Math 167 Ch 9 Week in Review 1 (c) Janice Epstein and Tamara Carter

CHAPTER 9 —-VOTING & lyaring! [ o7 use previes seacsters

Majority Rule: Bach voter votes for one candidate. The candidate with Cotoreer
the majority of the votes wins. Majority means MORE than half,
-—l-l—m—,____;b

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

ﬁ Condorcet’s Method: Each voter ranks the candidates (preference list
voting). Each candidate is compared to each of the other candidates. If a
candidate wins all of his/her one-on-one contests (is undefeated), he/she is
declared the Condorcet winner.

W Borda Count: Each voter ranks the n candidates with n — 1 points
assigned to the first choice, n — 2 to the second choice and so on. The
candidate with the most points wins. Other rank methods use different
point values.

Hare System: If there is no majority winner, then the candidate(s) with the
fewest number of first place votes is(are) eliminated and the results are
calculated again. If there is still no majority winner, the process continues
until a majority winner is found or the remaining candidates are tied.

Sequential Pairwise Voting: Candidates are compared two at a time in a
predetermined order known as an agenda. The winner of the pairing is
compared to the next candidate on the pre-determined list. This process
continues until a winner is determined.

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

For all methods, a tie-breaking mechanism should be in place prior to the
election. Methods could include flipping a coin, drawing straws, number
of first place votes, introducing an additional voter, and other methods.
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Example
Assume that the following list reflects the voting preferences of all voters.

Pref. List | ADCB | ABCD | BCDA | BCAD | CBDA | CDBA | DCBA

# Voters 3 1 1 1 1 1 1
(a) Who is the majority winner? ? Voles £
/7
Candidate 1% place votes M4, 0mty 4 ceds
A |3+ ¢ R S S

B /AIL/ = & /VO ﬂ“ﬁ/\O/‘f
C ||+ =2
D

/ /

(b) Who is the plurality winner? /4 e Ahay #he most-

JEE

)l/ /9y e~

\J

/[tr re !/VMJ .

(c) Find the winner using the Hare system.

Pref. List | ADCB | ABCD | BCDA | BCAD | CBDA | CDBA | RCBA
# Voters 3 1 "1 ¥ 1 | T

Candidate | Votes in 1* round | Votes in 2" round | Votes in 3™ round
A D f =y |4

B 4 ~ =) Eli minated

c |2 At =5 3+ =5 *

D | I

hay [Cosn
‘US:L;,,{"_ Elrainated T e

NMe m qu‘Off'T)r 767‘
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Pref. List | ADCB | ABCD | BCDA | BCAD

CBDA | CDBA

DCBA

# Voters 1 1

3 1

1 1

1

(d) Who is the Condorcet winner? C

C beat all Cempetiters

Choices Votes Choices Votes Winner
AoverB| 2+ “y|Bover A | | +/+/¢IH 5| S5
Aover C | 3¢/ =¢ | Cover A |7L/f/7t/7l/{5 C
A over D Bf/f/ = 5| Dover A /;L/;t/]z_/ = ¢ /4
BoverC | | +(#/ =3 | CoverB |37/Mr =6 C

B over D /f/f/f/ =Y | DoverB |3 ~/7/ — D
CoverD /f/f/ﬂf/ =5 | DoverC |37/ =Y C
(e) Who is the sequential pairwise winner with the agenda éJBCD?

0]
-
{5y
b
Pref. List | ADCB | ABCD | BCDA | BCAD | CBDA | CDBA | DCBA
# Voters 3 1 | 1 1 1 ]
(f) Who is the Borda count winner? C
1% place * 3 pts | 2" place * D/Z pt | 3rd place * f pts | Total

A(3t)3 - (1) =1 |13

o[ = ¢ {1+])2 < ¢ |4l =2 |12

T = ¢ |[Hu2=¢c Bl =7 | 16 %

()3 >3 [Bha =3 |([t])] =2 |13
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Example
Use the chart below to determine what kind of game will be played if each

player marks all the games he approves of and the approval method is
used to determine the winner.

Game played is 0 ominos

A|B[C[D[E[F[G[H
Pictionary x| |[x|x 3
Scrabble X X X X |Y
Dominos x| |x|x|x|x| |5 #
Trivial Pursuit | x x[x| [x| ¥
Twister X /
Example

A class of 45 students wanted to elect two people to represent them at a
meeting. They decided to use the approval method. Use the chart below to
determine which two people will be elected. The top row lists the number
of voters who approved of the candidate combination in that column

12141916176
Jeanetta | x X | (21616 =2¢
Mittie X | X | X X Y197r616=25
Wilton | x X X X [2+F+176=28 #
Jamaal | x | x 2 +Y = /€
Yong X | X X Ht9r) =20

People chosen are wiltes and e
Example
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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.

Pref. List ABCD | DABC | CBDA
# Voters 7 6 4.

(a) Who is the majority winner?

- 2 - N
Candidate 1% place votes s "y orix
ALY
5 | o g,
C (7/ 770,
D |G

(b) Who is the plurality winner?

b/C 44&/ MeS] Vofes

(c¢) Find the winner using the Hare system. —— b 0 afreaty C/m:/t,,ce/

Pref. List ABCD | DABC ,@BT)A D 5= neap y
# Voters 7 6 | 4 TEXR choyye
Candidate | Votes in I* round | Votes in 2™ round | Votes in 3" round
A 7 7 7,
B O Elimiared e
C ﬁ‘ (7’ E [immarel é//%em -
D |6 o Gty =0

Pref. List ABCD | DABC | CBDA




Math 167 Ch 9 Week in Review 6 (c) Janice Epstein and Tamara Carter
ABcO  PABC  cBbA
# Voters 7 6 4 Y sue beat
(d) Who is the Condorcet winner? Vo Cetdor cef wimer 2/C 70017 aits
Choices Votes Choices Votes Winner
A over B 7%6 =/3 |BoverA y =g /}
A over C 77‘*6 =/3 | CoverA =¢ A
A over D 7 = 7 DoverA |r¢ =/0 ;U
BoverC |7 £6 =/3 |CoverB = ¢ )ﬁ
BoverD | )+ ¢ [/ DoverB | & - g
CoverD | 71+¢ [/ DoverC | & - C

(e) Who is the sequential pairwise winner with the agenda fLXjDBC?

Pref. List

DABC | CBDA

# Voters 7

ABCD

6 4

(f) Who is the Borda count winner?

74
ol &

Z

1% place * _3 pts | 2" place * & pt [3rd place * | pts| Total
al(7)3 =2( 1) 2 =11 33
B (7v9)2 =22[ ()1 =¢ |2
cliy)y =42 7)1 =7 |19
D(C)3  =/5 4]l =y | az

Sample exam questions would resemble the problems we worked, but may

not include the charts.
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Exam 4 Review

Example
Ted and Riva must split 8 items between the two of them. They decided

to use the adjusted winner procedure. How should these items be divided?

Step 1 Step 3
Item Ted Riva
Movies ( 20) 3 The initial winner is

CDs G0) 20 7 Wz

Couch 3 é’@ The initial loser is
Toaster 10 | Teﬂ(

TV 15 QD | || R gits Toaster, v frinter + 5 TR
f @)
Printer 13 @ /

TeX jse]'“j /l(}w‘CS/ C‘ﬂ’g Couch / (7/
Chair ( 7 Shar @T “d 79.1 /; 767 Chair
Rug @ 4 r!q})‘?tr;/)’; f/ ve ?‘/"Cf ) Fem fO/G/U'Oa v/
Ste 2 ‘5...0 /7‘5—- wer /em = ‘ ' /T
p + 2 75—_/ L@f X: /Orfmd a?QCAa'//‘ ,/
52 ] hat Kiva givesto Jod-
L = ar Aive- 7
Step 4 0&(}/ [5F (T Com itk al winner 7\60{ — /}Vq
give, | 1S P‘Z}nt e 8 G5t 7x = = 10y
A Coudh @/3 ~ 13 RS . Hox tiox
16/ - _ rve Couch - -
Joasiie 224? A3 eit 8540 > 7]
TV v = | Lot ss e
ﬂ"}nh’)r 23 by / 77 L;Ii‘:eé/;i;. 17X = /6
Sl Chair |“Vp =11 X245 7. 211%
- 2 79,1176 %
rat o

Rive Keeps /*--”-}5: [—g 5 gl
X 056824 on 5,882¢ %
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Aiden, Beverley, Charlie, and Danielle have inherited a house and a car to
share equally. They each submit sealed bids for both items. Describe a
fair division of these items using the Knaster Inheritance procedure (tell
who gets each item and how much money each person gets or pays).

Step 1

Step 2

House

Aiden bid $120,000

Beverley bid $140,000
JCharlie bid $150,000

Danielle bid $115,000

Cha-tic gets the house and

3 &
places ¥ ﬁ%/ow) = //-Z S50

in a holding account.

Holding ¢ /2,500 - 39000 =35 000 ~ 28 50

Acct:

Steps
3-4

Step 5

= [3/ 7250 te yplit Yo ys

Aiden ‘55(223009=§gooo Y¢sr9 Alden 7}( ??:6’0&) " 000

/ V]
lev = 0)= 35,000
Beverley C/& 70/670) 7 yesrso

Charlie Hewe — 713500
63250

Danielle § (1/5,009= 28, %50

465250
Aiden

9 7 .
Beverley 35000 + 4687250

b P
Charlie fowsc — /3,500 +7968250 1 (635~ + 250 =

Danielle 25,757 #465250 + Car—

Car

Aiden bid $8,000
everley bid $7,000
Charlie bid $6,500
Danielle bid $8,500 #
Danic/le gets the car and

places %{ ﬁf ﬂ’o") 25305

in a holding account.
%3rs ~’I.]20W 9501625

8000 te split Y ways ™

250
Beverley—é[ 2 Wa):y/ 750 250
Charlie ?’ (é' 50g) V625 250
Danielle Car — #6375 250

7 7 7
130,000 +4c8rs0 + 000 250 = 36,9350

t V250 #'ase ="l 65050

Howse = .
5/05), 937,50

%305 +250=Car +

A ?/ 3rd.5e

C/,pcé )/ﬁc,dr:/#,' /Timf‘ C/m///‘t /qz'/féou// Ezw/ amls ortbe~ 5/5//1}5“&‘?;'“
36,737.501 Y, 6%872.5¢ + 23 3/2.50 = [0S, 73D.570
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Example  Vickrey Auctien - yickeey Auckion.
Four people were bidding for tickets to‘concert. Owen bid $400, Madeline

bid $350, Sofia bid $420, and Samuel bid $380.
(a) Who wins the tickets? ¢ Lra [4}\9 host bi aé/ef-)

(b) How much does he/she pay for the tickets?

j?ﬂﬁ [’2 =4 4;‘7%#4“} é/‘c/)

Example
People are bidding on a vacation package on eBay. The minimum bid was

set at $500, and the bid increment is $8. Complete the following chart to
show the progress of the auction before time ran out.

(%)idder Bid Current Winner | Current eBay bid
Lily $800 Lily $500

Nora $600 L_/"/)/ GOty = )%08’
Devin $650 L[?y GSo 1§ = jéj’\g’
Nora $750  |Li/y Dors= 755
Samuel $850 Samael St < fog
Lily $1500 | Lily F50r8 =%5g
Samuel $950 Lily 5018 "958

/'T R
we /.
2L Afiyérff_f\ bM{

/// bid inc,

(c) How much did he/she pay for the vacation package? ? ? Sy

(b) Who won the auction? [
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Example
A county has 11 representatives to apportion to the towns listed below.

(a) Apportion the representatives using the Hamilton method.

a _ / o~ |
5 = }? 77@ Ruéf,{ al g /,-,/? o pPorker @ ~ /
Jarges
L)
Town | Pop. | 2 | Ham. Ap

A 150077, = 306/ | 3

C |1640|“"%a,= 3.397 | 3

3
B 2200, =4.Jyad | 4 [t 5
3
Y

D | 50 |*Aw=0.102] O |

Wi 5370 lo
[} ~to =1
13p leet toapportion
(b) Apportion the representatives using the J effe}*son method.
- & ‘?’jt‘d‘?"d- ers
g4 are Sant jnereast, 3o (X0 A; g
Fj:// metheds. i & o et
Lal o7 wt
Town |Pop. | q |/owdd g JelrR Ay
A |1500(3.061| 3 |74 =305 3

22004490 | Y|P @ [T 5

B
C |1640|3347| 3 |le'g <%0 || 3
D |50 [o102)| O |°%,=52]] O

lo [
l1~lo= | Stet [efs
ool Aoviser fo 4y ortien

d= Y90 o
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(c) Apportion the representatives using the Webster method.

S ¢ ? qre Sanc N /Ac/ﬁu"t; - /49@7‘ ./4‘73;3
L all ) /Z/ "/c . e)\’/('ﬁ.
methols ['?J dz /705
Town |Pop. | g | Keunded ¢ [ Web. App

A 150003061 3 ["The - Y2857 3
2004490 7 [P, - Qﬁ_@ 5

B
C |1640|3347| 3 |l%%97 - 457
D

-
50 |0.102| [ Yon > 100 17
[ /]
dﬂ{]'wfﬂ'l{ d(i viSer Ih= /F/ﬁzr Fe 4//‘”/7904
= /$8.59
(d) Apportion the representatives using the Hlll-Huntmgton method.
549 qre Sen-t ‘C‘?,??// dec/ So qu[/r:sﬁ,/
for qlf methrds i ”‘”ﬂ A M/D %
q & u f - - o
g ¥ Lq,J'Fﬂ \Lﬂ/ A«j = vV sea
Town |Pop.| ¢ | 2¥ ]f(m/w( 7 Hi ALy
A [1500(3.061| /3.5 = 3.464 { 1700 612,392 | 3
B |2200(4.49 /.5 =492 /9%,; <491.235)] ¢
C |1640(3.347| 3.9 <369/ | 3 [“%5=(67.50] 3
D | 50 [0.102))0-/ = O | 5% = eveond] | ]
/R I
I~12=~/
d= Y9935 [ .

The Jefferson method favors large states . The Hill- -Huntington method
favors small states.
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Label each situation with one of the following five choices:
A. The Alabama paradox occurred.

B. The population paradox occurred.
C. The new states paradox occurred.
D. The quota condition was violated.
E. The quota condition was NOT violated, and no paradox occurred.

(a) A new state was addedJ(along with a proportionate number of
representatives) and yielded the following apportionments using the
Hamilton method.

Y Hamifton m efhodd,
we kww/ Ry Ao L)

Mo Chtnges +,
/v Lpportiomment,

N 1ot q prcadox bfc
d} viSer me tbo ‘,(

Gela Caw{,‘,t,‘,,, Urelated } 2

State Original New
F Apportionment | Apportionment
| G 8 8
H 5 >
I 3 3
J 2
(b) The seats were apportioned using the Jefferson method.
State |[2.] quota /47| Jeff. App.
G |2y 124.05 L5 124
E H |43 43.27 41 43 A
I |5 594 6 6

W s or Ly] o 37

(¢) A new state was added (along with a proportionate number of
representatives) and yielded the following apportionments using the

amiltommethod.
~ State Original New
C | Apportionment | Apportionment
- G 8 7 _/ & & fe v
H 5 6 e / L»? (/4 an &a ;;4 /
| 3 3
J 2
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(d) The house size changed from 8 to 9 and jlelded the following
apportionments using themaéﬁethod “nei

State | House Size 8 | House Size 9
%}» G 5 4 g [et g sepr whe,
H 3 4 7'"/ Cuse s7ze /\40
I 0 1 '

(e) Asthe p()julja%czn changes the representation is reapportioned using

F

the Hamilton method. ~ 7#*7 2“7« P il
State Original New Absolute Pop | / Relative
Apportionment | Apportionment Change op Change)
G 14 14 1000 1.1%
H 13 14 ¥/ 1200 3%
I 16 15 =/ 1400 2% /
N

Stafe Hhat (ast Scat A go1 have highe-
Relative pop- Chonge fhan a Sharc Mafjo;,,e/_

(f) As the population changes, the representation is reapportioned usmg

p

(g) The seats were apportioned using the Jefferson method.
—_—

’

the Hamilton method. -
State|  Original New Absolute Pop )]!Relatwe |
Apportionment | Apportionment Change op Change
G 14 14 1000 1.1%
H 13 14 +/ 1200 1.5%
| 16 15 -/ 1400 2%

State that Josr Sear hod hiyher

/Qf‘(al(m

P—

State | L2 quota [¢]| Jeff. App.
G |y 12495125 (126D g
H |43 43.27 %9 43

I |5 534 6 5

/0/. change Than Stake Fhat ljcw"ae/.

N

AR /‘?w/@\a

N 65 apport

>[s/

m e&f ;-5



