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1. Answer all questions.
2. All parts of a particular question should be answered together.
3. Credits will be given for neat and to-the-point a liSwcring;
4. Unnecessary / confusing words are liable to ncgat ivc marking.

1. Write ONLY THE ANSWERS without any explanation. l3ii = 10 marks I
a) Write the asymptotic upper bound of T(n) :::;4T(n/2) + 2n + 12.

b) Draw a directed graph G(V, E) with 5 vertices and with a minimum number of edges such
that each (u,v) E V2 is an edge in its transitive closure.

c) A function f takes an array A[l..n] of real numbers as input and recursively computes its
value as follows.

f(A[l..n]) = { A[l] if either n = 1 or A[l] :::; f(A[2 ..nJ)
f(A[2 ..nj) otherwise.

If one implements this optimally as an iterative process, then what would be its time
complexity?

d) In how many ways can you write a string made of only '1' and '3' such that the sum of
its constituent elements is 10?

e) If an algorithm can compute the convex hull of a set of 2D points in linear time, then it
can be used to solve another popular problem in linear time too. Name that problem.

2. a) What is meant be inversion in a list?
b) Give an example of a list of 10 elements having 9 inversions.
c) A[l..n] is a given 1D array of n distinct integers and k is a given integer such that A[l..k]

is sorted in increasing order, and A[(k + l )..n] is also sorted in increasing order. Write an
algorithm (in pseudo-code) to report all the inversions in A[l..n].

d) Explain the time complexity of your algorithm. '12-+-3-+-7-+-3-=-1-5-m-a-r~k-s'l

3. a) What is meant by a flow network? Write its necessary and sufficient properties.

b) Define the value of flow in a network G.
c) Let (5, T) be any cut in a flownetwork G(\I. E) such that s E 5 and t E T. Let 51 = 5,,{s}

and T1 = T" {t}. Let f be a flow in G. Derive the relation between f(51, V) and
f(V,T1). 15+2+8 = 15 marks I



Lj. J 11 a biochemical experiment, there are two square-shaped pieces of paper of same size, namely
P and Q, placed on a test bed. The following things are given:

i) Each of P and Q is (3 x (3 in size and can be perceived as a grid made of (32 unit squares.

ii) Each unit square contains at most 2 droplets. The droplets in P are all red and those in
Q are all blue. In total, P contains r red droplets and Q contains b blue droplets.

iii) Each droplet is very tiny and hence can be treated as a 'point'.

iv) P and Q just touch each other by a pair of their edge that are parallel to the y-axi~ of
the test bed; i.e., P and Q together look like a rectangle whose length (along the x-axis)
is 2(3 and width is (3.

The system is said to be "unstable" if any red droplet interacts with any blue droplet, which
happens only if the Euclidean distance between the two is /3 or less. The value of (3 is known
and the color and coordinates of all the droplets are available from a computerized scanner
connected with the calibrated bed. While scanning the droplets. the scanner supplies their
color and coordinates to the computer by increasing order of y-coordinate.

a) Suggest an algorithm that can be used to determine whether the system is unstable.
Draw a diagram, if needed, to explain your algorithm.

b) Deduce its best-case and worst-case time complexities. 112 + 8 = 20 marks I
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