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• A stack is a linear data structure that follows
the Last-In, First-Out (LIFO) principle. This meansthe Last-In, First-Out (LIFO) principle. This means
the last element added to the stack is the first one
to be removed—much like a physical stack of
plates.



Core Operations
• Push: Adds a new element to the top of the stack.

If the stack is full (in fixed-size implementations),
this results in a stack overflow condition.

• Pop: Removes and returns the top element from
the stack. If the stack is empty, this results in
a stack underflow condition.a stack underflow condition.

• Peek (or Top): Returns the value of the top element
without removing it.

• IsEmpty: Checks if the stack has any elements.
• IsFull: Checks if the stack has reached its maximum

capacity (only for fixed-size implementations).



Key Characteristics

• Single Access Point: All insertions and
deletions happen at one end, called the Top.

• Dynamic or Static: It can be implemented
using arrays (fixed size) or linkedusing arrays (fixed size) or linked
lists (dynamic size).



Implementation of Stacks
• Array-Based Implementation: Uses a fixed-

size array, which is simple and memory-
efficient as elements are stored contiguously.
The drawback is the fixed size, which can lead
to overflows if the capacity is exceeded.

• Linked List-Based Implementation: Uses a• Linked List-Based Implementation: Uses a
linked list, allowing the stack to grow and
shrink dynamically as needed. This avoids the
fixed-size limitation, but each element
requires extra memory for pointers to the next
node.



1. Array Representation (Static Implementation)

• The array implementation uses a contiguous block of memory.
• Structure:

– An array, e.g., stack[MAX_SIZE], to store the elements.
– A variable top, which is an integer index pointing to the most recently 

added element (or the next available space, depending on implementation). 
It is often initialized to -1 for an empty stack.

• Memory Usage:
– Memory is allocated statically at compile time, meaning the maximum size – Memory is allocated statically at compile time, meaning the maximum size 

is fixed and cannot be changed during program execution.
– This can lead to memory waste if the allocated space is not fully utilized, or 

a stack overflow error if the stack exceeds its maximum capacity.
• Operations:

– push(): Increments the top index and adds the new element to that 
position.

– pop(): Accesses the element at the top index and then decrements 
the top index



2. Linked List Representation (Dynamic Implementation)

• The linked list implementation uses dynamically allocated memory.
• Structure:

– Each element is stored in a node containing the data and a pointer to the next node 
in the sequence.

– A main pointer top (often called head) points to the first node, which is the current 
top of the stack. It is initialized to NULL for an empty stack. The last node in the list 
points to NULL.

• Memory Usage:
– Memory is allocated dynamically from the heap as needed, so the stack can grow or – Memory is allocated dynamically from the heap as needed, so the stack can grow or 

shrink in size during runtime.
– Memory is used efficiently as space is only allocated for the actual elements 

present. The only overhead is the extra memory required for the pointers in each 
node.

• Operations:
– push(): Creates a new node, points the new node's "next" pointer to the current top, 

and updates top to the new node.
– pop(): Temporarily stores the current top node, moves the top pointer to the next 

node in the list, and then deallocates the memory of the original top node.





Real-World Applications

Stacks are used in many areas of computing to manage
sequential tasks:

• Undo/Redo Functionality: Software applications like
text editors use a stack to store a history of user
actions, allowing the last action to be easily reversed.

• Browser History: The "back" button in web browsers
uses a stack to store the URLs of visited pages, so the
last page visited is the first one returned to.
uses a stack to store the URLs of visited pages, so the
last page visited is the first one returned to.

• Expression Evaluation: Compilers and calculators use
stacks to convert and evaluate mathematical
expressions (e.g., infix to postfix notation) by managing
operator precedence.

• Syntax Checking: Compilers use stacks to ensure that
all opening parentheses, brackets, and braces have
corresponding closing ones in the correct order.









































Operator Precedence Rules
Highest: Parentheses ()
High: Exponentiation ^
Medium: Multiplication *, Division /
Low: Addition +, Subtraction -

















Infix Expression: A+(B*C-(D/E^F)*G)*H, where ^ is an exponential operator.















Algorithm Steps
The process involves four main steps using a stack data structure:
1. Reverse the Infix Expression: The original infix expression is read from right to left, and the

order of characters is reversed. During this reversal, all opening parentheses ( are swapped
with closing parentheses ), and vice versa.

2. Convert the Reversed Expression to Postfix: Apply the standard infix-to-postfix conversion
algorithm on the modified (reversed and swapped parentheses) expression.

i. Operand: If the scanned character is an operand (e.g., a letter or number), append it
directly to a temporary result string.

ii. Opening Parenthesis: If the character is a ), push it onto the operator stack (it acts as
an opening parenthesis in the reversed context).

iii. Closing Parenthesis: If the character is a (, pop operators from the stack and appendiii. Closing Parenthesis: If the character is a (, pop operators from the stack and append
them to the result until the matching ) is found. Discard both parentheses.

iv. Operator: If the character is an operator, pop operators from the stack and append
them to the result if they have higher or equal precedence than the current operator.
Push the current operator onto the stack.

v. End of Expression: After scanning all characters, pop any remaining operators from the
stack and append them to the result string.

3. Reverse the Postfix Result: The temporary result string (which is a "reversed postfix"
expression) is then reversed again.

4. Final Prefix Expression: The final reversed result is the required prefix expression.









Algorithm for Postfix to infix conversion
•

1. Initialize an empty stack to store operands and intermediate results.
2. Scan the postfix expression from left to right, one token (character/symbol) at
a time.
3. For each token:

a. If the token is an operand (e.g., a variable or a number), push it onto the
stack.
b. If the token is an operator (e.g., +, -, *, /):

• Pop the top two elements from the stack. Let the first popped element• Pop the top two elements from the stack. Let the first popped element
be op2 and the second popped element be op1.
• Form a new string (representing a sub-expression) by concatenating
them in the format ( + op1 + operator + op2 + ). The parentheses are
crucial for maintaining the correct order of operations in the resulting
infix expression.
• Push this newly created infix sub-expression string back onto the stack.

4. After scanning the entire postfix expression, the stack will contain exactly one
element, which is the final, fully parenthesized infix expression.



Example: Converting ab*c+
•



Postfix to infix conversion



Recursion
• Recursion is the most used technique for problem-

solving where a function runs repeatedly.
• It contains two parts such as base condition and

recurrence relation.
• Base Condition: The base condition is also known as the

base case or termination condition. The condition that
tells a recursive function when to stop. It's the smallesttells a recursive function when to stop. It's the smallest
instance of the problem that can be solved without
recursion.  

• Recurrence Relation: This is known as the actual
relationship between the same function with different
sizes of input. When implementing recursion to solve a
problem, the call stack plays a crucial role in storing and
managing function calls.



Steps to Implement Recursion
• Step1 - Define a base case: Identify the simplest (or

base) case for which the solution is known or trivial.
This is the stopping condition for the recursion, as it
prevents the function from infinitely calling itself.

Step2 - Define a recursive case: Define the problem in
terms of smaller subproblems. Break the problem
down into smaller versions of itself, and call thedown into smaller versions of itself, and call the
function recursively to solve each subproblem.

Step3 - Ensure the recursion terminates: Make sure
that the recursive function eventually reaches the base
case, and does not enter an infinite loop.

Step4 - Combine the solutions: Combine the solutions
of the subproblems to solve the original problem.



• Calculate the factorial of number N using the 
function fact(N) = N * fact(N-1)

• The function fact(N) calls itself repeatedly is 
called recurrence relation.



Why Stack is Used for Recursion?
• A stack is used for recursion because it efficiently

manages the function calls that are made during
recursive execution.

• Each recursive call pushes a new stack frame
(containing the function's state, local variables,
and return address) onto the stack.

• When the base case is reached, the function calls• When the base case is reached, the function calls
unwind, and the stack is popped to return control
to the previous function calls.

• This allows the program to keep track of recursive
calls and properly resume execution when each
call finishes.



Calculating Factorial
#include <stdio.h> 
int factorial(int n) 
{ 
if (n == 0 || n == 1) 

{ 
return 1; // Base case

} 
else

{ 
return n * factorial(n - 1); // Recursive case return n * factorial(n - 1); // Recursive case 

} 
}
int main()
{ 

int result = factorial(5);
printf("Factorial of 5 is: %d\n", result); // Output: 120 
return 0;

}



How stack works here
• When factorial(5) is called, the function call is

pushed onto the stack.
• Then, factorial(4) is called and pushed onto

the stack, and so on.
• When the base case factorial(1) is reached, it• When the base case factorial(1) is reached, it

returns 1, and the recursive calls start
unwinding.

• The stack pops off each call, multiplying the
results as it unwinds to return the final result.




