



































































































 

PROBLEMSI Given two multi sets ofvotes V and V over the same

candidate set let dm U V be the min number ofvotes
that need to be added or deleted from U to transform it into v

Argue that dm i is a distancemetric

Reflexivity d U U 0 Bydefn don'tneed to doanything tochange a toll
Positivity dm u v so if Utv similarreason 9

Δ inequality Transform U W thentransform W v

d un d v w dew v

Eitherw inthe shortest transformation

from u to V then equality or

w is a longwinded transformation

somoreworkthanneeded

Symmetry dm U V octy
se deletions y insertions

dm V U x y switch order

x insertions y deletions

i dm UN dm V U

Given a profile R letMol be the min numberof voters that can be
added to R to male a condorcet winner

Argue that for any a b C we have

meal m b Meal M b

where m a Maxmin score of a
Thisisjustthe times a beets theirtoughestrival onewhobeatsthemthemosttimes

meal mingeera Krier a b

Ed Fact Adding raca n amea 1 voterswhowork a first ensures a is a condorcet winner

why observe N n n amrita anamial 1 cogmodifytaste
poet

priortothis addition α was beatingevery otherplayerbyatleast ma notes in a headtoneed

Now a beetseveryplayerbyatleast mca n 2ma N votes






































































































Now if Mca Mlb n amea a n 2mlb 1 this assumesneither

Mcb 2 mca a or b are condonet

i men men men me y pay a women

equations

But even when a is a condorcet winner but b is NOT it follows trivially
Mca 0

M b 0 M a L M b

wehave n meal 2m as a is a condorcet winner

n m b b is NOT a c w so someplayer beets b

1712 times

i n meal 2 n mlb or m b 2 m a

Use the results of the previous parts to provide a distance rationalisation of
the maxmin rule went to the condorcet consensus

This is a lot of fancy words to saying the following You are given some multiset
U and a scoring rule R C V IR

in.tn y
gufrei's

this case the scoring rule is mama

You want to find a class of profiles such as profiles w condorcet winner and
some distance metric on profiles s t the following process
yields the same winner as RCU

cordwinner v V arginine un

profilee

Now given a profile EC is maxmin winner

if i then dmcv.ie o and
so αwillbethewinner

dm VW 70 for we as t.tw
3min

process

is notwinner






































































































Nowsuppose α is not a condorcet winner v

To make α a condorcetwinner we can find profile v byadding n ff
voterswho

rankα astop to U where n is numvoters in V

Now suppose there is anothercandidate β that is not maxmin winner v so m b mca

but we can add Mlb votes to make β cord winner

By result above we have ÑCb MT a since m b mca
Therefore the profile V youget to make b a winner

is further away from V i.edu v V 2dm VV
So the min process will alwayspickα as cordwinner

Why did we use multi sets instead ofprofiles
It makes thedefr of distance morepainful
Have to account fororderof deletionsand insertions

Whyuse both insertions and deletions to defineddm
makes symmetry easier when oneset UEW
could we only insertions butcharge

thedefrof dm tominvotes I need to add

to both U w to makethe same

a bit more painful






































































































PROBLEMI show that dswap UV É dswapcui.ve is a distance metric

when U V are profiles

ofthesame size
one line proof Lin combof

Symmetry dgUN dfui.nl distance metrics

IIdsvi ui asdois ametric are distmetrics

dgV U
Reflexivity d UU Isdscai.in 0

Positivity
defy 2asCain Mustexistat leastone

j n sit dsus v 0
0

otherwinU V

Δ inequality dgUW Endsmini If ds viwit dWisvi

dg Usw dg W V

t.PEBLfI
showthat when mumvoters is odd and It is singlepeaked on

E then we always have a condorcet winner

Seepostednotes onwhat it means tobesingle peaked on atree
tree we mean anundirected connected graphwithout any cycles

Now take your tree and convert it into a DAG G C E

that is

For any a be C we have a b E cab
Effy find

a beats b by
amajorityof
notes

As original tree didn't have cycles weknow that theDAG can't have cycles

Sowe have anode CE G that is a sourcenode

We claimthe e is a condorcetwinner






































































































For any de C c if c d ie d is a

direct nbrof c the c beats d headto

head For d that is not a nbr of C
we have c x d

But if c then weusthave a kgd so Chajd

Why Assumeyou havea
ex b

ie Chojou and bing then this breaks single peahedron

morethanhalfthe
peopleprefercover x

By single peahedron

the
prefer to overseas bis

ay from e than a which
is their mostpreferred outof the3

P x vn all votes are distinct1
ff.IE e are off 2 ways to move P single crossing

If there is no way to permute P then we win

Assume there is a permutation ofP and denote it as
v vz e un that is single crossing

Then un v1 is also single crossing
We claim that these are the only two ways to make
it single crossing
Proof by induction

Base case n 2 final and valve are the only
permutations Done






































































































InductionHypothera Assume for size n l there are atmost
2 ways to male single crossingprofiles

cnet.onstep.ie Let P vi un As all vi's are distinct

V1 v2 i.e a B where B and β
But as P is single crossing for j 2 we

must have α β otherwise α β crossagain

IT ng

at the extremes of any

so my options are
I

s want to show that

Now as P is in single enossing
state

are not single
crossing

P v2up Vn and there are 2

ways atmost to make P single crossing

byinduction hypothesis
since v2 t un ad sit a d and d C

If P were to be single crossing then we need
C d otherwin and are notsinglecrossing

and we assured was single 1

But if CEd then c and d cross over twice in

E.INT and

T.in iz
so these perms cannot be single crossing






































































































Problem1

P is single peaked wirt some axis Δ if every vit P is single

peeked w.at to Δ Thus show that some ri et Vi

is single peaked writ at most 2m axes

By induction

M 1 Only one way to rank candidates and be SP
211 1

Induction Hypothesis For m t there are 2mtaxes 41 42m 1

Induction step Pick some voter ranking vi

vi b SM
Create v1 by deleting m

Vi is a ranking over 2m 1 axes

if I put m at the extreme left for any 4 jE 2m

MLA is also single peaked
Similarly placing it on the extreme right also makes
i SP w.at I m

Thus 2 ways to extend each 4j

Total 2 2m l l 2Mt
new add

ner
doesn't violate
SP


