iChapter 12: Node.js Fundamenf:als£
.12.1 Introduction to Node. ﬁ.

112.1.1 What is Node.js? |

% Node.js is a JavaScript runtime built on Chrome’s V8 JavaScript engine.
¥ It allows JavaScript to be used on the server-side.

% Node.js is open-source, cross-platform and highly scalable.

% It is used to build fast, scalable network applications.

nede
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12.1.2 Why Use Node.js? |

% JavaScript Everywhere — Use JavaScript for both frontend and backend.
% High Performance — Built on an event-driven, non-blocking I/0 model.
% Lightweight and Efficient — Consumes less memory and handles many

connections simulfaneou.sly :

* Large Ecosystem - Huge collection of libraries in npm.

‘12.1.3 Features of Nade.jsJ

Event-Driven Nan—B!ocking I/0 .Si.ngle Threaded Highlg Scalable Cross—P!affarm
Handles multiple Does not wait for Uses a single Can handle Runs on Windows,
requests using API responses, thread with thousands of Linux, macOS

event loop improves event loop for connections and other

mechanism . performance. handling requests. concurre.nf.iy. pfafforms.

[12.1.4 Node.js Architecture |

= =4

Node.js follows an event-driven, non-blocking I/0 architecture.

Client
( Requesf) [

( Singie Thread)

Event Loop

Key. Points:

Non—Bfacking I1/0
( Operaﬁons)

!

Event Queue i Response
(Callbacks) ] (To Client)

M Node. js is a JavaScript runtime built for server-side development.
[ It uses an event-driven, non-blocking I/0 model.
M It is fast, scalable, lightweight and efficient.

m It has a rich ecosystem of libraries through npm.

Node

{Defau!t for Node.js

npm

Package Manager

libraries)

Key Takeaway :

Ka

Node.js allows developers to build fast, scalable and efficient server-side
applications using JavaScript.




.12.2 Node.js Archifecture.

“2.2.1 Overview ‘
% Node.js is built on Chrome’s V8 JavaScript engine

% It uses an event-driven, non-blocking I/0 model. n ‘ e

%* Node. Jjs architecture is designed to handle multip[e connections @

concurrenﬂy with high performance.

¥ It consists of the following main components.

12 2 2 Archstecfur‘e Dtagram

-~

Thread Pool J

Ciienf Re uest Even ¢
(Request) _-__’ Senrer Loop (Non Blockmg) (Workers)
D Receives Single threaded Handles I/0 Performs blocking
Re.sPonse requests event iOOP operations in operations like
from clients. to handle all the background. file system, DB,
operc:ions. | network, etc.

12.2.3 How It Works? |

¥ A client sends a request to the Node.js application.
% The HTTP server receives the request and hands it over to the event loop.
% The event loop processes the request and initiates non-blocking I/0 operations. $2R9

% If a blocking task is required (e.g., reading a file, querying a database,
network call), it is delegated to the thread pool.

¥ Once the task is completed, the result is returned to the event loop.

% The event loop sends the response back to the client.

Key Points:

W Node.js uses a single threaded event loop.
ollows a non-blockin model .
E[Rfﬂo blocking 1/0 del
cking operations are han the thread pool.
@Blokgpf hdledbyhehdpl
is architecture allows Node.js to handle many connections efficiently.
(4 This architecture allows Node.js to handle many t tly
[ M It is lightweight, fast and highly scalable.

Key Takeaway:

\II

s i= Node.Js architecture is based on an event-driven, non—biocking I/0 model
@ that makes it fast, scalable and suitable for modern web applications.

L >




12.3 V8 Engine

&
-

(12.3.1 What is V8 Engine? |

[ ]

W

¥ V8 is the high-performance JavaScript engine developed

by Google.
¥ It is written in C++. v
% V8 is used in Chrome and Node.js. [ Java,Scripf Coidi ]

% It compiles JavaScript code into machine code so that

it can be executed very fast. ‘ : l
12.3.2 Key Components of V8 Engine-} lo

Componenf Descripfior:
3 Machine Code
. Parser Parses the JavaScript code and converts it into (Executed)
Abstract Syntax Tree (AST).

Q Igniﬁon Interpreter Inferprefs the AST and generates bytecode.
Executes the bytecode.

ﬁ TurboFan Compi.!er Optimizes frequently used code and compiles it into
( M M - . .
ighly optimized machine code.

ﬂ Memary H‘eap Manages memory allocation for objects.

' Garbage Collector | Automatically reclaims memory that is no longer

in use.

12 3.3 How V8 Engme Works?

ptimize
fAST) (Bytecode) Madhine. Gade) (Very Fast)

Key Points:

[/ V8 is the JavaScript engine used in Chrome and Node js.

M It compiles JavaScript into optimized machine code. -

] It uses a Just-in-time (JIT) compilation strategy. — (
] It has automatic memory management through garbage collection.

M This makes JavaScript execution very fast and efficient.

L =

Key Takeaway :

_ : '_ The V8 engine is the heart of Node . Jjs. It makes Java.Scri.pf fasf. by compiﬁng
@ code, optimizing performance and managing memory efficiently.




12 .4 Event-Driven Architecture

‘ 12.4.1 What is Event-Driven Architecture? ‘

% Event-driven architecture is a design pattern where the flow Event

of the program is determined by events. < / > > Node. Jjs
% In Node_js, almost everything is an event. f—— Application
% The application waits for events and responds when Response

those events occur.

% This makes Node.js highiy efficient and scalable.

I- 12 4.2 How Event-Driven Architecture Works.?-

-

1. Event Occurs ) 3. Event Loop 4. Callback 5. Response is
2. Event is captured oo
(e.g., user request, B i it processes the function is sent back to
file read, DB query) J J event executed the client

12.4.3 Common Events in Node.js |

-

Event Description ] H
@ Request Triggered when a client sends an HTTP request. .
B)  File Read / Write | Triggered when a file operation is completed. @ @
Database Query | Triggered when a database query is executed

@ Timer Triggered by setTimeout() or setInterval(). .

< Mok Bt Triggered by network activities like connection,
disconnection, data received, etc.

7.2.4.4 Event Loap in Aciio_n_]

Regisﬁer Callbacks
Client
(Requesf) Requesf Event Event J'_aap Callback Response
Queue ( S;ng{e Thread) Execution (Ta Client)
Response
Key Points :

4] Node.js uses an event-driven, non-blocking I/0 model.

[/ It uses a single-threaded event loop to handle multiple requests.
9 P e reg

] Callbacks are executed when the events occur.

] This architecture improves performance, scalability and real-time capabilities.

Key Tc:tkecwwrt\(jI 2

\Il

k Event-driven architecture is the core of Node.js. It allows the application to
@ handle many events concurrently with high performance using the event loop.




_12.5 Non-Blocking 1/0

o

(12.5.1 What is Non-Blocking 1/07 |

% Non-blocking I/0 allows Node.js to perform I/O operations Requesf __k
without waiting for the operation to complete. </ > —
% Instead of blocking the program, Node.js continues to <+
execute other tasks. y Callback I/0
. Node. js Operafion
% Once the I/0 operation is completed, o callback function Application
is executed. RS T
% This makes applications faster, efficient and scalable. [ T ¢ I“J with ot} t“"k‘J

1.2 5 .2 Blocking vs Non Blockmg 1/0 1

: Blocking I/0 Non-Blocking I/0
% The program waits for the I/O operation % The program does not wait for the I/0
to complete. operation to compiete.
¥ Other tasks cannot be executed meanwhile. % Other tasks can be executed meanwhile.
% Creates a bottleneck and reduces performance. % Improves performance and scalability.
¥ Suitable for small, sr'.mpie appﬁcaf:ions. %* Suitable for large, higﬁ-Performance appiit:afians.
112.5.3 How Non-Blocking I/0 Works? |
1. I/0 request 2. Node.js 3. Control is 4. Other tasks 5. Once I/0 is
is made. —»| initiates the [—| returned to the are executed completed, the
(e.g., read file) operation. event loop. meanwhile . callback is called.
12 5 4 Example: Read File ( Non Biockmg”

fs readFile() Daf.egaf:es to Thread Pool Read File
Request _ Thread Pool Operation
=t ()| = [ gy g3 | O
(libuv) -
Retums File System

Apphcatwn immediately | Operation Complete
(Callback Queued)

Key Points:
T e e ~
I'é & 1
| Non-blocking I/0 allows Node.js to handle many requests If Example Code (NC’”_B’-OC""‘SJ |
concurrenﬂy. ! const fs = require('fs’); !
] It uses the event loop and thread pool to Pe.rfarm 1/0 l fs'r:aﬁ:::’('“mﬂ"“tj’ MR s daE) i
X if (err |
s erations. F console.error('Error reading file'); i
M The program does not wait for I/O operations to complete. | 1} else( !
] . : console. log(data); ;
M Callbacks are executed once the operations are finished. - |
I g
M This leads to better performance and scalability. ; i @ i
i console.log('This line is executed first!'); j
" ______
.
Key Takeaway:
Gl Non-blocking I/0 is the core strength of Node.js. It allows the server to handle
-@- multiple requests simultaneously without waiting, making applications fast, scalable
and efficient.




12.6 Node.js Installation

112.6.1 What is Node.js? |

#¥ Node.js is a JavaScript runtime built on Chrome’s V8 engine.

¥ It allows you to run JavaScript on the server side.

% Node.js comes with npm (Node Package Manager) to
manage packages and dependencies.

% It is cross-platform and open source.

' ' ==\
12.6.2 Steps to Install Node.js
1. Download 2 Run Tuskallsy 3. Customize 4. Install 5. Ven’fy
Go to the official I Choose the Click "Install” .
Run the installer Open terminal
Node. js website —> ::d ﬂ:w :he —> components and —»|  and wait for —> :: £ the
and download fo _w installation pafh the installation a' ve”f#
the installer. setup wizard. (’:f needed) . to comp!efe. installation.
- w - J N / 8 > " J
112.6.3 Verify the Installation

% Open Command Prompt (Windows) or Terminal (macOS/Linux) and run the following commands:

—— — o ———

Command Purpose Example Output Note:
) If you see version
node -v Shidks Whe ietaler | N 8004 rumbers, Node. js

Node.js version. and npm are

installed successfuﬂg,

npm =¥

Checks the installed - 10.2 4

npm version.

Mo e e — e e

|FI2.6A4 Exampie: Run a Simpfe Node. s Prugram}

1. Create a file 2. Write JavaScript 3. Open terminal 4. Run the program
app.js code in the folder using node app.js

N 000 |
</> —p console . log("Hello, — —» | 5> node app.js
Node.js!"); Hello, Node.js!

Key Points:

Node. js is built on Chrome’s V8 Jo.vaScrEpt engine.
It includes npm to manage packages and dependencies.

Node.js is cross-platform and open source.

A{ways vem'.fg the installation using node -v and npm -v. °
You can run JavaScript files directly using the node command.

NEHENEH

Key Takeaway:

b Y J '

i _ Node.js installation is simple and quick. Once installed, you can run JavaScript
@ on the server side, manage packages with npm and build powerful applications.

\




_12.7 npm

(12.7.1 What is npm? |
% npm (Node Package Manager) is the default package Packages

manager for Node.Js. %
¥ It (s used to install, share and manage packages (modules)
written in JavaScn'iat.
). g

¥ It is the iargesf eco.sysf:em of open source libraries (W
in the world. Share T Install

% npm comes bundled with Node.js installation. 6
[12.?.2 Common npm Comma.nds] Manage
' W e e
Command Description Example :" Note - E
ini Initializes a new roject and creates init | ;
npm init i v s npm. ini Packages installed |
Padca.se_Json flle i D I
npm install 4pu.cka.5e> Installs o Pa.cka._ge and adds it te dePendendes_ npm install express || the node_modules :
npm. install Installs oll dependencies listed in package json. | npm install i P :
npm uninstall <Fa.c.‘mge> Uninstalls a Pa.ckngs. npm uninstall express i B Projecf !
|
list Lists all installed ; list I |
npm packages npm I m - |
npm update Updates all installed packages. npm update | :
npm search <package> Searches for a package in the npm registry. npm search lodash : @ P}c ;it:ge :
nFm. -V Checks er an VErsion. !LFH'I -V |\ ___________ -!
npm. help Shows help information. npm  help
( . 7 (ece@ )
| 12:7:3 Package.Json File ! C = )
E 3 Ewery npm Fr‘ojecﬁ has a Pa.ckase.J'son fd[e --::z:ién--:w::?g_én.
¥ It contains metadata about the project and Efs- de_pm'ldem:i&& “de?c:riptilcm“: A sample Node.js application”,
"main”: "index. js”,
% It includes project name, version, scripts, dependencies, etc. "seripts": {
"start": "node index.js"
A S e o T B T A }.
: Note : : "dependencies": {
: Dependencies listed in package.json are installed : "express”: "°4.18.2"
| inside the node_modules. folder. !
|12.7.4 Local vs Global Installation |
Local Installation Global Installation Registry
% Installed in the current project directory. | % Installed globally on the system. Tnstall l T Publish
¥ Listed in Pukage_Json under dapendencl.es #* Not listed in Ipackage_‘jsm‘
¥ Used by the project only. # Can be used in any project.
¥ Example: npm install express ¥ Example: npm install -g nodemon
Key Points : %
M npm is the default pa.cka.ge manager for Node.Js.
M It h.elps to install, manage and share Java.ScriP{ pq.cko.ges.
%] Packa.gz.ljson stores Praje{:f‘. metadata and a'.ePendencfas.
M Use nprm commands to simphfy deve{opmenf and dependency nmasemenf:,
%] Aiwa.ys run  npm install fo install ijecf. deperuiencées.

Keg Takeawag :

g npm is a powerful tool that makes it easy to install, manage and share packages.
@ It simpf.:.ftes dependency mana.semenf and improves develapmenf Producfivt'f:y,




12.8 package. json

[12.8‘1 What is Pa.ckage_d"son? ‘

% package json is a configuration file used in Node. js projects. Project Metadata
| (name, version, dsscripticn)
¥ It contains metadata about the project and its dependencies. @ ’," ~ /
; o 4 T B

#* It is automatically created when you run npm init. Project i Dependencies

N\ . _--¥| (required pa.ckages)
¥ It helps npm to manage project information, scripts and '_,-"' * -
packages. { } -------- ..f ; fSc:r'iph: ; )
¥ It is the heart of every Node js project. Ty i J

™

I’ 12.8.2 Structure of Pa.c.‘:age. Json_J

packuge json S

N

h “{ Other Configurations J

IS ~ D
e0e Field Description
{ The i pefiadh
e . I name of project.
"version": "1.0.0", version The version of the project.
"description": "A sample Node.js application", = T -
R descnpfmn A short description of the Pra_}ecf.
"seripts": { main The enfry Fa-fnf. ﬁle of the a.pplicn.ﬂm.
"start": "node index.js", .
"test": "echo \"Exror: no test specified\" && exit 1" SCﬂPtS Custom commands to run tasks.
.1:ﬂependencies": { dependencies List of packages required for the project
"express": "~4.18.2" to run in production.
} : ; 7
Gudapendannies®: | a’.evDependenc:.es List af Iua.cka.ges requu'ed for deveiopmsni:
"nodemon": "A2.0.22" and ﬁesh'ng.
b
"author”: "John Doe", author The author of the project.
} R ) license The license under which the project is distributed.
J L. _‘

, 12.8.3 How to Create package.json? ]
_ paceage: | J

There are two ways to create a Fackage. json ﬁ.{e:

1. Using npm init (Interactive) )

% COpen terminal in your project directory.

¥ Run the command: npm init

¥ Answer the questions, npm will create pa.:kage. json.
(@ece )

§ npm init
This wtility will walk you through creating a package.joon file.
Press “C at any time to quit.

package name: (ny-app)

version: (1.0.0)

description: A sample Mode.js application
entry point: (index.js)

tast command:

git repository:

-

2. Using npm init -y (Default)
% Open terminal in your prnJBd direcﬁary.

% Run the command: npm

¥ Creates a default package json file with default values.

init -y

e

% npm init -y

{
“name”: “=my-app”,
“version”: "1.0.0%,
"description®: "7
"main": "index.js",

"seripte™: {

}.
“keywords™: [],

ke rels :

y:n John Doe e R
author: Jaohn "license”: "ISC"
license: (ISC)

’ J p, L

Wrete to /path/my-app/package.json:

“test™: "echo \"Error: no test specified\” &b exit 1"

12.8.4 Key Points |

|
M
%]
4

package. json stores all important Enformﬁm about your project.
It hglps in :feroendency mm&em&m‘. and scn}uf execution .

It is automatically used by npm to install Paakages and run scripts.
Always include package json in your project and in version control fgif.).

{}

Key Takeaway:

package json is a must-have file in every Node. js project. It contains project metadata,
scripts, and dependencies that help npm manage everything efficiently.




12.9 Modules

(12.9.1 What is a Module? |

¥ A module is a reusable piece of JavaScript code.
Node_Js has a modular architecture.

*
*¥ Modules help in organizing code into saparaf:e ﬁies,
S

They improve code reusability, maintainability
and scalability.

% Node.js supports both built-in modules and
user—defined modules.

[12.9.2 Types of Modulesj

-

mird-Pa.r{H
Modules

(1. Built~in Modules

¥* Provided by Node . js.
¥ No need to install separately.

% Example: fs, path, http, os, url, etc

0 7 L &
fs path os url

http

2. User—deﬁned Modules

# Created b_q the deveiopers.
¥ Used to split the code into multiple files.
% Export from one file and use in another.

D@l

LN

module . js app. js
L A
P
3. Third-party Modules
% Created by other developers and published on npm. % e m SN %
% Need to install using npm install <module>.
Developer npm Registry Install in
% Example: express, lodash, mongoose, chalk, etc. Project

12.9.3 How Modules Work in Node.‘js?}

Modules in Node.js follow the concept of exporting from one file and importing in another.

1. Export (from module file) 2. Import (in another file) 3. Use
Use module.exports or exports Use require() to import the The imported module can be
to export values, functions or odule and it used in the application.
ob jects. =il = i =3 o
[ece 1 (eoce ) (ece

// math. js A .

function add{a, b) { // app.js > node app. js

return a + b; const add = require('./math'); 8
} console.log(add(5, 3)); // 8
module .exports = add;

[12.9.4 Key Points ‘

F

4 Built-in modules are part of Node.js.
| User-defined modules are created by developers.
| Third-party modules are available via npm.

L

M Modules help in writing clean, organized and reusable code.

E Use madufg,exparﬁs to exparf and requir'e(} to l'.m.Parf modules .

Key Takeaway:

.

_‘@’_ Modules are the building blocks of Node.js applications. They promote code reusability,

better orgam'.mf:ion and easier maintenance.




_1 2.10 CommonJS

4
v

module . exparf:s

exports
fexparﬂ

[ Node. js Application ]

]
12.10.1 What is CommonJS? |
* CommonJS is a module s_gsf:em used in Noder
% It allows you to organize code into separate files (midules)
and reuse them.
¥ It uses require(J to import modules and mua‘.uie.exports
or exports to export values. r:‘?“wecj
ort
% CommonJS is the default module system in Node.js it
(prior to ES Modules) .
12.10.2 How CommonJS Works
1. Create a Module 2. Import Module 3. Use Module
Create a Javc:.Scr:’Pt ﬁle Use rgquire( ) to import Use the imported values
mdsxporfmiuesmsb:g _.!hemoddehmmtherﬂs_
module . exports or exports.
module . js |l app. js )

12.10.3 Export in CommonJS |

-

Syntax

Description

module exports = value;

Export a single value
(object, function, string, etc.).

mon‘.ule.expnrts = {

b: 2

12.10. 4 Exa.mple:

Exporting a Module ‘

return a + b;

}

(eoce ) (ece 2
1. module. js .
J ; 2. app.js
// Export a function
function add(a, b) { // Import the module
const add = require('./module');

// Use the module

Export an object with
multiple values.

ex’oar{s name = value;

Exporf m.uiﬂp[e values
using exports ohject.

exports.

L

exports. namel = valuel;
namel = value?;

Another way to export
maltiple values.

(ece

—

3 Outpu.f (Terminal)

// Export using module.exports const result = add(5, 3): > node app.Js
g el s il console.log(result); // 8 8
LS " L J
12 10.5 Exporfmg Multiple Values ‘
(ece ] ([eoce S e =
1. mth.js - .
// Export multiple values using exports 2. app-Js 3. Ouﬁpuﬁ (Terminal)
exf:;::::d"bfunﬂion{a' ey A const math = require(’'./math'); > node app .J's
b 8
exports.sub = function(a, b) { console.log(math.add(5, 3)); // 8
}-return 3 =iy console.log(math.sub(5, 3)); // 2 ?
L ! - 5 - . -

12.10.6 Key Points |

[ Use reqm‘ref) to import modules.
IV Use module exports or exports to

[] CommonJS is the default module system in Node.js.

GXPQF{ vniues 2

[ Modules help in writing modular, reusable and maintainable code.
[Vl CommonJS is anchronau.s and works on the server side,

Keg TO.kECI.WO.y 4

\II

_@_

CommonJS is the traditional module system in Node.js.
It makes code modular and reusable usmg require() and modu!e,exporis.




12.11 ES Modules

[12.11.1 What lara IES Maduies?_:]

% ES Modules (ECMAScript Modules) are the official export
dule system in JavaScript. == \“*u“ _ g
mo system in JavaScrip g S o
Expart

% They were introduced in ES6 (ES2015).

% They use import and export keywords. (from a module) 4 (in another module)
% They are static, standardized and work in both _ +
browsers and Nade_ujs_ .(!)
% ES Modules are the future of JavaScript modules.
JavaScript
— == — e Annli a£
[12.11.2 ES Modules vs CommonJS .» P19
: = | 12.11.3 Why Use ES Modules?
Feature CommonJS ES Modules N "
Sym‘.ax re?ui.re('), il exports import, export ¥ Static structure allows better optimization.
T i o o o o % Better suﬂparf for tree sha.’u'ng.
i andardiz i ﬁScnP t standard
e d oﬁm % Oﬁb : *  Works mfiveiy in browsers.
Loading Dynamic (runtime) Static (compile-time) ¥ Encourages cleaner and more :
N ’
Browser Support Limited (needs bundlers) Native support in modern browsers maintainable code. - b
Default in Node.js | Yes e vessioas) Yo Gt “Gpa “modile” o ims) % Future-proof and standard approach.
| 12.11.4 How ES Modules Work? |
L, Expm'f l’fr‘om a module) 2 Impcri (in another module) 3. Use in ﬁpph'.cnﬂon
Use expori to expori values . Use import to ;mporf values . Run the a.PPbm'Ewn
(eoe il (ece (e 0® ~
// math.js /! app.is
m::u:nu"::i: S _> import { add, PI } from './math.js'; _> > node GPPJS
} import greet from './math.js'; // default 8
export const PI = 3. 14186; 31416
export default function greet(name) { s L . HG“.O, Alice
return 'Hello, ' + name; console. log(PI}; fl 3.1416
} console.log{greet('Alica')); // Hello, Alice s
G J (3 J
[ 12.11.5 Named Exparf Vs Defau.ft Exporf ‘ (12.11.6 File Extensions & Config ]
Nl Expori Dgfa,z.l.ii Export ¥ Use mjs extension OR
Euecd il 5 e ¥*  Add "fgpz": "module” in pm:kage Json
x!:aor % , Aporluntyons imale : #* Then use Js _fiies
// user.js Can !/ user_js 1
:::::: ::::: :;:._Ez;fbhﬂ.; muﬂ:::}:m-t export default function show() { ifl'ymifm "name": "my-app",
export function show() { return 'Hello!'; iiliie "type": "module",
return ‘Helloe!'; ) "version": "1.0.0"
}
}

(12.11.7 Key Points |

ES Modules use imPorf and expurt.

nuzg are the oﬁcr'.cial standard in Jnva.gcri']pf (ES6). _,/” @
Static structure improves performance and optimization. { } :

Works in both browsers and Node. J5:
Better far !arge appﬂcnfians and modern developmeni.

NHEEERA

Key Takeaway :

-
1

_"_ ES Modules are the modern, standard way to write modular Ja.vaScrEpf.
ﬂwy make code cleaner, more e_fﬁci,enf and fuf;ure-ready.




12.12 Built-in Modules

(12.12.1 What are Built-in Modules? | ﬁ

% Built-in modules are included with Node js.
¥ MNo need to install them using npm.

5

(File System)

% They provide core functionality for file system, network,

HTTP, path handling, OS information, etc.
%* We can use them by directly requiring or
*‘ m& are fﬂ-st, reﬁab& aﬂ-‘i weu"tgséed.

112.12.2 Common Built-in Modules

- —— —

(Operating System)

o

net
(Network)

-

*

¥

Module Descripﬂm Exa.m:of.e Use
fs Provides methods fo interact with the file system | Read/Wrife files, create folders, delete files.
path Helps in working with file and directory paths. | Join paths, get file extension, resolve paths
hitp Allows creating HTTP servers and making | Buld web servers, handle requests.

HTTP requests.
os Provides information about the OS. CPU details, memory info, platform, uptime.
wrl Parses URL strings and works with URLs. | Extract parts of a URL.

events Provides event-driven programming
capabilities,

Create and manage events.

stream Handles streaming data,

Read/Write large data efficiently

ubil Provides utility functions.

Formatting, inspection, callbacks.

hitp
” (HTTP)

£
s

'\\ ”
R o R (O R
o5 A ~

2 1 path |
v/ . (Path Handiing)
E
util
(Utilities)

12.12.3 Using Built-in Module

(CommonJS)
Sgnf,a.x:
const moduleName = require('madule“nms');
Example:
(@e0®@

const fs = require('fs');
const os = require{'os');
const path = raq'n_i_rat 'path') ;

console.log(os.platform()) ;
console.log(path.join{('a','b", 'e'});

crypto Provides cryptographic functionality.

Hashing, encryption, decryption.

buﬂ}r‘ Handles 5{'113:'3 data du‘ecﬂy

\

Work with h’:wrg data.

512.12.5 Eanpfes of Built-in Modules ]

const data = fs.readFileSync(’ test.txt',
TuEES"):

sub

consele.log(data) ;

-

1. fs Module (File System) 2. path Module (Path Handling)

(ece ) ece ]
const fs = require('fs'): const path = require(‘path'});

4/ Read a file @ conat filePath = path.join('folder’, ?_,3
. ‘i 'f1lectxt');

console.log{filePath):

conaole

3. os Module (Operating System) 4. hitp Module (HTTP Server)
eoce ] eo® |
const os = require{'os'); const http = require('http'):
console.log( Platform: ', os.platform()); m Senak avever = hitp aescemscuelizeg; 2ol 5 ( .
consale.log(' CFUS o apus £ Tangeh); ”:'n.mdl Mello from Node.ds"):
console.log('Frea Mem :', on.freemem());

server.listen(3000);
.leg("Server running on port 3000°};

12,1261 Kay Points |

12.12.4 Usr'.ng Built-in Module |

(ES Modules) J
( Syntax:
i.m.Port moduleName from 'module-name’:
Exa.mpf.e:
eoe )

import fs from 'fs';
import os from ‘os';
import path from 'path’';

console.log(os.platform()) ;
console.log(path.join('a"','b',"e"'));

[¥] Built-in modules come with Node. js.
1  Neo installation requjred._

M Use require() in CommonJS and import in ES Modules.
[4  Provide essential features like file handling, OS info, HTTP, path, etc.
[ They are s_ﬂ'ict’xnf and optimized for Parformanm_

U2

K'ey Takeaway :

( I

\

_\’_ Built-in modules are ready-to-use modules Prwi.daa'. .53 Node. js.
Theg save time, reduce dependenci.es and Provia'.e reliable core feai:ures for a.pph',ca.ﬁans.




12 .13 File Sysfem

(12.13.1 What is File System (fs) Module? |

¥ The fs (File System) module in Node js allows interaction
with the file system on your computer
* It Iprovides methods to read, write, update, delete, rename
and manage files and directories.
¥ We can use fs module to perform both synchronous (blocking)
and asynchronous (non-blocking) file operations.
%* It is o built-in module, no need to install.

o nw

LY
Read Files \\
Y
“«--->
Create z"
Directories i

(12.13.4 Synchronous vs Asynchronous |

' B,
Operation Method Description i ; N
2ia i | 12.13.3 Example: Read and Write File

Read File fs.readrile() | Reads the content of o file . =
Write File PR Writes data inko o file ( tes) 1. Write to File CwriteFile) 2. Read from File (readFile)
Append File | £a.appandPile() | Appends data fo a file L Eee
Delete File kiRl . ﬁlc const fs = require("fs"); const fs3 = require('fs’);

const data = 'Helle, Neode.is!'; fs.readFile( "example. txt’, "utfB",
Rename File £s, renama () Renames or moves a file. (erz, data) => {

fs.writeFile( 'example.txt',K data, £ taxs) {
Create Folder fs.mkdir () Creates a new directory. :.:::t::rjl . donacYe. ieg i Eiras: . eEE)}

; . i console.log('Exrror:', err); } alaw {
Read chfory fs.readdir () Reads the contents of a dcrec{m'y sl {' e console.log('File Content:');
Delate Fold fa.emdir() Pulatas: airi : : y. :::::::;i\:z;;l::.je written }cmsole.lﬂq{dntn):
1 i
i
L B

©12.13.5 Examples of Other fs Operations

=
1. Asynchronous (Non-blocking) T Append te File 2. Delete File 3. Rename File
% Default methods in fs module. e e [eoce ece ]| [®oe
f2.appendFile (example . txt', fs.unlink (' example.txt', s . raname (‘ald. ", e Ewet,
¥ Uses callbacks. I: "\nThis is appended text.', lexrr) => { E{.“; - '{ e
Next Code teze) =» [ if (err) console.loglerr); err) console. err) ;
# Does not block the next Gﬂd&fm ks if (err) console.log(ert); olse console.log('File ::a: ao;uh.legt:'-:::ln&;‘.'!-‘
executing. I alse console.logi Appended! ) : deleted!’); n:
1 B:
"*’ Bﬂfﬁrﬁr Perﬁ:rmancu Cuﬂbuc’t il —
J I 0-0
W e % x

. Synchronous (Blocking)
Methods with Sb-nc su‘fﬁx_
Blocks the next code until the
operation is complete.

Simple to write but not efficient
for large applications.

¥

.

4. Create Directory

5. Read Di.recfarg

6. Delete Direcfory

eoce

¥

fa.midir | ‘myFolder ,
if (err) console.leg(esc);
else console.log('Folder
craated! ") ;

Lo

{exr)

209

= |

s

(4

f3. veaddic(',', {erx, files)
if {err) console.loglerc}.

wlse conscole.log(filea):

= {

L 11

fe.rodir( ‘syFoldec', (erc) => {
if {erc) conmola.loglecc);
elisa console.log( Folder
deleted! "}

!

:12.13.6 Key Points ‘

| fs module allows working with files and directories in Node.js.
% Suﬂparl‘s both synchronous and asynchrwus upemﬂons.

| x’lsym: methads are recommended for better perfommnca.

[ Common operations: read, write, append, delete, rename, create folder, read folder.
“ :‘c[wags handle errors using callbacks or Ery. . .catch (for sgn.:J.

KEH TO.kBG.WCI.H H

The fs module is essential for ﬁ[z handhnﬂ in Nodg_Js_
Use asynchronous methods for non-blocking operations and better

scalability .




12 .14 Path Module

| 12.14.1 What is Path Module? |

* mepnfhmaddeprmdesutdiﬂesforwkug
with file and d.l'.recfnry paths.

# 1 Yol s hindling sl Branfenng polke
in a crass—Plafform way .

¥ It is a built-in module, no need to install.

Ve o Wl sl ani Limie re 3
¥

oy

e Resolve Paths

‘\h\* 5

Get File Info

Puﬁh. resolve()

1.2 14.3 Exa.mp!e paﬂt Jom() & |

Get File Extension
& Name </>
( I Y
| 12.14.2 Common path Methods e
- J
Method Description Example

path. join([. . paths]) Joins all given path segments. path. join('a’, 'b', 'e'}

path resolve([.. paths]) | Resolves to an absolute path path.resolve(’ foldes', ‘file.txt') Using Paﬂv..Jo:'nU

path. normalize(path) Normalizes a path (remove .., .) path.normalize('a/./b/se/../d")} ( 0@

| path. basename(path, ext) Returns the last portion of @ path. | path.basename(/a/b/c/file.txt’)

const path = require( ' path®);
conat p = path.join('folder’, "sub’,

folders\aub\ file. txt
folderfsub/file. txt

"file.txt')

(Windows)
(Linux /mac0s)

P«Eﬁ.d-rmmt(pnﬂt} Returns the dl.ru:fwy mame uf a .lqu path. dirname('/a/b/c/file. txt'} console . log(p):
f/ Cutput:

path. extname(path) Returns the extension cf nﬁh path.extname('file.txt") "

path.parse(path) Returns an object with path parts path.parse(”fasb/c/file. txt ") =

path. format(pathObject) | Creates a path string from an object | Path-formac({dir:®/a/b’,

Usi.ns Pa.ﬂ:.

resolve()

base: 'file. txt')) ’.@.
th isAbsolute(path) Checks if the is absolute th. isAbsolute('/a/b"
pa pa f Faﬁ path.isAbsolute('/a/b") const path = require('path');
Paﬂl.rlMwafrm, tol Refurns the relotive pﬂlﬁ'ﬂn ﬁtlll. to "to"| path.relative("/a/b', ‘/a/bfe/d’) conat p = path.resolve(’'folder’', 'sub', 'file.txt');
z : consolo.logip) :
th.se Retumns the plalform specific separafor. */* en Linux/mac0S,"\\" en Windows
P i o ﬁ: £/ Output: C:\Users‘\user‘folder\sub\file. txt
L path. dalimiter Returns the delimifer used in PATH enw. | ':' on Linux/mec0S, ';' on Windows ) 1 Jhome/user/folder/sub/file. tat
- i
o~ o o — I
12.14.4 Examples of Other pafh Methods |
- - \
(I. basename() 2. dirname() 3. extname() 4. parse()
conat path = requice( path'): comst path = raquice( path’): canst path = reguice('path’): canet path = require(’path’):
conaole. loglpath. basenane | fa/b/of#ile. txt 1} ; conoals. log (path. dirnane (* /a/bie/file. tar')) conaole. log (path. extnama | index hi=l'i); conat obj = path.parss( fa/bie/fila. ext');
74 Output: file.txt /f Output: fa/ble /F Cutput: .htal g L L
/* Dotpat:
| —
console.log (path. basensme( ' /a/b/c/fils txt*, : sk A ress—
f.emtt) ) k. dir: “fafbfer,
/! Output: file base: ‘file.txt', LT a—
D ‘ Bt e e, rram—]
o v/ mane: ‘file’
. . .-
2
5. format() ] 6. isAbsolute() 7. relative() 8. normalize()
|
const path = requirel'path’): conat path = requirel‘path'}: const path = requirel‘path'): conat path = requirel'path'):
eonst p o= path. forsat(| conscla.log(path. tadbaoluts (" /a/b']); conat rel = path relative{'/fa/b’, conaole.log (path. nosmalizet' a/. /b el . fd 1) 7
dig: tlarbiet /f Output: trus *fafble/dfTile txt")
base: "Pile. txt' Sk g L Sulk el b A5 Y consola. logirel) : // output: afb/d (Linuxi/macos)
11: =
1 Dtts- Ealee /4 output: ch\difile.txt (Windows) £ aibid {Hindawa)
conmals. logipl i cfdffile.txt (Linux/macCs)
/7 Output: fa/bieffile.txt Q ,.
| tam | —» | c/d/file.txt | Q

12 14 S5 Key Pomts

Pafﬁmod.tdehelps mawuhﬁm_gfdamddweclavypaiﬁs
It ensures cross-platform compatibility

Use Pni.‘h Jsm() to Jjoin mulhpfn Pnﬂl xagmaﬂts

Use Futh.rssnf.ve() to 3¢£ absolute Paﬂl.

EIEJEIEIEIEJ

Alwngs meer Pa.fﬁ. methods over manual sfrmg opemﬁmns ﬁ:lr'

Methods like basename(), dirname(), extname(), parse() are very useful.

Fn.f.‘l.s

Key Takeaway:

_.\{__ The ’DG.H’I. module in Nod:e.JS makes wrkmg with ﬁle and n{:'.reafnrg Paiﬁ.s easy and reliable.
1 It avoids piaffcrm—speci:ﬁc issues and mas code por‘fa.bdi.fy.




12.15 Events

(12.15.1 What are Events? |

% Events are actions or occurrences that happen
in @ Node_js application.

% The events module allows us to create, emit
and listen for events.

* It faﬂnws the EventEmitter class.

* It supparfs even.f:-driven, a,synchroiwus

programming .
¥ Used in many Node._‘js core modules like

hﬂp. fs. stream, net, elc.
12152 Common EventEmitter Methods |

Event Flow 4-_ Event

Node. J's I‘rpplr}cafi.on

1.2.1_5._3 Exa,mple: Basic E\-re:nf

Method Description Example e — .
on(event, listener) RSSLS&FE a listener for emitter.on('data', callback)
the specified event. const EventEmitter = require('events');
T GO ...urgs} Emits an event, hvol:.‘ng R R e e const emitter = new EventEmitter();

all attached listeners.
Registers a listener that

/! Register event Listener

enitter.once(’'end’', callback) emitter.on('greet', (name)} => {

oncelevent, listener)

is invoked only once, console.log('Hello, ' + name + '! @');
offlevent, listener) Rgmues @ spacific enitter.off(‘data’, callback) L2k
listener. i A
Removes all listeners for ‘”‘ e . W -
removedlll isteners( (event]) | the _;Pemﬁa.d event or emitter removeRAllListeners('data’) emitter.emit( great’', Alice');
all events emitter.emit('great', 'Bob');
listeners(event) E:::F:I;‘S n;o:r::f :-3;1-! emitter listeners('data’) - quput =
eveniNames() R:::tm ot Df ol emitter. eventMames () Hello, Alicel @
9 € e J Hello, Eob! [
12.15.4 Example: once() J | 12.15.5 Example: Removing f_l'.sémersJ
= ~ R i e e e e \
.0 e gas | Real-life Analogy |
conat EwvantEmitbter = require('ewents'); conat EventEmittar = regquire( avents’); | |
const emitter = now EventEmitter(); conat emitter = new EventEmitter(); | :
l Event |
emitter.oncel 'legin', () == { function handlec() { | |
console.log('User logged in (this will run once)'); console.log('Data received'); | R R :
135 ¥ |
| Event Emitter Event Listenars |
emitter. emit( login'}; f4 First time emitter.on{'data’', handler): | {S'cna.hr; ( Audience) I
amitter emit( login’); /f Second time (will not run) emitter emit('data’); // Data received | |
emitter.off({ 'data’, handler); // Remove listener : |
L ) | _emitter.emit('data’); ¢/ (No ocutput) g The speaker announces an event, i
| and all the list (audience)
Output: Output : | ok Bt |
User 1933:0'. in (this will run once) Data received L react £ !
12.15.6 Common Events in Node js Core Modules |
Module Common Events Description Example Use
hitp raqusf:. response, error 'H-iggmd on HTTP request, response or error. Create web servers. .
fs open, close, read, write, error Triggered on file system operations. Read/Write files. b
stream data, end, error, close Triggered on stream data flow. Handle streaming data. —]
net connection, data, error, close Triggered on network events. MNetwork communication. %
process exit, uncaughtException, warning Triggered on process lifecycle events. Handle process level events. G
12.15.7 Key Points
r /
Events are the heart of Node js event-driven architecture. [] Always remove listeners when no longer needed.
[/] Use EventEmitter to create and manage events. 7 Many core modules in MJS iz e Bvents: APT
Use an() to lister, emit(} b frigger events. [/] Events help in writing scalable and responsive applications.
E’] omef)isusefdhﬁmﬂwﬁsﬁemshmidrmoﬂfymu.
\
Key Ta.fceawa.y'
_\’m The Events module in Nade.Js allows your appkcafm to react to fhl.n.gs that ha.ppen.
! It mﬂkﬂs HW Cﬂd& G.Syﬂ.cf"lrﬂﬂﬂus, mﬂdu.l‘.ﬂf ﬂ.ﬂd ﬂﬂ.-sy éﬂ exf.erl.d.




12 .16 Environment Variables

12.16.1 What are Environment Variables? | @
% FEnvironment variables are key—value pairs - # Q
used to store cnnﬁguraiion outside the code. Secure \‘\.‘_ /"l D'Ph’ﬂ‘""““'
! s Store sensitive A X Different values
¥ They are useful for managing sensitive information for dev, test
En.for'mfian (like API kcys, ,ua.sswards.}, securely S production
configuration settings, and environment
specific data. < />
% Node. js provides access to environment
variables via the process. env ob J‘gcf_ Code
Access via

* m‘g hﬂtP keeP Codt sSecure, ﬂul.b‘ie
and easy to deploy.

PFGCESS. Env

12.16.2 How Environment Voriables Work |

12163 J"lccessi.ng Environment Variables in Nc-cie.J's |

.
@ 1. Set g, S L variables: in godr systam; // #Access environment variables
i ﬁh iy ] Phtfarm' console.log (process.env.PORT) ; // 3000 (example)
q 2. Access Access variables in code using process. env. conscle . log (process.env.DB_HOST) ; /7 localhost (example)
const apiKey = process.env.API KEY;
m Soi bag e SRS N g logw. console.log('API Key:', apiKey): 4/ gour_api_key

e 4. Secure Keep sensitive data out of codebase
\

.-1:2.16.4 l':)smg en: ;'Ele . ;_12.16.5 Exa.mple: U;mﬁ dotenv f;a.ckcxﬂe .

f_ L -\.l
% .env file is used to store environment : oy ﬁk .:\r i (eoe ]
variables in keg—vgfug fgrnmf_ ; (“M‘Ph) : // npm install dotenv
* It should be placud i e radt : PORT=3000 : require(‘dotenv') .config(); // Load . env fil.a
W'&"’S °f Hour FFDJ”{" : xhsgggjlo'::lm‘; i console.loeg('Port:', process.anv.PORT):
¥ Do not commit env fi.fs to Git. | DB_P;&SS!;;:‘Dzsacnqu i console.log('DB Host:', process.env.DB_HOST) ;
Add it to .gilignore. : API_ o LY : console.log('API Key:', process.env.API_KEY);
el S b i i etoe il L // Now you can use these variables in your code

Cidu0A5E eytiy Ege e Ve ) (12,187 Example Usage i Application

Method Example Des:rlpﬁnn eo0® 3
Set in 05 environment Available for all applications |
. Wi m raguire('dotenv') .config() ;
SR i variables. on the system.
1 const port = process.env.PORT || 5000; // default port
2 i | Line u PORT=3000 node app.js Set _tw fm' g sulgie const dbHost = process.env.DB HOST;
Set 1 the code :cnsola.lag(jﬁervar running on port 5_{90:!‘.} i I
3 In Cods <!> prmu.mv.m = '3000"; Crot f“ conscle.log( Database host: §${dbHost} ):
sensitive data)
b Set in .env file and load fitnd Cenpla)
4 _env File PORT=3000 ; 3 Server running on port 3000

Database host: localhost

"12.16.8 Key Points |

L ! L ? i code,
[ Environment variables stor figuration outside the code
Never hardcode sensifive information in your code.
E Access them in Nﬂdc.J.s using process, env
Envi nt iahles make lications and flexible.
E Use .env ﬁfg and dotenv for local n‘.evef.urumen.f. 4 el i e

Key Takea.wa.y :

B

__"_ Environment variables hd,o you manage cmﬁ'gura.im and sensitive dafa securafgk
They make your Node. Js qppbmfian.s more maintainable, Porlable and Producﬁou—rzruiy.

\,




12.17 Error Hand[f.ng

(12.17.1 What is Error Handiing? |

% Errors can occur dw'mg the execution nf a program
because nf invalid mimf. fmled operaﬁm, network

Why Error Handling?
A
Q.

-
-~

2 i Prevent T & Handle
i ) Application Crash Unexpected Issues
* Ermriwndlhgaﬂwsmfnsmmfdlghwdieiﬁwu
errors without crus'zins the appl:l.cafzm __,"” “'\\ o
% Nodejs provides mechanisms to catch errors, Q e I LY
handle them and take appmpriu.fs actions.
Easy Debugging o@e Maintain Code
* It improves the rtb'.a.ﬁl'.&fy and user experience af .‘.‘ St E.“H
o a.pp[r.ca.ﬂ s Better User
Experiem
12.17.2  Types of Errors in Node.js 12173 Example: Try. Catch J
[ T 2%, E ece
ype Description xample i {
Syntax Errors Errors in the code syntax Missing brackets, commas, efc const data = JSON.parse('{"name": “John"}');
E. it ] R c ToneE. conscole, log{data.name) ;
Runtime Errors e n:z; E R.ﬁr“m rrnrf:c it console.log(data.age); // This will cause an error
g e it et & ) catch (err) {
Errers refurnad by the OS console.log( 'Error Caught: ' + err.message);
System Errors CAle not found, : T ENOENT, EACCES, ete ) finally {
console.log( 'This block always executes');
: Errmmﬁu!osi:ofﬂuwnm Wrmgcakufuﬁon,hmlid
g S (not detected by Node,js) conditions, etc. :
p
E Errors in async Opruﬁm.s like File read ﬁn{nrt DB connection f::fﬂf:
Asynchronous Errors
callbacks, promises, events failure, ete Error Caught: Cannot read properties of undefined (reading 'age')
2 This block always axecutes

12,17 4 Example: Callback Error Handling |

-

12,17 6 Handing Errors in EventEmitter |

Event
Emitter
error

g — =

Error
Handled
©

12.17.7 Common Bﬂ?m

N =

.
¥ If an 'ervor’ event is emitied
and no listener is attached,
Node js will crash the
uf#imﬁa:
¥ Always handle ‘error’ evenis

Error Ob J';Es_:

Error Name Description
SyntaxError Thrown when there is a synfex mistoke in the code.
Referencefrror | Thrown when a variable that is not defined is used.
TypeError Thrown when a volue is not of the expected fype.
RangeError Thrown when o value is not in the valid range.
Error Base class for all errors.

=
b Always check eoe g
const fs = require('fs'); the _ftrsé const fs = recquire('fs').promises; ]
fs.readFile ('example.txt', 'utfB’', (err, data) => | G’S“"“m fa.readFile ('example. txt", 'utf8') |l
if (erz) { (err). ff it .then (data => { I
console.log('Error reading file:', err.message): is not aull, console.log('File content:', data): :
return; an error B :
} Gedrrads .catch (err => { |
console. log('File content:', data): sl console.leg('Error:’', err.message); |
E " N :

=4 T L i

. 2251 AS Exampfg: Promise Error Hmd.b'.n.g |

const EventEmitter = require(’'eventa’):;
conet emitter = new EventEmitter():

Output:

Error Ewvent:

emitter.on('error', (ezz) =» {
eonsele.log('Error Event:',
i

Something went wrong!

err.message) !

emitter.amit{'error', new Exrox (' Something went wrong!'

o

(12.17.8  Example: Custom Error

0@

class ValidationError extends Error |
constructor (message) |
super (message) ;
this.name = ‘ValidationError':
}
]
throw new ValidationError('Invalid input provided'}):

12.17.9  Key Poinks

[ [ Jﬂw._(,ts c.rlf.:.cupaf.e_ errors and handle them proper!g.
[ Use try...catch for synchronous code.
[l  Use callbacks / .catchC) / asym:—mi.l with ira-...catcﬁ

far asynchronous code.

Handle 'error’ events in EventEmifter.
[F]  Provide mwu.r\sful error messages fo users.

:Keg Ta.iceaway :

L
\

Error handling is essential in Node js to gracefully manage failures,
vaanf crashes and build reliable, maintainable nﬁ:&.cnﬂons

>




