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Introduction:
A

gents

•
A

n
agent

is
a

com
puter

program
thatcan

perceive,reason,act,
com

m
unicate

and
coordinate.

–
A

n
agentacts

on
behalf

of
a

user,carrying
outactions

thatm
eet

the
user’s

goals
and

preferences.

–
E

xam
ple:

A
selling

agentknow
s

if
any

buying
agenthas

requested
som

e
good

and
w

hether
ithas

thatgood
for

sale,then

reasons
atw

hich
price

itshould
sellthe

good,and
com

m
unicates

w
ith

the
buying

agentto
m

ake
an

offer.

•
A

n
agentis

said
to

be
intelligent

if
itis

able
to

respond
in

a
tim

ely

fashion
to

environm
entalchanges

(reactivity),to
interactw

ith
other

agents
and

possibly
hum

ans
(sociality),and

to
take

the
initiative

(pro-activeness).
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Introduction:
A

gents
and

O
bjects

•
A

gents
and

objects
have

som
e

sim
ilarities

because
objects

encapsulate
som

e
internalstates,are

able
to

perform
actions

(m
ethods),and

com
m

unicate
by

m
essage

passing.

•
A

gents
and

objects
also

have
significantdifferences:

–
A

gents
are

autonom
ous

or
sem

i-autonom
ous.

–
A

gents
are

capable
of

reactive,pro-active,and
socialbehaviours.

–
E

ach
agentis

considered
to

have
its

ow
n

thread
of

control.

•
See

[8]
for

m
ore

detailed
info

regarding
the

design
and

im
plem

entation
of

agents.
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Introduction:
M

ulti-A
gent

System
s

•
A

m
ulti-agentsystem

is
defined

as
a

system
(or

environm
ent)

com
posed

of
m

ultiple
interacting

agents.

•
A

w
ell-designed

m
ulti-agentsystem

is
one

in
w

hich
agents

can

operate
effectively

and
interactw

ith
each

other
productively.

•
T

he
system

should
provide

som
e

com
putationalinfrastructure

to

allow
agents’

interaction
to

take
place:

–
C

om
m

unication
protocols

enable
agents

to
exchange

and
to

understand
m

essages.

–
Interaction

protocols
enable

agents
to

have
conversations

(e.g.,

structured
exchanges

of
m

essages).
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B
argainF

inder
and

Jango

•
B

argainFinder
[1]

w
as

the
firstshopping

agentfor
price

com
parison.

•
G

iven
a

specific
product,B

argainFinder
w

illquery
m

ultiple
online

m
erchants,and

display
the

price
as

w
ellas

other
productinform

ation
to

the
custom

er.

•
T

he
custom

er
w

illm
ake

the
decision

aboutw
hich

m
erchantto

purchase
the

productfrom
.

•
B

argainFinder
encounters

a
problem

called
the

m
erchant

blocking
problem

:

–
Som

e
m

erchants
are

notinterested
in

com
peting

on
price

alone
because

their
products

are
offered

w
ith

value
added

services.

–
A

s
the

result,these
m

erchants
block

allprice
requests

originated
from

B
argainFinder.



D
r.T

hom
as

T
ran

-
C

SI5389
7

B
argainF

inder
and

Jango
(cont.)

•
Jango

[3]
can

be
view

ed
as

an
advanced

B
argainFinder.

•
Jango

cleverly
gets

around
the

m
erchantblocking

problem
by

having

productrequests
originate

from
the

custom
er’s

W
eb

brow
ser,instead

of
a

centralsite
as

in
the

case
of

B
argainFinder.

•
C

onsequently,productrequests
from

Jango
appear

to
online

m
erchants

as
requests

from
realcustom

ers.
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B
argainF

inder
and

Jango
(cont.)

•
B

argainFinder
and

Jango
shopping

agents
provide

custom
ers

w
ith

usefulinform
ation

for
m

erchantcom
parison.

H
ow

ever,they
have

the

follow
ing

shortcom
ings:

•
T

hey
are

notfully
autonom

ous:
T

hey
leave

the
task

of
analyzing

the

resultantinform
ation

and
selecting

appropriate
m

erchants
com

pletely

for
custom

ers.

•
T

he
algorithm

s
underlying

these
agents’

operations
do

notcapture

inform
ation

on
productquality

or
other

value
added

services,w
hich

is
im

portantfor
custom

ers
to

selectm
erchants.

•
T

hese
agents

are
notequipped

w
ith

any
learning

capabilities
to

help

custom
ers

to
im

prove
their

decision
m

aking
in

the
future.
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K
asbah

•
K

asbah
[2]

is
a

m
ulti-agentsystem

for
consum

er-to-consum
er

electronic
com

m
erce.

•
A

user
can

create
a

selling
(or

buying)
agent,give

itsom
e

strategic

direction
and

launch
itinto

the
system

.

•
T

he
user

can
directthe

agent’s
behavior

by
setting

3
param

eters:
(1)

the
desired

date
to

sell(or
purchase)

the
productby,(2)

the
desired

price,and
(3)

the
low

est
(or

highest)
possible

price,and
also

by

specifying
a

negotiation
function.

•
T

he
agentw

illuse
this

negotiation
function

to
low

er
(or

raise)
the

asking
price.
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K
asbah

(cont.)

•
K

asbah
supports

3
types

of
negotiation

functions,nam
ely

linear,
quadratic,and

exponentialcorresponding
to

anxious,cool-headed,

and
frugalnegotiation

strategies,respectively.

•
O

nce
released

into
the

system
,the

agentw
illseek

outpotential

buyers
(or

sellers)
in

order
to

m
ake

a
transaction.

•
K

asbah’s
agents

are
autonom

ous
in

m
aking

decisions,therefore

freeing
the

user
from

having
to

find
and

negotiate
w

ith
buyers

and

sellers.

•
H

ow
ever,K

asbah’s
agents

do
notm

ake
use

of
any

A
I

learning

techniques
to

im
prove

their
perform

ance
over

tim
e.
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R
ecursive

M
odeling

B
ased

L
earning

A
gents

•
V

idaland
D

urfee
[6,7]

design
buying

and
selling

learning
agents

using
a

recursive
m

odeling
approach.

•
T

hey
recursively

define
differentlevels

of
agents

according
to

their

capabilities
of

m
odeling

other
agents:

•
T

he
0-levelagents

are
the

agents
thatlearn

from
their

observations

aboutthe
environm

ent,and
from

any
environm

entalrew
ards

they

receive.

•
T

he
1-levelagents

are
those

agents
thatm

odelothers
as

0-level

agents,the
2-levelagents

are
those

thatm
odelothers

as
1-level

agents,and
so

on.
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R
ecursive

M
odeling

B
ased

L
earning

A
gents

(cont.)

•
In

theory,agents
w

ith
deeper

m
odels

of
others

should
do

better.

•
H

ow
ever,in

practice,because
of

the
com

putationalcosts
associated

w
ith

m
aintaining

deeper
(i.e.,m

ore
com

plex)
m

odels,there
should

be

a
levelatw

hich
the

gains
and

the
costs

of
having

deeper
m

odels

balance
outfor

each
agent.

•
T

herefore,V
idaland

D
urfee’s

w
ork

only
concentrates

on
the

first

three
levels

of
agents.
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R
ecursive

M
odeling

B
ased

L
earning

A
gents

(cont.)

•
T

he
agents

proposed
in

[6,7]
are

autonom
ous

agents
w

ith
learning

capability.

•
D

raw
backs:

–
A

gents
athigh

levels
suffer

from
com

putationalcosts.

–
Selling

agents
m

ay
notbe

able
to

m
axim

ize
their

profits
by

only

adjusting
the

price.

–
T

he
challenge

of
dealing

w
ith

dishonestagents.
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TA
C

A
gents

•
TA

C
(T

rading
A

gentC
om

petition)
is

a
w

ell-know
n

com
petition

that

is
very

w
ellparticipated

by
m

any
universities

around
the

w
orld.

•
TA

C
W

eb
site:

http://w
w

w
.sics.se/tac/

•
In

this
lecture,w

e
shallintroduce

this
com

petition
and

a
TA

C
agent

nam
ed

A
T

Tac
[4,5],w

hich
is

the
first-place

finisher
in

the
firstTA

C
.
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C
om

petition
O

verview

•
A

TA
C

agentis
a

sim
ulated

travelagentw
hose

task
is

to
organize

itineraries
for

a
group

of
clients

w
ho

w
ish

to
travelfrom

TA
C

Tow
n

to

B
oston

and
back

again
during

a
5-day

period.

•
T

ravelgoods,such
as

airline
tickets

and
hotelreservations,are

com
plem

entary,and
tickets

to
entertainm

entevents,such
as

the

B
oston

R
ed

Sox
and

the
B

oston
Sym

phony,are
substitutable.

•
A

TA
C

agent’s
objective

is
to

w
in

item
s

thatbestsatisfy
its

clients’

preferences
as

inexpensively
as

possible.

•
A

n
agent’s

score
is

the
difference

betw
een

the
utilities

itearns
for

its

clients
and

the
agent’s

expenditures.
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M
arket

Supply

•
T

he
m

arketsupply
consists

of
3

types
of

goods:
(i)

flights
to

and
from

B
oston,(ii)

hotelroom
s

at2
com

peting
hotels,nam

ely
the

G
rand

H
oteland

L
e

Fleabag
Inn,and

(iii)
entertainm

enttickets
for

the
B

oston
R

ed
Sox,the

B
oston

Sym
phony,and

Phantom
of

the
O

pera.

•
T

here
is

a
separate

auction
corresponding

to
every

com
bination

of
travelgood

and
day,yielding

28
auctions

in
total:

–
8

flightauctions
(allclients

m
uststay

atleastone
nightin

B
oston,so

there

are
no

inbound
flights

on
the

5-th
day

and
there

are
no

outbound
flights

on

the
1-stday),

–
8

hotelauctions
(2

hoteltypes
and

4
nights),and

–
12

entertainm
entticketauctions

(3
entertainm

enteventtypes
and

4

nights).

•
A

ll28
auctions

are
sim

ultaneous
(parallel)

auctions
thatrun

for
15

m
inutes.



D
r.T

hom
as

T
ran

-
C

SI5389
17

A
uction

R
ules:

F
light

A
uctions

•
A

n
infinite

supply
of

flights
is

sold
by

the
TA

C
seller

atcontinuously
clearing

auctions
in

w
hich

prices
are

initialized
betw

een
$250

and
$400,and

perturbed
every

30
-

40
seconds

by
a

random
value

uniform
ly

selected
in

the
range

[-$10,$10],butconfined
w

ithin
the

bounds
of

$150
and

$600.

•
FlightA

uctions
close

atthe
end

of
the

gam
e.

•
C

urrentask
price

is
issued

im
m

ediately
in

response
to

new
bids.

•
B

id
w

ithdraw
als

are
allow

ed,how
ever

no
resale

of
flights

is
perm

itted.

•
Flightauctions

are
clear

continuously.
A

ny
buy

bids
thatare

atleast
as

high
as

the
currentask

price
w

illm
atch

im
m

ediately.A
ny

buy
bids

thatdo
notm

atch
rem

ain
in

the
auction

as
standing

bids.
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E
xam

ple
of

F
light

A
uctions

•
TA

C
seller

places
a

sellbid
of

((-64
300)).

•
A

buy
bid

of
((5

370))
w

ould
m

atch
5

units
at$300

each.

•
A

buy
bid

of
((3

290))
w

ould
notm

atch,and
w

ould
rem

ain
standing

in
the

auction.
A

subsequentsellbid
at$290

(or
low

er)
w

ould
m

atch

3
units

atthatask
price

from
this

buy
bid.

•
A

buy
bid

of
((2

370)
(3

280))
w

ould
m

atch
2

units
at$300

each.
T

he

rem
aining

portion
((3

280))
w

ould
rem

ain
standing

in
the

auction.
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A
uction

R
ules:

H
otelA

uctions

•
T

he
TA

C
seller

also
m

akes
available

16
hotelroom

s
per

hotelper

night,w
hich

are
sold

atopen-cry,ascending,m
ulti-unit,

sixteenth-price
auctions.

–
T

he
w

inning
bidders

are
those

w
ho

bid
am

ong
the

top
sixteen

and

these
w

inning
bidders

pay
atthe

sixteenth
highestprice.

–
T

ransactions
clear

w
hen

the
auctions

close,w
hich

typically

occurs
atthe

end
of

a
gam

e
instance.

–
H

otelauctions
are

subjectto
early

closing
after

random
periods

of

inactivity.

–
N

o
bid

w
ithdraw

alor
resale

in
hotelauctions

is
perm

itted.
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E
xam

ple
of

H
otelA

uctions

•
H

otelbid:
((-16

0))

•
A

gentA
:((8

20))

•
A

gentB
:((2

40)
(6

60))

•
A

gentC
:((4

80))

•
A

gentD
:((7

100))

•
A

gentD
w

ins
7

room
s,A

gentC
w

ins
4

room
s,A

gentB
w

ins
5

room
s,and

A
gentA

does
notw

in
any

room
s.T

he
price

of
the

room
s

is
$60

(ie.,the
sixteenth

price).
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A
uction

R
ules:

E
ntertainm

ent
T

icket
A

uctions

•
E

ntertainm
enttickets

are
traded

am
ong

TA
C

agents
in

continuous

double
auctions,w

here
agents

can
actas

either
buyers

or
sellers,and

transactions
clear

continuously.

•
Price

quotes
(the

low
estask

or
the

highestbid)
are

issued

im
m

ediately
in

response
to

new
bids.

•
E

ach
agentreceives

an
initialendow

m
entof

tickets
for

each
eventon

each
night.

•
T

icketresale
is

perm
itted.
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E
xam

ple
of

E
ntertainm

ent
T

icket
A

uctions

•
C

onsider
the

follow
ing

standing
bids

in
an

entertainm
entticket

auction:

–
((-1

100))

–
((-4

90)
(-2

50))

–
((-6

60))

–
((1

40)
(3

10))

–
((1

20))

•
T

he
(low

est)
ask

price
is

$50
and

the
(highest)

bid
price

is
$40.

•
If

a
new

bid
of

((6
70))

enters
the

auction,itw
ould

m
atch

2
units

at
$50

each
and

4
units

at$60
each.

Since
the

bid
((-6

60))
does

not
m

atch
com

pletely,the
rem

aining
portion

w
illrem

ain
standing

in
the

auction
as

((-2
60)).

T
he

(low
est)

ask
price

w
illbecom

e
$60.
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D
em

and

•
A

TA
C

gam
e

instance
pits

8
TA

C
agents

againstone
another,w

ith

each
TA

C
agentrepresenting

8
clients.

•
T

he
m

arketdem
and

is
determ

ined
by

the
64

clients’
preferences.

•
E

ach
clientis

characterized
by

a
random

setof
preferences

for

–
idealarrivaland

departure
dates

(I
A

D
and

I
D

D
,w

hich
range

over
days

1
through

4
and

2
through

5,respectively),

–
a

grand
hotelroom

reservation
value

(H
V

,w
hich

takes
integer

values
betw

een
50

and
150),and

–
reservation

values
for

each
of

the
3

types
of

entertainm
entevents

(R
V

,
S

V
,and

T
V

,taking
integer

value
betw

een
0

and
200,for

the
R

ed
Sox,Sym

phony,and
T

heater
events,respectively).
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C
lient’s

P
ackage

•
T

he
job

of
each

TA
C

agentis
to

assem
ble

packages
of

goods
for

its

clients.

•
A

package
of

goods
is

characterized
by

(i)
arrivaland

departure
dates

(A
D

and
D

D
,ranging

over
days

1

through
5),

(ii)
a

hoteltype
(H

,w
hich

takes
on

value
G

for
G

rand
H

otelor
F

for

L
e

Fleabag
Inn),and

(iii)
entertainm

enttickets
(I

(j,k
)

indicating
w

hether
or

notthe

package
includes

a
ticketon

night
j

to
event

k
∈
{
r,s

,t}).

•
N

ote:
a

notation
such

as
R

1
is

also
used

to
indicate

thatthe
package

includes
a

ticketfor
B

oston
R

ed
Sox

on
night1.
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F
easible

P
ackages

•
To

obtain
a

positive
utility

for
a

client,an
agentm

ustconstructa

feasible
package

for
thatclient;otherw

ise,the
client’s

utility
is

zero.

•
A

feasible
package

is
one

in
w

hich

(i)
the

arrivaldate
is

strictly
less

than
the

departure
date,

(ii)
the

sam
e

hotelis
reserved

during
allinterm

ediate
nights,

(iii)
atm

ostone
entertainm

enteventper
nightis

included,and

(iv)
atm

ostone
of

each
type

of
entertainm

entticketis
included.
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U
tility

•
G

iven
a

feasible
package,a

client’s
utility

for
thatpackage

is

calculated
as

follow
s:

u
tility

=
1000

−
tr

a
v
e
l

p
e
n
a
lty

+
h
o
te

l
bo

n
u
s
+

f
u
n

bo
n
u
s

(1)

w
here

tr
a
v
e
l

p
e
n
a
lty

=
100(|I

A
D
−

A
D
|+

|I
D

D
−

D
D
|)

(2)

h
o
te

l
bo

n
u
s

=



H
V

if
H

=
G

0
otherw

ise
(3)

f
u
n

bo
n
u
s

=
∑

j

[I
(j,r)R

V
+

I
(j,s)S

V
+

I
(j,t)T

V
]

(4)
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E
xam

ple
of

C
lient

P
references

C
lient

I
A

D
I
D

D
H

V
R

V
S

V
T

V

1
2

5
73

175
34

24

2
1

3
125

113
124

57

3
4

5
73

157
12

177

4
1

2
102

50
67

49

5
1

3
75

12
135

111

6
2

4
86

197
8

59

7
1

5
90

56
197

162

8
1

3
50

79
92

136

Table
1:

Preferences
assigned

to
A

T
Tac’s

clients
during

gam
e

3070.
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E
xam

ple
of

G
oods

A
cquired

G
ood

D
ay1

D
ay2

D
ay3

D
ay4

D
ay5

R
1

1
1

2
-

S
1

1
0

0
-

T
1

0
1

1
-

G
4

1
0

0
-

F
1

2
3

3
-

I
5

2
1

0
-

O
-

4
1

0
3

Table
2:

G
oods

acquired
by

A
T

Tac
in

gam
e

3070.
R

,
S,

and
T

denote
tickets

to

the
R

ed
Sox,sym

phony,and
theater,respectively;G

and
F

denote
the

G
rand

H
otel

and
L

e
Fleabag

Inn,
respectively;

I
and

O
denote

inbound
and

outbound
flights,

respectively.
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E
xam

ple
of

A
llocation

C
lient

A
D

D
D

H
T

ickets
U

tility

1
2

5
F

R
4

1175

2
1

2
G

R
1

1138

3
3

5
F

T
3,R

4
1234

4
1

2
G

-
1102

5
1

2
G

S1
1110

6
2

3
G

R
2

1183

7
1

5
F

S2,R
3,T

4
1415

8
1

2
G

T
1

1086

Table
3:

A
T

Tac’s
fi

nal
allocation

in
gam

e
3070:

N
o

goods
w

ere
left

unallocated,
and

the

totalutility
is

9443.
D

uring
the

gam
e,the

agentspent$5364
acquiring

the
goods

and
earned

$75
in

selling
entertainm

enttickets,resulting
in

a
fi

nalscore
of

9443
-

5364
+

75
=

4154.
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A
T

Tac’s
Strategy

•
H

igh-L
evelStrategy

O
verview

•
B

idding
for

Flights

•
B

idding
for

H
otelR

oom
s

•
B

idding
for

E
ntertainm

entT
ickets

•
A

llocation
Strategy
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H
igh-L

evelStrategy
O

verview

•
A

tevery
bidding

opportunity,A
T

Tac
com

putes
the

m
ostprofitable

allocation

of
goods

to
its

clients
(denoted

by
G
∗),given

the
currently-ow

ned
goods

and

the
currentprices

of
hotels

and
flights.

•
Tw

o
observations:

(i)
Since

airline
prices

periodically
increase

or
decrease

by
a

random
am

ount

chosen
from

{
−

1
0
,−

9
,...,9

,1
0
}

w
ith

equalprobability,the
expected

change
in

price
for

each
airline

auction
is

0.
T

hus,A
T

Tac
has

no
incentive

to
bid

before
the

w
itching

hour
(ie.,the

finalfew
m

om
ents

of
the

gam
e),

to
w

aitfor
m

ore
inform

ation
abouthoteland

entertainm
entticket

acquisitions.

(ii)
Since

hotelprices
are

m
onotonically

increasing
as

the
gam

e
proceeds,the

hotelprices
approach

the
eventualclosing

prices.

•
A

T
Tac

therefore
aim

s
to

delay
m

ostof
its

purchases,particularly
airline

purchases,untillate
in

the
gam

e.



D
r.T

hom
as

T
ran

-
C

SI5389
32

H
igh-L

evelStrategy
O

verview
(cont.)

•
A

T
Tac

accom
plishes

this
delay

by
bidding

in
2

differentm
odes:

•
Passive

M
ode:

–
lasting

untilthe
w

itching
hour

–
designed

to
keep

as
m

any
options

open
as

possible

–
com

puting
the

average
tim

e
ittakes

to
com

pute
and

place
bids,

T
b .

•
A

ctive
M

ode:

–
sw

itching
to

active
m

ode
w

hen
T

l
≤

2
T

b
w

here
T

l is
the

tim
e

left

in
the

gam
e

–
B

uying
the

airline
tickets

required
by

the
current

G
∗

–
Place

high
bids

for
the

required
hotelroom

s
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B
idding

for
F

lights

•
W

hile
in

passive
m

ode,A
T

Tac
does

notbid
in

the
airline

auctions.

•
In

active
m

ode,A
T

Tac
buys

allcurrently
unow

ned
airline

tickets

needed
for

the
current

G
∗.
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B
idding

for
H

otelR
oom

s

•
H

otelauctions
are

ascending,sixteenth-price
auctions,subjectto

early
closing

after
random

period
of

inactivity.

•
W

hile
in

passive
m

ode,A
T

Tac
bids

either
to

w
in

hotelroom
s

cheaply

(should
the

auction
close

early)
or

to
try

to
preventthe

auctions
from

early
closing.
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B
idding

for
H

otelR
oom

s
(cont.)

•
For

each
hotelroom

of
type

i
(such

as
“G

rand
H

otel,night3”),let
R

i

be
the

num
ber

of
room

s
of

type
i

needed
for

G
∗.

L
et

P
i

be
the

currentprice
of

i.
A

T
Tac

w
illtry

to
acquire

n
room

s
w

here

n
=



8
if

P
i
=

0
(only

true
atthe

outsetof
the

gam
e)

m
a
x
{
R

i ,4}
if

P
i
≤

10

m
a
x
{
R

i ,2}
if

P
i
≤

20

m
a
x
{
R

i ,1}
if

P
i
≤

50

(5)

•
T

he
above

form
ula

w
as

selected
so

as
to

risk
w

asting
up

to
$40

-
$50

per
room

type
for

the
benefitof

m
aintaining

flexibility
later

in
the

gam
e.
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B
idding

for
H

otelR
oom

s
(cont.)

•
If

A
T

Tac’s
currentbids

w
ould

w
in

n
room

s
then

A
T

Tac
does

nothing;

otherw
ise,itbids

for
n

room
s

at$1
above

the
currentask

price.

•
In

active
m

ode,A
T

Tac
bids

on
hotelroom

s
based

on
their

m
arginal

values:

–
L

et
V

(G
∗)

be
the

value
of

G
∗

(the
utilities

of
allclients

m
inus

the

costof
the

yet-to-be-acquired
goods).

–
L

et
G
∗c

be
the

optim
alallocation

if
client

c
fails

to
gethis

hotel

room
s.

–
A

T
Tac

bids
for

the
hotelroom

s
assigned

to
client

c
in

G
∗

atthe

price
of

V
(G

∗)
−

V
(G

∗c ).
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B
idding

for
E

ntertainm
ent

T
ickets

•
O

n
every

bid
iteration,A

T
Tac

places
a

buy
bid

for
each

type
of

entertainm
ent

ticket,and
a

sellbid
for

each
type

of
entertainm

entticketthatitcurrently

ow
ns.

•
To

avoid
overbidding

(underbidding),A
T

Tac
gradually

decreases
(increases)

its
prices,depending

on
the

tim
e

leftin
the

gam
e

(T
l ).

•
For

each
ow

ned
entertainm

entticket
E

,if
E

is
assigned

in
the

G
∗,let

V
(E

)

be
the

value
of

E
to

the
clientto

w
hom

itis
assigned

in
G
∗.

A
T

Tac
offers

to

sell
E

for
m

in
{
2
0
0
,V

(E
)
+

δ}
w

here
δ

decreases
linearly

from
100

to
20

based
on

T
l .

•
A

T
Tac

bids
to

buy
each

type
of

entertainm
entticket

E
(including

those
thatit

is
also

offering
to

sell)
based

on
the

increased
value

of
G
∗

thatw
ould

be

obtained
by

ow
ning

E
.

A
gain,a

sliding
price

strategy
is

used,this
tim

e
w

ith

the
purchase

price
increasing

as
the

gam
e

proceeds.
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A
llocation

Strategy

•
A

T
Tac

relies
heavily

on
com

puting
the

m
ostprofitable

allocation
of

goods
to

its
clients,

G
∗.

•
G
∗

is
com

puted
using

an
integer

linear
program

m
ing

approach.

•
T

his
approach

w
orks

by
defining

a
setof

variables,constraints
on

these

variables,and
an

objective
function:

–
A

n
assignm

entof
values

to
the

variables
represents

an
allocation

of
goods

to
the

clients.

–
T

he
constraints

ensure
thatthe

allocation
is

legal(e.g.,no
clientgets

m
ore

than
one

travelpackage,each
clientcan

only
use

one
entertainm

entticket

per
day,each

clientcan
only

use
each

type
of

entertainm
entticketonce

etc.)

–
T

he
objective

function
is

utility
m

inus
cost,w

hich
m

ustbe
m

axim
ized,

subjectto
the

constraints.

•
D

etails
can

be
found

in
[5].
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