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Abstract

In the study of social sciences within human history, the model should reflect the
historical process of development. Many agent based modeling applications currently exist,
but approach the simulation from the aspect of the result. This project will instead
implement the "bottom-up" approach by implementing the backeround world and
individualized agents with specific attributes, using the Multi-Agent Simulator of
Neighborhoods (MASON) library. to parallelize default societal and human characteristics.
“The importation of simple rules to regulate agent behavior establish the agent-based
simulations with correlating results to historically recorded migration developments. The
simulation records the complex behavior results through economic aspects of wealth
distribution and trade, and social aspects of reproduction, death, health, and cultural
exchange. The study results include graphical representations for the change in wealth
distribution and patterns of agent migration as the program steps.

Background

“The concept of lfe as information spurred on research in the area of artificial lfe, most
notably John Conway's zame of Life. Later teams programmed the same into a computer in
the first known case of artficial life from computers. Among the many questions that Life
raised was whether a finite initial configuration can generate an infinite population. The
implications of the simple rules were comples, leading programmers to wonder whether the
such simple rules can apply to the real world to explain complex results.

From the implications of Life, botton-up models of real world situations followed in the
form of Craig Reynolds's *boids” and later Robert Axtell and Jushua M. Epstein's
Sugarscape. Boids stood for " birdoids", which investigated Reynolds theory for bird
flocking through a computational model of decentralized activity. Rather than following a
form of centralized control, each individual boid followed simple logical rules for its own
‘200d. The results showed a behavior that copied the movement of flocking as it occurred in
natue. The results of the boids study further implicated that seemingly centralized activity
in the real world are simply patterns ereated through the summation of the decentralized
activity of individual agents or cells.

“The boids study then brings agent-based modeling to the world of Sugarscape, initially
ereated by Brookings researchers Joshua Epstein and Robert Axtell to study the ageregate
effects of resulting interactions from simple rules on Sugarscape's agents. Sugarscape has
been used to model a variety of complex situations, such as proto-history. cultural evolution,
population pressures, and warfare, in the bottom-up approach with simple causes for
individual Agents.

Agents exist in a world of limited natural resources, sugar, which grows back at a
specified rate after an agent harvest the sugar within a certain coordinate. All agents are
“born" with random attributes of metabolism and vision, and will seek the coordinates with
the best conditions with regards to resource and its abilities. An agent that cannot obtain
‘more sugar than it consumes will die and disappear from the model.

Testing
T nctionaliy testing consist o esing it th varibles tht the wser an change
during the program. While the initial values of the variables are set by the program, the user
can change the values for MaxVision, gridHeight, eridWidth and scale, agentCount and

randomMovementProbability. The testing is done by changing the various parameters
during runtime and refieshing the program to start() again.

“The engineering testing consists of both tests on the correct implementation of the
steppable functions, and tests of whether the expected output s the same as the theoretical
output. The new rule implemented is Distribution3D1 meant to sather the data for the
wealth distribution of the agents. The rule has been incorporated into the schedule of
Sugarscape afier the zrowih rule (RuleG), to test whether or not it collects data in the correct
manner (it had trouble with obtaining an agent's information from the Sparcegrid3D agent
erid, and is not collecting data correctly). The output pattern of the agents o correspond
with the expected pattens around the latices of the different sugar levels.

“The addition of the distribution rule also tests for the adaptability of the program to
encompass new rules in its runtime schedule. Further rules, such as reproduction and
cultural exchange should also be viable, given the problem with the accessibility of the
agents' private fields.
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Methodology
“The project will build on the algorithm of another agent-based modeling program (ie.
Sugarscape in NetLogo or RePast) and begin with a prototype in MASON to duplicate
the fundamental rules of Sugarscape, G for reproduction of essential resources and M
for agent movement. After establishing the initial parameters of the agent world, the
parameters of the agents will encompass pender, age, multiple resources, culture, etc to.
establish reproduction, trade, cultural exchange. etc. Data recording will be
implemented along with the development of the agent-world rules, to display statistical
information of the artificial society.

Results.
In the instance when each agent begins the first step of the program with random
positions, the agents demonstrate a tendency to gather at lattices under the finite growth

rule (RuleG1). Initially the agent migration pattems showed some error, such as a
tendency to move back and forth in the horizontal direction, or a tendency to bypass
closer cells with equal amounts of sugar. The pattem of moving to lattices was also only
visible when the world was scaled to the Size of 200 X 200 and up to 4000 agens.
However, with the implementation of a distance check in the agent's step() method,
which determines the cell of the best value that is elosest to the agent, the agent
migration correlated with expected patterns. The agents start with randomly assigned
positions on the erid in the form of (x.y). With cach step the agent wil pick the optimal
position and continue to advance until the pattem in Figure 3 oceurs. This s the case
when the growth rule is infinite. When the sugar growthRate is a limited number, the
agents move to the poles, where the greatest amount of sugar is available.

“The initial positions of the agents have been changed to a square within the grid of
the Sugarscape world. The size of the squares side length is roughly 40 percent that of
the grid, starting in one of the comers. The migration patter should show waves of
agents moving from one pole towards the other pole. The sugar amount will lower with
each step of the agent, causing the agents to move forward (owards the other pole),
because the amount of sugar in front of them will be greater than the amount behind.
“The agents show the patter of movement, but since the toroidal erid is implemented.
some ages wraps around to the other pole through the corner rather than forward. The
next step is to make the grid non-toroidal.

Conelusion

“The basic statistics of agent movement, wealth distribution based on the
accumulation of resource were recorded and displayed through the use of screen shots
and graphs. The array of events and changes in the agent world were displayed through
a Java applet, updating itself with each iteration.

“The pattems of migration in the agents show interesting insight into progression
of a population when a limited resource is in question. When each member of a society
acts for its own benefits, an aggregate pattern of either gathering at lattices or wave
‘movement is distinet. Through decentralized rules, the society creates seemingly
centralized activity.
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Methodology
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Abstract: The purpose of this project is to investigate the applications of swarm intelligence to finding

optimal solutions. More specifically, I'm using an agent based environment of artificial ants to find the
optimal path between a food source and the anthill. This project was created with and runs in NetLogo.
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As computers developed, new techniques for
optimization were designed. Amongst these
techniques was Ant Colony Optimization (ACO,
developed by Marco Dorigo in 1992.

Thoory and Application: Ant colony optimization
implements large numbers of agents. Each agent may
perform only simple tasks and may only gather
information from its surroundings, but in large numbers
they can accomplish more complicated things like finding
optimal solutions. The more agents you have running a
simulation the faster you get results.

In my simulation, the ants are only aware of whether
or not they are carrying food and only gather information
from adjacent spaces. The information they are gathering
is a "pheromone” that is left behind by other ants. As the but also lead to the
ants walk away from either the anthill or a food source “pocketing” effect,
they leave a pheromone of diminishing strength. This which can be
behavior establishes a gradient of pheromone that is harmful
strongest at the food source and gets weaker the farther

Slow
evaporation rates
form trails faster...

you are from the food source. One ant can not cover very This model

much area, but many ants can quickly cover the entire has a higher

environment. Ants then follow this pheromone to find evaporation rate
that relies on

their destination.

higher ant density

Results: Pheromone evaporation rates play a large roll in colony efficiency
A pheromone trail that evaporates slowly is easy for other ants to find, but
when the corresponding food source is depleted the trail will lead to
nothing. This creates “pocketing,” where ants swarm around a depleted
food source. This consolidation is to the advantage of the ants if there are
more food sources nearby, but is otherwise inefficient. A high evaporation
rate will relieve this problem, but makes it harder to establish a trail. The
faster evaporating pheromone, therefor, relies on a larger colony population
and higher ant density.
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Abstract

Most populations are modeled with a series of equations based on
gathered data. In a stable, unchanging environment, populations usually
experience periodic populations growth over time. This model seeks to
model the same situation, but using multi agent modeling as opposed to
equation based modeling. Multi agent modeling creates a simulation of the
enviornment, with a "grass" unit that grows, "bunny" agents that eat the
grass, and "fox" agents that eat the bunny. Each agent is programmed with
a certain set of functions similar to the animals they are based on. They can
move around, hunt, eat, and reproduce. There is a maximum number of
agents that can fit in a given unit of the model. The characteristics of the
agents (total population, reproduction rate, metabolism, vision, etc.) were
tracked throughout each trial as a basis for comparison to the traditional
models.

Procedure

This project was written in Java based Repast. Repast came with several models,
one of which was used as a shell for this program. The program was then adapted
to add different types of Agents, one of which could eat the other. Spaces were
modified to contain multiple Agents at one time, to allow more angents, and
therefore more types of agents. Each version was tested repeatedly, to determine
if the model would allow a contiuous survival of each species. A 'surviving' species
is one that does not become extinct within a few thousand steps of the trial.

Population v. Time

Models

The initial model contained only two species, the grass and the herbivore,
dubbed “bunnies'. As expected, the herbivore agents quickly shot up in
population. As their food source became limited, competition limited the
number of species and caused a drift in the characteristics of the species.
Reproduction in this model required a single parent whose age was greater
then or equal to its own personal maturity value, and whose food was
somewhat higher then that necessary for survival. The offspring produced
has attributes of values that are slightly randomly varied from its parent,
going no higher or lower then the initial caps placed on the values.

In this model, the population followed a sinusoidal curve, as is predicted for
population models. The birth rate of the bunnies shot up, as was also
predicted, as those bunnies with higher birth rates would produce more
offspring and be present in larger numbers. The metabolism minimized
itself, and vision maximized itself. Both of these patterns followed the
hypothesis. However, the maturity rate of the bunny agents increased as
well. This was surprising. There were several theories as to why this may
have occured. Perhaps the placement of spawn near the parents caused
an increased competition among those bunnies. However, if this were the
case, the birth rate would also have decreased. This was not observed.
None the less, the model was tried with a random placement of offspring,
and no change in the results occured. Next, we tested the theory that a
longer period of immaturity allowed the parent to stockpile food so that
when it began using food to reproduce, it did not reproduce itself into its
own premature death. To moniter this, another chart was added, showing
both the average stockpile of all bunnies and the average stockpile of
newly matured bunnies and the average stockpiles of all mature bunnies.
While the values varied among the different demographics, there was no
change over time of the values, even as the other attributes of the agents
changed to maximize the agents succesfulness. At this time, the question

remains unresolved.

Total Bunnies @
Tetl oies %

The second model added a third carnivorous species, foxes. This caused
several problems, because the bunnies who died were not removed until all other
agents had also moved, so at times the foxes ate bunnies that harmed the foxes
with negative health. A minimum life count was added (or, rather, changed from
zero) so that instead of an agent dying when it reached a stockpile of zero, it died
when it reached a minimum life count of some number. The rest of the changes
to the program at this point consisted of adapting it for multiple species, adding
an Agent class which all agents now extend, and modifying all the graphs so that
they graphed things from multiple species of agents. This model, once fine
tuned, behaved largely as expected. When the fox population was depleted, the
bunny population would sky rocket, then level off due to a lack of food. Soon,
however, the fox population would recover with the help of abundent food, and
would decrease the bunny population. Their own food supplies depleted, the
foxes would die off, and the process would repeat. Heritable traits did not move
towards one end of the spectrum in this model, because during periods of non-
pressure, the values would, essentially, reset themselves. Another interesting
result was that the metabolism and vision seemed to be directly related instead
of inversly so, which differs from the initial model that did not include the foxes. |
have no hypothesis as to why that occured at this time, except that the decrease
in competition at certain periods skewed results away from the hypothetical max.
Also, foxes searched out the agent with the largest stockpile of food, so having a
large stockpile lost its advantage. When this feature was removed, the results
behaved more as predicted, however the pattern persisted.

The next change was the reproductive mechanisms of agents. It required two agents, one male, one female, to reproduce, and traits were modeled by two genes, one
received from each parent. Mutation was removed from the model. Because of this, agents need to search each other out in order to breed. Because of the size of the
model, foxes are having trouble being plentiful enough to breed. This feature was soon found to be unnsuccesful. Upon further research, it was decided that biologically
detailed reproduction mechanisism do not be modeled so closely. The model should show that the new offspring are based off of the old ones; how this is done is

irrelevant.

Two more types of Agents were added, BirdAgents and WormAgents. For the WormAgents, another characteristic was added to each space, called waste. Waste
accumulates every time an Agent dies, and also at random. The Worm survives on waste similar to the way the Bunny survives on Grass. The Bird survives off of

Worms, and Foxes additionally may eat Birds.

The current model takes the succesfulness of the second model and implements multiple Agents per Space. Worm and Bird Agents have been readded, and the model
has proven to be largely reliable. Future plans include generalizing the Agent class so that new classes do not need to be written specifically.
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Abstract Procedure
S . The modeled society is
The objective of this simplistic when compared
project is to examine the to the real world, and only
effects the varying '

effects of control over a
modeled society has on
the overall output and
distribution of resources.
The language in which
the model will be made is
Netlogo.

Background
Laissez-faire economic
theory states that an
economy can grow best when
not bounded by government.
Contemporary supply side
economists also share this
theory. The validity of this
assertion has never been
concretely proven, but
examining the effects in a
controlled environment might
provide some insight into this.

Hypothesis
In a “fairer” society, the
reduction of the wealth gap
will provide an overall less
rich society, compared to
one with no restrictions.

simulates logical behavior,
which is not the case in the
real world. In the
simulation, agents with a
food searching and
breeding algorithm interact
with an environment
providing random squares
which sustain the agents.

Actual Results

Forthcoming

Conclusion
Forthcoming
P
T s
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Abstract

Considering the increasing virulence of diseases and their resistance to contemporary
medicines, it is of utmost importance to consider and explore non medicinal avenues to
control and halt the spread of disease. By providing ways to stop epidemics before
they become epidemics, we provide a great service to humanity. This project utilizes
environmental based modeling to attempt to define the optimal behavior for an
individual in a population in which an epidemic is released. This project takes a real
step towards predictive modeling and explores how disease is transmitted

Background

Considering the increasingly globalized nature of the world, examining and producing
efficient methods to combat both diseases and bioterrorism outbreaks is of utmost
importance. This project attempts to do so by pioneering in the field of environmental
modeling — using computers to design and examine a real-world model. By combining
observed scientific research with various modeling methods, this project hopes to
achieve a comprehensive modeling solution.

Procedures/Methods

This project will use an environmental based model to realistically simulate a model
designed to achieve the goals mentioned above.

(Anticipated) Results

As more time goes on, more people become infected. Smaller classroom sizes make
for less infections, and obviously more viral disease infect more people over the course
of the simulation.

Model With Healthy Evasion of Infected

Percent Infected

Days
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Abstract
The U.S. commercial sector, though
regulated by the government, is heavily
dominated by the forces of supply and
demand - natural guiding entities that
result from competition and opinions of
the customers. The forces of supply and
demand generaters economic growth and
distribution, as modelled in this project.

Background
Since Adam Smith's revolutionary Wealth
of Nations introduced the capitalistic
economic theory, economists have debated
over the validity of capitalism as the ideal
economic system. In the 19th century,
communism came into being, and during
the 20th century capitalism and
communism battled each other during the
bitter cold war. However, the economic
overlap of the systems have shed light into
the validity of Adam Smith's claims. During
the 1970s, heavy regulation by the U.S.
government contributed to skyrocketing
gas prices. In the Soviet Union, the
relinquishment of government regulation of
the economy increased the wealth of the
Soviet population. Yet this project looks
only at idealistic cases, i.e., pure capitalism
VS. pure communism.
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Figure 1. Bug that currently plagues the program
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Figure 2. A fairly normal wealth distribution in the model
Procedure

This project builds off of the Bank Reserves
model that is packaged with NetLogo. The
Bank Reserves model is a representation of a
society of agents buying and selling some
arbitrary product amongst each other. In this
model exists a bank, which loans out money
and stores savings from the individuals. The
purpose of the model is to track the distribution
of wealth in the capitalistic society. When one
runs the model, one sees that, over time, the
wealth of the society grows logistically. As the
wealth peaks out, the distribution of the wealth
results in a distribution of the wealth in a
manner such that there are roughly equal
populations of wealthy, poor, and middle-
income individuals.

The first thing was to add in three
corporations, each selling some arbitrary
product - all that matters is that these products
are similar in nature, thus producing
competition. After crafting these corporate
entities, the interaction method that allowed
the agents (the people) to trade amongst
themselves was removed. Methods were
implemented such that corporations could
have the same interaction with the banks as
the people. At this point, everything remains as
consistent as indicated, although there seems
to be a large disparity between the wealthy
individuals and the other social classes.
Furthermore, the model indicates record profits
from all of the companies.
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