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1. Answer the following questions related to truth of propositions. 

(a) 13 points j Write the truth table for the compound proposition pH (-.p l\q) . 

(Note: · •pis the negation of p.) 

(b) 13 points I Determine the truth value of "3n n + 1 > n2" where the universe of discourse is all 

integers. 

( c) 14 points I Determine whether Vx( P(x) -> Q(x)) has the same truth value as Vx P(x) --+ Vx Q(x) . 
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2. Auswer the following questions related to propositions and their relations. 

(a) 14 points I Prove the following equivalence: (p -7 r) V (q ~ r) ===: (p /\ q) ~ r. 

(b) I 2 points [ Determine the truth value of the following proposition " ff 2 > I 0 then Vx x = x + l ." 

(c) I 2 points I Write the negation of the proposition "Jn n + 1 > n2". 

( d) I 2 points I Find the dual of the proposition ( -ip /\ q) V -.r. 
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3 . Am;wer the roUowing questions related to set theory. 

(a) j2pointsl IfA = {1,2,3} andB= {l,3}, find A xH-RxA. 

(b) j 3 points I I ,et A,B and C be sets. Using algebra of sets show that 

(A - R) - cc = (A - CC) - (B-cc). 

(e) !spoints j LctA,BandCbcsets. CanweconcludcA=BifA-C=B-CandC-A=C-B? If 

yes, prove it. lf no, give a counter example. 
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4. i\nswt:r tht: following questions related to discrete probability. 

(a) ! s points I fn a class of 60 students 20 are girls and 40 are boys. fn a recent test 16 of the girls have 

passed. Denne the following two events. El : A randomly chosen student from this class is a girl, 

E2: A randomly chosen student from this class has failed the course. Knowing that El and E2 are 

independent detem1ine the number of boys that passed the test. 

(b) j s points I A lamp factory has three production lines A,B and C. Lines A,B and C produce 30%, 

50% and 20% of the total respectively. Also, of the outputs of lines A, B and C, 4%, 8% and 3% 

arc defective, respectively. A random tamp from this company is found tbe be defective. Find the 

probability that it was produced by line C. 
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5. Answer the following questions related to functions. 

(a) I 2 points I Dctennine if f(n) = J n3 + n2 is a function from Z to R 

(b) j 2 points I Determine if the function f: lR--+ IR., and f(x) = 1x3 i- 1 is one-to-one. 

(c) l2points l Determineifthefunction/: 1R--+Z,and/(x)= fl.5xl isonto. 

( d) 14 points I Consider fonctions f and g both defined from Ill to lR. Also f(x) = x2 + 1 and 

(f + g)(x) = x3 + x 2. Find (g ·lo J)(x) . 
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6. This is a question on counting. 

Consider the pcnuutations of the Letters of the word ASSlGNl\rlENT. 

(a) I 2 points I How many are there in total? 

(b) 12 points I How many start with A and end with T? 

(c) 12 points I How many start with a vowel.? 

(<l) 12 points I How many have the block SIGN, with these four Letters appearing in this order? 

(c) 12 points j How many have the three vowels as a block? 
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7. Answer the fo llowing questions on relations. 

(a) 14 points; Consider the relation R on set of all intege(s, where (x,y) E R if and only if x = y ± 3. 

Determine if R is reflexive, symmetric, antisymmetric and/or transitive. 

(b) 13 points I For R in part (a), is R2 reflexive? Justify your answer. 

( c) 13 points I How many relations can be defi ncd on the set A = { 1, 2, 3, 4}. 
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8. This is a question on series and summations. 

(a) j s points I Show that the sum of all elements of the set A = {2, 5: 8, .. . 3n - I} is S = n(Ji;+!) . 

(b) 15 points I Let us define a1 = l and a; = ai-1 + 2i - l . Find an is closed form as a function of n. 
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9. This is a question on methods of proof 

(a) jspoints j Provcthatl·ll-1 2·2! I··· I n·n! · (n. + l)! - 1. 

(b) j s points j Find the fl.aw in the following :•proof' that an = 1 for all nonnegative integers n, where a is 

a nonzero real nwnber. 

Basic Step: a0 = 1 is true by definition of a0 for a -/= 0. 

Inductive Step: Assume aj = 1 for all nonnegative integers j with j :::: k. Then note that 

J:l·l = cfc.ak = ~ -1 
ak-1 1 - . 
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l 0. This is another question on methods of proof 

(a) Is points I Show that at least six of any 36 days must fall on the same day of the week. 

(b) Is points I Show that for real numbers x and y, lxl + IYi ~ Ix+ YI. 
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l l. This is a question on growth of functions and comptexily of algorithms 

(a) 14 points I Show thatf(x) = 3x7 +x5 1ogx9 +~is O(x7
). 

(b) 16 points j Rach part is two marks. The time complexity of /\.lgorithms A and Bare 8(n 10) and 8(1 on) 

respectively. True or false. 

• (T F) On a problem with size n = 20, it is certain that Algorithm B takes a l o~ger time than A. 

• (T F) Considering hvo problems with sizes n and 2n, we cxpcd Algorithm A to take about n 10 

times longer on the larger problem. 

• (T F) There exist some n* such that for any problem with s ize larger than n* Algorithm B takes 

longer than A. 
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12. This is a question on graphs theory. 

(a) Is points I The adjacency matrix of graph G (with vertices a,b,c in the same order) is 

How many paths of length 3 exists between vertices band c? Hmv man between a and c? 

(b) Is points I Let Km,n denote the complete bipartite graph with m vertices nn one side and n vertices on 

the other side. For what values of m and n does Km,n have an Euler path? 
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