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The paper deals with a novel approach to modelling of a workload for Complex Information Systems. Proposition of a formal 
model of Complex Information Systems is formulated. Next workload model that based on user behaviour is presented. Using XML 
format User Description Language was formulated. Proposed language is described in details with a shortly described exemplary file.  
This paper focuses on a modelling of the user, but some references for further usage of this approach is introduced.  Proposed approach 
can be used as a tool helpful to administrate the system. 
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1. Introduction 
 

The Internet environment has changed significantly in the last decades. With a growing population 
and usage of Internet, evaluation of information systems becomes more and more important. Studies 
included many types of computer analysis and emulation. It entails an increase of modelling concept and 
new techniques of system description. Large field of the computer science studies is considering problems 
that these systems faced. Many techniques and metrics [3,21,28] are proposed to increase administrator or 
designer knowledge about the system and its behaviour, since its complexity is still a crucial point of its 
management. Every of those mentioned aspect is done in one more purpose –  user satisfaction. Since 
management of the system is done not only to provide a service in a system, but mainly to satisfy user 
requirements for the service that is realized in the system infrastructure. For this reasons, not only system 
infrastructure (software and hardware resources) should be examined, but also a workload that the system 
receive as an input – user actions.  Within last few years, big and small companies that provide this kind 
of services have a difficult task to do – fulfil still growing/increasing  user requirements/demands. To do 
that, many researchers have been done not only to name the issues that are required but also to measure 
them in the sense of their usability and functionality.  For example it has been proven [18] that if user will 
not receive answer for the service in less than 10 seconds he/she will probably resign from active 
interaction with the service and will be distracted by other ones. That is why it is so important to provide 
maximum service response time between 0,1-8 seconds.  

In this paper, the system workload will be understood as a load generated by all users of the 
Complex Information System (defined in section 2). Next, user modelling possibilities will be examined 
and an authors approach will be presented (section 3). Possibilities of language usage are presented in 
section 4, that conclude works related to the topic of the paper.   
 
2. Complex Information System  
 

Modern information systems can be seen as a complex ones, since Complex Information Systems 
(CIS) are understood as dynamic systems with numerous components and interconnections, interactions 
or interdependencies which are difficult to describe, understand, predict, manage, design, and/or change 
[2]. In connection with modelling and control complexity, complex systems have specific characteristics, 
among which are the following: 
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• uniqueness; 
• weak structure of knowledge about the system; 
• the composite nature of system; 
• heterogeneity of elements composing the system; 
• the ambiguity of factors affecting the system; 
• multivariation of system behaviour; 
• multicriteria nature of estimations of system’s properties; and, as a rule, 
• high dimensionality of the system. 

 
Complex Information System can be as well large-scale or a small scale depending of the system 

proposes. In this paper, we will examine user actions in the system, therefore, we propose to analyse the 
CIS from the business service point of view.  
Generally speaking users of information system are generating tasks which are being realized by the IS. 
The task to be realized requires some services presented in the system. A realization of the system service 
needs a defined set of technical resources. This system can be model as a 4-tuple [22]: 
 

ConfTIBSClientCIS ,,,=  (1) 

 
Client  – finite set of clients,  
BS     – business service, a finite set of service components, 
TI   – technical infrastructure, 
Conf  – information system configuration.  
 

Business service (BS) is a set of services based on business logic, that can be loaded and repeatedly 
used for concrete business handling process (i.e. ticketing service, banking, VoIP, etc). Business service 
can be seen as a set of service components and tasks that are used to provide service in accordance with 
business logic for this process. Therefore, BS is modelled a set of business service components which 
consists of a set of tasks. Tasks are the lowest level observable entities in the modelled system. It can be 
seen as a request and response form one service component to another [33]. 

Technical infrastructure (TI) is considered as a set of hosts and computer network and is assumed 
to have the aspects of TCP/IP traffic are negligible. Each host is described by server name (unique ID), 
host performance parameter and a set of technical services (i.e. apache web server, MySQL database).  

Clients – consists of a set of users where each user is defined by its allocation (host), number of 
concurrently ruing users of given type, set of activities (a sequence of task calls – name of task and a 
name of service component) and inter-activity delay time.   

System configuration (Conf) is a function that gives the assignments of each service components to 
a technical service and therefore to hosts since a technical set is placed on a given host.  
 
 
3. User Behaviour Model 
 

As mentioned before in every computer information system, one of the most important concern is 
not only the infrastructure of the system (software and hardware that realized tasks in the system), but 
also users, that are determining its behaviour. When we look at the system from a higher perspective, it is 
a user that in every system is at the top of the hierarchy since it provides network load sequence. The term 
user modelling or user behaviour model  has been applied to this process of gathering information about 
the users of a computer system and of using the information to provide services or information adapted to 
the specific requirements of individual users (or groups of users). In some articles [7] this information’s 
are called user profile.  These models will catch the sequence of user interactions at a higher level. Such 
models will in general be hierarchical, as the workload generated at a higher level will result in a stream 
of workload requests at a lower level. Examples for hierarchical user models can be found in [12] and 
[13]. In [15] another popular method for catching inter-command dependencies is to apply Markov 
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Chains for user behaviour modelling can be found. More approaches that are static can be found in [30] 
and [4], where users are described by n-dimensional vectors.  

Non-formalizable problems and impossibility to strict mathematical formulation of those problems 
led to creation a user’s behaviour model in more abstract way. Based on the psychological [18] results 
this model is accompanied by expert knowledge and information stored in the system log files. Still this 
knowledge is not standardized and strongly depended on an expert intuition.  Therefore, we propose to 
look or create standards description of the user, that can be further used for analysis.   
Unfortunately, in literature the exit not known user description language, since analysis based on a user 
model is mainly based on an input model of the tool (i.e. simulation input file). There exists many 
organizations involved in creating and standardize languages describing various aspect of computer 
systems. These are as follows:  

• OASIS (Organization for the Advancement of Structured Information Standards) [26],  
• BPMI (Business Process Management Initiative) [5],  
• OMG (Object Management Group) [23],  
• W3C (World Wide Web Consortium) [34],  
• WfMC (Workflow Management Coalition) [35],  
• OAGi (Open Applications Group) [25]. 

 
Within work that is done by those groups we can find some models that in some sense contains the 

information about user (System Description Language [1, 27], Web Service Choreography Description 
Language [14], Business Process Modelling Notation [5], etc. [34]), but they are mainly focus on the 
system or service behaviour after user request. Some papers propose to use UML diagrams, as 
representation of as this model, but it cannot be used directly as an input model for analysis. Additionally 
description language for this system should be as close as real, not only to a mathematical description of 
the system, but to real system behaviour and its parameters. For this reasons, we propose an authors 
solution of a description language for a proposed model, called UDL (User Description Language). As a 
format of the proposed language XML (Extensible Mark-up Language) was chosen. Main reason is a 
simple (easy to learn) and readable structure, that can be easily converted to text or other format. 
Moreover, XML is supported not only with various tools (providing validation possibilities) but is also 
supported by many programming languages and framework in case of quicker and more efficient 
implementation. Figures 1 and 2 show parts of the XML Schema for User Description Language. As can 
be seen, each element of the system described in section is modelled as a complex element with 
appropriate sub-elements and attributes. Expect easiness of potential soft computing analysis, promising 
scalability and portability (between analysis tools) can be named as the main advantage of the language 
usage. Moreover, the language is easy to read and to process using popular and open-source XML tools.  
The only disadvantage of the format is a large size of the file because of the metadata usage.      
 
 
3.1. User Description Language – schema 
 

The model can be divided into two parts:  
• client general description  
• action description.  
 

First one (Fig.1) defines ClientID, and parameters connected with time i.e. ClientStart, which 
define point in time, that the user will start its interaction with a system. Please note that, request to the 
system is not coming at the beginning of system, since user is defining its requests in different time slots, 
that can be modelled as a fixed values or as a random values using some distribution.    
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Figure 1. User Description Language – general user profile 
 
 

As it is mentioned, users can have various profiles representing a group of task or common 
characteristics. For these reasons, ClientsNumber parameters can be defined as a number of users 
representing some profile. Furthermore, each profile can have common chain of activities (tasks for the 
system). Those activities will be realized in the system using technical infrastructure of the system. Each 
user need some time, to think about next step of its action, therefore InterActionTime parameter was 
proposed, and modelled as a distributed value. Let us now imagine that we have different client’s 
sessions. One will be browsing simple Web Page, the other Web Page connected with database. Knowing 
that session needs to be authorized or waiting for Web Page response, user will have more patient, then or 
these reasons, PatienceTime was set as one of the model parameter. Additionally, we can add some 
conditions connected with a chain (PreCondition) of requests, but in many cases, the precondition is 
known from service choreography.     
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Figure 2. User Description Language – action description 
 
 
 
 
3.2. User Description Language – sample file 
 

Let’s now look at a sample file describing user “client1”. As a typical user (i.e. Alice) it creates 
profile for 50 clients.  Staring time for the client will have random value described by exponential 
destitution (lambda equal to 0.1).  Assuming that the service is Job Search Portal with a possibility to see 
some news about jobs, then client can have two activities: JobSearch (done in an 80% of the cases) and  
NewsSearch – made by 20% of the clients. Please note that in this example, user is  aware that he/she is 
filtering some job profiles database, so its PatienceTime is longer than in case of browsing simple Web 
Page. This assumption can be changed easily, by making simple change in a UDL file ( see Fig.3).   
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<Client clientID="client1"> 
  <ClientDescription>typical client (Alice)    
 </ClientDescription> 
  <ClientsNumber> 
   <FixedValue>50</FixedValue> 
  </ClientsNumber> 
  <ClientStart> 
   <RandomValue uncertain="false"> 
    <Exponential lambda="0.1"/> 
   </RandomValue> 
  </ClientStart> 
  <Protocol> 
   <HTTP headerSize="1000" persistent="false"/> 
  </Protocol> 
  <InterActivityTime> 
   <RandomValue uncertain="true"> 
    <Exponential lambda="0.3"/> 
   </RandomValue> 
  </InterActivityTime> 
  <ClientActivity activityName="JobSearch"      
   occurenceFrequency="70"> 
   <InterActionTime> 
    <RandomValue uncertain="true"> 
     <Exponential lambda="0.1"/> 
    </RandomValue> 
   </InterActionTime> 
   <ClientAction actionType="standard request"     
   actionName="lookJobs"> 
    <PreCondition/> 
    <PatienceTime>25</PatienceTime> 
    <Request> 
     <ServiceSupplier>web_server    
     </ServiceSupplier> 
     <InterObjectTime> 
      <RandomValue uncertain="true"> 
       <Exponential lambda="0.1"/> 
      </RandomValue> 
     </InterObjectTime> 
    </Request> 
   </ClientAction> 
  </ClientActivity> 
  <ClientActivity activityName="NewsSearch"      
    occurenceFrequency="30"> 
   <InterActionTime> 
    <RandomValue uncertain="true"> 
     <Exponential lambda="0.1"/> 
    </RandomValue> 
   </InterActionTime> 
   <ClientAction actionType="standard request"     
    actionName="lookNews"> 
    <PreCondition/> 
    <PatienceTime>15</PatienceTime> 
    <Request> 
     <ServiceSupplier>web_server    
     </ServiceSupplier> 
     <InterObjectTime> 
      <RandomValue uncertain="true"> 
       <Exponential lambda="0.1"/> 
      </RandomValue> 
     </InterObjectTime> 
    </Request> 
   </ClientAction> 
  </ClientActivity> 
 </Client> 

 
 
 

Figure 3. User Description Language – sample  
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4. Conclusions 
 

The purpose of the workload model we derived is to generate web traffic for analysis studies. 
Constructed general model and language can be now used as an input for such tool. Since, Complex 
Information System is mostly examined using network simulator environment. We studied several 
network simulation packages and libraries to determine how web traffic is generated in these packages. 
We considered only open source software because of the possibility of extending open source packages 
with our traffic model. We looked at the REAL, Omnet++, NS packages and SSFNet simulator 
[10,19,20,24,29,31]. For the purpose of already ongoing research proposed in [22,33] the SSFNet tool 
was chosen. The event-simulation used in this solutions is based on the Scalable Simulation Framework 
(SSF) [31], which is  used for SSFNet [32] computer network simulator. For the purpose of simulating 
service-based systems we have used Parallel Real-time Immersive Modeling Environment (PRIME) [16, 
17] implementation of SSF due to a much better documentation available for the original SSF. We have 
developed a generic class derived from SSF Entity, which is a base of classes modelling system objects. It 
is important to notice that the Monte-Carlo approach is used [11]. The original SSF was not designed for 
this purpose so some changes in SSF core were done to allow restarting the simulation from time zero 
several times within one run of simulation programme. 

Presented in this paper model and language was widely used during DESEREC (Dependability 
and Security by Enhanced Reconfigurability) [9] project that author has been strongly involved. Within 
the project UDL language was used to model user behaviour. Expert teams involved in the project, as 
much as simulator development team, improved its format. 
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