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Abstract

With its ever-changing requirements, modifications are inevitable during a soft-
ware’s lifecycle. Studies have identified the structural issues of the implementation
as the main cause for the majority of future software changes [2, 4]. For this reason,
several automated refactoring approaches have been developed to transform code
bases in a structural point of view, so that they would apply possible design and
architectural patterns, in hopes of increasing code quality [1, 5–8].

However, we argue that the outputs of these refactorings do not provide satis-
factory guarantees for future modifications, as there is still a possibility that devel-
opers reintroduce faulty design decisions. In this paper, we propose an approach
enabling developers to use design and architectural patterns natively, as parts of
the underlying programming language. This way, such patterns can appear more
naturally and robustly on the level of language constructs.

The language defined in this paper is domain-specific in the sense that it aims to
provide a way to describe software tools used in pipelines or desktop environments
(with an optional graphical user interface). However, with minimal generaliza-
tion it might also be used for the specification of any software or individual code
components.

Our approach aims to allow automated refactorings in the long run with a
multi-step refactoring process. This study focuses purely on the description and
validation of the desired output of this refactoring process in the form of a domain-
specific language. Therefore, we introduce the language constructs featuring formal
logic and native syntax elements for the description of design and architectural pat-
tern applications. This is followed by the presentation of a case study, showcasing
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how an industrial software tool with originally faulty design decisions could be
defined alternatively using our methods, avoiding future manual refactorings. To
validate our methods, functionality-preservance is ensured by system tests, while
an increase in overall code quality is assessed through widespread metric suites [3].

Domain-specific language
The language introduced here provides a way to describe systems and components,
the connections between them and their functionalities in formal logic, and – in
certain cases – with code written in a programming language. If a functional-
ity cannot be, or is relatively hard to be, formalized, our language offers a way
to use incorporated programming language (i.e., C#) codes on its lowest levels,
integrating these with the formal descriptions.

Our language offers native language constructs for describing the application
of design and architectural patterns. The syntax ensures that components and
subcomponents may define, and even force, such patterns within their context,
forming a hierarchy of architectural decisions. This provides the opportunity for
design and architectural patterns to be combined with, and embedded into, each
other. Although the main intention is the architectural description of the business
logic layers of an application, the language makes it possible to define a graphical
user interface as well, if the applied architectural patterns require so.

Along with the language constructs, automated code generators compile the ap-
plication specifications into implementations, with enhanced analyzers supporting
the compilation process to ensure an output with an increased code quality. These
automated analysis rules not only assist the compilation but also notify of design
and architectural conformance errors in design time.

Case study
In order to showcase the expressive power and effectiveness of the defined domain-
specific language, we present a case study featuring a selected C# software tool
with a graphical user interface. The tool was created to be used in an industrial
environment and regarding its functionalities, it has been used to modify the inner
structure of C# projects and solutions.

However, it was crucial that the tool should be able to handle relatively large
code bases as inputs. Although, it was working satisfactorily for smaller inputs,
when the size of the input was scaled, the performance of the application dete-
riorated, which became noticeable at runtime, implying failure to meet certain
non-functional requirements. Our manual examinations revealed deeper structural
issues.

Nevertheless, it was supposed that the issues of the original code base could
be solved with a refactoring process. But instead of applying manual or semi-
automatic refactorings, we specified the tool with our domain-specific language,
maintaining the original intentions of the software, while laying new structural
foundations with explicitly described design and architectural pattern usages.
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The validation of our methodologies happened with previously set system tests
aiming to ensure functionality-preservance, while the overall code quality has been
assessed through widespread metric suites [3]. Our results indicated that the spec-
ified functionalities of the tool was satisfactorily maintained, while the overall code
quality has shown an increase.

Our goal with this case study was to demonstrate that with the defined domain-
specific language underlying structural issues could be eliminated. Also, a cor-
rect specification guarantees that the generated codes are well-parameterizable and
reusable in other environments as well.
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