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The key intent of this work is to present a comprehensive comparative literature survey of the state-of-art
in software agent-based computing technology and its incorporation within the modelling and simulation
domain. The original contribution of this survey is two-fold: (1) Present a concise characterization of
almost the entire spectrum of agent-based modelling and simulation tools, thereby highlighting the
salient features, merits, and shortcomings of such multi-faceted application software; this article covers
eighty five agent-based toolkits that may assist the system designers and developers with common
tasks, such as constructing agent-based models and portraying the real-time simulation outputs in
tabular/graphical formats and visual recordings. (2) Provide a usable reference that aids engineers,
researchers, learners and academicians in readily selecting an appropriate agent-based modelling and
simulation toolkit for designing and developing their system models and prototypes, cognizant of both
their expertise and those requirements of their application domain. In a nutshell, a significant synthesis
of Agent Based Modelling and Simulation (ABMS) resources has been performed in this review that
stimulates further investigation into this topic.
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1. Introduction

Computer modelling and simulation relates to the manipulation
of a computational model in order to enhance the analysis of
systems’ behaviour and to assess strategies for its functioning
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considered as “an abstract and simplified representation of a
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given reality, either already existing or just planned. Models
are commonly defined in order to study and explain observed
phenomena or to foresee future phenomena” [1]. A simulation
is the discernible manifestation of a model, represented by a
computer program that provides insights about the system or
application under investigation. A simulation model refers to the
computing algorithms, mathematical expressions and equations
that encapsulate the behaviour and performance of a system in the
real world scenarios.

An agent is simply regarded as an entity, notion or software
abstraction similar to the well known programming specifications
such as objects, methods, procedures and functions. An element
or object abstraction wraps the methods and attributes of a
software module. However, an agent presents a distinctly higher
scale software abstraction that defines a complex software unit
in an efficient and convenient way. Instead of being expressed
in terms of attributes and logic-based methods, a software
agent is primarily typified in terms of its intended actions. This
is principally a matter of stating agents’ responses instead of
identifying classes, methods and properties. A suggestion to have
a computer programmed agent that can undertake complicated
charge on peoples’ behalf, is naturally appealing [2]. There are
a minimum set of fundamental traits that represent a software
agent. “A software agent is autonomous; capable of operating
as a standalone process and performing actions without user
intervention” [3]. A software agent is responsive and able to
converse; it inter-communicates with the user as well as to other
software agents or processes. Additionally, an autonomous agent
is inherently intuitive; it possesses the ability to perceive and
respond to the changes within the surrounding domain [4]. A core
characteristic of an agent is its potential to make independent
deliberations during the problem-solving, conflict resolution and
decision-making processes. An agent-based paradigm can be
regarded as an intrinsic extension to object-orientation, whereby
an agent represents an object having control on its execution [5].
However, agents are intrinsically more autonomous and proactive
than objects. Agent-based methodologies permit the prototype
designers to implement the system units with a number of
specialized agents having sophisticated intellectual capabilities
such as reasoning, learning and planning, thereby incorporating
the resource knowledge of the underlying problem domain.
Quoting [6], the “Agent metaphor fits perfectly well to the
demands of complex and inherently distributed applications,
where each agent is a coarse-grained computational system in its
own right, as well as independently modifiable”.

Agent Based Modelling and Simulation (ABMS) refers to a
category of computational models invoking the dynamic actions,
reactions and intercommunication protocols among the agents
in a shared environment, in order to evaluate their design and
performance and derive insights on their emerging behaviour
and properties. From a simulation standpoint, an individual
component’s function can range from very basic ‘if-then’ reactive
rules to a more sophisticated cognitively rich behavioural models.
Aninfluential paradigm is that of the BDI (Belief-Desire-Intention)
framework for artificial intelligence based multiplexed models [7,
8]. BDI terminology recognizes “an agent can be identified as
having: a set of beliefs about its environment and about itself; a
set of desires which are computational states which it wants to
maintain, and a set of intentions which are computational states
which the agent is trying to achieve” [9,10]. Valuable reviews
of Agent-based programming tools and languages has been
provided in the literature [11] and increasingly their application
is becoming ever diverse challenging the capabilities of power
constrained devices [ 12-14]. The philosophy of ABMS is to model
complex systems adopting a bottom-up approach starting from the
individual agents [15]. A concrete approach of ABMS is to model

and simulate realistic scenarios with a group of self-governing
agents either as simplistic entities inside the computing code-
snippets or as considerably intelligent objects. This might possibly
be considered synonymous to a human being’s problem solving
capabilities with infinite states, beliefs, trusts, decisions, actions
and responses. Acquiring adequate know-how of the system in
order to construct an appropriate conceptual and logical model is
one of the most challenging task in the simulation tests.

Over the years, numerous agent-based modelling and simu-
lation tools have been developed each with a somewhat unique
motive for its presence. Every strategy marks a specific program-
ming syntax and semantics for the agents and has a differing base
concerning the generality, usability, modifiability, scalability and
performance. The primary objective of this paper is to provide a
comprehensive review of a wide range of agent-based modelling
and simulation software packages. Due to differing factors, many
of these tools are research artefacts that never transitioned from
the academic sphere to the commercial world or have stopped re-
ceiving support. However their rich functionality and rich features
form an important legacy for the future and therefore they are in-
cluded in the survey presented within this paper. Web sites of the
systems that are discussed in the paper have been archived in the
Wayback Machine, a digital log of Internet’s information that reg-
isters and maintains complete snapshots of all Web-links located
under a single domain name [16].

The remainder of the paper is structured as follows. Section 2
reports some related past surveys. Section 3 outlines the imple-
mentation and application scope of different relevant platforms for
ABMS with regard to modelling capacity or scalability. A compari-
son together with evaluation criteria, and salient features, merits,
limitations of various state-of-art ABMS tools compiled in this re-
view, are discussed in Section 4. Finally, in Section 5, the implica-
tions of this research and concluding remarks are presented.

2. Relevant surveys

The importance of the subject has attracted a number of
surveys of ABMS tools in recent years focusing on the different
aspects of Agent-based Systems (ABS) modelling and simulation.
A number of review papers have addressed the specific domains
of ABMS application. A survey reported in [17] has attempted
to shed light on the landscape of agent designing, modelling
and simulation toolkits available in the market focusing on
their use in the post-secondary education. Data collection was
based on the install and trial use of twenty agent toolKits.
The paper concluded that no single consistent package fulfils
the needs of entire agent-related curriculum. [7,18] surveyed
agent-based simulation packages for the energy consumption
markets. Based on this analysis, the papers investigated an agent-
mediated simulation framework to facilitate the development
of models for electricity markets. [19] portrayed previous on-
line reviews on a number of ABMS packages and outlined
challenges that should be met in order to realise ABMS a
mainstream technology in the computational science domain. [20]
evaluated how ABMS packages can offer any value-addition in
the modelling/simulation of the highly complex peer-to-peer
network systems. [21] discussed ABMS as a proven powerful
tool for studying and analysing the dynamics of consumer
market-place. [22] provided a survey pertaining to a selection
of ABMS systems (Swarm, MASON, Repast, StarLogo, NetLogo,
OBEUS, AgentSheets and AnyLogic) with particular reference to the
development of geospatial simulations.[1] described the typical
elements of an agent-based simulation model and included results
of their investigation on a couple of accessible ABMS toolkits.
In [23], the authors have categorized various characteristics of
the agent development and simulation toolkits into user-friendly
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Table 1
Comparison of various agent based modelling and simulations (ABMS) tools.
Coding Language or
Application q i
a ompiler
Programming | CSIER Modelling
ABMS Type of Interface (API) X Strength /
Software Tool Source Agent based for Model sospt:;it;ggs ) Dev';’::d:ent Simulation ABMS Scope or
] Code i on |ts_ Development ____y________________ Eff:rt Models’ Application Domain
License / Availability nteracf:lon Tmmmmmmmmmmmmemeees . Scalability
Behaviour Integrated Implementation —
Development Platform
Environment (IDE)
Agent Cell Java Runtime
it “"/" //Wwvf“ age“'ce[‘/"’"" . Environment
ps:/) sou/rce orge.net/projects | | | 2D/3D simulations to
agentcell/
______________________ Java Linux study the interlinks
Open source, GPL Java Reactive | "7 | e Complex/Hard High/ among .the behaviour
Uses Repast (BSD) agents IDE: Eclipse Personal computer Large-scale of individual cells and
multi-agent framework ' and large-scale .stochastic
and StochSim-1.4 scientific intracellular
(LGPL) as foundation, computing clusters processes
Free
Any Java-enabled
platform
Agent Factory ive® | e 4 4 visualisation, testing,
http://agentfactory.ucd.ie/index.ph Keactlvg, : and servers, Agents . €
p/Main_Page Belief-Desire- IDE: Eclipse can also be debugging, and
...................... Java Intention + deploved Moderate High/ deployment of multi-
eployed on .
Open source, LGPL, (BDI), Visual intuitive e Medium-scale | agent based systems
Free Bespoke, and graphical tools to handheld things for social network
Deliberative support the design of such as mobile analysis
agents agents phones and sensor
devices
Models’ ouptput
printed to the
"JavaScript
console" on
Turtles or Model libraries & running Minimalist ABMS
AgentScript active add-ons available | " framework (based on
h i ith | e
R ] objects (with o Windows, Simple/E Light-weight NetLogo agent
— ava .5|mple goals) Coffe?Scrlpts directly Mac 0S X, Linux, imple/Easy / small-scale semantics) for
d implemented within the browser Unix, Runs on any social sciences,
GPLv3, Free as class N
Java virtual education/learning
constructs machine
Desktop computer,
Smart tablets
Java Runtime
Visual AgenTalk® Environment
AgentSheets Teaching agent-based
http://www.agentsheets.com/ . Visual drag drop, Windows, Small-scale based simulations to
""""""""""" Java Rea;twe conversational Mac OS X, Linux, Simple/Eas . students in social
Closed source, Behavioural programming interface Unix, Runs on any P Y Medi | studies, mathematics,
Proprietary, Trial agents allows the creation of Java virtual edium-scale natural sciences,
version available easy-to-understand machine social sciences
programs | eeeeeeeeeeeees
Desktop computer
Altreva Adaptive Visual model
Modeler development, easy to i fNet
http://www.altreva.com/ use drag-and-drop user Franlwcer:vsoorklz gor Financial market’s
______________________ interface, X ’ i i i
Closed source real-time charts and higher . High/ | Slmullatlon model; for
i . ; Reactive, lots to visualise model | T Simple/Easy arge-scale the purpose o
Propr@tary, Frge Microsoft .Net Evolutionary p o behoni Windows 7, Vista, Agent_— forecasting prices of
evaluation version agents evolution, behaviour, XP. 2000 or NT 4.0 population real world market
available for research & and performance, ! max. 100,000 traded stocks or
experimentation (rare user configurable securities
limitations but no genetic programming Desktop computer
expiration) engine for trading rules
creation

taxonomies. This survey has focused mainly on the platforms that
are solely used for the agent design and construction purposes
and has neglected the issues related to their simulation capability.
Moreover, [23] compared quite a few freely available agent-
based computer programming libraries to find out the modelling
framework that is best suited for the theory, and practice or data-
based simulation of social sciences. The rating results determine

(continued on next page)

RePast to win out over the other social simulation tools in terms of
modelling effort and time consumed.

Other comprehensive surveys were reported in [11,19,24-28].
In [29], five platforms (NetLogo, MASON, Repast, Java Swarm,
Objective-C Swarm) widely used for agent-supported modelling
and simulation applications, were compared. This article identified
future priorities around the adoption of agent-based platforms that
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Interactive 2D/3D
simulations in
manufacturing,

business strategy &
innovation analysis,
Anylogic Java; transportation,
http://www.anylogic.com/ UML-RT (UML for Java Runtime healthcare, social
””””””””””” Agents/ real time) Environment . sciences, economics,
Closed source, Java objects | e[ ST Moderate High/ urban dynamics,
Proprietary, Free implemented User-friendly graphical Windows 7 & Vista, Large-scale supply chains,
personal learning as Java classes environment for visual Mac OS X, Linux computer/telecom
edition available model development | - networks, logistics,
Desktop computer warehousing,
power grids,
complex adaptive
dynamic/discrete-
event systems
Cognitive
AOR Simulation maagi::;isnt?:;r Java Runtime Agent-based/
(:gler::-ob'j;e.ct— own beliefs Environment discrete-event
mp:/fajgel:rn‘fimlg)k i Java about the Java: Windows Moderate L High/ | 5|mulat|otns ial
cottbus.de/aor/ objects in their Java-sclript Mac 0 X Ulnix arge-scale (managemen » socla
______________________ environment ¢ , ) sciences, economics,
Open source, (in the form of tinux, Web biology)
ST belief triples) Desktop computer
General-purpose
modelling and
_ o simulation (social
Ascape Models_llbrary’§ built-in science, evolutionary
e e Agents/ routines available Any Java-enabled Medium-scale game theory,
-------------------- Java objects platform Moderate ~ organizational
Open source, implemented Java | e Large-scale processes,
BSD, Free asJavaclasses | = -mmmmmm-memmmmmooee- Desktop computer economics
IDE: Eclipse or IntelliJ anthropologly,
sociology
political science)
BC2NetLogo
Models library program enables to
consisting of modular build models in
code fragments: micro- Behaviour- 2D/3D basic
behaviours Composer and to simulations in
(independent run them in social/natural
. processes, threads or NetLogo sciences (such as
BehaviourComposer Java Prototype repeatedly scheduled | —eeeeeeememmmeeeeees d ~
http://m.modellingdall.org/ agents 3 V sch o predatory prey
http://resour org/ X events) available Within any Java- system, social
Home ) having Small-scale
---------------------- Built upon scheduler enabled platform, Simple/Easy - networks and
(@90 S Goog|§ Web conditions & Ajax (JavaScript and also runs as an Medium-scale vaccination, Zoology,
BSD. Free ! Toolkit and actions XML), NetLogo appletin a Web- business studies,
! NetLogo ) programming language browser epidemics,
dizr:i::;?e (can use extgnsions API B Sugarscape, etc.) for
thereby making calls to Windows, teachers, researchers
Java-based routines) Unix, Linux, and learners
———————————————————————— Mac 0S X
User-friendly | -----mmmemmmeeeeeee
environment for visual Desktop computer,
model development Smart tablets
Brahms APl is an
agent/object-oriented Multi-agent based
BDI language. Brahms is system to model and
completely integrated simulate people's
Brahms with the Java activity and situated
http://www.agentisolutions.com/br programming language; Java Runtime behaviour (location,
elimsim . Brahms and Java agents Environment . artifacts,
______________________ Cognitive, X High/ L
Java N . can interact together. | = ----eeeeeeeeeeeeee Complex/Hard communication, etc.)
Open source, Freely BeIlef—Deswe— BVM (Brahms Virtual Windows, Linux, Large-scale and collaboration/
available for academic Intention (BDI) Machine) is a multi- Solaris, coordination
& research purposes agents agent/discrete-event Mac 0S X (complex work
engine thatrunseach |  -------m-eemmeeeee practices) in
agent as a Java thread Desktop computer organizational
------------------------ processes
IDE: Eclipse or
Brahms Composer

seem likely to make these aforementioned software more fruitful
for the ABMS research and development. [30] provides an overview
of the popular platforms, surveyed approaches and systems for
the parallel and distributed simulation of agent-based systems,
outlining future challenges in the design of such platforms. A
survey of parallel simulation toolkits was also provided in [31].

(continued on next page)

Although these surveys provide useful insights into the differ-
ent systems available for agent-based systems’ modelling and sim-
ulation, they are outdated and far from complete. Besides cover-
ing ABMS tools, these efforts do contain some platforms that are
more generally used for agent design, construction and modelling
purposes, but have no specific simulation functionalities. In con-
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A collection of built-in
open source libraries to
create models
Breve simulations in
popular Python coding;
Breve . . .
or an easy-to-use Builds 3D simulations
http://www.spiderland.org/ C++ . . N :
______________________ Stimulus- object-oriented Mac OS X, Linux, . of agent-based
----------------- N . B ) Moderate Medium-scale .
Open source, OpenGL responsive language ‘Steve’ that Windows systems representing
GPL Free simple mobile borrows many features | = -------------eeeeee artificial life
’ agents of C, Objective C, Desktop computer
Smalltalk, Perl
languages
Breve IDE: Simulation
code editor
Java Runtime Simulations in 2D/3D
BSim Environment relz?ted to: _stochastlc
. interactions of
ttp://bsim-bces.sourceforge.net/ Reactive Java | T High/ b ial Jati
””””””””””” Java Behavioural e Windows, Complex/Hard e acteria pf)pu a.tlons
Open source, azents DE: Eclinse Unix, Linux, Large-scale ahd partlc.les ina
OSI-MIT License, Free 8 . P Mac 0S X fluids, multi-cellular
77777777777777777777 computing in
Desktop computer synthetic biology
Logic of
CloudSim égent/objects Modelling and
http://www.cloudbus.org/cloudsim implemented Mac 0S X, Linux simulation of cloud
as ) 9 ‘
: computing /
______________________ J i Java Windows Moderat: L. -scal
@ . ava poIIICIesdfor oderate arge-scale virtualised datacentre
[£1E SIS, (AR, clou : based infrastructures
PRI IDE: Eclipse Desktop computer
GNU Lesser GPL prowsmr‘ung, and services
scheduling,
migration
Cormas VisualWorks® from ) )
(COmmon-pool Cincom Systems Simulations of natural
Resources and Multi- Smalltalk Aggnts/ ____________________ renewable resource
Agent Simulations) (VisualWorks® | C?bJeCtS d Windows, AIX, Moderate Medium-scale management,
http://cormas.cirad.fr/ Cincom implemente smalltalk Solaris, Linux, geographic
y Systems) as class Mac 0S X information systems,
Open source, Free, constructs [ | marketing, ecology
Cormas users’ charter
Desktop computer
Configurable
spatial data .
CRAFTY structures as R C_O_de for creating and Templates (Basic,
(Competition for objects writing rz?sters & model Social, COBRA)
Resources between (cells/regions) configurations | Medium-scale Simulations of a wide
Agent Functional Java with different T Mac OS X, Linux, Moderate - range of land uses
TYpes) production . IDE: Ecll!;:se A Windows Large-scale and logistics
http://crafty-abm.sourceforge.net/ functions in (install MecurialEclipse 8 (goods/services)
“““““““““““ thresholds, in Eclipse in order to Desktop computer,
Open source, Free Component use the Bitbucket Workstation
role- based repository)
agents
Java-based Modelling and
CybelePro API simulations of high-
------------------------ performance
MDLe (Motion infrastructures and
Description Language i large-scale
CybelePro Reactive ExtendZd) for criatign Java 142 or igher distrib gt d syst
http://i-a-i.com/cybelepro/ i ! & | - istributed systems
______________________ agent/objects high-level platform Windows, Linux, (such as robotics,
Open source, Java implemented independent plans Solaris, Mac OS X, Moderate High/ planning &
Proprietary, Academic as Java classes for robots Java-1.4-capable Large-scale scheduling,
licenses availableon | | | e PDAs communication
discount IntelliTrace for | oo network systems and
performing post-run Desktop computer cross-enterprises,
analysis and data-mining, control
visualization of multi- of air and ground
agent simulations transportation
systems)

17

trast, this paper covers a wide range of the state-of-art ABMS soft-
ware addressing, not only the modelling, but also simulation ca-
pabilities. Several special traits of agent-based software are high-
lighted that are not covered in any of the previous surveys. The
review covers a broad range of prevalent ABMS software tools
(eighty five tools are discussed) providing information about the

(continued on next page)

agents’ types that can potentially be implemented in each tool,
and meticulously extracting the overall finer details from the doc-
umentation or user-guides of each individual tool. The basic fea-
tures, attributes and relative comparison among various tools have
been structured in a comprehensive and intelligible tabular and
chart formats.
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D-OMAR L'Sp_ SCORE (a procedural Simulation
. (Server-side), language); devel
(Distributed-Operator Java Simole Frame sun/s evelopment
Model ARchitecture) (Client-side) . p ) ulfl parc, environment
http://homepages.sover.net/~nicha L anguage (SFL); Windows, designed to explore
el/nlc- D-OMAR’s N D-OMAR’s rule language (WNT/W98), and model human
BRblcat o N o e ki Middle-ware Cognitive Mac 0S X Complex/Hard Large-scale ltinle task-based
m layers: agents ) o ; multiple task-base
--------------------- D-OMAR'’s simulation behaviours (air-crew/
Closed source Java RMI, developer interface Graphics air-traffic control and
HLA, CORBA (Concept Editor) workstation communication)
(C++)
Coti GTK Runtime Simulations of
in Support e
DigiHive Microsoft . B artificial life,
mpﬁdlgmwwl/ Visual Studio’s | Evolutionary Prolog Windows, Unix, Complex/Hard | Medium-scale phe(:]zrnngnnta
Closed source, Free D!:/t;ir:::nt gents | L |nux _______ self-ada_ptiqn.
Environment Desktop computer self-replication
€ angusge R oSyt
e (lmlyerf:‘:ntfd Adaptive IDE: Eclipse-CDT for Linux, High/ environments for
--------------------- ::chtijtecfuarec Evolutionary Echo-1.3 Unix-BSD Complex/Hard Largleg-scale complex adapti.ve
Open source, using Sunos- agents R T systems, ecological
Free 413) WInC-|OWS user interface | pesktop computer, modelling, etc.
available for Echo-1.1 Workstation
C++'s Standard
ClassDesc and Windows, Linux,
Graphcode libraries Unix,
Ecolab MPI-based avallable ______ Mac OS X Simulations of
httpi//ecolabsourceforgenet/ | | agents | . T | e
[ o Cr+ impalgfnnet;ted Scripting language Desktop computer, | Complex/Hard High/ | complex ‘lj‘/“_amifs of
Open source, Free as C++ classes C++/T?L Workstation, Large-scale evolution
(Tk and BLT widgets for and large-scale
GUI-mode) parallel computing
"""""""""""" clusters
IDE: Eclipse-CDT
Dynamic spatial engine,
Model libraries/plugins
& tutorials available, Multi-paradigm GIS
Provision of policy (Geographic
settings for scenarios Microsof.tANET Information System)
running Compiler based tool for
ision | | e | T analysing scenario-
http: //cnsgxnlsblwgcr.‘mst edu/ Microsoft Reac.tive Model writing in C++ 32-bit and 64-bit baysedgcoupled
--------------------- Visual C++ Behavioural and compiling into a Windows platforms Moderate Medium-scale natural/human
Open source, Free agents DLLs, Envision’s SDK | === resource systems and
provides high-level C++ | Desktop computer community/regional
wrappers integrated planning
------------------------ and environmental
Graphical user interface assessments
for intuitive model
visualisation
On Windows,
Linux, Unix,
Mac OS X as
Eve-API and library servlets (i.e.,
support for protocols standalone
(JSON-RPC) over the applications on
Eve Agents/ transport layers Google App Engine, General multi-
http://eve.almende.com/ Java objects (HTTP, XMPP) Amazon Small-scale purpose modelling
""""""""""" implemented S Webservices and Moderate ~ and simulations
Open source, Free as Java classes Java in-browser via Medium-scale
------------------------ Javascripts), On
IDE: Eclipse (managed mobile devices
by Maven’s central (e.g. Android)
repository) | -
Desktop computer,
Workstation

3. Scope of agent-based modelling and simulation paradigm

(continued on next page)

assessing the modelling capacity or scalability of a simulation
model.

One of the most fundamental properties of an ABMS tool is its
scope; namely, the domain in which it is potentially able to execute
modelling and simulation scenarios. In the next section, this article
discusses the application areas and computing platforms currently
in use for the implementation of ABMS from the viewpoint of

3.1. Application domains of ABMS

ABMS is increasingly recognized in scientific disciplines such
as ecology, climate change, economics, biology, agriculture,
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ExtendSim
http://www.extendsim.com/

Closed source (block

Models library available

LGPL (Framsticks GDK),
Proprietary (Framsticks
Theater Application)

IDE) for simulation
and model
development

Desktop computer,
Workstation

components are O_bJECt' ModL programming and 2D/3D simulations in
extensible & open oriented other external Windows XP, Vista, a variety of fields
source), ExtendSim’s agents or languages interfaced 7,8, 10, or 2000 Small-scale (business, industry,
Blopiietayjcommercial ModL entites with Extendsim Mac OS X 10.4-6 ~ healthcare
. interacting : Moderate . .
software licenses language o eermte | T s Medium-scale meteorology, air-
(Single User, Floating or via discrete- User-friendly interactive Desktop computer, defence, and
Concurrent User, events graphical environment Workstation ! academic)
Analysis RunTime, for visual model
ASP: Application Service development
Provider, Student,
Network)
GNU C compiler
(GCQ),
Xparser, libmboard
FLAME (binary available
(Flexible Large-scale for Windows),
Agent-based Modeling Agents as Sample libraries & Graphviz (for General multi-
Environment) objects tutorials available viewing model purpose simulations
““"/’”am“‘“k/ c characterized | state graphs) Moderate Large-scale (cellula( automata,
by states Graphical user | T economics, biology,
e eoulies, (conditions), | interface, visualiser and Windows, Linux, medical, traffic
GNU Le.sse.r General functions, and validation tools Mac 0S X situations, etc.)
Public License, setsof | | e
Free variables Laptop,
Workstation,
HPC
supercomputers
FLAME GPU . .
(Flexible Large Scale CUDA’4'_1 SDKIand jrz::;eur:fggr:\spfli;
Agent Modelling compatible driver behaviours in
Environment for the Reactive h .
Graphics Processing C for CUDA processing C/CUDA libraries Windows, Linux, Zf:f;/:zﬁiil
Unit) | agents as available Mac 0S X Complex/Hard High/ cultures and signaling
http://www.flamegpu.com/ communicatin Large-scale . ;
_____________________ OpenGL - . pathways) with multi-
g X-Machines C-based scripting and Laptop, R
Open source, with inputs optimized CUDA code Workstation, massive amounts of
FLAME GPU License and outputs HPC agents on GPU
Agreement, supercomputers (Graphics Erocessnng
Free Unit)
2D/3D simulations for
FlexSim’s library Microsoft.NET manufacturing,
of standard Compiler .pro.ducFion,
Flexsim customlzefble objects (required) dlstrlb.ut.lon of
ttps//www.flexsim.com/ ) Agents/ available Visual C++4 logistics,
_ ) Microsoft.NET objects | e (optional) ! Small-scale supply Ch?lns, .
Closed source, Framework implemented Draganddropmodel | Simple/Easy o tra‘nSportatl.o‘n, oil
Proprietary, | T as C++ classes building, intuitive Windows Medium-scale field or mining
Trial version available OpenGL controlsand | process, networking
dynamically display of Laptop, data flow,
output statistics as Graphics healthcare,
charts and graphs to Workstation optimization (with
OptQuest plugin)
Framsticks
http://www.framsticks.com/ Java Runtime
..................... FramScript (similar to Environment 2D/3D simulations of
License depends on Java JavaScript, C, C++, PHP) | cocoeeeeee . ) evolving agent-based
the module: | Evolutionary | Windows, Linux, Simple/Easy Light-weight/ systems and artificial
GPL (JAVA GUI Client), OpenGL agents Visual GUI (Framclipse Mac 0S X Small-scale life for research and

education

sociology, social sciences and many other disciplines of STEM
(Science, Technology, Engineering and Mathematics) in simulating
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with certain inherent attributes to establish agency relationships,

dynamic large-scale complicated systems and observing emergent 35].

Fundamentally, ABMS tools provide support to researchers and
practitioners in investigating how the macroscopic behaviour of
a system is dependent on the micro-level properties, constraints
and rules Agents as objects are typified by specific states
and sets of functional attributes, properties, or rules; in short
‘behaviours’ which may trigger special actions through the
predefined parameters. Agent-supported simulation modelling

behaviours [19,32,33]. Complex systems can be thought of simply
as sets of interacting agents or entities. Agents may manifest
organisms, humans, businesses, institutions, and any other entity
that intends to pursue a certain goal. Agent-based models are
particularly applied in the case of modelling complex phenomena,
where a lot of agents or active entities interact among each other

thereby facilitating automated reasoning and problem-solving [34,
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YourKit Java

GAML modelling
language for agent
specification, Extensible
libraries for agents

2D/3D modelling &
development

) platform for building

Java Runtime spatially explicit

Environment

GAMA Profiler ) = agent-based
http://gama-platform.org/ (OSGI plugin architecture designing, | = ---eeemme s . simulations (arbitrary
_____________________ j Statistical and spatial Mac 0S X Medium-scale
framework Reactive € ! . N Mod . complex GIS data as
Open source, and Java Behavioural analysis functions Windows, Linux oderate . | the bases of agents),
GNU GPLv2, annotations) agents - arge-scale land-use and land-
Free e IDE: Eclipse platform Desktop computer, planning, social
OpenGL based user interfaces Graphics institutional,
with convenient Workstation economical
plotting and graphical ecological or
editors biophysical systems
Modelling and
GALATEA's libraries/ e
GALATEA packages, toolkits, discrete-event
(Glider with kernel (DEVS based simulation
Autonomous, Logic- . simulation engine for Java Development continuous’
based Agents, Logic-based discrete- events), HLA Kit combined and r;1ulti—
TEmporal reasoning agents or framework, demosand | ----eeeeeeeeeeeens agent systems (e.g
and Abduction) Java objects (as documentation are Linux, Unix, Moderate Medium-scale hardware and ’
[ ’/ga'i';::;fj";ee':’f: petiauc observe- available from Windows software co-design
http://galatea.sourceforge.net/Ho reason-act sourceforge repository | = ---e--eeeeeeeeee communicatiorg\ !
L) processes) | Desktop Computer systems
Open source, Java manufacturing
Free . systems, biology,
IDE: Eclipse/Apache-Ant sociology, economics)
Java Runtime
ProActive Java Environment
Java library for deploying | = -------eemmmemmeen
GridABM N f objects on different Linux, Windows High-performance
(GridABM is Reactive, BDI
http://gridabm.sourceforge.net/ based on eactive, remote computers | eeeeoeeeeeeen High/ agent-based
“““““““““““ Java agents Multi-core Complex/Hard Large-scale distributed cellular
Open source, GPL, Repast ;md Java computers, automation models
Free S N i based on Repast
ProActive) Computing p
IDE: Eclipse clusters,
Computational
grids
GROWLab’s model Java Runtime
GROWLab Agents/ library & APl available Environment
http://www.icr.ethz.ch/research/gr Java objects Small-scale
lab ~ i
________ °W3 implemented Java Mac 05 X, Moderate e | Social phenomena
________________________ : ; edium-scale
Open source, Free as Java classes o Windows, Linux
(Eclipse | s
Desktop computer
Complex adaptive
systems, evolutionary
HLA_Agent Linux, Unix computation, social &
(High Level Reactive, | | e High/ natural sciences,
Architecture Agent) Deliberative, Workstation, mapping passenger
http://www.agents.cs.nott.ac.uk/si C++ Cogniti ! C++ L scal ! Complex/Hard Large-scale f pping pf &
mulation/hia_agent gnitive arge-scale ow, manufacturing,
,,,,,,,,,,,,,,,,,,,, agents parallel/distributed military combat
Open source, Free computing clusters scenarios, high
performance
computing
Cellular automata,
complex adaptive
Linux, Unix systems, evolutionary
HLA_RePast | | | | e computation, social &
vt H e A eee Reactive/BDI Workstation, Highy natural sciences,
(oot e/ Java object- Java Large-scale Complex/Hard Large.scale mapping passenger
P F- B oriented parallel/distributed 8 flow, manufacturing,
1510 ST, (R agents computing clusters military combat

scenarios, high
performance
computing

libraries and tools have now
years assisting scientists and professionals in constructing such
models [36]. The ultimate aim is to build simulations of complex
systems that evolve as a set of interacting artefacts among the
multiple decentralized modules. Individual objects or agents refer
to the elements which live in the environment and have a set
of properties that can change during the course of time. In a
biological system, agents can manifest themselves as standalone

been in existence for many

(continued on next page)

distinct spatial objects like cells or molecules that may reside
under a discrete or continuum setup [19]. In social systems,
understanding a political or economic system requires more than
an understanding of the individuals that comprise the system. It
also requires understanding how the individuals interact with each
other, and how the results can be more than the sum of parts [37].

The ABMS notion is well suited to the social science objectives
and for studying systems or units that exhibit the two key
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External API-jars can be
integrated with IDEA Applied sci
pplied sciences
IDEA Syscem 7777777 Java Runtime (knowledge based
i i i Environment i i
(Ir\teractlve Design RP—HCtI_Ve/ Agents’ productionrule | o onmen sy»stems,gwultlme»cha,
Environment for Agent Java Pr?aCth?, based knowledge & Viae 08 X Til_c@ffl :‘Peratloz.
system) Deliberative Java programs as ) _' Moderate Medium-scale istributed networl
http://www.ka.riec.tohoku.ac.jp/id agents associated Windows, Linux, management,
o baseprocesses Unix ubiquitous care-
) E » | support or assisted
PGS RS IDEA’s built-in Desktop computer services, information
integrated development retrieval and so on)
environment
Insight Maker API for
adding interactivity Java Virtual
. to models Machine enabled Differential equation
mln/s/lgh:(Mkaker , Internet browser is Smallscale or dynamical systems
p://insightmaker.com, ) ) - '
_____________________ JavaScriot Reactive JavaScript required Moderat . modelling, such as
avascrip Behavioural | | e oderate spatially-aware
Open source, Free, Medium-scale P Y
GPLV3 agents Graphical environment Mac OS X, model of infectious
for model design, Windows, Linux disease spread
initialization, simulation | T
Desktop computer
JAMEL Free library JFreeChart Any Java-enabled
(Java Agent-based API for the dynamic 0 Tastfo":_' her)
Macro-Economic presentation of ava 1.6 or higher,
Laboratory) ; economicsdata | T . Light-weight/ Building agent-based
B /- Java Reac“tve ,,,,,,,,,,,,,,,,,,,,,,,, Runsasanapplet | SimPle/Easy Small-scale macroeconomic
--------------------- agents Java ina Web-browser simulations
Opensource,GPL, | | ] s
Freeware IDE: Eclipse Desktop computer
Casper (data set
Agents manipulation library) &
con’jposed Ias a Colt (a set of open .
. Scap:S source Java libraries for JEava_ Runtime
ierarchy or ; nvironment
JAMSIM Java ot v ; high performance | =nvironment Dynamic discrete-
i ion) | coflection o scientific/technical A ) 3
(JAva MicroSIMulation) T agents that 3 Mac 0S X time policy-oriented
https://github.com/compassresearc R statistical 8 computing) , . P -
heentre/jamsim programming represents | Windows, Linux Moderate Medium-scale microsimulation
_____________________ ic buildi overnment projects
language for basic building Model implementation g(taxation/pezsi:)ns)
Open source, outputs blocks (suchas | 1 java. R has been used | Desktop computer,
Freeware an offspring, for output generation Workstation
parent, or and graphical output
household |
unit etc.) Ascape Swing GUI
Recursive
holon agent
(composed of .
aset of Sﬁgezttzzh:;zo:;: Java Runtime
(LI structures) PP pting Environment
http://www.janus- . languages: (Java 1.6 or higher)
projectorg/tiome ) Groovy, Javascript, ) General purpose
--------------------- Various agents 1Ruby/Rub — purp
Open source, GPLv3 for as extra- ) ; y//P u hy’ Windows, platform with
non-commercial use, Java modules: L'SVt C”; s:rt ‘:’:] Mac 0S X, Unix, Moderate Medium-scale orgahizational and
or JIUL/ JCRL Jaak ! plla: ua '5 ing Linux, Android, ho!onlc agent»based
usage/redistribution (Reactive), guag Web simulation layers
commercial license, Belief-Desire- | T | s
Free Intention IDE: Maven/ Desktop computer
Eclipse
(BDI),
FIPA-ACL
JAS A collection of
(Java Agent-based built-in open source Any Java-enabled
. /:::::Iaszﬁgiz - Agents/ libraries to create and platform Simulations of
S e objects share models (Java 1.5 or higher) dynamic social
Open source, Java implemented | e Simple/Easy Medium-scale systems, genetic
GNU LGPL (associated as Java classes Java Desktop computer algorithms ans neural
third ty licenses: | | | T networks
B IDE: Eclipse
usually non-
proprietary), Free
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properties: (1) the system is constituted by the interacting active
entities or agents for negotiation and conflict resolution; (2) the
system orchestrates gradual emerging patterns, that is, attributes
prevailing from the dynamic interactions of agents that may not be
inferred merely by aggregating the inbuilt characteristics of agents.
Therefore, it can be categorically stated: “when interactions of the
agents are contingent on past experience, and especially when

(continued on next page)

the agents continually adapt to that experience, mathematical
analysis is typically very limited in its ability to derive the dynamic
consequences”. In such cases, agent-based modelling often offers
the only practical method of analysis [38].

Furthermore, agent-based modelling can equally be interpo-
lated to offer pragmatic solutions to many problems important to
our environment, wildlife, healthcare and finance domains. In ad-
dition, these models have long been applied to epidemiological
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Third-party libraries
JASA (ECJ, RePast, Commons
(Java Auction Adaptive Collections, Apache Any Java-enabled ) )
Simulator API) Trading Commons Mathematics, platform ) Slmulatlor\s of
http://jasa.sourceforge.net/ Java agents GNU Trove) . Moderate Medium-scale computatl_onal
----------------------------------- economics
Open source, GPLv2, Java Desktop computer
Free [ || e
IDE: Eclipse/Apache-Ant
Simulations of data-
i driven models,
JAS-mine . o discrete-
(Java Agent-based J_AS-njlne bu.llt-ln event/continuous
Simulation library - Agénts/ libraries available Any Java-enabled simulation, dynamic
Modelling In a . S platform . microsimulations of
Ne.tworked Java implemented Java | Moderate Medium-scale specific processes
b el I Desktop computer (aging, educational
_____________________ s Eclipse choices, labor market
Open source, events, household
Free formation, etc.),
statistical analysis
An applet for HTML
presentations
JCASIim ) A sténd-alor\e . Any Java-enabled
(Java-based Cellular Interac.ting Iglt'es:ncltjll\:oarpgliiz:lionn platform ) ) Microscopic cellular
Automata Simulation) Java Reactive | Orsimulatoreditorin | .. Simple/Easy Light-weight/ automata simulated
http://www.jcasim.de/ agents Java, and Runs as an applet Small-scale in different lattices
77777777777777777777 Cellular Description ina Web-browser
Closed source, Free Language [CDL] for | 1D/2D/3D
input to simulation Desktop computer
which translates
automatically into Java
Objects or
decision nodes
JES based on
(Java Enterprise ir.\dependent Simulations in the
Simulator) piece of code A stand-alone Any Java-enabled Light-weight/ text of ent )
http://terna.to.it/jes/ Java or action rules interactive application platform Simple/Easy ghi-welg context ot enterprise
-------------------- and algorithms or simulator editor [ ———— Small-scale behav.lo.u.r and
Open source, Free for to represent based on Java Desktop computer activities
academic purposes agents as
avatars of
actual people
A collection of built-in .
LSD open source libraries to GNU C#+ compiler Economic and social
(Laboratory for C++ source create and share science simulations;
Simulation code, Tel/Tk Agents/ models Windows, Unix, Can generate
o e | GOk | e | e | otere || e ormas o
la_1-3/ Gnuplot P C++, LSD language in Large-scale graphs: time series,
e graphical as C++ classes Eclipse-cDT | cross-section, 2D and
Open source, GPL, package | | e Des\l;opkcomputer, 3D scatter plots,
Free User-friendly model orkstation frequency histograms
development editor

problems thereby contributing towards the welfare of humanity.
ABMS can reproduce many characteristics of real outbreaks of dis-
eases and the predictions are easy to comprehend, with disease
control managers being accepting of the simulation results and
thereafter successfully intervening with pre-emptive vaccination
strategies [39]. Latterly agent-based simulation has become a no-
table technique in the modelling and analysis of electricity sup-
plies. Quite a lot of biological applications of ABMS have artificial
life as their focal point [7]. Some studies are directed towards ex-
ploring the physiology of cells, organisms’ micro-structures and
internal organs. Within the medical domain, ABMS has focused
on human ailments, acute inflammation, cancerous malignant tu-
mours, wound healing, epidemiology and infection, immunology,
vascular system and signalling/metabolic processes.

A variety of other application areas of ABMS in engineering
and sciences exists including: design of self-organizing systems ei-
ther continuous or discrete-event, simulating fluid flow-rates, im-
munology, path-signalling genetics/molecular networks, physio-

(continued on next page)

logical fluctuations including the systems’ ability to react to a trail
of environmental impulses/stimuli, pollutants analysis to formu-
late policy rules for greener habitat, transportation and logistics,
failures detection and diagnosis in distributed systems, manufac-
turing, production, design of safety critical systems, and so on. Fur-
ther utilization and uptake of ABMS is anticipated in social micro-
simulation and optimization problems, like crowd pattern sensing,
traffic flow and urban supply chains. Scientists and engineers are
investigating the use of ABMS in the computational science, partic-
ularly in terms of systems biology [19]. An effective incorporation
of ABMS pilot-cases for improving the resilience of aircraft runway
operations is reported in [40]. A precise review of ABMS for the ef-
fective land use has been conducted in [41], thereby pinpointing
the decision-making characteristics (e.g. interactions, uncertainty,
heterogeneities, learning, adaptation) of agents.

Agent-based models have established their worth within
business, finance, operational innovation and management related
research organizations. Management educators and scientists are
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Modelling and
simulation
environment
integrated with
JADE’s ‘ Matlab-Simulink (for
C++ (also (Java Agent API f:\;a'\i/::;z'mjx AnyIJa\fla-en?bIed developing dynamic,
includes DEvelopment) platform for embfadded,
MACSimJX a wrapper to Framework, ’"E ”””””””””” JADE 3-?-1 & decentralised c.ontrol
http://www.agentcontrol.co.uk/ /C++ or Java MATLAB-Simulink . systems, e.g. aircraft
____________________ enable and FIPA- 2009/2010 Moderate Medium-scale ;
. . compliant - Boeing 747 sensor
Closed source, Free interaction P IDE: Eclipse/ | eeceecececeeeee unit’s flight dynamics
with Java agent classes Maven Desktop computer and kinematics
programs) X
undergoing a
complex series of
manoeuvres) using
JADE (an
environment for
developing agents)
Any Java-enabled
platform
Optional suite of (Java 1.3 or higher)
MASON libraries availableto | General multi-
(Multi-Agent Simulator develop models, Windows, Unix, purpose 2D/3D
Of Neighborhoods or Agents/ generate movies, X11, Mac OS X, Medium-scale simulations (social
Networks) objects charts/graphs, and to Linux . complexity, physical
http://cs.gmu.edu/~eclab/projects/ Java.net implemented recompile MASON For 3D MASON: Complex/Hard Highy and abstract
=y as Java classes | T Sun's Java3D, Large.scal modelling, artificial
____________________ X Java Windows user’s arge-scale intelligence, robotics,
O _source, ACZ—?dEmIC ”””””””””””” OpenGL version of and machine
Free License version 3.0 IDE: Eclipse or MASON learning)
NetBeans |
Desktop computer,
Workstation
Models library available
FABLES (Functional
Agent-Based LanguagE
for Simulations); .
. Java Runtime
aSS Java.; and possibly Environment General purpose
(Multi-Agent Agents/ running R.epast z.and (Java 1.5 or higher) distributed
Simulation Suite) objects Netlogo simulations | ™"~ ™~ = "® High/ simulations (complex
http://wwuw.aitia.ai/en/web/iaws/m T T — - Moderate . ;

e Java implemented FABLES integrated Windows, Large-scale social economic
-------------------- as Java classes ) 5 Mac OS X, Linux system, traffic
Proprietary, mo::tl: :gS:rn:r'ir:r? drryent .................... situations)

Free version available wizards and GUIs for Desktop computer,
. Workstation
writing models,
generating
visualisations of
simulation data
GCC (GNU C
A set of functions compiler), OpenGL
libraries available compatible
........................ graphics library
Client simulations in C (e.g. Mesa),

MASyV /:ie;;: language GTK runtime 20/3D
(Multi-Agent System impIeJmented ,,,,,,,,,,,,,,,,,,,,,,,, support GtkGLExt . visualisations of
http! )ths:ﬁ[':f:f:fggl net/ ‘ as Cclass Graphical User In_terface available Complex/Hard | - Medium-scale cellular automata

____________________ constructs (GUI) for the visual
Openisourcel Free representation of client Cllent(servgr Unix
! simulations version, Linux,
Mac OS X, X11
Desktop computer,
Workstation

always in search of the novel and compelling methods of imparting
the courses’ main ideas to the pupils. While agent-based models
alone often are not sufficient to explain the intricate details of

a selected topic, these serve as a supplement to conventional
lecturing approaches. Agent-based modelling/simulation offers
an effective way of disseminating management concepts using
an inherently visual medium. Agents may model firms, people
within institutions, or spanning application processes in industry.
With the help of agent-based modelling, users define interactions
between the objects/agents in their domain of interest, and then
using these model to generate their own real-world system
models [34]. An Integrated Development Environment (IDE)
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(continued on next page)

is a standalone application programming environment that is
populated with a typical code editor, compiler, tester/debugger
and visualiser or interactive Graphical User Interface (GUI) builder.

What makes this methodology interesting to a student is that

the models are intuitively visualised on esthetically appealing
user interfaces; more specifically, the cases where the micro-

level trends of individuals have subsequent direct impacts on

the universal/macro-scale properties of the entire unit. Therefore,
audience can observe the dynamical interactions between agents

and the consequents on each individual agent and henceforth
impact on the overall system performance [34].



Table 1 (continued)

S. Abar et al. / Computer Science Review 24 (2017) 13-33

Standard APIs and a set
of functions libraries
available
Wolfram multi- Simulation of social
Mathmatica® paradigm programming and behavioural
(Wolfram) Wolfram Agnlents/ language and its Linux, Windows, sciences, customer
el enfavions | Larguage, | objects interface with Mac 05 X . movements n a
____________________ C/C++, Java implemented C/C++/Java, and Moderate Medium-scale store, complex
Closed source, Mathaenr:atica cc?l:sctlrauscsts Mathelfnatica-specific Des\l;:z:nsz;:iz:ter, adaptive sot?i.al.
Proprietary, Trial symbolic computation systems or artificial
version available algorithms societies
Built-in code editor and
debugger and
full Eclipse-based IDE
Any Java-enabled
platform
MATSIim (Java Standard Simulations of
(Multi-Agent Transport Aients/ Java Edition SE-6) transport mobility
i i i objects | T systems and
SI":::!;::::::\:‘Z:I/I(“) Java implemented S Desktop computer, Complex/Hard | Extreme-scale Geographical
-------------------- as Java classes IDE: Eclipse/Maven Workstation, Information Systems
Open source, GPL, Free Large-scale (GIS) based
scientific evacuation scenarios
computing clusters
Mesa Agents as class Python General purpose
https://pypi.python.org/pypi/Mesa/ constructs | -memmmmmmmmemmesseeeeees artificial life related
https://github. [::;pmjec!mesa/m (having a Visualisations in a Pyth_on virtual Light-weight simulations
____________________ Python unique browser window, using environment Moderate / Small-scale (Basically, Mesa is a
Open source, identifier JavaScript; (virtualenv) o Python 3_based
License: Apache 2.0 consisting of Result analysis using |~ ~-s Medium-scale alternative to
: Apache 2.0,
B variable and Python’s data Desktop computer NetLogo, Repast, or
action) interpretation tools MASON)
Conceptual and
concrete editors for
visual modelling
Mimosa + Any Java-enabled Building conceptual
Ry Agents/ Behaviour specification platform models for running
-------------------- Java objects of entities in Uava15orhigher) | moderate | Mediumscale | the economic,
LGPLV2 license and implemented Eclipse IDEwith | —=--eeemmeeee ecological, social
CIRAD copyright, Free as Java classes Java/Jess/Python Desktop computer, simulations
/Prolog/Smalltalk Workstation
/Scheme (functional
programming language)
MIMOSE A model descri_ptio_n Client/.server_
(Micro and Multilevel N Ianguage_(a derlva.tlve Sun/Solaris v_ersnon,
MOdelling SoftwarE) ggnts/ of functlor?al coding X11R5/6, Lln.ux, Simulations in social
e objects paradigms) Java based client sciences
koblenz.de/~moeh/projekte/mimos Java implemented | @ on Windows NT, Moderate Medium-scale N T
entml as Java classes Graphical user interface Linux, Solaris ' epidemiology,
-------------------- X 4 education/research
Closed source, GPL, for model design, | = -eoeoeoeoeeoees
e initialization and Desktop computer
simulation
VisualWorks from
MOBIDYC )
L Cincom Systems,
(MOdelization Based d
on Individuals for the Agents/ and
DYnamics of Smalltalk in objects Smalltalk Java 1.4.2 or higher Academic simulations
Communities) VisualWorks implemented | - for Math scripts Simple/Easy Light-weight/ in ecology, cellular
http://w3.avignon.inra.fr/mobidyc/i (Cincom as class Template-based | oo s Small-scale automata, biology,
ndex.php/English_summary Systems) constructs graphical user interface Mac OS X, and environment
-------------------- Windows XP, Unix-
Open source, GPL, Solaris, Linux
Free (| e
Desktop computer

3.2. Implementation platforms for ABMS

Software agent-directed simulation and modelling can be un-
dertaken on various devices; tiny notebooks to desktops, large-
scale workstations or powerful compute clusters and supercom-
puters. In addition to this, ABMS can be realised using general
purpose computer programming languages, as well as specially
designed toolkits and commercially available dedicated software

(continued on next page)

that addresses some specific essentials for modelling the simula-
tion agents [42]. Typically, the simulations of agent-based mod-
els (ABM) entails dealing with huge amount of agents (in millions)
cannot be modelled within a single computer node due to mem-
ory issues. This implies the need for a specialized workstation or
high performance parallel programming platform. Therefore, it is
often necessary to run distributed simulations using a dedicated
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Simulations for
Mobility Testbed Agents/ Benchmarking scenarios Windows, transportation
TGS i?" tS available Mac 0S X, (networks, activities
itytestbe objects : . . ) ’ '
____________________ Java implemented I — Linux, Unix Moderate Medium-scale life-cycles) and
Open source, GPL, as class B mobility (multi-modal
Free constructs e Desktop computer route and journey
IDE: Eclipse planning) services
Model libraries
available
Agents/ | T -
oi'ects/ C++, Modgen language Standard Edition . ol
Modgen im |ejmented ........................ of Microsoft Dynamic socia
(Model generator) 55 linked Modgen’s generic visual | Visual Studio’s C++ ~ science
http: //w\‘Nw statcan.gc.ca/eng/micr Microsoft ’ interface for editing environment ) mlcrosn_nulatlons f_or
osimulation/modgen/modgen h g actors having P B Moderate Medium-scale the socio-economic
,,,,,,,,,,,,,,,,,,,, Visual Studio ifi parameters, setting a
specltic i | Microsoft Windows and demographic
Closed source, characteristics execution contro development of
Free as options, running the | === societios
model and browsing the | Desktop computer,
states/events .
outputs, Standalone Workstation
BioBrowser for
modelling/visualisation
Scala code
compilation to
Java byte-code
(fully .
Active i
interoperable objects with AnyJa\(a V“'F“al
with Java and imol | Machine with
NetlLogo other JVM 'S|mp e goals version 5 or later . ‘ )
http://ccl.northwestern.edu/netlog codes) implemented Models library available | — ----seereeeeeeev Medium-scale 2D/3D simulations in
/ i :
_________ o e as mok:lle Any platform: Simple/Easy N social and natural
agents NetlLogo language Windows 7, Vista sciences,
r PL, Fr For 3D ’ 4 Large-scale .
Open source, GPL, Free graphical (t:rtlels, ) 2000, and XP, Mac teaching/research
atches, links, f f
visualisation, P and the 0S X, Linux, Unix
NetLogo uses observer) | | peeren
aJava JOGL Desktop computer
API for
OpenGL
rendering
OBEUS
. Microsoft.Net . X
(Object Based Mi FNET Compiler Simulations of
Environment for Urban Wi fNET Agents/ ||croso t. Geographic Automata
. : icrosoft. i anguages | s .
Simulation) . objects Buag Wind Moderate Medium-scale System (GAS) or
http://www.tau.ac.il/~bennya/108 Framework implemented (CH#, C++, indows >
EUS.html P . . urban or regional
as C++ classes Visual Basic) | - lanning areas
"""""""""" Desktop computer p g
Closed source, Free
Microsoft.Net High-performance
Python (for fast Compiler computing
Pandora Ag?nts/ prototyping) or C++ | - T environments,
http://xrubio github.io/pandora/ Microsoft.NET ) objects (for complex models) Windows High/ Geogltaphical
Framework implemented | | e Moderate Large.scale Information System
"""""""""" as C++/Python | Cassandra GUI tool for High-Performance g (GIS) support, social
Closed source, Free classes results analysis with Computers, and environmental
2D/3D visualisations Clusters and PCs phenomena,
using MP1/OpenMP archaeology
Situated Complex adaptive
agents as Linux, Unix systems, social &
PDES-MAS MPl-based | [ e natural sciences,
http://www.cs.bham.ac.uk/researc Agent Logical Ct++ Workstation, mapping passenger
_h_/_‘i’i'i‘fi/i‘fi’_”_ﬂi/_ C++ Processes Large-scale Complex/Hard Extreme-scale flow, manufacturing,
S senE, frae (ALPs) parallel/distributed military combat
! implemented computing clusters scenarios, high
as C++ classes performance
computing

(continued on next page)

computing cluster or a grid to reduce the simulation time. To har-
ness the full potential of ABMS paradigm, the research scientists
are keenly looking into a next-generation agent-based simulation
testbeds that can be scale-up to the exascale computing structures,
to attain indelible footprints in the multi-dimensional disciplines
of science and engineering [42-47].

As we have argued, the practical applications of ABMS

may be categorized as the highly elegant ones, simplistic
academic research prototypes, and extreme-scale automation

supported stringent systems. Maximalist models embed all
possible manifestations of the system, whereas minimalist designs
are founded on a set of classic pre-assumptions that merely
encapsulate the most remarkable system’s facets. Hence, the
exploratory agent-based models are tested under a number
of suppositions that can be varied over a vast multitude
of experimental simulations. For instance, Argonne National
Laboratory USA, have successfully executed exascale ABMS models
on the IBM BlueGene with the financial support from ‘SciDAC
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. PEDSIM library of
B routines available for i
(Pedestrian crowd . ting i ) Mlcrosoft.Net
Simulation) incorporating in user's Compiler Simulation system
https//pedsim.silmaril.org/ Agents/ owncode | . ) and library for
___________________ f X . . Light-weight/ 3 X
C++ objects Linux, Windows, Simple/Easy Small-scal microscopic
Open source, implemented Cit Mac 0S X mall-scale pedestrian crowd
GPL, Commercial as C++ classes T - - mapping
license also available, Graphical user interface | pesktop computer
Free for intuitive model
visualisation
GNU C compiler
(Gca),
Models library available Fros.s platff)rm
777777777777777777777777 binaries available
PS-1 Agents/ Declarative model for Windows and Simulations of
(Political Science- objects specification language; Linux; Unavailable political phenomena,
. Identity) c implemented TCL/TK scripts to apply for Me;]cmtosh Simple/E Light-weight/ ClﬂtTra!’ |
ittp://ps-i.sourceforge.net/ as class graphic effects users, 0\{\/ever imple/Easy Small-scale psy(_: 9 oglc_a )
"""""""""" constructs emulation administrative,
Open source, GPLv2, User-friendly graphical possibility is there geographical, and
Free interface for Windows, NT, other social factors
or Linux
environment
Desktop computer
Agent-templates +
models library of built- .
in routines available Repast J Java
________________________ Runtime
Java: Ct: Environment
Man'age;j (Java 1.4 or higher)
Repast-J C++/Lisp/Prolog; Simulations of
or Repast-3 ) Visual Basic.Net; Repast.Net: social networks and
(REcursive Porus Agent React!ve/BDI Python scripting Mlcrosoft,Net High/ integrated support
Simulation Toolkit) Java/C# object- | Compiler Complex/Hard Lar eg-scale for Geographical
http://repatst;(‘)nu[z:fs{iﬂl net/repas oriented Built-in simulation R — 8 Information Systems
= agents Windows :
................... 8! results logging facility Mac 05 X L', (GIS), genetic
Open source, BSD, Free and graphing tools to ac » Hinux algorithms
display output | T
________________________ Desktop and vast-
IDE: Eclipse scale scientific
777777777777777777777777 computing clusters
User-friendly graphical
interface
C++ using MPI Windows,
Repast HPC for parallel Standard or Logo-style Mac OS X, Simulations in
https://repast.github.io/repast_hpc. - - ) - X .
- Operations Reactive/BDI Cot Linux, Unix Moderate com.putatlonal social
____________________ + X mmmmmmmmmsenneeeees . sciences, cellular
Boost C++ e e Large-scale Extreme-scale automata, complex
Open source, BSD, oriented IDE: Eclipse o Complex/Hard e
Free portable distributed clusters adaptive systems
agents
source and HP
libraries supercomputers
Agent-templates +
models library of built- Java OpenGL
in routines available (JOGL) - a wrapper
”””””””””””” library that allows 2D/3D simulations in
Java; OpenGL social sciences,
Repast Simphony Groovy (~easier Java); + consumer products,
. s ||| LI | St | s |y |
shony html Java object- Hard High/ Geographical
____________________ i d X Large-scale Information Systems
oriente IDE: Eclipse Windows vet Flexible
Open source, BSD, agents s Eclip > (GIS), cellular
Free || | Mac OS X, Linux automata, complex
User-friendly graphical | = ------ooeoeooeoeoeee adaptive systems,
interface with Workstation, etc.
flowcharts option for Small computing
visual intuitive model clusters
development and
visualisation

Programme’ [48]. Other efforts have explored the utilisation of
Grid computing for Agent-based simulation [49]. Clearly, ABMS
research must be advanced along multi-lines prior to show-casing
it as a viable approach to take into account the needs of emerging
cloud and extreme-computing paradigms. This eventually could
be relied upon to make decisions in a tangled and ever changing
world [19].

(continued on next page)

4. ABMS software’s evaluation & discussion

In this survey, a meticulous effort has been undertaken by
delving deep into each individual ABMS tool in order to expose
notable features from the reference guides, users’ manuals and
documentation. Where deficiencies existed in the tools’ technical
descriptions, archive files were downloaded and extracted to
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Scratch 2: Web
browser & Adobe
Projects-startup Fslash Pr:ai/ir.' . .
Sori libraries available _ cratch 1.4: Self-directed creative
prites or Windows 2000 or learning software for
Scratch objects e - later, Mac OS X
https://scratch.mit.edu/ Squeak (an lati Programming scripts ’ students and
____________________ open-source encapsulating made by snapping 10.4 or later, educators to make
a state i . . .
Closed source, programming (variables) and graphical chunks/blocks Ubuntu Linux 9.04 Simple/Easy Light-weight/ 2D/3D animated
: variables) an i or later, Small-scale games in social
GPLv2, environment behavi in the form of stacks i
. ehaviour Scratch 2 Offline sciences, geography,
CC-BY-SA 2.0 license, based on (scripts) | T Editar: Mac (Adoh g ! ,
Free Smalltalk) Interactive visual A‘m;rol V?/C (d obe mathematics,
programming interface ir 20), Win O_WS' linguistics, arts,
and some versions computer science
of Linux (32 bit)
Desktop computer
SEAS
(System Effectiveness Aggnts/ Tactical Programmin Windows 2D/3D simulations of
Analysis Simulation) objects L g L T Light-weight/ complex adaptive
ey Cit implemented anguage (TPL) Desktop computer, Moderate Small-scale systems, military
""""""""" ;. as C++ classes Workstation war-fighting
EULA, Free with scenarios
government approval
SeSAm Simulations in social
ell for Simulate : . sciences (logistics,
IS Agents/ Windows; i (logisti
Agent Systems) Java objects Visual modelling Linw, Mac OSX | e High/ production, traffic,
- - implemented language | ememeeemeeeeen P Y Large-scale ) PTtssengerlj'Dl\N,
as Java classes Desktop computer ealtnhcare, biology,
Open source, LGPL, P P urban planning),
A research/teaching
SimAgent i . . .
http://www.cs.bham.ac.uk/researc Robust extensible Windows, Simulations in
h/projects/poplog/packages/simage Reactive multi-purpose coding Mac OS X, Linux, research/education,
thtml 4 ) . . N
_______ S Poplog Deliberative, format ‘Pop-11’ which Unix Complex/Hard High/ social sciences
Open source, Free Cognitive supports programming - - Large-scale (biology, psychology),
MIT/XFREES6 license agents in Prolog, Common Lisp | Desktop computer, evolutionary
for poplog libraries or Standard ML Workstation computation
SimBioS Class-librari labl Microsoft.Net or
imBioSys ass-libraries available p i
ttp://wwwlucifer.com/~david/sim Agents/ | GNU C++ compilers Evolutionary
BioSys/ objects N - simulations in
____________________ C++ C++ Moderat Medium-scal o .
pre—— implemented | Any platforng that oderate edium-scale biological and social
rtistic license supports C++ ;
agreement, Free as G+ classes IDE: Eclipse-CDT | sciences
Desktop computer
i ®
SimEvents (MATLAB®) S'mEYi”’f;AT(tLZgB?hET
http://uk.mathworks.com/solutions llecti f witl , . .
/discrete-event- iz:;et'nodne:t Simulink® and Simulations to
lation/index htmi?s_tid=gn_| - o :
simulation/in eixdr;rpn s_tid=gn_loc objest. Stateflow® functions Windows, Linux, optimize supply chain
-------------------- oriented libraries, toolboxes, Mac 0S X _ processes for
Closed Source, C, C++, Java, agents/ andadd-ons) | oo Medium-scale manufactulrlng and
Proprietary commercial MATLAB entities | - Desktop computer, Moderate OPelratIOF\S, '
software code language interacting MATLAB® coding syntax Workstation Large-scale foreca.stlng, capacity
(Standard/Education/ viadiscrete- | meeeeeeeeseeee planning aerospace,
Home/Student versions events Built-in graphical a‘_Jt?mOthE,
on-purchase licenses), programming mission plans
Trial version available environment
2D/3D simulations in
Simi advanced predictive
imio . . X
http://wwiw.simio.com/products/ Standard object analysis, tourist flow,
____________________ Agents as libraries available manufacturing,
Closed Source, objects oo Windows military solutions,
Proprietary commercial characterized Data import/export as ‘ product!on,
software b ti xlsxorcsvfiles | T Medium-scale scheduling,
: cH y properties, |~ Desktop computer, Moderate ~ transportation
(Design/Team/ states and '_ . Workstati nsi ,
Enterprise/Academic behaviours Built-in graphical orkstation Large-scale logistics, supply
versions available on- programming chain, mining
purchase licenses), environment industry, healthcare,
Free Personal Edition _ma”_t'me/PO[’tS,
available airfreight services,
optimization (with
OptQuest plugin)

27

examine the source code and the compiler used to develop custom
plugins. Furthermore, several tools’ executables were installed for
running the tutorial samples so as to ascertain the availability
of models’ libraries, add-ons and APIs, and to accurately identify
the programming language and agents’ types that are required
for the model design and implementation. Even so, any rare

(continued on next page)

discrepancy in the tool’s reported features and functionality should
be contributed to subjective differences and unintentional human
errors or omissions such as our insufficient comprehension on
some aspects of these ABMS software. Hence, a recommendation
for the readers would be to investigate the ABMS tools further for
greater in-depth analysis in line with their specific demands.
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Table 1 (continued)

Simulations of air and
ground forces,
Java Runtime military scenarios,
SimJr Environment different aspects of
http://code.google.com/p/simjr/ . JavaScript | e Light-weight/ human behaviours or
-------------------- Java Cognitive Windows, Linux, Simple/Easy ngall-scgle actions modelling,
Open source, BSD, Free agents IDE: Eclipse Mac 0S X command and
,,,,,,,,,,,,,,,,,,,, control modules,
Desktop computer intelligence analysis,
and information
visualisation
To run simulations:
aJava (Java 6 or
. higher) enabled
SimSketch ) Internet browser is )
http://modeldrawing.eu/ Reactive Java Web Start X . . Educational relevant
____________________ 8 ava required ) Light-weight/ o
Java Behavioural (Javaws) Simple/Easy scientific phenomena
Closed source, | | Lgepte | T T | T Small-scale
’ agents . . for young learners
Free Windows, Linux,
Mac 0S X
Desktop computer
2D/3D simulations in
. Sample templates and i
Simul8 ibraries of interacti Windows NT, 95, education,
http://www.simul8.com/ ibraries of interactive 98, 2000, XP, Vista healthcare,
; , Vista, N
- - Agents as models available ’ 7 8, 10 manufacturing,
Closed source, physical, For Ms;c‘OS).( use logistics, contact
Proprietary commercial Visual Lo logical or Coding: Visual Logic irtusli t" Medium-scale centre or client—
X virtualization
software licenses 'suca | O8I | activity-based o froeare ik Moderate ~ based services,
(Basic/Professional-3D/ ode objects Data import/export as sottware fike Large-scale supply chains,
Team/Education) xlsx, csv, txt, rtf files or VMware Fusion or capacity planning,
versions, toV.I.S.A Parallels administrative
Concurrent user license | | | e T workflows,
(Network) edition Intuitive drag & drop Desktop computer, optimization (with
interface Workstation OptQuest plugin)
. Simulations of social,
Java Runtime business, public
SOARS Environment health, and
i JavaScript | !
(Spot Orl.ented Agent ) Role-based | . Ei Vac”p _______ - i simple/E Light-weight/ organizational
Role Simulator) ava Windows, Linux, imple/tasy Small-scale syst
agents ; ; ystems,
http://www.soars jp/en Visual programming Mac 0S X .
____________________ interface Geographic
Opensource, Free | | | | T Information System
4 Desktop computer (GIS), epidemiology
Template Wizard Simulations in social
StarLogo di}/a"abtli for C’Ef‘at'?_g Windows, Unix, and natural sciences,
http://education.mit.edu/starlogo/ Procedural |b§retr1 y;t)estlo ac.L\;e Linux, Solaris, education, for
____________________ objects or turtles wi -
agents having ject | | Mac 0S X Light-weight/ depicting the
Closed source, Java/YoYo arange of simple goals (With Java 1.4 Simple/Easy emallscale behaviour of
Clearthought Software potential o o installed) decentralized models
License Version 1.0, functions Starlogoscripting—a | """ (bird flocking, traffic
Fre graphlca.l or visual Desktop computer jamming, and ant
programming language colony formations)
Procedural .
StarLogo TNG agents havin StarLogo TNG block- Windows, X X
http://education.mit.edu/projects/s OpenGL 8 : g based scripting - a Mac OS X . Light-weight/ 3D 5|rT1uIat|ons of
fetlodong ; arange o hical . Simple/Easy educational models
____________________ programming potential graphical programming e Small-scale and video games
Closed source, SLTNG functions language Desktop computer
License v1.0, Free
Java Runtime
Environment
Java | T
o Sugarscapef , Agents/ | o Within any Java- Light-weight/ Simulations in
tt) 'sugarscape.sourceforge.net, . -
PR Java objects User-friendly enabled platform, Simple/Easy IngaI\INseclile social sciences,
O seures, @, fee implemented environment for visual | runsasan appletin cellular automata,
as Java classes model development a Web-browser education
Desktop computer
(continued on next page)
4.1. Comparison criteria e Programming language requirements and provision of an Appli-
cation Programming Interface (API) together with availability
Overall, this review considers the significant features, merits, of built-in libraries for incorporation within the user’s source-
weaknesses and limitations of the surveyed agent-based modelling code for developing agent-based models;

and simulation software tools. Evaluation criteria include: e Availability of a graphical programming interface for code edit-

e Source-code specification, online availability, distribution li- ing and simulation running, or intuitive visual programming
cense [ legibility as an open or closed source; user interface for the model rendering tasks;
e Implementation types of agents primarily based on the e Identification of the compiler, operating system support, and

interaction mechanism during simulation activity; platform/hardware requirements/constraints for the model
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Windows, Linux,
Mac OS X, Solaris,

Simulations of
complex adaptive
systems in social or

Collection Swarm models library of IRIX biological sciences;
Java, (swarms) of built-in routines ; .
- supply chain
Objective-C independent available HPUX 8/10/11 oy
Swarm (an object pendent | available optimization and
http://www.swarm.org/index.php/S - 1Y S R — ot
EEE | o obect | personal computer, logistics consumer
,,,,,,,,,,,,,,,,,,,, X oriente jective-C; swarm- Workstation Complex/Hard Extreme-scale behaviour with social
extension of agents code; Java ! .
Open source, GPL, Free the C codin . - Large-scale network effects;
Ianguage)g mtzractmg I 77777777 scientific distributed
via discrete- IDE: Eclipse computing clusters computing;
events and HP workforce/traffic
supercomputers /portfolio
management
TerraME’s modelling Multi-paradigm
models libraries & API ) spatial dynamical
Agents/ (based on C++ and an W|n_dows, systems, cellular
objects extension of the “Lua” _ Macintosh, automata,
TerraME implemented | programming language) L'”t:‘x (tested on Geographical
R EE D Crt/Lua as C++/Lua are available Ubuntu 12.04) Moderate Medium-scole Information Systems
.................... scripts’ classes - - (GIS), terrestrial
Open source, Free IDE: Eclipse Desktop computer, systems, land-
+ Interactive GUI Workstation change/hydrologic/
(Graphical User species-
Interface) for model dispersion/climate
running models
Agents/
) objects Supports planning,
implemented analysis and
: i as class .
UrbanSim Opus with Models library available Windows, modelling of urban
http://www.urbansim.org/ base language constructsof | T T T Macintosh development/land
"""""""""" Python and Python-based Opus-based Graphical Linux Moderate Large-scale use/transportation/
Open source, GNU Numpy as custom User Interface | cooeomemeeeeee E housing affordability/
General Public License, numerical doméllﬁ_n* Desktop computer, environmentally
Free library specific Workstation sensitive habitats and
programming greenhouse gas
language emissions
“Tekoa”
ngents/ Microsoft.Net Simulations in social
ents, i i i
VisualBots oijects Graphical user interface Compiler and political science,
http:// Ibot: / . i icual | T . Light-weight, economics, emergent
pmm————— Microsoft.Net | implemented in Excel VBA (Visual Windows Simple/Easy g ght/ " 8
Basic for Applications) Small-scale behaviours, cellular
Closed source, EULA, asclass | T T automata,
Free constructs Desktop computer education/teaching
Ve Social sciences
o : Java Java-enabled (ecology and
(Versatile Simulation Agents/ .
q gents Internet browser economy), object-
Environment for the objects . oriented stochastic
internet) Java implemented User-interactive | ---ommomomomoes Simple/Easy Medium-scale .
http://www.vseit.de/VSEit09/ ! Jp | Graphical User Interface Desktop computer ) evept-dnven
____________________ as’javaclasses | (Gyy) for model running simulations (cellular
Closed source, Free automata),
education/teaching
XL/lave SUPPOrtfor | java Runtime
nified Modelling X
Language (UML 2.1); Environment 2D/3D simulations in
Reactive uage I
Xholon Turtle geometry usin cellular automata,
e pee e behavioural geometry using Windows, Linux, biolo
n/about/abm html : an optional J bled e
____________________ Java agents/objects (any Java-enable Moderate Medium-scale biochemistry,

Open source, LGPL,

implemented
as Java classes

NetLogo-like syntax

platform)

statistical modelling,

29

Free User-interactive Desk controllers, and other
t t
Graphical User Interface ESWOP computer, embedded systems
orkstation
(GUI) for model running
implementation; and simulation features, e.g., simplified modelling processes,

Amount of effort/input required for the design and develop-

ment of users’ model;

Computational modelling strength or scalability of the models

developed through the use of particular toolkits;

Assessment of coverage of application areas/domains covered

by the ABMS tool;

Brief description of the agent-based modelling and simulation

functionality provided by each mentioned ABMS tool.

Most ABMS software tools contained in this survey are
academic artefacts, open source and possess innovative modelling

technical support, efficient modelling functionalities, and user-

friendly interfaces. In terms of the demands of programming

knowledge and experience, ABMS toolkits often require users’ to be

proficient in the programming languages, such as: C/C++, Python,

Java, Smalltalk, Basic; however commercially available suites

are usually bundled with ready-to-use Application Programming

Interfaces (APIs), add-ons and libraries that allow the audience to

build and implement higher-level/fine-grain simulation models.

Table 1 provides an overview to the developers/programmers/
coders potentially looking for ideas to implement an ABMS soft-
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Table 2
Application domains covered by the ABMS tools.

ABMS scope or application domain

ABMS software tools

Cellular automata, Complex adaptive systems, Emergent complex phenomena in

Biology/Medical sciences, Epidemiology, Artificial life (Evolutionary computation or

genetic programming, Artificial intelligence, Neural networks, Robotics)

Agent Cell (2D/3D), AnyLogic (2D/3D), Ascape, BehaviourComposer (2D/3D),
Breve (3D), BSim (2D/3D), DigiHive, Echo, EcoLab, FLAME, FLAME GPU (3D),
Framsticks (2D/3D), GALATEA, GridABM, HLA_Agent, HLA_RePast, JAS, JCASim
(1D/2D/3D), MASON (2D/3D), MASyV (2D/3D), Mathmatica® (Wolfram),
Mesa, MIMOSE, MOBIDYC, PDES-MAS, Repast-J/Repast-3, Repast HPC, Repast
Simphony (2D/3D), SEAS (2D/3D), SimAgent, SimBioSys, SOARS, Sugarscape,
Swarm, TerraME, VisualBots, VSEit, Xholon (2D/3D)

Social & natural sciences, Dynamic computational Systems, Business, Marketing,
Economics, Ecology, Healthcare, Planning & Scheduling, Enterprise and

organizational behaviour, Traffic Situations (avoidance of traffic jams, light control,

route choice)

Agent Factory, AgentScript, AgentSheets, AnyLogic (2D/3D), AOR Simulation,
Ascape, BehaviourComposer (2D/3D), Brahms, Cormas, CybelePro, Echo,
Envision, Eve, ExtendSim (2D/3D), FLAME, FlexSim, Framsticks (2D/3D),
GALATEA, GAMA (2D/3D), GROWLab, HLA_Agent, HLA_RePast, IDEA, Insight
Maker, JAMSIM, Janus, JAS, JAS-mine, jES, LSD (2D/3D), MASON (2D/3D), MASS,
Mathmatica® (Wolfram), MATSim, Mimosa, MIMOSE, MOBIDYC, Modgen,
NetLogo (2D/3D), Pandora, PDES-MAS, PS-I, Repast-]J/Repast-3, Repast HPC,
Repast Simphony (2D/3D), SeSAm, SimAgent, SimBioSys, SimEvents
(MATLAB®), Simio (2D/3D), Sim]r, SimSketch, Simul8, SOARS, StarLogo,
Sugarscape, Swarm, UrbanSim, VisualBots, VSEit

Education/Teaching

AgentScript, AgentSheets, BehaviourComposer (2D/3D), ExtendSim (2D/3D),
Framsticks (2D/3D), JAS-mine, MIMOSE, MOBIDYC, NetLogo (2D/3D), Scratch
(2D/3D), SeSAm, SimSketch, Simul8, StarLogo, StarLogo TNG (3D), Sugarscape,
VisualBots, VSEit

Cloud computing/Virtualised datacentres

CloudSim

Geographic Information System (GIS), Geographic Automata System (GAS)

Cormas, Envision, GAMA (2D/3D), Insight Maker, MATSim, OBEUS, Pandora,
Repast-]/Repast-3, Repast HPC, Repast Simphony (2D/3D), SOARS, TerraME

Aviation, Flight or air-traffic control, Ground transportation/Mobility planning
systems

CybelePro, D-OMAR, ExtendSim (2D/3D), FlexSim (2D/3D), MACSimJX,
MATSim, Mobility testbed, SimEvents (MATLAB®), Simio (2D/3D), Sim]r,
Swarm, UrbanSim

Consumer products, Manufacturing, Production (factory based optimized plans for

different requirements), Logistics/Distribution/Supply Chains (coordination, storage

layout optimization)

AnyLogic (2D/3D), CRAFTY, ExtendSim (2D/3D), FlexSim (2D/3D), HLA_Agent,
HLA_RePast, PDES-MAS, Repast-J/Repast-3, Repast HPC, Repast Simphony
(2D/3D), SeSAm, SimEvents (MATLAB®), Simio (2D/3D), Simul8, Swarm

Urban Planning (accessibility studies with dynamic populations)

AnyLogic (2D/3D), CRAFTY, Envision, GAMA (2D/3D), JAS-mine, Modgen,
OBEUS, UrbanSim

Microscopic pedestrian crowd or mapping passenger flow (market improvement &
evacuation of buildings)

Brahms, HLA_Agent, HLA_RePast, PDES-MAS, PedSim, Repast-]/Repast-3,
Repast HPC, Repast Simphony (2D/3D), SeSAm, Simio (2D/3D)

Political Phenomena

Ascape, PS-1, VisualBots

Military-combat/War-fighting/Air-defense Scenarios

ExtendSim (2D/3D), HLA_Agent, HLA_RePast, PDES-MAS, SEAS (2D/3D),
SimEvents (MATLAB®), Simio (2D/3D), Sim]r

Financial market’s stocks/Securities, Macroeconomic activity

Altreva adaptive modeler, JAMEL, JASA

Large-scale parallel/Distributed computing clusters & high performance
supercomputers

Agent Cell (2D/3D), Ecolab, FLAME, FLAME GPU (3D), GridABM, HLA_Agent,
HLA_RePast, MATSIM, Pandora, PDES-MAS, Repast-] or Repast-3, Repast HPC,
Repast Symphony (2D/3D), Swarm

ware, or researchers who need to develop prototype systems can
comprehend the intended purpose and limitations or insufficien-
cies of reachable tools, without having to search the internet ex-
tensively. Table 1 tabulates each tool’s technical features and spec-
ifications that have been taken from the developers’ sites where
the technical guides, manuals and ABMSs software itself are avail-
able for downloading. Quite often, the developers stop updat-
ing their ABMS software and sometimes the URLs (Uniform Re-
source Locator) no longer exist, therefore the Web-sites of all tools
that are discussed here have been archived in the Wayback Ma-
chine [16] which is a digital log of the Internet’s information and
registers/maintains complete snapshots of all Web-links located
under a single domain name. Thus, the proposed survey offers a
reference summary which harnesses an archival system captur-
ing those tools which have become obsolete or no longer exist,
and provides information on the features and functionality of prior
ABMS software that were once utilized extensively in the develop-
ment of agent-based simulated prototypes and referred in the past
research publications. This paper provides an updated ABMS re-
view by integrating pointers to all the most relevant survey litera-
ture, and anticipates future extensions from the global ABMS com-
munity. The review evaluates simulation based packages and mod-
els and identifies their common traits and design considerations.

Table 1 summarizes in alphabetical order the detailed comparison
of the basic features of a considerable number of well-known ABMS
tools.

4.2. Analysing ABMS toolkits

Comparing usability aspects of the toolkits involves many
challenges as each one is unique and has been designed
for distinct purposes. Some ABMS packages (Altreva Adap-
tive Modeler, AgentSheets, Envision, ExtendSim, Framsticks,
Mathmatica® (Wolfram), MASS, MASyV, Mimosa, PedSim, Repast
Simphony, SimEvents (MATLAB®), SOARS, StarLogo, Sugarscape,
VisualBots, Simio, Simul8) have built-in support of visual intuitive
graphical user tools facilitating model development via flexible
drag-and-drop kind of interfaces, real-time visualisation via chart-
ing and plotting to comprehend the models’ adaptation, evolution
and functional profiles [50]. The majority of software in our study
are freely available at no cost for academic and research purposes,
are open source and compliant to lenient end-user licensing provi-
sions. Whereas the sharewares have trial versions available, most
are closed source, and have proprietary or restrictive license agree-
ments. A lot of tools have comprehensive technical documentation,
user manuals, tutorials, and public support mailing-lists.
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Extreme-scale RETC“ MATSIM, PDES-MAS,
Swarm
Agent Cell (2D/3D),
Brahms, BSim (2D/3D),
AnyLogic (2D/3D), D-OMAR, Echo, Ecolab,
- AOR Simulation, FLAME GPU (3D),
_ /Largzeg-r;cale Altreva Adaptive Modeler, CloudSim, CybelePro, GridABM, HLA_Agent,
o SeSAM FLAME, LSD (2D/3D), MASS, HLA_RePast,
3 Pandora, UrbanSim Repast-J or Repast-3,
> Repast Symphony
= (2D/3D)
e}
]
§ Ascape, CRAFTY,
v GAMA (2D/3D),
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£ Agent Factory,
g’ Breve (3D), Cormas,
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£ Medium-scale JAS, VSEdit MACSimJX, Mathmatica® MASyV (2D/3D)
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§ OBEUS, SimAgent, SimBioSys,
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g BehaviourComposer (2D/3D), GROWLab,
(&) FlexSim (2D/3D) Insight Maker, Mesa
AgentScript,
Framsticks (2D/3D), JAMEL,
JCASim (1D/2D/3D), ES,
Light-weight MOBIDYC, PedSim, PS-I, SEAS (2D/3D)
/Small-scale Scratch (2D/3D), SimJr,
SimSketch, SOARS, StarLogo,
StarLogoTNG (3D),
Sugarscape, VisualBots
Simple/Easy Moderate Complex/Hard
Model Development Effort ——

Fig. 1. Ease of model development versus ABMS tools’ computational modelling capacity or models’ scalability level.

As the ABMS technology has become ubiquitous, the sophisti-
cation and scale of handy software for the modellers has grown
larger too. Almost all the notable ABMS tools have primarily been
designed to assist the builders in designing the agent-based mod-
els. An ideal simulation system should require minimal learning ef-
fort as well as provide flexible support to creating models and run-
ning robustly on any type of computing machine. As more complex
algorithms, computing codes, tools, and libraries of ABMS are con-
structed, the incorporation of more sophisticated and extensible
models has become feasible for the researchers [50]. In the past,
conventional programming languages, such as: C, Smalltalk and
Java, were mainly employed for the simulation models’ design and
development tasks. However, currently most of the ABMS software
tools (Ascape, Breve, FlexSim, GAMA, GridABM, GROWLab, JAMEL,
JAS, LSD, MASS, MASON, MASyV, NetLogo, PedSim, PS-I, Repast-

] or Repast-3, Repast Simphony, Swarm, UrbanSim) are concep-
tual frameworks, though these provide several standard APIs, pre-
designed agent-templates and embedded libraries of procedures,
which can be integrated in the custom formed programs obvi-
ating the need to program ones’ own routines from scratch. The
modellers create simulation models by making a series of calls,
thereby invoking various built-in functions within the modelling
toolkit [51]. Among these library-based platforms, MASON is par-
ticularly designed with execution speed a high priority [39]. LSD
(Laboratory for Simulations Development) models are essentially
C++ programs and as a consequence are extremely fast and power-
ful. Another breakthrough in ABMS computing is the development
of collections of mature and stable packages assembled within
the common standardized graphical Integrated Development En-
vironments (IDEs), for building interactive simulation models us-
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ing direct manipulation on intuitive visual programming IDEs. The
best known examples in this context are Altreva Adaptive Mod-
eler, AgentSheets, AnyLogic, FLAME, Framsticks, Mimosa, PedSim,
Repast Simphony, SeSAm, StarLogo, and Sugarscape. The IDE ap-
proach also narrates inherent mechanism to interpret, compile and
run the simulation models [51].

Table 2 contrasts application domains in a greater technical
depth which are covered by various ABMS platforms. Here, the
tools that provide three-dimensional modelling and simulation
support can easily be distinguished. Clearly, a large set of ex-
isting tools support the modelling and simulation in social, nat-
ural, and human sciences; for instance, dynamic computational
systems, business, marketing, economics, ecology, aviation, in-
dustrial control, manufacturing, planning and scheduling, enter-
prise and organizational behaviour and traffic situations. Com-
puter simulation and modelling has a rich tradition in the edu-
cation of Physics, Chemistry, Biology and other natural sciences.
Many pedagogical and teaching related modelling and simula-
tion software do not impose steep learning curves upon the
novice users or non-specialists. Consequently, early career schol-
ars do not need to formulate complex mathematical equations
and learn the syntax and semantics of a modelling language
or programming code to construct new simulation models. Ad-
ditionally, as far as modelling/simulation related learning prac-
tices are concerned, there are in existence a number of ABMS
hands-on instruments (AgentScript, AgentSheets, BehaviourCom-
poser, FLAME, Framsticks, JAS-mine, MIMOSE, MOBIDYC, NetLogo,
Scratch, SeSAm, SimSketch, StarLogo, StarLogo TNG, Sugarscape,
VisualBots, VSEit) which incorporate simple easy-to-use interfaces
and could be a good choice for educators, teachers, as well as novice
users to learn how to implement light-weight simulation scenar-
ios. However these systems tend not to upscale well to bigger and
more complex models [51-53].

Fig. 1 depicts with clarity the ease in model development ver-
sus ABMS tools’ computational modelling capacity or simulation
models’ scalability level. Other widespread ABMS software, like,
Agent Cell, BSim, Breve, DigiHive, Echo, EcoLab, FLAME GPU, Grid-
ABM, JCASim, jES, MASyV, MOBIDYC, Pandora, Swarm, Xholon sup-
port prototyping sophisticated models with numerous agents and
tangled geometrical shapes and rules, and are suited to high-level
domains, such as, complex adaptive systems, over-complicated
emergent phenomena in biology/medical sciences, cellular au-
tomata (mathematically describing processes inside the cells), and
artificial life. Likewise, such extreme-scale simulations typically in-
volve huge numbers of agents and as such, cannot be modelled
on a simple personal computer due to the memory and storage is-
sues. Hence, these simulations can be conducted on the worksta-
tions and high-end scientific computing systems employing some
popular ABMS tools; for example, MATSIM, PDES-MAS, Repast HPC
and Swarm all of which provide powerful computational modelling
capabilities. Simulated testing of reference models and qualitative
analysis of ten multi-agent platforms on high performance com-
puting clusters with distributed and parallel cores has been pre-
sented in [31]. Table 2 concisely differentiates between the key
features and functionalities indigenous to every ABMS software in-
cluded in this review and serves as an aide for the judicious selec-
tion of one toolkit over another in a given situation or context.

5. Concluding remarks

This paper provides an in-depth insight into the agent-based
modelling and simulation concepts, and formulates a broad-
ranging crossover survey of the most recent state-of-art soft-
ware agent-mediated computing technology and its incorporation
within the modelling and simulation domain. Agent-supported

modelling and simulation techniques are used for the represen-
tation of social, economic, ecological, meteorological, business
and other similar systems in a software environment, to enable
computer-based assistance in problem solving or enhancing cogni-
tive capabilities. ABMS systems have fundamental similarities with
certain traits of human societies and natural ecosystems and there-
fore, can effectively mimic their actions and can act as an appro-
priate technological vehicle for simulation tests, experiments and
forecastings that would probably not be otherwise possible. Within
this paper, a comprehensive comparison of the scientific simula-
tion based packages and models has been performed on extracting
their common features and design issues as well as dissimilarities.
The key focus is to characterize almost the entire spectrum of cur-
rently available diverse array of agent-based modelling and simu-
lation packages, and put these in a repertoire, thereby effectively
distilling noteworthy features, merits, and demerits of these multi-
faceted application software. In this survey, we have taken into ac-
count the salient characteristics inherent to each ABMS tool, such
as: license categories, software availability (freeware/shareware),
source code specification, Integrated Development Environment
(IDE) and the coding language utilised to craft agent-based sim-
ulation models, Application Programming Interface (API) or na-
tive libraries to accommodate the simulation models’ construc-
tion and evolution process, nature or type of agent implementa-
tion, identification of operating system and compiler as well as
hardware computing platform, users’ model development input
requirements, software’s modelling power or scalability support
available, and domain coverage of each ABMS toolkit.

The rationale for this paper is to help scientists and engineers in
quickly assessing how they might choose and properly apply ABMS
to their own research applications. There may be some limitations
of this study. Though, we have investigated a large breadth of
credible ABMS platforms, more subtle characteristics indigenous
to each package may not be included. It is sometimes the case,
that such opaque factors can critically influence one’s decision to
prefer one modelling and simulation tool over another. Examples
of such might be the particular domain and special modelling
requirements or a desire to compare one’s results with another
study which was undertaken in a particular package. Despite this,
it is our hope that this comprehensive and up-to-date index of
innovative ABMS software serves as a seminal reference to aid
potential engineers, academics and researchers to readily make
an informed selection as to an appropriate accessible agent-based
modelling and simulation toolkit in-line with their interest, skills,
and the inherent requirements of the application domain for their
research prototypes.
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