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1. BEEEQ20%)

1.1 Which of the following is the smallest big-O estimate for the function f{n) =5 n log n + log ( n’/4) +nlog(4/ n’)?
(a) logn (b)n (c)nlogn (d) log’ n

1.2 Let N={0,1,...} be the set of non-negative integers and f: N->N a function defined by f(n) = n’- 2n + 1. Then f(n) is
(a) bijective (b) injective but not surjective (c) surjective but not injective (d) none of the above

1.3 When sorted in increasing order of growth rate, which one of the following functions would be second slowest?
(@ ’+2n+5 (b)10logn*+n (¢) nlogn (d) n!/5

1.4 Which of the following propositional formulas is equivalent to (p\V qVr) =2 s
(@ (p2s)V(@>s)V(r2s) (®) (p 289V (=q 2 V(T2 s) -
© Ed)ANG@INNCDs) (DD DHAGD A 9)

1.5 Given the context-free grammar G=(N,T,S,P) where N={S,A,C} is the set of nonterminals, T={a,b} is the set of

terminals, S is the start symbol and the set of productions P is given as follows:

S>AC C—> aChlab A->alAa
Then which of the following strings belongs to the language generated by the grammar G?
(a) ab (b) aabab (c) aabbb (d) aaabb
1.6 Let S be the smallest set of non-negative integers satisfying the following two conditions:
i. 4e8, 2. if{a,B}c S then axPeS.
Then which of the following numbers is not an element of $?
(a)16 (b) 128 (c) 256 (d) 1024

1.7 Let A, B and C be arbitrary sets and - and ~ denote the difference and complement of sets. Then which of the following
is a superset of (A - B) U ((~A) nB nC)
@ A (BbYAUC (c)B (d) (~-B)nANC
1.8 Which of the following graphs contains a Euler circuit?
(a) K¢ (A complete simple graph with 6 vertices)
(b) Ws (A wheel with 6 border vertices and one centered vertex)
(c) Qs (A 6-dimensional hypercube)
(d) Kss (A complete bipartite graph with 6 vertices in each block)
1.9 What is the value of the summation X< k x C(n,k) whenn=10?
(@ 2°*10  (®)2*10 (c)2°*100 (d)2" *100
1.10 Let R be the relation {(2,1),(2,3), (3,2),(3,4),(4,1),(4,3)} on the set{1,2,3,4}. Then which of the following pairs is not in

the transitive closure of R relation?

@ (1,1 () (2,2) (c) 3,3) d G4

# | HERREALE  RPita -
S Gt TR




RugiaRgE 104 ZHEHREEBEL LA . .

| | ¥ = A #2 R
A KX O# BHEMEE g ERHAEA # X503 A0 8(D) B=#
U 1|

2. SITRE (20%)

2.1 The evaluated value of the postfix expression: 823 *-4*93/+s

2.2 The coefficient of X’ in the expansion of the function (I+x++x + ) s

2.3 (5%)Leth: N -> N be a function on the set N of non-negative integers defined inductively by h(0) = 3 and h(n+1) =
2 x h(n) + nxn for n > 0. Suppose we are given a higher-order function prim_rec : (N x (NxN)>N) x N) 2> N
defined as follows:

prim_rec (k, f,n) = if(n=0)thenk else f(n-1, prim_rec(k, f, (n-1))).
Find a number K and a binary function F : (Nx N) = N such that for all n,

h(n) = prim_rec(K, F, n).
Ans: K= (2%) and F(xy)= (3%).

2.4 The weight of any minimal spanning tree of the following graph is

1

2.5 The chromatic number of the n-dimensional hypercube Q,,fc;r n>1is

2.6 Let G be a regular graph in which every vertex has the same degree. If G has 10 vertices and 30 edges, then every

vertex has degree

3. (10%) A binary relation R is called circular if for all elements a, b and ¢, aRb and bRc imply that cRa. Show that
(a)if R is an equivalence relation then R is circular, and

(b)if R is reflexive and circular, then R is an equivalence relation.

4. (10%)

(2) Show that if n > 1 is an integer, then n does not divide 2" -1. Hint: Prove it by contradiction. Suppose n divides 2"
-1 and let p be the least prime factor of n. Then we would have the facts that 2" = 1 (mod p) and 2M'= 1 (mod p)
[Fermat's little theorem], from which a contradiction can be derived. '

(b) Use the above fact and the pigeon-hole principle to show that if n > 1 is an odd number, then n must divide some
number in the set {2'-1, 2%1,..., 2™ -1}.
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-~ [5. [10%] Please show that if A is any real square matrix then § = Laramy. is symmetric and T =

;xske“PEYﬁﬂnﬁﬁiéézif L

6. [10%] (1) Please find a real 2x2 matrix A+#I, the 1dent1ty matrix or unit matrix, such that A2 =L (2) Please find
'-'-'.'areal 2x2 matrix A0 such thatAz_ 0. ' ik

o 7:,_[.17_}(‘)%]‘ Please show that if x is an eigenvec.:tor:of A MATHX A correspdndiri:g,tq. an elgenvalue)L,sc)}skxthh any |

s [10%] Please show that the determinant of an orthogonal matrix has the value +1 or -1. - -
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