
C
H

A
P

T
E

R
5:

R
E

A
C

T
IV

E
A

N
D

H
Y

B
R

ID
A

R
C

H
IT

E
C

T
U

R
E

S

A
n

Introduction
to

M
ultiagentS

ystem
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
a
s
/



C
hapter

5
A

n
Introduction

to
M

ultiagentS
ystem

s

R
eactive

A
rchitectures

•
M

any
problem

s
w

ith
sym

bolic
reasoning

agents.

•
T

hese
problem

s
have

led
som

e
researchers

to
question

the
viability

ofthe
w

hole
paradigm

,and
to

the
developm

entofreactive
architectures.
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B
rooks

—
behaviour

languages

•
B

rooks
putforw

ard
three

theses:

1.
Intelligentbehaviour

can
be

generated
w

ithout
explicitrepresentations

ofthe
kind

thatsym
bolic

A
Iproposes.

2.
Intelligentbehaviour

can
be

generated
w

ithout
explicitabstractreasoning

ofthe
kind

that
sym

bolic
A

Iproposes.
3.

Intelligence
is

an
em

ergent
property

ofcertain
com

plex
system

s.
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•
H

e
identifies

tw
o

key
ideas

thathave
inform

ed
his

research:

1.
S

ituatedness
and

em
bodim

ent:
‘R

eal’intelligence
is

situated
in

the
w

orld,notin
disem

bodied
system

s
such

as
theorem

provers
or

expert
system

s.
2.

Intelligence
and

em
ergence:

‘Intelligent’
behaviour

arises
as

a
resultofan

agent’s
interaction

w
ith

its
environm

ent.
A

lso,intelligence
is

‘in
the

eye
ofthe

beholder’;itis
notan

innate,
isolated

property.
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•
To

illustrate
his

ideas,B
rooks

builtagents
based

on
his

subsum
ption

architecture.

•
A

subsum
ption

architecture
is

a
hierarchy

of
task-accom

plishing
behaviours.

•
E

ach
behaviour

is
a

sim
ple,rule-like

structure.

•
E

ach
behaviour

‘com
petes’w

ith
others

to
exercise

controlover
the

agent.

•
Low

er
layers

representm
ore

prim
itive

kinds
of

behaviour,(such
as

avoiding
obstacles),and

have
precedence

over
layers

further
up

the
hierarchy.
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•
S

teels’M
ars

explorer
system

,using
the

subsum
ption

architecture,achieves
near-optim

alcooperative
perform

ance
in

sim
ulated

‘rock
gathering

on
M

ars’
dom

ain:
T

he
objective

is
to

explore
a

distantplanet,and
in

particular,to
collectsam

ple
ofa

precious
rock.

T
he

location
ofthe

sam
ples

is
notknow

n
in

advance,butit
is

know
n

thatthey
tend

to
be

clustered.
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w
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•
F

or
individual(non-cooperative)

agents,the
low

est-levelbehavior,(and
hence

the
behavior

w
ith

the
highest“priority”)

is
obstacle

avoidance:

if
detectan

obstacle
then

change
direction.

(1)

•
A

ny
sam

ples
carried

by
agents

are
dropped

back
at

the
m

other-ship:

if
carrying

sam
ples

and
atthe

base
then

drop
sam

ples
(2)

•
A

gents
carrying

sam
ples

w
illreturn

to
the

m
other-ship:

if
carrying

sam
ples

and
not

atthe
base

then
travelup

gradient.
(3)
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•
A

gents
w

illcollectsam
ples

they
find:

if
detecta

sam
ple

then
pick

sam
ple

up.
(4)

•
A

n
agentw

ith
“nothing

better
to

do”
w

illexplore
random

ly:

if
true

then
m

ove
random

ly.
(5)

h
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S
ituated

A
utom

ata

•
In

the
situated

autom
ata

paradigm
,an

agentis
specified

in
a

rule-like
(declarative)

language,and
this

specification
is

then
com

piled
dow

n
to

a
digital

m
achine,w

hich
satisfies

the
declarative

specification.
T

his
digitalm

achine
can

operate
in

a
provable

tim
e

bound.

•
R

easoning
is

done
offline,atcom

pile
tim

e,rather
than

online
atrun

tim
e.

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
/

8



C
hapter

5
A

n
Introduction

to
M

ultiagentS
ystem

s

•
T

he
theoreticallim

itations
ofthe

approach
are

notw
ell

understood.

•
C

om
pilation

(w
ith

propositionalspecifications)
is

equivalentto
an

N
P

-com
plete

problem
.

•
T

he
m

ore
expressive

the
agentspecification

language,the
harder

itis
to

com
pile

it.
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H
ybrid

A
rchitectures

•
M

any
researchers

have
argued

thatneither
a

com
pletely

deliberative
nor

com
pletely

reactive
approach

is
suitable

for
building

agents.

•
A

n
obvious

approach
is

to
build

an
agentoutoftw

o
(or

m
ore)

subsystem
s:

–
a

deliberative
one,containing

a
sym

bolic
w

orld
m

odel,w
hich

develops
plans

and
m

akes
decisions

in
the

w
ay

proposed
by

sym
bolic

A
I;and

–
a

reactive
one,w

hich
is

capable
ofreacting

to
events

w
ithoutcom

plex
reasoning.
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•
O

ften,the
reactive

com
ponentis

given
som

e
kind

of
precedence

over
the

deliberative
one.

•
T

his
kind

ofstructuring
leads

naturally
to

the
idea

ofa
layered

architecture,ofw
hich

T
O

U
R

IN
G

M
A

C
H

IN
E

S

and
IN

T
ER

R
A

P
are

exam
ples.

•
In

such
an

architecture,an
agent’s

control
subsystem

s
are

arranged
into

a
hierarchy,w

ith
higher

layers
dealing

w
ith

inform
ation

atincreasing
levels

of
abstraction.
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•
A

key
problem

in
such

architectures
is

w
hatkind

controlfram
ew

ork
to

em
bed

the
agent’s

subsystem
s

in,to
m

anage
the

interactions
betw

een
the

various
layers.

•
H

orizontallayering.
Layers

are
each

directly
connected

to
the

sensory
inputand

action
output.

In
effect,each

layer
itselfacts

like
an

agent,producing
suggestions

as
to

w
hataction

to
perform

.
•

V
erticallayering.

S
ensory

inputand
action

outputare
each

dealtw
ith

by
atm

ostone
layer

each.
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action
output

perceptual
input

(b) Vertical layering
(One pass control)

(a) Horizontal layering

perceptual
input

action
output

perceptual
input

action
output

(Two pass control)

Layer 1

Layer 2

Layer n

Layer 1

Layer 2

Layer n

Layer 1

Layer 2

Layer n

...
...

...

(c) Vertical layering
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F
erguson

—
T

O
U

R
IN

G
M

A
C

H
IN

E
S

•
T

he
T

O
U

R
IN

G
M

A
C

H
IN

E
S

architecture
consists

of
perception

and
action

subsystem
s,w

hich
interface

directly
w

ith
the

agent’s
environm

ent,and
three

controllayers,em
bedded

in
a

controlfram
ew

ork,
w

hich
m

ediates
betw

een
the

layers.
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•
T

he
reactive

layer
is

im
plem

ented
as

a
setof

situation-action
rules,à

la
subsum

ption
architecture.

E
xam

ple:

r
u
l
e
-
1
:

k
e
r
b
-
a
v
o
i
d
a
n
c
e

i
f

i
s
-
i
n
-
f
r
o
n
t
(
K
e
r
b
,

O
b
s
e
r
v
e
r
)

a
n
d

s
p
e
e
d
(
O
b
s
e
r
v
e
r
)

>
0

a
n
d

s
e
p
a
r
a
t
i
o
n
(
K
e
r
b
,

O
b
s
e
r
v
e
r
)

<
K
e
r
b
T
h
r
e
s
h
H
o
l
d

t
h
e
n
c
h
a
n
g
e
-
o
r
i
e
n
t
a
t
i
o
n
(
K
e
r
b
A
v
o
i
d
a
n
c
e
A
n
g
l
e
)

•
T

he
planning

layer
constructs

plans
and

selects
actions

to
execute

in
order

to
achieve

the
agent’s

goals.

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
/

16



C
hapter

5
A

n
Introduction

to
M

ultiagentS
ystem

s

•
T

he
m

odelling
layer

contains
sym

bolic
representations

ofthe
‘cognitive

state’ofother
entities

in
the

agent’s
environm

ent.

•
T

he
three

layers
com

m
unicate

w
ith

each
other

and
are

em
bedded

in
a

controlfram
ew

ork,w
hich

use
controlrules.
E

xam
ple:

c
e
n
s
o
r
-
r
u
l
e
-
1
:

i
f

e
n
t
i
t
y
(
o
b
s
t
a
c
l
e
-
6
)

i
n

p
e
r
c
e
p
t
i
o
n
-
b
u
f
f
e
r

t
h
e
n
r
e
m
o
v
e
-
s
e
n
s
o
r
y
-
r
e
c
o
r
d
(
l
a
y
e
r
-
R
,

e
n
t
i
t
y
(
o
b
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t
a
c
l
e
-
6
)
)
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