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Syllabus

= Linked List and Memory Management
Self Referential Structures
Dynamic Memory Allocation
Singly Linked List~-Operations on Linked List.
Doubly Linked List
Circular Linked List
Stacks using Linked List
Queues using Linked List
Polynomial representation using Linked List

Memory allocation and de~allocation
\_ = First-fit, Best-fit and Worst-fit allocation schemes /
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Doubly Linked List

= Singly linked list is a one~way list: List can be
traversed 1n one direction only

= Doubly linked list is a two-~way list:
= List can be traversed in two directions
= Each node 1s divided in to three parts
= data
= Llink: pointer to the previous node in the list
= Rlink: pointer to the next node in the list
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Doubly Linked List

head

-—==>
<---—

\ 4
NULLQ-II I;'_'_’_II::_*_IMI- >NULL
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Node Creation
Algorithm struct node
1. Declare int data, node Llink, node Rlink
Program
' Llink | data | Rlink
struct node
{ int data;
struct node *Llink,*Rlink;
HE
void main ()
{ struct node *ptr;
ptr = (struct node *)malloc(sizeof ( struct node ));
\_J J
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. Operations on Doubly Linked List

= Traverse/Display a list
= Insertion of a node into list

= Insert at front

= Insert at end

= Insert after a specified node
= Deletion of node from list

= Delete from front

= Delete from end

= Delete a specified node
= Searching for an element 1n a list

= Merging two linked list into larger list
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Traversal/Display

+ Visit every node 1n the list starting from the first
node to the last one
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: R
: Display/Traversal
head
:
s« N> N> > N>
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Display/Traversal

-—==>
<----

NULLQ-II I;'_'_’_II;‘_'_tlmI- >NULL
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Display/Traversal

head
ptr

i
\4
I-(--ZII;__-_tImI' >NULL

-—==)>
=

v
NULL < _II
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Display/Traversal

head
ptr

I
v
20| D |30 Dad |40 Bl

-===>
=i

v
NULL < _II
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Display/Traversal

head
ptr

!
v
I-(--ZII;__-_tImI' >NULL

-—==>
=

v
NULL < _II
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Display/Traversal

head
ptr

[
v
20| D |30 Dad |40 Bl

-—==>
=

v
NULL < _II
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Traversal/Display Algorithm

Algorithm Display(head)

L

ptr=head
2. While ptrl=NULL do

1.

2

il

Print ptr->data
ptr=ptr->Rlink
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Insertion

Insert at Front
Insert at End

Insert after a specified node
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Insertion

1. Insert at Front
2. Insert at End
3. Insert after a specified node
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Insert at Front

2 Cases
1. List 1s Empty
2. List 1s not Empty
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Insert at Front ~ Algorithm

head

|
|
I
|
|
4
UL

NULL

Case 1
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Insert at Front ~ Algorithm

Case 1
head

|
|
I
|
|
4
UL

NULL

NULL

% 10 g

NULL = new
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Insert at Front ~ Algorithm

Case 1

=
]
o
a¥

" NULL

% 10 g

NULL = new
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Insert at Front ~ Algorithm

Case 2
head

I

\ 4
(-I.;-_-_’.I.;'_'_*_Im.- >NULL

NULL
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Insert at Front ~ Algorithm

Case 2
head

NULL

new NULL

I

J- <-||2'-'-’-||2'-'-’-|ml' S—
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Insert at Front ~ Algorithm h

Case 2

head

\ 4
SR N N>

NULL new NULL
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Insert at Front ~ Algorithm A

Case 2

head

P | 10 | pume

NULL new

CS KTU LECTURES



Insert at Front ~ Algorithm -

Case 2
head

\4
2 -Ilz-_- —_— :zll;__'_)_ll;'_'_*_lml- SNULL

NULL ~ new
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Insert at Front ~ Algorithm

Algorithm Insert_Front(head, x)
1.

Create a node new

2. new—=>data=x
5.
4. If head=NULL then

new—2 Llink=new—=2>Rlink=NULL

1. head=new

Else

1. new—2>Rlink=head
2. head—2>Llink=new
3. head=new

\
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Insertion

1. Insert at Front
2. Insert at End
3. Insert after a specified node
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Insert at End

2 Cases
1. List 1s Empty
2. List 1s not Empty
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Insert at End ~ Algorithm

Case 1
head

|
|
I
|
|
4
UL

NULL
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Insert at End -~ Algorithm

Case 1

head
i

I
|
I
I
\4
NULL
NULL

% 10 g

NULL = new
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Insert at End -~ Algorithm

=
]
o
a¥

v NULL

% 10 g

NULL = new

Case 1
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Insert at End -~ Algorithm

head

\ 4
W 20 a0 Paa 4 ey

NULL

Case 2

I
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Insert at End -~ Algorithm

Case 2
head
:
1
I
\4 NULL
P | 20 | Pusa 30| Pusd 40 el 10 B
NULL NULL new
\ A
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Insert at End -~ Algorithm

Case 2
head
: ptr
-
\4 4 NULL
P | 20 | Pusa 30| Pusd 40 el 10 B
NULL NULL new
\ A
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Insert at End -~ Algorithm

Case 2
head
: ptr
- I
: I
\4 v NULL
P | 20 | Pusa 30| Pusd 40 el 10 B
NULL NULL new
\ A
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Insert at End -~ Algorithm

Case 2
head
: ptr
1
| I
\4 v NULL
P | 20 | Pusa 30| Pusd 40 el 10 B
NULL NULL new
\ A
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Insert at End -~ Algorithm

Case 2
head
: ptr
1
| :
\4 v NULL
P |20 | pusa 30| Pud 40 EEFd |10 B
NULL NULL new
\ 7
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Insert at End -~ Algorithm

Case 2
head
: ptr
| |
v v NULL
BRs 20 Da 30 Fa i e |10 R
N /
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Insert at End -~ Algorithm

Algorithm Insert_End(head, x)

1. Create a node new

W I

<

new—>data=x
new—>Rlink=new—=2>Llink=NULL
If head=NULL then

1.

head=new

5. Else

i

%

ptr=head

While (ptr=2>Rlink!=NULL) do
1. ptr=ptr->Rlink
ptr2>Rlink=new

new-> Llink=ptr

\
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Insertion

1. Insert at Front
2. Insert at End
3. Insert after a specified node
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Insert after 20
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Insert after 20

vV
% -I e :EII;__'_)_II;'_'_*_ImI- SNULL

NULL
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Insert after 20
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Insert after 20

25

new
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Insert after 20
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Insert after 20
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Insert after 20

!
\ v F

[ [25] |

new
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Insert after 20

\qvf /

I'

new
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Insert after a specified node~ Algorithm

Algorithm Insert_After (head, key, x)
1. If head=NULL then
1. Print “Search data not found. Insertion 1s not possible”
2. Else
1. ptr=head
2. While ptr->datal=key and ptr->RlinkI=NULL do
1. ptr=ptr->Rlink
If ptr->datal=key then

1. Print “Search data not found. Insertion 1s not possible”

(ON]
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Insert after a specified node~ Algorithm

4.

Else

1.
2
8
o
2

6.

Create a node new
new—>data=x

new-> Llink=ptr
new->Rlink=ptr->Rlink

If new—>RlinkT=NULL then
1. new—2Rlink-2>Llink=new
ptr>Rlink=new

ptr

[
\4
20

-—=>
6—--

30

\
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Insert after a specified node~ Algorithm

4. Else
1. Create a node new p.t )
2. new—>data=x \ly
3. new-2>Llink=ptr II;'_'_’_.I
4. new=>Rlink=ptr->Rlink
5. If new=2>RlinkT=NULL then

1. new—2Rlink-2>Llink=new II

6. ptr>Rlink=new e
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Insert after a specified node~ Algorithm

4. Else
1. Create a node new p.t )
2. new—>data=x \=;
3. new-2>Llink=ptr Imlz_’?_ll
4. new=>Rlink=ptr->Rlink \
5. If new=2>RlinkT=NULL then \

1. new—2Rlink-2>Llink=new II

6. ptr>Rlink=new e
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Insert after a specified node~ Algorithm

4. Else

1. Create a node new p.t )
2. new—>data=x

3. new-2>Llink=ptr Imlz_’?_ll
4. new=2>Rlink=ptr->Rlink

5. If new=2>RlinkT=NULL then

1. new—2>Rlink=2>Llink=new II

6. ptr>Rlink=new e
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Insert after a specified node~ Algorithm

4. Else

1. Create a node new p.t )
2. new—>data=x

5. new-=>Llink=ptr Iml""ll
4. new=>Rlink=ptr->Rlink

5. If new=2>RlinkT=NULL then

1. new—2>Rlink=2>Llink=new II

6. ptr>Rlink=new e
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Insert after a specified node~ Algorithm

4.

Else

1.
2
8
o
2

6.

ptr
Create a node new .

new->data=x

new-> Llink=ptr Im
new->Rlink=ptr->Rlink \
If new=2>Rlink!I=NULL then

\

\
1. new—=2Rlink—=2Llink=new I 25 I
ptr->Rlink=new
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1. Del
2. Del

Deletion

ete from Front
ete from End

3. Del

ete a specified node
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Deletion

1. Delete from Front
2. Delete from End
3. Delete a specified node
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Delete from Front

5 Cases
1. List 1s Empty
2. List contains only one node

3. List contains more than one node
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Delete from Front

Case 2
head
I
|
]
i
|
I
i
|
v NULL
S |10 g

NULL
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Delete from Front

Case 2
head
]
1
|
]
i
|
I
i
|
v NULL
10| g
NULL temp
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Delete from Front

Case 2
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Delete from Front

Case 2
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Delete from Front

Case 3
head

\4
% -Ilz-_- . :EII;__'_)_II;'_'_*_ImI- SNULL

NULL
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Delete from Front

Case 3

P | 10 | pume

NULL
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Delete from Front

Case 3
head

\ 4
., R B R
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Delete from Front

Case 3
head

\ 4
v - [N > R
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" Delete from Front- Algorithm

Algorithm Delete_Front(head)
1. If head ==NULL then
1. Print “List 1s empty”
2. Else if head—>Rlink=NULL then
1. temp=head
2. head=NULL
3. dispose(temp)
3. Else
1. head=head->Rlink
2. dispose(head-> Llink)
N 3. head—2>Llink=NULL
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Deletion

1. Delete from Front
2. Delete from End
3. Delete a specified node
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Delete from End

5 Cases
1. List 1s Empty
2. List contains only one node

3. List contains more than one node
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Delete from End

Case 2
head
I
|
]
i
|
i
i
|
v NULL
S |10 g

NULL
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Delete from End

Case 2
head
]
1
|
]
i
|
i
i
|
v NULL
10| |
NULL temp
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Delete from End

Case 2
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Delete from End

Case 2
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Delete from End
Case 3
head
& NULL
o T N> N> >
- /
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Delete from End -
Case 3
head

E ptr

v v -
o >R N~
e S
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Delete from End A
Case 3
head

E ptr

\i' \Il NULL
o BN R R
NS /
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Delete from End A
Case 3
head

E ptr

\i' \=/ NULL
o BN R
NS /
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/
Delete from End A
Case 3
head

E ptr

v ¢
o BN R R
NS /
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/
Delete from End A
Case 3
head
E ptr
o B~ N N
NS /
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Delete from End
Case 3
head
‘i' NULL
R 'II?- — _?II;‘_'?_II_ <
-

CS KTU LECTURES




" Delete from End- Algorithm

Algorithm Delete_End (head)
1. If head ==NULL then
1. Print “List 1s empty”
2. Else if head—2>Rlink=NULL then
1. temp=head
2. head=NULL
3. dispose(temp)
3. Else
1. ptr=head
2. While ptr->Rlinkl=NULL do
1. ptr=ptr->Rlink
3. ptr=2>Llink->Rlink=NULL
\_ 4. dispose(ptr)
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Deletion

1. Delete from Front
2. Delete from End
3. Delete a specified node
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Delete a specified node

4 Cases
1. List 1s Empty
List contains only one node

Search data present in the first node

dl I

All other cases
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Delete 10

Case 2
head
I
|
]
i
|
I
i
|
v NULL
% 10 e

NULL
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Delete 10

Case 2
head
I
|
]
i
|
I
i
|
v NULL
10| g

NULL

temp
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Delete 10

Case 2
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Delete 10

Case 2
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Delete 10 A
Case 3
head
\i' NULL
o IO N> N>
NS /
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Delete 10

Case 3

P | 10 | pume

NULL
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Delete 10

Case 3

head

NULL

40 g
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Delete 10

Case 3

head

NULL

40 g
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/
Delete 30 A
Case 4
head
\i' NULL
o IO N> N>
NS /
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/
Delete 30 A
Case 4
head
i ptr
vy s
o NN N>
NS /
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/
Delete 30 A
Case 4
head
i pltr
v ¢ -
o IO N> N>
NS /
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/
Delete 30 A
Case 4
head
i pltr
v ¢ s
o IO N> N>
NS /
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/
Delete 30 3
Case 4

head R i .=

! | = ;
$ ¢ ¥
IR i
N~ Y
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Delete 30

:. ________________
: ptr
L]
! v
<R N
|
| |
| |
| |
e e e e e e e o o o o e e e -
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Delete 30
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/
Delete 30 R
Case 4
head
‘i' NULL
DY | 10| Pusks | 20 | Pl | i) |
- /
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" Delete a specified node- A]gorithm\
Algorithm Delete_Any (head, key)
1. If head ==NULL then
1. Print “List 1s empty”
2. Else if head->Rlink=NULL then
1. If head—>data=key then
1. temp=head

2. head=NULL
3. dispose(temp)
2. Else
1. Print “Search data not found. Deletion 1s not
possible”
N /
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" Delete a specified node- A]gorithm\

3. Else if head—>data=key then
1. head=head->Rlink
2. dispose(head->Llink)
3. head->Llink=NULL
4. Else
1. ptr=head
2. While ptr—>datal=key and ptr->RIlink!=NULL do
1. ptr=ptr->Rlink
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" Delete a specified node- A]gorithm\

3. If ptr->datal=key then

1. Print “Search data not found. Deletion 1s not
possible”

4. Else
1. ptr=2>Llink->Rlink=ptr->Rlink
2. If ptr>Rlink!I=NULL then
1. ptr->Rlink->Llink=ptr->Llink

3. dispose(ptr)
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Search 30 A

head

-—==>
<----

\4
NULLQ-II I';'_'_’_II;‘_'.?_ImI- >NULL

CS KTU LECTURES



Search 30 A

-—==>
<----

NULLQ-II I';'_'_’_II;‘_'.?_ImI- >NULL
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Search 30 R

head
ptr

]
\4
I-(--ZII;__-_tImI' >NULL

-===>
=

\4
NULL < _II
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Search 30 R

head
ptr

]
v
I-(--ZII;__-_tImI' >NULL

-===>
=

\4
NULL < _II
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. Search~ Algorithm

Algorithm Search (head, key)
1. If head ==NULL then
1. Print “List 1s empty”
2. Else
1. ptr=head
2. While ptr—>datal=key and ptr->RlinkI=NULL do
1. ptr=ptr->Rlink
3. If ptr->data=key then
1. Print “Search data found.

4. Else
1. Print “Search data not found.
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headl
I

|
4
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head?2

I
v
NULL < _Il

Merge
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]
v
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headl
I

|
4
.« IO

-->

head?2

I
v
NULL < _Il

Merge
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I
v
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headl
I

|
4
.« IO

-->

head?2

I
v
NULL < _Il

Merge

ptr

)
]
II;--tII;'_'_*_Iﬁl- S>NULL

-——=>
-

I

/
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Merge

headl
I ptr

I i
v v
ST | [ | Pummd | 20 | Pusid | 30 | Pusid |40 | |

.

2
(——--

1
vV
SR | 50 Puea | o) P4 |70 Pdhi

\_ A
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Merge

headl

, prr
v v

SN | | | Puka | 20 | Pumd |30 | Pua |40 e

A I
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Merge

head

I

i

I

\ 4
NHLL<—-|lli:fll’e’-‘-’-ll’e'—'—’-l@l"ﬁ
I
i I
I I
i I
i I
_________________________________ - |
I
I
I
I
I
I

S ———

o

o0 Paid |70 P

. /
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Merge-~ Algorithm

Algorithm Merge (headl, head?2)

1. ptr=headl

2. While ptr>Rlink!T=NULL do
1. ptr=ptr->Rlink

3. ptr—2>Rlink=head?2

4. head2->Llink=ptr

5. head=headl
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