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M
anipulation

V
o

ters d
eclare p

referen
ces d

ifferen
t fro

m
 th

eir tru
e o

n
es to

 get a b
etter o

u
tco

m
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Exam
p

le - p
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o
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e p
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rd
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G
ibbard-Satterthw

aite Theorem

R
ecall: an

y vo
tin

g ru
le w

ith
 3 o

r m
o

re altern
atives m

u
st b

e at least o
n

e o
f th

e fo
llo

w
in

g:

1.
D

ictato
rial - th

ere exists a vo
ter w

h
o

se p
referred

 altern
ative is ch

o
sen

 fo
r every p

ro
file

2.
Im

p
o

sin
g - at least o

n
e altern

ative d
o

esn
’t w

in
 u

n
d

er an
y p

ro
file

3.
M

an
ip

u
lab

le - n
o

t strategyp
ro

o
f

Pro
p

erties 1 an
d

 2 are u
n

accep
tab

le in
 alm

o
st all vo

tin
g situ

atio
n

s. So
, w

e are stu
ck w

ith
 vo

tin
g ru

les 

th
at are m

an
ip

u
lab

le. 
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D
ow

nsides to M
anipulation

●
B

ad
 eq

u
ilib

ria

●
Lack o

f in
fo

rm
atio

n

●
D

isen
fran

ch
isem

en
t o

f less kn
o

w
led

geab
le vo

ters

●
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 effo
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R
evelation Principle

Fo
r an

y m
ech

an
ism

 th
at resu

lts in
 a go

o
d

 eq
u

ilib
riu

m
 (in

 a gam
e-th

eo
retic sen

se), th
ere exists an

o
th

er 

m
ech

an
ism

 th
at resu

lts in
 th

e sam
e o

u
tco

m
es, b

u
t in

 w
h

ich
 agen

ts rep
o

rt th
eir p

referen
ces d

irectly an
d

 

th
ey h

ave n
o

 in
cen

tive to
 m

isrep
o

rt th
em

. 

P
ro

b
lem

: Th
is assu

m
es agen

ts are co
m

p
u

tatio
n

ally u
n

b
o

u
n

d
ed

. 

P
o

ten
tial so

lu
tio

n
: M

ake co
m

p
u

tatio
n

 h
ard

n
ess th

e b
arrier to

 m
an

ip
u

latio
n
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Single-Peaked Preferences

●
A

ssu
m

es th
ere exists an

 o
rd

erin
g o

f th
e altern

atives (like o
n

 th
e p

o
litical sp

ectru
m

, fo
r exam

p
le)

●
V

o
ter selects th

eir m
o

st-p
referred

 altern
ative

○
If a is m

o
st-p

referred
, an

d
 a < b < c o

r c < b < a, th
en

 th
e vo

ter p
refers b to

 c.

●
U

se m
ed

ian
 vo

ter ru
le

○
O

rd
er vo

ters b
y th

eir m
o

st p
referred

 altern
atives an

d
 ch

o
o

se th
e m

ed
ian

●
Strategyp

ro
o

f an
d

 alw
ays ch

o
o

ses a C
o

n
d

o
rcet w

in
n

er

●
P

ro
b

lem
: can

n
o

t fo
rce vo

ter p
referen

ces to
 b

e sin
gle-p

eaked
 w

h
en

 th
ey are n

o
t.
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R
andom

ized R
ules

●
M

ap
 p

ro
file to

 a p
ro

b
ab

ility d
istrib

u
tio

n

●
Exam

p
le: 

○
V

o
ter p

referen
ces are a < b < c

○
Sh

o
u

ld
 th

e vo
ter p

refer b o
r a 50-50 lo

ttery b
etw

een
 a an

d
 c?

○
It d

ep
en

d
s o

n
 vo

ter u
tilities fo

r th
e altern

atives - if th
ey are 3,2, an

d
 0 th

en
 ch

o
o

sin
g b h

as 

h
igh

er exp
ected

 u
tility, b

u
t if th

ey are 3,1, an
d

 0 th
en

 a 50-50 lo
ttery b

etw
een

 a an
d

 c gives 

h
igh

er exp
ected

 u
tility

●
Strategyp

ro
o

f iff fo
r every u

tility fu
n

ctio
n

 th
at is co

n
sisten

t w
ith

 th
e vo

ter p
referen

ces, th
e vo

ter 

m
axim

izes h
er u

tility b
y rep

o
rtin

g th
o

se tru
e p

referen
ces. 

●
G

ib
b

ard
 also

 sh
o

w
ed

 th
at an

y strategyp
ro

o
f ran

d
o

m
ized

 ru
le is eith

er a d
ictato

rsh
ip

 o
r n

o
t o

n
to

. 
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Com
putation H

ardness as a Barrier to M
anipulation

●
M

an
ip

u
latio

n
 p

ro
b

lem
: given

 a p
ro

file o
f vo

tes Π
 cast b

y everyo
n

e b
u

t th
e m

an
ip

u
lato

r an
d

 a 

p
referred

 altern
ative a, is th

ere a vo
te th

e m
an

ip
u

lato
r can

 cast to
 en

su
re th

at a w
in

s?

○
If th

e vo
tin

g ru
le is p

o
lyn

o
m

ial to
 execu

te, th
en

 it takes p
o

lyn
o

m
ial tim

e to
 ch

eck a w
itn

ess

●
Pro

b
lem

 is in
 N

P

○
It h

as b
een

 sh
o

w
n

 to
 b

e in
 P fo

r a n
u

m
b

er o
f ru

les, like p
lu

rality, cu
p

, C
o

p
elan

d
, B

o
rd

a

○
N

P-co
m

p
lete fo

r STV
, ran

ked
 p

airs

●
A

ssu
m

p
tio

n
s:

○
M

an
ip

u
lato

r kn
o

w
s h

o
w

 everyo
n

e else vo
ted

○
N

o
 o

n
e else is m

an
ip

u
latin

g
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Com
putation H

ardness as a Barrier to M
anipulation

A
 vo

tin
g ru

le satisfies B
TT co

n
d

itio
n

s if:

1.
It can

 b
e ru

n
 in

 p
o

lyn
o

m
ial tim

e

2.
Fo

r every p
ro

file Π
 an

d
 every altern

ative a, th
e ru

le assign
s a sco

re S(Π
, a) to

 a

3.
Fo

r every p
ro

file Π
, th

e altern
ative w

ith
 th

e m
axim

u
m

 sco
re w

in
s

4.
M

o
n

o
to

n
icity co

n
d

itio
n

: fo
r an

y Π
, Π

’ an
d

 an
y altern

ative a, if fo
r each

 vo
ter i w

e h
ave th

at {b : a 

>
i  b

} ⊆
 {b

 : a >’i  b
}, th

en
 S(Π

, a) ≤
 S(Π

’ , a).

Th
e m

an
ip

u
latio

n
 p

ro
b

lem
 can

 b
e so

lved
 in

 p
o

lyn
o

m
ial tim

e fo
r an

y ru
le satisfyin

g B
TT co

n
d

itio
n

s.
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Coalitions of M
anipulators

●
Sam

e p
ro

b
lem

, b
u

t w
ith

 a set o
f m

an
ip

u
lato

rs

●
A

llo
w

s fo
r m

o
re situ

atio
n

s to
 b

eco
m

e m
an

ip
u

lab
le

●
D

raw
b

ack: co
m

p
lexity

○
Even

 co
o

rd
in

atin
g th

e co
alitio

n
 o

f m
an

ip
u

lato
rs can

 b
e N

P-h
ard

 (B
o

rd
a, C

o
p

elan
d

) w
ith

 

o
n

ly 2 m
an

ip
u

lato
rs
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Coalitions of M
anipulators
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W
eighted V

otes

●
C

o
m

p
lexity en

co
u

n
tered

 even
 fo

r a sm
all n

u
m

b
er o

f altern
atives

●
Exam

p
le: m

an
ip

u
late th

e veto
 (an

ti-p
lu

rality m
eth

o
d

) fo
r 3 altern

atives

○
A

fter co
u

n
tin

g n
o

n
-m

an
ip

u
lated

 vo
tes, b an

d
 c are tied

 w
ith

 th
e few

est veto
es, an

d
 

m
an

ip
u

lato
rs w

an
t a to

 w
in

. 

○
M

an
ip

u
lato

rs n
eed

 to
 d

ivid
e th

eir vo
tes p

recisely so
 th

at b an
d

 c get (at least) o
n

e m
o

re 

veto
 each

 th
an

 a.

○
Th

is red
u

ces to
 p

artitio
n

in
g a set o

f in
tegers in

to
 tw

o
 su

b
sets o

f eq
u

al w
eigh

t, w
h

ich
 is an

 

N
P-co

m
p

lete p
ro

b
lem

.
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A
dditional Factors

●
Tie-b

reakin
g

○
C

an
 ch

an
ge th

e co
m

p
lexity - C

o
p

elan
d

 w
ith

 straigh
tfo

rw
ard

 tieb
reakin

g is p
o

lyn
o

m
ial tim

e 

to
 m

an
ip

u
late, b

u
t N

P-h
ard

 w
ith

 seco
n

d
-o

rd
er C

o
p

elan
d

 tieb
reakin

g ru
le

○
So

m
e ru

les b
eco

m
e p

o
ly tim

e if yo
u

 assu
m

e m
an

ip
u

lato
rs h

ave u
tility o

ver all altern
atives 

an
d

 seek to
 m

axim
ize exp

ected
 u

tility

●
In

co
m

p
lete in

fo
rm

atio
n

○
M

an
ip

u
lato

rs u
su

ally d
o

n
’t kn

o
w

 everyo
n

e’s exact vo
te

●
B

u
ild

in
g in

 h
ard

n
ess

○
H

yb
rid

 ru
les

○
R

an
d

o
m

ize/h
id

e w
h

ich
 ru

le is u
sed
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Is M
anipulation H

ard In Practice?

●
A

 m
an

ip
u

latio
n

 algo
rith

m
 fo

r a vo
tin

g ru
le th

at is N
P-h

ard
 to

 m
an

ip
u

late can
 h

o
p

e to
 eith

er:

○
A

lw
ays su

cceed
, an

d
 u

su
ally take p

o
lyn

o
m

ial tim
e

○
U

su
ally su

cceed
, an

d
 alw

ays take p
o

lyn
o

m
ial tim

e

●
Em

p
irical an

d
 h

eu
ristic algo

rith
m

s o
ften

 su
cceed

 in
 p

ractice. Exam
p

le: 

○
U

su
ally m

an
ip

u
lato

rs can
 o

n
ly m

ake 2 altern
atives w

in
. H

o
w

 to
 fin

d
 th

em
?

○
Fin

d
 o

n
e p

o
ssib

le w
in

n
er a’, an

d
 fo

r each
 o

th
er altern

ative a, ch
o

o
se a vo

tin
g p

ro
file fo

r 

th
e m

an
ip

u
lato

rs w
h

ere everyo
n

e ran
ks a first an

d
 a’ last. 

●
A

p
p

ro
xim

atio
n

 m
eth

o
d

s

○
O

p
tim

izatio
n

 p
ro

b
lem

: m
in

im
ize th

e n
u

m
b

er o
f m

an
ip

u
lato

rs n
eed

ed
 to

 m
ake a w

in

○
Exam

p
le w

ith
 B

o
rd

a ru
le: p

u
t a first, o

rd
er th

e rest in
 in

creasin
g o

rd
er o

f sco
re. R

eq
u

ires at 

m
o

st o
n

e m
o

re ad
d

itio
n

al m
an

ip
u

lato
r th

an
 th

e o
p

tim
al so

lu
tio

n
.
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Frequency of M
anipulability

●
G

iven
 an

 in
stan

ce o
f th

e co
alitio

n
al m

an
ip

u
latio

n
 p

ro
b

lem
, is it easy to

 tell w
h

eth
er m

an
ip

u
lato

rs 

are likely to
 su

cceed
 b

ased
 o

n
 th

e relative size o
f th

e vo
ter set an

d
 m

an
ip

u
lato

rs set?

●
Su

p
p

o
se th

e n
u

m
b

er o
f m

an
ip

u
lato

rs is in
 O

(n
p) , w

h
ere n

 is th
e n

u
m

b
er o

f vo
ters. W

h
at is th

e 

p
ro

b
ab

ility th
at a ran

d
o

m
 p

ro
file is m

an
ip

u
lab

le?

○
If p

 < ½
, th

e p
ro

b
ab

ility go
es to

 0

○
If p

 > ½
, th

e p
ro

b
ab

ility go
es to

 1
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G
am

e-Theoretic M
odels

●
W

h
at if w

e m
o

d
el o

th
er vo

ters as strategic agen
ts in

stead
 o

f ch
o

o
sin

g ran
d

o
m

 p
referen

ces?

●
P

ro
b

lem
: lo

ts o
f eq

u
ilib

ria

●
So

lu
tio

n
: h

ave vo
ters vo

te seq
u

en
tially in

stead
 o

f sim
u

ltan
eo

u
sly. 

○
Th

ere is a u
n

iq
u

e altern
ative th

at w
in

s in
 a su

b
gam

e-p
erfect N

ash
 eq

u
ilib

riu
m

●
D

o
es th

is p
ro

d
u

ce a go
o

d
 o

u
tco

m
e?

○
“U

n
am

b
igu

o
u

sly b
ad

” o
u

tco
m

es fo
r m

o
st vo

tin
g ru

les. 

●
C

an
 th

is b
e efficien

tly co
m

p
u

ted
?

○
U

se d
yn

am
ic p

ro
gram

m
in

g co
rresp

o
n

d
in

g to
 b

ackw
ard

s in
d

u
ctio

n
 - fo

r each
 vo

ter, 

co
m

p
u

te w
h

at to
 d

o
 fo

r every ‘situ
atio

n
’ th

ey are in

○
R

u
n

tim
e d

ep
en

d
s o

n
 h

o
w

 yo
u

 d
efin

e situ
atio

n

○
Exact co

m
p

lexity n
o

t kn
o

w
n
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Control - A
dding Candidates

●
G

iven
 a set o

f A
 q

u
alified

 can
d

id
ates an

d
 B

 sp
o

iler can
d

id
ates, can

 w
e ch

o
o

se a su
b

set B
’ o

f B
 

su
ch

 th
at |B

’| <= k an
d

 altern
ative p is th

e w
in

n
er?

●
Exam

p
le:
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Control - D
eleting Candidates

●
G

iven
 a set o

f A
 q

u
alified

 can
d

id
ates an

d
 B

 sp
o

iler can
d

id
ates, can

 w
e d

elete at m
o

st k can
d

id
ates 

to
 m

ake altern
ative p th

e w
in

n
er? 

●
Exam

p
le:

B
randt, F., C

onitzer, V
., E

ndriss, U
., Lang, J., &

 P
rocaccia, A

. D
. (E

ds.). (2016). H
andbook of com

putational social choice. C
am

bridge U
niversity P

ress.



Control - A
dding V

oters

●
G

iven
 a list R

 o
f registered

 vo
ters, an

d
 a list S o

f u
n

registered
 vo

ters, can
 w

e ch
o

o
se a su

b
list S’ o

f 

S w
ith

 size at m
o

st k su
ch

 th
at p

 is th
e u

n
iq

u
e w

in
n

er o
f th

e electio
n

 after ad
d

in
g S’ to

 th
e vo

ter 

list?

●
Exam

p
le: 
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Control - R
em

oving V
oters

●
G

iven
 a list R

 o
f registered

 vo
ters, can

 w
e m

ake p th
e w

in
n

er b
 d

eletin
g n

o
 m

o
re th

an
 k vo

tes?

●
Exam

p
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Control - Im
m

unity, R
esistance, V

ulnerability

●
A

 vo
tin

g ru
le is im

m
u

n
e to

 a typ
e o

f co
n

tro
l if th

ere is n
o

 actio
n

 th
e ch

air can
 take to

 ch
an

ge th
e 

resu
lt

●
O

th
erw

ise it is su
scep

tib
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