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Abstract 
Business Process Simulation (BPS) has been widely 

accepted as a modus operandi for evaluating business 
applications and for understanding the strength and 
weakness of the implemented system. However, less 
attention has been devoted to applying BPS for 
simulating traffic intensive applications hosted on the 
Internet. These systems are inherently different from 
typical enterprise-wide business applications since the 
number of hits received at the application’s Web site 
can fluctuate to a large degree depending on the 
external factors (e.g. political unrest causing 
overbooking in airlines). In addition, every hit does not 
necessarily lead to a successful completion of a 
transaction since users can navigate away to other 
Web sites during the browsing. This paper describes 
our ongoing research on developing a modeling 
support environment for simulating traffic intensive 
Web applications. The proposed system utilizes 
transaction logs and Web server logs which contain 
vital information about the interaction between clients 
and the Web application. As the project is still in its 
early phases, the paper mainly studies the modeling 
requirements, discusses the difficulties have to 
overcome, and concludes with our future work. 
 
1. Introduction 
 

Web applications are increasing used in delivering 
services to the customers as well as in conducting 
millions of business transactions every day. These 
systems usually consist of Web Servers and 
Application Servers for hosting their business 
processes. In certain situations, a Web application can 
be hosted by a workflow management system for 
separating business logic from implementation details. 
A workflow management system is “a system that 
completely defines manages and executes workflow 
through the execution of software whose order of 
execution is driven by a computer representation of 
workflow logic” [7]. In these applications, all the 
activities in the Web servers are recorded in log files. 
The statistics collected from a typical Web server log 
includes total number of client requests made to the 
Web server, page view duration, frequency of visitors 

browsing the website, etc. In addition, transactions and 
interactions between Web server and client computers 
are recorded in different type of log files called audit 
trails which are usually available in Workflow 
Management Systems. The statistics retrieved from 
both Web server log and audit trail can reveal 
information about the performance of the Web server 
and the application workflows.  

Web applications which are commonly used in 
travel industry and government agencies for providing 
services to the customers are considered as traffic 
intensive Web applications since the number of users 
can fluctuate dramatically within a short time. 
Specifically, applications under this category are likely 
to encounter flash crowds from time to time. A flash 
crowd [4] is a surge of an unanticipated, rapid, huge 
simultaneous requests and accesses to a particular Web 
site. Flash crowds can make a Web application 
virtually unreachable since the Web server can no 
longer handle all these requests. These phenomena 
could be anticipated in certain situations such as 
webcast of major world events. Flash crowds also 
happen in some previously unpopular websites which 
become extraordinarily popular after being linked or 
mentioned in a popular website. This circumstance is 
called Slashdot effect [4]. 

Simulating traffic intensive Web application is one 
of the effective means to understand the behavior of the 
application and its ability in handling the flash crowds 
situation. Business Process Simulation (BPS) [1] 
artificially implements and assists the management of 
change in a variety of manufacturing and service 
settings. BPS is widely used for analyzing business 
process models in many different domains. For 
instance, simulation was used to study the effect of 
stochastic customer shopping traffic for the IBM’s 
Personal Computer Division [2] as well as for 
analyzing the impact on the user experience and the 
cost of using the application when a mobile channel 
presentation (based on GSM, HSCSD, GPRS and 
UMTS networks) is added [3]. However such 
approaches do not consider the flash crowds situation 
when exceptional circumstances occur.  

Although Web Application Stress Tools (WAS) [15, 
16] can be used to simulate large numbers of users 
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against the Web application in mimicking the flash 
crowds situation, they do not consider underlying 
business logic embedded within these applications.  

To alleviate these problems, we propose a novel 
integrated modeling environment for simulating traffic 
intensive Web applications. The proposed system 
utilizes application transaction logs and Web server 
logs which contain vital information about the 

interaction between clients and the Web application. 
This paper is organized as follows. Section 2 depicts 
overview of the proposed framework. Section 3 
outlines the requirements and Section 4 discusses the 
difficulties in developing this project thereafter. 
Finally, Section 5 concludes this paper with our future 
work. 

 
Figure 1. Modeling support for simulating traffic intensive Web application 

 
2. Simulating traffic intensive Web 
application  

 
The aim of this project is to develop an integrated 

modeling environment for simulating traffic intensive 
Web application by utilizing statistics extracted from 
the Web server logs and audit trail data. Figure 1 
depicts the overview of modeling support environment 
for simulating existing traffic intensive Web 
application. The overall process consists of three 
stages.  

In stage 1, Web server logs and audit trail data from 
an existing traffic intensive Web application are 
exported to Web Log Analyzer and Audit Trail 
Analyzer in stage 2. The exported data is then 
processed by the Web Log Analyzer and Audit Trail 
Analyzer. The analysis results are then imported into 
Workflow Schema Variables Configuration Interface in 
Figure 1. In addition, depending on their availability, 
any previously documented schemas from the existing 
Web application are also imported into the interface. If 
no documented schema is available, the user may 
model the corresponding schema using the interface. 
During this modeling process, simulation variables are 
added into the model based on the resulted statistics 
from the two analyzers. In addition, the user may also 
input additional parameters for evaluating new features 

which are yet to be added to the existing application.  
Once the configuration of the model is completed, it is 
exported for execution in a simulation engine. 

In stage 3, the exported model is executed in a 
simulation engine until acceptable experiment results 
are obtained. These results are then compared with the 
previous statistics from stage 2. Based on the result of 
the comparison, the user may decide to revise the 
simulation model or existing Web application. 
 
3. Requirement analysis 

 
In this section, we describe the requirements for 

analyzing Web server logs and audit trail data from the 
application, and formats for modeling workflow 
schema.  
 
3.1 Web server logs 
 

A typical Web server log usually contains 
information about the history of page requests within a 
specific period of time. In addition to W3C standard 
[5], various proprietary formats are used for storing 
Web server logs. Web server logs contain enormous 
amount of data. Typical information contained in a 
Web server log includes client IP address, request 
date/time, visit duration, number of successful/failed 
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requests, pages requested, HTTP status code, and 
referrers. Web log analyzers are usually used to process 
these log files. The statistics compiled from the log 
files can be presented in reports or saved into a 
database. Figure 2 depicts a screen capture from 
AWStats Web log analyzer [8]. 

 
Figure 2. Web log analyzer 

 
One of the aims of this research is to take into 

account Web log analyzer’s results in simulation 
experiments. A number of open source Web log 
analyzers are currently tested for integrating into our 
prototype. 

 
3.2 Audit trail 
 

Audit trail is a sequence of chronological records 
which includes the history of the execution and the 
outcome of a business process at an operational level. 
Audit trail is also commonly used to track customer 
activities in e-commerce application since it contains 
information about relevant transactions and interactions 
between application server and client computers. The 
initial visit of a customer as well as each subsequent 
action is recorded in audit trail.  Moreover, audit trail 
also captures the changes in the states of process 
instances which are being executed in a business 
process. To better understand the audit trail data, we 
have surveyed three open source workflow 
management systems (YAWL [9], jBPM [10], and 
OpenWFE [11]) and compare them with the interface 5 
“Audit Data Specification” [6] proposed by WfMC. 
Our survey was conducted from two perspectives; data 
perspective and event perspective. The results of the 
comparison are depicted in Table 1 and Table 2. 

In Table 1, Workflow control data (Internal data) is 
managed by workflow management system and 
contains information about the current process 
instances, activity instances and workitems. Workflow 
relevant data (Case data) is related to individual 

process instance and is used by workflow management 
system to determine the flow of current process. 
Workflow application data (application object) is 
application specific and manipulated directly by the 
invoked applications. In Table 2, we compare the types 
of events which are recorded in YAWL, jBPM, 
OpenWFE, and WfMC Interface 5. From this 
comparison, we can see that WfMC interface 5 provide 
more complete description of event types. Based on 
this survey, we are planning to implement a generic 
audit trail analyzer for integrating analysis results into 
our environment. 

 
3.3 Workflow schema 
 

A workflow schema is an abstraction of procedural 
steps in carrying out tasks in a business process. It also 
describes any resources involved as well as input and 
output information required in each step. Workflow 
schemas can be modeled in various format (e.g. BPMN 
[12], BPEL4WS [13], XPDL [14], etc). The workflow 
schemas for traffic intensive Web applications are 
inherently different from normal enterprise wide 
application since in traffic intensive Web applications, 
a number of navigation controls (e.g. clicking the 
embedded HTML link of a different page, returning to 
the previous page, or timeout) are needed to be 
embedded in each page. Figure 3 shows an example of 
a workflow schema of a flight ticket reservation system 
in Business Process Modeling Notation (BPMN).  

The reservation system is divided into 3 main 
processes. First, a user is required to input travel details 
such as origin, destination, and the traveling date in 
Search Flight. Once the user clicks the submit button, 
he/she will be forwarded to Select Flight Schedule. 
However, if the origin and destination are found to be 
the same, the user will be asked to correct the details. 
In Select Flight Schedule, the user has to confirm the 
departure/return date and select one of the flights 
available on that day. In this process, the user can 
choose to click Back Button or Start Again to return to 
Search Flight page, or can submit the inputted 
information to proceed to Get Flight Details & 
Payment process. 
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Figure 3. Workflow schema of a flight ticket 

reservation system in BPMN 
 
In Get Flight Details & Payment process, the 

system checks whether the user is a member or not. If 
he/she is not a member, the system allows the user to 
proceed as a guest. In the next sub process Input 
Passengers & Payment Details, the user enters the 
passenger information as well as payment details. 
During the process, the user can click Back Button to 
return to the previous process, or can press New Search 
to start the entire the process again. Finally, the user 
finishes the process by submitting the details. The 
payment details are verified by the server. If the 
payment is not accepted, the user will be directed to 
verify the details in Get Flight Details & Payment 
process. The process is completed when the payment is 
accepted.  

In Figure 3, the sub process Submit Details interact 
with the server for a number of tasks such as searching 
flights, confirming flight schedule, and requesting 
booking confirmation. Such interactions can cause 
severe bottlenecks when flash crowd occurs. Business 
process simulation allows testing of such situations in a 
controlled environment. During simulation, a number 
of preventative measures can be tested and the result of 
the analysis can be used for improving the design of the 
business process. We are currently developing a 
prototype module based on YAWL Editor for 
importing workflow schemas and for populating with 
simulation parameters extracted from Web logs 
analysis and audit trail analysis modules.  

 
4. Difficulties 
 

We have identified a number of technical issues in 
the design of the modeling support system. First, it is a 
complex task to identify and extract useful information 
from the massive amount of data which is available in 
Web server log and audit trail since not all information 
is necessary for configuring the simulation models. In 
addition, a rigorous scheme is needed to associate the 
resulted information (imported statistic) with the 
simulation variables in the imported workflow schema. 
Second, workflow schemas can be in different formats, 
e.g. BPEL4WS, XPDL, YAWL etc. It is crucial that 
the Workflow Schema Configuration Interface from 
Figure 1 supports different business process modeling 
languages. Last but not least, the proposed modeling 
support system should be able to export the schemas as 
well as the simulation parameters into standard 
simulation modeling languages. Such exporting 
capabilities allow users to utilize existing well-
established business process simulation software. 
 
5. Conclusions 
 

Traffic intensive Web applications are extensively 
used for ticket reservation in travel industry as well as 
for providing services by government agencies. 
Although business process simulation is extensively 
researched in recent years, less attention has been 
devoted to the utilization of existing execution logs and 
other vital statistic from the Web application which is 
already deployed. In this paper, we propose a novel 
modeling support environment for simulating traffic 
intensive Web applications. The proposed prototype 
includes extracting vital statistic from execution logs, 
configuring simulation variables based on extracted 
information, and exporting simulation model into 
standard simulation modeling languages. We have also 
discussed the requirements for each stage and 
difficulties in developing our prototype system. At 
present, the integrated environment is currently being 
developed using JAVA programming language, 
YAWL editor, and open source Web analyzer 
AWStats. 
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Table 1. Comparison table of audit trail data 

 

 
Table 2. Comparison table of event types 
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