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ABSTRACT 

Simulation models are meant to support industrial engineers in understanding complex 

problems and provide useful insights facilitating their solution. Models achieve this by 

reducing focus to system elements that matter. Surprisingly, despite its relevance, simulation 

model simplification is still very much a green field. This is mirrored in existing literature 

and course materials. In this article we seek to foster development of the field by proposing a 

framework for simulation model simplification addressing the manufacturing domain, 

thereby building on an extensive literature review. The framework structures the field by 

providing a unifying view on simulation model simplification, in terms of its key activities, 

i.e., reducing and preventing model complexity, and support offered in performing these. 

Apart from its role as a focal point for future research, the framework is meant to benefit 

practitioners and educators, by giving them access to research findings, and enabling and 

legitimatizing development of educational materials and their uptake. 

KEY WORDS 

Simulation, Model simplification, Manufacturing systems 

1 INTRODUCTION 

Many decisions on manufacturing systems design rely on the use of discrete event simulation 

models (Negahban and Smith, 2014). A prime reason for their popularity is their flexibility in 

modeling and visualizing the various elements of industrial systems. Exploiting such 

flexibility, however, sets specific demands on the skills of the industrial engineer and the 

methods and tools at his/her disposal in simplifying the model relative to the system under 

study. To reduce modeling efforts, foster model understanding and safeguard computational 
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efficiency of the model, ideally, only system elements that matter for answering to the 

modeling objectives are included in the model (Ward, 1989). 

 Surprisingly, despite being a fundamental part of modeling and simulation (Salt, 1993; 

Shannon, 1998; Henriksen, 2008), simulation model simplification is still very much a green 

field (Sevinc, 1991; Chwif and Paul, 2000; Brooks and Tobias 2000; Robinson, 2006; Van 

der Zee et al., 2011; Ahmed et al., 2016).  Relatively few contributions have been made over 

the past decades. Those available make up a fragmented landscape, suggesting the lack of a 

(unified) view on the field. This is apparent in, for example, alternative choices of 

terminology, and researchers being unaware of contributions already made. In turn, text 

books reflect state of the art by restricting their guidance on simulation model simplification 

to a few rules of thumb, or not addressing it all. 

In this article we seek to foster development of the field by proposing a research 

framework for simulation model simplification addressing the manufacturing domain, 

thereby building on an extensive literature review. The framework relates model 

simplification to simulation study set-up and the modeling process by identifying and 

detailing two main activities, i.e., reducing and preventing model complexity. Whereas the 

first activity addresses steps to take to arrive at a simplified model – starting from a more 

complex model, the latter activity is meant to avoid the need for model simplification by 

adjusting modeling objectives, (staff) resources provided, and choice of modeling 

methodology. 

By proposing a research framework we aim to (i) structure the field by highlighting 

distinctive features of simulation model simplification in terms of key activities and support 

in executing these, (ii) recollect existing contributions for the field, where such an overview 

is not available, and (iii) identify main research avenues. Apart from researchers both 
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practitioners and educators may find the framework useful as it outlines major lines of 

research in the field. 

 The article is structured as follows. Section 2 discusses the method and base for the 

literature review. Descriptive analysis of articles resulting from the literature search is 

provided in Section 3. In Section 4 the research framework is proposed and related to existing 

literature. Section 5 assesses contributions made by the framework by considering 

implications for research and practice. Concluding remarks are summarized in Section 6. 

2 RESEARCH METHOD - LITERATURE REVIEW 

2.1 Basic terminology 

To prepare the groundwork for the literature review key terms are defined. Model 

simplification is defined as the reduction of inappropriate model complexity. Here 

“inappropriate” is related to model conformance with modeling objectives and the variance in 

the data available to the modeler (Innis and Rexstad, 1983). Simulation refers to discrete 

event simulation: “The modeling of a system as it evolves over time by a representation in 

which the state variables change instantaneously at separate points in time” (Law, 2015). The 

process of simulation modeling is characterized by four main activities, i.e., conceptual 

modeling, model coding, experimentation, and implementation (Robinson, 2014). Respective 

activities are performed within the context of a simulation study, being characterized by the 

client, stakeholders, problem faced, modeling objectives, modeling methodology, and 

resources in terms of a project team, hardware, software, budget, and lead time. 

2.2 Delimitations and search process 

To clarify the boundaries of the literature review we make the following notes: 

(1) This analysis aimed at articles in peer-reviewed scientific journals and conferences in 

English as they appeared until 2017. Inclusion of conference articles is motivated by 

the fact that many authors consider the field to be green, see Section 1. In this way we 
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attempt to record progress for the field which has not yet been captured in journal 

articles. Conference articles that were extended towards journal articles were 

excluded. 

(2) Articles which only focused at comparing the use of simulation vs. analytical tools for 

decision support were excluded. We consider simplifications within the context of a 

simulation model, and do not address the overarching debate on the appropriateness 

of operational research methods for addressing specific types of problems. 

(3) The domain of interest is in the use of simulation for modeling and analyzing 

operations systems in manufacturing. Operations systems facilitate the material flow 

cycle, in terms of supply, production, and distribution. The domain covers a wide 

choice of systems, ranging from simple job shops to supply chains. 

 

The search for related publications was mainly conducted as a structured keyword search on 

major databases. The following keywords were used in combination: simulation and model 

abstraction, simulation and model reduction, simulation and model simplification, simulation 

and model enrichment, simulation and model complexity, simulation model* and abstract*, 

simulation model* and reduc*, simulation model* and simpl*, simulation model* and 

enrich*, simulation model* and complex*, simulation model* and redundan*. In accordance 

with the delimitations mentioned above we followed two avenues in our search process. 

Firstly, searches of the Web of Science and Scopus aimed at articles in peer-reviewed 

scientific journals in English. Secondly, IEEE Xplore was searched for articles presented at 

the Winter Simulation Conference, being the premier international scientific forum for the 

simulation field. Relevance of the approach for a good coverage of the field was confirmed 

by the search outcomes. Content-wise articles resulting from both searches often 

complemented each other. Many contributions presented at the conference did not appear in 
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journal articles yet. Reading the articles found in aforementioned searches, cited references 

were used as a secondary resource. Apart from additional journal articles this resulted in a 

few articles originating from conferences other than the Winter Simulation Conference. 

3 DESCRIPTIVE ANALYSIS OF ARTICLES 

3.1 Source characteristics 

Our searches resulted in 82 articles with 41, and 41 of them being published as journal 

articles and conference articles respectively. Figure 1 illustrates the distribution of the articles 

over the publication years. It shows how numbers of articles published increase over the 

years, indicating a somewhat growing popularity of the field. Journal articles are about 

equally divided among (Industrial) Engineering journals (22) and OR journals (19). The latter 

category hosts many journals dedicated to the simulation field such as Simulation, and the 

Journal of Simulation. The rising interest in decision support for semiconductor 

manufacturing, see above, is marked by several articles being published in IEEE Transactions 

on Semiconductor Manufacturing (5). Given article numbers, no journal or journals seem(s) 

to stand out as being the primary outlet(s) for the field.  

 
 

 

 

 

 

 

Figure 1  Distribution of the articles by the publication year 
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3.2 System characteristics – domain, level and use 

Most of the articles (45) address the general case of manufacturing systems, i.e., they do not 

start from specific assumptions about system characteristics. Among those articles that do 

differentiate a strong focus on semiconductor manufacturing is apparent (19 out of 37). The 

complexity of manufacturing systems in this domain representing large capital investments, is 

a likely explanation for the interest shown (Jain et al., 1999; Fowler and Rose, 2004; Fowler 

et al. 2015). Remainder articles address a large variety of manufacturing domains.   

 Level refers to the scope of the system under study. Here we differentiate between work 

centers, manufacturing sites, and supply chains. Typically, the choice of level sets specific 

demands on the need for, the nature and extent of model simplifications. Most articles favor 

use of simplification methods for modeling work centers (14) or manufacturing sites (19). 

Supply chains are hardly addressed (4). The latter finding is confirmed by observations from 

semiconductor manufacturing, suggesting supply chain simulation to be a rather new area of 

application (Fowler et al., 2015). 

 Apart from system scope also model use appears to be a denominator of interest shown in 

simulation model simplification. Six articles show how model simplification may facilitate 

simulation-based scheduling, by allowing it to deal with a short horizon for decision making.   

3.3 Modeling activities supported 

Modeling activities considered in the review are conceptual modeling, model coding and 

experimentation, linking to the set-up of the conceptual model, the coded model and the 

experimental frame respectively. With no exception all articles in our study link model 

simplification to conceptual modeling. Given the high impact of conceptual modeling 

decisions on remainder modeling activities and – ultimately – study success (Robinson, 

2006), this is hardly a surprise. Relatively few articles discuss simplification of the coded 

model (9) and experimental frame (6). 
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4 TOWARDS A FRAMEWORK FOR SIMULATION MODEL SIMPLIFICATION 

By proposing a framework we seek to structure the field, where such structuring is currently 

largely lacking. In doing the literature review we found no attempts to structure the field 

going far beyond listings of methods, good practices or rules of thumb. Moreover, to our 

knowledge, no literature review has been published so far. 

Study set-up Modeling
Problem 
situation

Complexity 
drivers?

Model 
qualities?

Modeling 
objectives

(Staff) resources
Data

Modeling 
methodology

Model

Simplification methods 
and proceduresGuidelines

       PREVENT
       COMPLEXITY

       REDUCE
       COMPLEXITY

ROOT 
CAUSE 

ANALYSIS

Model

Figure 2  A framework for simulation model simplification 

Essentially, the framework links simplification to two main activities, i.e., reducing and 

preventing model complexity, see Figure 2. The first activity addresses steps to take to arrive 

at a simplified model – starting from a more complex model. The majority of articles in our 

review seek to support this activity by developing and/or testing methods and procedures for 

(i) tracing inappropriate model complexity, and (ii) model modification aiming to realize a 

reduction of model complexity. Need for and success of model reduction build on an 

assessment of model conformance to modeling objectives in terms of essential model 

qualities, especially validity, utility and feasibility (Section 4.1). A smaller group of authors 

shows an interest in the drivers of inappropriate model complexity, thereby hinting at the 

need for prevention by a careful set-up of the study through adherence to guidelines (Section 

4.2). Both aforementioned activities may be related, as successful model reduction may 

require reconsidering study set-up. A root-cause analysis is meant to establish and underpin 

the need to do so (Section 4.3). Main focus of the framework is on modeling support for 
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simplifying the conceptual model, entailing model content, inputs and outputs. As such it 

reflects state of the art for the field, being the net result of most research efforts being 

directed towards conceptual modeling rather than the development of the coded model or 

experimental frame, see Section 3.3. In Section 4.4 we consider extensions of the framework 

addressing simplification of the latter types of models. 

4.1 Model complexity reduction 

4.1.1 Improving model qualities – assessing costs and benefits of model simplification 

Clearly, model simplification is not an end in itself but is meant to improve model qualities 

that determine its conformance to modeling objectives (Kotiadis and Robinson, 2008; 

Robinson, 2008a). Essentially, model simplification should facilitate an increase of model 

utility and feasibility, not being at the expense of its validity (Robinson, 2008a). Model utility 

stresses the way a model’s ease of use, flexibility, visualization, and run speed contribute to 

its usefulness. Requirements set on time, resources and data determine feasibility of the 

proposed model set-up and use. Whether model simplification does not hurt its validity, i.e., 

model accuracy, should be decided upon based on judgement and/or tests by computer 

models (Edmonds and Moss, 2004; Harrison et al. 2007; Kotiadis and Robinson, 2008; 

Robinson, 2014). 

 Many authors suggest benefits of simplification, thereby detailing its added value for 

model qualities, see Table 1. In turn, benefits identified reveal those outcomes of the study 

set-up that may be involved in assessing model scope and detail. For example, a reduced 

model may benefit model feasibility by requiring less input data, thereby decreasing the 

modeler’s efforts, and lessening resource use, as observed by project management. Likewise, 

it may be considered whether excess model detail is hindering its interpretation by model 

users.  
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Table 1  Benefits of simpler models for various stakeholders 

 

Role Tasks Benefits of simpler models References 
Project 
manager 

Manage 
process 

Project resources 

 Less expensive 

 Less time involved 

 Less use of resources 

 Involves less efforts of project manager 
Project content 

 Helpful in specifying modeling objectives 

 Helpful in acquiring more projects 

 Avoids solutions that are too advanced 
being implemented 

 

 Innis and Rexstad (1983), Yin and Zhou (1989) 

 Yin and Zhou (1989), Chwif et al. (2000) 

 Chwif et al. (2000) 

 Chwif et al. (2000) 
 

 Rexstad and Innis (1985) 

 Ward (1989), Salt (1993) 

 Musselman (1994) 

Modeler Model 
development 

Data requirements 

 Less input data required 
 
Model building 

 Facilitates more flexible modeling 
 
 

 Easier to develop and maintain 
 
 

 Avoids solutions that are too advanced 
being implemented 

Model validation and verification 

 Easier to validate, verify 

 Higher accessibility of assumptions 

 Clear exposure of flaws; avoid errors 
 

 More accurate 
Modeling methodology 

 Facilitates evolutionary path for the 
modeling process 

 

 Innis and Rexstad (1983), Yin and Zhou (1989), 
Salt (1993), Sinreich and Marmor (2004), 
Fletcher et al. (2007) 

 Innis and Rexstad (1983), Yin and Zhou (1989), 
Salt (1993), Musselman (1994), Chwif et al. 
(2000) 

 Rexstad (1985), Fishwick (1988), Ward (1989), 
Chwif et al. (2000), Brooks and Tobias (1996, 
2000), Salt (1993) 

 Musselman (1994) 
 
 

 Chwif et al. (2000), Rexstad and Innis (1985) 

 Ward (1989) 

 Musselman (1994), Rexstad and Innis (1985), 
Brooks and Tobias 1996) 

 Musselman (1994) 
 

 Fishwick (1988) 
 

Model user Do and 
analyze 
experiments 

Analysis 

 Easier to interpret 
 

 
 

 Higher accessibility of assumptions 

 Easier to use 
 

 Enhances insight 
 
Experimenting 

 Speeds up experiments 
 

 

 Allows exploratory use of model 

 Sensitivity analysis is more practicable 

 

 Innis and Rexstad (1983), Fishwick (1988), Yin 
and Zhou (1989), Brooks and Tobias (1996, 
2000), Chwif et al. (2000), Sinreich and Marmor 
(2004) 

 Ward (1989) 

 Fripp (1985), Henriksen (2008), Sinreich and 
Marmor (2004) 

 Fripp (1985), Brooks and Tobias (2000), 
Musselman (1994), Anderson and Morrice 
(1999), Fletcher et al. (2007) 

 Fishwick (1988), Sevinc (1991), Brooks and 
Tobias (1996, 2000), Salt (1993), Rank et al. 
(2016) 

 Salt (1993), Fletcher et al. (2007) 

 Ward (1989), Brooks and Tobias (2000) 

Client Owns 
problem, 
recipient of 
results, 
funds study 

Project resources 

 Less expensive 
Project content 

 Helpful in specifying modeling objectives 

 Avoids solutions that are too advanced 
being implemented 

 

 Innis and Rexstad (1983) 
 

 Rexstad and Innis (1985) 

 Musselman (1994) 

Domain 
expert 

Provide data Data requirements 

 Less input data required 

 

 Innis and Rexstad (1983), Ward (1989), Salt 
(1993), Sinreich and Marmor (2004), Fletcher et 
al. 2007 

Third party 
expert 

Provide 
software 
support 
and/or 
modeling 
expertise 

Software 

 Applicability of software may increase 
Model building 

 Easier to develop and maintain 

 

 Henriksen (2008) 
 

 Rexstad (1985), Ward (1989), Chwif et al. 
(2000), Brooks and Tobias (1996, 2000), Salt 
(1993) 

Management Benefit from 
the study 

Implementation of results 

 Quicker results facilitating speedier 
decision making, allowing more time for 
alternative actions and implementation 

 Results being less specific, allowing 
managers to incorporate their own 
knowledge and preferences 

 Recommendations are easier to sell 

 Improve fit with strategic nature of 
problem 

 

 Ward (1989), Brooks and Tobias (2000), 
Fletcher et al. (2007) 

 

 Ward (1989), Brooks and Tobias (2000) 
 
 

 Ward (1989) 

 Ward (1989) 
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Relevance of stakeholder perspectives in assessing benefits of model simplification (Maier et 

al., 2017) has been reflected in Table 1 by differentiating among various roles in a simulation 

study. Roles are specified according to Robinson (2014) and Ormerod (2001). While some 

observed benefits may relate to a specific role, others may be shared among roles. For 

example, both modeler and domain expert may take advantage of the fact that data 

requirements may be less. However, simplifications may also imply a trade-off. For example, 

increasing model speed – by simplifying the model by leaving out detail – may not always 

improve model understanding among stakeholders. Or even stronger, efforts towards 

increasing model understanding by simplifying the model may not always be successful, as 

stakeholder backgrounds may differ (Ward, 1989; Salt, 1993). Furthermore, the need for 

simplification may differ over the modeling cycle. For example, during the verification 

phase, a model that is easy to code and debug is desirable, whereas during the 

experimentation phase, a fast implementation is preferred (Schruben and Yücesan, 1993). 

Benefits of a simplification are conditional on its impact on model validity. Many authors 

suggest the existence of a certain range in which a reduction of model complexity in terms of 

its  scope and detail due to simplifications does not/hardly impact its validity (Figure 3), also 

compare Benjamin et al. (1998), Chwif et al. (2000), Astrup et al. (2008), and Robinson 

(2008a). The “choice of range” will be determined by the modeling objectives and the nature 

of the answers that are to be provided. Nice illustrations of the choice of range can be found 

outside the manufacturing domain, in the health scene. Fletcher et al. (2007) developed a 

generic model for simulating emergency departments (EDs) throughout England, as a part of 

a campaign of the National Health Service (NHS) to improve ED performance. They found 

that in case basic insights in system workings would be asked for the generic model would 

suffice. However, in case impact of local decisions has to be accounted for the model has to 

be refined. Starting from the observation that the implementation of many health policies may 
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be extremely expensive, Davies et al. (2003) stress the relevance of tailoring model detail 

towards factors that will make a substantial difference to the results and conclusions of the 

simulation study. In specific cases, simplifications may even increase model validity (Figure 

3, right hand side), by removing model complexity not or insufficiently supported by data or 

information (Innis and Rexstad, 1983; Brooks and Tobias, 2000; Robinson, 2008a). Clearly 

removing too much complexity hurts model validity, compare Figure 3 (left hand side). 

Usually, model simplification comes at a cost. Costs relate to the efforts put in 

developing, implementing and validating a simplification (Rexstad and Innis, 1985; Brooks 

and Tobias, 1996; Frantz, 1997; Davies et al., 2003). Moreover, simplification may be a risky 

undertaking, as efforts put in may not result in an acceptable simplified model (Brooks, 

1999). Also detailed models may still be required to ascertain model credibility (Brooks, 

1999). Not surprisingly, several authors point out that decisions on model simplification 

require a cost-benefit analysis (Innis and Rexstad, 1983; Barlow, 2009), ideally building on 

clear modeling objectives (Chwif et al., 2000). Expectedly, larger and more complex models 

will require greater analysis detail – as stakes tend to be higher. 

 
 

 

 

 

 

 

 

 

 

 

                                                       

     

100% 

X 

Scope and level of detail (complexity) 
 

Figure 3  Simulation complexity and model accuracy - similar to Robinson (2008a) 
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Several authors clarify how benefits may not outweigh costs. Rexstad and Innis (1985) found 

how in some cases a simpler model may take longer to develop, due to the presence of many 

alternative simplifications, and/or their development and testing being laborsome. Spiegel et 

al. (2005) demonstrate that even for simple problems model simplification may not be easy, 

due to undocumented assumptions. What if simplification is not easily attained? Under these 

circumstances, model transparency is still possible building on good communications of 

modelers – speaking the language of the problem domain – with the model users, being 

supported by, for example, manual simulations or structured walkthroughs of the model (Salt, 

1993). 

4.1.2 Methods for tracing inappropriate model complexity 

How to trace model components that are eligible for simplification, i.e., are of no significant 

relevance in capturing the causal connection between model inputs and outputs (Law et al., 

1993; Benjamin et al., 1998; Robinson, 2008b). Basically, eligible components qualify by 

allowing for their omission, aggregation or substitution (Pegden et al., 1990; Rank et al., 

2016). Omission of model components builds on the assumption that system elements 

represented by them have no significant influence on system performance. Aggregating 

model components into a single component that approximates joint behavior, is another way 

of reducing the number of model components. Substitution entails replacing complex model 

components with simpler ones that approximate behavior of the former. Note that 

aggregation and substitution are related, with the latter being the result of repeated 

aggregation (Rank et al., 2016). 

 Various checklists have been put forward suggesting rules supporting the selection of 

model components for possible simplification. Essentially, rules identify components by 

studying their behavior. Often mentioned examples are shown in Table 2 (Robinson, 1994; 

Robinson, 2014; Rank et al., 2016). 
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Table 2  Rules for selecting model components for possible simplification 

 

Rule 

 Exclude resources that are always available. 

 Group products being processed batch wise. 

 Represent similar products by a single product type. 

 Do not distinguish between products showing similarities in part routing and resource use. 

 Exclude infrequent events. 

 Exclude non-critical materials. 

 Do not distinguish between shift patterns suggesting similar operations during shifts. 

 Exclude rules governing entity flow addressing rare situations. 
 Substitute model components representing resources for which utilization is low, queue 

length is small, or waiting or lead times are short with delays.  

 

Whereas rules mentioned in Table 2 address the general case of operations systems in 

manufacturing, other authors provide domain specific guidance. For example, Morrison 

(2011) suggests considering the possibility to ignore wafer transport robots in a fab-level 

simulation. Likewise, Jiminez et al. (2008) propose a method for classifying semiconductor 

wafer fab models by the level of capacity detail and the level of detail of automated handling 

systems, as deemed required given the modeling objectives. Further evidence on the 

relevance of recollecting and developing domain specific guidance on model simplification is 

also found outside manufacturing, in related fields of interest. Starting from the benefits 

associated with model re-use, Monks et al. (2017) recollect, propose and evaluate a set of 

simplification rules dedicated to acute stroke care chains. 

 While checklists start from observations on model behavior, principles of aggregation 

work the other way around, by first typifying various notions of aggregation and next 

applying them to the model. Frantz (1995, 1997) distinguishes between four principles of 

aggregation, i.e., state aggregation, temporal aggregation, entity aggregation, and function 

aggregation. According to the principle of state aggregation, states whose distinctions are not 

relevant considering modeling objectives may be combined. For example, if exact routing of 

an automated guided vehicle (AGV) transporting goods within a manufacturing system is not 

relevant for decision making, routes taken and routing logic may be left out of the model. 

Temporal aggregation seeks to improve computational efficiency by seeking a reduction of 
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the number of events, for example, by assuming that events that occur close in time to be 

simultaneous. Entity aggregation assumes a higher level entity to represent a collection of 

lower level entities. Reasons for entity aggregations may be found in both function and 

structure of the entities. For example, parallel identical machines may be modeled by a single 

machine with correspondingly shorter processing times, but executing functions similar to the 

machines being represented. Also, hierarchical structures, like workstations or departments 

being composed of multiple resources may be represented as a single entity. In a similar way, 

the notion of a product class may be exploited to refer to a group of products for which 

mutual differences are not relevant given modeling objectives, see, for example, Piplani et al. 

(2004). Finally, function aggregation seeks to combine resource activities. For example, 

instead of decomposing a maintenance job in several individual activities they may be 

represented by a compound activity, i.e., the maintenance job. 

 In principle, component selection for model simplification may further underpinned by 

dynamic analysis, assuming the presence of a coded model (Webster, 1984). This allows 

selected components to be assessed for their contributions to overall system performance and 

– interpreting these – impact on model validity. Components for which a low impact on 

model validity is confirmed are considered for model complexity reduction, also see Section 

4.1.3. Alternatively, analysis may be skipped if sufficient trust has been built (Law, 1991; 

Robinson, 2014) or performed using simpler or alternative means, such as, rough cut 

calculations, analytic approximations for estimating effects of selected components on system 

performance and/or domain expert judgement. Research by Hood (1990), who puts some 

common simplifications for simulating semiconductor manufacturing lines to test, and Jain et 

al. (1999), who study criticality of detailed modeling in semiconductor supply chain 

simulation, show how validation of simplifications should not be taken lightly. 



  

Model Simplification in Manufacturing Simulation 

 

16 
 

Several authors suggest the notion of complexity metrics in trying to facilitate an a-priori 

evaluation of a simulation model specification given some criterion. For example, model 

characteristics like the quantity of components (for example, number of machines), the 

quantity of connections (for example, part routings), and the quantity of calculations required 

in determining which connection to take from each component may set demands on 

computational resources (Yücesan and Schruben, 1998; Brooks and Tobias, 2000; Jacobson 

and Yücesan, 1999). Hence, they may influence model utility in terms of speed of 

experiments. Likewise, Wallace (1987) proposes the term psychological complexity to 

capture the complexity of model understanding among users. Although some progress is 

made in this area, it seems to be still very much in its infancy. Chwif et al. (2000), and Yavari 

and Roeder (2012) underpin this situation by their finding that no standard measures of 

complexity are widely accepted. Chwif et al. (2006) offer some explanation for this by 

clarifying how the definition of suchlike measures may be dependent on the choice of a 

proper model representation technique - making model complexity “tangible” by identifying 

model elements in a structured way. For an entry and initial results in this area see Zeigler 

(1976), Brooks and Tobias (1996), Zeigler et al. (2000), Chwif et al. (2006), and Yavari and 

Roeder (2012). 

 Other reasons for simplifications of model components may concern their weak 

underpinning by data or information (Law, 1991), also compare Section 4.1.1 (Figure 3, right 

hand side). Identifying suchlike components typically requires scrutinizing model 

assumptions, and model scope and detail. Rule sets (Robinson, 2014) and input distributions 

(Yavari and Roeder, 2012) present two important examples.  

4.1.3 Methods for developing simplifications 

How to simplify model components? Two main avenues may be considered, i.e., modifying 

model component behavior, by leaving out or adjusting its detail or changing component 
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form starting from the principle of black-box modeling (Pidd, 2004). According to the latter 

principle (parts of) a real system may be represented as a “black box” that can be observed 

and for which we can relate its inputs to its outputs. 

Choice of model detail may be guided by generic model structures. For example, Rank et 

al. (2015) propose an adjustable base model addressing automated material handling systems 

of semiconductor fabrication plants. Likewise, Duarte et al. (2007), and Pehrsson et al. (2015) 

suggest to model manufacturing plants and supply chains by a simplified model, concerning a 

few standard components. Morrison (2011) proposes deterministic multi-class flow line 

models for representing semiconductor manufacturing equipment such as multi cluster or 

clustered photolithography tools being part of an overall fab simulation. Extensions of his 

work are discussed in Park et al. (2017). A next step may be to combine the notion of generic 

model structures with automatic model generation (Bergmann and Strassburger 2010). This 

would require the definition of a model generation algorithm that builds models from 

selecting, configuring and structuring the components, relying on available data sources 

(Huang et al. 2016). Various data sources may be considered, for example, technical data 

describing the production system, organizational data capturing system planning and control, 

and system load data (Bergmann and Strassburger 2010). In addition, techniques like data 

and process mining and machine learning may be adopted for interpreting data (Van der Aalst 

2012, Akhavian and Behzadan 2013, Bergmann et al. 2016). For example, process mining 

may be helpful in supporting model simplification of complex manufacturing systems, by 

distilling main product categories by identifying common routings. Hence, the number of 

product types modeled may be reduced, also compare Table 2 (“Represent similar products 

by a single product type”). 

Multiresolution modeling seeks to improve computational efficiencies of large models by 

allowing highly detailed parts to be combined with parts of lower detail within a single model 
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(Vasudevan and Devikar, 2011). Gains are associated by those parts of lower detail – 

referring to system elements with a perceived low impact on model validity. By means of a 

case example concerning automotive final assembly Vasudevan and Devikar (2011) clarify 

how developments during a project life cycle, for example, new solution directions, may 

require the addition of more detail to the model. Under these circumstances, they suggest not 

to change the abstraction level of the whole model. Instead it is advocated to restrict 

additional detail to selected areas. Fishwick (1988) proposes a taxonomy of process 

abstraction methods in an effort to characterize the fundamental concepts of traversing levels 

of detail. The notion of dynamic multiresolution models adds the possibility of changing level 

of selected model parts detail during simulation (Celik et al., 2010; Huber and Dangelmaier, 

2011). Huber and Dangelmaier (2009) propose a method for mapping simulation state 

between models of different level of detail. Celik et al. (2010) propose Dynamic-Data-Driven 

Application Systems (DDDAS) as a new modeling and control paradigm which adaptively 

adjusts the detail of a simulation model. The need for adapting model detail is established by 

using an abnormality detection algorithm that detects deviations of system status that violate 

thresholds set. 

 Frantz (1995) mentions how the input/output relationships for a model component may be 

captured by look-up tables, probability distributions, linear function interpolations, and 

metamodeling. Further examples are provided by Thomas and Charpentier (2005), Thomas 

and Thomas (2011), Thomas et al. (2011, 2014, 2015) who consider representing non-

bottleneck machines by neural networks and regression trees. The use of probability 

distributions received significant attention in semiconductor manufacturing. To simplify the 

complex models often found for this field, probability distributions are employed to represent 

subsystems (aggregates of semiconductor resources) or non-bottleneck machines as delays. 

Proposed probability distributions account for the fact that delays may be influenced by the 
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work-in-process, and possibilities of parts overtaking each other – due to the re-entrant nature 

of semiconductor manufacturing (Rose, 2000; Rose, 2007; Etman et al., 2011; Veeger et al., 

2011; Kabak et al., 2012; Ewen et al. 2017). For modeling non-bottleneck resources several 

authors advocate use of fixed time delays, see, for example, Hung and Leachman (1999) and 

Johnson et al. (2005). Some of the aforementioned work also made an entry in related fields. 

For example, Jansen et al. (2012) explored use of probability distributions proposed for 

semiconductor manufacturing for modeling resources at a Magnetic Resonance Imaging 

(MRI) department. 

4.1.4 Simplification procedures 

Simplification procedures seek to contribute to a comprehensive approach towards model 

complexity reduction by embedding methods for tracing inappropriate complexity (Section 

4.1.2) and developing simplifications (Section 4.1.3) in a step-wise procedure. For example, 

starting from a detailed manufacturing model, Johnson et al. (2005) propose a simple 

procedure that (i) establishes a list of machines ordered according to their utilization, (ii) 

selects those machines with a low utilization from the list and replaces them with constant 

delays, and (iii) validates the resulting reduced model by comparing its outputs with those 

found for the detailed model. Similar examples, employing different methods and different 

manufacturing settings, are given by Brooks and Tobias (2000), Völker and Gmilkowsky 

(2003), Huber and Dangelmaier (2009), and Zhou et al. (2016). 

Apart from their choices of underlying methods and focus on specific manufacturing 

settings, simplification procedures differ for their algorithmic and/or tool-based support. Use 

of data flow analysis and expert systems for tracing inappropriate model complexity is 

advocated by Nance et al. (1999). Chwif et al. 2006 propose a “backtracking” reduction 

algorithm that traces those model elements that are not connected to model outputs. Likewise 

Chiang (2010) proposes the use of evolutionary algorithms in order to choose among a great 
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many alternative model simplifications. Other possibilities for tool-based support are linked 

to the notion of automatic model generation, see Section 4.1.3. Chwif et al. (2006) clarify 

how the use of algorithmic and tool-based support requires the use of a proper model 

representation technique. Sevinc (1990) studies possibilities for the automation of model 

simplification from a theory–based angle, using a weakened definition of homomorphism for 

simulation models as a formal basis.  

4.2 Preventing model complexity 

The efforts that may be involved in model reduction – as indicated in the previous section – 

present a clear case for the need for preventing inappropriate complexity. Avoiding model 

complexity builds on the modeler’s awareness of its drivers, and his/her appropriate response 

once detected. Table 3 shows various drivers, being categorized according to the outcomes of 

the study set-up, i.e., modeling objectives, (staff) resources available or provided, access to 

data, and choice of modeling methodology. Checking outcomes of simulation study set-up for 

respective drivers may be considered as an initial guideline. We found little evidence on more 

elaborate guidelines informing the modeler on how to act once relevance of specific drivers 

has been established. 

 Many authors indicate that poorly understood, conflicting, or too many modeling 

objectives may significantly contribute to model complexity. This starts from the observation 

that under these circumstances the modeler may easily be tempted to draw the bounds of the 

model too wide, hoping to cover whatever the model user is interested in (Salt, 1993). Nance 

et al. (1999) point out how model development objectives in terms of model portability, 

extensibility and re-usability may increase model complexity. For example, model re-use 

may be facilitated by generic – but more elaborate – model components. Pace (2000) nuances 

the role of modeling objectives as complexity drivers by suggesting modeling objectives and 

model development to be a “chicken–egg” pair. According to him they may each stimulate 
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and derive from the other, thereby possibly making an iterative and interactive formulation of 

modeling objectives with the model development beneficial. Urenda Moris et al. (2008) 

clarify how such a situation may be encountered in the early development phases of an 

industrial project. Given a clear lack of information and data, models relying on appropriate 

simplifications are less accurate, but may contribute to system understanding. In turn, these 

early insights obtained may be helpful in clarifying modeling objectives. 

Table 3  Drivers of inappropriate model complexity 

 

Factor Driver References 
Modeling objectives  Various model development objectives 

 Unclear modeling objectives 
 
 

 Misfit between model nature and 
modeling objectives 

 Problem size 

 Number of model inputs 
 

 Number of model outputs 
 

 Choice of input space 

 Nance et al. (1999), Ahmed et al. (2016) 

 Innis and Rexstad (1983), Yin and Zhou (1989), Salt 
(1993), Law (1991), Nance et al. (1999), Chwif et al. (1998, 
2000), Yavari and Roeder (2012), Rank et al. (2016) 

 Henriksen (1998) 
 

 Morris (1967), Salt (1993), Chwif et al. (2000) 

 Innis and Rexstad (1983), Kim et al. (2003), Yavari and 
Roeder (2012), Ahmed et al. (2016) 

 Innis and Rexstad (1983), Yavari and Roeder (2012), 
Ahmed et al. (2016) 

 Frantz (1995) 

Modeler Educational background 

 Limited application domain knowledge 
 

 

 Limited training or experience in 
modeling 

 

 Unfamiliarity with simulation software 

 Poor modeling practices 
 
Personality 

 Preference for impracticably difficult 
tasks 

 Show off: complex models are 
impressive references of the modeler’s 
skills and work 

 Joy of creating intricate programs 
Pitfalls 

 Considering details as inherently good 
for increasing realism 

 Being unsure about what to include 

 Adding complexity is easy 

 Difficult to get rid of a complex model 
Stakeholder involvement 

 Lack of communication with 
stakeholders 

 Project team size 

 

 Innis and Rexstad (1983), Yin and Zhou (1989), Law 
(1991), Nance et al. (1999), Chwif et al. (2000), Rank et al. 
(2016), Nance et al. (1999) 

 Law (1991), Salt (1993), Jain et al. (2001), Chwif et al. 
(2000), Fowler and Rose 2004, Ahmed et al. (2016), Rank 
et al. (2016) 

 Yin and Zhou (1989), Chwif et al. (2000), Rank et al. (2016) 

 Innis and Rexstad (1983), Yin and Zhou (1989), Chwif et al. 
(2000), Yavari and Roeder (2012) 

 

 Salt (1993) 
 

 Salt (1993,) Chwif et al. (2000), Rank et al. (2016) 
 
 

 Salt (1993) 
 

 Henriksen (1989), Salt (1993), Chwif et al. (2000) 
 

 Chwif et al. (2000), Vasudevan and Devikar (2011) 

 Salt (1993) 

 Salt (1993), Rank et al. (2016) 
 

 Law (1993) 
 

 Ahmed et al. (2016) 

Simulation software 
 

 

 Default attribute assignments 

 Library choice of building blocks 

 Choice of event list algorithm  

 Nance et al. (1999) 

 Jain et al. (2001), Vasudevan and Devikar (2011) 

 Henriksen  (1983) 

Diagramming 
techniques for model 
specification 

 Low abstraction levels employed in 
capturing a real world manufacturing 
system 

 Liu and Lijima (2015) 

Computer hardware  Increasing computational power  Salt (1993), Brooks and Tobias (1999), Jain (1999), Chwif 
et al. (2000), Rank et al. (2016) 

Data  Availability of detailed data  Henriksen (1989), Law et al. (1993), Jain et al. (2001), 
Ahmed et al. (2016) 

Methodology  Excess attributes 

 Manual simulation approaches 

 Nance et al. (1999) 

 Lucko et al. (2010) 
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Another explanation for model complexity may be in the fit between model nature and 

modeling objectives (Henriksen, 1989). For example, would a “toy model” be more 

appropriate than a “realistic model”. Or, alternatively, should an “abstract” model be 

preferred over a “detailed” model? See Henriksen (1989) for further examples on alternative 

choices of model nature, and the way respective choices set requirements to the model. 

 Not surprisingly, also size of the underlying problem may contribute to model 

complexity.  Problem size may be at a debate if it can be split into simpler problems (Morris, 

1967; Courtois, 1985; Salt, 1993; Chwif et al., 2000). Likewise, the presence of many model 

inputs may act as an indicator of excess model detail (Innis and Rexstad, 1983; Kim et al., 

2003; Yavari and Roeder, 2012; Ahmed et al., 2016). Ideally, some a-priori prove of their 

relevance is provided building on good reasoning and/or quantitative approximations. Note 

that, in some cases, implementation of model inputs may imply a modeling exercise of its 

own. Frantz (1995) hints at the relevance of acknowledging input space, i.e., the conditions 

under which the system is going to be studied. For example, is it necessary to put a system to 

the test for fluctuating workloads or is it allowed to focus on its behavior for a single high 

workload level only. The latter case may allow for model simplifications such as leaving out 

scheduling logic or approximating queueing behavior. 

 Most drivers of model complexity are associated with the modeler. We consider four 

subcategories of drivers, i.e., those that relate to the modeler’s educational background and, 

personality, possible pitfalls that may be encountered by him/her, and his/her interaction with 

stakeholders. Novice modelers may easily tempted to solve modeling issues by adding detail, 

because they are not aware of alternative lean modeling solutions or coding tricks, not 

familiar with the domain, or do not (fully) understand potential benefits of simpler models. 

Note that the likeliness of modelers encountering pitfalls may be related with their modeling 

training and experience. For example, it may take some time to find out that more detail does 
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not necessarily improve model accuracy (Henriksen, 1989; Chwif et al., 2000). Salt (1993) 

clarifies how various aspects of a modeler’s personality may impact on model complexity. 

This may refer to the modeler’s enthusiasm in developing more fancy models, and/or a belief 

that more complex models are more impressive, i.e., give a better account of modeling 

competences and the amount of work done, or may more easily convince the client. Finally, 

Law (1993) and Ahmed (2016) indicate how model complexity may be a net consequence of 

a lack of stakeholder interaction. 

 Choice and availability of supportive modeling tools and methodology may present other 

challenges for the modeler. Increasing computational power may easily add to model 

complexity, simply because it is there (Chwif et al., 2000). On the other hand, choice of 

modeling formalisms and methodology may guide the modeler in including (too) much detail 

by building on generic building blocks meant to address a large class of systems (Nance et 

al., 1999; Jain et al., 2001; Vasudevan and Devikar, 2011; Liu and Lijima, 2015). Likewise, 

availability of detailed input data may make the modeler tempted to choose the scope and 

level of detail for the model accordingly (Henriksen, 1989). Lucko et al. (2010) clarify how 

the great flexibility entailed by manual simulation generation approaches vs. domain specific 

(semi)automated simulation generation approaches together with a modeler’s lack of domain 

knowledge may add to model detail.  

 Many researchers suggest to prevent model complexity by advocating an evolutionary 

development of the model, i.e., start with an (overly) simple model and next add detail 

incrementally until the model is considered valid for its purpose (Pidd, 1999; Sánchez, 2006; 

Robinson, 2008a). By being (somewhat) in control of modeling steps such an approach may 

be helpful – although it comes at the cost of an initial set of simplifications relative to the 

(would be) system under study (Brooks and Tobias, 2000). Also it does not deny relevance of 

the above complexity drivers. 
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4.3 Linking activities – Root cause analysis  

In previous sections we discussed the two main activities associated with model 

simplification. Both activities may be linked in case successful model reduction requires 

reconsidering study set-up. For example, if the need for model reduction is a net effect of 

poor modeling skills, training of the modeler may be required to improve his/her modeling 

skills and – next – the model. In the latter case a root-cause analysis may be appropriate 

which links observations on the model and its development to possible complexity drivers, 

compare Table 3. 

 So far, researchers did not acknowledge the need for a root-cause analysis questioning 

outcomes of the study set-up as a prerequisite for successful model reduction. A likely reason 

is in their focus on developing methods for model complexity reduction, rather than 

questioning model development so far. Starting from main categories of complexity drivers 

shown in Table 3 many indicators can be defined that may be helpful in establishing the need 

for such a root-cause analysis. Examples include unclear modeling objectives, poor modeling 

or coding, large detailed models, lack of communication among stakeholders, and a high 

number of model inputs, state variables and outputs. In turn, complexity metrics may be 

associated with these indicators, see Section 4.1.2. Clearly, more research is required 

supporting questions on when and how to do a root-cause analysis. Concerning the latter 

question, Vasudevan and Devikar (2011) suggest the use of simple lean techniques like the “5 

whys” in analyzing the need for model detail. 

4.4 Framework extensions – coded model and experimental frame 

Main focus of our framework is on modeling support for simplifying the conceptual model. 

In this section we explore extensions of the framework towards development of the coded 

model and experimental frame. Our exploration is restricted to its support for model 

reduction, compare Section 4.1. It is likely that findings on preventing inappropriate model 
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complexity will also apply to the coded model and experimental frame. However, further 

research is required to support this thesis, and refine findings given model specifics. 

Support for simplifying coded models may be related to development, choice and good 

use of simulation software. Henriksen (2008) discusses technical requirements for simulation 

software development that may contribute to a reduction of model complexity by enhancing 

model development and use. Starting from examples he highlights demands to be put on 

meaning and availability of language constructs, openness of source code, model 

extensibility, and model interfacing. Yuan and Ponsignon (2014) develop a dedicated library 

of building blocks targeting supply chains in semiconductor manufacturing aiming to reduce 

modeling efforts. Rank et al. (2015) propose a high-level base model for simulating 

automated material handling systems in wafer fabs, aiming to speed up model execution – as 

a net effect of reducing model detail.  

Innis and Rexstad (1983) clarify how an appropriate choice of simulation software may 

contribute to model simplification by requiring less code, as the language facilitates an easy 

mapping of the real-world system on model components, and exploits system properties in 

model analysis. Recent work on (semi)automated model generation builds on this finding by 

suggesting the development and use of a library of domain specific model components, 

allowing for the construction of models using a model generation algorithm (Lucko et al. 

2009, Lucko et al. 2010, Huang et al. 2016,  Bergmann et al. 2017). 

Once a choice has been made for a specific simulation software package, it is up to the 

modeler to make good use of it. This refers to code readability, debugging, and execution 

speed (Innis and Rexstad, 1983; Frantz, 1997; Brooks and Tobias, 2000). Wallace (1987), 

Yücesan and Schruben (1998), and Popovics and Monostori (2016) provide metrics which 

may be helpful in assessing algorithmic and computational complexity of the coded model. 

Akpan and Shanker (2017) consider the realized benefits and costs associated with modeling 
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and simulation in 3D and virtual reality through a descriptive meta-analysis of evidence from 

research and practice. 

 Various authors suggest to simplify the experimental frame by leaving out model inputs 

or restricting their range (Kim et al., 2003; Yavari and Roeder, 2012). Rank et al. (2016) 

clarify the need to legitimatize the choice of input factors and their range by static 

deterministic estimates of system performance. Assuming presence of a coded model, 

McGraw and MacDonald (2000) suggest alternative experimental designs, like extremum 

experimentation, factorial experimentation, and input sensitization as means for tracing inputs 

that may be omitted. Furthermore, Innis and Rexstad (1983), and Fowler et al. (2004) 

advocate the use of variance reduction techniques to reduce run lengths, and – hence – 

computational efforts. 

5 DISCUSSION 

In the previous section, we have described a framework for simulation model simplification, 

thereby building on an extensive literature review. We elaborate on the contributions to 

research and practice, and highlight some potential research directions.  

5.1 Contributions to research 

The first research contribution is in formulating a framework that incorporates and structures 

existing knowledge on simulation model simplification for the manufacturing domain. It 

organizes research contributions in terms of methods, good practices and insights by relating 

them to two main activities, i.e., reduction and prevention of inappropriate model complexity, 

and linking these activities to simulation study set-up and the modeling process respectively. 

Reduction of model complexity entails cost-benefit analysis of model simplification, tracing 

of inappropriate model complexity, and development and validation of model simplifications. 

Prevention of inappropriate model complexity is linked to the notion of complexity drivers, 

concerning the definition of modeling objectives, modeler’s skills, available hardware and 
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software tools, choice of modeling methodology and access to data. Both activities may be 

coupled if successful model reduction may benefit from reconsidering study set-up – as 

indicated by a root-cause analysis. 

 The second research contribution of the framework is in serving as a starting point for 

future research by allowing for the identification of patterns of research development, current 

research avenues, and research gaps. Early research contributions paved the way by clarifying 

relevance of the field in terms of the benefits of simplification, compare Table 1. They 

allowed for further contributions to theory, concerning insights on drivers of complexity 

(compare Table 3) and simplification methods that are helpful in tracing inappropriate 

complexity, and development and validation of model simplifications. As far as 

simplification methods are concerned two research avenues emerged. A first avenue concerns 

the development of (automated) simplification procedures, i.e., comprehensive methods that 

address both tracing of inappropriate model complexity, and development of model 

simplifications. In most cases research on model simplification assumes a manual approach 

towards modeling – being still the dominant approach. Alternatively, emergence of 

automated simulation generation approaches sets a new perspective for providing guidance 

on model simplification by seeking to exploit re-use of domain specific knowledge in terms 

of elementary buildings blocks and their construction. In addition, techniques like, for 

example, data and process mining and machine learning may be helpful in tracing and 

developing simplifications by interpreting manufacturing data. A second avenue is associated 

with contributions concerning domain related simplification methods. Main examples 

concern simplification methods proposed and validated for use in semiconductor 

manufacturing simulation. We observed how, so far, main focus in research has been on 

simplification of the conceptual model, rather than the coded model and experimental frame. 
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A likely explanation is in the impact of the conceptual model – acting as a precursor for the 

coded model and experimental frame – on modeling efforts and study success.  

 Despite its age, spanning many decades, the field is still rather green. Among others, this 

may be clarified by a relatively low number of journal articles addressing it. Clearly, this 

does not deny the relevance of contributions made, and the highly relevant body of 

knowledge – as captured in the framework – that emerged from these. At the same time many 

opportunities for future research may be mentioned addressing observed gaps. Without 

pretending to offer a complete list, we mention the following themes: method-based support 

for doing cost-benefit analysis for model simplification, developing standardized metrics for 

assessing model complexity, validation of model simplifications, theory building enabling 

automation of model simplification, simplification of model representation, guidelines for 

preventing inappropriate model complexity, lean techniques for root-cause analysis seeking 

to explain model complexity from study set-up, and domain-based simplification procedures 

– also outside semiconductor manufacturing. Clearly, building on the framework, more 

opportunities may be mentioned, thereby serving the development of research agenda’s and 

fostering the academic debate. In addressing aforementioned issues there is a great need for 

validating research findings by empirical research. So far, we found how insights provided on 

cost and benefits of simplification, complexity drivers and proposed methods often lack a 

rigorous validation. 

 The third contribution of the research framework may be in acting as a vehicle for 

research itself. The framework may be used as a starting point for addressing other domains, 

especially the (health) service industry. Starting from observations on case examples in 

literature we found how several simplification methods originating from the manufacturing 

scene made an entry in the service industry. Methods suggesting to group patients sharing 

similar needs, or simplifying low-utilized (staff) resources are much encountered, see for 
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example Virtue et al. (2011), Huggins et al. (2014), Tako et al. (2014). Similar examples may 

be found in finance, where simulation models are simplified by reducing routing options of 

products (Anderson et al. 1999). We also encountered few examples in service industry being 

of relevance for the manufacturing domain, thereby underlining the benefits of cross 

fertilization. Apart from suchlike evidence, research seems to have hardly touched the service 

industry. Furthermore, we mention the framework’s possible use for addressing other types of 

simulation like agent-based simulation and system dynamics. 

5.2 Contributions to practice 

The relevance of model simplification for practical use of simulation in the manufacturing 

domain is undenied. Moreover, the ever increasing complexity of manufacturing systems 

suggests an increasing importance of model simplification in targeting and being responsive 

to management problems. Progress made in simulation software and computer hardware will 

not likely change this situation in the near future (Chwif et al., 2006). A main problem faced 

by practitioners concerning model simplification is a lack of overview on what research on 

model simplification is available, thereby hindering their access to relevant means of support. 

Furthermore, we observe a missing link, as educational materials for training their skills in 

employing simplification methods are hardly available. Hence, practitioners are more or less 

left on their own creativity in addressing model simplification. 

 The framework contributes to solving issues faced by practitioners by providing an 

overview of current research. By organizing it according to the framework it is meant to (i) 

facilitate an easy linkage of decisions to be made in study set-up and the way they may 

impact model complexity, and (ii) offer modeling support by categorizing simplification 

methods according to their roles for tracing inappropriate complexity and developing 

modeling simplifications. In turn, by organizing the field we strive to benefit educators and 

their students by providing an initial basis for the development of course materials. 
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6 CONCLUSION 

In summary, this article proposes a framework for simulation model simplification. Building 

on an extensive literature review, our study contributes to literature in several ways. Firstly, it 

structures the field by providing a unifying view on simulation model simplification, in terms 

of its key activities and support offered in performing these. In doing so it clarifies the way 

model simplification relates to study set-up and the modeling process. Apart from its 

relevance as a starting point for future research, the structuring of the field implies direct 

benefits for practitioners and educators, by giving them access to research findings, and 

enabling and legitimatizing development of educational materials and their uptake. Secondly, 

the framework facilitates development of research agenda’s and fosters academic debate by 

allowing for the identification of patterns of research development, current research avenues, 

and research gaps. 

REFERENCES 

Articles reviewed 

Ahmed, R., Shah, M., & Umar, M. (2016). Concepts of Simulation Model Size and 

Complexity. International Journal of Simulation Modelling. 15(2), 213-222. 

Akpan, J., & Shanker, M. (2017). The confirmed realities and myths about the benefits and 

costs of 3D visualization and virtual reality in discrete event modeling and simulation: A 

descriptive meta-analysis of evidence from research and practice. Computers & Industrial 

Engineering 112, 197-211. 

Barlow, J. (2009). Simplification: Ethical Implications for Modelling and Simulation. In R.S. 

Anderssen, R.D. Braddock & L.T.H. Newham (Eds.), 18th World IMACS Congress and 

MODSIM09 International Congress (pp. 432-438). Cairns: IMACS and MSSANZ. 

Brooks, R. J., & Tobias, A.M. (1996). Choosing the Best Model: Level of Detail, 

Complexity, and Model Performance. Mathematical and Computer Modelling 24(4), 1-14 



  

Model Simplification in Manufacturing Simulation 

 

31 
 

Brooks, R. J., & Tobias, A.M. (1999). Methods and Benefits of Simplification in Simulation. 

In D. Al-Dabass, & R. Cheng (Eds.), Fourth National Conference of the UK Simulation 

Society (pp. 88-92). Cambridge: UK Simulation Society. 

Brooks, R.J., & Tobias, A.M. (2000). Simplification in the Simulation of Manufacturing 

Systems. International Journal of Production Research 38(5), 1009-1027. 

Celik, N., Lee, S., Vasudevan, K., & Son, Y. (2010). DDDAS-based multi-fidelity simulation 

framework for supply chain systems. IIE Transactions 42(5), 325-341. 

Chiang, T. C. (2010). Model Simplification for Accelerating Simulation-based Evaluation of 

Dispatching Rules in Wafer Fabrication Facilities. In 11
th

 International Conference 

Control, Automation, Robotics and Vision (pp. 2005-2011). Singapore: IEEE. 

Chwif, L., Barretto, M.R.P., & Santoro. M.C. (1998). Model Reduction: Some Results. In 

Proceedings of the 31
st
 Annual Simulation Symposium (pp. 120-125). Los Alamitos, CA: 

IEEE Computing Society. 

Chwif, L., & Paul, R.J. (2000). On Simulation Model Complexity. In J. A. Joines, R. R. 

Barton, K. Kang, & P. A. Fishwick (Eds.), Proceedings of the 2000 Winter Simulation 

Conference (pp. 449-455). Piscataway, NJ: IEEE. 

Chwif, L., Paul, R.J., & Barretto. M.R.P. (2006). Discrete Event Simulation Model 

Reduction: A Causal Approach. Simulation Modelling Practice and Theory 14, 930-944. 

Courtois, P.J. (1985). On Time and Space Decomposition of Complex Structures. 

Communications of the ACM 28 (6), 590-603. 

Duarte, B., Fowler, J.W., Knutson, K., Gel, E., & Shunk, D. (2007). A Compact Abstraction 

of Manufacturing Nodes in a Supply Network. International Journal of Simulation and 

Process Modelling 3(3), 115-126. 

Edmonds, B., & Moss, S. (2004). From KISS to KIDS – An ‘Anti-simplistic’ Modelling 

Approach, In International Workshop on Multi-Agent Systems and Agent-Based 



  

Model Simplification in Manufacturing Simulation 

 

32 
 

Simulation 2004 (pp. 130-144). Lecture Notes in Computer Science book series. New 

York: Springer. 

Etman, L.F.P., Veeger, C.P.L., Lefeber, E., Adan, I.J.B.F., & Rooda, J.E. (2011). Aggregate 

Modeling of Semiconductor Equipment Using Effective Process Times. In S. Jain, R.R. 

Creasy, J. Himmelspach, K.P. White, & M. Fu (Eds.) Proceedings of the 2011 Winter 

Simulation Conference (pp. 1790-1820). Piscataway, NJ: IEEE. 

Ewen, H., Mönch, L., Ehm, H., Ponsignon, T., Fowler, J.W., & Forstner, L. (2017). A 

Testbed for Simulating Semiconductor Supply Chains. IEEE Transactions on 

Semiconductor Manufacturing 30(3), 293-305. 

Fishwick, P. A. (1988). The Role of Process Abstraction in Simulation. IEEE Transactions 

on Systems, Man, and Cybernetics 18 (1), 18-39.  

Fowler, J. W., & Rose, O. (2004). Grand Challenges in Modeling and Simulation of Complex 

Manufacturing Systems. Simulation 80(9), 469–476. 

Fowler, J. W., Mönch, L., & Ponsignon, T. (2015). Discrete-Event Simulation for 

Semiconductor Wafer Fabrication Facilities: A Tutorial. International Journal of 

Industrial Engineering: Theory, Applications and Practice 22(5), 661-682. 

Frantz, F. K. (1995). A Taxonomy of Model Abstraction Techniques. In C. Alexopoulos, K. 

Kang, W.R. Lilegdon, & D. Goldsman (Eds.),  Proceedings of the 1995 Winter 

Simulation Conference (pp. 1413-1420). Piscataway, NJ: IEEE.  

Frantz, F. K. (1997). Analyzing Models for Abstraction. In A.F. Sisti (Eds.) Proceedings of 

SPIE Volume 3083 (pp. 14-21). Orlando, FL: SPIE. 

Fripp, J. (1985). How Effective are Models? Omega 13(1),19-28. 

Henriksen, J.O. (1983). Event List Management—A Tutorial. In S. Roberts, G. Banks, & 

B.W. Schmeiser (Eds.), Proceedings of the 1983 Winter Simulation Conference (pp. 543-

552). Piscataway, NJ: IEEE. 



  

Model Simplification in Manufacturing Simulation 

 

33 
 

Henriksen, J.O. (1989). Alternative Modeling Perspectives: Finding the Creative Spark. In 

E.A. Macnair, K.J. Musselman, & P. Heidelberger (Eds.), Proceedings of the 1989 Winter 

Simulation Conference (pp. 648-652). Piscataway, NJ: IEEE. 

Henriksen, J.O. (2008). Taming the Complexity Dragon. Journal of Simulation 2(1), 3-17. 

Hood, S.J. (1990). Detail vs. Simplifying Assumptions for Simulating Semiconductor 

Manufacturing Lines. In IEMT Symposium, 9th IEEE/CHMT International (pp. 103-108). 

Huber, D., & Dangelmaier, W. (2009). Controlled Simplification of Material Flow 

Simulation Models. In M.D. Rossetti, R.R. Hill, B. Johansson, A. Dunkin, & R.G. Ingalls 

(Eds.),  Proceedings of the 2009 Winter Simulation Conference (pp. 839-850). 

Piscataway, NJ: IEEE. 

Huber, D., & Dangelmaier, W. (2011). A Method for Simulation State Mapping Between 

Discrete Event Material Flow Models of Different Level of Detail. In S. Jain, R.R. 

Creasy, J. Himmelspach, K.P.  White, & M. Fu (Eds.), Proceedings of the 2011 Winter 

Simulation Conference (pp. 2872-2881). Piscataway, NJ: IEEE. 

Hung, Y. F., & Leachman, R.C. (1999). Reduced Simulation Models of Wafer Fabrication 

Facilities. International Journal of Production Research 37(12), 2685-2701. 

Innis, G., & Rexstad, E. 1983. Simulation Model Simplification Techniques. Simulation 7-15. 

Jacobson, S. H., & Yücesan, E. (1999). On the Complexity of Verifying Structural Properties 

of Discrete Event Simulation Models. Operations Research 47 (3), 476-481. 

Jain, S., Lim, C.C., Gan, B.P., & Low, Y.H. (1999). Criticality of Detailed Modeling in 

Semiconductor Supply Chain Simulation. In P. A. Farrington, H. B. Nembhard, D. T. 

Sturrock, & G. W. Evans (Eds.), Proceedings of the 1999 Winter Simulation Conference 

(pp. 888-896). Piscataway, NJ: IEEE. 

Jain, S., Workman, R.W., Collins, L.M., Ervin, E.C., & Lathrop, A.P. (2001). Development 

of a High-Level Supply Chain Simulation Model. In B. A. Peters, J. S. Smith, D. J. 



  

Model Simplification in Manufacturing Simulation 

 

34 
 

Medeiros, & M.W. Rohrer (Eds.), Proceedings of the 2001 Winter Simulation Conference 

(pp. 1129-1137). Piscataway, NJ: IEEE. 

Jimenez, J.A., Mackulak, G.T., & Fowler, J.W. (2008). Levels of Capacity and Material 

Handling System Modeling for Factory Integration Decision Making in Semiconductor 

Wafer Fabs. IEEE Transactions on Semiconductor Manufacturing, 21 (4), 600-613.  

Johnson, R.T., Fowler, J.W., & Mackulak, G.T. (2005). A Discrete Event Simulation Model 

Simplification Technique. In M.E. Kuhl, N.M., Steiger, F.B. Armstrong, & J.A. Joines 

(Eds.), Proceedings of the 2005 Winter Simulation Conference (pp. 2172-2176). 

Piscataway, NJ: IEEE. 

Kabak, K.E., Heavy, C, & Kernan, B. (2012). Single Toolset Modeling Approaches in 

Semiconductor Manufacturing. In C. Laroque, J. Himmelspach, R. Pasupathy, O. Rose, & 

A. M. Uhrmacher (Eds.) Proceedings of the 2012 Winter Simulation Conference (pp. 

2273-2283). Piscataway, NJ: IEEE. 

Kim, Y. D., Shim, S.O., Choi, B., & Hwang, H. (2003). Simplification Methods for 

Accelerating Simulation-Based Real-Time Scheduling in a Semiconductor Wafer 

Fabrication Facility. IEEE Transactions on Semiconductor Manufacturing, 16 (2), 290-

298. 

Kotiadis, K., & Robinson, S. (2008). Conceptual Modelling: Knowledge Acquisition and 

Model Abstraction. In S.J. Mason, R.R. Hill, L. Mönch, O. Rose, T. Jefferson, & J.W. 

Fowler (Eds.), Proceedings of the 2008 Winter Simulation Conference (pp. 951-958). 

Piscataway, NJ: IEEE. 

Law, A.M. (1991). Simulation Model’s Level of Detail Determines Effectiveness. Industrial 

Engineering, 23 (10), 16-18. 

Law, A.M., Carson, J.S., Fox, J.G., Halladin, S.K., Musselman, K.J., & Ulgen, O.M. (1993). 

A Forum on Crucial Issues in the Simulation of Manufacturing Systems. In G.W. Evans, 



  

Model Simplification in Manufacturing Simulation 

 

35 
 

M. Mollaghasemi, E.C. Russell, & W.E. Biles (Eds.), Proceedings of the 1993 Winter 

Simulation Conference (pp. 916-922). Piscataway, NJ: IEEE. 

Liu, Y., & Iijima, J. (2015). Business Process Simulation in the Context of Enterprise 

Engineering. Journal of Simulation, 9, 206-222. 

Maier, J.F., Eckert, C.M., & Clarkson, P.J. (2017). Model Granularity in Engineering Design 

– Concepts and Framework. Design Science, 3, e1. 

McGraw, R.M., & MacDonald, R.A. (2000). Abstract Modeling for Engineering and 

Engagement Level Simulations. In J.A. Joines, R.R. Barton, K. Kang, & P.A. Fishwick 

(Eds.), Proceedings of the 2000 Winter Simulation Conference (pp. 326-334). Piscataway, 

NJ: IEEE. 

Morris, W. T. (1967). On the Art of Modeling. Management Science 13(12), B707-B717. 

Morrison, J.R. 2011. Multiclass Flow Line Models of Semiconductor Manufacturing 

Equipment for Fab-Level Simulation. IEEE Transactions of Automation Science and 

Engineering, 8 (1), 81-94. 

Musselman, K.J. (1994). Guidelines for Simulation Project Success. In J.D. Tew, S. 

Manivannan, D.A. Sadowski, & A.F. Selles (Eds.), Proceedings of the 1994 Winter 

Simulation Conference (pp. 88-95). Piscataway, NJ: IEEE. 

Nance, R.E., Overstreet, C.M., & Page, E.H. (1999). Redundancy in Model Specifications for 

Discrete Event Simulation. ACM Transactions on Modeling and Computer Simulation, 

9(3), 254-281. 

Pace, D.K. (2000). Ideas about Simulation Conceptual Model Development. Johns Hopkins 

APL Technical Digest 21(3), 327-336. 

Park, J.Y., Park, K., & Morrison, J.R. (2017). Models of Clustered Photolithography Tools 

for Fab-Level Simulation: From Affine to Flow Line. IEEE Transactions on 

Semiconductor Manufacturing, 30(4), 547-558. 



  

Model Simplification in Manufacturing Simulation 

 

36 
 

Pehrsson, L., Frantzén, M., Aslam, T., & Ng, A.H.C. (2015). Aggregated Line Modeling for 

Simulation and Optimization of Manufacturing Systems. In L. Yilmaz, W.K.V. Chan, I. 

Moon, T.M.K. Roeder, C. Macal, & M.D. Rossetti (Eds.), Proceedings of the 2015 

Winter Simulation Conference (pp. 3632-3643). Piscataway, NJ: IEEE. 

Piplani, R., & Puah, S.A. (2004). Simplification Strategies for Simulation Models of 

Semiconductor Facilities. Journal of Manufacturing Technology Management, 15, 618-

625. 

Popovics, G., & Monostori, L. (2016). An Approach to Determine Simulation Model 

Complexity. Procedia CIRP 52, 257-261. 

Rank, S., Hummel, C., Schmidt, T., & Schneider, G. (2015). Reducing Simulation Model 

Complexity by Using an Adjustable Base Model for Path-Based Automated Material 

Handling Systems-A Case Study in the Semiconductor Industry. In L. Yilmaz, W.K.V. 

Chan, I. Moon, T.M.K. Roeder, C. Macal, & M.D. Rossetti (Eds.), Proceedings of the 

2015 Winter Simulation Conference (pp. 2896-2907). Piscataway, NJ: IEEE. 

Rank, S., Hummel, C., Schmidt, T., Müller, J., Wenzel, A., Lasch, R., & Schneider, G. 

(2016). The Correct Level of Model Complexity in Semiconductor Fab Simulation-

Lessons Learned from Practice. In Advanced Semiconductor Manufacturing Conference 

2016 (pp. 133-139). Saratoga Springs, NY: IEEE. 

Rexstad, E., & Innis, G.S. (1985). Model Simplification – Three Applications. Ecological 

Modelling 27, 1-13. 

Robinson, S. (2006). Conceptual Modeling for Simulation: Issues and Research. In L.F. 

Perrone, F.R. Wieland, J. Liu, B.G. Lawson, D.M. Nicol, & R.M. Fujimoto (Eds.), 

Proceedings of the 2006 Winter Simulation Conference (pp. 792-800). Piscataway, NJ: 

IEEE. 



  

Model Simplification in Manufacturing Simulation 

 

37 
 

Robinson, S. (2008a). Conceptual Modelling for Simulation Part I: Definition and 

Requirements. Journal of the Operational Research Society 59(3), 278-290. 

Robinson, S. (2008b). Conceptual Modelling for Simulation Part II: A Framework for 

Conceptual Modelling. Journal of the Operational Research Society 59(3), 291–304. 

Rose, O. (2000). Why do Simple Wafer Fab Models fail in certain scenarios? In J.A. Joines, 

R.R. Barton, K. Kang, & P.A. Fishwick (Eds.), Proceedings of the 2000 Winter 

Simulation Conference (pp. 1481-1490). Piscataway, NJ: IEEE. 

Rose, O. (2007). Improved Simple Simulation Models for Semiconductor Wafer Factories. In 

S.G. Henderson, B. Biller, M.H. Hsieh, J. Shortle, J.D. Tew, & R.R. Barton (Eds.),  

Proceedings of the 2007 Winter Simulation Conference (pp. 1708-1712). Piscataway, NJ: 

IEEE. 

Salt, J.D. (1993). Keynote Address: Simulation Should Be Easy and Fun! In G.W. Evans, M. 

Mollaghasemi, E.C. Russell, & W.E. Biles (Eds.), Proceedings of the 1993 Winter 

Simulation Conference (pp. 1-6). Piscataway, NJ: IEEE. 

Sánchez, P.J. (2006). As Simple As Possible, But No Simpler: A Gentle Introduction to 

Simulating Modeling. In L.F. Perrone, F.P. Wieland, J. Liu, B.G. Lawson, D.M. Nicol, & 

R.M. Fujimoto (Eds.), Proceedings of the 2006 Winter Simulation Conference (pp. 2-10). 

Piscataway, NJ: IEEE. 

Sevinc, S. (1990). Automation of Simplification in Discrete Event Modelling and Simulation. 

International Journal of General Systems 18,125-142. 

Sevinc, S. (1991). Theories of Discrete Event Model Abstraction. In B.L. Nelson, W.D. 

Kelton, & G.M. Clark (Eds.), Proceedings of the 1991 Winter Simulation Conference (pp. 

1115-1119). Piscataway, NJ: IEEE. 



  

Model Simplification in Manufacturing Simulation 

 

38 
 

Shannon R.E. (1998). Introduction to the Art and Science of Simulation. In D.J. Medeiros, 

E.F. Watson, J.S. Carson & M.S. Manivannan (Eds.) Proceedings of the 1998 Winter 

Simulation Conference (pp. 7-14). Piscataway, NJ: IEEE. 

Thomas, A., & Charpentier, P. (2005). Reducing Simulation Models for Scheduling 

Manufacturing Facilities. European Journal of Operational Research 161,111-125. 

Thomas, P., & Thomas, A. (2011). Multilayer Perceptron for Simulation Models Reduction: 

Application to a Sawmill Workshop. Engineering Applications of Artificial Intelligence, 

24, 646-657. 

Thomas, P., Thomas, A., & Suhner, M.C. (2011). A Neural Network for the Reduction of a 

Product-Driven System Emulation Model. Production Planning & Control, 22 (8), 767-

781. 

Thomas, P., Suhner, M.C., & Thomas, A. (2014). CART for Supply Chain Simulation 

Models Reduction: Application to a Sawmill Internal Supply Chain. In B. Grabot, B. 

Vallespir, S. Gomes, A. Bouras & D. Kiritsis (Eds.), APMS 2014, Part III, IFIP AICT 440 

(pp. 530-537). Ajaccio: Springer. 

Thomas, P., Suhner, M.C., & Thomas, A. (2015). Reduced Simulation Model for Flow 

Analysis in a Sawmill Internal Supply Chain. In J.M. Framinan, P. Perez Gonzalez, & A. 

Artiba (Eds.), 6
th
 IESM Conference 2015. Seville: IEEE. 

Urenda Moris, M., Ng, A.H.C., & Svensson, J. (2008). Simplification and Aggregation 

Strategies Applied for Factory Analysis in Conceptual Phase Using Simulation. In S.J. 

Mason, R.R. Hill, L. Mönch, O. Rose, T. Jefferson, & J.W. Fowler (Eds.) Proceedings of 

the 2008 Winter Simulation Conference (pp. 1913-1921). Piscataway, NJ: IEEE. 

Vasudevan, K., & Devikar, A. (2011). Selecting Simulation Abstraction Levels in Simulation 

Models of Complex Manufacturing Systems. In S. Jain, R.R. Creasy, J. Himmelspach, 



  

Model Simplification in Manufacturing Simulation 

 

39 
 

K.P. White, & M. Fu (Eds.), Proceedings of the 2011 Winter Simulation Conference (pp. 

2268-2277). Piscataway, NJ: IEEE.  

Veeger, C.P.L., Etman, L.F.P., Lefeber, E., Adan, I.J.B.F., Herk, J. van, & Rooda, J.E. 

(2011). Predicting Cycle Time Distributions for Integrated Processing Workstations: An 

Aggregate Modeling Approach. IEEE Transactions on Semiconductor Manufacturing, 24 

(2), 223-236. 

Völker, S., & Gmilkowsky, P. (2003). Reduced Discrete-Event Simulation Models for 

Medium-Term Production Scheduling. Systems Analysis Modelling Simulation, 43, 867-

883. 

Wallace, J.C. 1987. The Control and Transformation Metric: Towards the Measurement of 

Simulation Model Complexity. In A. Thesen, H. Grant, & W. David Kelton (Eds.), 

Proceedings of the 1987 Winter Simulation Conference (pp. 597-603). Piscataway, NJ: 

IEEE.  

Ward, S.C. (1989). Arguments for Constructively Simple Models. Journal of the Operational 

Research Society 40(2), 141-153. 

Webster, D.B., & Padgett, M.L. (1984). Determining the Level of Detail in a Simulation 

Model – A Case Study. Computers & Industrial Engineering, 8(3/4), 215-225. 

Yavari, E., & T. Roeder. (2012). Model Enrichment: Concept, Measurement, and 

Application. Journal of Simulation 6,125-140. 

Yin, H.Y., & Zhou, Z.N. (1989). Simplification Techniques of Simulation Models. In 

Proceedings of Beijing International Conference on System Simulation and Scientific 

Computing (pp. 782-786). 

Yuan, J., & Ponsignon, T. (2014). Towards a Semiconductor Supply Chain Simulation 

Library (SCSC-SIMLIB). In A. Tolk, S.Y. Diallo, I.O. Ryzhov, L. Yilmaz, S. Buckley, & 



  

Model Simplification in Manufacturing Simulation 

 

40 
 

J.A. Miller (Eds.), Proceedings of the 2011 Winter Simulation Conference (pp. 2522-

2532). Piscataway, NJ: IEEE.  

Yücesan, E., & Schruben, L. (1998). Complexity of Simulation Models: A Graph Theoretic 

Approach. INFORMS Journal on Computing, 10 (1), 94-106. 

Zhou, C., Cao, Z., Liu, M., & Zhang, J. (2016). Model Reduction Method Based on Selective 

Clustering Ensemble Algorithm and Theory of Constraints in Semiconductor Wafer 

Fabrications. In 2016 IEEE Conference on Automation Science and Engineering (pp. 

885-890). Fort Worth, TX: IEEE. 

Further references 

Akhavian, R., & Behzadan, A.H. (2013) Automated Knowledge Discovery and Data-Driven 

Simulation Model Generation of Construction Operations. In R. Pasupathy, S.-H. Kim, A. 

Tolk, R. Hill, & M.E. Kuhl (Eds.), Proceedings of the 2013 Winter Simulation 

Conference (pp. 3030-3041). Piscataway, NJ: IEEE. 

Anderson, E.G., & Morrice, D.J. (1999). A Simulation Model to Study the Dynamics in a 

Service-Oriented Supply Chain. In P. A. Farrington, H. B. Nembhard, D. T. Sturrock, & 

G. W. Evans (Eds.), Proceedings of the 1999 Winter Simulation Conference (pp. 742-

748). Piscataway, NJ: IEEE. 

Astrup, R., Coates, K.D., & Hall, E. (2008). Finding the appropriate level of complexity for a 

simulation model: An example with a forest growth model. Forest Ecology and 

Management 256, 1659–1665. 

Benjamin, P., Erraguntla, M., Delen, D., & Mayer, R. (1998). Simulation Modeling at 

Multiple Levels of Abstraction. In D.J. Medeiros, E.F. Watson, J.S. Carson, & M.S. 

Manivannan (Eds.), Proceedings of the 1998 Winter Simulation Conference (pp. 391-

398). Piscataway, NJ: IEEE. 



  

Model Simplification in Manufacturing Simulation 

 

41 
 

Bergmann, S., & Strassburger, S. (2010) Challenges for the Automatic Generation of 

Simulation Models for Production Systems. In Proceedings of the 2010 Summer 

Simulation Multiconference, SummerSim 2010 (pp. 545-549). Ottawa: SCS. 

Bergmann, S., Feldkamp, N., & Strassburger, S. (2017). Emulation of Control Strategies 

through Machine Learning in Manufacturing Simulations. Journal of Simulation 11, 38-

50.  

Fletcher, A., Halsall, D., Huxham, S., & Worthington D. (2007). The DH Accident and 

Emergency Department model: a national generic model used locally. Journal of the 

Operational Research Society 58, 1554-1562. 

Harrison, J.R., Lin, Z., Caroll, G.R., & Carley, K.M. (2007) Simulation Modeling in 

Organizational and Management Research. The Academy of Management Research 32(4), 

1229-1245.  

Higgins, A., Claudio, D., & Waliullah, M. (2014) A Detailed Simulation Model of an 

Infusion Treatment Center. In A. Tolk, Y. Diallo, I.O. Ryzhov, L. Yilmaz, S. Buckley, & 

J.A. Miller (Eds.), Proceedings of the 2014 Winter Simulation Conference (pp. 1198-

1209). Piscataway, NJ: IEEE. 

Huang, Y., Seck, M.D., & Verbraeck A. (2011). From Data to Simulation Models: 

Component-Based Model Generation with a Data-Driven Approach. In S. Jain, R.R. 

Creasy, J. Himmelspach, K.P.  White, & M. Fu (Eds.), Proceedings of the 2011 Winter 

Simulation Conference (pp. 3724 - 2011). Piscataway, NJ: IEEE. 

Huang, Y., Verbraeck, A., & Seck M. (2016). Graph Transformation Based Simulation 

Model Generation. Journal of Simulation 10, 283-309. 

Jansen, F.J.A., Etman, L.F.P., Rooda, J.E., & Adan, I.J.B.F. (2012) Aggregate Simulation 

Modeling of an MRI Department Using Effective Process Times. In C. Laroque, J. 



  

Model Simplification in Manufacturing Simulation 

 

42 
 

Himmelspach, R. Pasupathy, O. Rose, & A. M. Uhrmacher (Eds.) Proceedings of the 

2012 Winter Simulation Conference (pp. 1-12). Piscataway, NJ: IEEE. 

Law, A.M. (2015). Simulation Modeling and Analysis. (5
th
 ed.). New York: McGraw-Hill. 

Lucko, G., Benjamin, P.C., Swaminathan, K., & Madden, M.G. (2009). Rapid Deployment of 

Simulation Models for Building Construction Applications. In M.D. Rossetti, R.R. Hill, 

B. Johansson, A. Dunkin, & R.G. Ingalls (Eds.),  Proceedings of the 2009 Winter 

Simulation Conference (pp. 2733-2744). Piscataway, NJ: IEEE. 

Lucko, G., Benjamin, P.C., Swaminathan, K., & Madden, M.G. (2010). Comparison of 

Manual and Automated Simulation Generation Approaches and Their Use for 

Construction Applications. In B. Johansson, S. Jain, J. Montoya-Torres, J. Hugan, & E. 

Yucesan (Eds.), Proceedings of the 2010 Winter Simulation Conference (pp. 3132-3144). 

Piscataway, NJ: IEEE. 

Monks, T., Van der Zee, D. J., Lahr, M., Allen, M., Pearn, K., James, M. A., Buskens, E., 

Luijckx, G. J. (2017). A framework to accelerate simulation studies of hyperacute stroke 

systems. Operations Research for Health Care 15, 57-67 

Negahban, A., & Smith, J.S. 2014. Simulation for manufacturing system design and 

operation: Literature review and analysis. Journal of Manufacturing Systems, 33(2), 241-

261. 

Ormerod, R.J. (2001). The Success and Failure of Methodologies – A Comment on Connel 

(2001): Evaluating Soft OR. The Journal of the Operational Research Society 52 (10), 

1176-1179. 

Pegden, C.D., Shannon, R.E., & Sadowski, R.P. (1990). Introduction to Simulation Using 

SIMAN. New York: McGraw-Hill. 

Pidd, M. (1999). Just Modeling Through: A Rough Guide to Modeling. Interfaces 29(2), 118-

132. 



  

Model Simplification in Manufacturing Simulation 

 

43 
 

Pidd, M. (2004). Computer Simulation in Management Science. (5th ed.). Chichester: Wiley. 

Robinson S. (1994). Simulation Projects: Building the Right Conceptual Model. Industrial 

Engineering 26(9), 34-36. 

Robinson, S. (2014). Simulation – The Practice of Model Development and Use. (2
nd

 ed.). 

London: Palgrave. 

Schruben, L., & Yücesan, E. (1993). Complexity of simulation models: A graph theoretic 

approach. In G.W. Evans, M. Mollaghasemi, E.C. Russell & W.E. Biles (Eds.), 

Proceedings of the 1993 Winter Simulation Conference (pp. 641–649). Piscataway, NJ: 

IEEE. 

Sinreich, D., & Marmor, Y.N. (2004). A Simple and Intuitive Simulation Tool for Analyzing 

Emergency Department Operations. In R.G. Ingalls, M.D. Rossetti, J.S. Smith, & B.A. 

Peters (Eds.), Proceedings of the 2004 Winter Simulation Conference (pp. 1994-2002). 

Piscataway, NJ: IEEE. 

Spiegel, M., Reynolds Jr., P.F., & Brogan, D.C. (2005). A case study of model context for 

simulation composability and reusability. In M.E. Kuhl, N.M. Steiger, F.B. Armstrong, & 

J.A. Joines (Eds.), Proceedings of the 2005 Winter Simulation Conference (pp. 437-444). 

Piscataway, NJ: IEEE. 

Tako, A., Kotiadis, K., Vasillakis, C., Miras, A., & Le Roux, C.W. (2014). Improving Patient 

Waiting Times: A Simulation Study of an Obesity Care Service. BMJ Quality & Safety 

23, 373-381. 

Van der Aalst, W. (2012). Process Mining: Overview and Opportunities. ACM Transactions 

on Management Information Systems 3(2): article 7. 

Van der Zee, D. J., Brooks, R.J., Robinson, S., & Kotiadis, K. (2011). Conceptual Modeling: 

Past, Present and Future. In S. Robinson, R. Brooks, K. Kotiadis & D.J. van der Zee 



  

Model Simplification in Manufacturing Simulation 

 

44 
 

Conceptual Modeling for Discrete-Event Simulation (pp. 473-490). Boca Raton: CRC 

Press. 

Virtue, A., Chaussalet, T., & Kelly, J. (2011). Using Simplified Discrete-Event Models for 

Health Care Applications. In S. Jain, R.R. Creasy, J. Himmelspach, K.P. White, & M. Fu 

(Eds.), Proceedings of the 2011 Winter Simulation Conference (pp. 1154-1165). 

Piscataway, NJ: IEEE. 

Zeigler, B.P. 1976. Theory of Modelling and Simulation. Chichester: Wiley. 

Zeigler, B.P., Kim, T.G., Praehofer, H. (2000). Theory of Modeling and Simulation: 

Integrating Discrete Event and Continuous Complex Dynamic Systems. (2
nd 

ed.). Orlando, 

FL: Academic Press. 

 

 

 



  

Model Simplification in Manufacturing Simulation 

 

45 
 

Model Simplification in Manufacturing Simulation -  

Review and Framework 

 

HIGHLIGHTS 

 Simulation is a popular tool among industrial engineers. 

 Simulation use for manufacturing systems design builds on model simplifications. 

 Simulation model simplification is an underdeveloped field. 

 We propose a research framework building on an extensive literature review. 

 Reducing and preventing model complexity are identified as key modeling activities. 

 


