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Introduction and Outline

Agent based simulations can
solve problems often not easily
solved with other techniques.

Agents are easy to develop and
have several characteristics that
let them solve difficult problems.
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Background
°

What are Agents?

What are Agents?

Agents are independent entities that make decisions based on their
environment. They have limited knowledge of their environment
and try to reach a personal goal.

Examples of Agents
Birds in a flock
People trading in the stock market

People spreading diseases through a region

Prey vs. Predator models

vV v v v Y

Traffic Simulations
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Background

Uses for Agents

Uses for Agents

Agents have been called “a third way of doing science: inductive
logic, deductive logic, and agent based modeling” [9]

Agents can show complicated behavior, and they work well in
complicated models because they are highly responsive to feedback

and can act independently.

Useful in economics, sociology, biological sciences, virtual worlds,
and anywhere direct experimentation is difficult.
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Background

°
A Formal Definition

Formal Definition of an Agent

Discrete individuals, self contained

Oriented towards a personal goal

>
>
> Able to interact with the environment
» Interact with other agents

>

Adapt their behavior?
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Characteristics of Agents

Characteristics of Agents

| have identified three specific traits that make agents very
powerful tools to solve problems.

Defining Characteristics Associated with Agents

» Emergent Behavior
» Feedback

» Agents as Diverse Entities
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Characteristics of Agents
®0

Emergent Behavior

Emergent Behavior

A series of simple individuals work together and show unexpected
behavior that is significantly more complicated than what a single
individual could do.

Examples in Nature

Termites create large mounds with very complicated temperature
control structures, even though any individual termite is not
complicated.[19]
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Characteristics of Agents
oe

Emergent Behavior
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Characteristics of Agents

[ Je]

Feedback

Feedback

Feedback occurs when past events affect future actions. Through
feedback, agents continually adapt to changes in the environment.

Consider the example of retail stores setting a price for a product.
In part, the price they set is a function of the price of their
competitors.

The iterative nature of agent systems makes accounting for

feedback easy! In other systems, the model must explicitly account
for the effect of feedback in the equations.
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Characteristics of Agents

oe

Feedback

Predator/Prey Models Can Exhibit Population Cycles
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Characteristics of Agents

°
Diverse Entities

Diverse Entities

It's possible to have multiple types of agents.

Sheep Wolves

New entities are easy to develop and add to a model. Adding a
simple wolf that wanders around is easier than doing differential
equations!

In Economics
Individual traders, consumers, corporations, financial institutions,
and governments can be modeled as a different types of agents.
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Economic Applications
°

Agent-Based Economics

Agent-Based Economics

An agent based approach is effective because:
» Complicated two-direction feedback in economic systems

» More flexible and powerful than deterministic methods and
purely mathematical models

» Agents may adapt over the simulation
» Individuals are easy to understand, the entire system is not

Typically, economic agents, such as individual traders or
institutions are modeled, in addition to external influences such as
governments, laws and regulations, and environmental factors.
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Economic Applications

Electricity Markets

Electricity Markets

These complicated systems lend
themselves well to agent based
modeling.

» Feedback
» Diverse Entities

» Simple to Change

In this example prices fluctuated
for a while before converging.
Also, it was found entities would
seem to collude even though no
communication of that type was
possible between them. [16, 9]
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Agent: Customer

Goals:
Minimize cost
Maximize reliability

Trades money for electricity with a distribution company

Past prices and rehablll(y ofdistribution companies

.0

Agent: Distribution Company

Goals:
Minimize costs

Actions:

Trades electricity for money with multiple customers
Trades money for electricity with generation companies

Past price changes and prices from generation companies

TE

Agent: Generation Company
Goals:
Maximize profits
Trades electricity for money with distribution companies

Memory:
Past bids from distribution companies




Applications in Virtual Worlds

In Virtual Worlds

Agents make virtual worlds
more immersive and
believable [4].

NPCs (non player characters)
act less rigidly.

In video games, such as
Oblivion by Bethesda
Softworks, players find the
agent based NPCs to be
interesting to interact with
and watch [17].
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Conclusions

Conclusions

Agents have very interesting characteristics that make them very
useful in a variety of models and simulations.

With the falling price of computer hardware, these relatively
computationally expensive simulations are becoming better
options. Hardware is much cheaper than hiring more modelers and
mathematicians.
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Conclusions

References

Andy Korth

F. A. Amo, F. F. Velasco, G. L. Gomez, J. P. R. Jiminez, and F. J. S. Camino.

Intelligent virtual agent societies on the internet.
In IVA 01: Proceedings of the Third International Workshop on Intelligent Virtual Agents, pages 100-111, London, UK, 2001
Springer-Verlag

R. Axelrod.

The Evolution of Cooperation.

Basic Books, 1985

J. L. Casti

Would-Be Worlds, How Simulation is Changing the Frontier of Science.
John Wiley and Sons, Inc, New York, first edition, 1997

D. J. Chaplin and A. E. Rhalibi.

IPD for emotional NPC societies in games.
In ACE '04: Proceedings of the 2004 ACM SIGCHI International Conference on Advances in computer entertainment technology,
pages 51-60, New York, NY, USA, 2004. ACM Press.

X. Cui, J. Gao, and T. E. Potok.

A flocking based algorithm for document clustering analysis.

J. Syst. Archit., 52(8):505-515, 2006

D. N. Davis.

Modelling emotion in computational agents.

Department of Computer Science, University of Hull, Kingston-upon-Hull, U.K. Unpublished work, 2000
D. Fielding, M. Fraser, B. Logan, and S. Benford.

Extending game participation with embodied reporting agents.
In ACE '04: Proceedings of the 2004 ACM SIGCHI International Conference on Advarnices)in corfiputer entértainment technolagy,

Modeling and Simulation with Agents



Conclusions

Acknowledgments

I'd like to thank everyone for attending. A special thanks to all of
the computer science faculty for sharing their wisdom. Thanks to
Nic McPhee, my advisor, and Tyler Hutchison and Scott Lembcke
for the help on my practice talks.

Thanks to my parents for everything, and my sister Laura for helping me
pick out my tie.

Andy Korth
Modeling and Simulation with Agents



	Background
	What are Agents?
	Uses for Agents
	A Formal Definition

	Characteristics of Agents
	Emergent Behavior
	Feedback
	Diverse Entities

	Economic Applications
	Agent-Based Economics
	Electricity Markets

	Applications in Virtual Worlds
	Conclusions

