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Abstract

A “smell” is a property of software source code that indicates a deeper problem. Smells do
not necessarily affect the code at the immediate point in time but are thought to cause problems
during a later phase of the software’s evolution. Developers tend to downplay the impact of
bad smells and, consequently, fail to remove them; however, bad smells introduce complexity
and, thus, introduce the possibility of degrading code maintainability over time and causing
troublesome side effects later as the software is changed. While the concept of code smells
and their potential impact on future software maintainability has logical appeal, the proof of
the impact of code smells is largely anecdotal. Our research sought empirical evidence of
the effect of code smells on defects by examining five production-level open-source Python
projects. Specifically, we analyzed (1) GitHub change logs and (2) defect logs to determine
smell-to-defect correlation and an empirical analysis of open-source Python projects. We made
the investigation on five different scale projects. Our results indicate that the Long Parameter
List code smell has the highest positive correlation, the Long Method, Large Class and Shot-
gun Surgery, when detected with medium extracted threshold values, smells have a moderate
correlation, and the Parallel Inheritance Hierarchy, Data Class, Lazy Class, Refused Bequest,
Feature Envy and Shotgun Surgery smells when detected with low and high extracted threshold

values proposed in the literature have no significant correlation on the presence of defects.
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Chapter 1

Introduction

At upward of 75% of total lifecycle costs [13], software maintenance is an expensive activity.
The cost is high due to human nature: tight deadlines reward developers for quickly fixing
defects and adding new functionality without regard to improving code maintainability [13].
This leads to the software complexity to increase and software quality to decrease. Refactoring
was proposed as means to help with this problem [16]:

“Refactoring is the process of changing a software system in such a way that it does not
alter the external behavior of the code yet improves its external structure.”

Fowler and Beck [16] describe 22 general patterns of common, but unnecessary, code
complexity and how to refactor the code to remove the complexity. These patterns are called
bad smells, code smells, or code bad smells. In this study, these terms are used interchangeably.
Bad smells are not problematic on their own, but they indicate complexity that could complicate
future modifications. Bad smells can be found in both production or test code. Fowler notes
that a bad smell is a surface indication that usually corresponds to a deeper problem in the
system and calling something as bad smell is not an attack, but it is simply a sign that a closer
look is needed [16].

A bad smell causes no harm when it is initially injected in the code; it makes the code
difficult to understand and, by extension, difficult to modify. Common wisdom suggests that
developers feel pressure to deliver a product by a deadline, causing them to prioritize delivering
features over code quality and maintenance activities. This is often suggested as the one of the
causes of the bad smells. Fernandes et al. [13] also note that bad smells are one of the important
factors that affect the quality and maintainability of a software system and may indicate a deeper

quality problem in the system design or code.



1.1 Motivations

Bad smells are, thus, segments of code that require extraordinary effort to comprehend, test or
maintain. Smells signify the need to improve readability and understandability. Many compa-
nies ask their developers to evaluate their code for logical errors or bugs. The developers may
be aware of bad smells in their projects, but smells are not considered to be a high priority [30].
Developers prefer to resolve bad smells to improve performance or readability or to fix bugs.
If bad smells do not cause performance or functional issues, the developers typically leave the
code as is. However, some logical errors may lead to bugs that might even cause the entire
system to crash. Khomh et al. [20] suggest that systems that contain a high number of smells
are likely to be more change prone and therefore the cost of ownership of such systems will
be higher than for other systems because developers will have to put in more effort. Peters
[30] asserts that bad smells have a negative influence on software quality. If no action is taken
in a timely manner, then a software system will deteriorate over time. Although bad smells
may not affect a system at that moment, they have the potential to affect future modifications.
Refactoring code may help to remove bad smells and prevent a larger problem that might occur
later on.

Fowler indicates that there is no precise criteria for refactoring a bad smell because bad
smell definitions differ from researcher to researcher [8]. Bad smell detections results may
differ from tool to tool because there are no standard rule that explains the thresholds by which
tools identify bad smells.

Since there are no precise criteria, several tools have been proposed to automate bad smell
detection to improve software maintainability. Fernandes et al. [13] compare 84 of bad smell
detection tools. They state that tools aim to detect 61 bad smells by using different detection
techniques. They also note that these tools target different programming languages such as

Java, C, C++ and C#. There is a lack of technique or tool support that targets code smells in



Python. A search of the literature revealed five studies [37], [10], [9], [33] and [8] that detect
code smells in Python programs. There is no specific catalogue of Python specific code smells.
Due to the lack of study in Python programs, in this study, the bad smells in Python programs
have been investigated. Within this project, we intent to seek the answer the following research

questions:

1. Do bad smells contribute to later problems?

2. What percentage of defects in open source software can be traced to bad smells?

3. In what order should bad smells be fixed in open source software?

Our findings are expected to identify the bad smells in open source software. The identified
bad smell will be linked to an issue tracking system to rank the “badness” of bad smells. The
findings will be able to help developers to prioritize which bad smells to fix first if a number of
them exist in open source project.

The rest of this paper is organized as follows: Chapter 2 discusses related work on identi-
fying bad smells in open source projects, the empirical studies on tracing changes on the issue
tracking system, and analysis of the consequences of bad smell in open source Python project.
Chapter 3 describes the methodology that is used to identify the bad smells using change logs
and the plan about how to link the bad smells to the defects on the defect logs of open source
project. Chapter 4 presents the research methodology, how the results are validated. Chapter 5

provides research conclusions and suggestions for future work.



Chapter 2

Literature Review

This chapter includes three sections. The first section explains the studies that we used to
detect the bad smells. The second section explains the studies that have the methods to track
the changes on the issue tracking system. The third section describes the studies that focuses on
the impact of Python smells on open-source projects. Bad smells of this study will be detected
on GitHub change logs using the studies on the first section. Defects will be investigated from
GitHub issue tracking system and correlated to the bad smells with the help of studies on the

second section of this chapter.

2.1 Bad Smells

Fowler defines a bad code smell as [16]:

“Code smells are indications of poor coding and design choices that can cause problems
during the later phase of software developments. Code smells are considered as flags to the
developer that some parts of the design may be inappropriate.”

The premise behind smells is that they are code segments that are most likely to become
defective as software is revised. In small software systems, code smells can be detected by
manual inspection and cleaned. However, in large software systems, manual inspection is
time consuming and, frequently, inaccurate. To detect bad smells in large systems, there has

been several works offered to detect code smells. Sharma et al. [34] classify smell detection
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works into five categories. These categories are metric-based detections [9], [25] which identify
smells based on measuring the code for a threshold number of properties; rules/heuristic-based
smell detection in which code is matched to patterns that correspond to smells; history-based
smell detection by using source code evolution information [34]; machine learning-based smell
detection [34] which starts with a mathematical model to represent the smell detection problem,
existing problem and source code module to be able to use to instantiate a concrete populated
model which results in a set of detected smells; and optimization-based smell detection where
optimization algorithms are applied to detect smells in the source code. Inspection techniques
[36] can also be added to these smell detection categories.

Sharma et al. note that most of the existing tools support detecting a subset of known
smells [34]. The duplicated code smell, for example, has been one of the smells that received
the most attention. The duplicated code, also known as clones, code clones or code duplication,
is present if identical similar code exists in several places. Rahman et al. [31] describe the
relationship between the duplicated code and defect proneness based on findings from four
different medium-to-large open source projects. They took an empirical approach to evaluate if
duplicated code contributes to bugs or not. Their study revealed a low correlation between bugs
and duplicated code. They also showed duplicated code contains less buggy code, suggesting
that bad smells do not have a significant effect on bugs. On the other hand, Zhang et al. [39]
investigate the relationship between six bad smells including duplicated code and software
faults. Their objectives were to identify whether code bad smells are potential indicators of
software problems and, if so, how to prioritize refactoring of those smells. The result of their
study shows that source code containing duplicated code should be refactored first because it
is likely to be associated with more faults than source code containing other bad smells. Based
on the findings of these two papers, we could not decide whether duplicated codes contain less
or more buggy code. That is why we decided to have more research on this smell to show if it

leads to a bug or not.



The second most studied smell in the literature is the so-called god class, also known as
large class and long methods [34]. The large class smell is a class that contains many fields,
methods, and lines of code. The long method smell is similar to large class, it occurs when a
method has large number of executable statements. McConnell [27] states that the theoretical
maximum limit is the number of lines of code that can fit one screen. Martin [26] analyzes
this idea with a different point of view. He thinks that “If small is good, then smaller must be
better.”. There are several tools that check for the lines per method. PMD [5] is a static analysis
tool that helps find unused variables, empty catch blocks, etc. PMD indicates that the maximum
number of lines should be 100 per method, 1000 lines for each class, and there should be no
more than 10 methods in a class. Checkstyle [7], a static analysis tool that helps programmers
to write code according to a coding standard, defaults the maximum number of lines per method
and lines per class as 50 and 1500 respectively. These two bad smells might be the most studied
smells not because they are relatively easy to identify in the code when compared with the other
bad smells, but because they are important to study and most commonly occurring bad smells
in the code [17]. Chen et al. [9] implement a detection tool that is used to identify the long
method and large class in the Python programs. In addition to long method and large class,
the long parameter list, the message chain and seven other bad smells are also detected using
their tool. According to the survey made in 2018 [34], there are 3.42% of 117 studies that
detect the long parameter list smell. Having too many parameters in a method call is a sign
of a long parameter list smell in the code. The message chain occurs when a client asks one
object for another object, that object asks for yet another object, and so on. Zhang et al. [40]
identify 5 studies on message chains. In our study, to detect the large class, long method, long
parameter list and message chains, code metrics and metric threshold values used by Chen et
al. [9] was used. The reason to use their study is because the study is on Python programs
and their detection tool can detect 285 instances having bad smells in total with the average

precision of 97.7% using metrics and the threshold values that they propose.



In contrast to tracing smells to problems, researchers have flipped the perspective by ex-
amining the relationship between problematic classes and bad smells. Li and Shatnawi [23]
investigate the relationship between bad smells and class error probability at three error sever-
ity levels: high being for Blocker and Critical, medium for Major, low for Normal and Minor.
They checked for 6 smells: data class, shotgun surgery, god class, god method, refused bequest,
and feature envy. The data class smell is a class that has data fields and operations that are only
getters and setters. The shotgun surgery smell occurs when a small change in a class causes
many changes to many classes. The presence of a method in a given class that is relative to
other methods in the same class is an indication to god method smell. The refused bequest
smell is a class that does not support its inherited method or data. The feature envy smell arises
if a method accesses data of another class more than its own data. Li and Shatnawi [23] focus
on post-release object-oriented systems rather than the development process of systems. Their
study shows that shotgun surgery, god method and god class smells are positively associated
with the class error probability across and within the three error severity levels.

Danphitsanuphan and Suwantada [12] identify bad smells in software with a tool that
helps detect the location of the source of code smell. They detected 7 types of bad smells:
large class, long method, parallel inheritance hierarchy, long parameter list, lazy class, switch
statements and data class. The parallel inheritance hierarchy smell occurs when an inheritance
tree depends on another inheritance tree by composition. Both have a special relation that
means one subclass of inheritance tree will be dependent on the subclass of another inheritance
tree. The lazy class bad smell is a class that does not do anything. The switch statements bad
smell is exemplified by a sequence of if or switch statements. Danphitsanuphan and Suwantada
[12] analyzed 323 classes and were able to detect the lazy class, switch statements, parallel
inheritance hierarchy and other three smells in the classes using their proposed tool. Their
tool was implemented as Eclipse plugin using a predefined threshold of software metrics. The

tool provides the detected code smells, software metric values, and the location of the bad



smell in the source code. They used several data mining techniques including Naive Bayes
and Association rule techniques [12] to discover the relationship between the code smell and
software structural defects; in other words, which kind of software structure bug was caused by

each type of code smell.

2.2 Empirical Evidence on Tracing Changes on the Issue Tracking System

To trace bugs between the issue tracking system and the change logs, there should be a link.
The developer should mention the bugs’ existence in the change logs. Both the issue tracking
system and the change logs can contain large amount of information. These two systems can
help developers evaluate and measure the quality of their systems.

Fischer et al. [14] trace the relation between the issue tracking system and the change
logs. They suggest that these two systems provide insufficient support for a detailed analysis of
software evolution aspects. They propose a solution to populate a release history database that
combines version data with the bug tracking data. They use the CVS version control system
and the Bugzilla bug tracking system in their data model. They import the CVS and Bugzilla
data into their relational database, which is then used for obtaining meaningful views to show
the evolution of a software project. Their findings demonstrate that such views enable more
accurate reasoning of evolutionary aspects and facilitate the anticipation of software evolution.
The idea of linking change logs on the bug tracking system was used in this study.

To demonstrate if bad smells contribute to later problems or not, Wu et al. [30] developed
an automatic link recovery algorithm called ReLink. They discovered that there are missing
links between bugs and the change logs. That happens due to the absence of bug references
in the change logs. The ReLink algorithm automatically learns satisfaction criteria of features
from explicit links and applies the learned criteria that checks if the link is unknown or valid.
The algorithm helps identify the characteristics of links based on the bug IDs in change logs,

find the links between bugs and change logs and recover the missing links [38]. They also



evaluate the impact of recovered links on software maintainability measurement and defect
prediction.

Sliwerski et al. [35] analyze fix-inducing changes that cause problems on the change
logs. They show how to automatically locate fix-inducing changes by linking the CVS version
control system to the Bugzilla bug database. Their idea was to start with a bug report in Bugzilla
that indicates the fixed problem, extract the associated change from CVS that gives the location
of the fix, then determine if the earlier change at that location that was applied before the
bug was reported. Their findings show that they were able to link the two systems to identify
changes that cause a problem. To link the changes with the bugs, they used two independent

levels of confidence: a syntactic level and semantic level.

2.3 Analysis of the Consequences of Bad Smell in Open Source Python System

There are multiple studies that focus on the impact of smells on faults using object-oriented
languages such as Java, and C-like languages. However, there are not many studies that in-
vestigate the impact of Python smells. Chen et al. [10], [9] propose a tool called Pysmell to
identify the code smells in Python projects. They introduce 10 Python code smells, 5 well-
known and 5 new. They establish a metric-based detection method with three filtering strate-
gies: experienced-based strategy, in which the threshold values for each metric is obtained by
authors’ past experiences; statistics-based strategy, the thresholds are derived through statisti-
cal measurement; and tuning machine strategy, is based on an example repository to identify
Python smells and specify metric thresholds. They also conduct an empirical study and inves-
tigate the effects of each detection strategy on detecting Python smells and software maintain-
ability. They report that long method and long parameter list are most commonly seen smells
and the indicators of change-prone and fault-prone code in Python projects.

Vavrovd et al. [37] investigate the differences of Python code smells from Java-based find-

ings. They develop a tool called Design Defect Detector that detects five code smells and four



antipatterns defined in literature. Their study discovers that 8 out of 9 smells and antipatterns
were detectable in Python. They found that the density of detected smells and antipatterns
were lower in Python code than in Java Code. Their report shows that more than twice as many
methods in Python can be considered as too long in Java. They also state that long parameter
list smells are seven times less likely to be found in Python code than in Java code. To the
best of our knowledge, there is currently no other empirical analysis of Python smells in open

source systems.
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Chapter 3

Research Methodology

There are several ways to detect bad smells in software systems. Sharma et al. [34] synthesize
five methods for detecting smells: metric-based detection, code reviews, history-based detec-
tion, machine learning-based smell detection and optimization-based smell detection. Among
these categories, the metric-based detections using tools are highly preferable and easy to im-
plement. Metrics are used to measure the quality of a software product, but it is hard to assess
the quality with only metrics. That is why metrics are used with their threshold values. In this
research, the detection of some of the bad smells in a software project is performed using the

code metrics or metric-based smell detection.

3.1 Object Oriented Design Metrics

Object-oriented design metrics are used to monitor progress, help quantify product complexity,
and evaluate object-oriented software. They can be used to assess quality attributes such as
complexity, understandability, usability, reusability, maintainability, cohesion, etc. They help
developers understand design aspects of a software. They can help to identify problems in the
code. Smells can also be defined in terms of thresholds on metrics [20]. The object-oriented
design metrics were initially proposed by Chidamber and Kemerer [11], then refined by [23],

[12], [32] and [37]. We employ the following object-oriented design metrics in our work:
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10.

11.

. LOC: This stands for the lines of code. It can be used as class level object-oriented

metric.

NOA: This is the number of attributes. This metric is a class level object-oriented metric.

. NOM: This is the number of methods in a class. It is used as class level metric.

PAR: This is the number of parameters. It is a method level metric.

. CM: This notion stands for the Changing Method metric. This metric measures the

number of distinct methods that access to an attribute, or a method of a given class.

ChC: This is the number of changing classes. This metric is the number of classes that

access to an attribute, or a method of a given class.

. AID: This is the Access of Import Data. It is the number of referenced variables that do

not belong to the given class.

. ALD: This stands for Access of Local data. This is the number of referenced variables

that do belong to the given class.

. NIC: This metric is the Number of Import Classes.

CC/VG: This notation refers to McCabe Cyclomatic complexity. This metric can be used
to calculate the complexity of a method not a class. A method with a low cyclomatic

complexity is generally better [32]. This is a method level object-oriented metric.

DIT: This is the depth of inheritance tree. This is a class level object-oriented metric.
This metric provides each class to identify the length of the path until the root. This
helps to calculate how far a class can go in the inheritance hierarchy. With the help of

this metric, the ancestor classes can also be measured.
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12.

13.

14.

15.

16.

17.

3.2

NCS: This stands for the count of the number of children that have inherited from a given

class. This is a class level metric.

LMC: This is the length of message chaining by calling one method that calls another

method.

LWMC: This metric is a weighted sum of all the methods defined in the class.

WMC =3 Ci 3.1)

=1

where n is the total number of methods and Ci is the complexity of each method [11].

This is a class level metric.

LCOM: This metric is class level method. It stands for lack of cohesion method. It is the
degree of similarity of methods. It can be calculated by finding the count of the number
of methods pairs whose similarity is equal to 0 minus the count of method pairs whose

similarity is different than 0 [32].
AIUR: This notion is the average inherence usage ratio.

MLOC: This is the method lines of code. This is a method level object-oriented metric.

Smells Definition and Detection Strategies

Fowler et al. [16] introduced 22 code bad smells. We detect the following bad smells using

metrics: long method, large class, long parameters list, shotgun surgery, feature envy, parallel

inheritance hierarchy, lazy class, message chains, data class and refused bequest. The metrics

used for each bad smell shown in Table 3.1.

The metrics for the comments, incomplete library class, inappropriate intimacy, middle-

man, switch statements, temporary field, primitive obsession, data clumps and divergent change

bad smells are not provided because we are unaware of any.
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Bad Smells

Metrics

Long Method

LOC: number of lines

Large Class

LOC: number of lines
NOA: number of attributes
NOM: number of methods

Long Parameter List

PAR: number of parameters

Shotgun Surgery

CM: number of changing methods
ChC: number of changing classes

Feature Envy

AID: access of import data
ALD: access of local data
NIC: number of import classes

Parallel Inheritance Hierarchy

DIT: depth of inheritance tree
NSC: number of children of a class

Lazy Class NOM: number of methods
NOC: number of attributes of a class
DIT: depth of inheritance tree
Message Chains LMC: length of message chain
Data Class LWMC: weighted method per class
LCOM: lack of cohesion of methods
Refused Bequest AIUR: average inheritance usage ratio

DIT: depth of inheritance tree

Table 3.1: Metrics for detecting Python smells
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More than one metric may be needed to encapsulate a code smell characteristic. To con-
struct a detection strategy for a given Python smell, two composition operators, “and” and “or”,
are used. Their job is to combine metrics together. If two symptoms coexist for a given Python
smell, the metrics would be connected by “and” operator; otherwise the “or” operator is used.
Using the parallel inheritance hierarchy smell as an example, the number of children of the
given class and depth of inheritance tree metrics are needed and connected by or operator point
to the smell’s presence. Thresholds specified as minimum or maximum values allowed in the
metric data set are also used for identifying Python smell. They define the corresponding limit
of the metrics to avoid bad smells. Table 3.2 depicts a summary of the metrics and threshold

values for code smells obtained from previous work.

3.2.1 Bad Smells Used for Investigation

Long Method

A long method is a method that has large executable statements. If a method is too long, it
might be hard to understand or change. There are no certain numbers that shows if a method
is long or not. To detect the long method bad smell in the code, “Rule of 30” was used from

Refactoring in Large Software Projects [24]:

LOC > 30

where LOC is lines of code of a method. According to the rule, a method should not have more

than an average of 30 code lines.

Large Class

A large class is a class that has an excessive number of methods, variables, or lines of code.

Chen et al. [9] suggest detecting this smell with the following:

LOC > 200V NOA+ NOM > 40
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Code Smell Has If yes, metrics and threshold values
Metrics
Model?
Duplicated Code No
Long Method Yes LOC > 30
Large Class Yes LOC >200V (NOA+ NOM) > 40
Long Parameter List Yes PAR > 5
Divergent Change No
Shotgun Surgery Yes ((CMisintop20%) N (CM > 10 A ChC > 5))
Feature Envy Yes AID > 4 N (Al Disintopl0%) N ALD >3 ANNIC < 3
Data Clumps No
Primitive Obsession No
Switch Statements No
Parallel Inheritance | Yes DIT >3V NSC >4
Hiearchy
Lazy Class Yes (NOM <5ANNOA<5)VDIT <2
Speculative Generality No
Temporary Field No
Message Chains Yes LMC >4
Middle Man No
Inappropriate Intimacy No
Alternative Classes with | No
Different Interfaces
Incomplete Library Class | No
Data Class Yes LWMC > 50V LCOM > 0.8
Refused Bequest Yes (((AIU Risinbottom25%) AN (NOTDIT < 2)))NAIUR < 33)
Comments No

Table 3.2: The availability of metrics model for code smell and the appropriate threshold allo-

cation for software metrics
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where LOC is the lines of code, NOA is the number of attributes, and NOM is the number of

methods in a class.

Long Parameter List

A method with more than 5 parameters is considered to have a long parameter list bad smell.
This smell is detected using the number of parameters of a method. The model to detect this

smell is adapted from Chen et al. [9]:

PAR >5

Shotgun Surgery

A class has the shotgun surgery bad smell if a change made to one code segment cascades to

changes to other code segments. Li and Shatnawi [23] propose:
((CMisintop20%) A (CM > 10 A ChC > 5))

where CM is the number of changing methods and ChC is the number of changing classes in a
system. According to the metrics model above, the result will be either zero or one, indicating,

respectively the absence or presence of the bad smell.

Feature Envy

Feature envy bad smell occurs when a method uses other classes’ data more than its own. Li

and Shatnawi [23] suggest:
AID > 4 A\ (AIDisintopl0%) N ALD >3 AN NIC < 3

where AID is the access of import data, ALD is the access of local data and NIC is the number
of import classes. The result of this model will be an integer value that refers to the number of

feature envy methods in the class.
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Parallel Inheritance Hierarchy

Parallel Inheritance Hierarchy is a bad smell when an inheritance tree depends on another inher-
itance tree by composition. They maintain a special relation where one subclass of dependent
inheritance must depend on a particular subclass of another inheritance. Danphitsanuphan and

Suwantada [12] propose:
DIT >3V NSC >4

where DIT is a depth of inheritance tree and NSC is the number of children of the given class.

Lazy Class

Any class that is created has a development and maintenance cost. Lazy class bad smell occurs
if a class does not justify its cost. Danphitsanuphan and Suwantada [12] suggest detecting this

smell with the following:
(NOM <5ANNOA<5)VDIT <2

where DIT is the depth of inheritance tree, NOM is the number of methods and NOA is the

number of attributes of the given class.

Message Chains

The message chain bad smell arises when accessing an object through another object which
assesses yet another object, and so forth. It goes through a long chain of attributes or methods

by the dot operator [9]. Chen et al. [9] propose the following metric model:
LMC >4

where LMC is the length of message chain.
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Data Class

This smell occurs when a class contains fields and only getters/setter methods. Danphit-

sanuphan and Suwantada [12] suggest:
LWMC > 50V LCOM > 0.8

where LWMC is the weighted methods per class and LCOM is the lack of cohesion of methods.

Refused Bequest

Subclasses that override functionality inherited from the parent class exhibit the refused bequest

bad smell. Li and Shatnawi [23] propose:
(((AIU Risinbottom25%) A (NOTDIT < 2))) N AIUR < 33)

where AIUR is the average inheritance usage ratio and DIT is the depth of inheritance tree.
This model produces a count of the methods the class inherits and does not use those inherited

methods [23].

3.2.2  Bad Smells that are not investigated due to metrics model unavailability

There are other smells described Fowler and Beck [16] that have been investigated. However,
we are not aware of any metrics model and also could not implement any that detects the smells

below in the Python code yet.

Duplicated Code

Fowler [16] defines duplicated code as multiple occurrences of the same code segment. There
is controversy among the studies whether duplicated code is the potential indicator of software

problems or not.
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Divergent Change

Divergent change bad smell occurs when a same single class is being changed for several
different reasons. Fowler [16] explains that smell: “Well, I will have to change these three
functions every time I get a new database; I have to change these four functions every time
there is a new financial instrument,” as an indication of divergent change. This violates the

Single Responsibility principle that states every module should have one reason to be changed.

Data Clumps

This smell occurs when a set of unrelated data items, such as parameter lists of fields, that are

grouped and used together throughout various parts of the program [16].

Primitive Obsession

Primitives are canonical data types built into programming languages. This smell occurs when

the primitives are used to represent higher-level abstractions.

Temporary Field

Fowler [16] states that this bad smell occurs when an algorithm uses a temporary variable
beyond its intended scope. We could not find any metric model to identify temporary field

smell.

Middle Man

This bad smell occurs when a class delegates most of its work to other code components [16].

Alternative Classes with Different Interfaces

Two classes performing the similar functions, but with different method names illustrates this

bad smell. We are unaware of any metrics to detect this smell.
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Incomplete Library Class

This smell occurs when a library of methods does not adequately support the library’s intended

abstraction. We could not find any metrics to identify this smell in the code until now.

Comments

Comments are parts of the code that helps the developers understand what the code does. How-
ever, they can also be a sign of bad smell if the accompanying code cannot be understood
without them. There are not enough resources to detect comments bad smells in the code that

we are aware of.

Inappropriate Intimacy

This smell occurs when classes are too intimate into each other’s private parts or inner data.
Python gives the developer the ability to create public, private, and protected methods and vari-
ables within a class. Unlike other object-oriented programming languages, access modifiers in
Python are determined by variable names. A name proceeded by a double underscore signifies
private access; a single underscore indicates protected access. All the other variables and mem-
ber functions of a class are public. Although we can discover the access modifiers in the code,
we are not aware of any metrics model that detects inappropriate intimacy in the Python code

yet.

Switch Statements

Switch statement bad smell occurs when you see the same switch statement in different places
of your code. Unlike Java or C-like languages, Python does not have a switch or case statement.
Dictionary mapping is used instead of switch-case statements. Switch statements bad smells

are detected using VG, McCabe Cyclomatic Complexity, in other object-oriented programming
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languages like Java, C-like languages, but we are unsure if this metric would be applied to

Python code.

Speculative Generality

This smell occurs when there are unused fields, parameters, methods, or classes. There is no

metrics have been found yet to identify this smell.

3.3 Research Approach

Our overarching research goal is to determine the extent to which bad smells lead to future
defects. To accomplish this, we examined the change logs and defect logs of sample open-
source Python projects to determine how many defects can be traced to code segments into bad
smells and which bad smells contribute to the highest number of defects.

The research entails automating the identification of Python bad smells and automating a
means of associating reported defects to subsequent code changes. The work results in a set of
tools that analyze git repositories and defect logs for smell-to-defect correlation as well as an

empirical analysis of at least two open source Python projects.

3.4 Research Methodology

We developed a tool that analyzes the Python projects. The functionality of our tool can be

summarized as follows:

1. Our tool first downloads the open-source code repository that is going to be reviewed.

1.1. An open-source repository is downloaded to the local directory using “git clone”

command.

2. The tool extracts the information from each revision (e.g., Commit, date, and subject). It

only extracts the modified Python files. It is not checking the deleted files because we
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cannot prove that bad smells lead to bugs since it is deleted. It is not checking the added
files because they are recently added to the repository, and they will not be having the

previous version to compare to.

2.1. To be able to download/clone the open-source project, we used the GitPython li-
brary as a means by which to interact with Git repositories. With the help of Git-

Python, we are able to get the log reports using the expression below:
“git log —log-size —-name-status —pretty=format:

where —log-size refers to the size of the log, —name-status shows the list of files
affected with added, modified and deleted information and —pretty-format shows
commits in a format where we want only “%h-commit hash”, “%cd-committer
date” and “%s-subject” of the given commit to detect the files with bad smells.
We used the expression above to get the list of modified Python files with their

commitID, dates and subjects.

Once we get the list of modified files, we needed to get the state or copy of the each
changed file using it’s commit id. Commit id helps us to find the file content at that
date and subject. We use the expression below to store the copy of each changed

file:

“git show commitld:fileURL”

In this statement, git show indicates the file contents at that commit. We save each
changed file in a local folder. We then apply our metrics to identify Python bad
smells on the files. Figure 3.1 below is the flow of identifying bad smells in our

tool:
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«Download open source Python project

«(Get log reports with commitlD, date & subject

«Extracts modified Python files from log reports

« Store modified file in a local folder

«Identify bad smells in files using metrics and threshold
values

Identify

Figure 3.1: The steps of identifying bad smells in the research plan

3. Our tool checked the issue tracking system to find the links between commits (change

logs) and the issues that are used to track ideas, tasks, fixes on the code and also bugs.

3.1. The code downloads the bug reports from the issue tracking system.
3.2. It extracts reports that are labeled as “Bug”.

3.3. It links files with bugs and files with bad smells in it. In order to link bad smells to

a bug, two independent level of confidence were adapted from Sliwerski et al. [35]:

3.3.1. Syntactic analysis: the tool splits every log message into a stream of tokens. A

token is one of the items below:

A. Bug number: For a commit to include a bug number, it needs to have one

of the regular expressions below:
“bug[# \t]*[0-9]+” or “bug)\ ?id=[0-9]+" or “\[[0-9]+\]”
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B. Plain number: the tool will check if a string has only digits or not:
7[0-9]+”
C. Keyword: the tool will check for some keywords:
“fix(e[ds])?” or “bug(s)?” or “defect(s)?” or “patch”
D. Word: the tool will check if it is a string of alphanumeric characters or not.

According to Sliwerski et al. [35], for each link there will be a syntactic con-
fidence value. It will initially be 0. The value of syntactic confidence will be
increased by 1 when one of the following conditions is met and the value will
always be an integer between 0 and 2:

* When the number is a bug number,

* When the change log contains a keyword, or the log message contains only
plain or bug number.

3.3.2. Semantic analysis: this analysis validates a link between the change logs and
bugs in the issue tracking system. For this analysis, we used Sliwerski et al.
[35] and Cheung et al. [28] analysis. A semantic confidence value is calculated
for each link according to the following:

A. The issue is tagged as “bug” and the state of this issue should be closed
[35],

B. The short description of the bug report in issue tracking system is contained
in the change log message [35],

C. The author of the change log message has been assigned to bug [35],

D. If the author of issue has been assigned to change log message and issue
number is contained in the change log message [28].

Semantic confidence value is initially zero and is incremented by one whenever

one of the conditions above is met.
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The syntactic and semantic analysis results in links that satisfy the formula

below in Equation 3.2:

semanticanalysis > 1V (semanticanalysis = 1 A\ syntacticanalysis > 0)

(3.2)

Once our project detects the bad smells on the files in change logs and then applies the
semantic and syntactic analysis, we are then able to determine the extent to which bad smells

contribute to later problems. Figure 3.2 shows the flow of our research plan:
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Figure 3.2: The flow of the research plan
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Chapter 4

Validation

We implemented a tool to detect bad smells using the metrics model and thresholds, analyzed
the issues and commits following the research plan explained in Chapter 3.4, and found the
relation between bad smells and defects using the results that we got from our project. The
project had three main components as shown in Figure 4.1. The leftmost part of Figure 4.1
begins with downloading the open-source project code, git log reports and issues of the open-
source project and modified files across the life of the project. The information was provided to
the detection component where the bad-smell metric model was applied. Issues and commits
were then analyzed to determine if they contained bad smells. The number of bad smells

removed as a result of issue repair was identified and reported.
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Figure 4.1: Main components of the Dissertation Project

We investigated the relation between bad smells and defects on five different Python open-
source projects: NumPy [1], Keras [4], scikit-learn [4], zulip [3] and TensorFlow [2]. Table 4.1
below presents when the initial commit of each project was started, the number of lines, files,

commits and issues that have occurred over the lifetime of each project.

Python Project | Initial Commits | Total Files | Total Lines | Total Commits | Total Issues
NumPy Dec 18, 2001 351 83605 24342 17525
Keras-team Mar 27, 2015 471 132614 5349 14239
scikit-learn Jan 5, 2010 617 100769 26223 18678

zulip Aug 28,2012 | 916 74887 39398 16504
Tensorflow Jan 12,2016 1478 222595 5941 9342

Table 4.1: Python Open-Source Project Details

The issues and commits for all projects were downloaded for the analyses on Oct 28,
2020. Figure 4.2 is a snapshot of some commits obtained from NumPy that were used for our
project. The ‘commitID’ on the figure is the revision number in the repository. The ‘Name’
and ‘Email’ have the information of the user who made the commit. The ‘Date’ shows when it

is committed. The ‘Subject’ describes what the commit is about.
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Figure 4.2: Example of commits obtained from NumPy project

The issues on GitHub are a way to keep track of tasks, changes, and bugs for the projects.
Issues for our project were filtered according to their label and status. Only issues saved as
‘closed’ and labeled as ‘bug’ or had ‘bug’ as a keyword in the issue’s title or body were selected
to use for the analysis. Figure 4.3 shows a screenshot of the issues that were used for our project.
The ‘id’ on the figure is the issue identification number. ‘Title’ describes what the issue is all
about. ‘Body’ provides a detailed description about the issue. ‘User’ is the person who is

responsible for working on the issue at a given time. ‘Label’ shows what the type of issue is.
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Figure 4.3: Example of Filtered Issue List

After the issues and commits were obtained, the syntactic and semantic analysis was run
on the filtered issues. When both the syntactic and semantic analysis were done, only the

commits that satisfied the formula in Equation 3.2 were used. That formula gave us the bug
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fixed commits. Figure 4.4 below shows a snapshot of some of bug fixed commits found after the
analysis. The columns in Figure 4.4 that have ‘Issue ID’, ‘Issue Body’ and ‘Issue of User’ on
them have information about the bug fixed issue and the columns that are named as ‘commitID’,
and ‘Commit Subject’ have information about the commits. The analysis was made to both
issue and commit. The semantic and syntactic confidence level are noted in the ‘Semantic

Confidence Level’ and ‘Syntactic Confidence Level’ columns, respectively.
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Figure 4.4: Shows a screenshot of the spreadsheet after both the analysis are done

Only commits that had a semantic confidence level greater than 1 or those whose semantic
confidence level was 1 and syntactic confidence level was greater than O were used. To illustrate
this, all commits can be used in Figure 4.4 since all the commits’ semantic confidence levels
are greater than 1.

After the bug fixed commits were identified, and modified files were downloaded with
their version numbers, the modified files that had the same commit ID (version number) with
the bug fixed commits were identified in order to find if a bad smell led to a defect or not. Once
the files with bug fix commit IDs were found, previous version number of those corresponding
files were also found and investigated. Figure 4.5 is an example to show how we found the
relation between the bad smell and a defect. The left side of Figure 4.5, ‘Commits’ shows a list
of commits that have all commits including bug fix commits in it and the right side shows list
of folders that have modified files with their version number (commitID) and modified date.
Figure 4.5 illustrates that the commit list has one bug fix commit, which is ‘Commit15’. The

version or commit number of ‘Commitl5’ according to the figure is X. The project code iterates
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through the modified files within the Folders, the right side of Figure 4.5 and looks for the files
that were modified at version number X. According to the figure, ‘File_CommitX _atTime6’
in ‘Folder1’ is modified at version number X at ‘Time6’. The versions should already be
identified according to their modification date before any analysis. Once the file with version
number X is found, then the code checks when that file was modified. According to the figure,
‘File_CommitX_atTime6’ in ‘Folderl’ is modified at version number X at ‘Time6’ and the
previous version of the same file is modified at ‘“Time5’. Once both versions are found, a
metrics model for bad smells is performed on both versions. If the file modified at ‘Time5’ has
a bad smell, but the file at “Time6’ doesn’t have a bad smell, that may indicate the modification
on the file is due to bad smell.

Comamits Fokdan

F— Falder iwemed by dinE] Foddder ., Copnesl g e
Comvmrd
Lorr=—El

Losvesig

Ciprrssel L 5| 0] [Bag Frmed |
Cowwsr | §

Figure 4.5: Shows an example of the process about how the project works to find the relation

between bad smells and defects

4.1 Accuracy of Smell Detection

The precision and recall in detecting python smells were measured to compare the accuracy of
smell detection of our project. In order to validate the results, we manually detected the bad
smells in NumPy project and got the result using this project code. In order to calculate the

precision and recall, the methodology is listed below [29]:

* True positives are instances (classes or methods) present in the code smell reference list

that are reported by the project being assessed
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* False positives are instances that are not present in the reference list, but they were re-

ported by the project.

» False negatives are instances that are present in the reference list that were not reported

by the tool.

* True negatives are instances that are not present in the reference list and were also not

reported by the tool.

The formulas for the computation of recall, precision and F-measure are provided below:

numbero ftruepositives

recall = “4.1)

numbero finstancesinthere ferencelist

. numbero ftruepositives 4.2)
recision = .
b numbero finstancesreportedbytheproject

(2 % precision x recall

F — measure =

4.3)

(precision + recall

For precision, recall and F-measure, the score should be close to 1 to be able to assess the

accuracy of the computations.

4.2 Bayes Theorem Calculation on Defect-Smell Analysis

To be able to determine the relation between bad smells and defects, Bayes’ theorem was used.
This theorem determines the likelihood of an event occurring based on a previous outcome oc-
curring or the probability of an event based on new data obtained from that event [19]. It relies
on the inclusion of prior probability distributions to produce posterior probabilities. Prior prob-
ability is the probability of an outcome based on the current data before new data is obtained
and posterior probability is the updated probability of an outcome occurring after new data is
obtained. In Bayes’ theorem, posterior probability is calculated by updating the prior proba-

bility. Bayes’ theorem [19] given in Equation 4.4 provides the calculation of the probability of
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event A occurring given even B:

paB) =L (]’34(;)8 )_F (A); (1;;3 14) (4.4)

Where P(A) is the probability of an event A occurring, P(B) is the probability of an event B
occurring, P(B | A) is the probability of an event B occurring given event A. In this project,

Bayes’ formula was used to determine the probability of if a bad smell leads to defect or not.

4.3 Measuring Association Between Code Smells and Defects

Correlation analysis is used to measure the relationship between the number of code smells
and the probability of defects occurring on python open-source projects for this research. The
CORREL formula in Excel is used to calculate the correlation coefficients. The correlation
factor (r) is a number between -1 and 1. There are many rules of thumb for interpreting the size

of a correlation coefficient. However, for this study, Table 4.2 by Hinkle et al. [18] was used.

Correlation Coefficient(r) | Description

90 to 1.00 (-.90 to -1.00) | Very high positive (negative) correlation
.70 to .90 (-.70 to -.90) High positive (negative) correlation
.50to .70 (-.50 to -.70) Moderate positive (negative) correlation
.30 to .50 (-.30 to -.50) Low positive (negative) correlation

.00 to .30 (.00 to -.30) Negligible correlation

Table 4.2: Correlation Coefficient Description

4.4 Code Smell-Defect Relation Findings on Python Open-Source Projects

4.4.1 Large Class

This smell occurs when a class has too many responsibilities. Classes usually start small, but

then the developers include many fields, methods, and lines of code to the class over time. As
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the class gets bloated, it becomes complex, typically exhibiting low and inner-class cohesion

[28].

Accuracy of Large Class Smell Detection

To assess the accuracy of large class detection strategy of the project, the precision, recall,
F-measure of detection results were computed. The tool found 24 large classes and 20 large
classes were found with manual detection in NumPy project. That gives us the recall as 0.83

and precision as 1 and F-measure as 0.907.

Large Class Analysis

Open-source Python projects were analyzed to determine if a large-class bad smell was related
to defects in which the bad smell was removed. Naive Bayes Equation which is given in

Equation 4.5 is to resolve the relation between large class bad smell and defects.

P(Defect = Yes|BadSmell = LargeClass) = P(Def“tzyesg{;ﬁ%‘fg;iiﬁ;ggggs‘Defm:yes) 4.5)

Large Class in NumPy

NumPy is a small-scale open-source project. It is the smallest project in Table 4.1. The results
show that there are 634 classes in total in NumPy. Only 24 out of 634 classes were found to be
large class in NumPy project. 3 of 24 large classes were modified and 12 of 610 regular classes
removed from the project because they led to defects. Table 4.3 displays the frequency table of

NumPy project.
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Numpy Frequency Table

isLargeClass Defect=Yes | Defect=No | Total

Yes 3 21 24

No 12 609 610
634

Table 4.3: Large Class Frequency table of "NumPy’

Using Table 4.3, the probability of a defect occurring when a class has a large class smell

and the probability of each event occurring is calculated and presented in Table 4.3.

Numpy Likelihood Table

P(Defect=Yes) 15/64

P(Bad Smell=Large Class | Defect=Yes) | 3/15

P(Bad Smell=Large Class) 24/634

P(Defect=Yes | Bad Smell=Large Class) | (3/15 * 15/634) / (29/634) = 0.103

Table 4.4: Large Class Likelihood table of "NumPy’

Table 4.4 shows that the probability of a defect occurring due to a large class smell in

NumPy project is 0.103

Large Class in Keras-Team

Keras-Team is the second smallest project in Table 4.1. The results of Keras-Team project show
that there are 107 classes in total. There are 20 large classes in the Keras-Team project. There
were not any class removed or modified from the project because they led to defects. Table 4.5

below shows the frequency table of Keras-Team project.
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Keras-Team Frequency Table

isLargeClass Defect=Yes | Defect=No | Total

Yes 0 20 20

No 0 87 87
107

Table 4.5: Large Class Frequency table of *’Keras-Team’

Using the table above, the probability of defect occurring when a class has a large class
bad smell and the probability of each event occurring is computed and the results are provided
in Table 4.6. It shows that the probability of a defect occurring due to a large class smell in

Keras-Team project is 0.

Keras-Team Likelihood Table

P(Defect=Yes) 0/107

P(Bad Smell=Large Class | Defect=Yes) | 0

P(Bad Smell=Large Class) 20/107

P(Defect=Yes | Bad Smell=Large Class) | ((0/107 * 0) / (20/107) =0

Table 4.6: Large Class Likelihood table of ’Keras-Team’

Large Class in scikit-learn

scikit-learn is the third largest project according to Table 4.1. The results of scikit-learn project
show that there are 413 classes in total. 36 large classes were found in this project. There were
no regular classes removed from the project because they led to defects, but only 1 class was

modified because it led to defect. Table 4.7 shows the frequency table of scikit-learn project.
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scikit-learn Frequency Table

isLargeClass Defect=Yes | Defect=No | Total

Yes 1 35 36

No 0 377 377
413

Table 4.7: Large Class Frequency table of ’scikit-learn’

The probability of a defect happening when a class has a large class bad smell and the

probability of each event occurring are presented in Table 4.8. It is calculated as 0.027.

scikit-learn Likelihood Table

P(Defect=Yes) 1/413

P(Bad Smell=Large Class | Defect=Yes) | 1/1

P(Bad Smell=Large Class) 36/413

P(Defect=Yes | Bad Smell=Large Class) | (1/1 * 1/413)/(36/413) = 0.027

Table 4.8: Large Class Likelihood table of ’scikit-learn’

Large Class in Zulip

zulip is the second largest project with 525 classes in total. We found that there were only 10
large classes in this project. 1 class was modified, and 6 classes were removed from the project

because they led to defects. Table 4.9 illustrates the frequency table of zulip project.
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Zulip Frequency Table

isLargeClass Defect=Yes | Defect=No | Total

Yes 1 9 10

No 6 509 515
525

Table 4.9: Large Class Frequency table of *Zulip’

Using the table above, we calculated the probability of defect occurring due to a large

class bad smell in zulip project and the results presented in Table 4.9.

Zulip Likelihood Table

P(Defect=Yes) 7/525

P(Bad Smell=Large Class | Defect=Yes) | 1/7

P(Bad Smell=Large Class) 10/525

P(Defect=Yes | Bad Smell=Large Class) | (1/7 * 7/525) / (10/525) = 0.1

Table 4.10: Large Class Likelihood table of *Zulip’

Large Class in Tensorflow

Tensorflow is the largest project that was used for this analysis. It had 180 classes in total and
only 10 classes had the large class bad smell. There were 1 class change found due to defects.

Table 4.11 shows the frequency table of Tensorflow project.
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Tensorflow Frequency Table

isLargeClass Defect=Yes | Defect=No | Total

Yes 1 9 10

No 0 170 170
180

Table 4.11: Large Class Frequency table of *Tensorflow’

Table 4.12 shows the probability of defect occurring when a class has a large class bad

smell and the probability of each event occurring and it is calculated as 0.1.

Tensorflow Likelihood Table

P(Defect=Yes) 1/180

P(Bad Smell=Large Class | Defect=Yes) | 1/1

P(Bad Smell=Large Class) 10/180

P(Defect=Yes | Bad Smell=Large Class) | (1/180 * 1/1) / (10/180) = 0.1

Table 4.12: Large Class Likelihood table of *Tensorflow’

Large Class Findings

Table 4.13 shows us the results of five different size Python projects for large class smell.
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Python Number of | Number of | Number of | Number of | Number Probability
Project Files Lines Commits Bug Fixed | of Large | of a Defect
Commits Classes due to a
Large Class
Smell
NumPy 351 83605 24342 2074 29 0.103
Keras-team | 471 132614 5349 21 20 0
scikit-learn | 617 100679 26223 99 36 0.027
zulip 916 74887 39398 5066 10 0.1
Tensorflow | 1478 222595 5941 23 10 0.1

Table 4.13: Results - Probability of a defect due to a large class bad smell of all projects

The relationships between number of bug-fixed commits and number of classes with large

class smell and between the probability of a defect occurring and number of classes with large

class smell were determined using scatter plots. A visual inspection of the graphs shows that

distribution in Figure 4.6 and Figure 4.7 are random. Large class findings indicate that there

exists a low negative correlation (-0.428) between the number of bug fixed commits and large

class smell.
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Figure 4.6: The relation between the probability of a defect due to large class and number of

bug fixed commits

The correlation coefficient between the number of large classes and probability of a defect
happening because of a large class bad smell were also computed (Figure 4.7). The analysis re-
ports -0.568 as correlation coefficient. However, it is not a perfect negative correlation because
when the number of large classes increases, the probability of a defect occurring due to large
class smell does not necessarily increase. Given the values for both ranges, it is undecidable

whether classes with large class smell lead to defects.
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Figure 4.7: The relation between the probability of a defect due to Large Class Smell and

Number of Large Classes

4.4.2 Long Parameter List

Long parameter list in a method definition is a bad smell. This might happen when a method
needs to do too many things, or it is created to minimize dependencies between objects. Meth-
ods with long parameter lists are hard to read and understand. As the methods grow, they will

be hard to use.

Accuracy of Long Parameter List Smell Detection

The long parameter list smell detection was also validated using precision and recall. 241
methods with long parameter list smell were manually detected and the tool found 248 methods
in total in the NumPy open-source project. The recall is calculated as 0.846 and precision as

0.822 and F-measure as 0.833.
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Long Parameter List Analysis

The probability of a python open-source project leads to defects when a method has long pa-

rameter list (LPL) smell was calculated using the formula in Equation 4.6.

P(Defect = Yes|BadSmell = LPL)

P(Defect=Yes)x P(BadSmell=LPL|Defect=Yes) (4 6)
P(BadSmell=LPL) )

The results for each of open-source Python project for the long parameter list smell is provided

in Tables 4.14 through 4.23:

Numpy Frequency Table

isLongParameterList Defect=Yes | Defect=No | Total

Yes 11 237 248

No 94 1598 1692
1940

Table 4.14: Long Parameter List Frequency table of ’NumPy’

NumPy Likelihood Table

P(Defect=Yes) 105/1940
P(Bad Smell=LPL | Defect=Yes) | 11/105
P(Bad Smell=LPL) 248/1940

P(Defect=Yes | Bad Smell=LPL)

(117105 * 105/1940) / (248/1940) = 0.044

Table 4.15: Long Parameter List Likelihood table of "NumPy’
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Keras-team Frequency Table

isLongParameterList Defect=Yes | Defect=No | Total

Yes 0 86 86

No 10 438 448
534

Table 4.16: Long Parameter List Frequency table of "Keras-team’

Keras-team Likelihood Table

P(Defect=Yes) 10/534
P(Bad Smell=LPL | Defect=Yes) | 0/10
P(Bad Smell=LPL) 86/534

P(Defect=Yes | Bad Smell=LPL)

(10/534 * 0/10) / (86/534) =0

Table 4.17: Long Parameter List Likelihood table of *Keras-team’

scikit-learn Frequency Table

isLongParameterList Defect=Yes | Defect=No | Total

Yes 4 236 240

No 11 832 843
1083

Table 4.18: Long Parameter List Frequency table of ’scikit-learn’
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scikit-learn Likelihood Table

P(Defect=Yes) 15/1083

P(Bad Smell=LPL | Defect=Yes) | 4/15

P(Bad Smell=LPL) 240/1083

P(Defect=Yes | Bad Smell=LPL) | ((4/15* 15/1083) / (240/1083) = 0.016

Table 4.19: Long Parameter List Likelihood table of ’scikit-learn’

Zulip Frequency Table

isLongParameterList | Defect=Yes | Defect=No | Total

Yes 2 163 165
No 41 1928 1969
2134

Table 4.20: Long Parameter List Frequency table of *Zulip’

Zulip Likelihood Table

P(Defect=Yes) 43/2134

P(Bad Smell=LPL | Defect=Yes) | 2/43

P(Bad Smell=LPL) 165/2134

P(Defect=Yes | Bad Smell=LPL) | (2/43* 43/2134) / (165/2134) = 0.012

Table 4.21: Long Parameter List Likelihood table of *Zulip’
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Tensorflow Frequency Table

isLongParameterList Defect=Yes | Defect=No | Total

Yes 0 100 100

No 22 696 716
816

Table 4.22: Long Parameter List Frequency table of *Tensorflow’

Tensorflow Likelihood Table

P(Defect=Yes) 22/816

P(Bad Smell=LPL | Defect=Yes) | 0/22

P(Bad Smell=LPL) 100/816

P(Defect=Yes | Bad Smell=LPL) | (22/816* 0/22) / (100/816) = 0

Table 4.23: Long Parameter List Likelihood table of *Tensorflow’

Long Parameter List Findings

Table 4.24 summarizes the projects findings for long parameter list bad smell. The result of
this smell suggests that when the number of methods with long parameter list smell increases,

the probability of defect occurring due to long parameter list smell also increases.
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Python Number of | Number of | Number of | Number of | Number of | Probability
Project Files Lines Commits Bug Fixed | Methods of a Defect
Commits with LPL due to a
LPL
NumPy 351 83605 24342 2074 248 0.044
Keras-team | 471 132614 5349 21 86 0
scikit-learn | 617 100679 26223 99 240 0.016
zulip 916 74887 39398 5066 165 0.012
Tensorflow | 1478 222595 5941 23 100 0

Table 4.24: Results - Probability of a defect due to a long parameter list bad smell of all projects

Figure 4.8 is a graph below displays the correlation between number of bug fixed commits

and the methods with long parameter list smell in it. The correlation coefficient is computed

as 0.234 in this case. The correlations for these two rankings turned out low because as the

number of bug fixed commits increase, the number of methods with smells does not necessarily

increase. This graph suggests that there is weak correlation between two rankings.
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Figure 4.8: The relation between the Number of Bug-fixed Commits and methods with long

parameter lists

The correlation analysis was performed to determine the relation between long parameter
list smell and defects. The correlation coefficient between those two sets detected is 0.8518.
These analyses show that there is a high positive relation between the number of methods with
long parameter list smell and the probability of a defect occurring shown in Figure 4.9. The
presence of long parameter list is a strong indication of the presence of defects. The findings
illustrate projects having more than 100 methods with long parameter list may lead to defects.
As the number of methods with smell increase, the probability of a defect occurring due to long

parameter list smell also increases.
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Figure 4.9: The relation between the probability of a defect and Number of Long Parameter
List
4.4.3 Parallel Inheritance Hierarchy

When you introduce a subclass to a class, you then need to introduce another subclass of an-
other class. It occurred mostly because of misunderstanding the responsibility or the wrong
relationships between classes. This smell leads to lots of duplicate and unmaintainable code.

Accuracy of Parallel Inheritance Hierarchy Smell Detection

The tool found 53 classes that have parallel inheritance hierarchy smell and 51 classes with
the smell were found with manual detection. Using the total number of classes for manual and
tool, the recall was calculated as 0.94, the precision 0.98 and F-measure 0.96 for this smell.

Parallel Inheritance Hierarchy Analysis

The objective here was to determine the probability of a Python open-source project leading

to defects when a class has the parallel inheritance hierarchy (PIH) smell using Naive Bayes
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Equation shown in Equation 4.7:

P(Defect _ Y65|Bad5'mell _ PIH) _ P(Defect=Yes)x P(BadSmell=PIH|Defect=Yes)

P(BadSmell=PIH)

Table 4.25 through 4.34 illustrates the findings for the long parameter smell.

Table 4.25: Parallel Inheritance Hierarchy Frequency table of "NumPy’

Numpy Frequency Table

isParallelInheritanceHierarchy | Defect=Yes | Defect=No | Total

Yes 6 47 53

No 41 540 581
634

NumPy Likelihood Table

P(Defect=Yes) 47/634
P(Bad Smell=PIH | Defect=Yes) | 6/47
P(Bad Smell=PIH) 53/634

P(Defect=Yes | Bad Smell=PIH)

(47/634* 6/47) / (53/634) =0.113

Table 4.26: Parallel Inheritance Hierarchy Likelihood table of *NumPy’

Table 4.27: Parallel Inheritance Hierarchy Frequency table of *Keras-team’
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Keras-team Frequency Table

isParallelInheritanceHierarchy | Defect=Yes | Defect=No | Total

Yes 0 47 47

No 0 60 60
107

4.7)



Keras-team Likelihood Table

P(Defect=Yes) 0/107

P(Bad Smell=PIH | Defect=Yes) | 0

P(Bad Smell=PIH) 47/107

P(Defect=Yes | Bad Smell=PIH) | (0/107* 0) / (47/107) =0

Table 4.28: Parallel Inheritance Hierarchy Likelihood table of *Keras-team’

scikit-learn Frequency Table

isParallelInheritanceHierarchy | Defect=Yes | Defect=No | Total

Yes 0 94 94
No 12 307 319
413

Table 4.29: Parallel Inheritance Hierarchy Frequency table of ’scikit-learn’

scikit-learn Likelihood Table

P(Defect=Yes) 12/413

P(Bad Smell=PIH | Defect=Yes) | 0/12

P(Bad Smell=PIH) 94/413

P(Defect=Yes | Bad Smell=PIH) | (12/413* 0/12) / (94/413) =0

Table 4.30: Parallel Inheritance Hierarchy Likelihood table of ’scikit-learn’
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Zulip Frequency Table

isParallelInheritanceHierarchy | Defect=Yes | Defect=No | Total

Yes 5 53 58

No 39 428 467
525

Table 4.31: Parallel Inheritance Hierarchy Frequency table of *Zulip’

Zulip Likelihood Table

P(Defect=Yes) 44/525
P(Bad Smell=PIH | Defect=Yes) | 5/44
P(Bad Smell=PIH) 58/525

P(Defect=Yes | Bad Smell=PIH)

(44/525* 5/44) / (58/525) = 0.086

Table 4.32: Parallel Inheritance Hierarchy Likelihood table of *Zulip’

Tensorflow Frequency Table

53

isParallelInheritanceHierarchy | Defect=Yes | Defect=No | Total

Yes 0 6 6

No 5 169 174
180

Table 4.33: Parallel Inheritance Hierarchy Frequency table of *Tensorflow’




Table 4.34: Parallel Inheritance Hierarchy Likelihood table of *Tensorflow’

Tensorflow Likelihood Table

P(Defect=Yes) 5/180
P(Bad Smell=PIH | Defect=Yes) | 0/5
P(Bad Smell=PIH) 6/180

P(Defect=Yes | Bad Smell=PIH)

(5/180* 0/5) / (6/180) =0

Parallel Inheritance Hierarchy Findings

Table 4.35 presents the results obtained from Python projects for the parallel inheritance hier-

archy smell.

Python Number of | Number of | Number of | Number of | Number Probability
Project Files Lines Commits Bug Fixed | of Classes | of a Defect
Commits with due to a
Parallel Parallel
Inheritance | Inheritance
Hierarchy | Hierarchy
Smell Smell
NumPy 351 83605 24342 2074 53 0.113
Keras-team | 471 132614 5349 21 47 0
scikit-learn | 617 100679 26223 99 94 0
zulip 916 74887 39398 5066 58 0.086
Tensorflow | 1478 222595 5941 23 6 0

Table 4.35: Results - Probability of a defect due to a parallel inheritance hierarchy bad smell of

all projects
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Correlation analysis was applied to all Python projects for parallel inheritance hierarchy
smell. Figure 4.10 and Figure 4.11 are plots that show the distribution between two ranges.
The correlations calculated for the relation in Figure 4.10 is negligible (correlation of 0.102).
It indicates that there is no correlation between the number of bug-fixed commits and classes

with parallel inheritance hierarchy smell.
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Figure 4.10: The relation between number of Bug-fixed commits and classes with parallel

inheritance hierarchy smell

There exists little to no correlation between classes with parallel inheritance hierarchy
smell and the probability of a defect (correlation of 0.138). Figure 4.11 reveals no significant
correlation of parallel inheritance hierarchy with the defects. This also shows that the number

of classes with parallel inheritance hierarchy does not affect the probability of defect occurring.
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Figure 4.11: The relation between classes with parallel inheritance hierarchy and the probabil-

ity of defects occurring

444 Lazy Class

Classes that perform little-to-no functionality are considered lazy classes. They arise, typically,
from a previous refactoring or an unimplemented feature. They are classified as a bad smell
because they add unnecessary complexity.

Accuracy of Lazy Class

A manual examination of NumPy revealed 389 classes that fell into the lazy category. The tool
found 437 lazy classes, resulting in a recall of 0.89, a precision of 0.97, and an F-measure of
0.93.

Lazy Class Analysis

The lazy class smell was then analyzed to determine the probability of a defect when a class

has lazy class smell in it. Equation 4.8 provides the formula to calculate the problem for lazy
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class bad smell.

P(Defect = Yes|BadSmell = LazyClass)

The results for each of the subject libraries is illustrated in Tables 4.36 through 4.45.

__ P(Defect=Yes

)x P(BadSmell=LazyClass|Defect=Y es)

P(BadSmell=LazyClass)

NumPy Frequency Table

isLazyClass Defect=Yes | Defect=No | Total

Yes 44 514 558

No 1 75 76
634

Table 4.36: Lazy Class Frequency table of "NumPy’

NumPy Likelihood Table

P(Defect=Yes) 45/634
P(Bad Smell=Lazy Class | Defect=Yes) | 44/45
P(Bad Smell=Lazy Class) 558/634

P(Defect=Yes | Bad Smell=Lazy Class)

(45/634 * 44/45) / (558/634) =0.078

Table 4.37: Lazy Class Likelihood table of ’NumPy’

Keras-team Frequency Table

isLazyClass Defect=Yes | Defect=No | Total

Yes 0 48 48

No 0 58 58
106

Table 4.38: Lazy Class Frequency table of ’Keras-team’
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Keras-team Likelihood Table

P(Defect=Yes) 0/106

P(Bad Smell=Lazy Class | Defect=Yes) | 0

P(Bad Smell=Lazy Class) 48/106

P(Defect=Yes | Bad Smell=Lazy Class) | (0/106* 0) / (48/106) =0

Table 4.39: Lazy Class Likelihood table of ’Keras-team’

scikit-learn Frequency Table

isLazyClass Defect=Yes | Defect=No | Total

Yes 5 261 266

No 6 141 147
413

Table 4.40: Lazy Class Frequency table of ’scikit-learn’

scikit-learn Likelihood Table

P(Defect=Yes) 11/413

P(Bad Smell=Lazy Class | Defect=Yes) | 5/11

P(Bad Smell=Lazy Class) 266/413

P(Defect=Yes | Bad Smell=Lazy Class) | (11/413*5/11)/(266/413)=0.18

Table 4.41: Lazy Class Likelihood table of ’scikit-learn’
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Zulip Frequency Table

isLazyClass Defect=Yes | Defect=No | Total

Yes 109 382 491

No 4 30 34
525

Table 4.42: Lazy Class Frequency table of "Zulip

B

Zulip Likelihood Table

P(Defect=Yes) 113/525
P(Bad Smell=Lazy Class | Defect=Yes) | 109/113
P(Bad Smell=Lazy Class) 491/525

P(Defect=Yes | Bad Smell=Lazy Class)

(113/525 * 109/113) / (491/525) = 0.22

Table 4.43: Lazy Class Likelihood table of *Zulip’

Tensorflow Frequency Table

isLazyClass Defect=Yes | Defect=No | Total

Yes 6 133 139

No 0 41 41
180

Table 4.44: Lazy Class Frequency table of *Tensorflow’
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Tensorflow Likelihood Table

P(Defect=Yes) 6/180
P(Bad Smell=Lazy Class | Defect=Yes) | 6/6
P(Bad Smell=Lazy Class) 139/180

P(Defect=Yes | Bad Smell=Lazy Class)

(6/180* 6/6) / (139/180) = 0.43

Table 4.45: Lazy Class Likelihood table of *Tensorflow’

Lazy Class Findings

Table 4.46 displays the results of lazy class bad smell on five open-source Python projects.

Python Number of | Number of | Number of | Number of | Number Probability
Project Files Lines Commits Bug Fixed | of Classes | of a Defect
Commits with Lazy | due to a
Class Smell | Lazy Class
Smell
NumPy 351 83605 24342 2074 558 0.078
Keras-team | 471 132614 5349 21 48 0
scikit-learn | 617 100679 26223 99 266 0.18
zulip 916 74887 39398 5066 491 0.22
Tensorflow | 1478 222595 5941 23 139 0.43

Table 4.46: Results - Probability of a defect due to a lazy class bad smell of all projects

The correlation between the lazy class smell and the defect and with the lazy class and

number of bug fixed commits were investigated. The lazy class smell was found to be strongly

correlated with the number of bug fixed commits with correlation of 0.768 (Figure 4.12). As
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the presence of number of bug-fixed commits increases, the presence of classes with lazy class

smell also increases.
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Figure 4.12: The relation between the number of bug-fixed commits and lazy classes

However, Figure 4.13 shows that there exists no such relation between lazy class smell
and a defect (correlation of -0.094). For instance, Tensorflow project has the smallest number
of lazy classes, but the probability of a defect due to lazy class in that project has the highest
probability. On the other hand, NumPy has the highest number of lazy class smell, and it has
the second lowest number of probabilities among all projects. Therefore, we cannot correlate

the lazy class smell and a defect using these projects results.
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Figure 4.13: The relation between lazy class smell and the probability of defects occurring

4.4.5 Data Class

A class that is used solely as a repository of unencapsulated data elements is referred to as a
data class. This is considered a bad smell because data elements are directly accessible without

benefit of intermediary functions that ensure integrity.

Accuracy of Data Class Detection

We relied on Radon [21] and 1lcom [6] for LWMC and LCOM metrics to detect the bad smell.
Radon is Python tool that computes cyclomatic complexity, lines of code, comment lines, blank
lines, Halstead metrics and maintainability index. It is used to detect the LWMC metric. lcom

is a tool to measure Python class cohesion and, thus, determine the LCOM metric.

Data Class Analysis

The same formula is applied that used for the other smells to determine the probability of a

defect when a class has Data class smell in it. Naive bayes Equation in Equation 4.9 provides
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the formula:

P(Defect = Yes|BadSmell = DataClass) =

P(Defect=Y es) x P(BadSmell=DataClass|Defect=Y es)

P(BadSmell=DataClass)

4.9)

The results of each python projects for data class smell were analyzed and provided in Table

4.47 through 4.56.

NumPy Frequency Table

isDataClass Defect=Yes | Defect=No | Total

Yes 7 81 88

No 43 503 546
634

Table 4.47: Data Class Frequency table of "NumPy’
NumPy Likelihood Table

P(Defect=Yes)

50/634

P(Bad Smell=Data Class | Defect=Yes) | 7/50

P(Bad Smell=Data Class)

88/634

P(Defect=Yes | Bad Smell=Data Class)

(50/634 *7/50) / (88/634) = 0.079

Table 4.48: Data Class Likelihood table of "NumPy’
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Keras-team Frequency Table

isDataClass Defect=Yes | Defect=No | Total

Yes 0 32 32

No 0 75 75
107

Table 4.49: Data Class Frequency table of *Keras-team’

Keras-team Likelihood Table

P(Defect=Yes)

0/107

P(Bad Smell=Data Class | Defect=Yes) | 0

P(Bad Smell=Data Class)

32/107

P(Defect=Yes | Bad Smell=Data Class)

(0/107*0) / (32/107) =0

Table 4.50: Data Class Likelihood table of *Keras-team’

scikit-learn Frequency Table

1sDataClass Defect=Yes | Defect=No | Total

Yes 2 39 41

No 12 360 372
413

Table 4.51: Data Class Frequency table of ’scikit-learn’
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scikit-learn Likelihood Table

P(Defect=Yes) 14/413

P(Bad Smell=Data Class | Defect=Yes) | 2/14

P(Bad Smell=Data Class) 41/413

P(Defect=Yes | Bad Smell=Data Class) | (14/413%2/14)/(41/413)=0.048

Table 4.52: Data Class Likelihood table of ’scikit-learn’

Zulip Frequency Table

isDataClass Defect=Yes | Defect=No | Total

Yes 5 22 27

No 42 456 498
525

Table 4.53: Data Class Frequency table of *Zulip’

Zulip Likelihood Table

P(Defect=Yes) 47/525

P(Bad Smell=Data Class | Defect=Yes) | 5/47

P(Bad Smell=Data Class) 27/525

P(Defect=Yes | Bad Smell=Data Class) | (47/525 * 5/47) / (27/525) = 0.18

Table 4.54: Data Class Likelihood table of *Zulip’
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Tensorflow Frequency Table

isDataClass Defect=Yes | Defect=No | Total

Yes 2 29 31

No 5 144 149
180

Table 4.55: Data Class Frequency table of *Tensorflow’

Tensorflow Likelihood Table

P(Defect=Yes)

7/180

P(Bad Smell=Data Class | Defect=Yes) | 2/7

P(Bad Smell=Data Class)

31/180

P(Defect=Yes | Bad Smell=Data Class)

(7/180 * 2/7) / (31/180) = 0.064

Table 4.56: Data Class Likelihood table of *Tensorflow’

Data Class Findings

The result of data class bad smell on the projects is presented in Table 4.57.
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Python Number of | Number of | Number of | Number of | Number Probability
Project Files Lines Commits Bug Fixed | of Classes | of a Defect
Commits with Data | due to a
Class Smell | Data Class
Smell
NumPy 351 83605 24342 2074 88 0.079
Keras-team | 471 132614 5349 21 32 0
scikit-learn | 617 100679 26223 99 41 0.048
zulip 916 74887 39398 5066 27 0.185
Tensorflow | 1478 222595 5941 23 31 0.064

Table 4.57: Results - Probability of a defect due to a data class bad smell of all projects

The correlation coefficient is used to determine the relation between two ranges. Figure

4.14 shows that the number of bug-fixed commits exhibits no correlation with the number of

classes with data class smell (Correlation of 0.025).
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Negative correlation was found between the number of classes with data class smell and
the probability of a defect occurring because of data class smell with correlation of -0.082
(Figure 4.14). This does not indicate any significant correlation. It suggests that data class
smells are not closely related with defects.
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Figure 4.15: The relation between number of classes with data class smell and the probability

of a defect occurring

4.4.6 Long Method

A method which includes many lines of code is a sign to long method code smell. Longer
methods are hard to read [16]. When there is a change needed in a method, a developer needs
to understand every line of code. As the method gets longer, it gets more complicated. That

would make the method hard to maintain.

Accuracy of Long Method Detection

The reliability of long method smell detection is investigated using the manual inspection of

NumPy project. The tool has a %83 recall, a %98 precision, and a %81 F-measure.
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Long Method Analysis

In the analysis of the correlation between long method code smell and defects, the formula

below is used.

P(Defect _ Y€S|Badsm€ll _ LOngMethOd) __ P(Defect=Yes)x P(BadSmell=LongMethod| Defect=Y'es) (4.10)

P(BadSmell=LongM ethod)

The result from the analysis of the correlation between long method code smell and defects is

provided in Table 4.58 through 4.67.

NumPy Frequency Table

isLongMethod Defect=Yes | Defect=No | Total

Yes 38 142 180

No 180 1580 1760
1940

Table 4.58: Long Method Frequency table of "NumPy’

NumPy Likelihood Table

P(Defect=Yes)

218/1940

P(Bad Smell=Long Method | Defect=Yes) | 38/218

P(Bad Smell=Long Method)

180/1940

P(Defect=Yes | Bad Smell=Long Method) | (38/218 * 218/1940) / (180/1940) = 0.21

Table 4.59: Long Method Likelihood table of "NumPy’
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Keras-team Frequency Table

isLongMethod Defect=Yes | Defect=No | Total

Yes 1 37 38

No 6 490 496
534

Table 4.60: Long Method Frequency table of *Keras-team’

Keras-team Likelihood Table

P(Defect=Yes) 7/534
P(Bad Smell=Long Method | Defect=Yes) | 1/7
P(Bad Smell=Long Method) 38/534

P(Defect=Yes | Bad Smell=Long Method)

(1/7 *7/534) / (38/534) = 0.02

Table 4.61: Long Method Likelihood table of *Keras-team’

scikit-learn Frequency Table

isLongMethod Defect=Yes | Defect=No | Total

Yes 4 160 164

No 14 905 919
1083

Table 4.62: Long Method Frequency table of ’scikit-learn’
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scikit-learn Likelihood Table

P(Defect=Yes)

18/1083

P(Bad Smell=Long Method | Defect=Yes) | 4/18

P(Bad Smell=Long Method)

164/1038

P(Defect=Yes | Bad Smell=Long Method) | (4/18 * 18/1083) / (164/1083) = 0.02

Table 4.63: Long Method Likelihood table of ’scikit-learn’

Zulip Frequency Table

isLongMethod Defect=Yes | Defect=No | Total

Yes 34 127 161

No 406 1567 1973
2134

Table 4.64: Long Method Frequency table of *Zulip’

Zulip Likelihood Table

P(Defect=Yes)

440/2134

P(Bad Smell=Long Method | Defect=Yes) | 34/440

P(Bad Smell=Long Method)

161/2134

P(Defect=Yes | Bad Smell=Long Method) | (440/2134 * 34/440) / (161/2134) = 0.21

Table 4.65: Long Method Likelihood table of *Zulip’
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Tensorflow Frequency Table

isLongMethod Defect=Yes | Defect=No | Total

Yes 3 118 121

No 12 683 695
816

Table 4.66: Long Method Frequency table of *Tensorflow’

Tensorflow Likelihood Table

P(Defect=Yes)

15/816

P(Bad Smell=Long Method | Defect=Yes) | 3/15

P(Bad Smell=Long Method)

121/816

P(Defect=Yes | Bad Smell=Long Method)

(3/15 * 15/816) / (121/816) = 0.02

Table 4.67: Long Method Likelihood table of *Tensorflow’

Long Method Findings

Table 4.68 below presents the summary of findings obtained from Python open-source projects.
From the observations of source codes, the average method lines of code vary from 13 to 18.

Methods were considered long when the number of lines of code of a method is greater than 30

[24].
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Python Number of | Number of | Number of | Number of | Number of | Probability
Project Files Lines Commits Bug Fixed | Methods of a Defect
Commits with Long | due to
Method a Long
Smell Method
Smell
NumPy 351 83605 24342 2074 180 0.21
Keras-team | 471 132614 5349 21 38 0.02
scikit-learn | 617 100679 26223 99 164 0.02
zulip 916 74887 39398 5066 161 0.21
Tensorflow | 1478 222595 5941 23 121 0.02

Table 4.68: Results - Probability of a defect due to a Long Method bad smell of all projects

Naive Bayes in Equation 4.10 was performed to correlate the long method code smell

with the defects. Figure 4.16 shows the relation between number of methods with long method

smell and the probability of a defect. The value of correlation coefficient in this case (r=0.60)

indicates that there is moderate positive correlation between long method smells and defects

occurring.
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Figure 4.16: The relation between long method code smell and probability of a defect occurring

The correlation of 0.479 was found between the number of bug-fixed commits and the
long method code smell. That indicates a low positive correlation. As the number of bug fixed

commits increases, the number of methods with long method smell do not increase.

BB
==

& 2074, 180
€99, 164 € 5066, 161

B B o
o o O

e 23, 121
-

=
=}
[=}

5 8 B

®21, 38

Mumber of methods with long method smell
B

[

0 1000 2000 3000 4000 5000 6000
Mumber of Bug-Fixed Commits

Figure 4.17: The relation between number of bug-fixed commits and probability of a defect

occurring for long method code smell
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Our findings for long method code smell shows that the existence of number of bug fixed
commits have no impact on the long method code smells in source code and there is no direct
correlation between long method and the occurring of defects in these python open-source
projects.

4.47 Refused Bequest
A class can inherit variables and methods from another class. However, if a class extends
another class, but do not use any of its attributes or behavior, this is an inappropriate use of
inheritance. That is a sign to refused bequest code smell in object-oriented systems.
Accuracy of Refused Bequest Detection
Refused bequest detection metric model was applied to the classes that met conditions below:
* A class should have a superclass.
* The superclass cannot be built-in module. It should be user-defined methods.
Refused bequest detection metric model was evaluated using manual detection in NumPy
project with a precision of 0.96, recall of 0.81 and F-measure of 0.88.
Refused Bequest Analysis

The correlation between refused bequest code smell and a defect is determined using the for-

mula below.

P(Defect = Yes|BadSmell = RefusedBequest) = P(Def“tzyesggﬁg‘jﬁgﬁiﬁé zsgjejjzzgf)‘%wef cet=Yes) (4.11)

The results of correlation analysis for refused bequest is presented between Table 4.69 through

4.78.
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NumPy Frequency Table

isRefusedBequest Defect=Yes | Defect=No | Total

Yes 7 65 72

No 7 28 35
107

Table 4.69: Refused Bequest Frequency table of "NumPy’

NumPy Likelihood Table

P(Defect=Yes) 14/107
P(Bad Smell=Refused Bequest | Defect=Yes) | 7/14
P(Bad Smell=Refused Bequest) 72/107

P(Defect=Yes | Bad Smell=Refused Bequest)

(14/107 *7/14) / (72/107)=0.09

Table 4.70: Refused Bequest Likelihood table of "NumPy’

Keras-team Frequency Table

isRefusedBequest Defect=Yes | Defect=No | Total

Yes 1 64 65

No 0 25 25
90

Table 4.71: Refused Bequest Frequency table of ’Keras-team’
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Keras-team Likelihood Table

P(Defect=Yes)

1/90

P(Bad Smell=Refused Bequest | Defect=Yes) | 1/1

P(Bad Smell=Refused Bequest)

65/90

P(Defect=Yes | Bad Smell=Refused Bequest) | (1 * 1/90) / (65/90) = 0.01

Table 4.72: Refused Bequest Likelihood table of *Keras-team’

scikit-learn Frequency Table

isRefusedBequest Defect=Yes | Defect=No | Total

Yes 7 52 59

No 2 26 28
87

Table 4.73: Refused Bequest Frequency table of ’scikit-learn’

scikit-learn Likelihood Table

P(Defect=Yes)

9/87

P(Bad Smell=Refused Bequest | Defect=Yes) | 7/9

P(Bad Smell=Refused Bequest)

59/87

P(Defect=Yes | Bad Smell=Refused Bequest) | (9/87 * 7/9) / (59/87) = 0.11

Table 4.74: Refused Bequest Likelihood table of ’scikit-learn’
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Zulip Frequency Table

Table 4.75: Refused Bequest Frequency table of *Zulip

isRefusedBequest Defect=Yes | Defect=No | Total

Yes 10 30 40

No 5 78 83
123

)

Zulip Likelihood Table

P(Defect=Yes) 15/123
P(Bad Smell=Refused Bequest | Defect=Yes) | 10/15
P(Bad Smell=Refused Bequest) 40/123

P(Defect=Yes | Bad Smell=Refused Bequest)

(15/123 * 10/15) / (40/123) = 0.25

Table 4.76: Refused Bequest Likelihood table of *Zulip’

Tensorflow Frequency Table

isRefusedBequest Defect=Yes | Defect=No | Total

Yes 0 9 9

No 0 2 2
11

Table 4.77: Refused Bequest Frequency table of *Tensorflow’
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Tensorflow Likelihood Table

P(Defect=Yes) 0/11
P(Bad Smell=Refused Bequest | Defect=Yes) | 0/0
P(Bad Smell=Refused Bequest) 9/11

P(Defect=Yes | Bad Smell=Refused Bequest)

(0/11*0)/9/11=0

Table 4.78: Refused Bequest Likelihood table of *Tensorflow’

Refused Bequest Findings

Table 4.79 shows the results of Python open-source projects for the refused bequest smell.

Python Number of | Number of | Number of | Number of | Number  of | Probability of a

Project Files Lines Commits | Bug Fixed | Classes with | Defect due to a
Commits | Refused Be- | Refused Bequest

quest Smell Smell

NumPy 351 83605 24342 2074 72 0.09

Keras-team | 471 132614 5349 21 65 0.01

scikit-learn | 617 100679 26223 99 59 0.11

zulip 916 74887 39398 5066 40 0.25

Tensorflow | 1478 222595 5941 23 9 0

Table 4.79: Results - Probability of a defect due to Refused Bequest bad smell of all projects

Using the projects results above, the correlation coefficient analysis is applied between the

number of bug-fixed commits and number of classes with refused bequest smell. Figure 4.18

shows there is no correlation (r=0.105) relationship between those two. In other words, those

two variables are independent from each other. As the number of bug-fixed commits increase,

the number of classes with refused bequest smell will not be increased.
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Figure 4.18: The relation between Number of Bug-fixed commits and classes with Refused

Bequest Smell

There is a correlation factor of 0.011 between the number of classes with refused bequest
smell and the probability of a defect occurring due to feature envy bad smell in Figure 4.19.
That is a negligible correlation factor.
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Figure 4.19: The relation between the Probability of a Defect and number of classes with

Refused Bequest Smell
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The results obtained from five different sized Python projects shows that the correlation
coefficient is almost equal to 0 and that does not imply that there is a relationship between

refused bequest smell and the defects.

4.4.8 Feature Envy

Feature envy is a bad smell when an object of a class uses functionality from another class more
than its own class. The problem with this bad smell is that it increases coupling and reduces

the cohesion of the object’s own class.

Accuracy of Feature Envy Detection

The accuracy of feature envy detection technique is calculated on NumPy project. The project
code detected that there are 7 classes that have feature envy smell while 8 classes were detected
manually. The accuracy results show that feature envy smell detection has 87.5% precision,

100% recall and 93% recall.

Feature Envy Analysis

The equation below is used to calculate the relation between feature envy code smells and

defects.

P(Defect = Yes|BadSmell = Feature Envy) = 22 ed:YesEf{;ﬁg‘fy‘?&éi?gfgggﬁ%’y|Def cct=Yes) (4.12)

Equation 4.12 is applied to all the projects and the frequency and likelihood tables of each

project are provided from Table 4.80 to 4.90:

81



NumPy Frequency Table

Table 4.80: Feature Envy Frequency table of "NumPy

isFeatureEnvySmell Defect=Yes | Defect=No | Total

Yes 0 14 14

No 32 588 620
634

2

NumPy Likelihood Table

P(Defect=Yes) 32/634
P(Bad Smell=Feature Envy | Defect=Yes) | 0/32
P(Bad Smell=Feature Envy) 14/634

P(Defect=Yes | Bad Smell=Feature Envy)

(32/634 *0/32) / (14/634) =0

Table 4.81: Feature Envy Likelihood table of "NumPy’

Keras-team Frequency Table

isFeatureEnvySmell Defect=Yes | Defect=No | Total

Yes 0 8 8

No 0 99 99
107

Table 4.82: Feature Envy Frequency table of ’Keras-team’
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Keras-team Likelihood Table

P(Defect=Yes)

0/107

P(Bad Smell=Feature Envy | Defect=Yes) | 0

P(Bad Smell=Feature Envy)

8/107

P(Defect=Yes | Bad Smell=Feature Envy) | (0/100 *0) / 8/107 =0

Table 4.83: Feature Envy Likelihood table of ’Keras-team’

scikit-learn Frequency Table

isFeatureEnvySmell Defect=Yes | Defect=No | Total

Yes 0 12 12

No 10 391 401
413

Table 4.84: Feature Envy Frequency table of ’scikit-learn’

scikit-learn Likelihood Table

P(Defect=Yes)

10/413

P(Bad Smell=Feature Envy | Defect=Yes) | 0/10

P(Bad Smell=Feature Envy)

12/413

P(Defect=Yes | Bad Smell=Feature Envy) | (10/413 * 0/10) / 12/413 =0

Table 4.85: Feature Envy Likelihood table of ’scikit-learn’

83




Zulip Frequency Table

isFeatureEnvySmell Defect=Yes | Defect=No | Total

Yes 0 6 6

No 63 456 519
525

Table 4.86: Feature Envy Frequency table of *Zulip’

Zulip Likelihood Table

P(Defect=Yes) 63/525
P(Bad Smell=Feature Envy | Defect=Yes) | 0/63
P(Bad Smell=Feature Envy) 6/525

P(Defect=Yes | Bad Smell=Feature Envy)

(63/525 * 0/63) / 6/525 =0

Table 4.87: Feature Envy Likelihood table of *Zulip’

Tensorflow Frequency Table

isFeatureEnvySmell Defect=Yes | Defect=No | Total

Yes 0 2 2

No 5 173 178
180

Table 4.88: Feature Envy Frequency table of “Tensorflow’
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Tensorflow Likelihood Table

P(Defect=Yes) 5/180
P(Bad Smell=Feature Envy | Defect=Yes) | 0/5
P(Bad Smell=Feature Envy) 2/180

P(Defect=Yes | Bad Smell=Feature Envy)

(5/180 * 0/5) /1 2/180 =0

Table 4.89: Feature Envy Likelihood table of *Tensorflow’

Feature Envy Findings

The probability of occurrence of a defect of a class with feature envy smell is calculated and

below is the summary of all results obtained from all projects.

Python Number of | Number of | Number of | Number of | Number  of | Probability of

Project Files Lines Commits | Bug Fixed | Classes with | a Defect due to
Commits | Feature Envy | a Feature Envy

Smell Smell

NumPy 351 83605 24342 2074 14 0

Keras-team | 471 132614 5349 21 8 0

scikit-learn | 617 100679 26223 99 12 0

zulip 916 74887 39398 5066 6 0

Tensorflow | 1478 222595 5941 23 2 0

Table 4.90: Results - Probability of a defect due to Feature Envy bad smell of all projects

We also studied two particle correlation analysis to determine the relation between classes

with feature envy and defect occurring and the relation between bug fixed commits and again

with defect occurring for feature envy smell. Table 4.90 and Figure 4.20 and Figure 4.21

show that any increase or decrease in the amount of feature envy smell has no effect on the
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probability of the software code to be defective. The results show that the feature envy smell is

not the cause of defects.
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Figure 4.20: The relation between classes with feature envy smell and probability of a defect

occurring
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Figure 4.21: The relation between probability of a defect and number of bug fixed commits for

feature envy smell
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4.4.9 Shotgun Surgery

Shotgun Surgery smell happens when a method is called by many times from many other
classes. That case requires lots of time and changes throughout the code to implement a new
requirement on the selected method and the other methods and classes who call the selected

method.

Shotgun Surgery Analysis

We planned to detect the shotgun surgery smell using the metrics model proposed by Li and

Shatnawi [23]. It has two metrics that needs to be determined:

* CM is the changing methods defined as the methods that call a method of the host class.

* CC is the changing classes which is known as the number of classes that call the method

of the host class.

In the Li and Shatnawi [15] model, there is another case that we need to identify other than
finding the count of CM and CC metrics, which is to measure if the distinct methods that
call the measured method is in top 20%. The fixed threshold value of CM for that case does
not provide a clear rational on how this value is devised. Therefore, we decided to use the
detection strategy proposed by Lanza et al. [22] below in Figure 4.22. Although the strategy
uses generally accepted threshold values for CM and CC metrics, it is not clear what values

they used as the value for Short Memory Cap and for Many.
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Figure 4.22: Shotgun Surgery Smell Detection Strategy

Therefore, we used the extracted threshold values proposed by Fontana et al. [15]. They
proposed a data-driven method using a benchmark dataset of software systems to extract the
metric thresholds for defining the code detection rules to five bad smells. Their extracted thresh-

olds for shotgun surgery smell are same as below in Table 4.91.

Shotgun Surgery | Low | Medium | High

CM 5 7 12

CC 4 6 10

Table 4.91: The extracted threshold values for shotgun surgery detection strategy

The shotgun surgery detection strategy with the extracted threshold values was evaluated
using manual detection in NumPy. The recall of 0.90, precision of 0.96 and F-measure of
0.93 were calculated to determine the accuracy of shotgun surgery detection strategy with the
extracted threshold values. The analysis of shotgun surgery bad smell on five open-source
projects with low, medium, and high values are provided in Appendices: A, B and C. The
correlation coefficient analysis is also applied to the results of Appendices: A, B and C. The

result of each analysis is provided in Table 4.92 below.
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Correlation Coefficient
Shotgun Surgery Analysis with Low Threshold Values 0.20
Shotgun Surgery Analysis with Medium Threshold Values 0.58
Shotgun Surgery Analysis with Large Threshold Values 0.34

Table 4.92: The correlation analysis of shotgun surgery smell with difference threshold values

It shows that there exists no strong correlation relationship between defects and shotgun
surgery smell. That means the occurrence of shotgun surgery smell with the extracted threshold

values has no effect on the probability of defect occurring.

Shotgun Surgery Smell Findings

We examined that the derived thresholds available in the literature to detect shotgun surgery
may not be suitable to the context of shotgun surgery smell detection because the thresholds are
not derived to determine the relation between the shotgun surgery smell and defects. They are
derived to have more useful and adequate bad smell-based evaluations of source code quality
[15]. When the metrics model proposed by Lanza et al. [22] with different threshold values was
used, we checked the CM and CC values before and at the time of bug fixed commit. However,
it was not checked if the methods and classes who call the selected method of the host class
changed or not. Therefore, we decided to look at the dependents of the selected method. The
classes that do not have any dependents work independently. However, when a class has a
method that is called by many other classes, that might cause complexity and high coupling
between classes. High coupling might complicate the projects because it makes methods and
classes hard to change or understand when a new feature needs to be added. Therefore, the
projects should be implemented with the weakest coupling between classes. Table 4.92 shows
the dependent analysis of the summary of results from NumPy, zulip, scikit-learn, Keras-team

and Tensorflow. The result of each project is available on Appendix D. Level on the table states
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method means it is called by 2 other class methods.

the number of connections between classes. For instance, in table 4.93, Level 2 for a selected

Keras-team | Tensorflow | scikit-learn | NumPy | Zulip
Level 1 N/A 0% 20.84% | 25.02% | 12.5%
Level 2 0% N/A 3.23% 8.82% | 98.15%
Level 3 0% N/A 0% 0% N/A
Level 4 N/A N/A 0% 0% 0%
Level 5 N/A N/A 0% 0% N/A
Level 6 N/A N/A N/A 0% N/A
Level 7 N/A N/A N/A 0% N/A
Level 9 N/A N/A N/A 0% N/A
Level 11 N/A N/A N/A 0% N/A
Level 20 N/A N/A N/A 0% N/A
Level 71 N/A N/A 0% N/A N/A

Table 4.93: The result of shotgun surgery method dependent analysis

Figure 4.23 shows that methods with three, four or more dependents have no change on
their dependents. The results show that when a method with one dependent requires a change,
its dependent is also changed. Methods with two dependents have similar behavior with one
dependent. However, when the dependents increase, the results show no change on the depen-
dents but the method itself. That shows the coupling between classes should be at Level 2 at

most according to our result.
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Figure 4.23: Shotgun Surgery Dependent Analysis
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Chapter 5

Conclusion

5.1  Summary

Bad smells are particular patterns that might indicate a deeper problem. Bad smells are not
necessarily incorrect, but are indicative of code that is complex, non-intuitive, or difficult to
understand. Having them in code does not mean the software will not work; their presence
degrades code quality, making the software susceptible to failure in the future. Although bad
smells are not normally a bug, there are studies and common wisdom suggests that they could
lead to bug when the software is later modified. It takes less time to prevent a bug occurring
rather than fixing the bug from the code in the future.

This research provided an empirical study that investigates the impact of code smells on
later problems. We aimed to address three issues: if bad smells can be shown to metastasize
over time, if recorded defects traced back to bad smells, and if there are bad smells that are more
virulent than others. We explored the effects of bad smells on five popular Python open-source
software projects.

The overarching research goal of this study was to determine the extent to which bad
smells lead to future defects. The investigation began with downloading Python open-source
project code, git log reports (change logs), issues of the projects and modified files across the
life of the projects. The change logs and issues were analyzed to determine the bug fixed com-

mits. After that, the files modified in those bug fixed commits and files at previous version
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of bug fixed commits were identified. The modified files were analyzed for the bad smells.
We then checked if bad smells were removed from the modified files at previous version of
bug fixed commits. This methodology was applied to five open-source Python projects and the
probability of a defect occurring due to a bad smell was measured using the correlation analy-
sis. The validation was performed in two phases. Phase one was investigating the relation on
an open-source Python project: NumPy. Phase two was conducted on four other open-source
Python projects namely Tensorflow, scikit-learn, Keras-team and Zulip. The validation process
included validating smell detection strategies. Although bad smells on each project were de-
tected using detection strategies, detection strategies were validated using manual inspection.
This study focused on 10 bad smells, Large Class, Long Parameter List, Parallel Inheritance
Hierarchy, Lazy Class, Data Class, Refused Bequest, Long Method, Feature Envy and Mes-
sage Chains. The detection of bad smells was performed using object-oriented metrics models
adapted from the literature. There was no evidence of message chains occurring in any of the
open-source Python projects. However, we were able to detect the other nine bad smells in all
Python projects.

After obtaining results from open-source Python projects, we investigated the following

research questions.
* RQI. Do bad smells contribute to later problems?

Yes, some of the bad smells analyzed in this study do contribute to later problems. The
results as provided in Appendix E.1 indicate that there is a positive effect of Long Pa-
rameter List smell on later problems. Long Method, Large Class and Shotgun Surgery,
when detected using medium threshold values have moderate effect on defects occurring.
However, Parallel Inheritance Hierarchy, Lazy Class, Data Class, Refused Bequest, Fea-
ture Envy and Shotgun Surgery, when detected with low and high threshold values have

no significant effect on the presence of defects.

* RQ2. What percentage of defects in open-source software can be traced to bad smells?
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To answer this research question, the total number of defects and how much of these
defects belong to bad smells were calculated (Appendix E.3). The result of each project
is analyzed individually. For NumPy, Lazy Class has the highest defect density. It is
followed by Refused Bequest, Long Method, Data Class, Parallel Inheritance Hierarchy,
Long Parameter List, Large Class, and Shotgun Surgery. There was no evidence found
for Feature Envy effect on defects of this project. For Keras, Refused Bequest smell
has the highest defect density. Long Method is the next smell that has an effect on de-
fect density. No other smell appeared to correlate with defects. For scikit-learn project,
Refused Bequest smell has the highest defect density. The smells that have effect on de-
fects are, respectively, Lazy Class, Data Class, Long Parameter List, Long Method and
Large Class. Parallel Inheritance Hierarchy, Feature Envy and Shotgun Surgery smells
have no effect on density for scikit-learn project. For Zulip, Lazy Class was found to
be the highest density on defects. It is then followed by Refused Bequest, Long Method,
Data Class, Parallel Inheritance Hierarchy, Large Class and Long Parameter List. Feature
Envy and Shotgun Surgery have zero defect density in Zulip. Lastly, Tensorflow project
was analyzed. The result of this project shows that Lazy Class has the highest defect den-
sity. Data Class, Large Class and Long Method have also effect on defects, respectively.
Refused Bequest, Feature Envy, Long Parameter List and Parallel Inheritance Hierarchy

were found to have no impact on defects for this project.

RQ3. In what order should bad smells be fixed in open-source software?

The result of this study shows that bad smells have some effect on later problems. The
correlation analysis was performed to determine how strong the relationship between
bad smells and defects. The findings in Appendix E.1 illustrate that Long Parameter List
smells have the highest correlation coefficient number. That indicates that the Long Pa-
rameter List smell has a high positive effect on the presence of defects. We propose that

the correlation coefficient should determine the order of bad smells fix in open-source
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software. Our results suggest that Long Parameter List, Long Method, Shotgun Surgery
when detected with medium threshold values, Large Class, Shotgun Surgery if detected
with high threshold values, Shotgun Surgery if detected with low threshold values, Re-
fused Bequest, Parallel Inheritance Hierarchy, Data class, Lazy Class and Feature Envy

should be fixed, respectively.

5.2 Observations

This study offers two observations:

* Highlighting the existence of classes that are not doing enough.

Lazy class was the most common, appearing in 88% in NumPy, 45% in Keras-team,
64% in scikit-learn, 94% in Zulip and 77% in Tensorflow (in Appendix E.2). It appears
Lazy Class smell occurs frequently in these projects, especially in Zulip. There was
no evidence found in this study that Lazy Class lead to defects, but it is a smell that
occurs when a class does not do enough. Developers should either need to have enough

responsibility for a class or remove the classes that do little in the system.

» Emphasizing the misuse of inheritance.

We observed that there was misuse of inheritance on the projects that were analyzed for
this research. The Child Class ignores the functionalities from the Base Class(parent of
Child Class) but inherits the functionalities directly from the Super Class(parent of Base
Class). The Child Class should mention the Base Class in the definition of the Child
Class to access the attributes and methods of the Base Class. It should not access any
properties from its Parent Class without inheriting it unless the properties of Parent Class
are implemented in the Base Class. This usage breaks encapsulation because the Parent

Class will be exposed to any new class which inherits the current Child Class.
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5.3 Contributions

This research aimed to shed light on the effect of bad smells on the presence of defects. The

main contributions of this research are:

* The effects of long parameter list smell on defects.

The value of correlation coefficient for the Long Parameter List has the highest corre-
lation coefficient factor (r=0.85). The result of this study shows that the source code
that contains Long Parameter List smell has the most pronounced effect on bug. As the
number of methods with Long Parameter List smell increases, the probability of a defect
occurring due to the Long Parameter List smell also increases. Based on our findings, the
Long Parameter List bad smell is the only smell that is likely to be associated with defects
more than other code smells examined in this study. We suggest that it be refactored if it

exists in the code segment.

* The detection strategy for Shotgun Surgery smell might not be working.

Shotgun Surgery detection strategy needs two metrics: CC and CM. The filtering mecha-
nism for CC and CM metrics should be connected by an and operator. When the entities
in CM and CC values of a class method are greater than threshold values, it is referred to
as Shotgun Surgery smell. Thresholds for the filtering mechanism were defined mostly
from past experiences, or empirical studies. Shotgun Surgery smell is detected using
the combination of metrics and threshold values from the literature. The fixed threshold
values in Shotgun Surgery Smell detection strategy for Python was not providing a clear
rationale on how some of the values were devised. That brings us the question whether
the detection strategy for shotgun surgery smell is accurate. We first identified the Chang-
ing Methods(CM) and Changing Classes(CC) of the selected class method before and at
the bug fixed commit and found the class methods that have the Shotgun Surgery smell

instances before and at the time of a bug fix by looking at the selected methods CMs
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and CCs values. Although the detection strategy checks the dependents of the selected
class method and decides whether there was Shotgun Surgery smell instance, the result
of this study shows that the strategy does not work accurately, because it does not check
if the dependents do change when the selected method changes. This does not reflect
the concept of Shotgun Surgery smell because any change in the selected method should
cause a cascade of changes in its CMs and CCs. Therefore, we think that the detection
strategy proposed for Shotgun Surgery smell should not be used when looking for the

relation between Shotgun Surgery smell and defect occurring.

5.4 Future Work

The topics for this research include:

* Increasing the number of Python projects to perform the same analysis.

We worked on five different sized projects for this study. From Keras-team, scikit-learn
and Tensorflow, we obtained a relatively limited number of bug-fixed commits which, in
turn, constrained where we looked for smells. Larger size of projects having bigger sizes
might have a higher number of bug-fixed commits. As the number of bug-fixed commits
increase, the number of identified smells may increase. That may give more data to work
on to find the correlation between code smells and defects occurring. Therefore, further

validation on a larger size of projects might be beneficial in future work.

* To what extent Python bad smells are correlated with each other?

The smells can be correlated with each other. There are tools available to identify some
smells on the projects. However, there are not enough metrics model for all Python bad
smells in the literature. Investigating correlations between code smells might be useful in

detecting the presence of undetectable code smells. It is worth exploring the correlation

97



of Python bad smells with each other and analyze whether the correlation could be used

to improve bad smell detection.

* Defining the detection rules for all Python smells and investigating the effects of the

smells on later problems.

Seven Python bad smells were explored in this study. However, there are 22 structures
in total considered as bad smells. We are unaware of any object-oriented metrics model
for the smells that were not investigated in this paper. Additional future work might be
useful if this study would be conducted on defining the code detection rules for the other

smells and identifying the correlation between defects and that smells.

* Is bug classification accurate on issue tracking system?

Issue tracking system on GitHub helps the developer to track the project. It allows its user
to create label to group issues into categories. There are default labels for every repository
and labels that a user with access can create. ‘bug’ is one of default the categories that
is available for the user and any issue with ‘bug’ label refers to an unexpected problem
or unintended behavior. For this study, the issues labeled as ‘bug’ were assumed to be
accurately categorized and then they were extracted from each project’s issue tracking
system and used to identify bug fixed commits. Although issue tracking system permits
its users to categorize the issues with different labels, there is not a detection mechanism
which checks if an issue is categorized with an accurate label. Therefore, tagging issues

on the issue tracking system needs further investigation.
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Appendix A

Shotgun Surgery Smell Detection with Low Threshold Values

Al

The frequency and likelihood tables of each project with low threshold values are provided

from Table A.1 to A.11:

Shotgun Surgery Smell Analysis with Low Threshold Values

NumPy Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 5 4 9

No 787 1282 2069
2078

Table A.1: Shotgun Surgery Frequency table of "NumPy’

NumPy Likelihood Table

P(Defect=Yes)

P(Bad Smell=Shotgun Surgery | Defect=Yes)
P(Bad Smell=Shotgun Surgery)
P(Defect=Yes | Bad Smell=Shotgun Surgery)

792/2078

5/792

9/2078

(79272078 * 5/792) / (9/2078)=0.55

Table A.2: Shotgun Surgery Likelihood table of "NumPy’

Keras-team Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 3 3

No 4 940 944
947

Table A.3: Shotgun Surgery Frequency table of ’Keras-team’
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Keras-team Likelihood Table

P(Defect=Yes) 4/947
P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/4
P(Bad Smell=Shotgun Surgery) 3/947

P(Defect=Yes | Bad Smell=Shotgun Surgery)

(4/947 *0/4) / (3/947)=0

Table A.4: Shotgun Surgery Likelihood table of *Keras-team’

scikit-learn Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 2 2

No 75 916 991
993

Table A.5: Shotgun Surgery Frequency table of ’scikit-learn’

scikit-learn Likelihood Table

P(Defect=Yes) 75/993
P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/75
P(Bad Smell=Shotgun Surgery) 2/993

P(Defect=Yes | Bad Smell=Shotgun Surgery)

(75/993 * 0/75)/(2/993)=0

Table A.6: Shotgun Surgery Likelihood table of ’scikit-learn’

Zulip Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 0 0

No 267 1071 1338
1338

Table A.7: Shotgun Surgery Frequency table of *Zulip’
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Zulip Likelihood Table
P(Defect=Yes) 267/1338

P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/267

P(Bad Smell=Shotgun Surgery) 0/1338

P(Defect=Yes | Bad Smell=Shotgun Surgery) | (267/1338 *0)/0=0

Table A.8: Shotgun Surgery Likelihood table of *Zulip’

Tensorflow Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 1 0 1

No 57 591 648
649

Table A.9: Shotgun Surgery Frequency table of *Tensorflow’

Tensorflow Likelihood Table
P(Defect=Yes) 58/649

P(Bad Smell=Shotgun Surgery | Defect=Yes) | 1/58

P(Bad Smell=Shotgun Surgery) 1/649

P(Defect=Yes | Bad Smell=Shotgun Surgery) | (58/649*1/58)/(1/649)=1

Table A.10: Shotgun Surgery Likelihood table of "Tensorflow’

A.2  Shotgun Surgery Smell Findings with Low Threshold Values

The result of shotgun surgery bad smell analysis with low threshold values are provided in table
A.11 below:
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Python Number of | Number of | Number of | Number of | Number of | Probability of a

Project Files Lines Commits | Bug Fixed | Class Methods | Defect due to a
Commits | with Shotgun | Shotgun Surgery

Surgery Smell | Smell

NumPy 351 83605 24342 2074 9 0.55

Keras- 471 132614 5349 21 3 0

team

scikit-learn | 617 100679 26223 99 2 0

zulip 916 74887 39398 5066

Tensorflow | 1478 222595 5941 23 1 1

Table A.11: Projects Results - Probability of a defect due to Shotgun Surgery bad smell with
low threshold values
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Appendix B

Shotgun Surgery Smell Detection with Medium Threshold Values

B.1 Shotgun Surgery Smell Analysis with Medium Threshold Values

The frequency and likelihood tables of each project with medium threshold values are provided
from Table B.1 to B.11:

NumPy Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 9 0 9

No 785 1284 2069
2078

Table B.1: Shotgun Surgery Frequency table of ’NumPy’

NumPy Likelihood Table
P(Defect=Yes) 794/2078

P(Bad Smell=Shotgun Surgery | Defect=Yes) | 9/794

P(Bad Smell=Shotgun Surgery) 9/2078

P(Defect=Yes | Bad Smell=Shotgun Surgery) | (794/2078 * 9/794) / (9/2078) = 1

Table B.2: Shotgun Surgery Likelihood table of "NumPy’

Keras-team Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 3 3

No 4 940 944
947

Table B.3: Shotgun Surgery Frequency table of ’Keras-team’
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Keras-team Likelihood Table

P(Defect=Yes) 4/947
P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/4
P(Bad Smell=Shotgun Surgery) 3/947

P(Defect=Yes | Bad Smell=Shotgun Surgery)

(4/947 *0/4) / (3/947)=0

Table B.4: Shotgun Surgery Likelihood table of ’Keras-team’

scikit-learn Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 0 0

No 76 917 993
993

Table B.5: Shotgun Surgery Frequency table of ’scikit-learn’

scikit-learn Likelihood Table

P(Defect=Yes) 76/993
P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/76
P(Bad Smell=Shotgun Surgery) 0/993

P(Defect=Yes | Bad Smell=Shotgun Surgery)

(76/993*%0)/0=0

Table B.6: Shotgun Surgery Likelihood table of ’scikit-learn’

Zulip Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 0 0

No 267 1071 1338
1338

Table B.7: Shotgun Surgery Frequency table of *Zulip’
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Zulip Likelihood Table
P(Defect=Yes) 267/1338

P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/267

P(Bad Smell=Shotgun Surgery) 0/1338

P(Defect=Yes | Bad Smell=Shotgun Surgery) | (267/1338 *0)/0=0

Table B.8: Shotgun Surgery Likelihood table of *Zulip’

Tensorflow Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 1 0 1

No 57 591 648
649

Table B.9: Shotgun Surgery Frequency table of *Tensorflow’

Tensorflow Likelihood Table
P(Defect=Yes) 58/649

P(Bad Smell=Shotgun Surgery | Defect=Yes) | 1/58

P(Bad Smell=Shotgun Surgery) 1/649

P(Defect=Yes | Bad Smell=Shotgun Surgery) | (58/649*1/58)/(1/649)=1

Table B.10: Shotgun Surgery Likelihood table of *Tensorflow’

B.2 Shotgun Surgery Smell Findings with Medium Threshold Values

The result of shotgun surgery bad smell analysis with medium threshold values are provided in
table B.11 below:
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Python Number of | Number of | Number of | Number of | Number of | Probability of a

Project Files Lines Commits | Bug Fixed | Class Methods | Defect due to a
Commits | with Shotgun | Shotgun Surgery

Surgery Smell | Smell

NumPy 351 83605 24342 2074 9 1

Keras- 471 132614 5349 21 3 0

team

scikit-learn | 617 100679 26223 99 0 0

zulip 916 74887 39398 5066

Tensorflow | 1478 222595 5941 23 1 1

Table B.11: Projects Results - Probability of a defect due to Shotgun Surgery bad smell with
medium threshold values
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Appendix C

Shotgun Surgery Smell Detection with High Threshold Values

C.1

The frequency and likelihood tables of each project with high threshold values are provided

from Table C.1 to C.11:

Shotgun Surgery Smell Analysis with High Threshold Values

NumPy Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 3 1 4

No 791 1283 2074
2078

Table C.1: Shotgun Surgery Frequency table of ’NumPy’

NumPy Likelihood Table

P(Defect=Yes)

P(Bad Smell=Shotgun Surgery | Defect=Yes)
P(Bad Smell=Shotgun Surgery)
P(Defect=Yes | Bad Smell=Shotgun Surgery)

794/2078

3/794

4/2078

((794/2078)*(3/794))/ (4/2078)=0.75

Table C.2: Shotgun Surgery Likelihood table of "NumPy’

Keras-team Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 3 3

No 4 940 944
947

Table C.3: Shotgun Surgery Frequency table of ’Keras-team’
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Keras-team Likelihood Table

P(Defect=Yes) 4/947
P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/4
P(Bad Smell=Shotgun Surgery) 3/947

P(Defect=Yes | Bad Smell=Shotgun Surgery)

(4/947 *0/4) / (3/947)=0

Table C.4: Shotgun Surgery Likelihood table of ’Keras-team’

scikit-learn Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 0 0

No 76 917 993
993

Table C.5: Shotgun Surgery Frequency table of ’scikit-learn’

scikit-learn Likelihood Table

P(Defect=Yes) 76/993
P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/76
P(Bad Smell=Shotgun Surgery) 0/993

P(Defect=Yes | Bad Smell=Shotgun Surgery)

(76/993*%0)/0=0

Table C.6: Shotgun Surgery Likelihood table of ’scikit-learn’

Zulip Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 0 0 0

No 267 1071 1338
1338

Table C.7: Shotgun Surgery Frequency table of *Zulip’
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Zulip Likelihood Table
P(Defect=Yes) 267/1338

P(Bad Smell=Shotgun Surgery | Defect=Yes) | 0/267

P(Bad Smell=Shotgun Surgery) 0/1338

P(Defect=Yes | Bad Smell=Shotgun Surgery) | (267/1338 *0)/0=0

Table C.8: Shotgun Surgery Likelihood table of *Zulip’

Tensorflow Frequency Table

isShotgunSurgery Defect=Yes | Defect=No | Total

Yes 1 0 1

No 57 591 648
649

Table C.9: Shotgun Surgery Frequency table of *Tensorflow’

Tensorflow Likelihood Table
P(Defect=Yes) 58/649

P(Bad Smell=Shotgun Surgery | Defect=Yes) | 1/58

P(Bad Smell=Shotgun Surgery) 1/649

P(Defect=Yes | Bad Smell=Shotgun Surgery) | (58/649*1/58)/(1/649)=1

Table C.10: Shotgun Surgery Likelihood table of *Tensorflow’

C.2  Shotgun Surgery Smell Findings with Large Threshold Values

The result of shotgun surgery bad smell analysis with large threshold values are provided in
table C.11 below:
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Python Number of | Number of | Number of | Number of | Number of | Probability of a

Project Files Lines Commits | Bug Fixed | Class Methods | Defect due to a
Commits | with Shotgun | Shotgun Surgery

Surgery Smell | Smell

NumPy 351 83605 24342 2074 4 0.75

Keras- 471 132614 5349 21 3 0

team

scikit-learn | 617 100679 26223 99 0 0

zulip 916 74887 39398 5066

Tensorflow | 1478 222595 5941 23 1 1

Table C.11: Projects Results - Probability of a defect due to Shotgun Surgery bad smell with
large threshold values
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Appendix D

Shotgun Surgery Dependent Analysis Results

D.1 Keras-team

Keras: Levell Level2 Level3 |Total Records
Levell ] N/A N/A 0
Level2 0 0 N/A 4
Level3 0 0 0 6

Figure D.1: Keras-team Shotgun Surgery Dependent Analysis

D.2 Tensorflow

Models: Levell Total Records
Levell: 0 30

Figure D.2: Tensorflow Shotgun Surgery Dependent Analysis

D.3 scikit-learn

scikit-learn: Levell Level2 Level3 Leveld Level5 Level71 Total Records
Levell 79 N/A N/A N/A N/A N/A 379
Level2 1 0 N/A N/A N/A N/A 31
Level3 0 26 0 N/A N/A N/A 26
leveld 0 0 0 0 N/A N/A 5
Level5 0 0 0 0 0 N/A 11
Level71 0 0 0 1 0 0 2

Figure D.3: scikit-learn Shotgun Surgery Dependent Analysis
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D.4 Zulip

zulip Levell Level2 Level3 Leveld |Total Records

Levell 27 0 0 0 216

Level2 53 0 0 0 54

Level3 0 0 0 0 0

Leveld 0 0 0 0 6

Figure D.4: Zulip Shotgun Surgery Dependent Analysis

D.5 NumPy

numpy Levell Level2 Level3 Level4 Level5 Level6 Level7 Level8 Level9 Level10 Levelll |Level20 Total Records
Levell 271 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 1083
Level2 4 9 N/A NfA N/A N/A N/A N/A NfA N/A N/A N/A 102
Level3 2 0 0 NfA N/A N/A N/A NfA NfA N/A NfA N/A 20
Leveld 0 0 0 0 N/A N/A N/A N/A N/A N/A N/A N/A 3
Level5 '] 0 0 '] 0 N/A N/A N/A NfA N/A N/A N/A 3
Level6 Q 0 0 Q 0 0 N/A NfA NfA N/A NfA N/A 69
Level7 0 0 0 0 0 0 0 N/A N/A N/A N/A N/A 1
Leveld '] 0 0 '] 0 0 0 0 NfA N/A N/A N/A 0
Level9 2 0 0 Q 0 0 0 0 Q N/A NfA N/A 2
Levelll 1] 0 0 1] 0 0 0 0 1] 0 0 N/A 1
Level20 '] 0 8 '] 0 0 0 0 '] 0 0 0 8

Figure D.5: NumPy Shotgun Surgery Dependent Analysis
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E.1

Appendix E

Code Smell and Defect Density Analysis

Correlation Coefficient Analysis of Code Smells

Code Smell Correlation Coefficient
Large Class -0.54
Long Parameter List 0.85
Parallel Inheritance Hierarchy 0.10
Lazy Class -0.09
Data Class -0.08
Refused Bequest 0.11
Long Method 0.60
Feature Envy 0
Shotgun Surgery w/ Low Threshold Values 0.20
Shotgun Surgery w/ Medium Threshold Values | 0.58
Shotgun Surgery w/ High Threshold Values 0.34

Table E.1: The result of correlation coefficient for each code smell
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E.2 Code Smell Density Analysis Results

Code Smell NumPy | Keras-team | scikit-learn | Zulip Tensorflow
Large Class 4% 19% 9% 2% 6%
Long Parameter List 13% 16% 22% 8% 12%
Parallel Inheritance Hierarchy 8% 44% 23% 11% 3%
Lazy Class 88% 45% 64% 94% 77%
Data Class 14% 30% 10% 5% 17%
Long Method 9% 7% 15% 8% 15%
Refused Bequest 67% 72% 68% 33% 82%
Feature Envy 2% 7% 3% 1% 1%
Shotgun Surgery Detected w/ | 0.4% 0.3% 0.2% 0% 0.2%
Low Threshold Value

Shotgun Surgery Detected w/ | 0.4% 0.3% 0% 0% 0.2%
Medium Threshold Value

Shotgun Surgery Detected w/ | 0.2% 0.3% 0% 0% 0.2%
High Threshold Value

Table E.2: Code Smell Density of Python projects

E.3 Defect Density Traced to Code Smell Analysis Results
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