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CHAPTER 9 — VOTING

Plurality Method: Each voter votes for one candidate. The candidate with
the most votes 1s the winner.

Majority Rule: Each voter votes for one candidate. The candidate with
the majority of the votes wins.

. 1
When there are 7 votes, the majority is §+ 1 [ even] or [7 odd]

Borda Count: Each voter ranks the » candidates with » points assigned to
the first choice, n—1 to the second choice and so on. The candidate with
the most points wins.

Hare Method: If there 1s no majority winner, then the candidate with the
fewest number of first place votes is eliminated. The election is held again
and 1f no majority winner 1s found, the candidate with the fewest first
place votes 1s eliminated and the election held again. Repeat until a
majority winner 1s found.

Pairwise Comparison Method: Each voter ranks the candidates. Each
candidate is compared to each of the other candidates and the candidate
who 1s preferred gets one point. The candidate with the most points wins.

Tournament Method: Compare the entire slate of candidates two at a time,
in a pre-determined order. The candidate with the fewest votes is
eliminated and the winner goes on to compare with the third candidate.
These pairwise comparisons continue until a winner is found.

Approval Method: Each voter votes for all the candidates they approve of.
The candidate with the most votes wins.

(c) Janice L. Epstein



13a_M167_WIR_C09.notebook May 07, 2013

Math 167 Ch 9 Review 2 (c) Janice Epstein

FAIRNESS CRITERIA:

e Majority: If a candidate receives a majority of the first place votes,
then that candidate should be declared the winner.

e Condorcet: If a candidate 1s favored when compared one-on-one
with every other candidate, then that candidate should be declared the
winner.

e Monotonicity: A candidate who wins a first election and then gains
additional support without losing any of the original support should
also win a second election.

e Irrelevant Alternatives: If a candidate is declared the winner of an
election and 1n a second election one or more of the candidates is
removed, then the previous winner should still be declared the
winner.

Note that there may be a tie. With two candidates and an even number of
votes, it 18 possible that each received n/2 votes. The method to break the
tie should be in place before the election!

Ways to break a tie:

Flip a coin

Use the number of first place votes.

Introduce a new voter [the Senate uses the VP].

(c) Janice L. Epstein
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A set of 9 voters had the following preference list for 4 candidates: D
., 8¢ 8¢ Bgc ¢ c c
Choices | ADCB | ABCD | BCDA | BCAD | CBDA | CDBA | DCBA
# votes 3 1 1 1 1 1 1
No MAT prwner—

(a) Who is the majority winper? If there is no majority, find the plurality

winner. g ‘
C ho U4 fow/) p L
AKM . \SrW Ayt
o W=2 o Do | Ty e
(b Firi% the Borda count ng‘Lnner. o
A dxd + OX3 ¥ Ix2 4 Ixg = 32
o = a|
g vy raxd DX - o WW%(
c x4 +3x3 v 4x% + oxl T :
D -tx‘l y x> ¢ XXX yaxl = &%
&

(¢) Find the winner using the Hare method. &
D B A4, Bhao 2,c o3 17 dav s
Do B« Chao 3 Y dar = wins

C
€179
(d) Find the winner using the tournament method in the order ABC

Avo @ 5 (3H) vs (H1+11+1) = & pns
BysC (\3rl4l>\f$ (5+l+l+‘> = Cwnd
. H)us BHD D C wns

(¢) Comment on your results

fo s

Mory ot . wth oAt

(c) Janice L. Epstein 3
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n= 17 |
Seventeen board members vote on four candidates, A, B, C, or D, for a
new position on their board. Their preference schedules are shown below.

 Choices | AB@D | DAB@ | 6BDA | mapordy i 9

# votes 7 6 4

(a) Find the winner using the Hare method.

ﬂ;.m@‘w\.m(',

Ao T
Do D= D wrins

(b) Using the Hare method according to the preference schedules shown,
what happens if A rejects the offer before the ranking?

BQ,’D D&ZS{ KZD gﬁl&m L
Ghao r\+4,\| \Ww’z} %wms
Do L ¥

(¢) Comment on your results

Yone ety can viotate Ho el ak Lo k.

Consider the following preference table:

Choices| ABC | BCA | CBA
# votes 3 2 2

Which candidate, if any, is the Condorcet winner?
Avse B 1 R v Ma=¥d = g ums (1 g8 B
hve C . 3 ys =gt = CuwMs (1 pl-i-oc)
Rvs C . 3+ vs & =2 Buwwms (1pt t2B)

R
R o ths  Cond. wuwner

(c) Janice L. Epstein
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o (] voles
An election has 13 voters and their preferences are given in the table:

Choices| ABC CBA BCA BAC
‘ # votes 5 4 3 _ 1

(a) Determine the winner using the Hare method.

S A S 3 By @ ie 4 oom B => A

(b) Determine the winner using the Hare method if the last voter changes

their preference from BAC to ABC. Y
R C o CHA T fea A SO Sy
5 4 3 ‘

S C-
leuoq_lﬂ—p(w A bhao G ’I"‘WKWH’IS
(¢) Comment on your results.

e mathod vilateo monotmaby
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SAMPLE EXAM QUESTIONS FROM CHAPTER 9

1. Use the chart below to determine what kind of poker will be played if
each player marks all the games he approves of and the approval method
1s used to determine the winner.

Game played is T carp Svd

AB[C[DEF|G H| T
'5 card draw X X | X ' 3
5 card stud X X X X| 4
7 card stud X X |X|x|x 5
Texas hold ‘em |x X | X X 4
'Omaha hold ‘em X | |

+op &
2. Use the chart below to determine who Which@@g_ople will be elected )
to represent a class of 45 students to meet with the professor.

1214 |9 |6 |1 |7 |6
Jeanetta | X X x [12+G6+ b= 2y
Mittie X [X |x X | H¥9+ L+ l= &5
Wilton |x X X X |12+ 41 + =23
Jamaal [x |X 19.¥4 =1b
Yong X | X X Wiat7=20

People chosen are WLU‘UV' and MI#I’C

(c) Janice L. Epstein
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3. Suppose that a nine-member committee needs to elect one of the four
alternatives A, B, C, or D. Their preference schedule is shown below.

thow_methvd |

Choices | ABOD |BbAS -@PAB T D,then C
# votes 4 3 2 A-M/o (o A

Bho 3 ) wiS

(a) Who wins using the Borda count?
(A)A (B)B (O)C (D)D @No winner

A hao 4yt ¥ 0X2 + 2Xa+oxl = 20
Bl x4 y 42 F OX2+ Xl = b

1= V4
axd + OX3 b 4x X}k 3¢
C{,m o4 + 53 poxzt = 1

ASND
4;
cld with the ordering @ 'D?
1eld

(b) Who wins if a tournament is h
(AA BB (©)C (D)D) (E)No winner

Ao B (4¥2) VS 3 A wins
s ¢ ¢ (8D vs o s
ave © ¢ (B) vs (8w) Durs

(c¢) Who wins using the Hare method?
B)B (C)C (DO)D (E)No winner
—

(c) Janice L. Epstein
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4. There are 4 voters for 3 candidates. Their preference schedule is

shown below. (v\oj i DV

Choices | ABC BCA CBA
# votes 2 1 1

(a) Determine the winner using the Hare method. A wns

@Lm B >

(b) Determine the winner using the Borda count.

A e X3+ 0x2 + ax| =8¢k
%'\% IY% yIx Y m<l=‘?p1u %W’LV\,S

Lhee 1X3 k(xa 3 @l =9
Moo BHs=lgf, Bluoktl= hyk ,C ko gt

(¢) Determine the pairwise winner.

— Yo pownk ach® A and B

Avs & 2 v
Ays C 2 ve x> kaeachbf\mcfc
F o8
C 2wl = 1p

B B wnns
(d) Determine the winner with the Hare method if the voter who liked the
orde changes to BCA.

LY BEA  BYA (Awa B
2 ! | o

(c) Janice L. Epstein
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5. The results of an election are L= HO = iy w 01
(ARCD) (ARDC) (CRAB) (CIBA)  (DACR)
10 9 8 7 6
(a) Who is the majority winner? If there 1s no majority winner, use the
Hare method to determine the winner.

w/ @AY BB (O)C D)D (E)No winner
Ao 14 (0.

A loFAt 6= s

W)
m o 3T = 5
Dol

(b) Who 1s the Borda count winner?
A (B)B (C)C (D)D (E)No winner

Ao Qx4+ Gx3+ 3xab7xl = 117

1 25
c 0]
) 1

(c) Who 1s the pairwise comparison wi 2

(A)A (B)B (O)C D)D No winner
AsB  (10+9¥3+C) ve (1) 2 A wns

pusC  (lofate) ¥ (g+1) > AWINS
(lb¥4) VS (3+MH6) = D WNS

AvsD

Qusc (o+a) vs ( gH7+L)=> C wins
QvsD  (0) Vs (416D => D WS
cysD  (ID43FT) Vs (4he) = C WS

(c) Janice L. Epstein
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(d) Determine the winner in the following three tournaments. Note that

ABCD means that A plays B and the winner advances to play C. The
winner of that second contest plays D to determine the winner of the

tournament.
(1) l\APCD. Winner is :D
A
A
~D
(11) Q?BC. Winneris C
Q
)
C
(i) BDCA, Winner is A

v/ -
A

(e) Comment on your results.

(c) Janice L. Epstein
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