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HW 5 — Due: Sep 23, 9:19 AM (in tutorial session)
Lecturer: Prapun Suksompong, Ph.D.

Instructions
(a) ONE part of a question will be graded (5 pt). Of course, you do not know which part
will be selected; so you should work on all of them.
(b) It is important that you try to solve all problems. (5 pt)
The extra questions at the end are optional.
(c) Late submission will be heavily penalized.

Problem 1. In an experiment, A, B, C, and D are events with probabilities P (A ∪ B) = 58 ,
P (A) = 38 , P (C ∩ D) = 13 , and P (C) = 12 . Furthermore, A and B are disjoint, while C and
D are independent.
(a) Find
(i) P (A ∩ B)
(ii) P (B)
(iii) P (A ∩ B c )
(iv) P (A ∪ B c )
(b) Are A and B independent?
(c) Find
(i) P (D)
(ii) P (C ∩ Dc )
(iii) P (C c ∩ Dc )
(iv) P (C|D)
(v) P (C ∪ D)
(vi) P (C ∪ Dc )

5-1

52

CHAPTER 2 PROBABILITY

When session)
considering three
or
HW 5 — Due: Sep 23, 9:19 AM (in tutorial
2015/1

more even
with the following general result.

ECS 315

(d) Are C and Dc independent?

Independence
(multiple events)

Problem 2.

The events E1, E2, p , En are indepen
In this question, each experiment has equiprobable
outcomes.
Ei1, Ei2, p , Eik ,
events

(a) Let Ω = {1, 2, 3, 4}, A1 = {1, 2}, A2 = {1, 3}, A3 = {2, 3}.
(i) Determine whether P (Ai ∩ Aj ) = P (Ai ) P (Aj ) for all i 6= j.

P1Ei1 ¨ Ei2 ¨ p ¨ Eik 2 

(ii) Check whether P (A1 ∩ A2 ∩ A3 ) = P (A1 ) P (A2 ) P (A3 ).
(iii) Are A1 , A2 , and A3 independent?

This definition is typically used to calculate
that they are independent and the individu
Check whether P (A1 ∩ A2 ∩ A3 ) = P (A1 ) Pthat
(A2 )the
P (Aevents
3 ).
are independent usually c
Check whether P (Ai ∩ Aj ) = P (Ai ) P (Aj ) random
for all i 6=experiment.
j.

(b) Let Ω = {1, 2, 3, 4, 5, 6}, A1 = {1, 2, 3, 4}, A2 = A3 = {4, 5, 6}.
(i)
(ii)

(iii) Are A1 , A2 , and A3 independent?
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The following circuit operates only if there is a path of functional devices from left to right. The probability that each device functions is shown on the graph. Assume that devices fail
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Extra Questions
Here are some optional questions for those who want more practice.
Problem 5. A Web ad can be designed from four different colors, three font types, five font
sizes, three images, and five text phrases. A specific design is randomly generated by the
Web server when you visit the site. Let A denote the event that the design color is red and
let B denote the event that the font size is not the smallest one.

(b) Using the values of P (A) and P (B) from the previous part and the fact that A
calculate the following probabilities.

|=

(a) Use classical probability to evaluate P (A), P (B) and P (A ∩ B). Show that the two
events A and B are independent by checking whether P (A ∩ B) = P (A)P (B).
B,

(i) P (A ∪ B)
(ii) P (A ∪ B c )
(iii) P (Ac ∪ B c )
[Montgomery and Runger, 2010, Q2-84]

Problem 6. Show that if A and B are independent events, then so are A and B c , Ac and
B, and Ac and B c .

Problem 7. Anne and Betty go fishing. Find the conditional probability that Anne catches
no fish given that at least one of them catches no fish. Assume they catch fish independently
and that each has probability 0 < p < 1 of catching no fish. [Gubner, 2006, Q2.62]
Hint: Let A be the event that Anne catches no fish and B be the event that Betty catches
no fish. Observe that the question asks you to evaluate P (A|(A ∪ B)).

Problem 8. The circuit in Figure 5.2 operates only if there is a path of functional devices
from left to right. The probability that each device functions is shown on the graph. Assume that devices fail independently. What is the probability that the circuit operates?
[Montgomery and Runger, 2010, Ex. 2-34]
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Problem 9. The circuit in Figure 5.3 operates only if there is a path of functional devices
from left to right. The probability that each device functions is shown on the graph. Assume that devices fail EXERCISES
independently.
is the
FOR What
SECTION
2-6 probability that the circuit operates?
[Montgomery and Runger, 2010, Ex. 2-35]
2-122. If P1A ƒ B2  0.4, P1B2  0.8, and P1A2  0.5, are
the events A and B independent?

2-123. If P1A ƒ B2  0.3, P1B2  0.8, and P1A2  0.3, are

2-127. Samples of emissions from three su
sified for conformance to air-quality specific
sults from 100 samples are summarized as fol

Problem 10. Binomial
theorem: For any positive integer n, we know that
the events B and the complement of A independent?

n 
0.2,
2-124. If P1A2  0.2, P1B2
and B are mutuX
n andr An−r
n
ally exclusive,
(xare
+ they
y) independent?
=
xy .
r
r=0
(a)
(b)
(c)
(d)

2-125. A batch of 500 containers for frozen orange juice
contains five that are defective. Two are selected, at random,
What is the coefficient
x12 y 13 infrom
thetheexpansion
y)25the
?
withoutof
replacement,
batch. Let A of
and(x
B+
denote
events that the first and second containers selected are defecWhat is the coefficient
of x12 y 13 in the expansion of (2x − 3y)25 ?
tive, respectively.
(a) Are A and B independent events?
n
 A and
P
(b) If the sampling were done with replacement,
would
k n
Use the binomial theorem
(5.1)
to
evaluate
(−1)
.
k
B be independent?
k=0
2-126. Disks of polycarbonate plastic from a supplier are
analyzed for(5.1)
scratchtoand
shock resistance.
The results
from
Use the binomial theorem
simplify
the following
sums
100 disks are summarized as follows:

(i)

n
P
r=0
r even

n
r

 r
x (1 − x)n−r
shock resistance
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scratch
resistance

high
low

high
70
16

low
9
5

Let A denote the event that a disk has high shock resistance,
and let B denote the event that a disk has high scratch resistance. Are events A and B independent?

supplier

co

(5.1)
1
2
3

yes
22
25
30

Let A denote the event that a sample is from su
B denote the event that a sample conforms to
(a) Are events A and B independent?
(b) Determine P1B ƒ A2.

2-128. Redundant Array of Inexpensive Di
technology that uses multiple hard drives to in
of data transfer and provide instant data backu
the probability of any hard drive failing in a d
the drive failures are independent.
(a) A RAID 0 scheme uses two hard drives, ea
mirror image of the other. What is the pro
loss? Assume that data loss occurs if b
within the same day.
(b) A RAID 1 scheme splits the data over t
What is the probability of data loss? Assum
occurs if at least one drive fails within the
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xr (1 − x)n−r

(e) If we differentiate (5.1) with respect to x and then multiply by x, we have
 
n
X
n r n−r
r
xy
= nx(x + y)n−1 .
r
r=0
Use similar technique to simplify the sum

Pn

r=0

r2

n
r

 r n−r
xy .

Problem 11. (Classical Probability and Combinatorics) Suppose n integers are chosen
with replacement (that is, the same integer could be chosen repeatedly) at random from
{1, 2, 3, . . . , N }. Calculate the probability that the chosen numbers arise according to some
non-decreasing sequence.
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