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Abstract

Many applications are developed with a lot of different purposes and can provide quality output.
Nevertheless, crashes still happen. Many techniques such as unit testing, peer-reviewing, or crash
reproduction are being researched to improve quality by reducing crashes. This thesis contributes to
the fast evolving field of research on crash reproduction tools. These tools seek better reproduction
with minimum information as input while delivering correct outputs in various scenarios. Different
approaches have previously been tested to gather input-output data, also called benchmarks, but
they often take time and manual effort to be usable. The research documented in this thesis
endeavours to synthesize crashes using mutation testing to serve as input for crash reproduction
tools.
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Chapter 1

Introduction

A software application is designed to perform a variety of tasks. Many applications can achieve
similar goals but the execution is what can make the difference. These applications are defined not
only by their purposes but also by their quality set. ISO 9126-1 [4] characterizes software quality
according to 6 main categories:

e Functionality
o Reliability
Usability
Efficiency

e Maintainability
Portability

In this thesis, we will focus on Reliability which, according to the ISO 9126-1 standard, is
defined as “The capability of the software product to maintain a specified level of performance
when used under specified conditions” [4].

To achieve a greater result in Reliability multiple techniques exist such as error handling and
unit testing. This handful of techniques only covers errors for which a test is written. An ap-
proach called mutation testing ensures that unit tests are good enough. Mutation testing works
by changing some minor part of the code and creating altered versions of the application called
mutants. These mutants are then executed against the unit tests. If a mutant survives all the
tests, it generally means a test is not complete or missing. These techniques ensure that most of
the code is covered by the tests.

Despite all the ways to avoid crashes, not all the scenarios can be covered and Exceptions
will happen. A good way to fix a crash is to be able to reproduce it. Multiple techniques for
crash reproduction exist, sometimes involving the collection of information at runtime, sometimes
requiring stack traces. Crash reproduction tools are not easy to build and optimize and needs to
be assessed under various situations to ensure quality output. The evaluation is done with a set
of Exceptions where the origin of the Exception is known, such datasets combining inputs and
outputs are called benchmarks.

Techniques exist to mine crashes from issue trackers, and related source code but these ap-
proaches take a lot of time and resources to be produced. This thesis is looking for an approach
to synthesize controlled faulty codes on demand to be able to test crash reproduction approaches
in a large variety of situations.

First, the thesis provides background by defining the state of the art of crash reproduction,
listing the used tools and presenting existing benchmarks. The following chapter presents the
research method used to verify if mutation testing can be used to synthesize crashes. Subsequently
limitations are considered. Finally, gathered information and data analysis findings are summarised
in the conclusion.






Chapter 2

Background

This chapter will present the elements used during the research, starting with theoretical aspects
of Java, applications and benchmarks followed by some techniques to build benchmarks and some
of the already existing benchmarks. Finally, we will go through the theory of mutation testing and
some available tools.

2.1 Java Exceptions

An Exception or Exceptional event is a problem that can happen at runtime. When an Exception
arises, the flow of the application is disrupted. If the program does not catch the exception using
try-catch, the program will crash. Most Exceptions are caused by the application itself but they
can also arise with user errors or failures of physical resources.

Exceptions can be categorised as:

e Application Exceptions
— Thrown in case of exceptional conditions
e Runtime Exceptions: generated by Java runtime

— Programming errors: that can be caused by arithmetic errors, for example dividing by
0

— Pointer exceptions: can be caused by access object through null reference

— Indexing exceptions can be caused by access array out of range

The focus of this research will be on Runtime Exceptions and particularly on:

e IllegalArgumentException H Thrown to indicate that a method has been passed an
illegal or inappropriate argument.

. ArrayIndexOutOfBoundsExceptio Thrown to indicate that an array has been ac-
cessed with an illegal index. The index is negative, “greater than” or “equal to” the size of
the array.

. IllegalArgumentExceptio Thrown to indicate that a method has been called using an
illegal or inappropriate argument.

2.2 Crash Reproduction

Despite many efforts, crashes are still common and can arise when unforeseen conditions are met.
Being able to reproduce them makes it much easier to locate the exceptions root cause and allows
a fix.

Thttps://docs.oracle.com/javase/7/docs/api/java/lang/Tllegal Argument Exception.html
2https://docs.oracle.com/javase/7/docs/api/java/lang/ArrayIndexOutOfBoundsException.html
3https://docs.oracle.com/javase/7/docs/api/java/lang/Tllegal Argument Exception.html

7
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Crash Reproduction tools

Different approaches have been studied to replicate the crashes. They all face their challenges that
we will approach in this section. Most lack coverage simply because they need input associated
with outputs to assess their quality. These tools would ideally need a large variety of crashes and
their root causes to ensure they cover different situations. We will list some approaches associated
with some tools, this will help us understand the need and necessity of our research.

Record-Replay

This technique uses the runtime data to try and reproduce the exception [13] [9]. This approach
requires software and/or hardware to monitor objects and methods when an exception occurs.
The source of limitation is that data needs to be collected before the crash happens, which can
cause additional cost, performance overhead, and privacy concerns when the data needs to leave
customer infrastructure. Some approaches such as SymCrash [13] will select data to be recorded
to minimize overhead.

Post-failure

To overcome the issue of overhead, the post-failure approach analyzes the crash after the crash
happened. The advantage is that no runtime data are required [7] [8]. To apply post-failure crash
reproduction, only data collected by the crash reproduction system such as logs or crash stack
traces are required. This technique also has some limitations, an advanced tools such as STAR |[7]
is not able to handle external or environmental dependencies and complex logic.

Some approaches use bug reporting to allow reproduction of the issue, in android, this reporting
contains user interaction and GUI components [14].

Post-failure: Search based

This approach [6] [12] |10] allows to automatically generate test cases. The latest techniques use
a Guided Genetic Algorithm and take advantage of the stack trace to find a unit test that can
reproduce the exception.

2.3 Benchmark

In our context, the benchmark consists of a set of entries that allow testing a crash reproduc-
tion tool. The benchmark is a pair Crash/crash source that allows assessing the quality of the
reproduction tool.

We have defined, the essential pieces of information as:

e Exception(s)
e Source of exception, specific line(s) in file(s)

The information can be extended to add the Stack Trace, which can support the reproduction
of the exception. Stack Trace allows you to understand the route that led to the exception and can
be used in crash reproduction tools. We have identified some approaches to build benchmarks.

Repository Mining

Repository Mining is taking advantage of the decentralized source code management and allows
automated or semi-automated research in the repository based on data it contains such as source
code, keywords, and Q&A [1]. In our case, the source of the application will need to have the
source code available as well as a list of bugs with ideally their resolution. GitHub covers all these
criteria. While Github is a large source of repositories, the research is tedious and will require
human processing to filter and clean the data. The techniques used to mine have also a major
impact which could add a bias to the dataset produced [11].
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JCrashPack J craShPackHiS a “Java Crash Reproduction Benchmark”. This dataset is currently
used as an input to assess the capabilities of crash reproduction tools such as EvoCrash |°| and
Botsing [8].

The current collection of faulty programs was built through intensive repository mining. The
result of this research is JcrashPack. This benchmark contains a collection of 200 binaries and
stack traces that lead to crash(es). As mentioned earlier, the process to collect such a benchmark
can be time consuming, JCrashPack took about 4.5 person-months to be finalized.

2.4 Mutation testing

As mentioned earlier, unit testing is a powerful way to ensure that the code behaves as expected.
The downside of the method is that the set of unit tests might be incomplete thus leaving some
part of the code uncovered or not fully covered. Mutation testing [3] [5] helps to ensure that most
of the code is covered by doing minor changes in the source code before going through the unit
testing. These altered codes are called mutants and the alterations are called mutations. The idea
is that if a mutant survives the tests, it may indicate that an area of the code is left without test
or with an incomplete test. The developer should complete the set of tests to cover the said part
of the code.

To ensure an effective assessment of the mutations, they need to affect only a very specific part
of the code. This will ensure that the source can be isolated and tested. One of the issues of this
method is that it can create a large number of mutations with only a few percentages, according
to Mutation “Testing Advances: An Analysis and Survey” [5] it would be only 5% useful mutants.
Fortunately, different tools exist allowing us to create mutants and automatically run them against
unit tests.

Pitest

Pitest [2] is a tool that uses mutation testing to ensure test coverage of the code. Pitest creates
mutants, then runs them against the unit test and generates a report containing the mutations
with the result whether they passed the test or not. The tool contains over 80 mutations grouped
in 29 categories that can be selected by the user. The user also has the possibility to modify or
add mutations to match their specific needs.

Here is a sample of mutations available, Conditional mutations:

Original conditional Mutated conditional

< <=

< <=

> >=
>= >

2.5 Dataset

For our research, we will use an existing dataset that allows us to ensure qualitative and quantitative
inputs to build our results. We have compared 2 datasets and selected the one which is closer to
our requirements.

Defects4j

The first dataset is Defects4J [ which is a collection of 835 bugs that can be reproduced. While
it contains a large amount of data and has well-documented information, the presentation of the
data makes it difficult for batch analyzes.

4https://github.com/STAMP-project/JCrashPack
Shttps://github.com/STAMP-project/EvoCrash
Shttps://github.com/rjust/defects4;
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BugSwarm

The second dataset is BugSWar consists of a dataset of software bugs and their fix and is available
for download. It holds over 3000 entries with 2800 exceptions for Java and Python with detailed
metadata, and over 100 parameters for each entry. It contains, for example, the exception and the
job information. The entries are qualitative, well maintained, and expanding over time. The data
are available to be downloaded as JSON which makes it convenient for batch analysis and data
selection. The decisive parameter for the choice of this dataset is the presentation, the quality, and
the quantity of the data.

"www.bugswarm.org



Chapter 3

Approach

The following chapter describes the research method used, the results and discussion over the
results.

Crash reproduction tools are progressing and approaches are getting more precise without any
extra cost in terms of performance of the applications. To test their assumptions and ensure better
quality of the crash reproduction, the tools require qualitative benchmarks. Multiple initiatives
have been taken to collect data that can be used as benchmarks such as repository mining. This
set of bugs creates a large benchmark but these approaches are time-consuming, and can only
cover open-source code and errors that have already happened.

The bigger and more diverse the benchmark, the better. With this in mind, the goal is to be
able to create diverse faulty programs. This allows to significantly increase the benchmark and
thus the quality of crash reproduction tools.

3.1 Overview

The present research went through the following steps to evaluate the possibility to synthesize
crashing programs using mutation testing.

Select Dataset The goal is to synthesize crashes to build a large and diverse benchmark. The
first step is to define how. In this research, we will study the possibility to break programs. To
ensure it is possible to create crashable programs, our starting point is to find a dataset that
contains programs that were fixed that we will try to unfiz. This will ensure that if we can revert
the fix, the exception will occur again. The operations to unfix will be done using mutation testing
techniques. The mutation techniques involve selecting and applying mutations to a specific part
of the code. These mutations are minor and controlled alterations of the code such as turning a
condition to always be false. By choosing from the mutations testing list we allow replication of
the research.

BugSwarm is a solid dataset that contains most of the information we need to pursue our
research.

Select Data Once we master the dataset, we will analyze it and extract the entries that match
the definition of our scope from the whole dataset.

Data Analysis The next step is analyzing the data selected through the qualitative method.
The analysis consists of isolating the fix.

Application After the fix is isolated we can define and select mutations that allow the fix to be
altered and trigger the exception raised before the fix.

Summary Once the analysis is complete, we will be able to gather the useful mutations that
can be used to generate controlled crashable applications.

11
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Select Dataset Select Data Data Analysis Application Summary

Finding suitable

dataset, Select data within Analyse the Find a mutation Summarize
containing —» to the scope from data —»{ that canrevert > Define useful
bugs and their the dataset to isolate the fix the fix mutations
correction

Figure 3.1: Evaluation steps

3.2 Java Bug creation

The goal of the Benchmarks is to assess the quality of Crash Reproduction tools. The entries in
a Benchmark need to have the necessary information to be able to recreate the output using the
Crash Reproduction tools. In other words, the creation of the bug needs to be controlled to be
usable.

The approach chosen in the research is to find known faulty programs with their resolution.
Through an analysis of the code before and after the resolution, we can try to characterize and
point to the origin and the fix of the Exception. Once the origin of the Exception is identified we
will use mutations to revert the fix.

BugSwarm provides a dataset with the exception type and the code before and after resolution.

3.3 Select Dataset

As presented in the Background the dataset we will use is BugSwarm, it consists of a large and
well-documented dataset that contains the necessary information that we can use as a foundation
for our research.

The dataset is downloaded as a JSON file with over 100 metadata. We will focus on 2 interesting
key-pairs:

o diff_url: The GitHub URL that indicates the faulty code and resolved code,

e exceptions: An array that contains the exceptions in the faulty code.
For the sake of the research a name/value pair was added for each entry:

e exceptions_details: will hold the characterized change done in the code by studying the
before/after diff_url

For each entry, the key-pair exceptions_details are added. The value will hold some details
about the possible source of the exception.

To frame and sort the data held in the JSON, we wrote a python script. This allows to save
the following important information as CSV :

o diff _url
e exceptions

e exceptions_details

3.4 Select Data

The first step is data selection. For the scope of the thesis we will focus on Java projects. Python
was the tool used to handle, sort and plot the data. BugSwarm mines the data from the jobs
instead of the builds, the build may include multiple jobs with different configurations. This
induces duplicate exceptions. Using the diff_url we will remove duplicates. Keeping only singular
Java entries leaves us with a dataset of 1130 entries. It is to be noted that some jobs have raised
multiple exceptions and some jobs do not have associated exceptions. No explicit Exception would
be thrown if for example dependencies are missing. The result is that the number of entries in
the dataset is not necessarily equal to the number of exceptions. The 1st analysis is defining the
distribution of the exceptions listed in the dataset.
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Figure is showing how the top 15 Exception occurrences in the Java BugSwarm entries are

distributed.
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Figure 3.2: BugSwarm Exceptions distribution (1 to 15)

Looking at the top 3 exceptions thrown:

¢ no Exceptions: can happen due to missing dependency,
e AssertionError: indicate a failed assertion, the assertion is used in test to check an as-

sumption,
¢ NullPointerException: indicate that the application attempted to use null when an object
is required.
Since No Exceptions and AssertionError do not create crashes at runtime, they are not part of

our scope. AssertionError is used in unit testing, this makes it not relevant for our current research.
For visibility and to match the scope we can remove 'no Exceptions’ and ’AssertionError’.

Figure [3.3]is showing how the top 3 to 15 Exception occurrences are distributed.
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BugSwarm reported exceptions cleaned
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Figure 3.3: BugSwarm Exceptions distribution (3 to 15)

Figure [3.4] summarizes the steps that lead to our dataset to select the necessary data that will
be used for the study, starting by removing duplicates, selecting the Java programming language
then removing the data without exceptions and assertion errors that are only associated with test

update.
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Duplicate
(485)

Python
(1198)

NullPointerExce ption
(120)

Exceptions reported in
BugsWarm In scope (153)
(2813)

lllegalArgumentException
(24)

Unique ArraylndexOutOfBoundsE
(2328) xception

Java (9)
(1130)

No Exceptions

(559)
Out of scope (977)

Others (417)

Figure 3.4: Data sorting and cleaning (not scaled)

3.5 Data Analysis

Now that we have selected our data for the scope of the project, we will analyze crashes of 3
exceptions type to validate the concept of our research. These exceptions are part of the most
referenced issue in the BugSwarm dataset and can be reproduced fairly easily.

¢ NullpointerException (121 occurences): Indicates that the application attempted to use null
when an object is required.

¢ ArrayIndexOutOfBoundsException (9 occurrences): Indicates that the application is trying
to access an illegal index.

e IllegalArgumentException (23 occurrences): Indicates that a method has been passed an
illegal or inappropriate argument.

The method used to analyze the data is qualitative. It consists in analyzing the data behind
the change URL (diff_url) to isolate the fix applied and then characterize the fix.

The research analyzes the set of additions and deletions to identify and isolate the fix(es)
applied to resolve the Exception. This implies that the more changes (additions 4+ deletions) the
harder it is to identify the fix, which increases the probability of errors. To quantify this difficulty,
we add a metric to the analysis, this metric is the number of changes made to the entry provided.
The numbero of changes is defined as the sum of additions and deletions provided by the GitHub
change URL. It denotes the difficulty of analyzing the crash.

Below are the chosen arbitrary categories:

e low difficulty: 0 to 5 change(s)

e mid difficulty: 6 to 15 changes

e high difficulty: 16 to 30 changes

e very high difficulty accuracy: 31 to 50 changes

e excluded entry: 51 or more changes

Once the fix is isolated, the goal is to identify and apply specific mutation(s) to revert the
change to be able to throw the exception again. Below is a schematic of the process followed to
identify the mutation.
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Git changes

Misc. changes

Fix(es)

Crashed application

Fixed application

~—

Mutation(s)

-

Figure 3.5: Data analysis process

Figure details the impact of additions and deletions on the changes. A linear regression
helps us to determine if there are more deletions or more additions.

additions/deletions (n=153)

50
-------- 5 changes
———————— 15 changes
~~~~~~~~ 30 changes
40 -
-------- 50 changes
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Figure 3.6: additions/deletions

R?=0,80

R? is a normalized version of the mean squared error and ranges between 0 and 1. With 1 indicating
that all the data points are on the modeled line, 0,80 represents a good fit and makes the linear

regression valid.

y = 0,83z + 6,81

We can also draw conclusion on the nature of the changes. The slope of 0.83 indicates that
change are more impacted by a deletion on lower changes values. When the number of changes

is higher than 10, additions have

more impact than deletions. A slope of 1 indicates dele-

tions=additions and could reflect a simple change of a line. A fix is in general more than just

replacing a line.
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Figure is showing the difficulty distribution and the entry excluded because the changes
exceed our scope (< 50)

Difficulty

| l

m low difficulty m mid difficulty m high difficulty = very high difficulty m excluded entries

Figure 3.7: Data additions/deletions

3.6 Application

Now that we have selected the data to be used, we can apply existing mutations that allow us to
revert the fix. For this purpose, we will use Pitest as a source of mutation. As a quick reminder,
Pitest is a tool used in mutation testing to check test coverage. Pitest is a proven system that
comes with a set of mutations. A list of all the mutations can be found in table 3.7l To facilitate
the analysis of the mutation used, we will assign a number to each mutation. To ensure easy
reproduction of the error, we will also specify the line and file where the mutation can be applied.
This is defined in a metalanguage represented as:

(<mutationi>L<linel>| |<mutation2>L<line2>)file

Note that some lines might allow multiple times the same mutation so we will duplicate the
mutation.

Once we have the necessary input and metrics, we analyze the data. Here is an example for
NullPointerException, the full entry is illustrated in the appendix

e accuracy: mid difficulty (6 changes)

o diff_url: https://github.com/openpnp/openpnp/compare/0b2a2c1a39d23897185df8635
92fbbacd646ddff. .c2cca98aa880£411901347118eeeb5b856c023e58

e exception: NullPointerException

e exception_details: null check,
> 2 => ’if (img == null){return;}’
e possible mutation: Here the added condition would prevent going further in the code if
img is null.

— To allow the code to go further we can ensure that the condition is always false ensuring
that return; cannot be reached. In the metalanguage that we have defined earlier the
mutation is (64L222)OpenCvUtils.java

if (condition) becomes if(False)

— Another possibility is to go further in the application only if the object is null this can
be achieved with the mutation that negates the conditional mutator. The mutation
would be (19L222)OpenCvUtils.java


https://github.com/openpnp/openpnp/compare/0b2a2c1a39d23897185df863592f55acd646ddff..c2cca98aa880f411901347118eee5b856c023e58
https://github.com/openpnp/openpnp/compare/0b2a2c1a39d23897185df863592f55acd646ddff..c2cca98aa880f411901347118eee5b856c023e58
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== becomes !=

The mutation for this entry is then
(64L222|]19L222)OpenCoUtils.java

Here is an example for ArrayIndexOutOfBoundsException:

e accuracy: low difficulty(2 changes)

o diff url: https://github.com/square/okhttp/compare/859d27bb6£61689113be0d5ff51
c470c2690e859. .ad63a2e0£361a4£d89f64ecfc670d481f23bcfel

e exception: ArraylndexOutOfBoundsException

e exception_details: added check to ensure not out of bound,
’if (position == 0)’ -> ’if (position == 0 || position > response.headers().size())’

e possible mutation: In this case the fix applied ensures that the position variable does not
exceed the size of the response headers. To come back to a crashable application we can
apply the following mutations:

— replace the whole condition by true so if the position exceeds the array it will throw the
exception ArrayIndexOutOfBoundsException (61L636)JavaApiConverter.java

— ensure that the index can exceeds the array by changing the condition
> becomes >=

— another possibility to only have ArrayIndexOutOfBoundsException is to change the
condition as follows:

> becomes <

The mutation for this entry is then
(61L636||3L636||64L636)JavaApiConverter.java

Unfortunately not all the entries can be reverted with a mutation

e accuracy: high accuracy (2 changes)

diff_url: https://github.com/mybatis/mybatis-3/compare/5dal4eb064a04cd54dbefeb
e8f516a191111e87b. .34f7433dea4dbb94a96db1246c30feac73ab4695f

e exception: NullPointerException,BuilderException,PersistenceException,Exception

e exception_details:
select != null ? nullOrEmpty(options.resultSets()) : null);
became
options != null ? nullOrEmpty(options.resultSets()) : null);

e possible mutation: in this case, only the variable name has changed the mutation would
then be:

’select’ becomes ’options’

As this mutation is too specific, it will be unlikely that this mutation can be used in other
cases. We will consider that there is no mutation available.

With these 3 examples, we can see that there are sometimes 1 or multiple mutations, and sometimes
no mutations available to revert a fix. We will analyze the whole set of data available.


https://github.com/square/okhttp/compare/859d27bb6f61689113be0d5ff51c470c2690e859..ad63a2e0f361a4fd89f64ecfc670d481f23bcfe1%20
https://github.com/square/okhttp/compare/859d27bb6f61689113be0d5ff51c470c2690e859..ad63a2e0f361a4fd89f64ecfc670d481f23bcfe1%20
https://github.com/mybatis/mybatis-3/compare/5da14eb064a04cd54dbefe6e8f516a191111e87b..34f7433dea4bb94a96db1246c30feac73ab4695f
https://github.com/mybatis/mybatis-3/compare/5da14eb064a04cd54dbefe6e8f516a191111e87b..34f7433dea4bb94a96db1246c30feac73ab4695f
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3.7 Results

Each of the 153 entries has been analyzed. We found another set of data that needed to be
excluded:

e 2 entries have no changes
e 40 entries have over 50 changes which are outside our scope
e 18 entries are test updates

e 13 entries are duplicates, this was not caught earlier since the metric was diff_url. Despite
having different diff_url, the changes are the same.

e 51 entries have no associated mutation

e 29 entries can be reverted using mutations

Figure displays the result of the analysis for all the entries. The results are showing the
dominance of 3 mutations

e mutation#64 turning a condition to false
e mutation#19 turning an “equality” to a “different than”

e mutation#61 turning a condition to true.

Mutation occurrence (n=29)

12,5

occurrence

25
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Mutation #

Figure 3.8: Result of the analysis

This general result is giving some interesting figures as mutation#61 and mutation#64 are
complimentary. Since these 2 mutations are complimentary it makes sense to sum them up, this
gives us 32 occurrences in blocking a condition or always passing a condition, in the Discussion,
we will demonstrate how it is being used.

The table [3.7] is listing all the mutations checked during the research to revert to a crashable
application. The source of the mutation used is Pitest, some mutation numbers are missing since
they were not relevant.
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Table 3.1: Mutation list
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return null;

Mutation category num. | Original conditional Mutated conditional
1 < <=
Conditionals 2 <= <
Boundary Mutator 3 > >=
4 >= >
5 ++ ——
Increments Mutator 6 o r
7 —int int
Math Mutator 8 + -
9 — +
10 * /
11 / *
12 % *
Invert Negatives }i fz !&
Mutator 15 A &
16 << >>
17 >> <<
18 >>> <<
19 == I =
20 I = ==
Negate Conditionals 21 <= >
Mutator 22 >= <
23 < >=
24 > <=
19 == I =
20 = ==
Negate Conditionals 21 <= >
Mutator 22 >= <
23 < >=
24 > <=
bool
25 return true; return false;
return false; return true;
int byte short
26 return 0; return 1;
Return Values teturn . X; (x!=0 return 0;
Mutator ype(x)=int)
97 long
return x; return x+1;
float double
28 return x; (x is not NAN) return -(x—+1);
return x; (x is NAN) return 0;
object
29 return x; (is not null) return null;

return
java.lang. RuntimeException;
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Mutation category num. | Original conditional Mutated conditional
32 java.lang.String “
33 java.util.Optional Optional.empty()
34 java.util.List Collections.emptyList()
35 java.util.Collection Collections.emptyList()
36 java.util.Set Collections.emptySet()
Empty returns 37 java.lang.Integer 0
Mutator 38 java.lang.Short 0
39 java.lang.Long 0
40 java.lang.Character 0
41 java.lang.Float 0
42 java.lang.Double 0
False returns Mutator 43 return x; (type(x)=bool) FALSE
True returns Mutator 44 return x; (type(x)=bool) TRUE
Null returns Mutator 45 return x; return null;
Primitive returns Mu- 46 Replaces int, short, long,
tator char, float and double return
values with 0.
Constructor Call Mu- 47 Object o = new Object(); Object o = null;
tator
48 TRUE FALSE
FALSE TRUE
int
1 0
49 | -1 1;
) -1;
x; (x!=1 and x!=-1 and x!=5) | x+1;
Inline Constant long
Mutator 50 1 0;
x (x!=1 x+1;
float
1.0 0.0;
o1 2.0 0.0;
x; (x!=1.0 and x!=2.0) 1.05
double
52 1 0
x (x!=1) 1
53 boolean FALSE
Non Void Method 54 int byte short long 0
Call Mutator 55 float double 0.0
56 char ’0000’
57 Object null
. 61 Condition TRUE
Remove Conditionals 64 Condi tion8 FALSE
Mutator
65 > <

We analyze each exception to see if there is some correlation between the mutations and the
exception associated. It is to be noted that some entries have multiple exceptions. This implies
that a single mutation could be associated with multiple entries. The 0 occurrences mutation has
been removed from the plots for clarity.

Figure displays the result of the analysis for NullPointerException. Similar to the general
result, The top 3 most used mutations are:

e mutation#64 turning a condition to false

e mutation#61 turning a condition to true

e mutation#20 mutating a “different than” to an “equality”.
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NullPointerException occurrence (n=23)

occurrence

0 -

13 14

20 29 57 61 62 64

Mutation #

Figure 3.9: Result of the analysis (NullPointerException)

Figure displays the result for the analysis of the ArrayUndexOutOfBoundsException. For
this exception the most used mutation are:

e mutation#64 turning a condition to false followed by

e mutation #14 turning an “or” into an “and”.

ArraylndexOutOfBoundsException occurrence (n=3)

25

occurrence

19 23
Mutation #

Figure 3.10: Result of the analysis (ArrayIndexOutOfBoundsException)

Finally, Figure displays the result of the analysis for assertion error. With only 2 usable
entries the 3 mutations found for the entries are:
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e mutation#64 turning a condition to false,
e mutation#61 turning a condition to true

e mutation#19 turning an “equality” to a “different than”.

lllegalArgumentException occurrence (n=1)

1.0

0.8

°
S

occurrence

°
S

0.2

0.0

61
Mutation #

Figure 3.11: Result of the analysis (Illegal Argument)

3.8 Discussion

So far we have demonstrated that mutations can revert an exception fix to come back to a situation
where the application can generate a crash. We also have demonstrated that for a specific entry,
in some cases, multiple mutations can be applied to generate crashes.

The research allowed to show there is the possibility to create crashable programs by applying
specific mutations. Some fixes are too specific to be reverted by simple mutations and can thus
not be used. After the data cleaning process, we end up with 37 entries. The data show that in
20 cases it was possible to revert the fix by using mutation#64 turning a condition to false, this is
often used to cancel a guard:

if ( isEmpty(data)){return;}

The second most common mutation, mutation#19, has 13 occurrences and is turning an equality
to a “different than” this can be illustrated as:

if (data==null){ return;}

Finally mutation#61 could be used 12 times and is turning a condition to true, this can remove
limits, below is an example:

if (k<len(data)){ variable = datalk]}

Validation strategy The qualitative analysis requires a peer review to ensure quality output.
The starting point for validation is finding the source code of a healthy application. The next steps
is creating mutants using known mutations then confirming that the mutants can crash. If due to
the mutation an exception can be raised, the method is functional for this entry.
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Next steps If the method allows to consistently generate crashable application using mutations,
there is still room for improvement. For efficiency, it would be better that the mutant targets a
specific part of the code, reducing the number of mutants but increasing the overall quality of the
output. Another step in the validation is being able to control the type of exception that can be
raised depending on the nature of the mutation.



Chapter 4

Threat to validity

4.1 External validity

Limit due to the scope During our research we relied on a unique dataset, this could cause
some bias in terms of diversity of the collected data. Additional analyses using other sets of data
might validate the process and allow a better generalization.

Limit due to the technique Our approach was limited to 1 mutation per mutant, applying
multiple mutations would allow for more complex scenarios that could lead to exceptions. So far
we only targeted very specific pieces of code with fewer than 50 changes. More changes could imply
some modification in the logic or the architecture of the application.

Generalization Currently, our researches demonstrated that crashes can be synthesized by un-
fixing applications that were previously fixed. These findings would need to be generalized to be
able to break any program without producing unnecessary mutants, even if the program was not
previously fixed.

4.2 Internal validity

For our research, we have used the qualitative method which is suitable for our scope but comes
with its own bias. A peer review would confirm the quality of the output. The research was
documented step by step and a metalanguage was defined for easy reproduction of the results.

25






Chapter 5

Conclusion

The purpose of the research was to demonstrate that we can synthesize bugs and thus crashes on
applications to build a benchmark that can be used in crash reproduction.

The starting point was to find source codes that allow us to identify mutations that could
generate crash(es). The approach started from broken applications that were fixed by developers.
We then revert the fix to end with the initial broken application. BugSwarm allows us to have a
dataset that contains the source code before and after the fix. To alter the fixed application to its
original broken state,we used proven mutation testing tool Pitest. Pitest is a mutation testing tool
that contains over 80 mutations that we used as basic operations to generate the broken code. To
enable the reproduction of the results and easier analysis, we also defined a metalanguage.

The scope was to work on Java exceptions and especially on NullPointerException, ArrayIn-
dexOutOfBoundsException and Illegal ArgumentException. We could show that it is possible to
generate applications that can crash using mutations. The most frequent mutations are (muta-
tion#64) turning a condition to false followed by (mutation#19) mutating an “equality” to a
“different than” followed by (mutation#61) turning a condition to true.

A lot of the work focused on data selection and data analysis, the entries for which no mutation
was found, still had to be analyzed without providing relevant output.

Limitations We have limited our scope to entries with a limited number of changes (< 50), we
then used the qualitative method to identify the fix applied by comparing the code before and
after the fix. We then identified the possible mutations that would revert this specific fix.

Generalization Once validated, to generalize the approach we can run the mutations against
other programs and verify that the results are matching the one with BugSwarm. The next step
would be to apply the identified mutations against the selected entries to ensure that the output
is as expected.

Further Study As mentioned in some previous research [5] only a few mutants are relevant.
Once more data are collected, we can fine-tune and optimize the mutation process by finding
where to apply the mutations to limit irrelevant mutations. Finally, it would be interesting to link
the mutations with some specific Exceptions to be able to guide the outputs generated.
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Chapter 6

Appendix

6.1 BugSwarm entry example

{

"diff_url": "https://github.com/openpnp/openpnp/compare/
0b2a2c1a39d23897185d£863592f55acd646ddff . .c2cca98aa880£411901347118eee5b856c023e58" ,
"lang": "Java",

"branch": "feature/help-request",

"repo_mined_version": "cefd0Offd2dc3defllcfbbb75e9ae3a3c931be29",
"reproduce_attempts": 5,

"stability": "5/5",

"pr_num": -1,

"reproduce_successes": 5,

"classification": {

Iltestll: IINOII’

"build": "No",

"code": "Yes",

"exceptions": [

"NullPointerException"

1,

"exceptions_details": "null check: ’’ -> ’if (img == null) {’"
3,

"failed_job": {

"trigger_sha": "0b2a2c1a39d23897185df863592f55acd646ddff",
"job_id": 213669200,

"patches": {

"mvn-tls": "2020-04-15"
},

"base_sha": "",

"num_tests_failed": 1,
"build_job": "1110.1",

"mismatch_attrs": [],
"config": {

"": {

"result": "configured"
1,

"global_env": "INSTALL4J_LICENSE_KEY=[secure] GH_PAGES_TOKEN=[secure]",
"sudo": false,

"jdk": "oraclejdk8",

"group": "stable",

"dist": "precise",

"after_deploy": [

"git config --global user.email \"jason@vonnieda.org\"",

"git config --global user.name \"Jason von Nieda\"",

"git clone --quiet --branch=gh-pages https://${GH_PAGES_TOKEN}

31
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@github.com/openpnp/openpnp gh-pages",

"cd gh-pages",

"git rm --ignore-unmatch -rf $TRAVIS_BRANCH",

"javadoc -sourcepath ../src/main/java -subpackages org.openpnp -d $TRAVIS_BRANCH || true",
"git add -f .",

"git commit -m \"Lastest javadoc on successful travis build $TRAVIS_BUILD_NUMBER
auto-pushed to gh-pages\"",

"git push -fq origin gh-pages"

1,

"language": "java",

"before_deploy": [

"wget https://s3-us-west-2.amazonaws.com/openpnp/install4j_unix_6_0_4.tar.gz",
"tar -xzf install4j_unix_6_0_4.tar.gz",

"./install4j6/bin/install4jc -L $INSTALL4J_LICENSE_KEY",

"mvn package",

"wget https://s3-us-west-2.amazonaws.com/openpnp/macosx-amd64-1.8.0_66.tar.gz",
"wget https://s3-us-west-2.amazonaws.com/openpnp/windows-amd64-1.8.0_66.tar.gz",
"wget https://s3-us-west-2.amazonaws.com/openpnp/windows-x86-1.8.0_66.tar.gz",
"./install4j6/bin/install4jc -r

$TRAVIS_COMMIT -d installers -D mediaFileVersion=$TRAVIS_BRANCH OpenPnP.install4j",
"mv installers/updates.xml installers/updates—-$TRAVIS_BRANCH.xml"

1,

"os": "linux",

"addons": {}

1,

"build_id": 213669199,

"message": "Fixed the screenshot problem.",

"is_git_repo": true,

"component_versions": {

"analyzer": "8080aff91c3899cb4balcb77184998f4fb889f£0",

"reproducer": "24e27889d6d76b7aeb4044c2585d83cb9566£84b"

1},

"committed_at": "2017-03-22T01:55:58Z",

"num_tests_run": 9,

"failed_tests": "testSampleJob(SampleJobTest)"

3,

"image_tag": "openpnp-openpnp-213669200",
"match": 1,

"_updated": "Wed, 15 Apr 2020 22:24:20 GMT",
"test_framework": "JUnit",

"reproduced": true,

"base_branch": "",

"build_system": "Maven",

"_created": "Thu, 23 Aug 2018 22:58:46 GMT",

"repo": "openpnp/openpnp",

"_etag": "91494fc13757330518ad23940b852f2d31df6aeb",
"current_image_tag": "openpnp-openpnp-213669200",
"creation_time": 1535065126,

"_id": "bb7£3c2637bebb4952532730",

"passed_job": {

"trigger_sha": "c2cca98aa880f411901347118eeebb856c023e58",
"job_id": 213670270,

"patches": {

"mvn-tls": "2020-04-15"

3,

"base_sha": "",

"num_tests_failed": O,

"build_job": "1111.1",
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"mismatch_attrs": [],

"config": {

llll: {

"result": "configured"

3,

"global_env": "INSTALL4J_LICENSE_KEY=[secure] GH_PAGES_TOKEN=[secure]",
"sudo": false,

"jdk": "oraclejdk8",

"group": "stable",

"dist": "precise",

"after_deploy": [

"git config --global user.email \"jason@vonnieda.org\"",

"git config --global user.name \"Jason von Nieda\"",

"git clone --quiet --branch=gh-pages https://${GH_PAGES_TOKEN}
@github.com/openpnp/openpnp gh-pages",

"cd gh-pages",

"git rm --ignore-unmatch -rf $TRAVIS_BRANCH",

"javadoc -sourcepath ../src/main/java -subpackages org.openpnp -d $TRAVIS_BRANCH
"git add -f .",

"git commit -m \"Lastest javadoc on successful travis build $TRAVIS_BUILD_NUMBE
auto-pushed to gh-pages\"",

"git push -fq origin gh-pages"

1,

"language": "java",

"before_deploy": [

"wget https://s3-us-west-2.amazonaws.com/openpnp/install4j_unix_6_0_4.tar.gz",
"tar -xzf install4j_unix_6_0_4.tar.gz",

"./install4j6/bin/install4jc -L $INSTALL4AJ_LICENSE_KEY",

"mvn package",

"wget https://s3-us-west-2.amazonaws.com/openpnp/macosx-amd64-1.8.0_66.tar.gz",
"wget https://s3-us-west-2.amazonaws.com/openpnp/windows-amd64-1.8.0_66.tar.gz",
"wget https://s3-us-west-2.amazonaws.com/openpnp/windows-x86-1.8.0_66.tar.gz",
"./install4j6/bin/install4jc -r $TRAVIS_COMMIT

-d installers -D mediaFileVersion=$TRAVIS_BRANCH OpenPnP.install4j",

"mv installers/updates.xml installers/updates-$TRAVIS_BRANCH.xml"

1,

"os "linux",

"addons": {}

},

"build_id": 213670269,

"message": "Fix NPE on null images to debug image.",

"is_git_repo": true,

"component_versions": {

"analyzer": "8080aff91c3899cb4balc577184998f4fb889ff0",

"reproducer": "24e27889d6d76b7aeb4044c2585d83cb9566£84b"

},

"committed_at": "2017-03-22T02:01:13Z",

"num_tests_run": 9,

"failed_tests": ""

},

"_links": {

"self": {

"title": "Artifact",

"href": "artifacts/openpnp-openpnp-213669200"

}

},

"current_status": {

"time_stamp": "2018-08-23",

|| true",
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"status": "Reproducible
},

"is_error_pass": false,
"metrics": {

"changes": 6,
"deletions": O,
"additions": 6

},

"merged_at": null,
"filtered_reason": null

}

6.2 Results

num. | exceptions potential mutation diff_url

1 NullPointerException too much changes change_URL_hyperlink

2 ComparisonFailure test update change_URL_hyperlink |

3 ComparisonFailure no mutation found change_URL _hyperlink |

4 NullPointerException (61L52||61L60) Parser.java change_URL_hyperlink |

5 ComparisonFailure no mutation found change_URL _hyperlink |

6 NullPointerException (20L127||61L127||20L127) change_URL_hyperlink |

W atchProtocol Decoder.java

7 UnsupportedClassVersionErrot, too much changes change URL_hyperlink
NoClassDefFoundError

8 ComparisonFailure no mutation found change_URL_hyperlink

9 RuntimeException, Tle- | (192693[|64L693) Capsule.java | change_URL_hyperlink |
gal ArgumentException

10 NullPointerException, Asser- | (57L62)GrblController.java change URL_hyperlink
tionError

11 NullPointerException, Asser- | too much changes change_URL_hyperlink
tionError

12 ConfigurationException, In- | no mutation found change_URL_hyperlink| |

vocationTarget Exception, Il-
legal ArgumentException

13 NullPointerException (20L83||61L83) change_URL_hyperlink |
Castel Protocol Decoder.java
14 NullPointerException (20L109||61L109||120L109) change_URL_hyperlink
BaseProtocol Decoder.java
15 NullPointerException, Asser- | too much changes change_URL_hyperlink
tionError
16 NullPointerException, Asser- | no mutation found change_URL _hyperlink| |
tionError
17 NullPointerException duplicate change_URL_hyperlink| |
18 NullPointerException duplicate change_URL_hyperlink |
19 NullPointerException, Asser- | (64L79) change_URL_hyperlink |
tionError MonitoredHttpRequest.java
20 NullPointerException too much changes change URL_hyperlink
21 ArrayIndexOutOfBounds no mutation found change_URL_hyperlink |
Exception, AssertionError
22 NullPointerException, Asser- | test update change_URL_hyperlink| |
tionError
23 NullPointerException (61L24]|20L24) change URL _hyperlink

ConnectionT hrottle.java



%20https://github.com/square/okhttp/compare/0529c693d70e92eeef44bdc818a4b4185d8462e2..fd837e36226451c5dcd987aef71ab1f3723b6649%20
%20https://github.com/traccar/traccar/compare/b88c3f7c1cdd0461ed6ed8e9772d5cf944efade8..33b24543fac6c3d2181baab5248367c2296f2642%20
%20https://github.com/traccar/traccar/compare/caabd4150ebbb46e4fdb671b7e83dc8463c4b9f3..7dbd1a5ac3940de89c84410859aa1bebeabda5d1%20
%20https://github.com/traccar/traccar/compare/173d054219f1e37e7089c23cac0f530915834ee4..766064092ca4f85eacfa741e1ff772ea5b981d1a%20
%20https://github.com/traccar/traccar/compare/1f57b64574778a3f26e0f23c7878c8495e6c5f89..c585535761dba635dca000f900cc33d4cc5e4631%20
%20https://github.com/traccar/traccar/compare/0885b4c200600ff320af9a77eacda5fc4d63c795..7b43de6883d317c57e4cb0f0be6caf0b23297189%20
%20https://github.com/traccar/traccar/compare/15f3258905e964ab3b23d9c11fde4a1946ef10b0..f1bfd2e7e8791c8658f2196bc0ebd3f8294ac38e%20
%20https://github.com/apache/commons-lang/compare/314b6b56bec4af56dba667d66a25c1613f4bc800..8cafd87c83f4197f7e8d14de8cba453c844266c0%20
%20https://github.com/puniverse/capsule/compare/26dd5c12cddf668a3c314e6c93cf8d5089632113..a25d95a90caf4c7dd861f7f6e7b60e41ccdee04e%20
%20https://github.com/winder/Universal-G-Code-Sender/compare/4e1da3358c70f391001f484630ae4f4cc89cc7dd..4f429a723a7a2f30a84d38ce6e04062f7f673304%20
%20https://github.com/winder/Universal-G-Code-Sender/compare/e633c9d5fd3878f8c17a5d5347fef0be18335cff..7dd3ce4d1a027202fdc10a7d4e5ad8e60d881704%20
%20https://github.com/FluentLenium/FluentLenium/compare/b04f8fc50ddb9ace642c90ae65b7cf230fc07d37..5a9e04528b5db11955595fd7fde70c81bf8253f6%20
%20https://github.com/traccar/traccar/compare/6883ecf8462e26f63d2709426c2cacf5dd318c49..670acf03fb75e56fc0efc0c1fcfac04060bfb985%20
%20https://github.com/traccar/traccar/compare/df53571ab09afb15888462dbbed2c3d58759c55a..aa921d5acca68b92f0200183eb1c4a786a5f4882%20
%20https://github.com/apilayer/restcountries/compare/63f8cf8318b117ea781edbbb407288d4e6e72bd7..cf854c040bc45ba91331f1324e6610b9a1b97690%20
%20https://github.com/apilayer/restcountries/compare/daeab38ee2ab23999dd952b0f3db23dcd1ceb267..e065292902418db1344043e3c9691f80b6cf8e0e%20
%20https://github.com/apilayer/restcountries/compare/d825004b5770bdca2af62005400602742ef5103a..262e5ab25752bff2bc94555e1d216557b6070089%20
%20https://github.com/apilayer/restcountries/compare/a3c566bde8046f65b12bafd813b68acbeb67fc5a..3382320ecfe0b4e5705eabfc3631b814468495bf%20
%20https://github.com/stagemonitor/stagemonitor/compare/70b5ba10035751b02beec62be4ed9781b02ece56..fc531066ef49ee7a5231dad9ae8b4d37608fc72b%20
%20https://github.com/stagemonitor/stagemonitor/compare/81002967a2d4f16fd1538bef0b52bbb21eb67ccd..4ab3fb3eb4060b564f2b6f696a036c4b4df97890%20
%20https://github.com/stagemonitor/stagemonitor/compare/6a3a3f069c43bede0127d4ab54f9a5c26d6edc4d..f41cd1c2b861c7dbd1f234937927bb26647c2bff%20
%20https://github.com/stagemonitor/stagemonitor/compare/40d393a6d7e576f655ea3e96d7f95110a70c30b8..44afd8ca312da182726cb6c051747e621961ed28%20
%20https://github.com/SpigotMC/BungeeCord/compare/d9a8311b8e40a0d390a993e409933f8ee737c12e..2df29701edc984c97c6e860aa0ad8e47654fd6d4%20

6.2. RESULTS 35
num. | exceptions potential mutation diff_url
24 NullPointerException (62L23||64L23) change_URL _hyperlink| |
BlobV alue Adaptor.java
25 NullPointerException no mutation found change_URL_hyperlink| |
26 NullPointerException, too much changes change_URL_hyperlink |
URISyntaxException, 1I-
legal ArgumentException
27 NullPointerException (19L302||64L302) change URL _hyperlink
ClassFileLocator.java
28 NullPointerException, Want- | test update change_URL _hyperlink| |
edButNotInvoked
29 TllegalStateException test update change_URL_hyperlink
30 NullPointerException (19L622||64L622) change_URL_hyperlink |
ClassFileLocator.java
31 NullPointerException no mutation found change_URL_hyperlink| |
32 NullPointerException too much changes change_URL_hyperlink |
33 NullPointerException, Ille- | no mutation found change_URL_hyperlink |
gal ArgumentException
34 AssertionError, IllegalArgu- | no mutation found change URL_hyperlink
mentException
35 ArrayIndexOutOfBounds (23L1459||64L1459) change URL _hyperlink
Exception Buf fer.java
36 ArrayIndexOutOfBounds duplicate change_URL _hyperlink| |
Exception
37 TllegalStateException no mutation found change_URL_hyperlink| |
38 NullPointerException no mutation found change_URL _hyperlink |
39 NullPointerException test update change_URL_hyperlink| |
40 ArrayIndexOutOfBounds no mutation found change_URL_hyperlink |
Exception
41 NullPointerException, (19L1217||64L1217) change_URL_hyperlink |
SpreadsheetLoadExcep- Spreadsheet Loader.java
tion, YamcsException
42 NullPointerException no changes change_URL_hyperlink| |
43 NullPointerException duplicate change_URL_hyperlink |
44 Illegal ArgumentException too much changes change_URL _hyperlink |
45 NullPointerException, Asser- | too much changes change_URL_hyperlink |
tionError
46 NullPointerException (20L243||61L243) change URL _hyperlink
GoBuildM anager.java
47 KryoException, NullPoint- | no mutation found change_URL_hyperlink| |
erException
48 ArrayIndexOutOfBounds no mutation found change_URL_hyperlink| |
Exception
49 TllegalStateException, Asser- | (64L882||19L882||64L885]] change URL _hyperlink
tionError 19L885) InstrumentedType.java
50 InvocationTargetException, no mutation found change_URL_hyperlink| |
NullPointerException
51 NullPointerException test update change_URL_hyperlink |
52 NullPointerException, Exe- | too much changes change_URL_hyperlink |

cutionException



%20https://github.com/nutzam/nutz/compare/8691313032ee1b2cb2dbe9e0553ca3fa0f31ea7e..5f076d8832e56897b9bfc0d153f84288489307ca%20
%20https://github.com/uwescience/myria/compare/609e463c8c62af4dfe1ee698e6fdd0500a091381..65500e575e1bbf2ae77c4a18b345489ab15f251e%20
%20https://github.com/SynBioDex/libSBOLj/compare/fb2e9d2256989a876e6fd6f4fd2bb86fa88540e7..e4c1b08e784031ca2500685d4a7ef35c3beac6f8%20
%20https://github.com/raphw/byte-buddy/compare/95aa155a555326e6a93d12bd9fa0bc41cbe5ece4..0429d543594d94beef328b59b3facffa0b2864f1%20
%20https://github.com/raphw/byte-buddy/compare/cbc9ca1bafbb379a18c48564a3de5e6dd2d6097e..a80c196301c1e1160181c6fdb867f6f8162af61d%20
%20https://github.com/raphw/byte-buddy/compare/5b330e5e043869ebf38285790b0b4be79017b004..edf88c6690f3279c669a2ba0f95167e8fe020317%20
%20https://github.com/raphw/byte-buddy/compare/5a2cc59b4bc18b778047c0b3775953155491cecc..61eb2bc5248803e2f1efa24cf5589a41ba435a14%20
%20https://github.com/charite/jannovar/compare/94160a2ea9c88e6657b2be2c7c296d86543893f9..fcdc4b48b415650d99ff6ab8413582eaf19b9a58%20
%20https://github.com/charite/jannovar/compare/7c7a0eaebae8869cec73e070b09cefcad9973fe6..1fd3cbfc428732b97c5c35ffe09434502e3a99be%20
%20https://github.com/ImmobilienScout24/deadcode4j/compare/5d32dbef57eb4c7534f45c2c3027d1c0a9a80ddd..cc3738ddb73424aef775cd9401714cb77b3bb957%20
%20https://github.com/rinde/RinSim/compare/a44f0ddd504a1018d9963d86d918753b8b4e862d..1acf59c741c17253c9a57e5c1e325b37de02b6f4%20
%20https://github.com/square/okio/compare/5af4d26d99525b34c21600fc14f592e88ba07478..d1f92a2b7e899fbbb6c5f9f089c3600a17ad4cdc%20
%20https://github.com/square/okio/compare/73e1f77abe183f4af00134b6159fa6c87821d3ef..34a634cfd86292e7c13bc3c5e80ef5795d989424%20
%20https://github.com/square/okio/compare/aae7a847035401e51c6815f611e830b834df6b10..c8f79c888a31931fbac2d8a5be69ccd35d895d2d%20
%20https://github.com/junkdog/artemis-odb/compare/83be5c8d1c0378389598628178bdb15dedac9c1e..66bd0f1a1a0a202a2291f5de8c9e4f25f1c7789a%20
%20https://github.com/junkdog/artemis-odb/compare/f8d8dac4ce723923dbdd67e47b72916512faf470..f88bffe153eb890856e004bc4d579f5ddba6e3b7%20
%20https://github.com/Whiley/WhileyCompiler/compare/6d3e0ff20a4f56eb9c3fe6c4168d64bb566de448..83b85dafe59c10bc289a62d697926c14bb39ed36%20
%20https://github.com/yamcs/yamcs/compare/a368981fe7c7eb62099acbb7f89cdcb80ed38bba..69d9c14ffc0f15b74cd1db4b448eb0a303769432%20
%20https://github.com/HubTurbo/HubTurbo/compare/35ccc4f6afbdbaf59e530f7d87157785683affea..5f34a3586ee9163e1b238f77f00d026ceee901e3%20
%20https://github.com/HubTurbo/HubTurbo/compare/083ce6be5baa432d43bf94e51c414e75c07c2cbd..14a3c6b34d401e65df4cf46201e6ee6ae53b6192%20
%20https://github.com/checkstyle/checkstyle/compare/97cc2799292896fcbc10502e95e115fe68720ac5..408dbdd3c5d561566918107c02ad476d5eb1f526%20
%20https://github.com/checkstyle/checkstyle/compare/f825a147e3a5b8f13078fb2c8ec7a791ccb82ac6..d22bc699cb86d43f57677cadf7dc747e878306e9%20
%20https://github.com/GoClipse/goclipse/compare/d3272165138be4e581379e84f0e0c0f293eb9c47..1b15b05debe5dfee58e616a719c319a86c206e1d%20
%20https://github.com/puniverse/quasar/compare/269d73a67a572a4ef0656847ee908a05b055a0f1..0057c2869fd1c602bd2febd634850f3ab206e164%20
%20https://github.com/puniverse/quasar/compare/6eee173ded5864767a44fabcb3fa03205421ab85..16c92779fd371b301f060414bbeea8a452afb448%20
%20https://github.com/raphw/byte-buddy/compare/9d2d0d413a38fa3ce61a4983efb00b33eb4a4616..a911a221077d4f61e2ebd8ae7cf2394e7cd060e0%20
%20https://github.com/raphw/byte-buddy/compare/b0afd033b09c283413a62bd1508b6154b811c098..3cfd24aad37eeb7385019f30a1c37f6419faf5f4%20
%20https://github.com/raphw/byte-buddy/compare/1eb66ae797442f7b12d098162c5d27f972e02b9c..2e7db6bd7dfb19318e6613bea7a42bdbd80ddd81%20
%20https://github.com/orbit/orbit/compare/bdafdffdcc7138b90fff09d97db0204e4488e506..272ff154b13c34a104050bb0cfdc9fba743f24b8%20

36 CHAPTER 6. APPENDIX
num. | exceptions potential mutation diff_url
53 Tllegal ArgumentException test update change_URL_hyperlink |
54 NullPointerException (61L307||14L307) change URL_hyperlink |
ImagePlusReader.java
55 NullPointerException too much changes change_URL_hyperlink
56 NullPointerException, no mutation found change_URL_hyperlink| |
BuilderException, Persis-
tenceException, Exception
57 AssertionError, IllegalArgu- | no mutation found change_URL_hyperlink| |
mentException
58 NullPointerException, Asser- | test update change_URL_hyperlink
tionError
59 ArrayIndexOutOfBounds no mutation found change_URL _hyperlink| |
Exception, AssertionError
60 Tllegal ArgumentException no mutation found change_URL_hyperlink| |
61 Tllegal ArgumentException (61L57)TypeSpec.java change_URL_hyperlink |
62 NullPointerException duplicate change_URL_hyperlink |
63 Tllegal ArgumentException duplicate change_URL_hyperlink |
64 InvocationTargetException, no changes change_URL_hyperlink |
NullPointerException
65 NullPointerException (64L222||19L222||64L245|| change_URL_hyperlink |
19L245)OpenCvUtils.java
66 AssertionError, IllegalArgu- | too much changes change_URL_hyperlink
mentException
67 Tllegal ArgumentException no mutation found change_URL_hyperlink |
68 ArrayIndexOutOfBounds (64L71||19L71||14L71) change URL_hyperlink |
Exception PublicSuf fixzDatabase.java
69 Illegal ArgumentException no mutation found change_URL_hyperlink
70 Illegal ArgumentException no mutation found change_URL_hyperlink| |
71 Tllegal ArgumentException duplicate change_URL_hyperlink |
72 Tllegal ArgumentException duplicate change_URL_hyperlink |
73 NullPointerException, Ille- | too much changes change_URL_hyperlink |
galStateException,  Unsup-
portedOperationException
74 ArrayIndexOutOfBounds (64L636||3L636||14L636]| change URL hyperlink
Exception 241636)JavaApiConverter.java
75 ArrayIndexOutOfBounds duplicate change_URL _hyperlink| |
Exception
76 NullPointerException test update change_URL_hyperlink| |
7 NullPointerException, Want- | no mutation found change_URL _hyperlink |
edButNotInvoked
78 NullPointerException (20L160||61L160) change_URL _hyperlink| |
JPASearchFExecutor.java
79 NullPointerException duplicate change_URL_hyperlink| |
80 NullPointerException, Com- | no mutation found change_URL_hyperlink |
parisonFailure
81 NullPointerException no mutation found change_URL _hyperlink| |
82 NullPointerException (19L301||64L301||19L302|| change_URL_hyperlink |
64L302||19L310||64L310)
UrlAssetImport.java
83 NullPointerException duplicate change_URL_hyperlink
84 NullPointerException no mutation found change_URL_hyperlink |



%20https://github.com/square/okhttp/compare/c14fe622e42be3855acb92795d8c0f18d49b88bb..945da7a06156f584bd9034f866facc7b5aeba0f7%20
%20https://github.com/ome/bioformats/compare/d6618dca5e8e1bb4c521b91ed985da04899646e5..c27be7238bf53e0b6444be2e070207e5ff2e50af%20
%20https://github.com/puniverse/capsule/compare/dfd83f2f3f3e5354e07d43ac7a45ef61ddc420d8..397f544b583f5da569a38fab51b7c29097fdb2ce%20
%20https://github.com/mybatis/mybatis-3/compare/5da14eb064a04cd54dbefe6e8f516a191111e87b..34f7433dea4bb94a96db1246c30feac73ab4695f%20
%20https://github.com/square/retrofit/compare/452dc1dcd3b8a27d754f43c448607774ca82b0b7..43058f9bf5c2b574a9e14f1dbd17deaa05d131a5%20
%20https://github.com/stagemonitor/stagemonitor/compare/81a709a1f46e4f7e69b1bd04a7a5dc8ec84d9a3d..72480f58a342a92cf6c1cd53e21a24ab7d72aee0%20
%20https://github.com/stagemonitor/stagemonitor/compare/9bfb0c85bc1f820aed90ff2b7f4171802235a701..b194b6761e13ae23a21836e96e502bb4ffd1e26d%20
%20https://github.com/uwescience/myria/compare/3fbfcb95836d82d0728b34eed1a3d208d120e9fe..7db756fcf6e2b68211becd736d9ca6c2d922f9c4%20
%20https://github.com/square/javapoet/compare/30a0d38778661d484c346515af9dd2f7b7a128ed..dd662ab8fe8971e9a278d9d79d70b2944fd117c4%20
%20https://github.com/NitorCreations/nflow/compare/1e7ab2037d684c940c7b657d607daef6a1254b98..746ebaefdd9beed20ac65eb724ad04d205b17fb5%20
%20https://github.com/square/javapoet/compare/6cdc64f00b58e78ef4531392a866ec3e4f498a4d..d88f2b669cd0588b4726f57c5b5b446aa1f7ff2e%20
%20https://github.com/openpnp/openpnp/compare/d78e4176384740b581b4ebfcd2f54d8e97ea1d99..5546842b2d82472d7f931982567401d715d32db5%20
%20https://github.com/openpnp/openpnp/compare/0b2a2c1a39d23897185df863592f55acd646ddff..c2cca98aa880f411901347118eee5b856c023e58%20
%20https://github.com/spring-projects/spring-data-jpa/compare/98afea38c7e9061b66b1ddf21b52fa5d5af6a3fd..5c289d230eb913a632acb61971c0603153738eb5%20
%20https://github.com/spring-projects/spring-data-jpa/compare/081d67aa2fb8402b54acb823876c40391b219c02..36f04fadb77de097583a827abd68bfa95d7ef234%20
%20https://github.com/square/okhttp/compare/fdb6c74177cb981f90359ac5d5c5b7b93f0a17db..6cb533f14f2f3473c303c39ba03d99f80987a585%20
%20https://github.com/square/okhttp/compare/25367e32061cf7c7d7598feb49c6231c6802cd3e..86c92e8054670cb049e6f9e43159e99e77f2e1ad%20
%20https://github.com/square/okhttp/compare/f5ae3231551df31ead7f37b7b13243b6680c2957..8e201297fe9e6b5c908848c3cef633966e49c0d9%20
%20https://github.com/square/okhttp/compare/33464f6799a1e6c88b056e15ed2c3bcfd44726e7..4e05f41b56f4f550315ae1dac1c011c39456aaab%20
%20https://github.com/square/okhttp/compare/10902fd030b369773a3208c8b1cf56897df2c274..1abba290f5e3e7719ad2dfead2eb45d507ed492c%20
%20https://github.com/square/okhttp/compare/fe4f5e617011cbbd3c7f27af582b3cb578b2e652..afc415362addd89ee1eeba7bf690dc27d310a19d%20
%20https://github.com/square/okhttp/compare/859d27bb6f61689113be0d5ff51c470c2690e859..ad63a2e0f361a4fd89f64ecfc670d481f23bcfe1%20
%20https://github.com/square/okhttp/compare/828403d773c6e16aa4a0893e4cdd0fda436c2aa4..8353b6bb91c23fe1809e5638ecd6d8c30417a001%20
%20https://github.com/SonarSource/sonar-php/compare/aa2914a7dc9b825dc5766f51c673d0264a67a50c..6902a5ca7238f752a0d58118f0c486d4f23b2095%20
%20https://github.com/SonarSource/sonarlint-intellij/compare/41345478372213c5c35c89483409e8a62df3a83d..0bde33f6ee157d5865946dca9197aba70357759d%20
%20https://github.com/petergeneric/stdlib/compare/81f65170bae1254b8038248a0658624ea685ec32..cfddb8e1d0053759f2b8b71076b8c4a79cc8de4a%20
%20https://github.com/petergeneric/stdlib/compare/babdc2ac4bc058b470b1995e3965de8d44e9959d..4c51a3b3fcb881ab4177655389beac1796aec844%20
%20https://github.com/Adobe-Consulting-Services/acs-aem-commons/compare/4818d0e3ced9ea465d1feb99a61952ca8ae7b7ab..e8189817225c76c0f20487efec2ebbc1626f13c2%20
%20https://github.com/Adobe-Consulting-Services/acs-aem-commons/compare/1b46851be48e28f6dad2285c1ce7acb5aea19701..9c41435a4728eac5b29041c48eea5b248a9c0f33%20
%20https://github.com/Adobe-Consulting-Services/acs-aem-commons/compare/106ccbb5c250277d582ecf296fa67cf0cca21060..a613fbc36f439eeaae9e3f0a387265191b318fb1%20
%20https://github.com/Adobe-Consulting-Services/acs-aem-commons/compare/468b22ee657650dea6724540514f92d80043a54c..931373481432c238706551f7727a8122cc251100%20
%20https://github.com/SonarSource/sonar-java/compare/3b84d2b3fabfdcc58d11be26b610d109c5a2e95a..0749fb0a74ffcae2d2d1cf7db4950a1c6df5f808%20

6.2. RESULTS 37
num. | exceptions potential mutation diff_url
85 NullPointerException, Asser- | too much changes change_URL _hyperlink| |
tionError
86 NullPointerException, Asser- | too much changes change_URL_hyperlink| |
tionError
87 NullPointerException too much changes change URL_hyperlink
88 NullPointerException too much changes change_URL _hyperlink |
89 IllegalStateException, Ille- | too much changes change_URL_hyperlink |
gal ArgumentException
90 NullPointerException,  In- | (64L76) SolrUpdateDriver.java | lchange_ URL_hyperlink
dexingException
91 NullPointerException test update change_URL_hyperlink| |
92 NullPointerException duplicate change_URL _hyperlink| |
93 NullPointerException no mutation found change_URL_hyperlink |
94 NullPointerException too much changes change_URL_hyperlink |
95 NullPointerException test update change_URL _hyperlink |
96 NullPointerException test update change_URL_hyperlink |
97 NullPointerException no mutation found change_URL_hyperlink |
98 BeanlInstantiationException, | no mutation found change_URL_hyperlink |
BeanCreationException,
BeanlnitializationException,
NullPointerException,  Un-
categorizedJmsException,
JMSException
99 NullPointerException (64L118||14L118) change_URL _hyperlink| |
Hunspell Rule.java
100 NullPointerException,  No- | too much changes change_URL_hyperlink |
ClassDefFoundError, Excep-
tionInInitializerError
101 NullPointerException, Sock- | no mutation found change_URL_hyperlink| |
etTimeoutException, Socke-
tException, AssertionError
102 NullPointerException, Asser- | too much changes change URL_hyperlink
tionError
103 | NullPointerException no mutation found change_URL_hyperlink
104 NullPointerException too much changes change_URL_hyperlink |
105 NullPointerException too much changes change_URL_hyperlink| |
106 | NullPointerException, Byte- | no mutation found change_URL_hyperlink |
codeAnalysisException, As-
sertionError, AnalysisExcep-
tion
107 | NullPointerException no mutation found change_URL _hyperlink| |
108 Error, AbstractMethodError, | no mutation found change_URL_hyperlink |
NullPointerException
109 | NullPointerException, too much changes change_URL_hyperlink

BindException



%20https://github.com/SonarSource/sonar-java/compare/1b779ea9bb872ee7495a9e223bd8e6c1ed8fb51c..d73af7092a49eda073c3624c99c78bf0fc7e2abd%20
%20https://github.com/SonarSource/sonar-java/compare/30c3ce14ee7fc8fdb396040c3c2ce2f019d67b6b..0f1a47c35a2181a928fa39fec9c1c4f651dc63e7%20
%20https://github.com/SonarSource/sonar-java/compare/b42ef9394e7572b9dbae60643246463c815b3484..b764afc138ce53262160fd0aa524bfcef5585f04%20
%20https://github.com/SonarSource/sonar-java/compare/4ea214cf6b962899dfb9323674cde951d91d05d2..c2da3dc983f39aa44a322c010623187238890f99%20
%20https://github.com/SonarSource/sonar-java/compare/8a130b10bb7fc4a9a9ab1ef77af87ffdf7b642ee..ea876cb6de2f9b3702f1b42929aafee0ecff9690%20
%20https://github.com/UNC-Libraries/Carolina-Digital-Repository/compare/b1ad22d7660e06084ed98521093fc1cbda58d5a4..aa8e6b9ce9543d6ab3f7d08886349c5b645b604f%20
%20https://github.com/UNC-Libraries/Carolina-Digital-Repository/compare/74ac8d0b8b0fbe48a008f179a6ae08207eb5fc74..29a68ab42db3eb4868895e75e80e3f4fcfff05b2%20
%20https://github.com/UNC-Libraries/Carolina-Digital-Repository/compare/a8c4222978cd510ac1c392b9b906aa38379439b9..1e154c4885b0eda3587374447fdf11e4b45c0e3c%20
%20https://github.com/UNC-Libraries/Carolina-Digital-Repository/compare/fc32a3a61b9fea64849d299b176039b04326cac9..14039c9329e83909b950bdc55345a9f6b69bb7f5%20
%20https://github.com/UNC-Libraries/Carolina-Digital-Repository/compare/0415328d953d93fd9bd57456d314075fff3e3ec1..8e0009c98017e5602d0f6241e033c5bad54eb1dd%20
%20https://github.com/atomix/atomix/compare/b4ad85a922f28d060056197e27b47340b12aff00..7da88cca70649c18904a9595afa801c1297e239c%20
%20https://github.com/atomix/atomix/compare/232a8e5f476727dd9522b490d29028064d117d86..1a8826f166755d06ac7ac8e88b8b8bfc441ed831%20
%20https://github.com/brianfrankcooper/YCSB/compare/6097cf7737adb125924311c1a280cd8359d85f7e..0ac03f3c5ed95207a127c6993a79fb35a73fc48c%20
%20https://github.com/ikasanEIP/ikasan/compare/9e0622662d32b6fe2a299382006594952f3b1261..2a4f997f24c9d5bd9c55308a1de1649659a80162%20
%20https://github.com/languagetool-org/languagetool/compare/e67ead69a3a123e3bd78ba30a6eff7f180af49d9..b6d2a309c2ec3bbd42c1c5e7dbfc040e5a7bc29e%20
%20https://github.com/raphw/byte-buddy/compare/1f5b6afd9a740a3267813997ffdc008331bce996..c4ef4797454508fd58d4bbfc0a1a5a3e8195518b%20
%20https://github.com/square/okhttp/compare/75a467bb8439f94574e6b84dcedd6124172e3de4..351b3d6bf786e001f80ab3a7a933d4279cafbf83%20
%20https://github.com/swagger-api/swagger-core/compare/a9e883b11d0295dae9b29a6194abe17de7138b2a..2e9d05e3633a0881067bc9effbd36af0b6c377bd%20
%20https://github.com/swagger-api/swagger-core/compare/a16ef3b26633ed0b5b9bd25a56e04337cff1e0d5..24f7f1651149fb3e6a2a77553991e6ded7dbc9d4%20
%20https://github.com/thm-projects/arsnova-backend/compare/d4f6ef46e6c1e526ce6419540d2ba21fa9a9c615..d8382554d122e9856abe64da9147a7a64976d4ae%20
%20https://github.com/undera/jmeter-plugins/compare/03f2fbe8d2d0dd47a31dfe4cb8d91ef83192001e..dcf5454eb2da8b5a9a19921bea0f51f157f71936%20
%20https://github.com/SonarSource/sonar-java/compare/8d509dffcd8b7c5175583302d400f5dd928cf93c..69f909b53b8812e79f4612c187ac992558e2834e%20
%20https://github.com/SonarSource/sonar-java/compare/c21d646e10c5a4edf35d357c79f9f9e9761f0de8..dfecfbad53ca72e93a8ff596bcc73c0fafb9901a%20
%20https://github.com/brettwooldridge/HikariCP/compare/943f09b60a37d8273beda55c3c7abb618b9772c6..c6beb2fbc86ccbce21618844ba4078e3f8515e4e%20
%20https://github.com/dropwizard/dropwizard/compare/f887fa4597da15c110a6f7d13a304443d25cbec5..b4098759d8180d6a71ac20b384527d08a8fafa2e%20

38 CHAPTER 6. APPENDIX
num. | exceptions potential mutation diff_url
110 | NullPointerException, Sock- | (64L67) RecordedRequest.java | change_URL_hyperlink |
etTimeoutException, Socke-
tException, AssertionError
111 NullPointerException, Sock- | no mutation found change,URLleperlink4
etTimeoutException, Socke-
tException, AssertionError
112 AccessDeniedException, too much changes change_URL_hyperlink| |
ComparisonFailure, As-
sertionKError, Tllegal Argu-
mentException
113 Tllegal ArgumentException no mutation found change,URLleperlink4
114 NullPointerException no mutation found change_URL_hyperlink |
115 | NullPointerException test update change_URL_hyperlink |
116 NullPointerException test update change_URL_hyperlink |
117 | NullPointerException (29L208) change_URL _hyperlink |
StreamAllocation.java
118 NullPointerException,  As- | too much changes change_URL_hyperlink| |
sertionError, Tllegal Argu-
mentException
119 NullPointerException, Se- | too much changes change_URL_hyperlink| |
manticIndexException,
SAXParseException
120 WebDriverManagerException, | no mutation found change URL_hyperlink
NullPointerException
121 | ConfigurationException, no mutation found change_URL_hyperlink
NullPointerException
122 NullPointerException, Asser- | no mutation found Change,URLhyperlink4
tionError
123 NullPointerException too much changes change_URL_hyperlink| |
124 NullPointerException, Doc- | no mutation found change_URL_hyperlink| |
umentStoreException, Ille-
gal ArgumentException
125 | NullPointerException, too much changes change_URL _hyperlink| |
URISyntaxException, 1I-
legal ArgumentException
126 | NullPointerException, Asser- | too much changes change_URL _hyperlink| |
tionError
127 NullPointerException too much changes change_URL_hyperlink| |
128 | RepositoryException, Ac- | too much changes change_URL_hyperlink |
cessControlException, Path-
NotFoundException, Asser-
tionFailedError, NullPoint-
erException, RuntimeExcep-
tion, NamespaceException,
AssertionError
129 | NullPointerException, Ille- | (61L111||19L111) change_URL_hyperlink| |
galStateException NewXmlParser.java
130 RepositoryException, Ac- | no mutation found change URL_hyperlink

cessControlException, Path-
NotFoundException, Asser-
tionFailedError, NullPoint-
erException, RuntimeExcep-
tion, NamespaceException,
AssertionError



%20https://github.com/square/okhttp/compare/689431310695ce4a2f563728967eb7a15ca614f2..ab0e1f76a63e099f2a1ee0661428e932366cca3c%20
%20https://github.com/square/okhttp/compare/8e2b86562784a408a3784dcc3d9ff77b42b6ff99..b387655641f693b98cf3ee8054ee3887ddd59a9b%20
%20https://github.com/thm-projects/arsnova-backend/compare/0a707a6c9c300b93b3f6be02a3ad130b058ed02a..8c32bb3d6f3e4993703b526d651e0345bda08968%20
%20https://github.com/square/okhttp/compare/1472e96bd5d9e43c028552774311e260655f9ec4..24683123c119893d04cd85b6e53f6020266a5e1b%20
%20https://github.com/Adobe-Consulting-Services/acs-aem-commons/compare/6b6e697b46c6c7dbd6443b575980c251fb2f2afe..6f7de0eac1f48f9d3addcc02988ef8a2e85ac1c9%20
%20https://github.com/Adobe-Consulting-Services/acs-aem-commons/compare/67bc28d1a4fe777b5035f331da02ba2db2c682a6..9a3c955a73d46e99280a13c9a4b1664b48e18599%20
%20https://github.com/SynBioDex/libSBOLj/compare/1bf208d3cd78d862cb72167e06708b80ca097032..a5bac98ace18ec06e2e1b5038f8f34fcaf655107%20
%20https://github.com/square/okhttp/compare/488fcf68f34334c244ab5d324cc210650e598fb4..9fbd82f41bc8d0414c21eb2f60c3d807a255688e%20
%20https://github.com/pgjdbc/pgjdbc/compare/58563d8d4f23f49d3f7fc167bbac0340970f5c84..1e01d3b21a844b4ec01ad6f1b5554ffed5ac4448%20
%20https://github.com/ontop/ontop/compare/df680b16f128b282afa0070cbf1fb2aadfb90a36..93703c72e4bcc6bdd1de175c8931a87805d4f4c4%20
%20https://github.com/terasolunaorg/terasoluna-tourreservation/compare/aa3b2f2aba277d8c9022fb2b9e677569f3408f13..b174253c6f68735163d34f98afca521cb0af374e%20
%20https://github.com/joyent/java-manta/compare/eaa050705cc3667fa79fae69e5a72d3f49a256fe..5dfabb64158ade60660d9f9e1e31c50f775bf6d2%20
%20https://github.com/joel-costigliola/assertj-core/compare/cbdac224418abb03a6261ec498bd5f8fe73d0397..565162204221f0a3e4670ebafa0b3d82244738eb%20
%20https://github.com/charite/jannovar/compare/3cf442613d3bd1538310fb2464fc60a572ada3ce..f0fbbcc525dfa87d6208340ecf39f253084c121b%20
%20https://github.com/apache/jackrabbit-oak/compare/e51aa178b72e2e13bc8357ed5fdb004751402904..fa8a8391bd37264b819f9e0543c76649ef9a357b%20
%20https://github.com/SynBioDex/libSBOLj/compare/c55824897acb34bac4d0b1c38af1e23b9aeb8e98..af99806bc1d1bf837dc64ec204dbb58d50a11184%20
%20https://github.com/apache/jackrabbit-oak/compare/29a1ce3b747ae35da9139f34b00bd6b73123e999..71589df4cc9cd8ce7f46cf1012db60ea3d5a1aa4%20
%20https://github.com/SynBioDex/libSBOLj/compare/b6b0bf13879c86958c955d62b50bc90d9e326d36..3798e592637d7090a27c7326047d57594cd2f0fe%20
%20https://github.com/apache/jackrabbit-oak/compare/d09019960d27bfb301869f040f62c0a56de8a25b..688d57e3a101567307ed876b04612b45add77745%20
%20https://github.com/SonarSource/sonar-xml/compare/e902f8d599135b1f08db4b2775150b919d34ad4d..643cd3e8b5c3b407a751191f3ecfb4b43c1234c3%20
%20https://github.com/apache/jackrabbit-oak/compare/09a036f63ee3822d9d0fd8ed1fde37e90025b7c9..ef77da3e93fbd80b09afb79b337528bb8fad6fbe%20

6.2. RESULTS 39
num. | exceptions potential mutation diff_url
131 | IllegalAccessException, no mutation found change_URL _hyperlink| |
NullPointerException, Run-
timeException, NoClassDef-
FoundError, ExceptionInlni-
tializerError
132 NullPointerException, Run- | test update change URL_hyperlink
timeException
133 | NullPointerException, IOEx- | no mutation found change_URL _hyperlink| |
ception, RuntimeException
134 | NullPointerException (64L111[|20L111) change URL_hyperlink |
Single Document.java
135 NullPointerException no mutation found change URL_hyperlink
136 | NullPointerException, Run- | too much changes change_URL_hyperlink |
timeException
137 NullPointerException no mutation found change_URL_hyperlink| |
138 | NullPointerException no mutation found change_URL _hyperlink |
139 NullPointerException duplicate change_URL_hyperlink |
140 | NullPointerException no mutation found change_URL _hyperlink |
141 NullPointerException test update change_URL_hyperlink| |
142 | NullPointerException, Class- | too much changes change_URL_hyperlink |
NotFoundException
143 | NullPointerException no mutation found change_URL _hyperlink| |
144 NullPointerException too much changes change_URL_hyperlink |
145 | NullPointerException too much changes change_URL _hyperlink |
146 NullPointerException too much changes change_URL_hyperlink |
147 | NullPointerException (61L523||13L523||20L523) change_URL_hyperlink |
ImportService Bean.java
148 NullPointerException test update change_URL_hyperlink |
149 PipeRunException, Execu- | too much changes change_URL_hyperlink |
tionException, NullPoint-
erException
150 | SenderException, NullPoint- | too much changes change_URL_hyperlink
erException, AssertionError,
TransformerException
151 AssertionError,  NullPoint- | no mutation found change_URL_hyperlink
erException
152 NullPointerException test update change_URL_hyperlink| |
153 AssertionError,  NullPoint- | too much changes change_URL_hyperlink |
erException, Comparison-

Failure



%20https://github.com/brianfrankcooper/YCSB/compare/95f72a1a03369f25b70f1cf9f4908ae089e2450a..a26ec5eddd8b3d57b3e9a583ccced48f5c117d02%20
%20https://github.com/languagetool-org/languagetool/compare/53cce5e009d86df34d8f8b22ec0094262fbaf67d..c20df8e18a4c3f6a89bb21fc43f2fa75e32bfe16%20
%20https://github.com/languagetool-org/languagetool/compare/e618d1d0c6759f6fac7ca93593d5020eaa400129..504a4ebf772dbf0a28443de70cf83631daf5eb23%20
%20https://github.com/languagetool-org/languagetool/compare/52d294407895987579a42e942a4ab8b7261a23e7..011f67cb0839a94f65b17203681e58c039f0223c%20
%20https://github.com/graphhopper/graphhopper/compare/b775785b2597327e944f9578defa918e248dfa77..ee53d3c4e5362d15bac1c10a840f9f9cdc8b0140%20
%20https://github.com/graphhopper/graphhopper/compare/db359967aa2fff822112eb91446873d717a4c1af..ad8dd9572136db392c38cd15dbefb1d5f8fa0206%20
%20https://github.com/graphhopper/graphhopper/compare/3c2d8f34cc5c8b95f1210f62a7b289ed915e4f85..2ade07acb9b0953433ed04e1f7059e243130c201%20
%20https://github.com/graphhopper/graphhopper/compare/382ea52489b048635fec6adaba898ebdb95bb21d..5d6cd87a47391d08ffc238ec0b3fa57c57cfef09%20
%20https://github.com/graphhopper/graphhopper/compare/0ea37a4faa34f16ef0eade98b86fe3ecfedf7e07..c8366aa0a260f65d68685c458f6fd2db71ae49bd%20
%20https://github.com/apache/dubbo/compare/cbb2aaf25cdace6bfe99f6b894d5d4e24071675a..2ff8b3497ea1103d9a2118e27b8309b1da22edc4%20
%20https://github.com/apache/dubbo/compare/0c438dc4889517bf9924a49aeb3c5562c1b96944..36ae90cab1aee74658dc8bdd5d785fd79fd0fe2c%20
%20https://github.com/apache/dubbo/compare/16cedb2a4055a98839bdf550c3c570711e49e12c..8d5e2acadc6ca09516d67ab5f68da4bb5d6304ec%20
%20https://github.com/apache/incubator-shardingsphere/compare/b47922a4a4a639cdc504a7eeb5542db97571ec42..f6e87e37eb0359da2ced89eebc56961e9bf0160c%20
%20https://github.com/apache/incubator-shardingsphere/compare/58f9db3a5c4fb25efb4e32679b0a22fc03b02887..300a13d52018b2d32a3610ea31f0de10617f6732%20
%20https://github.com/speedment/speedment/compare/7e79d841b205394ea5568179c2c858c590b44d9f..d4866e181b66445ed8d5679e9adbb35825b973c1%20
%20https://github.com/mitreid-connect/OpenID-Connect-Java-Spring-Server/compare/c9007883442337ef4846e47aba47305605006d04..e1741ce601cb3e15ba3f7d35ade6e473aa765e77%20
%20https://github.com/IQSS/dataverse/compare/1d830baa6adccb518043a8ca07044106ac61d0ec..1282426e1f857661c72e024ebd2ed894effe1acf%20
%20https://github.com/IQSS/dataverse/compare/8197bca3e97d283acbdf2db0cc8d5d87dd5ff809..94fd9662a08dcd1f6e5d9d3a894b209bc4a30ee9%20
%20https://github.com/ibissource/iaf/compare/56b4960cac151c529029540915f7152a47c07470..013b244f2881cb0bcecab0bca2d78a4529cc4ece%20
%20https://github.com/ibissource/iaf/compare/4f2c1e13e9707a6abeb46df3f33b4b0c6d8fd617..1e1328eddd181547b4613bae97f3476de977e025%20
%20https://github.com/graphhopper/graphhopper/compare/e5d961ae50dba042e5556f7bcead4a77994c8c57..cff8fa8a2a90628fe9a354d3694cd411eb0b7b53%20
%20https://github.com/graphhopper/graphhopper/compare/5caa3cdb9465a8688ab81fe8335d7983d5d167cf..7a95654aa3eac3de62846c9e9e07370d67c274ea%20
%20https://github.com/winder/Universal-G-Code-Sender/compare/ef9a5f52706a6e84188bae3d3125b8bcdddc1875..3c80ed9393932bae2071f1b1e4d6815f6459323e%20

