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Abstract

Agent-based modeling has found applications in a wide range of fields including economics,
sociology, ecology, epidemiology, transportation planning, and more. Its versatility allows
researchers to investigate various “what-if” scenarios, test the effects of different policies
or interventions, and gain insights into the underlying mechanisms driving complex systems.
This article is intended for the curious student or researcher who is unfamiliar with agent-
based modeling and is looking for a quick but reasonably informative exposure to the field.

Keywords: Individual-based model, predator-prey model, NetLogo

1 Introduction

It is evident from the literature that agent-based model-
ing (ABM) stands out as a powerful computational tech-
nique used across a wide range of disciplines to simulate
complex systems comprised of autonomous agents. These
agents, which could represent individuals, organizations,
or even simple entities such as cells or molecules, oper-
ate within a defined environment and follow sets of rules
governing their characteristics/attributes, behavior, and
interactions. ABM offers a bottom-up approach to mod-
eling, where emergent phenomena arise from the interac-
tions of individual agents with each other and/or their en-
vironment rather than being explicitly programmed into
the model.

The concept of agents in ABM draws inspiration from
observations in social sciences, biology, and other fields
where individual entities exhibit distinct behaviors that
collectively shape the dynamics of the system as a whole.
ABM provides a flexible framework for studying phenom-
ena ranging from the behavior of financial markets to the
spread of infectious diseases, ecological system dynamics,
urban dynamics, and beyond.

In ABM, agents typically possess attributes, exhibit
behaviors, and are subject to rules that govern their in-
teractions with each other and the environment. These
interactions often lead to the emergence of complex pat-
terns, dynamics, and phenomena that would be difficult
to predict solely from understanding the behavior of in-
dividual agents in isolation.

1Center for Collaborative Studies in Biomathematics, Illinois
State University, Normal, IL, 2Normal Community High School,
Normal, IL, 3Dept. of Natural Sciences, University of Alaska South-
east, Juneau, AK

One of the key strengths of ABM lies in its ability to
capture heterogeneity, non-linearity, and feedback loops
inherent in many real-world systems. By representing
agents as autonomous entities with diverse characteristics
and decision-making processes, ABM enables researchers
to explore how micro-level interactions give rise to macro-
level patterns and behaviors.

ABM has found applications in diverse fields including
economics, sociology, ecology, epidemiology, transporta-
tion planning, and more. Its versatility allows researchers
to investigate various “what-if” scenarios, test the effects
of different policies or interventions, and gain insights into
the underlying mechanisms driving complex systems.

This introductory exploration of ABM is intended for
the curious student or researcher who is unfamiliar with
ABM and is looking for a quick but reasonably informa-
tive exposure to the field. The exploration begins in Sec-
tion 2 with a brief description of ABM and a simplistic
view of the mechanics involved. This is followed in Sec-
tion 3 by a preliminary overview of NetLogo, the preferred
computational platform for ABM. After a NetLogo cod-
ing/application demonstration through two accessible ex-
amples in Sections 4 and 5, the interested reader is guided
to resources leading to rigorous treatments of ABM and
advanced applications of NetLogo in Section 6.

2 Agent-Based Models

While the title of this article refers to agent-based mod-
eling, readers might also encounter the term individual-
based modeling in the literature. It turns out that these
terms are often used interchangeably and the protocol for
designing and implementing such models is the same, see
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[3] and [8]. In fact, the bibliographic analysis in [19] pro-
vides evidence in support of considering the terms IBM
and ABM interchangeable. The subtle (maybe philosoph-
ical) difference between the focus of the two lies in the
emphasis on decision making. So, in this article only the
term agent-based model (or modeling) is used.

At this point consider a scenario in which a simple
agent-based model could be used. In animal ecology the
subjects of interest may be a collection of individual ani-
mals that may react to their environment through move-
ment, through changes in their characteristics, or through
changes in their behavior patterns.

Take, for example, the foxes and rabbits predator-prey
model described in [1]. In the absence of all other factors,
consider following the movement of foxes in response to
the availability of one of their prey species, rabbits, and
tracking the population sizes of the two species. If there
are an adequate number of available rabbits, the foxes
are not likely to move outside of their respective neigh-
borhoods. However, if the food source for a particular
fox becomes scarce, then it would be expected to explore
further afield in search of rabbits. It is reasonable to hy-
pothesize that the key determining factor as to whether
a fox will survive and reproduce will be the presence or
absence of rabbits. This scenario is modeled in Section 4.

In Section 5 the modeling scenario described above is
enhanced a bit. Assuming that rabbits represent the only
food source for the foxes, the food source for rabbits, say
grass, is allowed to vary as well (be eaten and regrow).
Thus, the rabbit population is made dependent on not
only the presence of foxes, but also the availability of
grass.

Of course, there is much more to a true foxes and
rabbits system, and actually following foxes and rabbits
in the wild to identify and record factors that influence
their movement and/or characteristics of interest is at
best difficult. Hence, there is still value in scientific hy-
potheses, probability driven computer simulations based
on these hypotheses, and the comparison of simulation
results with (potentially limited) field data. An analy-
sis of how a collection of individuals (for example, foxes
and rabbits) react to or are affected by their environment
(food availability, competition, etc.) using computer sim-
ulations alongside field data serves as a simple application
of agent-based modeling and its accompanying analyses.

3 NetLogo in a Nutshell

Developed by Uri Wilensky in 1999, NetLogo [21] is an
open-source, multi-agent, programmable modeling envi-
ronment that can be used to simulate natural and social
phenomena as well as the dynamics of complex systems
over time. The user-friendly interface of NetLogo makes

it accessible to both novices and experienced users, and
its flexibility makes it a versatile tool that can be used
across disciplines. Its high-level programming language
is specifically designed for simulating and modeling agent
behaviors and interactions, and is easy to learn and imple-
ment. Another feature of NetLogo is the ease with which
sliders can be used to observe immediate changes in sim-
ulation results. This enhances its value as a supporting
tool for analysis and decision making, as well as mak-
ing it an ideal teaching tool for demonstrating dynamical
concepts to non-technical audiences.

To get started with NetLogo, visit the NetLogo website

https://ccl.northwestern.edu/netlogo/

for detailed instructions on downloading and installing
the software. Also of particular use is the NetLogo User
Manual and the NetLogo Dictionary , which contains the
complete list of code syntax along with descriptions and
examples [21].

3.1 Key features

NetLogo is particularly popular in the fields of complex
systems, social sciences, biology, ecology, and the envi-
ronmental sciences due to its ease of use, flexibility, and
powerful modeling capabilities. Some key features that
contribute to this popularity include the following:

Agent-Based Modeling Environment NetLogo pro-
vides a user-friendly interface for creating and sim-
ulating agent-based models. Users can define differ-
ent types of agents, such as turtles (representing in-
dividual entities) and patches (representing discrete
spatial locations), and specify rules governing their
behavior and interactions.

Turtle Graphics NetLogo features a built-in graphi-
cal display where agents, represented as turtles,
move and interact within a two-dimensional grid, or
world. Users can customize the appearance of tur-
tles, patches, and other elements of the simulation
environment.

Programming Language The programming language
and syntax used by NetLogo are easy to learn and
implement, and are accessible to users with varying
levels of programming experience. The language al-
lows users to define procedures, create variables, and
control the behavior of agents and the simulation en-
vironment.

Definition of Agent Behaviors Users can define the
behaviors of individual agents. This includes spec-
ifying how agents move, interact with other agents,
perceive their environment, and respond to changes
in their surroundings.
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Model Library NetLogo provides a rich library of pre-
built sample models covering a wide range of topics,
including biology, ecology, economics, sociology, and
more. These models serve as templates for users to
explore, modify, and extend, making it easier to get
started with building complex simulations.

Tools for Experimentation and Analysis NetLogo
supports experimentation and analysis tools that al-
low users to run multiple simulations with varying
parameter values, collect data, visualize results, and
analyze the behavior of the agents and environment
being simulated by model over time. This enables
users to test hypotheses, explore different scenarios,
and gain insights into the dynamics of complex sys-
tems.

Community and Resources NetLogo has a large and
active community of users, developers, and educators
who contribute to the development of the software
and share resources, tutorials, and best practices.
This vibrant community (accessible via the NetLogo
website) provides support and collaboration oppor-
tunities for users interested in agent-based modeling.

In summary, NetLogo is a free and well-supported plat-
form that provides a powerful and intuitive tool for build-
ing, simulating, and analyzing agent-based models, mak-
ing it an invaluable tool for students, educators, re-
searchers, and practitioners interested in studying com-
plex systems and emergent phenomena.

Actually getting started with the process of conducting
ABM with NetLogo for the first time is fairly straightfor-
ward once the purposes of certain key components are
understood.

3.2 Key components

Three tabs and a button that appear in the opening
screen of NetLogo are worth mentioning, see Figure 1.

Interface. The model interface window is where the
simulation is displayed. Also, it is here that buttons,
sliders, and switches that control parameter values and
the model simulation are placed. Additionally, dynamic
graphs and more that can be used to monitor quantitative
output associated with the model simulation can also be
placed here. The option to insert such features using the
Add button and drop-down menu next to it is contained
in this window, see Figure 1. The blank square region in
the center of the screen, which will be referred to as the
canvas, is where the results of the simulation itself are
displayed.

Settings. A NetLogo canvas has certain default set-
tings that suffice for most purposes, but may be changed
as needed, see Figure 2. In the default setting the canvas,
named the world, is a coordinate plane that consists of
a 32 × 32 grid centered at the origin, (0, 0). This grid
is a planar representation of a torus which results in a
useful feature: the world wrap. If an agent travels off the
screen on one side, it will reappear on the opposite side.
Another setting that is of importance is the view updates
option, see Figure 1. If this is set at continuous, the
model will continue updating in between ticks (or time
steps). This takes up a lot of processing space and may
slow down the visual displays of the model. If the setting
is on ticks, the model’s visual display will only update
after each tick. For more complex models this leads to a
more efficient performance, the downside being that the
model’s visual display will update in steps rather than
continuously.

Info. The Info tab opens the documentation window
for the model. Suggested headers along with brief descrip-
tions of what to place under the headers are provided for
model creators to fill in useful information about their
model, about possible applications, and on possible ex-
tensions. If shared with the NetLogo user community
on the NetLogo website, this provides potential users of
the model with valuable information that enables them
to build off of others’ work efficiently and to contribute
to the continually growing database of developed ABM
models in NetLogo.

Code. Code for a NetLogo program is entered in the
Code window. The programming language of NetLogo
allows for the writing of clear modular code to perform
desired tasks. As with other programming languages, pro-
cedures (or functions) in NetLogo are self-contained sets
of instructions for tasks to be performed by the program.
These are written in the Code window, and every pro-
cedure within the code begins with the keyword to, fol-
lowed by the name and then the body of the procedure
(the instructions). The keyword end is used to signal the
end of a procedure. Coding examples for the previously
described simple foxes and rabbits scenarios along with
explanations appear in Sections 4 and 5. Code for these
two examples are adapted from the “Wolf Sheep Preda-
tion” sample model provided in “Tutorial #1: Models”
of the NetLogo User Manual Version 6.4.0 [21].

4 Foxes and Rabbits

Consider the simple foxes and rabbits scenario in which
rabbits are the sole source of food for foxes and foxes are
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Figure 1: Opening view of the NetLogo window. The tabs of interest are Interface (the current view), Info, and
Code. The drop-down menu next to the Add button will find use in this article, but the Command Center at the
bottom of this window is better left for when users have achieved a suitable level of comfort with NetLogo. The
view updates option is left on the continuous setting, and the Settings... button to the right of this opens the
popup window shown in Figure 2.

the only predator that feed on rabbits. Also assume that
the food source for rabbits is unlimited.

4.1 Preparing the canvas and the code

For this example the world, see Figure 2, is left in the
default setting and view updates, see Figure 1, is set on
continuous. The next task is to identify the central play-
ers in the program. This is done through the Code tab,
with sliders providing initial values and other attributes
as follows.

First, insert a slider for the initial rabbit population,
see Figure 3. Then, just as is done for the rabbit pop-
ulation, additional sliders are inserted to set each of the

following: the amount of energy gained by a rabbit from
food (named, for example, rabbit-gain-from-food with
values ranging from 0 to 10 with a starting value of 4); the
reproduction rate for rabbits (rabbit-reproduce, with %
units ranging from 0% to 100% with a starting value of
4%); the initial fox population (initial-number-foxes,
ranging from 0 to 10 with a starting value of 4); the en-
ergy gained by a fox from food (fox-gain-from-food,
ranging from 0 to 50 with a starting value of 15); and
the reproduction rate for foxes (fox-reproduce, ranging
from 0% to 100% with a starting value of 3%). The initial
values from these sliders and certain global definitions are
used by the Setup procedure which contains instructions
on how to set up the starting canvas, see Figure 4.
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The next task is to define several procedures that
control the attributes, movement, interactions, and sur-
vival of the rabbits and foxes, see Figure 5. These are
placed below the Setup procedure. Briefly, and in or-
der of appearance, the move procedure causes agents
to move one step in a randomly selected direction.
The reproduce-rabbits procedure randomly models
the reproduction of rabbits at a rate provided by the
rabbit-reproduce slider. If the randomly generated
number is less than the reproduction rate, the rabbit re-
produces by hatching a new rabbit and then shares its en-
ergy with its offspring. Similarly, the reproduce-foxes

procedure follows the same logic as reproduce-rabbits,
governing the reproduction of foxes, with the reproduc-
tive rate being provided by the fox-reproduce slider.

Moving on to the predation part of the model, the
eat-rabbits procedure simulates the predation behav-
ior of foxes. If there is at least one rabbit in a fox’s
patch (prey != nobody), then one rabbit (prey) is se-
lected randomly and is eaten, and the rabbit is asked
to die. Then the fox gains energy according to the
fox-gain-from-food slider. Finally, the death proce-
dure checks the energy level of an agent. If an agent’s
energy is less than or equal to zero, it dies. In the current
simple setting this mimics natural mortality of the foxes
and rabbits due to starvation or other causes. These pro-
cedures are then called in the Go procedure to perform
one iteration of a simulation of the model from start to
finish, see Figure 6.

In a full simulation, the Go procedure is called repeat-
edly, each iteration representing one time-step. The pro-
cedure checks for the existence of foxes and rabbits, keeps
track of their population sizes, and governs their move-
ments from patch to patch, their reproduction, and their
deaths. At the end of each iteration the time-step counter
(tick) is advanced by one step.

With the Setup and Go procedures defined, buttons
to run the code in these procedures are inserted in the
interface window, see Figures 7 and 8.

A matter of interest in traditional predator-prey mod-
els is how the predator and prey populations vary with
time. To insert a plot that monitors the sizes of these
populations in the interface window, first click on the Add
button; next select Plot from the drop-down menu; and
finally click on a blank space to the left or right of the
canvas to get the Plot popup window, see Figure 9.

4.2 Coding side notes

As mentioned previously, an efficient and effective way
to get started with coding in NetLogo is to take advan-
tage of code in freely available and functioning NetLogo
models that can be adapted to a different, but equivalent
story. The Check tab in the Code window is very help-

Figure 2: The Model Settings window shown here is
where the settings are defined for the canvas on which
the simulations are displayed. For most simple scenarios
the displayed default settings suffice.

Figure 3: Slider for initializing the rabbit population. The
range of values from which to choose is arbitrary and the
starting value, set at 25, is also a matter of choice.
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Figure 4: Code to define global variables and the Setup

procedure is placed at the very top of the coding win-
dow. The Setup procedure initializes the canvas on which
the model simulation will be displayed and also places an
initial number of rabbits and foxes in random locations.
Readers are encouraged to refer to the NetLogo Dictio-
nary for definitions of keywords used here and descrip-
tions of what they do.

Figure 5: Code for miscellaneous procedures needed to
run a simulation of the model are placed after the end
of the Setup procedure. Again, readers are encouraged
to refer to the NetLogo Dictionary for definitions of key-
words used here and descriptions of what they do.
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Figure 6: Code for the Go procedure is placed at the very
end of the program. This procedure calls the previously
defined procedures shown in Figure 5 in an appropriate
order to perform all tasks associated with a single itera-
tion of a simulation of the ABM.

Figure 7: The Setup button provides a convenient means
of running code in the Setup procedure. This button calls
the Setup procedure to perform the initialization process.

Figure 8: The Go button. Checking the Forever box
instructs NetLogo to perform repeated runs of this pro-
cedure until one of the exit conditions in the Go procedure
is met, or the user stops the process by clicking on the Go
button a second time.

ful in catching syntax errors (a red check-mark indicates
problems); however, detecting logical errors is the respon-
sibility of the modeler. Using a modular approach in cod-
ing with plenty of procedures for specific tasks rather than
one long program makes tracking down logical errors more
efficient. To avoid having to track down large numbers
of logical errors, it is best to check the soundness of each
procedure as and when it is written.

4.3 Simulations and observations

To perform a simulation, begin by clicking on the Setup

button. This will initialize the canvas, see Figure 10. No-
tice that if the Setup button is clicked again (and again)
the initial placement of the foxes and rabbits populations
will change—sometimes foxes will be among the rabbits,
and sometimes one or more foxes will be isolated from
their prey. Then, clicking on the Go button will start
a simulation, using the initial scenario provided by the
Setup procedure. The speed at which the simulation is
displayed can be adjusted using the slider located above
the canvas. Typically, the normal speed suffices, but
sometimes slowing things down allows a clearer view of
what is happening. To stop a simulation, click on the
Go button again. To run a new simulation, click on the
Setup button to create a fresh starting canvas, and then
click on the Go button.
When a simulation of this model is initiated, two things

start happening: The rabbits and foxes move around on
the canvas, reproduce, and die; and the plot of the pop-
ulation sizes continually updates.

On running a few simulations it will be noticed that
the plot of the population sizes of foxes and rabbits does
not necessarily behave like its counterpart from a com-
partmental predator-prey model, see [1]. While the fox
population size does tend to lag behind the rabbit pop-
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Figure 9: Selecting Plot from the drop-down menu and clicking on a blank space opens this popup window. Then,
user-filled-in commands, appropriate plot color selections, and preferred labels (pen names) produce the desired plots.

Figure 10: The sliders, buttons, and the plot can be moved around as desired—right-click and select the object to be
moved, then drag it to a preferred location. This figure shows the interface window after a rearrangement, and after
clicking the Setup button. The white dots in the grid represent rabbits, and the black spear-tips represent foxes.
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ulation size, tidy and consistent periodic curves do not
seem to appear—more often than not, one or the other
of the two species ends up dying out. This seems to be
the case even if the sliders are used to change parameter
values for simulations. One might wonder why this is the
case.

Of course, it should be noted that an ABM does not
rely on differential equations for which instantaneous and
uniform mixing of the predator and prey populations is
assumed. This means that a fox will not necessarily be
placed near enough to a rabbit to ensure it gets food
in time to survive and/or reproduce. Also, the manner
in which foxes gain from food through predation, and
the manner in which the two species are made to repro-
duce in this ABM differs from the compartmental model
equivalent—here these actions are performed in a random
manner.

5 Foxes, Rabbits, and Grass

Consider a small enhancement to the previously described
model. Suppose the rabbits are able to eat all the grass
in a patch, resulting in the possibility of a rabbit ending
up in a patch with no food. Suppose further that grass in
a depleted patch regrows after a certain time. So, while
rabbits in some areas may run out of food, there will be
other areas where the grass has regrown.

5.1 Setup and code

The code from the previous example, see Figures 4–6, can
be adapted to accommodate these changes quite easily as
follows.

First, a slider (grass-regrowth-time, ranging from 0
to 10 with a starting value of 3) is inserted in the interface
window. Then, in the globals definitions section of the
code, see Figure 11, the grass (the patches) are given a
regrowth countdown variable. The start of the Setup

function is then altered so that patches with grass and
without grass are scattered randomly about the canvas.

Next, two additional procedures, grow-grass and
eat-grass, are included at the end of the miscellaneous
procedures portion of the code, see Figure 12.

One might be curious about the paths rabbits and foxes
follow throughout a simulation, but it would be nice to
be able to switch this feature on and off. Here is where a
Switch comes in use, see Figure 13.

Some small changes to the Go procedure shown in Fig-
ure 6 cover the scenarios posed, see Figure 14. Notice
the inclusion of an additional exit condition in the be-
ginning: a simulation will stop if the number of ticks
exceeds 10,000. Then, an ifelse command is included
at the start of both the ask rabbits and the ask foxes

Figure 11: Altered portions of the global variables and
the Setup procedure from Figure 4. The remaining code
for the Setup procedure is as shown in Figure 4.

Figure 12: Additional miscellaneous procedures added to
the end of those shown in Figure 5. The remaining pro-
cedures are as shown in Figure 5.
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Figure 13: Switch to track rabbit movements. A switch
to track foxes movements is also included.

Figure 14: The Go procedure shown in Figure 6 is altered
to include the grass eating and growing procedures, as
well as the tracking (or not tracking) of the movements
of the two species.

instructions. Depending on the switch setting, these in-
struct NetLogo to trace (or not trace) the movements of
rabbits and/or foxes. Also in the ask rabbits instruc-
tions, rabbits are made to lose energy with movement,
and gain energy by eating grass. Finally, patches are
asked to grow grass if the prescribed regrowth time has
passed.

5.2 Simulations and observations

Just like the previous model, results of simulations for
this model using the initial setup shown in Figure 15 also
depend on the placement of foxes. Sometimes the foxes
disappear early in a simulation, and sometimes they last
a little longer. Playing around with the gain-from-food
sliders make simulations more interesting. For example,
if the foxes gain 30 units from food and the rabbits gain
5 units, the foxes end up decimating the rabbit popula-
tion and then themselves. Using the sliders to increase
the rabbit reproduction rate to 20% and lowering the fox
reproduction rate to 5% seems to yield longer simulations.

An interesting exercise for the reader might be to in-
clude instructions that make the rabbits move in search
of food and away from foxes, and then have foxes move
in search of rabbits and away from other foxes.

6 For the Interested

This section is for those who wish to dive into the world
of ABM and NetLogo to explore their rich applications.
The articles and books cited here represent just a fraction
of the literature in this field, and bibliographies of the
articles and books cited provide further sources.

The literature reviews in [3] and [6] provide a range of
applications of ABM beginning in the early years with se-
lections from around 1972 to around 2014. Earlier appli-
cations did not involve NetLogo, which was first created
in 1999, see the FAQs in [21].

Beginning with modeling infectious diseases, for exam-
ple, the spread of the Zika virus at the 2016 Olympics
is modeled using agent-based modeling in [11]. Another
example of modeling infectious diseases is given in [18]
where the authors use agent-based modeling in NetLogo
to simulate the spread of COVID-19 in a traditional col-
lege classroom. One of the many applications of ABM in
medicine appears in [2], where the firing of neurons over
time in response to painful bladder stimulation is ana-
lyzed through simulations with an agent-based model.

In ecological research, ABM serves as a powerful tool
in enabling scientists to simulate complex interactions
within ecosystems at an individual level. The article [17]
provides a foundational introduction to how individual-
based models can be used to better predict individual-
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Figure 15: The starting screen for the altered model. Brown patches of the canvas represent grass-less areas, and
green patches represent areas with grass.

based ecology. An example of an agent-based modeling
approach to examine winter survival rates of American
robins and eastern bluebirds with discussions on the re-
lationship between the two species of birds and their sur-
vival appears in [9]. More broadly, [13] provides an exam-
ple of applying ABM to wildlife ecology and management
through an exploration of how different species respond
to potential changes in environmental conditions.

In a similar vein, the authors of [16] use a behavior-
based ABM to simulate the underlying behavioral mech-
anisms of caribou and explore strategies they use in nav-
igating winter landscapes in search of a preferred winter
habitat. An application to fisheries appears in the un-
published article [12], which explores the use of an agent-
based model in studying the return of Pacific salmon to
their freshwater spawning grounds in the Snake River.

Moving to the social sciences, one of the earliest appli-
cations of the agent-based approach to modeling is intro-
duced in [15], see also [5] and [20]. These explore how indi-
viduals in a population tend to distribute themselves into
self-segregated neighborhoods. An application of agent-
based modeling to interpersonal violence and the effec-

tiveness of the Green Dot Bystander Training Program is
explored in [10].

Finally, good resources to get started with Netlogo are
the website [4] and the article [8]. Then, the books [7] and
[14] are excellent resources for gaining a strong foundation
in ABM and the use of NetLogo.
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