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Lecture 2 

Topic: Types of Modeling: Conceptual model 

Purpose of the lecture: 

a) Students will have to understand the necessity of a modeling technology in social real 

project work.  

b) To understand the concept of conceptual model 

Basic terms of the lecture: 

Modeling; Mathematical models; Conceptual model;  

Short abstracts: 

Now a days modeling technology is developed very fast, and applied in a variety of 

aspects. What is model? How to model, and the principles of model is the most important 

concepts of the modeling technology. Conceptual model is the first step of modeling 

technology, so it is significantly important. In this lecture, we must to know about how to 

design a conceptual model for given task. 

Main questions of the lecture: 

1) Why we study conceptual modeling technology. 

2) Describe the main purpose of the conceptual modeling technology. 

3) What is conceptual modeling technology? 

4) Describe the benefits of conceptual modeling. 

Recommended list of literature sources: 

1. Zeigler, B. P., T. G. Kim, and H. Praehofer. (2000). Theory of Modeling and Simulation. New York, NY, 

Academic Press. 

2. Object  Management  Group,  “Unified  Modeling Language:  Superstructure”,  Version  2.1.2, November 3, 

2007. 

3. Dubois, G. (2018) "Modeling and Simulation", Taylor & Francis, CRC Press. 

4. Embley, D.W., Thalheim, B. (eds.): Handbook of Conceptual Modeling Theory, Practice, and Research 

Challenges. Springer, Berlin (2011) 

Main contents of the lecture: 

A model can come in many shapes, sizes, and styles. It is important to emphasize that a model is not the 

real world but merely a human construct to help us better understand real world systems. In general all models 

have an information input, an information processor, and an output of expected results. Modeling Methodology 

for Physics Teachers (more info) (1998) provides an outline of generic model structure that is useful for geoscience 

instruction. In "Modeling the Environment" Andrew Ford gives a philosophical discussion of what models are 

and why they are useful. The first few paragraphs of Chapter 1 of Ford's book are worth a look. 

https://www.taylorfrancis.com/books/9781351241120/
http://modeling.asu.edu/modeling/ModMeth.html
http://modeling.asu.edu/modeling/ModMeth.html
https://serc.carleton.edu/resources/22656.html
https://serc.carleton.edu/introgeo/models/Def.html
http://www.wsu.edu/~forda/AA2nd.html
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Key features in common with the development of any model is 

that: 

 simplifying assumptions must be made; 

 boundary conditions or initial conditions must be 

identified; 

 the range of applicability of the model should be 

understood. 

Model Types: 

Below we identify 4 types of models for discussion and reference. Follow the link to a model type for an 

introduction to its use in the classroom and example activities. In practice a well developed model of a real-

world system will likely contain aspects of each individual model type described here. 

 

Conceptual Models are qualitative models that help highlight important 

connections in real world systems and processes. They are used as a first step in the 

development of more complex models. 

 

 

Interactive Lecture Demonstrations Interactive demonstrations are physical models 

of systems that can be easily observed and manipulated and which have characteristics 

similar to key features of more complex systems in the real world. These models can help 

bridge the gap between conceptual models and models of more complex real world 

systems. 

 

Mathematical and Statistical 

Models involve solving relevant equation(s) of 

a system or characterizing a system based upon 

its statisical parameters such as mean, mode, 

variance or regression coefficients. 

Mathematical models include Analytical 

models and Numerical Models. Statistical 

models are useful in helping identify patterns 

and underlying relationships between data sets. 

 

Teaching with Visualizations By this we mean anything that can help one 

visualize how a system works. A visualization model can be a direct link between 

data and some graphic or image output or can be linked in series with some other 

type of model so to convert its output into a visually useful format. Examples 

include 1-, 2-, and 3-D graphics packages, map overlays, animations, image 

manipulation and image analysis. 

 

Several additional quotes relevant to using models and developing theories include: 

https://serc.carleton.edu/introgeo/conceptmodels/index.html
https://serc.carleton.edu/introgeo/demonstrations/index.html
https://serc.carleton.edu/introgeo/mathstatmodels/index.html
https://serc.carleton.edu/introgeo/mathstatmodels/index.html
https://serc.carleton.edu/introgeo/mathstatmodels/Analytical.html
https://serc.carleton.edu/introgeo/mathstatmodels/Analytical.html
https://serc.carleton.edu/introgeo/mathstatmodels/Numerical.html
https://serc.carleton.edu/introgeo/visualizations/index.html
https://serc.carleton.edu/details/images/141.html
https://serc.carleton.edu/details/images/143.html
https://d32ogoqmya1dw8.cloudfront.net/images/introgeo/models/AnalModelFig.jpg
https://serc.carleton.edu/details/images/142.html
https://serc.carleton.edu/details/images/146.html
https://d32ogoqmya1dw8.cloudfront.net/images/introgeo/models/ModelsFig.jpg
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 "All models are wrong but some are useful." George E.P. Box 

 "Make your theory as simple as possible, but no simpler." A. Einstein 

 "For every complex question there is a simple and wrong solution." A. Einstein. 

 

A model is a representation of structure in a physical system and/or its properties. It describes (or 

specifies) four types of structure, each with internal and external components: 

 systemic structure specifies 

o composition (internal parts of the system) 

o environment (external agents linked to the system) 

o connections (external and internal causal links) 

 geometric structure specifies 

o position with respect to a reference frame (external geometry) 

o configuration (geometric relations among the parts) 

 temporal structure specifies change in state variables (system properties) 

o descriptive models represent change by explicit functions of time 

o causal models specify change by differential equations with interaction laws 

 interaction structure specifies interaction laws expressing interactions among causal 

links, usually as function of state variables 

 

 

CONCEPTUAL MODELING: DEFINITION, PURPOSE AND 

BENEFITS 

The Conceptual Model – a Definition 

An overview of  the process for  a modeling and  simulation study is  provided in Figure  

1. It needs  to be emphasized that a modeling and simulation project of even modest size is 

often carried out by a team of professionals  where  each  member  of  the  team  typically  

contributes  some  special  expertise.  There  is,  

 therefore, a need for effective communication among team members. Some facets of the 

discussion have their basis in this communication requirement.  

   Four main artefacts (the rectangles shown in Figure 1) are produced during the modeling 

process. Experimentation makes use of the simulation program artefact to arrive at a goal resolution. 

Experimentation is also used to validate the model. We begin with, a brief overview of the two 

prerequisite(алғышарт) artefacts for conceptual model development . 

 

 Problem Description: The first important task of the modeling and simulation team is the 

development of a document called the problem description. This key document evolves from the 

elaboration of the rudimentary(қарапайым) information received from the client in whatever ways are 

deemed essential by the project team. The intent of the elaboration process is to ensure that the 

problem description document can serve as a meaningful foundation for the initiation of a modeling 

and simulation study. However the document is not static but rather is subject to refinement as the 
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model building effort progresses. Nevertheless its initial rendition(орындау) must have sufficient 

content to enable the initiation of the model development phase.  

 Project Goals: We regard the formulation of goals for the project to be the first step in the 

refinement process that transforms the problem description into a conceptual model. Our perspective is 

that the achievement of some set of clearly defined project goals will hopefully coincide with the 

problem solution. This may however be overly idealistic since their achievement may merely 

contribute to, rather than constitute, the problem solution. Goals are typically stated in terms of 

parameters and/or policy options (including details of the experimentation during which these are 

manipulated) together with output variables observed during experimentation. The project goals have 

a fundamental impact upon model development and therefore must be regarded as a prerequisite to 

that development process. 

The information provided in the 

problem description is, for the most part, 

unstructured and relatively informal. A 

refinement phase that enhances precision 

and completeness is generally required. 

This typically involves introducing 

variables and parameters to facilitate the 

introduction of detail, and the use of 

formalisms wherever helpful. Notice that a 

corollary to this assertion is the fact that 

there may be facets of the SUI that are 

purposely ignored because they are judged 

to be devoid of relevance. The result of 

this refinement process is called the 

Conceptual Model for the modeling and simulation project.  

The conceptual model is a concise(қысқаша) and precise consolidation ( 

the action or process of making something stronger or more solid. ) of all goal-relevant structural and 

behavioral features of the SUI presented in a predefined format. It provides foundation for the 

development of the simulation program. 

As shown in Figure 1, the conceptual model is subsequently transformed into an alternate 

representation that properly respects the syntax and semantic constraints of some programming 

language or more generally, a simulation program development environment. The result of this 

transformation is the simulation program. The simulation program is used in the experimentation 

phases shown in Figure 1 for the purposes of model validation and goal resolution. 

 

Purpose of a Conceptual Model 

 

Apart from the fundamental requirement to capture the essential behavioral features of the SUI, 

there are two important qualities that must be addressed in the construction of any conceptual model, 

namely: 

  The conceptual model must be sufficiently transparent so that all stakeholders in the project 

are comfortable in using it as a means for discussing those mechanisms within the SUI that have 

relevance to the characterization of its behavior (as interpreted from the perspective of project goals). 
 The conceptual model must be sufficiently comprehensive so that it can serve as a 

specification for developing a computer program, namely the simulation program, that will provide the 

means for carrying out the simulation study. The simulation program is a software product and its 

development relies on considerable precision in the statement of requirements. One of the important 

purposes of the conceptual model is to provide the prerequisite guidance for the software development 

task. 

Both of these requirements place constraints on the format which is used to formulate the 

conceptual model. Indeed these constraints are, to some extent, conflicting. The second constraint 

clearly implies a high level of clarity and precision. But such a representation may be regarded as 
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tedious by a sizable community of the stakeholders in the project. Thus care is needed in developing a 

framework that balances, but nevertheless accommodates, these requirements. 

An effective approach for dealing with this dual requirement is illustrated in the ABCmod 

framework (UAUctivity-UBUased UCUonceptual UmodUeling) (Birta and Arbez 2013) in which the 

conceptual model evolves in two stages. The purpose of the initial “high level” stage is to provide a 

preliminary perspective for the model that is unencumbered by excessive detail and is primarily 

intended for discussion amongst the project stakeholders. The subsequent “detailed level” stage 

elaborates upon structural and behavioral aspects with a view toward creating a representation that can 

serve as a specification for a simulation program. 

 

Benefits of a Conceptual Model 

 

The benefits of a conceptual model can best be examined by considering the alternative of not 

having a conceptual model. The implication here is that the code development for the simulation 

model within some particular program development environment begins immediately following the 

presentation of a problem statement. 

Normally a modeling and simulation project involves a variety of individuals who have a keen 

interest in the project but possibly from different perspectives and with different domains of expertise 

(e.g. problem domain experts and M&S experts). This group (the stakeholders) typically have varying 

levels of understanding of the programming environment (possibly none at all). This implies that the 

expectations and/or insights of many of these individuals will be compromised since they are unable to 

make a meaningful assessment of the simulation model that is under development. In other words they 

are effectively “sidelined” and consequently the group cannot come to an understanding of the model 

to be developed because the general discussion framework that a conceptual model provides, is non-

existent. What then are the consequences? Some are listed below: 

 In effect the goals of the study are never clearly identified. Consequently insightful discussion 

and agreement by the stakeholders does not take place. How then is it possible to decide when the 

project has been successfully completed?  

 The problem description rarely contains sufficient information to make key decisions about the 

level of granularity that is appropriate for specifying behavior characteristics. Such insights rest with 

the stakeholders but in the absence of a conceptual model these decisions, by and large, become 

relegated to the program developers.  

 Because of their varying perspectives, the stakeholders likely have a range of views on what 

constitutes important/relevant output. Without the context of a conceptual model, decisions about 

output are superficially made by program developers and not necessarily aligned with the expectations 

of the stakeholders.  

 The nature of the experiments to be carried out with the simulation model are often intertwined 

with ranges of parameter values that need to be explored. Identification of these ranges of significance 

can only be made by the stakeholders and without a conceptual model this critical aspect of the study 

is ill-defined and improper decisions could undermine the hoped for outcome of the study.  

 The validation of a simulation model is critical in terms of establishing the credibility of the 

results that flow from the M&S study. This is not an easy task and effective strategies are typically 

founded upon the expertise of the stakeholders, but in the absence of a conceptual modeling 

framework, there is no platform for the presentation of these insights.  

 When model development rests with the programming team, there is considerable likelihood 

that SUI behavior features will be significantly biased to programming constructs rather than 

genuinely reflecting properties of the SUI. 
 

What is a Conceptual Model? 

Conceptual modeling is the activity of deciding what to model and what not to model – ‘model 

abstraction’. A conceptual model is ‘a non-software specific description of the computer simulation 
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model (that will be, is or has been developed), describing the objectives, inputs, outputs, content, 

assumptions and simplifications of the model’ (Robinson, 2008). This definition establishes four facets 

of a conceptual model, as follows. 

 

        Figure 2: Where is the model? 

 

Facet 1: the conceptual model is non-software specific. Considerations about what to model and 

what not to model should not be directed by the software that is used for developing the model code. 

Indeed, the conceptual model should direct the choice of software.  

Facet 2: the conceptual model describes the computer simulation model. The conceptual model 

should describe how we conceive the model, and it should not describe the real system. In other 

words, the conceptual model describes how we have abstracted the model away from our 

understanding of the real world. When the conceptual model entails a significant level of abstraction 

(i.e., many simplifications) it can be very distinct (and ‘far’) from our description of the real world. 

Facet 3: the conceptual model is a persistent artifact. The conceptual model describes the 

computer simulation model that will be, is or has been developed. This statement identifies the 

conceptual model as a ‘persistent artifact’. From the inception of the simulation study the modeler 

starts to form a conceptual model; identifying how the real system might be modeled. As the 

simulation study progresses and the modeler learns more about the real system and the requirements of 

the clients, the conceptual model is very likely to change. Eventually the conceptual model is 

embedded within the code of the computer model which is subsequently validated and used. The 

conceptual model still exists, at least in the mind of the modeler, throughout this life-cycle and even 

beyond the use of the model. The modeler may even revise the conceptual model, that is, his/her 

understanding of the best way to model the problem, after the model is in use or has become obsolete. 

This third facet highlights three important points. First, conceptual modeling is not a pre-coding 

phase, but a continuous activity that starts at the inception of a simulation study, and continues 

throughout and even beyond the study’s formal completion. Second, the conceptual model exists 

within the mind of the modeler (it is the modeler’s implicit concept of the model) and it may or may 

not be formally expressed (made explicit). Third, model documentation and the model code are means 

of formally expressing (making explicit) the conceptual model. Even if the conceptual model is never 

documented, or indeed, the model code written, the conceptual model still exists. 

Facet 4: the components of the conceptual model. The conceptual model consists of a set of 

components: the objectives, inputs, outputs, content, assumptions and simplifications of the model. 
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The modeling objectives describe the purpose of the model and simulation project. The inputs (or 

experimental factors) are those elements of the model that can be altered to effect an improvement in, 

or better understanding of, the problem situation in order to meet the modeling objectives. The outputs 

(or responses) report the results from a run of the simulation model. These have two purposes: first, to 

determine whether the modeling objectives have been achieved; second, to point to reasons why the 

objectives are not being achieved, if they are not. The model content consists of the components that 

are represented in the model and their interconnections. Assumptions and simplifications are 

conceptually different. Assumptions are made either when there are uncertainties or beliefs about the 

real world being modeled. Simplifications are incorporated in the model to enable more rapid model 

development and use, and to improve the transparency of the model. 

Figure 3 describes how conceptual modeling fits within the wider context of the modeling 

process for simulation by showing the key artifacts of conceptual modeling. The ‘cloud’ represents the 

real world (current or future) within which the problem situation resides; this is the problem that is the 

basis for the simulation study. The four rectangles represent specific artifacts of the (conceptual) 

modeling process. These artifacts, which are quite separate, are as follows: 

 System description: a description of the problem situation and those elements of the real world 

that relate to the problem. 

  Conceptual model: as defined above.  

 Model design: the design of the constructs for the computer model (data, components, model 

execution, etc.) (Fishwick 1995).  

 Computer model: a software specific representation of the conceptual model. 

 

        Figure 3: Artifacts of conceptual modeling 

 

The arrows show how information flows between these four artifacts. The activities that drive 

the flows of information are described as knowledge acquisition, model abstraction, design and 

coding. Meanwhile, the specific and different roles of assumptions and simplifications are highlighted 
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on Figure 3. Assumptions relate to knowledge acquisition, that is, they fill in the gaps in the 

knowledge that can be acquired about the real world. Meanwhile, simplifications relate to model 

abstraction, since they are deliberate choices to model the world more simply. 

The model design provides the technical details for how the conceptual model can be converted 

into the chosen language or software package for the computer model; it is software specific. The 

computer model is the executable code developed in the chosen language or software package. The 

model design and computer model are not strictly part of conceptual modeling, but they do embody 

the conceptual model within the design and code of the model. These artifacts are included on Figure 3 

for completeness. Our main interest here is in the system description and conceptual model which 

make up the process of conceptual modeling; as represented by the shape with a dashed outline in 

Figure 3. Unlike the model design and computer model, these two artifacts are independent of the 

software that is used for developing the simulation model. 

Finally, it is important to recognize the distinction between the system description and the 

conceptual model. The system description relates to the problem domain, that is, it describes the 

problem and those elements of the real world that relate to the problem. The conceptual model belongs 

to the model domain; it describes those parts of the system description that are included in the 

simulation model and at what level of detail. These two artifacts are often confused and seen as 

indistinct. Indeed, a major failure in any simulation project is to try and model the system description 

(everything that is known about the real system) and to not attempt any form of model abstraction; this 

leads to inappropriately complex models. 

 

What is the Purpose of Conceptual Modeling? 

The question of the purpose of conceptual modeling is, in fact, superfluous in that a simulation 

model cannot exist without there being a conceptual model as defined above. No model can exist 

without there being a concept of that model. The valid question is to ask: what is the purpose of 

making the conceptual model explicit by documenting (and communicating) the model? The answer: 

it provides a means of communication between all parties in a simulation study, for example, the 

modeler, code developers, domain experts, end users and clients. In so doing it helps to build a 

consensus, or least an accommodation, about the nature of the model and its use. 

 

What are the Benefits of a Conceptual Model? 

The benefits of a documented conceptual model are as follows: 

 It minimizes the likelihood of incomplete, unclear, inconsistent and wrong requirements 

  It helps build the credibility of the model  

 It guides the development of the computer model  

 It forms the basis for model verification and guides model validation 

  It guides experimentation by expressing the modeling objectives, and model inputs and 

outputs  

 It provides the basis of the model documentation  

 It can act as an aid to independent verification and validation when it is required  
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 It helps determine the appropriateness of the model or its parts for model reuse and distributed 

simulation 

PERSPECTIVE OF TOLK: CONCEPTUAL MODELING AS A 

GENERAL METHOD 

The purpose of this section is to broaden the view on the definition, purpose, and benefits of 

conceptual modeling beyond the tradition application domains and phases in the life cycle of a 

simulation system.  

Modeling & Simulation (M&S) comprises two important activity categories of equal 

importance: modeling activities and simulation activities. Each activity category is made up of several 

phases, and where exactly conceptual modeling ends and other modeling activities begin, and how we 

define these tasks and deliverables is subject of many discussions. In this contribution, by looking at 

the various phases two objectives shall be accomplished that seem to be mutual exclusive at the first 

look: (a) focusing the definition of conceptual modeling, and (b) generalizing its application.  

Our community seem to agree that the modeling activities address several levels of abstraction. 

Federici, Redaelli, and Vizzari (2006) describe four of these levels that will help to guide the 

discussion. They introduce the target system, the abstract model, the computational model, and the 

software model. The target system is driven by the task to be conducted and identifies the important 

subset of the known universe that needs to be addressed in order to address the task to be conducted. 

The abstract model is a collection of elements constitutive of the target system, comprising how the 

elements are causally related. The computational model introduces specific computation-specific 

interpretations and elements, including choosing the best applicable set of modeling paradigms. 

Finally, the software model implements these ideas, addressing language and platform. This idea is 

very close to the well-known framework introduced in Zeigler, Praehofer, and Kim (2000): source 

system, experimental frame, model, and simulator.  

The common understanding seems to be that we start with a conceptual model, then derive a 

computational model, and finally implement the software model. However, conceptual modeling will 

be shown to be applicable for reliability, visualization, and data farming as well. By showing how the 

insights from conceptual modeling will be applied as own activities this section motivates the 

feasibility and necessity to generalize conceptual modeling, which is not limited to the initial phase of 

a simulation project but needs to be applied through all life-cycle phases. 

Conceptual Modeling in Preparation for Simulation Program 

Development 

Fishwick (2007) presents examples of the many modeling paradigms regarding modeling 

methodologies – such as discrete event systems, system dynamics, or agent based approaches – and 

model types – such as ordinary differential equations, process algebra, temporal logic, etc. All these 

activities have in common that modeling is the task–driven, purposeful simplification and abstraction 

of a perception of reality that is shaped by physical and cognitive constraints, leading to a 

conceptualization of the relevant subset of the problem domain (Tolk 2013). This definition of 

modeling deserves some attention to the details. First, the modeling team uses a perception of reality 

that is shaped by access constraints, but also by the cognitive capabilities. The access to the data the 

team would like to obtain describing the system, can be constrained by many circumstances, including 

ethical and legal barriers when data about humans is collected (Anderson 2007), or physical barriers 

that do not allow to observe certain internal behavior without destroying the system in the process, or 

the system is simply still not constructed and only exists as an idea itself. The other component is that 

the team will have a certain scientific theory in mind that represents the best theory currently available. 

However, science itself is a series of perpetually improving models of reality (Goldman 2006). In 
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addition to this fundamental barrier – that we can only model something relative to what we know as 

scientists – different team members will have different degrees of knowledge of the domain. What 

often is referred to as reality is therefore not necessarily the same for all teams, and may not even be 

the same within the team. Second, the team uses this perception of reality that already is shaped by 

non-purposeful constraints to further simplify and abstract the model to support the given task. 

Simplification is the essence of reductionism: it is focusing on only the important elements and discard 

the rest. What is perceived to be important is defined by the task. The team purposefully focuses on 

the elements needed by cutting everything away that is not essential. In the same way, all things that 

influence the important elements are abstracted into something simpler that provides just the 

functionality needed by the important parts. How and if the chosen modeling paradigm will 

significantly shape the conceptual model is an open question of research, but at least it will shape the 

cognitive aspects. The idiom “if all you have is a hammer, everything looks like a nail” may be 

applicable here as well for simulationists who only are educated in one modeling paradigm and type. 

In any case, modeling results in a conceptualization of the problem domain. A conceptual model 

therefore captures the results of the modeling process regarding the concepts and their relations that 

describe the problem, which have to include assumptions and constraints that shape the process and 

the results. In earlier work (Tolk et al. 2010) we already recommended that this should be done as a 

formal specification of the conceptualization, which is easily recognized as the definition for an 

ontology introduced by Gruber (1993). Computational and simulation modeling activities add 

specificity, but conceptually they only add detail, they should not change the conceptual ontological 

structure. 

Conceptual Modeling supporting Reliability and Trust 

Computational and simulation modeling are not straightforward processes and require many 

implementation choices, all of which result in compromises. Oberkampf et al. (2002) identify 

mathematical modeling, discretization and algorithm selection, computer programming, and numerical 

solutions as pivotal activities that all contribute to potential errors and uncertainties. They show how 

the choice of partial differential equations, auxiliary physical equations, boundary and initial 

conditions, and non-deterministic representations contribute to uncertainties and errors during 

mathematical modeling activity. They show that conceptual modeling is pivotal to provide the basis 

for reliability and trust, as it establishes the foundation for all future steps. A formal representation of 

the conceptualization is therefore necessary to provide this solid foundation for following 

implementation steps as well as for reuse or composition with other simulation-based solutions (Tolk 

et al. 2010). 

Visualization and Data Farming 

To make the case that the more specific definition of a conceptual model as a formal 

specification of the conceptualization of the problem domain can and should be generalized, let us 

focus on two important phases in the life cycle of a simulation: visualizing the results and using 

simulation for data farming. In both cases, we are applying a new layer of modeling to our simulation. 

 The importance of visualization has been emphasized for long, see, e.g., (Rohrer 1997). 

However, when visualizing a simulation, we select a subset of what we simulated, focusing on the 

important aspects and visualizing them in the context understood to be important for the task the 

customer is interested in. In other words, visualization is a task-driven, purposeful simplification and 

abstraction of the simulation data that is accessible. Visualization is therefore modeling, and as we are 

focusing on showing the important concepts interacting with each other, conceptual modeling results 

are of pivotal importance for visualization. Therefore, visualization should never be an afterthought in 

the process, but an integrated part already supporting the first phases of modeling. Many users look at 
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the visualization as the representation of the simulation system. If something is important enough to be 

visualized, it is important enough to be conceptually modeled. 

 The same is true when simulations are used for data farming: only if we design our simulation 

from the conceptual modeling phase on to be able to produce the data we need to address in our data 

farming challenge, the project can be successful. If something is not considered during the conceptual 

modeling phase, it cannot be introduced in hindsight. This also implies that the conceptual model 

needs to be available – and machine readable – for such applications. 

Definition, Purpose, and Benefits of Conceptual Modeling: A Broader 

View 

Within this section, a conceptual model has been defined as the result of the processes leading 

from the task to the specification of the conceptualization of the ontological structure of the problem 

domain, comprising assumptions and constraints relevant to all relevant modeling decisions. The result 

shall be captured as a formal representation, which allows machine support and supports a better 

understanding of errors and uncertainty.  

The purpose is to capture and communicate the conceptualization with intended as well as 

potentially unforeseen simulation users, which includes providers of visualization tools and data 

farmers. It is therefore important to realize that conceptual modeling is not a limited activity in the 

initialization phase of a simulation system, but a perpetually reoccurring process that drives the design 

of experimentation, the providing of necessary data, the evaluation and presentation of results, and 

many more activities conducted within the life cycle of the system.  

The benefit is building trust by unambiguously documenting the model – which is the foundation 

of the resulting simulation – which is pivotal in case of reuse or composition, as discussed in more 

detail in Tolk (2013). Without the unambiguous documentation of conceptualizations for the various 

activities over the life cycle, it is highly likely that inconsistencies will compromise the interpretation 

of the simulation results, which leads to insufficient training, ambiguous research results, and 

suboptimal decisions. 

PERSPECTIVE OF WAGNER 

What is a Conceptual Model? 

Historically, research in conceptual modeling has first been carried out in the computer science 

field of Database Systems. It started with two proposals for a conceptual data modeling language: the 

semantic model proposed by Abrial (1974) and the entity-relationship (ER) model proposed by Chen 

(1976), which triggered the series of ER conferences (ER 2012) starting in 1979. Later it was noticed 

that conceptual modeling, e.g., in the forms of enterprise modeling and business process modeling, 

plays an important role in software engineering, in general.  

Today, in the field of Information Systems (IS) and Software Engineering (SE), there is a widely 

accepted distinction between three kinds of models as engineering artifacts resulting from 

corresponding activities in the analysis, design and implementation phases: solution-independent 

domain models, platform-independent design models, and platform-specific implementation models.  

The term “conceptual model” (CM) has been used differently by researchers in Modeling and 

Simulation (M&S) and by researchers in IS/SE. While in IS/SE, there is an agreement that a 

conceptual model is the result of modeling a real world problem domain independently of the solution 

design, and is therefore also called a domain model, there is no such agreement in M&S, and several 

authors, e.g., Robinson (2013), suggest that a conceptual model is the result of making a solution 

design independently of a specific simulation technology platform.  
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In a previous WSC panel discussion on conceptual modeling, (Zee et al. 2010), three different 

definitions of what is a CM have been proposed:  

1. A document that states “what you will and will not include in the simulation and why”, or “a 

repository of high-level conceptual constructs and knowledge specified in a variety of communicative 

forms (e.g., animation, audio, chart, diagram, drawing, equation, graph, image, text, and 

video)“ intended to assist in the design of a simulation, as proposed by Balci et al. (2008);  

2. “A formal specification of a conceptualization”, or “an ontological representation of the 

simulation that implements it” as proposed in Turnitsa et al. (2010);  

3. “The specification of an executable simulation model”, or “a non-software specific description 

of the computer simulation model” as proposed by Robinson (2008).  

The first definition, by Balci et al., identifies a CM with an informal requirements definition, 

while ignoring the important question of using a CM that is expressed in a (preferably diagrammatic) 

modeling language with a well-defined semantics. The second definition, by Turnitsa et al., roughly 

corresponds to what is called a domain model in IS/SE. Finally, the third definition, by Robinson, 

corresponds to what is called a design model in IS/SE.  

I think that the question of what is a CM subsumes three related issues or sub-questions:  

1. Which types of models should we use in the development of a computer simulation? 

 2. How should we call these types of models? 

 3. Which modeling languages can be used for making these types of models?  

The really important questions are 1 and 3, while 2 is a purely terminological issue. Considering 

question 1, it seems pretty clear to me that since simulation engineering is just a special case of SE, we 

have to deal with the same types of models as in SE, namely with models they call domain, design and 

implementation models. I don’t see any benefit in using different names than they do. On the contrary, 

this would just create confusion. Since in IS/SE, they often call domain models conceptual models, 

because they describe the concepts used by subject matter experts, this is the terminology I would 

prefer to be also used in M&S.  

Adopting this approach implies that a conceptual simulation model is a solution-independent 

description of a real world problem domain, from which a platform-independent simulation design 

model can be derived for a given set of research questions, such that this design model is, in turn, the 

basis for coding executable simulation models, which are computer programs tailored towards specific 

simulation platforms. 

Table 1: A summary of the perspectives on conceptual modeling. 
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This leaves us with question 3: which modeling languages can or should we use for making 

conceptual models? While the answer is pretty clear for conceptual information models, it is less clear 

for conceptual process models.  

The most advanced and most widely used language for information modeling is the language of 

UML Class Diagrams. There is no reason, why UML Class Diagrams should not be used for 

conceptual information modeling in simulation engineering. As shown in Wagner (2014) , they allow 

to model both object types and event types, and also allow to model randomness. 

 Concerning conceptual process modeling, we have the problem that the most widely used 

language for modeling processes based on discrete events, the Business Process Modeling Notation 

(BPMN), has an official semantics that is not adequate for discrete event simulation, as explained in 

Wagner (2014). However, this does not imply that BPMN could not be used for conceptual process 

modeling in simulation engineering. Rather, it implies a need for developing an alternative semantics. 

What is the Purpose of Conceptual Modeling? 

 The purpose of conceptual modeling is to capture a sufficiently large, and in some sense 

sufficiently complete, part of the real world problem domain, for which a simulation study is to be 
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performed, in such a way that all kinds of research questions concerning this domain can be 

investigated by first deriving suitable simulation design models from the conceptual simulation model, 

and then implementing these design models with the help of one or more simulation platforms. 

What are the Benefits of a Conceptual Model? 

 The main benefits of first making a CM as a solution-independent description of a real world 

problem domain with the help of one or more CM languages, instead of directly making a simulation 

design model for a given research question, or instead of directly coding the mental simulation model 

that the simulation developer has in her mind for a specific simulation platform, are:  The CM can 

help to clarify questions about the scope and purpose of a simulation project (e.g., in discussions with 

the customer or with subject matter experts).  The CM is an asset that can be re-used for making 

different solution designs for different research questions, either in the same or in different simulation 

projects. 

CONCLUSION  

Table 1 summarizes the four perspectives on conceptual modeling discussed in this paper with 

respect to the purpose, definition and benefits of a conceptual model. As is obvious from the 

discussion above, the contributors express quite a range of views. By drawing these differing views 

together we aim to help conceptual modeling researchers better understand the similarities and 

differences in opinion. Over time, the community needs to move towards a more unified, or at least 

accommodated, view of to the definition, purpose and benefits of conceptual modeling. 


