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O
verview

•
H

ow
do

agents
reach

agreem
ents

w
hen

they
are

self
interested?

•
In

an
extrem

e
case

(zero
sum

encounter)
no

agreem
entis

possible
—

butin
m

ostscenarios,there
is

potentialfor
m

utually
beneficialagreem

enton
m

atters
ofcom

m
on

interest.
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O
verview

•
T

he
capabilities

of:

–
negotiation

and
–

argum
entation

are
centralto

the
ability

ofan
agentto

reach
such

agreem
ents.
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Tw
o

pictures
thatsum

m
arise

negotiation
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M
echanism

s,P
rotocols,and

S
trategies

•
N

egotiation
is

governed
by

a
particular

m
echanism

,or
protocol.

•
T

he
m

echanism
defines

the
“rules

ofencounter”
betw

een
agents.

•
M

echanism
design

is
designing

m
echanism

s
so

that
they

have
certain

desirable
properties.

–
P

roperties
like

P
areto

efficiency

•
G

iven
a

particular
protocol,how

can
a

particular
strategy

be
designed

thatindividualagents
can

use?
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A
uctions

versus
N

egotiation

•
A

uctions
are

only
concerned

w
ith

the
allocation

of
goods:

richer
techniques

for
reaching

agreem
ents

are
required.

•
N

egotiation
is

the
process

ofreaching
agreem

ents
on

m
atters

ofcom
m

on
interest.

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
/

5

C
hapter

15
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

•
A

ny
negotiation

setting
w

illhave
four

com
ponents:

–
A

negotiation
set:

possible
proposals

thatagents
can

m
ake.

–
A

protocol.
–

S
trategies,one

for
each

agent,w
hich

are
private.

–
A

rule
thatdeterm

ines
w

hen
a

dealhas
been

struck
and

w
hatthe

agreem
entdealis.

N
egotiation

often
proceeds

in
a

series
ofrounds,w

ith
proposals

atevery
round.
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•
T

here
are

a
num

ber
ofaspects

ofnegotiation
that

m
ake

itcom
plex.

•
M

ultiple
issues

–
N

um
ber

ofpossible
deals

is
exponentialin

the
num

ber
ofissues.

(Like
the

num
ber

ofbundles
in

a
com

binatorial
auction)

–
H

ard
to

com
pare

offers
across

m
ultiple

issues
T

he
car

salesm
an

problem

•
M

ultiple
agents

–
O

ne-to-one
negotiation

h
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w
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–
M

any-to-one
negotiation

–
M

any-to-m
any

negotiation

•
A

tthe
sim

ple
end

there
isn’tm

uch
to

distinguish
negotiation

from
auctions.
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N
egotiation

for
R

esource
D

ivision
•

W
e

w
illstartby

looking
atR

ubinstein’s
alternating

offers
m

odel.

•
T

his
is

a
one-to-one

protocol.

•
A

gents
are

1
and

2,and
they

negotiate
over

a
series

ofrounds:
0,1,2,...

•
In

round
0,A

gent1
m

akes
an

offer
x
0.

•
A

gent2
either

accepts
A

,or
rejects

R
.

•
Ifthe

offer
is

accepted,then
the

dealis
im

plem
ented.

•
Ifnot,w

e
have

round
1,and

A
gent2

m
akes

an
offer.
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A
gent 1 m

akes a proposal

A
gent 2

accepts

A
gent 2 rejects

A
gent 2 m

akes a proposal

start

A
gent 1

 rejects
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•
T

he
rules

ofthe
protocoldon’tm

ean
thatagreem

ent
w

illever
be

reached.

–
A

gents
could

justkeep
rejecting

offers.

•
Ifthere

is
no

agreem
ent,w

e
say

the
resultis

the
conflictdealΘ

.

•
W

e
m

ake
the

follow
ing

basic
assum

ptions:

–
D

isagreem
entis

the
w

orstouctom
e

B
oth

agents
prefer

any
agreem

entto
none.

–
A

gents
seek

to
m

axim
ise

utility
A

gents
prefer

to
getlarger

utility
values

•
W

ith
this

basic
m

odel,w
e

getsom
e

odd
results.
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•
C

onsider
w

e
are

dividing
a

pie...
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•
M

odelthis
as

som
e

resource
w

ith
value

1,thatis
divided

into
tw

o
parts.

–
E

ach
partis

betw
een

0
and

1.
–

T
he

tw
o

parts
sum

to
1

so
a

proposalis
(x,1

−
x)

•
T

he
setofpossible

deals
is:

{(x,1
−

x)
:
0
≤

x
≤

1}

•
Ifyou

are
A

gent1,w
hatdo

you
offer?
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•
Let’s

assum
e

thatw
e

w
illonly

have
one

round.
U

ltim
atum

gam
e

•
A

gent1
has

allthe
pow

er.

•
IfA

gent1
proposes

(1,0),then
this

is
stillbetter

for
A

gent2
than

the
conflictdeal.

•
A

gent1
can

do
no

better
than

this
either.

•
S

o
w

e
have

a
N

ash
equilibrium

.

h
t
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w
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•
Ifw

e
have

tw
o

rounds,the
pow

er
passes

to
A

gent2.

•
W

hatever
A

gent1
proposes,A

gent2
rejects

it.

•
T

hen
A

gent2
proposes

(0,1).

•
Justas

before
this

is
stillbetter

for
A

gent1
than

the
conflictdealand

so
itis

accepted.

•
A

bitofthoughtshow
s

thatthis
w

illhappen
any

tim
e

there
is

a
fixed

num
ber

ofrounds.
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•
W

hatifw
e

have
an

indefinite
num

ber
ofrounds.

•
Let’s

say
thatA

gent1
uses

this
strategy:

A
lw

ays
propose

(1,0)
and

alw
ays

rejectany
offer

from
A

gent2

•
H

ow
should

A
gent2

respond?

•
Ifshe

rejects,then
there

w
illnever

be
agreem

ent.

–
C

onflictdeal

•
S

o
accept.

A
nd

there
is

no
pointin

notaccepting
on

the
firstround.
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•
In

fact,w
hatever

(x,1
−

x)
agent1

proposes
here,

im
m

ediate
acceptance

is
the

N
ash

equilibrium
so

long
as

A
gent2

know
s

w
hatA

gent1’s
strategy

is.
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Im
patientplayers

•
S

ince
w

e
have

an
infinite

num
ber

ofN
ash

equilibria,
the

solution
conceptofN

E
is

too
w

eak
to

help
us.

•
C

an
getunqiue

results
ifw

e
take

tim
e

into
account.

F
or

any
outcom

e
x

and
tim

es
t2

>
t1 ,both

agents
prefer

x
attim

e
t1 .

•
A

standard
w

ay
to

m
odelthis

im
patience

is
to

discountthe
value

ofthe
outcom

e.

•
E

ach
agenthas

δi ,
i
∈
{1,2},w

here
0
≤

δ
<

1.

•
T

he
closer

δi is
to

1,the
m

ore
patientthe

agentis.

h
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w
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•
Ifagent

iis
offered

x,then
the

value
ofthe

slice
is:

–
x

attim
e

0
–

δi x
attim

e
1

–
δ
2i x

attim
e

2.
...

–
δ

kx
attim

e
k

•
N

ow
w

e
can

m
ake

som
e

progress
w

ith
the

fixed
num

ber
ofrounds.

•
A

1
round

gam
e

is
stillan

ultim
atum

gam
e.

h
t
t
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/
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w
w
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c
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•
A

2
round

gam
e

m
eans

A
gent2

can
play

as
before,

butifso,w
illonly

get
δ
2 .

G
ets

the
w

hole
pie,butitis

w
orth

less.
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•
A

gent1
can

take
this

into
account.

•
IfA

gent1
offers:

(1
−

δ
2 ,δ

2 )

then
A

gent2
m

ightas
w

ellaccept—
can

do
no

better.

•
S

o
this

is
now

a
N

ash
equilibrium

.

h
t
t
p
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w
w
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c
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•
In

the
generalcase,agent1

m
akes

the
proposalthat

gives
A

gent2
w

hatA
gent2

w
ould

be
able

to
enforce

in
the

second
round.

•
A

gent1
gets:

1
−

δ
2

1
−

δ
1 δ

2

•
A

gent2
gets:

δ
2 (1

−
δ
1 )

1
−

δ
1 δ

2

•
N

ote
thatthe

m
ore

patienteither
agentis,the

m
ore

pie
they

get.
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H
euristic

approach

•
T

he
approach

w
e

justtalked
aboutrelies

on
strageic

thinking
aboutthe

other
player.

•
A

sim
pler

approach
is

to
use

som
e

heuristic
approxim

ation
ofhow

the
value

ofthe
pie

varies
for

the
players.

•
S

om
e

com
m

on
approxim

ations:

–
Linear

–
B

oulw
are

–
C

onceder

•
W

e
can

see
w

hatthese
look

like
for

buyers.
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•
Linear

–
Linear

increase
from

initialprice
atthe

starttim
e

to
reserve

price
atthe

deadline.

•
B

oulw
are

–
V

ery
slow

increase
untilclose

to
deadline

and
then

an
exponentialincrease.

•
C

onceder

–
Initalexponentialincrease

to
close

to
the

reserve
price

and
then

notm
uch

change.
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w
w
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N
egotiation

in
Task-O

riented
D

om
ains

Im
agine

thatyou
have

three
children,each

ofw
hom

needs
to

be
delivered

to
a

differentschool

each
m

orning.
Your

neighbour
has

four
children,and

also
needs

to
take

them
to

school.
D

elivery

ofeach
child

can
be

m
odelled

as
an

indivisible
task.

You
and

your
neighbour

can
discuss

the

situation,and
com

e
to

an
agreem

entthatitis
better

for
both

ofyou
(for

exam
ple,by

carrying
the

other’s
child

to
a

shared
destination,saving

him
the

trip).
T

here
is

no
concern

aboutbeing
able

to
achieve

your
task

by
yourself.

T
he

w
orstthatcan

happen
is

thatyou
and

your
neighbour

w
on’t

com
e

to
an

agreem
entaboutsetting

up
a

car
pool,in

w
hich

case
you

are
no

w
orse

offthan
if

you
w

ere
alone.

You
can

only
benefit(or

do
no

w
orse)

from
your

neighbour’s
tasks.

A
ssum

e,

though,thatone
ofm

y
children

and
one

ofm
y

neigbours’s
children

both
go

to
the

sam
e

school

(thatis,the
costofcarrying

outthese
tw

o
deliveries,or

tw
o

tasks,is
the

sam
e

as
the

costof

carrying
outone

ofthem
).

Itobviously
m

akes
sense

for
both

children
to

be
taken

together,and

only
m

y
neighbour

or
Iw

illneed
to

m
ake

the
trip

to
carry

outboth
tasks.
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TO
D

s
D

efined
•

A
task-oriented

dom
ain

(TO
D

)
is

a
triple

〈T
,A

g
,c〉

w
here:

–
T

is
the

(finite)
setofallpossible

tasks;
–

A
g

=
{1,...,n}

is
setofparticipantagents;

–
c

:
℘

(T
)
→

R
+

defines
costofexecuting

each
subsetoftasks:

•
A

n
encounter

is
a

collection
oftasks

〈T
1 ,...,T

n 〉

w
here

T
i
⊆

T
for

each
i
∈

A
g.

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

in
TO

D
s

•
G

iven
encounter

〈T
1 ,T

2 〉,a
dealw

illbe
an

allocation
ofthe

tasks
T

1
∪

T
2

to
the

agents
1

and
2.

•
T

he
costto

iofdeal
δ

=
〈D

1 ,D
2 〉

is
c(D

i ),and
w

illbe
denoted

costi (δ).

•
T

he
utility

ofdeal
δ

to
agent

iis:

utilityi (δ)
=

c(T
i )
−

costi (δ).

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
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u
k
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˜
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b
s
/
i
m
a
s
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2e

•
T

he
conflictdeal,

Θ
,is

the
deal〈T

1 ,T
2 〉

consisting
of

the
tasks

originally
allocated.

N
ote

that

utilityi (Θ
)

=
0

for
alli

∈
A

g

•
D

eal
δ

is
individualrationalifitgives

positive
utility.

h
t
t
p
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/
w
w
w
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c
s
c
.
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b
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/
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2e

T
he

N
egotiation

S
et

•
T

he
setofdeals

over
w

hich
agents

negotiate
are

those
thatare:

–
individualrational

–
pareto

efficient.

•
Individually

rational:
agents

w
on’tbe

interested
in

deals
thatgive

negative
utility

since
they

w
illprefer

the
conflictdeal.

•
P

areto
efficient:

agents
can

alw
ays

transform
a

non-P
areto

efficientdealinto
a

P
areto

efficientdealby
m

aking
one

agenthappier
and

none
ofthe

others
w

orse
off.

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

N
egotiation

S
etIllustrated

from
 B

 to C
 are

utility for
agent j

utility for
agent i

utility of conflict
deal for j

utility of conflict

deal for i

deals on this line

Pareto optim
al,

hence in the 
negotiation set

this circle delim
its the

possible deals
space of all

conflict deal

A

B

C

D E
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T
he

M
onotonic

C
oncession

P
rotocol

R
ules

ofthis
protocolare

as
follow

s...

•
N

egotiation
proceeds

in
rounds.

•
O

n
round

1,agents
sim

ultaneously
propose

a
deal

from
the

negotiation
set.

•
A

greem
entis

reached
ifone

agentfinds
thatthe

deal
proposed

by
the

other
is

atleastas
good

or
better

than
its

proposal.

•
Ifno

agreem
entis

reached,then
negotiation

proceeds
to

another
round

ofsim
ultaneous

proposals.
h
t
t
p
:
/
/
w
w
w
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c
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c
.
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•
In

round
u

+
1,no

agentis
allow

ed
to

m
ake

a
proposal

thatis
less

preferred
by

the
other

agentthan
the

deal
itproposed

attim
e

u.

•
Ifneither

agentm
akes

a
concession

in
som

e
round

u
>

0,then
negotiation

term
inates,w

ith
the

conflict
deal.

h
t
t
p
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/
/
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w
w
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.
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T
he

Z
euthen

S
trategy

T
hree

problem
s:

•
W

hatshould
an

agent’s
firstproposalbe?

Its
m

ostpreferred
deal

•
O

n
any

given
round,w

ho
should

concede?
T

he
agentleastw

illing
to

risk
conflict.

•
Ifan

agentconcedes,then
how

m
uch

should
it

concede?
Justenough

to
change

the
balance

ofrisk.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
/
˜
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/
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u
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/
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W
illingness

to
R

isk
C

onflict

•
S

uppose
you

have
conceded

a
lot.

T
hen:

–
Your

proposalis
now

near
to

conflictdeal.
–

In
case

conflictoccurs,you
are

notm
uch

w
orse

off.
–

You
are

m
ore

w
illing

to
risk

confict.

•
A

n
agentw

illbe
m

ore
w

illing
to

risk
conflictifthe

difference
in

utility
betw

een
its

currentproposaland
the

conflictdealis
low

.

h
t
t
p
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/
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w
w
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.
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N
ash

E
quilibrium

A
gain...

T
he

Z
euthen

strategy
is

in
N

ash
equilibrium

:
under

the
assum

ption
thatone

agentis
using

the
strategy

the
other

can
do

no
better

than
use

ithim
self...

T
his

is
ofparticular

interestto
the

designer
of

autom
ated

agents.
Itdoes

aw
ay

w
ith

any
need

for
secrecy

on
the

partofthe
program

m
er.

A
n

agent’s
strategy

can
be

publicly
know

n,and
no

other
agentdesigner

can
exploitthe

inform
ation

by
choosing

a
differentstrategy.

In
fact,itis

desirable
thatthe

strategy
be

know
n,to

avoid
inadvertent

conflicts.
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D
eception

in
TO

D
s

D
eception

can
benefitagents

in
tw

o
w

ays:

•
P

hantom
and

D
ecoy

tasks.
P

retending
thatyou

have
been

allocated
tasks

you
have

not.

•
H

idden
tasks.

P
retending

notto
have

been
allocated

tasks
thatyou

have
been.
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S
um

m
ary

•
T

his
lecture

has
looked

atdifferentm
echanism

s
for

reaching
agreem

entbetw
een

agents.

•
W

e
started

by
looking

atnegotiation,w
here

agents
m

ake
concessions

and
explore

tradeoffs.

•
F

inally,w
e

looked
atargum

entation,w
hich

allow
s

for
m

ore
com

plex
interactions

and
can

be
used

for
a

range
oftasks

thatinclude
negotiation.

h
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