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UNIVERSITY OF SKOVDE

SUMMARY

Obtaining data-based decision support faster is a competitive advantage for companies.
Faster decisions means that companies can capitalize on opportunities and avert costly
mistakes. Simulation as a predictive tool, with the rise of digitalization, is used across
many disciplines in the manufacturing industry. When analyzing current and future pro-
duction lines, more companies are using discrete event simulation software which offers
improved results and accuracy compared to static analysis tools. If simulation is coupled
with multi-objective optimization and knowledge extraction, new possibilities for pro-
duction systems are introduced where artificial intelligence can be used to improve the
systems.

Seeking predictive answers on the manufacturing network level by re-using line models
is problematic. Simulation models on the line level are usually detailed to answer spe-
cific questions about that production line. Trying to connect several of these models with
the intent to optimize the complete manufacturing network will create computationally
expensive models. Reducing the complexity of the line models is not enough, a new rep-
resentation of the line models is needed. New methods for the aggregation of detailed
line model data into a faster and more computationally efficient line modules will enable
analysis and optimization of manufacturing networks.

A novel method for the aggregation of detailed simulation model data to a more efficient
meta-model is one part of the expected result for this project. Increasing the general-
izability of the method is critical and application studies will be performed on different
types of manufacturing processes. After the generalizability has been verified, extending
the method to also incorporate the possibility of optimization and knowledge extraction,
together with which input data is required, a framework can be created. This aggregation
framework will be the main contribution from this project.
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CHAPTER 1
INTRODUCTION

The manufacturing industry has begun a transformation process to react to the rapid
changes of globalization, digitalization, and change in consumer demand. The automo-
tive industry in particular is facing challenges with new disruptive technologies entering
the market such as fully electric drive lines and autonomous cars. The increase in global-
ization creates new regional structures at the operational level when new vehicle assembly
plants require new local suppliers (Sturgeon et al., 2009). Reacting to change with the
correct response will require better and better decision-support for the businesses and
correct predictions of cause and effect.

For improving industrial processes and manufacturing systems on a line-level; discrete
event simulation (DES) is the method of choice (Madan et al., 2005; Chwif, Barretto, and
Paul, 2000; Negahban and Smith, 2014). In larger companies, several production lines
with buffers of different sizes connecting them are necessary to produce goods, i.e. facto-
ries. These form complex networks of interconnected systems which are often neglected
when simulating and optimizing production processes. To simulate complex production
systems, detailed models are constructed to answer questions about the system. In ad-
dition to computational complexities, more time is required for gathering input data to
detailed models (Fowler and Rose, 2004). Connecting several of these detailed models
will increase the computational demands which leads to an increase in the time taken for
optimization. Simulation model complexity in regards to discrete event simulation mod-
els is defined from here on as the number of connections, objects, logic, and routing used
to recreate the system in question (Brooks and Tobias, 2000). Reducing the complexity
of the models, while retaining their characteristics, will enable optimization on the fac-
tory level and the expedited delivery of results to a decision maker. Previous research has
been performed into techniques for creating aggregated models using data from detailed
models.

Results from the literature review has shown that more research is needed within the field
of aggregated DES techniques, especially for simulation on the manufacturing network
level. Examples of a quantitative methodology for creating an aggregate DES model of a
flow line manufacturing system exists (Savory and Mackulak, 1997). Other possible ap-
proaches to reducing complexity of simulation models are mathematical and hybrid mod-
els (Zulkepli, Eldabi, and Mustafee, 2012; Lefeber and Armbruster, 2011; Asmundsson,
Rardin, and Uzsoy, 2006). Research has revealed a potential to extend the capabilities
of DES models for simulation and optimization of higher-level manufacturing systems to
create valuable decision support for the development and operation of production plants
(Pehrsson, Frantzen, et al., 2015; Tako and Robinson, 2012). There is a huge potential to
extend the state of the art by continuing the exploration of aggregation methods for higher
level manufacturing systems and expand the field of applications for discrete event tech-
niques.

The project will focus on how to analyze, optimize, and improve facilities using multi-ob-
jective optimization, DES, and aggregation techniques. Another aspect in this work will
be providing decision-support to facilitate better decisions made on the manufacturing
network level. The decision-support will also include knowledge extraction and identifi-
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cation of important factory level output values. This work will be organized primarily in
collaboration with Volvo Cars working with car, engine, and stamping plants in Sweden
with support from the Shool of Engineering Science of the University of Skévde. Primary
domains will be DES, multi-objective optimization, data science, and knowledge extrac-
tion.
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CHAPTER 2
AIM AND OBJECTIVES

This PhD research project aims to increase the knowledge of optimizing manufacturing
networks by developing a fast and efficient aggregation framework to allow the applica-
tion of multi-objective optimization and knowledge extraction.

Research Question

« How can efficient and accurate models on the manufacturing network level support
knowledge-based decision-making?

Answering the research question will require the completion of five research objectives
resulting in the creation of new knowledge, artifacts, frameworks and methods. The ob-
jectives are listed in decreasing importance where completing Objective 1 will be a pre-
requisite to completing the subsequent objectives. The research outcomes from each ob-
jective will build upon the framework developed in Objective 1, which will be the main
novel contribution from this PhD project. Each objective is summarized, followed by the
planned outcomes of the objectives and how to generate, collect, and analyze data to reach
those outcomes. The research will be divided into three areas, each extending the knowl-
edge and contributes to answering the research question. The areas are shown graphically
in Figure 2.1, where the planned publications are also shown. Detailed planning for the
publications will be shown later in the proposal.

Project areas
« Fast and efficient factory models

« Extracting knowledge from aggregated models

« Analyzing higher-level manufacturing networks

2.1 FAST AND EFFICIENT FACTORY MODELS

Considering the rate of change in industry is steadily increasing, new or changed produc-
tion systems are necessary to meet demands. To avoid costly mistakes; these produc-
tion systems, whether they are new factories, new production lines or significant changes
to existing systems, need to be evaluated and tested before they are built. Using simu-
lation models, testing and optimizing production system performance is made possible
throughout the entire life cycle of the system.

Advancing from modelling production lines to modelling on the manufacturing network
level increases the computational demands, thereby also increasing the time required
to use simulation-based optimization. To deliver results faster from optimization stud-
ies, two options are available; increasing the available computational power or reducing
model running time. If the necessary funds are available, increasing the computational
power is always possible but reducing model running time is more cost and resource ef-
fective albeit a more difficult task.
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Analyzing higher-level ~ ®Journal article 4
manufacturing networks e Conference paper 3

Extracting knowledge  ® Conference paper 2
from aggregated models e Journal article 3

Fast and efficient factory ®Conference paper 1
models e Journal article 1-2

Figure 2.1: Project areas and connected publications

One approach to reducing model running time is by reducing model complexity; also
known as level of detail (Brooks and Tobias, 2000). Complexity in DES models come
in the form of: programming, control, and routing logic, number of objects, and the re-
quired input data needed to run the model. Aggregating the data and objects to only a few
components will reduce running time and decrease the search space when optimizing.
Efficient and accurate aggregation techniques could provide the means of faster decision
and feedback loops which will increase the performance of production systems.

2.1.1 CREATEFRAMEWORKFORFASTANDEFFICIENT AGGREGATED
MODELS ON MANUFACTURING NETWORK LEVEL (O1)

The proposed framework should enable fast and efficient® aggregation of production line
or factory data to be analysed using a model and subsequently optimized. Based on pre-
vious research by Pehrsson, Frantzen, et al. (2015) and tested in Lidberg, Pehrsson, and
Frantzén (2018), one technique has already been developed. This technique will need
to be adapted, extended, tested on different problems, and automated to be considered
generalized. Creating a framework will require research and investigation into the bound-
aries and limits of the model. This will determine which kind of processes and systems are
appropriate to model using the aggregation framework. Furthermore, it will set recom-
mendations for how to divide a production system into many instantiations of the aggre-
gation model depending on the size of internal line storage. That is, should a production
line containing a storage large enough to store the equivalent of one hour of production be
considered decoupled and divided into smaller aggregated models? These considerations
would need to be addressed in the framework.

A model in isolation would not suffice to create a framework; nomenclature, theory, input
data, methods and systems would be required. Methods to analyze and convert the data
from real world industrial systems to the data required by the aggregation technique will
need to be included in the framework.

'Efficient in this context means computationally efficient while requiring few modelling objects and input parameters.
Accomplished by reducing model complexity.

4
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Data generation, collection and analysis required to complete O1

Creating the framework will require multiple application studies in, primarily, automo-
tive production plants and their suppliers. The choice of the automotive industry is due to
ease of access and has the possibility of generating data in the form of documents. Every
application study will follow the simulation study approach adapted in Figure 2.2 (Law
and Kelton, 2000).

Collect data and
construct
conceptual model

Valid
conceptual Create the model
model?

Verified and
valid model?

Formulate the
problem

Document and Design, conduct,
present the and analyze
simulation results experiments

Figure 2.2: Seven-step approach for conducting a simulation study, adapted from (Law and Kelton, 2000)

Data from the models will be collected using observations and compared to the data re-
trieved from the real-world systems in the application studies. This approach will verify
and validate the modelling technique. The key performance indicators: jobs per hour,
number of parts produced and lead time will be used in the comparison. For each of
these indicators, the mean, minimum, maximum, standard deviation, and graphical pat-
tern will be compared. If the difference in the summary parameters is lower than 2% the
model can be considered valid. The graphical analysis, where the performance of a pa-
rameter is shown over time, will be compared visually. Additionally, protecting company
assets will be important when publishing the research. This could require obfuscation of
data to enable reproducibility of the results.

Application study 1 handles the optimization of a manufacturing facility which produces
engines. The goal of the study is to reduce storage sizes and lead time through the plant.
This is accomplished by aggregating the data for seven machining lines, two automated
assembly lines, and four manual assembly lines. Each of the lines are recreated with the
technique from Pehrsson, Lidberg, et al. (2014), connected and controlled by a simulated
order handling system based on real-world order and product data. Using multi-objective
optimization a number of different solutions will be presented, each one Pareto-optimal
(Deb and Srinivasan, 2006). Multi-objective optimization is beneficial in comparison to
design of experiment studies when the goals of the study are contradictory (Ng, Dudas,
et al., 2011). That is, for example, reaching the lowest possible work in process is not
possible while trying to maximize jobs per hour. No solution on the Pareto-optimal front
is strictly better than any other, the decision-maker will decide the most suitable solution
to the problem.

Application study 2 shares the manufacturing basis of application study 1. Modelling a
scenario further into the future, the number of manufacturing lines, the number of prod-
ucts and line complexities will increase. This will require modifications to the model
template used in application study 1 to handle additional configurations. Multi-objec-
tive evolutionary algorithms such as NSGA-II, developed by Deb, Pratap, et al. (2002),

5



UNIVERSITY OF SKOVDE

excel at finding the Pareto-optimal solutions to problems with a large amount of possi-
ble input parameters and many objectives. Compared to a design of experiments, where
the input parameters would need to be constrained to reduce the number of experiments
needed, an optimization using an evolutionary algorithm is an iterative process (Flore-
ano and Mattiussi, 2008). The iterations, or generations, evolve by combining the input
values of solutions with good fitness values. In NSGA-II, the selection criteria are further
expanded to differentiate between the distances of solutions in objective space and place
them into fronts of equally non-dominated solutions.

Research outcomes from O1

An aggregation modelling framework consisting of a model, theory, required input data,
methods, interfaces, and interconnected systems. Application study 1 and 2 will be a part
of this objective.

2.1.2 EVALUATEHOW THE FRAMEWORK CANBE EXTENDED BY CON-
NECTING EXTERNAL INTERFACES (02)

Production systems are controlled by several factors, both stochastic and determinis-
tic. Management can set time constraints by producing on different shifts, number con-
straints by stopping a plant after reaching the target for that shift, and performance con-
straints can be set by adjusting the personnel required to operate the system. These deci-
sions lead to artificial limits set on the production system, where the maximum jobs per
hour could be different from one shift to the next and separated from the target levels set
by the input data. Other planned events with respect to times and schedules are planned
maintenance, setups between variants, and stops for breaks.

External control systems such as Manufacturing Execution System (MES) or Enterprise
Resource Planning (ERP) could also prove to be beneficial to include. Adding these inter-
faces will increase the accuracy of the model compared to real production environments.
The trade-off between simplicity of the framework and the accuracy of the model will be
of great importance when investigating this objective. Completing this objective will also
enable the comparison of model performance and factory performance using real world
data on calendar time.

Data generation, collection and analysis required to complete O2

O2 will reuse the models created during the application studies for O1. Control schemes,
documents such as shift patterns and production rate limits, will be collected for the pro-
duction systems modelled in O1. This type of data was not previously gathered and will
require additional time and resources. Using this information, the models will be config-
ured and re-validated against the new input data. The old models will also be evaluated
with this new type of data to see if adapting the input data is enough to recreate the be-
haviour. The evaluation method will be identical to O1.

Research outcomes from Obijective 2

Enabling the possibility of controlling aggregated models through external interfaces, and
if relevant, increasing the accuracy and generalizability of the proposed framework.

6
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2.1.3 ESTABLISHTHE VALIDITY, GENERALIZABILITY AND ACCURACY
OF THE PROPOSED FRAMEWORK (O3)

For the framework to be considered valid, both internally and externally, several addi-
tional application studies and experiments will need to be performed. These tests should
include different production facilities with different products to ensure generalizability
for manufacturing plants. Comparing model data and production data for factories will
require a deeper literature search within the area of operational management. Establish-
ing best practice key performance indicators will set the baseline of comparison between
the real and simulated. Evaluating the framework will be completed with or without the
additions of O2, depending on the success of that objective.

Data generation, collection and analysis required to complete O3

New application studies will be performed where new models are built to complete this
objective. The application studies will be performed in sectors other than the automotive
industry primarily, and on other parts of the automotive industry if access to other sectors
is unavailable. The data collection period will therefore be longer than other objectives.
A literature review will provide theory to establish which key performance indicators to
compare between the models and the data from the application studies. The literature
review will increase the accuracy of the model validation and could also provide repro-
ducible application studies to validate the framework.

Research outcomes from O3

Evaluate appropriate key performance indicators to measure factory performance using
existing literature. The aggregation framework will be validated, verified, and tested on
several different types of factories. Increasing the confidence in the accuracy and general-
izability of the framework. Application study 3 and application study 4 is created through
this objective.

2.2 EXTRACTING KNOWLEDGE FROM AGGREGATED
MODELS

An optimization study using multi-objective evolutionary algorithms with a simulation
model produces large amounts of data. Each solution in the study contains every param-
eter setting used in that solution and the outputs achieved from the model. Identifying
the causes for the effects seen in the study can be difficult since it is not immediately ap-
parent which change to which input parameter is the most important (Bandaru and Deb,
2010).

The effect of change to some parameters (decision variables) in a simulated system could
be a prerequisite for further improvements, since they can be considered the bottleneck
or constraint in the system (Goldratt and Cox, 2004). Knowledge extracted from the
optimization result could provide the optimal order of improvements needed to increase
the capacity of the plant or system (Dudas et al., 2014).

2.2.1 INTEGRATE THE CONCEPT OF SIMULATION-BASED INNOVIZA-
TION AND AGGREGATION FRAMEWORK (0O4)

The simulation-based innovization (SBI) process is developed by Ng, Deb, and Dudas
(2009). Comprised of four stages: simulation based multi-objective optimization, data

7
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preprocessing, pattern recognition, and interpretation and evaluation; the process sup-
ports the user in extracting knowledge from the data.

Additional changes could be needed for the aggregation framework when used in this
process. The granularity of input parameters to the aggregation model could prove in-
sufficient for knowledge extraction. Previous applications of SBI has been performed for
production lines where the interaction between the elements are known. For the aggre-
gation technique, the interactions are not fully understood, and the possibility to identify
constraints is not known.

Data generation, collection and analysis required to complete O4

Optimization application studies on the aggregation framework are previously completed
in application study 1-4. The reuse of these results will give initial indications to whether
the aggregation framework is granular enough for knowledge extraction. If not sufficient,
changes could be needed for the aggregation framework, leading to re-validation of the
previous application studies.

Research outcomes from O4

Integration of the aggregation framework with SBI, possibly extending the aggregation
framework for inputs and outputs needed for the optimization and data-mining.

2.3 ANALYZINGHIGHER-LEVEL MANUFACTURINGNET-
WORKS

Where optimizing a single station in a production line could be a sub-optimization if the
effect on the line is not considered, optimizing a factory in a supply chain could also be
a sub-optimization if performed in isolation. Applying the aggregation framework on a
supply-chain level, could enable fast and accurate representation of a global supply chain
involving both main producers and suppliers. Objective 5 explores the configuration of
manufacturing networks in contrast to the coordination of networks (Rudberg and Ol-
hager, 2003). This addition to the framework could help diagnose supplier performance,
bottlenecks in the chain, evaluate placement of new facilities or establishing presence on
a new market.

2.3.1 APPLY THE AGGREGATED FRAMEWORK TO OPTIMIZE SUPPLY-
CHAINS (05)

On the highest level of manufacturing additional considerations will need to be consid-
ered. Transportation and the required lead time between sites will increase in importance
compare to only a single factory. Building supply chain models could also require a differ-
ent method of handling receiving and dispatching orders to and from the factories. Initial
testing for this objective have been performed in the early stages of the project.

Data generation, collection and analysis required to complete O5

Data generation for completing this objective will be in the form of documents created by
domain experts and employees for the partner company. The documents will consist of
data required to create a model of a specific global supply chain. Transportation times,
batch sizes, supplier performance, working hours, bill of materials, storage sizes, and data
about information flows will be important to gather to create a valid global supply chain
model. Additional consideration will need to be taken to this new level of detail where

8
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previous literature could prove to be insufficient. A deeper literature review into supply
chain management, operations management, and optimization will be needed.

Research outcomes from O5

Additions to the framework to enable the optimization of supply chain problems. These
additions could be transportation options, receiving and dispatching logic, order handling
systems or other complements.

2.4 SCOPE AND LIMITATIONS

The research project is limited to the study of discrete processes. Thus, the tests for the
aggregation framework will be on discrete production systems only. Although the aggre-
gation framework in itself could be based on other techniques than discrete simulation.
Logistic systems delivering supporting material to the production are not included, only
the main flow of the products are modelled. Regarding generalization, access to other in-
dustries could be difficult and one possible limitation could be that the application studies
are only performed in the automotive sector. A variety of processes do exist in the auto-
motive sector meaning that the generalizability requirement will not be compromised.
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CHAPTER 3
RESEARCH STRATEGY

Considering the research question, objectives, and outcomes; the focus of the research
project is the creation of a valid and accurate modelling framework. This framework will
then be evaluated and, after some possible modifications, be used to solve supply chain
issues. Several domains are involved in this project; therefore, a research strategy which
encompasses both breadth and depth is needed. Two research strategies described in
Oates (2006), experiments and design science, has been compared. Experiments has a
narrow focus, more suitable to part of the research project rather than the whole. The de-
sign science framework, developed by Hevner et al. (2004), includes the business needs
from the environment, the theory and knowledge required to establish rigor, and the re-
search process of creating artifacts and theories. Adapted to this research project, the
framework is shown in Figure 3.1.

Environment IS Research Knowledge Base

People Foundations
e  PhDstudent DEVE|OP/BUI|d e Theories
e  Supervisors * Models e Frameworks
e Domain experts * Framework e Models
¢ Company A e Methods
employees i Applicable iati
e Researchers Business K::Wled X e Instantiations
Needs Assess Refine g
Organizations )
e Volvo Cars | v Methodologies
e  University of Skovde e DataAnalysis
i . Techni
e Partner companies Justify/Evaluate . szmr;'ﬁ:ni
e Analytical e Measures
Technology e CaseStudy dation Criteri
I A e Validation Criteria
e Modeling software e Experimental
e Datastorage e Simulation
e  Optimization
A A
Application in the Additions to the
Appropriate Environment Knowledge Base

Adapted from Hevner et al. (2004)

Figure 3.1: Research project using Design Science

In design science, the outcome of the research should be a purposeful artifact designed
to address an important organizational problem (Peffers et al., 2007). Since this project
is performed in cooperation with Volvo Cars, the questions and objectives are posed to
fulfill the needs of the organization. This increases the appropriateness of the choice of

10
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design science as a research strategy. Hevner et al. (2004) also poses seven guidelines
for conducting design science research adapted in Table 3.1. Also shown is the adherence
to the guidelines by this project, classifying design science as an appropriate choice of
research strategy.

Table 3.1: Research guidelines for Design-Science applied to this project

Guideline Adherence in this project
1. Design as an artifact Producing a framework as an artifact
2. Problem relevance Solving a business problem
3. Design evaluation Evaluated through simulations,
experiments, and application studies
4. Research contributions Novel research in factory simulation,
strictly better than previous simulation efforts
5. Research rigor Framework based on existing

literature and theory
6. Design as a search process  Iterative approach to continuously
improve the framework through the project
7. Communication of research Through academia and partner
company

The project relies heavily on application studies, primarily because of the cooperation
with a partner company enables access to real-world test cases. Academic models can
be useful for initial testing of theories but applying theories and methods to problems en-
countered in real-world production situations yields better validation. Inherent problems
with generalization when conducting application studies will be alleviated by accessing
other manufacturing companies.

For the philosophical paradigm from which to base the research, applying a positivism
approach is the most appropriate. A large part of the project will consist of quantitative
analysis of model performance and real-world performance. Even though the production
systems themselves are operated by, and influenced by humans, the results should not
reflect that. Applying an interpretivist paradigm would not be possible to answer the
research question using the chosen approach.

3.1 ETHICAL CONSIDERATIONS

This project will follow the recommendations presented by the Swedish Research Council
in God forskningssed (2017), and the ethical guidelines of both University of Skovde and
partner companies. Presenting the truth about the research, transparency of research
data and methods, and attributing research contributions accurately will be important
considerations. This research is funded in whole by Volvo Car Corporation but the re-
searcher will operate under full autonomy.

The production of combustion engines and cars is an ethical issue in itself because of the
substantial contributions they make to greenhouse gas emissions. This research will not
take into account the environmental aspects of production directly, but could contribute
to reducing the impact made by producing more efficiently.

1"
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3.1.1 PUBLICATION ETHICS

For publications, this project will follow the recommendations in the Uniform Require-
ments for Manuscripts Submitted to Biomedical Journals, also known as the Vancou-
ver rules (International Committee of Medical Journal Editors, 2018). The requirements
state that authorship attribution should be based on substantial contributions to the con-
ception or design of the work, or the acquisition, analysis, or interpretation of data for the
work. In addition, an author would have to draft the work or revise it critically for impor-
tant intellectual content, and make final approval of the version to be published. Lastly,
an author will need to agree to be accountable for all aspects of the work and ensure that
any questions related to the accuracy or integrity of any part of the work are investigated
and resolved.

This can be difficult to follow in the current research climate where publish or perish is the
norm. Having a large amount of published articles increases the individual researchers
worth, leading to many people wanting to be listed as co-authors while contributing as
little as possible. Contributions by people to an article where the previously mentioned
criteria could not be met, will be placed in an acknowledgment section instead.

3.1.2 ETHICAL VETTING

To determine if the project is legally subject to an ethical review, one of the criteria from
God forskningssed (2017) will have to be met;

» The research involves physical procedures to a research subject

« A research method is used with the intent to affect (or harm) a subject physically or
psychologically

« Studies on biological material from a living person which can be traced back to that
person

« The research involves physical procedures to a deceased human being

+ Studies on biological material from a deceased person which can be traced back to
that person

« Use of sensitive personal data, such as race, ethnical origin, political or religious sym-
pathies

No human will be harmed or intentionally affected as a part of this project, the tests and
case studies will be conducted using virtual tools. The research methods are not involving
physical persons or their data. Workers could be represented in the simulation models i.e.
application studies, but are not identifiable or modelled from actual people. In the event
of conducting interviews as part of a research strategy, the participants will be informed
of consent, anonymity, and their prerogative to withdraw from the research at any time.
Interviews could be had with decision-makers for evaluating the efficacy and usefulness
of the proposed framework.

3.1.3 REPRODUCIBLE RESEARCH

Reproducible research is paramount and is a large ethical concern in the research commu-
nity worldwide. This is complicated by the fact that application studies in collaboration
with companies would likely include the intellectual property of the company. Especially
when it comes to the design, data, and output from simulation models representing the
company’s factories. It’s not possible to ascertain the extent of confidentiality enforced
by the partner companies in advance. The research project will aim for a high degree of
transparency for the simulation models, methods, and data.

12
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To ensure reproducibility, academic models will be created, where the concepts are proven,
using open simulation standards. These models will be built in open-source software, and
the source code will be published along with the data needed for reproducing the results.
An academic model will prove the generalizability of the technique for different sectors
or types of manufacturing systems.

For the application studies, the input, output, and optimization data will be published if
possible, or otherwise anonymized. The data will be archived and stored for open access,
adhering to best-practice published by the Swedish Research Council, such as SND'.

3.1.4 OPEN SCIENCE

Published material from this research project should be made available through open ac-
cess, either in open access journals, through hybrid publishing, or by parallel publishing.
Open access journals are open by default, whereas hybrid journals are open after payment
of a fee. If the journal allows parallel publishing, the article can be archived separately
in for example DiVA? to be openly available, usually after a set amount of time. DiVA is
used whenever possible to publish results, and the licentiate and/or PhD dissertation is
required to be published there.

Tracking the project with the Open Science Framework3, would enable the different stages
and components of the project to be shared, registered, and referenced. Pre-registering
studies and experiments allows for transparency in the process, showing whether or not
the proposed hypothesis is valid or not. Publishing negative results is important, but find-
ing a journal willing to publish it could prove problematic, since negative results are not
valued as much as positive.

!Svensk Nationell Datatjanst, https://snd.gu.se/
2Digitala Vetenskapliga Arkivet, http://www.diva-portal.org
30pen Science Framework, https://osf.io/
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CHAPTER 4
IMPLEMENTATION PLAN

The first year of the implementation plan is shown in Table 4.1; where coloring has been
applied to segment the different objectives. Activities regarding Area 1 is shaded in blue,
Area 2 in red, Area 3 in green and dissertation requirements in gold. The start of the re-
search project involves a literature review and early testing with existing aggregation tech-
niques. Three studies have been written and published, evaluating techniques through
experiments, optimization, and early testing with supply chain problems. Results from
these studies will be used towards the research proposal, from which, after acceptance,
work begins for researching Objective 1. The required courses will be taken in parallel,
and are not listed in either of the implementation plans.

Table 4.1: Short term research plan 2018

Month
Research projectactivity (1 (2 ({3 /4[5 |6 |78 |9 |10 | 11 | 12
Literature review
Research proposal seminar
Area 1
Objective 1
Application study 1
Evaluate aggregation
technique in papers:
- experiments
- optimization
- supply chain

Completing Objective 1 is the focus of the long-term implementation plan in Table 4.2,
creating the aggregation framework. Additional approaches to completing Objective 1,
labelled “Aggregation technique” could be possible and will prolong the time needed. In-
cremental completion of each objective, using application studies, will benefit the partner
company and simultaneously generate results to publish. The literature review will be an
ongoing process to keep current with new research and contributions to the field.

Completion of Objective 3 coincides with the thesis proposal seminar and serve as the base
for the thesis proposal itself. Area two and three continues after the thesis proposal and
identifies additions or applications in new domains, such as supply chains and knowledge
extraction. After completing Area 3, writing the dissertation will continue, targeting the
PhD defence. Dissertation writing is the focus of 2022 which is also the planned end of
the project with the PhD viva in quarter four.
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CHAPTER 5
EXPECTED RESULTS

5.1 CONTRIBUTION TO SCIENCE

Creating a new technique for the aggregation of detailed line model data to new, fast, and
efficient models to enable the optimization of manufacturing networks is the main novel
research contribution. This technique will allow the rapid analysis of production net-
works and fill a knowledge gap in the scientific community. By validating the method in
real-world application studies, primarily in the automotive sector, additional knowledge
will be generated and the generalizability of the technique will be strengthened. The vali-
dated and verified aggregation technique will be extended by the inclusion of required in-
put data, important key performance indicators, and limitations of the applicability which
together will form an aggregation framework.

Utilizing the aggregation framework to analyze higher-level production networks, i.e.
supply chains, could also result in contributions to the scientific community. Due to the
complexity and relative high computational cost of discrete event simulation models, sup-
ply chain simulation studies are often performed using system dynamics methodology.
Advances in computational efficiency of discrete event simulation models through the
use of aggregation techniques could lead to new approaches in this field.

5.2 CONTRIBUTION TO PRACTICE

Faster model execution achieved when using the proposed aggregation framework will
lead to generating results in a smaller time frame. This offers competitive advantages for
the companies applying these techniques being able to predict future production network
performance. In addition; enabling the optimization of production networks, with the use
of multi-objective optimization and data-mining, leads to an increase in the quality of the
decision-support material and the knowledge extracted from it.

When planning new production lines or factories, a lack of information or data could pro-
hibit the construction of a traditional discrete event simulation model. Having access to
an aggregation framework - where only a few inputs could recreate the system behaviour
of a planned line - would allow analyses of the line in a factory context, or a factory in
a value chain context. The aggregation framework would also allow the optimization of
parameters, since they are few, to gain knowledge about the limitations of the proposed
new plant configuration.
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