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h
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u
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V
o
tin
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T
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o
ry

U
lle

E
n
d
riss

In
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te
for

L
ogic,

L
an

gu
age

an
d

C
om

p
u
tation

U
n
iversity

of
A

m
sterd

am

U
lle

E
n
d
riss

1

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

T
a
b
le

o
f
C
o
n
te

n
ts

In
tro

d
u
ctio

n
.......................................

..............
3

V
o
tin

g
P
ro

ced
u
res

a
n
d

th
eir

P
ro

p
erties

...........................
8

M
a
jo

r
T

h
eo

rem
s

in
V
o
tin

g
T

h
eo

ry
........................

.......
2
9

V
o
tin

g
T

h
eo

ry
a
n
d

C
o
m

p
u
ta

tio
n
a
l
S
o
cia

l
C
h
o
ice

...........
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5
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C
o
n
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sio
n
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U
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E
n
d
riss
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V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

In
tro

d
u
ctio

n

U
lle

E
n
d
riss

3

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

V
o
tin

g
T

h
e
o
ry

V
otin

g
th

eory
(w

h
ich

is
p
art

of
S
o
cial

C
h
oice

T
h
eory)

is
th

e
stu

d
y

of

m
eth

o
d
s

for
con

d
u
ctin

g
an

election
:

◮
A

grou
p

of
vo

ters
each

h
ave

p
referen

ces
over

a
set

of
a
ltern

a
tives.

E
ach

voter
su

b
m

its
a

b
a
llo

t,
b
ased

on
w

h
ich

a
vo

tin
g

p
ro

ced
u
re

selects
a

(set
of)

w
in

n
er(s)

from
am

on
gst

th
e

altern
atives.

T
h
is

is
n
ot

a
trivial

prob
lem

.
R
em

em
b
er

F
lorid

a
2000

(sim
p
lifi

ed
):

◮
49%

:
B

u
sh

≻
G

ore
≻

N
ad

er

20%
:

G
ore

≻
N

ad
er

≻
B

u
sh

20%
:

G
ore

≻
B

u
sh

≻
N

ad
er

11%
:

N
ad

er
≻

G
ore

≻
B

u
sh

U
lle
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n
d
riss
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V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

V
o
tin

g
T

h
e
o
ry

a
n
d

A
I
(1

)

V
otin

g
th

eory
h
as

n
atu

ral
ap

p
lication

s
in

A
I:

•
S
earch

E
n
g
in

es:
to

d
eterm

in
e

th
e

m
ost

im
p
ortan

t
sites

b
ased

on

lin
ks

(“votes”)
+

to
aggregate

th
e

ou
tp

u
t
of

several
search

en
gin

es

•
R
eco

m
m

en
d
er

S
ystem

s
:

to
recom

m
en

d
a

pro
d
u
ct

to
a

u
ser

b
ased

on
earlier

ratin
gs

by
oth

er
u
sers

•
M

u
ltia

g
en

t
S
ystem

s:
to

co
ord

in
ate

th
e

action
s

of
grou

p
s

of

au
ton

om
ou

s
softw

are
agen

ts

•
A

I
C
o
m

p
etitio

n
s:

to
d
eterm

in
e

w
h
o

h
as

d
evelop

ed
th

e
b
est

trad
in

g
agen

t
/

S
A
T

solver
/

R
ob

oC
u
p

team

B
u
t

n
ot

all
of

th
e

classical
assu

m
p
tion

s
w

ill
fi
t

th
ese

n
ew

ap
p
lication

s.

S
o

A
I
n
eed

s
to

d
evelop

n
ew

m
o
d
els

o
f
vo

tin
g

an
d

a
sk

n
ew

q
u
estio

n
s.

U
lle

E
n
d
riss
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V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

V
o
tin

g
T

h
e
o
ry

a
n
d

A
I
(2

)

V
ice

versa,
tech

n
iq

u
es

from
A

I,
an

d
com

p
u
tation

al
tech

n
iq

u
es

in

gen
eral,

are
u
sefu

l
for

ad
van

cin
g

th
e

state
of

th
e

art
in

votin
g

th
eory:

•
A

lg
o
rith

m
s

a
n
d

C
o
m

p
lexity

:
to

d
evelop

algorith
m

s
for

(com
p
lex)

votin
g

pro
ced

u
res

+
to

u
n
d
erstan

d
th

e
h
ard

n
ess

of
“u

sin
g”

th
em

•
K

n
o
w

led
g
e

R
ep

resen
ta

tio
n
:

to
com

p
actly

represen
t

th
e

preferen
ces

of
voters

over
large

sp
aces

of
altern

atives

•
L
o
g
ic

a
n
d

A
u
to

m
a
ted

R
ea

so
n
in

g
:

to
form

ally
m

o
d
el

prob
lem

s
in

votin
g

th
eory

+
to

au
tom

atically
verify

(or
d
iscover)

th
eorem

s

In
d
eed

,
you

w
ill

fi
n
d

m
an

y
p
ap

ers
on

votin
g

at
A

I
con

feren
ces

(e.g.,

IJC
A

I,
A

A
A

I,
A

A
M

A
S
)

an
d

m
an

y
A

I
research

ers
p
articip

ate
in

even
ts

d
ed

icated
to

votin
g

an
d

so
cial

ch
oice

(p
articu

larly
C
O

M
S
O

C
).

U
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E
n
d
riss
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o
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g
T

h
eory

A
A
A
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0
1
0

T
u
to

ria
l
O

ve
rvie

w

•
V
otin

g
P
ro

ced
u
res

–
S
u
ch

as:
P
lu

rality,
B

ord
a,

A
p
proval,

S
T

V
,
K

em
en

y,
...

–
P
rop

erties
an

d
P
arad

oxes

•
M

ajor
T

h
eorem

s
in

V
otin

g
T

h
eory

–
T

h
e

A
xiom

atic
M

eth
o
d

in
V
otin

g
T

h
eory

–
C
h
aracterisation

s:
M

ay’s
T

h
eorem

,
Y
ou

n
g’s

T
h
eorem

–
Im

p
ossib

ilities:
A

rrow
’s

T
h
eorem

,
G

ib
b
ard

-S
atterth

w
aite

T
h
m

–
W

ays
ou

t:
B

lack’s
T

h
eorem

•
C
om

p
u
tation

al
S
o
cial

C
h
oice

–
In

tro
d
u
ction

to
th

e
fi
eld

–
E
xam

p
les

for
w
ork

in
volvin

g
votin

g
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n
d
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o
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g
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g
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d
u
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a
n
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e
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e
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V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

V
o
tin

g
P
ro

ce
d
u
re

s

W
e’ll

d
iscu

ss
pro

ced
u
res

for
n

vo
ters

(or
in

d
ivid

u
a
ls,

a
g
en

ts,
p
layers)

to
collectively

ch
o
ose

from
a

set
of

m
a
ltern

a
tives

(or
ca

n
d
id

a
tes):

•
E
ach

voter
votes

by
su

b
m

ittin
g

a
b
a
llo

t,
e.g.,

th
e

n
am

e
of

a
sin

gle

altern
ative,

a
ran

kin
g

of
all

altern
atives,

or
som

eth
in

g
else.

•
T

h
e

pro
ced

u
re

d
efi

n
es

w
h
at

are
va

lid
b
a
llo

ts,
an

d
h
ow

to

a
g
g
reg

a
te

th
e

b
allot

in
form

ation
to

ob
tain

a
w

in
n
er.

R
em

ark
1:

T
h
ere

cou
ld

b
e

ties.
S
o

ou
r

votin
g

pro
ced

u
res

w
ill

actu
ally

pro
d
u
ce

sets
o
f
w

in
n
ers.

T
ie-breakin

g
is

a
sep

arate
issu

e.

R
em

ark
2:

F
orm

ally,
vo

tin
g

ru
les

(or
reso

lu
te

votin
g

pro
ced

u
res)

retu
rn

sin
gle

w
in

n
ers;

vo
tin

g
co

rresp
o
n
d
en

ces
retu

rn
sets

of
w

in
n
ers.

U
lle

E
n
d
riss

9

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

P
lu

ra
lity

R
u
le

U
n
d
er

th
e

p
lu

ra
lity

ru
le

each
voter

su
b
m

its
a

b
allot

sh
ow

in
g

th
e

n
am

e

of
on

e
altern

ative.
T

h
e

altern
ative(s)

receivin
g

th
e

m
ost

votes
w

in
(s).

R
em

arks:

•
A

lso
kn

ow
n

as
th

e
sim

p
le

m
a
jo

rity
ru

le
(6=

a
b
so

lu
te

m
a
jo

rity
ru

le).

•
T

h
is

is
th

e
m

ost
w

id
ely

u
sed

votin
g

pro
ced

u
re

in
practice.

•
If

th
ere

are
on

ly
tw

o
altern

atives,
th

en
it

is
a

very
go

o
d

pro
ced

u
re.

U
lle

E
n
d
riss

1
0

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

C
riticism

o
f
th

e
P
lu

ra
lity

R
u
le

P
rob

lem
s

w
ith

th
e

p
lu

rality
ru

le
(for

m
ore

th
an

tw
o

altern
atives):

•
T

h
e

in
form

ation
on

voter
preferen

ces
oth

er
th

an
w

h
o

th
eir

favou
rite

can
d
id

ate
is

gets
ign

ored
.

•
D

isp
ersion

of
votes

across
id

eologically
sim

ilar
can

d
id

ates.

•
E
n
cou

rages
voters

n
ot

to
vote

for
th

eir
tru

e
favou

rite,
if

th
at

can
d
id

ate
is

p
erceived

to
h
ave

little
ch

an
ce

of
w

in
n
in

g.

U
lle

E
n
d
riss

1
1

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

P
lu

ra
lity

w
ith

R
u
n
-O

ff

U
n
d
er

th
e

p
lu

ra
lity

ru
le

w
ith

ru
n
-o

ff
,
each

voter
in

itially
votes

for
on

e

altern
ative.

T
h
e

w
in

n
er

is
elected

in
a

secon
d

rou
n
d

by
u
sin

g
th

e

p
lu

rality
ru

le
w

ith
th

e
tw

o
top

altern
atives

from
th

e
fi
rst

rou
n
d
.

R
em

arks:

•
U

sed
to

elect
th

e
presid

en
t

in
F
ran

ce.

•
A

d
d
resses

som
e

of
th

e
n
oted

prob
lem

s:
elicits

m
ore

in
form

ation

from
voters;

realistic
“secon

d
b
est”

can
d
id

ate
gets

an
oth

er
ch

an
ce.

•
S
till:

h
eavily

criticised
after

L
e

P
en

en
tered

th
e

ru
n
-off

in
2002.

U
lle

E
n
d
riss

1
2

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

T
h
e

N
o
-S

h
o
w

P
ara

d
o
x

U
n
d
er

p
lu

rality
w

ith
ru

n
-off

,
it

m
ay

b
e

b
etter

to
ab

stain
th

an
to

vote

for
you

r
favou

rite
can

d
id

ate!
E
xam

p
le:

25
voters:

A
≻

B
≻

C

46
voters:

C
≻

A
≻

B

24
voters:

B
≻

C
≻

A

G
iven

th
ese

voter
preferen

ces,
B

gets
elim

in
ated

in
th

e
fi
rst

rou
n
d
,

an
d

C
b
eats

A
70:25

in
th

e
ru

n
-off

.

N
ow

su
p
p
ose

tw
o

voters
from

th
e

fi
rst

grou
p

ab
stain

:

23
voters:

A
≻

B
≻

C

46
voters:

C
≻

A
≻

B

24
voters:

B
≻

C
≻

A

A
gets

elim
in

ated
,
an

d
B

b
eats

C
47:46

in
th

e
ru

n
-off

.

U
lle

E
n
d
riss

1
3

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

B
o
rd

a
R
u
le

U
n
d
er

th
e

votin
g

pro
ced

u
re

prop
osed

by
Jean

-C
h
arles

d
e

B
ord

a,
each

voter
su

b
m

its
a

com
p
lete

ran
kin

g
of

all
m

can
d
id

ates.

F
or

each
voter

th
at

p
laces

a
can

d
id

ate
fi
rst,

th
at

can
d
id

ate
receives

m
−

1
p
oin

ts,
for

each
voter

th
at

p
laces

h
er

2n
d

sh
e

receives
m
−

2

p
oin

ts,
an

d
so

forth
.

T
h
e

B
o
rd

a
co

u
n
t

is
th

e
su

m
of

all
th

e
p
oin

ts.

T
h
e

can
d
id

ate
w

ith
th

e
h
igh

est
B

ord
a

cou
n
t

w
in

s.

R
em

arks:

•
T
akes

care
of

som
e

of
th

e
prob

lem
s

id
en

tifi
ed

for
p
lu

rality
votin

g,

e.g.,
th

is
form

of
b
allotin

g
is

m
ore

in
form

ative.

•
D

isad
van

tage
(of

an
y

system
w

h
ere

voters
su

b
m

it
fu

ll
ran

kin
gs):

h
igh

er
elicitation

an
d

com
m

u
n
ication

costs

J
.-C

.
d
e

B
o
rd

a
.

M
é
m

o
ire

su
r
le

s
é
le

c
tio

n
s
a
u

sc
ru

tin
.

H
isto

ire
d
e

l’A
ca

d
ém

ie
R
o
ya

le

d
es

S
cien

ces,
P
aris,

1
7
8
1
.

U
lle

E
n
d
riss

1
4

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

E
xa

m
p
le

C
on

sid
er

again
th

is
exam

p
le:

49%
:

B
u
sh

≻
G

ore
≻

N
ad

er

20%
:

G
ore

≻
N

ad
er

≻
B

u
sh

20%
:

G
ore

≻
B

u
sh

≻
N

ad
er

11%
:

N
ad

er
≻

G
ore

≻
B

u
sh

O
u
r

votin
g

pro
ced

u
res

give
d
iff

eren
t

w
in

n
ers:

•
P
lu

rality:
B

u
sh

w
in

s

•
P
lu

rality
w

ith
ru

n
-off

:
G

ore
w

in
s

(N
ad

er
elim

in
ated

in
rou

n
d

1)

•
B

ord
a:

G
ore

w
in

s
(49

+
40

+
40

+
11

>
98

+
20

>
20

+
22)

•
G

ore
is

also
th

e
C
o
n
d
o
rcet

w
in

n
er

(w
in

s
an

y
p
airw

ise
con

test).

U
lle

E
n
d
riss

1
5

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

P
o
sitio

n
a
l
S
co

rin
g

R
u
le

s

W
e

can
gen

eralise
th

e
id

ea
u
n
d
erlyin

g
th

e
B

ord
a

ru
le

as
follow

s:

A
p
o
sitio

n
a
l
sco

rin
g

ru
le

is
given

by
a

sco
rin

g
vecto

r
s

=
〈s

1 ,...,s
m
〉

w
ith

s
1

>
s
2

>
···

>
s

m
an

d
s
1

>
s

m
.

E
ach

voter
su

b
m

its
a

ran
kin

g
of

th
e

m
altern

atives.
E
ach

altern
ative

receives
s

i
p
oin

ts
for

every
voter

p
u
ttin

g
it

at
th

e
ith

p
osition

.

T
h
e

altern
ative

w
ith

th
e

h
igh

est
score

(su
m

of
p
oin

ts)
w

in
s.

R
em

arks:

•
T

h
e

B
o
rd

a
ru

le
is

is
th

e
p
osition

al
scorin

g
ru

le
w

ith
th

e
scorin

g

vector
〈m

−
1
,m

−
2
,...,0〉.

•
T

h
e

p
lu

ra
lity

ru
le

is
th

e
p
osition

al
scorin

g
ru

le
w

ith
th

e
scorin

g

vector
〈1

,0
,...,0〉.

U
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E
n
d
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V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

T
h
e

C
o
n
d
o
rce

t
P
rin

cip
le

A
n

altern
ative

th
at

b
eats

every
oth

er
altern

ative
in

p
airw

ise
m

ajority

con
tests

is
called

a
C
o
n
d
o
rcet

w
in

n
er.

T
h
ere

m
ay

b
e

n
o

C
on

d
orcet

w
in

n
er;

w
itn

ess
th

e
C
o
n
d
o
rcet

p
ara

d
o
x
:

A
n
n
:

A
≻

B
≻

C

B
ob

:
B

≻
C

≻
A

C
esar:

C
≻

A
≻

B

W
h
en

ever
a

C
on

d
orcet

w
in

n
er

exists,
th

en
it

m
u
st

b
e

u
n
iq

u
e
.

A
votin

g
pro

ced
u
re

satisfi
es

th
e

C
o
n
d
o
rcet

p
rin

cip
le

if
it

elects
(on

ly)

th
e

C
on

d
orcet

w
in

n
er

w
h
en

ever
on

e
exists.

M
.
le

M
arq

u
is

d
e

C
o
n
d
o
rcet.

E
ssa

i
su

r
l’a

p
p
lic

a
tio

n
d
e

l’a
n
a
ly

se
à

la
p
ro

b
a
b
ilté

d
e
s

d
é
c
isio

n
s

re
n
d
u
e
s

a
la

p
lu

ra
lité

d
e
s

v
o
ix.

P
aris,

1
7
8
5
.

U
lle

E
n
d
riss

1
7

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

P
o
sitio

n
a
l
S
co

rin
g

R
u
le

s
vio

la
te

C
o
n
d
o
rce

t

C
on

sid
er

th
e

follow
in

g
exam

p
le:

3
voters:

A
≻

B
≻

C

2
voters:

B
≻

C
≻

A

1
voter:

B
≻

A
≻

C

1
voter:

C
≻

A
≻

B

A
is

th
e

C
o
n
d
o
rcet

w
in

n
er;

sh
e

b
eats

b
oth

B
an

d
C

4
:
3.

B
u
t

an
y

p
o
sitio

n
a
l
sco

rin
g

ru
le

assign
in

g
strictly

m
ore

p
oin

ts
to

a
can

d
id

ate

p
laced

2n
d

th
an

to
a

can
d
id

ate
p
laced

3rd
(s

2
>

s
3 )

m
akes

B
w

in
:

A
:

3
·
s
1

+
2
·
s
2

+
2
·
s
3

B
:

3
·
s
1

+
3
·
s
2

+
1
·
s
3

C
:

1
·
s
1

+
2
·
s
2

+
4
·
s
3

T
h
u
s,

n
o

p
o
sitio

n
a
l
sco

rin
g

ru
le

(w
ith

a
strictly

d
escen

d
in

g
scorin

g

vector)
w

ill
satisfy

th
e

C
o
n
d
o
rcet

p
rin

cip
le

.

U
lle

E
n
d
riss

1
8

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

C
o
p
e
la

n
d

R
u
le

S
om

e
votin

g
pro

ced
u
res

(w
ith

b
allots

th
at

are
fu

ll
ran

kin
gs)

h
ave

b
een

d
esign

ed
sp

ecifi
cally

to
m

eet
th

e
C
on

d
orcet

prin
cip

le.

T
h
e

C
o
p
ela

n
d

ru
le

elects
th

e
altern

ative(s)
th

at
m

axim
ise(s)

th
e

d
iff

eren
ce

b
etw

een
w
on

an
d

lost
p
airw

ise
m

ajority
con

tests.

R
em

arks:

•
T

h
e

C
op

elan
d

ru
le

satisfi
es

th
e

C
on

d
orcet

prin
cip

le.

•
V
ariation

s
are

p
ossib

le:
0

p
oin

ts
for

every
lost

con
test;

1
p
oin

t
for

every
w
on

con
test;

α
p
oin

ts
(w

ith
p
ossib

ly
α
6=

12
)

for
every

d
raw

A
.H

.
C
o
p
ela

n
d
.

A
“
R
e
a
so

n
a
b
le

”
S
o
c
ia

l
W

e
lfa

re
F
u
n
c
tio

n
.

S
em

in
ar

o
n

M
a
th

em
a
t-

ics
in

S
o
cia

l
S
cien

ces,
U

n
iversity

o
f
M

ich
ig

a
n
,
1
9
5
1
.

U
lle

E
n
d
riss

1
9

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

T
o
u
rn

a
m

e
n
t

S
o
lu

tio
n
s

T
h
e

C
op

elan
d

ru
le

is
an

exam
p
le

for
a

to
u
rn

a
m

en
t

so
lu

tio
n
.

T
h
ere

is

an
en

tire
class

of
votin

g
pro

ced
u
re

th
at

can
b
e

d
efi

n
ed

like
th

is:

◮
D

raw
a

d
irected

grap
h

w
h
ere

th
e

altern
atives

are
th

e
vertices

an
d

th
ere

is
an

ed
ge

from
A

to
B

iff
A

b
eats

B
in

a
m

ajority
con

test.

M
an

y
ru

les
can

b
e

d
efi

n
ed

on
su

ch
a

m
a
jo

rity
g
ra

p
h

(L
aslier,

1997).

J
.F

.
L
a
slier.

T
o
u
rn

a
m

e
n
t

S
o
lu

tio
n
s

a
n
d

M
a
jo

rity
V
o
tin

g
.

S
tu

d
ies

in
E
co

n
o
m

ic

T
h
eo

ry,
S
p
rin

g
er-V

erla
g
,
1
9
9
7
.

U
lle

E
n
d
riss

2
0

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

K
e
m

e
n
y

R
u
le

U
n
d
er

th
e

K
em

en
y

ru
le

,
b
allots

are
fu

ll
ran

kin
gs

of
th

e
altern

atives.

A
n

altern
ative

w
in

s
if

it
is

m
axim

al
in

a
ran

kin
g

m
in

im
isin

g
th

e
su

m
of

d
isagreem

en
ts

w
ith

th
e

b
allots

regard
in

g
p
airs

of
altern

atives.

T
h
at

is:

(1)
F
or

every
p
ossib

le
ran

kin
g

R
,
cou

n
t

th
e

n
u
m

b
er

of
trip

les
(i,x

,y
)

s.t.
R

d
isagrees

w
ith

voter
i
on

th
e

ran
kin

g
of

altern
atives

x
an

d
y
.

(2)
F
in

d
all

ran
kin

gs
R

th
at

h
ave

m
in

im
al

score
in

th
e

ab
ove

sen
se.

(3)
E
lect

an
y

altern
ative

th
at

is
m

axim
al

in
su

ch
a

“closest”
ran

kin
g.

R
em

arks:

•
S
atisfi

es
th

e
C
on

d
orcet

prin
cip

le.

•
T

h
is

w
ill

b
e

h
ard

to
com

p
u
te

(m
ore

later).

J
.
K

em
en

y.
M

a
th

em
a
tics

w
ith

o
u
t

N
u
m

b
ers.

D
a
e
d
a
lu

s,
8
8
:5

7
1
–
5
9
1
,
1
9
5
9
.

U
lle

E
n
d
riss

2
1

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

V
o
tin

g
T
re

e
s

(C
u
p

R
u
le

,
S
e
q
u
e
n
tia

l
M

a
jo

rity)

If
b
allots

are
ran

kin
gs,

w
e

can
d
efi

n
e

a
votin

g
ru

le
via

a
b
in

ary
tree

,

w
ith

th
e

altern
atives

lab
ellin

g
th

e
leaves,

an
d

an
altern

ative

progressin
g

to
a

p
aren

t
n
o
d
e

if
it

b
eats

its
sib

lin
g

in
a

m
a
jo

rity
co

n
test.

T
w
o

exam
p
les

for
su

ch
ru

les
an

d
a

p
ossib

le
profi

le
of

b
allots:

(
1
)

(
2
)

o

o
/

\

/
\

/
\

o
C

o
o

/
\

/
\

/
\

A
B

A
B

B
C

A
≻

B
≻

C

B
≻

C
≻

A

C
≻

A
≻

B

R
u
le

(1):
C

w
in

s

R
u
le

(2):
A

w
in

s

R
em

arks:

•
A

n
y

su
ch

ru
le

satisfi
es

th
e

C
on

d
orcet

prin
cip

le.

•
M

ost
su

ch
ru

les
violate

n
eu

tra
lity

(=
sym

m
etry

w
rt.

altern
atives).

U
lle

E
n
d
riss

2
2

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

S
in

g
le

T
ra

n
sfe

ra
b
le

V
o
te

(S
T

V
)

A
lso

kn
ow

n
as

th
e

H
are

system
.

T
o

select
a

sin
gle

w
in

n
er,

it
w
orks

as

follow
s

(voters
su

b
m

it
ran

ked
preferen

ces
for

all
can

d
id

ates):

•
If

on
e

of
th

e
can

d
id

ates
is

th
e

1st
ch

oice
for

over
50%

of
th

e

voters
( q

u
o
ta),

sh
e

w
in

s.

•
O

th
erw

ise,
th

e
can

d
id

ate
w

h
o

is
ran

ked
1st

by
th

e
few

est
voters

gets
elim

in
a
ted

from
th

e
race.

•
V
otes

for
elim

in
ated

can
d
id

ates
get

tra
n
sferred

:
d
elete

rem
oved

can
d
id

ates
from

b
allots

an
d

“sh
ift”

ran
kin

gs
(i.e.,

if
you

r
1st

ch
oice

got
elim

in
ated

,
th

en
you

r
2n

d
ch

oice
b
ecom

es
1st).

In
practice,

voters
n
eed

n
ot

b
e

req
u
ired

to
ran

k
all

can
d
id

ates

(n
on

-ran
ked

can
d
id

ates
are

assu
m

ed
to

b
e

ran
ked

low
est).

S
T

V
(su

itab
ly

gen
eralised

)
is

often
u
sed

to
elect

com
m

ittees.

S
T

V
is

u
sed

in
several

cou
n
tries

(e.g.,
A

u
stralia,

N
ew

Z
ealan

d
,
...).

U
lle

E
n
d
riss

2
3

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

E
xa

m
p
le

E
lect

on
e

w
in

n
er

am
on

gst
fou

r
can

d
id

ates,
u
sin

g
S
T

V
(100

voters):

39
voters:

A
≻

B
≻

C
≻

D

20
voters:

B
≻

A
≻

C
≻

D

20
voters:

B
≻

C
≻

A
≻

D

11
voters:

C
≻

B
≻

A
≻

D

10
voters:

D
≻

A
≻

B
≻

C

(A
n
sw

er:
B

w
in

s)

N
ote

th
at

for
3

can
d
id

ates,
S
T

V
red

u
ces

to
p
lu

rality
votin

g
w

ith

ru
n
-off

,
so

it
su

ff
ers

from
th

e
sam

e
prob

lem
s.

U
lle

E
n
d
riss

2
4



V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

A
p
p
ro

va
l
V
o
tin

g
(A

V
)

In
a
p
p
ro

va
l
vo

tin
g
,
a

b
allot

is
a

set
of

altern
atives

(th
e

on
es

th
e

voter

“ap
proves”

of).
T

h
e

altern
ative

w
ith

th
e

m
ost

ap
provals

w
in

s.

R
em

arks:

•
A

p
proval

votin
g

h
as

b
een

u
sed

by
several

profession
al

so
cieties,

su
ch

as
th

e
A

m
erican

M
ath

em
atical

S
o
ciety

(A
M

S
).

•
In

tu
itively,

less
cau

se
n
o
t

to
vote

for
th

e
m

ost
preferred

can
d
id

ate

for
strategic

reason
s

w
h
en

sh
e

h
as

a
slim

ch
an

ce
of

w
in

n
in

g.

•
G

o
o
d

com
prom

ise
b
etw

een
p
lu

rality
(to

o
sim

p
le)

an
d

B
ord

a
(to

o

com
p
lex)

in
term

s
of

com
m

u
n
ication

req
u
irem

en
ts.

•
O

n
ly

pro
ced

u
re

w
e

h
ave

seen
w

h
ere

b
allots

ca
n
n
o
t

b
e

m
o
d
elled

as

lin
ear

ord
ers

over
th

e
set

of
altern

atives.

S
.J

.
B

ra
m

s
a
n
d

P
.C

.
F
ish

b
u
rn

.
A

p
p
ro

va
l
V
o
tin

g
.

T
h
e

A
m

e
ric

a
n

P
o
litic

a
l
S
c
ie

n
c
e

R
e
v
ie

w
,
7
2
(3

):8
3
1
–
8
4
7
,
1
9
7
8
.

U
lle

E
n
d
riss

2
5

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

S
u
m

m
ary:

V
o
tin

g
P
ro

ce
d
u
re

s

W
e

h
ave

seen
a

fair
n
u
m

b
er

of
votin

g
p
ro

ced
u
res:

•
B

a
llo

ts
m

igh
t

b
e

elem
en

ts
(p

lu
rality),

ran
kin

gs
(e.g.,

B
ord

a),
or

su
b
sets

(ap
proval)

of
th

e
set

of
altern

atives.
(E

n
ou

gh
for

A
I?)

•
T
yp

es
of

pro
ced

u
res:

–
p
o
sitio

n
a
l
sco

rin
g

ru
les:

B
ord

a,
(p

lu
rality)

–
b
ased

on
th

e
m

a
jo

rity
g
ra

p
h
:

C
op

elan
d
,
votin

g
trees

–
b
ased

on
th

e
w
eig

h
ted

m
a
jo

rity
g
ra

p
h
:

K
em

en
y

–
sta

g
ed

p
ro

ced
u
res:

p
lu

rality
w

ith
ru

n
-off

,
S
T

V

–
a
p
p
ro

va
l
vo

tin
g

W
e

h
ave

seen
a

few
p
ro

p
erties

of
votin

g
pro

ced
u
res:

•
M

o
n
o
to

n
icity

,
as

violated
by

e.g.
th

e
n
o
-sh

o
w

p
ara

d
o
x

•
S
tra

teg
ic

issu
es,

m
ean

in
g

p
eop

le
m

igh
t

n
ot

vote
tru

th
fu

lly

•
C
o
n
d
o
rcet

p
rin

cip
le

:
if

an
altern

ative
w

in
s

all
p
airw

ise
m

ajority

con
tests,

th
en

it
sh

ou
ld

w
in

th
e

election

U
lle

E
n
d
riss

2
6

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

O
th

e
r
V
o
tin

g
P
ro

ce
d
u
re

s

T
h
ere

are
m

an
y

m
ore

votin
g

pro
ced

u
res,

in
clu

d
in

g
th

ese:

◮
th

e
A

n
tip

lu
rality

(or
V
eto)

R
u
le,

th
e

B
an

ks
R
u
le,

B
lack’s

R
u
le,

B
u
cklin

V
otin

g,
th

e
C
on

d
orcet

R
u
le,

C
o
om

b
s’

M
eth

o
d
,
(G

en
eral)

C
u
m

u
lative

V
otin

g,
th

e
D

o
d
gson

R
u
le,

E
ven

-an
d
-E

q
u
al

C
u
m

u
lative

V
otin

g,
M

ajority
Ju

d
gm

en
t,

M
axim

in
V
otin

g,
R
an

ge

V
otin

g,
th

e
S
later

R
u
le,

an
d

T
id

em
an

’s
P
ro

ced
u
re.

U
lle

E
n
d
riss

2
7

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

L
ite

ra
tu

re

M
ost

textb
o
oks

on
S
o
cial

C
h
oice

T
h
eory

(som
e

to
b
e

cited
later)

w
ill

in
tro

d
u
ce

at
least

a
sm

all
n
u
m

b
er

of
votin

g
pro

ced
u
res.

T
h
is

fi
rst

p
art

of
th

e
tu

torial
ow

es
m

u
ch

to
th

e
h
an

d
b
o
ok

ch
ap

ter
of

B
ram

s
an

d
F
ish

b
u
rn

(2002),
w

h
o

d
iscu

ss
a

go
o
d

n
u
m

b
er

of
votin

g

pro
ced

u
res

in
d
etail

(w
ith

a
certain

em
p
h
asis

on
ap

proval
votin

g).

N
u
rm

i
(1987)

d
evotes

an
en

tire
b
o
ok

to
th

e
an

alysis
of

th
e

prop
erties

of
d
iff

eren
t

votin
g

pro
ced

u
res.

S
.J

.
B

ra
m

s
a
n
d

P
.C

.
F
ish

b
u
rn

.
V
o
tin

g
P
ro

c
e
d
u
re

s.
In

K
.J

.
A

rro
w

e
t

a
l.

(ed
s.),

H
a
n
d
b
o
o
k

o
f
S
o
c
ia

l
C
h
o
ic

e
a
n
d

W
e
lfa

re,
E
lsevier,

2
0
0
2
.

H
.
N

u
rm

i.
C
o
m

p
a
rin

g
V
o
tin

g
S
y
ste

m
s.

K
lu

w
er

A
ca

d
em

ic
P
u
b
lish

ers,
1
9
8
7
.

U
lle

E
n
d
riss

2
8

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

M
a
jo

r
T

h
e
o
re

m
s

in
V
o
tin

g
T

h
e
o
ry

U
lle

E
n
d
riss

2
9

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

T
h
e

A
xio

m
a
tic

M
e
th

o
d

M
ost

of
th

e
im

p
ortan

t
classical

resu
lts

in
votin

g
th

eory
are

a
xio

m
a
tic

.

T
h
ey

form
alise

d
esirab

le
prop

erties
as

“axiom
s”

an
d
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h
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h
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d
icta

to
ria

l.

P
ro

of:
O

m
itted

.

T
h
is

p
articu

lar
version

of
th
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p
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c
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c
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h
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.

•
IIA

is
th

e
m

ost
d
eb
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p
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d
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d
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b
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b
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w
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w
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u
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b
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b
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.
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c
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a
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P
recu

rsors:
C
on

d
orcet,

B
ord

a
(18th

cen
tu

ry)
an

d
oth

ers

•
seriou

s
scien

tifi
c

d
iscip

lin
e

sin
ce

1950s

C
o
m

p
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p
u
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con
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b
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p
u
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b
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p
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b
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b
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p
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C
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b
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b
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con
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.
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b
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d
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d
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d
ivid

u
al

tastes

T
h
e

kin
d

of
co

m
p
u
ta

tio
n
a
l
tech

n
iq

u
e

em
p
loyed

,
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p
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d
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represen
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b
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d
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c
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p
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p
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p
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b
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p
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b
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b
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b
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secon
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p
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p
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.
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p
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c
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h
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b
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n
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L
o
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n
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a
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R
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0
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h
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R
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0
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p
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lication
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g
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w
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com

p
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votin
g

pro
ced

u
res.

O
n

th
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le
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ave
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e
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m

p
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e
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n
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ro

b
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p
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em
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p
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b
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latin

g
b
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-com

p
lete.

N
ext:

•
W

e
fi
rst

presen
t

a
cou

p
le

of
th

ese
easin

ess
resu

lts,
n
am

ely
for

p
lu

ra
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.
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p
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.
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p
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n
d

W
e
lfa

re,
6
(3

):2
2
7
–
2
4
1
,
1
9
8
9
.

J
.J

.
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pro
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d
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b
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b
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b
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e
fi
n
a
l
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th
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an
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u
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ave
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b
il

it
y
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b
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th
en

m
an

ip
u
lab

ility
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pro
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b
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in
g

th
e

n
am

e
of

on
e

of
th

e

altern
atives.

T
h
e

altern
ative

receivin
g

th
e

m
ost

votes
w

in
s.

T
h
e

p
lu

rality
ru

le
is

easy
to

m
an

ip
u
late

(trivial):

•
S
im

p
ly

vote
for

x
,
th

e
altern

ative
to

b
e

m
ad

e
w

in
n
er

by
m

ean
s

of

m
an

ip
u
lation

.
If

m
an

ip
u
lation

is
p
ossib

le
at

all,
th

is
w

ill
w
ork.

O
th

erw
ise

n
ot.

T
h
at

is,
w
e

h
ave

M
a
n
ip

u
l
a
b
il

it
y
(p

lu
ra

lity
)
∈

P
.

G
en

eral:
M

a
n
ip

u
l
a
b
il

it
y
(F

)
∈

P
for

an
y

ru
le

F
w

ith
p
olyn

om
ial

w
in

n
er

d
eterm

in
ation

prob
lem

an
d

p
olyn

om
ial

n
u
m

b
er

of
b
allots.

U
lle

E
n
d
riss

7
0

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

M
a
n
ip

u
la

tin
g

th
e

B
o
rd

a
R
u
le

R
ecall

B
ord

a:
su

b
m

it
a

ran
kin

g
(su

p
er-p

olyn
om

ially
m

an
y

ch
oices!)

an
d

give
m
−

1
p
oin

ts
to

1st
ran

ked
,
m
−

2
p
oin

ts
to

2n
d

ran
ked

,
etc.

T
h
e

B
ord

a
ru

le
is

also
easy

to
m

an
ip

u
late.

U
se

a
g
reed

y
a
lg

o
rith

m
:

•
P
lace

x
(th

e
altern

ative
to

b
e

m
ad

e
w

in
n
er

th
rou

gh
m

an
ip

u
lation

)

at
th

e
top

of
you

r
d
eclared

preferen
ce

ord
erin

g.

•
T

h
en

in
d
u
ctively

pro
ceed

as
follow

s:
C
h
eck

if
an

y
of

th
e

rem
ain

in
g

altern
atives

can
b
e

p
u
t

n
ext

in
to

th
e

preferen
ce

ord
erin

g
w

ith
ou

t

preven
tin

g
x

from
w

in
n
in

g.
If

yes,
d
o

so.

If
n
o,

term
in

ate
an

d
say

th
at

m
an

ip
u
lation

is
im

p
ossib

le.

A
fter

con
vin

cin
g

ou
rselves

th
at

th
is

algorith
m

is
in

d
eed

correct,
w
e

also
get

M
a
n
ip

u
l
a
b
il

it
y
(B

o
rd

a
)
∈

P
.

J
.J

.
B

arth
o
ld

i
III,

C
.A

.
T
o
vey,

a
n
d

M
.A

.
T
rick

.
T

h
e

C
o
m

p
u
ta

tio
n
a
l
D

iffi
cu

lty
o
f

M
a
n
ip

u
la

tin
g

a
n

E
lectio

n
.

S
o
c
.
C
h
o
ic

e
a
n
d

W
e
lfa

re,
6
(3

):2
2
7
–
2
4
1
,
1
9
8
9
.

U
lle

E
n
d
riss

7
1

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

In
tra

cta
b
ility

o
f
M

a
n
ip

u
la

tin
g

S
T

V

R
ecall

S
T

V
:
elim

in
ate

p
lu

rality
losers

u
n
til

an
altern

ative
gets

>
50%

T
h
e
o
re

m
6

(B
arth

o
ld

i
a
n
d

O
rlin

,
1
9
9
1
)

M
a
n
ip

u
la

tio
n

o
f
S
T

V
is

N
P
-co

m
p
lete.

P
ro

of
sketch

:
W

e
n
eed

to
sh

ow
N

P
-h

ard
n
ess

an
d

N
P
-m

em
b
ersh

ip
.

•
N

P
-m

em
b
ersh

ip
is

clear:
ch

eckin
g

w
h
eth

er
a

given
b
allot

m
akes

x

w
in

can
b
e

d
on

e
in

p
olyn

om
ial

tim
e.

•
N

P
-h

ard
n
ess:

by
red

u
ction

from
3
-C

o
v
e
r
.

D
iscu

ssion
:

N
P

is
a

w
orst-case

n
otion

.
W

h
at

ab
ou

t
average

com
p
lexity?

J
.J

.
B

arth
o
ld

i
III

a
n
d

J
.B

.
O

rlin
.

S
in

g
le

T
ra

n
sfera

b
le

V
o
te

R
esists

S
tra

teg
ic

V
o
tin

g
.

S
o
c
ia

l
C
h
o
ic

e
a
n
d

W
e
lfa

re,
8
(4

):3
4
1
–
3
5
4
,
1
9
9
1
.

U
lle

E
n
d
riss

7
2



V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

M
o
re

o
n

C
o
m

p
le

xity
o
f
V
o
tin

g

O
th

er
q
u
estion

s
th

at
h
ave

b
een

in
vestigated

in
clu

d
e:

•
W

h
at

is
th

e
com

p
lexity

of
oth

er
form

s
of

election
m

an
ip

u
lation

,

su
ch

as
b
rib

ery
?

S
ee

F
aliszew

ski
et

al.
(2009)

for
a

su
rvey.

•
A

fter
som

e
of

th
e

b
allots

h
ave

b
een

cou
n
ted

,
certain

can
d
id

ates

m
ay

b
e

p
o
ssib

le
w

in
n
ers

or
even

n
ecessary

w
in

n
ers.

H
ow

h
ard

is
it

to
ch

eck
th

is?
S
ee

e.g.
K

on
czak

an
d

L
an

g
(2005).

P
.

F
a
liszew

sk
i,

E
.

H
em

a
sp

a
a
n
d
ra

,
L
.A

.
H

em
a
sp

a
a
n
d
ra

,
a
n
d

J
.

R
o
th

e.
A

R
ic

h
e
r

U
n
d
e
rsta

n
d
in

g
o
f
th

e
C
o
m

p
le

x
ity

o
f

E
le

c
tio

n
S
y
ste

m
s.

In
F
u
n
d
a
m

e
n
ta

l
P
ro

b
le

m
s

in
C
o
m

p
u
tin

g
,
S
p
rin

g
er-V

erla
g
,
2
0
0
9
.

K
.
K

o
n
cza

k
a
n
d

J
.
L
a
n
g
.

V
o
tin

g
P
ro

c
e
d
u
re

s
w

ith
In

c
o
m

p
le

te
P
re

fe
re

n
c
e
s.

P
ro

c.

A
d
va

n
ces

in
P
referen

ce
H

a
n
d
lin

g
2
0
0
5
.

U
lle

E
n
d
riss

7
3

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

E
ve

n
M

o
re

o
n

C
o
m

p
le

xity
o
f
V
o
tin

g

•
W

h
at

is
th

e
co

m
m

u
n
ica

tio
n

co
m

p
lexity

of
d
iff

eren
t

votin
g

ru
les,

i.e.,
h
ow

m
u
ch

in
form

ation
n
eed

s
to

b
e

exch
an

ged
to

d
eterm

in
e

th
e

w
in

n
er

of
an

election
?

S
ee

C
on

itzer
an

d
S
an

d
h
olm

(2005).

•
A

fter
h
avin

g
cou

n
ted

p
art

of
th

e
vote,

can
w
e

co
m

p
ile

th
is

in
form

ation
in

to
a

m
ore

com
p
act

form
th

an
ju

st
storin

g
all

th
e

b
allots?

A
n
d

h
ow

com
p
lex

is
it

to
reason

ab
ou

t
th

is
in

form
ation

?

S
ee

C
h
evaleyre

et
al.

(2009).

V
.

C
o
n
itzer

a
n
d

T
.

S
a
n
d
h
o
lm

.
C
o
m

m
u
n
ic

a
tio

n
C
o
m

p
le

x
ity

o
f

C
o
m

m
o
n

V
o
tin

g

R
u
le

s.
P
ro

c.
A
C
M

C
o
n
feren

ce
o
n

E
lectro

n
ic

C
o
m

m
erce

2
0
0
5
.

Y
.
C
h
eva

leyre,
J
.
L
a
n
g
,
N

.
M

a
u
d
et,

a
n
d

G
.
R
a
villy-A

b
a
d
ie.

C
o
m

p
ilin

g
th

e
V
o
te

s

o
f
a

S
u
b
e
le

c
to

ra
te.

P
ro

c.
IJ

C
A

I-2
0
0
9
.

U
lle

E
n
d
riss

7
4

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

V
o
tin

g
in

C
o
m

b
in

a
to

ria
l
D

o
m

a
in

s

B
esid

es
th

e
com

p
lexity-th

eoretic
prop

erties
of

votin
g

pro
ced

u
res,

an
oth

er
com

p
u
tation

al
con

cern
in

votin
g

is
raised

by
th

e
fact

th
at

th
e

altern
atives

to
vote

for
often

h
ave

a
co

m
b
in

a
to

ria
l
stru

ctu
re

:

•
E
lectin

g
a

com
m

ittee
of

k
m

em
b
ers

from
am

on
gst

n
can

d
id

ates.

•
D

u
rin

g
a

referen
d
u
m

(in
S
w

itzerlan
d
,
C
aliforn

ia,
p
laces

like
th

at),

voters
m

ay
b
e

asked
to

vote
on

several
prop

osition
s.

W
e

w
ill

see
an

exam
p
le

an
d

lo
ok

in
to

several
p
ossib

le
ap

proach
es

...

B
ased

on
J.

L
an

g’s
“5

solu
tion

s”.
R
ead

it
in

C
h
evaleyre

et
al.

(2008).

Y
.
C
h
eva

leyre,
U

.
E
n
d
riss,

J
.
L
a
n
g
,
a
n
d

N
.
M

a
u
d
et.

P
referen

ce
H

a
n
d
lin

g
in

C
o
m

-

b
in

a
to

ria
l
D

o
m

a
in

s:
F
ro

m
A

I
to

S
o
cia

l
C
h
o
ice.

A
I
M

a
g
a
z
in

e,
2
9
(4

):3
7
–
4
6
,
2
0
0
8
.

U
lle

E
n
d
riss

7
5

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

E
xa

m
p
le

S
u
p
p
ose

13
voters

are
asked

to
each

vote
yes

or
n
o

on
th

ree
issu

es;

an
d

w
e

u
se

th
e

p
lu

rality
ru

le
for

each
issu

e
in

d
ep

en
d
en

tly
to

select
a

w
in

n
in

g
com

b
in

ation
:

•
3

voters
each

vote
for

Y
N

N
,
N

Y
N

,
N

N
Y

.

•
1

voter
each

votes
for

Y
Y

Y
,
Y

Y
N

,
Y

N
Y

,
N

Y
Y

.

•
N

o
voter

votes
for

N
N

N
.

B
u
t

th
en

N
N

N
w

in
s:

7
ou

t
of

13
vote

n
o

on
each

issu
e.

T
h
is

is
an

in
stan

ce
of

th
e

p
ara

d
o
x

o
f
m

u
ltip

le
electio

n
s:

th
e

w
in

n
in

g

com
b
in

ation
receives

th
e

few
est

n
u
m

b
er

of
votes.

S
.J

.
B

ra
m

s,
D

.M
.
K

ilg
o
u
r,

a
n
d

W
.S

.
Z
w

icker.
T

h
e

P
ara

d
o
x

o
f
M

u
ltip

le
E
lectio

n
s.

S
o
c
ia

l
C
h
o
ic

e
a
n
d

W
e
lfa

re,
1
5
(2

):2
1
1
–
2
3
6
,
1
9
9
8
.

U
lle

E
n
d
riss

7
6

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

B
a
sic

S
o
lu

tio
n

A
tte

m
p
ts

•
S
olu

tion
1:

ju
st

vote
for

com
b
in

ation
s

d
irectly

–
on

ly
feasib

le
for

very
sm

all
prob

lem
in

stan
ces

–
E
xam

p
le:

3-seat
com

m
ittee,

10
can

d
id

ates
;

(

1
03

)

=
120

•
S
olu

tion
2:

vote
for

top
k

com
b
in

ation
s

on
ly

(e.g.,
k

=
1)

–
d
o
es

ad
d
ress

com
m

u
n
ication

prob
lem

of
S
olu

tion
1

–
p
ossib

ly
n
ob

o
d
y

gets
m

ore
th

an
on

e
vote

(tie-breakin
g

d
ecid

es)

•
S
olu

tion
3:

m
ake

a
sm

all
preselection

of
com

b
in

ation
s

to
vote

on

–
d
o
es

solve
th

e
com

p
u
tation

al
prob

lem
s

–
b
u
t

w
h
o

sh
ou

ld
select?

(strategic
con

trol)

U
lle

E
n
d
riss

7
7

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

C
o
m

b
in

a
to

ria
l
V
o
te

Id
ea:

A
sk

voters
to

rep
ort

th
eir

b
allots

u
sin

g
a

com
p
act

preferen
ce

represen
tation

lan
gu

age
an

d
ap

p
ly

you
r

favou
rite

votin
g

pro
ced

u
re

to

th
e

su
ccin

ctly
en

co
d
ed

b
allots

received
.

L
an

g
(2004)

calls
th

is
ap

proach
co

m
b
in

a
to

ria
l
vo

te
.

D
iscu

ssion
:

T
h
is

seem
s

th
e

m
ost

prom
isin

g
ap

proach
so

far,
alth

ou
gh

n
ot

to
o

m
u
ch

is
kn

ow
n

to
d
ate

w
h
at

w
ou

ld
b
e

go
o
d

ch
oices

for

preferen
ce

represen
tation

lan
gu

ages
or

votin
g

pro
ced

u
res,

or
w

h
at

algorith
m

s
to

u
se

to
com

p
u
te

th
e

w
in

n
ers.

A
lso,

com
p
lexity

can
b
e

exp
ected

to
b
e

very
h
igh

.

J
.

L
a
n
g
.

L
o
g
ica

l
P
referen

ce
R
ep

resen
ta

tio
n

a
n
d

C
o
m

b
in

a
to

ria
l
V
o
te.

A
n
n
a
ls

o
f

M
a
th

e
m

a
tic

s
a
n
d

A
rtifi

c
ia

l
In

te
llig

e
n
c
e,

4
2
(1

–
3
):3

7
–
7
1
,
2
0
0
4
.

U
lle

E
n
d
riss

7
8

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

E
xa

m
p
le

U
se

th
e

lan
gu

age
d
efi

n
ed

by
th

e
lexim

in
o
rd

erin
g

o
ver

p
rio

ritised
g
o
a
ls

w
ith

th
e

B
o
rd

a
ru

le
(goals

are
lab

elled
by

th
eir

ran
k):

•
V
oter

1:
{
A

:0
,B

:1}
in

d
u
ces

ord
er

A
B

≻
1

A
B̄

≻
1

Ā
B

≻
1

Ā
B̄

•
V
oter

2:
{
A
∨
¬

B
:0}

in
d
u
ces

ord
er

A
B̄

∼
2

A
B

∼
2

Ā
B̄

≻
2

Ā
B

•
V
oter

3:
{¬

A
:0

,B
:0}

in
d
u
ces

ord
er

Ā
B

≻
3

Ā
B̄

∼
3

A
B

≻
3

A
B̄

A
s

th
e

in
d
u
ced

ord
ers

n
eed

n
ot

b
e

strict
lin

ear
ord

ers,
w
e

u
se

a

g
en

era
lisa

tio
n

o
f
th

e
B

o
rd

a
ru

le
:

a
can

d
id

ate
gets

as
m

an
y

p
oin

ts
as

sh
e

d
om

in
ates

oth
er

can
d
id

ates.
S
o

w
e

get
th

ese
B

ord
a

cou
n
ts:

A
B

:
3

+
1

+
1

=
5

Ā
B

:
1

+
0

+
3

=
4

A
B̄

:
2

+
1

+
0

=
3

Ā
B̄

:
0

+
1

+
1

=
2

S
o

com
b
in

ation
A

B
w

in
s.

C
om

b
in

atorial
vote

p
ro

p
er

w
ou

ld
b
e

to
com

p
u
te

th
e

w
in

n
er

d
irectly

from
th

e
goal

b
ases,

w
ith

ou
t

th
e

d
etou

r
via

th
e

in
d
u
ced

ord
ers.

U
lle

E
n
d
riss

7
9

V
o
tin

g
T

h
eory

A
A
A
I-2

0
1
0

O
th

e
r

A
p
p
ro

a
ch

e
s

V
ote

on
each

issu
e

sep
arately

b
u
t

—

•
id

en
tify

co
n
d
itio

n
s

u
n
d
er

w
h
ich

th
is

d
o
es

n
ot

lead
to

u
n
d
esirab

le

ou
tcom

es
(“sep

arab
le

preferen
ces”)

•
fi
n
d

a
n
o
vel

w
ay

o
f
a
g
g
reg

a
tin

g
th

e
b
allots

to
select

a
w

in
n
er

–
E
xam

p
le:

elect
th

e
com

b
in

ation
m

in
im

isin
g

th
e

m
axim
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p
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