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Abstract—The behavior of complex production automation 
systems is hard to predict, therefore simulation is used to study 
the likely system behavior. However, in a real-world system 
many parameter variants need to be tested with limited re-
sources. Therefore, test cases need to be generated in a syste-
matic way to find suitable scenarios efficiently. This paper 
investigates the effort of two approaches for providing test 
cases based on available testing knowledge. The traditional 
approach uses a static generator script based on implicit test-
ing knowledge, which takes significant effort to add new pa-
rameters. The innovative approach uses a dynamic generic 
generator script based on an ontology data model of the testing 
knowledge. We empirically evaluate these approaches with a 
use case from the production automation domain. Major result 
is that the high-level test description of the ontology-based 
approach takes more initial effort for setup, but increases the 
usability and reduces the risk of errors during the test case 
generation process. 

Keywords - test case generation, ontology, production 
automation simulation, explicit testing knowledge. 

I.  INTRODUCTION 
Production automation systems are often complex as the 

behavior of the overall system cannot easily be predicted 
from the behavior of the subsystems. Therefore, simulation 
is used to study the behavior of complex production automa-
tion systems. In addition to simulation accuracy the simula-
tion system performance is an important issue, particularly if 
many parameters and value ranges for system behavior need 
to be evaluated systematically [6]. Example test parameters 
for assembly lines in production automation are scheduling 
strategy, failure handling strategy, and the number of prod-
ucts. 

Software testing investigates the quality of the product or 
service under test. In order to achieve sufficient test coverage 
for the requirements of an application, there must be at least 
one test case for each requirement and relevant parameter 
setting, which can take considerable effort. A major goal is 
to generate test cases in a systematic way to efficiently find 
suitable scenarios for most of the requirements with limited 
testing resources. In this paper, the test cases define input 
data to simulate complex distributed assembly line systems 
with a simulation tool [7, 8, 13]. 

This paper presents an approach for extracting expert 
testing knowledge into an ontology and for using this explicit 
knowledge to efficiently generate test cases for a production 
automation simulator [7, 8, 13]. For this purpose, the test 
coverage combined with the cost to achieve this test cover-
age is used as performance metric. In our context, test cover-
age is the ratio between the number of generated test case 
scenarios and the number of all possible test case scenarios 
regarding a given set of parameters respectively their possi-
ble parameter values.  

This paper investigates two approaches for providing test 
cases. The traditional approach implements a test as a static 
generator script, which is fairly simple and quick to start up, 
but takes significant effort to add new parameters, since all 
existing scripts need to be updated to accommodate the new 
parameter settings. In addition, the tester needs programming 
skills both for setting and modifying parameters.  

The innovative approach models system and test know-
how in an ontology-based data model and dynamically 
adapts a generic generator script according to the settings in 
the test data model. Test cases are generated and run with 
respect to the parameters chosen by the user. Important ad-
vantages of this approach are (a) available efficient tool sup-
port for modifying ontologies in case of changes to the pa-
rameters and/or structure of the system under test and (b) the 
fact that the generator script is not affected by the modifica-
tion. Therefore, even testers without programming skills can 
add new parameters by modifying the underlying data mod-
el. Test cases are generated from the ontology and exported 
as XML file. The implemented generator script and the on-
tology are loosely coupled. Therefore, changes to the ontolo-
gy do not necessarily lead to changes of the generation 
script. This design approach enables a flexible and high-level 
test description.  

The evaluation part explores how the ontology-based ap-
proach can reduce the cost for test description, enables a 
more efficient and effective generation of test cases while 
aiming at an exact definition of test coverage to be achieved, 
and improves the changeability of the test case generation 
approach (e.g., the introduction of new test parameters) due 
to lower efforts to implement new test case parameters. 



The remainder of this paper is structured as follows: Sec-
tion 2 summarizes related work on software testing, produc-
tion automation simulation, and on ontology-based test case 
generation. Section 3 identifies the research issues and sum-
marizes the use case. Section 4 introduces the ontology-
based test case generation approach, while section 5 presents 
the evaluation results. Section 6 discusses the evaluation 
results with regard to the research issues, and finally section 
7 concludes the paper and identifies further work. 

II. RELATED WORK 
This section presents related work on automated software 

testing. Furthermore, the production automation simulation 
systems MAST and SAW are shortly introduced. Finally, 
related work on ontologies and on ontology-based test case 
generation is summarized. 

A. Automated Software Testing 
Testing of software is an important part of every software 

life cycle to demonstrate the capability of the software and 
identify defects before operational use. The National Institute 
of Standards and Technology (NIST) reported in a 2002 
study that software bugs cost the U.S. economy around 60 
billion dollar per year [10]. The same study showed that 
these costs could be reduced by more than a third by improv-
ing testing. In the IEEE Standard on the Software Life Cycle 
Process, a process is defined as a set of activities; process 
groups represent a higher level of abstraction [1]. 

A test process can be seen as the systematic execution of 
a software program. Test management and running the test 
object with specific data are the important parts of the test 
process. The goal of the test management is to plan, execute, 
and analyze the test run. A test run consists of one or more 
test cases [11]. 

B. Production Automation Simulation 
The Manufacturing Agent Simulation Tool (MAST) is an 

agent-based solution for some typical manufacturing tasks by 
using multi-agent technologies for manufacturing control 
[13]. Flexible distributed manufacturing systems can be 
modeled as intelligent, autonomous and cooperative agents 
[12], where each agent manages the local behavior to meet 
goals locally without centralized control [13]. In addition, the 
agents interact to achieve the system goal cooperatively. 

The Simulation of Assembly Workshop (SAW) ) [7, 8], 
which is an extension of the original MAST system, investi-
gates processes, methods, and tool support for planning, 
coordination, simulation, and lab tests for work shifts in an 
assembly workshop. Generally, a workshop aims to effec-
tively and efficiently carry out the work orders in a work 
shift. SAW helps to understand the impact of tactical deci-
sions in the production automation environment. For in-
stance, the user can optimize his assembly line by analyzing 
the effect of the different strategies. The SAW project pro-
vides a simulator that can execute the test cases for the pro-
duction automation domain. In addition, the logged events 
during the simulation allow analyzing the simulation object 
under test. Thus, the results of the simulation enable check-

ing the post condition of the test case. The explained life 
cycle of a test case is adopted for the simulation process of 
the SAW project during the elaboration of this work. 

C. Ontologies for test case generation 
In general, ontologies are a main part of the semantic 

web technology and facilitate the knowledge representation 
of real-world concepts. Ontologies are formal models of a 
specific application domain, and primarily used to facilitate 
the exchange and partitioning of knowledge. More precisely, 
an ontology is a data model that represents a set of concepts 
within a domain and their relationships. The word ontology 
has its origin from the Greek words ontos (=being) and logos 
(=word). From a philosophical point of view an ontology 
refers to the subject of existence, that is the study of being as 
such [3]. Gruber [4] defines an ontology as an explicit speci-
fication of a conceptualization. Where a conceptualization 
illustrates an abstract, simplified picture of the world used 
for representation and designation. Each knowledge repre-
sentation follows a certain degree of conceptualization, either 
explicitly or implicitly. Moreover, ontologies can effectively 
support software development processes by providing a con-
tinuous data model [2]. 

Ontologies could help generate basic test cases since they 
encode domain knowledge in a machine processable format. 
A simple example for this would be regarding cardinality 
constraints. Since those constraints define restrictions on the 
association of certain classes, they can be used to derive 
equivalency classes for testing [5]. Ontologies may not be 
the first candidate for such a scenario, since there are formal-
isms like OCL that are specialized for such tasks. However, 
once domain knowledge is available in an ontology format, it 
might be feasible to reuse that knowledge. Nguyen et al. [9] 
describe a framework for automated test case generation in 
the context of multi-agent systems. They use agent interac-
tion ontologies that define content semantics of agent inte-
ractions to generate test inputs, guide the exploration of the 
input space during test case generation, and verify messages 
exchanged between agents with respect to the agent interac-
tion ontology. 

III. RESEARCH ISSUES AND USE CASE 
The generation of test cases based on available testing 

knowledge is an import factor for the simulation of complex 
systems, such as production automation systems. This paper 
investigates two approaches for providing test cases. A tradi-
tional approach based on manually derived static generator 
scripts, which takes significant effort to add new parameters. 
In addition, the users need programming skills for both set-
ting and modifying parameters. The ontology-based ap-
proach uses a dynamic generic generator script based on an 
ontology as data model. Test cases are generated with respect 
to the chosen parameters by the user. 

This work proposes an ontology as suitable data model to 
provide the necessary data to generate a suite of test cases 
with an ontology-based approach for a given set of parame-
ters. This claim is also met by the static approach. In other 
words, the fact that the ontology-based approach is newer 



and works as well as the old static one is not enough motiva-
tion for change. However, measurable benefits are essential 
to accept the new ontology-based approach and the change 
costs. As with every new engineering method an important 
question is what aspects of the new approach are comparable 
to or better than a best-practice traditional approach. There-
fore, we derive the following research issues. 

RI-1. Feasibility of the ontology-based test case gen-
eration approach. The ontology-based approach aims at 
overcoming limitations of the traditional static approach. 
Firstly, the new approach should provide a high-level test 
description to allow the target audience to generate test cases 
with less effort. Secondly, a validation check and consistency 
check of the parameter setting is essential to reduce the risk 
of making mistakes during the configuration phase of the test 
case generation process.  

RI-2. Cost-benefit potential of ontology-based test 
case generation approach. The following two sub research 
issues define a metric how the cost-saving potential can be 
measured with respect to the effort for test description and 
the effort for setting up the solution. RI-2a assumes that both 
the number of parameters to choose and the number of sup-
ported data types are constant, while RI-2b addresses the cost 
for adding new parameters with different data types. 

IV. ONTOLOGY-BASED TEST CASE GENERATION APPROACH 
This section describes the ontology-based test case gen-

eration approach. In the first subsection, a short overview of 
the simulation systems underlying ontology data model is 
given, while the second subsection describes the test case 
generation suite. 

A. Simulation System Data Model 
The SAW system [7, 8] uses a 5-layer ontology as under-

lying data model. The five layers of the simulation system 
and their relationships among each other are illustrated 
in Figure 1. In the following, each layer is described shortly. 
The business layer prioritizes all incoming orders with re-
spect to their due date. In the shift layer a capacity check of 
the resources needed for producing the ordered product takes 
place. In addition, the business orders get transformed to 
work orders. In the job shop layer the work orders get broken 
down to single tasks by the production strategies. After-
wards, the responsible production strategy orders the tasks 
with respect to their specific criteria. The load balancer in the 
operation layer is responsible for a well-balanced utilization 
of the available machines. Furthermore, the shortest path 
consisting of one or more conveyor belts is calculated to 
fulfill the different tasks. The master data layer contains all 
information, which remains rather constant during the simu-
lation such as the arrangements of the conveyor belts, the 
arrangements of the machines, and the structure of the prod-
uct trees. All other layers can refer to this information. 

In order to provide the ontology-based test case genera-
tion functionality, we extended the original SAW ontology 
data model by adding the so-called test case layer to the on-
tology data model. The test case layer together with a suita-
ble test case generator script provides high quality test cases 

in an automated and systematic way. As a consequence high 
test coverage can be achieved, which is essential for testing 
the performance of simulation systems. The user can decide 
if she wants to create test cases manually or with the help of 
a generator script. In case of using a generator script the user 
just has to configure the parameter setting which contains the 
test case parameters and the corresponding set of valid val-
ues. Afterwards, the generator script generates the test cases 
with respect to the chosen parameter setting.  
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Figure 1. Layers of the SAW systems ontology data model. 

B. Test Suite Generation 
Initially, the ontology-based approach requires a GUI 

that can be dynamically adapted with regard to the available 
test case parameters. The ontology-based approach extracts 
the offered test case parameters, the allowed values for the 
parameters, and structural information from the underlying 
data model. Afterwards the identified information of the on-
tology is passed to the GUI. This data flow makes it possible 
to build a dynamic GUI which corresponds to the ontology at 
runtime. As a consequence, modifications to the ontology do 
not necessarily lead to manual changes neither to the GUI 
nor to the dynamic generic script. 

On the one hand the ontology-based approach uses the 
underlying ontology’s structure and restrictions to ensure the 
consistency of the test cases. On the other hand the data 
ranges of the offered parameters are used to ensure the vali-
dation of the test cases. Nevertheless, the user has to manage 
the underlying ontology. Therefore, the user needs skills for 
modifying the ontology with common graphical editor tools 
like Protégé1. Of course, for modifying an ontology users 
need some experience but it involves less effort than modify-
ing a hard-coded script. Furthermore, if something goes 
wrong during the modification of the ontology the user will 
recognize it immediately in the parameter setting configura-
tion process. On the contrary, the user might realize that 
something went wrong during the modification of the static 
script after the simulation run took place by analyzing the 
simulation results. This is a frustrating experience as users 
usually do not know what went wrong. In that case the user 
is captured in a trial and error loop. Surely, these circums-
tances negatively affect the acceptability of the static ap-
proach.  

                                                           
1 http://protege.stanford.edu/ 



By using the ontology-based approach, the user can al-
ways choose from all test case parameters supported by the 
generator script to define the parameter setting. In addition, 
the ontology-based approach ensures that only valid and 
consistent parameter settings can be defined by the user. This 
circumstance can be achieved with the information of the 
ontology. Afterwards, the ontology-based script generates 
test cases based on the parameter setting. At the end of the 
path the dynamic generic script generates the XML file. A 
useful characteristic of the “3 Phases Process Model” shown 
in Figure 2 is the fact that the first phase and the second 
phase are totally independent of the domain. This is ensured 
as the domain specification is hidden in the ontology. The 
first phase communicates with the ontology and passes the 
element names, valid values for element instances, and in-
formation about the structure of the ontology to phase two. 
After this step the second phase uses the received informa-
tion about the ontology to build a dynamic GUI at runtime. 
The user can configure the third phase based on the data 
model easily.  

 
Figure 2. 3 Phases Process Model of the ontology-based approach. 

V. EVALUATION 
This section focuses on the evaluation concept and ex-

plains in detail the criteria for the different objectives. The 
objectives are the costs for the test description, the effort for 
implementing test case parameters, and whether the test cov-
erage is definable by the user. 

 
Figure 3. Duration of the test description. 

The evaluation compares the traditional static approach 
and the novel ontology-based approach. Both approaches are 
test case generator scripts, which aim at providing test cases 
as input data for a simulation in an automated and structured 
way. Firstly, the evaluation concept determines the costs for 

the test description as configuration duration of the parame-
ter setting. Secondly, the effort for implementing test case 
parameters is determined with respect to the experience lev-
el. Lastly, the Return on Investment (ROI) is calculated as-
suming experience in the use of the different technologies. 

Figure 3 shows the costs for the test description for both 
generator scripts with respect to the implemented number of 
parameters. Therefore, the time to configure the test case 
generation process is measured. For the empirical evaluation, 
we measured the time needed for test description using 1, 4 
and 10 parameters for each approach and extrapolated the 
results. In order to empirically evaluate the effort needed for 
additional parameters, we again measured the time needed to 
add 1, 3 or 5 parameters and then extrapolated the results to 
be able give evidences for larger use case scenarios. Figure 4 
outlines the effort for implementing up to 195 test case pa-
rameters. As a result, the higher effort for the first time im-
plementation of the dynamic generic script pays off after the 
implementation of the 38th test case parameter. Neverthe-
less, the secondary criteria such as a lower risk for mistakes 
during the configuration phase of the generation process and 
ensuring valid and consistent test cases as output of the gen-
eration process make the use of the dynamic generic script 
preferable even for a small number of test case parameters. 

 
Figure 4. Effort for adding a high number of parameters. 

VI. DISCUSSION 
The results of the evaluation are listed in Table 1. As can 

be seen, the ontology-based approach performs better on 
most objectives. The ontology-based approach demands a 
higher effort for the first time implementation. In addition, 
the user needs to obtain the necessary skills for the used ge-
nerator script. For using the static script the user needs pro-
gramming skills for both generating test cases and adding 
new parameters. The ontology-based script assumes skills in 
using an ontology editor for adding new test case parameters 
to the ontology. The ontology-based approach requires no 
specific skills for generating test cases. The percentage val-
ues for the implementation effort are based on the effort in-
terpolation presented in the evaluation section. For the con-
stant parameters scenario, the effort needed for implementa-
tion of the static approach is take as base effort (100%) since 
it is lower than the effort needed for implementing the ontol-
ogy-based approach; and vice versa for the expandable num-
ber of parameters scenario. 

 



Table 1. Results of the Evaluation. 

 Ontology-based approach Static approach 

 Constant 
Parameters 

Expandability
of parameters 

Constant
Parameters 

Expandability 
of parameters 

Test Description high-level high-level low-level low-level 

Implementation 260% 100% 100% 250% 

Test Coverage is defineable is defineable is not defineable is not defineable 

VII. CONCLUSION AND FURTHER WORK 
High test coverage is essential for testing the perfor-

mance of simulation systems not only in the production au-
tomation domain. Test case generators provide such test cas-
es as input data for the simulation in an automatic and struc-
tured way. Many solutions for test case generators use a stat-
ic approach which is difficult to expand. Mostly, these solu-
tions offer an unsatisfying usability since only a low-level 
test description is supported. In this work, we discussed the 
test case generation process and developed an ontology-
based approach based on an available static one to achieve 
high-level test description, lower effort for implementing 
additional test case parameters, and a definable test coverage. 

This paper identified weaknesses of traditional approach-
es and proposed and evaluated a solution to address these 
weaknesses. After the implementation of the new approach 
the effectiveness of both approaches was compared. The 
ontology-based approach performs very well on most objec-
tives as the result of the evaluation shows”. Once the dynam-
ic generic script is running it does not have to be maintained 
anymore even if the number of test case parameters varies 
over time. 

Future Work. Future research will include the feedback 
of the simulation results into the ontology. An important fact 
is that the feedback is not limited to the simulation results 
since the results depend on the test cases and the assembly 
line. Another future research topic will be the more excessive 
usage of ontology-based reasoning to support the deduction 
of test cases. At the moment the ontology is used for building 
a dynamic GUI at runtime to ensure that the parameter set-
ting is valid and consistent. In addition, the structure of the 
XML file corresponds to the structure of the ontology. How-
ever, the deduction of test cases is probably more efficient 
than generating test cases as combinatorial possibilities of 
the parameter setting especially since the ontology is a 
knowledge-based system and therefore enables to infer from 
the stored fact base. 
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