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e Systems are approaching design limits

* |ncreasing environmental, social, and economic Interdependencies

New Tools and Modeling Approaches

* Most systems have always been complex, but interference was limited and analysis tools did not exist
* Economic markets are more complex and have more diverse agents

e Social systems and social networks are increasingly complex

Data
* More and better organized data
* Higher levels of data granularity can now support micro-simulations

Computational Power and Approaches:
* Computational power advancing
* Communication and visualization approaches
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Assumptions:
* Key aspect of agent behaviors can be defined and described.

* Mechanisms by which agents interact can be defined and described.
* Complex social processes and a system can be built “from the bottom up.”
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When agent-based modeling?

There Is a natural representation as agents:
Decision and behaviors can be defined discretely (with boundaries)
t iIs iImportant that:
* agents adapt and change their behavior
* agents learn and engage in dynamic strategic behavior
* agents have a dynamic relationships with other agents
* agent relationships form and dissolve
* agents form organizations and adaptation and learning are important at the organization level
* agents have a spatial component to their behaviors and interactions
The past is no predictor of the future
Scale-up to arbitrary levels is important
Structural changes of processes need to be a result of the model, rather than an input to the model
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An agent Is:
* a discrete entity with its own behaviors, decision making rules, and goals;
* an autonomous entity, with a capabillity to adapt and modity Iits behaviors

Agents:
* vary by their attributes and available accumulated resources;

—Xamples:

* People, groups, communities, organizations;
* Social insects, swarms;

* Robots, systems of collaborating robots.

Decision rules vary by agent

e Sophistication of rules;

* Cognitive “load”;

* Internal models of the external world;
* Memory employed.

What is the effect of agent diversity on the system?
Do certain types of agents dominate”
 Does the system evolve toward a stable mix of agent types”
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What Is An Agent?

Memory

Autonomy

Agent
o Attributes

Rules of behavior
Memory
Sophistication
Resources
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Agent Interaction

Agents have neighborhoods

Various topologies connect agents with their neighbors:

 Agents can move in free (continuous) space

* (Cellular automata have agents interacting in local “neighborhoods”

 Agents can be connected by networks of various types and be static or dynamic
 Agents can move over Geographical Information Systems (GIS) tilings

e Sometimes spatial interactions are not important (“Soup” Model)
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- Agents and Agent-Based Models

Agent-Based Models

 models to simulate the actions and interactions of independent agents;
e aims at understand the behavior of social systems with many agents;
e search insight in the collective behavior of agents in complex social system.

Individual-Based Models:
* ecological models with relatively simple individuals;
* individual have limited or no options for decision making and behavior is equation-based.

Components of agent-based models: Three ideas central to agent-based models:
1. numerous agents specified at various scales; * Objects,

2. decision-making heuristics; * emergence,

3. learning rules or adaptive processes; e complexity.

4. an interaction topology;

5. an environment.



https://en.wikipedia.org/wiki/Emergence
https://en.wikipedia.org/wiki/Complexity
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What Is Agent-Based Modeling & Simulation (ABMS)?

An agent-based model consists of:
e A set of agents (part of the user-defined model)
* A set of agent relationships (part of the user-defined model)

ABMS combines ABMs with a framework for simulating agent behaviors and interactions (provided by an
ABMS toolkit or other implementation)

Unlike other modeling approaches, agent-based modeling begins and ends with the agent’s perspective.
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The agent-based model development process often makes use of several tools.

Agent-based Modeling and Simulation Toolkits
NetlLogo, StarlL.ogo

MASON

AnylLogic (commercial)

Repast (Java)

similar to Swarm (Objective C, Java)

General Tools
Spreadsheets, with macro programming
Computational Mathematics Systems
*MATLAB
o\lathematica
General Programming Languages (Object-oriented)
¢ Java
oC++
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oR epast S @ DIAS www.dis.anl.gov/DIAS/
= @ IMT flock.cbl.umces.edu/imt
Repast 3.X repast.sourceforge.net

qh, @ | Ascape www.brook.edu/es/dynamics/models/ascape

2 Swarm www.swarm.org

8 @® Object Oriented Languages (Java, C++, etc.)

®)) @® Structured Languages (C, Pascal, etc.)

é ® Mathematics Packages (Mathematica®, etc.)

L @ Spreadsheets

o) @ NetLogo ccl.northwestern.edu/netlogo/

= ® StarLogo www.media.mit.edu/starlogo

§ @® Participatory Simulation

Easy Ease of Model Development Hard
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https://vensim.com/vensim-personal-learning-edition/
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Vensim Help

Contents | Index | Search

@ Vensim Help
@ Release Notes

@ Models that Come with Vensim | Vensim installs many different models with the Help documentation. Many of the models are described and used within the Help
@ User Guide - Vensim Introduction & Tutorials system. There are also a number of models that are not described in detail in the documentation. Here we outline the location
@ Modeling Guide — Concepts with Examples and naming conventions for the documented models and describe a number of other models that come with Vensim.

® Roforonco Manual Models install to the Models directory, in the same path as this help system, so that models can be linked for quick access. The

: ﬁi‘l’:cu"—t‘s Models directory contains the following subdirectories:
@ Vensim Model Reader » UserGuide - models used in the User Guide.
@ Vensim Demo

» ModelGuide - models from the Modeling Guide, organized by topic
Copyright ® 1989-2012 Ventana Systems, Inc. » FunctionExamples - examples of usage for every function in Vensim, as described in the Reference Guide
« Sample - other sample models.

* OptSensi - examples of extended payoffs, stochastic optimization, Markov Chain Monte Carlo and Simulated Annealing, and
sensitivity simulations.
* Molecules - Molecules are useful pieces of structure

It is fine to run the models in place. However, if you plan to modify the models, we strongly recommend that you copy these
directories to a working location in your control, outside the help path. This will prevent system permission problems and loss of
work when Vensim updates the help files.

The location of the Models directory varies by platform. Normally the full path for this directory is
» c:\Documents and Settings\All Users\Vensim\Models (Windows XP),

» c:\Users\Public\Vensim\Models (Windows Vista/7), or

» /Users/Shared/Vensim/Models (Macintosh)
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ISSUES WITH LIONFISH

NOT MANY PREDATORS IN THE ATLANTIC

FEEDS ON A VARIETY OF NATIVE ATLANTIC
REEF FISH

REDUCE SPECIES RICHNESS OF NATIVE FISH
RAPIDLY

QUICK REPRODUCTION RATE




STAKEHOLDERS

NOAA

l
LOCAL COMMUNITIES AND FISHERIES , NON PROFIT ORGANIZATIONS SUCH AS SAILORS FOR THE SEA

l

INTERNATIONAL CORAL REEF INITIATIVE (REGIONAL LIONFISH COMMITTEE), GULF AND CARIBBEAN
FISHERIES INSTITUTE, LION FISH RESEARCH PROGRAM, UNIVERSITY OF FLORIDA

!
LOCAL OFFICIALS FROM AFFECTED AREAS, ENVIRONMENTAL PROTECTION AGENCY
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We have to eat them

To defeat them
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