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Software Testing

» Testing is required to assure quality
» Manual testing is not an option

*» Automatic test-suites do the job -
) -




Test-suite quality

» Adequate coverage
» Ability to catch common bugs

Quis custodiet ipsos custodes?

Socrates
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Mutation Testing™®

» Repeatable, scientific approach
» Simulates realistic situations®
» Quantifiable, tangible results

* DeMillo et al. 1978
* Just et al. 2014







Mutation Testing of Model Transformations

» Requires complicated change
» Mutants compatible with meta-model
» Work on semantics*
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Higher-Order Transformations

» Mutation operator as a higher-order transformation




Experiment
*» Tool: AToMPM*
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* Syriani et al. 2013



Experiment

» Meta-model: RPG Game
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Mutation Operators

» 110 in total
» Using a double ramified version of RPG Game
» Using a ramified version of TransformationRule

» RSCC: Relation to Same Class Change

» ROCC: Relation to Other Class Change

» RSMD: Relation Sequence Modification with Deletion
» RSMA: Relation Sequence Modification with Addition
» CACD: Classes Association Creation Deletion

» CACA: Classes Association Creation Addition
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Relation to Same Class Change

» 24 in total
» An association to an object is replaced by another
association to the same object
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Relation to Other Class Change

* 42 in total
» An association to an object is replaced by another
association to another object
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Relation Sequence Modification with Deletion

* 14 in total
» An association to an object is removed
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Relation Sequence Modification with Addition

* 8 in total
» An association to an object is added
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Classes Association Creation Deletion

* 14 in total
» An association between two objects is deleted
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Classes Association Creation Addition

* 8 in total
» An association between two objects is added




Execution

*» Transformation Rule: HeroPicksGoal
» Mutation Operator Type: RSMA
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Execution
» Expected Result:
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Q. Elements Metwork Sources Timeline Profiles Resources Audits Console

® Y <topframes v
@ Failed to load resource: the server responded with a status of 500 (metamodel not leoaded :: /Formalisms/RPG Game simple/RPG.ramified.defaultIcons)
http:/flocalhost:8124/current.model?wid=4
auto-loading missing metamodel :: /Formalisms/RPG Game simple/RPG.ramified.defaultIcons.metamodel
@ Failed to load resource: the server responded with a status of 500 (metamodel not leoaded :: /Formalisms/ Transformations JTransformationRule/TransformationRule.defaultIcons)
http://localhost:8124/current.model?wid=4
auto-loading missing metamedel :: /Formalisms/ Transformations JTransfermationRule/TransformaticonBule.defaultIcons.metamodel
MESSAGE :: please wait while model transformation module initializes (this may take a few seconds)
MESSAGE :: model tranformation module is ready to go!
MESSAGE :: launching rule :: /Formalisms/RPG Game simple/mutation operators/RSMA/R Tile2TileGoallLHS.model
MESSAGE :: rule succeeded
MESSAGE :: transformation(s) terminated with status :: Success

MESSAGE :: transformation stopped




Conclusion

» Mutation testing can be adapted to model-driven
context

» Mutation operators can be defined as higher-order
transformations

» AToMPM can implement these operators
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| In many cases tests of a program that uncover simple
) © errors are also effective in uncovering much more complex
errors. This so-called coupling effect can be used to save
! work during the testing process.
AT

Mouch of the technical literature in software
reliability deals with tentative methodologies and
underdeveloped techniques; hence it is not surpris-
ing that the programming staff responsible for debug:
ging a large piece of software often feels ignored.
It is an economic and political requirement in most
production programming shops that programmers
shall spend as little time as possible in testing. The
programmer must therefore be content to test
cleverly but cheaply; state-of-the-art methodologi

How, then, should programmers cope? Their
more sophisticated general methodologies are not
likely to be applicable.! In addition, they have the
burden of convincing managers that their software
is Indesd reliable,

The coupling effect

alwiays seem Lo be just beyond what can be afford.
ed. We intend to convince the reader that much
can be accomplished even under these consiraints

From the point of view of management, there is
some justification for opposing a long-term view of
the testing phase of the development cycle, Figure |
shows the relative effect of testing on the remain.
ing system bugs for several medium-scale systems
developed by System Development Corporation.'
Notice that in the last half of the test cycle, the
average change in the known-error status of a
system is 0.4 percent per unit of testing effort,
while in the first half of the cycle, 1.54 percent of
the errors are discovered per unit of testing effort.
Since it is enormously difficult to be convincing in
stating that the testing effort is complete, the
apparently rapidly decreasing return per unit of
effort invested becomes a dominating concern. The
standard solution, of course, is to limit the amount
of testing time to the most favorable part of the
cvele,

Programmers have one great advantage
that is almost never exploited: they
ereate programs that are close to being
correct!

Progr: k , have one great advantage
that is almost never really exploited: they create
programs that are close to being correct! Program-
mwers do not creale programs at random; competent
programmers, in their many iterations through the
design process, are constantly whittling away the
distance between what their programs look like
now and what they are intended Lo look like. Pro-
grammers also have at their disposal

» a rough idea of the kinds of errors most likely
to occur;

# the ability and opportunity to examine their
programs in detail.

Error classifications. In attempting to formulate
a comprehensive theory of test data selection, Susan
Gerhart and John Goodenough® have suggested
that errors be classified as follows:

1} failure to satisfy specifications due to imple-
mentation error;
(2} failure to write specifications that correctly
represent & design:
i3} failure to understand a requirement:
(4} failure to satisfy a requirement.
But these are global concerns. Errors are always
reflected in programs as

* missing control paths,
* inappropriate path selection, or
* inappropriate or missing actions.

001 8-81 G2 TR0400-0054 800,75 1978 IEEE COMPUTER
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ABSTRACT

A good test suiie is one that detecis real faulis. Because the setof
faults in a program is unk nowable, tis definition is not useful 1o
practitioners whoane creating test suites nor o rescarchers whoane
creating and evaluating tools that generate iest suites. In place of
real faults, testing research often uses mutants, which are anificial
faulis — each one a simple syntactic variation — that are systemati-
cally seoded throughout the program under test. Mutation testing is
appealing because large numbers of mutants can be avtomatically
generated and usod as a prosy for real faults.

Unfonunately, there is littk experimental evidence 1o suppont the
use of mutants as a proxy for real faults. This paper investigates
stingie for real faults — that
is, whether a ies iz 's ahility to delect mutants is correlated with
its ahility todetect real faults that developers have fixed.

Owr experiments used 357 real faults in 5 open-source appli-
cations totalling 321 000 lines of source code. Funthermore, our
experiments used bath developer-written and generated test suites.
We founda statistically significant cornelation between mutant de-
tection and real fault detection, even when controlling for code
coverage.

L. INTRODUCTION

Baoth industrial software developers and software engineering
rescarchers are interested in measuring iest suite quality: devel opers
want o know if their suites have a good chance of detecting faults,
while researchers want to be able o compare different testing or
debugging technigues. Ideally, one would directly measure the
number of Faults a test suite can detect in a program. Unfonunately,
the faults ina program are unknown, s0 a progy measurement must
e used instead.

A well-established proxy for test quality intesting research is the
mutation score, which measures a test suiie's ahility to distinguish
a program under test {orgieal version) from many small syntactic
vanations, called suranrs. The micarion score is the percemage of
mutants that a test suite can distinguish from the original version.
Mutants are created by systematically injecting small anificial faulis
inio the program undertest, based on smuseion operarers. Examples

of such mutation operators ane replacement of arthmetic operators
{e.g., xiy meadification of branch conditions, or deletion of
statements. A suite that can detect {or kdl) more mutants — tat

is, it has a higher mutation score — is considered to be a betier suike
than one that detects er mutants.

This measurement is often used in software wsting and debugging
research. More concretely, mutation analysis is commonly used in
the following use cases {e.g., [3,13,25,26] )

. and Gordon Fraser®
*University of Sheffield
Sheffield, UK

. Tess sueite g enrartion and gee raton
A test suike T is only sugmentod with a test 5 if this test
increases the mutation score of T, Likewise, a mutation-
based test generation approach generates and optimizes a test
suite fowards its mutation score based on the assumption that
a higher mutation score indicates a better test suite.

. Tesr sweite selection and evalwation

Suppose we have twounrelated test suites Ty and T, that have
the same matation score and |T; | < |T3f. Inthe context of
test suite seloction, T i a preferable test suite as it has fewer
tests than T, but the same mutation score. Generally in the
comtextof test suite evaluation, a test suite fuat has a higher
matation soore is assumad to be more effective with respect
toreal faults,

;«

Tesr siite s zation

In the context of test suite minimization, a test suite T is
reduced to T {1} for every testt € T for which the reduction
does not decrease the mutation score of T

. Fauds localizadon
A fault Jocalization technigue that procisely ide ntifics a muta-
tien location as the root cause of this antificial fault & assumed
tobe equally effective for real faults.

These uses of mutation analysis rely on the fundamental assumption
that mutants are a valid substitute for real faults. Two test suites
with the same mutation score are assumed to be equally effective
— that is, they are assumed to have the same real fault detection
capability. However, there is surprisingly litle experimental evi-
dence supporting this assumption, as discussed in greater detail in
Section 4.

To the best of our knowledge, only two previous sudies have
explored the correlation between mutants and real faults [1,5]. These
studies used small programs — the largest had anly 5905 LOC. In
addition, one study investigated only 12 real faults [5] while the
other examined 38 real faults [1]. Due o the lack of real faults, the
latter study also used hand-seeded faults for 7 out of its § subject
programs. However, it is not clear that these hand-seeded faulis are
equivalent to real inadvenently-introduced fauls.

Besides, prior research also neglecied the effect of structural code
coverage when studying the correlation between mutant detection
and real fault detection. A higher mutation score could simply be
caused by a higher code coverage. Therefore, it is not clear how
mutant detection is comelated with real fault detection inde pen dently
of code coverage — that is, whether this comrelation exists even if
coverage is controlled for.

This paper extends previows work and explores the relationship
between mutanis and real faults using 5 large Java programs and
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Abstract. In MDE, mode]l wansformatons should be efficiently tested so that it
may be used and rensed safely. Muotation analysis is an efficient technique to
evaluste the quality of test daw, and has been exwnsively smdisd both for
procedural and object-oriented languages. In this paper, we sdy how it can be
adspted 1o model orented programming. Since no model transformaton
language has boen widely sccepied today, we propose generic fanlt models that
are melated to te model wansformation process. First, we identify shamract
operations that constituie his process: model navigstion, model's elements
filering, owput model crestion and input model modificaton. Then, we
propos: & st of specific mutstion operstors which are directly inspired from
these operations. We believe that tese operators are meaningfol since a large
pant of the emors in a transformation ane due to de manipulation of complex
midiels regandless of the concrete imple mentation langnage.

1 Introduction

WValidation refers to a process that aims at inaeasing our confidence that software
meets its requirements. [t usually relies on a combination of reasoming and testing,
and encompasses unit, integration, and acceptance testing. Testing is thus a key aspect
of software development, because of its cost ind impact on final product reliability.

In the case of model-driven development, classical views on testing and their
associsted testing models are not well-suited to the significant changes this software
pamdigm has induced to the development process. The standardization of 2 model
transformation language (QVT) mveals the need of a systematic way for specifying
and implementing the model tmnsformations. However, as for any other program,
faults may occur in a model trmsformation program which must be detected through
testing. Progmmming a model trinsformation is a very specific task which implies
operations a classical progranmer does not usually mampulate, such as navigating the
input/output metamodels or filtenng model elements in collections. B a skilled
programmer of 4 model tmansformation can stll intodece classical faults in the
program, sped fic faults appear. These specific faults are mone at a semantic level than
classical programming faults. For instance, the programmer may have navigated a
wrong assodation from class A to class B, thus mampulating class incormeet instances
of the expected type. He may also be wmong in the cntena used to select some class
instances {e.g. selecting all classes while he should have selected only persistent
ones). Such faults are related to new fault catepories we introdwce in this paper.

A Bengink and J. Wanmer (Eda): BCMDA-FA 2006, LNCS 4066, pp. 376~ 390, 2006,
© Springer-Verlag Berlin Heidelberg 2006
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Abstract. We introduce AToMPM. an open-source framewaork for designing do-
main-specific modeling environments, performing model ransformations, ma-
nipulating and managing models. It runs completely over the web, making it in-
dependent from any operating system, platform, or device 1t may execute on.
AToMPM offers an online collaborative experience for modeling. Tis unigue ar-
chitecture makes the framewaork Aexible and completely customizable, given that
AToMPM is modeled by iself. and external applications can be easily integrated.
Demo: htopsa @/ Swww . youtube, com/watch?v=1i8bdpmpwnéM

1 Introduction

Today, several tools and technologies allow modelers to develop domain-specific mod-
eling languages (DSMLs) and manipulate models, such as AToM? [1]. DSLTools [2],
EMF [3], GME [4], MctaEdit+ [5], and VMTS [6], just to name a few, They often re-
quire an installation of the tool and depend on external artifacts such as operating sys-
tem (VMTS), middleware platform (DSL Tools), or virtual machine (EMF, AToM?).
Furthermore, the degree of collaboration between developers and their models is ofien
restricted to the version controlled repository vsed by the tool (SWN, CVS, or GitHub)
Nevertheless, one of the reasons for the success and popularity of EMF &5 its plugin
framework that allows tremendous extensions of its core which gave birth to a svite of
numerous modeling and transformation tools, such as ATL [T]. Epsilon [8], XText [9].
VIATRAZ [10]. However, the development of these extensions requires expertise in
EMF, and s Java APL

In this paper. we introduce AToMPM (A Tool for Multi-Paradigm Modeling) [11].
the successor of AToME, AToMPM is an open-source framework for designing DSML
environments, performing model transformations, manipulating and managing models.
It runs completely over the weh, making it independent from any operating system,
platform, or device it may execute on. AToMPM follows the philosophy of modeling
everything explicitly, at the right level of abstraction(s), using the most appropriate
formalism(s) and process(es), being completely modeled by iself (ie., boosirapped).

2 Highlight of Features

AToMPM is a modern, versatile and theoretically sound multi-paradigm modeling envi-
ronment. It is a tool for modeling any and every part of a system at the most appropriate
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