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Management Summary 

Currently, manufacturers are facing a rising need for flexibility in their manufacturing processes. Advances 

in domains such as robotics, big data analytics, human-machine interfaces, smart sensors and the Internet 

of Things have together given rise to the concept of industry 4.0, which also promises to enable a high 

degree of production flexibility (Oztemel & Gursev, 2018). However, effectively managing flexible 

manufacturing processes remains a challenge. Traditional business process management methodologies are 

likely to be too restrictive and might lead to overly complicated process models for these flexible processes. 

Dynamic Case Management (DCM) is an alternative methodology that has proven itself to be well suited 

for managing flexible and knowledge-intensive processes in domains such as finance and healthcare 

(Huber, Lederer, & Bodendorf, 2014; OMG, 2016). Therefore, DCM also appears to be a promising 

methodology for managing flexible manufacturing processes. However, no literature was found that 

describes a DCM implementation for manufacturing processes. This research aims to resolve this gap in 

the literature and test the applicability and usefulness of the DCM methodology for managing flexible 

discrete manufacturing processes.  

The research methodology that has been used is based on the regulative cycle as defined by van Strien 

(1997) and further described by van Aken, Berends, and van der Bij (2012). The research consisted of eight 

stages and started with the problem definition. The problem definition was followed by an analysis of the 

theoretical background of both DCM and discrete manufacturing, which resulted in the specification of a 

set of functional requirements for a discrete manufacturing process management system based on DCM. 

This set of functional requirements was then used to design a functional architecture for such a system. The 

designed functional architecture was then implemented into a software prototype. The developed software 

prototype is not a full implementation, but it is developed enough to be able to demonstrate the system 

functionalities as well as the dynamic behavior of the system when interacting with it. The prototype was 

then applied to a manufacturing business case that is based on production processes of Thomas Regout 

Internal (TRI), which is a Maastricht based company that produces telescopic slider system and curtain 

rails. Several scenarios where then developed and used to demonstrate the prototype to a group of experts 

from both academics and practice. After the demonstration, each of the experts filled out a questionnaire 

with items based on the Technology Acceptance Model (TAM) (Davis, 1989), that was used to measure 

the Perceived Usefulness and the Perceived Ease of Use of the prototype. The questionnaire also included 

several open-ended questions to elicited general feedback and suggestions for future improvements.  

The results from the questionnaire showed that the experts were positive about the Perceived Ease of Use 

and the Perceived Usefulness of the system prototype. By extrapolation, this suggests that there is at least 
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some merit in applying the DCM methodology to certain discrete manufacturing processes. However, the 

sample size is too small to make any definitive statements. 

With regards to the applicability aspect, the research shows that DCM can be applied to discrete 

manufacturing processes. No fundamental incompatibilities or limitations were found that would prevent 

the development of a discrete manufacturing process management system based on the DCM methodology. 

The responses to the open-ended questions of the questionnaire also contained quite a few suggestions for 

possible improvements, which indicates that the system can still be further expanded and refined in future 

research.  
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1 Introduction  

This Master Thesis has been conducted for the Information Systems group within the faculty of Industrial 

Engineering & Innovation Sciences of the Eindhoven University of Technology. The project has been 

executed within the context of the HORSE project. The HORSE project is a European project that aims to 

aid Small to Medium Enterprises (SMEs) in the manufacturing industry by developing a methodological 

and technical framework for the easy adaptation of robotic solutions (HORSE Project, 2017). The HORSE 

framework utilizes several layers, with the top layer being the process management layer, followed by 

middleware and finally the local devices. The process management layer that is being developed for the 

HORSE project primarily makes use of structured business process management through BPM. The 

application of BPM for process management within manufacturing has many advantages; one of these 

advantages is that it allows for end-to-end process control. However, there are concerns that it might be too 

restrictive or lead to overly complicated process models in some cases. This is primarily a concern for 

highly flexible and unpredictable manufacturing processes, which can, for instance, occur when applying 

mass customization, when last-minute order changes are likely, or when suppliers are unreliable. In these 

cases, a different and more flexible approach might be advantageous. Dynamic Case Management (DCM) 

is one such approach. DCM is already successfully being applied in different areas such as healthcare and 

insurance.  

While DCM appears to be a promising approach to handling flexible and unpredictable manufacturing 

processes, no DCM applications in manufacturing have been found in the literature. The goal of this Master 

Thesis is, therefore, to determine whether DCM can be successfully applied for managing manufacturing 

processes as well as get a first indication of the usefulness of such an application.   

1.1 Background and motivation  

Optimizing productivity has long been one of the main goals in manufacturing. However, other aspects are 

becoming increasingly important. A prime example of this is the rise of mass customization, which is driven 

by a need for manufacturers to differentiate themselves amidst increasing global competition (Brettel, 

Klein, & Friederichsen, 2016). The adoption of mass customization requires a great deal of flexibility from 

manufacturers and their manufacturing processes, as potentially every product is unique, while still 

maintaining the relatively low production costs that are associated with mass production (Kotha, 1995). 

Even in industries where mass customization is less relevant, the need for flexibility has become more 

critical due to competitive pressure, market fluctuations, and shorter product lifecycles (Brettel et al., 2016). 

Luckily, the need for flexibility has become more attainable due to a combination of new developments 

within robotics, big data analytics, human-machine interfaces, smart sensors and the Internet of Things, 

which together have given rise to the concept of Industry 4.0 (Oztemel & Gursev, 2018).  
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Industry 4.0 is defined by Oztemel and Gursev (2018) as follows: “A manufacturing philosophy that 

includes modern automation systems with a cretin level autonomy, flexible and effective data exchanges 

encoring the implementation of next-generation production technologies, innovation in design, and more 

personal and more agile in production as well as customized product.“. The different developments that 

have given rise to Industry 4.0 enable manufacturers to significantly increase the flexibility of their 

production processes, without necessarily harming their productivity. However, this does require effective 

management of these flexible production processes, which remains a challenge to this day.  

Over the years, several flexible process management methodologies have been developed, with a notable 

example being Dynamic Case Management (DCM). The DCM methodology differs from more traditional 

and structured process management methodologies, such as BPM, by shifting the focus from the execution 

of rigid and prior designed process models to reach a goal, to dynamically deriving the process from the 

goal and the context itself on a per case-instance basis.  

While DCM has already proven its worth in several fields such as insurance, finance, and healthcare, no 

literature was found that described its application in manufacturing. Despite this lack of literature, DCM 

does seem like a promising methodology for managing flexible manufacturing processes, which makes this 

application an interesting target for research.  

1.2 Problem context and problem statement 

Currently, manufacturers are facing a rising need for flexibility in their manufacturing processes. Advances 

in domains such as robotics, big data analytics, human-machine interfaces, smart sensors and the Internet 

of Things have together given rise to the concept of industry 4.0, which also promises to enable a high 

degree of production flexibility (Oztemel & Gursev, 2018). However, effectively managing flexible 

manufacturing processes remains a challenge. Traditional business process management methodologies are 

likely to be too restrictive and might lead to overly complicated process models for these flexible processes. 

Dynamic Case Management (DCM) is an alternative methodology that has proven itself to be well suited 

for managing flexible and knowledge-intensive processes in domains such as finance and healthcare (Huber 

et al., 2014; OMG, 2016). Therefore, DCM also appears to be a promising methodology for managing 

flexible manufacturing processes. However, no literature was found that describes a DCM implementation 

for manufacturing processes.  

The underlying problem is, therefore, that the effective management of flexible manufacturing processes 

remains a challenge, which can prevent companies from implementing the industry 4.0 principles and 

ultimately hinder their competitiveness. Together with the research direction of exploring the possibilities 

of DCM in manufacturing, this results in the following problem statement: 
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PS: It is uncertain whether Dynamic Case Management is applicable and useful for managing flexible 

discrete manufacturing processes. 

1.3 Research questions 

The problem statement results in the following research question: 

RQ:  Is Dynamic Case Management applicable to and useful for managing flexible discrete 

manufacturing processes?  

This research seeks to answer this question by designing a prototype of a discrete manufacturing process 

management system based on DCM and then applying this prototype to a manufacturing case so that it can 

be evaluated. The research methodology is further explained in Chapter 2. In order to provide more 

guidance to the research, several sub-questions have been developed. These sub-questions also relate to 

some of the key stages during this research, which is also further explained in Chapter 2.  

First, it is essential to determine what functional requirements need to be fulfilled by a system before it can 

be classified as a DCM system as well as what functional requirements a system needs to fulfill in order to 

serve as a Discrete Manufacturing Process Management System (DMPMS). The need to determine these 

functional requirements has resulted in the following sub-question: 

SQ1:  What are the functional requirements for a discrete manufacturing process management system 

based on DCM? 

Once a combined set of functional requirements has been created, a functional architecture for a DMPMS 

will be developed that incorporates these requirements. This results in the following sub-question: 

SQ2: What does the functional architecture of a discrete manufacturing process management system 

based on DCM look like?  

The functional architecture developed for SQ2 already provides a partial answer to the applicability of 

DCM to discrete manufacturing. However, in order to provide a better answer to this question and in order 

to evaluate the usefulness of DCM for managing discrete manufacturing processes, a prototype software 

implementation needs to be developed. The third sub-question is, therefore, defined as follows: 

SQ3:  How can a prototype software implementation be implemented based on the designed functional 

architecture?  

If it is possible to develop a prototype software implementation based on the developed functional 

architecture which fulfills all the requirements, then it has been demonstrated that DCM can be applied to 

discrete manufacturing. However, it is not yet known how useful such an application would be. Therefore, 

this system will also need to be evaluated on its usefulness. This evaluation is performed by various experts 
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through the Perceived Usefulness construct from the Technology Acceptance Model (TAM) (Davis, 1989), 

which is further explained in Chapter 8. The evaluation does not provide a definitive answer to how useful 

the DCM methodology as a whole is for discrete manufacturing. However, it will provide a first indication. 

This has resulted in the fourth and final sub-question: 

SQ4:  What is the Perceived Usefulness of the prototype software in a real-world manufacturing context? 

1.4 Research objective  

The objective of this research is to determine whether DCM is applicable and useful for managing flexible 

discrete manufacturing processes. Three artifacts have been developed for this research:  

• A set of functional requirements for a DMPMS based on DCM 

• A functional architecture for a DMPMS based on DCM 

• A prototype software implementation for a DMPMS based on DCM  

1.5 Research scope 

Due to time and resource limitations, the scope of the project has been limited by several constraints. The 

various scoping decisions that have been made are outlined in the following sub-sections.  

1.5.1 Application domain 

The research is limited to the discrete manufacturing domain; process manufacturing will not be considered 

during this research. 

1.5.2 Used technology 

The modeling of cases has been conducted through the CMMN modeling notation with the open-source 

software Camunda. Several software packages have been considered for this purpose. However, Camunda 

was selected both due to it being open source and therefore always available and because of the project 

supervisors already being familiar with the software.   

1.5.3 System prototype 

The designed functional architecture is implemented through a prototype software implementation that 

demonstrates the various functionalities of the system. However, it is not a fully developed software 

implementation that could be deployed within an enterprise. 

1.5.4 Prototype application and evaluation 

Only one business case is used for the application and evaluation of the prototype. It would have been 

preferable to use multiple cases; however, this was not feasible due to time and resource limitations. 
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1.6 Report structure 

This thesis is structured as follows: The second chapter discusses the research methodology that has been 

applied for this research. The third chapter provides the theoretical background of discrete manufacturing, 

including the various information systems that are generally used. The fourth chapter consists of the 

theoretical background of DCM, followed by the general functional requirements of a DCM system as 

compiled from the literature. The fifth chapter utilizes the theoretical backgrounds of Chapter 3 and Chapter 

4 to describe how the DCM methodology could be applied in discrete manufacturing. This chapter 

concludes with a proposed set of functional requirements for a DMPMS based on DCM. The sixth chapter 

presents a functional architecture for such a system, including the design process of this architecture. 

Chapter 7 describes both the design process of the prototype software implementation based on the designed 

architecture as well as the resulting prototype. This chapter also describes the business case as well as how 

the prototype has been applied to this case. In Chapter 8, the evaluation of the software prototype is 

discussed, including the evaluation method and the evaluation results. Finally, Chapter 9 concludes the 

thesis by providing a discussion on the different research results, as well as the limitations of the research, 

suggestions for future research, recommendations for practice, and a general reflection on the research 

process. 
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2 Research method 

The research methodology that has been used is based on the regulative cycle as defined by van Strien 

(1997) and further described by van Aken, Berends, and van der Bij (2012). The regulative cycle also called 

the problem-solving cycle, consists of five steps: Problem definition, analysis and diagnosis, solution 

design, intervention, and learning and evaluation. The regulative cycle is shown in Figure 1.  

 

Figure 1: Regulative Cycle. Adapted from van Aken, Berends, and van der Bij (2012). 

The regulative cycle is designed to give a structured and knowledge-driven approach to solving business 

problems (van Aken et al., 2012). As discussed in section 1.2, the underlying business problem of this study 

is that the effective management of flexible manufacturing processes remains a challenge. In order to 

provide more guidance and to have a general research direction, we have chosen to explore the possibilities 

of DCM in manufacturing as a possible solution to this business problem. The regulative cycle is then used 

to provide a structured approach to the research.  

For each of the steps of the regulative cycle, one or more general research stages have been conducted. An 

overview of the different research stages, including the relationship of these with the steps of the regulative 

cycle, the research questions, the thesis chapters, and the deliverables, is shown in Figure 2. 
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Figure 2: Overview of the research stages related to the regulative cycle, including the relation to the research questions, the 

thesis chapters, and the deliverables. 

As shown in the figure, the first research stage is the definition of the research problem. The deliverables 

of this stage are the problem statement and the research questions, which are described in Chapter 1 of this 

document. This stage of the research coincides with the problem definition step of the regulative cycle.  

The second research stage consists of analyzing the theoretical background of both discrete manufacturing 

processes and DCM. The final deliverable of this stage is a set of functional requirements for a discrete 

manufacturing process management system based on DCM, which also answers SQ1. This stage falls under 

the analysis and diagnosis step of the regulative cycle. As shown in Figure 2, this stage spans Chapter 3, 

Chapter 4, and Chapter 5 of this document. 
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The following research stage is part of the solution design step of the regulative cycle and consists of the 

design of the functional architecture based on the functional requirements.  

The result of this stage is a functional architecture for a DMPMS based on DCM, which is described in 

Chapter 6 of this document. This architecture also answers SQ2.  

The fourth stage in the research is described in Chapter 7 of this document and consists of the 

implementation of the designed functional architecture in a prototype software implementation. The 

deliverable of this stage is the prototype software implementation. The development of this prototype also 

answers SQ3. This stage is also part of the solution design step of the regulative cycle. 

The intervention step of the regulative cycle is represented by the fifth research stage. This stage consists 

of the demonstration of the prototype to a group of experts from both practice and academics. This stage is 

described in Chapter 8 of this document. 

The sixth stage of the research consists of the evaluation of the designed prototype by the various experts. 

In practice, this stage takes place at almost the same time as the previous stage. However, this research 

stage falls under the learning and evaluation step of the regulative cycle, rather than the intervention step. 

This stage is also described in Chapter 8 of this document, and its main deliverable is the set of evaluation 

results. These results provide an answer to SQ4. 

The seventh research stage is the analysis and evaluation of the overall research results. The output of this 

research stage is Chapter 9 of this document, which contains the various research conclusions as well as a 

discussion on these conclusions. The overall research question is answered during this stage. 

The final stage in the research consists of the finalizing the project. The output of this stage is this document.  
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3 Discrete manufacturing 

The purpose of this chapter is twofold. Firstly, it elaborates on the research background, as described in 

section 1.1, by further discussing the rising need for manufacturing flexibility, as well as the need for 

effective and flexible process management to support these flexible production processes. Secondly, the 

chapter provides the discrete manufacturing-related theoretical background that is necessary for developing 

a manufacturing process management system. To this end, the chapter includes a description of different 

aspects of a generic manufacturing enterprise using several models from part 1 and part 3 of the ISA-95 

standard (ISA, 2000, 2005). The chapter concludes with a short description of the different types of discrete 

manufacturing as well as an indication as to which of these types would likely benefit the most from a 

flexible process management methodology such as DCM. 

3.1 The rising need for manufacturing flexibility 

Manufacturing has seen significant changes during the last two centuries. Going from small artisan 

workshops, to large factories and from mainly relying on human work, to increasing mechanization and 

eventually robotization. The manufacturing systems in use have, therefore, also undergone substantial 

changes. Increasing productivity has long been the primary goal in manufacturing, with for instance 

scientific management by Tylor being used to improve the efficiency of the work being done through the 

division of labor (Oztemel & Gursev, 2018). While optimizing productivity is still one of the main goals in 

manufacturing, other aspects are becoming increasingly important.   

Where customers have long been content with buying standardized products for the lowest price possible, 

they increasingly want products that are tailored to their specific needs (Hart, 1995). The desire for custom-

tailored products, in combination with increasing global competition amongst manufacturers, has given rise 

to the concept of mass customization as a means for manufacturers to differentiate themselves (Brettel et 

al., 2016). Mass customization puts an enormous demand on manufacturers, as instead of mass-producing 

one or just a few distinct products, potentially every manufactured product can be different, while still 

maintaining low production costs (Kotha, 1995). 

The shift towards mass customization demands a high degree of manufacturing flexibility of manufacturers 

(Wadhwa, 2012). Even in industries where mass customization is less relevant, manufacturing flexibility 

has become more important due to competitive pressure, market fluctuations, and shorter product lifecycles 

(Brettel et al., 2016). Luckily, the increased need for manufacturing flexibility has become more attainable 

for manufacturers due to a combination of many new developments that have together given rise to the 

concept of Industry 4.0.  
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Industry 4.0, also called the 4th industrial revolution, is defined by Oztemel and Gursev (2018) as follows: 

“A manufacturing philosophy that includes modern automation systems with a cretin level autonomy, 

flexible and effective data exchanges encoring the implementation of next-generation production 

technologies, innovation in design, and more personal and more agile in production as well as customized 

product.“. Industry 4.0 is therefore driven, among others, by advances in robotics, big data analytics, 

advanced human-machine interfaces, smart sensors, and the Internet of Things (Oztemel & Gursev, 2018). 

These developments enable manufacturers to quickly and dynamically respond to changing market 

conditions without suffering significant productivity losses (Brettel et al., 2016; Oztemel & Gursev, 2018). 

However, effectively managing a flexible approach to manufacturing remains a big challenge. While some 

research has been done in the area and some flexible systems have been developed and implemented, 

especially for SMEs, the literature is still lacking (Radziwon, Bilberg, Bogers, & Madsen, 2014).  

3.2 Manufacturing flexibility tradeoffs  

Flexibility is generally seen as a response mechanism to cope with environmental uncertainty (Gerwin, 

1993). In the case of manufacturing these environmental uncertainties can come from different sources such 

as changing customer needs, market fluctuations, competitive pressure and machine breakdowns (Brettel 

et al., 2016; Gerwin, 1993).  

Manufacturing flexibility can, therefore, be seen as the overall capability of a manufacturing enterprise to 

effectively respond to environmental uncertainties without incurring significant performance penalties. A 

wide range of environmental uncertainties is possible, which also means that manufacturing flexibility is a 

comprehensive concept. Koste and Malhotra (1999) argue that there are ten dimensions of manufacturing 

flexibility, namely machine flexibility, labor flexibility, material handling flexibility, routing flexibility, 

operation flexibility, expansion flexibility, volume flexibility, mix flexibility, new product flexibility, and 

modification flexibility. These dimensions all represent different ways in which a manufacturing enterprise 

can cope with different environmental uncertainties, for instance, volume flexibility represents the 

capability of an enterprise to dynamically scale up or scale down its production volumes in order to meet 

changing demands.  

As discussed in section 3.1, different environmental uncertainties, such as changing customer needs, and 

increasing global competition, are increasing. The increasing environmental uncertainties also mean that 

the need for manufacturing flexibility is rising. However, increasing manufacturing flexibility generally 

comes at a cost. Flexibility is often seen as one of the four main operational capabilities of a manufacturing 

enterprise, with the other three being cost, dependability, and quality (Brettel et al., 2016). The theory of 

tradeoffs, as proposed by Skinner (1969), suggest that a production system cannot excel at all of these 
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operational capabilities at the same time. Increasing any of the operational capabilities comes at a cost to 

the other operational capabilities. 

The costs that are incurred when increasing manufacturing flexibility are twofold. Firstly, increasing 

manufacturing flexibility often requires extra investments, such as in machines that are capable of 

producing a more extensive range of products (machine flexibility) or in more machines of the same type 

to be able to continue production when a machine breaks down (routing flexibility). These extra investments 

mainly increase the cost of production and are therefore a tradeoff between the flexibility and cost 

operational capabilities.  

Besides the need for extra investments, increasing manufacturing flexibility can also make the production 

process harder to manage, which can also indirectly cause a tradeoff with the other operational capabilities. 

On the one hand, increased flexibility provides more options to deal with unforeseen circumstances, but on 

the other hand, those extra options can also increase the complexity of the production process due to 

increasing the number of possible process variations for producing a specific product. This can potentially 

make it more difficult to adequately manage the production process in order to ensure proper product quality 

and production performance.  

According to Gabriel (2013), increasing manufacturing complexity, both in terms of product complexity 

and in terms of process complexity, leads to a higher need for effective process management. This means 

that process management methodologies such as Business Process Management (BPM) and DCM not only 

become more critical when producing more complex products but also when increasing the manufacturing 

flexibility.  

However, structured process management methodologies such as BPM require that the entire process, 

including all possible deviations and alternative paths, are known and accounted for before the process can 

be used, which can take a lot of time and effort (T. T. K. Tran, Pucher, Mendling, & Ruhsam, 2013). This 

makes BPM especially suited for managing structured, predictable and highly repetitive processes, where 

it can be effectively employed to manage and optimize the efficiency of these processes and thus provide 

increased productivity and cost-advantages (Huber et al., 2014). However, for flexible and less predictable 

processes, BPM’s requirement of knowing and modeling all the possible deviations and exceptions 

becomes unwieldy and ineffective quickly (Meyer, Herzberg, Puhlmann, & Weske, 2014; Van der Aalst, 

Stoffele, & Wamelink, 2003). These types of unstructured processes are therefore likely better suited to be 

managed by a flexible process management methodology such as DCM.  

Increasing manufacturing flexibility will likely always cause a tradeoff with the cost operational capability 

due to the extra investments that are necessary for the systems and tools that enable this flexibility. 
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However, employing a flexible process management methodology such as DCM can potentially decrease 

the tradeoffs that occur due to ineffective process management and therefore lead to a general increase in 

the competitiveness of the manufacturing enterprise. 

3.3 The Manufacturing Enterprise 

As discussed in Chapter 1, the goal of this thesis is to research the applicability and usefulness of DCM for 

managing discrete manufacturing processes; it is, therefore, essential to a look at the context in which these 

processes occur, namely the manufacturing enterprise. Every manufacturing enterprise is different, which 

makes it challenging to provide a common understanding of the various aspects of manufacturing 

enterprises. Luckily the ANSI/ISA-95 standard provides several generic models that can together be used 

to develop this overall understanding.  

3.3.1 The ANSI/ISA-95 standard 

The ANSI/ISA-95 standard also called the ISA-95 standard, is a widely adopted international standard that 

has been developed by the International Society of Automation. The ISA-95 standard provides an extensive 

methodology for the integration of enterprise control systems in manufacturing. It was developed to provide 

a standardized methodology for bridging the gap between the high-level Enterprise Resource Planning 

(ERP) systems and the low-level Process Control Systems (PCS) (De Ugarte, Artiba, & Pellerin, 2009; 

Scholten, 2007).  

In order to provide a methodology that could be applied to all manufacturing enterprises, the authors of the 

standard developed several generic models for describing the various aspects of these enterprises. It is 

important to note that these models do not impose a particular structure or architecture on manufacturing 

enterprises, but are rather generic enough to be widely applicable within manufacturing (Scholten, 2007). 

This makes the ISA-95 standard and the various models that it provides very suitable for this research.  

During this research, we use the Function Hierarchy model to describe the different functional levels within 

a manufacturing enterprise. These functional levels also relate to the different information systems that are 

commonly used within manufacturing enterprises, which means that they are also relevant for defining on 

what functional level a DMPMS based on DCM should operate, as well as for defining the relations of such 

a system with other conventional information systems. We use the Equipment Hierarchy model as a general 

organizational model for the manufacturing branch of an enterprise. The various stakeholders to the system 

can also be mapped to this model. The Functional Enterprise-Control model is used to describe the high-

level functions that are present in a generic manufacturing enterprise, which is useful for defining which 

functions are relevant for a DMPMS based on DCM. Finally, we also use the Production Operations 
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Management activity model as an input for defining the functionalities that the DMPMS based on DCM 

should have.  

3.3.2 Equipment hierarchy 

The physical assets of manufacturing enterprises, such as facilities, production lines, and machines, are 

usually structured hierarchically based on the roles of the physical assets (Scholten, 2007). This hierarchical 

structure was first represented in the Role-Based Equipment Hierarchy model as defined in part 1 of the 

ISA-95 standard (ISA, 2000) and was later extended to the Expanded Equipment Hierarchy model as 

defined in part 3 of the ISA-95 standard (ISA, 2005). The Expanded Equipment Hierarchy model is shown 

in Figure 3. 

 

Figure 3: Expanded Equipment Hierarchy Model (adapted from ISA, 2005) 

The model consists of five layers, where each grouping can contain multiple groupings of the layer below 

it. For instance, one enterprise can have multiple production sites that are spread over different geographical 

regions. Each of these sites can, in turn, have multiple production areas. These production areas are often 

divided based on the different product groups that the company manufactures.  

Work Centers represent distinct groupings of work units and differ based on their function (manufacturing 

or storage) and on the type of manufacturing that they are used for. Process Cells are used for batch 

production, Production Units for continues production and Production Lines for discrete production.  

The distinction between the types of manufacturing can be made by looking at the output of the processes. 

The output of batch production is limited by the volume of the tank, bin, or mixer in which it takes place. 

The output of continues production is a continues stream that can be measured in a volume per unit of time, 
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and the output of discrete production can be measured by counting the number of individual products 

(Scholten, 2007). 

Finally, the Work Units are distinct parts of Work Centers that are responsible for a part of the production 

process. For discrete manufacturing, these are defined as work cells, and they are usually responsible for 

manufacturing a separate part of a product.  

3.3.3 Functional hierarchy 

According to the ISA-95 standard, the activities that are performed by a manufacturing enterprise can also 

be divided based on their timeframes. This is represented in the Functional Hierarchy Model as defined in 

part 1 of the ISA-95 standard (ISA, 2000). The Functional Hierarchy Model is shown in Figure 4. 

 

Figure 4: Functional Hierarchy Model (ISA, 2000) 

The model defines five levels, starting from level 0. Level 0 represents the actual physical production 

process and operates in real-time. Level 1 operates on timeframes of seconds and faster and consists of the 

activities for sensing and manipulating the production process. Level 2 consists of activities for monitoring 

and controlling the production process. This level usually operates on timeframes of hours, minutes, 

seconds, and sub-seconds. Level 3 operates on timeframes of days, shifts, hours, minutes, and seconds and 

defines the activities that make up the workflow of the production. It also defines activities for tracing and 

coordinating the production process. Level 4 operates on the timeframes of month, weeks, and days and 

consists of the activities that are related to the overall management of the manufacturing organization (ISA, 

2000).  

The different levels defined by the Functional Hierarchy Model are also used to define the different types 

of Information Systems that are used in manufacturing enterprises. Level 1 and level 2 are usually supported 

by Process Control Systems (PCS) and are therefore also called the PCS layer. Manufactory Execution 

Systems (MES) usually operate on level 3, which is therefore also named the MES layer. Level 4 is 
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supported by enterprise-wide systems such as Enterprise Resource Planning (ERP) systems. This layer is, 

therefore called the ERP layer. The different types of Information Systems that are commonly used in 

manufacturing enterprises are further discussed in section 3.3.5. 

3.3.4 Manufacturing enterprise functions  

The Functional Hierarchy Model shows that the different activities of a manufacturing enterprise can be 

divided based on their timeframes. These activities can also be divided based on their function, which is 

described in the Functional Enterprise-Control Model as defined by part 1 of the ISA-95 standard (ISA, 

2000). The Functional Enterprise-Control Model defines twelve high-level functions that are performed by 

manufacturing enterprises as well as their interactions. The model is shown in Figure 5. 

 

Figure 5: The Functional Enterprise-Control Model. Reprinted from “The Road to Integration: A Guide to Applying the ISA-95 

Standard in Manufacturing” by Scholten, 2007.  

Each of these functions can be performed in varying degrees and through varying organizational structures 

depending on the specific manufacturing enterprise. However, according to the ISA-95, every function is 

represented in some way in every manufacturing enterprise (Scholten, 2007). The two functions that are 

represented by a square are external functions that are not directly related to the manufacturing activities. 

The dotted line represents the boundary between level 4 and level 3 of the Functional Hierarchy Model. 

The functions within the dotted line are part of level 3 and are therefore supported by the MES layer, while 

the functions outside the dotted line are part of level 4 and the ERP layer. The functions that fall on the line 

either contain sub-functions that are part of different levels or are part of different levels based on the 

specific company’s policy and structure.  
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3.3.5 Manufacturing Information Systems 

As discussed in section 3.3.3, manufacturers usually use a range of different systems to control their 

business at different levels.  

Enterprise Resource Planning (ERP) systems operate on level 4 of the Functional Hierarchy Model and are 

commonly used to manage a wide range of business functions, such as inventory management, sales 

management, and high-level production planning. ERP systems can both enhance the efficiency of business 

processes by more closely integrating separate business functions, as well as provide real-time business-

wide information that can be used for effective business management (Nazemi, Tarokh, & Djavanshir, 

2012).  

Besides an ERP system, manufacturers often have systems that directly control their machinery and 

robotics. These systems are commonly named PCSs, and they operate on level 1 and level 2 of the 

Functional Hierarchy Model. The PCSs are responsible for the actual task execution, ensuring worker 

safety, and task-specific quality control. Whereas an ERP system is used for managing a business at an 

abstract and high level, the PCSs are often machine- or task-specific.  

A third layer is therefore often used on level 3 of the Functional Hierarchy Model, in-between the ERP and 

the PCSs, namely a Manufacturing Execution System (MES). MESs are for instance used for short period, 

but high detail task scheduling, dispatching production orders to workers or machines, resource 

management, tracking products through the factory and data collection for all production activities (De 

Ugarte et al., 2009).  

Occasionally, a fourth system is used, namely an Advanced Planning System (APS). An APS uses various 

techniques such as mixed-integer linear programming in order to calculate near-optimal work plans and 

productions schedules. If an APS is used, it will usually take over the detail production scheduling of the 

MES and, to a certain degree, the more long-term planning of an ERP system (Steger-Jensen, Hvolby, 

Nielsen, & Nielsen, 2011). The interaction between these systems is shown in Figure 6. 



Master Thesis Dynamic Case Management in Manufacturing M.J.F. van de Koppel 

17 
 

 

Figure 6: Manufacturing management systems interaction, including the levels of the Functional Hierarchy Model 

As discussed in section 3.3.3, level 4 systems such as ERP systems focus on the overall management of the 

manufacturing enterprise, while level 1 and level 2 production control systems focus on the controls for 

machinery and task execution. These levels are, therefore, not the levels on which a manufacturing process 

management system would operate. Which leaves level 3 of the Functional Hierarchy Model. 

Level 3 concerns itself with the various activities that make up the workflow of the production process, as 

well as the activities for tracing and coordinating the production process. Part of these activities could be 

classified as production workflow management or production process management, which means that level 

3 of the Functional Hierarchy Model and therefore the MES, which usually operates on this level, is most 

relevant for applying a workflow management methodology such as DCM. We will, therefore, take a closer 

look MESs in the following section.  

3.3.6 Manufacturing Execution Systems  

The MES concept slowly emerged through the continual integration of separate data collection systems 

over the 1980s and 1990s and has since grown to become one of the central information systems in many 
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VDI, and ISA (Kletti, 2007). For this research, we will use the MES definition, functionalities, and related 

activities as defined by the ISA-95 standard.  

3.3.6.1 MES activity groups  

Part 3 of the ISA-95 standard (ISA, 2005) divides the MES layer into four separate activity groups, namely 
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activity groups, an activity model, including detailed descriptions of the various activities has been defined. 
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As this research focusses on production process management, we are most interested in the Production 

activities group, which is also defined as Production Operations Management (POM). 

3.3.6.2 Production Operations Management  

POM concerns itself with the production-related activities that need to be performed on level 3 of the 

Functional Hierarchy. Quality, maintenance, and inventory-related activities are not included within POM, 

but rather have their separate sections within the ISA-95 standard. The activity model of POM provides a 

clear division of this set of activities into eight general activities, as shown in Figure 7. 

 

Figure 7: The activity model of Production Operations Management (adapted from ISA, 2005) 

The arrows represent the flow of information between the activities, external information streams, and low-

level PCSs. POM is mainly driven through production schedules that are usually provided through level 4 

systems, such as ERP systems. In combination with these schedules, it also uses information about product 

definitions and data that is available from PCSs. In turn, POM provides information about the production 

capability and the production performance, which can be used by ERP systems for managing various high-

level business processes as well as for maintaining the production schedule. POM also provides inputs to 

PCSs through operational commands and information about specific rules and specifications for the various 

tasks that need to be executed.  

POM, as defined in the ISA-95 standard, provides detailed descriptions of each of the general activities, 

including the exchange of information and the various tasks that need to be performed for each activity. 
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Table 1: Production Operations Management activities 

POM activity Description 

POM-1 Production definition 

management 

Activities for managing the information about the product that is 

required for manufacturing, namely the product production rules, the 

bill of material, and the bill of resources. 

POM-2 Production resource 

management 

Activities for managing information about the various resources that 

are necessary for production, namely personnel, equipment, and 

material resources. 

POM-3 Detailed production 

scheduling 

Local planning and scheduling of production and resources based on 

the high-level production schedule, while taking into account the local 

situation and the resource availability 

POM-4 Production dispatching Managing the flow of production by dispatching work orders to 

machines and personnel through a dispatch list 

POM-5 Production execution Managing and controlling the execution of work on the dispatch list, 

while ensuring that the production rules are followed.  

POM-6 Production data collection Collecting and managing the data that is produced during the 

manufacturing process. This data can, for instance, include task 

completion times, sensor readings, equipment states, and event data. 

POM-7 Production tracking Tracking the status and performance of the production process as well 

as information about the production of each product. 

POM-8 Production performance 

analysis 

Analyzing the production process in order to determine various 

performance indicators which can then be used for scheduling and 

optimization purposes  

 

3.4 Discrete manufacturing types 

The previous sections have already discussed the need for flexibility in manufacturing and the structure and 

various information systems that are usually used in manufacturing. It is also essential to take a closer look 

at the different types of discrete manufacturing as well as their relevance to this research.  

As explained in section 3.3.2, discrete manufacturing can be defined in terms of its output. When the output 

of the production process consists of separate, countable products, then the production process can be 

classified as discrete manufacturing (Scholten, 2007).  
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The discrete manufacturing domain itself contains many different types of discrete manufacturing that can 

vary substantially, for instance, both the high-tech production of specialized computer chips and the mass 

production of paperclips are examples of discrete manufacturing processes.  

Not all of these types of discrete manufacturing are equally relevant for this research. The primary purpose 

of DCM is to provide flexibility within process management, which means that DCM would likely be most 

beneficial for discrete manufacturing environments that require a relatively high degree of flexibility. 

Examples of such environments are the low volume, high variability or low volume, high mix 

manufacturing environments. These environments are characterized by the production of a relatively high 

number of different products or product variants in relatively low volumes, which can, for instance, occur 

when products are made to order. In these environments, there is likely a relatively high amount of time 

spent on reconfiguring machines, as well as having multiple routing options for the various products. In 

such situations, it can potentially be it very beneficial to be able to manage the production process flexibly. 
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4 Dynamic Case Management 

As structured and repetitive tasks are becoming more automated, knowledge-intensive work is becoming 

increasingly important within businesses (Huber et al., 2014). The dynamic nature of the processes involved 

with knowledge-intensive work makes them very hard to be effectively managed by more rigid process 

management methodologies such as BPM (Huber et al., 2014). In recent years several methodologies have 

been proposed to fill this gap within the Business Process Management domain. One of these methodologies 

is DCM, which is specifically designed for supporting flexible and knowledge-intensive processes 

(Herrmann & Kurz, 2011).  

4.1 The principles of DCM 

Case Management methodologies such as DCM follow the Case-Based Reasoning approach, meaning that 

previous solutions to business problems (cases) are adapted and reused for solving new, similar business 

problems (Koryl & Mazur, 2017). As opposed to BPM, Case Management does not predetermine the type 

and sequence of tasks that will be executed towards attaining the case goal. Case Management can, 

therefore, be classified as being non-deterministic (Blaukopf & Mendling, 2018). 

The general principles of DCM were first compiled in the now-famous book Mastering the Unpredictable: 

How Adaptive Case Management Will Revolutionize the Way that Knowledge Workers Get Things Done 

(Swenson, 2010). Since then, other researchers have adapted and extended upon these principles. In this 

section, a common understanding of DCM is developed by aggregating the DCM principles as described 

in the relevant literature. 

The case is the central entity in DCM, where the case consists of a goal in combination with all the available 

information relevant to achieving that goal and a case template which serves as a baseline approach to 

handling the case (Swenson, 2010). A case template refers to the general approach to a specific type of 

cases, and one specific case is referred to as a case-instance. An example of a case template could be a 

general approach for processing a specific type of insurance claim within an insurance company or the 

general approach for processing a mortgage application within a bank. Corresponding case instances would 

then be a specific insurance claim or a specific mortgage application, respectively. 

While case instances in case management systems can be executed in parallel, each case instance can be 

independently adapted without necessarily changing other case instances (Van der Aalst, Stoffele, & 

Wamelink, 2003). A case template and a case instance can be seen as the equivalent to a process model and 

a process instance in BPM (Herrmann & Kurz, 2011).  

A case is centered around a case goal or objective. This objective represents the business outcome that is 

attempted to be achieved by the completion of the case instance. DCM offers a great deal of flexibility in 
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how this objective should be achieved and leaves it largely up to the worker to determine the best way 

forward. However, all tasks that are executed in the context of a particular case instance have to be related 

to the specific objective or case goal, such that the execution of these tasks brings the case instance closer 

to its final goal (T. T. K. Tran et al., 2013). 

The specific tasks in DCM are similar to the tasks in BPM, where each task or activity consists of an atomic 

piece of work which is executed by an agent, such as a worker, a robot or a team consisting of robots, 

humans or both. (Van der Aalst et al., 2003). DCM allows the agents to largely define and execute these 

tasks on an ad-hoc basis without requiring prior process analysis and design (T. T. K. Tran et al., 2013). In 

order to provide guidance to the task definition and execution, case templates are used in combination with 

the case data.  

The exact sequence and type of tasks that are executed during case instances in DCM are context-dependent. 

This context is provided by a combination of the case data, the case goal, and events. DCM systems are, 

therefore data-driven and event-driven, meaning that the case instance progresses through events based on 

the case data and the case goal (Herrmann & Kurz, 2011; Traganos & Grefen, 2015). The flexibility of 

DCM means that the correct and efficient execution of case instances is dependent on users being able to 

make the right decisions as to which tasks are executed and in what sequence. As pointed out by van der 

Aalst et al. (2003), workers should, therefore, have access to all data that is relevant to the case in order to 

facilitate effective decision making and the correct execution of the tasks. Therefore, this data needs to be 

included in the case instance itself and should be updated as soon as new information becomes available.  

The distribution of work among the various users of a DCM system is done through the assignment of roles. 

These roles are similar to the concept of swim lanes used in BPM. Every task has a role assigned to it, and 

every user also has one or more roles which they can fulfill. An activity can then be executed by any of the 

workers with a corresponding role, which allows for flexible resource allocation (Van der Aalst et al., 2003).  

The ad-hoc selection of actions needs to be somewhat restricted to ensure that business processes managed 

by DCM are compliant with laws, regulations, and business rules. This can be done by defining logical and 

temporal dependencies or rules between each task and even for the case instance as a whole. The DCM 

system can then ensure compliance with these rules during runtime (T. K. T. Tran et al., 2016). In order to 

make the specification of these rules more accessible for users, Tran et al. (2016) developed a method that 

allows DCM users to define these rules using natural language and domain-specific terms. 

Weber, van Dongen, Pesic, Günther and van der Aalst (2008) argue that traditionally there exists a tradeoff 

between the amount of support that a system can provide its users and the degree of flexibility of the system. 

However, they found that this can at least partially be alleviated by generating case templates from historical 
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case instances. These case templates contain generalized approaches that can then be offered to the 

caseworkers based on the goals of the specific case instance that they are working on. The concept of 

working with case templates has, therefore, been adopted into the DCM methodology. Users of DCM can, 

therefore, choose to adapt existing case templates or define their process at runtime (T. T. K. Tran et al., 

2013). This flexibility allows users to dynamically respond to circumstances or exceptions that were not 

considered during process design, while still providing some guidance for more typical situations (Kurz, 

2013). According to Herrmann and Kurz (2011), the adaption of the work environment and work process 

to the specific needs of the case instance not only provides flexibility in dealing with exceptions, but it also 

allows the user to work more efficiently. Therefore, DCM actively empowers users to change their working 

process, and the adaption of these processes is a regular activity (Swenson, 2013).  

The knowledge preservation and learning within a DCM system relies on the continual improvement of the 

case templates that are in use (Huber et al., 2014). After a certain amount of case instances that are using a 

specific case template have been completed, these case templates should be reviewed and possibly adapted 

to fit the related case instances better and thus require fewer runtime changes during future case instances 

(Kurz, 2013). Process mining techniques can be applied in order to analyze the completed case instances 

and discover recurring patterns (Weber, Van Dongen, Pesic, Günther, & Van Der Aalst, 2008).  

Next to the regular review of completed case instances and adjustments to the case templates, a DCM 

system should always strive to be as transparent as possible in order to facilitate this learning process even 

further. The users of the system should be able to use the collective experiences of previous case instances 

to improve their current case instance (Huber et al., 2014). Users should both be able to influence the 

adaption of the standard case templates as well as create their own templates. Both the standard case 

templates and the individual user-created templates should be available to all users of the system in order 

to facilitate knowledge sharing (Huber et al., 2014). 

In recent years there have been several developments within ACM, and different ‘flavors’ have emerged. 

One such flavor is Social ACM (SACM), in which the caseworkers are connected via a social network and 

are encouraged to participate and provide input in decision making throughout the case instance, instead of 

just the tasks that are related to their role (Osuszek & Stanek, 2016). 

4.2 DCM system requirements 

Any system that seeks to support and implement the DCM methodology should be capable of fulfilling 

several requirements. These requirements will therefore also need to be fulfilled by a DMPMS based on 

DCM. A list of ten DCM system requirements has already been compiled by Hauder, Munch, Michel, Utz, 

and Matthes (2014). They conducted a literature review in order to discover the requirements for DCM and 



Master Thesis Dynamic Case Management in Manufacturing M.J.F. van de Koppel 

24 
 

to test its applicability to Enterprise Architecture Management. Their requirements have been adapted and 

form the basis of the requirements shown in Table 2. 

Table 2: Requirements for DCM (adapted from Hauder, Munch, Michel, Utz, & Matthes, 2014) 

Requirements Description References 

REQ-1 The system should 

allow for runtime 

flexibility  

One of the core values of DCM is being able to respond to 

changing circumstances dynamically. To this extent, a 

DCM system should allow its users to change running 

processes when necessary.   

(Günther, Reichert, & Van 

Der Aalst, 2008; Herrmann & 

Kurz, 2011; Huber et al., 

2014; Swenson, 2010; T. T. 

K. Tran et al., 2013) 

REQ-2 The system should 

have evolving case 

templates 

Knowledge preservation and learning in DMC is achieved 

through the creation and subsequent updating of 

standardized case templates. 

(Herrmann & Kurz, 2011; 

Huber et al., 2014; Swenson, 

2010; T. T. K. Tran et al., 

2013; Weber et al., 2008) 

REQ-3 The system should be 

transparent 

The effectiveness of DCM relies largely on effective 

decision making by its users. To facilitate this decision-

making process, the users should not only have access to 

all case-related information but also to information about 

related case instances. A DCM system should, therefore, 

be as transparent as possible while maintaining any 

essential authorizations.  

(Herrmann & Kurz, 2011; 

Huber et al., 2014; Kurz, 

2013; Swenson, 2010) 

REQ-4 The system should 

visibly display the 

progress of the case 

The DCM system users should be able to quickly identify 

which tasks have been executed, which are in progress and 

which still need to be executed. Any barriers to progress, 

such as having to wait on external input, should also be 

visible.  

(Herrmann & Kurz, 2011; 

Huber et al., 2014; Swenson, 

2010) 

REQ-5 The system should 

allow for the flexible 

assignment of roles to 

both users, resources, 

and tasks. 

Roles are used for the division of tasks within the DCM 

methodology. Users and resources should be able to have 

one or more roles assigned to them based on their 

capabilities. Likewise, all tasks should also have a role 

assigned to them. Any user or resource can execute a task 

with a corresponding role.  

 

(Herrmann & Kurz, 2011; 

Kurz, 2013; Swenson, 2010; 

Van der Aalst et al., 2003) 

REQ-6 The system should 

allow for the definition 

of case objectives 

Case objectives represent the business objective that is be 

achieved by completing the case. These objectives guide 

the caseworkers by requiring that every task should be 

(Herrmann & Kurz, 2011; 

Huber et al., 2014; Kurz, 

2013; Swenson, 2010; T. T. 

K. Tran et al., 2013) 
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chosen and executed, such that it brings the case closer to 

its objective.  

REQ-7 The system should 

have a hierarchical 

structure of tasks 

The uncertainty inherent to the processes that are 

frequently managed by DCM means that not all possible 

tasks can be specified entirely upfront. By allowing for a 

hierarchical structure, caseworkers can first define tasks on 

a very abstract level and then further refine them as more 

information becomes available. 

(Herrmann & Kurz, 2011; 

Swenson, 2010) 

REQ-8 The system should 

integrate all relevant 

data in the case 

Caseworkers need access to all relevant data in order to 

make effective decisions. This data should, therefore, be 

integrated into the case instance itself. 

(Herrmann & Kurz, 2011; 

Huber et al., 2014; Kurz, 

2013; Swenson, 2010; Van 

der Aalst et al., 2003) 

REQ-9 The system should 

allow for the definition 

of temporal-logical 

dependencies between 

tasks 

In order to ensure compliance with both regulations and 

business rules, the system should allow for the 

specification of temporal-logical dependencies between 

tasks.  

(Kurz, 2013; Sprovieri, Diaz, 

Mazo, & Hinkelmann, 2015; 

Swenson, 2010) 

REQ-10 The system should be 

understandable and 

adaptable for business 

users 

DCM largely integrates the process design phase and the 

process execution phase. Because of this, it is vital that all 

users of the DCM system can understand and adapt cases 

without requiring much technical knowledge.  

(Kurz, 2013; Swenson, 2010) 
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5 DCM for managing discrete manufacturing processes  

In the previous two chapters, both the DCM methodology and discrete manufacturing concept have been 

introduced. In this chapter, the fit between the DCM methodology and discrete manufacturing will be 

discussed. The primary purpose of this is to determine where and how DCM could potentially be applied 

within a discrete manufacturing environment.  

The chapter will also describe a set of system functionalities for a proposed DMPMS based on DCM. 

Finally, these system functionalities are used to derive the set of functional requirements that form the basis 

for the design of the system architecture in Chapter 6 and the implementation of this architecture in a system 

prototype in Chapter 7. 

5.1 Applying DCM to discrete manufacturing processes 

As discussed in Chapter 4, level 3 of the Functional Hierarchy Model concerns itself with the workflow of 

the various manufacturing activities as well as with tracing and coordinating this workflow. This means 

that level 3 is also the level on which the process management of the production processes occurs and 

therefore also the level on which a process management methodology such as DCM should be applied.  

Level 3 of the functional hierarchy is commonly called the MES layer, as this is also the level on which 

MESs operate. A MES is usually responsible for a much more extensive range of functionalities than just 

those directly related to process management, such as quality management and product tracking. The 

implementation of the DCM methodology within this layer would therefore only affect part of the usual 

MES functionalities. This means that there are two general approaches to applying DCM to manufacturing 

processes. The first approach would be to fully design and implement a MES with the DCM methodology 

in mind. This would have the advantage that the different MES functionalities can be very well integrated. 

The second approach would be to design and implement a separate DCM system that would interface with 

the MES. An example of this is shown in Figure 8.  

 

Figure 8: Example of a separate DCM system on the MES layer including an optional APS 

The first approach would likely be preferable in most situations; however, during this research, the second 

approach is used in order to limit the scope of the artifacts to the functionalities that are relevant to DCM.  
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As discussed in section 3.3.6.2, the POM activity group is most relevant for production process 

management. The POM activity group will, therefore, be used as the set of activities for which a possible 

DCM based system could be developed.  

5.2 A Discrete Manufacturing Process Management System based on DCM 

In this section, a system is proposed which utilized the DCM methodology for managing discrete 

manufacturing production processes.  

The ISA-95 standard describes the various activities that occur within Production Operations Management; 

however, it does not specify the extent to which these activities should be automated or supported by an 

information system. The proposed system functionalities are, therefore, an initial design decision and 

should not be considered complete or final. It will likely require several design iterations as well as feedback 

from a wide range of manufacturing enterprises to be able to develop a complete set of system 

functionalities. However, for this research, it is sufficient if the DCM methodology is correctly 

implemented, and if the core production process management activities are supported.  

5.2.1 System functionalities 

The system firstly differentiates between two high-level system functionalities, namely the design of the 

production process and the execution of the production process. These high-level functionalities are then 

broken down into multiple system functionalities. Each of these system functionalities is related to one or 

more POM activities, as well as one or more DCM requirements. The proposed set of system functionalities 

is shown in Table 3. 

Table 3: Proposed system functionalities 

High-level functionality System functionality 

Code Functionality Code Functionality Description 

Related 

POM 

act. 

Related 

DCM 

req. 

HF-1 
Production 

design 

PD-1 
Design case 

templates 

The system should allow for the design of case templates 

which contain all the necessary information about the 

standard production process for a specific type of product. 

This includes the various tasks that need to be executed, 

any events that can occur, as well as the interdependencies 

between these tasks and events. 

POM-1 

REQ-2, 

REQ-6, 

REQ-9 

PD-2 Design tasks 

The system should allow for the design of process tasks 

based on the product definitions and the information about 

the various types of resources. It should also be possible to 

assign tasks to specific types of resources.  

POM-1, 

POM-2 

REQ-5, 

REQ-7 
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PD-3 Design agents  

The system should allow for the definition of agents, 

which can be human actors, robotic actors, or teams of 

either or both. The system should be able to capture the 

capabilities of the agents through roles so that they can be 

assigned to tasks.  

POM-2 REQ-5 

PD-4 Design events 

The system should allow for the design of events. The 

function of these events is to allow both internal and 

external information to influence the flow of the 

production process.  

POM-1, 

POM-2, 

POM-6 

REQ-8 

HF-2 
Production 

execution 

PE-1 
Monitor case 

execution 

The system should be able to monitor and display all 

relevant information about the performance and progress 

of the case. 

POM-6, 

POM-7, 

POM-8 

REQ-3, 

REQ-4, 

REQ-10 

PE-2 
Control case 

execution 

The system shall be able to control the flow of production 

activities so that the defined production rules are 

maintained. The system will also make sure that the tasks 

can only be performed by the agents with the correct role, 

as well as that the necessary resources are available.  

POM-3, 

POM-4, 

POM-5 

REQ-3, 

REQ-5, 

REQ-6, 

REQ-8 

PE-3 
Modify running 

case instance 

The system should allow users to modify running case 

instances if necessary, in order to facilitate runtime 

flexibility. 

POM-3, 

POM-4, 

POM-5 

REQ-1, 

REQ-3, 

REQ-10 

 

5.2.2 Functional requirements 

The list of system functionalities was then used to derive the set of functional requirements, which is shown 

in Table 4.  

Table 4: Functional requirements 

Code Functional requirement 

Related 

system 

functionality 

FRQ-1 
The system shall allow for the creation of case templates, which contain all the necessary 

information about the standard production process for a specific type of product 

PD-1 

FRQ-2 The system should be able to store different case templates for each product type PD-1 

FRQ-3 The system shall allow authorized users to add predefined tasks to a case template PD-1 

FRQ-4 The system shall allow authorized users to add predefined events to a case template PD-1 

FRQ-5 
The system shall allow authorized users to specify dependencies between any tasks and events 

within a case template 

PD-1 

FRQ-6 
The system shall allow authorized users to define and store tasks, including any resource and role 

requirements 

PD-2 
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FRQ-7 
The system shall allow authorized users to specify and store agents, which can be human actors, 

robotic actors, or teams of either or both.  

PD-3 

FRQ-8 
The system shall allow authorized users to define and store events, including any requirements for 

triggering the event. 

PD-4 

FRQ-9 
The system shall allow authorized users to define roles which can be added to agents, tasks, and 

events.  

PD-2, PD-3, 

PD-4 

FRQ-10 The system shall be able to display indicators about the status and performance of each case instance PE-1 

FRQ-11 The system shall be able to display indicators about the status and performance of each agent PE-1 

FRQ-12 The system shall be able to display the progress on each case visually PE-1 

FRQ-13 The system shall be able to provide notifications to relevant users about the occurrence of an event PE-1 

FRQ-14 The system shall allow authorized users to start new case instances. PE-2 

FRQ-15 The system shall allow authorized users to pause and reenable case instances.  PE-2 

FRQ-16 The system shall allow authorized users to delete case instances. PE-2 

FRQ-17 The system shall allow authorized users to modify the priority of case instances. PE-2 

FRQ-18 
The system shall generate a list of available tasks for each agent based on their role and any other 

production rules.  

PE-2 

FRQ-19 The system shall allow users to select, start, pause, reenable, and complete tasks from their task list.  PE-2 

FRQ-20 
The system shall allow users to indicate the occurrence of events while accounting for any role 

requirements.  

PE-2 

FRQ-21 
The system shall allow users to modify running case instances by designing and adding tasks, adding 

events, and modifying dependencies. 

PE-3 

 

5.2.3 Check with the HORSE system requirements  

After defining the requirements based on the literature, the requirements were also checked for 

completeness by comparing them with the HORSE system requirements. While the HORSE project is 

broader in scope than this project, both projects overlap in their aim to design a system for managing 

discrete manufacturing processes. However, the HORSE project uses structured process management 

through BPM instead of a flexible process management methodology such as DCM.  

The HORSE project includes an extensive system requirements specification based on multiple discrete 

manufacturing cases (HORSE, 2016). This requirements specification includes functional requirements for 

the process management aspects of the project. While these requirements are not directly applicable to this 

research due to the difference between BPM and DCM, they were still valuable for checking whether any 

key system functionalities were missing. The check with the HORSE system requirements has been 

included in Appendix 1. The check did not result in any changes or additions to the already defined 

functional requirements.   
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6 Architecture for a DMPMS based on DCM 

In the previous chapter, we proposed a set of system functionalities for a DMPMS based on DCM. In this 

chapter, this system will be further elaborated through the design and presentation of a proposed system 

architecture.  

Section 6.1 is used to briefly discuss the relevance of architectures in the Information Systems domain, as 

well as introduce several frameworks which can be used for analyzing and designing these architectures. 

Section 6.2 then discusses the approach that was used for designing the architecture. This is followed by 

the introduction of an overall scenario in section 6.3, which describes the various use cases as well as the 

types of stakeholders of the system. Finally, Section 6.4 is used to present the various aspects of the 

designed architecture.  

6.1 The architecture of Information Systems  

The increasing complexity of information systems has led to an increasing need for information systems 

architectures. These architectures are a means to provide structure to software systems so that they are 

easier to develop, maintain, and integrate with other systems (Grefen, 2016). 

The ISO/IEC/IEEE 42010 standard defines the term architecture as follows: 

“(system) fundamental concepts or properties of a system in its environment embodied in its elements, 

relationships, and in the principles of its design and evolution” (ISO, IEC, & IEEE, 2011) 

This definition makes clear that an architecture considers not only the different (software) elements of a 

system but also the relationships between these elements, as well as the environment in which the system 

will operate.  

It also shows that there are two main views within architecture, namely a view on its components, their 

interactions, and the environment of the system, as well as a view on the actual design of the system. The 

first view acts as a blueprint for the system, whereas the second view describes how the system can be 

realized.  

6.1.1 Frameworks for analyzing and designing architectures 

Architectures can also be very complex themselves, which makes it useful to use standard frameworks for 

designing these architectures. In this research, three different frameworks were utilized for structuring the 

design of the system architecture, namely the four architecture dimensions described by Grefen (2016), the 

Kruchten 4+1 aspect framework (Kruchten, 1995) and the updated Truijens 5 aspect framework (Grefen, 

2016). 
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6.1.1.1 The four architecture dimensions 

According to Grefen (2016), four dimensions can be differentiated within the description of an IS 

architecture, namely the aspect dimension, the aggregation dimension, the abstraction dimension, and the 

realization dimension.  

The aspect dimension describes the different aspects from which an architecture can be viewed. These 

aspects are further described by the updated Truijens 5 aspect framework, which is discussed in section 

6.1.1.3.  

The aggregation dimension describes the level of detail that is used in describing an architecture. This level 

of detail is related to the number of elements that are described in the architecture.  

The abstraction dimension describes how abstract or concrete the description of an architecture is. This is 

related to how many detailed design choices have been made for the various components of the architecture. 

For instance, a very abstract description will only contain information about the functionalities of the 

components, while a very detailed description describes specific versions of software packages for each 

component.  

The realization dimension describes four levels of realization, namely the Business level, the Organization 

level, the Architecture level, and the Technology level. The Business level describes the goals that a 

business wants to achieve with the information system. The Organization level describes how the 

organization should be structured in order to reach the specified business goals. The Architecture level then 

describes how an information system should be structured to support the defined organization. Finally, the 

Technology level describes the technologies that are used for realizing the defined architecture.  

During this research, the main focus is on the software aspect of the architecture, though the other aspects 

are also touched upon to provide a complete description. For this reason, the architectural description only 

uses different levels of aggregation for the software aspect. By design, the designed architecture also 

remains relatively abstract so that it is widely applicable within the discrete manufacturing domain. Finally, 

the architectural description mainly focusses on the Architecture realization level.  

6.1.1.2 The Kruchten 4+1 aspect framework  

The Kruchten 4+1 aspect framework introduced by Kruchten (1995) provides a separation of concerns 

through four main views. The first view is the logical view, which concerns itself with the software structure 

of the information system. The second view is the process view, which specifies how the various software 

modules dynamically interact with each other. The third view is the physical view, which describes how 

the information system is distributed on hardware. The fourth and final view is the development view, 

which concerns itself with the actual development process of the information system. The framework also 
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defines how one should progress through the different views and can, therefore, also be regarded as a 

separation of concerns for the different phases of a software development project. The framework has an 

extra fifth aspect which overlaps with all four views, namely the scenarios. The scenarios contain the 

various use cases of the system, which helps to make things more concrete and which also facilitates 

communications between the stakeholders. The framework is shown in Figure 9. 

 

Figure 9: The Kruchten 4+1 aspect framework (Kruchten, 1995), reprinted from Grefen, 2016. 

This architectural description mainly makes use of the logical view of the framework to describe the 

structure of the information system. The process view is also touched upon to describe the interactions and 

the flow of information between the various software modules. The physical view is not relevant for this 

research and is therefore left out of scope. The development view will also not be used during this chapter; 

however, Chapter 7 includes a description of the development process of the software prototype and is 

therefore related to the development view. Finally, the research also makes use of an abstract scenario to 

describe the various use cases and provide guidance and structure to the development of the architecture.  

6.1.1.3 The updated Truijens 5 aspect framework 

The initial Truijens 5 aspect framework was defined in 1990 (Truijens, Oosterhaven, Maes, Jägers, & van 

Iersel, 1990). Since then, the model has been updated by Grefen (2016) in order to better fit with the 

networked nature of society today. The updated framework is shown in Figure 10. 

 

Figure 10: Updated Truijens 5 aspect framework, reprinted from Grefen, 2016. 
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The framework consists of five aspects, namely the data aspect, the process aspect, the software aspect, the 

platform aspect, and the organization aspect. The data aspect describes the specification and organization 

of the data within an information system. The process aspect describes the various business processes that 

are related to the information system. The software aspect describes the structure of the software modules 

as well as the relations between these modules within an information system. The platform aspect describes 

the software and hardware environment in which the information system will be deployed. Finally, the 

organization aspect describes the organizational context of the information system. The framework shows 

that all of these aspects are interconnected with each other, meaning that a change to one of the aspects can 

potentially affect all of the other aspects.   

As described in section 6.1.1.1, all of these aspects will be at least briefly discussed. However, the software 

aspect has been used as the starting point of the architectural design and is also the main focus of the 

architectural description. 

6.2 Design approach 

In the previous section, we discussed the importance of architecture within the Information System domain, 

as well as several frameworks that can be used for analyzing and designing these architectures. In this 

section, we will further elaborate on the approach that was used for specifying the architecture as described 

in section 6.4.  

It is essential to consider the purpose of the architecture during its design. In this case, we are interested in 

developing a prototype system through which the applicability and usefulness of the DCM methodology 

for discrete manufacturing processes can be evaluated. The architecture’s primary goal is, therefore, to 

provide a structured blueprint for the design of the prototype system. Other than that, it also functions as a 

general approach to applying the DCM methodology to discrete manufacturing processes. Due to its 

purpose, the architecture can remain reasonably abstract, as it is not necessary, and potentially even harmful 

for its generalizability, to make it more concrete.  

The approach to designing this architecture was inspired by the architectural design of the HORSE project 

(Grefen, Vanderfeesten, & Boultadakis, 2015). The HORSE project is a lot larger in scope than this 

research. However, it does share a core similarity, namely the application of a process management 

methodology for managing discrete manufacturing processes.  

The first step in de design approach was the specification of an overall discrete manufacturing scenario. 

This follows the Kruchten 4+1 framework, and its primary purpose is to make things more concrete by 

creating a clear representation of the different functionalities that the system should have. This scenario 

presents a set of high-level use cases that are based on the system functionalities and requirements, as 
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described in Chapter 5. The scenario also introduces several types of stakeholders which are connected to 

the various system use cases. These stakeholders are primarily based on the stakeholders that are used for 

the HORSE architecture design, which can be done because both systems are designed for the same 

environment as well as both systems having partially similar objectives. 

The second step in the design approach was the specification of the logical software aspect of the 

architecture. This aspect describes the various system components as well as the connections between these 

components on several levels of aggregation. The logical software architecture will start at aggregation 

level 0 in order to describe the location of the system amongst other conventional enterprise systems. The 

description of the logical software architecture concludes with a confrontation of the software architecture 

components with the defined functional requirements in order to show how the requirements are supported 

by the system modules.  

The third step in the design approach was the specification of the logical data architecture. The logical data 

architecture consists of UML class diagrams, which shows how the data is organized in the system.  

This is followed by the fourth step, during which the logical organizational architecture was defined. This 

aspect of the system architecture gives an abstract description of the organizational structure for which it 

was designed. 

The fifth step in the design approach was the definition of the logical process aspect of the architecture. 

The logical process architecture describes the processes that the system supports in two ways. The first way 

shows how the processes fit within the overall business process, and the second way describes the processes 

themselves.  

The sixth and final step in the design approach was the definition of the logical platform architecture. This 

final aspect of the updated Truijens framework has only been discussed in a very brief and abstract manner 

as this is not very relevant for this research.  

Figure 11 provides an overview of the steps that were used during the architectural design. 

 

Figure 11: Architectural design approach 
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6.3 Discrete manufacturing scenario  

As described in the previous section, the first step in the design approach was the definition the scenario, 

which includes the various system use cases as well as the stakeholders and their relation to the use cases. 

This scenario will be elaborated in this section, starting with the stakeholders. 

6.3.1 Stakeholders 

The stakeholders that are used in this scenario are primarily based on the stakeholders that were defined by 

the HORSE architecture design (Grefen et al., 2015). The used stakeholders are described in Table 5. 

Table 5: Description of the stakeholders 

Stakeholder Description 

Factory Owner The factory owner is responsible for the factory and its performance as a whole. 

Factory Supervisor The factory supervisor is responsible for the operators within the factory. This stakeholder 

also manages the overall production processes.  

Factory Engineer The factory engineer is responsible for designing the manufacturing processes, based on the 

product specifications and the available resources. 

Production Planner The production planner is responsible for the short, to medium-term planning of the 

manufacturing activities. 

Factory Operator The production operator executes parts of the manufacturing process based on their 

capabilities. Each operator can have a different set of capabilities and can, therefore, be 

responsible for different parts of the manufacturing process. 

Automated Agent Similar to the factory operator, the automated agent executes parts of the manufacturing 

process based on their capabilities. However, an automated agent represents an autonomous 

robot which is capable of more than one task. 

MES / ERP / MRP The MES, ERP, and MRP systems will need to be able to interact with the system for various 

use cases and are, therefore, also included in the list of stakeholders.  

Sensor A large number of different sensors can be used to collect real-time information on the 

production process. This information can, in turn, also be used to influence the process.  

The human stakeholders can also be related to the Equipment Hierarchy model, as shown in Figure 3. This 

relation is further discussed in the description of the organizational aspect of the architecture, as described 

in section 6.4.3. 

6.3.2 High-level scenario 

The scenario has initially been designed on a very high-level and aggregated basis. The high-level scenario 

contains two use cases, namely the “Manufacturing Design” use case, and the “Manufacturing Execution” 
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use case. These use cases correspond to the high-level system functionalities, as described in section 5.2.1. 

The use cases are presented as a UML use case diagram and are shown in Figure 12.   

 

Figure 12: High-level scenario 
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6.3.3 Manufacturing Design use case 
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Manufacturing Design use case is shown in Figure 13. 
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Figure 13: Manufacturing design use case 
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Figure 14: Manufacturing execution scenario 
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6.4.1.1 Aggregation level 0 

Aggregation level 0 is used to show the relation of the system to other conventional enterprise information 

systems. The system will operate on level 3 of the Functional Hierarchy Model together with an MES and 

possibly an APS. There are different ways in which the system could be connected within the overall 

enterprise information system landscape. However, these connections are outside of the scope of this 

research. Figure 15 shows the logical software architecture at aggregation level 0, which provides an 

example of how the system could relate to other conventional manufacturing enterprise information 

systems.  

 

Figure 15: The logical software architecture at aggregation level 0 

6.4.1.2 Aggregation level 1 

Aggregation level 1 zooms in on the DCM system itself and shows that there two main components within 

the system, namely the “Global system” and the “Local system”. Aggregation level 1 of the logical software 

architecture is shown in Figure 16. 

 

Figure 16: The logical software architecture at aggregation level 1 
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that are performed by the system. The global system is connected with one or more local systems. These 

local systems distribute the system locally and function as an interface with other systems and with the real 

world. An example of a local system could, for instance, be an app on the tablet of a factory operator through 

which he or she can view their task list and select tasks for execution or a system which interfaces with the 

control systems of automated agents. The interface between these systems is therefore somewhat similar to 

a client-server architecture. 
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There can be many different local systems as they will likely have to be customized in order to fit with the 

local environment in which they will be used. As opposed to the local system, the global system will likely 

be much more generally applicable within the manufacturing domain. This has led to the decision to focus 

the design on the global system and leave the local systems out of scope for this research.  

6.4.1.3 Aggregation level 2 

Aggregation level 2 focusses on the global system and provides a further decomposition into two modules, 

namely the Manufacturing Design module and the Manufacturing Execution module. At this aggregation 

level, we can also differentiate between eight internal databases and three external databases. Aggregation 

level 2 of the logical software architecture is shown in Figure 17.  

 

Figure 17: The logical software architecture at aggregation level 2 

The two software modules correspond to the two high-level use cases, as described in section 6.3.2. These 

modules have been kept separate and can only indirectly influence each other through the internal databases. 

The upper four internal databases contain definition data, which is created and modified through the 

Manufacturing Design module and then used as input for the Manufacturing Execution module. The lower 

four internal databases contain data that is collected during the execution of the manufacturing processes. 

The data in these databases is created and modified by the Manufacturing Execution module and is used as 
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required information that is necessary to design the manufacturing process for each product and is, 

therefore, an input for the Manufacturing Design module. The Schedule Data external database provides 

the medium to long term scheduling information to the Manufacturing Execution module. This information 

is then used for short-term scheduling and setting priorities for each manufacturing order. The Order 

specifications external database contains all the information about the various manufacturing orders that 

have been placed. This includes product types, amounts, and any other product specifications.  

6.4.1.4 Aggregation level 3 

Both the Manufacturing Design and the Manufacturing Execution module are broken down even further in 

aggregation level 3. The logical software architecture at aggregation level 3 is shown in Figure 18.  

 

Figure 18: The logical software architecture at aggregation level 3 

Here we can see that the Manufacturing Design module contains four sub-modules, namely Case Template 

Design, Agent Design, Task Design, and Event Design. The Manufacturing Execution module contains 

three sub-modules, namely Runtime Design, Execution Control, and Execution Monitoring. Each of these 

sub-modules corresponds to one of the mid-level use cases as described in section 6.3. The databases have 

been kept the same as in aggregation level 2. Table 6 describes the sub-modules, including the interfaces 

between these sub-modules and the databases. 
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Table 6: Description of the sub-modules at aggregation level 3 

Module 
Sub-

module 
Description 

M
an

u
fa

ct
u
ri

n
g
 D

es
ig

n
 

C
as

e 
T

em
p
la

te
 D

es
ig

n
 

Contains modeling tools which allow the user to combine the defined tasks (Imported from the 

task definitions database) and events (Imported from the event definitions database) into a 

CMMN model that functions as a case template. The user can also specify the dependencies 

between the tasks and the events within the case template. The sub-module stores and modifies 

the case templates in the Case Template Definitions database. A case template represents the 

manufacturing process of a specific product type and therefore requires product definitions for its 

design. These product definitions are imported from the external product definitions database. 

The sub-module is also interfaced with the case instance database, which contains case execution 

data. This historical data can be imported and used for optimizing the case templates.  

T
as

k
 D

es
ig

n
 

Allows the user to define tasks, including the necessary task information, role requirements 

(which are imported from the agent definition database), resource requirements, and other task 

variables. The task definitions are stored and modified in the Task Definitions database. The sub-

module has access to historical task execution data from the Task Execution Data database. This 

data can be used for optimization purposes. 

E
v
en

t 
D

es
ig

n
 

Allows the user to define events, including the event description, the source through which the 

event can be triggered (automated or manually), and any role requirements (which are imported 

from the agent definition database) for triggering the event if it is triggered manually. The event 

definitions are stored and modified in the Event Definitions database. The sub-module has access 

to historical event logs from the Event Log database. This data can be used for optimization 

purposes. 

A
g

en
t 

D
es

ig
n
 

Allows the user to define agents, which can be both human operators, autonomous robots, or 

teams of either or both. The sub-module also allows the user to specify roles and assign these to 

the agents based on their capabilities. The agent definitions are stored and modified in the Agent 

Definitions database. The sub-module has access to historical agent execution data from the 

Agent Execution database. This data can, for instance, be used for optimizing the composition of 

the teams. 
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M
an

u
fa

ct
u
ri

n
g
 E

x
ec

u
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o
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R
u

n
ti

m
e 

D
es

ig
n
 

Allows the user to modify running case instances for the Case Instance Data database by defining 

and adding custom tasks or by adding tasks or events from the Task Definitions database or the 

Event Definitions database to the case instance. This also includes the definition of dependencies 

between these tasks and events and the other tasks and events in the case instance. The user can 

also specify role requirements for any custom tasks. The available roles are imported from the 

Agent Definitions database.  

E
x
ec

u
ti

o
n
 C

o
n
tr

o
l 

This sub-module controls the flow of the case execution and functions as a case management 

engine. One of its main functionalities is the dynamic generation of agent-specific task lists. This 

task list contains all the tasks that are currently available for execution based on the 

dependencies, role requirements, and resource availability, ordered by their priority rating. In 

order to generate these task lists, the sub-module uses the Agent Definitions database to import 

the roles of each agent and the Task Definitions database to import the role requirements as well 

as any other task information that needs to be available to the agents. The sub-module also 

provides users with the option to signal the occurrence of any manually triggered events that are 

specified in the Event Definition database, based on their role requirements. Any events that are 

signaled in this way are saved in the Event Log database. The sub-module reads the order 

specifications from the external Order Specifications database and then instantiates case 

instances for every product type within the order using the case templates from the Case 

Template Definition database. The case instances are saved and modified in the Case Instance 

Data database. The sub-module also saves and updates task execution data in the Task Execution 

Data database and agent execution data in the Agent Execution Data database. The sub-module 

has a direct interface with the Execution Monitoring sub-module, which is used to receive 

information about any events that have been automatically triggered, as well as send information 

about manually triggered events so that the agents can receive an event notification. Finally, the 

system also interfaces with the various local systems, which function as its interface with the real 

world and with other external systems.  

E
x
ec

u
ti

o
n

 M
o

n
it

o
ri

n
g
 

The Execution Monitoring sub-module is responsible for monitoring, visualizing and recording 

the performance of the manufacturing orders, the case execution, and the agents. It uses the agent 

definitions from the Agent Definition database combined with the Agent Execution data in order 

to monitor agent performance. It also analyzes the case instance data from the Case Instance Data 

database to calculate performance indicators as well as to create a visual representation of the 

case progress through a CMMN model. The Execution Monitoring sub-module also receives 

event triggers from the local systems and uses this to send event notifications and to update the 

event logs in the Event Logs database.  
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6.4.1.5 Confrontation with the functional requirements 

The sub-modules have been confronted with the functional requirements in order to test for completeness. 

This showed that every functional requirement is supported by at least one sub-module, meaning that the 

logical software architecture is complete. There are also no unnecessary sub-modules, as every sub-module 

supports at least one functional requirement. The confrontation matrix of the sub-modules with the 

functional requirements can be found in Appendix 2. 

6.4.2 Logical data architecture 

The logical data architecture describes the data structure within the system. The data structure is represented 

by a UML class diagram in Figure 19. 

The diagram shows the most important classes within the system, including the class attributes and the 

relationships between these classes. The diagram starts with a production order, which represents an order 

that needs to be combined in one delivery. A production order can be a part of a customer order, as a 

customer order can consist of multiple deliveries spread out over some time. These overall customer orders 

are assumed to be handled by level 4 systems and are therefore left out of scope.  

Figure 19: System data structure 
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Each production order consists of one or more product orders, where each product order represents one 

fully specified product, such as a specific type of car with a specific color and engine type.  

Each product order has one case instance assigned to it. A case instance is instantiated from a case template 

based on the product type of the product order.  

The case template contains the case model, which specifies what tasks and events are present within the 

case, as well as any dependencies between these tasks and events.  

The Task class and the Event class define tasks and events that can be used in multiple case templates. 

These classes are also used to instantiate the Task Instance and the Event Instance class, which are a part 

of the case instance.   

A task instance can both use up and produce materials, as well as require equipment. Both materials and 

equipment fall under the resource class.  

Finally, a task instance is executed by an agent, where an agent can be either a human operator, an 

automated robot, or a team of either or both.  

6.4.3 Logical organizational architecture 

The organizational architecture describes the organizational context in which the system will operate. The 

system is designed to be widely applicable within the discrete manufacturing domain, which means that the 

organizational architecture has also been kept very abstract. The organizational architecture is shown in 

Figure 20. 

 

Figure 20: System-related organizational architecture, mapped against the Equipment Hierarchy Model which has been limited 

to discrete manufacturing 
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The white rectangles in the diagram correspond to the human stakeholders in the discrete manufacturing 

scenario as defined in section 6.3, while the light-blue rectangles represent departments within the factory 

organization. The organizational architecture has also been mapped to the discrete manufacturing part of 

the Equipment Hierarchy Model, as defined by the ISA-95 standard.  

6.4.4 Logical process architecture 

The logic process architecture describes both the overall process in which the system will be used as well 

as the processes that will be managed by the system.  

6.4.4.1 Manufacturing enterprise business process  

At a high level of aggregation, the aspects of the designed system are used in two steps of the overall 

business process of a manufacturing enterprise, namely the design of the product, including the 

manufacturing process for producing this product, and the manufacturing of the product. Depending on the 

business model of the manufacturing enterprise, the position of these process steps within the overall 

business process can vary. Figure 21 shows some examples of these variations at a very high level of 

aggregation.  

 

Figure 21: Examples of the high-level manufacturing enterprise business process 

The design product process step consists of both the design of the product as well as the design of the 

manufacturing process for making this product. This means that the Manufacturing Design module of the 

system will already be used during this process step. Although it is also likely that this module will 
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will likely only be used during the manufacture product process step.  
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6.4.4.2 Discrete manufacturing processes  

The discrete manufacturing process itself consists of a series of tasks through which a product is 

manufactured from a set of materials. These tasks are executed by agents, such as human operators, 

autonomous robots or teams of either or both, who make use of equipment such as tools or machines.  

These manufacturing processes can be modeled in different ways. However, the Case Management 

Modeling and Notation (CMMN) specification is the obvious choice when creating process models, or case 

templates for DCM. The CMMN specification was first released by the Object Management Group (OMG) 

in 2014 (OMG, 2016). Just as with BPM and BPMN, the goal was to support the emergent Case 

Management methodologies with standardization and interoperability (Kurz, Schmidt, Fleischmann, & 

Lederer, 2015). CMMN has since been the subject of several studies that have sought to determine its 

applicability to various types of processes and methodologies. The applicability of CMMN to DCM was 

studied by Kurz et al. (2015), who found that CMMN broadly supports the requirements of DCM as 

described in the literature with only certain limitations such as the lack of the explicit definition of case 

goals, that can be worked around relatively easily in the execution environment. The CMMN specification 

will therefore also be used in this system for modeling the production processes in the form of case 

templates. 

6.4.5 Logical platform architecture 

The logical platform architecture describes the hardware and the software that is needed for running the 

system. The logical platform architecture is out of scope for this research. However, a very abstract 

description of the logical platform architecture can be found in Appendix 3. 
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7 System prototype realization and application 

In this chapter, we discuss the realization of the designed architecture into a system prototype as well as the 

application of this prototype to a business case.  

We first discuss the development approach that was taken for realizing the system architecture into a system 

prototype in section 7.1. This is followed by a presentation of the resulting system prototype in section 7.2. 

Section 7.3 contains a verification of the designed system prototype with the functional requirements from 

Chapter 5. Finally, section 7.4 is used to introduce and describe the business case, as well as to discuss the 

application of the prototype system to this case.  

7.1  Development approach 

The system prototype was developed based on the functional architecture that is described in Chapter 6. 

The goal of the system prototype is to demonstrate an application of DCM to a discrete manufacturing case 

so that it can be evaluated on its applicability and usefulness by a group of experts. 

While the prototype does not have to be capable of actually supporting the defined functionalities in a real-

life implementation, it does need to be able to demonstrate the system behavior in order to be evaluated. To 

this end, several options were considered. The first option was to create static mockups for the interface of 

every system (sub-)module. The advantage of this option was that it would be a relatively quick way to 

demonstrate the system User Interfaces (UI). However, it would be challenging and laborious to 

demonstrate the dynamic nature of the system, as this would require a large number of different “frames” 

for each UI element. The second option was to adapt existing open-source case management software so it 

would fit with the designed architecture and that it would be capable of the defined system functionalities. 

A prime candidate for this was Camunda (Camunda Services GmbH, 2018) due to its open-source nature 

and the familiarity of the project supervisors with the software. Camunda already contains CMMN 

modeling capabilities and also has a case management engine through which these CMMN models can be 

executed. These capabilities would make the development process a lot easier and would allow for 

demonstrating the dynamic nature of the designed system. Unfortunately, it proved very difficult to adapt 

and extend the existing software in such a way that it could be used as a system prototype. Therefore, a 

third option was chosen. Camunda was still used for its CMMN modeling capabilities, but all the other 

aspects of the system were built from the ground up. The system prototype was developed in version 3.7.1 

of the Python programming language (Python Software Foundation, 2018) while making use of the PySide2 

module (Python Software Foundation, 2019) for designing the system UI.   

The developed prototype has its own case management engine, and can accurately demonstrate the desired 

system behavior when it is being interacted with. However, the prototype is not a full implementation of 
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the designed architecture as it is not capable of interfacing with other systems, and it also lacks the databases 

that were specified in the architecture.   

7.2 Resulting system prototype 

The UI of the prototype consists of a total of twelve tabs, where all tabs except the login tab directly relate 

to one of the sub-modules from the specified architecture. The login tab was necessary in order to be able 

to switch between different users, as the access to some of the tabs is limited based on the function title of 

the user. An example of one of these UI tabs is shown in Figure 22. 

 

Figure 22: Product Info UI tab 

Table 7 describes the functionalities that are present on each UI tab, as well as which stakeholders have 

access to the tab. The table also shows for each tab which sub-module from the software architecture it is 

related to and where a screenshot of it can be found in the Appendices.  

Table 7: System prototype functionalities 

Prototype UI tab Functionalities Accessibility  

Related software 

architecture sub-

modules 

Screenshot 

in Appendix 

4 

User Login  • Select user • All • None Figure 25 

Production 

Overview 

• View available production orders (not yet started) 

• View active production orders (currently being produced) 

• View all personnel that is currently in the factory as well as 

what they are working on 

• Factory 

supervisor 

• Execution 

Monitoring 
Figure 26 

Production 

Order Info 

• View order specification 

• View order progress and order status info 

• View info on the products in the order 

• Modify the order priority 

• Factory 

supervisor 

• Execution 

Monitoring 

• Execution 

Control 

Figure 27 
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• Delete order 

• Start, pause, and resume order execution 

Product Info 

• View product info 

• View product production status and progress 

• View CMMN model with production progress 

• Delete product from order 

• Suspend and resume work on the product 

• Factory 

supervisor 

• Execution 

Monitoring 

• Execution 

Control 

Figure 28 

Agent Designer 

• Specify agent (human or automated) 

• Assign role(s) to agent 

• Modify agent name (and job title if human agent) 

• Delete agent 

• Specify team 

• Modify team members 

• Set team leader 

• Assign role(s) to team 

• Delete team 

• Specify roles 

• Delete roles 

• Factory 

supervisor 

• Factory 

engineer 

• Agent Design Figure 29 

Indicate Event • Select product for which to indicate the occurrence of an event  

• Select the event (Choice is based on the role of the user) 

• Factory 

supervisor 

• Factory 

engineer 

• Factory 

operator 

• Execution 

Control 
Figure 30 

Runtime Design 

• Select product for which to modify the case instance 

• View CMMN model with production progress 

• Specify custom task 

• Assign role requirements 

• Set task type (discretionary or required) 

• Set prerequisite tasks 

• Set as required for follow-up tasks 

• Add task to case instance 

• Factory 

supervisor 

• Factory 

engineer 

• Factory 

operator 

• Runtime 

Design 
Figure 31 

Case Templates 
• Import new CMMN model from Camunda 

• View imported CMMN models (both in a list and graphically) 

• Delete CMMN models 

• Factory 

Engineer 

• Case 

Template 

Design 

Figure 32 

Task Design 

• Import tasks from the loaded CMMN models and store them in 

the system 

• View stored task definitions 

• Edit task description  

• Edit task type (required, discretionary) 

• Edit role requirement 

• Link relevant product specifications to task (for instance the 

product color specification if it is a painting task) 

• Specify equipment requirements 

• Specify input materials 

• Specify output materials 

• Delete task specification 

• Factory 

Engineer 
• Task Design Figure 33 

Event Design 

• Import events from loaded CMMN models and store them in 

the system 

• Edit the event trigger type (manual or automated) 

• Specify role requirements (if manually triggered) 

• Specify trigger source (if automatically triggered) 

• Specify trigger signal (if automatically triggered) 

• Delete event specification 

• Factory 

Engineer 
• Event Design Figure 34 

Tasklist 

• View tasks that are available for execution based on the user’s 

role and ordered by their priority rating 

• Select task to get more info and to be able to start working on 

the task 

• Factory 

Operator 

• Execution 

Control 
Figure 35 
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Task Info 

• View task info 

• View product specifications that are relevant to the task 

• View resource requirements 

• View CMMN model with production progress 

• Start task execution 

• Pause task execution 

• Complete task execution 

• Factory 

Operator 

• Execution 

Control 

• Execution 

Monitoring 

Figure 36 

and Figure 

37 

Camunda 

Modeler 
• Create and modify CMMN models 

• Factory 

Engineer 

• Case 

Template 

Design 

Figure 38 

 

7.3 Design verification 

In this section, we will discuss the verification of the designed system prototype. The verification has been 

performed by confronting the functionalities that are present on each of the UI tabs of the system prototype 

with the functional requirements that are specified in section 5.2.2. The resulting confrontation matrix is 

shown in Table 8. 

Table 8: Confrontation matrix of the UI tabs of the prototype system with the functional requirements 

Requirement User 

Login 

Production 

Overview 

Production 

Order Info 

Product 

Info 

Agent 

Designer 

Indicate 

Event 

Runtime 

Design 

Case 

Templates 

Task 

Design 

Event 

Design 

Tasklist Task 

Info 

Camunda 

Modeler 

FRQ-1             X 

FRQ-2        X      

FRQ-3         X    X 

FRQ-4          X   X 

FRQ-5             X 

FRQ-6         X     

FRQ-7     X         

FRQ-8          X    

FRQ-9     X    X X    

FRQ-10   / /          

FRQ-11  /            

FRQ-12   X X        X  

FRQ-13              

FRQ-14  X X           

FRQ-15   X X          

FRQ-16   X X          

FRQ-17   X           

FRQ-18           X   

FRQ-19           X X  

FRQ-20      X        

FRQ-21       X       

As shown in the table, most of the functional requirements are supported by the functionalities on one or 

more of the prototype UI tabs. However, FRQ-10 and FRQ-11 are only partially supported, and FRQ-13 

has not at all been implemented in the prototype.  
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FRQ-10 and FRQ-11, specify that the system needs to display performance indicators for case instances 

and agents, respectively. These performance indicators are mostly lacking, with only some indicators such 

as the production status and information about what each agent is working on being present in the prototype. 

FRQ-13 specifies that the system provides notifications to relevant users when an event occurs. In all three 

of these cases, the requirement was not (entirely) implemented due to time and resource limitations during 

the design phase of the research project. It should be noted that there are no other factors such as technical 

limitations which would prevent the implementation of these requirements in a more refined system 

implementation.  

Overall, we can conclude that with some minor limitations, the functional requirements have been 

successfully implemented by the prototype.  

7.4 System prototype application 

Up to this point, this research has remained very theoretical and abstract. This was done on purpose so that 

both the architecture and the developed prototype could be applied to a wide range of discrete 

manufacturing enterprises. However, in order to be able to test the applicability and usefulness of the 

prototype, it would need to be applied to a business case. In this section, we discuss the selected business 

case as well as how the prototype was applied to this business case. 

7.4.1 Thomas Regout International  

The business case that was used is based on Thomas Regout International B.V. (TRI). TRI is a Maastricht 

based company that produces telescopic slider systems and curtain rails. For this case, only the production 

of telescopic slider systems will be considered. There were several reasons for approaching TRI for 

providing the business case. One of the main reasons was that there were already contacts with the company 

due to their involvement in the HORSE project. This also meant that there already was a lot of detailed 

information available about their production processes. Another important reason for including them in this 

research was that their production processes have a very high degree of product variation, combined with 

relatively low production volumes. As discussed in section 3.4, this type of manufacturing processes are a 

prime candidate for applying DCM, due to the relatively high amount of changeover and the different 

available routing options. Finally, next to providing information about their production processes, TRI was 

also willing to participate in the system evaluation itself. 

The information that is presented in the following sections is a combination of data that was gathered during 

a company visit, together with the information that was available from the HORSE project (Grefen et al., 

2015; HORSE, 2016). 
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7.4.2 General production process  

The telescopic slider production process of TRI consists of four stages. The first stage is the toolset 

preparation, during which the toolset is assembled that will be used during the cold forming process. Every 

product can have different dimensions, hole positions, and other features and therefore requires a specific 

combination of tools. This specific combination of tools is assembled into a toolset, where the individual 

tools are gathered from the tool storage if they are available or are assembled from standardized parts if 

they are not.  

The second stage consists of the cold forming process. During this process, steel coils are guided through 

a particular machine, called a “Profistans”, in order to produce the steel parts of the telescopic sliders. All 

products go through the standard cold forming process. However, some of the more complex product 

variants require additional cold forming or special cold forming in order to get the required shapes and 

features. 

The third stage consists of the galvanization of the steel profiles. The profiles are first hung on racks, after 

which they automatically go through several baths which apply a zinc coating to the profiles. The profiles 

are then removed from the racks, after which they are ready for the fourth and final stage of the production 

process.  

The fourth stage consists of the assembly of the various parts into the final product. There are three different 

options for the assembly process, where the selection of the option is based on the complexity of the final 

product. The least complex and more standardized products are assembled by a fully automated assembly 

line. Here workers are only responsible for providing the inputs to the assembly line, after which conveyor 

belts transport the parts past a series of machines and robots that perform the actual assembly. Slightly more 

complex products are assembled on the semi-automated assembly line. Here a conveyor belt transports the 

products through several assembly steps that are mostly performed by human workers with the aid of several 

robots and machines. The third option is the manual assembly of the various parts into the final product. 

This is performed at specialized workstations, where teams of workers perform all the different steps that 

are necessary for the assembly. Manual assembly is only performed when the products are either too 

complex or too divergent in shape to be assembled on the automated or the semi-automated assembly lines. 

Finally, there is a fourth option for the assembly. This is the special products assembly, which is reserved 

for the products that are too complex to be assembled by the average worker and are therefore assembled 

by a special team. However, for this case, this fourth option has been included in the manual assembly 

option.  

While all telescopic slider systems follow this same general production process, three different variants 

were made in order to demonstrate the capability of the system to work with different case templates for 
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different product types. This was done by creating separate CMMN models for the three different assembly 

methods. One of these models is shown in Appendix 5. It is important to emphasize that this has purely 

been done for demonstrating the capability of the system to use multiple CMMN models. The entire 

process, including these variations, could have also been captured in one CMMN model. 

7.4.3 Agents 

The agents in the TRI manufacturing process are all either human operators or teams of these operators. 

TRI uses different robots and machines in their production process, but they are all used for single purposes, 

so they should be classified as equipment rather than as automated agents. However, TRI is currently 

working on designing an Automated Guided Vehicle (AGV) for transporting materials through the factory, 

so in the near future, they will have an automated agent that is capable of performing multiple different 

transportation tasks. This AGV has been included in one of the evaluation scenarios, as described in section 

8.2, but has otherwise not been added in the prototype.  

TRI uses a skill matrix to keep track of the capabilities of each operator so that they can be assigned to the 

work stations that they are qualified for. This has been represented in the system by assigning roles to the 

operators as well as assigning role requirements to the tasks.  

A total of six operators were added to the system with different roles assigned to them; some of them were 

also added to a team that was responsible for the manual assembly process. The prototype also includes one 

factory engineer and one factory supervisor. TRI uses the term process engineer and team coach for these 

functions, respectively.  

7.4.4 Resources 

TRI uses a wide range of resources in their production process. However, only some were included in the 

prototype as this was sufficient to demonstrate the resource-related functionalities of the system. 

7.4.4.1 Equipment 

The most notable machines and other equipment that are used in the production process are the “Profistans” 

machine for the cold forming process, the galvanization baths, the automated assembly line, the semi-

automated assembly line, and the workstations that are used for the manual assembly.  

The production process also makes use of other equipment such as forklift trucks, that are used by workers 

to move materials between the work cells, bins to store the half fabricates, tooling parts that are assembled 

into tooling blocks for use during the cold forming, and hand tools that are used during the manual assembly 

process.  

Only the “Profistans” machine, the forklift trucks, and the various assembly lines and workstations were 

added to the prototype. 
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7.4.4.2 Material 

The bulk of the materials that are used in the production process consist mostly of the steel coils that are 

cold-formed into the profiles. The materials also include small parts such as screws, bolts, and rivets, as 

well as zinc that is used for the galvanization process.  

Only the steel coils and the zinc for the galvanization process were included in the prototype to be able to 

demonstrate the material related system functionalities. 

7.4.5 Sample production orders 

TRI currently splits their production orders into different parts and distributes them separately over the 

different stages in the production process. This means that for instance, the cold forming of profiles is 

wholly separated from the later assembly of profiles into the final product. This provides some extra 

flexibility as half fabricates can potentially be used in multiple different production orders. However, it also 

makes it more challenging to manage the overall production process. TRI expressed a desire for a more 

integrated approach, so in the prototype, each production order contains the full manufacturing process.  

Several different fictional production orders were added to the prototype, where each production order 

contains one or more different product types with different product specifications, such as different product 

sizes, hole positions, and sliding mechanisms.    
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8 System prototype evaluation 

The previous chapter has already verified that with some minor limitations, the functionalities of the 

developed prototype cover the requirements. During this chapter, the evaluation of the prototype will be 

discussed. First, the design of the questionnaire will be discussed in section 8.1. This is followed in section 

8.2 by a description of the evaluation itself, including the various scenarios that have been used to 

demonstrate the system. Finally, the results of the evaluation are presented in section 8.3.  

The system prototype has been evaluated by experts from both business and academic backgrounds through 

a system demonstration, followed by a questionnaire with items based on the Technology Acceptance 

Model.  

8.1 Questionnaire Design 

The primary purpose of the questionnaire is to determine the perceived usefulness of the system and by 

extension to give a first indication of the usefulness of DCM for discrete manufacturing. The secondary 

purpose of the questionnaire is to gather general feedback for the designed prototype. This includes 

feedback on the way that the various functionalities have been implemented as well as suggestions for 

functionalities that should be included in any future design iterations of the system.  

8.1.1 Technology Acceptance Model 

The main goal of the evaluation is to determine the usefulness of the system. Perceived usefulness is also 

one of the central constructs in the Technology Acceptance Model (TAM). The TAM is one of the most 

influential models of user technology acceptance in the Information System field (Moody, 2003).  

According to the TAM, a technology’s perceived usefulness and perceived ease of use influences the 

intention to use that technology, which in turn influences the actual usage of the technology (Davis, 1989). 

The perceived usefulness is also directly influenced by the perceived ease of use. While both constructs are 

measured independently, a low rating on perceived ease of use can in turn also lead to lower ratings on 

perceived usefulness. It, therefore, makes sense to measure both constructs during the evaluation. The TAM 

is shown in Figure 23. 

Perceived 
Usefulness

Perceived Ease Of 
Use

Intention to Use Usage Behavior

 

Figure 23: Technology Acceptance Model. Adapted from Venkatesh and Davis (2000). 
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8.1.2 Questionnaire items 

A significant advantage of using the TAM as a basis for the evaluation is that the TAM provides 

measurement items for the various constructs that have been evaluated on validity and reliability by a wide 

range of empirical studies (Moody, 2003; Venkatesh & Davis, 2000). The measurement items that are used 

in the questionnaire are therefore based on the measurement items for the perceived usefulness and the 

perceived ease of use as specified by the original TAM by Davis (1989) and the extended TAM2 by 

Venkatesh and Davis (2000). Where necessary, the items have been reworded in order to better fit with the 

specific system and the context of the evaluation. Half of the measurement items for each construct were 

negated in order to balance the questionnaire and decrease the acquiescence bias, which occurs due to the 

tendency of people to agree with every statement. The ordering of the items was also randomized to avoid 

inviting monotonous responses to items of the same construct. Each of the items was measured through a 

five-point Likert scale, ranging from “Strongly Agree” to “Strongly Disagree”. Finally, several open-ended 

questions were added to invite general feedback and suggestions for improvements. The final version of 

the questionnaire can be found in Appendix 6. 

8.2 System evaluation  

In order to be able to evaluate the system, the system first needed to be demonstrated to the various experts 

in such a way that they would be able to provide informed answers to the questionnaire items. This was 

achieved by demonstrating the system through several different scenarios within the context of the TRI 

business case. For each of these scenarios, one or more situations were introduced that required the 

performance of one or more tasks to resolve. These tasks were then performed by the researcher as a 

demonstration of the system’s functionalities. A brief description of the used scenarios can be found in 

Appendix 7. 

8.2.1 Evaluation sessions  

The evaluation was conducted during two different evaluation sessions. The first session took place at the 

Eindhoven University of Technology with three academic experts that are knowledgeable on business 

information systems and process management. The second evaluation session took place at TRI in 

Maastricht with a project manager and a process engineer. Both evaluation sessions were conducted 

according to the same structure: 

1. Introduction to the research 

2. Description of the prototype 

3. Description of the case 

4. Scenario 1: Managing discrete manufacturing processes 

5. Scenario 2: Designing discrete manufacturing processes 
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6. Scenario 3: Executing discrete manufacturing processes 

7. Filling out the evaluation form 

8.3 Results 

As described in section 8.2.1, the evaluation form was filled out by five different experts, with two from 

practice and three from academics. The resulting filled-out forms can be found in Appendix 8.  

8.3.1 Likert scale data analysis  

It is important to note that there are multiple approaches to analyzing data gathered through Likert scales. 

The main difference between these approaches comes down to whether the researcher treats the Likert scale 

data as interval data or ordinal data. According to some research, even though Likert scales produce ordinal 

data, it does not matter for the result whether it is treated as being interval data (Norman, 2010). However, 

it is generally seen as more appropriate to treat Likert scale data as ordinal data (Allen & Seaman, 2007; 

Jamieson, 2004). The Likert scale data from this study has, therefore, also been treated as ordinal data 

during the data analysis.  

The different responses to the statements were converted into integers while taking into account the negated 

questions, which were reverse scored. A 4 represents the most positive rating possible, while a 2 represents 

a neutral rating and a 0 represents the most negative rating.  

Extensive statistical analysis is not very meaningful due to the small sample size (n = 5), therefore only the 

median, the Inter Quartile Range (IQR) and the Cronbach’s Alpha have been calculated for each construct. 

The results of these calculations are shown in Table 9. 

Table 9: Likert scale data analysis 

Construct Items Median rating IQR Cronbach’s Alpha 

Perceived ease of use Q1, Q4, Q6, Q8 3.00 0.75 0.72 

Perceived usefulness Q2, Q3, Q5, Q7, Q9, Q10 3.00 0.75 0.75 

The reliability of the constructs was analyzed through the Cronbach’s Alpha. For both constructs the 

Cronbach’s Alpha was higher than 0.70, meaning that they are both sufficiently reliable.   

As shown in the table, both constructs received a median rating of 3.00, which means that the system was 

generally perceived to be both easy to use and useful for managing discrete manufacturing processes.  

The IQR is a measure of the variability construct ratings. Both constructs share the same IQR of 0.75. 

However, the IQR is hard to interpret on its own. Therefore, a boxplot has been included in Figure 24.  
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Figure 24: Boxplot of the distribution of ratings on perceived ease of use and perceived usefulness 

The boxplot shows that both constructs were rated either neutral of more positive by each rater. We can 

also see that the perceived ease of use was on average, rated slightly more positive than the perceived 

usefulness. However, this difference does not show up when using the median rather than the mean. 

8.3.2 Feedback and suggestions 

The questionnaire also contained open-ended questions to gather feedback and suggestions for future 

improvements. The answers to these questions can be found in the filled-in evaluation forms that have been 

included in Appendix 8. However, a lot of these answers are very short, which might make them unclear. 

Therefore, an extended interpretation of the gathered feedback and suggestions can be found in Appendix 

9. 

While some of the experts noted similar limitations of the system, such as potential difficulties in integrating 

the system with existing systems, and suggested similar improvements to the currently implemented 

functionalities, such as the inclusion of event notifications, they all provided different suggestions for 

adding additional functionalities. This suggests that many different possible functionalities can be 

considered and that the importance of these functionalities also varies amongst different experts. It would, 

therefore, be beneficial to include more experts, as this would result in a more complete set of suggested 

additional system functionalities, as well a way to prioritize these additional functionalities based on the 

number of mentions by the various experts. Some experts also suggested to include factory operators and 

production planners from different industries in the evaluation, which would likely also help with further 

refining the system functionalities.  

As mentioned in section 7.3, not all functional requirements were fully included in the system prototype 

due to time limitations during the design phase. It is interesting to note that all of the missing functional 

requirements were covered by the suggestions for future improvements that were provided by the experts. 

This means that the exclusion of these functional requirements is likely to have, at least slightly, negatively 

impacted the usefulness rating of the system.  
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9 Conclusion and discussion 

In this chapter, we conclude the research and discuss the research findings and the conclusions that can be 

made from these findings. We also discuss the limitations of the research and provide suggestions for future 

research as well as recommendations for practice. The chapter concludes with a reflection on the research 

project itself.  

9.1 Conclusions 

As discussed in Chapter 3, flexibility is becoming increasingly important in manufacturing. The DCM 

methodology, with its focus on providing flexibility while still providing end-to-end process control, might 

be a possible solution for managing production processes within the discrete manufacturing domain. The 

purpose of this research is, therefore, to evaluate the DCM methodology on its applicability and usefulness 

for managing these processes.  

This was done by firstly analyzing the literature to develop a set of functional requirements for a generic 

discrete manufacturing process management system. These functional requirements were then used to 

design a system architecture, which served as the basis for a system prototype. This system prototype was 

then applied to the TRI business case and evaluated by a group of experts on Perceived Ease of Use and 

Perceived Usefulness. These experts also provided valuable feedback and suggestions for future 

improvements.  

Several conclusions can be drawn from the performed research. We will shortly discuss each of these 

conclusions. 

Firstly, with regards to the applicability aspect of the research question, the research has shown that DCM 

can be applied to discrete manufacturing processes. No fundamental incompatibilities or limitations were 

found that would prevent the development of a discrete manufacturing process management system based 

on the DCM methodology. 

Secondly, with regards to the usefulness aspect of the research question, based on the performed expert 

evaluation, we can conclude that the experts generally were positive about the usefulness of the prototype 

system. By extrapolation, this suggests that there is at least some merit in applying the DCM methodology 

to certain discrete manufacturing processes. However, it is important to note that the sample size is too 

small to make any definitive statements. The functional requirements were also partly based on own 

interpretation, which means that there are potentially different ways in which such a system could be 

designed. Different variations of the system would likely be rated differently on their usefulness, which 

further limits the extent to which the Perceived Usefulness ratings can be interpreted as ratings on the 
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usefulness of DCM for managing discrete manufacturing processes as a whole. We can, therefore, only 

partially answer this part of the research question. 

In conclusion, the DCM methodology can be applied for managing discrete manufacturing processes. The 

research also suggests that it can be valuable to do so; however, more research is needed to before any more 

definitive statements can be made. 

9.2 Limitations 

Several factors limit the conclusions that can be drawn from this research. The most important limiting 

factor was the development of functional requirements.  

While the literature was reasonably clear on the requirements that a system should fulfill in order to be 

classified as a DCM system, it was much harder to find or develop a definitive set of functional requirements 

for a generic discrete manufacturing process management system. By focusing on Production Operations 

Management as specified by the ISA-95 standard, it was possible to gather a list of the general activities 

that are performed within manufacturing process management. However, this standard does not specify 

which of these activities should be automated or supported by an information system. The defined 

functional requirements are therefore at least partly based on own interpretation. This means that different 

researchers could have developed at least partly different systems and could, therefore, have got different 

results during the system evaluation. This limitation could be addressed by first gathering enterprise-

specific functional requirements from a wide range of discrete manufacturing enterprises and then 

generalizing these into an overall set of functional requirements.  

Another limitation was the use of only one business case for evaluating the system prototype, as well as 

that the evaluation could only take place through a system demonstration followed by an expert evaluation. 

This means that the ratings that were given by the experts are not only dependent on the quality of the 

prototype but also on how well the system was demonstrated and how clearly the functionalities were 

explained. It would have been preferable to test the system in an experimental setup; however, this was not 

possible due to time and resource limitations.  

Finally, the generalizability of the research was also limited by having a small sample size of only five 

experts during the evaluation phase.  

9.3 Suggestions for future research 

This research should be regarded as an exploratory study that only provides a first foray in the application 

of the DCM methodology to manufacturing. Based on this research, several suggestions for follow-up 

studies can be made.  
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Firstly, in order to be able to more definitively determine the usefulness of DCM for managing discrete 

manufacturing processes, a more extensive study should be performed that takes into account the limitations 

of this study. This follow-up research could use the developed system architecture as a basis and extend 

this where necessary, based on the suggestions that were provided by the experts as well as by gathering 

and analyzing requirements from a wide range of industries. 

Secondly, the discrete manufacturing domain is vast, and it is very likely that DCM would not be equally 

beneficial for all the different types of discrete manufacturing. For instance, discrete manufacturing 

processes that are very linear, have little product variation, and high production volumes are unlikely to 

benefit from the increased flexibility that is brought by DCM. It would be very interesting to perform a 

more extensive study to determine what types of discrete manufacturing would benefit the most from 

DCM’s application.  

Thirdly, DCM is not a straight improvement over BPM. Both of these process management methodologies 

have their strengths and weaknesses. Another future research direction could, therefore, be to study how 

these methodologies could work together when they are applied to discrete manufacturing. This research 

could also be used to develop a framework for determining which parts of the manufacturing process should 

be handled by which methodology. 

9.4 Recommendations for practice  

This research has shown that DCM can be applied for managing discrete manufacturing processes. This 

can be very valuable for enterprises that want to achieve end-to-end process control, while still retaining 

flexibility in their process flows. While more research on this subject is still necessary, it might already pay 

for these manufacturing enterprises or even for software developers to experiment with this application of 

DCM. In that case, the defined functional requirements, as well as the developed functional architecture, 

can be used as a general starting point for the development of such a system. However, both the set of 

functional requirements and the functional architecture have been kept very general during this research 

and should, therefore, be further detailed and be made context-specific before developing such a system.  

Finally, as mentioned in the previous section, DCM is not a straight replacement of BPM for end-to-end 

process management. Both of these methodologies can likely be used simultaneously in different parts of 

the same manufacturing process, based on where they are most applicable. However, as discussed in section 

9.3, more research is necessary to determine how this should be done. For now, enterprises should realize 

that they do not necessarily need to make a definitive choice between these methodologies, but that 

integrated solutions are likely possible.  
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9.5 Reflection 

In the section, we will reflect on the research project itself, as well on the difficulties that were encountered 

during the different phases of the project.  

Due to the decision to research the overall applicability and usefulness of DCM to discrete manufacturing, 

it appeared to be necessary to keep the different artifacts as generic as possible so that they would apply to 

a wide range of manufacturing enterprises. It was assumed that it would be possible to gather a generic set 

of functional requirements by analyzing the literature. This was possible for the DCM system requirements. 

However, it proved to be very difficult to gather a generic set of requirements for a discrete manufacturing 

process management system from literature. It would have been better to instead develop an overall set of 

discrete manufacturing requirements by analyzing requirements from a wide range of different business 

cases. However, that would likely not have been feasible within the limited time that was available for the 

project.  

It would have also been better to include one or more manufacturing enterprises earlier in the project. These 

enterprises could have, for instance, provided input for the requirements, or they could have had a role in 

validating the developed set of requirements.  

During the project, much time was spent on developing the system prototype. This led to a fairly developed 

software implementation that even had its own case management engine. While it was valuable to be able 

to demonstrate the dynamic nature of the system during the evaluation sessions, the amount of time spent 

on developing the prototype was not proportionate to its value for this research. Though there were initially 

some difficulties when attempting to do so, adapting an existing DCM platform such as Camunda, might, 

in the end, have saved some time and effort.  

Finally, it also proved to be very difficult to find experts that were willing to participate in the evaluation 

sessions, which resulted in a relatively small sample size during the evaluation. This could potentially have 

been alleviated by searching for experts from the very start project, instead of during the prototype design 

phase.  
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Appendix 1: Check functional requirements with the HORSE 

requirements 

The access to the HORSE system requirements specification document (HORSE, 2016) is restricted, 

therefore only the requirement identification code has been included in the table below.  

Table 10: Check functional requirements with the HORSE system requirements 

HORSE functional requirement Relevant? Covered by 

FRQ-22 No - 

FRQ-23 Partially FRQ-10, FRQ-11 

FRQ-24 Partially FRQ-13 

FRQ-25 No - 

FRQ-26 No - 

FRQ-27 No - 

FRQ-28 No - 

FRQ-29 No - 

FRQ-30 No - 

FRQ-31 No - 

FRQ-32 No - 

FRQ-33 Yes FRQ-9, FRQ-18, FRQ-19 

FRQ-34 No - 

FRQ-35 Partially FRQ-9, FRQ-18 

FRQ-36 Partially FRQ-20 

FRQ-37 Yes FRQ-14, FRQ-15, FRQ-19 
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Appendix 2: Confrontation sub-modules with functional 

requirements 
 

Table 11: Confrontation of the functional requirements with the sub-modules 

Requirement Case Template 

Design 

Task 

Design 

Event 

Design 

Agent 

Design 

Runtime 

Design 

Execution 

Control 

Execution 

Monitoring 

FRQ-1 X       

FRQ-2 X       

FRQ-3 X       

FRQ-4 X       

FRQ-5 X       

FRQ-6  X      

FRQ-7    X    

FRQ-8   X     

FRQ-9  X X X    

FRQ-10       X 

FRQ-11       X 

FRQ-12       X 

FRQ-13       X 

FRQ-14      X  

FRQ-15      X  

FRQ-16      X  

FRQ-17      X  

FRQ-18      X  

FRQ-19      X  

FRQ-20      X  

FRQ-21     X   
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Appendix 3: Logical platform architecture 

The logical platform architecture has been kept very abstract as it is not very relevant for this research. It is 

therefore only meant to give a first indication of the software and hardware that will be needed. 

10.1.1.1 Software 

The software that is needed for running the system consists of: 

• Computer operating systems 

• CMMN modeling software  

• Database management software 

• Hardware interface software 

• Middleware for integration with the MES and the ERP system 

10.1.1.2 Hardware 

The hardware that is needed for running the system consists of: 

• Automated agents, such as (partly) autonomous robots 

• Tablets, PDAs or local computers 

• Sensors 

• Servers 
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Appendix 4: System Prototype UI 

 

Figure 25: User Login tab 

 

Figure 26: Production Overview tab 
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Figure 27: Production Order Info tab 

 

Figure 28: Product Info tab 
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Figure 29: Agent Designer tab 

 

Figure 30: Indicate Event tab 
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Figure 31: Runtime Design tab 

 

Figure 32: Case Templates tab 
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Figure 33: Task Designer tab 

 

Figure 34: Event Designer tab 
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Figure 35: Tasklist tab 

 

Figure 36: Task Info tab before starting a task 
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Figure 37: Task Info tab after starting a task 

 

Figure 38: Camunda Modeler 
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Appendix 5: Example CMMN model of one of the TRI production 

process variants 

 

Figure 39: CMMN model of one of the production process variants  
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Appendix 6: Evaluation form 
 

DCM System Prototype Evaluation 

Name:  Date:  

Organization:   

Job Title:  

Additional information: 

In the following questions, “flexible manufacturing processes” are defined as manufacturing processes that fulfill 
one or more of the following criteria: 

• A relatively high chance of unexpected situations, such as last-minute order changes/cancellations, 

machine failures, delayed deliveries of suppliers, etc.  

• A relatively high variety of products with a relatively low volume of each product. 

• Relatively fast changes in either equipment, production processes, or produced products, for instance, due 

to technological advancement or changing market conditions.  

Closed questions 

Please tick the box that best represents your level of agreement with each of the following statements. 

Based on what I have seen during the system demonstration, I would expect that: 

Nr. Question 
Strongly 

agree 
Agree Neutral Disagree 

Strongly 
disagree 

Q1 
Interacting with the system is clear and 
understandable 

     

Q2 
The system would be useful for 
managing the execution of flexible 
manufacturing processes 

     

Q3 
The system would be less efficient for 
managing flexible manufacturing 
processes than traditional methods 

     

Q4 The system is easy to use  
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Q5 

The system would make it easier to 
adapt to unexpected situations, such as 
machine failures or last-minute order 
changes/cancellations  

     

Q6 
It would be difficult to get the system 
to do what you want it to do  

     

Q7 
The system would be useful for 
specifying and designing flexible 
manufacturing processes  

     

Q8 
Interacting with the system would 
require a lot of mental effort  

     

Q9 

Overall, the system does not provide 
an effective solution to the challenges 
brought by flexible manufacturing 
processes 

     

Q10 
Overall, the system would bring more 
disadvantages than advantages   

     

Open questions 

Please provide a more elaborate response to the following questions. 

Q11 What changes or additions (if any) would make the system easier to use?  

 

Q12 What are the biggest limitations of this system?  
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Q13 How could the system be further improved with regards to the implemented functionalities? 

 

Q14 Are there any other functionalities that you think should be included into the system? (Please explain 
why) 
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Appendix 7: Scenarios for the system evaluation 
 

10.1.1.3 Scenario 1: Managing discrete manufacturing processes 

This scenario was used to demonstrate the functionalities related to the management of manufacturing 

processes. The main actor in this scenario was the factory supervisor. 

The scenario consisted of the following tasks: 

• Check the status of the production within the factory and check the status of the orders that are 

being produced 

• Cancel and delete an order 

• Remove a product from an order, activate the order for production and change the order priority 

• Specify a new human agent, add a role to the agent and add the agent to a team 

10.1.1.4 Scenario 2: Designing discrete manufacturing processes 

This scenario was used to demonstrate the functionalities related to the design of manufacturing processes. 

The main actor in this scenario was the factory engineer. 

The scenario consisted of the following tasks: 

• Create a new CMMN model and import the model to the system 

• Import a new task from the model and edit the task specifications  

• Modify an event specification 

• Define a new automated agent and add a role to this agent 

10.1.1.5 Scenario 3: Executing discrete manufacturing processes 

This scenario was used to demonstrate the functionalities related to the execution of manufacturing 

processes. The main actor in this scenario was the factory operator. 

The scenario consisted of the following tasks: 

• Select a task from the task list 

• Check the task information and start the task execution 

• Complete the task 

• Indicate the occurrence of an event 

• Start a team task 

• Partially complete a task (for 400 out the 500 products) 

• Add a new task to the case instance to repair the 100 damaged products  
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Appendix 8: Evaluation results 
 

DCM System Prototype Evaluation 

Name: Harm ten Broeke Date: 26-06-2019 

Organization: Thomas Regout International  

Job Title: Project Manager 

Additional information: 

In the following questions, “flexible manufacturing processes” are defined as manufacturing processes that fulfill 
one or more of the following criteria: 

• A relatively high chance of unexpected situations, such as last-minute order changes/cancellations, 

machine failures, delayed deliveries of suppliers, etc.  

• A relatively high variety of products with a relatively low volume of each product. 

• Relatively fast changes in either equipment, production processes, or produced products, for instance, due 

to technological advancement or changing market conditions.  

Closed questions 

Please tick the box that best represents your level of agreement with each of the following statements. 

Based on what I have seen during the system demonstration, I would expect that: 

Nr. Question 
Strongly 

agree 
Agree Neutral Disagree 

Strongly 
disagree 

Q1 
Interacting with the system is clear and 
understandable 

X     

Q2 
The system would be useful for 
managing the execution of flexible 
manufacturing processes 

 X    

Q3 
The system would be less efficient for 
managing flexible manufacturing 
processes than traditional methods 

   X  

Q4 The system is easy to use  

X     
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Q5 

The system would make it easier to 
adapt to unexpected situations, such as 
machine failures or last-minute order 
changes/cancellations  

 X    

Q6 
It would be difficult to get the system 
to do what you want it to do  

   X  

Q7 
The system would be useful for 
specifying and designing flexible 
manufacturing processes  

 X    

Q8 
Interacting with the system would 
require a lot of mental effort  

   X  

Q9 

Overall, the system does not provide 
an effective solution to the challenges 
brought by flexible manufacturing 
processes 

   X  

Q10 
Overall, the system would bring more 
disadvantages than advantages   

   X  

Open questions 

Please provide a more elaborate response to the following questions. 

Q11 What changes or additions (if any) would make the system easier to use?  

Rolldown menu for Agent Job title 
Priority not in % 
Realtime production status -> Realize vs. Target 

Q12 What are the biggest limitations of this system?  
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Connection to existing systems 

Q13 How could the system be further improved with regards to the implemented functionalities? 

- Research on different demands and wishes from several users (industries) 

- Connection with planning 

Q14 Are there any other functionalities that you think should be included into the system? (Please explain 
why) 

Overall functionalities connection towards production dashboards. 
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DCM System Prototype Evaluation 

Name: Michael van Thiel Date: 26-06-2019 

Organization: Thomas Regout International  

Job Title: Process Engineer 

Additional information: 

In the following questions, “flexible manufacturing processes” are defined as manufacturing processes that fulfill 
one or more of the following criteria: 

• A relatively high chance of unexpected situations, such as last-minute order changes/cancellations, 

machine failures, delayed deliveries of suppliers, etc.  

• A relatively high variety of products with a relatively low volume of each product. 

• Relatively fast changes in either equipment, production processes, or produced products, for instance, due 

to technological advancement or changing market conditions.  

Closed questions 

Please tick the box that best represents your level of agreement with each of the following statements. 

Based on what I have seen during the system demonstration, I would expect that: 

Nr. Question 
Strongly 

agree 
Agree Neutral Disagree 

Strongly 
disagree 

Q1 
Interacting with the system is clear and 
understandable 

 X    

Q2 
The system would be useful for 
managing the execution of flexible 
manufacturing processes 

X     

Q3 
The system would be less efficient for 
managing flexible manufacturing 
processes than traditional methods 

 X    

Q4 The system is easy to use  

 X    

Q5 

The system would make it easier to 
adapt to unexpected situations, such as 
machine failures or last-minute order 
changes/cancellations  

X     
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Q6 
It would be difficult to get the system 
to do what you want it to do  

  X   

Q7 
The system would be useful for 
specifying and designing flexible 
manufacturing processes  

 X    

Q8 
Interacting with the system would 
require a lot of mental effort  

   X  

Q9 

Overall, the system does not provide 
an effective solution to the challenges 
brought by flexible manufacturing 
processes 

   X  

Q10 
Overall, the system would bring more 
disadvantages than advantages   

   X  

Open questions 

Please provide a more elaborate response to the following questions. 

Q11 What changes or additions (if any) would make the system easier to use?  

Overview of personnel based on their role. (Select role and then show personnel that has that role) 

Q12 What are the biggest limitations of this system?  
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- Implementation (and integration) with current systems.  

- Training personnel to use the system 

 

Q13 How could the system be further improved with regards to the implemented functionalities? 

- Connection with planning systems  

- Push notification to notify users when something happens that influences the task that they are working on 

(Example: cancel the task if the machine for the follow-up task has broken down) 

Q14 Are there any other functionalities that you think should be included into the system? (Please explain 
why) 

- Traceability (Track user interactions and other data in the system)  
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DCM System Prototype Evaluation 

Name: Rik Eshuis Date: 25-06-2019 

Organization: TU/e  

Job Title: Assistant Professor 

Additional information: 

In the following questions, “flexible manufacturing processes” are defined as manufacturing processes that fulfill 
one or more of the following criteria: 

• A relatively high chance of unexpected situations, such as last-minute order changes/cancellations, 

machine failures, delayed deliveries of suppliers, etc.  

• A relatively high variety of products with a relatively low volume of each product. 

• Relatively fast changes in either equipment, production processes, or produced products, for instance, due 

to technological advancement or changing market conditions.  

Closed questions 

Please tick the box that best represents your level of agreement with each of the following statements. 

Based on what I have seen during the system demonstration, I would expect that: 

Nr. Question 
Strongly 

agree 
Agree Neutral Disagree 

Strongly 
disagree 

Q1 
Interacting with the system is clear and 
understandable 

 X    

Q2 
The system would be useful for 
managing the execution of flexible 
manufacturing processes 

  X   

Q3 
The system would be less efficient for 
managing flexible manufacturing 
processes than traditional methods 

 X    

Q4 The system is easy to use  

 X    

Q5 

The system would make it easier to 
adapt to unexpected situations, such as 
machine failures or last-minute order 
changes/cancellations  

  X   
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Q6 
It would be difficult to get the system 
to do what you want it to do  

 X    

Q7 
The system would be useful for 
specifying and designing flexible 
manufacturing processes  

  X   

Q8 
Interacting with the system would 
require a lot of mental effort  

   X  

Q9 

Overall, the system does not provide 
an effective solution to the challenges 
brought by flexible manufacturing 
processes 

  X   

Q10 
Overall, the system would bring more 
disadvantages than advantages   

  X   

Open questions 

Please provide a more elaborate response to the following questions. 

Q11 What changes or additions (if any) would make the system easier to use?  

- Support production planning / Clear link with MES 

- Support machine breakdowns -> Machine pool overview 

Q12 What are the biggest limitations of this system?  
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- See before: Cost/planning overview is lacking, machine breakdown. 

 

Q13 How could the system be further improved with regards to the implemented functionalities? 

- Talk to production planners + operators 

Q14 Are there any other functionalities that you think should be included into the system? (Please explain 
why) 

- See previous  
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DCM System Prototype Evaluation 

Name: Jonnro Erasmus Date: 25-06-2019 

Organization: TU/e  

Job Title: Ph.D. Candidate 

Additional information: 

In the following questions, “flexible manufacturing processes” are defined as manufacturing processes that fulfill 
one or more of the following criteria: 

• A relatively high chance of unexpected situations, such as last-minute order changes/cancellations, 

machine failures, delayed deliveries of suppliers, etc.  

• A relatively high variety of products with a relatively low volume of each product. 

• Relatively fast changes in either equipment, production processes, or produced products, for instance, due 

to technological advancement or changing market conditions.  

Closed questions 

Please tick the box that best represents your level of agreement with each of the following statements. 

Based on what I have seen during the system demonstration, I would expect that: 

Nr. Question 
Strongly 

agree 
Agree Neutral Disagree 

Strongly 
disagree 

Q1 
Interacting with the system is clear and 
understandable 

 X    

Q2 
The system would be useful for 
managing the execution of flexible 
manufacturing processes 

  X   

Q3 
The system would be less efficient for 
managing flexible manufacturing 
processes than traditional methods 

  X   

Q4 The system is easy to use  

 X    

Q5 

The system would make it easier to 
adapt to unexpected situations, such as 
machine failures or last-minute order 
changes/cancellations  

X     
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Q6 
It would be difficult to get the system 
to do what you want it to do  

   X  

Q7 
The system would be useful for 
specifying and designing flexible 
manufacturing processes  

 X    

Q8 
Interacting with the system would 
require a lot of mental effort  

 X    

Q9 

Overall, the system does not provide 
an effective solution to the challenges 
brought by flexible manufacturing 
processes 

  X   

Q10 
Overall, the system would bring more 
disadvantages than advantages   

   X  

Open questions 

Please provide a more elaborate response to the following questions. 

Q11 What changes or additions (if any) would make the system easier to use?  

Perhaps a clear structure of dependencies. It is difficult to see which tasks are associated with which cases. 

Q12 What are the biggest limitations of this system?  
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Cannot think of anything. 

Q13 How could the system be further improved with regards to the implemented functionalities? 

Notifications or messages to agents would be useful. So that the agent knows he/she/it has been allocated to a 
task. 

Q14 Are there any other functionalities that you think should be included into the system? (Please explain 
why) 

Extensibility. It should be easy for the administrator or supervisor to add things. For example, if the company has 
additional product requirements. Or the company wants to add agent characteristics other than role and 
position.  
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DCM System Prototype Evaluation 

Name: Oktay Türetken  Date: 25-06-2019 

Organization: TU/e  

Job Title: Associate Professor 

Additional information: 

In the following questions, “flexible manufacturing processes” are defined as manufacturing processes that fulfill 
one or more of the following criteria: 

• A relatively high chance of unexpected situations, such as last-minute order changes/cancellations, 

machine failures, delayed deliveries of suppliers, etc.  

• A relatively high variety of products with a relatively low volume of each product. 

• Relatively fast changes in either equipment, production processes or produced products, for instance, due 

to technological advancement or changing market conditions.  

Closed questions 

Please tick the box that best represents your level of agreement with each of the following statements. 

Based on what I have seen during the system demonstration, I would expect that: 

Nr. Question 
Strongly 

agree 
Agree Neutral Disagree 

Strongly 
disagree 

Q1 
Interacting with the system is clear and 
understandable 

  X   

Q2 
The system would be useful for 
managing the execution of flexible 
manufacturing processes 

 X    

Q3 
The system would be less efficient for 
managing flexible manufacturing 
processes than traditional methods 

   X  

Q4 The system is easy to use  

  X   

Q5 

The system would make it easier to 
adapt to unexpected situations, such as 
machine failures or last-minute order 
changes/cancellations  

 X    



Master Thesis Dynamic Case Management in Manufacturing M.J.F. van de Koppel 

96 
 

Q6 
It would be difficult to get the system 
to do what you want it to do  

  X   

Q7 
The system would be useful for 
specifying and designing flexible 
manufacturing processes  

 X    

Q8 
Interacting with the system would 
require a lot of mental effort  

 X    

Q9 

Overall, the system does not provide 
an effective solution to the challenges 
brought by flexible manufacturing 
processes 

   X  

Q10 
Overall, the system would bring more 
disadvantages than advantages   

  X   

Open questions 

Please provide a more elaborate response to the following questions. 

Q11 What changes or additions (if any) would make the system easier to use?  

Performing some design related tasks on the model itself.  

Q12 What are the biggest limitations of this system?  
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Q13 How could the system be further improved with regards to the implemented functionalities? 

 

Q14 Are there any other functionalities that you think should be included into the system? (Please explain 
why) 
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Appendix 9: Prototype evaluation feedback  
 

Q11 - What changes or additions (if any) would make the system easier to use? 

• The addition of a rolldown menu from which a job title can be selected for human agents in the 

Agent Designer  

• A different method for representing and setting the priority rating of production orders. The current 

0 – 100 priority rating might make it challenging to add new orders in between existing orders, 

without having to change the priority ratings of multiple orders.  

• The addition of a performance indicator to show the current production versus the target production 

• The addition of an overview which shows the available personnel for each role 

• More support for planning the production activities by having a clear link with the MES 

• Specific support for machine breakdowns 

• The addition of a machine pool overview 

• A more explicit structure of dependencies so that it is easy to see to which cases the definition of 

each task is associated 

• Perform some of the design-related tasks on the CMMN model itself 

Q12 - What are the biggest limitations of this system? 

• The implementation and integration with current systems might be difficult 

• The personnel would have to be trained to use the system 

• No overview links the system to the costs and planning aspects of manufacturing 

• There is no specific support for machine breakdowns 

Q13 - How could the system be further improved with regards to the implemented 

functionalities? 

• Research the different demands and wishes from multiple different industries 

• Connect the system with other planning systems, for instance by using the planning systems to set 

the priority ratings of the production orders automatically 

• Add push notifications to notify users if something happens that influences the tasks that they are 

working on, such as when a machine that is necessary for the follow-up task breaks down. 

• Gather input from production planners and operators 

• Include notifications and messages to agents  

Q14 - Are there any other functionalities that you think should be included into the system? 

(Please explain why) 

• Add functionalities to connect the system with production dashboards (or include these 

performance indicators in the system) 
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• Add functionalities related to traceability (tracking the user interactions and the other data in the 

system) 

• Gather input from production planners and operators 

• Add functionalities related to extensibility. It should be easy to add things to the system, such as 

more agent characteristics. 

 


