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Math 1015: Exam #3

Question 18. Please find the e�ciency gap for these votes between the D’s and the R’s. You answer should
say, “The EG is ??? in favor of ???.” You can use an unsimplified fraction in your answer.

district R votes D votes

1 22 9

2 20 12

3 6 25

4 14 16

Question 19. Please find the convex hull ratio of each shape. You can leave your answer as an unsimplified
fraction.
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Question 20. Please find the isoperimetric quotient of each shape. You can leave your answer as an
unsimplified fraction.

Question 21. a) Please draw an example of a graph which has at least one vertex of degree 5, and
another vertex of degree 3 (there will be other vertices too). Circle the one with degree 5 and the one
with degree 3.

b) Is your graph connected? Say why in a few words.

II 1 19
A 13 1 0 20
P 22

Ia41
IQ 4121

3 a

Yes mine is connected any 2
verbs can be joined

by a path



Question 22. Imagine a graph where each vertex is a person, and two people are connected if they have
ever personally communicated directly with each other by text, email, DM, etc.

a) Who do you think would have a higher degree in this graph: you, or a toddler? Explain why in a few
words.

b) Of these choices, which do you think would be a reasonable number for your degree in this graph: 2,
2,000, 2,000,000? Say a few words about which seems most reasonable, or explain if you think none of
them are close.

c) Please explain in a few words what it means for two people to be connected by an edge in this graph,
vs two people being connected by a path in this graph. Is there a di↵erence?

Me A toddler doesn't text with as
many people as I do

Thiswould be the total of people I have ever texted

or emailed etc

of these options 2,000seemsmost reasonable

Edge means theytexted directly
A path would mean that thereis a chainof texts fromone person

to another thento another etc
eventually endingup atthe otherperson

So they are quite different



Question 23. Please draw the graph which has this formal description:

vertices: {A,B,C,D,E, F} edges: {(A,C), (A,D), (A,E), (A,F ), (B,D), (B,E), (C,D), (C,F ), (D,E)}

Question 24. For each of these graphs, please say whether or not it has an Euler circuit, and whether or
not it has an Euler path.

F B

E

D

3

3 4
1 30 4

3 3
2 4 2

This has no E circuit this has neither
It has an E path
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C 4.0 4 1 0 2 2
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Imagine that
a majority of voters rank first

Then X has more 1st place rankings than

anyone
else so wins

Imagine all voters rank X above Y Then I will

be eliminated before X so Y does not win

plurality
y

B wins with plurality

Condorcet

A B Cons
3442 2 12

The plurality winner is different from the
Condorcet winner

so plurality does not satisfy
CWC



Imagine wins using plurality and then we boost

on some ballots Then X can only get more votes in

1ˢᵗ position so will still win

Imagine X is the Condorcet winner and then we

change
ballots without moving anyone past X

Then X still wins all their pair matchups
so

still wins using Condorcet's method

5000 If It changes to 93

06 result this gives 27 Pipits
A 6 2 3 1 2.0 15

B 6.0 3.0 2.2 4 so it'll be

C 611 3 2 211 14

A wins Now C wins

This is a preferable
resultfor votes

so this is a manipulation



This isn't a good objection in Redo dictatormethod the

resultisn't entirely random It still depends statistically

on whogot the most votes So inthis method

the votes really do matter

4

A 4 1 2 7
B winsY J B 4144 9

c C 4 2 6

a none

b none

c 4 is a dummy
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20 per district so the threshold will be 11

D's have 40 so they can win upto 3
OD 5R
ID 4R R's have 60 so they can wi upto 5

2D 3R

3D 2 R

so the possible
outcomes are

OD 5R

ID 4R
2D 3R

3D 2R



Question 17. This grid represents a population of 40 voters. I want to divide them into 4 districts of 10
voters each. (In each part, I am giving you the picture 3 times in case you mess up. If you do it right, you
should only need 1 for each part.)

a) Please draw districts so that the dark squares have a majority in 2, and the light squares have a
majority in 2.

b) Please draw districts so that the dark squares have a majority in 1, and the light squares have a
majority in 3.


