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Write a program in a programming language of your choice to find all prime numbers up to a
given positive integer 'N' using the Sieve of Eratosthenes algorithm. Additionally, analyze and
provide the time complexity of your implementation. Explain how the time complexity is
derived and how it depends on the input size 'N'.

ALGORITHM Sieve(n)

INPUT: A positive integer n> 2

OUTPUT: Array L of all prime numbers less than or equal to n
/I Step 1: Initialize the array A
LET A[2..n] < each element A[p] initialized to p

/I Step 2: Mark non-prime numbers
FOR p < 2 TO |\n] DO
IF A[p] # 0 THEN // If p is not marked, it's a prime
LETj«—pxp
WHILE j <n DO
Alj] <0 // Mark multiple of p as non-prime
je<itp
END WHILE
END IF
END FOR

/I Step 3: Collect remaining prime numbers
LET L[0..] « empty list
LETi<0
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FOR p < 2 TO n DO
IF A[p] # 0 THEN
L[i] < A[p] // Store the prime number
1—i+1
END IF
END FOR

I/ Step 4: Return the list of primes
RETURN L
END ALGORITHM

Sample Input

e n=230
Expected Output

e L=[23,5711,13,17,19, 23, 29]
Time Complexity: O(n - In(In(n)))
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Write a program to determine whether a given square matrix is a Magic Square or not. A Magic
Square is defined as an nxn matrix of distinct elements ranging from 1 to n? where the sum of
every row, column, and diagonal is equal to the same number.

ALGORITHM isMagicSquare(mat)
INPUT: A 3x3 matrix mat
OUTPUT: Boolean value (True if mat is a Magic Square, False otherwise)

/I Step 1: Set matrix size
LET n «— 3 // Matrix is fixed at 3x3

// Step 2: Calculate the sums of the two diagonals
LET sumdl « 0 // ' Sum of the main diagonal
LET sumd2 « 0 /I Sum of the secondary diagonal

FORi«<~—0TOn-1DO

sumdl « sumd1 + mat[i][i] // Main diagonal
sumd2 «<— sumd2 + mat[i][n-1-i]  // Secondary diagonal
END FOR

/I Step 3: Check if both diagonal sums are equal



Al 3marg WS ST FFuT, #drer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

g Ay wd @it faumr

(Department of Computer Science and Engineering)

IF sumdl # sumd2 THEN
RETURN False
END IF

/I Step 4: Check if all rows and columns sum to the same value
FORi<—0TOn-1DO

LET rowSum « 0

LET colSum « 0

FORj« 0TOn-1DO
rowSum « rowSum + mat[i][j]

colSum « colSum + mat[j][i]
END FOR

IF rowSum # colSum OR colSum # sumdl THEN
RETURN False
END IF
END FOR

/I Step 5: If all checks passed, it's a magic square
RETURN True

END ALGORITHM

Sample Input

mat=[[8, 1, 6], [3,5, 7], [4, 9, 2]]

Expected Output

True // The matrix is a magic square

Time Complexity Analysis: O(n?)

Lab: 02
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Write a recursive program to solve the Tower of Hanoi problem. The program should move
all disks from the source rod to the destination rod using an auxiliary rod and count the total
steps required.

Here's the algorithm for solving the Tower of Hanoi problem using recursion:

ALGORITHM Tower_Of_Hanoi(n, source, destination, auxiliary)
INPUT:



Al 3marg WS ST FFuT, #drer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

g Ay wd @it faumr

(Department of Computer Science and Engineering)

n: Number of disks
source: Starting rod
destination: Target rod
auxiliary: Helper rod

OUTPUT:
e Step-by-step instructions to move all disks from source to destination

e Total number of steps required

/I Global step counter
LET steps < 0

/I Step 1: Define the recursive function
FUNCTION tower_of hanoi(n, source, destination, auxiliary)
IFn==1THEN
PRINT "Move disk 1 from", source, "to", destination
steps «— steps + 1
RETURN
END IF

/I Step 2: Move n-1 disks from source to auxiliary
CALL tower_of hanoi(n - 1, source, auxiliary, destination)

/I Step 3: Move the nth disk from source to destination
PRINT "Move disk", n, "from", source, "to", destination
steps «— steps + 1

I/ Step 4: Move n-1 disks from auxiliary to destination
CALL tower_of_hanoi(n - 1, auxiliary, destination, source)
END FUNCTION

[/ Step 5: Initialize and invoke the function
LET n « given number of disks

LET steps < 0

CALL tower_of_hanoi(n, 'A’", 'C', 'B")

/I Step 6: Output the total number of steps
PRINT "Total steps required:", steps

END ALGORITHM
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Sample Input

n=3

Expected Output

Move disk 1 from Ato C
Move disk 2 from A to B
Move disk 1 from Cto B
Move disk 3 from Ato C
Move disk 1 from B to A
Move disk 2 fromBto C
Move disk 1 from Ato C
Total steps required: 7

Time Complexity Analysis: O(2)
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Write a program to calculate the n-th Fibonacci number using recursion. The program
should also count the total number of recursive calls made during the calculation.

ALGORITHM Fibonacci(n, call_count)
INPUT:
e n: Index of the Fibonacci number to compute
e call_count: A list with a single integer to track number of recursive calls

OUTPUT:
e The n-th Fibonacci number
e Total number of recursive calls made

/I Step 1: Define the recursive function
FUNCTION fibonacci(n, call_count)
[/ Step 2: Base Cases
IFn==0THEN
RETURN 0
ELSE IFn==1THEN
RETURN 1
END IF

I/ Step 3: Increment call count
call count[0] « call count[0] + 1

/Il Step 4: Recursive computation
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RETURN fibonacci(n - 1, call_count) + fibonacci(n - 2, call_count)
END FUNCTION

/I Step 5: Initialize counter and call function

LET n « given index (e.g., 5)

LET call_count « [0] // Using list to simulate pass-by-reference
LET result « fibonacci(n, call count)

/I Step 6: Output result
PRINT "The", n, "-th Fibonacci number is:", result
PRINT "Total recursive calls made:", call_count[0]

END ALGORITHM

Sample Input
n=>5

Expected Output
The 5-th Fibonacci number is: 5

Total recursive calls made: 15

Time Complexity Analysis: O(2")
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Write a program to calculate the GCD (Greatest Common Divisor) of two numbers using
recursion. The program should also count the total number of recursive calls made during
the calculation.

ALGORITHM GCD(a, b, call_count)
INPUT:
e 3 b: Two integers
e call_count: A list with a single integer to track number of recursive calls

OUTPUT:
e Greatest Common Divisor (GCD) of aand b
e Total number of recursive calls made

/I Step 1: Define the recursive function
FUNCTION gcd(a, b, call_count)
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/I Step 2: Increment recursive call count
call count[0] « call count[0] + 1

/I Step 3: Base Case
IFb==0THEN

RETURN a
END IF

/I Step 4: Recursive Case
RETURN gcd(b, a MOD b, call_count)
END FUNCTION

/I Step 5: Initialize counter and call the function

LET a « given integer (e.g., 48)

LET b « given integer (e.g., 18)

LET call _count « [0] // List used to pass by reference
LET result < gcd(a, b, call _count)

/I Step 6: Output result
PRINT "The GCD of", a, "and", b, "is:", result
PRINT "Total recursive calls made:", call_count[0]

END ALGORITHM

Sample Input
a=48,b=18

Expected Output
The GCD of 48 and 18 is: 6

Total recursive calls made: 3

Time Complexity Analysis: O(log(min(a, b)))

Lab: 03
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Write a program to compare Binary search and Ternary search in terms of the number of

comparisons done by each. Do this experimentally by plotting a graph and theoretically by
analyzing the Algorithm range search using binary search
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ALGORITHM Compare_Search_Methods(arr, target)
INPUT:

e Asorted array arr[0..n-1] of n elements

e Atarget value target to search for

OUTPUT:
e Index of target in array (if found)
e Number of comparisons for Binary and Ternary Search

Step 1: Binary Search with Comparison Count

LET low <0
LET high <—n-1
LET comparisons_binary «— 0

WHILE low < high DO
comparisons_binary «— comparisons_binary + 1
LET mid « (low + high) // 2

IF arr[mid] = target THEN
RETURN mid

ELSE IF arr[mid] < target THEN
low «— mid + 1

ELSE
high « mid - 1

END IF

END WHILE

RETURN -1 // Target not found
Step 2: Ternary Search with Comparison Count
LET low « 0

LET high«—n-1
LET comparisons_ternary <— 0

WHILE low < high DO
LET midl « low + (high - low) // 3
LET mid2 « high - (high - low) // 3

comparisons_ternary «— comparisons_ternary + 1
IF arr[mid1] = target THEN
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RETURN midl
comparisons_ternary <— comparisons_ternary + 1
IF arr[mid2] = target THEN

RETURN mid2

IF target < arr[mid1] THEN
high < midl - 1

ELSE IF target > arr[mid2] THEN
low « mid2 + 1

ELSE
low « midl + 1
high < mid2 - 1

END IF

END WHILE

RETURN -1 // Target not found
Step 3: Compare Number of Comparisons

Generate a sorted array arr of size n
Set target value

CALL Binary Search and record number of comparisons
CALL Ternary Search and record number of comparisons
PLOT a graph: input size (n) vs. number of comparisons

Step 4: Range Search Using Modified Binary Search

FUNCTION find_first(arr, target)
LET low < 0
LET high «<n-1
LET result « -1

WHILE low < high DO

LET mid « (low + high) // 2

IF arr[mid] = target THEN
result < mid
high « mid - 1

ELSE IF arr[mid] < target THEN
low «— mid + 1

ELSE
high « mid - 1
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END WHILE
RETURN result

FUNCTION find_last(arr, target)
LET low « 0
LET high<n-1
LET result «— -1

WHILE low < high DO
LET mid « (low + high) // 2
IF arr[mid] = target THEN
result «— mid
low «— mid + 1
ELSE IF arr[mid] < target THEN
low «— mid + 1
ELSE
high « mid - 1
END WHILE
RETURN result

LET range <« find_last(arr, target) - find_first(arr, target) + 1

Sample Input
Sorted Array: [2, 5, 8, 12, 16, 23, 38, 56, 72, 91]
Target: 23

Expected Output
Binary Search:
Target found at index 5
Comparisons made: 3

Ternary Search:
Target found at index 5

Comparisons made: 4

Range Search:
Occurrences of target: 1

Time Complexity Analysis

Operation Time Complexity
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Binary Search O(logzn)
Ternary Search O(logzn)
Range Search (2 Binary) O(2'log n) = O(log n)
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Given a sorted array of distinct non-negative whole numbers. Find the smallest missing
number.

Hint: Binary search-based. Whole numbers are considered. If the number at the same index
is greater than the index value, then something is missing in the left and right portions.
Narrow down your search and reach the solution.

ALGORITHM Find_Smallest_Missing(arr, n)

INPUT:
e A ssorted array arr[0..n-1] of n distinct non-negative integers
e Size of the array: n

OUTPUT:
e The smallest missing number from the array

Step 1: Initialize Pointers
plaintext

CopyEdit

LET low <« 0

LET high «<n-1

Step 2: Binary Search Loop
plaintext
CopyEdit
WHILE low < high DO
LET mid « (low + high) // 2

IF arr[mid] = mid THEN
/I Missing number is in the right half
low «— mid + 1
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ELSE
/I Missing number is in the left half or at mid
high < mid - 1
END WHILE

Step 3: Return the Missing Number
RETURN low // The smallest missing number
Explanation
e If arr[mid] == mid, it means all numbers till mid are present, so the missing
number must be after mid.
e If arr[mid] > mid, the first missing number is somewhere before or at mid.
Sample Input
arr=1[0, 1, 2, 3, 5]
n=>5

Expected Output
Smallest missing number is: 4

Time and Space Complexity: O(log n)
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Write a program to sort a given set of n integer elements using the Merge Sort method and
compute its time complexity. Run the program for varied values of n > 5000, and record
the time taken to sort. Plot a graph of the time taken versus the size of n. The elements can
be read from a file or generated using a random number generator. Demonstrate using any
language how the divide-and-conquer method works along with its time complexity
analysis (worst case, average case, and best case).
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ALGORITHM Merge_Sort(arr)
INPUT:
e Anunsorted array arr[0..n-1] of length n

OUTPUT:
e A sorted version of the input array

Step 1: Base Case

IF length of arr < 1 THEN
RETURN arr // Already sorted

Step 2: Divide the Array

LET mid « length(arr) // 2
LET left « Merge Sort(arr[0..mid-1])
LET right < Merge_Sort(arr[mid..n-1])

Step 3: Merge Sorted Halves
Call Merge(left, right) to combine the two sorted halves:

FUNCTION Merge(left, right):
LET result < empty list
LETi«0,j«<0

WHILE i < length(left) AND j < length(right) DO
IF left[i] < right[j] THEN
APPEND left[i] to result
1<—1+1
ELSE
APPEND right[j] to result
jeitl
END WHILE

APPEND remaining elements of left[i..] to result
APPEND remaining elements of right[j..] to result

RETURN result
Step 4: Return Final Merged List

RETURN Merge(left, right)
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Sample Input
arr=[12, 11, 13,5, 6, 7]

Expected Output
Sorted array is: [5, 6, 7, 11, 12, 13]

Time Complexity: O(nlog n)

Lab: 04
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Write a program to sort a given set of numbers using the Selection Sort algorithm. Repeat
the experiment for different values of n (number of elements in the list to be sorted) and
plot a graph of the time taken versus n. The elements can be read from a file or generated
using a random number generator.

ALGORITHM Merge_Sort_LinkedList(head)
INPUT:

A singly linked list with head node head
OUTPUT:

A sorted linked list in ascending order

Step 1: Base Case

IF head is NULL OR head.next is NULL THEN
RETURN head // Already sorted

Step 2: Divide the Linked List
LET middle < Get Middle(head)
LET next _to_middle «— middle.next

SET middle.next «<— NULL // Split the list into two halves

LET left «— Merge Sort_LinkedList(head)
LET right < Merge Sort LinkedList(next to middle)
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Step 3: Merge the Sorted Halves
CALL Merge_LinkedLists(left, right)

FUNCTION Merge_LinkedLists(left, right):
sgl
CopyEdit
IF left is NULL THEN
RETURN right
IF right is NULL THEN
RETURN left

IF left.value < right.value THEN
left.next «— Merge LinkedLists(left.next, right)
RETURN left

ELSE
right.next «— Merge LinkedLists(left, right.next)
RETURN right

Step 4: Return Final Merged List

RETURN Merge_LinkedLists(left, right)

Helper Function: Get_Middle(head)
LET slow « head, fast « head

WHILE fast.next # NULL AND fast.next.next # NULL DO
slow « slow.next
fast <« fast.next.next

RETURN slow

Sample Input
A linked list:
head=12—>11—>13—>5—56—>7

Expected Output
Sorted linked list:
5-6—->7—>11—>12—>13



Al 3marg WS ST FFuT, #drer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

$eR fag wd siftifet faumn
(Department of Computer Science and Engineering)

Time Complexity
Best Case: O(n log n)
Average Case: O(n log n)
Worst Case: O(n log n)
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Write a program to solve the defective coin problem, which involves identifying

any defective coin, if present, and determining the nature of the defect

(lighter/heavier) from a set of coins containing at most one defective coin using the

divide and conquer approach.

ALGORITHM Find_Defective_Coin(coins)

INPUT: A list coins[0..n-1] of coin weights, where all coins are identical except one (either
heavier or lighter)

OUTPUT:

The weight of the defective coin

Step 1: Define Recursive Helper Function

FUNCTION Find(coin_set):
IF length(coin_set) == 1 THEN
RETURN coin_set[0] // Base case: only one coin, must be defective

Step 2: Divide the Set into Three Parts
LET third < floor(length(coin_set) / 3)
LET partl < coin_set[0..third-1]

LET part2 « coin_set[third..2*third-1]
LET part3 <« coin_set[2*third..end]

Step 3: Compare the Weights
IF sum(partl) < sum(part2) THEN
RETURN Find(partl) // Defective coin is lighter and in partl
ELSE IF sum(partl) > sum(part2) THEN
RETURN Find(part2) // Defective coin is heavier and in part2
ELSE
RETURN Find(part3) // Both partl and part2 are equal, defect is in part3

Step 4: Call the Function
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RETURN Find(coins)

Sample Input
coins=[1,1,1,1,1,1, 2]

Expected Output
Defective Coin: 2

Time Complexity

Best Case: O(logs n)
Average Case: O(logs n)
Worst Case: O(logs n)

Lab: 05
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Sort a given set of n integer elements using Quick Sort method and compute its time
complexity. Run the program for varied values of n> 5000 and record the time taken to
sort. Plot a graph of the time taken versus a non graph sheet. The elements can be read from
a file or can be generated using the random number generator. Demonstrate using any
language how the divide and-conquer method works along with its time complexity
analysis: worst case, average case and best case.
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Write a program to implement Quick Sort using random pivot. Analyse its time complexity
for reverse sorted, sorted and random array.
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ALGORITHM Quick_Sort_Median_of_Three(arr, low, high)
INPUT:

An unsorted array arr[low..high] of length n

OUTPUT:

A sorted version of the input array

Step 1: Base Case
pgsal
CopyEdit
IF low < high THEN
CONTINUE
ELSE
RETURN // Sub-array of size 0 or 1 is already sorted

Step 2: Choose Pivot using Median of Three

LET mid « (low + high) // 2

LET a « arr[low], b «— arr[mid], ¢ «<— arr[high]

Sort a, b, ¢ and select the **median** as pivot

Place the pivot at arr[high] (swap with original high if needed)

Step 3: Partition the Array
LET pivot «— arr[high]
LETi«low-1

FOR j FROM low TO high - 1 DO
IF arr[j] < pivot THEN
1—1+1
SWAP arr[i] and arr(j]
SWAP arr[i+1] and arr[high]
LET partition_index «—1i+ 1

Step 4: Recur on Sub-arrays
CALL Quick_Sort_Median_of_Three(arr, low, partition_index - 1)
CALL Quick_Sort_Median_of_Three(arr, partition_index + 1, high)

Sample Input
arr =[24, 3, 45, 29, 37, 1, 18, 50]

Expected Output
Sorted array: [1, 3, 18, 24, 29, 37, 45, 50]

Time Complexity
Best Case: O(n log n)
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Average Case: O(n log n)
Worst Case: O(n”2) (less likely due to pivot choice optimization)
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Write a program to implement Quick Sort using insertion sort ( for n > 4, quick sort N<=
4, insertion sort)

ALGORITHM Quick_Sort_With_Insertion(arr, low, high)

INPUT:

An unsorted array arr[low..high] of length n
OUTPUT:

A sorted version of the input array

Step 1: Base Case

IF (high - low + 1) <4 THEN
CALL Insertion_Sort(arr, low, high)
RETURN

Step 2: Quick Sort Partitioning
LET pivot «— arr[high]
LETi«< low-1

FOR j FROM low TO high - 1 DO
IF arr[j] < pivot THEN
1<—1+1
SWARP arr[i], arr[j]
SWAP arr[i+1], arr[high]
LET partition_index «—1i+ 1

Step 3: Recur on Sub-arrays
CALL Quick_Sort_With_Insertion(arr, low, partition_index - 1)
CALL Quick_Sort_With_Insertion(arr, partition_index + 1, high)

Helper Algorithm: Insertion Sort
ALGORITHM Insertion_Sort(arr, low, high)
FOR i FROM low+1 TO high DO

LET key « arr[i]
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LETj«i-1

WHILE j > low AND arr(j] > key DO
arr[j+1] « arrfj]
jei-l

arr[j+1] < key

Sample Input
arr=[29, 3, 7,18, 1, 45, 24, 4]

Expected Output
Sorted array: [1, 3, 4, 7, 18, 24, 29, 45]

Time Complexity

Quick Sort (n > 4):
* Best Case: O(n log n)
* Average Case: O(n log n)
* Worst Case: O(n"2)

Insertion Sort (n < 4):
* Best, Average, Worst Case: O(n"2)

Lab: 06
1. SR YR BT IYART S 0/1 TUNS THWT ! AR B & o TANReH ford |

Write the algorithm to implement 0/1 knapsack problem using dynamic programming.

ALGORITHM Knapsack_DP(n, W, w, v)
INPUT: Number of items n, knapsack capacity W, array of weights w[1..n], array of values
v[1..n]
OUTPUT: Maximum value achievable within capacity W
// Step 1: Initialize DP table
LET DP[0..n][0..W] < 0
/I Step 2: Populate DP table
FOR i« 1TOnDO
FOR j < 0 TO W DO
IF w[i] <j THEN
DP[i][j] « MAX(DP[i-1][j], DP[i-1][j - w[i]] + V[i])
ELSE
DP[i][j] < DP[i-11[j]
END IF
END FOR
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END FOR
/I Step 3: Return the result
RETURN DP[n][W]

END ALGORITHM
Sample Input

Number of items: n=4

Capacity of the knapsack: W =8
Weights of the items: w =[2, 3, 4, 5]
Values of the items: v =[3, 4, 5, 6]

Expected Output

e Maximum value that can be obtained: 9

Time Complexity: O(nW) Where n is the number of items and W is the maximum weight
the knapsack can carry.

2. WU P AR UM &) AR FHRA & forT T Ui ford|

Write an algorithm to implement Strassen’s matrix multiplication for both a constant value
of n and a dynamic value of n.

Strassen's Algorithm for Constant N:

ALGORITHM Strassen_Multiply(A, B)
INPUT: Two square matrices A and B of size n x n (where n is a power of 2)
OUTPUT: Matrix C, the product of A and B
IFn=1THEN
RETURN [[A[1,1] * B[1,1]]]
END IF
LET mid «—n/2
// Divide matrices into submatrices
(Al1, A12, A21, A22) < Split(A)
(B11, B12, B21, B22) « Split(B)
/I Compute 7 matrix products using Strassen's formula
M1 « Strassen_Multiply(Add(A11, A22), Add(B11, B22))
M2 « Strassen_Multiply(Add(A21, A22), B11)
M3 « Strassen_Multiply(A11, Subtract(B12, B22))
M4 « Strassen_Multiply(A22, Subtract(B21, B11))
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M5 « Strassen_Multiply(Add(Al1, A12), B22)
M6 « Strassen_Multiply(Subtract(A21, A11), Add(B11, B12))
M7 « Strassen_Multiply(Subtract(A12, A22), Add(B21, B22))
/I Combine results to form C
C11 < Add(Subtract(Add(M1, M4), M5), M7)
C12 « Add(M3, M5)
C21 « Add(M2, M4)
C22 «— Add(Subtract(Add(M1, M3), M2), M6)
C «— Combine(C11, C12, C21, C22)
RETURN C
END ALGORITHM

Strassen's Algorithm for Dynamic N:

ALGORITHM Strassen_Dynamic(A, B)
INPUT: Two matrices A and B of sizenxmand m x p
OUTPUT: Matrix C, the product of A and B
LET max_dim <« MAX(n, m, p)
LET k «— Next Power Of Two(max_dim)
// Pad matrices A and B to size k x k
A padded « Pad Matrix(A, k)
B _padded < Pad Matrix(B, k)
/l Perform Strassen's multiplication on padded matrices
C padded « Strassen Multiply(A padded, B padded)
/I Extract the result of original size from the padded matrix
C « Extract_Submatrix(C_padded, n, p)
RETURN C

END ALGORITHM

ALGORITHM Next_Power_Of_Two(x)
INPUT: An integer x
OUTPUT: The smallest power of 2 greater than or equal to x
LET power « 1
WHILE power < x DO
power «— power * 2
END WHILE
RETURN power
END ALGORITHM

ALGORITHM Pad_Matrix(M, size)
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INPUT: A matrix M and the desired size
OUTPUT: A padded matrix of size x size
LET n, m < Dimensions(M)
LET P «— A zero matrix of size X size
FOR i+ 1TOnDO

FOR j « 1 TO m DO

Pli, j] < MIi, j]

END FOR
END FOR
RETURN P

END ALGORITHM

ALGORITHM Extract_Submatrix(M, rows, cols)
INPUT: A matrix M and dimensions rows x cols
OUTPUT: The submatrix of M of size rows x cols
LET S « A zero matrix of rows X cols
FOR 1« 1 TO rows DO

FOR j « 1 TO cols DO
SIi, j] < MIi, j]
END FOR
END FOR
RETURN S
END ALGORITHM

Helper Algorithms:

Add: Matrix addition.

Subtract: Matrix subtraction.

Split: Splits a matrix into four submatrices.
Combine: Combines four submatrices into one.

ALGORITHM Add(A, B)
INPUT: Two matrices A and B of the same size
OUTPUT: Matrix C, where C[i, j] = Ali, j] + B[, j]
LET n « Number of rows in A
LET m <« Number of columns in A
LET C < A zero matrix of size n X m
FOR i<« 1 TOn DO
FORj <« 1 TOm DO
Ci, j1 < Al[i, j1 + B, j]
END FOR
END FOR
RETURN C
END ALGORITHM
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ALGORITHM Subtract(A, B)
INPUT: Two matrices A and B of the same size
OUTPUT: Matrix C, where C[i, j] = Ali, j] - BIi, j]
LET n <« Number of rows in A
LET m < Number of columns in A
LET C < A zero matrix of size n X m
FORi1«+1TOnDO
FORj < 1 TO m DO
Cli, j1 < A[L j1 - B[i, ]
END FOR
END FOR
RETURN C
END ALGORITHM

ALGORITHM Split(M)
INPUT: A matrix M of sizen x n
OUTPUT: Submatrices M11, M12, M21, M22 of size n/2 x n/2
LET mid «—n/2
MI11 « Submatrix of M[1:mid, 1:mid]
M12 <« Submatrix of M[1:mid, mid+1:n]
M21 « Submatrix of M[mid+1:n, 1:mid]
M?22 <« Submatrix of M[mid+1:n, mid+1:n]
RETURN (M11, M12, M21, M22)
END ALGORITHM

ALGORITHM Combine(M11, M12, M21, M22)
INPUT: Four matrices M11, M12, M21, M22 of the same size
OUTPUT: A combined matrix C
LET n « Size of M11
LET C <« A zero matrix of size 2n X 2n
FOR i« 1 TOnDO

FOR j« 1 TOn DO
CI[i, j] « MI11[i, j]
C[i, j+n] < MI12[i, j]
C[i+n, j] < M21[i, ]
C[i+n, j+n] «— M22[j, j]
END FOR
END FOR
RETURN C
END ALGORITHM
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Sample Input

e Matrix A:
e Matrix B:

Expected Output
e Matrix C (Product of A and B):

Time Complexity: O(n ~ (2.81))

3. TU® TENReH ford o fEarss TS Sihr &1 SUTRT B @IT 5o & Afce[RIB R ol
e B

Write an algorithm to implement the multiplication of long integers using divide and
conquer.

ALGORITHM Long_Integer_Multiply(X, Y)
INPUT: Two long integers X and Y, both of size n
OUTPUT: The product Z=X x Y
// Base case: if the integers are small enough, multiply them directly
IFn=1THEN

RETURN X x Y
END IF
/I Divide the integers into halves
LET m « [n/ 2] // Middle point
LET X1 « Higher Half(X, m)
LET X0 « Lower Half(X, m)
LET Y1 « Higher Half(Y, m)
LET YO « Lower_ Half(Y, m)
/I Recursively compute the three products
Z2 < Long_Integer Multiply(X1, Y1)
70 < Long_Integer Multiply(X0, YO0)
Z1 < Long Integer Multiply(X1 + X0, Y1 +YO0)-Z22-Z0
/I Combine results
Z — (Z2 x 10°(2m)) + (Z1 x 10*m) + Z0
RETURN Z
END ALGORITHM

ALGORITHM Higher_Half(X, m)
INPUT: Integer X and size m
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OUTPUT: The higher half of the integer X (leftmost digits)
RETURN Floor(X / 10"m)
END ALGORITHM

ALGORITHM Lower_Half(X, m)
INPUT: Integer X and size m
OUTPUT: The lower half of the integer X (rightmost digits)
RETURN X MOD 10"m

END ALGORITHM

Sample Input

e Integer X: 1234
e Integer Y: 5678

Expected Output

e Product Z=XxY: 7006652
Time Complexity: O(nlog/023)~0(n1.58)

Lab: 07
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From a given vertex in a weighted connected graph, find shortest paths to other vertices
using Dijkstra's algorithm. Write the program using any language.

ALGORITHM Dijkstra’'s_Algorithm(graph, startVertex)
INPUT: A directed weighted graph and a start vertex

OUTPUT: The shortest distances from startVertex to all other vertices

/I Initialization

LET distanceArray <« Initialize_Distance_Array(graph, startVertex)

LET distanceRecord «— Create Priority Queue()

LET visitedVertices < Create Empty List()

/I Add start vertex to priority queue

ENQUEUE distanceRecord, distanceArray|[startVertex.Index]

/I Main Loop

WHILE visitedVertices.Count # distanceArray.Length AND distanceRecord.Count # 0
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/I Dequeue vertex with minimum distance
LET minDistance «— DEQUEUE distanceRecord

/I Skip if vertex is already visited
IF visitedVertices.Contains(minDistance.Vertex)
CONTINUE
END IF
/I Mark vertex as visited
ADD visitedVertices, minDistance.Vertex
/I Update distances of neighbors
FOR EACH neighbor IN graph.GetNeighbors(minDistance.Vertex)
LET adjacentDistance «— graph.AdjacentDistance(minDistance. Vertex, neighbor)
LET distance « distanceArray[neighbor.Index]
LET fullDistance < minDistance.Distance + adjacentDistance
IF distance.Distance > fullDistance
UPDATE distance.Distance, fullDistance
UPDATE distance.PreviousVertex, minDistance.Vertex
ENQUEUE distanceRecord, distance
END IF
END FOR
END WHILE
// Return shortest distances
RETURN distanceArray
END ALGORITHM

ALGORITHM Initialize_Distance_Array(graph, startVertex)
INPUT: A directed weighted graph graph and a start vertex startVertex
OUTPUT: The initialized distance array

LET distanceArray < Create Array(graph.Count)

/I Initialize start vertex distance to 0

SET distanceArray[startVertex.Index].Distance, 0

/I Initialize all other vertex distances to infinity

FOR EACH vertex IN graph.Vertices

IF vertex # startVertex

SET distanceArray[vertex.Index].Distance, double.MaxValue
END IF

END FOR

RETURN distanceArray

END ALGORITHM

Sample Input:
vector<vector<pair<int, int>>> graph = {
{{1, 10}, {3, 5}}, // Edges from vertex O
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{{2, 1}}, // Edges from vertex 1
{{3, 1}}, /I Edges from vertex 2
{{2, 1}} Il Edges from vertex 3

b

Expected Output
Vertex 0 -> Distance 0
Vertex 1 -> Distance 10
Vertex 2 -> Distance 6
Vertex 3 -> Distance 5

Time Complexity: Using a min-heap, the time complexity is O((V+E)log/0V)O((V + E)
\log V) where VV is the number of vertices and EE is the number of edges.

2. TP U ford S 81 &1 SUART b UTH (E, V) § THEEE & fou fUrg Ays &) Switdc
B

Write a program to implement Prim's method for MST in a graph (E, V) using heaps.

ALGORITHM Prim's_MST(graph)
INPUT: A weighted graph graph with V vertices
OUTPUT: The minimum spanning tree (MST) of the graph
// Define a struct to store MST information
STRUCT mst {

bool visited;

int key;

int near;

}

/I Initialize MST array

LET MST_Array « Create_Array(V)

/I Initialize MST array values
PROCEDURE Initialize()
FORiFROMOQTO V-1
MST_Array[i].visited « false

MST Array[i].key « INFINITY
MST_Array[i].near « i
MST_Array[0].key < 0

/l Update near vertices

PROCEDURE Update_Near()
FORVFROM 0 TO V-1

LET min <« INFINITY
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LET minlndex < 0

FORiFROM O TO V-1

IF MST_Array[i].key < min AND MST_Aurray[i].visited = false AND MST_Array[i].key
# INFINITY

min < MST_Array[i].key

minlndex « i

MST_Array[minIndex].visited «— true

FORiFROMOTO V-1

IF graph[minIndex][i] # 0 AND graph[minIndex][i] < INFINITY
IF graph[minindex][i] < MST_Array[i].key

MST _Array[i].key < graph[minIndex][i]

MST _Array[i].near «<— minlndex

/I Show MST

PROCEDURE Show()

FORiFROM O TO V-1

PRINT i, " - ", MST_Array[i].near, "\t", graph[i][MST_Array[i].near]
/I Main procedure

PROCEDURE Main()

Initialize()

Update_Near()

Show()

END ALGORITHM

Sample Input:

const int V = 6;

int graph[V][V] ={
{0, 2,0, 6, 0, 0},
{2,0, 3, 8,0, 5},
{0,3,0,7,0,0},
{6,8,7,0,9, 0},
{0,0,0,9,0, 10},
{0,5,0,0, 10, 0}

3

Expected Output:
0-1 2

1-2 3
0-3 6
1-5 5
3-4 9
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Time Complexity: Using a min-heap, the time complexity is O(Elog/0:V)O(E \log
V).

3. Udh MUY ford ot €1 &1 IUaiT b Heb e UENRGH gRT U1 &1 e s W
At

Write a program to implement a minimum cost spanning tree of a graph using Kruskal’s
algorithm using heaps.

ALGORITHM Kruskal's MST(graph)
INPUT: A weighted graph graph
OUTPUT: The minimum spanning tree (MST) of the graph

/I Step 1: Create a disjoint set

PROCEDURE Create_Disjoint_Set()

LET disjoint_set «— Create Disjoint_Set Tree()
FOR EACH node IN graph.connections
disjoint_set.make_set(node)

I/ Step 2: Get the edges in ascending order of weights
PROCEDURE Get_Edges()

LET edges <« Create Empty List()

LET seen «— Create Empty Set()

FOR EACH start IN graph.connections

FOR EACH end IN graph.connections[start]

IF (start, end) NOT IN seen

seen.add((end, start))

edges.append((start, end, graph.connections[start][end]))
edges.sort(key=lambda x: x[2])

/I Step 3: Generate the MST
PROCEDURE Generate_ MST()

LET num_edges < 0

LET index « 0

LET graph mst « Create Empty Graph()
WHILE num_edges < len(graph.connections) - 1
u, v, w «— edges[index]

index « index + 1

parent u <« disjoint_set.find_set(u)
parent v < disjoint_set.find_set(v)

IF parent u # parent v
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num_edges «— num_edges + 1
graph_mst.add_edge(u, v, w)
disjoint_set.union(u, v)
RETURN graph_mst

END ALGORITHM

Sample Input:

constintV =6;

vector<tuple<int, int, int>> edges = {
{0, 1, 2}, {0, 3, 6}, {0, 4, 8}, {1, 2, 3},
{1, 3,8} {1,5, 5} {2, 3,7} {3, 4, 9},
{4,5, 10}

¥

Expected Output:

Edge 0 - 1, Weight: 2
Edge 1 - 2, Weight: 3
Edge 0 - 3, Weight: 6
Edge 1 - 5, Weight: 5
Edge 3 - 4, Weight: 9

Time Complexity: Using union-find (disjoint-set) and heaps, the time complexity is
O(Elog/0:E)O(E \log E) or O(Elogi/0}V)O(E \log V).

LAB 8
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Write a program to implement Change — making problem using a greedy algorithm when
(1) the cashier has only a limited number of coins. (2) the cashier has an unlimited supply
of coins. The value of coins will be like (1,5,10,20,50...paise)

ALGORITHM Greedy_Coin_Change(amount, denominations)
INPUT: Amount to change and list of coin denominations

OUTPUT: Change in coins or message if change cannot be made exactly
/I Sort denominations in descending order
denominations.sort(reverse=True)



Al 3marg WS ST FFuT, #drer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

$eR fag wd siftifet faumn
(Department of Computer Science and Engineering)

/[ Initialize change dictionary

LET change < Create_Empty_Dictionary()

/I Iterate through each denomination

FOR EACH coin IN denominations

IF amount > coin

/I Calculate maximum coins of this denomination
LET num_coins «— amount // coin

change[coin] « num_coins

amount «— amount - NUM_C0ins * coin

/I Check if change can be made exactly

IF amount > 0

RETURN "Change cannot be made exactly."

ELSE

RETURN change

ALGORITHM Greedy_Coin_Change_Limited(amount, denominations,

available_coins)

INPUT: Amount to change, list of coin denominations, and dictionary of available coins
OUTPUT: Change in coins or message if change cannot be made exactly with available
coins

// Sort denominations in descending order
denominations.sort(reverse=True)

/I Initialize change dictionary

LET change < Create Empty Dictionary()

/I Iterate through each denomination

FOR EACH coin IN denominations

IF amount > coin AND available coins[coin] > 0

// Calculate maximum coins of this denomination

LET num_coins « min(amount // coin, available coins|[coin])
change[coin] «— num_coins

amount «— amount - NUM_COINS * coin

available coins[coin] < available coins[coin] - num_coins

/I Check if change can be made exactly with available coins

IF amount > 0

RETURN "Change cannot be made exactly with available coins."
ELSE

RETURN change

1. Greedy Coin Change (Unlimited Coins)

Sample Input

e Amount: 93
e Denominations: [1, 5, 10, 20, 50]
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Expected Output
e Change: {50: 1, 20: 2, 1: 3}

2. Greedy Coin Change (Limited Coins)

Sample Input
e Amount: 93
e Denominations: [1, 5, 10, 20, 50]
e Available Coins:
{1, 5}, // 5 coins of 1 paise
{5, 2}, /1 2 coins of 5 paise
{10, 2}, /I 2 coins of 10 paise
{20, 1}, /1 1 coin of 20 paise
{50, 1} // 1 coin of 50 paise

Expected Output

e Change: Change cannot be made exactly with available coins.
Limited Number of Coins Time Complexity: Assuming n is the number of distinct coin
denominations and m is the total amount, the time complexity would be O(n-m).

Unlimited Supply of Coins Time Complexity: The time complexity is O(n) where n is
the number of different coin denominations.

2. feoweT & TENREH &1 ITUNT a3 SRS THIEfaad UTh (S1ush) # RifTd 9 wifcwe
1Y (THEHUY!) Wi o g T v ford |

Write a program to find the Single Source Shortest Path (SSSP) in a Directed Acyclic Graph

(DAG) using Dijkstra's Algorithm. heap, linear list

ALGORITHM Dijkstra_Heap(graph, start)
INPUT: Weighted graph graph and start node start
OUTPUT: Shortest distances from start node to all other nodes
/I Initialize heap with start node

LET heap < Create Heap()

heap.push((0, start))

I/ Initialize distances dictionary

LET distances «— Create_Dictionary()

FOR EACH node IN graph

distances[node] «— o

distances[start] «— 0
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/I Dijkstra's algorithm

WHILE heap IS NOT EMPTY
current_distance, current node «— heap.pop()
IF current_distance > distances[current_node]
CONTINUE

FOR EACH neighbor, weight IN graph[current_node]
distance «— current_distance + weight

IF distance < distances[neighbor]
distances[neighbor] < distance
heap.push((distance, neighbor))

RETURN distances

ALGORITHM Dijkstra_Linear(graph, start)
INPUT: Weighted graph graph and start node start
OUTPUT: Shortest distances from start node to all other nodes
/[ Initialize unvisited list

LET unvisited «— Create List()

FOR EACH node IN graph

unvisited.add(node)

/I Initialize distances dictionary

LET distances «— Create Dictionary()

FOR EACH node IN graph

distances[node] «— oo

distances[start] <« 0

/I Dijkstra's algorithm

WHILE unvisited IS NOT EMPTY

current_node «<— min(unvisited, key=lambda node: distances[node])
unvisited.remove(current_node)

FOR EACH neighbor, weight IN graph[current_node]
distance «— distances[current node] + weight

IF distance < distances[neighbor]

distances[neighbor] < distance

RETURN distances

Sample Input:

vector<vector<pair<int, int>>> graph = {
{{1, 1}, {2, 4}, {3, 7}}, // Edges from vertex O
{{0, 1}, {2, 3}, {3, 5}}, // Edges from vertex 1
{{0, 4}, {1, 3}, {3, 6}}, // Edges from vertex 2
{{0, 7}, {1, 5}, {2, 6}} // Edges from vertex 3

b

Expected Output
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Vertex 0 -> Distance 0
Vertex 1 -> Distance 1
Vertex 2 -> Distance 4
Vertex 3 -> Distance 6

Time Complexity: Using a min-heap (priority queue), the time complexity is
O((V+E)logi/0}V)

LAB - 09
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Write a program that efficiently merges a set of sorted files of different lengths into a single
sorted file, aiming to minimize the time complexity of the process.

ALGORITHM Merge_Sorted_Files(files)
INPUT: A list of sorted files, where each file is a list of integers
OUTPUT: A single sorted list of integers, merged from all input files
/I Step 1: Initialize a min-heap to store elements from each file
CREATE a min-heap, minHeap, to store FileNode elements
// Step 2: Initialize indices to track positions in each file
CREATE a list, indices, of size files.size(), initialized to 0
/I Step 3: Push first element from each file into the min-heap
FOR EACH file IN files
IF file ISNOT EMPTY
CREATE a FileNode element, node, with value = file[0] and fileIndex = index of file
PUSH node INTO minHeap
/I Step 4: Extract the smallest element and insert the next from the same file
CREATE a list, result, to store the merged sorted file
WHILE minHeap IS NOT EMPTY
EXTRACT the minimum element, node, FROM minHeap
APPEND node.value TO result
INCREMENT indices[node.fileIndex]
IF indices[node.fileIndex] < length of file[node.fileindex]
CREATE a new FileNode element, newNode, with  value =
file[node.fileIndex][indices[node.fileIndex]] and fileIndex = node.fileIndex
PUSH newNode INTO minHeap
RETURN result
END ALGORITHM
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Sample Input:

files=[
[1,4,7],
[2,5, 8],
[3,6, 9]

]

Expected Output:
[1,2,3,4,5,6,7,8,9]

Time Complexity: If there are k sorted files with a total of n elements, the time complexity
is O(nlogi/ok)O(n \log K).

2. BHHT IS B I A & o0 U Ui ford | TR &1 g8 TG &1 Jud
I AT TN TGS CRE B! TIDHIS BT AMMeY, A Bdex & 11T Hafdid HIg S-Re
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BT =1RT, 3R ARTS-AY TIHIET 3R FERIET ) Py ded Fget 31 =Ry

WAP to implement Huffman coding. The program should encode a given input text using

Huffman's algorithm, generating corresponding codes for each character. It should also

decode Huffman-encoded text back to its original form, efficiently handling variable-length

encoding and decoding.

ALGORITHM Huffman_Coding(text)
INPUT: Input text to be encoded
OUTPUT: Encoded and decoded text using Huffman coding

/I Step 1: Calculate frequency of each character

CREATE a frequency map, freqMap, to store frequency of each character
FOR EACH character IN text

IF character IS NOT IN freqMap

ADD character TO freqMap WITH frequency 1

ELSE

INCREMENT frequency OF character IN freqMap

// Step 2: Build Huffman tree

CREATE a Huffman tree, root, using buildHuffmanTree function
FUNCTION buildHuffmanTree(freqMap)

CREATE a priority queue, minHeap, to store Huffman nodes
FOR EACH character-frequency pair IN fregMap
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CREATE a new Huffman node, node, with character and frequency

PUSH node INTO minHeap

WHILE minHeap size > 1

EXTRACT the minimum frequency node, left, FROM minHeap

EXTRACT the minimum frequency node, right, FROM minHeap

CREATE a new internal node, newNode, with frequency = left frequency + right frequency
newNode left child = left

newNode right child = right

PUSH newNode INTO minHeap

RETURN minHeap top node

/I Step 3: Generate Huffman codes

CREATE a Huffman code map, huffmanCode, to store Huffman codes for each character
FUNCTION generateHuffmanCodes(root, code, huffmanCode)

IF root IS NULL

RETURN

IF root character IS NOT NULL

ADD root character TO huffmanCode WITH code

RECURSIVELY CALL generateHuffmanCodes FOR root left child WITH code + "0"
RECURSIVELY CALL generateHuffmanCodes FOR root right child WITH code + "1"

/I Step 4: Encode input text

CREATE an encoded string, encodedText, to store encoded input text
FUNCTION encode(text, huffmanCode)

FOR EACH character IN text

APPEND huffmanCode[character] TO encodedText

RETURN encodedText

/Il Step 5: Decode Huffman encoded text
CREATE a decoded string, decodedText, to store decoded encoded text
FUNCTION decode(root, encodedText)

FOR EACH bit IN encodedText

IF bit IS "0"

MOVE TO root left child

ELSE

MOVE TO root right child

IF current node IS a leaf node

APPEND current node character TO decodedText
MOVE TO root node

RETURN decodedText

END ALGORITHM
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Sample Input:
text = "hello huffman"

Expected Output:
110 1010 00 00 1110 1011 1101111 01 01 1000 1001 001

"hello huffman"

Time Complexity: The time complexity for building the Huffman tree is O(nlogi/oin)O(n
\log n).

3. T YU ford ol SEe U o1 ST B e UTR Ve UTe Bl SWHE B |

Write a program to implement all pair shortest paths using dynamic programming.

ALGORITHM Floyd_Warshall(graph, n)

INPUT: A weighted graph represented as an adjacency matrix, graph, and the number of
vertices, n

OUTPUT: The shortest path distances between all pairs of vertices

/I Step 1: Initialize the distance matrix
CREATE a distance matrix, dist, as a copy of the input graph
I/ Step 2: Compute the shortest path distances
FORk=0TOn-1

FORi=0TOn-1

FORj=0TOnN-1

IF dist[i][k] # INF AND dist[k][j] # INF
dist[i][j] = MIN(dist[i][j], dist[i][Kk] + dist[K][]])
/I Step 3: Print the shortest distance matrix
PRINT "All-Pairs Shortest Paths Matrix:"
FORi=0TOn-1

FORj=0TOn-1

IF dist[i][j] = INF

PRINT "INF "

ELSE

PRINT dist[i][j] " "

PRINT newline

END ALGORITHM

ALGORITHM
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INPUT: None

OUTPUT: The shortest path distances between all pairs of vertices in the given graph
// Step 1: Define the graph and number of vertices

DEFINENn=4

DEFINE graph as an adjacency matrix representing the graph

/Il Step 2: Call the Floyd-Warshall algorithm

CALL Floyd Warshall(graph, n)

END ALGORITHM

Sample Input:
graph = [
[0, 3, INF, 7],
[8, 0, 2, INF],
[5, INF, 0, 1],
[2, INF, INF, 0]
1

n = 4, INF represents an unreachable path (infinity).

Expected Output:
All-Pairs Shortest Paths Matrix:

0356
5023
3601
2570

Time Complexity: The time complexity of the Floyd-Warshall algorithm is O(V/3).

1. SHE-ITHS GIATTHT ST IUAT Fleh Hocl T ATh HHEAT i oI19] A & [T Teh
S ford |

Write a program to implement Multi stage graph problem using dynamic programming

ALGORITHM

Procedure: FGRAPH (Forward Approach)
Input:

E: Set of directed edges (i, j) with cost c(i, j)
k: Number of stages in the graph

n: Total number of vertices

c(i, J): Cost for each edge (i, j)
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Output:
P[1..k]: Minimum cost path from vertex 1 to n
COST[1..n]: Minimum cost from each vertex to destination n
Algorithm
Procedure FGRAPH(E, k, n, P)
real COST[n]
integer D[n - 1], P[K]
COST[n] < 0
forj«—n-1to1by-1do
let r be a vertex such that <j, r> € E and c¢(j, r) + COST[r] is minimum
COST[j] « c(j, r) + COSTI[x]
D[j] «r
P[1]« 1
P[k] < n
forj—2tok-1do
P[j] — D[P[j - 1]]
End FGRAPHIgorithm

Procedure: BGRAPH (Backward Approach)
Input:

E: Set of directed edges (i, j) with cost c(i, )
k: Number of stages in the graph

n: Total number of vertices

c(i, j): Cost for each edge (i, j)

Output:
P[1..k]: Minimum cost path from vertex 1 to n
BCOSTI[1..n]: Minimum cost from source to each vertex

Algorithm:
Procedure BGRAPH(E, k, n, P)
real BCOST[n]
integer D[n - 1], P[K]
BCOST[1] « 0
forj«2tondo
let r be a vertex such that <r, j> € E and BCOST(r] + c(r, j) is minimum
BCOST[j] « BCOSTI[r] + c(r, j)
D[j]l —r
P[1] <1
P[k] < n
forj«—k-1to2by-1do
P[j] < D[P[j + 1]]
End BGRAPH

Sample Input:

Let the graph have 4 stages and 8 vertices.
Edges with costs

1,2)=2,(1,3)=1

(2,4)=2,(2,5)=3
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(3,5)=2,(3,6) =4
4, 7)=1,(48=3
(5,7)=3,(5,8) =2
(6, 8) = 2

Time Complexity:
Let n = number of vertices, e = number of edges, k = number of stages
Time Complexity: Cost computation: O(e) Path reconstruction: O(k) Total: O(e + k)

Lab 11

1. SERTAE YR &1 IWNT dxds AR $adT TUH & AN a3 & o T 9 ford |
T & A &1 €t T8 e & IdTe B AT HA & [T aH WheR UH Bt
ATH AT BT TUMT HAT ALY SR §H YAqH B! U 3 & forg Afee & pad
DI B! flic 1 Arfgul

Write a program to implement matrix chain multiplication using dynamic programming.
The program should calculate the minimum number of scalar multiplications needed to
compute the product of a given chain of matrices and print the optimal parenthesization of
the matrices to achieve this minimum.

ALGORITHM
Input:
p[0..n]: An array of dimensions such that matrix A[i] has dimensions p[i-1] x p[i]
(i.e., we have n matrices to multiply)
Output:
m[i][j]: Minimum number of scalar multiplications needed to compute A[i]...A[j]
s[i][j]: Index k at which to split the product for optimal cost
MATRIX-CHAIN-ORDER(p)
n « length(p) - 1
fori«— 1tondo
m[i][i] < 0
forl —2tondo //'11is the chain length
fori—1ton-l+1do
je—i+l-1
m[i][j] o0

fork«—itoj-1do
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q < m[i](k] + m[k+1][j] + p[i-1] * p[K] * p[i]
if g <m[i][j] then
mlilj] < q
s[illj] < k
return mand s
Example:
If p=1[30, 35, 15, 5, 10, 20, 25]
Then we have 6 matrices:
Al: 30x35 A2: 35x15 A3: 15x5 A4: 5x10 A5: 10x20 A6: 20x25
Time Complexity:
Time: O(nd) Space: O(n?)

2. TAd dhedd I P UM B4 & o1 T U ford |

Write a program to compute the nth Catalan number.

Algorithm
Input: An integer n (to compute the nth Catalan number)
Output: The nth Catalan number
def catalan_number(n):
catalan =[0] * (n + 1)
catalan[0], catalan[1] =1, 1
foriinrange(2, n +1):
catalan[i] = sum(catalan[j] * catalan[i - j - 1] for j in range(i))
return catalan[n]
if _name_ ==" main_ "
n = int(input("Enter the value of n: ™))
print(f"The {n}th Catalan number is: {catalan_number(n)}"
Sample Input: Enter the value of n: 5
Sample Output: The 5th Catalan number is: 42

Time Complexity: O(n"2) Space Complexity: O(n)

Lab 12
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Write a program to implement the sum of the subset problem using backtracking.

Input:
A list of numbers (set)
A target sum value

Output:
All combinations (subsets) of numbers from the set that add up to the target
Algorithm
def sum_of_subsets(set_list, target):
n = len(set_list)
set_list.sort() # optional, helps to prune branches early

def backtrack(index, current_sum, subset):
if current_sum == target:
print("Solution:", subset)
return
if index == n or current_sum > target:
return
# Include current element
subset.append(set_list[index])
backtrack(index + 1, current_sum + set_list[index], subset)
subset.pop() # backtrack
# Exclude current element
backtrack(index + 1, current_sum, subset)
backtrack(0, 0, [])
set_list =[10, 7, 5, 18, 12, 20, 15]
target = 35
sum_of_subsets(set_list, target)
Sample Input:
set =[10, 7, 5, 18, 12, 20, 15]
target = 35

Sample Output:

Solution: [10, 5, 20]
Solution: [10, 7, 18]
Solution: [5, 12, 18]

Time Complexity:
Worst case is O(2"*n)
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Write a program to implement a graph coloring problem using backtracking.

ALGORITHM : Graph Coloring using Backtracking

Input:

graph — adjacency list representation of the graph
N — number of vertices

M — number of colors

Output:
A valid color assignment for each vertex such that no two adjacent vertices have the same
color
def is_safe(graph, vertex, color, colors):
for neighbor in graph[vertex]:
if colors[neighbor] == color:
return False
return True
def backtrack(graph, vertex, colors, M, N):
if vertex == N:
print("Solution:", colors)
return True
for color in range(1, M + 1):
if is_safe(graph, vertex, color, colors):
colors[vertex] = color
if backtrack(graph, vertex + 1, colors, M, N):
return True
colors[vertex] = -1 # backtrack
return False
def graph_coloring(graph, N, M):
colors=[-1]* N
if not backtrack(graph, 0, colors, M, N):
print("No solution exists")
Sample Input:
graph = {
0:[1, 2],
1: [0, 2],
2: [0, 1]

X
N=3
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M=3
graph_coloring(graph, N, M)

Sample Output:
Solution: [1, 2, 3]

Time Complexity:
Worst case is O(M”N), where N is number of vertices and M is humber of colors

3.  S@cihT BT UL HRb TH-H 1Y JHWT B 8 B P fo1T b WU ferd |

Write a program to solve the N-Queens problem using backtracking.
Input: N — Number of queens (also size of the N x N chessboard)

Output:
One valid arrangement of N queens such that no two queens attack each other.
If no solution exists, display an appropriate message.
Algorithm: Solve N-Queens Problem using Backtracking
def is_safe(board, row, col, N):
# Check column
for i in range(row):
if board[i][col] == 1:
return False
# Check upper-left diagonal
i,j=row-1,col-1
whilei>=0andj>=0:
if board[i][j] == 1:
return False
i-=1
j=1
# Check upper-right diagonal
i,j=row-1,col+1
whilei>=0and j <N:
if board[i][j] == 1:
return False
i-=1
j+=1
return True
def backtrack(row, board, N):
if row == N:
print("Solution:™)
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for r in board:
print(r)
return True
for col in range(N):
if is_safe(board, row, col, N):
board[row][col] = 1
if backtrack(row + 1, board, N):
return True
board[row][col] =0 # backtrack
return False
def solve_n_queens(N):
board = [[0 for _in range(N)] for _ in range(N)]
if not backtrack(0, board, N):
print("No solution exists")
Sample Input:
N=4
solve_n_qgueens(N)

Sample Output:
Solution:
[0,1,0,0]
[0,0,0,1]
[1,0,0,0]
[0,0,1,0]

Time Complexity:
Worst case is O(N!) due to all possible queen placements

Lab 13
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Write a program to implement 15 puzzle problems using the least cost branch and bound

ALGORITHM: Solvel5Puzzle using Least Cost Branch and Bound (LCBNB).

Input: start_state — Initial configuration of the 15-puzzle as a list or grid (4x4)

Output:

Path from start_state to goal_state (if possible), otherwise a message "No solution exists"
Input: Initial state of the puzzle (initial), Goal state (goal)
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Output: Solution path from initial to goal state or failure if no solution

Define a Node structure:
- puzzle_state
- level (depth of the node in the tree)
- cost (calculated using heuristic: f(n) = g(n) + h(n))
- parent (pointer to the parent node)
Define a priority queue PQ (min-heap based on cost f(n))
Calculate the heuristic function h(n):
- h(n) = number of misplaced tiles OR Manhattan distance for each tile
Create the root node:
- state = initial
-level =0
- cost = h(initial)
- parent = None
Insert root node into PQ
While PQ is not empty:
a. Pop the node N with the least cost from PQ
b. If N.puzzle_state == goal:
- Backtrack from N to root to get solution path
- Return the solution path
c. Generate all valid child states from N by sliding a tile:
- For each child_state:
i. Create a new node:
- state = child_state
- level = N.level + 1
- cost = level + h(child_state)
- parent = N
ii. Add the new node to PQ
If goal state is not found and PQ is empty:
- Return "No solution*

Sample Description:
start_state =
[[1,23,4],
[5,6,7,8],

[9, 10, 11, 12],

[13, 15, 14,0]]

goal_state =
[[1,23,4],
[5,6,7,8],

[9, 10, 11, 12],
[13, 14, 15,0] ]

Time Complexity:

In the worst case, the algorithm behaves like Uniform Cost Search (if no heuristic is
used), and explores all nodes up to a certain depth.

Time Complexity: O(b"d)
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Where:

b = branching factor (max 4 in 15-puzzle)
d = depth of solution

So, O(4"d) in the worst case

2. TH U ford ot s U3 198 &1 IUAN FRab 0/1 U™ Uisd HI Sfe He|
Write a program to implement 0/1 knapsack problem using branch and bound.

ALGORITHM
Input:
weights[]: An array of weights of n items
values[]: An array of corresponding values of n items
capacity: The maximum weight capacity of the knapsack
n: Number of items
Output:
max_value: The maximum total value that can be placed in the knapsack without
exceeding the capacity.
Define a Node structure:
- level: index of the current item
- profit: total value so far
- weight: total weight so far
- bound: upper bound of maximum profit from this node
- items_included: list of included item indices

Define a priority queue PQ (max-heap based on bound)
Sort all items by value/weight ratio in descending order
Define a function "bound(node):
- If node.weight > W: return 0
- Initialize result = node.profit
- Set j = node.level + 1, total_weight = node.weight
- While j <n and total weight + weights[j] < W:
- total_weight += weights[j]
- result += values[j]
_j +=1
-Ifj<n
- result += (W - total_weight) * (values]j] / weights][j])
- Return result
Create a root node:
- level =-1
- profit=0
- weight =0
- bound = bound(root)
- items_included =[]
Insert root node into PQ
max_profit =0
While PQ is not empty:



Al 3marg WS ST FFuT, #drer — 462003
MAULANA AZAD NATIONAL INSTITUTE OF TECHNOLOGY BHOPAL —
462003

g Ay wd @it faumr

(Department of Computer Science and Engineering)

Remove node u with highest bound from PQ
If u.bound > max_profit:
i. Create node v (left child = taking next item)
- level = u.level +1
- weight = u.weight + weights[v.level]
- profit = u.profit + values[v.level]
- items_included = u.items_included + [v.level]
- If weight < W and profit > max_profit:
- max_profit = profit
- bound = bound(v)
- If bound > max_profit:
- Add v to PQ
ii. Create node v (right child = not taking next item)
- level = u.level +1
- weight = u.weight
- profit = u.profit
- items_included = u.items_included
- bound = bound(v)
- If bound > max_profit:
- Add v to PQ
9. Return max_profit

Sample Input:

weights = [2, 3, 4, 5]

values =13, 4, 5, 6]

capacity=5 n=4

Sample Output: Maximum value in knapsack = 7
Time Complexity:

Worst Case: O(2*n)

Optimized Case (using bounding): O(n log n)

3. 9 3R T3S BT ITANT FRh cafelT YTHT TR Bl ST HA & e T T ford |

Write a program to implement a travelling salesman problem using branch and bound.

ALGORITHM

Input:

cost_matrix[n][n]: A 2D matrix where cost_matrix[i][j] is the cost of traveling from city i
to city j

n: Total number of cities

Output:

min_cost: The minimum cost to complete the tour

best_path: The sequence of cities representing the best tour

Define a Node structure:
- level: depth in the tree (number of cities visited)
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- path: list of visited cities in order

- reduced_matrix: cost matrix after row and column reduction

- cost: total cost so far (current path cost + lower bound)

- vertex: current city
Use a priority queue PQ (min-heap) ordered by node.cost
Define a function reduceMatrix(matrix):

- For each row, subtract the minimum element (if not o)

- For each column, subtract the minimum element (if not )

- Return the reduced matrix and the total reduction cost
Define a function createChildNode(parent, i, matrix):

- Copy parent’s reduced matrix

- Set all entries in parent.vertex row and column i to oo

- Set matrix[i][0] to oo (to avoid premature return to start)

- Apply reduceMatrix on updated matrix

- Calculate new cost = parent.cost + cost from parent.vertex to i + reduction cost

- Return the new node

Initialize root node:
- path = [0] (start at city 0)
- reduced_matrix, reduction_cost = reduceMatrix(cost_matrix)
- cost = reduction_cost
-level =0
-vertex=0
Insert root node into PQ
Initialize:
- min_cost = o
- best_path =]
While PQ is not empty:
- Pop node with the lowest cost from PQ (current_node)
- If current_node.level == N - 1:
- Complete the path by returning to the start
- total_cost = current_node.cost + cost_matrix[current_node.vertex][0]
- If total_cost < min_cost:
- min_cost = total_cost
- best_path = current_node.path + [0]
- Else:
- For each city i not in current_node.path:
- child_node = createChildNode(current_node, i, current_node.reduced_matrix)
- child_node.path = current_node.path + [i]
- child_node.level = current_node.level + 1
- child_node.vertex = i
- Insert child_node into PQ
Return min_cost and best_path
Sample Input:
cost_matrix = [
[inf, 10, 15, 20],
[10, inf, 35, 25],
[15, 35, inf, 30],
[20, 25, 30, inf]
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]

n=4

Sample Output:
Minimum cost: 80
Best path: [0, 1, 3, 2, 0]

Time Complexity:

Worst Case: O(n!) Optimized with Branch and Bound: O(n? x 21)
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