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UNIT III LINEAR DATA STRUCTURES 

 

LINKED LIST 
Definition 

Linked list is a dynamic data structure which is an ordered collection of 
homogeneous data elements called nodes, in which each element contains two parts: 
data or Info and one or more links. The data holds the application data to be processed. 
The link contains (the pointer) the address of the next element in the list. 
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Why Linked List? 
 Even though searching an array for an individual element can be very efficient, array has some limitations. So arrays 

are generally not used to implement Lists.
 

Advantages of Linked List 
1. Linked list are dynamic data structures - The size is not fixed. They can grow or shrink during the execution of a 

program. 
2. Efficient memory utilization - memory is not pre-allocated. Memory is allocated, whenever it is required and it is de- 

allocated whenever it is not needed. Data are stored in non-continuous memory blocks. 
3. Insertion and deletion of elements are easier and efficient. Provides flexibility. No need to shift elements of a linked 

list to make room for a new element or to delete an element. 
 

Disadvantages of Linked List 
1. More memory - Needs space for pointer (link field). 
2. Accessing arbitrary element is time consuming. Only sequential search is supported not binary search. 

 
Operations on Linked List 
The primitive operations performed on the linked list are as follows 
1. Creation- This operation is used to create a linked list. Once a linked list is created with one node, insertion 

operation can be used to add more elements in a node. 
2. Insertion- This operation is used to insert a new node at any specified location in the linked list. A new node may be 

inserted, 
 At the beginning of the linked list, 
 At the end of the linked list, 
 At any specified position in between in a linked list. 

3. Deletion- This operation is used to delete an item (or node) from the linked list. A node may be deleted from the, 
 Beginning of a linked list, 
 End of a linked list, 
 Specified location of the linked list. 

4. Traversing - It is the process of going through all the nodes from one end to another end of a linked list. In a singly 
linked list we can visit the nodes only from left to right (forward traversing). But in doubly linked list forward and 
backward traversing is possible. 

5. Searching- It is the process finding a specified node in a linked list. 
6. Concatenation- It is the process of appending the second list to the end of the first list. Consider a list A having n nodes 

and B with m nodes. Then the operation concatenation will place the 1st node of B in the (n+1) the node in A. After 
concatenation A will contain (name) nodes. 

 

Types of linked list 
1. Singlylinked list or Linear list or One-waylist 
2. Doubly linked list or Two-way list 
3. Circular linked list 
4. Doubly circular linked list 
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 Definition 

SINGLY LINKED LIST 

In singly linked list, each element (except the first one) has a unique predecessor, and each element (except the 
last one) has a unique successor. Each node contains two parts: data or Info and link. The data holds the application data 
to be processed. The link contains the address of the next node in the list. That is, each node has a single pointer to the 
next node. The last node contains a NULL pointer indicating the end of the list. 

 

 
 SentinelNode 
 It is also called as Header nodeor Dummy node.
 Advantages

o Sentinel node is used to solve the following problems 
 First, there is no really obvious way to insert at the front of the list from the definitions given. 
 Second, deleting from the front of the list is a special case, because it changes the start of the list; careless 

coding will lose the list. 
 A third problem concerns deletion in general. Although the pointer moves above are simple, the deletion 

algorithm requires us to keep track of the cell before the one that we want to delete. 
 Disadvantages

o It consumes extra space. 
 

 Insertion 
a. Creating a newnode from empty List 

 
b. Inserting a node to the front of list 

 
c. Inserting a node in the middle 
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d. Inserting a node to the end of list 
 

 Deletion 
a. Inserting a node to the front of list 

 

b. Deleting the middle node 

 
c. Deleting the last node 
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Singly linked list implementation 

Type Declarations 
struct node 
{ 

int data; 
struct node *next; 

}*head=NULL: 
typedef struct Node *position; 

Routine to check whether the List is empty 
/* Returns 1 if List is empty */ int IsEmpty (position 
head) 
{ 

if (head->next == NULL) return(1); 
} 

 

 

Routine to check whether the current position is last 
/* Returns 1 if P is the last position in L */ int IsLast (position p) 
{ 

if (p->Next == NULL) return(1); 
} 

 

 

Find Routine 
/* Returns the position of X in L; NULL if not found */ Position Find (int X) 
{ 

position p; 
P = head->next; 
while( (p!= NULL) && (p->data != X) ) p = p->next; 
return P; 

} 
 

 
 

FindPrevious Routine 
/* Returns the previous position of X in L */ 



                                                                                                                                    ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY 

UNIT-III                                                                                                                     EC8393-FUNDAMENTALS OF DATA STRUCTURES IN C 

position FindPrevious (int X) 
{ 

position P; P = head; 
while( (P->Next!= NULL) && (P->Next->data != X) ) P = P->Next; 
return P; 

} 
 

 
 

FindNext Routine 
/* Returns the position of X in L; NULL if not found */ Position Find 
(int X) 
{ 

position p; 
P = head->next; 
while( (p!= NULL) && (p->data != X) ) p = p->next; 
return P->next; 

} 
 

 
 

void traversal () 
{ 

position p; 
P = head->next; while( p!= 
NULL) 
{ 

printf(p->data); p = p->next; 
} 

} 

Insertion 
Inserting a node to the front of list 

 
Insert at Beginning 
void Insert_beg (int X) 
{ 

position NewNode; 
NewNode = malloc (sizeof(struct Node)); 
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if(NewNode != NULL) 
{ 

NewNode->data = X; 
NewNode->next = L->Next; 
head->next = NewNode; 

} 
} 

 

b.Inserting a node in the middle 

 

Insertion at Middle 
/* Insert element X after position P */ 
void Insert_mid (int X, position P) 
{ 

position NewNode; 
NewNode = malloc (sizeof(struct Node)); 
if(NeWNode != NULL) 
{ 

NewNode->data = X; 
NewNode->next = P->next; 
P->next = NewNode; 

} 
} 
c.Inserting a node to the end of list 

 

Insert at Last 
void Insert_last (int X) 
{ 

position NewNode,P; 
NewNode = malloc (sizeof(struct Node)); 
if(NewNode != NULL) 
{ 

while(P->next!=NULL) 
P = P->next; 
NewNode->data = X; 
NewNode->next = NULL; 
P->next = NewNode; 

} 
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} 
 

 Deletion 
Deleting a node to the front of list 

 
Delete at Beginning 
void Delete_beg () 
{ 

position TempCell; 
if(head->next!=NULL) 
{ 

TempCell = head->next; 
head->next = TempCell ->next; 
free(TempCell); 

} 
Deleting the middle node 

Delete at Middle Routine 
void Delete (int X) 
{ 

position P, TempCell; 
P = FindPrevious(X); 
TempCell = P->next; 
P->Next = TempCell ->Next; 
free(TempCell); 

} 
 

Deleting the last node 

 
Delete at Last 
void Delete_last () 
{ 

position TempCell,P; 
while(P->next->next!=NULL) 
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P = P->next; 
TempCell = P->next; 
P->next = NULL; 
free(TempCell); 

} 
 

CIRCULAR LINKED LIST 
 Why circular linked list? Or advantages over singly linked list 
 With a singly linked list structure, given a pointer to a node anywhere in the list, we can access all the nodes that 

follow but none of the nodes that precede it. We must always have a pointer to the beginning of the list to be able 
to access all the nodes in the list.In a circular linked list, every node is accessible from a given node.

 In deletion of singly linked list, to find the predecessor requires that a search be carried out by chaining through the 
nodes from the first node of the list. But this requirement does not exist for a circular list, since the search for the 
predecessor of node X can be initiated from X itself.

 Concatenation and splitting becomes more efficient.
 

 Disadvantages 
 The circular linked list requires extra care to detect the end of the list. It may be possible to get into an infinite loop. 

So it needs a header node to indicate the start or end of the list.
 
 Definition 
 A circular linked list is one, which has no beginning and no end. Circular linked list is a list in which every node has a 

successor; the "last" element is succeeded by the "first" element. We can start at any node in the list and traverse the 
entire list.

 

 

 
 Definition 

DOUBLY LINKED LIST 

 Doubly linked list is a linked list in which each node is linked to 
both its successor and its predecessor. In a doubly linked list, the 
nodes are linked in both directions. Each node of a doubly linked 
list contains three parts:

o Info: the data stored in the node 
o Next/FLink: the pointer to the following node. 
o Back/BLink: the pointer to the preceding node 

 

 Why doubly linked list? 
 In singly linked list, it is difficult to perform traversing the list in reverse.
 To delete a node, we need find its predecessor of that node.
 Advantages 
 Traversing in reverse is possible.
 Deletion operation is easier, since it has pointers to its predecessor and successor.
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         Finding the predecessor and successor of a node is easier.

 
 

 Disadvantages 
 A doubly linked list needs more operations while inserting or deleting and it needs more space (to store the extra 

pointer). There are more pointers to keep track of in a doubly linked list. For example, to insert a new node after a 
given node, in a singly linked list, we need to change two pointers. The same operation on a doubly linked list requires 
four pointer changes.

 

 
 Why doubly circular linked list? 

DOUBLY CIRCULAR LINKED LIST 

The aim of considering doubly circular linked list is to simplify the insertion and deletion operations performed on doubly 
linked list. 

 
 Definition 
A circular linked list is one, which has no beginning and no end. A doubly circular linked list is a doubly linked list with 
circular structure in which the last node points to the first node and the first node points to the last node and there are 
two links between the nodes of the linked list. In doubly circular linked list, the left link of the leftmost node contains the 
address of the rightmost node and the right link of the rightmost node contains the address of the leftmost node. 

 
A Doubly Linked List 

 
 

APPLICATIONS OF LINKED LIST 
All kinds of dynamic allocation related problems can be solved using linked lists. Some of the applications are given 
below: 

1. Polynomial ADT 
2. Radix sort or Card sort 
3. Multi-list 
4. Stacks and Queues 

 
Linked list implementation of stack 

The limitations of array implementation can be overcome by dynamically implementing (is also called linked list 
representation) the stack using pointers.In linked list implementation, the stack does not need to be of fixed size. 
Insertions and deletions are done more efficiently. Memory space also not wasted, because memory space is allocated 
only when it is necessary (when an element is pushed) and is de-allocated when the element is deleted. 
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Push operation 
 

Pop operation 

 
Linked list implementation of Stack 

void push(int x); 
void pop(); 
void display(); 

 

struct node 
{ 

int data; 
struct node *next; 

} *top = NULL; 

typedef truct node * position; 

void push(int x) 

{ 
position p; 
p =(struct node *)malloc(sizeof(struct node)); 
if (p == NULL) 

printf("Memory allocation error \n"); 
else 
{ 

if (top == NULL) 
{ 

top =(struct node *)malloc(sizeof(struct node)); 
p->data=x; 
p->next = NULL; 
top->next = p; 

} 
else 
{ 

p->data=x; 
p->next = top->next; 
top->next=p; 

} 
 

} 
} 
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Linked list implementation of Linear Queue 
 

 

 

 

 

void pop() 
{ 

position p; 
p = top->next; 

 
if (top == NULL) 

printf("Stack is empty"); 
else 
{ 

top->next= top->next->next; 
printf("\n Popped value : %d\n", p->data); 
free(p); 

} 
} 

 
void display() 
{ 

struct node *p; 
if (top == NULL) 

printf("Stack is empty"); 
else 
{ 

p = top; 
while(p != NULL) 
{ 

printf("\n%d", p->data); 
p = p->next; 

} 
} 

} 
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Linked list implementation of Linear Queue 

struct node 
{ 

int data; 
struct node *next; 

} *front = NULL, *rear=NULL; 

typedef truct node * position; 

void enqueue(int x); 
void dequeue(); 
void display(); 
int item; 

 
struct node 
{ 

int data; 
struct node *next; 

} *top = NULL; 
 

typedef truct node * position; 
 
 

void dequeue() 
{ 

 

position p; 
p = front->next; 

 
if (front == NULL) 

printf("Queue is empty\n"); 
else 
{ 

printf("\n Dequeued value : %d\n", p->data); 
front->next=front->next->next; 
free(p); 

} 
 

} 
 

void display() 
{ 

position p; 
p = front->next; 

 
if (front == NULL) 

printf("Queue is empty\n"); 
else 
{ 

printf("Queue elements are : \n"); 
while (p != NULL) 
{ 
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 printf("%d ",p->data); 
p = p->next; 

} 
} 

 
} 
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