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Write a program to find the minimum and maximum element in a given array.
Solution:

#include <stdio.h>
int main()
{
int size;
printf("Enter the size of the array: ");

scanf(" %d", &size);

int arr[size];

printf("Enter the elements of the array:\n");

for (int i = O; i< size; i++)
{
scanf("%d", &arr[i]);
ks
int min = arr[0];

int max = arr[0];
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for (int i = 1; i< size; i++)

{

if (arr[i] < min)

min = arr[i];
b

if (arr[i] > max)
{

max = arr[i];

printf("Array elements: ");

for (int i = O; i< size; i++)
{

printf("%d ", arr[i]);
b

printf("\n");

printf("Minimum element: %d\n", min);

printf("Maximum element: %d\n", max);

return O;

Output:

Enter the size of the array: 5

Enter the elements of the array:
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23 56 12 8 45
Array elements: 23 56 12 8 45
Minimum element: 8

Maximum element: 56

2. TNpas<ion & THUH JHI® ge |
Find the median in the unsorted array of integers.

Solution:

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

int compare(const void *a, const void #*b)

{

return (*(int *)a - *(int *)b);

double findMedian(int arr[], int size)

{

gsort(arr, size, sizeof(int), compare);

if (size % 2 == 0)

{
int mid1 = arr[size /7 2 - 1];
int mid2 = arr[size / 2];
return (double)(mid1 + mid2) / 2.0;
b
else
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return (double)arr[size / 21];

)
ks
int main()
{
int size;

printf("Enter the size of the array: ");
scanf(" %d", &size);
int arr[size];

printf("Enter the elements of the array:\n");

for (int i = O; i< size; i++)
{
scanf("%d", &arr[i]);
b

double median = findMedian(arr, size);

printf("Array elements: ");

for (int i = O; i< size; i++)
{
printf("%d ", arr[i]);
b
printf("\n");

printf("Median: %.2f\n", median);

return O;

Output:

Enter the size of the array: 5
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Enter the elements of the array:
23 56 12 8 45
Array elements: 23 56 12 8 45
Median: 23.00

Lab: 02

1. 3 I G a3 RIS Wie BV fafau |

Write a program for finding the union and intersection of two unsorted arrays.

Solution:
#include <stdio.h>

void findUnion(int arr1[], int sizel, int arr2[], int size2)

{
int unionArr[sizel + size2];
int unionSize = O;
for (int i = O; i< sizel; i++)
{
unionArr[unionSize++] = arri[il;
b
for (int i = O; i< size2; i++)
{
int found = O;

for (int j = O; j < sizel; j++)

if (arr2[i] == arr1[j])

found = 1;
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break;

if (1found)
{
unionArr[unionSize++] = arr2[i];
b
b
printf("Union of arrays: ");
for (int i = O; i<unionSize; i++)
{
printf("%d ", unionArr[i]);
b
printf("\n");
b
void findIntersection(int arr1[], int sizel, int arr2[], int size2)
{
printf("Intersection of arrays: ");
for (int i = O; i< sizel; i++)
{

for (int j = O; j < size2; j++)

if (arr1[i] == arr2[j])
{
printf("%d ", arr1[i]);

break;
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printf("\n");
b
int main()
{
int sizel, size2;
printf("Enter the size of the first array: ");
scanf(" %d", &sizel);
int arri[sizel];

printf("Enter the elements of the first array:\n");

for (int i = O; i< sizel; i++)
{

scanf(" %d", &arri[i]);
b

printf("Enter the size of the second array: ");
scanf("%d", &size2);
int arr2[size2];

printf("Enter the elements of the second array:\n");

for (int i = O; i< size2; i++)
{

scanf("%d", &arr2[i]);
b

findUnion(arr1, sizel, arr2, size2);
findIntersection(arr1, sizel, arr2, size2);

return O;

Output:
Enter the size of the first array: 5

Enter the elements of the first array: 4 7 2 9 1
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Enter the size of the second array: 4
Enter the elements of the second array: 7 5 2 6
Union of arrays: 47 2 9156

Intersection of arrays: 7 2

2. Gl 2D-3TYE P! 0N HRA BT YU |

Write a program for multiplying two 2D-matrices.

Solution:

#include <stdio.h>

#define MAX_ROWS 100
#define MAX_COLS 100

void multiplyMatrices(int mat1[ JIMAX_COLS], int rowsl1, int colsf,
int mat2[ JIMAX_COLS], int rows2, int cols2,

int result[ JIMAX_COLS])

{
if (cols1 1= rows2)
{
printf("Matrix multiplication is not possible.\n");
return;
b
for (int i = O; i< rowsl; i++)

for (int j = O; j < cols2; j++)
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result[i][j] = O;

for (int k = O; k < colsl; k++)

result[i][j] += mat1[il[k] * mat2[k][j];

void displayMatrix(int mat[ JIMAX_COLS], int rows, int cols)
{

for (int i = O; i< rows; i++)

for (int j = O; j < cols; j++)
{
printf("%d ", mat[il[j1);
b
printf("\n");
b

int main()
{

int mat1[MAX_ROWS][MAX_COLS], mat2[ MAX_ROWS][MAX_COLS],
resultf MAX_ROWS][MAX_COLS];

int rows1, cols1, rows2, cols2;

printf("Enter the number of rows and columns for the first matrix: ");

scanf("%d %d", &rowsl, &colsl);
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printf("Enter the elements of the first matrix:\n");

for (int i = O; i< rowsl; i++)
{
for (int j = 0; j < colsl; j++)
{
scanf("%d", &mat1[il[j]);
b
b

printf("Enter the number of rows and columns for the second matrix: ");

scanf("%d %d", &rows2, &cols2);

printf("Enter the elements of the second matrix:\n");

for (int i = O; i< rows2; i++)

{
for (int j = O0; j < cols2; j++)
{
scanf("%d", &mat2[i][j]);
b

b

if (cols1 1= rows2)
{

printf("Matrix multiplication is not possible.\n");
return 1;
b
multiplyMatrices(mat1, rows1, colsl, mat2, rows2, cols2, result);

printf("Resultant matrix after multiplication:\n");
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displayMatrix(result, rows1, cols2);

return O;

b

Output:

Enter the number of rows and columns for the first matrix: 2 3
Enter the elements of the first matrix:

234

567

Enter the number of rows and columns for the second matrix: 3 2
Enter the elements of the second matrix:

89

10Mn

12 13

Resultant matrix after multiplication:

53 58

134 148
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Find the nth fibonacci number using recursion.
Solution:

#include <stdio.h>

int fibonacci(int n)

{
if (n <= 0)
return O;
else if (n == 1)
return 1;
else
return fibonacci(n — 1) + fibonacci(n — 2);
b
int main()
{
int n;

printf(“Enter the value of n: “);

scanf(“%d”, &n);

int result = fibonacci(n);

printf(“The %dth Fibonacci number is: %d\n”, n, result);

return O;
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Output:

Enter the value of n: 10

The 10th Fibonacci number is: 55

2. =T SUa SR 2 WeAsl STHeaH THgadS A1d B |
Find the greatest common divisor of 2 numbers using recursion.
Solution:

#include <stdio.h>

int gcd_recursive(int a, int b)

{

if (b ==0)

return a;

Yelse {

return gcd_recursive(b, a % b);

int main() {

int numl = 48;
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int num2 = 18;
int result = gcd_recursive(numl, num2);
printf("The GCD of %d and %d is %d\n", num1, num2, result);
return O;
}
Output:

The GCD of 48 and 18 is 6

Lab: 04
1. Risefirednarufideaema ey |
Write a program for finding the middle element in the linked list.

Solution:

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

struct Node
{
int data;
struct Node* next;

%

struct Node* createNode(int data)
{
struct Node* newNode = (struct Node*)malloc(sizeof(struct Node));
newNode->data = data;
newNode->next = NULL;
return newNode;
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¥

void findMiddle(struct Node* head)
{
struct Node* slowPtr = head;
struct Node* fastPtr = head;

if (head '=NULL) {
while (fastPtr I= NULL &&fastPtr->next != NULL)
{
fastPtr = fastPtr->next->next;
slowPtr = slowPtr->next;
}
printf("The middle element is: %d\n", slowPtr->data);
}
}

int main()

{
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);

findMiddle(head);

return O;

¥

Output:
The middle element is: 3

2. RissforedRaRfeien wumfiRay |

Write a program for reversing the linked list.

Solution:

#include <stdio.h>



AR TN ARGTA, HaTer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

C 2 M CHIELC IR D ECAIERNL

(Department of Computer Science and Engineering)

#include <stdlib.h>

struct Node {
int data;

struct Node* next;

struct Node* createNode(int data) {

struct Nodex newNode = (struct Node*)malloc(sizeof(struct Node));

newNode->data data;
newNode->next = NULL;

return newNode;

void printList(struct Nodex head) {
struct Nodex current = head;
while (current !'= NULL) {

printf("%d ", current->data);

current = current->next;

b

printf("\n");

b

struct Nodex reverselList(struct Nodex head) {
struct Node* prev = NULL;
struct Node* current = head;

struct Node* next = NULL;

while (current != NULL) {
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next = current->next;
current->next = prev;
prev = current;

current = next;

return prev;

int main() {
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);

printf("Original linked list: ");
printList(head);

head = reverselist(head);
printf("Reversed linked list: ");

printList(head);

return O;

b

Output:

Original linked list: 12345
Reversed linked list: 54321
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Lab: 05

1. T gPHer foias fore §18 3R ST &) g0=n Ui &1 3R ST |

Create a circular linked list and always insert data at tail.

Solution:
#include <stdio.h>
#include <stdlib.h>
// Structure for a node
struct Node {
int data;
struct Nodex* next;
i
// Function to insert a node at the
// beginning of a Circular linked list
void push(struct Nodex* head_ref, int data)
{
// Create a new node and make head
// as next of it.
struct Nodex ptr1 = (struct Nodex)malloc(sizeof(struct Node));

ptr1->data

data;
ptri->next = xhead_ref;
// If linked list is not NULL then
// set the next of last node
if (xhead_ref 1= NULL) {
// Find the node before head and
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// update next of it.

struct Node* temp = xhead_ref;

while (temp->next != xhead_ref)
temp = temp->next;

temp->next = ptri;

else

// For the first node
ptr1->next = ptril;
*head_ref = ptri;
b
// Function to print nodes in a given
// circular linked list

void printList(struct Node* head)

{
struct Node* temp = head;
if (head !'= NULL) {
do {
printf("%d ", temp->data);
temp = temp->next;
} while (temp != head);
b
printf("\n");
b

// Function to delete a given node
// from the list

void deleteNode(struct Node*x head, int key)

{
// If linked list is empty
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if (*head == NULL)
return;
// If the list contains only a
// single node
if ((*xhead)->data == key && (xhead)->next == xhead) {

free(xhead);
*head = NULL;
return;

by

struct Node =#last = xhead, *d;
// If head is to be deleted
if ((*xhead)->data == key) {
// Find the last node of the list
while (last->next != *head)
last = last->next;
// Point last node to the next of
// head i.e. the second node
// of the list
last->next = (xhead)->next;
free(xhead);
xhead = last->next;
return;
b
// Either the node to be deleted is
// not found or the end of list
// is not reached
while (last->next != xhead && last->next->data != key) {

last = last->next;
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// If node to be deleted was found
if (last->next->data == key) {

d = last->next;

last->next = d->next;

free(d);

else

printf("Given node is not found in the list!!I\n");
b
// Driver code
int main()
{
// Initialize lists as empty
struct Nodex head = NULL;
// Created linked list will be
// 2->5->7->8->10
push(&head, 2);
push(&head, 5);
push(&head, 7);
push(&head, 8);
push(&head, 10);
printf("List Before Deletion: ");
printList(head);
deleteNode(&head, 7);
printf("List After Deletion: ");
printList(head);
return O;

by

Output:
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v J S input
List Before Deletion: 10 8
List After Deletion: 10 8

...Program finished with exit code 0
Press ENTER to exit console.D

DB

) SRR RS Rh .

Create a doubly linked list from a given singly linked list.

Solution:
#include <stdio.h>
#include <stdlib.h>
struct node {
int num;
struct node * preptr;
struct node * nextptr;
}xstnode, *ennode;
void DlListcreation(int n);
void displayDIList();
int main()
{
int n;
stnode = NULL;
ennode = NULL;
printf("\n\n Doubly Linked List : Create and display a doubly linked list :\n");
Printf (" === \n");

printf(" Input the number of nodes : ");
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scanf("%d", &n);
DlListcreation(n);

displayDIList();

return O;
b
void DlListcreation(int n)
{

int i, num;

struct node *fnNode;
if(n >= 1)
{

stnode = (struct node *)malloc(sizeof(struct node));

if(stnode !'= NULL)
{
printf(" Input data for node 1 : "); // assigning data in the first node
scanf("%d", &num);
stnode->num = num;
stnode->preptr = NULL;
stnode->nextptr = NULL;
ennode = stnode;
// putting data for rest of the nodes
for(i=2; i<=n; i++)
{
fnNode = (struct node *)malloc(sizeof(struct node));
if(fnNode != NULL)
{
printf(" Input data for node %d : ", i);

scanf("%d", &num);
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fnNode->num = num;

fnNode->preptr = ennode; // new node is linking with the previous node

fnNode->nextptr NULL;

ennode->nextptr = fnNode; // previous node is linking with the new node

ennode = fnNode; // assign new node as last node
b
else
{
printf(" Memory can not be allocated.”);
break;
b
b
b
else
{
printf(" Memory can not be allocated.”);
b
b
b
void displayDIList()
{
struct node * tmp;
intn =1;
if(stnode == NULL)
{
printf(" No data found in the List yet.");
b
else
{

tmp = stnode;
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printf("\n\n Data entered on the list are :\n");

while(tmp != NULL)
{
printf(" node %d : %d\n", n, tmp->num);
n++;
tmp = tmp->nextptr; // current pointer moves to the next node

be

Output:

Start

pointer
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Lab: 06

1. W HISYUN Fb d¢ g Wb o1 T o |

Write a program to implement a growable stack using arrays.

Solution:

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

#define INITIAL_CAPACITY 5
struct GrowableStack {

int *array;

int top;

int capacity;

¥

void initialize(struct GrowableStack *stack) {
stack->array = (int *)malloc(INITIAL_CAPACITY * sizeof(int));
stack->top = -1;
stack->capacity = INITIAL_CAPACITY;

}

int isEmpty(struct GrowableStack *stack) {
return stack->top == -1;

}

void push(struct GrowableStack *stack, int data) {
if (stack->top == stack->capacity - 1) {
/I If the stack is full, double the capacity
stack->capacity *= 2;
stack->array = (int *)realloc(stack->array, stack->capacity * sizeof(int));
}

stack->array[++stack->top] = data;

}

int pop(struct GrowableStack *stack) {
if (iIsEmpty(stack)) {
printf("Stack is empty.\n");
return -1;

¥

return stack->array[stack->top--];

¥

int main() {
struct GrowableStack stack;
initialize(&stack);



push(&stack, 10);
push(&stack, 20);
push(&stack, 30);

A AT IR AhrETTe, Hare — 462003

MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL -

462003

(Department of Computer Science and Engineering)

printf("Popped: %d\n", pop(&stack));
printf("Popped: %d\n", pop(&stack));
printf("Popped: %d\n", pop(&stack));

push(&stack, 40);
push(&stack, 50);

printf("Popped: %d\n", pop(&stack));
printf("Popped: %d\n", pop(&stack));

return O;

¥

Output:

Popped: 30
Popped: 20
Popped: 10
Popped: 50
Popped: 40

2. feiTefore o eI A WP - |
Implement stack with the help of a linked list.

Solution:

#include <bits/stdc++.h>
using namespace std;
class Node {
public:
int data;
Node* link;
Node(int n)
{

this->data = n;

this->link = NULL;

}
h3
class Stack {
Node* top;
public:
Stack() { top = NULL,; }
void push(int data)
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{
Node* temp = new Node(data);
if (ltemp) {
cout<< "\nStack Overflow";
exit(1);
¥
temp->data = data;
temp->link = top;
top = temp;
}

bool isEmpty()
{
return top == NULL,;
}
int peek()

if (tisEmpty())

return top->data;
else

exit(1);

}
void pop()
{
Node* temp;
if (top == NULL) {
cout<< "\nStack Underflow" <<endl;
exit(1);
}
else {
temp = top;
top = top->link;
free(temp);

}
void display()
{

Node* temp;
if (top == NULL) {
cout<< "\nStack Underflow";
exit(1);
}
else {
temp = top;
while (temp = NULL) {
cout<< temp->data;
temp = temp->link;
if (temp '= NULL)
cout<< " -> "
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}
}

int main()

Stack s;

s.push(11);

s.push(22);

s.push(33);

s.push(44);

s.display();

cout<< "\nTop element is " <<s.peek() <<endl;
s.pop();

s.pop();

s.display();

cout<< "\nTop element is " <<s.peek() <<endl;

return O;

}
Output:

44 ->33->22->11
Top element is 44
22 ->11

Top element is 22

3. W& P ddl I Ieed & o v fafae |

Write a program for reversing elements of the stack.
Solution:

#include <stdio.h>
#include <stdlib.h>
#define bool int
struct sNode {

char data;

struct sNode* next;
3
void push(struct sNode** top_ref, int new_data);
int pop(struct sNode** top_ref);
bool isEmpty(struct sNode* top);
void print(struct sNode* top);
void insertAtBottom(struct sNode** top_ref, int item)
{

if (ISEmpty(*top_ref))

push(top_ref, item);
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else {
int temp = pop(top_ref);
insertAtBottom(top_ref, item);
push(top_ref, temp);

}
void reverse(struct sNode** top_ref)
{
if (YisEmpty(*top_ref)) {
int temp = pop(top_ref);
reverse(top_ref);
insertAtBottom(top_ref, temp);
¥
int main()
{
struct sNode* s = NULL;
push(&s, 4);
push(&s, 3);
push(&s, 2);
push(&s, 1);
printf("\n Original Stack ");
print(s);
reverse(&s);
printf("\n Reversed Stack ");
print(s);
return O;
}
bool isEmpty(struct sNode* top)
{

return (top == NULL) ?1: 0;

void push(struct SNode** top_ref, int new_data)
{
struct sNode* new_node = (struct sNode*)malloc(sizeof(struct sNode));
if (new_node == NULL) {
printf("Stack overflow \n");
exit(0);
}
new_node->data = new_data;
new_node->next = (*top_ref);
(*top_ref) = new_node;
}
int pop(struct sNode** top_ref)

char res;

struct sNode* top;

if (*top_ref == NULL) {
printf("Stack overflow \n");
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exit(0);

¥

else {
top = *top_ref;
res = top->data;
*top_ref = top->next;
free(top);
return res;

¥

}
void print(struct sNode* top)

printf(*\n");

while (top = NULL) {
printf(" %d ", top->data);
top = top->next;

Output:
Original Stack

4321
Reversed Stack
1234

4, WP BT IYTNT HIP by T URShaT TUGRU P ot T T forg |

Write a program for infix to postfix conversion using stacks.

Solution:

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#define MAX_EXPR_SIZE 100
int precedence(char operator)
{
switch (operator) {
case '+"
case -
return 1;
case *":
case '/":
return 2;
case "\
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return 3;
default:
return -1;
}
int isOperator(char ch)
return (ch=="+"||ch=="-"||ch =="*"||ch==""
llch==");
}
char* infixToPostfix(char* infix)
t
inti, j;

int len = strlen(infix);
char* postfix = (char*)malloc(sizeof(char) * (len + 2));
char stacklMAX_EXPR_SIZE];
inttop = -1;
for (i=0,j=0;i<len; i++) {
if (infix[i] ==""|| infix[i] =="\")
continue;
if (isalnum(infix[i])) {
postfix[j++] = infix[i];

}
else if (infix[i] =="'() {
stack[++top] = infix[i];

}
else if (infix[i] ==")") {
while (top > -1 && stack[top] !="()
postfix[j++] = stack[top--];
if (top > -1 && stack[top] '="()
return "Invalid Expression”;
else
top--;

}
else if (isOperator(infix[i])) {
while (top > -1
&& precedence(stack[top])
>= precedence(infix[i]))
postfix[j++] = stack[top--];
stack[++top] = infix[i];
}

¥
while (top > -1) {
if (stack[top] =="(") {
return "Invalid Expression";
postfix[j++] = stack[top--];

¥
postfix[j] = "\0";
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return postfix;
int main()
char infixMAX_EXPR_SIZE] = "a+b*(c"d-e)*(f+g*h)-i";

char* postfix = infixToPostfix(infix);
printf("%s\n", postfix);

free(postfix);
return 0;

}

Output:

abcd”e-fgh*+/*+ij-

Lab: 07

1. 3 T HT ITANT TP WP §T|
Implement stack using two queues.

Solution:

#include <bits/stdc++.h>
using namespace std;
class Stack {

queue<int> g1, g2;
public:

void push(int x)

g2.push(x);

while (1gl.empty()) {
g2.push(gl.front());

q1.pop();

queue<int> g =q1,;
ql=0q2;
92 =q;

}
void pop()
{
if (ql.empty())

return;
ql.pop();
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int top()

if (ql.empty())
return -1;
return ql.front();

int size() { return gl.size(); }

int main()

{
Stack s;
s.push(1);
s.push(2);
s.push(3);

cout<< "current size: " <<s.size() <<endl;
cout<<s.top() <<endl;

s.pop();

cout<<s.top() <<endl;

s.pop();

cout<<s.top() <<endl;

cout<< "current size: " <<s.size() <<endl,

return O;
}
Output:
current size: 3
3
2
1

current size: 1
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Use stack for evaluation of equation given in postfix form.

Solution:

#include <ctype.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
struct Stack {
int top;
unsigned capacity;
int* array;
j3
struct Stack* createStack(unsigned capacity)
{
struct Stack* stack = (struct Stack*)malloc(sizeof(struct Stack));
if (Istack)
return NULL;
stack->top = -1;
stack->capacity = capacity;
stack->array = (int*)malloc(stack->capacity * sizeof(int));
if (Istack->array)
return NULL;
return stack;

}
int iIsSEmpty(struct Stack* stack)

return stack->top == -1;

char peek(struct Stack* stack)
{

}
char pop(struct Stack* stack)

return stack->array[stack->top];

if (lisEmpty(stack))
return stack->array[stack->top--];
return '$";

void push(struct Stack* stack, char op)
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stack->array[++stack->top] = op;

int evaluatePostfix(char* exp)

{
struct Stack* stack = createStack(strlen(exp));
inti;
if (Istack)
return -1;
for (i = 0; exp[i]; ++i) {
if (isdigit(exp[i]))
push(stack, expli] - '0";
else {
int vall = pop(stack);
int val2 = pop(stack);
switch (exp[i]) {
case '+
push(stack, val2 + vall);
break;
case '-"
push(stack, val2 - vall);
break;
case ™*":
push(stack, val2 * vall);
break;
case '/
push(stack, val2 / vall);
break;
}
¥
}
return pop(stack);
int main()
char exp[] = "231*+9-";
printf("postfix evaluation: %d", evaluatePostfix(exp));
return O;
}
Output:

postfix evaluation: -4

3. Gl W GAM g I1 78}, I8 S & foIe Ue Ui ford |
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Write a program to check if two stacks are identical or not.

Solution:

#include <bits/stdc++.h>
using namespace std;
bool isSameStack(stack<string> stackl, stack<string> stack2)
{
bool flag = true;
if (stackl.size() != stack2.size()) {
flag = false;
return flag;

}
while (stackl.empty() == false) {
if (stackl.top() == stack2.top()) {
stackl.pop();
stack2.pop();
}
else {
flag = false;
break;
}
}
return flag;
int main()

stack<string> stack1;
stack<string> stack2;
stackl.push("Geeks");
stackl.push("4");
stackl.push("Geeks");
stackl.push("Welcomes");
stackl.push("You");
stack2.push("Geeks");
stack2.push("4");
stack2.push("Geeks");
stack2.push("Welcomes");
stack2.push("You");
if (isSameStack(stackl, stack?))

cout<< "Stacks are Same";
else

cout<< "Stacks are not Same";
return O;

Output:
Stacks are Same
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Lab: 08
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Write a program to implement growable queues using arrays.
Solution:
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#include <stdio.h>
#include <stdlib.h>
#define INITIAL_CAPACITY 5
typedef struct {
intx arr;
int front;
int rear;
int size;
int capacity;
} GrowableQueue;
// Function to initialize the queue
void initializeQueue(GrowableQueue* queue) {
queue->arr = (intx)malloc(INITIAL_CAPACITY * sizeof(int));
queue->front = -1;
queue->rear = -1;
gqueue->size = O;
queue->capacity = INITIAL_CAPACITY;
b
// Function to check if the queue is empty
int isEmpty(GrowableQueue* queue) {
return queue->size == O;
b
// Function to enqueue an element
void enqueue(GrowableQueuex queue, int data) {
if (queue->size == queue->capacity) {
// Queue is full, double the capacity
int newCapacity = queue->capacity * 2;
int¥ newArr = (intx)malloc(newCapacity * sizeof(int));
int j = O;
for (int i = queue->front; i I= queue->rear; i = (i + 1) % queue->capacity)
{
newArr[j++] = queue->arr[i];

b
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newArr[j] = queue->arr[queue->rear];

free(queue->arr);
queue->arr = newArr;
queue->front = O;
gueue->rear = j;
queue->capacity = newCapacity;

b

if (isEmpty(queue)) {

queue->front =

0;
queue->rear = O;
} else {
queue->rear = (queue->rear + 1) % queue->capacity;
b
queue->arr[queue->rear] = data;
gueue->size++;
b
// Function to dequeue an element
int dequeue(GrowableQueuex queue) {
if (isEmpty(queue)) {
printf("Error: Queue is empty\n");

return -1;
b
int data = queue->arr[queue->front];
if (queue->front == queue->rear) {
queue->front = -1;
queue->rear = -1;
} else {

queue->front = (queue->front + 1) % queue->capacity;
b
gqueue->size--;
return data;

by

// Function to display the queue
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void display(GrowableQueue* queue) {
if (isEmpty(queue)) {
printf("Queue is empty\n");
return;
b
printf("Queue: ");
int i = queue->front;
int count = queue->size;
while (count > 0) {
printf("%d ", queue->arr[i]);
i = (i + 1) % queue->capacity;
count--;
b
printf("\n");
b
// Function to free the allocated memory
void destroyQueue(GrowableQueue* queue) {
free(queue->arr);
queue->arr = NULL;
queue->front = -1;
queue->rear = -1;
gqueue->size = O;
gueue->capacity = O;
b
int main() {
GrowableQueue queue;
initializeQueue(&queue);
enqueue(&queue, 10);
enqueue(&queue, 20);
enqueue(&queue, 30);
enqueue(&queue, 40);
enqueue(&queue, 50);
display(&queue);



A AT IR AhrETTe, Hare — 462003

MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL -

462003

(Department of Computer Science and Engineering)

enqueue(&queue, 60);
enqueue(&queue, 70);
display(&queue);
printf("Dequeue: %d\n", dequeue(&queue));
printf("Dequeue: %d\n", dequeue(&queue));
display(&queue);
destroyQueue(&queue);

return O;

Output:
Queue: 10 20 30 40 50

Queue: 10 20 30 40 50 60 70
Dequeue: 10

Dequeue: 20

Queue: 30 40 50 60 70
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Implement queues using a linked list.

Solution:

#include <stdio.h>
#include <stdlib.h>
// Node structure
typedef struct Node {
int data;
struct Nodex next;

} Node;

// Queue structure

typedef struct {
Node* front;
Nodex rear;

} Queue;

// Function to initialize the queue
void initializeQueue(Queue* queue) {
queue->front = NULL;

queue->rear = NULL;

// Function to check if the queue is empty
int isEmpty(Queuex queue) {

return queue->front == NULL;

// Function to enqueue an element
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void enqueue(Queue* queue, int data) {
Nodex newNode = (Nodex)malloc(sizeof(Node));
newNode->data = data;

newNode->next = NULL;

if (isEmpty(queue)) {
queue->front = newNode;
queue->rear = newNode;

¥ else {
gueue->rear->next = newNode;

queue->rear = newNode;

// Function to dequeue an element
int dequeue(Queuex queue) {

if (isEmpty(queue)) {
printf("Error: Queue is empty\n");

return -1;

int data = queue->front->data;

Node* temp = queue->front;

if (queue->front == queue->rear) {
queue->front = NULL;
queue->rear = NULL;

} else {

queue->front = queue->front->next;

free(temp);

return data;
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// Function to display the queue
void display(Queue* queue) {

if (isEmpty(queue)) {
printf("Queue is empty\n");

return;

printf("Queue: ");
Node* temp = queue->front;
while (temp != NULL) {
printf("%d ", temp->data);
temp = temp->next;
b
printf("\n");
b

// Function to free the allocated memory
void destroyQueue(Queue* queue) {
Node* temp = queue->front;
while (temp != NULL) {
Node* nextNode = temp->next;
free(temp);
temp = nextNode;
b
queue->front = NULL;

queue->rear = NULL;

int main() {
Queue queue;

initializeQueue(&queue);
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enqueue(&queue, 10);
enqueue(&queue, 20);
enqueue(&queue, 30);
enqueue(&queue, 40);
enqueue(&queue, 50);

display(&queue);

enqueue(&queue, 60);
enqueue(&queue, 70);

display(&queue);

printf("Dequeue: %d\n", dequeue(&queue));

printf("Dequeue: %d\n", dequeue(&queue));
display(&queue);

destroyQueue(&queue);

return O;

Output:
Queue: 10 20 30 40 50

Queue: 10 20 30 40 50 60 70
Dequeue: 10

Dequeue: 20

Queue: 30 40 50 60 70
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Write a program to implement queues using two stacks.

Solution:

#include <stdio.h>

#include <stdlib.h>

typedef struct {
int xdata;
int top;
int capacity;

} Stack;

// Function to create a new stack

Stack *createStack(int capacity) {
Stack xstack = (Stack *)malloc(sizeof(Stack));
stack->data = (int *)malloc(capacity * sizeof(int));
stack->top = -1;
stack->capacity = capacity;

return stack;

// Function to check if a stack is empty
int isEmpty(Stack *stack) {

return stack->top == -1;

// Function to check if a stack is full
int isFull(Stack =stack) {

return stack->top == stack->capacity - 1;

// Function to push an element onto the stack
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void push(Stack #stack, int item) {
if (isFull(stack)) {
printf("Stack overflow\n");
return;

by

stack->data[ + +stack->top] = item;

// Function to pop an element from the stack
int pop(Stack #*stack) {
if (isEmpty(stack)) {
printf("Stack underflow\n");
return -1;

by

return stack->data[stack->top--1;

// Queue structure using two stacks
typedef struct {

Stack *enqueueStack;

Stack *dequeueStack;
} Queue;

// Function to create a new queue

Queue xcreateQueue(int capacity) {
Queue xqueue = (Queue *)malloc(sizeof(Queue));
queue->enqueueStack = createStack(capacity);
queue->dequeueStack = createStack(capacity);

return queue;

// Function to check if the queue is empty

int isEmptyQueue(Queue *queue) {



AR TN ARGTA, HaTer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

C 2 M CHIELC IR D ECAIERNL

(Department of Computer Science and Engineering)

return isEmpty(queue->enqueueStack) &&isEmpty(queue->dequeueStack);

// Function to enqueue an element into the queue
void enqueue(Queue *queue, int item) {
while (lisEmpty(queue->dequeueStack)) {
push(queue->enqueueStack, pop(queue->dequeueStack));

by

push(queue->enqueueStack, item);

// Function to dequeue an element from the queue
int dequeue(Queue *queue) {
while (lisEmpty(queue->enqueueStack)) {

push(queue->dequeueStack, pop(queue->enqueueStack));

if (isEmpty(queue->dequeueStack)) {
printf("Queue is empty\n");

return -1;

return pop(queue->dequeueStack);

// Function to free the allocated memory

void destroyQueue(Queue xqueue) {
free(queue->enqueueStack->data);
free(queue->dequeueStack->data);
free(queue->enqueueStack);
free(queue->dequeueStack);

free(queue);
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Queue xqueue = createQueue(5);

enqueue(queue, 10);
enqueue(queue, 20);
enqueue(queue, 30);
printf("Dequeue: %d\n
enqueue(queue, 40);

enqueue(queue, 50);

printf("Dequeue: %d\n

printf("Dequeue: %d\n

printf("Dequeue: %d\n

destroyQueue(queue);
return O;

b

Output:

Dequeue: 10

Dequeue: 20

Dequeue: 30

Dequeue: 40

", dequeue(queue));

", dequeue(queue));
", dequeue(queue));

", dequeue(queue));
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Implement double-ended queues with insert and delete functions.

Solution:

#include <stdio.h>

#include <stdlib.h>

// Node structure for doubly linked list
typedef struct Node {

int data;

struct Nodex* prev;

struct Nodex* next;
} Node:

// Deque structure

typedef struct {
Nodex* front;
Nodex* rear;

} Deque;

// Function to initialize the deque

void initializeDeque(Deque* deque) {
deque->front = NULL;
deque->rear = NULL;

// Function to check if the deque is empty
int isEmpty(Deque* deque) {

return deque->front == NULL;

// Function to create a new node
Nodex createNode(int data) {

Node* newNode = (Nodex)malloc(sizeof(Node));
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newNode->data = data;
newNode->prev = NULL;
newNode->next = NULL;

return newNode;

// Function to insert an element at the front of the deque
void insertFront(Deque* deque, int data) {

Node* newNode = createNode(data);

if (isEmpty(deque)) {
deque->front = newNode;
deque->rear = newNode;
} else {
newNode->next = deque->front;
deque->front->prev = newNode;

deque->front = newNode;

// Function to insert an element at the rear of the deque
void insertRear(Dequex deque, int data) {

Node* newNode = createNode(data);

if (isEmpty(deque)) {
deque->front = newNode;
deque->rear = newNode;
} else {
newNode->prev = deque->rear;
deque->rear->next = newNode;

deque->rear = newNode;
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// Function to delete an element from the front of the deque
int deleteFront(Dequex deque) {

if (isEmpty(deque)) {
printf("Error: Deque is empty\n");

return -1;

int data = deque->front->data;

Node* temp = deque->front;

if (deque->front == deque->rear) {
deque->front = NULL;
deque->rear = NULL;

} else {
deque->front = deque->front->next;

deque->front->prev = NULL;

free(temp);

return data;

// Function to delete an element from the rear of the deque
int deleteRear(Deque* deque) {

if (isEmpty(deque)) {
printf("Error: Deque is empty\n");

return -1;

int data = deque->rear->data;

Node* temp = deque->rear;
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if (deque->front == deque->rear) {
deque->front = NULL;
deque->rear = NULL;

} else {
deque->rear = deque->rear->prev;

deque->rear->next = NULL;

free(temp);

return data;

// Function to display the deque from front to rear
void display(Deque* deque) {

if (isEmpty(deque)) {
printf("Deque is empty\n");

return;

printf("Deque (Front to Rear): ");
Node* temp = deque->front;
while (temp != NULL) {
printf("%d ", temp->data);
temp = temp->next;
b
printf("\n");
b

// Function to free the allocated memory
void destroyDeque(Dequex deque) {
Node* temp = deque->front;
while (temp != NULL) {

Node* nextNode = temp->next;
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free(temp);

temp = nextNode;
b
deque->front = NULL;
deque->rear = NULL;

int main() {
Deque deque;

initializeDeque (&deque);

insertFront(&deque, 10);
insertFront(&deque, 20);
insertRear(&deque, 30);
insertRear(&deque, 40);

display(&deque);

printf("Delete Front: %d\n", deleteFront(&deque));
printf("Delete Rear: %d\n", deleteRear(&deque));

display(&deque);
destroyDeque(&deque);

return O;

Output:
Deque (Front to Rear): 20 10 30 40

Delete Front: 20
Delete Rear: 40
Deque (Front to Rear): 10 30
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Write a program to store binary trees in a 1D array.

Solution:

#include <stdio.h>

#include <stdlib.h>
#define ARRAY_SIZE 15
// Structure for binary tree node

typedef struct Node {
int data;
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struct Nodex left;
struct Nodex right;
} Node;

// Function to create a new node
Node* createNode(int data) {
Node* newNode = (Node*)malloc(sizeof(Node));
newNode->data = data;
newNode->left = NULL;
newNode->right = NULL;

return newNode;

// Function to build a binary tree from array representation
Nodex buildTreeFromArray(int arr[], int index, int size) {
if (index >= size || arr[index] == -1) {

return NULL; // Empty node or out of array bounds

Node* newNode = createNode(arr[index]);
newNode->left = buildTreeFromArray(arr, 2 * index + 1, size);
newNode->right = buildTreeFromArray(arr, 2 * index + 2, size);

return newNode;

// Function to print the binary tree using in-order traversal
void inOrderTraversal(Node* root) {
if (root == NULL) {
return;
b
inOrderTraversal(root->left);
printf("%d ", root->data);

inOrderTraversal(root->right);
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int main() {

int arr[ARRAY_SIZE] = {1, 2, 3, 4, 5, -1, 6, -1, -1, 7, 8}; // Binary tree
represented in array

Node* root = buildTreeFromArray(arr, O, ARRAY_SIZE);

printf("Original Binary Tree (In-order traversal): ");
inOrderTraversal(root);

printf("\n");

// Converting binary tree to array representation

int newArray[ ARRAY_SIZE];

for (int i = O; i< ARRAY_SIZE; i++) {
newArray[i] = -1; // Initialize with empty nodes

by

// Helper function to convert binary tree to array
void treeToArray(Node* node, int index) {
if (node == NULL) {
return;
b
newArray[index] = node->data;
treeToArray(node->left, 2 * index + 1);

treeToArray(node->right, 2 * index + 2);

by

treeToArray(root, 0O);

// Printing the array representation of the binary tree
printf("Array Representation of Binary Tree: ");
for (int i = O; i< ARRAY_SIZE; i++) {
if (newArray[i] 1= -1) {
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printf("%d ", newArray[i]);
b

ks
printf("\n");

// Don't forget to free the allocated memory after use

free(root);
return O;
ks
Output:

Original Binary Tree (In-order traversal): 4 2 758 13060
Array Representation of Binary Tree: 12 34567 800

2. 9151 ¢ ! fefere fore ® Tufed & & fore Tes Ui ford |

Write a program to store binary trees in the linked list.

Solution:

#include <stdio.h>

#include <stdlib.h>

// Structure to represent a binary tree node
struct TreeNode {

int data;

struct TreeNodex left;

struct TreeNode* right;
i

// Structure to represent a linked list node
struct ListNode {

struct TreeNode* treeNode;
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struct ListNode* next;

¥

// Function to create a new binary tree node
struct TreeNode* createTreeNode(int data) {
struct TreeNode* newNode = (struct TreeNode*)malloc(sizeof(struct TreeNode));
newNode->data = data;
newNode->left = NULL;
newNode->right = NULL;

return newNode;

// Function to create a new linked list node
struct ListNode* createListNode(struct TreeNode* treeNode) {
struct ListNode* newNode = (struct ListNodex*)malloc(sizeof(struct ListNode));
newNode->treeNode = treeNode;
newNode->next = NULL;

return newNode;

// Function to insert a tree node into the linked list

void insert(struct ListNode** head, struct TreeNode* treeNode) {
struct ListNode* newNode = createlistNode(treeNode);

newNode->next = xhead;

*head = newNode;

// Function to display the linked list

void display(struct ListNode* head) {
struct ListNode* current = head;
while (current !'= NULL) {

printf("%d ", current->treeNode->data);

current = current->next;
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printf("\n");
ks

int main() {
struct TreeNode#* root = createTreeNode(1);
root->left = createTreeNode(2);
root->right = createTreeNode(3);
root->left->left = createTreeNode(4);

root->left->right = createTreeNode(5);

root->right->left = createTreeNode(6);

root->right->right = createTreeNode(7);

struct ListNodex listHead = NULL;
insert(&listHead, root->right->right);
insert(&listHead, root->right->left);
insert(&listHead, root->right);
insert(&listHead, root->left->right);
insert(&listHead, root->left->left);
insert(&listHead, root->left);

insert(&listHead, root);

printf("Linked list elements (in reverse order of tree traversal): ");

display(listHead);
return O;
b

Output:

Linked list elements (in reverse order of tree traversal): 7 6 3 5 4 2 1
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3. R W ¢ o 181 W Hraaa- d {6l a@ &1 IUD! Poil fGT o BT HRIwY ford |
Write a program for finding an element given its key in a 1D array implementation
of binary search trees.

Solution:

#include <stdio.h>

#include <stdbool.h>

// Function to search for an element in a binary search tree
bool searchElement(int bst[], int size, int key) {

int current = O;

while (current < size) {
if (bst[current] == key) {
return true; // Element found
} else if (key <bst[current]) {
current = 2 * current + 1; // Move to the left child
¥ else {

current = 2 * current + 2; // Move to the right child

b
ks
return false; // Element not found
ks
int main() {

int bst[] = {15, 10, 20, 5, 12, 17, 253};
int size = sizeof(bst) / sizeof(bst[0]);

int key;
printf("Enter the key to search: ");

scanf("%d", &key);

if (searchElement(bst, size, key)) {
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printf("Element %d found in the binary search tree.\n", key);

} else {

printf("Element %d not found in the binary search tree.\n", key);
ks
return O;

ks

Output:

Enter the key to search: 17

Element 17 found in the binary search tree.

4. NG &1 IUAM e ol T <. eiasfone wrafaas ¥ &1 $oil fau 1T da@ GioH &1 s ford
Write a program for finding the element given its key in a linked list
implementation of B.S.T. using recursion.

Solution:

#include <stdio.h>

#include <stdlib.h>
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// Structure for a binary search tree node
struct TreeNode {

int key;

struct TreeNodex left;

struct TreeNode* right;

¥

// Function to create a new node
struct TreeNodex createNode(int key) {

struct TreeNode* newNode = (struct TreeNode*)malloc(sizeof(struct TreeNode));

newNode->key = key;
NULL;

newNode->right = NULL;

newNode->|eft

return newNode;

// Function to insert a key into the BST
struct TreeNodex insert(struct TreeNode* root, int key) {
if (root == NULL) {

return createNode(key);

if (key < root->key) {
root->left = insert(root->left, key);
} else if (key > root->key) {
root->right = insert(root->right, key);

return root;

// Function to search for a key in the BST using recursion

struct TreeNodex search(struct TreeNode* root, int key) {
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if (root == NULL || root->key == key) {

return root;

if (key < root->key) {

return search(root->left, key);

return search(root->right, key);

int main() {
struct TreeNode* root = NULL;

root = insert(root, 15);
insert(root, 10);
insert(root, 20);
insert(root, 5);
insert(root, 12);
insert(root, 17);

insert(root, 25);

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

struct TreeNodex* result = search(root, key);

if (result '= NULL) {
printf("Element %d found in the binary search tree.\n", key);

} else {

printf("Element %d not found in the binary search tree.\n", key);

by
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return O;

Output:
Enter the key to search: 17

Element 17 found in the binary search tree.

La:10

1. 9IS RS IHSRIFTAHIAG UG UITARIRAT |

Write a program to find the maximum depth of the BST.

Solution

#include <stdio.h>

#include <stdlib.h>

// Structure for a binary search tree node
struct TreeNode {

int key;

struct TreeNodex left;

struct TreeNode* right;
i
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// Function to create a new node
struct TreeNodex createNode(int key) {
struct TreeNode* newNode = (struct TreeNode*)malloc(sizeof(struct TreeNode));
key;
NULL;
newNode->right = NULL;

newNode->key

newNode->left

return newNode;

// Function to insert a key into the BST
struct TreeNodex insert(struct TreeNodex root, int key) {
if (root == NULL) {

return createNode(key);

if (key < root->key) {
root->left = insert(root->left, key);
} else if (key > root->key) {

root->right = insert(root->right, key);

return root;

// Function to calculate the maximum depth of the BST
int maxDepth(struct TreeNode* root) {
if (root == NULL) {
return O;
} else {
int leftDepth = maxDepth(root->left);
int rightDepth = maxDepth(root->right);
return 1 + (leftDepth>rightDepth ?leftDepth : rightDepth);
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int main() {
struct TreeNodex* root = NULL;

root = insert(root, 15);
insert(root, 10);
insert(root, 20);
insert(root, 5);
insert(root, 12);
insert(root, 17);

insert(root, 25);

int depth = maxDepth(root);
printf("Maximum depth of the BST: %d\n", depth);

return O;

Output:
Maximum depth of the BST: 3

2 S d B 3T 3ifey, Hefiar, URe 3SR & Repe & ary 3R I fom cad wiford |

Traverse the BST in Inorder, Preorder, Postorder with and without recursion.

Solution

#include <stdio.h>

#include <stdlib.h>

// Structure for a binary search tree node

struct TreeNode {
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int key;
struct TreeNodex left;

struct TreeNode* right;

¥

// Function to create a new node
struct TreeNodex createNode(int key) {

struct TreeNode* newNode = (struct TreeNode*)malloc(sizeof(struct TreeNode));

newNode->key key;
NULL;

newNode->right = NULL;

newNode->left

return newNode;

// Function to insert a key into the BST
struct TreeNodex insert(struct TreeNode* root, int key) {
if (root == NULL) {

return createNode(key);

if (key < root->key) {
root->left = insert(root->left, key);
} else if (key > root->key) {

root->right = insert(root->right, key);

return root;

// Inorder traversal using recursion
void inorderRecursive(struct TreeNodex root) {
if (root != NULL) {

inorderRecursive(root->left);
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printf("%d ", root->key);
inorderRecursive (root->right);

by

// Preorder traversal using recursion

void preorderRecursive(struct TreeNode* root) {
if (root 1= NULL) {

printf("%d ", root->key);

preorderRecursive(root->left);

preorderRecursive (root->right);

by

// Postorder traversal using recursion
void postorderRecursive(struct TreeNodex* root) {
if (root != NULL) {
postorderRecursive(root->left);
postorderRecursive(root->right);
printf("%d ", root->key);
b

int main() {
struct TreeNode* root = NULL;

root = insert(root, 15);
insert(root, 10);
insert(root, 20);
insert(root, 5);
insert(root, 12);
insert(root, 17);

insert(root, 25);
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printf("Inorder traversal (recursive): ");
inorderRecursive(root);

printf("\n");

printf("Preorder traversal (recursive): ");
preorderRecursive(root);
printf("\n");

printf("Postorder traversal (recursive): ");
postorderRecursive(root);

printf("\n");

return O;

Output:

Inorder traversal (recursive): 5 10 12 15 17 20 25
Preorder traversal (recursive): 15 10 5 12 20 17 25
Postorder traversal (recursive): 5 12 10 17 25 20 15

3. foraft o Tusrariipa W B ST T ot uw <. a8 SR @uft It ) o 9 file % (srufa g3
3T cadfa) |

From a given unsorted array create its corresponding BST and print all the elements in
sorted order (i.e.inorder traversal).

Solution

#include <stdio.h>

#include <stdlib.h>

// Structure for a binary search tree node
struct TreeNode {
int key;
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struct TreeNodex left;

struct TreeNode* right;

¥

// Function to create a new node
struct TreeNode* createNode(int key) {

struct TreeNode* newNode = (struct TreeNode*)malloc(sizeof(struct TreeNode));

newNode->key key;
NULL;

newNode->right = NULL;

newNode->left

return newNode;

// Function to insert a key into the BST
struct TreeNodex insert(struct TreeNodex root, int key) {
if (root == NULL) {

return createNode(key);

if (key < root->key) {
root->left = insert(root->left, key);
} else if (key > root->key) {

root->right = insert(root->right, key);

return root;

// Inorder traversal to print elements in sorted order
void inorder(struct TreeNode* root) {

if (root != NULL) {
inorder(root->left);

printf("%d ", root->key);



A AT IR AhrETTe, Hare — 462003

MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL -
462003

(Department of Computer Science and Engineering)

inorder(root->right);

by

int main() {
int unsortedArray[] = {15, 10, 20, 5, 12, 17, 25};

int size = sizeof(unsortedArray) / sizeof(unsortedArray[0]);
struct TreeNode* root = NULL;
for (int i = 0; i< size; i++) {

root = insert(root, unsortedArray[i]);

printf("Sorted elements using inorder traversal: ");

inorder(root);

printf("\n");

return O;

Output:
Sorted elements using inorder traversal: 5 10 12 15 17 20 25
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Lab: 11

SIS DY |
Implement graphs using an adjacency matrix, incidence matrix, adjacency list, and direct
representation.

Solution

#include <stdio.h>

#define MAX_NODES 10
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int adjacencyMatrix MAX_NODES][MAX_NODES];

int main() {

int numNodes, numEdges;
printf("Enter the number of nodes and edges: ");
scanf("%d %d", &numNodes, &numEdges);

for (inti = 0; i<numEdges; i++) {
intu,v;
printf("Enter edge %d (source destination): ", i + 1);
scanf("%d %d", &u, &v);
adjacencyMatrix[u][v] = 1;
adjacencyMatrix[v][u] = 1; // For undirected graph
}

printf("Adjacency Matrix:\n");
for (inti = 0; ixnumNodes; i++) {
for (intj = 0; j <numNodes; j++) {
printf("%d ", adjacencyMatrix[i][j]);

}
printf("\n");
}

return O;

33cYc/Output:

Enter the number of nodes and edges: 4 3
Enter edge 1 (source destination): 0 1
Enter edge 2 (source destination): 1 2
Enter edge 3 (source destination): 2 3
Adjacency Matrix:

0100

1010

0101

0010
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Traverse the graph in Depth-first order on an adjacent matrix implementation of the graph.

Solution

#include <stdio.h>
#define MAX_NODES 10

int adjacencyMatrixf]MAX_NODES][MAX_NODES];
int visited[MAX_NODES];

void dfs(int node, int numNodes) {
visited[node] = 1;
printf("%d ", node);

for (inti = 0; i<numNodes; i++) {
if (adjacencyMatrix[node][i] == 1 && visited[i]) {
dfs(i, numNodes);
}
}
}

int main() {

int numNodes, numEdges;
printf("Enter the number of nodes and edges: ");
scanf("%d %d", &numNodes, &numEdges);

for (inti = 0; i<numEdges; i++) {
intu,v;
printf("Enter edge %d (source destination): ", i + 1);
scanf("%d %d", &u, &V);
adjacencyMatrix[u][v] = 1;
adjacencyMatrix[v][u] = 1; // For undirected graph
}

printf("DFS Traversal starting from node 0: ");
dfs(0, numNodes);
printf(*\n");

return O;

¥

Output:

Enter the number of nodes and edges: 6 7
Enter edge 1 (source destination): 0 1
Enter edge 2 (source destination): 0 2
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Enter edge 3 (source destination): 1 3
Enter edge 4 (source destination): 1 4
Enter edge 5 (source destination): 2 5
Enter edge 6 (source destination): 3 4
Enter edge 7 (source destination): 4 5
DFS Traversal starting fromnode 0: 013452

3. MHhUSTRICARC TSI YIRS Y- ASTHATHHI I BN |

Traverse the graph in Breadth-first order on an adjacent matrix implementation of the graph.

Solution

#include <stdio.h>
#include <stdbool.h>

#define MAX_NODES 10

int adjacencyMatrixfMAX_NODES][MAX_NODES];
int visited[ MAX_NODES];

int queue[MAX_NODES];

int front = -1, rear = -1;

void enqueue(int node) {
if (rear == MAX_NODES - 1) {
printf("Queue is full.\n");
Yelse {
if (front ==-1) {
front = 0;
}
rear++;
queue[rear] = node;
}
}

int dequeue() {
if (front ==-1) {
printf("Queue is empty.\n");
return -1;
Yelse {
int node = queue[front];
front++;
if (front > rear) {
front = rear = -1;
}
return node;
}
}
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bool isQueueEmpty() {
return front == -1;

¥

void bfs(int startNode, int numNodes) {
enqueue(startNode);
visited[startNode] = 1;

while (lisQueueEmpty()) {
int currentNode = dequeue();
printf("%d ", currentNode);

for (int i = 0; i<numNodes; i++) {
if (adjacencyMatrix[currentNode][i] == 1 && !visited[i]) {
engueue(i);
visited[i] = 1;
}
}
}
}

int main() {

int numNodes, numEdges;
printf("Enter the number of nodes and edges: ");
scanf("%d %d", &numNodes, &numEdges);

for (inti = 0; i<numEdges; i++) {
intu,v;
printf("Enter edge %d (source destination): ", i + 1);
scanf("%d %d", &u, &V);
adjacencyMatrix[u][v] = 1;
adjacencyMatrix[v][u] = 1; // For undirected graph
}

printf("BFS Traversal starting from node 0: ");
bfs(0, numNodes);
printf(*\n");

return O;

¥

Output:
Enter the number of nodes and edges: 6 7
Enter edge 1 (source destination): 0 1
Enter edge 2 (source destination): 0 2
Enter edge 3 (source destination): 1 3
Enter edge 4 (source destination): 1 4
Enter edge 5 (source destination): 2 5
Enter edge 6 (source destination): 3 4
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Enter edge 7 (source destination): 4 5
BFS Traversal starting fromnode 0: 012345

4. 3 UH.TH. HISYIN FRh SIS UTh HU & Ahd fecae B & ford TimH ford |

Program for detecting a cycle in an undirected graph using DFS.
Solution:

#include <stdio.h>
#include <stdbool.h>

#define MAX_NODES 10

int adjacencyMatrix MAX_NODES][MAX_NODES];
int visited[MAX_NODES];

bool hasCycle(int currentNode, int parent, int numNodes) {
visited[currentNode] = 1;

for (int i = 0; i<numNodes; i++) {
if (adjacencyMatrix[currentNode][i] == 1) {
if (tvisited[i]) {
if (hasCycle(i, currentNode, numNodes)) {
return true;

}
} else if (i != parent) {
return true;
}
}
}

return false;

¥

bool containsCycle(int numNodes) {
for (inti = 0; iknumNodes; i++) {
if (visited[i]) {
if (hasCycle(i, -1, numNodes)) {
return true;
}
}
}

return false;

¥

int main() {

int numNodes, numEdges;
printf("Enter the number of nodes and edges: ");
scanf("%d %d", &numNodes, &numEdges);
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for (int i = 0; i<numEdages; i++) {
intu,v;
printf("Enter edge %d (source destination): ", i + 1);
scanf("%d %d", &u, &v);
adjacencyMatrix[u][v] = 1;
adjacencyMatrix[v][u] = 1; // For undirected graph
}

if (containsCycle(numNodes)) {
printf("The graph contains a cycle.\n");

}else {

printf("The graph does not contain a cycle.\n");

return O;

}

Output:

Enter the number of nodes and edges: 6 6
Enter edge 1 (source destination): 0 1
Enter edge 2 (source destination): 0 2
Enter edge 3 (source destination): 1 3
Enter edge 4 (source destination): 2 4
Enter edge 5 (source destination): 3 5
Enter edge 6 (source destination): 4 5
The graph contains a cycle.

Lab: 12
1. 7ol 9ic Y RpRiach siiiie B3|

Implement Merge sort recursively.
Solution

#include <stdio.h>

// Function to merge two sorted arrays

void merge(int arr[], int left, int mid, int right) {
int n1 = mid - left + 1;
int n2 = right - mid,;
int L[n1], R[n2];

for (inti = 0; i< n1; i++) {
L[i] = arr[left + i];
}

for (intj =0; j <n2; j++) {



AR TN ARGTA, HaTer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

C 2 M CHIELC IR D ECAIERNL

(Department of Computer Science and Engineering)

R[j] = arr[mid + 1 + f];
}

inti=0,j=0, k=left;

while (i< nl && j<n2) {

if (L[] <= ROD) {

arr[K] = L[i];

i++;
}else {

arr[k] = R[j];

jt;
}

k++;

}

while (i< nl) {
arr[k] = L[i];
i++;
k++;
}
while (j <n2) {
arr[k] = R[j];
i+
k++;
}
}

/I Merge Sort function
void mergeSort(int arr[], int left, int right) {
if (left < right) {
int mid = left + (right - left) / 2;

mergeSort(arr, left, mid);
mergeSort(arr, mid + 1, right);

merge(arr, left, mid, right);
¥
¥

int main() {
intarr[] = {12, 11, 13, 5, 6, 7};
int arrSize = sizeof(arr) / sizeof(arr[0]);

printf("Original array: ");

for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}
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printf(*\n");
mergeSort(arr, 0, arrSize - 1);

printf("Sorted array: ");

for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}

printf(*\n");

return O;

}
SI3CYC/Output:

Original array: 121113567
Sorted array: 56 7 11 12 13

2. foa® Oic o RaRiadh graide &9

Implement Quick sort recursively.

Solution

#include <stdio.h>

/I Function to partition the array

int partition(int arr[], int low, int high) {
int pivot = arr[high];
inti=(low - 1);

for (intj = low; j <= high - 1; j++) {
if (arr[j] < pivot) {
i++;
int temp = arr[i];
arr[i] = arr[j];
arr[j] = temp;
}
}
int temp = arr[i + 1];
arr[i + 1] = arr[high];
arr[high] = temp;
return (i + 1);

¥

/I Quick Sort function
void quickSort(int arr[], int low, int high) {
if (low < high) {
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int pi = partition(arr, low, high);

quickSort(arr, low, pi - 1);

quickSort(arr, pi + 1, high);
}

}

int main() {
intarr[] ={10,7,8,9, 1, 5};
int arrSize = sizeof(arr) / sizeof(arr[0]);

printf("Original array: ");

for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}

printf("\n");
quickSort(arr, 0, arrSize - 1);

printf("Sorted array: ");
for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}
printf(*\n");

return O;

}

3T3cYc/Output:
Original array: 1078915

Sorted array: 15789 10

3. SURM i RATHE B |

Implement Insertion sort.

Solution

#include <stdio.h>

/I Insertion Sort function
void insertionSort(int arr[], int arrSize) {
for (inti = 1; i<arrSize; i++) {
int key = arr[i];
intj=i-1;

while (j >= 0 &&arr[j] > key) {
arr[j + 1] = arr[j];
I
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arr[j + 1] = key;
}
}

int main() {
intarr[] = {12, 11, 13, 5, 6};
int arrSize = sizeof(arr) / sizeof(arr[0]);

printf("Original array: ");
for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}
printf(*\n™);
insertionSort(arr, arrSize);

printf("Sorted array: ");
for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}
printf(*\n");

return O;

}

Output:
Original array: 12111356

Sorted array: 56 11 12 13

4, JAIE i IRAAHE B

Implement Selection sort.

Solution

#include <stdio.h>

/I Selection Sort function
void selectionSort(int arr[], int arrSize) {
for (inti = 0; i<arrSize - 1; i++) {
int minindex = i;

for (intj =i+ 1; j <arrSize; j++) {
if (arr[j] <arr[minindex]) {
minindex = j;
}
}



AR TN ARGTA, HaTer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

C 2 M CHIELC IR D ECAIERNL

(Department of Computer Science and Engineering)

int temp = arr[minindex];
arr[minindex] = arr[i];
arr[i] = temp;
}
}

int main() {
int arr[] = {64, 25, 12, 22, 11};
int arrSize = sizeof(arr) / sizeof(arr[0]);

printf("Original array: ");

for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}

printf(*\n");
selectionSort(arr, arrSize);
printf("Sorted array: ");

for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}
printf(*\n");

return O;

¥

3T3cYc/Output:
Original array: 64 25 12 22 11

Sorted array: 11 12 22 25 64

5. sy I greiide B

Implement Radix sort.

Solution

#include <stdio.h>

// Function to get the maximum value in an array
int getMax(int arr[], int n) {
int max = arr[0];
for (inti=1;i<n;i++) {
if (arr[i] > max) {
max = arrl[i];
}

¥

return max;

¥
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/I Function to perform counting sort based on the digit at exp
void countingSort(int arr[], int n, int exp) {

int output[n];

int count[10] = {0};

for (inti=0;i<n;i++) {
count[(arr[i] / exp) % 10]++;

for (inti=1; i< 10; i++) {
count[i] += count[i - 1];
}

for(inti=n-1;i>=0;i-){
output[count[(arr[i] / exp) % 10] - 1] = arr]i];
count[(arr[i] / exp) % 10]--;

for (inti=0; i< n; i++) {
arr[i] = output[i];

¥

// Radix Sort function
void radixSort(int arr[], int n) {
int max = getMax(arr, n);

for (intexp = 1; max /exp > 0; exp *= 10) {
countingSort(arr, n, exp);

}
}

int main() {
int arr[] = {170, 45, 75, 90, 802, 24, 2, 66};
int arrSize = sizeof(arr) / sizeof(arr[0]);
printf("Original array: ");
for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);
}
printf(*\n");
radixSort(arr, arrSize);
printf("Sorted array: ");
for (inti = 0; i<arrSize; i++) {
printf("%d ", arr[i]);

}
printf(*\n");
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return O;

¥

Output:

Original array: 170 45 75 90 802 24 2 66
Sorted array: 2 24 45 66 7590 170 802

Lab: 13

1. N TN A Ge B U ohd 8 aryd HRab Wiod & RIS D M-d JAfad DI ex HdbTd B
T 3 dIh] T PR HT e b1 8, Ul cafdk & aTe” fHbem IR ¥ob gt &) St 31 31
BT b Bl safey sifq s=m (b 1 % 1Y) [ Wper Rigsiine &1 IuaiT Y] |
N people have decided to elect a leader by arranging themselves in a circle and eliminating
every M person around the circle, closing ranks as each person drops out. Find which person
will be the last one remaining (with rank 1) [Use Circular Linked List].

Solution

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

struct Node {
int data;
struct Node* next;

h

struct Node* createNode(int data) {
struct Node* newNode = (struct Node*)malloc(sizeof(struct Node));
newNode->data = data;
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newNode->next = newNode; // Point to itself initially
return newNode;

¥

void appendNode(struct Node** head, int data) {
struct Node* newNode = createNode(data);

if (*head == NULL) {
*head = newNode;
return;

}

struct Node* last = *head;
while (last->next = *head) {
last = last->next;

¥

last->next = newNode;
newNode->next = *head;

¥

void eliminatePerson(struct Node** head, int m) {
if (*head == NULL) {
return;

}

struct Node* current = *head:;
struct Node™ prev;

while (current->next != current) {
for(inti=1;i<m;i++){
prev = current;
current = current->next;

}

prev->next = current->next;
free(current);
current = prev->next;

¥

*head = current;

¥

int findLastPerson(struct Node* head) {
return head->data;
}

int main() {
int N, M;
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printf("Enter the number of people (N) and the value of M: ");
scanf("%d %d", &N, &M);

struct Node* circle = NULL;

for (inti=1;i<=N;i++) {
appendNode(&circle, i);
}

eliminatePerson(&circle, M);
int lastPerson = findLastPerson(circle);
printf("The last person remaining (with rank 1) is: %d\n", lastPerson);

return O;

}

3T3cYc/Output:
Enter the number of people (N) and the value of M: 7 3

The last person remaining (with rank 1) is: 4

2. Pyl afafad THieRur &1 ST & C, U, B, E, D BT A J1d B
(C+U+B+E+D)"3= CUBED, SigiC, U, B, E, D 's{%%lﬁ%'l
Please find the value of C, U, B, E, and D using the following equation:-
(C+U+B+E+D)"3= CUBED, where C, U, B, E, and D are integers.

Solution

#include <stdio.h>
#include <math.h>

int main() {
for(intC=0;C<=9;C++) {
for (intU=0; U<=9; U++) {
for (intB=0; B<=9; B++) {
for (intE=0;E<=9; E++) {
for (intD =0; D<=9; D++) {
int left_side = pow((C+ U + B + E + D), 3);
int right_side = (C * 10000) + (U * 1000) + (B * 100) + (E * 10) + D;

if (left_side == right_side) {
printf("C = %d, U = %d, B = %d, E = %d, D = %d\n", C, U, B, E, D);
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return 0;
}
S3I3cYc/Output:

C=2,U=1,B=8,E=3,D=9

Lab: 14

1. ¥P Bl 39 a6 U sWiHe Bx o G, U7 31K e i mm Sffr=ie # Si-uce 99 @l [ ¥db
BT JUGNT DY)
Implement Stack in a way such that Push, Pop, and Get Minimum operations take constant
time. [Use two stacks]

Solution

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

#define MAX_SIZE 100

struct Stack {
int arrfMAX_SIZE];
int top;
int minStack[MAX_SIZE];
int minTop;

¥

void initialize(struct Stack* stack) {
stack->top = -1;
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stack->minTop = -1;

¥

int isEmpty(struct Stack* stack) {
return stack->top == -1;

¥

void push(struct Stack* stack, int value) {
if (stack->top == MAX_SIZE - 1) {
printf("Stack overflow\n");
return;

¥

stack->top++;
stack->arr[stack->top] = value;

if (stack->minTop == -1 || value <= stack->minStack[stack->minTop]) {
stack->minTop++;
stack->minStack[stack->minTop] = value;
}
}

int pop(struct Stack* stack) {
if (isEmpty(stack)) {
printf("Stack underflon\n");
return -1;

}

int popped = stack->arr[stack->top];
stack->top--;

if (popped == stack->minStack[stack->minTop]) {
stack->minTop--;
}

return popped;

¥

int getMinimum(struct Stack* stack) {
if (stack->minTop ==-1) {
printf(Stack is empty\n");
return -1;
}

return stack->minStack[stack->minTop];

¥

int main() {
struct Stack stack;
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initialize(&stack);

push(&stack, 3);
push(&stack, 5);
push(&stack, 2);
push(&stack, 7);

printf("Minimum element: %d\n", getMinimum(&stack));
printf("Popped element: %d\n", pop(&stack));
printf("Minimum element: %d\n", getMinimum(&stack));

return O;

¥

Output:

Minimum element: 2
Popped element: 7
Minimum element: 2

2. g N T & fT e &1 1wl &1 T Feit €1 718 81 8H U o & Ay 3fafdl I1d &
HTTIHAT § I HI 39 e ¥ ugd daR &1 &t e & wu & uRyiia frar wa § gt
WP B DA 4T T a9 Bt HIAd I HH AT I9b sReR A FSE0T & AT, {100, 60,70,65, 80,
85} T {1, 1, 2, 1, 4, 5} BNTT| UG a7 & 1w W gA 1 €l 2 IF3eRT § gH 39 Gbal & b
TR 3T & W 60, ST Ugd &1 § o U1 78Y U1 9d BHAd 60 ¥ HH 2R 39S T R T 1
217 3 F o, 71 2 (60) W P1Hd 70 A HH B, T W 2 213 e, e 4 sk e 5 & forw
B 1aTe T 3 o TaR 8 =fey, 6 374 % fow @ 1 1 B, wal € uap o 2 wr Sigt wiwd 65
Q57 RSN B % I8 ISTERU1 TR B W IRl 8

We are given a list of prices of a stock for N number of days. We need to find the span for each

day. Span is defined as a number of consecutive days before the given day where the stock price

was less than or equal to the price on a given day. For example, {100, 60,70,65, 80, 85} span will

be {1, 1, 2, 1, 4, 5}. For the first day, the span is always 1. For example, we can see that for day 2

at 60, there is no day before it where the price was less than 60. Hence span is 1 again. For day 3,

the price at day 2 (60) is less than 70, hence span is 2. Similarly, for day 4 and day 5. Remember

days should be consecutive, that's why span for day 4 is 1 even though there was a day 2 where
price was less than 65. Hope this example clarifies the problem.

Solution

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

void calculateSpan(int prices[], int n, int spans[]) {
spans[0] = 1,

for (inti=1;i<n;i++) {
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spans[i] = 1;

for (intj=1i-1;j>=0 && prices[i] >= prices[j]; j--) {
spans[i]++;

¥
¥

int main() {

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

int prices[n];

for (inti=0;i<n;i++) {
printf("Enter the price for day %d: ", i + 1);
scanf("%d", &prices[i]);

}

int spans[n];
calculateSpan(prices, n, spans);

printf("Spans for each day: ");
for (inti=0;i<n;i++) {
printf("%d ", spans[i]);

}
printf(*\n");

return O;

¥

3T3cYc/Output:
Enter the number of days: 6

Enter the price for day 1: 100
Enter the price for day 2: 60
Enter the price for day 3: 70
Enter the price for day 4: 65
Enter the price for day 5: 80
Enter the price for day 6: 85
Spans foreachday: 112145
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