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INTRODUCTION
The Schelling model of segregation [1]

• game-theoretic agent-based model for the ag-
gregate behavior of people based on their pref-
erences

• even though they may only have a mild prefer-
ence, they still choose to segregate over time.

Statistical teleodynamics [2] is the framework for
modeling teleological systems, systems of goal-
directed, rational entities or agents.

DEFINITIONS
• Q square neighborhoods with H grid spaces

• only one agent may occupy a space at a time

• preferences modeled by the utility of a given
agent hi dependent on the density of the agent’s
neighborhood: ρi

hi = ηHρi − ξH2ρ2i − ln ρi + ln(1− ρi), (1)

where η, ξ > 0. We also define lump parameters a =
ηH and b = ξH2.

• ηHρi: utility of community formation

• −ξH2ρ2i : disutility of crowding

• − ln ρi: disutility of competition

• ln(1− ρi): utility of opportunity

SIMULATION RESULTS

Final positions of agents when the simulation was ran with
density 0.2. The a-parameter lies along the x-axis and the b
parameter along the y-axis

Parameters Initial State 3,000,000 ticks

1

a = 20
b = 20
ρ̄ = 0.2

2

a = 20
b = 20
ρ̄ = 0.5

3

a = 20
b = 20
ρ̄ = 0.5

ρi = 0.0045
for 3 blocks
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FUTURE RESEARCH
We are working with doing similar analysis with two classes of agents that each have a utility function based on
their class’ density in each block. Studying this system can help generalize this utility-based behavior to two or
more groups interacting with each other in the same space. We are also interested in studying the relation of this
system with the occurrence of Turing patterns.

SIMULATION DISCUSSION
We use the simulation to test our mathematical hy-
pothesis. In the case that a,b parameters are within
the range, we concluded that segregation was possi-
ble to occur, but only in the case where ρi was between
the two solutions of g(ρi) = 1. At ρ̄ = 0.2, the model is
predicted to segregate, whereas at ρ̄ = 0.5, the model
is predicted not to segregate

1: Phase separation does occur, where agents are
either in sparsely populated neighborhoods or
densely populated neighborhoods

2: The agents did not segregate into neighbor-
hoods, and it appears as though the uniform
density remained approximately the same.

3: It is possible to force the separation to occur by
setting a non-uniform initialization.

CONCLUSION
We constructed a Schelling type agent-based model
where the space is divided into blocks and agents
move between blocks to attempt to maximize their
utility. The agent utility function is dependent on
block density and parameters. At equilibrium, all
agents have equal utility and the system could ex-
hibit segregation in which agents cluster in certain
blocks. Our hypothesis was that the utility function
must not be one-to-one and the initial density must be
within a certain range in order for segregation to oc-
cur. Using the agent-based simulation programmed
with NetLogo, we were able to support our hypoth-
esis of agent behavior. We are able to compare the
purposeful behavior of people to phase separation
of molecules, showing the unexpected universality of
the phenomenon.

SIMULATION
• programmed in NetLogo environment [4]

• random agent and vacant coordinate is chosen

• agent moves if utility is increased by move, oth-
erwise stays

• ρ̄ is the initial average density

MATHEMATICAL ANALYSIS
We determine the parameter range of (a, b) where
h(ρi) (plotted in blue) is not a one-to-one function,
when segregation is hypothesized to be able to occur.
g(ρi) represents the derivative of the utility function,
plotted in green. If ρi is between the two local ex-
trema, segregation occurs.

Segregation possible Segregation not possible

With these parameter constraints we get the a, b range
and a corresponding density range. At P1, segrega-
tion is possible to occur but must also be within the
initial density range. At P2, segregation is impossible
to occur.

CALCULATING FINAL DENSITIES
We define ρd as the density of the dense blocks, and
nd as the number of blocks with density ρd; and we
define ρs as the density of the sparse blocks, and ns

as the number of blocks with density ρs. The simula-
tion starts at an overall density of ρ̃. Once the system
reaches a phase separation equilibrium, the utility of
all agents are all approximately the same. In addition,
the system is subject to the constraint that the number
of agents present in the system is a constant, and each
block is either at the dense or the sparse state.

h(ρd) = h(ρs), ρdk + ρs(Q− k) = ρ̃Q (2)


