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FOREWORD 

 

 
It is my great pleasure to present this laboratory manual for Second year engineering students for 

the subject of Design & Analysis of Algorithm. 

 

 

As a student, many of you may be wondering with some of the questions in your mind regarding 

the subject and exactly what has been tried is to answer through this manual.  

 

 

As you may be aware that MGM has already been awarded with ISO 9001:2015,140001:2015 

certification and it is our endure to technically equip our students taking the advantage of the 

procedural aspects of ISO Certification. 

 

 

Faculty members are also advised that covering these aspects in initial stage itself, will greatly 

relived them in future as much of the load will be taken care by the enthusiasm energies of the 

students once they are conceptually clear. 

 

 

 

 

Dr.H.H.Shinde 

Principal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

LABORATORY MANUAL CONTENTS 

 

 

This manual is intended for the Second year students of Computer 

Science and Engineering in the subject of Design & Analysis of 

Algorithm. This manual typically contains practical/Lab Sessions 

related Design & Analysis of Algorithm covering various aspects 

related the subject to enhanced understanding. 

 

 

Students are advised to thoroughly go through this manual rather 

than only topics mentioned in the syllabus as practical aspects are 

the key to understanding and conceptual visualization of 

theoretical aspects covered in the books. 

 

 

Good Luck for your Enjoyable Laboratory Sessions 

 

 

 

 

 

Dr. J D Pagare 

Ms. A H Telgaonkar  

                                                   Dr. VijayaMusande 

Subject Teacher         HOD 

 

 

 

 

 

 

 



 

 
 

LIST OF EXPERIMENTS 

 

Course Code: 20UCS407L 

Course Title: Design & Analysis of Algorithms Lab 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.No Name of the Experiment 

1. 
Implementation of Binary search algorithm using Divide & Conquer method. 

 

2. 
Implementation of Quick Sort algorithm using Divide & Conquer method. 

 

3. 
Program to Find Max and Min 

 

4. 
Implementation of Merge Sort algorithm  using Divide & Conquer method 

 

5. 
Program to implement heapsort 

 

6. Program to implement knapsack problem using greedy method. 

7. Program to implement job sequencing with deadlines using greedy method. 

8 Implementation of Optimal merges patterns. 

9 

Program for finding shortest path for multistage graph using 

dynamic programming. 

10 Program to implement 8-queens problem using backtrack method. 



 

MGM’s 

 
Jawaharlal Nehru Engineering College, Aurangabad 

Department of Computer Science and Engineering 

 

Vision of CSE Department: 
 
To develop computer engineers with necessary analytical ability and human values who can 

creatively design, implement a wide spectrum of computer systems for welfare of the society.  

 

 

Mission of the CSE Department: 

 
I. Preparing graduates to work on multidisciplinary platforms associated with  

their professional position both independently and in a team environment.  

II. Preparing graduates for higher education and research in Computer Science  

and Engineering enabling them to develop systems for society development.  

 

 

Programme Educational Objectives: Graduates will be able to  

 
I. To analyze, design and provide optimal solution for Computer Science  

and Engineering and multidisciplinary problems.  

 

II.       To pursue higher studies and research by applying knowledge of mathematics  

           and fundamentals of computer science.  

 

II. To exhibit professionalism, communication skills and adapt to current trends  

by engaging in lifelong learning.  



Programme Outcomes (POs): Engineering Graduates will be able to:  
1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 

fundamentals, and an engineering specialization to the solution of complex engineering 

problems.  

 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 

engineering problems reaching substantiated conclusions using first principles of 

mathematics, natural sciences, and engineering sciences.  

 

3. Design/development of solutions: Design solutions for complex engineering problems 

and design system components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and environmental 

considerations.  

 

4. Conduct investigations of complex problems: Use research-based knowledge and 

research methods including design of experiments, analysis and interpretation of data, and 

synthesis of the information to provide valid conclusions.  

 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and 

modern engineering and IT tools including prediction and modeling to complex engineering 

activities with an understanding of the limitations.  

 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to 

assess societal, health, safety, legal and cultural issues and the consequent responsibilities 

relevant to the professional engineering practice.  

 

7. Environment and sustainability: Understand the impact of the professional engineering 

solutions in societal and environmental contexts, and demonstrate the knowledge of, and 

need for sustainable development.  

 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities 

and norms of the engineering practice.  

 

9. Individual and team work: Function effectively as an individual, and as a member or 

leader in diverse teams, and in multidisciplinary settings.  

 

10. Communication: Communicate effectively on complex engineering activities with the 

engineering community and with society at large, such as, being able to comprehend and 

write effective reports and design documentation, make effective presentations, and give 

and receive clear instructions.  

 

11. Project management and finance: Demonstrate knowledge and understanding of the 

engineering and management principles and apply these to one’s own work, as a member 

and leader in a team, to manage projects and in multidisciplinary environments.  

 



12. Life-long learning: Recognize the need for, and have the preparation and ability to 

engage in independent and life-long learning in the broadest context of technological 

change.  

 

DOs  and DON’Ts in Laboratory: 

 

1.  Make entry in the Log Book as soon as you enter the Laboratory. 

2.  All the students should sit according to their roll numbers starting from 

their left to right. 

3.  All the students are supposed to enter the terminal number in the log 

book. 

4.  Do not change the terminal on which you are working.  

5. All the students are expected to get at least the algorithm of the 

program/concept   to be implemented. 

6.  Strictly observe the instructions given by the teacher/Lab Instructor. 

7. Do not disturb machine Hardware / Software Setup. 

 

Instruction for Laboratory Teachers: 

1.  Submission related to whatever lab work has been completed should be 

done during the next lab session along with signing the index. 

2. The promptness of submission should be encouraged by way of marking 

and evaluation patterns that will benefit the sincere students.   

3. Continuous assessment in the prescribed format must be followed. 

 

 

 

 



 

 

 

Experiment No: 1 
 
Title: Implementation of Binary search algorithm using Divide & Conquer method.  

 

Theory/Description: 

Binary search can be performed on a sorted array. In this approach, the index of an element x is 

determined if the element belongs to the list of elements. If the array is unsorted, linear search is 

used to determine the position. 

In this algorithm, we want to find whether element x belongs to a set of numbers stored in an 

array numbers[]. Where l and r represent the left and right index of a sub-array in which searching 

operation should be performed. 

Algorithm: Binary-Search (numbers[], x, l, r) 
if l = r then   

return l   

else 

m := ⌊(l + r) / 2⌋ 
if x ≤ numbers[m]  then  

return Binary-Search(numbers[], x, l, m)  

else 

return Binary-Search(numbers[], x, m+1, r)  

Example : 

In this example, we are going to search element 63. 



 

 

Program: 

#include <stdio.h> 

  

int main() 

{ 

   int c, first, last, middle, n, search, array[100]; 

  

   printf("Enter number of elements\n"); 

   scanf("%d",&n); 

  

   printf("Enter %d integers\n", n); 

  

   for (c = 0; c < n; c++) 

      scanf("%d",&array[c]); 

  

   printf("Enter value to find\n"); 

   scanf("%d", &search); 

  

   first = 0; 

   last = n - 1; 

   middle = (first+last)/2; 

  

   while (first <= last) { 

      if (array[middle] < search) 

         first = middle + 1;     

      else if (array[middle] == search) { 



         printf("%d found at location %d.\n", search, middle+1); 

         break; 

      } 

      else 

        last = middle - 1; 

middle = (first + last)/2; 

   } 

   if (first > last) 

      printf("Not found! %d isn't present in the list.\n", search); 

   return 0;   

} 

Conclusion( must include analysis of program): 

Analysis : Linear search runs in O(n) time. Whereas binary search produces the result in O(log 

n) time. Let T(n) be the number of comparisons in worst-case in an array of nelements. 

Hence,T(n)={0   …… ……ifn=1 

 T(n/2)+1  ….. otherwise 

Using this recurrence relation T(n)=(logn) 

Therefore, binary search uses O(logn)time. 

 

VIVA-VOCE  QUESTIONS: 

1. Differentiate between recursive approach than an iterative approach? 

2. What is the worst case complexity of binary search using recursion? 

3. What are the applications of binary search? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment No: 2 
 
Title:Implementation of Quick Sort algorithm using Divide & Conquer method. 

 

Theory/Description: 

The basic concept is to  pick one of  the  elements  in  the  array  as  a  pivot  valuearound which 

the  other  elements  will  be  rearranged.  Everything  less  than  the  pivot  is  moved  left of the  

pivot  (into  the  left  partition).  Similarly,  everythinggreater  than  the  pivot  goes  into the right 

partition. At this point each partition is recursively quicksorted. 

The Quick sort algorithm is fastest when the median of the  arrayis  chosen  as  the  pivot  value. 

That is because the resulting partitions are  ofvery  similar  size.  Each  partitionsplits  itself in two 

and thus the base case is reached veryquickly. 

In practice, the Quick sort algorithm becomes very slow when the arraypassedtoitis already 

close to being  sorted.  Because  there  is  no  efficient  way  for  the  computer  to  find the 

median element to use as  the  pivot,  the  first  element  of the  array  is  used  as the  pivot. So 

when the array is almost sorted, quick sort doesn't partition  itequally.  Instead,  thepartitions are 

asymmetrical like  in  Figure .This  means  that  one  of  the  recursion branches is much deeper 

than  the  other,  and  causes  execution  time  to  go  up.  Thus,  it  is said that the more random 

thearrangementofthearray,  the  faster  the  Quicksort  Algorithmfinishes. 

Quick sort works by partitioning a given array A[p . . r] into two non-empty sub array A[p 
. . q] andA[q+1 . . r] such that every key in A[p . . q] is less than or equal to every key in 

A[q+1 . . r]. Then the two sub arrays are sorted by recursive calls to Quick sort. The exact 

position of the partition depends on the given  arrayand  index  q  is  computed  as  a part of the 

partitioningprocedure. 

 

Algorithm QuickSort(p,q) 
// Sorts the elements a[p],……,a[q] which reside in the global array a[1 : n] into 

ascending order. 

{ 

if(p <r)then // if there are more thanone element 
{ 
// divide P into two sub problems 

j=Partition (a,p,q+1); 

// j is the position of the partitioningelement 

// solve the sub problems 
QuickSort(p, j -1); 
QuickSort(j + 1, q); 

} 

} 

 

As a first step, Quick Sort chooses as pivot  oneof the  items  in  the  array  to  be  sorted. Then 

array is then partitioned on either side of  the  pivot.  Elements  that  are  less  than  or equal 

topivot will move toward the left  and  elements  that  are  greater  than  or  equal  to pivot will 

move toward theright. 

 

Partitioning the Array 
Partitioning procedure rearranges the sub arrays in-place. 



 

Algorithm Partition (a, m, p) 
//Within a[m],a[m+1],….,a[p-1]the elements are rearrangedinsuchamannerthatif initially t=a[m] 

then after completion a[q]=t for some q between m and p-1, a[k] |<=t for m<=k<q, and 

a[k]>=t for q<k<p. q is returned. Set a[p]=∞. 

{ 

v = a[m]; i=m; j=p; 
repeat 

{ 
repeati=i+1; 
until   a[i]>=v; 

 

repeat j = j-1; 

until   a[j]<=v; 

 

ifi< j then exchange A[i] ↔ A[j] 

}  until( i>=  j); a[m]=a[j]; 
a[j]=v; returnj; 

} 

Partition selects the first key, a[p] as a pivot key about which the array will partitioned: Keys ≤ a[p] 

will be moved towards theleft. 

Keys ≥ a[p] will be moved towards the right. 

 

 

 

 

Figure 4.2: The ideal Quicksort on a random array 



Program Snippets: 

 

voidquickSort(int numbers[], intarray_size) 

{ 

q_sort(numbers, 0, array_size - 1); 

} 

 

voidq_sort(int numbers[], int left, int right) 

{ 

int pivot, l_hold, r_hold; 

 
l_hold = left; 
r_hold = right; 

pivot = numbers[left]; 

while (left < right) 

{ 
while ((numbers[right] >= pivot) && (left < right)) 
right--; 

if (left != right) 
{ 

numbers[left] = numbers[right]; 
left++; 

} 

while((numbers[left] <= pivot) &&(left <right)) 
left++; 

if (left != right) 

{ 

numbers[right] = numbers[left]; 

right--; 

} 

} 
numbers[left] = pivot; 
pivot = left; 

left= l_hold; 

right = r_hold; 

if (left <pivot) 
q_sort(numbers, left, pivot-1); 

if (right > pivot) 

q_sort(numbers, pivot+1, right); 

} 

 

Input: 13 -5 -8 15 60 17 31 47 

Output: 

Sorted  numbersare:-8 -5 13 15 17 31 47 60 



Conclusion: 

Performance Analysis of Quick Sort 

 
The running time of quick sort depends on  whether  partition  is  balanced  or  unbalanced, 
which in turn depends on which elements of an array   to   be  sorted   are  used  for 
partitioning. 

A very good partition splits an array up into  twoequal sized  arrays.  A  badpartition,  on other 

hand, splits an array up intotwoarrays  of  very  different  sizes.  The  worstpartition puts only one 

element in one array and all  other  elements  in  the  other  array.  If  thepartitioning is balanced, 

the Quick sort runs asymptotically as  fast  as  merge  sort.  On  theother hand, if partitioning is 

unbalanced, the Quick sort  runs  asymptotically  as  slow  as insertionsort. 

 

Best Case 
The best thing that could happen in  Quicksort  would  be  that  each  partitioning  stage  divides 

the array exactly in half. In  other  words,  the  best  to  be  a  median  of thekeysin A[p . . r]  

every  time  procedure  'Partition'  is  called.  The  procedure'Partition'  always  split the array to 

be sorted into two equal sizedarrays. 

If the  algorithm'Partition'  produces  two  regions  of  size  n/2.  The  recurrencerelation  is then 

T(n)  = T(n/2)  + T(n/2)+ (n) = 2T(n/2) + (n) 

OR 

T(n)  = (n lgn) 

 

VIVA-VOCE  QUESTIONS: 

1. What is the worst case time complexity of the Quick sort? 

2. Quick sort is a stable sorting algorithm. 

a) True 

b) False 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment No: 3 
 

Title:Program to find Minimum and Maximum of a given number. 

Algorithm:  

  

Conclusion:  

T(n) = 2 T(n/2) + 2 

T(2) = 1 

T(1) = 0 

We can solve this recurrence relation by master method/recursion tree 

method. 

if n is a power of 2 

T(n) = 3n/2 - 2 

 

 

 

 

 

 

 



 

 

Experiment No: 4 
 
Title:Implementation of Merge Sort algorithm using Divide & Conquer method 

 

Theory/Description: 

Divide-and-Conquer  Algorithms:These   algorithms   have   the   following   outline:   To solve a 

problem, divide it  intosubproblems.Recursively  solvethe  sub  problems.  Finallyglue  the  

resulting  solutions  together  to obtain  the  solution  to the  original  problem. Progress here is 

measured by how much smaller the sub problemsarecomparedtothe originalproblem. 

 

You have already seen an example of a divide and conquer  algorithm  in  3rd assignment. First 

we will see MERGESORT. 

 

The idea behind merge sort is to  take  a  list,  divide  it  into  two  smaller  sub  lists,  conquer  

each sub list by sorting it, and then combine the two solutions  for the  sub  problems into  a  

single solution. These three basicsteps{divide,conquer,andcombine{liebehindmost divide and 

conqueralgorithms. 
 

With  merge  sort,  we  kept  dividing  the  list  into  halves  until  there   was  just  one  element 

left. In general,  we  may  divide  the  problem  into  smaller  problems  in  any  convenient 

fashion. Also, in practice it may not be best to  keepdividing  until  the  instances  are  completely 

trivial. Instead,  it  may  be  wise  to   divide  until  the  instances  are  reasonably small, and then 

apply an algorithm that is faster on smallinstances. 

 
Merge-sort is based  onthe  divide-and-conquer  paradigm.  The  Merge-sort  algorithm  can be 
described in general terms as consisting of the following threesteps: 

1. DivideStep 
If given array A has zero or one element, return S; it is already sorted. 

Otherwise, divide A into  two  arrays,  A1  and  A2,  each containing about half  

of the elements ofA. 

2. Recursion Step 
Recursively sort array A1 and A2. 

3. ConquerStep 
Combine the elements back in A by merging the sorted arrays A1 and A2 

into a sorted sequence. 
We can visualize Merge-sort by means of binary tree  where each  node of  the  tree represents 

a recursive call and each external  node  represent  individual  elements  of  given array A. Such 

a tree is called Merge-sort tree. The heart of the  Merge-sort  algorithm  is conquer step, which 

merge two sorted sequences into a single sortedsequence. 



 

Figure 4.1: Binary tree for merge sort 
 

To begin, suppose that we have two sorted arrays A1[1], A1[2],  .  .  ,  A1[M]  and  A2[1], 

A2[2], . . . , A2[N]. The following is a direct  algorithmof  the  obvious  strategy  of  

successively choosing the smallest remaining elements from A1 to A2 and putting it inA. 

 

Merging two sorted subarrays: 
 

Algorithm Merge (low, high, mid) 
// a [low: high] is a global array containing two sorted subsets  ina [low: mid}  and  in  a [mid+1: 

high]. The goal is to  merge  these  two  sets  into  a  single  set  residing  in  a  [low: high]. b[] is 

an auxiliary globalarray. 
 

{ 
h=low;i=low;j=mid+1; 

while((h<=mid) and ( j<=high)) do 

{ 
If(a[h]<=a[j]) then 

{ 

 

 

 

 

 

i=i+1; 

} 

 

} 
else 
{ 

 

} 

b[i]=a[h]; h=h+1; 

 

 
 

b[i]=a[j]; j=j+1; 

if(h>mid) then 

for(k=j to high do 

{ 

b[i]=a[k]; i=i+1; 
} 

else 

for(k=h to mid do 

{ 

b[i]=a[k]; i=i+1; 
} 

for k=low to high do 

a[k]=b[k]; 



} 

 

Merge Sort 
 

Algorithm MergeSort(low,high) 

// a [low: high] is a global array to be sorted. 

{ 
if(low<high) then 

{ 

// divide array into subarrays ; 

mid=[(low+high)/2]; 

MergeSort(low,mid); 

MergeSort(mid+1,high); 

// combine the sorted subarrays 
Merge(low,mid,high); 

} 

} 
 

 

Program Snippets: 
 

void mergeSort(int numbers[], int temp[], intarray_size) 

{ 

m_sort(numbers, temp, 0, array_size - 1); 

} 
 

voidm_sort(int numbers[], int temp[], int left, int right) 
{ 

intmid;  

if (right > left) 

{ 

mid= (right + left) / 2; 

m_sort(numbers, temp, left, mid); 

m_sort(numbers, temp, mid+1,right); 
merge(numbers, temp, left, mid+1, right); 

} 

} 
 

void merge(int numbers[], int temp[], int left, int mid, int right) 
{ 

inti, left_end, num_elements, tmp_pos; 
left_end = mid - 1; 

tmp_pos = left; 

num_elements = right - left + 1; 

while ((left <= left_end) && (mid <= right)) 

{ 

if (numbers[left] <= numbers[mid]) 
{ 

temp[tmp_pos] = numbers[left]; 
tmp_pos = tmp_pos + 1; 



 
} 

else 
{ 

 

 
 

} 
} 

left = left +1; 

 

 
 

temp[tmp_pos] = numbers[mid]; 
tmp_pos = tmp_pos + 1; 

mid = mid + 1; 

while (left <= left_end) 
{ 

temp[tmp_pos] = numbers[left]; 

left = left + 1; 

tmp_pos = tmp_pos + 1; 

} 

while (mid <= right) 

{ 

temp[tmp_pos] = numbers[mid]; 
mid = mid + 1; 

tmp_pos = tmp_pos + 1; 
} 
for (i=0; i<= num_elements; i++) 

{ 

numbers[right] = temp[right]; 

right = right - 1; 

} 
} 

 

Input: 13 -5 

Output: 
Sorted numbers are: -8 

 

Conclusion: 
 

Performance Analysis of Merge Sort 
Let T(n) be the time taken  by thisalgorithmto  sort an array of n elements  dividing  A intosub 

arrays A1 and A2 takes linear time. It is  easyto  see  that  the  Merge  (A1, A2,  A) also takes the 

linear time.Consequently, 

T(n) = T(n/2) + T(n/2) + 

θ(n) for simplicity 

T(n) = 2T (n/2) + θ(n) 
The total running time of  Merge  sort  algorithm  is  O(n  lgn),  which  is  asymptotically  optimal 

like Heap sort, Merge sort has a  guaranteed  n  lgn  running  time.  Merge  sortrequired   (n) 
extra space. Merge is not  in-place  algorithm.Theonlyknownwaysto  mergein-place (without any 

extra space) are too complex to bereducedto  practical  program. 

-8 15 60 17 31 47  

 
-5 

 
13 

 
15 

 
17 

 
31 47 

 
60 

 



 

VIVA-VOCE  QUESTIONS: 

1. What is the auxiliary space complexity of standard merge sort? 

2. Show that the complexity of mergesort algorithm is O(NlogN) by using recurrence relations 

3. Given an array e.g. 17, 23, 10, 1, 7, 16, 9, 20, sort it on paper using mergesort 

Write down explicitly each step. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



Experiment No: 5 
 
Title:To implement Heap Sort. 

 

Algorithm: 

To sort an array in ascending order, the working of the heap sort algorithm can be explained in the 

following steps – 

 For the given set of elements, create a max-heap by visualizing all the elements of the array 

in a binary tree. 

 Heapify the binary tree using the elements in the unsorted region of the array. 

 Heapify is the process of rearranging the elements to form a tree that maintains the 

properties of a heap. 

 Here, we have to build a max-heap since we want to sort the array in ascending order. 

Heapifying helps us in maintaining the property that every node should have greater value 

than its children nodes. We will discuss heapify in detail. 

 Once the heap is formed, delete the root element from the heap, and add this element in the 

sorted region of the array. Here, since we are removing the root element from a max-heap, 

we will obtain the largest element from the unsorted region each time an element is removed 

 Repeat the steps 2 & 3 until all the elements from the unsorted region are added to the 

sorted region. 

 

Program: 
 

#include <stdio.h> 

   

// Function to swap the position of two elements 

   

void swap(int *a, int *b) { 

   

  int temp = *a; 

   

  *a = *b; 

   

  *b = temp; 

   

} 

   

void heapify(int arr[], int n, int i) { 

   

  // Find largest among root, left child and right child 

   

    // Initialize largest as root 

  int largest = i; 

   

   // left = 2*i + 1 

  int left = 2 * i + 1; 



   

   // right = 2*i + 2 

  int right = 2 * i + 2; 

   

  // If left child is larger than root 

  if (left < n && arr[left] > arr[largest]) 

   

    largest = left; 

   

  // If right child is larger than largest  

    // so far 

  if (right < n && arr[right] > arr[largest]) 

   

    largest = right; 

   

  // Swap and continue heapifying if root is not largest 

// If largest is not root 

  if (largest != i) { 

   

    swap(&arr[i], &arr[largest]); 

   

     // Recursively heapify the affected  

     // sub-tree 

    heapify(arr, n, largest); 

   

  } 

   

} 

   

void heapSort(int arr[], int n) { 

   

  // Build max heap 

  for (int i = n / 2 - 1; i >= 0; i--) 

   

    heapify(arr, n, i); 

   

  // Heap sort 

  for (int i = n - 1; i >= 0; i--) { 

   

    swap(&arr[0], &arr[i]); 

   

    // Heapify root element to get highest element at root again 

    heapify(arr, i, 0); 

   

  } 

   

} 

   

void printArray(int arr[], int n) 

{ 

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



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

  printf("\n"); 

   

} 

   

   

int main()  

{ 

  int arr[] = {12, 11, 13, 5, 6, 7}; 

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

  heapSort(arr, n); 

  printf("Sorted array is given in the following way \n"); 

  printArray(arr, n); 

} 

 

Conclusion 

Time Complexity: O(n logn),  

 Time complexity of heapify is O(Logn).  

 Time complexity of createAndBuildHeap() is O(n)  

 And, hence the overall time complexity of Heap Sort is O(nLogn). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment No: 6 
 
Title:Program to implement knapsack problem using greedy method. 

 

Theory/Description: 

Greedyalgorithmsaresimpleandstraightforward.Theyare shortsightedin their approach in the 

sense that they take decisions on the basis of information at hand without worrying about the 

effect these decisions may have in  the  future.  They  areeasy to  invent, easy to implement and 

most of the time quite efficient. Many problems cannot be solved correctly by greedy approach. 

Greedy algorithms are used to solve optimizationproblems 

 

Greedy Approach 

 

Greedy Algorithm works by making the decision that seems most promising at anymoment; it 

never reconsiders this decision, whatever situation may arise later. 

 

As an example consider the problem of "Making Change". 

 

Coins available are: 

 dollars  (100cents) 

 quarters  (25cents) 

 dimes  (10cents) 

 nickels   (5cents) 

 pennies (1cent) 

 

Problem Make a  change of  a  given amount using the smallest possible number of coins. 

 

Informal Algorithm 

 Start withnothing. 

 atevery stage without passing the givenamount. 

o addthe largest to the coins alreadychosen. 

 

Example  Make a change for 2.89 (289 cents) here n = 2.89 and the solution contains 2  dollars 

(200 cents) 3 quarters (75 cents), 1 dime (10 cents) and 4 pennies (4 cents). The algorithm is 

greedy becauseat every stage  itchooses  the  largest  coin  without  worrying about the 

consequences. Moreover, it never  changesits  mind  in the  sense  that once a coin  has been 

included in the solution set, it remainsthere. 

 

To construct the solution in an optimal way.Algorithm maintains two  sets.  One  

containschosen items and the other contains rejecteditems. 

 



The  greedyalgorithm   consists  of four  (4)function. 

 

1. A function that checks whether chosen set of items provide asolution. 

2. A function that checks the feasibility of aset. 

3. The selection function tells which of the candidates is the mostpromising. 

4. An objective function, which doesnot  appearexplicitly,givesthevalueofa solution. 

 

Structure Greedy Algorithm 

 Initially the set of chosen items is empty i.e., solutionset. 

 At eachstep 

o itemwill be added in a solution set by using selectionfunction. 

o IF the set would no longer befeasible 

 rejectitems under consideration (and is never consideragain). 

o ELSE IF set is still feasibleTHEN 

 addthe currentitem. 

Definitions of feasibility 

A feasible set (of candidates) ispromising if it can beextended  toproduce  not merely a 

solution, but an optimal  solution  to  the  problem.  In particular,theempty set is always 

promising why? (because an optimal solution alwaysexists) 

 

A greedy strategy usually progresses in atop-downfashion,makingone  greedychoice  after 

another, reducing each problem to a smallerone. 

 

Greedy-Choice Property 

The "greedy-choiceproperty"  and"optimal  substructure"  are  two  ingredients  in  the problem 

that lend to a greedystrategy. 

 

Greedy-Choice Property 

It says that a globally optimal solution  can  be  arrived  at  by  making  a  locally  optimal 

choice. 

 

Knapsack Problem 

Statement We are given n objects and a knapsack or bag.  Object ihas  aweight wiand the 

knapsack has a capacitym. 

 

There are two versions of problem 

 



I. Fractional knapsackproblem 

 

The setup is same, we  can  take  fractions  of items,  meaning  that  the  items  can 

be broken into smaller pieces  so that  we  may decide  to  carry only a fraction of  

xiof item i, where 0 ≤ xi≤ 1. If a fraction xiof object iis placed  intothe knapsack, 

then a profit pixiisearned. 

 

The objective is toobtainafillingofthe  knapsackthatmaximizes  the  total profitearned. 

 

The idea is to calculate for each object the ratio  ofvalue/cost,and sort them  according  to this 

ratio. Then you take the  objectswith  the  highest  ratios  and add them  until  you can’t add the 

next object as whole. Finally add as much as you can of the nextobject. 

 

 

So, for our example: 

v(weight) = {4, 2, 2, 1, 10} 

c(profit) = {12, 1, 2, 1, 4} 

r = {1/3, 2, 1, 1, 5/2} 

 

From this it’s obvious that you should add the objects: 5, 2, 3, and 4 and then as much as 

possible of 1. 

We can choose objects like this: 

 

Added object 5 (10$, 4Kg) completely in the bag. Space left: 11. 

Added object 2 (2$, 1Kg) completely in the bag. Space left: 10. 

Added object 3 (2$, 2Kg) completely in the bag. Space left: 8. 

Added object 4 (1$, 1Kg) completely in the bag. Space left: 7. 

Added 58% (4$, 12Kg) of object 1 in the bag. 

Filled the bag with objects worth 15.48$. 

 

0-1 knapsackproblem 

 

The setup is the same, but  the  items  may not  be broken into  smaller  pieces,  so 

we may decide either to take  an  item  or  to  leave  it  (binary  choice),  but  may 

not take a fraction of anitem. 

Algorithm  fractional-knapsack  (w, v,W) 

{ 

for  i =1 ton 

do x[i]=0 

weight = 0 

while weight < W 

doi = best remaining item 

if weight + w[i] ≤W 



then x[i] = 1 

weight = weight + w[i] 

else 

x[i] = (w - weight) / 

w[i] weight = W 

return x 

} 

 

Program Snippets: 

int n = 5; /* The number of objects */ 

intc[10] = {12, 1, 2, 1, 4}; /* c[i]isthe *weight/ COST* of the ithobject; 

i.e. what YOU PAY to take the object */ 

intv[10] = {4, 2, 2, 1, 10}; /* v[i] is the *profit VALUE* of the ithobject; 

i.e.what YOU GET for taking the object */ 

int W = 15; /* The maximum weight you can take */ 

voidsimple_fill() 

{ 

intcur_w; 

float tot_v; 

inti,  maxi; 

intused[10]; 

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

used[i] = 0; /* Not used the ith object yet */ 

cur_w = W; 

while (cur_w> 0) 

{ /* while there's still room*/ 

/* Find the best object */ 

maxi = -1; 

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

if ((used[i] == 0) &&((maxi == -1) || ((float)v[i]/c[i] > 

(float)v[maxi]/c[maxi]))) 

maxi = i; 

used[maxi] = 1; /* mark the maxi-th object as used */ 

cur_w -= c[maxi]; /* with the object in the bag, I can carry less */ 

tot_v += v[maxi]; 

if (cur_w>= 0) 

printf("Added object %d (%d$, %dKg) completly in the bag. Space left: 

%d.\n", maxi + 1, v[maxi], c[maxi], cur_w); 

else { 

printf("Added %d%% (%d$, %dKg) of object %d in the bag.\n", (int)((1 

+ (float)cur_w/c[maxi]) * 100), v[maxi], c[maxi], maxi + 1); 

tot_v -= v[maxi]; 

tot_v += (1 + (float)cur_w/c[maxi]) * v[maxi]; 

} 



} 

printf("Filled the bag with objects worth %.2f$.\n", tot_v); 

} 

 

 

Output: 

 

Added object 5 (10$, 4Kg) completely in the bag. Space left: 11. 

Added object 2 (2$, 1Kg) completely in the bag. Space left: 10. 

Added object 3 (2$, 2Kg) completely in the bag. Space left: 8. 

Added object 4 (1$, 1Kg) completely in the bag. Space left: 7. 

Added 58% (4$, 12Kg) of object 1 in the bag. 

Filled the bag with objects worth 15.48$. 

 

Conclusion: 

Performance Analysis : 

If the items are already sorted into decreasing order of vi/ wi,then thewhile-looptakesa time 

inO(n); 

Therefore, the total time including the sort is in O(n log n). 

If we keep the items in heap with largest vi/wiat the root. Then 

 creating the heap takes O(n)time 

 while-loop now takes O(log  n)  time  (since  heap  property  must  be  restored  after 

the removal ofroot) 

 

Although this data structure does not alter the worst-case, it may be faster if only a  small 

number of items are needed to fill theknapsack. 

 

One variant of the 0-1 knapsack problem is when order of items are sorted by increasing 

weight is the same as their order when sorted by decreasingvalue. 

The optimal solution to thisproblemisto  sortby  the  value  of  the  item  in  decreasing order. 

Then pick up the most  valuableitem  which  also  has  a  least  weight.  First,  ifits  weight is less 

than the total weight  that  can be  carried.  Then  deductthe  total weightthatcan be carried by 

the weight of the item just pick. The second item to  pickis  the  most valuable  item  among  

those  remaining.  Keep  followthe  same  strategy  until  we  cannot carry more item (due 

toweight). 

 

 

VIVA-VOCE  QUESTIONS: 

1. The Knapsack problem is an example of -------------------- 

2.What is the time complexity of the brute force algorithm used to solve the Knapsack problem? 

 

 

 



Experiment No: 7 
 
Title:Program to implement job sequencing with deadlines using greedy method. 

 

Theory/Description: 

Given an array of jobs where every job has a deadline and associated profit if the job is finished 

before the deadline. It is also given that every job takes single unit of time, so the minimum 

possible deadline for any job is 1. How to maximize total profit if only one job can be scheduled at 

a time. 

Example: 

Input: Four Jobs with following deadlines and profits 

JobID    Deadline      Profit 

a        4            20    

b        1            10 

c        1            40   

d        1            30 

Output: Following is maximum profit sequence of jobs 

c, a    

 

 

Input:  Five Jobs with following deadlines and profits 

JobID     Deadline     Profit 

a         2           100 

b         1           19 

c         2           27 

d         1           25 

e         3           15 

Output: Following is maximum profit sequence of jobs 

c, a, e 

Algorithm: 

1. Sort the jobs with respect to their profit in descending order. 

2. Choose the uncompleted job with high profit (i.e first job in the array, since the array, is 

sorted). Since it is not necessary to complete the job on the very first date, we will do/complete 



the job on the last day of the deadline (i.e Add the job to new array/list at the index equal to its 

deadline day). 

3. Now again choose the next uncompleted high-profit job. Check its deadline. If its deadline 

is greater than the deadline of the previous chosen job, then we will do/complete this job on the 

last day of the deadline only if the day is empty, else will do the job on the previous empty day 

which is nearest to the deadline ( i.e Add the job to new array/list at index equal or nearest to its 

deadline day, Only if the array is empty at particular index). 

4. If you don’t have the empty day before the job deadline (i.e all the array index is occupied 

before the index=job-deadline) then do not do the job. 

5. Repeat the process for every job. 

6. The final array or list will give the best jobs to do for max profit. 

 

Program: 

#include <iostream> 

#include <algorithm> 

usingnamespacestd; 

  

typedefstruct{ 

    charid; 

    intdeadline; 

    intprofit; 

  

}Job; 

  

boolcompareJob(Joba,Jobb){ 

    //Will return true if a's profit > b's profit 

    //else will return false 

    returna.profit>b.profit; 

} 

  

voidbestJob(Job jobs[],intsizeOfJobs){ 

    charjobsToDo[5]{'\0'};//Assign every element of array to '\0'-Only works in few compilers 

    //If above line do not work use for loop to assign '\0' to every element 

    intk; 

    

    for(inti=0;i<sizeOfJobs;i++){ 

            k=jobs[i].deadline-1; 

        //Searching for empty date nearest to deadline backwards 

        while(jobsToDo[k]!='\0'&&k>=0){ 

            k--; 

        } 

        if(k!=-1) 

            jobsToDo[k]=jobs[i].id; 

    } 

  



    cout<<"Best order and jobs to do is \n"; 

    k=0; 

    while(jobsToDo[k]!='\0'){ 

            cout<<jobsToDo[k]<<" "; 

            k++; 

        } 

} 

  

voiddisplay(Job jobs[],intn){ 

    inti; 

    cout<<"Job Id: \t"; 

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

        cout<<jobs[i].id<<"\t"; 

    } 

    cout<<endl; 

    cout<<"Job Deadline: \t"; 

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

        cout<<jobs[i].deadline<<"\t"; 

    } 

    cout<<endl; 

    cout<<"Job Profit: \t"; 

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

        cout<<jobs[i].profit<<"\t"; 

    } 

    cout<<endl; 

} 

intmain() 

{ 

    Job jobs[]=  {{'w',1,19},{'v',2,100},{'x',2,27}, 

                   {'y',1,25},{'z',3,15}}; 

    display(jobs,5); 

  

    //sorting jobs[] w.r.t profit 

    sort(jobs,jobs+5,compareJob); 

  

    bestJob(jobs,5); 

  

  

    return0; 

} 

 

VIVA-VOCE  QUESTIONS : 

1.  

2. 

3. 

 

 

 

 



Experiment No: 8 
 
Title:Implementation of Optimal merge patterns. 

 

Theory/Description: 

Merge a set of sorted files of different length into a single sorted file. We need to find an optimal 

solution, where the resultant file will be generated in minimum time. 

If the number of sorted files are given, there are many ways to merge them into a single sorted file. 

This merge can be performed pair wise. Hence, this type of merging is called as 2-way merge 

patterns. 

As, different pairings require different amounts of time, in this strategy we want to determine an 

optimal way of merging many files together. At each step, two shortest sequences are merged. 

To merge a p-record file and a q-record file requires possibly p + q record moves, the obvious 

choice being, merge the two smallest files together at each step. 

Two-way merge patterns can be represented by binary merge trees. Let us consider a set 

of n sorted files {f1, f2, f3, …,fn}. Initially, each element of this is considered as a single node 

binary tree. To find this optimal solution, the following algorithm is used. 

Algorithm: TREE (n) 
fori := 1 to n – 1 do   

declare new node   

node.leftchild := least (list)  

node.rightchild := least (list)  

node.weight) := ((node.leftchild).weight) + ((node.rightchild).weight)   

insert (list, node);   

return least (list);  

At the end of this algorithm, the weight of the root node represents the optimal cost. 

Example 

Let us consider the given files, f1, f2, f3, f4 and f5 with 20, 30, 10, 5 and 30 number of elements 

respectively. 

If merge operations are performed according to the provided sequence, then 

M1 = merge f1 and f2 => 20 + 30 = 50 

M2 = merge M1 and f3 => 50 + 10 = 60 

M3 = merge M2 and f4 => 60 + 5 = 65 

M4 = merge M3 and f5 => 65 + 30 = 95 



Hence, the total number of operations is 

50 + 60 + 65 + 95 = 270 

Now, the question arises is there any better solution? 

Sorting the numbers according to their size in an ascending order, we get the following sequence − 

f4, f3, f1, f2, f5 

Hence, merge operations can be performed on this sequence 

M1 = merge f4 and f3 => 5 + 10 = 15 

M2 = merge M1 and f1 => 15 + 20 = 35 

M3 = merge M2 and f2 => 35 + 30 = 65 

M4 = merge M3 and f5 => 65 + 30 = 95 

Therefore, the total number of operations is 

15 + 35 + 65 + 95 = 210 

Obviously, this is better than the previous one. 

In this context, we are now going to solve the problem using this algorithm. 

Initial Set 

 

Step-1 

 

Step-2 

 



Step-3 

 

Step-4 

 

Hence, the solution takes 15 + 35 + 60 + 95 = 205 number of comparisons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Experiment No: 9 
 
Title:Program for finding shortest path for multistage graph usingdynamic programming. 

Theory/Description: 

Definition: multistage graph G(V,E) 

• A directed graph in which the vertices are partitioned into k≥2 disjoint sets Vi, 1≤i≤k 

• If <u,v>є E, then u є Vi and v є Vi+1 for some I,1≤i<k 

• |V1|= |Vk|=1, and s(source) є V1 and t(sink)є Vk 

• c(i,j)=cost of edge <i,j>Find 

a minimum-cost path from s tot 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9.1 (5-stage graph) 
 

The vertex s in V1 is called the source; the vertex t in VK is  calledthe  sink.  G is  

usuallyassumed to be a weighted graph. The cost of a path from node v to  nodew is  sum of 

the costs of edges in  the  path.  The  "multistage  graph  problem"  is  to  find  the  minimum  

cost path from s to t. Each set Viis called a stage in thegraph. 

 

• Many problems can be formulated as multistage graphproblem 

– An example: resource allocationproblem 

• n units of resource are to be allocated to rprojects 

• N(i,j) = net profit when j units of resource allocated to projecti 
• V(i,j) = vertex representing the state in which a total of  j  units  have 

already been allocated to projects1,2,..,i-1 
 

• DPformulation 
 Every s to t path is the result of a sequence of k-2decisions 
 The principle of optimality holds(Why?) 



 p(i,j) = a minimum-cost path from vertex j in Vi to vertext 
 cost(i,j) = cost of pathp(i,j) 

cost(i, j)  min 
lVi1 

{c(j,l) cost(i1,l)} 



j,lE 

• cost(k-1,j) = c(j,t)  if  <j,t>∈  E, ∞otherwise 

• Then  computing  cost(k-2,j) for allj ∈Vk-2 

• Then  computing  cost(k-3,j) for allj ∈Vk-3 
• … 

• Finally computingcost(1,s) 
 

To find the shortest path of multi-stage graph shown in figure 9.1. 

– Stage5 

• cost(5,12) =0.0 
– Stage4 

• cost(4,9) = min {4+cost(5,12)} =4 

• cost(4,10) = min  {2+cost(5,12)}  =2 

• cost(4,11) = min  {5+cost(5,12)}  =5 

– Stage3 

• cost(3,6) = min  {6+cost(4,9),  5+cost(4,10)} =7 

• cost(3,7) = min  {4+cost(4,9),  3+cost(4,10)} =5 

• cost(3,8) = min {5+cost(4,10), 6+cost(4,11)} =7 

– Stage2 

• cost(2,2) = min {4+cost(3,6), 2+cost(3,7), 1+cost(3,8)} =7 
• cost(2,3) = min {2+cost(3,6), 7+cost(3,7)} =9 

• cost(2,4) = min {11+cost(3,8)} =18 

• cost(2,5) = min {11+cost(3,7), 8+cost(3,8)} =15 

– Stage1 

• cost(1,1) = min {9+cost(2,2), 7+cost(2,3), 3+cost(2,4), 
2+cost(2,5)} =16 

 

• Recording thepath 

– d(i,j) =  value  of  l  (l  is  a  vertex)  thatminimizesc(j,l)+cost(i+1,l)  in  
equation(5.5) 

– In Figure9.1 
• d(3,6)=10; d(3,7)=10;d(3,8)=10 

• d(2,2)=7; d(2,3)=6; d(2,4)=8;d(2,5)=8 

• d(1,1)=2 
– When letting the minimum-cost path1,v2,v3,…,vk-1,t, 

• v2 = d(1,1) =2 

• v3 = d(2,d(1,1)) =7 

• v4 = d(3,d(2,d(1,1))) = d(3,7) =10 

• So the  solution  (minimum-cost  path)is1 2 7 10
 12 and its cost is16 

 
 
 
 
 
 



 
 

Algorithm / Program Snippets: 
 

Void multistage(graph G, int k, int n, int p[] ) 
// The input is a k-stage graph G = (V,E) with n vertices indexed in order 

// of stages. E is a set of edges and c[i][j] is the cost of <i, j>. 
// p[1 : k] is a minimum-cost path. 
{ 

float cost[MAXSIZE]; int d[MAXSIZE], r; 
cost[n] = 0.0; 

for (intj=n-1; j >= 1;  j--)  {  // Compute  cost[j]. 

let r be a vertex  such  that  <j, r>is  an edge 

of G  and  c[j][r]  + cost[r]  is  minimum; 

cost[j] = c[j][r] +cost[r]; 

d[j] = r; 

} 
// Find a minimum-cost path. 
p[1] = 1; p[k] =n ; 

for ( j=2; j <= k-1; j++) p[j] = d[ p[ j-1 ] ]; 

} 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Experiment No: 10 
 
Title:Program to implement 8-queens problem using backtrack method. 

 

Theory/Description: 

Backtracking is kind of solving a problem by trial  and error.   However, it  is  a  well  

organizedtrial and error. We make sure that we never  trythesamethingtwice.We  also make  

sure  thatif  the  problem  is  finite  we  will  eventually  try  all  possibilities  (assuming there is 

enough computing power to try allpossibilities). 

General method 

 Useful technique for optimizing search under someconstraints 

 Express the desired solution as an n-tuple (x1, . .  .  ,  xn)  where  each xi 2  Si,  Si 
being a finiteset 

 The solution is based on finding one or more vectors that  maximize,  minimize,  or  
satisfy a criterion function P(x1, . . . ,xn) 

 Sorting an arraya[n] 

– Find an n-tuple where the element xi is the index of ith smallest elementin a 
– Criterion function is given by a[xi] _ a[xi+1] for 1 _ i<n 

– Set Si is a finite set of integers in the range[1,n] 

Brute force approach 

– Let the size of set Si bemi 
– There are m = m1m2 · · ·mnn-tuples that satisfy the criterion functionP 
– In brute force algorithm, you have to form all the m n-tuples todeterminethe 

optimalsolutions 

Backtrack approach 

– Requires less than m trials to determine thesolution 
– Form a solution (partial vector) and check at every step if this has any chance of 
success 

– If the solution at any point seems not-promising, ignoreit 

– If the partial vector (x1, x2, . . . , xi)  does  not  yield  an optimal solution,  ignore 

mi+1 · · ·mnpossible testvectors 

even without looking at them 

• Al the solutions require a set of  constraints  divided  into  two  categories:  explicit  and 

implicitconstraints 

Definition 1 Explicit  constraints  are  rules  that  restrict  each  xi  to  take  on  values  only  

from a givenset. 

– Explicit constraints depend on the particular instance I of problem beingsolved 
– All  tuples  that  satisfy the  explicit  constraints  define  a possible  solution space for   

I 

– Examples of explicitconstraints 
* xi>= 0, or all nonnegative realnumbers 
* xi= {0, 1} 
* li<= xi<=ui 

Definition2Implicitconstraintsarerulesthatdeterminewhichofthetuplesin the solution space 

of I satisfy the criterionfunction. 



 

 

– Implicit constraints describe the way in which the xismust relate to eachother. 

• Determine problem solution by systematical y searching the solution space for the given 

probleminstance 

– Use a tree organization for solutionspace 

• 8-queensproblem 
Place eight queens on an 8 × 8 chessboard so that  noqueen attacks 

anotherqueen 

* Identify data structures to solve theproblem 

* First pass: Define the chessboard to be an 8 × 8array 

* Second pass: Since each queen is in a different row, define the 
chessboard solution to be an 8-tuple (x1, . . . , x8), where xi is the 
column for ithqueen 

– Identify explicitconstraints 

* Explicit constraints using 8-tuple formulation are Si = {1, 2, 3, 4, 5, 6,7, 
8}, 1 <= i<= 8 

Solution space of 88 8-tuples 

– Identify implicitconstraints 

* No two xi can be the same, or all  the  queens  must  be  in  different  

columns 

· All solutions are permutations of the 8-tuple(1, 2, 3, 4, 5, 6, 7, 8) 

· Reduces the size of solution space from 88 to 8!tuples 

• No two queens can be on the samediagonal 

• The solution above is expressed as an 8-tuple as 4, 6, 8, 2, 7, 1, 3,5 

 

 1 2 3 4 5 6 7 8 

1    Q     

2      Q   

3        Q 

4  Q       

5       Q  

6 Q        

7   Q      

8     Q    

 

The 8 Queens Problem: 

 
Given is a chess board. A chess  boardhas  8x8  fields.  Is it  possibleto place 8 queens 
on  this board, so that no two queens can attack eachother? 

The n Queens problem: 

Given is a board of n by n squares. Is  itpossible  to  place  nqueens  (that  behave  

exactly like chess queens) on this board, without having any one of them attack any 

otherqueen? 

 

1. Another example of a problem that can be solved with backtracking: 



 

 

o Place 8 queens on a 8x8 chess board so  that  no  queen attackeach 
other (find allsolutions) 

 

Examples Solutions: 

 
 

Figure 10.2 (Solutions to 8-queen’s problem) 

 

 

Algorithm: The Backtracking Algorithm for n-Queens 

 

Problem: Position nqueens on a chessboard so that  notwo are in  the same  row, 
column, ordiagonal. 

Inputs: positive integer n. 
Outputs: all possible ways nqueens can be placed on an n x n chessboard so that no 

two queens threaten  eachother.  Each output  consistsof an array of integers  col 

indexed  from 1 to n, where col[i] is the column where the queen in the ithrow isplaced. 

 

Program Snippets: 

 

# 

include<st

dio.h> 

define 

TRUE 1 

define 

FALSE 0 

int 

*board; 

int main() 
{ 



 

 

board=(int*)calloc(8+1,sizeo
f(int)); board++; 

//here goes the userinput no of queens doesn´t matter  inthis  

code intcol; 

int queens=2;//example from 

userinput 

for(col=1;col<=8;col++) 

placeQueens(1,col,queens); 
} 
voidplaceQueens(introw,intcol,int queens) 
{ 

inti; 
for(i=1;i<ro
w;i++) 

{ 

if((board[i] == col) || ((row+col)==(i+board[i]))||((row-col)==(i-board[i]))) 
{ 

 

check= FALSE; 
} 

else 
check=
TRUE; 

} 
if(check==TRUE) 
{ 

board[row
]=col; 
if(row==8
) 

{ 

for(i=1;i<=queens;i++

) 

printf("(%d,%d)",i,boa

rd[i]); printf("\n"); 

} 

else 

{ 

for(i=1;i<=8;i++

) 

placeQueens(ro

w+1,i); 

} 

} 


