Linear Search

A simple search technique to find an element in a list (array).
It checks each element one by one, from the beginning, until the target is found

or the list ends.

@ What is Linear Search? @ When to Use? [c[z[s) Example

- Lmea.r search is a sequential search o When the data iR Given an array and a target value,
a]gﬂﬂthm_ find the index of 7.

« It starts from the first element and & For small datasets (simple and easy).

' Array: | 3 8 12 7
compares each element with the target ©) Wil eces i s o N g rray 5 ’
value. : . .

(or any collection) without preprocessing. 0 1 2 3 4
» If a match is found, it returns the index
(position) of the element. - ' : ~ F . e
+ If the end is reached and no match is found * It works on arrays, lists, strings, ot L If not found,
. - - ’ or any linear structure. Output: 3 (index of 7) L output: -1
it returns -1 (or “not found"). i J

P Step-by-Step Working

O Next element matches!

e Continue searching...

o Start from the first element. e Move to the next element.

‘3‘3]12[?‘5’ ‘3‘3 2] | s

HEERENEE
1(: T S i

0 1 ¢ 3 &4 0 1 2 4

Compare 3 with 7
(327)

Compare 7 with 7
(7 = 7) » Found!

Compare 8 with 7
B8#7)

Compare 12 with 7
(12 2 7)

ﬁ Advantages

Algorithm (Pseudocode) @- Time & Space Complexity

& Simple to understand
P . implement.

1  function linearSearch(arr, target): . - and imp

_ ; (arr, get) @ Time Complexity &' Wirks'eh unsortediata
. P A LOFIEnGERArv oL G(I"I) @ Requires no extra memory.
3 if arr[i] == target: ; & Good for small datasets

_ (in worst case, we may check 5 h

4 return i  # index found all n elements) R e S 18

;' &3 Disadvantages

Slow for large datasets
(inefficient).

Worst case is O(n).

Not suitable for sorted data
(where binary search is better).

5 return -1 # not found

Space Complexity

o(1)

(uses only a few variables)

~ The loop checks each element one by one
until it finds the target or reaches the end.

00 ©

Key Takeaways

Linear search checks
each element sequentially.

v
Time complexity: O(n)
Space complexity: O(1)
Returns the index if found,
otherwise -1.

simple logic--- |
Check one by one
o
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— Binary Search =

Binary Search is an efficient searching algorithm used to find a target value in a
sorted array by repeatedly dividing the search space in half.

1. Definition & Key Points

L]

empty.

Time Complexity:

O(log n)
(much faster than linear search
‘ O(n) for large data)

b,

Works only on a sorted array (ascending or descending).
Compares the middle element with the target value.

If the target is smaller, search the left half.

If the target is larger, search the right half.

Repeats until the value is found or the search space is

Space Complexity:
O(1)

(iterative approach)

int binarySearch(int arr[], int n, int target) {

int low = @, high = n - 1;

while (low <= high) {

int mid = low + (high - low) / 2;

if (arr(mid] == target)

return mid;

/! element found

else if (arr[mid] < target)

low = mid + 1;
else
high = mid - 1;
}

return -1:

// search right half

/! search left half

/! element not found

2. Example - Step by Step

Find 23 in the sorted array:

4 | 8 | 12|16 | 23 28 | 32 | 40
0 1 2 3 = 5 6 7

Stepl low =0, high=7
md=(0+7)/2=3 = arr[3] = 16
16 < 23 - search right half

Step2 low =4 high=7
md=(4+7)/2=5 - arr[5] = 28
28 > 23 — search left half

Step3 low = 4, high = 4
md=(4+4)/2=4 - arr[4] = 23
Found!

5. Dry Run Example

Arraye |l 3477, 11 "15, 1923527 |

Target: 19

Iteration low high mid arr[mid] Action
19 > 15
1 0 6 3 15
- left half
19 < 23
2 4 6 5 23
— left half
3 4 4 4 19 Found!

ll 3. Visual Representation

Step 1: Initial

f

([ 4| 8 |12 @B 23 | 28 | 32 | 40
0 1 2 % 4 5 6 7

1) mid = 3 1
low = 0 high = 7

Step 2: Search Right Half
4 8 12 16| 18 | 28 |E8 | 32 | 40
| e & T
T 4 ¥ i )
Bl )
Step 3: Found

4 | 8 |12 | 16 EM| 28 32 | 40

0 1 2 3 1 5 6 7
mid = 4

4 !
low =4 high=4

6. Important Characteristics

Only works on sorted data.
Uses divide and conquer approach.
Reduces the search space by half each time.

Iterative or recursive implementation.

Efficient for large datasets.

Q ‘Key Takeaway

Binary Search = Sorted Array + Divide by 2

Time Complexity = O(log n)
Space Complexity = O(1) (iterative)

7. When to Use / Not Use

O Use Binary Search When:

« The data is sorted.
+ You need a fast search for a large dataset.
» Memory is limited (iterative version uses O(1) space).

9 Do Not Use When:

« The data is unsorted (sort it first or use linear search).
« You are working with a linked list (random access is not available).

« The dataset is very small (linear search might be simpler).



—
P

Hashing & Hash Tables

—

Hashing is a technique to store and retrieve data efficiently using a hash function.
A Hash Table uses the hash value as an index to store the data in an array (or table).

"1. What is Hashing?

* Hashing maps a large set of keys to a smaller
set of values (indices) using a hash function.

2. Hash Function

A hash function takes a key and produces
a fixed-size integer (hash value).

h(key) = key mod m

e [t allows fast access, insertion and deletion Hash value =
of cata. where m = size of the hash table.
o It is widely used in databases, compilers, Example:
caches, and more. Let m = 10 and h(key) = key mod 10
| Key Hash Value
Key Idea: 12 2
Use a hash function to convert a key into an &5 2
integer index, called a hash value. o7 :
44 4
56 6
\ AN S
4. Operations in Hash Table

, 1. Insertion 2. Search

» Compute hash value.
* Go to the index.
» Store the key-value pair.

+ Compute hash value.
* Go to the index.

» Check if key exists.
» Handle collision if needed.
(if collision).

Example: Insert (25, 5)

- h(25) = 5
— Store at index 5

(7. Advantages & Disadvantages

Advantages

Example: Search 37
- h(37) =7
— Found at index 7

@ Very fast search, insertion and deletion
(average O(1)).

a Efficient for large datasets.
6 Simple and easy to implement.

& Widely used in real-world applications.

© 00 ©

« If not, lock in linked list

Disadvantages

: 3. Deletion

» Compute hash value.
 Go to the index.

+ Cind the key and remove it.
* Update (if using linked list).

Example: Delete 44
- h{d4) = 4
—+ Remove from index 4

Index 5

= ¥

[ 5. Collision Handling

Sometimes two different keys can have the same
hash value. This is called a collision.

Common methods:
1. Separate Chaining

» Each index stores a linked
list (or dynamic list) of
key-value pairs.

« Easy to implement.

e W
— (25 )65 (85

(linked list)

Bl 3. Hash Table

A hash table is an array of buckets where each bucket
stores the data (key-value pair) at the index given by

. the hash function.

Hash Table (size = 10)
p - Index -
Keys 0 =
- 1 2
12, 2
e | e ; (12,2 (Key, value)
ey 3 - ,
| 1125 || modio 4 (44, 4) SCa )
| ||| —> 5 (25, 5)
‘ 44 6 (56, 6)
= 37, 7
| 56 ; ( L )
| i R J

(6. Example with Collision

Using h(key) = key mod 7

Index after
Key Hash Value IndStion
r e 10 3 3
| 2. Open Addressing
17 3 4 (collision)
» Find another empty slot
in the table (e.g., linear || | 24 3 5 (collision)
or quadratic probing, E)| 3 6 (collision)

double hashing).
Final Table (using linear probing)

Index

* No extra memory needed.

0™ | 2 3 L 5T

1017 | 24 | 21

Value

¥os Key Takeaways

Collisions can degrade performance
(worst case O(n)).

Requires extra memory for the table.

LLLL L

Performance depends on a good
hash function.

Mot suitable for ordered data.

Hashing converts a key into a hash value using a hash function.
A hash table stores data at the index given by the hash value.

Collisions are handled using chaining or open addressing.
Average time complexity for search, insertion and deletion is O(1).
It is efficient, but depends on a good hash function and proper collision handling.

Hashing = Fast Access + Efficient Storage

\l/




| Example:

4. Mid-Square Hash Function

* Squares the key and takes the middle digits

= Types of Hash Functions

e

A hash function is a function that converts a key into an integer (hash value) for storing

and retrieving data in a hash table. Different types of hash functions use different techniques
to compute the hash value.

1. Division (Modular) Hash Function

* Most commonly used and simplest method.
* Uses the remainder when the key is divided by a
prime number (usually the size of the table).

h(key) = key mod m

(m = size of hash table, usually a prime number)

Xy Indssdh(
Table size (m) = 7 e key)) :
h , 25 4

25) = 25 mod 7 = 4 |

(25) e 12 5
h(12) = 12 mod 7.= 5 |
hiZ] =’ 1Rmodi7.="3 L7 Wl T D

of the result as the hash value.

» Works well when keys have patterns.

h(key) = middle digits of (key x key)

Example: 24

Key = 52 J' i

52% = 2704 e
Middle digits

Middle 2 digits = 70 | (70)

h(52) = 70 mod 10 = 0 IiHash value = ?ﬂ;-

W Cryptographic Hash Function (Secure Hash)

» Uses complex algorithms (e.g., SHA-1, SHA-256).
* Produces a fixed-size hash value.
« Designed to be one-way (hard to reverse).

h(key) = SHA-256(key) (example)

Eﬂmplﬂe: " U!ES:
gEtL:k;t (gﬂf-zsm: : Eﬂtﬂ iﬂtzgritt}r
2cf24dba5f3390fbe3e?... e e

| * Digital signatures

s

(Fixed length, 256 bits)

=7

2. Multiplication Hash Function

« Uses multiplication with a constant value
(usually 0 < A < 1) and fractional part.

* Helps in better key distribution.
h(key) = | m x (key x A mod 1) |

(A is a constant, 0 < A < 1, m = table size)

L — -y

~ Example:
Let m = 10, A = 0.618

h(25) = [10 x (25 x 0.618 mod 1) |
= [10x(05)] =5

h(42) = [10 x (42 x 0.618 mod 1) |
= 10 x (0.956)] =9

\ = X

[ 5. Universal Hash Function

o~

* Uses a random function from a family of hash functions.

* Reduces the chance of collisions (especially for
adversarial inputs).

h(key) = ((a x key + b) mod p) mod m

a, b are random numbers, p is a large prime, m is table size.

Example:

leta=3,b=5p=13, m=7

h(25) = ((3 x 25 + 5) mod 13) mod 7
= (80 mod 13) mod 7 = 2

3. Folding Hash Function

I 8. Application-Specific Hash Function

* Designed for specific use cases or data types.

* Examples: range hashing, consistent hashing,
locale-sensitive hashing (for text), etc.

‘ Example: Range Hashing
| For keys in a range (e.g., 0-99), map to a smaller range.

h(key) = key mod 10 (for range 0-9)
Example:

Key=23 — h(23)=3
Key =87 — h(87)=7

J N —

* Divides the key into groups of equal size (folds them).
.« Adds the groups (or uses XOR) to get the hash value.
* Useful for large keys (like strings or long numbers).

h(key) = (sum of parts) mod m

Example:
Key = 123456, Table size (m) = 10

Split into 2-digit parts: 12 + 34 + 56 = 102
- h(123456) = 102 mod 10 = 2

[l 6. String Hash Function

» Converts a string into an integer using character codes.
» Common methods: polynomial rolling, Horner's method,
or simple summation.

h(key) = (Z char[i] x p’) mod m |

—
~

p = base (e.g., 31, 37), m = table size.

Example:
Key = “cat" (ASCIl: ¢=99, a=97, t=116)

h(cat) = (99 x 31% + 97 x 31 + 116) mod 101
= (95199 + 3007 + 116) mod 101 = 29

| - 1
(6 @_ I;y Takeaways

& Hash functions convert a key into a hash value.

v’ Different types use different techniques
v (e.g., division, multiplication, folding, etc.).

v Good hash functions give uniform distribution
v and minimize collisions.

v’ The choice of hash function depends on the data,
size, and application requirements.

ﬁﬁ’ Remember:

Better Hash Function = Fewer Collisions
= Efficient Hash Table!




— Collision, Collision Resolution =

A collision occurs when two or more different keys produce the same hash value (same index).
Collision resolution techniques are used to handle this situation and store all the data correctly.

[ - L \ [, & & L] . ™ I - . P! T e )
1. What is Collision? 2. Collision Resolution Techniques 3. Open Addressing
« When two or more keys map to the same When a collision occurs, we use different methods * All elements are stored inside the hash table itself.
hash value (index) in a hash table, it is called to store the data. The two common methods are: « If a collision occurs, find the next available slot using
a collision. a probing technique.
* It happens because the hash function cannot 1. Open Addressing (store all elements in the table) % Common rne?:hads: Linear Rrobing, Quadratic Proving,
produce a unique index for every key. | Double Hashing.

! EKEI'I'IP'E: 2. Chﬂlﬂll’lg (use linked lists at each index) Examp]g: Linear Pr,nhing All these keys give index 2,
Consider hash function: h(k) = k mod 10 Hash function: h(k) = k mod 10 so we use linear probing
Keys: 12, 22, 32 Common Open Addressing Methods: Keys inserted: 12, 22, 32, 42 to find the next empty slot.

[ [
Key PPk ngdi0 | [CiFhtres * Linear Probing fier (50" |17 [R2 F.34] 4 |5 |6 7' 1% s
12 2 " e - - ) . 5 ; ; 4 ' )
ol > ~ |  map tlal:r [ndex 2 Quadratic Probing Valoe | - | - (122232 -|-|-]-
« Collision so collisions L : | | |
. - > " - Double Hashing \_A__AN AR
AL ot 124" .22 32 42
\ g G = — | at2 2at3 at4 at5s
4. Open Addressing - Other Methods S, Chaining )
: : - : : * Each index in the table stores a linked list (chain) of keys
1. Linear Probing 2. Quadratic Probing 3. Double Hashing ‘ i e R g
» Check next index (i+1). » Check index using square term. + Use a second hash function * No need to find the next empty slot.
e If full, continue to (i+2), (i+3), ... o 0, i+12,i+22,i+32, ... to find the next index. « Works well when the load factor is high (more collisions).
Helps reduce clustering.
Example: Hash function: h(k) = k mod 7
Example: Example: Example: Keys: 10, 17, 24,31
hik) = k mod 7, keys: 10, 17, 24 h(k) = k mod 7, keys: 10, 17, 24 hi(k) = k mod 7, h2(k) = 1 + (k mod 5) [ Hash Table ]
Keys: 10, 17, 24 (F Vndeti | Here, 10, 17, 24
Index 0 1 2 3 4 5 6 Index 0 1 2 3 4 5 6 Index 0 1 2 3 4 5 6 ||| 0 e
Value - - 10 17|24 - | - Value | - | - (10|17 24| - | - Value | - - [10 17 24/ - | - 2 pd 31 hashes to index 2.
| | 3 -(10 |>[17 |>[ 24 |
| ' Each index st
(collisions resolved by next index) Probes: 2, 3,6, 4,0, ... Next index = (h1 + ixh2) mod 7 | g “:EE :;TisiK{;hZir:}s. -
|
— f I - m— _"lll

6. Comparison: Open Addressing vs Chaining | @ Key Takeaways

, W od  Collision happens when two or more keys map to the same index.
Feature Open Address h g PP 4
- Pe ng | ¢ e - Open addressing stores all elements inside the table (uses probing).
Storage All elements in table Uses linked lists . Chaining uses linked lists at each index.
Handling Collision Probing (linear, quadratic, double) Linked list at same index Linear probing, quadratic probing and double hashing are common
- - . . | open addressing methods.

Extra Memory | No extra memory | Needs pointer/linked list @ Chaining works well for high load factors.
Performance Faster (good cache locality) Slightly slower (pointer overhead) Choice depends on memory, expected load factor and performance needs.
Load Fact Works well at low-medi Wi igh .

oad Factor _ orks well at low-medium | orks well even at hig | _\: SantiiFiash Vilue * Samdll ocation _

- - - - i -~ —

Deletion Tricky (needs reorganization) Easy (remove from list) 2  Collision Resolution Makes It Possible !

e - A ’



Bubble Sort

in Data Structures

A simple sorting algorithm that repeatedly compares
adjacent elements and swaps them if they are in the wrong order.

are ﬂdj
Cﬂmpe.'.ame,nts

AN W Ny

511141218

acent

What is Bubble Sort?

e Bubble Sort is a comparison-based
sorting algorithm.

o It works by repeatedly campnring
adjacent elements and swapping
them if they are in the wrong order.

o After each pass, the largest element
“bubbles” to the end of the array.

e It is simple to understand and

implement, but not efficient for
large datasets.

Pseudocode / C-like Code

void bubbleSort(int arr[], int n) {
INT Jg'], sletp;
for (i =0;i<n-1; i++) {
for (j =0; j<n-1i-1; j#+) {
if (arr[j] > arr[j + 1]) {
temp = arr[j];
arr[j] = arr[j + 1];
arr[j + 1] = temp,

B
}
}

Time & Space Complexity
Time Complexity:

+ Best Case : O(n) (already sorted)
+ Average Case: 0(n?)
« Worst Case : 0(n?)

% Space Complexity: 0(1) (in-place)

Bubble Sort

—_—
—_

How It Works (Step by Step)

Let’s sort the array: [5, 1, 4, 2, 8]

Pass 1 (compare 0-1, 1-2, 2-3, 3-4)

(5]1)4]2|8]) > (1]s]4][2][8) »(1]4[5]2]8)~(1]4]2]8]
5>1 - swap 5> 4 > swap 5> 2 - swap (largest element

reaches end)

Pass 2 (compare 0-1, 1-2, 2-3)

[1[4'2}Els}—}[i[ZT‘l'EEJ{sar'tﬂduptulnd

- position)
4>2 > swap
.]3;;55_ 5 _[ﬂumpar‘e 0-1, | 1-2)
(2] 2[4]5s]|8)->(t]2]«]5]8]
g

4> 5?7 No swap

Pass 4 (compare 0-1)

(1]2(4]5[8]-[1
2 > 47 No swap

2[4]s5]8]
(sorted up to 4t position)

@ After all passes, the array is sorted!
&Y : | + [EE20S)

_K_E‘.‘! Characteristics

W Stable sorting algorithm (maintains order
of equal elements).

+ In-place (no extra memory requived).

W Simple to implement.

W Not efficient for large datasets.

Simple Idea + Repeated Comparisons + Swaps =

(sorted up to 3™ position) |

Example (Full Passes)
Array:" [5,9', 4 = 2; 8]

Pass 1:
[5]1

Pass 2:
[1]4]2]5

8] >1]4[2]2

8] >(1]2

Pass 3:
[1]2]4]5

gJ—rU 2

Pass 4:

[1]2]4]5

when to Use?

v Good for small or nearly sorted data.

v Useful for educational purposes
and simple problems.

8| >(1]2[4]5

v Not recommended for large
or performance-critical applications.

Real-Life Analogy

88885888 BB

Like people in a line at a concert —
each person checks with the next one,

and the tallest person slowly moves
to the end!

Sorted Array

—

S
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Selection Sort is a simple comparison-based sorting algorithm that works by In-place (no extra memory)

finding the minimum (or maximum) element from the unsorted part and swapping it | Not stable
\ -

find min Srap with the first element of the unsorted part. -

¥ -H"| s .
1. Definition & Key Points 2. How It Works ) (@ Step-by-Step Example )
* Divides the array into two parts: : b : Amay: [ 64, 25, 12, 22, 11 ]
: Find the minimum element in the unsorted % .
Eos Sorted part (left side) ‘ i Pass 1: Find min (11) and swap with first element (64).
- Unsorted part (right side) part (from current position to end). . _ - .
[ I 25 | 12 | 22 [NCEN — .00
* Repeatedly finds the smallest element ' - L * b
from the unsorted part and swaps it with ‘ Swap it with the first element of the Pass 2: Find min (12) and swap with second element (25).
the first element of the unsorted part. | unsorted part. |11 r 1-2 ] 25 | 22 | 64 H —p 12is the
* Continues until the entire array is sorted. '~ — - L ‘ et
Pass 3: Find min (22) and swap with third element (25).
Kov.Idaa: Move the boundary of the sorted part . s _ i .
y ; one position to the right. 11N 2 { 22 | 25 64 —> ﬁ_:‘:n'; t:':-'
Select the minimum element and move it ) | | :
to the beginning of the unsorted part. Pass 4: Find min (64) (already in place).
o Repeat steps 1-3 until the array is sorted. 1 12 22 2% [ S - sorted!
L " W - AN \ | | g .—*
\ .
4. Pseudocode | 5. C Code Example 6. Trace Table (for example array)
_ 1 wvoidselectionSort(int arr[], int n) {
fofF 1 =8 "o -"2 2 int i, j, minIndex, temp: Pass Array After Pass Min Element Swap
minIndex = 1 3 for (i = 0; i <n=-1; i++) {
_ : 4 minIndex = i; =
fior g if+ 160 unis 1 - il im i B0 M % T 1 Initial 64 25 12 22 11 - -
if arr[j] < arr[minIndex] = if (arr(j] < arr(minIndex]) -
minIndex = j 7 minIndex = j; 1 (11 25 12 22 64 11 64 & 11
. - 8 } | |
swap(arr([1], arr[{minIndex " (1.
ptarr(1] [ D 9 temp = arr(i]; 2" LA 225 20 64 ] 12 26 & 12
10 arr[i] = arr[minIndex];
] 11 arr[minIndex] = temp,
n = size of array minindex = index of minimum 12 } 3 (11 12 22 25 64 ) 22 25 & 22
i = current position j = scanning index 13}
13 4 [*11 F120 2 " 256 ) b4 (no swap)
\ SRR o C o R ! _ e
: e : - —— Emaasnan .
| 7. Complexity Analysis 8. Advantages & Disadvantages 9’ Key Takeaway
| P v Selection Sort = Find minimum + Swap.
Aspect | Time / Space | I 0 Advantages Q Disadvantages v Time Complexity = O{n?).
Best Case O(n?) * Simple and easy to implement. * Slow performance (O(n2)). v Space Complexity = O(1).
| o Reaulres onlv O(1) ext \ « Not suitable for large datasets. +' Simple but inefficient for large data.
Average Case O(n?) B }OQ) exra space ¥ v Good for small datasets or learning
| » Works well for small datasets. * Performs many swaps Bael :
, when not required). RO ANG COCepR.
Worst Case O(n?) « In-place sorting (no extra memory). (even
| » Not stable (equal elements ,ﬁ'}, Selection Sort ic simple
Space Complexity O(1) (in-place) may change order). P
( P J e ) but not the fastest!
\, s N —
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Build a sorted portion
from left to right

Insertion Sort

Insertion Sort is a simple comparison-based sorting algorithm that builds the
sorted array one element at a time by inserting each element into its correct

position in the already sorted portion.

(=
‘ » Simple to understand

In-place (no extra memory)
Stable (maintains relative order)
Good for small datasets

[ 1. Definition & Key Points

* Insertion Sort divides the array into two parts:
l - Sorted portion (left side)
- Unsorted portion (right side)
|« Picks the next element from the unsorted portion
and inserts it into its correct position in the
sorted portion.

Repeats until the entire array is sorted.

Key Idea:

Build a sorted array from left to right by
inserting each element into its correct position.

4. Pseudocode

void insertionSort(int arr[], int n) {

for (int 1 = 1; i < n; i++) {
int key = arr[i]; // current element
int j=1i - 1; // last index of sorted part

while (j >= @ && arr(j) > key) {

arr[j + 1] = arr[j]; // shift element right
== // move to previous element
}
arr[j + 1] = key; [/ insert key at correct position
}

}

i = current element index  j = index for comparison

key = element to be inserted

\

" 7. Advantages & Disadvantages

- e i , !
2. How It Works ) (@ Step-by-Step Example
| Sort the array: [ 5, 2, 4, 6, 1 ]
Start with the first element as a
sorted portion (size = 1) Step 1: Start with first element (5) - already sorted.
E ] s - 4 | 6 - 1 Sorted: [5]
- . ; - Unsorted: (2, 4, 6, 1
Pick the next element from the unsorted s;'.-t_‘ﬂi?;.-t : [ )
portion. Step 2: Insert 2 into the sorted part.
o s | 4] 6 | 1| Sorted(25]
Compare it with elements in the sorted ] | . : Unsorted: [4, 6, 1]
portion (from right to left) and shift .
larger elements to the right. Step 3: Insert 4 into the sorted part.
5 { B 5 [ g [ 1| Soted(245
— ~ : Unsorted: [6, 1]
o Insert the element at its correct position. —
Step 4: Insert 6 into the sorted part (already in place).
| 2 | 4 - 5 { 6 ﬁ‘ 1 Sorted: [2* 4 5, Er]
- Unsorted: (1]
Array: [9,7,5,3, 1] | Step 5. Insert 1 into the sorted part.
Pass 1: Insert 7 | [ 1 o | £ 6 El{:}:t:tegllli? 4,5, 6]
I [ ! | C (7«9, P T - : .
| 7 _ 9 | b _ 3 _ 1] insert at 0) L s
Pass 2: Insert 5 6. Complexity Analysis
T e R ¢ (5<7,5<9 |
| 5 ; 7 | 9 . 3 . 1 | insert at 0) Aspect Time / Space
Best Case o(n) / O(1
Pass 3: Insert 3 (Already sorted) n.7ew
[ T [ ! ! { (3<53<7 3<%
SRS 7 | 9 | 1| insertatO) Average Case O(n?) / O(1)
. Worst Case O(n?) / O(1)
EARESY Insert 1 PR T ; (Reverse sorted) ) e
[ | [ I | 1(1€3,1<5,1<7,1<9,
B 3| 5| 719 ineetato) | Space Complexity O(1) (in-place)
A || stability Stable

1( ()" Key Takeaways

0 Advantages

‘ « Simple and easy to implement.

Q Disadvantages

* Slow for large datasets (O(n?)).

= Requires more comparisons and shifts
when the array is reverse sorted.

Insertion sort builds a sorted array from left to right.
| It is simple, in-place and stable.
| Time complexity: O(n?) (average & worst), O(n) (best).
Best suited for small or nearly sorted datasets.

« Works well for small datasets.
* In-place sorting (no extra memory).
« Stable (maintains order of equal elements).

Y

= Not efficient for large data.

f:? Simple Idea — Insert at Correct Position — Sorted Array ‘[2}'

—
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pivot

[ 1. What is Quick Sort?

* Quick Sort is a comparison-based sorting
algorithm.

o It selects a pivot, partitions the array into
two parts (less than and greater than pivot),
and recursively sorts the parts.

Key Idea:

Choose a pivot, partition, and recursively
sort the subarrays.

Quick Sort

Quick Sort is a divide and conquer sorting algorithm. It works by selecting a pivot element,
partitioning the array into smaller subarrays (elements less than and greater than the pivot), |
and then recursively sorting the subarrays.

RN 2 How It Works

Choose a pivot (e.g., last element,

first element, or random).

Partition the array so that elements
less than pivot are on the left and
greater than pivot are on the right.

4 Partition Procm

Using last element as pivot (5)

i J
5 * v L *
10 I 8 9 1 5
Move elements < 5 to left, > 5 to right.
Result after partition:
1 10 8 9 T 5
i = index for smaller element
J = index for current element
pivot = last element
7. Complexity Analysis
| Case Time Complexity Space Complexity
Best Case O(n log n) O(log n)
‘ Average Case O(n log n) O(log n)
Worst Case O(n*t)
| | (When pivot is worst) O(log n)
| Space (in-place) ~ O(log n)

(e

i RN 3. Step-by-Step Exumple

-

~

( am ]
" In-place (no extra memory |
| for arrays) ‘

Not stable
L Good for |arge datasets

—

Sort the array: [ 10, 7, 8, 9, 1, 5 ]
Step 1: Choose pivot (last element = 5).

8 9 1 5

T

pivot

10 7

Step 2: Partition the array.

Less than 5 Greater than 5
Recursively sort the left and right 1 10 | 7 8 9 i P
J . (pivot in final position)
| subarrays.
Step 3: Recursively sort left and right parts.
Combine (implicit, since it's in-place). Left: [ 1] (already sorted)
Right: (10 7 8 9] —sot—+ 9 8 7 10
5 Code Example (C/C++/Java style) 6. Full Example - Multiple Steps
int partition(int arr[], int low, int high) { Array: (900, 7998..0" 1, 53]
int pivot = arr[high];
int 1 = low - 1; 1. Partition (pivot = 5)
for (int j = low; j < high; j++) {
if (arr[j] <= pivot) { [ (10 | RLONRSN 2N 7 |3 ]
1+4+4;
swap(arr[i], arr[j]); | 2. Sort right part [10 8 9 7] (pivot = 7)
|
o | [ (1) 1 P iRar] FioN | (51 3
swap(arr[i + 1], arr[high]);
return 1 + 1; // pivot index 3. Sort [8 7 10] (pivot = 10)
}
void quickSort(int arr[], int low, int high) { [ 1 l 7 l 8 9 10 | 5 ]
if (low < high) { .
int pi = partition(arr, low, high); 4. Sort [8 9] (pivot = 9)
quickSort(arr, low, pi - 1);
quickSort(arr, pi + 1, high); : [ 1 | 7 I 8 9 | 10 | : ]
} a— ——
} Sorted Array: 150 .o it Y. 000

I

|
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)l 8. Advantages & Disadvantages

@ Advantages €) Disadvantages

» Fast average performance
i (O(n log n).

| * In-place (no extra memory).

* Good for large datasets. may change order).

* (Cache friendly (good locality).
pivot selection.

* Worst case O(n"2) (e.g., already
sorted array with poor pivot).

+ Not stable (equal elements

» Performance depends on

Il 9. Key Takeaways

Choose a good pivot (random or median-of-three)
to avoid worst-case.

v
v Partition the array and recursively sort subarrays.

+" Average time complexity is O(n log n).

« Space complexity is O(log n) (due to recursion stack).
v/ Quick Sort is fast, simple and widely used

in practice.

- @ Quick Sort = Partition + Recursion + Sort =
) ===




O Comparative Study of Various Searching and Sorting Algorithms 4|
’

in Data Structure

Different algorithms solve the same problem in different ways. Here's a side-by-side comparison of popular searching and sorting algorithms,
based on their working principle, time & space complexity, and key characteristics.

!

i SEﬂ,f’Ching Algﬂrifhms n = number of elements | k = key to be searched | log n = logarithmic time
1. Linear Search ' 2. Binary Search 3. Jump Search 4. Interpolation Search

« Works by checking each element ' |+ Works on sorted data. » Works on sorted data. « Works on sorted and uniformly
one by one. « Compares the middle element + Skips blocks of size y'n and then | distributed data.

» Works on unsorted (and sorted) data. with the key and halves the search | does linear search in the block. » Estimates the position of the key

space. | using interpolation.
W12 o 9 I 4 WS TR TN 2 7l 20| A 25 a2l 10 20 | 30 | 40 | 50 | 60
T 1 - . h I’ - i T | - k A 4
check one by one compare with middle jump by +'n (block size) estimate position

Time Complexity Space Complexity Time Complexity Space Complexity _; Time Complexity '_  Space Complexity ‘ Time Complexity Space Complexity

Best: O(1) 0(1) Best: O(1) 0(1) Best: O(1) 0(1) Best: O(1) o(1)

Average: O(n) (only a few variables) Average: Oflog n) gﬁratlﬁel Average: O(yTi) | Average: O(log log n)

k Worst: O(n) | Worst: O(log n) [recies?ve} | Worst: O w.@} % Worst: O(n)
| Key Use Small datasets or unsorted data, Key Use Large sorted datasets. Key Use Sorted data, large datasets. | Key Use Uniformly distributed data.
l"-_'h. S = = —_— % e = I — - — d y
L] [ ] — — -
lT Sﬂr'tlng Algﬂrlthms n = number of elements | k = key to be sorted
1. Bubble Sort ' 2. Selection Sort 3. Insertion Sort 4. Merge Sort 5. Quick Sort 6. Heap Sort
| | .

» Repeatedly swaps adjacent + Finds the minimum element |« Builds a sorted portion from (1 ° Divides the array into halves, « Picks a pivot, partitions the array + Builds a heap from the array.
elements if they are in the and places it at the beginning. left to right. sorts them and merges. and sorts subarrays recursively. * Repeatedly extracts the max
wrong order. ‘ » Repeats for the remaining « Inserts each element into  Uses divide and conquer « Uses divide and conguer. (or min) and heapifies.

« Largest element “bubbles” elements. its correct position. strategy. _ (‘iﬂ“\
to the end. (ealals 2111 7) 8 WAlls il 1 |7 \

S 492 8 64 | 5 | 12| 2| n ERR2 N ONEC | | ettt AN i (7) (8)
| . | . ] | . . . 4 | BIl 8 20 LT /\ (\ } ,)\
A A S I3 | t ' ' il L I S Lo 2
swap if needed N insert at correct position | Merge e 4) () (8) (3)
| 12l a5 7038 Ly i L (max heap)

Time Complexity Space Complexity Time Complexity  Space Complexity Time Complexity  Space Complexity Time Complexity  Space Complexity Time Complexity  Space Complexity Time Complexity  Space Compleaity

Best: O(1) Best: O(n?) Best: O(n) Best: O(n log n) oln) Best: O(nlogn) Ollog n) Best: O(n log n) o(1)

Average: O(n?) 0(1) Average: O(n?) 0(1) Average: O(n?) | 0O(1) Average: O(n log n) (ext ) Average: O(n logn) (bl Average: O(n log n) (ln-plata}

Worst: O(n?) | | Worst: O(n?) Worst; O(n?) Worst: O(n log n) N Worst: O(n?) P Worst: O(n log n) P

! Al / L 4 y) |

Key Use ISrnaII datﬂ“_“- simple Key Use Small datasets, in-place sort. jE!yr Use | Small or nearly sorted data L Key Use Large datasets, stable sort. Key Use Large datasets, general purpose. Key Use  Large datasets, in-place sort.
| m;ﬂementatmn. < ) | k. _ | | )
- : . o e s /
. . iy F . ™y A
€@ Quick Comparison (at a glance) -®- Key Takeaways W Remember
; | ' Time Complexity " Space | e e TR e t
A.[gnnthm Type . Stable? earching aigorithms nelp us Nind an elemen "

b _ i (Best / Avg / Worst) ~ Complexity _ e R llechch SEHI“ChIﬂg _ - AR

Linear Search Searching O(1) / O(n) / O(n) 0(1) Yes ; h . ; \ :
Wy e 0(1) / O(log n) / O(log n) T | @ Sorting algorithms arrange elements in a (Linear / Binary / Jump / Interpolation)
| ey ! _ 9| ﬂgr_ "f' ! L specific order (ascending or descending).
| Sump Sﬂr:h i Sﬁrch!ng . 0(1) / O(vn) / O(vn) | 0(1) | Yes Binary search is much faster than linear search =
 Interpolation Search  Searching O(1) / O(log log n) / G;{n] | 0(1) | Yes on sorted data. 11 Saﬁing — Arrange elements

i i

. Buhblﬂl = | S'Drtlmg l O(n*) / O(n?) / O(n?) , 0(1) . Tes Merge sort and heap sort are stable (merge sort) (Bubble / Selection / Insertion /
. Selection Sort . Sorting | 0(n?) / O(n?) / O(n?) | 0(1) L and in-place (heap sort) with good time complexity. Merge / Quick / Heap)
| Jseton Sort || O(n) / O(n?) / O(n) [0 P I Y s Quick sort is generally the fastest in practice ) S

M 5 [ but h t- f i . . y
MergeSort  Soting  Olnlogn) /O(nlogn) /Olnlogn) | O(n) | Yes thasaworst-caseof Ofn). ~#  Right Algorithm + Right Data =

Quick Sort Sorting 0(n log n) / O(n log n) / O(n?) O(log n) No & Choice of algorithm depends on data size, ‘ O ' Better Perf I
. i i s . ili i etier rerrormance.

Heap Sort Sorting Oln log ) / O(n log n) / O(n log n) o) o order, memory and stability requirements.

I} | ! | | )\




