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University of New Brunswick
Faculty of Computer Science
CS1303 Discrete Structures - Final Exam
April 17th, 2021;
Time Allowed: 180 minutes

Student Name: Student No.:

Instructions

This paper contains 6 questions, and comprises 4 pages.

Answer ALL questions. This is an open-book examination.

The marking scheme is shown in the left margin and [100] constitutes full marks.

The following table may be needed for taking this examination.

Given any statement variables p, g, and r, a tautology t and a contradiction ¢, the following logical equivalences
hold.

1. Commutative laws: PAGQ=qgAp pvqg=Eqvp
2. Associative laws: pPAQQAr=pA(gAT) pvgvr=pvgvr)
3. Distributive laws: pA(gvr)=pPAqg)Vv(pAr) pvgninn=p@EvgApvVvr)
4. Identiry laws: pAt=p pvVve=p
5. Negation laws: pv~p=t PA~p=c
6. Double negative law: ~(~p)=p
1. Idempotent laws: PAp=Dp PVDP=D
8. Universal bound laws: pvt=t pPAC=c
9. De Morgan’s laws: ~PpAg)=~pVv~q ~(pvqg)=~pA~g
10. Absorption laws: pvV((pAg =p pA(pPVg =p
11. Negations of t and c: ~t=c ~C =

In addition, Representation of If-Then as Or (Implication Equivalence) means
p — q = —pV ¢, which may also be used.

1. Multiple choice questions: read each question carefully and choose the correct answer:
A, B, C or D. Make sure you only choose one answer for each question.

(1) Find which of the following sentences is NOT a proposition:

A. T passed the CS1303.
B. I did not pass the CS1303.



C. CS1303 is not a simple course.
D. CS1303 is a simple course, isn’t it?

(2) Let A={a,b,c,d,e} . If we list all the strings of length 5 over A with at least four
characters that are the same into a string set B. What is the size of set B

A. 105 B. 125 C. 95 D. 115
(3) Which of the following statements is false?

Az e{r,y,z} B. {z} € {z,y,{z}}

C.oC{o,,y,{z}} D. Az} € {{z,y}, 2}

(4) Let @ denote as the exclusive or operation. Which of the following is not logically
equivalent to p @ ¢?
A (pVg A=(phg) B. (pA=q)V(=pAq)
C.o((prgV(pA—q)  D.(pVvag)V(=pA-g)
(5) Let & denote as the exclusive or operation. Which of the following compound
propositions is a contradiction? .
A (pe&-q)np  B.(pepAg Clegd-gVp D.(pd-p) Vg

(6) Let P(z) be the statement “x?> > 2. What is the truth value of the quantification
Vo P(x) where the domain consists of all positive integers? What is the truth value
of the quantification Vo P(x) where the domain consists of all positive real numbers?

A. true, true B. true, false
C. false, true D. false, false
(7) Let z and y be real numbers. What are the truth values of the following two
propositions

o Vx, dy,z >y

e Vr,x #0— Jy,zy =1
A. true, true B. true, false
C. false, true D. false, false

(8) Let  and y be real numbers. What are the truth values of the following two
propositions

e du,Vy,zy =1y
o Jx.Vy,z+y=1

A. true, true B. true, false
C. false, true D. false, false

(9) What is the negation of the statement “There is an honest politician”
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A. All politicians are honest.
B. All politicians are not honest.
C. Some politicians are honest.

D. Some politicians are not honest.

(10) For every integer n > 3, which of the following is equal to Y ,i(d!) ?
A (n+1)! B.(n+1)! -1 C.(n+1)! -2 D. (n+1)! -6
(11) For any set S, the power set of S is denoted as P(A). Now, for some sets A, B,
and C, the following is known: |P(A)| =8, |P(B)| = 16, |P(C)| = 32. How many
elements are contained in the set A x B x C' ?

A. 56 B. 4096 C. 12 D. 60

(12) For finite sets A, B,C. It is known that |A| = |B| = 16, |C| = 25, |AN B| = 10,
|IANC| = |BNC| =9, |ANBNC|= 3. What is the value of |[AUBUC| ?
A. 57 B. 88 C. 32 D. 82
. Show that

pP=O)N(g=t)=(pVe) =t
by
(a) Using truth tables;

(b) Using logical equivalences, and state clearly which law(s) you are using in each step.

. The logician Raymond Smullyan describes an island containing two types of people:

knights who always tell the truth and knaves who always lie. Now, you are visiting the
island and have the following encounters with natives.

(a) Two natives A and B approach you but only B speaks.
B says: Both of us are knaves.
What are A and B?

(b) You then encounter natives C and D.

C says: D is a knave.
D says: C is a knave.

How many knaves are there?

4. Please prove the following statements.

(a) If a square of some integer n is divisible by 7, then the integer n itself is divisible
by 7.



5] (b) /7 is an irrational number.

5] (c) log, 7 is an irrational number.

[10] 5. Please use the proper mathematical induction (either the regular mathematical induction
or the strong mathematical induction) to prove the following statements.

5] (a) For every integer n > 1,
2 2
1B 4+2% 4304 n? = (n ;n) .
5] (b) Suppose fo, f1, f2, -+ is a sequence defined as follows:

fo=5, fi=16, fro=5fk1—6fr_o for each integer k > 2
Prove that f, = 6-3" — 2" for every integer n > 0.

7] 6. Find a counterexample to show that the each statement is false. Assume all sets are
subsets of a universal set U.

3] (a) For all sets A and B, (AU B)¢ = A°U B*.
(b) For all sets A, B, and C, if BUC C Athen (A-—B)N(A-C)=2.
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