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[bookmark: _Toc244638860]Linear search
Program file: linear_search.c
Aim
To search for a student's roll number in an unsorted array using linear search.
Problem Statement
Write a program to store roll numbers of student in array who attended a training program in random order. Write a function for searching whether a particular student attended a training program or not, using Linear search
Algorithm
1. Start.
1. Read the number of students n.
1. Read n roll numbers into array a.
1. Read the roll number key to search.
1. For i = 0 to n - 1: if a[i] == key, return i.
1. If the loop ends without a match, return -1.
1. If the result is not -1, print that the student attended; otherwise print that the student did not attend.
1. Stop.
C Program (linear_search.c)
#include <stdio.h>

int linearSearch(int a[], int n, int key)
{
    for (int i = 0; i < n; i++)
        if (a[i] == key)
            return i;
    return -1;
}

int main()
{
    int a[100], n, i, key;
    printf("Enter number of students: ");
    scanf("%d", &n);
    printf("Enter roll numbers:\n");
    for (i = 0; i < n; i++)
        scanf("%d", &a[i]);
    printf("Enter roll number to search: ");
    scanf("%d", &key);
    if (linearSearch(a, n, key) != -1)
        printf("Student attended the training program.\n");
    else
        printf("Student did not attend the training program.\n");
    return 0;
}
Sample Output
Run 1
Enter number of students: 5
Enter roll numbers:
23 7 45 12 31
Enter roll number to search: 45
Student attended the training program.
Run 2
Enter number of students: 5
Enter roll numbers:
23 7 45 12 31
Enter roll number to search: 50
Student did not attend the training program.
[bookmark: _Toc244638861]Binary search
Program file: binary_search.c
Aim
To search for a student's roll number in a sorted array using binary search.
Problem Statement
Write a program to store roll numbers of student array who attended training programs in sorted order. Write a function for searching whether a particular student attended a training program or not, using Binary search
Algorithm
1. Start.
1. Read the number of students n and n roll numbers in sorted order into array a.
1. Read the roll number key to search.
1. Set low = 0 and high = n - 1.
1. While low <= high: set mid = low + (high - low) / 2.
1. If a[mid] == key, return mid.
1. If key < a[mid], set high = mid - 1; otherwise set low = mid + 1.
1. If the loop ends, return -1.
1. Print whether the student attended, based on the result.
1. Stop.
C Program (binary_search.c)
#include <stdio.h>

int binarySearch(int a[], int n, int key)
{
    int low = 0, high = n - 1, mid;
    while (low <= high)
    {
        mid = low + (high - low) / 2;
        if (a[mid] == key)
            return mid;
        else if (key < a[mid])
            high = mid - 1;
        else
            low = mid + 1;
    }
    return -1;
}

int main()
{
    int a[100], n, i, key;
    printf("Enter number of students: ");
    scanf("%d", &n);
    printf("Enter roll numbers in sorted order:\n");
    for (i = 0; i < n; i++)
        scanf("%d", &a[i]);
    printf("Enter roll number to search: ");
    scanf("%d", &key);
    if (binarySearch(a, n, key) != -1)
        printf("Student attended the training program.\n");
    else
        printf("Student did not attend the training program.\n");
    return 0;
}
Sample Output
Run 1
Enter number of students: 5
Enter roll numbers in sorted order:
10 20 30 40 50
Enter roll number to search: 40
Student attended the training program.
Run 2
Enter number of students: 5
Enter roll numbers in sorted order:
10 20 30 40 50
Enter roll number to search: 35
Student did not attend the training program.
[bookmark: _Toc244638862]Bubble sort
Program file: bubble_sort.c
Aim
To sort students' percentages in ascending order using bubble sort and display the top five scores.
Problem Statement
Write a program to store the first year percentage of students in an array. Write function for sorting array of floating point numbers in ascending order using Bubble sort and display top five scores.
Algorithm
1. Start.
1. Read the number of students n and their n percentages into array a.
1. For i = 0 to n - 2: for j = 0 to n - i - 2: if a[j] > a[j + 1], swap a[j] and a[j + 1].
1. Print the sorted array.
1. Set count = smaller of n and 5.
1. Print the last count elements from the end of the array; these are the top scores.
1. Stop.
C Program (bubble_sort.c)
#include <stdio.h>

void bubbleSort(float a[], int n)
{
    float temp;
    for (int i = 0; i < n - 1; i++)
        for (int j = 0; j < n - i - 1; j++)
            if (a[j] > a[j + 1])
            {
                temp = a[j];
                a[j] = a[j + 1];
                a[j + 1] = temp;
            }
}

int main()
{
    float a[100];
    int n, i, count;
    printf("Enter number of students: ");
    scanf("%d", &n);
    printf("Enter student percentages:\n");
    for (i = 0; i < n; i++)
        scanf("%f", &a[i]);
    bubbleSort(a, n);
    printf("Percentages in ascending order:\n");
    for (i = 0; i < n; i++)
        printf("%.2f ", a[i]);
    count = (n < 5) ? n : 5;
    printf("\nTop %d scores:\n", count);
    for (i = n - 1; i >= n - count; i--)
        printf("%.2f ", a[i]);
    printf("\n");
    return 0;
}
Sample Output
Enter number of students: 6
Enter student percentages:
78.5 66.2 91 84.75 59.3 88.1
Percentages in ascending order:
59.30 66.20 78.50 84.75 88.10 91.00 
Top 5 scores:
91.00 88.10 84.75 78.50 66.20
[bookmark: _Toc244638863]Selection sort
Program file: selection_sort.c
Aim
To sort students' percentages in ascending order using selection sort and display the top five scores.
Problem Statement
Write a program to store the first year percentage of students in an array. Write function for sorting array of floating point numbers in ascending order using - Selection Sort and display top five scores
Algorithm
1. Start.
1. Read the number of students n and their n percentages into array a.
1. For i = 0 to n - 2: set min = i.
1. For j = i + 1 to n - 1: if a[j] < a[min], set min = j.
1. Swap a[i] and a[min].
1. Print the sorted array.
1. Set count = smaller of n and 5, and print the last count elements from the end as the top scores.
1. Stop.
C Program (selection_sort.c)
#include <stdio.h>

void selectionSort(float a[], int n)
{
    int min;
    float temp;
    for (int i = 0; i < n - 1; i++)
    {
        min = i;
        for (int j = i + 1; j < n; j++)
            if (a[j] < a[min])
                min = j;
        temp = a[i];
        a[i] = a[min];
        a[min] = temp;
    }
}

int main()
{
    float a[100];
    int n, i, count;
    printf("Enter number of students: ");
    scanf("%d", &n);
    printf("Enter student percentages:\n");
    for (i = 0; i < n; i++)
        scanf("%f", &a[i]);
    selectionSort(a, n);
    printf("Percentages in ascending order:\n");
    for (i = 0; i < n; i++)
        printf("%.2f ", a[i]);
    count = (n < 5) ? n : 5;
    printf("\nTop %d scores:\n", count);
    for (i = n - 1; i >= n - count; i--)
        printf("%.2f ", a[i]);
    printf("\n");
    return 0;
}
Sample Output
Enter number of students: 6
Enter student percentages:
78.5 66.2 91 84.75 59.3 88.1
Percentages in ascending order:
59.30 66.20 78.50 84.75 88.10 91.00 
Top 5 scores:
91.00 88.10 84.75 78.50 66.20
[bookmark: _Toc244638864]Balanced brackets
Program file: balanced_brackets.c
Aim
To check whether an expression is well parenthesized using a stack.
Problem Statement
In any language program mostly syntax error occurs due to unbalancing delimiter such as (), {}, []. Write a program using stack to check whether a given expression is well parenthesized or not
Algorithm
1. Start.
1. Create an empty stack (top = -1) and read the expression.
1. For each character ch in the expression:
1. If ch is an opening bracket ( { [, push it onto the stack.
1. If ch is a closing bracket ) } ]: if the stack is empty, or the popped bracket does not match ch, print "NOT well-parenthesized" and stop.
1. After the whole expression is scanned, if the stack is empty print "WELL-PARENTHESIZED"; otherwise print "NOT well-parenthesized".
1. Stop.
C Program (balanced_brackets.c)
#include <stdio.h>
#define MAX 100

char stack[MAX];
int top = -1;

void push(char ch)
{
    if (top < MAX - 1)
        stack[++top] = ch;
}

char pop()
{
    return (top == -1) ? '\0' : stack[top--];
}

int isMatchingPair(char open, char close)
{
    return (open == '(' && close == ')') || (open == '{' && close == '}') ||
           (open == '[' && close == ']');
}

int main()
{
    char expression[MAX], ch;
    printf("Enter an expression: ");
    fgets(expression, MAX, stdin);
    for (int i = 0; expression[i] != '\0'; i++)
    {
        ch = expression[i];
        if (ch == '(' || ch == '{' || ch == '[')
            push(ch);
        else if (ch == ')' || ch == '}' || ch == ']')
            if (top == -1 || !isMatchingPair(pop(), ch))
            {
                printf("Expression is NOT well-parenthesized.\n");
                return 0;
            }
    }
    if (top == -1)
        printf("Expression is WELL-PARENTHESIZED.\n");
    else
        printf("Expression is NOT well-parenthesized.\n");
    return 0;
}
Sample Output
Run 1
Enter an expression: {a+(b*c)-[d/e]}
Expression is WELL-PARENTHESIZED.
Run 2
Enter an expression: (a+b]*c
Expression is NOT well-parenthesized.
[bookmark: _Toc244638865]Prim's MST
Program file: prims_mst.c
Aim
To find the minimum cost of connecting all offices using Prim's minimum spanning tree algorithm.
Problem Statement
You have a business with several offices; you want to lease phone lines to connect them up with each other; and the phone company charges different amounts of money to connect different pairs of cities. You want a set of lines that connects all your offices With a minimum total cost. Solve the problem by suggesting appropriate data structures.
Algorithm
1. Start.
1. Read the number of offices n and the n x n cost matrix (0 means no direct line).
1. For every office set key = infinity and mstSet = false. Set key[0] = 0 and parent[0] = -1.
1. Repeat n - 1 times:
1. Pick office u not yet in the MST with the smallest key, and add u to the MST.
1. For every office v not in the MST with graph[u][v] != 0 and graph[u][v] < key[v]: set parent[v] = u and key[v] = graph[u][v].
1. For i = 1 to n - 1, print the edge parent[i] - i with its cost, and add the cost to the total.
1. Print the total minimum cost.
1. Stop.
C Program (prims_mst.c)
#include <stdio.h>
#include <limits.h>
#define MAX_OFFICES 100

int graph[MAX_OFFICES][MAX_OFFICES], num_offices;

void prim_mst()
{
    int parent[MAX_OFFICES], key[MAX_OFFICES], mst_set[MAX_OFFICES], total_cost = 0;
    for (int i = 0; i < num_offices; i++)
    {
        key[i] = INT_MAX;
        mst_set[i] = 0;
    }
    key[0] = 0;
    parent[0] = -1;
    for (int count = 0; count < num_offices - 1; count++)
    {
        int u = -1, min_key = INT_MAX;
        for (int v = 0; v < num_offices; v++)
            if (mst_set[v] == 0 && key[v] < min_key)
            {
                min_key = key[v];
                u = v;
            }
        mst_set[u] = 1;
        for (int v = 0; v < num_offices; v++)
            if (graph[u][v] && mst_set[v] == 0 && graph[u][v] < key[v])
            {
                parent[v] = u;
                key[v] = graph[u][v];
            }
    }
    printf("Edges in Minimum Spanning Tree:\n");
    for (int i = 1; i < num_offices; i++)
    {
        printf("Office %d -- Office %d (Cost: %d)\n", parent[i], i,
               graph[i][parent[i]]);
        total_cost += graph[i][parent[i]];
    }
    printf("Total minimum cost: %d\n", total_cost);
}

int main()
{
    printf("Enter the number of offices: ");
    scanf("%d", &num_offices);
    printf("Enter the cost matrix (0 for no direct connection):\n");
    for (int i = 0; i < num_offices; i++)
        for (int j = 0; j < num_offices; j++)
            scanf("%d", &graph[i][j]);
    prim_mst();
    return 0;
}
Sample Output
Enter the number of offices: 5
Enter the cost matrix (0 for no direct connection):
0 2 0 6 0
2 0 3 8 5
0 3 0 0 7
6 8 0 0 9
0 5 7 9 0
Edges in Minimum Spanning Tree:
Office 0 -- Office 1 (Cost: 2)
Office 1 -- Office 2 (Cost: 3)
Office 0 -- Office 3 (Cost: 6)
Office 1 -- Office 4 (Cost: 5)
Total minimum cost: 16
[bookmark: _Toc244638866]Quadratic probing
Program file: quadratic_probing.c
Aim
To implement a telephone book hash table that resolves collisions using quadratic probing.
Problem Statement
Consider the telephone book database of N clients. Make use of a hash table implementation to quickly look up a client’s telephone number. Make use of quadratic collision handling techniques.
Algorithm
1. Start.
1. Initialise every slot of the hash table (size 10) to -1 (empty).
1. Insert key: compute h = key % SIZE. For i = 0 to SIZE - 1, check index = (h + i*i) % SIZE; store the key in the first empty slot and stop. If no slot is free, report that the table is full.
1. Search key: probe the same sequence (h + i*i) % SIZE. If an empty slot is reached, the key is not present. If the slot holds the key, report its index.
1. Display: print every index with its key or "Empty".
1. Repeat the menu until the user chooses Exit.
1. Stop.
C Program (quadratic_probing.c)
#include <stdio.h>
#define SIZE 10

int hashTable[SIZE];

void initialize()
{
    for (int i = 0; i < SIZE; i++)
        hashTable[i] = -1;
}

void insert(int key)
{
    int index, hashIndex = key % SIZE;
    for (int i = 0; i < SIZE; i++)
    {
        index = (hashIndex + i * i) % SIZE;
        if (hashTable[index] == -1)
        {
            hashTable[index] = key;
            printf("%d inserted at index %d\n", key, index);
            return;
        }
    }
    printf("Hash Table is Full!\n");
}

void search(int key)
{
    int index, hashIndex = key % SIZE;
    for (int i = 0; i < SIZE; i++)
    {
        index = (hashIndex + i * i) % SIZE;
        if (hashTable[index] == -1)
            break;
        if (hashTable[index] == key)
        {
            printf("%d found at index %d\n", key, index);
            return;
        }
    }
    printf("%d not found\n", key);
}

void display()
{
    for (int i = 0; i < SIZE; i++)
        if (hashTable[i] == -1)
            printf("Index %d : Empty\n", i);
        else
            printf("Index %d : %d\n", i, hashTable[i]);
}

int main()
{
    int choice, key;
    initialize();
    while (1)
    {
        printf("\n1.Insert 2.Search 3.Display 4.Exit\nEnter your choice: ");
        scanf("%d", &choice);
        switch (choice)
        {
            case 1:
                printf("Enter key: ");
                scanf("%d", &key);
                insert(key);
                break;
            case 2:
                printf("Enter key to search: ");
                scanf("%d", &key);
                search(key);
                break;
            case 3:
                display();
                break;
            case 4:
                return 0;
            default:
                printf("Invalid choice!\n");
        }
    }
}
Sample Output

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter key: 12
12 inserted at index 2

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter key: 22
22 inserted at index 3

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter key: 32
32 inserted at index 6

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter key: 45
45 inserted at index 5

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 2
Enter key to search: 32
32 found at index 6

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 3
Index 0 : Empty
Index 1 : Empty
Index 2 : 12
Index 3 : 22
Index 4 : Empty
Index 5 : 45
Index 6 : 32
Index 7 : Empty
Index 8 : Empty
Index 9 : Empty

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 4
[bookmark: _Toc244638867]Circular queue
Program file: circular_queue.c
Aim
To simulate a pizza parlour's job queue using a circular queue.
Problem Statement
Pizza parlor accepting maximum M orders. Orders are served on a first come first served basis. Queues are frequently used in computer programming, and a typical example is the creation of a job queue by an operating system. If the operating system does not use priorities, then the jobs are processed in the order they enter the system. Write a program for simulating job queue. Write functions to add jobs and delete jobs from the queue.
Algorithm
1. Start.
1. Create an array of size MAX with front = rear = -1.
1. Add order: if (front == 0 and rear == MAX - 1) or front == rear + 1, the queue is full. If the queue is empty set front = rear = 0, otherwise rear = (rear + 1) % MAX. Store the order at rear.
1. Serve order: if front == -1 the queue is empty. Otherwise serve orders[front]. If front == rear, set front = rear = -1; else front = (front + 1) % MAX.
1. Display: starting at front, print each order and move i = (i + 1) % MAX until rear is printed.
1. Repeat the menu until the user chooses Exit.
1. Stop.
C Program (circular_queue.c)
#include <stdio.h>
#define MAX_ORDERS 5

int orders[MAX_ORDERS], front = -1, rear = -1;

int isEmpty()
{
    return front == -1;
}

int isFull()
{
    return (front == 0 && rear == MAX_ORDERS - 1) || (front == rear + 1);
}

void addJob(int orderNumber)
{
    if (isFull())
    {
        printf("Queue is full. Cannot accept more orders.\n");
        return;
    }
    if (isEmpty())
        front = rear = 0;
    else
        rear = (rear + 1) % MAX_ORDERS;
    orders[rear] = orderNumber;
    printf("Order %d placed successfully.\n", orderNumber);
}

void deleteJob()
{
    if (isEmpty())
    {
        printf("No orders to serve. Queue is empty.\n");
        return;
    }
    printf("Serving order %d.\n", orders[front]);
    if (front == rear)
        front = rear = -1;
    else
        front = (front + 1) % MAX_ORDERS;
}

void displayOrders()
{
    if (isEmpty())
    {
        printf("No orders in the queue.\n");
        return;
    }
    for (int i = front;; i = (i + 1) % MAX_ORDERS)
    {
        printf("Order %d\n", orders[i]);
        if (i == rear)
            break;
    }
}

int main()
{
    int choice, orderNum = 1;
    do
    {
        printf("\n1.Place Order 2.Serve Order 3.Display Orders 4.Exit\nEnter your "
               "choice: ");
        scanf("%d", &choice);
        switch (choice)
        {
            case 1:
                addJob(orderNum++);
                break;
            case 2:
                deleteJob();
                break;
            case 3:
                displayOrders();
                break;
            case 4:
                break;
            default:
                printf("Invalid choice.\n");
        }
    } while (choice != 4);
    return 0;
}
Sample Output

1.Place Order 2.Serve Order 3.Display Orders 4.Exit
Enter your choice: 1
Order 1 placed successfully.

1.Place Order 2.Serve Order 3.Display Orders 4.Exit
Enter your choice: 1
Order 2 placed successfully.

1.Place Order 2.Serve Order 3.Display Orders 4.Exit
Enter your choice: 1
Order 3 placed successfully.

1.Place Order 2.Serve Order 3.Display Orders 4.Exit
Enter your choice: 3
Order 1
Order 2
Order 3

1.Place Order 2.Serve Order 3.Display Orders 4.Exit
Enter your choice: 2
Serving order 1.

1.Place Order 2.Serve Order 3.Display Orders 4.Exit
Enter your choice: 3
Order 2
Order 3

1.Place Order 2.Serve Order 3.Display Orders 4.Exit
Enter your choice: 4
[bookmark: _Toc244638868]Double hashing
Program file: double_hashing.c
Aim
To implement a telephone book hash table that resolves collisions using double hashing.
Problem Statement
Consider the telephone book database of N clients. Make use of a hash table implementation to quickly look up a client’s telephone number. Make use of double hashing handling techniques.
Algorithm
1. Start.
1. Initialise every slot of the hash table (size 10) to -1 (empty).
1. Define h1(key) = key % SIZE and h2(key) = PRIME - (key % PRIME), with PRIME = 7.
1. Insert key: for i = 0 to SIZE - 1, check index = (h1(key) + i * h2(key)) % SIZE; store the key in the first empty slot and stop. If no slot is free, report that the table is full.
1. Search key: probe the same sequence. If an empty slot is reached the key is not present; if the slot holds the key, report its index.
1. Display: print every index with its key or "Empty".
1. Repeat the menu until the user chooses Exit.
1. Stop.
C Program (double_hashing.c)
#include <stdio.h>
#define SIZE 10
#define PRIME 7

int hashTable[SIZE];

void initialize()
{
    for (int i = 0; i < SIZE; i++)
        hashTable[i] = -1;
}

int hash1(int key)
{
    return key % SIZE;
}

int hash2(int key)
{
    return PRIME - (key % PRIME);
}

void insert(int key)
{
    int index;
    for (int i = 0; i < SIZE; i++)
    {
        index = (hash1(key) + i * hash2(key)) % SIZE;
        if (hashTable[index] == -1)
        {
            hashTable[index] = key;
            printf("%d inserted at index %d\n", key, index);
            return;
        }
    }
    printf("Hash Table is Full!\n");
}

void search(int key)
{
    int index;
    for (int i = 0; i < SIZE; i++)
    {
        index = (hash1(key) + i * hash2(key)) % SIZE;
        if (hashTable[index] == -1)
            break;
        if (hashTable[index] == key)
        {
            printf("%d found at index %d\n", key, index);
            return;
        }
    }
    printf("%d not found\n", key);
}

void display()
{
    for (int i = 0; i < SIZE; i++)
        if (hashTable[i] == -1)
            printf("Index %d : Empty\n", i);
        else
            printf("Index %d : %d\n", i, hashTable[i]);
}

int main()
{
    int choice, key;
    initialize();
    while (1)
    {
        printf("\n1.Insert 2.Search 3.Display 4.Exit\nEnter your choice: ");
        scanf("%d", &choice);
        switch (choice)
        {
            case 1:
                printf("Enter key: ");
                scanf("%d", &key);
                insert(key);
                break;
            case 2:
                printf("Enter key to search: ");
                scanf("%d", &key);
                search(key);
                break;
            case 3:
                display();
                break;
            case 4:
                return 0;
            default:
                printf("Invalid choice!\n");
        }
    }
}
Sample Output

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter key: 12
12 inserted at index 2

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter key: 22
22 inserted at index 8

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter key: 45
45 inserted at index 5

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 2
Enter key to search: 22
22 found at index 8

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 3
Index 0 : Empty
Index 1 : Empty
Index 2 : 12
Index 3 : Empty
Index 4 : Empty
Index 5 : 45
Index 6 : Empty
Index 7 : Empty
Index 8 : 22
Index 9 : Empty

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 4
[bookmark: _Toc244638869]Binary search tree
Program file: binary_search_tree.c
Aim
To construct a binary search tree and perform insert, height, minimum, mirror and search operations.
Problem Statement
Beginning with an empty binary search tree, Construct a binary search tree by inserting the values in the order given. After constructing a binary tree - i. Insert new node ii. Find number of nodes in longest path from root iii. Minimum data value found in the tree iv. Change a tree so that the roles of the left and right pointers are swapped at every node v. Search a value.
Algorithm
1. Start.
1. Insert(root, x): if root is NULL, create a node with x. If x < root->data insert into the left subtree; if x > root->data insert into the right subtree.
1. Build the tree by inserting 50, 30, 70, 20, 40, 60, 80, then insert the new value 25. Print the inorder traversal after each step.
1. Longest path: height(NULL) = 0; height(node) = 1 + larger of height(left) and height(right).
1. Minimum: start at the root and keep moving left until the left child is NULL; that node holds the minimum.
1. Mirror(node): if node is NULL return; mirror the left and right subtrees, then swap node->left and node->right.
1. Search(root, x): if root is NULL or root->data == x return root; go left if x < root->data, else go right.
1. Stop.
C Program (binary_search_tree.c)
#include <stdio.h>
#include <stdlib.h>

struct Node
{
    int data;
    struct Node *left, *right;
};

struct Node *createNode(int data)
{
    struct Node *newNode = (struct Node *)malloc(sizeof(struct Node));
    newNode->data = data;
    newNode->left = newNode->right = NULL;
    return newNode;
}

struct Node *insert(struct Node *root, int data)
{
    if (root == NULL)
        return createNode(data);
    if (data < root->data)
        root->left = insert(root->left, data);
    else if (data > root->data)
        root->right = insert(root->right, data);
    return root;
}

int findLongestPathNodes(struct Node *root)
{
    if (root == NULL)
        return 0;
    int l = findLongestPathNodes(root->left), r = findLongestPathNodes(root->right);
    return 1 + (l > r ? l : r);
}

struct Node *findMin(struct Node *node)
{
    if (node == NULL)
        return NULL;
    while (node->left != NULL)
        node = node->left;
    return node;
}

void mirrorTree(struct Node *node)
{
    if (node == NULL)
        return;
    mirrorTree(node->left);
    mirrorTree(node->right);
    struct Node *temp = node->left;
    node->left = node->right;
    node->right = temp;
}

struct Node *search(struct Node *root, int value)
{
    if (root == NULL || root->data == value)
        return root;
    return (value < root->data) ? search(root->left, value)
                                : search(root->right, value);
}

void inorderTraversal(struct Node *root)
{
    if (root == NULL)
        return;
    inorderTraversal(root->left);
    printf("%d ", root->data);
    inorderTraversal(root->right);
}

int main()
{
    struct Node *root = NULL;
    int values[] = {50, 30, 70, 20, 40, 60, 80};
    for (int i = 0; i < 7; i++)
        root = insert(root, values[i]);
    printf("Inorder traversal: ");
    inorderTraversal(root);
    root = insert(root, 25);
    printf("\nAfter inserting 25: ");
    inorderTraversal(root);
    printf("\nNodes in longest path from root: %d\n", findLongestPathNodes(root));
    struct Node *minNode = findMin(root);
    if (minNode)
        printf("Minimum value: %d\n", minNode->data);
    mirrorTree(root);
    printf("After mirroring: ");
    inorderTraversal(root);
    printf("\nValue 60 %s in the tree.\n", search(root, 60) ? "found" : "not found");
    return 0;
}
Sample Output
Inorder traversal: 20 30 40 50 60 70 80 
After inserting 25: 20 25 30 40 50 60 70 80 
Nodes in longest path from root: 4
Minimum value: 20
After mirroring: 80 70 60 50 40 30 25 20 
Value 60 not found in the tree.
[bookmark: _Toc244638870]Sets using linked list
Program file: sets_using_linked_list.c
Aim
To represent two sets of students as linked lists and compute their intersection, symmetric difference and the count of students in neither set.
Problem Statement
Second year Computer Engineering class, set A of students like Vanilla Ice-cream and set B of students like butterscotch ice-cream. Write a program to store two sets using a linked list. compute and display- a) Set of students who like both vanilla and butterscotch b) Set of students who like either vanilla or butterscotch or not both c) Number of students who like neither vanilla nor butterscotch
Algorithm
1. Start.
1. Create linked lists for all students, the vanilla set and the butterscotch set by appending each roll number at the end of its list.
1. contains(list, x): walk the list and return true if any node holds x.
1. Both (intersection): for each node in vanilla, print it if butterscotch contains it.
1. Either but not both (symmetric difference): print vanilla nodes not in butterscotch, then butterscotch nodes not in vanilla.
1. Neither: count students in the all-students list that are in neither set, and print the count.
1. Stop.
C Program (sets_using_linked_list.c)
#include <stdio.h>
#include <stdlib.h>

struct Node
{
    int rollNumber;
    struct Node *next;
};

struct Node *createNode(int roll)
{
    struct Node *newNode = (struct Node *)malloc(sizeof(struct Node));
    newNode->rollNumber = roll;
    newNode->next = NULL;
    return newNode;
}

void insertNode(struct Node **head_ref, int roll)
{
    struct Node *newNode = createNode(roll);
    if (*head_ref == NULL)
    {
        *head_ref = newNode;
        return;
    }
    struct Node *temp = *head_ref;
    while (temp->next != NULL)
        temp = temp->next;
    temp->next = newNode;
}

void displayList(struct Node *head)
{
    for (; head != NULL; head = head->next)
        printf("%d ", head->rollNumber);
    printf("\n");
}

int contains(struct Node *head, int roll)
{
    for (; head != NULL; head = head->next)
        if (head->rollNumber == roll)
            return 1;
    return 0;
}

void findIntersection(struct Node *v, struct Node *b)
{
    printf("Students who like both: ");
    for (struct Node *t = v; t != NULL; t = t->next)
        if (contains(b, t->rollNumber))
            printf("%d ", t->rollNumber);
    printf("\n");
}

void findSymmetricDifference(struct Node *v, struct Node *b)
{
    printf("Students who like either but not both: ");
    for (struct Node *t = v; t != NULL; t = t->next)
        if (!contains(b, t->rollNumber))
            printf("%d ", t->rollNumber);
    for (struct Node *t = b; t != NULL; t = t->next)
        if (!contains(v, t->rollNumber))
            printf("%d ", t->rollNumber);
    printf("\n");
}

void countNeither(struct Node *all, struct Node *v, struct Node *b)
{
    int count = 0;
    for (struct Node *t = all; t != NULL; t = t->next)
        if (!contains(v, t->rollNumber) && !contains(b, t->rollNumber))
            count++;
    printf("Students who like neither: %d\n", count);
}

int main()
{
    struct Node *vanillaSet = NULL, *butterscotchSet = NULL, *allStudents = NULL;
    int all[] = {101, 102, 103, 104, 105}, v[] = {101, 103, 104}, b[] = {102, 103, 105};
    for (int i = 0; i < 5; i++)
        insertNode(&allStudents, all[i]);
    for (int i = 0; i < 3; i++)
    {
        insertNode(&vanillaSet, v[i]);
        insertNode(&butterscotchSet, b[i]);
    }
    printf("Vanilla: ");
    displayList(vanillaSet);
    printf("Butterscotch: ");
    displayList(butterscotchSet);
    printf("All students: ");
    displayList(allStudents);
    findIntersection(vanillaSet, butterscotchSet);
    findSymmetricDifference(vanillaSet, butterscotchSet);
    countNeither(allStudents, vanillaSet, butterscotchSet);
    return 0;
}
Sample Output
Vanilla: 101 103 104 
Butterscotch: 102 103 105 
All students: 101 102 103 104 105 
Students who like both: 103 
Students who like either but not both: 101 104 102 105 
Students who like neither: 0
[bookmark: _Toc244638871]Linear probing
Program file: linear_probing.c
Aim
To implement a telephone book hash table that resolves collisions using linear probing.
Problem Statement
Consider the telephone book database of N clients. Make use of a hash table implementation to quickly look up a client’s telephone number. Make use of linear probing handling techniques.
Algorithm
1. Start.
1. Mark every slot of the hash table (size 10) as unoccupied.
1. Insert: read ID, name and phone. For i = 0 to SIZE - 1, check pos = (ID % SIZE + i) % SIZE. If the slot is free, store the client and stop; if it already holds the same ID, report a duplicate. If no slot is free, report that the table is full.
1. Search: read ID and probe the same sequence. If an empty slot is reached the client is not present; if the IDs match, print the client's details.
1. Display: print every index with its client or "Empty".
1. Repeat the menu until the user chooses Exit.
1. Stop.
C Program (linear_probing.c)
#include <stdio.h>
#include <string.h>
#define SIZE 10

struct Client
{
    int id;
    char name[50];
    char phone[15];
    int occupied;
};
struct Client hashTable[SIZE];

int hashFunction(int id)
{
    return id % SIZE;
}

void insertClient()
{
    int id, pos;
    char name[50], phone[15];
    printf("Enter Client ID, Name and Telephone Number: ");
    scanf("%d %s %s", &id, name, phone);
    for (int i = 0; i < SIZE; i++)
    {
        pos = (hashFunction(id) + i) % SIZE;
        if (hashTable[pos].occupied == 0)
        {
            hashTable[pos].id = id;
            strcpy(hashTable[pos].name, name);
            strcpy(hashTable[pos].phone, phone);
            hashTable[pos].occupied = 1;
            printf("Client inserted successfully!\n");
            return;
        }
        if (hashTable[pos].id == id)
        {
            printf("Client ID already exists!\n");
            return;
        }
    }
    printf("Hash table is full!\n");
}

void searchClient()
{
    int id, pos;
    printf("Enter Client ID to search: ");
    scanf("%d", &id);
    for (int i = 0; i < SIZE; i++)
    {
        pos = (hashFunction(id) + i) % SIZE;
        if (hashTable[pos].occupied == 0)
            break;
        if (hashTable[pos].id == id)
        {
            printf("ID: %d  Name: %s  Telephone: %s\n", hashTable[pos].id,
                   hashTable[pos].name, hashTable[pos].phone);
            return;
        }
    }
    printf("Client not found!\n");
}

void displayTable()
{
    printf("Index\tID\tName\tTelephone\n");
    for (int i = 0; i < SIZE; i++)
        if (hashTable[i].occupied)
            printf("%d\t%d\t%s\t%s\n", i, hashTable[i].id, hashTable[i].name,
                   hashTable[i].phone);
        else
            printf("%d\tEmpty\n", i);
}

int main()
{
    int choice;
    for (int i = 0; i < SIZE; i++)
        hashTable[i].occupied = 0;
    do
    {
        printf("\n1.Insert 2.Search 3.Display 4.Exit\nEnter your choice: ");
        scanf("%d", &choice);
        switch (choice)
        {
            case 1:
                insertClient();
                break;
            case 2:
                searchClient();
                break;
            case 3:
                displayTable();
                break;
            case 4:
                break;
            default:
                printf("Invalid choice!\n");
        }
    } while (choice != 4);
    return 0;
}
Sample Output

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter Client ID, Name and Telephone Number: 101 Ravi 9876543210
Client inserted successfully!

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter Client ID, Name and Telephone Number: 111 Priya 9123456780
Client inserted successfully!

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 1
Enter Client ID, Name and Telephone Number: 205 Amit 9988776655
Client inserted successfully!

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 2
Enter Client ID to search: 111
ID: 111  Name: Priya  Telephone: 9123456780

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 3
Index	ID	Name	Telephone
0	Empty
1	101	Ravi	9876543210
2	111	Priya	9123456780
3	Empty
4	Empty
5	205	Amit	9988776655
6	Empty
7	Empty
8	Empty
9	Empty

1.Insert 2.Search 3.Display 4.Exit
Enter your choice: 4
[bookmark: _Toc244638872]Singly linked list
Program file: singly_linked_list.c
Aim
To manage appointments using a singly linked list: show free slots, book, sort by time and cancel.
Problem Statement
Write a program to implement singly linked list : a) Display free slots b) Book appointment c) Sort list based on time d) Cancel appointment ( check validity, time bounds, availability) using pointer manipulation
Algorithm
1. Start with head = NULL. Valid slots are 09:00 to 17:00 at 30-minute intervals.
1. Free slots: for each valid slot, print it if no node in the list has that time.
1. Book: read ID, name and time. If the time is invalid or already booked, report it. Otherwise create a node, set node->next = head and head = node.
1. Sort: for each node i, and each node j after i, if i's time is later than j's, swap their data.
1. Cancel: read the ID and walk the list keeping prev. If not found, report it. If the node is head, set head = node->next; otherwise prev->next = node->next. Free the node.
1. Display: print every node's ID, name and time.
1. Repeat the menu until the user chooses Exit.
1. Stop.
C Program (singly_linked_list.c)
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct node
{
    int id;
    char name[30];
    int hour, min;
    struct node *next;
};
struct node *head = NULL;

int validTime(int h, int m)
{
    if (h < 9 || h > 17 || (h == 17 && m != 0))
        return 0;
    return m == 0 || m == 30;
}

int available(int h, int m)
{
    for (struct node *t = head; t != NULL; t = t->next)
        if (t->hour == h && t->min == m)
            return 0;
    return 1;
}

void displayFreeSlots()
{
    printf("Available slots:\n");
    for (int h = 9; h <= 16; h++)
        for (int m = 0; m <= 30; m += 30)
            if (available(h, m))
                printf("%02d:%02d\n", h, m);
    if (available(17, 0))
        printf("17:00\n");
}

void bookAppointment()
{
    struct node *newnode = (struct node *)malloc(sizeof(struct node));
    int h, m;
    printf("Enter ID, patient name and time (HH MM): ");
    scanf("%d %s %d %d", &newnode->id, newnode->name, &h, &m);
    if (!validTime(h, m))
    {
        printf("Invalid time!\n");
        free(newnode);
        return;
    }
    if (!available(h, m))
    {
        printf("Slot already booked!\n");
        free(newnode);
        return;
    }
    newnode->hour = h;
    newnode->min = m;
    newnode->next = head;
    head = newnode;
    printf("Appointment booked successfully!\n");
}

void sortAppointment()
{
    struct node *i, *j;
    int t;
    char tn[30];
    for (i = head; i != NULL; i = i->next)
        for (j = i->next; j != NULL; j = j->next)
            if (i->hour * 60 + i->min > j->hour * 60 + j->min)
            {
                t = i->id;
                i->id = j->id;
                j->id = t;
                t = i->hour;
                i->hour = j->hour;
                j->hour = t;
                t = i->min;
                i->min = j->min;
                j->min = t;
                strcpy(tn, i->name);
                strcpy(i->name, j->name);
                strcpy(j->name, tn);
            }
    printf("Appointments sorted successfully!\n");
}

void cancelAppointment()
{
    struct node *temp = head, *prev = NULL;
    int id;
    printf("Enter Appointment ID to cancel: ");
    scanf("%d", &id);
    while (temp != NULL && temp->id != id)
    {
        prev = temp;
        temp = temp->next;
    }
    if (temp == NULL)
    {
        printf("Appointment not found!\n");
        return;
    }
    if (prev == NULL)
        head = temp->next;
    else
        prev->next = temp->next;
    free(temp);
    printf("Appointment cancelled successfully!\n");
}

void displayAppointments()
{
    if (head == NULL)
    {
        printf("No appointments booked!\n");
        return;
    }
    for (struct node *t = head; t != NULL; t = t->next)
        printf("%d\t%s\t%02d:%02d\n", t->id, t->name, t->hour, t->min);
}

int main()
{
    int choice;
    do
    {
        printf("\n1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit\nEnter your "
               "choice: ");
        scanf("%d", &choice);
        switch (choice)
        {
            case 1:
                displayFreeSlots();
                break;
            case 2:
                bookAppointment();
                break;
            case 3:
                sortAppointment();
                break;
            case 4:
                cancelAppointment();
                break;
            case 5:
                displayAppointments();
                break;
            case 6:
                break;
            default:
                printf("Invalid choice!\n");
        }
    } while (choice != 6);
    return 0;
}
Sample Output

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 2
Enter ID, patient name and time (HH MM): 1 Priya 10 00
Appointment booked successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 2
Enter ID, patient name and time (HH MM): 2 Ravi 11 30
Appointment booked successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 2
Enter ID, patient name and time (HH MM): 3 Amit 18 00
Invalid time!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 5
2	Ravi	11:30
1	Priya	10:00

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 3
Appointments sorted successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 5
1	Priya	10:00
2	Ravi	11:30

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 4
Enter Appointment ID to cancel: 2
Appointment cancelled successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 1
Available slots:
09:00
09:30
10:30
11:00
11:30
12:00
12:30
13:00
13:30
14:00
14:30
15:00
15:30
16:00
16:30
17:00

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 5
1	Priya	10:00

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 6
[bookmark: _Toc244638873]Doubly linked list
Program file: doubly_linked_list.c
Aim
To manage appointments using a doubly linked list: show free slots, book, sort by time and cancel.
Problem Statement
Write a program to implement doubly linked list : a) Display free slots b) Book appointment c) Sort list based on time d) Cancel appointment ( check validity, time bounds, availability) using pointer manipulation
Algorithm
1. Start with head = NULL. Valid slots are 09:00 to 17:00 at 30-minute intervals.
1. Free slots: for each valid slot, print it if no node in the list has that time.
1. Book: read ID, name and time. If the time is invalid or already booked, report it. Otherwise create a node with prev = NULL and next = head; if head is not NULL set head->prev = node; then head = node.
1. Sort: for each node i, and each node j after i, if i's time is later than j's, swap their data.
1. Cancel: find the node with the ID. If not found, report it. If node->prev is NULL set head = node->next, else node->prev->next = node->next. If node->next is not NULL set node->next->prev = node->prev. Free the node.
1. Display: print every node's ID, name and time.
1. Repeat the menu until the user chooses Exit.
1. Stop.
C Program (doubly_linked_list.c)
#include <stdio.h>
#include <stdlib.h>
#include <string.h>

struct node
{
    int id;
    char name[30];
    int hour, min;
    struct node *prev, *next;
};
struct node *head = NULL;

int validTime(int h, int m)
{
    if (h < 9 || h > 17 || (h == 17 && m != 0))
        return 0;
    return m == 0 || m == 30;
}

int available(int h, int m)
{
    for (struct node *t = head; t != NULL; t = t->next)
        if (t->hour == h && t->min == m)
            return 0;
    return 1;
}

void displayFreeSlots()
{
    printf("Available slots:\n");
    for (int h = 9; h <= 16; h++)
        for (int m = 0; m <= 30; m += 30)
            if (available(h, m))
                printf("%02d:%02d\n", h, m);
    if (available(17, 0))
        printf("17:00\n");
}

void bookAppointment()
{
    struct node *newnode = (struct node *)malloc(sizeof(struct node));
    int h, m;
    printf("Enter ID, patient name and time (HH MM): ");
    scanf("%d %s %d %d", &newnode->id, newnode->name, &h, &m);
    if (!validTime(h, m))
    {
        printf("Invalid appointment time!\n");
        free(newnode);
        return;
    }
    if (!available(h, m))
    {
        printf("Appointment slot already booked!\n");
        free(newnode);
        return;
    }
    newnode->hour = h;
    newnode->min = m;
    newnode->prev = NULL;
    newnode->next = head;
    if (head != NULL)
        head->prev = newnode;
    head = newnode;
    printf("Appointment booked successfully!\n");
}

void sortAppointment()
{
    struct node *i, *j;
    int t;
    char tn[30];
    for (i = head; i != NULL; i = i->next)
        for (j = i->next; j != NULL; j = j->next)
            if (i->hour * 60 + i->min > j->hour * 60 + j->min)
            {
                t = i->id;
                i->id = j->id;
                j->id = t;
                t = i->hour;
                i->hour = j->hour;
                j->hour = t;
                t = i->min;
                i->min = j->min;
                j->min = t;
                strcpy(tn, i->name);
                strcpy(i->name, j->name);
                strcpy(j->name, tn);
            }
    printf("Appointments sorted successfully!\n");
}

void cancelAppointment()
{
    struct node *temp = head;
    int id;
    printf("Enter Appointment ID to cancel: ");
    scanf("%d", &id);
    while (temp != NULL && temp->id != id)
        temp = temp->next;
    if (temp == NULL)
    {
        printf("Appointment not found!\n");
        return;
    }
    if (temp->prev == NULL)
        head = temp->next;
    else
        temp->prev->next = temp->next;
    if (temp->next != NULL)
        temp->next->prev = temp->prev;
    free(temp);
    printf("Appointment cancelled successfully!\n");
}

void displayAppointments()
{
    if (head == NULL)
    {
        printf("No appointments booked!\n");
        return;
    }
    for (struct node *t = head; t != NULL; t = t->next)
        printf("%d\t%s\t%02d:%02d\n", t->id, t->name, t->hour, t->min);
}

int main()
{
    int choice;
    do
    {
        printf("\n1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit\nEnter your "
               "choice: ");
        scanf("%d", &choice);
        switch (choice)
        {
            case 1:
                displayFreeSlots();
                break;
            case 2:
                bookAppointment();
                break;
            case 3:
                sortAppointment();
                break;
            case 4:
                cancelAppointment();
                break;
            case 5:
                displayAppointments();
                break;
            case 6:
                break;
            default:
                printf("Invalid choice!\n");
        }
    } while (choice != 6);
    return 0;
}
Sample Output

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 2
Enter ID, patient name and time (HH MM): 1 Priya 10 00
Appointment booked successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 2
Enter ID, patient name and time (HH MM): 2 Ravi 11 30
Appointment booked successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 2
Enter ID, patient name and time (HH MM): 3 Amit 18 00
Invalid appointment time!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 5
2	Ravi	11:30
1	Priya	10:00

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 3
Appointments sorted successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 5
1	Priya	10:00
2	Ravi	11:30

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 4
Enter Appointment ID to cancel: 2
Appointment cancelled successfully!

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 1
Available slots:
09:00
09:30
10:30
11:00
11:30
12:00
12:30
13:00
13:30
14:00
14:30
15:00
15:30
16:00
16:30
17:00

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 5
1	Priya	10:00

1.Free Slots 2.Book 3.Sort 4.Cancel 5.Display 6.Exit
Enter your choice: 6
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