



































































































 

Problem 1a G 13 77.3.37 20 203 1 sowecanjustcompute theshapleyvalueforanyoneplayer

I onlyneed toconsiderwinningpermutationswhere a Pickplayer7

addsvaluetothegame 7addsvaluewhen 7 isthird 7 3slots3options ways

issecondbutprecededby7 177 Elways toarrangethe3s

3121 4

0 1 20112
Need3 3shereoutof 4 43

Problem 1b G 10 33 33.1.11 I mustbefourthtobe influential 1

0 4 31.26 1115 03 13160 of

Problem 2 GivenaweightedvotinggameG 9 we vn Prove that we w G 0 G

Letitbea permutationforwhich player ispivotal

LetTi bethepermutationobtainedbyswapping iandj

Let sbethepredecessors of i inIT i As i ispivotal wehavew s29 but insuis a
s
Nowimaginejes Then sues w so i a

ies then w s i U i3 w s in we a

Adding to ski U is ispivotal j ispivotalto s
Observethat IT IT thenTi I and willbe pivotalforthesets thatarepredecessors

ofi init where i ispivotal

Thereforethesetofpermutations where j ispivotal is atleastaslarge

asthesetofpermutations i ispivotalin ie i j

Problemf canyoucompute Banghafindexinpolytime Whataboutpseudopolytime

No Tosetbenzhofindex ofnullplayer equalto 0 0 weneedtocheckif aplayerisnotnullinaweightedvotinggamewhichweknowisNPhard

sounlessP NP it isnotpossibletocomputethebanghafindexinpolytimeinthesizeoftheinstance

Pseudopolytime Yes usedynamic programming
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DefineUlink se 1.2 K Ein w
numberofsubsets
of K thathavevaluew

zW Ucwn 1 recursiveEquation Ulusk UC.gg2 ocwwi.sk1 0114.1
of it or to

Belsenhas 1 p
the

PROBLEMI computetheSchultzwinnerinpolytime

sufficestocompute.ISforalla.bec

no in.iograt

I a 11coulddowithbinarysearch
construct k majoritygraph

outputlargestkforwhichthereis apathfromatob

doitforallpairabtC andthenfinda st pab Pad

I ogn total complexity 0 mlogn
pairs01m

Problem5 Game G Nov showthat canbeexpressed asalinearcombinationof unaminitygames

I
I t us

FixsomecoalitionQ ForSEN usca 1 if sea 0otherwise
wanttoshow

EF.at Ia Tretsu.ca

ia.is aASE I

1 Ca a

ASE If TCQ letItl t 1019 wehavea t elementsin a thatarenotin t

intehave a waysofmaking asets ofsize tt s t TesandTea 1,1 It s T contributes

Now s goesfrom0,1 a t If's wasanybigger IwouldcontainsomeelementsofQ
i T'stotalcontribution c titive

c jan1
Binomialthat






































































































PROBLEM5 showthattheBordacountwinnercannotbeacondorcetloser

Wehavemcandidates C 1 m andnvoters

Totalscoreforallcandidates If gg i.i Bythepigeonholeprinciplethewinners scoremustbe It

FACT ForafixedvotertheBordacount of a candidate isthenumberofcandidates markedlowerthanthecandidate

Bordascoreofcandidate b Een if ismarkedlowerthanb
Indicatorfun

n.nu

Assumeb is acondorcetloser blose heyhey headgame iethetotalvotesbgetsis2I'ma
whichcontradicts

Problem 6

n

e e s

2 Ca E Ca as
2 a E c

T ca I ez.es
EARLY Pit candoz e wins

P c63 c 53 LATE Pitfence ces toconstruct

W CaCafewinneras 122

PART B
W C Nocandidate iscondorcetloser all scoresarethesame

AssumeW C Forany ciewtheywona pairwise battleinP

Keretty As w L everyplayer wins at leastone pairwin battle

LEEDAssume scoresnotequal Then I 9 and I 443 a
wf.FI P

P ca.ca 244m
man thepairs

thepain ci.ca istheonlytimeon showsupinP

Asonew byassumption itwinstheneedtoheedwith1 by a strictmajority

Ck pickedgenerally Calosesall need toheeds c W and

C W contradiction






































































































Assume no condorcetloser Pluralityscoresequal
P c c it

No loser implies every player wins

at leastone need toheed
i C W


