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Abstract

Abstract
This case study is conducted in collaboration with Marel Stork Poultry Processing BV and is
especially focusing on the production planning processes from a specific customer, i.e. a poultry
processor. In order to improve these processes a Business Process Redesign is performed with an
artifact-centric process modeling technique. The existing BPR heuristics are based on the traditional
activity-centric process modeling techniques and need a translation to be implemented in this new
technique. The results show that some of the developed heuristics are successfully applied in this BPR
project. Three out of four proposed redesigns have been validated and evaluated, each with a different
impact on the performance of the current situation.
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Summary

Summary
We conducted this research in collaboration with Marel Stork Poultry Processing BV [MSPP] which
is the leading global provider of advanced equipment, systems and services to the poultry processing
industry (MSPP, 2010). MSPP is not only providing advanced machinery for poultry processors but is
also providing the customers an Information System [IS]: Innova. This IS supports and manages all
the information from the production processes. These information entities are of great value for the
poultry processors since it is used for the production planning processes. In this case study we
consider a very large and productive poultry processor. It consists of multiple processing plants and
slaughter lines that currently processes more than 500,000 broilers (i.e. chickens) per production day.
These large amounts and some industry specific characteristics ensure that the production planning
processes become very complex. Examples of these characteristics are the divergent product structure,
the product perishability and the production of by-products. This project aims to provide MSPP with a
better understanding of the current production planning processes and aims to find process
improvements for a shorter time perspective.
During this BPR project, the production planning processes from a poultry processor are
analyzed. Currently there is a new process modeling approach which focuses more on the data aspects
of a business process. These new models are called Artifact-Centric Process Models [ACPM],
because Business Artifacts [BA] play an important role. A BA is defined as an identifiable, selfdescribing unit of information through which business stakeholders add value to the business and to
provide a business sensible amount of information that the business can modify and control (Nigam &
Caswell, 2003). These BA’s evolve during their lifecycle and are described in this case study by the
Guards-Stage-Milestone [GSM] modeling language. This language consists of an information model
that describes important information entities and a lifecycle model that describes how these entities
evolve. This lifecycle model consists of stages (a set of activities), guards (predefined conditions that
have to be met before a stage can be entered) and milestones (an operational objective, achieved by
completing the stage). In this case study this new modeling technique is applied since many different
information entities play an important role in these production planning processes. This makes this
modeling technique appropriate in this situation. In addition, the approach enables rich and natural
communication among diverse stakeholders about the operations and processes of a business in ways
that activity-based do not (Cohn & Hull, 2009). This is important, especially in this case study since
many different business people are involved. An ACPM has also a flexible business representation
e.g. it is easy for a business to gather additional information in its artifacts (Nigam & Caswell, 2003).
This is again important in situations like the production planning processes in this case study since
many BA’s are involved. Besides, the ACPM approach plays a very useful role, especially in
situations where a business is in the process of transforming itself (Nigam & Caswell, 2003). For
these reasons the new modeling technique is applied in this BPR project.
In order to increase the chance for success in a BPR project, guiding rules have been
developed in the literature (Limam Mansar & Reijers, 2005a). These rules are often called best
practice heuristics. These heuristics are based on traditional process modeling techniques which are
only focusing on activities and pay no special attention to the data aspects of a business process.
Therefore these BPR heuristics are adapted if necessary, to be able to apply them in a case study in
the food processing industry. The following main research question is developed:
How can Business Process Redesign heuristics be applied in an Artifact-Centric Process
modeling approach in the poultry processing industry?
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In order to answer this research question a research methodology based on van Aken, Berends and
van der Bij (2012) is followed. This methodology consists of a problem definition, an analysis, design
and evaluation phase discussed respectively. The analysis phase starts with the process discovery of
the production planning processes at the poultry processor. For this process discovery a methodology
defined to analyze production scheduling problems is followed. This methodology consists of a
structural decomposition and a task decomposition where complex problems are decomposed into a
number of smaller sub problems (Akkerman & Van Donk, 2009). On the one hand, the structural
decomposition has as aim to create a thorough understanding of the production processes. This is
required in order to be able to understand the production planning processes. On the other hand, the
task decomposition aims at discovering these production planning tasks. The latter discovery is
constructed by conducting semi-structured interviews with experts from MSPP and from the poultry
processor. In addition, three days observing the production planning processes resulted in the
discovered processes. A next step was to translate these processes into a process model with the GSM
modeling language. For this translation an ACPM design methodology was followed. The first step is
to identify important business artifacts and discover their artifact lifecycles. This resulted in the
division of important BA’s in three different groups referring to a: rough planning, a short planning
and a production overview and feedback. In total 10 important BA’s are identified. Thereafter the
Business Operations Model [BOM] is designed which provides a detailed logical specification of
business process execution (Bhattacharya, Hull, & Su, 2009). This BOM is represented by the
elements of the GSM model (i.e. the information model and the BA lifecycle model with its guards,
stages and milestones). The information model is represented using the Unified Modeling Language
[UML], since this is the most applied modeling language in practice (Dobing & Parsons, 2006).
After the current production planning processes are mapped, these processes are evaluated
according to an evaluation framework which is based on the devils quadrangle. This evaluation
framework defined by Brand and van der Kolk (1995) measures the performance of a process by
evaluating four different dimensions: the quality, time, flexibility and costs. These dimensions are
measured with important performance indicators which are defined based on the literature (JansenVullers, Kleingeld, & Netjes, 2008). Additional indicators are added based on the literature that
specifically considers the performance of a production planning (De Snoo, Van Wezel, & Jorna,
2011). In a follow up meeting with the experts from the poultry processor it was asked to evaluate the
current processes according to these dimensions on a 10 point Likert scale. In addition, also the
experts from MSPP were asked to conduct this evaluation during a workshop. In that way the
reliability of the evaluation is increased since it is conducted by the practitioners itself who have an in
depth knowledge about the processes but can be biased because it concerns their own work. On the
other hand, the experts from MSPP have a less in depth knowledge about the production planning
processes but their evaluation is of great value since they have experiences with many other poultry
processors. The evaluation of the current production planning processes show that the quality
dimension has the most improvement possibilities since it has the lowest score.
Before the BPR heuristic can be applied to redesign the current processes, the heuristics need
to be translated to be applicable in the GSM modeling language. These translations are based on our
own insights inspired on the current literature about BPR heuristics and the new modeling approach.
In order to make this translation reproducible, a structured translation method is proposed. First we
selected some existing BPR heuristics which we thought that need a translation based on the
definition of the heuristics and the definition of the dimensions of the BPR framework. This first
distribution distinguishes two groups of heuristics: general heuristics which are applicable regardless
of the process modeling technique applied, and the heuristics which are somehow related to the BA’s
iv
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in the model. The latter selection is thereafter translated to be applicable in the GSM language.
Subsequently, we constructed a new classification to make sure no other translations or new BPR
heuristics are overlooked. This new classification defines a more detailed distinction of the heuristics.
The general heuristics are divided into general customer rules, general resource rules and general
environmental rules. The BA heuristics are also divided into subgroups which are based on the key
elements of the GSM model: the information model and the BA lifecycle model. The translated
heuristics are all part of the BA lifecycle group and can be divided into a BA stage rules and BA
model rules. According this new classification we develop three new BA heuristics where only one of
them is related to the information model.
The next phase in the research methodology is the design phase in which a solution to the
problem is designed. In this case this refers to the development of the redesigns. In order to come up
with possible redesigns, an own BPR approach based on the Process Improvement by Creating and
Evaluating process Alternatives [PrICE] approach is followed (Netjes, 2010). Eventually four
different redesigns are proposed. Three out of the four redesigns have been validated by the experts
from MSPP during a workshop. Each validated redesign is evaluated during the same workshop
according to the different dimensions of the evaluation framework. The first redesign proposes a way
to check the forecasted demand with a data analysis method. Another redesign is related to the
feedback the planning department receives from the machinery at the production floor. Both redesigns
showed small improvements on all dimensions from the evaluation framework but a larger
improvement on the quality dimension. A last redesign is related to automating small stages. Three
automation possibilities have been discovered where two of them are relatively easy to implement.
The other is harder to apply because it is also related to manual errors from the operators. This last
redesign showed only a small improvement on the quality and time dimension and no improvement
on the other dimensions.
Due to the successful application of the redesigns in this case study, we can conclude that the
translated BPR heuristics can be applied in an ACPM approach as is described throughout this thesis.
The BPR heuristics were helpful in the discovery of the four different redesigns of the current
processes and improved the current situation mainly to a better quality of the production planning
processes. However, interpreting these BPR results should be done by taking into account its
limitations. One of these limitations is that the results of the redesigns are only based one qualitative
data. Future research should test if the same results are obtained when the process model is used for
simulation. In addition, the evaluation of the redesigns are only conducted by the experts from MSPP.
Due to the fact that the heuristics have no quantified evidence, it was not possible to present these to
the customer since this research is part of a longer term project. If improvements are presented, more
evidence is needed to convince the customer of the redesign. A last limitation is the fact that,
obviously not all heuristics could be tested in this case study since not all of them are suitable for this
specific situation. Future research should show if the heuristics are also applicable in other case study
settings and other industries.
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Introduction

1. Introduction
For many companies it is nowadays necessary to continuously improve their business processes. This
can be achieved by analyzing and reviewing the current business processes, or in other words by
applying a Business Process Redesign [BPR] project. The global survey of Management Tools &
Trends shows that 30% of the attended companies worldwide used reengineering during 2012, and
they expect that this usage keeps increasing the coming years (Rigby & Bilodeau, 2013). This
illustrates that BPR techniques are still popular and valuable for managers in practice.
This research is applying BPR to the production planning processes from a poultry processor.
This poultry processor is a customer of Marel Stork Poultry Processing BV [MSPP] which is part of
the Marel group, the leading global provider of advanced equipment, systems and services to the
poultry, fish, meat and further processing industries (MSPP, 2010). MSPP is also providing an
Information System to their customers. This IS is called Innova and is a support for the poultry
processors in managing and controlling all the information from the production processes. These
information entities are valuable for a production planning department in order to construct a correct
production planning. These production planning processes are very complex and need to be analyzed
before improvements can be made for these processes.
During BPR projects, process models can provide a comprehensive understanding of a
process and an enterprise can be analyzed and integrated through its business processes (AguilarSavén, 2004). Different process modeling techniques are used in practice where most of them are
activity-centric. These techniques consist of business activities, connectors as control flows describing
the execution sequences of these activities, and optional information entities as inputs or outputs of
the activities (Liu, Wu, & Kumaran, 2010). On the other hand, also data-centric process models (e.g.
information centric process models) exist. These models have more emphasis on the information side
or data aspects of the business processes. Different data-centric process modeling techniques exist like
the Product Based Workflow Design [PBWD] (Reijers, Limam Mansar, & van der Aalst, 2003) or the
Data-Driven Process Structures [DDPS] (Müller, Reichert, & Herbst, 2007). There is however a new
data-centric technique growing in popularity. This relatively new approach combines both data and
process aspects into a holistic unit, and serves as the basic building blocks from which models of
business operations and processes are constructed (Cohn & Hull, 2009). This new modeling technique
is focusing on Business Artifacts [BA] which are defined as an identifiable, self-describing unit of
information through which business stakeholders add value to the business and to provide a business
sensible amount of information that the business can modify and control (Nigam & Caswell, 2003).
This case study is especially suitable for this new modeling technique since many different
information entities play an important role in these production planning processes. Besides, an
Artifact-Centric Process Model [ACPM] has a hierarchical structure that allows for a high level
abstract view on the operations while still being executable (Hull, et al., 2011a). It is also a modeling
technique that uses the intuitive nature of the constructs which reflect the way stakeholders think
about their business (Nigam & Caswell, 2003). This makes the technique amenable for different
stakeholders i.e. business people, which is important in this case study because a lot of different
stakeholders are involved.
Since many BPR projects are successfully implemented, some general best practice heuristics
are developed which can be seen as rules of thumb for BPR practitioners (Limam Mansar & Reijers,
2005a). These heuristics are however based on scientific literature and successful implementations of
activity-centric process models. Since the new data-centric modeling approach is becoming more
popular, questions arise if the earlier defined heuristics are also applicable in an ACPM environment.
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Subsequently, these new BPR heuristics are applied in a BPR project for the production planning
processes from a poultry processor. The problem definition of this BPR project is discussed in the
next section. Subsequently the research objectives and research methodology are discussed at the end
of this chapter.
1.1 Problem definition
The applied research methodology is based on a framework defined by van Aken, Berends, & van der
Bij (2012). This methodology starts with a problem definition. Before starting with a BPR project it is
namely important to define the BPR objectives and to know why the redesign is needed (Pepper &
Rowland, 1995) (van der Aalst & Van Hee, 2002). First, the main business problem statement and
objective from the poultry processor are described. Then, we show how this research also contributes
to the scientific literature in this specific context. Finally, the other phases of the research
methodology are described in more detail.
1.1.1 Business problem statement
One of the biggest challenges the abattoirs or poultry processors are experiencing is the production
planning and scheduling on a daily level. In the poultry industry this is especially a complex problem
due to the specific characteristics of this industry. The main problem is that on the basis of a
production planning and schedule, products are produced while the demand remains uncertain. It is
important to make a distinction between production scheduling and production planning. The time
horizon for a planning is normally several weeks or days. On the other hand, a production scheduling
is focusing on a shorter time horizon of hours at a more operational level. Production scheduling is
defined as a plan that authorizes the factory to manufacture a certain quantity of a specific item
(Blackstone & Cox III, 1998) i.e. perform tasks in a specific order. On the other hand, production
planning is defined as the function of setting the overall level of manufacturing output and other
activities to best satisfy the currently planned levels of sales (Blackstone & Cox III, 1998). The
problem context of the production planning at the poultry processors can schematically be shown in
the form of a cause and effect diagram shown in Figure 1.
The technique used for the cause and effect diagram was first described by Ishikawa and
Loftus (1990) and is also known as an Ishikawa diagram. “Those diagrams illustrate the relationship
between characteristics (the results of a process), and those causes considered for technical reasons to
exert an effect on the processes” (Ishikawa & Loftus, 1990). Such diagrams give a well-defined
summary and overview of the causes for a certain problem. As shown in the diagram, many different
causes for the problem of having a non-optimal production planning exist. Before the causes are
discussed, first a clear definition of the effect is provided.
Effect
In this specific context, an ideal production planning would be a planning where all causes in the
diagram are used optimally. Unfortunately this is not possible because there are always factors which
play an important role but cannot be affected. It is however possible to make an optimal production
planning where the planning yields a best performance possible in a specific context with its
limitations. In practice, many poultry processors or abattoirs are using a production planning that is
performing on an acceptable level. The risks are as low as possible. The challenge is to improve the
production planning from an acceptable level to an optimal performance level. Often many causes for
a non-optimal production planning can be solved.
Under normal circumstances most planning decisions are made without too many problems.
The decisions are based on experience and the existing IS. However, when complex situations arise,
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the planning decisions are not that easy to make. These complex situations are for example when rush
orders come in and need to be handled immediately; weights of the broilers deviate from the
information the farmer gave earlier; a batch of broilers has a high percentage of failures (wing breaks
or blood spots) or when a breakdown of a machine occurs. All causes for a non-optimal production
planning are discussed in more detail in the next section.
Causes
The causes shown in the Ishikawa diagram are often classified into six different aspects. Ishikawa and
Loftus (1990) refer to the 5M’s (Materials, Methods, Men, Machines, and Measurement). These set of
causes are considered but captured in four important sets: Production process (Men and Machines),
Planning process (Measurement and Methods), Raw Materials (Materials) and Environment.

Figure 1. Cause and Effect (Ishikawa) Diagram
(MSPP)

1. Production process
The production process causes are divided into production performance, availability and capacity.
These causes exist due to the settings or efficiency of the machinery and labor. The availability means
uptime of machinery, availability of labor and the layout of the production plant. Sometimes the
layout can limit the production planning decisions. Finally, the causes from the capacity of the
machinery and labor are also considered.
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2. Raw materials
The second set of causes is summarized as raw materials. This refers to the variety in supply of the
broilers which are delivered by the farmers and the specifications of the deliveries. There is
uncertainty about the quality and weights from the chickens. These uncertainties can influence the
production planning negatively. The specification of the delivery refers to the brand of the flocks
which can influence some planning decisions because some brands are more suitable for certain end
products.
3. Environmental
The third set of causes is summarized as environmental. The customer demand can be sensitive to
environmental situations like weather conditions, discount sales from retailers or illness of chickens
shown in the media. This will influence the growth of demand to go up or slow down rapidly. Often
these causes cannot be influenced. The planners have to deal with these factors in the best possible
way. Other environmental causes are order specific like the due date and the volume mix ratio, which
is an indication how diverse a sales order is. A high mix volume ratio indicates many different
production orders with different specifications which results in more complexity of the production
planning and scheduling. In addition, the order type can influence the production planning and
scheduling. Normally two types are distinguished, retail orders and industry orders i.e. bulk orders.
The latter is often more flexible because it requires less packing effort since it is transported in bulk.
4. Planning process
The last important set of causes is the planning process. This research is only focusing on this set of
causes. On the one hand causes related to the performance of the planners exist but on the other hand
also causes related to the IS exist.
Performance of the planners
The performance of the planners is influenced by many factors. The communication with the sales
department is an example. When a sales order is received, it needs to be translated into a production
order. Communication is important in translating these orders. Also the higher management can
influence the performance of the planners. An example is when higher management is not interested
in a better IS as long as an acceptable level of the production planning is realized. If higher
management is not interested in improving the planning performance, the planners will keep
performing on this acceptable level. Van Wezel, Van Donk and Gaalman (2006) stated that planning
flexibility in the food processing industries is not only restrained by hard-wired production process
characteristics, but also by organizational procedures in the planning processes.
Planners are constantly deciding which batch of broilers can be used for which end product, to
make sure that the abattoir i.e. slaughterhouse, uses maximum value of the broilers. A flock of an
average weight of 2.2 kg has for example more value to sell as filets instead of selling them as a
whole broiler (chicken). Filets are namely the most valuable part of the broiler. These planning
decisions are very important, especially when it is a large abattoir. In modern abattoirs more than
12,000 broilers per hour are processed several hours a day (Barbut, 2010). Processing these amounts
of products make small planning and scheduling decision become very important. If the production
planning and scheduling is not optimal, products are sold for less than they are actually worth, or it
can lead to a leftover of inventory, which are both are missed profit opportunities.
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Information system
The remaining two causes are dealing with how the planners are using the IS. Are they using the IS
like it is supposed to be used? Are they getting full potential out of the capabilities of the IS or are
they just planning on experience like they always did? These questions are important to consider.
Other causes influencing the planning process are considering the used IS and more particularly,
which data is used. The production planning is not optimal if essential information is missing which is
essential to make a proper planning or that real life data is not used while it is actually available. Also
the reliability and accuracy of the data plays an important role. According all these causes, the
following problem statement can be defined for this BPR project:
Problem statement:
The production planning processes at the poultry processor are not performing optimally.
1.1.2 Business research objective
To maintain their leader position on the market it is important for MSPP to continuously improve
their business processes. These developments also require better performance and further
development of the existing IS they are providing. A better IS has major value for their customers i.e.
the poultry processors, because they can use it to better fulfil their demands. As a result, they can
drive their cost price of their product as low as possible by having a production planning that is as
effective as possible. If MSPP becomes more familiar with the production planning processes from
their customers, they can better align the needs from the customers with the design of the IS they are
providing.
Another important aspect of the practical relevance is that currently not only a lot of attention
is paid to the welfare of the broilers but also to the welfare of the environment. An effective
production planning and thereby using maximum value of the broilers contributes to the
environmental welfare since the spillage of food is minimized. In addition, the global demand for
food (and chicken) is continuously growing. (FAO, 2011). This means that engineering companies
like MSPP need to be innovative to make sure their customers can keep up with future demands. This
includes also innovative solutions and improvements for the existing IS. This research objective can
summarized as follows.
Research objective:
Improving the production planning processes from the poultry processor by applying a
Business Process Redesign.
Besides these practical objectives, this research is also a contribution to the scientific literature in
different ways. This scientific relevance is discussed in the next section.
1.1.3 Scientific relevance
One of the two challenges for a BPR project is a technical challenge, which is due to the difficulty of
developing a process design that is a radical improvement of the current design (Limam Mansar &
Reijers, 2005a). To overcome this challenge the authors defined a list of 29 best practice heuristics.
As stated in the introduction: “these heuristics should be seen as independent rules of thumb, each of
which can be of value to support practitioners in facing the technical challenge.” Therefore these
heuristics are important in guiding a BPR project to end up with a successful redesign. The BPR
heuristics defined by Limam Mansar and Reijers (2005a) are mainly based on other scientific
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literature and the authors own BPR experiences. Table 1 shows all the scientific literature where the
BPR heuristics are based on. Some heuristics are mentioned by several authors in different articles or
books. In total 70 references for the heuristics were found by the authors. In order to find the most
important references, they were sorted on who cited the most heuristics.
The most important and oldest reference is the famous work of Hammer and Champy (1993).
Twelve BPR heuristics are described in their book. A closer look on the six most important articles
and books indeed indicated that the heuristics are all based on Activity-Centric process modeling
techniques. Peppard and Rowland (1995), recommend for example to start with a simple flowchart
with American National Standard Institute [ANSI] symbols. Next, make a rough map with the
International Definition mapping standard [IDEF0] and eventually create a detailed map with the
American Society of Mechanical Engineers [ASME] mapping standard. All these methods are
activity-centric. Van der Aalst and van Hee (2002) also recommend an activity-centric process
modeling technique, namely using Petri Nets. The remaining four articles or books are not specifically
describing a modeling technique but are mainly using terms like task, activities, processes and
flowchart models and do not specifically address the data or information aspects of redesigning
process models. These observations and the fact that the new ACPM technique is developed around
2003, which is later than all publication dates of the references, is enough evidence to conclude that
these BPR heuristics are indeed based on activity-centric process modeling techniques. This fact and
the fact that no BPR heuristics are defined for an ACPM approach, shows that the new modeling
technique has no guiding rules to ensure that a BPR project with this modeling technique will be
successful.
Authors
(Hammer & Champy)
(van den Berg & Pottjewijd)
(van der Aalst & Van Hee)
(Rupp & Russel)
(Buzacott)
(Pepper & Rowland)
(Klein)
(Poyssick & Hannaford).
(Seidmann & Sundararajan)
(van der Aalst W. )
(Reijers & Goverde)
(Castano, De Antonellis, & Melchiori)
(Zapf & Heinzl)
(Dewan, Seidmann, & Walter)
(Van Hee, Reijers, Verbeek, & Zerguini)

Publication Year
1993
1997
2002
1994
1996
1995
1995
1996
1997
2001
1998
1999
2000
1998
2001

Number of Heuristics
12
11
9
8
7
5
4
4
3
3
2
1
1
1
1
70

Table 1. Scientific literature BPR heuristics
(Limam Mansar & Reijers, 2005a)

Since no BPR heuristics exist for an ACPM approach, questions arise if the traditional BPR heuristics
also apply when this new technique is used to model business processes. Since the ACPM technique
is growing in popularity it could help BPR practitioners in guiding a BPR project in the right manner.
The objective of a case study is to understand a real problem and to use the gained insights for
developing new explanations and theoretical dispositions (Blumberg, Cooper, & Schindler, 2011). In
this case study the focus is on the production planning processes and the new modeling approach
hopefully results in definitions of BPR heuristics for this new approach. Therefore the following
scientific research objective can be defined:
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Scientific relevance:
Development of Business Process Redesign heuristics for Artifact-Centric Process models
since these are not defined for this specific modeling approach.
After the problem definition is defined, further research steps are followed based on a business
problem solving research methodology defined by van Aken, Berends and van der Bij (2012). This
research framework is discussed in the next section.
1.2 Research framework
An overview of the different research phases is shown in Figure 2. After the problem definition is
defined an analysis phase is conducted. During this phase specific knowledge on the context and
nature of the problem are produced (van Aken, Berends, & van der Bij, 2012). During the second
design phase the solution for the problem is created. Eventually these solutions are evaluated in the
evaluation phase. The proposed redesigns are not implemented since it is not in the scope of this
research. This research methodology differs in that way from the original research framework.
Originally the evaluation phase is conducted after an implementation phase. We adapted this order as
shown in Figure 2, because it is possible that the proposed redesign will be implemented in the future.
For this research one central research question is defined, which is focusing on applying BPR
heuristics for the Artifact-Centric process modeling approach in a case study in the poultry processing
industry. Each phase with its research questions are discussed in the remainder of this section.

1. Analysis

Problem
Definition

How can Business Process Redesign
heuristics be applied in an ArtifactCentric Process modeling approach
in the poultry processing industry?
4. Implementation

2. Design

3. Evaluation

Figure 2. Research Framework

Different BPR approaches are often described in the literature. On the one hand there are
revolutionary approaches that start with a blank sheet, i.e. start from scratch. On the other hand there
are also evolutionary approaches, that are based on e.g. the application of general best practice or
heuristic rules (Netjes, Vanderfeesten, & Reijers, 2006). “In general the systematic approach (i.e.
evolutionary) is most often used to implement performance improvements in the short term while the
clean sheet approach allows the company to develop new ways to compete in the medium to long
term” (Pepper & Rowland, 1995). This study is thus focusing on the evolutionary approach which
starts with the discovery of the existing processes and tries to improve them according to certain
heuristics. This approach is selected because the aim of the BPR is on short term improvements. In
addition, the evolutionary approach is the most widely applied approach in practice (Aldowaisan &
Gaafar, 1999) and has the most practical value for the poultry processor since they cannot ignore the
current situation i.e. a greenfield situation is too costly.
Earlier work on evaluating different BPR methodologies concluded that “there is a lack of a
systematic approach that can lead a process redesigner through a series of steps for the achievement of
process redesign” (Valiris & Glykas, 1999). Therefore, a new systematic approach has been
7
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developed which supports a redesigner in transforming an as-is situation into a to-be situation (Netjes,
2010). This so called PriCe approach (Process Improvement by Creating and Evaluating process
alternatives), consists of four different process step: find applicable redesign operations, select
suitable process parts, create alternative models and evaluate the performance of the alternatives. We
developed a methodology partly based on this framework but adapted some methodology steps to
make it applicable in our case study settings.
The most important difference is that the process part selection is not included. The PriCe
approach describes two possible methods. The first is a method described by Nissen (1995, 1996) that
uses different (static) process measures (e.g. a fraction of communication tasks, fraction of periodic
tasks) to identify possible bottlenecks. Another method to find possible problems in business
processes is process mining. “Process mining aims at extracting information from event logs to
capture the business process as it is being executed” (van der Aalst & Weijters, 2004). In this BPR
project however, no event logs or process measure data are available to identify important process
parts. The other methodology steps are discussed in more detail in the remainder of this section.
Figure 3 shows an overview of the BPR steps with the different research phases.
Chapter 3.1
Create
As-Is

Chapter 3.2
Validate &
Evaluate
As-Is

Chapter 3.3

Chapter 4.1

Chapter 4.2

Select
Heuristics

Translate
Heuristics

Analysis

Design

Create
Redesigns

Validate &
Evaluate
Redesigns

Evaluation

Figure 3. BPR methodology

All research questions belonging to the different research phases are schematically shown in Table 2.
The first two research questions (RQ1.1 - RQ1.2) are considered as process discovery. First an as-is
situation of the production planning processes is created, validated and eventually evaluated. This
process discovery phase is based on interviews held both at MSPP and the poultry processor. In
addition, three days of observations were held to create a good understanding of the production
planning processes. Both, specialist from MSPP and people involved at the poultry processor were
asked to evaluate the existing situation according the criteria defined in the evaluation framework. In
that way, directions for possible improvements are constructed. In addition an ideal situation is
described. The last part of the analysis phase is considered as theory building (RQ1.3). During this
phase the traditional BPR heuristics are translated to be applicable in an ACPM approach. First a
selection of heuristics is made which are expected to need a translation based on the earlier defined
BPR framework. Thereafter, each heuristic is individually evaluated to see how it can be translated. In
addition new heuristics are considered which are especially defined for the GSM modeling language.
The discovery of these new heuristics is based on the two fundamental aspects of the GSM technique
i.e. an information model and a lifecycle model with its guards, stages and milestones.
During the second phase, or design phase, a proposed to-be situation is described (RQ2).
During this phase the actual process redesign is conducted. Eventually, four different business process
redesigns are proposed which are based on different BPR heuristics. Eventually in the third and last
phase an evaluation on the used heuristics and the proposed to-be situation are discussed (RQ3). The
evaluation and validation are conducted by a workshop organized at MSPP. These steps and different
phases will be discussed in more detail in the next chapters.
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How can Business Process Redesign heuristics be applied in an Artifact-Centric Process
modeling approach in the poultry processing industry?

Phases

Number

Problem
definition

Research Questions
Problem statement
The production planning processes at the poultry processor are not performing
optimally.
Research objective
Improving the production planning processes from the poultry processor by
applying a Business Process Redesign.

1. Analysis
RQ1.1

RQ1.2

Process discovery
What is the current situation of the production planning processes at the poultry
processor?
How are the existing production planning processes performing and how should
they perform?

RQ1.3

Theory Building
Which existing Business Process Redesign heuristics need a translation and how is
this translation applied?

RQ2

Process Redesign
What are possible improvements for the production planning processes at the
poultry processor?

RQ3

Heuristics evaluation
Which used heuristics are most important for a Business Process Redesign with an
Artifact-Centric Process Modeling approach?

2. Design

3. Evaluation

Table 2. Research Questions

The structure of this paper is as follows. First, a theoretical background of the project is provided with
important information about the poultry processor, the Business Process redesign paradigm, a BPR
evaluation framework and finally the Artifact-Centric Process Modeling approach. Then, in the first
part of chapter 3 it is explained how the business processes are discovered. The as-is situation of the
production planning processes at the poultry processor is described and is also evaluated. Thereafter,
the traditional BPR heuristics are translated to be applicable in the new modeling environment. Then,
in chapter 4 some proposed to-be situations are discussed. Finally, this to-be situation and the applied
heuristics are evaluated and validated. Finally, conclusions and recommendations for further research
are made and described in chapter 5.
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2. Theoretical background
This chapter provides background information for some important topics related to this research.
First, background information about MSPP and the case study company will be described. Then the
BPR paradigm is described in more detail and an evaluation framework is discussed. Finally the
Artifact-Centric Process Modeling [ACPM] approach and especially the Guard-Stage-Milestone
[GSM] modeling technique will be described in more detail.
2.1 Poultry processing
As earlier described in the introduction, MSPP is part of the Marel group that is focusing on four
different industries: poultry, meat, fish and further processing. Their product range spans “the entire
production process, from reception of raw materials all the way through to packaging and labelling of
the final product” (MSPP, 2010). MSPP is an international company with over 4,000 employees all
around the world. Their vision is to be “the customer’s choice in supplying integrated systems,
products and services to the fish, meat and poultry industry”.
The focus of this research is on the production planning processes of poultry processors.
These poultry processors are customers of MSPP. In order to become familiar with these planning
processes it is important to understand the production processes i.e. poultry processing. The processes
at a poultry processor are schematically shown in Figure 4. These processes start with the live bird
supply where living broilers are transported to the abattoir in large trucks. When the birds arrive at the
poultry processor they are unloaded on a conveyor and transported through a stunning machine. Here
the birds get stunned by a multiphase Controlled Atmosphere Stunning [CAS] system or by an
electrical stunning bath. Thereafter the birds are hanged on a conveyor manually and are killed with
an accurate neck cut. Then the birds are transported to the scalding process where they are submersed
in hot water to loosening the feathers. A next step is the defeathering of the birds. Thereafter the
broilers are ready for evisceration i.e. the removal of viscera. The last step is chilling and maturation
in order to give the broiler an optimum shelf life, quality, freshness and food safety (MSPP, 2010).
Primary process:
1. Live bird supply
2. Stunning, killing, scalding, defeathering
3. Evisceration, organ handling
4. Chilling, maturation

Secondary process:
5. Grading, distribution
6. Cut up
7. Deboning
8. Package and inventory

Figure 4. Poultry processing

These processing steps are called the primary process and are identical for each end product. The
primary process is therefore a less complex process for the production planning because there is no
diversity. After the primary process the next steps, are defined as the secondary process. These
processing steps start with weighing, grading and distribution. According to the quality and the
weights of the birds it is decided to send them to the cut-up department or to sell them ass whole
birds. If the birds are processed further, the next steps are cut-up, deboning, batching, portioning,
slicing, further processing and eventually packaging, cooling and distribution. These processes are
schematically shown in appendix D with a more detailed description of each process part.
This research is using a customer of MSPP as a case study. This customer is referred to as
“the poultry processor” in the remainder of this paper. In many poultry processors large quantities of
broiler are processed. The large amount of product flow is a reason for the complexity of the
production planning and scheduling processes. Large poultry processors can process more than
500,000 broilers per production day. In addition, also the wide variety of end products makes the
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planning processes complicated. A typical poultry processor is able to process more than 500 different
end products. In appendix E an example of the large variety of end products is shown with all the
different product characteristics. As stated earlier the production planning processes are not
performing optimally and a BPR can provide new insights and improvements.
2.2 Business Process Redesign
Many different terms are used in the scientific literature and in practice for a BPR. Zellner (2011)
conducted a literature review and distinguishes two main areas: Business Process Reengineering and
Business Process Improvement [BPI]. The main difference is that “Business Process Reengineering is
synonymous to radical improvement and BPI to incremental improvement.” Limam Mansar and
Reijers (2007) state that: “BPR is concerned with how to articulate a process in, e.g. terms of its
interdependent tasks and resources, while reengineering can refer to all aspects of restructuring an
organization’s processes.” BPI can thus be considered as a synonym for BPR.
Limam Mansar and Reijers (2005a) developed a BPR framework as a methodology for BPR
implementation, not only based on detailing steps for BPR but also on guiding and supporting the
BPR execution by means of techniques and best practices. This BPR framework is based on the Work
Centered Analysis [WCA] framework from Alter (1998) shown in Figure 5. This work system
framework provides an outline for describing the system being studied, identifying problems and
opportunities, describing possible changes, and tracing how those changes might affect other parts of
the work system (Alter, 2008). The four basic elements of the BPR framework in Figure 6 are the
process activities, participants, information and technologies. These four elements produce a product
or service for an external customer. The elements environment, strategies and infrastructure are
included because the success of the framework depends on these factors. The BPR framework differs
from the WCA framework since the business processes are described in more detail in an operation
view (How is a workflow operation implemented?) and a behavioral view (When is a workflow
executed?). In addition, the participants are divided into an organization structure and organization
individuals. A last difference is that this framework also considers the external environment (other
than the customer) as an influential factor.

Figure 6. BPR Framework
(Limam Mansar & Reijers, 2005a)

Figure 5. WCA Framework
(Alter, 2008)

The past few decades many BPR projects have been applied in different companies and industries
(Netjes, Mans, Reijers, van der Aalst, & Vanwersch, 2010) (Jansen-Vullers, Netjes, Reijers, &
Stegeman, 2006) (Thong, Yap, & Seah, 2000). These case studies show that BPR is still a largely
applied and powerful management tool. As stated in the introduction, to be successful in applying a
BPR project, best practice heuristics can be very helpful. A definition of a best practice is given by
Limam Mansar, Reijers & Ounnar (2009) and defined it as: “a general heuristic derived from earlier
successful encounters to improve process performance, which may need skillful adaptation to be
applied in a concrete setting.” Limam Mansar and Reijers (2005a) collected 29 best practice heuristics
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according the scientific literature and their own experience and applied them in various research
areas, such as business planning, healthcare, manufacturing and the software development process.
This list of BPR heuristics is therefore a good starting point for further analysis. The whole list of
BPR heuristics is shown in appendix F. In this list the heuristics are classified according to the
components of the BPR framework. In a follow up study the BPR heuristics are validated by applying
the BPR framework in two case studies and by conducting an electronic survey amongst experienced
UK and Dutch BPR practitioners (Limam Mansar & Reijers, 2005b). Also, a top ten of the most
popular heuristics is constructed according the two case studies. For a more detailed description of
each heuristic we refer to the research on BPR heuristics of Reijers and Limam Mansar (2005a).
Apossible BPR approach is to start with analyzing and evaluating the current processes.
Based on the existing situation BPR heuristics can help to find possible improvements. The result is
an improved process model which is also evaluated. The evaluation of the current and improvement
situation can be conducted according to an evaluation framework, discussed in the next section.
2.3 Evaluation framework
Jansen-Vullers, Netjes and Kleingeld (2008) study the quantification of the impact of a redesign best
practice on the performance of a business process. The evaluation of this impact is independent of the
modeling technique applied. The authors assess six different systems that are suitable for measuring
the business process performance as is shown in Table 3. According to their evaluation of these
measuring systems, they identify five dimensions of business process performance: cost, time,
internal quality, external quality and flexibility. These dimensions are comparable to the dimensions
of the Devil’s Quadrangle, which is a well-known evaluation framework in practice defined by Brand
and van der Kolk (1995). Each dimension can be evaluated, which eventually leads to a performance
score for the business processes. The score on each performance dimension can be visualized in a
Devil’s Quadrangle as shown in Figure 7.
Evaluation framework
Performance pyramid
Performance measurement matrix
Results/determinants matrix
Balanced scorecard
Devil’s Quadrangle
Performance prism

Sources
(Cross & Lynch, 1988)
(Keegan, Eiler, & Jones, 1989)
(Brignall, Fitzgerald, Johnston,
& Silvestro, 1991)
(Kaplan & Norton, 1992)
(Brand & van der Kolk, 1995)
(Adams & Neely, 2002)
Figure 7. Devil’s Quadrangle
(Jansen-Vullers, Kleingeld, & Netjes, 2008)

Table 3. Evaluation framework
(Jansen-Vullers, Kleingeld, & Netjes, 2008)

The center of the quadrangle and its axis indicate a low score. A high score is thus represented if the
vertex of each dimension is located as far as possible from the center. It is important to note that the
surface of the quadrangle does not change when a score on a single dimension changes e.g. the overall
score of the process performance remains the same. For example, if on a certain day the production
speed is increased since a production order has to be completed on time (higher score on time
dimension), the quality of the products can reduce (lower score on quality dimension). The only way
to improve the overall performance of a business process is to increase the surface of the Devil’s
Quadrangle. This can be achieved by redesigning the business processes (Brand & van der Kolk,
1995). This means that the sequence or design of the workflows (business processes) change.
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The four performance dimensions (quality, time, flexibility and cost) can be analyzed based on
several performance indicators. Most indicators are based on the work of Jansen-Vullers, Kleingeld
and Netjes (2008). The quality performance indicators are however related to the internal and external
quality, where internal quality is defined by the authors as the quality of a workflow from an
operator’s perspective i.e. job satisfaction. These indicators are however not considered in this
research. The quality dimension applied in this case study is only focusing on the external quality
dimension which is defined from a customer’s perspective i.e. the customer’s satisfaction (JansenVullers, Kleingeld, & Netjes, 2008). This is divided into the satisfaction of the customer regarding the
way a workflow is executed and the quality of the product. “Quality of the output product takes into
account product performance, conformance and serviceability, whereas quality of the process
considers information availability and bureaucratic language simplification” (Jansen-Vullers,
Kleingeld, & Netjes, 2008). In order to measure the quality of the product planning and the quality of
the production planning processes we consulted another study by De Snoo, Van Wezel and Jorna
(2011). In their research they defined several quality performance indicators which are especially
focusing on the product and processes of constructing a production planning. These performance
indicators have been evaluated in different firms by planners and managers. The performance
measures which are most often used by the planners and managers from manufacturing firms are used
in this case study. All used dimensions are discussed in more detail in appendix G and are
summarized in Table 4.

Q1

Quality
External parties

Q2

Resource utilization

Q3
Q4

Realized performance
Quality of communication

Q5

Quality of information

The fulfilment of constraints and commitments made to external parties (i.e.
on time delivery, delivering the right products, the right quantity and quality).
Try to keep the inventory level during the week on a specific level and make
sure that the machinery and labor are using their full capacity.
The optimal use of the raw material which influenced by planning choices.
The understandability of the schedule itself, and the way in which the
schedule and changes are communicated with other department.
The availability, reliability and completeness of information.

T1
T2

Time
Planning time
Lead time

The time it takes to construct the production plans.
The time it takes to handle an entire case / flock.

F1
F2
F3

Flexibility
Mix flexibility
Labor flexibility
Process modification flexibility

The ability to process (plan) different kinds of orders.
The ability to perform different tasks by the planners.
The ability to modify the initial production plans.

C1
C2
C3

Cost
Running cost
Inventory cost
Resource utilization cost

Labor (planners) cost, machinery cost and training cost.
The cost of holding goods in stock.
Ratio of in use time and available time of resources.
Table 4. Performance indicators

2.4 Artifact-Centric Process Modeling
The focus of this research is on Data-Centric process models, especially on Artifact-Centric Process
Modeling [ACPM]. ACPM uses four dimensions defined by Bhattacharya, Hull and Su (2009) as
BALSA: Business Artifacts with their Lifecycles, Services, and Associations. A Business Artifact
[BA] is an identifiable, self-describing unit of information through which business stakeholders add
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value to the business and to provide a business sensible amount of information that the business can
modify and control (Nigam & Caswell, 2003). An example of a BA could be a sales order with
specific attributes like customer ID, product type and price. These BA’s evolve during the business
processes. This is described by the BA’s lifecycles in terms of business relevant stages of its artifacts.
Changes in these stages are performed by tasks (services) and thus require an update of a BA.
However, some services are restricted to restrictions or constraints which are defined as the
associations in the ACPM. More detailed information is provided in the analysis section where an
ACPM of the production planning processes is described in more detail.
Different modeling languages exist to describe ACPM’s. Examples of such modeling
languages are: Business Process Model and Notation [BPMN] (Lohmann & Nyolt, 2012), Petri nets
(Lohmann & Wolf, 2010), Unified Modeling Language [UML] (Estañol, Queralt, Sancho, &
Teniente, 2013) and the Guard-Stage-Milestone [GSM] technique (Hull et al., 2011a; Hull et al.,
2011b). The latter method is based on the Business Entity with Lifecycle [BEL] models (Nigam and
Caswell, 2003; Strosnider, Nandi, Kumaran, Ghosh, and Arsnajani, 2008) and is used in this case
study. This is namely the most common modeling language for ACPM’s and has since its introduction
in 2010 been adopted to form the conceptual basis of the Object Management Group [OMG] Case
Management Model and Notation [CMMN] standard (Heath III, et al., 2013).
A GSM model includes both an information model that uses attributes to capture all of the
business-relevant data about entities of that type, and a lifecycle model, that specifies the possible
ways that an entity of this type might progress through the business, and the ways that it will respond
to events and invoke external services, including human activities (Hull, et al., 2011a). An example of
a GSM model is shown in Figure 8.

Figure 8. GSM example
(Vaculin, Hull, Heath, Cochran, Nigam, & Sukaviriya, 2011)

On the left side the information model is shown for each BA. As shown in the data attributes from
the information model, each BA has a unique identification. Sometimes the information model also
contains status attributes which contains information about elements in the artifact lifecycle model
(guard, stage and milestones). This artifact lifecycle model is shown on the right side with the
different stages, guards and milestones represented by the rounded rectangles, small diamonds and the
small circles respectively. These important aspects of the lifecycle model are defined as follows:
- Milestones, a business-relevant operational objective expressed using a condition over the
information model and possibly a triggering event;
- Stages, containing one or more activities, including calls to external services and possibly substages, intended to achieve a milestone (or one of several related milestones); and
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Guards, a condition and possibly a triggering event that, when achieved, enables entry into the
stage (Hull et al., 2010).

According to Nigam and Caswell (2003), Hull et al. (2011a) and (2011b) this new modeling
technique has several benefits:
- Intuitive nature of the used constructs reflects the way stakeholders think about their business.
- Hierarchical structure allows for a high level abstract view while still being executable.
- It supports a wide range of process types (highly prescriptive to highly descriptive).
- It provides natural, modular structuring for specifying the overall behavior and constraints of a
model of business operations in terms of Event-Condition-Action [ECA] like rules.
The ACPM technique has been applied in practice in different industries. First example is IBM Global
Financing that used this approach. It resulted in a business operations model that was at the right level
of granularity for the problem at hand (Chao et al., 2009). With the help of ACPM, IBM global
financing is now able to deploy the standard business function to all countries, resulting in significant
cost savings. In addition Bhattacharya et al. (2007) described some other case studies in which ACPM
is applied. First, an example of a health insurance company is given in where the ACPM method
moved the focus from detailed activities to the operational model. This leads to consolidation and
standardization of the processes. Another example is a fashion retailer where ACPM lead to
identification of several opportunities for automating activities that were previously tedious, manual
and error prone (Bhattacharya et al., 2007). These examples indicate that the ACPM can be beneficial
in practice.
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3. Analysis
This chapter describes the analysis phase of the research methodology. During this phase an as-is
situation is proposed for the production planning processes. These processes are described according
the GSM method. In order to successfully discover the current production planning and scheduling
processes, a methodology for analyzing planning and scheduling problems is followed. This method
uses different decompositions to create a better understanding of the complicated processes. In order
to obtain enough information to conduct these analyses, semi-structured interviews are held at MSPP
and at the poultry processor. Besides the interviews, three days of observing the production planning
processes at the poultry processor were used to construct the as-is situation. After the description of
the current situation, these processes are evaluated.
3.1 As-is situation - Processes
RQ1.1 What is the current situation of the production planning processes at the poultry processor?
Create
As-is

Validate &
Evaluate
As-is

Select
Heuristics

Translate
Heuristics

Create
Redesigns

Validate &
Evaluate
Redesigns

Figure 9. BPR methodology - Create as-is

In this chapter the current production planning processes of the poultry processor are described. The
first challenge is the discovery of the production planning processes and a second challenge is to
model these processes according the GSM modeling language. The used methodology is
schematically shown in Figure 10 and is explained in more detailed in the remainder of this section.
Process
Discovery

Process
Modeling

Structural
decomposition

Task
decomposition

Artifact discovery

Analyze production
processes

Analyze planning
processes

Design of BOM

Observations

Literature

Observations

Interviews

Figure 10. As-is methodology

3.1.1 Process discovery
The first step is to identify the current production planning processes. Akkerman and Van Donk
(2009) developed an analysis methodology for scheduling problems in the food processing industry.
This method uses structural decomposition and task decomposition. On the one hand, structural
decomposition provides a structural understanding of the production process which gives
opportunities to improve the production planning processes. On the other hand, task decomposition
helps in supporting the (planning) task execution and in clarifying the relations between tasks
(Akkerman & Van Donk, 2009). Each decomposition is applied in this case study and is discussed in
more detail in the remainder of this section.
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Structural decomposition
The knowledge to apply this structural decomposition is gathered by three visits to the poultry
processor with the aim to get a deeper understanding of the production processes. During these visits
we had a guided tour where we observed the production processes. An important step in the structural
decomposition is identification of the structure. Van Donk and Akkerman (1996) suggest applying the
concept of a capacity group, which is defined as a number (sometimes one) of independent machines
in one stage, which perform the same kind of (although not necessarily identical) operations. In order
to apply these capacity groups at the poultry processor, first a more detailed workflow diagram is
constructed of the production processes. This self-explaining workflow model is constructed for
internal use at MSPP only and is not discussed in more detail in this thesis. On a high level of
abstraction the capacity groups described in the theoretical background can be identified (see Figure
4). Note that these capacity groups are defined generally. It is possible that some capacity groups are
used several times at a poultry processor. The identification of the capacity groups for the poultry
processor was based on the observations and the literature (i.e. process plant layouts) provided by
MSPP.
Task decomposition
Akkerman and Van Donk (2009) suggest different approaches for the task decomposition of the
scheduling problem. Observation could be a good method but interviews are also recommended to
obtain additional information about the production planning processes. A brief description of the
current production planning processes is already provided by the poultry processor in earlier meetings
with MSPP management. The result of these meetings is summarized in a document with a brief
description of the processes. This description however does not contain enough information for a
detailed process model. Only a first level of hierarchy can be obtained based on this information.
Therefore we conducted semi-structured interviews at MSPP to see what is known about the
production planning processes and to see how the processes are executed at the poultry processor.
Interviews
“Interviews are generally used in conducting qualitative research, in which the researcher is interested
in collecting “facts”, or gaining insights into or understanding of opinions, attitudes, experiences,
processes, behaviors, or predictions” (Rowley, 2012). Gaining insights and understanding the
processes is especially suitable for this case study. We choose to apply semi-structured interviews to
retrieve important information. This means that the interview is based on a template but remains open
for other topics of interest. It depends on the responses of the interviewees how the interviews are
proceeding. Appendix H shows the used template of the interviews conducted at MSPP. First a pilot
interview was conducted to check the importance of each question and to test the structure of the
interview. In appendix I an overview is shown of all participants of the interviews with their function
description. It is tried to find a mixture of people in different functions and departments. These
functions varied from software engineer, to logistics specialist, to the head of the project engineering
department. These experts are also involved in the longer term project with the objective to improve
the IS supporting the production planning processes at the poultry processors. In total six experts at
MSPP are interviewed. The interview consists out two separate parts. The main objective of the first
part was to:
- Identify risk and goal indicators for a BPR
- Identify specific industry characteristics
- Identify rescheduling events
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These identifications are used for the BPR steps discussed in chapter 4. The second part of the
interview was more unstructured and focused more on encouraging the respondent to talk about
different topics and questions. The purpose of this part was to:
- Discover the production planning processes.
- Discover how the production planning processes are performing.
- Discover possible improvements for the production planning processes.
Observations
In appendix J the results of these interviews are summarized. After these interviews, we conducted
detailed in depth interviews at the poultry processor to get a deeper understanding about the
production planning processes. These interviews were unstructured and were conducted during the 3
days of observations. During these days we interviewed six different people where four of them are
working at the planning department. The other two participants were the plant manager and a process
optimizer from the poultry processor. The result of these observations and interviews is a process
model discussed in the next section.
3.1.2 Process Modeling
The current situation of the production planning processes are described according an artifact-centric
process design methodology developed by Bhattacharya, Hull and Su (2009) as shown in Figure 11.
The dimensions in the ACPM approach are the Business Artifacts with their Lifecycles, Services and
Associations and are referred to as BALSA. Many different methods and techniques exist for
representing each of the BALSA aspects. In this study, important BA’s are first represented using the
Unified Modeling Language [UML] in an information model. Thereafter, the lifecycles with the
services and associations are described using the Guard-Stage-Milestone [GSM] technique. The
design methodology consists of the following steps, discussed in this section respectively.
1.

Business Artifact discovery
a. Identify critical artifacts for the business processes
b. Discover key stages of artifacts life cycle

2.

Design of Business Operations Model
a. Logical design of artifact schemas
b. Specify services for moving artifacts through the life-cycles
c. Develop event-condition-action [ECA] rules

3.

Design of conceptual flow diagram
Figure 11. Artifact-Centric Process Design Methodology
(Bhattacharya, Hull, & Su, 2009)

1. Business Artifact discovery
“The goal of this design step is to develop a high level specification of the business operations
through discovering key artifacts and important stages in their lifecycle” (Bhattacharya, Hull, & Su,
2009). This first design step is visualized according the UML since it is the most widely applied
modeling language in practice (Dobing & Parsons, 2006). This information model is shown in
appendix K and is called a domain model which is defined as a model that describes (part of) an
organizational domain from an information point of view (Eshuis, 2014). “Such models are very
useful to achieve a common understanding of the language elements and concepts used in an
organization and allow communication across organization and/or process boundaries.
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Since a hierarchical structure allows for a high level abstract view on the operations while still being
executable, a distinction is made between key BA’s and BA’s that play a less important role.
Kumaran, Liu and Wu (2008) also differentiate between the dominance of information entities i.e.
BA’s, in a process model and suggest applying this differentiation during the BA discovery. The
discovery of the important BA’s is done by the observations and interviews conducted at the poultry
processor. The following key BA’s are identified: a rough planning, a short planning and a production
overview and feedback discussed respectively.
2. Design of Business Operations Model
“A Business Operation Model provides a detailed logical specification of business process execution”
(Bhattacharya, Hull, & Su, 2009). The services and ECA rules are defined with the guards, stages and
milestones in the model. The highest level of hierarchy (abstraction) of the process model is shown in
Figure 12 and more detailed views are shown in appendix L. Due to confidential reasons, only this
level of hierarchy can be discussed in this thesis. The actual process model has a mode detailed view
on the production planning processes. Appendix M shows the ECA rules defined for the GSM model.
Each BA of the GSM model is discussed respectively.
Rough planning
A rough planning is made a week in advance for the two most important product types (s1.1 and 1.4
in Figure 12). These rough plans are forecasted demands for the industry (bulk) orders and retail
orders. Both plans are a rough estimation of the demand in kilograms. The demands are estimated
based on the weather forecasts and the planner’s experiences. A couple days before the production
day, industry sales orders and retail order forecasts for promotions are received (s2 and s3 in
Figure 12). The rough plan is then updated according these orders and forecasts.
Short planning
The rough planning is used as input for the short planning. A short planning consists of a short
industry plan and a short retail plan and is thus an estimation of the demands for retail and industry
orders for several days. These demands are divided per type of customer (i.e. retail customer and
industry customer). In advance it is known which retailers (Distribution Centers) are going to place an
order. Two separate plans for the two major retail customers are constructed a week before (s6.1 and
s6.4 in Figure 12). In the beginning of a production day, production starts on prognosis and during the
day the retail orders start coming in (s5.1 in Figure 12). Incoming orders are checked for feasibility in
a capacity check (s4 in Figure 12). Eventually when a retail order can be confirmed (order is feasible)
the short planner will update the short retail plan (s6.3 and s6.6 in Figure 12). Eventually these sales
orders are entered into Innova and a production order is created (s7.1 in Figure 12).
Production overview and feedback
At the beginning of each day the poultry processor starts producing on prognosis (s9.1 in
Figure 12) which is based on the rough planning and short planning. During the day the retail orders
start coming in and the actual production quantities are known. The planning department monitors the
progression of production in different ways (s10.1 and s10.2 in Figure 12). The planning department
knows the progression and give-away of the packing department for each sales order. A second
important way of tracking the progress is Innova. Via Innova the planners can see the yield of certain
production orders and can see which product is produced at each department. If according to the
progression certain orders cannot be fulfilled, the planning department will contact the sales
department to discuss which solution is best. These decisions are based on certain planning rules.
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Figure 12. GSM model - Production planning processes

20

Analysis
If certain decisions are made, the planning department provides the controlling department with
feedback about what to do. The controlling department has several different tasks. They decide which
production order is linked to which sales orders based on the priority of the sales orders. An overview
of the sales orders is shown in an ERP system. A next step is to make production rules and inform the
operators what exactly to produce (for the cut-up department). If the controlling department has
questions about the production they contact the planning department which will decide what to do
based on all available tools. Now the Business Operation Model [BOM] is discussed, the next design
step from the methodology is discussed in the next section.
3. Design of conceptual flow diagram
The final step in this design methodology is the design of conceptual workflow diagram and the
workflow realization. In the design the workflows are still suitable for optimizations while in the
operational workflow system, executable services are actually communicating with each other
through messages and are manipulating artifacts (Bhattacharya, Hull, & Su, 2009). These final steps
are not in the scope of this case study and are therefore not executed.
Now the existing production planning processes are discovered and are represented in a
process model, a next step is to check if this process model represents the reality in a correct way i.e.
the process model needs to be validated. Thereafter, it is also checked if the semantics of the process
model are correct i.e. the process model is verified. Both are discussed in the next sections.

3.2 As-is situation - Performance
RQ1.2 How are the existing production planning processes performing and how should they perform?
Create
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Figure 13. BPR methodology - Validate & Evaluate as-is

First the validation of the created GSM model is discussed. Next a short verification is and eventually
the evaluation of the current situation is described.
3.2.1 Model validation
Validation addresses the consistency of the model with the universe of discourse i.e. the real world
processes (Mendling, 2009). In other words, does the model represent the real world properly? The
modelled production planning processes are validated by questioning practitioners and stakeholders if
it represents the real world.
Poultry processor
A first rough validation was conducted at the end of the three days of observations, when we
presented our results to the head of the planning department. This validation was however related to a
process model that was constructed in unofficial and self-defined modeling language. The results of
this validation were positive, which was a bit surprising because the head of the planning department
was initially convinced that it was not possible to model the production planning processes in such a
way. In a follow-up meeting with the plant manager and the head of the planning department, we
presented a more detail process model in the GSM language. As discussed earlier, according the
literature this modeling technique should provide better insights to practitioners due to the
21

S.J.H.M. Rijks
hierarchical structure (Nigam & Caswell, 2003). Both indicated that the existing situation was again
represented well in the process model. Some minor changes were applied to the model according to
their feedback. The attendants were enthusiastic about the process model and the modeling language
itself. This meeting showed that practitioners were able to understand the GSM language in a short
time. Before the actual model was discussed, a small example of a GSM model was provided to
explain the semantics of this modeling technique. Thereafter an overview of the important key BA’s
was discussed to provide them with a summary of all processes. This model overview is thus
representing a highest level of the model hierarchy. Then per key BA the processes were discussed in
more detail and the practitioners agreed with the processes.
MSPP
In addition, the constructed process models are also validated by the experts from MSPP in the form
of a workshop. This workshop was not only used for the validation of the existing processes but also
for the evaluation of the proposed redesigns discussed in the next chapter. During this workshop the
experts agreed with the current production planning processes. Again, first an example of a GSM
model was provided explain the semantics of this modeling technique. Then, per key BA the process
model was discussed and checked if it represents the real world.
3.2.2 Model verification
Verification addresses both the general properties of a model and the satisfaction of a given formula
by a model (Mendling, 2009). Despite the fact that the process models are currently not used for
simulation purposes, it is still valuable to verify these process models. As stated before, this research
is a start for a longer time project and therefore it is possible that these models are used for simulation
in the future. Therefore, we want to apply this verification in order to make the semantics of the GSM
models as complete as possible by this manually evaluation.
According Gerede and Su (2007) currently a business analyst takes a process model and a
property, and reasons about the process model to see if the model satisfies the properties. “This
reasoning process is not only tedious and nontrivial but it is also repetitive and can be automated”.
Recent studies try to overcome this problem by developing automatic applications for the verification
of GSM models (Gonzalez, Griesmayer & Lomuscio, 2012; Deutsch, Hull, Patrizi & Vianu, 2009), by
translating the GSM model into a formal framework (Data Centric Dynamic Systems) (Solomakhin,
Montali, Tessaris & De Masellis, 2013; Gerede & Su, 2007) or by conducting the verification through
finite abstraction (Belardinelli, Lomuscio and Patrizi, 2012). Despite the fact that static analysis is
tedious and non-trivial, we apply this method in our verification of the GSM models since the other
methods are too much related to software programming and are too much time-consuming for the
scope of this research. The non-triviality problem is solved by letting another expert conduct the
verification in order to make sure no model properties are overlooked.
Process models are often verified using the soundness property first described by van der
Aalst (1997) based on the Petri Net modeling language. For a detailed explanation about the
semantics of the Petri Nets we refer to Netjes (2010). This model property is not directly applicable
on an ACPM. It needs to be revised in some ways. In our verification the properties shown in Figure
14 are considered. These properties only refer to the Business Artifact lifecycle model. The only data
aspects that are considered for the verification of the process model, are the data attributes shown in
the information model in appendix K. It is checked for each BA if no data attributes are missing that
are necessary for the development of other BA´s. No other, more detailed data aspects are considered
for the verification of the constructed process model since the process model represents the
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production planning processes in an abstract form. In other words, the stages in the GSM model
represent a cluster of activities which make is sometimes unclear if data anomalies are present. It
remains unclear which data attributes are used in a stage or not. The processes are too complex to
model these detailed activities. Therefore it is thus not possible to check if redundant data attributes
are present as described by Bhattacharya, Gerede, Hull, Liu and Su (2007).
1. Reachability
Check if each stage in the Business Artifact Lifecycle can be achieved.
2. Soundness
Check if each stage in the Business Artifact Lifecycle contributes to at least one possible other stage from the
same or another Business Artifact Lifecycle or to the completion of the Business Artifact. Check the artifact
lifecycle for dead stages.
Figure 14. Verification - Methodology

This verification method is conducted for the GSM models. These steps are also checked by another
modeling expert from MSPP. The additional check from the modeling expert confirmed the
verification of the process model. Minor changes were applied to the defined ECA rules, because
sometimes a mistake was made in one of the definition of the guards and milestones.
3.2.3 Model evaluation
The current production planning processes are evaluated according the evaluation framework defined
in chapter 2.3. In a meeting with the plant manager and the head of the planning department from the
poultry processor it was asked to evaluate the current processes according these criteria. In addition,
during the workshop at MSPP the same evaluation was conducted on the existing situation by the
experts from MSPP. The results of both evaluations are shown in Table 5 and can be summarized in
Figure 15. This figure shows the score of the evaluation of the existing situation of each dimension.
The score of MSPP is obtained during the discussions at the workshop. The score from the poultry
processor is a jointly score defined by the plant manager and head of the planning department.
Initially it was asked to score the criteria on a 5 point Likert scale (Unacceptable, very poor,
satisfactory, very good, excellent). During the evaluations the participants also defined intermediate
scores. Therefore it was chosen to transform the initial Likert scale to a 10 point Likert scale. The
scores of each dimension will be discussed respectively.

MSPP

Quality

Poultry processor

As-is
MSPP

As-is
PP

(n=6)

(n=2)

Quality
Time
Flexibility
Cost

5.8
7.5
7.7
6.7

7.4
6.5
6.7
/

Overall

6.7

6.2

Time
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Table 5. Current performance

Figure 15. Current situation – Evaluation
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According the experts from MSPP the quality performance dimension is most important for the BPR
project. This dimension has namely the lowest score (5.8 score) and has thus the highest improvement
possibilities. The quality dimension is described by five performance indicators. The results show that
Fulfillment of constraints and commitments made to external parties (Q1) is really high (score 8). The
other four indicators however, score significantly lower. The Resource utilization (Q2), Realized
performance (Q3) and the Quality of communication (Q4) have a mediate score (6 or 5 score). The
lowest score is gained by the Quality of information (Q5) (score 4). The experts indicated that this is
also an important aspect where MSPP plays an important role because much information from the
machinery is provided by MSPP equipment. They indicated that the quality of information is that low
due to the availability of the information. The information that is provided by the machinery is
complete and also reliable (if the operators are performing their tasks accurately) but the information
is not always available for the planners in the right manner or in a complete overview. These scores
provide valuable insights in the quality of the production planning processes.
According to the experts from MSPP, the time dimension is however not that important for
the poultry processor. Especially the Planning time (T1) is less important as illustrated in the
following example. Imagine that due to certain process improvements a result is that one planner less
is needed to construct the production planning processes. Assuming that a planner costs $3,000 per
month and that this planner works 40 hours per week, which results in a salary of approximately 150$
per day. To illustrate that these savings are negligible, this cost saving is compared to a saving
achieved by decreasing the give-away by 1%. Imagine that for a certain production order, 500 gram of
fillets packages needs to be produced. Assume there is a give-away of 3% (15 gram per package). A
package of 500 gram is sold for 4$, so each gram has a potential value of 0.008$. A decrease in giveaway means that instead of 15 gram, now the weight exceeds 10 gram per package. This 5 grams
difference has a potential value of 0.040$. Assuming that they have different orders per day and they
produce these package 4 hours, with a yield of 13,500 products per hour, this results in a cost saving
of 2,160$ per day. This is a significantly larger cost saving compared to the 150$ cost saving by firing
a production planner. This shows that the time dimension is less important compared to the quality
dimension of the production planning processes. This is also the reason why the poultry processor has
a high score on the time dimension (7.5 score) and therefore less improvement opportunities exist.
The results of the workshop show also that the flexibility dimension has the highest score
from the four dimensions (7.7 score). This can be clarified by the fact that the poultry has a wide
variety of end products (i.e. Mix flexibility (F1)). In addition, during the observations the poultry
processor showed high flexibility in the modification of their production plans (i.e. Process
modification flexibility (F3)). The experts from MSPP also indicated that the poultry processor is also
flexible in their labor (planners) (i.e. Labor flexibility (F2)). This is also confirmed by the 3 days of
observations since the second day the short planner was ill and his tasks were adopted by another
planner which normally has a supporting task.
The last dimension, the cost dimension, is also evaluated with a good score (score 6.7). The
experts from MSPP indicated that the poultry processor keeps good track of their expenses. From the
three cost performance indicators the Inventory costs (C2) has the lowest score since the experts think
that there are some improvements possible.
The evaluations from the poultry processor (i.e. the plant manager and the head of the
planning department), show similar results. They provided most indicators with a lower score than the
experts from MSPP. The Quality dimension is however an exception. Some Quality indicators were
valuated higher than the experts from MSPP. These indicators are the Realized performance (Q3),
Quality of information (Q4) and the Quality of communication (Q5). This difference is possibly
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explained by the fact that the first two indicators are evaluated very low by the experts from MSPP.
They have an objective view on the processes and have seen many different poultry processors. The
participants from the poultry processor have in addition evaluated the quality of communication a
little higher, probably because this indicator is directly related to the performance of the planners
themselves. Unfortunately the practitioners from the poultry processor did not evaluate the cost
dimension since they did not want to share this information with us. Therefore the evaluations from
MSPP are only considered for this performance dimension.
3.2.4 Ideal situation
In an ideal, less complex situation the planning processes can roughly be represented in a GSM model
as shown in Figure 16. This ideal situation is constructed based on the existing production planning
processes and the feedback from the experts from MSPP. In this situation, a rough planning is
constructed on the basis of forecasted demands and forecasted amounts of delivered raw material. On
the basis of these forecasts a short plan is constructed. This short plan is used to translate the sales
orders to production orders and a production schedule is created. This schedule can be adapted based
on the production feedback received from the production floor. When the deliveries and sales orders
are coming in, the short planning is adapted. This also leads to the adaption of the production orders
and the production schedule. These processes are summarized in an ideal matter, in practice however
a lot of events and circumstances make sure this ideal situation is translated into really complex
processes where many BA’s are created and used.

Figure 16. Rough overview planning processes

In an ideal situation the production planning is constructed with only two planning tools. Ideally there
is one planning tool that supports the planners in constructing a rough planning (forecasts) and
another planning tool for constructing a short planning and production schedule. The first
communicates with the existing ERP system and constructs a plan for a weekly or daily basis. The
other is supporting the planners and schedulers with a planning and schedule on an hourly basis. The
latter is able to calculate different planning scenarios i.e. what if scenarios. In that case the tool can
calculate the consequences of important events. This planning tool is a support to make well defined
choices in order to make maximal use of the potential value of the flocks. Currently, it is still
unknown if other planning choices were made which consequences it could have, both on delivery
time and other indictors like give-away or profit.
This ideal situation does not take into account all restrictions from the real world. Akkerman
and Van Donk (2009) conducted a research to identify industry characteristics that are most common
in the food processing industry to show how complex it is. During the interviews we asked the
professionals from MSPP to evaluate these characteristics on a Likert scale from 1 (= never occurs) to
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4 (= always occurs). In appendix J the results are presented where the characteristics that were
indicated as “occur always” are shown. In total 8 characteristics were identified. These results are in
alignment with the results obtained by Akkerman and Van Donk (2009) which identified 6.5 industry
characteristics on average for meat products with a range from 2-11. These characteristics were
identified during the process discovery and helped in understanding the complexity of the production
planning processes. The most important characteristics to consider are the divergent product structure,
perishable goods and the production of by-products.
The described ideal situation is not realizable in a short term; these changes are longer term
solutions and are more related to a Business Process Reengineering. A first step into this direction is
to conduct a Business Process Redesign, which often results in less radical changes but which are
applicable in a shorter time perspective. In order to create a Business Process Redesign the BPR
heuristics need to be translated to be applicable in an ACPM technique. These translations are
discussed in the next section.
3.3 Theory building - BPR heuristics translation
RQ1.3 Which existing BPR heuristics need a translation and how is this translation applied?
Create
As-Is

Validate &
Evaluate
As-Is

Select
Heuristics

Translate
Heuristics

Create
Redesigns

Validate &
Evaluate
Redesigns

Figure 17. BPR methodology -Translate heuristics

An analysis is conducted on all 29 BPR heuristics defined by Limam Mansar and Reijers (2005a) to
see which heuristic can also be applied in a GSM modeling environment. In other words, which
heuristics do not need to be translated and are defined in a general way? The selection of heuristics
that need to be translated is based on the earlier defined BPR framework. After the selection
procedure is described, the translations are discussed. Finally, new heuristics especially developed for
the GSM approach are described. This methodology is schematically shown in Figure 18.
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3. Heuristic
Creation

1. Heuristic
Selection

BPR Heuristics
(29)

New
BA Lifecycle
Heuristics
(2)

New
Information
Heuristic
(1)

Figure 18. Heuristic - Analysis method
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3.3.1 Heuristic selection for translation
According the scientific literature about BPR heuristics, the authors define some heuristics in such a
way that they are applicable regardless the used modeling technique (Limam Mansar & Reijers,
2005a). In order to find these “general” heuristics, we check the different definitions of the
dimensions of the BPR framework and check the definitions of the heuristics belonging to this
dimension. If these definitions are not related to specific modeling elements i.e. the heuristics do not
specify how the heuristic should be implemented in a modeling technique, then the heuristic is not
considered for further translation. In that way we make a first selection of heuristics that are expected
to need a translation. Hence, this selection is not specifically based on this case study but in general
terms. All heuristics and dimensions are shown in Table 6.
The first dimension of the BPR framework we consider is the Customer. A closer look to the
definitions of the heuristics belonging to this dimension shows that these heuristics are defined in
general terms. In other words, the definitions of the Customer heuristics do not tell a BPR practitioner
how to change the business processes towards a customer. For example, the Control Relocation
heuristic is defined as move control towards the customer. This can be achieved in different ways. In
GSM terms this can for example be achieved by eliminating certain BA’s or combining BA’s so that
the customer has more responsibility of the internal business processes. Since it is not specified how
the control is moved towards the customer it is not necessary to translate this heuristic to be
applicable in a GSM modeling environment. How it is applicable depends on the specific situation.
In addition, the Business Process Operation and Business Process Behavior heuristics are
defined in a more specific way by the original authors (Limam Mansar & Reijers, 2005a). These
dimensions of the BPR framework are related to how a workflow is implemented and when a
workflow is implemented. For example, the Resequencing heuristic is defined as: move tasks to more
appropriate places. If we consider a traditional activity-centric process model, a BPR practitioner
knows by applying this heuristics that the sequence of the tasks (e.g. transitions in a Petri Net
language) needs to be changed. These heuristics are thus related to specific modeling aspects (i.e.
tasks). As stated before, the modeling aspects in the GSM modeling language are an information
model and lifecycle model with its guards, stages and milestones. When this heuristics is applied in a
GSM modeling language it is however still unclear how it can be implemented. How are tasks
modelled in a GSM language? Hence, the heuristics belonging to these two dimensions are selected
for further translation.
The third and fourth BPR framework dimensions we consider are the Organization Structure
and the Organization Population. The heuristics belonging to these dimensions are related to
organizational elements and individuals e.g. all heuristics related to resources in a business process.
The GSM language shows which actor is involved in a stage but does not take into account the
amount of available resources. Therefore, when redesigning the processes, it is not clear when there is
any capacity left, and thus when to add or remove extra resources. Hence, we do not select these
heuristics for further translation. Evaluating the heuristics in more detail showed us that also these
heuristics are defined in a general way which are applicable regardless the modeling technique. It is
not specified for the BPR practitioners how exactly to implement these heuristics in a specific
modeling technique.
Moreover, we expect that the heuristics belonging to the Information, Technology and
External Environment dimensions of the BPR framework also do not need a translation. Again, these
heuristics are defined in a broad sense and are not related to specific modeling aspects. There are
however two exceptions. The Task Automation heuristics has also the term Tasks in its definition. As
described before, this is related to specific modeling aspects of the GSM model and therefore this
27

S.J.H.M. Rijks
heuristic is also considered for further translation. Besides, the heuristic Control Addition is also
considered for further analysis because based on its definition we think that this is always related to
adding tasks or stages to the process model. This heuristic is namely defined as: check the
completeness and correctness of incoming materials and check the output before it is send to
customers. In that way a selection of 11 heuristics is considered for further analysis. How the
heuristics are translated is discussed in the next section.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

BPR heuristic
Control relocation
Contact reduction
Integration
Order types
Task elimination
Order based work
Triage
Task composition
Resequencing
Knock-Out
Parallelism
Exception
Order assignment
Flexible assignment
Centralization
Split responsibilities
Customer teams
Numerical involvement
Case manager
Extra resources
Specialist
Empower
Control addition
Buffering
Task automation
Integral technology
Trusted party
Outsourcing
Interfacing

BPR framework dimension

Definition dimension

Customer

Internal or external customer of the
business process.

Business Process Operation

How is a workflow operation
implemented?

Business Process Behavior

When is a workflow executed?

Organization Structure

Organization elements and individuals.

Organization Population

Organization elements and individuals.

Information

Information the business process uses or
creates.

Technology

Technology the business process uses.

External environment

External environment other than the
customers.

Translation











-

Table 6. Heuristics - Selection for translation
(Limam Mansar & Reijers, 2005a)

3.3.2 Heuristic translation
In the definitions of the selected heuristics, the term “Task” is used several times. In an activitycentric process modeling context, a task is defined as an “atomic” process: one that is not further
subdivided into component processes. When a task is related to a case, it is referred to as an activity
(van der Aalst & Van Hee, 2002). In an activity-centric process modeling approach like Petri Nets, it
is very clear what is meant by an activity or a task. In that case, heuristics like Task Elimination or
Task Composition are not open for different ways of interpretation. In an ACPM however, task or
activities are performed in the background. The lifecycle of the BA’s are described with stages which
are defined as clusters of business-relevant activity that might be performed in connection with an
artifact instance (Damaggio, Hull, & Vaculín, 2013). In other words, in an ACPM, tasks describe
processes on a more detailed level i.e. on a lower hierarchical level. Often these tasks are not
modelled in the GSM model itself. Due to this different way of modeling, the heuristics are more
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open for other interpretations and therefore need to be translated into heuristics especially defined for
the GSM approach.
In many selected heuristics the term business process is also used which is defined by
Hammer and Champy (1993) as a collection of activities that takes one or more kinds of input and
creates an output that is of value for the customer. It is not defined how many activities a business
process considers or to what hierarchical level. Because there is a difference in the definition of the
terms tasks (activities) and stages in the two modeling approaches (artifact-centric and activitycentric), the definition of a business process also needs to be used with caution or in a clear context
where there is no doubt about where the term business process refers to. A set of stages in the GSM
language is always part of a certain BA Lifecycle. Thus when a business process refers to a set of
activities that is on a detailed level, this term can be substituted with the term BA lifecycle. However,
when a business process refers to a higher hierarchical view of a process, i.e. on a broader scope,
describing more BA’s lifecycles, the term business process can also refer to the whole GSM model.
This translation principle is shown in Table 7. A more detailed description of the translation of the
heuristics is shown in appendix N. Below we provide two examples of such translations where first
the Task Composition heuristic and next the Task Automation heuristic is translated.
BPR concept
Tasks
Business Process

GSM concept
Stages
BA Lifecycle
More BA’s or whole GSM model
Table 7. Heuristics - Translation principle

Task Composition - Stage Composition (BS3)
According the literature this is the most cited BPR heuristic (Limam Mansar & Reijers, 2005a). For
this heuristic the term Task can be compared to Stages in the GSM language. Smaller stages can be
combined into one composite stage as is shown in Figure 19. This can be beneficial in terms of time
and quality since smaller tasks performed by different resources are now performed by only one
resource and due to the reduction of setup times.
Task Automation - Stage Automation (BS4)
Automating certain tasks i.e. stages in the GSM language, can reduce the time to complete a BA
lifecycle and thereby reducing the costs. In some cases however, automating certain stages will
increase the costs because an investment has to be made to complete a certain stage automatically
(Figure 20). This heuristic is therefore sometimes related to the Integral Technology heuristic. The
flexibility dimension will often decrease since there is less flexibility in the process steps because they
are executed automatically.

Figure 19. Heuristic BS3 - Task Composition - Stage composition
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Figure 20. Heuristic BS4 - Task automation - Stage Automation

Each translated heuristic has its own effect on the performance of the business processes. As defined
before, the performance can be described according the dimensions of the Devil’s Quadrangle. Per
heuristic it is described what the influence is on the performance. For the translated heuristics this is
however, comparable to the already defined heuristics. The translation is namely required because it is
applied in another modeling language but the essence and the result of the heuristic remains the same.
In appendix 0 these performance changes for each BPR heuristic are schematically shown in a Devil’s
Quadrangle. Since all selected heuritics are translated, it is checked whether new BPR heuritics can be
defined which are especially applicable in a GSM moddeling language. New BA heuristics are
constructed according a new classification of the heuristics described in the next section.
3.3.3 Heuristic classification
The creation of new BPR heuristics relies for a great part on our creativity and our BPR insights. In
order to make the creation of the new BPR heuristics reproducible and to decrease the chance that we
overlooked any possible new BPR heuristics, we apply a new classification of the heuristics. This new
classification is based on the key constructs of the GSM modeling language and is shown in Table 8.
These key constructs consists of an information model with its data and status attributes and a
lifecycle model with its guards, stages and milestones (Hull, et al., 2011b).
First a distinction is made between general heuristics and heuristics that are related to the
GSM model as described before in the heuristic selection. These general heuristic can also be divided
into general rules considering customers, resources and environmental aspects. These selected
heuristics for translation are all related to the BA lifecycle of the GSM model. A distinction can be
made between heuristics specifically related to the stages of a BA lifecycle model and heuristics
considering the model as a whole or the interaction between the BA’s. The heuristics belonging to BA
stage rules are only considering the stages of a single BA. The BA model rules however, are defined
in a broader sense because they can also refer to the interaction between different BA’s. For example,
the Resequencing heuristic is defined as move tasks to more appropriate places. When these tasks are
moved to another place within the current BA this rule is also related to the BA stage rules. However,
this is not specified in the heuristic. It is also possible that a task is moved to another BA and
therefore this heuristic is defined in the BA model classification. This example shows also that the
groups are closely related to each other. Further analysis of the new classification of the heuristics
resulted in the definition of three new BPR heuristics discussed in the next section.
Moreover, no heuristics are specifically defined for the guards and/or milestones. These
aspects of the lifecycle model are considered indirectly by the other heuristics. For example, when
BA’s and or stages are deleted or added into the process model, the definition of the guards and stages
need to be modified. Initially we found a possible new heuristic specially related to the milestones:
Milestone Elimination, where redundant milestones need to be eliminated. However, after a closer
analysis we think that this heuristic is closely related to the translated Stage Elimination (originally
Task elimination) heuristic. It is namely dependent on the way of modeling. We will illustrate this
with an example. Often milestones are defined in the form of some choices depended on the activities
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in the stages. For example, milestones can be defined as completed-updated, accepted-rejected,
postponed-answered, type-a-type-b approved, etc. Therefore, when a milestone is eliminated (because
it adds no value anymore to the business processes, or the speed of the process has to be increased)
this means that some activities in the stages are eliminated. Depending on the way of modeling i.e. to
what hierarchical level are the activities modeled, it can have the same effect as eliminating a stage.
This is shown in Figure 21. In the first part a whole stage is eliminated (Stage Elimination). The
second part however, shows the same elimination of activities/stages but is now modeled by
eliminating a milestone. Therefore these two heuristics are combined into a single heuristic. More
details about the effect on the performance of the business processes are again shown in appendix 0.
General heuristics

Business Artifact heuristics

General Customer rules

Lifecycle model
Business Artifact Stage rules

1.

GC1

Control Relocation

1.

BS1

Stage or Milestone Elimination

2.

GC2

Contact Reduction

2.

BS2

Stage Addition

3.

GC3

Integration

3.

BS3

Stage Composition

4.

BS4

Stage Automation

5.

BS5

Stage Parallelism

General Resource rules

Business Artifact Model rules

4.

GR1

Order Assignment

6.

BM1

BA Types

5.

GR2

Flexible Assignment

7.

BM2

Case Based Work

6.
7.

GR3
GR4

Centralization
Split Responsibilities

8.
9.

BM3
BM4

Triage
Resequencing

8.

GR5

Customer Teams

10.

BM5

Knock out

9.

GR6

Numerical Involvement

11.

BM6

Exception

10.

GR7

Case Manager

12.

BM7

BA Composition (new)

11.

GR8

Extra Resources

13.

BM8

BA Elimination (new)

12.

GR9

Specialist

13.

GR10

Empower
Information model

General Environmental rules
14.
15.

GE1
GE2

Trusted Party
Outsourcing

16.
17.
18.

GE3
GE4
GE5

Interfacing
Integral Technology
Buffering

Business Artifact Information rules
14. BI1
BA Information (new)

Table 8. Heuristics - New classification

Figure 21. Heuristic - Stage and Milestone elimination
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3.3.4 Heuristic creation
We developed two new heuristics which are related to the BA lifecycle of the GSM model. These new
heuristics are mainly an extension of two existing translated heuristics. The improvement of each new
developed heuristic is schematically shown in Figure 24.
New - Business Artifact Model heuristic
Business Artifact composition - Business Artifact decomposition (BM7)
This new developed heuristic is comparable to the Stage Composition heuristic where smaller stages
are combined in a larger composite stage as described in appendix N. This new definition is however
focusing on combining or decomposing whole BA’s as shown in Figure 22. The improvements on the
different dimensions of the Devil’s Quadrangle will be comparable to the original score of the Task
Composition heuristic (or Stage Composition). In the case of composition, it is expected that this
heuristic will have a positive effect on the quality and time dimension since small BA’s are now
combined in larger ones which makes the process simpler and faster. In addition this heuristic can
improve the hierarchy of the GSM model which makes it better understandable. Moreover, it can
provide the stakeholders and practitioners with an overview of the most important processes and
BA’s. In addition, it is expected that the heuristic will have no effect or a negative effect on the cost
dimension. Depending on the situation, a financial investment can be required if the combination of
the BA’s needs an update or change in the existing IS. In some cases, this heuristic can therefore be
related to the Integral Technology heuristic. It is also possible that the flexibility dimension will be
influenced negatively since less BA’s are used during the process. Hence, the process is less flexible
if a BA needs to be modified.

Figure 22. Heuristic BM7 - BA Composition and Decomposition

Business Artifact Elimination (BM8)
After the identification of important BA’s, the model provides a better overview of the information
entities used during the business processes. It is possible that this results in the discovery of BA’s that
are currently redundant. BA’s that are not adding value to the business processes anymore need to be
eliminated. Another possible reason to eliminate a BA is if the process speed needs to be improved.
This new heuristic, defined in Figure 23 is related to the Stage Elimination heuristic. In this case
however, a whole BA is eliminated. Therefore it is expected that the effect on the dimensions of the
Devil’s Quadrangle will be higher than the Stage Elimination heuristic i.e. positive effect on the time
and cost dimension, a negative effect on the quality and no effect on the flexibility.
New - Business Artifact Information heuristic
Some heuristics can indirectly be related to the information model when for example the sequence of
certain stages change, then the adaption or creation of certain information attributes need to be
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checked. In other words, the model needs to be checked for data anomalies. However, the focus of the
heuristics is on the stages, guards and/or milestones of the lifecycle model. Even the Buffering
heuristic, which belongs to the information dimension from the BPR framework, is more related to
the BA lifecycle than to the information model because it is mainly focusing on how the information
is obtained (from external parties or not). This will change the activities or stages with these external
sources but does not necessarily mean that the data attributes change. The value of the attributes can
change since the external sources may have more reliable data for example, but this does not mean
that the type of data attributes is modified.
BM7 BA Composition
BM8 BA Elimination

Quality

BI1 BA Information (Adding)

Time

Cost

Figure 23. Heuristic BM8 - Business Artifact Elimination
Flexibility

Figure 24. Heuristic - New heuristics evaluation

Since the heuristics which are especially focusing on the Information model are absent, we looked for
heuristics belonging to this classification group. Initially we developed many new possible heuristics
but most of these rules have an effect on the GSM model structure but not on the processes being
modeled. Therefore these rules are defined as modeling guidelines and are discussed in chapter 4.
Eventually we defined one new heuristic focusing on the information model.
Business Artifact Information (BI1)
This heuristic is focusing on adding or removing data attributes from a BA and is defined as: Remove
redundant data attributes or add new valuable data attributes to a Business Artifact. It is expected
that especially adding new important data attributes can lead to process improvements. It can increase
the quality of the information and thereby improving the quality and flexibility of a business process.
In addition it is expected that the time dimension is not influenced directly. It is however possible that
the cost dimension will decrease because adding new information can require financial investments.
Sometimes it could be necessary that even new BA’s or new stages are constructed since the new
information has to be created. Therefore this heuristic can be related to many other BPR heuristics.
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4. Design & Evaluation
This chapter describes the design and evaluation phase of the research methodology. During this
phase, a to-be situation is constructed. First it is described how certain heuristics are selected for the
discovery of the redesigns and how the redesigns are evaluated and validated. Next, we discuss the
redesigns and how the redesigns affect the current situation. Finally, some learned lessons from this
BPR project are discussed.
RQ2 What are possible improvements for the current production planning processes at the poultry
processor?
Create
As-is

Validate &
Evaluate
As-is

Select
Heuristics

Translate
Heuristics

Create
Redesigns

Validate &
Evaluate
Redesigns

Figure 25. BPR methodology - Design

4.1 Select heuristics for BPR
Different approaches exist in the scientific literature, which describe how to select the right heuristics
for a specific BPR project. A study conducted by Hanafizadeh, Moosakhani, and Bakhshi (2009),
describes a selection method of heuristics that is focusing on the business strategy of the company.
They evaluate all best practice heuristics and the company strategies according to the dimensions of
the Devil’s Quadrangle (cost, time, flexibility and quality). This selection strategy is however only
taking into account the strategy of the company and is therefore not applied in this case study.
Another study conducted by Limam Mansar, Reijers and Ounnar (2009) describes three
different ways of conducting a process redesign. The first approach is the creative approach in which
brainstorm sessions are central for an improved redesign. “This approach has as advantage that users
and practitioners have a broad playing field for creativity and innovation” (Limam Mansar, Reijers, &
Ounnar, 2009). This approach is however not based on BPR heuristics. A second approach is more
structured in where each best practice is evaluated, and afterwards simulation is used to evaluate the
performance improvements. “This has advantages that are the drawbacks from the creative approach:
less bias and a systematic evaluation of opportunities” (Limam Mansar, Reijers, & Ounnar, 2009).
However, this method gives less opportunity for creativity and innovation. Besides, this method is
taking more time than the first approach due to the simulations that have to be conducted.
The same authors propose a new third approach which counters the drawbacks of the creative
and the structured approach. This new approach uses an Analytic Hierarchy Process [AHP] method to
decide which best practice to apply in a BPR project. This method was first described by Saaty (1990)
and is described as a multi-criteria decision making approach in which factors are arranged in a
hierarchic structure”. The presented approach is more efficient and it focuses more on a qualitative,
user-involved evaluation of best practices rather than a quantitative, simulation approach from behind
a desk (Limam Mansar, Reijers, & Ounnar, 2009). The end-users only have to identify the risks and
goals for the BRP project because these are project specific. The other evaluation criteria (component,
popularity and impact) remain identical. As a result, the AHP method will calculate a set of ranked
best practices. “This gives a focus to a set off best practices that could be applied to improve the
performance of the existing process” (Limam Mansar, Reijers, & Ounnar, 2009).
This selection method was initially applied in order to find a selection of heuristics where we
should focus on. However, evaluating 29 heuristics would be consuming too much time for the
defined time horizon of this research. Therefore, only the ten most popular heuristics are considered
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for the AHP. The result of the AHP method is shown in Table 9 and is explained in more detail in
appendix P. According the top 5 selection of the AHP method we tried to come up with different
redesigns. Unfortunately, applying these heuristics did not lead the construction of new redesigns.
In order to come up with a new selection of heuristics, it is checked which heuristic has a
positive effect on the quality dimension of the Devil’s Quadrangle. Remember that this dimension has
the most improvement possibilities according the evaluation of the current situation. Therefore we
checked all heuristics in the literature that have a positive effect on the quality. These heuristics are
shown in Table 10. A next step is to check if each heuristic is applicable in this specific case study
setting or not.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Popularity
Limam Mansar & Reijers (2007)
Task elimination
Integral technology
Task composition
Parallelism
Specialist-generalist
Resequencing
Integration
Empower
Numerical involvement
Order assignment

AHP case study
Rijks, Msc thesis (2014)
Integral technology
Integration
Specialist-generalist
Task elimination
Order assignment
Task composition
Empower
Resequencing
Parallelism
Numerical involvement

Table 9. Results AHP analysis

Heuristic
Control Relocation
Contact Reduction

-

GR1

Order Assignment

-

GR2
GR4
GR5
GR6
GR7
GR9

Flexible Assignment
Split Responsibilities
Customer Teams
Numerical Involvement
Case Manager
Specialist

-

GE3

Interfacing

-

GC1
GC2

BS2
BS3

Heuristic
Stage Addition
Stage Composition

BS4

Stage Automation

 (2)
 (3)

BM1
BM3
BM6
BM7

Order Types
Triage
Exception
BA Composition (new)

 (1)

BI1

BA Information (new)

 (4)

Table 10. Heuristics - Quality improvement

The general heuristics are shown in the left column of Table 10. The first two heuristics (Control
Relocation and Contact Reduction) cannot be applied in this specific situation since the poultry
processor already has a good relationship with its customers. In addition, adapting the relation with
the customer is more related to the processes of the sales department and not to the processes of the
planning department. Next, the heuristics belonging to the general resource rules are also not selected
to be applied in this case study. The resources in a production planning processes (i.e. the planners)
are considered to be less important in this specific situation. The objective in the long run is to
improve the IS in a way that they better support the planners to do their jobs. Therefore the heuristics
belonging to this group are also not considered for further analysis. The last general heuristic is the
Interfacing heuristic which is defined as: “consider a standardized interface with the customers and
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partners”. Again this is also not possible in this specific situation since the poultry processor has too
much customers to make a standardized interface and they already have a good relationship with their
customers. This is not a priority for improvements of the production planning processes.
The heuristics that are more related to the BA’s and have a positive effect on the quality
dimension are shown in the right column of Table 10. Eventually four of these heuristics are selected
for the new redesigns. The Stage Composition heuristic is not selected as the basis for a new redesign
but is related to the first redesign discussed in the next section. In addition, the Order Type and
Exception heuristic are not applied since these heuristics focus on distinguishing exceptional orders or
tasks for the same orders. The poultry processor in this case study has already a good distinction
between the in-line and off-line process and therefore these heuristics will not lead to any process
improvements. The last heuristics, Triage, is simply not applied since no task is found that could be
divided into alternative tasks.
4.2 Create redesigns
Create
As-is

Validate &
Evaluate
As-is

Select
Heuristics

Translate
Heuristics

Create
Redesigns

Validate &
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Redesigns

Figure 26. BPR methodology - Design

Now all preparation for the BPR has been completed, the actual redesigning can start. The redesigns
are created according the selected BPR heuristics. According the PrICE methodology the evaluation
of the model alternatives are evaluated by the use of simulation models (Netjes, 2010). In this case
study however, no simulation models are used since there is no quantitative data available. In
addition, simulation software for the GSM language is still in the development stage and is therefore
not suitable to apply in this case study.
As stated before, a workshop is organized at MSPP to validate the existing situation with the
experts from MSPP. In addition, another objective of the workshop is to validate the redesigns for the
production planning processes and to evaluate these improvements according the evaluation
framework. This has as advantage that it allows observing the interaction between different
respondents, which is helpful in detecting different views on a topic (Blumberg, Cooper, & Schindler,
2011). Before the redesigns are discussed in the workshop, first the existing situation is again
explained in more detail to the participants. The experts from MSPP have a less detailed knowledge
about the production planning process at the poultry processor but have more experience from other
poultry processors. Therefore their validation is also valuable for the validation of the process model.
By validating the redesigns and discussing them in a proposed GSM model, indirectly the BPR
heuristics applied in this specific context are also validated.
During the evaluation of the redesign, the participants of the workshop (n=4) discussed the
effect of each redesign on the dimensions of the Devil’s Quadrangle. They indicated if the redesign
had a positive, a strong positive, no effect, or a negative or strongly negative effect on the current
situation. Each dimension is described according performance indicators which are discussed in more
detail in appendix G. Table 4 in chapter 2.3 shows the definition of each performance indicator. In a
follow up meeting we asked the experts (n=6) individually how large this effect is related to the
existing situation on the same 10 point Likert scale. At the end of the workshop other possible
redesigns are discussed to find out if we overlooked any important improvements.
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In addition, the effect of the redesigns are compared with a theoretical expectation based on the effect
of each related heuristic as described in the scientific literature. Three different articles are consulted
where the first describes some theoretical expected results (Limam Mansar & Reijers, 2005a), a
follow up study describes the influence of the most popular heuristics tested (Limam Mansar &
Reijers, 2007) and another study describes what the influence of the heuristics are, again based on
other scientific literature (Hanafizadeh, Moosakhani, & Bakhshi, 2009). The latter is mostly in
agreement with the first theoretical results described by the other authors. A summary of these
theoretical results is shown in appendix 0. Each redesign will be discussed in more detail in the
remainder of this section. More information about the workshop setting and results are shown in
appendix Q and appendix R respectively. The results of the redesign and evaluations are discussed in
section 4.2.2. However, before the actual redesigns are discussed in more detail, first some general
results are discussed.
4.2.1
General results
One of the first things that we noticed during the observations was the amount of communication of
the planners by phone. It seems that a lot of unnecessary things are discussed by phone while actually
many information is also available in Innova or via another IS. The planners indicated that making a
phone call is often a faster way of retrieving the right information. This is possibly true in some cases,
but while calling operators or other departments, the people who receive the call are also disturbed
with their current tasks. Therefore, the time benefits of calling them instead of consulting the IS
should be twice as high. This kind of behavior is one of the two challenges defined by Limam Mansar
and Reijers (2005a) one has to overcome when redesigning business processes. This is namely a
socio-cultural challenge, resulting from the severe organizational effects on the involved people,
which may lead them to react against those changes (Limam Mansar & Reijers, 2005a). The
discovery of this behavior can help higher management to improve the planning processes but it is not
the focus of this BPR project. The focus is more on the technical challenges (i.e. finding process
improvements).
Another unexpected result of the observations was that the planning department does not take
into account the weight of the broilers during the construction of the production plans. The planners
indicated that they are only processing two different weights, a light and a heavy weight range. These
weights are (more or less) known in advance in the flock planning. Based on the average weight of a
flock and the individual weight of each broiler, the broilers are allocated to a certain processing lines.
In that way the weights of the fillets for example, are in a certain weight interval. This makes it easier
to make the right batch for an end product to minimize the give-away. If a certain flock has an
average low (or high) weight, it becomes harder to batch the products in the most efficient way i.e. the
give-away increases. A lot of information is known before the flocks are processed but the order in
which they are slaughtered or the allocation of the products to certain processing lines are not changed
by the planning department based on this information.
4.2.2 Redesign creation and evaluation results
Each redesign is discussed in more detail in the remainder of this section. For each redesign first a
description is provided about the redesign and how it is discovered. Secondly, the expected effect on
the different performance dimensions is discussed with the related heuristics. Finally, for each
redesign the results of the workshop are compared to the existing situation where both scenarios are
schematically shown in a Devil’s Quadrangle
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RD1: Reducing Excel files
Discovery. This first redesign is constructed based on BA Composition heuristic. Analyzing the
process model shows that many different Excel files are used by the planners. The planning
department is using 11 different Excel files in total. This large amount of Excel files made it hard for
us to understand the production planning processes during the observations. We expect that reducing
the amount of Excel files by integrating different files or integrating these sheets into Innova, will
provide the planners with a better overview of the processes. Especially the rough plans are suitable
for implementation into Innova since these Excel files are relatively simple. Integrating these
production plans is a start for the reduction of the Excel files in the long run. Since the composition of
the rough plans (different BA’s) needs an update of the IS Innova, this redesign is therefore also
related to Integral Technology heuristic.
Expected effect. We expect that this redesign reduces the complexity of the processes and thereby
provides a better overview of information for the planners. This can result in having more time to
make better choices regarding certain planning decisions. Reducing the amount of Excel files can also
make the planning processes less error prone which results in having more reliable information. In
addition, it is expected that the redesign will have a negative effect on the cost dimension since
integrating the Excel files into Innova requires an update from the existing IS.
From the four proposed redesigns, three redesigns were validated and were indicated as executable
and valuable. Only the first redesign (reducing the Excel files) showed no improvements to the
current situation. Theoretically, the attendants of the workshop agreed on some effects of the
improvements but it was not applicable in this specific case. The experts indicated that this redesign is
too much related to one specific customer, to provide the information system with an update. MSPP
wants to develop a general IS that can support all their customers with the production planning
processes. Since this first redesign is not validated by the participants of the workshop it is not further
evaluated.
RD2: Using forecast techniques
Discovery. A second redesign is developed based on the Stage Addition heuristic. “This heuristic
checks the completeness and correctness of incoming materials and checks the output before it is send
to customers” (Limam Mansar & Reijers, 2005a). In this case the heuristic is related to checking the
forecasted demands. As indicated in the description of the as-is situation, the rough planning and short
planning are tables with demands for different end products forecasted respectively for a week or for
some days before production. The creation of the short retail plan is shown in a GSM model in Figure
27. The planners base the initial forecasts on the weather forecast, on the demands of the latest
comparable week and on their own experience (s6.3 in Figure 27). This forecasted demand is then
translated to a certain percentage in order to be sure the forecasts never exceed the actual demand.
When it exceeds the actual demand it means that they have a surplus of certain end products. This
surplus is very costly since they have to sell the products for a lower price or have to freeze it which
will decrease the value of the product. During the day the short planning is updated when the sales
orders start to come in (s6.7 in Figure 27). The actual demands are thus only known late in the
afternoon. The scientific literature about production planning and scheduling discusses different
forecasting techniques which are applied in many environments (Silver, Pyke, & Peterson, 1998). A
possible improvement could therefore be to compare the forecasted demands from the planners with
the forecasted demands according to a forecasting technique. These techniques (e.g. linear regression,
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exponential smoothing, Box-Jenkins) are easy to apply in Excel and could improve the accuracy of
the estimations. The percentage rule is still applied since this makes sure the production never exceeds
the actual demand.
Expected effect. A better forecast can indirectly lead to a decrease in give-away since the production
on prognosis is more accurate. This means that the poultry processor knows in an earlier stage what to
produce which results in selecting better suitable chickens to batch for certain end products (i.e. lower
give-away). In addition this means that when a sales order comes in, the difference between the
prognosis demand and actual demand decreases. Subsequently this results in less stressful situations
in the afternoon because less corrective actions have to be performed by the planning department.
This redesign is shown in a GSM model in Figure 28. Three additional stages are added into the
model where first the forecasting tool is checked (s6.6). Thereafter it is decided if the forecasted
demand made by the planners is followed (s6.7) or that the forecasted demand is adapted according
the forecasting tool (s6.8). The forecasting tool is not modeled as a separate BA since it is integrated
into Excel i.e. the existing BA.

Figure 27. GSM model - RD2: As-is

Figure 28. GSM model - RD2: To-be

According the theory of the effect of the Stage Addition heuristic, this redesign should have a positive
effect on the quality and cost dimension. It has however no effect on the flexibility dimension and it
will affect the time dimension negatively because an additional check is needed. In this specific case
it is expected that the time dimension will not be affected in a negative way because the additional
time to check the forecasting techniques in Excel are negligible. Moreover, no financial investment
has to be made since the forecasting techniques can be integrated in Excel. Therefore, the less
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stressful environment during the afternoon can result in lower give away i.e. cost savings. Better
forecasts can result in an increase in the quality of information. As indicated by the theory, it is
expected that the flexibility of the processes remains unchanged.
Evaluation. The results of the evaluation from the workshop of this second redesign are shown in
Table 11. The evaluation scores are shown per performance indicator (quality, time, flexibility and
cost). The first column shows the evaluation of the current situation and the second column shows the
evaluation of the to-be situation. For this to-be situation first the effect is discussed with the experts
and is defined if this effect had a negative, a positive or no effect on the current situation. In an
individually follow up meeting we asked the participants how large this effect was on a Likert scale
from 1-10. In that way it is possible to calculate average values of the performance indicators for the
improvements.
The results of the workshop show a positive effect on all four performance dimensions for
this redesign. This is schematically shown in the Devil’s Quadrangle shown in Figure 29. The quality
and cost dimension have the highest improvements of respectively 1.2 and 1.3 increase on the average
score. The increase in the quality dimension can be explained by the fact that this was also the lowest
score for the current situation and has thus the highest improvement possibilities. This is shown by the
Quality of Information (Q5) (+2) indicator and by the Realized Performance (Q3) (+2) indicator. This
is in alignment with what was expected. The increase of the Realized Performance indicator can be
explained by the possibly decrease in give-away. In addition the time and flexibility dimension
showed a smaller improvement. The experts from MSPP indicated that the Planning Time (T1) will
improve, probably because better information is available. The flexibility increases due to the increase
of the Process Modification flexibility (F3). Eventually, according the evaluations these improvement
will lead to an improvement of the cost dimension since all cost indicators will improve equally.
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RD2: Forecasting
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RD3: Add information
Discovery. A third improvement could be to add important information to the “feedback” BA. This
redesign is based on the Business Artifact Information heuristic. Due to confidentiality of this
improvement we cannot discuss this redesign in more detail.
Expected effect. This improvement can result in better quality of the information and having more
time for real planning problems. This process redesign is also partly related to the Integral
Technology heuristic since a technology update is required to implement this improvement in Innova.
Hence, a negative effect on the cost dimension is expected. In this case the redesign has no effect on
the GSM lifecycle model, since the activities that are related to the new data attributes are not directly
modelled. These activities are encapsulated in the stages. The new attributes are for example used
during the Use Feedback (s10.2) stage shown in Figure 43 in appendix L. Therefore it only affects the
information model.
Evaluation. During the workshop all experts agreed that this redesign has the same positive results as
the second redesign (apply forecasting techniques). The increase of the quality dimension by this
redesign can be explained by the increase of the Quality of Communication (Q4) (+ 1.5) and Quality
of Information (Q5) (+2.5) indicators. The time dimension showed no differences compared to the
previous redesign. Again a small increase in performance is expected due to the improvement of the
Planning Time (T1) i.e. better information is available. In addition, the flexibility dimension showed
only a minor improvement on the Labor flexibility (F2) and Process Modification flexibility (F3).
These can also be explained by the fact that the quality of information increases. The cost dimension
will also increase because of these improvements. This is not in alignment with the expected results
because a financial investment (update in Innova) is required which will have a negative effect on the
costs. This is possibly explained by the fact that the participants of the workshop evaluated the cost
dimension for a longer time perspective. In that case the initial investment results in cost savings in
the long run.
RD3: Completion time
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RD4: Automation
Discovery. A last improvement for the current production planning processes is the automation of
some smaller stages. This redesign is based on the Stage Automation heuristic. In total three
automation possibilities were identified during the interviews and observations. The first automating
possibility is automatically creating and sending a sales order email and fax from the sales department
to the planning department (s5.4 in Figure 31). Initially we assumed that when a sales order is put into
the ERP system that subsequently the ERP system creates and sends automatically a fax to the
planning department. During a visit at the sales department we discovered that this was a manual task.
A second automating possibility is automatically putting a confirmed production order (which
consists of several sales orders) into Innova (s6.7 in Figure 32). During the interviews at the poultry
processor it was asked why this task is performed manually. The planner indicated that in that way the
sales orders are checked for anomalies. Moreover, the planner also indicated that it is indeed possible
to automate these tasks. In addition, when all sales orders are confirmed, still it has to be translated
into a production order which is also performed manually. Hence, while translating the production
order it is still possible to check the orders.
A last and probably the most important automation possibility is automatically creating a
correct inventory list in the morning (s8.10 in Figure 33). Currently the inventory is counted manually
because the inventory list created by Innova contains errors. According the experts from both the
poultry processor and MSPP, the incorrect inventory list is due to manual errors from the operators at
the production floor. Therefore, this redesign is also related to the social cultural challenge of a BPR
project and is therefore harder to implement successfully. This social-cultural challenge is also shown
by the fact that even when the inventory list is correct, the planners do not trust it and rather want to
check it manually in the morning. When these social-cultural changes can be solved, the redesign is
also related to the Stage Elimination heuristic since two stages (s8.12 and s8.13) can be eliminated.
Expected effect. It is expected that the automation of these stages will result in a small increase in the
quality and time dimension. Especially the latter two automations possibilities will probably result in
time savings for the planners. The quality will increase especially with the latter automation since the
information in the inventory list will become more reliable. According the literature, the Stage
Automation heuristic will affect the cost and flexibility dimension negatively. In this case also a small
decrease is expected on these dimension since an update for an IS (ERP or Innova) can be required to
realize the automation.

Figure 31. GSM model - RD4: Automation
possibility 1

Figure 32. GSM model - RD4: Automation possibility 2
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Figure 33. GSM model - RD4: Automation possibility 3
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Evaluation. The results of the workshop show only a small improvement on the quality and time
dimension as expected. The cost and flexibility dimension are however not affected. Again the effect
on the cost dimension can be explained by the fact that the participants of the workshop evaluated this
dimension for a longer time perspective. The automation of the stages has only a small effect on the
production planning processes and therefore the process does not become more flexible. In total the
performance of the production planning processes increase only with 0.3 (from 6.7 to 7.0).
The evaluation of the redesigns show indirectly which heuristic is applicable in this case study in an
ACPM environment. The evaluations of the applied heuristics are discussed in the next section
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4.3 Evaluation BPR heuristics
RQ3 Which used heuristics are most important in this case study for a BPR with an Artifact-Centric
Process Modeling approach?

For the redesigns discussed in the previous section, in total six heuristics are applied in this case study
which are validated and evaluated as an improvement of the current situation. An overview of these
heuristics is shown in Table 14. From the selection of six heuristics, four of them are existing BPR
heuristics which are translated. The other two are new heuristics. The evaluations of the redesigns
show that the second redesign, applying new forecasting techniques, has the most positive effect on
the current performance. Implicitly this shows that the Stage Addition heuristic belonging to this
redesign also has the most impact in this specific situation. The second redesign has a similar positive
effect on the performance but this redesign is related to more heuristics (BA Information and Integral
technology). This Integral Technology heuristic is applied in three out of the four redesigns which
shows that it is a popular heuristic in this specific situation. Moreover, this is in alignment with the
AHP where this heuristic was evaluated as most important. On the other hand, the Stage Automation
heuristic showed in this application only minor improvements on the current situation.
In addition, in this case study no general heuristics are directly applied. The Integral
Technology heuristic was related to the redesigns but was not the heuristic that leaded to the discovery
of the redesigns. Only the heuristics that pay special attention to the GSM model are applied for the
discovery the redesigns. This can be explained by the fact that the production planning processes in
this case study are less concerned with the labor resources.
Besides, this case study also showed that for smaller improvements the BA Stage rules are
easier to implement. Four out of five heuristics belonging to this classification are used in the
proposed redesigns. Only one heuristic of the BA Model rules is applied which is not validated.
Currently almost all applied BPR heuristics are related to the BA lifecycle model, which implicitly
shows that this is the most important modeling aspect of the GSM model. However, one should note
that the applied classification is not mutually exclusive. If we classified a rule as a heuristic that
focusses on the BA lifecycle, this does not mean that the heuristic cannot be related to the information
model. For example, the BA Elimination heuristic can be related to the information model because it
has to be checked that when a BA is eliminated that the creation or adaption of certain data attributes
are not hindered.
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Heuristic name

Applied

Heuristic name

Applied

Lifecycle model
Business Artifact Stage rules

General Customer rules
1.

GC1

Control Relocation

-

1.

BS1

Stage or Milestone Elimination

 RD4

2.

GC2

Contact Reduction

-

2.

BS2

Stage Addition

 RD2

3.

GC3

Integration

-

3.

BS3

Stage Composition

 RD1

4.

BS4

Stage Automation

 RD4

5.

BS5

Stage Parallelism

-

General Resource rules

Business Artifact Model rules

4.

GR1

Order Assignment

-

6.

BM1

BA Types

-

5.

GR2

Flexible Assignment

-

7.

BM2

Case Based Work

-

6.
7.

GR3
GR4

Centralization
Split Responsibilities

-

8.
9.

BM3
BM4

Triage
Resequencing

-

8.

GR5

Customer Teams

-

10.

BM5

Knock out

-

9.

GR6

Numerical Involvement

-

11.

BM6

Exception

10.

GR7

Case Manager

-

12.

BM7

BA Composition (new)

 RD1

11.

GR8

Extra Resources

-

13.

BM8

BA Elimination (new)

-

12.

GR9

Specialist

-

13.

GR10

Empower

-

-

Information model
General Environmental rules
14.
15.

GE1
GE2

Trusted Party
Outsourcing

-

16.
17.
18.

GE3
GE4
GE5

Interfacing
Integral Technology
Buffering

-

Business Artifact Information rules
14. BI1
BA Information (new)

 RD3

 RD1,3,4

Table 14. Applied heuristics

4.4 Lessons learned
While constructing the GSM models we found some important modeling guidelines for the new GSM
technique. These guidelines are not directly related to the BPR heuristics but are still worth discussing
since it is a relatively new technique and we want to share our modeling experiences. Therefore, some
modeling guidelines are briefly discussed which were important in describing the modeling processes
to practitioners and important stakeholders.
Business Artifact identification. According to the design methodology for an ACPM a first step is to
identify BA’s at a high hierarchical level, along with their key stages of their lifecycles (Bhattacharya,
Hull, & Su, 2009). This is however not always as straightforward as it seems. Initially the current
production planning processes were modelled with two BA’s for two different forecasts. These are
namely related to two different end products. While constructing the GSM model it turned out that the
lifecycles of both forecasts were more or less identical. The only difference is the related IS.
Eventually it is chosen not to define a single BA but define two separate BA’s because distinguishing
two BA’s is especially for practitioners a more logical distribution. Despite the fact that defining them
as one single BA leads for the case study to a better understandable model, this is definitely not always
the case. This is dependent on the modelled processes and the complexity of the model.
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Hence, defining the key BA’s can be complicated as is shown in this example. The current design
methodology does not describe any rules where to focus on. We suggest that when there is a doubt
about identifying the key BA’s one should identify them as much as possible according the vision of
the practitioners.
Hierarchy. In this case, key BA’s are identified at the highest level of hierarchy in a GSM model.
These information entities are important for the business processes. In our case study three
hierarchical levels are used. The first level and top level of the hierarchy are the key BA’s. The second
level and more detailed level are the BA’s which are important for the development of the key BA’s.
At the bottom level there small BA’s which are important for the second level. Again, a well-defined
hierarchy helped us to keep an overview of all processes. This is especially important when the
process model becomes very large and complex.
Define BA’s by type. In order to create a better overview for practitioners and stakeholders we
colored different business Artifacts. We defined a different color for each BA type, for example
software, paperwork and Excel files. This was very helpful in creating the bigger picture.
Define actors for each stage. In the constructed GSM models we always defined which actors are
performing certain stages in the lifecycle model. Some research papers also define the involved actors
(Hull, et al., 2011b) but a lot of others do not address this aspect. Defining which actor is involved
helped us understanding the business processes better and it provides a better overview. However,
when the actors are considered, the model still provides no insights in the amount of capacity of the
resources. It only shows who is responsible for the execution of certain stages.
Model structure. In order to create a well defined structure we applied swimlanes for each BA and a
column for each key BA. A comparable notation is used by other research papers (Hull, et al., 2011a)
(Vaculin, Hull, Heath, Cochran, Nigam, & Sukaviriya, 2011).
Time aspect. Another guideline which was very helpful for us is to order the BA’s chronologically
from the start (upper side) to the end (down side) of the model. Despite the fact that parallelism is
possible in GSM models, creating a chronological routing of the BA’s helped us to keep an overview
of all processes. Applying this time aspect is not always possible or does not always improve the
model because sometimes it makes the model more complex due to the overlapping of connections
between BA’s. Another logical division that makes the model clearer is therefore sometimes preferred.
Simplify Guards and Milestones. Keeping the definitions of the guards, stages and milestones as
simple as possible will increase the understandability of the rules by practitioners. First try to define
them in words before a complex ECA citation is used. In that way stakeholders and practitioners are
not discouraged by the complexity of a new modeling technique.
Provide Milestones with different colors. A last modeling guideline is to mark the milestones with
different colors according to the function of the milestone. We often applied milestones that represents
when a stage is completed, updated (e.g. changed) or canceled. This way of modeling was very helpful
for us since it provides a quick overview of the processes. We used a green color to represent if a stage
is completed, an orange color if a stage is updated or changed and a red color to represent if a stage is
canceled. This improved the understandability of the process model.
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5. Conclusion
In this chapter we describe the main findings of this thesis and provide answers to the research
questions defined in the methodology chapter. In addition the limitations and recommendations for
future research are described.
5.1 Main findings
In order to provide an answer to the main research questions, we developed several sub questions.
Each sub question is answered before the main research question is discussed.
RQ1.1 What is the current situation of the production planning processes at the poultry processor?
After the processes are discovered, validated and verified we can conclude that the current situation of
the production planning processes at the poultry processor are represented well in the GSM model.
The observations and interviews showed that the production planning processes are executed mainly
as described by many experts of MSPP. In addition also unexpected findings were discovered which
are a completion of MSPP’s knowledge about the production planning processes at this specific
poultry processor. The most interesting and surprising results of the analysis of the current situation,
are that the production plans are not adapted based on the weight information of the flocks and that the
production plans are mainly based on the two most important product types.
RQ1.2 How are the existing production planning processes performing and how should they perform?
The evaluation of the existing processes showed that the poultry processor is performing pretty well.
The experts of MSPP evaluated the existing processes with an average score of 6.7. The experts from
the poultry processor evaluated the score a little lower with an average score of 6.2. Based on the
evaluation of MSPP we can state that the quality dimension has the most improvement possibilities
since it has the lowest score (5.8). In addition an ideal situation is described in which it is shown how
the production planning processes perform with only two planning tools that are able to calculate
different scenarios. In that way the planners know the consequences of certain planning decisions.
This is ideal situation is an example of how the production planning processes can be performing in
the long run. One should however realize that it is possible that this ideal situation will never be
accomplished since it consists of too many assumptions and simplifications.
RQ1.3 Which existing BPR heuristics need a translation and how is this translation applied?
In order to be able to apply the traditional BPR heuristics in a GSM modeling environment, the
heuristics need to be translated. This translation is mainly based on the translation of the definition of
the term Task into the term Stage. In addition, three new BPR heuristics are developed based on a new
heuristic classification. One of these new heuristics is especially focusing on the information model
and the other two on the BA lifecycle model of the GSM modeling language. One should note
however, that these new classification groups are closely related to each other. The groups identify
where a certain heuristic is especially focusing on but this does not mean that the heuristic will not
have an effect on other classification groups.
RQ2 What are possible improvements for the production planning processes at the poultry processor?
The BPR resulted in the construction of four different redesigns. During the workshop at MSPP one of
these redesigns was not validated. According to the experts of MSPP this first redesign does not result
in the improvement of the current situation. The other three redesigns are validated and after the
evaluation, especially the second and third redesign showed important improvements. According the
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workshop both redesigns improve the overall performance of the current processes (from 6.7 to 7.7).
The fourth redesign showed only a minor improvement of the overall performance (from 6.7 to 7.0).
RQ3. Which used heuristics are most important for a Business Process Redesign with an ArtifactCentric Process Modeling approach?
The evaluations of the redesigns show implicitly which heuristics have an effect on the performance of
the current situation. In total seven different BPR heuristics are applied in the redesigns where five of
them are validated and evaluated. Two redesigns showed similar improvement results but since the
second heuristic (using forecasting techniques) is only related to the Stage Addition, we state than in
this case this heuristic shows the highest improvements (+1). Moreover, the Integral technology
heuristic is applied in three out of the four proposed redesigns and is in this case study a popular
heuristic, which is in alignment with the AHP results. On the other hand, the Automation heuristic
only showed minor process improvements.
After all sub-questions have been answered, to main research question is discussed:
How can Business Process Redesign heuristics be applied in an Artifact-Centric Process
modeling approach in the poultry processing industry?
The BPR applied in this case study shows positive results and resulted in some process improvements
for the poultry processor. The redesigns were all four discovered based on BPR heuristics that have a
positive effect on the quality of the business process. The heuristics are thus a guide for the
construction of different redesigns of the current processes. Therefore the heuristics can be considered
as helpful in process modeling with a GSM approach. Hence, we can conclude that BPR heuristics can
be applied in an ACPM modeling environment in the poultry processing industry by using the
translated heuristics as is shown throughout this thesis.
The main research objective was to improve the current production planning processes by
applying a BPR. By analyzing the results we can conclude that this objective is achieved. The
described improvements are focusing on the short term but this BPR is also a first step in improving
the IS supporting the production planning processes for the long term. This thesis resulted in a better
understanding of MSPP about the production planning processors at one of their customers. Since this
customer is one the most modern poultry processors and processes a wide variety of end products, the
production planning processes can also be related to other, smaller poultry processors. In addition, this
research could be generalizable for other food processing industries if the other industries have
comparable characteristics to the poultry processing industry. As stated before, the most important
characteristics in this industry are the divergent product structure, the perishability and the production
of by-products.
Besides, this research does not only have practical values, it is also a contribution to the
scientific literature because new BPR heuristics especially for an ACPM environment are developed.
Earlier, only BPR heuristics for activity-centric process models existed. As stated before, the
translations of the heuristics make sure the heuristics are also applicable with this new modeling
technique. Moreover, the practitioners from the poultry processor and the experts from MSPP agree
that this new modeling technique provides a better systematic overview of the complex processes
compared to the traditional process modeling techniques. The GSM approach provides good insights
in the way important BA’s evolve during the processes. This research is therefore another case study
that shows how the GSM method is applicable in a specific industry.
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Next to the proposed translations, the new developed classification of the heuristics shows that many
existing heuristics are defined in general terms and are applicable regardless the applied modeling
technique. However, the translated heuristics are more related to specific modeling aspects such as a
lifecycle model of a single BA, the interaction of several BA’s or the information model of the GSM
language. This new classification can help future BPR practitioners as guidance for selecting the right
heuristic for a specific situation. In addition, we developed some modeling guidelines that helped us in
the construction of a GSM model that is understandable by different experts from the poultry
processor and experts from MSPP. These guidelines are therefore also valuable for BPR practitioners.
When interpreting these results, the limitations of this research need to be taken into account.
5.2 Limitations
A first limitation of this research is that the results are based on a single case study. In order to
increase the reliability of the results it is recommended to apply the translated heuristics and the same
BPR methodology in different case studies. In that way it can be confirmed if the translation of the
BPR heuristics also results in a successful BPR in other settings.
Moreover, obviously not all heuristics could be tested in this specific case study. Due to
properties of the specific situation of the production planning processes, not all heuristics were
suitable. Further research should show if the applied heuristics are also applicable in other case study
settings and if other translated heuristics are also applicable in an ACPM approach. Initially this
poultry processor was chosen as a case study because it processes a high variation of end products
which makes the production planning more interesting compared to other poultry processors. Besides,
they have a good and open relationship which provided the opportunity to conduct this case study.
Another limitation of this research is that the redesigns are evaluated with a workshop which
gives qualitative results. A possible bias is a cognitive bias, the developers of the set of best practices
are also the evaluators of the suitability of the best practice (Netjes, Mans, Reijers, van der Aalst &
Vanwersch, 2010). This limitation is in this case-study tried to overcome by using the evaluations of
both the experts from MSPP and practitioners from the poultry processor. In that way different views
are obtained which increase the quality and validity of the evaluations. Unfortunately it was not
possible to evaluate the proposed redesigns with the experts from the poultry processor because no
quantified evidence is available to convince the customer that the redesigns are an improvement.
Ideally these redesigns are also tested with quantitative data in a simulation study. If these tests show
positive results, the redesigns eventually can be implemented in a real life setting, as indicated in the
research design. This last step is not in the scope of this research due to the time constraints.
A last limitation is the fact that we applied the GSM modeling language as an ACPM
approach. As discussed in the theoretical background and in the literature study, the ACPM can be
applied with different modeling techniques. Further research should show if the translated heuristics
are also applicable in other ACPM languages.
5.3 Recommendations
The results and the described limitations also results in some recommendations for the future for
MSPP and also the poultry processor. Obviously we recommend MSPP to keep using the new
modeling technique for further research on the improvement of the IS supporting the production
planning processes. Furthermore, we recommend the poultry processor to implement the proposed
redesigns since we think that most improvements are relatively easy to realize in practice.

49

S.J.H.M. Rijks
Moreover, we also propose some recommendations for future research regarding the BPR heuristics
for this new modeling technique. As stated in the limitation section, it is important to test other
heuristics in comparable settings but also in other case studies. It would also be interesting to test the
heuristics with a simulation tool with quantitative data. As stated before, interpreting these results
should be done with caution related to other food processing industries because poultry processing is
related to a divergent product structure. Many industry characteristics are identical for different food
processing industries but the divergent product structure is essential for the production planning
processes in this case.
5.4 Final remarks
Before we started this research our objective was to develop new BPR heuristics for the ACPM
approach. With that objective in the back of our head we found a company that wanted to apply a BPR
project. During the execution of the BPR, the focus of the research became more and more problem
solving oriented. Initially we thought that the BPR heuristics would need more translation efforts to be
applicable in the GSM modeling method. Eventually the analysis showed that mainly the terms Stage
and Task gave problems for the interpretation of the heuristics. Since the BPR resulted in process
improvements we hope that this result has both practical and scientific relevance for people who are
interested in the BPR field. We hope that this research results in the application of more BPR projects
that use the new heuristics and the new GSM modeling technique as a basis. In addition, we hope that
MSPP will find more quantitative evidence for the success of the proposed redesigns in order to
convince the poultry processor to apply the improvements in the future.
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A. List of abbreviations
ACPM
AHP
BA
BALSA
BEL
BPI
BPM
BPMN
BPR
BOM
CI
CMMN
CR
DDPS
ECA
ERP
FAO
GSM
IOPE
IS
MSPP
OMG
OML
PBWD
PrICE
PV
RD
RI
RQ
TU/e
UML
WCA

Artifact Centric Process Model
Analytical Hierarchy Process
Business Artifact
Business Artifacts with Lifecycle, Services, and Associations
Business Entity Lifecycle
Business Process Improvement, synonym: BPR
Business Process Management
Business Process Modeling Notation
Business Process Redesign, synonym BPI
Business Operations Model
Consistency Index
Case Management Model and Notation
Consistency Ratio
Data Driven Process Structures
Event-Condition-Action
Enterprise Resource Planning
Food and Agriculture Organization of the United Nations
Guard-Stage-Milestone
Input, Output of artifacts and attributes, Pre-conditions and Effects
Information System
Marel Stork Poultry Processing BV
Object Management Group
Operations Management and Logistics
Product Based Workflow Design
Process Improvement by Creating and Evaluating process alternatives
Priority Vector
Redesign
Random Consistency Index
Research Question
Eindhoven University of Technology
Unified Modeling Language
Work-Centered Analysis
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B. List of definitions
Abattoir

Slaughterhouse

Activity

“In contrast to a task, an activity is assigned to a specific case” (van der Aalst
& Van Hee, 2002).

Activity-Centric
Process Model

Consist of activities, connectors as control flows describing the execution
sequence of these activities, and optional data flow connectors with
information entities as inputs or outputs of the activities” (Liu, Wu, &
Kumaran, 2010)

Best practice

See definition: “Heuristic”

Broiler

A type of chicken which is especially bred for meat production. It grows faster
than an egg breed of chicken.

Business Entity

A dominant information entity along with its dominated entities in the context
of a process scope. A business entity has an associated data model and an
associated behavior model. The data model describes the data dependencies
between the dominant entity and the dominated entities as the dominant entity
logically containing the dominated entities. The behavior of the business
entities consist of activities acting on the dominant entity” (Liu, Wu, &
Kumaran, 2008), (Liu, Wu, & Kumaran, 2010).

Case

Can be regarded as a “production in progress”. Examples of a case could
include an insurance claim, a mortgage application, a tax return, an order or a
course treatment in a hospital. Each case has a unique identity. Moreover a
case is always at a particular stage of development at any given moment (van
der Aalst & Van Hee, 2002).

Data-Centric
Process Modeling

See Information-Centric Process Modeling definition

Evisceration

Removing the viscera i.e. the organs.

Flock

Congregation of animals of one kind.

Guards

“Control when stages are activated and, as with milestones, are based on
triggering events and/or conditions. A stage can have one or more guards and
one or more milestones. It becomes active (or open) when a guard becomes
true and inactive (or closed) when a milestone becomes true” (Popova &
Dumas, 2013).
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Heuristic

“A general heuristic derived from earlier successful encounters to improve
process performance, which may need skillful adaptation to be applied in a
concrete setting” (Limam Mansar, Reijers, & Ounnar, 2009).

I-Cut

Machine that is mainly used for cutting fresh, boneless non-frozen products
into portions of fixed weight, or fixed length and/or a combination of both
(MSPP, 2010).

Information-Centric
Process Model

“A set of connected business entities. Two business entities are connective if
their behavior models share at least on activity” (Liu, Wu, & Kumaran, 2008).

Innova

Information system developed by MSPP for their customers.

Milestones

“Business-relevant operational objectives. Are achieved (and possibly
invalidated) based on triggering events and/or conditions over the information
models of active artifact instances” (Popova & Dumas, 2013).

Planning

“The function of setting the overall level of manufacturing output and other
activities to best satisfy the current planned levels of sales, while meeting
general business objectives of profitability, productivity, competitive customer
lead times, etc., as expressed in the overall business plan” (Blackstone & Cox
III, 1998).
Time horizon: days or weeks.

Rescheduling

The process of updating an existing production schedule in response to
disruptions or other changes (Vieira, Herrmann, & Lin, 2003).

Schedule

“A plan that authorizes the factory to manufacture a certain quantity of a
specific item, usually initiated by the production planning department”
(Blackstone & Cox III, 1998).
Time horizon: hours.

Stage

Correspond to clusters of activity preformed for, with or by an artifact instance
intended to achieve one of the milestones belonging to the stage (Popova &
Dumas, 2013).

Task

“An “Atomic” process: one that is not further subdiveded into component
proceses. It is thus a logical unit of work; in other words, a task is either
carried out in full or not at all. When a task is related to a case, we refer to it as
activity” (van der Aalst & Van Hee, 2002).
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C. Research framework

Figure 35. Research framework detailed
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D. Poultry Processing - Process steps

Figure 36. Poultry processing - Workflow
(MSPP)
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Figure 37. Poultry processing - Plant
(MSPP)

The poultry processing steps consist of a primary process and a secondary process. Each process part
is discussed in more detail. The numbers of the processing steps correspond with the numbers in
Figure 37.
Primary process
1. Live bird supply
The broilers are transported in large trucks that consist of many containers i.e. cages. MSPP has
developed the GP container, which is the heart of the live bird handling system, that provides effective
and animal-welfare friendly conditions for loading and transporting birds from grower to processor”
(MSPP, 2010). When the trucks arrive at the poultry processor, the containers are unloaded onto a
conveyor which leads them to the stunning process.
2. Stunning, killing, scalding, defeathering
The first step in humane slaughter is “stunning” to render the bird unconscious prior to killing (Sams,
2001). “MSPP offers two methods for stunning poultry, both of which comply fully with the strictest
regulations: electrical water bath stunning and Multiphase controlled atmosphere stunning [CAS]”
(MSPP, 2010). When the birds are stunned the birds are hanged manually on a shackle conveyor i.e.
the birds hang up side down with their feet on a shackle. Thereafter the birds are transported to the
killing process where an accurate executed kill cut is performed. After the cut the birds need to bleed
out fully before they continue to the scalding process. The scalding process is needed to loosen the
feathers. This is done by submersing the carcasses in a bath of hot water which serves to denature the
protein structures holding the feathers in place” (Sams, 2001). “The scalding process largely
determines the appearance, color and visual quality of your end product” (MSPP, 2010). Thereafter,
the broilers are ready for the defeathering process. “Defeathering machines consist of rows of rotating
clusters of flexible, ribbed, rubber “fingers”. (Sams, 2001). These rubber “fingers” rotate and rub
against the broilers to pull out the loosened feathers. After this processing step, the broilers are ready
for the evisceration.
3. Evisceration, organ handling
Evisceration is the removal of edible and inedible viscera from the carcass (Sams, 2001). MSPP has
developed the Stork Nuova automatic evisceration which removes the entire viscera pack including
the crop completely in a single operation (MSPP, 2010). Some organs like the liver and heart are
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processed further in order to sell them as bulk. When the evisceration is completed, the broilers look
like the birds which one can buy at the local retailer shop.
4. Chilling, maturation
For optimum shelf life, quality, freshness and food safety, end products must be chilled effectively
(MSPP, 2010). The primary objective of chilling poultry is reduction of microbial growth to a level
that will maximize both food safety and time available for marketing (Sams, 2001). Therefore, the
broilers on the shackle are transported through a large chilling area, where the birds are cooled for
approximately 3 hours. Thereafter, the broilers are ready for the secondary process.
Secondary process
5. Grading, distribution
The secondary process starts with the distribution of the broilers. A first distribution decides if the
broilers go to cut-up department or that they are sold as whole birds. This distribution is based on the
weight and the quality of the broilers. Each shackle is weighted and scanned with a camera to
determine the visual quality. This data for each shackle determine when to drop a bird or not. The
shackles with different weights distributions are schematically shown in Figure 38.

Figure 38. Poultry processing - Broiler distribution
(MSPP)

6 & 7. Cut up and deboning
The next processing step is the cut-up department where the broiler is cut up in different end products
like fillets, wing and legs. According MSPP the cut-up systems are as flexible as the customer want it
to be. The numerous module options the system has, offers almost limitless layout and production
flexibility, regardless of processing capacity (MSPP, 2010).
8. Package and inventory
One of the last steps in the poultry processing is batching the right amount of products into trays.
Marel Multihead Weighers automatically portions and packs all type of fresh or frozen poultry
products (MSPP, 2010). Thereafter, the products are transported to the packing department where the
trays are provided with a seal and the right label. Eventually the products are transported to the
dispatch department where the products are prepared for transport to the customers.
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E. Poultry Processing - Products variety
Whole or parts
Breast (whole and split)
Breast chops
Breast cutlets
Breast scaloppini
Breast strips
Breast tenderloins
Drumsticks
Ground meat (lean/flat ratios)
Necks
Thighs
Whole birds
Wings

Bone removal
Bone in
Boneless

Preparation
Canned
Cooked
Breading
Deep fired
Dry roasted
Frozen
Grilled
Marinated
Ready-to-cook
Roasted
Rotisserie like
Smoked
Sun dried with gravy

Table 15. Product characteristics
(Guerrero-Legaretta, 2010)

Figure 39. Poultry processing - Product variety
(MSPP)
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Flavor
Asian
BBQ
Buffalo style
Cajun
Citrus
Dijon mustard
Hickory
Honey
Honey smoked
Honey-pepper
Lemongrass
Maple
Mesquite
Smoke
Teriyaki
Zesty Italian

Post processed
Bacon
Bologna
Bratwurst
Breakfast sausages
Burgers
Dinner sausages
Ham
Kebab
Luncheon meat
Meatballs
Nuggets
Pate
Patties
Salami
Sausages
Sausage rolls
Summer sausages

S.J.H.M. Rijks
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F. BPR heuristics - Definitions
(Limam Mansar & Reijers, 2005a)
1.

Customer
1.1 Control relocation: move control towards the customer.
1.2 Contact reduction: reduce the number of contacts with customers and third parties.
1.3 Integration: consider the integration with a business process of the customer or a supplier.

2.

Business Process Operation
2.1 Order types: determine whether tasks are related to the same type of order and, if necessary distinguish new
business processes.
2.2 Task elimination: eliminate unnecessary tasks from a business process.
2.3 Order based work: consider removing batch processing and periodic activities from a business process.
2.4 Triage: consider the division of a general task into two or more alternative tasks or consider the integration of
two or more alternative tasks into one general task.
2.5 Task composition: combine small tasks into composite tasks and divide large tasks into workable smaller
tasks.

3.

Business Process Behavior
3.1 Resequencing: move tasks to more appropriate places.
3.2 Knock-out: order knock outs in decreasing order of effort and in an increasing order of termination
probability.
3.3 Parallelism: consider whether tasks may be executed in parallel.
3.4 Exception: design business processes for typical orders and isolate exceptional orders from normal flow.

4.

Organization Structure
4.1 Order assignment: let workers perform as many steps as possible for single orders.
4.2 Flexible assignment: assign resources in such a way that maximal flexibility is preserved for the near future.
4.3 Centralization: treat geographically dispersed resources as if they are centralized.
4.4 Split responsibilities: avoid assignment of task responsibilities to people from different units.
4.5 Customer teams: consider assigning teams out of different departmental; workers that will take care of the
complete handling of specific sorts of orders.
4.6 Numerical involvement: minimize the number of departments, groups and persons involved in a business
process.
4.7 Case manager: appoint one person as responsible for the handling of each type of order: the case manager.

5.

Organization Population
5.1 Extra resources: if capacity is not sufficient, consider increasing the number of resources.
5.2 Specialist - generalist: consider to make resources more specialized or more generalist.
5.3 Empower: give workers most of the decision-making authority and reduce middle management.

6.

Information
6.1 Control addition: check the completeness and correctness of incoming materials and check the output before
it is send to customers.
6.2 Buffering: no requesting information from an external source buffer it by subscribing to updates.

7.

Technology
7.1 Task automation: consider automating tasks.
7.2 Integral technology: try to evaluate physical constraints in a business process by applying new technology.

8.

External environment
8.1 Trusted party: instead of determining information oneself, use results of a trusted party.
8.2 Outsourcing: consider outsourcing a business process in whole or parts of it.
8.3 Interfacing: consider a standardized interface with the customers and partners.
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G. Evaluation framework
The different dimension of the Devil’s Quadrangle: quality, time, flexibility and cost are discussed in
this chapter. These dimensions are measured according certain performance indicators. Most of them
are based on the work of Jansen-Vullers, Kleingeld and Netjes (2008). In addition, the quality
dimension is measured with some quality indicators described by De Snoo, Van Wezel and Jorna
(2011). Each dimension will be discussed in the remainder of this section.
Quality
De Snoo, Van Wezel and Jorna (2011) constructed a framework for the measurement of the
performance of production scheduling. All performance measures are shown in Table 16. The authors
make a distinction between three different criteria: criteria focused on the scheduling product, criteria
focused on the scheduling processes and indirect scheduling performance criteria. “The scheduling
product is defined as the output of the scheduling process and includes the schedule and other relevant
information”. The most important indicators are used in this case study.
Q1: External constraints
After the interviews and observations it was found that the poultry processor is currently mainly
focusing on one scheduling performance dimension, which is “the fulfillment of constraints and
commitments made to external parties” i.e. constraints and commitments to their customers. The
poultry processor has a strong focus on on-time delivery of their products with a high quality standard.
Q2: Resource utilization constraints
“These constraints are defined as internal limitations set by the firm itself such as machine utilization
and inventory levels (De Snoo, Van Wezel, & Jorna, 2011).The planners try to keep the inventory
level during the week on a specific level (depending on the season and weather), and make sure that
the machinery is using full capacity.
Q3: Realized performance
In this case this refers to the optimal use of the raw material which can be influenced by planning
choices. How exactly to quantify the value of raw material is a whole research question on its own and
is out of the scope of this research. There are however some rough ideas developed during the research
period but these are not discussed in this thesis.
Q4: Communication quality
Another important performance measure which was only indicated by the planners (and not by the
managers) is the quality of communication (De Snoo, Van Wezel, & Jorna, 2011). If the schedule or
plan changes, it needs to be communicated with the people actually executing these plans. Therefore
this quality of communication is felt important by many planners.
Q5: Information quality
The last indicator is defined as the availability, reliability and completeness of information (De Snoo,
Van Wezel, & Jorna, 2011). This quality indicator is added because the interviewees at MSPP and the
poultry processor agree that this is also an important indicator of the quality of the production
planning processes.
After analyzing these performance measures, these five important quality indicators are identified to
measure how the production planning processes are performing. These measurements are used to
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identify if the BPR heuristics result in an increase or decrease in the quality dimension. In the next
section the time dimension is discussed in more detail.
Time
The time dimension of the Devil’s Quadrangle can be measured by different indicators. Often the
definitions of lead time and throughput time are used. Lead time is defined as the time it takes to
handle an entire case (Jansen-Vullers, Kleingeld, & Netjes, 2008). In this case this refers to the time a
flock arrives at the poultry processor and the end products leave the poultry processor. Planning
decisions can influence this time for example when it is decided that the day before, production is
already has to start producing for a sales order from today. The other indication of time is though put
time and is defined as the time between the moment a task is completed and the moment the next task
is completed (Jansen-Vullers, Kleingeld, & Netjes, 2008). Considering the production processes, this
is for example the time between two fillets that are produced on a processing machine. However, when
the production planning processes are considered, the throughput time refers to the time between the
construction of two production plans. Since the plans are made per day (or per week) we take the
planning time as a time indicator. This is defined as the time the planners need to construct a
production plan.
Flexibility
The flexibility dimension is defined as the ability to react to changes (Reijers, 2003). Again, this
dimension is divided into several indicators based on the work of Jansen-Vullers, Kleingeld and Netjes
(2008).
F1: Mix flexibility
The first indicator is the mix flexibility and is defined as the ability to process different kinds of
cases/orders. This indicator refers to how the planning department processes a mix of different product
types. A high score in product flexibility means that a high variety of products is handled in a proper
way. This flexibility is thus constrained by the machinery capabilities. Another mix flexibility
indicator is related to the customers of the poultry processor. Poultry processors can have a wide
variety in production orders from different customers (different packages, different labels, different
delivery times etc.) which makes the production planning processes even more complicated. A high
customer flexibility score means that a high variety in sales orders from different customers is handled
in a proper way.
F2: Labor flexibility
This kind of flexibility is defined as the ability to perform different tasks. Another kind of labor
flexibility is the flexibility of the workers at the production floor. Are planning decisions constrained
by the flexibility of these workers?
F3: Process modification flexibility
The ability to modify the process is defined as the process modification flexibility. In this case it is
considering the production planning processes.
Two other indicators: Routing flexibility (the ability to process a case using multiple routes), and
Volume flexibility (the ability to handle changing volumes of input) are not used to measure the
flexibility of the production planning processes. In this case these indicators do not play an important
role in the flexibility of the processes. There is (more or less) always the same route.
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Cost
The last performance dimension is the cost dimension. This dimension can be divided into the
following indicators: running cost, inventory cost and resource utilization cost. Running cost is
defined as the labor, machinery and training costs (Jansen-Vullers, Kleingeld, & Netjes, 2008).
Inventory costs are the cost to hold inventory and resource utilization are the costs if the resources are
used inefficiently.
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Focus on scheduling product
1.
Schedule errors.
2.

Costs of execution of the schedule.

3.

Fulfillment of constraints and commitments made to external parties

4.

Fulfillment of resource utilization constraints.

5.

Fulfillment of preferences and wishes of employees using schedules

6.

schedule robustness / information completeness

7.

Information presentation and clarity.

Focus on scheduling process
8.
Timeliness initial release.
9

Reliability initial release.

10.

Flexibility adaption.

11.

Accessibility schedulers.

12.

Communication quality.

13.

Harmonization quality.

14.

Cost and efficiency of the scheduling process.

Indirect performance
15.
Realized performance of the scheduled process.
16.

Complaints and feedback from schedule users.

Influencing factors
17.
Organizational planning structure
18.

Scheduler knowledge and skills

19.

Information technology

20.

Information quality

21.

Complexity & uncertainty

P
M
P
M
P
M
P
M
P
M
P
M
P
M

5
5
7
3
20
18
15
14
1
1
9
6
1
3

P
M
P
M
P
M
P
M
P
M
P
M
P
M

1
4
0
2
5
5
2
4
5
10
4
5
4
4

P
M
P
M

13
12
3
1

P
M
P
M
P
M
P
M
P
M

12
11
3
14
6
9
4
15
5
10

P: planner
m: manager
Numbers in last column refer to the number of respondents mentioning the measure in their interviews.
Table 16. Scheduling performance
(De Snoo, Van Wezel, & Jorna, 2011)
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H. Interview - Structure
Introduction:
This interview is conducted for my master thesis research for the master Operations management and
Logistics at the University of Technology Eindhoven.

Goal of the interview:
- Discover the as-is situation of the current production scheduling processes
- Discover how the daily production scheduling processes are performing
- Discover possible improvements.

Time:
Approximately 1 hour

Information
Place
Date
Start time
End time
Name
Company
Function
Years of experience current function

Do you give permission to record this interview?

Yes / No

The recording will be treated confidential, same as all other data obtained from the interview. After
analyzing the data from the recordings, the recordings will be deleted.
Would you like to receive a copy of the transcript?
Table 17. Interview - Main information
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Main information (5-10 minutes)
Please fill in the questions below according to the numerical values shown in
Table 18. According to these evaluations some Business Process Redesign heuristics will be selected
to apply in this project.
Numerical values

Definition

1

Extremely not important

3

Slightly important

5

Important

7

Very important

9

Extremely important
Table 18. Interview – Evaluation values



Imagine that the processes of the production planning and scheduling would be redesigned in a
new project. What should be the most important goals of this project for the poultry processor?
Goals
1.
2.
3.
4.
5.
6.
7.
8.

Value
Increase revenue
Improve productivity
Use IT capabilities
Improve quality of the planning or schedule
Reduce costs
Reduce service time or production time
Improve customer service
Improve competitiveness
Table 19. Interview - Goal indicators



What are the most important possible risks that could occur during this project for the poultry
processor?
Risks

Value

1.

Employee resistance

2.

Poor architecture existing information system

3.

Limited funds (budget)

4.

Limited implementation time

5.

Lack of managerial support

6.

Lack of top management commitment
Table 20. Interview - Risk indicators
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Poultry industry characteristics (5-10 minutes)


Can you identify which industry characteristics can occur in the poultry processing industry
according
to
the
numerical
values
shown
in
Table
21
Table 22?

1.
2.
3.
4.
5.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

Characteristics
Breakdowns cause disrupted schedules

Numerical values

Combination of batch and continuous processes
Connectivity of machines
No or limited intermediate storage between machines is allowed.
Divergent product structure
Different end products are produced from the same raw material
High quality demands
Special quality is required for the products to be processed.
Limited capacity of machine and labor
Ongoing innovation
New products (brands, sizes, packing, recipes) are often introduced.
Only one line for job
A product can be process on one line only
Partly homogenous products
Perishable goods
Processing stage not labor intensive
Production of by products
Production rate determined by capacity
Production runs range from minutes to days
Same operation, different productivity rates
(Sequence dependent) set-up times
Time to change the settings of the machines to produce a new product type.
Scheduling by increasing flavor or color
Shared resources
Variable demand for end products
Variable time/quantity/price delivery
The time, quantities and prices from the broiler can change.
Variable yields/duration of process
Varying position of customer decoupling point
Decoupling point separates order-driven activities from the forecast-driven activities.
Table 21. Interview - Characteristics definitions
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(Akkerman and van Donk, 2009)

Numerical values

Definition

0

Never occurs in this industry

1

Could occur in this industry

2

Do not know

3

Sometimes occurs in this industry

4

Often occurs in this industry
Table 22. Interview - Numerical values

Production scheduling process (30 minutes)


Do you agree with the division of the most important information pieces defined?
-

Rough planning (Weekly)
Flock planning (daily)
Process Schedule (hourly)
Production order

The week planning
Consists of forecast orders and industry orders planned for a week, considering the demand from
previous weeks and other events. In other words, this planning shows how much products need to be
processed in a week and divides it over the available days.


How does a week planning looks like?



Which information systems are used to obtain the right information to make the week planning?



The demand history is stored in a database, is other information also stored in a database?
Experience, weather, promotions?



Which method are you using to construct a week planning?



Is the order of the flocks already determined in a weekplanning or only on a daily basis?

Flock planning (daily):
The planning of all flocks coming in that day and what time to be processed. This allocation of the
flocks depends on the one hand on the location of the farms (travel time) and of the information
provided by the farms (weights, low weights early shift, heavy weights later shift).


What determines the right order of the flocks? Logistics planning, geographic reasons?



You are trying to obtain a uniform delivery weight from the broilers. How much difference is
there between the weights of different flocks?

86

Appendices


Is there much difference between the weight that the farmers inform you about and the weights
you eventually measure?



How many percent of the retail orders are on a contract basis?



How does a retail order looks like in more detail?



How does an industry order looks like in more detail?

Process schedule:
Consists of more production orders which defines exactly which products to produce from which
flock, and which order belongs it to.


How does a production order look like in more detail?



To what extend is there a distinction made between the two production plants in the production
scheduling? Two separate schedules?



Which method are you using to construct a process schedule?

Identification rescheduling events (15 minutes)


Are you considering rescheduling the initial production schedule if certain events occur (for
example, change in due date, raw material out of stock etc.)?



Are you examining the production schedule on a periodic basis, if an event occurs or constantly
(in Innova maybe)?



Do the events that occur often (daily or weekly) result in total rescheduling or in repair of the
schedule?



Which events could cause rescheduling the existing schedule?
Values

Definition

N

Never

D

Daily

W

Weekly

M

Monthly

Y

Yearly

Table 23. Interview - Numerical values Rescheduling events

87

S.J.H.M. Rijks

Values

Events
Rush order / change in due date

1
2
3

Change in order volume / change in demand

Order / Job
related

Cancellation of order

4

Change in layout or coding of packaging

5

Delivery raw material earlier / later

6

Product related

Raw material rejected

7

Raw material out of stock

8

Too little or too much stock of end product

9

Processing time uncertain

10

Process related

Setup / cleaning time variation

11

More / less wastage

12

High / lower production speed

13
15

Capacity related

Long disruptions / machine breakdown
Shortage or surplus capacity

Table 24. Interview - Different Rescheduling events

Performance of the production planning (10 minutes)
 Are you currently measuring the performance of a production plan or schedule?
o How well is the production planning / scheduling performing?


Can we make use of a dataset of the poultry processor?
o Final production planning compare to the actual execution of the plan??



What are possible improvements for the current planning and scheduling processes according
to you?
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I. Interview - Participants

1.
2.
3.
4.
5.
6.

Name
R
G
P
D
C
PK

Function
Logistics specialist
Software Engineer
Coach Smart Handling & Control System Development
0-serie technoloog / projectleider R&D
Logistics specialist, sales
Coach project engineering

Date
22-05-2014
23-05-2014
23-05-2014
27-05-2014
28-05-2014
28-05-2014

Table 25. Interview - Participants MSPP

1.
2.
3.
4.
5.
6.

Name
M
R
P
U
H
R

Function
Rough planner
Short planner
Short planner support
Short planner support
Plant manager
Process Optimizer

Date

17-06-2014
18-06-2014
19-06-2014

Table 26. Interview - Participants Poultry processor
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J. Interview - Results MSPP

Confidential

91

S.J.H.M. Rijks

92

Appendices
K. GSM model - Information Model

Figure 40. GSM model - Information Model
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L. GSM model - Overview details

Figure 41. GSM model - Current situation - Detail 1
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Figure 42. GSM model - Current situation - Detail 2
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Figure 43. GSM model - Current situation - Detail 3
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M. GSM model - ECA rules
Stages

Guards open when:

Milestones achieved when:

KBA1

Rough Planning

gr1

Event: @ week before

mr1

(m1.1.2 = Achieved) ^ (m1.4.2 = Achieved);

KBA2

Short Planning

gs1

mr1 = Achieved;

ms1

m9.4 = Achieved;

KBA3

Production Overview and Feedback

BA1

Rough Planning

s1.1

Create Rough Planning: ProductType 1

g1.1

gr1 = True;

m1.1.1

(m1.2 = Achieved) OR (m1.3 = Achieved);

m1.1.2

s1.2

Create Initial Rough Plan ProductType 1

g1.2

g1.1 = true;

m1.2

(m1.3 = Achieved) ^
(all Industry Sales Order ProductType 1 =
updated) ^ (all Retail Promotion forecast
ProductType 1 = updated);
s1.2 = Created;

s1.3

Update Rough Plan ProductType 1

g1.3

m1.3

s1.3 = Updated;

s1.4

Create Rough Planning: ProductType 1

g1.4

(m1.1.1 = Achieved) ^ (m2 = Achieved) ^
(ProductType = 1); OR
(m1.1.1 = Achieved) ^ (m3 = Achieved) ^
(ProductType = 1);
gr1 = True;

m1.4.1

(m1.5 = Achieved) OR (m1.6 = Achieved);

m1.4.2

Create Initial Rough Plan ProductType 1

g1.5

g1.4 = true;

m1.5

(m1.6 = Achieved) ^
(all Industry Sales Order ProductType 2 =
updated) ^ (all Retail Promotion forecast
ProductType 2 = updated);
s1.5 = Created;

s.16

Update Rough Plan ProductType 1

g1.6

(m1.4.1 = Achieved) ^ (m2 = Achieved) ^
(ProductType = 2); OR
(m1.4.1 = Achieved) ^ (m3 = Achieved) ^
(ProductType = 2);

m1.6

s1.6 = Updated;

BA2

Industry Sales Order

s2

Process Industry Order

g2

Event: Receive Industry Sales Order;

m2

s2 = Processed;

BA3

Retail Promotion Forecast

s3

Process Retail Promotion Forecast

g3

Event: Receive Retail Promotion Forecast

m3

s3 = Processed;

s1.5
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BA4

Capacity Check

s4

Check Capacity

BA5

Retail Sales Order

s5.1

g4

g5.3 = True;

m4

s4 = Checked;

Create Retail Sales order

g5.1

Event: Receive Retail Sales Order;

m5.1

m5.3 = Achieved;

s5.2

Process Retail Sales Order

g5.2

g5.1 = True;

m5.2

s5.2 = Processed;

s5.3

Confirm Retail Sales Order

g5.3

m5.2 = Achieved;

m5.3

(s5.3 = Confirmed) ^ (m4 = Achieved);

BA6

Short Retail Plan

s6.1

Create Short Retail Plan 1

g6.1

grs1 = True;

m6.1

s6.2

Create Initial Short Retail Plan 1

g6.2

g6.1 = True;

m6.2

(m6.3.2 = Achieved) ^ (All Retail Sales Orders
Customer 1 = Updated);
s6.2 = Created;

s6.3

Update Short Retail Plan 1

g6.3

(m5.1 = Achieved) ^ (m7.1.1 = Achieved) ^
(Customer = Retailer 1);

m6.3.1

(s6.3 = Updated) OR (m6.2 = Achieved);

m6.3.2
s6.4

Create Short Retail Plan 2

g6.4

grs1 = True;

m6.4

s6.5

Create Initial Short Retail Plan 2

g6.5

g6.4 = True;

m6.5

(s6.3 = Updated) ^ (All Retail Sales Orders
from that Country = Updated);
(m6.6.2 = Achieved) ^
(All Retail Sales Orders Customer 2 =
Updated);
s6.5 = Created;

s6.6

Update Short Retail Plan 2

g6.6

(m5.1 = Achieved) ^ (m7.1.1 = Achieved) ^
(Customer = Retailer 2);

m6.6.1

(s6.6 = Updated) OR (m6,5 = Achieved);

m6.6.2

(s6.6 = Updated) ^ (All Retail Sales Orders
from that Country = Updated);

m7.1.1

(m7.2 = Achieved) OR (m7.3 = Achieved);

m7.1.2

BA7

Production Order

s7.1

Create Production Order

g7.1

(m6.2 = Achieved) OR (m6.5 = Achieved);

s7.2

Create prognosis Production Order

g7.2

g7.1 = True;

m7.2

(m7.3 = Achieved) ^ (All Production Orders =
Created);
s7.2 = Created;

s7.3

Create Final Production Order

g7.3

(m6.3.2 = Achieved) OR
(m6.6.2 = Achieved);

m7.3

s7.3 = Created;
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BA8

Short Industry Plan

s8.1

Create Short Industry Plan

g8.1

Event: @ morning;

m8.1.1

(m8.2 = Achieved) OR (m8.3 = Achieved);

m8.1.2
g8.2
g8.3

g8.1 = True;
(m8.1.1 = Achieved) ^ (m7.3 = Achieved);

m8.2
m8.3

(m8.3 = Achieved) ^
(All Industry Sales Orders = Confirmed);
s8.2 = Created;
s8.3 = Confirmed;

Start Production On prognosis

g9.1

m9.2 = Achieved;

m9.1

s9.1 = Started;

s9.2

Create Start Schedule

g9.2

Event: @ morning;

m9.2

s9.2 = Created;

s9.3

Start Production

g9.3

m9.1 = Achieved;

m9.3

s9.3 = Started;

s9.4

Finish Production

g9.4

(m9.3 = Achieved) ^ (m6.1 = Achieved) ^
(m6.4 = Achieved) ^ (m7.1.2 = Achieved) ^
(m8.1.2 = Achieved);

m9.4

s9.4 = Finished;

BA10

Feedback

s10.1

Create Feedback

g10.1

m10.1

s10.1 = Created;

s10.2

Use Feedback

g10.2

(g9.1 = True) OR (g9.3 = True) OR
(m10.2 = Achieved);
m10.1 = Achieved;

m10.2

s10.2 = Used;

s8.2
s8.3

Create Initial Short Industry Plan
Confirm Industry Sales Order

BA9

Production overview

s9.1
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N. BPR heuristics - Translation
This chapter describes the translations of the BPR heuristics in more detail. First the Business Artifact
Stage rules are discussed. Thereafter, the Business Artifact Model rules are described. The new
developed rules (e.g. the Business Artifact information rules) are discussed in the main text.
Task Elimination - Stage or Milestone Elimination (BS1)
This first heuristic eliminates tasks that are not adding any value to the business process. None value
adding activities are for example over production; over provision; waiting time; transportation,
movement and motion; inventory and paperwork; defects, failures and reworking etc. (Pepper &
Rowland, 1995). As described before, the tasks in an activity-centric process model can often be
compared to stages in a GSM modeling language. This is also shown in Figure 44. If a certain stage
from a BA Lifecycle does not add any value to the BA, it is worth considering eliminating that stage.
“The aim of this heuristic is to increase the speed of processing and to reduce the cost of handling a
case” (Reijers, 2003). The flexibility of the process will not be influenced. The quality however, can
decrease since often controlling stages are not adding any value and are thus eliminated. As explained
in the main text this heuristic can also be related to eliminating a milestone. This depends on the way
of modeling.

Figure 44. Heuristic BS1 - Task Elimination - Stage Elimination

Task Addition - Stage Addition (BS2)
According to this heuristic an additional task is added which checks the completeness of the input or
output i.e. at the beginning or end of the processes. In the GSM language this is similar by adding an
additional stage which performs these tasks. Therefore the definition of this heuristic does not change
when it is considered in the GSM language (Figure 45). If an additional control stage is too
comprehensive and complicated to be incorporated in the existing Business Artifact, an additional
artifact needs to be added. In that case this heuristic is related to a new developed heuristic discussed
in the next section. The aim of this heuristic is to increase the quality of the process. However, by
adding checks the time will by influenced negatively. Before implementing this heuristic an evaluation
has to be done to make sure the costs of the additional tasks are lower than the costs benefits due to the
quality checks (no rework), otherwise it would not be smart to implement the heuristic. Therefore, the
cost dimension will also increase.

Figure 45. Heuristic BS2 - Task addition - Stage Addition
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Stage Composition (BS3) and Stage Automation (BS4)
These heuristics are both discussed in the main text as an example of the translated heuristics.
Parallelism (BS5)
Performing tasks in parallel can reduce the throughput time and thereby reducing the costs. According
Reijers and Limam Mansar (2005a) this is also a special case of the Resequencing heuristic. A
drawback of introducing more parallelism is that the cost of the business process execution may
increase and that the processes can become more complex which could result in less quality or less
flexibility (Limam Mansar & Reijers, 2005a). In order to apply this in a GSM language one should
check all guards and milestones to be sure it is possible to open more stages at the same time, this can
result in adapting the initially defined guards and milestones (Figure 46). Again, it is important to
check all data attributes to prevent data flow anomalies.

Figure 46. Heuristic BS5 - Parallelism

Order Types - Business Artifact types (BM1)
This heuristic is focusing on identifying sub-flows from normal workflows. According van Berg and
Pottjewijd (1997), a sub-flow is an activity which is present in different workflows. In GSM terms this
can be interpreted as a stage that is present in different BA’s. We consider an order as a BA since it is
an important piece of information in many business processes. Therefore we translate this heuristic to
BA types. In GSM terms the relationship of tasks are represented in the stages. If these stages are
related to the same type of order i.e. same type of BA, if necessary distinguish new business processes.
Which means in GSM terms distinguish new BA or a new BA lifecycle (e.g. stages). This translation
is defined in Figure 47. Identifying these sub-flows can result in faster processing times and less costs,
however it can also result in more coordination problems between the business process (quality) and
less possibilities for rearranging the business process as a whole (flexibility) (Limam Mansar &
Reijers, 2005a).

Figure 47. Heuristic BM1 - Order Types - Artifact types

Case-Based work (BM2)
This heuristic considers removing batch processing and use continuously processing instead. In GSM
terms this means that certain guards and milestones need to be adapted because in those rules it is
defined when to open or close a stage i.e. when to start with a batch or periodic activities. This
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heuristic will increase the speed for handling an order but on the other hand needs an investment and
has therefore a negatively effect on the cost dimension. The translation of this heuristic is shown in
Figure 48.

Figure 48. Heuristic BM2 - Case based work

Triage (BM3)
The triage heuristic makes it possible to design tasks that are better aligned with the capabilities of
resources and the characteristics of the order being processed (Limam Mansar & Reijers, 2005a). Due
to this better alignment the quality of the workflow process will be improved. This heuristic is related
to the task composition heuristic but it differs in the sense that it takes into account alternative tasks.
This heuristics considers larger tasks (activities) compared to the task composition heuristic. Again,
this translation is schematically shown in Figure 49. The effect of this heuristic on the performance
dimensions from the Devil’s Quadrangle is the same as the influence of the composition heuristic, but
then on a larger scale. It will increase the quality, time and cost aspect but will decrease the flexibility
dimension.

Figure 49. Heuristic BM3 - Triage

Resequencing (BM4)
This heuristics changes the sequences of the tasks or stages that need to be executed and is first
defined by Klein (1995). This heuristic is also known as the process order optimization heuristic. In a
GSM language this means that the Guards and/or Milestones need to be adapted because the sequence
is defined in those rules. A schematic illustration of this heuristic is shown in Figure 50. If the
execution order of certain stages is revised it is important to check the data attributes from the
information model in order to prevent data flow anomalies (Sun, Zhao, Nunamaker, & Sheng, 2006).
This heuristic can lead to cost and time savings because sometimes it is better to postpone a task if it is
not required for immediately following tasks, so that perhaps its execution may prove to become
superfluous (Limam Mansar & Reijers, 2005a).

Figure 50. Heuristic BM4- Resequencing
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Knock out (BM5)
The definition of the knock out heuristics is only adapted by changing the term knock outs to knock
out stages. In Figure 51 it is shown that there are two different milestones for each stage. One of these
milestones is defined as OK and the other as Not OK (NOK), which is the same terminology used as
van der Aalst (2000) where the knock out heuristic is defined in more detail. This heuristic is a special
case of the resequencing heuristic, where first the stages with a highest ratio are executed. “This ratio
is the expected knockout probability versus the expected effort to check the stage” (Limam Mansar &
Reijers, 2005a). Only if the OK milestone from the first stage is achieved, the guard of the second
stage can be opened. This continues until all stages from the knockout sequence are performed.

Figure 51. Heuristic BM5 - Knock Out

Exception (BM6)
“Exceptional orders may seriously disturb normal operations because workers need to get acquainted
with the new specifics for the exception. Isolating these orders may possibly increase the overall
performance as specific expertise can be build up by workers working on the exceptions” (Limam
Mansar & Reijers, 2005a). This heuristic has therefore a positive effect on the quality, time and cost
dimension. The flexibility dimension is however influenced in a negative way because the processes
become more complex and are therefore less flexible to handle. This heuristic is strongly related to the
Artifact Type heuristic discussed earlier. The difference is that the Artifact type (order type) heuristic
defines new flows for existing sub flows in the process. The exception heuristic isolates exceptions
and therefore the process to handle the main (normal) orders can increase. In GSM terms these
exceptional orders (business artifacts) are defined in the guards and milestones. Again, certain guards
can be opened or closed based on the definition of the guards and milestones, i.e. if certain conditions
are met.

Figure 52. Heuristic BM6 - Exception
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O. BPR heuristics - Theoretical evaluation
Table 27 is used to construct the Devil’s Quadrangle figures for each heuristic. The scores of each
heuristic are based on the scores of the Devil’s Quadrangles in the initial research on BPR heuristic
conducted by Limam Mansar and Reijers (2005a). The scores deviate on a scale from 1 – 10. These
score differ from the Likert scale scores used during the workshops. A score of 5 in Table 27
represents that the heuristic has no effect on the performance dimension. A score > 5 indicates a
positive effect and subsequently a score < 5 indicates a negative effect.
Quality
2
6.5
5.5
6

Time
6
4
7
6

Flexibility
5
5
3
3.5

Cost
6
6
5.5
4

Resequencing
Knock Out
Parallelism
Triage
Artifact Types
Exception
Integral Technology
Case-Based work
Buffering
Business Artifact Composition
Business Artifact Elimination

5
5
3
8
3
7
5
5
5
7
4

7
4
9
8
7
6
8
8
8
6
6

5
5
2
3.5
3
4
5
5
5
5
6

7
9
2.5
8
7
5
3
3
3
4
4

Business Artifact Information

4

7

6

6

BS1
BS2
BS3
BS4

Stage Elimination
Stage Addition
Stage Composition
Stage Automation

BM1
BM2
BM3
BM4
BM5
BM6
BM7
BM8
BM9
BA5
BA6
BI1

Table 27. Theoretical evaluation BPR heuristics
(Limam Mansar & Reijers, 2005a)

Table 28 is used to develop a more in depth knowledge about the theoretical effects of the BPR
heuristics applied in this case study. Therefore two additional scientific articles are consulted. The
effect of each heuristic is summarized in this table.
Limam Mansar & Reijers
(2005a) - Theoretical
Q
T
F
C

Limam Mansar & Reijers
(2007) - Survey

Hanafizadeh,
Moosakhani,
Bakhshi (2009) - Theoretical

Q

T

F

C

Q

T

F

C

Integrating excel files
Integral technology
Stage composition
BA composition (new)

5
6
/

8
7
/

5
6
/

3
6
/

8
6
/

8
7
/

8
3
/

8
6
/

()
+
/

+
+
/

()
/

+
/

Forecasting techniques
Stage addition

7

4

5

7

/

/

/

/

+

-

()

+

Completion time
Integral technology
BA information (new)

5
/

8
/

5
/

3
/

8
/

8
/

8
/

8
/

()
/

+
/

()
/

/

Automating stages
Stage automation
Stage elimination

6
2

6
8

3
5

4
9

/
6

/
9

/
5

/
9

+
-

+
+

()
()

+

Table 28. Theoretical results BPR heuristics
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Business Artifact rules
BS1 Stage Elimination
BS2 Stage Addition

Quality

Time

Cost

Flexibility

Figure 53. Theoretical evaluation: BS1, BS2

BS3 Stage Composition
BS4 Automation

Quality

Time

Cost

Flexibility

Figure 54. Theoretical evaluation: BS3, BS4
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BS5 Parallelism
Quality

Time

Cost

Flexibility

Figure 55. Theoretical evaluation: BS5

Business Artifact Model rules
BM1 Artifact Types
BM2 Case Based Work

Quality

Time

Cost

Flexibility

Figure 56. Theoretical evaluation: BM1, BM2
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BM3 Triage
BM4 Resequencing

Quality

Time

Cost

Flexibility

Figure 57. Theoretical evaluation: BM3, BM4

BM5 Knock Out
BM6 Exception

Quality

Time

Cost

Flexibility

Figure 58. Theoretical evaluation: BM5, BM6
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P. Analytic Hierarchical Process
The AHP method consists of four major steps. First a hierarchical process for the decision’s problem
is built. This hierarchical process consists of a multi-criteria evaluation. A global objective is defined
and evaluated according to different criteria. Then, these criteria are further divided into indicators.
Finally, at the lowest level of the hierarchy, these indicators are evaluated according to a Likert scale
which forms the alternatives. This methodology is schematically shown in Figure 59. After this
hierarchical process is constructed, a pairwise comparison of each level’s elements is conducted. This
means that respectively the relative importance of the criteria, indicators and alternatives is
determined. The last step in the AHP method is to determine the relative weights aggregation of the
different hierarchical levels to provide alternatives classification of the decisions.
Step 1: Building a hierarchical process for the decision’s problem
The criteria used for the evaluation are respectively: component (which perspective are we looking at),
popularity of the redesign rule, the impact of the heuristic, and the goal and risk of the redesign
(Limam Mansar, Reijers, & Ounnar, 2009). The global objective of the AHP is to find the relevance
of each heuristic for this implementation. Each criterion has different indicators which are evaluated
according to the measurements defined by Saaty (1980) in the next step of the AHP.
Step 2: Evaluation of the relative importance of the criteria
First the criteria are compared to each other criterion as is shown in Table 30. In this table the scale
measurements from Table 29 are used. In other words, it is quantified how important each component
is when choosing a BPR heuristic. For example, “popularity” is defined as strongly more important
than the “component” criteria. This classification is followed from Limam Mansar, Reijers and
Ounnar (2009).
Numerical values

Definition

1

Equally important

3

Slightly more important

5

Strongly more important

7

very strongly more important

9

Extremely more important

2,4,6,8

Intermediate values
Table 29. AHP - Scale measurement
(Saaty, 1990)

Component
Popularity
Impact
Goal
Risk
SUM

Component
1
5
5
9
3
23.00

Popularity
1/5
1
1
7
1
10.20

Impact
1/5
1
1
7
1/5
9.40

Table 30. AHP - Relative importance of the criteria
(Limam Mansar, Reijers, & Ounnar, 2009)
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Goal
1/9
1/7
1/7
1
1/9
1.51

Risk
1/3
1
5
9
1
16.33

S.J.H.M. Rijks

Figure 59. AHP methodology
(Limam Mansar, Reijers, & Ounnar, 2009)
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The next step is to determine the priority vector [PV] of each criterion. This priority vector is a relative
weight among the alternatives that are compared. “A way to obtain an approximation to the priorities
is by normalizing the elements in each column of the comparison matrix and then averaging over each
row” (Saaty & Vargas, 2001). The same authors warn practitioners that it is an approximation and that
for important applications one should use only the eigenvector derivation procedure. These normalized
values are shown in Table 31. These values are obtained by dividing each value in Table 30 by the
sum of each column. The last column in Table 31 shows the PV and is thus an average of each row
with its normalized values. Notice, that if the columns of the normalized values are now summed up,
they equal 1. The order from most important criterion to least important is respectively: goal, impact
popularity, risk and finally the component criterion.
Component
0,04
0,22
0,22
0,39
0,13
1,00
5,72
0,18

Component
Popularity
Impact
Goal
Risk
SUM
λmax
CI

Popularity
0,02
0,10
0,10
0,69
0,10
1,00

Impact
0,02
0,11
0,11
0,74
0,02
1,00

CR

0,16

Goal
0,07
0,09
0,09
0,66
0,07
1,00

Risk
0,02
0,06
0,31
0,55
0,06
1,00

PV
0,04
0,12
0,16
0,61
0,08
1,00

Table 31. AHP - Priority Vector - Criteria

In order to check the consistency of the relative weights the principal eigenvalue is calculated. This
principal eigenvalue is obtained by the summation of products between each priority vector and the
sum of columns of the pairwise comparison matrix. In the example of the comparison of the criteria
this is thus calculated by:
(

)

(

)

(

)

(

)

(

)

The next step is to determine the consistency index [CI] with the following formula.
(

)
(

)

This CI is then compared to the Random Consistency Index [RI]. Therefore the consistency ratio is
determined with the formula below. This CR needs to be smaller or equal to 10%. Note that despite
the fact that the CR for the different criteria exceeds 10% (CR = 0.16), these comparison values are
still used since these are proposed by Limam Mansar, Reijers and Ounnar (2009).
n
RI

1
0

2
0

3
0.58

4
0.9

5
1.12

6
1.24

7
1.32

8
1.41

9
1.45

10
1.49

Table 32. AHP - Random Consistency index

These calculations are also conducted for the indicators of each criterion. These calculations are
shown in the next section.
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Step 3: Evaluation of the relative importance of the indicators
The next step is to evaluate the indicators from each criterion. The criteria “component” and
“popularity” are described by one indicator only and thus the relative importance of the indicators
cannot be determined.
Impact indicators
The impact criterion is described by four indicators based on the devils quadrangle. These indicators
are respectively Time, Quality, Flexibility and Cost. The paired comparison values are determined by
Limam Mansar, Reijers and Ounnar (2009) shown in Table 33. The priority vectors are then calculated
and are shown in Table 34. The order from most important to least important impact indicator is
respectively: time, cost, quality and finally flexibility.

I31
I32
I33
I34

Time
Quality
Flexibility
Cost

I31
1
1/5
1/7
1
2.34

(T)
(Q)
(F)
(C)

I32
5
1
1/3
5
11.33

I33
7
3
1
5
16.00

I34
1
1/5
1/5
1
2.40

Table 33. AHP - Impact indicators - Comparison
(Limam Mansar, Reijers & Ounnar, 2009)

I31
I32
I33
I34

Time
Quality
Flexibility
Cost

I31
0.43
0.09
0.06
0.43
1.00
4.17
0.06

(T)
(Q)
(F)
(C)

SUM
λmax
CI

I32
0.44
0.09
0.03
0.44
1.00

I33
0.44
0.19
0.06
0.31
1.00

I34
0.42
0.08
0.08
0.42
1.00

CR

0.06

PV
0.43
0.11
0.06
0.40
1.00

Table 34. AHP - Impact indicators - PV

Goal indicators
The construction of the paired comparison matrix for the goal and risk indicators is the only evaluation
one should do in order to construct an AHP. The goal criterion is described by 8 indicators. In order to
construct a pairwise comparison each indicators needs to be compared to all other indicators. The
number of comparisons can be determined by the following formula:
(

)

In order to determine the pairwise comparisons of the goal criterion (n=8) and the risk criterion (n=6),
in total 43 comparisons are needed:
(

(

)

)

(

(

)
)

Discovering these comparisons would take too much time, therefore an alternative methodology is
constructed by Kallas (2011) which uses the evaluation of the individual indicators to construct a
pairwise comparison. We are aware of the fact that this methodology provides less accurate results
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than constructing all the comparisons. However, for this AHP application this methodology is
sufficient. The determination of the pairwise comparison values are illustrated by an example. The
pairwise comparison, or judgment ( ̂ ) between the indicators I43 and I41 is the absolute difference
between the Likert scores of the indicators (
results in:
̂
|

̂

) added up with 1. In this specific example this

|

|
|

|

|

Depending on the values of i and j the pairwise comparison values can be determined by the formulas
shown in Table 35. In this example

thus

and

if

.

if
̂

̂

̂

̂

Table 35. AHP - Formulas pairwise comparison determination

Applying this methodology results in evaluating 8 + 6 = 14 indicators. These evaluations are obtained
by the interviews conducted internally at MSPP. The results are discussed in appendix J and are shown
in Table 36. Based on these results, again a comparison matrix can be constructed (Table 37) and the
PV’s can be determined (Table 38).

I41
I42
I43
I44
I45
I46
I47
I48

Improve quality
Reduce costs
Reduce service time
Improve productivity
Increase revenue
Improve customer service
Use IT capabilities
Improve competitiveness

Average
6.83
6.67
1.83
5.17
8.00
6.00
3.50
5.67

7
7
2
5
8
6
4
6

R
9
7
1
3
7
1
7
1

GJ
8
8
0
0
9
0
6
8

P
6
5
2
7
9
8
3
9

D
9
7
1
7
7
9
1
5

C
5
7
3
7
7
9
1
5

I45
1/2
1/2
1/7
1/4
1
1/3
1/5
1/3
3.26

I46
2
2
1/5
1/2
3
1
1/3
1
10.03

I47
4
4
1/3
2
5
3
1
3
22.33

PK
4
6
4
7
9
9
3
6

Table 36. AHP - Likert scale - Goal indicators
(MSPP)

I41
I42
I43
I44
I45
I46
I47
I48

Improve quality
Reduce costs
Reduce service time
Improve productivity
Increase revenue
Improve customer service
Use IT Capabilities
Improve competitiveness
SUM

I41
1
1
1/6
1/3
2
1/2
1/4
1/2
5.75

I42
1
1
1/6
1/3
2
1/2
1/4
1/2
5.75

I43
6
6
1
4
7
5
3
5
37.00

I44
6
3
1/4
1
4
2
1/2
2
15.75

Table 37. AHP - Goal indicators - Comparison
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I48
2
2
1/5
1/2
3
1
1/3
1
10.03
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I41
I42
I43
I44
I45
I46
I47
I48
SUM
λmax
CI

Improve quality
Reduce costs
Reduce service time
Improve productivity
Increase revenue
Improve customer service
Use IT Capabilities
Improve competitiveness

I41
0.17
0.17
0.03
0.06
0.35
0.09
0.04
0.09
1.00
8.22
0.03

I42
0.17
0.17
0.03
0.06
0.35
0.09
0.04
0.09
1.00

I43
0.16
0.16
0.03
0.11
0.19
0.14
0.08
0.14
1.00

I44
0.19
0.19
0.02
0.06
0.25
0.13
0.03
0.13
1.00

CR

0

I45
0.15
0.15
0.04
0.08
0.31
0.10
0.06
0.10
1.00

I46
0.20
0.20
0.02
0.05
0.30
0.10
0.03
0.10
1.00

I47
0.18
0.18
0.01
0.09
0.22
0.13
0.04
0.13
1.00

I48
0.20
0.20
0.02
0.05
0.30
0.10
0.03
0.10
1.00

PV
0.18
0.18
0.02
0.07
0.28
0.11
0.05
0.11
1.00

Table 38. AHP - Goal indicators - PV

Risk indicators
The same steps are applied to the risk indicators to determine the pairwise comparison values as
explained in the previous section. The results are shown in Table 39 , Table 40 and Table 41.

I51
I52
I53
I54
I55
I56

Limited implementation time
Poor information system architecture
Limited funds
Lack of managerial support
Lack of top management commitment
Employee resistance

3
6
3
4
4
4

Average
3.17
6.00
3.33
3.67
3.67
4.00

R
5
8
5
1
1
1

GJ
5
2
5
2
2
5

P
3
9
3
5
5
7

D
1
9
1
9
9
1

C
2
5
3
2
2
3

Table 39. AHP - Likert scale Risk indicators
(MSPP)

I51
I52
I53
I54
I55
I56

I51
1
4
1
2
2
2
12.00

Limited implementation time
Poor information system architecture
Limited funds
Lack of managerial support
Lack of top management commitment
Employee resistance
SUM

I52
1/4
1
1/4
1/3
1/3
1/3
2.50

I53
1
4
1
2
2
2
12.00

I54
1/2
3
1/2
1
1
1
7.00

I55
1/2
3
1/2
1
1
1
7.00

I56
1/2
3
1/2
1
1
1
7.00

Table 40. AHP - Risk indicators - Comparison

I51
I52
I53
I54
I55
I56
SUM
λmax
CI

Limited implementation time
Poor information system architecture
Limited funds
Lack of managerial support
Lack of top management commitment
Employee resistance

I51
0.08
0.33
0.08
0.17
0.17
0.17
1.00
6.04
0.01

I52
0.10
0.40
0.10
0.13
0.13
0.13
1.00

I53
0.08
0.33
0.08
0.17
0.17
0.17
1.00

I54
0.07
0.43
0.07
0.14
0.14
0.14
1.00

CR

0.01

Table 41. AHP - Risk indicators - PV
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I55
0.07
0.43
0.07
0.14
0.14
0.14
1.00

I56
0.07
0.43
0.07
0.14
0.14
0.14
1.00

PV
0.08
0.39
0.08
0.15
0.15
0.15
1.00

PK
3
3
3
3
3
7

Appendices
Step 4: Evaluation of the relative importance of the alternatives (heuristics) to the indicators
Component alternatives
The first criterion is the component´s importance. As stated earlier, these components are depicted
from the BPR framework defined by Reijers and Mansar (2005a). The component “external
environment” is not included in the analysis because too many factors exist that are outside the scope
of a BPR project to take into account to determine their applicability. The importance of each
component is assessed in the earlier mentioned survey amongst experienced BPR practitioners in the
UK and the Netherlands, conducted by Limam Mansar and Reijers (2005a). According to the BPR
framework the major areas a practitioner needs to focus on when redesigning a BPR project are: the
customer, the information flow and the products. These results are translated as shown in Table 42.
Each heuristics (alternative) gets the value from the component from the BPR framework were the
heuristic belongs to. For example, the Task Elimination belongs to the operation view component and
is therefore classified with an AHP value of 5.

1.
2.
3.
4.
5.
6.
7.

Customer
Information
Product
Operation view
Behavior view
Organization
Technology

AHP scale
9
7
7
5
5
3
3

Interpretation
Extremely important
Very important
Very important
Important
Important
Slightly important
Slightly important

Table 42. AHP - Components indicator’s values
(Limam Mansar, Reijers and Ounnar, 2009)

Popularity alternatives
The second criterion is the popularity of the BPR heuristics in practice. The four most popular
heuristics are assigned with a value of 4, the next three with a value of 3 and the three least popular are
assigned with a value of 2. All other heuristics got a value of 1. The values of all indicators are
summarized in Table 45.
Impact alternatives
The criterion impact is evaluated according to the time, quality, flexibility and cost dimensions
depicted form the Devil’s Quadrangle. In Table 43 below, it is shown which AHP value is assigned to
which evaluation of the Devil’s Quadrangle.

Negative impact
No impact
Positive impact

AHP scale
1
3
5
7
9

Interpretation
Highly significant decrease in performance
Significant decrease in performance
Neutral
Significant increase in performance
highly significant increase in performance

Table 43. AHP - Impact indicator’s values
(Limam Mansar, Reijers & Ounnar, 2009)
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Goal and Risk alternatives
The evaluations of the alternatives regarding the goal and risk indicators is based on the evaluations
from Limam Mansar, Reijers and Ounnar (2009) described in their research paper. They used their
judgment and experience to derive these vales as is shown in Table 45.
Now all values are known to construct the final AHP calculation. From the alternative evaluations
shown in Table 45 the normalized values are calculated as explained before. These values are then
multiplied by each PV of the indicators. The result is a relative weight from each heuristic (alternative)
to the criterion. For the component and popularity criteria this is not necessary since it consist of only
one indicator. Therefore determining the normalized values is sufficient.
A next and final step is then to multiply this relative weight with the different weight for each
criterion. This last step is shown in Table 46.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Heuristic
Integral technology
Integration
Specialist-generalist
Task elimination
Order assignment
Task composition
Empower
Resequencing
Parallelism
Numerical involvement

Relative weight
0.114
0.105
0.103
0.102
0.102
0.097
0.097
0.094
0.093
0.093

Table 44. AHP - Final Result
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1
2
3
4
5
6
7
8
9
10

Best practice
Resequencing
Parallelism
Integration
Task elimination
Task composition
Empower
Specialist -generalist
Order assignment
Numerical involvement
Integral technology

CO
5
5
9
5
5
3
3
3
3
3

Behavioral
Behavioral
Customers
Operation
Operation
Organization: population
Organization: population
Organization: structure
Organization: structure
Technology

PO
3
2
2
4
4
4
3
3
2
4

T
9
9
9
9
9
9
9
9
9
9

Impact
Q
9
5
9
7
7
7
9
9
7
9

F
5
5
7
5
7
9
9
7
7
9

C
7
7
7
9
7
7
9
7
7
9

Goal
I41
9
5
9
7
7
7
9
9
7
9

I42
7
7
7
9
7
7
9
7
7
9

I43
9
9
9
9
9
9
9
9
9
9

I44
5
9
7
9
9
7
7
9
7
9

I45
5
7
7
5
5
5
7
5
7
7

I46
5
5
9
5
5
5
5
9
5
9

I47
5
7
5
5
5
5
5
5
5
9

Risk
I51
5
3
1
7
5
3
1
5
3
1

I48
5
5
7
5
5
5
5
7
5
7

I52
5
5
1
5
5
5
5
5
5
1

I53
5
5
5
5
5
7
3
5
7
3

I54
5
5
5
5
5
5
5
5
5
5

I55
5
5
5
5
5
5
5
5
5
5

I56
3
5
5
3
3
9
1
3
3
3

Table 45. AHP - Alternative evaluations
(Limam Mansar, Reijers and Ounnar, 2009)
Component

Popularity

Impact

Goal

Risk

1

Task elimination

(

0.036

*

0.114

)

+

(

0.116

*

0.129

)

+

(

0.165

*

0.105

)

+

(

0.607

*

0.094

)

+

(

0.077

*

0.113

)

=

0.102

2

Task composition

(

0.036

*

0.114

)

+

(

0.116

*

0.129

)

+

(

0.165

*

0.096

)

+

(

0.607

*

0.089

)

+

(

0.077

*

0.108

)

=

0.097

3

Integral technology

(

0.036

*

0.068

)

+

(

0.116

*

0.129

)

+

(

0.165

*

0.111

)

+

(

0.607

*

0.122

)

+

(

0.077

*

0.058

)

=

0.114

4

Empower

(

0.036

*

0.068

)

+

(

0.116

*

0.129

)

+

(

0.165

*

0.097

)

+

(

0.607

*

0.088

)

+

(

0.077

*

0.130

)

=

0.097

5

Order assignment

(

0.036

*

0.068

)

+

(

0.116

*

0.097

)

+

(

0.165

*

0.099

)

+

(

0.607

*

0.105

)

+

(

0.077

*

0.108

)

=

0.102

6

Resequencing

(

0.036

*

0.114

)

+

(

0.116

*

0.097

)

+

(

0.165

*

0.097

)

+

(

0.607

*

0.090

)

+

(

0.077

*

0.108

)

=

0.094

7

Specialist-generalist

(

0.036

*

0.068

)

+

(

0.116

*

0.097

)

+

(

0.165

*

0.111

)

+

(

0.607

*

0.106

)

+

(

0.077

*

0.088

)

=

0.103

8

Integration

(

0.036

*

0.205

)

+

(

0.116

*

0.065

)

+

(

0.165

*

0.099

)

+

(

0.607

*

0.113

)

+

(

0.077

*

0.069

)

=

0.105

9

Parallelism
Numerical
involvement

(

0.036

*

0.114

)

+

(

0.116

*

0.065

)

+

(

0.165

*

0.091

)

+

(

0.607

*

0.096

)

+

(

0.077

*

0.111

)

=

0.093

(

0.036

*

0.068

)

+

(

0.116

*

0.065 ) + (
0.165 * 0.096
Table 46. AHP - Final Calculation

)

+

(

0.607

*

0.097

)

+

(

0.077

*

0.107

)

=

0.093

10
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Q. Workshop - Structure
Introduction:
This workshop is conducted for my master thesis research for the master Operations management and
Logistics at the University of Technology Eindhoven.
Outline and objectives:
- Introduction
- Validation and evaluation of the current situation.
- Validation and evaluation of proposed redesigns.
- Discussion other possible redesigns.

(5min)
(30 min)
(60 min)
(30 min)

Time:
Approximately 2 hours

Information
Date
Name

125

As-is situation
Unacceptable
1.

2.

3.
4.

5.

6.
7.

8.
9.
10.

11.
12.
13.

Quality
External parties
The fulfilment of constraints and commitments made to external parties. (on time delivery, delivering
the right products, delivering the right quantity and quality)
Resource utilization
Try to keep the inventory level during the week on a specific level (depending on the season and
weather), and make sure that the machinery and labor are using their full capacity
Realized performance
The optimal use of the raw material which can be influenced by certain planning choices.
Quality of communication
The understandability of the schedule itself, and the way in which the schedule and changes are
communicated with other department.
Quality of information
The availability, reliability and completeness of information.
Time
Planning time
The time it takes to construct the production plans.
Lead time
The time it takes to handle an entire case / flock.
Flexibility
Mix flexibility
The ability to process (plan) different kinds of orders.
Labor flexibility
The ability to perform different tasks by the planners.
Process modification flexibility
The ability to modify the initial production plans.
Cost
Running cost
Labor (planners) cost, machinery cost and training cost
Inventory cost
The cost of holding goods in stock.
Resource utilization cost
Ratio of in use time and available time of resources.
Table 47. Workshop structure - as-is situation
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Very poor

Satisfactory

Very good

Excellent

Appendices
BPR
-1.

2.

3.
4.

5.

6.
7.

8.
9.
10.

11.
12.
13.

Quality
External parties
The fulfilment of constraints and commitments made to external parties. (on time delivery, delivering
the right products, delivering the right quantity and quality)
Resource utilization
Try to keep the inventory level during the week on a specific level (depending on the season and
weather), and make sure that the machinery and labor are using their full capacity
Realized performance
The optimal use of the raw material which can be influenced by certain planning choices.
Quality of communication
The understandability of the schedule itself, and the way in which the schedule and changes are
communicated with other department.
Quality of information
The availability, reliability and completeness of information.
Time
Planning time
The time it takes to construct the production plans.
Lead time
The time it takes to handle an entire case / flock.
Flexibility
Mix flexibility
The ability to process (plan) different kinds of orders.
Labor flexibility
The ability to perform different tasks by the planners.
Process modification flexibility
The ability to modify the initial production plans.
Cost
Running cost
Labor (planners) cost, machinery cost and training cost
Inventory cost
The cost of holding goods in stock.
Resource utilization cost
Ratio of in use time and available time of resources.
Table 48. Workshop structure - Redesigns
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None

+
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R. Workshop - Results

Confidential
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