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King Fahd University of Petroleum and Minerals
College of Computer Sciences and Engineering
Information and Computer Science Department

ICS 254: Discrete Structures 11
Spring semester 2015-2016 (152)
Major Exam #2, Wednesday March 30, 2016
Time: 90 Minutes

Name:

ID#:

Instructions:

1. The exam consists of 6 pages, including this page, containing 5 questions.

2. Answer all questions. Show all the steps.

3. Make sure your answers are clear and readable.

4. The exam is closed book and closed notes. No calculators or any helping aides are allowed.
Make sure you turn off your mobile phone and keep it in your pocket.

5. If there is no space on the front of the page, use the back of the page.

Question |Maximum Points %ZT\?S
1 30
2 20
3 15
4 15
5 20
Total 100
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Q1: [30 points]
(@) (6 points) Suppose you received these bit strings over a communications link, where the
last bit is a parity check bit.
x=00000111111
y=10101010101
z=11111100000
w=10111101111
i. (3 points) Which string are you sure there is an error?
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ii. (3 points) Are you sure that the rest of the strings are correct? Justify your answer.
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(b) (8 points) Encrypt the message TOO EASY using blocks of three letters and the
transposition cipher based on the permutation of {1, 2, 3} withe(1) =3, 0(2) =1,06(3) =
2.
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(¢) (10 points) Decrypt the message OAYU EORD NGIG OPOD which is the ciphertext
produced by encrypting a plaintext message using the transposition cipher with blocks of
four letters and the permutation ¢ of {1, 2, 3, 4} defined by (1) =3, 6(2) =1, 6(3) = 4,
and o(4) = 2.
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(d) (6 points) What is the decryption function for an affine cipher if the encryption function
isc=(15p + 13) mod 267
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Q2: [20 points] = F0s) — b( zé)
(a) (6 points) Consider the relation R on the set of all real numbers where

(x, y) € Rifand only if x = 2y.
(4 points) Determine whether the relation R is reflexive, irreflexive, symmetric,
asymmetric, antisymmetric, and/or transitive.

i

Yes/No Yes/No
Reflexive 0.5 N O Irreflexive v No
Symmettic = ©.5 No Asymmetric \ NO
Antisymmetric .5 | VYes Transitive 05 NO

ii. (2 points) Specify the inverse relation R™'.

R!is the relation on the set of all real numbers where (x, y) € R! if and only if

\
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(b) (9 points) Let 4 = {a, b, ¢, d} and let R be a relation on A defined by

R={(a, c), (b, a), (b, b), (¢, a), (¢, d), (d, e), (¢, )}
i. (5 points) List the ordered pairs of R o R.

Ro K ={ap) | 3 with Codelk n (c,xp)ei’:k
= @), @dle) (e, (ere) (Le), (e,
B (b, b); (¢,e) "S

(4 points) Find the smallest relation containing R that is both reflexive and
symmetric.

ii.
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() (5 points) Suppose that R is a symmetric relation on a set 4. Is R, the complement
relation of R, also symmetric? Prove your answer.
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Q3: [15 points] Consider the relation R on ZxZ defined by
(a, ) R(c, d)ifandonlyifa+d=b+c
(a) (10 points) Prove that R is an equivalence relation.
1. £ o ref ,u,\'i ve
Cab) R (a,b) 7 wLJ;)\ w6 v’;vw’@ Frae, Sm<e
\‘*;’// Ca,L) € 4R

_ b
aghp = P¥

2 @ u Jj‘“mcjﬁc CLef (a,b) ﬂ(c,

/I/Aen Q+OQ : \Q‘i‘ CH Ol le'\‘.cj'\kq 'h‘u(_
(¢, 8) K ark) b c+b =02
’ \p“"fC a*)\-
6 ' ’fﬁln{)rl?ll‘/t- LC/'{— (Q/L)KCCM\) & QC)J)R(xlﬂj -
2 . )
= @%( C Y :O\-\-K-m@
T b ayd = bxC —}Lm{ " L
o she (AR, e e 3

~ . :z
?‘DMQV@ C.:G\{—.GQ—E:A«-Z—'J- s 1-€. q—-}g—_-x_é_ ; 1€ a+Yy
(b) (5 points) List 5 elements that belong to the equivalence class of Element (0, 0).

(o) Ccd) THr d =c
< (C’/O)>2 ?C‘f’/ 0), L0, (2, (-, (-2, 1"2';-1
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Q4: [15 points]
(a) (5 points) Give the matrix representation of a relation R on 4 = {a, b, ¢, d} such that R is
reflexive and transitive, but neither an equivalence relation nor a partial order, using the
minimum number of nonzero entries.
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(b) (10 points) Use Warshall’s algorithm to find the matrix representation of the transitive
closure of the relation R = {(1, 2), (1,3), (1,4), (2.3), (2,4), (3, 4)} on the set §= {1, 2, 3,
4}




QS: [20 points]
(@) (6 points) Determine whether the following is a poset. If it is a poset, draw its Hasse
diagram. Otherwise, explain why it is not a poset.
({1, 2,3, 4}, R) where R={(1, 1), (1, 2), (2, 2), (3, 2), (3, 3), (4, 1), (4, 9)}
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(b) (14 points) Consider the set S= {2, 3, 5, 10, 11, 15, 25}.
i. (8 points) Find the partial order (poset) relation R on S based on the “divides”
property.

R :'chlfl)/@fw/(r,i')/ (lo0), o),z s),
(2,10), (218D, (5,10),(5515),L5, 15)7

ii. (6 points) Draw the Hasse diagram for the poset in (a).



