
Math 181 Homework 1 Fall 2018

• Due: October 29 at the start of class

• Please write or type your solutions neatly on a separate page.

• You may work with other students, however everyone should turn in their own original
writeup.

• Do all of the problems!

• When applicable, show your work.

1. In class, we did an election to see who the best Pokemon starter was. Here are the
votes. (C = Charmander, S = Squirtle, B = Bulbasaur)

11 votes 6 votes 5 votes 6 votes
C S S B
S C B S
B B C C

Find the winner using the following voting systems (note, there can be more than one
winner if a tie occurs):

(a) Condorcet method

(b) Borda Count method

(c) Instant Runoff method

(d) Plurality method

2. Here is a more precise definition of manipulability. We say a voting system is ma-
nipulable if in some election, a single voter can change the winner of the election
(without ties) to a candidate more preferred by the voter by casting a dishonest ballot.
Below is a list of ballots representing the honest preferences of the voters.

A A C C B
B B A A C
C C B B A

(a) Calculate the winner of this election using the instant runoff method.

(b) Use this election to show that the instant runoff method is manipulable. That is,
show that by changing the ballot of only one voter, we can change the winner of
the election to one preferred by that voter.

3. Jack and Jane want to share a bag of fruit that they bought together for $10.00. There
are 8 apples, 6 bananas, and 2 oranges. Jack likes oranges three times as much as he
likes apples or bananas, and he likes apples and bananas the same amount. Jane is



allergic to apples (so they have no value to her), and she likes oranges twice as much
as she likes bananas.

(a) Fill in the following table for how much each person values each fruit (as a dollar
amount).

1 apple 1 banana 1 orange
Jack
Jane

(b) Let Jack and Jane use the divide-and-choose method to split up the bag of fruit.
Let Jack split the fruit into two parts of equal value to him. Write down such a
division.

(c) Using your division from the previous part, how much does Jane value each part?
Which part will she choose?

4. There has been an outbreak of a new disease. Approximately 1 in every 50 people
carry the disease. Suppose there is a new test that can reliably check for the disease.
The test gives a false negative (i.e., a carrier is not diagnosed with the disease) with
probability 1%, and gives a false positive (i.e., a non-carrier is diagnosed with the
disease) with probability 3%.
Let A be the event that a person carries the disease.
Let + be the event that a person tests positive for the disease (regardless of whether
or not they carry the disease).
Let − be the event that a person tests negative for the disease.

(a) What is the probability that a randomly selected person carries the disease, i.e.,
what is P (A)?

(b) Suppose Daniel carries the disease. What is the probability that the test will
diagnose him with the disease (i.e., a true positive)? I.e., What is P (+|A)?

(c) What is the probability that a randomly selected person will test positive for the
disease? I.e., what is P (+)?

(d) Ravi tests positive for the disease. What is the probability that he actually carries
the disease? I.e., what is P (A|+)? (hint: use conditional probability; first solve
for P (A ∩+).)
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