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Multiple Choice

1. (5 pts.) Which of the following corresponds to the area shaded in gray in the following Venn diagram?
Remember that the notation ( )0 refers to the complement of the set ( ).

BA

C

U

(a) A [ (B \ C) (b) (B [ C)0 \A (c) (A \B) [ (A \ C) [ (B \ C)

(d) A \ (B [ C) (e) A [ (B \ C)0

2. (5 pts.) Let M be the set of Notre Dame students enrolled in a math class, let B be the set of Notre
Dame students enrolled in a biology class, and let E be the set of Notre Dame students enrolled in an
engineering class. Let the universal set, U , be the set of all Notre Dame students. In words, what is
(M \B0) \ E? [Feel free to draw a Venn diagram if it helps.]

(a) Notre Dame students that are enrolled in math, engineering and biology

(b) Notre Dame students that are enrolled in engineering, and either enrolled in math
or not enrolled in biology

(c) Notre Dame students that are either enrolled in math or enrolled in engineering,
but not enrolled in biology

(d) Notre Dame students that are not enrolled in engineering or math or biology

(e) Notre Dame students that are enrolled in math and engineering but not biology.
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3. (5 pts.) As they cross the mountains out of Austria, Captain Von Trapp decides to take a picture of
his wife, Maria, and their four daughters and two sons. He insists that the four daughters have to stand
together and the two sons have to stand together. His wife can either be on the far left, or between the
boys and the girls, or on the far right. In how many ways can they line up to take the picture?

(a) 144 (b) 288 (c) 48 (d) 24 (e) 96

4. (5 pts.) How many different words (including nonsense words) can be made from rearrangements of
the letters in the word

B A S K E T B A L L?

(Note there are two B’s, two A’s and two L’s. The “words" must use all 10 letters.)

(a) 10! (b)
10!

(2!)3
(c)

10!

3! · 7! (d)
10!

3!
(e)

10!

(3!)2

3

Possibilities S sons D daughters W wife

SDW In eachcase there are 2 waysto line up thesons and 4 ways
WSD
Dsw

to line up thedaughter for a totalof

WDS 6 2 4 I 6 48 288

SW D
DWS

letters total with repeatsof B A and L twoeach

2 2 2
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5. (5 pts.) A club has 11 members. They have to choose some members to form a planning committee
for an upcoming event. The conditions are:

(i) At least one club member has to be on the planning committee.
(ii) Bob, as club president, is not going to be on the committee.

In how many ways can they choose the committee?

(a) 211 � 2 (b) 211 � 1 (c) 210 (d) 210 � 1 (e) 210 � 2

6. (5 pts.) Alice, Bob, Connie and Doug have just finished their main course at a restaurant, and the
waiter brings a tray with 8 different pieces of (different kinds of) cake. In how many ways can the waiter
give a piece of cake from the tray to each of Alice, Bob, Connie and Doug? [E.g. if he gives the piece of
chocolate cake to Alice, he can’t also give it to Bob, Connie or Doug.]

(a) 1680 (b) 70 (c) 336 (d) 32 (e) 4096
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7. (5 pts.) A litter of puppies has six male puppies and three female puppies. In how many ways can
little Billy choose three so that he takes two males and one female?

(a) 84 (b) 18 (c) 45 (d) 90 (e) 36

8. (5 pts.) Rafael has to walk 12 blocks, from the school (marked by S on the following map) to his
house (H), but on the way he wants to stop by his friend Adela’s house (A). How many possible routes
does he have to choose from, assuming that he only walks east or south?

•

•

•

A

S

H

(a) 210 (b) 15 (c) 30 (d) 35 (e) 105

5

6,2 3,1 15 3 45

X
routes from S to A s 5 blocks 2 South CC5,21 to

route from A to H 7 Stocks 2 south c 7,21 21

10.21 210
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9. (5 pts.) An experiment has sample space S = {a, b, c, d, e}. Define events E = {a, b} and F = {b, d}.
If P (c) = 0.2 and P (e) = 0.4, what is P (E [ F )?

(a) 0.6 (b) 0.4 (c) 1

(d) 0 (e) There is not enough information to say.

10. (5 pts.) I place some of my dog’s toys in a box, and I tell him to choose one toy. The box contains 4
tennis balls, 2 orange rubber balls, and 1 flying disc. The orange rubber balls are his favorite toy, so he
tends to choose the orange balls more often than the other toys. If S is the sample space, T is the event
my dog chooses a tennis ball, and O is the event my dog chooses an orange ball, which of the following is
FALSE?

(a) T and O are mutually exclusive events

(b) P (S) = 1

(c) n(T [O) = 6

(d) T ✓ S

(e) The outcomes in S are equally likely
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11. (5 pts.) If E and F are events, P (E) = 0.3, P (F ) = 0.5, and P (E [ F ) = 0.6, what is P (E \ F )?

(a) 0.6 (b) 0 (c) 0.8 (d) 0.2 (e) 0.15

12. (5 pts.) An experiment consists of rolling a 6-sided die twice and recording the two numbers rolled.
What is the probability the same number is rolled on both dice?

(a)
1

36
(b)

1

18
(c)

1

6
(d)

1

3
(e)

5

6

7

P Eof p El P F p faf

0.6 0.3 t 0.5 p Ehf

P Erf 0.3 0.5 0.6

0.2

I
36 possible outcomes

we want Cbd
12,21 a 6 so

To
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13. (5 pts.) Calvin draws 5 cards from a standard deck of 52 cards. What is the probability he draws 3
Queens and 2 aces?

(a) C(4, 3)C(4, 2) (b)
C(4, 3)C(4, 2)

C(52, 5)
(c)

3 · 2
5

(d)
C(4, 3)

C(52, 5)
(e)

C(52, 3)C(49, 2)

C(52, 5)

14. (5 pts.) Every summer, the math department courtyard is home to some (very cute) baby ducks.
When the mother duck is away, I only have a 10% chance of seeing the baby ducks when I look out the
window. When the mother duck is around, I have a 60% chance of seeing the baby ducks. The mother
duck is around 70% of the time. If I look out the window, what is the probability I’ll see the baby ducks?
(Hint: A tree diagram may help!)

(a) 0.45 (b) 0.1 (c) 0.6 (d) 0.7 (e) 0.42

8

denominator is Cl52,5 the ofwaystochoose 5 cardsfroma deck of 52

ofwaystoget 3queens out of41 c 4,31

i i c 2 aces CC1,2

Mom

there
seebabies

PCseebabies Co7 d 6 d 3 0.1

don't 0.42 t O 03

0 45

o
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15. (5 pts.) The following table gives information about the books at a certain bookstore.

Number of Paperbacks Number of Hardcovers

Fiction 4000 2000
Non-fiction 1000 4000

A book is chosen at random. What is the probability it is Fiction given that it is a paperback?

(a)
4

11
(b)

2

3
(c)

4

5
(d) 1 (e) 0

16. (5 pts.) A bag contains 10 marbles, of which 7 are blue and 3 are green. Kevin plays a game where
he draws up to 2 marbles (in succession and without replacement) from the bag. Once he draws a green
marble, he stops, and he wins. If he doesn’t have a green marble after he draws the second marble, he
stops and he loses. If we know Kevin won the game, what is the probability the first marble Kevin drew
was green?

(a)
3

10
(b)

8

15
(c) 1 (d)

7

30
(e)

9

16

9

X
There are 5000 paperbacks ofwhich 4000 one fiction

4000 4
Tooo I

Gilvin
g yw

PCG1n
Pl pay

a.eu i fTo
fo IT IT
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17. (5 pts.) There are two printers which are convenient for me to use from my office. Printer A is out
of order 1/6th of the time, and Printer B is out of order 1/5th of the time. Assuming the printers break
down independently, what is the probability that at least one printer is working when I try to print final
exams?

(a)
1

30
(b)

2

3
(c)

5

6
(d)

29

30
(e)

4

5

18. (5 pts.) Twenty college students are asked how many final exams they have to take this semester.
The results are given in the following frequency distribution

Number of Exams Frequency

0 4
1 3
2 4
3 7
4 2

What is the (population) standard deviation of the number of exams taken?

(a) 1.70 (b) 2 (c) 1.79 (d) 1.34 (e) 1.30

10

x

i PCbothoutoforderI c Ikf 29

X

x

ii E iI

40

µ 4200 2



Name:

19. (5 pts.) We have the following histogram for a random variable, X.

2 3 4 5 6

0.2

0.4

0.2

0.1 0.1

Value of X

P
ro

ba
bi

lit
y

What is P (X  4)?

(a) 0.6 (b) 0.8 (c) 0.2 (d) 0.4 (e) 1

20. (5 pts.) Kelly pays $2 to play the following game. Kelly draws two cards from a deck containing 20
cards consisting of 4 aces, 4 kings, 4 queens, 4 jacks, and 4 tens. She wins $10 for each ace she draws
and wins nothing if she draws no aces. Let X be Kelly’s net earnings. Which of the following is the
probability distribution for X? (Note: We defined X to be Kelly’s net earnings, so the possible values of
X should take into account how much Kelly pays to play the game.)

(a)

k P (X = k)
-2 12/19
8 32/95
18 3/95

(b)
k P (X = k)
10 32/95
20 3/95

(c)
k P (X = k)
8 32/95
18 3/95

(d)

k P (X = k)
0 12/19
10 32/95
20 3/95

(e)
k P (X = k)
-2 12/19
8 35/95

11
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21. (5 pts.) Fred’s flight home to Los Angeles for the summer has been canceled. He’s booked on a new
flight, flight C, that leaves 9 hours later. However, there are two earlier flights going to Los Angeles, and
if there is space available, he can get on one of these flights instead. The first of the two, flight A, leaves
in 2 hours, and there is a 20% chance Fred will be able to get on flight A. The next flight, flight B, leaves
in 5 hours, and there is a 40% chance Fred will be able to get on flight B (assuming he hasn’t already left
on flight A). If Fred can’t get on flights A or B, he will leave on flight C in 9 hours. Assuming Fred takes
the earliest possible flight, how many hours (starting now) should Fred expect to be in the airport? (Hint:
Define a random variable and compute its expected value. Keep in mind that Fred only takes flight B if
he misses flight A and only takes flight C if he misses A and B.)

(a) 6.32 (b) 9 (c) 11.4 (d) 4.6 (e) 5

22. (5 pts.) Hannah goes to the store every night during finals week to buy a Stayin’ Awake energy
drink. Unfortunately, everyone wants to buy a Stayin’ Awake drink, so the store is often out. If the store
only has Stayin’ Awake energy drinks available about 30% of the time, what is the probability (rounded
to 3 decimal places) Hannah will be able to buy a Stayin’ Awake energy drink at least 2 of the 7 nights
of finals week?

(a) 0.329 (b) 0.753 (c) 0.996 (d) 0.671 (e) 0.004

12
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23. (5 pts.) At a certain hospital, weights of newborn babies are normally distributed with mean 7.2
pounds and standard deviation 1 pound. What percentage of babies born at the hospital weigh between
6 and 8 pounds? (All answer choices are rounded to one decimal place.)

(a) 2% (b) 78.8% (c) 67.3% (d) 11.5% (e) 90.3%

24. (5 pts.) Consider the following linear programming problem:

A company has factories in Cleveland and in Toledo that manufacture sofas and wheel-
barrows. Each day the Cleveland factory is operating, it produces 500 sofas and 400
wheelbarrows, at an operating cost of $18,000. Each day the Toledo factory is operating,
it produces 300 sofas and 200 wheelbarrows at an operating cost of $15,000. An order is
received for 2,500 sofas and 2,100 wheelbarrows. For how many days should each factory
operate to fill the order at the least operating cost?

Which of the following is one of the constraints that we get when we translate the problem to mathematical
language? In the following, x is the number of days the Cleveland factory should operate, and y is the
number of days the Toledo factory should operate. [Hint: pay careful attention to the inequalities: should
it be  or �?]

(a) 400x+ 200y  2,100 (b) 400x+ 200y � 2,100

(c) 500x+ 400y  18,000 (d) 500x+ 400y � 2,100

(e) 400x+ 200y  18,000

13

x
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25. (5 pts.) Consider the system of inequalities
x � y  �1
x + y  4

x � 0
y � 0

Which of the following shaded regions is the feasible set for this system of linear inequalities?

(a)

x� y = �1

x+ y = 4
y = 0

x = 0 (b)

x� y = �1

x+ y = 4
y = 0

x = 0

(c)

x� y = �1

x+ y = 4
y = 0

x = 0 (d)

x� y = �1

x+ y = 4
y = 0

x = 0

(e)

x� y = �1

x+ y = 4
y = 0

x = 0

26. (5 pts.) Find the following matrix product:

⇥
1 2 3

⇤
2

4
1 2

�1 3
0 �1

3

5

3
1

�
.

(a)
⇥
2
⇤

(b)
⇥
�1 5

⇤
(c)

⇥
20

⇤

(d)

2

4
5
0

�1

3

5 (e) This product does not exist.

14
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27. (5 pts.) In the 1980 presidential election, Reagan (R) and Carter (C) played a game where each one
made a statement. If both made a true statement, Reagan picked up 10 percentage points (and Carter
lost 10 percentage points) in the next poll. If Reagan’s statement was true and Carter’s was false, Reagan
picked up 5 points. If Reagan’s statement was false and Carter’s was true, Carter picked up 3 points. If
both statements were false, Reagan picked up 6 points. Which of the following is the pay-off matrix (for
R) for this zero-sum game?

(a)
T F

T 10 �3
F 5 6

(b)
T F

T �10 �5
F 3 �6

(c)
T F

T �10 3
F �5 �6

(d)
T F

T 10 6
F -3 5

(e)
T F

T 10 5
F �3 6

28. (5 pts.) The following is the pay-off matrix for the row player in a zero-sum game:
2

4
1 3 2
0 �1 3

�3 �2 5

3

5

Which of the following statements is true?

(a) The game is strictly determined with a value of 5.

(b) The game is strictly determined with a value of 3.

(c) The game is strictly determined with a value of 1.

(d) The game is strictly determined with a value of 0.

(e) There is no saddle point in this matrix.

15
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29. (5 pts.) Russia (R) and Canada (C) play a zero-sum game, with pay-off matrix for R given by

5 2
1 4

�
.

What is Canada’s optimal mixed strategy matrix? Note: the formula given at the end of the exam may
help (page 17).

(a)

2/3
1/3

�
(b)


1/2
1/2

�
(c)


3
3

�
(d)


1/3
2/3

�
(e)


1
0

�

30. (5 pts.) Rudolph (R) and Comet (C) play a zero-sum game with pay-off matrix

5 2
1 4

�
.

Which of the following are the strategy line(s) for Rudolph (where y is the expected pay-off)?

(a) y = 4p+ 1 and y = 4� 2p (b) y = 3p+ 2 and y = 4� 3p

(c) y = 6pq � 2p� 3q + 4 (d) y = 5p+ 1 and y = 2p+ 4

(e) This is a fair game so there are no strategy lines.

16
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Game Theory Formulas.

For a mixed strategy game with payoff matrix

C
c1 c2

R
r1
r2


a11 a12
a21 a22

�

R’s optimal strategy is given by [p1 p2], where

p1 =
a22 � a21

a11 + a22 � a12 � a21
and p2 = 1� p1.

C’s optimal strategy is given by

q1
q2

�
, where

q1 =
a22 � a12

a11 + a22 � a12 � a21
and q2 = 1� q1.

If both players play their optimal strategies, then the expected payoff (or value of the game) is

v =
a11 · a22 � a12 · a21

a11 + a22 � a12 � a21
.

17
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