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Objectives

 To provide the knowledge of fundamental concepts of data structures using the c

programming language so that students should get to know that how we are

managing various kinds of data in the computer system and how it is accessed in a

proper way.

 Understand the use and working of the various data structures.

 Learn to be able to build own algorithms and pseudo codes for the various applications of the basic data   

structures.



Stacks

• A Stack is a Linear Data Structure that follows 
the LIFO (Last In, First Out) principle that allows operations 
like insertion and deletion from one end of the Stack, i.e., 
Top. 

• Stacks can be implemented with the help of contiguous 
memory, an Array, and non-contiguous memory, a Linked 
List. 

• Real-life examples of Stacks are piles of books, a deck of 
cards, piles of money, and many more

• The insertion and removal of new books from the top of the Stack. It 
implies that the insertion and deletion in the Stack can be done only 
from the top of the Stack. We can access only the Stack's tops at any 

given time.



The primary operations in the Stack are as follows:

1.Push: Operation to insert a new element in 
the Stack is termed as Push Operation.

2.Pop: Operation to remove or delete elements 
from the Stack is termed as Pop Operation.



Some Applications of Stacks:
1.The Stack is used as a Temporary Storage Structure for recursive operations.

2.Stack is also utilized as Auxiliary Storage Structure for function calls, nested
operations, and deferred/postponed functions.

3.We can manage function calls using Stacks.

4.Stacks are also utilized to evaluate the arithmetic expressions in different
programming languages.

5.Stacks are also helpful in converting infix expressions to postfix expressions.

6.Stacks allow us to check the expression's syntax in the programming environment.

7.We can match parenthesis using Stacks.

8.Stacks can be used to reverse a String.

9.Stacks are helpful in solving problems based on backtracking.

10.We can use Stacks in depth-first search in graph and tree traversal.

11.Stacks are also used in Operating System functions.

12.Stacks are also used in UNDO and REDO functions in an edit.



What is a Stack?

• A Stack is a linear data structure that follows the LIFO (Last-In-
First-Out) principle.

• Stack has one end, whereas the Queue has two ends (front and 
rear). 

• It contains only one pointer top pointer pointing to the topmost 
element of the stack. 

• Whenever an element is added in the stack, it is added on the top 
of the stack, and the element can be deleted only from the stack. In 
other words, a stack can be defined as a container in which 
insertion and deletion can be done from the one end known as 
the top of the stack.



Working of Stack

• Stack works on the LIFO pattern. As 
we can observe in the below figure 
there are five memory blocks in the 
stack; therefore, the size of the stack 
is 5.

• Suppose we want to store the 
elements in a stack and let's assume 
that stack is empty. We have taken the 
stack of size 5 as shown below in 
which we are pushing the elements 
one by one until the stack becomes 
full.



Working of Stack

• When we perform the delete 
operation on the stack, there is only 
one way for entry and exit as the 
other end is closed. It follows the 
LIFO pattern, which means that the 
value entered first will be removed 
last. In the above case, the value 5 is 
entered first, so it will be removed 
only after the deletion of all the other 
elements.



Standard Stack Operations

• push(): When we insert an element in a stack then the operation is
known as a push. If the stack is full then the overflow condition occurs.

• pop(): When we delete an element from the stack, the operation is
known as a pop. If the stack is empty means that no element exists in
the stack, this state is known as an underflow state.

• isEmpty(): It determines whether the stack is empty or not.

• isFull(): It determines whether the stack is full or not.'

• peek(): It returns the element at the given position.

• count(): It returns the total number of elements available in a stack.

• change(): It changes the element at the given position.

• display(): It prints all the elements available in the stack.



PUSH operation

• Before inserting an element in a stack, we check 
whether the stack is full.

• If we try to insert the element in a stack, and the stack 
is full, then the overflow condition occurs.

• When we initialize a stack, we set the value of top as -
1 to check that the stack is empty.

• When the new element is pushed in a stack, first, the 
value of the top gets incremented, i.e., top=top+1, and 
the element will be placed at the new position of 
the top.

• The elements will be inserted until we reach 
the max size of the stack.



The steps involved in the POP operation is 
given below:

• Before deleting the element from the stack, 
we check whether the stack is empty.

• If we try to delete the element from the 
empty stack, then the underflow condition 
occurs.

• If the stack is not empty, we first access the 
element which is pointed by the top

• Once the pop operation is performed, the 
top is decremented by 1, i.e., top=top-1.



Array implementation of Stack

• In array implementation, the stack is formed by using the array. All the
operations regarding the stack are performed using arrays.

Adding an element onto the stack (push operation)
• Adding an element into the top of the stack is referred to as push

operation. Push operation involves following two steps.
1.Increment the variable Top so that it can now refere to the next

memory location.
2.Add element at the position of incremented top. This is referred to as

adding new element at the top of the stack.
• Stack is overflown when we try to insert an element into a completely

filled stack therefore, our main function must always avoid stack
overflow condition.







Deletion of an element from a stack (Pop 
operation)

• Deletion of an element from the top of the stack is called pop
operation.

• The value of the variable top will be incremented by 1 whenever
an item is deleted from the stack.

• The top most element of the stack is stored in an another variable
and then the top is decremented by 1.

• The operation returns the deleted value that was stored in another
variable as the result.

• The underflow condition occurs when we try to delete an element
from an already empty stack.



Deletion of an element from a stack (Pop 
operation)





Visiting each element of the stack (Peek 
operation)

• Peek operation involves returning the element which is present at
the top of the stack without deleting it. Underflow condition can
occur if we try to return the top element in an already empty stack.

Algorithm :

• PEEK (STACK, TOP)









Linked list 
implementation 

of stack

• Instead of using array, we can also 
use linked list to implement stack. 

• Linked list allocates the memory 
dynamically. 

• However, time complexity in both 
the scenario is same for all the 
operations i.e. push, pop and peek.

• In linked list implementation of 
stack, the nodes are maintained 
non-contiguously in the memory. 

• Each node contains a pointer to its 
immediate successor node in the 
stack. 

• Stack is said to be overflown if the 
space left in the memory heap is 
not enough to create a node.



• Adding a node to the stack is referred to as push operation. Pushing an 
element to a stack in linked list implementation is different from that of an 
array implementation. 

• In order to push an element onto the stack, the following steps are involved.

1.Create a node first and allocate memory to it.

2.If the list is empty then the item is to be pushed as the start node of the list.
This includes assigning value to the data part of the node and assign null to
the address part of the node.

3.If there are some nodes in the list already, then we have to add the new
element in the beginning of the list (to not violate the property of the stack).
For this purpose, assign the address of the starting element to the address
field of the new node and make the new node, the starting node of the list.







Deleting a node from the stack (POP operation)

• Deleting a node from the top of stack is referred to as pop operation.
Deleting a node from the linked list implementation of stack is different
from that in the array implementation.

• In order to pop an element from the stack, we need to follow the
following steps :

1. Check for the underflow condition: The underflow condition occurs when we
try to pop from an already empty stack. The stack will be empty if the head
pointer of the list points to null.

2. Adjust the head pointer accordingly: In stack, the elements are popped only
from one end, therefore, the value stored in the head pointer must be deleted
and the node must be freed. The next node of the head node now becomes the
head node.

Time Complexity : o(n)




