
Proceedings of the 2006 Winter Simulation Conference 
L. F. Perrone, F. P. Wieland, J. Liu, B. G. Lawson, D. M. Nicol, and R. M. Fujimoto, eds. 
  

 
 

A DYNAMIC BUSINESS MODEL FOR COMPONENT-BASED SIMULATION SOFTWARE 
 
 

 Stephan Onggo, Didier Soopramanien, and Mike Pidd 
 

Department of Management Science 
Lancaster University Management School 

Lancaster LA1 4YX 
United Kingdom 

 

   
   

 

ABSTRACT 

Firms, investors, venture capitalists, market analysts and 
the government, amongst others, are interested in the future 
evolution and dynamics of a market as it defines their 
role/participation or future role/participation. This paper 
proposes a business model showing how the interactions of 
various actors in the market influence the “demand” and 
“supply” interaction for an application based software; 
more specifically component based simulation.  In the 
process we also show  how the main stakeholders may gain 
some financial benefits by adopting the component-based 
simulation for business decisions in the long run. We iden-
tify four main stakeholders: component users, component 
providers, certification providers, and repository providers.  
A system dynamic model is built to show the interaction 
between the two main stakeholders. 

1 INTRODUCTION 

There have been numerous applications of Component-
based simulation (CBS, thereafter), such as Zeigler (1987), 
Daum and Sargent (1999), Verbraeck (2004), and Spiegel et 
al. (2005). CBS is attractive in that it has the features which 
allow it to fit and adapt to the desired future simulation 
software (Oses 2002). Those features are summarized in Ta-
ble 1 and are further  categorized the features into three lev-
els. 
 
Table 1:  Desirable Features of Future Simulation Software 

Levels Features 
Modelling Modularity, Reuse, Hierarchical struc-

tures 
Simulation 
systems 

Scalable, Portable, Interoperable 

Implementa-
tion 

Distributed execution, Execution over 
the Internet, Easy to use 

 
As systems being modelled grow larger and more 

complex, it is desirable to reduce the complexity of a large 
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problem by breaking it into more manageable pieces 
(modularity). Software reuse is defined as the isolation, se-
lection, maintenance and utilisation of existing software 
artefacts in the development of new systems (Pidd 2002). 
Reuse is raising much expectation in the simulation com-
munity because it seems to promise more cost effective, 
faster development and easier maintenance of complex 
models (Daum and Sargent 1999). Hierarchical structures 
allow simulation model to be developed using recursive 
hierarchical composition (Daum and Sargent 1999). The 
system architecture or design should enable simulation 
software to work when the number of modules increases 
(e.g., the size of the problem is increased). It is important 
because the future simulation software must work for 
large-scale problems as well as small scale ones (scalabil-
ity). Miller et al. (1998) noted that the system architecture 
or design should enable simulation software to run without 
modification in different platforms, with different hard-
ware and different operating systems (portability). Further, 
Daum and Sargent (1999) stated that the system architecture 
or design should provide the ability of different simulation 
software to communicate with each other (interoperabil-
ity). This is essential in the recursive hierarchical model 
composition. Scalability may be achieved through distrib-
uted execution of the simulation model. The Internet has 
more potential for collaborative simulation and modelling. 
It is also possible to have different parts of a model run in 
different computers linked by the Internet, for example, us-
ing Grid computing technology (Ryzerz et al. 2005). Many 
simulation users are not expert programmers. Therefore, 
they appreciate the ease of use of simulation software. 

Apart from the many advantages of CBS, there are a 
number of issues that need to be addressed for the success-
ful and widespread adoption of CBS. Robinson et al. 
(2004) identified that the lack of motivation for model de-
velopers was one of the obstacles.  

Bass (1969) is a seminal paper that proposes a diffu-
sion model of innovation and new products. The model ex-
plains the dynamics of the adoption, using the rate of adop-
tion to define the diffusion of the innovation amongst 

 



Onggo, Soopramanien, and Pidd 

 
potential adopters. The marketing literature includes nu-
merous applications of the Bass diffusion model. Previous 
research has focused on the demand side dynamics of the 
diffusion and adoption processes. Here we study the adop-
tion and diffusion of CBS using an evolutionary dynamics 
perspective, taking into account both the demand and sup-
ply side interactions and the micro-specificities of behav-
iour of various stakeholders involved. This paper proposes 
a business model to show the potential financial benefits of 
using CBS that would be gained by different stakeholders, 
including the model developers. We identify four main 
stakeholders as detailed in the next section. 

The rest of this paper is organized as follows. In sec-
tion 2, we discuss the role and interactions between four 
main stakeholders. We propose the business model in sec-
tion 3. We discuss result in section 4. Our concluding re-
mark is in section 5. 

2 MAIN STAKEHOLDERS 

In any system we need to identify the various agents and 
how they interact and influence each others’ actions.  We 
identify four main stakeholders in a CBS business envi-
ronment. They are: component users, component provid-
ers, certification providers, and indexing service providers. 
Earlier, Pidd (2002) proposed a simple financial model to 
model the costs and benefits of component reuse. He fur-
ther noted that the model assumed all the costs were borne 
by the one stakeholder, i.e., component providers. We ex-
tend his model to study the costs and benefits of CBS from 
the perspective of the four stakeholders.  

In this paper, we assume that a simulation model is 
made up of a number of components. This can be general-
ized to any hierarchical composition that allows a model to 
be formed from sub models and components, or a compo-
nent to be formed from smaller components. Note that we 
differentiate between a model and a component. Pidd 
(2004) defined a model as the representation of the system 
of interest and is used to investigate possible improvements 
in the real system or to discover the effect of different poli-
cies on that system, while a component is defined as an en-
capsulated module with a defined interface, providing lim-
ited functionality and able to be used within a defined 
architecture (Pidd 2002). 

The process and workings of the business environment 
modelled in this paper operate under the micro-economic 
assumptions of perfect competition. There are four main 
assumptions that are important for the development of our 
proposed business model. Firstly, we assume that all prod-
ucts sold in the market, in our case components, are identi-
cal. An implication of this assumption is that price differ-
ences cannot be explained by different product/component 
attributes. A second assumption is that there is perfect in-
formation amongst all agents. For example, all consumers 
are aware of the market price such that they will not buy 
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from a retailer that is selling a component (identical) above 
the market price. A firm that sells above the market price 
will lose market share. A third assumption is that there is 
no barrier to entry into this industry such that new firms 
entering the industry get access to the same technology as 
those who were operating in the market. The final assump-
tion is that any single firm in the market by its own action 
cannot influence the market price; the firm is therefore a 
price taker. This means that the firm can only control its 
output.  These assumptions are open to obvious criticisms 
in that they may be interpreted as being too simplistic and 
perhaps unrealistic. We do not disagree with this view. 
However, we need these assumptions for the sake of dem-
onstrating the dynamics of the model and the implications. 
In fact, it can easily be shown that relaxing some of the as-
sumptions does in fact add some more “realism” but does 
not in any way affect the dynamics of the model. 

2.1 Component Users 

In the context of CBS, the customers are the component 
users (the users, thereafter). The users are  organizations, 
or workers in the organizations, which develop simulation 
models from various simulation components. They use the 
simulation models for decision-making. The user has to 
make the simple decision of whether to develop its own 
simulation model or to buy the various components in the 
market to build the simulation model. The only factor that 
influences this decision to buy components from the mar-
ket is the financial benefit. We assume here that the firms 
have the necessary capabilities to develop their own com-
ponents.  The financial benefit comes from the cost saving 
in the simulation model development (U) as shown in 
Equation 1. 
 
 ( )CIDU +−=  (1) 
 
If the user decides to totally develop the model, then it will 
cost him/her the development costs (D). Otherwise, if the 
user decides to buy the components,  the cost is the price of 
the components (C) as well as the integration costs (I) 
which includes the costs of validating the composed 
model. Therefore, the saving is obtained from the differ-
ence between the costs incurred if the user totally develops 
the model himself/herself and the costs incurred if the user 
builds the model from the components he/she buys. 

Fowler (2003) argued that the ability of system dy-
namics to model nonlinearities, inertia, delays, and net-
worked feedback loops in a system made it suitable to 
model the relationships between organisations and their 
business environment. In this paper, we also use system 
dynamics to model the CBS market. Figure 1 shows the 
demand side of the model using the stock and flow dia-
gram that is commonly used in system dynamics (Sterman 
2000). 
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Figure 1: Component Users 

2.2 Component Providers 

Component providers (CP) are defined here as organiza-
tions which develop re-useable components that can be 
used to build larger components as well as simulation 
models. The main motivation for a component provider is 
to make a sustainable profit in the long term. The average 
component provider’s profit (P) can be represented as 
Equation 2. 
 

 
M

DHCNP )( −+×=  (2) 

 
As per our assumptions, there are no barriers to entry in 
this market. The decision to enter the market will depend 
on an expected minimum level of profit (Pmin). Any firm 
will enter the market as long as it can make at least Pmin. 
The total cost can be defined as the total cost of developing 
the component plus the minimum level of profit Pmin. This 
means that the total revenue must cover development cost 
as well as the minimum level of profit. Firms will be at-
tracted to the market by the fact that established providers 
are making more than the minimum level of profit. This 
will be the case in the short run when there are few firms 
operating. Over time, as the number of provider increases, 
the market price of the components will fall and all firms 
will be making the minimum level of profit and there will 
be no further entry into the market. The total revenue de-
pends on the number of component users who have bought 
the components (N), the number of component providers 
(M) and the market price of the components (C). There-
fore, the profit is the revenue minus the development costs 
(D). H is a non-negative number that represents the benefit 
of using the component for in-house applications. For sim-
plicity, we assume that H is zero. 

Figure 2 shows the supply side of the model. The at-
tractiveness is defined based on the CP profit to desired CP 
profit ratio. The attractiveness is zero and one when the ra-
tio is less than 1 and when the ratio is greater than a con-
stant k, respectively (k represents a value beyond which the 
market becomes attractive to all potential component pro-
956
viders). In this model, we use a simple linear relation to 
model the attractiveness between the ratio of one and k. 
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Figure 2: Component Providers 

2.3 Certificate Providers 

Component reuse is dependent on trust (Pidd 2002, Balci 
2001). Imperfect information about different components 
capabilities and their providers increases the perceived risk 
of buying components. Hence, there must be institutions or 
organizations (we call them certificate providers) that can 
guarantee the validity of the simulation components devel-
oped by the component providers. Balci (2001) has long 
noted the importance of certification providers especially 
for the establishment of marketplace for CBS. The certifi-
cate providers will be present in the market only under im-
perfect competition. In our perfect competition and infor-
mation regimes, there is no need to model the action of the 
certificate providers. If we relax this assumption we can 
easily incorporate the role of certificate providers in the 
model. 

2.4 Indexing Service Providers 

When the number of available differentiated components 
increases, a search engine for searching and arranging in-
formation becomes very important. This is true for any 
software component (Sommerville 2004). An indexing 
service provider is an institution or an organization that 
provides an indexing service so that component users can 
find the components they need easily and accurately. 
Again, here in our framework the role of indexing provid-
ers is not modelled explicitly since we are operating under 
a regime of perfect competition and undifferentiated com-
ponents. 

3 BUSINESS SYSTEM DYNAMICS MODEL 

Having identified the four stakeholders, in this section, we 
build an interaction model to show the dynamics of the 
system. Our main objective here is to explore how we can 
model the interaction activities of different stakeholders. In 
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Figure 3: Interaction between Component Users and Component Providers 

 

this paper, we use a simple model describing the interac-
tion between component users and component providers 
and demonstrate how the market will evolve. Furthermore, 
we also want to show if it is possible for both stakeholders 
to gain the financial benefit. This condition is necessary for 
the growth and long term prospect of the CBS market. The 
model in Figure 3 shows the early stage of the market. 

When the market matures, new component providers 
will have to offer differentiated components in order to get 
competitive advantage over existing component providers. 
This, in turn, would attract certificate providers and the in-
dexing service providers to enter the market as well. We 
leave the modelling of the certificate providers and the in-
dexing service providers as further research. 

4 DISCUSSION 

The CBS market is simulated for a period of 10 years using 
Vensim® from the Ventana Systems which can be used to 
develop and analyze system dynamics modelling and simu-
lation <www.vensim.com>. In the first part, we discuss 
the demand side of the market. The number of potential 
users is assumed to be constant at 1m and initially there is 
no adopter. The delay for a potential user to become an 
adopter is assumed to be one month Figure 4 shows how 
the cost saving affects the number of users. The top figure 
shows that at the lower cost saving, the number of users 
increases moderately. When the cost saving is increased 
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linearly from year 5 to year 8, the number of users in-
creases exponentially. On the bottom figure, the cost sav-
ing is reduced within the same period. The number of users 
falls sharply. The number of users reaches zero when there 
is no cost saving. This model shows a non-linear relation-
ship between cost saving and the adoption rate. 

In the second part, the supply side of the market is dis-
cussed. The number of potential component providers is 
assumed to be constant at 1,000 and initially there is only 
one provider in the market. The time for a potential pro-
vider to enter the market is assumed to be six months. Ini-
tially there is no adopter in the market. The result is shown 
in Figure 5. The components are priced to give the users 
40% cost saving. It is assumed that each user requires one 
model per year and each model requires a constant number 
of components. The top figure shows the growth of com-
ponent provider population with respect to the number of 
users. The bottom figure shows the movement of the aver-
age monthly profit. The number of users increases slowly 
until it reaches the saturation point. The increase in the 
number of users brings more profit to the provider. This 
subsequently attracts a number of potential providers to en-
ter the market which creates tougher competition. The 
competition reduces the average monthly profit which 
forces some of the providers to leave the market.  

The result shows that it is important to price the com-
ponents in such way that cost saving should be substantial 
in order to attract potential customers. The model shows 
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that in the long run, both component users and component 
providers may gain some financial benefits by adopting the 
component-based simulation. 
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Figure 4: Cost Saving and Component User Population 
 

5 RESEARCH IMPLICATION, CONCLUSION 
AND FUTURE WORK. 

The main contribution of this paper is to propose a busi-
ness model for the component-based simulation market, 
modeled via system dynamics. We provide an exploratory 
framework which demonstrates that both component users 
and component providers may gain some financial benefits 
in the long run. This provides the foundation for our future 
research which will address the following. First, we have 
to address the heterogeneous characteristics of users. For 
example, different users will have different motivations 
and capabilities such that this will influence the decision to 
adopt CBS. Other factors such as word of mouth and ad-
vertisement need to be addressed too. Second, we have to 
take into account that different components will exist in the 
same market. Third, different component providers have to 
be addressed as well. For example, different providers will 
have different motivations and capabilities to provide new 
958
components when they enter the market. Finally, as men-
tioned previously, we have to extend our work to include 
the remaining two stakeholders: certificate providers and 
indexing service providers. 
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Figure 5: Component Provider Population 
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