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Zusammenfassung

Das Entwickeln von Quellcode {iber einen langen Zeithorizont hinweg fiihrt erfahrungsgemafl
zu einem Verfall der Qualitat von Quelltexten. Die Griinde hierfiir sind vielfaltig. Mangel-
nde Abstraktion der Software behindern die Wiederverwendung von Komponenten in objekt-
orientierten Sprachen, Heterogenitit innerhalb des Erfahrungsniveaus der implementierenden
Entwicklerinnen und Entwickler, und nicht zuletzt Zeitdruck behindern eine schnelle Umset-
zung der geforderten Spezifikation.

Die Behebung dieser Schwachstellen in Quelltexten ist eine Aufgabe des Softwaredesigns,
so alt wie die Softwareentwicklung selbst. Folglich wurden einige Ansétze présentiert, wie En-
twicklung derart durchgefiihrt werden kann, dass zum einen moglichst wenig Nachbearbeitung
notwendig ist und zum anderen Schwachstellen frith erkannt und behoben werden. So wurden
vielfaltige Losungsansitze prasentiert automatisch Probleme aufzuspiiren und zu erkennen,
die allerdings zumeist den logisch konsequenten Schritt der Verbesserung der problematischen
Abschnitte nicht betrachten. Vielmehr entwickelten sich zwei separate Forschungsfelder, zum
einen die Detektion und zum anderen die Korrektur von fehleranfilligen Quelltextfragmenten.

In dieser Diplomarbeit mochten wir die beiden Felder zusammenbringen und eroieren, wie
dies konkret in einer prototypischen Implementierung eines Tools umgesetzt werden kann.
Durch die konsequente Wiedervewendung bereits existierender Ansétze der Detektion und
Korrektur sogenannter Code Smells und deren Verschmelzung, soll ein holistisches Framework,
SMEAGOL, prasentiert werden, das kontinuierliche Codeverbesserung unterstiitzen soll.

Dazu prasentieren wir in einer Literaturrecherche zunachst den aktuellen Stand der Forschung
auf den Gebieten der Detektion und Korrektur von Code Smells und leiten hieraus die Ar-
gumentation fiir die Implementierung unseres Tools ab. Wir prasentieren Voraussetzungen

und getroffene Entscheidungen bei der Umsetzung und geben Beispiele fiir Arbeitsabldufe als



schlecht betrachteten Code zu verbessern. Weiter vergleichen wir unseren Ansatz mit beste-
henden Programmen, weisen auf Ahnlichkeiten und Differenzen hin und ziehen abschlieend

ein Fazit Giber die vorgelegte Arbeit.

VI



Abstract

Developing code over a long period of time, in a heterogeneous team or under time pressure
can lead to a lingering decay in readability, maintainability and thus reusability of software
source code. In the past decades several approaches have been developed that tackle automatic
detection of such code flaws, yet neglecting the automated correction as an essential and inte-
grated step in the refactoring workflow. Developers rather had to refactor identified code flaws
manually which is often a time-consuming and, consequently, cost-intensive task that doomed
refactoring to be marginalized in production cycles.

In this diploma thesis we argue that detection and correction of code flaws should be treated
as inseparable tasks to annihilate parts of code that “do not feel right”. By reusing previ-
ous research conclusions made by the detection community and amalgamating it with recent
achievements in the field of automated correction, we are able to present a holistic framework—
SMEAGoL—that supports the continuous improvement of code.

The contribution of this diploma thesis is as follows: First, we give an overview about the
current state of the art in detection and correction and argumentatively deduce and discuss
the need for a framework that assists developers in both steps, as both research fields are
investigated as separate topics up till now.

Based on our argumentation, we will describe how a holistic framework can be designed
and will describe our choices in detail by elaborating on the concrete implementation and
techniques used for identifying and correcting code flaws.

By giving workflow examples of how to extend our framework to detect and correct poor
code, we show the practical usability and extendability of our tool. We finally compare our
framework to competing approaches, point out differences and similarities and draw an overall

conclusion of the presented work.
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Preface to the Presented Work

Throughout this diploma thesis, we are using the following conventions:

Citations Citations follow the natbib style and thus are enclosed in square brackets. When-
ever possible, we provide cited documents with a page reference. If the citation does not con-
tain a page reference, we address the complete resource as a general source of information on

a certain topic.

Listings If not explicitly refered to differently, listings throughout this diploma thesis denote

Java code.

Keywords Keywords describing concepts like smells or Refactorings are explained in the ap-
pended glossary in section B. Smells are described in prose text and provided with a reasoning

why they should be refactored.

Design Smells Design Smells are identified by an unique name. They are visualized in

ceiling square brackets and written in small capitals, e.g., [SPAGHETTI CODE].

Code Smells Code Smells are identified by an unique name. They are displayed in flooring

square brackets, written in small capitals in the text, e.g., | LONG PARAMETER LIsT].

Refactorings Refactorings as code transformations are visualized with a topping arrow and

—>
also in small capitals, e.g., EXTRACT METHOD.



Capitalization The terms Code Smell and Design Smell are written with uppercase initials
throughout this diploma thesis to highlight them as a key concept of the presented work. We
also capitalize the word Refactoring if we refer to at least one behavior-preserving program

transformation and write it in lower-case if we refer to the general process of refactoring.



1. Continous Software Improvement as a

Key to Reliable Software

Since the very beginning of software development, programmers faced the problem that read-
ability, maintainability and evolvability of source code decreases over time. This malicious
trend in software development often culminates in the need to completely redevelop code. Dif-
ferent approaches to prevent decay of code have been proposed, ranging from implementation
techniques or standardizations up to development processes.

A technique to conserve readability even in large programs was introduced in the 1960s by
so-called structured programming [DDH72]. Structured programming provided the program-
mer power over (sub-)routines, blocks, and loops. These structures eased eliminating much
of the widely spread spaghetti code that came along with ¢oTo-statements [Dij68] which were
heavily used in procedural programming languages like FORTRAN, COBOL or BASIC.

By agreeing on certain programming style guides, first described in the 1970s (e.g., [KP78]),
programmers harmonized the way they write a program. The utilization of well defined styles
for the layout or the naming convention of identifiers, for example, had a direct influence on
the readability of code and thus leveraged the teething troubles when a programmer had to un-
derstand existing code initially. More abstract standardizations like Design Patterns [GHJV94]
and Anti Patterns [BMMM98] specify do’s and don’ts by describing best practices and known
pitfalls for certain application areas.

Finally, even the development process improved. Currently, deployed techniques, including
methodologies like Extreme Programming [Bec00], Kanban [SBT09, pages 96 ff.], Test Driven
Development (TDD) [Bec02] or Scrum [Sut95], that can be summed up under the term Agile

Development [BBvBT01], focus on the repetitive character of software manufacturing more



gracefully than previously deployed methods like the Waterfall- [Roy87] or V-Model [UFF07,
pages 10 ff.], that are now referred to as heavy-weight [KQK11, page 442]. The newly proposed
methodologies have in common that they understand the software production as a cycle of
continuous refinement and extension, consisting of specification, implementation and testing.

Nevertheless, code still decays over a long period of time due to a variety of reasons. De-
velopment teams face the problem that, for example, time pressure forces them to implement
functionality by quick and rapid prototyping specifically designed to fit one certain need, pro-
gram specifications may be not exact enough, or design needs may have changed over time.
Heterogeneous teams that do not have the same programming skill level amongst developers
also often lead to code that is not as readable as it could and should be. In short, haste, apathy,
narrow-mindedness, sloth, avarice, ignorance, and pride [BMMM98, pages 19-26] are the key
reasons for degeneration of code.

A very promising means to continuously improve code that suffers from decay is the correc-

tion of so called Code Smells . Code Smells are described as

certain structures in the code that suggest (sometimes they scream for) the

possibility of refactoring.

—Martin C. Fowler [Fow99]

Code Smells should not be confused with errors. While errors render a program wrong and
lead to an undesired behavior, programs affected by Code Smells are generally understood to
be syntactically, as well as semantically, correct.

Following the principle to never change a running system strictly, one could argue to never
eliminate Code Smells, as long as they do not produce errors. However, a Code Smell indicates a
design or implementation drawback that will grow over time and hamper developers to extend
functionality or track discovered bugs later on [OCBZ09, page 398]. It also may be the cause for
future implementation failures, resulting in regressions. Consequently, its elimination should
be performed.

Eliminating Code Smells from a software product built from scratch is a rather easy task,
since code is young, flexible and developers are familiar with it. Moreover, a far-reaching

test cycle can be installed in the development cycle, to keep code clean. In contrast, tracking



and erasing Code Smells in a grown and mature software product is tricky: Smells may be
interdependent and occur in groups, may affect an amount of classes, shadow others or force
the architect to rethink the design of the software product. Due to the sheer size of long-living
programs, manual inspection of code and determination of smells is becomes unfeasible. This
creates the need for a software solution that assists the programmer to eliminate these flaws.
Detecting Code Smells is a research discipline that has emerged in the early 1960s, just
around the time when first programs were written. Due to the programming paradigms and
tools available at the time, certain code disharmonies—as smells were called back then—are
studied in more detail, like | DupLicATED CODE | that occurs in nearly every program in every
language in every programming paradigm, because it is a language-independent smell, often
introduced by copy-&-paste programming. While a detected smell indicates a potential future
threat to evolvability of software, the consequent step of correction of that smell is often ne-
glected in literature and regarded as a distinct research field. Essentially, this is the reason why
the elimination of implementation flaws is less investigated by the research community.
However, once a Code Smell is detected, the developer should be supported to improve the
code snippet. Hence, automatic detection and automated correction should go hand in hand
to assist programmers to improve flawed code and write good code. The automatic detection
and automated correction of Code Smells forms the core of this diploma thesis and results
in a prototypic framework implementation—SMeaGcoL—that implements the formulated and

deduced needs.

1.1. Combining Two Research Fields as a Challenge

Determining a way to combine both parts in order to describe a holistic smell correction ap-
proach is the key challenge we are tackling in this diploma thesis. Moreover, it is of major
importance to design a tool that helps users to describe smells for their own needs, as style
questions are always subjective, domain-dependent interpretations, to present found flaws in
an easily understandable manner and to find a way to describe steps to eliminate disharmonies

that preserves the program’s original behavior.

1See Page 89 for a compendium of Code Smells



Although this diploma thesis claims that detection and correction should not be investigated
distinct from another, we will first investigate the respective possibilities and challenges in

isolation and then combine both parts.

1.1.1. Detecting Flawed Code Automatically

Since Code Smells can be detected by metrics [M&n03, page 38], the first challenge that is faced
within this diploma thesis is the proper description of smell properties by metric thresholds.
Some Code Smells are rather easy to describe: For example, consider |LoNG METHOD]| that
may be present if the investigated function or method exceeds the average method length by
a certain threshold. Other smells like | SHOTGUN SURGERY | however can only be detected by a
combination of several metrics.

Another question that arises is how to determine these thresholds, as they may vary from
programmer to programmer and amongst company to company. Therefore, the framework has
to offer a means to flexibly describe Code Smells, alter them and to add new smells over time.
Hence, a key challenge will be to grant a mechanism within the tool that allows end-users to

create or modify smell detectors efficiently.

1.1.2. Correcting Defective Pieces of Code

Code Smells reside within a program without affecting its functional correctness. It is thus
essential that the automated correction leaves the program in a consistent state after refactor-
ing. Finding a correction for a certain Code Smell is the same as finding a behavior-preserving
function that maps a program P; onto program P, in such a way, that the refactored program
P, yields the same output values for the same input values for every input value as given to
P;. See Appendix A for a more formal description.

Alongside with this restriction comes the question which Code Smells can be refactored
automatedly. Smells that can be eliminated by only applying ]WN[ETHO];, are quite
easy to automate, since they only need—if at all—minimal amount of user-interaction and
can be performed autonomously as far as possible. Contrary, naming of functions in a public

Application Programming Interface (API) will certainly never be performed automatically and



will require the architect’s or designer’s user input and feedback every time [Blo, pages 13 ff.].
Due to the necessary human-program interaction for correction, we refer to refactoring as

an automated process, contrary to an automatic one in which no interaction would be needed.

1.2. Motivation to Investigate Code Smells

The work on this diploma thesis was motivated by the fact that we company-internally discov-
ered a decline in code quality after it had been developed over several years, resulting in blown
up classes and an obscure internal structure of source files. Although the observed code is de-
veloped by a mid-sized company, a brief analysis revealed the presence of multiple classes that
were several megabytes in size with thousands of lines of code. As a first result, we decided to
split up these large classes into multiple subclasses and to adhere a methodology called Clean
Code that helps developers to write reliable and maintainable code.

Clean Code [Mar08] is a means developed by Robert C. Martin that describes a set of do’s
and don’ts in software manufacturing to support the development of code that stays evolvable,
correct, efficient and supporting its own reflection [Cle]. It describes best practices to either
develop such reliable code from scratch, or to transform matured, and thus potentially unclean,
code into a so-called Greenfield Project.

Starting with very basic and nowadays common techniques in software development, like
the installation of a safety net, i.e., a source code Version Control System (VCS), Clean Code
recommends to erase patterns in code that are known to indicate weaknesses in code. These
patterns are called Code Smells, first described by Opdyke in his famous thesis [Opd92] and
later rephrased and extended by Fowler in [Fow99].

Found portions of flawed code can be transformed into their clean counterpart by the ap-
plication of so-called Refactorings , guidelines consisting of multiple steps that succeedingly
applied alter code in such a way, that a specific flaw gets erased while preserving the pro-
gram’s semantic.

Large classes in an object oriented language for example, might indicate that the program-
mer did not make use of inheritance or did not reuse existing classes appropriately. This phe-

nomenon actually is a Code Smell—called |LARGE Crass|—and is also connected to another



smell, called |LoNG METHOD|. |LONG METHOD| again indicates an improper use of inher-
itance or overloading of methods. Both smells combined strongly signal a violation against
programming principles like the Don’t Repeat Yourself Principle [Cuna] and the Single Respon-
sibility Principle [Cunb].

Under time pressure, programming teams tend to implement similar functionality by simply
duplicating code and alter it in a few positions instead of generalizing a function or to reuse
another [Joh94, pages 121/122]. This hampers future development, since every duplication of
code implies a multiplication of maintenance effort that is needed while fixing bugs. Conse-
quently, Code Smells should be detected as early as possible in the development cycle and be
erased instantly.

Finding candidates for |LARGE CLass] is quite an easy task if we define large classes to
exceed the average number of Source Lines of Code (SLOC) by a certain factor, but finding
other Code Smells becomes problematic if a project is very large, containing thousands or even
hundreds of thousands of SLOC. Consequently, the opportunity to automatically detect Code
Smells in large software projects is essential for even mid-sized companies to install Refactoring
in their implementation cycle. Moreover, since the bare detection of malicious code is only one
half of solving the problem, automated Code Smell correction would be desirable, too.

In order to not completely develop a tool from the beginning, we therefore executed a thor-
ough literature review to clarify four questions that we identified to be relevant for our research

and present them in the following chapter 2.

1.3. Contribution to Current Research

This diploma thesis tackles several concerns and contributes to the following: First of all, we
identify certain gaps in research on Code Smell detection and Code Smell correction. Partic-
ularly, there are some Code Smells that are investigated in more depth than others. While we
think that this is due to the nature of relative occurrences in programs for some smells, we
argue that it may also be due to a lack of a standardized description language for Code Smells
that is computer readable.

In the same way, we show that research spent on detection outweighs research spent on



correction significantly and that both research fields are commonly studied in isolation. We
argue that it would be beneficial for programmers to combine both fields and thus give the
developer a means at hand to improve code.

Consequently, following the design science [HMPRO4, pages 8 ff.] approach, we propose a
framework that combines automatic detection, as well as automated correction of Code Smells
to present programmers detected flaws and help them eliminating them. We are presenting a
first prototypic implementation—SMEAGOL—that bridges the identified gap between detection

and correction as a proof of concept.

1.4. Structure of the Presented Work

The thesis is structured as follows: Chapter 2 describes a literature review we deduced to
determine the current state of the art in detection and correction of smells in code. The results
are used as the basis of the rest of our presented work. In chapter 3, we will describe how the
detection of Code Smells may be realized. After a brief introduction into the topic, we will
describe the uprising methodology Clean Code [Mar08], its benefits, outcome and outlook.
Next, we describe Code Smells, their properties and implications on the program they are
occurring in and give a categorization of smells to be able to group them. We then explain the
concept of Refactoring to overcome smells in code and present an approach to automatically
detect them in section 3.5. After giving a running example, we conclude our findings in a
discussion section.

Chapter 4 discusses the field of Code Smell correction. First, we will describe what cor-
rection means and what challenges we are facing when transforming a program automatedly,
given that we want to preserve the original behavior. We describe the approach we find most
promising to be installed for correction of Code Smells and also present a running example for
a concrete Refactoring. We conclude our investigation by discussing determined results and
their implication for our framework.

After describing the fundamentals of automatic detection of Code Smells and their auto-
mated correction, we then present our proposed layout for a holistic refactoring framework

in chapter 5. We describe prerequisites of such a framework by commenting on its technical



criteria and finally give an overview about the layout we propose.

Eventually, we describe details of a concrete instantiation—SMEAGOL—of our proposed frame-
work in chapter 6 and describe differences to competing software approaches in chapter 7.

We finally complete our work in chapter 8 by drawing a conclusion and present thoughts

and ideas for future work regarding this topic.



2. A Thorough Literature Review

We performed a thorough literature review to investigate the state of the art in past and current
publications on both detection and correction of Code Smells. In order to produce repeatable

results, we defined a review strategy to answer our research questions.

2.1. Arising Research Questions

We identified four research questions that rendered relevant for our research:

RQ1: Which Code Smells have attracted most research interest? The Code Smells pub-
lished by Fowler address a wide variety of structural weaknesses of source code. However, we
expected that not all Code Smells have been addressed by researchers in the same way and the

same depth.

RQ2: What representations of source code have been used to determine smells in it?
We were interested in the different approaches towards source code representation to identify
Code Smells. These representations may range from plain text to more abstract concepts like

graphs and may even differ for certain Code Smells.

RQ3: Which language/representation is used to describe Code Smells? Fowler de-
scribed Code Smells in a verbal, human readable form. However, for automated detection of
Code Smells, a representation that can be processed automatically is inevitable and influences

the developed tool itself.



Table 2.1.: Targeted databases.

Database name Abbreviation
ACM Digital Library ACMDL
IEEE Xplore / All-Society Periodicals Package (ASPP) I3EASPP
Lecture Notes in Computer Science LNCS
Lecture Notes in Control and Information Sciences LNCIS
Technical Paper Search / IBM IBMTPS
Google Scholar GGLS

RQ4: Which level of automation has been reached? What is the current state of auto-
mated detection and correction of Code Smells as one continuous process? The answer to this

question is the basis of the presented thesis.

2.2. A Review Protocol for Repeatable Results

In order to be able to present repeatable results, we installed a review protocol [Chrb, pages 3
ff.] by adapting the process described by [KC07] to our needs.

We restricted our search scope to journals, books and conference proceedings from five
databases, namely the ACM Digital Library [Ass11], Springer Link [Spr11], IEEE Xplore [IEE11],
and IBM’s Technical Paper Search [IBM11] (cf. Table 2.1). Additionally, we used Google
Scholar [Goo11] whenever a paper was expected to yield a contribution to our research ques-
tions, but has not been available in the other databases.

We restricted ourselves to the mentioned databases because we argue that they provide
access to a representative amount of current and past literature. ACM’s, Springer’s and the
IEEE’s conferences are widely accepted among researchers and key locations for scientific
publications within the software development community. We decided to additionally in-
clude IBM’s database to gain access to research papers that comment real-world applications
deployed within a world-wide operating company.

Furthermore, we limited the query results to publications after 1999, the year Fowler de-
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scribed Code Smells. Searching for Code Smells in literature only after they have been named
likewise makes sense. However, we did not use this restriction in a sharp way, but rather as a
fuzzy delimiter to be able to also include publications addressing detection and correction of

Code Smells using a different terminology.

We selected our search terms by an iterative procedure that includes identifying relevant
keywords, adding phrases, and refining them whenever we added a new paper to the set of

relevant literature resources.

Finally, we defined inclusion and exclusion criteria and used a two-phased refinement step
to filter out irrelevant papers that did not answer any of our research questions. As a result,

we obtained 33 papers that we considered to be relevant to answer our research questions.

2.3. Results of the Literature Review

Our structured literature research revealed that a lot of attention has been paid to the auto-
mated detection of Code Smells while the automated correction has not been investigated in
the same depth. In fact, we have only found four papers addressing the automated correc-
tion of Code Smells, strengthening our assumption of a lack in automated Code Smell deletion

software support.

Research interest on Code Smells started 2001, two years after the publication of Fowler.
Most notably, we observed two years (2003 and 2007) with no publications on Code Smells,
while there is a constant research interest in recent years (starting in 2008). An overview of

publications per year is shown in Figure 2.1.

In the following, we present the answers to our research questions:

RQ1: Which Code Smells have attracted most research interest?

Our assumption that certain Code Smells attracted more research interest has been confirmed

by the literature research (cf. Table 2.2).
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Figure 2.1.: Number of research papers per year.

|DupLicATED CODE] attracted the most research interest and was studied in 12 out of 33
papers. Furthermore, our study revealed that | DupLicaTtep CobE]| is likely to be studied in-
dependent of other Code Smells even before Fowler named this smell in 1999. More precisely,
this kind of smell was already known as the phenomenon of code clone or cloned code (cf.

Baker [Bak92]) and is still indexed as such.

Furthermore, |LARGE Crass| and |LoNG MeTHOD | have been studied quite frequently in
literature (24.4% and 20.6% of papers, respectively). Both smells are often investigated together
[Kre05, MHB10, MGDLM10, MGM " 10, LP11, GWI11] and occur together with | FEATURE ENvY |

[Slio5, PW06], which indicates a coupling between these smells.

Other smells were only investigated sporadically and lead to the assumption that the pre-
viously mentioned Code Smells either have the highest impact on software maintainability or

simply are easier to detect.

Note, that due to multiple occurrences of smells in single papers, the total number/percent-

age of papers is higher than 33 or 100%, respectively.
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Table 2.2.: Attention on Code Smells.

Smell name #(papers) %  Paper(s)

| DupLicATEDCODE | 12 36.4 [MLM96, BYM'98, Kriol, DMBKO1,
KHo1, KKIo02, HKKI05, KNo05, LMO06,
MHB10, MGDLM10, ZR11]

| LARGE CLASS | 8 244 [Slios, MHB10, Kre05, SZSt10,
MGDLM10, MGM™10, LP11, GWI11]

| Long METHOD | 7 20.6  [Kreos, Slio5, MHB10, MGDLM10,
MGM™10, LP11, GWI11]

| FEATURE ENVY | 6 18.1  [Slio5, LMo6, PC09, TCo09c, MHBI10,
Cai12]

|Lazy Crass| 4 12.1  [Sli05, Munos, MGM ™10, GWI11]

| LoNG PARAMETER LisT]| 4 12.1  [Sli0o5, MGDLM10, MGM™ 10, LP11]

| SHOTGUN SURGERY | 4 12.1  [LMo06, MGDLM10, GWI11, Cai12]

| Data Crass | 3 9.1  [LMo6, PC09, MGDLM10]

| MESSAGE CHAINS | 3 9.1  [Slio5, MHB10, MGDLM10]

| SWITCH STATEMENTS | 3 9.1  [EMoz2, Slio5, MHB10]

| COMMENTS | 2 6.1 [MHB10, MGDLM10]

| INsTANCE OF | 2 6.1 [EMo02, MHB10]

| REFUSED BEQUEST | 2 6.1  [Slio5, MGM*10]

| TEMPORARY FIELD | 2 6.1  [Mun05, GWI11]

| TyPECAST| 2 6.1 [EMo2, MHB10]

| Data CLumps | 1 3.0 [MHBI10]

| DIVERGENT CHANGE | 1 3.0 [MGDLM10]

| MAGIC NUMBER | 1 3.0 [MHB10]

| PRIMITIVE OBSESSION | 1 3.0 [MHB10]

| SPECULATIVE GENERALITY | 1 0.0 [MGM*10]

Other* smells (acc.) 0 0.0 -

* Accumulated number of other smells not declared in [Fow99, pages 75 ff.]
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RQ2: What representations of source code have been used to determine

smells in it?

Based on our literature research, we distinguish between two kinds of source code representations—

plain and graphical.

Plain source code is mainly used for detection of |DupLicaTED CoDE] such as in [SZS™ 10,
KNo5, HKKI05, KKI02]. Additionally, a graph representation of the source code Abstract Syn-
tax Tree (AST) is used in [MLM96, BYM 98, MHB10].

Plain representation for finding |DupLicaTED CODE| is reasonable, since algorithms and
techniques of other research disciplines, as for example Data Mining, can be used to find such
occurrences. Making use of ASTs as source code representation can be used to transform source

code into a canonical form while preserving its semantics’, easing comparison of (sub-)trees.

Other approaches utilize Program Dependence Graphs (PDGs) for inspecting the code [Mar01,
Krio1, KHO01, TC09a, KHK11]. Furthermore, these approaches use slicing to determine tightly
coupled subgraphs that can be extracted into a new method or class. In a nutshell, PDGs are

required whenever a Refactoring has an effect on variables that depend on each other.

RQ3: Which language is used to describe Code Smells?

Fowler presented a verbal and human-readable form of smell descriptions. Although this rep-
resentation is not suitable for automatic computation of smell occurrences, most papers do not
comment on how their specification of Code Smells is stored. However, a dedicated format for
describing Code Smells that can be processed by a computer is inevitable to detect structural

weaknesses automatically.

Interestingly, most publications do not comment on how a smell is described, but implicitly
use a metric-based description (e.g., [LM06, LP11]). Additionally, some approaches utilize a
small crafted Domain Specific Language (DSL) to express new Code Smells [MGLMDO08, Jem08,
MGDLM10, MGM*10].

'e. g., lexicographic reordering of operands when allowed,asc+b+a=d=a+b+c=d.

14



RQ4: Which level of automation has been reached?

Our structured literature review reveals that the automatic detection of code gained more in-
terest than the automated correction of Code Smells. We found only a small number of pa-
pers (15%) that addressed automated correction of smells by suggesting refactorings to the
user [Mar01, HKKI05, PC09, LP11, MOC11].

Full-automatic, in contrast to full-automated, correction of Code Smells is likely to be im-
possible to implement. While full-automatic correction would be a blackbox solution, full-
automated correction relies on user input. Whenever a programmer refactors a huge portion
of source code, the probability that this has an influence on previous design decisions is high.
Hence, expert knowledge of the designer is needed in order to keep the implementation con-

sistent with the specification.

2.4. Discussion

Based on our literature review we deduced several answers to our research questions that we
presented in section 2.3:

First of all, we were able to show that | DupLicaTED CODE| gained significantly more re-
search interest than other Code Smells, which is reasonable for two reasons: First, code clones
occur in nearly every software product regardless of the chosen language or programming
paradigm and thus are ubiquitous. Second, research on code clones started long before other
Code Smells have been attracted interest in research (cf. [MLM96]).

Additionally, the presence of code clones indicate that there are also other Code Smells in
code like |LARGE Crass| and |LoNG METHOD |, which occurred pairwise in different papers.
This indicates a coupling between both, described by the authors of [PW06] as so-called inter-
smell relations. Nevertheless, the concrete reason for this peculiarity remains unclear. We thus
argue that more research is needed to investigate this phenomenon.

Another result of our literature research is that the representation of source code for Code
Smell detection can be divided into two categories. First, plain text and ASTs are used solely
for detection of code clones. This is reasonable, because these representations provide sufficient

information to detect certain types of clones, that generally rely on lexical analysis or hashing
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techniques. Second, PDGs (although used for clone detection as well) are used as representation
for all other Code Smells due to the advanced information they provide regarding control and
data flow.

Finally, our study revealed that a mismatch exists in research of different Code Smells as well
as between detection and correction of Code Smells. While few Code Smells are investigated
in detail, most of them attracted only minor attention in past research. Although this may be
caused by the fact that the latter Code Smells occur rarely in source code, it is not reasonable
to ignore these smells. Rather, we should ask whether existing approaches are too limited to
detect these Code Smells, which are often very complex and thus hard to detect.

In the same way, the fact that detection and correction of Code Smells is investigated mainly
in isolation is a huge problem. Consequently, the results of Code Smell detection can not be
used efficiently to correct these smells by means of refactoring. For instance, an appropriate
and widely accepted language that enables a description of detected Code Smells, so that it can
be processed automatically, is missing. However, this is an inevitable precondition for reusing
Code Smell information for applying Refactorings.

Moha et al. [MGDLM10] describe a process that we think is very promising for transform-
ing the verbal, human-readable form of smell descriptions into a processable and computable
manner. Their approach of using patterns of code, set operators and metrics is, to the best of
our knowledge, the most comprehensive procedure to construct detection algorithms in litera-
ture. We hence will use it as a building block for our prototypic implementation of a holistic

refactoring framework.
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3. Detecting Flawed Code

In this chapter, we present the means we utilize to detect Code Smells automatically by reusing

approaches presented by Moha et al. [MGDLM10].

3.1. Introduction

Flawed code is part of a repository’s source code that is syntactically and semantically correct,
but exists in a structure that is known to be prone to future errors or, in general, increased
maintenance effort. Detecting these flaws as early as possible is a key challenge to the de-
velopment of software that is supposed to run and last over a long period of time. Due to the
complexity of matured software projects and the characteristic that these disharmonies can not
be detected by a compiler or by means of testing, a mechanism is needed that automatically
reveals portions of code that may degrade to servicing obstacles in future.

In software production, maintenance forms the main part of effort to invest and consumes
between 50 % and 90 % [CDN™ 11, page 1] [Pia02, pages 228/229] of the production cycle time.
Lowering time spent on maintenance thus has a huge impact on pricing of software and can
be key to a better market position of software companies, given that a reduced effort on main-
tenance does not mean a decline in software quality.

Maintenance can be split up into two main categories: corrective and non-corrective ac-
tions. While corrective actions are understood to be changes in the code that adjust wrong
implementations, fix bugs or any other kind of defect, non-corrective actions are steps to adapt
a program to a new specification or new environment needs. In particular, these actions can be

split up into three sub-categories [Swa76, page 494 ff.]:

e adaptive maintenance, as a response to a changing environment, like the installation of
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new hardware or used software,

e perfective maintenance, to adapt new requirements specified by customers, like new

functionality, or

e preventive' maintenance, to increase the maintainability of the program by means of

refactoring, inserting comments, or restructuring parts of it.

Eliminating flawed code is a preventive maintenance task, since the goal is to ease, or even
foreclose, future maintenance.

Detecting flawed code as early as possible pays off directly, since every problem found and
fixed after delivery is around 100 times more expensive as when discovered and removed
within the initial implementation phase [BRZ10, page 426]. Hence, developers should be pro-
vided with a sophisticated means to detect disharmonies in code to eliminate them as early as

possible.

3.2. Clean Code

Clean Code is a means developed by Robert C. Martin in 2008 [Mar08] that gives developers
a guideline to develop code that is claimed to remain evolvable, correct, efficient, and sup-
porting its own reflection. It is a collection of do’s and don’ts in software development that
rendered relevant for the creation of readable code. Clean Code is the art of writing source text
that is short and elegant, does not contain duplication, is expressive and makes heavy use of
abstraction [Mar08, pages 7—13].

A project developed under the aegis of Clean Code can be considered as a Greenfield Project
[Sco], meaning that code is abstract, easy to understand and not using any legacy code that
is not itself a Greenfield Project. In contrast, projects that do not fit Clean Code’s criteria are
called Brownfield Projects [Sco]. These are not easy to handle, tend to be large, grown and

matured over time and are expected to make use of third party legacy code. Transforming

! Preventive maintenance is often said to be described in [LS81, page 766], but actually was not. There are sound
reasons to argue whether preventive maintenance should be treated as a subtype of both adaptive and perfective,

or as a subtype of only one of them [Cha00].
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Brown- into Greenfield Projects is a non-trivial task and involves a continuous refinement of a
present code basis.

When decision makers decide to stick to the rules of Clean Code, beginning with very low-
level rules is essential to the development team to prevent developers to be overcharged. In-
stead, many small steps are most promising to keep developers jolly. Hence, Clean Code in-
cludes a list of do’s that are easy to check and implement, as for example the installation of a
safety net or the sensibilisation for too large classes violating the Single Responsibility Princi-
ple. By application of such low-level Refactorings, developers immediately see that their work
and effort pays off.

However, Clean Code describes a set of possible improvements that can be made during
maintenance. Due to the sheer size of grown and matured software, it is unfeasible to walk
through the code by hand and eliminate found weaknesses. Thus, Clean Code recommends to

use refactoring to eliminate detectable Code Smells.

3.3. Code Smells
The term Code Smell was formed by Martin Fowler [Fow99], describing it as

certain structures in the code that suggest (sometimes they scream for) the

possibility of refactoring.

—Kent Beck and Martin Fowler [Ibid., page 75]

The presence of a Code Smell indicates a weakness in source code, but can not be detected
by a compiler or by tests. They all share the property, that they reside in syntactically and
semantically perfectly correct programs and thus are shadowed in conventional test phases.
Moreover, developers feel the presence of a smell by recognizing patterns in code that they
know to be proven harmful to the source code later on. This renders a sharp characterization
of smells and a recommendation when to refactor them infeasible, since programmers might
decide for themselves when a class is too large, for example.

Code Smells may occur due to time-pressure when a team has to hit a certain deadline, copy-

&-paste programming or heterogeneous skill levels amongst team members, such as novice
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colleagues or programmers.
By identifying weak code, the developers can be guided to refactor (see section 3.4 for a

detailed explanation) code continuously.

3.3.1. Connection to Metrics

In order to detect Code Smells automatically, their properties have to be expressed in a com-
putable form. For some Code Smells this specification is straightforward, as for example for
| LonG METHOD |:

A human in form of a programmer might say that a method is too long if it does not fit com-
pletely on a screen. While this might be a sufficient and reasonable criterion for a programmer
to classify a method to be too long, it is not for a computer. However, a computer has access to
the source code of a program and is able to calculate the sum of each method’s lines of code.
Based on this, it is ablo to flag all those that exceed a previously defined threshold. The size
of a method is a computable information that can be performed by a machine and thus can be
automated.

Mantyla has studied the computability of metrics for Code Smells in [M#n03]. Based on
Fowler’s list of smells plus an additional Code Smell | DEaD CODE |, he presents a categorization
of the possibility to automatically compute the presence of a smell on a scale from 0 to 5. A
level of 0 means that the smell is not computable, while a level of 5 means that computation is
easy and expected to be always true [Man03, pages 35 ff.].

|LonG METHOD | for example has a computability level of 5, since the bare number of source
lines can be counted while reading the program line by line. In contrast, | DATA CLumps | has
a computability level of 0 and hence can not be measured by metrics automatically [M&n03,
page 38]. This is due to the fact that [ Data CLumps| describes data structures that often occur
together and form groups [Fow99, page 81]. The detection of this smell includes environmental
knowledge of the system and relies on expert knowledge of a domain developer that can only

hardly be modeled by metrics.
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3.4. Refactoring

Refactoring is a technique to alter the internal structure of a software program without affect-
ing its external behavior. Hence, a program Pefactored that is the result of the application of a
Refactoring R to its original program Piriginal, must yield the same result for every input value
as Poriginal. See Appendix A for a more detailed elaboration on behavior preservation.

Refactorings are usually applied after the discovery of a Code Smell and the decision to
eliminate it. Most Refactorings are small and easy to perform and change the internal struc-
ture of the program only within a narrow scope. However, sequencing Refactorings may alter a
program significantly. Therefore, developers should be able to rely on a sophisticated test envi-
ronment, that supports fully automated regression tests. These tests are supposed to guarantee
the program’s integrity after each refactoring step and also verify that a certain Refactoring
has been performed correctly. Consequently, thorough testing is inevitable to assure that the
application of a certain Refactoring did not affect the program’s semantics.

Additionally, as with the detection of Code Smells, refactoring becomes unhandy if projects
are large and Refactorings include multiple classes and/or methods, potentially scattered across
the repository. Research in the late 90’s started to concentrate on implementing tools that assist
developers to automate the refactoring process as far as possible. The Smalltalk Refactoring
Browser, developed by Don Roberts, John Brant, and Ralph Johnson [RB]J97], was the very first
and still is the most prominent implementation of so called refactoring browsers, supporting

programmers to enhance their code using Refactorings.

3.4.1. An Example Refactoring

Consider the program ArrayUtils shown in Listing 3.1 that gets two integer arrays passed,
sums each up and writes the result to standard output: This program compiles correctly, is
syntactically in proper style and—a quick check reveals it—actually does what it is supposed to
be. However, programmers might say, that this piece of software feels incorrect.

The most obvious source lines baring the possibility to enhance code for a programmer’s
eye clearly are lines 6 and 7 in combination with 9 and 10, where both integer array contents

get summed up. Both blocks do the same—they sum up an array’s integers—and only differ
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public class ArrayUtils {
public static void printArraySums (int[] arrayl, int[] array2){

3 int suml = 0;
4 int sum2 = 0;
for(int 1 = 0; i < arrayl.length; i++)

suml += arrayl[il;

for(int i = 0; i < array2.length; i++)
10 sum?2 += array2[i];

12 System.out.println("suml: " + suml + " sum2: " + sum2);

}

Listing 3.1: A Java class printing the sum of two passed integer arrays on screen.

slightly What we have found is an occurrence of | DuPLICATED CODE].
We now can try to eliminate this smell by applying a Refactoring, as for example by intro-

ducing a new method, that sums up an array’s content on a more abstract level:

public class ArrayUtils {
public static void printArraySums(int[] arrayl, int[] array2){

int suml = 0;
4 int sum2 = 0;
for(int 1 = 0; i < arrayl.length; i++)

suml += arrayl[il;

for(int i = 0; i < array2.length; i++)
10 sum?2 += array2[i];

12 System.out.println("suml: " + suml + " sum2: " + sum2);
13 }

14

15 private static int calculateArraySum(int[] array){

16 int sum = 0;

Y

18 for(int i = 0; i < array.length; i++)

19 sum += arrayl[il;

return sum;

Listing 3.2: Introducing new method

Note, that the introduction of calculateArraySum(int[] array) does not change the program’s
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external behavior, not even its publicly visible APL

Next, we could replace the block in lines 6 and 7 with our newly introduced function:

public class ArrayUtils {
public static void printArraySums(int[] arrayl, int[] array2){

int suml = 0;
int sum2 = 0;
suml = calculateArraySum(arrayl);

for(int i = 0; i < array2.length; i++)
sum2 += array2[il;

System.out.println("suml: " + suml + " sum2: " + sum2);
}
private static int calculateArraySum(int[] array){

int sum = O0;

for(int i = 0; i < array.length; i++)

sum += arrayl[il;

return sum;

Listing 3.3: Utilizing the newly created method (1/2)

Of course, the same can be done for (updated) line numbers 8 and 9:

public class ArrayUtils {
public static void printArraySums(int[] arrayl, int[] array2){
int sumil 0;
int sum2 = 0;

calculateArraySum(arrayl);

suml

sum2 calculateArraySum(array2);

System.out.println("suml: " + suml + " sum2: " + sum2);
private static int calculateArraySum(int[] array){
int sum = O0;

for(int i = 0; i < array.length; i++)
sum += arrayl[il;

return sum;

Listing 3.4: Utilizing the newly created method (2/2)
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Another small Refactoring we could perform is to eliminate temporary variables, as they

clutter code and do not improve readability:

public class ArrayUtils {
public static void printArraySums(int[] arrayl, int[] array2){
System.out.println("suml: " + calculateArraySum(arrayl) + " " +
"sum2: " + calculateArraySum(array2));

}

private static int calculateArraySum(int[] array){
int sum = 0;

for(int i = 0; i < array.length; i++)
sum += arrayl[i];

return sum;

}

Listing 3.5: Removing temporary variables

The resulting code in Listing 3.5? is much more comprehensive than the initial program.
Also, by refactoring the code we abstracted functionality, delegated it to a newly introduced
and reusable method, yet improved readability of the publicly visible function for program-
mers.

Refactoring ArrayUtils was performed in successive steps. Along the way, we first used

R
INTRODUCE METHOD as a sub-step of the ExTRAcT METHOD Refactoring. Then, we performed

RepLACE TEMP WITH QUERY in Listing 3.5 to come to our refactored program version.

Finally, we have to test if the program still does what it is supposed to do, by calling our
test framework to check if all requirements are still met. Observing that our refactored version
actually still does the same might be easy for this small snippet, but will become harder the
more code is involved.

Another idiosyncrasy smells and subsequent refactorings have in common is that their ex-
ecution is dependent on the developer doing it. The developer may argue that keeping dupli-
cated code in the original program is reasonable to highlight a hard implementation or as an
intermediate step to alter functionality later to fit specific needs. Consequently, refactoring is

a task developers have to get a hand for and have to practice it continuously as technology

2We split up the string " sum2: "into" " + "sum2: " to align the outputted program.
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emerges.
Above all, we can not give a precise list of indicators that have to be present in order to
invoke refactoring. What we can do is to automate and ease refactorings as far as possible to

support programmers to improve their code continuously.

3.5. DECOR

Although the automatic detection and automated correction of smells in code are current re-
search topics in literature, most approaches keep silent about how their detection framework
works. Smells are typically detected by humans and shared along others by describing them in
prose textual form. Hence, the specification of smells resides in a human-readable, rather than
a computer-processable form.

However, to come to an automatic smell detection framework, we are dependent on a spec-
ification of smell properties that can be read, processed and evaluated by a machine. Our lit-
erature review revealed that smells are generally described in prose form of text, as presented
by Fowler in [Fow99, pages 75 ff.]. Most approaches reference these descriptions of smells and
internally rely on metrics that are not specified in more depth or how they were generated
from that source.

To overcome this gap in specification and reification of smell detectors, Moha et al. pre-
sented means to convert textual representation of smell descriptions into code based on a
small crafted Domain Specific Language (DSL). Their proposed method Defect dEtection for
CORrection (DECOR) [Moh08] aims at the detection and correction of smells, but according to
its implementors [Yan] up to now only covers the generation of detectors.

Nevertheless, due to the described steps to generate detectors from prose, we have decided
to make use of DECOR in our framework.

To generate an algorithmic detector from a textual description, the following steps have to be

performed, that we will describe in the following subsections and present a running example:
1. Description analysis

2. Specification
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3. Processing
4. Detection

5. Validation

3.5.1. Description Analysis

The first step performed to get a framework of detectors for a set of smells it a thorough litera-
ture study. Based on smell descriptions, as for example by Fowler [Fow99] or company-internal
specification of smells, key concepts are extracted for a given domain. By analyzing constitut-
ing keywords that can be used to describe and thus identify a certain smell, a repository of
smell concepts can be built.

This is an iterative procedure: Whenever a new smell should be detected, the description
analysis starts to extract properties, avoiding the addition of homonyms or synonyms to the
repository. The set of smell properties also forms a taxonomy of smells and can be used to
highlight their interdependence.

The description analysis takes textual representation of smells as an input and outputs a
set of keywords that are used to identify that the respective smell is present in code. Due to
the processing of prose text and a special analysis per domain, expert knowledge is needed,
which renders this step a manual one. It has to be performed by domain experts like software

architects or experienced developers.

3.5.2. Specification

After the creation of a set of smell properties, DECOR makes use of a small crafted DSL to
describe code smells in a very high-level language that heavily abstracts from implementation
details on how the respective property of a smell is detected later.

In this step, each of the extracted keywords is sorted into one of three structural properties:
measurable, lexical, and structural.

Measurable properties can be computed by the calculation of metrics. Whenever the value
of the specified metric exceeds a certain threshold, the investigated entity has the respective

Code Smell property. The DSL lets the user specify ordinal values for each metric. This has
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the advantage, that code is always compared to itself. Hence, company-intern coding style is
preserved and detection not too harsh and mainly focuses on outliers that break with the overall
coding fashion. Additionally, the fuzzyfication of values eases the description of thresholds for
end-users (section 3.6 explains fuzzyfication by example).

A lexical property can be expressed by the usage of certain keywords that may be detected
by pattern-matching search algorithms and finding specified vocabulary in source code that
was specified by the user.

Code constituents like classes, interfaces, methods, fields, et cetera may also have structural
properties that may be detected by static code analysis. One example would be the usage of
global variables in a class.

Based on the set of keywords extracted in the previous step and by using the DSL, so-called

Rule Cards are manually created according to the grammar presented in Figure 3.1.

3.5.3. Processing

The resulting rule cards can now be transformed into concrete smell detectors by processing
them using the Smell Frame Work (SmellFW). 1t is built upon the Pattern and Abstract-level De-
scription Language (PADL) and makes use of the Primitives, Operators, Metrics (POM) frame-
work to calculate metric values [MGDLM10, page 9].

From each rule card, a Java class is generated that implements a Visitor pattern [Mar02,
pages 525 ff.] and runs on the model. Each detector is generated by utilizing predefined code
templates and replacing standardized tags with the values specified in the rule cards. Hence,
the generated code can be expected to be syntactically correct at this point.

Reading and processing rule cards is fully automatic and needs no expert knowledge.

3.5.4. Detection

Subsequently, the detection of code smells can be performed. Based on the model created in
the previous step, all Visitors are executed on each class. Whenever a smell is detected, the
respective class is added to a set of suspicious smell classes.

Executing the generated detectors runs fully automatic, performs reproducible calculation
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(set_rules) u= (rule_card) | (set_rules) (rule_card)

(rule_card) z= ‘RULE_CARD:’ (string) ‘{’ (list_rules) ‘};’

(list_rules) u= (rule) | (list_rules)

(rule) u= RULE:’ (string) ‘{’ (content_rule) ‘};’ | RULE:’ (string) ‘;’
(content_rule) u= (operator) (string) (string) | (list_relationships) | (list_attributes)
(operator) := ‘INTER’ | ‘UNION’ | ‘DIFF’ | ‘INCL’ | ‘NEG’

(list_attributes) z= (attribute) | (operator) (attribute) (attribute)

(attribute) z= ‘( METRIC:’ (id_metric), (value_ordi), (fuzziness) ‘)’

| “( SEMANTIC:’ (id_semantic), (value_semantic) ‘)’

| “C STRUCT:’ (id_struct), (value_struct) ‘)’

(id_metric) u= (id_metric) + (id_metric) | (id_metric) - (id_metric) | (string)
(value_ordi) #= ‘VERY_HIGH’ | ‘HIGH’ | ‘MEDIUM’ | ‘LOW’ | ‘VERY_LOW’ | ‘NONE’
(id_semantic) = ‘CLASSNAME’ | ‘METHODNAME’ | ‘FIELDNAME’
(value_semantic) == (cont_value_semantic)
(cont_value_semantic) == (string) | (string), (cont_value_semantic)
(id_struct) = ‘CLASS’ | ‘INTERFACE’ | ‘METHOD’ | ‘FIELD’ | ‘PARAMETER’

| ‘COMMENTS’

(value_struct)

string)
(list_relationships)

relationship) | (relationship) (list_relationships)

(relationship) name_relation)‘:’ (string) ‘FROM:’ (string) (cardinality) ‘TO:’

o~ o~~~

string) (cardinality)
(name_relation) ‘ASSOC’ | ‘AGGREG’ | ‘COMPOS’
(cardinality) := ‘ONE’| ‘MANY’ | ‘ONE_OR_MANY’ | ‘OPTIONALLY_ONE’

Figure 3.1.: Grammar for Rule Cards in Backus-Naur-Form [BBG™63, pages 4 ff.]. Note that
(string) € ¥, with Yk as the set of all possible words over the alphabet %, and
(fuzziness) € R (following [MGDLM10, page 7]).
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Table 3.1.: Descriptions of [BLOB]

[BLoB]

[BMMMO98, pages 75/76]: The Blob is found in designs where one class monopolizes the

processing, and other classes primarily encapsulate data.

. ‘ Single class ‘With‘ large number ‘ of ‘ attributes, operations, or both ‘

e A disparate collection of ‘ unrelated attributes and operations ‘ encapsulated in a sin-

gle class. An overall ’ lack of cohesiveness ‘ of the attributes and operations is typical

of the Blob.

) A‘ single controller class ‘With ‘ associated simple, data-object classes |

o A ‘ program main loop ‘ inside the Blob class associated with relatively passive data

objects.

results and needs no user interaction.

3.6. A Running Example

Suppose we would like to implement an automatic smell detection strategy within a concrete
company that has decided that the continuous detection of smells would be beneficial for their
development team, as well as for maintainability of their source code. Since every company
represents an own domain in that smells and defects may have other meanings, it is sound to
create specialized detectors for each domain.

Let us further assume that the concrete company found out by code inspection that their
software had grown rapidly over time and its readability decreased or currently is decreasing.
This is a typical scenario, since getting and keeping overview over a large program is hard,

especially for new programmers [VMV97, page 4].
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Obtaining an Description Analysis

We investigate available literature from [M&n03], [Fow99], [BMMM98] and [Mar08] to obtain
descriptions of smells. Using the taxonomy of [M&n03, page 32 ff.], we conclude that code
smells |LoNG METHOD |, |LARGE CLAss]|, |LONG PARAMETER LisT|, and |DAta CLUuMPS| are
known to indicate code that had grown so far that its handling becomes unfeasible. From
[BMMMO98] we take the specification of Design Smell [BLos]? and combine findings with
Fowler’s descriptions of Code Smells and also use expert knowledge of a developer from our

special domain.

Table 3.2.: Descriptions of |Lazy CLAss]|

|Lazy Crass|

[Fow99, pages 86/87]: These are classes that | have fields |, ‘ getting and setting methods | for

the fields, and . Such classes are dumb data holders an are almost certainly

being manipulated in far too much detail by other classes.

[Domain Expert]: A data class is a class with only inside. It calculates nothing,

but ‘ stores information ‘

The extracted textual smell representations are depicted in Tables 3.1 to 3.6. The very first
row of each table contains the name of the respective smell. Following rows first reference the
source of the description in square brackets and list the smell description, while identifying

keywords are highlighted with a frame.

Identifying Keywords

From the extracted description of [BLoB] we conclude that it describes the phenomenon of a
single class that is associated to many other classes. The main class itself is very large, contains
many instance variables, but lacks cohesion, while the “satellite” classes it makes use of are
small and pure data holders, merely only consisting of getter and setter methods. Additionally,

a method named main may indicate the presence of a [BLOB].

3 Also known as [WiNNEBAGO| and [Gobp Crass|[BMMM98, page 73]
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Table 3.3.: Descriptions of | LONG METHOD |

| Long METHOD |

[Domain Expert]: A method is considered to be too long, if the ’ number of lines of code |is

relatively compared to other methods.

[Maro08, page 34]: Functions should not be 100 lines long. Functions should hardly ever

long,

Table 3.4.: Descriptions of |LARGE CLaSs

|LARGE CLASS |

[Domain Expert]: When a class is trying to , it often shows up as too

‘ many instance variables ‘

Table 3.5.: Descriptions of | LONG PARAMETER LisT |

| LONG PARAMETER LisT]|

[Domain Expert]: A method’s parameter list is too long if ‘ too many parameters ‘ are passed

to the respective method.

[Maro08, page 40]: The ideal number of arguments for a function is zero (niladic). Next

comes one (monadic), followed closely by two (dyadic). Three arguments (triadic) should

be avoided where possible. (polyadic) requires very special justification—

and then shouldn’t be used anyway.

Table 3.6.: Descriptions of |Lazy CLAss]|

|Lazy CraAss|

[Fow99, pages 78/79]: A class that|isn’t doing enough ‘to pay for itself should be eliminated.

31



};

The size of a class may be calculated by counting its respective SLOC. However, calculating
SLOC turns out to be a too trivial approach, because it does not detect whether a class does
too much [Mén03, page 36]. Thus, the Lack of Cohesion in Methods (LCOM) is calculated
additionally.

A main method can be regarded as a lexical property, since it can be detected directly in the
source code. This can be done by reading all method declarations and determine whether a
method name exactly matches the string main. If there is such a method, the respective class
contains a main method.

Satellite classes are data objects that possess only few logic beyond the scope of getter and
setter methods for their internally declared fields. These so-called data classes can be detected
by metrics through counting the number of declared methods and fields, ultimatively calcu-
lating the ratio of both. However, this neglects the structural behavior of data classes—being
accessed via their publicly visible methods to set or retrieve field values. We thus can say that

the structural property of a high ratio of accessing methods in a class indicates a | Data CLAss .

Generating Rule Cards

With this information, we are able to specify a Rule Card for this smell by using the grammar

specified in Figure 3.1. Listing 3.6 displays the result:

RULE_CARD : BlobSmell {
RULE : Blob {ASS0C: associated FROM: MainControllerClass ONE TO:
DataClass MANY };
RULE : MainControllerClass { UNION LargeClassLowCohesion MainMethod
3
RULE : LargeClassLowCohesion { UNION LargeClass LowCohesion 1};
RULE : LargeClass { (METRIC: NMD + NAD, VERY_HIGH, 8) };
RULE : LowCohesion { (METRIC: LCOM5, VERY_HIGH, 20) }I};
RULE : MainMethod { (SEMANTIC: METHODNAME, {main}) };
RULE : DataClass { (STRUCT: METHOD_ACCESSOR, 90) I};

Listing 3.6: Resulting Rule Card for design smell [BLos]|

Line 1 declares a new Rule Card, that is equal to a new Design Smell, named B1lobSme11. The
following lines of the Rule Card are built up hierarchically, visualized by indentation. Note,

that indentation of Rule Cards is omitted while parsing.
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Lines 5 and 6 declare two metric rules that are grouped together in line 4. By using the set
operator UNION* we are able to state that a [BLoB] may either be large or lacking cohesion.
Lines 3 and 7 state that a [BLoB] may also be present if a method main is present. Finally, line
8 states that we consider a class a data class whenever the ratio of getter/setter methods to the
overall number of methods is over 90%.

The metric values we used in lines 5 and 6 have to be selected by a domain expert to yield
reasonable results. For each computed metric, DECOR internally creates a box plot [VH81,
page 65 ff.] that is used to query outliers, based on the specified ordinal values. For example,
the ordinal value VERY_HIGH is translated into a query of the highest outliers of a box plot,
while HIGH returns all results that appear the upper 75% quartile. Making use of box plots
and accessing its values via ordinal values eases the specification of rule cards for the domain
expert. Not only are concrete thresholds that signal that a smell is present are no prerequisite
anymore, box plots also take the domain’s overall implementation style into account, because
outliers are always calculated in comparison to the rest of the program. For example, a certain
domain A might have a source code repository that contains very short methods only, while
domain B’ methods overall are larger. Giving concrete thresholds when a method is considered
to be long is not applicable to simultaneously to both domains. However, within each domain
a relative calculation of outliers is always detectable. Domain experts hence can easily adapt
generated rule cards to different domains.

Numbers 8 and 20 in line 5 and 6, respectively, are fuzzyfication factors that blend the tran-
sition between the quartiles of a box plot. Although outliers are computed relatively to the
overall investigated program, sharp borders of the box plot might not be desired. Specifying
fuzzy factor 20 in line 6 for instance states that all classes are considered to be affected by
low cohesion that reside in the upper quartile and an e-neighborhood [Eri] of 20, with regards
to the concrete absolute metrical computation result. Consequently, the specification of fuzzy
factors presumes domain knowledge.

Although Rule Cards are meant to represent Design Smells, made up of a set of Code Smells
[MGDLM10, page 3], we also use them directly for the specification of textual Code Smell

representations.

“UNION(sl1, s2) calculates the algebraic union (U) of two sets s1 and s2.
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i}

Consider Listing 3.7 as an example. Here, we define a Design Smell that is not made up of

multiple Code Smells but only of one that fires when a method’s Lines of Code (LOC) is HIGH.

RULE_CARD : LongMethodDesignSmell {
RULE : LongMethod { (METRIC: METHOD_LOC, HIGH, 8) };

Listing 3.7: Resulting Rule Card for smell |Long METHOD |

Conservatively, this would be no Design Smell. However, we think that the sharp dichotomy
between code and design disharmonies hampers specification of Rule Cards and in contrast say
that a Design Smell is defined by the presence of at least one Code Smell.

Additionally, a Code Smell may be defined differently in alternative contexts, even within a
company. We demonstrate this circumstance by the definition of Rule Card LargeClassSmell in

Listing 3.8.

5|}

RULE_CARD : LargeClassSmell{

RULE : LargeClass { UNION ManyInstanceVariables ManyL0C };
RULE : ManyInstanceVariables { (METRIC: NAD, HIGH, 8) };
RULE : ManyLOC { (METRIC: LOC, HIGH, 8) 1I};

Listing 3.8: Resulting Rule Card for smell | LARGE CLaASS |

Contrary to the detection of |LARGE CLass| in Rule Card BlobSmell we consider classes to be
large outside the context of the [BLoB| detection if they declare a high amount of attributes
(line 4) and are implemented using a high amount of LOC (line 5). Strictly speaking, this is a
violation of the concept of eliminating homonyms while collecting textual keywords. However,
as Mintyla points out, there may be various ways of describing | LARGE CLass| [M&n03, page

36].

Processing the Created Rule Cards

Rule Cards are translated into Java code by a RULEParser. On the very first run of creating smell
detectors, it has to be generated from the grounding grammar that describes Rule Cards, like
the one presented in Figure 3.1. Whenever the domain expert changes or extends the grammar,
for example by adding new keywords to expand functionality, the parser has to be recreated to

be capable of the performed changes.
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To do so, JFlex [Ger] and JavaCUP [Anda], two mature [Ger, developed since 1998] [Anda,
developed since 1996] tools that are often deployed in the process of generating compilers, are
used to construct the needed lexer and parser that are used to translate Rule Cards into Java
code.

For our purpose, the presented grammar in Figure 3.1 is sufficient and thus is not altered.
Note, that the generation of a lexer and parser is only necessary if the grammar changed, which
is expected to occur only rarely.

Using the generated RULEParser, the previously specified Rule Cards can now be translated
fully automatic into Java code. The parser reads and processes every Rule Card, creating a class
for each card and each attribute rule’. This process is described in detail in[MGDLM10, pages
10 f£.].

To demonstrate the result of a parsed and translated Rule Card, we are presenting the follow-
ing example for a Design Smell. Consider the Rule Card displayed in Listing 3.8 that describes
classes that have many instance variables or many lines of code as a LargeClassSmell. The
following listings present the generated detection algorithm based on the specification in the
Rule Card. For the sake of readability, we have split the definition into multiple parts to be able

to explain better.

5| public void performDetection() {
final Set candidateDesignSmells = new HashSet ();

Listing 3.9: Excerpt 1/4 of LargeClassSmellDetection.java

Listing 3.9 defines a set that all classes are stored in that are affected by the Code Smells that
are searched for.

The detection of both defined Code Smells is depicted in Figure 3.2. The Code Smell detectors
are instantiated in lines 48-50 and lines 55-57, respectively, and their detection is performed
in the accordant next line. Detecting a certain Code Smell is performed by delegating work to
the respective Code Smell detector (cf. lines 51/58). The results of the detections are stored in
sets in 53 and 60. These sets now contain all detected occurrences of Code Smells and contain

the information about the affected classes.

Scf. Figure 3.1 (attribute)
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¢) final ICodeSmellDetection
csManyL0OC = new
ManyLOCDetection ();

csManyLOC.setMetricsFileRepository
(this.getMetricsFileRepository
(OD

csManyL0OC.setModel(this.
getAbstractLevelModel ());

csManyL0C.performDetection();

5| final Set setManyL0C = ((
ManyLOCDetection) csManyL0OC).
list0fCodeSmells () ;

;| final ICodeSmellDetection

csManyInstanceVariables = new
ManyInstanceVariablesDetection
O

csManyInstanceVariables.
setMetricsFileRepository (this.
getMetricsFileRepository ());

csManyInstanceVariables.setModel(
this.getAbstractLevelModel());

csManyInstanceVariables.
performDetection();

final Set setManyInstanceVariables

= «
ManyInstanceVariablesDetection
) csManyInstanceVariables).
listO0fCodeSmells ();

Figure 3.2.: Excerpt 2/4 of LargeClassSmellDetection.java

| final Set setLargeClass = this.operators.union(setManyInstanceVariables,
setManyL0C) ;

Listing 3.10: Excerpt 3/4 of LargeClassSmellDetection.java

Congruously with the Rule Card specification, the union of both sets is constructed in line

62 by creating a new set that contains all affected classes without duplicate entries.

final Iterator iterSet = setlLargeClass
while (iterSet.hasNext()) {
final ICodeSmell aCodeSmell = (ICodeSmell) iterSet.next();
final DesignSmell designSmell = new DesignSmell(aCodeSmell);
designSmell .setName("LargeClassSmell");
final String definition = "To defined";
) designSmell.setDefinition(definition);
1 candidateDesignSmells.add(designSmell);

.iterator () ;

this.setSet0fDesignSmells (candidateDesignSmells);

Listing 3.11: Excerpt 4/4 of LargeClassSmellDetection.java
Finally, lines 64-72 prepare the found occurrences for further internal use and line 74 stores

the set of affected files. The set of files that are affected by LargeClassSmell is now accessible

via LargeClassSmell().list0fDesignSmells().
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3.7. Discussion

Using DECOR as a detection framework has been showed reasonable. To the best of our
knowledge, it is the most sophisticated approach towards an abstract description of Code Smells
and a subsequent generation of detectors, as our literature review revealed in chapter 2.

Due to the fact that for every domain, i.e., a whole company or even a programming de-
partment within, a domain analysis of smells might yield different results, it is reasonable to
specify smells and their detection for concrete domains. It may differ from domain to domain
whether a long method might be a no-go or not.

Another feature that comes along with DECOR is the classification of smell patterns into a
taxonomy of smells. The addition of new smells to a domain smell repository always includes
a complete re-investigation and adjustment of the previously defined smell properties. Inter-
smell relations can be tracked and made use of while the repository grows.

The application of Smell Definition Language (SmellDL) enables users to create new smells
comfortably and fast. While SmellDL is fast to learn and easy to adopt, it yet is highly expres-
sive, due to its high abstraction level and compactness. Programmers for example do not have
to know exactly when a method must be considered to be long or how this would be calculated
internally. When it comes to the specification of measurable values, they are only supposed to
state ordinal values that are evaluated automatically by the underlying framework SmellFW.

Instead of only applying metrics to the source code, DECOR also offers the recognition of
lexical and structural smell properties. Although the detection of structural properties involves
the most coding work that has to be done, lexical properties are easily detectable and might
boost the detection of certain Anti Patterns that might be shadowed to metrics.

After the generation of a smell property repository, all succeeding steps—generation of de-
tection algorithms and detection of smells itself—can be performed automatically without any
user input. Once a detector is generated it can be used repetitively for the identification of
smells on the same domain. Whenever the domain changes or a new smell is added to the

repository, a re-generation of the detectors is sufficient to adopt the changed environment.
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4. Correcting Flawed Code

Correcting smells in code is done via the application of Refactorings (cf. section 3.4). A Refac-
toring is a process of restructuring source code by rearranging statements or by renaming
constituents to eliminate a given smell while preserving the original behavior in order to im-
prove the internal program layout. It aims at cleaning up code to minimize the introduction of
new bugs in later implementation cycles [Fow99, Chapter xvi].

In this section, we present our thoughts on how an automated correction of Code Smells can

be installed to overcome disharmonies.

4.1. Introduction

Code Smell correction is a thoroughly investigated task and has been surveyed by multiple
researchers, as for example in [Fow99, SAM10, MOC11, Opd92, RB99]. By restructuring a given
program, one creates another program that may have a changed behavior if no constraints on
the restructuring operation were applied. For example, consider the example in Figure 4.1,
which depicts two classes, Rename and RenameExt. Rename is a data holding class, only defining
an instance variable number, while RenameExt defines an instance variable y and a public method
method () that returns an integer value.

Suppose we identified class RenameExt to be confusing due to bad variable names that do not
reflect their meaning and hence would like to rename variable y to give it a meaningful name,
improving program comprehension.

However, when renaming y to number by hand, the resulting program still is syntactically
correct, but does something else and thus violates behavior preservation. Instead of returning

9, the program would return 10 after a trivial renaming performed by a search-and-replace
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public class Rename{ public class RenameExt extends
public int number = 9; Rename{
¥ public int y = 10;

public int method (D {
return number;

6 ]
¥

Figure 4.1.: Classes Rename and RenameExt: Incautious renaming may be harmful.

operation that simply replaces all occurrences of y with number (e.g., done by calling sed -e ’s
! y! number!g?).

Renaming y this way shadows the instance variable of its parent class Rename and causes a
semantic inequality. Yet, the error would not be detected by a compiler, because the program
is still in a syntactically correct state. The earliest point in time the error could be detected
automatically would be in regression testing phase, given that such a phase exists and tests
for the respective class are well-engineered and capable of such an error. The reason for the
introduced regression here is that not all variables bind, i.e., have a reference, to the same
declaring variables as before refactoring.

Renaming y to number however is possible if the refactoring operation would detect the nam-
ing conflict and take actions like refusing operation or, even better, qualifying the variable via
accessing its parental class by calling super.

As we can see from this simple example, refactoring is a non-trivial task and prone to errors if
conducted by hand [RBJ97, page 4]. Consequently, it is a key requisite for a holistic refactoring
framework to apply only such Refactorings whose correctness, i.e., preservation of behavior
while remaining in a syntactically correct state, has been verified either by a formal proof or

by intensive and extensive testing.

4.2. Reusing an Extensible Java Compiler for Refactoring

As we describe in subsection 5.2.1, a refactoring engine should be capable of representing
the program’s source code, its base unit of work, in a manner that alleviates computations

by translating it into an AST. Additionally, the representation should also store information
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about control flow and dependencies internally to provide a platform suitable for the program’s
transformation.

Compilers already provide the desired functionality by default: They construct syntax trees
from source code and calculate the necessary control and dependence graphs when parsing
files. Thus, their application within a holistic refactoring framework is promising.

JastAdd] [Sch12] is a high quality Java compiler that is implemented using the JastAdd lan-
guage [HM03] and is highly extensible [Sch12, pages 1, 2, 9 ff.]. It offers the generation of an
AST from a set of source files and additionally provides the developer with a publicly visible
API to traverse it. Moreover, based on a defined set of behaviors for the source language, de-
pendency and control flow information is stored by superimposed graphs on the tree [EH07a,
page 4], rendering lookup tables as used in other compilers [HMO03, pages 10 ff.] superflu-
ous. This way, the only data structure the JastAdd system operates on is an AST, making it
straightforward to work with [EH07a, page 4].

JRRT is an extension for JastAddJ and provides [Max] a set of Refactorings that are common
amongst Integrated Development Environments (IDEs), as for instance in Eclipse [Eclb, Eclc].

It ships with implementations of Refactorings for prominent (cf. Table 2.2) Code Smells, e.g.,

ExTrACT CLASS and MovE FIELD for Code Smell | Data Crass| or ExTRACT METHOD for smell
|LonG METHOD | [Fow99, pages 75 ff.].

Hence, we argue that reusing JastAdd’s functionality as a complete framework to parse Java
files and construct an AST thereof, makes sense and beneficially contributes to our proposed

tool SMEAGOL.

4.3. The JastAdd System

The philosophy behind the approach of the JastAdd compilers is that the respective source lan-
guage a compiler is built for is understood to be subject to continuous extension. The authors
argue, that a programming language, not unlike a program written in it, evolves over time and
is enlarged and extended to, for instance, ease implementation for developers or provide them
with additional functionality to express new constructs [EHO07a, page 2 ff.]. Hence, evolved

programming languages can be viewed as a certain core of functionality that is extended over
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time while remaining backward-compatible, i.e., able to interpret source code that is written in
a previous version of the language [Sund].

The JastAdd system [EHO7b] is a Java-based approach for compiler construction that was
developed due to an identified lack of higher-level, especially object-oriented, language sup-
port in this field of application [HM03, page 2 ff.]. It is implemented by using an object-oriented
abstract grammar [HMO3, pages 3 ff.] to describe the respective represented language and be-
havioral information by weaving aspects into the classes that were generated from the gram-
mar [HMO03, pages 8 ff.]. A full-functioning and complete compiler for the Java Language
Specification (JLS) 1.4 is presented in [EHO7b, pages 15 ff.].

4.3.1. Compilers Are Evolving Programs

With the specification of the fifth version of the Java language and its consequent roll-out in
2004 [Sunb], new features, for example an enhanced, yet condensed type of loop, the so-called
Foreach-loop [Sunc], Generics [Suna] and Varargs [Sune] were introduced into the language.
Changing language constructs force compilers to adapt these changes in order to function
properly, which reveals that they themselves are programs subject to constant change over
time.

Using the JastAdd system, this change can be addressed comfortably—in the sense of only
few SLOC have to be added [EHO07a, pages 2/3]—by so-called language extensions [EHO07a, page
2 ff.]. A language extension adds new functionality or behavior to a language by weaving extra
aspects into the AST of the previously defined language level [EH07a, pages 6, 9]. Control flow
information for ASTs for example is realized as a language extension built upon the Java 1.4

compiler as described in [NNHMEO09].

4.3.2. JastAdd Refactoring Tools

The building blocks of JRRT are three components, as we depict in the overview in Figure 4.2:
Each component is presented as an Unified Modeling Language (UML) package due to the
fact that they may be developed independently from each other but may be combined to a

more powerful program. Java 1.5 extends the functionality of Java 1.4, while ControlFlow-
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Graph adds completely new functionality. The component labeled JRRT uses both Java 1.5 and
ControlFlowGraph.

[ [

Java 1.4 4— Java 1.5
*_l
JRRT

adds Functionality uses

—

ControlFlowGraph

Figure 4.2.: JRRT component overview

By combining all three parts, JRRT is able to operate on Java 1.4 and Java 5 source files
and transform built ASTs for a given set of source files, providing it with control flow and
dependency information on its code constituents.

However, the unique feature that JRRT compared to competing approaches towards refac-

toring provides is that the implementation of Refactorings differs significantly.

Ensuring Behavior Preservation

The unique feature that distinguishes JRRT from traditional approaches, is how it addresses
the necessary property of behavior-preservation of Refactorings: Traditional refactoring ap-
proaches define a set of preconditions that have to be met in order to perform a Refactoring
[Opd92, pages 55 f..]. Likewise, the program has to fit to certain postconditions after refactor-
ing.

Specifying pre- and postconditions for each Refactoring however is prone to errors, due to
the fact that a programmer might easily miss a special case of a program’s state possible in a
certain programming language. This is especially true for sophisticated high-level languages
like Java that offer a rich set of language constructs, syntactic sugar' and peculiarities that arise

from visibility and scoping issues [SAM10, pages 4].

!For example simplifications of expressions without adding new functionality (e.g., Varargs [Sune] as a condensed

expression for a list of objects of a certain type in parameter lists).
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Thus, JRRT, contrary to previous approaches (e.g., [vdB08, pages 14 ff.]), regards behavior-
preservation as an dependency preservation problem [SEAM08, pages 5 ff.]: For example, re-
naming a variable/field or method of a program preserves behavior, if and only if all references
to variables (regardless of their name) bind to the same variable declaration after refactoring
code as before.

Recall our example from Figure 4.1: Renaming y to number changed the reference of method()’s
member variable number from Rename . number? to RenameExt . number (before refactoring known as
RenameExt.y). References did not bind to the same declarations as before and hence the trans-
formation was not preserving behavior.

JRRT provides dependency tracking mechanisms for names, control-flow and data-flow. As
a result, programmers implementing Refactorings do only have to determine the set of possibly
affected dependencies and lock [SVEAM09b, pages 2/14 ] them in advance. After refactoring,
locked dependencies are unlocked and checked for validity by the underlying framework. If

transformations are determined to be invalid, JRRT returns an error.

4.3.3. Microrefactorings

Certain Refactorings can be described as a sequence of consecutive steps to alter a program’s
internal structure [SVEdMO09a, page 21][SAM10, pages 5 ff.]. These sub-routines are called
Microrefactorings , each altering the program a little, yet preserving its overall behavior.

Consider the example program in Listing 4.1 in which a class is depicted that calculates a
bulk discount for a certain product and makes use of a temporary variable in a publicly visible
method. According to [Fow99, page 120], the use of temporary variables is discouraged, as
they reside in a small scope of the overall program only and clutter code. Instead, locally
defined variables holding a computed value should rather be substituted by calls to a dedicated
function that calculates the same. Doing so not only enables developers to give a calculation
a meaningful name but also provides any other function of the respective host class with the
computation result.

To replace the temporary variable with a newly created and dedicated method, we are per-

forming the following steps that form the Refactoring in combination:

2Notation to indicate class Rename’s member variable number.
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public class Product{
private double _quantity = 900;
private double _itemPrice = 2;

public double getPrice(){
double basePrice = _quantity * _itemPrice;

if (basePrice > 1000){
return basePrice * 0.95;
} else {
return basePrice * 0.98;
}
}

Listing 4.1: Product, calculating a bulk discount.

1. Optionally merge a split variable definition with its declaration
2. Create a new method that is initially marked as private

3. Copy the right-hand side of the variable’s assignment as a return statement into the

newly created method
4. Replace every reference to the variable with a call to the newly created method

5. Delete the variable’s declaration

Note, that the combination of all 5 steps forms REPLACE TEMP WITH QUERY and that each pre-
serves the program’s original behavior:

Step 1 optionally merges a split variable into an assignment, if the variable to replace is
not defined instantly on its declaration. This is a necessary step, as Java allows developers do
declare variables and fields that have no specified initial value (cf. Listing 4.2, lines 1 and 3-4)
and as a side-effect ensures the necessary precondition [Fow99, page 121] that the respective
variable is assigned to only once. Merging a variable assignment with its declaration yields a
semantically equivalent expression and therefore conserves behavior.

Step 2 provides the host class of the respective variable with a new function that is initially
marked as private. A temporary variable is only visible in a certain scope within a block of

code. Thus, defining it with a less restrictive visibility other than private could violate the
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String firstString = "str" + "ing";

;| String secondString;

i| secondString = "str" + "ing";

Listing 4.2: Two ways to define and declare a variable/field in Java

principle of information hiding. The method’s visibility however may later be adjusted to the
developers need. Given that the newly created method does not overwrite another method,
this operation does not alter the program’s behavior, since it is never called. The method’s
body is not specified in this step, because it is of no interest up to here and could be a default
implementation based on the function’s return value.

The succeeding step 3 copies the right-hand side of the variables’ assignment and wraps it
into a return statement that is plugged into the method created in the previous step. Again,
the program is not changing, as the method is never called. Note, that steps 2 and 3 can be
performed in combination, eliminating the need to specify default body implementations for
the return statements for primitive types and objects®.

Next, in step 4 all occurrences of references to the original variable are replaced by a function
call to the one created in step 2. Using this automatism of collecting accesses to the variable
and substituting it with a call to our function, we can ensure that although we are performing
several changes on the program’s AST, the result won’t change, due to our created function
that returns exactly the same value as the reference to the variable would have returned.

Finally, step 5 cleans up code by deleting the declaration of our variable, since it is no longer
needed. Deleting a superfluous, never referenced variable definitely will not change the exter-

nal behavior of our program. The refactored version is displayed in Listing 4.3.

3Default implementations for functions returning a primitive type should return such a value that is previously

agreed upon, whereas a default return value for types deriving from java.lang.0Object might be null.
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public class Product{

private double _quantity = 9;
private double _itemPrice = 2;

public double getPrice(){

if (basePrice > 1000){
7 return basePrice * 0.95;
8 } else {

return basePrice * 0.98;
0 }
1 }
public double basePrice (){

return _quantity * _itemPrice;

}

Listing 4.3: Refactored version of a Product, calculating a bulk discount.

Splitting up Refactorings into smaller sub-routines eases the possibility to verify that it is de

facto a behavior-preserving operation on a program’s structure.

4.4. A Running Example

The implementation of REPLACE TEMP WITH QUERY in JastAdd is straightforward: Following
the steps we identified in on page 44, we start by creating a new aspect ReplaceTempWithQuery
that weaves functionality into AST nodes of type VariableDeclaration. The identified algo-
rithm can be translated directly into Java code using JastAdd, as we present in the following

Listings:

| aspect ReplaceTempWithQuery {

public void VariableDeclaration.doReplaceTempWithQuery(String name){
Program root = programRoot();
replaceTempWithQuery (name) ;
root.eliminate (LOCKED_NAMES) ;

Listing 4.4: Excerpt 1/5 of file ReplaceTempWithQuery.jrag

First, a VariableDeclaration is provided with an additional function that potentially replaces it

with a call to a newly created query method. To do so, a new public routine—doReplaceTempWithQuery

(string)—is defined that takes a string representing a meaningful name for the query method
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as an argument. Line 4 of Listing 4.4 performs the concrete algorithm, while line 5 ensures that
all variable accesses bind to the same variable declaration as before refactoring. If there exists
a variable that does not follow this rule, refactoring will result in an error message.

The concrete implementation of replaceTempWithQuery(String) is shown in Listing 4.5.

private void VariableDeclaration.replaceTempWithQuery(String name){
ensureAssignedToOnlyOnce ();

merge () ;

MethodDecl newMethod = createMethodFromInit(VIS_PRIVATE, name);
insertMethodIntoBodyDeclaration (newMethod) ;

MethodAccess methodAccess = (MethodAccess)newMethod.
createlLockedAccess (new List<Expr>());

getInit() .replaceWith(methodAccess);

for(VarAccess referencelAccessor : uses()){
referenceAccessor.replaceWith(methodAccess);

}
programRoot () .flushCaches ();

getParent () .removeChild (this);

Listing 4.5: Excerpt 2/5 of file ReplaceTempWithQuery.jrag

Following the principle of information hiding, the concrete implementation is marked as
private and hence is hidden from the end-user that only has access to this refactoring procedure
via the publicly visible method depicted in Listing 4.4.

Here, line 9 ensures that the respective variableDeclaration is only assigned to once as an
necessary step in order to merge the variable’s assignment with its declaration in line 11. Both
lines together are equivalent to step 1 of the deduced algorithm.

Next, steps 2 and 3 of the algorithm are performed in a combined step in lines 13-14.

Lines 16—21 then form step 4 of the algorithm by creating an access to the newly created
method and replacing all references to the respective variable with it.

Finally, line 25 removes the now obsolete variable declaration* from the program’s structure.

Replacing a temporary variable with a query method now is completed.

4.e., itself
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Note, that line 23 reveals some internals of JastAdd. For the sake of efficiency, JastAdd
caches many values internally [EHO07a, page 4][SAM10, page 7]. Whenever the syntax tree has
changed, caches have to be flushed manually. Here, references to the current variable have
become stale, because they were replaced by references to the method that was introduced by

the refactoring recently.

private void VariableDeclaration.ensureAssignedToOnlyOnce (){
int assignments = 0;
for(VarAccess a : uses()){
if (assignments > 1) throw new RefactoringException("Can not replace
variable with query that is assigned multiple times.");

if(a.isDest()) assignments++;

}

Listing 4.6: Excerpt 3/5 of file ReplaceTempWithQuery.jrag

Listing 4.6 reveals the internally performed check whether a variable is assigned to only once
or not. Using the function uses() (line 30) that JRRT provides, which returns all accesses to a
variable, we traverse the AST and count all those that assign a new value to the variable (line

33). If we find multiple assignments, the refactoring is aborted with an error message (line 31).

protected MethodDecl VariableDeclaration.createMethodFromInit (int
visibility, String name){
// If the variable has no init, we have to do nothing.
if(getInit() == null) return null;

Modifiers methodModifiers = new Modifiers(visibility);
if(inStaticContext ()){
methodModifiers.addModifier("static");

}

MethodDecl methodDeclaration = new MethodDecl(
methodModifiers, // Modifiers
type () .createlLockedAccess (), // Return type
name , // Method’s name
new List<ParameterDeclaration>(), // Parameters
new List<Access>(), // Thrown exceptions
new Opt<Block>()); // Body definition

methodDeclaration.setBlock(new Block(new ReturnStmt ((Expr) getInit ().
fullCopyAndDetach())));

return methodDeclaration;

Listing 4.7: Excerpt 4/5 of file ReplaceTempWithQuery.jrag
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Algorithm steps 2 and 3 are presented in the excerpt in Listing 4.7. Function createMethodFromInit
(int, String) creates and returns a new MethodDecl node, that represents a method declaration
in the syntax tree. Lines 41-44 create the method’s modifier list: The method is provided with
the passed visibility as access criterion and will be created in a static way if the variable under
inspection is declared within a static context. Lines 46—52 set up the actual method object by
passing the necessary modifiers, return type, the method’s name, its parameters and thrown
exceptions and an empty body for it. The body is set in the succeeding line 53: a ReturnStmt

that returns the variables right-hand side that is accessed by getInit().

protected void VariableDeclaration.insertMethodIntoBodyDeclaration(
MethodDecl method){
int index = hostType().getBodyDeclList().getIndex0fChild(hostBodyDecl
(ODH

lockMethodNames (method .name ());

hostType() .getBodyDeclList () .insertChild(method, index+1);
}

Listing 4.8: Excerpt 5/5 of file ReplaceTempWithQuery.jrag

At this point, the crafted method is an orphaned node, has no connection to the syntax tree and
eventually is not included in the program (cf. Figure 4.3 for a snapshot of the current situation).

The insertion however is performed in insertMethodIntoBodyDeclaration(MethodDecl), dis-
played in Listing 4.8. Line 58 determines the current enclosing body statement, i.e., its sur-
rounding method, and retrieves its position in the containing class.

Next, all method names are locked in line 60. Due to the fact that we are about to insert a new
method into the program, we must ensure that pasting it does not overwrite another method
with the same signature. Using JastAdd, we can simply check later if all method names still
bind to the same as before.

Line 62 finally inserts the crafted method into the program’s body, thereby finishing the

concrete algorithm.
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public class Product{ public double basePrice(){
private double _quantity = 900; return _quantity * _itemPrice;
private double _itemPrice = 2; ¥

public double getPrice(){
double basePrice = _quantity *
_itemPrice;

if (basePrice > 1000){
return basePrice * 0.95;
} else {
return basePrice * 0.98;
}
}

Figure 4.3.: The newly created method is not yet inserted into the syntax tree

4.5. Discussion

JastAdd] as an extensible Java compiler has been shown reasonable to use within a refactoring
framework: Due to its specification in the JastAdd language that enables programmers to build
compilers using Java as implementation language, extensions to the compiler framework itself
can be realized comfortably. This on the one hand stems from the fact that programmers used
to an object-oriented language do not have to change their implementation technique when
writing extensions for a compiler and on the other, that JastAdd offers a mechanism to add
functionality by weaving aspects into the build AST. Thus, programmers have the opportunity
add new functionality without touching the previous code directly.

This feature allows a continuous extension and refinement of a language. We consider this
as an essential feature, since programming languages are subject to constant evolution, just
like the programs we are refactoring, too: The integration of novel techniques or new language
constructs into existing programming languages force programs working on source code to
adapt changes constantly.

As language changes emerge and more and more programs are implemented using the new
functionality, refactoring tools have to be adjusted to fit the new environment, too. As we
have argued before, refactoring is a constant process performed over a long period of time.

Thus, refactoring tools, prior to other programs, have to take changes in the target language
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into consideration from the very beginning and have to provide a flexible means to adapt
changes gracefully. By using the presented approach, our implemented framework is prepared
for future modifications.

Using JastAdd] to construct ASTs from source code in a holistic refactoring framework also
makes it independent on third-party tools. Hence, the framework can be deployed in various

workflow-scenarios and could be integrated into a numerous amount of IDEs, for example.
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5. Framework

Based on our thoughts on smell detection and correction, we present a holistic refactoring
framework in this section, that combines the information we concluded in the previous sections

4 and 3. The layout is used as the basis for our prototypic implementation SMEAGOL.

5.1. Introduction

Throughout the literature review in chapter 2 we identified a gap between Code Smell detection
and correction and found out that both phases are investigated distinct from each other. While
the separation of concerns is reasonable in theory, since detection and correction operate on
different data sets and are performed differently, eliminating Code Smells from a software
repository in a real-life setting should be considered as a single or at least as two consecutive
steps within a general task:

The goal of a refactoring team is to overcome the presence of weaknesses in code that are
expected to hamper future development and maintenance [Fow99, pages 55 ff.]. Thus, the
team has to be provided by a means to improve code where rendered necessary. Improving
code manually is a task that does not scale well in large software environments due to the
fact that code overview can not be guaranteed to be accomplished by a single developer and
correction by hand is an error-prone task [RBJ97, page 4].

Consequently, huge software systems demand a computer-aided support for the programmer
to simplify changing it. The application of a tool reduces the possibility to introduce bugs or
errors and reduces maintenance costs due to the fact that less human-resources are needed.
However, correcting a flaw can only be performed if the developer is aware of it.

As a result, the detection of smells has to be performed as a previous step, which renders cor-
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rection a dependent task on detection in real-life environments. But again, manual inspection
and incidentally marking portions of code as a smell is too cost-intensive and becomes unfea-
sible in large projects. Thus, developers should be provided with a smell detection mechanism
supported by the computer, too.

Due to the dependency of smell correction on smell detection, both phases can not be con-
sidered as fully separable tasks. Consequently, we argue that providing developers with a tool
that on the one hand detects and on the other consequently provides mechanisms to resolve

detected problems, would be beneficial to maintainers.

5.2. Technical Criteria

In order to be used in a development team, a holistic refactoring framework has to fit to cer-
tain technical criteria that were formulated in [RBJ97, PC09]. Requirements of such a frame-
work include a feasible representation of the program in a program database, reliable accuracy
of Refactorings assuring the developer that altering the program’s source code is behavior-
preserving, a proper speed to execute the detection and correction and its integration into
existing company workflows.

We will elaborate on the identified prerequisites for a refactoring tool in the following sub-

sections and explain what they imply for our implementation.

5.2.1. Program Database

Eliminating flaws is a process altering source code in such a way that the internal structure
of the compilation unit’, i.e. a class or even a whole program, is changed, while the visible
behavior to the outside is not affected.

Detecting and correcting flaws is a process that takes source code as an input and outputs
a refactored version of it, meaning that code is stored in textual form before and after the

application of the framework. However, due to the transformations that will be applied to

LA compilation unit is technical jargon for a Java source code file [Abh] that is used as an input for a Java compiler,
e.g., javac. However, throughout the rest of this diploma thesis we will refer to compilation units as either bare

source code or its compiled equivalent [Ecld] as a subtree in the overall program’s AST.
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the source, the question arises how it can be represented to work on it efficiently, supporting
information querying and restructuring operations.

A very trivial solution—no intermediate code representation has to be generated—would be
to work with the textual source code. This solution is unsatisfying, since it does not take any
contained logic of the code into account. Textual code representation does not cover directly
accessible references to types, function calls or scopes, for example. While one could argue
that textual representation might be adequate for simple Refactorings like m
and could be performed with tools like sed [GNUc], grep [GNUb] or awk [GNUa], pure source
code generally is not a sufficient representation, due to the fact that it neglects the program’s
control and data flow.

Consider the example displayed in Listing 5.1 in which we might want to rename foo to bar
using the somewhat artificially ignorant sed? expression sed -e ’s!foo!bar!g’. The resulting

program will print "Error" instead of "Hello World".

public class A{
private String bar = "Hello World";

public static void main(Stringl[] args){
String foo = "Error";
System.out.println(bar);

}

o ¥

Listing 5.1: Program printing "Hello World", using a variable named bar. However, renaming
“foo’ to ’bar’ will print "Error”

Although such a Refactoring would hardly ever be performed by a developer, it demonstrates

the need for a representation that takes a refactoring target’s structure serious. In this case the

Refactoring failed, because we did not pay attention to the variable’s scope.

Representing code in a graph like structure as in an AST alleviates these problems. ASTs map
the flat source code onto a hierarchical representation, enabling convenient searching for or in
language constituents like classes, methods or variables. It also allows searching in scopes and
enables the developer to move complete subtrees to another position. The AST can be extended
by adding edges indicating dependency or control flow, turning the AST into an instance of a

PDG or Control Flow Graph (CFG), respectively.

2Stream EDitor for filtering and transforming text
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Using ASTs as source code representation hence is a good choice and existing parsers gen-

erating it can be reused.

5.2.2. Accuracy

Installing a refactoring tool within the development or maintenance cycle of a team only makes
sense if its program transformations are performed in a reliable and trustworthy way, since

refactoring has to preserve the original program’s behavior.

Refactorings can be considered to be meta-programs [BT10, page 64] that take one program
as an input value and output another program with the restriction that the refactored and orig-
inal versions may not differ in semantics. Checking whether this strong restriction is met often
is unfeasible due to the complexity of the process that would proof equality: Two functions are
considered to be equal if and only if they output the same values for the same input values.

See Appendix A for a detailed elaboration on functional equivalence.

Thus, it is inevitable that Refactorings are intensively tested to verify that their execution

does not alter the program’s nature.

5.2.3. Speed

The best program database and the most accurate Refactorings of a refactoring tool however
will never be deployed in a development workflow, if the calculation of Code Smells or their

elimination takes too long.

A refactoring tool has to scale well with a project’s repository size and give feedback to
the user quickly. This includes to only implement those refactorings that are computable in a

considerable amount of time [RBJ97, page 3].

Speed for a refactoring program does also apply to the declaration and implementation of a
concrete Refactoring: If a Refactoring takes overly long time it probably is of great complexity.
Complexity, as we have seen in the previous subsection, may be an idiosyncrasy that violates

the verifiability of it. Implementing these refactorings is discouraged.
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5.2.4. Integrated with Tools

A tool must integrate into existing workflows within a company. If the tool can not be applied
by programmers without changing the development workflow, it is doomed to remain unused.

While the concrete implementation of the detection and correction phases should be hid-
den from the developer, their input and output values should be accessible via an interface
that provides the necessary information. This follows the well-known principle of Separation
of Concerns (SoC) [Mar08, pages 154 ff.] and enables an integration into existing tools and
frameworks used within a production cycle.

As an example, the integration of the tool into an IDE that is used to implement new func-
tionality would be a promising idea to support the tool’s application within the development
cycle.

Contrary, we decided to not develop an IDE integration in our prototypic implementation,
but rather concentrate on the definition of extensible interfaces to support tool integration later

on.

5.3. Layout of the Proposed Framework

For a holistic tool approach combining the benefits of an instantiation of DECOR and the
powerful AST rewrites offered by JastAdd], we propose a layout that we depict in Figure 5.1 on
page 58.

It is modeled as a flow diagram derivative®, describing the tools workflow and can be read
as follows: The framework is split into three distinct phases, Detection Phase, Exchange Step,
Correction Phase, visualized as tabs in the background and starts in the detection phase visual-
ized by a solid black circle. Each step is represented by a rectangle containing a label with the
respective action. Flow is visualized by directed arrows pointing from the origin action to the
successive. A rhombus indicates a decision and the outlined solid circle denotes the end of the
work flow.

In the following, we elaborate on each of the three phases in detail.

3There are some graphical elements that are not commonly used in flow diagrams, as for instance the package

elements that were borrowed from the Unified Modeling Language (UML).
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Figure 5.1.: SMEAGOL workflow overview.




5.3.1. Initially Detecting Code Smells

The detection phase in SMEAGOL is divided into three separate actions, depicted in Figure 5.1:
Smell Detector Generation and Source Code Query are two actions that are not dependent on
each other and hence can be performed in parallel. Both are a precondition for executing the

actual Smell Detection:

The Smell Detector Generation has to be performed only once for a given domain and follows

the principle of the DECOR algorithm as we show in the flow diagram in Figure 5.2:

‘_) Textual Smell Representation ; Extracted Keywords ; Taxonomy Generation

Generation of Rule Cards ; Smell Detector Generation _)@

Figure 5.2.: Workflow generating new smell detectors.

Starting with a textual smell representation, identifying keywords are extracted and a tax-
onomy is built thereof. Based on it, Rule Cards are generated and compiled into Java smell

detector classes, as we described in section 3.6.

The resulting smell detectors are stored into a dedicated smell detector repository internally
for convenient access when using the tool.

The source code repository is queried for a set of packages that should be investigated. Al-

though some code smells may have an effect on more classes than located in a single package®,

most smells (e.g., EXTRACT CrasS, ExTRACT METHOD) Will still be detectable, as their impact
is concentrated on single files. Nevertheless, the user may choose the root package to start a

complete investigation of the code repository.
Next, the actual Smell Detection is performed: Classes in the set of selected (sub-)packages

are compiled into an AST representation. Each smell detector is executed on the AST and

detection results are collected.

#| SHOTGUN SURGERY | would be an example: Performing little change on some classes forces other little changes in

other classes, potentially outside of the current package.
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5.3.2. Benefits of an Intermediate Smell Exchange Format

At this stage, the tool knows all classes that contain at least one Code Smell and can proceed
with the correction of the found flaws. A Smell Exchange Generation is performed that creates
an intermediate exchange format between the detection and correction parts of the tool. This
enables the combination of both approaches and translates the results into a representation that

can be processed in the correction phase.

Another advantage of the Smell Exchange Generation is the possibility to store and export
detection results. Although we argue that a tool that combines both detection and correction

is needed, we still provide the user with the possibility to use both parts apart from another.

We decided to create a simple data structure that stores all relevant information and can be
accessed by defined interfaces. Using interfaces enables us to exchange the concrete implemen-
tation of our exchange mechanism later. We depict an overview of the structure in Figure 5.3

as an UML class diagram.

SmellExchange

+getSource(): String

+getPackage () : String

+addDetectedSmell (IDetectedSmell) : void
+getDetectedSmells () : List
+writeToFile(File): void

+fromFile (File): ISmellExchange
1

1..*
DetectedSmell

+getName () : String

+getAffectedClasses () : List

+getDetectedCodeSmells () : List

[ 1
DetectedDesignSmell DetectedCodeSmell
1 1..* i

+getName () : String l@———— roetName () : String
+getDetectedCodeSmells () : List +getAffectedClasses(): List
+addDetectedCodeSmell (IDetectedCodeSmell) : void +addAffectedClass (IAffectedClass): void

AffectedClass

+getName () : String
+getAbsolutePath () : String
+getFile(): File

Figure 5.3.: Layout of the smell exchange structure.
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A SmellExchange object holds the information that we got from the user when she decided
which project and which packet should be investigated. The interface provides access methods
to query the location of the source code repository under investigation and the respective
(sub-)package selected. A SmellExchange maintains a list of DetectedSmells, which map to
either a detected Code Smell or a Design Smell.

DetectedDesignSmells provide information about a concrete presence of a detected Design
Smell and maintain a list of defining DetectedCodeSmells. They in turn, manage a list of Code
Smell occurrences mapping onto AffectedClasses that represent Java source file that were de-
termined to suffer from the respective smell.

Note, that we declared DetectedSmell as a generalization of DetectedDesignSmell and Detect-
edCodeSmell. Strictly speaking, a Design Smell as an development-level Anti Pattern instance
is treated as an abstraction of a set of Code Smells in DECOR and hence applies to more general
patterns than a single smell would [MGDLM10, page 6]. However, by the described inheritance
hierarchy in a SmellExchange, we lifted Code Smells on the same level as Design Smells. We
argue that treating both types of disharmonies simply as different kinds of a more abstract en-
tity smell, eases problem understanding and simplifies the exchange structure: The generalized
type DetectedSmell always has a list of Code Smells, as well as a list of classes that are affected
by them.

DetectedSmells of type Code Smell consequently map to a list of only one DetectedCodeSmell
and a list of files, while a Design Smell has more than one participating DetectedCodeSmells
and manages a merged list of all classes that contain one of the Code Smells.

Finally, AffectedClasses represent Java source files that suffer from a detected smell and po-
tentially maintain a list of class properties that are defined by its containing Code Smell. For
the sake of simplicity, we omitted the class properties in Figure 5.3, since they are smell depen-
dent and are not guaranteed to appear. For example, they appear in smells that measure code
constituent properties, like | LONG PARAMETER LisT | that reveals the overly long parameterized

function’s signature.
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w2

Serialization to Enhance Reusability

Each SmellExchange instance implementing the corresponding interface implements a method
writeToFile(File). Although a holistic refactoring tool would not have to have an exchange
export function, proper exchange modules should do. Here is why: Serializing smell exchanges
enables users to split detection from correction if they want. Hence, they can detect Code
Smells at one point in time and correct them later by loading found results into the tool and
proceed working. This feature alleviates pair programming or pairwise code inspection over
company borders, since programmers can send and publish their detected flaws to others.
Another application area could be within an automated build process, in that a build server

detects smells in a daily test and sends results to the contributing developers.

Therefore, a format is desirable, that is easily maintainable and easy to share (e.g., by send-
ing). We decided to use eXtensible Markup Language (XML) [Wora] due to its maturity, wide

usage and acceptance amongst developers. We present the used grammar in Listing 5.2.

<?7xml version="1.0" encoding="UTF-8"7>

;| <!ELEMENT smelllInvestigation (smellx)>
| <VATTLIST smelllnvestigation

repositoryLocation CDATA #REQUIRED
packageName CDATA #REQUIRED

s| <'ELEMENT smell (codeSmell+, class+)>
o <VATTLIST smell

name CDATA #REQUIRED

<!ELEMENT codeSmell (class+)>
<!ATTLIST codeSmell
name CDATA #REQUIRED

<!'ELEMENT class ((methodProperty)x*)>

)| KVATTLIST class

name CDATA #REQUIRED

;| <!ELEMENT methodProperty (entries+)>

<!'ATTLIST methodProperty
name CDATA #REQUIRED

5| <!'ELEMENT entries (entry+)>

<!ELEMENT entry EMPTY>
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1| <KVATTLIST entry
key CDATA #REQUIRED
value CDATA #REQUIRED

Listing 5.2: DTD of the Smell Exchange Format

5.3.3. Consequent Elimination of Smells

Provided with the SmellExchange object and given that we want to perform a subsequent cor-
rection of the detected flaws, the framework automatically creates a complete syntax tree of
source code. This implies that all source files under the root directory denoted in the SmellEx-
change object are compiled into yet another, complete AST representation using the JastAdd]
1.5 compiler [EH07a]. The compiled AST is provided with additional dependence and control-
flow information [Tor06, pages 13 ff.].

Note, that we are constructing the second AST here. We already created an AST in the
process referred to in subsection 5.3.1. However, both ASTs differ significantly: The one created
to identify smells only covers a small subset of the complete program, as we have allowed it to
be built on (sub-)packages. We also did not need information obtained from PDGs or CFGs at
that time.

Now however, we have to ensure to preserve behavior when refactoring the code, i.e., rewrit-
ing the AST. Therefore, we have to take all possible side effects into account that may occur
anywhere in the system. Thus, a complete source code graph is needed, since dependencies
and control-flow in general have to be expected to cross package boundaries.

Based on the generated model of the source code we can then select a certain Refactoring
from a dedicated refactoring repository and execute it. The layout of the repository is depicted
in Figure 5.4 in form of an UML class diagram: A RefactoringRepository maintains a list of
of AbstractRefactorings that can be registered via a private method, and has a publicly visible
routine that returns a set of Refactorings for a given Code Smell, specified by an identify-
ing name. All AbstractRefactorings implement a common interface and define two abstract
methods—getInputValues() and performRefactoring—that have to be overwritten in each con-
crete Refactoring implementation, which are visualized as stacked *Refactoring classes in the

graphic. ExtractMethodRefactoring represents an implementing class of a concrete Refactoring:
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RefactoringRepository

+repository: Map

—init () : void
-registerRefactoringForCodeSmell (String, IRefactoring) : void
+getRefactoringsForCodeSmell (String) : Set

3

0..*
AbstractRefactoring <IRefactoring»
+ t P : P -
+re‘c:i orévrjgran;; K brojram -D +getCodeSmellNames () : String[]
getinputaiues(): Doolean +refactor (Program) : Program
+performRefactoring (Program) : Program

ExtractMethodRefactoring *Refactoring |—

-className: String |

-methodName: String I —
_start: int S —

-end: int

Figure 5.4.: Refactoring repository overview.

It possesses private fields that contain information necessary for the execution of the refactor-
ing algorithm and are set in method getInputvalues(). Additionally, it has to implement the
concrete refactoring algorithm by overwriting performRefactoring(Program) that is internally

called by AbstractRefactoring’s method refactor (Program).

To eliminate a certain Code Smell, the user queries the refactoring repository for a set of
possible Refactorings based on the smell’s name. The user is able to choose an appropriate

Refactoring and start its execution.

Note, that concurrent execution of Refactorings is currently prohibited, since successful
smell eliminations include updates on the AST that most certainly are not thread-safe. Never-
theless, developers may refactor their code sequentially by the repeated selection and execution
of Refactorings, improving their code gradually.

Developers finally terminate their refactoring by either saving or discarding the refactored
program constituents or by having previously chosen not to refactor now. A subsequent smell

detection execution of the framework on the source code should result in less detectable smells.
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However, there may still be smells detectable that were introduced by the Refactorings: Con-
.

sider as an example a repetitive application of PurL Up METHOD on a class. If that class would

loose too many of its methods, it might degrade to a | Data Crass |, showing up in subsequent

detection cycles. The user then has to refactor it as a newly revealed smell.

5.4. Discussion

Our proposed framework combines Code Smell detection and correction by bridging the gap
between both phases via the installation of a smell exchange object that manages information.

By deploying DECOR into the workflow of the framework, we are able to offer a means
to specify and generate smell detectors based on textual or verbal descriptions, specific to a
certain domain. Moreover, after creating the smell detectors, no manual interference is needed
to detect smells despite pointing the framework to a location that should be investigated. This
offers the developer a flexible and easy means to detect flawed code.

The described smell exchange object not only passes information to the refactoring engine,
but also enables the user to serialize detected smells and defer correction. Developers so are
enabled to share and modify detection results or completely postpone correction. This is es-
pecially useful for development teams that cross company borders or in the field of automatic
software regression testing, in which the framework may be installed into a continuous Build
Verification Test (BVT) [Sla] to reveal the introduction of Code Smells on a scheduled basis.
The integration into a build process, for example, would mate with Clean Code’s demand for
thorough unit-testing [Mar08, 121 ff.] [Ralb, Rala].

Our proposed framework also addresses the prerequisites of a refactoring engine conve-
niently: It provides access to code and its constituents by an AST as its program database.
The syntax tree also provides developers with information on control- and data-flow of the
program. This information is also used to ensure the demanded accuracy by checking the suc-
cess of a refactoring operation by determining if locked dependencies are still valid or have
become stale. Additionally, Refactorings of JRRT have extensively been tested against a large
set of tests before, and also have been shown superior to competing approaches like Eclipse’s

Refactorings in some cases [SAM10, pages 11 ff.].
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By the definition of an interface to provide the refactoring engine with information from the
detection phase, the framework could easily be integrated into other tools, like IDEs. Yet, it

can also be used as a standalone application depending on the users wishes.
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6. SMEAGOL in Action

As we have described in section 5.3, the underlying structure of SMEAGOL is split into three
parts, each performing one necessary step to overcome smells in code (recall the overview in
Figure 5.1). SMEAGOL consequently also has a detection and a correction phase, both connected
through an adapter that delegates information flow between them by pushing to and pulling
from an exchange format. We present the application of our prototypic implementation by

esample in the following sections.

6.1. Overview about SMEAGOL

We depict the first part of the frontend SMEAGOL offers to the user in Figure 6.1. SMEAGOL
shows up with a dialog reflecting the detection phase of the overall implementation, querying
the user for a certain repository and a package that has to be investigated. The Graphical User

Interface (GUI) itself is made up of a total of seven items that provide and reflect functionality:

@ A menu lets the user select a repository’s source code folder.

@ The respective folder’s internal package structure is represented as a tree to the user,

similar to a package explorer in IDEs like Eclipse.
@ When a model is built, its information is displayed in a text field.

@ After performing the detection of smells (i.e., either Design Smells or Code Smells), their

gathered information is displayed in a text field.

@ Smells may be serialized to a file by hitting this button.
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e Smeagol

e (1

Load tree... [~]
Quit

@ 3

[

[r]le]

@

® (6) @___=

Save Detection Results... I Load Detection Results... I Perform Correction

Start a new investigation

Figure 6.1.: Starting screen of SMEAGOL: Detection phase frontend
@ Previously detected smells can also be loaded into SMEAGOL by reading a serialized smell
exchange object from file.

@ To start a subsequent correction of found smells, hitting this button passes the generated

smell exchange object to the correction phase.

6.2. Detecting Smells in Code

Once the package structure is loaded, the user may traverse it and select a (sub-)package that
should be investigated for the presence of smells: To do so, a right-click on a package opens a
context menu that enables the user to either detect Design Smells or Code Smells, as we dis-

play in Figure 6.2: A dialog pops up, prompting the user to select one or many smell detection
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# /home/christian/Arbeitsflache#HotDraw/jhotdrawS4b2/s
¢ #cH
Detect Design Smell...
Detect Code Smell... |
ealiulald
f# images
i applet e Code Smells )
o 3 test :
o & contrib Select the smells you whish to detect:
o {3 samples AbstractClass =
B3 framework ChildClassDetection =
2 figures ClassGlobalVariable
o # util ClassOneMethod
## standard ComplexClassOnlyDetection
ControllerClassDetection
DataClass ~|
| oK " Cancel |
| Il [T» |

Figure 6.2.: Right-click on a (sub-)package  Figure 6.3.: Multiple smells (here: Code
opens a context menu Smells) can be selected to be

searched for

Figure 6.4.: Specifying which smells should be detected on a certain (sub-)package

routines that should be run on the selected package (cf. Figure 6.3). By clicking OK, SMEAGOL
internally performs a smell detection based on the selected detectors. The results of the com-
puted model are displayed in @ of Figure 6.1, while the overall computed smell detection
information will be displayed in @

6.3. Implicit Exchange Generation

After the detection of smells, SMEAGOL automatically generates a smell exchange object under
the hood that can be written to a file by clicking @ in the overall detection view. The user then
is prompted for a location and a name the exchange object should be stored in its serialized
form to.

However, as we have argued in section 5.3.2, a user might already have performed a smell
detection and now wants to perform a correction based on found smells. This can be done by
skipping the previously described steps and instead loading a serialized smell exchange object

by pressing @ in the detection overview window (cf. Figure 6.1).
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6.4. Correcting Smells by Refactoring

After the creation of a proper smell exchange object, the user may perform a correction by
clicking Perform Correction (Figure 6.1, @) The detection view is closed and the detection

view shows up, as we depict in Figure 6.5. The correction view is structured as follows:

-] Detected Smells Extract Method

o [ AbstractClass <1> 1|/ = 1 =
o~ (] ClassOneMethod ) 2 | * @(#)DNDFigures.java 3
¢ [JDataClass ( ) i : Project: JHotdraw - a GUI
D ‘CH.lfa.draw.contrib.dnd.DNDFlgure§ : framework for technical drawings ) -
[ cH.ifa.draw. contrib.zoom. MiniMapZoomab 5| # /3 /5>
[} cH.ifa.draw.contrib.Helper a http:/fwww.jhotdraw.org \ (D
D CH.ifa.draw.framework.JHotDrawRuntimeE: http:/fjhotdraw.sourceforge.net
7 | * Copyright: @ by the original
author(s) and all contributors
8| *License: Lesser GNU Public P
License (LGPL) (6 - ( hd
Ll (C — / hd]
< I I > save... | Discard T

Figure 6.5.: SMEAGOL workflow overview.

@ A tree presents the generated smell exchange information. Each smell is represented as

a folder, containing all those classes that are affected by it.
@ Selecting a class by a left-click automatically loads the file’s content into...
@ ...a dedicated text field to display source code.

@ Each smell has a certain list of associated possible Refactorings [Fow99, last cover pages]

that is displayed as a list.

Correcting a flaw is performed by picking a class that is affected by a smell in steps @ and
@. The file’s content will be displayed in @ to give the developer the chance of recapitulating
and understanding what the respective class is supposed to do and actually does. Additionally,
the developer has the opportunity to decide whether refactoring the found disharmony would
be beneficial or contra-productive, if for example a smell was introduced on purpose.

The element denoted @ denotes a list of possible Refactorings that were registered (cf.
Figure 5.4) in SMEAGOL for a given smell. Right-clicking a list entry opens up a context menu
(cf. Figure 6.6). The user may choose to get information about the respective Refactoring if

its details are unclear. This is not only to recall and clarify how and why Refactorings are
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e Refactoring HTML Browser

Back Forward

| ¥

Home » Refactoring » Composing Methods
Extract Method

You have a code fragment that can be grouped together.

Turn the fragment into a method whose name explains the purpose of

void printOwing(double amount) {

printBanner();

//print details
System.out.printin ("name:" + _name);
System.out.printin ("amount” + amount);

}

[4]

4] i I [
This work is licensed under a Creative Commaons Attribution-Noncommercial-No
Derivative Works 3.0 Unported License by sourcemaking.com

Figure 6.6.: Information on Extract Method

performed, but also supports the execution of Refactorings the developer is not used to or very
familiar with.

In contrast, executing a double left-click on a list entry, opens a dialog specific to the re-
spective Refactoring and queries the user to provide necessary information to perform it. For
example, we depict in Figure 6.7 the refactoring dialog specific to EWNIETHOD), which
needs information which parts of which method should be extracted in which class (@)

All refactoring dialogs share a common button panel, consisting of a button to run the Refac-
toring or cancel its application (@ and @, respectively).

Finally, changes made to the selected class are displayed in correction view (cf. Figure 6.5)
in @ and can either be stored by overwriting the selected class by pressing @ that now

becomes enabled, or may be discarded by clicking @
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7. Related Tools

Auvailable tools address Code Smells: They can be grouped into the sets of detecting, correcting
or combined approaches. We present and compare them to our approach, SMEAGOL, in the next

sections.

7.1. Detecting Tools

Checkstyle [Olic], PMD [Andb] and FindBugs [Bilb] are three tools for the static analysis' and
are used to determine regions of code that violate programming guidelines.

Checkstyle scans code for violations against a set of previously defined rules—so called
checks—and outputs all classes that do not fit the conventions. Currently, there are 132 [Olia]
checks available for Checkstyle, ranging from class design issue detection over metrics compu-
tation to checks, based on regular expressions [Olib]. For example, using the defined checks,
the developer is able to highlight weaknesses in code regarding the visibility of modifiers, high
cyclomatic complexity of a class or certain text patterns in code.

PMD detects bad design based on so-called rules that can be defined using XPath [Andc,
Worb] or directly in Java, implemented as visitors [Gam96, pages 301 ff.] working on an AST.
It works on pure source code and for example suggests implementing classes as singletons
[Gam96, pages 150 ff.], given that they implement static methods only, highlights unnecessary
statements and also is able to compute metric values for complexity of classes and methods
(e.g., . cyclomatic complexity and method length) in over 200 rules, currently [Andd].

FindBugs is yet another program to identify flaws in code by static analysis. Contrary to

IStatic analysis is the analysis of code without actually executing it. It may be deduced on plain or compiled source

code.
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PMD, it operates on class files instead of Java files and hence can be considered more powerful
[Chra], due to the available data flow information. FindBugs is able to detect over 400 bugs
[Bila] and thus is the most sophisticated [Chra] of the three approaches.

However, all three approaches have in common to only highlight flawed portions of code.
Neither do they propose Refactorings to eliminate detection results, nor is a consequent refac-
toring possible using the tools. Similarly to SMEAGOL, all three approaches can generate an
inspection result. Nevertheless, there reports are only used to display information to the user.
To the best of our knowledge, no tool exists that takes the reports as input for further actions.
Additionally, the reports do not indicate the presence of Code Smells directly: Developers have

to gather information on their own and combine results manually to indicate smells.

7.2. Correcting Tools

Currently deployed IDEs like Eclipse [Eclb], NetBeans [Neta] or JBuilder [Emb] offer a means
to eliminate smells from code based on Refactorings.

All threes are primarily designed for developing code in the Java programming language
[Oraa] and consequently focus on the refactoring of Java programs. Common Refactorings
offered are moving variables and fields in the type hierarchy using pull or push operations,
extracting classes and interfaces from compilation units, performing renamings, encapsulating
fields or introducing new code constituents [Eclc, Netb, Emb04].

Each IDE provides access to the program by an own implementation of an AST for compiled
source code (e.g., [Tob]). Thus, implementing a Refactoring for a certain IDE excludes its direct
application in the others. Additionally, none of the described IDEs provides a mechanism to
detect weaknesses in code automatically. The developer is left behind to determine smells on
her own.

Moreover, none of the approaches offers an interface to provide the refactoring mechanism
with portions of code that were determined to contain a smell. The tools also do not make any
suggestions of Refactorings for certain Code Smells. Instead, the developer has to provide the
refactoring engine with the smell information implicitly by selecting the respective source and

then choose an appropriate Refactoring on her own.
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7.3. Combined Tools

Eclipse however can be extended by the Eclipse Metrics Plugin [Lan] to calculate metrics. The
computation of metrics is fully automated an outputs a list of classes that are containing a
disharmony. By combining the metrics suite with the refactoring mechanism, Eclipse can be

turned into a complete framework to detect and correct flaws.

Yet, the possibility to compute metrics in Eclipse does not offer a direct means to compute
Code Smells: As we have described in subsection 3.3.1, Code Smells can be described by the
application of a set of metrics put into relation. In Eclipse, metrics are computed one after
another without relating them. Thus, it is left to the developer to draw the conclusion that
a set of metrics actually indicates a Code Smell. Furthermore, enabling metric calculation
in Eclipse does not turn it into a framework that assists developers in the process of smell
elimination as SMEAGOL does. In fact, the metrics plugin and refactoring engine of Eclipse do
not share results among each other and rather have to be viewed as two distinct standalone

tools that are implemented on the same environment.

JDeodorant [Ale] is another Eclipse plug-in that detects Code Smells |FEATURE ENvy| and
|Long METHOD |, as well as Design Smell [GopCrass|, and proposes Refactorings that are
performed automatically once the user accepted them. It uses the ASTParser API of Eclipse
[Ecla] internally to modify a program’s syntax tree and hence is tightly coupled to it. How-
ever, it enables developers to detect Code Smells and proposes Refactorings in contrast to the

previously described approaches.

Compared to JDeodorant, SMEAGOL offers a much more flexible approach towards the spec-
ification of Code Smells by the generation of Rule Cards (cf. subsection 3.5.2). JDeodorant in
contrast, does not offer an instrument to specify or add new Code Smells and rather uses hard-
coded metrics internally [TC09c, page 19] to detect the three smells it is able to expose. Also, by
using Eclipse’s internal ASTParser, only those programs can benefit from it that are developed

in Eclipse, whereas SMEAGOL provides a standalone solution to build and modify ASTs.

Note, that JDeodorant however outperforms SMEAGOL in the field of automatic Refactoring
suggestions: For example, it implements a technique called block-based slicing [Mar01] to

cluster dependent blocks within a method and suggests to extract the respective clusters into
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—
a new one [TC09b] using EXTRACT METHOD. SMEAGOL on the contrary is only able to present
the a set of Refactorings for a given Code Smell to the user that have previously been registered

for this smell.

7.4. Discussion

The core of this diploma thesis is the specification of prerequisites to a holistic refactoring
framework and its proof-of-concept in a prototypic implementation. Compared to the pre-
sented set of related tools, SMEAGOL is a representative of the third, combined, category.

SMEAGOL, too, enables the developer to detect Code Smells. The tools we described in the
set of detection tools are concentrating on implementation weaknesses, rather than directly on
Code Smells. The listed tools offer an interface to extend functionality to be able to detect code
portions that are considered to be harmful.

However, SMEAGOL extends present detection techniques by the implementation of a strategy
to observe smell detectors from textual Code Smell representations that are specific to a certain
domain. By using ordinal values to specify thresholds, the developer of Rule Cards does not
have to know the complete code’s internals, which renders their creation straightforward.

SMEAGOL regards smell elimination as a single process: As opposed to detection tools, SMEAGOL
does not leave the developer alone after the identification of smells and assists throughout com-
plete elimination cycle. It bridges the gap between detection and correction by a smell exchange
object that passes found results to the refactoring engine.

Tools from the set of correcting approaches, just like SMEAGOL, offer the refactoring of smells,
but lack the possibility to identify them in a previous step. Also, the implementation of the
presented tools relies on the respective IDE they have been designed for. SMEAGOL however is
not dependent on the ASTs provided by an IDE, since it constructs its own. So, adapters for
the integration into multiple framework programs can be written and Code Smell elimination
becomes independent on the chosen development environment.

In comparison with JDeodorant, which also assists developers in the refactoring process
as a whole, SMEAGoOL offers a more flexible approach to specify smell detection. JDeodorant

calculates metrics for the available Code Smells internally [FTC07] and offers no possibility to
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adjust them for a certain domain.
In a nutshell, using SMEAGOL as a holistic refactoring framework in a real-life company
offers a flexible solution to specify and detect smells in code and acts as a guide throughout the

complete process of smell elimination.
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8. Conclusion and Future Work

Résumé of the Presented Diploma Thesis

In this diploma thesis we have investigated the possibility to eliminate Code Smells from grown
and mature programs with the support of a computer by using a design science approach. The
initial interest in this research topic was created by the observation of degrading code in a
mid-sized company, manifesting in bloated classes and packages.

We performed a thorough literature review, based on a defined review protocol to ensure
reproducibility and were able to give a detailed overview about the current state of the art
of Code Smell elimination. We have determined that the automatic detection and automated
correction of smells are investigated as separate fields.

However, we argumentatively deduced that while surveying both topics independently from
each other is reasonable in theory, is not in practice. In real-life environments, correction of
Code Smells is dependent on their detection and detecting flaws is only performed, if found
occurrences are supposed to be eliminated. This identified correlation of both research fields
in practice, combined with an identified lack of tool support led us to the argument that the
two should be combined in one process of refactoring in order to be installed in development
cycles of software companies.

As a result, we have presented prerequisites for a refactoring tool and chose for each phase—
detection and correction—the most promising representatives in current literature and pre-
sented them in detail. We decided to use DECOR due to the simplicity of Code Smell and
Design Smell specification that eases adding new smells by a domain expert as code and teams
evolve over time. Identified weaknesses in code are refactored with the help of JRRT that gives

access to an AST structure of the source code and already defines a set of commonly performed
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Refactorings. JastAdd also addresses the fact that compilers are evolving programs, in terms
of new language specifications introduced over time, too, and offers convenient ways to tackle
new language constructs by an extension mechanism based on aspect weaving.

To combine detection and correction, we described the need for an exchange format that acts
as a mediator between both by passing found smells to the correction framework. We abstractly
defined how such an implementation could look like by presenting a layout for such an holistic
refactoring framework. Finally, we presented a concrete instantiation of our proposed layout
by the prototypic implementation of SMEAGOL that realizes the previously determined concepts.

SMEAGOL can be used as a holistic framework for automatic smell detection and consequent
automated correction and is to the best of our knowledge the first tool that addresses the
consequent fusion of the two research topics. By its implementation, we have been able to
demonstrate and proof that the theoretic work done in previous research, combined by the
abstract definition of our proposed layout, can be used to assist developers to overcome bad

smells in code in one continuous, holistic process.

Possible Future Research Directions

Future development of the framework could include the following principles and ideas that we

find promising to investigate:

Java 7

For the moment, SMEAGOL is only designed and capable to refactor Java code that is written
under the aegis of the fifth version of the JLS. Oqvist [Oq12] wrote a language extension for the
Java 5 frontend of JastAddJ, that covers the newly introduced features of Java 7 [Orab, Opea].
However, JRRT is not yet updated to work on code written in Java 7 and demands for a language
extension for refactoring the newly introduced syntax elements, too.

Java 7 was released on July 28, 2011 [Opeb]. Consequently, more and more programs cur-
rently developed will be implemented using the new syntax constructs. This creates a demand
for refactoring tools to be capable of the new language expressions in order to provide a frame-

work that can eliminate smells syntax-globally.
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Program Slicing

Program Slicing [KH01, Mar01, TC09b, TC09a] is a technique that investigates the dependence
graph of a program in order to cluster parts of the syntax tree into buckets that dependent on
each other. This technique can be used to identify |DupricaTED CoDE| [KHO01] and is used
to suggest regions in code that m can be performed on [Mar01]. We are very
interested in this technique and think that its integration into SMEAGOL would be beneficial,
since it further bridges the gap between detection and correction.

For example, identifying |LoNG METHOD |, that is known to be possibly cured by applying
]WNIETHO];, in SMEAGOL currently leaves the developer alone with the bare indication
of its presence. However, it would be advantageous if developers were proposed exemplified
extraction of blocks of code into new methods that she can choose one of. This not only
strengthens the developer’s confidence in correctly and sanely extracting sections of methods
into new ones, but also would speed up the refactoring process. Argumenting with speed is
reasonable, as ExTRACT METHOD is one of the most prominent Refactorings (cf. Table 2.2) and
performed often [Fow99, page 109]. Thus, shortening the time needed to collect information
about the method and cluster its constituent statements into groups, can be expected to impact

the overall refactoring time lapse and simultaneously lower maintenance costs.

Refactoring Planning

Brownfield projects have grown over a long period of time and can thus be expected to possess
several Code Smells that may eventually overlap or be related to others [YM12]. An inter-
esting research field that we discovered while studying current research literature is so-called
refactoring planning [PC12].

Programs affected by several Code Smells demand a sequence of multiple Refactorings to
eliminate all smells. Consequently, the question arises on how to determine an optimal strategy
to refactor code efficiently. The authors of [PC12] propose to use Hierarchical Task Networks
(HTNs) to solve the determination of such a sequence of Refactorings.

Based on the set of detected Code Smells, we expect a unit planning and supposing a pro-

cess of successively applied Refactorings to a user would be beneficial, alleviating the overall
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refactoring phase.

Further, an investigation on the combination of HTNs and microrefactorings (recall subsec-
tion 4.3.3) could yield interesting results. If Refactorings are seen as instantiated plans, based
on a microrefactoring strategy, an extension of the HTN approach to microrefactorings may

reveal new refactoring possibilities.

IDE Integration

We have argued in subsection 5.2.4 that a key property of a refactoring tool that is supposed
to be applied in a development team is the seamless integration into the existing workflow.
Thus, further developing SMEAGOL to be pluggable into modern IDEs like Eclipse or Netbeans
for instance, could raise acceptence amongst developers.

For the scope of the diploma thesis we explicitly chose to not develop SMEAGOL as a plugin
for a certain IDE but rather develop it from scratch, keeping an eye on extendability. Due to the
proposed smell exchange mechanism and the overall stand-alone functionality SMEAGOL has

for this reason, we expect integrating it into development environments to be straightforward.

Social Impact on Refactoring

Throughout this diploma thesis, we have argued that the detection of smells is dependent on the
concrete domain they have to be investigated in. While correction of smells via refactoring is a
behavior-preserving transformation of the source that does not alter its external behavior, the
decision on how and what to refactor is completely left to the developer’s personal assessment.

Equivalently, we expect that the investigation on why a developer decided to refactor code
in a certain domain would be beneficial to extrapolate a policy that could be installed domain-
wide, giving novice programmers a means at hand to adapt the art of refactoring in their early
stage of development in a business concern. However, this quasi-sociological study relies on a
large set of programmers to yield a meaningful interpretation of smells and is not guaranteed
to find exploitable results. This stems from the fact that personal appraisals are only hardly
expressible by an algorithm, since human decision making may not be consistent (e.g., | LONG

MEeTHOD | has been detected twice but the developer only corrects one occurrence).
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A. Correctness of Transformation

Programs

Let X be the alphabet of a concrete programming language. Further, let
PCy*

be the class of valid programs of that programming language, where a program P € P maps

from a set of input values I into a set of output values O:
P:.I"— O*,(’il,...,in) — (017~-~>0m)

A refactoring tool R,
R:P—=P,P— P,

is a mapping of a certain program onto another. Its correctness can indirectly be determined

as follows:
corr(R) < P(iy,...,0n) = (01,.-.,0m) = R(P) (i1,...,1,) ,VP € P

Thus, it is correct if and only if for all possible input values the output values of the refactored

program are equal to those of the original program’.

'We explicitly did not write corr(R) < P(i1,...,in) = R(P)(i1,...,in), since although P and R(P) are

semantically equivalent, they may differ syntactically.
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B. Search Terms

We used the following search terms to retrieve relevant literature from the databases described

in Table 2.1:

ST1: (disharmony OR “design disharmony” OR “code smell” OR “code bad smell” OR “bad
code smell” OR “clean code” OR “clean code refactoring” OR “refactoring code smell” OR “ar-
chitectural degeneration” OR automation OR “software evolution” OR “automated code smell
detection” OR “automated refactoring” OR “automated design improvement” OR “design pat-
tern refactoring” OR “alternative classes with different interfaces” OR comments OR “data
class” OR “data clumps” OR “divergent change” OR “duplicated code” OR “feature envy” OR
“inappropriate intimacy” OR “incomplete library class” OR “large class” OR “lazy class” OR
“long method” OR “long parameter list” OR “message chains” OR “middle man” OR “parallel
inheritance hierarchies” OR “primitive obsession” OR “refused bequest” OR “shotgun surgery”

OR “speculative generality” OR “switch statements” OR “temporary field” IN Title/Abstract)

ST2: (software OR refactoring OR patterns OR “source code” OR transformation OR “com-

puter science” automation OR “computer science” OR “software engineering” IN Metadata)

ST3: NOT (school OR education OR hardware OR “comment on” OR “comments on” OR

“reply to” OR “response to” OR teaching IN Title)
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Index

Code Smells

Data Class, 32, 41, 65

Data Clumps, 20, 30

Duplicated Code, 3, 12, 14, 15, 22, 81

Feature Envy, 12, 75

Large Class, X VI, XIX, 5, 6, 12, 15, 30,
31, 34

Lazy Class, XVII, 30, 31

Long Method, XVII, XIX, 4, 6, 12, 15,
20, 30, 31, 34, 41, 75, 81, 82

Long Parameter List, XVII, 30, 31, 61

Shotgun Surgery, 4, 59

Design Smells
Blob, XVII, XIX, 29, 30, 32-34
God Class, see Blob

Programming Principles
Don’t Repeat Yourself, 6

Single Responsibility, 6, 19

Refactorings

Extract Class, 41, 59

Extract Method, 4, 24, 41, 59, 71, 76,
81

Introduce Method, 24

Move Field, 41

Pull Up Method, 65

Rename

Rename Variable, 55

Replace Temp with Query, 24, 45, 47
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Glossary of Refactorings

Extract Class Move relevant fields and methods into a new class.

Reasoning: Classes that violate the Single Responsibility Principle (SRP) are not easily
maintainable and therefore should be split up into multiple classes each having only one

responsibility. 41, 59

Extract Method Move a portion of code into a newly created function.

Reasoning: Long method implementations are not very convenient to read. Rather, small
and short functions are desireable to improve readability. This Refactoring introduces
the possibility to abstract from concrete implementation details and use a function on a
higher language level and also enables the developer to name regions of code to express

what they are doing better. 4, 24, 41, 59, 71, 75, 80, 81

Introduce Method Add a new method with an unique signature to a class.

Reasoning: Performing this micro-refactoring adds a new function to the scope of a
certain class. This is a sub-step of extracting portions of code into a new method, for

example. 24

Move Field Move a field from one class to another and change all its uses.

Reasoning: If a class A uses class B’s field £ more often then B itself, moving £ to A supports

the SoC. 41

Pull Up Method Move two identical methods from subclasses to a common parent class.

Reasoning: Maintaining two method implementations in parallel is prone to errors.

Thus, if two subclasses implement a method with the same signature, yielding the same
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output values, both methods may be removed from the subclasses and be added to the

common parent class. 64

Rename Variable Change the name of a variable.

Reasoning: If a variable name is not expressing the meaning of its value, it may be hard
to understand. Thus, renaming the variable with a good and declarative name should be

performed. 55

Replace Temp with Query Substitute a temporary variable with its querying method.

Reasoning: Temporary variables are locally defined aliases for a certain computation.
Since they can only be used within a limited scope, they tend do unnecessarily blow up
code. Using the computation method instead of the variable cleans up code, when the

method’s name is already declaring its functionality. 24, 45, 47
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Glossary of Smells

Blob A class monopolizes computation and is associated to multiple data classes that act as
data holders for it. A Blob posesses many instance variables that are unrelated to each
other and often arises from programming in procedural style, neglecting the strengths of
object-oriented design, as for example inheritance or encapsulation. 29, 30, 32, 34, XVII,

XIX

Data Class A class that acts only as a pure data holder and contains less to no computation
logic is said to be a Data Class. These classes may occur in the process of refactoring
when logic is continuously moved into other classes. These classes can either be merged
with others that containing the operations on the described data. However, there are
occasions in which you might want to keep a pure data holding class. In these cases, a
proper encapsulation of fields and a reasonable visibility policy of the fields has to be

found and installed. 32, 41, 64

Data Clumps Indicates that multiple classes tend to occur in groups, detectable by code in-
spection through their declaration in cohesive blocks in multiple locations in the overall
source code. They may also be detected by investigating method parameters and cluster-
ing their types. Constituents of Data Clumps can be merged into a new class containing

all necessary information. 20, 29

Duplicated Code Indicates that equal or at least similar portions of code exist in different
locations in the repository. Duplicated Code may be introduced through the applica-
tion of copy-&-paste programming. It hampers future maintenance due to the fact that
changing code in one location implies a need to change the duplicated part, too. 3, 12,

14, 15, 21, 80
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Feature Envy When a class is interested more in another class’ information contained in its

fields, it is considered to be envious about the other class’ information. Hence, separation
of interest is not modeled well and logic and data should be moved into the same class.

12,75

Large Class A class containing very much information contained in member fields often in-

dicates that it is trying to do too much, violating the Single Responsibility Principle.
Therefore, large classes should be split up into possibly multiple others—either as sub-
classes or completely new classes—that only perform one thing. 5, 6, 12, 15, 29, 30, 34,

XVII, XIX

Lazy Class Each class broadens the needed overview over the program a developer has to

keep in mind. Classes that do not do enough to reason their existence should be merged
with others for the sake of simplicity of the inheritance hierarchy and overall program

layout. 30, XVII

Long Method Overly long methods are hard to read and comprehense. Additionally, long

methods bare the possibility to violate the Single Responsibility Principle and perform
multiple operations marked as one function. Despite that, long methods indicate a pro-
cedural programming style that is not appropriate for modern object-oriented languages

anymore that offer the possibility of encapsulation, inheritance and method overloading.

Split long method into multiple sub-steps and provide each extracted method with a

meaningful name to clean up code. 4, 5, 12, 15, 20, 29, 30, 34, 41, 75, 81, 82, XVII, XIX

Long Parameter List In procedural languages, parameters had to be passed as parameters in

92

order to give access to them if they were not declared as global variables, creating rather
long parameter lists that are hard to read for a developer. However, object-oriented
languages like Java provide access to variables by accessor functions on objects that

render the explicit passing of each used parameter obsolete.

Long parameter lists may be cured by either passing the object containing the multiple
previously passed parameters as members and by replacing concrete parameters by their

respective query function on an object. 29, 30, 61, XVII



Shotgun Surgery Shotgun Surgery describes the phenomenon that changing a portion of
code in one location forces changing multiple other occurrences, too, that can easily

be missed.

This type of smell occurs due to flawed program design and trying to merge the identified

parts of code involved in a Shotgun Surgery can cure this smell. 4, 59
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Acronyms
API
AST

awk

BVT
CFG
DECOR
DSL
grep
GUI
HTN
IDE
JLS
JRRT
LCOM
LOC
PADL
PDG
PMD

POM

Application Programming Interface
Abstract Syntax Tree

Initials of its authors Alfred V. Aho, Peter ]. Weinberger and Brian W.

Kernighan

Build Verification Test

Control Flow Graph

Defect dEtection for CORrection

Domain Specific Language

Global/Regular Expression/Print

Graphical User Interface

Hierarchical Task Network

Integrated Development Environment

Java Language Specification

JastAdd Refactoring Tools

Lack of Cohesion in Methods

Lines of Code

Pattern and Abstract-level Description Language
Program Dependence Graph

According to [Ande] it has no meaning, but a variety of backronyms exist.

Primitives, Operators, Metrics
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SAD

sed

SLOC

SmellDL

SmellFW

SoC

SRP

TDD

UML

VCS

XML

96

Software Architectural Defects
Stream EDitor

Source Lines of Code

Smell Definition Language
Smell FrameWork

Separation of Concerns

Single Responsibility Principle
Test Driven Development
Unified Modeling Language
Version Control System

eXtensible Markup Language
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