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Abstract 
 

When a new product should be acquired, a model over its functionality is made. A quite 

new idea in the military area is to use simulations to find out what and how much to 

acquire. Since the product never has been on the market before it is hard to know how 

factors in the surroundings, like weather and other active objects, will affect it. 

Therefore these unknown factors that appear during the creation or acquiring of a new 

product need to be taken into consideration. 

 

A literature study is performed about how modelling of simulations can be done, and 

how unknown factors can be considered when modelling a simulation. The study goes 

into if unknown factors are taken into consideration when modelling in the Process 

component in Simulation Based Acquisition (SBA). The result of this study shows that 

SBA facilitates in the process of finding and reducing unknown factors. 

 

Keywords: Modelling, Simulation, Unknown factors, Risks, Simulation Based 

Acquisition, UML, and EKD. 
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1 Introduction 
 

When a company or an organisation acquires a new product, a product that has never 

before been on the market, they need to know if this product will work the way they 

want it to. In order to facilitate the process of acquiring the product, a model of the 

functionality of the product is made. Since the product has never been on the market 

before it is often not possible to know how factors in the surroundings, such as weather 

and other active objects will affect it. Due to these unknown factors it is difficult to get 

reliability in the model. The definition of product used in this project includes material 

products, software products and simulation products. 

 

This project will attempt to determine how to take these unknown factors into 

consideration when acquiring a new product, especially whether the Simulation Based 

Acquisition (SBA) process takes the factors into consideration. The study will examine 

methods for how it is possible to estimate which factors that will affect a new product 

and how these factors will affect the product. The study will also examine how to 

consider these unknown factors when modelling a simulation. 

 

The work starts with a survey over the modelling methods Enterprise Knowledge 

Development (EKD) and Unified Modeling Language (UML), then there will be an 

analyse whether EKD and UML can handle the components that need to be modelled 

before a simulation. Next step will be to make a survey over methods for how to 

estimate the unknown factors that affect a new product, and how these factors will 

affect the product. Then the study will examine how to consider unknown factors when 

modelling a simulation. Finally the study views the Process component of SBA and 

determines if SBA takes unknown factors into consideration when deciding whether to 

acquire a new product or not. All this has been conducted by a literature study. 

 



 2 Background 

 

______________________________________________________________________ 

 2 

2 Background 
 

In this section the concepts that are central to the project is described and discussed. The 

concepts are; modelling, simulation, modelling and simulation, high level architecture, 

simulation based acquisition, and unknown factors. 

 

 

2.1 Modelling 

 

A model is a concept that has many different kinds of meanings depending on the 

people and situations; clay models for children, fashion models for an advertising 

agency, mathematical models for control engineers, and physical models for architects 

are some examples (Neelamkavil, 1987). Thus people use different definitions of model 

and modelling. According to Bekey (1977, in Kheir, 1996) a model is inferred by using 

basic physical laws and relationships. He also means that a model is a representation of 

reality and can never be reality no matter how complex the model is. This view of a 

model is quite similar with some other peoples view, Neelamkavil (1987) for example 

mean that a model is a simplified representation of a system, process or theory. He 

states that a model is intended to enhance our ability to understand and predict, and to 

give us a method of controlling the way systems behave. Kheir (1996) implies that a 

systems model is a reflection of the modellers’ understanding of reality, its components, 

and their interrelations. Bekey (1977, in Kheir, 1996) states that modelling is the study 

of the mechanisms inside a system. Modelling is, according to Neelamkavil (1987), an 

iterative process, which derives its power from computational efficiency and feedback 

of results from the model, to aid human judgement. This project will define model as a 

representation of reality that facilitates humans in their understanding of systems 

behaviour. Modelling is the act of using models to gain insight in system behaviour.  

 

A model of a system can have varying forms. According to Page and Smith (1998) a 

model is a physical, mathematical, or logical representation of a system, entity, 

phenomenon, or process. Neelamkavil (1987) implies that the model may be mental, 

physical, or symbolic. A mental model (inside a person) may be a personal view of an 
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object or an event, a physical model (outside a person) may be a model of a house or a 

bridge, and a symbolic model (outside a person) may be an electric circuit diagram. 

Neelamkavil (1987) describes these different kinds of models in detail, but this project 

chooses to focus on symbolic models. Symbolic models can be divided into 

mathematical and non-mathematical models.  

 

Non-mathematical models

Schematic models:
Layout,
network diagrams,
flow charts, maps,
circuit diagrams

Graphical models:
Paintings, pictures,
graphs, drawings

Linguistic models:
Verbal or written description
of events, experiences,
scenes, dreams, ideology or
codes of practice

Figure 1. Non-mathematical models (after Neelamkavil, 1987, p.34) 

 

Non-mathematical (see fig. 1) models are for example linguistic models (like verbal or 

written descriptions of events, experiences and dreams), graphical models (like pictures, 

drawings and graphs) and schematic models (like flow charts, network diagrams and 

maps).  
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Mathematical models

Static modelsDynamic models

Analytic models Analytic modelsNumeric modelsNumeric models

Simulation models

Figure 2. Mathematical models (after Neelamkavil, 1987, p.34) 

 

Mathematical models (see fig. 2) can be dynamic or static models; these can be both 

analytic and numeric models. The numeric models can be simulation models. This study 

will examine mathematical simulation models and use different kinds of non-

mathematical models to describe simulation models (Neelamkavil, 1987). The project 

will conduct a survey over how the modelling of a simulation can be done. It will also 

examine goals models and concepts models, and will establish whether any of these two 

modelling methods can be used when modelling a simulation. 

 

 

2.1.1 Goals Models 

 

A goals model describes the goals of an enterprise, what the enterprise and its 

employees want to achieve or to avoid and when this should be achieved or avoided. 

Goals models usually clarify questions like; where should the organisation be going, 

what are the importance, criticality, and priorities of the organisation’s goals, how are 

the goals related to each other, which problems hinder the achievement of goals 

(Bubenko, Persson & Stirna, 2001). Eriksson and Penker (2000) state that goal 

modelling is a definition of the goals of the company, including the breakdown of goals 

into sub-goals, and the definition of the problems that hinder the achievement of goals. 
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Nilsson, Tolis and Nellborn (1999) mean that goals models describe why a business 

exists, and what we want to achieve with the business. Both internal and external goals 

should be modelled, and compound goals should be broken down into several single-

goal statements. The goals model relate the goal statements to each other with a 

“contributes to” relation. Conflicts, actions to manage conflicts, relations, and ranking 

of goal importance is also included in a goals model (Nilsson, Tolis & Nellborn, 1999). 

 

 

2.1.2 Concepts Models 

 

The concepts models define the “things” that are talked about in the other models. 

Concepts are, for example, used to define expressions in the goals model more strictly, 

and to describe the content of the information sets in the business process model. The 

concepts model usually clarifies questions like; what concepts are recognised in the 

enterprise, how are they defined, what business rules and constraints monitor these 

objects and concepts (Bubenko et al., 2001). According to Eriksson and Penker (2000), 

conceptual modelling defines the important concepts used in the business, and how they 

interrelate with each other. 

 

Avison and Fitzgerald (1995) describe concepts model, but use the description Entity 

models instead. When they describe conceptual models they mean models that show 

how the various activities in an information system are related to each other, or how 

they ought to be connected. The entity model shows, according to Avison and 

Fitzgerald (1995), a view of an organisation that reflects certain aspects of the “real 

world”, and is an abstract representation of the data within an organisation. It could be 

used as a discussion document. An entity-relationship model includes a set of data 

elements (entities), which are the things of interest to the organisations, and the 

relationships between these entities (Avison & Fitzgerald, 1995). 
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2.1.3 Simulation Model 

 

Law and McComas (2001) present techniques for building valid and credible simulation 

models. Ideas that the authors discuss include for example the importance of a definitive 

problem formulation, development of a written conceptual model, structured survey of 

the conceptual model, use of sensitivity analysis to determine important model factors, 

and comparison of model and system performance measures for an existing system. The 

problem formulation includes for example the overall goals of the study, the specific 

questions that should be answered by the study, the scope of the model, and the system 

configurations to be modelled. The conceptual model is constructed by collecting 

information and data, and documenting it in a model. The survey of the conceptual 

model investigates whether the model is valid, when errors are discovered in the 

conceptual model, the model is updated. The sensitivity analyses are used to establish 

which models factors have the greatest impact on performance measures, and these are 

then carefully modelled.  

 

To obtain a model that can be used for simulation Bossel (1994) states that all 

relationships must be specified in a way that allows computation by for example logical 

operations. Expert knowledge is conclusive in this phase, and as a result a formalised 

and/or logical model that is suitable for specifying this is evolved. 

 

The use of a simulation model is, according to Law and McComas (2001), a substitute 

for experimentation with the actual system, which is usually disruptive, not cost-

effective, or often impossible to do. Conclusions derived from the model can be 

erroneous if the model is not a close approximation of the actual system. This may 

result in costly decisions, particularly if something is produced that is unacceptable or 

useless the costs get unnecessary high. Regardless of whether the corresponding system 

exists in some form or whether it will be built in the future, a validation should and can 

be done for all models. 

 

The validation is a process that determines whether a simulation model is a precise 

representation of the system. For the particular objectives of the study, it will be 

assumed that the decision-maker and other key project personnel accept a simulation 
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model, and the results of the simulation model are “correct” then they have reliability. A 

reliable model is not necessary valid and a valid model is not necessary reliable (Law & 

McComas, 2001). 

 

 

2.2 Simulation 

 

Shannon (1975 in Ingalls, 2001), Neelamkavil (1987), Kheir (1996), Banks (2000) and 

Ingalls (2001) agree that simulation is the process of building a model of a real system 

and conducting experiments on this model. According to Neelamkavil (1987) and Banks 

(2000) the model should imitate the systems behaviour time; Neelamkavil (1987) 

divides this time into real, compressed, and expanded time. The purpose of a simulation 

is, according to Shannon (1975 in Ingalls, 2001), either to understand the systems 

behaviour or to evaluate strategies for an operation of a system. Kheir (1996), Banks 

(2000) and Ingalls (2001) also mean that the purpose is achieved through studying the 

behaviour of the model to get an understanding of it. Kheir (1996) states that the 

experimenter should define the assumptions, which the model behaviours are observed 

under. The experimenter is the modeller, user, and/or decision-maker. According to 

Ingalls (2001), simulation is used to evaluate different scenarios when a system is 

analysed, hence the person who is doing the simulation should choose the best scenario. 

The scenarios are generated by a person, not by the system. Law and McComas (2001) 

present a method in seven steps for conducting a successful simulation study. Applying 

a method is critical for a study’s success in general and for development of valid models 

in particular. Law and McComas (2001) also present some practical techniques for 

developing valid and credible models, these are connected to one or more of the seven 

steps. In this project, simulation is considered to be the process of building a model of a 

real system that allows experiments to be conducted on the model to get an 

understanding of the models behaviour and potential changes that could be made on the 

model. 
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2.2.1 Discrete-event simulation (DES) 

 

Discrete-event simulation (DES) is, according to Law and Kelton (2000), a simulation 

that concerns modelling of a system as it evolve over time. This is done by a 

representation in which the state’s variables change immediately at separate points in 

time. Banks (2000) means that a discrete-event model attempts to represent the 

components and interactions of a system to such an extent that the objectives of the 

study are met. Ingalls (2001) implies that the power of discrete-event simulation is the 

ability to mimic the dynamics of a real system. It is this ability that gives DES its 

structure, function, and unique way to analyse results, according to Ingalls (2001). 

 

Ingalls (2001) uses the logical flow of a drive-through restaurant as an example. He 

means it describes the basics of a discrete-event simulation, what it is and how it works. 

It describes a simulations structure, its modelling concepts, the simulation functions, the 

data that is generated from the simulation, and the simulations proper use. Banks (2000) 

describes the example of a logical flow but this logical flow is a more overall flow that 

describes a set of steps to guide a model builder in a thorough simulation study. 

 

According to Banks (2000) some advantages of simulations are: 

• Simulations allow testing of a product design without committing resources to 

acquisition.  

• It is possible to compress or expand time, which allows thorough investigation of 

the phenomena. 

• With simulation it is possible to determine why a certain phenomenon occurs by 

reconstructing the scene and microscopically examining the system. 

• It is possible to explore possibilities of a system without the expense and disruption 

of experimenting with the real system. 

• With simulation the interactions between variables that make up complex systems 

can be understood and problems diagnosed. 

• Constraints can be identified. 

• Simulation studies can provide understanding of system behaviour.  
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• The plan can be visualised by the use of animation features offered by many 

simulation packages, which allows the modeller to see the organisation actually 

running. 

• Simulation can be used to present design changes that may create an objective 

opinion of the results that will occur in a proposed design. 

• Simulation can facilitate preparation for changes in the future. 

 

Banks (2000) also lists some disadvantages of simulations, such as: 

• The construction of models requires special training, which is learned through 

experience and takes time. 

• Since most simulation outputs are based on random variables, it may be difficult to 

interpret whether the outputs of a simulation are a result of system interrelationships 

or randomness. 

• Simulation modelling and analysis can be expensive and time-consuming tasks and 

to skimp on resources for modelling and analysis may result in a simulation model 

and/or analysis that will not satisfy the task. 

• Simulation is sometimes used inappropriately in cases when an analytical solution is 

possible or preferable. 

 

The advantages that are presented above outweigh the disadvantages, because there are 

more advantages and the disadvantages are surmountable. For example, a simulation 

allows for testing designs and exploring different possibilities without the expense of 

experimenting with a real system, which outweighs factors such as the time it takes to 

gain experience of special training which is required. Even if the simulations do not 

always give accurate answers to how the system will work, they present a sufficient 

picture of how the system will probably perform when it is completed, which could be 

beneficial when the real system is created. 

 

 

2.2.2 Military simulation 

 

The need for and demands on military simulation continually increase according to Page 

and Smith (1998). The U.S. Department of Defence (DoD) is focusing significant 
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attention in the areas of domain architectures, common terrain representation, behaviour 

representation, multiresolution modelling and synthetic natural environments. 

 

The literature about military simulation mainly reflects U.S. military training; because 

of this the reflections in this study will be confined to this area. Page and Smith (1998) 

mean that most of the concepts that is used in the U.S military arena correspond with 

military training simulation concepts outside the U.S. 

 

According to Page and Smith (1998) a simulation is a method of implementing a model 

over time, and a simulator is something that performs a simulation, such as a device, 

computer program, or a system. It could also be a device that duplicates the essential 

features of a task situation and allows direct human operation for training. Simulations 

are differentiated in a variety of ways within the DoD, such as Virtual simulation, live 

simulation and constructive simulation. Virtual simulation is simulation that involves 

real people operating simulated systems, and refers to the use of simulators. Live 

simulation is simulation that involves real people operating real systems, and refers to 

the rehearsal of practice with “go-to-war” system. Constructive simulation involves 

simulated people operating in simulated system, and refers to classical computerised 

simulation models. This categorisation is, according to Page and Smith (1998), 

problematic because there is no clear division between the categories; for example can 

the degree of human participation in simulations vary. 

 

Simulations may also be distinguished by their treatment of time. According to Page 

and Smith (1998), they may be described as logical-time simulations or real-time 

simulations. Logical-time simulations are characterised by classical discrete event or 

continuous simulation data structures and algorithms. Real-time simulations resemble 

real-time systems, and their execution is measured on the hertz frequency, and they are 

typically driven by interruption. 

 

Military simulations are often differentiated by their inherent level of abstraction; they 

can be aggregate-level simulation or entity-level simulation. Aggregate-level is when 

the primary objects represented in the simulation are collections of doctrinally 

identifiable military assets, such as a tank battalion. If the primary objects are singular 
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military objects, such as a tank or a soldier, the simulation is referred to as an entity-

level simulation. Entity-level simulations are used for training at lower military levels, 

such as at Platoon and Company levels. Aggregate-level simulations are used as the 

basis for training at higher military levels, such as Brigade and Division levels. The 

current trend is towards developing singular simulation systems that train at all levels 

(Page and Smith, 1998). 

 

In the military area the idea of connecting training devices, simulators, began to form in 

the middle of 1970. The Simulator Networking (SIMNET) project was initiated by the 

Defense Advanced Research Projects Agency (DARPA), in 1983 (Alluisi, 1991, in Page 

& Smith, 1998). It was the first meaningful attempt to interoperate military simulators, 

and it represented advances in areas like image generation technologies, low-cost 

simulator design, and networking technologies.  

 

The desire to describe general-purpose protocols to support a wide range of network-

based training applications was spurred by SIMNETS success, according to Page and 

Smith (1998). This resulted in the formulation of the Distributed Interactive Simulation 

(DIS) and Aggregate Level Simulation Protocol (ALSP). DIS simulations are generally 

entity-level, real-time simulations. ALSP supports the interoperation of aggregate-level, 

logical-time simulations. Later the High Level Architecture (HLA), which represents 

both a generalisation and extension of DIS and ALSP, was developed to support reuse 

and interoperation of simulations across the U.S. Department of Defense (Page & Smith 

1998). 

 

 

2.3 Modelling and simulation 

 

According to Bossel (1994), models and simulations have always been an essential part 

of the human experience. When we get up in the morning we have our own mental 

model of the world around us. We run some simulations in our mind on how we will 

deal with problems and people we are going to meet during the day, try out different 

approaches, evaluate the likely outcomes and start the day with a plan. This plan will 

not protect us from failures and surprises, but it will prepare us to deal more effectively 
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with whatever arises. This could be seen as the same approach as when the mental 

model is translated into a computer model and simulations of alternative outcomes 

under different conditions are made using the computer (Bossel, 1994). 

 

According to Page and Smith (1998) the DoD generally uses the acronym “M&S” to 

refer to simulation. M&S means modelling and simulation or models and simulations 

depending on the context of its use. Modelling and simulation as a definition refers to 

the use of models to develop data as a basis for making managerial or technical 

decisions. In this project the acronym M&S will be used in this context. 

 

A simulation study must have a purpose, and there are many good reasons why a 

simulation is valuable. For example, simulation may be performed to check and 

optimise the design of a system before construction to help avoid costly design errors 

and ensure safe, high-quality, and cost-effective products. It incorporates analysis, 

performance evaluation, sensitivity analysis, comparison of alternatives, forecasting, 

safety, human in the loop training, teaching, and decision making (Kheir, 1996). 

 

Some form of systems modelling and simulation is required in modern complex 

technical and non-technical problems, according to Kheir (1996). The continuing 

advances of computer technology in terms of reduced size, and increased speed, 

capacity, and reliability, coupled with cost reduction, are expected to contribute to an 

increased use of simulations. In modelling there exists, in general, a real system whose 

behaviour has been partially observed; and the goal is to reproduce, through simulation, 

this known behaviour in order to be able to predict future behaviour (Kheir, 1996). 

 

Modelling and simulation emerged as an identifiable numerical problem-solving 

technique during World War II. It was when the so-called Monte Carlo methods 

according to Hammersley and Handscomb (1964, in Neelamkavil, 1987) were 

successfully used by John Von Neumann and Stanislaw Ulam of Los Alamos scientific 

laboratory to solve neutron diffusions problems (Neelamkavil, 1987). A Monte Carlo 

simulation is a simulation in which random statistical sampling techniques are 

employed so that the result determines estimates for unknown values (Page & Smith, 

1998). 
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2.4 High Level Architecture (HLA) 

 

High Level Architecture (HLA) allows the combination of computer simulations into 

larger simulations, according to Kuhl, Weatherly and Dahmann (1999). HLA can, for 

example, help to combine simulations of air traffic control in several different regions of 

a country with simulators of individual aircraft’s. The HLA helps to combine these 

simulations into a single, comprehensive simulation. The combined simulation system 

created from the constituent simulations is called a federation. Each simulation that is 

combined to form a federation is called a federate. A federation execution is a 

federation session where federates execute together. A federate could represent one 

platform, such as a cockpit simulator, or an aggregate simulation, such as an entire 

national simulation of air traffic flow. According to Kuhl et al. (1999) a federation 

contains supporting software called Runtime Infrastructure (RTI), a common object 

model for the data exchanged between federates in a federation called the Federation 

Object Model (FOM), and a number of federates. 

 

Defence Modeling and Simulation Office (DMSO) in U.S.A. has facilitated the 

adoption of High Level Architecture (HLA) by defining a development process for 

federations. DMSO documented its process for applying the HLA, and it evolved into 

the HLA federation development and execution process (FEDEP). This process consists 

of five basic steps: concept development, federation design, federation execution 

implementation, testing, and operations. The basic elements of these steps are then 

articulated in more detail to define the basic activities, which form the end-to-end 

process of developing and fielding an HLA federation (Kuhl et al., 1999).  

 

The HLA technology was developed in response to management’s needs for 

technology, driven by shrinking resources, to offer a higher level of simulation 

capability. Fewer resources were available to cope with the mounting needs and 

increasing uncertainty. Decisions regarding resources and needs, had to be taken before 

sufficient information was available to satisfy decision-makers. These circumstances 

were facing many large organisations in the early 1990s, but it was the U.S. Department 

of Defense (DoD) that made the development according to Kuhl et al. (1999).  
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HLA supports the interaction of simulation components at federation execution time 

and to some extent at design time. But it is not an environment for constructing models. 

According to Kuhl et al. (1999) simulations offered the DoD an opportunity to conduct 

many operations in simulation before conducting them in real war operations. For 

example training of fighting forces, experiment with new force structures and warfare 

tactics, and the creation of new weapons systems in simulation first (the “try before 

buy” approach).  

 

 

2.5 Simulated Based Acquisition (SBA) 

 

SBA is, according to Johnson, McKeon and Szanto (1998, p. 24), “...an iterative, 

integrated product and process approach to acquisition, using modeling and 

simulation, that enables the warfighting, resource allocation, and acquisition 

communities to fulfill the warfighter’s materiel needs, while maintaining Cost As an 

Independent Variable (CAIV) over the system’s entire life cycle and within the DoD’s 

system of systems.” 

 

Johnson et al. (1998) describes the following five essential features of a Simulation 

Based Acquisition process. Firstly, through early and continuous involvement, SBA will 

allow the user to define, refine and balance requirements. Secondly, a SBA process 

supported by the synthetic environment allows design teams to concurrently explore 

greater numbers of possible material solutions than is possible within the current 

acquisition process. Thirdly, the iterative nature of the SBA design process will enable 

Integrated Product and Process Development (IPPD) teams to converge systematically 

on optimal solutions more efficiently than is currently possible. Fourthly, SBA will 

support changing the role of testing into that of being an integral part of the design 

process. Finally, SBA supports informed trade-off analyses through a Decision Risk 

Analysis process. 

 

SBA Industry Steering Group (1999) describes the end-state towards which SBA will 

evolve over time. The goal of this end-state is for DoD and Industry to have a common 
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conceptual structure, within which they could identify those actions necessary to begin 

implementing SBA and expanding its use and utility.  

 

SBA is, according to SBA Industry Steering Group (1999), a system acquisition 

paradigm that embraces a whole systems life cycle. This paradigm is supported by three 

principal components. The first is an evolved culture in which individual technical 

contributions and innovations are encouraged and managed. The second is a refined 

system acquisition process that capitalises on changes in the acquisition culture 

engendered by SBA to facilitate collaboration by many Integrated Product Teams (IPT) 

across a system’s entire acquisition life cycle. The third is an advanced SBA system-

engineering environment in which the application of formal methods and automation to 

support all systems life cycle activities simultaneously encourages software reuse and 

maximises interoperability. It is hard to build a digital representation whose authenticity 

is accepted by all interested parties, it requires co-operation among all stakeholders and 

an environment that supports and encourages this level of co-operation on a scale much 

larger than we have today. SBA will go a long way in helping to realise this co-

operation by capitalising on the synergy between a vastly improved culture, process and 

systems engineering environment (SBA Industry steering group, 1999). 

 

During the past decade, the notion of SBA has emerged within the material acquisition 

community of the DoD. Within the U.S. Army, the notion SBA has evolved into an 

initiative called SMART – Simulation and Modelling for Acquisition, Requirements 

and Training. SMART, as the acronym implies, extends beyond what we typically think 

of as acquisition and embraces the broad spectrum of applications of modelling and 

simulation (M&S) within the Army (Page & Lunceford, 2001). 

 

According to Page and Lunceford (2001) the SMART initiative is first and foremost 

about effecting behavioural change, at both the individual and organisational levels, 

within the Army enterprise. SMART produces an environment for effective and 

widespread collaboration within the system life cycle. 
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2.6 Unknown factors 

 

An unknown factor is a factor that nobody could be certain over if and how it affects a 

product or a process. The factor can for example be a function that should be modelled, 

like performance or another surrounding factor, such as how the weather and the ground 

will affect a product/process. It could also be other active objects that will appear in the 

new products surroundings, for example a human or another technical object. In this 

project risks are regarded as the same as, or similar to, unknown factors, since 

uncertainty gives rise to risk, and things that are uncertain also are unknown. 

 

 

2.7 Summary 

 

Modelling and Simulation is a large area. To make a good simulation, a model over 

what is supposed to be simulated is needed. An interesting area to study is how 

modelling of simulations can be conducted and how unknown factors can be 

considered. Investigation of which factors that may affect a process/product and what 

kind of affect these unknown factors have on the process/product is also interesting. 

U.S. military is developing a process called Simulation Based Acquisition (SBA), they 

employ SBA when a new product is acquired. A study over whether unknown factors 

are taken into consideration when modelling a simulation in SBA is another interesting 

investigation to make. 
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3 Problem definition 
 

The area of simulation and modelling is large. Simulations are done in many different 

areas such as manufacturing applications, military applications, general applications, 

constructing engineering and product management, and logistics, transportation and 

distribution applications (Joines, Barton, Kang & Fishwick, 2000). 

 

In the military area the idea of using simulations for what and how much to acquire, are 

more recent than in for example constructing engineering and product management. The 

needs for and demands on military simulation are continually increasing according to 

Page and Smith (1998). To make a good simulation, a model of what is supposed to be 

simulated is needed. This model should describe the steps of the simulation process. 

Law and McComas (2001), for example, present a seven-step approach for conducting a 

successful simulation study. In the area of constructing engineering and product 

management the steps seem to be much clearer than they are in the military area. 

 

A problem is how to get reliability in the model when a new product is going to be 

created and there are unknown factors that can affect the product. To ensure reliability, 

the unknown factors that appear during the creation of a new product need to be taken 

into consideration. Unknown factors can be the function that should be modelled, like 

performance, or other environmental factors such as how the weather and the ground 

will affect the product. It could also be other active objects that will appear in the new 

products surroundings, for example a human or another technical object. It is not 

possible to know how unknown factors will affect a new product before the product is 

tested, and an assumption has to be made. For example, if the surrounding factors have 

been validated for a specific product, it does not imply that these factors will occur with 

another new product, the circumstances may have changed. How are it then possible to 

estimate which factors will affect the new product, and how these factors will affect the 

product? How is it possible to take the environmental factors that vary from product to 

product and occasion to occasion, into consideration when modelling? These are 

questions that need to be answered when creating a new product.  
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SBA (simulation based acquisition) is a process developed by the U.S. military, and 

used when a new product is acquired. SBA Industry Steering Group (1999) describes 

the end-state towards which SBA will evolve over time. According to them SBA is a 

system acquisition paradigm, supported by three principal components, that embraces 

the whole systems life cycle. This project will look at the Process component of 

acquiring a new product with SBA, if the unknown factors are taken into consideration 

when modelling, and if they are not, is it then possible to take them into consideration?  

 

Many of the applications and concepts employed in the military training simulation 

domain bear little resemblance to “traditional” discrete event simulations and discrete 

event simulation concepts. A synthesis of these two cultures is likely to benefit both 

military training simulation and discrete event simulation (Page & Smith, 1998). 

 

 

3.1 Aims and objectives 

 

The aim of this project is to determine if it is possible to consider unknown factors when 

modelling a simulation in the Process component in SBA.  

 

This work has five objectives in order to reach the aim. 

• Make a survey over the modelling methods Enterprise Knowledge Development 

(EKD) and Unified Modeling Language (UML). 

• Analyse if EKD and UML can handle the components that need to be modelled 

before a simulation. 

• Make a survey over methods for how to estimate the unknown factors that affect a 

new product, and how these factors will affect the product. 

• Examine how to consider unknown factors when modelling a simulation. 

• Determine if unknown factors are taken into consideration when modelling in the 

Process component in SBA. If they are not, examine if it is possible to take them 

into consideration. 

 

The word product includes material products, software products and simulation 

products. 
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3.2 Delimitations 

 

This work will not try to decide which the unknown factors may be in different projects, 

and it will not try to model the unknown factors affection to the simulation.  

 

In the first objective the survey will only look at the modelling methods Enterprise 

Knowledge Development (EKD) and Unified Modeling Language (UML). The 

description over whether EKD and UML handle the components that need to be 

modelled before a simulation, will in particular study Goals model and Concepts model 

in these two modelling methods. The survey will proceed from a few authors’ opinions 

about which components that need to be modelled. The reason for that goals model and 

concepts model is selected is that the both of them facilitate in the process of finding 

unknown factors (risks). According to Eriksson and Penker (2000) and Bubenko et al. 

(2001) misunderstandings can result in risks and other uncertainties, with the concepts 

model these misunderstandings, and therefore risks, can be avoided. According to 

Bubenko et al. (2001) the goals in the goals model are connected to for example 

problems, causes, and constraints. Since problems can be seen as a kind of risk, the 

goals model with its components can facilitate in the work with finding risks.  

 

 

3.3 Expected result 

 

The result of this project will be a survey over EKD and UML, and a description of 

whether EKD and UML take the simulation components that are needed into 

consideration when modelling a simulation. It will also be a description over how 

unknown factors can be taken into consideration in the modelling of a simulation and in 

the modelling of the Process component in SBA, while acquiring a new product. 
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4 Method 
 

This chapter will discuss the relevant methods for approaching the problem of this 

project.  

 

 

4.1 Possible methods 

 

Information can be collected in several different ways. Which approach that finally is 

selected depends on what seems to give the best answer to the current problem, in 

relation to the time and means that stands to disposal (Patel & Davidsson, 1994). There 

are two possible methods that seem suitable for this work. They are a literature study 

and interviews.  

 

 

4.1.1 Interviews 

 

An interview is a way of collecting information built on questions. Usually an interview 

means a personal meeting, but an interview can also be made by telephone (Patel & 

Davidsson, 1994).  

 

In this project interviews could be an approach to examine how unknown factors are 

taken into consideration during the modelling of a simulation process. People that use 

daily model simulations and have the specific knowledge that is needed about 

simulation, modelling and SBA could be interviewed. An advantage with an interview 

in this project could be that it is possible to ask resulting questions. If the interviewer 

does not get enough or precise answers to the questions, more information could be 

brought out with resulting questions according to Patel and Davidsson (1994). This in 

turn can result in a more exact answer to the project’s problem than a literature study 

could give. A disadvantage may be that to get high quality data many interviews will be 

demanded with many different interviewees. It could be difficult to find the right 

amount of people with the appropriate knowledge; it could even be difficult to find a 
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few persons with the specific knowledge that is needed to get a final quality answer to 

the problem. The reason for this is that SBA is a relatively new area according to 

Johnsson et al. (1998), and it is rarely used in Sweden, and as a result not many people 

here have the specific knowledge that is needed about SBA. Even the part of modelling 

a simulation is a specific area with few experts in the subject matter. 

 

 

4.1.2 Literature study 

 

A literature study is a study of information that is already documented in one place. It 

could be, for example, technical literature, biographies, papers, periodical literature, 

films and pictures (Patel & Davidsson, 1994). A periodical is superior to, for example, 

an article in a paper or a website. It is important that the selected literature is relevant to 

the study. The selection of documentation should be done in a way that gives an as 

complete picture as possible of what is going to be examined, more than one visual 

angle should be examined. The author has to be critical of the documents and judge 

whether the facts are probable and reliable. In a literature study an examination of when, 

where and why the documents were written should be made. It is important to take into 

account what the world looked like when the document was written, and whether that 

could have influenced the author’s approach. A decision about why a document has 

been written has to be made; for example one may consider which purpose the author 

had with the document, and under which circumstances the document was written. 

Finally an examination of whom the author is and the relationship he/she had with the 

content of the report should be taken into account. For example an examination of 

whether the document were made under some sort of influence (Patel & Davidsson, 

1994).  

 

The material that is chosen should not only be material that supports the author’s view. 

If only certain facts are chosen the material could be distorted which could create a false 

impression of an occurrence. To create a picture that reflects the reality, facts that 

contradict the results should also be presented and discussed (Patel & Davidsson, 1994). 
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Studying literature, such as books and articles, about the different ways to model a 

simulation process could be done in this project. Since the information that would be 

handled is mostly theoretical facts about modelling and simulation, a literature study is a 

suitable approach to find and then discuss these facts. An advantage of a literature study 

could be that it is a relevant way to find good knowledge in this area. If only recognised 

literature were used, written by authors recognised for the specific knowledge needed to 

answer the problem of this project, the final result would be of high quality. A 

disadvantage could be that it sometimes is difficult to get the right answer to the 

problem of this project, if no recognised author has considered the exact area that this 

project will discuss. 

 

 

4.2 Selected method 

 

When investigating something, it is important to be sure of what is done during the 

investigation. The investigator has to know what should be investigated, i.e. that the 

investigated is valid, and that what is investigated is investigated in a reliable way, i.e. 

that the reliability is good (Patel & Davidsson, 1994). The choice of method for the 

objectives will impact on both the quality of the outcome and the conclusions drawn 

with respect to the overall aim (Berndtsson, Hansson, Olsson & Lundell, 2002). 

 

Since there is much literature available about modelling and even literature about 

simulation, this project will use a literature study as a method to approach the project’s 

problem. A literature study will be made to find a few different ways to model. The 

literature about modelling will be examined and compared to discover similarities 

between the variations of modelling, and other interesting methods to use when 

representing the modelling of a simulation. In order to examine how unknown factors 

can be taken into consideration in the modelling of a simulation the literature will be 

searched for problems and obstacles with simulation and also for possible threats. 

Hopefully this will result in finding if unknown factors are taken into consideration. 
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The reason for not using interviews as a method is that it will probably be too difficult 

to find the ideal number of interviewees with the specific knowledge that is needed to 

get a high quality final answer to this project’s problem. 
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5 A survey over EKD and UML 
 

The next section will consist of a survey over two different modelling methods, 

Enterprise Knowledge Development (EKD) and Unified Modelling Language (UML). 

This part of the project corresponds to the first objective that is stated in the formulation 

of the problem. EKD is mostly used when modelling enterprises, while UML in 

addition to modelling businesses from the beginning were developed for modelling 

complex software systems. The study will go deeper into how goals and concepts are 

modelled in these two methods, because the goals modelling and concepts modelling 

are important processes when modelling a simulation. The following section will 

describe similarities and differences between the two methods. The reason for making 

this part of the survey is to be able to analyse if EKD and UML can handle the 

components that need to be modelled before a simulation. 

 

 

5.1 Enterprise Modelling (EM) 

 

Enterprise Modelling (EM) is a structured technique that is used when different aspects 

of an enterprise should be described. EM focuses on modelling an enterprise, such as 

private companies, public authorities, academic institutions or other organisations 

(Bubenko et al., 2001; Wangler, Persson & Söderström, 2001). In the early eighties 

Plandata, Sweden, introduced basic ideas related to Enterprise Modelling. In the late 

eighties, these ideas were refined by SISU (The Swedish Institute for System 

Development) and became a version called Business Modelling. This version was then 

extended into an Enterprise Modelling method in the ESPRIT project F3 – “From Fuzzy 

to Formal.” The F3 Enterprise modelling method was then further elaborated in the 

ESPRIT project ELKD. The present modelling method includes Enterprise modelling as 

a part and is denoted EKD – “Enterprise Knowledge Development” (Bubenko et al., 

2001; Wangler et al., 2001). 

 

According to Bubenko et al. (2001) one advantage of modelling is the positive effect on 

the participants. If a modelling project is well done the effects may be an improved 
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understanding of substantial parts of the enterprise, the finding of solutions to practical 

problems or a consensus about outcomes that earlier were hard to define, reason about, 

and agree upon. In the Enterprise Modeling (EM) process an integrated and negotiated 

Enterprise Model is created, which describes a particular enterprise from several 

different perspectives, such as processes, business rules, concepts/information/data, 

goals, actors, and requirements. The Enterprise Model shows the stakeholders 

negotiated view concerning a certain problem within that organisation. A EM-method 

consists of two main components; a meta-model which defines the modelling design, 

syntax, semantics and graphical notation used to create an Enterprise Model, and a 

proposed process for creating an Enterprise Model. The stakeholders from the 

organisation being modelled may participate to varying extent during the EM process, 

when this approach is employed to EM the stakeholders have facilitated group sessions 

where they collaboratively develop Enterprise Models. This participative approach to 

EM is preferred in the EKD EM method (Bubenko et al., 2001). 

 

EM is used as one of many different instruments in a development process. Within a 

development project, EM can be a single activity with planning and alignment with 

other projects or activities lying beyond the EM activity. Or EM can be a recurring 

activity throughout a development project where the requirements to keep the modelling 

product together throughout the whole project life cycle is high. There are two common 

objectives for using EM, business development and to ensure the quality of 

organisational operations. EM is commonly used in the early stages of system 

development. When two organisations are integrated or where different organisations 

collaborate and have different roles in carrying out a business process, maintaining and 

sharing knowledge about the business become especially important (Bubenko et al., 

2001).  

 

The goal of EM, according to Bubenko et al. (2001), is often to describe the present or 

future state of some enterprise. The main target for EM in general is the product of 

modelling called Enterprise Models. Participative EM has a second goal, which is to 

have an effect on the thinking of the people participating in the process of modelling. 
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5.2 Enterprise Knowledge Development (EKD) 

 

According to Bubenko et al. (2001) Enterprise Knowledge Development (EKD) is an 

approach that uses Enterprise Modelling to provide a systematic and controlled way of 

analysing, understanding, developing and documenting an enterprise and its 

components. EKD is applied to provide a clear unambiguous picture of how the 

enterprise functions at the moment, what the requirements are and the reason for 

change, what alternatives could be invented to meet these requirements, what the 

criteria are, and the arguments for evaluating these alternatives. The basic contents of 

the EKD framework are a set of description techniques, an explanation of stakeholder 

participation, and a set of guidelines for working. The EKD application process is 

supported by a set of software tools (See fig. 3).  

 

Stakeholder
participation

A set of supporting tools

A set of 
description
techniques

A set of
guidelines
for working

 

Figure 3. Contents of the EKD framework (after Bubenko et al., 2001, p.22) 

 

For successful application of EKD there are three main criteria. Firstly, the quality of 

the produced models is supposed to be high, which means that the models should make 

sense and that it should be possible to implement them as a solution to a problem. 

Secondly, the result should be useful and actually effectively implemented in the 

organisation after the modelling activity is completed. Thirdly, the stakeholders that 

were involved should be satisfied with the process and the result, despite their often 

different and sometimes conflicting success criteria (Bubenko et al., 2001). 
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The most crucial resources in an Enterprise Modelling project are the competency of the 

domain experts and the method provider. The concept of competency can, according to 

Bubenko et al. (2001), be described by four aspects: 

• Knowledge – what a person knows about a specific subject field, for example as a 

result of education. 

• Skills – the ability a person has to use this knowledge to achieve a goal. 

• Individual properties – all personal characteristics an individual has e.g. social 

skills, intelligence, flexibility, integrity, ability to cooperate, courage etc. 

• Willingness to contribute competency – the attitude a person has towards 

contributing her/his knowledge and skills to the achievement of goals other than 

her/his own. 

 

Bubenko et al. (2001) mean that EKD processes deliver a number of conceptual models 

that examine an enterprise and its requirements from a number of inter-related 

perspectives. These models and the physical world are separated, and for any given 

enterprise these models will collectively make the Enterprise Model. At any stage of its 

development, the Enterprise Model can facilitate understanding and communication 

between the participants or between participants and other stakeholders in the EKD 

process. Those involved in the EKD approach are strategists, tactical managers and 

operational staff. Together with modelling facilitators and technicians that are familiar 

with EKD, they will engage in the process of diagnosing, understanding and designing. 

Diagnosing is to model the present situation and the change requirements. 

Understanding embraces interpreting, understanding, reasoning, deliberating, and 

discussing the present and future states of the enterprise. Designing is the alternative 

future situations and scenarios that should be discussed.  

 

The Enterprise Model contains a number of interrelated sub-models, which each 

represent some aspect of the enterprise. Goal and concept models are two of these sub-

models that will be examined further in this study. Each of the sub-models that an 

Enterprise Model contains includes a number of components that describe different 

aspects of the enterprise. The Goals Model for example contains business goals, 

business problems divided into threats and weaknesses, causes, business opportunities, 

and constraints. Within a sub-model the modelling components of that sub-model are 
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related to each other, which is called intra-model relationships. They are also related to 

components in other sub-models, which is called inter-model relationship. The ability to 

trace decisions, components and other aspects throughout the enterprise is dependent on 

the use and understanding of these relationships (Bubenko, Brash & Stirna, 1998; 

Bubenko et al., 2001). 

 

 

5.2.1 Concepts model 

 

The Concepts model is according to Bubenko et al. (1998; 2001) used to define the 

words (things and phenomena) that are used in the other models, to define application 

concepts and data at the conceptual level. Concepts used in other models have to be 

defined here to avoid inconsistencies and misunderstandings that occur between 

participants and stakeholders. Components such as concepts, binary relationships and 

information attributes are included in a Concepts Model. To permit generalisation and 

complex component modelling the ISA and PartOF relationships are included in the 

Concepts Model. The Concepts Model’s main purpose is to serve as a dictionary for 

reasoning about the different concepts used in the other models. Bubenko et al. (2001) 

state that the definition of this Concept Model is based on a simple Conceptual 

Modelling language, but the choice of modelling language does not have to affect the 

modelling process itself. Generally it is possible to start with an easy modelling 

language and then move on to a more advanced concepts modelling language. A 

concept is something in the domain of interest we want to reason about, characterise and 

define using relationships with other concepts. An attribute is only used to characterise 

concepts. It is possible to relate the concepts to each other by means of semantic 

relationships like binary relationships, generalisation/specialisation (ISA) relationships, 

and aggregation (PartOF) relationships. Binary relationship is a semantic relationship, 

defined by the modeller by naming it, between two concepts or within a concept. The 

forward, or primary, direction is the direction indicated by an arrow, the opposite 

direction is called the inverse direction. ISA relationship is a specific kind of semantic 

relationship between concepts, referred to as a generalisation. If “A” ISA “B”, then “B” 

is the generic concept and “A” is the specific concept. All attributes, their values, and 

constraints are inherited from the generic concept to the specific concepts in an ISA 
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relationship. A PartOF relationship can also be called an aggregation and is a special 

form of semantic relationship where the interrelated concepts are coupled strongly and 

tightly to each other. A typical example of an aggregation is where the part at the top 

level of the structure has a number of components and some or each of these 

components is seen as aggregates at the next level, and in turn has parts (Bubenko et al., 

1998; 2001). 

 

When a Concepts Model is developed not all relationships that exists in the real world 

between the concepts needs to be present, and the decision about which relations and 

concepts are relevant depends on the scope of the modelling. It is important to sharply 

differentiate between all different interpretations and uses of a concept, and to put 

components in appropriate models at the beginning of the modelling otherwise the 

models may grow too large and confusing (Bubenko et al., 1998; 2001). 

 

 

5.2.2 Goals model 

 

The Goals Model is used to describe the goals of the enterprise and the issues associated 

with achieving these goals. Essentially the Goals Model describes the reasons, or 

motivation, for components in the other sub-models. The Goals Model explains 

thorough links to and from the other sub-models and the reason for whether processes 

and requirements exist or not. Semantic links are going in only one direction; they relate 

the components of the Goals Model to each other. These links are of three main types, 

which are support, hinder, and conflict. The support relationships are used to refine or 

decompose goals or other components. Hinder relationships can be seen as opposite to 

supports and are used to show negative influences between components of the Goals 

model. Conflict relationships are used to define the achievement of one goal in conflict 

with another (Bubenko et al., 1998; 2001). 

 

According to Bubenko et al. (1998; 2001) the Goals model consists of the component 

types goal, problem, cause, constraint and opportunity. A goal is a state that is desired 

and needs to be achieved and express what the enterprise and its employees want to 

achieve or avoid, and when. The modelling participants should reflect on and state their 
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short and long term goals about the enterprise. They should also discuss and agree on 

the individual importance of goals, criticality of goals, priority of goals, and they should 

evaluate alternative ways of achieving goals. A problem is used to express the 

environment which may become a state of affairs that needs to be addressed, but is non-

desirable and hinders the achievement of goals. If the problem does not hinder the goals 

then either the problem is not a problem of the enterprise or the set of goals is 

incomplete. Problems can be specified in the sub-types weaknesses and threats. 

Weakness is a problem describing factors that may reduce the possibility of achieving a 

goal. The enterprise can with its resources and knowledge reduce the effects of this type 

of problem. Threats are problems that the enterprise does not have the knowledge to 

reduce the effect of, but they have the resources. A cause is used to express why 

problems occur. Situations or states outside the control of the project, process, or 

organisation are usually a cause. A constraint is used to express external factors that 

may affect components and links within the Enterprise Model. They could be business 

restrictions, rules, laws, or policies that constraint the business. An opportunity is used 

to express resources that can make certain goals easier to achieve, or even to state new 

goals of the enterprise (Bubenko et al., 1998; 2001). 

 

In the beginning the Goals Model may be a bit abstract, according to Bubenko et al. 

(1998; 2001), and to get some clarity and to make the goals more detailed it is often 

necessary to decompose or to refine the goals to sub-goals. To be able to do this the goal 

graphs provide for AND/OR relationships. The AND refinement relationship represents 

a set of unique sub-goals that are needed to support the original refined goal in a 

satisfied way. The OR refinement relationship represents a set of alternative sub-goals 

and one of the sub-goals in the set has to be satisfied to support the original goal 

(Bubenko et al., 1998; 2001).  

 

According to Bubenko et al. (1998; 2001) developing a Goals Model is initially a 

brainstorming activity where the modellers have to consider views and contributions 

from all participants. Because of this the initial product of modelling normally becomes 

unstructured and difficult to understand. When developing Goals Model it is important 

to concentrate on the business itself, and put the supporting information system and its 

more technical goals aside. It is also important to express all components of the model 
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in a clear and precise way, while working with Enterprise Models. A good rule to 

follow is to express the goals in the Goal Model in a full sentence starting with “The 

goal is…”. 

 

 

5.3 Unified Modeling Language (UML) 

 

Since The Unified Modeling Language (UML) was introduced in November 1997, the 

method has rapidly become the standard modelling language for software development. 

Many users of other methods (Booch, OMT, Fusion, etc.) have adopted UML and a 

number of books have been written about UML, and most modelling tools have 

implemented support for the language, and predictions of the future have indicated that 

UML will become even more important and dominant. UML has much impact on the 

development of software systems, and the modelling has a role in documentation and 

specification of complex software systems. The UML standardises a notation for 

describing a process but not a process for producing those descriptions. It can be used, 

more or less formally specified, by many different developmental processes. The 

process is also affected by factors as the type of system or the developer’s experience. 

There is no specific or correct way in which UML should be used in a project (Eriksson 

& Penker, 2000). 

 

According to Eriksson and Penker (2000) UML has mainly been used to model software 

systems and in later years even to model businesses. The word business is broadly used 

for any type of ongoing operation that has or uses resources and has one or more goals 

that can be referred to as a business. The owner of the business sets the goals and 

allocates resources to make the business run. The business modeller creates the 

structure, designs the processes, and allocates the resources in order to achieve the 

goals. The system developer adapts, designs, or develops appropriate information 

systems that support the running of the business. Business modelling with UML helps 

to understand the actual business by modelling it and its goals, processes (activities), 

resources (such as people, machines, and material) and rules. UML has the ability to 

describe both the structural aspects of a business (such as the organisation, goal 

hierarchies, or the structures of the resources), the behavioural aspects of a business 
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(such as the processes), and the business rules that affect both structure and behaviour. 

Several development processes that use UML advocate that the system development 

should start with use-case modelling to define the functional requirements on the 

system. 

 

 

5.3.1 Concepts model 

 

According to Eriksson and Penker (2000) a conceptual model is expressed as a class 

diagram and aims at defining the business key concepts. To model important concepts 

as separate classes can significantly improve the quality of business models. The quality 

is improved by extending the classes with attributes and relationships to other important 

concepts. It is important that the definitions of the concepts are clear, so that the 

individuals do not have different interpretations of the concepts. A class diagram 

describes the structure of a system, which is built from classes and relationships. The 

classes can represent and structure information, products, documents, or organisations. 

 

Systems are built from objects and are described by their internal properties and their 

relationship to other objects. The objects can be physical, like computers, raw material 

and people, or they can be abstract, like information or knowledge. The attributes of an 

object are described with a name and a type; the type can be, for example, integer, string 

or date. An attribute is a quality ascribed to a person or a thing, and is considered 

essential to the person/thing. The objects also have behaviour, which is described by 

operations attached to the objects. A set of objects with the same characteristics is called 

a class; a class can for example be Person, Order, Company, and Goal. This way of 

classifying and grouping objects into classes reduces the number of elements in and the 

complexity of the system when modelling. This facilitates the building and description 

of more complex systems. The classes are modelled and related to each other in a class 

diagram, where the classes are described with names, attributes, and operations. The 

relationships between the classes are described by a name, roles and multiplicity 

(Eriksson & Penker, 2000). 
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The important concepts in the concept model are modelled as classes, and the 

relationships are expressed through the UML relationships known as association, 

aggregation, and generalisation/specialisation. Association is when the concepts have a 

bond between each other, like a companionship. Aggregation is used where a whole is 

connected with its parts. UML also provides generalisation and specialisation; which is 

when the objects are organised in hierarchies. A set can be divided in sub-sets or be 

generalised. The sub-sets are a specialisation of a more general class, a super-class 

(Eriksson & Penker, 2000). 

 

It is often desirable to model a system generically according to Eriksson and Penker 

(2000). When developing generic systems a common problem is to handle new types of 

objects that were added over time. For example a system built for organising vehicles, 

including types such as cars, aeroplanes, and boats, has to be built in a way that makes it 

possible to add new objects if a new kind of vehicle will appear in the future. This since 

it is not possible to know in advance exactly which types that will be required and 

consequently impossible to model it beforehand.  

 

 

5.3.2 Goals model 

 

According to Eriksson and Penker (2000) a goal model is expressed in an object 

diagram and it states the business goals and is used for validation. The object diagram is 

typically used to illustrate and explain a complex class diagram. It expresses possible 

object combinations of a specific class diagram at a specific moment in time; and does 

not show the multiplicity of the links. Object diagrams are drawn with objects and links 

where the links are instances of associations and aggregations. The object names are 

underlined and are composed by their name, a colon, and the class name. Eriksson and 

Penker (2000) states that a goal model describes the goals of the business and the 

problems that stand in the way of achieving the goals, goal modelling is a critical issue. 

The business models and the resulting business strive to achieve business goals. The 

business goals establish the foundation for the business-process design and the 

definition of business resources and rules. Because of this, a goal model that is validated 

and verified supports all other modelling work. A goal model affects the entire 
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modelling process including how the system is built and how it is used when built. It is 

recommended to use as much detail as possible when describing a business goal. To 

establish business goals is and has always been important because the goal both direct 

and drive the business process and make it possible to measure the success of the 

business at a later date. A goal motivates actions leading to state changes in desired 

directions.  

 

Each goal in the goal model is broken down into sub-goals according to Eriksson and 

Penker (2000). The goals are described as objects of classes where these objects are 

used in the diagrams to show goals, the dependencies between goals, the relationships 

between goals, and the problems they solve. The relationships between goals are 

dependencies and associations/aggregations. A dependency shows that one goal is a 

sub-goal of another and that the goals are dependent on each other. An association is 

used to show links between two goals, such as contradictions between goals. A goal that 

can be completely broken down to sub-goals indicates that the goal will automatically 

be filled if all of the sub-goals are met and this could be seen as a logical AND 

condition between the sub-goals. Currently there are no corresponding logical OR 

condition in the extensions. The goal model also shows problems such as obstacles that 

hinder the achievement of a goal. A problem is always linked to a goal and can also, 

like the goals, be broken down into sub-problems. An action plan can be formulated 

from the goal model. The action plan contains a list of the problems, the cause of each 

problem, the appropriate action for each problem, the prerequisites for each action, and 

the resource or process responsible for solving the problem. A cause leads to problems, 

and a problem can be solved if the cause is removed (Eriksson & Penker, 2000).  

 

 

5.4 A comparison between EKD and UML 

 

EKD is mostly used when modelling enterprises, while UML in addition to modelling 

businesses from the beginning were developed for modelling complex software 

systems. UML is a notation for describing a process, which is affected by what type of 

system/business should be described and what kind of experience the developers have in 

the area (Eriksson & Penker, 2000). Even in EKD the knowledge of the domain experts 
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is important. Enterprise modelling is used in EKD to describe the enterprise and its 

components and to provide analysis, understanding, development, and documentation 

(Bubenko et al., 2001). In UML the documentation and specification of complex 

systems has important impacts on the development of the system/business (Eriksson & 

Penker, 2000). 

 

The people that are concerned with the development of a business/system vary between 

EKD and UML, but some of them are similar. In UML the owner of the 

business/system, the business modellers, and the system developers participate in the 

development process (Eriksson & Penker, 2000). According to Bubenko et al. (2001) 

EKD also use people that have knowledge in modelling, so called modelling facilitators, 

and technicians, which can be compared with the system developers in UML. In 

addition to these people EKD also uses strategists, tactical managers, and operational 

staff to engage in the process of understanding, reasoning, deliberating and discussing 

the present and future states of the enterprise, which is important when modelling a 

business. 

 

Both UML and EKD have different sub-models to make an as precise picture as 

possible of the business/system (Eriksson & Penker, 2000; Bubenko et al., 2001). The 

two sub-models that have been examined in more detail here are the goals model and 

the concepts model which both are parts of the respective modelling methods UML and 

EKD. 

 

 

5.4.1 Concepts model 

 

The concepts model is a part of both UML and EKD that is employed to define key 

concepts that are used in the business and consequently in the other models. It is very 

important that all concepts are properly defined here to avoid misunderstandings, and so 

that the concepts model can be used as a dictionary for reasoning about concepts used in 

other models (Eriksson & Penker, 2000; Bubenko et al., 1998; 2001). 
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Included in the concepts model in both UML and EKD, are the concept itself (its name), 

attributes that characterise the concepts, and a number of different kinds of relationships 

(Eriksson & Penker, 2000; Bubenko et al., 1998; 2001). In EKD the concepts are 

reasoned about, characterised and defined using relationships to other concepts. In UML 

their internal properties and their relationships to other objects describe the concepts. 

This means that both EKD and UML define the ability of the concepts by their 

relationships. An attribute in UML are seen as a quality ascribed to a person or a thing, 

in EKD an attribute are used to characterise concepts. If these concepts are for example 

seen as persons or things, EKD and UML describe attributes ability in similar ways. The 

relationships that exist in UML are, according to Eriksson and Penker (2000), 

association, aggregation, and generalisation/specification. The existing relationships in 

EKD are, according to Bubenko et al. (1998; 2001), binary relationships (a semantic 

relationship between two concepts), PartOF relationships (which is a kind of 

aggregation), and ISA relationships (also called generalisation, and the opposite is 

called specification). The ability of the relationship association in UML is that the 

associated concepts are bounded to each other, like a companionship. In EKD the binary 

relationship function in a similar way, it works as a semantic relationship between two 

concepts or within a concept. Aggregation in UML are used where a whole is connected 

to its parts, the PartOF relationship (aggregation) in EKD are seen as a special form of a 

semantic relationship where the interrelated concepts are coupled strongly to each other. 

The ability of aggregation in both UML and EKD are therefore seen as a kind of 

connection. The ISA relationship (generalisation/specification) in EKD is, as the PartOF 

relationship, seen as a special form of a semantic relationship between concepts. But 

here the speciality is generalisation/specification, which could be explained with an 

example: if “A” ISA “B”, then “B” is the generic concept and “A” is the specific 

concept. This could be compared with the generalisation/specification relationship in 

UML, which refer to when objects are organised in hierarchies. In UML this ability is 

explained with sets and sub-sets. A set can be divided in sub-sets or be generalised. The 

sub-sets are specialisations of the more general classes, the super-sets. According to 

Bubenko et al. (2001), EKD is a simple method that should be easy to use, it is not an as 

complex method as UML. 
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5.4.2 Goals model 

 

The goal model is part of both UML and EKD and is used to describe the goals of the 

business/system and how to achieve these goals. The goals model also depicts the 

problems of achieving the goals (Eriksson & Penker, 2000; Bubenko et al., 1998; 2001). 

According to Bubenko et al. (1998; 2001) the EKD goals model consists of the 

component types goal, problem, cause, constraint, and opportunity. A goal in EKD is a 

desired state that needs to be achieved. The ability of the goal is to express what the 

enterprise want to achieve or avoid, and when. A problem has the ability to express that 

the environment is or may become in a state of affairs that needs to be addressed, but is 

non-desirable and hinders the achievement of goals. A cause is used to express why 

problems occur. A constraint expresses what from the outside world that is affecting 

components and links within the enterprise modelling. An opportunity has the ability to 

express resources that can make certain goals easier to achieve, or even to state new 

goals of the enterprise. According to Eriksson and Penker (2000) the three first 

components, goal, problem, and cause are also included in UML. But the components 

constraint and opportunity could not been found. A goal in UML describes the goal of 

the enterprise; it motivates actions leading to state changes in desired directions. The 

goal in both EKD and UML therefore describes what is desired/needs to be achieved, 

which is described in the goal. A problem in UML could be described as something that 

stands in the way of achieving a goal; the problem is always linked to a goal. The ability 

of a problem in UML is the same as the ability of a problem in EKD, which hinders the 

achievement of goals. A cause in UML leads to problems; a problem can be solved if 

the cause is removed. This could be compared with that a cause in EKD is used to 

express why problems occur, since the cause of something is the same as a reason for 

why something occur. Except for this three components used in UML it is also possible 

to look for actions for each problem, prerequisites for each action and resources or 

processes responsible for solving the problem in UML.  

 

The relationships that are used to relate these component types to each other in EKD are 

supports, hinders, and conflicts (Bubenko et al., 1998; 2001). Support is used to refine 

or decompose goals or other components. Hinders is the opposite to support and is used 

to show negative influences between components. Conflicts define when the 
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achievement of one goal is in conflict with another. In UML the links function in a 

different way, actually in a similar way to how the links work in the concepts model in 

both EKD and UML. The relationships that are used in UML are dependencies and 

associations/aggregations (Eriksson & Penker, 2000). A dependency shows that one 

goal is a sub-goal of another; the goals are dependent on each other. The dependency 

relationship in UML could be compared with the support relationship in EKD, since 

both of them breaks down/decompose goals. An association in UML shows links 

between two goals, such as contradictions between the goals. It is possible to compare 

the association relationship in UML with the two relationships hinder and conflicts. The 

association relationship is a general kind of relationship that shows contradictions 

between goals, while the hinder and conflict relationships are more specific. The hinder 

relationship shows negative influences while the conflicts relationship shows when one 

goal is in conflict with another. Another difference between EKD and UML is that the 

broken down goals in EKD are provided with AND/OR relationships (Bubenko et al., 

1998; 2001), in UML only the AND relationship is provided (Eriksson & Penker, 

2000). The ability of AND relationships in both EKD and UML is that the goals 

automatically will be filled if all sub-goals are met, the sub-goals are needed to support 

the original refined goal in a satisfied way. The OR relationship only exist in EKD and 

represents a set of alternative sub-goals, one of the sub-goals in the set has to be 

satisfied to support the original goal.  
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6 Are the simulation components handled in EKD and 

UML? 
 

This part of the project corresponds to the second objective that is stated in the 

formulation of the problem. It will analyse whether EKD and UML can handle the 

components that need to be modelled before a simulation. According to Ingalls (2001) 

there are many different structures of simulation packages, but regardless of how 

complex a package may be there are some components that are used in most packages. 

This chapter will first describe which components that need to be included in a 

simulation structure, then go deeper into what a simulation model is, and finally discuss 

whether EKD and UML can be used when modelling a simulation. 

 

 

6.1 Components that need to be modelled before a simulation 

 

Banks (2000) used the word “concept” to describe that which is included in a discrete 

event simulation, while Ingalls (2001) used the word “component”. In this report the 

word component will be used. Some of the components underlying discrete event 

simulation are according to Banks (2000) system, model, events, system state variables, 

entities, attributes, resources, list processing, activities and delays. Ingalls (2001) 

means the structure of discrete event simulation has the following components; entities, 

activities, events, resources, global variables, a random number generator, a calendar, 

system state variables and statistics collectors. 

 

According to Banks (2000) a model is a representation of an actual system and the 

model should be complex enough to answer questions raised about the boundaries of the 

model, but not too complex.  

 

Ingalls (2001) and Banks (2000) state that an event is an occurrence that changes the 

state of the system. Banks (2000) means there are both internal and external events. An 

internal event is simulated within the system and an external event is an occurrence of 

the event outside of the simulation.  
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According to Ingalls (2001) an entity causes changes in the state of the simulation. 

Without entities nothing would happen in a simulation. A stopping condition for a 

simulation model is the condition where there are no active entities in the system. Banks 

(2000) believes that an entity represents an object that requires explicit definition; the 

entity can be dynamic or static. An entity is dynamic, in that it ”moves” through the 

system and it is static in that it serves other entities according to Banks (2000). Entities 

can, for example, be parts in a manufacturing facility or cars in a simulation of a drive-

through restaurant. Entities can also be used to represent the flow of information. This 

information could be a customer order, an e-mail alert, a packet in a computer network, 

etc. It can be anything non-physical that causes a change in the status of the system, and 

these information entities also have attributes (Ingalls, 2001). An entity may have 

attributes that belong to that entity alone, hence attributes should be considered as local 

values. Many entities can have the same attribute or attributes (Banks, 2000; Ingalls, 

2001). Attributes are critical for the understanding of the performance and function of 

entities in the simulation (Ingalls, 2001). 

 

Resources in a simulation represent anything that has a restricted capacity (Ingalls, 

2001). Common examples of resources include workers, machines, nodes in a 

communication network, traffic intersections, etc. Very complex resources can be 

utilised in a simulation. In a manufacturing simulation, conveyors are a very complex 

resource that many simulation packages offer (Ingalls, 2001). According to Banks 

(2000) a resource is an entity that provides services to dynamic entities. The resource 

can serve one or more dynamic entity at the same time, i.e. operate as a parallel server. 

There are many possible states of a resource. The most relevant are idle and busy, but 

other possibilities like failed, blocked, or starved also exist (Banks, 2000). Banks (2000) 

states that entities are managed by allocating them to resources that provide services, by 

attaching them to event notices thereby suspending their activity into the future, or by 

placing them into an ordered list.  

 

Lists are used to represent queues. Banks (2000) calls this list processing. Ingalls (2001) 

talks about lists in the meaning of a calendar. The calendar for the simulation is a list of 

events that are scheduled to occur in the future. In every simulation, there is only one 
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calendar of future events and the events in the calendar are ordered by the earliest 

scheduled time first.  

 

An activity is a duration of time, which is known prior to the beginning of the activity, 

thus consequently the duration’s end can be scheduled when the duration begins (Banks, 

2000). According to Ingalls (2001) activities are processes and logic in the simulation 

that an entity interacts with. Entities interacting with activities create events. There are 

three major types of activities in a simulation, according to Ingalls (2001); these are 

delays, queues and logic. The delay activity is when the entity is delayed for a definite 

period of time. In general, the length of time for a delay is either constant or randomly 

generated. At the point that the entity starts the delay, an event occurs. Queues are 

places in the simulation were entities wait for an unspecified period of time. Entities can 

wait on resources to be available or for a given system condition to occur. Queues are 

most commonly used for waiting in line for a resource or for storing material that will 

be taken out of the queue when the right conditions exist. Logic activities simply allow 

the entity to affect the state of the system through the manipulation of state variables or 

decision logic (Ingalls, 2001). According to Banks (2000) a delay is an indefinite 

duration that is caused by some combination of system conditions. When an entity joins 

a queue for a resource, the time that it will remain in the queue may be unknown 

initially since the time may depend on other events that may occur. Discrete-event 

simulations contain activities that cause time to advance. Most discrete-event 

simulations also contain delays as entities wait. The beginning and ending of an activity 

or delay is an event (Banks, 2000).  

 

According to Ingalls (2001) a global variable is a variable that is available in the entire 

model at all times. A global variable can track just about anything that is of interest to 

the entire simulation. Every simulation package has a random number generator. This 

generator is a software routine that generates a random number between 0 and 1, which 

is used in sampling random distributions (Ingalls, 2001).  

 

Banks (2000) means that the system state variables are the collection of all information 

needed to define what is happening within the system at a sufficient level at a given 

point. The system state variables do not have to be the same in every case, even if the 
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physical system is the same. This is so because the determination of system state 

variables is a function of the purposes of the investigation. According to Ingalls (2001) 

there can be several system state variables depending on the simulation package, but the 

one system state variable that every simulation package has is the current time of the 

simulation.  

 

Statistic collectors are a part of the simulation that collects statistics on certain states 

(such as the state of resources), or the value of global variables, or certain performance 

statistics based on attributes of the entity. There are three different types of statistics that 

are collected, counts, time-persistent, and tallies. Counts are very straightforward since 

they count things. Time-persistent statistical collectors give the time-weighted values of 

different variables in the simulation. Tally statistics are collected one observation at a 

time without regard to the amount of time between the observations (Ingalls, 2001). 

 

The components that are discussed above are often used when making a simulation 

model. Next chapter will therefore discuss what is important when making a simulation 

model. 

 

 

6.2 A simulation model 

 

According to Banks (2000) a discrete-event simulation model can be described as one in 

which the state variables change only at those discrete points in time at which events 

occur. Events occur as a consequence of activity times and delays. Entities may 

compete for system resources, possibly joining queues while waiting for an available 

resource. Activity and delay times may “hold” entities for duration of time. 

 

A simulation study has a number of steps, the first steps include, for example, 

formulating the problem, formulating the goals of the simulation, and making a 

conceptual model, according to Banks (2000) and Law and McComas (2001). The use 

of a simulation model makes it possible to study and experiment on phenomena and 

systems that are too difficult, too dangerous or even impossible to observe in reality 

(Law & McComas, 2001; Borah, 2002). It is important that the simulation model is an 
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accurate representation of the real system, and to determine whether it is accurate a 

validation process for the particular goals of the study should be made. A simulation 

model should always be developed for a particular set of goals. Because a single person 

is not able to know all the information necessary to build a simulation model there 

should always be several people included in the process of building the model. To get a 

valid model it is important that the modellers interact on a regular basis with the 

members of the project team, including the decision-maker (Law & McComas, 2001). 

 

The conceptual model is an abstraction of a real world system under investigation. In 

the conceptual model Law and McComas (2001) state that model assumptions, 

algorithms, and data summaries should be documented. Banks (2000) means that the 

conceptual model is a series of mathematical and logical relationships concerning the 

components and the structure of the system. It is, according to Banks (2000), 

recommended that modelling begin simply and that the model grows until a model of 

appropriate complexity for the business has been developed. Borah (2002) means that 

the conceptual model should be iterated and that it grows from an informal description 

to a formal description. The Modelling and Simulation community should recognise the 

role of the informal conceptual model, and establish its genetic code before continuing 

to specify the format and detail of a formal conceptual model. Law and McComas 

(2001) state that a major reason for simulation models that contain invalid assumptions 

is communication errors, and they believe that if the documentation is made correctly 

this problem will be reduced. Borah (2002) found that a simulation conceptual model is 

a way for a simulation developer to translate modelling into a detailed design 

framework, from which the software, hardware, networks (in the case of distributed 

simulation), and systems/equipment that will make up the simulation can be built. The 

modelling requirements describe what is to be represented by the simulation and the 

framework shows how it is to be done. 

 

Al-Aomar and Cook (1998) established that advanced modelling methods and 

breakthroughs in computer technology are major elements in the simulation process 

development. The simulation process has four major elements according to Al-Aomar 

and Cook (1998), the real system, human intelligence, the conceptual model, and the 

simulation model (See fig. 4). Human intelligence, which plays the central role in the 
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simulation process, decides on the modelling procedure for the real system. A 

conceptual model is created as an abstract of the real system. Conceptual models are the 

blueprints for building computer simulation models. The simulation model is validated 

and verified in order to be a reliable tool for decision-making.  
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Figure 4. The simulation process (after Al-Aomar & Cook, 1998, p. 930) 

 

The simulation models that are discussed above include different components. Some of 

these components were discussed in chapter 6.1. The next chapter will discuss whether 

EKD and UML handle the components that ought to be a part of a simulation model 

according to Banks (2000) and Ingalls (2001). 

 

 

6.3 Do EKD and UML handle the components? 

 

There are a number of components that need to be included in a simulation, according to 

Banks (2000) and Ingalls (2001). The components that both Banks (2000) and Ingalls 

(2001) refer to as important are: entities, event, attributes, system state variables, 

resources, activities and list processing/calendar. The question is whether these 

components are supported in the methods UML and EKD. Entities are supported by 
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UML in the form of objects (physical or abstract) where the objects can, for example, be 

concepts or goals (Eriksson & Penker, 2000), and by EKD in the form of components, 

which also are represented as concepts or goals (Bubenko et al., 1998; 2001). EKD and 

UML support events with operations. These operations are attached to the objects in the 

system and represent the systems behaviour. Both UML and EKD support attributes in 

the concept model. The attribute is used to characterise the concepts in EKD (Bubenko 

et al., 1998; 2001), which is also true in UML where an attribute is described with a 

name and a type (Eriksson & Penker, 2000). System state variables include all 

information needed in a specific point in time. In EKD the variables could be 

represented by rules, by data about the system/business, and by requirements. In UML 

rules, data such as the name and type of an object, and documentation and specifications 

about the system represent this. Resources are represented in both UML and EKD. In 

EKD resources like description techniques, stakeholders and others that participate, 

guidelines for working, and the competency of for example domain experts are used. 

With these resources an enterprise can reduce its problems, such as weaknesses and 

threats. The component type opportunity is used in the goal model in EKD to express 

resources that can make certain goals easier to achieve or to state new goals (Bubenko 

et al., 1998; 2001). Resources that are used in UML are for example people, machines, 

material, and knowledge that the participants have (Eriksson & Penker, 2000). Both 

UML and EKD also support activities (such as processes). In EKD, EM is an activity 

used to describe different aspects of a business. UML standardises a notation for 

describing a process (activity) while a business modeller design the processes. The 

modelling of a business is a process of it self. The list processing/calendar is supported 

in UML as an action plan, which is formulated from the goals model. The action plan 

contains a list of the problems, the cause of each problem, the appropriate action for 

each problem, the prerequisites for each action, and the resource or process responsible 

for solving the problems (Eriksson & Penker, 2000). The action plan in UML can be 

compared to that the goals in EKD are ranked and listed by their importance, criticality, 

and priorities. The goals model clarify questions like how the goals are related to each 

other, and which problems that are hindering the achievement of the goals. The 

perceived problems are documented (Bubenko et al., 2001).  
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A table over whether the components are handled by EKD and UML are shown in 

figure 5 below. 

 

Component Supported in EKD? Supported in UML? 

Entity Yes, by components such as 

concepts or goals. 

Yes, in the form of objects such 

as concepts or goals. 

Event Yes, with operations. Yes, with operations. 

Attribute Yes. Yes. 

System state variables Yes, represented by rules, data 

about the system, and by 

requirements. 

Yes, represented by rules, data, 

and documentation and 

specifications. 

Resources Yes, such as description 

techniques, participants and 

their competencies, and 

guidelines.  

Yes, such as people, machines, 

material and participants and 

their competencies. 

Activities Yes, with processes. Yes, with processes. 

Listprocessing/calendar Yes, goals are listed by their 

importance, criticality, and 

priorities. 

Yes, problems are listed in an 

action plan. 

 

Figure 5. A table over whether EKD and UML support the components that should be 

part of a simulation model, according to Banks (2000) and Ingalls (2001). 

 

Most complex simulation projects need to be considered essentially as a task of 

software engineering. An approach to software engineering could include an iterative 

and incremental development process, promotion of a component-based architecture, 

and the use of a graphical modelling language (Richter & März, 2000). Both UML and 

EKD are graphical modelling languages. By using the UML, all essential features of 

structure and dynamics of the simulation model to be built can be described according 

to Richter and März (2000). Through UML descriptions of requirements and 

performance features of the simulation model regarding its structure and dynamics are 

obtained for the whole development process. UML diagrams can obtain detailed 

requirements on a simulation model.  
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Some advantages of using UML according to Richter and März (2000) are: 

• UML can establish a general standard for modelling and documentation of 

simulation models. 

• UML can be used independently from the used simulation software, i.e., the way the 

model is encoded. 

• UML can, through the use of object–oriented modelling and documentation define a 

methodology for developing simulation models. 

• It is possible to visualise concepts, structures and dynamics of a simulation model 

through UML. 

• In UML reusable components can be identified in simulation models. 

• UML builds a framework for project management for simulation studies. 

 

UML diagrams can be used to assign different aspects of interest, e.g., the interaction 

with users, the static structure and the dynamic behaviour. In this way, we obtain a 

graphical description of the simulation model that can be used as a specification and 

documentation according to Richter and März (2000). 

 

Since all components are supported in one or another way in both UML and EKD, the 

conclusion may be that both UML and EKD support the process of modelling a 

simulation. Since UML is used before when modelling simulations according to Richter 

and März (2000), this approach works fine, and since UML and EKD both support the 

concepts that are most important (Banks, 2000; Ingalls, 2001) EKD also should be 

worth testing when modelling a simulation. 
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7 Unknown factors  
 

Unknown factors, such as risks and other uncertainties, can affect a product, but they 

can also affect the whole process of creating the product. This section will deal with 

how these unknown factors can be taken into consideration during a process, or when a 

product is developed. This part of the study will discuss the third objective that is stated 

in the formulation of the problem, it will go into how to estimate what unknown factors 

that may affect a product, and how to estimate in which way these factors will affect the 

product. Then there will be a discussion about whether these unknown factors are 

considered when modelling a simulation, which corresponds to the fourth objective in 

the formulation of the problem. 

 

 

7.1 How to estimate what unknown factors will affect a process 

 

One purpose for software process simulation is the management of software 

development risks, but modelling and simulation primarily for this purpose has been 

limited. An exception is Madachy’s model, which is partially designed for the purpose 

of risk assessment according to Houston, Mackulak, and Collofello (2001b). According 

to Houston, Ferreira, Collofello, Montgomery, Mackulak and Shunk (2001a), 

Madachy’s model focuses on the production stream with particular attention to work 

product inspections. It contains inputs from COCOMO (Constructive Cost Modeling) 

for risk assessment and includes staffing, calculated from COCOMO, and an error 

stream, ignoring the managerial aspects. Houston et al. (2001b) use a different approach 

from Madachy since they examine common and significant software development risk 

factors and their effects, and then adapt a base model for a stochastic simulation of the 

effects to the selected factors.  

 

To model for risk management requires an understanding of risks and that the modeller 

knows how to define a means of characterising risks. Uncertainty gives rise to risk 

according to Houston et al. (2001b). McCabe and Ford (2001) state that risk is an issue 

of uncertainty. Gemmer (1997) describes some categories that are helpful for thinking 
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about the many and various uncertainties in managing software projects. One or more of 

these uncertainties cause risks. The categories of uncertainty are uncertainty in time, 

uncertainty in control, and uncertainty in information. Uncertainty in time is uncertainty 

about when certain events may occur or the ability to react to the events. Uncertainty in 

control is when there is inadequate authority to make, or influence, decisions, or 

inconsistency, in processes. Uncertainty in information is when the information on 

which to base decisions is inadequate or inaccurate. According to Houston et al. (2001b) 

one way to facilitate risk management of risks arising from uncertainty is to characterise 

risky scenarios and identify the factors in those scenarios. These scenarios can then be 

associated with a probability of occurrence, a potential cost, and its value to the 

stakeholders. Bossel (1994) means that knowing what might or will happen under 

certain circumstances, by using modelling and simulation (M&S), may be a matter of 

life and death. The reason for this is according to Bossel (1994) that even if the lives of 

individuals, the future development of a region, and even the global future, depend on 

how things like for example aircrafts and other vehicles work, to predict how a system 

will respond under certain conditions is often very difficult. To get some kind of reliable 

information about this, a model is developed that is able to simulate behaviour and 

provide hints about necessary actions to avoid unacceptable or dangerous developments.  

 

If the risk factors and their probability of affecting an outcome adversely can be 

specified, a variety of models can be employed to synthesise the factors in a model for 

estimating the system risk. To identify and assess these system risks a generic process is 

needed according to Houston et al. (2001b). The generic process estimates the inherent 

uncertainty for each risk factor and propagates the uncertainties from the factor level to 

the system level. This process is, according to Houston et al. (2001b), composed of five 

steps that are aligned with the definition of risk. The steps are: 

• Identify the risk factors 

• Model the system to incorporate the risk factors 

• Quantify risk factor uncertainties 

• Propagate the uncertainties 

• Sensitivity analysis 

This generic process can be implemented in a variety of methods, as regression analysis, 

expert systems, and stochastic modelling. 
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The software engineering literature on risks has, according to Houston et al. (2001b), 

focused on three topics. Firstly the appropriation of techniques from other disciplines, 

secondly the development of risk management approaches for software development, 

and thirdly the identification of software development risk factors and their relationship 

to project outcomes. The development of risk management has received the most 

attention, but even to understand the sources of risks, particularly through identification 

of risk factors, has been given considerable attention. To investigate software 

development risk factors a variety of approaches have been used, from which 

collections of risk factors have emerged.  

 

Simulation can be used to evaluate the impact of risk factors. To be able to model the 

risk factors in a software process simulator the risk factors have to be identified. Their 

potential effects must be known, and the probabilities of their occurrence understood. 

The literature identifies some research in software development risk factors, but much 

less work has been done on potential effects of these factors. Houston et al. (2001b) 

made a study in two stages to identify and quantify the potential effects. The first stage 

was to make a qualitative survey based on casual mapping to identify the potential 

effects. Casual mapping is a technique that is commonly employed in system dynamics 

modelling. The drawing of a set of preliminary effects diagrams facilitates the survey 

process. Software project managers were invited to review the diagrams and revise 

them, adding missing effects, deleting insignificant or non-existent effects, and 

indicating the relative importance of the effects. In the second stage of the study they 

selected six of the software development risk factors, based on their importance and the 

interrelationships found in the first survey, for further investigation.  

 

Software development projects have, according to Houston et al. (2001b), been 

modelled in a number of simulators, which have usually not been designed specifically 

for risk management activities. But these simulators can individually or in combination 

be considered as a basis for a model to which software development risk factors can be 

added, even the significant effects on the factors can be added to the model. The base 

model is deterministic, although it provides a faultless way to propagate the 

uncertainties of risk factor effects characterised by random varieties. The outcome of 

the project reflects the variation of the random distributions. This outcome can be 



 7 Unknown factors 

 

______________________________________________________________________ 

 51 

estimated as confidence intervals rather than as point estimates. If the outcome is 

specified in confidence intervals, calculated specifically from selected risk factors, a 

strong statistical tool for supporting risk management is provided.  

 

According to Houston et al. (2001b) software project risk management is usually 

described in terms of six activities in two major categories, risk assessment and risk 

control. Included in risk assessment are risk identification, risk analysis, and risk 

prioritisation. In risk control, risk management planning, risk resolution, and risk 

monitoring are included. This framework is called Boehm’s risk management 

framework. Within this framework a model called SPARS (Software Project Actualized 

Risk Simulator) is designed. It is designed to support risk analysis and risk management 

planning for the risk factors that are supposed to be studied, and to support three kinds 

of risk management planning activities called risk mitigation, risk contingency planning, 

and risk intervention. Risk mitigation is when setting inputs at the outset of a run, and 

this may simulate various risk reduction measures. Risk contingency planning is when 

triggers are added to the model to simulate invocation of a mitigation activity upon the 

occurrence of a predetermined condition. Risk intervention is when outputs provide the 

user with simulated project states, so a project may be paused and project parameters 

may be manipulated, by that means simulating an unplanned change for reducing the 

effects of an actualising risk (Houston et al., 2001b). This can be done with the help of 

Modelling and Simulation (M&S). The behaviour of a system is explained by modelling 

the actual process of the real system according to Bossel (1994). Much has to be known 

about the process, for example what parts that is included, how they are connected, and 

how they influence each other. With use of this information the system behaviour can 

be simulated even for conditions that are not observed in the past. Explicit modelling of 

risk factors and their potential effects provides an additional tool for software 

development risk management according to Houston et al. (2001b), particularly in the 

assessment and planning phases. This type of model allows managers of a software 

project to study the potential impact of various combinations of risk factors on project 

outcomes. They can then run simulations for risk mitigation plans, risk contingency 

plans, and interventions. All this as a means of explaining their experience and 

supporting project management decisions.  
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McCabe and Ford (2001) review two commonly used risk assessment tools, namely 

weighted scores and expected value. Risk reductions require a number of steps, risk 

quantification, risk assessment, and risk management. According to McCabe and Ford 

(2001) when weighted scores are used in the construction industry to measure risk, they 

require the decision-maker to: 

• define the risk elements or criteria 

• assign weights to each risk element reflective of the importance of the risk to the 

particular situation 

• for each option being assessed, score the risk element in a predetermined manner 

• multiply the scores by their weights, and sum for each option 

• compare the weighted scores and make the decision 

 

The weighted scores method is very popular in the industry according to McCabe and 

Ford (2001), since it is easy to understand. But there are also some shortcomings with 

the model. For example the decision-maker’s experiences and preferences may bias the 

weights, or a low score in one element can be counterbalanced by a high score in 

another element. Another shortcoming is that when a large number of criteria are used 

in the analysis it may be difficult for the decision-maker to assign weights in a balanced 

way. 

 

Risk may be a part of the uncertainty of an event or even the uncertainty of the impact 

of that event. When the impact of an event is of concern, the tool expected value is often 

used to quantify the impact. Expected value can, according to McCabe and Ford (2001), 

be defined as the product of the probability of an event occurring and the impact (cost) 

of that event. Expected value can be used in different ways; it can help a contractor to 

determine the risk associated with an event so that an appropriate contingency may be 

incorporated into the bid, it can also be used to help the decision-maker assess risk. 

When several impact factors are incorporated into each option the problem becomes 

more involved and care must be taken to ensure that the factors are independent to allow 

them to be added with confidence. Depending on the complexity of the situation, 

another more sophisticated way to facilitate the determination of the likelihood that does 

not require the independence assumption, may be required. A way to fulfil this need 

may be to integrate a belief network, which is an artificial intelligence, in an expected 
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value model. According to McCabe and Ford (2001) belief networks are graphical 

representations consisting of nodes and connecting directional arrows. The nodes in the 

networks represent the domain variables in the model, and the arrows represent 

conditional dependence between the variables. The graphs are directed and acyclic, 

directed means that the arrows have an explicit direction and acyclic means that the 

arrows may not form a directional cycle or loop in the network. Belief network 

applications allow the user to exemplify or enter evidence of known conditions from the 

existing situation into the network. This information is evaluated in the network and the 

probabilities of the nodes with unknown states are recalculated. The user may than 

extract the updated probability of any node. Belief networks are well suited to 

applications of risk because they are capable of capturing uncertainty. The information 

that is required to develop a network can be extracted from data as well as from experts 

in the field. According to McCabe and Ford (2001) development of a belief network 

requires 5 main steps: 

• Define the relevant variables, which require understanding of the problem and the 

scope of the model. 

• Define the states of the model. Variables can have any number of states, the most 

common are binary states but the states can also be numeric or descriptive.  

• Define the relationship between the variables; arrows that represent conditional 

dependence relationships between the variables do this.  

• Define the conditional probabilities of the relationships; this requires a probability to 

be determined for each node for each combination of states of its parent. 

• Verify and validate the network. 

 

There are some advantages when using belief networks to model risks. Belief networks 

are, for example, excellent modelling environments for situations where there are 

conditional or influential relationships, they can integrate data and expert opinion 

seamlessly, and the structure of a network is very intuitive. A limitation with belief 

networks is that it is often difficult to collect data and/or expert knowledge in a 

consistent and unbiased manner, and translate it to nodes, arrows, and probabilities. 

Another limitation is that the current software for the development of networks can not 

handle continuous variables, but that is slowly changing (McCabe & Ford, 2001).  
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According to Avni (1999) simulation modelling is a tool for minimising risk and 

managing change in the manufacturing industry. Simulation modelling is especially 

suited to analysing dynamic and stochastic operations. In every change process there is 

an element of risk and simulation modelling can be the map to success. A simulation is 

the process of imitating reality, since the simulation is a process and it has a beginning 

and an end. The basic use for simulation is to predict the outcome of assumptions and 

operating conditions. With a simulation model, we are able to determine the impact of 

changes without altering real conditions according to Avni (1999). Change is a process 

that we experience continuously, sometimes we have no choice when entering such a 

process and sometimes we initiate a change process to reach a desired state. In every 

change process there is uncertainty. Simulation modelling is a tool that can help us 

handle change and the uncertainty that comes with the change. A simulation model can 

therefore manage changes, which minimise risks; this makes it possible to attain goals 

in an efficient manner. The model can also capture system dynamics by modelling 

random events, when something happens may be as important as what happens. There 

are two factors that make simulation modelling an excellent analysis tool in structuring 

supply chains (suppliers, producers, and customers linked in a chain along with raw 

materials, products, and information flow) according to Avni (1999), they are variability 

and interdependency of the chain’s links.  

 

 

7.2 How to estimate what unknown factors will affect a product 

 

An example of an unknown factor that could affect a product is the weather. The 

unknown about the weather is that one can not possibly know what the weather will be 

like when the product is going to be used. The weather can also affect the person that is 

using the product. If the temperature is low, a human’s gross and fine motor skill as well 

as his or her cognitive ability is diminished by exposure. For Army simulations to 

accurately represent missions that occur in cold weather, impacts like this must be 

accounted for, but yet they seldom have been (Phetteplace, 2000). 

 

In order to reduce costs and provide a superior force, the Department of Defense (DoD) 

relies heavily on Models and Simulations (M&S). Concepts are evaluated using M&S 
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applications before the design of a new weapon system is contemplated. M&S 

applications are used extensively in training and will also be carried into battle. 

Currently most of the Army’s M&S applications do not take weather impacts on the 

soldier into consideration. When significant effects like weather conditions are not 

considered the outcome from the M&S application can not be expected to be realistic. 

Phetteplace (2000) studied three categories where performance impacts physiological 

effects; these are physical impacts, cognitive impacts, and emotional impacts. The 

results show that the performance impacts are greater for the tasks requiring more 

dexterity than strength, but the performance degradation is very significant in all cases. 

The impacts on cognitive performance are not as well understood as dexterity impacts. 

It is believed that both lower body core temperature and dehydration contribute to 

reduced cognitive capacity. The emotional impacts are very difficult to quantify, but 

many observers of winter warfare and other forms of cold exposure have reported them. 

Reported emotional impacts include reduced discipline, loss of vigilance, loss of 

appetite, and changes in disposition. These impacts can be devastating to an army’s 

performance, which means that they could be accounted for as risks or other unknown 

factors. 

 

Phetteplace (2000) believes that if these cold weather impacts on human performance 

could be determined, incorporation of them into M&S applications require some other 

issues to be addressed. The impacts would need to be quantifiable based on the 

environmental conditions available from the M&S applications, for example air 

temperature, humidity, and precipitation. Performance degradation from the specific 

tasks used to develop the performance data should be related to the many varied and 

complicated tasks that must be addressed in an Army simulation. There are methods that 

address this issue by breaking large tasks down into smaller tasks and ultimately into 

some fundamental task set, one that has been applied to M&S applications already are 

the IMPRINT model. IMPRINT is a general method according to Phetteplace (2000) 

and would allow for maximum flexibility as well as formality in addressing 

performance impacts. 
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7.3 How are unknown factors considered when modelling? 

 

There are several different ways of handling risks and other uncertainties when creating 

a product. Some of the ways include making some sort of a model. Madachy’s model 

handles risks during production and it ignores management aspects, according to 

Houston et al. (2001b). Houston et al. (2001b) used another approach to model risk 

management, they investigated common software development risk factors and their 

effects and then adapted a base model for a simulation. Risky scenarios are 

characterised and the factors in those scenarios are identified. Houston et al. (2001b) 

used the technique Casual mapping to identify potential effects of the risk factors. Then 

there is Boehm’s risk management framework, which includes risk assessment and risk 

control, according to Houston et al. (2001b). Within this framework the model SPARS 

is included, which supports risk analysis and risk management planning for the risk 

factors that should be studied. McCabe and Ford (2001) mean that in the construction 

industry the risk assessment tool weighted scores is used to measure risks and expected 

value is used when the impact of an event is of concern. If the situation is very complex 

belief networks may be used instead of expected value. Belief networks are graphical 

representations of models that consist of nodes and arrows, representing domain 

variables and conditional dependence between the variables. According to Avni (1999) 

a tool for minimising risks and managing change in the manufacturing industry is the 

tool simulation modelling. Phetteplace (2000) means that Model and Simulation (M&S) 

applications are used to evaluate concepts. 

 

The purpose of this chapter was to make a survey over how unknown factors (for 

example risks and other uncertainties) are taken into consideration when modelling a 

simulation. To be able to find and handle risks, a simulation often is used in several 

organisations/systems. Since a simulation is a suitable tool to find risks when for 

example products and systems are produced, a simulation ought to be suitable even for 

finding and handling risks when there is a simulation that should be produced 

(modelled).  

 

As Law and McComas (2001) state (see chapter 6.2), the correct documentation of a 

system reduces a lot of problems, such as risks. The documentation could be well 
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specified with the help of a model because a simulation conceptual model could help a 

simulation developer to translate modelling into a detailed design framework from 

which the system that will make up the simulation can be built according to Borah 

(2002). A concept model is used to avoid misunderstandings according to Bubenko et 

al. (2001); these misunderstandings can result in risks and other uncertainties. With the 

concepts model these risks therefore can be avoided. According to Eriksson and Penker 

(2000) it is important that the definitions of the concepts are clear, so that individual 

persons do not get different interpretations of the concepts. If the concepts in the model 

are clear, it is possible to avoid some risks and misunderstandings from the beginning. 

A goal model contains goals, problems, causes, opportunities, and constraints (Bubenko 

et al., 2001). The problems are divided into threats and weaknesses. All these 

components are modelled and coupled together with different kind of links. This model, 

with its components, can facilitate the work with finding risks and other uncertainties. 

Since the problems (threats and weaknesses), their causes, and constraints are modelled, 

and problems can be seen as a kind of risks, this process can help in finding risks with 

the system that should be built. 

 

With the use of a model it is possible to, in a controlled way, analyse, understand, 

develop, and document an enterprise and its components according to Bubenko et al. 

(2001). This could include the analysis and documentation of the risks and other 

uncertain objects, which hopefully results in some risks being identified and that the 

system is developed to avoid these risks. Some systems change over time, according to 

Eriksson and Penker (2000), this affects the kind of risks and uncertainties that exist in 

the system. If some possible changes are included in the model, or if the model is made 

generic, which makes it possible to change the model and add or exclude objects in the 

future, it would be easier to handle certain risks. 
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8 Simulation Based Acquisition (SBA) 
 

This chapter will shortly describe what Simulation Based Acquisition (SBA) is, and 

then describe the Process component in SBA in detail. Then there will be a discussion 

about whether unknown factors are taken into consideration when modelling in the 

Process component in SBA. This corresponds to the fifth objective that is stated in the 

formulation of the problem.  

 

The goal of the end state towards which SBA will evolve over time is, according to 

SBA industry steering group (1999), to have a common conceptual structure within 

which to identify those actions necessary to begin implementing SBA and expanding its 

use and utility. The Industry Steering Group (ISG) determined that conceptual analysis 

had been developed on SBA, but that there were only little specific and definitive 

documentation on the concepts (SBA industry steering group, 1999).  

 

The purpose of SBA is according to SBA industry steering group (1999) and Frost and 

Thomen (1999) among other objectives to minimise risk, and to reduce time, cost and 

resources in the acquisition process. Acquisition decisions are made at the most 

opportune time and with the fullest possible knowledge of potential outcomes and 

associated risk. When risks are minimised and/or considered in an acquisition process, 

unknown factors also are estimated and reduced since risks is a kind of unknown factor. 

In chapter 7 there are a discussion about how unknown factors can be taken into 

consideration during a process, or when a product is developed. Avni (1999) means that 

simulation modelling is a tool that can help us to handle change and the uncertainty that 

comes with the change. This simulation model Avni (1999) discusses can be compared 

with the simulation models in SBA. 

 

According to SBA industry steering group (1999) there are three principal components 

in Simulation Based Acquisition (SBA), these are Culture, Process, and Environment. 

In this study only the Process component will be studied in more detail. According to 

Frost and Thomen (1999) the greatest challenges to implementing SBA today lays in the 

cultural and process changes. The changes need to be instituted to overcome existing 

cultural or process obstacles. 
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8.1 The SBA component Process 

 

The primary contribution of SBA to the Acquisition process is the ability to make full 

life cycle decisions about the acquisition of a product in a completely virtual 

environment before committing to hardware production (SBA industry steering group, 

1999).  

 

The conceptual SBA process that is described is the “mission centric” view. Mission 

centric SBA acquisition considers the contributions and interactions of every element in 

a mission domain, including the product of immediate interest, to accomplish the stated 

objectives of the DoD (SBA industry steering group, 1999). This conceptual SBA 

process has all the elements of a “program centric” SBA process. The program centric 

acquisition process is relatively self-contained, and has limited access to potentially 

useful external information. The elements that are included in a program centric SBA 

process are extensive use of modelling and simulation in the development and 

manufacturing processes and less reliance on live testing than on model improvement. 

The difference is in the expansion of the current Acquisition process to not only fully 

simulate products as they are designed and manufactured but, additionally to simulate 

their entire life cycle, including all interactions with other systems in their targeted 

operational environments. The complexity of the modelling and simulation required to 

fulfil this goal is huge, the effort could easily become unmanageable without some sort 

of logical partitioning of responsibility. The division of modelling and simulation in the 

SBA “mission centric” process are made by the concept of “domains”, virtual and real. 

There are according to SBA industry steering group (1999) four virtual domains 

(modelling and simulation environments), they are Mission, Product, Production and 

Operation and Support (O&S). There are also two real domains, which are named: 

Production and O&S. See figure 6. 
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Figure 6. Simulation Based Acquisition Process (after SBA industry steering group, 

1999, p. 14) 

 

According to SBA industry steering group (1999) a production decision can not be 

made until the concept of the product, as expressed through modelling and simulation, 

has been considered in all four virtual SBA domains. The goal of each domain is to 

reduce the risk associated with achieving the product’s targeted performance, 

manufacturing, cost, and O&S requirements to an acceptable level. One of the primary 

responsibilities of the domains in the process of a product life cycle, virtual or real, is to 

perform activities that will improve the virtual product model. Inside each virtual 

domain the product is analysed in a virtual representation of the environment, in which 

it will operate at some point in its life cycle.  

 

The Mission domain has a simulation environment which contains all operational 

elements and systems that will play a role in the life cycle of the product under 

consideration, such as models and simulations of the real world environment, threats, 
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players, and scenarios. In the Product domain, models and simulations of new products 

are considered at a product and sub-system level. The details of the new product are 

developed and captured in this domain. A conceptual product’s projected utility is first 

modelled in the Mission Domain to determine if the concept is worthy any further 

investment. This initial model of the system could range anywhere from a set of high 

level targeted performance objectives to an extensive collection of detailed engineering, 

cost, manufacturing and support models and data. In the Production domain the product 

is simulated through its manufacturing phase. In the O&S domain the product is 

simulated through disposal, and through all of its operational support task phases such 

as maintenance, operational test, training, and logistics. In the two real domains, the 

Production domain and the O&S domain, the actual products take shape and are 

deployed. In these two domains the responsibility to produce, support and dispose of the 

product, and to test the model or simulation of the product against real world experience 

and to update the model or simulations fidelity, accuracy and verification, validation 

and accreditation (VV&A) record lies (SBA industry steering group, 1999). 

 

 

8.2 Are unknown factors taken into consideration in SBA? 

 

Today there are several revolutions underway within the Department of Defense (DoD). 

The Revolution in Military Affairs challenge to be prepared for uncertainty, to be 

prepared to fight differently, and in different conflicts than has been fought before. As 

the armed forces are modernised, this revolution defines what must be bought. There is 

also a revolution that is impacting how people buy. As these multiple fronts and their 

implications for the future of acquisition within DoD are faced, it is becoming clear that 

modelling and simulation (M&S) will become core resources. Many systems that are 

developed today take very long time to develop; therefore they sometimes are out of 

date before they reach the field. With modelling and simulation (M&S) the development 

can be shortened (Frost & Thomen, 1999). M&S are used in SBA, which is an 

acquisition process. 

 

Unknown factors is everything that is uncertain about a product or a process, risks is a 

kind of unknown factor since a risk not always is known in beforehand. With SBA the 
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developers for example want to find and minimise risks within an acquisition process. 

In the SBA component Process, M&S are used in the development and manufacturing 

process. The entire life cycle of a product is simulated in the SBA Process (SBA 

industry steering group, 1999). Due to this modelling and simulation of the product, 

risks and other uncertain things can be found before the product is produced for real. 

Sometimes the complexity of this process is huge; to make this complexity less 

unmanageable the SBA Process is divided into four virtual and two real domains. The 

virtual domains are the parts that model and simulate the virtual product while the two 

real domains produce, operate and support the real product. The virtual domains are 

very important for the product, because they all together facilitates in the process of 

making the product as useful as possible. The goal of all four virtual domains are to 

reduce the risks associated with achieving the product’s targeted performance, 

manufacturing, cost, and O&S requirements to an acceptable level. Since these virtual 

domains are means in the process of reducing risks with a product, and since they use 

the M&S methods to find these risks, they are means in the process of finding unknown 

factors while modelling a simulation. 
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9 Conclusions 
 

In this chapter conclusions of the project will be presented, based on the problem, and 

the evaluation of the problem.  

 

The first objective of this study was to make a survey over the modelling methods EKD 

and UML. The modelling methods EKD and UML were surveyed in broad outline and 

the concepts model and the goals model were chosen to be studied in more detail. EKD 

and UML have some differences in for example how they handle things and which 

people that take part of the modelling. The concepts models in EKD and UML are alike 

in that they include the concepts itself, attributes, and relationships, and in that the 

ability of the concepts are defined by the relationships between the concepts. Attributes 

in UML are described as a quality ascribed to a person or a thing, in EKD the attribute 

is used to characterise concepts. If the concepts in EKD are seen as persons or things, 

EKD and UML describe attributes in a similar way. The relationships used in the 

concepts model in EKD and UML work similar to each other. The association 

relationship in UML and the binary relationship in EKD both connect concepts to each 

other. The aggregation relationship in UML and the PartOF relationship in EKD 

connect interrelated concepts to each other; the whole is connected to its part. The 

generalisation/specification relationship in UML and the ISA relationship in EKD both 

work as a kind of generalisation/specification. The concepts are divided in more general 

and more specific concepts and are organised in hierarchies. The goals model in both 

EKD and UML describe the goals, how to achieve the goals, and the problems with 

achieving the goals. The components in the goals model in EKD and UML differ. In 

EKD the components are goal, problem, cause, constraint, and opportunity, in UML 

only goal, problem and constraint are included. The goal in both EKD and UML 

describe what is desired/needs to be achieved. The function of a problem in both EKD 

and UML is to be something that stands in the way of achieving a goal. A cause is seen 

quite alike in EKD and UML, it are seen as a reason or cause for why something occur. 

Except for these three concepts it is in UML possible to look for actions for each 

problem, prerequisites for each action, and resources or processes responsible for 

solving the problem. The concept constraint that are used in EKD expresses what from 

the outside world is affecting components and links within the enterprise modelling, and 
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the concept opportunity has the ability to express resources that can make certain goals 

easier to achieve. The relationships between the components in the goals models work 

in different ways, in EKD the relationships are supports, hinders, and conflicts, and in 

UML the relationships are dependencies and associations/aggregations. The support 

relationship and the dependency relationship could be compared since they both break 

down/decompose goals. The association/aggregation relationship is a general kind of 

relationship, showing contradictions between goals, which is used in UML. In EKD 

hinders and conflicts are used instead of this general relationship and the hinder 

relationship show negative influences while the conflicts relationship shows when one 

goal is in conflict with another. Another difference between the links used in the goals 

model in EKD and UML is that EKD has AND/OR relationship while UML only has 

the AND relationship. The ability of an AND relationship is that a goal automatically 

will be filled if all sub-goals are met, the sub-goals are needed to support the original 

refined goal in a satisfied way. The OR relationship represents a set of alternative sub-

goals, one of the sub-goals in the set has to be satisfied to support the original goal. 

EKD and UML can possibly learn and use positive and negative things from each other. 

 

The second objective was to analyse if EKD and UML handle the components that need 

to be modelled before a simulation. The components that need to be part of the 

modelling is according to Banks (2000) and Ingalls (2001) entity, event, attribute, 

system state variable, resources, activities, and listprocessing/calendar. All these 

components are supported in both EKD and UML. Since UML has been used when 

modelling simulations before according to Richter and März (2000), this approach 

works fine when modelling a simulation. The conclusion to this objective could 

therefore be that both EKD and UML handle the important components, and that they 

both can be used for modelling a simulation. 

 

The third objective was to identify how to estimate the unknown factors that affect a 

new product, and how these factors will affect the product. Since uncertainty gives rise 

to risks according to Houston et al. (2001b), and things that are uncertain also are 

unknown, this part of the project studied risks with processes and when acquiring a 

product. Several different models that could handle risks that affect processes/products 

were found, some examples of these models are Madachy’s model, Boehm’s risk 
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management framework (Houston et al., 2001b), Weighted scores, Expected value, 

Belief network (McCabe & Ford, 2001), Simulation modelling (Avni, 1999), and 

Models and Simulation (M&S) (Phetteplace, 2000). For a full description of these 

models, see chapter 7.1 – 7.2. Madachy’s model handle risks during production, and 

Boehm’s risk management framework include risk assessment and risk control (Houston 

et al., 2001b). Weighted scores are used to measure risks, Expected value are used when 

the impact of an event is of concern, and Belief networks are graphical representations 

that are used in complex situations (McCabe & Ford, 2001). Simulation modelling, 

which could be seen as similar to the military M&S, is according to Avni (1999) a tool 

for minimising risks and managing change in the manufacturing industry. M&S are 

used to evaluate concepts according to Phetteplace (2000). 

 

The fourth objective was to examine how to consider unknown factors when modelling 

a simulation. Earlier in this project risks were seen as the same as, or a sort of, unknown 

factor, therefore risks were considered in this objective when modelling a simulation. In 

several organisations simulations are used to find risks with systems and when 

modelling different kinds of systems, therefore a simulation also must be suitable to find 

risks with modelling a simulation. Other things that is important when modelling a 

simulation is to have a correct and well specified documentation, the use of a simulation 

conceptual model, and the use of a goal model that includes for example problems and 

constraints with the simulation. In this situation the concepts model and/or the goals 

model in either EKD or UML can be used. 

 

The fifth objective was to determine if unknown factors are taken into consideration 

when modelling in the Process component in SBA, and if they are not, examine if it is 

possible to take them into consideration. The conclusion here is that the Process 

component in SBA takes unknown factors into consideration by facilitating in the 

process of reducing risks in the virtual domains in SBA. 
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9.1 Contributions 

 

The aim of this project was to determine if it is possible to consider unknown factors 

when modelling a simulation in the SBA Process. The virtual domains in the SBA 

Process has a common goal, which is to reduce risks associated with achieving an 

acceptable level of a product’s targeted performance, manufacturing, costs, and O&S 

requirements. Since the virtual domains in the SBA Process facilitates in the process of 

reducing risks with a product, and risks are a kind of unknown factor according to 

earlier conclusions in this study, the virtual domains also facilitate in finding and reduce 

unknown factors while modelling a simulation of a product. Therefore the conclusion of 

this project is that it is possible to consider unknown factors when modelling a 

simulation in the SBA Process. This conclusion contributes to the research in the 

modelling and simulation area. 

 

Another contribution of the research is the survey of methods that handle risks, which is 

made in chapter 7. This survey gives a general view of existing methods. 
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10 Discussion 
 

In this chapter there is a discussion about the conclusions that were made in the 

previous chapter, and then there is a discussion about how the work with the project has 

been preceded and the experiences that were made during the project. Finally there will 

be proposals for future work. 

 

 

10.1 Discussion of the conclusions 

 

The first objective was to make a survey over the modelling methods EKD and UML. I 

think this survey was made in a satisfactory way. The methods are studied and 

compared at a quite simple level, and only relevant aspects are taken into consideration 

such as what has to be included in a model. It could have been possible to study the two 

methods EKD and UML in more detail to find out more similarities and differences, 

which probably had resulted in a more investigative conclusion. Other models that are 

included in EKD and UML could been investigated instead of the concepts model and 

the goals model, but the purpose of this project was to find unknown factors when 

modelling a simulation and these two models facilitate in the process of finding 

unknown factors. But if other models were surveyed in this report, maybe a conclusion 

could have been that those models also were possible to use in a modelling of a 

simulation to find unknown factors. Another thing that could have been done different is 

that other modelling methods could have been studied instead of EKD and UML, which 

probably had given a completely different result. But for the aim in this report I think 

that the study that is made is sufficient.  

 

The second objective was to analyse if EKD and UML can handle the components that 

need to be modelled before a simulation. This is also made in a satisfactory way, 

because first the components are found from two different sources, and only the most 

important components are used. Then these most important components are compared 

to what is possible to do in EKD and UML, whether these components are handled in 

EKD and UML. The result came out as I wanted, EKD and UML handled the 
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components in a satisfactory way. One thing could have been done different which may 

have resulted in another conclusion; more sources about which components that are 

important could have been used. This could have resulted in more or maybe even other 

important components. With more sources the answer would have been more reliable, 

but the study in this project is sufficient.  

 

The third objective was to identify how to estimate the unknown factors that affects a 

new product, and how these factors will affect the product. In this part of the study I 

decided that unknown factors could be seen as for example risks. Therefore most of this 

study investigates how to estimate the risks that could affect a product in different ways. 

Several kinds of modelling methods were found which implies that the objective was 

met in a satisfactory way. Here it would have been possible to take other kinds of 

unknown factors into consideration also, as for example hinders, constraints, and more 

about change processes. This could have resulted in more ways to estimate the unknown 

factors affect on a product. 

 

The fourth objective was to examine how to consider unknown factors when modelling 

a simulation. Even here risks were the unknown factor that was studied, and it would 

have been possible to investigate other kinds of unknown factors except for risks. The 

conclusion to this objective was ways to consider unknown factors, which in this study 

were seen as risks. More ways to handle unknown factors could probably have been 

found if not only risks had been studied but also other kinds of unknown factors.  

 

The fifth objective was to determine if unknown factors are taken into consideration 

when modelling in the Process component in SBA. And if they are not, examine if it is 

possible to take them into consideration. This objective was also reached satisfactory, 

since the question is answered in the study. Unknown factors, also known as risks here, 

are taken into consideration when modelling in the Process component in SBA. If other 

unknown factors, except for risks, had been used in this part of the study, the result 

probably could have been different.  

 

The aim of this project was to determine if it is possible to consider unknown factors 

when modelling a simulation in the Process component in SBA. Since unknown factors 
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are taken into consideration according to objective five in this project, it is possible to 

draw the conclusion that it is possible to consider unknown factors when modelling a 

simulation in the Process component in SBA. If the fifth objective would not have 

resulted in that unknown factors were considered when modelling in the Process 

component in SBA, a study over if it is possible to take unknown factors into 

consideration in some way had to be made during the investigation of the fifth 

objective. Depending on the result of this study, whether the study would come to the 

conclusion that it was possible to take unknown factors into consideration or not, the 

aim of this project would have got differing results. 

 

 

10.2 Experiences made during work with the project 

 

In the beginning of this project I had a hard time to select a problem formulation. Since 

this project is made in co-operation with Ericsson Microwave systems (EMW) in 

Skövde, Sweden, they wanted a study of a special area, Modelling and Simulation. But 

since I did not have much knowledge in that area it was difficult to find a suitable 

problem to investigate. I had to read much literature and discuss intensively with some 

of the co-workers at EMW before I found something interesting. At the beginning the 

idea was to make a model over how to model a simulation, and then check if unknown 

factors were considered when modelling. Unfortunately the effort and time that should 

have been needed to create a satisfactory model was not available, the model 

development would have been taken precious time from the survey about unknown 

factors and about SBA. This led to that I made a survey over how to model a simulation 

instead. 

 

Since I have found a lot of literature to read about M&S, different modelling methods, 

and SBA, the reading part has taken a lot of time effort. Unfortunately I did not thought 

that the reading part should take that much time so I have had a hard time keeping up 

with my time schedule. From this I have learned to not be that optimistic next time I 

will be involved in a large project. Even if I found a lot of literature not much of the 

literature I found treated how to model unknown factors, or unknown factors that could 

be coupled to simulation. Therefore that part of the study became quite difficult in the 
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beginning, but after a while I found some articles about risks with modelling and how to 

handle these risks and came to the conclusion that risks is a kind of unknown factor. 

 

This project has given me experience to handle a large project by my self, and 

experience to make a written presentation of quite large size, which has developed me 

in a positive way. 

 

 

10.3 Future work 

 

It would be interesting to make a model over how to model a simulation. Then it would 

be possible to use parts from different models that are useful when modelling a 

simulation. 

 

Another interesting thing would be to develop the study over SBA and how to handle 

unknown factors in SBA. This can be made if the Process component in SBA is studied 

in more detail than during this project, or if the components Culture and Environment 

are studied together with unknown factors instead of the Process component. It could 

also be interesting to go deeper into the four virtual domains that are included in the 

Process component; Mission, Product, Production, and O&S. Since SBA is a relative 

new area, this process could be studied in many different ways and get interesting 

results.  

 

A third thing that could be interesting to study would be unknown factors that are not 

risks, but another kind of unknown factors. For example unknown factors that often 

occur during software development. 
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