
Math 11-16, Exam #L, Spring 2013 Name (eY :

Instructions: Show all work for full credit. Circle your final answers. Problems where you are asked to
define a term or explain a concept, use complete sentences.

1 . Consider the preference table below and answer the questions about i t  which fol low
10 8 4 4 3

L" choice B A B c c
2"u choice A B c B A
3' '  choice c c A A B

a. Calculate the winner of the election by the plural i ty method and then rank the remaining
candidates.

, t = 8  B -  , +  L = : 1

b. How many votes are needed to win the election if a majority is required?

2r\+'[a-A *t-/ l  =.\q.S -@

c. Calculate the winner by the plural i ty with el imination method,

r t - - t ' b =  \ \

A =  l ?  S =  l 3

d. Calculate the winner by the Borda Count method.

+ ttr l

t +Y'Z

+ L+N_3

B "-.,*

f t =  k > x Z

T5 = loY- ?

C

- r -  7 r - 3  r  + -F l

+  E * ' L  ' b  4 x 3

+  e f x t  +  + t - L

+ 3*z = s8
.r. 3x1 = bl

+ btb = Lt?



e' calculate the winner by the method of pairwise comparisons.

A -9, " g= ts A* tt B")1'h I A = ,,

l \ ^ C  " .  A = , s  ( :  r r  4 7 " ? u l . p r = Z

l ,  ( . -  i  Qs= 'zz  c ' ' ' r -+  f rc ;e -hs  t  C=o

B ̂ -*-.
f .  ls there a Condoicet cri terion violation? What about a majority crterion violation?

t/Vrr; .$r.',t-"fl.t-, 13 rl,)v-x,ri lP"1 cr./.'ll v'vt-tt^|{r.-r:1,^ , 6/r&:fk-atuQ.-

fuS-6.p an unl.^fr .p,o A (/V. tt.)t ; {t ta,\,..t, r'r,.)o -.n
(,i \

g. what would be required to create a monotonicity criterion violaticrn?

hX. c,_rOr,.,( -c!, U.-r 19- Q ntn'tih h: { a, tt..tp,**-, a/t^.c(- u,^- 'fkt. S.r:,c {t.t t!

V.tfi, fn..$^r. t.t$(ta Wl)v-t-d keP'*' /U.e{\-0 0l lu*1yo i''r ,'1,,, l:t,, '("

C.d'-Lt'€l fr' lo ["o"+-

h. What is the Independence of Independent Alternatives criterion? Explain how it works.

d";r*ps .l)^,h-r TM Nvurx*.rt
' 

,f,,,-';,("#1d."t.'"*.L, , q C.' dtri':,'i:tvttt "1

,iu frr-nu^ A ,;q,'''^'{"-d N\''^*

(uu\ru.[t k)r]vr" t l'atpytl'n" hp"'{.-)

i. What is Arrow's lmpossibil i ty Theorem? What does it say?

'ft 
S,*ultl{,,wrf ,/ltc tffi,44 fi,t",/rl...+:,{! (&-'"a Sr{'t;':a$u'r1 A'W- 

$a-u*rtnnr"

Ovk ui- P,"t'i. t"t't-' htru* '



2' Consider the weighted voting system [q: 11, t0,9,41. Use thislsystem to answer the fol lowing
questions.
a. what is the minimum value the quota can take? what is the maximum?

f W u  q =  l 8  ^ ^  n  . l
O Ma.F'%-- 3't

3Ilz= ta
- t l

1 8
b'  What is thevalueof  thequota i f  amin imum ot6Oo/oof the,votesareneededtopass? Use

this value in al l  the remaining questions.

3 1  x ' b  =  2 s ' \  - +  2 l

c. List al l  the winning coali t ions and indicate which players arie cri t ical in each coali t ion.
I

l Z t  z  l l r  l o '  q  , t f  
- 1

tpt  ,?\  P3 ' '?r  \

5y ,W'  ?3  !  ,B 'E  \L t !  i

6er r8 : 'e+ \
t r : ,  B ' t I \
tv,?3\

d. Use the information in part c to calculate the Banzhaf power distr ibution for this system.

U;V,rc^-\ pt","d-s = 12-

? l :  L=  sa"A

?z 'h - -3s " / "  t rW
P A '  + a i l 7 %  ,
. d l z

P q =  + - : l v " / "!  f '  12-



e' 
!jj,i'ftl.t 

seq'uential coalitions for this sysrem and indicate ttpe pivotat ptayers in each

{pt ,  fJ ,P3,:P{}
l P t i ? ? , P t { r P 3 >
(p r1?3  rp  rP l )
(  P t  ,  P3  r f f ,  Pz )
<  P l  ,pL t ,  &  , ' i l t ' t
1  ? t  ,  P4 r ' f r , ,  f "?-  )
1Pz. , f  ,  Pl  , '?q)

<' '1)?"  Prr  F4 ,Q.} ' : ,

<Fz , 'P3  r f  ,P * t>
1Pz , 'D3, 'Frq,  f t )
{ ?z , l}t{ , f,, f?:$}

{(tz , PL{ , p3, 'Pr)

<?: , 'Fl , 'Pz o Pq>
P a )<,t):, lPl ,'!r,{ ,

1?3 -,?2 r f i  ,  i2r)

< ? 3 , ? r t W , P l >
<?b,  P{  r  -B  '  Pz- }
< PE ., P4 r ?2 , 

'Pi'}

<  ? \  ,  P l  'P r ,P l>
1 . ? t l  u ' t ' > 1 , ? 3 , i " 1 ' \

<?1, 'P 2 rPl ',?j.)

1 . ' P q ,  F ? ^  , . P 3  ,  P t ' >

{Pr, f  I  fJ}  ,  
, i l ,  ; " - ; ' t

< at+, P3 ,lg, {i I -: i

l * n , ,  t t  l ^  ( l  , ,  1
I  / l  ( 1 ,  t t - ' r ,  l . ' ' {  j,-

f, Use the information in part e to calculate the Shapl
system.

? \  :  L  2 - ? ' D /|  Z . t t r  . J r  / a

T'2- -t,., ;' ?r3of"p l

f).s g- lz-rs ,
t  ; )  2 q  \ t . l a

F't = ;:r \7-olo

g. Compare the results from parts d and f to the percentage
other by weight. How fair to do you think this weighteJ r,

5
71

player has relative to the
svstem is as is?

'7, 1 o;'
-- .J <* fo

= 21 "/*

k, /'o

"r  b.z
r- /o

flnv,xi-tr,)pr,aJt^4 c'k *^ ,{* ?l , P2, b*'"f ?Z l*rl'* tn''ua'k
' 
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$ "P 4 w*oli


