
 

 

(2½ hours) 

Total Marks: 75 

 

N. B.: (1) All questions are compulsory. 

 (2) Make suitable assumptions wherever necessary and state the assumptions made. 

 (3) Answers to the same question must be written together. 

 (4) Numbers to the right indicate marks. 

 (5) Draw neat labeled diagrams wherever necessary. 

 

1.   Attempt any three of the following: 

a.  What is data structure? Explain the categories in which data structure can be 

divided. 

Ans: A data structure is a way of storing the data in computer’s memory so that it can be 

used efficiently. Formally a data structure is logical or mathematical model of 

organisation of data.  

Classification of data structures 

Data structures can be classified in several ways. These classifications are: 

1. Linear and Non- linear data structures  

2. Static and Dynamic Data structures  

3. Homogeneous and Non-homogenous Data Structures 

 

1. Linear and Non- linear data structures 

Linear Data Structure: The elements in a linear data structure form a linear sequence. 

Example of the linear data structures are : Array, linked list,  queue,  stack.  

Non-linear data structure: The elements in a Non-linear data structure do not form 

any linear sequence. For example, Tree and Graph.  

2. Static and Dynamic Data structures  

Static Data Structure: Static data structures are those whose memory occupation is 

fixed.  The memory taken by these data structures cannot be increased or decreased at 

run time. Example of static data structure is an Array. The size of an array is declared 

at the compile time and this size cannot be changed during the run time.  

Dynamic Data Structure: Dynamic data structures are those whose memory is not 

fixed. The memory taken by these data structures can be increased or decreased at run 

time. Example of the dynamic data structure is Linked List.  The size of linked list can 

be changes during the run time.  

Other data structures like stack, queue, tree, and graph can be static and dynamic 

depending on, whether these are implemented using an array or a linked list.  

3. Homogeneous and Non-homogeneous data structures 

Homogeneous data structure: Homogeneous data structures are those in which data 

of same type can be stored. For example, Array, stack, queue, tree and graph.  

Non-homogeneous data structure: Non-Homogeneous data structures are those in 

which data of different types can be stored. For Example, Linked List. 

b.  What is an algorithm? What are the characteristics of an algorithm? 

Ans: An algorithm can be defined as finite collection of well-defined steps designed to 

solve a particular problem. 

Characteristics of an algorithm: 

1. Input:  An algorithm must take some inputs that are required for the solution 

of a problem 

2. Process: an algorithm must perform certain operations on the input data which 

are necessary for the solution of the problem. 

3. Output: An algorithm should produce certain output after processing the 

inputs. 



4. Finiteness: An algorithm must terminate after executing certain finite number 

of steps. 

5. Effectiveness: Every step of an algorithm should play a role in the solution to 

the problem. Also, each step must be unambiguous, feasible and definite. 

c.   What is meant by complexity of an algorithm? Explain different types of 

complexities. 

Ans: Complexity is the time and space requirement of the algorithm. If time and space 

requirement of the algorithm is more, then complexity of the algorithm is more and if 

time and space requirement of the algorithm in less, complexity of that algorithm is 

less. 

Out of the two factors, time and space, the space requirement of the algorithm is not a 

very important factor because it is available at very low cost. Only the time 

requirement of the algorithm is considered an important factor to the find the 

complexity. Because of the importance of time in finding the complexity, it is 

sometimes termed as time complexity. 

As the time requirement of the algorithm is dependent upon the input size irrespective 

of the other factors like machine/processor, time complexity is measured in terms of 

input size n. If the input size to the algorithm is more, the complexity will be more and 

if the input size to the algorithm is less, the complexity will be less. 

For example, consider an algorithm which sorts an array of size 2000, will definitely 

take more time than to sort an array of size 20. Thus, we express the time complexity 

in terms of input size n. 

As the complexity of an algorithm is dependent upon the input size, still complexity 

can be divided into three types: 

 

• Worst case complexity 

• Best case complexity 

• Average case complexity 

Worst Case Complexity: If the running time of the algorithm is longest for all the 

inputs then the complexity is called worst case complexity. In this type of complexity, 

the key operation is executed maximum number of times. Worst case is the upper 

bound of complexity and in certain application domains e.g. air traffic control, medical 

surgery, the worst case complexity is of crucial/high importance. 

Best Case Complexity: If the running time of the algorithm is shortest for all the 

inputs then the complexity is called best case complexity. In this type of complexity, 

the key operation is executed minimum number of times. 

Average Case Complexity: If the running time of the algorithm falls between the 

worst case and the best case then the complexity is called average case complexity. 

Average case complexity of an algorithm is difficult to find. To calculate average case 

complexity of an algorithm, we have to take some assumptions. 

d.  Write an algorithm to insert an element into the array and to delete an element 

from the array. 

Ans: Insertion operation refers to adding a new element in the array. The new element can 

be inserted at any position in the array provided that the memory space allocated to the 

array is sufficient enough to accommodate the new element. Suppose in an array, there 

is a capacity of storing 15 elements and there are already 15 elements stored in the 

array, then it will not be possible to accommodate one more element in the array. 

Insertion of an element at the end of the array is a very simple operation as no data 

movement takes place. On the other hand we want to insert a new element at any 

position of the array then the elements starting from insertion position are required to 

move to the next position right to make the space for the new element. 

 

Algorithm to insert an element ‘New’ at kth position in the array ‘S’ of size ‘n’ 

where 1<=k<=n: 



Step 1: Repeat Steps 2 and 3 For I = n To k 

Step 2: Set S[i + 1] = S[i] 

Step 3: Set i = i – 1 

     [End Loop] 

Step 4: Set S[k] = New 

Step 5: Set n = n + 1 

Step 6: Exit 

 

Deletion operation refers to removing an existing element from the array. The element 

at any position can be removed from the array. Removal of an element from the end of 

the array is very simple operation as no data movement is involved in this operation. 

On the other hand, removing an element from any other position of the array, all the 

elements starting from the location next to deletion position need to be moved one 

position  left in the array. 

 

Algorithm: Deleting an element from kth position in the array ‘S’ of size ‘n’ 

elements where 1<=k<=n: 

Step 1: Repeat Steps 2 and 3 For i =  k to n - 1 

Step 2: Set S[i] = S[i + 1] 

Step 3: Set i = i + 1 

    [End Loop] 

Step 4: Set n = n – 1 

Step 5: Exit 

e.  What is bubble sort? Sort the following data items using bubble sort method. 

14, 33, 27, 35, 10 

Ans: The bubble sort makes multiple passes through a list. It compares adjacent items and 

exchanges those that are out of order. Each pass through the list places the next largest 

value in its proper place. In essence, each item “bubbles” up to the location where it 

belongs. 

 

14    33    27    35    10 

In this case, value 33 is greater than 14, so it is already in sorted locations. Next, we 

compare 33 with 27. 

14   33   27   35   10 

We find that 27 is smaller than 33 and these two values must be swapped. 

14   33   27   35   10 

The new array should look like this – 

14   27   33   35   10 

Next we compare 33 and 35. We find that both are in already sorted positions. 

14   27   33   35   10 

Then we move to the next two values, 35 and 10. 

14   27   33   35   10 

We know then that 10 is smaller 35. Hence they are not sorted. 

14   27   33   35   10 

We swap these values. We find that we have reached the end of the array. After one 



iteration, the array should look like this – 

14   27   33   10   35 

To be precise, we are now showing how an array should look like after each iteration. 

After the second iteration, it should look like this – 

14   27   10   33   35 

Notice that after each iteration, at least one value moves at the end. 

14   10   27   33   35 

And when there's no swap required, bubble sorts learns that an array is completely 

sorted. 

10   14   27   33   35 

f.  What are the advantages and limitations of an array? 

 Advantages 

• It is use to storing the data of same data type with same size. 

• It allows us to store known number of elements in it. 

• It allocates memory in contiguous memory locations for its elements. It does 

not allocate any extra space/ memory for its elements. Hence there is no 

memory overflow or shortage of memory in arrays. 

• Iterating the arrays using their index are faster compared to any other methods 

like linked list etc. 

•  It can be used to implement other data structures like linked lists, stacks, 

queues, trees, graphs etc. 

Limitations 

• Array is the static kind of data structure. Memory used by array cannot be 

increased or decreased whether it is allocated at run time or compile time. 

• Insertion and deletion of elements are very time consuming n array. When a 

new element s to be inserted at the middle of the array then, elements are 

required to move to create the space for new element. On the other hand, if an 

element is to be deleted from the array then, all its preceding elements needs to 

be moved to fill the vacated position of the array. 

• Only homogeneous elements can be stored n the array. Therefore, n case we 

want to store the data of mixed type, the array cannot be used. 

  

2.  Attempt any three of the following: 

a.  What is linked list? Write and explain an algorithm to insert an element at the 

beginning of the singly linked list. 

Ans: Linked List 

A linked list can be defined as the collection of elements where each element is stored 

in a node and the linear order between elements s given by the means of pointers 

instead of sequential memory locations.  

One way Linked List 

In one way linked list, each node is divided in to two parts. The first part of the node 

contain the element itself and the second part which is termed as next field or pointer 

field contains the address of the next node in the list. 

 

Insertion at the beginning of the Linked List  



While inserting the new node at the beginning of linked list, first of all we need to 

check whether the linked list is initially empty or not. If the linked list is initially 

empty then we will store the Null values in the Next part of New node to be inserted 

and the address of the New node will be stored into the list pointer variable Begin as 

shown below: 

   

 
 

But if the linked list contains one or more nodes, then the address stored in the list 

pointer variable Begin will be stored into the Next part of the New node and the 

address of the new node will be stored into the list pointer Begin as shown below: 

  
Algorithm: 

 

Step 1 : If Free = Null Then 

                  Printf “Overflow: No free space available for insertion” 

                  Exit 

             [End If] 

Step 2: Allocate space to node New 

            ( Set New = Free and Free = Free -> Next ) 

Step 3: Set New->Info = Data 

Step 4: Set New-> Next = Begin and Begin =  New 

Step 5: Exit             

 

b.  Write and explain an algorithm to split a link list into two linked lists. 

Ans:  



 

 
 

c.  What is circular linked list? How to traverse a circular linked list? 

Ans:  



 
 

 
d.  What is the need of two way linked lists? Explain the structure of a node in a two 

way linked list. 

Ans: In one-way singular linked list we traverse the list only in one direction .e. from 

beginning to end. But in certain applications it is required to traverse the list in both 

directions i.e. from beginning to end and from end to beginning. This can be 

accomplished with the help of two-way linked list or doubly linked list.  

In two-way linked list the node is divided into three parts Pre, Info, and Next. The 

structure of the node s as shown below: 

 
e.  Write a short note on header linked list. 



Ans: 

 



 

 
f.  Explain how to represent a sparse array using an array and a linked list with an 

example. 



Ans: 

 

 

 
3.  Attempt any three of the following: 

a.  Define stack. Discuss the basic operations performed on the stack. Also explain 

overflow and underflow conditions of the stack. 

Ans: The stack is a data structure in which insertion and deletion of an element takes place 



at one end. It means the last item added to the stack will be the first item to be 

removed from the stack.  

 In stack, insertion operation is known as push and deletion operation is known as pop. 

Push operation refers to the insertion of a new element into the stack. Obviously this 

new element will be inserted on the top of the stack. We can perform the push 

operation only when the stack is not full i.e. stack has sufficient space to accommodate 

the new element. Thus, when the stack is full and an attempt is made to insert a new 

element into the stack then this condition is known as stack overflow. 

 

Pop operation refers to the removal of an element from the top of the stack. We can 

perform the pop operation only when the stack is not empty. Therefore, we must 

ensure that stack is not empty before applying the pop operation. When stack is empty 

and we are attempting to remove an element from the stack then this condition is 

known as stack underflow. 

 

Consider the list of 5 elements which are to be pushed in the given order into an empty 

stack. The list is 50,60,70,80 and 90. The push operation is shown in figure below. 

 

 
 

 

b.  Write an algorithm to implement the stack operations using an array. 

Ans: 

 

 
c.  Convert the following expressions in postfix and prefix notations. 



1. Iin= ( x – y ) x  (  ( z + v ) / f ) 

2. Iin= (x * y  ) + ( z + ( (a + b - c) * d ) ) – I * ( j / k ) 

Ans: 1) Iin= ( x – y ) x  (  ( z + v ) / f ) 

 

• Postfix notation 

Iin= [ x y - ] x ( [ z v +] / f) 

    = [ x y - ] x  [ z v +  f / ] 

    = x y – z v + f / x 

• Prefix notation 

Iin= [ - x y ] x ( [ + z v ] / f) 

    = [ - x y ] x  [ / + z v f  ] 

    = x  - x y / +  z v  f  

2) Iin= (x * y  ) + ( z + ( (a + b - c) * d ) ) – I * ( j / k ) 

 

• Postfix notation 

Iin= (x * y  ) + ( z + ( (a + b - c) * d ) ) – I * ( j / k ) 

    = (x * y  ) + ( z + ( ([ a b +] - c) * d ) ) – I * ( j / k ) 

    = (x * y  ) + ( z + ( [ a b + c -] * d ) ) – I * ( j / k ) 

    = (x * y  ) + ( z + [a b + c - d *] ) – I * ( j / k ) 

    = [ x  y * ] + ( z + [a b + c - d *] ) – I * ( j / k ) 

   = [ x  y  *] + [ z a b + c - d * +] – I * ( j / k ) 

   = [ x  y  *] + [ z a b + c - d * +] – I * [ j  k /] 

   = [ x  y  *] + [ z a b + c - d * +] – [I j  k / *] 

   = [ x  y  * z a b + c - d * + +] – [I j  k / *] 

   = [ x  y  * z a b + c - d * + + I j  k / *-] 

   =  x  y  * z a b + c - d * + + I j  k / *- 

• Prefix notation 

Iin= (x * y  ) + ( z + ( (a + b - c) * d ) ) – I * ( j / k ) 

    = (x * y  ) + ( z + ( ([ + a b ] - c) * d ) ) – I * ( j / k ) 

    = (x * y  ) + ( z + ( [- + a b c] * d ) ) – I * ( j / k ) 

    = (x * y  ) + ( z + [* - + a b c  d ] ) – I * ( j / k ) 

    = [ * x  y ] + ( z + [* - + a b c  d ] ) – I * ( j / k ) 

   = [ * x  y ] + [ + z * - + a b c  d ] – I * ( j / k ) 

   = [ * x  y ] + [ + z * - + a b c  d ] – I * [/ j k ] 

   = [ * x  y ] + [ + z * - + a b c  d ] – [* I / j k ] 

   = [+  * x  y  +  z * - + a b c  d ] – [* I / j k ] 

   = - +  * x  y  +  z * - + a b c  d * I / j k  

d.  Define queue. How queue is represented in memory using linked list? 

Ans: Queue is a linear collection of elements in which insertion takes place at one end 

known as rear and deletion takes place at another end known as front of the queue. 

Queues are also known as FIFO (First In First Out) list. 

Queue can be represented in memory by means of an array or a linked list. The 

efficient way of representing queues s by using linked list. Linked representation of 

queue can be represented diagrammatically as shown in the following figure. 



  

 
 

e.  Write a short note on double ended priority queue. 



Ans: 

 
f.  Write an algorithm to insert and delete a node from a circular queue. 

Ans: 

 



 
  

4.  Attempt any three of the following: 

a.  Reconstruct the binary tree whose in-order and pre-order traversals are: 

In-order Traversal  : g  d  b  h  e  i  a  f  c   

Pre-order Traversal: a  b  d  g  e  h  i  c  f 

Ans:  

 



 
 



 



 



 

 
b.  What is binary search tree? Write an algorithm to find the position of a given 

element ‘Item’ and its parent in a binary search tree 



Ans: 

 
 

 



 
c.  Sort the following data elements using heap sort algorithm. 

22, 35, 17, 8, 13, 44, 5, 28 

Ans: 

 



 
 



 
d.  What is AVL tree? How balancing is done in AVL tree? Explain with example. 

Ans: 

 



 
e.  What are 2-3 trees? How to delete a key value from 2-3 trees? 



Ans: 

 
Deletion  

 



 
f.  What are the algorithmic steps of insertion sort method? Sort the following data 

elements using insertion sort method. 

7, 8, 5, 2, 4, 6, 3 

Ans: Steps: 

1. Get a list of unsorted numbers 

2. Set a marker for the sorted section after the first number in the list 

3. Repeat steps 4 through 6 until the unsorted section is empty 

4. Select the first unsorted number 

5. Swap this number to the left until it arrives at the correct sorted position 

6. Advance the marker to the right one position 

7. Stop 

Example 

1. First, we give the computer a list of unsorted numbers and store them in an 

array of memory cells. 



7 8 5 2 4 6 3 

 

2. To begin the sort, the computer divides the sorted and unsorted sections of the 

list by placing a marker after the first number. To sort the numbers, it will 

repeatedly compare the first unsorted number with the numbers in the sorted 

section. If the unsorted number is smaller than its sorted neighbor, the 

computer will swap them.  

7 8 5 2 4 6 3 

  

      3. The first number in the unsorted section is 8, so the computer compares it with 

the number to the left. Since 8 is greater than 7, these numbers do not need to 

swapped and the computer simply advances the marker one position. Notice 

that only one comparison was needed to sort the 8. 

7 8 5 2 4 6 3 

 

  

     4. Now the first number in the unsorted section is 5. 5 is less than 8, so the 

computer swaps these numbers.  

7 5 8 2 4 6 3 

 

  

     5 is also less than 7, so the computer swaps these numbers as well. 

5 7 8 2 4 6 3 

 

  

     Now 5 is in the correct order, so the computer advances the marker one 

position. This time two comparisons and two swaps were needed to sort the 

number. 

5 7 8 2 4 6 3 

  

  

    5. Now the first number in the unsorted section is 2. 2 is less than 8, 7, and 5, so 

after three comparisons and three swaps, 2 arrives at the correct sorted 

position, and the computer advances the sort marker. 

2 5 7 8 4 6 3 

   

  

   6. Now the first number in the unsorted section is 4. 4 is less than 8, 7, and 5 but 

it is not less than 2. This time the computer performs four comparisons and 

three swaps to put the 4 in the correct order. Only three swaps were needed 

since the 2 and the 4 did not need to be switched. After these comparisons and 

swaps, the computer advances the sort marker. 

2 4 5 7 8 6 3 

    

  

  7. Now 6 is the first number in the unsorted section. After three comparisons and 

two swaps, the computer places the 6 in the correct position between 5 and 7. 

Notice that the computer did not need to compare the 6 with the 2 or the 4 

since it already knows these numbers are less than 5. Once the computer finds 

a number in the sorted section less than 6, it knows it has found the correct 

position for 6 and it can advance the sort marker 



2 4 5 6 7 8 3 

     

  

 8. The final unsorted number is 3. To find the correct position for 3, the computer 

must compare it with every number in the unsorted section. However, only five 

swaps are required since the first number (2) is less than 3. After moving 3 to 

the correct position and advancing the sort marker, the Insertion Sort is 

complete since the unsorted section is empty. 

2 3 4 5 6 7 8 

      

  
 

  

5.  Attempt any three of the following: 

a.  What is hashing? Explain mid square method and division remainder method of 

calculating address. 

Ans: To facilitate the direct access of the record in the files, the records must be stored at 

the addresses specified by some predefined function. When this predefined function is 

applied to the key field of the record, it generates an address for each records of the 

file. This method of associating keys of records with their  physical addresses is called 

hashing or mapping and the function which is used to transform the key of a record in 

to its physical address is known as hash function (H) 

H (Key) -> Address 

 

Mid Square Method:  

 
Division Remainder Method:   

 



 
b.  Describe the following collision resolution techniques. 

1. Linear probing 2. Chaining 

Ans: 1. Linear probing 



 



 
And so on. 

2. Chaining  



 

c.  Define the following terms. 

1. Graph 

2. Outdegree and Indegree 

3. Source and sink 

4. Path 

5. Strongly connected graph 

Ans: 1. Graph 

A graph G consists of a finite set of vertices VG and finite set of edges EG 

which can be denoted by a tuple G = (VG,EG). Here, the set of vertices VG 

represent the entities which has names and some other attributes. An edge 

connects a pair of vertices and represents a relationship between the two 

entities. A graph may be pictorially represented as shown in the figure below :  

 
2. Outdegree and Indegree 

The outdegree of vertex v in a directed graph G is the number of edges starting 

from the vertex v. The outdegree of vertex c is 1. 

The indegree of vertex v in a directed graph G is the number of edges 

terminating at the vertex v. The indegree of vertex c s 2. 



3. Source and sink 

A vertex v is known as source if its outdegree in one or more than one but its 

indegree is zero. Similarly, a vertex v is known as sink if its indegree is one or 

more than one but its outdegree is zero. 

4. Path 

In the graph, a path from a vertex vi to vertex vj is a sequence of vertices each 

adjacent to the next. Length of such a path is the number of edges in the path. 

A path with n length will have n+1  vertices. 

5. Strongly connected graph 

A directed graph G is called strongly connected, if there exist a path between 

each pair of its vertices. For example, if there is path between the vertices vi 

and vj, then there must also be a path between vj and vi. In a strongly connected 

graph, there must not be any source or sink vertex. 

d.  Traverse the following graph using Depth First Search traversal technique. Start 

traversing from the source vertex ‘A’. 

 
Ans: 

 



 

 



 

 
 

e.  Explain Warshall’s algorithm of finding path matrix of a graph. 

Ans:  



 



 



 
 



 
f.  Find the minimum spanning tree for the following graph using Prim’s algorithm and 

the source vertex ‘S’.  

 



Ans: 

 
 



 
 


