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Day 1: p.12-14 #5-10,12 SECTION 1.2

5. For this example determine the percentage of voters that ranked each choice first and last,

Y not
a. Enter the results in a table like the following: Round to the nearest hundredth. ;E, Qﬁ,mw . ’/;\/4
4 O
FIR ﬂ’ A B C D ) X )
CHOICE % FIRST % LAST i )
A 830,177 6323y, *B c4 B D RERTL
B 5)%A\Y% 0% € p L D c
c 33.08% 0% P A A s
> 215N 30376,{}‘-?36 ° > Figure l.l6 TS

LQs AE 2 BR@S 20,17% V' and (9.93%108%
Vo< 3 c. “"}%chsc\i:u;%c\go yof( think mGoLst deservgg‘otcf ge/ganked first for t%:l go?:pq? Explain your reasom'nﬁ. 2016 a‘O

B teanse i1 was ISt 1708 et and ‘&“‘*Z‘ff_b.o

d. Grve at least one argument against your choice. -H/Q__-h
O A Srould. win s @use most 1St date VORS ity 8 votes -

3 ® has T armount of |SY place veotes - VR AL
6. The 1998 ra?c for govc}-go?;)sf Minnesota has three stror\lg candidates. The following ar‘éﬁno 'alsresulgfrom PV%(’%S
the general election.

b. On the basis of these percentages only, which choice do you think would be the most fair to voters? (A
W\Sa The least fair? Explain your answers. Mg&r&ar + B becaise Yrece 1S (9 -3370 \S+ ¢ 20,%%0

Jesse Ventura 768,356 o\ = 3013330
Norm Coleman 713,410

Hubert Humphrey II1 581,497

Others 12,017

2. 'What percentage of the vote did the winner receive? Is the winner a majority winner?

B35 msazo X 3.034% No vecovs ha won < S0%

b. What is the smallest percentage the plurality winner can receive in a race with exactly three candidates?

Explain e i o
00% - 33739, - >233.3%

3 cecouse MWST get Hhe MoST
(o]

| voles .. i extra 0.1%
7. The Borda method determines a complete group ranking, but the other methods examined in this lesson produce \,(QGKS

only a first. Each of these methods may be extended, however, to produce a complete group ranking. a he

2. Desaibe how the plurality method could be extended to determine a second, third, and so forth. Apply this
to the example in Figure 1.1 and list the second, third, and fourth that your extension produces.

i,?\\;m\;‘h:5 DOISY) A Wi T 15T ga voRR S f?"lﬂ,sl;og’;“-rﬁ’?mg

a“\:? D with T\ fag VoS = Fnd §78 5 rpers
37) Cwth o 15% plota_VoRS P Fnd ore uln

4 2 widn 5 st ploag oS wdmnest |7
Rocess
A etc.
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o5 runoff elections are used in the U.S., voters do not rank the candidates and therefore must return to the
©lls to vote in the runoff. In some Countnes., such as Ireland, a method commonly called “instant runoff” is used.
- ;:1 . instant runoff, the voters rank the candidates and do not return to the polls. Examine the vote totals in the
rwo runoffs below. Do the totals tell you anything about the merits of the instant runoff? Explain.
The nshant vonoff Qgcd ke cause \n Yo Teland Cas?,
e whavey was by fay po e in eah Cage o AlSOy i
p\m\s e Texas House Tale , where the vole wag close, e

President of Ireland: 1997 Results fun Oﬁ cavse A a ¢ QVQVSQ\

\IM3 Vole General Election Runoff n .
iy B 22 Tkl BR6AE 3¢, 1,203,175 winner,
372,002° 497,516 4)“0 \Bh

Mary MeAleese 574,424 706,259 oa\d59%
Derck Nally 59,529 refrned.

' Hg
Adi Roche o +o

' ? 0] “S v
Dana Scallon 175,458

U.S. House Texas District 9: 1996 Results

General Election Runoff
, \24 3% 112070
Nick Lampson 83,781 59,217
Steve Stockman 88,171 52,853
Geraldine Sam 17,886

12. A procedure for solving a problem is called an algorithm. This section has presented various algorithms for
determining a group ranking from individual preferences. Algorithms are often written in numbered steps in
order to make them easy to apply. The following is an EXAMPLE algorithmic of the runoff method.

1. For each choice, determine the number of preference schedules on which the choice was ranked.

2. Eliminate all choices except the two that were ranked first most often.

3. For each preference schedule, transfer the vote total to the remaining choice that ranks highest on that
schedule.

4. Determine the vote total for the preference schedules on which each of the remaining choices is ranked
first.

5. The winner is the choice ranked first most.

a. Write an algorithmic description of the sequential runoff method. (Describe how to use the runoff method)
|, Dederming ¥ ok P (efereng Sdhedvies 4.Dedermine_=F lS+Qnm_¢rJ*PS now

2 Elirinode Yhe oneueirn tre st ISTplagveles, 54 Regeat $329S 1-4 wtil dunaiee
3. For eath prefevente SMV\QJ'\T&'GVPQF vode dytal to wem highegt now "Mda"

b. Write an algorithmic description of the Borda method. (Describe how to use the Borda method) 312
l. RMRvmne ¥ of prefrene edvles a¥ Q€. Yhedylo
2 & gt - W
2 I& =3 ikewsS vranked qssxﬂnfmgl 9“‘“’)“9-&\5“ %W_)Qj-g ,

30 For eadh (e varfed ) w0 gy OIS by  voled fir eadn proere
SHINE and M Frat G o 4\@3(’%%‘%& shddes? .

H, The e wivh a st gonds wing!
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, Determine the .
Plavishity, Borda, runolt, ad sequential tunoll winners for the following sct ol prelerences,

cdo._mahod
‘-f-\- Y i 1 A* e Wk @mao(a) 10D+ (=10
AT B Bk B aeat 1601) #3044 41D TOYIN
Com A Aua Ans e o () RR00) + 1R (A T(H)=1B
bttt 1ot ) A}‘:;‘ Vol D k() A w(3) + |'a(a)+7(3)

17 20 7 aq 19V Bm’m

&

y : Cwith
| P ( LT : ) (= el wenQoM 15’("“@ Vs
’ Vlurality Winner, . ‘\U..' e Vo Runoft Winner: N ,ipm\(.xf- ™en B 'AO/C, 3\'_
| , , (1b+7 .. n
vorda Winner,_ D , 6mmulinl Runoll Winner: ( AR e 3 Pt _‘;’ :\ '

a'\ Ellﬂltw A‘ Ot\\ta |b \':’ﬂqtq_ 3 {_ 3 o
G i 4D TARTEY A DL no | oY UG i Ao\
9, Kiach year the Heisman Trophy recopnizes one of the (nunlly s ottstanding, w?ltyc football players. "“The year
1997 matked the first titne n defensive player received the award. 'The results of the voting follow. Each voter

selects a player to rank first, mmfhu o muk c(um(l nml mmllm to rank third,
18t ~ 2nd RIT Points
Charles Woudson, Michigan Ay “.g','L(zm)’)T‘\@u) = | 1815
Fegton Manning, Tennessee ' 3<‘??”) Az a Q‘45{)_ A.,'\i Qﬁ;i) = | L3
$eyan Leaf, Washington Slate 208 174 861
fandy Moss, Marshall 17 |86 90 253
Wicky Williams, Texas 4 Kl ol 135
Curtis Pis, Venn State BE I 20 65
“Um Dwight dows |8 F | I k)
Cade Mctiown, UCLA |0 7 12 26
Tun Conich, Kentucky |0 5 12 22
“hiricrs Jeronoe, West Vigginia : E; 1 10 21

a, How mary points are awarded for a first-place vote? For a second place? For a third place vote?
b, Would the ranking produced by this system have differed if the plurality method had been used? Explain.
No., hetles Wodhn Sl (eceved- Yo vwost \SY
Qlate voles | a5 e PIuru\‘B o ded (2 «Lu\tog s 2

S0 Mraw’r‘s wiol\d howve: aea whe Sawe.
3 unW\ o Borda “‘Q:\’ﬂod
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/' T e e I,'“‘ ““ I !)N :’u NU-IJ H'[“( "l'",N I .r‘
\) s s P

-,‘,r’;
e

What ave the advantages il dinadvantanes of . ,I
: sal NCA OFuppoval voult )] L‘,qd\l VR \i¥ \ Yo $ equall
A“’N t‘” (\O(Q' “Qﬂd()m) k"("“ N‘: " AV N:”}.L ' -153 Vw\"xww}?'f QJSQ'\:\L.VI tcjﬂz
mf What WIhe etlect o aou ranking {l‘t‘nn mu\f\.‘nrp.%l \ull.llt;.! -\‘\H”ﬂ‘?\)‘\‘
otthe choieesh N @ SQU\ o\ ‘\fd\le ('le\\fnm \ Iy

\ A= \
11, The volera \\h{gv?&?&u\n-:mu ‘\'ltt,‘:; |||-‘|r|au.(|},\::u?l‘ ! ||§ \’0"‘: o 0] LM‘CO
about their second and third ehoicen, AETECE ROl abiout thelr st ehoiies bur are not sure

Ty 1 P1 l 1‘0

! co\o
Olees? O Casling nppm\vnﬁ%tm for none

v 15T Choree

€ vote. B all choicec lose_

_.M’\CD_E —
A A A AlX & c D Uhnnee & B because
v o} b+ [ =l g [ > % A BEB WON YIS
g N C - c | X X Y C B L ﬁ;‘:“"’{i‘f&dwg
e S DIX X XX p B Huns
X T S Efx x xx X crawns
| e A e A | D! awmg
x & o e A v PB3g _-)Buh"s ) 'a .
A DY Vs Cag lums  EFARWNS
12, Consider the preference st shown with lines a

deled 1o fndicate “approval ling”,
Voters will eastapproval votes for eandidates shoye the approval line and will 1o

| , and will not cast approval votes for
candidates below that line, What candidinte would win by the

tpproval method? Explain,
Number of Voters (170 total) | N QN olRs

= 33+ 36 + 34

3| 3 | s | s | m | Blozveles = 3343 +3Y4
XY Ew| D) bpd C: 67 VoW =33 4 34

Wy el A G | Dheaves =anededy
3 3 cl | o T a5 Brey veles =33+ 34

SIS S SR e

a8 | A A ) | No™Y o ATVR W V™ & 4D

s & [0 [0 | ¢t ] Tk aniebetweend, /

' ' T ualy = amon| oF VoS,

13, Kenneth Arrow is an American mathematicinn and pained worldwide recognition for his mathematical
applications to election theory, The many paradoxes in election methods led Mr., Atrow to formulate a list of
conditions he thought were necessary for a group ranking, to be fair: 1-Non Dictatorship, 2-Individual
Soverelgnty, 3-Unanamity, 4-Freedom from Irrelevant Cholcen y 3-Unquleness of Group Ranking. Use Arrow’s
Five Conditions for fair ranking methods (o answer the following questions,

a. Suppose that there are only two cholees in a lint of preferences and that the plurality method is used to decide
the group ranking, Which of Arrow's conditions could be violated? No(\Q_ .

b. There oflen are situationa in which insincere voting results, Do uny of Arrow’s conditions state that insincere
voting should not be part of a fair group-ranking procedure?

No. Note of- W3 condiyons, SPA\L Yo Msnere von 03 TSRS

B e —
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NrEs,

J)by’ixlhmww# I/ilw L

L Fen commitiee members vore by spprove) yolng, on 10w candidatss 149 4 14w EIHAIVI) A T4 P ppnins
The followring tsbie indicates the yesults; sn J dengias wpgryil o s Congisik

condidete |7 17 1z 147 1 i 4 { 7 A7 7 T ISvR
A . i N, 4 ", S /A ) T s r ¥
TR I A N %) | odldbccd )
o A A S N A A b
D1 1 | D A ;b
8, Which candidate wing and yhich finishas bust?
wing 4 P oA

b, 1f committee members 15 and #5 sre sdamamntly oy rnd 14 eondideins 3 wid 1) 5 G4 btk Y147
knowledge of the others' yotes, how might they beye veed difteronty WHH) g, ThA NI T,

in part (a)! 'TNAJ‘ Mi?\"" \wsre 2\in »(gi,od h;’A :r, q«J’,, 5,’9;:, ,/;;f,
condidaps A e wt s wh ol s A
??“ap- ; y

2. Determine yihether any Yowr is a dictavor ) :}d WhABIs 311 1 5 DY) 2 el o el , Pon’ i
e e

L*;E)C M} 1}&;9231 d\'-,w/;; i

HATHAS

PESN

20) yotes are needed 1) pass sn issue
A 10 yotes 3 B yotes o ey 12: % risan
foer = 5 2 ‘ ‘,A»u | 24
| ‘ | ¥ CLCHr). WG] LS
g ad A ace diChabugiecause ou i5ows @ P (040 )

‘O(AS Vd‘ . ] . » , ’ ’ » & /(,‘/.' 44 LAY LAY
3, Consider the welghled voting situation in which yowrs b, 1, €, 0 1) bave 15,12, 6, WA G I SAIALLI VLY
and 24

vores are needed 10 pass an jssue,

4, Is the coalition formed by 13, C, and 1)4 D A A l,{l
‘«J
No s TThe coubitierny ub (4,) )s(d! otin 0L 4Ly
547, J J/U’V,dhl,
b, Which players are essentisl in the cosition 14, 1, € 57557
A ond © wrrose waonond a, Jri'a,;, /o-f' Vo, '
Jﬂ:/ﬂl[ (u- fftq‘f'“ ”( ”
¢, Which players are essentis) in the coslition 14,33, €, 00, %57 ,
| 0 1t 087, {9’4“',
A 15 aS5din) @ coause ol
‘ m d}l" +

l':'z VAN S lea Vet Yy A4S i ut* iy
d, List gl the WIJJ!)H),IUMJJU-’/IW 10",

14)"! p.)g ']2) z)" | ) ," J‘)%g)bs'y): J’)p‘ ”q’ilgtﬁt?ﬁ/i"/‘é

e, Vind the gmww indes tor £46h yirey,

@iy 4 D:

£, Wil each yoter think that he or she hus 1 151 Shars of Gas powst? §1 5h, whay 181457984 216 ks
who received less? Erplain,

No e Novecs, 8004 Yane a5ais chorn 0% J"’/f‘ nr

Vet o052 Yre, AN ok W;"(V ans. .29)14 wory,

S Nnok ?f G(’hfaﬁa\ T m,m )'/Jﬂ"‘/t'r(f

fos s\ gouns not. M S % bt HEV wes B LI 0
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Day 2¢ . 35 - 30 # 1+ 4 SECTION 1.5

LoConsider o situation in which A, B, and C have 3, 2, and | votes, respectively, and in which 4 votes are required

0 prass an igsue,

k =Y Cossiok Coaldtong 14 \Dnmn (.ou\rhons- ¥
A Listall possible Coatitions and all winning coalitions \§ "
18,0338,

fnow 303, 1A}, 183E, 4 CiE, TAR i

=
b Determitne the power index for cach voter, fw}
* ' .
AVD Bl Ce
e number of vores requited o pass an issue is increased (mm 4105, duennmc the power md(,\ of
cach voter, § ' }
A '] L] O S A B C)
A Bl QO
Aol sitnation with three voters, S1votes are required to win. r\ has 49 votes, B has 48 B g |§

a. Determine the power index ol each voter {A B' C‘q} {A c' Sa’g Xf&
A B ChL &A%)'\OOE

b, A dictator is a member of a voting body who has all the power. A dummy is a member who has no

powet. Ate there any dictators or dummies in this situation?

No. Each voler Wag an ec(ual povRr inclex .
1. Four pattners decide to start a business, Py buys 8 shares, P; buys 7 shares, Py buys 3 shares and P, buys 2 shares.

Q0 Sheaves

One share = one vote, The quota is set at two-thirds of the total number of votes.

& Quotac= |H shores/votes

a. Deseribe as a weighted voting system.,

and changes the guota to 10 votes. Describe the winning

L. 'The partnership above decides the quun is too high
coalitions, ?‘ ?.'l ) \5} ?‘) 5 \ \\} ?\ ?;\ )‘O}d Q?;) 5\0} {PDPO‘\?3 D\%g

¢ The |va\|mm*=h§ulvmc Tunlm?h make the qm ‘\ m nl vnlc\ lacunbc‘Y nnu‘?lg “)hmnng
None - There ace ot 20\WHRS |50 thare Gd notbe
Wit Q@ ak alvees .

WA g\ coalho
4. Weighted voting is commoitly used to decide ‘““étm mectings ot u)mm.xl stucklmldus L1ch me nbu is given

one vote log L-‘lLll \Imc Ui amd\ held. S\ % (.. 5 | (__ 50
1003 TA,,C57 i %
a. A company has four -:(’mgho[‘]n\ AB,C, .md D thy own o/ "5‘,u, m and /o ofthc blSL'\
respectively, and more that §0% ot the vo ¢. Determine the power index of cach

stockholder. Use your results from Exercise 4 as an aid. .

Ay B3 (v3 D

b. Another company has four, wlml\lmldcz\éhcy own 47%, All‘ %, nd S% of the stock. Find the power index
'gt 88} A, 54}% 53 Arb Co 9

of each stmklmld
C 'B N °(5 i
tf é 3% )lP l’u e cnt.dzc nl stmk gild 6)’ the smk’n cs‘ s m ?1 der m p’ms u .ln D(ﬁh‘c -:?ﬁxc fort 1c 1’0\\ cr

mparc

h;lk‘! of the smallest stock holder in each case, 0/05 ' M7 ;1 | hl 5—
poweY”
Molag? 6 & 2 2 s
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;’f E::-aske-tball rankin; poll is trying to rank the top teams in the nation. The leading contenders are:
Hanova (V), [ihinois (1), UConn (C), or Duke (D). The preference ballots are organized in the L

-
1

fallim

orewing preference schedule. [mmer or votErs |13 11 4 11 7
1ST CHOICE vk I 0, C C
IND CHOICE (I Vg I 41 vD/
IRD CHOICE D/ D/ VX V¥ I
4TH CHOICE c ¢ c oy vy

)
/ |
o

a). How many votes were cast’___| &
f - o~ r.‘u (
b). How many votes would be needed for there to be a majority winner? _,’,)_Ll. (& S W& exal ‘\
! Y |
: A7) S et
Is there a majority winner? \°__ Ifso, whoisit?___— “\{\\\C -t_\;\ W DN
Nyl wl saif) s
c). Find the winner by the plurality method. WConn { < t\\\:\"u._ SO
B A W Al i
d). Find the winner by the 4-3-2-1 Borda Count Method. __! ARNAISES " A )
POINT TOTAL FOR V: 122 g upgye 30+ 29y & 200 (D)
POINT TOTAL FOR1: 147 L3 (13) 4 )+ 3(H) 2 3L 2(3)
POINTTOTI\LFORC:J_Q? ce |(|;). V() v(u) ¢u(n\..ul7)
POINT TOTAL FORD: 4 & D 2y s 200 wuta)s )+ 2
e). Find the winner by the runoff method, _Y M\ (e 0V © VI CD
5 N b i s :_
f). Find the winner by the sequential runoff method. JWinws 7 v X X VYV
. ) e Y X & L
g). Find the winner by the Condorcet method. L \\\n 01§ = c | X x D
Lot (ondetrot. wooney . v X 3
" ») : \‘ D) \ X
rust gy vcod.-l-g'\\gnd NEISVE WNQ(yone L S =

2. Suppose that this election is conducted by the approval method instead and that each voter approves

l I{ &

VOTERS|A B € D E G H |
Villanova X X X X Y
Illinois X~ X X X X X (G
U Conn X X X X L-[
Duke X X X X X X X X g

a) Determine the approval winner. \DU\\CC

b) If any team with 5096 or more of the votes can be selected and they will have a run off, which

teams would be in this run-off? Duxe & 1 TR \C
(8 vote) ( & voiegd 7
& 10 (Yo
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3. How many possible preference schedules are there if there are 7 cholces to choose

from in an election? !Il. =] S,OLfO ‘

-

4. Name and describe each of Arrow’s Conditions.
e cuwnale g ‘wid val greld A
@NO’\'&I"’G‘T)(M D “%j_?fcoj;:{%;&zlgaﬁ;w‘ o &9"3) u‘g;lnj 3 _‘r ¥ )(,'
3 ) 3 7 f y{\ ( s
@I:nd wed val SO\QXQI 0N N v.;))'f‘lx”'?r :\_:‘J wor WC e }/( q&t_f,_ o o

(0{ (/v g %I

©) Uﬂmnm'qlewﬁmm) tho_ (0’ raniine rerd rexies ” j
e, SHorCe SVu)d T st T,
® -'Ff o yreldva N ‘JOS::. tne .‘ﬁr\{g\a (a - Yo ‘{)(/ppymi q)}tri!v‘) /7 ‘,'/r")/”[

(® UnNquenss o Grovp Qank—\ﬂg Te Wailud of predIsiny ;Ww, ot i iy
5. Consider the weighted voting situation in which votersA B L,Ethaw* 11,8,6,4.2 ‘/fﬂftu "’ﬁ (f
’ o ‘d !,//

respectively,and 1 tes are needed to pass an issue.
P y &é—:______,_-———:-— p fy o tak, Iy
) |
a) Is the coalition formed by A and C a winning coalition?_ RS
/T’ This Aand C wolidron hac 1T /2F<,
) ) :

1r6
b) Which players are essential in the coalition {A, B, C, D; 27}?_N0O{Q_
g 1V )Ty of 3 VOAES awon Frorn He Coulrhon hy)
leavey ev\ch\f\ voks (219) neleded 4o ps5S

¢) Listall the winning coalitions (USE CORRECT NOTATION - see question above).
IA,259%,94,65\75,18,G5 ¢

{ABQ aS} { BD ;mg SME0519% I8 C Dk
iA)%)C)D Jg\q}
d) Find the Power index for each voter. .\ L‘ H )

AT g
21l p:o

\n\‘

e) Are there any voters who are dummies or dictators? Explajn,

« Teee ae no dickatureg Beodsie no Yoless ore e5%ero
[ IZJQJ \.\J-m‘\m CEAYE LA

* e s o &\)M — D~ e DS neY essend ol (A onu
f) Do the power indices reflect the distribution of the votes? Explain. (5 irin vy o'/
17 )
No. The Qo2 e mdites 4o Ast rofe 4 Yng  desheovtion
(_,({ vede s Raovse A,?)) and. C'ovg g Cafre  der 3
N\AQ.Y- \.')U"\— f\O’(’ "AAQ_, So.Mo_ U)Q,;osh"‘r 1N e
)
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Day 5: p. 54-55 # 1-9 odd SECTION 2.1-2.2

1. a. The application of any fair division algorithm requires certain assumptions, or axioms. For example, the
success of the estate division algorithm requires that each heir be capable of placing a value on each object in the
":‘al‘f- If any heir ansidcrs an object priceless or is otherwise capable of placing a dollar value on an object, the
algorithm fails. Give at least one other axiom that you think is necessary for the success of the algorithm.

ONGuEeS 4{. nei(s) ace able. 10 Pau Cogn invo Yhe estare, it weeded
3. Amy, Bart, and Carol are heirs to an estate that consists of a valuable painting, a motorcycle, a World Series

ticket, and $§3_OQO m cash. They submit the bids shown:

Painting Motorcycle Ticket |

g‘mx $2, 000 $4.000 $500 |
o $5.000. $2,000 $100 !
ROL $3,000 $3,000 $300 |

a. Us the estate division algorithm to divide the estate among the heirs. For each heir, state the fair share, the

ltcmls received, the amount of cash, and the final settlement. Show all of your work ize vour
results in a matrix. Fax ™ l Cos\ ™
Tou Shose Share_ ecenved 0 ive d s
|

Aeny © (2000440004 500 +5000Y3=135 33,33 || Tnerpecye Tucket| a2, 29

<l ;E-..'sza‘-‘
1 ‘
Bact (5000 + 2000 + 100 + 5000)35 4033,373 :

i \ i
Pantin ol TR 8 | 428859
Badk: Tos |- L ET) e
col % (3Co0 + 3000 +300 +S000)/3 T 366.67 N}’\ 4722.2Q 1223
You may wish to use a similar table: =00 - Nt e A A
F\ SQ’Q(\Q,W“* o8 Of\L Cor ¥ \ f/

Cash in the estate $5,000 Woxe Gor cash 0/Gee esteR] CogW Yo Weirg a\l dlore

Received from Amy (06167 4=[1500-2%23.33 -6 bk b7 + 955.5¢ | g

Received from Bart  [+9(6.67 A500-4023.33 ~1bb.6N + 955456 Tt Saco

Paid to Carol =13706. 67 Ftomifacshee. o no RS 3706 T+ 95556 s

Cash remaining = | 22 bl. b7 PRchar. ol y N

b. Itis common for one or more heirs to pay into an estate. This lesson’s algorithm fails if an heir who munst pay
into the estate cannot do so. Suggest a way the algorithm could be modified to account for situations in which )
one or more heirs cannot raise the cash necessary to complete the division.

* g e\ ld 9o o o Second. \mShQer bidder & e ‘nfg\wz&? bidkr cgal oo YT

5. If two heirs submit an identical highest bid for an item, how would you resolve the tie?
e one Reic won anather idem, e Hed e cold 3@ ro e ofeer hoe

7. Could the estate division algorithm of this lesson encourage insincerity by any of the heirs? Explain_
. u_Q:\rs mg\f\“r woNY 4o bid \\\3\\@(— oniiemS 4o Mn\m, %H' S"’\Q{Q \'\F’;\'\ir"ﬁ owR
N\

9. Two friends have decided to share an apartment in order to obtain a nicer apartment than either could 2573
individually. They choose a two-bedroom that rents for $900 monthly, including utilities. One bedroom 1s larper
than the other. Propose a procedure for deciding which of the friends gets the nicer bedroom_ -

~ _,\VQ &{‘.QI\AS (ov \fk \Oié on e YQ\UQ o(: Pag (ufstr 00 M I o use $hat <
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Day?ip. 54-55 Apportionment - NOTES Pa(}{o_;'r p\O-13
p— - v
Section 2.3-2.4: Methods of Apportionment

Example: A country has 6 states with populations 27774, 25178, 19947, 14614, 9225, and 3292.

Its House of Representatives has 36 seats. Find the apportionment using the methods
of Hamilton, Jefferson, Webster, and Hill.

e A1| methods obtain a standard divisor / ideal ratio

_ total population 00 020
~ number of seats | Bl
#ofseats=_3lo - total population = 100 020 s= T T =

aMM4 + 51T + 1947 .
( + Mol + 9925 +33‘19) %(store in calc

Yhan
+ To obtain quotas, divide the population of each state by the idea ratio (s). (b5 3V _‘ﬁ) (m\ A P\'a\

g{nndam\d”?S“
an\ ratio

State Population Quota
A 27T _ anid -
27,14 A= e = 1995¢H
g 25,1718 25178 = BVUE = 9,0613b
8 19,947 N = 7.\73%
o ENAR! Held = 5,3594%
i 9,225 12 - 3,32000
i 3 292 3 = LigHT6
« THE HAMILTON METHOD — each state receives either its lower quota or its upper quota.
State Quota Tentative Apportionment Final Apportionment
; 2.39564 A4 4> 0
8 9.06!36 q Q|
C PNTIR T T {eoen 7 7Shm
D 5.25 946 5 5% 5 | Jis
E 3,32000 2 [ g 4 |3
i 1. 18476 | JORR] |/

+ Round each quota down to get a tentative aggomgnme nt. Since the resultln house size is too small
(by 2), consider The Two quotas with the largest decimal values. Increase their apportionments by 1.
+ The Hamilton method always satisfies the guota condition (each states appomonment is equal to eithel

its lower quota or jts upper quota). ° 97&
W\/ ”
fryneied. < oumped lower \J o o’ro\
Vawe v Buoto v 10
Navv 2 C\ . O
¢ EXF 03O
L-&% \)G\ ©

A — e —— — A T A R M W AR M T
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NS Doy B (comiine d)

+ THE JEFFERSON METHOD (tends to favor large states)

Packespl)

otode Site.
Remember s =v2778.6'1jl (lechae agp ¥ 1) | |
State Tentative Jefferson Next Tentative Final
Apportionment .| Adjusted Ratio | Apportionment Apportionment | _
(!\)\Etnnj‘ ’-T“:’\“ﬂ_‘;‘: j PP Y 3_5 au\ JQ\ \Ik Sall hgﬁ:
A uw"‘/aqr"’lﬂ = g______-;_ (
A (arny ~ AT 1O (o L o g
B as\g - T
O\ (a—,q?“ =QSV1.9)5 @ \ == Y o
C s b M L la.Sy-
i —(rﬁ,‘} KRR S S lefove
PO
D 5 Bellaps.ef.s (A |, 5
= ( 611% M
QG225 o
330 s - -
F \ | ' 3(3:1?)“ = 1646.0 e \
s So™
TR ORMEad Sumof B SOF Bpsens
The t ' ion ' as the (found by dividing each states
Population by s and rounding down). Since the resulting house size is too small, calculate the adjusted
ratio for each state.
. : te si
Jefferson Adjusted Ratio = . Sl s’.ze
tentative apportionment + 1
Give the state with the adjusted ratio closest to s (that is the state with the largest adjusted ratio) an
additional seat. T
Recompute the state’s adjusted ratio based on its new tentative apportionment. If more seats are to be
given out, give the state with the largest adjusted ratio another seat. Continue in this manner until all
seats are allocated -
The Jefferson method may not satisfy the Quota Condition
9Ta s exampe_ yStale A qevs W\ sears
Wt does ‘not Q‘\\/ o\ ) vpger guatn
of \ower quoTon 56 I violakes e
_gﬁ),oia_co o,
11
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N o€S 'DQ:: Z (cormnved ) %‘Cm@ |-
» THE WEBSTER METHOD (favors neither large nor small states)

State Quota Tentative Webster Final
Apportionment | Adjusted Ratio | Apportionment
A 9.996 MY _—
O RIM=3e45,4 = )0 s
B 9.061 0\ M-JG)OE) — q
4
C 7.179 e ﬁ%-g:;)bS‘i.EO =5 & K 9&
E 235
3.320 23 122=0350 —7 3
F 1185 | 3__"1_.? ==22194¢ > |
s 35 3‘ SV 3H<euts

+ To obtain the tentative apportionment, round each 'quota (round up if the decimal is .5 or higher and
round down if it is smaller than .5)

When too few seats are given (as is the case here), compute the adjusted ratio as follows:

_ . tate size
Webster = .
bster Adjusted Ratio tentative apportionment +0.5

(for too few seats)

_*CChoose the state with the largest adjusted ratio (that is, the adjusted ratio that is closest
to “s”). Increase that state’s apportionment by 1.

*

Recompute the state’s adjusted ratio based on its new tentative apportionment. If more seats are to be
added, compare the adjusted ratio to s as before. Continue in this manner until all seats have been

allocated.
. en too many seats are given, compute the adjusted ratio as follows:

Webster Adjusted Ratio = __siae —
tentative apportionment - 0.5

(for too many seats)

« Choose the state with the smallest adjusted ratio (that is, the adjusted ratio that is closest
to “s”). Decrease that state’s apportionment by 1.

« Recompute the state’s adjusted ratio based on its new tentative apportionment. If more seats are to be

taken away, compare the adjusted ratio to s as before. Continue in this manner until the house size is
reached.

+ The Webster method does not satisfy the quota condition.

12

Scanned by CamScanner



Noes Dax . (omied) Yecke4o13
N

T

Hill-Huntingion Method (tends to favor small states)

27786111 (T3 UG

Quota Geometric Tentative Adjus.ted Final
State Mean Apportionment Ratio Apportionment
A7 i
a7ty | %9902 949 T 10 FHeim = 26438 o)
— A4 5“7?._
260y | 90T oxtd v 9 BUE= 6534 9

qSuq | 7170 <l ang v 7 D s duesss g
40w | P29<leen54g v 5 - ang 5= ¢
obas | O <BHNIM ¢ 3 B -ageze] 3
ahn | TO<NTExH v ) 2Esmme] |

sy D5 s 3b seatrs

« For each quota, compute the geometric mean as follows:
Geometric Mean = «/lower quota- upper quota

+ To get the tentative apportionment, compare the quota to the geometric mean

Round the geometric mean:

UP ifthe quota is bigger (X >GM =
DOWN if the quota is smaller (3 < GM —> Round &M p o:ﬁ"\
+ When too few seats are given (as is the case here), compute the adjusted ratio as follows:

Gound, &Rjp P

Hill - Huntington Adjusted Ratio = state size

Jtentative apportionment (tentative appportionment + 1)

. )"Ehoose the state with the largest adjusted ratio and increase that states apportionment by 1 seat.
Recompute the adjusted ratio and continue until the desired size is reached.

+ When too many seats are given, compute the adjusted ratio as follows:

Hill = Huntington Adjusted Ratio = State size
\/tentative apportionment (tentative appportionment — 1)

+ Choose the state with the smallest adjusted ratio (closest to s) and decrease that states apportionment
by 1 seat. Recompute the adjusted ratio and continue until the desired size is reached.

13
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I Day @ p. 54-55 Apportionment HW

Hamilton, J efferson, Webster, and Hill

Ex. 1) City College is made up of & different departments: communications, accounting, marketing,

psychology, and technology. A total of 110 teaching positions are to be apportioned based on the school's
enrollment as shown below, o

Dc[idriﬁ{cnt Communications Accounting | Marketing | Psychology Technology To‘\‘rl\
Enrollment 2425 745 497 230 1053 H q SO

a. Find the total enrollment. ”\‘\50 (S\V“ o& W Qy\rﬁ“QA)

b. Find the ideal ratio, s. What doeg the ideal ratio represent in this problem? - 2y M
S= 138 = 45 = gize oF addn c\asSS o ¢ deashor—
¢. Find the number of faculty members apportioned to each department using the methods of
Hamilton, Jefferson, Webster, and Hill-Huntington and record in the table below. Split fhg @'\@"‘
epresent initial apportionment and final apportionment! 0\\%‘“9‘ 32
R 2ol ) g X \W\G"—‘ﬁo‘?wo
e . R A AN b‘fg\s o
Initial & Final Apportio mem%@%@_ Qe O 0 o,
4m'\‘§‘3“d$3?*\‘“~‘?p-0&°§73‘3&¢r p 7 W T o0
Department Initial Quota | Hamilton\ ¥ "~ &Jéffer@onv Webster | Hill-Huntington
Tatal _Emal |Tadial] FINAlTwbb &l pudd w0 dml eyaa)

RS = |53ETB | 53 HSY | 5395 [5495Y| SH—55Y
RS s = 165556 | b AT | ool 171 17 51T
M dR gs = | nLom | ety [P [l o b
aasY 5= | Sehl 545 | 5P5 |5Ps5| v L5
e sz | a%BHO [ 923D (23733 |axpaz| ax {33

SO -5 ‘!.c—_ S ‘0 TN L, s !l" V‘L
For each method that r'e_?uir"es an qcﬁlugfed ratio, state the ddj’ﬁsfec‘: ratio that you USe. =

S 170 Y nar AN (X *
SeSTe gy ooy - HL LI Gy T e %, 1055AY  SeestTies
(end ‘“f]vg-‘__‘}ef erson's Adjusfccf)g;T:z;:\'\C—:MA: H3.89- mHL420 P 38433 T: 413, 875/4')5\\)\?&"5\“"‘\

Webster's Adjusted Ratiofs: C: /oo 42N/, M W/oo  pn /o T_N/a ‘ ~
Hill-Huntington Geometric Means: C:053-5A: Vo WG 7M:_LLe SUT2P: SR Eo T T: 299 V) 233y
Hill-Huntington Adjusted Ratios 'C: N/ A: N\ /o M_Nfon PO fq. ™/ i

. G ' .
C: g3z nsanlon A a6 > {5 solen alegedy

Which department prefers each apportionment method and why?
Co,fmj ?co:gw fefers Jggtersonrps We Yhod s 1+ qiveS thew e moSt seats (sv).

AccbuYhnoy greﬁc S Barmatony WehSRr or Wil -Honha 40N wwich g e thar Hy st
N ads Ta e TS Hiota condia 239 Jhae o Rl Sice o+ Y samg
Do any methods q &atS wd i e gl

Jeferson violakes dhe quetdiond i om bemuse (g rmaine Thots 14
ends op with 5 seather s WACNIS above thei U fer quota (Sayy
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Ex. 2) A country has six states with populations 27,770; 25,193; 19,418; 14,612; 9.217; 3,790. It's House

of Representatives has 40 seats.

a. Find the apportionment using the methods of Hamilton, Jefferson, Hill-Huntington, and
. Webster and record in the table below. For Jefferson, Hill-Huntington, and Webster, state
the adjusted ratio that you use. Total ‘?0@ = 00000 &= Tdeo\ Quho = 500
Initial & Final Apportionments \00000/‘-{0

i iti i Hill-Huntington
Population Initial Quota | Hamilton | Jefferson | Webster
e PINAL Tidal EINALIT, dial 8 Tnitial ) EANNY

A: 27'770/11560 Ho\og ” ___>“ ” 3:&& “ _l_al\ gﬁ'\l-}% ||

825198 f3500 | 10.0m |104s 10|10 4210 [10-+10 T,L,\O~> O
C:19.418 [ncn 0 .77 |78 ﬁs\,g EdE .f\‘ii\"r':'g » ¥E

T

D: 14,612/5c00 5»_&35 5.:7-&_ 5 Er;_@ AT r,-.(" _ﬁ_ﬁ&gﬁgs
E9207 /3500 | 3,87 |3pY (2 173 [4 Py iy i%;,‘féi}
s | sl Ll [L P Jal (B 5 | netes
S50 e Adjurd o A S CAMES LIS PRMLT 185yt

3%\ d. / H-H Geometric Means: A:lH4AB: (0,49 ¢ T.98 0D:5.48 E34bF_LL4IY on_Seat—
ci'_éll_@_'ée H-H Adjusted Ratios: A:26478B:255.6C: 2594:F D:Q435:3 E:el0,IF: 6794

te eire K -Hiv
do VIEBSRE, = T L emvie 4o ety Sa %H. Evo= PSS TE o <)
Ex. 3) Cen'rﬁﬁ‘i-ligh Schogf'haé sgonhon‘\or'e, Junior, and senior\\élasses of 464, 240, and 196 sTué'enTs \;choc‘ge

_ o
respectively. The 20 seats on the school's student council are divided among the classes according to YooY

population. Vpta) = S=zideal - Q00 _ WO
stvdent (¢ 100 rahvo 720 = c\Q&Qa'

a. Find the apportionment using the methods of Hamilton, Jefferson, Hill-Huntington, and
Webster and record in the table below.

Class Size Initial Quota | Hamilton | Jefferson | Webster | Hill-Huntington
Tk, '.:IN'_A‘ Tt sl Tw'd, Tenmhve
Sophomores 464 RS
s2=110.30  |lo] 10|10 (107 1] = 1O U

Juniors 24%5 = | 6,333 |§| 5|55 |5 ‘P) S a, 5+35

Seniors 196/ _ 5y [G< g 1= 4
/ws 12560 Lj‘ S :1 «;{ fj 1 7‘3 G fi 20
Jeff. Adjusted Ratios: Sopbggr}?res:ﬂgﬂs Juniors: 4O Seﬁpi‘or‘*s:aﬂ.&
Webs. Adjusted Ratios: Gophomor. s: 44,19 Junbs: 43,630 Serbes: 43,5506
H-H Geometric Means: Sop Smores: 10,49 Tumiors: 5.4 siécﬁ_%g: 4,41
H-H Adjusted Ratios: Segy pores: 44, a4 J@i" : 1389 seniors: 43.8 3

Did any methods violate c?u 4 Condition? sg, whichoones? VYN H°5
Noo AN redsS  gave o vale of 2atS Qctla\ Yo
Y \ower qubta “oc W er ctlcﬁ‘m

he a0 o
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