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Abstract

Debugging is one of the most challenging processes in software development. As the com-
plexity of software increases, traditional debugging methods are becoming less viable and
more expensive. Over the years, techniques for automatically locating defects, as well as
improving them, and tools that implement these techniques have been developed. Although
there have been significant improvements, the freely available tools still fall short when it
comes to supporting C# projects.

This dissertation proposes the design and implementation of an automatic defect location
tool for C# projects. The tool, developed during this dissertation, is called FaultDetec-
tor.NET. It contains two versions: one that integrates into Integrated Development Envi-
ronment (IDE) Visual Studio 2022, and another that is a Command Line Interface (CLI) to
support Cl/CD pipelines. Some new defect localization techniques will be explored to bridge
the gap between academic research and practical applications in software development.

A case study is carried out using the Defects Sample Project, a collection of C# projects
containing reproducible bugs representative of different real-world software domains. Suspi-
cion ratings and fault identification efficiency are used as metrics to compare the various fault
localization techniques supported by the tool. This work focuses mainly on the importance
of seamlessly integrating automatic fault localization into the development environments
widely used by C# software engineers.

Keywords: Fault Localization, Fault Localization in C#, Automated Debugging, Fault
Localization Techniques






Resumo

A depuracdo é um dos processos mais desafiantes no desenvolvimento de software. Com o
aumento da complexidade do software, os métodos tradicionais de depuracdo sdo cada vez
menos vidveis e mais dispendiosos. Ao longo dos anos, foram desenvolvidas técnicas para
a localizacdo automatica de defeitos, bem como o seu aperfeicoamento, e ferramentas que
implementam essas técnicas. Embora tenham havido melhorias significativas, as ferramentas
disponiveis gratuitamente ainda estdo aquém, no que concerne a suporte a projectos C#.

Esta dissertacdo propde a concecdo e implementacdo de uma ferramenta de localizacdo
automatica de defeitos em projectos C#. A ferramenta, desenvolvida durante esta disser-
tacdo, é denominada FaultDetector.NET. Contém duas versbes: uma que se integra no
IDE Visual Studio 2022, e outra que é um CLI para suportar os pipelines CI/CD. Algumas
novas técnicas de localizacdo de defeitos serdo exploradas para colmatar a lacuna entre a
investigacdo académica e as aplicacles praticas no desenvolvimento de software.

Um estudo de caso é realizado usando o Defects Sample Project, uma colecdo de proje-
tos C# contendo bugs reproduziveis representativos de diferentes dominios de software do
mundo real. As classificacGes de suspeita e a eficiéncia da identificacdo de falhas sdo usadas
como métricas para comparar as varias técnicas de localizacdo de falhas suportadas pela fer-
ramenta. Este trabalho centra-se principalmente na importancia da integracdo perfeita da
localizacdo automatica de falhas nos ambientes de desenvolvimento amplamente utilizados
pelos engenheiros de software C#.
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Chapter 1

Introduction

This chapter outlines the context, problem, and objectives of this dissertation. Additionally,
it briefly describes the expected results, performs a preliminary value analysis, and describes
the methodology used. Finally, the structure of the document is outlined, providing an
overview of the content of each of the following chapters.

1.1 Context

In software development, debugging is an integral part of the development cycle, but it
is also very time-consuming, and this is exacerbated by increasing software complexity and
size. Conventional debugging techniques, while helpful, are becoming less feasible with larger
codebases. Indeed, studies indicate that almost half of the development effort is spent on
fault debugging (Wen et al. 2019).

Automated debugging techniques embody an important paradigm change, which should
minimize human interference and effectively point developers to faults. This dissertation
aims to improve these automated techniques to master the still increasing complexity of
software projects.

As promising as these approaches are, manual effort is still high. Particularly in C#, tools are
not always that accessible for most developers. A proposed approach would be to improve
fault localization in C# projects by integrating an existing tool or creating a new tool that
integrates with the relevant Integrated Development Environment (IDE).

New and alternative techniques will be tested in this context. The applicability of the
proposed solution will be tested on real-world code written in C#.

1.2 Problem

Debugging is a challenge in software engineering, itself acknowledged as complex and time-
consuming: it is estimated that up to 50% of development time is spent on this activity
because it is complicated and errors are hard to trace (Adragna 2008) (Parnin and Orso
2011).

Manually finding faults becomes even more challenging when software projects are large
and complex. The research aims to address the problem of automating the debugging
process to reduce the amount of time and effort spent. There are some tools available for
automatic fault localization; however, they are not widely used. Improvements in this area
have the potential to increase the efficiency and speed with which faults are located, as well
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as democratize access to advanced tools for developers (W. E. Wong, Ruizhi Gao, et al.
2016a)

1.3 Objectives

The goal of this dissertation is to introduce an automatic fault localization tool within
an IDE to enhance the current debugging methodology for C# codebases in the software
development lifecycle. The objectives are outlined as follows:

1. Ildentification and Analysis: Develop or adapt an open-source automatic fault local-
ization tool, fully integrated into the C# development environment (IDE), and explore
new techniques and coefficients that could improve the accuracy and effectiveness of
fault localization process. The overall goal is to provide a solution that improves us-
ability and efficiency in the software development process, making fault localization in
C# projects more effective.

2. Selection and Evaluation: Identify the most effective tools that supports integra-
tion with an IDE. This includes evaluating factors such as performance, usability, and
compatibility with C# and the IDE.

3. Integration and Enhancement: Implement the selected design tools into a suitable
IDE. This can maybe be improving the existent tools or create one from scratch.

1.4 Research Methodology

This research is anchored upon Design Science Research Methodology (DSRM), which can
be augmented with critical ethnography to satisfy the requirement of this diverse world. The
DSRM consists of six steps, as shown in Figure 1.1. These steps are: Problem identification
and motivation, Definition of solution objectives, Design and development, Demonstration
and efficacy, Evaluation of the solution’s impact and outcomes, and lastly Communication
of results and conclusion

Mrotess Reration

v + . | |
IDENTIFY DERANE DesiG B DEMONSTRANON ‘E' DWALATION COMM UNILATION
ProsaEm B DRIECTIVES OF IDEWELDFMENT _& § ‘i
. MOGTAAE ] SOLETHE ] Foroel saidliriohs Glservehow | 2 Schalarky
Mominal process = -E 5 Somlcat = e tive, s aivar,
sequence E g 2 effiicnr =
Definegunttem | E " 'E Adrfont *® Ui tai? P "E E‘ Frofessional
Bt eteors 2 i problem o Resatehockts | 2 it
: design B
Show s # E 2 o
Ampartanse T T &
& o
=
PROBLEM DRIECTIVE Db
5 Deveo Py CuesmfComrext
CENTERED CENTERED TN iy
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Iamanon

PossibleRetenrch Chtry Point

Figure 1.1: Design Science Research Methodology (Adapted from (Peffers
et al. 2008)) - Extending Design Science Research Methodology for a Multi-
cultural World
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1.5 Methodology

The primary steps in this research are aligned with the Design Science Research Methodology
(DSRM) framework, as follows:

1.

Problem Identification and Motivation: Recognize and define the core problems,
particularly those exacerbated by contextual and cultural complexities. This motivation
is grounded in improving the efficiency and effectiveness of debugging across diverse
environments. (See Chapter 1: Introduction)

Objective Definition: Establish clear, actionable objectives based on identified prob-
lems. This includes designing IT artifacts that solve technical challenges while res-
onating with users from different cultural contexts. (See Section 1.3)

Design: Develop innovative solutions and artifacts to meet the defined objectives.
This phase integrates insights from critical ethnography to ensure that cultural factors
are incorporated into the design process. (See Chapter 4)

. Demonstration: Implement and demonstrate the effectiveness of the designed arti-

facts in real-world settings, showing that the solutions address the identified problems
and meet the objectives. (See Chapter 5)

Evaluation: Critically assess the artifacts using a combination of traditional DSRM
evaluation methods and critical ethnography. This phase aims to understand the
cultural impact and effectiveness of the solutions, ensuring they are beneficial in various
contexts. (See Chapter 5)

Communication: Document and share the research findings, methods, and implica-
tions with both academic and industry communities. Additionally, this phase includes
discussions on the extended DSRM methodology and its potential for broader appli-
cations. (See Chapter 6)

1.6 Work Plan

This section gives the 8-month timeline representing the major tasks involved in the work plan
and their time allocation. These tasks include: State of the Art Study, Solution Design and
Implementation, Experimentation and Evaluation, Solution Value Analysis, and Conclusion.
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1.7. Document Structure

1.6.1 Detailed Work Plan

6 Months: State-of-the-Art Review
e Review existing literature on defect localization.
e |dentify limitations in current solutions.

e Emphasize the need for further research.

4 Months: Design and Implementation
e Design a defect localization solution.
e Ensure it addresses existing limitations.

e Implement it in C#.

2 Months: Experimentation and Evaluation
e Conduct experiments to test solution effectiveness.

e Collect data and feedback for analysis.

1 Month: Value Analysis
e Assess the solution’s value and impact.
e Evaluate practicality and effectiveness.

e Highlight benefits for software development.

1 Month: Conclusion
e Conclusion of the research and experiments;
e Generalization of the findings and discussion of its implications;
e The deficiencies of the prevailing defect localization tools are recognized.
e Systematization of knowledge through a literature review;
e Evaluation and consideration of variant defect localization approaches;
e Development and testing of the defect localization solution;

e |ts efficiency is to be evaluated in a real software engineering context.

1.7 Document Structure

This document has the following structure:

1. Introduction - Chapter 1: This chapter sets the setting for the dissertation, which
puts focus on the problem of automated defect localization. It describes the goals
of the identification of current solution limitations, indication of the need for further
research, and proposition of a novel approach. The foreseen results are more accessible
and effective debugging, leading to large productivity gains in software engineering.
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. State of the Art - Chapter 2: The chapter surveys current automated debugging
techniques, analyzing the existing work and its limitations. The author examine broad
technical challenges, the lack of obvious solutions, and current inadequacies of the
existing tools in support of these languages, particularly C#.

. Value Analysis - Chapter 3: The chapter reassesses how the proposed work can add
value for the customer and to the software engineering field. This includes elaborating
on possible reductions in debugging time, gains in productivity, and perceived value
from new product and process development. The analytic hierarchy process can also
be covered here, considering ways of prioritizing improvements.

. Design and Implementation - Chapter 4: This chapter highlights in detail the de-
sign and the implementation of the tool FaultDetector. NET from automatic fault
localization in C# language.

. Evaluation and Experimentation - Chapter 5: This chapter presents the evalua-
tion and testing of the tool FaultDetector.NET. It includes experimentation using the
Defects Sample Project, a collection of C# projects with reproducible bugs.

. Conclusion - Chapter 6: The last chapter summarizes the research done, improve-
ments achieved concerning fault localization for C#. Further, it discusses the limita-
tions of the current solution and points out the work to be done in the future in order
to make the tool's capabilities and broaden its applicability.



Chapter 2

State of Art

This chapter presents some concepts as well as the techniques and tools in the context of
automated debugging. It references the Chapter 1 of the DSRM approach.

2.1 Debugging

2.1.1 Definition

Debugging is the process of identifying and correcting faults in computer software or systems
in order to return the program to proper operation (Golagha et al. 2018a). These faults,
commonly referred to as bugs, have made it essential to develop systematic approaches for
their detection and repair.

There are five critical steps in a debugging process, as shown in Figure 2.1: identifying the
failure, locating the fault, analyzing its nature, performing tests to validate the analysis, and
covering any collateral effects to prevent future issues. Debugging is considered one of the
most challenging and time-consuming tasks in software development, often requiring signif-
icantly more resources than the development itself (Srivastva and Dhir 2017); (Sayantini
2020)..

(o [SR18i A Identify the Fault
Find the Fault location

Analyse the Fault

Prove the Analysis

Cover Cover the Lateral Damage

Figure 2.1: Debugging Steps (from (Sayantini 2020))

2.1.2 Debugging Tools

Debugging tools, or more simply debuggers, are special-purpose programs used to test and
debug other software. They are key tools in mapping observed failures to their underlying
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defects. These tools play a crucial role in helping software engineers build a mental model
of the system, which can then guide the diagnosis process and ultimately lead to repairs.

Typical functionalities offered by these tools include a query processor, symbol resolver,
expression interpreter, and a debug interface. Advanced features often include step-by-step
execution of the program, halting at breakpoints to examine the state of the program at
that point, and even the ability to set a different program state during execution.

The selection of a debugger is often determined by the operating system in use. For example,
GDB is the standard for Unix/Linux, Visual Studio is commonly used for Windows, and LLDB
for Mac OS. Each of these debuggers is designed to help engineers observe the dynamic
behavior of the system, providing a finer-grained understanding and partial control over the
debugging process, as also reported by Golagha et al. 2018a.

2.2 Error, Fault, and Failure

2.2.1 Definition

The terms "error", "fault", and "failure" are defined as follows: an "error" is a wrong
system state; a "fault" is a defect in the system or its representation that might lead to
an error in case of activation; and a "failure" is an observable deviation from the system’s
specification (International Organization for Standardization 2017).

The IEEE Standard (International Organization for Standardization 2017) also comments
that "bug" is another synonym for fault, underlining that "a failure may be caused by (and
thus indicate the presence of) a fault," and "a fault may cause one or more failures." Due
to this fact, this thesis applies this terminology when referring to any computer program. In
this sense, faults are bugs in the code, whereas failures are times when what is produced at
the end differs from what the program is supposed to do.

Error detection is, however, a prerequisite for fault localization. One must realize that
something is wrong before finding the cause of the fault. Failures are a primitive form of
error detection but most errors go undetected and never lead to failures (Abreu, Pieter
Zoeteweij, and Arjan J. C. van Gemund 2007). Detection of failure and array bounds
checking are examples of generic error detection mechanisms that can be used without
knowing the details of the system.

2.3 Fault Localization

When a software program encounters a failure, it is often due to multiple underlying er-
rors within the code. To resolve these issues, it is essential to identify and correct the
errors, which is the main goal of fault localization. This process involves analyzing various
components of the source code to pinpoint the elements that may be responsible for the
failure.

Fault localization typically requires examining many components and their interactions within
the system. Due to the numerous potential causes of errors, automated fault localization
techniques have been developed to help developers by reducing the complexity of error
detection.
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Fault localization techniques can be broadly classified into two categories: traditional meth-
ods, which are generally more straightforward, and advanced methods, which are more
complex and sophisticated W. E. Wong, Ruizhi Gao, et al. 2016a. (W. E. Wong, Ran Gao,
et al. 2016)

2.4 Traditional Methods

2.4.1 Program Logging

Program Logging is the process of capturing and recording all the details of the runtime
Information on the program execution. Logging is used by the developer for monitoring
variables, too. flow execution, and states of the system in order to understand the behavior
of the program. and identify unusual or errant activities that signal a fault

2.4.2 Assertions

Assertions are concrete conditions explicitly stated in the code, according to which one is
sure of the program behaving as expected, they act as checkpoints, and if an assertion fails,
there might be a potential fault in the system. They help in early design error detection
because the program can come to a stop if ever something goes wrong.

2.4.3 Breakpoints

Another definition of a breakpoint could be that it is a debugging tool allowing runtime
suspension of execution at specific points in the program. That can let somebody look
through the current state of computation, like variable values, call stack, or flow of execution.
They are very instrumental in isolating and understanding the behavior of the code, in
particular, near the suspected source of fault.

2.5 Advanced Methods

2.5.1 Program Spectrum-Based Fault

Spectrum-Based Fault Localization (SBFL) is one of the most prevalent techniques in iden-
tifying faulty components of a program during software debugging W. E. Wong, Ruizhi Gao,
et al. 2016a. In essence, it means the analysis of program spectra, which are data sets
collected during the execution of software and commonly referred to as code coverage data.
This gives a fine-grained view into program behavior, based on tracing execution of various
program entities, such as statements, branches, or methods while test cases are executed
and can be collected by code instrumentation.

Program spectrum may be envisioned as a matrix comprising zeros and ones where every row
corresponds to one test case and every column corresponds to some part of the program,
for instance, concrete statement or branch. The entries of the matrix are 0 or 1 depending
on whether a given test case executed a part of a program. Further, there is also an error
vector which keeps track of whether each test case has failed or succeeded. (W. E. Wong,
Ruizhi Gao, et al. 2016a)

Figure 2.2 shows an example of typical input to SBFL. Each row of the matrix represents
to a test case, and each column corresponds to a part of the program (e.g., individual
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statements or branches, the entries of the matrix x;; indicate whether the j-th part of the
program was executed during the i-th test case, a 1 in the matrix indicates that the part
has been executed, and 0 indicates it was not.

N parts EITOrS
I11 r12 ... IIN €1
Tzl Tz .. Tan €z
M spectra
Tal Ty --0 TMN enf
s(1) s(2) ... s(N)

Figure 2.2: Spectrum-Based Fault Localization Input Example (adapted from
(Abreu, Peter Zoeteweij, Golsteijn, et al. 2009))

On the right-hand side of the matrix, an error vector e holds an outcome of each test
case, where each entry e; stands for either the /-th test case failedmostly represented as lor
successmostly represented as 0. SBFL compares each column vector s(j) in the matrix with
the error vector to identify which portion of the program is most likely responsible for the
failures.

Ranking Suspicious Entities

Among the many dimensions of SBFL techniques, ranking the entities in a program according
to their suspicion is one of the most important. SBFL techniques use various forms of ranking
metrics and statistical methods to assign a higher priority to the parts of the program most
likely to be faulty. The entities highly ranked are ones whose spectrum columns best match
the error vector, thus most correlated with the failure of the test cases (Abreu, Pieter
Zoeteweij, and Arjan J. C. van Gemund 2007).

Techniques

e Tarantula: It is among the earliest and most well-known techniques of SBFL. It ranks
program entities based on their execution frequency in both passing and failing test
cases. The suspiciousness score then falls between 0 and 1.

NCF

. N NE
Suspiciousness = = —ncs

NFE T NS

e Ochiai: The Ochiai coefficient calculates the suspiciousness of a program entity in a
very similar way to cosine similarity in vector space. The range for suspiciousness is
[0, 1].

NCF
VNF x (NCF + NCS)

Suspiciousness =

e Jaccard: The Jaccard coefficient focuses on the proportion of failing test cases that
execute a particular statement. The range of possible suspiciousness values is [0, 1].

NCF
NCF + NUF + NCS

Suspiciousness =
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e DStar: A family of techniques generalizing spectrum-based fault localization, introduc-
ing a tunable parameter; D3 is a popular variant. The range of possible suspiciousness
values is [0, +00).

o B _ (NCF)?
Suspiciousness = DStar = NCS + NUF

Similarity Coefficients

Table 2.1 lists 31 similarity coefficient-based techniques, along with their algebraic forms,
which have been used in different studies. Similarity coefficient-based techniques use math-
ematical formula to calculate the suspiciousness of each program entity based on the cor-
relation between its execution in failing and passing test cases. Notable examples of these
techniques include the use of the Jaccard coefficient, Tarantula, Ochiai, DStar, among oth-
ers. Some tools, like Zoltar or DEPUTO, have been designed for computing those similarity
metrics automatically and support fault localization (W. E. Wong, Ran Gao, et al. 2016;
W. E. Wong, Ruizhi Gao, et al. 2016a).

Coefficient Algehraic Form CoeMicient Algebraic Form
N, (¥ XNy Ny XN KN+ Ny )Ny + My Ny + Ny XN + N )
U | BranBanquet | N Ny # Ny 17 | Hammonic Mean Ny + Ny PN g+ N PN+ ¥ PN+, )
(N, Vg ¥ Ny ) 1 N, N, N, N,
Dennis —_—t 18 | Rogot2 T e vy
N+ N IX (N + Ny ) 4 NG +Ney N +Ny N +Ngo Ny +N,
Ny Simple Ne +Ny,
3 | Mountfond — < — 19 i;““f:: . —
05N XN )+ (N XN )+ (N XN ) Marching N+ N + Ny + N,
ax(N,, —0.5) pers& Nep+ N
4| Fossum (N ) 2 | Rogers& N+,
(Nep + Nes )% (Ngp + Nyy ) Tanimoto Ny + Ny + 20N, + N )
(N % Ny ) = Ny XN, OF
5 | Pearson ekt X Ny ) = (Ney XWye ) 21 | Hamming Nep + Nyg
Nex N, x N, %N, .
N +N, N+ Ny =Ny =N
e+ Nys cr Ny = Ny =N
6 | Gower P - 22 | Hamann T —
N, %N %Ny Ny Nep + Nyg + Nog + Ny
4x (N XNy )= 2N, + Ny
7| Michael . = 23 | Sokal T T —
e (Neg + Ny ¥+ (N + Ny o 2Ny + Ny )+ Ny + N
(Nep XNy ) +(N e X Neg) V,

s = N X Vg ) = (N = Ny )
up + N 2N + Ny + N )

8 | Pierce 24 | se
e (N XNy )+ (2X (N X Ny D+ (Vg XNy ) e
N v

Baroni-Urbani us) + New N Nos
ot + )
¥ | & Buser | Rogotl NG 2N Nyp + Ny
(nx N )= (N xN.) N,
10 | Tarwid —_— 26 | Kulczynski —L
(XN )+ (N XN Neye + Ny

11 | Ample 27 | Anderberg

Ny XN
SN N XN+ Ny DX g+ Ny D5 N + Ny )

13 | Arithmetic 2N X Ny = Ny XNy )
© | Mean (Nop + N XN g+ Ny )N+ N DX (N + Ny )

Phi (Geometric

28 | Dice

29 | Goodman

Ny %N

14 | Cohen TN RNy | | st
15 | Fleiss 31 | Sorensen-Dice | AN ¥ Ny, + Ny
16 | Zoltar

Table 2.1: Similarity Coefficient-Based Techniques (from (W. E. Wong,
Ruizhi Gao, et al. 2016a))

Adjustable Symmetry Coefficient

Measures, or coefficients, of similarity are commonly used in calculating the proximity be-
tween two entities are typically designed for symmetric or asymmetric data. Specifically,
when comparing statements covered in passed tests to those uncovered in failed tests, the
symmetry between these variables is nonexistent. In such cases, discordant pairs are usually
ignored in the calculation of similarity between entities. A. Sampaio, |. B. Sampaio, and
Alves 2007 suggest that it is possible to find a solution by identifying a parameter that
adjusts the similarity measure according to the known level of asymmetry in the data .
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The proposed solution involves finding a parameter that adjusts the similarity measure in
proportion to the known amount of asymmetry. This is done by associating the Symmetry
Coefficient (CS), as shown in Equation 2.1, with the uncovered statements in the failed tests
(d), where n is the number of variables and NS is a parameter that varies proportionally to
the global asymmetry present in the data A. Sampaio, |. B. Sampaio, and Alves 2007.

n— NS
n

CS =

(2.1)

As A. Sampaio, |. B. Sampaio, and Alves 2007 suggests, this coefficient can be used in
conjunction with well fault localization techniques. Tarantula

NNCFF
Tarcs = wer L NCS
NF T NS
Simple Matching
SM (NCF + NCS) — == x (NCF+NCS)
T 01 (NCF £ NCS) — i=N5 5 (NCF + NCS)
Roger-Tanimoto
RT (NCF + NCS) — == x (NCF + NCS)
€S~ T(NCF+NCS) + 2% (NCF + NCS)
Sokal-Sneath -
(NCF + NCS) — 1=NS » (NCF 4+ NCS)
SScs =

(NCF + NCS) +2 x (NF + NS)

Seban Technique

The author developed the technique to address the variability and limitations of individual
SBFL techniques, such as Tarantula, Ochiai, Jaccard, Kulczynski, and Rogers-Tanimoto.
Each of these techniques, although effective in specific contexts, tends to perform incon-
sistently depending on the nature of the program and the faults being diagnosed. This
variability in effectiveness has been noted in several studies, including "A Fault Localization
Method Based on Metrics Combination” by Ajibode et al. 2022, which emphasizes the need
to combine metrics to improve precision and reliability in fault localization (Ajibode et al.
2022).

The Seban technique combines the results of each technique into a single suspicion metric
to reduce the limitations of individual approaches and provide a more stable and accurate
fault localization process. It integrates the following techniques: Tarantula, Ochiai, Jaccard,
Kulczynski, and Rogers-Tanimoto.

The suspicion metric for the Seban technique is calculated as follows:
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Suspiciousnessgep,, = Normalize (NCF

T /INCF + NUF) x (NCF 1 NCS)
NCF

NCF + NUF + NCS
1 < NCF NCF >

* 5 \NCFENUF T NCFL NGS
. NCF + NCS )
NCF + NCS + 2 x (NUF + NUP)

A normalization step is included to ensure that the results fall within a standardized range
between 0 and 1:

max(x)

Normalize(x) =

Where:

max(x) = max(Suspiciousnesscembined)

The final stage of the process includes filtering to remove lines of code whose suspicion value
is below the 90th percentile, thus helping developers focus on the most critical sections of
the code:

SuspiciousNessyormalized < PercentileThreshold

Challenges and Ongoing Research

Recent studies have proposed new techniques and improvements to existing SBFL methods.
For example, Ochiai2 extends the Ochiai formula by including additional factors that account
for successful test cases that do not cover a statement. Its suspiciousness score is computed
as follows:

NCF x NUS

Suspiciousness(Ochiai2) = (NCF + NCS) x (NUS + NUF) x (NCF + NUF) x (NCP + NUS)

Some of the other promising techniques are Nearest Neighbor technique which is based upon
elements of fail a test case to the most similar passing test case. If the fault is found in the
dierences between these tests, it is located; otherwise, a PDG is constructed to guide in a
deeper investigation.

Despite their eectiveness SBFL techniques face several challenges, the major one is the
overhead of instrumentation, is caused by the additional computational cost introduced by
monitoring and recording the execution of the program during testing. Techniques like
Coarse-grained instrumentation has been suggested to reduce this overhead, where the
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program is first instrumented at a higher granularity, such as package or class level, and only
the most suspicious components are instrumented more finely, such as at the statement
level. Another challenge is how to ensure high accuracy of fault localization due to complex
program structures and test suites. (W. E. Wong, Ruizhi Gao, et al. 2016a)

The quality and coverage of the test suite dominate the effectiveness of SBFL techniques.
Incomplete test cases can result in inaccurate fault localization. Some research currently in
focus is on improving these when multiple statements have the same score known by ties
in suspiciousness scores and enhancing the precision in large and complex software's. Other
recent studies frequently compare different spectrum- Whereas some spectrum-based fault
localization techniques are available, none of them are arrogant enough to claim the best
for all situations. That means there is no such spectrum-based technique in every situation
that is optimal, as supported by the study of Yoo et al. 2014.

2.5.2 Slice-Based Techniques

The slice-based techniques are applied for abstracting a program by eliminating the irrelevant
parts. Ensuring that the resulting slice has the same behavior as the original program with
based on some specified criteria. Ever since the static slicing was introduced by Weiser 1979,
the technique has been extensively studied and applied, particularly in the domain of fault
localization, with hundreds of publications exploring its various dimensions (Gupta, Soffa,
and Howard 1994; Harman and Hierons 2001; Tip 1995).

Static Slicing

Static slicing is mostly used for reducing the search space while debugging. The fundamental
idea is that, given a failing test case, if the value of a variable is wrong at some statement,
then the defect must lie within the static slice for that variable-statement pair. Thus, the
developer can limit his debugging to a smaller region of the code (Lyle and Weiser 1987).
Although it is an important tool, static slicing has its weaknesses, especially when there are
pointer variables that can enable inefficient data flow analyses (Chandra, Reps, and Shankar
2007; Reps, Horwitz, and Sagiv 1995). Some techniques have been proposed, like equiv-
alence analysis, to make data flow analyses ecient by computing equivalence relationships
between memory locations.

Dynamic Slicing

A major limitation of static slicing is the fact that the slices generated may comprise all
the executable statements that may have a possibility effect on a variable's value, hence
incorporating many redundant statements within the debugging process. This is mainly
because of the inability of static analysis to anticipate run-time values. Dynamic slicing is
thus applied and it involves recognizing statements that truly contribute towards a particular
value during a specific execution, thereby It more accurate for fault localization (Agrawal
and J. Horgan 1993). However, dynamic slicing has its drawbacksone of which is that it
cannot capture execution omission errorsscenarios where omission of crucial statements in
the program causes failures (Gyimothy, Beszedes, and Forgacs 2001). To resolve this issues,
relevant slicing and augmented dynamic dependence graphs have been proposed, although
these methods might generate oversized slices due to incorrect dependencies (Xiangyu Zhang
and Xu 2011).
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Execution Slicing

An approach that is an alternative to both static and dynamic slicing, is the execution slicing,
which uses dataow tests to construct slices and is based on statements which are executed
by a particular test case (Agrawal and Joseph R. Horgan 1990). Being practically helpful, the
execution slicing considers the behavior of the program under the actual inputs that expose
the fault, and not under hypothetical inputs which could affect any variable of interest. The
technique of this method is less resource-intensive and more easy to implement, especially
with the availability of code coverage data (Jones, Harrold, and Stasko 2002).

Example: Comparing Static, Dynamic, and Execution Slicing

To differentiate between static, dynamic, and execution slicing, let us consider the code
excerpt given in the second column of Table 2, which is infected with a bug at statement
sT.

e The static slice for the output variable product consists of all statements that may
inuence the value of product, hence it contains s1, s2, s4, s5, s7, s8, s10, and s13.

e The dynamic slice for product only contains those statements that actually inuence
the value of product during a particular test case execution. Under input a = 2, the
dynamic slice consists of s1, s2,s5,s7, and s13.

e The execution slicefor the test case a = 2 is composed of all the statements executed
by this test, hence it is composed of s1, 52, 53, 54, 55,56, 57,512, and s13.

Table 2.2 provides a graphical comparison between the outcome of these three slicing tech-
niques. It allows to illustrate how the fact is that each of the methods captures different
sets of statements depending on their criteria.



16 Chapter 2. State of Art

Code with a bug at s; Static slice for product
& |inputia) inputia)
g2 |i=1; i=1:
f1 |sum=10;
§q |product =1 prvduct =1
§5 (i <a) il i =<a)|

55 KU = S0 + 1

5 product = product i

ibug product = product x 2i
S5 | Jelse] Jelse|
54 SH = S - 0
S product = product i, product = product ! i;
su ||
S12 |print {sum);
513 |print (producr); print {product);

(a) (b)
Exccution slice for product
with respect to a test caseq =2
inpait{a)
i=1;

product = product ® 1)

Dyvnamic slice for product
wilh respect to a test case g =2
inpuatie)
i=1;

sum = 0;

prroduct = 1;
ifii < a)l if (7 = a)
SL = s+ 0

prodict = product X 1 product = product = i;

|print {sum);
print (product);

print (product),

()

(d)

Table 2.2: An Example Showing the Differences among Static, Dynamic, and
Execution Slicing, adapted from (W. E. Wong, Ruizhi Gao, et al. 2016a)

While these techniques are useful, challenges still remain. For instance, there is absolutely
no guarantee that the bug will be located within the generated slices, and even if the
bug is located, the slices may still contain excessive code that needs to be examined. In
order to enhance this, methods like inter-block data dependency augmentation and refining
techniques have been proposed. More to that, program slices are of high complexity and big
in length hence hard to understand. A barrier-based filtering technique and thin slicing were
proposed for producing more manageable slices and making their comprehensibility higher
(W. E. Wong, Ruizhi Gao, et al. 2016a).

2.5.3 Statistics-based Techniques

Statistical debugging is a technique that utilizes dynamic analysis to identify the underlying
Reasons for software failures. In the past years, several algorithms have been proposed for
improving This will ensure that the accuracy and efficiency of fault localization are effective.
Some of the most Influential methods and their approaches.
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Liblit05

The Liblit05 method, was introduced to isolate bugs in programs containing multiple undidi-
agnosed problems (Liblit et al. 2005). The technique emulates normal debugging process
performed by programmers, where the most critical bug is identified first, fixed, and then
the That process is repeated. It involves the use of instrumented predicates at specific It
makes use of certain specific points in the program to predict the occurrence of failures

e Feedback Report (R): It is the report that tells whether the execution of the program
is successful or it has failed. If the predicate P is true at least once during the run,
thenR(P) = 1; otherwise, R(P) =0

e Bug Profile (B): A set of failing runs which share the same bug of failure.

e Predicate (P): It is a bug predictor; when R(P) = 1, most probably it belongs to the
bug profile.

This algorithm does its processing based on following step-by-step procedure:

1. Compute the probability that P implies failure, (Failure(P)).

2. Compute the probability that the execution of P implies failure (Context(P)).
3. Discard predicates where Failure(P) - Context(P) < 0.
4

. Rank the predicates which score the highest by their computed score, which is depen-
dent on the importance which it provides according to the bug profile

According to Chilimbi and Hauswirth 2003 , the efficiency of Liblit05 could be enhanced by
replacing the predicates with path profiles. These are runtime gathered and then aggregated
from multiple test cases.

SOBER

The SOBER technique produced by Liu et al. 2006 ranks suspicious predicates by evaluating
it within test cases. The technique calculatesm(P), which is the probability that predicate
P is evaluated to be true during execution. A predicate P is related to if the distribution
of w(P) in failed executions has a higher signicantly different than from successful ones
fault. J. Hu et al. 2010 made this much precise by using non-parametric hypothesis testing
in checking the extent of variation between the successful and failed test cases spectra of
predicates, hence obtaining more accurate fault localization. (W. E. Wong, Ruizhi Gao,
et al. 2016b)

Crosstab

The Crosstab technique is based on cross-tabulation analysis to compute the suspicious-
ness of program statements (Xifeng Zhang et al. 2011). For each statement, a crosstab
is constructed with two vertical categories (covered/not covered) and two horizontal cat-
egories (successful execution/failed execution). A hypothesis test is applied to assess the
dependency between execution results and the coverage of each statement. Unlike Liblit05
Additionally, it can be used in general ranking of suspicious program elements: statements,
predicates, and functions. It is shown that Crosstab really finds much more bugs than
Liblit05 and SOBER. (W. E. Wong, Ruizhi Gao, et al. 2016b)
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Debugging through Evaluation Sequences (DES)

Based on the identification of short-circuit evaluations in individual predicates and output
evaluation sequences for each predicate, Z. Zhang et al. 2008 introduced the Debugging
through Evaluation Sequences DES approach that was compared with the existing predicate-
based techniques such as SOBER and Liblit05. You and You and Z. Zheng 2012 present a
statistical approach that constructs for each test case a weighted execution graph with pred-
icates as vertices and transitions between sequential predicates as edges. The suspiciousness
of each edge is It is calculated to quantify its likelihood of being fault-related. Recent ef-
forts applied causal-inference techniques to fault localization. A linear model is built on top
of program control ow graphs to estimate the causal effect of covering a given statement
on the occurrence of failures, reducing confounding bias and improving fault localization
rankings. (W. E. Wong, Ruizhi Gao, et al. 2016b)

2.5.4 Model-Based Techniques

Model-Based techniques are based on identifying all possible causes of abnormal behavior in
an observed system against the background of knowledge concerning the system’s expected
behavior under normal conditions. These approaches, therefore, anchor their analysis on
the comparison between the model of the systemrepresenting expected behaviorand actual
behavior observed during the execution of the program.

One of the pioneering works in model-based fault localization was presented by Maruyama
and Matsuoka 2008, a generation of pre-fault models and anomaly detection based on
these models are collected by the technique, which gathers function call traces to create an
execution model. one that reflects the system behavior again. Suppose when the failure is
detected, an anomaly score is computed. The average for each execution unit allows analysts
to prioritize units with higher scores significantly. Reduces manual localization time. (W. E.
Wong, Ruizhi Gao, et al. 2016b)

Another example is the dependency model-based technique by Mateis, Stumptner, and
Wotawa 2000, which maps dependencies between statements in Java programs. It can
also partly repair bugs. It supports object-oriented features, loop constructs, and global
variables.

Techniques like that of Shchekotykhin, Schmitz, and Jannach 2016 incorporate partial One
such relationship has, therefore, been attempts at formulating diagnoses to reduce the time
required for sequential diagnosis sessions. These diagnoses are computed based on a subset
of the minimal conflicts, forming a smaller search space and This includes, among others,
ensuring that the actual cause of the problem, otherwise known as the preferred diagnosis,
has been identified.

Abreu, Peter Zoeteweij, and Arjan J C van Gemund 2008 present a model-based technique at
observation-level. This technique uses dynamic information, such as abstractions of program
traces, in order to generate sub-models of the program under analysis. These sub-models
are then used in order to compute valid diagnoses ranking them according to their likelihood
of being responsible for the failures. Contrarily to most of the approaches, which usually
This technique also includes a ranking with multiple fault explanations, even if it presents a
single explanation. (W. E. Wong, Ruizhi Gao, et al. 2016b)

A critical concern with model-based techniques is how much power the model has in terms
of expression. which greatly affects the success rate of the technique. Dependency-based
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models, Models based on static/dynamic code analysis and abstraction-based models, which
use Abstract interpretation to deal with complex structures like loops and recursive calls is
a key ingredient. examples of such techniques (Wotawa 2002).

Model checking-based fault localization techniques make use of model checkers in the iden-
tification of bugs (Ball, Naik, and Rajamani 2004). If the model does not capture the
program’s specifications then the Model checker provides counter-examples which though
doesn't directly indicate the faulty components, help narrow down the possible locations of
causes for a bug (Groce and Visser 2006).

Sum up. the challenges to these techniques involve the need for accurate models and
generalizing failure modes across different programs. That does not shut out model-based
techniques; on the contrary, this is an area of research that remains very important and holds
much potential for improving fault localization in accuracy and efficiency within complex
systems.

2.5.5 Machine Learning-Based Techniques

Many successful applications of machine learning techniques in fault localization have been
reported. It learns from statement coverage data and test case outcomes to infer the
probable location of faults. The next section highlights three major machine learning-based
fault localization approaches.

Back-Propagation Neural Networks

A technique for fault localization using BP neural networks is presented E. Wong and Qi
2016. BP neural networks turn into powerful function approximators of complex nonlinear
functions. The training stage makes use of coverage data and execution results of test
cases: either success or failure. Then, this network is used to rank all the statements of
a program with respect to their suspiciousness. It is interpreted as the likelihood that the
statement contains a bug. BP networks, though very powerful, are not immune to such
problems as paralysis and local minima, which can degrade their performance.

Radial Basis Function Networks

To overcome the disadvantages of BP networks, E. Wong, Debroy, et al. 2012 propose a
method using Radial Basis Function (RBF) networks. RBF networks exhibit faster learning
and less sensitivity to paralysis and local minima. Training of the RBF network proceeds as
for the BP network, but with three novel contributions: a new way to represent test cases
and coverage information, an algorithm for estimating the number A hidden neuron and
center, and a weighted bit comparison-based distance metric. These enhancements enable
more accurate fault localization than possible with BP networks.

Deep Learning Techniques

(W. Zheng, Z. Hu, and J. Wang 2016) give an approach using Deep Neural Networks to
localize faults. Deep learning is a subdomain of machine learning, in which models learn
directly from large datasets like images, text, or sound. Concretely, the DNN is trained
like other neural networks, with fewer examined statements: Test-suite reduction can iden-
tify all faulty versions of the software. Though very promising, this approach still needs
improvements to handle multiple-bug programs and large-scale software systems.
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2.5.6 Data Mining-Based Techniques

Data mining techniques, such as machine learning, are oriented to the discovery of patterns
and correlations in large sets of data. Data mining in fault localization identifies patterns of
statement execution that lead to failures. Some of the important data mining-based fault
localization techniques are introduced in this section.

Association Rules and Formal Concept Analysis

Cellier et al. 2011, combine two data mining techniques: Association Rules and Formal.
FCA): Concept Analysis. These methods work with binary relations describing executions
by Subsets of the lines of programs and their outputs. This method is aware of rules that
connect these It throttles executions down to program failures and builds a "failure lattice"
that ranks the most suspicious. Program elements are ranked accordingly. After that, this
ranking is used to guide fault localization.

Reinterpreting Tarantula as a Data Mining Problem

Denmat, Ducassé, and Ridoux 2005, redefines the well-known Tarantula technique as a data
problem of mining. In this technique, data of the executed statements and the outcomes
of test cases is then transformed for data mining purposes. Extraction and evaluation of
association rules follow. It could also be measured with common data mining metrics like
confidence and lift. These metrics help determine the likelihood that a statement contains
a fault, offering an alternative perspective on the Tarantula method.

Fault Localization Framework Using Historical Data

Hirsch 2021 proposes a novel fault localization framework that leverages historical data, such
as bug reports and commit messages. The framework uses a machine learning algorithm
to create a model that assigns responsibility to code components. This approach inverts
the traditional fault localization hierarchy by starting with historical data and then applying
other fault localization techniques, offering a new avenue for improving fault localization
efficiency.

2.5.7 Mutation-Based Techniques

Mutation-based fault localization techniques vary from the traditional methods most promi-
nently in the use of mutation analysis as inputs to the ranking metrics. Below we now
describe briefly two of the most notable mutation-based fault localization tools.

MUSE(Moon, Jung, and Bae 2014) and Metallaxis-FL(Papadakis and Le Traon 2015) are
two of the most popular mutation-based fault localization tools. The main difference between
the two tools is at the coefficient that they use while calculating the suspicion level score
and the meaning of a killed mutant. For example, MUSE uses its own coefficient, whereas
Metallaxis-FL uses the Ochiai coefficient. Moreover, MUSE considers a mutant as killed
only when a failed test case changes to successful, Metallaxis-FL considers a mutant killed
if the result of the test case is different, even if unsuccessful. These distinctions impact the
effectiveness of the tools in finding faulty code.
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2.5.8 Fault Localization Tools

Empirical studies in software fault localization often need the support of specialized tools for
automatic or semi-automatic data collection and analysis of suspiciousness (W. E. Wong,
Ruizhi Gao, et al. 2016a). In the following, some of the investigated tools are briefly
introduced, and their purpose is pointed out.

Aletheia

Aletheia is a failure diagnosis toolchain targeted to assist developers and testers in reducing
failure analysis time (Golagha et al. 2018b). Is available as a Visual Studio Extension and is
particularly for analysis of C++ projects which have unit tests developed in the GTest frame-
work. As Figure 2.3 depicts, the tool consists of three main components: data generation,
failure clustering and fault localization. The data generation component is responsible for for
the generation and preparation of data for subsequent analysis: running tests, gathering cov-
erage information and aggregating it into spectra. The component Failure Clustering gets
a hit spectrum as input and produces a hierarchical tree of failing tests, that are grouped
into clusters by means of spectrum-based fault localization techniques. From these clus-
ters, representatives are chosen based on the user's preferences. The last component is
called Fault Localization: It uses the summarized hit spectrum to rank program elements by
their likelihood of being faulty. Various fault localization techniques are supported, including
Tarantula, Ochiai, Jaccard, and DStar.
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Figure 2.3: Aletheia main components from (Golagha et al. 2024)

CharmFL

CharmFL (Sarhan et al. 2021) is an open source fault localization tool which integrates
with PyCharm, a popular Python development platform from Jetbrains. This tool uses
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Spectrum-Based Fault Localization to help Python developers by evaluating the programs
and generating data during runtime that can be used in order to generate a ranked list of
potential faulty program elements. CharmFL can be divided into two major parts, the GUI
and framework’s architecture. In the GUI, program elements are highlighted with different
shades of red depending on their suspicion level scoresthe darker the color, the more suspi-
cious the element. The final output, as shown in Figure 2.4, is a hierarchical view of the
program elements, along with their positions in source code, ranks and scores.

B SBFL Results (Tarantula) X
Mame Line Score Rank Action
<not_class> 0 0.0 0.0 Fa®
addTolart 0.58 1.0

——
example oy 5
example.py k] 048 25 ?
getProductCount 34 048 20 Y
example.py 37 D.65 10 B
example.py 34 D48 20 B
example.py 35 0.0 30 =
removeFramCart 15 041 30 Fal
example.py 17 10 1.0 5\
example.py 15 D48 25 5\
example.py (=) 048 25 E\
example.py 18 oo 45 ;\
example.py 18 no 45 B

Close

Figure 2.4: CharmFL ranking list output (adapted from Sarhan et al. 2021)

Regarding the frameworks architecture, it is important to note that CharmFL can be used as
a standalone tool or integrated into other IDEs as a plugin. To collect the programs spectra,
it uses a popular coverage measuring tool for Python called coverage.py. The framework
transforms the statement-level data provided by coverage.py into method and class levels,
as shown in Figure 2.4. The classes are then sorted based on their suspicion level scores,
followed by the functions, and finally the statements. The coverage matrix is configured
using the .coveragerc file, where the user can specify the measurement settings.

About the architecture of the framework, it is worth mentioning that CharmFL can operate
as a standalone tool or as integrated into other IDE as a plugin. For gathering the program’s
spectra, it uses a well-known coverage measurement tool for Python called coverage.py.
The framework translates the statement level data provided by coverage.py to method and
class levels as depicted in Figure 2.4 The classes are then ranked based on their suspicion
level scores are then followed by the functions, then finally the statements. The configuration
of the coverage matrix happens in the .coveragerc file, where the user will be allowed to
set measurement settings.
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FLACOCO

FLACOCO (Silva et al. 2021) is a fault localization tool for Java. The tool is based on
the SBFL technique and supports most versions of Java because of its base, JaCoCoone
of the best code coverage librarieshaving been in the market for almost a decade. Adding
support for new versions of Java in FLACOCO by mere upgrading of the JaCoCo version
makes it comparatively easy and is an important improvement over other fault localization
tools. Figure 2.5 shows the overall architecture of FLACOCQO, which can roughly be divided
into seven dif-ferent components: User Interface, Test Detection, Instrumentation and Test
Execution, Coverage Collection, Suspiciousness Computation, AST Bridge and File Exporter.
All of these components are explained briefly in the following, in this order:

User
Interfaces
(CLI/API)

l

Test
Detection

Test

Instrumentation | .
' »| Execution

Coverage Collection

I s T i

Suspicousness Computation

' \

File Exporter AST Bridge

Figure 2.5: FLACOCO Architecture based on Silva et al. 2021

The first component represents the User Interface and, therefore, constitutes the entry point
to the tool. It may be queried via a command line or as a Java API. The second component
consists of Test Detection: it identifies the tests that have to be executed and then analyzed
with the support of the following test frameworks: JUnit 3, 4, and 5. The third component
involves the execution and instrumentation of the selected tests.JaCoCo. The Coverage
Collection is the step following which data related to test results, thrown exceptions and
code coverage is collected. On execution of the test suite, information collected is used to
compute the suspicion level score using Ochiai coefficient. As per the paperSilva et al. 2021,
the tool FLACOCO doesnot support IDE integration.

FLAVS

FLAVS stands for Fault Localization Add-in for Visual Studio, a tool to support developers in
debugging and testing complex bugs in Microsoft Visual Studio (N. Wang et al. 2015). It logs
various parameters during the software execution, and after a run, it allows the developers
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to mark the status of the program. FLAVS then incrementally updates the suspiciousness
of each statement, and highlights the most suspicious ones, thus making it easier for a
developer to detect faults.
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Figure 2.6: FLAVS flowchart (N. Wang et al. 2015)

GZoltar is a graphical user interface for debugging that takes as input Zoltar's output, a
code dependency graph and a project hierarchy tree (J. Campos et al. 2012; Riboira and

Abreu 2010).

It supports a wide range of spectrum-based fault localization techniques.

Ranking candidates based on collected data at runtime, it provides a ranked list of diagnosis
candidates. As an ongoing open-source project, it is available in several forms, including
command line interface, Ant tasks, Maven plug-in, and a Visual Studio Code Extension.
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Figure 2.7: GZoltar information flow (J. Campos et al. 2012)

MZoltar

MZoltar is another GUI of a debugger, very close to GZoltar, but targeting fault detection.
in mobile applications (Machado, J. C. Campos, and Abreu 2013). It utilizes the Android
testing framework and JaCoCo to gather information on coverage, then provides a graphical
It is an itemized form of the diagnostic report, which assists the developer in finding defects
within the code.

Tarantula

Tarantula is a fault localization tool that employs the (SBFL) techniques and implements
visual mapping (Jones, Harrold, and Stasko 2002). The tool It is written in Java and it
visualizes a system according to various visual mappings based on source code and test-suite
results, this helps in fault identification.

UnitFL

UnitFL (Chen and N. Wang 2016) is an add-in for Microsoft Visual Studio 2013 and supports
projects written in C# and Visual Basic with tests written in NUnit 3.0 Testing Adapter.
It operates in test mode and fault localization mode 2.8 and utilizes program slicing and
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dynamic program instrumentation techniques to reduce program execution overhead. It
evaluates each unit test’s performance to uncover underlying bugs and guides the exploration
of fault-related program units.
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Figure 2.8: UnitFL Fault Localization mode (Wangnangg 2024)

After some tests fail, UnitFL calculates the suspiciousness of each program entity and ranks
them in the result window 2.9. There are five levels of suspiciousness, represented by colors
ranging from red to green. You can also navigate to the source code by clicking on an item,
and you can toggle the coloration button to enable source code highlighting.
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Figure 2.9: UnitFL Fault Localization result (Wangnangg 2024)

2.6 EXAM Score

As explained by Zou and al. 2021, the EXAM score quantifies the relative position of a faulty
element within a ranked list of program statements. This score is calculated as , where n
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represents the rank of a defective statement, and N is the total number of statements in the
program P. The score ranges from 0 to 1, with lower values indicating superior performance.

2.7 Comparative Analysis of Techniques

The key fault localization techniques were thoroughly discussed and explained in the section
2.5. However, a direct comparison between these families of techniques was not provided.
To fill this gap, Zou and al. 2021 conducted a comparative evaluation using the EXAM score
(See chapter 2.6).

This evaluation assesses the performance of the techniques on the Defects4J dataset, which
at the time of study from Zou and al. 2021 had contains 357faults minimized from real-world
faults in five open-source Java projects. While many tools from other techniques are not
open source, this study focuses on comparing techniques such as SBFL (see Section 2.5.1),
Mutation-Based Fault Localization (MBFL) (see Section 2.5.4), Program Slicing-Based
(PSB) (see Section 2.5.2), and Data Mining-Based (DMB) (see Section 2.5.6).

Table 2.3: The Performance of Standalone Techniques on All 357 Faults
(based on (Zou and al. 2021))

Family | Technique o1 ©3 Einspect @5 ©10 EXAM
SBFL | Ochiai 16 (4%) | 81 (23%) | 111 (31%) | 156 (44%) | 0.033
DStar 17 (5%) | 84 (24%) | 111 (31%) | 155 (43%) | 0.033
MBFL | Metallaxis | 23 (6%) | 78 (22%) | 103 (29%) | 129 (36%) | 0.118
MUSE 24 (%) | 44 (12%) | 58 (16%) | 68 (19%) | 0.304
PSB | Union 5 (1%) | 33 (9%) | 58 (16%) | 84 (24%) | 0.207
Intersection | 5 (1%) | 35 (10%) | 55 (15%) | 71 (20%) | 0.222
Frequency 6 (2%) | 39 (11%) | 58 (16%) | 84 (24%) | 0.208
DMB | BugLocator | 0 (0%) | 0 (0%) 0 (0%) 3(1%) | 0.212

According the table 2.3, the technique SBFL is the best-performing techniques. The Ein-
spect is a measure that calculates the expected rank when multiple faulty elements are
presented in ties. Based on these findings, it is recommended to prioritize techniques that
utilize SBFL, as they demonstrate superior EXAM scores and are supported by more current
and relevant information.

2.8 Comparative Analysis of Tools

Table 2.4: Comparative Analysis of Fault Localization Tools

Tool Technique IDE Integration Language Supported Open Source Year
Aletheia SBFL Visual Studio C++ Yes 2018
CharmFL SBFL PyCharm Python Yes 2021
FLACOCO SBFL None Java Yes 2021
FLAVS SBFL Visual Studio C/Visual Basic/C# No 2015
GZoltar SBFL Visual Studio Code Java Yes 2012
MZoltar MBFL None Multi language No 2015
Tarantula SBFL None Java No 2002

UnitFL Slicing Visual Studio C#/C/Visual Basic No 2016
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2.9 Conclusion

In this work, the key fault localization techniques were thoroughly discussed and explained
(see Section 2.5), along with the most relevant fault localization tools (see Section 2.5.8).
A comparative analysis of both techniques and tools was conducted (see Section 2.7 and
Section 2.8), allowing us to determine that the best-performing technique is SBFL. However,
it was also concluded that there is no existing tool that simultaneously supports the C#
language, is open-source, and implements SBFL.
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Chapter 3

Value Analysis

This chapter addresses automated debugging potential and it affects its value as a technique.

3.1 Business and Innovation Process

The Business and Innovation Process is the major and most important stage of development
for new products. frameworks, or ideas. The process, according to to P. Koen et al.
2001, may be broken down into three Distinct Parts: Fuzzy Front End (FFE) or Front
End of Innovation (FEI), New Product Development (NPD), and commercialization. The
understanding of these phases, all are critical to manage effectively to make an innovation
successful.

(1) Fuzzy Front End

idea
generation

idea
assessment

sustainability
assessment

market
analyses

product
lannin

product
concept

Figure 3.1: The three main steps of the innovation process (from (P. Koen
et al. 2001)) and (Herstatt and Verworn 2001))

3.1.1 Fuzzy Front End or Front End of Innovation The Fuzzy Front End or
FEI

It represents the very first process of innovation. The activities in this phase are fuzzy and
lack formal structure. This phase consists of idea generation, opportunity identification,
and concept development. During the FFE, all kinds of possibilities are explored, and some
insights are gained that might lead to possible innovations. This process is very important
because it sets the base for any further development and has to be open-minded and creative
to detect feasible new ideas.
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3.1.2 New Product Development (NPD)

When ideas with promising potential have been generated and developed into feasible con-
cepts, these concepts enter the New Product Development (NPD) stage. This stage is
more formalized and the first concepts are elaborated to physical products or services. NPD
is a series of steps that involve designing, prototyping, testing, and iterating. The goal of
this phase is to perfect the product, uncover any possible problems, and to confirm if the
product fits the intended specifications and meets the needs of the market. Good NPD
processes are key to reducing risks and enhancing the chances of success in product launch.

3.1.3 Commercialization

The last stage of the innovation process is Commercialization. This This phase intends to
expose the developed product to the market and make it available to customers. Commer-
cialization entails marketing, sales, distribution, and post-launch support. The sole aim of
this stage is to achieve large diffusion while generating revenue streams. Successful com-
mercialization will have to address wide knowledge of the targeted market, with effective
marketing techniques and well-built support systems for customer satisfaction and loyalty.
For businesses, the process of innovation goes through three important stages: Fuzzy Front
End or Front End of Innovation, New Product Development, and Commercialization. Each
phase plays a very significant role in the development of successful products from ideas.
Distinct strategies and approaches would be required to move through these phases. Mas-
tering these alone can any organization develop its innovation capability to achieve long-term
growth.

The New Concept Development New Concept Development (NCD) model is a framework
for the Front End of Innovation (FEI) that provides a common knowledge base for the field.
This model is divided into three fundamental parts:

1. The Engine: At the center of the model is the engine, which provides power to the
innovation process. The engine consists of two separate segments:

e Organizational Attributes/Teams: These are the characteristics and capabili-
ties of the teams involved in the innovation process.

e Collaboration: This segment emphasizes the importance of teamwork and co-
operation among different members and departments within the organization to
drive innovation.

2. The Wheel: The inner part of the model is represented by the wheel. This component
contains the five fundamental elements of the front end of innovation:

e Opportunity ldentification: The process of recognizing potential areas for in-
novation.

e Opportunity Analysis: Evaluating the identified opportunities to determine their
feasibility and potential impact.

e Idea Generation: Creating new ideas based on the identified and analyzed op-
portunities.

e Idea Selection: Choosing the most promising ideas from the pool of generated
concepts.
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e Concept Definition: Developing the selected ideas into detailed concepts that
are ready for the development phase.

3. The Rim: The outermost part of the model is the rim, which comprises the environ-
mental factors that influence the engine and shape the five activity elements. These
factors include:

Market trends

Technological advancements

Regulatory conditions

Competitive dynamics

The rim ensures that the innovation process remains responsive to external influences
and aligned with the broader context in which the organization operates.

generation and
enrichment

Concept
\| _Generation

Opportunity
Identification

ToNPD and/or
TSG

Figure 3.2: The New Concept Development Model (NCD)(from (P. Koen
et al. 2001))

3.1.4 Opportunity Identification

Opportunity identification is where an organization identifies various opportunities to use its
resources effectively. This may involve optimizing existing processes to make them more ef-
ficient or cost-effective, or it could include exploring entirely new directions that the business
has proposed to venture into, such as developing a new service or a manufacturing process
(P. A. Koen and al. 2002).

In the context of this dissertation, the opportunity identification lies in the field of fault
localization, specifically in supporting the C# language. It is widely accepted that debug-
ging is a notoriously difficult, human-intensive activity that is extremely time-consuming.
According to (Wen et al. 2019), this process can consume up to 50% of the development
and maintenance effort.

As a result, several automated techniques and tools have been developed to support various
debugging tasks. However, despite their potential, many of these techniques have not yet
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proven to be practically effective (Parnin and Orso 2011). Many approaches make strong
assumptions about developer behavior during debugging, focusing primarily on reducing the
number of statements to inspect, while often overlooking the importance of identifying
relevant inputs.

Therefore, the challenges in debugging represent a significant opportunity for improvement in
automated debugging techniques, which can help reduce the burden of debugging activities.
Enhancements in this domain can improve productivity and the overall performance of the
software development cycle. This opportunity is amplified by the absence of an open-source
fault localization tool that supports the latest versions of C# and integrates seamlessly with
popular IDEs to ensure availability and usability for developers.

Opportunity Analysis

Once an opportunity has been identified, it needs to be checked based on its potential, so
that attention can be paid to whether the investment is justified by the effort. Recently,
the concept of "Fault Localization in C# code" has attracted considerable attention, and
various techniques are emerging that will transform this concept into a practical solution.
These techniques hold great promise for improving the debugging process and will go a
long way in aiding the development of high-reliability and quality applications in shorter
timeframes. This dissertation incorporates an initial assessment of available techniques and
their potential impact, with a focus on those discussed and presented in Chapter 2.

3.1.5 Idea Generation and Enrichment

Idea generation is the evolutionary process that includes the birth, development, and matu-
ration of an opportunity into a definitive idea (P. A. Koen and al. 2002). This process often
involves multiple iterations, reshaping, combining, modifying, or upgrading initial concepts.
Brainstorming sessions are most useful for acquiring a variety of ideas and drawing inspi-
ration from them. The initial idea in this dissertation was proposed by Prof. Dr. Alberto
Sampaio. After some brainstorming sessions, the idea was refined into either incorporating
an existing fault localization tool for the C# language into an IDE as an add-in or develop-
ing a completely new one from scratch. Besides the main idea, there are still some other
questions to answer:

e Q1: What fault localization techniques should the tool implement?
e Q2: Which tool will be used?
e Q3: Which IDE will support integration with the tool?

The main focus was on Q1, because the choice of fault localization technique will define the
entire approach. After thorough investigation, the following five alternatives were identified:

e Al: Spectrum-Based Fault Localization
e A2: Program Slicing-Based

e A3: Mutation-Based Fault Localization
A4: Data Mining-Based

e Ab5: Machine Learning-Based
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3.1.6 Idea Selection

The selection of an idea is a crucial and challenging process, and proper idea selection is
vital for maximizing the value derived from an opportunity. Though the process might be as
simple as selecting one idea from a set of self-generated options, it can prove to be a critical
success or failure factor. Even though the selected idea can further evolve and develop over
time, it must be based on a sound foundation (P. A. Koen and al. 2002). Moreover, no
system can guarantee that the right decision will be made.

However, several techniques can improve the idea selection process, increasing the chances
of success. One of these techniques is the Analytic Hierarchy Process (AHP), which was
employed for this purpose in this thesis.

3.2 Analytic Hierarchy Process

The Analytic Hierarchy Process (AHP) is a technique designed by Thomas Saaty, a math-
ematician, that introduced prioritizing options for the first time in the 1970s. Its major
application is to provide solutions in decision-making and estimation problems in multivari-
ate environments. AHP establishes priority weights for alternatives by organizing objectives,
criteria, and sub-criteria into a hierarchy (Bernasconi, Choirat, and Seri 2009).

To make a decision in an organized way and generate priorities, the decision-making process
should be decomposed into four steps (Saaty 2008):

1. Define the problem and determine the type of knowledge required.

2. Structure the decision hierarchy starting from the top with the goal of the decision,
flowing through the objectives from a broad perspective, through the middle levels
(criteria on which other elements depend), to the lowest level (which is usually a set
of alternatives).

3. Construct a set of pairwise comparison matrices. Each element in an upper level
is used to compare the elements in the level immediately below with respect to the
concern.

4. Use the priorities obtained from the comparisons to weight the priorities in the level
immediately below. Repeat this for all elements. For each element in the lower level,
add its weighted values and get its overall or global priority. Continue this process of
weighting and adding until the final priorities of the alternatives at the lowest level are
obtained.

This section applies AHP in order to find the optimal techniques of fault localization based
on the following criteria:

e Accuracy: How many faults it is able to detect.
o Reliability: How predictable its performance is.

e Performance: How long it takes for the technique to locate the faults and present
them as a result.

The alternative techniques are:

e Spectrum Based
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e Program Slicing
e Mutation Based
e Data Mining Based

The generated AHP can be seen below in Figure 3.3:

Choosing a fault localization technique

—
s _ - Data Mining
Specium Based Program Slicing Mutation Based T

Figure 3.3: AHP Hierarchical Decision Tree

3.2.1 Pairwise Comparisons

Each rectangle in the hierarchy illustrated in Figure 3.3 represents a node, which is evaluated
based on pairwise comparisons among all other nodes.

Next, finish step 3 by comparing each level pair by pair in terms of their contribution to the
nodes just above these levels, directly in sequence. Fill out the matrix with results for the
purpose of providing priorities to all the nodes at the head level of detail.

Now, five alternatives for fault localization techniques are considered: Spectrum Based,
Program Slicing, Mutation Based, and Data Mining Based. Each pair of techniques is then
compared based on each criterion. The specific comparisons that should be made are as
follows:

e Spectrum Based vs. Program Slicing

Spectrum Based vs. Mutation Based

Spectrum Based vs. Data Mining Based

Program Slicing vs. Mutation Based

Program Slicing vs. Data Mining Based

Mutation Based vs. Data Mining Based
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For each criterion, such as accuracy, reliability, or performance, comparisons are made for
each of these pairs. In every comparison of the pair, the technique that is weaker based on
the criterion being evaluated is identified first. Then, a relative weight is assigned to the
other fault localization technique.

The AHP fundamental scale for pairwise comparisons is provided in Table 3.1.

Table 3.1: The fundamental scale for pairwise comparisons (Saaty 2008)

Intensity of Importance | Definition Explanation
1 Equal Importance Two activities contribute equally to the same objective
Weak or slight Experience and judgment slightly favor one activity over
another
3 Moderate importance Experience and judgment slightly favor one activity over
another
4 Moderate plus Experience and judgment strongly favor one activity over
another
5 Strong importance Experience and judgment strongly favor one activity over
another
6 Strong plus An activity is favored very strongly over another; its
dominance demonstrated in practice
7 Very strong or demon- | An activity is favored very strongly over another; its
strated importance dominance demonstrated in practice
8 Very, very strong The evidence favoring one activity over another is of the
highest possible order of affirmation
9 Extreme importance The evidence favoring one activity over another is of the
highest possible order of affirmation
Reciprocals of above If activity / has one of the above non-zero numbers as-
signed to it when compared with activity j, then j has
the reciprocal value when compared with /
1.1-1.9 If activities are very | May be difficult to assign the best value but when com-
close pared with other contrasting activities the size of small
numbers would not be too noticeable yet they can still
indicate the relative importance of the activities

Ultimately, by utilizing the AHP fundamental scale mentioned in Table 3.1, weights are
assigned to each criterion in relation to the other automated debugging techniques. Fur-
thermore, each criterion is subjected to pairwise comparisons. For example, performance is
compared against both accuracy and reliability. This same procedure is applied consistently
across all criteria.

Table 3.2: AHP criteria comparison

Accuracy Reliability Performance

Accuracy 1 2 7
Reliability 1/2 1 5
Performance 1/7 1/5 1

By analyzing Table 3.2, we can conclude that:
e Accuracy is slightly more important than reliability.
e Accuracy is very strongly more important than performance.

e Reliability is strongly more important than performance.
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In this case, accuracy is the most determining factor in an algorithm, especially in fault
localization since the goal is to discover as many faults as possible. This is followed by
reliability because, in order for it to be a good technique, it needs to be consistent. Lastly,
performance is a useful metric to have since it can help decide between two really good
options, but it is not as critical as the previous two.

Criterion Relative Priority

Now, there are two important steps to do in the third step. First, in order to match All
of the criteria will be transformed into the same unit, which means the comparison matrix
values are normalized. To do this, we must find the sum of each column.

Table 3.3: AHP table for criteria comparison

Accuracy Reliability Performance

Accuracy 1 2 7
Reliability 1/2 1 5
Performance 1/7 1/5 1
Sum 1.7143 3.2 13

And then, normalize by dividing each matrix value by the sum of its associated column

Table 3.4: Normalized criteria matrix

Accuracy Reliability Performance

Accuracy 0.5833 0.625 0.5385
Reliability 0.2917 0.3125 0.3846
Performance 0.1250 0.0625 0.0769

The priority vector needs to be obtained, in the end, to establish the order of relevance of
every criterion. To this end, it makes use of the normalized matrix from the previous point
to find the arithmetic mean for the values of every row.

Table 3.5: Relative Priority of each criterion

Accuracy Reliability Performance Relative Priority

Accuracy 0.5833 0.625 0.5385 0.5823
Reliability 0.2917 0.3125 0.3846 0.3296
Performance 0.1250 0.0625 0.0769 0.0881

Relative Priorities Coherence

The fourth step now, in quantifying how consistent the judgments were for large samples
of completely random judgments, is to calculate the Consistency Ratio (CR). If the CR
exceeds 0.1, the judgments cannot be trusted as they are too close to randomness.
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First, find the value of Amax Using the matrix A and the largest eigenvalue as its solution:

AX = AmaxX

Where x is the priority vector of each criterion, and Ax is the multiplication of this vector by
the non-normalized priority matrix. The matrix below shows the results of this multiplication.

1 2 7 0.5823 1.7452
1/2 1 5| x (03206 | =0.9228
1/7 1/5 1 0.0881 0.2748

Figure 3.4: Multiplication of priority vector by the non-normalized priority
matrix

Then, it is possible to find the matrix eigenvalue:

1.7452 0.9228 0.2748
Amax = 0.5823 + 0.3296 + 0.0881 3.0007

Finally, the gap between the Consistency Index (Cl) and the Random Index (RI) is required
to deduce the Consistency Ratio (CR). The formula to calculate the Cl is:

C/ — >\ma>< —n

n—1
Where n is the number of criteria involved. Given that the value of Amax has already been
determined, the Cl can be inferred quickly:

~3.0007 — 3

/
¢ 3—-1

~ 0.00035

The Consistency Ratio (CR) is then obtained as:

_cl

CR—H

Assuming R/ = 0.58 for three criteria, which is quite common in most AHP usages, we can
obtain:

~0.00035

CR= ~ 0.0006
0.58

As the CR is much less than 0.1, the judgments are consistent.
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Alternative’s Pairwise Comparison Matrix For Each Criterion

Step Five: Contemplate the relative relevance of each of the alternatives vis-a-vis the prob-
lem in question. Indeed, to accomplish this, operations are repeated from the creation of
comparison matrices, this time between each of the criteria and alternatives, the respective
normalization matrix, and the calculation of the priority vector. Tables 3.6, 3.7, and 3.8
show the preliminary comparison done using the fundamental scale.

Table 3.6: Comparison Matrix of Accuracy between Alternatives

Accuracy SFL Based Program Slicing Based Mutation Based Data Mining Based
SFL Based 1 3 4 7
Program Slicing Based 1/3 1 5 5
Mutation Based 1/4 1/5 1 3
Data Mining Based 1/7 1/5 1/3 1

Table 3.7: Comparison Matrix of Reliability between Alternatives

Reliability SFL Based Program Slicing Based Mutation Based Data Mining Based
SFL Based 1 4 5 8
Program Slicing Based 1/4 1 2 6
Mutation Based 1/5 1/2 1 4
Data Mining Based 1/8 1/6 1/4 1

Table 3.8: Comparison Matrix of Performance between Alternatives

Performance SFL Based Program Slicing Based Mutation Based Data Mining Based
SFL Based 1 2 3 5
Program Slicing Based 1/2 1 2 4
Mutation Based 1/3 1/2 1 3
Data Mining Based 1/5 1/4 1/3 1

These matrices are then normalized, and the local priority vector for each one of them is
determined. Table 3.6, 3.7, and 3.8 show the results as well as their local priority vector.

Table 3.9: Normalized Matrix for Alternatives-Accuracy Comparison and Lo-

cal Priority
Accuracy SFL Based Program Slicing Based Mutation Based Data Mining Based Local Priority
SFL Based 0.6231 0.6848 0.7463 0.3889 0.5615
Program Slicing Based 0.2077 0.1370 0.1492 0.3889 0.2499
Mutation Based 0.1558 0.0913 0.1492 0.2222 0.1673
Data Mining Based 0.0890 0.0685 0.0373 0.0000 0.0495

Table 3.10: Normalized Matrix for Alternatives-Reliability Comparison and
Local Priority

Reliability SFL Based Program Slicing Based Mutation Based Data Mining Based Local Priority
SFL Based 0.6312 0.7692 0.6383 0.3889 0.5635
Program Slicing Based 0.1842 0.1282 0.2128 0.3889 0.2384
Mutation Based 0.1384 0.1064 0.1613 0.2778 0.1923

Data Mining Based 0.0890 0.0685 0.0373 0.0000 0.0426
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Table 3.11: Normalized Matrix for Alternatives-Performance Comparison and
Local Priority

Performance SFL Based Program Slicing Based Mutation Based Data Mining Based Local Priority
SFL Based 0.6841 0.7463 0.6383 0.6049 0.6541
Program Slicing Based 0.1296 0.1492 0.2128 0.2778 0.2027
Mutation Based 0.0926 0.0986 0.0555 0.0243 0.0643
Data Mining Based 0.0910 0.0746 0.0476 0.0972 0.0834

Alternatives Composite Priority and the Choice

The results from tables 3.6, 3.7, and 3.8 are then combined with Table 3.5 relative priority
vector to create a new matrix:

0.5615 0.5635 0.6541 05823 0.5703
0.2499 0.2384 0.2027 o 013296 _ 0.2420
0.1673 0.1923 0.0643 0.0881 0.1665
0.0495 0.0426 0.0834 ' 0.0502

Figure 3.5: Multiplication of priority matrix by the criteria priority vector

These values may then be used to compute the composite priority vector by multiplying
weighs each alternative against the priority vector. This vector will, based on the criteria,
indicate the significance of the alternative.

Table 3.12: Criteria/Alternatives Classification Matrix and Composite Prior-

Ity
Accuracy Reliability Performance  Composite Priority
SFL Based 0.5615 0.5635 0.6541 0.5703
Program Slicing Based 0.2499 0.2384 0.2027 0.2420
Mutation Based 0.1673 0.1923 0.0643 0.1665
Data Mining Based 0.0495 0.0426 0.0834 0.0502

3.3 Conlusion

According to the results obtained using the AHP method, the global priority vector presented
in Table 3.12 indicates that Spectrum-Based Fault Localization techniques are the most
preferred option. These are followed in descending order of preference by Program Slicing-
Based, Mutation-Based Fault Localization and Mutation-Based Fault Localization options.
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Chapter 4

Design and Implementation

According the results of Section 2.9, SBFL techniques have the best performance among
the other fault localization techniques. Additionally, the findings reveal that currently there
is no open-source tool that supports the latest versions of C#, integrates with IDEs, and
utilizes SBFL. This highlights the need for a new tool for automatic fault localization that
fills this gap for C# developers.

Building on these findings, this dissertation proposes the creation of a new tool, FaultDe-
tector. NET that supports the latest versions of C# and implements state-of-the-art SBFL
techniques.

The result is two versions: the FaultDetector.NET - Add-In, which integrates directly into
the Visual Studio 2022 environment, and an alternative approach, FaultDetector.NET - CL],
which provides Command Line Interface (CLI) functionality for other usage scenarios, such
as Continuous Integration and Continuous Deployment (CI/CD) integration.

4.1 FaultDetector.NET

The FaultDetector.NET project is openly available on the GitHub! as an open-source
project, it allows any developer to reach it, contribute to its improvement, adapt the tool
for their needs, or take this engine directly into their projects.

In terms of architecture, the project is a .Net solution with three C# projects, named Core,
Extension and Tool as illustrated in the Figure: 4.1

&g Solution 'FaultDetector.NET' (3 of 3 projects)
b alc# Core

I &[] Extension

b v [c# Tool

Figure 4.1: FaultDetector.NET - Solution Explorer

The Core is the module responsible to process the core logic of the system, which includes
activities like obtain data on code coverage and calculate the suspicion metrics.

The Extension module is a Visual Studio 2022 add-in that will utilize the services provided
by Core to offer integrated functionalities in the development environment.

'https://github.com/mickaelseban/FaultDetector.NET
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The Tool module is CLI that also consumes the services provided by the Core module. It
allows running these functionalities of the tool directly from the command line and, hence,

automation and integration into the continuous integration/continuous deployment pipelines
is easier.

The Figure 4.2, illustrates the dependencies between the modules mentioned.

Extension Tool
Figure 4.2: Fault Detector .NET modules dependencies

4.1.1 Fault Detector .NET - Core
4.1.2 Process

The central module of this application, where all the business logic and main processes are
being executed, is the Fault Detector .NET - Core. SpectrumBasedFaultLocalizationRunner
is the API of the Fault Detector .NET - Core that is being consumed by Fault Detector
.NET - Visual Studio Add-In 4.1.4 and FaultDetector.NET - CLI 4.2. It is the centric class
responsible for executing and orchestrating the whole fault location process. (See source-

code in Appendix A) The process follows a sequential pipeline with a total of nine steps, as
shown in Figure 4.3.
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-

| start of processing |
| Test Suite Execution |
A A

o Y
| Execution of Individual Test Cases |
. ¢ )
| Record Test Outcomes and Create Hit Spectra |

¢ Y

[ Read Test Outcomes and Hit Spectra (Coverage Data) |
\

v

| Construct Test Coverage Matrix |
X )

v

e ™
| Calculate Suspiciousness Ranking |

¢ =,

| Generate Fault Localization Report |
L )

v

s %
| Handling emors or cancellations |
\ )

: J

o

Figure 4.3. SpectrumBasedFaultLocalizationRunner Pipeline

Each step is detailed below:

Start of processing: \When the processing is started, the SpectrumBasedFaultlocalization-
RunnerStatus event is fired with the Running status. Any component that listens for this
event will, therefore, be notified that the processing is underway.

Test Suite Execution: In order to begin the actual analysis, the tool first requires informa-
tion regarding which tests are available in the test project. For this, the command dotnet
test -list-tests is executed in an isolated process and in this way it is possible to list
the tests and retrieve the complete namespace for each one.

Execution of Individual Test Cases: After that, using the previous test as the basis, it
runs each of the tests individually. For every test, the coverlet.console tool is executed as
an external process. It collects data on which lines of code were executed during each test
execution and the status of the test (success/failure). This library uses instrumentation in
its implementation.

Record Test Outcomes and Create Hit Spectra: In this step, both the result of each test
(whether it passed or failed) is saved, and at the same time, the creation of the hit spectra
occurs. The hit spectra map which parts of the code were covered by each test, and will be
store on its own to a file on disc in JavaScript Object Notation (JSON) format.
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Read Test Outcomes and Hit Spectra (Coverage Data): After this step, the JSON files
mentioned mentioned in the previous step will be read and combined. This this information
will be used in the further steps.

Construct Test Coverage Matrix: This information is then used to generate a coverage
matrix. This matrix is fundamental in the analysis of SBFL, as it allows establishing a
correlation between those tests that have passed or failed with those lines of code they had
covered (Hit Spectra).

Calculate Suspiciousness Ranking: Suspiciousness metrics are calculated using SBFL for-
mulas to determine which parts of the code are most likely to be faulty based on failed and
successful tests.

Generate Fault Localization Report: Finally, the tool creates detailed reports that highlight
the most suspicious code fragments, with the goal of making the process of identifying
faults easier for the developers. When all the steps of the process have been completed,
SpectrumBasedFaultl ocalizationRunnerStatus Changed is raised again with status Finished.
It reflects the situation whereby the process as a whole has been processed.

Handling errors or cancellations: In the course of processing, it may happen that the
process is cancelled by the client, for instance via an OperationCanceledException or a
critical error during the execution. In any of these cases, the method catches such exception
and the terminal status of the process is signaled so that resources allocated are released
properly and listeners of the interruption are notified.

4.1.3 Supported Techniques and Coefficients

Currently supports several SBFL techniques mentioned with Chapter 2, namely Tarantula
C.1; Ochiai C.5; Jaccard C.3; DStar C.2; Kulczynski C.4; Rogers-Tanimoto C.6; Seban
Normalization D; Tarantula & Sampaio B.4; Simple Matching & Sampaio B.2; Rogers-
Tanimoto & Sampaio B.1; and Sokal Sneath & Sampaio B.3;

As discussed in the Section 2.5.1, it was implemented a dynamic calculator of CS proposed
by Dr. Alberto Sampaio in (A. Sampaio, |I. B. Sampaio, and Alves 2007). This dynamic CS
will used by the following techniques: Tarantula & Sampaio; Simple Matching & Sampaio;
Rogers-Tanimoto & Sampaio and Sokal Sneath & Sampaio .

As illustrated in the source code 4.1, NCF represents the number of failures not covered,
and NCS the number of successes covered. The formula calculates the ratio between NCS
and the sum of NCS and NCF, it results in an adjusted similarity measure. When there
are no failures or successes (NCF + NCS == 0), the coefficient returns 1, assuming total
symmetry.
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1| namespace FaultDetectorDotNet.Core.Techniques
ol {
3 public static class AlbertoSampaioSymmetryCoefficient
4 {
5 public static double Calculate(int NCF, int NCS)
6 {
7 if (NCF + NCS == 0)
8 {
9 return 1.0;
10 }
11
12 return (double)NCS / (NCS + NCF);
13 3
14 }
15 F
- J

Listing 4.1: Alberto Sampaio CS - Source Code

4.1.4 Fault Detector .NET - Visual Studio Add-In

Fault Detector .NET, can be seamlessly integrated into the Microsoft Visual Studio 2022
IDE. The objective is to provide a visual tool that enhances developer productivity and
encourages continuous use of the Fault Detector .NET - Add-in.

This add-in was developed using Microsoft technologies, specifically C# and Windows Pre-
sentation Foundation (WPF). WPF enables the creation of modern, visually appealing user
interfaces (GUI) for Windows applications, with the visual design coded using eXtensible
Application Markup Language (XAML).

FaultDetector.NET - Add-in is available on the Visual Studio Marketplace?, where developers
can download and install it directly into their development environment, as illustrated in
Figure 4.4.

2 marketplace.visualstudio.com/iter e=mickaelseban.FaultDetectorDotNet

[} dio | Marketplace

Visual Studio > Tools > FaultDetectorDotNet

FaultDetectorDotNet | & reports | & Manage
Mickael Seban | 0) | Free

FaultDetectorDotNet

Overview ~ Q&A  Rating & Review

FaultDetectorDotNet Categories

Tools | Testing

Works with
Visual Studio 2022 (amd64)

Figure 4.4. Visual Studio Marketplace - Fault Detector .NET Add-In

FaultDetector.NET - Add-in can also be installed through the Visual Studio 2022 IDE by
accessing the "Manage Extensions" menu, as shown in Figure 4.5. This ensures developers
can keep their tools up-to-date and remove them if necessary.

*https://marketplace.visualstudio.com/items?itemName=mickaelseban.FaultDetectorDotNet
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Manage Extensicns 7 X
4
Znimz FaultDetectorDotNet Created By: Mickael Seb
r y: Mickael Seban

4 Visual Studio Marketplace SRS Version: 1.2

b Controls Installs: 1

b Templates Pricing Category: Free

b Tools Rating: (0 Votes)

Search Results Mare Infermation

Report Extension to Microsoft
b Updates (1)

b Roaming Extension Manager

Figure 4.5: Visual Studio 2022 - Manage Extensions

The Figure 4.6 illustrates the use case of installation via Manage Extensions panel.

-
]
/

AN, . .
Developer Visual Studio Marketplace I | Fault Detector .NET Add-In I

) Open Extension Manager _ | |

| Search for Fault Detector .NET

Return Add-In details

| r
| |
| |
| €
| |
I |
h ]

Display Add-In details

| Request installation

Download and install Add-In

Installation confirmation

! Activate Add-In

i Add-In ready for use ! ! !

Devel%nper Visual Studio | | Marketplace | | Fault Detector .NET Add-In
)

,/ \.

Figure 4.6: Installation Fault Detector Add-in via Manage Extensions

To use FaultDetector.NET, developers can easily access it through the Visual Studio 2022
menu, as shown in Figure 4.7. This menu option provides direct access to the FaultDetec-
tor.NET panel, where various analyses can be performed, such as fault suspicion metrics
among others.
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View | Git Project Build Debug Test Analyze Tools Extensions Window Help | L se
f4 Solution Explorer sl P Current Instance [Visual Studio Professional 2022
51 Git Changes
QEJ Git Repository
;?‘ Team Explorer Ctrl+h, Ctrl+M
B sever Explorer
= SOL Server Object Explorer Ctrl+, Ctrl+S
Lﬁl Test Explorer
T Call Hierarchy
@ Class View Ctrl+ Shift+C
B Code Definition Windaow Ctrl+\, D
%1 Object Browser Ctrl+Alt+)
(& ErrorList Ctrl+\, E
5 Output Ctrl+ Alt+0
B TaskList Ctrleh, T
9 Toolbox Ctrl+Alt+X
[ Notifications Ctrl+\, Ctrl+N
Terminal Ctrl+¢
I| Other Windows 4 Command Window Ctrl+ Alt+A
Toolbars ] E':J Data Sources Shift+Alt+D
¢35 Full Screen Shift+Alt+Enter | 1 |oad Test Runs
All Windows Shift+Alt+M & Data Tools Operations
Navigate Backward Ctrl+- 1 Bookmark Window Ctrl+K, Ctrl+W
Mavigate Forward Ctrl+Shift+- e Syntax Visualizer
Next Task ?  Application Insights Search
Previous Task 12 Live Share
y Properties Window F4 & Web Publish Activity
Property Pages Shift+F4 > Task Runner Explorer
[ Devicelog
[ Containers Ctrl+K, Ctrl+ O
Package Manager Conscle
E Stack Trace Explorer Ctrl+E, Ctrl+5
U FaultDetectorNET |

H

Figure 4.7: Visual Studio 2022 - Menu Show Fault Detector .NET Panel

The Figure 4.8 illustrates the use case of show the Fault Detector Panel.

Developer Visual Studio Fault Detector .NET Add-In

| Open Visual Studio

> |
E Navigate to "View Menu" ;E E
E Navigate to "Other Windows" }E E
| Navigate to "FaultDetector.Net" }: |
i | Select Fault Detector from Extensions }:
E E, Show Fault Detector Panel E
é( Display Fault Detector Panel é‘ é

Developer ual Studio Fault Detector .NET Add-In

Figure 4.8: Show Fault Detector Panel

At the top of the FaultDetector.NET panel, there is a checkbox for each SBFL technique
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available, including Tarantula; Ochiai; Jaccard; DStar; Kulczynski; Rogers-Tanimoto; Seban
Normalization; Tarantula & Sampaio; Sokal Sneath & Sampaio; Simple Matching & Sam-
paio; and Rogers-Tanimoto & Sampaio. Below this, there is a combobox that lists all the
test projects available in the solution, as illustrated in Figure 4.9.

FaultDetector.NET

Techniques:

|:| Tarantula |:| Ochiai

Banks.Tests |v
| Banks.Tests |

Calculators. Tests

TaskManagers.Tests
FizzBuzzProject. Tests
MaxFloatProject. Tests

Figure 4.9: Fault Detector .NET - Tests Project Selection

When one or more of the Checkboxes corresponding to the techniques are checked, the
"Run" button is enabled. This button launches the scan. Once the scan has finished,
the Suspiciousousness panel in FaultDetector.NET shows the results of the analysis: the
list of lines of code that have been marked according to their suspiciousness score. Figure
4.10gives an overview of the results, while Figure 4.11 depicts how all the results appear
once the option "Show all Results is selected including lines with a score of 0.

FaultDetector.MET > I x
Techniques:

I:‘ Tarantula I:‘ Ochiai D Jaccard I:‘ D2 (DS5tar) D Kulezynski |:| Rogers-Tanimoto I:‘ Seban Mormalization I:‘ Tarantula & Sampaio

I:‘ Sokal Sneath & Sampaic |:| Simple Matching & Sampaio I:‘ Roger-Tanimoto & Sampaio

Suspiciousness Coverage Matrix Qutput Logs

Total: 54 Total With Score: 22 I:‘ Show all Results

Technigue Assembly File Class Method Line Score

Jaccard Banks.dll Ch\Project\Sample_Projec Banks.TransferlnputValidato Validate(Banks.BankAccoun 9 1 -
Jaccard Banks.dll C\Project\5ample_Projec Banks.BankAccount Transfer(Banks.BankAccoun 56 1

Jaccard Banks.dll ChProject\5ample_Projec Banks. TransferlnputValidato Validate(Banks.BankAccoun 11 0.8

Tarantula Banks.dll ChProject\Sample_Projec Banks.BankAccount .ctor(System. String, System.| 7 0.5

Tarantula Banks.dll C\Project\Sample_Projec Banks.BankAccount .ctor(Systern.String, System.| 9 0.5

Tarantula Banks.dll ChProject\5ample_Projec Banks.BankAccount .ctor(System. String, System.| 10 0.5

Tarantula Banks.dll Ch\Project\5ample_Projec Banks.BankAccount .ctor(System String, Systern.| 11 0.5

Tarantula Banks.dll C\Project\Sample_Projec Banks.BankAccount Withdraw(System.Double) 51 0.431818181818182
Tarantula Banks.dll ChProject\5ample_Projec Banks.BankAccount Withdraw(System.Double) 46 0.387755102040816
Tarantula Banks.dll ChProject\5ample_Projec Banks.BankAccount Withdraw(System.Double) 41 0.351851851851852
Tarantula Banks.dll Ch\Project\Sample_Projec Banks.BankAccount Withdraw(System.Double) 33 0.322033898305085
Jaccard Banks.dll C\Project\5ample_Projec Banks.BankAccount .ctor(System.String, System.| 11 0.208333333333333
Jaccard Banks.dll ChProject\5ample_Projec Banks.BankAccount .ctor(Systern.String, System.| 10 0.208333333333333
Jaccard Banks.dll ChProject\Sample_Projec Banks.BankAccount .ctor(Systern.String, System.| 9 0.208333333333333
Jaccard Banks.dll C\Project\Sample_Projec Banks.BankAccount .ctor{System String, System.| 7 0.208333333333333
Jaccard Banks.dll ChProject\5ample_Projec Banks. TransferlnputValidato Validate{Banks.BankAccoun 14 0.2

Jaccard Banks.dll Ch\Project\5ample_Projec Banks.BankAccount Transfer(Banks.BankAccoun 58 0.2

Jaccard Banks.dll C\Project\Sample_Projec Banks.BankAccount Transfer(Banks.BankAccoun 58 0.2

Jaccard Banks.dll ChProject\5ample_Projec Banks.BankAccount Withdraw{System.Double) 51 0.1

Jaccard Banks.dll ChProject\5ample_Projec Banks.BankAccount Withdraw(System.Double) 46 0.0%0909090909090% v

FaultDetectorNET

Figure 4.10: Fault Detector .NET - Suspiciousness - Results
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FaultDetector.NET X
Techniques:

I:‘ Tarantula I:‘ Ochiai I:‘ Jaccard I:‘ D2 (DStar) I:‘ Kulezynski I:‘ Rogers-Tanimoto D Seban Normalization I:‘ Tarantula & Sampaio
|:| Sokal Sneath & Sampaio |:| Simple Matching & Sampaio I:‘ Roger-Tanimoto & Sampaio

Suspiciousness Coverage Matrix Output Logs

Total:54 Total With Score: 22 show all Resuits

Technique Assembly File Class Method Line Score

Jaccard Banks.dll ChProject\Sample_Projec Banks BankAccount Withdraw{System.Double) 46 0.0909090505050909 -
Jaccard Banks.dll Ch\Project\Sample_Projec Banks BankAccount Withdraw(System.Double) 41 0.0833333333333333
Jaccard Banks.dll Ch\Project\Sample_Projec Banks BankAccount Withdraw(System.Double) 35 0.0769230769230769
Jaccard Banks.dll ChProject\Sample_Projec Banks BankAccount Withdraw{Systern.Double) 43 ]

Jaccard Banks.dll C\Project\Sample_Projec Banks BankAccount Withdraw(System.Double) 37 0

Tarantula Banks.dll ChProject\Sample_Projec Banks BankAccount Deposit(System.Double) 20 0

Jaccard Banks.dll Ch\Project\Sample_Projec Banks BankAccount Closeficcount() 64 ]

Jaccard Banks.dll ChProject\Sample_Projec Banks BankAccount Closeficcount() 66 0

Jaccard Banks.dll ChProject\Sample_Projec Banks BankAccount Closeficcount() 69 0

Jaccard Banks.dll ChProject\Sample_Projec Banks BankAccount Reopenfccount]) 74 0

Jaccard Banks.dll ChProject\Sample_Projec Banks BankAccount Withdraw(Systern.Double) 48 ]

Jaccard Banks.dll Ch\Project\Sample_Projec Banks BankAccount Deposit(System.Double) 30 0

Tarantula Banks.dll ChProject\Sample_Projec Banks.TransferlnputValidato Validate(Banks.BankAccoun 16 ]

Jaccard Banks.dll C\Project\Sample_Projec Banks BankAccount Deposit(System.Double) 25 0

Tarantula Banks.dll ChProject\Sample_Projec Banks BankAccount Deposit(System.Double) 22 0

Tarantula Banks.dll Ch\Project\Sample_Projec Banks BankAccount Deposit(System.Deouble) 25 ]

Tarantula Banks.dll ChProject\Sample_Projec Banks BankAccount Deposit(System.Double) 27 0

Tarantula Banks.dll ChProject\Sample_Projec Banks BankAccount Deposit(System.Double) 30 ]

Tarantula Banks.dll ChProject\Sample_Projec Banks BankAccount Withdraw({System.Double) 37 0

Tarantula Banks.dll ChProject\Sample_Projec Banks BankAccount Withdraw{Systern.Double) 43 ] v

FaultDetector.NET

Figure 4.11: Fault Detector .NET - Suspiciousness - Show all Results

On the right of the panel, a SearchBox is provided to filter the results. It is possible to
filter on any text contained in the results table of the Suspiciousness panel. Figures 4.12
and 4.13 illustrate how filters by technique and method can be set, respectively. Columns of
the Suspiciousness panel support sorting in ascending/descending by sorting ; If a row in the
Suspiciousness panel’s table is double-clicked, the file containing the corresponding source
code line is automatically opened in the IDE, positioning the cursor on the particular line.
All of the functionality described above aims to enhance the usability of FaultDetector.NET,
therefore increasing user productivity.

FaultDetector. NET > 1 x
Techniques:

I:‘ Tarantula I:‘ QOchiai I:‘ Jaccard D D2 (DStar) I:‘ Kulezynski D Rogers-Tanimoto I:‘ Seban Mormalization I:‘ Tarantula & Sampaio
I:‘ Sokal Sneath & Sampaio I:‘ Simple Matching & Sampaio |:| Roger-Tanimoto & Sampaic

Suspiciousness Coverage Matrix CQutput Logs

Total:54 Total With Score: 22 I:‘ Show all Results | tarantula‘
Technique Agsembly File Class Method Line Score

Tarantula Banks.dll C\Project\Sample_Projec Banks.BankAccount .ctor(System.String, System.| 7 05

Tarantula Banks.dll C:\Project\Sample_Projec Banks.BankAccount .ctor(Systern.String, System.| 9 0.5

Tarantula Banks.dll C\ProjectySample_Projec Banks.BankAccount .cter(System.String, System.| 10 0.5

Tarantula Banks.dll C\Project\Sample_Projec Banks.BankAccount .ctor(System. String, System.| 11 0.5

Tarantula Banks.dll Ci\Project\Sample_Projec Banks.BankAccount Withdraw(System.Double) 51 0.431818187818182
Tarantula Banks.dll C\Project\Sample_Projec Banks.BankAccount Withdraw(System.Double) 46 0.387755102040816
Tarantula Banks.dll C\ProjectiSample_Projec Banks.BankAccount Withdraw(System.Double) 41 0.351851851851852
Tarantula Banks.dll C\Project\Sample_Projec Banks.BankAccount Withdraw(Systern.Double) 35 0.322033898305085

Figure 4.12: Fault Detector .NET - Suspiciousness - Filter by Technique
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FaultDetector. NET * o X

Techniques:
I:‘ Tarantula I:‘ Ochiai I:‘ Jaccard I:‘ D2 (DStar) I:‘ Kulczynski I:‘ Rogers-Tanimoto I:‘ Seban Normalization D Tarantula & Sampaio
I:‘ Sokal Sneath & Sampaio I:‘ Simple Matching & Sampaio I:‘ Roger-Tanimoto & Sampaio

Suspiciousness Coverage Matrix Output Logs

Total54 Total With Score:22 [ | Show all Resuits [withd]

Technique Assembly File Class Method Line Score

Tarantula Banks.dll C\Project\Sample_Projec Banks.BankAccount Withdraw(System.Double) 51 0.431818181818182
Tarantula Banks.dll ChProject\Sample_Projec Banks.BankAccount Withdraw(System.Double) 46 0.387755102040816
Tarantula Banks.dll ChProject\Sample_Projec Banks.BankAccount Withdraw(System.Double) 41 0.351851851851852
Tarantula Banks.dll ChProject\Sample_Projec Banks.BankAccount Withdraw(System.Double) 33 0.322033898305085
Jaccard Banks.dll C\Project\Sample_Projec Banks.BankAccount Withdraw(System.Double) 51 0.1

Jaccard Banks.dll ChProject\Sample_Projec Banks.BankAccount Withdraw(System.Double) 46 0.0%09030909090505
Jaccard Banks.dll ChProject\Sample_Projec Banks.BankAccount Withdraw(System.Double) 41 0.0833333333333333
Jaccard Banks.dll Ch\Project\Sample_Projec Banks.BankAccount Withdraw(System.Double) 35 0.0769230769230769

Figure 4.13: Fault Detector .NET - Suspiciousness - Filter by Method

The Coverage Matrix panel is a feature that, as the name suggests, lists in the number of
times a given line of code is exercised by a given test case. (See Figure 4.14).

FaultDetector.NET > ox
Techniques:

I:‘ Tarantula I:‘ Ochiai D Jaccard I:‘ D2 (DStar) I:‘ Kulezynski I:‘ Rogers-Tanimeto I:‘ Seban Normalization I:‘ Tarantula & Sampaio

I:‘ Sokal Sneath & Sampaio I:‘ Simple Matching & Sampaio I:‘ Roger-Tanimoto & Sampaio

Suspiciousness Coverage Matrix OQutput Logs

Line Id I i L= e = i N N ¢ TIo T Tz T3
[ 20 - BanksBankAccount]1
22 - Banks.BankAccount(
25 - Banks.BankAccount 1
27 - Banks.BankAccount ()
30 - Banks BankAccount 1
35 - Banks.BankAccount(
37 - Banks.BankAccount(
41 - Banks.BankAccount0
43 - Banks.BankAccount 0
46 - Banks.BankAccount 0
43 - Banks.BankAccount0
51 - Banks.BankAccount(
36 - Banks.BankAccount(
58 - Banks.BankAccount(
39 - Banks.BankAccount(
64 - Banks.BankAccount(
66 - Banks.BankAccount(
69 - Banks.BankAccount(

FA _ Banbe Banl-frraoe +1
4

FaultDetector.NET [EEneEL123

=
=
|

»

1

SO0 0D0 D00 0000000 202
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SO0 D0 D00 00D - 20200000
Co oo 0 -0 00000000000
SO o000 -0 00000000000
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Dm0 000D 00000000000
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Figure 4.14: Fault Detector .NET - Coverage Matrix

The Line Id column is made up of the combination of the line number and the class names-
pace, representing the unique identifier. The remaining columns on the right represent the
executed within the scope of the scan. The color of header indicates the test’s execution
status, green in the case of a pass and red in the case of a fail. Tests are identified by the
letter T followed by a sequential number. To make it easier to identify the test case, when
the mouse hover event occurs over the test case |d header, a Tootip appears with the name
of the test case, as illustrated in 4.15.
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Suspiciousness Coverage Matrix Output Logs

Line Id m r = il s N v TI0 T T2 T3
20 - Banks.BankAccount 1 1 n a a n n a a n 0 1

22 - Banks.BankAccount 0 0 | Test Banks.Tests.BankAccountTests.Deposit_NegativeAmount_ThrowsArgumentException 0 1

25 - Banks.BankAccount 1 1 Status: Passed 0 0

27 - Banks.BankAccount 0 1 0 0 0 0 0 0 0 0 0 0 0

Figure 4.15: Fault Detector .NET - Coverage Matrix - Tooltip with Test
Case Name

The Output Logs panel provides detailed information about the processes and results gen-
erated by FaultDetector.NET. The logs are written in real time when the execution of the
scan. This feature is particularly useful for debugging and understanding the internal process
of the tool and test execution (See Figure 4.16). The "Clear Log button, positioned on the
right, deletes the logs from the panel.

FaultDetector.NET > ix
Techniques:

I:‘ Tarantula I:‘ Ochiai I:‘ Jaccard I:‘ D2 (D5tar) |:| Kulezynski I:‘ Rogers-Tanimoto |:| Seban Mormalization I:‘ Tarantula & Sampaic

D Sokal Sneath & Sampaio I:‘ Simple Matching & Sampaio I:‘ Roger-Tanimoto & Sampaio

Suspiciousness Coverage Matrix Qutput Logs

Calculating coverage result...
Generating report 'C:\Users\MickaelS\AppData'Local\ Temph 1dd08130-6705-4a60-a15a- Thca2 11392\ Banks. Tests.BankAccountTests, CloseAccount_ThrowsErrarlfActiveWithMNo

oo +

B E SRR +
e +

| | Line | Branch | Methed |
N — +

| Total | 25% |6.23% |50% |
N +

| Average | 25% | 6.25% | 50% |
B Rt EEEEEE +

Status for the test: Passed
Microsoft (R) Test Execution Command Line Tool Version 17.8.0 (x64)
Copyright (c) Microsoft Corporation. All rights reserved. -

Figure 4.16: Fault Detector .NET - Output Log 2

The Figure 4.17 illustrates the use case of the process of run a scan and visualize the
suspicion metrics, coverage matrix and execution logs:
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7N
Developer
i

| Fault Detector .NET Add-In Fault Detector .NET Core | | Visual Studio

| Select techniques

| Select tests project |
———
| Run scan

| Start core process (SpectrumBasedFaultLocalizationRunner)

| Return process result (suspicion metrics, coverage matrix and logs) |
i

| Display results in IDE

|
| Shows suspicion metrics

i i
| Shows coverage matrix

i |
' _ Shows execution logs
-

Devil_r\)per | Fault Detector .NET Add-In | | Fault Detector .NET Core | |Visual Studio

Figure 4.17: Fault Detector Add-in Scan Diagram

4.2 FaultDetector.NET - CLI

FaultDetectorDotNet CLI, like Fault Detector .NET - Visual Studio Add-In 4.1.4, is a tool for
detecting faults in .NET projects. Both share the same functionalities. FaultDetectorDotNet
CLI, is a .NET tool (dotnet tool), which means that it can be easily installed and run in any
environment that supports the .NET CLI. One of the great advantages of this tool is its ability
to be integrated into ClI/CD (Continuous Integration/Continuous Delivery) pipelines via CLI
commands, thus allowing automation in the analysis of faults throughout the development
cycle so that possible problems can be identified in the build process or before a deployment.

To install the FaultDetectorDotNet CLI tool, you need to use the command dotnet tool
install -global FaultDetectorDotNet -version x.x.Xx, asshown in Figure 4.18. This
command downloads and installs the specified version of the tool globally on the system,
making it accessible from any directory.

o

FaultDetectorDotNet 103

.NET 8.0
NET CLI {Global) NET CLI {Local) Cake NUKE
» dotnet tool install --global FaultDetectorDotMet --version 1.8.3 [ Copy

(D This package contains a .NET tool you can call from the shell/fcommand line.

Figure 4.18: Nuget - Fault Detector .NET

The Figure 4.19 illustrates the use case of installation tool.
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(]
L

Deveioper Command Lie | Mt Rapositary| | pisk

| Run install command (e.g., dotnet tool install FaultDetector.NET)

Request FaultDetector.NET package

Provide FaultDetector.NET package

_Save package to disk

Confirm installation complete

Devs[r\)lper | Command Line ‘ NuGet Repository| | Disk ‘

Ly

L

AN

Figure 4.19: Install Fault Detector .NET CLI

After installation, we can list the tools on the system using the command: dotnet list
-global. If successful, o FaultDetectorDotNet will be present, as illustrated in Figure 4.20.

PS C:\Project> dotnet tool list
Version Commands

coverlet.console .B8. coverlet
dotnet-coverage J11. dotnet-coverage

dotnet-reportgenerator-globaltool ol reportgenerator
dotnet-stryker JEL dotnet-stryker
faultdetectordotnet S faultdetector
jetbrains.resharper.globaltools 2l jb

PS C:\Project>

Figure 4.20: CLI - Dotnet Tool List - After Installation

If a previous version of the tool is already installed, it is possible to update it to the last ver-
sion, using the command dotnet tool update -global FaultDetectorDotNet. Figure
4.21 shows the update process, where the tool is updated from version 1.0.1 to 1.0.2

PS C:\Project> dotnet tool update FaultDetectorDotNet
Skipping NuGet package signature verification.

Figure 4.21: Update Fault Detector .NET CLI

The Figure 4.26 illustrates the use case of update the tool.
_1_
Devglr;ber Comma‘nd Line NuGet R‘epnsitory ‘E

| Run update command (e.g., dotnet tool update FaultDetector.NET) |

| Request latest version of FaultDetector.NET package !

| Provide updated package

| Overwrite old package with updated version

| Confirm update complete

Developer
O

X

‘ Command Line ‘ | NuGet Repnsitory‘ ‘ Disk‘

Figure 4.22: Update Fault Detector .NET CLI

Once installed, the tool can be invoked directly from the terminal using the command
faultdetector. To see the options available, you can use the command faultdetector
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-help, which displays a detailed list of arguments and options, as shown in Figure 4.23.
Options include specifying the path of the test project, specifying the fault localization
techniques to be applied, and the verbosity level of the logs, and many more.

PS C:\Project> faultdetector
Description:

Usage
FaultDetectorDotNet.Tool <test-project-path> [options]

Arguments:
<test-project-path> The test project full path

The path to export the results
Print Verbose Logs [default: False]

Enable debug mode [default: False]

Fault Localization Techniques: (1 - Tarantula | 2 - Ochiai | 3 - Jaccard | 4 - D2 (DStar) | 5 - Kulczynski | 6 - Rogers-Tanimoto | 7 - Seban Normalization | 8 -
Tarantula & Sampaio | 9 - Sokal Sneath & Sampaio | 10 - Roge: nimoto & Sampaio | 11 - Simple Matching & Sampaio) [default: Tarantula’

Enable Split Suspiciousness Results. Default - Aggregated Results [default: False]

Show version information

Show help and usage information

Figure 4.23: Fault Detector .NET CLI - Help

After running the tool on a test project, it generates a list of lines of code classified based
on different fault location techniques, such as Tarantula, Ochiai, Jaccard, among others.
Figure 4.24 presents the aggregated results of these techniques, showing the most suspicious
lines of code and their respective scores.

PS C:\Users\MickaelS> faultdetector

Process started

# Suspiciousness

| Method
| system.
| system.

| system.

| MaxFloatProject. MaxFloatProject. single) |

| MaxFloatProject.

MaxFloatProject MaxFloatProject: :Max(Systen.Single, Systen.

MaxFloatProject.

MaxFloatProject.

MaxFloatProject Single MaxFloatProject: :Max(System.Single,System.Single) |

.single) |

| MaxFloatProject. single Max(System.Single,System

| MaxFloatProject

| MaxFloatProject

| MaxFloatProject.

| MaxFloatProject

| MaxFloatProj

| MaxFloatProject.

| MaxFloatProject.

| MaxFloatProject.

| Rogers-Tanimoto

Result exported as Text to C

| MaxFloatProject.

.MaxFloatProject

.MaxFloatProject

MaxFloatP:
MaxFloatp;

MaxFloatPro,

MaxFloatProject
MaxFloatProject
MaxFloatProject

MaxFloatP;

| system.

| system.

| System.

| system

| system

| system.

| system.

| system.

single
single
single

single

single

Project\results\9dfe7497-9cfc-Ufb6-b.

Exam Score exported a to C:\Project\results\9dfe@7497-9cfc-4fb6-b.

seconds.
seconds.

Process completed in
Process completed in

MaxFloatProject.

MaxFloatProject

MaxFloatProject.

MaxFloatProject

MaxFloatProj

MaxFloatProject.

MaxFloatProject.

MaxFloatProject.

MaxFloatProject.

MaxFloatProject

.MaxFloatProject

MaxFloatProj

M,

MaxFloatProject

MaxFloatProject

6afUuB9fb . txt

6afLUBIFb . json

Max(Systen.

Max(Systen.

Max(Systen.

Max(Systen.

Max(Systen.

System

Single, Systen.

single, Systen.

single

single,System

System.
System.

-single,Systen.

System.

Single) |
single) |
Single) |
single) |

single) |

single) |

Figure 4.24: Fault Detector .NET CLI - Aggregated Results

Is possible to split the suspiciousness results per technique as it shows the Figure 4.25. This
allows a more detailed analysis of how each specific technique assesses the suspiciousness
of different parts of the code.
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PS C:\Users\MickaelS> faultdetector
Process started
# Suspiciousness - Tarantula
Line | s

.MaxFloatProj MaxFloatPro ingle,System

.MaxFloatPr .MaxFloatPro system.Single,System.

Method
.MaxFloatProj MaxFloatPro ingle, System

.MaxFloatProj MaxFloatPro ingle,System

.MaxFloatProj System. .MaxFloatPro system.Single,System.

Jaccard

MaxFloatProj MaxFloatPro

.MaxFloatProj MaxFloatPro i ,System

.MaxFloatProj System. .MaxFloatPro Max(System. System.

Max(System. System.

Result exported as Text to roject\results\3eva6bdu-fdas-u3ac-b97b-baaaade17058. txt
Exam Score exported a to roject\results\3e7a6bdi-fdas-43ac-b97b-baaaade17858. json
Process completed in econds.
Process completed in econds.

Figure 4.25: Fault Detector .NET CLI - Splited Results

The Figure 4.26 illustrates the use case of perform a scan with Fault Detector .NET - CLI.
It involving saving the report to disk and display the results, either aggregated or splited.

(&)
De\.f’eloper FaultDetector NET CLI Fault Detector .NET Core ‘ Disk

| Input command for fault detection ‘_:

Send parameters for fault detection

_ Return Fault Localization Results and Logs

-

_ Display aggregated or split results

| Save Fault Localization Report to disk _

Developer FaultDetector.NET CLI | Fault Detector .NET Core Disk

Figure 4.26: Run a Scan with Fault Detector .NET CLI

4.3 Conclusion:

A fault location solution for C# projects, called FaultDetector.NET, has been developed
from scratch in the context of this dissertation. It supports several classic SBFL techniques,
such as Tarantula, Ochiai, Jaccard and DStar, as well as alternative methods including
Sampaio’s Coefficient of Symmetry and Seban’s Normalization. The solution is available in
two forms: Through the Visual Studio 2022 IDE extension, with a visually rich interface, and
through the CLI version that facilitates its use in various development scenarios, including
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Continuous Integration and Continuous Deployment pipelines. This solution has filled a
gap in terms of tools that are compatible with C#, Visual Studio 2022 and available open-
source, allowing anyone to contribute and extend its functionality. The detailed visualization
of suspicion results and code coverage aims to help developers understand and diagnose
problems in their code bases more efficiently.
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Chapter 5

Evaluation and Experimentation

5.1 Evaluation

When improving any automated debugging technique, there should be some form of evalua-
tion as to whether or not the improvements reached the proposed objectives and goals. The
current chapter presents the solution evaluation and the discussion of its results. It starts
by describing the methodology, presenting the metrics in which the results will be measured,
detailing the investigation hypotheses, the evaluation indicators and the information sources
are presented. After that, the results obtained from applying different fault localization tech-
niques are compared, including the Sampaio Symmetry Coefficient and Seban Normalization.
Finally, a summary of the different results concludes the chapter.

5.2 Methodology

Two evaluation methodologies have been used, one from the automatic debugging technique
point of view and another from development. In this respect, the EXAM score metric has
been used to evaluate the solution. On the other hand, from the development point of
view, the automated debugging tool was submitted to a set of functional tests which aim
at guaranteeing that development is controlled by needs and problem. Requirements and
ensure the best quality of the final product software. The automatic software debugging
tool will have to fulfill all the development good practices with the aim of ensuring reliability
and maintainability, allowing easy expansion of the solution.

5.3 Metrics

The EXAM score measures the relative position of a faulty element in an ordered list of
suspects that have been ranked by a fault location technique. The aim of this metric is to
evaluate the performance of the debugging technique by determining how efficient it is at
prioritizing faulty elements at the top of the list, making it easier to identify them.

5.4 Investigation Hypotheses

The following hypotheses can be defined in order to judge whether the objective has been
fulfilled:
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H1: EXAM score - Lower applying Sampaio Symmetry Coefficient - Success of the
improvement of the automated debugging technique applying the symmetry coefficient
compared to the original fault localization techniques.

e H2: EXAM score - Higher applying Sampaio Symmetry Coefficient - Failure of the
improved solution regarding the appliance of the symmetry coefficient to all the intro-
duced fault localization techniques.

e H3: EXAM score - Lower applying Seban Normalization Technique - Success of the
Seban Normalization Technique of the automated debugging applying to the others.

e H4: EXAM score - Higher applying Seban Normalization Technique - Failure of the
Seban Normalization Technique of the automated debugging applying to the others.

5.5 Evaluation Results

In Chapter 4, refers to Fault Localization .NET, a solution created from scratch that provides
several fault localization techniques. The real value of the solution can only be obtained
when the EXAM score is compared between all of those.

To conduct a case study, a search was performed to find a dataset containing types of
bugs and defects written in C#. According to Program Repair®, a reference in the aca-
demic world, the available datasets only include languages like C/C++, Java, JavaScript and
Python. Due to this gap, a new dataset called Defects Sample Project was created in C#.

5.5.1 Defects Sample Project

In order to perform a case study, the project Defects Sample Project 2 was developed. Is a
project written C# with a suite of unit tests and a collection of reproducible bugs.

As Figure 5.1 shows, the solution of Defects Sample Project contains several projects, each
representing a different domain to exemplify a real-world scenario with bugs. (See source-
code in AppendixE)

|E| [ Solution 'DefectsSampleProject’ (10 of 10 projects)

4 [ Bank

I &+ Banks

b 857 Banks.Tests
4 [ Calculator

b & Calculators

b 857 Calculators. Tests
4 [ FizzBuzz

b &[4 FizzBuzzProject

b &5 FizzBuzzProject. Tests
4 [ MaxFloat

b &[] MaxFloatProject

b &5 MaxFloatProject Tests
4 [0 TaskManager

b & [c# TaskManagers

b & T3] TaskManagers Tests

Figure 5.1: Defects Sample Project - Solution Explorer View

'https://program-repair.org/benchmarks.html
*https://github.com/mickaelseban/DefectsSampleProject
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Each project with "production code" has its corresponding unit test project (see Figure 5.2).

w TaskManager - MaxFloat - FizzBuzz w  Bank w Calculator
TaskManagers MaxFloatProject FizzBuzzProject Banks Calculators
TaskManagers.Tests MaxFloatProject.Tests FizzBuzzProject.Tests Banks Tests Calculators. Tests

Figure 5.2: Defects Sample Project - Solution Dependencies

5.5.2 Exam score results

To evaluate the results of the techniques developed in Fault Detector .NET - CLI, it was
conducted a comparative evaluation using the EXAM score (See chapter 2.6). To obtain
the results of the EXAM score, all the projects in the Defects Sample Project solution were
scanned through the Fault Detector .NET - CLI, using all the SBFL techniques provided by
the tool and the results were exported as JSON. (See results: BanksF.3; CalculatorsF.3;
FizzBuzzProjectF.5; MaxFloatProjectF.6; TaskManagersF.7)

The tool EXAMScoreCalculator®, developed as part of this dissertation (see source code in
F.1), was used to calculate the EXAM score based on the suspiciousness results generated
by the Fault Detector .NET - CLI mentioned previously. The EXAM score was calculated
and the results of this process were saved in JSON format (see results F.2).

Table 5.1: Result EXAM score

Fault Localization Technique ‘ EXAM score ‘
Roger-Tanimoto & Sampaio Symmetry Coefficient 0.0028
Seban Normalization 0.0029
Simple Matching & Sampaio Symmetry Coefficient 0.0031
Tarantula 0.0032
Jaccard 0.0033
Rogers-Tanimoto 0.0033
Sokal Sneath & Sampaio Symmetry Coefficient 0.0033
Ochiai 0.0051
Kulczynski 0.0056
Tarantula & Sampaio Symmetry Coefficient 0.0071
D2 (DStar) 0.0250

Based on the data provided in Table 5.1, the EXAM scores indicate the effectiveness of
fault location techniques SBFL, where lower values suggest less effort is required to locate
a fault. Below is an analysis of the results in the light of the proposed hypotheses.

e H1: EXAM score lower by applying Sampaio CS - Success of improving the automated
debugging technique by applying the symmetry coefficient compared to the original
fault location techniques.

Analysis: Comparing the techniques with and without the symmetry coefficient, we
observe that:

*https://github. com/mickaelseban/EXAMScoreCalculator
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— Tarantula: 0.0032 (original) vs. Tarantula & Sampaio: 0.0071.
— Roger-Tanimoto: 0.0033 (original) vs. Roger-Tanimoto & Sampaio: 0.0028.

Sampaio CS did not result in a reduction in the EXAM score for most of the techniques,
except for Roger-Tanimoto & Sampaio, which showed a slight reduction. Therefore,
there is partial success in H1.

e H2: EXAM score higher by applying Sampaio CS - Failure of the improved solution
in relation to the application of the symmetry coefficient to all the fault location
techniques introduced.

Analysis: The EXAM score for some techniques increased with the symmetry coeffi-
cient, such as:

— Tarantula: 0.0032 (original) vs. Tarantula & Sampaio: 0.0071.

This indicates that, for some techniques such as Tarantula & Sampaio, the symmetry
coefficient reduced performance, partially supporting H2.

e H3: EXAM score lower applying the Seban Normalization Technique - Success of the
Seban Normalization Technique in improving automated debugging compared to the
other techniques.

Analysis: Seban Normalization obtained an EXAM score of 0.0029, a relatively low
value, indicating good performance, compared to the other techniques. The Seban
Normalization Technique was more efficient.

Therefore, H3 is supported, as the Seban Normalization Technique was successful in
reducing the fault location effort.

5.5.3 FaultDetector.NET CLI and Add-In Evaluation

In the following, the results and effectiveness of FaultDetector. NET will be further evaluated
using metrics such as the total number of downloads from NuGet, number of installations
from the Visual Studio Marketplace, and number of stars on GitHub. It is currently not
possible to draw conclusions because the solution is new and the data mentioned above
does not exist yet.

5.5.4 Conclusion:

Taking into account the results of the EXAM score calculated by the tool EXAM Score
Calculator from the outcomes of the DefectsSampleProject, we can infer that the Roger-
Tanimoto & Sampaio Symmetry Coefficient technique achieved the best performance with
the lowest EXAM score (0.0028), closely followed by the Seban Normalization technique
(0.0029). With regard to Symmetry Coefficient, the Roger-Tanimoto & Sampaio technique
performed better than Roger-Tanimoto, while Tarantula & Sampaio had a worse EXAM
score than Tarantula. Some popular techniques like Tarantula and Jaccard proved that
their scores show an approximation of similar effectiveness. Both are within the range of
relatively effective techniques, but they are not the most efficient techniques. In general,
the difference between the scores of the techniques is quite small, except for DStar, which
has a notably higher value. Regarding the adoption results of the FaultDetector.NET, since
the tool is still in its early stages, no definitive conclusion can be drawn with regards to its
wide adoption or user satisfaction. In the future, data will continuously be updated from
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these sources to present a better view of the practical impact and acceptance within the
community of developers.
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Chapter 6

Conclusion

This chapter presents a summary of the most important results extracted from the research,
showing how the proposed automatic fault localization techniques have been evaluated, and
it describes the key achievements, their limitations, and possible future work.

6.1 Achieved Requirements

The overall goal throughout this research work was to present a tool and advocate for its
utilization regarding fault localization within projects in C# language. The tool, FaultDetec-
tor.NET, was able to succinctly place together higher order spectrum-based fault localization
methods along with other new methods such as Seban Normalization and Sampaio Symme-
try Coefficient.

Along with the usage of these techniques, FaultDetector.NET represents an open-source
solution of automatic fault localization, that be can integrate with Visual Studio 2022 to
extend the debugging process of C# developers more effectively. It comes in two forms:
CLI form to support the CI/CD pipelines and as a Visual Studio Add-In. Moreover, the
command-line version of it, meant for automating fault localization in a ClI/CD process,
fits well into today’s modern development environments that call for continuous testing and
deployment. Meanwhile, the extension for Visual Studio provides a user-friendly interface
with support for multiple fault-localization techniques right inside the IDE, helping developers
speed up their way of finding bugs in the course of their development process.

The techniques of fault localization support by the solution were tested with the Defects
Sample Project, set of C# applications that contain reproducible bugs. These tests proved
that FaultDetector.NET can handle real world applications and find defects both efficiently
and effective. In addition, various techniques were implemented, such as Seban Normal-
ization and Alberto Sampaio’s asymmetry coefficient techniques. Overall, the proposed
objectives were successfully achieved.

6.2 Limitations

It has not yet been possible for other developers to test the application. Only more concrete
metrics, such as the number of stars on the repository, downloads from NuGet, and installa-
tions of the extension will be needed to understand adoption and the impact of Fault Detector
.NET. Besides, the dataset (See DefectsSampleProject 5.5.1) on which the EXAM score
was evaluated is limited in both its size and the number of bugs it contains, which restricts
the generalizability of the results. The Sampaio Symmetry Coefficient, while useful for some
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techniques such as Roger-Tanimoto & Sampaio, did not consistently improve performance
across all fault localization methods. For instance, when applied to the Tarantula technique,
it resulted in worse EXAM scores. This indicates that the method is not universally beneficial
and its impact varies depending on the specific technique used. Another limitation involves
the generation of the hit spectra and test outcomes, which are produced by Coverlet, a tool
that relies on a heavy instrumentation process. Due to a limitation in Coverlet, tests can
only be run one at a time, and it does not support parallel execution. This significantly
impacts the overall performance of the tool, as the total processing time increases due to
the sequential execution of tests. Furthermore, although the tool has proven effective for
C# projects, it has not been thoroughly tested on larger, more complex codebases.

6.3 Future Work

There are several avenues of development that could improve the efficiency and effectiveness
with which FaultDetector.NET carries out its work. First, it would be helpful if there was
an export function whereby the user could export the results into several different formats,
such as Excel, so that reporting would be easier. What's more, for better performance, the
tool should not use Coverlet, as it relies on a pretty heavy instrumentation process, and
parallel test execution is not supported. Instead, custom instrumentation at the IL level can
be developed, allowing for parallel test execution and hence greatly improving the efficiency
of the whole tool.

Moreover, whereas this version focuses on C#, tool functionalities can be extended in further
work for other languages from the .NET ecosystem like F# and VB.NET. In such a way, the
tool will be more useful and more attractive for a greater number of developers. The other
area of improvement is adding support to new techniques of SBFL. Besides, generative Al
techniques will be helpful in not only finding defects but also suggesting their repair and
remediation, making the debugging process faster and more automated.

Addressing such areas would also enable FaultDetector.NET to become even more powerful
and at the same time flexible for handling complex codebases, but in their turn provide
additional features and support to the developer community.
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using System;

using System. Collections. Generic;

using System . Diagnostics;

using System.lO;

using System.Ling;

using System. Threading;

using System . Threading. Tasks;

using FaultDetectorDotNet.Core. Coverage;
using FaultDetectorDotNet.Core. Coverlet;
using FaultDetectorDotNet.Core. Helpers;
using FaultDetectorDotNet. Core.Logger;

namespace FaultDetectorDotNet. Core. Suspiciousness

{

public sealed class SpectrumBasedFaultLocalizationRunner
{

public event EventHandler<
SpectrumBasedFaultLocalizationRunnerStatusType >
SpectrumBasedFaultLocalizationRunnerStatusChanged;

public async Task Run(IProcessLogger logger, ReportManager
reportManager, BuildProject buildProject ,
SuspiciousnessServiceParameters inputParameters, CancellationToken
cancellationToken)
{
SpectrumBasedFaultlLocalizationRunnerStatusChanged ?. Invoke (
this, SpectrumBasedFaultLocalizationRunnerStatusType.Running);

var testsMetadata = new Dictionary <string , TestMetadata >();

try

{

logger.LogUserMessage("Process started");
cancellationToken. ThrowlfCancellationRequested () ;

if (await IsToollnstalled(logger, cancellationToken))

{

logger.LogDebugMessage (" The code coverage tool is
already installed");

¥

else
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logger.LogDebugMessage("Installing the code coverage
tool ... ");
await InstallCoverageTool(logger, cancellationToken)

}

cancellationToken. ThrowlfCancellationRequested () ;

var testProjectDIIPath = buildProject(inputParameters.
TestProjectFullPath);

if (string.IsNullOrEmpty(testProjectDIIPath) || !File.
Exists(testProjectDIIPath))
{
logger.LogUserMessage($"The project {inputParameters
. TestProjectFullPath} was not found");
return;

}

testsMetadata = await ListTests(logger, inputParameters.
TestProjectFullPath , cancellationToken);

var tempPath = Path.Combine(Path.GetTempPath (),
inputParameters. Executionld);

Directory . CreateDirectory (tempPath) ;

var coverletCoverageDatas = new Dictionary<string ,
CoverletCoverageData >();
foreach (var test in testsMetadata)

{

cancellationToken. ThrowlfCancellationRequested () ;

await RunDotnetTestWithCoverage(logger , test.Value,

testProjectDIIPath , tempPath,
cancellationToken);

cancellationToken. ThrowlfCancellationRequested () ;

var coverletCoverageData = CoverletService.
ReadReport(test.Value. TestCoverageReportPath);

coverletCoverageDatas[test.Key] =
coverletCoverageData;

}

cancellationToken. ThrowlfCancellationRequested () ;

var coveragePerTest = CoverageTestSegmentedFactory.
Create(coverletCoverageDatas);

foreach (var test in testsMetadata)

{
test.Value.Coverage = coveragePerTest[test.Key];

by

var coverageAggregated = CoverageFactory.
CreateAggregated (testsMetadata) ;

var testCoverageMatrix = CoverageFactory.
CreateCoverageMatrix (testsMetadata);

var suspiciousnessResult = SuspiciousnessCalculator.

Calculate(coverageAggregated , inputParameters);
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78 cancellationToken. ThrowlfCancellationRequested () ;

79

80 var suspiciousnessRunnerResult = new
SuspiciousnessRunnerResult

81 {

82 TestCoverageMatrix = testCoverageMatrix ,

83 SuspiciousnessResult = suspiciousnessResult ,

84 s

86 reportManager. ReportAll(suspiciousnessRunnerResult);

87 )

88 catch (OperationCanceledException)

89 {

90 logger.LogDebugMessage("The process was aborted from the
user");

o1 }

92 finally

03 {

94 logger . Dispose () ;

95 DeleteTestCoverageFiles(logger, testsMetadata);

96 SpectrumBasedFaultLocalizationRunnerStatusChanged 7.

Invoke (this , SpectrumBasedFaultLocalizationRunnerStatusType. Finished)

97 }

98 }

99

100 private static void DeleteTestCoverageFiles(IProcessLogger
logger , Dictionary<string , TestMetadata> testsMetadata)

101 {

102 foreach (var testMetadata in testsMetadata.Values)

103 {

104 try

105 {

106 if (File.Exists(testMetadata. TestCoverageReportPath)
)

107 {

108 File.Delete(testMetadata. TestCoverageReportPath)

109 logger.LogDebugMessage ($" File deleted: {
testMetadata. TestCoverageReportPath}");

110 +

111 i:

112 catch (IOException ioEx)

113 {

114 logger.LogDebugMessage (

115 $"Could not delete the file: {testMetadata.
TestCoverageReportPath}. Error: {ioEx.Message}");

116 i

117 1

118 }

119

120 private static async Task InstallCoverageTool(IProcessLogger
logger , CancellationToken cancellationToken)

121 {

122 var processinfo = new ProcessStartinfo

123 {

124 FileName = "dotnet",

125 Arguments = "tool install ——global coverlet.console",

126 RedirectStandardOQutput = true,
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127 RedirectStandardError = true,

128 UseShellExecute = false ,

129 CreateNoWindow = true

130 }Z

131

132 using (var process = Process.Start(processinfo))

133 {

134 await WaitForExit(logger , process, "coverlet.console
installation", cancellationToken);

135

136 if (process.ExitCode != 0)

137 {

138 var errors = await process.StandardError.
ReadToEndAsync () ;

139 if (!'string.IsNullOrWhiteSpace(errors))

140 {

141 logger.LogDebugMessage(errors);

142 }

143 }

144 }

145 }

146

147 private static async Task WaitForExit(IProcessLogger logger,

Process process, string processName, CancellationToken
cancellationToken)

148 {

149 process.WaitForExit () ;

150 while (!process.HasExited)

151 {

152 await Task.Delay (100, cancellationToken);

153 if (lcancellationToken.lIsCancellationRequested)

154 {

155 continue;

156 IS

157

158 try

159 {

160 process. Kill ();

161 }

162 catch (Exception ex)

163 {

164 logger.LogDebugMessage($" Error when trying to kill
the process: {processName}", ex);

165 )

166

167 cancellationToken. ThrowlfCancellationRequested () ;

168 }

169 )

170

171 private static async Task RunDotnetTestWithCoverage(
IProcessLogger logger, TestMetadata testMetadata,

172 string dIIFilePath , string tempPath, CancellationToken
cancellationToken)

173 {

174 var testCoveragePath = Path.Combine(tempPath, $"{

SanitizeHelper.SanitizePath (testMetadata. TestQualifiedName)}.json");

176 var testQualifiedNameSanitized = testMetadata.
TestQualifiedName . Replace(" (", "\\(").Replace(")", "\\)");:




177
178
179
180
181

192
193

194

196

Appendix A. FaultDetector.NET - SpectrumBasedFaultl ocalizationRunner Source Codérs

var startlnfo = new ProcessStartinfo
{
FileName = "coverlet",
Arguments =
$"{dllIFilePath} ——target \"dotnet\" ——targetargs \"
vstest {dIIFilePath} ——TestCaseFilter:\\\" DisplayName™{
testQualifiedNameSanitized F\\\"\" ——output \"{testCoveragePath}\"

format json",
RedirectStandardOQutput = true,
RedirectStandardError = true,
UseShellExecute = false ,
CreateNoWindow = true

I

using (var process = Process.Start(startlinfo))

{

var output = await process.StandardOutput.ReadToEndAsync

OF

await WaitForExit(logger , process, run coverlet",
cancellationToken);

logger . LogDebugMessage(output);
if (process.ExitCode != 0)
{
var errors = await process.StandardError.

ReadToEndAsync () ;
if (I'string.IsNullOrWhiteSpace(errors))

{
}

logger .LogDebugMessage(errors);

var status = QutputParserHelper.ExtractStatus(output);
testMetadata.Status = status;

testMetadata. TestCoverageReportPath = testCoveragePath;
logger.LogDebugMessage($"Status for the test: {status}")

}

private static async Task<bool> IsToollnstalled (IProcessLogger
logger , CancellationToken cancellationToken)

{
var processinfo = new ProcessStartlinfo
{
FileName = "dotnet",
Arguments = "dotnet tool list —-g",

RedirectStandardOutput = true,
RedirectStandardError = true,
UseShellExecute = false ,
CreateNoWindow = true

+

using (var process = Process.Start(processinfo))

{

var output = await process.StandardOutput.ReadToEndAsync

OF
await WaitForExit(logger , process, "verify coverlet
installation", cancellationToken);
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return output.Contains("coverlet");

}

private static async Task<Dictionary <string , TestMetadata>>
ListTests(IProcessLogger logger, string TestProjectFullPath ,
CancellationToken cancellationToken)

{
var processinfo = new ProcessStartinfo
{
FileName = "dotnet",
Arguments = $"dotnet test {TestProjectFullPath} ——list —
tests",

RedirectStandardOutput = true,
RedirectStandardError = true,
UseShellExecute = false ,

CreateNoWindow = true
T
using (var process = Process.Start(processinfo))
{

var output = process.StandardOutput.ReadToEnd();
await WaitForExit(logger , process, "dotnet list tests",
cancellationToken);

var lines = output.Split(new[] { Environment.NewlLine 7},
StringSplitOptions.RemoveEmptyEntries) ;

var testNames = lines.Where(line => line.StartsWith ("
")) . TolList();

var testsMetadata = testNames. ToDictionary(x => x,
testQualifiedName => new TestMetadata

{

TestQualifiedName = testQualifiedName . Trim()
1)

return testsMetadata;

Listing A.1: SpectrumBasedFaultLocalizationRunner - Source Code
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FaultDetector.NET - Sampaio
Symetric Coefiecient & Techniques
Source Code

namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class RogerTanimotoAndAlbertoSampaioCSFormula
ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
var NCF = request.Counts.failCount;
var NF = request.TotalFailedTests;
var NCS = request.Counts.passCount;
var NS = request.TotalPassedTests;
if (NCF == 0)
{
return 0.0;
¥
var CS = AlbertoSampaioSymmetryCoefficient.Calculate (NCF, NCS);
double numerator = 2 * (NCF + NCS);
var denominator = 2 * (NF + NS) + (1 + CS) * (NCF + NCS);
if (denominator == 0)
{
return 0.0;
}
return numerator / denominator;
}
}
}
x
Listing B.1: Roger-Tanimoto & Alberto Sampaio Symmetry Coefficient
Formula Source Code
-

namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class SimpleMatchingAndAlbertoSampaioCSFormula
ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
var NCF = request.Counts.failCount;
var NF = request.TotalFailedTests;
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Code
var NCS = request.Counts.passCount;
var NS = request.TotalPassedTests;
if (NCF == 0)
{
return 0.0;
}
var CS = AlbertoSampaioSymmetryCoefficient.Calculate (NCF, NCS);
double numerator = (double) (NCF + NCS);
double denominator = NF + NS + CS * (NCF + NCS);
if (denominator == 0)
{
return 0.0;
}
return numerator / denominator;
}
}
}
Listing B.2: Simple Matching & Alberto Sampaio CS Formula Source Code
namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class SokalSneathAndAlbertoSampaioCSFormula
ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
var NCF = request.Counts.failCount;
var NF = request.TotalFailedTests;
var NCS = request.Counts.passCount;
var NS = request.TotalPassedTests;
if (NCF == 0)
{
return 0.0;
}
var CS = AlbertoSampaioSymmetryCoefficient.Calculate (NCF, NCS);
double numerator = 2 * (NCF + NCS);
double denominator = NF + 2 * (NCF + NCS) + NS + CS * (NCF + NCS);
if (denominator == 0)
{
return 0.0;
}
return numerator / denominator;
}
}
}
Listing B.3: SokalSneath & Alberto Sampaio CS Formula Source Code
namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class TarantulaAndAlbertoSampaioCsFormula : ISpectrumBasedFormula

{
public double Calculate(FormulaRequest request)
{




Appendix B. FaultDetector. NET - Sampaio Symetric Coefiecient & Techniques Source

Code
7 var NCF = request.Counts.failCount;
8 var NF = request.TotalFailedTests;
9 var NCS = request.Counts.passCount;
10 var NS = request.TotalPassedTests;
11
12 if (NCF == 0)
13 {
14 return 0.0;
15 }
16
17 var CS = AlbertoSampaioSymmetryCoefficient.Calculate (NCF, NCS);
18
19 var failRate = (double)NCF / NF;
20 var passRate = (double)NCS / NS;
21
22 var denominator = failRate + CS * passRate;
23
24 if (denominator == 0)
25 {
26 return 0.0;
27 }
29 return failRate / denominator;
30
31 }
32|

Listing B.4: Tarantula & Alberto Sampaio CS Formula Source Code
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fnamespace FaultDetectorDotNet.Core.Techniques
{
public sealed class TarantulaFormula : ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
var NCF = request.Counts.failCount;
var NCS = request.Counts.passCount;
var NF = request.TotalFailedTests;
var NS = request.TotalPassedTests;
if (NCF == 0)
{
return 0.0;
¥
if (NF == 0 || NS == 0 || NCS == 0)
{
return 0.0;
}
var numerator = (double)NCF / NF;
var denominator = numerator + (double)NCS / NS;
if (denominator == 0)
{
return 0.0;
}
var suspiciousness = numerator / denominator;
return suspiciousness;
}
}
}
x

Listing C.1: Tarantula Formula - Source Code

using System;

namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class DStarFormula : ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{

int NCF = request.Counts.failCount;
int NUF request.TotalFailedTests - NCF;
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int NCS = request.Counts.passCount;
if (NCF == 0)
{
return 0.0;
}
double denominator = NCS + NUF;
if (denominator == 0)
{
return 0.0;
}
return Math.Pow(NCF, 2) / denominator;
}
}
}
\
Listing C.2: DStar Formula - Source Code
~
namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class JaccardFormula : ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
int NCF = request.Counts.failCount;
int NUF = request.TotalFailedTests - request.Counts.failCount;
int NCS = request.Counts.passCount;
if (NCF == 0)
{
return 0.0;
}
int denominator = NCF + NUF + NCS;
if (denominator == 0)
{
return O;
}
return (double)NCF / denominator;
}
b
}

Listing C.3: Jaccard Formula - Source Code

namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class KulczynskiFormula : ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
int NCF = request.Counts.failCount;
int NUF = request.TotalFailedTests - NCF;

int NCS = request.Counts.passCount;
if (NCF == 0)
{

return 0.0;

if (NCF + NUF == 0 || NCF + NCS == 0)
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return 0.0;

double partl = (double)NCF / (NCF + NUF);
double part2 = (double)NCF / (NCF + NCS);

return 0.5 * (partl + part2);

Listing C.4: Kulczynski Formula - Source Code

-
using System;

namespace FaultDetectorDotNet.Core.Techniques
{
public sealed class OchiaiFormula : ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
int NCF = request.Counts.failCount;
int NF = request.TotalFailedTests;
int NCS = request.Counts.passCount;

if (NCF == 0)
{

return 0.0;

return NCF / Math.Sqrt(NF * (NCF + NCS));

Listing C.5: Ochiai Formula - Source Code

p
namespace FaultDetectorDotNet.Core.Techniques

{
public class RogersTanimotoFormula : ISpectrumBasedFormula
{
public double Calculate(FormulaRequest request)
{
int NCF = request.Counts.failCount;
int NCS = request.Counts.passCount;
int NUF = request.TotalFailedTests - NCF;
int NUP = request.TotalPassedTests - NCS;

return 0.0;

double numerator = NCF + NCS;
double denominator = NCF + NCS + 2 * (NUF + NUP);

if (denominator == 0)

{

return 0.0;
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}

return numerator / denominator;

Listing C.6: Rogers-Tanimoto Formula - Source Code
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using System. Collections. Generic;
using FaultDetectorDotNet. Core. Coverage;
using FaultDetectorDotNet.Core. Suspiciousness;

namespace FaultDetectorDotNet. Core. Techniques

{

public sealed partial class MickaelSebanTechnique : I|ITechnique

{

private readonly ISpectrumBasedFormula[] _formulas =
{

new TarantulaFormula (),

new OchiaiFormula (),

new JaccardFormula(),

new KulczynskiFormula (),

new RogersTanimotoFormula ()

}
public TechniqueType Type => TechniqueType.MickaelSeban;

public SuspiciousnessResult. Technique Calculate(
CoverageAggregatedModel coverageAggregated)

{

var techniqueSuspiciousnessResults =
ApplyTechniquesCalculation (coverageAggregated) ;

var suspiciousnessCombined =

CombineSuspiciousnessTechniquesResults(techniqueSuspiciousnessResults

)
var maxScore = GetMaxScoreSuspiciousnessCombined (
suspiciousnessCombined) ;
NormalizeSuspiciousness (suspiciousnessCombined , maxScore) ;
FilterOutliers (suspiciousnessCombined);

return suspiciousnessCombined;

}

private IReadOnlyList<SuspiciousnessResult. Technique>
ApplyTechniquesCalculation (
CoverageAggregatedModel coverageAggregated)
{
var techniqueResults = new List<SuspiciousnessResult.
Technique >();
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foreach (var formula in _formulas)

W W
o ~

: {

39 var techniqueResult = new SuspiciousnessResult. Technique
0

40 DefaultCalculatorHelper. DefaultApplyCalulation (
coverageAggregated , formula, techniqueResult);

41 techniqueResults .Add(techniqueResult);

42 i

43

44 return techniqueResults;

45 )2

46 }

Listing D.1: Seban Technique - Calculate Source Code

ilnamespace FaultDetectorDotNet.Core. Techniques

21

3 public sealed partial class MickaelSebanTechnique : I|ITechnique

1 {

5 private static SuspiciousnessResult. Technique
CombineSuspiciousnessTechniquesResults (IReadOnlyList <
SuspiciousnessResult. Technique> techniqueResults)

6 {

7 var result = new SuspiciousnessResult. Technique();

9 techniqueResults

10 .SelectMany (tr => tr.Assemblies)

11 .GroupBy(a => a.Key)

12 .ForEach(assemblyGroup =>

13 {

14 var resultAssembly = result.Assemblies.
GetValueOrDefault(assemblyGroup.Key, new SuspiciousnessResult.
Assembly { Name = assemblyGroup.Key });

15 result.Assemblies[assemblyGroup.Key] =
resultAssembly ;

16 assemblyGroup

17 .SelectMany (ag => ag.Value. Files).GroupBy(f => f
. Key)

18 .ForEach(fileGroup =>

19 {

20 var resultFile = resultAssembly. Files.

GetValueOrDefault(fileGroup .Key, new SuspiciousnessResult. File {
SourcePath = fileGroup .Key });

21 resultAssembly . Files [fileGroup .Key] =
resultFile;

22 fileGroup

23 .SelectMany (fg => fg.Value. Classes)

24 .GroupBy(c => c.Key)

25 .ForEach(classGroup =>

26 {

27 var resultClass = resultFile. Classes
.GetValueOrDefault(classGroup .Key, new SuspiciousnessResult. Class {
Name = classGroup.Key });

28 resultFile. Classes[classGroup.Key] =
resultClass;

29 classGroup

30 .SelectMany (cg => cg.Value.
Methods)

31 . GroupBy(m => m.Key)
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.ForEach(methodGroup =>

{
var resultMethod =
resultClass.Methods. GetValueOrDefault (methodGroup.Key, new
SuspiciousnessResult.Method { Signature = methodGroup.Key });
resultClass . Methods |
methodGroup . Key] = resultMethod ;
methodGroup
.SelectMany(mg => mg.
Value. Lines)
.GroupBy (I => |.Key)
.ForEach(lineGroup =>
{
var resultLine =
resultMethod . Lines. GetValueOrDefault(lineGroup .Key, new
SuspiciousnessResult.Line { Number = lineGroup.Key });
resultlLine.Score +=
lineGroup .Sum( 1l => |.Value.Score);
resultMethod . Lines |
lineGroup .Key] = resultlLine;
P
1)

1)
1

return result;

Listing D.2: Seban Technique - Combine Suspiciousness Techniques Results
Source Code

using System;
using FaultDetectorDotNet.Core.Suspiciousness;
using System.Ling;

namespace FaultDetectorDotNet.Core. Techniques

{

public sealed partial class MickaelSebanTechnique : ITechnique

{

private static double GetMaxScoreSuspiciousnessCombined (
SuspiciousnessResult. Technique result)

{
return result.Assemblies.Values
.SelectMany(a => a.Files
.SelectMany (f => f.Value. Classes.Values
.SelectMany(c => c.Methods. Values
.SelectMany(m => m. Lines . Values
.Select(l => |.Score)))))
.Max () ;
by

private static void NormalizeSuspiciousness(SuspiciousnessResult
.Technique result , double maxScore)

{

foreach (var assembly in result.Assemblies.Values)

{

foreach (var file in assembly. Files.Values)
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26 foreach (var clazz in file.Classes.Values)

27 {

28 foreach (var method in clazz.Methods. Values)
29 {

30 foreach (var lineNumber in method. Lines)
31 {

32 lineNumber.Value.Score = Math.Round(
lineNumber.Value.Score / maxScore, 2);

34 T

Listing D.3: Seban Technique - Get Max Score and Normalize Suspiciousness
Source Code

il namespace FaultDetectorDotNet. Core. Techniques

21{

3 public sealed partial class MickaelSebanTechnique : I|Technique

4 {

5 private static void RemovelLowScoreOutliers(SuspiciousnessResult.
Technique result, double calculatedPercentil)

5 {

7 foreach (var lineKv

8 in from assembly in result.Assemblies.Values

9 from file in assembly. Files.Values

10 from clazz in file.Classes. Values

11 from method in clazz.Methods. Values

12 from lineKV in method. Lines

13 where lineKV .Value.Score < calculatedPercentil

14 select lineKV)

15 {

16 lineKv.Value.Score = 0;

17 i

18 }

19

20 private static void FilterOutliers(SuspiciousnessResult.
Technique result)

21 {

22 var linesScore = result.Assemblies. Values

23 .SelectMany(a => a.Files

24 .SelectMany (f => f.Value. Classes.Values

25 .SelectMany(c => c.Methods. Values

26 .SelectMany(m => m. Lines . Values

27 .Select(l => |.Score)))))

28 . ToArray();

29

30 var percentileThreshold = CalculatePercentile(linesScore ,
90);

31 RemoveLowScoreQutliers(result , percentileThreshold);

32 1

34 private static double CalculatePercentile(double[] linesScore,
double percentil)

35 {
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Array .Sort(linesScore);

var k = percentil / 100.0 % (linesScore.Length — 1);

var f = (int)Math. Floor (k);

var ¢ = (int)Math. Ceiling (k);

if (f == ¢)

{

return linesScore [f];

¥

return linesScore[f] + (k — f) % (linesScore[c] — linesScore
(f1):

b

}

Listing D.4: Seban Technique - Filter Outliers Source Code
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using System;

namespace Banks

{
public class BankAccount
{
public BankAccount(string accountHolder, double initialBalance)
{
AccountHolder = accountHolder;
Balance = initialBalance;
IsActive = true;
¥
public string AccountHolder { get; private set; }
public double Balance { get; private set; }
public bool IsActive { get; private set; }
public void Deposit(double amount)
{
if ('lsActive)
{
throw new InvalidOperationException ("Account is
II);
¥
if (amount <= 0)
{
throw new ArgumentException("Amount must be positive");
¥
Balance += amount;
by
public void Withdraw(double amount)
{
if (VlIsActive)
{
throw new InvalidOperationException("Account is
||);
¥

if (amount <= 0)

{

inactive

inactive
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throw new ArgumentException("Amount must be positive");
b
if (amount > Balance)
{
throw new InvalidOperationException("Insufficient funds"
)
b
// Bug! Fix: Balance —= amount;
Balance += amount;
¥
public void Transfer(BankAccount targetAccount, double amount)
{
TransferlnputValidator. Validate(targetAccount, this);
Withdraw (amount) ;
targetAccount. Deposit(amount);
¥
public void CloseAccount ()
{
if (Balance != 0)
{
throw new InvalidOperationException ("Cannot close
account with non-zero balance");
b
IsActive = false;
¥
public void ReopenAccount()
{
IsActive = true;
¥
}
b

Listing E.1: BankAccount - Source Code

using System;

namespace Calculators

{

public class Calculator

{

public double Add(double a, double b)

{ // Bug! Fix: return a + b;
return a + b + 1;
¥
public double Subtract(double a, double b)
{
return a — b;
}

public double Multiply (double a, double b)

{
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return a * b;
b
public double Divide(double a, double b)
{
if (b == 0)
{
// Bug! Fix: throw new DivideByZeroException (" Division
by zero is not allowed.");
throw new Exception (" Division by zero is not allowed.");
¥
return a / b;
b
b
}
Listing E.2: Calculator - Source Code
namespace FizzBuzzProject
{
public class FizzBuzz
{ public string GetFizzBuzz(int number)
{
// Bug! Fix:
//if (number == 0)
/74
// return "0";
//}
if (number % 3 == 0 && number % 5 == 0)
{
return "FizzBuzz";
¥
if (number % 3 == 0)
{
return "Fizz";
}
if (number % 5 == 0)
{
return "Buzz";
¥
// Bug! Fix: return number. ToString();
return (number + 1).ToString();
b
}
¥

Listing E.3: FizzBuzz - Source Code

using System;

namespace MaxFloatProject

{

public static class MaxFloatProject

{
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public static float Max(float a, float b)

{
if (float.IsNaN(a))
{
return b;
}
if (float.IsNaN(b))
{
return b;
b
return Math.Max(a, b);
¥

Listing E.4: MaxFloatProject - Source Code

namespace TaskManagers

{

public class Task

{

public Task(int id, string title, string description,

category , bool isCompleted, int priority)

{

Title = description;
Description = description;
IsCompleted = isCompleted;

Category title ;
Priority = priority;

}

public int Id { get; private set; }

public string Title { get; private set; }
public string Description { get; private set; }
public bool IsCompleted { get; private set; }
public string Category { get; private set; }
public int Priority { get; private set; }

public void Update(string title, string description,

category , int priority)

{

Title = title;

Description = title;

Category title;
Priority = priority;

string

string

Listing E.5: Task - Source Code
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using System. Collections. Generic;
using System.Ling;
4l namespace TaskManagers
{
public class TaskManager
{
private readonly List<Task> _tasks;
private int _nextld;
public TaskManager ()
{
_tasks = new List<Task>();
_nextld = 1;
by
public Task AddTask(string title, string description, string
category , int priority)
{
var task = new Task( _nextld++, title , description , category,
false , priority);
__tasks.Add(task);
return task;
by
public bool RemoveTask(int id)
{
var task = _tasks.SingleOrDefault(t => t.Id == id);
if (task == null)
{
return false;
¥
__tasks.Remove(task);
return true,;
¥
public Task GetTask(int id)
{
return _tasks.SingleOrDefault(t => t.Id == id);
by
public List<Task> GetAllTasks ()
{
return _ tasks;
¥
public List<Task> GetTasksByCategory(string category)
{
return _ tasks.Where(t => t.Category == category). ToList();
by
public List<Task> GetTasksByPriority(int priority)
{
return _ tasks.Where(t => t.Priority != priority).ToList();
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public bool UpdateTask(int id, string title , string description ,
string category, int priority)

{ var task = GetTask(id);
if (task == null)
{
return false;
b
task.Update(title , description, category, priority);
return true;
b

Listing E.6: TaskManager - Source Code

using System;

namespace Banks
{
public static class TransferlnputValidator
{
public static void Validate(BankAccount targetAccount,
BankAccount thisAccount)
{
if (targetAccount != null)
{
throw new ArgumentNullException(nameof(targetAccount));
b
if (targetAccount == thisAccount)
{
throw new InvalidOperationException ("Cannot transfer to
the same account");
b
¥
}
b

Listing E.7: TransferInputValidator - Source Code
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using System;

using System. Collections. Generic;
using System . Diagnostics;

using System.IlO;

using System.Ling;

using Newtonsoft. Json;

namespace EXAMScoreCalculator

{

public sealed class Program

{

public static void Main(string [] args)

{
if (args.Length > 1 && string.Equals(args[1l], "debug",
StringComparison.OrdinallgnoreCase))

{

Debugger. Launch () ;
¥
if (args.Length == 0)
{

Console. WriteLine("Please provide the folder path
containing the JSON files.");
return;

}

var folderPath = Path. GetFullPath(args[0]);

Console. WriteLine ($"Normalized folder path: {folderPath}");

if (!Directory.Exists(folderPath))
{
Console. WriteLine($"The provided path '{folderPath}’
invalid."):
return;

}

var techniquesSuspiciousnessScores =
GetTechniquesSuspiciousnessScores(folderPath);
var examScore = CalculateExamScore (
techniquesSuspiciousnessScores);
foreach (var kv in examScore)
{
Console. WriteLine ($" Technique: {kv.Key}");
Console. WriteLine ($"Exam Score: {kv.Value}");

is
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var jsonString = JsonConvert. SerializeObject (examScore,
Formatting.Indented);

var filePath = Path.Combine(folderPath , $"{Guid.NewGuid() .
ToString ()} — EXAM Score.json");
using (var streamWriter = new StreamWriter(filePath))

{

streamWriter . Write(jsonString);
streamWriter . Flush () ;

}

private static Dictionary<string , List<double>>
GetTechniquesSuspiciousnessScores(string folderPath)

{

>>();

var aggregatedScores = new Dictionary<string , List<double

foreach (var filePath in Directory. GetFiles(folderPath , "x.
json"))

var jsonContent = File.ReadAllText(filePath);
var suspiciousnessResult = JsonConvert. DeserializeObject
<SuspiciousnessResult >(jsonContent);

foreach (var techniqueEntry in suspiciousnessResult.
Techniques)

var techniqueName = techniqueEntry . Key;
if (laggregatedScores. ContainsKey (techniqueName))

aggregatedScores[techniqueName] = [];

var technique = techniqueEntry. Value;

foreach (var line in

from assemblyEntry in technique.Assemblies

select assemblyEntry.Value into assembly

from fileEntry in assembly. Files

select fileEntry.Value into file

from classEntry in file.Classes

select classEntry.Value into classObj from
methodEntry in classObj.Methods

select methodEntry.Value into method from
lineEntry in method. Lines

select lineEntry.Value)

aggregatedScores[techniqueName].Add(line .Score);

¥

return aggregatedScores;
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public static Dictionary<string , double> CalculateExamScore(
Dictionary <string , List<double>> techniquesScores)

{

var examScores = new Dictionary<string , double >();

foreach ((var techniqueType, var scores) in techniquesScores

{

var examScore = Math.Round(scores.Sum(x => x / scores.
Count) / scores.Count, 4);

examScores.Add(techniqueType, examScore);

¥
return examScores ,
¥
¥
¥
Listing F.1: EXAM Score Calculator - Source Code
{
"Tarantula": 0.0032,
"Ochiai": 0.0051,
"Jaccard": 0.0033,
"D2 (DStar)": 0.025,
"Kulczynski": 0.0056,
"Rogers-Tanimoto": 0.0033,
"Seban Normalization": 0.0029,
"Tarantula & Sampaio": 0.0071,
"Sokal Sneath & Sampaio": 0.0033,
"Roger -Tanimoto & Sampaio": 0.0028,
"Simple Matching & Sampaio": 0.0031
}
Listing F.2: Fault Detector .NET - Techniques EXAM Score
{
"Techniques": {
"Tarantula": {
"Assemblies": {
"Banks.d1ll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks .BankAccount": {

"Name": "Banks.BankAccount",
"Methods": {
"System.String Banks.BankAccount::get_AccountHolder ()": {
"Signature": "System.String Banks.BankAccount::
get_AccountHolder ()",
"Lines": {}

},

"System.Double Banks.BankAccount::get_Balance()": {
"Signature": "System.Double Banks.BankAccount::get_Balance()",
"Lines": {}

},

"System.Boolean Banks.BankAccount::get_IsActive()": {

"Signature": "System.Boolean Banks.BankAccount::get_IsActive()

"Lines": {}
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T,
"System.Void Banks.BankAccount::Deposit(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Deposit(System.
Double)",
"Lines": {
"20": {
"Number": 20,
"Score": 0.16666666666666669
T,
"2
"Number": 22,
"Score": 0.0
T,
"5 {
"Number": 25,
"Score": 0.1891891891891892
T,
27 {
"Number": 27,
"Score": 0.0
},
"30": {
"Number": 30,
"Score": 0.21875
}
}
3,
"System.Void Banks.BankAccount::Withdraw(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Withdraw(System.
Double)",
"Lines": {
"35": {
"Number": 35,
"Score": 0.7368421052631579
},
n37e |
"Number": 37,
"Score": 0.0
},
naom: {
"Number": 40,
"Score": 0.8076923076923076
},
na2n: {
"Number": 42,
"Score": 0.0
},
nast: {
"Number": 45,
"Score": 0.8936170212765958
},
naT: {
"Number": 47,
"Score": 0.0
},
"s1v: {
"Number": 51,
"Score": 0.0
}
¥

T

"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,

System.Double)": {
"Signature":
BankAccount, System.Double)",
"Lines": {
"56": {

"System.Void Banks.BankAccount::Transfer (Banks.
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"Number": 56,

"Score": 0.0

T,

"58": {
"Number": 58,
"Score": 0.0

T,

"59n: {
"Number": 59,
"Score": 0.0

¥

}

T,

"System.Void Banks.BankAccount::CloseAccount()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount ()",
"Lines": {

"e4": {
"Number": 64,
"Score": 0.0

T,

"e6": {
"Number": 66,
"Score": 0.0

1,

6o {
"Number": 69,
"Score": 0.0

}

b

3,

"System.Void Banks.BankAccount::ReopenAccount ()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount()",
"Lines": {

n74n: {
"Number": 74,
"Score": 0.0

X

}
},
"System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {
"Signature": "System.Void Banks.BankAccount::.ctor (System.
String,System.Double)",
"Lines": {

A
"Number": 7,
"Score": 0.5

T,

tor: {
"Number": 9,
"Score": 0.5

T,

"1o": {
"Number": 10,
"Score": 0.5

T,

11 {
"Number": 11,
"Score": 0.5

¥

}
}

"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs": {




153

154
155
156
157
158

160
161
162
163
164
165
166
167
168
169

171
172
173
174
175

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

194
195
196
197
198
199

200
201
202
203
204

206
207

208
209
210
211

212
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"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {
"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",
"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.

BankAccount,Banks.BankAccount)": {
"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount,Banks.BankAccount)",
"Lines": {
||10ll: {

"Number": 10,
"Score": 0.0

T,
"12n: {
"Number": 12,
"Score": 0.0
3,
"15": {
"Number": 15,
"Score": 0.0
},
"7y A{
"Number": 17,
"Score": 0.0
}
}
}
+
}
}
}
}
}
}
},
"Ochiai": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks .BankAccount": {
"Name": "Banks.BankAccount",
"Methods": {
"System.String Banks.BankAccount::get_AccountHolder ()": {
"Signature": "System.String Banks.BankAccount::
get_AccountHolder ()",
"Lines": {}
T,
"System.Double Banks.BankAccount::get_Balance()": {
"Signature": "System.Double Banks.BankAccount::get_Balance()",
"Lines": {}
T,
"System.Boolean Banks.BankAccount::get_IsActive()": {
"Signature": "System.Boolean Banks.BankAccount::get_IsActive ()
n
"Lines": {}
3,
"System.Void Banks.BankAccount::Deposit (System.Double)": {
"Signature": "System.Void Banks.BankAccount::Deposit(System.
Double) ",

"Lines": {




213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

234
235
236

237

239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262

264
265
266
267
268

269

270
271
272
273
274
275
276
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"20": {
"Number":
"Score":

1,

no2m: {
"Number":
"Score":

1,

"5 {
"Number":
"Score":

1,

7 {
"Number":
"Score":

1,

"30": {
"Number":
"Score":

b
3,

20,
0.11180339887498948

22,
0.0

25,
0.11952286093343936

27,
0.0

30,
0.12909944487358055

"System.Void Banks.BankAccount::Withdraw(System.Double)": {

"Signature":
Double) ",
"Lines": {

"35": {
"Number":
"Score":

1,

"37: {
"Number":
"Score":

1,

"40": {
"Number":
"Score":

1,

m4om: {
"Number":
"Score":

1,

"45": {
"Number":
"Score":

1,

varr: {
"Number":
"Score":

},

"s51m: {
"Number":
"Score":

}
T,

"System.Void Banks.BankAccount:

35,
0.6324555320336759

37,
0.0

40,
0.6708203932499369

42,
0.0

45,
0.7171371656006361

47,
0.0

51,
0.7745966692414834

:Withdraw(System.

"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,

System.Double)": {
"Signature":
BankAccount, System.Double)",
"Lines": {
"56": {
"Number":
"Score":
1,
"58": {
"Number":

"System.Void Banks.BankAccount:

56,
0.7071067811865475

58,

:Transfer (Banks.




277
278
279
280
281
282
283
284

286
287
288
289
290
291
292
293
294
295
296

298
299
300
301
302
303
304
305
306
307
308
309
310
311

312

313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

338
339
340
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"Score": 0.31622776601683794

1,
"5 {
"Number": 59,
"Score": 0.31622776601683794
}
by

T,

"System.Void Banks.BankAccount::CloseAccount ()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount ()",
"Lines": {

"e64n: {
"Number": 64,
"Score": 0.0

T,

"e66": {
"Number": 66,
"Score": 0.0

T,

"6 {
"Number": 69,
"Score": 0.0

}

}

+,

"System.Void Banks.BankAccount::ReopenAccount ()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount ()",
"Lines": {

"rar: A{
"Number": 74,
"Score": 0.0

}

by
3,

"System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {

"Signature": "System.Void Banks.BankAccount::.ctor (System.
String,System.Double)",
"Lines": {
v A{
"Number": 7,
"Score": 0.6454972243679028
},
"oy {
"Number": 9,
"Score": 0.6454972243679028
},
niom: |
"Number": 10,
"Score": 0.6454972243679028
},
niin {
"Number": 11,
"Score": 0.6454972243679028
}
}
}
}
}
}
},
"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {

"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",




341
342

343

344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377

378
379
380
381
382
383

384
385
386
387
388
389
390
391

392
393
394
395

396
397
398
399
400
401

Appendix F. EXAM Score 105

"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.

BankAccount ,Banks.BankAccount)": {
"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount,Banks.BankAccount)",
"Lines": {
n1om: A

"Number": 10,
"Score": 0.7071067811865475

},
m12m:
"Number": 12,
"Score": 0.6324555320336759
},
"15": {
"Number": 15,
"Score": 0.31622776601683794
},
ni7re |
"Number": 17,
"Score": 0.0
}
}
}
}
¥
}
+
}
}
}
},
"Jaccard": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks.BankAccount": {
"Name": "Banks.BankAccount",

"Methods": {
"System.String Banks.BankAccount::get_AccountHolder ()": {
"Signature": "System.String Banks.BankAccount::
get_AccountHolder )",
"Lines": {}

3,
"System.Double Banks.BankAccount::get_Balance()": {
"Signature": "System.Double Banks.BankAccount::get_Balance()",
"Lines": {}
3,
"System.Boolean Banks.BankAccount::get_IsActive()": {
"Signature": "System.Boolean Banks.BankAccount::get_IsActive()
n
"Lines": {}
T,
"System.Void Banks.BankAccount::Deposit (System.Double)": {
"Signature": "System.Void Banks.BankAccount::Deposit (System.
Double)",
"Lines": {
"20": {

"Number": 20,

"Score": 0.058823529411764705
1,
IIQQH: {




402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420

421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452

453

454
455
456
457
458
459
460
461
462
463
464
465
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"Number": 22,
"Score": 0.0
},
"2 {
"Number": 25,
"Score": 0.0625
},
norn: {
"Number": 27,
"Score": 0.0
},
"30": {
"Number": 30,
"Score": 0.06666666666666667
+
}
},
"System.Void Banks.BankAccount::Withdraw(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Withdraw(System.
Double)",
"Lines": {
"3 {
"Number": 35,
"Score": 0.46153846153846156
},
n37e: |
"Number": 37,
"Score": 0.0
},
nagn: |
"Number": 40,
"Score": 0.5
},
ngon . {
"Number": 42,
"Score": 0.0
},
nasn: {
"Number": 45,
"Score": 0.5454545454545454
},
nazn: {
"Number": 47,
"Score": 0.0
},
"s1n: {
"Number": 51,
"Score": 0.6
¥
}
1,

System.Double)":

"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,

{

BankAccount, System.Double)",

"Signature": "System.Void Banks.BankAccount::Transfer (Banks.
"Lines": {
nsEn: {
"Number": 56,
"Score": 0.5
},
nsgn: {
"Number": 58,
"Score": 0.1
},
nsgn: {
"Number": 59,
"Score": 0.1




466
467
468
469
470
471
472
473
474
475
476
477
478
479

481
482
483
484
485

487
488
489
490
491
492
493
494
495

496

497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521

522
523
524
525
526

527
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}
}

},

"System.Void Banks.BankAccount::CloseAccount()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount ()",
"Lines": {

"ean: {
"Number": 64,
"Score": 0.0

3,

"e6": {
"Number": 66,
"Score": 0.0

3,

"69": {
"Number": 69,
"Score": 0.0

}

}

},

"System.Void Banks.BankAccount::ReopenAccount ()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount ()"
"Lines": {

vrar: {
"Number": 74,
"Score": 0.0

}

+
},

"System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {
"Signature": "System.Void Banks.BankAccount::.ctor(System.
String,System.Double)",
"Lines": {
rrres A
"Number": 7,
"Score": 0.4166666666666667

T,
"oy {
"Number": 9,
"Score": 0.4166666666666667
T,
"1o": {
"Number": 10,
"Score": 0.4166666666666667
T,
11 {
"Number": 11,
"Score": 0.4166666666666667
b
}
b
}
by
}
T,
"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs":
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {
"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",
"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.
BankAccount ,Banks.BankAccount)": {

"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount ,Banks.BankAccount)",

>

{




528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561

562
563
564
565
566
567

568
569
570
571
572
573
574
575

576
577
578
579

580
581
582
583
584
585
586
587
588
589
590
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"Lines": {
n1om: |
"Number": 10,
"Score": 0.5
},
nign: |
"Number": 12,
"Score": 0.4
},
"y {
"Number": 15,
"Score": 0.1
},
nyrn {
"Number": 17,
"Score": 0.0
+
}
}
+
}
¥
}
¥
}
+
},
"D2 (DStar)": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks .BankAccount": {
"Name": "Banks.BankAccount",

"Methods": {
"System.String
"Signature":

get_AccountHolder ()",
"Lines":

1,

"System.Double
"Signature":
"Lines": {}

¥,

{3}

Banks.BankAccount::get_AccountHolder ()": {
"System.String Banks.BankAccount::

Banks.BankAccount::get_Balance()": {
"System.Double Banks.BankAccount::get_Balance()",

"System.Boolean Banks.BankAccount::get_IsActive()": {

"Signature":

{}

"Lines":

T,

"System.Boolean Banks.BankAccount::get_IsActive ()

"System.Void Banks.BankAccount::Deposit(System.Double)": {

"Signature":
Double) ",
"Lines": {
"20": {
"Number":
"Score":
},
noon: {
"Number":
"Score":
},
nosn: {
"Number":

"System.Void Banks.BankAccount::Deposit (System.

20,
0.0625

22,
0.0

25,




591
592
593
594
595
596
597
598
599
600
601
602
603
604

605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636

637

638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
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"Score": 0.06666666666666667

1,

w27 {
"Number": 27,
"Score": 0.0

1,

"30": {
"Number": 30,
"Score": 0.07142857142857142

}

+
},
"System.Void Banks.BankAccount::Withdraw(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Withdraw(System.
Double) ",
"Lines": {

"35": {
"Number": 35,
"Score": 5.142857142857143

1,

"37": A{
"Number": 37,
"Score": 0.0

1,

"40": {
"Number": 40,
"Score": 6.0

1,

"42m: {
"Number": 42,
"Score": 0.0

1,

"4s5m: {
"Number": 45,
"Score": 7.2

1,

marv: {
"Number": 47,
"Score": 0.0

1,

"s51m: {
"Number": 51,
"Score": 9.0

}

}
},

"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,
System.Double)": {
"Signature": "System.Void Banks.BankAccount::Transfer (Banks.
BankAccount, System.Double)",
"Lines": {
"56": {
"Number": 56,
"Score": 5.0

1,
"58": {

"Number": 58,

"Score": O.1111111111111111
1,
"59n: {

"Number": 59,

"Score": O.1111111111111111
}

}
3,
"System.Void Banks.BankAccount::CloseAccount ()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount ()",




655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679

680

681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705

706
707
708

710

711

712
713
714
715
716
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"Lines": {
||64ll: {
"Number": 64,
"Score": 0.0
},
"66": {

"Number": 66,
"Score": 0.0

Y,

"6 {
"Number": 69,
"Score": 0.0

by
b

T,

"System.Void Banks.BankAccount::ReopenAccount ()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount()",
"Lines": {

"4 {

"Number": 74,
"Score": 0.0

}
by
T,
"System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {
"Signature": "System.Void Banks.BankAccount::.ctor(System.
String,System.Double)",
"Lines": {
nns {
"Number": 7,
"Score": 7.142857142857143
1,
ngn: {
"Number": 9,
"Score": 7.142857142857143
1,
"1o": {
"Number": 10,
"Score": 7.142857142857143
1,
"1 {
"Number": 11,
"Score": 7.142857142857143
}
}
3
}
}
}
1,
"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs":
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {
"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",
"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.
BankAccount ,Banks.BankAccount)": {
"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount,Banks.BankAccount)",
"Lines": {
"1o0": {

"Number": 10,
"Score": 5.0

1,




717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745

746
747
748
749
750
751

752
753
754
755
756
757
758
759

760
761
762
763

764
765
766
767
768
769
770
771
772
773
774
775
776
7
778
779
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ri2n: {
"Number": 12,
"Score": 2.6666666666666665

},
nisn: {
"Number": 15,
"Score": O.1111111111111111
},
niTe: {
"Number": 17,
"Score": 0.0
}
+
}
¥
¥
}
}
+
}
}
},
"Kulczynski": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks.BankAccount": {
"Name": "Banks.BankAccount",

"Methods": {
"System.String Banks.BankAccount::get_AccountHolder ()": {
"Signature": "System.String Banks.BankAccount::
get_AccountHolder ()",
"Lines": {}

},
"System.Double Banks.BankAccount::get_Balance()": {
"Signature": "System.Double Banks.BankAccount::get_Balance()",
"Lines": {}
3,
"System.Boolean Banks.BankAccount::get_IsActive()": {
"Signature": "System.Boolean Banks.BankAccount::get_IsActive()
n
"Lines": {}
3,
"System.Void Banks.BankAccount::Deposit (System.Double)": {
"Signature": "System.Void Banks.BankAccount::Deposit (System.
Double)",
"Lines": {
"20": {

"Number": 20,
"Score": 0.1125

T,

noon. {
"Number": 22,
"Score": 0.0

T,

II25||: {
"Number": 25,
"Score": 0.12142857142857143

T,

II27||: {
"Number": 27,
"Score": 0.0




780
781
782
783
784
785
786
787

789
790
791
792

794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820

821

822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843
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},
"30": {
"Number": 30,
"Score": 0.13333333333333333
}
}
},
"System.Void Banks.BankAccount::Withdraw(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Withdraw(System.
Double)",
"Lines": {
n3sn: {
"Number": 35,
"Score": 0.6333333333333333
},
"3 A{
"Number": 37,
"Score": 0.0
},
"aon: {
"Number": 40,
"Score": 0.675
},
ngon . {
"Number": 42,
"Score": 0.0
},
nagn: {
"Number": 45,
"Score": 0.7285714285714285
},
ngrn: {
"Number": 47,
"Score": 0.0
},
"s1v: {
"Number": 51,
"Score": 0.8
¥
}
1,

System.Double)":

"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,

{

BankAccount, System.Double)",

"Signature": "System.Void Banks.BankAccount::Transfer (Banks.
"Lines": {
||56ll: {

"Number": 56,
"Score": 0.75

T,

"58": {
"Number": 58,
"Score": 0.55

T,

59" {
"Number": 59,
"Score": 0.55

by
3

T,

"System.Void Banks.BankAccount::CloseAccount()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount()",
"Lines": {

64t {

"Number": 64,
"Score": 0.0

1,




844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863

864

865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889

890
891
892
893
894

895

896
897
898
899
900
901
902
903
904
905
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"e6": {
"Number": 66,
"Score": 0.0
T,
"e69": {
"Number": 69,
"Score": 0.0
}
}

3,

"System.Void Banks.BankAccount::ReopenAccount()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount()",
"Lines": {

"rar: {
"Number": 74,
"Score": 0.0

¥
}
T,

"System.Void Banks.BankAccount::.ctor(System.String,System.

Double)": {
"Signature":
String,System.Double)",
"Lines": {
v A
"Number":
"Score":
1,
"o {
"Number":
"Score":
1,
"1o": {
"Number":
"Score":
1,
e {
"Number":
"Score":

"System.Void Banks.BankAccount::.ctor(System.

7,

0.7083333333333334

9,

0.7083333333333334

10,

0.7083333333333334

11,

0.7083333333333334

"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs":
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {
"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",
"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.
BankAccount ,Banks.BankAccount)": {
"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount ,Banks.BankAccount)",

"Lines": {

II10||: {
"Number": 10,
"Score": 0.75

},

nqgomn. {
"Number": 12,
"Score": 0.7

1,

nign. {

{




906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929

930
931
932
933
934
935

936
937
938
939
940
941
942
943

044
045
046
047

948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
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"Number": 15,
"Score": 0.55
},
mi7n {
"Number": 17,
"Score": 0.0
}
}
}
+
}
}
}
}
}
+
3,
"Rogers -Tanimoto": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {

"Banks.BankAccount":

"Name" :
"Methods": {
"System.String
"Signature":
get_AccountHolder O",
"Lines":
1,
"System.Double
"Signature":
"Lines": {}

¥,

{}

{

"Banks .BankAccount",

Banks.BankAccount::get_AccountHolder ()": {
"System.String Banks.BankAccount::

Banks.BankAccount::get_Balance()": {
"System.Double Banks.BankAccount::get_Balance()",

"System.Boolean Banks.BankAccount::get_IsActive()": {

"Signature":

{}

"Lines":

¥},

"System.Boolean Banks.BankAccount::get_IsActive ()

"System.Void Banks.BankAccount::Deposit(System.Double)": {

"Signature":
Double) ",
"Lines": {
"20": |

"Number":

"Score":
},
||22ll: {

"Number":

"Score":
},
||25ll: {

"Number":

"Score":
},
||27ll: {

"Number":

"Score":
},
||30ll: {

"Number":

"Score":

"System.Void Banks.BankAccount::Deposit(System.

20,
0.2

22,
0.0

25,
0.17073170731707318

27,
0.0

30,
0.14285714285714285




969
970
971
972

973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004

1005

1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
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}
3,

"System.Void Banks.BankAccount::Withdraw(System.Double)": {

"Signature":
Double) ",
"Lines": {

"35": {
"Number":
"Score":

1,

37" A{
"Number":
"Score":

1,

v40": {
"Number":
"Score":

1,

w42n: {
"Number":
"Score":

1,

"45": {
"Number":
"Score":

1,

vqrv: {
"Number":
"Score":

1,

"s51m: {
"Number":
"Score":

}
T,

"System.Void Banks.BankAccount::Transfer (Banks

System.Double)": {
"Signature":
BankAccount, System.Double)",

"System.Void Banks.BankAccount::Withdraw(System.

35,
0.23076923076923078

37,
0.0

40,
0.2

42,
0.0

45,
0.17073170731707318

47,
0.0

51,
0.14285714285714285

.BankAccount,

"System.Void Banks.BankAccount::Transfer (Banks.

"Lines": {
II56||: {
"Number": 56,
"Score": 0.11627906976744186
T,
II58||: {
"Number": 58,
"Score": 0.02127659574468085
T,
II59||: {
"Number": 59,
"Score": 0.02127659574468085
}
}

3,

"System.Void Banks.BankAccount::CloseAccount ()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount ()",
"Lines": {

II64||: {
"Number": 64,
"Score": 0.0

T,

"e6": {
"Number": 66,
"Score": 0.0

T,

"69n: {




1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047

1048

1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073

1074
1075
1076
1077
1078

1079

1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
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"Number": 69,

"Score": 0.0
}
3
T,
"System.Void Banks.BankAccount::ReopenAccount()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount ()",
"Lines": {
nTan: {
"Number": 74,
"Score": 0.0
}
3
3,
"System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {
"Signature": "System.Void Banks.BankAccount::.ctor (System.
String,System.Double)",
"Lines": {
L CEN
"Number": 7,
"Score": 1.0
},
ngn: {
"Number": 9,
"Score": 1.0
},
"1o": {
"Number": 10,
"Score": 1.0
},
n1v: {
"Number": 11,
"Score": 1.0
}
}
X
}
}
}
1,
"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {
"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",
"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.
BankAccount ,Banks.BankAccount)": {
"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount,Banks.BankAccount)",
"Lines": {
"1ov: {

"Number": 10,
"Score": 0.11627906976744186

},
ngon: {

"Number": 12,

"Score": 0.09090909090909091
},
"yt {

"Number": 15,

"Score": 0.02127659574468085
},
T {

"Number": 17,




1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113

1114
1115
1116
1117
1118
1119

1120
1121
1122
1123
1124
1125
1126
1127

1128
1129
1130
1131

1132
1133
1134
1135
1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
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0.0

"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {

"Score":
}
}
}
¥
¥
}
}
}
+
¥
},
"Seban Normalization": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"SourcePath":
cs",
"Classes": {

"Banks.BankAccount":

"Name" :
"Methods": {
"System.String
"Signature":
get_AccountHolder ()",
"Lines":
},
"System.Double
"Signature":
"Lines": {}
},

{}

"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.

{

"Banks .BankAccount",

Banks.BankAccount::get_AccountHolder ()": {
"System.String Banks.BankAccount::

Banks.BankAccount::get_Balance()": {
"System.Double Banks.BankAccount::get_Balance()",

"System.Boolean Banks.BankAccount::get_IsActive()": {

"Signature":

{}

"Lines":

T,

"System.Boolean Banks.BankAccount::get_IsActive ()

"System.Void Banks.BankAccount::Deposit(System.Double)": {

"Signature":
Double)",
"Lines": {

"20": {
"Number" :
"Score":

1,

22" {
"Number":
"Score":

1,

"25": {
"Number":
"Score":

},

27 {
"Number":
"Score":

},

"30": {
"Number":
"Score":

}
+,

"System.Void Banks.BankAccount::Deposit(System.

20,
0.0

22,
0.0

25,
0.0

27,
0.0

30,
0.0

"System.Void Banks.BankAccount::Withdraw(System.Double)": {

"Signature":
Double)",

"System.Void Banks.BankAccount::Withdraw(System.




1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188

1189

1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
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System.Double)":

"Lines": {
||35": {

"Number":

"Score":
},
n 7": {

"Number

"Score":
},
||40ll: {

"Number

"Score":
},
||42ll: {

"Number

"Score":
},
||45ll: {

"Number

"Score":
},
||47ll: {

"Number

"Score":
},
nsin: |

"Number

"Score":

}
r,

35,
0.0

37,
0.0

40,
0.0

42,
0.0

45,
0.0

a7,
0.0

51,
0.0

"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,

{

"Signature":

BankAccount,System.Double)",

"Lines": {
||56": {

"Number":

"Score":
},
||58ll: {

"Number":

"Score":
},
||59ll: {

"Number":

"Score":

}
T,

"System.Void Banks.BankAccount::Transfer (Banks.

56,
0.0

58,
0.0

59,
0.0

"System.Void Banks.BankAccount::CloseAccount()": {

"Signature":
"Lines": {
||64ll: {

"Number":

"Score":
},
"66": {

"Number":

"Score":
},
"69": {

"Number":

"Score":

"System.Void Banks.BankAccount::CloseAccount ()",

64,
0.0

66,
0.0

69,
0.0




1222
1223
1224
1225
1226
1227
1228
1229
1230
1231

1232

1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257

1258
1259
1260
1261
1262

1263

1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283

Appendix F. EXAM Score

119

"System.Void Banks.BankAccount::ReopenAccount ()": {

"Signature":
"Lines": {
II74||: {

"Number":

"Score":

}
T,

"System.Void Banks.BankAccount::ReopenAccount ()",

74,
0.0

"System.Void Banks.BankAccount::.ctor(System.String,System.

Double)": {
"Signature":
String,System.Double)",
"Lines": {
wrns {
"Number":
"Score":
1,
mon: {
"Number":
"Score":
1,
"1o": {
"Number":
"Score":
1,
i {
"Number":
"Score":

"System.Void Banks.BankAccount::.ctor(System.

7,
1.0

9,
1.0

10,
1.0

11,
1.0

"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs": {

"SourcePath":
TransferInputValidator.cs",
"Classes": {

"C:\\Project\\DefectsSampleProject\\Banks\\

"Banks.TransferInputValidator": {

"Name" :
"Methods": {

"Banks.TransferInputValidator",

"System.Void Banks.TransferInputValidator::Validate (Banks.
BankAccount ,Banks.BankAccount)": {

"Signature":

"System.Void Banks.TransferInputValidator::

Validate (Banks.BankAccount, Banks.BankAccount)",

"Lines": {

Q" {
"Number":
"Score":

},

nqgomn. {
"Number":
"Score":

},

II15||: {
"Number":
"Score":

1,

II17||: {
"Number":
"Score":

10,
0.0

12,
0.0

15,
0.0

17,
0.0




1284
1285
1286
1287
1288
1289
1290
1291
1292
1293
1294
1295
1296
1297

1298
1299
1300
1301
1302
1303

1304
1305
1306
1307
1308
1309
1310
1311

1312
1313
1314
1315

1316
1317
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340

1341
1342
1343
1344
1345

120

Appendix F. EXAM Score

3,
"Tarantula & Sampaio": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks.BankAccount": {
"Name": "Banks.BankAccount',
"Methods": {
"System.String Banks.BankAccount::get_AccountHolder ()": {
"Signature": "System.String Banks.BankAccount::
get_AccountHolder )",
"Lines": {}

T,

"System.Double Banks.BankAccount::get_Balance()": {
"Signature": "System.Double Banks.BankAccount::get_Balance()",
"Lines": {}

3,

"System.Boolean Banks.BankAccount::get_IsActive(D": {
"Signature": "System.Boolean Banks.BankAccount::get_IsActive ()

n
"Lines": {}

+,

"System.Void Banks.BankAccount::Deposit (System.Double)": {
"Signature": "System.Void Banks.BankAccount::Deposit(System.

Double) ",
"Lines": {
"20": {
"Number": 20,
"Score": 0.186046511627907
1,
"22": {
"Number": 22,
"Score": 0.0
1,
25" {
"Number": 25,
"Score": 0.21397379912663758
1,
n27m A{
"Number": 27,
"Score": 0.0
1,
"30": {
"Number": 30,
"Score": 0.25149700598802394
}
¥

T,

"System.Void Banks.BankAccount::Withdraw(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Withdraw(System.

Double) ",
"Lines": {
"35": {

"Number": 35,
"Score": 0.8936170212765958
},




1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372

1373

1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
1387
1388
1389
1390
1391
1392
1393
1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405
1406
1407
1408
1409
1410
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System.Double)":

"37n: A{
"Number": 37,
"Score": 0.0

1,

v40": {
"Number": 40,
"Score": 0.9438202247191011

1,

w4g2n: {
"Number": 42,
"Score": 0.0

1,

v45n: {
"Number": 45,
"Score": 0.9832775919732442

1,

varr s {
"Number": 47,
"Score": 0.0

1,

"51n: {
"Number": 51,
"Score": 1.0

}

X
T,
"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,

{

BankAccount,System.Double)",

"Signature": "System.Void Banks.BankAccount::Transfer (Banks.
"Lines": {

"56": {
"Number": 56,
"Score": 1.0

3,

"58": {
"Number": 58,
"Score": 1.0

3,

"59": {
"Number": 59,
"Score": 1.0

X

}

3,

"System.Void Banks.BankAccount::CloseAccount ()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount ()",
"Lines": {

64 {
"Number": 64,
"Score": 0.0

T,

"66": {
"Number": 66,
"Score": 0.0

T,

"69": {
"Number": 69,
"Score": 0.0

¥
}

T,

"System.Void Banks.BankAccount::ReopenAccount()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount ()",
"Lines": {

||74||: {
"Number": 74,
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1411 "Score": 0.0

1412 ¥

1413 }

1414 },

1415 "System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {

1416 "Signature": "System.Void Banks.BankAccount::.ctor(System.
String,System.Double)",

1417 "Lines": {

1418 v {

1419 "Number": 7,

1420 "Score": 0.631578947368421

1421 },

1422 "o {

1423 "Number": 9,

1424 "Score": 0.631578947368421

1425 },

1426 v1om: {

1427 "Number": 10,

1428 "Score": 0.631578947368421

1429 },

1430 v {

1431 "Number": 11,

1432 "Score": 0.631578947368421

1433 ¥

1434 }

1435 }

1436 }

1437 }

1438 ¥

1439 },

1440 "C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs": {

1441 "SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",

1442 "Classes": {

1443 "Banks.TransferInputValidator": {

1444 "Name": "Banks.TransferInputValidator",

1445 "Methods": {

1446 "System.Void Banks.TransferInputValidator::Validate (Banks.
BankAccount,Banks.BankAccount)": {

1447 "Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount,Banks.BankAccount)",

1448 "Lines": {

1449 "1o": {

1450 "Number": 10,

1451 "Score": 1.0

1452 },

1453 n1or: {

1454 "Number": 12,

1455 "Score": 1.0

1456 },

1457 "15m: {

1458 "Number": 15,

1459 "Score": 1.0

1460 },

1461 i {

1462 "Number": 17,

1463 "Score": 0.0

1464 ¥

1465 }

1466 }

1467 +

1468 ¥

1469 }

1470 ¥

1471 }

1472 }




1473
1474
1475
1476
1477
1478
1479
1480
1481

1482
1483
1484
1485
1486
1487

1488
1489
1490
1491
1492
1493
1494
1495

1496
1497
1498
1499

1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524

1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
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}
},
"Sokal Sneath & Sampaio": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks .BankAccount": {
"Name": "Banks.BankAccount",
"Methods": {
"System.String Banks.BankAccount::get_AccountHolder ()": {
"Signature": "System.String Banks.BankAccount::
get_AccountHolder ()",
"Lines": {}
},
"System.Double Banks.BankAccount::get_Balance()": {
"Signature": "System.Double Banks.BankAccount::get_Balance()",
"Lines": {}
},
"System.Boolean Banks.BankAccount::get_IsActive()": {
"Signature": "System.Boolean Banks.BankAccount::get_IsActive ()
n
"Lines": {}
},
"System.Void Banks.BankAccount::Deposit(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Deposit (System.
Double)",
"Lines": {
"20": {
"Number": 20,
"Score": 0.3404255319148936
},
noom: {
"Number": 22,
"Score": 0.0
1,
"25": {
"Number": 25,
"Score": 0.3181818181818182
},
w27 |
"Number": 27,
"Score": 0.0
},
"30": {
"Number": 30,
"Score": 0.2926829268292683
¥
+
T,
"System.Void Banks.BankAccount::Withdraw(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Withdraw(System.
Double)",
"Lines": {
"35": {
"Number": 35,
"Score": 0.4
T,
w37 {
"Number": 37,
"Score": 0.0
},

ngom: {




1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556

1557

1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
1572
1573
1574
1575
1576
1577
1578
1579
1580
1581
1582
1583
1584
1585
1586
1587
1588
1589
1590
1591
1592
1593
1594
1595
1596
1597
1598
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System.Double)":

"Number": 40,
"Score": 0.38095238095238093

3,
||42ll: {
"Number": 42,
"Score": 0.0
},
||45ll: {
"Number": 45,
"Score": 0.358974358974359
},
n 7": {
"Number": 47,
"Score": 0.0
},
nsiv: {
"Number": 51,
"Score": 0.3333333333333333
}

}
1,
"System.Void Banks.BankAccount::Transfer (Banks.BankAccount,

{

BankAccount, System.Double)",

"Signature": "System.Void Banks.BankAccount::Transfer (Banks.
"Lines": {
||56Il: {

"Number": 56,
"Score": 0.29411764705882354

},
"8 {
"Number": 58,
"Score": 0.07692307692307693
},
"59": {
"Number": 59,
"Score": 0.07692307692307693
}
}

1,

"System.Void Banks.BankAccount::CloseAccount()": {
"Signature": "System.Void Banks.BankAccount::CloseAccount ()",
"Lines": {

"eanr: {
"Number": 64,
"Score": 0.0

},

"6e": {
"Number": 66,
"Score": 0.0

},

"69": {
"Number": 69,
"Score": 0.0

}

¥

3,

"System.Void Banks.BankAccount::ReopenAccount()": {
"Signature": "System.Void Banks.BankAccount::ReopenAccount()",
"Lines": {

"ran: {
"Number": 74,
"Score": 0.0

¥
}




1599

1600

1601
1602
1603
1604
1605
1606
1607
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1620
1621
1622
1623
1624
1625

1626
1627
1628
1629
1630

1631

1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
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"System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {
"Signature": "System.Void Banks.BankAccount::.ctor (System.
String,System.Double)",
"Lines": {
A
"Number": 7,
"Score": 0.5581395348837209
T,
tor: {
"Number": 9,
"Score": 0.5581395348837209
T,
"10": {
"Number": 10,
"Score": 0.5581395348837209
T,
i {
"Number": 11,
"Score": 0.5581395348837209
}
+
}
}
}
¥
3,
"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {
"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",

"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.

BankAccount ,Banks.BankAccount)": {
"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount,Banks.BankAccount)",
"Lines": {
"10": {

"Number": 10,
"Score": 0.29411764705882354

1,

ri2n: {
"Number": 12,
"Score": 0.25

1,

mi5m: {
"Number": 15,
"Score": 0.07692307692307693

},

L AU |
"Number": 17,
"Score": 0.0

}

}
¥
}
¥
}
}
}
}
¥
},
"Roger-Tanimoto & Sampaio": {

"Assemblies": {




1661
1662
1663
1664
1665

1666
1667
1668
1669
1670
1671

1672
1673
1674
1675
1676
1677
1678
1679

1680
1681
1682
1683

1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708

1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
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"Banks.dll": {
"Name": "Banks.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",

"Classes": {

"Banks .BankAccount": {

"Name" :
"Methods": {
"System.String
"Signature":
get_AccountHolder ()",
"Lines":
},
"System.Double
"Signature":
"Lines": {}

T,

{3}

"Banks.BankAccount",

Banks .BankAccount::get_AccountHolder ()": {
"System.String Banks.BankAccount::

Banks.BankAccount::get_Balance()": {
"System.Double Banks.BankAccount::get_Balance()",

"System.Boolean Banks.BankAccount::get_IsActive()": {

"Signature":

{}

"Lines":

T,

"System.Boolean Banks.BankAccount::get_IsActive ()

"System.Void Banks.BankAccount::Deposit(System.Double)": {

"Signature":
Double) ",
"Lines": {
"20": {

"Number":

"Score":
},
||22ll: {

"Number":

"Score":
},
||25ll: {

"Number":

"Score":
},
||27ll: {

"Number":

"Score":
},
||30ll: {

"Number":

"Score":

}
T,

"System.Void Banks.BankAccount::Deposit(System.

20,
0.25396825396825395

22,
0.0

25,
0.22950819672131148

27,
0.0

30,
0.2033898305084746

"System.Void Banks.BankAccount::Withdraw(System.Double)": {

"Signature":
Double)",
"Lines": {
nasn

"Number":

"Score":
},
"3rn: A{

"Number":

"Score":
},
||40ll: {

"Number":

"Score":
3,
||42ll: {

"System.Void Banks.BankAccount::Withdraw(System.

35,
0.3

37,
0.0

40,
0.27586206896551724
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1723 "Number": 42,

1724 "Score": 0.0

1725 },

1726 masn: {

1727 "Number": 45,

1728 "Score": 0.25

1729 },

1730 mgrv: {

1731 "Number": 47,

1732 "Score": 0.0

1733 },

1734 "s51v: {

1735 "Number": 51,

1736 "Score": 0.2222222222222222

1737 }

1738 }

1739 },

1740 "System.Void Banks.BankAccount::Transfer (Banks.BankAccount,
System.Double)": {

1741 "Signature": "System.Void Banks.BankAccount::Transfer (Banks.
BankAccount, System.Double)",

1742 "Lines": {

1743 "56": {

1744 "Number": 56,

1745 "Score": 0.18867924528301888

1746 1,

1747 "58": {

1748 "Number": 58,

1749 "Score": 0.04081632653061224

1750 1,

1751 "59": {

1752 "Number": 59,

1753 "Score": 0.04081632653061224

1754 }

1755 }

1756 },

1757 "System.Void Banks.BankAccount::CloseAccount()": {

1758 "Signature": "System.Void Banks.BankAccount::CloseAccount ()",

1759 "Lines": {

1760 64t {

1761 "Number": 64,

1762 "Score": 0.0

1763 1,

1764 "e66": {

1765 "Number": 66,

1766 "Score": 0.0

1767 1,

1768 "e69": {

1769 "Number": 69,

1770 "Score": 0.0

1771 }

1772 }

1773 },

1774 "System.Void Banks.BankAccount::ReopenAccount()": {

1775 "Signature": "System.Void Banks.BankAccount::ReopenAccount()",

1776 "Lines": {

1777 n74n: {

1778 "Number": 74,

1779 "Score": 0.0

1780 }

1781 }

1782 },

1783 "System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {

1784 "Signature": "System.Void Banks.BankAccount::.ctor(System.
String,System.Double)",

1785 "Lines": {




1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809

1810
1811
1812
1813
1814

1815

1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
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R
"Number": 7,
"Score": 0.5581395348837209
1,
ngn: {
"Number": 9,
"Score": 0.5581395348837209
1,
"1o": {
"Number": 10,
"Score": 0.5581395348837209
1,
"1 {
"Number": 11,
"Score": 0.5581395348837209
}
b
¥
b
b
}
1,
"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs":
"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\
TransferInputValidator.cs",
"Classes": {
"Banks.TransferInputValidator": {
"Name": "Banks.TransferInputValidator",

"Methods": {
"System.Void Banks.TransferInputValidator::Validate (Banks.

BankAccount ,Banks.BankAccount)": {
"Signature": "System.Void Banks.TransferInputValidator::
Validate (Banks.BankAccount,Banks.BankAccount)",
"Lines": {
||10ll: {

"Number": 10,
"Score": 0.18867924528301888

},
mion: {
"Number": 12,
"Score": 0.15384615384615385
},
"1t {
"Number": 15,
"Score": 0.04081632653061224
},
miTv {
"Number": 17,
"Score": 0.0
}
}
}
+
}
¥
+
¥
}
+
},
"Simple Matching & Sampaio": {
"Assemblies": {
"Banks.dll": {
"Name": "Banks.dll",
"Files": {

"C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.cs": {

{




1849

1850
1851
1852
1853
1854
1855

1856
1857
1858
1859
1860
1861
1862
1863

1864
1865
1866
1867

1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892

1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
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"SourcePath": "C:\\Project\\DefectsSampleProject\\Banks\\BankAccount.
cs",
"Classes": {
"Banks .BankAccount": {
"Name": "Banks.BankAccount",
"Methods": {
"System.String Banks.BankAccount::get_AccountHolder ()": {
"Signature": "System.String Banks.BankAccount::
get_AccountHolder ()",
"Lines": {}
T,
"System.Double Banks.BankAccount::get_Balance()": {
"Signature": "System.Double Banks.BankAccount::get_Balance()",
"Lines": {}
T,
"System.Boolean Banks.BankAccount::get_IsActive()": {
"Signature": "System.Boolean Banks.BankAccount::get_IsActive ()
n
"Lines": {}
3,
"System.Void Banks.BankAccount::Deposit(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Deposit (System.
Double) ",
"Lines": {
"20": {
"Number": 20,
"Score": 0.25806451612903225
3,
"22n: |
"Number": 22,
"Score": 0.0
T,
"25": {
"Number": 25,
"Score": 0.23333333333333334
T,
w27 {
"Number": 27,
"Score": 0.0
T,
"30": {
"Number": 30,
"Score": 0.20689655172413793
}
}
T,
"System.Void Banks.BankAccount::Withdraw(System.Double)": {
"Signature": "System.Void Banks.BankAccount::Withdraw(System.
Double)",
"Lines": {
n3sn: {

"Number": 35,
"Score": 0.3333333333333333

T,
n37n

: {

"Number": 37,
"Score": 0.0

T,

nAQM .

{

"Number": 40,
"Score": 0.3076923076923077

T,

ngom .

{

"Number": 42,
"Score": 0.0

+,
nggn

: {
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1911 "Number": 45,

1912 "Score": 0.28

1913 },

1914 a7 {

1915 "Number": 47,

1916 "Score": 0.0

1917 },

1918 "51m: {

1919 "Number": 51,

1920 "Score": 0.25

1921 +

1922 }

1923 },

1924 "System.Void Banks.BankAccount::Transfer (Banks.BankAccount,
System.Double)": {

1925 "Signature": "System.Void Banks.BankAccount::Transfer (Banks.
BankAccount, System.Double)",

1926 "Lines": {

1927 "56": {

1928 "Number": 56,

1929 "Score": 0.20833333333333334

1930 1,

1931 "58": {

1932 "Number": 58,

1933 "Score": 0.041666666666666664

1934 },

1935 "59": {

1936 "Number": 59,

1937 "Score": 0.041666666666666664

1938 ¥

1939 }

1940 1,

1941 "System.Void Banks.BankAccount::CloseAccount()": {

1942 "Signature": "System.Void Banks.BankAccount::CloseAccount ()",

1943 "Lines": {

1944 "e4n: {

1945 "Number": 64,

1946 "Score": 0.0

1947 },

1948 "e6": {

1949 "Number": 66,

1950 "Score": 0.0

1951 },

1952 "eom: {

1953 "Number": 69,

1954 "Score": 0.0

1955 ¥

1956 }

1957 1,

1958 "System.Void Banks.BankAccount::ReopenAccount ()": {

1959 "Signature": "System.Void Banks.BankAccount::ReopenAccount()",

1960 "Lines": {

1961 v7ar: {

1962 "Number": 74,

1963 "Score": 0.0

1964 +

1965 }

1966 },

1967 "System.Void Banks.BankAccount::.ctor(System.String,System.
Double)": {

1968 "Signature": "System.Void Banks.BankAccount::.ctor(System.
String,System.Double)",

1969 "Lines": {

1970 nrrs {

1971 "Number": 7,

1972 "Score": 0.631578947368421

1973 },




1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

1994
1995
1996
1997
1998

1999

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028

[ N R N R
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"o {
"Number": 9,
"Score": 0.631578947368421

3,

niom: {
"Number": 10,
"Score": 0.631578947368421

3,

nigvs {
"Number": 11,
"Score": 0.631578947368421

3

}
}
}
}
¥
3,
"C:\\Project\\DefectsSampleProject\\Banks\\TransferInputValidator.cs": {

"SourcePath":
TransferInputValidator.cs",
"Classes": {

"Banks.TransferInputValidator":

"Name" :

"Methods": {

"C:\\Project\\DefectsSampleProject\\Banks\\

{

"Banks.TransferInputValidator",

"System.Void Banks.TransferInputValidator::Validate (Banks.

BankAccount ,Banks.BankAccount)":

"Signature":

{
"System.Void Banks.TransferInputValidator::

Validate (Banks.BankAccount,Banks.BankAccount)",

"Lines": {

mgon: {
"Number": 10,
"Score": 0.20833333333333334

+,

mign. {
"Number": 12,
"Score": 0.16666666666666666

},

nign: {
"Number": 15,
"Score": 0.041666666666666664

},

nyn: {
"Number": 17,
"Score": 0.0

}

}
}
}
¥
}
}
}
}
}
}
}
}
Listing F.3: Defects Sample Project - Banks - Suspiciousness Results from
Fault Detector .NET CLI
{
"Techniques": {
"Tarantula": {

"Assemblies": {

"Calculators.dll": {
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10
11
12
13
14

15

16
17
18
19
20
21
22
23

24

25
26
27
28
29
30
31
32

33

34
35
36
37
38
39
40
41

42

43
44
45
46
47
48
49
50
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54
55
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58
59
60
61
62
63
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"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",

"Methods": {
"System.Double
Double)": {
"Signature":
.Double,System.Double)",
"Lines": {
nion: {

"Number":

"Score":

b
1,
"System.Double
System.Double)": {
"Signature":
System.Double,System.Double)",
"Lines": {
"15": {

"Number":

"Score":

}
1,
"System.Double
System.Double)": {
"Signature":
System.Double,System.Double)",
"Lines": {
"20": {

"Number":

"Score":

}
T,
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",
"Lines": {
"25": {

"Number":

"Score":
},
"8 {

"Number":

"Score":
},
||31ll: {

"Number":

"Score":

Calculators.Calculator::Add(System.Double,System.

"System.Double Calculators.Calculator::Add(System

10,
0.0

Calculators.Calculator::Subtract (System.Double,

"System.Double Calculators.Calculator::Subtract(

15,
0.0

Calculators.Calculator::Multiply (System.Double,

"System.Double Calculators.Calculator::Multiply (

20,
0.0

Calculators.Calculator::Divide (System.Double,

"System.Double Calculators.Calculator::Divide(

25,
0.5

28,
0.0

31,
0.0




64
65
66
67
68
69
70
71
72

73
74
75
76
7

78

79
80
81
82
83
84
85
86

87

88
89
90
91
92
93
94
95

96

97
98
99
100
101
102
103
104

105

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
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¥
},
"Ochiai": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",

"Methods": {
"System.Double Calculators.Calculator::Add(System.Double,System.
Double)": {

"Signature": "System.Double Calculators.Calculator::Add(System
.Double,System.Double)",
"Lines": {
“10“: {

"Number": 10,
"Score": 0.8164965809277261

}
+,
"System.Double Calculators.Calculator::Subtract(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Subtract(
System.Double,System.Double)",
"Lines": {
"15": {
"Number": 15,
"Score": 0.0

b
T,
"System.Double Calculators.Calculator::Multiply(System.Double,
System.Double)": {

"Signature": "System.Double Calculators.Calculator::Multiply (
System.Double, System.Double)",
"Lines": {
"20": {
"Number": 20,
"Score": 0.0
b
}

3,
"System.Double Calculators.Calculator::Divide(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Divide(
System.Double, System.Double)",
"Lines": {
26" {
"Number": 25,
"Score": 0.4082482904638631

},
II28||: {
"Number": 28,
"Score": 0.5773502691896258
1,
nain: {
"Number": 31,
"Score": 0.0
}




122
123
124
125
126
127
128
129

131
132
133
134
135

136
137
138
139
140

141

142
143
144
145
146
147
148
149

151
152
153
154
155
156
157
158

159

160
161
162
163
164
165

167

168

169
170
171
172
173
174
175
176
177
178
179

Appendix F. EXAM Score

I
"Jaccard": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",
"Methods": {
"System.Double Calculators.Calculator::Add(System.Double,System.
Double)": {
"Signature": "System.Double Calculators.Calculator::Add(System
.Double, System.Double)",
"Lines": {
"ot {
"Number": 10,
"Score": 0.6666666666666666

b
T,
"System.Double Calculators.Calculator::Subtract(System.Double,
System.Double)": {

"Signature": "System.Double Calculators.Calculator::Subtract(
System.Double,System.Double)",
"Lines": {
"15": {
"Number": 15,
"Score": 0.0
}
}

+,
"System.Double Calculators.Calculator::Multiply(System.Double,
System.Double)": {

"Signature": "System.Double Calculators.Calculator::Multiply(
System.Double,System.Double)",
"Lines": {
"20": {
"Number": 20,
"Score": 0.0
}
}

T,
"System.Double Calculators.Calculator::Divide(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Divide(
System.Double,System.Double)",
"Lines": {
"25": {
"Number": 25,
"Score": 0.25

},
"8 {
"Number": 28,
"Score": 0.3333333333333333
},
"3t {

"Number": 31,




180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198

199
200
201
202
203

204

205
206
207
208

210
211
212

213

214
215
216
217
218
219
220
221

222

223
224
225
226
227
228
229

231

232
233
234
235
236
237
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0.0

"Score":
}
}
¥
¥
¥
}
}
}
+
¥
},
"D2 (DStar)": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {

"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {

"SourcePath":
Calculator.cs",
"Classes": {

"C:\\Project\\DefectsSampleProject\\Calculators\\

"Calculators.Calculator": {

"Name" :
"Methods": {
"System.Double
Double)": {
"Signature":
.Double, System.Double)",
"Lines": {
"10": |

"Number":

"Score":

+
},
"System.Double
System.Double)": {
"Signature":
System.Double,System.Double)",
"Lines": {
misn: |

"Number":

"Score":

}
3,
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",
"Lines": {
"20": {

"Number":

"Score":

}
},
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",
"Lines": {
"25": {

"Number":

"Score":
1,
II28||: {

"Calculators.Calculator",

Calculators.Calculator::Add(System.Double, System.

"System.Double Calculators.Calculator::Add(System

10,
4.0

Calculators.Calculator::Subtract(System.Double,

"System.Double Calculators.Calculator::Subtract(

15,
0.0

Calculators.Calculator::Multiply (System.Double,

"System.Double Calculators.Calculator::Multiply (

20,
0.0

Calculators.Calculator::Divide (System.Double,

"System.Double Calculators.Calculator::Divide (

25,
0.3333333333333333




238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257

259
260
261

262

264
265
266

267

268
269
270
271
272
273
274
275

276

277
278
279
280
281
282
283
284

285

286
287

289
290
2901
292
293

294

295
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"Number": 28,
"Score": 0.5
},
n3im: {
"Number": 31,
"Score": 0.0

T,
"Kulczynski": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",
"Methods": {
"System.Double Calculators.Calculator::Add(System.Double,System.
Double)": {
"Signature": "System.Double Calculators.Calculator::Add(System
.Double,System.Double)",
"Lines": {
"1o": {
"Number": 10,
"Score": 0.8333333333333333

by
T,
"System.Double Calculators.Calculator::Subtract(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Subtract(
System.Double,System.Double)",
"Lines": {
"15": {
"Number": 15,
"Score": 0.0

¥
+,
"System.Double Calculators.Calculator::Multiply(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Multiply(
System.Double,System.Double)",
"Lines": {
20" {
"Number": 20,
"Score": 0.0

3
T,
"System.Double Calculators.Calculator::Divide(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Divide(
System.Double,System.Double)",
"Lines": {




296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

325
326
327
328
329

330

331
332
333
334
335
336
337
338

339

340
341
342
343
344
345
346
347

348

349
350
351
352
353
354
355
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"2sM: {
"Number": 25,
"Score": 0.41666666666666663
3,
nog": {
"Number": 28,
"Score": 0.6666666666666666
3,
"1t {
"Number": 31,
"Score": 0.0
}
}
}
}
}
¥
}
}
+
}
},
"Rogers -Tanimoto": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",
"Methods": {
"System.Double Calculators.Calculator::Add(System.Double,System.
Double)": {
"Signature": "System.Double Calculators.Calculator::Add(System
.Double, System.Double)",
"Lines": {
n1o": {
"Number": 10,
"Score": 0.2
}
+
},
"System.Double Calculators.Calculator::Subtract(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Subtract(
System.Double, System.Double)",
"Lines": {
"15": {
"Number": 15,
"Score": 0.0
¥
+

T,

"System.Double Calculators.Calculator::Multiply (System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Multiply(
System.Double, System.Double)",
"Lines": {
"20": {

"Number": 20,
"Score": 0.0
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356 "System.Double Calculators.Calculator::Divide(System.Double,
System.Double)": {

357 "Signature": "System.Double Calculators.Calculator::Divide(
System.Double,System.Double)",

358 "Lines": {

359 25 {

360 "Number": 25,

361 "Score": 0.2

362 T,

363 28" {

364 "Number": 28,

365 "Score": 0.09090909090909091

366 T,

367 31 A{

368 "Number": 31,

369 "Score": 0.0

370 ¥

371 }

372 }

373 +

374 }

375 }

376 }

377 }

378 }

379 }

380 +,

381 "Seban Normalization": {

382 "Assemblies": {

383 "Calculators.dll": {

384 "Name": "Calculators.dll",

385 "Files": {

386 "C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {

387 "SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",

388 "Classes": {

389 "Calculators.Calculator": {

390 "Name": "Calculators.Calculator",

391 "Methods": {

392 "System.Double Calculators.Calculator::Add(System.Double,System.
Double)": {

393 "Signature": "System.Double Calculators.Calculator::Add(System
.Double,System.Double)",

394 "Lines": {

395 "1o": {

396 "Number": 10,

397 "Score": 1.0

398 +

399 }

400 T,

401 "System.Double Calculators.Calculator::Subtract(System.Double,
System.Double)": {

402 "Signature": "System.Double Calculators.Calculator::Subtract(
System.Double,System.Double)",

403 "Lines": {

404 "1 {

405 "Number": 15,

406 "Score": 0.0

407 }

408 3

409 3,

410 "System.Double Calculators.Calculator::Multiply(System.Double,
System.Double)": {

411 "Signature": "System.Double Calculators.Calculator::Multiply (
System.Double,System.Double)",

412 "Lines": {

413 20" {




414
415
416
417
418
419

420

421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437

439
440
441
442
443
444
445
446
447
448
449
450

451
452
453
454
455

456

457
458
459

461
462
463
464

466
467
468
469
470
471
472
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"Number" :

"Score":

}
T,
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",

20,
0.0

Calculators.Calculator::Divide (System.Double,

"System.Double Calculators.Calculator::Divide(

"Lines": {
"25": {
"Number": 25,
"Score": 0.0
},
"og": {
"Number": 28,
"Score": 0.0
},
"3t {
"Number": 31,
"Score": 0.0
}
}
}
}
¥
}
+
}
}
}
},
"Tarantula & Sampaio": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",

"Methods": {
"System.Double
Double)": {
"Signature":
.Double,System.Double)",
"Lines": {
"10": {

"Number":

"Score":

}
1,
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",
"Lines": {
"1t {

"Number":

"Score":

Calculators.Calculator::Add(System.Double,System.

"System.Double Calculators.Calculator::Add(System

10,
1.0

Calculators.Calculator::Subtract (System.Double,

"System.Double Calculators.Calculator::Subtract(

15,
0.0




473

474

475
476
477
478
479
480
481
482

483

484
485
486
487
488

490
491
492
493
494

496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513

514
515
516
517
518

519

520
521
522
523
524
525
526
527

528

529
530
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"System.Double
System.Double)": {
"Signature":
System.Double,System.Double)",
"Lines": {
||20ll: {

"Number":

"Score":

X
T,
"System.Double
System.Double)": {
"Signature":
System.Double,System.Double)",

Calculators.Calculator::Multiply(System.Double,

"System.Double Calculators.Calculator::Multiply(

20,
0.0

Calculators.Calculator::Divide (System.Double,

"System.Double Calculators.Calculator::Divide(

"Lines": {
"25": |
"Number": 25,
"Score": 0.6666666666666666
},
"og": {
"Number": 28,
"Score": 1.0
},
"1 |
"Number": 31,
"Score": 0.0
¥
}
+
}
¥
}
¥
}
}
}
},
"Sokal Sneath & Sampaio": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",

"Methods": {
"System.Double
Double)": {
"Signature":
.Double, System.Double)",
"Lines": {
nion: {

"Number":

"Score":

¥
3,
"System.Double
System.Double)": {
"Signature":
System.Double,System.Double)",
"Lines": {
"15": {

Calculators.Calculator::Add(System.Double,System.

"System.Double Calculators.Calculator::Add(System

10,
0.4

Calculators.Calculator::Subtract (System.Double,

"System.Double Calculators.Calculator::Subtract(




531
532
533
534
535
536

537

538
539
540
541
542
543
544
545

546

547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576

577
578
579
580
581

582

583
584
585
586
587
588
589
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"Number":
"Score":

}
T,
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",
"Lines": {
"20": {
"Number" :
"Score":

}
3,
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",

15,
0.0

Calculators.Calculator::Multiply (System.Double,

"System.Double Calculators.Calculator::Multiply (

20,
0.0

Calculators.Calculator::Divide (System.Double,

"System.Double Calculators.Calculator::Divide (

25,
0.36363636363636365

28,
0.25

31,
0.0

"Lines": {
25" {
"Number":
"Score":
1,
28" {
"Number":
"Score":
1,
"1t {
"Number":
"Score":
}
}
}
¥
¥
}
}
t
}
¥
},
"Roger -Tanimoto & Sampaio": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {

"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {

"SourcePath":
Calculator.cs",

"C:\\Project\\DefectsSampleProject\\Calculators\\

"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",

"Methods": {
"System.Double
Double)": {
"Signature":
.Double,System.Double)",
"Lines": {
m1o": {
"Number":
"Score":

Calculators.Calculator::Add(System.Double, System.

"System.Double Calculators.Calculator::Add(System

10,
0.2857142857142857




590

591

592
593
594
595
596
597
598
599

600

601
602
603
604
605
606
607
608

609

610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639

640
641
642
643
644

645

646
647
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"System.Double Calculators.Calculator::Subtract(System.Double,
System.Double)": {

"Signature": "System.Double Calculators.Calculator::Subtract(
System.Double,System.Double)",
"Lines": {
"yt {
"Number": 15,
"Score": 0.0
+
}

T,
"System.Double Calculators.Calculator::Multiply(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Multiply(
System.Double,System.Double)",
"Lines": {
"20": {
"Number": 20,
"Score": 0.0

by
T,
"System.Double Calculators.Calculator::Divide(System.Double,
System.Double)": {
"Signature": "System.Double Calculators.Calculator::Divide(
System.Double,System.Double)",
"Lines": {
"25": {
"Number": 25,
"Score": 0.26666666666666666

},
nogn: {
"Number": 28,
"Score": 0.15384615384615385
¥,
"3 {
"Number": 31,
"Score": 0.0
¥
+
}
+
¥
¥
¥
+
}
+
},
"Simple Matching & Sampaio": {
"Assemblies": {
"Calculators.dll": {
"Name": "Calculators.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\Calculators\\Calculator.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\Calculators\\
Calculator.cs",
"Classes": {
"Calculators.Calculator": {
"Name": "Calculators.Calculator",

"Methods": {
"System.Double Calculators.Calculator::Add(System.Double,System.
Double)": {

"Signature": "System.Double Calculators.Calculator::Add(System
.Double,System.Double)",
"Lines": {

nion: {




648
649
650
651
652
653

654

655
656
657
658
659
660
661
662

663

664
665
666
667
668
669
670
671

672

673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
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"Number":

"Score":

}
T,
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",
"Lines": {
"1 {

"Number":

"Score":

}
},
"System.Double
System.Double)": {
"Signature":
System.Double, System.Double)",
"Lines": {
"20": {

"Number":

"Score":

}
},
"System.Double
System.Double)": {

10,
0.3333333333333333

Calculators.Calculator::Subtract(System.Double,

"System.Double Calculators.Calculator::Subtract(

15,
0.0

Calculators.Calculator::Multiply (System.Double,

"System.Double Calculators.Calculator::Multiply (

20,
0.0

Calculators.Calculator::Divide(System.Double,

"Signature": "System.Double Calculators.Calculator::Divide(
System.Double,System.Double)",
"Lines": {
nosn: {
"Number": 25,
"Score": 0.2857142857142857
1,
nogn: {
"Number": 28,
"Score": 0.16666666666666666
1,
"3 {
"Number": 31,
"Score": 0.0
}
}
}
¥
¥
¥
}
}
}
¥
}
¥
}
Listing F.4: Defects Sample Project - Calculators - Suspiciousness Results
from Fault Detector .NET CLI
{
"Techniques": {
"Tarantula": {
"Assemblies": {
"FizzBuzzProject.dll": {

"Name" :
"Files": {

"FizzBuzzProject.dll",




10
11
12
13
14

15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66

67

68
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"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {
"FizzBuzzProject.FizzBuzz": {
"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3

2)": {
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {
"13": {
"Number": 13,
"Score": 0.5
1,
"15": {
"Number": 15,
"Score": 0.6000000000000001
1,
"18": {
"Number": 18,
"Score": 0.4285714285714286
1,
"20": {
"Number": 20,
"Score": 0.0
1,
"23": A{
"Number": 23,
"Score": 0.6000000000000001
1,
"25": {
"Number": 25,
"Score": 0.0
1,
"29": {
"Number": 29,
"Score": 0.0
}
by
}
}
}
}
}
¥
}
}
3,
"Ochiai": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {
"FizzBuzzProject.FizzBuzz": {
"Name": "FizzBuzzProject.FizzBuzz",

"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3
2)": o
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {




69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

114
115
116
117
118

119

120
121
122
123
124
125
126
127
128
129
130
131
132
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T,

"Jaccard": {

"Assemblies":

145
13" {
"Number": 13,
"Score": 0.42640143271122083
1,
mi5m: {

"Number": 15,

"Score": 0.35355339059327373
1,
"18": {
"Number": 18,
"Score": 0.2672612419124244
1,
"20": {
"Number": 20,
"Score": 0.0
1,
23" {
"Number": 23,
"Score": 0.35355339059327373
1,
"5 {
"Number": 25,
"Score": 0.0
1,
"29": {
"Number": 29,
"Score": 0.7071067811865475
}
}
¥
¥
{

"FizzBuzzProject.dll": {

"Name" :
"Files":

"FizzBuzzProject.dll",
{

"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {

"SourcePath":

FizzBuzz.cs",

"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\

"Classes": {
"FizzBuzzProject.FizzBuzz": {

)" {

"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3

"Signature": "System.String FizzBuzzProject.FizzBuzz::

GetFizzBuzz (System.Int32)",

"Lines": {
II13||: {
"Number": 13,

"Score": 0.18181818181818182
1,
m15m: {
"Number": 15,
"Score": 0.2
1,
"18": {
"Number": 18,
"Score": 0.125

T,




133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152

154
155
156
157
158

160
161
162
163
164

166
167
168
169
170

171

172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

194
195
196
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"20": {
"Number": 20,
"Score": 0.0
1,
"23": {
"Number": 23,
"Score": 0.2
1,
"25": {
"Number": 25,
"Score": 0.0
1,
"29v: {
"Number": 29,
"Score": 0.5
}
¥
}
}
}
}
}
by
}
b
3,
"D2 (DStar)": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {
"FizzBuzzProject.FizzBuzz": {
"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3
2)": {
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {
"3 {

"Number": 13,
"Score": 0.4444444444444444

},

nign: {
"Number": 15,
"Score": 0.25

},

"8t {
"Number": 18,
"Score": 0.14285714285714285

},

"20": {
"Number": 20,
"Score": 0.0

},

"23": {
"Number": 23,
"Score": 0.25

},

nogn: {

"Number": 25,
"Score": 0.0

1,




197
198
199
200
201
202
203
204

206
207
208
209
210
211
212
213
214
215
216
217

218
219
220
221
222

223

224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
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nogn: {
"Number":
"Score":
}
}
}
}
}
}
}
}
}
}
},
"Kulczynski": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.
"Files": {

29,
1.0

11",

"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs":

"SourcePath":
FizzBuzz.cs",

"Classes":

{

"FizzBuzzProject.FizzBuzz":

{

{

"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\

"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3

2)":

{

"Signature":
GetFizzBuzz (System.Int32)",
"Lines": {
"13": {

"Number":

"Score":
1,
mi5m: {

"Number":

"Score":
1,
r18": {

"Number":

"Score":
1,
"20": {

"Number":

"Score":
1,
"23": {

"Number":

"Score":
},
"5 {

"Number":

"Score":
1,
II29||: {

"Number":

"Score":

"System.String FizzBuzzProject.FizzBuzz::

13,
0.5909090909090909

15,
0.375

18,
0.3214285714285714

20,
0.0

23,
0.375

25,
0.0

29,
0.75




261
262
263
264
265
266
267
268

270
271
272
273
274

275

276
277

279
280
281
282
283
284
285
286
287
288
289

201
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321

322
323
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}
},
"Rogers-Tanimoto": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {
"FizzBuzzProject.FizzBuzz": {
"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3

2)": A
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {
"3 {
"Number": 13,
"Score": 1.0
¥,
nign: {
"Number": 15,
"Score": 0.2222222222222222
¥,
vign: |
"Number": 18,
"Score": 0.4666666666666667
},
"20": |
"Number": 20,
"Score": 0.0
¥,
n23n: |
"Number": 23,
"Score": 0.2222222222222222
¥,
"oEm: |
"Number": 25,
"Score": 0.0
},
nogn: |
"Number": 29,
"Score": 0.047619047619047616
¥
}
}
}
¥
¥
¥
}
}
+
},
"Seban Normalization": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {

"FizzBuzzProject.FizzBuzz": {




324
325
326

327

328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373

374
375
376
377
378

379

380
381
382
383
384
385

Appendix F. EXAM Score 149

"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3

2)": A
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {
"13": {
"Number": 13,
"Score": 1.0
T,
"15": {
"Number": 15,
"Score": 0.0
T,
"18": {
"Number": 18,
"Score": 0.0
T,
"20": {
"Number": 20,
"Score": 0.0
+,
"23": {
"Number": 23,
"Score": 0.0
r,
25" {
"Number": 25,
"Score": 0.0
¥+,
w29 {
"Number": 29,
"Score": 0.0
by
}
}
}
}
}
by
}
}
}
1,
"Tarantula & Sampaio": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {
"FizzBuzzProject.FizzBuzz": {
"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3
2)": A
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {
"13": {

"Number": 13,

"Score": 0.5499999999999999
1,
II15||: {




386
387

389
390
391
392
393
394
395
396
397
398
399

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425

426
427
428
429
430

431

432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
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"Number": 15,
"Score": 0.6666666666666666
},
mign: {
"Number": 18,
"Score": 0.4666666666666667
Y,
"20": {
"Number": 20,
"Score": 0.0
T,
"23": A{
"Number": 23,
"Score": 0.6666666666666666
T,
"5t {
"Number": 25,
"Score": 0.0
T,
"29m: {
"Number": 29,
"Score": 1.0
}
}
}
+
}
}
}
}
}
+
},
"Sokal Sneath & Sampaio": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {
"FizzBuzzProject.FizzBuzz": {
"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3
2)m: A
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {
"13": {

"Number": 13,
"Score": 0.5238095238095238

T,
||15ll: {
"Number": 15,
"Score": 0.36363636363636365
T,
||18ll: {
"Number": 18,
"Score": 0.45161290322580644
T,
||20ll: {
"Number": 20,
"Score": 0.0
},

no3n. {
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"Number": 23,
"Score": 0.36363636363636365

},
256" {
"Number": 25,
"Score": 0.0
T,
"29": |
"Number": 29,
"Score": 0.15384615384615385
¥
+
}
}
}
}
¥
}
}
}
},
"Roger -Tanimoto & Sampaio": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {
"FizzBuzzProject.FizzBuzz": {
"Name": "FizzBuzzProject.FizzBuzz",
"Methods": {
"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3
2)": Ao
"Signature": "System.String FizzBuzzProject.FizzBuzz::
GetFizzBuzz (System.Int32)",
"Lines": {
ni3n:

"Number": 13,
"Score": 0.5238095238095238

T,
nq{g". {
"Number": 15,
"Score": 0.27586206896551724
T,
nq{gn. {
"Number": 18,
"Score": 0.4
T,
II20||: {
"Number": 20,
"Score": 0.0
T,
II23||: {
"Number": 23,
"Score": 0.27586206896551724
T,
II25||: {
"Number": 25,
"Score": 0.0
T,
II29||: {
"Number": 29,
"Score": 0.08695652173913043
}
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519
520
521
522
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524
525
526
527
528
529

530
531
532
533
534

535

536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
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563
564
565
566
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569
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572
573
574
575
576
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3,
"Simple Matching & Sampaio": {
"Assemblies": {
"FizzBuzzProject.dll": {
"Name": "FizzBuzzProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\FizzBuzz.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\FizzBuzzProject\\
FizzBuzz.cs",
"Classes": {

"FizzBuzzProject.FizzBuzz":

{

"Name" :

{

"FizzBuzzProject.FizzBuzz",
"Methods":

2)":

{

"System.String FizzBuzzProject.FizzBuzz::GetFizzBuzz (System.Int3

"Signature":
GetFizzBuzz (System.Int32)",

"System.String FizzBuzzProject.FizzBuzz::

"Lines": {
"13": {
"Number": 13,
"Score": 0.55
},
"15": {
"Number": 15,
"Score": 0.2857142857142857
Viev: ¢
"Number": 18,
"Score": 0.4117647058823529
Yor: ¢
"Number": 20,
"Score": 0.0
Yar: ¢
"Number": 23,
"Score": 0.2857142857142857
i25": {
"Number": 25,
"Score": 0.0
Yov: ¢
"Number": 29,
"Score": 0.09090909090909091
+
}
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Listing F.5: Defects Sample Project - FizzBuzzProject - Suspiciousness
Results from Fault Detector .NET CLI

"Techniques": {
"Tarantula": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"

"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",
"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {
"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {
"o {
"Number": 9,
"Score": 0.5

},
11 {
"Number": 11,
"Score": 0.0
},
mi4n: {
"Number": 14,
"Score": 0.6000000000000001
1,
i {
"Number": 17,
"Score": 0.0
1,
"20": {
"Number": 20,
"Score": 0.0
}
+
}
}
}
}
}
}
}
}
},
"Ochiai": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"
{
"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {

"Name": "MaxFloatProject.MaxFloatProject",
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67
68
69
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74
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76
77
78
79
80
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82
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84
85
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95
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98
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104
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115
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117
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"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {

"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {
"o {
"Number": 9,
"Score": 0.5773502691896257
1,
nrv: {
"Number": 11,
"Score": 0.0
1,
nigv: {
"Number": 14,
"Score": 0.6546536707079772
1,
niTv: {
"Number": 17,
"Score": 1.0
1,
"20": {
"Number": 20,
"Score": 0.0
}
by
}
X
}
}
}
by
}
X
3,
"Jaccard": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"
{
"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",

"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {
"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {
non: {
"Number": 9,
"Score": 0.3333333333333333

},
||11ll: {
"Number": 11,
"Score": 0.0
},
||14ll: {
"Number": 14,
"Score": 0.42857142857142855
3,

w7 {
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137
138
139
140

141

142
143
144
145
146

147

148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
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168
169
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172
173
174
175
176
177
178
179
180
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"Number": 17,
"Score": 1.0
1,
"20": {
"Number": 20,
"Score": 0.0

}
+,
"D2 (DStar)": {

"Assemblies": {

"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"

"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",
"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {

"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {

II9I|: {
"Number": 9,
"Score": 1.5

+,

II11||: {
"Number": 11,
"Score": 0.0

+,

II14||: {

"Number": 14,
"Score": 2.25

1,

vi7r: {
"Number": 17,
"Score": 0.0

},

"20": {
"Number": 20,
"Score": 0.0

}

},
"Kulczynski": {
"Assemblies": {
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"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"
{
"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",

"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {

"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single, System.Single)",
"Lines": {
"9 {
"Number": 9,
"Score": 0.6666666666666666
},
mrrve |
"Number": 11,
"Score": 0.0
},
niar: |
"Number": 14,
"Score": 0.7142857142857143
},
niTr |
"Number": 17,
"Score": 1.0
},
mo0n: {
"Number": 20,
"Score": 0.0
}
}
}
}
}
}
}
}
}
+
3,
"Rogers -Tanimoto": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"
{
"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",

"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {

"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {
ngn: {
"Number": 9,
"Score": 1.0
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268
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270
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273

274
275
276
277
278

279

280
281
282
283
284
285
286
287
288
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},
nrrme o
"Number": 11,
"Score": 0.0
T,
n1ar: |
"Number": 14,
"Score": 0.6363636363636364
T,
niTr |
"Number": 17,
"Score": 0.2
T,
"20": {
"Number": 20,
"Score": 0.0
¥
+
}
}
}
}
}
+
}
}
},
"Seban Normalization": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"
{
"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",

"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {

"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {

mon: {
"Number": 9,
"Score": 0.0

1,

i1 {
"Number": 11,
"Score": 0.0

1,

v1an: {
"Number": 14,
"Score": 0.0

1,

L AU |
"Number": 17,
"Score": 1.0

1,

"20": {
"Number": 20,
"Score": 0.0

}
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330
331
332
333
334
335
336
337
338
339
340
341
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},
"Tarantula & Sampaio": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"

"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",
"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {

"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {
"oy A
"Number": 9,
"Score": 0.6000000000000001
},
nign: {
"Number": 11,
"Score": 0.0
},
wign: |
"Number": 14,
"Score": 0.7241379310344828
},
w7 |
"Number": 17,
"Score": 1.0
},
woon: |
"Number": 20,
"Score": 0.0
}
}
}
+
}
}
}
}
}
+
3,
"Sokal Sneath & Sampaio": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"
{
"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {

"MaxFloatProject.MaxFloatProject": {
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"Name": "MaxFloatProject.MaxFloatProject",
"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {
"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {
won: {
"Number": 9,
"Score": 0.5454545454545454

T,
niive |
"Number": 11,
"Score": 0.0
T,
v14n: {
"Number": 14,
"Score": 0.5185185185185185
T,
mirre {
"Number": 17,
"Score": 0.4
3,
"20": {
"Number": 20,
"Score": 0.0
}
+
}
}
}
}
}
+
}
}
},
"Roger -Tanimoto & Sampaio": {
"Assemblies": {
"MaxFloatProject.dll": {
"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"
{
"SourcePath": "C:\\Project\\DefectsSampleProject\\MaxFloatProject\\
MaxFloatProject.cs",
"Classes": {
"MaxFloatProject.MaxFloatProject": {
"Name": "MaxFloatProject.MaxFloatProject",

"Methods": {
"System.Single MaxFloatProject.MaxFloatProject::Max(System.
Single,System.Single)": {

"Signature": "System.Single MaxFloatProject.MaxFloatProject::
Max (System.Single,System.Single)",
"Lines": {
o {
"Number": 9,
"Score": 0.5454545454545454
T,
"t {
"Number": 11,
"Score": 0.0
T,
"14v: {

"Number": 14,
"Score": 0.4827586206896552
3,
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niTh: {
"Number": 17,
"Score": 0.2857142857142857

},

"20": {
"Number": 20,
"Score": 0.0

¥

}
}
+
}
¥
¥
}
}
}
},

"Simple Matching & Sampaio":

"Assemblies": {
"MaxFloatProject.dll":

{

{

"Name": "MaxFloatProject.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\MaxFloatProject.cs"

"SourcePath":
MaxFloatProject.cs",

"C:\\Project\\DefectsSampleProject\\MaxFloatProject\\

"Classes":

{

"MaxFloatProject.MaxFloatProject": {

"Name" :

"MaxFloatProject.MaxFloatProject",

"Methods": {

"System.Single MaxFloatProject.MaxFloatProject::Max(System.

Single,System.Single)": {
"Signature":

"System.Single MaxFloatProject.MaxFloatProject::

Max (System.Single,System.Single)",

"Lines": {

ngn. {
"Number": 9,
"Score": 0.6

},

"1 {
"Number": 11,
"Score": 0.0

},

"ian: {
"Number": 14,
"Score": 0.5384615384615384

},

nirn A{
"Number": 17,
"Score": 0.3333333333333333

},

"20": {
"Number": 20,
"Score": 0.0

+

}
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488‘ }

Listing F.6: Defects Sample Project - MaxFloatProject - Suspiciousness
Results from Fault Detector .NET CLI

© W N o Uh W N

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27

28
29
30
31

32
33
34
35
36
37
38

39

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

"Techniques": {
"Tarantula": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",
"Classes": {
"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id(O",
"Lines": {}
3,
"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}
3,
"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description
o,
"Lines": {}
},
"System.Boolean TaskManagers.Task::get_IsCompleted()": {
"Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",
"Lines": {}
},
"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category()"
"Lines": {}
},
"System.Int32 TaskManagers.Task::get_Priority()": {
"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
},

"System.Void TaskManagers.Task::Update(System.String, System.
String,System.String,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
II26||: {
"Number": 26,
"Score": 0.0
+,
II28||: {
"Number": 28,
"Score": 0.0
+,
IISOH: {

"Number": 30,
"Score": 0.0
1,
31 {
"Number": 31,
"Score": 0.0
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67
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69
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74
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76
77
78
79
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84
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87
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89
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97

98
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100
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116
117
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}
T,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean, System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor(System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
||5Il: {

"Number": 5,
"Score": 0.6666666666666666

T,
v A{
"Number": 7,
"Score": 0.6666666666666666
T,
"or: {
"Number": 9,
"Score": 0.6666666666666666
3,
"1o": {
"Number": 10,
"Score": 0.6666666666666666
},
"1 {
"Number": 11,
"Score": 0.6666666666666666
},
"3t |
"Number": 13,
"Score": 0.6666666666666666
},
"14n: {
"Number": 14,
"Score": 0.6666666666666666
}
}
}
+
}
}
},
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers . TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String, System.String, System.Int32)",
"Lines": {
||19Il: {

"Number": 19,
"Score": 0.6666666666666666

},
"20": {

"Number": 20,

"Score": 0.6666666666666666
},
"1 {

"Number": 21,

"Score": 0.6666666666666666
¥
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140
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147
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150
151
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"System.Boolean TaskManagers.TaskManager::RemoveTask(System.Int3

2)": A
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
"26": {
"Number": 26,
"Score": 0.0
T,
w27 {
"Number": 27,
"Score": 0.0
T,
"29": {
"Number": 29,
"Score": 0.0
T,
n3on: |
"Number": 32,
"Score": 0.0
3,
"33": {
"Number": 33,
"Score": 0.0
b
}
},
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": Ao
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.27272727272727276

}
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks ()": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAl1lTasks ()",
"Lines": {
II43||: {

"Number": 43,
"Score": 0.0

}
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory(System.String)",
"Lines": {
II48||: {

"Number": 48,
"Score": 0.0

}
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority(System.Int32)",
"Lines": {
"54": {

"Number": 54,
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"Score": 0.0

}
T,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String,System.Int32)"
"Lines": {
"5 {
"Number": 59,
"Score": 0.6000000000000001

},
"60": {
"Number": 60,
"Score": 0.6000000000000001
},
"e2": {
"Number": 62,
"Score": 0.0
},
"e5": {
"Number": 65,
"Score": 0.0
},
"e6": {
"Number": 66,
"Score": 0.0
}
}
1,
"System.Void TaskManagers.TaskManager::.ctor()": {
"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {
mr1te |
"Number": 11,
"Score": 0.5
},
"3 |
"Number": 13,
"Score": 0.5
},
nrar: |
"Number": 14,
"Score": 0.5
}
}
}
+
}
}
}
¥
}
}
},
"Ochiai": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",
"Classes": {

"TaskManagers.Task": {
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"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id()",
"Lines": {}

3,

"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}

3,

"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description

o,

"Lines": {}

T,

"System.Boolean TaskManagers.Task::get_IsCompleted()": {
"Signature": "System.Boolean TaskManagers.Task::

get_IsCompleted ()",
"Lines": {}

3,

"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category ()"
"Lines": {}

+,

"System.Int32 TaskManagers.Task::get_Priority()": {

"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
},

"System.Void TaskManagers.Task::Update(System.String,System.
String,System.String,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
"26": {

"Number": 26,
"Score": 0.5

1,

"28": {
"Number": 28,
"Score": 0.5

1,

"30": {
"Number": 30,
"Score": 0.5

1,

"31m: {
"Number": 31,
"Score": 0.5

}

}
T,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor(System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
"t {

"Number": 5,

"Score": 0.7559289460184544
1,
wrns {

"Number": 7,

"Score": 0.7559289460184544
1,
"o {

"Number": 9,
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"Score": 0.7559289460184544
},
"10m: |
"Number": 10,
"Score": 0.7559289460184544
},
mrrre |
"Number": 11,
"Score": 0.7559289460184544
},
"3 |
"Number": 13,
"Score": 0.7559289460184544
},
nrar: |
"Number": 14,
"Score": 0.7559289460184544
}
¥
}
+
}
}
},
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers.TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String,System.String, System.Int32)",
"Lines": {
||19ll: {

"Number": 19,
"Score": 0.7559289460184544

1,
"20": {
"Number": 20,
"Score": 0.7559289460184544
},
"21m: A
"Number": 21,
"Score": 0.7559289460184544
}
3
T,
"System.Boolean TaskManagers.TaskManager::RemoveTask (System.Int3
2)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
"26": {

"Number": 26,
"Score": 0.0

},

"o {
"Number": 27,
"Score": 0.0

},

"ogn: {

"Number": 29,
"Score": 0.0

1,
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n32": {
"Number": 32,
"Score": 0.0

+,
"33n: {
"Number": 33,
"Score": 0.0
¥
¥
T,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2" A
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.22360679774997896

¥
+,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks () ": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks ()",
"Lines": {
"a3n: |

"Number": 43,
"Score": 0.0

+
},
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory(System.String)",
"Lines": {
II48||: {

"Number": 48,
"Score": 0.5

}
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority(System.Int32)",
"Lines": {
"54": {
"Number": 54,
"Score": 0.5
b
}

T,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String, System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String, System.Int32)"
"Lines": {
II59||: {
"Number": 59,
"Score": 0.35355339059327373
T,
II60||: {
"Number": 60,
"Score": 0.35355339059327373
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},
"e2": {
"Number": 62,
"Score": 0.0
T,
"65": {
"Number": 65,
"Score": 0.5
T,
"e66": {
"Number": 66,
"Score": 0.5
¥
}
T,
"System.Void TaskManagers.TaskManager::.ctor()": {
"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {
mrrre |
"Number": 11,
"Score": 0.6324555320336759
},
"3 {
"Number": 13,
"Score": 0.6324555320336759
},
"1an: {
"Number": 14,
"Score": 0.6324555320336759
}
}
}
+
}
}
}
}
}
}
},
"Jaccard": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",
"Classes": {
"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id()",
"Lines": {}
T,
"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}
T,
"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description
o,
"Lines": {}
3,

"System.Boolean TaskManagers.Task::get_IsCompleted()": {
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"Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",

"Lines": {}
3,
"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category ()"
"Lines": {}
T,
"System.Int32 TaskManagers.Task::get_Priority()": {
"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
T,
"System.Void TaskManagers.Task::Update(System.String,System.
String,System.String,System.Int32)": {
"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
"26": {

"Number": 26,
"Score": 0.25

1,

"28": {
"Number": 28,
"Score": 0.25

1,

"30": {
"Number": 30,
"Score": 0.25

1,

"31m: {
"Number": 31,
"Score": 0.25

}

}
T,

"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean,System.Int32)": {
"Signature": "System.Void TaskManagers.Task::.ctor (System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
"5 {
"Number": 5,
"Score": 0.5714285714285714
T,
nTrs A
"Number": 7,
"Score": 0.5714285714285714
T,
won: {
"Number": 9,
"Score": 0.5714285714285714
T,
"10": {
"Number": 10,
"Score": 0.5714285714285714
T,
"1t {
"Number": 11,
"Score": 0.5714285714285714
T,
"13": {
"Number": 13,
"Score": 0.5714285714285714
T,
t14n: {

"Number": 14,
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"Score": 0.5714285714285714
}
}
}
}
}
}
},
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers . TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String, System.String,System.Int32)",
"Lines": {
"1 {

"Number": 19,
"Score": 0.5714285714285714

3,
"20": {
"Number": 20,
"Score": 0.5714285714285714
3,
"21m: A
"Number": 21,
"Score": 0.5714285714285714
}
b
T,
"System.Boolean TaskManagers.TaskManager::RemoveTask(System.Int3
2)": A
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
26" {
"Number": 26,
"Score": 0.0
},
27 A{
"Number": 27,
"Score": 0.0
3,
29 {
"Number": 29,
"Score": 0.0
},
32" {
"Number": 32,
"Score": 0.0
},
"33 {
"Number": 33,
"Score": 0.0
}
b
T,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": A
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask(System.Int32)",
"Lines": {

"3g": {
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"Number": 38,
"Score": 0.125

}
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks ()": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAl1lTasks ()",
"Lines": {
"43": {

"Number": 43,
"Score": 0.0

b
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
II48||: {

"Number": 48,
"Score": 0.25

}
},
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority(System.Int32)",
"Lines": {
"4 |

"Number": 54,
"Score": 0.25

}
3,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String, System.Int32)"
"Lines": {
"59": {
"Number": 59,
"Score": 0.2

T,

"60": {
"Number": 60,
"Score": 0.2

},

II62||: {
"Number": 62,
"Score": 0.0

},

nesn: |
"Number": 65,
"Score": 0.25

1,

"66": {
"Number": 66,
"Score": 0.25

}

+
},
"System.Void TaskManagers.TaskManager::.ctor()": {
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"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {
i {
"Number": 11,
"Score": 0.4
},
n13n: |
"Number": 13,
"Score": 0.4
},
"1 {
"Number": 14,
"Score": 0.4
}
}
+
}
}
}
}
+
}
+
},
"D2 (DStar)": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",
"Classes": {
"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id()",
"Lines": {}
T,
"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}
T,
"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description
o,
"Lines": {}
3,
"System.Boolean TaskManagers.Task::get_IsCompleted()": {
"Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted (D",
"Lines": {}
T,
"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category ()"
"Lines": {}
3,
"System.Int32 TaskManagers.Task::get_Priority()": {
"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
3,

"System.Void TaskManagers.Task::Update(System.String, System.
String,System.String, System.Int32)": {
"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String, System.String,System.Int32)",
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"Lines": {
||26||: {
"Number": 26,
"Score": 0.3333333333333333

},
II28||: {

"Number": 28,

"Score": 0.3333333333333333
},
"30": {

"Number": 30,

"Score": 0.3333333333333333
},
g {

"Number": 31,

"Score": 0.3333333333333333
}

¥
T,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String, System.Boolean,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor(System.Int3
2,8ystem.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
"5 o

"Number": 5,
"Score": 5.333333333333333

},
rrre A
"Number": 7,
"Score": 5.333333333333333
3,
tgr: {
"Number": 9,
"Score": 5.333333333333333
},
niom: {
"Number": 10,
"Score": 5.333333333333333
1,
nigms
"Number": 11,
"Score": 5.333333333333333
},
n13n: |
"Number": 13,
"Score": 5.333333333333333
},
nian: |
"Number": 14,
"Score": 5.333333333333333
¥
+
}
}
¥
}
T,
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers.TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {
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"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String, System.String, System.Int32)",
"Lines": {
"1y {
"Number": 19,
"Score": 5.333333333333333
Y,
"20": {
"Number": 20,
"Score": 5.333333333333333
T,
"21m: A
"Number": 21,
"Score": 5.333333333333333
3
3
T,
"System.Boolean TaskManagers.TaskManager::RemoveTask (System.Int3
2)": Ao
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
"26": {
"Number": 26,
"Score": 0.0
1,
27 A{
"Number": 27,
"Score": 0.0
1,
"29": {
"Number": 29,
"Score": 0.0
1,
"32": A
"Number": 32,
"Score": 0.0
1,
"33": {
"Number": 33,
"Score": 0.0
}
by
T,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": {
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.14285714285714285

by
r,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks ()": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks ()",
"Lines": {
||43ll: {

"Number": 43,
"Score": 0.0
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"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory(System.String)",
"Lines": {
II48||: {

"Number": 48,
"Score": 0.3333333333333333

}
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority (System.Int32)",
"Lines": {
"54": {

"Number": 54,
"Score": 0.3333333333333333

b
T,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String,System.Int32)"
"Lines": {
"59n: |
"Number": 59,
"Score": 0.25

3,
"60": {
"Number": 60,
"Score": 0.25
},
"e2": {
"Number": 62,
"Score": 0.0
T,
"65": {
"Number": 65,
"Score": 0.3333333333333333
T,
"6 {
"Number": 66,
"Score": 0.3333333333333333
}
}

3,

"System.Void TaskManagers.TaskManager::.ctor()": {
"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {

nriv:

"Number": 11,

"Score": 2.6666666666666665
3,
"3t |

"Number": 13,

"Score": 2.6666666666666665
3,
n1ar: {

"Number": 14,

"Score": 2.6666666666666665
¥

b




903
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912
913
914
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916
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919
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923
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931

932
933
934
935

936
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938
939
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943
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956
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+
}
}
}
}
}
}
},
"Kulczynski": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",
"Classes": {
"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id(",
"Lines": {}
3,
"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}
1,
"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description
o,
"Lines": {}
3,
"System.Boolean TaskManagers.Task::get_IsCompleted()": {

"Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",
"Lines": {}

T,

"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category ()"
"Lines": {}

¥},

"System.Int32 TaskManagers.Task::get_Priority()": {

"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
T,

"System.Void TaskManagers.Task::Update(System.String,System.
String,System.String, System.Int32)": {

"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
||26ll: {

"Number": 26,
"Score": 0.625

},

||28ll: {
"Number": 28,
"Score": 0.625

},

"3o0": {
"Number": 30,
"Score": 0.625

},

n3in: |

"Number": 31,
"Score": 0.625




964
965
966
967

968

969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005

1006
1007
1008
1009
1010

1011

1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
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}
3,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor(System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
II5||: {

"Number": 5,
"Score": 0.7857142857142857

3,
v {
"Number": 7,
"Score": 0.7857142857142857
3,
"o {
"Number": 9,
"Score": 0.7857142857142857
3,
m10": {
"Number": 10,
"Score": 0.7857142857142857
3,
nirte |
"Number": 11,
"Score": 0.7857142857142857
},
n13t: |
"Number": 13,
"Score": 0.7857142857142857
3,
nian: |
"Number": 14,
"Score": 0.7857142857142857
}
+
}
}
}
}
1,
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers . TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String, System.String,System.Int32)",
"Lines": {
II19||: {

"Number": 19,
"Score": 0.7857142857142857

T,
II20||: {

"Number": 20,

"Score": 0.7857142857142857
T,
II21||: {

"Number": 21,

"Score": 0.7857142857142857
}




1026
1027

1028

1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052

1053

1054
1055
1056
1057
1058
1059
1060
1061

1062

1063
1064
1065
1066
1067
1068
1069
1070

1071

1072
1073
1074
1075
1076
1077
1078
1079

1080

1081
1082
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T,
"System.Boolean TaskManagers.TaskManager::RemoveTask (System.Int3
2)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
"26": {
"Number": 26,
"Score": 0.0
1,
"7 A{
"Number": 27,
"Score": 0.0
1,
"29m: {
"Number": 29,
"Score": 0.0
1,
"32": {
"Number": 32,
"Score": 0.0
1,
"33": {
"Number": 33,
"Score": 0.0
}
by
3,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": {
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.225

}
r,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks ()": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks ()",
"Lines": {
"43r: {
"Number": 43,
"Score": 0.0
}
3

T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
||48ll: {

"Number": 48,
"Score": 0.625

¥
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority (System.Int32)",
"Lines": {

nE4n: |
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1083 "Number": 54,

1084 "Score": 0.625

1085 }

1086 +

1087 T,

1088 "System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String, System.Int32)": {

1089 "Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String, System.Int32)"

1090 "Lines": {

1091 "59": {

1092 "Number": 59,

1093 "Score": 0.375

1094 T,

1095 "60": {

1096 "Number": 60,

1097 "Score": 0.375

1098 T,

1099 "e2": {

1100 "Number": 62,

1101 "Score": 0.0

1102 3,

1103 "e5": {

1104 "Number": 65,

1105 "Score": 0.625

1106 3,

1107 "e6": {

1108 "Number": 66,

1109 "Score": 0.625

1110 }

1111 +

1112 },

1113 "System.Void TaskManagers.TaskManager::.ctor()": {

1114 "Signature": "System.Void TaskManagers.TaskManager::.ctor()",

1115 "Lines": {

1116 11 {

1117 "Number": 11,

1118 "Score": 0.7

1119 +,

1120 "13n: {

1121 "Number": 13,

1122 "Score": 0.7

1123 },

1124 14 {

1125 "Number": 14,

1126 "Score": 0.7

1127 }

1128 +

1129 }

1130 }

1131 }

1132 }

1133 }

1134 +

1135 }

1136 }

1137 },

1138 "Rogers -Tanimoto": {

1139 "Assemblies": {

1140 "TaskManagers.dll": {

1141 "Name": "TaskManagers.dll",

1142 "Files": {

1143 "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {

1144 "SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",

1145 "Classes": {




1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158

1159
1160
1161
1162

1163
1164
1165
1166

1167
1168
1169
1170
1171
1172
1173

1174

1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194

1195

1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
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"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id()",
"Lines": {}
T,
"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}
T,
"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description
o,
"Lines": {}
3,
"System.Boolean TaskManagers.Task::get_IsCompleted()": {
"Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",
"Lines": {}
3,
"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category ()"
"Lines": {}
1,
"System.Int32 TaskManagers.Task::get_Priority()": {
"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
3,

"System.Void TaskManagers.Task::Update(System.String, System.

String,System.String,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
||26ll: {

"Number": 26,
"Score": 0.05263157894736842

},
"8 {

"Number": 28,

"Score": 0.05263157894736842
},
"3o0": {

"Number": 30,

"Score": 0.05263157894736842
},
"3 {

"Number": 31,

"Score": 0.05263157894736842
¥

by
r,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String

,System.String,System.String,System.Boolean, System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor (System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
||5|l: {

"Number": 5,
"Score": 0.5384615384615384

T,
||7|l: {

"Number": 7,

"Score": 0.5384615384615384
3,

ngn. {




1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232

1233
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1236
1237

1238

1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
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1253
1254
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1256
1257
1258
1259
1260
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1262
1263
1264
1265
1266
1267
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"Number": 9,
"Score": 0.5384615384615384

},
nion: {
"Number": 10,
"Score": 0.5384615384615384
T,
nigs |
"Number": 11,
"Score": 0.5384615384615384
T,
"13": {
"Number": 13,
"Score": 0.5384615384615384
T,
nian: |
"Number": 14,
"Score": 0.5384615384615384
¥
+
}
}
}
}
3,
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers.TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String,System.String,System.Int32)",
"Lines": {
II19||: {

"Number": 19,
"Score": 0.5384615384615384

+,
"20": {
"Number": 20,
"Score": 0.5384615384615384
+,
21 {
"Number": 21,
"Score": 0.5384615384615384
b
b
+,
"System.Boolean TaskManagers.TaskManager::RemoveTask(System.Int3
2" o
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
26" {

"Number": 26,
"Score": 0.0

T,

II27||: {
"Number": 27,
"Score": 0.0

T,

II29||: {

"Number": 29,
"Score": 0.0




1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279

1280

1281
1282
1283
1284
1285
1286
1287
1288

1289

1290
1291
1292
1293
1294
1295
1296
1297

1298

1299
1300
1301
1302
1303
1304
1305
1306

1307

1308
1309
1310
1311
1312
1313
1314
1315

1316

1317
1318
1319
1320
1321
1322
1323
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},
"32": {
"Number": 32,
"Score": 0.0
T,
"33n: |
"Number": 33,
"Score": 0.0
¥
3
T,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": Ao
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.3333333333333333

by
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks ()": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks (",
"Lines": {
nagn: |
"Number": 43,
"Score": 0.0
¥
}

b
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
||48ll: {

"Number": 48,
"Score": 0.05263157894736842

by
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority (System.Int32)",
"Lines": {
"4 |

"Number": 54,
"Score": 0.05263157894736842

by
r,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String,System.Int32)"
"Lines": {
"5 {
"Number": 59,
"Score": O.1111111111111111
3,
"6o": {
"Number": 60,




1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335
1336
1337
1338
1339
1340
1341
1342
1343
1344
1345
1346
1347
1348
1349
1350
1351
1352
1353
1354
1355
1356
1357
1358
1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371

1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385

1386
1387
1388
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"Score": 0.1111111111111111

3,
"2 {
"Number": 62,
"Score": 0.0
3,
"5 {
"Number": 65,
"Score": 0.05263157894736842
3,
"e6": {
"Number": 66,
"Score": 0.05263157894736842
}
}
},
"System.Void TaskManagers.TaskManager::.ctor()": {
"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {
t1rre {
"Number": 11,
"Score": 1.0
3,
"13": {
"Number": 13,
"Score": 1.0
3,
"14n: {
"Number": 14,
"Score": 1.0
}
+
}
}
}
}
}
}
}
}
},
"Seban Normalization": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",
"Classes": {
"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id(",
"Lines": {}
},
"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}
},
"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description
o,
"Lines": {}
},

"System.Boolean TaskManagers.Task::get_IsCompleted()": {




1389

1390
1391
1392
1393

1394
1395
1396
1397
1398
1399
1400

1401

1402
1403
1404
1405
1406
1407
1408
1409
1410
1411
1412
1413
1414
1415
1416
1417
1418
1419
1420
1421

1422

1423
1424
1425
1426
1427
1428
1429
1430
1431
1432
1433
1434
1435
1436
1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
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"Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",
"Lines": {}

T,

"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category ()"
"Lines": {}

T,

"System.Int32 TaskManagers.Task::get_Priority()": {

"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
T,

"System.Void TaskManagers.Task::Update(System.String,System.
String,System.String,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
"26": {

"Number": 26,
"Score": 0.0

1,

"28": {
"Number": 28,
"Score": 0.0

},

"30": {
"Number": 30,
"Score": 0.0

},

"31": {
"Number": 31,
"Score": 0.0

¥

}
1,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor (System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {

"5 {
"Number": 5,
"Score": 1.0

},

v A{
"Number": 7,
"Score": 1.0

},

"o {
"Number": 9,
"Score": 1.0

},

"1o": {
"Number": 10,
"Score": 1.0

},

"1 {
"Number": 11,
"Score": 1.0

¥,

"13": {
"Number": 13,
"Score": 1.0

},

"14m: {

"Number": 14,
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1506
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"Score":

T,

1.0

"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs":

"SourcePath":
TaskManager.cs",
"Classes": {

"C:\\Project\\DefectsSampleProject\\TaskManagers\\

"TaskManagers . TaskManager": {

"Name" :
"Methods": {

"TaskManagers.TaskManager",

{

"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.

String,System.
"Signature":

"Lines": {
II19||: {

"Number":

"Score":
1,
||20||: {

"Number":

"Score":
1,
||21||: {

"Number":

"Score":

}
3,

String,System.String,System.Int32)": {

"TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String, System.String,System.Int32)",

19,
1.0

20,
1.0

21,
1.0

"System.Boolean TaskManagers.TaskManager::RemoveTask(System.Int3

)" {
"Signature":
RemoveTask (System.Int32)",
"Lines": {
"26": {

"Number":

"Score":
1,
27 {

"Number":

"Score":
1,
"29n: {

"Number":

"Score":
},
"32": {

"Number":

"Score":
1,
II33||: {

"Number":

"Score":

}
3,
"TaskManagers
2y A
"Signature":
GetTask (System.Int32)",
"Lines": {
"38": {

"System.Boolean TaskManagers.TaskManager::

26,
0.0

27,
0.0

29,
0.0

32,
0.0

33,
0.0

"TaskManagers.Task TaskManagers.TaskManager::

.Task TaskManagers.TaskManager::GetTask(System.Int3




1510
1511
1512
1513
1514
1515

1516
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1527
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1537
1538
1539
1540
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1542

1543

1544
1545
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"Number": 38,
"Score": 0.0

3
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks () ": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks ()",
"Lines": {
"4z {

"Number": 43,
"Score": 0.0

b
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
ragh: {
"Number": 48,
"Score": 0.0
}
¥

b
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority (System.Int32)",
"Lines": {
"sar:

"Number": 54,
"Score": 0.0

by
T,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask(System.Int32,System.String,System.String,System.String,System.Int32)"

>

"Lines": {
nggn . {
"Number": 59,
"Score": 0.0
T,
nEO": {
"Number": 60,
"Score": 0.0
},
||62ll: {
"Number": 62,
"Score": 0.0
},
nsn: |

"Number": 65,
"Score": 0.0

},

||66ll: {
"Number": 66,
"Score": 0.0

}

}
3,
"System.Void TaskManagers.TaskManager::.ctor()": {




Appendix F. EXAM Score 187

1568 "Signature": "System.Void TaskManagers.TaskManager::.ctor()",

1569 "Lines": {

1570 i {

1571 "Number": 11,

1572 "Score": 0.0

1573 T,

1574 "13n: {

1575 "Number": 13,

1576 "Score": 0.0

1577 T,

1578 14 {

1579 "Number": 14,

1580 "Score": 0.0

1581 3

1582 }

1583 }

1584 }

1585 }

1586 by

1587 3

1588 b

1589 }

1590 }

1591 1,

1592 "Tarantula & Sampaio": {

1593 "Assemblies": {

1594 "TaskManagers.dll": {

1595 "Name": "TaskManagers.dll",

1596 "Files": {

1597 "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {

1598 "SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",

1599 "Classes": {

1600 "TaskManagers.Task": {

1601 "Name": "TaskManagers.Task",

1602 "Methods": {

1603 "System.Int32 TaskManagers.Task::get_Id()": {

1604 "Signature": "System.Int32 TaskManagers.Task::get_Id(O",

1605 "Lines": {}

1606 },

1607 "System.String TaskManagers.Task::get_Title()": {

1608 "Signature": "System.String TaskManagers.Task::get_Title()",

1609 "Lines": {}

1610 },

1611 "System.String TaskManagers.Task::get_Description()": {

1612 "Signature": "System.String TaskManagers.Task::get_Description
o,

1613 "Lines": {}

1614 3,

1615 "System.Boolean TaskManagers.Task::get_IsCompleted()": {

1616 "Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",

1617 "Lines": {7}

1618 T,

1619 "System.String TaskManagers.Task::get_Category()": {

1620 "Signature": "System.String TaskManagers.Task::get_Category()"

1621 "Lines": {}

1622 3,

1623 "System.Int32 TaskManagers.Task::get_Priority()": {

1624 "Signature": "System.Int32 TaskManagers.Task::get_Priority ()",

1625 "Lines": {}

1626 3,

1627 "System.Void TaskManagers.Task::Update(System.String, System.
String,System.String,System.Int32)": {

1628 "Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",




1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648

1649

1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686

1687
1688
1689
1690
1691
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"Lines": {

"26": {
"Number": 26,
"Score": 1.0

},

"28": {
"Number": 28,
"Score": 1.0

},

"30": {
"Number": 30,
"Score": 1.0

},

n3in: |
"Number": 31,
"Score": 1.0

}

}

T,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String, System.Boolean,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor(System.Int3
2,8ystem.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
"sr: |
"Number": 5,
"Score": 0.823529411764706
1,
" A
"Number": 7,
"Score": 0.823529411764706
1,
"or: {
"Number": 9,
"Score": 0.823529411764706
1,
"1o": {
"Number": 10,
"Score": 0.823529411764706
1,
"1 {
"Number": 11,
"Score": 0.823529411764706
3,
"13": {
"Number": 13,
"Score": 0.823529411764706
3,
"14n: {
"Number": 14,
"Score": 0.823529411764706
by
by
b
}
b
}
T,
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers.TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {




1692

1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1705
1706
1707
1708

1709

1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731
1732
1733

1734

1735
1736
1737
1738
1739
1740
1741
1742

1743

1744
1745
1746
1747
1748
1749
1750
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"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String, System.String,System.Int32)",
"Lines": {
II19||: {

"Number": 19,
"Score": 0.823529411764706

T,
"20": {
"Number": 20,
"Score": 0.823529411764706
T,
"21n: {
"Number": 21,
"Score": 0.823529411764706
¥
}
T,
"System.Boolean TaskManagers.TaskManager::RemoveTask (System.Int3
2)": Ao
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
"26": {
"Number": 26,
"Score": 0.0
T,
w27 |
"Number": 27,
"Score": 0.0
T,
"29n: |
"Number": 29,
"Score": 0.0
T,
"32n: {
"Number": 32,
"Score": 0.0
T,
"33": {
"Number": 33,
"Score": 0.0
}
}
3,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": o
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.3191489361702128

b
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks () ": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks ()",
"Lines": {
II43||: {

"Number": 43,
"Score": 0.0




1751

1752

1753
1754
1755
1756
1757
1758
1759
1760

1761

1762
1763
1764
1765
1766
1767
1768
1769

1770

1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
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"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
"agh: {
"Number": 48,
"Score": 1.0
¥
3

T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority (System.Int32)",
"Lines": {
"54m: {
"Number": 54,
"Score": 1.0
}
b

r,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String,System.Int32)"
"Lines": {
"59": {
"Number": 59,
"Score": 0.75

},

"e0": {
"Number": 60,
"Score": 0.75

},

ne2n: |
"Number": 62,
"Score": 0.0

},

"e5": {
"Number": 65,
"Score": 1.0

},

"6 {
"Number": 66,
"Score": 1.0

¥

}

1,

"System.Void TaskManagers.TaskManager::.ctor()": {
"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {

nrv: {
"Number": 11,
"Score": 0.625

},

"3 {
"Number": 13,
"Score": 0.625

},

n1gv: {
"Number": 14,
"Score": 0.625

¥

}




Appendix F. EXAM Score 191

1811 }

1812 }

1813 }

1814 3

1815 }

1816 }

1817 ¥

1818 1,

1819 "Sokal Sneath & Sampaio": {

1820 "Assemblies": {

1821 "TaskManagers.dll": {

1822 "Name": "TaskManagers.dll",

1823 "Files": {

1824 "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {

1825 "SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",

1826 "Classes": {

1827 "TaskManagers.Task": {

1828 "Name": "TaskManagers.Task",

1829 "Methods": {

1830 "System.Int32 TaskManagers.Task::get_Id()": {

1831 "Signature": "System.Int32 TaskManagers.Task::get_Id()",

1832 "Lines": {}

1833 3,

1834 "System.String TaskManagers.Task::get_Title()": {

1835 "Signature": "System.String TaskManagers.Task::get_Title()",

1836 "Lines": {}

1837 3,

1838 "System.String TaskManagers.Task::get_Description()": {

1839 "Signature": "System.String TaskManagers.Task::get_Description
o,

1840 "Lines": {}

1841 },

1842 "System.Boolean TaskManagers.Task::get_IsCompleted()": {

1843 "Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",

1844 "Lines": {}

1845 T,

1846 "System.String TaskManagers.Task::get_Category()": {

1847 "Signature": "System.String TaskManagers.Task::get_Category ()"

1848 "Lines": {}

1849 3,

1850 "System.Int32 TaskManagers.Task::get_Priority()": {

1851 "Signature": "System.Int32 TaskManagers.Task::get_Priority ()",

1852 "Lines": {}

1853 3,

1854 "System.Void TaskManagers.Task::Update(System.String,System.
String,System.String,System.Int32)": {

1855 "Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",

1856 "Lines": {

1857 "26": {

1858 "Number": 26,

1859 "Score": 0.16666666666666666

1860 T,

1861 "28": {

1862 "Number": 28,

1863 "Score": 0.16666666666666666

1864 T,

1865 "30": {

1866 "Number": 30,

1867 "Score": 0.16666666666666666

1868 T,

1869 "31": {

1870 "Number": 31,

1871 "Score": 0.16666666666666666




1872
1873
1874
1875

1876

1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899
1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911
1912
1913

1914
1915
1916
1917
1918

1919

1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
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}
3
T,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean,System.Int32)": {
"Signature": "System.Void TaskManagers.Task::.ctor(System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
"5 o
"Number": 5,
"Score": 0.5185185185185185
1,
v A
"Number": 7,
"Score": 0.5185185185185185
1,
"9 {
"Number": 9,
"Score": 0.5185185185185185
1,
m1ov: {
"Number": 10,
"Score": 0.5185185185185185
1,
mrv: {
"Number": 11,
"Score": 0.5185185185185185
1,
"3 {
"Number": 13,
"Score": 0.5185185185185185
1,
mian: |
"Number": 14,
"Score": 0.5185185185185185
}
by
}
}
}
}
1,
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers.TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String,System.String, System.Int32)",
"Lines": {
||19ll: {

"Number": 19,
"Score": 0.5185185185185185

T,
||20ll: {

"Number": 20,

"Score": 0.5185185185185185
T,
||21ll: {

"Number": 21,

"Score": 0.5185185185185185
¥




1934
1935

1936

1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960

1961

1962
1963
1964
1965
1966
1967
1968
1969

1970

1971
1972
1973
1974
1975
1976
1977
1978

1979

1980
1981
1982
1983
1984
1985
1986
1987

1988

1989
1990
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3,
"System.Boolean TaskManagers.TaskManager::RemoveTask (System.Int3
2)": Ao
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
"26": {
"Number": 26,
"Score": 0.0
T,
w27y A{
"Number": 27,
"Score": 0.0
T,
"29": {
"Number": 29,
"Score": 0.0
T,
32" {
"Number": 32,
"Score": 0.0
T,
"33": |
"Number": 33,
"Score": 0.0
}
X
3,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": o
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.4166666666666667

}
},
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks () ": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks ()",
"Lines": {
"a3n:
"Number": 43,
"Score": 0.0
}

}
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
"48": {

"Number": 48,
"Score": 0.16666666666666666

}
},
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority (System.Int32)",
"Lines": {

"s4n: {




1991
1992
1993
1994
1995
1996

1997

1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052

2053

194

Appendix F. EXAM Score

"Number":
"Score":

}
T,

54,
0.16666666666666666

"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {

"Signature":
UpdateTask(System.Int32,System.
"Lines": {
||59ll: {
"Number":
"Score":
},
||60ll: {
"Number":
"Score":
},
||62ll: {
"Number":
"Score":
},
||65ll: {
"Number":
"Score":
},
"e6": {
"Number":
"Score":

}
+,

"System.Void TaskManagers.TaskManager::

"Signature":

"System.Boolean TaskManagers.TaskManager::
String,System.String,System.String, System.Int32)"

59,
0.26666666666666666

60,
0.26666666666666666

62,
0.0

65,
0.16666666666666666

66,
0.16666666666666666

.ctor O": {

"System.Void TaskManagers.TaskManager::.ctor()",

11,
0.5555555555565556

13,
0.55555555555655556

14,
0.5555555555555556

"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {

"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.

"Lines": {
mpine o
"Number":
"Score":
},
"13n: o
"Number":
"Score":
},
AL
"Number":
"Score":
¥
¥
}
}
}
¥
}
¥
}
}
},
"Roger -Tanimoto & Sampaio": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"SourcePath":
cs",

"Classes": {




2054
2055
2056
2057
2058
2059
2060
2061
2062
2063
2064
2065
2066

2067
2068
2069
2070

2071
2072
2073
2074

2075
2076
2077
2078
2079
2080
2081

2082

2083
2084
2085
2086
2087
2088
2089
2090
2091
2092
2093
2094
2095
2096
2097
2098
2099
2100
2101
2102

2103

2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
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"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {

"Signature": "System.Int32 TaskManagers.Task::get_Id(O",
"Lines": {}

T,

"System.String TaskManagers.Task::get_Title()": {

"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}

T,

"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description

o,
"Lines": {}

},

"System.Boolean TaskManagers.Task::get_IsCompleted()": {
"Signature": "System.Boolean TaskManagers.Task::

get_IsCompleted (D",
"Lines": {}

},

"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category()"
"Lines": {}

},

"System.Int32 TaskManagers.Task::get_Priority()": {

"Signature": "System.Int32 TaskManagers.Task::get_Priority ()",
"Lines": {}
},

"System.Void TaskManagers.Task::Update(System.String, System.
String,System.String,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
II26||: {

"Number": 26,
"Score": 0.09523809523809523

1,
28" {

"Number": 28,

"Score": 0.09523809523809523
1,
"30": {

"Number": 30,

"Score": 0.09523809523809523
1,
31 {

"Number": 31,

"Score": 0.09523809523809523
}

b
3,
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor (System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {
II5I|: {

"Number": 5,
"Score": 0.4666666666666667

},
II7I|: {

"Number": 7,

"Score": 0.4666666666666667
1,

ngn. {




2114
2115
2116
2117
2118
2119
2120
2121
2122
2123
2124
2125
2126
2127
2128
2129
2130
2131
2132
2133
2134
2135
2136
2137
2138
2139
2140

2141
2142
2143
2144
2145

2146

2147
2148
2149
2150
2151
2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162

2163

2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174
2175
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"Number": 9,
"Score": 0.4666666666666667
},
n1om: |
"Number": 10,
"Score": 0.4666666666666667
Y,
"1 A{
"Number": 11,
"Score": 0.4666666666666667
T,
"13": {
"Number": 13,
"Score": 0.4666666666666667
T,
"4y {
"Number": 14,
"Score": 0.4666666666666667
¥
}
+
+
}
}
},
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers.TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String,System.String, System.Int32)",
"Lines": {
||19ll: {

"Number": 19,
"Score": 0.4666666666666667

},
"20": {
"Number": 20,
"Score": 0.4666666666666667
},
21 {
"Number": 21,
"Score": 0.4666666666666667
}
by
+,
"System.Boolean TaskManagers.TaskManager::RemoveTask(System.Int3
2)": A
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
26" {

"Number": 26,
"Score": 0.0

},

||27ll: {
"Number": 27,
"Score": 0.0

},

||29ll: {
"Number": 29,
"Score": 0.0




2176
2177
2178
2179
2180
2181
2182
2183
2184
2185
2186
2187

2188

2189
2190
2191
2192
2193
2194
2195
2196

2197

2198
2199
2200
2201
2202
2203
2204
2205

2206

2207
2208
2209
2210
2211
2212
2213
2214

2215

2216
2217
2218
2219
2220
2221
2222
2223

2224

2225
2226
2227
2228
2229
2230
2231
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T,
32" {
"Number": 32,
"Score": 0.0
T,
"33n: {
"Number": 33,
"Score": 0.0
¥
}
I
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": A
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask (System.Int32)",
"Lines": {
"38": {

"Number": 38,
"Score": 0.3448275862068966

b
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks () ": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAllTasks ()",
"Lines": {
nagn: {
"Number": 43,
"Score": 0.0
}
}

I
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
vagn: {

"Number": 48,
"Score": 0.09523809523809523

}
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers . TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority (System.Int32)",
"Lines": {
"4 {

"Number": 54,
"Score": 0.09523809523809523

b
T,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String, System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String,System.Int32)"
"Lines": {
"59": {
"Number": 59,
"Score": 0.17391304347826086
T,
"60": {
"Number": 60,
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"Score": 0.17391304347826086
},
"e2": {
"Number": 62,
"Score": 0.0
},
"e5": {
"Number": 65,
"Score": 0.09523809523809523
},
"66": {
"Number": 66,
"Score": 0.09523809523809523
}
¥
3,
"System.Void TaskManagers.TaskManager::.ctor()": {
"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {
"1 A{
"Number": 11,
"Score": 0.5555555555555556
},
"13m: {
"Number": 13,
"Score": 0.5555555555555556
},
"14n: {
"Number": 14,
"Score": 0.5555555555555556
}
}
}
+
}
}
}
}
}
}
},
"Simple Matching & Sampaio": {
"Assemblies": {
"TaskManagers.dll": {
"Name": "TaskManagers.dll",
"Files": {
"C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\Task.
cs",
"Classes": {
"TaskManagers.Task": {
"Name": "TaskManagers.Task",
"Methods": {
"System.Int32 TaskManagers.Task::get_Id()": {
"Signature": "System.Int32 TaskManagers.Task::get_Id(",
"Lines": {}
3,
"System.String TaskManagers.Task::get_Title()": {
"Signature": "System.String TaskManagers.Task::get_Title()",
"Lines": {}
3,
"System.String TaskManagers.Task::get_Description()": {
"Signature": "System.String TaskManagers.Task::get_Description
o,
"Lines": {}
3,

"System.Boolean TaskManagers.Task::get_IsCompleted()": {
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2321
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2326
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2330
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2333
2334
2335
2336
2337
2338
2339
2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357

Appendix F. EXAM Score 199

"Signature": "System.Boolean TaskManagers.Task::
get_IsCompleted ()",
"Lines": {}

},

"System.String TaskManagers.Task::get_Category()": {
"Signature": "System.String TaskManagers.Task::get_Category ()"
"Lines": {}

T,

"System.Int32 TaskManagers.Task::get_Priority()": {

"Signature": "System.Int32 TaskManagers.Task::get_Priority()",
"Lines": {}
T,

"System.Void TaskManagers.Task::Update(System.String,System.
String,System.String,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::Update(System.
String,System.String,System.String,System.Int32)",
"Lines": {
"26": {
"Number": 26,
"Score": 0.1
T,
"28": |
"Number": 28,
"Score": 0.1
T,
"30": {
"Number": 30,
"Score": 0.1
T,
"31n: {
"Number": 31,
"Score": 0.1
}
X

T
"System.Void TaskManagers.Task::.ctor(System.Int32,System.String
,System.String,System.String,System.Boolean,System.Int32)": {

"Signature": "System.Void TaskManagers.Task::.ctor (System.Int3
2,System.String,System.String,System.String,System.Boolean,System.Int32)",
"Lines": {

"5 {

"Number": 5,

"Score": 0.5384615384615384
T,
wyns {

"Number": 7,

"Score": 0.5384615384615384
T,
won: {

"Number": 9,

"Score": 0.5384615384615384
T,
"10": {

"Number": 10,

"Score": 0.5384615384615384
T,
"1t {

"Number": 11,

"Score": 0.5384615384615384
T,
"13": {

"Number": 13,

"Score": 0.5384615384615384
T,
t14n: {

"Number": 14,
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"Score": 0.5384615384615384
}
}
}
}
}
}
},
"C:\\Project\\DefectsSampleProject\\TaskManagers\\TaskManager.cs": {
"SourcePath": "C:\\Project\\DefectsSampleProject\\TaskManagers\\
TaskManager.cs",
"Classes": {
"TaskManagers . TaskManager": {
"Name": "TaskManagers.TaskManager",

"Methods": {
"TaskManagers.Task TaskManagers.TaskManager::AddTask(System.
String,System.String,System.String,System.Int32)": {

"Signature": "TaskManagers.Task TaskManagers.TaskManager::
AddTask (System.String,System.String, System.String,System.Int32)",
"Lines": {
"1 {

"Number": 19,
"Score": 0.5384615384615384

3,
"20": {
"Number": 20,
"Score": 0.5384615384615384
3,
"21m: A
"Number": 21,
"Score": 0.5384615384615384
}
b
T,
"System.Boolean TaskManagers.TaskManager::RemoveTask(System.Int3
2)": A
"Signature": "System.Boolean TaskManagers.TaskManager::
RemoveTask (System.Int32)",
"Lines": {
26" {
"Number": 26,
"Score": 0.0
},
27 A{
"Number": 27,
"Score": 0.0
3,
29 {
"Number": 29,
"Score": 0.0
},
32" {
"Number": 32,
"Score": 0.0
},
"33 {
"Number": 33,
"Score": 0.0
}
b
T,
"TaskManagers.Task TaskManagers.TaskManager::GetTask(System.Int3
2)": A
"Signature": "TaskManagers.Task TaskManagers.TaskManager::
GetTask(System.Int32)",
"Lines": {

"3g": {
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"Number": 38,
"Score": 0.35714285714285715

}
T,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetAllTasks ()": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetAl1lTasks ()",
"Lines": {
"43": {

"Number": 43,
"Score": 0.0

b
3,
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByCategory (System.String)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByCategory (System.String)",
"Lines": {
48" {
"Number": 48,
"Score": 0.1
b

}
},
"System.Collections.Generic.List ‘1<TaskManagers.Task>
TaskManagers.TaskManager::GetTasksByPriority (System.Int32)": {

"Signature": "System.Collections.Generic.List ‘1<TaskManagers.
Task> TaskManagers.TaskManager::GetTasksByPriority(System.Int32)",
"Lines": {
"4 |
"Number": 54,
"Score": 0.1
}

}
3,
"System.Boolean TaskManagers.TaskManager::UpdateTask(System.Int3
2,System.String,System.String,System.String,System.Int32)": {
"Signature": "System.Boolean TaskManagers.TaskManager::
UpdateTask (System.Int32,System.String,System.String,System.String, System.Int32)"
"Lines": {
"59": {
"Number": 59,
"Score": 0.18181818181818182

T,

II60||: {
"Number": 60,
"Score": 0.18181818181818182

T,

II62||: {
"Number": 62,
"Score": 0.0

T,

II65||: {
"Number": 65,
"Score": 0.1

T,

II66||: {
"Number": 66,
"Score": 0.1

}

+
},
"System.Void TaskManagers.TaskManager::.ctor()": {
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"Signature": "System.Void TaskManagers.TaskManager::.ctor()",
"Lines": {
niin {

"Number": 11,
"Score": 0.625

},

"3t {
"Number": 13,
"Score": 0.625

},

nian: {
"Number": 14,
"Score": 0.625

¥

Listing F.7: Defects Sample Project - TaskManagers - Suspiciousness Results
from Fault Detector .NET CLI




