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COMPUTER SIMULATION OF TRANSPORT PROCESSES 
ON THE WEB PLATFORM

A fram ew ork fo r d iscrete  even t sim ulation o f  transport processes, based on O pen G rid  Services 
Infrastructure and accessib le  v ia  W eb portal, is presented in the paper. An object-oriented  and data-driven 
nature o f  underly ing  sim ulation  system  facilitates its W eb-based, distributed im plem entation  using  Java, 
X M L  and W eb Services technologies. G rid infrastructure can provide contro lled , secure and transparent 
access to the virtual application  com posed o f  distributed inform ation and com putational resources, by 
m eans o f  standard  W eb brow sers. S im ulation m odels for various categories o f  processes specific  to 
differen t transport m odes can be co llectively  defined, executed and analyzed. The sem antic  scope o f  
sim ulation  environm ent can be cooperatively  extended through introducing new  schem as fo r particu lar 
categories o f  transport processes.

KOMPUTEROWA SYMULACJA PROCESÓW TRANSPORTOWYCH
W SIECI WWW

W referacie p rezentow ane są ram y system u sym ulacji zdarzeń dyskretnych d la procesów  
transportow ych, opartego na O tw artej Infrastrukturze U sług G ridu (O G SI) oraz  dostępnego za 
pośrednictw em  porta lu  W W W . Z orientow any obiektow o i sterow any danym i charak ter system u 
sym ulacyjnego uła tw ia  jeg o  rozproszoną im plem entację w  sieci Internet z w ykorzystaniem  technologii 
Java, X M L i usług  W W W . Infrastruktura G ridu m oże zagw arantow ać transparen tny , bezpieczny 
i kontro low any dostęp , przez standardow e przeglądarki internetow e, do w irtualnej aplikacji złożonej 
z rozproszonych zasobów  inform acyjnych i obliczeniow ych. Proponow ane rozw iązanie pozw ala  na 
grupow e defin iow anie , w ykonyw anie  i analizow anie m odeli sym ulacyjnych d la różnych kategorii 
procesów  specyficznych d la różnych gałęzi transportu. Sem antyczny zakres środow iska sym ulacji m oże 
być rozszerzany  przez kooperatyw ne w prow adzanie nowych schem atów  dla poszczególnych kategorii 
procesów  transportow ych.

1. INTRODUCTION

Several WWW technologies are emerging, leading to quite new possibilities o f sharing 
various computational resources available through Internet and of organizing distributed 
cooperative application frameworks for problem solving. Two main approaches being 
developed in the recent years are computational Grids of scientific communities [1] and Web
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services supported by commercial organizations [2], The first o f them offers intermediate 
programming layer for controlled but transparent access to distributed computing resources, 
another one introduces Web standards to automate communication between distributed 
service providers. Both approaches lead to new architectures o f virtual applications, organized 
around specialized Web portals. The concept of Web services has been introduced to Grid 
environments resulting in Open Grid Service Architecture (OGSA) [3].

This kind of computing infrastructure is adopted in the paper as framework for defining 
computer discrete event simulation models o f transport processes and executing them on the 
Web platform. Proposed simulation environment bases on a particular method for defining, 
constructing and executing simulation models. The method described in Section 2 has been 
previously applied in simulation models o f technological and control processes at railway 
stations [4, 5] as well as in models o f logistic processes for transport and distribution [6], 
Process models are defined according to predefined schemas, including semantic classes of 
elements and "construction rules" for process categories. General, object-oriented and data- 
driven methodical principles permit to embed described modeling approach in the structure of 
Web portal, providing common access to the virtual application and its data resources.

Simulation portal will supply user with several functions concerning definition of 
dynamic process models for particular transport activities, specification and execution of 
simulation jobs as well as visualization and analysis o f results. Special functions, including 
definition of process schemas, will allow collective developing and deploying o f models for 
new semantic categories o f processes, applying to various transport modes. Section 3 situates 
particular functions concerned with simulation research in the context o f Web- and service- 
oriented architecture, using XML [7] and Java [8] based technologies to integrate distributed 
data and program components in collaborative simulation environment.

Presented project concepts, sketched in Section 4, assume implementing the simulation 
environment as a virtual application on top of Grid infrastructure, accessed via specialized 
simulation portal. Client-side activities are localized in the frame o f Web browser. Web server 
provides user with GUI implemented in XML/XSL technology in connection with Java based 
scripting tools [9], transforming XML Schemas o f processes in adaptable creators for defining 
valid models and specifying well formulated tasks for simulation research.

Final remarks concern possibilities and scope of collaborative use o f simulation portal. 
Described Web-based environment for simulation modeling can be used as open cooperation 
platform in investigating mutually dependent processes in transport domain. Equipped with 
proper educative examples it also can serve as a support for teaching [10].

2. METHODOLOGY OF SIMULATION MODELING

2.1 O B JE C T -O R IE N T E D  IM PL E M E N T A T IO N  O F M O D E LS

A simulation model is defined as a net structure consisting of any number o f concurrent 
processes. A process is modeled by Petri net i.e. bi-graph with two disjoint subsets o f nodes: 
static places containing tokens, and dynamic transitions moving tokens between places. 
Transitions are ordered by time in bi-directional list representing queue o f events.

In an initial state o f simulation model, some places contain some tokens representing 
processing and processed entities. During simulation transitions perform actions, 
corresponding to events, changing states o f simulated processes by consuming and producing
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tokens. Detailed description of modeling Petri net tool, with semantic extensions introduced 
for simulation purpose and with an outline of implementation, can be found in [11].

Generic implementation o f a simulation model contains four base object classes of 
components. Specific models are composed of semantic subclasses o f objects derived from 
the base classes. The base object classes and their semantic extensions are resumed in Tab. 1.

T able  1
O bject classes o f  model com ponents

O bject
class

M ean ing  
o f base class

Extensions 
in derived classes

Examples o f 
semantic interpretation

Token Processed  / processing  
entity

D ata structure describing properties 
and actual state o f  represented entity

V ehicle, worker, single  w ay 
o r track, load unit

Place C onta iner for tokens (i.e. 
entities partic ipating  in 
process)

T ype o f  contained entities Parking place for veh ic les, 
group o f  workers, section  o f  
route, warehouse bu ild ing

Transition Event chang ing  process 
state by consum ing  and 
producing  (using) entities

A ction perform ing state changes 
related to particu lar event;
C ondition  enabling  event occurrence

U nloading transport vehicle, 
m oving vehicle betw een two 
points o f  route

Process C ontrolling  succession  
o f  events; com m unication  
with o ther processes

Control rules specific for process 
sem antics; specification o f  external 
input/output classes o f  places

Transferring goods in a net 
o f  transport nodes; serv ing  
arriving trains at a station

Process 1 Process 2 

(*)■ (*)0
Process n

(•) (•]
: : j ^  MODEL

Fig. 1. An exem plary  fragm ent o f  a net model

Fig. 1 shows mutual relationships between four base classes o f components on a piece 
of imaginary model. Tokens, places and transitions are represented on the figure by small 
black circles, ellipses and bars, respectively. Rectangles represent processes, which 
communicate by external input/output places (distinguished by gray color on the figure). 
The synchronization issues, arising in the case o f executing processes in separate (possibly 
distributed) threads, can be resolved by several known approaches, e.g. [12]. An additional 
supervisory component o f the model object class may be introduced for that purpose.
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2.2 D A T A -D R IV E N  M O D E L  C O N ST R U C T IO N

Discrete event simulation consists in execution o f abstract programmatic models 
imitating behavior o f real word systems, performing particular processes. Program represen
tation o f dynamic net model is constructed o f object instances of semantic components, 
derived from four base classes, with extensions proper to the categories o f modeled processes.

Program instantiation o f  a model is constructed following previously elaborated 
definition, specifying object classes o f all model components and their mutual connections. 
Defining a model is in turn guided by schemas for particular categories o f processes taking 
part in model performance. A part o f model representing process o f some category, with 
particular structure, dynamics and semantics, should be defined according to the process 
schema specifying following construction rules:
• a list o f semantic object subclasses derived from places, which may or must appear in 

process model
• definitions o f data structures, assigned to semantic classes o f tokens, corresponding to 

particular semantic subclasses o f places
• a list of semantic object subclasses derived from transitions which may or must appear 

in process model; each semantic subclass o f transitions is described by semantic 
subclasses of its (obligatory or optional) input and output places

• composition o f process model given by:
□ relations partially ordering semantic subclasses of transitions according to processing 

flow (transition subclasses in ordered sequences may be obligatory or optional)
□ subsets o f semantic subclasses o f external input/output places, containing tokens of 

semantic subclasses required as input to or produced as output from a process.
Two processes can cooperate if  they are linked through a place o f  common semantic 

subclass, specified as external output from one o f them and external input to another.
Simulation program, instantiating defined model as an interrelated structure o f object 

components, is then executed according to a task specification, including parameters and 
initial states o f processes defined appropriately for planned simulation experiment. Specifying 
simulation task refers to model definition and must conform with applied process schemas, 
in particular with definitions o f data structures assigned to semantic tokens.

Process schemas, model definitions and task specifications are organized in textual data 
sets, which drive program modules performing preparatory phases o f simulation, leading to 
initialized model instantiation ready to execute simulated processes, as it is shown on Fig. 2.

DATA SETS

Process
schemas

Model
defin ition

Task
specification

PREPARATORY MODULES

DEFINING MODEL

SPECYFYING TASK

INITIALIZING MODEL

CONSTRUCTING MODEL

OBJECT LIBRARIES

Semantic 
object classes 

of model 
components

Executable 
program model 

for simulation task

Fig.2. D ata-driven defin ition , construction  and initialisation o f  sim ulation model
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All the preparatory program modules of simulation system use (and some of them 
produce) textual data sets driving their execution. Besides, the module constructing 
executable program model following its textual definition makes use of object libraries of 
semantic model components, corresponding to modeled process categories.

3. WEB-BASED IMPLEMENTATION OF SIMULATION SYSTEM

3.1 M O D E LIN G  PR IN C IPL E S A N D  IN T ER N ET T E C H N O L O G IE S

Object-oriented and data-driven principles of building simulation programs facilitate 
implementation o f the projected simulation environment in the Web-based context by means 
of the two most widespread Internet technologies: Java for programs and XML for data.

Java, the object-oriented language developed by Sun Microsystems, gained great 
popularity in distributed Internet applications thanks to its Web-oriented specific, platform 
independence, libraries o f API tools and open source license. The net structure o f semantic 
subclasses o f simulation model components can be naturally programmed in the object- 
oriented Java language. Four base model components and their semantic extensions will be 
implemented as Java object classes and subclasses, grouped in general and specialized 
packages. Packages corresponding to various categories of processes in different transport 
modes can be distributed in the network. Program components needed to construct defined 
model will be remotely accessed by standard Internet protocols.

XML (extensible Markup Language), the Web standard for self-describing textual data 
format, is widely used by Web applications as well as by several high level communication 
protocols. Data-driven preparatory simulation phases in described simulation system may be 
easily implemented by XML-related standards. Instantiation and initialization o f simulation 
program can be driven by XML documents containing model definition and task 
specification, with use of XML parsers accessible in open libraries o f Java tools.

According to earlier described modeling principle, semantic validity of model definition 
is assured by its conformity to process schema. Semantics o f process schemas can be 
expressed by standard verification mechanism of XML Schemas. Casual coincidence of 
names appears meaningful. The emerging Web standard of XML Schemas - with its nested, 
hierarchical structure, attributes and mutual references - is equipped with very appropriate 
terms to express the contents of process schema. The second part o f XML Schema 
specification: Datatypes, provides comfortable way to describe data structures assigned to 
semantic subclasses of places. Process schema, containing construction rules for its 
simulation models, as described in subsection 2.2, can be implemented as XML Schema 
comprising model composition and data types assigned to tokens.

XML Schemas can then be used for defining valid simulation models o f particular 
process categories in XML format and for specifying consistent simulation tasks. Moreover, 
together with XML document transformation tools and client-side programming techniques 
they permit to build context-dependent graphic user interface for defining model and 
specifying simulation jobs. Process XML Schemas can be treated by XSL (extensible 
Stylesheet Language) standard transformation techniques for XML documents in order to 
implement individual context-sensitive creators for building, initializing and executing 
simulation models for particular processes.
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3.2 F U N C T IO N A L  PH A SE S O F SIM U LA TIO N

Model definition and execution are crucial in computer simulation, however several 
complementary phases are also necessary and equally important for making use o f simulation 
research methodology. Input data for an experiment (usually consisting of several simulation 
passes) have to be specified in terms of initial states for modeled processes. Program 
representation o f defined model has to be created and initialized with input data before being 
executed. Output data resulting from simulation passes demand analysis and visualization.

Each o f mentioned above functional phases of simulation requires software 
configuration for processing specific input data, including user activity, to produce specific 
results. This is resumed in Tab. 2 in the context o f previously described Web tools for 
defining and implementing simulation models.

Table 2
Functional phases o f  sim ulation  and their I/O  data

Phase U ser activity Input O utput

D efining
sim ulation
model

C hoosing  p rocess categories; 
B uild ing  m odel configuration  
o f  sem antic  com ponents

X M L  Shem as for 
p rocess categories

X M L  defin ition  
o f  sim ulation  m odel

Specifying
sim ulation
task

D efin ing  m odel param eters; 
A ssign ing  tokens w ith data  
structu res fo r initial states

X M L m odel definition & 
X M L  Shem as for processes 
(data  structures)

X M L specification  
o f  sim ulation  passes

Synthesizing
sim ulation
m odel

D em anding  execu tion  
o f  specified  sim ulation  task

X M L m odel defin ition  X M L 
task  specification

Java program  with created  
and initialized  net m odel 
structure o f  com ponents

R unning
sim ulation
job

••
Initial state o f  program m atic 
m odel instantiation

R ow  resu lt describ ing  events 
recorded during  sim ulation  
passes

Elaboration 
o f  sim ulation 
results

Specify ing  queries on 
sim ulation  ou tpu t data; 
C hoosing  p resen ta tion  form s

R ecorded sim ulation results A naly tical/syn thetic  view s 
o f  sim ulation  results 
and their visualization

4. OPEN SIMULATION ENVIRONMENT IN THE WEB

4 .1 C O M P U T A T IO N A L  G R ID S & W EB SE R V ICE S

In the last decade many efforts have been concentrated on elaborating tools for sharing 
various computational resources available through Internet. Two main approaches to organize 
Internet resources in consistent and safe working environments were emerging: computational 
Grids for e-Science and Web Services for e-Business.

The idea o f  computational Grids comes from scientific and engineering communities, 
aiming at sharing advanced computing resources among different institutions in fair and 
effective way. Grid environments serve as a platform for organizing well-controlled but 
transparent use o f  computing nodes, mass storage units, software, data archives, scientific 
apparatus and other distributed resources connected by Internet.

Grid systems base on intermediate programming layer called middleware, providing 
such services as advanced access control with single login to all needed computing resources, 
secure data transfer, resource management, monitoring and scheduling o f computational jobs,
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information about actually accessible resources etc. Several Grid API’s (Application 
Programming Interfaces) are available, also as the open source software, for implementing 
functions of Grid middleware.

Web Services approach was firstly introduced by commercial organizations (including 
MicroSoft and IBM) as a solution for business to business and customer to business Web 
applications. WSDL ( Web Service Description Language) and other related technologies are 
supported and standardized by W3C ( World Wide Web Consortium). Service-oriented 
architecture o f distributed Web applications has been broadly accepted. It was adopted also by 
developers o f Grid solutions, resulting in OGSA (Open Grid Services Architecture) standard. 
Grid services are defined in accordance with WSDL specification. On the other hand, 
Grid-type infrastructures are being introduces to commercial solutions.

The new service-oriented architectures lead towards virtual Web-based applications, 
consisting of mutually related services, using virtual pool o f resources distributed in the Web. 
As it is shown on Fig. 3, a virtual application may be built o f different kinds of service 
components: performing functions specific to the application, organizing access to the Grid 
infrastructure and providing other common Web services. This type of architecture 
is proposed in the following subsection as a framework for earlier described simulation 
environment, to be implemented as a virtual application embedded in specialized Web portal.

Fig.3. Service-oriented  virtual application in the G rid context
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4.2 V IR T U A L  A PPL IC A T IO N  IN TH E SIM U LA T IO N  PO R TA L

Presented project concepts lead to implement described simulation environment as 
a virtual application on top o f grid infrastructure, accessed via specialized Web simulation 
portal. An outline o f its functional architecture is sketched on Fig. 4.

INTERNET
GRID

VIRTUAL APPLICATION IN SIMULATION PORTAL
U SER INTERFACE  

defining models 
specifying tasks 
running simulation 
processing results 
analysis, visualization 
introducing schemas 
auxiliary functions...

SERVICE REGISTER
Application specific services
• Functions of simulation system

Grid services 
• Grid middleware functions

Other third-party services
• Analysis, visualization,...

Fig.4. Functional s truc tu re  o f  serv ice-oriented  virtual application  in W eb sim ulation  portal 
1 -  X H T M L /X M L  +  scrip ts & applets; 2 -  W SD L  +  application-specific  p ro toco ls;
3 -  W SD L -based G rid  serv ice pro toco ls , 4  -  W SD L  + SO A P o r o ther protocols

Client-side activities are localized in the frame o f a Web browser and supported by 
XHTML/XML pages with built-in dynamics o f Java scripts and applets. The Web server 
provides user with dynamic, context-dependent GUI for interacting with particular functions 
of simulation environment. XM L/XSL techniques can be used on server-side in connection 
with Java based scripting tools like JSP, in order to transform process XML Schemas in 
adaptable creators for defining valid models and specifying well formulated tasks, as well as 
to produce interactive user interface for remaining phases o f simulation experiment.

The server o f simulation portal maintains a register o f virtual application services with 
their access rules and localization o f corresponding resources distributed in the Web. Access 
to services bases on WSDL in connection with appropriate communication protocols, 
depending on service kind, as is marked by white numbered arrows on the figure. SOAP 
(Simple Object Access Protocol) is widely used for communication with Web services.

Services o f Grid middleware layer should organize controlled, single-login access to 
resources needed by virtual application services, including distributed simulation software, 
process schemas, data describing simulation models, tasks and results as well as computing 
nodes and storage. Model definitions can be archived, in order to be shared among 
cooperating groups o f users. All kinds of resources related to application services may be 
situated anywhere in the Web.
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5. FINAL REMARKS

The conception o f adopting discrete event simulation modeling system, created earlier 
as a software tool for computer simulation of various processes in the domain of transport, 
leads to a Web and Grid service-oriented virtual application in specialized simulation portal. 
Proposed solution, exploiting new possibilities of resource sharing and cooperative Web- 
based technologies, can be used as collaborative simulation environment for creating and 
investigating advanced, composite models o f mutually dependent processes in different parts 
of transport chain and in several modes of transport. On the other hand, the educative models 
o f such processes placed in open simulation environment accessible via Web portal can serve 
as teaching support for transport faculties.

The simulation portal described in the paper will permit for cooperation in defining 
models, planning experiments and elaborating task specifications. Existing model definitions 
can be archived in model libraries and shared by several users. Related models can be 
composed in meta-models and then executed in multi-thread simulation.

Moreover, the Web-based simulation environment can be collectively evolved. 
Authorized expert users can introduce XML Schemas for new categories of processes to the 
open simulation system, along with correspondent Java libraries o f semantic model 
components, thus extending semantic scope of virtual application.
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