Saudi Electronic University / College of Computing and Informatics
Assignment of week 2/ Math 150

Q 1: Determine whether of the statement true or false:

1- x% + y% = z?% is not proposition. False

2- The conditional statement p — q is false when both p and g are false. False
3-~(~pV ~ q) and pAq are logically equivalent. True

4.p\V~p Is a contradiction. False

5- The biconditional statement p < q is false when both p and q are false. False

Q 2: Choose the correct answer:

1- The negation of the statement ~p = q is:

a-p/A\q b-pA ~ q c~pA\ ~q d~p/Aq

2- The inverse of the statement p =~ q is:

a~p=>q  bp-og c~p-o~q  dpo~g

3-x@By = 1 When:
ax=0y=1 bx=0y=0 cx=1Ly=1 d-None

4- One of the following is proposition:
a- When will go to school? B-x+y=1 ¢-xy=5 d-Riyadh is the capital of Saudi Arabia

5- One of the following is a tautology:

ap Ap bpVvp p A~ p dpVv~p
Q3
1- Show that —(pV(—p Ag)) and —p A—q are logically equivalent

—(pvV(mpAg)=—-pA—-(—pAqg) by the second De Morgan law
==p A[=(=p) VvV —gq] by the first De Morgan law
=-pA(pvV—g) by the double negation law
=(—pAPpP)Y (—pA—g) by the second distributive law
=FV(-pA—gq) because =p A p=F
=(—pA-q)VF by the commutative law for disjunction

==-p Ay by the identity law for F



p q ~p ~q pAaq | (pv(apAg) | ~(pv(=pAg))
T T F F F T F
T F F T F T F
F T T F F T F
F F T T T F T

They are equivalent
2- Build a digital circuit that produces the output
(p V)N pV(gV—r)) when given input bits p, g, and r.

P » / A \—lwv (q]v—qg)

9 o a )
w Jq"—-w

\(p“—-u’l M=pY (q"'—-u’))

4’&_/—'4 P

3- Find the bitwise OR of the bit strings 011011001 and 000011110.
Bitwise OR = 011011111

4- Find the bitwise XOR of the bit strings 0011001 and 0000111.
Bitwise XOR = 0011110

5- Use a truth table to verify~ (p Aq) =~ p V~ q.

p q P ~q pAq ~(pAgQ) | ~pvag
T T F F T F F
T F F T F T T
F T T F F T T
F F T T F T T

They are equivalent



Saudi Electronic University / College of Computing and Informatics
Assignment of week 3/ Math 150

Section I Section A: (True or False Questions)

1- The OR function is Boolean multiplication and the AND function is Boolean
addition. False

2-In Boolean algebra theorem is very useful for minimizing logic systems True

2- In Boolean algebra, A+ 1 =1. True

3thevalueof 1 -0+ @+ 35 is0. True

4. The domination law is x.1=x. False

5-X =x | x. True

Section 2
1-Derive the Boolean expressmn for the logic circuit shown below:

aXy+xz bXxy+xz c—xy + xz d- None of above

2- The Boolean expression C + CD is equal to
a-C b-D <¢C+D d- 1

3- How many different Boolean functions are there of degree 3?

a-16 b4 256 d-18

4. (x | y) | x| vy)isequal to
a- xty b- xy ¢ x(x+y) d- None of the above

5x | x) | (y | y) equal to
ayx b-xy cxty d-Xxy

Section 3
1-Prove the absorption law x(x + y) = x using the other identities of Boolean algebra
x(x+y)=x
XX +xy=x
X+xy=x
x(1+y)=x
x-1=x

o: x(x+y)=x

2-Find the duals of x(y + 0)
x+ 1)



3-Give a Boolean expression for the Boolean function F(x, y) as defined by the
following table:

X y F(x, y)
0 0 0
0 1 1
1 0 0
1 1 0

F(x,y) = 1 when x =0 and y = 1 and O otherwise (that could be established by Boolean
products or by using NAND operator)

X y X y Xy x|y
0 0 1 1 0 0
0 1 1 0 1 1
1 0 0 1 0 0
1 1 0 0 0 0

4. Find the values, if any, of the Boolean variable xs that satisfy these equations.

X *X=1 None

x-1=x 0,1

5- Find the sum of products expansion of a Boolean function f(x, y, z) that is 1 if and
onlyifx=y=landz=0orx=0andy=z=lorx=y=0andz=1
x=y=landz=0=> xyZz

Orx=0andy=z=1=> Xyz

Orx=y=0andz=1=> xyz

. SO (xiz‘) + (inz) + ifi_zi

O ORRIOCIOHR|—

ORIOIRIOIOoR IO

OO OO |rFm|Fa|k—
ORI OIRO—RO|—




Answer Key Discrete Mathematics (Math 150) Level III, Week 4 (2014-15)

1. State whether the following statements are true or false:
a) - VxPx)=dxPx) F
b) - dxQx)=Vx-Qkx) T
c) V xdyQ(x;y) states that for every x there does not exist any y such that Q(x;
y) E
d) If n is odd integer, then n? is odd. T
e) 9 x P(x) is the universal quantification. F

2. Select one of the alternatives from the following questions as your answer.
a) Universal quantifier is denoted by
A g
B.V
C. N
D. None
b) Existential quantifier is denoted by
A d
B.V
C. N
D. None
c) The statement -d xP(x) is equivalent to
A. 3 x - Px)
B. 3 x P(x)
C. VxP®x)
D V X P( )
d) The statement = V x(P(x) —
A Hx(Px — - QK)
B. dx (P(x) v Q(X))
C. x (P& A -~ QK))
D. None
e) The sum of two positive integer is always positive. Its logical translation is
A Vxdy((x>0) — x+y>0)
B.VxVy(x>0)"(y>0) — x+y>0))
C. VXHV((X>O)/\(y>O) - (X+y>0))
D. None

Q(x)) is equivalent to

3. Show that the sum of two rational numbers is rational.

Direct proof: M and N are rational numbers, M = %; b+#0and N = g; d=+0

ad+cb R . . .
o = 5 %0 the sum of two rational numbers is a rational number

a c
4+ ==
b d



4. Show that if n is an integer and 3n + 2 is odd, then n is odd.

Direct proof: N = “n is integer and 3n + 2 is odd”, S = “n is odd” and (N —S),
supposing that if N than Sis trueso: 3n +2 =2k + 1= n = % which is not a

formula for odd numbers.

Indirect proof (proof by contraposition): supposing that if N than S is false and n is
even number, so: n =2k,3n+2=232k)+2=>6k+2=23k+1) =2nand
that proof 3n+2 to be even, that as a negation of S that lead to negation of N to be
false contrasting the original statement then the original statement is true.

5. Let P(x) denote the statement “x < 4": What are the truth values of P (0); P (4); P

(6):
(0) = 0 < 4, which is true; P (4) = 4 < 4, which is true; P (6) = 6 < 4, which is false.

6. Let P(x): V x (x* > x) and Q(x): A x (x* = 2). Find 2P(x), +Q(x):
P =aVxx>x)=dxx<x)
Q) =-dxx2=2)=Vx(x=*2)

7. Let P(x): “x spends more than five hours every weekday in class", where the
domain for x consists of all students. Express each of the following quantifications in
English:

a) dxPx)

There exists student how spends more than five hours every weekday in class.

b) VxPkx)

All students spend more than five hours every weekday in class.

c) dx-Pkx)

There exists student how doesn’t spend more than five hours every weekday in class

d) VxaPkx)

All students don’t spend more than five hours every weekday in class.
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Section A
Determine whether each of these statements is true or false
I {x}c{x,{x}}.T
2. The function f(x) = i—i; is not a bijection from R - {- 2} to R - {1}. F

3. Suppose that A is an n X n matrix where 1 is a positive integer. Then A + A¢,
AA? is symmetric.
4. The seventh term ag of the sequence defined by the recurrence relation and
initial conditions, a, = a,_1 — a,_, +ap_3,a0=1,a; =1,a, =2is 1. F
5. Let A, B and C be three square matrices of same size. Then (4 + BC)t = A® +
BtCt.
Section B
Each of the multiple choice objective questions contain four answers, of which one
correct answer is to be marked.
1) Suppose that A is the set of sophomores at your school and B is the set of
students in discrete mathematics at your school. Then the set A U B is expressed by

a) The set of sophomores taking discrete mathematics in your school.

b) The set of sophomores at your school who are not taking discrete mathematics.

c) The set of students at your school who either are sophomores or are taking discrete
mathematics.

d) The set of students at your school who either are not sophomores or are not taking
discrete mathematics.

2) What is the truth set of the predicate P(x), where the domain is the set of integers
and P(x): < x2.
){0,1} D{x€Z|x#0ax#1} J{x€Z|x#0vx+1} d)ZT.

3) Determine which of the function f: Z X Z = Z is not onto
a) f(m,n) =2m—n b) f(m,n) = m? —n?
of(mmn)=m+n+1 d) f(m,n) = |m| — |n|.

4) Which of the below given sequences {a,} is not a solution of the recurrence relation
a, =8a,_1— 16a,_, !
a)nd4™ b0 c) 2™ d)4"

5) Let A be a 3 X 4 matrix, B be a 4 X 5 matrix, and C be a 4 X 4 matrix. Determine

which of the following products is not defined?
a)AB b)AC o CA d)CB.



Section C

1) Let f(x) = x? be the function from R to R. Find

a) f‘l({l}) b)f‘l({xlx>4}).

a) fFA{1D =x> f(x)={1},x2=1=Dx=1orx=—1.

£ 8.8={—1,1)

b) f[FrAxlx>4N =y DfM ={xlx >4} Dy’ ={x[x >4} D y?> 4D
{y>2o0ry<-=2}.

S S={x|lx>2vx< -2}

2) Use set builder notation and logical equivalences to establish the second De
Morgan’slaw AUB = A N B.

AUB ={x|x € AUB} 2 {x| = (x€ (AUB))}

x| " (x€AvxeB)}D{x| - (x€A)r-(xEB)}

x| xgA)A(x€B)}D>{x| (xeA)r(x€EB)}

{x|lx €e ANB }=>ANB

3) Find fog andgof, where f(x) = x® + 1 andg(x) = x + 2, are functions from
RtoR.

(fog)(x) = f(g(x)) = f(x +2) = (x +2)?+ 1 =x2+4x +5

(gof)(x) = g(f(x)) = g(x?+ 1)+ 2 =x%+3

4) Find the value of each of these sums

a) 32 o A+ (=2)Y) ¥ ,¥ 4 ().

) X 1+ (DN =Q+EDN+A+EDD+A+EDH+ A+ DD+
A+E)N+A+E2)+ A+ E2)9)+A+(-2))+ (1 + (—2)8) =180
b) X123 0j=3"(0+1+2) =(0+1+2)+0+1+2)+(0+1+2)=9

5) Let A = [(1) ﬂ andB = [(1) (1)] Find
a) AvB b) A@®B.
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Section A: (True or False Questions)

1. fx)=x+x"is O(x’) T

2. 3644 mod 645 equal 35 F

3.

4. An algorithm has input values from a specified set T

If f1(x) and f,(x) are both O(g(x)). Then (f;+f,)(x) is O(g(x)). T

Section A: (Choose correct answer)

1. Which of these functions is [l O).

a) f(x)=17x +11 b)f(x)=x*+1000
¢) f(x)= xlogx dfx)=x*/2

2. The worst-case complexity of the bubble sort in terms of the number of
comparisons
Made is.

n®—n . n®+n n+1 n3 —n
2 2 © 2 2

a

3. The procedure double (n: positive integer)
While n>0

n:=2n

A) Procedure is not finite. B) Procedure is not effective Q)
procedure lacks definiteness D) Procedure is effective

4 letset 1,3, 4, 5,6, 8,9, 11. Then the procedure m (aj,a,...,a,: integers)
m:=al

Fori:=2ton

If max > a; then m:= a,

Return m

A) m=9 B) m=11 C) m=1 D)m=6



Section 3
1. Describe an algorithm that takes as input a list of n integers and finds the
number of negative integers in the list.

“To retrieve only the number of negative integer no it’s value”
Procedure negatives (a,, a,, ..., a,: integers)
i:=0
fork:=1ton
if a, <0 then i++ <=> (i:=i+1)
Returni;
2. List all the steps used to search for 7 in the sequence 1,3, 4, 5, 6, 8, 9, 11 for

both a linear search and a binary search.
Linear search

1 3 4 5 6 8 9 11
7>11 >3 1 >4 1 >51 761 7<8 { 7<9 | 7<11 1
Next ~ | Next 7 | Next 7 | Next 7 | Next 2 | Next 7 | Next 7 Not
found
Number 7 is not found the output is O.
Binary search
1,3,4,5,6,8,9, 11 =» split it in two groups
1,3,4,5 6,8,9, 11

7>5 so it’s not in the first group, 6<7<11 so it’s in the second group

6, 8

6<7<8 so it’s in the first group, 7<9, 11 so it’s not in the second group
In the first group it’s either 6 or 8 and no sign of 7 so it’s not found and the output

is O.

9, 11

3. Show that f(x)=x*+2x+1 is O(x?).

If(x)| < C-|g(x)| Pwhenx>k->x>1,f(x) <Clgx)|

=x2+2x+1<C(x®) P =x*+2x+1=< (2% +2x% + x%) = 4x°

So taken C= 4 and k=1 as witnesses we say that f(x) is O (x?)
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Section 1: (True or False Questions)
1/ 7/3is a integer. F
2 Let a,b,c be integers where a#+ O then . if a/b and a/c, then a/(a+b) . T
3 In the binary notation each digit is eithera,Oora, 1. T
4 Convert ( 101011) , to base 8 = (50) ¢ F
5 If p is the prime and a is an integer not divisible by p.
Then a*'= 1(modp) T

Section 2: (Multiple choice questions )
1  Let a= 101 and b= 16 what are the values .of q and r that division algorithm .
Guarantees in this case ?

a>q=6 ,r=5 b>q=5,r=6 > q=5,r=6 d> q=7,r =-11

2what are quotient, when 101 is divided by 11.
a> Hence the quotient when 101 is divided by 11is 1 = 101 div 11
b> Hence the quotient when 101 is divided by 11 is O = 101 div 15
> Hence the quotient when 101 is divided by 11 is 8 = 101 div 10
d> Hence the quotient when 101 is divided by 11 is 9 = 101 div 11

3 convert (204 ) ,, to base 2.
a> 10001000 b> 11001100 <> 00001111 d> 00000000

4  Find the prime factorization of 1024.
a>2'% b> 3" >0 > 1

5 Find an inverse of 5 modulo 12.

a> 5 b> 0 > -1 &> 10



Section 3 Five small question
1. what is the decimal expansion of the integer that ( 101011111),
as its binary expansion .
1 %25 +0 %27+ 1 %20+0 %2°+1 x2*+1 %x2°+1 %22+ 1 %2' +1 %2°=351

2. Find 7**mod 11.
We know that 7'°= 1 (mod 11), so (7'9)*= 1 (mod 11), for every positive
integer k. Therefore,
7222 2 102242 (71002 w72 = (1)22 %49 = (mod 11) = 5 (mod 11).
So 7*** mod 11 = 5.

3. what is the decimal expansion of the number with hexadecimal expansion
(2AEOB )6 ?
2 x16*+ 10 %16°+ 14 %16°+0 %16'+ 11 %16° = 175627

4. Use the Euclidean algorithm to find-
(a) ged(203, 101).
203 =101 %2 +1
101 =1 %101 +0
So ged (203, 101) = 1

(b) ged(34, 21).
34=21 X1 +13
21=13 %1 +8
13=8 X1 +5

8=5 X1+3

5=3 x1+2

3=2 %x1+1

2=1 %1+0

So ged (203, 101) = 1

5. Find the prime factorization of 111111.
111111/3 =37037=» 37037 /7 = 5291 =25291 /11 = 481 9481 /13 = 37
So the prime factorization is 3%X7%11%13%37
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Section A Determine whether each of these statements is true or false
1) The first five Fibonacci numbers are: 1,2,3,5,8. F
2) A simple polygon with n sides, where n is an integer with n = 3, can be
triangulated into n — 2 triangles. T
3) f(0)=0,f(n) =2f(n —2) forn = 1 is a recursive definition of a function f. F
4) The recursive definition of the set S ={1,5,9,13,17,...}is 1€ S;x €S - x +
4e€S.T
5) Mathematical induction, strong induction and well ordering are not equivalent
principles. F

Section B Each of the multiple choice objective questions contain four answers, of
which one correct answer is to be marked.
1) The sums of the first n positive odd integers are

a) 2n + 2

b) n?

o (n+1D(n-1)

d) 2n—1)n

2
2) Let P(n) be the statement 13 + 23 + .- 4+ n3 = (@) for the positive integer
n. Then what is the value of P(2n — 1)

- - 2
a) (2n—1)*n? b)%f"“) C)((Zn 1)2(2n+1))

d) none

3) The sum of 1+2+3+...+25 is
a) 320 b) 325 c) 425 d) 300.

4) The recursive definition of the set S of positive integers that are multiples of 5 is
aQ)5 €S, andx+y€eSifx,y€S b)5€S,and5y eSifyeS
c)5€S,andx.yeSifx,y€S d)SES,andgeSifx,yES

5) The recurrence definition with initial condition of a function f(x) =5n+ 2,n =
1,2,3 ... is
a) f(n) =2f(n—1)+5,f(1)=2 bfn)=f(n—-1)+5f1)=7
Qfn+D=fM)+7,fD)=4 dfW=fCn+1+5f1)=7



Section C  Short answer type questions
1) Use mathematical induction to show that
1+2'4+224...420=2"1_1

P(n) = 1+2'+2%2+...4+20 =201 1
Basis Step:
P(0) is true becouse 2° = 201 — 1 =1
Inductive Step:
= Assume P(K)is true for all nonnegative integer k: 1 + 21 + 22 + ... + 2K =
2k+1 -1
= Must Show P(k + 1)is true:
1420+ 22 4 g2k 4 2kl = pkAD+1 _q
1421+ 22 4o g2k 4 2k41 = pk+2z
= Assume P(Kk)is true
142+ 22 4 oo+ 2K+ 2K+ = (14 21 4 22 4 ... + 2K) + 2Kk*1
— (2k+1 _ 1) + 2k+1
(2k+1 _ 1) + 2k+1 — 2k+1 + 2k+1 -1 = 2k+1 2 —1
2k+1 . 21 —1 = 2(k+1)+1 —1 = 2k+2 -1
~ P(k)is true —» P(k + 1)is true

2) Give a recursive algorithm for computing na using addition, where n is a positive
integer and a is a real number.

3) Show that if n is an integer greater than 1, then n can be written as the product
of primes.

P(n) = n can be written as the product of primes.
Basis Step:
P (2) is true, because 2 can be written as the product of one prime.
Inductive Step:
= Assume P(j) is true for all integers j with 2 <j <k.
= Must show: P(k + 1) is true, and k + 1 is product of primes.
=> 1) If k + 1 is prime, then P(k + 1) is true.
= 2) If k + 1 is composite and can be written as the product of two positive
integers M and N with 2<M <N <k + 1.
Because both M and N are integers at least 2 and not exceeding k, we can write
both M and N as the product of primes. Thus, if k + 1 is composite, it can be
written as the product of primes, those who are factorization of M and N.



4) Find f(1), f(2), f(3) and f(4), if f(n) is defined recursively by f(0) = 1 and
forn=0,1,2,3,...
a) fln+1)=f(n)+2
FO+D) =f0)+2d>f(1)=1+2=3
fA+1D)=f1)+2=>f(2)=3+2=5
fFC+1)=f2)+2>f3)=5+2=7
FB+1D)=f3)+2Df4)=7+2=9

b) f(n+1) =2/,
fO+1) =203 f1)=21=2
fA+1) =20 F2)=22=4
fR+1) =23 f3)=2%*=16
f3+1)=2/® 3 f(4) =21 = 65536

5) Give a recursive definition with initial condition of

a) P,,(n), the product of the integer m and the non-negative integer n.
P,0)=0,P,(n+1)= P,,(n)+m

b) The set of positive integers not divisible by 5
1€S5, 2€S5 3€S,4eSandifx€S, thenx+5€S

¢) Theset{..,—4,-2,0,2,4,..}.
0eS,andifx €S, thenx+2€Sand x—2€S
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Q 1: Determine whether each of these statements is true or false:
1-the number of function from a set with 3 elements to a set with 6 elements is 18. F

2- the number of different bit strings of length 5 is 32. T

3-P(n,0)=0. F

n!

4-C(n,r) =

(n-r)r!’

5-Yro-DK(F)=-1 F

Q 2: Choose the correct answer:

1-The coefficient of x12y12 in the expression of (3x — 2y)** is :
a) (i‘zl')312 212 b)(i‘zl')glz (_3)12
b) 312212 d) 312(_2)12

2-The number of different strings can be made by reordering the letters of the word

CORPORATION is

11! 11! 11! 11!
Qe Dy Vosa Vg

3-The minimum number of students required in a class to be sure that at least 10 will receive the

same grade if there are 6 possible grades is:

a) 60 b) 10° c) 6 d) 55

4- 211(20(113) X

a)10 b) 1 c) 1024 d) 0

5- The number of 1-1 functions from a set with 4 elements to a set with 7 elements is:

a) 840 b) 11 )28 d)3



Q 3: Solve the following questions:

1- Somebody can choose a picture from one of four lists. The four lists contain 18,6,12,4 possible
pictures, respectively. No picture is on more than one list. How many possible pictures are

there to choose from

18 +6 + 12 + 4 = 40 picture

2- From a group of 7 men, 3 men are to be selected to form a committee. In how many ways can
it be done?

7! 7X6X5xA4! 35
(7-3)!-31 41-6 B

C(7,3) =

3- How many 3-digit number can be done from the digits 1, 2,3,4,5, and 6, and repeating is not

allowed.

6! 6 X 5!

P(6,3) = 6-3)1 3

= 120

4- How many 3-digit number can be done from the digits 1, 2,3,4,5, and 6 which is even and

repeating is not allowed.
Last number should be even and one of 3 choses (2, 4, 6) so
5x4x3= 60

Or it’s simply half of 120

5- Write the expansion of(2x — y)*.

(2x—y)* = Z;O C)

= @0ty = (5) @0t + () @i + (5) @0t + (5) @0t () + () @0ty

= 16x* — 32x3y + 24x%y* — 8xy3 + y*
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Question Number (1):
Determine whether each of these statements is true or false?

1) The recurrence relation Pn=(1.11)p,_, 15 @ linear homogeneous recurrence relation

of degree one. T

2) The recurrence relation a,—, 442 is linear. F
n—1 n-2

3) The solution of the recurrence relation a,, = 6a,,_; — 9a,_, with initial
conditions ay = 1 and a; = 6 isgivenbya,, = 3" +n3" T

4) Suppose that f(n) that satisfies the divide-and- conquer recurrence relation
2
f) =3f (3) += with £(1) = 2 then f(64) = 680 T

5) The recurrence relation a, = 3a,_; + 4a,_, + 5a,_3 is a linear homogeneous
recurrence relation of degree 3 T

Question Number (2):
Choose the correct answer?!

1) Find the solution of the recurrence relation(a, = 3a,_; ) with a, = 2

a)2. 3" b)2™ c)3mt! d)3™

2) find the solution of a linear homogeneous recurrence relation a, = 7a,_1 —
6a,_, witha, = —1and a; = 4
a)a, = 6" bla,=-2+6" 2" d)2n+t

3) Suppose that f(n) satisfies the divide-and-conquer relation f(n) = 2f (g) +

5and f(1) = 7 what is f(81)?
a) 180 b) 187 c)170 d)185



Question Number (3):
Solve the following questions!

1) Solve recurrence relation together with the initial condition given a,, = 2a,,_ for
>1, ap =37

ap, =2ay_1,T=2,aa=0ay=3

a, =3 - 2"

Whenn=1,a, =6

2) Multiply (1110), and( 1010), using the fast multiplication algorithm?

(1110),( 1010),= (2* + 22)(11)2(10)z + 22[(11); — (10),][(10); — (10);] + (2% + 1)(10),(10),

= (2% +22)(11),(10)3 + (22 + 1)(10),(10),
= (1111000), + (10100), = (10001100),

3) Find the number of ways to put eight different books in five boxes, if no box is
allowed to be empty? (This question is in section 4 that is not included, but)

o= () B+ ()
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Section A
Determine whether each of these statements is true or false
1) Suppose that the relation R on a set is represented by the matrix

1 1 0
Mg =1 1 1]
0 1 1

Then R is reflexive, symmetric but not anti-symmetric. T
2) The transitive closure of a relation R equals the connectivity relation R*
Up=1R™ T
3) The subsets {—=3,—2,—1, 0} and {0, 1, 2, 3} are partitions of the set
{-3,-2,-1,0,1,2,3.. T
4) The poset (ZF, |) is a lattice. T
5) Warshall’s algorithm is an efficient method for computing the anti-symmetric
closure of a relation. F

Section B
Each of the multiple choice objective questions contain four answers, of which one
correct answer is to be marked.
1) Relations R are defined on the set {1,2,3,4}. Then, which of the following is false’
a) {(1, 1), (1, 2), (2, 1), (2, 2), (3, 3), (4, 4)} is reflexive, symmetric, antisymmetric and
transitive.
b) {(2, 4), (4, 2)} is symmetric only.
o) {(1, 1), (2, 2), 3, 3), (4, 4)} is reflexive, symmetric, antisymmetric and transitive.
d) {(1, 3), (1, 4), (2, 3), (2, 4), 3, 1), (3, 4)} is not reflexive, not symmetric, not anti-
symmetric and not transitive.
2) The relation R represented by the directed graph is shown below

.
®_/d
Then which of the following is true.
a) R is reflexive and symmetric.

b) R is symmetric and transitive.
c) R is symmetric and anti-symmetric.
d) R is anti-symmetric and transitive.



3) Which of these relations on {0, 1, 2, 3} is a partial ordering?
a){(0, 0), (2, 2), (3, 3)}

b) {(0, 0), (1, 1), (1, 2), (2, 2), (3, 1), (3, 3)}

o {(0, 0), (1, 1), (1, 2), (1, 3), (2, 0), (2, 2), (2, 3), (3, 0), (3, 3)}
d) {0, 0), (1, 1), (2, 0), (2, 2), (2, 3), (3, 3)}

4) The Hasse diagram of the poset ({2, 4, 5, 10, 12, 20, 25}, |) is given below. Then

maximal and minimal elements are
124 20
a) maximal elements are 12,20 and minimal elements are 2,5,25.
b) maximal elements are 25 and minimal elements are 2.

c) maximal elements are 12,20,25 and minimal elements are 2,5.
d) maximal elements are 20,25 and minimal elements are 2,5.

44 10 25

5) How many relations are there on a set with n elements?

an! b2™ o 2" d)2n.

Section C

Short answer type questions
1) Find the matrix representing the composition relation S o R, where the matrices
representing relations R and S are

1 0 1 0 1 0 1 1 1
MR = [1 1 0] , MS == [0 0 1] = MSOR N MR @ MS = [O 1 1]
0 0 O 1 0 1 0 0 O

2) Let m be an integer with m > 1. Show that the congruence modulo m relation

R ={(a,b) | a=b (mod m)} is an equivalence relation on the set of integers.
(a—b)

Testing if € Z is equivalent.
1.1- Is it Reflexive?
a = a (mod m) is true because m |(a-a). i.e. (a, a) € R.
1.2- Is it symmetric?
If (a, b) € R then a = b (mod m), i.e. m | (a-b). implies m | (b-a)
So b = a (mod m), hence (b,a) € R.
1.3- Is it transitive?
If (a, b), (b,c) € R thena = b (mod m) and b = ¢ (mod m), i.e. m |(a-b) and
m | (b-c). implies m |[(a-b)+ (b-c)].implies m | (a-c).
So a = ¢ (mod m), hence (a,c) € R.
All 3 conditions are satisfied therefore it is an equivalence relation.
. So R = {(a,b) a = b(mod m)}
is an equivalence relation on the set of integers.




3) Draw the Hasse diagram for the “less than or equal to” relation on {1,2,3,4}.
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4) Answer these questions for the partial order represented by this Hasse diagram.

a b C

a) Find the greatest element, if it exists.

There is no “greatest element” because we have more than one maximal.
b) Find the least element, if it exists.

There is no “least element” because we have more than one minimal.
¢) Find all upper bounds of {a, b, c}.

(k, m, I) are all upper bounds of {a, b, c}.

d) Find the least upper bound of {a, b, ¢}, if it exists.

(k) is the least upper bounds of {a, b, c}.

e) Find all lower bounds of {f, g, h}.

There is no lower bound for {f, g, h}.

f) Find the greatest lower bound of {f, g, h}, if it exists.

No “greatest lower bound” exists because no lower bound exists.

5) Let R be the relation R = {(a, b) | a <b} on the set of integers.
What is the reflexive, symmetric closure of R?

Reflexive closure = RU A ={(a,b) | a<b}U{(a,a) | a€Z}={(a,b) | a<b}.
Where A = {(a,a) | a € Z}

Symmetric closure = R U R7!'={(a, b) | a<b}U{(b,a) | a<b}={( b) | a=b}.
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Section A
Determine whether each of these statements is true or false.

1. An undirected graph has an even number of vertices of odd degree. T

2. A complete graph on n vertices, denoted by Kn, is a simple graph that contains
exactly one edge between each pair of distinct vertices. T

3. The simple graphs G1 = (V1; E1) and G2 = (V2; E2) are isomorphic if there is a
one-to-one function from V1 to V2. F

4. The handshaking theorem is valid only for undirected graph. F

. If adjacency matrix of a graph is a zero matrix then the graph is simple. T

U

Section B

2. Each of the multiple choice objective questions contain three answers, of

which one correct answer is to be marked. a

(a) Which of these graphs is not sub graph of K5 d c

i 3 a
A) c  B) ¢ g f d

(b) In K4 Graph number of edges is
A) 10 B) 4 C)6 D) 8

(c ) Which of these graphs is Bipartite graph
a



Section C

Solve the following:

0 1 1
3. Given the adjacency matrix A= |1 0 1] draw its corresponding graph.
1 1 1

4. Show that C6 is bipartite.

{2

C6 vertex set can be partitioned into the two sets Verl = {v1, v3, v5} and Ver2 = {v2,
v4, v6}, every edge of C6 connects a vertex in Verl and a vertex in Ver2 so C6 is

bipartite.

5. What are the degrees and neighborhoods of the vertices in the graphs H?

Q b ¢
Neighborhood of (a) = {b, d, e}, deg (a) = 4 .
Neighborhood of (b) ={a, b, ¢, d, e}, deg (b) = 6
Neighborhood of (c) = {b}, deg (c) = 1

¢ d

Neighborhood of (d) = {a, b, e}, deg (d) = 5

H

Neighborhood of (e) = {a, b, d}, deg (e) = 6
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Section 1: (True or False Questions)
1- A connected graph without any simple circuit is called a tree. T
2- A tree with n vertices has n-1 edges. T
3- If descendants and ancestors of a node are empty then this node has two children. F
4. A leaf is a vertex of degree 1. T
5-In a binary tree, the degree of root is 2%. F

Section 2: (Multiple choice questions)
1 Which of the graphs are trees’

et b a 2] a b « Iz

G, Cia Gy i,

@G1G2 (b)) G2G3  ()G4 (d)None

2- The diameter of a tree is called.
e> Vertex
> Edges
g> Radius
h> Longest path.
3- The vertex connectivity of any tree is.
b> two b> one ¢> three d>zero
4. A tree with 99 edges has (.....) vertices.
b>100 b> 98 > 0 d> 97
5- Suppose that a full 4-ary tree has 100 leaves. How many internal vertices does it
have?

b>33 b> 23 < -1 &> 10



Section 3
6. Define center of graph.

2. What is the height of the Tree and find the degrees of each internal node of the
tree.

The height of the Tree is 4
deg(a) =3 , deg(b) =4
deg(c) =2 , deg(f) =3
deg(k) =2 , deg(l) =3
deg(g) =2

3. Answer the questions for the following tree:

a) Which vertex is the root?
b) Which vertices are internal?

a), (b), (c), (d), (8, (h), (), (g), ()
) i l

c) Which vertices are leaves? (e), (), (1), (k), (1), (m), (n), (0), (p), (1), (s), (u)
d) Which vertices are children of j? (1), (q)

e) Which vertex is the parent of h? (c)

) Which vertices are siblings of o? (p)

g) Which vertices are ancestors of m! (a), (b), (f)

h) Which vertices are descendants of b?  (e), (f), (), (m), (n)



