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Erom Al Tey Examples toa Theery. ol Cemplex Systems

Complex Systems (John L. Casti):

m involve a medium-sized number of agents
(drivers, traders, molecules...);

m the agents are generally both intelligent and adaptive

(they make decisionstin: accordance with varieus rules and are ready“te medify their
rules of action on the basis off new: infermation);

m there are no centralised contraollers
(no dictators);

agents make their decisons and“Up@date their action rules on the
basis of local, rather than global, infermation
(no single agent has access to what everyone else*is doing - autonomy)




M Ulti-Agent Interactions and Emer gent Behaviour
Emergence:

an overalll system, behavieur, that comes out of the interaction of
many participants =, behaviour,that cannot be predieted or even
envisoned" frem a knowledge ol what each component, does in
Isolation.

Two molecules of" hydregen. and one ef oxygen (both quite
flammable and reactive gases),  nkesult, “Whemn, combined, In an
inflammable liquid (emergent proeperties);

The so-called circuit-breaker rules proaibitingycertain types of trades
when the DJ index hasrisen or decClined merethan 50 points from its
previous close have a settling (emergent) effect on over-exited
mar kets;




M Ulti-Agent Interactions and Emer gent Behaviour

The "Central Limit Theerem: If individual randem factors are
numer ous, mutually independent,,and the effect' of each, such faetor
on a process (function)nis very: sight, then this function will “be a
normally distributed randem variablé; a smple behavieur emerges
out of the interaction of alarge number of complex agents,

Straightforward interactions amengl helativelyy simple individual
agents may result in a rich aga@l varied emer genttstructure, having a
level of complexity far greater tham amy ene of its components. ant
colonies, etc.




Experiments A Artificial Worlds

m The prablem withi complex: systems is that we' cannot \do the kinds
of experiments neededinto create \a reliable model and wtheory of

their operation.

m But now we can actually construet, artificial wsurrogates for these
complex, real-world processes and ncarry < outh, the repeatable,
controllable, scientific EXPERIMENTS heeded™ i "Order to obtain

viable theories of complex systems.




Intelligent Trading Agents

Anartificial world:
< afixed ameunt of stock Inra,single company;

- a number of traders that can trade shares of thisistock atheach time
period,

- a Smulator setting the steckwprice By olserving market supply and
demand and matching erdersteibuy and sali;

- an outside investment in“Whilch' tradersican place money at a varying
rate of interest;

- adividend stream for the stock thatfellows a random pattern.




Intelligent Trading Agents

Traders
. Summarise recent, mar ket activity by descriptorsA, B, C; étc.;

- employ decision makingyrules, e.g. “ if, market fulfils conditiens A, B, C
then buy” , etc.;

- re-evaluate decision making rules;

. re-combine successful rules




Intelligent Trading Agents

m What emerges after many time periods of smulation is, a kindsof

“ecology” of predictors »with different traders employing different
decison making rules.

The population of predictors in the astificiallmanket continually
evolves, showing no evidence of settling down tQ@ a single best
predictor for all occasons. The optimal way to proceed at any time
depends critically on what everyone else isdoihg at that time.
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Our Collaberaters

University of Wollongong (UW), Dr. Aditya Ghose
" Cooper ative Problem Solving in M ulti-Agent Systems®
(agrant has been awarded by the UW Research Office)

University of La Reunion, France, Dr. Pierre Marcenac
" Strategy-oriented'Learning in Multi-Agent Systems'
(a PhD scholarship is under consideration)

RMIT University Dr. Lin Padgham
University of New South Wales Dr. Nerman Foo,
Macquarie University Dr. Maurice Pagnucco,
University of Western Sydney Dr. Yan Zhang




TThe Robo@upslnitianyve

m The Robot World Cup Initiative
(RoboCup) IS an international
resear ch initiative.

It provides a standard problem
wher e wide range of technologies
can be integrated and examined.
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Results: Experimental Protetyper Desgnt and, Devel opment

Designing and Modelling Situated Agents Systematically:, Cyberees 98

B ahierarchical logic-based framework for intelligent agent architectur es;

m an ontology of synthetic worlds and Situated agents;

an appr oach to for malising interactivity.in dynamic multi-agent systems;

a mapping from logic theories of actionsto heactive agent, ar chitectures;

Implementation of the Cyberoos 98 —a soccer team of heter ogeneous software
agents.




Applications. Smulatien-eirCompliex Systems

RoboCup Rescue:
— environmental simulation for planning (bush-fire, floods, etc.);

people movement simulation (O©lympic Games, transport junctions, etc.)

stock market smulation, share trading and “portfelio selection (fund
management);

resour ce management and information tasks automation (network
management, travel planning, etc.)




Applications: MRtalst alSRehoetics
(PEtFGleum, Mg, forestry, agriclliiur efcensir uction, etc.)

material transportation in building sites, for ests, farms, dock s and war ehouses;

special-pur pose machines, such as harvester s, rock-drills, construction machines,
and cleaning machines for lar ge ar eas;

sur veillance of outdoor sites and invhazar dous envir onments, such as chemical
and nuclear plants,

control and oper ation of lar ge hydraulic andcable machiner y;

seabed surveying equipment for diving operations;

regular hydrographic surveysto study silt burld up'tn tidal estuaries;
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Applications: Commupication Siechnology.

environmental monitoring and border patrol in demanding environments, such
asports, harbours, along river banks, and near sour ces of high radio frequency
that may interfere with satellite signals;

land/marine car navigation.and vessel tracking;

hydr ogr aphic and‘dynamic positioning navigatien systems;

ground and aerial surveillance and structur e deformation monitoring;

airborne applications: target acquisition, target designation, and minefield and
surface or dnance survey;

civilian and police applications such as dayMight traffic surveillance.
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Simulaen; Eeagtie
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Twepreniems

B Hew te represent What persists tharetgh, aniaction:

the, Frame, Problem

B How to represent actien| éff ectsefficiently - witheut
describing all indirech effiects:

the Ramification: Preblem




Logic of Centinupus Change

H(t,f:v) thefluent f hasthe valuevat timet;

X(tf) fluent f is exempt. from the minimisation of discontinuities,
G(s, a) the action a isinvokedat times;

A(s, a) the'action a Isapplicableat time s;

D([st],a) theaction a'ssuccessiully,executed over. the time interval [st];
D([st],a) theaction a failsoverthe timeinterval [SiY,

D.[st],a) theaction a is being executed during the timeinterval [st).




AXIOmMS

Interaction description:

1, U D ([st],a) UBDy(st],a) ® Gft,h)

where each | ; represents an interaction condition, and b is another action invoked
by occurrences of “l ; during the execution of the action a.

For example,

H(t, see_opponent(x): z) U H(t,near(x): 2) UyH (t, see partner(x): y) U
D.([st], DRIBBLE(x, d) ) U @D([St], DRIBBLE(x, d)) ©"®

G(t, PASS(X, y, distance(X, Y)))




RobeCUpr Simulatien

B Soccer Senver

— Client/server system
— Communicating with 22 playenclients

m Clients

Recelve sensory data (visual, auditory, internal)

Send commands run, tuim, Kiek...

Process fragmented, |ocalised andiimprecise information about the field
Only have a short time to respend

Must make autonomous decisionsut act inicallaboration with members of
their own team




Simulater Agent
<W, P, A, E, C, view, projection, send, receive; do>

W isasat of all external states
IS a sat of all possible partitions of,\W
IS a set oft situated agents
Isaset of effectors
IS a communicatien channel type

view: A® P
projection: WXA® 2%

wil W, ™hal A projection(w, a) | view(a)

send: AX2V® C
recelve AXC® E
do: ExXW® W




Simulate Agent




