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Abstract Due to the complexity of production and logistics
systems, more and more expert know-how is necessary for
building adequate simulation models and for designing the
right experiments for the requested aims of investigation.
To support simulation studies as efficient and high-quality
projects, there are different development activities like
specialised unit libraries, model generation algorithms,
procedure models or decision support systems. Based on
the results of the joint research project AssistSim, this
article presents a new approach of designing and execut-
ing experiments as one innovative possibility for support
while performing simulations studies.

Introduction

Simulation is a well-established method for analy-
sing and improving processes in manufacturing and
logistics systems (e.g. [1] and [2]). Application of simu-
lation methods can support troubleshooting as well as
the assessment of planning variants. For example, the
automotive industry does not invest in any material flow
or manufacturing systems without simulating the sys-
tems to justify their decisions. However, the complexity
of the systems to be modelled on the one hand, and the
degrees of freedom in varying the model parameters to
analyse the model and its behaviour on the other hand
pose challenges even for simulation experts. In addition
reduction of product lifecycles as well as reduced time
for modifying production processes necessitate fast
simulation results in even shorter time periods.

There are a lot of marketable discrete event simula-
tion software packages with well-defined libraries and
features for modelling and simulating manufacturing
and logistics processes [3]. The challenges for simula-
tion experts are to prepare valid data, to build valid
models, to design dedicated experiments for the given
aims of investigation and — al in al — to perform effi-
cient and high-quality simulation studies.
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Figure 1. Procedure model for simulation
including V&V [4].

One important quality aspect is about the design and the
execution of the experiments. Experiments and Analysis
as one phase of a smulation study (see Figurel) is
based on a valid executable simulation model and the
prepared input data for this model.

The experiments depend on the complexity of the
system and the aims of investigation, on the model
parameters that need to be considered and on the inter-
pretation of the simulation results by the simulation
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experts with consequences for the system and the exper-
imental design itself. Incorrect experiments produce
unusable results for the given aims of investigation;
experimentations with an insufficient number of simula-
tion runs cause statistical inaccuracy or even lack of
significance.

Therefore the joint research project AssistSim (Hes-
senAgentur Project No. 185/09-15) was started in 2009,
addressing the experimental design and execution in
simulation studies as one of the challenges for simula-
tion experts. The project goal is the development of a
decision support software package for a standardised,
systematic and semi-automatic design and execution of
simulation experiments. The partners of the project
consortium managed by SimPlan AG, a German simula-
tion service provider, are the Goethe University Frank-
furt, the University of Kassel, INCONTROL Simulation
Solutions, Wiesbaden, UST Umweltsensortechnik
GmbH, Geschwenda, and representatives of the industry
workgroup ‘Ablaufsimulation (Process Simulation)’
within the VDA (German Association of the Automo-
tive Industry).

In this paper we present the results oft the joint re-
search project. After a short discussion of some related
work, the underlying logistics scenario and the defined
assistance requirements are pointed out in Section 2.
Subsequently the implemented assistance mechanism
for simulation experiments divided into the experi-
mental design assistance and the simulation execution
assistance are described (Section 3 and 4). Finally, a
discussion of the results (Section5) as well as some
information about future work (Section 6) concludes
this paper.

1 Related Work

To enhance the accomplishment of simulation studies
for production and logistics and to ensure high-quality
simulation results, there are severa research efforts
which may be classified as follows:

 Procedure Models

o Automatic Model Generation Concepts

o Auxiliary Tools for Statistics, Optimisation or
Visualisation

o Decision Support Systems

Procedure models define a systematic procedure for
performing simulation studies (for example see Figure 1
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or cf. [5] for an extended procedure model), for verify-
ing and validating simulation models, data and results
(cf. [4]) or for information acquisition [6] and input data
management and validation [7].

Automatic model generation concepts allow an effi-
cient implementation of cost-effective models by utilisa-
tion of CAD data and working plan data. Therefore
standardised models will be produced. For example, the
automotive industry implements different strategies for
(semi-)automatic model generation using specialised
automotive unit libraries[8], [9], [10].

Auxiliary tools for statistics, optimisation or visuali-
sation are software packages that can be used in addi-
tion to the discrete event simulation tools. They include
specialised, but standardised functions for optimisation
of model parameterisation, automatic execution of se-
ries of experiments, or result visualisation. Some tools
may be used as an add-on tool only to one simulation
package; some tools are implemented as general soft-
ware for different simulation packages (e.g. [11]).

Decision support systems are computer-based tools
which (as discussed in [12], p. 34) are integrated in the
day-to-day business operations and are tailored accord-
ing to the user’s tasks, include a dedicated knowledge
management, offer alternatives in handling the given
tasks and last but not least assist the user to decide effi-
ciently and reliably. Taking the definition above into
account there are only very few research projects fo-
cused on supporting simulation studies by specialised
assistance features. There is, however, one development
referring to a tool for scenario definition and navigation
for collaborative simulation tasks [13]; another devel-
opment focuses on the implementation of organisational
functions for managing simulation studies [14].

2 Logistics Scenario and
Requirement Analysis

In order to derive the assistance requirements during the
execution of a simulation study, it turned out to be very
helpful to use a specific example. Idedly, this example
would not be too complicated and would at the same time
illustrate the typical challenges of areal-world production
or logistics system. The Institute of Prof. Wenzel at the
University of Kassel provides a sample production sys-
tem (cf. [15]) to the project, which has been developed
for their engineering master program. This system, shown
in Figure2, comprises various production resources,
conveyors, and an in-process high bay storage.
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The set-up of the sample system allows a character-
istical analysis such as:
o What is an appropriate configuration for the die cast-
ing machines downstream of the bay?

e Isit possible to run the upstream part of the shop in
two shifts and the rest of the shop in three shifts?

In order to tackle suchlike rather general questions, they
need to be broken down to some objects and object
parameters. With regard to the first question one could,
e.g.,, modify the number of die casting machines by
adding or removing the fourth machine. Additionally,
different dimensions of the storage might impact the
utilization of the machines (by better de-coupling
breakdowns in upstream areas). And thirdly, the speed
of the storage and retrieval machine could improve or
worsen the supply of the die casting area.

Today, a simulation analyst most likely would iden-
tify the investigation questions of the study, related
objects and parameters during system analysis together
with planning or application engineers of the real-world
system. These questions themselves would be either
raised directly by the application engineers, or the simu-
lation analyst would unveil it in interviews bringing in
his experiences from earlier simulation projects. Ques-
tions, related objects and parameters would be docu-
mented in a rather informal way in meeting minutes,
presentations or (at best) in a requirements specification
typicaly using the office tools at hand.

After completion of the model building process, the
simulation analyst would (usually again together with
the application engineer) manually compile a list of
parameter variations for the runs of the simulation mod-
el. The number of replications per parameter configura-
tion, the run-in period and the test of results on statisti-
cal significance would also be done manually and the
results would be stored in different ways again (spread-
sheets, presentations, sometimes in database tables).
The conclusions finally presented by the simulation
analyst to the application engineer and his management
are again put down in presentations.

This description makes clear that today planning,
running and assessing simulation experiments are hand-
craft with many manual steps (even though an executa-
ble simulation model itself is implemented and pro-
cessed on a computer and even though a couple of aux-
iliary toolsis available; cf. Section 1).

However, an assistance system for experimental de-
sign and execution does not only open up room for
improving a single simulation study. It might also be-
come a source for knowledge management. If the work-
flow described previoudly in this chapter, beginning
with the verbalisation of analytic questions down to the
assessment of simulation results is supported by a
(semi-)automatic software tool, it will be possible to
collect information during each step of the simulation
project.
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Figure 2. Sample model used for AssistSim evaluation (Copyright: University of Kassel,
Department of Production Organization and Factory Planning — pfp).
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Thus, considering not only one but several simula-
tion studies enables the development and continuous
extension of a knowledge base. This knowledge base
allows a simulation analyst — whenever a new study is
started — to browse questions including associated ob-
jects, parameters, run lists and results.

Thereby, the study can be started a lot faster and
smoother benefitting from experiences gathered in pre-
vious simulation projects. In extension of the current
state-of-the-art not only simulation models and model
components become re-usable, but (to some degree)
project experiences.

The knowledge base, of course, will have to be ac-
quired and maintained by companies and ingtitutions
which are using simulation on a regular basis and not
only once in a while. But as soon as they are available
they might also be proven to be a very valuable assis-
tance for simulation beginners who can improve their
learning curve.

Aslined out in this section, the features of an assis-
tance system might be arranged following the process
steps of a ssimulation study. This leads to a division in
features which support the planning of the study, the
formulation of investigation questions etc. and in fea
tures which assist preparation, execution and assessment
of simulation runs. The latter does have some similari-
ties with experiment managers implemented by some
vendors of commercial simulation software packages
(cf. Section 1). However, the mechanisms sketched out
in Section 4 are not dependent on one specific simula-
tion software. Additionally, some extensive functionali-
ty for distributing simulation runsis introduced.

The planning features capturing questions and tar-
gets of simulation studies and relating those to objects
and data definitely is beyond the scope of existing ex-
periment managers.

3 Experimental Design Assistance
for Simulation Studies

The approach of the assistance system for simulation
studies is to support and guide the user of a simulation
tool throughout the whole simulation study. In detail,
this means that the assistance aready starts when the
user might know nothing more than an initial descrip-
tion of the problems which be solved by using ssimula-
tion. Here, it does not matter if the user is aready a
simulation expert or not.
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While standard support features of current available
simulation tools are limited to the guidance through
their own experimental functionalities the aim of As-
SistSim is to support the user in setting up the right
experiments for his specific problem, and to assist him
in performing these experiments correctly.

Hence, the assistance mechanism for simulation ex-
periments has to be divided into two parts:

o Experimental design assistance

o Simulation execution assistance

While the assistance regarding execution and control of
simulation experiments is described in the following
section 4, the fundamental experimental design assis-
tance concept, so to speak the assistance steps from the
idea to the experiment are described in this chapter. The
basic structure of the assistance system in both, the
experimental design as well as the execution assistance,
isshown in Figure 3.

The first step of a simulation study is to define the
goals of the study. The goal might be given as an inves-
tigation question to be answered, e.g. ‘Is the current
storage still sufficient in case of a change in volume und
content of the orders? Thisis atypical verbal formula-
tion of a question which acts as a starting point of a
simulation study. Unfortunately, this formulation does
not lead to any experiments directly. Thus, the next step
has to be the transformation of this informal verbal
description of a problem into one or more objectives of
investigation which can be analysed by asimulation.

The transformation has normally to be performed by
the simulation expert. In case that he is a consultant he
has to do this together with the customer. Due to differ-
ent levels of expertise or experience, this transformation
might mislead the whole project. Hence, a support for
this basic, but very important step in the experiment
preparation is required. The approach of AssistSim for
this step is its integrated reference database in which
comparable goals and questions of previous simulation
projects are stored. The reference database delivers the
concrete objectives of investigation for the given goals
based on their integrated checklists (see also [16]).

In case of the example given above, potential objec-
tives delivered by the checklist ‘Storage’ might be
‘Speed of the Automated Storage and Retrieval Sys-
tem’, * Storage Capacity’, and ‘ Storage Policy’.
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Figure 3. Experimental design assistance and
simulation execution assistance

All elements taken from the reference database as
well as any inserted or linked data are stored into a
project related database by the assistance system. In
case that a project goal is not yet available in the refer-
ence database the user is able to select a comparable
problem. It is also possible to define a new scenario and
save it to the reference database later on. By this, the
size as well as the expertise of the reference database
and therefore its scope of application grows with every
new project. According to the objectives, the reference
database delivers the corresponding necessary initia
variables and measurements. Herewith, the danger of
missing an important variable or measurement is re-
duced. But, if required, the user will be able to enhance
or to modify the list of variables and measurements in
case that the ones suggested by the reference database
do not cover his needs completely, or even if he likesto
get insight in additional objectives.

parameter configurations

Once the list of variables and measurements is
determined, these still model-independent varia-
bles need to be linked to the structural information
of the underlying simulation model. Basically, this
is achieved by setting up references from the tables
within AssistSim to the simulation object specific
parameters in the simulation models. These param-
eters might be collected in tables within the model,
or just be given in object specific user interfaces.

During this process it might become obvious
that the list of variables and measurements needs
further adaption. Thus, the AssistSim application
offers this capability of a manual adaptation as
well.

Once the list of linked variables and measure-
ments is finalised, the user is assisted in defining
target functions for each selected objects of inves-
tigation. In case of the example given above poten-
tial target functions could be e. g. ‘Maximise the
storage capacity’, and ‘ Maximise the throughput of
the storage where the minimum throughput is nev-
er less than 1.500 entities per day’. When the target
functions are captured and stored into the project
related database, a plausibility check on the struc-
tural information of the current model has to be
performed. This test is necessary to ensure that the
available information and data can be used in order
to achieve the goa of the simulation study. If, for
example, the given range of values of a certain
parameter indicates that a single component speci-
fied in the model will never achieve the perfor-
mance level which is necessary to fulfil the given re-
strictions, the dataset, or even the target functions have
to be adapted or improved.

Once the plausibility check is successful, the final
step of the experimental design assistance, the specifica
tion of the experimental plan starts. In this process step
the user is assisted in configuring the value ranges of all
the parameters defined as variables. These ranges will
be used in several simulation runs during the experiment
in order to determine the most adequate set of parame-
ters to achieve the requirements formulated in the target
functions.

When the value ranges as well as the increments are
set for al variables, the experimental planis captured in
the project database, and the design of the experiment is
finished.
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Afterwards the user can choose whether to start the
experiment immediately by selecting the simulation exe-
cution assistance, or just to save the preparation of the
experiment in the database for use at alater point of time.

The assistance in designing a simulation experiment
as described above is not yet known in or for any avail-
able, commercial simulation tool. However, most of the
possible mistakes are done especiadly in these early
steps of asimulation study, and lead to wrong or at least
not usable simulation results. Furthermore, some of the
steps from an informal problem description up to an
experimental plan are somewhat challenging when a
user performs them manually, especialy, if the user is
less experienced. Knowing this, some people decline to
use the method of simulation in order to solve problems.

Hence, the functionalities of the assistance system
for designing simulation experiments are quite a big
step ahead, and will ease the use of simulation. By this,
simulation becomes more attractive to a broader audi-
ence. Once the experimental design of a simulation
study has been completed, the information needed for
the actual execution of the desired simulation runs is
provided. The different process steps of the simulation
execution assistance are shown in the second part of
Figure 3.

4 Simulation Execution Assistance

The specification of the experimental plan can be seen
as the interface between experimental design and simu-
lation execution assistance. In the first step of the execu-
tion assistance, priorities for the single parameter varia-
bles can be defined. The priorities can be used to deter-
mine the execution sequence of the simulation runs.
Additionaly, it will be possible to set time constraints if
desired, i.e., to determine how much time is provided
for simulation runs, and to estimate the duration for all
experiments. With the provided information, it is also
possible to compute the expected maximal number of
replications of the simulation runs under consideration
of the time constraints. The initial list of parameter
configurations is generated and can be adapted manual-
ly by the user, before the actual execution of the simula-
tion runs is initiated. Intermediate results can be evalu-
ated automatically by the system. Depending on this
analysis, the list of parameter configurations as well as
the number of replications can be adapted in order to
meet pre-specified requirements. After all simulation
runs are finished, the process ends.
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In the following subsections we describe the key
concept of parameter configurations, the execution and
control of the simulation runs, as well as the statistical
evauation which is performed during or after the execu-
tion of simulation runs.

4.1 Parameter Configurations

For the approach presented here, we assume that an
executable simulation model is given, i.e., synthesis or
adaptation of a simulation model is excluded. The pro-
vided simulation models consist of a set of parameters
which can be varied and a set of measurements which
are captured during simulation runs. We distinguish
between parameter definitions and parameter instances
(or shortly, parameters).

The parameter definitions have been defined during
the experimental design. Each parameter definition
consists of a parameter identifier and a parameter range.
Parameter ranges are either interval-based or consist of
a finite set of possible values. In the first case a lower
and upper bound restricts the possible values of a pa-
rameter and a step size is defined in order to determine
the level of granularity to investigate such an interval-
based parameter.

While the set of parameter definitions and their
ranges define the total parameter space to be taken into
account, a parameter configuration can be seen as one
individual assignment of parameter valuesto all defined
parameter definitions.

Consequently, one parameter configuration can be
used to parameterise the simulation model in accord-
ance with the specifications of the experimental design
assistance.

4.2 Simulation System Control

The simulation system control has two major tasks: 1)
to identify which parameter configurations have to be
executed and 2) to actualy perform simulation runs in
interaction with the simulation system.

In the first case, the strategy of identifying the next
parameter configuration depends on the type of simula-
tion study which is currently performed. If it is an opti-
misation task, an optimisation algorithm will determine
the parameter configurations considered in the next step.
In the case of an explorative study, a systematic execu-
tion of parameter configurations is performed. For such
explorative simulation studies three different modes are
defined in our approach (illustrated in Figure 4):
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1. Replication-based execution
2. Parameter configuration-based execution
3. Automated parameter configuration-based execution

The replication-based execution generates one replica
tion for each parameter configuration before the next
replication of a parameter configuration is simulated.
Thisleadsto a‘fair’ distribution of computation time to
all parameter configurations.

The parameter configuration-based execution per-
forms a desired number of replications by iterating
through the sorted list of parameter configurations, i.e.,
all replications are generated for one parameter configu-
ration before the next parameter configuration is taken
into account. Using this strategy, the focus lies on per-
forming the simulation runs for those parameter config-
urations with a higher priority first.

Replications
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Figure 4. Strategies for performing the simulation runs based
on given parameter configurations (PC) and replications (R).

The third strategy is similar to the parameter configura-
tion-based strategy but does not necessarily generate the
maximal number of replications for each parameter
configuration. Before initiating the next simulation run
of the current parameter configuration it is checked if
the confidence interval widths of all measurements are

small enough in order to provide a (user-specified)
sufficiently accurate value by taking into account the
replications performed so far. This can lead to different
numbers of replications for different parameter configu-
rations.

For the execution of simulation runs, simulation jobs
are sent to a simulation server which is able to distribute
the jobs (i.e., simulation model, parameters, and seed
values for the random number generator) to different
simulation nodes.

4.3 Statistical Evaluation

A statistical evaluation can be performed in different
contexts. Basic statistics are computed for every simula-
tion measurement (e.g., manufacturing output) taking
into account al measurement values of the different
replications of a certain parameter configuration. The
basic statistics consist of the following values:

e Minimal and maximal value

e Number of replications

e Mean, median

e Standard deviation, variance

e Sum

25% and 75% quartile values

Interquartile range

Confidence interval width (one-side)

Skewness of the distribution

e Mode (lower and upper bound)

If a specific level of detail (desired maximal confidence
interval width) is specified for a measurement, the au-
tomated parameter configuration-based execution (see
Section 4.2) will compare the confidence interval width
of the replications’ results to the desired maximal width
in order to decide if more replication runs are to be
performed for a parameter configuration.

Additionally to these basic statistics, the statistical
evauation allows for performing statistical significance
tests in order to compare the results of different parame-
ter configurations with respect to a particular measure-
ment.

It is possible to specify a set of parameter configura-
tions which should be compared and a pairwise t-Test is
then performed and the corresponding probability-
values are captured. These results can then be used in
order to decide if a parameter configuration can be as-
sumed to be superior to others.
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Figure 5. Components of AssistSim Software Prototype (DB — Database, GUI — Graphical User Interface).

Additionally to these basic dtatistics, the statistical
evaluation allows for performing statistical significance
tests in order to compare the results of different parame-
ter configurations with respect to a particular measure-
ment. It is possible to specify a set of parameter config-
urations which should be compared and a pairwise t-
Test is then performed and the corresponding probabil -
ity-values are captured. These results can then be used
in order to decide if a parameter configuration can be
assumed to be superior to others.

If more than two parameter configurations are com-
pared, the thresholds for the significance values will
have to be adapted in order to take into account the
multiple testing issues and to avoid misleading interpre-
tation of the significance tests’ results.

5  Project Results

A large subset of the features described in the two pre-
ceding sections has been implemented in a software
prototype during the joint research project AssistSim.
The software architecture of this prototype does have
several components as depicted in Figure 5.
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There is a user interface to guide simulation experts
through the process of designing experiments and exe-
cuting simulation runs. Currently, the user interface also
offers some basic reporting features (meant to be ex-
tended to some sort of reporting assistance). The related
data (questions, objects and object parameters, data,
parameter configurations, run lists, results etc.) are
stored in the AssistSim database. A reference database
serves as the knowledge base and provides information
from earlier simulation studies.

Furthermore, there is a module for background pro-
cesses such as run list generation and prioritisation,
statistical evaluation etc. And finally, another compo-
nent is responsible for the distribution of runs to several
client computers in a computer network and for the
control of these runs.

Note, that this communication module requires an-
other piece of software to be installed on each client
computer. In order for a client computer to be used for
simulation runs, it needs (in addition to the communica
tion software) to be equipped with a simulation software
license of the respective simulation software package
and it needs to have some spare processor capacity.
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AssistSim is set up in such away that it in principle
can be connected to any simulation software package
using a specific communication interface. This interface
has been tested for Siemens PLM simulation tool Plant
Simulation and for INCONTROL’s simulation tool
Enterprise Dynamics [17].

Until now, the AssistSim software prototype has been
tested by some of the German car manufacturers (BMW,
Daimler, VW) which are collaborating within the VDA
(cf. [18]). Some intensive testing was also done using the
sample production system shown in Figure 2.

The test results led to some minor changes and bug-
fixing of the software. In general, the results proved the
underlying concept of guidance and assistance through-
out designing experiments and experimentation to be
working goal-oriented and efficiently. Of course, since
the software till is a prototype some refinements to the
user interface and some other parts of the implementa-
tion are required. However, during the next month there
are two tracks for improvement and enhancement: first-
ly, arelated research project has been started just recent-
ly (cf. Section 6) and secondly and more importantly,
the partners feel very confident about the benefit of the
assistance functionalities that the development of the
system will go on.

6 Conclusion and Future Work

The joint research project AssistSim has addressed dif-
ferent aspects for assistance while performing simula-
tion studies. The focus of the project was set to two
particular tasks of such a simulation study: the experi-
mental design and the simulation execution.

The experimental design is supported by means to
capture relevant information about principal questions
of the simulation study up to the detailed identification
of objects for investigation.

After finishing this task, parameter variables and
measurements are identified and linked to the corre-
sponding structure of the simulation model. The execu-
tion assistance performs a systematic investigation of
the parameter space and initiates simulation runs in
interaction with (potentially distributed) simulation
systems and stores the corresponding simulation results
of specified measurements in the AssistSim database.
These results are then used in order to compute various
statistical values and to perform statistical significance
tests.

An extensive evaluation of the prototype developed
within the project at different project partners from the
automotive industry has indicated that the developed
assistance functionalities are actually seen to be very
helpful for the performance of simulation studies. The
simulation expert is assisted in planning simulation
studiesin a systematic way. Additionally, the automated
execution and control of simulation runs is a convenient
way to perform many (paralel) simulations for the
investigation of certain aspects of the ssimulated system
and to capture results and statistical information about
these runs.

The AssistSim project has mainly addressed the ex-
perimental design and simulation execution as tasks
within simulation studies. For complex simulation mod-
els, an extensive amount of input data to build up the
simulation model might be needed. Additionally, com-
plex simulation studies can also lead to large amounts of
output data which should be evaluated.

Due to the high relevance of an adequate capturing
of input data and the evaluation of the simulation output
data, we are investigating potential assistance function-
alities for these tasks in the new joint research project
EDASIm — Development of a Data Assistance for Simu-
lation Studies in Production and Logistics (Hessen
Agentur Project No. 260/11-06).
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