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Instructions to candidates:

a) There are TWO sections in the paper; Section A & Section B.

b) Answer ALL questions in Section A
and any FOUR questions in Section B

c) Marks allocated to ~ Section A — 40 marks
Section B — 60 marks

d) All working steps must be shown.
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41110/Discrete Maths & Statistics 00 — 01 Examination

Page 2 of 7
Section A: (40 marks)
Answer ALL Questions in this section.
1. (a) Use Venn diagram to represent
1) (Z\Y)n(X\Y) [3 marks]
() (ZnY)\ X [3 marks]

(b) Investigate the truth or falsity of the following expression for sets X, Y, and Z.
[(Z\Y)n(X\DIU[Zn\X]=XnZ [2 marks]

2. Use truth table to determine whether p (¢ Ur) « (p Ug) O(p Ur) isa tautology

[6 marks]
3. Given the undirected graph with vertices v;, v, and v; and with
ViV, V5
v, 2 ZH . . ,
as its adjacency matrix.
A=v, 2
v,2 1 o
(a) Find A% [4 marks]
(b) Find the number of walks of length 2 from v; to v;. [2 marks]

4.  Consider the following two graphs

/N
m

f
Graph A Graph B

Which graph(s) is/are Eulerian? Justify your answers. [6 marks]
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A perfect number is an integer which is equal to the sum of all its divisors except
the number itself.

Thus, 6 is a perfect number, since 6 =1 + 2 + 3, and so is 28.

Prove the following theorem by indirect proof.

Theorem:

(a)

(b)

If x 1s a perfect number then x is not a prime [6 marks]

In a class of 20 students, 10 of them are selected to perform an IQ test. From
the remaining students, 8 of them are selected to perform an EQ test. How
many total kinds of ways can we select students to perform the two tests?

[4 marks]

The following secrete message was produced by the Caesar’s encryption
f(p)=(p-6)mod26.
“AllX FOWE”

Decrypt the above message.
[4 marks]

Section B: (15% each)
Answer any FOUR Questions.

7.

(2)

(b)

Among 100 students, 24 study mathematics, 35 study physics, 40 study
biology, 7 study mathematics and biology, 12 study mathematics and physics,
5 study all three subjects, and 23 do not study any of the three subjects.
(i)  Represent the above information on a Venn diagram. [4 marks]

(i1)) Find the number of students studying physics and biology only.[2 marks]

(ii1)) Find the number of students studying exactly one of the three subjects.
[2 marks]

(1)  Convert the following argument to its symbolic form.
If the power is on and the LED is blinking then the printer is defective.
If the LED is blinking then the power is on.
The LED is blinking.

Therefore, the printer is defective. [3 marks]

(1i1)) Use a truth table to test for validity of the argument. [4 marks]
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Let A be a set of books. Let R be a binary relation on A such that (a, b) is in
R if book a costs more and contains fewer pages than book 5. Determine
whether R is reflexive, symmetric, antisymmetric and transitive. Justify your

answer.
[8 marks]

Let
A={ab,c,d}

be a set of students and
B = {AT&T, 3Com, HKT, IBM, Orange}

be a set of companies that came to the Morrison Hill to interview students for
jobs.

We have a binary relation R; from A to B describing the interviews the
companies had with the students, and a binary relation R, from A to B
describing the jobs of the companies offered to the students as shown in
below.

AT&T 3Com HKT IBM Orange
a v v v
b v v v v v
c v v
d v v v
R,
AT&T 3Com HKT IBM Orange
a
b v v
c v v v
d v v v
R,
List the members and give the meanings of the binary relations [7 marks]

i R NR,
(i) R, \R,
(i) R,\R,
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Ocean Park has recently been redeveloped. There is a narrow, winding road
system for trams driven by the park ranger. This road system is shown below,
where location O is the entrance into the park and other letters designate the
location of ranger stations. The numbers give the distances of these winding
roads in km.

The park contains a scenic wonder at station T. A small number of trams are used
to transport sightseers from the park entrance to station T.

(a) Determine which route from the park entrance to station T has the smallest
total distance for the operation of the trams. [8 marks]

Telephone lines must be installed under the roads to establish telephone
communication among all the stations. Because the installation is both expensive
and disruptive to the natural environment, lines will be installed under just enough
roads to provide connections between every station.

(b) How the lines should be laid to accomplish this with a minimum total
number of km of line installed. [7 marks]

Only two factories manufacture smart cards. 20 percent of the smart cards from
factory I and 5 percent from factory Il are defective. The volume of smart cards
produced at factory I doubles that at factory II each week.

(a) What is the probability that a smart card, randomly chosen from a week’s
production, is satisfactory? [8 marks]

(b) If the chosen smart card is defective, what is the probability that it is from
factory 1? [7 marks]
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(a) Customers arrive at a facility according to a Poisson distribution at the rate of
two an hour. Find the following:

(1)  The average number of customers arriving in an 8-hour period.
[3 marks]

(1)) The probability that there will be at least one customer in an 1-hour
period.
[5 marks]

(b) A coin is tossed 3 times, and a head turns up each time with probability 0.4.
Find the expected number of heads obtained. [7 marks]

In a certain network, the binary digit 0 is sent as a voltage signal of zero volt and
the received signal has a level represented by the random variable X ~ N(0, 0.16%);
the binary digit 1 is sent as a voltage signal of 1 volt and the received signal has a
level represented by the random variable Y ~ N(1, 0.09%). The receiver interprets a
level of 0.4 volt or lower as a binary digit 0. The receiver interprets a level of 0.8
volt or higher as a binary digit 1. Otherwise the received signal is interpreted as an
error.

(a) Find the probability that a zero is received correctly. [4 marks]
(b) Find the probability that a one is received correctly. [4 marks]
Assuming that 0 and 1 are equally likely to be transmitted, find

(c) the probability that a digit is received correctly and [3 marks]

(d) the probability that the received signal is interpreted as an error.
[4 marks]

- End of Paper —
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Area under the standard normal curve
Note : An entry in the table is the area under the curve
to the left of z, i.e. P(z)

Z 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 | 0.08 0.09

0.0 0.5000 | 0.5040 | 0.5080 | 0.5120 | 0.5160 | 0.5199 | 0.5239 | 0.5279 | 0.5319 | 0.5359

0.1 0.5398 | 0.5438 | 0.5478 | 0.5517 | 0.5557 | 0.5596 | 0.5636 | 0.5675 | 0.5714 | 0.5753

0.2 0.5793 | 0.5832 | 0.5871 | 0.5910 | 0.5948 | 0.5987 | 0.6026 | 0.6064 | 0.6103 | 0.6141

0.3 0.6179 | 0.6217 | 0.6255 | 0.6293 | 0.6331 | 0.6368 | 0.6406 | 0.6443 | 0.6480 | 0.6517

0.4 0.6554 | 0.6591 | 0.6628 | 0.6664 | 0.6700 | 0.6736 | 0.6772 | 0.6808 | 0.6844 | 0.6879

0.5 0.6915 | 0.6950 | 0.6985 | 0.7019 | 0.7054 | 0.7088 | 0.7123 | 0.7157 | 0.7190 | 0.7224

0.6 0.7257 | 0.7291 | 0.7324 | 0.7357 | 0.7389 | 0.7422 | 0.7454 | 0.7486 | 0.7517 | 0.7549

0.7 0.7580 | 0.7611 | 0.7642 | 0.7673 | 0.7703 | 0.7734 | 0.7764 | 0.7793 | 0.7823 | 0.7852

0.8 0.7881 | 0.7910 | 0.7939 | 0.7967 | 0.7995 | 0.8023 | 0.8051 | 0.8078 | 0.8106 | 0.8133

0.9 0.8159 | 0.8186 | 0.8212 | 0.8238 | 0.8264 | 0.8289 | 0.8315 | 0.8340 | 0.8365 | 0.8389

1.0 0.8413 | 0.8438 | 0.8461 | 0.8485 | 0.8508 | 0.8531 | 0.8554 | 0.8577 | 0.8599 | 0.8621

1.1 0.8643 | 0.8665 | 0.8686 | 0.8708 | 0.8729 | 0.8749 | 0.8770 | 0.8790 | 0.8810 | 0.8830

1.2 0.8849 | 0.8869 | 0.8888 | 0.8906 | 0.8925 | 0.8943 | 0.8962 | 0.8980 | 0.8997 | 0.9015

1.3 0.9032 | 0.9049 | 0.9066 | 0.9082 | 0.9099 | 0.9115 | 0.9131 | 0.9147 | 0.9162 | 0.9177

1.4 0.9192 | 0.9207 | 0.9222 | 0.9236 | 0.9251 | 0.9265 | 0.9279 | 0.9292 | 0.9306 | 0.9319

15 0.9332 | 0.9345 | 0.9357 | 0.9370 | 0.9382 | 0.9394 | 0.9406 | 0.9418 | 0.9429 | 0.9441

1.6 0.9452 | 0.9463 | 0.9474 | 0.9484 | 0.9495 | 0.9505 | 0.9515 | 0.9525 | 0.9535 | 0.9545

1.7 ] 0.9554 | 0.9564 | 0.9573 | 0.9582 | 0.9591 | 0.9599 | 0.9608 | 0.9616 | 0.9625 | 0.9633

1.8 0.9641 | 0.9649 | 0.9656 | 0.9664 | 0.9671 | 0.9678 | 0.9686 | 0.9693 | 0.9699 | 0.9706

1.9 0.9713 | 0.9719 | 0.9726 | 0.9732 | 0.9738 | 0.9744 | 0.9750 | 0.9756 | 0.9761 | 0.9767

2.0 0.9772 | 0.9778 | 0.9783 | 0.9788 | 0.9793 | 0.9798 | 0.9803 | 0.9808 | 0.9812 | 0.9817

2.1 0.9821 | 0.9826 | 0.9830 | 0.9834 | 0.9838 | 0.9842 | 0.9846 | 0.9850 | 0.9854 | 0.9857

2.2 0.9861 | 0.9864 | 0.9868 | 0.9871 | 0.9875 | 0.9878 | 0.9881 | 0.9884 | 0.9887 | 0.9890

2.3 0.9893 | 0.9896 | 0.9898 | 0.9901 | 0.9904 | 0.9906 | 0.9909 | 0.9911 | 0.9913 | 0.9916

2.4 0.9918 | 0.9920 | 0.9922 | 0.9925 | 0.9927 | 0.9929 | 0.9931 | 0.9932 | 0.9934 | 0.9936

2.5 0.9938 | 0.9940 | 0.9941 | 0.9943 | 0.9945 | 0.9946 | 0.9948 | 0.9949 | 0.9951 | 0.9952

2.6 0.9953 | 0.9955 | 0.9956 | 0.9957 | 0.9959 | 0.9960 | 0.9961 | 0.9962 | 0.9963 | 0.9964

2.7 109965 | 0.9966 | 0.9967 | 0.9968 | 0.9969 | 0.9970 | 0.9971 | 0.9972 | 0.9973 | 0.9974

2.8 0.9974 | 0.9975 | 0.9976 | 0.9977 | 0.9977 | 0.9978 | 0.9979 | 0.9979 | 0.9980 | 0.9981

2.9 0.9981 | 0.9982 | 0.9982 | 0.9983 | 0.9984 | 0.9984 | 0.9985 | 0.9985 | 0.9986 | 0.9986

3.0 0.9987 | 0.9987 | 0.9987 | 0.9988 | 0.9988 | 0.9989 | 0.9989 | 0.9989 | 0.9990 | 0.9990

3.1 0.9990 | 0.9991 | 0.9991 | 0.9991 | 0.9992 | 0.9992 | 0.9992 | 0.9992 | 0.9993 | 0.9993

3.2 0.9993 | 0.9993 | 0.9994 | 0.9994 | 0.9994 | 0.9994 | 0.9994 | 0.9995 | 0.9995 | 0.9995

3.3 0.9995 | 0.9995 | 0.9995 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9996 | 0.9997

3.4 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9997 | 0.9998

3.5 0.9998 | 0.9998 | 0.9998 | 0.9998 | 0.9998 | 0.9998 | 0.9998 | 0.9998 | 0.9998 | 0.9998




