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Abstract. Mutation testing is a technique to assess test suite adequacy
to distinguish between correct and incorrect programs. Mutation testing
applies one or more small changes to a program to obtain variants called
mutants. The adequacy of a test suite is measured by determining how
many of the mutants it distinguishes from the original program. There are
many works about mutation testing, but the existing approaches focus on
a specific programming language, and usually, it is not easy to customize
the set of mutation operators. In this paper, we present Wodel-Test,
an extension of the Wodel tool that implements a language-independent
mutation testing framework based on MDE principles.
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mutation, mutation testing, reverse engineering
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Introduction

Mutation testing is an approach of software testing to assess the quality of test
suites [4]. Mutation testing consists in injecting syntax changes in a program by
using mutation operators. The mutations introduced into the original program
aim at simulating common programming faults. The test suite’s ability to detect
faults in the generated mutants is measured by the mutation score, which is
the percentage of mutants that the test suite kills, i.e., distinguishes from the
original program.
Recent mutation testing frameworks are intended for a specific programming
language. MiLu [7] is a specific mutation testing tool for C programs, while
MuJava [10], MoMut [9], Major [8], Javalanche [11] and PITest [3] focus on
Java. We found that Major is the only tool that provides a DSL that allows
the definition of the mutation operators, but, as we point out, it only deals with
Java programs. Thus, it would be very useful to create a language-independent
mutation testing framework that allows designing and applying customized mutation operators and facilitates the creation of mutation testing environments.
With this purpose, we have extended the development environment built for
Wodel [5, 6].
Paper organization. First, Section 2 describes the process of our approach.
Section 3 shows a running example, and finally, Section 4 ends with the conclusions and lines of future work.
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Approach

First of all, we briefly introduce Wodel3 [5], a DSL that facilitates the specification and creation of model mutations in a meta-model independent way. The
language provides primitives for model mutation (e.g., creation, deletion, reference reversal), item selection strategies (e.g., random, specific, all), and composition of mutations. The Wodel environment allows creating Wodel programs,
their compilation into Java, and the mutations execution. The Wodel tool can
be extended with post-processor steps for particular applications, such as the
automated generation of exercises [5], or the one presented in this paper.
We have provided the Wodel framework with a language-independent mutation testing extension called Wodel-Test. This approach uses model-driven
engineering techniques, such as the aforementioned DSL for model mutation, as
well as model-to-text, and text-to-model transformations. The process flow to
create a Wodel-Test project is shown in Figure 1. We distinguish two kinds of
users for our extension: the testing plugin creators and the testers.
Consequently, the process is separated in two stages. In the first stage, the
testing plugin creation takes place. The user performing this action is in charge of
designing the operators of interest for the selected domain. In addition, he/she
must code the transformation of the projects to be tested into models, and
viceversa; provide the code to compile the projects that are going to be tested;
and finally, include the code for applying the test-suite and collecting the different
results obtained from the mutation testing process. The result of this stage is a
testing plugin that will be used by Wodel-Test for the selected domain.
In the second stage, the tester proceeds to create a Wodel-Test project using
the previously generated plugin. This project includes the artifacts to be tested,
and the test-suite to be applied. Finally, the tester executes the Wodel-Test
project that will provide the mutation score corresponding to the test-suite.
Currently, we have created proof-of-concept mutation testing frameworks for
both Java and ATL.
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Example

In this section, we illustrate Wodel-Test usage for the creation of a mutation
testing framework for Java. We used the MoDisco [1] Eclipse plugin for manipulating Java projects and reverse engineering (i.e., converting Java programs into
models conformant to a Java meta-model), and JUnit for the implementation
of the test suite.
Firstly, we implemented some mutation operators using Wodel [2]. Next, we
implemented the necessary methods to customize the testing environment for
Java. In this case, we implemented the methods to transform Java projects into
EMF XMI models, and viceversa; a method to compile Java code; and finally,
a method to run the test-suite and collect the results of the mutation testing
3
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Fig. 1. Process of the Wodel-Test mutation testing environment: 1. Creating the
testing plugin. 2. Using the testing plugin

process. At this point, the plugin is ready, and can be used by the Java tester.
Next, the Java tester launches the testing plugin from the Eclipse IDE, imports
the projects to be tested, and the test-suite. Finally, the mutation testing process
executes and shows the resulting mutation score.
Figure 2 illustrates this example4 . The Wodel mutation replaces a + or a operator by a * operator. The original Java program consists in a method to
increment an integer value by 1. The testing plugin transforms this artifact into
a model. Then, it applies the Wodel mutation and generates the mutants. In
this example, the mutated Java program is the result of replacing the original
+ operator by a * operator. Next, the testing plugin transforms the generated
mutant models into mutated Java programs. Finally, it executes the test-suite
against the mutated programs, and shows the mutation score.

artifact to model
:Method
name= “inc”

:modifier

:parameters

:Modifier
visibility= “public”

:body

:Variable
name= “value”
:variable

:VariableAccess
:NumberLiteral
token= “1”

model to artifact
:Method
name= “inc”

mutation

:parameters

:Block

:ReturnStatement

:variable

:expressions

:InfixExpression
:rightOp operator= “+”

seed model

:VariableAccess

mutant

:Modifier
visibility= “public”

:body

:Variable
name= “value”

:statements

:leftOp

:modifier

:NumberLiteral
token= “1”

:Block

:statements

:ReturnStatement
:leftOp

:expressions

:InfixExpression
:rightOp operator= “*”

Fig. 2. Wodel-Test example for Java
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A video showing this example can be found at: https://youtu.be/2hx1Sy2uP34
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Conclusions and future work

In this paper, we have presented Wodel-Test, a model-driven engineering tool
for mutation testing that is domain independent. We have described our approach and applied it to Java language. We have explained its benefits over
existing tools, mainly its language-independence.
As a future work, we will extend Wodel-Test to show not only the mutation
score corresponding to the test suite but also information about the quality of
the operators and the level of difficulty to kill the generated mutants. In addition,
we will include extensions to check that the mutants compile, and to identify
and avoid duplicated and equivalent mutants. We will test our approach with
other domains, and we will create specific Wodel mutation libraries for them.
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2. P. Chevalley and P. Thévenod-Fosse. A mutation analysis tool for Java programs.
International J. on Software Tools for Technology Transfer, 5(1):90–103, 2003.
3. H. Coles, T. Laurent, C. Henard, M. Papadakis, and A. Ventresque. PIT: A practical mutation testing tool for Java (Demo). In Proc., ISSTA 2016, pages 449–452,
New York, NY, USA, 2016. ACM.
4. R. A. DeMillo, R. J. Lipton, and F. G. Sayward. Hints on test data selection: Help
for the practicing programmer. Computer, 11(4):34–41, 1978.
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