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Abstract. Many software quality issues can be attributed to the fact that
developers fail to adhere to architectural decisions, or that during the life
cycle of the software the original design decisions fade away, and violations of
the architecture emerge. In this paper, we present a case study on refactor-
ing with design and architectural patterns. For describing the architecture
of software tools, we propose a methodology, which relies on a language that
allows software architects to natively express, and enforce the application of
design and architectural patterns. The subject of the case study is an in-
dustrial software tool, which have been refactored by respecifying it using
the introduced language. From this new specification, the transpiler of the
language was able to generate a code base with correctly implemented design
and architectural patterns, which could be compared to the original. Our
methods were validated through expert reviews, and the Chidamber and Ke-
merer metrics suite. These showed that with our approach the quality of the
refactored software tool can be increased, while preserving functionalities,
and also satisfying originally neglected non-functional requirements.
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1. Introduction

With its ever-changing requirements, modifications are inevitable during a soft-
ware’s lifecycle. Many studies have identified the structural issues of the imple-
mentation as the main cause for the majority of future software changes [2, 10].
For this reason, several automated refactoring approaches have been developed to

Submitted: March 31, 2026
Accepted: July 6, 2026
Published online: July 17, 2026


https://doi.org/10.33039/ami.2026.07.003
https://ami.uni-eszterhazy.hu
https://orcid.org/0009-0006-8420-6576
https://orcid.org/0000-0003-4484-9172
mailto:balint.orosz@inf.elte.hu
mailto:tamas.kozsik@elte.hu

Annal. Math. et Inf. B. D. Orosz, T. Kozsik

transform code bases from a structural point of view, so that they would apply
possible design and architectural patterns, in hopes of increasing code quality [1,
11, 16, 18, 21]. However, we argue that the outputs of these refactorings do not nec-
essarily provide satisfactory guarantees for the avoidance of future modifications,
as there is still a possibility that developers reintroduce faulty design decisions.

In this paper, we present a case study, along with a language supporting ex-
plicit design and architectural pattern applications, to present an approach which
could be used to improve the quality of industrial code bases. The language allows
software architects to better express design decisions, and provides support for
advanced code generation with forced application of selected architectural and de-
sign patterns. The approach manifests itself in a language combining architecture
specification, first-order formal logic based description of functionality, and con-
crete programming language code. To make our approach more focused and more
effective, we restrict ourselves to a subset of potential applications: the approach
is designed to support the construction and restructuring of software development
tools, ones which are often used in Continuous Integration and Continuous Deliv-
ery (CI/CD) pipelines, or desktop applications used by software developers. This
is also in line with our primary industrial motivation, namely the improvement of
a substantial code base used daily by a software development company.

During our study, since the targeted industrial code base has been implemented
in C#, the language proposed in this paper can be seen as a direct extension of C#:
an extension which raises C# to the end user level to that of a software architect.
However, the provided approach in this paper is independent of any languages, it
is fit for most modern object-oriented programming languages also (for instance
Java).

The main contribution of this paper is a case study, during which we demon-
strate that the use of a specific language describing pattern applications would
lead to a robust design and refactoring framework. This would allow, albeit in a
restricted domain, software companies to develop better quality code by allowing
architects to make architectural and design pattern applications explicit on a high
abstraction level, and force implementations to follow requirements imposed by ar-
chitectural decisions. The applicability of the approach is demonstrated on a case
study, evaluated using a set of standard code quality metrics.

Although, the supporting language and its code generation process can be seen
as essential accessories of the presented case study, their formal specification is
outside the scope of this paper. Rather, its higher level constructs are presented
along with key examples, providing a better understanding at this level.

The paper is structured as follows: Section 2 reviews related work, Section 3
presents the titular language, its main concepts, and its layered structure through
key examples. Subsection 3.1 explains the supporting code generation process of
the language. Section 4 presents the case study on the refactoring of an industrial
software tool, the results of which are analyzed and evaluated in Subsection 4.3.
Section 5 summarizes the achievements, addresses the limitations of the proposed
approach, and discusses future work opportunities.
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2. Related work

In the past decades, there have been quite a few studies related to design patterns,
their applications and possibilities, and automated code refactoring attempts. Re-
cent systematic literature reviews on these topics [1, 22] have revealed useful in-
sights.

BAQAIS, ALSHAYEB published a systematic literature review on automatic soft-
ware refactorings [1]. They analyzed and compared 41 papers from several aspects.
They concluded that 78% of the papers applied refactorings on the code level, while
10% of them on the model level. 5% and 5% used the levels of package and UML,
while 2% applied transformations to a graph representing the original software ver-
sion. Also, for these refactorings, only 29% of the published papers provided some
tool for supporting their methodologies, while the majority of them only proposed
their techniques. As far as the applied techniques are concerned, most of them
used some genetic algorithms or their variants, while applications of hill climbing,
simulated annealing, and particle swarm optimizations were also used partially.
54% of these techniques were especially created for automation purposes. 56% of
the papers used statistics, as their algorithms are usually non-deterministic.

TOKUDA, BATORY studied automated code refactorings [21]. Their studies were
closely related and narrowed down to object-oriented designs, as they believed that
code changes might be automatically applied through visual modifications done
on a Graphical User Interface (GUI). This way, architects could visually modify
software design and specification through types and their connections.

JEON, LEE, BAE defined an automated refactoring approach with design pat-
tern-based code transformations for Java applications [11]. Their approach primar-
ily converted Java applications to Prolog facts based on specific rules, and matched
these with pre-defined Prolog rules corresponding to each input design pattern.
Through these Prolog queries, a number of candidate spots could be identified as
potential design pattern application areas in the examined code base.

SHAHIR, KOUROSHFAR, RAMSIN also investigated the opportunities of applying
design patterns to refactor real-world models. In [18], they showcased a case study,
in which they refactored an already existing system from their previous studies. It
is notable that they already applied design patterns during the initial requirements
engineering and analysis phases of the software development lifecycle. Their results
showed an increased code cohesion and reduced coupling properties, while the
output model became more comprehensible for stakeholders.

ELISH, ALSHAYEB attempted to classify refactoring to pattern techniques as
their main argument was that choosing between these techniques is not as straight-
forward as they should be [6]. When it came to the priorization of the techniques,
their approach was to measure through different metrics how the quality attributes
of the modified system changes when design patterns are introduced. They use the
Chidamber and Kemerer metrics suite [3] for internal quality attributes, and the
ISO/IEC 9126 standard for external ones. Although, their approach was useful
overall, their methodology presumed that design patterns are only introduced to
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the system with low-level refactorings. Therefore, their methodology is to be tested
against higher level code bases and also higher level refactorings.

MAHOUACHI, KESSENTINI, GHEDIRA noted that in previous works, the de-
tection of design-level problems and definition of possible solutions solving these
problems were sharply separated. Therefore, they experimented with handling
these two steps as one, and accordingly, they specified a genetic algorithm [13].
The input of this algorithm was a set of examples, containing faulty code segments
and manually created possible solutions for their corrections, and also the set of
possible refactoring rules was provided as input. The algorithm then applied the
available refactoring rules to the examples, and then the output was compared to
the expected manual solutions by a fitness function.

ZEINAB ET AL. investigated how design patterns and anti-patterns mutate with
the ever-changing development requirements, and how the fault-proneness proper-
ties of these designs change with modifications [23]. They specifically examined
whether the presumed mutations across design patterns and anti-patterns are pos-
sible, and also the possibility of these mutations (for this reason, they used Markov
models).

A noteworthy example is the use of aspect-oriented programming through the
AspectJ extension of the Java language in the works of HANNEMANN, KICZALES.
In [8], they used aspects to extract the repetitive implementation of certain design
patterns from the source code. This way, design pattern implementations were
separated from their specific applications.

Another notable example can be found in the works of DEVAI ET AL., in which
they introduce a system for executable UML specifications [4]. Their system in-
troduces special description extensions to the UML set of tools, which later can
be used to specify applications exclusively on the design level. This approach tries
to address and tackle the scalability issues of UML, which makes its use in an
industrial environment difficult.

In our previous works [15], we have already experimented with error detection
related to design and architectural patterns, and the conformance of code bases to
them.

Based on the previous related works, a similarity is that our approach also aims
to eliminate boilerplate code to reduce the possibility of errors, by using patterns
as templates, with automated code generation.

A notable difference is that most works have a clear distinction between design
and architectural patterns, whereas we handle architectural patterns as design pat-
terns applied to higher level design constructs. Also, most works mainly focus on
specific examples of design patterns, rather than covering the whole spectrum of
design and architectural patterns. Furthermore, most works use large open-source
code bases for validation, while our primary target is a specific software tool, an
independent subsystem of a larger industrial code base.

Therefore, during our studies, we focused on these deficiencies, and integrated
these insights into our approach. Regarding the validation techniques, along with
expert reviews, we also use the Chidamber and Kemerer metrics suite, similarly to
other works.
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3. LADY: Language for architectural design

LADY is a language for describing software architecture, in particular the archi-
tecture of software tools. Hence, the language is domain-specific in the sense that
it is best suited to formulate the design of command-line applications, which can
be used in CI/CD pipelines, or desktop applications with a graphical user interface
— although it can be used to describe general standalone software components as
well.

LADY especially targets software architects (with a more senior understand-
ing regarding design decisions) as end users, and enables them to specify software
tools efficiently, with a clear description of design decisions. It allows architects to
natively express applications of patterns relevant in this domain, such as Model-
View-ViewModel, or pipe-and-filter. Furthermore, LADY prohibits certain lan-
guage features if they interfere with the application of the applied patterns, sig-
nificantly complicating developers to accidentally deviate from the original design,
although it remains technically possible to weaken architectural guarantees through
plugin codes.

According to these principles, LADY has two sets of language constructs, the
first being the general programming constructs suitable to define software tools,
the other being the set of pattern application constructs. Naturally, elements of
the former set are used to determine the functionalities of the specified applica-
tion, while elements of the latter set are going to serve as higher level structuring
guidelines, by influencing the architectural setup of the specified application.

In this regard, LADY should not be considered merely as an architecture de-
scription language, as its main purpose is not only to describe and govern archi-
tectural setups (it also handles lower-level constructs, such as design patterns).
Rather it is closer to being a model-driven code generation language, as it also
aims to guide the whole design process. Although, it is notable that the language
is planned to be part of an automatic refactoring framework in future works.

3.1. Code generation process

Instead of a traditional compiler, LADY is accompanied with a code-to-code com-
piler, a transpiler, which outputs C# code (instead of executable binaries or some
intermediary virtual machine code). This is especially useful when the language is
used in refactoring (this being one of the primary motivations behind it), because
in this way it becomes possible to observe and compare the refactored output code
to the original. Naturally, from this setup, the compilation of executable binaries
does not require further modification of the methodology.

The code generation in the transpiler ensures that the output code meets the
general requirements for the application of the supported patterns. Moreover,
when the currently used patterns do not prevent it (or other factors do not inter-
fere with it), the transpiler will generate concurrently executing code by default.
For this purpose, certain static code analysis rules (like the immutability check of
user-defined types or the inference-check of sequential expressions) are applied by
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the transpiler to collect necessary information, which influences the transpilation
process and its output.

Design patterns are implemented by the transpiler as expected [9], the only
notable exception being the singleton design pattern, which is often regarded as
an anti-pattern [17]. In LADY, if a type is marked singleton, then the type is not
going to know of itself whether it is a singleton type, rather, a dependency injection
framework is used in the context of the whole application, and the annotated type is
registered into it as a singleton implementation. This results in the type effectively
being a singleton throughout the whole life-cycle of the application, while still
maintaining code quality standards and best practice principles.

3.2. Constructs for describing software tools

At the architecture design level, the main emphasis is on the specification of func-
tionalities, and the placement of these functionalities in special structures (as pro-
vided by the first set of constructs of LADY), which are going to be guided and
safeguarded by the other set of language constructs: the architectural and design
patterns.

The structural constructs of LADY are designed with a layered approach. The
bottom layer defines the layer of object types. LADY provides two kinds of such
types: entities and records. The former is mainly used for persistence purposes (like
data transfer objects—DTOs), while the latter is closer to the traditional concept
of objects (i.e., types with functionalities).

The next layer is concerned with the specification of functionalities in so-called
actions. Ideally, these actions are described with formal logic. For practical rea-
sons, if something cannot be, or is too complex to be, formalized, C# code can
also be used.

One layer higher, types and actions are encapsulated by components. These are
the main guiding structures within the language, and an application is basically
built on their collaboration.

In the top layer, the structure of the main application needs to be defined.
An application can either be a console or a desktop application. Within these,
the possible commands of the application need to be placed, consisting of their
input parameters and validators (according to the usual best practices). Also,
each command has to be connected to some functionality through an action of a
component.

Key examples

Listing 1. A main entry point for a console application with a
specific command.
ConsoleApplication
{

commands: [

{
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name: "analyzer",
input: {
scopePath: {
type: String,
validators: [REQUIRED]
}
}

action: NamespaceAnomalyAnalyzer.Main(scopePath)

Listing 1 shows an example for a possible main entry point of a console applica-
tion with a specific command. This code will ensure that during the transpilation
process, a C# console application will be generated, with only one possible in-
vokable command, with the name analyzer, which has a required String input
parameter. Besides, the action of this command is referring to the Main action
of the NamespaceAnomalyAnalyzer component. This example gives an abstract
specification of this top-level application description, which is free of any concrete
implementation details.

Listing 2. A component description containing an action.

component NamespaceAnomalyAnalyzer

{
record AnalyzerRecommendation
{
Path: String;
Namespace: String;
SupposedPath: String;
SupposedNamespace: String;
}
action Main
{
input: { scopePath: String; }
output: { result: Sequence<AnalyzerRecommendation>; 1}
logic: {
projectFiles := <code lang="csharp">...</code>
AND
AND
result := map
}
}
}

Listing 2 depicts a component and an action specification. Notable cases include
the possibility to define records within the context of a component (and therefore
making it component-specific), the abandonment of concrete collection types and
the use of an abstract Sequence type (to make sure that the most suitable alter-
native is used according to the specific example), and the possibility to use mixed
specification styles (formal and plugin code) during the specification of an action’s
functionality.
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3.3. Pattern-related language constructs

LADY provides a way to describe the application of architectural and design pat-
terns natively. These patterns are present as higher organizing principles, and they
ensure a more robust architectural setup within the specification.

Regarding the pattern-related language constructs, the following architectural
patterns [20] have been selected to be part of the language: the Model- View (MV),
the Model-View- ViewModel (MVVM), and the pipe-and-filter architectures. Be-
sides these, LADY supports the application of a number of design patterns [7],
namely: factory, builder, singleton, proxy, composite, iterator, mediator, command,
and chain-of-responsibility.

Pattern applications in the language work with an underlying context defini-
tion, which is mostly not noted explicitly in the source code. That is, pattern
applications have a limited and well-defined boundary, in which their applications
take effect and ensure their purposes. For instance, an MV or MVVM architecture
might determine the whole setup of an application specification, while they might
also be used within the context of a single component of the application. Notably,
the pipe-and-filter architecture might be used with multiple contexts, as its use
on the level of higher-level commands (for a whole command) and actions (for a
smaller set of logical steps) also seem rational and justified.

Key examples

Listing 3. An action with a pipe-and-filter modifier causing the
action’s functionality to execute its steps in a sequential manner.
1 pipe-and-filter action Main
2 {
input: { scopePath: String; }
output: { result: Sequence<AnalyzerRecommendation>; }

6 logic: {

7 projectFiles :=

8 <code lang="csharp">

9 Directory.GetFiles ( scopePath, "*.csproj",

10 SearchOption.AllDirectories )
11 </code>

12 AND

projects := map projectFiles (projectFile) ->

14 create ExtendedProject (scopePath, projectFile)
AND

16 sourceFiles := flatten projects (project) ->

17 project.SourceFiles

18 AND

19 result := forall sf in sourceFiles:

20 ((sf.Namespace != sf.SupposedNamespace)

21 OR

22 (sf.Path != sf.SupposedPath))
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Listing 3 gives an example of an action with the pipe-and-filter modifier, forcing
the underlying steps to be evaluated sequentially, one after another, excluding
any concurrent execution opportunities. Moreover, according to the rules of this
architectural pattern, the steps (separated by the conjunctions) are going to be
limited to use only the output result of the immediately preceding step, instead of
any results of any previous steps. This example also illustrates that the definition
of an action can be provided as a mixture of logical descriptions of functionalities
and C# code fragments.

Listing 4. Composite design pattern application for representing
the setup of a C# solution.

entity Solution { Path: String; }
entity Project { Path: String; }

entity SourceFile

s 1

{
Path: String;
lazy Namespace: String
{

<code lang="csharp">...</code>

}

¥

5 composite

parts: [Solution, Project, SourceFilel,
type: 1-N

}

Listing 4 showcases the use of the composite design pattern. The example
follows the abstract description of a C# solution, which contains projects, with
their contained source files. This is the classical setup for a composite design
pattern application with a one-to-many type, causing the transpiler to generate
the required navigational properties to the entities. The example also features the
use of the lazy keyword, which delays the evaluation of the field, while it can also
be seen that the functionality of a field might be specified through the use of C#
plugin codes as well.

Listing 5. An example for the factory design pattern application.

factory component for Project

{
action Load
{
input: { scope: String; path: String; }
logic: { ... }
}
}

Listing 5 features an example for the use of the factory design pattern. The
factory keyword introducing this declaration will ensure that within the context of
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the whole application, the Project type can only be instantiated through actions
of this component.

4. Case study

To demonstrate the capabilities and expressive power of LADY, we summarize
the lessons learned during the specification and recreation of an already existing
software tool, a desktop application which is in use in an industrial environment.
Regarding its functionalities, it aims to modify the structure of C# projects and so-
lutions, adjusting the namespaces of C# source files to the name of their containing
folders — and vice versa.

Although, other software tools and plugins performing the same operations had
already existed (except for the manual restructuring of projects based on custom
rulesets) [5, 12, 14], the creation of this tool was justified, as the sheer size of
the input C# solutions requires special processing algorithms not present in other,
commonly used tools and plugins. However, the refactoring of the tool became
necessary finally, since its original implementation was not capable of handling
sufficiently large input data — the tool was violating critical non-functional require-
ments related to input size, runtime, and memory-handling.

4.1. Research questions

As part of the preparation for the case study, the following research questions have
been formulated:

RQ1 Is LADY expressive enough to describe the architecture of an industrial
software tool?

RQ2 Can quality improvements be seen after the respecification process?

RQ3 What is the state of non-functional requirements after the respecification
process?

4.2. Respecification process

Using LADY, we specified, and — relying on the transpiler — refactored the selected
industrial application. The new specification includes a more precise, formal logic
based description of the tool’s functionalities, as well as the enforcement of the de-
sired design and architectural patterns. After the process, the new implementation
of the tool, which was generated from the improved specification was able to fulfill
all functional and non-functional requirements.

During the respecification process, most of the previous specification was omit-
ted and rewritten in the form of formal logic rules. The original specification was
reverse engineered from the original code base, and requirements were collected
from preceding design documents.

116



Annal. Math. et Inf. Case study: Refactoring with design and architectural patterns

Although, special C# codes were necessarily added in specific cases, like OS-
level file and directory handling, and unique file modification operations. However,
this only happened in a negligible number of cases. Naturally, these plugin C#
codes were explicitly made part of the output solution, while the remaining speci-
fication was transpiled.

4.3. Results

The output of our case study, the refactored code base was validated through three
steps.

At first, system tests were run to ensure the preservation of functionalities,
as naturally required for any sound refactoring process. In this case, the use of
unit and component tests were not an option, as during the specification and code
generation processes, the signature of the methods are likely to change, which
invalidates any previous unit tests.

Testing was followed by a code review performed by software architects, the
owners of the original code base. The new code base was especially reviewed
for clean code measurements, and it was inspected whether the implementation
conforms to the applied design and architectural patterns.

Finally, the Chidamber and Kemerer metrics suite was selected as a ground to
compare the original and refactored code bases on a metric-level.

Table 1. Chidamber and Kemerer metrics suite results for the
original and the refactored code bases.

Metric Original code base | Refactored code base
WMC 5.875 4.074
DIT 1 1.142
NOC 0 0
CBO 1.75 0.481
RFC 9.75 7.962
LCOM 1 - 0.62

Table 1 shows the results of the selected metrics. Regarding this kind of vali-
dation, a clear improvement can be seen in half of the metrics. Namely, the WMC
(Weighted Methods per Class), CBO (Coupling between Object Classes), and RFC
(Response for a Class) metrics have shown a decrease in their values, which indi-
cates a positive change.

Regarding the remaining metrics, the following observations can be made. The
NOC (Number of Children) metric shows the number of immediate subclasses of
a class. Since neither the original, nor the refactored code base had any subclass
behavior besides the built-in inheritance from the Object class, this metric is not
relevant in our case.
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As far as the DIT (Depth of Inheritance Tree) metric is concerned, an increase
can be seen in the measured value. This is due to the fact that each of the generated
service classes received an extra implemented interface during our transpilation
process, but these corresponding interfaces are not present in the original code
base. The DIT value for the original code base is 1, indicating that all the classes
have the Object class as their base class, while the DIT value for the new code
base is slightly increased, as some of the classes now possess interface base-types
as well. Since from an object-oriented perspective this can be regarded as a sign of
increased code quality, the slight increase in DIT is not just acceptable, but even
desirable.

A similar reasoning applies for the last metric. It can be seen that the LCOM
(Lack of Cohesion of Methods) metric could not be measured in the original code
base, due to its overuse of static classes and methods. LCOM became meaningful
in the new code base, and again, the measured value is justified and accepted, since
from OOP point of view the transition from static methods to instance methods
can be observed as quality improvement.

Finally, it is worth considering threshold values for the metrics published in
previous works, such as the ones available for CBO, RFC, and WMC [19]. We
can conclude that our related values for all of those metrics are well in the desired
ranges.

4.4. Non-functional requirements

Furthermore, the case of non-functional requirements must also be examined. Be-
fore the respecification process, the runtime of the original tool could be measured
in hours, while after changing the underlying architectural setup, this runtime on
the same inputs could be measured in just a couple of minutes, which indicates a
large performance optimization. Similarly, the originally present memory-handling
problems disappeared after the process.

The former can be attributed to the analysis related to immutable types and the
concurrent code generation, while the latter to the specific control flow inherited
from the use of the pipe-and-filter architecture, which results in the dropping of
unnecessary objects of previous steps from memory.

5. Conclusion and discussion

The results presented in this paper contribute to the analysis and refactoring of
large-scale industrial code bases. As our initial examinations revealed, many prob-
lems in code bases are related to some structural issues which might be solved by
introducing some rigorous implementations of architectural and design patterns.
In the existing literature, we have seen that many works are focusing on the vi-
olation detection of pattern implementations. Some other relevant works propose
annotations to eliminate the repetitive, boilerplate code of the patterns. We have
concluded that the root cause of our problems can be traced back to the fact
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that programming languages often do not provide sufficient support for the native
description of patterns at the location of their applications in source codes.

Therefore, we have defined a domain-specific language, characterised by the fact
that it allows architectural and design pattern applications on the level of native
language elements. Also, through a well-controlled code generation process, we are
able to ensure that the code output by the transpiler of the language contains a
correct and efficient implementation of these patterns.

To validate our methods, we have performed a case study, during which we have
specified and refactored an already existing industrial software tool. As a result,
code quality issues of the original implementation were eliminated, and the prob-
lem of not meeting non-functional requirements was also solved. Comparing the
original and refactored code bases through the Chidamber and Kemerer metrics
suite, our method proved to produce a clear improvement in half of the metrics.
Furthermore, even when improvements were not shown directly by the metric val-
ues, enhancements on the code quality were justified. This shows that our language
is suitable for describing software architecture, and can also serve as a fundamental
tool for a large-scale automated refactoring process.

It is notable, however, that the mentioned metrics suite is mainly for capturing
object-oriented and structural properties, while architecture-based improvements
were mainly assessed through expert reviews by code architects. Moreover, the
improvement of the architectural properties can be indirectly discovered by the
satisfaction of non-functional requirements, which were previously neglected.

To address the research questions, LADY has proven to be expressive enough to
describe the design structures of the respecified industrial software tool (RQ1). As
explained above, clear code quality improvements could be seen after the respecifi-
cation process: improvements on structure (RQ2) and on the side of non-functional
requirements also (RQ3).

Regarding future research possibilities, we plan to extend the scope of our
language from specifying software tools to supporting the architectural description
of general software applications. Ideally, by being able to handle general software
applications, future research must focus on strengthening the results of this paper
with a broader set of open-source applications. Besides, the formal specification of
the language is planned to be published in a standalone paper as well.

Another research direction can improve the scalability of the approach by the
addition of “outer components”: this would allow code bases to be refactored
by smaller units (by components or a set of components), while keeping existing
component connections intact with outer components not being refactored. Also,
the mentioned immutability checks for user-defined types, and the inference checks
for sequential expressions will be discussed in another paper.

Additionally, as we agree that the plugin C# codes may weaken currently exist-
ing architectural guarantees, we are planning on extending the analysis capabilities
of the transpiler architecture to pre-analyse these codes during the compilation
process.
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