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ABSTRACT 
 
This paper considers a variety of new technologies for 
discrete-event simulation software development. 
Environments and languages for web based simulation are 
reviewed. Web based applications are discussed. After 
proposing a summary of the review, ways of working that 
will have an unpredictable effect on the future of 
simulation modeling are proposed. 
  
1 INTRODUCTION 
 
There is a growing interest in using the web as a new 
�platform� for applications. The simulation community has 
not stayed immune to the trend. The pressure imposed by the 
proliferation of web uses has forced the simulation 
community to migrate to the web in order to remain �alive�. 
Thus, the first session on web based simulation at the Winter 
Simulation Conference appeared in 1996 (Fishwick 1996; 
Buss and Stork 1996; Nair, Miller and Zhang 1996). Since 
then the interest was such, that a specific forum to 
congregate researchers to address the issues related to new 
developments in the web and simulation was held in 1998, 
the first conference dedicated to web based modeling and 
simulation (Fishwick et al. 1998). The conference covered 
issues on web agents, distributed simulation, simulation 
toolkits/products, and applications.  

The common theme of the 1998 conference was the 
recognition of the importance of Java as the sine qua non 
programming language and of the CORBA architecture. 
CORBA is a specification for an emerging technology 
known as distributed object management, which allows 
applications to communicate with each other no matter 
where they are located or who has designed them. It 
specifies a standard for communication between objects in 
a distributed client-server environment, that enables 
applications to transparently access the services offered by 
local and remote objects, by use of an object interface, 
independent of hardware and software implementations 

(Object Management Group, 1995). The trend towards 
Java (plus JavaBeans) and CORBA remained dominant in 
the subsequent conference (Bruzzone et al. 1999). 

However, contributors to the subsequent web based 
modeling and simulation conferences ran out of steam and 
this year saw a big drop in papers presented. Valuable 
sources of information are a survey �Web-Based 
Simulation� on <http://www0.cise.ufl.edu/ 
~fishwick/ websim.html> by Fishwick and a web 
based simulation project �A Survey of Web Based 
Simulation� maintained by the MITRE on 
<http://ms.ie.org/websim/survey/survey.
html>. However, the latter page has not been updated 
since the completion of the project in January 1999. There 
are only a few papers published in journals. Journals which 
have not yet published web based simulation papers 
include ACM Transactions on Modeling & Computer 
Simulation, JORS (Journal of the Operational Research 
Society), Simulation � SCS Journal, and Simulation 
Practice and Theory. The INFORMS Journal on 
Computing is a notable exception and in its special issue in 
1998 on �Charting New Directions in OR and CS� (volume 
10, number 4), it published several papers discussing web 
opportunities. 

On reading the papers on the web and simulation, it is 
hard not to conjecture that fascination with new 
technologies drives the trend more than the need of 
industry for simulation modeling tools on the web. 
However, there is certainly scope for certain type of 
applications to utilize the advantages of Internet computing 
and the web. The most likely candidates are:   

 
• applications that deal with huge quantities of data 

like, for example, meteorological modeling;  
• applications that enable users on multiple sites to 

collaborate in model design;  
• applications that require direct input from a 

customer like, for example, manufacturing which 
offers customized products;  
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• or applications in education and training which 
increasingly has to cater for distance learning 
students.  

 
Internet technology, in particular the web, is strongly 

focused on end users and collaboration. It is therefore not 
surprising that web based applications raise much more 
interest than traditional ones. As far as web based 
simulation is concerned, there are currently two main 
approaches, both based on the Java language. One 
approach develops a new simulation language using Java, 
and the other approach ports an existing simulation 
language, such as GPSS, and creates it in Java (Whitman et 
al. 1998). Advances in Java development tools and 
JavaBeans technology that can facilitate developments of 
reusable components in combination with the ability to 
distribute and execute models via the Internet may foster 
increased activity in the development of high-level, 
domain-specific simulation tools aimed at the end users. 

Our review in web based simulation focuses on two 
main areas: Simulation languages and Applications. 

 
2 NEW SOFTWARE TECHNOLOGIES 
 
Java, an object-oriented programming language, was 
introduced in late 1995 and quickly gained popularity due 
to its platform independence, class reusability, and Internet 
capabilities. A Java component technology JavaBeans 
which was released with Java 1.1 in early 1997 further 
enhanced reusability. Components are self-contained 
elements of software that can be controlled dynamically 
and assembled to form applications. The integration of the 
web and Java represents a technological advancement that 
enables a fundamentally new approach to simulation 
modeling which Healy (Page et al. 1998) attributes to the 
role the Java language plays in both the specification and 
implementation of the model.  

Possible benefits of using JavaBeans include platform 
neutrality, Internet capability, and visual programming. 
JavaBeans is a set of classes and programming conventions 
that constitute a component development model for the Java 
language. Beans are designed to be manipulated graphically 
within visual development environments. Skilled 
programmers can build and make available beans for other 
developers, who may be experts in their domain but may 
have less technical and programming expertise, to assemble 
visually into custom applications.  

Java is now so ubiquitous that it might appear 
unnecessary to comment on it. For completeness the reader 
is reminded that (Paul 1998): 

 
• simulation models in Java can be made widely 

available;  
• an applet can be retrieved and run and does not 

have to be ported to a different platform or even 
recompiled or relinked; 

• there is a high degree of dynamism because Java 
applets run on a browser; 

• Java built-in threads make it easier to implement 
simulation following the process interactive 
paradigms; 

• Java has built in support for providing 
sophisticated animations; 

• Java is smaller, cleaner, safer, and easier to learn 
than C++, allegedly. 

 
Java is the main language used in the web based 

applications and it also dominates web based simulation. 
Kilgore et al. (1998) list Java features that have the 
potential to dramatically change the process used to build 
computer simulation models. Kilgore et al. (1998) claim 
the following: 

 
• Java will became a common foundation for all 

simulation tools because it is the only object 
oriented programming environment that 
effectively supports standardised components. 

• Java will foster execution speed breakthroughs 
through convenient and robust support for 
distributed processing of simulation experiments 
on multiple processors. 

• Java will improve the quality of simulation 
models as the development of application specific 
software components redirects the emphasis of 
simulation software firms toward modelling and 
away from modelling development environments. 

• Java will expose the benefit of computer 
simulation to a larger audience of problem 
solvers, decision makers, and trainers since 
models can be distributed and executed over the 
Internet using standard browser software on any 
operating system and hardware platform. 

• Java will accelerate simulation education because 
students already familiar with object-oriented 
design, Java syntax and Java environments will no 
longer require instructions in specific simulation 
tools. 

 
The above claims exemplify the current overwhelming 

enthusiasm for Java. However, time will show which of the 
above claims can be justified. 

 
3 ENVIRONMENTS AND LANGUAGES  

FOR WEB BASED SIMULATION 
 
There are several Java based discrete simulation 
environments. They are mostly Java versions of existing 
simulation languages. A number of Java-based 
programming tools support textual model descriptions, like 
SimJava and Silk. Most of these support graphical views of 
a model and its instrumentation. More ambitious projects, 
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like for example WBSE, attempt to offer complete web 
based environments for model construction. 
 
3.1 simjava 
 
simjava is a process based discrete event simulation 
package for building working models of complex systems. 
It includes facilities for representing simulation objects as 
animated icons on screen. simjava simulations may be 
incorporated as �live diagrams� into web documents. The 
package has been designed for simulating fairly static 
networks of active entities which communicate by sending 
passive event objects via ports and is therefore appropriate 
for hardware and distributive software systems modeling 
(Howell and McNab 1998). A simjava simulation is a 
collection of entities each running in its own thread 
(Howell and McNab 2000). These entities are connected 
together by ports and can communicate with each other by 
sending and receiving event objects. A central system class 
controls all the threads, advances the simulation time, and 
delivers the events. The progress of the simulation is 
recorded through trace messages produced by the entities 
and saved in a file. 
 
3.2 DEVSJAVA  
 
DEVSJAVA is an environment built in Java, which is 
based on DEVS (Discrete Event System Specification), 
object orientation, and the web/ Internet (Sarjoughian and 
Zeigler 1998). It supports High Level Architecture, agent 
based modeling, and System Entity Structure. DEVSJAVA 
environment provides the foundation upon which higher 
constructs of DEVS (e.g., endomorphism and variable 
structure) can be created using the basic, as well as the 
Internet based features, of Java programming. The DEVS 
atomic and coupled models can be developed and 
simulated both as standalone applications and applets. A 
user of DEVSJAVA is able to experiment with any DEVS 
model from any machine at any time and to interactively 
and visually control simulation execution. 
 
3.3 JSIM 
 
JSIM is a Java based simulation and animation 
environment supporting web based simulation as well 
component-based technology. By utilizing component-
based technology, in this case Java Beans, the environment 
is built up from reusable software components that can be 
dynamically assembled using visual development tools 
(Miller et al. 1998). In JSIM simulation models may be 
built using either the event package (Event-Scheduling 
Paradigm) or the process package (Process-Interaction 
Paradigm) (Nair et al. 1996). JSIM supports a good 
graphical environment for displaying queues, and uses a 
Java database for storing results. The objective of the JSIM 

project is to provide a flexible, platform-independent, user-
friendly environment for developing and running 
simulation models on the web. JSIM is open source 
software that is freely available on the web <http:// 
orion.cs.uga.edu:5080/_jam/jsim> and can 
be modified by anyone. 
 
3.4 JavaSim 
 
JavaSim is a Java implementation of the original C++SIM 
simulation toolkit at the Department of Computing 
Science, University of Newcastle upon Tyne, Newcastle 
upon Tyne, UK <http://javasim.ncl.ac.uk/>. 
JavaSim is a set of Java packages for building discrete 
event process-based simulation.  
 
3.5 JavaGPSS 
 
The JavaGPSS compiler is a simulation tool which was 
designed for the Internet. The objective was to create a 
GPSS implementation which could truly be run as an 
applet in any Internet browser. Previous solutions 
developed at the University of Magdeburg had to use CGI 
scripts to transfer GPSS source code entered in an HTML 
form to a server. This server would than run the simulation 
with a commercial GPSS/H implementation and deliver the 
results back to the client. The JavaGPSS compiler is a Java 
program that translates GPSS source files to Java source 
code. Since Java applets cannot write files, the current 
version of JavaGPSS itself cannot be run as an applet. The 
output of JavaGPSS (the actual simulation) can be run in 
any Java-capable Internet browser (Klein et al. 1998). 
 
3.6 Silk 
 
Silk (Healy and Kilgore 1997; Kilgore and Healy 1998) is a 
commercially available general-purpose simulation language 
based around a process-interaction approach and 
implemented in Java. Silk is designed as a tool for building 
self-contained, reusable modeling components and domain 
specific simulators. It provides a visual modeling environ-
ment where Silk-based modeling components can be 
graphically assembled using JavaBeans to create simulation 
applications in software environments such as Symantec�s 
Visual Café, IBM�s VisualAge, and Microsoft�s J++. 
 
3.7 WSE 
 
The WSE (Web-enabled Simulation Environment) 
combines web technology with the use of Java and 
CORBA. Iazeolla and D�Ambrogio (1998) claim that the 
WSE environment provides transparent access to 
simulation models and tools (location transparency, 
distribution transparency, and platform independence); 
dynamic acquisition, instantiation and/or modification of 
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simulation models; global availability (Internet based 
interaction); and plug-and-use architecture to easily embed 
simulation models and tools. 
 
4 APPLICATIONS 
 
One of the common themes in most applications of the web 
is using the web as the repository of data or models. 
 
4.1 Manufacturing 
 
Major market trends are driving manufacturing from mass 
production, where the manufacturer tells the customer what 
to buy, to mass customization, where the customer tells the 
manufacturer what to make. The Internet supports this 
transformation with global communication between 
customers and manufacturers. However, as Baker et al. 
report (1999), the physical realities of manufacturing 
impose requirements for more than just communication. 
They argue that manufacturing enterprises must exist over 
the Internet as an efficiently managed distributed 
enterprise. The AARIA project (Baker et al. 1999) supports 
the hybrid �info-mechanical� domain of a virtual 
manufacturing operation through three components: 
 

• an agent architecture that decomposes the system 
to address both information modularity and the 
physical realities of manufacturing; 

• a simulator that allows agents to reason about the 
consequences of their actions in the physical 
world before actually executing them; and 

• an infrastructure to support the implementation of 
these agents. 

 
Given the current pressures on manufacturing toward 

distribution, agility, and mass customization, Baker et al. 
(1999) see manufacturing moving to become a network of 
flexibly interconnected manufacturing capabilities where 
the Internet offers a backbone and a medium for customer 
interaction with the factory floor. 

 
4.2 Education and Training 
 
Exploration, discovery-based, and learning by doing, are 
valuable methods of learning which give a learner the 
feeling of involvement. Learning how to build models is 
thus best done by building models. This approach can be 
best facilitated if tools and models are freely and widely 
available and not just in the dedicated laboratories. Web 
based modeling environments can be best suited for such 
an approach in education. The availability and interactive 
nature of web based simulation also provides a good 
medium for students to experience the complexity and 
dynamism of collaborative work and can be natural 

environments that combine distance education, group 
training and real-time interaction.  

A project at Heriot-Watt University, the Multiverse 
simulation environment (Thomas et al. 1998), has been 
built using Java and web technology in order to facilitate 
the use of web based simulations in teaching and training. 
Multiverse has been designed to help overcome problems 
actually encountered in the production of educational 
simulations. It facilitates the saving of classic or interesting 
simulation states, and linking them with supporting 
hypermedia to produce a �web resource base� which could 
be made available to other teachers in the domain. 
Likewise, information relating to simulation use such as 
frequently asked questions, assignments set for students 
and teachers experiences of the simulation can be saved in 
such a way. Kreutzer (1999) reports on a similar project at 
the University of Canterbury. Their Java-based simulator 
for queuing scenarios facilitates exploration of different 
modeling styles (e.g., event-driven, activity-driven, and 
process-driven; or material and machine oriented 
structures). Other attempts to provide training 
environments on the web include a group distance exercise 
system implemented in Java (Berglund and Eriksson 1998; 
Granlund 1999). 

Various military applications constitute the bulk of 
training environments migrating to the web. Blais and 
Serino (1999) report on the migration process of computer 
based training for the Marine Corps in US. The Marine 
Air-Ground Task Force Tactical Warfare Simulation 
(MTWS), fielded in 1995, is a distributed simulation 
system designed to support command staff training for the 
United States Marine Corps.  

 
4.3 Military Applications 
 
The Internet has become a large repository of information 
and that potential is recognized by the US army. A web 
based system called ASTAR (The Army Standards 
Repository System) was developed by the Army Model 
and Simulation Office to enhance the army�s decentralized, 
consensus based standards development process (McGlynn 
and Timian 1999). A web based tool SNAP facilitates the 
Standards Development Process. The aim is to develop 
standards to improve interoperability and credibility while 
also increasing its commonality and reuse.  

OpSim is a system designed specifically for the 
mission operational environment as an aid for decision 
makers and their staffs during ongoing operations. It is a 
discrete-event, aggregate-level, distributed system 
implemented in Java for use in a web based environment 
(Surdu et al. 1999). It is designed to run in near real-time 
so that the progress of the real operation can be compared 
against the planned operation. It supports queries by 
external agents for state information or some hypothetical 
questions while it is running. OpSim allows the user a large 
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degree of control over the simulation clock and control of 
the near time constraints so that the user can choose what 
happens if the simulation begins to lag too far behind real 
time.  

 
4.4 Scientific Applications 
 
Large scale computer simulations can take days to run and 
can produce massive amounts of output. Sometimes this 
may involve multiple hardware platforms, a variety of 
software applications, data stored on many devices in many 
formats, and little standard metadata. The exploration of 
simulation results can then be a laborious and highly 
specialized process requiring knowledge of a variety of 
systems. Long et al. (1999) report on a web-based tool Sim 
Tracker which addresses problems in such environments � 
primarily in the physics and engineering application areas. 
Physicists compare their many sets of results with other 
computational results and with experimental data, in an 
effort to understand how well their simulations predict 
physical events. A user typically runs dozens or even 
hundreds of variations. Managing the resulting output has 
been handled on an ad hoc basis by each user, mainly by 
manually keeping track of their computational plans and 
results. Their data is scattered across multiple platforms, 
uses a variety of formats, is difficult for them to keep 
organized, and is typically inaccessible to their colleagues. 
Sim Tracker automatically generates metadata summaries 
that serve as a quick overview and index to the archived 
results of simulations. The summaries provide convenient 
access to the data sets and associated analysis tools. 

The Weather Scenario Generator (WSG) is intended to 
mine a very large array of environmental data and provide 
results to a user at interactive speed (Kihn et al. 1999). 
WSC is designed to allow a modeling and simulation 
customer to intelligently access environmental data for 
inclusion and integration with model runs. According to 
Kihn et al. (1999) it will automate the generation of a 
synthetic natural environment scenario database by 
allowing online users to search for specific weather 
conditions in existing real data archives using a server side 
fuzzy logic engine as well as performing integrated 
networked searches of the Master Environmental Library 
(MEL) data archives. The WSG is a Java based, 
networked, client-server system based on a high-
performance cluster of parallel computers intended to 
provide an integrated and physically consistent simulation 
environment for an authoritative and realistic 
representation of atmospheric, oceanic, and/or space 
natural environment elements for specified regions, time 
frames, and conditions. The WSG is intended to allow a 
user to fully specify their scenario requirements via a 
desktop client, which then triggers the generation of 
environmental data sets on demand. 

 

4.5 Other Applications 
 
Web based simulation of autonomous software agents is 
another example of web based environments used to 
explore the potential of the web and new software 
technologies. These systems are typically implemented in 
Java. For example, one such environment enables users to 
interactively change agents behavior in a multiagent 
ecosystem (Campos and Hill 1998), and another one 
explores a multiagent system for electronic commerce 
applications (Yoo et al. 1998). 

The problem of controlling crowds in public places 
like airports, train terminals, and sporting events is 
addressed by Bruzzone and Signorile (1999). They 
developed a prototype crowd control simulation system 
using Java. The model, supported by graphical components 
representing the environment, is intended as a tool for the 
operations managers that can be used over the network to 
control the ebb and flow of the crowd. The model also 
allows testing emergency procedures like fires in order to 
identify the efficiency of evacuation procedures. 

Modeling human behavior and the human brain are 
another area investigated as possible candidates for web 
based simulation. Canova and Tyler (1998) describe how 
the web can provide an environment for modeling the 
adaptive behavior of humans using genetic algorithms. A 
repository of exemplary models that would be freely 
accessible on the web together with mechanisms to use 
such models is described in Alexander et al. (1999). It 
allows a modeler to create new models by using existing 
models and developing only those features unique to their 
model. 

Collaboration in simulation involves the cooperation 
of users, who are often geographically distributed, in the 
execution of the same simulation. Such collaboration can 
include monitoring and debugging with the help from 
experts. An interactive simulation tool Jane is designed to 
help users to collaboratively interact with parallel network 
simulations on the Internet (Perumalla and Fujimoto 1999). 
Jane provides mechanisms for users to incorporate their 
own model specific views to override or supplement the 
default views and users can view their own network-
specific run-time animations. 

 
5 SUMMARY AND CONCLUSIONS  

FROM THE REVIEW 
 
Our conclusion of the review into web based simulation is 
that not much new is being reported. The developments are 
surprisingly conservative and lack  the very entrepreneurial 
nature of the media they tries to conquer. We cannot but 
observe that most of the work is a playground for the idle 
for whom it is most important what tools are being used 
(e.g., Java and JavaBeans) than how the new medium can 
enhance our use of simulation as a modeling vehicle. This 
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is partially due to the fact that there are no real applications 
and no real users who are pushing for a more adventurous 
approach. As it is, most applications are �invented� and 
answer the question �What can I put on the web?� rather 
than �This simulation has to be available over the web � 
how can I design it to facilitate the needs of its users?� 
Applications that are not user driven rarely progress far or 
have an impact on society and this is the sad story of web 
based simulation so far.  

There is potential for simulation on the web, surely? 
There are many devotees and, more importantly, the US 
Department of Defense (DoD) is very keen to push it. So, 
what is wrong? In our opinion it is the mismatch between 
the web main characteristics and the approach taken by 
web based simulation so far, which has not changed from 
the classical approach to take advantages of the new media. 
This mismatch is illustrated well in the Table 1.  

 
Table 1:  Comparison between Web Features and 
Simulation 

Web Features Web Based 
Simulation 

Classical 
Simulation 

Common Standards Yes No 
Platform 
independence 

Yes No 

Interoperability Generally not 
supported 

Not supported 

Ease of navigation Varies Varies 
Ease of use Difficult to use Difficult to use 
No specialist 
knowledge required 

Specialist 
knowledge 
required 

Specialist 
knowledge 
required 

Not affected by 
change 

Affected by 
change 

Affected by 
change 

Unstructured  Structured Structured 
 

The web can serve as an operating system and as a 
distribution channel for applications. The main 
characteristics of the web are: ease of navigation and use, 
ease of publishing content, new distribution models, 
enabling a network-centric computing paradigm, and 
enabling new intra-business applications (Kalakota and 
Whinston 1997).  

The web is a truly democratic and non exclusive 
medium as is evident by the exponential growth of Internet 
subscribers. The main reasons for this are that the web is 
easy to use, ease to navigate through, has a consistent 
navigational strategy (hyper links), is forgiving (one cannot 
make unrecoverable errors), is easy to publish on, access to 
it is widely available, does not depend on proprietary 
software, etc. Simulation is and always was a highly 
specialist application area (web based or not). Simulation is 
not easy to use. Some simulation software does not have an 
obvious or consistent navigational strategy, it is often 
unforgiving and confusing (often hard to recover from 

errors), model design requires specialist knowledge of 
simulation as well as of knowledge of the software used, 
and depends on proprietary software and thus its 
intricacies.  

The stability of the web is not affected by the addition 
of new sites, removal of existing sites, or any changes to 
sites. The stability of web based simulation, if it is truly 
distributed, can seriously be easily affected or even 
disabled e.g., the disappearance of any site that hosts parts 
of modeling environments. The web is a vast collection of 
often unstructured information that is always available and 
accessible (as long as the server holding it is �alive�) 
regardless in which format it is (text, pictures, hyper-
media). However, searching the web can be very 
frustrating and lengthy. Simulation uses data that is not 
generally accepted in a standard format, usually has to be 
provided in a specific format, and exchange between 
different simulation  systems is  generally not supported  as 
yet (Kuljis 1996).  Modeling components and rules of 
assembling these components also have to follow standards 
specific for simulation software. Outputs from the 
simulation again follow different rules and vary in: what is 
reported, how it is reported, at which stage of the 
simulation run it is reported, formats of output files, etc.  

 
6 CONJECTURE: SIMULATION TOOLS FOR 

THE WEB (NATURAL BORN WEBBERS) 
 
A large proportion of the current generation of students 
entering higher education, including the developed 
countries, are already familiar with the pastime of 
browsing the web and playing computer games. Browsing 
and adventure games encourage the participant to try out 
alternatives with rapid feedback, avoiding the need to 
analyze a problem with a view of deriving the result. Such 
web users, in order to use simulation, need and desire 
development tools that allow for fast model building and 
quick and easy experimentation. Furthermore, such web 
users should have a natural affinity to the use of simulation 
models as a problem understanding approach (Paul and 
Balmer 1993; Paul and Hlupic 1994).  

Web-enabled simulation analysts will be opposed to 
classical software engineering approaches and 
methodologies. They will be seeking tools that will enable 
them to assemble rather than build a model. This can be 
facilitated by providing various repositories over the net. 
The web can provide an easy access to various repositories 
which can hold modeling components, past simulation 
models, real data archives, etc. These repositories can then 
be used selectively. For example, model development can 
be facilitated by selecting the appropriate repository and 
then selecting from it model components which are 
relevant to the model builder�s modeling requirements. 
According to Whitman et al. (1998) the benefits of Web-
based simulation may be realized by small companies, who 
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could provide simulation model repositories over the 
Internet. Medium to large manufacturing companies may 
benefit from the distributed nature over an internal intranet 
or between supply chain members across the Internet. 

However, providing numerous repositories and tools 
on the web does not necessarily make the modelers task 
any easier. There is a consensus among web users that 
searching the web for information is often quite a 
frustrating task. The rapidly growing web industry is 
addressing this problem by constantly launching new or 
improved search engines and facilitating better filtering of 
information. However good search engines are at their best 
if one has a stable starting point, e.g. a web page with all 
links to the relevant sites with some description of what the 
site contains. But in the dynamic environment of the web 
the most common problem is, even if this is provided, 
keeping the starting place up to date (i.e., deleting non 
existing links, reflecting changes to the web addresses, 
adding new sources, etc.). Therefore searching for 
appropriate tools and repositories should be supported 
somehow. We will call this supporting facility an 
environment for web based simulation. A list of 
recommendations for simulation environments given by 
Kuljis (1998) can almost entirely be applied to web based 
simulation environments. These recommendations, 
modified to reflect web specifics, state that simulation 
environment should provide model developers with the 
following: 

A facility to design and/or choose a problem 
domain. When defining a new problem domain the user 
can select graphical representations of the domain entities 
from a repository of icons. The structural context in the 
model should be expressed clearly, so that the graphical 
representation makes visible the relations in the model like 
the dependency or non dependency of activities or events. 
If the user cannot find suitable icons a tool should be 
provided to either modify existing icons, to draw new icons 
or to import icons from elsewhere.  

A support for data input/ model specification. Some 
of the features which would facilitate improved data input/ 
model specification were already reported on in Kuljis 
(1994) and include: data independence, modeless dialogue, 
facilities for representation of complex data structures, data 
validation facilities, on-line help facility, and facilities to 
accept data from some of the major database and 
spreadsheet software. 

A support for visual simulation. The graphical 
representation of constructs for different applications 
should give definite information about the type of model 
component it represents, such as waiting queues, customers 
or servers in queuing systems or stores, or suppliers in 
store keeping systems. To enable �good� design for 
animation, the tools should provide a greater number of 
drawing object templates and an extensive color palette 
and color aiding facility; support modification of graphic 

objects (erasing parts of graphics, filling whole or parts of 
graphic objects with colors or patterns, resizing, rotating, 
flipping, etc.); provide on-line help; combining several 
graphical objects into one; and so on. 

A support for simulation statistics/results. In the 
case where a simulation system is developed for an end-
user, there is a need to provide an explanation of the 
simulation results. Regardless of how attractively these 
results are presented, end-users often lack the mathematical 
background necessary for understanding the simulation 
results. Every simulation system, especially one developed 
for the end-user, should enable the display of simulation 
results independently from the processing. This means that 
the results can be examined after or during the simulation 
run. The sequencing of the results display should be left to 
the user hence providing the user with greater flexibility in 
using the system. The modeler should have a facility after 
the simulation experiment, or if dynamic graphs are used 
during the simulation experiment, to modify the graph type 
and scaling to an appropriate form for the actual data. 

User support and assistance. If interactive on-line 
tutorials are available as an option within help screens, 
much ambiguity and many answers to what-if questions 
would be resolved. It is easy to integrate animation in these 
tutorials as well and, thus, provide full power that tutorials 
can offer. Multiple styles of user interfaces can be 
supported by careful design of an application�s functional 
operations and by customizing the user interface to the 
needs of end users in each class.  

Although the above recommendations are general and 
therefore not made specifically for Web based simulation 
environments these recommendations still apply with some 
modifications related to the nature and the source of model 
components.  

 
7 CONCLUSIONS 
 
We have not covered some issues commonly discussed 
under the general umbrella of web based simulation like, 
for example, parallel distributed simulation and the High 
Level Architecture (HLA). The former in our opinion has 
not much relevance to the developments on the web per se. 
The HLA is certainly talked a lot about as the mandated 
standard for distributed simulation by the US Department 
of Defense (DoD). The HLA Baseline Definition was 
completed and approved as the standard technical 
architecture for all DoD simulations in 1996 (see 
<http://www.dmso.mil/>) and in December 1997 
was accepted as a draft IEEE standard to be supported by 
the Simulation Interoperability Standards Organization. 
The HLA is implemented as a part of the DoD Modeling 
and Simulation Master Plan which calls for the creation of 
a technical framework to foster interoperability across 
multiple simulations, reuse simulation components, 
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facilitate insertion of technological advances, and provide 
flexibility to changing user requirements.  

The US DoD is certainly the major proponent of 
migration of simulation to the web and of enforcing 
standards. However, it is too early to say whether that is a 
sufficient reason to push simulation developers in other 
sectors into web uncertainty. The major requirement for 
this to happen is not yet fulfilled, i.e., the eagerness of 
simulation users to do so. As we already commented in 
section 6 the developments so far were not user driven and 
until that happens, in our humble opinion, web based 
simulation will continue to be just a playground for eager 
aficionados of the web.  

It is now possible to develop environments with 
coherent web based support for collaborative model 
development, dynamic multimedia based documentation, 
as well as open widespread execution and investigative 
analysis of models. The ability to access multimedia on the 
web clearly introduces greater potential for the use of 
videos of problem scenarios, and for interaction with 
stakeholders situated at remote locations. For example, 
when the running model hits an unknown combination of 
circumstances, an expert stakeholder might be able to 
determine the successful rules for advance. Today society 
is increasingly relying on video cameras to increase 
security and safety of our environment. Video cameras are 
ubiquitous and cover activities on streets, public places, in 
shops, in banks, on roads, factories, etc. For example, a 
Hong Kong container terminal has a computer-controlled 
television control center which has 100% video coverage 
of the terminal. Whilst its purpose is clearly for security 
and safety, it requires little imagination to visualize how a 
simulation of the terminal operation could call up the 
appropriate video camera when problem discussants get to 
the point of a simulation run where clarification is desired. 
Similarly, design of a new road system can use a 
simulation model which uses video footages of traffic on 
indicative road points in various time slots. 

Some have predicted that the software industry will be 
divided into component factories where powerful and 
general components will be built and tested, and into 
component assembly shops where these components will 
be assembled into flexible business solutions. Such 
component based development, if it occurs, might give 
significant gains in productivity and quality as well as 
known obvious benefits to web based software 
development. Web-based simulation can easily subscribe 
to such an approach. A review of component based 
simulation is given in Pidd et al. (1999). In a way, lot of 
current simulation modeling environments, in particular 
visual simulation modeling environments, look like 
component factories where models are assembled from 
various components.  
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