
Seminar Topics:
Anurag: Antilock Braking Systems
Shreemanth – Hill Hold
Bharath – Start and Stop System
Abhinav – ESP – Electronic Stability Programming
Karthik – Lane Assist
Aditya – Regeneration
Amruth – Adaptive Head Lamp
Manoj – Auto Parking System


🕉️ Keep these 5 Hindu symbols in your home and watch the energy shift! ✨

5 Powerful Hindu Symbols That Attract Positive Energy ✨
Ancient symbols for protection, prosperity & spiritual growth 🕉️🌸🔱🏺🐚


5 powerful symbols in Hinduism that attract positive energy
Lotus : Purity and Enlightenment
Trishul : Power and Protection
Shree Yantra : Source of Wealth and Harmony
Kalash : Symbol of Abundance
Conch Shell : Voice of Positivity

C Program to find the largest number of given 5 numbers - Done
C Program to Swap Two Numbers - Done
C Program to Find Sum of Digits of a Number – Done
C Program to Increment by 1 to all the Digits of a Given Integer - To be Done
C Program to reverse the digits of a given number - To be Done

//Program to swap two numbers
#include <stdio.h>
int main()
{

		int x = 23, y= 43;
		int temp;
		#if 0
		printf("x = %d and y = %d before swapping\n",x,y);
		temp = x;
		x = y;
		y = temp;
		printf("x = %d and y = %d after swapping",x,y);
		#endif //

		#if 1
		int *ptr1 = &x;
		int *ptr2 = &y;
		printf("x = %d and y = %d before swapping\n",x,y);
		temp = *ptr1;
		*ptr1 = *ptr2;
		*ptr2 = temp;
		printf("x = %d and y = %d after swapping",x,y);
		#endif //
		return 0;
}

//C program to find sum of digits of a number
#include <stdio.h>

int main()
{
    int num, sum = 0;
    printf("Enter a number: ");
    scanf("%d", &num);
    while (num != 0)
    {
        sum = sum + (num % 10);
        num = num / 10;
    }
    printf("Sum of digits = %d\n", sum);
    return 0;
}

// C Program to Increment by 1 to all the Digits of a Given Integer 
#include<stdio.h>
int main()
{
    int number, originalnum, rem, newnum = 0, pow=1;
    printf("enter an integer:");
    scanf("%d",&number);
    
    originalnum = number;
    if(number==0)
    {
        newnum = 1;
    }
    else 
    { 
        while(number>0)
        {
            rem = number%10;
            if (rem == 9)
            {
            rem = 0;
            }
            else
            {
            rem++;
            }
            newnum = newnum + (rem*pow);
            number = number/10;
            pow = pow*10;
        }
    }
    printf("OriginalInput number: %d\n", originalnum);
    printf("Modified Number after increment: %d\n", newnum);
    return 0;
}

// C-Program to reverse the digits of a given number
#include <stdio.h>
int main() 
{
    int num, reversedNumber = 0, remainder;
    // Prompt the user to enter an integer
    printf("Enter an integer: ");
    scanf("%d", &num);
    // Loop until the original number becomes 0-
    while (num != 0) 
    {
        // Extract the last digit
        remainder = num % 10;

        // Build the reversed number
        reversedNumber = reversedNumber * 10 + remainder;

        // Remove the last digit from the original number
      
        num /= 10;
    }
    // Print the reversed number
    printf("Reversed Number = %d\n", reversedNumber);
    return 0;
}


// C program to find the largest number among three number using nested if-else
#include <stdio.h>
int main()
{
    int c = 10, b = 22, a = 9;
    // Finding largest by comparing using relational operators
    if (a >= b) 
   {
        if (a >= c)
            printf("%d is the largest number.", a);
        else
            printf("%d is the largest number.", c);
    }
    else 
    {
        if (b >= c)
            printf("%d is the largest number.", b);
        else
            printf("%d is the largest number.", c);
    }
    return 0;
}

//To check whether the character is in upper case/lower case/digits/none of them
#include <stdio.h>
int main()
{
    char ch;
    printf("Enter a character: ");
    scanf("%c", &ch);

    if (ch >= 'A' && ch <= 'Z')
    {
        printf("Character is an UPPERCASE letter\n");
    }
    else if (ch >= 'a' && ch <= 'z')
    {
        printf("Character is a LOWERCASE letter\n");
    }
    else if (ch >= '0' && ch <= '9')
    {
        printf("Character is a DIGIT\n");
    }
    else
    {
        printf("Character is NONE OF THE ABOVE\n");
    }
    return 0;
}

//To find the middle number (by value) of given 3 numbers
#include <stdio.h>
int main()
{
    int a, b, c;

    printf("Enter three numbers: ");
    scanf("%d %d %d", &a, &b, &c);

    if ((a > b && a < c) || (a < b && a > c))
        printf("Middle number is: %d\n", a);
    else if ((b > a && b < c) || (b < a && b > c))
        printf("Middle number is: %d\n", b);
    else if ((c > a && c < b) || (c < a && c > b))
        printf("Middle number is: %d\n", c);
    else
        printf("No middle number (values may be equal)\n");

    return 0;

//Number series, reversal series and sum of series
#include<stdio.h>
int main()
{
    int N, i;
    int sum = 0;
    printf("Enter range of numbers:");
    scanf("%d",&N);
    printf("Number Series:");
    for(i = 1; i<=N; i++)
    {
        printf("%d  ",i);
        sum = sum + i;
    }
    printf("\nReversal Series:");
    for(i = N; i>=1; i--)
    {
        printf("%d  ",i);
    }
    printf("\nSum of Series: %d",sum);
    return 0;
}

// C program to find the maximum number out of the three given numbers using if-else statement
#include <stdio.h>
int main() 
{
    int a = 11, b = 2, c = 9;
    // Finding max using compound expressions
    if (a >= b && a >= c)
        printf("%d is the largest number.", a);
    else if (b >= a && b >= c)
        printf("%d is the largest number.", b);
    else
        printf("%d is the largest number.", c);
    return 0;
}

// C Program to demonstrate Sum of Natural Numbers using while loops
#include <stdio.h>
int main()
{
    int i, s = 0;
    int n = 10;
    i = 1;
  
    // while loop executes the statements until the condition is false
    while (i <= n) 
    {
        // adding natural numbers up to given number n
        s += i;
        i++;
    }
    // printing the result
    printf("Sum = %d", s);
    return 0;
}

// C Program to demonstrate Sum of Natural Numbers using for loops
#include <stdio.h>
int main()
{
    int i, s = 0;
    int n = 10;
    for (i = 0; i <= n; i++) 
   {
        // adding natural numbers up to given number n
        s += i;
    }
    // printing the result
    printf("Sum = %d", s);
    return 0;
}

// C Program to check if a number is positive, negative, or zero using simple conditional checks
#include <stdio.h>
int main() 
{
    int N = 10;
    // Check if the number is zero
    if (N == 0) 
   {
        printf("Zero\n");
    }
    // Check if the number is less than zero
    else if (N < 0) 
   {
        printf("Negative\n");
    }
    // If neither, the number is positive
    else 
   {
        printf("Positive\n");
    }
    return 0;
}

// C Program to check if a number is positive, negative, or zero using bitwise operators
#include <stdio.h>
int main() 
{
    int N = 10;
        // Check if the number is zero
    if (N == 0) 
   {
        printf("Zero\n");
    }
    // Extracting msb
   else
  {
    int msb = N & (1 << (sizeof(int) * 8 - 1));
    if (msb)
        printf("Negative\n");
    else
        printf("Positive\n");
  }
return 0;
}

//C-program to check the given character is vowel or consonant
#include <stdio.h>
// Driver code
int main()
{
    char ch;
    printf("Enter a character:");
    scanf("%c",&ch);
    // Checking if the character ch
    // is a vowel or not.
    if (ch == 'a' || ch == 'A' || ch == 'e' || ch == 'E'|| ch == 'i' || ch == 'I' || ch == 'o' || ch =='O|| ch == 'u' || ch == 'U') 
    {
        printf("The character %c is a vowel. \n", ch);
    }
    else 
    {
        printf("The character %c is a consonant.\n", ch);
    }
    return 0;
}
Algorithm to Check Leap Year in C
IF year % 400 = 0
   PRINT "Leap Year"
ELSE IF year % 100 = 0
   PRINT "Not a Leap Year"
ELSE IF year % 4 = 0
   PRINT "Leap Year"
END IF
PRINT "Not a Leap Year"

//C-program to check whether the year is leap year or not
#include <stdio.h>
int main() 
{
    int year;
    // Prompt the user to enter a year
    printf("Enter a year: ");
    // Read the year entered by the user
    scanf("%d", &year);
    // Check for leap year conditions
    // A year is a leap year if it is divisible by 400,
    // OR if it is divisible by 4 but not by 100.
    if ((year % 400 == 0) || ((year % 4 == 0) && (year % 100 != 0))) {
        printf("%d is a leap year.\n", year);
    } else {
        printf("%d is not a leap year.\n", year);
    }
    return 0;
}

//C-program to check whether the year is leap year or not using ternary operator
#include <stdio.h>
int main() 
{
    int year;
    printf("Enter a year: ");
    scanf("%d", &year);

    (year % 4 == 0 && year % 100 != 0) || (year % 400 == 0) ? 
        printf("%d is a leap year.", year) : printf("%d is not a leap year.", year);
    return 0;
}

//C-program to check whether the year is leap year or not using nested if statements
#include <stdio.h>
int main() 
{
    int year;
    printf("Enter a year: ");
    scanf("%d", &year);
    if (year % 4 == 0) 
    { 
        if (year % 100 == 0) 
        {
            if (year % 400 == 0) 
            {
                printf("%d is a leap year.", year);
            } 
           else 
           {
                printf("%d is not a leap year.", year);
            }
        } 
     else 
      {
            printf("%d is a leap year.", year);
        }
    } 
   else 
   {
        printf("%d is not a leap year.", year);
    }
return 0;
}

// C program to check if a given number is a palindrome:
#include <stdio.h>
int main() 
{
    int number, originalNumber, reversedNumber = 0, remainder;
    // Prompt the user to enter an integer
    printf("Enter an integer: ");
    scanf("%d", &number);
    originalNumber = number; // Store a copy of the original number
    // Reverse the number
    while (number != 0) 
    {
        remainder = number % 10; // Get the last digit
        reversedNumber = reversedNumber * 10 + remainder; // Add the digit to the reversed number
        number = number/10; // Remove the last digit from the original number
    }
    // Compare the original number with the reversed number
    if (originalNumber == reversedNumber) 
    {
        printf("%d is a palindrome number.\n", originalNumber);
    } 
    else 
    {
        printf("%d is not a palindrome number.\n", originalNumber);
    }
    return 0;
}

//C-program to check whether the number is Armstrong number or not
#include <stdio.h>
int main() 
{
    int number, q, remainder, result = 0, n = 0, mul = 1, count;
    // Input from the user
    printf("Enter an integer: ");
    scanf("%d", &number)
    q = number; // Store the original number for comparison later
    // Count the number of digits
    while (q != 0) 
    {
        q = q/10;
        n++;
    }
  q = number; // Reset originalNumber to the input value
  count = n;
    // Calculate the sum of the power of digits
    while (q != 0) 
    {
        remainder = q % 10; // Get the last digit
        while(count!=0)
        {
         mul = mul*remainder;
         count--;
        }
        result = result + mul;
        count = n;
        q = q/10;
        mul = 1;
    }
    // Check if the number is an Armstrong number
    if (result == number) 
    {
        printf("%d is an Armstrong number.\n", number);
    }
   else 
    {
        printf("%d is not an Armstrong number.\n", number);
    }
    return 0;
}

//C-program to check the given number is Perfect number or not
#include <stdio.h>
int main() 
{
    int number, i, sum = 0;
    // Prompt user for input
    printf("Enter a positive integer: ");
    scanf("%d", &number);

    // Check if the number is positive
    if (number <= 0) 
    {
        printf("Please enter a positive integer.\n");
        return 1; // Indicate an error
    }

    // Loop to find all proper divisors and calculate their sum
    for (i = 1; i < number; i++) 
    {
        if (number % i == 0) 
        {
            sum = sum + i;
        }
    }
    // Check if the number is perfect
    if (sum == number) 
    {
        printf("%d is a Perfect Number.\n", number);
    } else 
    {
        printf("%d is not a Perfect Number.\n", number);
    }
    return 0; // Indicate successful program termination
}

#include<stdio.h>
int main()
{
    int N, i;
    printf("Enter range of number in series:");
    scanf("%d",&N);
    printf("Number Series: ");
    for(i= 1; i<=N; i++)
    {
        printf("%d\t", i);
    }
    printf("\nReversal series:");
    for(i = N; i>0; i--)
    {
       printf("%d\t", i);
    }
    return 0;
}

24/10/2025
1) C program to find power of an integer (both positive and negative powers)
2) C program to validate a user’s withdrawal amount (amount must be multiple of 100) from a bank account.
3) C Program to check ATM pin entry and lock the account if pin entry exceeds maximum attempts.
4) C Program to find sum of even numbers using break statement
5) C-Program skipping login attempts from a Blacklisted User ID 
6) C program to display number series skipping multiples of 10 in given range.
5) C Program for input validation with Retry Option.
6) C program to find largest temperature using ternary operator.
7) C program to display right half pyramid pattern.
8) C program to display full pyramid pattern.

HW:
C program to find number is Armstrong number or not.
C program to find LCM of two numbers.
C program to find GCD of two numbers.
C program to display inverted right half pyramid pattern.
C program to display Floyd’s Triangle Pyramid pattern.

Do-while loops:
//C- program to display square of numbers in series for the given range
#include<stdio.h>
int main()
{
    int N;
    int i=1;
    printf("Enter number range:");
    scanf("%d", &N);
    printf("Square number series:");
    do
    {
        printf("%d  ", i*i);
        i++;
    }
    while(i<=N);
    return 0;
}

//Write a C program to validate a user’s withdrawal amount (amount must be multiple of 100) from a bank account.
#include <stdio.h>
int main()
{
    int amount;
    do
    {
    printf("Enter withdrawal amount (must be multiple of 100): ");
    scanf("%d", &amount);
    }
    while (amount % 100 != 0);
    printf("Processing ₹%d withdrawal...\n", amount);
    return 0;
}

//C program to find power of an integer
#include<stdio.h>
int main ()
{
 int base, exponent;
 int expo, power= 1;
 float power1 = 1.0;
 printf("Base: ");
 scanf("%d", &base);
 printf("Exponent: ");
 scanf("%d", &exponent);
 expo = exponent;
 if(exponent>0)
 {
     do
     {
        power = power * base;
        exponent--;
     }
     while(exponent!= 0);
     printf("%d to the power %d is %d", base, expo,power);
 }
 else
 {
      do
      {
        power1 = power1 *(1.0/base);
        exponent++;
      }
      while(exponent!= 0);
      printf("%d to the power %d is %0.10f", base, expo,power1);
 }
 return 0;
}
Method 2:
#include<stdio.h>
int main()
{
   int base, exponent, result=1, i;
   float result1 = 1.0;
   printf("Enter a base:");
   scanf("%d",&base);
   printf("Enter an exponent:");
   scanf("%d",&exponent);

   if(exponent>0)
   {
     for(i=1; i<=exponent; i++)
     {
       result = result*base;
     }
     printf("%d to the power %d: %d",base, exponent,result);
   }
   else
   {
     for(i=exponent; i<=0; i++)
     {
       result1 = result1*(1.0/base);
     }
     printf("%d to the power %d: %f",base, exponent,result1);
   }
   return 0;
}


// Program to add numbers until the user enters zero
#include <stdio.h>
int main()
{
  int number, sum = 0;

  // the body of the loop is executed at least once
  do
  {
    printf("Enter a number: ");
    scanf("%d", &number);
    sum += number;
  }
  while(number != 0);
  printf("Sum = %d",sum);
  return 0;
}

Break statement:

// Program to find sum of even numbers using break statement
#include <stdio.h>
int main() 
{
   int i;
   int number, sum = 0;
   for (i = 1; i <= 10; i++) 
   {
      printf("Enter num%d: ", i);
      scanf("%d", &number);
      if (number%2 != 0)
         break;
      sum += number; // sum = sum + number;
   }
   printf("Sum of even numbers = %d", sum);
   return 0;
}

//C- Program for to check ATM pin entry and lock the account if pin entry exceeds maximum attempts.
#include <stdio.h>
int main()
{
    int correctPin = 1234;
    int enteredPin;
    int attempt = 0;
    int maxAttempts = 3;

    do
    {
        printf("Enter your 4-digit PIN: ");
        scanf("%d", &enteredPin);

        if (enteredPin == correctPin)
        {
            printf("Access granted. Welcome!\n");
            break;
        }
       else
        {
            attempt++;
            printf("Correct PIN. Attempts left: %d\n", maxAttempts - attempt);
        }
       if (attempt == maxAttempts)
        {
            printf("Account locked due to 3 failed attempts.\n");
        }

    }
    while (attempt < maxAttempts);

    return 0;
}

Continue statement:
//C-program to display number series skipping multiples of 10 in given range.
#include <stdio.h>
int main()
{
    int range, i;
    // Loop from 1 to 5
    printf("Enter number range:");
    scanf("%d",&range);
    for (i = 1; i <= range; i++)
   {
      	// Skip multiples of 10
        if (i % 10 == 0)
            continue;
        printf("%d ", i);
    }
    return 0;
}

//C-Program skipping login attempts from a Blacklisted User ID
#include <stdio.h>
int main() 
{
   int userID;
   for (int i = 1; i <= 7; i++) 
   {
    printf("Enter user ID (1 to 7): ");
    scanf("%d", &userID);

    if (userID == 3 || userID == 5)
    {
        printf("Blacklisted ID. Access denied.\n");
        continue;
    }
    printf("Login permitted for ID %d\n", userID);
}
return 0;
}

Go to statement:
//C- Program for input validation with Retry Option
#include <stdio.h>
int main() 
{
      int pin;
retry:
      printf("Enter PIN: ");
      scanf("%d", &pin);

      if (pin != 1234) 
      {
       printf("Incorrect. Try again.\n");
       goto retry;
       }
     printf("Access Granted.\n");
     return 0;
}

Ternary operators:
//C-program to find largest temperature using ternary operator
#include <stdio.h>
int main() 
{
    int temp1, temp2;
    printf("Enter two numbers:"); 
    scanf("%d %d", &temp1, &temp2);
    // Using ternary operator to find the larger temperature
    int max = (temp1 > temp2) ? temp1 : temp2;
    printf("The larger number is: %d\n", max);
    return 0;
}

//To find smallest of three numbers using ternary operators
#include <stdio.h>
int main()
{
    int a, b, c;
    printf("Enter three numbers:");
    scanf("%d %d %d",&a,&b, &c);

    // Nested ternary operator to find the smallest number
    int smallest = (a < b) ? ((a < c) ? a : c) : ((b < c) ? b : c);

    printf("The smallest number is: %d\n", smallest);

    return 0;
}


Nested Loops:
//Pattern generation:Right Half pyramid
#include <stdio.h>
int main()
{
    int n;
    printf("enter number of rows:");
    scanf("%d", &n);
    // Outer loop to print all rows
    for (int i = 1; i <= n; i++)
    {
        for (int j = 1; j <= i; j++)
            printf("%d ", j);
        printf("\n");
    }
    return 0;
}

// C- program to print pyramid of numbers
#include <stdio.h>
int main()
{
    int n, i, j, data;
    printf("Enter the number of rows: ");
    scanf("%d", &n);

    for (i = 1; i <= n; i++)
    {
        data = 1;
        for (j=1; j <=2*n-1; j++)
        {
            if (j >= n-(i-1)&& j <= n+(i-1))
            {
               printf("%d", data);
               data++;
            }
            else
              printf(" ");
        }
        printf("\n");
    }
    return 0;
}

//C- program to print pyramid of stars
#include <stdio.h>
int main()
{
    int n = 4;
    // Outer loop to print all rows
    for (int i = 0; i < n; i++) 
    {
        // First inner loop to print white spaces
        for (int j = 0; j < 2 * (n - i) - 1; j++)
            printf(" ");

        // Second inner loop to print numbers
        for (int k = 0; k < 2 * i + 1; k++)
            //printf("%d ", k + 1);
              printf("* ");
        printf("\n");
    }
    return 0;
}

//Right Half Pyramid
#include <stdio.h>
int main()
{
    int n = 5;

    for(int i = 1; i <= n; i++)
    {
        for(int s = 1; s <= n - i; s++)
        {
            printf(" ");
        }
        for(int j = 1; j <= i; j++)
        {
            printf("*");
        }
        printf("\n");
    }

    return 0;
}


#include <stdio.h>
int main()
{
    int n = 5;

    for(int i = 1; i <= n; i++)
    {
        for(int j = 1; j <= n - i; j++)
        {
            printf(" ");
        }
        for(int k = n-i+1; k <= n; k++)
        {
            printf("*");
        }
        printf("\n");
    }
    return 0;
}

1/11/2025 (Saturday) – Functions
Write a program to print numbers in such a way that when number is odd, add 1 and when number is even, subtract 1 variadic functions

C Program: Student Grade System using Functions - calculates the total, average, and grade using user-defined functions.


C-program – Fibonacci series using recursion.






//C program to add two numbers using functions.
#include <stdio.h>
//function declaration
int ADDSum(int, int);

int main()
{
  int a, b, sum;
  printf("enter input numbers:");
  scanf("%d %d", &a, &b);
  sum = ADDSum(a, b);    // call the function
  printf("Addition of %d and %d is: %d", a, b, sum);
  return 0;
}

// Create a function
int ADDSum(int x, int y)
{
  int sum;
  sum = x + y;
  return(sum);
}


//C program to calculate circumference and area of a circle using functions
#include <stdio.h>
#define PI 3.14159

float circum(float r)
{
  float circum;
  circum = 2 * PI * r;
  return circum;
}

float Area(float r)
{
  float Area;
  Area = PI * r * r;
  return Area;
}

int main()
{
  float radius, area, circumference;
  printf("Enter the radius of the circle: ");
  scanf("%f", &radius);

  circumference = circum(radius);
  area = Area(radius);

  printf("Circumference of a circle with radius %0.2f = %f\n", radius, circumference);
  printf("Area of a circle with radius %0.2f = %f", radius, area);
  return 0;
}

//C-program for traffic monitoring system
#include <stdio.h>
void trafficSignal(char);

int main()
{
    char lightcolor;
    printf("Enter Traffic Light colour:");
    scanf("%c",&lightcolor);
    trafficSignal(lightcolor);
    return 0;
}

void trafficSignal(char color)
{
    if (color == 'R' || color == 'r')
        printf("STOP!\n");
    else if (color == 'Y' || color == 'y')
        printf("READY TO GO!\n");
    else if (color == 'G' || color == 'g')
        printf("GO!\n");
    else
        printf("Invalid signal color.\n");
}
//C- Program for types of user defined function
#include <stdio.h>
//User defined function with no parameters and no return value
void greet() 
{
    printf("Hello, World!\n");
}
//User defined function with parameters and no return value
void displaySum(int a, int b) 
{
    printf("Sum: %d\n", a + b);
}

// User defined function with no parameters but a return value
int getNumber() 
{
    return 42;
}

//User defined functions with parameters and a return value
int multiply(int a, int b) 
{
    return a * b;
}

int main() 
{
    // user defined function call with no parameters and no return value
    greet(); 
    
    //user defined function call with parameters and no return value
    displaySum(5, 3); 
    
    // user defined function call with no parameters but a return value
    int num = getNumber(); 
    printf("Number: %d\n", num);
    
    // user defined function call with parameters and a return value
    int result = multiply(4, 5); 
    printf("Product: %d\n", result);
    return 0;
}

// C Program: Student Grade System using Functions - calculates the total, average, and grade using user-defined functions.

#include <stdio.h>
// Function declarations
int Total(int m1, int m2, int m3, int m4, int m5, int m6);
float Average(float total);
char Grade(float average);

int main()
{
    int m1, m2, m3, m4, m5, m6, total;
    float average;
    char grade;

    printf("=== STUDENT GRADE SYSTEM ===\n");
    printf("Enter marks for 5 subjects:\n");
    scanf("%d %d %d %d %d %d", &m1, &m2, &m3, &m4, &m5, &m6);

    total = Total(m1, m2, m3, m4, m5, m6);
    average = Average(total);
    grade = Grade(average);

    printf("\n----- STUDENT REPORT -----\n");
    printf("Marks: %d, %d, %d, %d, %d %d\n", m1, m2, m3, m4, m5, m6);
    printf("Total Marks = %d\n", total);
    printf("Average = %.2f\n", average);
    printf("Grade = %c\n", grade);

    return 0;
}

// Function to calculate total marks
int Total(int m1, int m2, int m3, int m4, int m5, int m6)
{
    return (m1 + m2 + m3 + m4 + m5 + m6);
}

// Function to calculate average marks
float Average (float total)
{
    return total / 6.0;
}

// Function to find grade based on average
char Grade(float average)
 {
    char grade;
    grade = (average>=90)?'A':(average >= 80)?'B':(average>= 70)?'C':(average >= 60)?'D': 'F';
    return grade;
}


Recursion:
//C-program to add N natural numbers using recursion
#include<stdio.h>
int sum(int N);

int main()
{
int Num;
printf("Enter range:");
scanf("%d", &Num);
printf("Sum of first %d numbers: %d", Num, sum(Num));
return 0;
}

int sum(int N)
{
    if(N == 0)
        return 0;
    return N + sum(N-1);
}


//C-program to find factorial of number using recursion.
#include<stdio.h>
int Fact(int N);

int main()
{
int Num, Factorial;
printf("Enter number:");
scanf("%d", &Num);
Factorial = Fact(Num);
printf("Factorial of %d (%d!): %d", Num, Num, Factorial);
return 0;
}

int Fact(int N)
{
    if(N ==0)
        return 1;
    else if (N==1)
        return 1;
    else
        return N * Fact(N-1);
}


//C-program to print fibannaci series using recursion.
#include <stdio.h>
// Function declaration
int fibonacci(int n);

int main() 
{
    int n, i;

    printf("Enter the number of terms: ");
    scanf("%d", &n);

    printf("Fibonacci Series: ");
    for (i = 0; i < n; i++) 
    {
        printf("%d ", fibonacci(i)); // function call
    }

    return 0;
}

// Recursive function definition
int fibonacci(int n) 
{
    if (n == 0)
        return 0;       // First term
    else if (n == 1)
        return 1;       // Second term
    else
        return fibonacci(n - 1) + fibonacci(n - 2); // Recursion
}

//C-program to find GCD of two numbers using recursion
#include <stdio.h>

// Function declaration
int gcd(int a, int b);

int main() {
    int num1, num2, result;

    printf("Enter two numbers: ");
    scanf("%d %d", &num1, &num2);

    result = gcd(num1, num2);  // function call

    printf("GCD of %d and %d is: %d\n", num1, num2, result);

    return 0;
}

// Recursive function to find GCD
int gcd(int a, int b) {
    if (b == 0)
        return a;   // base case
    else
        return gcd(b, a % b);  // recursive call
}

Indirect Recursion
Write a program to print numbers from 1 to 10 in such a way that when number is odd, add 1 and when number is even, subtract 1
Input:	 1	2	3	4	5	6	7	8	9	10
Output:2	1	4	3	6	5	8	7	10	9

Program:
#include<stdio.h>
void odd();
void even();
int n = 1;
void odd()
{
    if(n<=10)
       {
           printf("%d ", n+1);
           n++;
           even();
       }
    return;
}
void even()
{
    if(n<=10)
       {
           printf("%d ", n-1);
           n++;
           odd();
       }
    return;
}
int main()
{
    odd();
}

Variadic functions
C program to check the numbers even or odd using Variadic function
C program to find Total Marks Using Variadic Function

//C program to print variable number of arguments
#include<stdio.h>
#include<stdarg.h>
void printnum(int n, ...)
{
    int i, value;
    va_list args;
    va_start(args, n);
    for(i=0; i<n; i++)
    {
        value = va_arg(args, int);
        printf("%d ",value);
    }
    va_end(args);
}
int main()
{
    printnum(5,1,2,3,4,5);
    printf("\n");
    printnum(3, 1, 2, 3);
    printf("\n");
    return 0;
}

//C- Program to find maximum value using variadic functionss
//C-program to find sum of all elements using variadic functions
#include <stdio.h>
#include <stdarg.h>

int max(int count, ...) 
{
    va_list args;
    va_start(args, count);

    int max_val = va_arg(args, int);
    for (int i = 1; i < count; i++) 
    {
        int val = va_arg(args, int);
        if (val > max_val)
            max_val = val;
    }

    va_end(args);
    return max_val;
}

int main() 
{
    printf("Max = %d\n", max(5, 10, 30, 25, 8, 50));  // 50
    return 0;
}

· Mini calculator in C that uses variadic functions to perform operations like sum, average, and product on a variable number of numbers
· C program to read N integers into an array, find the largest and smallest numbers, and display their difference.
· C program for Temperature Logger such that record temperature readings for 7 day and display all readings. Also Find average, highest, and lowest temperature
· C program to find a transpose of a matrix
· C program to find sum of diagonal elements of a square matrix
· C program to find frequency of digits (0–9) in an array of number

08/11/2025 – C Programming
1. C program to print variable number of arguments
2. C program to find maximum value using variadic functions
3. C program to find sum of all elements using variadic functions
4. C program to print the number in an array in reverse order
5. C program to count the number of digits occurred in a number
6. C program to find a sum of number in an array using function
7. C program to find a square of a number in an array using function
8. C program to search an element in an array using recursion
9. C program to find maximum in an element using recursion
10. C program that reads a 6x6 array of integers and then prints the row sum and the column sum.
11. C program to perform matrix addition
12. C program to perform matrix multiplication

Write a program to print the following numbers in reverse order.
#include<stdio.h>
int main()
{
  int a[9] = {34,56,54,32,67,89,90,32,21};
  int i;
  for(i=0; i<9; i++)
  {
      printf("%d\t",a[i]);
  }
  printf("\nReversal of array:\n");
  for(i=8; i>=0; i--)
  {
       printf("%d\t",a[i]);
  }
  return 0;
}

#include<stdio.h>
#define MAX 100
int main()
{
  int N,arr[MAX], i;
  printf("Enter a size of an array:");
  scanf("%d", &N);
  printf("Enter elements of an array:");
  for(i = 0; i<N; i++)
    scanf("%d", &arr[i]);

  printf("Input array:\n");
  for(i=0; i<N; i++)
  {
      printf("%d\t",arr[i]);
  }
  printf("\nReversal of array:\n");
  for(i=N-1; i>=0; i--)
  {
       printf("%d\t",arr[i]);
  }
  return 0;
}

Write a program to check whether any of the digits appears more than once
#include<stdio.h>
int main()
{
  int digit[10] = {0};
  int N;
  printf("Enter the number:");
  scanf("%d", &N);

  int rem;
 while(N>0)
  {
      rem = N%10;
      if(digit[rem]== 1)
        break;
      digit[rem] = 1;
      N = N/10;
  }
 if(N>0)
       printf("YES");
 else
       printf("NO");
  return 0;
}

//C- program to count the number of digits occurred in a number
#include<stdio.h>
int main()
{
  int digit[10] = {0};
  int N, i;
  printf("Enter the number:");
  scanf("%d", &N);

  int rem;
  while(N>0)
  {
      rem = N%10;
      digit[rem] = digit[rem]+1;
      N = N/10;
  }
  printf("Number of times digits occured:");
  for(i=0; i<10; i++)
  {
      printf("%d\t",digit[i]);
  }
  return 0;
}

//C program to find a square of a number in an array using functions
#include <stdio.h>
#define MAX 50

// function to find square of a number in an array
void square(int arr[], int N) 
{
 int i;
 printf("square of a number in an array:");
 for(i = 0; i< N; i++)
 {
     printf(" %d", arr[i]*arr[i]);
 }
}

int main() 
{
    int arr[MAX], N;

    // Input number of elements
    printf("Enter number of elements in an array: ");
    scanf("%d", &N);

    // Input array elements
    printf("Enter %d elements:");
    for (int i = 0; i < N; i++) 
    {
        scanf("%d", &arr[i]);
    }
    square(arr, N);
    return 0;
}

//C program to find maximum of an array using recursion
#include <stdio.h>
// Function to find maximum using recursion
int findMax(int arr[], int n) 
{
    // Base case: if only one element
    if (n == 1)
        return arr[0];

    // Recursive call: find max in remaining array
    int max_rest = findMax(arr, n - 1);

    // Compare last element wit
h maximum of rest
    if (arr[n - 1] > max_rest)
        return arr[n - 1];
    else
        return max_rest;
}

int main() {
    int arr[50], n;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter %d elements:\n", n);
    for (int i = 0; i < n; i++) {
        scanf("%d", &arr[i]);
    }

    int max = findMax(arr, n);
    printf("\nMaximum element = %d\n", max);

    return 0;
}

//Find sum of even-indexed elements using a function
#include <stdio.h>

int sumEvenIndex(int arr[], int n)
{
    int sum = 0;

    for (int i = 0; i < n; i++)
    {
        if (i % 2 == 0)
            sum += arr[i];
    }

    return sum;
}

int main()
{
    int arr[] = {10, 20, 30, 40, 50};
    int n = sizeof(arr) / sizeof(arr[0]);

    int result = sumEvenIndex(arr, n);

    printf("Sum of even-indexed elements = %d", result);

    return 0;
}


//Linear search 
#include <stdio.h>

int main() 
{
    int arr[50], n, key, i, found = 0;

    // Input size of array
    printf("Enter number of elements: ");
    scanf("%d", &n);

    // Input array elements
    printf("Enter %d elements:\n", n);
    for(i = 0; i < n; i++) 
    {
        scanf("%d", &arr[i]);
     }

    // Input key to search
    printf("Enter the element to search: ");
    scanf("%d", &key);

    // Linear Search
    for(i = 0; i < n; i++) 
    {
        if(arr[i] == key) 
        {
            printf("\nElement %d found at position %d\n", key, i + 1);
            found = 1;
            break;   // Stop after finding first match
        }
    }

    if(!found)
        printf("\nElement %d not found in the array.\n", key);

    return 0;
}

// Recursive function for linear search
#include <stdio.h>
int LinearSearch(int arr[], int n, int key, int index) 
{
    // Base case: reached end of array
    if (index == n)
        return 0;

    // If key is found at current index
    if (arr[index] == key)
        return index;

    // Recursive call for next element
    return LinearSearch(arr, n, key, index + 1);
}

int main() 
{
    int arr[50], n, key, pos;

    // Input number of elements
    printf("Enter number of elements: ");
    scanf("%d", &n);

    // Input array elements
    printf("Enter %d elements:\n", n);
    for (int i = 0; i < n; i++) 
    {
        scanf("%d", &arr[i]);
    }

    // Input element to search
    printf("Enter element to search: ");
    scanf("%d", &key);

    // Perform recursive linear search
    pos = linearSearch(arr, n, key, 0);

    if (pos == 0)
        printf("\nElement %d not found in the array.\n", key);
    else
        printf("\nElement %d found at position %d\n", key, pos + 1);
    return 0;
}

//Replace all negative elements with zero using recursion

#include <stdio.h>

void replaceNegative(int arr[], int n, int i)
{
    if (i == n)        // Base condition
        return;

    if (arr[i] < 0)
        arr[i] = 0;

    replaceNegative(arr, n, i + 1);   // Recursive call
}

int main()
{
    int arr[] = {10, -5, 20, -3, 7, -1};
    int n = sizeof(arr) / sizeof(arr[0]);

    replaceNegative(arr, n, 0);

    printf("Array after replacement:\n");
    for (int i = 0; i < n; i++)
        printf("%d ", arr[i]);

    return 0;
}
Write a program that reads a 6x6 array of integers and then prints the row sum and the column sum.

#include<stdio.h>
int main()
{
  int a[6][6] ={{1,2,3,4,5,6}, {2,3,1,5,6,7},{9,6,3,4,5,1},{6,7,2,1,3,4},{7,4,6,1,2,3},{8,9,2,3,4,1}};
  int i, j;
  int sum =0;
  int N;
  printf("Matrix :\n");
  for(i = 0; i<5; i++)
  {
    for(j=0; j<5;j++)
    {
        printf("%d  ",a[i][j]);
    }
    printf("\n");
  }
  printf("Row Total:\t");
  for(i = 0; i<5; i++)
  {
    for(j=0; j<5;j++)
    {
        sum+=a[i][j];
    }
    printf("%d \t", sum);
    sum = 0;
    }

  printf("\nColumn Total:\t");
  for(j = 0; j<5; j++)
  {
    for(i=0; i<5;i++)
    {
        sum+=a[i][j];
    }
    printf("%d\t", sum);
  }
  return 0;
}

//C program – Matrix Addition
#include <stdio.h>
#define MAX 100
int main()
{
    int A[MAX][MAX], B[MAX][MAX], C[MAX][MAX];
    int m, n;
    int i, j;

    // Input matrix dimensions
    printf("Enter number of rows and columns: ");
    scanf("%d %d", &m, &n);

    // Input matrix A
    printf("\nEnter elements of Matrix A (%d x %d):\n", m, n);
    for(i = 0; i < m; i++)
    {
        for(j = 0; j < n; j++)
        {
            scanf("%d", &A[i][j]);
        }
    }

    // Input matrix B
    printf("\nEnter elements of Matrix B (%d x %d):\n", m, n);
    for(i = 0; i < m; i++)
    {
        for(j = 0; j < n; j++)
        {
            scanf("%d", &B[i][j]);
        }
    }

    // Add the two matrices
    for(i = 0; i < m; i++)
    {
        for(j = 0; j < n; j++)
        {
            C[i][j] = A[i][j] + B[i][j];
        }
    }

    // Display result
    printf("\nMatrix A (%d x %d):\n", m, n);
    for(i = 0; i < m; i++)
    {
        for(j = 0; j < n; j++)
        {
           printf("%d\t", A[i][j]);
        }
        printf("\n");
    }

    printf("\nMatrix B (%d x %d):\n", m, n);
    for(i = 0; i < m; i++)
    {
        for(j = 0; j < n; j++)
        {
           printf("%d\t", B[i][j]);
        }
        printf("\n");
    }

    printf("\nResultant Matrix (A + B) = \n");
    for(i = 0; i < m; i++)
    {
        for(j = 0; j < n; j++)
        {
            printf("%d\t", C[i][j]);
        }
        printf("\n");
    }

    return 0;
}

//Write a program to perform matrix multiplication
#include <stdio.h>
#define MAX 100

int main() 
{
    int A[MAX][MAX], B[MAX][MAX], C[MAX][MAX];
    int m, n, p, q;
    int i, j, k;
    int sum = 0;

    // Input matrix dimensions
    printf("Enter rows and columns for Matrix A: ");
    scanf("%d %d", &m, &n);

    printf("Enter rows and columns for Matrix B: ");
    scanf("%d %d", &p, &q);

    // Check if multiplication is possible
    if(n != p) 
   {
        printf("\nMatrix multiplication not possible!");
        return 0;
    }

    // Input matrix A
    printf("\nEnter elements of Matrix A (%d x %d):\n", m, n);
    for(i = 0; i < m; i++) 
   {
        for(j = 0; j < n; j++) 
        {
            scanf("%d", &A[i][j]);
         }
    }

    // Input matrix B
    printf("\nEnter elements of Matrix B (%d x %d):\n", p, q);
    for(i = 0; i < p; i++) 
    {
        for(j = 0; j < q; j++) 
        {
            scanf("%d", &B[i][j]);
        }
    }
    // Multiply matrices
    for(i = 0; i < m; i++) 
    {
        for(j = 0; j < q; j++) 
       {

            for(k = 0; k < n; k++) 
            {
                sum += A[i][k] * B[k][j];
            }
            C[i][j] = sum;
            sum = 0;
        }
    }

    // Display result
    printf("\nResultant Matrix (A × B) = \n");
    for(i = 0; i < m; i++) 
    {
        for(j = 0; j < q; j++)
       {
            printf("%4d", C[i][j]);
        }
        printf("\n");
    }
    return 0;
}
22/11/2025

//C program to rotate Array Left or Right by N Positions
#include <stdio.h>
int main() 
{
    int a[100], n, i, pos, choice;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter array elements:\n");
    for (i = 0; i < n; i++) 
    { 
        scanf("%d", &a[i]);
    }

    printf("\n--- Rotation Menu ---\n");
    printf("1. Left Rotate\n");
    printf("2. Right Rotate\n");
    printf("Enter your choice: ");
    scanf("%d", &choice);

    printf("Enter number of positions to rotate: ");
    scanf("%d", &pos);

    pos = pos % n;  // To avoid extra rotations

    int temp;

    if (choice == 1) {
        // LEFT ROTATION
        while (pos--) 
        {
            temp = a[0];
            for (i = 0; i < n - 1; i++)
                a[i] = a[i + 1];
            a[n - 1] = temp;
        }
    }
    else if (choice == 2) {
        // RIGHT ROTATION
        while (pos--) {
            temp = a[n - 1];
            for (i = n - 1; i > 0; i--)
                a[i] = a[i - 1];
            a[0] = temp;
        }
    }
    else {
        printf("Invalid choice!\n");
        return 0;
    }

    // Output rotated array
    printf("\nArray after rotation:\n");
    for (i = 0; i < n; i++) {
        printf("%d ", a[i]);
    }

    return 0;
}

//C-Program to find power of a number using recursion
#include <stdio.h>
int power(int base, int exp) 
{
    if (exp == 0)
        return 1;          // Base case: a^0 = 1
    else
        return base * power(base, exp - 1);   // Recursive call
}

int main() 
{
    int base, exp;

    printf("Enter base: ");
    scanf("%d", &base);

    printf("Enter exponent: ");
    scanf("%d", &exp);

    int result = power(base, exp);

    printf("%d^%d = %d\n", base, exp, result);

    return 0;
}


//Menu driven bank account system using functions like deposit, withdrawal, check balance

#include <stdio.h>
float balance = 0.0;   // Global account balance

void deposit(float amount) 
{
    if (amount > 0) 
    {
        balance += amount;
        printf("Amount deposited successfully!\n");
    } 
 else 
 {
        printf("Invalid amount!\n");
 }
}

void withdraw(float amount) 
{
    if (amount <= 0) 
   {
        printf("Invalid amount!\n");
    } 
    else if (amount > balance) 
    {
        printf("Insufficient balance!\n");
    } 
    else 
   {
        balance -= amount;
        printf("Amount withdrawn successfully!\n");
    }
}

void checkBalance() 
{
    printf("Current Balance: Rs. %.2f\n", balance);
}

int main() 
{
    int choice;
    float amount;

    do 
   {
        printf("\n===== BANK MENU =====\n");
        printf("1. Deposit\n");
        printf("2. Withdraw\n");
        printf("3. Check Balance\n");
        printf("4. Exit\n");
        printf("Enter your choice: ");
        scanf("%d", &choice);

        switch (choice) 
       {
            case 1:
                printf("Enter amount to deposit: ");
                scanf("%f", &amount);
                deposit(amount);
                break;

            case 2:
                printf("Enter amount to withdraw: ");
                scanf("%f", &amount);
                withdraw(amount);
                break;

            case 3:
                checkBalance();
                break;

            case 4:
                printf("Thank you for using the bank application!\n");
                break;

            default:
                printf("Invalid choice! Try again.\n");
        }

    } 
while (choice != 4);
return 0;
}

//C program to separate even and odd elements in an array
#include <stdio.h>

int main() 
{
    int n, i;
    int arr[100], even[100], odd[100];
    int eCount = 0, oCount = 0;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter the array elements:\n");
    for (i = 0; i < n; i++)
    {
        scanf("%d", &arr[i]);
    }

        // Separate into even and odd
        for (i = 0; i < n; i++)
        {
        if (arr[i] % 2 == 0)
        {
            even[eCount] = arr[i];
            eCount++;
        }
        else
        {
            odd[oCount] = arr[i];
            oCount++;
        }
    }

    // Print Even numbers
    printf("\nEven Numbers:\n");
    for (i = 0; i < eCount; i++)
    {
        printf("%d ", even[i]);
    }

    // Print Odd numbers
    printf("\n\nOdd Numbers:\n");
    for (i = 0; i < oCount; i++)
    {
        printf("%d ", odd[i]);
    }

    return 0;
}


//C-program – Student Marks Analyser using functions
#include <stdio.h>

void inputMarks(int m[], int n) 
{
    printf("Enter marks of %d subjects:\n", n);
    for(int i = 0; i < n; i++) 
    {
        printf("Subject %d: ", i + 1);
        scanf("%d", &m[i]);
    }
}

int getTotal(int m[], int n) 
{
    int total = 0;
    for(int i = 0; i < n; i++)
        total += m[i];
    return total;
}

float getAverage(int total, int n) 
{
    return (float)total / n;
}

int getHighest(int m[], int n) 
{
    int high = m[0];
    for(int i = 1; i < n; i++)
        if(m[i] > high)
            high = m[i];
    return high;
}

int getLowest(int m[], int n) 
{
    int low = m[0];
    for(int i = 1; i < n; i++)
        if(m[i] < low)
            low = m[i];
    return low;
}

void displayReport(int m[], int n) 
{
    printf("\n--- Student Marks Report ---\n");
    for(int i = 0; i < n; i++)
        printf("Subject %d: %d\n", i + 1, m[i]);
}

int main() 
{
    int n;

    printf("Enter number of subjects: ");
    scanf("%d", &n);

    int marks[n];

    inputMarks(marks, n);

    int total = getTotal(marks, n);
    float avg = getAverage(total, n);
    int high = getHighest(marks, n);
    int low = getLowest(marks, n);

    int pass, fail;
    countPassFail(marks, n, &pass, &fail);

    displayReport(marks, n);

    printf("\nTotal Marks         : %d", total);
    printf("\nAverage Marks   s: %.2f", avg);
    printf("\nHighest Mark      : %d", high);
    printf("\nLowest Mark       : %d", low);

    return 0;
}

//To check Magic Square
#include <stdio.h>

int main() 
{
    int n;

    printf("Enter size of square matrix (n x n): ");
    scanf("%d", &n);

    int a[n][n];

    printf("Enter elements of the matrix:\n");
    for(int i = 0; i < n; i++)
        for(int j = 0; j < n; j++)
            scanf("%d", &a[i][j]);

    int magicSum = 0;

    // Sum of first row as reference sum
    for(int j = 0; j < n; j++)
        magicSum += a[0][j];

    // Check each row
    for(int i = 1; i < n; i++) 
    {
        int rowSum = 0;
        for(int j = 0; j < n; j++)
            rowSum += a[i][j];

        if(rowSum != magicSum) 
        {
            printf("\nNot a Magic Square.\n");
            return 0;
        }
    }

    // Check each column
    for(int j = 0; j < n; j++) 
    {
        int colSum = 0;
        for(int i = 0; i < n; i++)
            colSum += a[i][j];

        if(colSum != magicSum) 
        {
            printf("\nNot a Magic Square.\n");
            return 0;
        }
    }

    // Check main diagonal
    int diag1 = 0;
    for(int i = 0; i < n; i++)
        diag1 += a[i][i];

    if(diag1 != magicSum) 
    {
        printf("\nNot a Magic Square.\n");
        return 0;
    }

    // Check secondary diagonal
    int diag2 = 0;
    for(int i = 0; i < n; i++)
        diag2 += a[i][n - 1 - i];

    if(diag2 != magicSum) 
    {
        printf("\nNot a Magic Square.\n");
        return 0;
    }
    printf("\nIt is a Magic Square!\n");
    return 0;
}

//C program to rotate elements of array using functions
#include <stdio.h>

void rotateLeft(int arr[], int n)
{
    int first = arr[0];   // store first element

    for(int i = 0; i < n-1; i++)
        arr[i] = arr[i+1];

    arr[n-1] = first;     // move first to last
}

void display(int arr[], int n)
{
    for(int i = 0; i < n; i++)
        printf("%d ", arr[i]);
}

int main()
{
    int n;

    printf("Enter size: ");
    scanf("%d", &n);

    int arr[n];

    printf("Enter elements:\n");
    for(int i = 0; i < n; i++)
        scanf("%d", &arr[i]);

    rotateLeft(arr, n);

    printf("After Left Rotation:\n");
    display(arr, n);

    return 0;
}




Pointers
//Initialization, Referencing and Dereferencing of Pointers
#include <stdio.h>
int main()
{
    int a = 10;
    float f = 3.14;
    char character = 'A';
    int *p, *q;
    p = &a;
    q = p;
    float *r = &f;
    char *ch = &character;
    printf("Address of Integer pointers = %p\t%p\n",p,q);
    printf("Value of Integer pointers = %d\t%d\n",*p,*q);
    printf("Address of Float pointer = %p\n",r);
    printf("Float value = %.2f\n", *r);
    printf("Address of Character pointer = %p\n",&character);
    printf("Character = %c\n", *ch);
    return 0;
}

//Swapping of numbers using Pointers
#include <stdio.h>
void swap(int *a, int *b)
{
    int temp = *a;
    *a = *b;
    *b = temp;
}

int main()
{
    int x = 10, y = 20;
    swap(&x, &y);
    printf("x = %d, y = %d\n", x, y);
    return 0;
}


// Copy one array to another using pointers
#include <stdio.h>
int main()
{
    int n, i;
    int a[50], b[50];
    int *p = a, *q = b;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter elements:\n");
    for(i = 0; i < n; i++)
        scanf("%d", &a[i]);

    for(i = 0; i < n; i++)
        *(q + i) = *(p + i);

    printf("Copied array:\n");
    for(i = 0; i < n; i++)
        printf("%d ", b[i]);

    return 0;
}

//To find third largest element in an array using pointers
#include <stdio.h>
int main()
{
    int a[100], n;
    int *p;
    int first, second, third;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    if (n < 3)
    {
        printf("Array must contain at least 3 elements\n");
        return 0;
    }

    printf("Enter elements:\n");
    for (int i = 0; i < n; i++)
        scanf("%d", &a[i]);

    p = a;   // pointer points to first element

    first = second = third = *p;

    for (int i = 1; i < n; i++)
    {
        p++;   // pointer arithmetic

        if (*p > first)
        {
            third = second;
            second = first;
            first = *p;
        }
        else if (*p > second && *p != first)
        {
            third = second;
            second = *p;
        }
        else if (*p > third && *p != first && *p != second)
        {
            third = *p;
        }
    }

    printf("3rd Largest element = %d\n", third);

    return 0;
}

//To find maximum from an array using pointers
#include <stdio.h>
int max(int *arr, int length);
int main()
{
   int arr[] = {10, 34, 21, 78, 5};
   int length = sizeof(arr)/sizeof(int);

   int maxnum = max(arr, length);
   printf("max: %d", maxnum);
}

int max(int *arr, int length)
{
   int max = *arr;
   for (int i = 0; i < length; i++)
   {
      printf("arr[%d]: %d\n", i, (*arr));
      if ((*arr)>max)
         max = (*arr);
      arr++;
   }
   return max;
}

//To add 10 to every element in an array using pointers
#include <stdio.h>
int main()
{
    int arr[100], n, i;
    int *ptr;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter %d elements:\n", n);
    for (i = 0; i < n; i++)
        scanf("%d", &arr[i]);

    ptr = arr;   // pointer to first element

    for (i = 0; i < n; i++)
    {
        *(ptr + i) = *(ptr + i) + 10;
    }

    printf("Array after adding 5 to each element:\n");
    for (i = 0; i < n; i++)
        printf("%d ", arr[i]);

    return 0;
}


//array of function pointers
#include <stdio.h>

int add(int a,int b)
{ 
    return a+b; 
}
int sub(int a,int b)
{ 
    return a-b; 
}
int mul(int a,int b)
{ 
    return a*b;
}
int quo(int a,int b)
{ 
    return a/b; 
}
int rem(int a, int b)
{
    return a%b;
}

int main()
{
    printf("Menu Driven Calculator");
    printf("\n Press\n");
    printf("0 - Addition\n1 - Subtraction\n");
    printf("2 - Multiplication\n3 - Quotient\n");
    printf("4 - Remainder\n");
    printf("---------------------------------------------\n");
    
    int (*op[5])(int,int) = {add, sub, mul, quo,rem};
    int num1,num2, result,choice;
    while(choice<=4)
    {
    printf("Enter your choice:");
    scanf("%d",&choice);
    printf("Enter input numbers:");
    scanf("%d %d",&num1,&num2);
    printf("Result = %d\n", op[choice](num1,num2));
    }
   
    return 0;
}

//Simple Calculator using function pointers
#include <stdio.h>
int add(int a, int b) { return a + b; }
int sub(int a, int b) { return a - b; }
int mul(int a, int b) { return a * b; }
int div(int a, int b) { return a / b; }

int main()
{
    int choice, a, b;
    int (*fp[4])(int, int) = { add, sub, mul, div };

    printf("Enter two numbers: ");
    scanf("%d %d", &a, &b);

    printf("1.Add  2.Sub  3.Mul  4.Div\n");
    scanf("%d", &choice);

    if (choice >= 1 && choice <= 4)
        printf("Result = %d\n", fp[choice - 1](a, b));
    else
        printf("Invalid choice\n");

    return 0;
}





Strings
//String Reversal
#include <stdio.h>
#include<string.h>

int main() 
{
    char str[9] = "COMPUTER";
    int i, j;
    char reversal[9];
    i = 0;
    for(j=strlen(str)-1; j>=0; j--)
    {
        reversal[i] = str[j];
        i++;
    }
    printf("Input String: %s\n",str);
    printf("Reversal String: %s\n",reversal);
    return 0;
}

//C Program to reverse the given string
#include <stdio.h>
#include <string.h>
int main()
{
    char str[100];
    int i, j;
    char temp;

    printf("Enter a string: ");
    scanf("%[^\n]", str);

    j = strlen(str) - 1;

    for (i = 0; i < j; i++, j--)
    {
        temp = str[i];
        str[i] = str[j];
        str[j] = temp;
    }
    printf("Reversed string: %s\n", str);
    return 0;
}

//C Program to count vowels, consonants, digits using pointers
#include <stdio.h>
int main()
{
    char str[200];
    char *ptr;
    int vowels = 0, consonants = 0, digits = 0;

    printf("Enter a string: ");
    fgets(str, sizeof(str), stdin);

    ptr = str;   // Pointer points to first character

    while (*ptr != '\0')
    {
        if (*ptr >= '0' && *ptr <= '9')
        {
            digits++;
        }
        else if (*ptr == 'a' || *ptr == 'e' || *ptr == 'i' ||
                 *ptr == 'o' || *ptr == 'u' ||
                 *ptr == 'A' || *ptr == 'E' || *ptr == 'I' ||
                 *ptr == 'O' || *ptr == 'U')
        {
            vowels++;
        }
        else if ((*ptr >= 'a' && *ptr <= 'z') ||
                 (*ptr >= 'A' && *ptr <= 'Z'))
        {
            consonants++;
        }

        ptr++;   // Move pointer to next character
    }
    printf("Vowels = %d\n", vowels);
    printf("Consonants = %d\n", consonants);
    printf("Digits = %d\n", digits);

    return 0;
}

//To find the string with largest length
#include <stdio.h>
#include <string.h>
int main ()
{
   char langs [10][15] = {"KANNADA", "ENGLISH", "SANSKRIT", "HINDI", "TAMIL", "PUNJABI", "MALAYALAM", "TULU", "TELUGU", "MARATHI"};

   int l = strlen(langs[0]);
   int p = 0;

   for (int i = 0; i < 10; i++)
   {
      if (strlen(langs[i]) >= l)
      {
         l = strlen(langs[i]);
         p = i;
      }
   }
   printf("Language with the longest name: %s\nLength: %d", langs[p], l);
   return 0;
}

//To check string is palindrome or not
#include <stdio.h>
#include <string.h>
#include <ctype.h>
int main() 
{
    char str[100];
    int i, j, flag = 0;

    printf("Enter a string: ");
    scanf("%[^\n]", str);

    // Remove case sensitivity by converting to lowercase
    for(i = 0; str[i]; i++) 
   {
        str[i] = tolower(str[i]);
    }

    i = 0;
    j = strlen(str) - 1;

    while(i < j) 
    {
        if(str[i] != str[j]) 
        {
            flag = 1;
            break;
        }
        i++;
        j--;
    }

    if(flag == 0)
        printf("The string is a palindrome\n");
    else
        printf("The string is not a palindrome\n");
    return 0;
}

Method 2:
#include <stdio.h>
#include <string.h>
int main()
{
    char str[100], reverse[100];
    int i,j;
    int flag = 1;
    printf("Enter your string:");
    scanf("%[^\n]s", str);
    printf("Input string: %s\n", str);
    
    j = strlen(str)-1;
    for(i=0; i<strlen(str); i++)
    {
        reverse[i] = str[j];
        j--;
    }
    printf("Reversal of string: %s\n", reverse);
    
    for(i=0; i<strlen(str); i++)
    {
        if(str[i] !=reverse[i])
        {
            flag = 0;
            break;
        }
        flag = 1;
    }
    if (flag == 1)
        printf("String %s is palindrome\n", str);
    else
        printf("String %s is not a palindrome\n", str);
    return 0;
}

//program to change case without using string functions
#include <stdio.h>
int main() 
{
    char str[100];
    int i = 0;

    printf("Enter a string: ");
    scanf("%[^\n]", str);

    while(str[i] != '\0') {
        if(str[i] >= 'A' && str[i] <= 'Z') 
        {
            str[i] = str[i] + 32;   // Convert to lowercase
        }
        else if(str[i] >= 'a' && str[i] <= 'z') 
        {
            str[i] = str[i] - 32;   // Convert to uppercase
        }
        i++;
    }
    printf("String after case change: %s\n", str);
    return 0;
}

//Program to change case using string functions
#include <stdio.h>
#include <ctype.h>
int main() 
{
    char str[100];
    int i = 0;
    printf("Enter a string: ");
    scanf("%[^\n]", str);

    while(str[i] != '\0') 
    {
        if(isupper(str[i])) 
        {
            str[i] = tolower(str[i]);
         }
        else if(islower(str[i])) 
        {
            str[i] = toupper(str[i]);
        }
        i++;
    }
    printf("String after case change: %s\n", str);
    return 0;
}

//C program to compare two strings
#include <stdio.h>
int main() 
{
    char str1[100], str2[100];
    int i = 0, flag = 0;
    printf("Enter first string: ");
    scanf("%[^\n]", str1);
    getchar();  // Clear newline
    printf("Enter second string: ");
    scanf("%[^\n]", str2);
    while(str1[i] != '\0' && str2[i] != '\0') 
    {
        if(str1[i] != str2[i]) 
        {
            flag = 1; // Strings not equal
            break;
        }
        i++;
    }
    if(flag == 0 && str1[i] == '\0' && str2[i] == '\0')
        printf("Strings are equal\n");
    else
        printf("Strings are not equal\n");
    return 0;
}

//To sort the given string in alphabetical/ascending  order
#include <stdio.h>
#include <string.h>

int main()
{
    char *str[] = {
        "Water Melon","Banana","Apple",
        "Mango","Orange","Custard Apple",
        "Dragon fruit","Strawberries",  "Grapes"
    };

    int i, j;
    int n = sizeof(str) / sizeof(str[0]);
    char *temp;

    // Sorting using pointer swapping
    for (i = 0; i < n - 1; i++)
    {
        for (j = i + 1; j < n; j++)
        {
            if (strcmp(str[i], str[j]) > 0)
            {
                temp = str[i];
                str[i] = str[j];
                str[j] = temp;
            }
        }
    }
    printf("Strings in Ascending Order:\n");
    for (i = 0; i < n; i++)
    {
        printf("%s\n", str[i]);
    }

    return 0;
}

//String Concatenation
#include <stdio.h>

int main()
{
    char str1[100], str2[50];
    int i = 0, j = 0;

    printf("Enter first string: ");
    scanf("%[^\n]", str1);

    printf("Enter second string: ");
    scanf(" %[^\n]", str2);

    // Move i to the end of str1
    while (str1[i] != '\0')
        i++;

    // Copy str2 characters to str1
    while (str2[j] != '\0')
    {
        str1[i] = str2[j];
        i++;
        j++;
    }

    str1[i] = '\0';  // null terminate

    printf("Concatenated string: %s\n", str1);

    return 0;
}

Note: strcat function can be used to concatenate two strings

//To check whether the given string is Pangram or not
#include <stdio.h>
#include <ctype.h>
int main()
{
    char str[200];
    int alpha[26] = {0};
    char *ptr;
    int i, count = 0;

    printf("Enter a string: ");
    scanf("%[^\n]", str);

    ptr = str;   // pointer points to string base address

    while (*ptr != '\0')
    {
        if (isalpha(*ptr))
        {
            char ch = tolower(*ptr);
            alpha[ch - 'a'] = 1;
        }
        ptr++;   // move pointer
    }

    for (i = 0; i < 26; i++)
    {
        if (alpha[i] == 1)
            count++;
    }

    if (count == 26)
        printf("The given string is a Pangram\n");
    else
        printf("The given string is NOT a Pangram\n");

    return 0;
}

Structures:
Program – 1: Definition and Initialization of structures
#include <stdio.h>
#include <string.h>
// Defining a structure to represent a student
struct Student 
{
    char name[50];
    int age;
    float grade;
};

int main() 
{
    // Declaring and initializing a structure variable
   struct Student s0;
   strcpy(s0.name, "Rohan");
   s0.age = 19;
   s0.grade = 23.6;
   
    // Designated Initializing another structure
    struct Student s1 = {"Rahul",20, 18.5};

    // Designated Initializing another stucture
    struct Student s2 = {.age = 18, .name ="Vikas", .grade = 22};    
    // Accessing structure members
    printf("%s\t %d \t%.2f \n", s0.name, s0.age, s0.grade);
    printf("%s\t %d \t%.2f \n", s1.name, s1.age, s1.grade);
    printf("%s\t %d \t%.2f \n", s2.name, s2.age, s2.grade); 
    return 0;
}
//
#include<stdio.h>
#include<string.h>

struct student
{
    char name[25];
    int roll;
    float cgpa;
};

int main()
{
    struct student S1;
    strcpy(S1.name,"Anurag");
    S1.roll = 801;
    S1.cgpa = 8.18;
    
    printf("Name = %s\n",S1.name);
    printf("Roll No. = %d\n",S1.roll);
    printf("CGPA = %0.2f\n", S1.cgpa);
    printf("---------------------------------------\n");
    
    struct student S2 = {"Karthik", 802, 7.65};
    printf("Name = %s\n",S2.name);
    printf("Roll No. = %d\n",S2.roll);
    printf("CGPA = %0.2f\n", S2.cgpa);
    printf("---------------------------------------\n");
    
    struct student S3 = {.roll=803,.cgpa=7.23,.name ="Srimanth"};
    printf("Name = %s\n",S3.name);
    printf("Roll No. = %d\n",S3.roll);
    printf("CGPA = %0.2f\n", S3.cgpa);
    printf("---------------------------------------\n");
    
    struct student S4 = {"Manoj", 804, 8.92};
    struct student *sptr;
    sptr = &S4;
    printf("Name = %s\n",sptr->name);
    printf("Roll No. = %d\n",sptr->roll);
    printf("CGPA = %0.2f\n", sptr->cgpa);
    printf("---------------------------------------\n");

    return 0;
}


Program – 2: Reading structure members
#include <stdio.h>
#include<string.h>
struct Student
{
    int rollNo;
    char name[30];
    float marks;
};

int main()
{
    struct Student s;

    /* Reading structure members */
    printf("Enter Roll Number: ");
    scanf("%d", &s.rollNo);

    printf("Enter Name: ");
    scanf(" %[^\n]", s.name);

    printf("Enter Marks: ");
    scanf("%f", &s.marks);

    /* Displaying structure members */
    printf("\n----- Student Details -----\n");
    printf("Roll Number : %d\n", s.rollNo);
    printf("Name        : %s\n", s.name);
    printf("Marks       : %.2f\n", s.marks);

    return 0;
}

Program – 3: Pointers to Structures
#include <stdio.h>
#include <string.h>

struct book{
   char title[10];
   char author[20];
   double price;
   int pages;
};

int main ()
{
   struct book book1 = {"Learn C", "Dennis Ritchie", 675.50, 325};
   struct book *strptr;
   strptr = &book1;

   printf("Title: %s \n", strptr -> title);
   printf("Author: %s \n", strptr -> author);
   printf("Price: %lf \n", strptr -> price);
   printf("Pages: %d \n", strptr -> pages);
   return 0;
}

Program – 4: Array of Structures with initialized data
#include <stdio.h>
#include <string.h>
struct Student
{
    int id;
    char name[50];
    float marks;
};

int main()
{
    struct Student students[3];
    // Assign values for student0
    students[0].id = 101;
    strcpy(students[0].name, "Amit");
    students[0].marks = 88.5;
    // Assign values for student1
    students[1].id = 102;
    strcpy(students[1].name, "Neha");
    students[1].marks = 91.2;
    // Assign values for student2
    students[2].id = 103;
    strcpy(students[2].name, "Rahul");
    students[2].marks = 85.4;

    // Display student data
    for (int i = 0; i < 3; i++)
    {
        printf("\nStudent %d\n", i + 1);
        printf("ID: %d\n", students[i].id);
        printf("Name: %s\n", students[i].name);
        printf("Marks: %.2f\n", students[i].marks);
    }
    return 0;
}


//array of structures with user inputs
#include <stdio.h>
#include <string.h>

struct student
{
   char name[50];
   int roll;
   float cgpa;
};

int main()
{
   struct student s[10];//Array of structures
   for(int i = 0; i<3; i++)
   {
      printf("Enter name of student %d:", i+1);
      scanf("  %[^\n]",s[i].name);
      printf("Enter roll number of student %d:", i+1);
      scanf("%d",&s[i].roll);
      printf("Enter cgpa of student %d:",i+1);
      scanf("%f",&s[i].cgpa);
   }
   
   for(int i =0; i<3;i++)
   {
   printf("--------------------------------\n");
   printf("Name = %s\n",s[i].name);
   printf("Roll No. = %d\n",s[i].roll);
   printf("CGPA =  %0.2f\n", s[i].cgpa);
   printf("--------------------------------\n");
   }
  
   return 0;
}

//Total & Average Marks (Using Structure)
#include <stdio.h>

// structure declaration
struct Student
{
    char name[50];
    int roll;
    float m1, m2, m3, m4, m5;
    float total, average;
};

int main()
{
    struct Student s;

    // input
    printf("Enter student name: ");
    scanf(" %[^\n]", s.name);

    printf("Enter roll number: ");
    scanf("%d", &s.roll);

    printf("Enter marks of 5 subjects:\n");
    scanf("%f %f %f %f %f", &s.m1, &s.m2, &s.m3, &s.m4, &s.m5);

    // calculation
    s.total = s.m1 + s.m2 + s.m3 + s.m4 + s.m5;
    s.average = s.total / 5;

    // output
    printf("\n----- Student Details -----\n");
    printf("Name    : %s\n", s.name);
    printf("Roll No : %d\n", s.roll);
    printf("Total   : %.2f\n", s.total);
    printf("Average : %.2f\n", s.average);

    return 0;
}


Program 5: Array of Structures(reading structure members)
#include <stdio.h>
#include <string.h>
struct Student
{
    int id;
    char name[50];
    float marks;
};

int main()
{
    int i,N;
    struct Student s[50];
    printf("Enter number of students:");
    scanf("%d",&N);
    for(i = 0; i < N; i++)
    {
        printf("\nEnter details of Student %d\n", i + 1);

        printf("id: ");
        scanf("%d", &s[i].id);

        printf("Name: ");
        scanf(" %[^\n]", s[i].name);

        printf("Marks: ");
        scanf("%f", &s[i].marks);

    }

    // Display student data
    for (i = 0; i < N; i++)
    {
        printf("\nStudent %d\n", i + 1);
        printf("ID: %d\n", s[i].id);
        printf("Name: %s\n", s[i].name);
        printf("Marks: %.2f\n", s[i].marks);
    }
    return 0;
}

//Highest Marks in Array of Structures
#include <stdio.h>
#include <string.h>

struct student
{
   char name[50];
   int roll;
   float cgpa;
};

int main()
{
   struct student s[10];//Array of structures
   for(int i = 0; i<5; i++)
   {
      printf("Enter name of student %d:", i+1);
      scanf("  %[^\n]",s[i].name);
      printf("Enter roll number of student %d:", i+1);
      scanf("%d",&s[i].roll);
      printf("Enter cgpa of student %d:",i+1);
      scanf("%f",&s[i].cgpa);
      printf("-----------------------------\n");
   }
   
   float max = s[0].cgpa;
   int max_index = 0;
   for(int i=1; i<5;i++)
   {
       if(s[i].cgpa > max)
       {
         max = s[i].cgpa;
         max_index = i;
       }
   }
 
   printf("\n------Topper's details------\n");
   printf("Name = %s\n",s[max_index].name);
   printf("Roll No. = %d\n",s[max_index].roll);
   printf("CGPA =  %0.2f\n", s[max_index].cgpa);
   printf("--------------------------------\n");
   
   return 0;
}


//Pointers for designated initializer
#include <stdio.h>
struct student
{
    char name[50];
    int roll;
    float cgpa;
};
int main() 
{
    struct student s1;
    struct student *ptr = &s1;
    *ptr = (struct student){"Rahul", 45,35.67};
    printf("Name = %s\n", ptr->name);
    printf("Roll No = %d\n",ptr->roll);
    printf("CGPA = %0.2f\n", ptr->cgpa);
    return 0;
}

Program 6: Structures as function arguments (call by value)
#include <stdio.h>
struct Student
{
    int rollNo;
    char name[30];
    float marks;
};

void display(struct Student s)
{
 /* Displaying structure members */
    printf("\n----- Student Details -----\n");
    printf("Roll Number : %d\n", s.rollNo);
    printf("Name        : %s\n", s.name);
    printf("Marks       : %.2f\n", s.marks);
}
int main()
{
    struct Student s;

    /* Reading structure members */
    printf("Enter Roll Number: ");
    scanf("%d", &s.rollNo);

    printf("Enter Name: ");
    scanf(" %[^\n]", s.name);

    printf("Enter Marks: ");
    scanf("%f", &s.marks);

    display(s);

    return 0;
}
//call by value
#include <stdio.h>

struct Student
{
    int roll;
    float marks;
};

void display(struct Student s)   // Call by value (copy created)
{
    printf("\nInside function before change:");
    printf("\nRoll = %d  Marks = %.2f", s.roll, s.marks);

    // modifying copy
    s.roll = 999;
    s.marks = 0;

    printf("\nInside function after change:");
    printf("\nRoll = %d  Marks = %.2f", s.roll, s.marks);
}

int main()
{
    struct Student s1 = {101, 85.5};

    display(s1);   // sending copy

    printf("\n\nBack in main:");
    printf("\nRoll = %d  Marks = %.2f", s1.roll, s1.marks);

    return 0;
}

//passing individual structure member
#include <stdio.h>

struct Student
{
    int roll;
    float marks;
};

void display(int r, float m)   // receiving individual members
{
    printf("\nInside function:");
    printf("\nRoll = %d  Marks = %.2f", r, m);

    // modifying parameters
    r = 500;
    m = 0;
}

int main()
{
    struct Student s1 = {101, 92.5};

    display(s1.roll, s1.marks);   // passing members separately

    printf("\n\nBack in main:");
    printf("\nRoll = %d  Marks = %.2f", s1.roll, s1.marks);

    return 0;
}

#include <stdio.h>

struct student
{
   char name[50];
   int roll;
   float cgpa;
};

void  print(struct student *s)
{
    s->roll = 34;
    s->cgpa = 78.98;
    printf("Name: %s\n",s->name);
    printf("Roll No.:%d\n",s->roll);
    printf("CGPA:%0.2f\n",s->cgpa);
}

int main()
{
   struct student s1 = {"Rahul", 67,67.89};
   printf("inputStructure:\n");
   printf("Name: %s\n",s1.name);
   printf("Roll No.:%d\n",s1.roll);
   printf("CGPA:%0.2f\n",s1.cgpa);
   
   struct student *sptr = &s1;
   printf("Function Structure;\n");
   print(sptr);
   
   printf("Modified Structure:\n");
   printf("Name: %s\n",sptr->name);
   printf("Roll No.:%d\n",sptr->roll);
   printf("CGPA:%0.2f\n",sptr->cgpa);
   return 0;
}

Program 7: Structures as function arguments (call by reference)
#include <stdio.h>

struct Student
{
    int rollNo;
    char name[30];
    float marks;
};

/* Function accepting pointer to structure */
void calculate(struct Student *s)
{
    s->marks += 5;   // modify marks
}

int main()
{
    struct Student s1 = {23, "SAM", 87};

    calculate(&s1);   // address passed

    printf("Roll No: %d\n", s1.rollNo);
    printf("Name: %s\n", s1.name);
    printf("Marks: %.2f\n", s1.marks);

    return 0;
}

//Structure within structure
#include <stdio.h>
#include <string.h>
struct date
{
   int day, month, year;
};
struct employee
{
   char name[10];
   int salary;
   struct date dob;
};

int main()
{
   struct employee emp1 = {"Kiran", 25000, {12, 5, 1990}};
   printf("Name: %s\n", emp1.name);
   printf("Salary: %d\n", emp1.salary);
   printf("Date of Birth: %d-%d-%d\n", emp1.dob.day, emp1.dob.month, emp1.dob.year);

   return 0;
}


//returning structure from function
Syntax: struct StructName function_name();

#include <stdio.h>

struct Student
{
    int roll;
    float marks;
};

struct Student getData()   // function returning structure
{
    struct Student s;

    printf("Enter Roll and Marks: ");
    scanf("%d %f", &s.roll, &s.marks);

    return s;   // returning entire structure
}

int main()
{
    struct Student s1;

    s1 = getData();   // receiving returned structure

    printf("\nStudent Details:");
    printf("\nRoll = %d", s1.roll);
    printf("\nMarks = %.2f", s1.marks);

    return 0;
}
//
#include <stdio.h>

struct Result
{
    int sum;
    float avg;
};

struct Result calculate(int a, int b, int c)
{
    struct Result r;

    r.sum = a + b + c;
    r.avg = r.sum / 3.0;

    return r;
}

int main()
{
    struct Result res = calculate(10, 20, 30);

    printf("Sum = %d\n", res.sum);
    printf("Average = %.2f\n", res.avg);
}

//program to calculate total and average of 5 subjects using structures and functions
#include<stdio.h>
#include<string.h>
struct marks
{
    int total;
    float average;
};

struct marks calculate(int arr[])
{
    struct marks M1;
    int i, sum = 0;
    for(i = 0; i<5; i++)
    {
        sum = sum + arr[i];
    }
    M1.total = sum;
    M1.average = sum/5.0;
    return M1;
}

int main()
{
    struct marks s1;
    int arr[5] = {56,67,89,98,67};
    printf("Marks of student 1:\n");
    s1 = calculate(arr);
    printf("Total = %d\n",s1.total);
    printf("Average = %0.2f\n",s1.average);
    
    struct marks s2;
    int arr1[5] = {67,78,89,69,76};
    printf("Marks of student 2:\n");
    s2 = calculate(arr1);
    printf("Total = %d\n",s2.total);
    printf("Average = %0.2f\n",s2.average);
    
    return 0;
}


//returning structure pointer
#include <stdio.h>
#include <stdlib.h>

struct Student
{
    int roll;
    float marks;
};

struct Student* getData()
{
    struct Student *ptr;

    ptr = (struct Student*)malloc(sizeof(struct Student)); // dynamic memory

    printf("Enter Roll and Marks: ");
    scanf("%d %f", &ptr->roll, &ptr->marks);

    return ptr;   // safe return
}

int main()
{
    struct Student *s1;

    s1 = getData();

    printf("\nStudent Details:");
    printf("\nRoll = %d", s1->roll);
    printf("\nMarks = %.2f", s1->marks);

    free(s1);   // always free memory
    return 0;
}

Alternate method:
struct Student* getData()
{
    static struct Student s;   // static lives forever
    s.roll = 1;
    s.marks = 99;
    return &s;
}

//structure within structures
#include <stdio.h>
#include<string.h>
struct birthday
{
    int date;
    int month;
    int year;
};

struct student
{
    char name[50];
    int roll;
    float cgpa;
    struct birthday dob;
};

int main() 
{
    struct student s1;
    struct student *sptr = &s1;
    strcpy(sptr->name, "Rahul");
    sptr->roll = 23;
    sptr->cgpa = 75.67;
    sptr->dob.date = 18;
    sptr->dob.month = 10;
    sptr->dob.year = 2004;
    printf("Name = %s\n", sptr->name);
    printf("Roll No= %d\n", sptr->roll);
    printf("CGPA = %0.2f\n", sptr->cgpa);
    printf("D.O.B = %d-%d-%d\n", sptr->dob.date,sptr->dob.month,sptr->dob.year);
    
    struct student s3;
    struct student *sptr1 = &s3;
    *sptr1 = (struct student){"Raj",25, 78.98,{23,11,2003}};
    printf("Name = %s\n", sptr1->name);
    printf("Roll No= %d\n", sptr1->roll);
    printf("CGPA = %0.2f\n", sptr1->cgpa);
    printf("D.O.B = %d-%d-%d\n", sptr1->dob.date,sptr1->dob.month,sptr1->dob.year);
    

    struct student s2 = {"Rajat",24,78.96,{12,10,2003}};
    printf("Name = %s\n", s2.name);
    printf("Roll No= %d\n", s2.roll);
    printf("CGPA = %0.2f\n", s2.cgpa);
    printf("D.O.B = %d-%d-%d\n", s2.dob.date,s2.dob.month,s2.dob.year);
    return 0;
}


#include<stdio.h>
#include<string.h>

struct dob
{
    int date;
    int month;
    int year;
};

struct student
{
    char name[50];
    int roll;
    float cgpa;
    struct dob birthday;
};

void print(struct student s)
{
    printf("Name = %s\n",s.name);
    printf("Roll No. = %d\n",s.roll);
    printf("CGPA = %0.2f\n", s.cgpa);
    printf("Date of birth = %d-%d-%d\n", s.birthday.date,s.birthday.month,s.birthday.year);
    printf("----------------------------\n");
}

int main()
{
    struct student s1;
    strcpy(s1.name, "Sinduja");
    s1.roll = 34;
    s1.cgpa = 89.65;
    s1.birthday.date = 23;
    s1.birthday.month = 9;
    s1.birthday.year = 2007;
    print(s1);
    
    struct student s2 = {"Rajni",36, 78.98,{12,10,2007}};
    print(s2);
    
    struct student s3 = {.roll = 43, .name = "Rama", .cgpa = 81.23, .birthday.date = 29, .birthday.month = 8, .birthday.year = 2007};
    print(s3);
    return 0;
}
//using double pointers
#include <stdio.h>
#include<string.h>
struct birthday
{
    int date;
    int month;
    int year;
};

struct student
{
    char name[50];
    int roll;
    float cgpa;
    struct birthday *dob;
};

int main() 
{
    struct student s1;
    struct student *sptr = &s1;
    
    struct birthday d1;
    sptr->dob = &d1;
    
    strcpy(sptr->name, "Rahul");
    sptr->roll = 23;
    sptr->cgpa = 75.67;
    sptr->dob->date = 18;
    sptr->dob->month = 10;
    sptr->dob->year = 2004;
    printf("Name = %s\n", sptr->name);
    printf("Roll No= %d\n", sptr->roll);
    printf("CGPA = %0.2f\n", sptr->cgpa);
    printf("D.O.B = %d-%d-%d\n", sptr->dob->date,sptr->dob->month,sptr->dob->year);
    return 0;
}
typedef struct structc_tag {
    char c;
    double d;
    int s;
} structc_

Program 8: Implement an student record which will contain roll no., Name of student, subject marks, average and grade.
#include <stdio.h>
struct Student
{
    int rollNo;
    char name[30];
    int marks[5];
    int total;
    float average;
    char grade;
};

int main()
{
    struct Student s[50];
    int n, i, j;

    printf("Enter number of students: ");
    scanf("%d", &n);

    for(i = 0; i < n; i++)
    {
        s[i].total = 0;

        printf("\nEnter details of Student %d\n", i + 1);

        printf("Roll Number: ");
        scanf("%d", &s[i].rollNo);

        printf("Student Name: ");
        scanf(" %[^\n]", s[i].name);

        printf("Enter marks of 5 subjects:\n");
        for(j = 0; j < 5; j++)
        {
            printf("Subject %d: ", j + 1);
            scanf("%d", &s[i].marks[j]);
            s[i].total += s[i].marks[j];
        }

        s[i].average = s[i].total / 5.0;

        if(s[i].average >= 90)
            s[i].grade = 'A';
        else if(s[i].average >= 75)
            s[i].grade = 'B';
        else if(s[i].average >= 60)
            s[i].grade = 'C';
        else if(s[i].average >= 50)
            s[i].grade = 'D';
        else
            s[i].grade = 'F';
    }

    printf("\n================ STUDENT RECORDS =================\n");
    printf("Roll No\tName\t\tAverage\tGrade\n");
    printf("-------------------------------------------------\n");

    for(i = 0; i < n; i++)
    {
        printf("%d\t%-10s\t%.2f\t%c\n",
               s[i].rollNo,
               s[i].name,
               s[i].average,
               s[i].grade);
    }

    return 0;
}

//Typedef
#include <stdio.h>
int main()
{
   typedef unsigned long int ULONG;
   typedef short int SHORT;

   typedef struct mystruct
   {
      ULONG a;
      SHORT b;
   } STR;

   STR s1 = {10, 20};
   typedef STR * strptr;
   strptr ptr = &s1;

   printf("%d %d \n", s1.a, s1.b);
   printf("%d %d", ptr->a, ptr->b);

   return 0;
}
//Typedef in structures

#include <stdio.h>
typedef char ch;
typedef int i;
typedef int* ip;

typedef struct
{
    char name[50];
    int roll;
    float cgpa;
}STR;

int main()
{
    ch a = 'A';
    i number = 23;
    ip ptr = &number;
    printf("%c\t", a);
    printf("%d\t",number);
    printf("%d\n", *ptr);
    
    STR s1 = {"RAJ",23, 78.90};
    printf("Name = %s\n",s1.name);
    printf("Roll = %d\n",s1.roll);
    printf("CGPA = %0.2f\n", s1.cgpa);
    return 0;
}
//Structure Padding
Type1:
#include <stdio.h>
typedef struct structa_t
{
    char c;
    int i;
    short int s;
} structa_t;

int main()
{
    printf("sizeof(structa_t) = %lu\n", sizeof(structa_t));
    return 0;
}
Output: sizeof(structa_t) = 12

Type2:
// C Program to demonstrate the structure padding property
#include <stdio.h>
typedef struct structa_t
{
    short int s;
    char c;
    int i;
} structa_t;

int main()
{
    printf("sizeof(structa_t) = %lu\n", sizeof(structa_t));
    return 0;
}
Output: sizeof(structa_t) = 8

//structure packing
Method 1:
#include <stdio.h>
#pragma pack(1)

struct struct1{
   char a;
   int b;
   char c;
};

int main(){

   printf("size: %d", sizeof(struct struct1));
   return 0;
}

Method 2:
#include <stdio.h>

struct __attribute__((packed)) struct1{
   char a;
   int b;
   char c;
};

int main(){

   printf("size: %d", sizeof(struct struct1));
   return 0;
}
//structures and unions
#include <stdio.h>
#include<string.h>
union student
{
    char name[50];
    int roll;
    float cgpa;
};

struct stu
{
    char name[50];
    int roll;
    float cgpa;
};

int main()
{
   union student s1;
   printf("Size of union = %zu\n",sizeof(union student));
   strcpy(s1.name, "RAJ");
   printf("Name = %s\n",s1.name);
   s1.roll = 24;
   printf("Roll = %d\n", s1.roll);
   s1.cgpa = 67.89;
   printf("CGPA = %0.2f\n", s1.cgpa);
   
   printf("\n");
   struct stu stu1 = {"RAM", 23, 45.67};
   printf("Size of structure = %zu\n",sizeof(struct stu));
   printf("Name = %s\n",stu1.name);
   printf("Roll = %d\n", stu1.roll);
   printf("CGPA = %0.2f\n", stu1.cgpa);
   return 0;
}
//Shopping Bill System using structures
#include <stdio.h>
struct Item
{
    char name[50];
    int quantity;
    float price;
    float total;   // total for this item = quantity * price
};

int main()
{
    struct Item items[50];
    int n, i;
    float grandTotal = 0.0f;

    printf("Enter number of items: ");
    scanf("%d", &n);

    for(i = 0; i < n; i++)
    {
        printf("\nEnter details of Item %d\n", i + 1);

        printf("Item name: ");
        scanf(" %[^\n]", items[i].name);

        printf("Quantity: ");
        scanf("%d", &items[i].quantity);

        printf("Price per unit: ");
        scanf("%f", &items[i].price);

        // calculate total for this item
        items[i].total = items[i].quantity * items[i].price;

        // add to grand total
        grandTotal += items[i].total;
    }
    // print the bill
    printf("\n================ SHOPPING BILL ================\n");
    printf("No.\tItem\t\tQty\tPrice\tTotal\n");
    printf("-------------------------------------------------\n");

    for(i = 0; i < n; i++)
    {
        printf("%d\t%-10s\t%d\t%.2f\t%.2f\n",
               i + 1,
               items[i].name,
               items[i].quantity,
               items[i].price,
               items[i].total);
    }
    printf("-------------------------------------------------\n");
    printf("Grand Total:\t\t\t\t%.2f\n", grandTotal);
    return 0;
}

//Union example
#include <stdio.h>
union Value
{
    int intVal;
    float floatVal;
};

int main()
{
    union Value v;

    v.intVal = 100;
    printf("Integer = %d\n", v.intVal);
    
    v.floatVal = 25.75;
    printf("Float = %.2f\n", v.floatVal);

    return 0;

//enum default
#include <stdio.h>
enum months{Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct, Nov, Dec};
int main()
{
   for (int i = Jan; i <= Dec; i++)
      printf("Month No: %d\n", i);
   return 0;
}

//enum assignments
#include <stdio.h>
// Defining enum
enum enm
{
    a = 3, b = 2, c
};
int main()
{
    // Creating enum variable
    enum enm v1 = a;
    enum enm v2 = b;
    enum enm v3 = c;
    printf("%d %d %d", v1, v2, v3);
    return 0;
}

#include <stdio.h>
enum Month{JAN, FEB, MAR,APR,MAY,JUNE,JULY,AUG,SEP,OCT,NOV,DEC};
char *name[] = {"JAN","FEB","MAR","APR","MAY","JUNE","JULY","AUG","SEP","OCT","NOV","DEC"};
int main()
{
    enum Month mon;
    int i;
    for(i = JAN; i<=DEC; i++)
    {
      printf("%s with Month No is %d\n",name[i],i+1);
    }
    return 0;
}




File Handling
//File operations – writing, reading and appending
#include <stdio.h>
int main()
{
    FILE *fp;
    char text[100];
    char ch;
    /* Writing a file */
    fp = fopen("file1.txt", "w");  // create file in write mode
    if(fp == NULL)
    {
        printf("Error opening file!\n");
        return 1;
    }

    printf("Enter text to write in file: ");
    fgets(text, sizeof(text), stdin);

    fprintf(fp, "%s", text);  // write to file

    fclose(fp);
    printf("Text written successfully!\n");

  /*************************************************************************/
    /*Reading a file*/
    fp = fopen("file1.txt", "r");
    if(fp == NULL)
    {
        printf("File not found!\n");
        return 1;
    }

    printf("File contents:\n");
    while((ch = fgetc(fp)) != EOF)
        putchar(ch);

    fclose(fp);

  /*************************************************************************/
    /*Appending file */
    fp = fopen("file1.txt", "a");
    if(fp == NULL)
    {
        printf("Error opening file!\n");
        return 1;
    }

    printf("Enter text to append: ");
    fgets(text, sizeof(text), stdin);

    fprintf(fp, "%s", text);

    fclose(fp);
    printf("Text appended successfully!\n");
    return 0;
}
//To copy contents from one file to another
#include <stdio.h>

int main()
{
    FILE *src, *dest;
    char ch;

    src = fopen("file1.txt", "r");
    dest = fopen("file2.txt", "w");

    if(src == NULL || dest == NULL)
    {
        printf("Error opening files!\n");
        return 1;
    }

    while((ch = fgetc(src)) != EOF)
        fputc(ch, dest);

    fclose(src);
    fclose(dest);

    printf("File copied successfully!\n");
    return 0;
}

// Count Characters, Words, and Lines
#include <stdio.h>
#include <ctype.h>
int main()
{
    FILE *fp;
    char ch;
    int chars = 0, words = 0, lines = 0;
    int inWord = 0;

    fp = fopen("file1.txt", "r");
    if(fp == NULL)
    {
        printf("File not found!\n");
        return 1;
    }

    while((ch = fgetc(fp)) != EOF)
    {
        chars++;
        if(ch == '\n') lines++;
        if(isspace(ch))
            inWord = 0;
        else if(!inWord)
        {
            words++;
            inWord = 1;
        }
    }

    fclose(fp);

    printf("Characters: %d\nWords: %d\nLines: %d\n", chars, words, lines);
    return 0;
}

//Structure with file using append mode
#include <stdio.h>

struct Employee
{
    int id;
    char name[30];
    float salary;
};

int main()
{
    FILE *fp;
    struct Employee e;
    char choice;

    fp = fopen("employee.txt", "a");  // append mode

    do
    {
        printf("Enter ID: ");
        scanf("%d", &e.id);

        printf("Enter Name: ");
        scanf(" %[^\n]", e.name);

        printf("Enter Salary: ");
        scanf("%f", &e.salary);

        fprintf(fp, "%d %s %.2f\n", e.id, e.name, e.salary);

        printf("Add another record? (y/n): ");
        scanf(" %c", &choice);

    } while(choice == 'y' || choice == 'Y');

    fclose(fp);
    return 0;
}

//Array of Structures
#include <stdio.h>

struct Student
{
    int roll;
    char name[20];
};

int main()
{
    FILE *fp;
    struct Student s[3];
    int i;

    fp = fopen("students.dat", "wb");

    for(i = 0; i < 3; i++)
    {
        printf("Enter Roll and Name: ");
        scanf("%d %s", &s[i].roll, s[i].name);
        fwrite(&s[i], sizeof(s[i]), 1, fp);
    }

    fclose(fp);

    fp = fopen("students.dat", "rb");
    printf("\nRecords from file:\n");

    while(fread(&s[0], sizeof(s[0]), 1, fp))
        printf("%d %s\n", s[0].roll, s[0].name);

    fclose(fp);
    return 0;
}

//Student Record System
#include <stdio.h>
struct Student
{
    int roll;
    char name[30];
    float marks;
};

void writeRecord()
{
    FILE *fp;
    struct Student s;

    fp = fopen("students.txt", "w");   // write mode
    if(fp == NULL)
    {
        printf("File cannot be opened!\n");
        return;
    }

    printf("\nEnter Student Details\n");
    printf("Roll No: ");
    scanf("%d", &s.roll);

    printf("Name: ");
    scanf(" %[^\n]", s.name);

    printf("Marks: ");
    scanf("%f", &s.marks);

    fprintf(fp, "%d %s %.2f\n", s.roll, s.name, s.marks);

    fclose(fp);
    printf("Record written successfully!\n");
}

void appendRecord()
{
    FILE *fp;
    struct Student s;

    fp = fopen("students.txt", "a");   // append mode
    if(fp == NULL)
    {
        printf("File cannot be opened!\n");
        return;
    }

    printf("\nEnter Student Details to Append\n");
    printf("Roll No: ");
    scanf("%d", &s.roll);

    printf("Name: ");
    scanf(" %[^\n]", s.name);

    printf("Marks: ");
    scanf("%f", &s.marks);

    fprintf(fp, "%d %s %.2f\n", s.roll, s.name, s.marks);

    fclose(fp);
    printf("Record appended successfully!\n");
}

void readRecord()
{
    FILE *fp;
    struct Student s;

    fp = fopen("students.txt", "r");   // read mode
    if(fp == NULL)
    {
        printf("File not found!\n");
        return;
    }

    printf("\nStudent Records\n");
    printf("Roll\tName\tMarks\n");
    printf("-------------------------\n");

    while(fscanf(fp, "%d %s %f", &s.roll, s.name, &s.marks) != EOF)
    {
        printf("%d\t%s\t%.2f\n", s.roll, s.name, s.marks);
    }

    fclose(fp);
}

int main()
{
    int choice;

    do
    {
        printf("\n--- Student Record System ---\n");
        printf("1. Write Student Record\n");
        printf("2. Append Student Record\n");
        printf("3. Read Student Records\n");
        printf("4. Exit\n");
        printf("Enter your choice: ");
        scanf("%d", &choice);

        switch(choice)
        {
            case 1: writeRecord(); break;
            case 2: appendRecord(); break;
            case 3: readRecord(); break;
            case 4: printf("Exiting program...\n"); break;
            default: printf("Invalid choice!\n");
        }
    } while(choice != 4);

    return 0;
}

//Inventory Management System
#include <stdio.h>
#include <string.h>

struct Product
{
    int id;
    char name[30];
    int quantity;
    float price;
};

/* Write inventory records */
void writeProduct()
{
    FILE *fp;
    struct Product p;

    fp = fopen("inventory.dat", "wb");   // write mode (binary)
    if(fp == NULL)
    {
        printf("File cannot be opened!\n");
        return;
    }

    printf("\nEnter Product ID: ");
    scanf("%d", &p.id);

    printf("Enter Product Name: ");
    scanf(" %[^\n]", p.name);

    printf("Enter Quantity: ");
    scanf("%d", &p.quantity);

    printf("Enter Price: ");
    scanf("%f", &p.price);

    fwrite(&p, sizeof(p), 1, fp);

    fclose(fp);
    printf("Product record written successfully!\n");
}

/* Read inventory records */
void readProduct()
{
    FILE *fp;
    struct Product p;

    fp = fopen("inventory.dat", "rb");   // read mode
    if(fp == NULL)
    {
        printf("File not found!\n");
        return;
    }

    printf("\nID\tName\t\tQty\tPrice\n");
    printf("---------------------------------------\n");

    while(fread(&p, sizeof(p), 1, fp))
    {
        printf("%d\t%-10s\t%d\t%.2f\n",
               p.id, p.name, p.quantity, p.price);
    }

    fclose(fp);
}

/* Update inventory record */
void updateProduct()
{
    FILE *fp;
    struct Product p;
    int id, found = 0;

    fp = fopen("inventory.dat", "rb+");   // read + write mode
    if(fp == NULL)
    {
        printf("File not found!\n");
        return;
    }

    printf("\nEnter Product ID to update: ");
    scanf("%d", &id);

    while(fread(&p, sizeof(p), 1, fp))
    {
        if(p.id == id)
        {
            printf("Enter new Quantity: ");
            scanf("%d", &p.quantity);

            printf("Enter new Price: ");
            scanf("%f", &p.price);

            fseek(fp, -sizeof(p), SEEK_CUR);
            fwrite(&p, sizeof(p), 1, fp);

            found = 1;
            break;
        }
    }

    fclose(fp);

    if(found)
        printf("Product updated successfully!\n");
    else
        printf("Product not found!\n");
}

int main()
{
    int choice;

    do
    {
        printf("\n--- Inventory Management System ---\n");
        printf("1. Write Product Record\n");
        printf("2. Read Product Records\n");
        printf("3. Update Product Record\n");
        printf("4. Exit\n");
        printf("Enter your choice: ");
        scanf("%d", &choice);

        switch(choice)
        {
            case 1: writeProduct(); break;
            case 2: readProduct(); break;
            case 3: updateProduct(); break;
            case 4: printf("Exiting program...\n"); break;
            default: printf("Invalid choice!\n");
        }
    } while(choice != 4);

    return 0;
}


Assignment Questions:
· WAP to find the max of two numbers.
· WAP to check if number is odd or even.
· WAP to generate positive Fibonacci numbers.
· WAP to generate negative Fibonacci numbers.
· WAP to check if number is perfect or not.
· WAP to print the grade for a given percentage such that “Grade A” for(90 -100), “Grade B” for (70 – 90), “Grade C” for (50 – 70) and “Grade F” for <= 50.
· WAP to find the greatest of given 3 numbers.
· WAP to check whether character is Upper Case, Lower Case or Digit.
· WAP to find the middle number (by value) of given 3 numbers.
· WAP to generate AP, GP, HP series
· W.A.P to check whether character is Upper case, Lower case or Digit by using switch case.
· W.A.P for simple calculator.
· W.A.P to print the power of two series using for loop.
· W.A.P to print the power of N series using Loops.
· W.A.P to multiply 2 numbers without multiplication operator.
· W.A.P to check whether a number is palindrome or not.
· WAP to print line pattern.
· WAP to print rhombus using for loops.
· WAP to print the Upward triangle.
· WAP to print pyramid pattern 
· WAP to find which day of the year
· W.A.P to count set bits in a given number.
· WAP to count number of set bits in a given number and print parity
· WAP to check N th bit is set or not, If yes, clear the M th bit
· WAP to print all primes using Sieve of Eratosthenes method
· WAP to find the median of two unsorted array.
· W.A.P to print bits of given number.
· W.A.P to swap nibbles of given number.
· W.A.P to find the average of elements stored in a array.
· W.A.P to find the largest array element.
· W.A.P to compare two arrays (element by element).
· WAP to check whether a given number is prime or not.

· Write a function to calculate square a number
· Write a function to convert temperature given in degree Fahrenheit to degree Celsius
· Write a program to check if a given number is even or odd. Function should return TRUE or FALSE
· Write a program to find the square and cube of a number
· Write a program to swap two numbers
· Write a program to find the sum and product of 2 numbers
· Write a program to find the average of 5 array elements using function
· Write a program to square each element of array.
· Write a program to find the sum of sequence of N from starting from 1 using recursion
· WAP to get 'n' bits of a given number
· WAP to replace 'n' bits of a given number
· WAP to toggle 'n' bits from given position of a number
· WAP to get 'n' bits from given position of a number
· WAP to print 'n' bits from LSB of a number
· WAP to put the (b-a+1) lsb’s of num into val[b:a]
· WAP to implement Circular left shift
· WAP to implement Circular right shift
· WAP to implement your own isalnum() function
· WAP to implement your own islower() function
· WAP to implement your own ispunct() function
· WAP to implement your own isxdigit() function
· WAP to find 3rd largest element in an array
· WAP to find 2nd largest element in an array
· WAP to remove duplicate elements in a given array
· WAP to find factorial of given number using recursion
· WAP to generate fibbonacci numbers using recursion
· Print the values in sorted order without modifying or copying array
· WAP to generate the prime series upto the given limit using functions
· WAP to check whether a given number is prime or not using function.

· WAP to calculate length of the string
· WAP to copy a string
· WAP to compare two strings
· WAP to check a given string is palindrome or not
· WAP to reverse a string
· WAP to compare string2 with string1 up to n characters
· WAP to concatenate two strings
· WAP to reverse each word in a string
· WAP to replace each string of one or more blanks by a single blank
· WAP to implement atoi function
· WAP to reverse the given string using recursive method
· WAP to implement strtok function
·  WAP to check given string is Pangram or not
· WAP to print all possible combinations of given string.
· WAP to reverse each character of the word in a given string
· WAP to find the MIN and MAX of a 2D array
· Write macros to get, set and clear Nth bit in an integer
· WAP to define a macro SIZEOF(x), without using sizeof operator
· WAP to define a macro swap (t, x, y) that swaps 2 arguments of type t
· Variance calculation with dynamic arrays
· WAP to generate a n*n magic square
· Read n & n person names of maxlen 20. Sort and print the names
· WAP to find the product of given matrix.
· WAM to swap a nibble in a byte
· WAM to swap any two values of basic type using temporary variable
· WAM to find the sum of two nos
· WAP to accept students record, name of a student, roll no, and marks of PCM.
· WAP to Implement the student record using array of structures
· WAP to program to swap a nibble using bit fields

· WAP to copy its contents in text_copy.txt
· WAP program to find the occurrences of character 'c' using ftell()
· WAP to accept students record from user. Store all the data in as a binary file
· WAP to read out entries by the previous program
· WAP to print its contents on standard output.

· Single Linked List basic operations
· Find middle element & Get nth last
· WAF to insert the new data in the already sorted linked list & to detect whether the given linked list is ending with loop or not
· WAF to sort the given single linked list
· WAF to reverse the single linked list in both iterative and recursive methods
· WAP to remove duplicates in a SLL
· WAF to merge two linked list into one
· WAP for Double Linked List
· Implement stack using array
· Implement stack using LL
· Convert Infix to Postfix and Evaluate Postfix expression
· Convert Infix to Prefix and evaluation Prefix expression
· WAP for circular queue implementation using array
· WAP for queue implementation using linked list
· Write binary search function in iterative method
· Write binary search function in recursive method
· WAF to sort given array using bubble sort.
· WAF to sort given array using insertion sort
· WAF to sort given array using selection sort
· WAF to sort given array using quick sort
· WAF to sort given array using merge sort
· WAF to search given data and to find max data node from the BST
· WAF to delete the given data node from the BST
· WAF to find the height & the number of nodes in the given tree.
· WAF to sort given array using heap sort.
















C Programming Test

1) Write a program in C to calculate and print the electricity bill of a given customer. The customer ID, name, and unit consumed by the user should be captured from the keyboard to display the total amount to be paid to the customer.
The charge are as follow:
	Unit
	Charge/unit

	upto 199
	@1.20

	200 and above but less than 400
	@1.50

	400 and above but less than 600
	@1.80

	600 and above
	@2.00


If bill exceeds Rs. 400 then a surcharge of 15% will be charged and the minimum bill should be of Rs. 100/-
2) C program to display the series [ 9 + 99 + 999 + 9999 ...] and find its sum
3) C program to print a Hollow Diamond pattern
4) C program to find number of days between today and a future date
5) C program to count the number of digits using Recursion
6) C Program to count Occurrence of a Digit Using Recursion
7) C program to check whether a given number is a palindrome using recursion.
8) Create a calculator function that performs addition, subtraction, multiplication, and division on N numbers using variadic arguments.

#include <stdio.h>
int main()
{
    int cust_id;
    char cust_name[30];
    int units;
    float bill = 0, surcharge = 0, total_bill;

    printf("Enter Customer ID: ");
    scanf("%d", &cust_id);

    printf("Enter Customer Name: ");
    scanf("%s", cust_name);

    printf("Enter Units Consumed: ");
    scanf("%d", &units);

    if (units <= 199)
        bill = units * 1.20;
    else if (units >= 200 && units < 400)
        bill = units * 1.50;
    else if (units >= 400 && units < 600)
        bill = units * 1.80;
    else
        bill = units * 2.00;

    if (bill > 400)
        surcharge = bill * 0.15;

    total_bill = bill + surcharge;

    if (total_bill < 100)
        total_bill = 100;

    printf("\n----- Electricity Bill -----\n");
    printf("Customer ID   : %d\n", cust_id);
    printf("Customer Name : %s\n", cust_name);
    printf("Units Consumed: %d\n", units);
    printf("Bill Amount   : Rs. %.2f\n", total_bill);

    return 0;
}

2) C program to display the series [ 9 + 99 + 999 + 9999 ...] and find its sum
#include <stdio.h>
int main()
{
    int n, i;
    long long term = 0, sum = 0;

    printf("Enter number of terms: ");
    scanf("%d", &n);

    printf("Series: ");
    for(i = 1; i <= n; i++)
    {
        term = term * 10 + 9;
        printf("%lld", term);

        if(i < n)
            printf(" + ");

        sum += term;
    }

    printf("\nSum = %lld", sum);

    return 0;
}

3) C program to print a Hollow Diamond pattern

#include <stdio.h>
int main()
{
    int i, j, space, n = 4;

    /* Upper half */
    for (i = 1; i <= n; i++)
    {
        for (space = 1; space <= n - i; space++)
            printf(" ");

        for (j = 1; j <= 2 * i - 1; j++)
        {
            if (j == 1 || j == 2 * i - 1)
                printf("*");
            else
                printf(" ");
        }
        printf("\n");
    }

    /* Lower half */
    for (i = n - 1; i >= 1; i--)
    {
        for (space = 1; space <= n - i; space++)
            printf(" ");

        for (j = 1; j <= 2 * i - 1; j++)
        {
            if (j == 1 || j == 2 * i - 1)
                printf("*");
            else
                printf(" ");
        }
        printf("\n");
    }

    return 0;
}

// WAP to find number of days between today and a future date
#include <stdio.h>

// Check if a year is a leap year
int isLeapYear(int year) {
    return (year % 4 == 0 && year % 100 != 0) || (year % 400 == 0);
}

// Number of days in each month
int daysInMonth(int month, int year) {
    switch(month) {
        case 1: case 3: case 5: case 7: case 8: case 10: case 12:
            return 31;
        case 4: case 6: case 9: case 11:
            return 30;
        case 2:
            return isLeapYear(year) ? 29 : 28;
        default:
            return 0; // Invalid month
    }
}

// Convert a date to total days from 01/01/0001
long totalDays(int day, int month, int year) {
    long days = day;

    // Add days for complete months of current year
    for(int m = 1; m < month; m++) {
        days += daysInMonth(m, year);
    }

    // Add days for complete years
    for(int y = 1; y < year; y++) {
        days += isLeapYear(y) ? 366 : 365;
    }

    return days;
}

int main() {
    int day1, month1, year1; // Today
    int day2, month2, year2; // Future date

    // Input today date
    printf("Enter today's date (dd mm yyyy): ");
    scanf("%d %d %d", &day1, &month1, &year1);

    // Input future date
    printf("Enter future date (dd mm yyyy): ");
    scanf("%d %d %d", &day2, &month2, &year2);

    // Convert dates to total days
    long daysToday = totalDays(day1, month1, year1);
    long daysFuture = totalDays(day2, month2, year2);

    if(daysFuture < daysToday) {
        printf("Error: Future date must be after today!\n");
        return 1;
    }

    long difference = daysFuture - daysToday;
    printf("Number of days between today and future date: %ld\n", difference);

    return 0;
}



//C program to count the number of digits using recursion
#include <stdio.h>
int countDigits(int n)
{
    if (n == 0)
        return 0;
    else
        return 1 + countDigits(n / 10);
}

int main()
{
    int num;

    printf("Enter a number: ");
    scanf("%d", &num);

    if (num == 0)
        printf("Number of digits = 1");
    else
        printf("Number of digits = %d", countDigits(num));

    return 0;
}

//C Program to count Occurrence of a Digit Using Recursion
#include <stdio.h>
int countDigit(int n, int d)
{
    if (n == 0)
        return 0;

    if (n % 10 == d)
        return 1 + countDigit(n / 10, d);
    else
        return countDigit(n / 10, d);
}

int main()
{
    int num, digit;

    printf("Enter a number: ");
    scanf("%d", &num);

    printf("Enter digit to count: ");
    scanf("%d", &digit);

    if (num == 0 && digit == 0)
        printf("Occurrence = 1");
    else
        printf("Occurrence = %d", countDigit(num, digit));

    return 0;
}

//C program to check whether a given number is a palindrome using recursion.
#include <stdio.h>
int reverse(int num, int rev)
{
    if (num == 0)
        return rev;

    return reverse(num / 10, rev * 10 + (num % 10));
}

int main()
{
    int num, revNum;

    prinf("Enter a number: ");
    scanf("%d", &num);

    revNum = reverse(num, 0);

    if (num == revNum)
        printf("Palindrome number\n");
    else
        printf("Not a palindrome number\n");

    return 0;
}
// WAP to find number of days between today and a future date
#include <stdio.h>

// Check if a year is a leap year
int isLeapYear(int year) {
    return (year % 4 == 0 && year % 100 != 0) || (year % 400 == 0);
}

// Number of days in each month
int daysInMonth(int month, int year) {
    switch(month) {
        case 1: case 3: case 5: case 7: case 8: case 10: case 12:
            return 31;
        case 4: case 6: case 9: case 11:
            return 30;
        case 2:
            return isLeapYear(year) ? 29 : 28;
        default:
            return 0; // Invalid month
    }
}

// Convert a date to total days from 01/01/0001
long totalDays(int day, int month, int year) {
    long days = day;

    // Add days for complete months of current year
    for(int m = 1; m < month; m++) {
        days += daysInMonth(m, year);
    }

    // Add days for complete years
    for(int y = 1; y < year; y++) {
        days += isLeapYear(y) ? 366 : 365;
    }

    return days;
}

int main() {
    int day1, month1, year1; // Today
    int day2, month2, year2; // Future date

    // Input today date
    printf("Enter today's date (dd mm yyyy): ");
    scanf("%d %d %d", &day1, &month1, &year1);

    // Input future date
    printf("Enter future date (dd mm yyyy): ");
    scanf("%d %d %d", &day2, &month2, &year2);

    // Convert dates to total days
    long daysToday = totalDays(day1, month1, year1);
    long daysFuture = totalDays(day2, month2, year2);

    if(daysFuture < daysToday) {
        printf("Error: Future date must be after today!\n");
        return 1;
    }

    long difference = daysFuture - daysToday;
    printf("Number of days between today and future date: %ld\n", difference);

    return 0;
}

//Create a calculator function that performs addition, subtraction, multiplication, and division on N numbers using variadic arguments.
#include <stdio.h>
#include <stdarg.h>

double calculator(char op, int count, ...)
{
    va_list args;
    va_start(args, count);

    double result;
    int i;

    // Initialize result with first value
    result = va_arg(args, double);

    for (i = 1; i < count; i++)
    {
        double num = va_arg(args, double);

        switch (op)
        {
            case '+':
                result += num;
                break;

            case '-':
                result -= num;
                break;

            case '*':
                result *= num;
                break;

            case '/':
                if (num == 0)
                {
                    printf("Error: Division by zero\n");
                    va_end(args);
                    return 0;
                }
                result /= num;
                break;

            default:
                printf("Invalid operator\n");
                va_end(args);
                return 0;
        }
    }

    va_end(args);
    return result;
}

int main()
{
    printf("Addition: %.2f\n", calculator('+', 4, 10.0, 20.0, 30.0, 40.0));
    printf("Subtraction: %.2f\n", calculator('-', 3, 50.0, 10.0, 5.0));
    printf("Multiplication: %.2f\n", calculator('*', 3, 2.0, 3.0, 4.0));
    printf("Division: %.2f\n", calculator('/', 3, 100.0, 2.0, 5.0));

    return 0;
}
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//C program to rotate Array Left or Right by N Positions
#include <stdio.h>
int main() 
{
    int a[100], n, i, pos, choice;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter array elements:\n");
    for (i = 0; i < n; i++) 
    { 
        scanf("%d", &a[i]);
    }

    printf("\n--- Rotation Menu ---\n");
    printf("1. Left Rotate\n");
    printf("2. Right Rotate\n");
    printf("Enter your choice: ");
    scanf("%d", &choice);

    printf("Enter number of positions to rotate: ");
    scanf("%d", &pos);

    pos = pos % n;  // To avoid extra rotations

    int temp;

    if (choice == 1) {
        // LEFT ROTATION
        while (pos--) 
        {
            temp = a[0];
            for (i = 0; i < n - 1; i++)
                a[i] = a[i + 1];
            a[n - 1] = temp;
        }
    }
    else if (choice == 2) {
        // RIGHT ROTATION
        while (pos--) {
            temp = a[n - 1];
            for (i = n - 1; i > 0; i--)
                a[i] = a[i - 1];
            a[0] = temp;
        }
    }
    else {
        printf("Invalid choice!\n");
        return 0;
    }

    // Output rotated array
    printf("\nArray after rotation:\n");
    for (i = 0; i < n; i++) {
        printf("%d ", a[i]);
    }

    return 0;
}


//passing array elements
#include <stdio.h>
void display(int age1, int age2) {
  printf("%d\n", age1);
  printf("%d\n", age2);
}

int main() {
  int ageArray[] = {2, 8, 4, 12};

  // pass second and third elements to display()
  display(ageArray[1], ageArray[2]); 
  return 0;
}


// Program to calculate the sum of array elements by passing to a function 
#include <stdio.h>
float calculateSum(float num[]);

int main() {
  float result, num[] = {23.4, 55, 22.6, 3, 40.5, 18};

  // num array is passed to calculateSum()
  result = calculateSum(num); 
  printf("Result = %.2f", result);
  return 0;
}

float calculateSum(float num[]) {
  float sum = 0.0;

  for (int i = 0; i < 6; ++i) {
    sum += num[i];
  }

  return sum;
}
//C Program: Replace all Even Numbers with 1 (Using Recursion)

#include <stdio.h>

void replaceEven(int arr[], int n, int index)
{
    if(index == n)      // base condition
        return;

    if(arr[index] % 2 == 0)
        arr[index] = 1;

    replaceEven(arr, n, index + 1);   // recursive call
}

void display(int arr[], int n)
{
    if(n == 0)
        return;

    printf("%d ", arr[0]);
    display(arr + 1, n - 1);
}

int main()
{
    int n;

    printf("Enter size: ");
    scanf("%d", &n);

    int arr[n];

    printf("Enter elements:\n");
    for(int i = 0; i < n; i++)
        scanf("%d", &arr[i]);

    replaceEven(arr, n, 0);

    printf("After replacement:\n");
    display(arr, n);

    return 0;
}


//C program to find Sum of Array Elements (Using Recursion)
#include <stdio.h>
int sumArray(int arr[], int n)
{
    if(n == 0)          // base condition
        return 0;

    return arr[n-1] + sumArray(arr, n-1);
}

int main()
{
    int n;
    printf("Enter size: ");
    scanf("%d", &n);

    int arr[n];

    printf("Enter elements:\n");
    for(int i = 0; i < n; i++)
        scanf("%d", &arr[i]);

    int sum = sumArray(arr, n);

    printf("Sum = %d", sum);

    return 0;
}



//printing array elements using recursion
#include <stdio.h>

void printArray(int arr[], int n, int index)
{
    // Base condition
    if(index == n)
        return;

    // Work
    printf("%d ", arr[index]);

    // Recursive call
    printArray(arr, n, index + 1);
}

int main()
{
    int arr[] = {10, 20, 30, 40, 50};
    int size = sizeof(arr)/sizeof(arr[0]);

    printArray(arr, size, 0);

    return 0;
}

//To find maximum element in an array
#include <stdio.h>

int findMax(int arr[], int n)
{
    // Base condition
    if(n == 1)
        return arr[0];

    // Recursive call
    int max_of_rest = findMax(arr, n - 1);

    // Compare last element with max of remaining array
    if(arr[n - 1] > max_of_rest)
        return arr[n - 1];
    else
        return max_of_rest;
}

int main()
{
    int arr[] = {45, 12, 89, 32, 7, 90, 23};
    int size = sizeof(arr)/sizeof(arr[0]);

    int max = findMax(arr, size);

    printf("Maximum element = %d", max);

    return 0;
}


//maximum element using recursion
#include <stdio.h>
#define MAX 100
int maximum(int arr[],int N)
{
    int max;
    if(N==1)
        return arr[0];
    max = maximum(arr, N-1);

    if(arr[N-1] > max)
       return arr[N-1];
    else
       return max;
}

int main()
{
    int arr[MAX], max, N, i;
    printf("Enter size of an array:");
    scanf("%d",&N);

    printf("Enter array elements:");

    for(i=0; i<N;i++)
        scanf("%d",&arr[i]);

    max = maximum(arr,N);
    printf("Maximum element in an array:%d",max);
    return 0;
}


//C program to find largest of two numbers using pointers
#include <stdio.h>

int main()
{
    int a, b;
    int *p1, *p2;

    printf("Enter two numbers: ");
    scanf("%d %d", &a, &b);

    // Assign addresses to pointers
    p1 = &a;
    p2 = &b;

    // Compare values using pointers
    if (*p1 > *p2)
        printf("Largest number = %d\n", *p1);
    else if (*p2 > *p1)
        printf("Largest number = %d\n", *p2);
    else
        printf("Both numbers are equal\n");

    return 0;
}


//Traversing Array using Pointer Arithmetic
#include <stdio.h>

int main()
{
    int arr[] = {1,2,3,4,5};
    int *p = arr;

    for(int i=0;i<5;i++)
    {
        printf("%d ", *p);
        p++;        // move to next element
    }
}

C Program: Store Array in Pointer and Print Elements
#include <stdio.h>
int main()
{
    int arr[5] = {10, 20, 30, 40, 50};
    int *ptr;

    ptr = arr;   // pointer stores base address of array

    printf("Array elements are:\n");

    for(int i = 0; i < 5; i++)
    {
        printf("%d ", *(ptr + i));   // pointer access
    }
    return 0;
}

C Program: Count Even and Odd Numbers in Array Using Pointer
#include <stdio.h>

int main()
{
    int arr[10], n;
    int *ptr;
    int even = 0, odd = 0;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter elements:\n");
    for(int i = 0; i < n; i++)
        scanf("%d", &arr[i]);

    ptr = arr;   // pointer stores base address

    for(int i = 0; i < n; i++)
    {
        if(*ptr % 2 == 0)
            even++;
        else
            odd++;

        ptr++;   // move to next element
    }

    printf("Even count = %d\n", even);
    printf("Odd count  = %d\n", odd);

    return 0;
}

C Program: Separate Even and Odd Numbers in an Array Using Pointers
#include <stdio.h>

int main()
{
    int arr[20], even[20], odd[20];
    int n, e = 0, o = 0;
    int *ptr;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    printf("Enter elements:\n");
    for(int i = 0; i < n; i++)
        scanf("%d", &arr[i]);

    ptr = arr;   // pointer to first element

    for(int i = 0; i < n; i++)
    {
        if(*ptr % 2 == 0)
            even[e++] = *ptr;
        else
            odd[o++] = *ptr;

        ptr++;   // move pointer
    }

    printf("\nEven elements:\n");
    for(int i = 0; i < e; i++)
        printf("%d ", even[i]);

    printf("\nOdd elements:\n");
    for(int i = 0; i < o; i++)
        printf("%d ", odd[i]);

    return 0;
}

//swapping of data using double pointers
#include <stdio.h>

void swapPointers(int **pp1, int **pp2)
{
    int *temp;
    temp = *pp1;
    *pp1 = *pp2;
    *pp2 = temp;
}

int main()
{
    int a = 10, b = 20;

    int *p1 = &a;
    int *p2 = &b;

    printf("Before swap:\n");
    printf("p1 points to %d\n", *p1);
    printf("p2 points to %d\n", *p2);

    swapPointers(&p1, &p2);   // passing address of pointers

    printf("\nAfter swap:\n");
    printf("p1 points to %d\n", *p1);
    printf("p2 points to %d\n", *p2);

    return 0;
}


#include <stdio.h>
int main()
{
    int num1 = 11;
    int num2 = 22;
    int num3 = 33;
    int temp;
    
    int *ptr1,*ptr2,*ptr3;
    ptr1 = &num1;
    ptr2 = &num2;
    ptr3 = &num3;
    
   // int *ptr1 = &num1;
    //int *ptr2 = &num2;
    //int *ptr3 = &num3
    
    printf("Before Swapping\nnum1 = %d\nnum2 = %d\nnum3 = %d\n",*ptr1,*ptr2,*ptr3);
 
    temp  = *ptr3;
    *ptr3 = *ptr2;
    *ptr2 = *ptr1;
    *ptr1 = temp;
    
    printf("After Swapping\nnum1 = %d\nnum2 = %d\nnum3 = %d\n",*ptr1,*ptr2, *ptr3);
    return 0;
}

//To find row maximum in 2d array
#include <stdio.h>
#define MAX 100
int main()
{
    int array[MAX][MAX], i,j,row, col, max;
    printf("Enter rows and column of an array:");
    scanf("%d%d",&row, &col);
    printf("Enter array elements:");
    for(i = 0; i<row; i++)
    {
        for(j=0; j<col; j++)
        {
        scanf("%d", *(array+i)+j);
        }
    }
    
   printf("Array elements are:\n");
   for(i = 0; i<row; i++)
    {   
        max = *(*(array+i)+0);
        for(j=1; j<col; j++)
        {
            if(*(*(array+i)+j) > max)
               max = *(*(array+i)+j);
        }
        printf("Maximum Element in Row %d : %d\n",i, max);
    }
   return 0;
}

//input and output 2D array elements
#include <stdio.h>
#define MAX 50
int main()
{
    int i, j,row,col;
    int a[MAX][MAX];
    int (*ptr)[MAX] = a;
    
    printf("Enter rows and columns:");
    scanf("%d%d",&row,&col);
    
    printf("Enter array elements:");
    for(i = 0; i < row; i++)
     for(j =0; j<col;j++)
        scanf("%d", *(ptr + i)+j);

    printf("Priniting array elements:\n");
    for(i = 0; i < row; i++)
    {
     for(j =0; j<col;j++)
     {
        printf("%d\t",*(*(ptr + i)+j));
     }
      printf("\n");  
    }
    return 0;
}

//Mtrix addition with pointers
#include <stdio.h>
#define MAX 100

int main() 
{
    
    int A[MAX][MAX], B[MAX][MAX], SUM[MAX][MAX];
    int i,j, row, column;
    
    printf("Enter rows and columns of a matrix:");
    scanf("%d %d",&row,&column);
    
    
    printf("Enter matrix elements of A:\n");
    for(i=0; i<row;i++)
    {
    for(j=0; j<column;j++)
    {
       scanf("%d",*(A+i)+j);
    }
    }
    printf("Enter matrix elements of B:\n");
    for(i=0; i<row;i++)
    {
    for(j=0; j<column;j++)
    {
       scanf("%d",*(B+i)+j);
    }
    }
    printf("Sum of A[%d][%d] and B[%d][%d] is:\n",row,column, row, column);
    for(i=0; i<row;i++)
    {
    for(j=0; j<column;j++)
    {
        //SUM[i][j] = A[i][j] + B[i][j];
        *(*(SUM+i)+j) = *(*(A+i)+j) + *(*(B+i)+j);
        printf("%d\t",*(*(SUM+i)+j));
    }
       printf("\n");
    }
    return 0;
}


//Passing array pointers to function
#include <stdio.h>
#include <math.h>

int arrfunction(int, float*);

int main(){

   int x = 4;
   float arr[3];

   arrfunction(x, arr);

   printf("Square of %d: %f\n", x, arr[0]);
   printf("Cube of %d: %f\n", x, arr[1]);
   printf("Square root of %d: %f\n", x, arr[2]);
   
   return 0;
}

int arrfunction(int x, float *arr){
   arr[0] = pow(x,2);
   arr[1] = pow(x, 3);
   arr[2] = pow(x, 0.5);
}

//passing array pointers to square array elements
#include <stdio.h>
#include <math.h>

int arrfunction(int*);

int main(){

   int arr[4] = {1, 2, 3, 4}, i;

   arrfunction(arr);

  for(i = 0; i<4; i++)
     printf("%d\t",*(arr+i));
   
   return 0;
}

int arrfunction(int *arr)
{
  for(int i = 0; i<4; i++)
     *(arr+i) = (*(arr+i))* (*(arr+i));
}

//returning pointers from function
#include <stdio.h>
#include <math.h>

float *arrfunction(int);

int main(){

   int x = 100, i;
   float *arr = arrfunction(x);

   printf("Square of %d: %f\n", x, *arr);
   printf("Cube of %d: %f\n", x, arr[1]);
   printf("Square root of %d: %f\n", x, arr[2]);

   return 0;
}

float *arrfunction(int x)
{
   static float arr[3];
   arr[0] = pow(x,2);
   arr[1] = pow(x, 3);
   arr[2] = pow(x, 0.5);

   return arr;
}

//function pointers
#include <stdio.h>

int addition (int a, int b)
{
   return a + b;
}

int main(){


   int (*ptr)(int, int) = addition;
   int x = 10, y = 20;
   int z = (*ptr)(x, y);

   printf("Addition of x: %d and y: %d = %d", x, y, z);
   
   return 0;
}

//swapping of variables using function pointers
#include <stdio.h>

void swap(int *a, int *b)
{
   int c;
   c = *a;
   *a = *b;
   *b = c;
}

int main(){
   
   void (*ptr)(int *, int *) = swap;
   
   int x = 10, y = 20;
   printf("Values of x: %d and y: %d before swap\n", x, y);
   
   (*ptr)(&x, &y);
   printf("Values of x: %d and y: %d after swap", x, y);
   
   return 0;
}

//array of function pointers
#include <stdio.h>

int add(int a,int b){ return a+b; }
int sub(int a,int b){ return a-b; }
int mul(int a,int b){ return a*b; }
int divi(int a,int b){ return a/b; }

int main()
{
    int (*op[4])(int,int) = {add, sub, mul, divi};

    int a=20,b=10,choice;

    printf("0:Add 1:Sub 2:Mul 3:Div\n");
    scanf("%d",&choice);

    printf("Result = %d", op[choice](a,b));
}

//Array of pointers
#include <stdio.h>
int main() 
{
  int x = 30;
  int y = 40;
  int z = 50;
  printf("Address of x = %p\n",x);
  printf("Address of y = %p\n",y);
  printf("Address of z = %p\n",z);
  int *p[3];
  p[0] = &x;
  p[1] = &y;
  p[2] = &z;
  for(int i = 0; i<3; i++)
  {
      printf("Address of x = %x\nAddress of x = %x\nAddress of x = %x\n",p[0],p[1],p[3]);
  }
  return 0;
}

#include <stdio.h>
int main() 
{
  int x = 30;
  int y = 40;
  int z = 50;
  printf("Address of x = %p\n",&x);
  printf("Address of y = %p\n",&y);
  printf("Address of z = %p\n",&z);
  int *p[3];
  p[0] = &x;
  p[1] = &y;
  p[2] = &z;
  printf("Address of x = %x\n",p[0]);
  printf("Address of y = %x\n",p[1]);
  printf("Address of z = %x\n",p[2]);
  printf("Data of x = %d\n",*p[0]);
  printf("Data of y = %d\n",*p[1]);
  printf("Data of z = %d\n",*p[2]);
  return 0;
}



#include <stdio.h>

int main()
{
    int a=10, b=20, c=30, d=40, e=50;

    int *ptr[5] = {&a, &b, &c, &d, &e};

    for(int i=0;i<5;i++)
        printf("Value = %d\n", *ptr[i]);

    return 0;
}




// returning pointers from function
#include <stdio.h>

int* getArray()
{
    static int arr[5] = {10,20,30,40,50};
    return arr;
}

int main()
{
    int *p = getArray();

    for(int i=0;i<5;i++)
        printf("%d ", *(p+i));

    return 0;
}


//Returning pointers from function
#include <stdio.h>
int* sq_array(int arr[])
{
    int i;
    for(i=0;i<5;i++)
    {
      arr[i] = arr[i]*arr[i];
    }
    return arr;
}

int main() 
{
  int array[5] = {1,2,3,4,5};
  int i;
  int *ptr = sq_array(array);
  for(i=0;i<5;i++)
  {
      printf("%d\t",*(ptr+i));
  }
  return 0;
}


Types of pointers/Dynamic memory allocation:

//malloc
#include <stdio.h>
#include <stdlib.h>

int main() 
{
    
    // Initially allocate memory for 5 integers
    int *ptr = (int *)malloc(5 * sizeof(int));
    
    // Check if allocation was successful
    if (ptr == NULL) {
        printf("Memory Allocation Failed\n");
        return 0;
    }
    
    // Now, we need to store 8 elements so
    // Reallocate to store 8 integers
    ptr = (int *)realloc(ptr, 8 * sizeof(int)); 
    
    // Check if reallocation was successful
    if (ptr == NULL) {
        printf("Memory Reallocation Failed\n");
        return 0;
    }
    
    // Assume we only use 5 elements now
    for (int i = 0; i < 8; i++) 
    {
        ptr[i] = (i + 1) * 10;
    }
    for (int i = 0; i < 8; i++)
        printf("%d ", ptr[i]);
        printf("\n");
        
    
    
    // Shrink the array back to 5 elements
    ptr = (int *)realloc(ptr, 5 * sizeof(int));
    
    // Check if shrinking was successful
    if (ptr == NULL) 
   {
        printf("Memory Reallocation Failed\n");
        return 0;
    }
    
    for (int i = 0; i < 5; i++)
        printf("%d ", ptr[i]);
    
    // Finally, free the memory when done
    free(ptr);
    
    return 0;
}


//C – program for type of pointers
#include <stdio.h>
#include <stdlib.h>
int* create() 
{
    int *ptr = (int *)malloc(sizeof(int));
    *ptr = 42;
    free(ptr);     // Memory is freed
    return ptr;    // Dangling pointer
}
int main() 
{
    int *ptr = NULL; 
    if (ptr == NULL) 
        printf("Pointer is null and not pointing to any memory.\n");  
    
    int x = 25;
    void *p = &x;
    printf("Value using void pointer: %d\n", *(int *)p); //typecasting during dereferencing
    
    int *dptr = create();
    printf("%d\n", *dptr);
    return 0;
}

//to find second largest number in an array using dynamic memory allocation
#include <stdio.h>
#include <stdlib.h>
#include <limits.h>

int main()
{
    int n;

    printf("Enter number of elements: ");
    scanf("%d", &n);

    if(n < 2)
    {
        printf("Second largest not possible\n");
        return 0;
    }

    // Dynamic allocation
    int *arr = (int *)malloc(n * sizeof(int));

    printf("Enter elements:\n");
    for(int i = 0; i < n; i++)
        scanf("%d", &arr[i]);

    int largest = INT_MIN;
    int second = INT_MIN;

    for(int i = 0; i < n; i++)
    {
        if(arr[i] > largest)
        {
            second = largest;
            largest = arr[i];
        }
        else if(arr[i] > second && arr[i] != largest)
        {
            second = arr[i];
        }
    }

    if(second == INT_MIN)
        printf("No distinct second largest element\n");
    else
        printf("Second largest element = %d\n", second);

    free(arr);
    return 0;
}


//malloc, calloc

#include <stdio.h>
#include <stdlib.h>
int main()
{
    int i;
    int *arr = (int*)malloc(5*sizeof(int));

    if(arr==NULL)
    {
        printf("Memory cannot be allocated");
        return 0;
    }

    for(i=0;i<5;i++)
    {
        *(arr+i) = i+1;
        printf("%d\t",*(arr+i));
    }
    printf("\n");

    int *arr1 = (int*)realloc(arr, 10*sizeof(int));

    if(arr1==NULL)
    {
        printf("Memory cannot be allocated");
        return 0;
    }
    for(i=0;i<10;i++)
    {
        *(arr1+i) = i+1;
        printf("%d\t",*(arr1+i));
    }
    printf("\n");

    int *arr2 = (int*)realloc(arr1, 3*sizeof(int));

    if(arr2==NULL)
    {
        printf("Memory cannot be allocated");
        return 0;
    }
    for(i=0;i<3;i++)
    {
        *(arr2+i) = i+1;
        printf("%d\t",*(arr2+i));
    }
    printf("\n");

    int *arr4 = (int*)calloc(5, sizeof(int));

    if(arr4==NULL)
    {
        printf("Memory cannot be allocated");
        return 0;
    }
    for(i=0;i<5;i++)
    {
        printf("%d\t",*(arr4+i));
    }

    free(arr);
    free(arr1);
    free(arr2);
    free(arr4);

    arr = arr1 = arr2 = arr4 = NULL;

    return 0;
}
//Malloc and Calloc
#include<stdio.h>
#include<stdlib.h>
int main()
{
    int i;
    int *arr = (int*)malloc(5*sizeof(int));
    if(arr == NULL)
    {
        printf("Memory not allocated\n");
        return 0;
    }
    printf("Memory elements after Malloc:\n");
    for(i=0; i<5; i++)
    {
        printf("%d\t", arr[i]);
    }


    int *arr1 = (int*)calloc(5,sizeof(int));
    if(arr1 == NULL)
    {
        printf("Memory not allocated\n");
        return 0;
    }
    printf("\nMemory elements after Calloc:\n");
    for(i=0; i<5; i++)
    {
        printf("%d\t", arr1[i]);
    }
    free(arr);
    free(arr1);
    arr=arr1=NULL;

    return 0;
 }

//maximum element in an array using dynamic memory allocation
#include<stdio.h>
#include<stdlib.h>
int main()
{
    int i, N, max;
    printf("Enter the size of an array:");
    scanf("%d",&N);
    
    int *arr = (int*)malloc(N*sizeof(int));
    if(arr == NULL)
    {
        printf("Memory not allocated\n");
        return 0;
    }
    printf("Enter array elements:\n");
    for(i=0; i<N; i++)
    {
        scanf("%d", &arr[i]);
    }
    max =  arr[0];
    for(i=1; i<N; i++)
    {
        if(arr[i]>max)
           max= arr[i];
    }
    printf("Maximum element in an array:%d",max);
    
    free(arr);
    arr = NULL;
    return 0;
 }

//An Array of Strings with Pointers

#include <stdio.h>

int main(){

   char *langs[10] = {
      "PYTHON", "JAVASCRIPT", "PHP",
      "NODE JS", "HTML", "KOTLIN", "C++", 
      "REACT JS", "RUST", "VBSCRIPT"
   };

   for (int i = 0; i < 10; i++)
      printf("%s\n", langs[i]);

   return 0;
}


//Find the String with the Largest Length

#include <stdio.h>
#include <string.h>

int main (){

   char langs [10][15]  = {
      "PYTHON", "JAVASCRIPT", "PHP",
      "NODE JS", "HTML", "KOTLIN", "C++",
      "REACT JS", "RUST", "VBSCRIPT"
   };

   int l = strlen(langs[0]); 
   int p = 0;

   for (int i = 0; i < 10; i++){
      if (strlen(langs[i]) >= l){
         l = strlen(langs[i]);
         p = i;
      }
   }
   printf("Language with the longest name: %s Length: %d", langs[p], l);

   return 0;
}

//finding largest length using array pointers
#include <stdio.h>
#include <string.h>

int main()
{
    char *arr[] = {
        "C",
        "PROGRAMMING",
        "JAVA",
        "MICROCONTROLLER",
        "GO",
        "PYTHON"
    };

    int n = sizeof(arr) / sizeof(arr[0]);

    char *largest = arr[0];          // pointer to largest string
    size_t max = strlen(arr[0]);     // initial length

    for (int i = 1; i < n; i++)
    {
        size_t len = strlen(arr[i]);

        if (len > max)
        {
            max = len;
            largest = arr[i];        // only address copied
        }
    }

    printf("Largest String : %s\n", largest);
    printf("Length : %zu\n", max);

    return 0;
}

//Sort a String Array in Ascending Order

#include <stdio.h>
#include <string.h>

int main (){

   char langs [10][15] = {
      "PYTHON", "JAVASCRIPT", "PHP",
      "NODE JS", "HTML", "KOTLIN", "C++",
      "REACT JS", "RUST", "VBSCRIPT"
   };

   int i, j;
   char temp[15];
   for (i = 0; i < 9; i++){
      for (j = i + 1; j < 10; j++){
         if (strcmp(langs[i], langs[j]) > 0){
            strcpy(temp, langs[i]);
            strcpy(langs[i], langs[j]);
            strcpy(langs[j], temp);
         }
      }
   }

   for (i = 0; i < 10; i++){
      printf("%s\n", langs[i]);
   }

   return 0;
}
//sorting using array pointers
#include <stdio.h>
#include <string.h>

int main()
{
    char *arr[] = {
        "ZEBRA",
        "APPLE",
        "DOG",
        "BALL",
        "CAT"
    };

    int n = sizeof(arr) / sizeof(arr[0]);

    // Sorting using pointer swapping
    for (int i = 0; i < n - 1; i++)
    {
        for (int j = i + 1; j < n; j++)
        {
            if (strcmp(arr[i], arr[j]) > 0)
            {
                char *temp = arr[i];   // swap addresses
                arr[i] = arr[j];
                arr[j] = temp;
            }
        }
    }

    printf("Sorted strings:\n");
    for (int i = 0; i < n; i++)
        printf("%s\n", arr[i]);

    return 0;
}

//swapping of string using single pointers
#include <stdio.h>

void swapString(char *s1, char *s2)
{
    char temp;

    while(*s1 != '\0' || *s2 != '\0')
    {
        temp = *s1;
        *s1 = *s2;
        *s2 = temp;

        if (*s1 != '\0') s1++;
        if (*s2 != '\0') s2++;    
}

int main()
{
    char str1[50] = "Hello";
    char str2[50] = "World";

    printf("Before Swap:\n");
    printf("str1 = %s\nstr2 = %s\n", str1, str2);

    swapString(str1, str2);

    printf("\nAfter Swap:\n");
    printf("str1 = %s\nstr2 = %s\n", str1, str2);

    return 0;
}

Method 2:
#include <stdio.h>

int main()
{
    char *str1 = "HELLO";
    char *str2 = "WORLD";

    char *temp;      // single pointer

    printf("Before Swap:\n");
    printf("str1 = %s\n", str1);
    printf("str2 = %s\n", str2);

    // swapping pointers
    temp = str1;
    str1 = str2;
    str2 = temp;

    printf("\nAfter Swap:\n");
    printf("str1 = %s\n", str1);
    printf("str2 = %s\n", str2);

    return 0;
}


//swapping of string(double pointers)

#include <stdio.h>

void swap(char **s1, char **s2)
{
    char *temp;
    temp = *s1;
    *s1 = *s2;
    *s2 = temp;
}

int main()
{
    char *str1 = "Hello";
    char *str2 = "World";

    printf("Before Swap:\n");
    printf("str1 = %s\nstr2 = %s\n", str1, str2);

    swap(&str1, &str2);

    printf("\nAfter Swap:\n");
    printf("str1 = %s\nstr2 = %s\n", str1, str2);

    return 0;
}

//passing string into function
#include <stdio.h>
void printstring(char str[])
{
    printf("%s",str);
}

int main() 
{
    char str[] = "SKILLICON";
    printstring(str);
    return 0;
}

//to modify the case
#include <stdio.h>
void toUpper(char *str) //void toUpper(char str[])
{
    while(*str != '\0')
    {
        if(*str >= 'a' && *str <= 'z')
            *str = *str - 32;   // convert to uppercase
        str++;
    }
}

int main()
{
    char str[100] = "skillicon";
    toUpper(str);

    printf("Uppercase string: %s", str);
    return 0;
}


//dynamic memory allocation
#include <stdio.h>
#include <stdlib.h>

char* getName()
{
    char *str = (char*)malloc(20);

    printf("Enter name: ");
    scanf("%s", str);

    return str;
}

int main()
{
    char *name = getName();
    printf("Name = %s", name);

    free(name);   // very important
    return 0;
}

//returning string from function
#include <stdio.h>

char* greet()
{
    return "Hello";
}

int main()
{
    printf("%s", greet());
}

//returning string from function
#include <stdio.h>
char* toToggle(char *str)
{
    char *start = str;   // save starting address
    while(*str != '\0')
    {
        if(*str >= 'A' && *str <= 'Z')
            *str = *str + 32;   // convert to lowercase
        else if (*str >= 'a' && *str <= 'z')
           *str = *str - 32;   // convert to uppercase
        str++;
    }
    return start;
}

int main()
{
    char str[] = "SkiLLicON";
    char *str1 = toToggle(str);
    printf("Toggle case of string is %s\n",str1);
    return 0;
}

//C- program to search name in the list (Arrays in strings)
#include <stdio.h>
#include <string.h>
int main() 
{
    char friends[4][20] = { "Rahul", "Aman", "Sneha", "Priya" };
    char search[20];
    int found = 0;
    printf("Enter name to search: ");
    scanf("%s", search);

    for (int i = 0; i < 4; i++)
   {
        if (strcmp(friends[i], search) == 0) 
        {
            printf("Name found at index %d\n", i);
            found = 1;
            break;
        }
    }

    if (!found) 
    {
        printf("Name not found.\n");
    }
    return 0;
}

//to toggle the case
#include <stdio.h>
void toToggle(char *str)
{
    while(*str != '\0')
    {
        if(*str >= 'A' && *str <= 'Z')
            *str = *str + 32;   // convert to lowercase
        else if (*str >= 'a' && *str <= 'z')
           *str = *str - 32;   // convert to uppercase
        str++;
    }
}

int main()
{
    char str[100];
    printf("Enter input string:");
    scanf("%[^\n]s",str);
    toToggle(str);
    printf("Toggle case of string is %s\n",str);
    return 0;
}

//function pointers
#include <stdio.h>
void printstring(char *str)
{
    printf("%s",str);
}

int main() 
{
    char str[] = "SKILLICON";
    void (*fp)(char *) = printstring;
    fp(str);
    
    return 0;
}

//Array of function pointers
#include <stdio.h>
void toUpper(char *str) 
{
    while(*str != '\0')
    {
        if(*str >= 'a' && *str <= 'z')
            *str = *str - 32;   // convert to uppercase
        str++;
    }
}
void toLower(char *str) 
{
    while(*str != '\0')
    {
        if(*str >= 'A' && *str <= 'Z')
            *str = *str + 32;   // convert to lowercase
        str++;
    }
}

int main()
{
    char str[100];
    printf("Enter input string:");
    scanf("%[^\n]s",str);
    printf("Input string is %s\n",str);
    void (*fp[2])(char *) = {toUpper,toLower};
    fp[0](str);
    printf("Upper case of string is %s\n",str);
    fp[1](str);
    printf("Lower case of string is %s\n",str);
    return 0;
}

Method 2:
#include <stdio.h>
#include <string.h>
#include <ctype.h>

void caselower(char *str)
{
    int i;
    for(i=0; i<strlen(str); i++)
    {
        str[i] = tolower(str[i]);
    }
    printf("%s\n", str);
}

void caseupper(char *str)
{
    int i;
    for(i=0; i<strlen(str); i++)
    {
        str[i] = toupper(str[i]);
    }
    printf("%s\n", str);
}


int main() 
{
    char str[100];
    printf("Enter an input string:");
    scanf("%[^\n]s", str);
    
    void (*ptr[2])(char*) = {caselower,caseupper};
    
    printf("Lower case of the string using function pointers:");
    ptr[0](str);
   
    printf("Upper case of the string using function pointers:");
    ptr[1](str);
   
    printf("Lower case of the string using function:");
    caselower(str);
    printf("Upper case of the string using function:");
    caseupper(str);

    return 0;
}


//stringlength
#include <stdio.h>
#include <string.h>
int main()
{
    char str[100];
    printf("Enter string: ");
    scanf("%[^\n]", str);

    printf("Length = %lu", strlen(str));
}


//String copy
#include <stdio.h>
#include <string.h>

int main()
{
    char src[] = "Programming";
    char dest[50];

    strcpy(dest, src);

    printf("Copied string: %s", dest);
}

//string concatenation
#include <stdio.h>
#include <string.h>

int main()
{
    char str1[50] = "Hello ";
    char str2[] = "World";

    strcat(str1, str2);

    printf("%s", str1);
}

//string token
#include <stdio.h>
#include <string.h>

int main()
{
    char str[] = "C Java Python";
    char *token = strtok(str, " ");

    while(token != NULL)
    {
        printf("%s\n", token);
        token = strtok(NULL, " ");
    }
}

//search for a character
#include <stdio.h>
#include <string.h>

int main()
{
    char str[] = "Computer";
    char *p = strchr(str, 'p');

    if(p)
        printf("Found at position %ld", p - str);
    else
        printf("Not Found");
}

//Finding substring
#include <stdio.h>
#include <string.h>
#include <ctype.h>

int main()
{

    char str1[] = "HELLO PROCESSOR";
    char *ptr;
    char sub[] = "PRE";

    ptr = strstr(str1,sub);

    if (ptr != NULL)
        printf("Substring %s is found", sub);
    else
        printf("Substring %s is not found in the sring\n", sub);

    return 0;

//Memory related functions
	memset()
	Fill memory with a value



	memcpy()
	Copy memory block



	memmove()
	Copy memory safely (overlap allowed)



	memcmp()
	Compare memory blocks



	memchr()
	Search a byte in memory

	
🔹 Length
· strlen() → length of string

🔹 Copy
· strcpy() → copy string
· strncpy() → copy first n characters

🔹 Concatenation
· strcat() → join two strings
· strncat() → join first n characters

🔹 Comparison
· strcmp() → compare strings
· strncmp() → compare first n characters

🔹 Searching
· strchr() → first occurrence of character
· strrchr() → last occurrence of character
· strstr() → find substring
· strpbrk() → first matching char from set
· strspn() → length of matching prefix
· strcspn() → length before mismatch

🔹 Tokenizing
· strtok() → split string into tokens

🔹 Related Memory Functions (also in string.h)
· memset()
· memcpy()
· memmove()
· memcmp()
· memchr()

🔹 Non-standard (compiler dependent)
· strrev() → reverse string
· strupr() → uppercase
· strlwr() → lowercase

	



Eg: 

#include <stdio.h>
int main(){

   char c[] = "HELLO WORLD";
   char *p = c;
   printf("%s",p+p[3]-p[1]);

   return 0;
}


Programs on Strings
//Find Frequency of Each Character in a String 
#include <stdio.h>

int main()
{
    char str[200];
    int freq[256] = {0};   // ASCII characters frequency
    char *ptr;

    printf("Enter a string: ");
    fgets(str, sizeof(str), stdin);

    ptr = str;

    // count frequency
    while(*ptr != '\0')
    {
        if(*ptr != '\n')          // ignore newline from fgets
            freq[(unsigned char)*ptr]++;
        ptr++;
    }

    // print frequency
    printf("\nCharacter Frequency:\n");
    for(int i = 0; i < 256; i++)
    {
        if(freq[i] != 0)
            printf("%c = %d\n", i, freq[i]);
    }

    return 0;
}

//String compression
#include <stdio.h>
int main()
{
    char str[100];
    printf("Enter string: ");
    scanf("%s", str);

    char *ptr = str;
    int count;

    while(*ptr != '\0')
    {
        count = 1;

        while(*ptr == *(ptr+1))
        {
            count++;
            ptr++;
        }

        printf("%c%d", *ptr, count);
        ptr++;
    }
}

// Delete All Vowels from String (Using Function & Pointers)
#include <stdio.h>

int isVowel(char ch)
{
    if(ch=='a'||ch=='e'||ch=='i'||ch=='o'||ch=='u'||
       ch=='A'||ch=='E'||ch=='I'||ch=='O'||ch=='U')
        return 1;
    return 0;
}

void removeVowels(char *str)
{
    char *src = str;
    char *dest = str;

    while(*src != '\0')
    {
        if(!isVowel(*src))   // copy only consonants
        {
            *dest = *src;
            dest++;
        }
        src++;
    }
    *dest = '\0';   // end string
}

int main()
{
    char str[100];

    printf("Enter string: ");
    fgets(str, sizeof(str), stdin);

    removeVowels(str);

    printf("After removing vowels: %s", str);
    return 0;
}

//to check string is pangram
#include <stdio.h>

int isPangram(char *str)
{
    int freq[26] = {0};

    while(*str)
    {
        if(*str >= 'A' && *str <= 'Z')
            freq[*str - 'A'] = 1;

        else if(*str >= 'a' && *str <= 'z')
            freq[*str - 'a'] = 1;

        str++;
    }

    // check all alphabets present
    for(int i = 0; i < 26; i++)
    {
        if(freq[i] == 0)
            return 0;
    }
    return 1;
}

int main()
{
    char str[200];

    printf("Enter sentence: ");
    fgets(str, sizeof(str), stdin);

    if(isPangram(str))
        printf("Pangram\n");
    else
        printf("Not Pangram\n");

    return 0;
}

//String rotation using function pointers
#include <stdio.h>
#include <string.h>

// LEFT ROTATION
void leftRotate(char *str, int n)
{
    int len = strlen(str);
    n = n % len;

    while(n--)
    {
        char first = *str;
        char *p = str;

        while(*(p+1) != '\0')
        {
            *p = *(p+1);
            p++;
        }
        *p = first;
    }
}

// RIGHT ROTATION
void rightRotate(char *str, int n)
{
    int len = strlen(str);
    n = n % len;

    while(n--)
    {
        char *p = str;
        char last = *(str + len - 1);

        p = str + len - 1;
        while(p != str)
        {
            *p = *(p-1);
            p--;
        }
        *str = last;
    }
}
int main()
{
    char str[100];
    int n, choice;

    void (*rotate)(char *, int);

    printf("Enter string: ");
    scanf("%s", str);

    printf("Enter rotation count: ");
    scanf("%d", &n);

    printf("\n1. Left Rotate\n2. Right Rotate\nChoice: ");
    scanf("%d", &choice);

    if(choice == 1)
        rotate = leftRotate;
    else
        rotate = rightRotate;

    rotate(str, n);   // function pointer call

    printf("Result: %s\n", str);

    return 0;
}
// Convert String to Integer
#include <stdio.h>

int strToInt(char *str)
{
    int num = 0;
    int sign = 1;

    // handle sign
    if(*str == '-')
    {
        sign = -1;
        str++;
    }
    else if(*str == '+')
        str++;

    // convert characters
    while(*str != '\0')
    {
        if(*str >= '0' && *str <= '9')
        {
            num = num * 10 + (*str - '0');
        }
        else
        {
            break;   // stop if non-digit found
        }
        str++;
    }

    return num * sign;
}

int main()
{
    char str[50];

    printf("Enter number string: ");
    scanf("%s", str);

    int value = strToInt(str);

    printf("Integer = %d\n", value);
    return 0;
}

//Menu Driven String Operations using Function Pointer Array Pointers
#include <stdio.h>
#include <string.h>
#include <ctype.h>

/* 1. LENGTH */
void length(char *str)
{
    int i = 0;
    while(str[i] != '\0')
        i++;
    printf("Length = %d\n", i);
}

/* 2. REVERSE */
void reverse(char *str)
{
    int i, j;
    char temp;

    for(i = 0, j = strlen(str)-1; i < j; i++, j--)
    {
        temp = str[i];
        str[i] = str[j];
        str[j] = temp;
    }

    printf("Reversed String = %s\n", str);
}

/* 3. TOGGLE CASE */
void toggle(char *str)
{
    for(int i = 0; str[i] != '\0'; i++)
    {
        if(isupper(str[i]))
            str[i] = tolower(str[i]);
        else if(islower(str[i]))
            str[i] = toupper(str[i]);
    }

    printf("Toggle Case = %s\n", str);
}

/* 4. COUNT VOWELS */
void vowels(char *str)
{
    int count = 0;

    for(int i = 0; str[i] != '\0'; i++)
    {
        char c = tolower(str[i]);
        if(c=='a'||c=='e'||c=='i'||c=='o'||c=='u')
            count++;
    }

    printf("Vowels = %d\n", count);
}

/* MAIN */
int main()
{
    char str[100];
    int choice;

    /* ARRAY OF FUNCTION POINTERS */
    void (*fp[])(char *) = {length, reverse, toggle, vowels};

    printf("Enter String: ");
    fgets(str, sizeof(str), stdin);
    str[strcspn(str,"\n")] = '\0';   // remove newline

    while(1)
    {
        printf("\n--- MENU ---\n");
        printf("1.Length\n2.Reverse\n3.Toggle Case\n4.Count Vowels\n5.Exit\n");
        printf("Enter choice: ");
        scanf("%d", &choice);

        if(choice == 5)
            break;

        if(choice >=1 && choice <=4)
            fp[choice-1](str);     // 🔥 FUNCTION CALL USING POINTER ARRAY
        else
            printf("Invalid choice\n");
    }
    return 0;
}


//Sort Students by Marks
#include <stdio.h>

struct Student
{
int roll;
char name[50];
float marks;
};

int main()
{
int n, i, j;

printf("Enter number of students: ");
scanf("%d", &n);

struct Student s[n], temp;

// Input
for(i = 0; i < n; i++)
{
printf("\nStudent %d\n", i + 1);
printf("Roll: ");
scanf("%d", &s[i].roll);
printf("Name: ");
scanf("%s", s[i].name);
printf("Marks: ");
scanf("%f", &s[i].marks);
}

// Sorting (Descending order)
for(i = 0; i < n - 1; i++)
{
for(j = i + 1; j < n; j++)
{
if(s[i].marks < s[j].marks)
{
temp = s[i];
s[i] = s[j];
s[j] = temp;
}
}
}

// Output
printf("\nStudents sorted by marks (Highest to Lowest):\n");
for(i = 0; i < n; i++)
{
printf("Roll: %d, Name: %s, Marks: %.2f\n",
s[i].roll, s[i].name, s[i].marks);
}

return 0;
}


//string palindrome
#include <stdio.h>
#include <string.h>

struct Palindrome
{
    char str[100];
    char rev[100];
};

int main()
{
    struct Palindrome p;
    //char rev[100];
    int i, len;

    printf("Enter a string: ");
    scanf("%s", p.str);

    len = strlen(p.str);

    // Reverse the string
    for(i = 0; i < len; i++)
    {
        p.rev[i] = p.str[len - i - 1];
    }
    p.rev[len] = '\0';

    // Compare strings
    if(strcmp(p.str, p.rev) == 0)
        printf("String is Palindrome.\n");
    else
        printf("String is NOT Palindrome.\n");

    return 0;
}


//nested structures
#include <stdio.h>

struct Salary
{
float basic;
float bonus;
float deductions;
};

struct Employee
{
int empId;
char name[50];
struct Salary sal; // Nested Salary inside Employee
};

struct Company
{
char companyName[50];
struct Employee emp; // Nested Employee inside Company
};

int main()
{
struct Company c;

printf("Enter Company Name: ");
scanf("%s", c.companyName);

printf("Enter Employee ID: ");
scanf("%d", &c.emp.empId);

printf("Enter Employee Name: ");
scanf("%s", c.emp.name);

printf("Enter Basic Salary: ");
scanf("%f", &c.emp.sal.basic);

printf("Enter Bonus: ");
scanf("%f", &c.emp.sal.bonus);

printf("Enter Deductions: ");
scanf("%f", &c.emp.sal.deductions);

float netSalary = c.emp.sal.basic + c.emp.sal.bonus - c.emp.sal.deductions;

printf("\n--- Company Details ---\n");
printf("Company: %s\n", c.companyName);
printf("Employee ID: %d\n", c.emp.empId);
printf("Employee Name: %s\n", c.emp.name);
printf("Net Salary: %.2f\n", netSalary);

return 0;
}


Student Record System (Using Structure)Student Record System (Using Structure and file)
1. Add Student
2. View All Students
3. Search Student by Roll Number
4. Update Student Marks
5. Delete Student Record
6. Exit

#include <stdio.h>
#include <string.h>

#define MAX 100

struct Student
{
int roll;
char name[50];
float marks;
};

int main()
{
struct Student s[MAX];
int count = 0;
int choice, i, roll, found;

while(1)
{
printf("\n--- STUDENT RECORD SYSTEM ---\n");
printf("1. Add Student\n");
printf("2. View All Students\n");
printf("3. Search Student\n");
printf("4. Update Marks\n");
printf("5. Delete Student\n");
printf("6. Exit\n");
printf("Enter your choice: ");
scanf("%d", &choice);

switch(choice)
{
case 1: // Add
if(count >= MAX)
{
printf("Record limit reached!\n");
break;
}

printf("Enter Roll Number: ");
scanf("%d", &s[count].roll);

printf("Enter Name: ");
scanf("%s", s[count].name);

printf("Enter Marks: ");
scanf("%f", &s[count].marks);

count++;
printf("Student Added Successfully!\n");
break;

case 2: // View
if(count == 0)
{
printf("No records found!\n");
break;
}

printf("\n--- Student List ---\n");
for(i = 0; i < count; i++)
{
printf("\nRoll: %d", s[i].roll);
printf("\nName: %s", s[i].name);
printf("\nMarks: %.2f\n", s[i].marks);
}
break;

case 3: // Search
printf("Enter Roll Number to Search: ");
scanf("%d", &roll);

found = 0;
for(i = 0; i < count; i++)
{
if(s[i].roll == roll)
{
printf("\nStudent Found!\n");
printf("Name: %s\n", s[i].name);
printf("Marks: %.2f\n", s[i].marks);
found = 1;
break;
}
}

if(!found)
printf("Student Not Found!\n");
break;

case 4: // Update
printf("Enter Roll Number to Update: ");
scanf("%d", &roll);

found = 0;
for(i = 0; i < count; i++)
{
if(s[i].roll == roll)
{
printf("Enter New Marks: ");
scanf("%f", &s[i].marks);
printf("Marks Updated Successfully!\n");
found = 1;
break;
}
}

if(!found)
printf("Student Not Found!\n");
break;

case 5: // Delete
printf("Enter Roll Number to Delete: ");
scanf("%d", &roll);

found = 0;
for(i = 0; i < count; i++)
{
if(s[i].roll == roll)
{
for(int j = i; j < count - 1; j++)
{
s[j] = s[j + 1];
}
count--;
printf("Record Deleted Successfully!\n");
found = 1;
break;
}
}

if(!found)
printf("Student Not Found!\n");
break;

case 6:
printf("Exiting...\n");
return 0;

default:
printf("Invalid Choice!\n");
}
}

return 0;
}


Hotel Management System (Using Structure)
🔹 Features:
1. Add Customer
2. View All Customers
3. Search Customer by Room Number
4. Exit

#include <stdio.h>
#include <string.h>

#define MAX 100

struct Hotel
{
    int roomNumber;
    char name[50];
    int days;
    float rent;
};

int main()
{
    struct Hotel h[MAX];
    int count = 0;
    int choice, i, room, found;

    while(1)
    {
        printf("\n--- HOTEL MANAGEMENT SYSTEM ---\n");
        printf("1. Add Customer\n");
        printf("2. View All Customers\n");
        printf("3. Search Customer by Room Number\n");
        printf("4. Exit\n");
        printf("Enter your choice: ");
        scanf("%d", &choice);

        switch(choice)
        {
            case 1:
                if(count >= MAX)
                {
                    printf("Hotel is full!\n");
                    break;
                }

                printf("Enter Room Number: ");
                scanf("%d", &h[count].roomNumber);

                printf("Enter Customer Name: ");
                scanf("%s", h[count].name);

                printf("Enter Number of Days: ");
                scanf("%d", &h[count].days);

                printf("Enter Rent per Day: ");
                scanf("%f", &h[count].rent);

                count++;
                printf("Customer Added Successfully!\n");
                break;

            case 2:
                if(count == 0)
                {
                    printf("No records found!\n");
                    break;
                }

                printf("\n--- Customer Details ---\n");
                for(i = 0; i < count; i++)
                {
                    printf("\nRoom Number: %d", h[i].roomNumber);
                    printf("\nName: %s", h[i].name);
                    printf("\nDays: %d", h[i].days);
                    printf("\nTotal Bill: %.2f\n",
                           h[i].days * h[i].rent);
                }
                break;

            case 3:
                printf("Enter Room Number to Search: ");
                scanf("%d", &room);

                found = 0;
                for(i = 0; i < count; i++)
                {
                    if(h[i].roomNumber == room)
                    {
                        printf("\nCustomer Found!\n");
                        printf("Name: %s\n", h[i].name);
                        printf("Days: %d\n", h[i].days);
                        printf("Total Bill: %.2f\n",
                               h[i].days * h[i].rent);
                        found = 1;
                        break;
                    }
                }

                if(!found)
                    printf("Customer Not Found!\n");
                break;

            case 4:
                printf("Exiting...\n");
                return 0;

            default:
                printf("Invalid Choice!\n");
        }
    }

    return 0;
}


Program: Menu Driven Student Record System
#include <stdio.h>

struct Student
{
int roll;
char name[50];
float marks;
};

int main()
{
struct Student s[100];
int choice, n = 0, i, searchRoll;
int found;

do
{
printf("\n----- STUDENT MENU -----\n");
printf("1. Add Student\n");
printf("2. Display All Students\n");
printf("3. Search Student by Roll\n");
printf("4. Exit\n");
printf("Enter your choice: ");
scanf("%d", &choice);

switch(choice)
{
case 1:
printf("\nEnter Roll: ");
scanf("%d", &s[n].roll);

printf("Enter Name: ");
scanf(" %[^\n]", s[n].name);

printf("Enter Marks: ");
scanf("%f", &s[n].marks);

n++;
printf("Student Added Successfully!\n");
break;

case 2:
if(n == 0)
{
printf("\nNo records found!\n");
}
else
{
printf("\n--- Student Records ---\n");
for(i = 0; i < n; i++)
{
printf("Roll: %d\n", s[i].roll);
printf("Name: %s\n", s[i].name);
printf("Marks: %.2f\n", s[i].marks);
printf("----------------------\n");
}
}
break;

case 3:
printf("\nEnter Roll to Search: ");
scanf("%d", &searchRoll);

found = 0;

for(i = 0; i < n; i++)
{
if(s[i].roll == searchRoll)
{
printf("\nStudent Found!\n");
printf("Roll: %d\n", s[i].roll);
printf("Name: %s\n", s[i].name);
printf("Marks: %.2f\n", s[i].marks);
found = 1;
break;
}
}

if(!found)
{
printf("Student not found!\n");
}
break;

case 4:
printf("Exiting Program...\n");
break;

default:
printf("Invalid Choice! Try again.\n");
}

} while(choice != 4);

return 0;
}

//Find Frequency of Characters Using Structure
#include <stdio.h>
#include <string.h>

struct StringData
{
char str[200];
};

struct Frequency
{
char ch;
int count;
};

int main()
{
struct StringData s;
struct Frequency freq[200];

int i, j, len, index = 0, found;

printf("Enter a string: ");
fgets(s.str, sizeof(s.str), stdin);

len = strlen(s.str);

for(i = 0; i < len; i++)
{
if(s.str[i] == '\n')
continue;

found = 0;

for(j = 0; j < index; j++)
{
if(freq[j].ch == s.str[i])
{
freq[j].count++;
found = 1;
break;
}
}

if(!found)
{
freq[index].ch = s.str[i];
freq[index].count = 1;
index++;
}
}

printf("\nCharacter Frequency:\n");
for(i = 0; i < index; i++)
{
printf("%c : %d\n", freq[i].ch, freq[i].count);
}

return 0;
}



File Handling:

//Creating a file
#include<stdio.h>
#include<string.h>

int main()
{
    FILE* fp;

    fp = fopen("file1.txt", "a");
    if(fp==NULL)
    {
        printf("FILE DOESNOT EXIST\n");
        return 1;
    }
    else
        printf("FILE OPENED\n");

    char ch1 = 'C';
    char line = '\n';
    fputc(ch1,fp);
    fputc(line,fp);
    
    printf("Character written on file\n");

    char *str = "WELCOME";
    fputs(str, fp);
    fputc(line,fp);

    char str1[20] = "MICROCONTROLLER";
    fprintf(fp, "%s\n",str1); 
    fputc(line,fp);
    printf("string is written into file\n");

    fclose(fp);
    printf("FILE CLOSED\n");
    return 0;
}

Method 2:
#include <stdio.h>
int main()
{
  FILE * file;
  char * string = "Skillicon Technologies";
  int i;
  char ch;

  // Creating a file
  file = fopen("file1.txt", "w");

  // Checking whether file is
  // created or not
  if (file == NULL) {
    printf("Error in creating file");
    return 1;
  }
  printf("File created.");

  //writing character to file
  char ch1 = 'B';
  fputc(ch1,file);
  printf("\nCharacter written on file");

  for (i = 0; i < strlen(string); i++) 
  {
      ch = string[i];
      if (ch == EOF)
         break;
      fputc(ch, file);
   }
   // Closing the file
  fclose(file);
  printf("\nFile closed.");

  return 0;
}

//Storing string
#include <stdio.h>
int main() 
{

   FILE *fp;
   char *string = "HELLO WORLD!";
   char *sub[] = {"C Programming Tutorial\n", "C++ Tutorial\n", "Python Tutorial\n", "Java Tutorial\n"};
   fp = fopen("file2.txt", "w");

   for (int i = 0; i < 4; i++)
   {
       fputs(sub[i], fp);
   }
   
   fputs(string, fp);
   fclose(fp);

   return 0;
}
//printing into file
#include<stdio.h>
#include<string.h>
int main()
{
    FILE *fp;
    char str[] = "HELLO UNIVERSE!";
    char *names[10]={"Aditya","Amruth", "Anurag", "Abhinav", "Srimanth", "Karthik", "Manoj S T", "Bharath","Tej","Manoj M"};

    int i;
    char ch;
    fp = fopen("file.txt","w");

    if(fp==NULL)
    {
        printf("FILE NOT FOUND\n");
        return 1;  //error
    }
    else
    printf("FILE OPENED\n");

    //fputs(str, fp);
    for(i=0; i<10; i++)
    {
        fprintf(fp,"%s\n",names[i]);
    }
    printf("String entered into file\n");

    //Close the file
    fclose(fp);
    printf("File is closed\n");

    //Adding extra names
    char *names1[5] = {"Suresh","Ramesh", "Dinesh", "Manvith", "Rajat"};
    fp = fopen("file.txt","a");

    if(fp==NULL)
    {
        printf("FILE NOT FOUND\n");
        return 1;  //error
    }
    else
    printf("FILE OPENED\n");

    //fputs(str, fp);
    for(i=0; i<5; i++)
    {
        fprintf(fp,"%s\n",names1[i]);
    }
    printf("String entered into file\n");

    return 0;
}


//Reading characters from fie

#include <stdio.h>

int main(){

   FILE *fp ;
   char ch ;
   fp = fopen ("file1.txt", "r");

   while(1) {
      ch = fgetc (fp);
      if (ch == EOF)
         break;
      printf ("%c", ch);
   }
   printf ("\n");
   fclose (fp);
}

//fprint
#include <stdio.h>

struct employee {
   int age;
   float percent;
   char *name;
};

int main() {

   FILE *fp;
   struct employee emp[] = {
      {25, 65.5, "Ravi"},
      {21, 75.5, "Roshan"},
      {24, 60.5, "Reena"}
   };

   char *string;
   fp = fopen("file3.txt", "w");

   for (int i = 0; i < 3; i++) {
      fprintf(fp, "%d %f %s\n", emp[i].age, emp[i].percent, emp[i].name);
   }
   fclose(fp);

   return 0;
}

//structure printing
#include<stdio.h>
#include<string.h>

struct student
{
   char name[50];
   int roll;
   float cgpa;
};

int main()
{
    FILE* fp;
    struct student s[3]={{"Ram", 32, 89.76}, {"Samir", 35, 87.67},{"Bhuvan", 36, 91.23}};
    
    int i;

    fp = fopen("file2.txt", "w");
    if(fp==NULL)
    {
        printf("FILE DOESNOT EXIST\n");
        return 1;
    }
    else
        printf("FILE OPENED\n");
    
    for(i=0; i<3; i++)
    {
        fprintf(fp, "Name: %s\n",s[i].name);
        fprintf(fp, "Roll: %d\n",s[i].roll);
        fprintf(fp, "CGPA: %0.2f\n",s[i].cgpa);
        fprintf(fp, "--------------------------\n");
    }

    fclose(fp);
    printf("FILE CLOSED\n");
    return 0;

}


//fgetc
#include <stdio.h>

int main(){

   FILE *fp ;
   char ch ;
   fp = fopen ("file1.txt", "r");

   while(1) {
      ch = fgetc (fp);
      if (ch == EOF)
         break;
      printf ("%c", ch);
   }
   printf ("\n");
   fclose (fp);
}

// To count the number of characters in the file
#include<stdio.h>
#include<string.h>

int main()
{
    FILE* fp;
    char ch;

  

    fp = fopen("file1.txt", "r");
    if(fp==NULL)
    {
        printf("FILE DOESNOT EXIST\n");
        return 1;
    }
    else
        printf("FILE OPENED\n");

    int count = 0;
    while(fgetc(fp)!= EOF)
    {
        count++;
    }

    printf("Number of Characters in a file: %d\n", count);

    fclose(fp);
    printf("FILE CLOSED\n");
    return 0;
}


//fputs
#include <stdio.h>

int main() {

   FILE *fp;
   char *sub[] = {"C Programming Tutorial\n", "C++ Tutorial\n", "Python Tutorial\n", "Java Tutorial\n"};
   fp = fopen("file2.txt", "w");

   for (int i = 0; i < 4; i++) {
      fputs(sub[i], fp);
   }

   fclose(fp);

   return 0;
}

//fgets
#include <stdio.h>

int main() {

   FILE *fp;
   char string[256];   // Allocate memory properly

   fp = fopen("file2.txt", "r");

   if (fp == NULL) {
      printf("Error opening file.\n");
      return 1;
   }

   while (fgets(string, sizeof(string), fp) != NULL) {
      printf("%s", string);
   }

   fclose(fp);
   return 0;
}

//fscanf function
#include <stdio.h>

int main() {

   FILE *fp;
   char s[50];
   int i, a;
   float p;

   fp = fopen ("file3.txt", "r");

   if (fp == NULL) {
      puts ("Cannot open file"); return 0;
   }

   while (fscanf(fp, "%d %f %s", &a, &p, s) != EOF)
   printf ("Name: %s Age: %d Percent: %f\n", s, a, p);
   fclose(fp);

   return 0;
}

//fseek
#include <stdio.h>

int main() {
FILE *fp;
char ch;

fp = fopen("file.txt", "r");

if (fp == NULL) {
printf("File not found\n");
return 1;
}

fseek(fp, 5, SEEK_SET); // Move 5 bytes from beginning
ch = fgetc(fp);

printf("Character at position 6: %c\n", ch);

fclose(fp);
return 0;
}

//ftell
#include <stdio.h>

int main() {
    FILE *fp;
    long size;

    fp = fopen("file.txt", "r");

    fseek(fp, 0, SEEK_END);   // Move to end
    size = ftell(fp);         // Get current position

    printf("File size: %ld bytes\n", size);

    fclose(fp);
    return 0;
}


//rewind
#include <stdio.h>

int main() {
    FILE *fp;
    char ch;
    int count = 0;

    fp = fopen("file.txt", "r");

    while ((ch = fgetc(fp)) != EOF)
        count++;

    printf("Total characters: %d\n", count);

    rewind(fp);   // Reset pointer

    printf("File content:\n");
    while ((ch = fgetc(fp)) != EOF)
        putchar(ch);

    fclose(fp);
    return 0;
}
//fseek,ftell,rewind
#include <stdio.h>

int main()
{
    FILE* fp;
    fp = fopen("file1.txt", "r");
    if(fp==NULL)
    {
        printf("File cannot be opened\n");
    }

    fseek(fp,5,SEEK_SET);
    int pos = ftell(fp);
    printf("Current position of file pointer: %d\n",pos);

    rewind(fp);
    pos = ftell(fp);
    printf("Current position of file pointer after rewind: %d\n",pos);

    fclose(fp);

return 0;
}

//fwrite
#include <stdio.h>
#include <string.h>

int main() {
FILE *fp;
char data[] = "Hello Seema!\nWelcome to File Handling.";

fp = fopen("file.txt", "w"); // open in write mode

if (fp == NULL) {
printf("File cannot be opened");
return 1;
}

fwrite(data, sizeof(char), strlen(data), fp);

fclose(fp);
printf("Data written successfully");

return 0;
}

//fread
#include <stdio.h>

int main() {
FILE *fp;
char buffer[100];

fp = fopen("file.txt", "r"); // open in read mode

if (fp == NULL) {
printf("File cannot be opened");
return 1;
}

int n = fread(buffer, sizeof(char), sizeof(buffer)-1, fp);
buffer[n] = '\0'; // null terminate

printf("File Content:\n%s", buffer);

fclose(fp);

return 0;
}

//to remove blank spaces from the file
#include <stdio.h>

int main() {
    FILE *fp1, *fp2;
    char ch;

    // Open source file in read mode
    fp1 = fopen("input.txt", "r");

    if (fp1 == NULL) {
        printf("Cannot open input file.\n");
        return 1;
    }

    // Open destination file in write mode
    fp2 = fopen("output.txt", "w");

    if (fp2 == NULL) {
        printf("Cannot open output file.\n");
        fclose(fp1);
        return 1;
    }

    // Read character by character
    while ((ch = fgetc(fp1)) != EOF) {
        if (ch != ' ') {      // Skip blank spaces
            fputc(ch, fp2);   // Write non-space characters
        }
    }

    printf("Blank spaces removed successfully.\n");

    fclose(fp1);
    fclose(fp2);

    return 0;
}

//Count Number of Words in a File
#include <stdio.h>
#include <ctype.h>

int main() {
    FILE *fp;
    char ch;
    int words = 0;
    int inWord = 0;

    // Open file in read mode
    fp = fopen("input.txt", "r");

    if (fp == NULL) {
        printf("Cannot open file.\n");
        return 1;
    }

    while ((ch = fgetc(fp)) != EOF) {
        if (isspace(ch)) {
            inWord = 0;  // We are outside a word
        } else if (inWord == 0) {
            inWord = 1;  // Start of a new word
            words++;
        }
    }

    printf("Total number of words: %d\n", words);

    fclose(fp);
    return 0;
}

//reverse the content of file
#include <stdio.h>

int main() {
    FILE *fp1, *fp2;
    char ch;

    // Open source file
    fp1 = fopen("input.txt", "r");
    if (fp1 == NULL) {
        printf("Cannot open input file.\n");
        return 1;
    }

    // Open destination file
    fp2 = fopen("reverse.txt", "w");
    if (fp2 == NULL) {
        printf("Cannot open output file.\n");
        fclose(fp1);
        return 1;
    }

    // Move file pointer to end
    fseek(fp1, 0, SEEK_END);

    long size = ftell(fp1);

    // Read file in reverse order
    for (long i = size - 1; i >= 0; i--) {
        fseek(fp1, i, SEEK_SET);
        ch = fgetc(fp1);
        fputc(ch, fp2);
    }

    printf("File reversed successfully.\n");

    fclose(fp1);
    fclose(fp2);

    return 0; 
}

//Reading and writing array of structures using fread and fwrite
#include <stdio.h>
#include <stdlib.h>

struct student
{
    char name[50];
    int roll;
    float cgpa;
};

int main()
{
    FILE* fp;
    struct student s[3];
    int i;

    for(i=0; i<3; i++)
    {
        printf("Enter student's name:");
        scanf("  %[^\n]", s[i].name);
        printf("Enter roll number:");
        scanf("%d",&s[i].roll);
        printf("Enter CGPA:");
        scanf("%f",&s[i].cgpa);
    }
    fp = fopen("file1.txt","w");
    if(fp == NULL)
    {
        printf("File cannot be opened\n");
        return(1);
    }

    fwrite(&s, sizeof(struct student),3,fp);
    printf("Data written successfully\n");

    fclose(fp);

    fp = fopen("file1.txt","r");
    if(fp == NULL)
    {
        printf("File cannot be opened\n");
        return(1);
    }

    struct student s2;

    while(fread(&s2, sizeof(struct student),1,fp))
    {
        printf("Name = %s\n",s2.name);
        printf("Roll No = %d\n",s2.roll);
        printf("CGPA = %0.2f\n", s2.cgpa);
        printf("----------------------------\n");
    }
    printf("Data read successfully\n");
    fclose(fp);
return 0;
}
//Bank Management System
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct account {
    int accno;
    char name[50];
    float balance;
};

void create();
void display();
void search();
void deposit();
void withdraw();
void delete_account();

int main() {
    int choice;

    while (1) {
        printf("\n===== BANK MANAGEMENT SYSTEM (TEXT FILE) =====\n");
        printf("1. Create Account\n");
        printf("2. Display All Accounts\n");
        printf("3. Search Account\n");
        printf("4. Deposit\n");
        printf("5. Withdraw\n");
        printf("6. Delete Account\n");
        printf("7. Exit\n");	  
        printf("Enter choice: ");
        scanf("%d", &choice);

       switch (choice) 
       {
            case 1: create(); break;
            case 2: display(); break;
            case 3: search(); break;
            case 4: deposit(); break;
            case 5: withdraw(); break;
            case 6: delete_account(); break;
            case 7: exit(0);
            default: printf("Invalid choice!\n");
        }
    }
}


void create()
{
    FILE *fp;
    struct account a;

    fp = fopen("bank.txt", "a");

    printf("Enter Account Number: ");
    scanf("%d", &a.accno);
    printf("Enter Name: ");
    scanf(" %[^\n]", a.name);
    printf("Enter Initial Balance: ");
    scanf("%f", &a.balance);

    fprintf(fp, "%d %s %.2f\n", a.accno, a.name, a.balance);
    fclose(fp);

    printf("Account Created Successfully!\n");
}

void display() {
    FILE *fp;
    struct account a;

    fp = fopen("bank.txt", "r");

    if (fp == NULL) {
        printf("No records found.\n");
        return;
    }

    while (fscanf(fp, "%d %s %f",
                  &a.accno, a.name, &a.balance) != EOF) {

        printf("\nAccount No: %d", a.accno);
        printf("\nName      : %s", a.name);
        printf("\nBalance   : %.2f\n", a.balance);
    }

    fclose(fp);
}

void search() {
    FILE *fp;
    struct account a;
    int acc, found = 0;

    fp = fopen("bank.txt", "r");

    printf("Enter Account Number to Search: ");
    scanf("%d", &acc);

    while (fscanf(fp, "%d %s %f",
                  &a.accno, a.name, &a.balance) != EOF) {

        if (a.accno == acc) {
            printf("\nAccount Found!\n");
            printf("Name: %s\nBalance: %.2f\n", a.name, a.balance);
            found = 1;
            break;
        }
    }

    if (!found)
        printf("Account Not Found!\n");

    fclose(fp);
}

void deposit() {
    FILE *fp, *temp;
    struct account a;
    int acc;
    float amount;

    fp = fopen("bank.txt", "r");
    temp = fopen("temp.txt", "w");

    printf("Enter Account Number: ");
    scanf("%d", &acc);
    printf("Enter Amount to Deposit: ");
    scanf("%f", &amount);

    while (fscanf(fp, "%d %s %f",
                  &a.accno, a.name, &a.balance) != EOF) {

        if (a.accno == acc) {
            a.balance += amount;
            printf("Amount Deposited Successfully!\n");
        }

        fprintf(temp, "%d %s %.2f\n",
                a.accno, a.name, a.balance);
    }

    fclose(fp);
    fclose(temp);

    remove("bank.txt");
    rename("temp.txt", "bank.txt");
}

void withdraw() {
    FILE *fp, *temp;
    struct account a;
    int acc;
    float amount;

    fp = fopen("bank.txt", "r");
    temp = fopen("temp.txt", "w");

    printf("Enter Account Number: ");
    scanf("%d", &acc);
    printf("Enter Amount to Withdraw: ");
    scanf("%f", &amount);

    while (fscanf(fp, "%d %s %f",
                  &a.accno, a.name, &a.balance) != EOF) {

        if (a.accno == acc) {
            if (a.balance >= amount) {
                a.balance -= amount;
                printf("Withdrawal Successful!\n");
            } else {
                printf("Insufficient Balance!\n");
            }
        }

        fprintf(temp, "%d %s %.2f\n",
                a.accno, a.name, a.balance);
    }

    fclose(fp);
    fclose(temp);

    remove("bank.txt");
    rename("temp.txt", "bank.txt");
}

void delete_account() {
    FILE *fp, *temp;
    struct account a;
    int acc;

    fp = fopen("bank.txt", "r");
    temp = fopen("temp.txt", "w");

    printf("Enter Account Number to Delete: ");
    scanf("%d", &acc);

    while (fscanf(fp, "%d %s %f",
                  &a.accno, a.name, &a.balance) != EOF) {

        if (a.accno != acc) {
            fprintf(temp, "%d %s %.2f\n",
                    a.accno, a.name, a.balance);
        }
    }

    fclose(fp);
    fclose(temp);

    remove("bank.txt");
    rename("temp.txt", "bank.txt");

    printf("Account Deleted Successfully!\n");
}

//payroll
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct Employee {
    int id;
    char name[50];
    float basic, hra, da, gross;
};

void addEmployee() {
    FILE *fp = fopen("payroll.dat", "ab");
    struct Employee e;

    if (fp == NULL) {
        printf("File error!\n");
        return;
    }

    printf("Enter ID: ");
    scanf("%d", &e.id);

    printf("Enter Name: ");
    scanf(" %[^\n]", e.name);

    printf("Enter Basic Salary: ");
    scanf("%f", &e.basic);

    e.hra = 0.20 * e.basic;
    e.da  = 0.10 * e.basic;
    e.gross = e.basic + e.hra + e.da;

    fwrite(&e, sizeof(e), 1, fp);
    fclose(fp);

    printf("Employee added successfully!\n");
}

void displayEmployees() {
    FILE *fp = fopen("payroll.dat", "rb");
    struct Employee e;

    if (fp == NULL) {
        printf("No records found!\n");
        return;
    }

    printf("\n--- Employee Records ---\n");
    while (fread(&e, sizeof(e), 1, fp)) {
        printf("ID: %d | Name: %s | Gross Salary: %.2f\n",
               e.id, e.name, e.gross);
    }

    fclose(fp);
}

void searchEmployee() {
    FILE *fp = fopen("payroll.dat", "rb");
    struct Employee e;
    int id, found = 0;

    printf("Enter ID to search: ");
    scanf("%d", &id);

    while (fread(&e, sizeof(e), 1, fp)) {
        if (e.id == id) {
            printf("Found: %s | Gross Salary: %.2f\n",
                   e.name, e.gross);
            found = 1;
            break;
        }
    }

    if (!found)
        printf("Employee not found!\n");

    fclose(fp);
}

void updateSalary() {
    FILE *fp = fopen("payroll.dat", "rb+");
    struct Employee e;
    int id;

    printf("Enter ID to update: ");
    scanf("%d", &id);

    while (fread(&e, sizeof(e), 1, fp)) {
        if (e.id == id) {
            printf("Enter new Basic Salary: ");
            scanf("%f", &e.basic);

            e.hra = 0.20 * e.basic;
            e.da  = 0.10 * e.basic;
            e.gross = e.basic + e.hra + e.da;

            fseek(fp, -sizeof(e), SEEK_CUR);
            fwrite(&e, sizeof(e), 1, fp);

            printf("Salary updated!\n");
            fclose(fp);
            return;
        }
    }

    printf("Employee not found!\n");
    fclose(fp);
}

void deleteEmployee() {
    FILE *fp = fopen("payroll.dat", "rb");
    FILE *temp = fopen("temp.dat", "wb");
    struct Employee e;
    int id, found = 0;

    printf("Enter ID to delete: ");
    scanf("%d", &id);

    while (fread(&e, sizeof(e), 1, fp)) {
        if (e.id != id) {
            fwrite(&e, sizeof(e), 1, temp);
        } else {
            found = 1;
        }
    }

    fclose(fp);
    fclose(temp);

    remove("payroll.dat");
    rename("temp.dat", "payroll.dat");

    if (found)
        printf("Employee deleted successfully!\n");
    else
        printf("Employee not found!\n");
}

int main() {
    int choice;

    while (1) {
        printf("\n--- Payroll System ---\n");
        printf("1. Add Employee\n");
        printf("2. Display Employees\n");
        printf("3. Search Employee\n");
        printf("4. Update Salary\n");
        printf("5. Delete Employee\n");
        printf("6. Exit\n");
        printf("Enter choice: ");
        scanf("%d", &choice);

        switch (choice) {
            case 1: addEmployee(); break;
            case 2: displayEmployees(); break;
            case 3: searchEmployee(); break;
            case 4: updateSalary(); break;
            case 5: deleteEmployee(); break;
            case 6: exit(0);
            default: printf("Invalid choice!\n");
        }
    }

    return 0;
}

//billing system with multiple items
#include <stdio.h>
#include <stdlib.h>

struct Item {
    char name[50];
    int quantity;
    float price;
    float total;
};

struct Bill {
    int billNo;
    char customerName[50];
    int itemCount;
    struct Item items[10];   // Maximum 10 items
    float grandTotal;
};

void addBill() {
    FILE *fp = fopen("multi_billing.dat", "ab");
    struct Bill b;

    if (fp == NULL) {
        printf("File error!\n");
        return;
    }

    printf("Enter Bill Number: ");
    scanf("%d", &b.billNo);

    printf("Enter Customer Name: ");
    scanf(" %[^\n]", b.customerName);

    printf("Enter number of items (max 10): ");
    scanf("%d", &b.itemCount);

    b.grandTotal = 0;

    for (int i = 0; i < b.itemCount; i++) {
        printf("\nItem %d Name: ", i + 1);
        scanf(" %[^\n]", b.items[i].name);

        printf("Quantity: ");
        scanf("%d", &b.items[i].quantity);

        printf("Price: ");
        scanf("%f", &b.items[i].price);

        b.items[i].total = b.items[i].quantity * b.items[i].price;
        b.grandTotal += b.items[i].total;
    }

    fwrite(&b, sizeof(b), 1, fp);
    fclose(fp);

    printf("Bill added successfully!\n");
}

void displayBills() {
    FILE *fp = fopen("multi_billing.dat", "rb");
    struct Bill b;

    if (fp == NULL) {
        printf("No records found!\n");
        return;
    }

    while (fread(&b, sizeof(b), 1, fp)) {
        printf("\n=================================");
        printf("\nBill No: %d", b.billNo);
        printf("\nCustomer: %s", b.customerName);
        printf("\n---------------------------------\n");

        for (int i = 0; i < b.itemCount; i++) {
            printf("Item: %s | Qty: %d | Price: %.2f | Total: %.2f\n",
                   b.items[i].name,
                   b.items[i].quantity,
                   b.items[i].price,
                   b.items[i].total);
        }

        printf("---------------------------------\n");
        printf("Grand Total: %.2f\n", b.grandTotal);
        printf("=================================\n");
    }

    fclose(fp);
}

int main() {
    int choice;

    while (1) {
        printf("\n--- Multi-Item Billing System ---\n");
        printf("1. Add Bill\n");
        printf("2. Display Bills\n");
        printf("3. Exit\n");
        printf("Enter choice: ");
        scanf("%d", &choice);

        switch (choice) {
            case 1: addBill(); break;
            case 2: displayBills(); break;
            case 3: exit(0);
            default: printf("Invalid choice!\n");
        }
    }

    return 0;
}


 // billing system with single items
#include <stdio.h>
#include <stdlib.h>

struct Bill {
int billNo;
char customerName[50];
char itemName[50];
int quantity;
float price;
float total;
};

void addBill() {
FILE *fp = fopen("billing.dat", "ab");
struct Bill b;

if (fp == NULL) {
printf("File error!\n");
return;
}

printf("Enter Bill Number: ");
scanf("%d", &b.billNo);

printf("Enter Customer Name: ");
scanf(" %[^\n]", b.customerName);

printf("Enter Item Name: ");
scanf(" %[^\n]", b.itemName);

printf("Enter Quantity: ");
scanf("%d", &b.quantity);

printf("Enter Price per item: ");
scanf("%f", &b.price);

b.total = b.quantity * b.price;

fwrite(&b, sizeof(b), 1, fp);
fclose(fp);

printf("Bill added successfully!\n");
}

void displayBills() {
FILE *fp = fopen("billing.dat", "rb");
struct Bill b;

if (fp == NULL) {
printf("No records found!\n");
return;
}

printf("\n--- Bill Records ---\n");

while (fread(&b, sizeof(b), 1, fp)) {
printf("\nBill No: %d", b.billNo);
printf("\nCustomer: %s", b.customerName);
printf("\nItem: %s", b.itemName);
printf("\nQuantity: %d", b.quantity);
printf("\nPrice: %.2f", b.price);
printf("\nTotal: %.2f\n", b.total);
printf("---------------------------\n");
}

fclose(fp);
}

int main() {
int choice;

while (1) {
printf("\n--- Simple Billing System ---\n");
printf("1. Add Bill\n");
printf("2. Display Bills\n");
printf("3. Exit\n");
printf("Enter choice: ");
scanf("%d", &choice);

switch (choice) {
case 1: addBill(); break;
case 2: displayBills(); break;
case 3: exit(0);
default: printf("Invalid choice!\n");
}
}

return 0;
}

//student record
#include <stdio.h>
#include <stdlib.h>

struct student
{
    char name[50];
    int roll;
    int marks;
};

void addstudent()
{
    FILE* fp;
    struct student s1;
    fp = fopen("file1.txt","a");
    if(fp==NULL)
    {
    printf("File cannot be opened\n");
    return;
    }

    printf("Enter student name:");
    scanf("  %[^\n]", s1.name);
    printf("Enter roll no:");
    scanf("%d",&s1.roll);
    printf("Enter marks:");
    scanf("%d",&s1.marks);
    fwrite(&s1,sizeof(struct student),1,fp);
    printf("Student Added Successfully!\n");
    fclose(fp);
}

void displaystudent()
{
    FILE* fp;
    struct student s1;
    fp = fopen("file1.txt","r");
    if(fp==NULL)
    {
    printf("File cannot be opened\n");
    return;
    }

    while(fread(&s1,sizeof(s1),1,fp))
    {
       printf("Name = %s\n", s1.name);
       printf("Roll No = %d\n",s1.roll);
       printf("Marks = %d\n",s1.marks);
       printf("------------------------\n");
    }
    fclose(fp);
}

void searchstudent()
{
    FILE* fp;
    int i,roll,found;
    struct student s1;
    fp = fopen("file1.txt","r");
    if(fp==NULL)
    {
    printf("File cannot be opened\n");
    return;
    }
    printf("Enter Roll Number to Search: ");
    scanf("%d", &roll);

    found = 0;
    while(fread(&s1, sizeof(struct student),1,fp))
    {
         if(s1.roll == roll)
         {
             printf("\nStudent Found!\n");
             printf("Name: %s\n", s1.name);
             printf("Roll No: %d\n",s1.roll);
             printf("Marks: %d\n", s1.marks);
             found = 1;
             break;
          }

    }
    if (!found)
        printf("Record not found!\n");

    fclose(fp);
}

void updatemarks()
{
    FILE *fp = fopen("file1.txt", "r+");
    struct student s1;
    int roll, found = 0;

    printf("Enter Roll Number to update: ");
    scanf("%d", &roll);

    while (fread(&s1, sizeof(s1), 1, fp))
    {
        if (s1.roll == roll)
        {
            printf("Enter new marks: ");
            scanf("%d", &s1.marks);

            fseek(fp, -sizeof(s1), SEEK_CUR);
            fwrite(&s1, sizeof(s1), 1, fp);

            printf("Record updated successfully!\n");
            found = 1;
            break;
        }
    }
    if (!found)
        printf("Record not found!\n");

    fclose(fp);
}

void deletestudent()
{
    FILE *fp = fopen("file1.txt", "r");
    FILE *temp = fopen("temp.txt", "w");

    struct student s1;
    int roll, found = 0;

    printf("Enter Roll Number to delete: ");
    scanf("%d", &roll);

    while (fread(&s1, sizeof(s1), 1, fp))
    {
        if (s1.roll != roll)
        {
            fwrite(&s1, sizeof(s1), 1, temp);
        }
        else
        {
            found = 1;
        }
    }

    fclose(fp);
    fclose(temp);

    remove("file1.txt");
    rename("temp.txt", "file1.txt");

    if (found)
        printf("Record deleted successfully!\n");
    else
        printf("Record not found!\n");
}


int main()
{
    int choice;
    printf("----------------STUDENT RECORD---------------\n");
    printf("1 - Add student\n");
    printf("2 - Display students\n");
    printf("3 - Search by roll number\n");
    printf("4 - Update Marks\n");
    printf("5 - Delete student data\n");
    printf("6 - Exit\n");
    printf("-----------------------------------------------\n");
    while(1)
    {
        printf("Enter your choice:");
        scanf("%d",&choice);
        switch(choice)
        {
            case 1:addstudent(); break;
            case 2:displaystudent(); break;
            case 3:searchstudent(); break;
            case 4:updatemarks();break;
            case 5:deletestudent(); break;
            case 6: exit(0);
            default:printf("Invalid Choice\n");
        }
    }
    return 0;
}



Data Structures

Linked List


#include <stdio.h>
#include <stdlib.h>

typedef struct Node {
    int data;
    struct Node* next;
} Node;

Node* createNode(int data) {
    Node* newNode = (Node*)malloc(sizeof(Node));
    if (!newNode) {
        printf("Memory allocation failed!\n");
        exit(1);
    }
    newNode->data = data;
    newNode->next = NULL;
    return newNode;
}

void printList(Node* node) {
    while (node) {
        printf("%d -> ", node->data);
        node = node->next;
    }
    printf("null\n");
}

int main() {
    Node* node1 = createNode(3);
    Node* node2 = createNode(5);
    Node* node3 = createNode(13);
    Node* node4 = createNode(2);

    node1->next = node2;
    node2->next = node3;
    node3->next = node4;

    printList(node1);

    // Free the memory
    free(node1);
    free(node2);
    free(node3);
    free(node4);

    return 0;
}

//creating
Method 1

#include <stdio.h>
#include <stdlib.h>

struct node {
    int data;
    struct Node* next;
} Node;



int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    struct node *current1 = malloc(sizeof(struct node));
    current1->data = 34;
    current1->next = NULL;
    current2->next = current1;
    
    
    return 0;
 
}

Method 2:
#include <stdio.h>
#include <stdlib.h>

struct node {
    int data;
    struct Node* next;
} Node;

int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next->next = current;
    
    
    return 0;
 
}

//Creating and printing nodes
#include <stdio.h>
#include <stdlib.h>
struct node
{
    int data;
    struct node *next;
};

int main()
{
    
    struct node *head = malloc(sizeof(struct node));
     head->data = 23;
     head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next = current;
    
    current = malloc(sizeof(struct node));    
    current->data = 48;
    current->next = NULL;
    head->next->next = current;

    current = malloc(sizeof(struct node));
    current->data = 94;
    current->next = NULL;
    head->next->next->next = current;
      
    printf("%d -> ", head->data);
    printf("%d -> ", head->next->data);
    printf("%d -> ", head->next->next->data);
    printf("%d", head->next->next->next->data);

    return 0;
}


//Traversal and counting number of nodes and printing the data

#include <stdio.h>
#include <stdlib.h>

struct node {
    int data;
    struct node* next;
} node;

void count_of_nodes(struct node *head) {
    int count = 0;

    if(head == NULL)
        printf("Linked List is empty");

    struct node *ptr = NULL;
    ptr = head;

    while(ptr != NULL) {
        count++;
        ptr = ptr->next;
    }

    printf("%d", count);
}


void print_data(struct node *head)
{
    if(head == NULL)
        printf("Linked List is empty");

    struct node *ptr = NULL;
    ptr = head;

    while(ptr != NULL) {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
}

int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next->next = current;
    
    printf("Datas in the list:");
    print_data(head);
    printf("\nNumber of nodes in the list:");
    count_of_nodes(head);
    
    return 0;
 
}


//Insertion of nodes at the end in the list
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* next;
} node;


void add_at_end(struct node *head, int data)
{
    struct node *ptr,*temp;
    ptr = head;
    temp = (struct node*)malloc(sizeof(struct node));
    temp->data = data;
    temp->next = NULL;
    
    while(ptr->next !=NULL)
    {
        ptr = ptr->next;
    }
    ptr->next = temp;
}

void print_data(struct node *head)
{
    if(head == NULL)
        printf("Linked List is empty");

    struct node *ptr = NULL;
    ptr = head;

    while(ptr != NULL) {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
}

int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next->next = current;
    
    add_at_end(head,67);
    add_at_end(head,98);
    
    printf("Datas in the list:\n");
    print_data(head);
    
    return 0;
 
}

//Time Complexity: Optimal Code
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* next;
} node;


struct node* add_at_end(struct node *ptr, int data)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->data = data;
    temp->next = NULL;
    ptr->next = temp;
    return temp;
}


int main() 
{
    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *ptr = head;
    ptr = add_at_end(ptr,67);
    ptr = add_at_end(ptr,98);
    ptr = add_at_end(ptr,45);
    ptr = add_at_end(ptr,86);
    
    ptr= head;
    
    printf("Datas in the list:\n");
    while(ptr != NULL) 
    {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
    return 0;
 
}


//Insertion of nodes at the beginning of the linked list
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node *link;
};

struct node* add_beg(struct node *head, int data)
{
   struct node *ptr = malloc(sizeof(struct node));
   ptr->data = data;     // Assign data
   ptr->link = NULL;     

   ptr->link = head;        
   head = ptr;
   return head;             
}

void add_beg(struct node **head, int d)
{
struct node *ptr = malloc(sizeof(struct node));
ptr->data = d;
ptr->link = NULL;

ptr->link = *head;
*head = ptr;
}
int main() {

    struct node *head = malloc(sizeof(struct node));
    head->data = 45;
    head->link = NULL;

    struct node *ptr = malloc(sizeof(struct node));
    ptr->data = 98;
    ptr->link = NULL;

    head->link = ptr;

    int data = 38;
    head = add_beg(head, data);

   data = 63;
    head = add_beg(head, data);


    ptr = head;
    while(ptr != NULL)
    {
        printf("%d ", ptr->data);
        ptr = ptr->link;
    }

    return 0;
}

//Insertion of nodes at certain position
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* next;
} node;

void add_at_end(struct node *head, int data)
{
    struct node *ptr,*temp;
    ptr = head;
    temp = (struct node*)malloc(sizeof(struct node));
    temp->data = data;
    temp->next = NULL;
    
    while(ptr->next !=NULL)
    {
        ptr = ptr->next;
    }
    ptr->next = temp;
}


void add_at_pos(struct node *head, int data,int pos)
{
    struct node *ptr= head;
    struct node *ptr2 = malloc(sizeof(struct node));
    ptr2->data = data;
    ptr2->next = NULL;
    
    pos--;
    while(pos !=1)
    {
        ptr = ptr->next;
        pos--;
    }
    ptr2->next = ptr->next;
    ptr->next = ptr2;
}


int main() 
{
    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    add_at_end(head,67);
    add_at_end(head,98);
    
    int data = 78;
    int position = 3;
    add_at_pos(head,data,position);
    struct node *ptr = head;
    
    printf("Datas in the list:\n");
    while(ptr != NULL) 
    {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
    return 0;
 
}

//deletion of first node
#include <stdio.h>
#include <stdlib.h>

struct node {
    int data;
    struct node* next;
} node;

struct node* del_first(struct node *head)
{
    if(head == NULL)
        printf("List is empty\n");
    else
    {
    struct node *temp = head;
    head = head->next;     
    free(temp);
    }
    return head;
}


int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next->next = current;
    
    head = del_first(head);
    struct node *ptr = malloc(sizeof(struct node));
    ptr = head;
    while(ptr != NULL)
    {
        printf("%d\t",ptr->data);
        ptr = ptr->next;
    }
    return 0;
}

Method 2:
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* next;
} node;

struct node* del_first(struct node *head)
{
    if(head == NULL)
        printf("List is empty\n");
    else
    {
    struct node *temp = head;
    temp = temp->next;   
    free(head);
    head = temp;
    }
    return head;
}

void print_data(struct node *head)
{
    if(head == NULL)
        printf("Linked List is empty");

    struct node *ptr = NULL;
    ptr = head;

    while(ptr != NULL) 
    {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
}

int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next->next = current;
    
    printf("Linked List Datas before deletion of node:\n");
    print_data(head);
    
    head = del_first(head);
   
    printf("\nLinked List Datas after deletion of node:\n");
    print_data(head);
   
    return 0;
}

//Deletion at the end
#include <stdio.h>
#include <stdlib.h>

struct node {
    int data;
    struct node* next;
} node;

void del_last(struct node *head)
{
    if(head == NULL)
        printf("List is empty\n");
    else if (head->next == NULL)
    {
        free(head);
        head = NULL;
    }
    else
    {
    struct node *temp = head;
    struct node *temp2 = head;
    while(temp->next != NULL)
    {
        temp2 = temp;
        temp = temp->next;
    }
    temp2->next = NULL;
    free(temp);
    temp = NULL;
    }
}


int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next->next = current;
    
    del_last(head);
    struct node *ptr = malloc(sizeof(struct node));
    ptr = head;
    while(ptr != NULL)
    {
        printf("%d\t",ptr->data);
        ptr = ptr->next;
    }
    return 0;
}
Method 2:
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* next;
} node;

void del_last(struct node *head)
{
    if(head == NULL)
        printf("List is empty\n");
    else if (head->next == NULL)
    {
        free(head);
        head = NULL;
    }
    else
    {
    struct node *temp = head;
    while(temp->next->next != NULL)
    {
        temp = temp->next;
    }
    free(temp->next);
    temp->next = NULL;
    }
}


int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->data = 98;
    current->next = NULL;
    head->next = current;
    
    current = malloc(sizeof(struct node));
    current->data = 34;
    current->next = NULL;
    head->next->next = current;
    
    del_last(head);
    struct node *ptr = malloc(sizeof(struct node));
    ptr = head;
    while(ptr != NULL)
    {
        printf("%d\t",ptr->data);
        ptr = ptr->next;
    }
    return 0;
}

//Deletion of node at certain position
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* link;
} node;

void del_pos(struct node **head, int position)
{
    struct node *current = *head;
    struct node *previous = *head;

    if(*head == NULL)
        printf("List is already empty!");
    else if(position == 1)
    {
        *head = current->link;
        free(current);
        current = NULL;
    }
    else
    {
        while(position != 1)
        {
            previous = current;
            current = current->link;
            position--;
        }

        previous->link = current->link;
        free(current);
        current = NULL;
    }
}
int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->link = NULL;
    
    struct node *ptr = malloc(sizeof(struct node));
    ptr->data = 98;
    ptr->link = NULL;
    head->link = ptr;
    
    ptr = malloc(sizeof(struct node));
    ptr->data = 34;
    ptr->link = NULL;
    head->link->link = ptr;
    
    printf("Datas in the list before deletion:\n");
    ptr = head;
    while(ptr != NULL)
    {
      printf("%d\t", ptr->data);
      ptr = ptr->link;
    }   
    
    
    int position = 2;
    del_pos(&head,position);
    ptr = head;
    printf("\nDatas in the list after deletion:\n");
    while(ptr != NULL)
    {
      printf("%d\t", ptr->data);
      ptr = ptr->link;
    }   
    return 0;
}

Method 3:
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* link;
} node;

struct node* del_pos(struct node *head, int position)
{
    struct node *current = head;
    struct node *previous = head;

    if(head == NULL)
        printf("List is already empty!");
    else if(position == 1)
    {
        head = current->link;
        free(current);
        current = NULL;
    }
    else
    {
        while(position != 1)
        {
            previous = current;
            current = current->link;
            position--;
        }

        previous->link = current->link;
        free(current);
        current = NULL;
    }
    return head;
}
int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->link = NULL;
    
    struct node *ptr = malloc(sizeof(struct node));
    ptr->data = 98;
    ptr->link = NULL;
    head->link = ptr;
    
    ptr = malloc(sizeof(struct node));
    ptr->data = 34;
    ptr->link = NULL;
    head->link->link = ptr;
    
    ptr = malloc(sizeof(struct node));
    ptr->data = 49;
    ptr->link = NULL;
    head->link->link->link = ptr;
    
    printf("Datas in the list before deletion:\n");
    ptr = head;
    while(ptr != NULL)
    {
      printf("%d\t", ptr->data);
      ptr = ptr->link;
    }   
    
    
    int position = 3;
    head = del_pos(head,position);
    
    ptr = head;
    printf("\nDatas in the list after deletion:\n");
    while(ptr != NULL)
    {
      printf("%d\t", ptr->data);
      ptr = ptr->link;
    }   
    return 0;
}

//Deletion of single list
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* link;
} node;

struct node* del_list(struct node *head)
{
    struct node *temp = head;
    while(temp != NULL)
        {
            temp = temp->link;
            free(head);
            head = temp;
        }
    return head;
}



int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->link = NULL;
    
    struct node *ptr = malloc(sizeof(struct node));
    ptr->data = 98;
    ptr->link = NULL;
    head->link = ptr;
    
    ptr = malloc(sizeof(struct node));
    ptr->data = 34;
    ptr->link = NULL;
    head->link->link = ptr;
    
    printf("Datas in the list before deletion:\n");
    ptr = head;
    while(ptr != NULL)
    {
      printf("%d\t", ptr->data);
      ptr = ptr->link;
    }   
    
    head = del_list(head);
    if(head==NULL)
        printf("\nList is empty\n");
    return 0;
}

//Linked List Reversal
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node* link;
} node;

struct node* reverse(struct node *head)
{
    struct node *prev = NULL;
    struct node *next = NULL;
    while(head != NULL)
        {
            next = head->link;
            head->link = prev;
            prev = head;
            head = next;
        }
    head = prev;
    return head;
}



int main() 
{

    struct node *head=malloc(sizeof(struct node));
    head->data = 45;
    head->link = NULL;
    
    struct node *ptr = malloc(sizeof(struct node));
    ptr->data = 98;
    ptr->link = NULL;
    head->link = ptr;
    
    ptr = malloc(sizeof(struct node));
    ptr->data = 34;
    ptr->link = NULL;
    head->link->link = ptr;
    
    printf("Datas in the list before reversal:\n");
    ptr = head;
    while(ptr != NULL)
    {
      printf("%d\t", ptr->data);
      ptr = ptr->link;
    }   
    printf("\nDatas in the list after reversal:\n");
    head = reverse(head);
    ptr = head;
    while(ptr != NULL)
    {
      printf("%d\t", ptr->data);
      ptr = ptr->link;
    }   
    return 0;
}

// Insertion of nodes in double linked list
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addToEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

int main() {
    struct node* head = NULL;
    head = addToEmpty(head, 45);
    printf("%d", head->data);
    return 0;
}

//insertion at the beginning

#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addToEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* addbeg(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    temp->next = head;  
    head->prev = temp;
    head = temp;
    return head;
}

int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addToEmpty(head, 45);
    head = addbeg(head, 34);
    
    ptr= head;
    while(ptr!=NULL)
    {
    printf("%d", ptr->data);
    ptr = ptr->next;
    }
    return 0;
}

//Insertion of node at last in the list
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addToEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* addbeg(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    temp->next = head;  
    head->prev = temp;
    head = temp;
    return head;
}

struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}


int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addToEmpty(head, 45);
    head = addbeg(head, 34);
    head = addend(head,95);
    
    ptr= head;
    while(ptr!=NULL)
    {
    printf("%d  ", ptr->data);
    ptr = ptr->next;
    }
    return 0;
}

//Insertion of node after a position
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* addbeg(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    temp->next = head;  
    head->prev = temp;
    head = temp;
    return head;
}

struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}

struct node* addpos(struct node* head, int data, int position)
{
    struct node* newp = NULL;
    struct node* temp = head;
    struct node* temp2 = NULL;
    newp = addtoEmpty(newp,data);
    
    while(position != 1)
    {
        temp = temp->next;
        position--;
    }
    if(temp->next == NULL)
    {
        temp->next =newp;
        newp->prev = temp;
    }
    else
    {
    temp2 = temp->next;
    temp->next = newp;
    temp2->prev = newp;
    newp->next = temp2;
    newp->prev = temp;
    }
    return head;
}

int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addtoEmpty(head, 45);
    head = addbeg(head, 34);
    head = addend(head,95);
    head = addpos(head,25,2);
    
    ptr= head;
    while(ptr!=NULL)
    {
    printf("%d  ", ptr->data);
    ptr = ptr->next;
    }
    return 0;
}

//Insertion of node before the position
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* addbeg(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    temp->next = head;  
    head->prev = temp;
    head = temp;
    return head;
}

struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}

struct node* addpos(struct node* head, int data,int position)
{
    struct node* newp = NULL;
    struct node* temp = head;
    struct node* temp2 = NULL;
    newp = addtoEmpty(newp,data);
    
    int pos = position;
    while(pos > 2)
    {
        temp = temp->next;
        pos--;
    }
    if(position == 1)
    {
        head = addbeg(head,data);
    }
    else
    {
    temp2 = temp->next;
    temp->next = newp;
    temp2->prev = newp;
    newp->next = temp2;
    newp->prev = temp;
    }
    return head;
}

int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addtoEmpty(head, 45);
    head = addbeg(head, 34);
    head = addend(head,95);
    head = addpos(head,25,3);
    
    ptr= head;
    while(ptr!=NULL)
    {
    printf("%d  ", ptr->data);
    ptr = ptr->next;
    }
    return 0;
}

//Creation of double link list
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}

struct node* createList(struct node* head)
{
    int n, data, i;
    printf("Enter the number of nodes: ");
    scanf("%d", &n);

    if(n == 0)
        return head;

    printf("Enter the element for the node 1: ");
    scanf("%d", &data);
    head = addtoEmpty(head, data);

    for(i = 1; i < n; i++)
    {
        printf("Enter the element for the node %d: ", i + 1);
        scanf("%d", &data);
        head = addend(head, data);
    }
    return head;
}


int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = createList(head);
 
    ptr= head;
    while(ptr!=NULL)
    {
    printf("%d  ", ptr->data);
    ptr = ptr->next;
    }
    return 0;
}

//Deletion of node at the beginning
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}

struct node* del_first(struct node *head)
{
    struct node *temp = head;
    head = head->next;
    free(temp);
    temp = NULL;
    head->prev = NULL;
    return head;
}

void print(struct node *head)
{
    struct node *ptr = head;
    while(ptr != NULL)
    {
        printf("%d  ", ptr->data);
        ptr = ptr->next;
    }
    printf("\n");
}

int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addtoEmpty(head, 45);
    head = addend(head, 34);
    head = addend(head,95);

    printf("Before deletion: \n");
    print(head);
    
    head = del_first(head);
    printf("After deletion: \n");
    print(head);
    return 0;
}

//Deletion at the end
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}


struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}

struct node* del_last(struct node *head)
{
    struct node *temp = head;
    struct node *temp2;
    while(temp->next != NULL)
    {
        temp = temp->next;
    }
    temp2 = temp->prev;
    temp2->next = NULL;
    free(temp);
    temp = NULL;
    return head;
}

void print(struct node *head)
{
    struct node *ptr = head;
    while(ptr != NULL)
    {
        printf("%d  ", ptr->data);
        ptr = ptr->next;
    }
    printf("\n");
}

int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addtoEmpty(head, 45);
    head = addend(head, 34);
    head = addend(head,95);
    printf("Before deletion: \n");
    print(head);
    
    head = del_last(head);
    printf("After deletion: \n");
    print(head);
    return 0;
}

//Deletion of intermediate node in the list
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}


struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}

struct node* del_first(struct node *head)
{
    struct node *temp = head;
    head = head->next;
    free(temp);
    temp = NULL;
    head->prev = NULL;
    return head;
}

struct node* del_last(struct node *head)
{
    struct node *temp = head;
    struct node *temp2;
    while(temp->next != NULL)
    {
        temp = temp->next;
    }
    temp2 = temp->prev;
    temp2->next = NULL;
    free(temp);
    temp = NULL;
    return head;
}


struct node* del_pos(struct node *head,int position)
{
    struct node *temp = head;
    struct node *temp2 = NULL;
    if(position == 1)
    {
        head = del_first(head);
        return head;
    }
    while(position>1)
    {
        temp = temp->next;
        position--;
    }
    if(temp->next == NULL)
        head = del_last(head);
    else
    {
    temp2 = temp->prev;
    temp2->next = temp->next;
    temp->next ->prev = temp2;
    free(temp);
    temp = NULL;
    }
    return head;
}

void print(struct node *head)
{
    struct node *ptr = head;
    while(ptr != NULL)
    {
        printf("%d  ", ptr->data);
        ptr = ptr->next;
    }
    printf("\n");
}

int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addtoEmpty(head, 45);
    head = addend(head, 34);
    head = addend(head,95);
    printf("Before deletion: \n");
    print(head);
    
    head = del_pos(head,2);
    printf("After deletion: \n");
    print(head);
    return 0;
}


//Reversal of double linked list
#include <stdio.h>
#include <stdlib.h>

struct node {
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* addend(struct node* head, int data)
{
    struct node* temp, *tp;
    temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    tp = head;  
    while(tp->next != NULL)
    {
        tp =tp->next;
    }
    tp->next = temp;
    temp->prev = tp;
    return head;
}

struct node* reverse(struct node* head)
{
    struct node* ptr1 = head;
    struct node* ptr2 = ptr1->next;

    ptr1->next = NULL;
    ptr1->prev = ptr2;

    while(ptr2 != NULL)
    {
        ptr2->prev = ptr2->next;
        ptr2->next = ptr1;
        ptr1 = ptr2;
        ptr2 = ptr2->prev;
    }
    head = ptr1;
    return head;
}

void print(struct node *head)
{
    struct node *ptr = head;
    while(ptr != NULL)
    {
        printf("%d  ", ptr->data);
        ptr = ptr->next;
    }
    printf("\n");
}

int main() {
    struct node* head = NULL;
    struct node* ptr;
    head = addtoEmpty(head, 45);
    head = addend(head, 34);
    head = addend(head,95);
    printf("Before deletion: \n");
    print(head);
    
    head = reverse(head);
    printf("After deletion: \n");
    print(head);
    return 0;
}


//Insertion of node at last in the list
#include <stdio.h>
#include <stdlib.h>

struct node {
int data;
struct node *next;
};

struct node *head = NULL;

void insert_end(int value) 
{
struct node *newnode, *temp;

newnode = (struct node*)malloc(sizeof(struct node));
newnode->data = value;
newnode->next = NULL;

// If list is empty
if (head == NULL) 
{
head = newnode;
}
else 
{
temp = head;

// Traverse till last node
while (temp->next != NULL) 
{
temp = temp->next;
}

temp->next = newnode;
}

printf("Node inserted at end successfully\n");
}

void display() {
struct node *temp = head;

while (temp != NULL) {
printf("%d -> ", temp->data);
temp = temp->next;
}
printf("NULL\n");
}

int main() {
insert_end(10);
insert_end(20);
insert_end(30);

display();

return 0;
}

//Creation of node at the end of list
#include <stdio.h>
#include <stdlib.h>

// Define a linked list node
struct Node
{
    int data;
    struct Node *next;
};

// Function to create a new node
struct Node *createNode(int x)
{
    struct Node *newNode = (struct Node *)malloc(sizeof(struct Node));
    newNode->data = x;
    newNode->next = NULL;
    return newNode;
}

// Function to insert a new node at the end of the list
struct Node *insertAtEnd(struct Node *head, int x)
{
    struct Node *newNode = createNode(x);

    // If the list is empty, return the new node as head
    if (head == NULL)
        return newNode;

    // Traverse to the last node
    struct Node *last = head;
    while (last->next != NULL)
    {
        last = last->next;
    }

    // Link the last node to the new node
    last->next = newNode;

    return head;
}

// Function to print the linked list
void printList(struct Node *node)
{
    while (node != NULL)
    {
        printf("%d", node->data);
        if (node->next != NULL)
            printf(" -> ");
        node = node->next;
    }
    printf("\n");
}

int main()
{
    // Create a linked list: 1 -> 2 -> 3 -> 4 -> 5
    struct Node *head = createNode(1);
    head->next = createNode(2);
    head->next->next = createNode(3);
    head->next->next->next = createNode(4);
    head->next->next->next->next = createNode(5);

    // Insert a new node at the end
    head = insertAtEnd(head, 6);

    // Print the linked list
    printList(head);

    return 0;
}

//searching a element in linked list
#include <stdio.h>
#include <stdlib.h>

struct node {
int data;
struct node *next;
};

void search(struct node *head, int key) {
int position = 1;
struct node *temp = head;

while (temp != NULL) {
if (temp->data == key) {
printf("Element %d found at position %d\n", key, position);
return;
}
temp = temp->next;
position++;
}

printf("Element %d not found in the list\n", key);
}

int main() {
struct node *head = NULL, *newnode, *temp;
int n, i, value, key;

printf("Enter number of nodes: ");
scanf("%d", &n);

for(i = 0; i < n; i++) {
newnode = (struct node*)malloc(sizeof(struct node));
printf("Enter data: ");
scanf("%d", &value);

newnode->data = value;
newnode->next = NULL;

if(head == NULL) {
head = newnode;
temp = newnode;
} else {
temp->next = newnode;
temp = newnode;
}
}

printf("Enter element to search: ");
scanf("%d", &key);

search(head, key);

return 0;
}

//creating list with user inputs
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    int data;
    struct node *next;
};

int main() 
{
    struct node *head = NULL, *temp = NULL, *newnode;
    int n, i;

    printf("Enter number of nodes: ");
    scanf("%d", &n);

    for(i = 0; i < n; i++) 
    {
    // Allocate memory
    newnode = (struct node*)malloc(sizeof(struct node));

    printf("Enter data: ");
    scanf("%d", &newnode->data);

    newnode->next = NULL;

    if(head == NULL) 
    {
    // First node
    head = newnode;
    temp = newnode;
    } 
    else 
    {
    // Link new node
    temp->next = newnode;
    temp = newnode;
    }
    }

    // Display the list
    printf("Linked List: ");
    temp = head;
    while(temp != NULL) 
    {
    printf("%d -> ", temp->data);
    temp = temp->next;
    }
    printf("NULL");
    return 0;
}
Method 2:
#include <stdio.h>
#include <stdlib.h>

struct node {
    int data;
    struct node *next;
};

int main() {
    struct node *head = NULL, *temp = NULL, *newnode;
    int n, i;

    printf("Enter number of nodes: ");
    scanf("%d", &n);

    for(i = 0; i < n; i++) {
        // Allocate memory
        newnode = (struct node*)malloc(sizeof(struct node));

        printf("Enter data: ");
        scanf("%d", &newnode->data);

        newnode->next = NULL;

        if(head == NULL) 
        {
            // First node
            head = newnode;
            temp = newnode;
        } 
        else 
        {
            // Link new node
            temp->next = newnode;
            temp = newnode;
        }
    }

    // Display the list
    printf("Linked List: ");
    temp = head;
    while(temp != NULL) 
    {
        printf("%d -> ", temp->data);
        temp = temp->next;
    }
    printf("NULL");

    return 0;
}
//double linked list
#include <stdio.h>
#include <stdlib.h>
struct node
{
    struct node* prev;
    int data;
    struct node* next;
};

int main() 
{
    struct node* head = NULL;
    struct node* ptr = NULL;
    int N, i;
    printf("Enter number of nodes:");
    scanf("%d",&N);
    
    for(i=0; i<N;i++)
    {
        struct node* temp = malloc(sizeof(struct node));
        temp->prev = NULL;
        printf("Enter data in node %d: ",i+1);
        scanf("%d",&temp->data);
        temp->next = NULL;
        
        if(head==NULL)
        {
            head = temp;
            ptr = temp;
        }
        else
        {
            ptr->next = temp;
            temp->prev = ptr;
            ptr = temp;
        }
    }
  
    ptr = head;
    printf("Datas in list:\n");
    while(ptr != NULL)
    {
        printf("%d  ",ptr->data);
        ptr = ptr->next;
    }
    return 0;
}
//Creation of double link list
#include <stdio.h>
#include <stdlib.h>
struct node
{
    struct node *prev;
    int data;
    struct node *next;
};

int main()
{
    
    struct node *head = malloc(sizeof(struct node));
     head->prev = NULL;
     head->data = 23;
     head->next = NULL;
    
    struct node *current = malloc(sizeof(struct node));
    current->prev = head;
    current->data = 34;
    current->next = NULL;
    head->next = current;
    
    struct node *current1 = malloc(sizeof(struct node));  
    current1->prev = current;
    current1->data = 48;
    current1->next = NULL;
    current->next = current1;
 
    struct node *current2 = malloc(sizeof(struct node));
    current2->prev = current1;
    current2->data = 94;
    current2->next = NULL;
    current1->next = current2;
    
    printf("%d -> ", head->data);
    printf("%d -> ", current->data);
    printf("%d -> ", current1->data);
    printf("%d", current2->data);

    return 0;
}

//Insertion of node on empty list(double linked list)
#include <stdio.h>
#include <stdlib.h>

struct node 
{
    struct node* prev;
    int data;
    struct node* next;
} node;

struct node* addtoempty(struct node *head, int data)
{
   struct node *temp = malloc(sizeof(struct node));
   temp->prev = NULL;
   temp->data = data;
   temp->next = NULL;
   head = temp;
   return head;             
}

int main() 
{
     struct node *head = NULL;
     head = addtoempty(head,45);
     printf("%d",head->data);
     return 0;
}

//Double linked list operations
#include <stdio.h>
#include <stdlib.h>
struct node
{
    struct node* prev;
    int data;
    struct node* next;
};

struct node* addtoEmpty(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    if(head==NULL)
        head = temp;
    return head;
}

struct node* add_at_end(struct node* head, int data)
{
    struct node* temp =  malloc(sizeof(struct node));
    struct node* ptr;
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    ptr = head;
    head->next = temp;
    temp->prev = ptr;
    ptr = temp;
    
    return ptr;
}

struct node* add_to_begin(struct node* head, int data)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    temp->next = head;
    head = temp;
    return head;
}

struct node* add_after_pos(struct node* head, int data, int position)
{
    struct node* temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    struct node *ptr , *temp2;
    temp2 = NULL;
    ptr = head;
    
    while(position !=1)
    {
        ptr = ptr->next;
        position--;
    }
    if(ptr->next == NULL)
    {
        ptr->next = temp;
        temp->prev = ptr;
    }
    else
    {
    temp2 = ptr->next;
    ptr->next = temp;
    temp2->prev = temp;
    temp->next = temp2;
    temp->prev = ptr;
    }
    return head;
}

int main() 
{
    
    struct node* head = NULL;
    struct node* ptr = NULL;
    head = addtoEmpty(head,79);
    ptr = add_at_end(head,65);
    ptr = add_at_end(ptr,75);
    ptr = add_at_end(ptr,78);
    head = add_to_begin(head,89);
    head = add_to_begin(head,78);
    
    ptr = head;
    printf("Datas in list:\n");
    while(ptr != NULL)
    {
        printf("%d  ",ptr->data);
        ptr = ptr->next;
    }
    printf("\n");
    
    head = add_after_pos(head,56,3);
    
    ptr = head;
    printf("Datas in list:\n");
    while(ptr != NULL)
    {
        printf("%d  ",ptr->data);
        ptr = ptr->next;
    }
    return 0;
}

#include <stdio.h>
#include<stdlib.h>

struct node
{
    struct node *prev;
    int data;
    struct node *next;
};

struct node* add_empty(struct node *head, int data)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    head = temp;
    return head;
}

struct node* add_end(struct node *head, int data)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    struct node *ptr = head;
    ptr->next = temp;
    temp ->prev = ptr;
    ptr = temp;
    
    return ptr;
}

struct node* add_begin(struct node *head, int data)
{
    struct node *temp =  malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    temp->next = head;
    head->prev = temp;
    head = temp;
    
    return head;
}

struct node* add_after_pos(struct node *head,int data, int pos)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    struct node *ptr = head;
    struct node *temp2 = NULL;
    
    while(pos != 1)
    {
        ptr = ptr->next;
        pos--;
    }
    if(ptr->next == NULL)
    {
        ptr->next = temp;
        temp->prev = ptr;
    }
    else
    {
    temp2 = ptr->next;
    temp->prev = ptr->next;
    ptr->next = temp;
    temp->next = temp2;
    temp2->prev = temp;
    }
    return head;
}

struct node* add_before_pos(struct node *head,int data,int pos)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    struct node *ptr = head;
    struct node *temp2 = NULL;
    
    pos--;
    while(pos != 1)
    {
        ptr = ptr->next;
        pos--;
    }
    temp2 = ptr->next;
    ptr->next = temp;
    temp->prev = ptr;
    temp2->prev = temp->next;
    temp->next = temp2;
    return head;
}

void print(struct node *ptr)
{
    while(ptr != NULL)
    {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
}

int main() 
{   
    struct node *head = NULL;
    struct node *ptr = NULL;
    head = add_empty(head,23);
    ptr = add_end(head,45);
    ptr = add_end(ptr, 67);
    head = add_begin(head,53);
    head = add_begin(head, 89);
    head = add_after_pos(head,34,3);
    head = add_before_pos(head, 49,3);
    
    printf("Datas in the list:");
    print(head);
    return 0;
}

//Operations on Nodes
#include <stdio.h>
#include <stdlib.h>

struct node
{
    struct node *prev;
    int data;
    struct node *next;
};


struct node* add_empty(int data)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    return temp;
}

struct node* add_end(struct node *ptr,int data)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    ptr->next = temp;
    temp->prev = ptr;
    ptr = temp;
    
    return ptr;
}

struct node* add_begin(struct node * head, int data)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    temp->next = head;
    head->prev = temp;
    head = temp;
    
    return head;
}

struct node* add_at_pos(struct node *head,int data, int pos)
{
    struct node * temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    struct node *ptr = head; 
    pos--;
    while(pos != 1)
    {
        ptr = ptr->next;
        pos--;
    }
    temp->next = ptr->next;
    ptr->next = temp;
    temp->prev = ptr;
    temp->next->prev = temp;
    return head;
}

struct node* add_after_pos(struct node *head,int data, int pos)
{
    struct node * temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    struct node *ptr = head; 
    
    while(pos != 1)
    {
        ptr = ptr->next;
        pos--;
    }
    temp->next = ptr->next;
    ptr->next = temp;
    temp->prev = ptr;
    temp->next->prev = temp;
    return head;
}


void print(struct node *head)
{
    struct node *ptr = head;
    while(ptr != NULL)
    {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
}

int main() 
{
    struct node *head = NULL;
    struct node *ptr = NULL;
    
    head = add_empty(24);
    ptr = add_end(head,85);
    ptr = add_end(ptr,76);
    ptr = add_end(ptr,66);
    head = add_begin(head,98);
    head = add_begin(head,34);
    head = add_at_pos(head,67,3);
    head = add_at_pos(head,77,2);
    head = add_after_pos(head,69,4);
    head = add_after_pos(head,99,6);
    printf("Datas in the list:");
    print(head);

    return 0;
}
//Deletion of nodes in Double Linked List
#include <stdio.h>
#include<stdlib.h>

struct node
{
    struct node *prev;
    int data;
    struct node *next;
};

struct node* add_end(struct node *head, int data)
{
    struct node *temp = malloc(sizeof(struct node));
    temp->prev = NULL;
    temp->data = data;
    temp->next = NULL;
    
    struct node *ptr = head;
    ptr->next = temp;
    temp ->prev = ptr;
    ptr = temp;
    
    return ptr;
}

struct node* del_begin(struct node *head)
{
    struct node *ptr = head;
    head = ptr->next;
    head->prev = NULL;
    free(ptr);
    ptr = NULL;
    return head;
}


struct node* del_end(struct node *head)
{
    struct node *ptr =head;
    struct node *temp = head;
    
    if(head==NULL)
    { 
        printf("List is empty\n");
    }
    else if(head->next == NULL)
    {
        free(head);
        head = NULL;
    }
    else
    {
        while(ptr->next != NULL)
        {
            ptr = ptr->next;
        }
        temp = ptr->prev;
        temp->next = NULL;
        free(ptr);
        ptr = NULL;
    }
    return head;
}

struct node* del_pos(struct node *head, int pos)
{
    struct  node *ptr = head;
    struct node *temp = NULL;
    
    if(pos ==1)
    {
        free(head);
        head = NULL;
    }
    while(pos>1)
    {
        ptr = ptr->next;
        pos--;
    }
    if(ptr->next == NULL)
    {
        temp = ptr->prev;
        temp->next = NULL;
        free(ptr);
        ptr = NULL;
    }
    else
    {
        temp = ptr->prev;
        temp->next = ptr->next;
        ptr->next->prev = temp;
        free(ptr);
        ptr = NULL;
    }
    return head;
}

void print(struct node *ptr)
{
    while(ptr != NULL)
    {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
}

int main() 
{   
    struct node *head = malloc(sizeof(struct node));
    struct node *ptr = NULL;
    head = add_end(head,89);
    ptr = add_end(head,53);
    ptr = add_end(ptr,45);
    ptr = add_end(ptr,62);
    ptr = add_end(ptr,18);
    
    printf("Datas in the list before deletion:");
    print(head);
    
    head = del_pos(head,3);
    printf("\nDatas in the list after deletion:");
    print(head);
    
    head = del_begin(head);
    printf("\nDatas in the list after deletion:");
    print(head);
    
    head = del_end(head);
    printf("\nDatas in the list after deletion:");
    print(head);
    
    return 0;
}

//Stack Implementation of ARRAYS

#include <stdio.h>
#include<stdlib.h>
#define MAX 4

int stack_array[MAX];
int top = -1;

int isFull()
{
    if(top == MAX-1)
        return 1;
    else
        return 0;
}

int isEmpty()
{
     if(top == -1)
        return 1;
    else
        return 0;
}


void push(int data)
{
    if(isFull())
    {
        printf("Stack Overflow");
        return;
    }
    top = top+1;
    stack_array[top] = data;
}


int pop()
{
    int value;
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);//abnormal termination of function with failure
    }
    value = stack_array[top];
    top = top-1;
    return value;
}

void print()
{
    int i;
    if(isEmpty())
    {
        printf("Stack Underflow");
        return;//abnormal termination of function with failure
    }
    for(i=top; i>=0; i--)
        printf("%d  ",stack_array[i]);
    printf("\n");
}


int main() 
{
    int data;
    push(1);
    push(2);
    push(3);
    push(4);
    print();
    data = pop();
    print();
    data = pop();
    print();
    return 0;
}

//Updation of Stack
#include <stdio.h>
#include<stdlib.h>
#define MAX 4

int stack_array[MAX];
int top = -1;

int isFull()
{
    if(top == MAX-1)
        return 1;
    else
        return 0;
}

int isEmpty()
{
     if(top == -1)
        return 1;
    else
        return 0;
}


void push(int data)
{
    if(isFull())
    {
        printf("Stack Overflow");
        return;
    }
    top = top+1;
    stack_array[top] = data;
}


int pop()
{
    int value;
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);//abnormal termination of function with failure
    }
    value = stack_array[top];
    top = top-1;
    return value;
}

void print()
{
    int i;
    if(isEmpty())
    {
        printf("Stack Underflow");
        return;//abnormal termination of function with failure
    }
    for(i=top; i>=0; i--)
        printf("%d  ",stack_array[i]);
    printf("\n");
}

int peek()
{
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);//abnormal termination of function with failure
    }
    return stack_array[top];
}


int main() 
{
    int choice, data;
    while(1)
    {
        printf("\n");
        printf("1. Push\n");
        printf("2. Pop\n");
        printf("3. Print the top element\n");
        printf("4. Print all the elements of the stack\n");
        printf("5. Quit\n");
        printf("Please enter your choice: ");
        scanf("%d", &choice);

        switch(choice) 
        {
        case 1:
            printf("Enter the element to be pushed: ");
            scanf("%d", &data);
            push(data);
            break;
            case 2:
            data = pop();
            printf("Deleted element is %d\n", data);
            break;
        case 3:
            printf("The topmost element of the stack is %d\n", peek());
            break;
        case 4:
            print();
            break;
        case 5:
            exit(1);
        default:
            printf("Wrong choice");
        }
    }
    return 0;
}

//STACK IMPLEMENTATION USING LINKED LIST

#include <stdio.h>
#include<stdlib.h>

struct node
{
    int data;
    struct node* link;
}*top = NULL;

int isEmpty()
{
    if(top==NULL)
        return 1;
    else
        return 0;
}


void push(int data)
{
   struct node *ptr = malloc(sizeof(struct node));
   if(ptr==NULL)
   {
       printf("Stack Overflow");
       exit(1);
   }
   ptr->data = data;     // Assign data
   ptr->link = NULL;     

   ptr->link = top;        
   top = ptr;
}

int pop ()
{
    struct node *temp;
    temp = top;
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);
    }
    int val = temp->data;
    top = top->link;
    free(temp);
    temp = NULL;
    return val;
}

int peek()
{
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);
    }
    return top->data;
}


void print()
{
    struct node* temp;
    temp = top;
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);
    }
    printf("Stack elements are: ");
    while(temp != NULL)
    {
        printf("%d  ", temp->data);
        temp = temp->link;
    }
    printf("\n");
}

int main() 
{
    int choice, data;
    while(1)
    {
        printf("\n");
        printf("1. Push\n");
        printf("2. Pop\n");
        printf("3. Print the top element\n");
        printf("4. Print all the elements of the stack\n");
        printf("5. Quit\n");
        printf("Please enter your choice: ");
        scanf("%d", &choice);

        switch(choice) 
        {
        case 1:
            printf("Enter the element to be pushed: ");
            scanf("%d", &data);
            push(data);
            break;
        case 2:
            data = pop();
            printf("Deleted element is %d\n", data);
            break;
        case 3:
            printf("The topmost element of the stack is %d\n", peek());
            break;
        case 4:
            print();
            break;
        case 5:
            exit(1);
        default:
            printf("Wrong choice");
        }
    }
    return 0;
}

//Application of stacks – Nested brackets
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#define MAX 100

int top = -1;
char stack[MAX];

int isFull()
{
    if(top == MAX-1)
        return 1;
    else
        return 0;
}

int isEmpty()
{
     if(top == -1)
        return 1;
    else
        return 0;
}


void push(char c)
{
    if(isFull())
    {
        printf("Stack Overflow");
        exit (1);
    }
    top = top+1;
    stack[top] = c;
}

char pop()
{
    char c;
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);//abnormal termination of function with failure
    }
    c = stack[top];
    top = top-1;
    return c;
}

int match_char(char a, char b)
{
    if(a == '[' && b == ']')
        return 1;

    if(a == '{' && b == '}')
        return 1;

    if(a == '(' && b == ')')
        return 1;

    return 0;
}

int check_balanced(char* s)
{
    int i;
    char temp;

    for(i = 0; i < strlen(s); i++)
    {
        if(s[i] == '[' || s[i] == '{' || s[i] == '(')
            push(s[i]);

        if(s[i] == ']' || s[i] == '}' || s[i] == ')')
        {
            if(isEmpty())
            {
                printf("Right brackets are more than the left.\n");
                return 0;
            }
            else
            {
                temp = pop();

                if(!match_char(temp, s[i]))
                {
                    printf("Mismatched brackets.\n");
                    return 0;
                }
            }
        }
    }
    if(isEmpty())
    {
        printf("Brackets are well balanced.\n");
        return 1;
    }
    else
    {
        printf("left bracelets are more than right brackets.\n");
        return 0;
    }
}

int main()
{
    char expr[MAX];
    int balanced;

    printf("Enter the algebraic expression: ");
    gets(expr);

    balanced = check_balanced(expr);

    if(balanced == 1)
        printf("The expression is valid.");
    else
        printf("The expression is not valid");

    return 0;
}

//Queue Implementation using Arrays
#include <stdio.h>
#define MAX 5

int queue[MAX];
int front = -1;
int rear = -1;

void enqueue(int data)
{
    if(rear == MAX - 1)
    {
        printf("Queue Overflow\n");
        return;
    }

    if(front == -1)
        front = 0;

    rear++;
    queue[rear] = data;
}

int dequeue()
{
    if(front == -1 || front > rear)
    {
        printf("Queue Underflow\n");
        return -1;
    }

    int value = queue[front];
    front++;

    return value;
}

void peek()
{
    if(front == -1 || front > rear)
    {
        printf("Queue is empty\n");
        return;
    }
    printf("Front element: %d\n", queue[front]);
}

void display()
{
    if(front == -1 || front > rear)
    {
        printf("Queue is empty\n");
        return;
    }

    for(int i = front; i <= rear; i++)
    {
        printf("%d ", queue[i]);
    }
    printf("\n");
}

int main()
{
    enqueue(10);
    enqueue(20);
    enqueue(30);

    display();

    printf("Deleted: %d\n", dequeue());

    display();

    peek();

    return 0;
}

//Queue Implementation using Linked List

#include <stdio.h>
#include <stdlib.h>

struct node
{
    int data;
    struct node *next;
};

struct node *front = NULL;
struct node *rear = NULL;

void enqueue(int data)
{
    struct node *temp = malloc(sizeof(struct node));
    
    temp->data = data;
    temp->next = NULL;

    if(front == NULL)
    {
        front = rear = temp;
    }
    else
    {
        rear->next = temp;
        rear = temp;
    }
}

void dequeue()
{
    if(front == NULL)
    {
        printf("Queue Underflow\n");
        return;
    }

    struct node *temp = front;
    printf("Deleted element: %d\n", front->data);

    front = front->next;
    free(temp);

    if(front == NULL)
        rear = NULL;
}

void peek()
{
    if(front == NULL)
    {
        printf("Queue is empty\n");
        return;
    }

    printf("Front element: %d\n", front->data);
}

void display()
{
    if(front == NULL)
    {
        printf("Queue is empty\n");
        return;
    }

    struct node *ptr = front;

    while(ptr != NULL)
    {
        printf("%d ", ptr->data);
        ptr = ptr->next;
    }
    printf("\n");
}

int main()
{
    enqueue(10);
    enqueue(20);
    enqueue(30);

    display();
    dequeue();
    display();
    peek();

    return 0;
}

//Decimal to Binary conversion
#include <stdio.h>
#define MAX 20

int stack[MAX];
int top = -1;

void push(int x)
{
    stack[++top] = x;
}

int pop()
{
    return stack[top--];
}

int main()
{
    int n, rem;

    printf("Enter a decimal number: ");
    scanf("%d", &n);

    while(n > 0)
    {
        rem = n % 2;
        push(rem);
        n = n / 2;
    }

    printf("Binary number: ");

    while(top != -1)
    {
        printf("%d", pop());
    }

    return 0;
}
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#define MAX 100

char stack[MAX];
char infix[MAX], postfix[MAX];
int top = -1;

int isFull()
{
    if(top == MAX-1)
        return 1;
    else
        return 0;
}

int isEmpty()
{
     if(top == -1)
        return 1;
    else
        return 0;
}


void push(char c)
{
    if(isFull())
    {
        printf("Stack Overflow");
        exit (1);
    }
    top = top+1;
    stack[top] = c;
}

char pop()
{
    char c;
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);//abnormal termination of function with failure
    }
    c = stack[top];
    top = top-1;
    return c;
}

int precedence(char ch)
{
    if (ch == '^')
        return 3;
    if (ch == '*' || ch == '/')
        return 2;
    if(ch == '+' || ch == '-')
        return 1;
    return 0;
}

void inToPost()
{
    int i, j = 0;
    char symbol, next;

    for(i = 0; i < strlen(infix); i++)
    {
        symbol = infix[i];
        switch(symbol)
        {

        case '(':
                push(symbol);
                break;
        case ')':
                while((next = pop()) != '(')
                postfix[j++] = next;
                break;
        case '+':
        case '-':
        case '*':
        case '/':
        case '^':
                while(!isEmpty() && precedence(stack[top]) >= precedence(symbol))
                postfix[j++] = pop();
                push(symbol);
                break;

        default:
                postfix[j++] = symbol;
        }
    }
    while(!isEmpty())
        postfix[j++] = pop();
    postfix[j] = '\0';
}

void print()
{
    int i = 0;
    printf("The equivalent postfix expression is: ");
    while(postfix[i] != '\0')
    {
        printf("%c", postfix[i++]);
    }
    printf("\n");
}

int main()
{
printf("Enter the infix expression: ");
gets(infix);
//scanf("%[^\n]s", infix);
inToPost();
print();
}
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>
#define MAX 100

int stack[MAX];
char infix[MAX], postfix[MAX];
int top = -1;

int isFull()
{
    if(top == MAX-1)
        return 1;
    else
        return 0;
}

int isEmpty()
{
     if(top == -1)
        return 1;
    else
        return 0;
}


void push(int c)
{
    if(isFull())
    {
        printf("Stack Overflow");
        exit (1);
    }
    top = top+1;
    stack[top] = c;
}

int pop()
{
    int c;
    if(isEmpty())
    {
        printf("Stack Underflow");
        exit(1);//abnormal termination of function with failure
    }
    c = stack[top];
    top = top-1;
    return c;
}

int precedence(char ch)
{
    if (ch == '^')
        return 3;
    if (ch == '*' || ch == '/')
        return 2;
    if(ch == '+' || ch == '-')
        return 1;
    return 0;
}

void inToPost() 
{
    int i, j = 0;
    char symbol, next;

    for(i = 0; i < strlen(infix); i++) 
    {
        symbol = infix[i];
        switch(symbol) 
        {

        case '(':
                push(symbol);
                break;
        case ')':
                while((next = pop()) != '(')
                postfix[j++] = next;
                break;
        case '+':
        case '-':
        case '*':
        case '/':
        case '^':
                while(!isEmpty() && precedence(stack[top]) >= precedence(symbol))
                postfix[j++] = pop();
                push(symbol);
                break;

        default:
                postfix[j++] = symbol;
        }
    }
    while(!isEmpty())
        postfix[j++] = pop();
    postfix[j] = '\0';
}

int post_eval()
{
    int i, a, b;

    for(i = 0; i < strlen(postfix); i++)
    {
        if(postfix[i] >= '0' && postfix[i] <= '9')
            push(postfix[i] - '0');
        else
        {
            a = pop();
            b = pop();
            switch(postfix[i])
            {
                case '+':
                        push(b + a);
                        break;
                case '-':
                        push(b - a);
                        break;
                case '*':
                        push(b * a);
                        break;
                case '/':
                        push(b / a);
                        break;
                case '^':
                        push(pow(b, a));
                        break;
            }
        }
    }
    return pop();
}

void print()
{
    int i = 0;
    printf("The equivalent postfix expression is:\n");
    while(postfix[i] != '\0') 
    {
        printf("%c", postfix[i++]);
    }
    printf("\n");
}

int main()
{
    int result;
    printf("Enter the infix expression: ");
    //fgets(infix, sizeof(infix), stdin);
    scanf("%[^\n]s", infix);
    inToPost();
    print();
    top = -1;
    result = post_eval();
    printf("The result obtained after postfix evaluation:”);
    printf("%d\n",result);
}
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Searching Algorithms
Method of locating specific item of information in a larger collection of data.
Linear Search
Binary Search or half interval search


//Binary Search
#include <stdio.h>

int binarySearch(int arr[], int n, int key)
{
    int low = 0, high = n - 1, mid;

    while(low <= high)
    {
        mid = (low + high) / 2;

        if(arr[mid] == key)
            return mid;
        else if(key < arr[mid])
            high = mid - 1;
        else
            low = mid + 1;
    }

    return -1;
}

int main()
{
    int arr[] = {10, 20, 30, 40, 50, 60};
    int n = 6;
    int key = 40;

    int result = binarySearch(arr, n, key);

    if(result != -1)
        printf("Element found at index %d", result);
    else
        printf("Element not found");

    return 0;
}

//Interpolation Search
#include <stdio.h>

int interpolationSearch(int arr[], int n, int key)
{
    int low = 0, high = n - 1;

    while(low <= high && key >= arr[low] && key <= arr[high])
    {
        int pos = low + ((key - arr[low]) * (high - low)) /
                         (arr[high] - arr[low]);

        if(arr[pos] == key)
            return pos;

        if(arr[pos] < key)
            low = pos + 1;
        else
            high = pos - 1;
    }

    return -1;
}

int main()
{
    int arr[] = {10, 20, 30, 40, 50, 60};
    int n = 6;
    int key = 40;

    int result = interpolationSearch(arr, n, key);

    if(result != -1)
        printf("Element found at index %d", result);
    else
        printf("Element not found");

    return 0;
}

//Jump Search
#include<stdio.h>
#include<math.h>
int jump_search(int[], int, int);
int main(){
   int i, n, key, index;
   int arr[12] = {0, 6, 12, 14, 19, 22, 48, 66, 79, 88, 104, 126};
   int len = sizeof(arr)/sizeof(arr[0]);
   printf("Array elements are:");
   for(int j = 0; j<len; j++){
      printf(" %d", arr[j]);
   }
   n = 12;
   key = 66;
   printf("\nThe element to be searched: %d\n", key);
   index = jump_search(arr, n, key);
   if(index >= 0)
      printf("The element is found at position %d", index+1);
   else
      printf("Unsuccessful Search");
   return 0;
}
int jump_search(int arr[], int n, int key){
   int i, j, m, k;
   i = 0;
   m = sqrt(n);
   k = m;
   while(arr[m] <= key && m < n) {
      i = m;
      m += k;
      if(m > n - 1)
         return -1;
   }

   // linear search on the block
   for(j = i; j<m; j++) {
      if(arr[j] == key)
         return j;
   }
   return -1;
}



//Sorting Algorithms
//Insertion Sort

#include <stdio.h>
void insertionSort(int array[], int size)
{
   int key, j;
   for(int i = 1; i<size; i++) 
   {
      key = array[i];//take value
      j = i;
      while(j > 0 && array[j-1]>key) 
      {
         array[j] = array[j-1];
         j--;
      }
      array[j] = key; //insert in right place
   }
}
int main()
{
   int n;
   n = 5;
   int arr[5] = {67, 44, 82, 17, 20}; // initialize the array
   printf("Array before Sorting: ");
   for(int i = 0; i<n; i++)
      printf("%d ",arr[i]);
   printf("\n");
   insertionSort(arr, n);
   printf("Array after Sorting: ");
   for(int i = 0; i<n; i++)
      printf("%d ", arr[i]);
   printf("\n");
}

Method 2:
#include <stdio.h>
void insertionSort(int arr[], int n)
{
    int i, key, j;

    for(i = 1; i < n; i++)
    {
        key = arr[i];
        j = i - 1;

        while(j >= 0 && arr[j] > key)
        {
            arr[j + 1] = arr[j];
            j = j - 1;
        }

        arr[j + 1] = key;
    }
}

int main()
{
    int arr[] = {8, 3, 5, 2, 9};
    int n = 5, i;

    insertionSort(arr, n);

    printf("Sorted array:\n");
    for(i = 0; i < n; i++)
        printf("%d ", arr[i]);

    return 0;
}

//Selection Sort

#include <stdio.h>

void selectionSort(int arr[], int n)
{
    int i, j, min, temp;

    for(i = 0; i < n-1; i++)
    {
        min = i;

        for(j = i+1; j < n; j++)
        {
            if(arr[j] < arr[min])
                min = j;
        }

        temp = arr[i];
        arr[i] = arr[min];
        arr[min] = temp;
    }
}

int main()
{
    int arr[] = {8, 3, 5, 2, 9};
    int n = 5, i;

    selectionSort(arr, n);

    printf("Sorted array:\n");
    for(i = 0; i < n; i++)
        printf("%d ", arr[i]);

    return 0;
}

//Merge Sort
#include <stdio.h>

void merge(int arr[], int low, int mid, int high)
{
    int i = low, j = mid + 1, k = low;
    int temp[100];

    while(i <= mid && j <= high)
    {
        if(arr[i] < arr[j])
            temp[k++] = arr[i++];
        else
            temp[k++] = arr[j++];
    }

    while(i <= mid)
        temp[k++] = arr[i++];

    while(j <= high)
        temp[k++] = arr[j++];

    for(i = low; i <= high; i++)
        arr[i] = temp[i];
}

void mergeSort(int arr[], int low, int high)
{
    int mid;

    if(low < high)
    {
        mid = (low + high) / 2;

        mergeSort(arr, low, mid);
        mergeSort(arr, mid + 1, high);

        merge(arr, low, mid, high);
    }
}

int main()
{
    int arr[] = {8, 3, 5, 2, 9};
    int n = 5, i;

    mergeSort(arr, 0, n-1);

    printf("Sorted array:\n");
    for(i = 0; i < n; i++)
        printf("%d ", arr[i]);

    return 0;
}


//quick sort
#include <stdio.h>

int partition(int arr[], int low, int high)
{
int pivot = arr[low];
int i = low + 1;
int j = high;
int temp;

while(i <= j)
{
while(arr[i] <= pivot && i <= high)
i++;

while(arr[j] > pivot)
j--;

if(i < j)
{
temp = arr[i];
arr[i] = arr[j];
arr[j] = temp;
}
}

temp = arr[low];
arr[low] = arr[j];
arr[j] = temp;

return j;
}

void quickSort(int arr[], int low, int high)
{
int p;

if(low < high)
{
p = partition(arr, low, high);

quickSort(arr, low, p-1);
quickSort(arr, p+1, high);
}
}

int main()
{
int arr[] = {8,3,5,2,9};
int n = 5;

quickSort(arr,0,n-1);

printf("Sorted array:\n");

for(int i=0;i<n;i++)
printf("%d ",arr[i]);

return 0;
}

//Exponential Search

#include <stdio.h>

int binarySearch(int arr[], int low, int high, int key)
{
    while(low <= high)
    {
        int mid = (low + high) / 2;

        if(arr[mid] == key)
            return mid;

        else if(arr[mid] < key)
            low = mid + 1;

        else
            high = mid - 1;
    }
    return -1;
}

int exponentialSearch(int arr[], int n, int key)
{
    if(arr[0] == key)
        return 0;

    int i = 1;

    while(i < n && arr[i] <= key)
        i = i * 2;

    return binarySearch(arr, i/2, (i < n ? i : n-1), key);
}

int main()
{
    int arr[] = {2,4,6,8,10,12,14,16,18};
    int n = 9;
    int key = 14;

    int result = exponentialSearch(arr, n, key);

    if(result == -1)
        printf("Element not found");
    else
        printf("Element found at index %d", result);

    return 0;
}

//Counting Sort
#include <stdio.h>
void countingSort(int arr[], int n)
{
    int output[n];
    int count[100] = {0};
    int i;

    for(i = 0; i < n; i++)
        count[arr[i]]++;

    for(i = 1; i < 100; i++)
        count[i] += count[i-1];

    for(i = n-1; i >= 0; i--)
    {
        output[count[arr[i]] - 1] = arr[i];
        count[arr[i]]--;
    }

    for(i = 0; i < n; i++)
        arr[i] = output[i];
}

int main()
{
    int arr[] = {4,2,2,8,3,3,1};
    int n = 7;

    countingSort(arr,n);

    for(int i=0;i<n;i++)
        printf("%d ",arr[i]);
}

NON- LINEAR DATA STRUCTURES – HASH FUNCTIONS (HASHING)
//Using Arrays
#include <stdio.h>

#define SIZE 10        // number of buckets
#define BUCKET_SIZE 5  // max elements per bucket

// Hash table (2D array)
int hashSet[SIZE][BUCKET_SIZE];

// Track number of elements in each bucket
int count[SIZE];

//Initialize
void init() 
{
    for (int i = 0; i < SIZE; i++) 
    {
        count[i] = 0;
    }
}

//Hash function
int hashFunction(int key) 
{
    return key % SIZE;
}

//Check if element exists
int contains(int key) 
{
    int index = hashFunction(key);

    for (int i = 0; i < count[index]; i++) 
    {
        if (hashSet[index][i] == key)
            return 1;
    }
    return 0;
}

// Add element
void add(int key) 
{
    int index = hashFunction(key);

    if (contains(key)) 
    {
        printf("Element %d already exists\n", key);
        return;
    }

    if (count[index] == BUCKET_SIZE) 
    {
        printf("Bucket full! Cannot insert %d\n", key);
        return;
    }

    hashSet[index][count[index]] = key;
    count[index]++;

    printf("Added %d\n", key);
}

// Remove element
void removeElement(int key) 
{
    int index = hashFunction(key);

    for (int i = 0; i < count[index]; i++) 
    {
        if (hashSet[index][i] == key) 
        {

            // Shift elements left
            for (int j = i; j < count[index] - 1; j++) 
           {
                hashSet[index][j] = hashSet[index][j + 1];
            }

            count[index]--;
            printf("Removed %d\n", key);
            return;
        }
    }

    printf("Element %d not found\n", key);
}

// Print set
void printSet() {
    printf("Hash Set:\n");

    for (int i = 0; i < SIZE; i++) 
    {
        printf("Index %d: ", i);

        for (int j = 0; j < count[i]; j++) 
        {
            printf("%d ", hashSet[i][j]);
        }

        printf("\n");
    }
}

//Main
int main() 
{
    init();

    add(10);
    add(20);
    add(30);
    add(15);
    add(25);

    printSet();

    printf("Contains 20? %s\n", contains(20) ? "Yes" : "No");

    removeElement(20);
    printSet();

    return 0;
}


//Linked List

#include <stdio.h>
#include <stdlib.h>

#define SIZE 10

// Node structure
struct node 
{
    int data;
    struct node* next;
};

// Hash table
struct node* hashSet[SIZE];

// Initialize set
void init() 
{
    for (int i = 0; i < SIZE; i++)
        hashSet[i] = NULL;
}


// Hash function
int hashFunction(int key)
{
    return key % SIZE;
}

// Check if element exists
int contains(int key) 
{
    int index = hashFunction(key);
    struct node* temp = hashSet[index];

    while (temp != NULL) 
    {
        if (temp->data == key)
            return 1;
        temp = temp->next;
    }
    return 0;
}

// Add element (no duplicates)
void add(int key) 
{
    if (contains(key)) 
    {
        printf("Element %d already exists\n", key);
        return;
    }

    int index = hashFunction(key);

    struct node* newNode = (struct node*)malloc(sizeof(struct node));
    newNode->data = key;
    newNode->next = hashSet[index];

    hashSet[index] = newNode;

    printf("Added %d\n", key);
}

// Remove element
void removeElement(int key) 
{
    int index = hashFunction(key);
    struct node* temp = hashSet[index];
    struct node* prev = NULL;

    while (temp != NULL) 
    {
        if (temp->data == key) 
        {
            if (prev == NULL)
                hashSet[index] = temp->next;
            else
                prev->next = temp->next;

            free(temp);
            printf("Removed %d\n", key);
            return;
        }
        prev = temp;
        temp = temp->next;
    }

    printf("Element %d not found\n", key);
}

// Print set
void printSet() 
{
    printf("Hash Set:\n");
    for (int i = 0; i < SIZE; i++) 
    {
        struct node* temp = hashSet[i];
        printf("Index %d:",i);
        while (temp != NULL) 
        {
            printf("%d ", temp->data);
            temp = temp->next;
        }
    printf("\n");
    }
}

// Main
int main() 
{
    init();

    add(10);
    add(20);
    add(22);
    add(34);
    add(30);
    add(20); // duplicate

    printSet();

    printf("Contains 20? %s\n", contains(20) ? "Yes" : "No");

    removeElement(20);
    printSet();

    return 0;
}


//Arrays – Strings
#include <stdio.h>
#include <string.h>

#define SIZE 10
#define BUCKET_SIZE 10
#define STR_SIZE 50

// Hash table: buckets of strings
char buckets[SIZE][BUCKET_SIZE][STR_SIZE];

// Count elements in each bucket
int count[SIZE];

// Initialize
void init() {
    for (int i = 0; i < SIZE; i++) 
    {
        count[i] = 0;
    }
}

// Hash function 
int hashFunction(char *value) 
{
    int sum = 0;

    for (int i = 0; value[i] != '\0'; i++) 
    {
        sum += value[i];  // ASCII value
    }

    return sum % SIZE;
}

// Contains
int contains(char *value) 
{
    int index = hashFunction(value);

    for (int i = 0; i < count[index]; i++) 
    {
        if (strcmp(buckets[index][i], value) == 0)
            return 1;
    }
    return 0;
}

// Add
void add(char *value) 
{
    int index = hashFunction(value);

    if (contains(value)) 
    {
        printf("'%s' already exists\n", value);
        return;
    }

    if (count[index] == BUCKET_SIZE) 
    {
        printf("Bucket full! Cannot insert '%s'\n", value);
        return;
    }

    strcpy(buckets[index][count[index]], value);
    count[index]++;

    printf("Added '%s'\n", value);
}

// Remove
void removeElement(char *value) 
{
    int index = hashFunction(value);


    for (int i = 0; i < count[index]; i++) 
    {
        if (strcmp(buckets[index][i], value) == 0) 
        {

            // Shift elements left
            for (int j = i; j < count[index] - 1; j++) 
            {
                strcpy(buckets[index][j], buckets[index][j + 1]);
            }

            count[index]--;
            printf("Removed '%s'\n", value);
            return;
        }
    }

    printf("'%s' not found\n", value);
}

// Print set
void printSet() 
{
    printf("\nHash Set Contents:\n");

    for (int i = 0; i < SIZE; i++) 
    {
        printf("Bucket %d: ", i);

        for (int j = 0; j < count[i]; j++) 
        {
            printf("%s ", buckets[i][j]);
        }

        printf("\n");
    }
}

// Main
int main() 
{
    init();

    add("Charlotte");
    add("Thomas");
    add("Jens");
    add("Peter");
    add("Lisa");
    add("Adele");
    add("Michaela");
    add("Bob");

    printSet();

    printf("\n'Peter' is in the set: %s\n", contains("Peter") ? "Yes" : "No");

    printf("Removing 'Peter'\n");
    removeElement("Peter");

    printf("'Peter' is in the set: %s\n", contains("Peter") ? "Yes" : "No");

    printf("'Adele' has hash code: %d\n", hashFunction("Adele"));

    return 0;
}

//Linked List -Strings

#include <stdio.h>
#include <stdlib.h>
#include <string.h>

#define SIZE 10

// Node structure
struct node 
{
    char data[50];
    struct node* next;
};

// Hash table (array of linked lists)
struct node* hashTable[SIZE];

// Initialize
void init() 
{
    for (int i = 0; i < SIZE; i++) 
    {
        hashTable[i] = NULL;
    }
}

// Hash function (same as before)
int hashFunction(char *value) 
{
    int sum = 0;

    for (int i = 0; value[i] != '\0'; i++) 
    {
        sum += value[i];
    }

    return sum % SIZE;
}

// Contains
int contains(char *value) 
{
    int index = hashFunction(value);
    struct node* temp = hashTable[index];

    while (temp != NULL) 
    {
        if (strcmp(temp->data, value) == 0)
            return 1;
        temp = temp->next;
    }
    return 0;
}

// Add
void add(char *value) 
{
    int index = hashFunction(value);

    if (contains(value)) 
    {
        printf("'%s' already exists\n", value);
        return;
    }

    struct node* newNode = (struct node*)malloc(sizeof(struct node));
    strcpy(newNode->data, value);
    newNode->next = hashTable[index];

    hashTable[index] = newNode;

    printf("Added '%s'\n", value);
}

// Remove
void removeElement(char *value) 
{
    int index = hashFunction(value);
    struct node* temp = hashTable[index];
    struct node* prev = NULL;

    while (temp != NULL) 
    {
        if (strcmp(temp->data, value) == 0) 
        {
            if (prev == NULL)
                hashTable[index] = temp->next;
            else
                prev->next = temp->next;

            free(temp);
            printf("Removed '%s'\n", value);
            return;
        }

        prev = temp;
        temp = temp->next;
    }

    printf("'%s' not found\n", value);
}

// Print set
void printSet() 
{
    printf("\nHash Set Contents:\n");

    for (int i = 0; i < SIZE; i++) 
    {
        struct node* temp = hashTable[i];

        printf("Bucket %d: ", i);

        while (temp != NULL) 
        {
            printf("%s -> ", temp->data);
            temp = temp->next;
        }

        printf("NULL\n");
    }
}

// Main
int main() 
{
    init();

    add("Charlotte");
    add("Thomas");
    add("Jens");
    add("Peter");
    add("Lisa");
    add("Adele");
    add("Michaela");
    add("Bob");

    printSet();

    printf("\n'Peter' is in the set: %s\n", contains("Peter") ? "Yes" : "No");

    printf("Removing 'Peter'\n");
    removeElement("Peter");

    printf("'Peter' is in the set: %s\n", contains("Peter") ? "Yes" : "No");

    return 0;
}

//Hashing
#include <stdio.h>

#define SUCCESS 1
#define FAILURE 0
#define BUCKET_SIZE 3

void hash_create(int table[][BUCKET_SIZE], int count[], int size)
{
    for (int i = 0; i < size; i++)
    {
        count[i] = 0;
        for (int j = 0; j < BUCKET_SIZE; j++)
        {
            table[i][j] = -1;   // initialize all slots
        }
    }
}

int hash_insert(int table[][BUCKET_SIZE], int count[], int size, int data)
{
    int index = data % size;

    // Check if bucket has space
    if (count[index] < BUCKET_SIZE)
    {
        table[index][count[index]] = data;
        count[index]++;
        return SUCCESS;
    }
    else
    {
        // Bucket full
        return FAILURE;
    }
}

void display(int table[][BUCKET_SIZE], int count[], int size)
{
    for (int i = 0; i < size; i++)
    {
        printf("%d -> ", i);

        for (int j = 0; j < BUCKET_SIZE; j++)
        {
            printf("%d ", table[i][j]);
        }

        printf("\n");
    }
}


int main()
{
    int size = 5;

    int table[5][BUCKET_SIZE];
    int count[5];

    hash_create(table, count, size);
    hash_insert(table, count, size, 10);
    hash_insert(table, count, size, 15);
    hash_insert(table, count, size, 20);
    hash_insert(table, count, size, 28);
    hash_insert(table, count, size, 42);

    display(table, count, size);

    return 0;
}

//Hashset
#include <stdio.h>
#define SIZE 5
#define BUCKET_SIZE 5
int hashset[SIZE][BUCKET_SIZE];
int count[SIZE];

void hashtable()
{
    for(int i = 0; i<SIZE; i++)
    {
        count[i] = 0;
        for(int j = 0; j<BUCKET_SIZE; j++)
            hashset[i][j] = -1;
    }
}

int key(int data)
{
    return data%SIZE;
}

int contains(int data)
{
    int index = key(data);
    for( int i = 0; i < count[i]; i++)
    {
       if(hashset[index][i] == data)
        return 1;
    }
    return 0;
}

void add(int data)
{
    int index = key(data);
    if(contains(data) == 1)
    {
        printf("Data is present in the table\n");
        return;
    }
    if (count[index] == BUCKET_SIZE) 
    {
        printf("Bucket full! Cannot insert %d\n", data);
        return;
    }
    hashset[index][count[index]] = data;
    count[index]++;
    printf("Data %d added successfully into the table\n", data);
}

void search(int data)
{
    int index = key(data);
    for(int i = 0; i < BUCKET_SIZE ;i++)
    {
        if (data == hashset[index][i])
        {
            printf("Data %d found in the table\n", data);
            return ;
        }
    }
    printf("Data %d not found in the table\n", data);
}

void del(int data)
{
    int index = key(data);

    int i, j;
    for(i = 0; i < BUCKET_SIZE; i++)
    {
        if(data == hashset[index][i])
        {
             // Shift elements left
           for (j = i; j < BUCKET_SIZE - 1; j++) 
           {
                hashset[index][j] = hashset[index][j + 1];
           }
           hashset[index][j] = -1;
           printf("Removed %d\n", data);
           return;
        }
    }
    printf("Element %d not found\n", data);
}


void print()
{
     printf("HASH SET TABLE:\n");
     for(int i = 0; i<SIZE; i++)
     {
         printf("Index %d:",i);
         for(int j = 0; j<BUCKET_SIZE; j++)
         {
             printf("%d  ", hashset[i][j]);
         }
         printf("\n");
     }
}

int main() 
{
    hashtable();
    add(31);
    add(20);
    add(15);
    add(25);
    add(43);
    print();
    search(35);
    del(35);
    print();
    return 0;
}


//Implementation of Tree
[image: ]


#include <stdio.h>
#include <stdlib.h>

// Node structure
struct Node 
{
    char data;
    struct Node* left;
    struct Node* right;
};

// Function to create a new node
struct Node* createNode(char value) 
{
    struct Node* newNode = (struct Node*)malloc(sizeof(struct Node));
    newNode->data = value;
    newNode->left = NULL;
    newNode->right = NULL;
    return newNode;
}

// Preorder Traversal
void preorder(struct Node* root) 
{
    if (root != NULL) 
   {
        printf("%c ", root->data);
        preorder(root->left);
        preorder(root->right);
    }
}

// Inorder Traversal
void inorder(struct Node* root) {
    if (root != NULL) {
        inorder(root->left);
        printf("%c ", root->data);
        inorder(root->right);
    }
}

// Postorder Traversal
void postorder(struct Node* root) {
    if (root != NULL) {
        postorder(root->left);
        postorder(root->right);
        printf("%c ", root->data);
    }
}

int main() {
    // Creating nodes
    struct Node* R = createNode('R');
    struct Node* A = createNode('A');
    struct Node* B = createNode('B');
    struct Node* C = createNode('C');
    struct Node* D = createNode('D');
    struct Node* E = createNode('E');
    struct Node* F = createNode('F');
    struct Node* G = createNode('G');

    // Linking nodes (building the tree)
    R->left = A;
    R->right = B;

    A->left = C;
    A->right = D;

    B->left = E;
    B->right = F;

    F->left = G;

    // Traversals
    printf("Preorder: ");
    preorder(R);

    printf("\nInorder: ");
    inorder(R);

    printf("\nPostorder: ");
    postorder(R);

    return 0;
}

//Array Implementation of Trees
#include <stdio.h>

#define SIZE 100

char tree[SIZE];

// Initialize tree
void initTree() 
{
    for (int i = 0; i < SIZE; i++) 
    {
        tree[i] = '\0';  // empty
    }
}

// Insert root
void insertRoot(char value) 
{
    if (tree[0] == '\0') 
   {
        tree[0] = value;
    } 
    else 
    {
        printf("Root already exists!\n");
    }
}

// Insert left child
void insertLeft(char parent, char value) 
{
    int i;
    for (i = 0; i < SIZE; i++) 
   {
        if (tree[i] == parent) 
       {
            if (tree[2*i + 1] == '\0') 
            {
                tree[2*i + 1] = value;
            } 
            else 
            {
                printf("Left child already exists!\n");
            }
            return;
        }
    }
    printf("Parent not found!\n");
}

// Insert right child
void insertRight(char parent, char value) 
{
    int i;
    for (i = 0; i < SIZE; i++) 
    {
        if (tree[i] == parent) 
        {
            if (tree[2*i + 2] == '\0') 
            {
                tree[2*i + 2] = value;
            } 
            else 
            {
                printf("Right child already exists!\n");
            }
            return;
        }
    }
    printf("Parent not found!\n");
}

// Preorder Traversal (Root → Left → Right)
void preorder(int index) {
    if (index >= SIZE || tree[index] == '\0')
        return;

    printf("%c ", tree[index]);
    preorder(2 * index + 1);
    preorder(2 * index + 2);
}

// Inorder Traversal (Left → Root → Right)
void inorder(int index) {
    if (index >= SIZE || tree[index] == '\0')
        return;

    inorder(2 * index + 1);
    printf("%c ", tree[index]);
    inorder(2 * index + 2);
}

// Postorder Traversal (Left → Right → Root)
void postorder(int index) {
    if (index >= SIZE || tree[index] == '\0')
        return;

    postorder(2 * index + 1);
    postorder(2 * index + 2);
    printf("%c ", tree[index]);
}

// Display tree (simple)
void display() {
    printf("Binary Tree (Array):\n");
    for (int i = 0; i < 15; i++) {
        if (tree[i] != '\0') {
            printf("Index %d : %c\n", i, tree[i]);
        }
    }
}

int main() 
{
    initTree();

    insertRoot('R');

    insertLeft('R', 'A');
    insertRight('R', 'B');

    insertLeft('A', 'C');
    insertRight('A', 'D');

    insertLeft('B', 'E');
    insertRight('B', 'F');

    insertLeft('F', 'G');

    display();
    
     // Traversals
    printf("Preorder: ");
    preorder(0);

    printf("\nInorder: ");
    inorder(0);

    printf("\nPostorder: ");
    postorder(0);

    return 0;
}

//Implementation of Binary Search Tree

#include <stdio.h>
#include<stdlib.h>

struct Node 
{
    int data;
    struct Node* left;
    struct Node* right;
};

struct Node* createNode(char value) 
{
    struct Node* newNode = (struct Node*)malloc(sizeof(struct Node));
    newNode->data = value;
    newNode->left = NULL;
    newNode->right = NULL;
    return newNode;
}

// Preorder Traversal
void preorder(struct Node* root) 
{
    if (root != NULL) 
   {
        printf("%d ", root->data);
        preorder(root->left);
        preorder(root->right);
    }
}

// Inorder Traversal
void inorder(struct Node* root) 
{
    if (root != NULL) 
    {
        inorder(root->left);
        printf("%d ", root->data);
        inorder(root->right);
    }
}

// Postorder Traversal
void postorder(struct Node* root) 
{
    if (root != NULL) 
    {
        postorder(root->left);
        postorder(root->right);
        printf("%d ", root->data);
    }
}

int main() 
{
     // Create nodes
    struct Node* root = createNode(13);
    struct Node* node7 = createNode(7);
    struct Node* node15 = createNode(15);
    struct Node* node3 = createNode(3);
    struct Node* node8 = createNode(8);
    struct Node* node14 = createNode(14);
    struct Node* node19 = createNode(19);
    struct Node* node18 = createNode(18);

    // Build tree
    root->left = node7;
    root->right = node15;

    node7->left = node3;
    node7->right = node8;

    node15->left = node14;
    node15->right = node19;

    node19->left = node18;

    // Traverse
    printf("Preorder: ");
    preorder(root);

    printf("\nInorder Traversal: ");
    inorder(root);

    printf("\nPostorder: ");
    postorder(root);

    return 0;
}


//Binary Search Tree - Operations
#include <stdio.h>
#include <stdlib.h>

// Node structure
struct Node 
{
    int data;
    struct Node* left;
    struct Node* right;
};

// Create a new node
struct Node* createNode(int value)
{
    struct Node* newNode = (struct Node*)malloc(sizeof(struct Node));
    newNode->data = value;
    newNode->left = NULL;
    newNode->right = NULL;
    return newNode;
}

// Insert node into BST
struct Node* insert(struct Node* root, int value)
{
    if (root == NULL) 
    {
        return createNode(value);
    }

    if (value < root->data) 
    {
        root->left = insert(root->left, value);
    } 
    else if (value > root->data) 
    {
        root->right = insert(root->right, value);
    }

    return root;
}

// Search in BST
struct Node* search(struct Node* root, int key) 
{
    if (root == NULL || root->data == key)
        return root;

    if (key < root->data)
        return search(root->left, key);

    return search(root->right, key);
}

//To find Minimum value in tree
struct Node* minimum(struct Node* node) 
{
    struct Node* current = node;

    // Traverse to the leftmost node
    while (current != NULL && current->left != NULL) 
    {
        current = current->left;
    }

    return current;
}

//To find Maximum value in tree
struct Node* maximum(struct Node* node) 
{
    struct Node* current = node;

    // Traverse to the leftmost node
    while (current != NULL && current->right != NULL) 
    {
        current = current->right;
    }

    return current;
}

// Delete function
struct Node* delete(struct Node* node, int data) 
{
    if (node == NULL)
        return NULL;

    // Traverse the tree
    if (data < node->data) 
    {
        node->left = delete(node->left, data);
    }
    else if (data > node->data) 
    {
        node->right = delete(node->right, data);
    }
    else 
    {
        // Case 1 & 2: Node with one child or no child
        if (node->left == NULL) 
        {
            struct Node* temp = node->right;
            free(node);
            return temp;
        }
        else if (node->right == NULL) 
        {
            struct Node* temp = node->left;
            free(node);
            return temp;
        }

        // Case 3: Node with two children
        struct Node* temp = minimum(node->right);
        node->data = temp->data;
        node->right = delete(node->right, temp->data);
    }
    return node;
}

//Height of Tree
int height(struct Node* node) 
{
    if (node == NULL)
        return -1;   // return -1 for edge-based height

    int leftHeight = height(node->left);
    int rightHeight = height(node->right);

    return (leftHeight > rightHeight ? leftHeight : rightHeight) + 1;
}

//Count number of nodes
int countNodes(struct Node* node) 
{
    if (node == NULL)
        return 0;

    return 1 + countNodes(node->left) + countNodes(node->right);
}

// Inorder Traversal
void inorder(struct Node* root) 
{
    if (root != NULL) 
    {
        inorder(root->left);
        printf("%d ", root->data);
        inorder(root->right);
    }
}

int main() 
{
    struct Node* root = NULL;

    // Insert elements
    int values[] = {50, 30, 70, 20, 40, 60, 80};
    int n = sizeof(values)/sizeof(values[0]);

    for (int i = 0; i < n; i++) 
    {
        root = insert(root, values[i]);
    }

    // Traversals
    printf("Nodes in BST before addition:\n");
    printf("Inorder: ");
    inorder(root);
    printf("\n");
    
    //Insertion of new node to BST
    insert(root,10);
    insert(root, 45);
    
    // Traversals
    printf("Nodes in BST after addition:\n");
    printf("Inorder: ");
    inorder(root);
    
    // Search
    int key = 40;
    struct Node* result = search(root, key);

    if (result != NULL)
        printf("\nElement %d found in BST\n", key);
    else
        printf("\nElement %d not found in BST\n", key);
        
    //Minimum Value in BST
    struct Node *minnode = minimum(root);
    printf("Lowest value in BST:%d\n",minnode->data);
    
    //Maximum Value in BST
    struct Node *maxnode = maximum(root);
    printf("Highest value in BST:%d\n",maxnode->data);
    
    //Deleting nodes
    root = delete(root,50);
    
    // Traversals
    printf("Nodes in BST after deletion:\n");
    printf("Inorder: ");
    inorder(root);
    
    
    printf("\nHeight of tree: %d\n", height(root));
    printf("Total nodes: %d\n", countNodes(root));
    
    //Sub-Tree Height
    struct Node* subRoot = search(root, 60);
    if (subRoot != NULL) 
    {
        printf("Subtree height: %d\n", height(subRoot));
    } 
    else 
    {
    printf("Node not found\n");
    }
    return 0;
}


//Hysterisis Curve
Hysterisis Behaviour:
· x checks the previous value to decide whether x is increasing or decreasing’
· If it is increasing and if x<5 then y = 0
· If it is increasing and if x>5 then y =1
· If it is decreasing and if x is in the range (5 to 20), then y = 1;
· If it is decreasing and if x<5, then y = 0
· If x is greater than 20 and if it is increasing then y = 1
· If x is greater than 20 and if it is decreasing then y =1 until x becomes equal to 20 and then y = 0 if x reaches 20 and lesser than 20

#include <stdio.h>
int hyst(int x)
{
    static int x_pre = 0;
    int y;
    if(x > x_pre)
    {
        if(x>=5)
            y = 1;
        else
            y = 0;
    }
    else if(x<x_pre)
    {
        if ((x>5) && (x<20))
            y = 1;
        else  if(x<5)
            y = 0;
        else if(x>20)
            y = 1;
        else if (x<20)
            y = 0;
    }
    x_pre = x;
    return y;
}

int main() 
{
    // Write C code here
    int x, y;
    while(1)
    {
    printf("Enter the value of x:");
    scanf("%d", &x);
    y = hyst(x);
    printf("Hysterisis Curve : x = %d and y = %d\n", x, y);
    }
    return 0;
}


// To calculate Vehicle Speed with given gear ratio and engine rpm
#include <stdio.h>

float interpolation(int x1, int x2, int y1, int y2, int x)
{
    float y = y1 + ((float)(x - x1) * (y2 - y1)) / (x2 - x1);
    return y;
}

int main()
{
    
    int gear_ratio, engine_rpm;
    int lower = 0, upper = 0;
    float vehicle_speed;
    // Row = 6  and Column = 7
    int map[6][7] =
    {   {0,  0,   0,   0,   0,   0,   0},
        {0,  5,  10,  15,  20,  25,  30},
        {0, 10,  20,  30,  35,  40,  45},
        {0, 20,  35,  50,  65,  80,  95},
        {0, 40,  55,  70,  85, 100, 115},
        {0, 60,  80, 100, 120, 140, 160}
    };

    // Row headers
    int gear[6] = {0,1,2,3,4,5};

    // Column headers
    int rpm[7] = {0,1000,2000,3000,4000,5000,6000};
    
    printf("Vehicle Speed Table with Gear Ratio and Engine RPM:\n\n");
    // Print table
    printf("GR\\RPM");

    for(int j = 0; j < 7; j++)
    {
        printf("%5d ", rpm[j]);
    }

    printf("\n");

    for(int i = 0; i < 6; i++)
    {
        printf("%5d ", gear[i]);

        for(int j = 0; j < 7; j++)
        {
            printf("%5d ", map[i][j]);
        }

        printf("\n");
    }
    printf("Enter Gear Ratio:");
    scanf("%d",&gear_ratio);
    printf("Enter Engine RPM:");
    scanf("%d",&engine_rpm);
    
    for(int i = 0; i < 7; i++)
    {
        if(engine_rpm >= rpm[i] && engine_rpm <= rpm[i+1])
        {
            lower = i;
            upper = i + 1;
            break;
        }
    }
    
    vehicle_speed = interpolation(rpm[lower], rpm[upper], map[gear_ratio][lower],map[gear_ratio][upper], engine_rpm);
    printf("Vehicle Speed: %0.2f",vehicle_speed);
    return 0;
}
Method 2:
#include <stdio.h>

float interpolation(float x1, float x2, float y1, float y2, float x)
{
    float y = y1 + ((x - x1) * (y2 - y1)) / (x2 - x1);
    return y;
}

int main()
{
    
    float gear_ratio;
    int engine_rpm;
    int lower = 0, upper = 0;
    int low = 0, high = 0;
    float vehicle_speed;
    // Row = 6  and Column = 7
    int map[6][7] =
    {   {0,  0,   0,   0,   0,   0,   0},
        {0,  5,  10,  15,  20,  25,  30},
        {0, 10,  20,  30,  35,  40,  45},
        {0, 20,  35,  50,  65,  80,  95},
        {0, 40,  55,  70,  85, 100, 115},
        {0, 60,  80, 100, 120, 140, 160}
    };

    // Row headers
    int gear[6] = {0,1,2,3,4,5};

    // Column headers
    int rpm[7] = {0,1000,2000,3000,4000,5000,6000};
    
    printf("Vehicle Speed Table with Gear Ratio and Engine RPM:\n\n");
    // Print table
    printf("GR\\RPM");

    for(int j = 0; j < 7; j++)
    {
        printf("%5d ", rpm[j]);
    }

    printf("\n");

    for(int i = 0; i < 6; i++)
    {
        printf("%5d ", gear[i]);

        for(int j = 0; j < 7; j++)
        {
            printf("%5d ", map[i][j]);
        }

        printf("\n");
    }
    printf("Enter Gear Ratio:");
    scanf("%f",&gear_ratio);
    printf("Enter Engine RPM:");
    scanf("%d",&engine_rpm);
    
    for(int i = 0; i < 6; i++)
    {
        if(engine_rpm >= rpm[i] && engine_rpm <= rpm[i+1])
        {
            lower = i;
            upper = i + 1;
            break;
        }
    }
    
    for(int i = 0; i < 5; i++)
    {
        if(gear_ratio >= gear[i] && gear_ratio <= gear[i+1])
        {
            low = i;
            high = i + 1;
            break;
        }
    }
    
    // Interpolate for lower gear
    float speed_low = interpolation(rpm[lower],rpm[upper], map[low][lower], map[low][upper], engine_rpm);

    // Interpolate for upper gear
    float speed_high =interpolation(rpm[lower],rpm[upper], map[high][lower], map[high][upper],engine_rpm);

    // Interpolate between gears
    vehicle_speed = interpolation(gear[low],gear[high],speed_low, speed_high, gear_ratio);

    printf("\nVehicle Speed = %.2f\n",
            vehicle_speed);
    return 0;
}











Regular Expressions in C:













C - Programming - Interview Questions

Size of integer in C
Size of integer for 16 bits (-27 to 27 -1)
Unsigned integer
Bit operators: Shift Operator (Left Shift and Right Shift)
Swapping of variable without using third variable
Pass by reference and value



//matching password pattern
#include <stdio.h>
#include <string.h>
#include <regex.h>

int main() 
{
    Char password[6];
    printf("Enter Password:");
    fgets(password, sizeof(password), stdin);
    
    regex_t regex;
    regcomp(&regex, "^[0-9]+$", REG_EXTENDED);

    if (regexec(&regex, password, 0, NULL, 0) == 0)
        printf("Matched\n");
    else
        printf("Not matched\n");

    regfree(&regex);

    return 0;
}


#include <stdio.h>
#include <regex.h>

int main() 
{
char password[20];

printf("Enter Password: ");
s
scanf("%19s", password);

regex_t regex;

regcomp(&regex, "^[0-9]+$", REG_EXTENDED);

if (regexec(&regex, password, 0, NULL, 0) == 0)
printf("Matched\n");
else
printf("Not matched\n");

regfree(&regex);

return 0;
}


//to find to matches
#include <stdio.h>
#include <regex.h>

int main()
{
    regex_t regex;
    regmatch_t match[1];

    char str[] = "hello world hello";

    int result;
    int offset = 0;

    // Compile regex
    regcomp(&regex, "hello", REG_EXTENDED);

    // Find first 2 matches
    for(int i = 0; i < 2; i++)
    {
        result = regexec(&regex,str + offset,1,match, 0);

        if(result == 0)
        {
            int start = match[0].rm_so + offset;
            int end   = match[0].rm_eo + offset;

            printf("Match %d:\n", i + 1);
            printf("Start = %d\n", start);
            printf("End   = %d\n\n", end);

            // Move forward after match
            offset = end;
        }
        else
        {
            printf("No more matches\n");
            break;
        }
    }

    regfree(&regex);

    return 0;
}

//Single Match
#include <stdio.h>
#include <regex.h>

int main() 
{
    regex_t regex;
    int result;
    regmatch_t match[2];

    // Compile regex
    result = regcomp(&regex, "hello", REG_EXTENDED);

    if (result) 
    {
        printf("Could not compile regex\n");
        return 1;
    }

    // Match string
    result = regexec(&regex, "hello world",1, match, 0);

    if (!result)
    {
        printf("Match found\n");
    } 
    else
    {
        printf("No match\n");
    }

    printf("Start = %d\n", match[0].rm_so);
    printf("End = %d\n", match[0].rm_eo);
   
    // Free compiled regex
    regfree(&regex);

    return 0;
}


//email id matching
#include <stdio.h>
#include <regex.h>

int main() 
{
char email[50];

printf("Enter email ID: ");
scanf("%s", email);

regex_t regex;

regcomp(&regex, "^[0-9A-z a-z\\.]+@(mail\\.)?(skillicon|gmail)\\.(com|in)$", REG_EXTENDED);

if (regexec(&regex, email, 0, NULL, 0) == 0)
printf("Matched\n");
else
printf("Not matched\n");

regfree(&regex);

return 0;
}
















Programs on C Language
WAP to check if number is odd or even.
WAP to generate positive Fibonacci numbers.
WAP to generate negative Fibonacci numbers.
WAP to check if number is perfect or not.
WAP to generate AP, GP, HP series.
WAP to print the numbers in X format as shown below.
WAP to print pyramid pattern as shown below.
WAP to print triangle pattern as shown below.
WAP to find which day of the year.
WAP to count number of set bits in a given number and print parity.
WAP to check N th bit is set or not, If yes, clear the M th bit.
WAP to print all primes using Sieve of Eratosthenes method.
WAP to find the median of two unsorted arrays.
WAP to check whether a given number is prime or not.
WAP to get 'n' bits of a given number.
WAP to replace 'n' bits of a given number.
WAP to get 'n' bits from given position of a number.
WAP to toggle 'n' bits from given position of a number.
WAP to print 'n' bits from LSB of a number.
WAP to put the (b-a+1) lsb’s of num into val[b:a].
WAP to implement Circular left shift.
WAP to implement Circular right shift.
WAP to implement your own isalnum() function.
WAP to implement your own islower() function.
WAP to implement your own ispunct() function.
WAP to implement your own isxdigit() function.
WAP to find 3rd largest element in an array.
WAP to find 2nd largest element in an array..
WAP to remove duplicate elements in a given array.
WAP to find factorial of given number using recursion.
WAP to generate fibbonacci numbers using recursion.
WAP to generate negative fibbonacci numbers using recursion.
Print the values in sorted order without modifying or copying array.
WAP to check whether a given number is prime or not using function.
WAP to generate the prime series upto the given limit using functions.
WAP to count no. of characters, words and lines, entered through stdin.
WAP to replace each string of one or more blanks by a single blank.
WAP to implement getword function.
WAP to implement atoi function.

WAP to implement itoa function.
WAP to reverse the given string using iterative method.
WAP to reverse the given string using recursive method.
WAP to implement strtok function.
Squeeze the character in s1 that matches any character in the string s2
Generate consecutive NRPS of length n using k distinct character
WAP to print all possible combinations of given string.
WAP to check given string is Pangram or not.
Provide a menu to manipulate or display the value of variable of type t.
Variance calculation with dynamic arrays.
WAP to convert Little Endian data to Big Endian.
WAP to generate a n*n magic square.
WAP to implement fragments using Array of Pointers.
Read n & n person names of maxlen 20. Sort and print the names.
WAP to find the product of given matrix.
WAP to define a macro SIZEOF(x), without using sizeof operator.
WAP to define a macro swap (t, x, y) that swaps 2 arguments of type t.
WAP to Implement the student record using array of structures.


Single Linked List basic operations
Implement the functions given below :-
1.insert_at_first(head, data)
2.insert_at_last(head, data)
3.delete_first(head)
4.delete_last(head)
5.delete_list(head)
6.find_node(head, data)
Single liked list:
Implement the functions given below.
1. insert_after(head, gdata, ndata)
2. insert_before(head, gdata, ndata)
3. delete_element(head, gdata)
4. insert_Nth(head, ndata, n)

Find middle element & Get nth last
WAF to insert the new data in the already sorted linked list & to detect whether the given linked list is ending with loop or not
WAF to sort the given single linked list
WAF to reverse the single linked list in both iterative and recursive methods
WAP to remove duplicates in a SLL
WAF to merge two linked list into one
Double Linked List
Implement functions given below.
1. dll_insert_first(head, tail, data)
2. dll_insert_last(head, tail, data)
3. dll_delete_first(head, tail)
4. dll_delete_last(head, tail)
5. dll_delete_list(head, tail)

Implement functions given below :
1. dll_insert_after(head, tail, gdata, ndata)
2. dll_insert_before(head, gdata, ndata)
3. dll_delete_element(head, tail, gdata)

 Implement stack using array
 Implement stack using LL
Convert Infix to Postfix and Evaluate Postfix expression
Convert Infix to Prefix and evaluation Prefix expression
WAP for circular queue implementation using array
WAP for queue implementation using linked list
Write binary search function in iterative method
Write binary search function in recursive method
WAF to sort given array using bubble sort.
WAF to sort given array using insertion sort
WAF to sort given array using selection sort
WAF to sort given array using quick sort
WAF to sort given array using merge sort
WAF to search given data and to find max data node from the BST
WAF to delete the given data node from the BST
WAF to find the height & the number of nodes in the given tree.
WAF to create hash table, to search data , to insert and delete element in hash table. Also to delete entire hash table.
WAF to sort given array using heap sort.

WAP to find the max of two numbers.
WAP to print the grade for a given percentage.
WAP to find the greatest of given 3 numbers.
WAP to check whether character is Upper Case, Lower Case or Digit.
WAP to find the middle number (by value) of given 3 numbers.
W.A.P to check whether character is Upper case, Lower case or Digit by using switch case.
W.A.P for simple calculator.
W.A.P to print the power of two series using for loop.
W.A.P to print the power of N series using Loops.
W.A.P to multiply 2 nos without multiplication operator.
W.A.P to check whether a number is palindrome or not.
WAP to print line pattern.
WAP to print the below pattern.
WAP to print rhombus using for loops.
W.A.P to count set bits in a given number.
W.A.P to print bits of given number.
W.A.P to swap nibbles of given number.
W.A.P to find the average of elements stored in a array.
W.A.P to find the largest array element.
W.A.P to compare two arrays (element by element).
Write a function to calculate square a number.
Write a function to convert temperature given in degree Fahrenheit to degree Celsius.
Write a program to check if a given number is even or odd. Function should return TRUE or FALSE.
Write a program to find the square and cube of a number.
Write a program to swap two numbers.
Write a program to find the sum and product of 2 numbers.
Write a program to find the average of 5 array elements using function.
Write a program to square each element of array.
Write a program to find the sum of sequence of N from starting from 1 using recursion.
WAP to calculate length of the string.
WAP to copy a string.
WAP to compare two strings.
WAP to check a given string is palindrome or not
WAP to reverse a string
WAP to compare string2 with string1 up to n characters
WAP to concatenate two strings
WAP to reverse each word in a string
WAP to reverse each character of the word in a given string
Print all the Environmental Variables
WAP to calculate average of numbers passed via command line
WAP to find the MIN and MAX of a 2D array
Write macros to get, set and clear Nth bit in an integer
WAM to swap a nibble in a byte
WAM to swap any two values of basic type using temporary variable
WAM to find the sum of two nos
WAP to accept students record. Expect the below output
WAP to program to swap a nibble using bit fields
WAP to copy its contents in text_copy.txt
WAP program to find the occurrences of character 'c' using ftell()
WAP to accept students record from user. Store all the data in as a binary file
WAP to read out entries by the previous program
WAP to print its contents on standard output.






Programs on Embedded Systems and Real Time Embedded System
Blink an LED
Blink an LED on interrupt
Blink an LED with Timers
Printf on ITM Console
Printf on UART
Blink an LED with bitwise operations
Timers as counters
Timers as PWM
Frequency counter
ADC of LED
Controlling the brightness of LED using ADC
DAC interfacing to generate square wave, triangular wave, ramp wave, sine wave, staircase waveform
Timers as PWM
Independent watchdog timers
Window watchdog timers
UART – Polling
UART – Interrupt
UART – DMA
SPI Protocol
I2C Communication Protocol
CAN Communication Protocol

Task Creation
Task Operations
Binary Semaphores
Queues
Counting Semaphores
Priority Inversion
Priority Inheritance
Mutex
Timers
Event Flags


Connector 1           Connector 2            Connector 3
----------- ----------- -----------
Pos 1 (CANH) ----> Pos 1 (CANH) ----> Pos 1 (CANH)

Pos 3 (CANL) ----> Pos 3 (CANL) ----> Pos 3 (CANL)

Pos 5 (GND) ----> Pos 5 (GND) ----> Pos 5 (GND)

Connector 1          Node1
Pos 2 (CANH) ---->CANH

Pos 4 (CANL) ----> CANL 

Pos 6 (GND) ----> GND

Connector 2          Node2
Pos 2 (CANH) ---->CANH

Pos 4 (CANL) ----> CANL 

Pos 6 (GND) ----> GND



/* USER CODE BEGIN Header */
/**
  **************************
  * @file           : main.c
  * @brief          : Main program body
  **************************
  * @attention
  *
  * Copyright (c) 2026 STMicroelectronics.
  * All rights reserved.
  *
  * This software is licensed under terms that can be found in the LICENSE file
  * in the root directory of this software component.
  * If no LICENSE file comes with this software, it is provided AS-IS.
  *
  **************************
  */
/* USER CODE END Header */
/* Includes ------------------------------------------------------------------*/
#include "main.h"

/* Private includes ----------------------------------------------------------*/
/* USER CODE BEGIN Includes */
CAN_FilterTypeDef canfilter;
/* USER CODE END Includes */

/* Private typedef -----------------------------------------------------------*/
/* USER CODE BEGIN PTD */

/* USER CODE END PTD */

/* Private define ------------------------------------------------------------*/
/* USER CODE BEGIN PD */

/* USER CODE END PD */

/* Private macro -------------------------------------------------------------*/
/* USER CODE BEGIN PM */

/* USER CODE END PM */

/* Private variables ---------------------------------------------------------*/
CAN_HandleTypeDef hcan1;

/* USER CODE BEGIN PV */

/* USER CODE END PV */

/* Private function prototypes -----------------------------------------------*/
void SystemClock_Config(void);
static void MX_GPIO_Init(void);
static void MX_CAN1_Init(void);
/* USER CODE BEGIN PFP */

/* USER CODE END PFP */

/* Private user code ---------------------------------------------------------*/
/* USER CODE BEGIN 0 */
CAN_RxHeaderTypeDef rxheader;
/* USER CODE END 0 */

/**
  * @brief  The application entry point.
  * @retval int
  */
int main(void)
{

  /* USER CODE BEGIN 1 */

  /* USER CODE END 1 */

  /* MCU Configuration--------------------------------------------------------*/

  /* Reset of all peripherals, Initializes the Flash interface and the Systick. */
  HAL_Init();

  /* USER CODE BEGIN Init */

  /* USER CODE END Init */

  /* Configure the system clock */
  SystemClock_Config();

  /* USER CODE BEGIN SysInit */

  /* USER CODE END SysInit */

  /* Initialize all configured peripherals */
  MX_GPIO_Init();
  MX_CAN1_Init();
  /* USER CODE BEGIN 2 */
  rxheader.StdId = 0x123;
  rxheader.DLC = 8;
  rxheader.ExtId = 0x00;
  rxheader.IDE = CAN_ID_STD;
  rxheader.RTR = CAN_RTR_DATA;


 uint8_t RxFifo;
  uint8_t rxdata[8];
  HAL_CAN_Start(&hcan1);
  /* USER CODE END 2 */

  /* Infinite loop */
  /* USER CODE BEGIN WHILE */
  while (1)
  {
    /* USER CODE END WHILE */

    /* USER CODE BEGIN 3 */
//	  if (HAL_CAN_GetTxMailboxesFreeLevel(&hcan1) > 0)
//	 	      {
//	 	          HAL_StatusTypeDef status = HAL_CAN_GetRxMessage(&hcan1,CAN_RX_FIFO0, &rxheader, rxdata) ;
//
//	 	          if (status == HAL_OK)
//	 	          {
//	 	              HAL_GPIO_TogglePin(GPIOD, GPIO_PIN_15); // Toggle only on success
//	 	          }
//	 	      }
//
//	 	      HAL_Delay(500); // ✅ Add delay — don't flood the CAN bus
  }
  /* USER CODE END 3 */
}

/**
  * @brief System Clock Configuration
  * @retval None
  */
void SystemClock_Config(void)
{
  RCC_OscInitTypeDef RCC_OscInitStruct = {0};
  RCC_ClkInitTypeDef RCC_ClkInitStruct = {0};

  /** Configure the main internal regulator output voltage
  */
  __HAL_RCC_PWR_CLK_ENABLE();
  __HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAGE_SCALE1);

  /** Initializes the RCC Oscillators according to the specified parameters
  * in the RCC_OscInitTypeDef structure.
  */
  RCC_OscInitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE;
  RCC_OscInitStruct.HSEState = RCC_HSE_ON;
  RCC_OscInitStruct.PLL.PLLState = RCC_PLL_ON;
  RCC_OscInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;
  RCC_OscInitStruct.PLL.PLLM = 4;
  RCC_OscInitStruct.PLL.PLLN = 168;
  RCC_OscInitStruct.PLL.PLLP = RCC_PLLP_DIV2;
  RCC_OscInitStruct.PLL.PLLQ = 7;
  if (HAL_RCC_OscConfig(&RCC_OscInitStruct) != HAL_OK)
  {
    Error_Handler();
  }

  /** Initializes the CPU, AHB and APB buses clocks
  */
  RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK|RCC_CLOCKTYPE_SYSCLK
                              |RCC_CLOCKTYPE_PCLK1|RCC_CLOCKTYPE_PCLK2;
  RCC_ClkInitStruct.SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;
  RCC_ClkInitStruct.AHBCLKDivider = RCC_SYSCLK_DIV1;
  RCC_ClkInitStruct.APB1CLKDivider = RCC_HCLK_DIV4;
  RCC_ClkInitStruct.APB2CLKDivider = RCC_HCLK_DIV2;

  if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_5) != HAL_OK)
  {
    Error_Handler();
  }
}

/**
  * @brief CAN1 Initialization Function
  * @param None
  * @retval None
  */
static void MX_CAN1_Init(void)
{

  /* USER CODE BEGIN CAN1_Init 0 */

  /* USER CODE END CAN1_Init 0 */

  /* USER CODE BEGIN CAN1_Init 1 */

	  canfilter.FilterActivation = CAN_FILTER_ENABLE;
	  canfilter.FilterBank = 0;
	  canfilter.FilterFIFOAssignment = CAN_FILTER_FIFO0;
	  canfilter.FilterIdHigh = 0x0000;
	  canfilter.FilterIdLow = 0x0000;
	  canfilter.FilterMaskIdHigh = 0x0000;
	  canfilter.FilterMaskIdLow = 0x0000;
	  canfilter.FilterMode = CAN_FILTERMODE_IDMASK;
	  canfilter.FilterScale = CAN_FILTERSCALE_32BIT;
 canfilter.SlaveStartFilterBank = 10;
	  HAL_CAN_ConfigFilter(&hcan1, &canfilter);
  /* USER CODE END CAN1_Init 1 */
  hcan1.Instance = CAN1;
  hcan1.Init.Prescaler = 6;
  hcan1.Init.Mode = CAN_MODE_NORMAL;
  hcan1.Init.SyncJumpWidth = CAN_SJW_1TQ;
  hcan1.Init.TimeSeg1 = CAN_BS1_11TQ;
  hcan1.Init.TimeSeg2 = CAN_BS2_2TQ;
  hcan1.Init.TimeTriggeredMode = DISABLE;
  hcan1.Init.AutoBusOff = ENABLE;
  hcan1.Init.AutoWakeUp = DISABLE;
  hcan1.Init.AutoRetransmission = ENABLE;
  hcan1.Init.ReceiveFifoLocked = ENABLE;
  hcan1.Init.TransmitFifoPriority = ENABLE;
  if (HAL_CAN_Init(&hcan1) != HAL_OK)
  {
    Error_Handler();
  }
  /* USER CODE BEGIN CAN1_Init 2 */

  if(HAL_CAN_Start(&hcan1) != HAL_OK)
  {
	  Error_Handler ();
  }
  if(HAL_CAN_ConfigFilter(&hcan1, &canfilter) != HAL_OK)
  {
	  Error_Handler ();
  }
  if(HAL_CAN_ActivateNotification(&hcan1,CAN_IT_RX_FIFO0_MSG_PENDING) != HAL_OK)
  {
	  Error_Handler ();
  }

  /* USER CODE END CAN1_Init 2 */

}

/**
  * @brief GPIO Initialization Function
  * @param None
  * @retval None
  */
static void MX_GPIO_Init(void)
{
  GPIO_InitTypeDef GPIO_InitStruct = {0};
  /* USER CODE BEGIN MX_GPIO_Init_1 */

  /* USER CODE END MX_GPIO_Init_1 */

  /* GPIO Ports Clock Enable */
  __HAL_RCC_GPIOH_CLK_ENABLE();
  __HAL_RCC_GPIOD_CLK_ENABLE();

  /*Configure GPIO pin Output Level */
  HAL_GPIO_WritePin(GPIOD, GPIO_PIN_14|GPIO_PIN_15, GPIO_PIN_RESET);

  /*Configure GPIO pins : PD14 PD15 */
  GPIO_InitStruct.Pin = GPIO_PIN_14|GPIO_PIN_15;
  GPIO_InitStruct.Mode = GPIO_MODE_OUTPUT_PP;
  GPIO_InitStruct.Pull = GPIO_NOPULL;
  GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_LOW;
  HAL_GPIO_Init(GPIOD, &GPIO_InitStruct);

  /* USER CODE BEGIN MX_GPIO_Init_2 */

  /* USER CODE END MX_GPIO_Init_2 */
}

/* USER CODE BEGIN 4 */
uint8_t rxdata[8];
void HAL_CAN_RxFifo0MsgPendingCallback(CAN_HandleTypeDef *hcan)
{
	if(HAL_CAN_GetRxMessage(hcan, CAN_RX_FIFO0, &rxheader, rxdata) == HAL_OK)
	{
		HAL_GPIO_WritePin(GPIOD, GPIO_PIN_13,1);
	}
}
/* USER CODE END 4 */

/**
  * @brief  This function is executed in case of error occurrence.
  * @retval None
  */
void Error_Handler(void)
{
  /* USER CODE BEGIN Error_Handler_Debug */
  /* User can add his own implementation to report the HAL error return state */
  __disable_irq();
  while (1)
  {
  }
  /* USER CODE END Error_Handler_Debug */
}

#ifdef  USE_FULL_ASSERT
/**
  * @brief  Reports the name of the source file and the source line number
  *         where the assert_param error has occurred.
  * @param  file: pointer to the source file name
  * @param  line: assert_param error line source number
  * @retval None
  */
void assert_failed(uint8_t *file, uint32_t line)
{
  /* USER CODE BEGIN 6 */
  /* User can add his own implementation to report the file name and line number,
     ex: printf("Wrong parameters value: file %s on line %d\r\n", file, line) */
  /* USER CODE END 6 */
}
#endif /* USE_FULL_ASSERT */
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#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <math.h>
#define MAX 100

int stack[MAX]; //changed
char infix[MAX], postfix[MAX];
int top = -1;

void push(int); //changed
int |pop(); //changed

int isEmpty();

void inToPost();

int space(char);

void print();

int precedence(char);

int post_eval();

int main()

i
int result;
printf("Enter the infix expression:
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Scan the symbols of the expression from left to right and for each symbol,
do the following:

a. If symbol is an operand
m  Print that symbol onto the screen.
b. If symbol is a left parenthesis
m  Push it on the stack.
c. If symbol is a right parenthesis
m  Pop all the operators from the stack upto the first left
parenthesis and print them on the screen.
m  Discard the left and right parentheses.
d. If symbol is an operator
m If the precedence of the operators in the stack are greater than or
equal to the current operator, then
Pop the operators out of the stack and print them onto the
screen, and push the current operator onto the stack.
m else

Push the current operator onto the stack.
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ALGORITHM

Scan the symbols of the given postfix expression from left to right and for each

symbol,
ilg

2

do the following: "

If symbol is an operand
Push it on the stack.
If symbol is an operator

Pop two symbols out of the stack and apply the operator on these

symbols.

Push the result on the stack
After scanning all the symbols of the postfix expression, pop the remaining
symbol out of the stack and print it on the screen. The remaining symbol is
the result obtained after evaluating the postfix expression.




