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Instructions: The paper has 18 questions and it is divided into three sections. The total allotted time is 90 minutes. You are required to write solutions or algorithms in English, no code is expected. Happy solving and have fun!!!

CITIUS

(All questions carry 5 marks)

1. An easy one to get the ball rolling; define the center of a graph as the vertex with the minimum eccentricity. Write a linear time algorithm to find a/the center of a tree.

Eccentricity (v) = max (shortest Path (v, w)) | all vertices w, not equal to v)

2. Given n points in space give the fastest algorithm that detects if three of them are collinear.

3. Given a sequence of n numbers each less than n^2 describe the most efficient method to sort them. Your algorithm must be space efficient.

4. Solve or guess the solution to the following recurrence

Det  U(n)          U(n+1)       =  factorial(n) ;    given U(0)=U(1)=U(2)=1

        U(n+2)      U(n+3) 

5. What does the following piece of code do to a 32 bit number?

x = ((x & 0xaaaaaaaa) >> 1) | ((x & 0x55555555) << 1);

x = ((x & 0xcccccccc) >> 2) | ((x & 0x33333333) << 2);

x = ((x & 0xf0f0f0f0) >> 4) | ((x & 0x0f0f0f0f) << 4);

x = ((x & 0xff00ff00) >> 8) | ((x & 0x00ff00ff) << 8);

x = ((x & 0xffff0000) >> 16) | ((x & 0x0000ffff) << 16);

FORTIOUS

(All questions carry 7 marks)

1. Define an inversion in a sequence S as the case when x appears before y but x>y. How will you count the number of inversions in a sequence?
2. What does the following network do? Each vertical line represents a comparator that moves the smaller element to the upper line. Make reasonable assumptions about the input


3. Eight coins are arranged in the ‘H’ configuration as shown on the left. You would like to go to the ‘O’ configuration as shown on the right in 4 valid moves.


Each valid move consists of dragging a coin without moving any other coin such that in its final position it touches at least two other coins. Huge bonus if you can do the reverse in 6 moves.

4. Given a series of n integers, your task is to find the indices i and j such that the sum of numbers between these indices is maximum. No credit of quadratic running time solution.

5. Find the smallest number n greater then m so that the set of integers from 0 to n can be partitioned into two sets A and B, so that 

OPT (A, k) = OPT (B, k) for all k,

Where OPT(S, k) = number of ways in which two distinct elements from the set S can be chosen so that they sum up to k. Also give the procedure to achieve this partition.

6. Given a tree how will you find the smallest dominating set in the tree? A dominating set is a set such that ever edge has at least one end point in the set.

ALTIOUS

(All questions carry 10 marks)

1. There n bags, each having infinite number of balls of the same weight. Using one weighing of a pan balance label each bag, to identify the weight of the balls that it contains. Assume all balls have integral weights, bounded by W.

2. A classic puzzle with a twist: You have two ropes, and each takes 1 hour to burn when lit from one end. However the ropes don’t burn uniformly. How will you measure 45 minutes using these two ropes? Now for the hard part, how will you measure 37.5 minutes using these two ropes? 

(3marks + 7 marks)  
3. Given the following procedure on a M X M matrix.

· Step 1: sort each odd numbered row in monotonically increasing order.

· Step 2: sort each even numbered row in monotonically decreasing order

· Step 3: sort each column in increasing order

If these steps are followed k times then the matrix gets sorted, but the entries must be read in a specific order. Find the minimum value of k and the order in which the entries must be read.

4. Give a procedure to count the number of spanning trees in the following graph in the fastest possible time. G (N) contains N such boxes.


5. A mountain range is a zigzag curve from (a, 0) to (b, 0) in the upper half plane. Hikers A and B begin at (a, 0) and (b, 0). Devise a strategy that A and B must follow so that they meet somewhere on the curve so that at all times their heights above the horizontal axis are the same. Give a short proof of correctness of the procedure (No proof; no marks).


6. You are given the in and out degrees of the vertices of a directed graph. Your task is to find the edges (assuming that no edge can appear more than once).

7. Hitori Puzzle: In the grid given below some of the cells must be painted out so that no number is repeated within any row or column. However, painted-out cells may not touch orthogonally (up/down or left-right) and painted-out cells cannot cut off any unpainted cell or group of cells from the others. There is a unique coloring scheme that achieves this objective. Find the coloring scheme.
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(13 marks)
Hitori solution:
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