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Abstract

In this paper, we assess five tools that allow the
specification and execution of Multi-agent based
simulations. These tools are NetLogo, MASON, Ascape,
RePastSand DIVAs

1. Introduction

Over the last decade, a plethora of MAS tooksew
developed and used for various purposes. In thiempa
we focus on “framework and library” platforms ttzdiow
the specification and execution of Multi-agent lhse
simulations. Tools in this category can be clasdifin
two groups: those that emphasize the agent componen
and downplay the environment [20-22], and thosé tha
consider the environment an important componerihef
system and decouple it from the agents.

In this paper, we discuss five tools that acikedge
the importance of the environment in a multi-ageased
simulation system. These axetLogo [2], MASON [3-

5], Ascape [6-9], RePastS [10-16], and DIVAs [17]. Our
choice is based on the fact that according toitbeature,
NetLogo, MASON, Ascape and RePastS are considered
to be among the most effective platforms in the ketr
[1]. Since much attention has been given to agemés,
focus on assessing the tools from the perspecfivben
environment, and the interactions between the agam

the environment. To provide a basis for comparison,
each tool we have attempted to specify and exeaute
social simulation model where agents represent
“humans”, and the environment the world.

In the next section, we give a brief overvieWtloe
various platforms. In Section 3, we discuss théedd
used to compare them. This is followed by a detorip
of the social simulation case study, and an evalnaif
the tools.

2. TheTools

NetLogo [2] is a programmable platform for siating
models related to natural and social phenomena. OMS
(Multi-Agent Simulation of Networks) [3-5], has bee
designed to provide simulations for applicationshsas
swarm robotics, machine learning, social complexity
Ascape [6-9] is a framework designed to support the

*Supported by Rockwell-Collins

development, visualization, and exploration of dgen
based models. Ascape is designed mainly for social
science simulationsRePast (Recursive Porous Agent
Simulation) [11] was initially developed to suppesdcial
science applications. The latest version is RePast
Simphony (RePastS) [10] and can be used to simalate
variety of applications (e.g., network simulatiorG|S
applications). DIVAs (Dynamic Information
Visualization of Agent systems) [17] is a platform
developed by our research group at the Universfty o
Texas at Dallas. It includes a specification and a
simulation tool that run in the Eclipse IDE. So, faiVAs

has been predominantly used for social simulations.

3. Comparison Criteria

The assessment criteria used to evaluate theleare
divided into four groups: design criteria, model
specification criteria, model execution criteria, and
documentation. For the sake of conciseness, not all
factors are described in this paper. A detailectiggtson
of the factors can be found in [24]. Each criterign
evaluated using either a discrete four-rating scaiea
guantitative metric, when possible.

3.1 Design Criteria

These criteria describe the design decisiorsd urs the
development of the various types of environmentg W
have identified three design evaluation criteria.

1. Environment structural complexity.

A designer may decide to model environmentaigisi
various underlying structures. For example, an
environment can be modeled as a graph, a grid, a
continuous space or a combination of these. ligigre¢hat
a tool offering a simple grid-based environmerirsted
in terms of the applications it can model. Morenpiex
structures such amontinuous space or hybrid structures
(e.g., combination of graph and continuous spaas)be
used to represent more intricate realistic appbost
Hence, the following ratings for structural comptgxare
shown below in Table 1.

Low Medium High Very High
Grid Graph Continuous Hybrid
Space

Table 1. Rating for environment structure complexity



2. Environment distribution

This factor takes into account botktructural
distribution, andprocessing distribution. An environment
is structurally distributed if, at any point in &mnno
centralized entity has a complete knowledge ofstate
of the environment as a whole. An environment is
distributed from a processing perspective if itlésigned
to be executed in a distributed network.

A tool that offers distributed environments rfroa
structural and processing perspective will be assiga
high rating for this factor as presented in Table 2

Low Medium High Very High
No Distributed | Distributed Distributed
distribution | processing | structure structure &

processing

Table 2. Rating for environment distribution

3. Agent and Environment coupling

This factor evaluates the amount of environment 5. This criterion is related to the agent-environmme

specify anything about the environment through tthe
This criterion is summarized in Table 4.

Low Medium High Very High
No feature| Simple Most features| All features can
can be| environment.| can be specified be specified
specified model using the Ul using the Ul
features can
be specified

Table 4. Rating for quality of user interface

Level of programming skill and Effort required to create
the base environment
A detailed description of these factors carfdaand in

[24].

2. Specified Environment knowledge in Agents
The tools that expect users to specify enviremm
information in agents are rated low as presentetiainle

information an agent has to carry. From a design coupling criterion discussed in Section 3.1. If thel has
been designed with high coupling between the agamds

shown in Table 3, the more coupled the agent andthe environment, more information needs to be $igeci
about the environment in the agents.

perspective, coupling is an undesirable featurexcdeas

environment are, the lower the rating

Low Medium High Very High
Very high | High Average Low coupling
coupling coupling coupling

Table 3. Rating for agent-environment coupling

3.2. Model Specification Criteria

The criteria described in this section arerided to
assess the ease of use of the specification tdos i§
achieved by evaluating a) the ease of specifying th
environment as an independent component, and b) th
amount of environment information that needs to be
specified in an agent.

1. Ease of specifying the environment

This criterion is assessed using three factths
amount of information that can be specified throtig
user interface (Ul), the expected level of prograngm
skills, and the effort spent creating the base renwment
in our case study.

Soecification Features offered by Ul

This criterion measures, how much can be specif
using the UL. If the entire environment can be #mst
using graphical features such as drag and dropmrasz
(e.g., for importing images), etc., then the taolrated
very high. If the user can specify some aspects of the
environment through the Ul and the rest need to be
programmed, then the tool is rateidh. A tool is rated
medium, if its Ul allows the specification of only a few
simple models while the complex ones need to be
programmed. A tool is ratetbw, if the user cannot

Low Medium High Very High
Both  the| The existence of The agent| Not pre-
node and| the node in thg only has the| specified in
coordinate | environment is| knowledge of| agents
information | specified and| the node
are the location of| existence and
provided to| the node is read does not know|
the agents | at run time about their

location in the
environment

Table 5. Rating for environment knowledge in agents

e3.3. Model Execution Criteria

The criteria used to assess the executiorsohalation
are: a) the quality of the visualization, b) theglation
views, and ¢) how easy it is to change propertfethe
model at execution time.

1. Quality of the visualization

As shown in Table 6, this factor is given th#rrgvery
high if the tool provides excellent image renderinglo
agents and the environment.

Low Medium High Very High
Poor image| Poor image| Good image| Excellent
rendering of| rendering  of| rendering of| image
agent agent agent rendering  of
movement | movement, movement and agent
and Good for | environment | movement and
environment| environment environment

Table 6. Rating for visualization quality

2. Smulation view



Different views of the simulation are essenttaktudy
the agent behavior and its effect on the environiniers
also essential if a user needs to inspect a phtiagent
or a particular area in the environment. A veryhhigting
is given for tools that offer 2D and 3D views arldoa
allows for inspection of the agent and environm&able
7 details the rating scale for simulation views.

Low Medium High Very High
2D, non-| Visual 2D, | 2D, Provide 2D,
toroidal programming for| inspection, 3D, rotations,

programming
for

inspection, etc.

programming for Choice between

toroidal space 3D,Toroidal | toroidal and
space non-toroidal
environment
space

Table 7. Rating for simulation view

2. Ease of model property modification

The ratings for this criterion are given in Tal8. A
tool that offers the capability to change paranstérthe
model at execution time without stopping the sirtiala
(i.e., interactive simulation), and observe theeeffof
such a change is given a very high rating.

Low Medium High Very High
Cannot Cannot modify| Can modify| Can modify
modify properties during properties properties
properties | simulation. without without
during Make changeg stopping stopping
simulation. | and re-run simulation. simulation.
Need to Have to re-run| Changes take
program simulation to| effect
the see changes | immediately.
changes.

Table 8. Rating for change of properties of a model
3.4. Documentation

The documentation is assessed in terms ofjthakty
andeffectiveness of the documentation and tutorials.

1. Quality of the documentation and tutorials
A detailed description of this factor can beirfd in
[24].

2. Effectiveness of the documentation and tutorials

The time spent installing and understandingttiod is
a good indicator of the documentation and tutorial
effectiveness. Hence, this factor is evaluated imet
metrics.

4. Case Study

Our goal is to specify and execute a simpleutation
model in which the environment is represented as a
graph, and agents as entities moving along thehgiap

the course of achieving their goals. A concretengta of
this model is a social simulation application whéhne
environment represents the world, and agents repres
“humans” (see Figure 1). In this case, nodes cpard
to physical locations, and edges are pathways leetwe
nodes. We assume that the environment is dynanileein
sense that during a simulation, changes can be twade
the graph. The purpose of the simulation is to ystile
reaction of agents to environmental factors.

In order to specify the environment, the usas ho
upload the world map, and specify nodes and edges.
During the execution of the simulation, the useyradd
and/or remove nodes and edges. These changes should
take effect immediately, and the new environmeatest
should be passed on to the appropriate agents.

5. Tools Assessment

In this section, we evaluaietl ogo, MASON, Ascape,
RePastS, and DIVAs with respect to the model discussed
in Section 4, and using the criteria discussedeictiSn 3.

5.1 Design Criteria

1. Environment structural complexity

NetLogo provides the user with only a grid stume of
the environment. An individual cell in the griddalled a
patch [2]. Patches can be sensed or not sensetieby t
agents, based on the user’s choice of the modeicé{e
NetLogo is given a rating dbw. MASON is ratechigh
with respect to the environment structure singedvides
the user with grid, continuous space and network
environment structures [4]. The graph is callattmvork
in MASON. The environment structure in Ascape has
been ratedmedium. Ascape offers grid and graph
environment structures. An individual lattice idled a
cell and the agents that interact with the cell aréedal
cell occupants [7]. In the graph structure, the cells are the
nodes and the cell occupants move from node to.node
RePastS environment structures are ratedy high.
RePastS offers continuous space, grid, network,
geography, and scalar field structures [14]. The



geography environment structure can be extremeadfuls  category as the user only has to enter information
for GIS based models. DIVAs has been ratedium as tables in the specification tool.
it offers a graph based environment structure [Whjich
has nodes and edges. Agents move along these edges. Level of programming skill:
NetLogo has been ratetligh in terms of the

2. Environment distribution programming skills required by the user. It hasnapke

NetLogo has been rategry high for its environment  programming language that is very easy to undedstan
distribution capabilities. NetLogo provides usershw  and easy to use to build models. MASON has beeu rat
HubNet [2] which enables the same model simulation  |ow as it requires the user to program everything & th
be controlled by multiple users and, hence, théreent model including the visualization. Intensive pragraing

simulation is distributed with respect to architeetand is involved if the user chooses to create edgewdsst
processing. MASON and Ascape have been rbiedas specific nodes. Ascape is rateebdium, as it requires
they offer no distribution capabilities in terms tfe some basic programming skill from the user. In oride
processing and structure. RePastS has beenmatédm specify the environment and the agents, the usertda
as it possesses only distributed processing catpedil program. RePastS is ratkmiv for this criterion as the user
The environment structure is not distributed. DIViAes has to program the environment. Importing the imafgie

been ratedhigh as it has a distributed environment the map is also a challenge in RePa&iB/As is rated
structure but has limited distributed processing very high since there is no programming involved in
capabilities. specifying the model. The entire model is specifisihg
a graphical editor.
3. Agent and Environment coupling
NetLogo has been ratbih as the agent is aware only  Effort required to create the base environment.

of the existence of a patch and its activities be t A detailed description of this factor can beurfd in
environment. The agent does not possess any infiama  [24].

about the resources available in the patch. MAS@Bl h

been ratedow as the agent carries information of the 5 Specified Environment knowledge in Agents

entire environment. For an agent to walk glongdageeor NetLogo has been ratdigh in this category as the
even to be placed in the graph, the coordinatéiseofiode  55ents are aware of only the existence of the patehd
position must be programmed into the agent. ASC&® ot the location of the patches. MASON has a raltimg
been ratedow in terms of coupling since the user must 55 the agent must hold the information of the node
specify the node positions within the agents. RE’B8S  gyistence as well as the position of the node #eoto
been ratedlow to medium for this criterion as the ove in a model. Ascape also has a ratingpof as the
environment and agent can be decoupled for simpler ,ser must specify the node position in which thenasy
models. However, for our case study, the agentaded must exist and also move. RePastS has been vaitgd
environmental information to enable their movement nigh as the agents only include information that allows
about the graph. This makes the model tightly cedipl  them to detect whether they are on a node or ae.edg

DIVAs has been ratediery high as the agents are pjyas has been ratedery high as the no information
completely decoupled from the environment. about the environment is specified in the agents.

1. Base of specifying environment 1. Quality of the visualization

NetLogo has been rated in betwemssdium and high.
The image in the simulation is updated continuodsty
the environment, but the agent jumps from nodeaten
rather than moving along the edges. MASON has been
rated medium for its image rendering capability in the
environment. The agent movement is similar to thiat
NetLogo. The user can program for agent movement
along the edges by identifying their inclination thwi
respect to the x and y axis of the environmentafscas
been ratedmedium as the capabilities are similar to
MASON. RePastS has been rategh in this category as
the agent movement in a Geography structure from on
node to another is along the edges and the envennin

Soecification Features offered by Ul

NetLogo has been rateligh. The Ul contains
procedures for the specification and simulation thod
model in different tabs. The environment image ben
uploaded by choosing the “import world” option [Bjit
the user cannot specify the nodes and edges gedighic
In MASON and Ascape the user must program the
environment model. Hence, the ratindda.. RePastS has
been ratechigh in this category since the user partially
specifies the environment by filling in propertiesthe
model file. DIVAs has been ratedery high in this



also rendered continuousliplVAs is also ratechigh as
the agent movement and the image rendering capedili
are similar to RePastS.

2. Ease of change of properties of model
NetLogo has been rated betwaasdium andhigh with
respect to the modifiability of the model. The bébeaal

commands. The other 5 Person Days were spent on
working with the tutorials. The effort spent in
understanding MASON was 10 Person Days, out of
which 4 Person Days were spent on understanding the
tool and 6 Person Days were spent on the tutorfdie.
effort spent in Ascape was 12 Person Days, outhothv

5 Person Days were spent in understanding the.tools

changes to the model can be made by typing in Since the tutorials were minimal, 7 Person Daysewer

commands at the Observer pane [2]. But changeketo t

spent in studying all the sample models provideith wie

model such as removing a node from the model would tool. The effort spent on RePastS was 12 Persos.Day

involve deleting the information from the programda
reinitializing the model. MASON has been ratedv as
the user must modify the program and compile ibbef
executing it again for the changes to take effAstape
also has been ratddw since no modifications can be
made without reprogramming the model and startireg t
simulation again. This is a major handicap of tbeld
that require programming. RePastS has been hidlachs

it allows the user to modify the model while the
simulation is running, the model must be starteairaépr

Person Days were spent in understanding the tabl5an
Person Days were spent in working with the tuteridhe
effort spent on DIVAS was 10 Person Days. All Parso
Days were spent on understanding the tool, whick wa
due to the lack of proper tutorials.

6. Conclusion

Our results are summarized in Tables 9-12.

the changes to take effect. DIVAs has been rateg
high in this category. The user can make changes to th

model, add and remove agents and nodes without th

need to stop the simulation.

3. Smulation view

NetLogo has been rated betwdsagh andvery high for

Structure Distribution Coupling
e Complexity
ENetLogo Low Very high High
Mason High Low Low
Ascape Medium Low Low
RePastS Very high Medium Low — Medium
DIVAs Medium High Very high

this criterion as it offers 2D and 3D views of tmedel,
but the nature of the environment space is toroigal

Table 9. Summary of Assessment using Design Criteria

default. MASON has been ratadedium as it offers a
basic 2D visualization. If 3D view is desired, theer

must extend Java 3D and program for the 3D vieve Th

grid structure is toroidal, the continuous spacel an

network structure are non-toroidal, but can be

programmed to be toroidal [4]. Ascape offers only 2

visualization and no 3D visualization. The envir@amnh

User Interface Programming | Agent’s
skill knowledge of
environment
NetLogo High High High
Mason Low Low Low
Ascape Low Medium Low
RePastS High Low Very high
DIVAs Very high Very high Very high

space is toroidal by default, but can be programtodae
non-toroidal and, hence, has been rated betl@emand
medium [6]. RePastS has been ratesly high as it offers

Table 10. Summary of Assessment using Simulation
Specification Criteria

2D, 3D visualizations and allows the user to choise

nature of the space in graph and grid structurde T
Geography structure is non toroidal. DIVAs has beer

rated aslow for this criteria as it offers only a 2D

visualization and the environment space is nonidiato

Visualization Modifying the | Simulation
quality model view
NetLogo Medium — High Medium — high High —-very
high
Mason Medium Low Medium
Ascape Medium Low Low - medium
RePastS High High Very high
DIVAs High Very high Low

5.4. Documentation

1. Quality of the documentation and tutorials
Table 14 summarizes the evaluation of thisdon. A
detailed discussion can be found in [24].

2. Effectiveness of the documentation and tutorials

The effort spent in understanding NetLogo wdés 1
Person Days out of which 5 Person Days involved
understanding how the tool works and by learning th

Table 11. Summary of Assessment using Simulation
Execution Criteria



Quality of [9] M E. Inchiosa and M T. Parker, “Overcoming desigm a

documentation development challenges in agent-based modelinggusin
and tutorials ASCAPE.” Proceedings of National Academy of Sciences
NetLogo | Very high (PNAS) of United States of America, vol 99, May 2002.
Mason Very high

[10] RePastS, http://repast.sourceforge.net/ (Argonngohk

ésecpaef’;s MH?dAum_h'gh Laboratory Decision and Information Sciences Dosisi
DIVAS Medgium Center for Complex Adaptive Agent Systems Simuitgtio

[11] RePast3, http://repast.sourceforge.net/repast_eihtml
[12] M.J North., E. Tatara, N.T. Collier, and J. Ozik/isual
Agent-based Model Development with Repast Simphony”

. In Proceedings of the Agent 2007 Conference on Complex
Based on these results, we conclude that ifutber Interaction and Social Emergence, Argonne National

does not have a programming background, the most | ahoratory, Argonne, IL USA, November 2007.
preferred choices are clearly DIVAs, followed by [13]E. Tatara, M.J. North, T.R. Howe, N.T. Collier, addR.
NetLogo, Ascape, RePastS and MASON respectively. Vos, “An Introduction to Repast Modeling by Using a
The next most important criterion for choosing alto Simple Predator-Prey Examplefn Proceedings of the
would be the complexity of the environment. The enor Agent 2006 Conference on Social Agents: Results and
choices for environment structures, the broader its Prospects, Argonne National Laboratory, Argonne, IL
application in the field of multi-agent simulatisgstems. USA, September 2006.

RePastS would be the most preferred choice baséeon [14] T.R Howe, N.T. Collier, M.J. North, M.T. Parker,cd.R.

. Vos, “Containing Agents: Contexts, Projections, and
environment structure, followed by MASON and thka t Agents”, In Proceedings of the Agent 2006 Conference on

Table 12. Summary of Assessment using Quality of
Documentation Criteria

rest of the tools. Based on the distribution cidteaf the Social Agents Results and Prospects, Argonne National
tool, the most preferred tool would be NetLogo|daled Laboratory, Argonne, IL USA, September 2006
by DIVAs and RePastS and the other two tools. T@kin [15] J.Ozik, M.J. North, D.L. Sallach, and J.W. ParfiBiOAD
into account all criteria discussed, the tool ragkivould Map: Transforming and Extending Repast with Grobvy,
be NetLogo, DIVAs, RePastS, MASON and Ascape In Proceedings of the Agent 2007 Conference on Complex
respectively. Interaction and Social Emergence, Argonne National
Laboratory, Argonne, IL USA, November 2007.
16] M.J North, T.R. Howe, N.T. Collier, and J.R. VoRepast
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