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C3 Review Test 

Course: Advanced Data Structures and Algorithms (ADA) 

M.Tech. (IT) – 1st Semester ; Exam Date : 26 Nov., 2018 

Course Instructor: Dr. T. Pant & Dr. S. Maity 

Full Marks: 40                    Time: 2 Hours 

 

PART –A 

There are total 4 questions in this part, each carrying 5 marks (5 x 4 = 20 Marks). All questions 

are compulsory. 

1. a) Suppose that the search for key k in a binary search tree (BST) with all distinct keys ends 

up in a leaf node. Consider three sets: P: contains all keys to the left of the search path; Q: 

contains all keys on the search path; and R: contains all keys to the right of the search path. 

Then for all keys p ∈ P, q ∈ Q, and r ∈ R; it satisfies p < q < r. 

    Explain, whether the above statement is TRUE or FALSE with proper justification.  

            

b) Draw the logical expression tree for the expression: *(X!*Y!X%X)%X. Also, derive its 

postfix expression. Order of precedence: ‘*’ > ‘!’ > ‘%’. All operators except ‘*’ are binary. 

Treat ‘*’ operator as unary and put its only operand as its left child. All operators follow left-

to-right associativity.               3 + 2 Marks = 5 Marks. 

 

2. A meeting room has x + 2 chairs organized in a single row; the chairs on the left and right 

ends are permanently occupied by the meeting room guards. The other x chairs are for users. 

Whenever someone enters the meeting room, they try to choose a chair that is as far from 

other people as possible. If there is only one such chair, they choose it, otherwise choose the 

leftmost chair among those. While using suitable data structures for maintaining information 

about occupied/unoccupied chairs, write an efficient algorithm for assigning a chair to one 

person at a time when he enters the room. Write a separate procedure to update the data 

structures when someone leaves the meeting room.                 5 Marks. 

                                                              

3. Search cost for a key k in a BST is defined as the total number of tree nodes (not considering 

any NULL node) read/accessed by the search algorithm before the search process terminates 

either in a success or in a failure. Suppose, for an application scenario, the search key k is a 

discrete random variable which is uniformly distributed in a range between 1 and 100, i.e., k 

~ Discrete-Uniform(1,100). Also suppose that the BST is constructed by inserting nodes 

exactly in the same sequence in which they arrive. Then, in which sequence the following 

three numbers should arrive so that the constructed BST is optimal in terms of its average 

search cost? Clearly show all of your calculation steps. 

{10, 80, 90} 

        5 Marks. 
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4. Write an efficient algorithm to solve the above problem for a generic case. So, k ~ Discrete-

Uniform(min, max). The BST consists of n number of nodes containing n integers {x1, x2, …, 

xn}, where for all i = 1, …, n; min <= xi <= max. The algorithm inputs the values of min, max, 

n and {x1, x2, …, xn} and outputs the optimal sequence.            5 Marks. 

         

PART-B 

There are total 2 questions in this part, each carrying 10 marks (10 x 2 =20 Marks). All questions 

are compulsory. 

 

5. A factor tree (binary tree) represents the factors of a number such that the root of the tree 

represents the number itself, the leaf nodes represent the prime factors of the number and all 

intermediate nodes represent the intermediate factors in the calculation of the factors. 

Accordingly, the prime numbers will be represented by the root with no child. What restriction is 

needed to include in above description so that the factor calculation does not become an infinite 

process of factor calculation? 

 

    a) Write down an algorithm (efficient) to generate the factor tree for a given number. Estimate 

the complexity of the algorithm.                                   3 + 1 = 4 Marks. 

 

     b) What is the complexity to find the prime factors of any number using a factor tree? Can the 

factors be estimated in a constant time? Explain how or why not.                2 + 2 = 4 Marks.      

                 

    c) How can a factor tree be helpful in estimation of prime numbers? Is it possible to find a 

sequence to generate the prime numbers using this approach?                2 Marks.                        

 

6. Represent a lattice by appropriate data structure. Estimate the product of two lattices and 

devise an algorithm to find the topological sequence of the product lattice (Consider D6 and D15 

as two lattices for the reference where Dn represents the set of divisors of the number n and show 

how a product lattice will look). Estimate the time complexity of the devised algorithm. Argue if 

it could be reduced to O(N) where N is the number of nodes, by estimating the lower bound of 

the complexity of such algorithm. Justify your logic.                10 Marks. 

 

------   END   ------ 

 


