
Data Structures are the programmatic way of storing data so that 
data can be used efficiently. Almost every enterprise application 
uses various types of data structures in one or the other way.  

Why to Learn Data Structure and Algorithms? 
As applications are getting complex and data rich, there are three 
common problems that applications face now-a-days. 

 Data Search − Consider an inventory of 1 million(106) items of a 
store. If the application is to search an item, it has to search an item 
in 1 million(106) items every time slowing down the search. As data 
grows, search will become slower. 

 Processor speed − Processor speed although being very high, 
falls limited if the data grows to billion records. 

 Multiple requests − As thousands of users can search data 
simultaneously on a web server, even the fast server fails while 
searching the data. 

To solve the above-mentioned problems, data structures come to 
rescue. Data can be organized in a data structure in such a way 
that all items may not be required to be searched, and the required 
data can be searched almost instantly. 

Applications of Data Structure and Algorithms 
Algorithm is a step-by-step procedure, which defines a set of 
instructions to be executed in a certain order to get the desired 
output. Algorithms are generally created independent of underlying 
languages, i.e. an algorithm can be implemented in more than one 
programming language. 

From the data structure point of view, following are some important 
categories of algorithms − 

 Search − Algorithm to search an item in a data structure. 



 Sort − Algorithm to sort items in a certain order. 

 Insert − Algorithm to insert item in a data structure. 
 Update − Algorithm to update an existing item in a data structure. 
 Delete − Algorithm to delete an existing item from a data structure. 

The following computer problems can be solved using Data 
Structures − 

 Fibonacci number series 
 Knapsack problem 
 Tower of Hanoi 
 All pair shortest path by Floyd-Warshall 
 Shortest path by Dijkstra 
 Project scheduling 

Data Structure is a systematic way to organize data in order to use 
it efficiently. Following terms are the foundation terms of a data 
structure. 

 Interface − Each data structure has an interface. Interface 
represents the set of operations that a data structure supports. An 
interface only provides the list of supported operations, type of 
parameters they can accept and return type of these operations. 

 Implementation − Implementation provides the internal 
representation of a data structure. Implementation also provides the 
definition of the algorithms used in the operations of the data 
structure. 

Characteristics of a Data Structure 
 Correctness − Data structure implementation should implement its 

interface correctly. 

 Time Complexity − Running time or the execution time of 
operations of data structure must be as small as possible. 



 Space Complexity − Memory usage of a data structure operation 
should be as little as possible. 

Need for Data Structure 
As applications are getting complex and data rich, there are three 
common problems that applications face now-a-days. 

 Data Search − Consider an inventory of 1 million(106) items of a 
store. If the application is to search an item, it has to search an item 
in 1 million(106) items every time slowing down the search. As data 
grows, search will become slower. 

 Processor speed − Processor speed although being very high, 
falls limited if the data grows to billion records. 

 Multiple requests − As thousands of users can search data 
simultaneously on a web server, even the fast server fails while 
searching the data. 

To solve the above-mentioned problems, data structures come to 
rescue. Data can be organized in a data structure in such a way 
that all items may not be required to be searched, and the required 
data can be searched almost instantly. 

Execution Time Cases 
There are three cases which are usually used to compare various 
data structure's execution time in a relative manner. 

 Worst Case − This is the scenario where a particular data structure 
operation takes maximum time it can take. If an operation's worst 
case time is ƒ(n) then this operation will not take more than ƒ(n) 
time where ƒ(n) represents function of n. 

 Average Case − This is the scenario depicting the average 
execution time of an operation of a data structure. If an operation 
takes ƒ(n) time in execution, then m operations will take mƒ(n) time. 



 Best Case − This is the scenario depicting the least possible 
execution time of an operation of a data structure. If an operation 
takes ƒ(n) time in execution, then the actual operation may take 
time as the random number which would be maximum as ƒ(n). 

Basic Terminology 
 Data − Data are values or set of values. 
 Data Item − Data item refers to single unit of values. 

 Group Items − Data items that are divided into sub items are called 
as Group Items. 

 Elementary Items − Data items that cannot be divided are called 
as Elementary Items. 

 Attribute and Entity − An entity is that which contains certain 
attributes or properties, which may be assigned values. 

 Entity Set − Entities of similar attributes form an entity set. 
 Field − Field is a single elementary unit of information representing 

an attribute of an entity. 

 Record − Record is a collection of field values of a given entity. 

 File − File is a collection of records of the entities in a given entity 
set. 
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Stacks are dynamic data structures that follow the Last In First Out 
(LIFO) principle. The last item to be inserted into a stack is the first one to 
be deleted from it. 

For example, you have a stack of trays on a table. The tray at the top of 
the stack is the first item to be moved if you require a tray from that stack. 

Inserting and deleting elements 

Stacks have restrictions on the insertion and deletion of elements. 
Elements can be inserted or deleted only from one end of the stack i.e. 
from the top. The element at the top is called the top element. The 
operations of inserting and deleting elements are 
called push() and pop() respectively. 

When the top element of a stack is deleted, if the stack remains non-
empty, then the element just below the previous top element becomes the 
new top element of the stack. 

For example, in the stack of trays, if you take the tray on the top and do 
not replace it, then the second tray automatically becomes the top 
element (tray) of that stack. 

Features of stacks 

 Dynamic data structures 
 Do not have a fixed size 
 Do not consume a fixed amount of memory 
 Size of stack changes with each push() and pop() operation. 

Each push() and pop() operation increases and decreases the size of 
the stack by 1, respectively. 

 

 

 

 

 



A stack can be visualized as follows: 

 

Operations 

push( x ): Insert element x at the top of a stack 

void push (int stack[ ] , int x , int n) { 

 if ( top == n-1 ) {         //If the top position is the last of 

position in a stack, this means that the stack is full 

    cout << “Stack is full.Overflow condition!” ; 
    } 

    else{ 

        top = top +1 ;            //Incrementing top position  

        stack[ top ] = x ;       //Inserting element on incremented 

position   

    } 

} 

 

 

 

 



pop( ): Removes an element from the top of a stack 

   void pop (int stack[ ] ,int n )  

    { 

 

        if( isEmpty ( ) ) 

        { 

            cout << “Stack is empty. Underflow condition! ” << endl ; 
        } 

        else     

        { 

             top = top - 1 ; //Decrementing top‟s position will detach 
last element from stack             

        } 

    } 

topElement ( ): Access the top element of a stack 

  int topElement ( ) 

    { 

        return stack[ top ]; 

    } 

isEmpty ( ) : Check whether a stack is empty 

    bool isEmpty ( ) 

    { 

        if ( top == -1 )  //Stack is empty 

        return true ;  

        else 

        return false; 

    } 

size ( ): Determines the current size of a stack 

   int size ( ) 

    { 

        return top + 1; 

    } 

 

Implementation 



#include <iostream> 

using namespace std; 

int top = -1; //Globally defining the value of top as the stack is empty 

 

    void push (int stack[ ] , int x , int n) 

    { 

        if ( top == n-1 )       //If the top position is the last of 

position of the stack, this means that the stack is full. 

        { 

            cout << "Stack is full.Overflow condition!" ; 

        } 

        else 

        { 

            top = top +1 ;            //Incrementing the top position  

            stack[ top ] = x ;       //Inserting an element on 

incremented position   

        } 

    } 

    bool isEmpty ( ) 

    { 

        if ( top == -1 )  //Stack is empty 

            return true ;  

        else 

            return false; 

    } 

    void pop ( )  

    { 

 

        if( isEmpty ( ) ) 

        { 

            cout << "Stack is empty. Underflow condition! " << endl ; 

        } 

        else     

        { 

             top = top - 1 ; //Decrementing top‟s position will detach 
last element from stack             

        } 

    } 

    int size ( ) 

    { 

        return top + 1; 

    } 

    int topElement (int stack[]) 

    { 

        return stack[ top ]; 

    } 

    //Let's implement these functions on the stack given above  

 

    int main( ) 

    { 

        int stack[ 3 ]; 



        // pushing element 5 in the stack . 

        push(stack , 5 , 3 ) ; 

 

        cout << "Current size of stack is " << size ( ) << endl ; 

 

        push(stack , 10 , 3); 

        push (stack , 24 , 3) ; 

 

        cout << "Current size of stack is " << size( ) << endl ; 

 

        //As the stack is full, further pushing will show an overflow 

condition. 

        push(stack , 12 , 3) ; 

 

        //Accessing the top element 

        cout << "The current top element in stack is " << 

topElement(stack) << endl; 

 

        //Removing all the elements from the stack 

        for(int i = 0 ; i < 3;i++ ) 

            pop( ); 

        cout << "Current size of stack is " << size( ) << endl ; 

 

        //As the stack is empty , further popping will show an underflow 

condition. 

        pop ( );   

 

    } 

Output 

 Current size of stack: 1 
 Current size of stack: 3 
 Current top element in stack: 24 (Stack is full. Overflow condition!) 
 Current size of stack: 0 (Stack is empty. Underflow condition!) 

Refer to the following image for more information about the operations 
performed in the code. 



 

 

 



Application 

Consider the balanced parentheses problem. 

You have a bracket sequence made up of opening '(' and closing ')' 
parentheses. You must check if this bracket sequence is balanced. 

A bracket sequence is considered balanced if for every prefix of the 
sequence, the number of opening brackets is greater than or equal to the 
number of closing brackets, and the total number of opening brackets is 
equal to the number of closing brackets. 

You can check this using stack. Let's see how. 

You can maintain a stack where you store a parenthesis. Whenever, you 
come across an opening parenthesis, push it in the stack. However, 
whenever you come across a closing parenthesis, pop a parenthesis from 
the stack. 

    #include <iostream> 

    using namespace std; 

    int top; 

    void  check (char str[ ], int n, char stack [ ]) 

    { 

        for(int i = 0 ; i < n ; i++ ) 

        { 

            if (str [ i ] == „(‟) 
            { 

                top = top + 1; 

                stack[ top ] = „ ( ‟; 
            } 

            if(str[ i ] == „)‟ ) 
            { 

                if(top == -1 ) 

                { 

                    top = top -1 ; 

                    break ; 

                 } 

                else 

                { 

                     top = top -1 ; 

                } 

            } 

        } 

        if(top == -1) 

            cout << “String is balanced!” << endl; 
        else 



            cout << “String is unbalanced!” << endl ; 
    } 

 

    int main ( )  

    { 

        //balanced parenthesis string. 

        char str[  ] = { „(„ , „a‟ , „+‟, „ ( ‟, „b ‟ , „-‟ , „ c‟ ,„)‟ , 
„ ) ‟} ; 
 

        // unbalanced string .  

        char str1 [ ] = { „(‟ , „(‟ , „a‟ , „ + ‟ , „ b‟ , „)‟ } ; 
        char stack [ 15 ] ; 

        top = -1;    

        check (str , 9 , stack );      //Passing balanced string    

        top = -1 ; 

        check(str1 , 5 , stack) ;    //Passing unbalanced string 

        return 0; 

 

    }  
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Infix to Postfix Conversion

• We use a stack

• When an operand is read, output it

• When an operator is read
– Pop until the top of the stack has an element of lower 

precedence

– Then push it

• When ) is found, pop until we find the matching (

• ( has the lowest precedence when in the stack

• but has the highest precedence when in the input

• When we reach the end of input, pop until the stack is 
empty
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Example 1

• 3+4*5/6

• Stack:

• Output: 3 4 5 * 6 / +

• Done!
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Example 2

• (300+23)*(43-21)/(84+7) 

• Stack:

• Output: 300 23 + 43 21 - * 84 7 + /

• Done!
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• (4+8)*(6-5)/((3-2)*(2+2))

• Stack: / ( *

• Output: 4 8 + 6 5 - * 3 2 ʹ 2 2 +



Infix to Postfix Conversion

Example 3

• (4+8)*(6-5)/((3-2)*(2+2))

• Stack: / (

• Output: 4 8 + 6 5 - * 3 2 ʹ 2 2 + *



Infix to Postfix Conversion

Example 3

• (4+8)*(6-5)/((3-2)*(2+2))

• Stack: /

• Output: 4 8 + 6 5 - * 3 2 ʹ 2 2 + *



Infix to Postfix Conversion

Example 3

• (4+8)*(6-5)/((3-2)*(2+2))

• Stack:

• Output: 4 8 + 6 5 - * 3 2 ʹ 2 2 + * /

• Done!
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