CHAPTERI

INTRODUCTION

Computer Smulation

Computer smulation is the discipline of desgning a modd of an actud or
theoreticdl phydca sysem, executing the modd on a computer, and andysing the
execution output [Fishwick, 1995]. In generd, dmulaion is to pretend tha one deds
with a red thing while redly working with an imitation. In operationd research the
imitation is a computer modd of the Imulaied redity. Modds are used in industry
and commerce and military because to make experiment with red sysems is very
codly, dangerous and sometimes impossble Provided tha modds are adequae
decriptions of redity, experimenting with them can save money, suffering and time

[Pollatschek, 1999,

There are generdly two types of smulation:
Discrete Event Simulation. When the numbers of events are finite and between
two consscutive items nothing happens, we cdl this kind of smulation a discrete
event. Car arivals and departures occurred at digtinct points of time are example

of discrete event Smulation.



Continuous Smulation, In some systems the state changes dl the time, not just
a time of some discrete events. For example water leve in a resarvoir with given

in and outflow may change dl thetime.

Smulaion is often peformed by writing a computer code to represat a
sysem modd, or as some kind of input into a amulator software. Smulation may be
carried out:

On a spreadshect

By running a computer program written in some generd language (such
as Fortran, C/C++ or Pascdl )

By running a computer program written in some specid language for
smulaions

By running specidly built Smulator with appropriate input.

These four methods are the most popular methods of performing smulations.
But due to the dependency on the locd sanddone system they are running on, these
dmulation methods suffers severd disadvantages such  as  platform-dependent,
mechine-dependent, and require longer learning curve. With the current advancement
in Internet and web technology, we propose a patia solution to the above problems
with a Web-based Smulaion Environment (Websm) project. Webam provides a
dynamic web interface for a ganddone smulaion engine and dlow the performing
of amulation works over the World Wide Web (WWW). Webam dso provides a
smulaion environment where usars can examine the dmulaion outputs to verify
and vdidate ther sysem modd. The outputs can dther be in text or grgphicd

representation.



Web-based Smulation

The Internet is a loosdy connected world-wide network of heterogeneous
computers and the WWW is a sat of on-line hypermedia documents thet resdes on
the Internet. The WWW was conceived as a set of ample Internet-based dient/server
protocols for trandferring and rendering documents of a primarily textud naure.
Wha ddinguished the web's mode of communicaing informaion from other
Internet-based tools that preceded it (emal and FTP) was the provison for
embedding hyperlinks that dlows users to eadly navigate between relaed
documents. Hypermedia documents are built usng a language cdled Hypertext
Makup Language (HTML). Access to the web is afforded usng the web browser

such as Netscgpe Navigator or Internet Explorer.

Web-based dmulation was introduced to peform dl seps needed for
amulation over the Internet and the web. In other words, it uses the web as a means
of access to gdmulaion modds as wel as its use as a plaform for the crestion,

execution and digribution of mulaion modds [Nam and Kim, 1999].

Mogt of the exigting Webbased dmulaion tools focused manly on the
devdopment of the runtime smulaion libraries and mechanians on the Web, such as
Smjava [Howdl, 1999], Jawaam [Javadam, 1999], Slk [Hedy and Kilgore, 1998]
ad the devdopment of the didributed gmulation environments usng ORB
technology such as JavaRMI and CORBA [Orfdi and Harkey, 1997]. Some of these
tools require smulaion modd developers to be good a C/C++, Java and dmulaion
languages. However, peformance of web gpplications deveoped in Java ae

relaivdy dow in speed. To ease the burden of moddlers GUI based moddling



environments are essentid. Smulaion tools like OPNET [MIL3, 1997] and Digitd
Workshop [Fswick, 1998] support the visud devdopmentt environments but
OPNET ocould not support Webbased samulaion capability, and Digitd Workshop

could be used only for digita circuit design.

Mog of the exiding commecd and non-commercd Smulation tools are
typicaly plaform-dependent and ae not desgned to work in the Internet or the
Intranet. We acknowledge that it is eeser to write a dmulaion modd usng a
generd-purpose language such as C/C++ because the C/C++ is very popular and
essy to learn. The only problem with programs written in C/C++ is that they are
typicdly machine dependent and sanddone. In this thess, Webdam project acts as
the missing jigsaw which encapsulates the dandaone programs in C/C++ with a web

interface, and dlowsit to be ble through the web.

Characterisics of Web-based Smulation

A webbasad gmulaion environment refers to a web gpplication sysem, which
provides a dynamic web interface for a amulation tool; and adlows the peforming of
gmulaion works over the WWW. This environment is accessble with a web
browser and has the following characteridtics

Supports a moddling tool which is independent of hardware and software

platforms

Supports agrgphica user interface for easy moddling

Supports execution over the web

Able to sore and display the smulation results over the web.



In this thess we devdop the Websm, a dmulaion erwvironment for <df-
developed smulaion tool. Websm shows how one could extend the cgpability of
gmuldion todls into the web. Webam dlows a amulation modd to be uploaded to a
web saver, and automeicaly generate a web inteface for the smulaion modd.
Websm can be accessed on any plaform (Unix, PC or Mac) usng a sandard web
browser. With this Imulaion enwironment, an esser and faster integration of

amulation and visudization techniques and toals into the Internet can be redized.

Significance of Websm

There are three dgnificant aspects of this theds Fird, it is the ability of
Websm to produce a web-based smulaor on a danddone dmulaion engine
Websm smply receive the smulaion engine in executable formas and provide a
web inteface to it. Secondly, Webdm act as the online gore for a collection of
smulation modds. For example, ressarchers from the same group could upload their
amulaion modes to Websm, s0 tha ther smulaion works could be eesly referred
and executed by other ressarchers from other pats of the world. Findly Webam
could act as a teaching ad / tools in schools ad universties This would be very
hepful especdly for courses involving modding and sSmulaion, where lecturers
could ak sved dudets who ae good in C/C++ programming to deveop
gmulaiion engines, and upload them to Webdm. These webrbased smulation
engines could assg other peers in having a better underdanding of certain topics or

concepts.



Objectives

One important property of Webam is that the execution of smulation runs on
a remote saver. It is desgned to provide digributed and platform independent
festures to multiple concurrent users. For ingance, a usxr could peform the
amulation works a home usng the dmulator located a his office, while ancther
colleague a the office watches the results shown on the computer screen via a web
browser. The am of the thess is to develop a server-dde web application of a web-
based dmulaion environment for sdf-devdoped Smulaion program by  utilizing

Common Gateway Interface (CGI) and Javascript technologies.

The objectives of thisthesis are asfollows.
To endble a ganddone smulation program to be executed by multiple concurrent
clients over the web.
To produce web inteface for the smulaion program based on its input and
output data.
To devdop a saver dde goplication which could receive the sdf-developed
smulation program (executables C/C++ program file).
To provide an inteface to support execution of the smulaion program over the
web.
To devdop some ussful server-dde adminigrator modules to manage Websam.
Thisindude features such as uploading, editing, maintaining, and the like,
To devdop severd dmuldion program as samples to tet and evduate the

performance of Webam.



Organisation of Thesis

This theds is organised into sSx cheptes Chapter 1 provides a brief
introduction to web-based gmulaion sysems and the dggnificance of Websm.
Chapter 2 presents the literature review on various web-based smulation topics. The
higory and the devdopment of web-based smulation are adso incduded. Chepter 3
describes the desgn methodology employed and the sysem architecture defined for
Webam. As CGl plays an important role in this project, various issues petaning to
this area are highlighted. The sysem implementation is described in Chepter 4. The
performance testing, evauation of results and generd limitaions of Websm ae
presented in Chepter 5. The find chapter discusses the ggnificance and contribution

of Websm, its future works and concluson of this project.



CHAPTERI I

LITERATURE REVIEW

Web-based smulation represents the mariage of web technologies and
samulation stience. The web's &bility to sarvice large and diverse audiences dlows
the dmulaion community to legitimady provide modds and smulaions as end
products. Recent advances in web technology have made the web a viadle
mechanian for peforming, publishing and didributing smulaion [Leong and Guan,

1998]. In this section, we discuss some technica issues related to such technology.

Potential of WWW to Support Smulation

There are many aspects to smulation as there are for any scientific discipline.
Here we only present two agpects 1) Educaion and Traning, and 2) Smulation

Programs.

Education and Training

Mot modern smulation packages today have grgphicd front ends (so cdled
Graphicd User Inteface — GUIs). This dlows a sudent to learn through virtud
world exploration. The web will affect this process in saverd ways. Fird, a diskette

or CD-ROM has a limited amount of locd dorage but the web provides us with



effectivdy infinite dorage. The “dorage’ is on the Internet and not limited to on€'s
owvn mechine. Therefore smulaion packeges that include help text and informeation
about the pieces of the modds, can be made avalable on the web s0 that they do not

require loca sorage. [Fishwick, 1995].

Simulation Programs.

The mos exciting pat of web-based smulation is in the gmulaion itsdf. A
web document may contan videos interactive Smulaions, images and audio in
addition to the usud text that traditiond documents contain. A Smulaion requires a
mode and a modd requires computing hardware to execute the modd. Some parts of
a modd can be executed on another machine and other parts are executed on loca

machine where the web browser is located.

W eb-based Simulation Environment Service

Web-based smulaion environment dlows different modes of cooperation
between a smulation service provider and a dmulaion cusomer. Here we present
two modes of services commonly used in web-based Smulation.

() In one mode, the sarvice provider can offer a smulaion and animation
(S&A) software warehouse (modds and tools) on his web server. Customers
can work with modified modds or modds of ther own, prepared on ther
Web dient(s). The modds can run gpplets on the dient machine or on the
sarvice-provider's server with the results then being pushed to the client.

(i)  In an dtendive mode, the sarvice provider build a cusomized modd and

cary out a complete smulation study. The customer has Web-based access to
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the modd a dl seps of the smulaion sudy. He participates actively in the
modd desgn, in the debugging and the vaidaion sage and uses Web-based
animdion tools for evdudion purposes He is dle to execute his own
experimentad modd by changing parameters in an HTML form and darting
experiments on the provider's Web sarver. He has Web-based access to a

database containing al results of the experiments.

Architecture of Web-based Smulation System

This section describes three popular gpproaches for smulaion and animation
in the Web. Here, we describe how webr-based smulation can be achieved by using
the various current web technologies. We could generdly categorize them into two
groups. the remote and loca gpproaches. In remote webbased dmuldion, the
amulaion engine reddes on the saver, the user will peform the smulaion by
executing the smulation engine remotdy. The two popular olutions are by usng
CGl and Java Data Server. As for locd web-based smulaion, the smulaion engine
is in the Java applet’s form, and has to be loaded to user’s web browser to run. This

gpproach utilises the resources found in the local computer system.

Remote Smulation using CGI

In remote Smulation and Animaion (Figure 1), the user specifies vaues of
parameters for a dmulation modd in an HTML form, submits the form to a sarver
and dats the samulaion by pushing the dat-button on the form. The Common
Gateway Interface (CGlI) is used to transfer the data to the server. A CGl script darts

the smulation by invoking the Smulation engine after the data have been recaved.
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Figure 1: Remote smulation and animation and data transfer

When the dmulaion finished, the CGI-script prints the results (induding the
URL of files that have been created to show results) in a new HTML page and is
transmitted back to the dient. Thistechniqueis called dynamic document generation.

The remote approach is suitable for existing S&A software, because it dlows
the user to creste smulation engine, which is independent of web-based Smulaion
environment. Besdes, CGl is the mog widdy used method to perform sarver-sde
goplication, and CGI is fagt as it utilizes the resources and power of the saver
system. However, this gpproach is not suitable for obsarving dynamic processes at
work and does not dlow the user to interrupt a running Smulation, since the server

sends the resullts only at completion or a defined pointsin time.

Remote Smulation using a Java Data Server

This S&A gpproach, shown in Fgure 2, was introduced by Berger and Leiner
[Berger and Leiner, 1997]. It usss a WWW and Java server. The amulation runs
remotdy on a dmulaion server. The results ae tranderred to the dient and

visudized locdly.
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Hgure 2: Remote Smulation and Loca Visdization

The user begins by loading some applets. After these gpplets have darted, a
connection to the Java server is built and smulation data are trangmitted to the Web
browser. The daa can change continuoudy, dedayed only by the executing
gmulation modd and trangmisson time on the Internet. The user can interact with
the modd by usng buttons on the HTML page or by dicking into a grgphicd
representation of the modd.

This agpproach could provide a better performance compared to the CGI
goproach especidly when the number of user is high. This is due to the excelent
threed handling features provided by Java language. Java dso provide graphicd
features which can be used to dmulae the obsarving of online dynamic processes.
However, the drawback of this approach is it will require a Java web server to be

ingdled and run on the sarver.

L ocal Smulation Based on Java Applets
In locd S&A based on loading goplets (Figure 3), the user loads a Java
gmulation gpplet into the Web-browser, which then runs the smulation on the dient

machine. This gpproach supports the incorporation of user interaction and animation
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into the amulation applet. It is suitable for smal smulaion engine which does not

reguire much heavy processng.
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Fgure 3: Client-Ste smulaion with loaded applets

Exiding smulaion engines are not suitable for this goproach. Applets has no
direct sarver accessng features, and therefore would require the amulation engine to
be written in Java language. Besdes, Applets speed is very dow and dependent on
the traffic of the web. Since time is crucid in amulation works, the choice of Applet
in web dmulaion must be judified depending on the objective of the sSmuldion

works.

Conclusion

In this thess, we have chosen the remote web-based CGI gpproach to
implement Websm. The man reason for this is due to the populaity of C/C++
gmulaion engine. With this gpproach, we could reuse the exising Smuldion engine
without much modification into the exiging codes The CGI program can directly
execute and access the C/C++ program file C/C++ programs are dso well-known
for ther rdiability, speed and smdl binary file 9ze. The second reason is that many

gandard HTTP web servers gill has not supported Java Data Server, whereas CGI is
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supported by dmog dl exigting commecid and non-commercid web sarver, and

can be configured with ease.

Simulation Languages

Smulation modds ae veay often moddled usng sSmuldion langueges
There are two categories of smulaion language generd purpose and specid
purpose. In genera purpose languages, there is no need to learn new set of syntaxes
and semantics in order to use them. Languages which fdl in this category indude
BASIC, Paxxd, FORTRAN, C, C++, and Java However, the usng this generd
language approach requires moddlers to condruct dl dements of sSmulation
components from scratch. If available, there might be software libraries with which
these dements can support a higher level of abdraction. Languages as such, may not
be able to optimisad for peformance and the domains for which this language can

apply are limited to Impligic modd.

On the other hand, specid purpose smulation language is designed for some
goecific gpplication domains Moddlers may find this goproach better defined with
lessr overhead: it is not necessary to customize from a generd language. A higher
levd of reusability in Smulaion objects can be achieved, as specidized components
ae provided for paticular doman. reussbility issue from software engineering
perspective does not necesstate detalls for genera reuse because specidized
dtention has been given and condructed for doman reuse, as such peformance

issues ae immediately addressed. A more complex sysem for smulaion can be
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condructed through specid purpose language as these intringcdly provide less

sophiticated language congtruct for mapping requirements.

We briefly discuss here the three most popular generd purpose smulation

language, namely C, C++ and Java

C is one of the most widespread language avalable and a generd purpose
language in dmulation. Its popularity has resulted in a large market for C-oriented
tools, utiliies and libraries. As a language with wesk typing, erors are eusve and
not usudly cgpture until runtime. This language required additiond add-on such as
libraries for generating grgphicd environment and for Imulation environment. By
the same token, random number generators, process scheduling and synchronization
must be complemented by the operation sysem or with smulation libraries One of
the advantages of usng this language is its portability. Many development platforms
support C language, as long it is an ANS dandard. Cross compilation for particular
plaform is merdy through the recompilation process The mgor deficency of the
language is it is not capable to support encapaulation of entities It supports
abdraction of entities to an extent to which only goped to programmes who ae
familiar with this language. This is a generd purpose language, which dlows many
C programmers to congtruct smulation with lower learning curves.

C language supports command line arguments. This fegture is very important
as the desgn and implementation of Websm, as we rdy gredtly on this feature. For
example, we could give the command

sanpl e_program datal data2
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to execute a program cdled sanpl e_program tha will will receive two inputs
the datal and data?. C language provides a connection to the argumerts on the
command line. Typicdly, to use the connection, one would code

#i ncl ude <stdio. h>

int main (int argc, char *argv[] )

The parameter ar gc dands for “argument count’. Its vaue is the number of
arguments in the command line that was used to execute the program. The parameter
argv dgands for “agument variadle’. It is an aray of pointers to char. Such an
aray can be thought of as an aray of drings. The successve dements of the array
point to successve words in the command line tha was used to execute the program.
Thusar gv[ O] isapointer to the name of the command itsdlf.

As an example of how this fadlity is used, suppose that we have written our
program and have put the executable code in the file sanpl e_pr ogr am The intent
of the command line

sanpl e_program datal dataz2
is to invoke the progran sanpl e_pr ogr amwith the two input values dat al and
data2 @ command line aguments. In our program the three words on the
command line will be accessible through the three pointers ar gv[ 0], a gv[ 1]

andargv[ 2] .

C++
Prior to the introduction of C++, C is commonly adopted as the smulation
language due to its versdility and portability. C++ is an extendgon of C language,

which enhances and improves on the shortcomings of C with its object-oriented
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features. C++ is a generd purpose programming language with a bias towards
systems programming that has the following characterigtics [Stroustrup, 2000]:

isabetter C

supports data abgtraction

Supports object-oriented programming

SUppOIts generic programming.

Java

Java is a good choice for web-based smulation language. Java is an objected
oriented language which produces machine independent “applets’. The gpplets are in
turn executed by Java-enabled web browser in ways Smilar to conventiond program.
Java is fundamentdly different in that it dlows goplets downloaded from a web
server to be executed locdly on abrowser.

The drongest reason for writing amulaions in Java language is its adility to
grgphicdly digplay the dates of the sysem as the smulation progresses. From the
usr point of view, the dmulaion process is eadly visudized, while from the
devdoper point of view, it hdps in debugging code and result verification. Besdes
that, object reuse is made possble usng Java For indance, other people can
download a copy of the devdoped Java dass by smply dicking on a web link. This
can then be incduded into the user program and run. As opposed to the traditiond
gmulaion language written in Smulator or C++, this gpproach does not require the
Jva code to be recompiled Smulation modds built usng Jaa ae genadly
flexible, essy accessble and provide network support (an integrd pat of Java

language).
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Current Java implementations compile down to an intermediate byte code,
which is interpreted and therefore runs dower than other languages such as C/C++.
Thus the main dissdvantage of udng Java is longer smulation times. [McNab and
Howdl, 1996] made a compaison between the two languages by writing a
amulation that contains two entities which pass 2000 messages between them. The
result shows theat C++ run about 8 times fagter than Java

Table 1: Comparison between the performance of C++ and Java

Platform Average Execution timeover 5runs
(millisaconds)
Solaris C++ 1533
Solaris Stand-adone using Java 12910
(Browser)Solaris Netscape using Java 11214
(Browser)Windows NT Netscape using Java 9341

Conclusion
Ovedl, smulation languages based on C/C++ have an edge over others with

its code efficdency resulting in superior peformance in Smulation run. However,

modds built usng this language generdly requires recompilaion of Smulaion
libraries or code when ported to other plaiforms. In this thess we have chosen

CI/C++ asthe dmulation language for the following reesons:

() Code efficiency and high speed execution run. These two features are
critical issues when peforming web-based smulation. This is because the
samulaion engine resdes on the server Sde and often requires very complex
processing, hence a high speed smulaion execution will result in the server

having less load.
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(i)  Popularity.  C/C++ ae very popular, egpecidly among researchers in
dmulaion fidds In the universty, C/C++ ae taught to students from amost
dl disciplines

(iii) Smaler File Sze. The executable binay file compiled in C/IC++ ae
gengdly smdler in 9ze.  In Websam, dze does matter as the file would be

uploaded to the web server.

Web-based Smulation Technologies

In this section we shdl describe commonly used technologies and tools to
achieve webrbased damulation, with particular emphads on the technologies gpplied

in the Websm project.

Common Gateway Interface

Trangparency of network heterogeneity is among the key features of web
based-amulation technology. Interoperability of diffeeent networks is achieved
through well-defined, standardized protocols such as HTTP and Common Gaeway
Interface (CGl). The HTTP protocol defines a uniform information trangport
mechanism, while CGI edablishes the interface between a web sarver and abitrary
program executing on the same machine [Ferscha and Richter 1997].

The CGlI is a gandard way for a Web server to pass a Web user's request to
an goplication program and to receive data back to forward to the user. When the
user requests a Web page (for example, by dicking on a highlighted word or entering
a Web dte address), the server sends back the requested page. However, when a user

fills out a form on a Web page and sends it in, it usudly needs to be processed by an
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goplication program. The Web saver typicdly pases the form informaion to a
smal gpplication program that processes the data and may send back a confirmation
message. This method or convention for pasing data back and forth between the
saver and the application is cdled the common gateway interface (CGl). These
technologies are known collectively as sarver-sde solution because the processing
occurs on the Web server. CGl is part of the Web's HTTP protocol.

For example, if we were to creste a Web gte and want a CGI application to
get control, we mugt specify the name of the gpplication in the URL tha you code in
an HTML file This URL can be specified as pat of the FORMS tags if we ae

creating aform. For example, we might code:
<FORM METHOD=POST

ACTI ON=ht t p: // cc. eng. upm edu. ny/ cgi - bi n/ Websi m cgi >
and the sarver a "cceng.upm.edumy” would pass control to the CGI goplication
cdled "Webdam.cg” to record the entered data and return a confirmation message.
The common gateway interface provides a congsent way for data to be passed from
the user's request to the gpplication program and back to the user. This means that the
person who writes the application program can mekes sure it gets used no matter
which operating system the server uses (PC, Macintosh, UNIX, OS/390, or others).

It is a dmple a basc way for information to be passed from the Web server
on us’s request to the agpplication program and back again. Because the interface is
condgtent, a progranmer can write a CGl gpplication in a number of different
languages. The most popular languages for CGl gpplications ae C, C++, Java, and
Perl. In this project, we have chosen Perl as the CGI language. Perl is regarded as the
best choice for devdoping CGl programns because it has good text manipulation
fadlities and it dso handles binary files. One problem with CGI is that eech time a

CGl srript is executed, a new process is darted. For busy Web gtes, this can dow
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down the sarver noticesbly. A more efficient solution, but one that it is dso more
difficult to implement, is to use the server's AP, such as ISAP or NSAPI. Another

increasingly popular solution isto use Java serviets. [Whatis, 2000

Practical Extraction and Report Language (PERL)

Pel is a programming language specidly designed for processng text.
Because of its drong text processng abilities, Perl has become one of the mogt
popular languages for writing CGI scripts. Larry Wall, the creator of Perl, has this to
sy, “Pel is a language optimized for scanning abitray text files extracting
information from those text files and printing reports based on that informetion. It's
adso a good language for many sysem management tasks. The language is intended
to be practicd (essy to use efficient, complete) rather than beautiful (tiny, eegant,
minimd)”.  This made Pel the auiteble choice for Webam as this project require
many writing and extracting of datasin and out from files.

Perl combines some of the best features of C, sed, awk, and sh. People
familiar with the languages should have minimum difficulty with Perl. (Language
higorians will dso note some vediges of csh, Pascd, and even BASIC-PLUS)
Expresson syntax corresponds quite closdly to C expresson syntax. Unlike most
Unix utiliies, Perl does not abitrarily limit the sze of the data if we have the
memory, Perl can durp in the whole file as a dngle gring. Recurson is of unlimited
depth, and the tables used by hashes (previoudy cdled “asocidive arrays’) grow as
necessary to prevent degraded performance. Perl uses sophidticated pattern matching
techniques to scan lage amounts of data vey quickly. Although optimized for

scanning text, Perl can dso ded with binary data, and can make dom files look like
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hashes. Perl scripts are safer than C programs through a dataflow tracing mechanism
which prevents many stupid security holes. [OReilly, 2000]

Pel is the mogt popular language for writing CGl programs which ae
invoked by the Web sarver when a user makes a request. A typicd CGI program
might process the contents of a form submitted to the sarver, and generate a
cusomized reply. CGlpm is the module mos devdopas use to build Web
applications with Perl. Written by Lincoln Stein and it can be retrieved from CPAN
or directly from Lincoln's dte. The current documentation is dso avaladle a the

CGl.PM homepage [Stein, 2000].

Javascript

Javasript is a lightweght interpreted  programming  language with  object-
oriented cgpabilities The generd-purpose core of the language has been embedded
in Netscgpe Navigator, Internet Explorer and other web browsers and embelished
for web programming with the addition of objects that represent the web browser
window and its contents. Javascript dlows executable content to be induded in web
pages — it means that a web page need no longer be datic HTML, it can incdude
prograns that interact with the user, control the browser and dynamicdly create
HTML content.

In Webam, Javastript is used because of its ability to interact with HTML
forms. The advantages of usng Javascript here is that we would be able to perform
veification of a form before it is submitted. If Javastript is adle to peform dl
necessty eror checking of a user's input, the CGl script on the server sde can be
much smpler and, more importantly, there is no round trip to the server to detect and

inform the user of the errors. Javastript can dso perform preprocessing of input deta,
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which can reduce the amount of deta that must be transmitted to the server. In some
caes, dient-sde Javastript can diminate the need for CGI soripts on the server
dtogether. On the other hand, Javascript and CGl work wdl together. For example,
a CGl progran can dynamicdly creste Javascript code on the fly, jus as it

dynamicaly crestes HTML. [Hanagen, 1998]

Java RM|

A Remote Method Invocation (RMI) capability has been incdluded with the
Java Development Kit (JDK) rdesse 1.1 (Sun 1997). Remote Method Invocation is
the object-oriented andogue of the treaditiond Remote Procedure Cdl (RPC) for
digributed computetion. In the Java digributed object mode, a remote object is one
whose methods can be invoked from another Java Virtud Machine, potentidly on a
different hos. An object of this type is described by one or more remote interfaces,
which are Java interfaces that declare the methods of the remote object. All remote
interfaces extend, either directly or indirectly, the interfacej ava. r m . Renot e,

A method in a remote interface must: (@) declare
java.rm .renot eException in its throws dause (in addition to any
goplication-specific  exceptions), and (2) declare remote objects passed as an
agument or return value as the remote interface ingtance, not the dlass of the actud
remote object, which is known as the implementation class Architecturdly, the RMI
sysem condgts of three layers:

() The sub/skeleton layer - dient-side stubs (proxies) and server-side skeletons.

(i)  The remote reference layer - remote reference behavior (such as object
invocetion).

(@ii)  The transport layer - connection st up and management, and remote object
tracking.
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The relationship between these layersis noted in Figure 4.

Applications | Client ] [ Server ]
RMI Subs Seetons
System Remote Reference Layer

Transport

Fgure 4: Remote Methods Invocation [Sun, 1997]

In this context, a server is any object whose methods are invoked remotdly;
while a dient is an object that invokes a remote method. Thus it is easy to envison
gpplications of RMI (induding didributed smulaion) in which many dients and
srves exid. Furthermore, a given object may - and commonly will - function as
both a server and a dient. Such an object will both invoke remote methods and have
its methods invoked remately.

A dient invoking a method on a remote server object actudly makes use of a
dub (or proxy) for the remote object. The stub, an implementation of the remote
interfaces of the remote object, forwards invocation requests to the server via the
remote reference layer. The skeleton for a remote object makes an up-cdl to the
remote object implementation which caries out the actud method cal. The return
cdl is sent back through the skeleton, remote reference layer, and trangport on the
sarver dde, and then up through the transport, remote reference layer, and sub on the
cdient d9de. Subs and skdetons handle dl mashding for argumerts and return

vaues.
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Also notable in the Java RMI: The remote interface must be public; the
implementation class must creste and inddl a security manager (even for Java
goplications); non remote aguments to, and rexults from, a remote method
invocation are passed by copy rather than reference.

One of the primary advantages of these packages is that they permit network-
based smulaion modds to be deveoped usng edablished conceptud frameworks.
[Ernest e d, 1997] describes work being undertaken to extend the Smjava package
to utilize the Remote Method Invocation (RMI) fadlities of JDK 1.1. This extendgon

enables the congtruction of distributed, web-based smulaions usng Smjava

Plotting Tools

Gnuplot is a commend-line driven interactive function plotting utility for
UNIX, MSDOS, and VMS plaforms. It was origindly intended as a graphicd
program which would dlow stentigs and dSudents to visudize mahematica
functions and data Gnuplot supports many different types of terminds, plotters, and
printers (induding many color devices, and pseudo-devices like LareX) and is adle
to generate a GIF file too.

The software is copyrighted but fredy didributed. Gnuplot handles both
curves (2 dimensons) and surfaces (3 dimensions). Surfaces can be plotted as a mesh
fitting the specified function, floating in the 3-d coordinate space, or as a contour plot
on the xy plane For 2-d plots there ae dso many plot dyles induding lines
points, lines with points, error bars and impulses (crude bar graphs). Graphs may be
labded with arbitrary labes and arows, axes labds a title, date and time, and a key.
The inteface indudes commandHine ediing and higory on mod plaforms

[Gruplat, 2000]
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In this thess, Ghuplot is used to generate the find Smulation results as a
graph image. Frg, it would read the results in text files format from the smulation
progran and output the plotted graph as GIF file The GIF findly would be

embedded into an HTML file and displayed to the user.

Conclusion

From the discusson and reviews, it is dear that a large amount of work has
been caried out over the years to meke smulatiion over the web possble. Compared
to the traditiond method of peforming dmulation on a danddone environment,
web-based dmulation has proven that it provides many advantages over the
traditiond methods such as plaformindependent, flexibility, multi-users  support,

etc.

Web-based dgmulation programs generdly fdl  into two  categories.
Smulation programs that can be accessed remotely through web browsers and form:
based CGI suipts comprise the first category. Typicaly, these smulaions dlow the
user to talor (via the forms inteface) mode execution parameters such as mean
svice times and arivd raes number of modd replications, and 0 on. A sngle
copy of the smulation runs on a sarver and passes the results of modd execution to
the invoking dient. The second caegory of welrbased sSmulation programs
represents a variaion of the fird, but with the added festure of code mohbility
afforded by such network programming languages as Java Here, the dmulation

executes on the client rather than the server. Java-based smulation-support libraries
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ae emaging tha permit the creation of smulaion programs as Java applicaions

and goplets

Nonethdess, there are some common desrable features expected from an
ided integrated webbased gmulaion environment, incduding fully plaform
independent, multi users support, user-friendly interface, easy setup, fast, support of

animation, and secured.

Websm beongs to the firsd category where smulaion programs are accessed
remotely through web browsers and forms-based CGI scripts. This thess is the dart
of a fully integraed webbased dmulaion ewvironment inititive. It bascdly
provides generd solutions for the execution of smulation over the web. Among the
features provided by Webdm ae plaform independent, multi users support, user-
friendly inteface and easy sdting up. Since security is a crucid and very important
agpect in any server-dde processing, some messures have been incorporated to make

Websm more secured. Thisis further discussed in Security 1ssues section (page 65).



CHAPTER I

WEBSM SYSTEM DESIGN AND ARCHITECTURE

Introduction

Websm shows how one could extend the cgpability of smulaion tools into
the web. It is desgned in order to provide digributed and plaform independent
fegtures to multiple users. For indtance, a user could perform the smulation works at
home udng the amulator located a his office, while another colleague a the office

watches the results shown on the computer screen viaaweb browser.

The flow of processes in Webdm is as follows Frs thee must be an
executable smulation program deveoped usng C/C++ Language. The adminigtrator
would upload the executable file into Webam, and a webrinterface for the file would
be created. The webrinterface would dlow endusy to peform the smulation
processes, usng the web browser to receive input data After the completion of the
amulation processes, the results generated from the program would be trandated into
an image file usng the Gnuplot gragph plotting program. Fndly, the imege file would
be embedded into an HTML file for the user to view. The entire flow & this sysem

is controlled by a centrd CGI sxipt, which resdes on a web saver.
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This chapter describes the design and architecture of Websim, which is based

on a dient-server architecture. It conssts of several components resding on the

save as wel as dient 9de which dlows the credtion of a web-based smulaion

interface for a tandaone smulation program.

Client Server Architecture

Webam is deveoped basad on dient-server architecture in which goplication

processing is divided between client and server, and a centra web server coordinates

the access to the local computational resources. Client-server architecture refers to a

LAN based computing environment in which a centrd server or engine peforms dl

command sent to it from dient workdaions, and the gpplication programs on each

client concentrates on user inteface functions. The dient-server interaction and its

components are shown in Fgure 5.

Client

Web Browser

FHgure 5: Client-server interaction in Welbbsm
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Web Browser

Referring to Fgure 6, the sngle component on the dient Sde is the web
browser. It is used to access the Websam sarvices provided on the server. When the
browser user enters file requests by ether "opening’ a Web file (typing in a Uniform
Resource Locator or URL) or clicking on a hypertext link, the browser builds an
HTTP request and sends it to the Internet Protocol address indicated by the URL.
The HTTP daemon in the dedination server machine receives the request and, after
any necessay processing, the requested file is returned.

Whenever the URL of Webam is referred, the web browser would display an
input form as explained in the next section. It is via this input form thet the usr may
interact with the server. Web browsers make the Internet a more user-friendly
environment by integrating al those resources into a sngle tool that shorten the
learning curve. Beddes it may adso support the incorporation of user interaction and
animetion into the smulation tools

The only component of daa oollection in Webam, the input form is
implemented in HTML and CGI. The man advantage of HTML forms is that we can
use them to creste a front end for numerous gateways (such as databases or other
information servers) that can be accessed by any dient without worry about platform
dependency. As shown in Figure 6, the user would enter the data onto a ext fidd on
the input form. When the submit button is clicked, the data is encoded and sent to the

CGl program which is associated with the input form.
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Figure 6: Screen shot from the input form

The core server Ste components of the Websimarchitecture are HTTP Server,

Contralling CGl Script, Smulaion Program and Gnuplot plotting program.

HTTP Web Server

The HTTP Web server is a computer program that serves requested HTML
pages or files from the Web dient. Web server machine contains, in addition to the
HTML and other files it can serve, an HTTP daemon, a program that is designed to
wait for HTTP requests and handle them when they arive. In our case, the web client
is the smulation user, who uses a standard web browser. There are many Web server
software  gpplications, induding public domain software from NCSA and Apeche,
and commercid packages from Microsoft, Netscape and others. We have tested
Websm on two packages (1) OmniHTTPd by Omnicron Technologies Corporation
[Omnicron, 2000]; and (2) Microsoft Internet Information Server (11S) by Microsoft

Corporation [IIS, 2000]. Both are consdered fast and compact for the Windows
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plaform. In addition to Standard CGI support, the servers support advanced festures
such as Keep-Alive connections, table auto-indexing and server-Sde includes. But
1S outperforms OmMnIHTTPRd in terms of providing server security and protection, as

it has many integrated festures with the Windows NT operating sysem which we are

running on.

Contralling CGI Script

The execution of the smulation is controlled by severd centrd CGI-scripts,
resding on the web sarver. These scripts, written in PERL (verson 5), are the most
important pat of the sysem. They act as the brain to the entire sysem. We will
further discuss the functiondity and operation of the scripts in the coming section.
The scripts act as a centrd controller of the overal system processes and provide the
Websm sarvices such as.

User authorization service.
Smulation Program Upload service
Web interface generation service,
Program execution service.
Graph Flotting service.
Image Viewer service
Site management sarvice.

These services are discussed in next section.

Simulation Program

The dmulation program refers to any application written in C/C++ languege
to smulae a cetan smulaion modd. It mug fird be compiled usng any sandad
ANS C/C++ compiler and made into an executable file by the user before uploading

to the Webam saver. In order to achieve full compatibility with Websm, we have
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st three citeria that the Webdam adminigrator must follow when developing his
gmulation program:

) All input and output variables mugt be assgned commeand line arguments
(i)  Nameof the output file must be of the name “ output.txt”
@iii) The format for the Imulaion result file “outputtxt” must be aranged in

columns.

To make it esser for the user to see, we have desgned a standard template

for the C/C++ amulaion program, as shown in Fgure 7:

1 /1 Websim Tenpl ate version 1.0

2

3 #i ncl ude <stdi o. h>

4 #i ncl ude <stdlib. h>

5

6 /*

7 maei n program (assum ng)

8 Two i nput paraneter: a and b

9 Two out put paraneter: text files

10 */

11

12 int main (int argc, char *argv[])

13 { int a, b;

14 FI LE *of p;

15

16 // to convert a string to integer or other data types
17 1/ next is to pass the values for processing
18 a = atoi(argv[1]);

19 b = atoi(argv[2]);

20

21 // opening files for output, using nanes |ike output.txt
22 /] if thereis > 1 file, nanme the second file as output2.txt
23 and so on

24 of p1 = fopen (“output.txt”, "w');
25 of p2 = fopen (“output2.txt”, "w');
26
27

28 /] print the results of sinulation into the output file using
29 2 or
30 // nore colums

31 fprintf (ofpl, ... );
32 fprintf (ofp2, ... );
33
34 //close the files
35 fclose (of pl);
36 fclose (ofp2);
return O;
}

FHgure 7: C/C++ Smulation Program Template
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One dmple progran is shown here. This progran receves two input
parameters (x and y) and produce one output text file (Figure 8). The result of the
computation would be output into a text file with n number of rows and two
columns. The firg column indicate the vaues for the X axis and the second column

fortheY axis.

Simulation

Output
Text

Program

Fgure 8: Input and Output Parameter of Smulation System

Gnuplaot

Gnuplot is a software goplication suited for graphing smple numericd
information [GNUP0t,2000]. The laest verson for MSWindows 32 bit sysem is
verson 3.7. It has the ability to take raw data and create various types of graphs,
induding point and line grgphs and higograms Further explanation has been given

in Flotting Tools section (page 25).

System Services

Websm provides an environment for users to creete, run and maintain a web-
based amulaion project. This is made possble by defining a set of useful services
which operate as a whole in the sysem. Welbsm provides Sx important services for

Websm user, and each of the servicesis explained below.



User Authorization Service

Authorization service ensures that only authorized users can access Websm
by requesting the user to enter hisher login name and password. The name and
passvord will be verified based on a text file, which dores the names of dl
authorized uss. Thee ae two types of Websm user: normd user and
adminigrator.

Normd usars ae dlowed to run an exising web-based smulaion projedt,
view the output GIF images, and cugomize plotting propeties. As for the
adminigrator user, they have dl the normd usars accesses, plus two more privileges.
Firgly they ae dlowed to create a new web-amulaion proect, hence has the
permisson to upload file(s) to the web server. Secondly, they may edit, modify or

delete exiding files.

Simulation Program Upload service

This upload sarvice provides a sep-by-step indruction on how to creste a
web-based amulation project on the fly. This savice is exdusve for adminidrator
usars only. After naming the project, the adminisraor may upload the smulation
program file (.exe) to the project folder. For the moment, we limit the maximum gze
of the file to 500 KB. We dso provide a verification service to ensure that only file

with a“.exe’ extenson be dlowed to be uploaded.

Web Interface Generation Service
This sarvice is pat of the upload service, and is vay importat in providing
the webrinterface for the uploaded smulaion file After a file is uploaded, Webam

will generate a HTML file, which acts as the cover page for the Smulation program.
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This HTML file will indude the text fidds for usas to entar the Smulation

parameters to be passed to the Smulation program.

Program Execution Service

This service dlows the user to run the smulaion program uploaded by the
adminidrator earlier. This sarvice provides an input form contaning text fidds
where user can insat the data vaues to be processed by the smulaion program.
When the submit button is dicked, the CGl soript associated with this service will
cdl the dmulaion progran and pass the vadues entered ealier on. Once the
gmulaion is done, the result would be output into a GIF file The usr may choose to

keep thefile a the server or download it to the loca compuiter.

Graph Plotting Service

This savice dlows the Websm user to cugtomize the default output graph
sttings. Severd properties such as the greph sze, line types show grid may be
changed and set. Apat from that, the usr may dso plot his own output text files
other than the default “output.txt” file. The user may preview the output graph based

on the settings made eaxrlier.

Image Viewer Service
Thee usas may diglay dl GIF images of smulaion graphs in a chosen
project directory. The images are digplayed in a table forma with their names shown

a the bottom. The users may view or download them to their locd hard disks.



37

Site Management Service

This service is for adminigrator use only. It peforms mos of the file
operations required for web dte mantenance such as edit, deete and upload files
For example, the adminisrator may use this sarvice to edit and inset an image

components to his smulation project web interface.

Websm Actors

An actor is someone or something that mugt interact with the system under
devdopment [Rationd, 1997]. Thee ae two types of Webdm actors the
adminigrator and normd user. The adminidrator has the authority to creste and
manage a dmulaion project. They are granted with upload, change, ddete and other
adminidrative sarvices. Meanwhile, normd usas ae only dlowed to view and
execute the dmulaion sysem. Fgure 9 dows a use case diagram to visudize the
relationships between two users and ther savicess As shown bdow, the

adminigrator has two additiona services compared to anorma user.
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Normal User
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View Image Plot Graph Run Simulation
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Upload Simulation Program Manage Site
Adminigrator

Figure 9: Reationship between Websm users and their services

Websm Logical Design

Logicd desgn is the most crucid sage of software development cycle. It is
a this dage where we diat and dructure al information regquirements for Webam
[Hoffer, et d, 1996]. Here we provide functiond specifications of dl data, forms

computer displays and processing rulesfor dl aspects of the system.

The controlling CGI stipt is conddered as the most important component of
Websm. It is these sripts that provide dl the sarvices mentioned in previous
section. These scripts are known as modules and eech module is written to perform a
specific task. Six modules have been developed using Perl and Javascript. There are
three basc modules for both administrator and normd user. But the adminigrator has

two additiond modules which are the ‘Upload Wizard and ‘Site Manager’” modules.
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We provide dso a main menu to integrate dl the modules. Figure 10 shows the inter-

relationships among the mgor components of Webbam.

Administrator

Login

[ Upload Wizard ]

Image Viewer

Graph Plotter [ Site Manager ]

Simulation Run

Figure 10: Webdm Modules

To further explan the overdl modules provided by Websm, we present here
the overal sequences Websm usars follow to interact with the sysem. Figure 11
shows a didogue diagram, a forma method for designing and representing human
computer didogues udng box and line diagrams It presents the sequence of

interaction between a user and the system.

As an illugration, an adminigrator must gain access to Websm through a
log-on procedure (item 0). If log-on is successful, a main menu is displayed that hes
five items (item 1). Once the adminidrator sdects the Ste Manager (item 3), control
is trandfared to the Ste Manager page (item 3.1). Here, the adminidrator is
presented with three options to edit, deete or upload file to the sarver (item 3.1.1).
Once the adminigrator edit a file, the system will dlow him to back up to sdect a

different file, or return to the main menu (see bottom of item 3.1.1).
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Figure 11: Didogue Diagram showing sequence of interaction between Websm

In the next section, we decribe eech module by showing their data flow
diagrams (DFD). DFD refers to a picture of the movement of data between externd
entities (eg. Adminigrator) and the processes and data dores within the system.
DFD dso shows the processes that change or transform data, and how data come to
be dored a gpecific locations. The diagrams shown ae cdled leve-1 diagram as

they represent only the primary individud processes in Websm a the highest

possible leve.

users and the system
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The DFD for this module is represented by Fgure 12. Both Websm

adminigraor and normd usars may access this module. This module has two inputs:

username and password. Once the username and password are entered, Websm will

veify them by matching the name and password with datas contained indde a text

file named “passworditxt”. An eror message will be displayed if the name and

passwvord entered are not found or does not meatch. If the password is correct, the

adminigrator may choose to creste a new project or open an exiding project; while

the ordinary user will be shown a page containing dl the projects that he is dlowed

to access. After this process, the main menu for each user type will be displayed.

Administrator >

O )
10

username,
password entered

A

Verify Password

~—

username

\ 4

(20 )

Display Option
Open/Create

username,
password

D1 Password File

option: create

existing new
: project name project name 4.0
Open E_xisting ~ Creatt_e New
Project Project
\ 4
D2 Project Folder

project's path

O o )
50

A 4

project's path

Display Main  [*

Menu

—

Figure 12: DFD of Logn Module



Upload Wizard Module (Adminigtrator only)

This module begins with the smulation program file sdect and the number of

parameter input from the adminidrator. In the firs process, labded "1.0", we see that

the data are processed. The results are two flows of data: (1) the number of parameter

vaue is dored in cookies, (2)

the filename is sent for vdidation process. Once the

file is accepted, it will be dored in the server smulaion project folder. Process "4.0"

will read the data from cookies and create a HTML file, which acts as web-interface

for the amulation file uploaded ealier. When this is done, URL for the smulation

filewill be displayed on the screen. The DFD for this module is shown in Figure 13.
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Figure 13: DFD of Upload Wizard Module




Site Manager Module (Adminigrator only)

This module is exdusve for adminigrator use only. They are edit, ddete and
upload options. Here we use three different DFDs to represent the three different
options. In the case of ddete file, process "1.0" requires the adminidrator to sdect a
file from the project folder, and before the delete command is executed, process "2.0"
will fird ask for the user confirmation. The DFD for this ddete option is shown in

Fgure 14.

Administrator

choice

Delete File

b

selected filename and path

Confirm Delete

i

delete confirmation

Delete File

b

deletecommand

«

e8] 8

O
[y

Websim Project Folder

Figure 14: DFD of Site Manager Module - Delete Option

As for the edit option, process "1.0" sdect a file from the project folder and
dsplay its content on the screen for the user to edit. Process "2.0" receive the

filename and open the filename from the Webam proect folder, and digplay its
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content. The edited file findly is saved in the project folder using back the origind

name. The DFD for this edit option is shown in Fgure 15.

Adminigtrator

choice

1.0

Edit File

fip

selected filename

2.0 file content

Display file [
content

C

Edited content

}

3.0

Savefile

-

saved file

y

y
D1 Websim Project Folder [~

Figure 15: DFD of Ste Manager Module - Edit Option

To upload a file udng the upload option, fird the adminisrator needs to
sdect a file locd hard disk as shown in process "2.0" in Fgure 16. The filename will
be veified in process "3.0" to ensure only cetan file types ae dlowed to be
processed. Once the filename is veified, process "4.0" will send the file from the
locd hard disk to the sarver, and dore it in the project folder. The DFD for this

upload option is shown in Fgure 16.
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Figure 16: DFD of Ste Manager Module - Upload Option

Image Viewer Module

This module dlows both adminigrators and norma Websm usars to view the
gmulation result files When a user sdects this choice, process "1.0" will read dl
GIF and JPEG files located in the project folder. Process "2.0" will then arange dl

the image files and diglay them as HTML file format. The DFD for this module is

shown in FHgure 17.
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Figure 17: DFD of Image viewer

Plotting Module

The DFD for this module is shown in Fgure 18. This module begins with the
section data file to plot, as in process "1.0". The daa file from the project folder
becomes the input data file for process "2.0", when it execute the smulation program
(s shown in process "3.0"). The smuldion program execution will produce one
output text file, and process "4.0" will plot a grgoh usng data from the output text
file Ladly, process "5.0" will take the output image from process "4.0" and embed

into an HTML file, before sending it to Websm usars.
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graph D2 | Output text file [&——— Generateoutput
file

4
GlFfile text file
D3 Output graph v
4 4.0

GIEfile Pot graph using
GNUplot

Figure 18: DFD of Plotting Module



47

Smulation Run Module

When this module is chosen, the fird process digdlays the default page
"index.ntm” to the Webam usars The default page contains a lig of HTML form
tags, which dlows users to input the smulation input data. Process "2.0" will process
these input data and generate a text file. Process "3.0" cdls the smulaion program
and produces an output text file Process "5.0" cdls the plotting program, plot the
data in the output text file and output an GIF image file Ladly, process "6.0" takes
the output image and embed into an HTML file, before sending to the Webam users

The DFD for this module is shown in Figure 19.
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Figure 19: DFD of Smulaion Run Module



FilesUsed in Websm

In this section we present the file sysem layout of Webdam. Webam ae
made up of HTML, CGI stripts and text files, eech podtioned a a particular folder.

Table 2 ligs the file types used and Figure 20 shows the file sysem layout for

Websm.

Table 2: Fles used and their descriptionsin Webam
File Type Description

i ndex. htm Default HTML file displaying the welcome and login screen.

Websi m ht m | Display dl existing Smulation projects for norma users

| ogi n. cgi Script which verify username and password, as explained in the
login module

w zard Five scripts providing the step-by-step upload wizard service, as

files explaned in the upload wizard module,

manager . cgi

Provide the Site manager sarvice, as explained in the Site
manager module,

gnupl ot . cgi | Providethe graph plotting service, as explained in the plotting
module

i mage. cqi Provide the image viewer sarvice, as explained in the image
viewer module.

mai n. cgi Digplay the main page for the user, providing the main menu
where user may access dl Websm services.

simcgi Script that performs the processing of input data from user, and
executing the Smulation program.

def aul t. dat | Thedatafile used for GNU-Plot program, containing the default
stting for the required output graph.

passwd. t xt Contain the username and password, which the login script

refers to when verifying Websim users.
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Figure 20: The layout of the directories and files for Webbsm



