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1 Introduction 
Results introduced in my PhD dissertation serve the improvement of quality factors of 

programs built on the .NET platform. Bertrand Meyer has divided these quality factors to 

two categories:  outer quality factors characterize the system from the users’ perspective, 

whereas inner quality factors describe a piece of software from the developers’ point of 

view. When he designed the Eiffel programming language he assumed that improving 

inner quality factors would have a beneficial effect on outer quality factors as well. 

Language tools provided by Eiffel are proven to reduce faults detected late by 30 percent, 

which implies that users face proportionally fewer errors in the final product. 

My thesis - which has been motivated by Bertrand Meyer’s thoughts as well as by the 

design by contract language features of Eiffel - has been organized around these 

principles. My ultimate goal is to establish a toolset that can be directly used by 

developers constructing software with fewer errors (with improved inner quality). To 

conduct my investigations I have chosen the .NET platform as the programming 

environment: partly because of its popularity and partly because it has seen a continuous 

extension of its services since its debut back in 2002. During the past 10 years both the 

platform and its most popular programming language have been extended by features that 

promote clean program structure, easier readability, more compact descriptions and 

improved effectiveness. With all these new features developers are granted a strong toolset 

for constructing software of improved quality. Although there have been experiments for 

extending C# with correctness specification capabilities (for example, the Spec# 

experimental language), however even the past 10 years was not enough for incorporating 

an optional, Eiffel-like correctness specification extension to the C# standard. 

The infrastructure introduced in the dissertation resembles that of the correctness 

specification machinery used by Eiffel: by making use of it one is able to establish 

statements about the program (attached to classes and methods), which are then enforced 

by the execution environment in runtime. The theoretical proof of these kinds of 

statements is often not feasible in practice. Therefore, a generally accepted method for 

checking correctness is to validate whether statements are fulfilled by variable occurrences 

along a given execution path. If they are, it can be assumed that the program is correct.   

On the other hand, formalizing the specification (with all the implementation details 

being considered) is far from being trivial. As a consequence, checking correctness using 
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pre-defined data is a common practice. In order to meet the challenge of improving 

quality, software engineering science has come up with numerous practical methods that 

are widely used in these days. Tools include unit testing, test-driven development and 

simulated dependencies (mocks and stub objects). Test cases are usually constructed 

before the actual implementation, consequently, they explicitly describe the desired 

behavior. The solution is proven to be practically applicable, developers are inspired to 

construct more structured, easier to modify, more readable components. 

In my dissertation I unite the two methods – correctness specification and unit testing 

-, not denying but extending the introduced principles. I make the infrastructure available 

for attaching higher level relations, axioms to interfaces in the program. There are two 

reasons for exploiting axioms. On one hand, using axioms it is possible to attach more 

compact, unified, higher abstraction level specification to different notions in the program. 

While unit tests usually test a small piece of code – typically a method – in isolation, 

axioms articulate statements on interactions among methods. Therefore, axioms are 

capable of bridging the conceptual gap between unit tests and integration tests. 

On the other hand, axioms can be thought of as the generator seed of test cases. I 

elaborated a process that generates test methods from axioms. An important difference 

between unit tests and axiom-based tests is the relevancy of test data. While unit tests are 

constructed before implementation and are fed mostly with imaginary data, it is only the 

definition of axioms that takes place in design time. Generating the test method and test 

data is performed post-implementation. This late binding allows for replacing imaginary 

input with relevant, adequate test data.  

The last area that is addressed in the dissertation is the problem of generating real, 

relevant test data. The infrastructure described in the first part is attached to a variable 

level logging process ensuring that axioms are driven by real-world data. 

 

2 Structure of the Dissertation 
The thesis is composed of an introductory part and six numbered chapters. In the first 

chapter the basic notions and elements of the infrastructure to be established are briefly 
introduced. Chapter 2, 3 and 4 contain the three theses of the dissertation. In Chapter 5 a 
case study is shown in order to demonstrate the practical applicability of the results, 
whereas Chapter 6 is intended to address future research directions. 
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Overview of the Toolset 

In Chapter 1 I describe the processes and tools that will be referred to throughout the 
remaining of the dissertation. I briefly introduce the well-known software quality factors 
and categorize them according to the users’ and developers’ perspective (Section 1.1 
Software Quality Factors). 

The basic elements of the Eiffel correctness specification language are described and 
the suitability of the language for improving inner quality factors is justified. Based on 
related work, the implicit assumption that improving inner quality factors has a beneficial 
effect on outer quality factors is accepted as true (Section 1.2 Program correctness). 

I briefly introduce the elements used from aspect-oriented programming (1.3 Aspect-
Oriented Programming). The major services of the .NET programming environment are 
also covered (Section 1.4 Overview of .NET Framework Services). In relation to the 
dissertation it is attributes and reflection that are of capital importance. Attributes provide 
a means to describe meta-data in a declarative manner, while reflection is the capability of 
the framework to explore and process these meta-data items in runtime. .NET services 
resemble capabilities of the Java platform, and due to the great levels of similarity 
between the two all elements of the infrastructure can be implemented in Java as well. 
This means that results of the dissertation can be ported to Java. 

In the last part of the chapter the reader is introduced to different versions of 
dependency injection (Section 1.5 Dependency Injection). The dependency injection 
design pattern was first described by Martin Fowler and in the last couple of years – due to 
its outstanding applicability in the field of business application development - it became 
popular. In my dissertation I exploit its capability to mimic aspect-oriented behavior in a 
non-aspect-oriented environment: I build the correctness specification infrastructure using 
aspect-oriented programming features built upon dependency injection. 

 

Elements of Program Correctness Checking in .NET  

In the first thesis chapter of my dissertation (Chapter 2) the correctness specification 
infrastructure is established and elaborated. In order to select the most appropriate and 
flexible solution possible, various technical options for simulating aspect-oriented 
programming on the .NET platform are compared (Section 2.2 Related Work and 
Overview). Based on the comparative analysis I have concluded that the aspect-oriented 
programming environment derived from dependency injection and dynamic proxy 
generation is suitable for practical use. 

Adapting the aspect-oriented behavior is solved by the Castle MicroKernel 
dependency injection component. The component works in the following way: different 
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types along with objects responsible for function call interception can be registered in the 
container. Whenever there is a new object instantiated using the container, the dynamic 
type of the object that gets created is an automatically generated proxy type that proxies 
the original type. Before delegating calls to the part of the code that is defined in the 
original type, there is a call to the event handlers residing in the call interceptor.  

In order to complete the solution I have designed a correctness specification 
language (Section 2.5 Implementation Details). This domain specific language enables the 
usage of a C#-like syntax for articulating simple pre- and post-conditions as well as 
invariant statements. Attributes are employed for attaching these statements to methods 
and classes. 

Exploring attributes takes place in runtime, when textual representation of the 
correctness specification can be accessed. The textual representation serves as the basis of 
generating executable code (in our case, lambda expressions). In order to facilitate the 
generation process, an expression tree is built with the help of a scanner and a parser 
object. Using the expression tree executable code can be retrieved directly. 

 

Thesis 1 I have worked out part of the design by contract features of Eiffel in the .NET/C# 
programming environment. I have defined a correctness specification language and its 
corresponding analyzer. Using the correctness specification I have generated lambda 
expressions in runtime. Correctness checks have been performed using dependency 
injection based aspect-oriented techniques. 

 

Relevant Publications 

 

[14] M. Biczó, K. Pócza, Z. Porkoláb. Runtime access control in C# 3.0 using 
extension methods. Annales Universitatis Scientiarum Budapestinensis de Rolando 
Eötvös Nominatae, Sectio Computatorica 30, pp. 41-60, 2009. 

 

[15] M. Biczó, K. Pócza. Generating Functional Implementations of Finite State 
Automata in C# 3.0. Electronic Notes in Theoretical Computer Science (ENTCS) 
238(2), pp. 3-12 2009. 

 

[17] M. Biczó, Z. Porkoláb. Towards Axiom-Based Test Generation In .NET 4 
Applications. Annales Universitatis Scientiarum Budapestinensis de Rolando Eötvös 
Nominatae, Sectio Computatorica 36, pp. 5-22, 2012. 
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Axiomatic Specification-Based Test Case Generation  
In the second thesis chapter (Chapter 3) of the dissertation I dissert on axiom-based 

test case generation which is one of the potential application areas of the correctness 
specification infrastructure. 

I formally define the notion of a concept. A concept is the general phrasing of an 
abstract notion, with generic interface being its corresponding programming language 
construct. According to this, a concept can have type parameters and abstract operations. 
Besides that, it may also have a set of axioms. Axioms typically articulate logical 
statements about the interaction of operations. A realization of the concept can be gained 
by substituting specific types in the place of type parameters and by defining the meaning 
of abstract operations (this is the implementation process itself). A realization that satisfies 
all the axioms is called a model (Section 3.3 Theoretical Background).  

In this chapter I explain how abstract notions map to programming language 
constructs (Section 3.4 High Level Overview). Most programming languages do not 
provide a means to describe axioms, therefore I exploit the correctness specification 
infrastructure to attach attribute-based axiom descriptions to concepts represented by 
generic interfaces. Using this approach the whole abstract concept is covered by 
corresponding programming language constructs. I study the relation between axioms and 
inheritance and I collect and check all axioms along the inheritance path. This way the 
solution is in accordance with the Liskov substitution principle. In order to execute the 
axiom methods, type-safe test data is generated. Running test methods derived from 
axioms against generated test data provides a process for validating that a realization is a 
model (Section 3.5 Implementation Details). 

 

Thesis 2 As an application area of the infrastructure defined in Chapter 2, I have provided 
a solution for attaching axioms (that can be thought of as necessary criteria of a model) 
and generating test cases based on them. I have also shown how test methods derived from 
axioms can be run against generated test data. It is not only the construction of new 
software that this method can be applied to, but the approach is also applicable during the 
modification of legacy systems. 

 

Relevant Publications 

 

[13] M. Biczó, K. Pócza, I. Forgács, Z. Porkoláb. A New Concept of Effective 
Regression Test Generation in a C++ Specific Environment. Acta Cybernetica 18 
(2008), pp. 481-501 2008. 
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[17] M. Biczó, Z. Porkoláb. Towards Axiom-Based Test Generation In .NET 4 
Applications. Annales Universitatis Scientiarum Budapestinensis de Rolando Eötvös 
Nominatae, Sectio Computatorica 36, pp. 5-22, 2012. 

 

[91] K. Pócza, M. Biczó, Z. Porkoláb. Towards Effective Runtime Trace Generation 
Techniques in the.NET Framework. In : Short communication papers proceedings 
of.NET Technologies 2006, Plzen (Czech Republic), pp. 9-16 2006. 

 

[92] K. Pócza, M. Biczó, Z. Porkoláb. Towards detailed trace generation using the 
profiler in the.NET Framework. Annales Universitatis Scientiarum Budapestinensis 
de Rolando Eötvös Nominatae, Sectio Computatorica 30, pp. 21-40 2009. 

 

Generating Relevant Test Data 

In the third thesis chapter of my dissertation (Chapter 4) I address the problem of test 
data construction. Based on related work by Budd and Angluin, I provide a definition for 
acceptor and generator procedures and determine that that computable acceptors and 
generators for adequate test sets do not necessarily exist. Furthermore, finite adequate test 
sets do not always exist. On the other hand, finite relative adequate test sets do exist. 
Unfortunately, we cannot always find procedures for generating and accepting relative 
adequate test sets (Section 4.2 Related Work and Overview). 

My goal is to obtain relevant test data that really occurs during the execution of the 
program. By running the current version of the program against relevant data one can 
validate with confidence whether the program violates an axiom. To meet this requirement 
I have designed a logging process for object-oriented programs, and have implemented the 
solution for .NET (Section 4.5 Implementation Details). The implementation is capable of 
generating variable-level log entries at every sequence point of any program running on 
the .NET platform.  

I combined the logging-based test data generation procedure with axiom-based 
testing. Therefore, I am able to execute axioms against relevant test data (Section 4.7 
Combining the Log and the Generator Procedure). 

 

Thesis 3 I have designed a logging process for sequence point level instrumentation of 
object-oriented programs. I have implemented the procedure on the .NET platform which 
means that all program run by the .NET CLR can be instrumented. The sequence point 
level logging has been connected to the test data generation introduced in Section 3. The 
outcome is that I have gained a tool capable of serving relevant test data. 
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[90] K. Pócza, M. Biczó, Z. Porkoláb. Cross-language Program Slicing in the.NET 
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Republic), pp. 141-150 2005. 
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Techniques in the.NET Framework. In : Short communication papers proceedings 
of.NET Technologies 2006, Plzen (Czech Republic), pp. 9-16 2006. 
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profiler in the.NET Framework. Annales Universitatis Scientiarum Budapestinensis 
de Rolando Eötvös Nominatae, Sectio Computatorica 30, pp. 21-40 2009. 

 

Case Study 

In Chapter 5 a case study is shown to demonstrate the two main research areas (how 

to prevent errors using correctness specification; running automated high level test cases) 

of the dissertation. I intend to show the applicability of these tools for large applications. 

I establish selection criteria based on which an application ideal for demonstration 

purposes can be chosen. This does not limit the feasibility of the suggested solution to 

applications that adhere to selection criteria, however, keeping testability in mind during 

the design phase greatly facilitates application. 

In the selected application I identify an error that renders it more difficult to use for 

end users. I show that if correctness specification had been applied by developers, the 

error could have been avoided. An example is given how axiom based testing could have 

been employed to perform a simple local refactoring operation, and how it could have 

been guaranteed that the error would not have been re-introduced in later versions of the 

program. 
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3 Outlook and Future Work 
Results introduced in the dissertation do not imply that my research effort has come to 

an end. In Chapter 6 I mention those areas that I am considering for future research. One 

of these areas connects to the specification language. It would be beneficial to study what 

advantages it would offer to integrate the OCL modeling language to the framework. 

Without any doubt this involves the usage of an OCL → C# compiler. 

Axiom-based testing derived from correctness specification has shown that various 

application areas of the same infrastructure may exist. Integrating a BPEL-like process 

modeling language could be studied further. Comparing the solution with Windows 

Workflow Foundation could identify further topics of interest. 

The third area to be investigated is the management of the relevant test data set. The 

code of the program can change significantly between two releases (even between two 

simple bug fixes). Generating relevant test data is a time consuming operation that 

requires human interaction and the test database is valid only for a specific version. I 

consider updating the test set automatically (without the need for a complete re-build) 

highly important for specific elementary program transformations. Impact analysis 

algorithms would provide a solid theoretical background for these investigations.  

 

Summary of Relevant Publications 
The table below summarizes the used relevant publications per thesis. (Rows 

correspond to theses, in the columns there are publication references as seen in the 
dissertation.) 
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