lterator [] for...of [T]

[
e Iterator[TTTTTTT]
e [[] Iterator[]]
e [T] Iterator [TTIT]
o [TIT] Iterator [T]
e Iterator [T] Generator []
e [TI1I1] return()[] throw()
o for...of []

e lterator []
e lterator [TTTIT]
e |terator [TTTTT]

lteratorTTTTTT]1

JavaScript [IT0  “[0 "IIIID Array [TT1T]
Set [TTTTTITTITIIIII IO IO I T T I Iay

Map [TTTTTTIITT T I T I TTIaT

1111 Iterator

Iterator (TTTTTTTITIITIITITITITTTITIITT]

Iterator

Object [J] ES6 [IIT]

Map []
Map []



(LITIITT] ES6 [ITTTITTTIT] for...of [I1] Iterator [T11T] for...of [I1]

Iterator [TTTITITIT]

O 10T T T

0 201011111 next [(TTTTTTTTTTTTTTTTTITIT]

0 3O next [T

0 40011 next [TTTTTTITTIIIITIT]

[T next [T value [] done
(I value [TTTTITITT done [TTTTTTITITIIIIIIT

(TITIT] next [TTTITTIT]

var it = makelterator(['a', 'b']);

it.next() // { value: "a", done: false }
it.next() // { value: "b", done: false }

it.next() // { value: undefined, done: true }

function makelterator(array) {
var nextIndex = 0;
return {
next: function() {
return nextIndex < array.length ?
{value: array[nextIndex++], done: false} :

{value: undefined, done: true};

}
b
}
[(TITIITIT makeIterator [TTTTTTITTITITTITTIIIOTIIITITI00
(*a', 'b'] T it(]
(1110 next [TTTTTTITIT IO OOOOIOTLO next
ARRNNRERRRNNRRRRRNNRNNREN] a [ITTTTITT] b[]
next [TTTTITTTTTTTTTITTITITITITT value [] done [TT1T] value
(LTTITITITIT] done [TTTITTTTTITITITITTITIITITIIT next

[



(LITITITIT] next [TTTTTTTTTTTITTITE

(TITIIIITIT] done: false[] value: undefined [TTTTTITIITITIT]

[LITITTITITI

function makelterator(array) {
var nextIndex = 0;
return {
next: function() {
return nextIndex < array.length ?
{value: array[nextIndex++]} :

{done: true};

}

[I] Iterator

var it = idMaker();

it.next().value // 0O
it.next().value // 1
it.next().value // 2
/]

function idMaker() {

var index = 0;

return {

next: function() {

return {value: index++, done: false};

}

(LI idMaker

RERNRNRNRNRNRNANARARNRNRNRNRNRNRRRRRARRAEE
(ITTIT]

makeIterator



111 TypeScript ITIITITIT lterable[TTIIII] Ilterator[]] next
I

interface Iterable {

[Symbol.iterator]() : Iterator,

interface Iterator {

next(value?: any) : IterationResult,

interface IterationResult {
value: any,

done: boolean,

[ lterator []

lterator [TTTTTTTITTIITIITIITIOOTOO0ITId for...of
(IIIITTITTTIT] for...of [(ITTTITITITITITITTTIT] Iterator [IT]
(I Iterator [TTTTTITITTTIT] “00m "0 iterable[d]

ES6 [T11111 Ilterator [TTTITIIIT Symbol.iterator [TTTTTTITTITTIII
Symbol.iterator [TITIIIII] “T110 "[] iterable[J]] Symbol.iterator

I T T T T T

11 Symbol.iterator [TTTITTITIT] Symbol [TT] iterator [JTTTITTITITIIIT]
Symbol TTTTTTTTITITIIT Symbol[IT1T]

const obj = {
[Symbol.iterator] : function () {
return {
next: function () {
return {
value: 1,
done: true

};

+



+;

(I obj [TTTIT] iterable[TTT11T] Symbol.iterator
ITTTITII IO IO IO IO OTI next [TTTT1T] next
T value [] done [TT1TJ

ES6 [TTIIIIII1 Iterator (TTTTTTTITTIITIITIIIOI0 for...of
LTI I Iaa oo Td Symbol.iterator

OO I T T T Symbol.iterator
(T T

[LIT] Iterator [TTTTITITT]

Array

e Map

e Set

String
TypedArray

e 111 arguments [T]
e NodelList [T]

(TTIITIIT] Symbol.iterator [I]]

let arr = ['a', 'b', 'c'l;

let iter = arr[Symbol.iterator]();

iter.next() // { value: 'a', done: false }
iter.next() // { value: 'b', done: false }
iter.next() // { value: 'c', done: false }

iter.next() // { value: undefined, done: true }

(ITITIT] arr [(ITTTTTTITTTITTT 1000 arr[] Symbol.iterator
(LTI T LI T

(110 Iterator (ITTTTITITITIIIITIIIT] for...of
RNRNNRNRNNRNRNNRNRNNRNRNEENY Iterator [TTTTTTIT]
Symbol.iterator [ITTTIIIITII] for...of [IT111]

(I ObjectIIIIIIITH Iterator

AENRRRNNNNRRNNNNNRRRRRRNNEDD Map [I111] ES5 1] Map [I11J ES6
[ITITT]




(TITIIIIIIL] for...of [I111] Iterator [TTIT11] Symbol.iterator
HENRRRNNNNRRANNNNNRRRRNNNRREEE

class Rangelterator {
constructor(start, stop) {
this.value = start;

this.stop = stop;

[Symbol.iterator]() { return this; }

next() {
var value = this.value;
if (value < this.stop) {
this.value++;
return {done: false, value: value};

}

return {done: true, value: undefined};

function range(start, stop) {

return new RangeIterator(start, stop);

for (var value of range(0, 3)) {

console.log(value); // 0, 1, 2

}
(TITIIIIIT Iterator [TT11T] Symbol.iterator
OO T
(LTI ‘0 "I

function 0bj(value) {
this.value = value;

this.next = null;

0bj.prototype[Symbol.iterator] = function() {

var iterator = { next: next };



var current = this;

function next() {
if (current) {
var value = current.value;
current = current.next;
return { done: false, value: value };
}
return { done: true };

}

return iterator;

var one = new 0bj(1);

var two

new 0bj(2);

var three = new 0bj(3);

one.next two;

two.next

three;

for (var i of one){

console.log(i); // 1, 2, 3

HINRRRNNNNRRRRNNND Symbol.iterator [[TTTTTITITITTITI iterator
(LITIT1] next [TTTITTIITTITT I TITTTITITIT]

(IIIIIIIII0 Iterator [TT11T]

let obj = {
data: [ 'hello', 'world' 1,
[Symbol.iterator]() {
const self = this;
let index = 0;
return {
next() {
if (index < self.data.length) {
return {
value: self.data[index++],

done: false



};

}
return { value: undefined, done: true };
}
b
}
b

O length [TTTTT] Iterator (ITTTTITIITITY
Symbol.iterator [TTTITIIT] Iterator [T]]

NodeList.prototype[Symbol.iterator]

// 00
NodeList.prototype[Symbol.iterator]

Array.prototype[Symbol.iterator];

[1[Symbol.iterator];

[...document.querySelectorAll('div')] // 00000

NodelList

Symbol.iterator [[TTTTTITIIIITI

TTTTITITTIIIITIId Symbol.iterator [TTTIT]

let iterable = {

0: 'a',
1: 'b',
2: 'c',
length: 3,

[Symbol.iterator]: Array.prototype[Symbol.iterator]
b
for (let item of iterable) {

console.log(item); // 'a', 'b', 'c'

(ITITTITTITT Symbol.iterator [TTTITIT]

let iterable = {

a: 'a',
b: 'b',
c: 'c',

length: 3,



[Symbol.iterator]: Array.prototype[Symbol.iterator]
b
for (let item of iterable) {

console.log(item); // undefined, undefined, undefined

[I]1 Symbol.iterator [TTTTITITTTIITITITIIITIIIIOTITIITI0TI0

var obj = {};

obj[Symbol.iterator] = () => 1;

[...0bj] // TypeError: [] is not a function

[LITIITTI obj [] Symbol.iterator [TTTTTITTITTITITITTI]

HINRRANNRNNRNNNN for...of [ITTTTTTTITTITIT]

var $iterator = ITERABLE[Symbol.iterator]();
var $result = $iterator.next();
while (!$result.done) {

var x = $result.value;

/7 ...
$result = $iterator.next();
}
1111 ITERABLE [TTTTITITIIII] $iterator
LTI I oaTa T next [TTTTTTTTTTTT]
(T T T next [TTTTITIT]

[ lterator [T]T1]

(IIIITI1O Iterator [T11] Symbol.iterator [TTTITITIIIT]
(IITITTTTITTI

0 10111

1111 Set [(TITITIIIIIIIIO Symbol.iterator [I]]

let set = new Set().add('a').add('b').add('c"');

while [TT1T1]
done
for...of



let [x,y] = set;
// X=Ial; y=lbl

let [first, ...rest] = set;

// first='a'; rest=['b','c'];

0 21111

(11T - [T Iterator [T1]
// 00
var str = 'hello’';

[...str] // ['h','e",'1","1",'0"]

// 00
let arr = ['b', 'c'];
[‘a', ...arr, 'd']

// [Iall Ibl, ICI, ldl]

(LITITTITITIITT Iterator [11]

[T T Iterator
IRRRERRRRNRNRNRERRRRRERREREN] Iterator
NERRRRRRRNRNNNNNRRREEEE

let arr = [...iterable];

0 30 yield*

yield* [TITTITTITITTITITTITTIITTIOT]

let generator = function* () {
yield 1;
yield* [2,3,41];
yield 5;

I

var iterator = generator();

iterator.next() // { value: 1, done: false }

iterator.next() // { value: 2, done: false }

iterator.next() // { value: 3, done: false }



iterator.next() // { value: 4, done: false }
iterator.next() // { value: 5, done: false }

iterator.next() // { value: undefined, done: true }

0 41111

O T I T T T T T
(111

e for...of

Array.from()

Map(), Set(), WeakMap(), WeakSet()[(IT] new Map([['a',11,['b"',211) [
Promise.all()

Promise.race()

[T] lterator []

[TITTTITITI I Iterator [IT]

var someString = "hi";
typeof someString[Symbol.iterator]

// "function"

var iterator = someString[Symbol.iterator]();

iterator.next() // { value: "h", done: false }

iterator.next() // { value: "i", done: false }

iterator.next() // { value: undefined, done: true }

(LTI Symbol.iterator [ITTTITTTITITIITITIITIT] next
(LTI
(IIIITT] Symbol.iterator [TTTTTTTITITITIT]

var str = new String("hi");

[...str] // ["h", "i"]

str[Symbol.iterator] = function() {

return {

next: function() {



if (this. first) {
this. first = false;
return { value: "bye", done: false };
} else {
return { done: true };
}
}
_first: true
b
b

[...str] // ["bye"]

str // "hi"
RERRRNENN str ] Symbol.iterator [(TTTTTIIIIIIIIT] ... (I bye
ITTTIn hi[]

lterator []] Generator []

Symbol.iterator () [TTTTITITTITITTITIIT] Generator [I]]

let mylIterable = {
[Symbol.iterator]: function* () {
yield 1;
yield 2;
yield 3;
}
¥
[...myIterable] // [1, 2, 3]

// 00000000000

let obj = {
* [Symbol.iterator]() {
yield 'hello’;
yield 'world’;

};



for (let x of obj) {
console.log(x);

}

// "hello"

// "world"

(111111 Symbol.iterator () [TTTTITTIITIIITI yield [JTITTTTTITITI

[TTT]1 return()[] throw()

(TITIIII1 next () (TTTITIT] return() [11J throw()

ERRNNNERRNNRRRRENNNNE next () [ITTTTTTT] return() [(II]  throw()
(I

return() ITTTTTTTTT] for...of (IITITTITTTITITITT] break

[(LITIT1T] return() (I ITITTITITT return()
(1

function readlLinesSync(file) {
return {
[Symbol.iterator]() {
return {

next() {
return { done: false };

I

return() {
file.close();

return { done: true };

}
}
1
+;

}
(I readLinesSync [TTTTTTTTTTITTTTITTTTTTTTITTT] next ()
(1111 return() [(TTTTTTTTTTTTTITT] return() [IT]

// 000

for (let line of readLinesSync(fileName)) {

console.log(line);



break;

// 000
for (let line of readlLinesSync(fileName)) {
console.log(line);

throw new Error();

}
[TTTTTITIIIIIIIITIIId return() [TTTITITTTITITIT]
return() [TTTTTTTTTITTIT
(Il  return() (ITTTITTTTIIT] Generator [ITT1T]
throw() [TTTTT] Generator [TTTTTTTITIITIITIIITTITIT] Generator
(1T

for...of [T]

ES6 11 C++[] Java] C# [J Python [ITTIT] for...of [TTTITTITTITITITTIIT]

(TIIIITII Symbol.iterator [TTTTITIT] iterator [IT1T1T for...of
LTI ITITTITd for...of [(ITTITIIITTIT] Symbol.iterator []]]
for...of [ITTTTITITIIIT] Set [J Map [TTTITIIIIIIIIT arguments []T]
DOM Nodelist [TTTT1T] Generator [TTITIII1]
(11117 iterator [(TTTITITT] Symbol.iterator [T]T] for...of
LT T I I

const arr = ['red', 'green', 'blue'l];

for(let v of arr) {

console.log(v); // red green blue

const obj = {};

obj[Symbol.iterator] = arr[Symbol.iterator].bind(arr);



for(let v of obj) {

console.log(v); // red green blue

}
(TITIIII1 obj [TT1T] arr [] Symbol.iterator [TT1T] obj [1 for...of [ITITIT] arr
(LTI
for...of [IITIIIIIIT] forEach []]

const arr = ['red', 'green', 'blue'l];

arr.forEach(function (element, index) {
console.log(element); // red green blue

console.log(index); // 012

3
JavaScript [T  for...in [JIIIITIIIITITIIIIITII ES6 [I] for...of
(ITITTITTITT

var arr = ['a', 'b', 'c', 'd'l;

for (let a in arr) {

console.log(a); // 06123

for (let a of arr) {
console.log(a); // abcd

}
(IIIII1] for...in [IITI11] for...of [JTTIIIIIIII] for...of
TTTTITTITIITITITITT entries [I1] keys [TTTTITTITITIII]
for...of I TITITIITTITT] for...in
(I

let arr = [3, 5, 7];

arr.foo = 'hello’';

for (let i in arr) {

console.log(i); // "0", "1", "2", "foo"



for (let i of arr) {
console.log(i); // "3", "5", "7"

(TITIT] for...of [IITTI11] arr [] foo [I1]

Set[] Map

Set[] Map 11110 lterator [ITITITIT] for...of [I1]

var engines = new Set(["Gecko", "Trident", "Webkit", "Webkit"]);
for (var e of engines) {
console.log(e);
}
// Gecko
// Trident
// Webkit

var es6 = new Map();

es6.set("edition", 6);

es6.set("committee", "TC39");

es6.set("standard", "ECMA-262");

for (var [name, value] of es6) {
console.log(name + ": " + value);

}

// edition: 6

// committee: TC39

// standard: ECMA-262

(LTI Set[II] Map

O A e e Set
[TTTITTITTTIITIT Map IO IT Map
(LTITITIT]

let map = new Map().set('a', 1).set('b', 2);
for (let pair of map) {
console.log(pair);
}
// ['a', 1]



// ['b', 2]

for (let [key, valuel of map) {
console.log(key + ' : ' + value);

}

// a1

// b2

(T T ITTTITT T ES6 [IT11  Set[] Map
(LTI TITTIT]

e entries() [ITTITTITIIIIT] (0o, ool
TTTTTIITIITIOTII0Td Set[TTTTITIT Map (I Iterator
(TIIII111 entries [IT]

e keys() [ITTTITITITTITTIITIIT

e values() [ITTTTTITITITTITTIIT]

IRERNRNRNRNRNRNRNRRERERRRREREEEE

let arr = ['a', 'b', 'c'l;
for (let pair of arr.entries()) {

console.log(pair);

}

// 16, 'a'l

// [1, 'b']

/7 12, 'c'l]
(ITTTIITTTITT for...of (ITTTITT] DOM NodelList [T]]  arguments
[T

// 000

let str = "hello";

for (let s of str) {
console.log(s); // hello



// DOM NodeList[]Q]
let paras = document.querySelectorAll("p");

for (let p of paras) {
p.classList.add("test");

// arguments[]
function printArgs() {
for (let x of arguments) {

console.log(x);

}
}
printArgs('a', 'b');
// 'a’
// 'b’
(IIITI1T] for...of [(ITTTTTITITTTTITI 320 UTF-16 [ITJ

for (let x of 'a\uD83D\uDCOA') {

console.log(x);

// Ial
// '\uD83D\uDCOA'

(LITITTITITIITT Iterator [TTTTITTTTITITITN Array.from
[LITIITIN

let arrayLike = { length: 2, 0: 'a', 1: 'b' };

// 00
for (let x of arrayLike) {

console.log(x);

// 00
for (let x of Array.from(arrayLike)) {

console.log(x);



(TITITI1] for...of (TITTITITTIIIIIII0 Iterator
(LTI for...in [TITTIIIIIII

let es6 = {
edition: 6,
committee: "TC39",

standard: "ECMA-262"
};

for (let e in es6) {
console.log(e);

}
// edition
// committee

// standard

for (let e of es6) {

console.log(e);

}

// TypeError: es6[Symbol.iterator] is not a function

ITITITITTITITI for...in [IT1TITIT] for...of [IIT1T]

(LITITTIIT] Object.keys [TTTTTITTITTITITITTITIIN

for (var key of Object.keys(someObject)) {

console.log(key + ': ' + someObject[keyl);

(IIITIIT] Generator [TTTTTTTTIIT]
const obj = { a: 1, b: 2, c: 3}
function* entries(obj) {

for (let key of Object.keys(obj)) {
yield [key, objl[keyl];



for (let [key, value] of entries(obj)) {

console.log(key, '->', value);
}
// a ->1
// b ->2
// ¢ ->3
(ITIIT] JavaScript [T for [11J

for (var index = 0; index < myArray.length; index++) {

console.log(myArray[index]);

LTI forEach [1T]

myArray.forEach(function (value) {
console.log(value);

1)

TTTTITIITTIIITd forEach [IT] break [T1] return [TTT1T1T]

for...in [TTTTITITII]

for (var index in myArray) {

console.log(myArray[index]);

}
for...in [IITTI11]
« (T for. ... in [([TTIIIIT] “0"0 “1°0 “2"ID

o for...in [TITTITTITTITITINTITTITTTITTITIIOTL]
e [IITIT] for...in [TTTITTTIITIT]

(0 for...in [QIITTTITTTITTTTITTITTITIT]

for...of [TTTITTITTITTITITIIT]

for (let value of myArray) {

console.log(value);



e [IT]  for...in [ITTTTTTTIITI for...in [IT1T1
o 111 forEach [TTIT1T] break [] continue[] return [TT1T]
o (ITTITITITIITITITIT

(111111 break [TT11] for...of [I1I11]

for (var n of fibonacci) {
if (n > 1000)
break;

console.log(n);

LTI IIaaTd 1000 ITITTIIT 100011111
for...of [IT]

[terator []

ES2025 11111 Iterator [TTTTTTTTTITTTITITITITTITTITITTTIT]

class MyIterator extends Iterator {
next() {
/]

11111 Iterator [TTTTTITTT next () [I1]

NERRNRRRNRRNNRNNRRNRRRARRNRRNRRRRRRRRRRERREEY

lterator

Iterator [TTTTITTTITITI]

e |terator.from()
e |terator.concat()

[0 1 Iterator.from()

break [T1T]



const it = (function* () {
yield 1;
yield 2;
yield 3;

HO;

const obj = {
[Symbol.iterator]() {
return it;
b
b

const it2 = Iterator.from(obj);

it2 === it // true
(IIITIIT] obj [TTTT1T1] it [  Tterator.from(obj) [ITITIT] it (IIITIT] it2
0 it [IITTIT]

T next () (TTIIIIIT Iterator
(TITIIIIIT Iterator.prototype [TTIITIT] Iterator.from()

[TTTTITITITTd Iterator [T11T]

const it = {
current: 0,
next() {
return { value: this.current++, done: false };
b
b

const obj = {
[Symbol.iterator]() {
return it;
b
b

const it2 = Iterator.from(obj);

it2 === it // false

it2.next() // {value: 0, done: false}
it.next() // {value: 1, done: false}



(LTI obj [ITITITITT it [(TTTTITITIT] next () [TTTIT] Iterator

[(TITIITIT Iterator.from(obj) [TIT] it (ITITTIT] it2 [] it [IITIIT1IT] it2
0 it Iterator (ITTIII0 it (110 next () [(ITTTTTIIT] it2.next() ]
it.next () I
11 Iterator.from() [TTTTTTITITITIIT] [System.iterator]()
(TITTTITTIT] Iterator [TTT11]
(T Iterator.from() [(TTTTTTTIITIT]
// 000
const objl = (function* () {
yield 1;
yield 2;
yield 3;

NO;

const obj2 = Iterator.from(objl);

obj2 === objl // true
// 000
const obj3 = {

current: 0,
next() {
return { value: this.current++, done: false };
b
b

const obj4 = Iterator.from(obj4);

obj3 === obj4 // false
[(TITIT] 0bj1[] obj3 [TIIIIITIT] Iterator.from() [TTTTTTIT] Obj1[] Iterator
(LTI 0bj3 [T] Iterator [ITTTTTITITTITITTITIIT]

] 2[] Iterator.concat()

Iterator.concat () [ITTTTTTITITTTITITIITITIT

const al = [1,2];
const a2 = [3,4];
const a3 = [5,6];



const it = Iterator.concat(al, a2, a3)

it.next() // {value: 1, done: false}
it.next() // {value: 2, done: false}
it.next() // {value: 3, done: false}

[(TITIT] Iterator.concat() [] al[] a2 [] a3 [IIITITITTITITIIIOITT

(LITIITIITTITTIOT

const array = [1, 2, 3];
const set = new Set([4, 5, 6]);
function* gen() {

yield 7;

yield 8;

yield 9;

const it = Iterator.concat(array, set, gen());

[...it] // (1, 2, 3, 4, 5, 6, 7, 8, 9]

(TI11] Iterator.concat () [TTTTTTTTTTTITII]

(LITITTITTTITTIIT]

const obj = {
next() {
return { done: true };
b
b

const it = Iterator.concat(obj); // 00

(111 obj [TTTTTTTTIIITIT Iterator.concat() [TTTIIIT] Iterator.from()
T

const obj = {
next() {
return { done: true };
I
b



const it = Iterator.concat(Iterator.from(0bj)); // 00O

lterator

Iterator

- Iterator.prototype.every()

- Iterator.prototype.filter()

- Iterator.prototype.find()

- Iterator.prototype.flatMap()
- Iterator.prototype.forEach()
- Iterator.prototype.includes()
- Iterator.prototype.join()

- Iterator.prototype.map()

- Iterator.prototype.reduce()

- Iterator.prototype.some()

RIRNRNRNRNRNENNEN

const result = Iterator.from(array)
.map(x => x * 2)
.filter(x => x > 10)
.take(3)
.toArray();

[LITITTITIT]

COﬂSt ar.r.=[|a|’ II, lbl’ ||’ ICI, II’ Idl, ||, lel];

arr.values() // creates an iterator
.filter(x => x.length > 0)
.drop(1)
.take(3)
.map(x => "=${x}=")
.toArray()

// ['=b=", '=c=', '=d=']



[T arr [II1111T] values() T for...of
IRNRRNRNRRNRNRRNRNERNRNERNREENEE

(LITITITI Iterator [TTTTTIT]
e Iterator.prototype.drop(limit)[ITTTTTITITIT limit (1T
e |terator.prototype.take(limit)ITITIIITIIIIT limit (110

e |terator.prototype.toArray () ITTTTTITITIIIT
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