(activeEffect!)

/1 RIE IR AR R

activeEffect! . deps. push(dep)

/7 MRIS A 14 8 - o K

if (__DEV__ && activeEffect!.onTrack) f{
activeEffect! . onTrack(

Object. assign(
{

effect: activeEffect!

}/
debuggerEventExtraInfo

track [ HARAR & 5 @57 1T key 5 AT effect BRI C R ISP T — 18
Ry 52 5 1) T3 TR ARAF X TR OC R R OC R AN 5. 2 P,

SE IR B R SS I A 5.3 FTR

W id target—>key—>dep BYEIE L5, SEEE ML AF il T X R VEEE FEIE R R, I Hid
set FLHIRXT effect BIEH] K%L X,
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Titarget{RA71E
targetMap[]
{EtargetMap[A] i
Hitarget
keyZR 171 i Pkey 1P e |
depsMap depsMap[/)
hiid
{FdepsMap
A iEHkey
depsMapliiz £
activeEffect
Bs5.2 #kifixzm
target: key: activeEffect key: activeEffect
depsMap depsMap
targetMap
Es5.3 BELEN

TS AR 2 2R B9 BUHE 50 )5 L track PREIE AR A 452
5.1.7 createSetter() ®E

WA B L AT get fib & R & BT R B AT set il &, set JTILAE $ reactivity_reactive 3C
4,3 3 createSetter O R SE IR & B8, RS 4N F .

function createSetter(shallow = false) {
return function set(
target: object,
key: string | symbol,
value: unknown,
receiver: object
) : boolean {

// BIBEE
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const oldValue = (target as any)[key];
if (!shallow && ! isReadonly(value)) {
/] FEHENABEL T, 5L T3 MRy ref MEHL, 15 trigger 84 ref KAl L
value = toRaw(value);
oldValue = toRaw(oldValue)
if (!isArray(target) && isRef(oldValue) && ! isRef(value)) {
oldValue. value = value;
return true;
1
} else {
/] TERAIEAT, AT 5 x & — 5
}
/7 W T 1 B 1B
const hadKey =
isArray(target) && isIntegerKey(key)
? Number(key) < target. length
: hasOwn(target, key)
/] BCE A
const result = Reflect.set(target, key, value, receiver);
/7 WERAE BT R A R A B Y JE 4, T trigger
if (target === toRaw(receiver)) {
if (!hadKey) {
/]
trigger(target, TriggerOpTypes.ADD, key, value);
} else if (hasChanged(value, oldValue)) {
/7 B, T R R AR SR I L
/7 BRI T R A, 238 length BUE, B 7EIL F length B Y set i ;
/] AR EIWMICE BT, BEH) oldValue 23 5 value A4, B4 i IR 3 LU IR AN 0 2 1Y
// trigger.
trigger(target, TriggerOpTypes.SET, key, value, oldValue);
}
}
return result;
}i
}

set PR 322 H AR A8 SUE T IE A IR & OB . 1 B AEE shallow B AL T . i 2T 5)
AbFRE P rel BYIEM B trigger O 3845 refl Fefil % .

WA 58 1 1Y target JEBCA 284 BERA 24 i i 1Y key 2R A BUELEE , TR K triggerO .

R E 5T target I key BB 375 B E4T add Fl set BOX 43, B M HE—F g5
LU

let arr = reactive([1, 2, 3]);
arr. push(4);

204 fig g 17 204 S 000 K 2 ol & B4 length BB 7E length J& P18 MORT . B4l L R
E LA, Bt (target as any) [key JHBIAY(E & Y5 value MHEF . 76X FRIE T LHIHAT
trigger O PR, [ F hasChanged O BRECR 47 14 8 .

W trigger O BB M & B, BARCAS SE LU .

export const ITERATE KEY = Symbol(__DEV__ ? 'iterate': '')

export const MAP_KEY ITERATE KEY = Symbol(__DEV__ ? 'Map key iterate': '')

const targetMap = new WeakMap < any, KeyToDepMap >()

export function trigger(

target: object,
type: TriggerOpTypes,
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key?: unknown,
newValue? : unknown,
oldValue?: unknown,
oldTarget?: Map < unknown, unknown> | Set < unknown >
) {
const depsMap = targetMap. get(target)
if (!depsMap) {
/1 R U B
return
}
let deps: (Dep | undefined)[] = []
if (type === TriggerOpTypes.CLEAR) {
// P-TF target YT A effect F| deps
deps = [...depsMap. values() ]
else if (key === 'length'&& isArray(target)) {
/] A KL
depsMap. forEach( (dep, key) => {

—

if (key === 'length'|| key >= (newValue as number)) {
deps. push(dep)
}
P
else {
// schedule runs for SET | ADD | DELETE
/7 BRE DL AR BRAT O, 5 key I AFAE, ) B HE AR N A A O B R eR AL
if (key !'== void 0) {
deps. push(depsMap. get (key) )
}
/7 KRR T B A oy 2 A7 B
switch (type) {

—

case TriggerOpTypes. ADD:
if (!isArray(target)) {
deps. push(depsMap. get (ITERATE KEY) )
if (isMap(target)) {
deps. push(depsMap. get (MAP_KEY ITERATE KEY))
}
} else if (isIntegerKey(key)) {
/] BIE R B, K s
deps. push(depsMap. get('length'))
}
break
case TriggerOpTypes. DELETE:
if (!isArray(target)) {
deps. push(depsMap. get (ITERATE KEY) )
if (isMap(target)) {
deps. push(depsMap. get (MAP_KEY ITERATE KEY))
}

}
break

case TriggerOpTypes. SET:
if (isMap(target)) {
deps. push(depsMap. get (ITERATE KEY) )
}
break

}
const eventInfo = __DEV__
? { target, type, key, newValue, oldValue, oldTarget }
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: undef ined
/7 W deps WK FE Ry 1, WA R Ry 25
if (deps. length === 1) {

if (deps[0]) {
if (__DEV__ ) {
triggerEffects(deps[0], eventInfo)
} else {
triggerEffects(deps[0])

}

}
} else {
[/ R AR Gt effects, PRAF T A I effect IR %k
const effects: ReactiveEffect[] = []
for (const dep of deps) {
if (dep) {

effects. push(...dep)
}
}
// V8 triggerEffects() AT effect I %L
if (__DEV_ ) {
triggerEffects(createDep(effects), eventInfo)
} else {
triggerEffects(createDep(effects))
}
}
}

export function triggerEffects(
dep: Dep | ReactiveEffect]],
debuggerEventExtraInfo?: DebuggerEventExtralnfo
) |
/7 # RO ) B SR DT, A O SR DU A A I DR A S B
for (const effect of isArray(dep) ? dep : [...dep]) {
[/ MR effect ANJE BT IR BH L8 IH, Wik % effect BIVE H pR ALAT
if (effect !== activeEffect || effect.allowRecurse) {
/] R T84T trigger ) PR AL
if (__DEV__ && effect.onTrigger) {
effect. onTrigger(extend({ effect }, debuggerEventExtralnfo))
}
/7 QSR AEAE VR B, U {8 R BE SR AT effect RIAE FH BRAL
if (effect. scheduler) {
effect. scheduler()
} else {
effect. run()
}
}
}
}

BRI R trigger O MBI O BArE: , T EA W T AR

(1) RAEA [F] 25 B LR A7 B E FH oA B8 36 5

(2) 3o 308 5 i S I A P pR AR, S o H At @V T eR 8

(3) 3 [ T A5 Bl s o il /E FH eR o, TR kBRI

targetMap X G 47 fifi {1 AR AE FH PR B Z [ I G & . trigger O BREL S X targetMap X4
HEAT 3 [Ty, 8 2R AT Y R AR R A
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BT C 2R ref A9 1B T AL 3 BEACSE AL LS B, APLIE ZSWA B e B @ it value

AT YT AE . ref PRECHYSEBACAS N T .

export function ref(value?: unknown) {
return createRef (value, false);
}
function createRef(rawValue: unknown, shallow = false) {
/] MR E G R ref, W H B2R 1]
if (isRef(rawValue)) {
return rawValue;
}
return new RefImpl(rawValue, shallow)
}
class RefImpl < T> {
private value: T
private rawValue: T
public dep?: Dep = undefined
// ref FRiR
public readonly v isRef = true
constructor(value: T, public readonly shallow: boolean) {
/7 0 RS A, U ] toRaw 5 HRUE 4R {H
this. rawValue = _shallow ? value : toRaw(value)
this. _value = _shallow ? value : toReactive(value)
1
get value() {
/7 R A
trackRefValue(this)
return this. value
}
set value(newVal) {
/17T AR, B B
newVal = this. shallow ? newVal : toRaw(newVal)
if (hasChanged(newVal, this. rawValue)) {
this. rawValue = newVal
this. value = this. shallow ? newVal : toReactive(newVal)
/1 TR K HH
triggerRefValue(this, newVal)
}
1
}
/7 R EXT G, W] reactive MBI 52
export const toReactive = < T extends unknown>(value: T): T =>
isObject(value) ? reactive(value) : value

ref W2 DL —> = B BR B E Aok Q1Y N ref WAEAE shallowRef; 38 i b iR P
AT LLE B ref 3R 1A R — X5, R e 2 BUOR S AR, 75 22 B sU b 48 22 value, JH T ik & get
o set 28, TESEMURT reactive 7 LML UG OL T, & F rel A%, K rel WERMTH T —
X GRARAL ABIE 2548 AR X 42, W) B 240 reactive fAFE, ref H A TT ALK H. value

£ 175 1 A 2
5.1.9 B4

W 7 6 S 98 reactive pREOWH & A BT 20047 W7, e 5 & 75 H createReactiveObject ()
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PR, 2 SR 3 Proxy X 4 S BUXE XS G A4 A et TR pR K0 S 300 15 A0 2 i AR T
PRAETE X R A A8 AL B R S B A5 33 1, createReactiveObject O BRI N #5181 get 7 UMK
A set TR BB, AEEH get HEATHOBICER N, X5 Wb (8 ] Reflect X R AT get 28,
Tl A B AW o AR set BEAT IR S BT IS, XoF 52 O AR B Y effect @I T p& kAT
i P b @ ik run 5 i R AE ] effect BIAEH] BB PATIRHIL .

B P P58 U AR 515 0T I8 M (B L IS A . R IR AE A B 2 80T L i
Qb TR X R AT A IR O TR R AL BT VRS AE 5. 1. 6 WIEAN A 4T, B i K S B

Fom#un &l 5. 4 Fros .
—»[ get H crcmc(}cucrH track

—-[ set HcrcailcScllcl'H trigger
halsc}]:mdlcrsH mulah]cllundlms}»—v[ deleteProperty ]

has

5.4 MERXSH

FHENET track KEICE R trigger YR & T H, BB EBE track. trigger 1 effect Bl /E FH K%K
B PRAT A 8, SE A o S R AL 5. 2 B elfect BIAEFH RRSY

5.2 effect Rll{EH ik *

[ reactive Hcrcalcl{ eactiveO bjucl]—ﬁ[ Proxy

collectionHandlers

20 187 3 3 AR AL S effect @A T R RCE BT fih e AT . 4T R X effect BI/E F pR B4
IR AL R AR S 5 2 R,

5.2.1 3£

effect I FH RPN 04 3222 4E FH O S 0T 21040 0 B ORI G2 RS T L OR A B A BN &
FE T R TE G A i % e 17 B B AR B B AT . AR LR IR EE BT fil R effect BIAE F pR AL
TEAL A H T, BT AT effect RIMEHPREL. Z RN T $ runtime-core_render X, 244
{5, fih % componentUpdateFn(O) BRI 44T . EARUESZ BT .

// $ runtime — core render

const effect = (instance.effect = new ReactiveEffect(
componentUpdateFn,
() => queuedob(instance. update),
instance. scope // PRl 75 41 {4 1 FE P #F A7 B 25

))

const update = (instance.update = effect.run.bind(effect) as SchedulerJob)
update. id = instance.uid
update()

componentUpdateFn() K4 N A mount (H:3%) Ml update (FEH) WA R, % K EUTE
update JE& M [, B IR A HIEE 8 A update AT — IR effect BIAEH AL,

5.2.2 mount(EE)
mount (FEZ) Wi FE . T E AT patch H R, F Hr LS4 A C HEHRE, LHRE
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BT

// $ runtime — core render
if (!instance. isMounted) {
let vnodeHook: VNodeHook | null | undefined
const { el, props } = initialVNode
const { bm, m, parent } = instance
const isAsyncWrapperVNode = isAsyncWrapper(initialVNode)
/7 TR 55 25 i Ve e
if (el && hydrateNode) {
const hydrateSubTree = () => {
instance. subTree = renderComponentRoot(instance)
hydrateNode! (
el as Node,
instance. subTree,
instance,
parentSuspense,
null

}
if (isAsyncWrapperVNode) {
; (initialVNode. type as ComponentOptions). _asyncLoader! (). then(
() => !instance. isUnmounted && hydrateSubTree( )
)
} else {
hydrateSubTree()
}
} else {
const subTree = (instance.subTree = renderComponentRoot(instance))
patch(
null,
subTree,
container,
anchor,
instance,
parentSuspense,
isSVG
)
initialVNode.el = subTree.el
}
// onVnodeMounted
if (
! isAsyncWrapperVNode &&
(vnodeHook = props && props.onVnodeMounted)
) {
const scopedInitialVNode = initialVNode
queuePostRenderEffect(
() => invokeVNodeHook(vnodeHook!, parent, scopedInitialVNode),
parentSuspense

}

if (initialVNode. shapeFlag & ShapeFlags. COMPONENT SHOULD KEEP ALIVE) {
instance. a && queuePostRenderEffect(instance. a, parentSuspense)

}

instance. isMounted = true

initialVNode = container = anchor = null as any
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5.2.3 update(EHD

update CE H) A2 R FE AT patch 54y, R A 2 T 846, ¥ & diff BrlH VNode FJZE 1L,
i LR AT AL I props . slot S N EE , I LU 507 32 B i A7 73 TR AL B, BARACRS SE s anF -

else {

let { next, bu, u, parent, vnode } = instance

let originNext = next

let vnodeHook: VNodeHook | null | undefined

toggleRecurse( instance, false)

if (next) {
next.el = vnode.el
updateComponentPreRender ( instance, next, optimized)

} else {

next = vnode
}
if (

__COMPAT _ &&

isCompatEnabled(DeprecationTypes. INSTANCE EVENT HOOKS, instance)
) {
instance. emit( 'hook:beforeUpdate')
}
toggleRecurse( instance, true)
const nextTree = renderComponentRoot(instance)

const prevTree = instance. subTree
instance. subTree = nextTree
patch(

prevTree,

nextTree,

/IR ZE teleport, AR AU T RESH T
hostParentNode(prevTree.el!)!,
// TN R 2 fragment, #f 4 anchor A E S M TT
getNextHostNode(prevTree),
instance,
parentSuspense,
isSVG
)
next.el = nextTree.el
if (originNext === null) {
updateHOCHostEl ( instance, nextTree.el)
1
if (
__COMPAT _ &&
isCompatEnabled(DeprecationTypes. INSTANCE EVENT HOOKS, instance)
) {
queuePostRenderEffect(
() => instance. emit( 'hook:updated'),
parentSuspense

5.2.4 QI effect BIYEFRRZEN

effect BIAE FH R BUAR B 51 B2 46 2 2519 watchEffect O BREAE Vue3 RS20, 32
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ok i B A i pR R PN B2 A, LURE T R AR . B S BN T

export function effect<T = any>(
fn: () =>T,
options?: ReactiveEffectOptions
) : ReactiveEffectRunner {
/7 3R IR VE T oR 4K
if ((fn as ReactiveEffectRunner). effect) {
fn = (fn as ReactiveEffectRunner).effect. fn
}
const _effect = new ReactiveEffect(fn)
if (options) {
extend(_ effect, options)
if (options. scope) recordEffectScope( effect, options. scope)
}
/7 Yazy Jg P (E 45 i 02 45 7 B AT
if ('options || !options.lazy) {
_effect. run()
}
const runner = _effect.run.bind(_ effect) as ReactiveEffectRunner
runner. effect = _effect

return runner

}
RSN fn AR B AT RS B EE T — A effect BIVE FH B8 40, 75 20 W 2 5 75 2400 25,
FIWr effect BIA/E T R BUR G 32 BIAT

5.2.5 ReactiveEffect() BRE

effect @IVEH BREIEFH T ReactiveEffect O F4 1 MR, X R EZIL 3 NS PUATREL 7
- BAFAT: 55 FI AT 3% 2 80 scope., ReactiveEffect O 143 s FZ LML H R 08 1
effeet WIVEHI S 2% PO I8 P 05 5 9 00T 9 effect L F 1 o6 B07E 28 7 BA 51 D2 i 4 31
AR AR In PRECIUAT IO A D2, 50 In PREES D2 9 30 effect $ATAASE . R LI NT .
export class ReactiveEffect<T = any> {
active = true
deps: Dep[] = []
// BN E G AT LG R
computed? : boolean
allowRecurse?: boolean

onStop?: () => void

// dev only

onTrack?: (event: DebuggerEvent) => void
// dev only

onTrigger?: (event: DebuggerEvent) => void
constructor(
public fn: () =>T,
public scheduler: EffectScheduler | null = null,
scope? : EffectScope | null
) o
recordEffectScope(this, scope)
}
run() {
if (!this.active) {
/7 AR BT IR A Ak 2

return this. fn()
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1
/7 WO EIAE FE AR A Y A R R R A
if (!effectStack. includes(this)) {
try {
/7 BB T R R A O RI7E
effectStack. push( (activeEffect = this))
/7 I WAk
enableTracking()
/7 B HYE 1
trackOpBit = 1 << ++effectTrackDepth
/7 F W R A 1k 3 fe A VA R B
if (effectTrackDepth < = maxMarkerBits) {
initDepMarkers(this)
} else {
A NIk R eI
cleanupEffect(this)
}
return this. fn()
} finally {
/7GSRI T B KR B, I 5E R
if (effectTrackDepth <= maxMarkerBits) {
finalizeDepMarkers(this)
}
/] AR effect FIVEH BTG, bR AL 1
trackOpBit = 1 << —— effectTrackDepth
/7 T EWCERR, N BR T AT 0 BVE T ek, T A O Y R AR eR R
resetTracking()
effectStack. pop()
const n = effectStack. length
activeEffect = n> 0 ? effectStack[n — 1] : undefined
}
1
}
stop() {
if (this.active) {
cleanupEffect(this)
if (this. onStop) {
this. onStop()
}
this.active = false
}
}
}

effect @IAEH R 2L 17 53 TAL 38 fn pREL, B 0% fn PREICE — D E effect BIVEF pREL. PRELN
# lazy FEIWA computed BRAHIE , B & B true {15 effect @IAE M R BRI L BT .

M ReactiveEffect bR N SL 2 48 AT AT, effect @IAEFH BRI EUIUE — B E R EE
B ER AT fn BRECFIAL B effectStack FHR N,

5.2.6 AEBEUERS

effect. active 27~ BIAE I BE B A BTG RS L BN true, 712 IE—ARITEF RBUS &8 H
B false, FEFIEIRASN effect BIVEFH ok B0 IR FH B, AR AS A7 A8 520 08 B, ) B 32 04T fn
PRVENC s A IRAFAE S 0 B ) B 2R [ nll,
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5.2.7 ARRIERIE

effect. deps & — MEUL A7 1 2 1% effect RIAEHT bR EUK O 1 554> J& £ 79 depsSet RIAE

PRAE , track B BCHE T (RIS AF (e R o A I I 20T G2 ik M B keey #8 43 X
depsSet Frp i — A mI e Rk

effect 1Y deps A & 1Y 41T effect KM JE T 1Y BIA/E A depsSet 2, 31X & — > X [m] 38 £ A9 &b
By 2 AL TEAR G W (4 I, 234 B AE T R 2 S target—key—depsSet JCHE R K , [F] i 42
SR FE depsSet 5| HAFf#E1E effect. deps b 248 H e K I W B, 58 effect ®Il7E H #R
By stop R B I8 cleanupEffect O pREUE B effect BIAE FH R B0 R 1E BOAK S .

cleanupEffect O PREL RIS SZHLAT T .

function cleanupEffect(effect: ReactiveEffect) {
const { deps } = effect
if (deps. length) {
for (let i = 0; i< deps.length; i++) {
deps[i].delete(effect)

}
deps. length = 0

}
}

5.2.8 1T fn

fn B RAT R try... finally R 20 55 5%, RO AE fn 0067 10 55, 30 02 BE PR HIE effectStack,
activeEffect [ IE# L4 .

TEIER AT In ZHT . 28 —DER M RAE, T effect AT 2AFEIRE RO, L0,
TR G R B P T I B T 2 A 23 Bk 3 2H A A T S o B R RSO ek S A R B Ak
SEAE L AR A Se T IS R R RE AR AP b AR IIE activeEffect Y IE#A [F15E . fn $AAT 58 BUS - BEHEAT 1
FRARAE BRI 3] A effect Hh, RS B 58 58 8 M R AT 1 ER K,

5.2.9 B4

%A 7 2032 B O 58 L A4S effect O PRELS track T trigger Z[A] (Y 5C 5 o R I5C A [
KA R, T AN 2 EMEHE —EEMENRE. BR Vued WO ZHEMN
A P AR RE A h S AL AT T A B L BRI S 2 e —3. T
T 38 o 56 R E LA 5. 5) FEXT A effect BIAEF sRE A TAT PEAT AR B . DI 12 2 PR effect

RIVE T eR 0 1 DL Ko 1 X8R (1) get 1 set INERAEHT

mo UI‘IT.

;I ) p1tc|1
ik
createReactiveEfTect eﬂeCTni'”f FH e ik
updalL
patch

LT"J?)

& 5.5 createReactiveEffect() i& £ ik 72

5.3 TSN B elfect.track Fl trigger SEFLAY 7 1%,
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5.3 watch Wy *

HIF A 437 i o7 RO B PR L AR R A g e b A% O APT IE B . watch PR & X
M 7 2B AR A B ST . watch PREUTE Vue2. x DFEFE, 7F Vued T HEAT TR, HY B
watchEffectO) PR%L .

5.3.1 watch R¥

watch PR 7] LAFE $ reactivity _apiWatch. ts XN EEH., EiZ XN LLEI LA
watch PRECT %70 TypeScript HE N A RELE 2. HARMSZH T .

export function watch<T = any, Immediate extends Readonly < boolean> = false>(
source: T | WatchSource < T>,
cb: any,
options?: WatchOptions < Immediate >
) : WatchStopHandle {
return doWatch(source as any, cb, options)

}

iR watch BREHEW 3 1~5%. WatchSource.cb f1 options, WatchSource J& 75 5 i i3
watch W W (1 R 2L, cb A&7 B A AT 1Y 01 30 pR B0, options 2 XN A9 e & 8 1 . 38 2 w5 B ek 8O
BHH doWatchO pREL, T HEHARE A ZHAE doWatchO RE AL . X RECL N A
%, FEAFHE LT 2.

(1) WGtk getter FIAHRAS 7

(2) #U%ﬂ?/\?&ﬁ%’@’ﬂ»*E%ﬁ?ﬁi%ﬂi‘ﬂﬁxlﬁlE‘J%ﬁl?ﬁiﬁ@ﬂ%iﬂ getterO) PR

(3) Ab¥ SSR 1H M ;

(4) A ) BE 1A

(5) W HR A T4 oK K5

(6) A effect @IAFEH PREL

(7) &Il stop PREKL.

X doWatch O pREUI SR TAEH#AT T #0280, T IR A 40 doWatch R %N &8
A PATHE O

5.3.2 Btk

R A SEOT getter O BREIAT AR MR IR . watch SLHRFIE A S BRI ref,
reactive object,getter/effect function FEL& FiRZEMI W ¥edl, ERZ4ENT .
WEREEIE A rel, ) 43R value (EIFF3R 81, I FLFIWT S 75 R i AR B L AR R 75 560 il frh 2

if (isRef(source)) {
getter = () => source.value
forceTrigger = !!source. shallow

}
SR BRI N reactive JERY ) 42 101 32 %k G2 . 3 08 ] 50 8 0 TR JEE M T

else if (isReactive(source)) {
getter = () => source
deep = true

}
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TSR B R B A 2 A BRI 2 o8, ARG B B reactive 28 Y A5 A5 1 58 1l firh
Koo %ﬁiﬁiﬁ?iﬁrﬁéﬁﬁ’ﬂélﬁ,ﬁﬁ ref 8RN 2B value {H; &4 reactive ZSHI N i3 15
BOUE s 5 R R AT X R BT, 358 1 callWithErrorHandling O 2R 250 3566 17 85 1%

else if (isArray(source)) {
isMultiSource = true
forceTrigger = source. some(isReactive)
getter = () => source.map(s => {
if (isRef(s)) {
return s. value
} else if (isReactive(s)) {
return traverse(s)
} else if (isFunction(s)) {
return callWithErrorHandling(s, instance, ErrorCodes.WATCH GETTER)
} else {
__DEV__ && warnInvalidSource(s)
}
1)
}

AR EE U5 (source) 4 bR B2 AL, H A7 01 98 pR KL, W B AT XF W 1Y source bR 45, I 3 i
callWithErrorHandling O R AR X I 1) 585 158 5 #5 BEA 00 908 ok 50, AT 2 5 A B F SCL 4 A b
TS U] T R A A R IR S L T — R ERAT  [R1E BRI B R IRATIZ source pREL. ELARICAS S
W

else if (isFunction(source)) {
if (cb) {
// getter with cb
getter = () =>
callWithErrorHandling(source, instance, ErrorCodes. WATCH GETTER)
} else {
// no cb —> simple effect
getter = () => {
if (instance && instance. isUnmounted) {
return
1
if (cleanup) f{
cleanup()
}
return callWithAsyncErrorHandling(
source,
instance,
ErrorCodes. WATCH_CALLBACK,
[onInvalidate]
)
}
}
}

SE M getter O BREUR AL Vue2. x 1Y watch W WF A0, H K2 & e A, 74 ml
BRI K ELAS S T B T S B0 FRAT getter O BRI, I8 R B0R [nl (8 3 47 40 21, 40 2R 2 %500 Dl
TREE S 7, WSRO 2 W) R Il HARARS SE B an T

if (__COMPAT _ &S cb && !deep) {

const baseGetter = getter
getter = () =>{
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const val = baseGetter()
if (
isArray(val) &&
checkCompatEnabled(DeprecationTypes. WATCH ARRAY, instance)
) |
traverse(val)
}
return val
}
}

T B R BOFR JE i Ji G L, B 3238 1 traverse O BRBINAT IR B w7 . B HS 52

B .
if (cb && deep) {
const baseGetter = getter
getter = () => traverse(baseGetter())
}

IR 5E WG, B IR 4L wacth B 45 11 W T PR 4L onlnvalidate (), onlnvalidate () P& % H
T watch W45 105 $UAT FH P A% 3 9 [0 08 oA B, I BB 7 R AR AFTE cleanup XTI, DL(E

Ja ST . watch PRECIE T B S PR AFTE cleanup XF R W, 7E 0 K HEATIE M . 2 %6 A cleanup
HEATIE B,

let cleanup: () => void
let onInvalidate: InvalidateCbRegistrator = (fn: () => void) => {
cleanup = runner.options.onStop = () => {

callWithErrorHandling(fn, instance, ErrorCodes.WATCH CLEANUP)
}

}
FIW RS R SSR IRBE L 45 & W 57 214 AT getter O PREL ., 7EAH WL WT . 45 A% AL A TUA T
if (__SSR  && isInSSRComponentSetup) {
onInvalidate = NOOP
if (!cb) {
getter()
} else if (immediate) {

callWithAsyncErrorHandling(cb, instance, ErrorCodes.WATCH CALLBACK, [
getter(),

isMultiSource ? [] : undefined,
onInvalidate
1)
}
return NOOP

}

F2 R RV IG AL 528 A F5 B AT 1Y job B bR R, 12 R BSORE I BT 2 5 A H P A2 AR cb (1]
PR, A BA W AT effect. runO J7 ¥ IR AR R B PAT s A cb [ pF £, U [
FESAT effect. runO 7 15 B AT S5 AR A HTH (new Value) J5 i 2 B IH AR , F W7 2 75 B8 B
We s ik & L 22 T BRHE BT I AA AR AR SR DL B B A — Ao R T R R R T
BAF , AT cb [FJE PR, 3% BUEHE L ITH B FT watch Wi W45 1k 19198 B %X onlnvalidate, EfRAY,
BT -

let oldValue = isMultiSource ? [] : INITIAL WATCHER_ VALUE
const job: SchedulerJob = () => {
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if (!effect.active) {
return
}
if (cb) {
// watch(source, cb)
const newValue = effect.run()
if (
deep ||
forceTrigger | |
(isMultiSource
? (newValue as any[ ]).some((v, i) =>
hasChanged(v, (oldValue as any[])[1i])
)
: hasChanged(newValue, oldValue)) ||
(__COMPAT _ &&
isArray(newValue) &&
isCompatEnabled(DeprecationTypes. WATCH ARRAY, instance))
) 1
// FERIB AT cb A YEAT I 3
if (cleanup) {
cleanup()
}
callWithAsyncErrorHandling(cb, instance, ErrorCodes.WATCH CALLBACK, [

newValue,

/7 TEEAE SR — WA AL I 25 R 28 S, D) 22

oldValue === INITIAL WATCHER_VALUE ? undefined : oldValue,
onlnvalidate

1)

oldValue = newValue

}

} else {
// watchEffect
effect. run()

5.3.3 scheduler &4\ 5

S AT BRI A LS T IR A0 scheduler 5725 BA S, IR AR AR flush (8 2R E 2 7] 25 04T

St AT R SR AR R AT AT — IR

job.allowRecurse = !!cb
scheduler: EffectScheduler
if (flush === 'sync') {
scheduler = job as any
} else if (flush === 'post') {
scheduler = () => queuePostRenderEffect(job, instance && instance. suspense)
} else {

// default: 'pre'
scheduler = () => {

if (!instance || instance. isMounted) {
queuePreFlushCb(job)
} else {

Job()
1
}
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% S BAF B S L ] ReactiveEffect O 4 1 pR L B f H effect @IAE F o8 %k, DL
G S AT . 1A getter PRELAN scheduler O pREL CEIVE AT RED TS SEH AT

const effect = new ReactiveEffect(getter, scheduler)

A6 cb [ KA, B immediate Z80{H R true, WP A jobO B, & immediate 240 {E N
false, AT runnerO PRELFF S PR BGR [ME IR AE 45 oldValue; % TG cb [F1H %L, H. flush 4 post,
N A queuePostRenderEffect O B T AL AT effect. runO 7. HARSE 5 BB HAT jobO 51,

if (cb) {
if (immediate) {
job()
} else {
oldValue = effect.run()

}
} else if (flush === 'post') {

queuePostRenderEffect(effect. run. bind(effect), instance && instance. suspense)
} else {

job()
}

W queuePostRenderEffectO) PRELHFIWT I F &7 K suspense 4114, #54 suspense
S AR S EE XS I Y effect; 5 ANJE suspense S¢ A0 208, W £ ] 5 20 BA A Ab 3. BLK
R SZIANF .

//$ runtime — core render. ts

export const queuePostRenderEffect = __FEATURE_SUSPENSE__
? queueEffectWithSuspense

: queuePostFlushCb

R 7B i B T N suspense 5+ A A M A A queueEffectWithSuspense() B( 8
queuePostFlushCbO pREL ,

queueEffect WithSuspenseO) P J B7 & 75 5 40 2 14, 5 02 e 52 25 4l A N WA effect R
YEF % A2, WHFT queuePostFlushCbO A%, EARICALSZELANT .

export function queueEffectWithSuspense(
fn: Function | Function[],
suspense: SuspenseBoundary | null
) : void {
if (suspense && suspense. pendingBranch) {
if (isArray(fn)) {
suspense. effects. push(...fn)
} else {
suspense. effects. push(fn)
}
} else {
queuePostFlushCb(fn)
}
}

SE AT S R A5 (R M T R R, DL BB watch BRECT BAK AR SE B, AR 4R X AU Y
Prfg al LU Y watch pRECN B L IE0 2 98 FH B89 effect RIAE ok B0OBCHE X B AR, b BEARCHE M
Wr o 72 B8 BUE S AT R LAY effect @IAE FH pRI%E

5.3.4 watchEffectO) R
2% watch AU SE I )G , B2k 20 B watchEffect O BB, 7] UL & B0, Fl watch R ECHE L,
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ZHEAR EHEMEA dowatchO) BB ZHOR A 7EA 47 dowatch O bR N FR S B L 8 28 %
watchEffect O PREUHEAT T & B, MR 35 SE AL A S BN TR , 38 U3 55 07 2 1 W getter PRIEK, 5K
AR AR . BARACRS SE B an T
function watchEffect(
effect: WatchEffect,
options?: WatchOptionsBase

) : WatchStopHandle {

return doWatch(effect, null, options)

}
5.3.5 B4

watch BRI B 1 X2 B S 0, NS AR I 12 A S B0 ] getter pRBCHEAT OISR | JF 52
B W W B d . AR B E AR AL IS K B IR & T BT L Gl D effect PUAT, WIS XA TT = AT E AR T
fit watch PREUA B By 450 UL & watch Fll watchEffectO) BREH 22 5,

5.4 computed FHI%X

L 4

Vue3 H ) computed RS Vue2 H I FHEAR, Vue2 HIE data N H IS computed J7
PRIAT L 7E Vue3 iz ik @k sR gl . 75 8 AT 75 B4R — A~ get Tl set Jr ik, 43 B H T
F S A% 3eks w7 X HC A

computed PRECHIAASSZILUT .

// reload 1
export function computed < T >(
getter: ComputedGetter < T>,
debugOptions?: DebuggerOptions
) : ComputedRef < T >
// reload 2
export function computed < T >(
options: WritableComputedOptions<T>,
debugOptions?: DebuggerOptions
) : WritableComputedRef < T >
// computed
export function computed < T >(
getterOrOptions: ComputedGetter < T> | WritableComputedOptions < T>,
debugOptions?: DebuggerOptions
) |
let getter: ComputedGetter < T >
let setter: ComputedSetter < T>
const onlyGetter = isFunction(getterOrOptions)
if (onlyGetter) {
getter = getterOrOptions
setter = _ DEV__
? () =>{
console. warn( 'Write operation failed: computed value is readonly')

}
: NOOP
} else {
getter = getterOrOptions.get

setter = getterOrOptions. set
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const cRef = new ComputedRefImpl(getter, setter, onlyGetter || !setter)
if (__DEV__ && debugOptions) {

cRef. effect. onTrack = debugOptions.onTrack

cRef. effect. onTrigger = debugOptions.onTrigger
}

return cRef as any

}

I Ak 3 ek bR R B 2 B AL S AT A B, B A E computed O PR SE B, 1 5675 W
getter Fll setter, F|WF getterOrOptions O J& 75 K AL . 27 A bR B K 1% oA B AR 245 getter A8 it
TRAF s setter B E N 25 RoR R, A TE Bl #5402 WA A% 3238 1) 2 80 getterOrOptions
) get Fl set J& L T getter Al setter A8 PR A7 . £ 5 iR [A] ComputedRefImpl SZ#, E & 4R
M SEELANE -

class ComputedRefImpl < T> {
public dep?: Dep = undefined
/] A ETTE
private _value!: T
/] R AR
private _dirty = true
public readonly effect: ReactiveEffect < T>
public readonly __v_isRef = true;
public readonly [ReactiveFlags. IS READONLY]: boolean
constructor (
getter: ComputedGetter < T >,
private readonly setter: ComputedSetter <T>,
isReadonly: boolean
) {
/7 QI getter @fE T B %K
this. effect = new ReactiveEffect(getter, () => {
if (!this. dirty) {
this. dirty = true
triggerRefValue(this)
1
1}
this[ReactiveFlags. IS _READONLY] = isReadonly
}
// PUAT get
get value() {
const self = toRaw(this)
trackRefValue(self)
if (self. dirty) {
self. dirty = false
self. value = self.effect.run()!
}
return self. value
}
/] $FT set
set value(newValue: T) {
this. _setter(newValue)
1
}

B E R R AT LA B3 ComputedRefImpl O B AT 1B .
5.4.1 QI getter BIVERAREL

1E computed P AN ReactiveEffect LI 315 A getter BIVEH pREL, Hp 28 — NS 402
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—™ 38 3 FE 44 PR EE A ReactiveEffect O P Y 2 B I8 B2 R AR . 120E B 1 B pRAIOR: 15 AT L AR
i _dirty BYEMEAVIRE . A8 true, WIANIRAT N R 8 44 false, W H] triggerRefValue O
filh & ref .

ReactiveEffect O PR 329 M WU AR il & i A7 FSE IR W J7 v . 76 N 8838 o i 4 47—
AN R S 7 24 BT FRAT BRBOR TE I AR P PR AT AR 44 L 7E AT 5¢ IUR Jd i pop $HUAT HH AR
/YN

I A o 25 R i ke PN KRS 10 17 0 T B L R 30 AR I B4RV B 25 0 T 30 AR ik
BT HAESE MU P finally O s 32007 25 N ST R 19 W0 B A0 85dis 19 2 8 T4, DLE R — 4
XML B SE T

//$ reactivity effect.ts
run() {
if (!this.active) {
return this. fn()
}
if (!effectStack. includes(this)) {
try {
effectStack. push( (activeEffect = this))
enableTracking()
trackOpBit = 1 << ++effectTrackDepth
if (effectTrackDepth <= maxMarkerBits) {
initDepMarkers(this)
} else {
cleanupEffect(this)
}
return this. fn()
} finally {
if (effectTrackDepth <= maxMarkerBits) {
finalizeDepMarkers(this)
}
trackOpBit = 1 << —— effectTrackDepth
resetTracking()
effectStack. pop()
const n = effectStack. length
activeEffect = n> 0 ? effectStack[n — 1] : undefined
1
}
}

PEJG A run J7 B0 B BT R GRS, 08 &R RR L ik & B 9B k. run 7k
AR AL B 2 HE 5. 4.2 WA A . AP BRE UG - X ReactiveEffect O 4 i RN # A ¥ 0
NI . 7E ComputedReflImpl SE4] N G & T — 4> getter @I /E ] o6 %, IF H KT 1 X 0 19 J7
B ATTE A IS I HLERAT % 05 1 . 58 0 getter BIAE FH R B A B 5, 0 4K S2 B ref,

5.4.2 BRI cRef

cRef AR F I get RUSEIEIT], get 18 [ AY /& computed PR E/E BT B value,
1E get TN A LLA ), get N E8 2 Y A7 b SO0 B i i A7 o ny =X Ak B AR
trackRefValueO) pREL , AT MR , IF ELE i dirty J& 28 (8 0 7 2 765 75 B J R (8, Y dirty
true B 23 PUAT effect BIAE A BRELY run J7 RKOBHE AR AT 20 B #23R ] value,

AR FEEE, dirty Z5UE N true BB dirty 2802000 false, I8 417 EF S0
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run J5 k. run J7EEALER) IR AL I B AL I B SAT R B AR | this. _dirty B9 1R 2R E 2 AR AT
triggerRefValue ) pRELHE AT B R .

QT file 25 1 SR 14 ) L 5 B0 3 5. 4 5 Y run D5 VA R WAL R EIAE T ek Y 1A
JE oR B T AR BT B A pR R

() =>{
if ('this. dirty) {
this. _dirty = true
triggerRefValue(this)
}

}

M — K5 IA) computedRef. value I 24T run k., 453 5.4 T M A] H, effect 1R
[l F) & — 2L getter BYRIAE T BREC 04T run J7 kB2 fill & getter PN AR TS 1] 1 i iy =X 728 o
MRS . 2 getter MRS e 07 ARG & A= AR fL A 23 il & trigger BRI HRAT run ik, A
%33 T V8 BE BRBGEDTT, W) run J53% LL scheduler BTE TR . FILTE getter 4K A M B =X B8R
FE A AR AR & b A run IR BAT T BT .

LA scheduler N FRLIL, & BLH 1 I & A B i getter SKAH, 1 & 7E_dirty b
false Wt & computedRef [ trigger, X & W& MK T computedRel B &EIAE I BR 502 & 87
AT MAE XA BIEH R P — 25 computedRef P24 get P50, M [ 3] get PR H 2
K _drity BEE SN true, AT run Jr AT B SC SR . 75 oK BT (H 1Y B 2 A 2R TR AR
A computed PRELA 10 1 2 E I 4 A oA 1) B

5.4.3 B4

computed PR EI R FEH G 1 20 R 48 1% oA BIGHE 1 getter Fl setter J7 LS8 A7 1T
ST S R AT e iy Ak B P PRE T A A AR RTUIR A BT . AR Y B e A AR AR B 2 BT I
TR 8] B E .

5.5 gk *

5.5.1 customRef() R

T TS24 reactive F ref B, X B4 ma b =X IR BRGEAT T 0 AT FOBR A . 76 T i JE A J B 0 3
B ARTTAREEN S ref Z5MUAY customRef O BREL, 12 2R BURT LU S AN 315 3 52 20 e 107 =0 8% P
B OF HOT AR PR S B0 AT P ORISR RN UR A& T . BARMRAS SE B T .

customRef ( (track, trigger) => {
return {
get() {
track();
return value;
},
set(newValue) {
value = newValue;
trigger();
},
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E_ERCIE A, customRef O ¥ track Fl trigger B LIS EIE A% A get T set J5 s, FF0]
PITE get Al set 773k N F- S PATHASUCE TR & B Hr . T RN 411 pR B S 8y =X,
PR ST S reactivity_ref SCHFP , PRELSEBLANT .

export function customRef < T >(factory: CustomRefFactory<T>): Ref <T> {
return new CustomRefImpl(factory) as any

}

LB ARISIR [ — A 2l factory 8K CustomRefTmpl 521, F 1ff 4 3% 92 ) 1 52 80
Wi .
class CustomRefImpl < T> {
private readonly _get: ReturnType < CustomRefFactory < T >>[ 'get']
private readonly _set: ReturnType < CustomRefFactory < T>>[ 'set']
public readonly v _isRef = true
constructor(factory: CustomRefFactory<T>) {
const { get, set } = factory(
() => trackRefValue(this),
() => triggerRefValue(this),
)
this. _get = get
this. set = set
}
get value() {
return this. get()
}
set value(newVal) {
this. set(newVal)
}
}

CustomRefImplO ¥ 3 R 5% N 38 3 factory 25048 track Al trigger #E4T 2 8 , 31 WG A P
HE X get Fl set IRIETEFAE 258 get M1 _set 1, A get A1 set Jy ik, AT _get F1_set
AT N R I, LR EIES get Ml set BY H MY, B 2R AL 3EHY ref X4,

2% 3 R B B3 L AT RSN R 05 38 5T customRef O pRELIEH track Ml trigger AYAT AL,

5.5.2 readonlyO)BR#

Rl 232 W 15 X B84 1) 25 AT S 4R S 4 readonly O RREUR SE IR, 1% pR BIGR (81 532 1 i
N EHE . 1] readonly O pRECAN G N 254 A SRR B B, T TR BAK A 43 3% ek B9 52 91
JRH

readonly O PREUE X AE $ reactivity_reactive 3CPFN, EARRADEEHIT .

export function readonly < T extends object >(
target: T
) : DeepReadonly < UnwrapNestedRefs < T >> {
return createReactiveObject(
target,
true,
readonlyHandlers,
readonlyCollectionHandlers,

readonlyMap
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B EIRACIE AT A, readonly O PR N B3R [B] createReactiveObject O pREY, 1Z REAE 5. 1.4 T E

TN . ZRBFELEAN S DS 00N target .isReadonly . baseHandlers ., collectionHandlers
%ﬂ readonlyMap, TEiZEREN , i1 5F: isReadonly IR AN true, W F readonlyMap X} G AR TEHHE
It HlaT Proxy X 4 X 4% A WA BE pR Bt 47 R B, b Ab B 58 5 reactive ZEACHH [A], 248 PR %K
readonlyHandlersO i, T+ $ reactivity baseHandlrs SCFIN , BRACASSZELUN T «

export const readonlyHandlers: ProxyHandler < object> = {
get: readonlyGet,
set(target, key) {
if (__DEV_ ) {
console. warn(
‘Set operation on key "$§ {String(key)}" failed: target is readonly. °,
target
)
}
return true
},
deleteProperty(target, key) {
if (__DEV_ ) {
console. warn(
‘Delete operation on key "$ {String(key)}" failed: target is readonly. "
target
)
}
return true
}
}

’

IRACH AT % T R X R W get I 5 ¥ AT readonlyGet O bR &L, 38 set #l
deleteProperty() Bl S5 TF K IR 2 BER AN BEE B s M B . readonlyGetO) BREL N
B IHH] createGetter O PRELHT AL A true 280, X sREL N &8 32 27 HEE 00 T X5 £l 28 24
FTHIWT SR )5 3R 81X R (A S 8 TF PEi# . readonly O BRI AN reactive O BRI K1Y X 78
Ty readonly O bR B HEAT WO WO AE |, 40 SRS 2 VAR S0 32 09 3R (o] 85 4fs 5 o O VAR, U)o 4
IR [,

5.5.3 shallow()ERZEL

shallow O bR B R 7R VAL, 25 38 B 320K 386 A 23 00F 8o a0 336 U9 4 3L, o6 R 1 v A 3L o 507
shallowRef() . shallowReactive) fil shallowReadonly (), 3 i 7% 1% 3 75 B A9 X 465 (/0 2 2
— JR R A

shallowRef O BREUE XAE $ reactitity_ref SCHF PN, 1 i3 & By BR800 23R [ createRef O B
o HARCASEEAn T

export function shallowRef < T extends object >(
value: T
): T extends Ref ? T : Ref < T>
export function shallowRef < T>(value: T): Ref < T>
export function shallowRef <T = any>(): Ref <T | undefined>
export function shallowRef (value?: unknown) {
return createRef (value, true)

}
shallowRef O) R ECSE B P 2 R &L T 280, IR P88 A S BOR TR A TR 7 . i R BN
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PR RO FEAT o7 B BE S B AT new 3 1917 52481 L i S 40 B AR PR KON RefTmpl O 0 HARALHE

SEEAR

class RefImpl < T> {
private _value: T
private _rawValue: T
public dep?: Dep = undefined
public readonly v _isRef = true

constructor(value: T, public readonly shallow: boolean) {

this. rawValue = shallow ? value : toRaw(value)
this. value = _shallow ? value : toReactive(value)
}
get value() f{
trackRefValue(this)
return this. value
}
set value(newVal) {
newVal = this. shallow ? newVal : toRaw(newVal)
if (hasChanged(newVal, this. rawValue)) {
this. rawValue = newVal

this. value = this. shallow ? newVal : toReactive(newVal)

triggerRefValue(this, newVal)
}
}
}

RefImpl O #4 1% PR EL A FBIZEE get Ml set J7 % . fE constructor #IIRAL I B . 25 40 F i (T B,
1E get I HAZIR 7] value (H I UKL . 76 set B B 4% [FI& A value {8, IR & B H . JF H

TR B R 2 T A B
5.5.4 shallowReactive() R

shallowReactiveO) PRELU LI 5 readonly O pRECTE [F] — 3 E . f T $ reactivity_reactive L
N, ZBREFFEIR 7] createReactiveObject O BRI, I HIE A B CHIXT S shallowReactiveHandlers,

AR SLBAT

// $ reactivity bbaseHandlers. ts

export const shallowReactiveHandlers = /% # PURE % / extend(

{},

mutableHandlers,
{
get: shallowGet,
set: shallowSet
}
)

i#13 extend J5 A I mutableHandlers.get Fll set %f % , mutableHandlers X 42 195 52

BT .

export const mutableHandlers: ProxyHandler < object > = {
get,
set,
deleteProperty,
has,
ownKeys
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mutableHandlers %f 4 f{ ¥ set. deleteProperty. has #1 ownKeys Xf %, Jf H i /]
shallowGet O Fll shallowSet ) pRATE 5 set Fl get, F iR PIA BRELAYE LN AT

const shallowGet = /% # PURE _* / createGetter(false, true)
const shallowSet = /* # PURE _* / createSetter(true)

5.5.5 shallowReadonly () BRI

shallowReadonly () i %4 [ ¥t 8 X AE $ reactivity. ts XN, ZBR B LR ZHEALAE
shallowReactive ) BEECZRML, EARRGLIMUT .

export function shallowReadonly < T extends object >(
target: T
) : Readonly <{ [K in keyof T]: UnwrapNestedRefs < T[K]> }> {
return createReactiveObject(
target,
true,
shallowReadonlyHandlers,
readonlyCollectionHandlers,
shallowReadonlyMap
)
}

[A) 4, 3% 1] createReactiveObject () B2, I H 18 AL EE X % shallowReadonlyHandlers,
ERSE KNI SR

export const shallowReadonlyHandlers = /% # PURE _ * / extend(
{1,

readonlyHandlers,

{
get: shallowReadonlyGet

}
)

KRR AR H 2 readonly IRZS, BT LA R FHZARHE get X5,
5.5.6 &4

1 33 XF shallow ) R %L . readonly ) B4 . customRef O BREHI AN G 7] F, 5 reactive FH 11
L I 52 LTE $ reactitity _reactive XN . 5 ref MW RESE I 8 LAE $ reactitity_ref 3C
fEN . 1 BT A AT AT R 5 rel FHOCHI N A2 WA createRef O BREL, 5 reactive HIEHI N
Y7V createReactiveObject () BREL, 13X P> bR EX N SE B T 4T readonly AR | shallow AR
A0 A 3 A A T IR ) Tk B T s SR AR R B e AR T e AR AR



