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F
ive

Trends
in

the
H

istory
ofC

om
puting

•
ubiquity;

•
interconnection;

•
intelligence;

•
delegation;and

•
hum

an-orientation.

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
/

1



C
hapter

1
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

U
biquity

•
C

ontinualreduction
in

costofcom
puting

m
akes

it
possible

to
introduce

processing
pow

er
into

places
and

devices
thatw

ould
have

once
been

uneconom
ic.

•
A

s
processing

capability
spreads,sophistication

(and
intelligence

ofa
sort)

becom
es

ubiquitous.

•
W

hatcould
benefitfrom

having
a

processor
em

bedded
in

it?
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Interconnection

•
C

om
puter

system
s

no
longer

stand
alone,butare

netw
orked

into
large

distributed
system

s.

•
Internetan

obvious
exam

ple,butnetw
orking

is
spreading

its
ever-grow

ing
tentacles.

•
S

ince
distributed

and
concurrentsystem

s
have

becom
e

the
norm

,som
e

researchers
are

putting
forw

ard
theoreticalm

odels
thatportray

com
puting

as
prim

arily
a

process
ofinteraction
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Intelligence

•
T

he
com

plexity
oftasks

thatw
e

are
capable

of
autom

ating
and

delegating
to

com
puters

has
grow

n
steadily

•
Ifyou

don’tfeelcom
fortable

w
ith

this
definition

of
“intelligence”,it’s

probably
because

you
are

a
hum

an...
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D
elegation

•
C

om
puters

are
doing

m
ore

for
us

...
w

ithoutour
intervention

•
W

e
are

giving
controlto

com
puters,even

in
safety

criticaltasks

•
O

ne
exam

ple:
fly-by-w

ire
aircraft,w

here
the

m
achine’s

judgm
entm

ay
be

trusted
m

ore
than

an
experienced

pilot

•
N

exton
the

agenda:
fly-by-w

ire
cars,intelligent

braking
system

s,cruise
controlthatm

aintains
distance

from
car

in
front...

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

1
A

n
Introduction

to
M

ultiagent
S

ystem
s

2e

H
um

an
O

rientation

•
T

he
m

ovem
entaw

ay
from

m
achine-oriented

view
s

of
program

m
ing

tow
ard

concepts
and

m
etaphors

that
m

ore
closely

reflectthe
w

ay
w

e
ourselves

understand
the

w
orld

•
P

rogram
m

ers
(and

users!)
relate

to
the

m
achine

differently

•
P

rogram
m

ers
conceptualize

and
im

plem
entsoftw

are
in

term
s

ofever
higher-level–

m
ore

hum
an-oriented

–
abstractions
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P
rogram

m
ing

progression
•

P
rogram

m
ing

has
progressed

through:

–
m

achine
code;

–
assem

bly
language;

–
m

achine-independentprogram
m

ing
languages;

–
sub-routines;

–
procedures

&
functions;

–
abstractdata

types;
–

objects;

to–
agents.
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O
ther

Trends
in

C
om

puter
S

cience

•
the

G
rid;

•
ubiquitous

com
puting;

•
sem

antic
w

eb.
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T
he

G
rid

•
T

he
G

rid
aim

s
to

develop
m

assive-scale
open

distributed
system

s,capable
ofbeing

able
to

effectively
and

autom
atically

deploy
and

redeploy
com

putational(and
other)

resources
to

solve
large

com
putationalproblem

s:

–
huge

datasets;
–

huge
processing

requirem
ents.

•
C

urrentG
rid

research
focussed

m
ainly

on
m

iddlew
are

h
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T
he

G
rid

and
M

ultiagentS
ystem

s

‘T
he

G
rid

and
agentcom

m
unities

are
both

persuing
the

developm
entofsuch

open
distributed

system
s,albeitfrom

different
perspectives.

T
he

G
rid

com
m

unity
has

historically
focussed

on
[...]

“braw
n”:

interoperable
infrastructure

and
tools

for
secure

and
reliable

resource
sharing

w
ithin

dynam
ic

and
geographically

distributed
virtualorganisations

(V
O

s),and
applications

ofthe
sam

e
to

various
resource

federation
scenarios.

In
contrast,those

w
orking

on
agents

have
focussed

on
“brains”,i.e.,on

the
developm

entofconcepts,m
ethodologies

and
algorithm

s
for

autonom
ous

problem
solvers

thatcan
actflexibly

in
uncertain

and
dynam

ic
environm

ents
in

order
to

achieve
their

objectives.’(F
oster

etal,2004)
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U
biquitous

C
om

puting

‘[P
]opulations

ofcom
puting

entities
–

hardw
are

and
softw

are
-

w
illbecom

e
an

effective
partofour

environm
ent,perform

ing
tasks

thatsupportour
broad

purposes
w

ithoutour
continualdirection,thus

allow
ing

us
to

be
largely

unaw
are

ofthem
.

T
he

vision
arises

because
the

technology
begins

to
lie

w
ithin

our
grasp.

T
his

tangle
ofconcerns,aboutfuture

system
s

ofw
hich

w
e

have
only

hazy
ideas,w

illdefine
a

new
character

for
com

puter
science

over
the

nexthalf-century.’(M
ilner,

2006)
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T
he

S
em

antic
W

eb

•
T

he
sem

antic
w

eb
aim

s
to

annotate
w

eb
sites

w
ith

sem
antic

m
arkup:

inform
ation

in
a

form
processable

by
com

puter,typically
relating

to
the

contentofthe
w

eb
site.

•
T

he
idea

is
thatthis

m
arkup

w
illenable

brow
sers

(etc)
provide

richer,m
ore

m
eaningfulservices

to
users.
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B
erners-Lee

on
the

S
em

antic
W

eb

‘Ihave
a

dream
for

the
W

eb
[in

w
hich

com
puters]

becom
e

capable
ofanalysing

allthe
data

on
the

W
eb

–
the

content,links,and
transactions

betw
een

people
and

com
puters.

A
‘S

em
antic

W
eb’,w

hich
should

m
ake

this
possible,has

yetto
em

erge,butw
hen

it
does,the

day-to-day
m

echanism
s

oftrade,bureaucracy
and

our
daily

lives
w

illbe
handled

by
m

achines
talking

to
m

achines.
T

he
‘intelligentagents’people

have
touted

for
ages

w
illfinally

m
aterialise.’(B

erners-Lee,1999)
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A
gents:

A
F

irstD
efinition

A
n

agentis
a

com
puter

system
thatis

capable
of

independent(autonom
ous)

action
on

behalfofits
user

or
ow

ner
(figuring

outw
hatneeds

to
be

done
to

satisfy
design

objectives,rather
than

constantly
being

told).
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M
ultiagentS

ystem
s:

A
F

irstD
efinition

A
m

ultiagentsystem
is

one
thatconsists

ofa
num

ber
ofagents,w

hich
interactw

ith
one-another.

In
the

m
ostgeneralcase,agents

w
illbe

acting
on

behalfofusers
w

ith
differentgoals

and
m

otivations.
To

successfully
interact,they

w
ill

require
the

ability
to

cooperate,coordinate,and
negotiate

w
ith

each
other,m

uch
as

people
do.
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A
V

ision:
A

utonom
ous

S
pace

P
robes

W
hen

a
space

probe
m

akes
its

long
flightfrom

E
arth

to
the

outer
planets,a

ground
crew

is
usually

required
to

continually
track

its
progress,

and
decide

how
to

dealw
ith

unexpected
eventualities.

T
his

is
costly

and,ifdecisions
are

required
quickly,itis

sim
ply

notpracticable.
F

or
these

reasons,organisations
like

N
A

S
A

are
seriously

investigating
the

possibility
ofm

aking
probes

m
ore

autonom
ous

—
giving

them
richer

decision
m

aking
capabilities

and
responsibilities.

T
his

is
notfiction:

N
A

S
A

’s
D

S
1

is
doing

itnow
!
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A
V

ision:
InternetA

gents

S
earching

the
Internetfor

the
answ

er
to

a
specific

query
can

be
a

long
and

tedious
process.

S
o,w

hy
notallow

a
com

puter
program

—
an

agent—
do

searches
for

us?
T

he
agentw

ould
typically

be
given

a
query

thatw
ould

require
synthesising

pieces
ofinform

ation
from

various
different

Internetinform
ation

sources.
Failure

w
ould

occur
w

hen
a

particular
resource

w
as

unavailable,
(perhaps

due
to

netw
ork

failure),or
w

here
results

could
notbe

obtained.
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T
he

M
icro

and
M

acro
P

roblem
s

•
A

gentdesign:
H

ow
do

w
e

build
agents

thatare
capable

ofindependent,autonom
ous

action
in

order
to

successfully
carry

outthe
tasks

thatw
e

delegate
to

them
?

•
S

ociety
D

esign:
H

ow
do

w
e

build
agents

thatare
capable

ofinteracting
(cooperating,coordinating,

negotiating)
w

ith
other

agents
in

order
to

successfully
carry

outthe
tasks

thatw
e

delegate
to

them
,

particularly
w

hen
the

other
agents

cannotbe
assum

ed
to

share
the

sam
e

interests/goals?
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S
om

e
V

iew
s

ofthe
F

ield

•
A

gents
as

a
paradigm

for
softw

are
engineering:

S
oftw

are
engineers

have
derived

a
progressively

better
understanding

ofthe
characteristics

of
com

plexity
in

softw
are.

Itis
now

w
idely

recognised
that interaction

is
probably

the
m

ostim
portantsingle

characteristic
ofcom

plex
softw

are.
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•
A

gents
as

a
toolfor

understanding
hum

an
societies:

M
ultiagentsystem

s
provide

a
novelnew

toolfor
sim

ulating
societies,w

hich
m

ay
help

shed
som

e
light

on
various

kinds
ofsocialprocesses.
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O
bjections

to
M

A
S

•
Isn’titalljustD

istributed/C
oncurrentS

ystem
s?

•
Isn’titalljust

A
I?

•
Isn’titalljustE

conom
ics/G

am
e

T
heory?

•
Isn’titalljustS

ocialS
cience?
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