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About

You can share this PDF with anyone you feel could benefit from it, downloaded the latest version
from: javascript

It is an unofficial and free JavaScript ebook created for educational purposes. All the content is
extracted from Stack Overflow Documentation, which is written by many hardworking individuals at
Stack Overflow. It is neither affiliated with Stack Overflow nor official JavaScript.

The content is released under Creative Commons BY-SA, and the list of contributors to each
chapter are provided in the credits section at the end of this book. Images may be copyright of
their respective owners unless otherwise specified. All trademarks and registered trademarks are
the property of their respective company owners.

Use the content presented in this book at your own risk; it is not guaranteed to be correct nor
accurate, please send your feedback and corrections to info@zzzprojects.com
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C_hapter 1. Getting started with JavaScript

Remarks

JavaScript (not to be confused with Java) is a dynamic, weakly-typed language used for client-side
as well as server-side scripting.

JavaScript is a case-sensitive language. This means the language considers capital letters to be
different from their lowercase counterparts. Keywords in JavaScript are all lowercase.

JavaScript is a commonly referenced implementation of ECMAScript standard.

Topics in this tag often refer to the use of JavaScript within the browser, unless otherwise stated.
JavaScript files alone can't be run directly by the browser; it's necessary to embed them in an
HTML document. If you have some JavaScript code you'd like to try, you can embed it in some
placeholder content like this, and save the result as exampie.htmi:

<!doctype html>
<html>
<head>
<meta charset="utf-8">
<title>Test page</title>
</head>
<body>
Inline script (option 1):
<script>
// YOUR CODE HERE
</script>
External script (option 2):
<script src="your-code-file.js"></script>

</body>
</html>
Versions

1 1997-06-01
2 1998-06-01
3 1998-12-01
E4X 2004-06-01
5 2009-12-01
51 2011-06-01
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Version | Release Date

6 2015-06-01

7 2016-06-14

8 2017-06-27
Examples

Using the DOM API

DOM stands for Document Object Model. It is an object-oriented representation of structured
documents like XML and HTML.

Setting the textcontent property of an eiement iS ONE way to output text on a web page.

For example, consider the following HTML tag:
<p id="paragraph"></p>

To change its textcontent property, we can run the following JavaScript:
document .getElementById ("paragraph") .textContent = "Hello, World";

This will select the element that with the id paragrapn and set its text content to "Hello, World":
<p id="paragraph">Hello, World</p>

(See also this demo)

You can also use JavaScript to create a new HTML element programmatically. For example,
consider an HTML document with the following body:

<body>
<hl1>Adding an element</hl>
</body>

In our JavaScript, we create a new <p> tag with a textcontent property of and add it at the end of
the html body:

var element = document.createElement ('p');
element.textContent = "Hello, World";
document .body.appendChild (element); //add the newly created element to the DOM

That will change your HTML body to the following:
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<body>
<hl1>Adding an element</hl>
<p>Hello, World</p>
</body>

Note that in order to manipulate elements in the DOM using JavaScript, the JavaScript code must
be run after the relevant element has been created in the document. This can be achieved by
putting the JavaScript <script> tags after all of your other <vody> content. Alternatively, you can
also use an event listener to listen to eg. window's onioad event, adding your code to that event
listener will delay running your code until after the whole content on your page has been loaded.

A third way to make sure all your DOM has been loaded, is to wrap the DOM manipulation code
with a timeout function of O ms. This way, this JavaScript code is re-queued at the end of the
execution queue, which gives the browser a chance to finish doing some non-JavaScript things
that have been waiting to finish before attending to this new piece of JavaScript.

Using console.log()

Introduction

All modern web browsers, NodeJs as well as almost every other JavaScript environments support
writing messages to a console using a suite of logging methods. The most common of these
methods is console.log().

In a browser environment, the console.10g () function is predominantly used for debugging
purposes.

G_etting Started

Open up the JavaScript Console in your browser, type the following, and press enter:

console.log("Hello, World!");

This will log the following to the console:

[ ﬁ] Elements Conscle Sources Metwork Timeline
Q ¥ top Y Preserve log
» console,log("Hello, World!");

Hello, World!

In the example above, the console.10g() function prints se110, worid! to the console and returns
undefined (Shown above in the console output window). This is because console.10g() has no
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explicit return value.

Logging variables

console.log() can be used to log variables of any kind; not only strings. Just pass in the variable
that you want to be displayed in the console, for example:

var foo = "bar";
console.log(foo);

This will log the following to the console:

> var foo = "bar";
console.log(foo);

bar

undefined

If you want to log two or more values, simply separate them with commas. Spaces will be
automatically added between each argument during concatenation:

var thisVar 'first value';

var thatVar 'second value';

console.log("thisVar:", thisVar, "and thatVar:", thatVar);

This will log the following to the console:

> var thisVar = 'first value';
var thatVar = 'second value';
console. log("thisvar:", thisVar, "and thaf

thisVar: first value and thatVar: second \
undefined

Faceholders

YOou can use console.log() in combination with placeholders:

var greet = "Hello", who = "World";

https://riptutorial.com/ 5


https://i.stack.imgur.com/oSX2F.png
https://i.stack.imgur.com/LuMaA.png

console.log("%s,

%s!", greet, who);

This will log the following to the console:

>

var greet = "Hello", who =
console.log("%s, %s!", greet,

Hello, World!

undefined

"World";

who) ;

L_ogging Objects

Below we see the result of logging an object. This is often useful for logging JSON responses from
API calls.

console.log ({

}) i

'Email': '"',

'Groups': {1},

'Id': 33,

'IsHiddenInUI': false,

'IsSiteAdmin': false,

'LoginName': 'i:0#.w|virtualdomain\\user2',

'PrincipalType': 1,

'Title': 'user2'

This will log the following to the console:

¥ Object {Email:

", Groups: Object, Id:
Email: ™"

» Groups: Object

Id: 33
IsHiddenInUI: false
IsSiteAdmin: false
LoginName: "i:8%.w|virtualdomainiuser2”
PrincipalType: 1

Title: "user2”

& Dbject

el

33, IsHiddenInUTI:

false, IsSiteddmin: false.}

L_ogging HTML elements

You have the ability to log any element which exists within the DOM. In this case we log the body
element:

console.log (document .body) ;
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This will log the following to the console:

¥ =body class="question-page new-topbar
noscript==div id="noscript-padding"=</div=</noscript

div id="notify-container Sdiw
div id="custom-header Sdiv
* <header class="so-header js-so-header fixed"=_</header
P oscript=.<fscript
Fodiv class="container"=.=/div
script async src="https://cdn.sstatic.net/clc/clec.min. js?v=51T344cBbd78 Ssoript
P =div id="Tooter"” class="categories'=.=/div
P onoscript=.=/noscript
P oscript=.=/script
Foscript=.=/script
P escript=.<fscript
P =script type="text/javascript"=.=/script
Sbody
—

For more information on the capabilities of the console, see the Console topic.

Using window.alert()

The a1ert method displays a visual alert box on screen. The alert method parameter is displayed

to the user in plain text:

window.alert (message) ;

Because window is the global object, you can call also use the following shorthand:

alert (message) ;
So what does window.alert () do? Well, let's take the following example:
alert ('"hello, world'");

In Chrome, that would produce a pop-up like this:

This page says:
hello, world

Prevent this page from creating additional dialogs.
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Notes

The a1ert method is technically a property of window Object, but since all window
properties are automatically global variables, we can use a1ert as a global variable
instead of as a property of window - meaning you can directly use aiert () instead of

window.alert ().

Unlike using console.log, alert acts as a modal prompt meaning that the code calling aiert will
pause until the prompt is answered. Traditionally this means that no other JavaScript code will
execute until the alert is dismissed:

alert ('Pause!');
console.log('Alert was dismissed');

However the specification actually allows other event-triggered code to continue to execute even
though a modal dialog is still being shown. In such implementations, it is possible for other code to
run while the modal dialog is being shown.

More information about usage of the 21« method can be found in the modals prompts topic.

The use of alerts is usually discouraged in favour of other methods that do not block users from
interacting with the page - in order to create a better user experience. Nevertheless, it can be
useful for debugging.

Starting with Chrome 46.0, window.alert () iS blocked inside an <iframe> unless its sandbox
attribute has the value allow-modal.

Using window.prompt()
An easy way to get an input from a user is by using the prompt () method.

Syntax

prompt (text, [default]);

» text: The text displayed in the prompt box.
» default: A default value for the input field (optional).

Examples

var age = prompt ("How old are you?");
console.log(age); // Prints the value inserted by the user

https://riptutorial.com/ 8
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localhost says:

How old are you?

22

Cancel OK

If the user clicks the ox button, the input value is returned. Otherwise, the method returns nui1.

The return value of prompt IS always a string, unless the user clicks cance1, in which that case it
returns nu11. Safari is an exception in that when the user clicks Cancel, the function returns an
empty string. From there, you can convert the return value to another type, such as an integer.

Notes

» While the prompt box is displayed, the user is prevented from accessing other parts of the
page, since dialog boxes are modal windows.
 Starting with Chrome 46.0 this method is blocked inside an <iframe> unless its sandbox
attribute has the value allow-modal.
Using the DOM API (with graphical text: Canvas, SVG, or image file)

Using canvas elements
HTML provides the canvas element for building raster-based images.

First build a canvas for holding image pixel information.

var canvas = document.createElement ('canvas');
canvas.width = 500;
canvas.height = 250;

Then select a context for the canvas, in this case two-dimensional:
var ctx = canvas.getContext ('2d');

Then set properties related to the text:

ctx.font = '30px Cursive';
ctx.fillText ("Hello world!", 50, 50);

Then insert the canvas element into the page to take effect:

document .body.appendChild (canvas) ;
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Using SVG
SVG is for building scalable vector-based graphics and can be used within HTML.

First create an SVG element container with dimensions:

var svg = document.createElementNS ('http://www.w3.0rg/2000/svg', 'svg');
svg.width = 500;
svg.height = 50;

Then build a text element with the desired positioning and font characteristics:

var text = document.createElementNS ('http://www.w3.0rg/2000/svg', 'text');
text.setAttribute ('x', '0");

text.setAttribute('y', '50"');

text.style.fontFamily = 'Times New Roman';

text.style.fontSize = '50';

Then add the actual text to display to the textelement:

text.textContent = 'Hello world!';

Finally add the text element to our svg container and add the svg container element to the HTML
document:

svg.appendChild (text) ;
document .body.appendChild (svqg) ;

Image file

If you already have an image file containing the desired text and have it placed on a server, you
can add the URL of the image and then add the image to the document as follows:

var img = new Image();
img.src = 'https://i.ytimg.com/vi/zecueg-mod4M/maxresdefault.jpg';
document .body.appendChild (img) ;

Using window.confirm()

The window.confirm() method displays a modal dialog with an optional message and two buttons,
OK and Cancel.

Now, let's take the following example:

result = window.confirm(message);

Here, message is the optional string to be displayed in the dialog and result is a boolean value
indicating whether OK or Cancel was selected (true means OK).

window.confirm() IS typically used to ask for user confirmation before doing a dangerous operation

https://riptutorial.com/ 10



like deleting something in a Control Panel:

if (window.confirm("Are you sure you want to delete this?")) {
deleteltem (itemId) ;
}

The output of that code would look like this in the browser:

This page says:

Are you sure you want to delete this?

If you need it for later use, you can simply store the result of the user's interaction in a variable:

var deleteConfirm = window.confirm("Are you sure you want to delete this?");

Notes

» The argument is optional and not required by the specification.

» Dialog boxes are modal windows - they prevent the user from accessing the rest of the
program's interface until the dialog box is closed. For this reason, you should not overuse
any function that creates a dialog box (or modal window). And regardless, there are very
good reasons to avoid using dialog boxes for confirmation.

» Starting with Chrome 46.0 this method is blocked inside an <iframe> unless its sandbox
attribute has the value allow-modal.

* Itis commonly accepted to call the confirm method with the window notation removed as the
window object is always implicit. However, it is recommended to explicitly define the window
object as expected behavior may change due to implementation at a lower scope level with
similarly named methods.

Read Getting started with JavaScript online: https://riptutorial.com/javascript/topic/185/getting-
started-with-javascript
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C_hapter 2. .postMessage() and MessageEvent

Syntax

® windowObject.postMessage (message, targetOrigin, [transfer]);

® window.addEventListener ("message", receiveMessage);

Parameters

Parameters -

message

targetOrigin

transfer optional
Examples

Getting Started

What is .postMessage(), when and why do we
use it

.postMessage () Method is a way to safely allow communication between cross-origin scripts.

Normally, two different pages, can only directly communicate with each other using JavaScript
when they are under the same origin, even if one of them is embedded into another (e.g. iframes)
or one is opened from inside the other (e.9. window.open ()). With .postiessage (), you can work
around this restriction while still staying safe.

You can only use .postMessage () When you have access to both pages' JavaScript code.
Since the receiver needs to validate the sender and process the message accordingly, you can
only use this method to communicate between two scripts you have access to.

We will build an example to send messages to a child window and have the messages be
displayed on the child window. The parent/sender page will be assumed to be nhttp://sender.com
and child/receiver page will be assumed to be http://receiver.con for the example.

Sending messages

https://riptutorial.com/ 12
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In order to send messages to another window, you need to have a reference to its «i~qo. object.
window.open () returns the reference object of the newly opened window. For other methods to
obtain a reference to a window object, see the explanation under otherwindow parameter here.

var childWindow = window.open ("http://receiver.com", "_blank");

Add a textarea and a send button that will be used to send messages to child window.

<textarea id="text"></textarea>
<button id="btn">Send Message</button>

Send the text of textarea USing .postMessage (message, targetOrigin) When the putton is clicked.

var btn = document.getElementById("btn"),
text = document.getElementById ("text");

btn.addEventListener ("click", function () {
sendMessage (text.value) ;
text.value = "";

)i

function sendMessage (message) {
if (!message || !message.length) return;
childWindow.postMessage (JSON.stringify ({
message: message,
time: new Date ()
}), 'http://receiver.com');

In order send and receive JSON objects instead of a simple string, sson.stringicy () and
Json.parse () methods can be used. A rransraranic object can be given as the third optional
parameter of the .postvessage (message, targetorigin, transter) Method, but browser support is
still lacking even in modern browsers.

For this example, since our receiver is assumed to be http://receiver.com Ppage, we enter its url as
the targetorigin. The value of this parameter should match the origin of the chiilawindow Object for
the message to be send. It is possible to use * as a wildcard but is highly recommended to avoid
using the wildcard and always set this parameter to receiver's specific origin for security reasons

R_eceiving, Validating and Processing
Messages

The code under this part should be put in the receiver page, which is http://receiver.com for our
example.

In order to receive messages, the nessace event Of the window Should be listened.
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window.addEventListener ("message", receiveMessage);

When a message is received there are a couple of steps that should be followed to assure
security as much as possible.

» Validate the sender
» Validate the message
* Process the message

The sender should always be validated to make sure the message is received from a trusted
sender. After that, the message itself should be validated to make sure nothing malicious is
received. After these two validations, the message can be processed.

function receiveMessage (ev) {
//Check event.origin to see if it is a trusted sender.
//If you have a reference to the sender, validate event.source
//We only want to receive messages from http://sender.com, our trusted sender page.
if (ev.origin !== "http://sender.com" || ev.source !== window.opener)

return;

//Validate the message
//We want to make sure it's a valid json object and it does not contain anything malicious

var data;
try {

data = JSON.parse (ev.data);

//data.message = cleanseText (data.message)
} catch (ex) {

return;

}

//Do whatever you want with the received message

//We want to append the message into our #console div

var p = document.createElement ("p");

p.innerText = (new Date(data.time)) .tolLocaleTimeString() + " | " + data.message;
document .getElementById ("console") .appendChild (p) ;

Click here for a JS Fiddle showcasing its usage.

Read .postMessage() and MessageEvent online: https://riptutorial.com/javascript/topic/5273/-
postmessage---and-messageevent

https://riptutorial.com/
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Chapter 3: AJAX

Introduction

AJAX stands for "Asynchronous JavaScript and XML". Although the name includes XML, JSON is
more often used due to it's simpler formatting and lower redundancy. AJAX allows the user to
communicate with external resources without reloading the webpage.

Remarks

AJAX stands for Asynchronous JavaScript and XML. Nevertheless you can actually use other
types of data and—in the case of xmlhttprequest—switch to the deprecated synchronous mode.

AJAX allows web pages to send HTTP requests to the server and receive a response, without
needing to reload the entire page.

Examples
Using GET and no parameters

var xhttp = new XMLHttpRequest () ;
xhttp.onreadystatechange = function () {
if (xhttp.readyState === XMLHttpRequest.DONE && xhttp.status === 200) {
//parse the response in xhttp.responseText;
}
}i
xhttp.open ("GET", "ajax_info.txt", true);
xhttp.send () ;

6

The retcn APl is a newer promise-based way to make asynchronous HTTP requests.

fetch('/'") .then (response => response.text ()).then (text => {
console.log ("The home page is " + text.length + " characters long.");

}) i

Sending and Receiving JSON Data via POST

6

Fetch request promises initially return Response objects. These will provide response header
information, but they don't directly include the response body, which may not have even loaded
yet. Methods on the Response object such as . json () can be used to wait for the response body
to load, then parse it.
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const requestData = {

method : 'getUsers'

}i

const usersPromise = fetch('/api', {
method : 'POST',

body : JSON.stringify (requestData)
}) .then (response => {
if (!response.ok) {
throw new Error ("Got non-2XX response from API server.");

}
return response.json();
}) .then (responseData => {
return responseData.users;
}) i

usersPromise.then (users => {

console.log ("Known users: ", users);
}, error => {

console.error ("Failed to fetch users due to error: ", error);
P

Displaying the top JavaScript questions of the month from Stack Overflow's
API

We can make an AJAX request to Stack Exchange's API to retrieve a list of the top JavaScript
guestions for the month, then present them as a list of links. If the request fails or the returns an
API error, our promise error handling displays the error instead.

6
View live results on HyperWeb.

const url =
'http://api.stackexchange.com/2.2/questions?site=stackoverflow' +
'¢tagged=javascript&sort=month&filter=unsafe&key=gik4BOCMC7J9doavgYteRw ( (';

fetch (url) .then (response => response.json()) .then(data => {
if (data.error_message) {
throw new Error (data.error_message) ;

const list = document.createElement ('ol');
document .body.appendChild (list) ;

for (const {title, link} of data.items) {
const entry = document.createElement ('li');
const hyperlink = document.createElement ('a');
entry.appendChild (hyperlink) ;
list.appendChild (entry);

hyperlink.textContent = title;
hyperlink.href = link;
}
}) .then (null, error => {
const message = document.createElement ('pre');
document .body.appendChild (message) ;
message.style.color = 'red';

https://riptutorial.com/

16


http://api.stackexchange.com/docs
http://www.riptutorial.com/javascript/topic/231/promises
http://plume-pine.hyperweb.space/hot-javascript.html

message.textContent = String(error);
1)

Using GET with parameters

This function runs an AJAX call using GET allowing us to send parameters (object) to a file

(string) and launch a callback (function) when the request has been ended.

function ajax(file, params, callback) {
var url = file + '?';

// loop through object and assemble the url
var notFirst = false;
for (var key in params) {
if (params.hasOwnProperty (key)) {
url += (notFirst ? '&' : '') + key + "=" + params|key];
}

notFirst = true;

// create a AJAX call with url as parameter
var xmlhttp = new XMLHttpRequest () ;
xmlhttp.onreadystatechange = function () {
if (xmlhttp.readyState == 4 && xmlhttp.status == 200) {
callback (xmlhttp.responseText) ;
}
}i
xmlhttp.open ('GET', url, true);
xmlhttp.send () ;

Here's how we use it;

ajax ('cars.php', {type:"Volvo", model:"300", color:"purple"}, function (response) {
// add here the code to be executed when data comes back to this page
// for example console.log(response) will show the AJAX response in console

}) i

And the following shows how to retreive the url parameters in cars.php:

if (isset ($_REQUEST['type']l, S$_REQUEST['model'], $_REQUEST]['color'])) {
// they are set, we can use them !
Sresponse = 'The color of your car is ' . $_REQUEST['color'] . '. ';
Sresponse .= 'It is a ' . $_REQUEST['type']l . ' model ' . $_REQUEST['model'] . '!"';

echo $response;

If you had console.log (response) in callback function the result in console would have been:

The color of your car is purple. It is a Volvo model 300!

Check if a file exists via a HEAD request

https://riptutorial.com/
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This function executes an AJAX request using the HEAD method allowing us to check whether a
file exists in the directory given as an argument. It also enables us to launch a callback for
each case (success, failure).

function fileExists(dir, successCallback, errorCallback) {
var xhttp = new XMLHttpRequest;

/* Check the status code of the request */
xhttp.onreadystatechange = function() {

return (xhttp.status !== 404) ? successCallback : errorCallback;
}i

/* Open and send the request */
xhttp.open ('head', dir, false);
xhttp.send () ;

}i

Add an AJAX preloader

Here's a way to show a GIF preloader while an AJAX call is executing. We need to prepare our
add and remove preloader functions:

function addPreloader () {
// 1f the preloader doesn't already exist, add one to the page
if (!document.querySelector ('#preloader')) {
var preloaderHTML = '<img id="preloader" src="https://goo.gl/cNhyvX" />';

document .querySelector ('body') .innerHTML += preloaderHTML;

function removePreloader () {
// select the preloader element
var preloader = document.querySelector ('#preloader');
// 1f it exists, remove it from the page
if (preloader) {
preloader.remove () ;

Now we're going to look at where to use these functions.

var request = new XMLHttpRequest () ;

Inside the onreadystatechange function you should have an if statement with condition:

request.readyState == 4 && request.status == 200.
If true: the request is finished and response is ready that's where we'll USe removerreloader ().

Else if false: the request is still in progress, in this case we'll run the function addpreloader ()

xmlhttp.onreadystatechange = function () {

if (request.readyState == 4 && request.status == 200) {
// the request has come to an end, remove the preloader
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removePreloader () ;
} else {
// the request isn't finished, add the preloader

addPreloader ()

bi

xmlhttp.open ('GET', your_file.php, true);
xmlhttp.send() ;

Listening to AJAX events at a global level

// Store a reference to the native method
let open = XMLHttpRequest.prototype.open;

// Overwrite the native method

XMLHttpRequest.prototype.open = function() {
// Assign an event listener
this.addEventListener ("load", event => console.log(XHR), false);
// Call the stored reference to the native method
open.apply(this, arguments);

}i

Read AJAX online: https://riptutorial.com/javascript/topic/192/ajax
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C_hapter 4: Anti-patterns

Examples

Chaining assignments in var declarations.

Chaining assignments as part of a var declaration will create global variables unintentionally.

For example:

(function foo () {
var a = b = 0;
1O

console.log('a: ' + a);
console.log('b: ' + b);

Will result in:

Uncaught ReferenceError: a is not defined
'b: 0

In the above example, a is local but » becomes global. This is because of the right to left
evaluation of the = operator. So the above code actually evaluated as

var a = (b = 0);
The correct way to chain var assignments is:

var a, b;

a=>b = 0;
Or:
var a = 0, b = a;

This will make sure that both 2 and » will be local variables.

Read Anti-patterns online: https://riptutorial.com/javascript/topic/4520/anti-patterns
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C_hapter 5: Arithmetic (Math)

Remarks

* The c1z32 method is not supported in Internet Explorer or Safari
Examples
Addition (+)

The addition operator (+) adds numbers.

var a = 9,

c =a + b;

c will now be 12

This operand can also be used multiple times in a single assignment:

var a =

4 will now be 20.

Both operands are converted to primitive types. Then, if either one is a string, they're both
converted to strings and concatenated. Otherwise, they're both converted to numbers and added.

null + null; // 0

null + undefined; // NaN

null + {}; // "null[object Object]"
null + ''; // "null"

If the operands are a string and a number, the number is converted to a string and then they're
concatenated, which may lead to unexpected results when working with strings that look numeric.

"123" + 1; // "1231" (not 124)

If a boolean value is given in place of any of the number values, the boolean value is converted to
a number (o for faise, 1 for true) before the sum is calculated:

true + 1; // 2

https://riptutorial.com/ 21



false + 5; // 5
null + 1; // 1
undefined + 1; // NaN

If a boolean value is given alongside a string value, the boolean value is converted to a string
instead:

true + "1"; // "truel"
false + "bar"; // "falsebar"

Subtraction (-)

The subtraction operator (-) subtracts numbers.

var a = 9;
var b = 3;
var ¢ = a - b;

< will now be 6

If a string or boolean is provided in place of a number value, it gets converted to a number before
the difference is calculated (o for faise, 1 fOr true):

nEw o 1; // 4
7 - "3"; // 4
"5" — true; // 4

If the string value cannot be converted into a Number, the result will be w-w:

"foo" - 1; // NaN
100 - "bar"; // NaN

Multiplication (*)

The multiplication operator (») perform arithmetic multiplication on numbers (literals or variables).

console.log( 3 * 5); // 15
console.log (-3 * 5); // -15
console.log( 3 * -5); // -15
console.log (-3 * -5); // 15

Division (/)
The division operator (/) perform arithmetic division on numbers (literals or variables).

console.log (15 / 3); // 5
console.log (15 / 4); // 3.75
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Remainder / Modulus (%)

The remainder / modulus operator (=) returns the remainder after (integer) division.

console.log( 42 & 10); // 2
console.log( 42 % -10); // 2
console.log(-42 & 10); // -2
console.log(-42 % -10); // -2
console.log(-40 & 10); // -0
console.log( 40 % 10); // O

This operator returns the remainder left over when one operand is divided by a second operand.

When the first operand is a negative value, the return value will always be negative, and vice
versa for positive values.

In the example above, 10 can be subtracted four times from 42 before there is not enough left to
subtract again without it changing sign. The remainder is thus: 42 - 4 * 10 = 2.

The remainder operator may be useful for the following problems:

1. Test if an integer is (not) divisible by another number:

X % 4 == 0 // true if x is divisible by 4

X %$ 2 ==0 // true if x is even number

x % 2 !=0 // true if x is odd number
Since o === -0, this also works for x <= -o.

2. Implement cyclic increment/decrement of value within o, n) interval.

Suppose that we need to increment integer value from o to (but not including) », so the next value

after n-1 become o. This can be done by such pseudocode:

var n = ...; // given n

var 1 = 0;

function inc () {
i=(i+1) %n;

}
while (true) {
inc();
// update something with i

Now generalize the above problem and suppose that we need to allow to both increment and
decrement that value from o to (not including) », so the next value after n-1 become o and the
previous value before o become n-1.

var n = ...; // given n
var 1 = 0;
function delta(d) { // d - any signed integer
i=(i1+d+n) %$n; // we add n to (i+d) to ensure the sum is positive
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Now we can call de1ta() function passing any integer, both positive and negative, as delta
parameter.

Using modulus to obtain the fractional part of a number

var myNum = 10 / 4; // 2.5
var fraction = myNum % 1; // 0.5
myNum = -20 / 7; // —2.857142857142857
fraction = myNum % 1; // —0.857142857142857

Incrementing (++)

The Increment operator (++) increments its operand by one.

» If used as a postfix, then it returns the value before incrementing.
 If used as a prefix, then it returns the value after incrementing.

//postfix

var a = 5, // 5
b =a++, // 5
c = a // 6

In this case, a is incremented after setting ». So, » will be 5, and < will be 6.

//prefix

var a = 5, // 5
b = ++a, // 6
c = a // 6

In this case, a is incremented before setting ». So, v will be 6, and < will be 6.

The increment and decrement operators are commonly used in tor loops, for example:

for(var i = 0; i < 42; ++1i)
{

// do something awesome!

}

Notice how the prefix variant is used. This ensures that a temporarily variable isn't needlessly
created (to return the value prior to the operation).

Decrementing (--)

The decrement operator (--) decrements numbers by one.
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 If used as a postfix to n, the operator returns the current »n and then assigns the decremented
the value.

» If used as a prefix to n, the operator assigns the decremented » and then returns the
changed value.

var a = 5, // 5
b=a-, // 5
c =a // 4

In this case, v is set to the initial value of a. So, v will be 5, and ¢ will be 4.

var a = 5, // 5
b=--a, // 4
c = a // 4

In this case, v is set to the new value of a. So, v will be 4, and ¢ will be 4.

Common Uses

The decrement and increment operators are commonly used in for loops, for example:

for (var i = 42; 1 > 0; —--1i) {

console.log (i)

Notice how the prefix variant is used. This ensures that a temporarily variable isn't needlessly
created (to return the value prior to the operation).

Note: Neither —- nor ++ are like normal mathematical operators, but rather they are
very concise operators for assignment. Notwithstanding the return value, both x-- and
—-x reassign to x such that x = x - 1.

const x = 1;

console.log(x——) // TypeError: Assignment to constant variable.

console.log(——x) // TypeError: Assignment to constant variable.

console.log(——3) // ReferenceError: Invalid left-hand size expression in prefix
operation.

console.log(3—--) // ReferenceError: Invalid left-hand side expression in postfix
operation.

Exponentiation (Math.pow() or **)
Exponentiation makes the second operand the power of the first operand (aP).

var a = 2,
b = 3,
c = Math.pow(a, Db);

< will now be 8
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6

Stage 3 ES2016 (ECMAScript 7) Proposal:

let a = 2,
b =3,
c =a ** b;

< will now be 8

Use Math.pow to find the nth root of a number.

Finding the nth roots is the inverse of raising to the nth power. For example 2 to the power of s is
32. The 5th root of 32 is 2.

Math.pow(v, 1 / n); // where v is any positive real number
// and n is any positive integer

var a = 16;
var b = Math.pow(a, 1 / 2); // return the square root of 16 = 4
var ¢ = Math.pow(a, 1 / 3); // return the cubed root of 16 = 2.5198420997897464
var d = Math.pow(a, 1 / 4); // return the 4th root of 16 = 2
Constants

Base of natural

Math.E _ 2.718
logarithm e

Math 1N10 Natural logarithm of 2 302
10

ath . 1102 lglatural logarithm of 0693

Mt LOGLOE Base 10 logarithm of 0434

e

etk 106 Base 2 logarithm of 1.442

e

Pi: the ratio of circle
Math.PTI circumference to 3.14
diameter (1)

Math.SQRT1_2 Square root of 1/2 0.707

Math.SQRT2 Square root of 2 1.414
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Difference between
one and the smallest

Number . EPSTLON value greater than
one representable
as a Number

2.2204460492503130808472633361816E-
16

Largest integer n

suchthatnandn + 1
Number.MAX_SAFE_INTEGER  are both exactly 2"53 -1

representable as a

Number

Largest positive
Number . MAX_VALUE finite value of 1.79E+308
Number

Smallest integer n
suchthatnandn - 1

Number .MIN_SAFE_INTEGER  are both exactly -(2"53 - 1)
representable as a
Number

Number .MIN_VALUE Sl pREihie 5E-324

value for Number

Value of negative
infinity (-oo)

Number .NEGATIVE_INFINITY

Value of positive
infinity (o)

Number .POSITIVE_INFINITY

Value of positive
infinity ()

Infinity

Trigonometry

All angles below are in radians. An angle r in radians has measure 150 * r / mMath.p1 in degrees.

Math.sin (r);

This will return the sine of -, a value between -1 and 1.
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Math.asin(r);

This will return the arcsine (the reverse of the sine) of .

Math.asinh (r)

This will return the hyperbolic arcsine of -.

Cosine

Math.cos(r);

This will return the cosine of r, a value between -1 and 1

Math.acos (r);

This will return the arccosine (the reverse of the cosine) of .

Math.acosh (r);

This will return the hyperbolic arccosine of r.

Tangent

Math.tan(r);
This will return the tangent of -.
Math.atan (r);

This will return the arctangent (the reverse of the tangent) of . Note that it will return an angle in
radians between -n/2 and /2.

Math.atanh(r);

This will return the hyperbolic arctangent of .

Math.atan2 (x, y);

This will return the value of an angle from (0, o) to (x, y) in radians. It will return a value between

-n and n, not including T1.

Rounding
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Rounding

Math.round () Will round the value to the closest integer using half round up to break ties.

var a = Math.round(2.3); // a is now 2
var b = Math.round(2.7); // b is now 3
var ¢ = Math.round(2.5); // ¢ is now 3
But

var ¢ = Math.round(-2.7); // c is now -3
var ¢ = Math.round(-2.5); // c is now -2

Note how -2.5 is rounded to -2. This is because half-way values are always rounded up, that is
they're rounded to the integer with the next higher value.

Rounding up
Math.ceil () Will round the value up.

var a = Math.ceil(2.3); // a is now 3
var b = Math.ceil(2.7); // b is now 3

ceiling a negative number will round towards zero

var ¢ = Math.ceil(-1.1); // c is now 1

Rounding down
Math.floor () WIll round the value down.

Math.floor (2.3); // a is now 2
var b = Math.floor (2.7); // b is now 2

var a

flooring a negative number will round it away from zero.

var ¢ = Math.floor(-1.1); // c is now -1

Truncating

Caveat: using bitwise operators (except >>>) only applies to numbers between -2147483649 and

2147483648.
2.3 | 0; // 2 (floor)
-2.3 | 0; // =2 (ceil)
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NaN | 0; // 0

Math.trunc ()

Math.trunc(2 3); // 2 (floor)
Math.trunc(-2.3); // =2 (ceil)
Math.trunc(2l47483648 1); // 2147483648 (floor)
Math.trunc(-2147483649.1); // —2147483649 (ceil)
Math.trunc (NaN) ; // NaN

Rounding to decimal places

Math.floor, Math.ceil (), @Nd Math.round () Can be used to round to a number of decimal places

To round to 2 decimal places:

var myNum = 2/3; // 0.6666666666666666

var multiplier = 100;

var a = Math.round (myNum * multiplier) / multiplier; // 0.67
var b = Math.ceil (myNum * multiplier) / multiplier; // 0.67
var ¢ = Math.floor (myNum * multiplier) / multiplier; // 0.66

You can also round to a number of digits:

var myNum = 10000/3; // 3333.3333333333335

var multiplier = 1/100;

var a = Math.round (myNum * multiplier) / multiplier; // 3300
var b = Math.ceil (myNum * multiplier) / multiplier; // 3400
var ¢ = Math.floor (myNum * multiplier) / multiplier; // 3300

As a more usable function:

// value is the value to round
// places if positive the number of decimal places to round to
// places if negative the number of digits to round to
function roundTo (value, places) {
var power = Math.pow (10, places);
return Math.round(value * power) / power;
}
var myNum = 10000/3; // 3333.3333333333335
roundTo (myNum, 2); // 3333.33
roundTo (myNum, 0); // 3333
roundTo (myNum, -2); // 3300

And the variants for cei1 and f1oor:

function ceilTo (value, places) {
var power = Math.pow (10, places);
return Math.ceil (value * power) / power;

}

function floorTo (value, places) {
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var power = Math.pow (10, places);
return Math.floor (value * power) / power;

Random Integers and Floats
var a = Math.random() ;

Sample value of a: 0.21322848065742162

Math.random () Feturns a random number between 0 (inclusive) and 1 (exclusive)

function getRandom () {
return Math.random() ;

To use Math.random () t0 get a number from an arbitrary range (not (o, 1)) use this function to get a
random number between min (inclusive) and max (exclusive): interval of [min, max)

function getRandomArbitrary (min, max) {
return Math.random() * (max — min) + min;

}

To use Math.random() tO get an integer from an arbitrary range (not (o, 1)) use this function to get a
random number between min (inclusive) and max (exclusive): interval of (nin, max)

function getRandomInt (min, max) {
return Math.floor (Math.random() * (max — min)) + min;

}

To use Math.random() t0 get an integer from an arbitrary range (not (o, 1)) use this function to get a
random number between min (inclusive) and max (inclusive): interval of [(min, max]

function getRandomIntInclusive (min, max) {
return Math.floor (Math.random() * (max — min + 1)) + min;

}

Functions taken from https://developer.mozilla.org/en-
US/docs/Web/JavaScript/Reference/Global_Objects/Math/random

Bitwise operators

Note that all bitwise operations operate on 32-bit integers by passing any operands to the internal
function Tolnt32.

Bitwise or

var aj;
a = 0b0011 | 0b1010; // a === 0b1l011
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// truth table
// 1010 | (or)

// 0011

// 1011 (result)

Bitwise and

a = 0b0011 & 0b1010; // a === 0b0010
// truth table

// 1010 & (and)

// 0011

// 0010 (result)

Bitwise not

a = ~0b0011; // a === 0b1100
// truth table

// 10 ~(not)

// 01 (result)

Bitwise xor (exclusive or)

a = 0bl010 »~ 0b0011l; // a === 0b1001
// truth table

// 1010 ~ (xor)

// 0011

// 1001 (result)

Bitwise left shift

= 0b0001 << 1; // a === 0b0010
= 0b0001 << 2; // a === 0b0100
= 0b0001 << 3; // a === 0b1l000

Shift left is equivalent to integer multiply by math.pow (2, n). When doing integer math, shift can
significantly improve the speed of some math operations.

var n = 2;
var a = 5.4;
var result = (a << n) === Math.floor (a) * Math.pow(2,n);

// result is true
a =5.4 << n; // 20

Bitwise right shift >> (Sign-propagating shift) >>> (Zero-fill right shift)

a = 0bl001 >> 1; // a === 0b0100
= 0b1001 >> 2; // a === 0b0010

a = 0bl001 >> 3; // a === 0b0001

a = 0bl001 >>> 1; // a === 0b0100
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a = 0bl1001 >>> 2; // a === 0b0010
0b1001 >>> 3; // a === 0b0001

A negative 32bit value always has the left most bit on:

a = 0p11111112111121111117111111111110111 | 0Oy

console.log(a); // -9

b =a > 2; // leftmost bit is shifted 1 to the right then new left most bit is set to on
(1)

console.log(b); // -3

b =a >>> 2; // leftmost bit is shifted 1 to the right. the new left most bit is set to off

(0)
console.log(b); // 2147483643

The result of a >>> operation is always positive.
The result of a >> is always the same sign as the shifted value.

Right shift on positive numbers is the equivalent of dividing by the math.pow (2, n) and flooring the
result:

a = 256.67;

n = 4;

result = (a >> n) === Math.floor( Math.floor(a) / Math.pow(2,n) );
// result is true

a=a>n; // 16

result = (a >>> n) === Math.floor( Math.floor(a) / Math.pow(2,n) );

// result is true
a=a >>>n; // 16

Right shift zero fill (>>>) on negative numbers is different. As JavaScript does not convert to
unsigned ints when doing bit operations there is no operational equivalent:

a = —-256.67;
result = (a >>> n) === Math.floor( Math.floor(a) / Math.pow(2,n) );
// result is false

Bitwise assignment operators

With the exception of not (~) all the above bitwise operators can be used as assignment operators:

a |= b; // same as: a = a | b;

a "= b; // same as: a = a ” b;

a &= b; // same as: a = a & b;

a >=b; // same as: a = a >> b;
a >>>= b; // same as: a = a >>> b;
a <<= b; // same as: a = a << b;

Warning: Javascript uses Big Endian to store integers. This will not always match the Endian of
the device/OS. When using typed arrays with bit lengths greater than 8 bits you should check if the
environment is Little Endian or Big Endian before applying bitwise operations.
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Warning: Bitwise operators such as s and | are not the same as the logical operators «: (and)
and | (or). They will provide incorrect results if used as logical operators. The ~ operator is not
the power operator (aP).

Get Random Between Two Numbers
Returns a random integer between min and max:

function randomBetween (min, max) {
return Math.floor (Math.random() * (max — min + 1) + min);

Examples:

// randomBetween (0, 10);
Math.floor (Math.random() * 11);

// randomBetween (1, 10);
Math.floor (Math.random() * 10) + 1;

// randomBetween (5, 20);
Math.floor (Math.random() * 16) + 5;

// randomBetween (-10, -2);
Math.floor (Math.random() * 9) - 10;

Random with gaussian distribution

The Math.random () function should give random numbers that have a standard deviation
approaching 0. When picking from a deck of card, or simulating a dice roll this is what we want.

But in most situations this is unrealistic. In the real world the randomness tends to gather around
an common normal value. If plotted on a graph you get the classical bell curve or gaussian
distribution.

To do this with the math.random () function is relatively simple.

var randNum = (Math.random() + Math.random()) / 2;
var randNum = (Math.random() + Math.random() + Math.random()) / 3;
var randNum = (Math.random() + Math.random() + Math.random() + Math.random()) / 4;

Adding a random value to the last increases the variance of the random numbers. Dividing by the
number of times you add normalises the result to a range of 0-1

As adding more than a few randoms is messy a simple function will allow you to select a variance
you want.

// v is the number of times random is summed and should be over >= 1
// return a random number between 0-1 exclusive
function randomG (v) {

var r = 0;
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for(var i = v; i > 0; i ——-){
r += Math.random() ;

}

return r / v;

The image shows the distribution of random v