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;«-:;‘;:3 2 (5 marks) Determine whether function SRR defined below is ope.

is bijective fing its inverse, Blo o o v,
e 2r+3 forz:#-lz#{)
fle)={ 3 forz =
? 1 for z =
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< 408 marks) Prove or disprove: Any two Consecutive inte CIS are relative] rime.
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S j«'j‘f{g; (10 marks) Derive 5 formula for
oad e
1 1 1

1.37 373 "'+(27371)(2n+1)

by eXamining the values of the formula for small values of ™ > 1. Use mathematica]
inductioy tq prove it for any positive integer,

6, A (10 marks) Construct 4 circuig using inverters} OR gates and AND gates that Eives
output 1 if ang only if not 4 three input variables haye the same value,

B (5 marks) Write the Boolean function, Flz,y, o), Tepresenting the circuit in Py Al

(15 marks) Prove. Ity = bg + r'then G.C’.D.(a,b} = G’.G.D.(b,.}’}.

M,,W&;Let Jnsm = 1,2,3,4,.. be a Fibonaeej sequence,

(10 marks) Prove 7, « on n>1. N - |
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COMP 238 FINAL EXAMINATION, Page 2

1. Determine whether the following are true or false for all sets A, B and C. If they are
true prove them using set laws, if they are false give a counterexample.

a) (3 pts)

(A-By-C=A—-(B-C).
b) (3 pts)
(A—-B)- (A-C)-(B-0C)
c) (3 pts)
P{A) - P(B) = P(A - B)
) where P{A)} is the power set of A.
; 2/@4;:5) Let A and B be sets, and let P(z) and Q(z) denote the statements “z € A”
A

\_ né “x € B”. Use P(z) and Q(z)} to write Bid I b NS o)
- L ‘ AAAS R A
: ANB=@ & A&B=AUBRB
e L s S
= :
as a statement in predicate logic, then use propositioilal calculus to prove the statement
is true.

3. (8 pts) Determine whether the following is tautology, contradiction or contingency.
~  Justify vour answer using propositional calculus.

(p — @)A(r — s)] — [(pAT) — (gAs)] T

4. Let f : R* — R? and g : R? --+Rbe deﬁned by flz, y) (z +y,z— 2y +3) and
glz.y) =z -y Ters T gl Tl vieese ’
a') {2 pts) Find h = ~.§.© f ’ Lewt, PRSI, Jray ) .
b) (4 pts) Find set A~ ([1 3]) a,nd graph it. '

c) {6 pts) Lett: A — B, and let § C A. Prove S C t'l(t( 3. Can the ias% inclusion
be replaced by equality? Justify your answer.

5. Let f : R — R be defined as follows

4 : for ¢=0
f(zY=< 4+Inz for 0<z<l
?+2r+1 for z>1.
a) (3 pts) Determine whether f is one-to-one. |
b} (3 pts) Determine whether f is onto.
¢) (4 pts) Find f-! if it exists.
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COMP 238 Mathematics for Computer Science 1

Fall 2001 :
Assignment 1

1. This is a problem about an island in which the inhabitants are all either knights or knaves.
Knights always tell the truth and knaves always He. Suppose we have three people, A, T3,
and C, each of whom is a knight or a knave. A and B make the following statements:

A: ANl of us are knaves.
B. Exactly one of us is a knight.

What are A, B, and C? Explain your reasoning,
2. Classify each of the following as a contradiction, a tautology, or a contingency, using truth
tables or logical equivalences.
@) p—~(g—p
(b) =llpAq) — g
(c) p—(gAp)
(@ lpvaAlp—r)Alg—1)]—r .

3. Prove the following logical equivalences:

(@ [p—(g—r)e{prg —1]
() (p@g) & ~(p—q)

4. Let P(z,y) be the predicate 2* < y + 2. Determine the truth values of the following. The
universe of discourse is the set of integers.

f

(a) Vr3y Pla,y)
(b) Ixzvy Plx,y)
(¢} Jx3y Plz,y)
(d) Yavy Pz, y) i
&) Y3z Plr,y) T

(f) dyvz Pla,y) -

R SR B S b e i



- arict {Z’(m, y} be the statment b
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n ymz. elass ress each of the following .~~~
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FALL 2001
ASSIGNMENT 3

1 Classity each of the following functions f as one—to—one, onto, both or neither. R

2) a)
the

b)

3)

denotes the sct of all real numbers and R+ denotes the set of non-negative real
numbers.

i) FR-»R, g R+— R, kR~ R+
f =g ®h, where g(x) = Vx and h(x) = x?

ii) f:R > R.
fx) =3(x"") + 13

iii) £D->D.D={0,1,23,4,56,7 8,9}
f(x) = the last digit of x°.

v} f: B - C. B = the set of bit strings of length ten. C = the set of bit strings

of length nine.
f{x} = the complement of the last nine bits of x.

V) iR —>R.
f(x) =L x J

Let S be the set of all 5-bit binary strings. The function f: $ — Z is defined by

rule
f(x} = the number of zeros in x

for each binary string x € 8. Find

(i) (01001 ),
(ii}  the set of pre—images of 4;
(i)  the range of f.

Decide whether the function f defined in part (a) has cither the one—to—one

property or the onto property, justifying your answer.

Decide, for each of the functions, 1, g, h defined below, whether it is invertible. If
s0, give the inverse function; if not, give a reason why no inverse function exists.

(1) f: R — R defined by f{x) = 3x —1
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4

5)

6)

7

(ii) g: Z — Z defined by g(r) = 3r - 1 *
ity  h: R — Z defined by h(x) = {x] (where [ x ] denotes the floor of x),

Find all integers congruent to 9 modulo 7.

Give the prime factorizations for 72, 1813, Find GCD(72,1815), LCM(72,1815),
GCD(200,{200)%), LCM(20!,121)

Prove that ¥3 is an irrational number

Draw the graph of
Do 2+3lm-1y4]

iy Ix2]+[x2]
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l.Letg: A — B, /' B - C be functions. Prove or disprove the following:

(a) H /is one-to-one and f o g is one-to-one, then g is one-to-one.
(b) i fog is one-to-one and g is onc-to-one, then f'is one-to-one.
{c) If fis onto and g is onto, then fog is onto.
(d) Ifgis onto and f o g is onto, then fis onto.

2. Prove the following for all n = 1 by mathematical induction

1 | 1 n
(a) —+——+- 4 =
-2 23 nn+1) n+l

w7
D

() 1IN +22H+3BN+ ..+ =@+ D! +1 .
3n+l __3

2
3. Give a recursive definition of the sequence fa, },n=123__if

(aa, =1+(-H" (b)a, = n’

(D3 +37 +3 4+ +3" =

4. If fn denotes the nth Fibonacci number, prove the following:
JoirSwy = 17 = (=1)" whenever n is a positive integer.

5. Let R1 and R2 be relations on a set A represented by the matrices

0101 0100
1011 i
SRR "2 o010
0111 0110

Find the matrices that represent
(a) RIUR2 (b) RI1TR2 (c) R1oR2 (d) R2-RI .

6. Give the directed graph of the relation {(a,b) [b = 1 (mod a )} on the sct
{235.7,10,11},




Concordia University — Department of Computer Science
COMP 238 Mathematics for Computer Science I

Fall 2001
Assignment 5

1. A relation R on a set A is said to be irreflezive if for every a € A, (a,a) ¢ R. Which of
the following relations on Z are irreflexive? Clive reasons for your answers.

(a} zy > 1
bB)yrz=y+lorz=y-—1
2. Let B be a relation from set A4 to set B. The inverse relation from B to A, denoted R

is the set of ordered pairs {{b,a) | (a,) € R}. The complementary relation R is the set of
ordered pairs {{a,b) | (a,b) ¢ R}.

s

(a) Let By = {(a,b) | @ < b} on the set of integers. Find Ry and B;.

(b} Let By = {(a,b) | a divides b} on the set of positive integers. Find Ry' and R;.

(c) Show that a relation R on a set A is symmetric if and only if R = R-1.

{d) Show that a relation R on a set A is reflexive if and only #f & is irreflexive,

(e) Show that a relation R on a set A is anti-symmetric if and only if RN R~ C {{a,a) |

< 1’i}

3. Let R = {(a,b), (a,¢),{c,d}, (a,a),(h,a)}. What are R} and R o R? Specify which (if
any) of R, R"! or Ro R is a function.

4. Find the transitive closures of the following relation on {a,b,e,d, ¢}, Draw their graphs,

(a) By = {(a,c), (b,d), (¢,a), (d,]), (e,d}}
(b) Ry = {(b,e),{b,€),(c,e},(d,a}, (e,b), (e,c)}

Answer the following questions regarding the poset ({2,4,6,9, 12,18, 27, 36, 48,60,72}, ).

E:J'(

{a} Draw the Hasse diagram.

{b} Find the maximal and minimal elements.

{c) Is there a greatest element or a least element?

{d) Find all upper bounds of {2,9}, and the least, upper bound if 1 exists.

{e) Find all lower bounds of {60, 72}, and the greatest lower bound if it exists.



6. Let R be the relation defined on the set of all logical propositions as follpws: plgifp < q.
Show that R is an equivalence relation.

7. Use a Karnaugh map to find a minimal expansion as a Boolean sum of Boolean products
for each of the following functions in the variables z, ¥, z, and w.

(a) wzyz + wrfzr + wagz + wigs

U

(b) wryz + wryz + wae + wFyz + wEyzE + Wryz + WEyz + WEYz + Wiz



