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W
orking

Together

•
W

hy
and

how
to

agents
w

ork
together?

•
S

ince
agents

are
autonom

ous,they
have

to
m

ake
decisions

at run-tim
e,and

be
capable

ofdynam
ic

coordination.

•
O

verallthey
w

illneed
to

be
able

to
share:

–
Tasks

–
Inform

ation

•
Ifagents

are
designed

by
differentindividuals,they

m
ay

nothave
com

m
on

goals.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
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•
Im

portantto
m

ake
a

distinction
betw

een:

–
benevolentagents

and
–

self-interested
agents.

h
t
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B
enevolentA

gents

•
Ifw

e
“ow

n”
the

w
hole

system
,w

e
can

design
agents

to
help

each
other

w
henever

asked.

•
In

this
case,w

e
can

assum
e

agents
are

benevolent:
our

bestinterestis
their

bestinterest.

•
P

roblem
-solving

in
benevolentsystem

s
is

cooperative
distributed

problem
solving

(C
D

P
S

).

•
B

enevolence
sim

plifies
the

system
design

task
enorm

ously!

•
W

e
w

illtalk
aboutC

D
S

P
in

this
lecture.

h
t
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p
:
/
/
w
w
w
.
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S
elf-Interested

A
gents

•
Ifagents

representthe
interests

ofindividuals
or

organisations,(the
m

ore
generalcase),then

w
e

cannotm
ake

the
benevolence

assum
ption:

•
A

gents
w

illbe
assum

ed
to

actto
further

there
ow

n
interests,possibly

atexpense
ofothers.

•
P

otentialfor
conflict.

•
M

ay
com

plicate
the

design
task

enorm
ously.

•
S

trategic
behavior

m
ay

be
required

—
w

e
w

illcover
som

e
ofthese

aspects
in

later
lectures.

–
G

am
e

theory
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.
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C
oherence

and
coordination

•
C

riteria
for

assessing
an

agent-based
system

.

•
C

oherence

how
w

ellthe
[m

ultiagent]system
behaves

as
a

unitalong
som

e
dim

ension
ofevaluation

(B
ond

and
G

asser).

•
W

e
can

m
easure

coherence
in

term
s

ofsolution
quality,how

effiently
resources

are
used,conceptual

clarity
and

so
on.

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

oordination

the
degree...to

w
hich

[the
agents]...can

avoid
“extraneous”

activity
[such

as]...synchronizing
and

aligning
their

activities
(B

ond
and

G
asser).

Ifthe
system

is
perfefctly

coordinated,agents
w

illnot
getin

each
others’w

ay,in
a

physicalor
a

m
etaphoricalsense.

h
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Task
S

haring
and

R
esultS

haring

•
H

ow
does

a
group

ofagents
w

ork
together

to
solve

problem
s?

•
T

here
are

three
stages:

–
P

roblem
decom

position
–

S
ub-problem

solution
–

A
nsw

er
synthesis

•
Let’s

look
atthese

in
m

ore
detail.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
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l
i
v
.
a
c
.
u
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/
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P
roblem

decom
position

•
T

he
overallproblem

to
be

solved
is

divided
into

sm
aller

sub-problem
s.

•
T

his
is

typically
a

recursive/hierarchicalprocess.

–
S

ubproblem
s

getdivided
up

also.
–

In
A

C
TO

R
S

,this
is

done
untilw

e
are

atthe
levelof

individualprogram
instructions.

•
C

learly
there

is
som

e
processing

to
do

the
division.

H
ow

this
is

done
is

one
design

choice.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
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i
v
.
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•
A

nother
choice

is
w

ho
does

the
division.

–
Is

itcentralized?
–

W
hich

agents
have

know
ledge

oftask
structure?

–
W

ho
is

going
to

solve
the

sub-problem
s?

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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/
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S
ub-problem

solution

•
T

he
sub-problem

s
derived

in
the

previous
stage

are
solved.

•
A

gents
typically

share
som

e
inform

ation
during

this
process.

•
A

given
step

m
ay

involve
tw

o
agents

synchronizing
their

actions.

h
t
t
p
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/
/
w
w
w
.
c
s
c
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S
olution

synthesis

•
In

this
stage

solutions
to

sub-problem
s

are
integrated.

•
A

gain
this

m
ay

be
hierarchical

–
D

ifferentsolutions
atdifferentlevels

ofabstraction.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
a
c
.
u
k
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m
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/
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decom
position

solution
synthesis

h
t
t
p
:
/
/
w
w
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.
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•
G

iven
this

m
odelofcooperative

problem
solving,w

e
have

tw
o

activities
thatare

likely
to

be
present:

–
task

sharing:
com

ponents
ofa

task
are

distributed
to

com
ponent

agents;
how

do
w

e
decide

how
to

allocate
tasks

to
agents?

–
resultsharing:
inform

ation
(partialresults

etc)
is

distributed.
how

do
w

e
assem

ble
a

com
plete

solution
from

the
parts?

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
ask 1.1

T
ask 1.2

T
ask 1.3

T
ask 1

task
sharing

resultsharing

h
t
t
p
:
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/
w
w
w
.
c
s
c
.
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i
v
.
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/
p
u
b
s
/
i
m
a
s
/

14

C
hapter

8
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

T
he

C
ontractN

et

•
W

ellknow
n

task-sharing
protocolfor

task
allocation

is
the

contractnet.

•
T

he
contractnetincludes

five
stages:

1.
R

ecognition;
2.

A
nnouncem

ent;
3.

B
idding;

4.
A

w
arding;

5.
E

xpediting.

•
T

he
textbook

describes
these

stages
in

procedural
term

s
from

the
perspective

ofan
individualagent.
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R
ecognition

•
In

this
stage,an

agentrecognises
ithas

a
problem

it
w

ants
help

w
ith.

•
A

genthas
a

goal,and
either...

–
realises

itcannotachieve
the

goalin
isolation

—
does

nothave
capability;

–
realises

itw
ould

prefer
notto

achieve
the

goalin
isolation

(typically
because

ofsolution
quality,

deadline,etc)

•
A

s
a

result,itneeds
to

involve
other

agents.

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
nnouncem

ent

•
In

this
stage,the

agentw
ith

the
task

sends
outan

announcem
ent

ofthe
task

w
hich

includes
a

specification
ofthe

task
to

be
achieved.

•
S

pecification
m

ustencode:

–
description

oftask
itself(m

aybe
executable);

–
any

constraints
(e.g.,deadlines,quality

constraints).
–

m
eta-task

inform
ation

(e.g.,“bids
m

ustbe
subm

itted
by...”)

•
T

he
announcem

entis
then

broadcast.

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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B
idding

•
A

gents
thatreceive

the
announcem

entdecide
for

them
selves

w
hether

they
w

ish
to

bid
for

the
task.

•
Factors:

–
agentm

ustdecide
w

hether
itis

capable
of

expediting
task;

–
agentm

ustdeterm
ine

quality
constraints

&
price

inform
ation

(ifrelevant).

•
Ifthey

do
choose

to
bid,then

they
subm

ita
tender.

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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A
w

arding
&

E
xpediting

•
A

gentthatsenttask
announcem

entm
ustchoose

betw
een

bids
&

decide
w

ho
to

“aw
ard

the
contract”

to.

•
T

he
resultofthis

process
is

com
m

unicated
to

agents
thatsubm

itted
a

bid.

•
T

he
successfulcontractor

then
expedites

the
task.

•
M

ay
involve

generating
further

m
anager-contractor

relationships:
sub-contracting.

–
M

ay
involve

another
contractnet.

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
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i
v
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T
he

C
ontractN

etvia
F

IPA
P

erform
atives

•
T

he
F

IPA
A

C
L

w
as

designed
to

be
able

to
capture

the
contractnet.

•
c
f
p

(callfor
proposals):

U
sed

for
announcing

a
task;

•
p
r
o
p
o
s
e

,
r
e
f
u
s
e

:
U

sed
for

m
aking

a
proposal,or

declining
to

m
ake

a
proposal.

•
a
c
c
e
p
t

,
r
e
j
e
c
t

:
U

sed
to

indicate
acceptance

or
rejection

ofa
proposal.

h
t
t
p
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/
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w
w
.
c
s
c
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•
i
n
f
o
r
m

,
f
a
i
l
u
r
e

:
U

sed
to

indicate
com

pletion
ofa

task
(w

ith
the

result)
or

failure
to

do
so.

h
t
t
p
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w
w
.
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s
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fa
ilu

re

m
a
n
a
g
e
r

c
o
n
tra

c
to

r 1
c
o
n
tra

c
to

r 2
c
o
n
tra

c
to

r n
...

c
fp

p
ro

p
o
s
e

p
ro

p
o
s
e

p
ro

p
o
s
e

a
c
c
e
p
t

re
fu

s
e

in
fo

rm

O
R

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
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.
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.
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Issues
for

Im
plem

enting
C

ontractN
et

•
H

ow
to...

–
...

specify
tasks?

–
...

specify
quality

ofservice?
–

...
decide

how
to

bid?
–

...
selectbetw

een
com

peting
offers?

–
...

differentiate
betw

een
offers

based
on

m
ultiple

criteria?

h
t
t
p
:
/
/
w
w
w
.
c
s
c
.
l
i
v
.
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.
u
k
/
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j
w
/
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D
eciding

how
to

bid
•

A
ttim

e
ta

contractor
iis

scheduled
to

carry
out

τ
ti .

•
C

ontractor
ialso

has
resources

e
i .

•
T

hen
ireceives

an
annoucem

entoftask
specification

ts,w
hich

is
for

a
setoftasks

τ
(ts).

•
T

hese
w

illcost
i

c ti (τ
)

to
carry

out.

•
T

he
m

arginalcostofcarrying
out

τ
w

illbe:

µ
i (τ

(ts)
|
τ

ti )
=

ci (τ
(ts)

∪
τ

ti )
−

ci (τ
ti )

thatis
the

difference
betw

een
carrying

outw
hatithas

already
agreed

to
do

and
w

hatithas
already

agreed
plus

the
new

tasks.

h
t
t
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/
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w
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c
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•
D

ue
to

synergies,this
is

often
notjust:

ci (τ
(ts))

in
fact,itcan

be
zero

—
the

additionaltasks
can

be
done

for
free.

•
T

hink
ofthe

costofgiving
another

person
a

ride
to

w
ork.

•
A

s
long

as
µ

i (τ
(ts)

|
τ

ti )
<

e
then

the
agentcan

afford
to

do
the

new
w

ork,then
itis

rationalfor
the

agentto
bid

for
the

w
ork.

•
O

therw
ise

not.

h
t
t
p
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/
w
w
w
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s
c
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R
esultS

haring
•

In
results

sharing,agents
provide

each
other

w
ith

inform
ation

as
they

w
ork

tow
ards

a
solution.

•
Itis

generally
accepted

thatresults
sharing

im
proves

problem
solving

by:

–
Independentpieces

ofa
solution

can
be

cross-checked.
–

C
om

bining
localview

s
can

achieve
a

better
overall

view
.

–
S

hared
results

can
im

prove
the

accuracy
ofresults.

–
S

haring
reuslts

allow
s

the
use

ofparallelresources
on

a
problem

.

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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R
esultS

haring
in

B
lackboard

S
ystem

s

•
T

he
firstschem

e
for

cooperative
problem

solving:
w

as
the

blackboard
system

.

•
R

esults
shared

via
shared

data
structure

(B
B

).

•
M

ultiple
agents

(K
S

s/K
A

s)
can

read
and

w
rite

to
B

B
.

•
A

gents
w

rite
partialsolutions

to
B

B
.

•
B

B
m

ay
be

structured
into

hierarchy.

•
M

utualexclusion
over

B
B

required
⇒

bottleneck.

•
N

otconcurrentactivity.

•
C

om
pare:

L
IN

D
A

tuple
spaces,

JA
V

A
S

P
A

C
E

S.

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

haring
in

S
ubscribe/N

otify
P

attern

•
C

om
m

on
design

pattern
in

O
O

system
s:

subscribe/notify.

•
A

n
objectsubscribes

to
another

object,saying
“tellm

e
w

hen
event

e
happens”.

•
W

hen
event

e
happens,originalobjectis

notified.

•
Inform

ation
pro-actively

shared
betw

een
objects.

•
O

bjects
required

to
know

aboutthe
interests

ofother
objects

⇒
inform

objects
w

hen
relevantinform

ation
arises.

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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R
esultS

haring

•
T

he
C

entibots
robots

collaborate
to

m
ap

a
space

and
find

objects.

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
andling

inconsistency

•
A

group
ofagents

m
ay

have
inconsistencies

in
their:

–
B

eliefs
–

G
oals

or
intentions

•
Inconsistentbeliefs

arise
because

agents
have

differentview
s

ofthe
w

orld.

–
M

ay
be

due
to

sensor
faults

or
noise

or
just

because
they

can’tsee
everything.

•
Inconsistentgoals

m
ay

arise
because

agents
are

built
by

differentpeople
w

ith
differentobjectives.

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

hree
w

ays
to

handle
inconsistency

(D
urfee

atal.)

•
D

o
notallow

it
F

or
exam

ple,in
the

contractnetthe
only

view
that

m
atters

is
thatofthe

m
anager

agent.

•
R

esolve
inconsistency

A
gents

discuss
the

inconsistentinform
ation/goals

until
the

inconsistency
goes

aw
ay.

W
e

w
illdiscuss

this
later

(argum
entation).

•
B

uild
system

s
thatdegrade

gracefully
in

the
face

of
inconsistency.

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
oordination

•
C

oordination
is

m
anaging

dependencies
betw

een
agents.

•
E

xam
ple

W
e

both
w

antto
leave

the
room

through
the

sam
e

door.
w

e
are

w
alking

such
thatw

e
w

ill
arrive

atthe
door

atthe
sam

e
tim

e.
W

hatdo
w

e
do

to
ensure

w
e

can
both

getthrough
the

door?

W
e

both
arrive

atthe
copy

room
w

ith
a

stack
of

paper
to

photocopy.
w

ho
gets

to
use

the
m

achine
first?

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

on
M

artialsuggested
thatpositive

coordination
is:

–
R

equested
(explicit)

–
N

on-requested
(im

plicit)

•
N

on-requested
coordination

relationships
can

be
as

follow
s.

•
A

ction
equality:

w
e

both
plan

to
do

som
ething,and

by
recognizing

this
one

ofus
can

be
saved

the
effort.

•
C

onsequence:
W

hatIplan
to

do
w

illhave
the

side-effectofachieving
som

ething
you

w
antto

do.

•
Favor:

W
hatIplan

to
do

w
illm

ake
iteasier

for
you

to
do

w
hatyou

w
antto

do.

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
ocialnorm

s

•
S

ocieties
are

often
regulated

by
(often

unw
ritten)

rules
ofbehavior.

•
E

xam
ple:

A
group

ofpeople
is

w
aiting

atthe
bus

stop.
T

he
bus

arrives.
W

ho
gets

on
the

bus
first?

•
A

nother
exam

ple:

O
n

34th
S

treet,w
hich

side
ofthe

sidew
alk

do
you

w
alk

along?

•
In

an
agentsystem

,w
e

can
design

the
norm

s
and

program
agents

to
follow

them
,or

letnorm
s

evolve.

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
ffline

design
•

R
ecallhow

w
e

described
agents

before:

A
g

:R
E
→

A
c

a
function

w
hich,given

a
run

ending
in

a
state,gives

us
an

action.

•
A

constraintis
then

a
pair:

〈E
′,α

〉

w
here

E
′
⊆

E
and

α
∈

A
c.

•
T

his
constraintsays

that
α

cannotbe
done

in
any

state
in

E
′.

•
A

sociallaw
is

a
setofconstraints.

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
can

refine
our

view
ofan

environm
ent.

•
F

ocalstates,
F
⊆

E
are

the
states

w
e

w
antour

agent
to

be
able

to
getto.

•
From

any
focalstate

e
∈

F
itshould

be
possible

to
get

to
any

other
focalstate

e
′
∈

F
(though

notnecessarily
rightaw

ay).

•
A

usefulsociallaw
is

then
one

thatdoes
notprevent

agents
from

getting
from

one
focalstate

to
another.

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

usefulsociallaw
thatprevents

collisions
:

•
N

otnecessarily
efficient(O

n
2

steps
to

getto
a

specific
square).

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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E
m

ergence
•

W
e

can
also

design
system

s
in

w
hich

sociallaw
s

em
erge.

•
T-shirtgam

e
(S

hoham
and

Tennenholtz):

A
gents

have
both

a
red

t-shirtand
a

blue
t-shirt

and
w

ear
one.

G
oalis

for
everyone

to
end

up
w

ith
the

sam
e

color
on.

In
each

round,each
agentm

eets
one

other
agent,and

decides
w

hether
or

notto
change

their
shirt.

D
uring

the
round

they
only

see
the

shirttheir
pair

is
w

earing
—

they
don’tgetany

other
inform

ation.

•
W

hatstrategy
update

function
should

they
use?

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
trategy

U
pdate

F
unctions

•
S

im
ple

m
ajority:

A
gents

pick
the

shirtthey
have

seen
the

m
ost.

•
S

im
ple

m
ajority

w
ith

types:
A

gents
com

e
in

tw
o

types.
W

hen
they

m
eetan

agent
ofthe

sam
e

type,agents
pass

their
m

em
ories.

O
therw

ise
they

actas
sim

ple
m

ajority.

•
H

ighestcum
ulative

rew
ard:

A
gents

can
“see”

how
often

other
agents

(som
e

subsetofallthe
agents)

have
m

atched
their

pair.
T

hey
pick

the
shirtw

ith
the

largestnum
ber

ofm
atches.

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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Jointintentions

•
Justas

w
e

have
individualintentions,w

e
can

have
jointintentions

for
a

team
ofagents.

•
Levesque

defined
the

idea
ofa

jointpersistentgoal
(JP

G
).

•
A

group
ofagents

have
a

collective
com

m
itm

entto
bring

aboutsom
e

goal
φ

,“m
ove

the
couch”.

•
A

lso
have

m
otivation

ϕ
,“S

im
on

w
ants

the
couch

m
oved”.

•
T

he
m

entalstates
ofagents

m
irror

those
in

B
D

I
agents.

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
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•
A

gents
don’tbelieve

that
φ

is
satsified,butbelieve

itis
possible.

•
A

gents
m

aintain
the

goal
φ

untila
term

ination
condition

is
reached.

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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•
T

he
term

inations
condition

is
thatitis

m
utually

believed
that:

–
goal

φ
is

satisfied;or
–

goal
φ

is
im

possible;or
–

the
m

otivation
ϕ

is
no

longer
present.

•
You

and
Ihave

a
m

utualbeliefthat
p

ifIbelieve
p

and
you

believe
p

and
Ibelieve

thatyou
believe

p
and

I
believe

thatyou
believe

thatIbelieve
p

and
....

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
term

ination
condition

is
achieved

w
hen

an
agent

realises
that,the

goalis
satisfied,im

possible
and

so
on.

•
B

utitdoesn’tdrop
the

goalrightaw
ay.

•
Instead

itadopts
a

new
goal—

to
m

ake
this

new
know

ledge
m

utually
believed.

•
T

his
ensures

thatthe
agents

are
coordinated.

•
T

hey
don’tstop

w
orking

tow
ards

the
goaluntilthey

are
allappraised

ofthe
situation.

•
M

utualbeliefis
achieved

by
com

m
unication.

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
/
i
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M
ultiagentplanning

•
A

nother
approach

to
coordinate

is
to

explicitly
plan

w
hatallthe

agents
do.

•
F

or
exam

ple,com
e

up
w

ith
a

large
S

T
R

IP
S

plan
for

all
the

agents
in

a
system

.

•
C

ould
have:

–
C

entralized
planning

for
distributed

plans
O

ne
agentcom

es
up

w
ith

a
plan

for
everybody

–
D

istributed
planning

A
group

ofagents
com

e
up

w
ith

a
centralized

plan
for

another
group

ofagents.
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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–
D

istributed
planning

for
distributed

plans
A

gents
build

up
plans

for
them

selves,buttake
into

accountthe
actions

ofothers.

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
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•
In

general,the
m

ore
decentralized

itis,the
harder

itis.

•
G

eorgeffpropsed
a

distributed
version

ofS
T

R
IP

S
.

•
N

ew
list:

during

•
S

pecifies
w

hatm
ustbe

true
w

hile
the

action
is

carried
out.

•
T

his
places

constraints
on

w
hen

other
agents

can
do

things.

•
D

ifferentagents
plan

to
achieve

their
goals

using
these

operators
and

then
do:

–
Interaction

analysis:
do

differentplans
affectone

another?
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
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–
S

afety
analysis:

w
hich

interactions
are

problem
atic?

–
Interaction

resolution:
treatthe

problem
atic

interactions
as

critcalsections
and

enforce
m

utual
exclusion.

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
um

m
ary

•
T

his
lecture

has
discussed

how
to

getagents
w

orking
together

to
do

things.

•
W

e
discussed

a
num

ber
ofw

ays
ofhaving

agents
decide

w
hatto

do,and
m

ake
sure

thattheir
w

ork
is

coordinated.

•
A

typicalsystem
w

illneed
to

use
a

com
bination

of
these

ideas.

h
t
t
p
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/
/
w
w
w
.
c
s
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