Test 1A, Math of Democracy
Dr. Adam Graham-Squire, Fall 2019

Name: &7 \

/

I pledge that I have neither given nor received any unauthorized assistance on this exam.

(signature)

DIRECTIONS

1. Don’t panic.
2. T don’t hate you (but somebody does).

3. Show/explain all of your work. A correct answer with insufficient work will lose
points.

4. Read each question carefully, and make sure you answer the question that is asked. If
the question asks for an explanation, make sure you give one.

5. Clearly indicate your answer.

6. Calculators are allowed on this test, but any other technology (cell phones, computers,
etc) is NOT allowed without prior authorization.

7. Make sure you sign the pledge.

8. Number of questions = 4. Total Points = 20.



1. (6 points) The “Later No Harm” criterion is satisfied if, in any election for a particular
voting method, a voter (or group of voters) giving an additional ranking or positive
rating to a less-preferred candidate can not cause a more-preferred candidate to lose.
For example, the Bucklin method fails Later No Harm, which you can see from this

example:

Number of voters | 8 | 2 | 4 | 6 | 3
1st choice A|B|C|D|D
2nd choice C|A|D|B|C
3rd choice D/IDIB|A|B
4th choice B|IC|A|C|A

C wins the Bucklin method because no candidate has a majority of first-place, but
when you include 2nd place votes, C has 15 (8 + 4 + 3) to D’s 13 (4 + 6 + 3) votes.
However, if the the 3 DCBA voters had just voted D, the preference schedule would

be: [
\/“’MS Number of voters 82463 /33’1:,):1
L 1st choice A|B|C|D|D r,} v Q/
W (/ﬁ 2nd choice C|A|D|B f") \
<4 /Q‘) /( f Q( 3rd choice D|D|B|A Q A ‘(/.»“' ,X/f"
4th choice B|IC|A|C

Now D would win, because they have 13 votes in the second round but C only has 12.
This is a violation, because for the DC'BA voters, adding C' as their 2nd-place rank Yy
caused their 1st place candidate D to lose the election.

Questions:

(a) The Top-two runoff and Instant Runoff methods both satisfy Later No Harm.
Choose one of those methods and explain why it satisfies Later No Harm.

(b) Approval and Range voting both fail Later No Harm. Choose one of those meth-
ods and explain why it violates Later No Harm.
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2. (5 points) Below are listed 4 pairs of voting methods and fairness criteria.

(a) Choose one of the pairs below and explain why that particular voting method
satis fies that particular criteria.

(b) Choose one of the pairs below and explain why that particular voting method
violates that particular criteria.

'/l, ‘ If you want to do more than one in a category, that is fine. I will score both answers
¥ and give you the higher of the two scores.

e Range voting and No-show criterion S e
o Instant Runoff voting and Independence of Irrelevant Alternatives criterion -
e Borda Count and Independence of Irrelevant Alternatives criterion /c':

e Approval voting and Monotonicity criterion g

%‘/ ’Q{'./f Jm [’/c 0'{ fle ﬁ//“‘“"V Gxcaoply .

( f(/l}ﬁ’/ (/)7»/r*’ p /4 wit7 .

1 e T
o o i
\\'Jj’ C
. A Zé .
Yoh 4
‘ /&M,A L. A 4 p
w v 2 L Sl oee il oA cos
M j . rie! - / b
b (‘J /(4/ ﬁ M R
va" éﬁ‘k’ . ) < T2V
(rl\‘wt M 7 (/'o’ry? c/f/ /f’: P lace T /dsﬁ) - ¢ LL
w
Lt TA

" e et g
P S
| gt crndHfe I

3 ‘&’
A}“/"M/ wiy et e v e
L £ /r-’ j/"t"(/ l.ﬂ/ %a‘[Q /pr?"‘/ .
,Apm'vr’

T Coto e At éj w et/

. /q

, Ao Cpue ballefy
47/}7\/.1/ vo e, G Al
I N C A7

ay? e, Fto 15

Ju'ﬁt QY q /q7/¢/ /Mé’fjf."'.



) ,,7/( “ =C 7 7@1'{( Lﬁ%& /L’Z} X fZ:/ Ex, é
& ""’“ 6»\7/ g

chvf:( Ay e 24//0-4/'“7 z/ﬂr?( {./’0/(’/ i T cv«r£7 2 oLy

R % / \ :
VL( \Jster 2 : VOP’J g
A =7 (o =
l.‘)! Sl ( = \0
iy
@ 0 k=» 4 :
5, A3 A=
Ve
o w,{,m. L =2 L
. 2 o
(\ﬂ C = , @’7(
.é wif w7 2o p ot +0 A} 1Y o, L
4 Vele I had HT gl pootr fo £ (W Ty
v Zn bed /¢W> / e Al ::«ﬁ" “/AA’#M«/ Cproli Aok
A_ el el ftinl i o L /' /p,L.H ‘o R 17
Cinel C 2 puat,
Coilar gt bl fo Ay;w(. S
“ g ; _)//( MW{ Ar()vméz ol[ Ao Fop fwo W&%
V.72 —
% e A s I the o BAC =y
Pt g A A | Su b
S sppee o B, 1 g wiss. d
o, fhos¢

of Ay i cautt
wtdd Nngie  Af fantd condidale

‘cpts
vels
[eAv



Cacye by Saksker  No-Shaws  Ahpaniy et
€ ath VCQ/ j,‘r&n h"?l"ff Ceove? 'YCD *Le,'/ W—/W

Comdlidat) ot  Shawss  aqp nly  [0d mace poich far
G ow pﬂﬁ/aﬂ‘/é’ Conolidates g/ {%’“7/@ SGpprEc A e oy

. / ) e ')
a f’al"«?,( VOKC &Q(/ho"' & ol g (27 (b\/m 00 79)'

/4 (w 74
T« b e s @ Byl iy gy bg) M

AC o f Chye “wr Fhan A 020 e 1201 +7 ( NMaw

———

A would  have  ET potT ond K wealel  hase T 5o £ AV

r el K eff
N""-f) . ﬂov 7He~€ rf o Wiy That /Mr(fhj we Ol

Sowt ay wh cwe cawllt G G v ol
(/———-’—____——\‘
Ka//a Covnt 74'/1' T74 . Cowsi e Fhry electon cober
£ B, one  Aorer
60 Yo .%‘
f VY Bodaly-1o0): A= 120 Vo
B= 60f&° = [vo
¢ 8
6 = o
( A

was b i The Gee Theggh [ Gow hd e

g

©v i G A s e Brda Cowt
A e e e et
£






3. (b points) Consider the following preference schedule

work.

Number of voters | 26 | 23 | 3 | 16 | 16 | 16
1st choice XK|AK|C|C|B|DP
2nd choice B|D|A|B|D|B
3rd choice c|CcC|B|D|X|C
4th choice D/ B|D|A|C| A

(a) Calculate the winner of the election using the Coombs method. Show/explain your
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(b) Now suppose that there was a slight change and instead, the following election
happened:
Number of voters | 26 | 23 | 16 | 16 | 16
1st choice AJA|C|B|D
2nd choice B|D|B|D|B
3rd choice C|C|D|A|C
4th choice D/ B|A|C|A

Who would be the winner of the Coombs election now? Show/explain your work.
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(c) What issue do the examples above illustrate about the Coombs method? (Hint:
what is different between the first and second examples, and how does that affect
the winner of the election?)

SIS 2

C Aﬁ’p wier Al

ot

S’Zw w

o et 2. Luke.,

2 place  Caneticieic

’bw

ﬂ\& dsd sheow “d ( efe A _7} FLl
/ .
k/ b f W lbe- My ) Ao+ Jtoco A )
| : . 7/¢ U /' \,1)'?"1/‘17
Cerelid afe am /. o Sl of Lede . ui“‘? = 7
ST S e R
a j/'l{c/(q '(f < g o =
A ltrf éé‘é)m be rolates /e NS he, Y
at (&MI— [ € donr meaten No—gha. Z/;’ B wiii up L bl

(_3. 14C.a all

I s

e
Ao ikt 14 &



4. (4 points) Suppose the High Point University student body president decides that our
current student government election method is bad, and they want to come up with
a ranked-choice method to replace it with-which of the methods we have studied (or
one you would create yourself) would you recommend? Why would you recommend
it? Make sure to explain the benefits and drawbacks of your choice, and to compare
to other methods to illustrate why yours is better.
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Extra Credit (up to 1.5 points) Choose 0.5 or 1.5 points to have as extra credit. If
you put 0.5, you are guaranteed to get 0.5 extra credit points. If you choose 1.5, you
are taking a chance: If three or more students in the class (including yourself) put 1.5,
then everyone who puts 1.5 gets no points. If only one or two students choose 1.5, then
they get the 1.5 points.
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Description of Methods:

e Plurality: Candidate with the highest number of first-place votes wins the election

e Top-two runoff: Eliminate all candidates except the two candidates with the most
first-place votes. Whoever wins a head-to-head between the top two candidates
is the winner of the election.

e Pairwise Comparison: Each candidate does a head-to-head contest against each
other candidate. Winning a head-to-head gives a candidate 1 point. Whoever has
the most points wins the election.

e Borda Count: Each candidate receives points (in descending order) based on their
ranking, for example: 2 points for a first-place vote, 1 point for a second-place
vote, and no points for a 3rd-place vote. All the points are totaled and whoever
has the most points wins the election.

e Instant Runoff: If no candidate has a majority of first-place votes, the candidate
with the fewest first-place votes is eliminated and then there is another round of
voting. Rounds continue with candidates being eliminated until one candidate
has a majority of the first-place votes.

e Coombs: If no candidate has a majority of first-place votes, the candidate with
the most last-place votes is eliminated and then there is another round of vot-
ing. Rounds continue with candidates being eliminated until one candidate has a
majority of the first-place votes.

e Sequential Pairwise: Candidates are paired up, in a particular order called an
agenda, to compete in head-to-head contests. If a candidate wins a head-to-head,
they advance to the next round and compete against the next candidate in the
agenda. The winner after all of the rounds is the winner of the election.

e Schulze: A graph/network diagram is made showing the candidates, who they
beat in head-to-head contests, and by how much. Then each pair of candidates is
compared, and the ‘winner’ of each comparison is the candidate with the strongest
winning path over the other candidate. The candidate who has a stronger winning
path over each of the other candidates is the winner.

e Range: Each voter gives each candidate a score from 0 to 10. Points are tallied
and the candidate with the highest score wins.

e Approval: Each voter gives each candidate an approval or not. Approvals are
tallied and the candidate with the highest number of approvals wins.

e Bucklin: All first-place votes are counted. If a candidate has a majority of the
vote, that candidate wins. If no candidate has a majority, then 2nd-place votes
are added to first-place votes. If one candidate has a majority, that candidate
wins. If multiple candidates have a majority, then whichever candidate has the
most votes wins the election. If no candidate has a majority, then third-place
votes are included, and the process continues.



Description of Fairness Criteria:

Majority Criterion: If a candidate wins a majority of the first-place votes, then

that candidate should win the election.

(upward) Monotonicity Criterion: If you raise a candidate’s ranking on some bal-
lots, that should never hurt the candidate (in particular, it should never make the
candidate LOSE an election that they otherwise would have won).

Independence of Irrelevant Alternatives Criterion: Removing a losing candidate

from the ballot should never change the winner of an election.

No-show Criterion: It should never benefit a voter (or group of voters) to NOT

cast their ballot.

Clone-proof Criterion: It should never hurt a candidate to have other similar

candidates also in the race with them (that is, you should not allow similar can-
didates to split their vote and end up hurting their chance of winning). Clones of
a candidate should also not help that candidate.

Condorcet Winner Criterion: If there is a Condorcet Winner in a preference

schedule (that is, a candidate who beats every other candidate in a head-to-head)
then that candidate should win the election.

Condorcet Loser Criterion: If there is a Condorcet Loser in a preference schedule

(that is, a candidate who loses to every other candidate in a head-to-head) then
that candidate should NOT win the election.

Later No Harm Criterion: A higher-ranked candidate should not be harmed by

a voter (or group of voters) giving an additional ranking or positive rating to a
less-preferred candidate.
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