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Q1 Design and implement an efficient algorithm to solve the given problem and also state which 

data structure is better suited for the given situation. Analyze time and space complexity of the 

designed algorithm. 

Sarvesham owns a dosa plaza. He has his own method of handling the customers order. A 

normal way of handling the customer is to serve the customers who come first(first cum - first 

serve) but sarvesham wants that the average waiting time by is customers should be optimized. 

There are various kinds of dosas available in the menu and each variety takes different amount of 

preparation time. 

Consider there are three customers at time t=0, t=1, t=2 respectively. If they order dosas that take 

the preparation time 2, 8 & 5 respectively. The first cum-first serve method would have an each 

customer waiting for a time of 2, 9 & 13 respectively. The average waiting time is (2 + 9 + 13)/3 

= 8. This not the minimum average waiting time solution. Instead if sarvesham serves the 

customer 3 after customer 1 and then customer 2 the waiting time  for customer 1,2 and 3 are 2, 

5, 14 respectively and average waiting time is (2+5+14)/3=7(optimal).  

Help sarvesham to reach his objective  of attaining  minimum average waiting time. 

 Input Format  

1. The first line contains an integer M, which is the number of customers.  

2. In the next M lines, the i
th

 line contains two space separated numbers ti and pi . ti is the 

time when i
th

 customer orders a dosa, and pi is the time required to prepare the dosa. 

Output Format 

 Display the minimum average waiting time.  

Q2 For studying the behaviour of an algorithm, random graphs are often used. A graph is 

random if its edges are drawn at random from the set of all distinct pairs of vertices. Write a 

program for generating simple random graphs of a given n and density, where density is defined 

as the ratio e/n(n-1) for a directed graph and 2e/n(n-1) for an undirected  graph. Analyse time and 

space complexity of the designed algorithm. 

 

Q3 A drum rotates in discrete steps of α degrees, and you are to determine its precise positions as 

follows. Divide the surface of the drum into k = 360˚/α sectors, and paint each sector black or 

white (or conducting or non-conducting). Mount r constructive reading heads – each capable of 

detecting the color of the sector.  

Take input α and express k and r in terms of α. 

Write a program to depict arrangement of colors for various k. Let k = 16, analyse time and 

space complexity of the designed algorithm. 



Q4 Let there be a data communication network that must route data packets (email or MP3 files, 

for example). Such a network consists of routers connected by physical cables or links. A router 

can act as a source, a destination, or a forwarder of data packets. We can model a network as a 

graph with each router corresponding to a vertex and the link or physical connection between 

two routers corresponding to a pair of directed edges between the vertices. 

A network that follows the OSPF (Open Shortest Path First) protocol routes packets using 

Dijkstra’s shortest path algorithm. The criteria used to compute the weight corresponding to a 

link can include the time taken for data transmission, reliability of the link, transmission cost, 

and available bandwidth. Typically each router has a complete representation of the network 

graph and associated information available to it. 

For the purposes of this project, each link has associated with it the transmission time taken for 

data to get from the vertex at one end to the vertex at the other end. You will compute the best 

path using the criterion of minimizing the total time taken for data to reach the destination. 

The shortest time path minimizes the sum of the transmission times of the links along the 

path.The network topology can change dynamically based on the state of the links and the 

routers. 

For example, a link may go down when the corresponding cable is cut, and a vertex may go 

down when the corresponding router crashes. In addition to these transient changes, changes to a 

network occur when a link is added or removed. 

Analyse time and space complexity of the designed algorithm. 

 

 

Example 

Consider a very simplified example of a network at RPI, with vertices at Amos Eaton, Lally, 

DCC, Troy, Sage, and Folsom. See Figure 1 for an illustration. For this example, the shortest 



time (or fastest) path from Amos Eaton to DCC is: Amos Eaton–Troy–DCC with a total 

transmission time of 0.9 milliseconds. 

 

Q5 Write an algorithm to store the friendship information of a social networking website (like 

Facebook). Implement the functionality: who is friend whom, who are the common friends for 

whom? 

Discuss the used data structure and analyse time and space complexity of the designed algorithm. 

Q6 For a given undirected and connected graph G (V, E), spanning tree is a tree that spans G in 

such a way that it includes all V and edges are subset of E that are equal to V-1 in numbers. If 

the Graph is weighted then we can have a tree with only minimum weighted edges, such 

spanning tree are Minimum Cost spanning Tree or MST. There are two ways to construct MST, 

discuss both and compare their time complexity. 

 A new algorithm is suggested to find the MST: split the nodes arbitrarily into two (nearly) equal 

sized sets, and recursively find MSTs on those sets. Then connect the two trees with a least cost 

edge (which is found by iterating over E). Would you want to use this algorithm? Why or why 

not? 

There are different applications of MST like Network design (telephone, electrical, hydraulic, 

TV cable, computer, road), cluster analysis etc. How MST will solve the Travelling salesman 

Problem, Suggest an algorithm and implement it? Also discuss the time and space complexity of 

the suggested algorithm.  

 

Q7. Draw a Pascal's triangle based on the input value n and also draw the reverse Pascal's 

triangle for the same using suitable data structure. Also calculate the total outcomes or sample 

space for the input value nPascal's triangle represents the binomial coefficients. Using recursive 

function find the value of Binomial Coefficient 
n
Cr, where the boundary conditions are 

n
Cr=1 if 

r=0 and 
n
Cr=1 if r=n. Compute the complexity for you algorithm to draw a Pascal's triangle 

using boundary conditions. 

Analyze the time and space complexity of your algorithm. 

Example of Pascal's triangle and reverse Pascal's triangle. 
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Q8 Implement a decision tree classifier on a 2D array of numbers lying between 0 to 1024 such 

that the array is divided into 10 groups. These groups must be the partitions such that no element 

is common to any of the two groups. Is it possible to implement the classifier in such a way that 

the groups have no common element? If it is not so, what rule is needed to ensure the 

partitioning? Estimate the complexity of the classifier. What if the number of groups is changed? 

Does it effect the complexity? 

Q9 Write a program to generate all the cut-sets in a graph. Cut-sets define whether by removing 

certain vertices and edges, multiple connected components of the parent graph can be obtained. 

Analyze the time and space complexity of your algorithm. 

Q10 A plane graph is said to be self-dual if it is isomorphic to its dual graph. A graph that is dual 

to itself is a self-dual graph. Write a program to find self-duality of a graph. Analyze the time 

and space complexity of your algorithm. 

Q11 A central spanning tree of a graph is one for which the maximal distance to all other 

spanning trees is minimal. The distance between two spanning trees of a graph G is defined as 

number of edges of G present in one tree but not in the other. Design an algorithm to find Central 

Spanning Tree of a graph. Analyze the time and space complexity of your algorithm. 

Q12 Make tree is partially ordered, meaning that the priority of node V is no greater than the 

priority of children of V where the priority of a node is priority number of the element stored at 

node small priority number need not to appear at a higher level than priority number for example 

level tree has 6 and 8 which less than priority 9 at level 2. Analyse time and space complexity of 

the designed algorithm. 

 

Q13 Extract all circuit in a graph from incidence or adjacency matrix. Find the time and space 

complexity of the designed algorithm. Analyse time and space complexity of the designed 

algorithm. 

Q14 Longest Monotonically Increasing Subsequence of a given sequence is the ordered 

subsequence in which subsequence elements are in sorted order and subsequence should be as 



long as possible. Find out monotonically increasing subsequence by breadth first search and 

depth first search. Analyse time and space complexity of the designed algorithm. 

Q15 Remove all articulation points (cut vertices) in the given graph and display all the bi-

connected components. Then, make the graph connected by using the bi-connected components. 

Analyse time and space complexity of the designed algorithm. 

Q16 A. Find the sub string having the Hexadecimal (base-16) characters from the string . For 

example string s1 = “SAPDLK” is having the hexadecimal characters as – AD in the string and 

decimal value of AD = 173. Use stack to store the characters of the substring. Calculate the 

decimal value of these substrings - 

“astory9”, “cp8lot”, “k1lpmA” and “UTP1K” 

B. Find the sub string having the Base-14 characters from the string . For example string s1 = 

“SAPDLK” is having the base-14 characters as – AD in the string and decimal value of  AD = 

153. Use linked list to store the characters of the substring. Calculate the decimal value of these 

substrings - 

“akry9”, “p8lot”, “j1lpmA” and “NTP1” 

C. Which of the above given strings have same decimal values in base -14 and base-16.  

Analyse time and space complexity of the designed algorithms. 

Q17 Divisor tree is a tree of divisors for any composite number m has two children nodes that 

are the pair of divisors is closest to the square root of m. A prime number in the tree should 

have no children nodes. The number must be chosen randomly from 1000 to 10000. There is no 

user input. Now we want to make a histogram by using all the possible cousin nodes. Find the 

largest rectangle in the histogram. No two brothers are come together, but all the nodes of last 

level are come together, if no cousins. Find the time and space complexity of the designed 

algorithm. 

Hints: 

 

     

                                

 

 

 

Above is a histogram where width 

of each bar is 1,  

given height = [2,1,5,6,2,3]      

 

The largest rectangle is shown in 

the Shaded area, which has area 

= 10 units 


