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O
verview

•
A

llocation
ofscarce

resources
am

ongsta
num

ber
of

agents
is

centralto
m

ultiagentsystem
s.

•
R

esource
m

ightbe:

–
a

physicalobject
–

the
rightto

use
land

–
com

putationalresources
(processor,m

em
ory,...)
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•
Ifthe

resource
isn’tscarce,there

is
no

trouble
allocating

it.

•
Ifthere

is
no

com
petition

for
the

resource,then
there

is
no

trouble
allocating

it.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/

2

C
hapter

14
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

•
In

practice,this
m

eans
w

e
w

illbe
talking

about
auctions.

•
T

hese
used

to
be

rare
(and

notso
long

ago).

•
H

ow
ever,auctions

have
grow

n
m

assively
w

ith
the

W
eb/Internet

–
Frictionless

com
m

erce

•
N

ow
feasible

to
auction

things
thatw

eren’tpreviously
profitable:

–
eB

ay
–

A
dw

ord
auctions

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/

3



C
hapter

14
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/

4

C
hapter

14
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

W
hatis

an
auction?

•
C

oncerned
w

ith
traders

and
their

allocations
of:

–
U

nits
ofan

indivisible
good;and

–
M

oney,w
hich

is
divisible.

•
A

ssum
e

som
e

initialallocation.

•
E

xchange
is

the
free

alteration
ofallocations

ofgoods
and

m
oney

betw
een

traders
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Lim
itP

rice

•
E

ach
trader

has
a

value
or

lim
itprice

thatthey
place

on
the

good.

•
A

buyer
w

ho
exchanges

m
ore

than
their

lim
itprice

for
a

good
m

akes
a

loss.

•
A

seller
w

ho
exchanges

a
good

for
less

than
their

lim
it

price
m

akes
a

loss.
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•
Lim

itprices
clearly

have
an

effecton
the

behavior
of

traders.

•
T

here
are

severalm
odels,em

bodying
different

assum
ptions

aboutthe
nature

ofthe
good.

•
T

hree
com

m
only

used
m

odels:

–
P

rivate
value

–
C

om
m

on
value

–
C

orrelated
value

•
T

hese
are

the
m

odels
you’llfind

m
ostoften

adopted
in

the
literature.
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P
rivate

value

•
G

ood
has

an
value

to
m

e
thatis

independentofw
hat

itis
w

orth
to

you.

•
Textbook

gives
the

exam
ple

ofJohn
Lennon’s

last
dollar

bill.
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C
om

m
on

value

•
T

he
good

has
the

sam
e

value
to

allofus,butw
e

have
differing

estim
ates

ofw
hatitis.

•
W

inner’s
curse
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C
orrelated

value

•
O

ur
values

are
related.

•
T

he
m

ore
you

are
prepared

to
pay,the

m
ore

Ishould
be

prepared
to

pay.
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•
A

m
arketinstitution

defines
how

the
exchange

takes
place.

–
D

efines
w

hatm
essages

can
be

exchanged.
–

D
efines

how
the

finalallocation
depends

on
the

m
essages.

•
T

he
change

ofallocation
is

m
arketclearing.

•
D

ifference
betw

een
allocations

is
nettrade.

–
C

om
ponentfor

each
trader

in
the

m
arket.

–
E

ach
trader

w
ith

a
non-zero

com
ponenthas

a
trade

or
transaction

price.
h
t
t
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–
A

bsolute
value

ofthe
m

oney
com

ponentdivided
by

the
good

com
ponent.

•
Traders

w
ith

positive
good

com
ponentare

buyers

•
Traders

w
ith

negative
good

com
ponentare

sellers

•
O

ne
w

ay
traders

are
either

buyers
or

sellers
butnot

both.
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Yes,butw
hatis

an
auction?

A
n

auction
is

a
m

arketinstitution
in

w
hich

m
essages

from
traders

include
som

e
price

inform
ation—

this
inform

ation
m

ay
be

an
offer

to
buy

ata
given

price,in
the

case
ofa

bid,or
an

offer
to

sellata
given

price,in
the

case
ofan

ask—
and

w
hich

gives
priority

to
higher

bids
and

low
er

asks.

T
his

definition,as
w

ith
allthis

term
inology,com

es
from

D
an

Friedm
an.
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T
he

zoology
ofauctions

•
W

e
can

splitauctions
into

a
num

ber
ofdifferent

categories.

•
B

eing
good

com
puter

scientists,w
e

draw
up

a
taxonom

y.

–
T

his
gives

us
a

handle
on

allthe
kinds

there
m

ight
be.

–
Itsuggests

param
eterization.

–
Itcan

help
us

to
think

aboutim
plem

entation.

•
T

his
particular

classification
is

a
bitzoological,butitis

a
good

place
to

start.
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S
ingle

versus
m

ulti-dim
ensional

•
S

ingle
dim

ensionalauctions

–
T

he
only

contentofan
offer

are
the

price
and

quantity
ofsom

e
specific

type
ofgood.

–
“I’llbid

$200
for

those
2

chairs”

•
M

ultidim
ensionalauctions

–
O

ffers
can

relate
to

m
any

differentaspects
ofm

any
differentgoods.

–
“I’m

prepared
to

pay
$200

for
those

tw
o

red
chairs,

but$300
ifyou

can
deliver

them
tom

orrow
.”
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w
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S
ingle

versus
double-sided

•
S

ingle-sided
m

arkets

–
E

ither
one

buyer
and

m
any

sellers,or
one

seller
and

m
any

buyers.
–

T
he

latter
is

the
thing

w
e

norm
ally

think
ofas

an
auction.

•
Tw

o-sided
m

arkets

–
M

any
buyers

and
m

any
sellers.

•
S

ingle
sided

m
arkets

w
ith

one
seller

and
m

any
buyers

are
“sell-side”

m
arkets.

h
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/
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w
w
.
c
s
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•
S

ingle-sided
m

arkets
w

ith
one

buyer
and

m
any

sellers
are

“buy-side”.
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O
pen-cry

versus
sealed-bid

•
O

pen
cry

–
Traders

announce
their

offers
to

alltraders

•
S

ealed
bid

–
O

nly
the

auctioneer
sees

the
offers.

•
C

learly
as

a
bidder

in
an

open-cry
auction

you
have

m
ore

inform
ation.

•
In

som
e

auction
form

s
you

pay
for

preferentialaccess
to

inform
ation.
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S
ingle-unitversus

m
ulti-unit

•
H

ow
m

any
units

ofthe
sam

e
good

are
w

e
allow

ed
to

bid
for?

•
S

ingle
unit

–
O

ne
ata

tim
e.

–
M

ightrepeatifm
any

units
to

be
sold.

•
M

ulti-unit

–
B

id
both

price
and

quantity.

•
“U

nit”
refers

to
the

indivisible
unitthatw

e
are

selling.

–
S

ingle
fish

versus
box

offish.
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F
irstprice

versus
kth

price

•
D

oes
the

w
inner

pay
the

highestprice
bid,the

second
highestprice,the

kth
highestprice?
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S
ingle

item
versus

m
ulti-item

•
N

otso
m

uch
quantity

as
heterogeneity.

•
S

ingle
item

–
Justthe

one
indivisible

thing
thatis

being
auctioned.

•
M

ulti-item

–
B

id
for

a
bundle

ofgoods.
–

“Tw
o

red
chairs

and
an

orange
couch,or

a
purple

beanbag.”
–

V
aluations

for
bundles

are
notlinear

com
binations

ofthe
values

ofthe
constituents.
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S
tandard

auction
types

•
W

e
w

illlook
atthe

four
“standard”

auctions:

–
E

nglish
auction

–
D

utch
auction

–
F

irst-price
sealed

bid
auction

–
V

ickrey
auction

•
A

lso
the

so-called
Japanese

auction.
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E
nglish

auction

•
T

his
is

the
kind

ofauction
everyone

know
s.

•
Typicalexam

ple
is

sell-side.

•
B

uyers
calloutbids,bids

increase
in

price.

•
In

som
e

instances
the

auctioneer
m

ay
calloutprices

w
ith

buyers
indicating

they
agree

to
such

a
price.

•
T

he
seller

m
ay

seta
reserve

price,the
low

est
acceptable

price.

•
A

uction
ends:

–
ata

fixed
tim

e
(internetauctions);or

–
w

hen
there

is
no

m
ore

bidding
activity.
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•
T

he
“lastm

an
standing”

pays
their

bid.
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•
C

lassified
in

the
term

s
w

e
used

above:

–
S

ingle-dim
ensional

–
S

ingle-sided
–

O
pen-cry

–
S

ingle
unit

–
F

irst-price
–

S
ingle

item

•
A

round
95%

ofinternetauctions
are

ofthis
kind.

•
C

lassic
use

is
sale

ofantiques
and

artw
ork.
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U
nlikely

tales

T
he

form
er

presidentofP
arke-B

enetreports
thata

dealer
attending

a
sale

ofeighteenth-century
French

furniture
had

arranged
to

unbutton
his

overcoatw
henever

he
w

ished
to

bid;buttoning
the

overcoatagain
w

ould
signalthathe

had
ceased

bidding.
T

he
dealer,coatunbuttoned,

w
as

in
the

m
idstofbidding

for
a

Louis
X

V
Isofa

w
hen

he
saw

som
eone

outside
to

w
hom

he
w

ished
to

speak
and

suddenly
leftthe

room
.

T
he

auctioneer
continued

to
bid

for
the

dealer
w

ho,w
hen

he
returned

to
the

room
,found

he
had

becom
e

the
ow

ner
ofthe

sofa
atan

unexpectedly
high

price.
A

n
argum

entthen
follow

ed
as

to
w

hether
an

unbuttoned
coatnotin

the
auction

room
is

the
sam

e
as

an
unbuttoned

coatin
the

auction
room

.

(C
assady,1969)
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D
utch

auction

•
A

lso
called

a
“descending

clock”
auction

–
S

om
e

auctions
use

a
clock

to
display

the
prices.

•
S

tarts
ata

high
price,and

the
auctioneer

calls
out

descending
prices.

•
O

ne
bidder

claim
s

the
good

by
indicating

the
current

price
is

acceptable.
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•
T

ies
are

broken
by

restarting
the

descentfrom
a

slightly
higher

price
than

the
tie

occurred
at.

•
T

he
w

inner
pays

the
price

atw
hich

they
“stop

the
clock”.
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•
C

lassified
in

the
term

s
w

e
used

above:
S

ingle-dim
ensional;S

ingle-sided;O
pen-cry;S

ingle
unit;F

irst-price;S
ingle

item

•
H

igh
volum

e
(since

auction
proceeds

sw
iftly).

•
O

ften
used

to
sellperishable

goods:

–
F

low
ers

in
the

N
etherlands

(eg.
A

alsm
eer)

–
F

ish
in

S
pain

and
Israel.

–
Tobacco

in
C

anada.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
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b
s
/
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m
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h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
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•
T

he
G

uardian
states

thatthe
A

alsm
eer

auction
trades

19
m

illion
flow

ers
and

2
m

illion
plants

...every
day.

A
pril23rd

2008
(page

18–19)

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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F
irst-price

sealed
bid

auction

•
In

an
E

nglish
auction,you

getinform
ation

abouthow
m

uch
a

good
is

w
orth.

•
O

ther
people’s

bids
tellyou

things
aboutthe

m
arket.

•
In

a
sealed

bid
auction,none

ofthathappens

–
atm

ostyou
know

the
w

inning
price

after
the

auction.

•
In

the
F

P
S

B
auction

the
highestbid

w
ins

as
alw

ays

•
A

s
its

nam
e

suggests,the
w

inner
pays

thathighest
price

(w
hich

is
w

hatthey
bid).

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
C

lassified
in

the
term

s
w

e
used

above:

–
S

ingle-dim
ensional

–
S

ingle-sided
–

S
ealed-bid

–
S

ingle
unit

–
F

irst-price

•
G

overnm
ents

often
use

this
m

echanism
to

sell
treasury

bonds.

–
U

K
stilldoes.

–
U

S
recently

changed
to

S
P

S
B

.

•
P

roperty
can

also
be

sold
this

w
ay

(as
in

S
cotland).

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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T
he

A
m

sterdam
auction

•
S

ince
m

edievaltim
e,property

in
the

low
countries

has
traditionally

been
sold

using
the

“A
m

sterdam
”

auction.

•
S

tartw
ith

an
E

nglish
auction.

•
W

hen
dow

n
to

the
finaltw

o
bidders,starta

D
utch

auction
stage.

•
D

utch
auction

starts
from

tw
ice

the
finalprice

ofthe
E

nglish
auction.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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V
ickrey

auctions

•
T

he
V

ickrey
auction

is
a

sealed
bid

auction.

•
T

he
w

inning
bid

is
the

highestbid,butthe
w

inning
bidder

pays
the

am
ountofthe

second
highestbid.

•
T

his
sounds

odd,butitis
actually

a
very

sm
artdesign.

•
Itis

in
the

bidders’interestto
bid

their
true

value.

–
incentive

com
patible

in
the

usualterm
inology.

•
H

ow
ever,itis

nota
panacea,as

the
N

ew
Z

ealand
governm

entfound
out.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
A

gain,classified
as

above,itis:

–
S

ingle-dim
ensional

–
S

ingle-sided
–

S
ealed-bid

–
S

ingle
unit

–
S

econd-price

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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W
hy

does
the

V
ickrey

auction
w

ork?

•
S

uppose
you

bid
m

ore
than

your
valuation.

–
You

m
ay

w
in

the
good.

–
Ifyou

do,you
m

ay
end

up
paying

m
ore

than
you

think
the

good
is

w
orth.

–
N

otso
sm

art.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
S

uppose
you

bid
less

than
your

valuation.

–
You

stand
less

chance
ofw

inning
the

good.
–

H
ow

ever,even
ifyou

do
w

in
it,you

w
illend

up
paying

the
sam

e.
–

N
otso

sm
art.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
S

o:
there

is
no

pointin
bidding

above
or

below
your

valuation.

•
O

fcourse,this
really

assum
es

there
are

a
large

num
ber

ofbidders
(see

the
N

ew
Z

ealand
case).

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/

43



C
hapter

14
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

Japanese
fish

auction

•
T

he
auction

form
used

to
sellfish

in
Tokyo

is
different:

[T
he]distinctive

aspect[ofthis
auction

form
]is

thatallbids
are

m
ade

by
prospective

buyers
at

the
sam

e
tim

e,or
approxim

ately
the

sam
e

tim
e,

using
individualhand

signs
for

each
m

onetary
unit.

...T
he

bidding
starts

as
soon

as
the

auctioneer
gives

the
signal,and

the
highest

bidder,as
determ

ined
by

the
auctioneer,is

aw
arded

the
lot.

•
T

his
is

thus
sim

ultaneous
bidding

and
rather

like
an

F
P

S
B

auction.
h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
T

ies
are

“notuncom
m

on[ly]”
broken

by
playing

Jan
K

en
P

on
(or

‘paper,rock,scissors’).

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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C
om

binatorialA
uctions

•
A

uctions
for

bundles
ofgoods.

•
A

good
exam

ple
ofbundles

ofgood
are

spectrum
licences.

•
F

or
the

1.7
to

1.72
G

H
z

band
for

B
rooklyn

to
be

useful,you
need

a
license

for
M

anhattan,Q
ueens,

S
taten

Island.

•
M

ostvaluable
are

the
licenses

for
the

sam
e

bandw
idth.

•
B

uta
differentbandw

idth
licence

is
m

ore
valuable

than
no

license
h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
(T

he
F

C
C

spectrum
auctions,how

ever,did
notuse

a
com

binatorialauction
m

echanism
)

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
Let

Z
=
{z1 ,...

,zm
}

be
a

setofitem
s

to
be

auctioned.

•
W

e
gave

the
usualsetofagents

A
g

=
{1

,...
,n},and

w
e

capture
preferences

ofagent
iw

ith
the

valuation
function:

vi
:
2
Z
7→

R

m
eaning

thatfor
every

possible
bundle

ofgoods
Z
⊆
Z

,
vi (Z

)
says

how
m

uch
Z

is
w

orth
to

i.

•
If

vi (∅)
=

0,then
w

e
say

thatthe
valuation

function
for

i
is

norm
alised.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
A

nother
usefulidea

is
free

disposal:

Z
1
⊆

Z
2

im
p
lies

vi (Z
1 )
≤

vi (Z
2 )

•
In

other
w

ords,an
agentis

never
w

orse
offhaving

m
ore

stuff.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
W

e
already

m
entioned

the
idea

ofan
allocation.

•
F

orm
ally

an
allocation

is
a

listofsets
Z

1 ,...Z
n ,one

for
each

agent
A

g
i w

ith
the

stipulation
that:

Z
i
⊆
Z

and
for

alli,j
∈

A
g

such
that

i
6=

j,w
e

have
Z

i ∩
Z

j
=
∅.

•
T

hus
no

good
is

allocated
to

m
ore

than
one

agent.

•
T

he
setofallallocations

of
Z

to
agents

A
g

is:

alloc(Z
,A

g)

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
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s
/
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•
Ifw

e
design

the
auction,w

e
getto

say
how

the
allocation

is
determ

ined.

•
H

ow
should

this
be?

•
O

ne
naturalw

ay
is

to
m

axim
ize

socialw
elfare.

–
S

um
ofthe

utilities
ofallthe

agents.

•
D

efine
a

socialw
elfare

function:

sw
(Z

1 ,...,Z
n ,v

1 ,...
,vn )

=

n
∑i=

1

vi (Z
i )

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
G

iven
this,w

e
can

define
a

com
binatorialauction.

•
G

iven
a

setofgoods
Z

and
a

collection
ofvaluation

functions
v
1 ,...

,vn ,one
for

each
agent

i
∈

A
g,the

goalis
to

find
an

allocation

Z
∗1
,...

,Z
∗n

thatm
axim

izes
sw

,in
other

w
ords

Z
∗1 ,...,Z

∗n
=

arg
m

ax
(Z

1
,...,Z

n )∈
alloc(Z

,A
g
) sw

(Z
1 ,...,Z

n ,v
1 ,...,v

n )

•
F

iguring
this

outis
w

inner
determ

ination.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
H

ow
do

w
e

do
this?

•
W

ell,w
e

could
getevery

agent
ito

declare
their

valuation
v̂i

–
T

he
hatdenotes

thatthis
is

w
hatthe

agentsays,
notw

hatitnecessarily
is.

–
T

he
agentm

ay
lie!

•
T

hen
w

e
justlook

atallthe
possible

allocations
and

figure
outw

hatthe
bestone

is.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
O

ne
problem

here
is

representation,valuations
are

exponential:
vi

:
2
Z
7→

R

–
A

naive
representation

is
im

practical.
–

In
a

bandw
idth

auction
w

ith
1122

licenses
w

e
w

ould
have

to
specify

2
1122

values
for

each
bidder.

•
S

earching
through

them
is

com
putationally

intractable.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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B
idding

languages

•
R

ather
than

exhaustive
evaluations,allow

bidders
to

constructvaluations
from

the
bits

they
w

antto
m

ention.

•
A

tom
ic

bids
(Z

,p)
w

here
Z
⊆
Z

.

•
A

bundle
Z
′satisfies

a
bid

(Z
,p)

if
Z
⊆

Z
′.

•
In

other
w

ords
a

bundle
satisifes

a
bid

ifitcontains
at

leastthe
things

in
the

bid.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
A

tom
ic

bids
define

valuations

v
β
(Z
′)

=

{

p
if

Z
′
satisfies

(Z
,p)

0
oth

erw
ise

•
A

tom
ic

bids
alone

don’tallow
us

to
constructvery

interesting
valuations.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
To

constructm
ore

com
plex

valuations,atom
ic

bids
can

be
com

bined
into

m
ore

com
plex

bids.

•
O

ne
approach

is
X

O
R

bids

B
i
=

({a
,b}

,3)
X

O
R

({c,d
}
,5)

•
X

O
R

because
w

e
w

illpay
for

atm
ostone.

•
W

e
read

the
bid

to
m

ean:

Iw
ould

pay
3

for
a

bundle
thatcontains

a
and

b
butnot

c
and

d.
Iw

illpay
5

for
a

bundle
that

contains
c

and
d

butnot
a

and
b,and

Iw
illpay

5
for

a
bundle

thatcontains
a,

b,
c

and
d.

•
From

this
w

e
can

constructa
valuation.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/
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•
T

hus:

v
β

1 ({a})
=

0

v
β

1 ({b})
=

0

v
β

1 ({a
,b})

=
3

v
β

1 ({c,d
})

=
5

v
β

1 ({a
,b

,c,d
})

=
5

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
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•
M

ore
form

ally,a
bid

like
this:

β
=

(Z
1 ,p

1 )X
O

R
...X

O
R

(Z
k ,p

k )

defines
a

valuation
v
β

like
so:

v
β
(Z
′)

=

{

0
if

Z
′doesn’tsatisfy

any
(Z

i ,p
i )

m
ax{p

i |Z
i
⊆

Z
′}

oth
erw

ise

h
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w
w
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•
X

O
R

bids
are

fully
expressive,thatis

they
can

express
any

valuation
function

over
a

setofgoods.

•
To

do
that,w

e
m

ay
need

an
exponentially

large
num

ber
ofatom

ic
bids.

•
H

ow
ever,the

valuation
ofa

bundle
can

be
com

puted
in

polynom
ialtim

e.
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W
inner

D
eterm

ination

•
T

he
basic

problem
is

intractable.

•
B

utthis
is

a
w

orstcase
result,so

itm
ay

be
possible

to
develop

approaches
thatare

optim
aland

run
w

ellin
m

any
cases.

•
C

an
also

forgetoptim
ality

and
either:

–
use

heuristics;or
–

look
for

approxim
ation

algorithm
s.

•
C

om
m

on
approach:

code
the

problem
as

an
integer

linear
program

and
use

a
standard

solver
–

often
w

orks
in

practice.

h
t
t
p
:
/
/
w
w
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T
he

V
C

G
M

echanism

•
In

generalw
e

don’tknow
w

hether
the

v̂i are
true

valuations.

•
Life

w
ould

be
easier

ifthey
w

ere!

–
W

ell,can
w

e
m

ake
them

true
valuations?

•
Yes,in

a
generalization

ofthe
V

ickrey
auction.

–
V

ickrey/C
larke/G

roves
M

echanism

•
M

echanism
is

incentive
com

patible:
telling

the
truth

is
a

dom
inantstrategy.
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•
N

eed
som

e
m

ore
notation.

•
Indifferentvaluation

function:

v
0(Z

)
=

0

for
allZ

.

•
sw

−
i is

the
socialw

elfare
function

w
ithout

i:

sw
−

i (Z
1 ,...,Z

n ,v
1 ,...

,vn )
=

∑

j∈
A

g
,j6=

i vj (Z
j )

•
A

nd
w

e
can

then
define

the
V

C
G

m
echanism

.

h
t
t
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w
w
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1.E
very

agentsim
ultaneously

declares
a

valuation
v̂i .
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2.T
he

m
echanism

com
putes:

Z
∗1 ,...,Z

∗n
=

arg
m

ax
(Z

1
,...,Z

n )∈
alloc(Z

,A
g
) sw

(Z
1 ,...,Z

n ,v̂
1 ,...,v̂

i ,...,v̂
n )

and
the

allocation
Z
∗1
,...,Z

∗n
is

chosen.
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3.T
he

m
echanism

also
com

putes,for
each

agent
i:

Z
′1 ,...,Z

′n
=

argm
ax

(Z
1 ,...,Z

n )∈
alloc(Z

,A
g
) sw

(Z
1 ,...,Z

n ,v̂
1 ,...,v

0,...,v̂
n )

the
allocation

thatm
axim

ises
socialw

elfare
w

ere
that

agentto
have

declared
v
0

to
be

its
valuation.
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4.E
very

agent
ipays

p
i ,w

here:
p

=
sw

−
i (Z

′1 ,...,Z
′n ,v̂

1 ,...,v
0,...,v

n )

−
sw

−
i (Z

∗1 ,...,Z
∗n ,v̂

1 ,...,v̂
i ,...,v

n )
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•
O

n
other

w
ords,each

agentpays
outthe

cost,to
other

agents,ofithaving
participated

in
the

auction.

•
Itis

incentive
com

patible
for

exactly
the

sam
e

reason
as

the
V

ickrey
auction

w
as

before.

•
Ifyou

bid
m

ore
than

your
valuation

and
w

in,w
ellyou

end
up

paying
back

w
hatthe

good
is

w
orth

to
everyone

else,w
hich

is
m

ore
than

itis
w

orth
to

you.

•
Ifyou

shade
your

bid,you
reduce

your
chance

to
w

in,
buteven

ifyou
w

in
you

are
stillpaying

w
hateveryone

else
thinks

itis
w

orth
so

you
don’tsave

m
oney

by
reducing

yoru
chance

to
w

in.
h
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•
S

o
w

e
geta

dom
inantstrategy

for
each

agentthat
guarantees

to
m

axim
ise

socialw
elfare.
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eB
ay

h
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•
eB

ay
runs

a
variation

ofthe
E

nglish
auction.

•
V

ulnerable
to

sniping.

•
To

counter
this,eB

ay
offers

a
autom

ated
bidding

agent.

–
R

educes
the

auction
to

a
F

P
S

B
.

•
M

any
com

panies
offer

sniping
services.

•
B

T
W

,there
is

an
easy

fix
to

sniping,buteB
ay

chose
notto

use
it.

–
A

ctivity
rule
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A
dw

ord
auctions
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•
To

decide
w

hich
ads

getshow
n

in
w

hich
position

for
w

hich
searches,an

adw
ord

auction
is

run.

•
T

his
is

run
in

realtim
e.

•
(T

hough
clearly

bids
are

placed
beforehand.)

•
A

uction
is

a
variation

on
the

V
ickrey

auction.

•
85%

ofG
oogle’s

revenue
($4.1

billion)
in

2005
cam

e
from

these
auctions.

•
V

ery
active

area
ofresearch.

–
N

otclear
w

hatthe
bestauction

m
echanism

is
for

this
application.

–
N

otclear
w

hatthe
bestw

ay
to

bid
is.

h
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w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
m
j
w
/
p
u
b
s
/
i
m
a
s
/

76

C
hapter

14
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

S
um

m
ary

•
A

llocating
scarce

resources
com

es
dow

n
to

auctions.

•
W

e
looked

ata
range

ofdifferentsim
ple

auction
m

echanism
s.

–
E

nglish
auction

–
D

utch
auction

–
F

irstprice
sealed

bid
–

V
ickrey

auction

•
T

he
w

e
looked

atthe
popular

field
ofcom

binatorial
auctions.
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•
W

e
discussed

som
e

ofthe
problem

s
in

im
plem

enting
com

binatorialauctions.

•
A

nd
w

e
talked

aboutthe
V

ickrey/C
larke/G

roves
m

echanism
,a

rare
ray

ofsunshine
on

the
problem

s
of

m
ultiagentinteraction.
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