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Answer question no. 1 and any four from remaining five questions

1. (a) A 3x7 rectangle is divided into 21 squares each of which is covered red or black. Prove that the
board contains a non-trivial rectangle (not 1xk or kx 1), whose four corner squares are all black or all red.

[8]

(b) Define R on A = {I, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12} by (x,y) ( R if x - y is a multiple of 5.

(i) Show that R is an equivalence relation on A.
(ii) Determine the equivalence classes and partition of A induced by R.
(iii) What is IRI ?

[4+2+2=8]

(c) Let A be the set having elements of all 3-bit binary string over {0,1}. Consider a relation R such that
aRb holds if hamm(a, b) = 1, a.b (A, here hamm(a, b) denotes the Hamming distance of a and b that is the
number of bit positions a and b are varied (e.g. hamm(OOO, 001) = 1 whereas hamm(101, 010) = 3)

i) Find the set R of all relations
ii) Draw the digraph of R
iii) Is it a Poset? Justify
iv) Is it a Lattice? Justify [4x2=8]

(d) Determine the multiplicative inverse of (l+X+X2) in GF(23) with irreducible polynomial
m(x)=(1 +x+x"). [Show the computation, only the final output will not carry any marks.]

[8]

(e) Compute the product of following two bytes bl and b2 in GF(28) with m(x)=l+x+x3+x4+x8 using the
multiplication algorithm "shift-XOR". [Computation with direct polynomial multiplication and/or
division will not carry any marks.]

b 1 = 5D and b2 = 45; bland b2 are given in Hex. [8]



2. The following algorithm computes an recursively, where a is real number and n is a positive integer.
Input: a (a real number), n (a positive integer)
Output: d'

expn(a,n) (
if(n==1)

return a;
m = l nl2 J Wl
return expn(a,0 «expnta, n - m)

}
Let b, be the number of multiplications required to compute n.
(a) What formula is used to compute a
(b) Find a recurrence relation and initial conditions for the sequence { bn}
(c) Compute b2, b-, andb,
(d) Solve the recurrence relation of b, (found in question (b)) in case n is power of2
(e) Prove the formula (found in question (d)) for every positive integer n by mathematical

induction.

[4+2+5+4=15]

[1+4+2+4+4=15]

3. Construct the matrix tables for glb(x,y) and lub(x,y) in (D42, I), where D, is the set of all positive
divisors of n.

(a) Is (D42' I) a lattice?
(b) Draw the Hasse diagram.
(c) Find the complement of each element in D42.

4. Let Cndenote the number of strings over {a, 1,2) of length n that contain an even number of 1 'so
(a) Write a recurrence relation and initial condition that define the sequence CJ,C2, .
(b) Solve the recurrence relation of (a) to obtain an explicit formula for Cn.
(c) Does the result of (a) be same if it contains odd number of 1's instead of even? Justify.

[6+6+3=15]

5. (a) Determine the generating function for the number h, of non-negative integral solutions of
2el + 5 e2 + e3 +7 e4 = n

(b) Let h, denote the number of ways to color the squares of a l-by-n board with the colors red, white,
blue and green in such a way that the number of squares colored red is even and the number of
squares colored white is odd. Determine the exponential generating function for the sequences 110, h.,
h2,.... .h., .... , and then find a simple formula for h.,

[7+8=15]
0)

6. (a) Let S be the set of elements ofGF(24) given as S = {l, a, a2, a3, a4 , aI4}.
Give in tabular form the polynomial representation and~he 4-tuple binary representation for all the
elements ofGF(24) generated by the polynomial p(x) = J + x + X4.
(b) Compute the following

(i) «" = ? (iv) a 5/a 10 = ?

[7+( 4x2)=15]


