Ehapter 24: Performance Optimizationj
24.1 React Performance

[ 243‘1 Wh_at_E- Rs{acﬁ Eergfqrm_afce_ﬁj

% Performance in React refers to how fast and efficiently Poor Performance Good Performance
a React application loads, renders and responds to

user interactions. Mo,
% Good performance improves user experience, reduces iy’ # @
. A i Loading...
load time and minimizes unnecessary re-renders.
*

Optimizatfon ensures that the application uses minimum

resources and updates only what is necessary. Slow, Unresponsive Fast, Responsive

|24.1.2 WHH Optimize React Performance?]
Improves user satisfaction and engagement.
Reduces bounce rate and increases conversions.

*
*
% Saves bandwidth, CPU and memory.
3
%*
2

Helps applications scale better with more users.

Follows best practices for clean and maintainable code. Better Performance

[

4.1.3 Common .Performance Issues in React |

'd ™ ' N ' ™ 'S 1 'd b
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Unnecessary Large Inefficient Heavy Too many
re-renders bundle size | state management ) | components ) ! API calls
Key Points:

, [] React performance depends on how components render and update.
E Avoid unnecessary re-renders and heavy computations. ="

[Z Optimize state, props, context and side-effects. — dl
[V] Use code-splitting, lazy loading and memoization for better performance.

|E4.1.4 Best Practices for Better Performance |

e —— — — —— ————— — — — — — — —

% Use React.memo to prevent unnecessary re-renders. ( \i
% Use useMemo and useCallback for memoization. : LY Remember: |
% Optimize state updates and avoid deep nesting. :_@_ Optimize early, measure often |
% Use lazy loading and code splitting. I and focus on what truly / :
% Reduce bundle size and remove unused dependencies. ! affects performance. II [

d : | O I
% Use production build for deployment. L J

Key Takeaway:

2 l £ Optimizing React performance helps in building fast, responsive and
@ scalable applications that provide a smooth user experience.




24.2 Component Re-rendering

124.2.1 What is Re-rendering? |
% In React, when a component's state or props change,

it re-renders. State / React
Props =P Triggers =

% Re-rendering means React calls the component Change Bt
function again and updates the UI. :

* Re—rendering is normal, but too many re-renders uI Updo.f:ed
can affect performance.

[24.2.2 When Does a Component Re-render?l e e R
| . )
% When its own state changes. :_\ I ’_ Note: I
% When its parent re-renders and passes new props. | @ Even if props or state values are the m’:
% When context value used by the component cha.nges. I React may still re-render the component. |
Y P I e ; s |
% When o parent component re-renders for any reason. L HHHHHH T b Tfss_m‘i :eji :fg'_/]
24.2.3 How Re-rendering Works in React ‘
1. State or props 2. React marks the 3. The componenf 4. React compares 5. Onfy the changed
update occurs. component to function is called the new output parts are updated
= re-render. B again. P with the previous B in the real DOM.
y ™ \ t (Virtual DOM).
o A= Y Sl :
v— R/
\ S . J \, o \ J \ 7

{ 24.2.;}_ Causes of Unn;cessa.g Ee—rer;de;s ]

f— | | [ |
D% C &
: : Bribe_orell

|
Inline functions | Objects or arrays |  Passing props | Not using memoization | Unnecessary
created in JSX | created inside |  that change | for child | context updates
' the component ' on every render components '

Key Points:

™| Re-rendering is normal in React and keeps the UI in sync.
[ Too many unnecessary re-renders can make the app slow.
[ Understanding re-rendering is the first step to optimize performance.

[ Use memoization, stable props and proper state management to reduce re-renders.

Key Takeaway:

~ | rd
_@_ Minimizing unnecessary re-renders helps React applications run faster, _/

use fewer resources and Pravide a better user experience.

a
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24.3 Memoization

I 24.3.1 Wh‘ft is M_emEiziltion?J

How Memoization Works

% Memoization is a technique used to store the If Cached
result of expensive function calls and return Paburn Cachad
the cached result when the same inputs occur Inputs Memoization

Result
again. Check / (Fast)
E

¥ It helps to avoid unnecessary recomputations \ If Not Cached

and improves performance‘ Same Inputs
Compute Result
% React provides built-in memoization utilities i Baka T8
like React.memo, useMemo and useCallback. (Slow)

(2-4.3.2 W;lg Uée .-"‘Temoizaéio-n_? |

% Reduces unnecessary re-renders.

% Speeds up expensive calculations.

% Improves the performance of React lications.
G perf f g Without Memoization —® With Memoization

% Optimizes rendering of components and functions.

(Slow) | (Fast)
% Helps in handling large lists and complex Uls efficiently. |
{24.3.3 Types of Memoization in Reai |
s T N ~
1. React.memo 2. useMemo 3. useCallback
% Memoizes a functional component. % Memoizes the result of expensive % Memoizes a callback function.
% Prevents re-rendering if props calculations. % Returns the same function instance
remain the same. % Returns the cached value unless unless dependencies change.
% Used for optimizing pure components. dependencies change. % Useful for optimizing event
— % Used inside functional components. handlers and child components.
<[> | Reactmemo() ol I useMemo() (:) useCallback()

i_434 When f:o _U_se Me_ﬂ"IOEZﬂﬂon_?_l-‘

&

| |
| |
| |
| |
| I
When rendering large l When a component : When performing
| |
| |
| |

{o

When passing callbacks When dealing with
lists of data. re-renders frequently expensive calculations to child components. complex data and
with same props. inside components. state updates.

Key Points:
( [ Memoization helps to cache results and avoid unnecessary work.

M Use React.memo to memoize components.

[ Use useMemo to memoize values.

[/ Use useCallback to memoize functions.

M Use memoization only when necessary, as overuse can add complexity.

Key Takeaway:
% | Ea & & & 1
[ _@_ Memoization is a powerful optimization technique that improves the performance /

of React applications by caching results and preventing unnecessary re-renders. O .I




24.4 Lazy Loading

(24.4.1 What is Lazy Loading? |

* La.zy loading is a technique that loads components

only when they are needed, not at the initial load. r——
% It helps to reduce the initial bundle size and —I' component

How Lazy Loading Works

improves performance. iy f"‘fd*"d
% React supports .".azy loa.dt'ng using Reo.cf,[azyo Initial Load patsicany
and Suspense. (Main Bundle)
LE‘J 4 2 Whg Use .I'_azy Loadmg?
% Reduces the initial load time.
% Improves performance and user experience.
¥ Loads resources only when users need them.
% Helps in building scalable and efficient applications.
| 24 4.3 How to Implemenf La.zy Load[ng in React? ‘
( import React, { Suspense } from 'react’; 1 * React.lazy() is used to import a component
const About = React.lazy(() => import('./About')); dynamically.
function App() { ¥ Suspense is used to show a fallback UI
return ( while the component is loading.
<div> % The component is loaded only when it
<h1>My App</hi1> 6 FaRdarad.
<Suspense fallback= {(di.u:-Loa.di.ng. TR, ) e e e
<About /> i‘ i Note : }
</Suspense> | Y y ) |
<fddvs |_ — Lazy loading works only with default |
); | exports. Named exports require I
} | additional handling. |
\, v l\ ]

|.-724.4.4 When to Use Lazy Loading?}

|

e ©®eo |
e
i

|

When a component When the component When loading admin When building large When you want to save
is used on @ is large and not panels or settings scale applications with bandwidth and improve
different route. immediately needed. pages. multiple features. initial load speed.
Key Points:

( [ Lazy loading reduces the initial bundle size. ]
M Use React.lazy() to load components dynamically.

[/l Use Suspense to handle loading states with a fallback UI.
(] Lazy load components that are not required at the initial render. (

M It improves performance, user experience and resource utilization.

Key Takeaway:

3 ' n Lazy loading helps load components only when needed, reducing load time
@ and improving the overall performance of React applications.

et 4




24.5 Code Splitting
[ B

(24.5.1 What is Code Splitting? |

How Code Splitting Works
¥ Code splitting is a f:ec!mique that breaks the

application code into smaller chunks. Initial Bundle
% This o.iiowsozhe fa.ppltizufion ﬁotload only the N Othar ports: of
necessary code for the curren e.
Y Pag —> | the application | —p

% It helps to reduce the initial bundle size and

..I are split into

improue Performo.nce‘ semte chunks,
% React supports code splitting using React.lazy(),  Only essential code
Suspense and dynamic import(). is loaded initially.
(24.5.2 Why Use Code Splitting? |
% Reduces the initial load time. rf____;f_f_. _______________ 3
% Loads code on demand when required. B i |
] | = = Every route or component can have its own |
% Improves per_forrfmnce and user experience. : ol Thiss bioncles: ore) dosedbaded ol :
% Decreases bandwidth B | when the user accesses that part. |
% Helps in building scalable and efficient applications. |\ ______________________ J'
‘5"; ..’;3 How Eo_ frr:PEemg C_o:i_e_ ép{_if:ﬁrg in_ Reacf;?_h;
import React, { Suspense } from 'react'; A % React lazy() is used to import a component
const About = React.lazy(() => import('./About')); dynamically.
function App() { ¥ Suspense is used to display o fallback UI
return ( P P
Lils while the component is loading.
<h1>My App</h1> % The component is loaded only when it
<Suspense fallback= {<div>Loading...</div>}> is rendered.
<About />
EE———
</Suspense>
</div> @
I
%, } A
. After Loaded
(24.5.4 When to Use Code Splitting? |
a0 SSSE ) | |
- (ea | l G
| |
- Gl : :
When different routes : When large components } When loading admin : When building large I When you want to
have different | are not needed on | panels or settings | applications with | improve performance
components. | every page. | pages. | multiple featwres. | and reduce load time.
Key Points:

[ Code splitting breaks the code into smaller chunks.
[ It reduces the initial bundle size and improves performance.

E Use React.lazy() and Suspense for dynamic imports.
4 P Y b o
[¥] It loads components only when they are needed.
mp Y
(4 It provides a better user experience and saves bandwidth.

Key Takeaway:

[ _\@’_ Code splitting helps React applications load faster by loading only the code

that is necessary, when it is necessary.




24.6 Image Optimization

(24.6.1 What is Image Optimization? |

e Ima.ge optimization is the process af reducing
the fiie. size of images without losing qua.ﬁfy.
It helps to speed up the website and improve

user experience.

Opfimized images  load _fa.sfer' and save
bandwidth.

It also helps in better SEQ and performance.

*

*

*

(24.6.2 Why Optimize Images?
Reduces page load time.

¥
Improves website performance.

Saves bandwidth and server resources.

¥* ¥ ¥

Better user experience and engagemeni:.

% Helps in better SEO rankings.

‘24.6.3 Best Practices for Ima.ge Opfimizaf@

Original Image
(Large Size)

How Ima.ge Opfimiza.ﬁion Helps

Optimized
(Compressed
& Resized)

e

Optimized Image
(Small Size)

Impact of Image Optimization

Before Optimization | After Optimization
Image Size 1.5 MB 120 KB
Load Time 5.2 sec 0.8 sec
Bandwidth Usage High Low
! User Experience Slow Fast |

| - | | T |
TR | | N
| | L | - | | ety |
L2 @l B o S
Use modern I Resize images to : Compress images I Use lazy loading : Use CDN to serve : Avoid loading
formats like | the required | without losing | to load images | images from nearest | unused or hidden
WhRAGE ¢ dewih. | gl | sheaid. | el | e,
(24.6.4 Image Optimization in React | [ i !
src="image.webp"
% Use the loading="lazy" attribute for lazy loading. alt ="Sample"
% Use responsive images with srcSet and sizes. [00-'15“3:" I"-ZI:H v
% Use optimized image formats like WebP. :;f;:ti ..Gfé}o y
¥ Use libraries like nexf:/inwge (Nexf:Js} ﬁ:r automatic apﬁmzn.twn srcSet = "image-600.webp 600w, image-300.webp 300w"
% Store u-mges i BN o cloudl stamge sizes =" (max-width: EOOPX:} 100vw, EOOF:("

/>

- Key Points:
Optimized images load faster and improve performance.
Use modern image formats like WebP and AVIF.

Compress and resize images befare uploading.
Use lazy loading to load images mly when needed.
Use CDN to deliver images quickly to users.

NEERE

M | i i b i ' e

Key Takeaway:

_@._

and higher user satisfaction.

Image optimization is essential for fast, scalable and user-friendly
web applications. Always use optimized images for better performance




24.7  API Optimization

(24.7.1 What is APL Optimization? |

% API optimization is the process of improving the
performance of APIs used in an application. Cliank Server

How API Optimization Works

Optimized
¥ It reduces the response time, server load and ;:um.z:; =
bandwidth usage que Optimized
x AP
¥ Optimized APLs help in building faster, scalable - e
and reliable appﬁcaﬂans. = Faster g
¥ Good API opfiml'.zafion improves the overall Request Respon_s . Eff icient
; (Data) Processing
user experience.
(24.7.2 Why Optimize APLs? | Inpact of APL Optimization )
Before Optimization | After Optimization
%* Reduces network latency and response time. : £ 0’; i ZSP
% Decreases the load on server and database. Fisionis Tine i i, Q ms
% Saves bandwidth and reduces data transfer. fake. oo . ki
% Improves perfornmnce and user experience. Server Load High Low
¥ Helps in handling more users and requests. Bandwidth Usage High Low
g User Experience Slow Fast )

[24.?.3 Best Practices for API Opfimizo.ﬁonj

| | | | |
; ) | I | | O |
| | | | (= |
Y Q| it X G
[ I [ | @ ' |
Use pagination to { Use filtering to : Use compression : Implement caching l Use field selection : Avold multiple
limit the amount l fetch only required II (Gzip/Brotli) to reduce : to reduce unnecessary: to request only : API calls by
of data returned. | data. i payload size. I API calls. | needed fields. | batching requests.
[24.?,4 Techniques for APL Optimization { X Nule }
& = Y |
% Use pagination (limit, offset) for large datasets. [ @ Always design APLs to return only |
o ; : | the necessary data. Over-fetching |
%* Use f:.lfermg and sorting to get precise data. | and undar-abihing: rcars) ot wffuct:
% Enable response compression to reduce data size. | performance. J
e - R T I N e A
% Cache ae o nses‘f:ad miofi repea.f:ed r:;:esfs) Over-fef:cﬁr'.ns' Vs Opfimized Fef:chins
% Select only required fields (field selection). O feldhing Optimized. Fetching
% Use batch requests to combine multiple calls. (Unnecessary Data) (Only Needed Data)
» :

Use CDN for static and semi-static data. —

I e e e S 0

(24.7.5 Example: API Call Optimization |

s

After Optimization
fetch('https://api.example.com/users?fields=id ,name,email&limit=10")

Before Optimization
fefch( "https: //a.pi .example .com/users’ )
.then(res => res.Json())
.then(data => conso[e._lng(daf:a.));
// Returns all user ﬁelds (over—fetcﬂn‘g)

.then(res => res.json())
.then(data => console. I'.agfdatn) }:
// Returns anly required ﬁelds with limit ( opfi.'rr.ized)

Key Points:

4 API optimization reduces response time and server load.
M Use pagination, filtering, caching and compression.

™ Always request only the required data.
M Opﬁw'.zed APIs improve performance. scalabl'.iify and user experience.

Key Takeaway:
3 Well-optimized APIs make applications faster, more efficient and scalable while __/
vaidl'.ng a better experience to users. O lI

\I/




24.8 Database Query Optimization

{24.8,1 What is Database Query Opfimization?]

%*

*

Query optimization is the process of improving
database queries to make them faster and more
Efficf.enf.

It reduces the time taken to fetch data from
the database.

WEH."OPﬁlm-.Zed qﬂerm f'edu.ce server I'.Oﬂ.d ﬂ.ﬁd
improve application performance.

It helps in better resource utilization and faster

response time.

LR I

[24.8.2

p—

Why Optimize Database Queries?]

Reduces query execution time.

Decreases server load and CPU usage .

Reduces unnecessary data transfer.

Improves scalability of the application .
Enhances overall user experience.

Helps in better utilization of database resources.

How Query Optimization Works

: Database
<> — Optimizes i
= <« the Query
T (Execution Plan) |
Application Database
(Send Quzrg} {Returns Data)
Impact of Query Optimization W
Before Optimization Aﬁer Opﬁ.mi.zaﬂan
Qu.erg Execution Time 1500 ms 180 ms
Dotabase Load High Low
CPU Usage High Low
Data Fetched Large Required Only
User Experience Slow Fast

P

24.8.3 Best Practices for Query Optimization |

| | | | | |
| |
g ' | | ! ! !
| | | | | |
Use indexes on } Select only IUse WHERE c[aussl Avoid umecessmy: Cache query : Use JOINs |[
fmqu&nﬂy searched | necessary columns, | to ﬁitsr data | so.r‘fb'ls and | results to avoid | effr.ctenﬂy and | using EXPLAIN
calumns . lr aveid SELECT *. : early. : grouping . : repeated queries. : avoid  cartesian |[ or Query Plan.
products.
[24.3.4 Tips for Writing Optimized QueriesJ [ e e . e e e e -~
' L+ Note:

¥ Use a.ppmpriu.ie indexes for search and fﬂfer apemﬁm.s,

~

Use LIMIT clause to restrict the number of rows

Avoid functions in WHERE clause on indexed columns.

Use pagination for large datasets.
Optimize subqueries and avoid nested subqueries.

Use connection puo[ing to handle database connections.

Keep dafabase stotistics updated.

b ol
| =@ -
I

|

Example: Using EXPLAIN

EXPLAIN helps to analyze how a query l
will be executed by the database. |

EXPLAIN SELECT id, name FROM users
ORDER BY created_at DESC

WHERE status =
LIMIT 10;

‘active’

*
*
%*
*
*
*

2

|

485_ _Exampl_fe :_ Unoptimized vs Optimized Query-

-

"

Unoptimized Query
SELECT * FROM orders
WHERE YEAR(order_date) = 2024
ORDER BY order_date DESC;
-— Fetches all columns, uses function in WHERE

and may not use index.

FROM orders

Optimized Query
SELECT order_id, customer_id, total_amount, order_date

WHERE order_date >= '2024-01-01" AND order_date < '2025-01-01"
ORDER BY order_date DESC

LIMIT 50;

-— Retrieves only needed columns, uses index and limit,

Key Points :

.

|2l Query optimization reduces execulion time and improves performance.
E Use indexes, filtering, and pagination for efficisnﬁ queries .
M Avoid unnecessary data retrieval and complex subqueries.
E Regularly analyze and optimize queries for better efficiency.

=

Keg Ta.keawa.g ;

Optimizing database queries leads to faster response times, lower server load
and better user experience in appﬁcaﬁms.

@




24.9 MongoDB Indexing

|\F24.9.1 What is McngoDB In.dexing?]

% Indexing in MongoDB improves the speed of data retrieval

How MongoDB Indexing Works

operaﬂms on fnrge collections . Search Using Fob
¥ An index is a special data structure that stores a small Index :
portion of the collection’s data in an easy-to-traverse —_— — .
o —| =
¥ MongoDB uses indexes to quickly locate documents Query ;::Z: MongoDB
without scanning the entire collection. (Find Data) (Quick Lookup) Collection
# Indexes improve read pe.rforma.nc:e but slow down write (Data)
operations slightly . ( Impact o f Indexing A
24.9.2 Why Use Indexes in MongoDB? Operation Without Index With Index
* SP“ ide up query per formance. Query Performance | Slow (Collection Scan) Fast (Index Scan)
¥ Reduces response time . Responsg Time H'.'Sh Low
% Improves scalability for large datasets. CPU Usage High Low
* SuFParfs e_fﬁcienf sorﬂng and ﬁ!f:ering. Scatabiﬂfy Poor Good
e He[ps in better resource utilization. Write Opemtions Factar Sh'ghﬂy Eliiaws
% Essential for high-performance applications. “Sfomge Hrage i Higher (Index Storege JJ
l24.9.3 Types of Indexes in MongoDBJ
=N : N Y
i & i { | 2dsphere «ull i
Single Field Index I Compound  Index I Text Index I Geospatial Index I Hashed Index { TTL Index
Index on one | Index on multiple |  For text search | For location-based | For hashing | Automatically
field. I fields . I operations . I queries . I field values. : remove old data
e R e e s L o B ~
s Note:

|.-24.9.4 Create Index in MongoDBJ

3

// Create Index on Single Field

db.users.createlndex({ name: 1 });

// Create Compound Index

db.orders.createlndex({ customerld: 1, orderDate: -1 });

/¢ Create Text Index

db.articles.createlndex({ title: "text”, content: "text" }):

/f Create TIL Index fExpired after 3600 seconds )

db. sessions . createlndex({ createdAt: 1 }, { expireAfterSeconds: 3600 )

consume extra storage and slow down

write operations (insert,

|
Indexes improve read operations but :
|
|

update, delete).

Index Structure

8-

Index helps in quickly locating
the required documents.

(24.9.5 Check and Remove Indexes |

f" ~

;24_9_6 Best Practices for MongoDB In.dexingw

// List All Indexes % Create indexes on fields that are frequently queried.
db. collection. getIndexes(); % Use compound indexes for multiple field queries.
// Drop Single Index % Avoid over-indexing as it can impact write performance.
db . collection. dropIndex (" indexName"); % Monitor index usage and remove unused indexes.
// Drop All Indexes (Except _id Index) % Use TTL indexes for automatic data expiration.
L db. collection . dropIndexes(); ) % Regularly review and optimize indexes.
Key Padnts:
[ Indexes improve query performance and reduce response time.
M Use appropriate indexes based on query patterns.
[ Indexes improve read operations but slow down write operations.
A Regularly analyze and optimize indexes for better performance.

Keg Takeaway :

\f!
__

MongoDB indexing is crucial for building fast and scalable applications.
Use indexes wwsig to achieve the best Performa.ncs.

-




24.10 Pagination

(24.10.1 What is Pagination? |

How Pu.ginaﬁon Works

* Pa.girmfiaﬂ. is the process af dividing lwgs
dafa sets into smaller chunks (pages). Reguest
(Page = 1, Limit = 10) Server
¥ Only one page of data is loaded and displayed > Fetches >
ot o time. < Required Data.
* It helps in improving performance, reducing Client Response i B el
Data 1
load time and enhancing user experience. (Request Page 1) ¢ e Bpt) (Returns Da..‘:a)
¥* It is widely d in fables, lists, search results, - =
i R : Impact of Pagination
blogs, dashboards, etc.
e R Without Pagination With Pagination
lz# 10.2 W"B‘ Use P “SLRQfW"? Data Loaded All data af once | Small chunks (per page)
¥ Reduces initial load time. Load Time High Low
% Lowers server load and database query cost. Sirisr Load High L
¥ Saves bandwidth and network resources. Bandwidth L High ha
E Improves user experience and inferface usability. Ein, Evppiania Slow Fast
* Easy to navigate large datasets .
Scalability Poor Good
¥ Makes the a‘u'clicm!ion scalable and gfﬁc&enﬁ. -
| @ : ] e e e T O R Y
|-._24'10'3 Exa-_mpie of Pagination UI ‘ b orabs kg :
e e e e = | - -
[ E ﬂ- . EI | Pagination is better than loading oll data af once. |
| 1. * Iy : 4 =4 |[ It improves performance and user safisfaction, :
I First  Current Other Last | | especially for large datasets. |
L Page Page Pages Page }. e /
[.24 10.4 Pa.g:.mfmn in Ba.ckend ('Exa.mpfe in Node.js + MongoDB)J
a.pp.gef:( /api/users’, async (req, res) => { ) % poge= G puge: dusibier:
let = ParseInt{req.querH_Pu_ge) || 1; o Defuuﬂ: page = 1 '*' iLm.Lf MNumber of records per page.
let limit = parselni(req.query.limit) || 10; // Default Limit = 10 2
let skip = (page - 1) * limit; /{ Coleculate records to skip * :kl.’n.k.anuiﬂfes the number of records
& 5 I.F-
to o = awal . coun nt 3
o e;ﬂiﬁ:;,:d’. Math.:ei?E;:;énIRe:oE;CsuTH;cii >; %  countDocuments(): Total number of records.
let users = await User._fi.ndf) * fu&d(}sktp()ﬁmtt() Fetches M'EH
.skip(skip) // Skip previous pages required data.
Aimit{limit); // Limit to records per page %
res_ json( { Examp.‘.e
-d‘iéﬂ.' USErs, page limit Sklp Records Fetched
currentPage: page, 1 10 o Records 1 - 10
totalPages: totalPal y
totalRecords: fotalRecords 2 10 10 Records 11 - 20
})}3 3 10 20 Records 21 - 30
i %o A
|L2 _4 E) 5 f‘f’&_‘”‘iﬂfm_ in. Fronfend (Example in Reacf}l
i Frontend Fetches Data

function Pagination{{ currentPage, totalPages,
return (
<div className="pagination”>
<button disabled={currentPage ===
Prev=/button>
{ [ L .ArmH(tolm'.Pases)] .m.up((_ 5
<button key={index + 1}
clnssNﬂ.mc'{currsnEPagu index + 1 ? "active”
onClick={() => onPageChange(index + 1)}>
{index + 1} </button>
)}

onPageChMge o

index) == (

y ¥y

1} onClick={(} => onPageChange(currentPage - 1)}}>

<button disabfed={:urmntpoge === fo!aiPnges} onClick={{) == anPageﬂmn&e(curren[Pugs + 1))

for Selected Page

T
Always validate page and limit

pral
C:&E;Ij) — API e
A g (Backend)
React Database
{Frontend ) (MongoDB ok
________________ 3

Next</butt
</d£:;< i wvalues in the backend to avoid
H Perfornmce (ssues .
S S B BB S S RN R WEESR 1 i RS RS ) J
Key Points:
[l Pagination divides large data inte smaller pages.
m It reduces load time, server load and bandwidth usage .
¥ Use limit and skip (or offset) to fetch data.
™ Always show total pages and current page to the user,
L A Good Fa.gumfwﬂ tmproves scninbiiity and user experience .
Key Takeaway:
[ ~ ! #

_@_

Pagination is a simple but powerful technique to handle large datasets efficiently.

It ensures fast performance, better scalability and o smooth wuser experience.




24 .11 Ca.ching Concepi:s

i

(24.11.1 What is Caching? |

*

*

Co:;hmg is the process af sforing fmquenﬂg

accessed data in a temporary storage location .

It helps in nef.rieving dota faster without
hitting the original data source repeatedly.
Caching reduces response time, server load
and database calls.

It improves npphbaﬁon performnnce and

How Ca.ching Works

Client Database
Request Miss
- Data = (If not found)
| — S,
4+— —
Return Cathis Fetch Data

Cached Data ' (Fast Access)  and Store  (Original Source)

user experience . Impact of Caching
( Parameter Without Cachin With Cachin
| 24.11.2 Why Use Caching? | ! 2
Response Time High Low
¥ Reduces data retrieval time. Barsar Lo High i
¥ Decreases server and dafobase load. Da Gl Freey Few
% Saves bandwidth and network resources. - T 2 T
% Improves scolabilily and application performance. i ik 21
% Enhances the overall user experience. S ity Cidies Betlar
# Useful for frequently accessed or expensive data. User Experience Slow Fast y
(24.11.3 Types of Caching |
| |
| B O |
| I~ | )
| | | | |
Browser Caching | Server-Side Caching | Database Caching |  CDN Caching | Application Caching |  API Caching
Stores static files | Stores data on the | Caches query results | Stores content ot |  Caches computed |  Caches API
(HTML, CSS, JS, I server to _nggd up : fo reduce dofabase I mulE:.PI!s locations I data or obje«:‘fzs n : responses to
images) in the | response fime . | load . i REQr USErs. i the application | speed up requests.
user's browser .
Cache Flow P 5

(24.11.4 Common Caching Strategies |

¥*

*

*

Cache-Aside (Lazy Loading) : Fetch from DB only
if data is not in cache.

Write-Through : Write date to cache and DB
simultaneously .

Write=Back (Write-Behind) : Write data to cache
first, then update DB lafer.

Refresh-Ahead : Refresh cache before data expires.

Time-To-Live (TTL) : Set expiry time for cached
data .

Eviction Policies : Remove old data when cache
is full (LRU, LFU, FIFQ).

(24.11.5 Example: Caching in Nodejs (Using Redis)

|

Eviction Policies
# LRU (Least Recently Used) :
Remove least recently used data.
#* LFU (Least Frequently Used) :
Remove least frequently used data.

% FIFO (First In First Out):
Remove the oldest data.

# FRandom : Remove random data.

1

Without Caching (Always hit DB)

a.pp._gei('/usersf;id”, async fneq-. res) => {
const wser = await db.cellection( 'users'). findOne({ _id: req.params_id});

res __jsmfusei'];

With Caching (Using Redis)
app. get(' fusers/:id’, async (reg, res} => {
const cacheKey = “user:${req.params.id}";
const cachadlUser = awaif mdn‘s.get(mduxey};
if (cachedUser) {
return res._ json(JSON. parselcachedlser)); /f Return from cache
}
const user = await db.collection( users'). findOne({ _id: req.params. id });
awaif redis.set(cacheKey, JSON.stringify(user), "EX’, 3600); // TTL = 1 hour

i

Key Points :

RERER

Caching stores frequently accessed data for quick retrieval .
It reduces response lime, server load and dotabase calls.
Choose the right caching strategy and eviction policy.
Afwabqs set nlppnaprinie TTL to kaep data frash_

Caching is essential for building fast, scalable and high-performance applications .

res_ json{user);

Key Takeaway :

%

Caching is a powerful technique to improve performance and scolability.
Use it wisely to deliver fu.s{‘.er and better user experiences .




24.12 Backend Performance

[24_12_1 What is Backend Performnce?J How Backend Works
¥ Backend performance refers to how efficiently Client Backend Database
the server, database and application handle (Frontend) (Application Server) (Data Store)
requests and deliver responses. Request Query
# Good backend performance ensures faster —_— =
response time, hi.gh avuilabiw:& and better e - <
user experience. Response Data
* It depends on code eﬁwiency, database queries,
server resources and system architecture. ( Impacf of Backend Performcrwe )
: Parameter Poor Performance Good Performance
(24.12.2 Why is Bakend Performance Important? ] _ .
; Response Time High Low
# Reduces response time and improves user sa.ﬁsfa.cf:wn Sevi Lol High T
¥ Decreases server load and infrastructure cost. Thoighpd WA High
k3 Impmve.s system scalability and reiinbiﬁﬁy.
& Prvily Bwikis ol ohalis uElR Tigh BTG, Recie Ui s e e
¥* Helps in hanq'.hng more users and reque_sts e_fﬁcimﬂy. Scalabdzéy Poor Good
% Enhances overall application performance. User Experience Slow & Frustrating Fast & Smooth
Error Rate High Low |

[ B LA Key Factors Aﬁecf‘.iﬂg Backend Performance ,

| | | I |
| | | I |
| l\ | E | : e;*o |
| | ;) |
Efficient Code : Datobase Queries :Sermﬁesourmi Caching : Load Balancing : Menitoring & Logging
Optimized algorithms, | Optimized queries, ! CPU, Memory, Disk l Use caching to ] Distribute requests I|| Monitor performance
chmandaﬁ*&ciml !mdzmmdprup&r: and Network : reduce database II acmssnu.:l’ﬁp‘e : andﬁ.xbofﬂermh
code . | schema design. | utilization |  and server load. | servers. | early.
. i e T = Cig i = Sl S R iy oo LA A o W (R O R B R 5
|_24.12.4 Best Practices for Better Performance] | \, Note: :
# Write efficient and optimized code. : Always identify the bottleneck before optimizing. :
% Optimize database queries and use indexes. | Optimize code, database, server and architecture I
# Uss waching (Rada, Mamcoched) for fremunl diks L araawe e )
#* Implement pagination fo limit data transfer. r o ]
& Uss comtiin -y /- l 24.12.5 ) Examp!e. Slow vs Opﬁm.:.zed Query |
# Compress responses to reduce data size. Slow Query : Optimized Query
#* Use osyncﬁronous processing for heavy tasks . SELECT * FROM orders : SELECT order_id, total_amount, order_date
; WHERE customer _id = 101 FROM orders
% Menitor performance and fix bottlenecks. e ;‘; ST e : i T
# Scale horizontally using load balancers. = * | ORDER BY order.date DESC
1 -- Fetches all columns and sorts | S
# Keep server and dependencies updated. Mg . Bl E LIMIT 20; ‘
l — FEEC![!H 0"13 I"qu.l..l.l'ed Cﬂrm
| - and limits results (faster)

| 24.12.6  Example: Caching in Backend (Node.js + Redis) |

repp.gelf'.-"pma‘u:tsr".—'i.d". async (req, res) =» { | 2412 a ? Toofs fOF Momtor'ing PerformweJ
const id = req.params.id; 1
const cacheKey = "product:i(id)"; #* New Relic — Application performance monitaring.

% Daotadog - Infrastructure and application monitoring.
const cached = await redis.get(cacheKey); - PR,
if Coached) { reburn res.jsonCJSON.parseCeachid)d; } 7/ Reburn cached date | W Prometheus + Grafana - Metrics and visualization.
% ELK Stack - Logs management and analysis.
const product = await Preduct. findById(id); ff Feteh from DB F— o
auait f:au.s.e{m.x.y, JSON. stringfii fproduct), "EX’, 3600); // Cache for 1 hour % Google Cloud Monitoring ~ Cloud performance menitoring.
ras. json{product ) ; # FPostman - API l'::.shng and Per_fommm check .
Fxi

Key Points:
Backend performance depends on code, database, server and architecture.
%] Optimize queries, use caching, pagination and compression.
Monitor performance regularly end fix bottlenecks. (
Good backend performance ensures scalability, reliohility and better user experience.

Key Takeaway:

i 1
_"_ A fast and optimized backend is the backbone of any successful application.

- Optimize sma.rﬂy, monitor con.fi.rumus!y and deliver the best performanc&.’




24 .13 Network Opﬁmizaf:ion

[24.13.1 What (s Network Optimizo.ﬁon?J

How Network Opfbnizaf.ion

* Network npfhniznﬁm is the process of improving Client Works Sarvier Batibass /
network Performnce BH red.ucms inf:en.cy, mm.rm.zm.g (Browser /ﬂppl Opf.um.zed Netuwork (Web / API) Resources
data transfer and improving bandwidth usage. Resuiash (Faster & Efficient)

# It ensures faster communication between client, @ ——— —
server and other nefwork resources. Optimized

# It helps in delivering web pages, APIs and media 'R ¢ Dok
contant quickly ond efficintly 3 o

% Good network optimization improves user experience
and reduces load on servers. ImPMt Of Network Dpﬁmuza.ium

— _ — e Parameter Without OberLEzufiun With Opimzc:ﬁm

24.13.2 Why is Netuork Optinization Important?] Eaiinag High -

#¥ Reduces latency and improves response time. Pags Easd Tne Sl Fast

# Saves bandwidth and reduces data f.rmsfer. Banduwidth Usage High Opébnized
Speeds load i and AFT :

® Tpuisip e T 4 i Dats Trinsfer Sise Large Riduatl

* Irnprcws reﬁa.biiity and reduces packet loss.

*’ Enhances wuser experf.em:e and su.fisfacﬁm. Satewr ki Hrgh Low

¥ Lowers infrastructure and operational costs. User Experience Poor Smooth & Fast

% Essential for global users and mobile networks . Reliability Low High }

|‘24,13.3 Key Techniques for Network Opﬁ_miiafi.ané

@ | obe

Compression CDN (Content Delivery Metwork)
Reduze data size Deliver content from nearest
using Geip / Brotli server to reduce latency.

compression .

| 24.13.4  Best Practices for Network Optimization J|
Enable Gzip or Brotli compression on the server.

Use CDN to serve static content globally.

Reduce the number of redirects.

Use HTTP/2 or HTTP/3 for faster connections.
Optimize images and use lozy loading.

Use on.chl.n.s headers {Cache-Control, Explms).

Minimize CSS, ._TnuaScriPt and HTML fde.s

Remove unused scripts, fonts and plugins.

Menitor network performance regularly.

/>

Minimize Requests

|
|
1
I
|
|
|
I
|
|
|

¥ ¥ e e de ke %

j, 24 13.5 Example.‘ Gzilp Compression in Express .js ]

Reduce number of HTTP
requests (CSS, JS, Imagee).

(24.13.6

t~
@

Persistent Connections
Use Keep-Alive and HTTP/2
for multiple requests.

Caching
s : Use browser, server and
I CDON caching effectively.

Small improvements in nelwork can lead to huge
performance gains and better

user experience .

Faster Data Quick B;&"
Transfer Response W
Experience

Example : _Before vs After Optimization |

conet express = rnqm’.ref 'mrpress By
const compression = require( compression’);
const app = express();

/7 npm install compression

// Enable Gzip Compression
dpp,uss(:ompressimf)),‘

app.get( "/, (req, res) => {
res.send( "Hello! This response is compressed using Gzip.');
P

app. Listen(3000, () == {
console. lag( "Server running on http://localhast:3000°);
});

XXX XXX

Be fore Opﬂiml'.:alion ﬁﬁ:sr Optimization

Large image files " Compressed & optimized images
Multiple HTTP requests " Minimized HTTP requests
No compression " Gzip / Bretli compression
Ne caching +" Browser & CDN caching
High latency v Low latency
J

Slow page load time Fast page load time

I_‘?"'-‘_13?_ Tao}s fﬂ\’ Nefwork q:;tu'ruza.ﬁluﬂ

I I
I I
I I
| |
Goosis Lis‘\yumu : Goosis Pagcs.ud Irm'gfﬂs :
: :
1 I

a

GTmetrix

Wireshark Ping /' Traceroute
Audit and improve Analyze real world and Analyze network Check page speed and Test website performance Check latency and
performance . lab performance . packets performance metrics from multiple locations. packet loss.
Key Points:

Network optimization reduces latency, bondwidth wusage and improves ralicbilify.
Use compression, caching, CDN and optimized assets for better performance,
[¥] Minimize requests, use HTTP/2 or HTTP/3 and keep connections persistent.
Regular moenitoring helps in ideatifying and fixing network bottlenecks.

11l

gl

Key Takeaway :

\II

__ A well-optimized nefwork ensures faster delivery,
! Optimize the network, optimize the performance!

lower latency and betier

scalability.

©




24 .14 Production Opﬁimizaf ion

| 24.14.1 What is Production Optimization? |

¥ Production :ﬁp&umzaim is the process of fm—fwl.rhs

How Production Opf&rﬁzuiion

Users Optimized Application Optimized Servers
an application and its infrastructure for maximum (Raal 3 (Fast, Scalabls, (Conf | for Optimized DB
Performmct. scaiabih'.ﬁg. ml’.m.bd.l.l‘.y and cos\‘.—cffr.ciencg Reliable) ny ) & R
in a live environment . Eﬁoiml Fast
% It includes code optimization, server configuration,
caching, monitoring, securify and resource management.
*Theguaiisﬁodeﬁver fast, stable and scalable Fast & Relioble Response
applications fo real users.
24 142 l;" = " O i I an.f,?J Impact of Production Optimization
{__ A2 Why & roducion f’éma e Parameter Without Oplimization With Optimization
% Improves application performance and response time. Response Time High Low
# Handles more users and imfﬁ.c efﬁdeni:ll'.g, Throughput Low High
# Reduces downtime and ,omvmfs fmlums Server Lead High Low
% Optimizes resource usage and reduces operational cost. Resource Utilization Inefficient Efficient
# Enhances security, reliability and user experience . e i v o
i S e ; i Sealability P Excellent
#* elpsmsmim.ﬂ .Wmfor_j‘culumgrw ; il Figh e
# Essential far maintaining a cempetitive and e Evart Ror & Fratiaing Fast &
prafessional: gpplication. Reliability e High
| S—
1
24.14.3 Key Areas of Production Optimization |
-— | | I 1 I | -
| | t | | | _~f
s/> | | ; : | | Laal
| | I | I 1 e
Caie pition | D Gpiisti | Ckitg | S Gl | Mook Oplmintion | Sy Qlinitin | iiring 8 Lo
Write efficient code I Opbmm gueries, I Use caching { Redix, F Cmﬁsum servers, : Cnmprm data, use I Enable HTTPS, secure I Menitor performance,
and remove | indexes and use | CDN, Browser) fo | use load balancing | CDN and optimize | credenbiols ond regular | track errors and
T T T o e e e e e e e e e e e e e e e e e e -
[ 24 14 4 Best Pracﬁu:es for Preduction Optimization J L. Mata |
— @ [
W U Ceieidminl viarsabbie f"" cmﬁguruiion_ Production optimization is a continuous process. :
# Minimize and compress assets (CSS, JS, Images). Always monitor, analyze and improve J
% Enable caching at multiple levels. e e e i e
# Optimize database queries and use indexing. Production Optimization Process
# Use connection pooling for database connmections. Analyre : 3
% Implement pagination fa{ large datasets Current Tdenlify PPy gt iy
Pﬂs - - . &:‘ q E. = E‘ I1 Cm!. !
# Enable Gzip / Brotli compression. Performance
& e OO i sdatic saite: t | |
# Configure load balancers and autoscaling. T
24, 14, E: le: Ei n-.b! G G Nade
# Monitor application parformanca continuously. [, 5 Eanple Dienie =ip Compression. in Jf
% R.esu.[ar[g upda.l!e Sopniomnion ol Pl i pm:.imggs. :::{ :;:;:i:l:mf‘f"::;:ﬁ::?#::ip:;ssim'h £ apm install compression
* .Ba.:kup dota and test disaster recovery Iplﬂn.f const app = express{);

| 24 14, 6 Exa.mpi’.c Dﬂiabase Conn-ecf:mm Poofmg (MmsoDB)_J

=
conat { MongeClient } = require( ' mongodb’);

const uri = ‘mongodbtsrv:/Susername :passwordfcluster. mongodb . net/dbname” ;

conat client = asw MangeClieat(uri,
maxPoslSize: 20, A7 Maximum number of connections
minfoolSize: 5, A£¢ Minimum number of connecéions
serverSelection Timeoutffs £ 800¢

£ Use Geip Compression
app . use(compression{ ) ;

app.get( ' //, (req, res) == {
res.send( Production Optimized Application!');
ieh
app. Listen(3000, () == {
console. Leg( 'Server running on hitp://localhost :3000°);
}): W
0

”_m‘lnmw; 43000 l_ 24.14. 7  Tools for Production Optimization ‘
asyne function connectDBC() { 1 : : I :

et e e f:r\ i : ! | :

console. i 0B connect with connection ing'); ! | | | |

era Shoint By T SR A Lhthuse | Now R | Promathoss | | |
} Macsure and : Application | Cpan-scurce : i : I : :

I web | parfc | moniaring and | and monifor | for Nede sz | oplimize AWS

@ . kplrfermﬂnu 1| monitoring . : alarting . : gyt : I pplications . : applications
ey Points:

Production imization i rfarmance, scalabilify, reliakbilify and reduces costs.

improves pe 4 oy

Optimize code, datobase, server, nefwork and securify for best results.

Use caching, compression, CDN, indexing and connection pooling for efficiency.

Monitor continuously and fix bottlenecks . I

imiration is a continuous ocess, not a one-time fask. I

Pr

Key Takeaway:

__

A well-optimized production system delivers fast performance,
better scuiabfiif.g and an excellent user experience.

high availability,




24 35 Lighﬁhouse Per'forma.nce

LQ 4.15.1 me.f: is Ltghf:house ?J Houw Lighfhouse Works

% Lighthouse is an open-source, automated tool
built by Google to improve the quality of web
pages .

#* It audits performance, accessibility, best
practices, SEO and. PWA.

# It helps developers identify issues and
optimize the website for a better user

expeﬂ'.enca_ Ltghﬂwuse Cnﬁsgariss
: Co,fzgora Description What it Measures
24.15.2 Why Use Lighthouse? Perormance | Measires hou fost the page loads | Speed. Load Time, Render Blocking,
and becomes usable . JuvaScripL Imngss. elc.
% Hilps Fid pafimcs ebllacaits. Aomalitiby | Y O o G osmBR Ve poiam, ot AR
USErs . eybtnm'. ncmgaﬁm, &
* IITIF'DVSS user GXPEJ"I;EfLCE !I.H.d ﬂCCESSI:bI:EtH.
# Inproves SEO and increases visibility . U e s sl e e e
* Guuiss deuefolpars to fal'.ﬂou best Prm:tf.cgs. e - e T Y g T Pl M
# Useful in development and production §go  |Temiepme SemEeii | e N AR,
i : PIWA Checks if the page can work like Service worker, Offline support,
== A Progressive Web Agp. Installable, Manifest, etc.
(24.15.3 How to Run Lighthouse? | ( i’ - 5. o 1) e s s
R T N e e S e o s -~ =
I I I : | 24.15 4 Li.ghﬂmuse Perfarnmm:e. Score
| \
@ e |
| I
| 1.In Google Chrome, | 3 Go to Lighthouse | 5. Click on | 508 90-100
| |
| = R p— | Poor Perfect
| | == |
| R e e \
| | " | { sde  Note: i
2. Open DevTools | 4. Select Device T [ | _g@y_ vote:
| (F12 or Right Click | (Mobide / Desktop). | L e e | I The goal is to achieve a score close to 100 |
- | | repock e il ; |
b ol g e LT JE WG T N j
{24 15.5 Key Metrics in Performance Cafes?fg__) [ 24.15.6 Example: Lighthouse Report (Sample)
Metric Meaning ]
First Confentful Paint (FCP) Time faken to render the first content O O O @
Largest Contentful Paint (LCP) Time taken fo render the largest content Perfnmmm Accessibility SEO PA
visible in the viewport . Practices
Tl Blicking T CTBTR: | 1O U thal the pigeris Bocked (a0-49 ms0-89 @ %0-100]
frem responding to user input. _
. : : = : Parformance Metrics (Sample)
Cumulative Loyout Shift (CLS) Measures visual stability while loading. o ‘Flrell Condimbdhil Pl 174 o Cumilobie: Lagad St 0.05
Speed: Indax: ((SD) How quickly the contents of o page - Largest Conlentful Paint 2.3 s - Speed Index 2.0 s
are visibly populated ) | + Total Blocking Time 120 ms

| 24.15.7 Tips to Improve Lighthouse Score

[24.15.8 Lighthouse in Different Env#mments]

# Optimize images (use WebP, compress images).
#* Minify CSS, JS and HTML files.
# Remove wnused C55 and JavaScript. I Il : 1|
¥ Enable browser caching. : I m : 1
# Use CON to deliver static assabs. | i | | |
# Reduce render-blocking resources. I ’ : : : : i :
*Uu!nzgfna.dahgfnrbnnguﬂmiifw. Cﬁmuﬂavrao!gl Lighthouse CLT lCIfCDMaguim' Build Tosls | PageSpeed Insights
% Ensure proper contrast for accessibility. (Manual Audit) I (Command Line} Il (Automated Reports) :f..T-mkéns. GitHub A:f‘.\ms}]l (Online Tool)
¥ Follow best practices and _f'u- WEArnings . 7
Key Points:

Ligﬁihousa audifs performml.ce, al:ce&sn'bl’.ﬂlg, best practices, SEQ and PWA /

E i Pﬂ.widga actionable recommendations te I.HIFJ‘BM! Your wehsite .

Regularly running Lighthouse helps maintain fost, accessible and SEO-friendly websites. 1] I[]

Key Takeaway:

_'./_ Lis-hthmss is a Pmurful tool to measure and improve website pnrfon'n.a.n.os and qua.htg @
1

Use it regularly and follow the recommendations for the best user experience.




