Major, CSL630, 120 mins, 60 marks, Entry No.
Please write answers in the space provided. No extra sheet will be given.

Some coins are spread in the cells of a n x m board, one coin per cell. A robot, located in the upper left cell of
the board, needs to collect as many of the coins as possible and bring them to the bottom right cell. On each
step, the robot can move either one cell to the right or one cell down from its current location. When the
robot visits a cell with a coin, it picks up that coin. Devise an efficient algorithm to find the maximum number
of coins the robot can collect and a path it needs to follow to do this. (10)

Lot A be an nxmM Makdx Qnd do&f-w— _ :
AD J] . aY|mum mumber d coms pobot GAn pila 9P
(;zmmYllj : AN 3@»«@ drvw\ 1.0y o CUL\)
Then '
ALY = max(Afli-,], ALL-0)+ clin)
b o whewe c[i,1] -,ng L cell (1)) oofoing cor
0O olhennise

—TLC, nmedwix A coun bog & d A OCMV\) A

:
Lovodls | ks 0C) Time 1o il seh <=l

D\ Mol L’%\[W\/Y\J Contouns Hee gclu’hw‘f'b e Pmlg(e.v\.



n? different numbers are written on n? cards, one number per card. The cards are arranged in n rows and n
columns, in increasing order in each row (left to right) and each column (top down). All the cards are turned
faced down so that you cannot see the numbers written on them. Devise an algorithm to determine whether
a given number is written on one of the cards by turning up less than 2n cards? (10)
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The 52 playing cards in a deck are arranged randomly, face up, to form an array with 4 rows and 13 columns.
Show that it is always possible to pick one card from each column so that the 13 cards you get are all different
in value i.e. ignoring the suit you get all the cards ace, king, queen, jack, 2, 3, 4,5, 6,7, 8,9, 10. (10)
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Decide whether the following statements are true or false. If true, give a short explanation. If false, give a
counterexample. Let G be a flow network with a source s, a sink t, and a positive integer capacity c,on every
edge e.

[5 marks] If fis a maximum s — t flow in G then f saturates every edge out of s with flow (that is for all edges e
out of s, we have, f(e) = c,).
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[5 marks] Let (A, B) be a minimum s — t cut with respect to these capacities. Suppose we add 1 to every edge
capacity. Then (A, B) is still a minimum s — t cut with respect to these new capacities.
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A cycle cover in a directed graph G=(V,E) is a subset of vertices, V' c V, such that every cycle of G passes
through a vertex in V'. Given a directed graph G and an integer k the cycle cover problem is to determine if
there is a cycle cover of size at most k. Show that this problem is NP-complete by reducing the vertex-cover

problem to it.(10)
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Consider the following 3-partition problem. Given integers a,, a,, ... a,,, we want to determine whether it is
possible to partition {1,2, ..., n} into three disjoint subsets /,J,K such that

n
1
zai=2aj=zak=§ a;
i=1

L€l j€J kex

For example, for input (1,2,3,4,4,5,8) the answer is yes because there is the partition (1,8), (4,5), (2,3,4). On
the other hand, for input (2,2,3,5) the answer is no. Give an efficient algorithm for this problem. (10)
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