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What is a Linked List? V

> A linear data structure

> Elements are stored in nodes

» Each node contains:
> Data

» Pointer (reference) to next node
> & Unlike arrays, elements are not stored in contiguous memory
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I Type of Linked lIst

> Singly
»Doubly
» Circuler




Structure of a Node in (Singly Linked list)

» Each node has:
»data = value

»next > address of next node

Data

Link
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Create a Node Class

class Node:
def _init_ (self, data):
self.data = data
self.next = None
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I Create Linked List Class

class LinkedList:
def _init_ (self):
self.head = None




Insert at Beginning

def insert_at_beginning(self, data):

new_node = Node(data)
new_node.next = self.head
self.head = new_node
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Insert at End

def insert_at_end(self, data):

new_node = Node(data)

if self.head is None:
self.head = new_node
return

temp = self.head
while temp.next:
temp = temp.next

temp.next = new_node
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Display Linked List

def display(self):
temp = self.head
while temp:
print(temp.data, end=" -> ")
temp = temp.next
print("None")
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Complete Example

class Node:
def __init__ (self, data):
self.data = data
self.next = None

class LinkedList:
def __init_ (self):
self.head = None

def insert_at_beginning(self, data):

new_node = Node(data)
new_node.next = self.head
self.head = new_node

def insert_at_end(self, data):
new_node = Node(data)

if self.head is None:
self.head = new_node
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return

temp = self.head
while temp.next:

temp = temp.next
temp.next = new_node

def display(self):
temp = self.head
while temp:

print(temp.data, end="->"

temp = temp.next
print("None")

# Usage

Il = LinkedList()
ll.insert_at_beginning(10)
ll.insert_at_beginning(5)
ll.insert_at_end(20)
ll.insert_at_end(30)

|l.display()

10



SINGLY LINKED LIST & COMMON OPERATIONS

EXAMPLE OF SINGLY LINKED LIST

1. SINGLY LINKED LIST (SLL)

COMPLEXITY
A linear data structure where each head e Traversal : O(n)
node contains: I : o Saareh . O(n)
* Data (Value) 10 e —»| 20 e —| 30 e —| 40 e —| 50 |« NULL e Insertion : O(1) *
e Address (Link) of next node l +“Dalistion . 0(1) *
Node 1 Node 2 Node 3 Node 4 Node 5 d

* At beginning. In middle/end

NODE STRUCTURE
requires O(n) to find position.

Next
(Address)

‘ Data TRAVERSAL (Display)
Start from head and visit each node by following Next pointer until NULL.

Output: 10 — 20 — 30 — 40 — 50

ADVANTAGES
« Dynamic size
« Efficient insertions/deletions
e Memory is allocated as needed

2. COMMON OPERATIONS

HEAD
Head is a pointer that stores
the address of the first node.

2.1 TRAVERSAL (DISPLAY)
Visit each node from head to NULL.

L [0 }-[20 ++[30 }—~[%0 }~[0 }- nure

Output: 10 — 20 — 30 — 40 — 50

2.4 INSERT AT POSITION (Pos = 3, New Node = 25)

Insert 25 at position 3 (between 20 and 30).
Steps:
1. Traverse to (pos-1)th node (here node with 20)
2. newNode->Next = temp->Next

3. temp->Next = newNode

- - e

2.7 DELETE AT POSITION (Pos = 3)

Delete node at position 3 (node with 30).
Steps:

1. Traverse to (pos-1)th node (20)

2. temp = target node (30)

3. prev->Next = temp->Next

4. free(temp)

- e

2.2 INSERT AT BEGINNING
New node (5) is inserted before the first node.

Steps:
3 newNode->Next = head
2. head = newNode

head

L»[ 5 4—»[ 10 -}—‘[ 20 :’—‘I 30 {—»I 40 4_.[ 50 «}—ONULL |

2.5 DELETE FROM BEGINNING

Delete the first node (10).
Steps:

1. temp = head

2. head = head->Next

3. free(temp)

[20 1[50 1~[@0 1[50 |+ nune

FULL EXAMPLE (AFTER MULTIPLE OPERATIONS)

head

Original List:

< : Y
[1°f"20 f—| 30 f—.*4o»—¢so —s NULL

Insert 5 at Beginning:

I 1 [
lS*—-10+—-120-1—~:‘l304—o‘40-—>'50——0NULL
Insert 60 at End:

[ 5 }+[10 }+[20 }+[40 }+[50 =60 }— nuLL

Delete Node at Position 3 (20):

L5 j—{r0 {20 }—+{40 }~{=0 |~{ €0 }— mue

2.3 INSERT AT END
New node (60) is inserted at the last.

Steps:
5 Traverse to last node
2. last->Next = newNode

. newNode->Next = NULL
"_[70 }+[20 }[30 }+[#0 }[50 } [0 [} nure

2.6 DELETE FROM END

Delete the last node (50).

Steps:

1. Traverse to second last node (40)
2. temp->Next = NULL

3. free(lastNode)

helad_.[ 10 —-——I 20 {—‘l 30 }—4 40 ll_’ NULL

IMPORTANT NOTES

In Singly Linked List, each node points to the next node only.
Last node’s Next pointer always contains NULL.

Always start from head to access any node.
e Insertions/Deletions are efficient when the position is known.

LEGEND

Next
Rotdiy

Node

Data

NULL
End of List

— Link




DOUBLY LINKED LIST (DLL) & COMMON OPERATIONS

1. DOUBLY LINKED LIST (DLL)

A linear data structure where each node
contains:

HEAD

EXAMPLE OF DOUBLY LINKED LIST

- [ B
Data (Value) |_. NuLLl 10 — it o 20 2
« Address (Link) of next node L -
« Address (Link) of previous node Node 1 Node 2
NODE STRUCTURE
T
Prev Next
(Address) \ Data ‘ (Address)
U,,I to Li:k oo Forward (from Head to NULL):
Previous Node Next Node

HEAD

Pointer to the first node.

In DLL, we can traverse in both forward
and backward directions.

Backward (from Last to NULL):

COMPLEXITY
« Traversal Oo(n)
« Search O(n)
= 30 - g L 40 = > - = 50 NULL « Insertion o(1) *
Fai J « Deletion o(1) *
Node 3 Node 4 Node 5 * At beginning, middle or end
(when position is known)
TRAVERSAL ADVANTAGES
10 - 20 — 30 — 40 — 50 - Efficient insertion and deletion
50 < 40 «> 30 — 20 — 10 at both ends and at any position

(We can traverse in both directions)

(when position is known)
= Bidirectional traversal
= More flexible than SLL

2. COMMON OPERATIONS

2.1 TRAVERSAL (DISPLAY)

Forward Traversal (Head to End)
head

L—wu‘},’NA:!;L_'Vf. 5| 10 -§- 1{720 }- ~+ 30 |« »1?7 4:5. -»
10 — 20 — 30 — 40 — 50

50 == NULL
Output:

Backward Traversal (End to Head)
NULL < so0 -} -»[ s0 | —»{ 4o'] —»[ 30 ’ ‘ '
- - - - —’l 20 |« -+ 10 ~—= NULL
Output: 50 - 40 — 30 — 20 — 10

2.4 INSERT AT POSITION (Pos = 3, New Node = 25)

2.2 INSERT AT BEGINNING

Insert new node (S) before the first node.

Steps:
1. newNode->Next = head
2. newNode->Prev = NULL
3. head->Prev = newNode
4 head = newNode
head

r r 1 (
L”&_i]"{ 5 —J-G—OJI 10 J-[ 20 J—- 30 J—Ol 42 4—6{ 50 —b NULL

2.5 DELETE FROM BEGINNING

NULL ~— 20 |l«—| 30 o—-: 40 ¢—>l 50 =NULL

FULL EXAMPLE (AFTER MULTIPLE OPERATIONS)

Insert 25 at position 3 (between 20 and 30). Delete the first node (10).
Steps: Steps:
1. Traverse to (pos-1)th node (20) =
2. newNode->Next = current->Next (30) ; :‘em: % :ea(:’ N
3. newNode->Prev = current (20) - head = head->Next
4. (current->Next)->Prev = newNode 3. head->Prev = NULL
5. current->Next = newNode 4. free(temp)
head ) & e ! ~ i N head —
L —~nNULL < 10 |e-sf- 20 L»{ 25 [+ 30 [+ 40 |« —| 50 [— NULL
2.7 DELETE AT POSITION (Pos = 3)
Delete node at position 3 (node with 30).
Initial List : NULL <— 10 —=
Steps:
1. Traverse to node at position 3 (30) insert S at Beginning : NULL \ 5 jo—o
2. (30->Prev)->Next = 30->Next (40) {
3. (30->Next)->Prev = 30->Prev (20) Insert 25 at Position 3 : NULL «— 5 |e—
4. free(30)
Delete 1st Node : NULL - 10 |e—-
head
NULL «+—| 10 f+—| 20 |+—-| 40 |+—{ 50 +— NULL Delete Last Node : NULL ~—] 10 |

20

10

10

25

1 28

- -

30

20

25

20

20

L 40

30

20

30 |

{ 30

—= NULL

2.3 INSERT AT END

Insert new node (60) at the last.
Steps:

1.
2.
3.
4

head

Traverse to last node
last->Next = newNode
newNode->Prev = last
newNode->Next = NULL

T = | = 1 B ]
L__.‘—HINU‘LL'»IQ ~+ 10 |« —»| 30 EQ—-{ 40 < —»| 50 = —- NULL

2.6 DELETE FROM END

Delete the last node (50).
Steps:

1.
2.
3.
4.
head

Traverse to second last node (40)
temp = 40->Next (S50)

40->Next = NULL

free(temp)

LwutL+— 10 [+—| 20 |+—+ 30 |+ 20 }— nuLL

50 +—= NULL

— 50

|e—v a0 r._.: 50 }——» NULL
’—_', 30 .~—-7 40 |+—-

+—-| 40 |«—-| 50 —= NULL
|«—| 40 |s—+ 40U -+ NULL

IMPORTANT NOTES

« Each node has two links: Prev and Next.

« Prev of first node is NULL.

= Next of last node is NULL.

« Traversal possible in both forward and
backward directions.

= DLL requires extra memory for Prev link.

LEGEND
— Next Link
(:d':“l’_) Data (::::) - Prev Link
NULL End of List



CIRCULAR LINKED LIST (CLL) & COMMON OPERATIONS

EXAMPLE OF CIRCULAR LINKED LIST

A linear data structure in which the last head

node points back to the first node, | T

forming a circle. 10 e 20 P {_*[ 30 PR S 40 -
« Each node contains:

- Data (Value)

Node 1
- Address (Link) of next node

Node 2

Node 3 Node 4

50

-

Node 5

NODE STRUCTURE
{ Data | Next (Address) }—’

HEAD
Head is a pointer that stores
the address of the first node.

TRAVERSAL (Display)

until we reach the head node again.

Output: 10 — 20 — 30 — 40 — 50 (back to 10)

2. COMMON OPERATIONS

2.1 TRAVERSAL (DISPLAY)
Visit each node from head and stop when we

2.2 INSERT AT BEGINNING
Insert new node (5) before the first node.

come back to head. Steps:
head 1. newNode->Next = head
| [ | | | 2. Traverse to last node (50)
e R0 |83 80 [ 30 3. last->Next = newNode
| I 4. head = newNode
head

Output: 10 — 20 — 30 — 40 — 50

i , S , »
L.,»i 5 |-f *| 10 ~—=| 20 [+—»| 30 | 40 +—*| 50 -—1

2.4 INSERT AT POSITION (Pos = 3, New Node = 25) 2.5 DELETE FROM BEGINNING
Insert 25 at position 3 (between 20 and 30). Delete the first node (10).
Steps: Steps:
1. Traverse to (pos-1)th node (20) 1. Traverse to last node (50)
2. newNode->Next = current->Next (30) 2. head = head->Next (20)
3. current->Next = newNode 3. last->Next = head
head head

| 10 =20 ks 25 -—+[30 ~s 40 - 50 .

L_.[—-{ 20 [+—»| 30 |—»| 40 = 50 ﬂj

2.7 DELETE AT POSITION (Pos = 3) ~ FULL EXAMPLE (AFTER MULTIPLE OPERATIONS)
Delete node at position 3 (node with 30). Initial List : - 10 t—e| 20 ~—=| 30 }—+ 40 F—+ 50 jo———-
Steps:
Insert 5 at Beginning : | S =10 —+| 20 -—+| 30 —+| 40 —
1. Traverse to (pos-1)th node (20) 2
2. temp = (pos)th node (30) Insert 60 at End : ~= 5 -+ 10 ~—+ 20 -+ 30 -+ 40 —+ 50 -
3. current->Next = temp->Next (40) [
Insert 25 at Pos 3 : 15 |19 |20 [~—=| 30 [—=| 40 [—~
4. free(temp) .
head Delete 1st Node : &~ 10 =+ 25 == 20 =+ 30 |~—+ 40 ~—+ 50 -
L*"‘! 10 |~—| 20 ——| 40 [~—=| SO Delete Last Node : +— 10 =+ 25 =+ = 20 |+ 30 <+ 40 ~—= 50 -~

—

i

Delete at Pos 3 (20) :

-7-10‘.25-.3o¢7.¢o<-50j

-

-

Start from head and visit each node by following Next pointer

-

60 ~

60 -~

1.
2.

COMPLEXITY

« Traversal
= Search

* Insertion
e Deletion

Oo(n)
Oo(n)
o(1) *
o(1) *

At beginning or at last (when position is known)

ADVANTAGES

« Last node is connected to first node.

« Efficient insertion and deletion at
beginning or end.

« Useful for circular applications
(e.g., round-robin scheduling).

2.3 INSERT AT END
Insert new node (60) after the last node.
Steps:

last->Next =

3. newNode->Next
head

1.
2.
3.

so—~—tso--wJ

(

Traverse to last node (50)
newNode (60)

head

L_..fol—[Fo |-—[E0 - [Fap +—>

50 +—>| 60 '—1

2.6 DELETE FROM END

Delete the last node (50).
Steps:
Traverse to second last node (40)
secondLast->Next = head (10)

free(lastNode)
head

r—ﬁo;‘—’ 20 +—=| 30 ~—» | 40

&

=)

IMPORTANT NOTES

« In CLL, last node's next always points to head.

« Traversal stops when we reach head again.

« Only one pointer (next) is used in each node.

Next |
‘» Data (Address)

LEGEND
_

r—v

« Best for applications where we need circular access.

Link (Next Pointer)

Back to Head (Circular Link)

head — Points to First Node
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