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JavaScript nang cao

Lap trinh khéng dong bo
Vong lap sw kién

X ly song song

Web API
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* Mot tac vu dang xtr ly thi phai xtr ly xong (két thuc),
tac vu khac mé&i c6 thé chay duoc.
e Moi thori diém chi ¢6 nhiéu nhat mot tac vu duoc xtr ly
(don nhiém - singletasking)

—

* Khi &rng dung web thwc hién tac vu mat th¢i gian va
khong tra diéu khién cho trinh duyét

time

e trinh duyét bi khéa/treo/dong bang
(blocking/frozen/unresponding)

e nguodi dung khoéng tuong tac duoc
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function sFunction () { return ("Hello S!"); }

console.log("begin");
let ret = sFunction();
console.log(ret);
console.log("end");
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F—TA4p trinh

» Mot tac vu dang chay c6 thé bi hoan dé xtr Iy mot tac vu
khéc, sau d6 duoc goi lai dé xtr ly tiép
o Nhiéu tac vu duoc xtt Iy dong thoi (dang duogc xtr 1y)
» Pa nhiém (multitasking)
» Luuy: Pong thoi (concurrent) khac song song (parallel).

—

time

* Pht hop khi chay tac vu ma khéng muoén chan (block)
tac vu khac (vi du tac vu chinh (trinh duyét))

* Nhiéu Web API hién dai la khong dong bo, dic biét cac
thao tac I/O, request dén server, giao ti€p mang.
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du lap trin

function aFunction() {
setTimeout( function() {
let ret = sFunction();
console.log(ret);
[, 0):
}
console.log("begin");
aFunction();
console.log("end");
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HW

La cach thtrc truyén théng dé tao tac vu khong dong

Ham goi lai (callback) dugc truyén vao tham sé cho

mot ham khac (thuong 1a Web API)

e wind

e wind

low.setTimeout(callback, time);
low.setInterval(callback, time);

e Wind

low.requestAnimationFrame(callback);

e obj.addEventListener(eventName, callback);

Ham goi lai khéng duoc thwce hién ngay, ma duogc dua
vao hang doi va dugc "goi lai" & moét thoi diém trong
tuong lai.
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Lap trinh khoAg-dong bo hiér
dai: promise-based

rf t 5. Okie, thanks
Do Okie, this I'll make use of the
me is my result soon.
this promise!
task
please

4. Task done!
Check given
promise for
task's result
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Promise

"Giay hen tra két qua”
Chira két qua tra vé khi hoan thanh, 16i néu that bai
Puoc dua vao hang doi va xtr ly sau.

e Khac hang doi callback
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~—— Hamtao

var promiseObj = new Promise(executor);

var promiseObj = new Promise( function(fulfill, reject) {

// typically, some asynchronous operation.

1

Hai ham fulfill, reject tw dong duoc tao va budc vao doi
tuong promise
e fulfill tra vé ket qua néu nhiém vu hoan thanh
* reject tra vé két qua néu nhiém vu that bai hay bi ttr choi
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function aFunction () {

return new Promise(

function(fulfill, reject) {
fulfill("Hello A1!");
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function imgLoad (url) {

return new Promise(function(fulfill, reject) {
let request = new XMLHttpRequest();
request.open('GET', url);
request.responseType = 'blob’;
request.onload = function() {
if (request.status === 200) {
fulfill(request.response); } else { reject(Error("didn\'t" ));

}
J

request.send();

1;
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Tao promise bang async

Thay cho s dung constructor dé tao promise

Ttr khoéa async dugc thém vao dinh nghia ham

e Cau lénh return ctia ham sé tw dong bao gbi két qua tra vé
trong promise.

e Ham ludn tra vé promise

o Cach viét hAm nhu ham dong bo

async function doTaskA() { return value; };
let promiseA = doTaskA();
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function aFunctioni () {
return new Promise(

function(fulfill, reject) {
fulfill("Hello A1!");

async function aFunction2 () {
return ("Hello A2!");

j
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async function imgLoad2(url) {
let request = new XMLHttpRequest();

request.open('GET', url);
request.responseType = 'blob’;
request.onload = function() {
if (request.status === 200) {
return (request.response);

J

request.send();

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web.
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~C4ac phwong thirc cua prcﬁ

Chirc nang
e Tra két qua
o tai moét thoi diém nao do trong tuong lai
Cac phuong thtrc cho d6i tugng/thé hién
e then()
e catch()
e finally()
Cac phuong thwrc tinh
e all()
e allSettled()

* any()
e race()

Lé Pinh Thanh, Bai giang Phat trién &rng dung web.
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P er

let

let

let

promiselr = new Promise(...);

promise2 = promisei.then(callback);

promise3 = promise2.then(function(param) {});

hodc viét noi

let promises =
Promise(...).then(callback).then(function(param) {});

Néu két qua la thanh céng (fulfill) thi goi callback va

e Tw dong boc két qud chira trong promise va truyén vao tham so

cho callback

e Chuyén callback thanh ham khong dong bo

Tao thanh chudi promise

Lé Pinh Thanh, Bai giang Phat trién &rng dung web.
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aFunctioni()

then(/* then () tw dong béc ndi dung (két qua) chira
trong promise va truyén vao tham sé cho callback */

function (ret) {
console.log(ret);

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web. 9



— Vi du chuoi promise 2

imgLoad('myLittleVader.jpg')

then( /* then () tw dong boc ndi dung (két qud) chira
trong promise va truyén vao tham so cho callback */

function(resp) {

let body = document.querySelector('body');

let myIlmage = document.createElement("img");
mylmage.src = window.URL.createObjectURL(resp);
body.appendChild(mylmage);

return mylmage; /* then() tw dong tao promise md&i va dua
két qua tra vé vao promise maoi , trd vé promise méi */

)

then (function(newCreatedImage) { ... });
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PF——"  promise.

» Sau tat cd cac then()

* Puogc goi néu it nhat mot promise (.then()) that bai.
imgLoad('myLittleVader.jpg')

then( function(resp) { ... })

then (function(newCreatedlmage) { ...})

.catch (function(err) { console.log(err); });

20
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promise.finally()

* Cudi chuoi promise

* Pugc thwe hién sau cling bat luan chudi promise hoan
thanh tat ca hay co mo6t promise that bai

imgLoad('myLittleVader.jpg')

then( function(resp) { ... })

then (function(newCreatedImage) { ...})

.catch (function(err) { console.log(err); })

finally(function() { console.log("finished"); });
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Lap trinh khéng dong bo ===
/p Lap lich/ké hoach

doTaskA() // promiseA queued
.then (doTaskB) // promiseA fulfilled, promiseB queued
then(doTaskC) // promiseB fulfilled, promiseC queued

.catch(handleError)  // at least one promise was rejected
finally(finish); // away do last
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Promise.all()

* Khi tat ca cac promise hoan thanh hoac it nhat mot
promise that bai

let promiseA = doTaskA() ;
let promiseB = doTaskB() ;

let promiseC = doTaskC() ;

let promiseD = Promise.all([promiseA , promiseB,
promiseC]);

promiseD.then(function(arr) {...});
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Promise.allSettled()

* Khi tat ca cac promise dugc gidi quyét xong (hoac
hoan thanh hodc that bai)

let promiseA = doTaskA() ;

let promiseB = doTaskB() ;

let promiseC = doTaskC() ;

let promiseD = Promise.allSettled([promiseA , promiseB,
promiseC]);

promiseD.then(function(arr) {...});

24
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Promise.any()

* Khi c6 it nhat mot promise hoan thanh
let promiseA = doTaskA() ;
let promiseB = doTaskB() ;

let promiseC = doTaskC() ;

let promiseD = Promise.any([promiseA , promiseB,
promiseC]|);

promiseD.then(function(value) {...});

* C6 thé khong c6 promise nao hoan thanh (tit ca déu

that bai)
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| Promise.race()

* Khi co it nhat mo6t promise hoan thanh hoac that bai
let promiseA = doTaskA() ;
let promiseB = doTaskB() ;

let promiseC = doTaskC() ;

let promiseD = Promise.race([promiseA , promiseB,
promiseC]|);

promiseD.then(function(value) {...});
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Poi mot promise cho dén khi promise dugc hoan thanh hoic
that bai

« let ret= await aFunction().catch((err) => { console.error(err); });

Chi dugc dung await trong ham async

async tunction fetchAndDecode(url, twpe

let response = await fetch({wurl

let content

it ' response . ok
throw new Error{ HTTP error! status: response . status |}
else
if(twpe === "blob’
content = await response.blob
else if(twpe === "text’
content = await response.text

return content

Lé Pinh Thanh, Bai giang Phat trién &rng dung web. =



async function fetchAndDecode(url, type

let response = await fetch({url
/ a W let content
P if Ilresponse .ok

throw new Error{ HTTP error! status:

Thay cho then Seome — “blob

content = await response.blcb
async function fetchAndDecode(url, type) { e e

fetch(url).then(function(response) {
if ('response.ok) { T comtent
throw new Error(* HTTP error! status: ${response.status}");
} else {
if (type === 'blob') {
response.blob().then(function(content) {
return content;
b;
} else if (type === "text') {
response.text().then(content => {return content;});

}
s
}
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Hang do'l microtask

Promise dugc dua vao hang doi microtask
(microtask/job queue).

Tat ca promise trong hang doi, ké ca promise mo&i
phat sinh khi x* ly promise c{, s€ dugc xt ly ngay khi
mot task két thuc va trude khi task khac dugc xtr ly.

L& Pinh Thanh, Bai gidng Phat trién (rng dung web. 2



™)
PYESAVAY

CALL STACK

EVENT LOOP O

— N JC - -
@ \/ O e, < - = —
WEB APIS
L 2
MESSAGE QUEUE
callback 1 onClick

Macrotask queue

promise 1 promise 2

Microtask queue
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— Hang doi macrotask

Trinh duyét/JavaScript hoat dong theo sw kién (event-
driven)
e Thuwc thi chi xay ra khi c6 sw kién (nham xt ly sw kién d6)

 run script, load, readystatechange, click, mouseover, timeout,

Cac ham xt ly sy kién (event handler, callback) duoc
dua vao hang dgi macrotask (task/message/callback
queue).

L& Pinh Thanh, Bai gidng Phat trién (rng dung web. =



ong lap su kién (Event loop)

while (true) {
if (the call stack is empty) {

while (the microtask queue is not empty) {

dequeue the oldest (micro)task and run it (push it to the call
stack)

J

if (the macrotask queue is not empty) {

dequeue the oldest (macro)task and run it (push it to the call
stack)

J
repaint (DOMchanged)

}
J

Lé Dinh Thanh, Bai gidng Phét trién (ng dung web.

32



/\\LML/

console.log('Start');

setTimeout(() => { console.log('setTimeout 1'); }, 10);
setTimeout(() => { console.log('setTimeout 2'); }, 0);

new Promise(function(fulfill, reject) { fulfill('Promise 1'); })
then (function(res) {console.log(res); return "Sub Promise 1";})

then (function(res) {console.log(res);}); Start

End
new Promise((fulfill, reject) => { fulfill('Promise 2'); }) :Z:iz: i
then (res => {console.log(res); return "Sub Promise 2";}) Sub Promise 1
.then (res => {console.log(res);}); Sub Promise 2

setTimeout 2

setTimeout 1
1 !
console.log('End’); 3
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/
Thém vé microtask

promise la mot dang microtask
e Moi khi dugc tao, promise dugc dua vao hang doi
microtask
Co6 thé tao va thém mot microtask vao hang doi
microtask bang ham queueMicrotask(function(){});

Lé Pinh Thanh, Bai giang Phat trién &rng dung web. 5



Loi khuyén

Str dung promise/ham khéng dong bo dé tranh block
luong chinh vé&i cac thao tac
e Vao/ra
e Gri request/nhan response
e Giao tiép mang
Khoéng st dung promise/ham khéng dong bo véi cac
thao tac
e Chixt ly trong CPU
» Vi chi c6 tac dung thay doi thir tw thwe hién cac job va task
« Van block tac vu tiép theo

L& Pinh Thanh, Bai gidng Phat trién (rng dung web. o



X ly song song
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—— JavaScript don luéng

Pon luéng (single-threaded)

e Du ¢ nhiéu CPU hoac CPU c6 nhiéu core, cac tac vu
JavaScript cling chi dugc xt ly trén mot luéng (main
thread)

e Cdc tac vu dugc thwe thi mot cach tudn tw (sequentially)
Gidi phap cho xtr ly da luéng trong moéi truong thwc
thi cta trinh duyét

e Web worker

o chay & luéng khac

tan dung dugc CPU va CPU core khac
 chay cac tacvu léon

luéng chinh/trinh duyét) khéng bi block

L& Pinh Thanh, Bai gidng Phat trién (rng dung web. o



= Web worker
Cho phép chay tép JavaScript & luéng (thread) riéng &
ché d6 nén bén ngoai luong chinh (ngt* canh window)
e Khong lam cho luoéng chinh bi treo (non-blocking)
* Giao tiép v&i luong chinh bang gi/nhan thong bao
(message)
» Gri: postMessage(m);
« Nhan: onmessage = function() {}
Cé thé ma bat ky, ngoai trir
e khong truy cap dugc DOM

e khong str dung dugc mot s6 phuong thirc va thudc tinh
ctla window
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https://developer.mozilla.org/en-US/docs/Web/API/Web_Workers_API/Functions_and_classes_available_to_workers

Phan loai web worker

Chuyén biét (dedicated web worker )
e chi lam viéc dugc v&i mot luong chinh (window)
Chia sé (shared web worker )

e ¢6 thé lam viéc (chia sé) dugc v&i nhiéu luéng chinh
(window, tab, iframe)

» cung domain

Lé Pinh Thanh, Bai giang Phat trién &rng dung web. =



1 onmessage = function(e) {

2 console.log( "Worker: Message recelved from main script');
: let result = e.data[B@] * e.data[l];
4 if (isNal({result)) {
; postMessage('Please write two numbers');
b else
let workerResult = "Result: ' + result;
7 console. log( "Worker: Posting message back to main script');

postMessage(workerResult);
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1 const first = document.guerySelector('#numberl”);

if (window.Worker) {

const mylWorker = new Worker("worker.js"™):

first.onchange = function()} {

18 mylorker.postMessage([first.value, second.value]);
11 console.logl "Message posted to worker');

12 T

19 mykorker.onmessage = function(e) {

2B result.textContent = e.data;

71 console.log( 'Message recelved from worker'):
22 ¥
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l1let c = 0;
2 onconnect = function(e)
let port = e.ports[0];
port.onmessage = function(e) {
C++;
port.postMessage(c);

s

CO~JoOvun &~ W
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1 <!DOCTYPE html><html><head>

16
17
18

<meta charset="utf-8">

~title:Shared worker 1</title>
</head><body>

<button class="inc">Increase</button>

<span class="result"></span>

<script>

let worker new SharedWorker("sw.js");

document.querySelector(".inc").onclick = function() {

worker.port.postMessage("1inc");

worker.port.onmessage function(e) {

document.querySelector(".result").innerHTML = e.data;

</script>
</body>

19</html>
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Web API
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™)
PYESAVAY

CALL STACK

EVENT LOOP O

q@
\1D
1

\

WEB APIS

callback 1 onClick

MESSAGE QUEUE

Macrotask queue

promise 1 promise 2

Microtask queue

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web.

45



® web aPis | MDN x +

&€ 5 C {y & developer.mozilla.orgien-US/docs/ \Web/API

Specifications

This is a list of all the APIs that are available.

A F Media Source Extensions & Streams 4
Ambient Light Events Fetch API Mediastream Recording .
File System APl A N
Touch Ever
B Frame Timing AP o o
Background Tasks Fullscreen AP Navigation Timing
Battery APl 1 Network Information APl & u
URL API
Beacon G
P
Bluetooth API Gamepad APl & v
Page Visibility AP/
Broadcast Channel API Geolocation API 9 ity _
Payment Request AP Vibration A
C H Performance API Visual View
CSS Counter Styles HTML Drag and Drop AP Performance Timeline API W
CSS Font Loading APl & High Resolution Time Permissions AP _
~eonng Wictan: ADI Pointer Events Web Anime
46
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Mot s6 APl quan trong

e DOM
* Fetch
* URL

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web. o



= Fetch AP
Cung cap giao dién cho phép
* tao va guirequest
e nhan response
* tao response
Cac doi tuong
e Request
e Response
e Headers
e Body (mixin)
Phuong thwc toan cuc

e fetch()
 bdn thay thé hién dai hon XmlHttpRequest (AJAX)

L& Pinh Thanh, Bai gidng Phat trién (rng dung web.
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fetch()

* Pbon gian v¢ori GET method

fetch('http://example.com/movies.json")
.then(response => response.json())
.then(data => console.log(data));

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web. o



fetch

* Cau hinh header va body ctia HTTP request

onst response = await fetch(url, {
method: 'POST', // *GET, POST, PUT, DELETE, etc.
mode: 'cors', // no-cors, *cors, same-origin
cache: 'no-cache', // #default, no-cache, reload, force-cache, only-if-cache:s
credentials: 'same-origin', // include, *same-origin, omit
headers: |
"Content-Type': 'application/json’

/f 'Content-Type': 'application/x-www-form-urlencoded’,
1
I3
redirect: 'follow', // manual, *follow, error
referrerPolicy: 'no-referrer', // no-referrer, *no-referrer-when-downgrade, ¢

body: 1SON.stringify(data) // body data type must match "Content-Type" heade
)

eturn response.json(); // parses JSON response into native JavaScript objects

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web. 20



fetch(
* POST dit liéu JSON

1 const data = { username: ‘example' };
2

3 fetch( "https://example.com/profile"', {
A method: "POST', /S or "PUT’

5 headers: |

& "Content-Type': "application/json',
7 ¥

8 body: JSON.stringify(data),

9 | 1)

10 -then(response =» response.json()})

11 .then(data => {

12 console.log( "Success: "', data);

13 | })

14 .catch({(error) => {

15 console.error( "Error: ", error);

16 | });

o1
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* Upload file (form)

const formData = new FDPmData(}j

Lo T v I T = L T ¥ LY I

e e e
(= I T, I YR NCR S =

17

const fileField = document.querySelector('input[type="file"]");

formData.append( 'username’, "abcl23');
formData.append( "avatar', fileField.files[8]);

fetch('https://example.com/profilefavatar’, {
method: "PUT",
body: formData
})
.then(response => response.json())
.then(result => {
console.log('Success: ', result);
1)
.catch(error => {

console.error('Error:', error);

1);

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web.
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"Headers va

» Tao d6i tuong Request roi giti

2 g 1 const myHeaders = new Headers({
® It dung 2 "Content-Type'": "text/plain’,
3 '"Content-Length': content.length.toString(),
£1 "X -—Custom-Header "' : "ProcessThisImmediatelw"
5 ¥J)s
3 | const myRequest = new Request('flowers.jpeg', {
A method: "GET',
5 headers: myHeaders,
;5 mode: 'cors',
7 cache: "default’,
1Y .
8 It

19 | fetch(myRequest)

11 .then(response =»> response.blob())

12 .then(myBlob => {

13 myImage.src = URL.createObjectURL(myBlob) ;
14 )

Lé Dinh Thanh, Bai gidng Phat trién (rng dung web. 2



\\,
= Response

Thudc tinh

e Response.status
e Response.statusText
e Response.ok

Phuong thirc
e Response.arrayBuffer()
e Response.blob()

* Response.json();
* Response.text();

L& Pinh Thanh, Bai gidng Phat trién (rng dung web.
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Tiép theo

PWA
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