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JavaScript Course

Learn JavaScript fundamentals, arrays, objects, functions, modules, asynchronous code, and browser interactivity from the ground up.

What you'll learn: Write small JavaScript programs and add useful interactions to web pages.




Start running JavaScript

Run code, read statements, and understand errors.


Introduction to the JavaScript Programming Language

An introduction to JavaScript, the most popular programming language in the world: its history since 1995, what makes it high level and dynamic, and versions.


Introduction

JavaScript is one of the most popular programming languages in the world.

Created in 1995, it's gone a very long way since its humble beginnings.

Being the first - and the only - scripting language that was supported natively by web browsers, it just stuck.

In the beginnings, it was not nearly powerful as it is today, and it was mainly used for fancy animations and the marvel known at the time as DHTML.

With the growing needs that the web platform demands, JavaScript had the responsibility to grow as well, to accommodate the needs of one of the most widely used ecosystems of the world.

Many things were introduced in the platform, with browser APIs, but the language grew quite a lot as well.

JavaScript is now widely used also outside of the browser. The rise of Node.js in the last few years unlocked backend development, once the domain of Java, Ruby, Python and PHP and more traditional server-side languages.

JavaScript is now also the language powering databases and many more applications, and it's even possible to develop embedded applications, mobile apps, TV sets apps and much more. What started as a tiny language inside the browser is now the most popular language in the world.



A basic definition of JavaScript

JavaScript is a programming language that is:


	high level: it provides abstractions that allow you to ignore the details of the machine where it's running on. It manages memory automatically with a garbage collector, so you can focus on the code instead of managing memory locations, and provides many constructs which allow you to deal with highly powerful variables and objects.

	dynamic: opposed to static programming languages, a dynamic language executes at runtime many of the things that a static language does at compile time. This has pros and cons, and it gives us powerful features like dynamic typing, late binding, reflection, functional programming, object runtime alteration, closures and much more.

	dynamically typed: a variable does not enforce a type. You can reassign any type to a variable, for example assigning an integer to a variable that holds a string.

	weakly typed: as opposed to strong typing, weakly (or loosely) typed languages do not enforce the type of an object, allowing more flexibility but denying us type safety and type checking (something that TypeScript and Flow aim to improve)

	interpreted: it's commonly known as an interpreted language, which means that it does not need a compilation stage before a program can run, as opposed to C, Java or Go for example. In practice, browsers do compile JavaScript before executing it, for performance reasons, but this is transparent to you: there is no additional step involved.

	multi-paradigm: the language does not enforce any particular programming paradigm, unlike Java for example which forces the use of object oriented programming, or C that forces imperative programming. You can write JavaScript using an object-oriented paradigm, using prototypes and the new (as of ES6) classes syntax. You can write JavaScript in functional programming style, with its first class functions, or even in an imperative style (C-like).



In case you're wondering, JavaScript has nothing to do with Java, it's a poor name choice but we have to live with it.



JavaScript versions

Let me introduce the term ECMAScript here. We have a complete guide dedicated to ECMAScript where you can dive into it more, but to start with, you just need to know that ECMAScript (also called ES) is the name of the JavaScript standard.

JavaScript is an implementation of that standard. That's why you'll hear about ES6, ES2015, ES2016, ES2017, ES2018 and so on.

For a very long time, the version of JavaScript that all browsers ran was ECMAScript 3. Version 4 was canceled due to feature creep (they were trying to add too many things at once), while ES5 was a huge version for JS.

ES2015, also called ES6, was huge as well.

Since then, the ones in charge decided to release one version per year, to avoid having too much time idle between releases, and have a faster feedback loop.

Currently, the latest approved JavaScript version is ES2017.




JavaScript Statements

Learn what JavaScript statements are and how they perform operations, covering expression, declaration, control flow and loop statements.

If expressions are single units of JavaScript that the engine can evaluate, statements can contain one or more different expressions, and are executed by the engine to perform an operation.

Programs are composed by multiple statements. Statements can span over multiple lines.

Just like with expressions, JavaScript has a whole different set of statements:


	expression statements

	declaration statements

	control flow statements

	loop statements

	miscellaneous statements



Let's dive into the details.


Separating statements

Statements can end with an optional semicolon ;. Using it, you can have multiple statements on a single line. I normally don't use semicolons, but you can use it whenever a statement ends.



Expression statements

An expression on its own is also a statement:

2
0.02
'something'
true
false
this //the current scope
undefined
i //where i is a variable or a constant
1 / 2
i++
i -= 2
i * 2
'A ' + 'string'
[] //array literal
{} //object literal
[1,2,3]
{a: 1, b: 2}
{a: {b: 1}}
a && b
a || b
!a
object.property //reference a property (or method) of an object
object[property]
object['property']
new object()
new a(1)
new MyRectangle('name', 2, {a: 4})
function() {}
function(a, b) { return a * b }
(a, b) => a * b
a => a * 2
() => { return 2 }
a.x(2)
window.resize()




Declaration statements

With a declaration statement you assign a value to a variable name.

Examples:

var i = 0
let j = 1
const k = 2

//declare an object value
const car = {
  color: blue
}


Here are function declarations:

//declare a function
function fetchFromNetwork() {
  //...
}
//or
const fetchFromNetwork = () => {
  //...
}




Control flow statements

Statements can be grouped, using a block:

{
  //this is a block
  const a = 1;
  const b = 2;
}


Using this syntax, you can have multiple statements whenever JavaScript expects a single statement.

Be aware that any of the conditional control flow statements check an expression and depending on it they execute a statement, or a block:

if (condition === true) {
  //execute this block
} else {
  //execute this block
}


You can omit curly braces if you only have one statement:

if (condition === true) /* statement */ else /* another statement */


I'll go into all the different control flow structures in the next sections.



Loop statements

Loops work similarly to the if example above.

Some loops check an expression, and repeat a statement execution it until that expression evaluates to true.

Some other loops iterate over a list and execute a statement (or block) for each element of the list, until the list finishes.

See my full JavaScript loops tutorial.



Miscellaneous statements


return 

  
  
  ch003.xhtml
  
  




Values and variables

Store values and combine them with operators and expressions.


JavaScript Types

JavaScript does have types: learn the primitive types like number, string, boolean, symbol, null and undefined, plus object types, and how typeof works.


Primitive types

Primitive types are


	Number

	String

	Boolean

	Symbol



And two special types:


	null

	undefined



Let's see them in detail in the next sections.



Numbers

Internally, JavaScript has just one type for numbers: every number is a float.

A numeric literal is a number represented in the source code, and depending on how it's written, it can be an integer literal or a floating point literal.

Integers:

10
5354576767321
0xCC //hex


Floats:

3.14
.1234
5.2e4 //5.2 * 10^4




Strings

A string type is a sequence of characters. It's defined in the source code as a string literal, which is enclosed in quotes or double quotes

'A string'
"Another string"


Strings can span across multiple lines by using the backslash

"A \
string"


A string can contain escape sequences that can be interpreted when the string is printed, like \n to create a new line. The backslash is also useful when you need to enter for example a quote in a string enclosed in quotes, to prevent the char to be interpreted as a closing quote:

'I\'m a developer'


Strings can be joined using the + operator:

"A " + "string"



Template literals

Introduced in ES2015, template literals are string literals that allow a more powerful way to define strings.

const a_string = `something`


You can perform string substitution, embedding the result of any JS expression:

`a string with ${something}`
`a string with ${something+somethingElse}`
`a string with ${obj.something()}`


You can have multiline strings easily:

`a string
with
${something}`





Booleans

JavaScript defines two reserved words for booleans: true and false. Many comparision operations == === < > (and so on) return either one or the other.

if, while statements and other control structures use booleans to determine the flow of the program.

They don't just accept true or false, but also accept truthy and falsy values.

Falsy values, values interpreted as false, are

0
-0
NaN
undefined
null
'' //empty string


All the rest is considered a truthy value.



null

null is a special value that indicates the absence of a value.

It's a common concept in other languages as well, can be known as nil or None in Python for example.



undefined

undefined indicates that a variable has not been initialized and the value is absent.

It's commonly returned by functions with no return value. When a function accepts a parameter but that's not set by the caller, it's undefined.

To detect if a value is undefined, you use the construct:

typeof variable === 'undefined'




Object types

Anything that's not a primitive type is an object type.

Object types have properties and also have methods that can act on those properties.



How to find the type of a variable

Any variable has a type assigned. Use the typeof operator to get a string representation of a type:

typeof 1 === 'number'
typeof '1' === 'string'
typeof {name: 'Flavio'} === 'object'
typeof [1, 2, 3] === 'object'
typeof true === 'boolean'
typeof undefined === 'undefined'
typeof (() => {}) === 'function'


Why typeof returned "function"? JavaScript has no function type. That's true, and that's a quirk of typeof which conveniently returns that value.




JavaScript Variables

A variable is a literal assigned to an identifier, so you can reference and use it later in the program. Learn how to declare one with JavaScript


Introduction to JavaScript Variables

A variable is a literal assigned to an identifier, so you can reference and use it later in the program.

Variables in JavaScript do not have any type attached. Once you assign a specific literal type to a variable, you can later reassign the variable to host any other type, without type errors or any issue.

This is why JavaScript is sometimes referred to as "untyped".

A variable must be declared before you can use it. There are 3 ways to do this, using var, let or const, and those 3 ways differ in how you can interact with the variable later on.



Using var

Until ES2015, var was the only construct available for defining variables.

var a = 0


If you forget to add var you will be assigning a value to an undeclared variable, and the results might vary.

In modern environments, with strict mode enabled, you will get an error. In older environments (or with strict mode disabled) this will initialize the variable and assign it to the global object.

If you don't initialize the variable when you declare it, it will have the undefined value until you assign a value to it.

var a //typeof a === 'undefined'


You can redeclare the variable many times, overriding it:

var a = 1
var a = 2


You can also declare multiple variables at once in the same statement:

var a = 1, b = 2


The scope is the portion of code where the variable is visible.

A variable initialized with var outside of any function is assigned to the global object, has a global scope and is visible everywhere. A variable initialized with var inside a function is assigned to that function, it's local and is visible only inside it, just like a function parameter.

Any variable defined in a function with the same name as a global variable takes precedence over the global variable, shadowing it.

It's important to understand that a block (identified by a pair of curly braces) does not define a new scope. A new scope is only created when a function is created, because var does not have block scope, but function scope.

Inside a function, any variable defined in it is visible throughout all the function code, even if the variable is declared at the end of the function it can still be referenced in the beginning, because JavaScript before executing the code actually moves all variables on top (something that is called hoisting). To avoid confusion, always declare variables at the beginning of a function.



Using let

let is a new feature introduced in ES2015 and it's essentially a block scoped version of var. Its scope is limited to the block, statement or expression where it's defined, and all the contained inner blocks.

Modern JavaScript developers might choose to only use let and completely discard the use of var.


If let seems an obscure term, just read let color = 'red' as let the color be red and it all makes much more sense



Defining let outside of any function - contrary to var - does not create a global variable.

Using var in the top level defines a global variable that's (in the browser) is added to the window object. A let (and const) declaration outside of a block still create a variable that's available across the app code, but it is not assigned to window.



Using const

Variables declared with var or let can be changed later on in the program, and reassigned. Once a const is initialized, its value can never be changed again, and it can't be reassigned to a different value.

const a = 'test'


We can't assign a different literal to the a const. We can however mutate a if it's an object that provides methods that mutate its contents.

const does not provide immutability, just makes sure that the reference can't be changed.

const has block scope, same as let.

Modern JavaScript developers might choose to always use const for variables that don't need to be reassigned later in the program.


Why? Because we should always use the simplest construct available to avoid making errors down the road.






Let vs Const in JavaScript

Should you use let or const in JavaScript? My take: default to const because it prevents reassignment, and only reach for let when you truly need to reassign.

In JavaScript, we commonly declare variables using two keywords: let and const.

When should we use one vs the other?

I always default to using const.

Why?

Because const guarantees the value can’t be reassigned.

When programming, I always think that the best thing that I can use is the thing that can harm me the least.

We have an incredible amount of things that can generate problems.

The more power you give to something, the more responsibility you assign to it.

And we don't generally want that.

Well, it's debatable, of course, as everything. I don't want that, and that's enough for me.

If I declare a variable using let, I let it be reassignable:

let number = 0
number = 1


and in some cases this is necessary.

If I want the variable to be reassignable, let is perfect.

If I don't, which is in 80% of the cases, I don't even what that option be available. I want the compiler (interpreter, in the case of JS) to give me an error.

That's why I default to const every time I declare a variable, and only switch to let when I want the reassign ability to be allowed.



null vs undefined in JavaScript: the difference

Understand the difference between null and undefined in JavaScript, two primitive types, how to check for each, and why typeof null returns 'object'.

Let's talk about the similarities first.

null and undefined are JavaScript primitive types. Both represent the absence of a value, and both are falsy: they behave as false where a boolean is expected.

The difference is intent.

The meaning of undefined is to say that a variable has been declared, but it has no value assigned. It is the language's own "nothing here yet". You also get undefined when you read an object property that does not exist, or when a function returns without a return statement.

null, instead, is a value you assign on purpose. It says "this is intentionally empty". JavaScript never sets a variable to null on its own.

let age //age is undefined


let age = null //age is null



Note: accessing a variable that's not been declared will raise a ReferenceError: <variable> is not defined error, but this does not mean it's undefined.




How to check for each

How do you check if a variable is null? Use the comparison operator, for example age === null

Same for undefined: age === undefined

In both cases, you can check for:

if (!age) {

}


and this will be matching both null and undefined.

Watch out though: !age also matches 0, the empty string, NaN and false. If 0 is a legitimate value for age, this check silently treats it as missing — a classic bug. When you want to match only null and undefined, use loose equality against null:

if (age == null) {
  //true for null and undefined, false for 0 or ''
}


This is one of the very few places where == instead of === is the right call, because null == undefined is true and nothing else compares equal to them.



typeof and the historical bug

You can also use the typeof operator:

let age
typeof age //'undefined'


although null is evaluated as an object, even though it is a primitive type:

let age = null
typeof age //'object'


That 'object' result is a bug from the very first version of JavaScript. Fixing it would break existing websites, so it is still with us. Don't use typeof to detect null: compare with === null instead.




The JavaScript Arithmetic operators

Learn the JavaScript arithmetic operators, from addition, subtraction, multiplication, and division to remainder, exponentiation, increment, and decrement.

Performing math operations and calculus is a very common thing to do with any programming language.

JavaScript offers several operators to help us work with numbers.


	Addition (+)

	Subtraction (-)

	Division (/)

	Remainder (%)

	Multiplication (*)

	Exponentiation (**)

	Increment (++)

	Decrement (--)

	Unary negation (-)

	Unary plus (+)




Addition (+)

const three = 1 + 2
const four = three + 1


The + operator also serves as string concatenation if you use strings, so pay attention:

const three = 1 + 2
three + 1 // 4
'three' + 1 // three1




Subtraction (-)

const two = 4 - 2




Division (/)

Returns the quotient of the first operator and the second:

const result = 20 / 5 //result === 4
const result = 20 / 7 //result === 2.857142857142857


If you divide by zero, JavaScript does not raise any error but returns the Infinity value (or -Infinity if the value is negative).

1 / 0 - //Infinity
  1 / 0 //-Infinity




Remainder (%)

The remainder is a very useful calculation in many use cases:

const result = 20 % 5 //result === 0
const result = 20 % 7 //result === 6


A remainder by zero is always NaN, a special value that means "Not a Number":

;(1 % 0) - //NaN
  (1 % 0) //NaN




Multiplication (*)

Multiply two numbers

1 * 2 - //2
  1 * 2 //-2




Exponentiation (**)

Raise the first operand to the power second operand

1 ** 2 //1
2 ** 1 //2
2 ** 2 //4
2 ** 8 //256
8 ** 2 //64


The exponentiation operator ** is the equivalent of using Math.pow(), but brought into the language instead of being a library function.

Math.pow(4, 2) == 4 ** 2


This feature is a nice addition for math intensive JS applications.

The ** operator is standardized across many languages including Python, Ruby, MATLAB, Lua, Perl and many others.



Increment (++)

Increment a number. This is a unary operator, and if put before the number, it returns the value incremented.

If put after the number, it returns the original value, then increments it.

let x = 0
x++ //0
x //1
++x //2




Decrement (--)

Works like the increment operator, except it decrements the value.

let x = 0
x-- //0
x //-1
--x //-2




Unary negation (-)

Return the negation of the operand

let x = 2 - x //-2
x //2




Unary plus (+)

If the operand is not a number, it tries to convert it. Otherwise if the operand is already a number, it does nothing.

let x = 2 + x //2

x = '2' + x //2

x = '2a' + x //NaN





JavaScript Comparison Operators

Learn how the JavaScript comparison operators less than, greater than and their or-equal variants compare numbers, and how they order strings by Unicode value.

Relational comparison operators return a boolean:


	< less than

	<= less than or equal to

	> greater than

	>= greater than, or equal to



const a = 2
a >= 1 //true


With two numbers, the meaning is direct. With two strings, JavaScript compares UTF-16 code units lexicographically, not human dictionary order:

'20' < '3'       // true: '2' comes before '3'
'Zebra' < 'apple' // true: uppercase Z has a lower code unit


Convert numeric input before comparing it:

const quantity = Number(input.value)

if (Number.isFinite(quantity) && quantity >= 1) {
  addItems(quantity)
}


Mixed-type comparisons perform coercion and can hide mistakes:

'10' > 2 // true, because '10' becomes 10


Prefer comparing values of the same expected type. For user-facing string sorting, use Intl.Collator or localeCompare() because language rules, accents, and case are more complex than code-unit order:

const names = ['Åsa', 'Ana', 'zoe']
names.sort(new Intl.Collator('en', { sensitivity: 'base' }).compare)


NaN is neither less than, greater than, nor equal to another number. Validate parsed values before using a comparison as a range check.

Try it: predict the result of five comparisons involving numbers, numeric strings, case differences, and NaN, then run them and explain every coercion.



JavaScript Equality Operators

Learn the JavaScript equality operators ==, !=, === and !==, the difference between strict and loose checks, and quirks like NaN never equaling NaN.

Those operators accept two values and return a boolean:


	== checks for equality

	!= checks for inequality

	=== checks for strict equality

	!== checks for strict inequality



Let's talk what we mean for strict. Without the strict check, the second operand is converted to the type of the first before making the comparison. Strict prevents this.

Examples:

const a = true

a == true //true
a === true //true

1 == 1 //true
1 == '1' //true
1 === 1 //true
1 === '1' //false


You cannot check objects for equality: two objects are never equal to each other. The only case when a check might be true is if two variables reference the same object.

Some peculiarities to be aware: NaN is always different from NaN.

NaN == NaN //false


null and undefined values are equal if compared in non-strict mode:

null == undefined //true
null === undefined //false


I built a free JS equality explorer where you can try any comparison and see the coercion steps behind it.



JavaScript Type Conversions (casting)

Learn how to convert values between types in JavaScript, casting numbers, strings and booleans using helpers like String(), Number() and the toString() method.

Even if JavaScript is a loosely typed language, you might have the need to convert a value from a type to another.

In JavaScript we have those primitive types:


	Number

	String

	Boolean

	Symbol



and the object type:


	Object



(plus null and undefined, but there's no point in casting from/to them)

For example, you might want to convert:


	a number to a string

	a string to a number

	a string to a boolean

	a boolean to a string



...and so on.

Here are the techniques you can use to convert from one type to another. I cover the most common cases.


Converting to strings

In general converting from anything to a string is usually a matter of calling the toString() method on any value, and JavaScript will create a string value corresponding to that type. Or you can pass any value to the String() global function.


Casting from number to string

Use the String global function, or the Number type toString() method:

String(10) //"10"
(10).toString() //"10"




Casting from boolean to string

Use the String global function, or the Boolean type toString() method:

String(true) //"true"
true.toString() //"true"
String(false) //"false"
false.toString() //"false"




Casting from date to string

Use the String global function, or the Date type toString() method:

String(new Date('2019-01-22'))
//"Tue Jan 22 2019 01:00:00 GMT+0100 (Central European Standard Time)"

(new Date('2019-01-22')).toString()
//"Tue Jan 22 2019 01:00:00 GMT+0100 (Central European Standard Time)"




Special cases with string

String(null) //"null"
String(undefined) //"undefined"
String(NaN) //"NaN"





Converting to numbers


Casting from string to number

We can do this by using the Number() global function, which is sort of a constructor. We can pass it a string, and JavaScript will figure out how to convert it to a number:

Number("1") //1
Number("0") //0


Strings are trimmed before being converted to numbers:

Number(" 1 ") //1


passing an empty string defaults to 0:

Number("") //0


and to have work with decimals you use a dot:

Number("12.2")


If a string contains invalid characters, it will generate a NaN.

This are the basics of converting to numbers, but I give a lot more details in how to convert a string to a number in JavaScript. There are other ways to generate numbers from string including parseInt(), parseFloat(), Math.floor(), the unary + operator.



Casting from boolean to number

Just as we did for string, passing a boolean to Number() will return either 0 or 1:

Number(true) //1
Number(false) //0




Casting from date to number

If you pass a Date object to Number(), it will return the date timestamp, which is the best date to number conversion you can get.



Special cases with number

Number(null) //0
Number(undefined) //NaN
Number(NaN) //NaN





Converting to booleans

Any value can be converted to boolean passing it to Boolean().

All values will resolve to true except:

Boolean(false) //false
Boolean(0) //false
Boolean(NaN) //false
Boolean("") //false
Boolean(null) //false
Boolean(undefined) //false





A guide to JavaScript Template Literals

Learn how JavaScript template literals create multiline strings, interpolate expressions with ${}, handle escaping, and pass string parts and values to tag functions.


What are template literals?

Template literals are JavaScript literals delimited by backticks:

const message = `Hello`


They were added in ES2015 and provide three main features:


	multiline strings

	interpolation with ${...}

	tagged templates



The MDN template literals reference documents their complete syntax.



Multiline strings

A quoted string needs an escape sequence for a new line:

const message = 'First line\nSecond line'


A template literal can contain the line break directly:

const message = `First line
Second line`


Whitespace inside the backticks is part of the string. Indentation is preserved too:

const message = `
  First line
  Second line
`


Use .trim() when you intentionally start and end on separate lines but do not want those outer line breaks:

const message = `
First line
Second line
`.trim()




Interpolation

Put an expression inside ${...} to include its value:

const name = 'Flavio'
const message = `Hello, ${name}`

message //'Hello, Flavio'


Any JavaScript expression can go inside the placeholder:

const price = 10
const quantity = 3

const message = `Total: ${price * quantity} euro`


The expression is evaluated, then its result is converted to a string.



Escaping special syntax

Escape a backtick with a backslash:

const message = `Use the \`const\` keyword`


Escape ${ when you want those characters to appear literally:

const message = `Write \${name} to interpolate a value`




Tagged templates

A tagged template calls a function with the template's static strings and expression values.

The function name goes directly before the template:

const language = 'JavaScript'
const message = highlight`I am learning ${language}.`


This is not a normal function call with one finished string. JavaScript calls highlight before joining the parts.

A tag can return a string, an object, a React element, or any other value.

Libraries use tagged templates for tasks such as CSS generation and query construction. The tag function decides what the syntax means.


How a tag function receives values

The first argument contains the static string parts. The remaining arguments contain the evaluated expressions:

function inspect(strings, ...values) {
  console.log(strings)
  console.log(values)
}

const item = 'book'
const price = 20

inspect`The ${item} costs ${price} euro`


In this example, strings contains three parts:

['The ', ' costs ', ' euro']


And values contains:

['book', 20]


Here's a small tag that surrounds every interpolated value with markers:

function mark(strings, ...values) {
  let result = strings[0]

  for (let i = 0; i < values.length; i++) {
    result += `**${values[i]}**${strings[i + 1]}`
  }

  return result
}

const topic = 'template literals'
const message = mark`Learn ${topic} today`

message //'Learn **template literals** today'


Tagged templates do not automatically escape unsafe input. Security depends on what the tag function does.



Raw strings

The strings array has a raw property containing text before escape sequences are processed.

JavaScript also provides String.raw, a built-in tag that returns the raw form:

const path = String.raw`C:\Users\Flavio`

path //'C:\\Users\\Flavio'






Check your understanding: values and types

Check how JavaScript values, coercion, equality, null, undefined, and variable declarations behave before moving on.

Answer each question before continuing. Read the explanation after every answer, including the ones you get right.

Take this interactive quiz online
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Decisions and repetition

Use conditions and loops to control program execution.


The JavaScript if/else conditional

Learn how the JavaScript if/else conditional works, from truthy and falsy expressions to omitting the block for a single statement and nesting else if blocks.

An if statement is used to make the program take a route, or another, depending on the result of an expression evaluation.

This is the simplest example, which always executes:

if (true) {
  //do something
}


on the contrary, this is never executed:

if (false) {
  //do something (? never ?)
}


If you have a single statement to execute after the conditionals, you can omit the block, and just write the statement:

if (true) doSomething()


The conditional checks the expression you pass to it for true or false value. If you pass a number, that always evaluates to true unless it's 0. If you pass a string, it always evaluates to true unless it's an empty string. Those are general rules of casting types to a boolean.


Else

You can provide a second part to the if statement: else.

You attach a statement that is going to be executed if the if condition is false:

if (true) {
  //do something
} else {
  //do something else
}


Since else accepts a statement, you can nest another if/else statement inside it:

if (a === true) {
  //do something
} else if (b === true) {
  //do something else
} else {
  //fallback
}





The JavaScript Switch Conditional

Learn how the JavaScript switch conditional picks one case to run based on an expression, why each case needs a break, and how return works inside a function.

An if/else statement is great when you have a few options to choose.

When they are too many however it might be overkill. Your code will look too complex.

In this case you might want to use a switch conditional:

switch(<expression>) {
  //cases
}


based on the result of the expression, JavaScript will trigger one specific case you define:

const a = 2
switch(a) {
  case 1:
    //handle case a is 1
    break
  case 2:
    //handle case a is 2
    break
  case 3:
    //handle case a is 3
    break
}


You must add a break statement at the bottom of each case, otherwise JavaScript will also execute the code in the next case (and sometimes this is useful, but beware of bugs). When used inside a function, if the switch defines a return value, instead of using break you can just use return:

const doSomething = (a) => {
  switch(a) {
    case 1:
      //handle case a is 1
      return 'handled 1'
    case 2:
      //handle case a is 2
      return 'handled 2'
    case 3:
      //handle case a is 3
      return 'handled 3'
  }
}


You can provide a default special case, which is called when no case handles the result of the expression:

const a = 2
switch(a) {
  case 1:
    //handle case a is 1
    break
  case 2:
    //handle case a is 2
    break
  case 3:
    //handle case a is 3
    break
  default:
    //handle all other cases
    break
}




JavaScript Logical Operators

Learn the JavaScript logical operators and (&&), or (||), and not (!), including short-circuit evaluation for guarding access and setting default values.

JavaScript provides us 3 logical operators: and, or and not.


Logical and

Returns true if both operands are true:

<expression> && <expression>


For example:

a === true && b > 3


The cool thing about this operator is that the second expression is never executed if the first evaluates to false. This is called short-circuit evaluation, and it has some practical applications, for example, to check if an object is defined before using it:

const car = { color: 'green' }
const color = car && car.color


If car is null or undefined, the expression stops right there, and color receives that falsy value instead of the code crashing with a TypeError. Modern code often writes this guard as car?.color with optional chaining, but you will read the && version in a lot of existing code.

To be precise, && does not always return a boolean. It returns the first operand if that is falsy, otherwise it returns the second operand. So 'hello' && 42 evaluates to 42.



Logical or

Returns true if at least one of the operands is true:

<expression> || <expression>


For example:

a === true || b > 3


|| short-circuits too, in the opposite direction: if the first operand is truthy, the second is never evaluated, and the first is returned.

This operator is very useful to fallback to a default value. For example:

const car = {}
const color = car.color || 'green'


makes color default to green if car.color is not defined.

There is a trap in that pattern. || replaces every falsy value, not just missing ones. If the real value is 0 or an empty string, it gets thrown away:

const count = 0
count || 10 //10, the real 0 is lost
count ?? 10 //0


When only null and undefined should trigger the default, use ??, the nullish coalescing operator, as in the last line above.



Logical not (!)

Invert the value of a boolean:

let value = true
!value //false


! always returns a boolean, converting the operand first if needed. That is why doubling it is a common idiom to turn any value into true or false:

!!'hello' //true
!!0 //false





JavaScript Ternary Operator

Learn how the JavaScript ternary operator gives you a short way to write a conditional with three operands, choosing one of two expressions to run.

The conditional operator chooses one of two expressions and produces its value:

This is how it looks:

condition ? valueWhenTrue : valueWhenFalse


Only the selected branch is evaluated:

const label = isSaving ? 'Saving…' : 'Save'


The condition uses JavaScript truthiness. If you need an exact boolean rule, write it explicitly rather than relying on a value such as 0 or an empty string accidentally choosing a branch.

Use a ternary when the result belongs inside an assignment, return, template, or argument:

function accessLabel(isAdmin) {
  return isAdmin ? 'Administrator' : 'Member'
}


Use if when the branches perform several statements or need names and comments. Nesting ternaries quickly hides the decision structure:

// Hard to scan
const fee = isMember ? isStudent ? 5 : 10 : 20

// Easier to extend and debug
let fee = 20
if (isMember) {
  fee = isStudent ? 5 : 10
}


Avoid using a ternary only for side effects such as running ? stop() : run(). An if/else communicates an action more clearly.

Try it: rewrite one simple if/else assignment as a ternary, then find a multi-step ternary and rewrite it as if/else. Explain why each form fits its case.



JavaScript Loops

Learn when to use for, while, do...while, for...of, for...in, and forEach() to iterate over JavaScript data.


Introduction

JavaScript provides several ways to repeat code or iterate over data.

Use for...of for iterable values such as arrays. Use Object.keys() when you need an object's own enumerable property names. Use a classic for or while loop when you need direct control over the iteration.



for

const list = ['a', 'b', 'c']
for (let i = 0; i < list.length; i++) {
  console.log(list[i]) //value
  console.log(i) //index
}



	You can interrupt a for loop using break

	You can fast forward to the next iteration of a for loop using continue





forEach

forEach() is an Array method. It calls a function once for each existing array element:

const list = ['a', 'b', 'c']
list.forEach((item, index) => {
  console.log(item) //value
  console.log(index) //index
})

//index is optional
list.forEach(item => console.log(item))


You cannot stop a forEach() early with break. Use for...of when you need to exit the loop.



do...while

const list = ['a', 'b', 'c']
let i = 0
do {
  console.log(list[i]) //value
  console.log(i) //index
  i = i + 1
} while (i < list.length)


You can interrupt a do...while loop using break:

let attempts = 0

do {
  attempts = attempts + 1
  if (attempts === 3) break
} while (attempts < 10)


You can also jump to the next iteration using continue. Make sure the loop condition can still change, or you can create an infinite loop.



while

const list = ['a', 'b', 'c']
let i = 0
while (i < list.length) {
  console.log(list[i]) //value
  console.log(i) //index
  i = i + 1
}


You can interrupt a while loop using break:

while (true) {
  if (something) break
}


and you can jump to the next iteration using continue:

let i = 0

while (i < 5) {
  i = i + 1
  if (i === 3) continue

  console.log(i)
}


The difference is that do...while always runs its body at least once.



for...in

for...in iterates over an object's enumerable string property names, including inherited ones.

const person = {
  name: 'Flavio',
  country: 'Italy'
}

for (const property in person) {
  if (!Object.hasOwn(person, property)) continue

  console.log(property) //property name
  console.log(person[property]) //property value
}


For own enumerable properties, Object.keys() is often clearer:

for (const property of Object.keys(person)) {
  console.log(property)
  console.log(person[property])
}


When you need both the property name and its value, use Object.entries():

for (const [property, value] of Object.entries(person)) {
  console.log(property)
  console.log(value)
}


Use Object.values(person) when you only need the values.

Avoid for...in for arrays. It returns string property names and can include non-index properties. See the MDN for...in reference for the enumeration rules.



for...of

ES6 introduced the for...of loop. It visits the values produced by an iterable, and supports break and continue:

//iterate over the value
for (const value of ['a', 'b', 'c']) {
  console.log(value) //value
}

//get the index as well, using `entries()`
for (const [index, value] of ['a', 'b', 'c'].entries()) {
  console.log(index) //index
  console.log(value) //value
}


Notice the use of const. This loop creates a new scope in every iteration, so we can safely use that instead of let.

Arrays, strings, Maps, Sets, and many DOM collections are iterable. Plain objects are not iterable by default.



for...in vs for...of

The difference is:


	for...of iterates values defined by an object's iterator

	for...in iterates enumerable string property names, including inherited ones



The MDN for...of reference has more examples for custom iterables and early exits.




The JavaScript for..of loop

Learn the JavaScript for..of loop, combining the conciseness of forEach with the ability to break and continue, plus getting the index with entries().

The for...of loop is my favorite way to loop in JavaScript.

It combines the conciseness of forEach loops with the ability to break.

Before it existed, you had to choose. A classic for loop can stop early, but you manage the index yourself. forEach() is compact, but there is no way to stop it once it starts. for...of gives you both: clean syntax, plus break and continue when you need them.

The syntax is this:

const list = ['a', 'b', 'c']

for (const item of list) {
  console.log(item)
}


Each iteration assigns the next element to item. No index bookkeeping, no list[i].

You can break at any point in time using break:

const list = ['a', 'b', 'c']

for (const item of list) {
  console.log(item)
  if (item === 'b') break
}


This prints a and b, then stops.

You can skip an iteration using continue:

const list = ['a', 'b', 'c']

for (const item of list) {
  if (item === 'b') continue
  console.log(item)
}


This prints a and c.

You can get the index of an iteration using entries():

const list = ['a', 'b', 'c']

for (const [index, value] of list.entries()) {
  console.log(index) //index
  console.log(value) //value
}


entries() produces [index, value] pairs, and the array destructuring in the loop header unpacks each pair into two variables.

Notice the use of const. The for..of loop creates a new scope in every iteration, so we can safely use that instead of let.


It works on any iterable

for...of is not limited to arrays. It loops over any iterable: strings, Map, Set, the NodeList you get from document.querySelectorAll(), and more.

for (const char of 'hey') {
  console.log(char) //h, e, y
}


What it cannot loop over is a plain object:

const car = { color: 'green' }

for (const prop of car) {
} //TypeError: car is not iterable


That TypeError: <thing> is not iterable is the failure you will hit most often with this loop. Objects are not iterable. When you need to walk an object, loop over Object.keys(car), Object.values(car), or Object.entries(car) instead — those return arrays, and arrays work.




What are the ways we can break out of a loop in JavaScript?

Learn the ways to break out of a loop in JavaScript using the break keyword in for, for..of and while loops, plus why continue and for..in differ.

Here is a for loop:

const list = ['a', 'b', 'c']
for (let i = 0; i < list.length; i++) {

}


Left alone, this loop runs until the condition i < list.length becomes false. But sometimes you already found what you were looking for, and running the remaining iterations is wasted work.

We can break at any point in time the execution using the break keyword:

const list = ['a', 'b', 'c']
for (let i = 0; i < list.length; i++) {
  if (list[i] === 'b') break
  console.log(list[i])
}


This prints only a. When the loop reaches the 'b' element, break ends it immediately, and execution continues with the first statement after the loop's closing brace.

break also works in for..of loops:

const list = ['a', 'b', 'c']
for (const item of list) {
  if (item === 'b') break
  console.log(item)
}


And in while:

const list = ['a', 'b', 'c']
let i = 0
while (i < list.length) {
  if (list[i] === 'b') break
  console.log(list[i])
  i++
}


All three versions print a and stop.


break vs continue

The continue keyword lets us skip one iteration, in the for and for..of and while loops. The loop does end that iteration, and will continue from the next one:

const list = ['a', 'b', 'c']
for (const item of list) {
  if (item === 'b') continue
  console.log(item) //a, then c
}


The difference is scope: break abandons the whole loop, continue abandons only the current iteration.



Breaking out of nested loops

By default break exits only the innermost loop. If you need to escape an outer loop too, give it a label:

outer: for (const row of [[1, 2], [3, 4]]) {
  for (const cell of row) {
    if (cell === 3) break outer
    console.log(cell) //1, 2
  }
}


Labels look unusual and you will rarely need them, but for this specific job nothing else is as clean.



Where break does not work

break and continue work in every loop statement: for, for..of, for..in, and while.

Where break does not work is forEach(). There is no way to stop a forEach once it started — writing break inside the callback is a syntax error, and return only ends the current callback call, acting like continue. If you expect to exit early, my advice is to reach for for..of instead, or use some(), which stops as soon as the callback returns true.
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Arrays

Store, transform, search, and iterate ordered data.


An introduction to JavaScript Arrays

Learn JavaScript array basics: create arrays, access values, understand length and empty slots, add or remove items, combine arrays, and find values.

An array stores an ordered collection of values.

JavaScript arrays are resizable objects. They can contain values of different types:

const values = [1, 'Flavio', true, { color: 'blue' }]


Use Array.isArray() when you need to check a value:

Array.isArray(values) //true
typeof values //'object'


The MDN Array reference and the ECMAScript Array specification document every method and edge case.


Create an array

The simplest way to create an array is an array literal:

const empty = []
const numbers = [1, 2, 3]


Array.of() creates an array from its arguments:

const numbers = Array.of(1, 2, 3)


Be careful with the Array constructor. One numeric argument creates an array with that length, not an array containing the number:

const slots = Array(3)
const number = Array.of(3)

slots.length //3
number //[3]


The three positions in slots are empty slots. They do not contain undefined values.

Use fill() when you want actual values in every position:

const zeros = Array(3).fill(0)

zeros //[0, 0, 0]


Array.from() creates an array from an iterable or array-like value:

const letters = Array.from('hello')

letters //['h', 'e', 'l', 'l', 'o']




Access array items

Array indexes start at zero:

const fruits = ['banana', 'pear', 'apple']

fruits[0] //'banana'
fruits[1] //'pear'
fruits[2] //'apple'
fruits[3] //undefined


Use at() when a negative index is useful:

fruits.at(-1) //'apple'


You can assign through an index too:

fruits[1] = 'mango'

fruits //['banana', 'mango', 'apple']




Nested arrays

JavaScript does not have a separate multidimensional array type. You create one by nesting arrays:

const matrix = [
  [1, 2, 3],
  [4, 5, 6],
  [7, 8, 9]
]

matrix[0][0] //1
matrix[2][0] //7




Understand length

The length property is always greater than every array index. In a dense array, it is one greater than the last index.

It is not always the number of populated elements in a sparse array.

const numbers = [1, 2, 3]

numbers.length //3


Reducing length deletes values beyond the new length:

const numbers = [1, 2, 3]

numbers.length = 2
numbers //[1, 2]


Increasing it creates empty slots:

const numbers = [1, 2]

numbers.length = 4
numbers //[1, 2, <2 empty items>]


Empty slots behave differently from explicit undefined values in some array methods. Avoid creating sparse arrays unless you specifically need them.

See the MDN length reference for the exact rules.



Add items

push() adds one or more values to the end and returns the new length:

const numbers = [1, 2]

numbers.push(3, 4) //4
numbers //[1, 2, 3, 4]


unshift() does the same at the beginning:

const numbers = [1, 2]

numbers.unshift(-1, 0) //4
numbers //[-1, 0, 1, 2]


Both methods change the original array.



Remove items

pop() removes and returns the last value:

const numbers = [1, 2, 3]
const last = numbers.pop()

last //3
numbers //[1, 2]


shift() removes and returns the first value:

const numbers = [1, 2, 3]
const first = numbers.shift()

first //1
numbers //[2, 3]


Both return undefined when the array is empty.



Combine arrays

concat() returns a new shallow array:

const first = [1, 2]
const second = [3, 4]
const numbers = first.concat(second)

numbers //[1, 2, 3, 4]


Spread syntax is another common option:

const first = [1, 2]
const second = [3, 4]
const numbers = [...first, ...second]


Neither example changes first or second. Nested objects are still shared because these copies are shallow.



Find an item

find() returns the first value that passes a test:

const posts = [
  { id: 1, title: 'Learning JavaScript' },
  { id: 2, title: 'Learning CSS' }
]

const post = posts.find(post => post.id === 2)

post.title //'Learning CSS'


It returns undefined when no value matches.

findIndex() returns the first matching index, or -1:

const numbers = [10, 20, 30]

numbers.findIndex(number => number > 15) //1


findLast() and findLastIndex() search from the end.

Use includes() when you only need to check whether a value is present:

const colors = ['blue', 'green', 'red']

colors.includes('green') //true
colors.includes('blue', 1) //false


The second argument is the index where the search starts, and that index is included.



Mutating and copying methods

Some methods change the original array. Examples include push(), pop(), shift(), unshift(), sort(), reverse(), and splice().

Others return a new array. Examples include concat(), slice(), map(), and filter().

Modern JavaScript also provides copying versions of common mutating operations:


	toSorted()

	toReversed()

	toSpliced()

	with()



Use them when you need the result without changing the original array.




Write JavaScript loops using map, filter, reduce and find

Learn how to replace JavaScript loops with a functional approach using map(), filter(), reduce(), and find() to process arrays declaratively, not imperatively.

Loops are generally used, in any programming language, to perform operations on arrays: given an array you can iterate over its elements and perform a calculation.

Let's see how to pick common needs and perform them using a Functional Programming approach, as opposed to using loops.


NOTE: I don't recommend one approach over the other. I just want to introduce different ways to perform the same thing and maybe introduce you to new functions which you might have never used until now.




map, filter, reduce, find

Those are 3 really powerful array functions:


	map returns an array with the same length,

	filter as the name implies, it returns an array with less items than the original array

	reduce returns a single value (or object)

	find returns the first items in an array that satisfies a condition



map, filter and reduce were introduced in ES5, so you can safely use them as implemented in every browser since years.

find was introduced in ES6/ES2015.

If you're ever unsure which array method fits your use case, try the array method chooser.

They offer a more declarative approach, rather than an imperative approach (describe what should happen, not write every tiny bit of processing that should happen)



Execute something on every element with map

A loop would look like this:

const performSomething = (item) => {
  //...
  return item
}
const items = ['a', 'b', 'c']
items.forEach((item) => {
  performSomething(item)
})


With a declarative approach, you tell JavaScript to perform something on every element using:

const items = ['a', 'b', 'c']
const newArray = items.map((item) => performSomething(item))


This generates a new array, without editing the original one (what we call immutability)

Since we use a single function in the map callback function, we can rewrite the sample as:

const items = ['a', 'b', 'c']
const newArray = items.map(performSomething)




Finding a single element in the array

Sometimes you need to look for a specific item in the array, and return it.

This is how you would do so with a loop:

const items = [
  { name: 'a', content: { /* ... */ }},
  { name: 'b', content: { /* ... */ }},
  { name: 'c', content: { /* ... */ }}
]
for (const item of items) {
  if (item.name === 'b') {
    return item
  }
}


Here is the non-loop version, using find() (ES6+):

const b = items.find((item) => item.name === 'b')


Here is the same functionality using filter() (ES5+):

const b = items.filter((item) => item.name === 'b').shift()



shift() returns the first item in the array without raising an error if the array is empty (returns undefined in that case).



Note: shift() mutates the array, but the array it mutates is the one returned by filter(), not the original array. If this sounds unacceptable, you can check if the array is not empty and get the first item using b[0].

For learning purposes (does not make much sense in practice), here is the same functionality using reduce():

const items = [
  { name: 'a', content: { /* ... */ }},
  { name: 'b', content: { /* ... */ }},
  { name: 'c', content: { /* ... */ }}
]

const b = items.reduce((result, item) => {
  if (item.name === 'b') { result = item }
  return result
}, null)


filter() and reduce() will iterate over all the array items, while find() will be faster.



Iterate over an array to count a property of each item

Use reduce() to get a single value out of an array. For example sum the items content.value property:

const items = [
  { name: 'a', content: { value: 1 }},
  { name: 'b', content: { value: 2 }},
  { name: 'c', content: { value: 3 }}
]


using a loop:

let count = 0
for (const item of items) {
  count += item.content.value
}


can written as

const count = items.reduce((result, { content: { value } }) => result + value, 0)





JavaScript immutable array methods: toSorted(), toReversed(), toSpliced(), with()

Need to sort or reverse an array without mutating it? Use toSorted(), toReversed(), toSpliced(), and with() to get a new copy instead.

The old sort(), reverse(), and splice() methods mutate the array in place. That surprises you when you expect the original to stay the same.

Say you sort a list of scores to show a leaderboard. You call sort() on the array you also use elsewhere. Now the original order is gone.

const scores = [88, 42, 95, 71]
const sorted = scores.sort((a, b) => b - a)

console.log(scores)  // [95, 88, 71, 42] (mutated!)
console.log(sorted)  // same array reference


ES2023 added four methods that return a new array instead. The original stays untouched. They work in all modern browsers and in Node.js 20+.


toSorted()

Use toSorted() when you need a sorted copy. Pass a comparator, same as with sort().

const scores = [88, 42, 95, 71]
const sorted = scores.toSorted((a, b) => b - a)

console.log(scores)  // [88, 42, 95, 71]
console.log(sorted)  // [95, 88, 71, 42]


If you skip the comparator, it sorts as strings. For numbers, always pass a function. See the sort comparator for details.



toReversed()

toReversed() returns a reversed copy. The original array does not change.

const months = ['Jan', 'Feb', 'Mar']
const reversed = months.toReversed()

console.log(months)   // ['Jan', 'Feb', 'Mar']
console.log(reversed) // ['Mar', 'Feb', 'Jan']




toSpliced()

splice() mutates and returns removed items. toSpliced() returns a new array with the edit applied.

const tasks = ['write', 'review', 'ship']
const updated = tasks.toSpliced(1, 1, 'test')

console.log(tasks)   // ['write', 'review', 'ship']
console.log(updated) // ['write', 'test', 'ship']


The arguments work like splice(): start index, delete count, then items to insert. To remove items without inserting, see how to remove an item from an array.



with()

with() replaces one item at a given index. It returns a new array.

const colors = ['red', 'green', 'blue']
const updated = colors.with(1, 'yellow')

console.log(colors)  // ['red', 'green', 'blue']
console.log(updated) // ['red', 'yellow', 'blue']


Negative indexes work too. colors.with(-1, 'purple') replaces the last item.



When to use them

My advice is to reach for these methods whenever you work with data you did not create yourself. A function that sorts an array passed in as an argument should not change that array.

If you need to mutate on purpose, the old methods still work. For most cases, returning a copy is safer. Read more about JavaScript arrays to see the full list of methods.




Destructuring Objects and Arrays in JavaScript

Learn how to use JavaScript destructuring to pull values out of objects and arrays into named variables, rename them, and skip array items you do not need.

Given an object, using the destructuring syntax you can extract just some values and put them into named variables:

const person = {
  firstName: 'Tom',
  lastName: 'Cruise',
  actor: true,
  age: 54 //made up
}

const { firstName: name, age } = person //name: Tom, age: 54


name and age contain the desired values.

The property is still called firstName; only the local variable is renamed. Add a default for a missing or undefined property:

const { role = 'member' } = person


A default does not replace null, because null is an explicit value. Destructuring null or undefined as an object throws, so validate an uncertain input before destructuring it.

The syntax also works on arrays:

const a = [1, 2, 3, 4, 5]
const [first, second] = a


This statement creates three variables from indexes 0, 1, and 4:

const [first, second, , , fifth] = a


Object destructuring follows property names; array destructuring follows position. That makes object results easier to evolve when callers should not depend on ordering.

Destructuring is especially useful at function boundaries:

function formatUser({ name, city = 'Unknown' }) {
  return `${name} — ${city}`
}


But it does not clone nested data. The variables still refer to the same nested objects:

const user = { settings: { theme: 'dark' } }
const { settings } = user
settings.theme = 'light'
console.log(user.settings.theme) // light


Use the rest syntax to collect remaining properties without mutating the source: const { password, ...publicUser } = user. Remember this is a shallow copy too.

Try it: destructure an API response with a renamed ID, a default label, and a rest object. Then pass null and decide where validation should happen.



The JavaScript Spread Operator

Learn how JavaScript spread syntax expands iterables into arrays or function arguments and copies enumerable properties into object literals.

The spread syntax ... expands values in three places:


	an iterable into a function's arguments

	an iterable into an array literal

	an object's own enumerable properties into an object literal



Although people call it the spread operator, the specification defines it as syntax. See the MDN spread syntax reference for the complete rules.

Let's start with an array example. Given

const a = [1, 2, 3]


you can create a new array using

const b = [...a, 4, 5, 6]


You can also create a shallow copy of an array:

const c = [...a]


Object spread creates a shallow copy of an object's own enumerable properties:

const newObj = { ...oldObj }


It does not copy the prototype or non-enumerable properties. Nested objects are still shared with the original.

Strings are iterable, so spreading a string creates an array of Unicode code points:

const hey = 'hey'
const arrayized = [...hey] // ['h', 'e', 'y']


You can also spread an iterable into a function call:

const add = (a, b) => a + b
const numbers = [1, 2]

add(...numbers) //3



Spread and rest are different

Rest syntax also uses ..., but it does the opposite. Spread expands values, while rest collects them.

The rest element is useful with array destructuring:

const numbers = [1, 2, 3, 4, 5]
const [first, second, ...others] = numbers


Spread passes the collected values as separate arguments:

const numbers = [1, 2, 3, 4, 5]
const sum = (a, b, c, d, e) => a + b + c + d + e
const result = sum(...numbers)


ES2018 introduced rest and spread properties for objects.

Rest properties:

const { first, second, ...others } = {
  first: 1,
  second: 2,
  third: 3,
  fourth: 4,
  fifth: 5
}

first // 1
second // 2
others // { third: 3, fourth: 4, fifth: 5 }


Spread properties create a new object from existing properties:

const items = { first, second, ...others }
items //{ first: 1, second: 2, third: 3, fourth: 4, fifth: 5 }


You can merge simple objects too. Later properties overwrite earlier properties with the same name:

const object1 = {
  name: 'Flavio'
}

const object2 = {
  age: 35
}

const object3 = { ...object1, ...object2 }





How to write JavaScript sort comparators

Learn how JavaScript sort comparators work: the return value contract, the string sort trap, multi-key sorting, localeCompare and Intl.Collator.

Every time you call sort() with a callback, you're writing a comparator. It's a tiny function with a strict contract, and getting it slightly wrong produces sorts that look right on your test data and break on real data.

I showed the basics in how to sort an array of objects by a property. This post goes deeper into the comparator itself.


The contract

A comparator takes two elements, a and b, and returns a number:


	negative → a comes first

	positive → b comes first

	zero → keep them as they are



That's the whole contract. The engine calls your function many times while sorting, and it trusts those three cases to be consistent.

For numbers, subtraction gives you all three cases for free:

const scores = [92, 88, 105, 61]
scores.sort((a, b) => a - b) //[61, 88, 92, 105]


If a is smaller, a - b is negative, so a goes first. Ascending order.

Flip the operands for descending:

scores.sort((a, b) => b - a) //[105, 92, 88, 61]




The default sort trap

Here's the trap everyone falls into once. What does sort() do with no comparator?

const scores = [92, 88, 105, 61]
scores.sort() //[105, 61, 88, 92]


That's not a bug. Without a comparator, sort() converts every element to a string and compares the strings. And '105' comes before '61' alphabetically, because '1' < '6'.

My advice: never call sort() without a comparator unless you're sorting strings and you know it.

Also notice that sort() mutates the array in place. If you want a sorted copy, use toSorted():

const sorted = scores.toSorted((a, b) => a - b)




Sorting strings properly

For strings, the comparison operators technically work:

names.sort((a, b) => (a < b ? -1 : a > b ? 1 : 0))


But this compares character codes, so all uppercase letters sort before all lowercase ones, and accented characters end up in weird places. 'Zoe' < 'alice' is true.

localeCompare() fixes this. It compares strings the way a human would, and it already returns negative/zero/positive, so it slots straight into the comparator:

const names = ['alice', 'Bob', 'carol', 'Ándrea']
names.sort((a, b) => a.localeCompare(b))
//['alice', 'Ándrea', 'Bob', 'carol']


I wrote about localeCompare() in more detail, but the options argument deserves a mention here. The numeric option is the one I use most:

const files = ['file10.txt', 'file2.txt', 'file1.txt']

files.sort((a, b) => a.localeCompare(b))
//['file1.txt', 'file10.txt', 'file2.txt']

files.sort((a, b) => a.localeCompare(b, 'en', { numeric: true }))
//['file1.txt', 'file2.txt', 'file10.txt']


Without numeric: true, file10 sorts before file2 because it's compared character by character. With it, the digits are compared as numbers.

There's also sensitivity: 'base', which ignores case and accents, so 'alice' and 'Alice' compare as equal.



Multi-key sorting

Real sorting is usually "by score descending, then by name". The pattern is: compare the first key, and if it's a tie, fall through to the next key.

const players = [
  { name: 'carol', score: 88 },
  { name: 'alice', score: 92 },
  { name: 'bob', score: 88 },
]

players.sort((a, b) => {
  const byScore = b.score - a.score
  if (byScore !== 0) return byScore
  return a.name.localeCompare(b.name)
})


Each key returns early if it decides the order. Only ties reach the next comparison. You can chain as many keys as you want this way.

A common shortcut uses ||, since 0 is falsy:

players.sort((a, b) =>
  b.score - a.score || a.name.localeCompare(b.name)
)


It reads nicely for two or three keys. Beyond that, I prefer the explicit version.

Dates fit the same pattern, because subtracting dates gives you milliseconds. I showed that in how to sort an array by date.



Stability: ties keep their order

Since ES2019, sort() is guaranteed to be stable: elements that compare as equal keep their original relative order.

This matters more than it sounds. It means you can sort in passes. Sort by name first, then sort by score, and players with equal scores stay alphabetical from the first pass. It also means a comparator that returns 0 for ties is safe — the engine won't shuffle them randomly.



Intl.Collator for performance

localeCompare() has a cost: with a locale and options, each call does locale work. In a sort over a big array, your comparator runs thousands of times.

Intl.Collator lets you pay that setup cost once:

const collator = new Intl.Collator('en', { numeric: true })

files.sort(collator.compare)


collator.compare is a ready-made comparator function. Same results as localeCompare() with the same options, noticeably faster on large arrays. For a few dozen items you won't notice a difference, so don't reach for it until you need it.



Watch out for null

If some objects are missing the property you're sorting by, undefined - 5 is NaN, and returning NaN from a comparator breaks the contract. The sort result becomes unpredictable.

Handle missing values explicitly, deciding whether they go first or last:

players.sort((a, b) => {
  if (a.score == null && b.score == null) return 0
  if (a.score == null) return 1 //nulls last
  if (b.score == null) return -1
  return a.score - b.score
})




Try it interactively

Writing a multi-key comparator with null handling and locale options is exactly the kind of code you write once and copy forever. I built a sort comparator builder where you pick your keys, types, directions and null handling, see the sorted result live on your own JSON, and copy the generated comparator function.
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Objects

Model named values, methods, references, and structured data.


JavaScript Reference: Object

A reference to the JavaScript Object type and its built-in properties and methods, from creating objects to static helpers like Object.keys() and seal().

This post documents all the Object built-in object properties and methods.

Any value that's not of a primitive type (a string, a number, a boolean, a symbol, null or undefined) is an object. Even arrays or functions are, under the hoods, objects.

An object value can be generated using an object literal syntax:

const person = {}
typeof person //object


using the Object global function:

const person = Object()
typeof person //object


or using the Object constructor:

const person = new Object()
typeof person //object


Another syntax is to use Object.create():

const car = Object.create()


You can initialize the object with properties using this syntax:

const person = {
  age: 36,
  name: 'Flavio',
  speak: () => {
    //speak
  }
}

const person = Object({
  age: 36,
  name: 'Flavio',
  speak: () => {
    //speak
  }
})

const person = new Object({
  age: 36,
  name: 'Flavio',
  speak: () => {
    //speak
  }
})


All those ways are basically equivalent as they all give you access to the methods I'll list below.

You can also initialize an object using the new keyword before a function with a capital letter. This function serves as a constructor for that object. In there, we can initialize the arguments we receive as parameters, to setup the initial state of the object:

function Car(brand, model) {
  this.brand = brand
  this.model = model
}


We initialize a new object using

const myCar = new Car('Ford', 'Fiesta')
myCar.brand //'Ford'
myCar.model //'Fiesta'


Objects have properties. Every property has a name and a value.

You might think an object is basically a map, or dictionary, data structure, and you would be correct.

The value of a property can be of any type, which means that it can even be an object, as objects can nest other objects.

When a property value is a function, we call it method.

Objects can inherit their properties from other objects, and we'll see this in details when we'll talk about inheritance.

Objects are always passed by reference.

If you assign a variable the same value of another, if it's a primitive type like a number or a string, they are passed by value:

let age = 36
let myAge = age
myAge = 37
age //36


const car = {
  color: 'blue'
}
const anotherCar = car
anotherCar.color = 'yellow'
car.color //'yellow'



Built-in Object Properties

The Object object has 2 properties


	length always equal to 1

	prototype this points to the Object prototype object: the object that all other objects inherit from. Check the prototypal inheritance post for more.





Static methods

We divide methods in static methods, and instance methods. Static methods are called directly on Object. Instance methods are called on an object instance (an object).

Static methods are a great way to offer a namespace for functions that work in the same space. In this way we don't have global functions around, but all are namespaced under the Object global object.


	Object.assign() *ES2015

	Object.create()

	Object.defineProperties()

	Object.defineProperty()

	Object.entries() *ES2017

	Object.freeze()

	Object.getOwnPropertyDescriptor()

	Object.getOwnPropertyDescriptors()

	Object.getOwnPropertyNames()

	Object.getOwnPropertySymbols()

	Object.getPrototypeOf()

	Object.is() *ES2015

	Object.isExtensible()

	Object.isFrozen()

	Object.isSealed()

	Object.keys()

	Object.preventExtensions()

	Object.seal()

	Object.setPrototypeOf() *ES2015

	Object.values()





Instance methods


	hasOwnProperty()

	isPrototypeOf()

	propertyIsEnumerable()

	toLocaleString()

	toString()

	valueOf()






JavaScript Object Properties

Learn how JavaScript object properties work, from naming them with any string to reading their values with dot notation and bracket notation.

JavaScript Objects have properties, which are composed by a label associated with a value.

The object literal syntax we saw:

const car = {

}


lets us define properties like this:

const car = {
  color: 'blue'
}


here we have a car object with a property named color, with value blue.

Labels can be any string. Notice that I didn't use quotes around color, but if I wanted to include a character not valid as a variable name in the property name, I would have had to:

const car = {
  color: 'blue',
  'the color': 'blue'
}


This means spaces, hyphens, and more special characters.

As you see, we separate each property with a comma.


Retrieving the value of a property

We can retrieve the value of a property using 2 different syntaxes.

The first is dot notation:

car.color //'blue'


The second, which is mandatory for properties with invalid names, is to use square brackets:

car['the color'] //'blue'


Square brackets also let you read a property whose name is stored in a variable:

const property = 'color'

car[property] //'blue'


car.property would look for a property literally named property. It does not evaluate the variable.

If you access an unexisting property, you get undefined:

car.brand //undefined


A nice way to check for a property value but default to a predefined value is to use the || operator:

const brand = car.brand || 'ford'


As said, objects can have nested objects as properties:

const car = {
  brand: {
    name: 'Ford'
  },
  color: 'blue'
}


You can access the brand name using

car.brand.name


or

car['brand']['name']


or even mixing:

car.brand['name']
car['brand'].name




Setting the value of a property

As you saw above you can set the value of a property when you define the object.

But you can always update it later on:

const car = {
  color: 'blue'
}

car.color = 'yellow'
car['color'] = 'red'


And you can also add new properties to an object:

car.model = 'Fiesta'

car.model //'Fiesta'




How to remove a property

Given the object

const car = {
  color: 'blue',
  brand: 'Ford'
}


you can delete a property from this object using

delete car.brand


[image: Delete a property from an object in JavaScript]

It works also expressed as:

delete car['brand']
delete car.brand
delete newCar['brand']




Setting a property to undefined

If you need to perform this operation in a very optimized way, for example, when you're operating on a large number of objects in loops, another option is to set the property to undefined.

Due to its nature, the performance of delete is a lot slower than a simple reassignment to undefined, more than 50x times slower.

However, keep in mind that the property is not deleted from the object. Its value is wiped, but it's still there if you iterate the object:

[image: Iterate over the object]

Using delete is still very fast, you should only look into this kind of performance issues if you have a very good reason to do so, otherwise it's always preferred to have a more clear semantic and functionality.



Remove a property without mutating the object

If mutability is a concern, you can create a completely new object by copying all the properties from the old, except the one you want to remove:

const car = {
  color: 'blue',
  brand: 'Ford'
}
const prop = 'color'

const newCar = Object.keys(car).reduce((object, key) => {
  if (key !== prop) {
    object[key] = car[key]
  }
  return object
}, {})


[image: Create a new object without mutating the original]



How to count the number of properties in a JavaScript object

Use the Object.keys() method, passing the object you want to inspect, to get an array of all the (own) enumerable properties of the object.

Then calculate the length of that array by checking the length property:

const car = {
  color: 'Blue',
  brand: 'Ford',
  model: 'Fiesta'
}

Object.keys(car).length


I said enumerable properties. This means their internal enumerable flag is set to true, which is the default. Check MDN for more info on this subject.



How to check if a JavaScript object property is undefined

In a JavaScript program, the correct way to check if an object property is undefined is to use the typeof operator.

typeof returns a string that tells the type of the operand. It is used without parentheses, passing it any value you want to check:

const list = []
const count = 2

typeof list //"object"
typeof count //"number"
typeof "test" //"string"

typeof color //"undefined"


If the value is not defined, typeof returns the 'undefined' string.

Now suppose you have a car object, with just one property:

const car = {
  model: 'Fiesta'
}


This is how you check if the color property is defined on this object:

if (typeof car.color === 'undefined') {
  // color is undefined
}



Dynamic properties

When defining a property, its label can be an expression if wrapped in square brackets:

const car = {
  ['c' + 'o' + 'lor']: 'blue'
}

car.color //'blue'




Simpler syntax to include variables as object properties

Instead of doing

const something = 'y'
const x = {
  something: something
}


you can do this simplified way:

const something = 'y'
const x = {
  something
}






Are values passed by reference or by value in JavaScript?

Are values passed by reference or by value in JavaScript? Primitive types pass by value while objects pass by reference, as these examples show.

JavaScript always passes arguments by value. The confusing part is that an object's value is a reference to that object.

Primitive types are numbers, strings, booleans, null, undefined and symbols.

Everything that's not a primitive type is an object. Arrays are objects. Functions are objects.

Passing a primitive copies that primitive value:

const increment = num => {
  num = num + 1
}

const num = 2
increment(num)

console.log(num) //2


Passing an object copies the reference. The caller and parameter now point at the same object, so a property mutation is visible through both names:

const increment = num => {
  num.value = num.value + 1
}

const num = {
  value: 2
}

increment(num)

console.log(num.value) //3


But reassigning the parameter only changes its local copy of the reference:

function replace(value) {
  value = { count: 0 }
}

const state = { count: 2 }
replace(state)
console.log(state.count) // 2


This is why “objects are passed by reference” is an imprecise shortcut. If JavaScript passed the variable itself by reference, replace() would make state point at the new object.

Spread syntax creates a shallow copy:

const next = { ...state, count: 3 }


Nested objects are still shared. Use structuredClone() for supported data when a deep independent copy is genuinely required, but do not clone by habit; copying large object graphs has a cost and can hide unclear ownership.

Try it: pass an object with a nested settings object to a function. Mutate a top-level property, mutate the nested property, then reassign the parameter. Predict which changes the caller sees.



JavaScript Optional Chaining

The optional chaining operator is a very useful operator which we can use to work with objects and their properties or methods

The optional chaining operator is a very useful operator which we can use to work with objects and their properties or methods.

Have you ever used the && operator as a fallback? It's one of my favorite JavaScript features.

In JavaScript, you can first check if an object exists, and then try to get one of its properties, like this:

const car = null
const color = car && car.color


Even if car is null, you don't have errors and color is assigned the null value.

You can go down multiple levels:

const car = {}
const colorName = car && car.color && car.color.name


In some other languages, using && might give you true or false, since it's usually a logic operator.

Not in JavaScript, and it allows us to do some cool things.

Now this new optional chaining operator will let us be even more fancy:

const color = car?.color
const colorName = car?.color?.name


If car is null or undefined, the result will be undefined.

With no errors (while with && in case car was undefined we had a ReferenceError: car is not defined error)



The JavaScript map() Function

Learn how to use the JavaScript array map() method to build a new array by running a function on every element, then chain it with filter() to refine results.

map() builds a new array with one output for every input. The original array length and order are preserved.

This example calls f for each element:

const b = a.map(f)


Use it when each input becomes a corresponding output:

const prices = [10, 20, 30]
const pricesWithTax = prices.map(price => price * 1.2)


The callback's return value becomes the new element. Forgetting return in a block callback produces undefined values:

const doubled = prices.map(price => {
  return price * 2
})


Do not use map() only for side effects. If you are not using the returned array, forEach() or a loop communicates the intent better.

Chain operations when the intermediate meaning stays clear. This example selects words beginning with A and then transforms them:

const list = ['Apple', 'Orange', 'Apricot']
const labels = list
  .filter(item => item.startsWith('A'))
  .map(item => item.toUpperCase())


map() is shallow. If a callback mutates an object, that same object is changed in the source array. Return a new object when immutability matters:

const activeUsers = users.map(user => ({ ...user, active: true }))


Try it: map a list of cart lines into subtotals, then use reduce() to total them. Confirm the original lines were not mutated.



The Set JavaScript Data Structure

Learn how JavaScript Set stores unique values, how to add, find, delete and iterate values, combine sets, convert them to arrays, and use WeakSet.


What is a Set?

A Set is a collection of unique values.

It can store primitive values and objects. Values stay in insertion order when you iterate the Set.

Sets use the SameValueZero comparison. This means NaN equals NaN, and 0 equals -0.

See the MDN Set reference for the complete API.



Create a Set

Create an empty Set with the Set constructor:

const colors = new Set()


You can also pass any iterable:

const colors = new Set(['red', 'green', 'blue'])


Repeated values are stored once:

const numbers = new Set([1, 1, 2, 2, 3])

numbers.size //3




Add and inspect values

Use add() to add one value:

const colors = new Set()

colors.add('red')
colors.add('green')


add() returns the Set, so you can chain calls:

colors
  .add('blue')
  .add('orange')


Adding the same value again does not create a duplicate.

Use has() to check for a value:

colors.has('red') //true
colors.has('purple') //false


Use the size property to count the values:

colors.size //4




Delete values

delete() removes one value and reports whether it was present:

colors.delete('orange') //true
colors.delete('orange') //false


clear() removes every value:

colors.clear()
colors.size //0




Iterate a Set

The simplest approach is a for...of loop:

const colors = new Set(['red', 'green', 'blue'])

for (const color of colors) {
  console.log(color)
}


values() and keys() return equivalent iterators:

for (const color of colors.values()) {
  console.log(color)
}


The entries() iterator returns [value, value] pairs. This shape keeps Set compatible with APIs designed for Map:

for (const [key, value] of colors.entries()) {
  console.log(key, value)
}


You can also use forEach():

colors.forEach(color => {
  console.log(color)
})




Convert between sets and arrays

Spread a Set into an array:

const colors = new Set(['red', 'green', 'blue'])
const list = [...colors]


This also gives you a short way to remove duplicate array values:

const numbers = [1, 1, 2, 3, 3]
const uniqueNumbers = [...new Set(numbers)]

uniqueNumbers //[1, 2, 3]




Combine and compare sets

Modern JavaScript provides methods for common set operations.

Create a union containing values from both sets:

const frontEnd = new Set(['HTML', 'CSS'])
const programming = new Set(['JavaScript', 'CSS'])

const all = [...frontEnd.union(programming)]

all //['HTML', 'CSS', 'JavaScript']


Other composition methods are:


	intersection(), for values in both sets

	difference(), for values in the first Set but not the second

	symmetricDifference(), for values in either Set but not both



You can compare sets with:


	isSubsetOf()

	isSupersetOf()

	isDisjointFrom()



These methods return new sets or booleans. They do not change the original Set.

The composition methods are part of ES2025. Check compatibility when supporting older JavaScript engines.



WeakSet

A WeakSet stores garbage-collectable values. Those values can be objects or non-registered symbols.

If nothing else references an object in a WeakSet, JavaScript can reclaim it. A regular Set keeps a strong reference to every value it contains.

Create a WeakSet and add an object:

const visited = new WeakSet()
const page = { url: '/about' }

visited.add(page)
visited.has(page) //true


A WeakSet is not iterable and has no size or clear(). It provides add(), has(), and delete().

Use it when you want to associate membership with objects without keeping those objects alive.




Check your understanding: objects and arrays

Check references, copying, destructuring, array methods, sorting, object keys, and the behavior of common collection operations.

Answer each question before continuing. Read the explanation after every answer, including the ones you get right.

Take this interactive quiz online
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Functions and scope

Organize reusable behavior and understand lexical scope.


JavaScript Functions

Learn all about JavaScript functions: declaration syntax, parameters, return values, nested functions, object methods, arrow functions, IIFEs, and hoisting.


Introduction

Everything in JavaScript happens in functions.

A function is a block of code, self contained, that can be defined once and run any times you want.

A function can optionally accept parameters, and returns one value.

Functions in JavaScript are objects, a special kind of objects: function objects. Their superpower lies in the fact that they can be invoked.

In addition, functions are said to be first class functions because they can be assigned to a value, and they can be passed as arguments and used as a return value.



Syntax

Let's start with the "old", pre-ES6/ES2015 syntax. Here's a function declaration:


I use foo and bar as random names. Enter any kind of name to replace them.



function dosomething(foo) {
  // do something
}


(now, in post ES6/ES2015 world, referred as a regular function)

Functions can be assigned to variables (this is called a function expression):

const dosomething = function(foo) {
  // do something
}


Named function expressions are similar, but play nicer with the stack call trace, which is useful when an error occurs - it holds the name of the function:

const dosomething = function dosomething(foo) {
  // do something
}


ES6/ES2015 introduced arrow functions, which are especially nice to use when working with inline functions, as parameters or callbacks:

const dosomething = foo => {
  //do something
}


Arrow functions have an important difference from the other function definitions above, we'll see which one later as it's an advanced topic.



Parameters

A function can have one or more parameters.

const dosomething = () => {
  //do something
}

const dosomethingElse = foo => {
  //do something
}

const dosomethingElseAgain = (foo, bar) => {
  //do something
}


Starting with ES6/ES2015, functions can have default values for the parameters:

const dosomething = (foo = 1, bar = 'hey') => {
  //do something
}


This allows you to call a function without filling all the parameters:

dosomething(3)
dosomething()


ES2018 introduced trailing commas for parameters, a feature that helps reducing bugs due to missing commas when moving around parameters (e.g. moving the last in the middle):

const dosomething = (foo = 1, bar = 'hey') => {
  //do something
}

dosomething(2, 'ho!')


You can wrap all your arguments in an array, and use the spread operator operator when calling the function:

const dosomething = (foo = 1, bar = 'hey') => {
  //do something
}
const args = [2, 'ho!']
dosomething(...args)


With many parameters, remembering the order can be difficult. Using objects, destructuring allows to keep the parameter names:

const dosomething = ({ foo = 1, bar = 'hey' }) => {
  //do something
  console.log(foo) // 2
  console.log(bar) // 'ho!'
}
const args = { foo: 2, bar: 'ho!' }
dosomething(args)




Return values

Every function returns a value, which by default is undefined.

[image: Undefined return value]

Any function is terminated when its lines of code end, or when the execution flow finds a return keyword.

When JavaScript encounters this keyword it exits the function execution and gives control back to its caller.

If you pass a value, that value is returned as the result of the function:

const dosomething = () => {
  return 'test'
}
const result = dosomething() // result === 'test'


You can only return one value.

To simulate returning multiple values, you can return an object literal, or an array, and use a destructuring assignment when calling the function.

Using arrays:

[image: Destructuring using arrays]

Using objects:

[image: Destructuring using objects]



Nested functions

Functions can be defined inside other functions:

const dosomething = () => {
  const dosomethingelse = () => {
    //some code here
  }
  dosomethingelse()
  return 'test'
}


The nested function is scoped to the outside function, and cannot be called from the outside.

This means that dosomethingelse() is not reachable from outside dosomething():

const dosomething = () => {
  const dosomethingelse = () => {
    //some code here
  }
  dosomethingelse()
  return 'test'
}

dosomethingelse() //ReferenceError: dosomethingelse is not defined


This is very useful because we can create encapsulated code that is limited in its scope by the outer function it's defined in.

We could have 2 function define a function with the same name, inside them:

const bark = () => {
  const dosomethingelse = () => {
    //some code here
  }
  dosomethingelse()
  return 'test'
}


const sleep = () => {
  const dosomethingelse = () => {
    //some code here
  }
  dosomethingelse()
  return 'test'
}


and most importantly you don't have to think about overwriting existing functions and variables defined inside other functions.



Object Methods

When used as object properties, functions are called methods:

const car = {
  brand: 'Ford',
  model: 'Fiesta',
  start: function() {
    console.log(`Started`)
  }
}

car.start()




this in Arrow Functions

There's an important behavior of Arrow Functions vs regular Functions when used as object methods. Consider this example:

const car = {
  brand: 'Ford',
  model: 'Fiesta',
  start: function() {
    console.log(`Started ${this.brand} ${this.model}`)
  },
  stop: () => {
    console.log(`Stopped ${this.brand} ${this.model}`)
  }
}


The stop() method does not work as you would expect.

[image: Difference in arrow functions of this in methods]

This is because the handling of this is different in the two functions declarations style. this in the arrow function refers to the enclosing function context, which in this case is the window object:

[image: this points to the window object]

this, which refers to the host object using function()

This implies that arrow functions are not suitable to be used for object methods and constructors (arrow function constructors will actually raise a TypeError when called).



IIFE, Immediately Invocated Function Expressions

An IIFE is a function that's immediately executed right after its declaration:

;(function dosomething() {
  console.log('executed')
})()


You can assign the result to a variable:

const something = (function dosomething() {
  return 'something'
})()


They are very handy, as you don't need to separately call the function after its definition.

See my post dedicated to them.



Function Hoisting

JavaScript before executing your code reorders it according to some rules.

Functions in particular are moved at the top of their scope. This is why it's legal to write

dosomething()
function dosomething() {
  console.log('did something')
}


[image: Hoisting example]

Internally, JavaScript moves the function before its call, along with all the other functions found in the same scope:

function dosomething() {
  console.log('did something')
}
dosomething()


Now, if you use named function expressions, since you're using variables something different happens. The variable declaration is hoisted, but not the value, so not the function.

dosomething()
const dosomething = function dosomething() {
  console.log('did something')
}


Not going to work:

[image: Hoisting named functions]

This is because what happens internally is:

const dosomething
dosomething()
dosomething = function dosomething() {
  console.log('did something')
}


The same happens for let declarations. var declarations do not work either, but with a different error:

[image: Hoisting var declarations]

This is because var declarations are hoisted and initialized with undefined as a value, while const and let are hoisted but not initialized.




JavaScript Function Parameters

Learn how JavaScript function parameters work, including ES6 default values and the ES2018 trailing comma so you can rearrange parameters without bugs.

A function can accept one or more parameters.

const dosomething = () => {
  //do something
}

const dosomethingElse = foo => {
  //do something
}

const dosomethingElseAgain = (foo, bar) => {
  //do something
}


Starting with ES6/ES2015, functions can have default values for the parameters:

const dosomething = (foo = 1, bar = 'hey') => {
  //do something
}


This allows you to call a function without filling all the parameters:

dosomething(3)
dosomething()


ES2018 introduced trailing commas for parameters, a feature that helps reducing bugs due to missing commas when moving around parameters (e.g. moving the last in the middle):

const dosomething = (foo = 1, bar = 'hey',) => {
  //do something
}

dosomething(2, 'ho!')


It is also okay to call your functions with a trailing comma after the last parameter:

dosomething(2, 'ho!',)


You can wrap all your arguments in an array, and use the spread operator when calling the function:

const dosomething = (foo = 1, bar = 'hey') => {
  //do something
}
const args = [2, 'ho!']
dosomething(...args)


With many parameters, remembering the order can be difficult. Using objects, destructuring allows to keep the parameter names:

const dosomething = ({ foo = 1, bar = 'hey' }) => {
  //do something
  console.log(foo) // 2
  console.log(bar) // 'ho!'
}
const args = { foo: 2, bar: 'ho!' }
dosomething(args)


Functions now support default parameters:

const foo = function(index = 0, testing = true) { /* ... */ }
foo()


Default parameter values have been introduced in ES2015, and are widely implemented in modern browsers.

This is a doSomething function which accepts param1.

const doSomething = (param1) => {

}


We can add a default value for param1 if the function is invoked without specifying a parameter:

const doSomething = (param1 = 'test') => {

}


This works for more parameters as well, of course:

const doSomething = (param1 = 'test', param2 = 'test2') => {

}


What if you have an unique object with parameters values in it?

Once upon a time, if we had to pass an object of options to a function, in order to have default values of those options if one of them was not defined, you had to add a little bit of code inside the function:

const colorize = (options) => {
  if (!options) {
    options = {}
  }

  const color = ('color' in options) ? options.color : 'yellow'
  ...
}


With object destructuring you can provide default values, which simplifies the code a lot:

const colorize = ({ color = 'yellow' }) => {
  ...
}


If no object is passed when calling our colorize function, similarly we can assign an empty object by default:

const spin = ({ color = 'yellow' } = {}) => {
  ...
}




JavaScript Return Values

Learn how return values work in JavaScript, why every function returns undefined by default, and how the return keyword ends a function and hands back a value.

Every function returns a value, which by default is undefined.

[image: Undefined return value]

return immediately ends that function call and gives a value to its caller. Code after it in the same path does not run.

If you pass a value, that value is returned as the result of the function:

const dosomething = () => {
  return 'test'
}
const result = dosomething() // result === 'test'


The caller decides what to do with the value: store it, pass it, render it, or ignore it. Logging a result is not the same as returning it:

function add(a, b) {
  console.log(a + b)
}

const total = add(2, 3) // logs 5, but total is undefined


Arrow functions can return an expression implicitly:

const double = value => value * 2


Braces change that rule; with a block body, write return explicitly. To implicitly return an object literal, wrap it in parentheses: value => ({ value }).

You can only return one value.

Group related values in an object or array. Prefer an object when each field has a meaning and callers should not depend on position:

Using arrays:

const getDetails = () => [37, 'Flavio']

const [age, name] = getDetails()


Array destructuring depends on position. Swapping age and name also swaps their values.

[image: Destructuring using arrays]

Using objects:

const getDetails = () => ({
  age: 37,
  name: 'Flavio'
})

const { name, age } = getDetails()


Object destructuring uses property names, so their order does not matter.

[image: Destructuring using objects]

Return shapes are part of a function's contract. A function that sometimes returns an object and sometimes nothing forces every caller to handle both cases. Make absence deliberate with null, a result object, or a thrown error according to the API's needs.

Try it: write a parser that returns { ok: true, value } or { ok: false, error }, then handle both results without inspecting console output.



A tutorial to JavaScript Arrow Functions

Learn JavaScript arrow function syntax, implicit returns, lexical this, rest parameters, and when a regular function is the better choice.

Arrow functions are a compact way to write function expressions.

They were added in ES2015. Their most important difference is not the shorter syntax: arrow functions do not create their own this.

See the MDN arrow functions reference for the complete syntax.


Arrow function syntax

This regular function expression:

const greet = function(name) {
  return `Hello, ${name}`
}


can be written as an arrow function:

const greet = name => {
  return `Hello, ${name}`
}


Use parentheses for no parameters or multiple parameters:

const getMessage = () => 'Hello'
const add = (a, b) => a + b


With exactly one simple parameter, parentheses are optional:

const double = number => number * 2


Parameters with defaults, destructuring, or rest syntax need parentheses:

const greet = (name = 'friend') => `Hello, ${name}`
const getName = ({ name }) => name
const sum = (...numbers) => numbers.reduce((total, number) => total + number, 0)




Implicit return

An arrow function with an expression body returns that expression:

const double = number => number * 2

double(4) //8


Add curly braces when you need multiple statements. Then use return explicitly:

const double = number => {
  const result = number * 2
  return result
}


Wrap an object literal in parentheses for an implicit return:

const createUser = name => ({ name })

createUser('Flavio') //{ name: 'Flavio' }


Without the parentheses, JavaScript treats the braces as the function body.



Arrow functions use lexical this

An arrow function captures this from the surrounding scope. Calling it with a different receiver does not change that value.

This makes arrow functions useful inside callbacks:

const counter = {
  value: 0,
  start() {
    setInterval(() => {
      this.value += 1
    }, 1000)
  }
}


The arrow callback uses the same this as start().

Do not use an arrow function as an object method when you need this to refer to that object:

const car = {
  model: 'Fiesta',
  manufacturer: 'Ford',
  fullName() {
    return `${this.manufacturer} ${this.model}`
  }
}

car.fullName() //'Ford Fiesta'


A regular method gets this from how it is called. An arrow function does not.



Arrow functions in event listeners

In a DOM listener written with a regular function, this equals event.currentTarget:

const link = document.querySelector('#link')

link.addEventListener('click', function(event) {
  this === event.currentTarget //true
})


An arrow listener inherits this from outside. Use event.currentTarget when you want the element:

link.addEventListener('click', event => {
  console.log(event.currentTarget)
})




Other differences from regular functions

Arrow functions also do not have their own:


	arguments

	super

	new.target



Use rest parameters instead of arguments:

const logValues = (...values) => {
  console.log(values)
}


Arrow functions cannot be used as constructors:

const Person = name => ({ name })

new Person('Flavio') //TypeError


They also cannot be generator functions.

Use arrow functions for short callbacks and lexical this. Use regular functions for constructors, generators, and methods that need a dynamic this.




JavaScript Scope

Learn how JavaScript scope decides where a variable is visible, covering global, function and block scope and how var differs from let and const.

Scoping is the set of rules that's defined in a programming language to determine the value of a variable.

JavaScript uses lexical scoping, which means that the value of a variable is defined by its position when it's written. Not when it's called, which is something that happens with the alternative, dynamic scoping.

Scope is the set of variables that's visible to a part of the program.

We have a global scope, block scope and function scope. If a variable is defined outside of a function or block, it's attached to the global object and it has a global scope, which mean it's available in every part of a program.

There is a very important difference between var, let and const declarations.

A variable defined as var inside a function is only visible inside that function. Just like function parameters.

A variable defined as const or let on the other hand is only visible inside that block where it resides.

It's important to understand that a block (identified by a pair of curly braces) does not define a new scope for var, but it does for let and const. A new scope for var is only created when a function is created, because var does not have block scope, but function scope.

Inside a function, any var variable defined in it is visible throughout all the function code, even if the variable is declared at the end of the function it can still be referenced in the beginning, because JavaScript before executing the code actually moves all variable declarations on top (something that is called hoisting). To avoid confusion, always declare var variables at the beginning of a function.

This is what I mean. Even if you declare a var variable at the end of a function, its declaration is moved to the top:

function run() {
  console.log(`${name}`)
  var name = 'Flavio'
}

run()


This prints "undefined", because what actually happens is:

function run() {
  var name;
  console.log(`${name}`)
  name = 'Flavio'
}

run()


let and const do not "suffer" from hoisting. If you use one of them in the above example, you'd get an error: ReferenceError: name is not defined.

In JavaScript, variables of a parent function are made available to inner functions as well. The scope of an inner function also includes the scope of a parent function, and this is called closure (we'll talk more extensively about this later).


There is one little thing you need to be aware of. In non-strict mode, if you use a variable without declaring it, wherever you do that, that variable is going to be attached to the global scope. Which can be a bad source of bugs. So, make sure you always declare variables before using them. Just be aware of this, but it's just another reason to use strict mode by default, which solves this issue. We'll talk about strict mode later.



Remember: any variable defined in a function (or block) with the same name as a global variable takes precedence over the global variable, shadowing it.

This prints undefined:

var name = 'Roger'

function run() {
  console.log(`${name}`)
  var name = 'Flavio'
}

run()


and this raises an error ReferenceError: name is not defined:

let name = 'Roger'

function run() {
  console.log(`${name}`)
  let name = 'Flavio'
}

run()




JavaScript Closures explained

Learn how closures work in JavaScript: a function runs with the lexical scope where it was defined, so it remembers and can access its parent scope variables.

If you've ever written a function in JavaScript, you already made use of closures.

It's a key topic to understand, which has implications on the things you can do.

When a function is run, it's executed with the scope that was in place when it was defined, and not with the state that's in place when it is executed.

The scope basically is the set of variables which are visible.

A function remembers its Lexical Scope, and it's able to access variables that were defined in the parent scope.

In short, a function has an entire baggage of variables it can access.

Let me immediately give an example to clarify this.

const bark = dog => {
  const say = `${dog} barked!`
  ;(() => console.log(say))()
}

bark(`Roger`)


This logs to the console Roger barked!, as expected.

What if you want to return the action instead:

const prepareBark = dog => {
  const say = `${dog} barked!`
  return () => console.log(say)
}

const bark = prepareBark(`Roger`)

bark()


This snippet also logs to the console Roger barked!.

Let's make one last example, which reuses prepareBark for two different dogs:

const prepareBark = dog => {
  const say = `${dog} barked!`
  return () => {
    console.log(say)
  }
}

const rogerBark = prepareBark(`Roger`)
const sydBark = prepareBark(`Syd`)

rogerBark()
sydBark()


This prints

Roger barked!
Syd barked!

As you can see, the state of the variable say is linked to the function that's returned from prepareBark().

Also notice that we redefine a new say variable the second time we call prepareBark(), but that does not affect the state of the first prepareBark() scope.

This is how a closure works: the function that's returned keeps the original state in its scope.



What is hoisting in JavaScript?

Learn what hoisting means in JavaScript: how the engine moves declarations into memory, and why function declarations can be called before they are defined.

JavaScript before executing your code parses it, and adds to its own memory every function and variable declarations it finds, and holds them in memory. This is called hoisting.

We have some different behaviors for function declarations and function expressions.

With function declarations, we can call a function before it's defined, and our code will work. In the other cases, we'll have errors.

A general rule of thumb is to always define functions, variables, objects and classes before using them, to avoid surprises.

Suppose we have a function:

function bark() {
  alert('wof!')
}


Due to hoisting, we can technically invoke bark() before it is declared:

bark()
function bark() {
  alert('wof!')
}


With functions, this only happens for function declarations. Like in the case above.

Not with function expressions.

This is a function expression:

bark()
var bark = function() {
  alert('wof!')
}


In this case, the var declaration is hoisted and initialized with undefined as a value, something like this:

var bark = undefined
bark()
bark = function() {
  alert('wof!')
}


Running this code will give you a TypeError: bark is not a function error.

const and let declarations are hoisted, too, but they are not initialized to undefined like var.

const bark = function() {
  alert('wof!')
}


or

let bark = function bark() {
  alert('wof!')
}


In this case, if you invoke bark() before declaring it, it will give you a ReferenceError: Cannot access 'bark' before initialization error.

The same will happen for any other expression that assigns an object or class to a variable

Class declarations work like let and const declarations: they are hoisted, but not initialized, and using a class before its declaration will give a ReferenceError: <Class> is not defined error.



JavaScript Recursion

Learn how recursion works in JavaScript when a function calls itself, using a factorial function as an example and understanding the call stack along the way.

A function can call itself.

This is what recursion means. And it allows us to solve problems in a neat way.

To do so, you need a named function expression, in other words this:

function doSomething() {

}


So we can call doSomething() inside doSomething().

The simplest example we can make is calculating a factorial of a number. This is the number that we get by multiplying the number for (number - 1), (number - 2), and so on until we reach the number 1.

The factorial of 4 is (4 * (4 - 1) * (4 - 2) * (4 - 3)) = 4 * 3 * 2 * 1, which is 24.

We can create a recursive function to calculate it automatically:

function factorial(n) {
  return n >= 1 ? n * factorial(n - 1) : 1
}

factorial(1) //1
factorial(2) //2
factorial(3) //6
factorial(4) //24


We can also use an arrow function if we prefer:

const factorial = (n) => {
  return n >= 1 ? n * factorial(n - 1) : 1
}

factorial(1) //1
factorial(2) //2
factorial(3) //6
factorial(4) //24


Now it's a good time to talk about the call stack.

Imagine we do an error, and instead of calculating the factorial as

const factorial = (n) => {
  return n >= 1 ? n * factorial(n - 1) : 1
}


we do this:

const factorial = (n) => {
  return n >= 1 ? n * factorial(n) : 1
}


As you can see, we are calling factorial(n) ad infinitum. There's no end, because we forgot to lower it on every call.

If you run this code, you'll get this error:

RangeError: Maximum call stack size exceeded

Every time a function is invoked, JavaScript needs to remember the current context before switching to the new one, so it puts that context on the call stack. As soon as the function returns, JavaScript goes to the call stack and picks the last element that was added, and resumes its execution.

Maximum call stack size exceeded means that too many elements were put on the stack, and your program crashed.



Check your understanding: functions and closures

Check scope, closures, arrow functions, parameters, hoisting, and how JavaScript resolves names while functions execute.

Answer each question before continuing. Read the explanation after every answer, including the ones you get right.

Take this interactive quiz online
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Organizing programs

Use modules, errors, built-ins, classes, and prototypes.


JavaScript Error Objects

Learn about the JavaScript error objects, Error, RangeError, ReferenceError, SyntaxError and TypeError, their message and name properties, and when each fires.

JavaScript gives us 7 error objects, which are raised in a try/catch expression depending on the error type:


	Error

	EvalError

	RangeError

	ReferenceError

	SyntaxError

	TypeError

	URIError



Let's analyze each one of those.


Error

This is the generic error, and it's the one all the other error objects inherit from. You will never see an instance of Error directly, but rather JavaScript fires one of the other errors listed above, which inherit from Error.

It contains 2 properties:


	message: the error description, a human readable message that should explain what error happened

	name: the type of error occurred (assumes the value of the specific error object name, for example, TypeError or SyntaxError)



and provides just one method, toString(), which is responsible for generating a meaningful string from the error, which can be used to print it to screen.



EvalError

This error is defined in modern JavaScript but never actually thrown by JavaScript, and remains for compatibility purposes. It was defined in ECMAScript 3 but it's not present in the standard since ECMAScript 5.1.

It was used to indicate that the global function eval() was used incorrectly, in a way incompatible with its definition.



RangeError

A RangeError will fire when a numeric value is not in its range of allowed values.

The simplest example is when you set an array length to a negative value:

[].length = -1 //RangeError: Invalid array length


or when you set it to a number higher than 4294967295

[].length = 4294967295 //4294967295
[].length = 4294967296 //RangeError: Invalid array length


(this magic number is specified in the JavaScript spec as the maximum range of a 32-bit unsigned integer, equivalent to Math.pow(2, 32) - 1)

Here are the most common range errors you can spot in the wild:


	RangeError: argument is not a valid code point

	RangeError: invalid array length

	RangeError: invalid date

	RangeError: precision is out of range

	RangeError: radix must be an integer

	RangeError: repeat count must be less than infinity

	RangeError: repeat count must be non-negative





ReferenceError

A ReferenceError indicates that an invalid reference value has been detected: a JavaScript program is trying to read a variable that does not exist.

dog //ReferenceError: dog is not defined
dog = 2 //ReferenceError: dog is not defined


Be aware that the above statement will create a dog variable on the global object if not ran in strict mode.

Here are the most common reference errors you can spot in the wild:


	ReferenceError: "x" is not defined

	ReferenceError: assignment to undeclared variable "x"

	ReferenceError: can't access lexical declaration 'X' before initialization

	ReferenceError: deprecated caller or arguments usage

	ReferenceError: invalid assignment left-hand side

	ReferenceError: reference to undefined property "x"





SyntaxError

A SyntaxError is raised when a syntax error is found in a program.

Here are some examples of code that generate a syntax error.

A function statement without name:

function() {
  return 'Hi!'
}
//SyntaxError: function statement requires a name


Missing comma after an object property definition:

const dog = {
  name: 'Roger'
  age: 5
}
//SyntaxError: missing } after property list


Here are the most common syntax errors you can spot in the wild:


	SyntaxError: "0"-prefixed octal literals and octal escape seq. are deprecated

	SyntaxError: "use strict" not allowed in function with non-simple parameters

	SyntaxError: "x" is a reserved identifier

	SyntaxError: JSON.parse: bad parsing

	SyntaxError: Malformed formal parameter

	SyntaxError: Unexpected token

	SyntaxError: Using //@ to indicate sourceURL pragmas is deprecated. Use //# instead

	SyntaxError: a declaration in the head of a for-of loop can't have an initializer

	SyntaxError: applying the 'delete' operator to an unqualified name is deprecated

	SyntaxError: for-in loop head declarations may not have initializers

	SyntaxError: function statement requires a name

	SyntaxError: identifier starts immediately after numeric literal

	SyntaxError: illegal character

	SyntaxError: invalid regular expression flag "x"

	SyntaxError: missing ) after argument list

	SyntaxError: missing ) after condition

	SyntaxError: missing : after property id

	SyntaxError: missing ; before statement

	SyntaxError: missing = in const declaration

	SyntaxError: missing \] after element list

	SyntaxError: missing formal parameter

	SyntaxError: missing name after . operator

	SyntaxError: missing variable name

	SyntaxError: missing } after function body

	SyntaxError: missing } after property list

	SyntaxError: redeclaration of formal parameter "x"

	SyntaxError: return not in function

	SyntaxError: test for equality (==) mistyped as assignment (=)?

	SyntaxError: unterminated string literal





TypeError

A TypeError happens when a value has a type that's different than the one expected.

The simplest example is trying to invoke a number:

1() //TypeError: 1 is not a function


Here are the most common type errors you can spot in the wild:


	TypeError: "x" has no properties

	TypeError: "x" is (not) "y"

	TypeError: "x" is not a constructor

	TypeError: "x" is not a function

	TypeError: "x" is not a non-null object

	TypeError: "x" is read-only

	TypeError: 'x' is not iterable

	TypeError: More arguments needed

	TypeError: Reduce of empty array with no initial value

	TypeError: can't access dead object

	TypeError: can't access property "x" of "y"

	TypeError: can't define property "x": "obj" is not extensible

	TypeError: can't delete non-configurable array element

	TypeError: can't redefine non-configurable property "x"

	TypeError: cannot use 'in' operator to search for 'x' in 'y'

	TypeError: cyclic object value

	TypeError: invalid 'instanceof' operand 'x'

	TypeError: invalid Array.prototype.sort argument

	TypeError: invalid arguments

	TypeError: invalid assignment to const "x"

	TypeError: property "x" is non-configurable and can't be deleted

	TypeError: setting getter-only property "x"

	TypeError: variable "x" redeclares argument





URIError

This error is raised when calling one of the global functions that work with URIs:


	decodeURI()

	decodeURIComponent()

	encodeURI()

	encodeURIComponent()



and passing an invalid URI.




JavaScript Exceptions

When the code runs into an unexpected problem, the JavaScript idiomatic way to handle this situation is through exceptions

When the code runs into an unexpected problem, the JavaScript idiomatic way to handle this situation is through exceptions.


Creating exceptions

An exception is created using the throw keyword:

throw value


where value can be any JavaScript value including a string, a number or an object.

As soon as JavaScript executes this line, the normal program flow is halted and the control is held back to the nearest exception handler.



Handling exceptions

An exception handler is a try/catch statement.

Any exception raised in the lines of code included in the try block is handled in the corresponding catch block:

try {
  //lines of code
} catch (e) {

}


e in this example is the exception value.

You can add multiple handlers, that can catch different kinds of errors.



finally

To complete this statement JavaScript has another statement called finally, which contains code that is executed regardless of the program flow, if the exception was handled or not, if there was an exception or if there wasn't:

try {
  //lines of code
} catch (e) {

} finally {

}


You can use finally without a catch block, to serve as a way to clean up any resource you might have opened in the try block, like files or network requests:

try {
  //lines of code
} finally {

}




Nested try blocks

try blocks can be nested, and an exception is always handled in the nearest catch block:

try {
  //lines of code

  try {
    //other lines of code
  } finally {
    //other lines of code
  }

} catch (e) {

}


If an exception is raised in the inner try, it's handled in the outer catch block.




Introduction to ES Modules

Learn how ES Modules let JavaScript files export and import values in browsers and Node.js, using default exports, named exports, and module specifiers.

ES Modules are the standard JavaScript module system. They let one file export values and another file import them.

Modern browsers and Node.js support ES Modules. The same import and export syntax works in both environments, although each environment resolves package names differently.

The MDN modules guide is the best complete reference for browser modules.


Export a value

Create a file named uppercase.js:

export default function uppercase(string) {
  return string.toUpperCase()
}


This module has one default export.

Import it from another module:

import uppercase from './uppercase.js'

console.log(uppercase('hello')) //'HELLO'


You can choose the local name of a default import.



Named exports

A module can export several named values:

const first = 1
const second = 2

export { first, second }


Import the values by name:

import { first, second } from './numbers.js'


You can rename an import:

import { second as two } from './numbers.js'


Or import all named exports into a module namespace object:

import * as numbers from './numbers.js'

console.log(numbers.first)


The import * from './numbers.js' syntax is not valid. A namespace import always needs a local name after as.

The MDN import reference lists every supported import form.



Use modules in the browser

Load the entry module with type="module":

<script type="module" src="index.js"></script>


Module scripts use strict mode automatically and are deferred by default. Their dependencies are fetched before the module runs.

In browser code, relative module specifiers need ./ or ../:

import { first } from './numbers.js'


Root-relative and full URL imports also work:

import { first } from '/modules/numbers.js'
import { first } from 'https://cdn.example.org/numbers.js'


A bare name such as this does not identify a browser URL on its own:

import packageName from 'package-name'


Browsers can resolve bare names when you provide an import map. Bundlers and other runtimes also have their own package resolution rules.

Browser modules use CORS. Serve your files through a local web server while developing instead of opening the page with a file:// URL.



Use ES Modules in Node.js

Node treats .mjs files as ES Modules.

You can also add "type": "module" to package.json so Node treats .js files in that package as ES Modules:

{
  "type": "module"
}


Use .cjs for a CommonJS file inside a module package.

Node can also detect module syntax in some ambiguous .js files, but an explicit "type" field is clearer and avoids extra parsing work. The Node.js package documentation explains the complete rules.




How to dynamically import JavaScript modules

Learn how to dynamically import a JavaScript module when the path is built at runtime, using the await import() syntax instead of a static import statement.

Static imports are resolved when the module graph is built. Their path cannot be assembled at runtime:

import test from `${folder}/test.js`


Use the import() expression when loading depends on a runtime decision:

const module = await import('./charts.js')
module.renderChart(data)


import() returns a promise for the module namespace object. A default export is available as module.default; named exports are properties with their exported names.

A practical use is loading an expensive feature only after the user asks for it:

button.addEventListener('click', async () => {
  button.disabled = true

  try {
    const { openEditor } = await import('./editor.js')
    openEditor()
  } catch (error) {
    showMessage('The editor could not be loaded')
  } finally {
    button.disabled = false
  }
})


Bundlers can split a dynamic import into a separate chunk. This reduces initial JavaScript only if the feature is not immediately needed; it also introduces a network request and a failure path later in the interaction.

Avoid arbitrary user-controlled paths. Bundlers must know which files may exist, and unrestricted server-side imports can load code you never intended to expose. Map choices to known import functions:

const loaders = {
  bar: () => import('./charts/bar.js'),
  line: () => import('./charts/line.js')
}


Try it: dynamically load one module on a button click, inspect the Network panel, then simulate offline mode and verify the error state.



How to use JavaScript Classes

Learn how to use JavaScript classes introduced in ES6, from defining a constructor and methods to creating objects with new and inheritance using extends.

In 2015 the ECMAScript 6 (ES6) standard introduced classes.

JavaScript has a quite uncommon way to implement inheritance: prototypical inheritance. Prototypal inheritance, while in my opinion great, is unlike most other popular programming language's implementation of inheritance, which is class-based.

People coming from Java or Python or other languages had a hard time understanding the intricacies of prototypal inheritance, so the ECMAScript committee decided to sprinkle syntactic sugar on top of prototypical inheritance so that it resembles how class-based inheritance works in other popular implementations.

This is important: JavaScript under the hood is still the same, and you can access an object prototype in the usual way.


A class definition

This is how a class looks.

class Person {
  constructor(name) {
    this.name = name
  }

  hello() {
    return 'Hello, I am ' + this.name + '.'
  }
}


A class has an identifier, which we can use to create new objects using new ClassIdentifier().

When the object is initialized, the constructor method is called, with any parameters passed.

A class also has as many methods as it needs. In this case hello is a method and can be called on all objects derived from this class:

const flavio = new Person('Flavio')
flavio.hello()




Class inheritance

A class can extend another class, and objects initialized using that class inherit all the methods of both classes.

If the inherited class has a method with the same name as one of the classes higher in the hierarchy, the closest method takes precedence:

class Programmer extends Person {
  hello() {
    return super.hello() + ' I am a programmer.'
  }
}

const flavio = new Programmer('Flavio')
flavio.hello()


(the above program prints "Hello, I am Flavio. I am a programmer.")

Classes do not have explicit class variable declarations, but you must initialize any variable in the constructor.

Inside a class, you can reference the parent class calling super().



Static methods

Normally methods are defined on the instance, not on the class.

Static methods are executed on the class instead:

class Person {
  static genericHello() {
    return 'Hello'
  }
}

Person.genericHello() //Hello




Private methods

JavaScript does not have a built-in way to define private or protected methods.

There are workarounds, but I won't describe them here.



Getters and setters

You can add methods prefixed with get or set to create a getter and setter, which are two different pieces of code that are executed based on what you are doing: accessing the variable, or modifying its value.

class Person {
  constructor(name) {
    this._name = name
  }

  set name(value) {
    this._name = value
  }

  get name() {
    return this._name
  }
}


If you only have a getter, the property cannot be set, and any attempt at doing so (outside of the constructor, which sets the value when you initialize a new object with this class) will be ignored:

class Person {
  constructor(name) {
    this._name = name
  }

  get name() {
    return this._name
  }
}


If you only have a setter, you can change the value but not access it from the outside:

class Person {
  constructor(name) {
    this._name = name
  }

  set name(value) {
    this._name = value
  }
}


Getters and setters are very useful when you want to execute some code upon changing the property value, or if you want to create a "computed" property. You can alter the values you return by using a getter.

You can also run some code, like logging to the console or to a file when a value is changed.




JavaScript Prototypal Inheritance

JavaScript is quite unique in the popular programming languages landscape because of its usage of prototypal inheritance. Let's find out what that means

JavaScript is quite unique in the popular programming languages landscape because of its usage of prototypal inheritance.

While most object-oriented languages use a class-based inheritance model, JavaScript is based on the prototype inheritance model.

What does this mean?

Every single JavaScript object has a property, called prototype, which points to a different object.

This different object is the object prototype.

Our object uses that object prototype to inherit properties and methods.

Say you have an object created using the object literal syntax:

const car = {}


or one created with the new Object syntax:

const car = new Object()


in any case, the prototype of car is Object:

If you initialize an array, which is an object:

const list = []
//or
const list = new Array()


the prototype is Array.

You can verify this by checking with the Object.getPrototypeOf() and the Object.prototype.isPrototypeOf() methods:

const car = {}
const list = []

Object.getPrototypeOf(car) === Object.prototype
Object.prototype.isPrototypeOf(car)

Object.getPrototypeOf(list) === Array.prototype
Array.prototype.isPrototypeOf(list)


All the properties and methods of the prototype are available to the object that has that prototype:

![Browser console showing list.length autocomplete dropdown with Array prototype methods like concat, constructor, entries, every, fill](

Object.prototype is the base prototype of all the objects:

Object.getPrototypeOf(Array.prototype) == Object.prototype


If you wonder what's the prototype of the Object.prototype, there is no prototype: it's null. It's a special snowflake ❄️.

The above example you saw is an example of the prototype chain at work.

I can make an object that extends Array and any object I instantiate using it, will have Array and Object in its prototype chain and inherit properties and methods from all the ancestors.

In addition to using the new operator to create an object, or using the literals syntax for objects and arrays, you can instantiate an object using Object.create().

The first argument passed is the object used as prototype:

const car = Object.create({})
const list = Object.create(Array)


Pay attention because you can instantiate an array using

const list = Object.create(Array.prototype)


and in this case Array.isPrototypeOf(list) is false, while Array.prototype.isPrototypeOf(list) is true.



this in JavaScript

Learn how the value of this changes in JavaScript depending on where you use it, from undefined in strict mode to the object it is bound to inside a method.

this is a keyword that has different values depending on where it's used.

Not knowing this tiny detail of JavaScript can cause a lot of headaches, so it's worth taking 5 minutes to learn all the tricks.


this in strict mode

Outside any object, this in strict mode is always undefined.

Notice I mentioned strict mode. If strict mode is disabled (the default state if you don't explicitly add 'use strict' on top of your file ), you are in the so-called sloppy mode, and this - unless some specific cases mentioned here below - has the value of the global object.

Which means window in a browser context.



this in methods

A method is a function attached to an object.

You can see it in various forms.

Here's one:

const car = {
  maker: 'Ford',
  model: 'Fiesta',

  drive() {
    console.log(`Driving a ${this.maker} ${this.model} car!`)
  }
}

car.drive()
//Driving a Ford Fiesta car!


In this case, using a regular function, this is automatically bound to the object.

Note: the above method declaration is the same as drive: function() {..., but shorter:

const car = {
  maker: 'Ford',
  model: 'Fiesta',

  drive: function() {
    console.log(`Driving a ${this.maker} ${this.model} car!`)
  }
}


The same works in this example:

const car = {
  maker: 'Ford',
  model: 'Fiesta'
}

car.drive = function() {
  console.log(`Driving a ${this.maker} ${this.model} car!`)
}

car.drive()
//Driving a Ford Fiesta car!


An arrow function does not work in the same way, as it's lexically bound:

const car = {
  maker: 'Ford',
  model: 'Fiesta',

  drive: () => {
    console.log(`Driving a ${this.maker} ${this.model} car!`)
  }
}

car.drive()
//Driving a undefined undefined car!




Binding arrow functions

You cannot bind a value to an arrow function, like you do with normal functions.

It's not possible due to the way they work. this is lexically bound, which means its value is derived from the context where they are defined.



Explicitly pass an object to be used as this

JavaScript offers a few ways to map this to any object you want.

Using bind(), at the function declaration step:

const car = {
  maker: 'Ford',
  model: 'Fiesta'
}

const drive = function() {
  console.log(`Driving a ${this.maker} ${this.model} car!`)
}.bind(car)

drive()
//Driving a Ford Fiesta car!


You could also bind an existing object method to remap its this value:

const car = {
  maker: 'Ford',
  model: 'Fiesta',

  drive() {
    console.log(`Driving a ${this.maker} ${this.model} car!`)
  }
}

const anotherCar = {
  maker: 'Audi',
  model: 'A4'
}

car.drive.bind(anotherCar)()
//Driving a Audi A4 car!


Using call() or apply(), at the function invocation step:

const car = {
  maker: 'Ford',
  model: 'Fiesta'
}

const drive = function(kmh) {
  console.log(`Driving a ${this.maker} ${this.model} car at ${kmh} km/h!`)
}

drive.call(car, 100)
//Driving a Ford Fiesta car at 100 km/h!

drive.apply(car, [100])
//Driving a Ford Fiesta car at 100 km/h!


The first parameter you pass to call() or apply() is always bound to this. The difference between call() and apply() is just that the second one wants an array as the arguments list, while the first accepts a variable number of parameters, which passes as function arguments.



The special case of browser event handlers

In event handlers callbacks, this refers to the HTML element that received the event:

document.querySelector('#button').addEventListener('click', function(e) {
  console.log(this) //HTMLElement
}


You can bind it using

document.querySelector('#button').addEventListener(
  'click',
  function(e) {
    console.log(this) //Window if global, or your context
  }.bind(this)
)





Check your understanding: this, prototypes, and classes

Check method receivers, prototype chains, classes, inheritance, modules, and what the new operator does when constructing objects.

Answer each question before continuing. Read the explanation after every answer, including the ones you get right.

Take this interactive quiz online
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Asynchronous JavaScript

Work with promises, async functions, timers, and fetch.


JavaScript Asynchronous Programming and Callbacks

Learn how asynchronous JavaScript works with callbacks, why the language is single threaded and synchronous by default, and the problem of callback hell.


Asynchronicity in Programming Languages

Computers are asynchronous by design.

Asynchronous means that things can happen independently of the main program flow.

In the current consumer computers, every program runs for a specific time slot, and then it stops its execution to let another program continue its execution. This thing runs in a cycle so fast that's impossible to notice, and we think our computers run many programs simultaneously, but this is an illusion (except on multiprocessor machines).

Programs internally use interrupts, a signal that's emitted to the processor to gain the attention of the system.

I won't go into the internals of this, but just keep in mind that it's normal for programs to be asynchronous, and halt their execution until they need attention, and the computer can execute other things in the meantime. When a program is waiting for a response from the network, it cannot halt the processor until the request finishes.

Normally, programming languages are synchronous, and some provide a way to manage asynchronicity, in the language or through libraries. C, Java, C#, PHP, Go, Ruby, Swift, Python, they are all synchronous by default. Some of them handle async by using threads, spawning a new process.



JavaScript

JavaScript is synchronous by default and is single threaded. This means that code cannot create new threads and run in parallel.

Lines of code are executed in series, one after another, for example:

const a = 1
const b = 2
const c = a * b
console.log(c)
doSomething()


But JavaScript was born inside the browser, its main job, in the beginning, was to respond to user actions, like onClick, onMouseOver, onChange, onSubmit and so on. How could it do this with a synchronous programming model?

The answer was in its environment. The browser provides a way to do it by providing a set of APIs that can handle this kind of functionality.

More recently, Node.js introduced a non-blocking I/O environment to extend this concept to file access, network calls and so on.



Callbacks

You can't know when a user is going to click a button, so what you do is, you define an event handler for the click event. This event handler accepts a function, which will be called when the event is triggered:

document.getElementById('button').addEventListener('click', () => {
  //item clicked
})


This is the so-called callback.

A callback is a simple function that's passed as a value to another function, and will only be executed when the event happens. We can do this because JavaScript has first-class functions, which can be assigned to variables and passed around to other functions (called higher-order functions)

It's common to wrap all your client code in a load event listener on the window object, which runs the callback function only when the page is ready:

window.addEventListener('load', () => {
  //window loaded
  //do what you want
})


Callbacks are used everywhere, not just in DOM events.

One common example is by using timers:

setTimeout(() => {
  // runs after 2 seconds
}, 2000)


XHR requests also accept a callback, in this example by assigning a function to a property that will be called when a particular event occurs (in this case, the state of the request changes):

const xhr = new XMLHttpRequest()
xhr.onreadystatechange = () => {
  if (xhr.readyState === 4) {
    xhr.status === 200 ? console.log(xhr.responseText) : console.error('error')
  }
}
xhr.open('GET', 'https://yoursite.com')
xhr.send()




Handling errors in callbacks

How do you handle errors with callbacks? One very common strategy is to use what Node.js adopted: the first parameter in any callback function is the error object: error-first callbacks

If there is no error, the object is null. If there is an error, it contains some description of the error and other information.

fs.readFile('/file.json', (err, data) => {
  if (err !== null) {
    //handle error
    console.log(err)
    return
  }

  //no errors, process data
  console.log(data)
})




The problem with callbacks

Callbacks are great for simple cases!

However every callback adds a level of nesting, and when you have lots of callbacks, the code starts to be complicated very quickly:

window.addEventListener('load', () => {
  document.getElementById('button').addEventListener('click', () => {
    setTimeout(() => {
      items.forEach(item => {
        //your code here
      })
    }, 2000)
  })
})


This is just a simple 4-levels code, but I've seen much more levels of nesting and it's not fun.

How do we solve this?



Alternatives to callbacks

Starting with ES6, JavaScript introduced several features that help us with asynchronous code that do not involve using callbacks:


	Promises (ES2015)

	Async/Await (ES2017)






How to use promises in JavaScript

Learn how to use JavaScript promises, including pending, fulfilled and rejected states, chaining, error handling, and promise concurrency methods.


Introduction to promises

A promise represents the eventual completion or failure of an asynchronous operation.

It starts in the pending state. It then becomes fulfilled with a value, or rejected with a reason.

Promises were standardized in ES2015. Async functions provide a cleaner syntax for consuming promises, but they don't replace them.

Understanding promises is fundamental because many JavaScript APIs return them. The MDN Promise reference lists every current method.


How promises work, in brief

When you create a promise, it starts in the pending state.

The surrounding synchronous code keeps running. Later, the promise becomes fulfilled or rejected. A promise in either state is called settled.

You might also see the word resolved. A resolved promise can still be pending if it follows another promise, so it is not another name for fulfilled.



Which JavaScript APIs use promises?

In addition to your own code and library code, promises are used by standard Web APIs such as the Fetch API and many Service Worker methods.

It's unlikely that in modern JavaScript you'll find yourself not using promises, so let's start diving right into them.






Creating a promise

The Promise API exposes a Promise constructor, which you initialize using new Promise():

let done = true

const isItDoneYet = new Promise((resolve, reject) => {
  if (done) {
    const workDone = 'Here is the thing I built'
    resolve(workDone)
  } else {
    const why = 'Still working on something else'
    reject(new Error(why))
  }
})


The function passed to new Promise() is called the executor. JavaScript calls it immediately with the resolve and reject functions.

Call resolve() when the operation succeeds. Call reject() with an Error when it fails.

The Promise constructor is mainly useful when wrapping an older callback-based API. If an API already returns a promise, use that promise directly.





Consuming a promise

In the last section, we introduced how a promise is created.

Now let's see how the promise can be consumed or used.

Use .then() to handle a fulfilled value and .catch() to handle a rejection:

isItDoneYet
  .then(value => {
    console.log(value)
  })
  .catch(error => {
    console.error(error)
  })


The executor already ran when isItDoneYet was created. These methods register handlers for its result.





Chaining promises

A promise can be returned to another promise, creating a chain of promises.

A great example of chaining promises is the Fetch API.

Calling fetch() returns a promise. You don't need to wrap it in new Promise().


Example of chaining promises

const status = response => {
  if (!response.ok) {
    throw new Error(`HTTP error: ${response.status}`)
  }

  return response
}

const json = response => response.json()

fetch('/todos.json')
  .then(status)
  .then(json)
  .then(data => {
    console.log('Request succeeded with JSON response', data)
  })
  .catch(error => {
    console.log('Request failed', error)
  })


In this example, we call fetch() to get a list of TODO items from the todos.json file found in the domain root, and we create a chain of promises.

When fulfilled, the fetch() promise gives us a Response. Here we use:


	ok, which is true for status codes from 200 through 299

	status, the numeric HTTP status code



response also has a json() method, which returns a promise that will resolve with the content of the body processed and transformed into JSON.

The first handler checks the HTTP status. Throwing an error rejects the promise returned by that .then().

The chain skips the remaining fulfillment handlers and moves to .catch().

If that succeeds instead, it calls the json() function we defined. Since the previous promise, when successful, returned the response object, we get it as an input to the second promise.

In this case, we return the data JSON processed, so the third promise receives the JSON directly:

.then((data) => {
  console.log('Request succeeded with JSON response', data)
})


and we log it to the console.






Handling errors

In the above example, in the previous section, we had a catch that was appended to the chain of promises.

When anything in the chain of promises fails and raises an error or rejects the promise, the control goes to the nearest catch() statement down the chain.

new Promise((resolve, reject) => {
  throw new Error('Error')
}).catch(err => {
  console.error(err)
})

// or

new Promise((resolve, reject) => {
  reject(new Error('Error'))
}).catch(err => {
  console.error(err)
})



Cascading errors

If you throw an error inside .catch(), the promise returned by .catch() is rejected. You can append another .catch() to handle it:

new Promise((resolve, reject) => {
  throw new Error('Error')
})
  .catch(err => {
    throw new Error('Error')
  })
  .catch(err => {
    console.error(err)
  })







Orchestrating promises


Promise.all()

Promise.all() returns a promise that fulfills when every input fulfills. The result keeps the same order as the input.

It rejects as soon as one input rejects.

Example:

const f1 = fetch('/something.json')
const f2 = fetch('/something2.json')

Promise.all([f1, f2])
  .then(res => {
    console.log('Array of results', res)
  })
  .catch(err => {
    console.error(err)
  })


The ES2015 destructuring assignment syntax allows you to also do

Promise.all([f1, f2]).then(([res1, res2]) => {
  console.log('Results', res1, res2)
})


You are not limited to using fetch of course, any promise is good to go.



Promise.allSettled()

Use Promise.allSettled() when you need every outcome, even if some operations fail:

Promise.allSettled([f1, f2]).then(results => {
  console.log(results)
})


Each result has a status of fulfilled or rejected, plus its value or rejection reason.



Promise.any()

Promise.any() fulfills with the first input that fulfills:

Promise.any([f1, f2]).then(result => {
  console.log(result)
})


It ignores rejections unless every input rejects. In that case, it rejects with an AggregateError.



Promise.race()

Promise.race() settles as soon as the first input settles.

This means the result can be a fulfillment or a rejection. See the MDN promise concurrency guide for a precise comparison.

Example:

const promiseOne = new Promise((resolve, reject) => {
  setTimeout(resolve, 500, 'one')
})
const promiseTwo = new Promise((resolve, reject) => {
  setTimeout(resolve, 100, 'two')
})

Promise.race([promiseOne, promiseTwo]).then(result => {
  console.log(result) // 'two'
})


To see the difference between Promise.all(), Promise.race() and the other combinators on a visual timeline, try the promise combinators tool.




Common errors


Calling Promise incorrectly

The Promise constructor requires new and an executor function:

const promise = new Promise(resolve => {
  resolve('done')
})


Calling Promise() without new, or calling new Promise() without an executor, throws a TypeError.





How to use async/await in JavaScript

Learn how to use async/await in JavaScript, the ES2017 syntax built on promises that makes asynchronous code look synchronous and easier to read and debug.


Introduction

async and await let you write promise-based code with a syntax that reads from top to bottom.

An async function always returns a promise. await pauses that function until the promise settles, while the rest of the JavaScript program can keep running.

The syntax was standardized in ES2017. It consumes promises; it does not replace them. See the MDN async function reference for the precise behavior.



Why were async/await introduced?

Promises solve many problems created by deeply nested callbacks. Long promise chains can still be difficult to read.

async and await make asynchronous control flow look closer to synchronous code. They also let you use normal try...catch blocks for errors.



How it works

An async function returns a promise, like in this example:

const doSomethingAsync = () => {
  return new Promise(resolve => {
    setTimeout(() => resolve('I did something'), 3000)
  })
}


Use await before a promise to get its fulfilled value:

const doSomething = async () => {
  const result = await doSomethingAsync()
  console.log(result)
}


Only the surrounding async function pauses. The main thread is not blocked.

In regular JavaScript code, await must be inside an async function. You can also use it at the top level of a JavaScript module.



A quick example

This is a simple example of async/await used to run a function asynchronously:

const doSomethingAsync = () => {
  return new Promise(resolve => {
    setTimeout(() => resolve('I did something'), 3000)
  })
}

const doSomething = async () => {
  console.log(await doSomethingAsync())
}

console.log('Before')
doSomething()
console.log('After')


The above code will print the following to the browser console:

Before
After
I did something //after 3s



Promise all the things

Prepending the async keyword to any function means that the function will return a promise.

Even if it's not doing so explicitly, it will internally make it return a promise.

This is why this code is valid:

const aFunction = async () => {
  return 'test'
}

aFunction().then(alert) // This will alert 'test'


It behaves like this:

const aFunction = async () => {
  return Promise.resolve('test')
}

aFunction().then(alert) // This will alert 'test'


The returned promise is always a new promise, even if the async function returns an existing promise.



Handle errors with try and catch

If an awaited promise rejects, await throws the rejection reason.

Use try...catch to handle it:

const loadUser = async () => {
  try {
    const response = await fetch('/user.json')

    if (!response.ok) {
      throw new Error(`HTTP error: ${response.status}`)
    }

    return await response.json()
  } catch (error) {
    console.error(error)
  }
}


If you don't catch the error, the promise returned by the async function rejects.



The code is much simpler to read

As you can see in the example above, our code looks very simple. Compare it to code using plain promises, with chaining and callback functions.

And this is a very simple example, the major benefits will arise when the code is much more complex.

For example here's how you would get a JSON resource, and parse it, using promises:

const getFirstUserData = () => {
  return fetch('/users.json') // get users list
    .then(response => {
      if (!response.ok) {
        throw new Error(`HTTP error: ${response.status}`)
      }

      return response.json()
    })
    .then(users => users[0]) // pick first user
    .then(user => fetch(`/users/${user.name}`)) // get user data
    .then(userResponse => {
      if (!userResponse.ok) {
        throw new Error(`HTTP error: ${userResponse.status}`)
      }

      return userResponse.json()
    })
}

getFirstUserData()


And here is the same functionality provided using await/async:

const getFirstUserData = async () => {
  const response = await fetch('/users.json') // get users list
  if (!response.ok) {
    throw new Error(`HTTP error: ${response.status}`)
  }

  const users = await response.json() // parse JSON
  const user = users[0] // pick first user
  const userResponse = await fetch(`/users/${user.name}`) // get user data
  if (!userResponse.ok) {
    throw new Error(`HTTP error: ${userResponse.status}`)
  }

  const userData = await userResponse.json() // parse JSON
  return userData
}

getFirstUserData()




Multiple async functions in series

Async functions can be chained very easily, and the syntax is much more readable than with plain promises:

const promiseToDoSomething = () => {
  return new Promise(resolve => {
    setTimeout(() => resolve('I did something'), 10000)
  })
}

const watchOverSomeoneDoingSomething = async () => {
  const something = await promiseToDoSomething()
  return something + ' and I watched'
}

const watchOverSomeoneWatchingSomeoneDoingSomething = async () => {
  const something = await watchOverSomeoneDoingSomething()
  return something + ' and I watched as well'
}

watchOverSomeoneWatchingSomeoneDoingSomething().then(res => {
  console.log(res)
})


It prints:

I did something and I watched and I watched as well



Run independent work concurrently

Consecutive await expressions run in sequence:

const user = await loadUser()
const posts = await loadPosts()


If the operations don't depend on each other, start them together and await Promise.all():

const [user, posts] = await Promise.all([
  loadUser(),
  loadPosts()
])


This also connects both operations to the same promise chain, so one try...catch can handle a rejection.



Easier debugging

Async functions often make stack traces and breakpoints easier to follow than long promise chains.

They are still asynchronous. The debugger may pause and resume the function around each await.




The JavaScript Event Loop

The Event Loop is one of the most important aspects to understand about JavaScript. This post explains it in simple terms


Introduction

The Event Loop is one of the most important aspects to understand about JavaScript.


I've programmed for years with JavaScript, yet I've never fully understood how things work under the hoods. It's completely fine to not know this concept in detail, but as usual, it's helpful to know how it works, and also you might just be a little curious at this point.



This post aims to explain the inner details of how JavaScript works with a single thread, and how it handles asynchronous functions.

Your JavaScript code runs single threaded. There is just one thing happening at a time.

This is a limitation that's actually very helpful, as it simplifies a lot how you program without worrying about concurrency issues.

You just need to pay attention to how you write your code and avoid anything that could block the thread, like synchronous network calls or infinite loops.

In general, in most browsers there is an event loop for every browser tab, to make every process isolated and avoid a web page with infinite loops or heavy processing to block your entire browser.

The environment manages multiple concurrent event loops, to handle API calls for example. Web Workers run in their own event loop as well.

You mainly need to be concerned that your code will run on a single event loop, and write code with this thing in mind to avoid blocking it.



Blocking the event loop

Any JavaScript code that takes too long to return back control to the event loop will block the execution of any JavaScript code in the page, even block the UI thread, and the user cannot click around, scroll the page, and so on.

Almost all the I/O primitives in JavaScript are non-blocking. Network requests, Node.js filesystem operations, and so on. Being blocking is the exception, and this is why JavaScript is based so much on callbacks, and more recently on promises and async/await.



The call stack

The call stack is a LIFO queue (Last In, First Out).

The event loop continuously checks the call stack to see if there's any function that needs to run.

While doing so, it adds any function call it finds to the call stack and executes each one in order.

You know the error stack trace you might be familiar with, in the debugger or in the browser console? The browser looks up the function names in the call stack to inform you which function originates the current call:

[image: Exception call stack]



A simple event loop explanation

Let's pick an example:


I use foo, bar and baz as random names. Enter any kind of name to replace them



const bar = () => console.log('bar')

const baz = () => console.log('baz')

const foo = () => {
  console.log('foo')
  bar()
  baz()
}

foo()


This code prints

foo
bar
baz

as expected.

When this code runs, first foo() is called. Inside foo() we first call bar(), then we call baz().

At this point the call stack looks like this:

[image: Call stack first example]

The event loop on every iteration looks if there's something in the call stack, and executes it:

[image: Execution order first example]

until the call stack is empty.



Queuing function execution

The above example looks normal, there's nothing special about it: JavaScript finds things to execute, runs them in order.

Let's see how to defer a function until the stack is clear.

The use case of setTimeout(() => {}), 0) is to call a function, but execute it once every other function in the code has executed.

Take this example:

const bar = () => console.log('bar')

const baz = () => console.log('baz')

const foo = () => {
  console.log('foo')
  setTimeout(bar, 0)
  baz()
}

foo()


This code prints, maybe surprisingly:

foo
baz
bar

When this code runs, first foo() is called. Inside foo() we first call setTimeout, passing bar as an argument, and we instruct it to run immediately as fast as it can, passing 0 as the timer. Then we call baz().

At this point the call stack looks like this:

[image: Call stack second example]

Here is the execution order for all the functions in our program:

[image: Execution order second example]

Why is this happening?



The Message Queue

When setTimeout() is called, the Browser or Node.js start the timer. Once the timer expires, in this case immediately as we put 0 as the timeout, the callback function is put in the Message Queue.

The Message Queue is also where user-initiated events like click or keyboard events, or fetch responses are queued before your code has the opportunity to react to them. Or also DOM events like onLoad.

The loop gives priority to the call stack, and it first processes everything it finds in the call stack, and once there's nothing in there, it goes to pick up things in the message queue.

We don't have to wait for functions like setTimeout, fetch or other things to do their own work, because they are provided by the browser, and they live on their own threads. For example, if you set the setTimeout timeout to 2 seconds, you don't have to wait 2 seconds - the wait happens elsewhere.



ES6 Job Queue

ECMAScript 2015 introduced the concept of the Job Queue, which is used by Promises (also introduced in ES6/ES2015). It's a way to execute the result of an async function as soon as possible, rather than being put at the end of the call stack.

Promises that resolve before the current function ends will be executed right after the current function.

I find nice the analogy of a rollercoaster ride at an amusement park: the message queue puts you at the back of the queue, behind all the other people, where you will have to wait for your turn, while the job queue is the fastpass ticket that lets you take another ride right after you finished the previous one.

Example:

const bar = () => console.log('bar')

const baz = () => console.log('baz')

const foo = () => {
  console.log('foo')
  setTimeout(bar, 0)
  new Promise((resolve, reject) =>
    resolve('should be right after baz, before bar')
  ).then(resolve => console.log(resolve))
  baz()
}

foo()


This prints

foo
baz
should be right after baz, before bar
bar

That's a big difference between Promises (and Async/await, which is built on promises) and plain old asynchronous functions through setTimeout() or other platform APIs.

I built a free event loop visualizer where you can step through code like this and watch the call stack, microtask queue and macrotask queue in action.




Discover JavaScript Timers

Learn how setTimeout and setInterval schedule JavaScript tasks, cancel timers, handle timing delays, and avoid overlapping asynchronous work.

JavaScript timers schedule a function to run later.

Use setTimeout() to run it once. Use setInterval() to request repeated runs.

The delay is a minimum, not an exact appointment. A callback can run later when the main thread is busy or the browser throttles the page.


Run code later with setTimeout

Pass a function and a delay in milliseconds:

setTimeout(() => {
  console.log('Two seconds passed')
}, 2000)


setTimeout() returns a timer ID. Save it when you might cancel the timer:

const timerId = setTimeout(() => {
  console.log('Saved')
}, 2000)

clearTimeout(timerId)


Calling clearTimeout() after the callback has already run has no effect.

You can pass arguments after the delay:

function greet(name) {
  console.log(`Hello ${name}`)
}

setTimeout(greet, 1000, 'Flavio')


I usually prefer a small arrow function when it makes the call easier to read:

setTimeout(() => greet('Flavio'), 1000)


Always pass a function. Passing a string makes the browser evaluate code and creates the same security problems as eval().



What a zero delay means

A delay of 0 does not run the callback immediately:

setTimeout(() => {
  console.log('timer')
}, 0)

console.log('current task')


The result is:

current task
timer

The current task must finish first. Promise callbacks and other microtasks also run before the browser takes the timer task from its queue.

A zero-delay timer can move work to a later task. It cannot make a long calculation cheap. Break CPU-heavy work into small pieces or move it to a Web Worker.

Browsers also clamp deeply nested timers to a minimum delay. Do not depend on repeated zero-delay timers for precise scheduling.



Repeat code with setInterval

setInterval() requests another callback after each interval:

const intervalId = setInterval(() => {
  console.log(new Date().toLocaleTimeString())
}, 1000)


Stop it with clearInterval():

clearInterval(intervalId)


The interval starts measuring from when it was scheduled. It does not wait for an asynchronous operation inside the callback to finish.

This can start several requests before earlier ones have completed:

setInterval(async () => {
  await fetch('/api/status')
}, 1000)


JavaScript callbacks do not execute at the same instant on one main thread. The problem is that the asynchronous requests can remain in flight together and finish out of order.



Wait for work before scheduling again

For polling, call setTimeout() after the current operation finishes:

let stopped = false

async function poll() {
  try {
    const response = await fetch('/api/status')
    const status = await response.json()
    console.log(status)
  } finally {
    if (!stopped) {
      setTimeout(poll, 1000)
    }
  }
}

poll()


Now the next one-second delay starts after the request settles.

Set stopped = true when the page or component no longer needs to poll. In application code, also use an AbortController to cancel an in-flight fetch.



Timers are not precise clocks

Timers can run late because:


	another JavaScript task is still running

	the browser is rendering or doing other work

	the tab is in the background

	the device is saving power

	nested timers are being clamped



Measure elapsed time with performance.now() or Date.now() when accuracy matters. Do not count timer callbacks and assume each represents an exact interval.

Use requestAnimationFrame() for visual animation. It follows the browser's rendering schedule and pauses appropriately when the page is not visible.



Browser and Node.js timers

Browsers and Node.js both provide timers, but their event loops and return values differ. Browser timers normally return numeric IDs. Node.js returns timer objects and also provides APIs such as setImmediate().

Do not treat setImmediate() as an exact alias for setTimeout(fn, 0). Their ordering depends on the Node.js event-loop phase and the surrounding code.

See the MDN references for setTimeout() and setInterval(), plus the Node.js timers documentation.




Wait for all promises to resolve in JavaScript

Learn how to start multiple promises at once and wait for all of them to resolve using await Promise.all(), instead of awaiting each one after another.

Sequential awaits start the second operation only after the first finishes:

const values = await store.getAll()
const keys = await store.getAllKeys()


If the operations are independent, start them together:

const [values, keys] = await Promise.all([
  store.getAll(),
  store.getAllKeys()
])


The result order matches the input order, not completion order. Total waiting time is roughly the slowest operation rather than the sum of both.

Promise.all() rejects as soon as one input rejects. Other operations are not automatically cancelled; they may continue doing network or database work. Use AbortController where the underlying API supports cancellation, and design side effects so a partial completion is safe.

Use sequential awaits when the second operation depends on the first, when ordering is required, or when starting everything together would overwhelm a service. For a large list, limit concurrency instead of creating thousands of requests at once.

When every outcome matters, use Promise.allSettled() and inspect each { status, value } or { status, reason } result. Do not switch to it merely to suppress errors; decide how partial failure should appear to the user.

Wrap the group in try/catch and attach context to the failure:

try {
  const [profile, orders] = await Promise.all([getProfile(), getOrders()])
  renderAccount(profile, orders)
} catch (error) {
  showError('The account could not be loaded')
}


If you want to see how Promise.all() behaves compared to the other combinators, try the promise combinators tool.

Try it: create two timed promises, compare sequential and concurrent duration, then reject one and observe what happens to the other.



Check your understanding: asynchronous JavaScript

Check callbacks, promises, async functions, the event loop, task ordering, rejection handling, and concurrent promise operations.

Answer each question before continuing. Read the explanation after every answer, including the ones you get right.

Take this interactive quiz online
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JavaScript in the browser

Work with the DOM, events, forms, and browser storage.


The Document Object Model (DOM)

Learn what the DOM (Document Object Model) is: the browser's representation of a page as nodes, and how to traverse and edit it with window and document.

The Document Object Model, or DOM, represents an HTML document as a tree of objects in memory. JavaScript can use this tree to inspect and change the page.

When the browser parses HTML, it creates nodes for the document, elements, text, and comments. The browser exposes APIs to read and change those nodes.

This is also how modern JavaScript frameworks update the page. You can inspect the current DOM using the Browser Developer Tools.

The DOM is not part of the JavaScript language. It is a Web API that browsers make available to JavaScript.


The DOM is standardized by WHATWG in the DOM Living Standard Spec.



With JavaScript you can interact with the DOM to:


	inspect the page structure

	access page metadata

	edit the CSS styling

	attach or remove event listeners

	edit any node in the page

	change any node attribute



.. and much more.

The two objects you will use most often are document and window.


The Window object

The window object represents the window that contains the DOM document.

window.document points to the document object loaded in the window.

Properties and methods of this object can be called without referencing window explicitly, because it represents the global object. So, the previous property window.document is usually called just document.


Properties

Here is a list of useful properties you will likely reference a lot:


	console points to the browser debugging console. Useful to print error messages or logging, using console.log, console.error and other tools (see the Browser DevTools article)

	document as already said, points to the document object, key to the DOM interactions you will perform

	history gives access to the History API

	location gives access to the Location interface, from which you can determine the URL, the protocol, the hash and other useful information.

	localStorage is a reference to the Web Storage API localStorage object

	sessionStorage is a reference to the Web Storage API sessionStorage object





Methods

The window object also exposes useful methods:


	alert(): which you can use to display alert dialogs

	postMessage(): sends messages between windows

	requestAnimationFrame(): used to perform animations in a way that's both performant and easy on the CPU

	setInterval(): call a function every n milliseconds, until the interval is cleared with clearInterval()

	clearInterval(): clears an interval created with setInterval()

	setTimeout(): execute a function after 'n' milliseconds

	addEventListener(): add an event listener to the window

	removeEventListener(): remove an event listener from the window



See the full reference of all the properties and methods of the window object at https://developer.mozilla.org/en-US/docs/Web/API/Window




The Document object

The document object represents the DOM tree loaded in a window.

Here is a representation of a portion of the DOM pointing to the head and body tags:

[image: DOM, the body and head tags]

Here is a representation of a portion of the DOM showing the head tag, containing a title tag with its value:

[image: DOM, the head tag with the title]

Here is a representation of a portion of the DOM showing the body tag, containing a link, with a value and the href attribute with its value:

[image: DOM, the body tag with a link]

The Document object can be accessed from window.document, and since window is the global object, you can use the shortcut document object directly from the browser console, or in your JavaScript code.

This Document object has a ton of properties and methods. The Selectors API methods are the ones you'll likely use the most:


	document.getElementById()

	document.querySelector()

	document.querySelectorAll()

	document.getElementsByTagName()

	document.getElementsByClassName()



You can get the document title using document.title, the URL using document.URL, and the referrer using document.referrer.

From the document object you can get the body and head Element nodes:


	document.documentElement: the root html Element

	document.body: the body Element node

	document.head: the head Element node



[image: The DOM nodes]

You can also get a list of all the element nodes of a particular type, like an HTMLCollection of all the links using document.links, all the images using document.images, all the forms using document.forms.

The document cookies are accessible in document.cookie. The last modified date in document.lastModified.

Avoid document.write(). It can replace the current document and cause serious performance problems. Use the DOM methods below instead.

See the full reference of all the properties and methods of the document object at https://developer.mozilla.org/en-US/docs/Web/API/Document



Types of Nodes

There are different types of nodes, some of which you have already seen in the example images above. The main ones you will encounter are:


	Document: the document Node, the start of the tree

	Element: an HTML tag

	Attr: an element attribute, represented as a node but not stored as a child in the main tree

	Text: text inside an Element

	Comment: an HTML comment

	DocumentType: the Doctype declaration





Traversing the DOM

The DOM is a tree of elements, with the Document node at the root, which points to the html Element node, which in turn points to its child element nodes head and body, and so on.

From each of those elements, you can navigate the DOM structure and move to different nodes.


Getting the parent

Every element has just one parent.

To get it, you can use Node.parentNode or Node.parentElement (where Node means a node in the DOM).

They are almost the same. parentNode returns any kind of parent node. parentElement returns an Element, or null when the parent is not an Element.

Use parentElement when you specifically need an element.



Getting the children

To check if a Node has child nodes, use Node.hasChildNodes() which returns a boolean value.

To access all child nodes, including text and comments, use node.childNodes.

To access only child elements, use element.children. It returns an HTMLCollection and ignores whitespace text nodes. The MDN DOM anatomy guide shows this distinction.

[image: Get the children of a node]

To get the first child Element, use element.firstElementChild. To get the last child Element, use element.lastElementChild:

[image: To get the first or last child Element Node]

The DOM also exposes node.firstChild and node.lastChild. These do not filter for Element nodes, so they can return whitespace Text nodes.

In short, to navigate child elements use


	element.children

	element.firstElementChild

	element.lastElementChild





Getting the siblings

In addition to getting the parent and the children, since the DOM is a tree you can also get the siblings of any Element Node.

You can do so using


	element.previousElementSibling

	element.nextElementSibling



The DOM also exposes previousSibling and nextSibling, but as their counterparts described above, they include white spaces as Text nodes, so you generally avoid them.




Editing the DOM

The DOM offers various methods to edit the nodes of the page and alter the document tree.

You can create nodes with:


	document.createElement(): creates a new Element Node

	document.createTextNode(): creates a new Text Node



Then add them to another element using appendChild():

const div = document.createElement('div')
div.appendChild(document.createTextNode('Hello world!'))
document.body.appendChild(div)



	parent.removeChild(child) removes a child node

	parent.insertBefore(newNode, existingNode) inserts a node before another child

	element.appendChild(newChild) adds a node after the existing children

	element.prepend(newChild) adds a node before the existing children

	element.replaceChild(newChild, existingChild) replaces a child node

	element.insertAdjacentElement(position, newElement) inserts an element at a specified position. See the possible values

	element.textContent = 'Hello' replaces an element's text content






JavaScript Events Explained

Learn how JavaScript events work in the browser, from registering handlers with addEventListener to the Event object, bubbling, capturing, and throttling.


Introduction

JavaScript in the browser uses an event-driven programming model. You register a function, and the browser calls it when an event occurs.

An event can report a user action, a document lifecycle change, a network result, or a change produced by another API.

The official DOM events reference lists the main event families.



Event handlers

You respond to an event with an event handler, a function called when that event occurs.

With addEventListener(), you can register multiple listeners for the same event.

JavaScript offers three ways to register an event handler.


Inline event handlers

Inline handlers put JavaScript inside HTML:

<button onclick="doSomething()">Run</button>


Avoid this style in new code. It mixes markup and behavior, makes handlers harder to manage, and conflicts with strict Content Security Policy settings.



DOM on-event handlers

You can assign a function to an on... property:

window.onload = () => {
  //window loaded
}


Assigning another function replaces the previous handler:

window.onload = () => {
  console.log('second handler')
}


This is useful when you intentionally want at most one handler.



Using addEventListener()

addEventListener() lets you register multiple listeners without overwriting existing ones:

window.addEventListener('load', () => {
  //window loaded
})


Use removeEventListener() with the same function reference when you need to remove a listener:

const handleClick = () => {
  console.log('clicked')
}

const button = document.querySelector('button')
button.addEventListener('click', handleClick)
button.removeEventListener('click', handleClick)




Listener options

The third argument can be an options object:

button.addEventListener('click', handleClick, {
  once: true
})


Useful options include:


	capture, to listen during the capture phase

	once, to remove the listener after its first call

	passive, to promise that the listener will not call preventDefault()

	signal, to remove the listener when an AbortController is aborted



See the MDN addEventListener() reference for the complete behavior.




Listening on different elements

You can listen on window for events such as resize, on document for events such as DOMContentLoaded, or on a specific element for user interaction.

This is why addEventListener is sometimes called on window, sometimes on a DOM element.



The Event object

An event handler gets an Event object as the first parameter:

const link = document.getElementById('my-link')
link.addEventListener('click', event => {
  // link clicked
})


Useful properties and methods include:


	target, the object where the event originated

	currentTarget, the object whose listener is currently running

	type, the type of event

	bubbles, whether the event bubbles

	cancelable, whether its default action can be canceled

	preventDefault(), which prevents a cancelable default action

	stopPropagation(), which stops the event moving farther through the DOM



(see the full list).

Other properties are provided by specific kind of events, as Event is an interface for different specific events:


	MouseEvent

	KeyboardEvent

	DragEvent

	FetchEvent

	... and others



Each of those has a MDN page linked, so you can inspect all their properties.

For example when a KeyboardEvent happens, you can check which key was pressed, in a readable format (Escape, Enter and so on) by checking the key property:

window.addEventListener('keydown', event => {
  // key pressed
  console.log(event.key)
})


On pointer or mouse button events, button identifies the changed button:

const link = document.getElementById('my-link')
link.addEventListener('mousedown', event => {
  // mouse button pressed
  console.log(event.button) //0=primary, 1=middle, 2=secondary
})




Event bubbling and event capturing

Capturing, targeting, and bubbling are the phases an event can use while moving through the DOM.

Suppose your DOM structure is

<div id="container">
  <button>Click me</button>
</div>


Suppose you have one listener on the button and another on #container.

Those event listeners will be called in order, and this order is determined by the event bubbling/capturing model used.

Bubbling means that the event propagates from the item that was clicked (the child) up to all its parent tree, starting from the nearest one.

In our example, the handler on button will fire before the #container handler.

Capturing is the opposite: the outer event handlers are fired before the more specific handler, the one on button.

Many common events bubble, including click. Some events, such as focus, do not. Check event.bubbles instead of assuming.

Listen during capture by setting the capture option:

document.getElementById('container').addEventListener('click', () => {
  console.log('captured')
}, { capture: true })


During capture, the event travels toward the target. After reaching the target, a bubbling event travels back through its ancestors.



Stopping the propagation

A bubbling event moves through its ancestor elements unless you stop it.

<section>
  <a id="my-link" href="https://flaviocopes.com/about">About</a>
</section>


A click event on a will propagate to section and then body.

Call stopPropagation() to stop the event from reaching more objects in its path:

const link = document.getElementById('my-link')
link.addEventListener('mousedown', event => {
  // process the event
  // ...

  event.stopPropagation()
})


This does not prevent the browser's default action. Use preventDefault() to stop a link navigation or form submission when the event is cancelable.

stopImmediatePropagation() also prevents later listeners on the same object from running.



Event delegation

Because many events bubble, you can listen on a parent instead of adding one listener to every child:

<ul id="menu">
  <li><button data-action="save">Save</button></li>
  <li><button data-action="delete">Delete</button></li>
</ul>


const menu = document.querySelector('#menu')

menu.addEventListener('click', event => {
  const button = event.target.closest?.('button')
  if (!button || !menu.contains(button)) return

  console.log(button.dataset.action)
})


This is called event delegation. It also works for matching children added later.



Popular events

Here's a list of the most common events you will likely handle.


Load

DOMContentLoaded fires when the HTML has been parsed and deferred or module scripts have run. It does not wait for images.

The load event on window fires after the page and its dependent resources finish loading. See the MDN DOMContentLoaded guide for the distinction.



Pointer and click events

click is device-independent. A mouse, touch interaction, keyboard, or assistive technology can activate it.

For coordinate-based input across mouse, pen, and touch, prefer pointer events such as pointerdown, pointermove, and pointerup. See the Pointer Events guide.



Keyboard events

keydown fires when a key is pressed, and can repeat while the key stays down. keyup fires when the key is released.



Scroll

The scroll event fires as a document or element scrolls. For the document position, check window.scrollY.

Keep in mind that this event is not a one-time thing. It fires a lot of times during scrolling, not just at the end or beginning of the scrolling, so don't do any heavy computation or manipulation in the handler - use throttling instead.




Throttling

Events such as scroll and pointermove can fire many times. Heavy work in those handlers can make the page feel slow.

For visual updates, schedule at most one update per animation frame:

let scheduled = false

window.addEventListener('scroll', () => {
  if (!scheduled) {
    scheduled = true

    requestAnimationFrame(() => {
      console.log(window.scrollY)
      scheduled = false
    })
  }
}, { passive: true })


This is not a general-purpose throttle, but it is a good pattern for scroll-linked rendering.




Event bubbling and event capturing

Learn how event bubbling and capturing control the order DOM event handlers fire in JavaScript, and how to switch to capturing with addEventListener.

Bubbling and capturing are the 2 models that DOM events use to propagate.

Suppose your DOM structure is

<div id="container">
  <button>Click me</button>
</div>


You want to track when users click on the button, and you have 2 event listeners, one on button, and one on #container.

Remember, a click on a child element will always propagate to its parents, unless you stop the propagation (see later).

Those event listeners will be called in order, and this order is determined by the event bubbling/capturing model used.

Bubbling means that the event propagates from the item that was clicked (the child) up to all its parent tree, starting from the nearest one.

In our example, the handler on button will fire before the #container handler.

Capturing is the opposite: the outer event handlers are fired before the more specific handler, the one on button.

By default all events bubble.

You can choose to adopt event capturing by applying a third argument to addEventListener, setting it to true:

document.getElementById('container').addEventListener(
  'click',
  () => {
    //window loaded
  },
  true
)


Note that first all capturing event handlers are run.

Then all the bubbling event handlers.

The order follows this principle: the DOM goes through all elements starting from the Window object, and goes to find the item that was clicked. While doing so, it calls any event handler associated to the event (capturing phase).

Once it reaches the target, it then repeats the journey up to the parents tree until the Window object, calling again the event handlers (bubbling phase)



Event delegation in the browser using vanilla JavaScript

Learn how to do event delegation in the browser with vanilla JavaScript, building an on() helper so one listener handles dynamically added child elements.

One of my favorite things from jQuery is (was?) event delegation. In particular the .on() method.

We select a DOM element, and then we use .on() to attach an event handler that's executed on a particular child of that element.

Why is this useful? Because if you're adding elements dynamically to the DOM, a single event listener registered through .on() will work on all children, even the ones that are added to the DOM after you registered the event handler.

Suppose you have a table. Inside the table, we have a set of rows, and each row has an button with a click handler.

You register an event listener when the DOM loads:

document.addEventListener('DOMContentLoaded', () => {
  const buttons = document.querySelectorAll('button')

  for (const button of buttons) {
    button.addEventListener(...)
  }
})


But if we add a new row to the table, we must then also remember to register a new event listener.

How can we replicate the same functionality using vanilla JavaScript?

We create a on function that takes a wrapper selector, an event type (a 'click' string for example), a child selector string, that will match descendants of the wrapper selector. In this function, we first create a loop, and we add an event listener to each element that matches our wrapper selector (so it can apply to more than one wrapper selector).

Then if the target of the event matches our child selector (third parameter of the function), we call the callback function passed as the 4th parameter, passing the event:

const on = (selector, eventType, childSelector, eventHandler) => {
  const elements = document.querySelectorAll(selector)
  for (element of elements) {
    element.addEventListener(eventType, eventOnElement => {
      if (eventOnElement.target.matches(childSelector)) {
        eventHandler(eventOnElement)
      }
    })
  }
}


This is how we can invoke this function:

on('ul', 'click', '.module.complete', event => {
  const item = event.target
  //...your event handler
})


Now when we click on an element that matches .module.complete under the ul selector, the code in the function we pass in will be ran, and we can extract the clicked item reference from event.target.



How to style DOM elements using JavaScript

Learn how to style DOM elements with JavaScript, using classList to add and remove classes or the style property to set inline CSS like color and border.

You might have the need to dynamically apply CSS properties to DOM elements.

What are the APIs browser expose to do that?

First, one of the cleanest ways is to add or remove classes from an element, and use classes styling in your CSS.

const element = document.querySelector('#my-element')


You can use the classList property of an element and its add() and remove() methods:

element.classList.add('myclass')
element.classList.remove('myclass')


You can also directly change each CSS property of an element by using the style property, which references the element inline styles.

For example you can change an element color using

element.style.color = '#fff'


You can alter the border:

element.style.border = '1px solid black'


You saw color and border. You can change all the CSS properties, by using camelCase instead of dashes when the CSS property name contains them.

A translation table is conveniently listed in this MDN page.



The Fetch API

Learn how to make HTTP requests with the Fetch API, check response errors, read response bodies, send JSON, set headers, and cancel a request.


Introduction to the Fetch API

The Fetch API is the standard way to make HTTP requests from JavaScript.

You call fetch(), and it returns a Promise that resolves to a Response object. You can then read the response as JSON, text, a blob, or another supported format.

Fetch is the modern replacement for XMLHttpRequest. It is available in browser windows and workers. You can find the complete API in the MDN Fetch reference.



Using Fetch

The simplest GET request looks like this:

fetch('/file.json')


This makes an HTTP request for file.json on the same origin.

Let's read the response as JSON:

fetch('./file.json')
  .then((response) => response.json())
  .then((data) => console.log(data))


Calling fetch() returns a promise. The first callback receives a Response. The json() method reads its body and returns another Promise.

You can also use await:

async function getData() {
  const response = await fetch('./file.json')
  const data = await response.json()
  console.log(data)
}

getData()



Catching errors

A Fetch Promise rejects for network failures and invalid requests. It does not reject just because the server returns 404 or 500.

Check response.ok before reading the body, as shown in the MDN Fetch error-handling guide:

async function getData() {
  try {
    const response = await fetch('./file.json')

    if (!response.ok) {
      throw new Error(`HTTP error: ${response.status}`)
    }

    const data = await response.json()
    console.log(data)
  } catch (error) {
    console.error(error)
  }
}





Response Object

The Response Object returned by a fetch() call contains all the information about the request and the response of the network request.


Metadata


headers

Accessing the headers property on the response object gives you the ability to look into the HTTP headers returned by the request:

fetch('./file.json').then((response) => {
  console.log(response.headers.get('Content-Type'))
  console.log(response.headers.get('Date'))
})


[image: Request headers for fetch]



status

This property is the numeric HTTP response status, such as 200 or 404.

fetch('./file.json').then((response) => console.log(response.status))




statusText

statusText contains the status message returned by the server. Do not depend on it for application logic: HTTP/2 does not define status messages, so it can be empty. Use status or ok instead.

fetch('./file.json').then((response) => console.log(response.statusText))




url

url contains the final URL of the resource that was fetched.

fetch('./file.json').then((response) => console.log(response.url))





Body content

A response has a body, accessible using several methods:


	text() returns the body as a string

	json() returns the body as a JSON-parsed object

	blob() returns the body as a Blob object

	formData() returns the body as a FormData object

	arrayBuffer() returns the body as an ArrayBuffer object



All those methods return a promise. Examples:

fetch('./file.json')
  .then((response) => response.text())
  .then((body) => console.log(body))


fetch('./file.json')
  .then((response) => response.json())
  .then((body) => console.log(body))


[image: Get JSON]

The same can be written using an async function:

async function getData() {
  const response = await fetch('./file.json')
  const data = await response.json()
  console.log(data)
}

getData()





Request Object

The Request object represents a resource request, and it's usually created using the new Request() API.

Example:

const req = new Request('/api/todos')


The Request object offers several read-only properties to inspect the request:


	method: the request's method (GET, POST, etc.)

	url: the URL of the request

	headers: the associated Headers object of the request

	referrer: the referrer of the request

	cache: the cache mode of the request, such as default, reload, or no-cache



It also exposes methods including json(), text(), and formData() to read the request body.

The full API can be found at https://developer.mozilla.org/docs/Web/API/Request



Request headers

You can set request headers using a Headers object:

const headers = new Headers()
headers.append('Content-Type', 'application/json')


or:

const headers = new Headers({
  'Content-Type': 'application/json',
})


To attach the headers to the request, we use the Request object, and pass it to fetch() instead of passing the URL.

Instead of:

fetch('./file.json')


we do

const request = new Request('./file.json', {
  headers: new Headers({
    'Content-Type': 'application/json',
  }),
})
fetch(request)


You can also query it:

headers.has('Content-Type')
headers.get('Content-Type')


and we can delete a header that was previously set:

headers.delete('X-My-Custom-Header')




POST Requests

Fetch also supports other HTTP methods, including POST, PUT, PATCH, and DELETE.

Here is a JSON POST request:

async function createTodo() {
  const response = await fetch('/api/todos', {
    method: 'POST',
    headers: {
      'Content-Type': 'application/json',
    },
    body: JSON.stringify({
      title: 'Learn the Fetch API',
    }),
  })

  if (!response.ok) {
    throw new Error(`HTTP error: ${response.status}`)
  }
}

createTodo()




How to cancel a fetch request

You can cancel a request using AbortController.

Pass its signal to fetch():

const controller = new AbortController()
const signal = controller.signal

fetch('./file.json', { signal })


This cancels it after 5 seconds:

setTimeout(() => controller.abort(), 5 * 1000)


When the controller aborts, fetch() rejects with a DOMException named AbortError:

fetch('./file.json', { signal })
  .then((response) => response.text())
  .then((text) => console.log(text))
  .catch((err) => {
    if (err.name === 'AbortError') {
      console.error('Fetch aborted')
    } else {
      console.error('Another error', err)
    }
  })





The Web Storage API: local storage and session storage

Learn how the Web Storage API lets you store data in the browser with local storage and session storage, using methods like setItem, getItem, and removeItem.


Introduction

The Web Storage API stores string key/value pairs in the browser.

It provides two storage mechanisms:


	localStorage persists across browser sessions

	sessionStorage lasts for one tab's page session



They are part of the storage options available on the Web Platform, which also include:


	Cookies

	IndexedDB

	The Cache API



Both storage areas are separated by origin. The scheme, host, and port must all match. Other origins cannot read the data through Web Storage.

sessionStorage maintains data for the duration of the page session. Different tabs have separate page sessions, even when they show the same site.

When the tab closes, its sessionStorage data is cleared.

This is useful for separate workflows in different tabs. The MDN Web Storage guide describes how storage is partitioned.

localStorage is shared by same-origin pages and persists after the browser closes. The app, the user, or the browser can still clear it. Private browsing data is normally removed when the private session ends.

Web Storage is synchronous. Large reads and writes block JavaScript on the page, so use IndexedDB for larger or structured data.

Web Storage is only accessible in the browser. It's not sent to the server like cookies do.

Do not store passwords, session IDs, or authentication tokens in Web Storage. Any JavaScript running on the origin can read them, including code injected through an XSS vulnerability. The MDN session-management guide recommends keeping session identifiers out of JavaScript-accessible storage.



How to access the storage

Both Local and Session Storage are available on the window object, so you can access them using sessionStorage and localStorage.

Their set of properties and methods is exactly the same, because they return the same object, a Storage object.

The Storage object has a single property, length, which is the number of stored items.



Methods


setItem(key, value)

setItem() adds an item to the storage. Accepts a string as key, and a string as a value:

localStorage.setItem('username', 'flaviocopes')
localStorage.setItem('id', '123')


If you pass any value that's not a string, it will be converted to string:

localStorage.setItem('test', 123) //stored as the '123' string
localStorage.setItem('test', { test: 1 }) //stored as "[object Object]"


Use JSON when you want to store an object:

const settings = { theme: 'dark' }
localStorage.setItem('settings', JSON.stringify(settings))




getItem(key)

getItem() is the way to retrieve a string value from the storage, by using the key string that was used to store it:

localStorage.getItem('username') // 'flaviocopes'
localStorage.getItem('id') // '123'


getItem() returns null when the key does not exist.

Parse a stored JSON value like this:

const settings = JSON.parse(localStorage.getItem('settings'))




removeItem(key)

removeItem() removes the item identified by key from the storage, returning nothing (an undefined value):

localStorage.removeItem('id')




key(n)

key(n) returns the name of the key at index n.

The order is defined by the browser, so do not rely on a particular order. See the Storage.key() reference.

If you reference a number that does not point to a storage item, it returns null.



clear()

clear() removes everything from the storage object you are manipulating:

localStorage.setItem('a', 'a')
localStorage.setItem('b', 'b')
localStorage.length //2
localStorage.clear()
localStorage.length //0





Storage size limits

Web Storage is limited to about 10 MiB per origin: 5 MiB for localStorage and 5 MiB for sessionStorage. Browsers throw QuotaExceededError when an origin reaches the limit. See MDN's current storage quota guide.

Do not treat stored data as permanent. Users can clear it, private sessions delete it, and browser storage policies can affect it.


Going over quota

Handle quota errors, especially if you store a lot of data:

try {
  localStorage.setItem('key', 'value')
} catch (error) {
  if (error.name === 'QuotaExceededError') {
    console.error('Storage quota exceeded')
  } else {
    throw error
  }
}





Developer Tools

The DevTools of the major browsers all offer a nice interface to inspect and manipulate the data stored in the Local and Session Storage.


Chrome

[image: Chrome DevTools local storage]



Firefox

[image: Firefox DevTools local storage]



Safari

[image: Safari DevTools local storage]





Custom events in JavaScript

Learn how to create and dispatch custom events in JavaScript, using the Event and CustomEvent objects in the browser and the EventEmitter class in Node.js.

Many of the code we write involves reacting to events. I/O events like mouse clicks or keyboard events. Network events, when you listen to an HTTP call.

Those are what I call built-in events.

In JavaScript we can create custom events, and the way it works changes in the browser and in Node.js.

In the frontend we use the Event object which is provided by the browser:

const anEvent = new Event('start');


You can trigger the event using

document.dispatchEvent(anEvent)


and when this happens, the event listener is triggered:

document.addEventListener('start', event => {   
  console.log('started!')
})


You can send custom data using the CustomEvent built-in object instead of Event, which accepts an object as the second parameter:

const anotherEvent = new CustomEvent('start', {
  detail: {
    color: 'white'
  }
})


Using CustomEvent, in the event listener you can ask the data to the event object using event.detail (you can't use another property):

document.addEventListener('start', event => {   
  console.log('started!')
  console.log(event.detail)
})


On the backend side, Node offers us the option to build a similar system using the events module.

This module, in particular, offers the EventEmitter class, which we'll use to handle our events.

You initialize that using

const EventEmitter = require('events')
const eventEmitter = new EventEmitter()


This object exposes, among many others, the on and emit methods.


	emit is used to trigger an event

	on is used to add a callback function that's going to be executed when the event is triggered



For example, let's create a start event, and as a matter of providing a sample, we react to that by just logging to the console:

eventEmitter.on('start', () => {
  console.log('started')
})


When we run

eventEmitter.emit('start')


the event handler function is triggered, and we get the console log.

You can pass arguments to the event handler by passing them as additional arguments to emit():

eventEmitter.on('start', (number) => {
  console.log(`started ${number}`)
})

eventEmitter.emit('start', 23)


Multiple arguments:

eventEmitter.on('start', (start, end) => {
  console.log(`started from ${start} to ${end}`)
})

eventEmitter.emit('start', 1, 100)




Build a small interactive page

Combine DOM selection, events, arrays, local storage, fetch, and error handling in one small browser project.

Build a page that lets a visitor save a short reading list.

Start with one state array. Every add, remove, and load action updates that array, persists it, then renders from it. Do not update the DOM independently or you will create two sources of truth.

Use a small item shape:

{
  id: crypto.randomUUID(),
  title: 'JavaScript modules',
  url: 'https://example.com/modules'
}


On startup, read local storage inside try/catch. JSON can be missing, malformed, or from an older version of the application. Validate that the parsed result is an array before accepting it.

Handle the form's submit event. Trim the title, parse the URL with new URL(), reject unsupported protocols, and show the error next to the relevant field. Build DOM elements with textContent and attributes rather than interpolating untrusted text into innerHTML.

Render each item with a real link and a remove button. Use the stable id to remove the intended item, including when two titles are identical. Keep keyboard focus somewhere sensible after adding or removing an item.

Add a button that loads one suggested item with fetch(). Show a useful message if the request fails.

Model the request states explicitly: idle, loading, success, empty, and error. Disable only the action that would create a duplicate request. Check response.ok; a fulfilled fetch() promise can still represent an HTTP error.

Test these paths before considering the project complete:


	keyboard-only add and remove

	empty and malformed values

	duplicate titles with different URLs

	malformed saved JSON

	a failed and a slow network request

	a page reload after every state change



The goal is not visual polish. It is tracing one reliable data flow through events, arrays, validation, storage, network work, rendering, and recovery.



The interactive version of this course is available at https://flaviocopes.com/courses/javascript/.
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