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Abstract 

This work was undertaken as a final year project in Computer Engineering, within the 
Department of Computer and Information Science at Linköping University.   
 
At the Department of Computer and Information Science, work oriented at testing and 
analyzing applications is developed to provide solution approaches to problems that arise in 
system product development. One of the current applications being developed is the 
‘Systemics Analyst’. The purpose of the application is to facilitate for system developers with 
an analysis tool permitting insights on system reliability, system critical components, how to 
improve the system and the consequences as well as risks of a system failure. 
 
The purpose of the present thesis was to enhance the ‘Systemics Analyst application’ by 
incorporating an ‘automated model-based reliability prediction’ and ‘fault tree analysis’ 
modules. This enables reliability prediction and fault tree analysis diagrams to be generated 
automatically from the data files and relieves the system developer from manual creation of 
the diagrams. 
 
The enhanced Systemics Analyst application managed to present the results in respective 
models using the new incorporated functionality. 
 
To accomplish the above tasks, ‘Systemics Analyst application’ was integrated with a library 
that handles automated model-based reliability prediction and fault tree analysis, which is 
described in this thesis. The reader will be guided through the steps that are performed to 
accomplish the tasks with illustrating figures, methods and code examples in order to provide 
a closer vision of the work performed. 
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CHAPTER I: INTRODUCTION   
 
 
This thesis built on the hypothesis of developing automated model-based presentation features 
that would be incorporated in the ‘Systemics Analyst Application’ being developed at 
Linköping University. Systemics Analyst Application is an analyzing tool that provides 
insights into a system’s reliability, its critical components, plausible improvements, the 
consequences and risks of a system failure to a system developer. 
 
By enhancing Systemics Analyst’s functionality, there results in time-saving which otherwise, 
would have been required for the creation of the reliability prediction and fault tree analysis 
models if these were not incorporated through the automated model-based features. These 
new features would constitute a support to system developers by relieving them from the 
manual construction of the reliability prediction and fault tree analysis model presentations. 
  
 
1.1 Background 
 
The thesis was conducted at the Department of Computer and Information Science in 
Computer Engineering at Linköping University. It builds on the suggestion that the Systemics 
Analyst Application could be enhanced with an automated functionality enabling a model-
based presentation of the reliability prediction and fault tree analysis.  The work was 
conducted under the guidance and supervision of Dr. Peter Bunus.  
 
  
1.2 Aims 
 
The aim of the thesis is to incorporate an automated model-based reliability prediction and 
fault tree analysis representation features in the Systemics Analyst Application. By 
automatically system analysis and data processing of system’s schematic, the application will 
be able to present the results in respective models and relieve the system developer from 
additional creation of testing models.  
 
 
1.3 Limitations 
 
Since the objective of the thesis is to add a new functionality to the Systemics Analyst 
Application, some limitations have to be specified.  
 
The Systemics Analyst Application is written in C# programming language and therefore, the 
implementation of the new features should be also written in the same programming 
language.  
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By keeping the main standards, e.g. using the same programming language to construct the 
new features, makes it easier to add new functions or edit the functionality if required. This 
also minimizes the number of models to be constructed by improving features integrated in 
the Systemics Analyst’s namespace. 
 
 
1.4 Methods  
 
To enhance Systemics Analyst functionality, a couple of objects need to be constructed in 
order to enable automated model-based reliability prediction and fault tree analysis features. 
These objects will be constructed and used in the different phases, data processing and 
automated model-based presentation that are undergone during construction of the models. 
The automated model-based presentation is divided into two phases:   

• Data Analysis, and  
• Model-based presentation. 

 
This is because data have to be organized and analyzed to correspond to each model’s 
requirements.  
 
Creating a library encapsulating the features that perform automated model-based 
presentation is the best approach to use. This will allow future development and 
enhancements to be made onto the library. 
 
 
1.5 Resources and tools 
 

Building on the support and guidance from my supervisor Dr. Peter Bunus, the following 
resources and tools will be used:  

• Visual Studio 2010 Environment; 
• C#  language since the extension is being made on a C# library based application; 
• Pro WPF in C# 2008 Edition; 
• Discussions of different approaches and emerging problems with supervisor Peter 

Bunus. 
 
 

1.6 Audience 
 
The primary audience for this work is comprised of system computer engineers and software 
developers, as well as all other individuals interested in either of those two fields.   
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1.7  Report structure 
 

This thesis is divided into five chapters which describe the work undertaken in order to 
achieve the aims stated in point 1.2 above. 
 
Chapter one provides a general introduction to the thesis scope and outlines the contents of 
the thesis report. 

Chapter two covers the theoretical background, concepts used in the thesis and their 
definitions. 

Chapter three demonstrates how the automated model-based is built and implemented. 

Chapter four presents the test results after implementation of automated model-based 
representation. 

Chapter five presents some of the conclusions emerging from the work conducted.  
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CHAPTER II: THEORETICAL BACKGROUND 
 
 
Before delving any further into the work to be conducted, a short specification of the 
terminology and concepts used in this thesis is presented below for a better understanding of 
the work undertaken.  
  
 
2.1 System analysis 
 
The need of insuring that every component in the system performs to accomplish its highest 
level goals, and that it contributes to the overall system performance as explicitly specified in 
the component’s properties demonstrates the requirements of a system analysis.   
 
By simply characterizing the physical components and properties of a system will not increase 
our knowledge of a system. For an increased knowledge of a system, we need more 
appropriate tests and analyses permitting a better understanding of the system’s results, which 
would thus lead to the making of adequately informed decisions.     
 
Figure 2.1 Schematic representation of the decision-making process 

 

 
 

Source: Fault Tree Handbook (NUREG-0492), page I-1. 
Available at: http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0492/sr0492.pdf.  

 
The figure above could lead to an assumption that system analysis is a technique used to 
acquire the knowledge about a system in a way that the information obtained is relevant and 
eliminates all elements of uncertainty. Although this assumption would be correct, it does not 
fully clarify the system analysis. 

http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr0492/sr0492.pdf
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In essence, system analysis is “is a directed process for the orderly and timely acquisition and 
investigation of specific system information pertinent to a given decision” [1]. What this 
means is that system analysis is the process of investigating a system, of identifying the 
problems or undesired outcomes and using this information to determine modifications that 
can improve the system. Conducting this process helps the decision-maker to make a rational 
evaluation or analysis of the obtained information.  
 
 
2.2 Model-based Analysis 
 
In general, a model is anything used in a way of giving a visual representation of an object. 
The object is thus viewed as a model representation of the system. With model-based 
analysis, the system is analyzed by performing a simulation of the system in its environment. 
By using this technique, better insights in the system’s behavior are provided and thereby 
helping to improve the system’s quality. Model-based analysis can be combined with other 
different techniques to enhance the clarity of a system. The following sections describe the 
techniques that are used together with model-based analysis, to analyze a system.  
 

2.2.1 Reliability Prediction 

Reliability Prediction is “the process used to determine the Mean Time Between Failure 
(MTBF) of an item” [2]. In essence, the MTBF value indicates the probability of a success or 
failure of a system over a given period of time.  Specifically, reliability prediction is the study 
of a system reliability “the ability of an item to perform a required function under given 
conditions for a given time interval” [3], which can be achieved by applying certain models 
onto the components that characterize the system in question. 
 
Figure 2.2 Reliability Prediction Block Diagram 
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One of those models is the reliability prediction analysis which is represented above in a 
model-based figure called the reliability block diagram. The blocks represent the system’s 
components that perform internal tasks at each system level using connections between them. 
This is illustrated in figure 2.2 above. 
 
 
2.2.2 Fault Tree Analysis 

Fault Tree Analysis (FTA) is a technique used to identify the undesired events within a 
specified system, “usually a state that is critical from a safety standpoint” [1]. That is 
performed through the context of its environment and operation to find all credible ways in 
which the underside event can occur. This failure analysis technique is used in the field of 
safety engineering to determine the probability of a safety hazard in a system. The passage of 
fault logic up the tree is represented using boolean logic operators to combine a series of 
lower-level events and the top event, as depicted in figure 2.3 below. The boolean logic 
operators represent the relationships of the events needed for occurrence of undesired event. 
The “higher” event is the output and “lower” event is the input of the boolean logic operator. 
The failures can be events that are associated with hardware component failures, human errors 
or any other events that can lead to undesired outcome. 
  
Figure 2.3 Fault tree 

 

 
Source: http://en.wikipedia.org/wiki/File:Fault_tree.png 

 

http://en.wikipedia.org/wiki/Safety_engineering
http://en.wikipedia.org/wiki/File:Fault_tree.png
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CHAPTER III: IMPLEMENTATION  
 
 
3.1 Background 
 

In order to operationalise an automated model-based reliability prediction and fault tree 
analysis features, a new namespace needs to be attached to the Systemics Analyst 
Application’s main namespace. In the C# programming language, a namespace is used to 
declare a scope which permits the user to organize classes in a way that make them  unique to 
the particular space to which they are associated with. This is also the best approach to 
incorporate all the classes that are required for the implementation of an automated model-
based presentation. The model presentation will be set in action by forwarding the constructed 
models to the Systemics Analyst GUI (Graphic User Interface). By incorporating these new 
features, the ability for future enhancements and modifications is provided. The namespace 
will contain the main objects and the sub-objects that are used to store data and information as 
listed below: 

• ComponentProperties.cs – An object that stores the component’s information  
• ConnectionProperties.cs – An object that stores the connection information between 

two components, the relation between the components 
• Parser.cs – A data processing object, that parses the data extracted from the input file 

and store data in a lists 
• ReliabilityPredictionDiagram.cs – The object used to construct a reliability 

prediction model by forwarding the results (the model) to the application’s GUI after 
analysis. 

• FaultTreeAnalysisDiagram.cs – The object used to construct an automated fault tree 
analysis model by forwarding the results (the model) to the application’s GUI after 
analysis. 
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3.2 Data flow 
 
Figure 3.1 Data Flow Diagram 
 

 

 
 
As illustrated in figure 4 above, data is parsed from the input file (Data file) and forwarded to 
the Reliability Prediction and Fault Tree Analysis objects to be further analyzed according to 
the respective definitions of the techniques. This is further explained in the upcoming sections 
of this chapter. 
 
 
3.3 Data Processing  
 
The first step to undertake is data processing by parsing the data file which is in XML format. 
This process is performed by the Parser class, which parses the data extracted from the input 
file containing the system’s schematics for the system to be analyzed.  
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Example 3.1: Data file content 

 
 
 

Data file parsing is performed in three steps, through which each component properties and 
the system’s components connection properties are extracted and then stored in respective 
lists as ComponentProperties and ConnectionProperties objects.  

Example 3.2: Data processing using a parser function in Parser.cs 
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After data extraction, the next step is to locate the system’s root, the main component that 
relies on the underlying components to perform its function. Depending on the system 
schematic orientation, this can be done either from left to right or from right to left as shown 
in figure 3.2 below.  
 
Figure 3.2 On the left: left-to-right input-output system;  
On the right: right-to-left input-output system 
 

 
 
When the system’s root has been identified, we move onto the underlying component or 
components that are connected to it, and attach this information to the root object. This is 
carried out with regard to the system’s connection properties in order to obtain a more 
accurate understanding of the system being analyzed. 
  
The underlying components also have underlying components, a chain-like structure. The 
same steps followed in the gathering of information on the root component are also applied 
with regard to the underlying components. This is repeated until the whole system schematic 
has been iterated over and thereby obtaining the internal structure representation of the whole 
system. Once the internal structure has been constructed it is time to move onto the next phase 
of the implementation, that is, the automated model-based diagram presentation. 
 
 
3.4 Automated Model-based Presentation 
 
After data processing, the next phase is concerned with the automated model-based diagram 
presentation.  This phase mainly builds on the internal structure that has been constructed 
during the data processing phase. Thereafter, it consists first in the construction of the 
automated reliability prediction diagram presentation and then the automated fault tree 
analysis diagram presentation, using the updated internal structure during the construction of 
the reliability prediction diagram presentation. 
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3.4.1 Automated Reliability Prediction Model 
 
In order to construct an automated reliability prediction diagram presentation, three 
considerations need to be taken into account. First is that the system root component will not 
be part of the reliability prediction diagram according to the definition of reliability 
prediction. For the component being analyzed, it is necessary to determine how many 
components are connected to it, what type of connections exist between the underlying 
component or components, and to also check if it is a parallel or serial connection.  
 
If the component is dependent on several underlying components, that is, if it has a parallel 
connection, all connections are attached to one input port. After identification of the 
connection type, comparison is made between the current component and the attached 
components, in order to prevent an object being presented more than once. 
 
The remaining system components are attached to their respective main components and 
thereby creating leafs of components. 
 
Example 3.3: Reliability Prediction Model Creation Function 

 
 
If the underlying components in the system have connections to the same underlying 
component, this component will be placed at the end of the diagram in order to give a more 
clarified representation of the system.  

During the construction of automated reliability prediction diagram presentation, the 
components are updated by specifying the dependency between them and the parent/root 
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object to underlying objects. These specifications provide an updated internal structure which 
in turn, is used to construct the automated fault tree analysis diagram presentation. The latter 
is explained in the section below.  
 

3.4.2 Automated Fault Tree Analysis Model 
 
From the data processing phase, we know that the system has a root component that depends 
on the outcome from the underlying components which in turn, are dependent upon the 
outcome from the underlying components and so forth on. But how do we present these 
relations that are distributed between the system’s components? 
 
According to the definition of fault tree analysis in the theoretical chapter (section 2.2.2), new 
objects need to be added to the current system schematics structure in order to construct a 
fault tree analysis model. These objects are the boolean logical operators that define the 
relations between the higher level events and the lower level events between the system’s 
components. 

To construct an automated fault tree analysis model presentation, access to the internal 
structure is needed. Access to this structure will reduce the computation work needed to 
construct the presentation model, but does not exclude the need for analyzation with respect to 
fault tree analysis technique. This is done by obtaining the Reliability Prediction Diagram 
object that was constructed in the previous phase, since it has the updated internal structure 
with latest information. 
 
Once the internal structure is known, the root component of the system can be identified and 
used as the starting point of the diagram. What needs to be done then is to add a boolean logic 
operator representing the relation between the top level event and the lower level events of the 
system. This is performed at each system level, where there is a relation between higher level 
components and lower level components until the whole system has been iterated over. The 
same analytical process followed for the analysis of components in the previous phase is used 
here too, albeit with a minor modification since the order of dependency between components 
must be taken into account, and the addition of boolean logic operators which permit the 
presentation of the relation between system levels. This results in a tree-like structure with a 
top-down orientation that is forwarded into the application’s GUI to constitute a model-based 
fault tree analysis model. A code illustration is given in example 3.4. 
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Example 3.4: Fault Tree Analysis Model Creation Function 
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CHAPTER IV: RESULTS 
 
 
Further to the above demonstrations and explanations regarding implementation of an 
automated model-based reliability prediction and fault tree analysis presentation, this chapter 
offers additional insights into the end results of the work carried out in order to achieve an 
automated model-based presentation. 
 
In order to test the resulting features, a system test of the automated model-based presentation 
is needed. For this system test, an airplane landing system is used to illustrate higher-level and 
lower-lever components that the top event (main component) is depending on in order to 
accomplish its function. The system schematic for the airplane landing system is given in 
figure 4.1. 
 
The system’s test schematic file provides data for the construction of the reliability prediction 
and the fault tree analysis presentation models. By constructing an instance of the Parser 
object and giving it the filename as an argument to its constructer, the Parser object acquires 
access to the schematic file. When this is done, the application GUI instance is notified to get 
ready to accept new data and is attached to the Reliability Prediction Diagram instance via the 
constructer as an argument. With the resulting connection between all of these instances, the 
reliability prediction model is now ready to be presented, by simply calling the Display RP 
Diagram function with an instance of the Parser object that has the internal structure 
representation of the system test.  Example 4.1 illustrates this by the code demonstration 
sample.  
 
Example 4.1: Usage of a ReliabilityPredictionDiagram Object 

 
 
 
For the fault tree analysis model presentation, a few steps are required to present the fault tree 
analysis model of the system test. Since the system test has already been parsed in the 
previous model presentation, there is no need of carrying out a data processing phase.  
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What is done here is the construction of a fault tree analysis model by using the 
‘ReliabilityPredictionDiagram’ instance created before, which now has an updated internal 
structure representation of the system test. As before, the application GUI instance has to be 
notified to get ready to accept new data and attached together with an instance of the 
‘ReliabilityPredictionDiagram’ object to the ‘FaultTreeAnalysisDiagram’ instance via the 
constructer.  When the ‘FaultTreeAnalysisDiagram’ instance gets access to the internal 
structure representation, fault tree analysis model presentation is performed by calling the 
‘DisplayFTADiagram’ function. A code demonstration is given in example 4.2 below. 

Example 4.2: Usage of a FaultTreeAnalysisDiagram Object 
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Figure 4.1 System test schematic 
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As it can be seen in figure 4.2 and 4.3 below, the new features offer a new function to the 
application’s functionality, which does not only reduce the developer’s work load but also 
offer another way of conducting system analysis. With a simple button press, the model is 
constructed using the information found in the system test schematic file.  
 
Compared to existing applications on the market such as, Isograph Ltd [4] or Relex [5] which 
require the system user to manually construct the reliability testing models, the Systemics 
Analyst Application offers better development tool features in this area. The latter model 
would be also time-saving since the suggested enhancing features would alleviate from the 
manual construction of reliability prediction models.  
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Figure 4.2 Automated Model-based Reliability Prediction Presentation  
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Figure 4.3 Automated Model-based Fault Tree Analysis Presentation 
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CHAPTER V: CONCLUSIONS 
  
 
From the above results, it can be concluded that the stated aims of constructing a reliability 
prediction and a Fault Tree Analysis models have been achieved.  With regard to the 
perspective of enhancing the Systemics Analyst Application functionality, the author finds 
that the suggested new features present the potentiality to enhance this application’s 
performance.  This implies that the would-be application users would benefit in terms of 
increased performance with more work done in less time and without requiring additional 
tools. These aspects justify therefore the importance of the reliability prediction and Fault 
Tree Analysis models as features with the potential to answer some of the many demands in 
the industry today.  
 
Besides the minimization of workload and exemption from manual construction of reliability 
prediction models, creativity is increased by enabling the user to concentrate on other key 
aspects of the system and be more productive.  
 
Finally, it is the author’s assertion that through this work, he has personally gained a lifetime 
experience in model construction and development that he intends to continue expand in his 
journey as a system developer.
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