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ABSTRACT

The present paper explains, how a simulation-based study course raised significant interest in discrete-event simulation, final-
ly undergoing a simulation focused course. The simulation based course during the course “Production structures and design”
used a model for own studies, acting as a test-bed for optimal setup-time optimization. An easy access to simulation technol-
ogy was provided by an Excel-based front end, where any figures related to the model were available for student’s analysis.
Nevertheless the students started to act on their own with the Enterprise Dynamics based simulation model, discovering the
benefits of simulation. High-quality elaborations of the students were finally achieved, going far beyond of just answering the
related questions. In addition, due to the part-time study program, interest in the company’s approach on production planning
raised. Subsequently the demand for further dedicated courses in computer simulation raised and were finally addressed.

1 INTRODUCTION

The University of Applied Sciences Technikum Vienna is committed to continuously improving the quality of its courses.
This task has been particularly addressed by the German speaking DicFo Forum (Forum Didactics in Universities) platform
(Lehner 2008). All lecturers are encouraged to investigate the pool of different teaching methods that this web-based platform
contains, as well as to interactively add new methods to that particular source/base of knowledge.

In particular, the course “Production structures and design”, consisting of three hours per week attendance and one hour
per week of distance learning, was newly set up. The course is included in the part-time masters study program “International
Business Engineer”, at the university. A part of the students continued studying after finishing the previous bachelors pro-
gram and a smaller part entered the course from different other subject areas. This raised the problem of different knowledge
bases, heterogeneous professional backgrounds and various industrial domains.

At the beginning of the course, the different backgrounds and histories were addressed in order to achieve an encourag-
ing and sustainable quality of learning (Thomschitz 2002).

2 THE BASIC COURSE CONCEPT

2.1  Application of Simulation for Education in General

Simulation in education as a simulation based course as well as a simulation-focused course (Page and Kreuzer 2006) is a
well-known and widely documented topic. With regard to pilot or military training, simulation is an indispensable method for
achieving high level skills necessary to the future profession. This is especially relevant due to the fact that in the English-
speaking area, the borderline between simulation and gaming is continuously diminishing (Macedonia 2002, Arango et al.
2008).

Essential training in discrete event simulation is also supplemented by various additional materials. Referring to (Schri-
ber 1991), the book included additional copy templates for transparencies, and later issues (Law and Kelton 2000, Page and
Kreutzer 2005, Kelton 2006, Rossetti 2008) have already provided digital presentation support for teaching the topic as well
as self-study on the corresponding websites.
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A survey in applied simulation packages for embedding simulation models in an e-learning course available via
<http://elearningtech.pbwiki.com/ToolSatisfaction> showed that none of the dedicated simulation
packages, neither in continuous nor in discrete-event simulation, was mentioned at all or had more than three responses. In-
stead, visualization packages, dedicated animation software or problem-specific programs are used to provide knowledge in-
teractively. On the other hand, a lot of resources deal with simulation in e-learning available via <http://www.e-
learningcentre.co.uk/eclipse/Resources/simulation.htm>. Furthermore, according to the authors own
experience, these packages limit or even block the chance for students to get acquainted with simulation technology. Because
of this, the tools create the threat of losing any connection between the models and the real targeted application. Additional
analysis was done on this in (Ip, Jacobs and Watkins 2008).

2.2 The Concept

The first steps in simulation-based learning were already done in the 1960s, providing the BeerGame developed by the MIT
(Duijts 2001), and addressing supply chain management. There, one needs to distinguish between simulation models and in-
teractive gaming approaches (Klug and Mayer 2000, Sihn 2008).

For this course, the topic of optimal setup-time production planning was targeted which provided the students with a
dedicated simulation-based problem specific task (see also Steinriicke 2007). The task itself was divided into two parts, a
preparation and a specific, more complex simulation part. The preparation part was initially intended to limit the problems of
using the simulation package itself and to provide appropriate knowledge for solving the second task.

The simulation-based environment was a test-bed where students were able to achieve results easily and quickly.

3 THE MODEL ENVIRONMENT

3.1 The IT-Environment

The whole environment was developed using Enterprise Dynamics 7.2 and its standard library, with minor modifications as
well as Microsoft Excel using DDE as a common interface between both programs. Enterprise Dynamics 7.2also provides a
student’s license free of charge, limiting the number of model items to a maximum of 30. Due to the fact that the model
didn’t exceed this limit, students used the environment mostly at home.

Apart from achieving the appropriate solution, it was observed that the 3D animation that comes with Enterprise Dynam-
ics clearly raised the interest in the package. This observation was comparable to the results in (Kindley 2002). Therefore, the
motivation for using the package on ones own significantly increased.

3.2  The Simulation Model
The simulation model consisted of the model itself, and the external parameterization, based on multiple Excel spreadsheets.

The selected unit of time was hours. The simulation model itself was built using standard components from the Enter-
prise Dynamics library, configured for that particular purpose. Figure 1 shows the 2D model:

Excel mMontag 08 Dez 2008 Time Schedule Control
11:36:35 ilahili
@
Cut: 17 11 10 Util: 20.1 % 1 Util: 19.5 % 0 Util: 13.4 % In: 3

Figure 1: 2D model
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The different types of products were displayed as different circles, in which every color represented a particular type of
product.

Figure 2: 3D model
This design was chosen to provide a quick and complete understanding of the particular situation and the problem. There
was no demand for huge and complex specifications or any other sophisticated approach to explain the system. Restrictions
to the system (40 hours per week production time, no overtime and definite sequence) were clearly communicated and gave
the students a clear picture.
3.3  The Excel Data File

In addition , an Excel file was prepared, showing all relevant data to the students. These relevant data were:

e  Processing time of product types on every server

E3 Microsoft Excel - Produktion.xls I:HEHE]
Dakei Bearbeiten Ansicht  Einfigen Format Extras Daten  Fenster 7 -8 X
DeEdsm @Y L BR- o- Q=2 4o -3
Arial -1z -EK U %E € &£ -Dd-A- Tias - .
A1 - #& Produkt-nummer
A B . C . 2] . E =
Produkt-] Produkt- Bearbeitungszeit Bearbeitungszeit Bearbeitungszeit ~—
1 |nummer |bezeichnung Server 1 (h) Server2 (h) Server3(h)
DR 0'kein Vaorprodukt 0 ] o _J
Sl 1|Produkt A 3 4 2
4 2 Produkt B 5 2 4
5l 3 Produkt C 4/ 7 5
B | 4| Produkt D | g 7 5
7 | 5 Produkt E | g 5 4] 4
M 4 » wl\Produkte ¢ Ristzeit Server 1 / Risteeit Server 2 £ Ristzeit Server3 /1]« ] 1 >
Bereit MF _'

Figure 3: Production times
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Setup times:

Ed Microsoft Excel - Produktion.xls # Ed Microsoft Excel - Produktion.xls 2] # Ed Microsoft Excel - Produktion.xls EHE_‘E‘

] Datei  Bearbeiten  Ansicht  Einfugen  Format  Exb Datei Bearbsiten Ansicht Enfigen  Format  Exb Datei Bearbeiten  Ansicht  Einfligen  Format  Extras
Daten  Eenster 7 -8 x Daten  Fenster 7 g X Daten  Eenster 2 -8 X
D Sk ¢ -z -F4l 0 7|0l SA ¢ -2z - B4 Be 7|0zl & ¢ «o-@ -2l w2
Arial -1 - £ 2 s L | T - 10 - £ 2 A -] A -1 € 7 ms s
Al2 - IS G45 > F Al2 - A

A [8Te [ olTET[EI[D A B[ CJ[DI[E]L]F [ A [ e o lETJF [T
1 Produkt 1 2 3 4 5 1 Produkt 1 2 3 4 5 1 Produkt 1 2 3 4 = im
2 von o 118 128 2 12 5 von 0 15 18 3 178 a4 3 von o o7s 1 2 07 1
3 von 1 0s 2 25 4 1 3 von 1 0s 3 1s 25 1 3 von 1 s 15 175 2 13
4 von 2 3 os 15 128 15 []a von 2 a 05 15 075 125 |f 4 von2 2 05 25 18 3
5 von 3 2 4 05 25 15 5 von 3 4 156 05 35 25 5 von 3 075 075 05 0758 075
5 von4 25 15 1 05 2 5 von4 1125 07 05 3 B von4 15 25 1 05 15
7 von5 25 075 15 2 05 |7 von5 2 1 15 25 05 [f7 vons 2 18 2 2 05 _
WA [y Riistzeit Server 1/ Risstzeit Server:[4| | o[ M H )\ Riistzeit Server 2 / Ristzeit Server:|4 | | »|[ v 1 Riistzeit Server 3 { Produktionsprag|+| | »[[
Bersit MF / Bereit NF Bersit MF 7

Figure 4: Setup times
These setup times were different for every server and dependent on the product sequence.

The production program, containing individual students specific programs:

B[(=1E

Ed Microsoft Fxcel - Produktion. xls
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DEEdasn &Y L 2@ w=-F2l il e 2 2
Airial -0 - F KU E=E=ZH €  -~-&d-A-7 as .
El1S - S
A, =] £ ] E
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Auftrags- Eintreff- Fertigstellungs-

1 nummer Produkt Menge Zeitpunkt Zeitpunkt

=) 1 4/ 3 01.12.2008 00:00:00 31.01.2009 00:00:00 3
Al 2 3 1/01.12.2008 00:00:00, 31.01.2009 00:00:00 2

4 3 4| 5 01.12.2008 00:00:00 31.01.2009 00:00:00 1)

5 4 1 210.01.2003 00:00:00 31.01.2009 00:00:00 B

B o 5 2 01.12.2008 00:00:00 31.01.2009 00:00:00 5
LAl = 2 10 01.12.2008 00:00:00  31.01.2009 00:00:00 4

8 | 7 2| 4 01.12.2008 00:00:00 31.01.2009 00:00:00 9|
25| a 1 3 20122008 00:00:000 31.01.2009 00:00:00 g
10 9 4 1 01.12.2008 00:00:00) 31.01.2009 00:00:00 7=
11| 10 3 3 01.12.2008 00:00:00) 31.01.2009 00:00:00 12

12 11 a| 4 03.12.2008 00:00:00) 31.01.2003 00:00:00 11
13| 12 1 2/ 01.12.2008 00:00:00 31.01.2009 00:00:00 10 .
M 4 » »y Produktionsprogramm / Ergebris / Analyse / 141 i #lle
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Figure 5: Production Program

In the red column “Reihenfolge” (eng.: sequence), different production sequences were to be entered and calculated
through the simulation environment, providing results in the result windows (“Ergebnis”).
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Due to the fact that the system asked the user which column to fill in with the parameterized sequence and the results, a
complete protocol of all simulation experiments was done. This approach was easier to achieve compared to the Enterprise
Dynamics internal experiment Analyzer and was designed to improve the production program step-by step, encouraging the
students to develop a plan for tests, analyze the results and to continue further.

Students were given individual product sequences, but setup times and processing times remained common for all of
them. It was thus possible to perform teamwork as well as individual work in solving this task. Due to the fact that none to
the students had experience with simulation up to this point, a certain restricted feeling emerged. Predicting problems with
the programs as with any new software, students were given three months for solving the two tasks and for compiling a max-
imum 6 page report.

34 The Tasks

For every student, an individual production program was provided in two files. Every production program contained 12 or-
ders and a total amount of 40 products.

For the first task, two months were given for producing all 40 products in total. This covered a lot more time than
needed; therefore the only focus was set on minimizing the setup times. This problem was analytically solvable, which nearly
all students discovered.

The first task was designed in preparation of the second task, where three lots of four orders per lot had to be finished
within two weeks. In particular for the first four orders, the first two weeks were set as production duration, weeks 2 and 3
(overlapping with the first four) for the next four orders and finally weeks three and four for the production of the last four
orders.. This provided a total time of four weeks, which was definitely not sufficient for keeping the timelines.

As a further restriction to the second task, students were asked to minimize the delay times in case orders were finished
after the last planned finishing time. This was set as higher priority to minimize the total setup time.

3.5 Problems to be Faced

The entire environment was installed and tested within the I T-infrastructure of the university’s campus. The possibility of us-
ing the environment at home caused some additional minor disturbances, all them solvable.

4 RESULTS OF THE ELABORATIONS

Citing General George S. Patton “Don't tell people how to do things. Tell them what to do and let them surprise you with
their results.” the results exceeded by far the initial expectations of the teacher; namely, that students focused only on the
task, without taking any other information into account. Instead, students started to investigate the differences between op-
timal order sequence according to total through time vs. optimal order sequence according to total setup time. Even if not re-
quested, some investigated literature and scripts from earlier courses, stating, why those optimization approaches could not
be applied to this particular example. Students were also surprised to learn that such a simple looking example included such
a high amount of complexity.

Task 1 was solved analytically, and achieved by nearly all of them (> 95%).

In task 2, students achieved a reduction of production delays by up to 27.83%.

Even if the maximum number of pages was limited to six, students exceeded the required number of pages; Due to the
high value personal learning content of the exercises, they were further encouraged to communicate. Having been impressed
by the possibilities of testing various order sequences with simulation, they requested additional information and feedback.

Summing up, the students demanded more lectures and information about simulation and its capabilities in the next two
semesters. Lectures were adapted to address these demands, focusing on Enterprise Dynamics as well as on Arena, a simula-
tion package some of them had become acquainted with in their bachelor program.

4.1 Further Feedback And Statements Of The Students

Some citations of the reports (translated to English):

Martin Horvath, BSc (class president):

“Despite my skepticism at the beginning concerning the simulation program, after several tests and logical approaches,
the package was easy to use and understand. The given tasks were challenging, but never overtaxed the participants. By per-
forming the tasks of the distance-learning part, I was able to learn the program and developed my first own logical approach-
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problem is better, than focusing on only one parameter.”

Thomas Alexander Lowy, BSc:

“Finally it shall be mentioned that the simulation package “Enterprise Dynamics” is a well designed and helpful tool for
simulating production processes. Due to the fact that it contains a vast amount of functionality, which the author of this report
can only roughly estimate, it is expected to be capable of solving highly complex problems. Therefore, it is desirable to have
further courses to learn additional functionalities and possibilities of Enterprise Dynamics”

Further selected student statements:

e “Ire installed the whole package twice because I couldn’t believe that optimal total throughput time and optimal se-

tup time are not the same!”

e  “On Monday, I will definitely have a look into the production department of my company, because now I want to

know how everything works there.”

e  “Can we have more information about simulation, please?”

It was regarded as a very interesting example and resulted in the wish for further simulation-based lectures. Therefore al-
so other lectures such as marketing and the like started to set up simulation based management games, communicating the

basics of marketing on a new level of quality.

The whole lecture was evaluated and received top grades (see Figure 6). Impressive 3D animated simulation models are

now an anchor for Open House days to promote the whole study program.
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5 OUTLOOK AND NEXT STEPS

To teach simulation to students in the next semester, the next course will be divided into two parts. On one hand, a distance-
learning course, based on the open source e-learning platform Moodle, available via <http://moodle.org/>, will be
set up according to individual demands in order to become acquainted with Enterprise Dynamics or Arena, as well as an on-
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17%

Figure 6: Course Evaluation

0
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site training, emphasizing data analysis, stochastic and basic process modeling with UML.
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The Moodle part will be set up with all necessary components such as discussion forums, glossary, tests, wiki, timetables
and chat rooms, to achieving optimal support that is necessary for any e-learning course.
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@ Impott [ 3 Gundsatzliche Funktionalitaten
Qé“e’::‘;?‘”" [} 4 Intema des Simulators
HiFragen £ Analyse der Zufallszahlen
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8 Abmelden aus 552009- [} 6 Modelierung gemeinsam genuizter Ressourcen
g M  Erstellen eines sigenen Models
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Figure 7: The draft Moodle course (in German)

A next step includes planning to start programming, as none of the students have programming experience. The goal and
challenge will be to get them thinking in programming structures.
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