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Underlying ResearchUnderlying Research

• Characterisation of fault types for AO software
• Definition of fault taxonomy for AO software
• Definition of mutation operators for AO programs
• Automation of mutation testing for OO and AO 

programs
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In: ICSE'2010, Cape Town, South Africa.

[2] Ferrari, F. C.; Burrows, R.; Lemos, O. A. L.; Garcia, A.; Maldonado, J. C. Characterising faults in 
aspect-oriented programs: Towards filling the gap between theory and practice. In: SBES'2010, 
Salvador, Brazil.

[3] Ferrari, F. C.; Maldonado, J. C.; Rashid, A. Mutation testing for aspect-oriented programs. In: 
ICST'2008), Lillehammer - Norway.

[4] Ferrari, F. C.; Nakagawa, E. Y.; Rashid, A.; Maldonado, J. C. Automating the mutation testing of 
aspect-oriented Java programs. In: AST'2010, Cape Town – South Africa.



Overview: Proteum/AJOverview: Proteum/AJ

• Command line-based and GUI-based execution

• Supports all steps of mutation testing

– Program execution

– Mutant creation

– Mutant execution

– Mutant analysis

• Handles Java and AspectJ programs

• Test projects and results are stored into a relational 
database

• User Manual



DependenciesDependencies

Library License

ant-launcher
ant 
ant-junit
commons-lang
ibatis

Apache v2.0

aspectj-front
aterm 
java-front
strategoxt

LGPL v2.1

mysql-connector 
sdf2-bundle

GPL v2.0



Licenses: Conflict Analysis Licenses: Conflict Analysis 
[1][1]

• Compatibility between Apache v2.0 and and GPL v3.0

• Incompatibility between GPL v2.0 and GPL v3.0

• Incompatibility between GPL v2.0 and Apache v2.0

• Compatibility between LGPL v2.1 and GPL v3.0

• For Proteum/AJ, libraries licensed as GPL v2.0 may be 
distributed as GLP v3.0: 
– "This program is free software; you can redistribute it 

and/or modify it under the terms of the GNU General Public 
License as published by the Free Software Foundation; 
either version 2 of the License, or (at your option) any 
later version”

[1] Buzachero, H. O.; Ferrari, F. C.; Maldonado, J. C.: Defining a set of guidelines for licensing 
open source software. In: SIICUSP'11, São Carlos/SP - Brasil, 2011.



WorkflowWorkflow



Version 1's Main Modules Version 1's Main Modules [2][2]
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[2] Ferrari, F. C.; Nakagawa, E. Y.; 
Rashid, A.; Maldonado, J. C. 
Automating the mutation testing of 
aspect-oriented Java programs. In: 
AST'10, Cape Town - South Africa, 
2010, p. 51–58.



Version 2's Main Modules Version 2's Main Modules [3][3]

criterioncriterion

testcasetestcase

MutantCompiler

<<interface>>
IMutationOperator

applyOperator()

MutationOperator

PWIW DAIC ...

<<external tool>>
Aspectj Compiler

<<external tool>>
Parser

<<external tool>>
Pretty Printer

invokes

MutantAnalyser

TestRunner

TestEvaluator

runsrequirementrequirement

Mutant

artifactartifact

SourceCode

MutationEngine

Note: Some dependencies are not exhibited in order 
to improve the diagram's readability.

<<interface>>
IUnitMutationOperator

applyUnitOperator()

UnitMutationOperator

…SSDLORRN

invokes

invokes

applies

evaluates

generates

compiles

analyses

runs

[3]  Leme, F. G.; Ferrari, F. C.; 
Maldonado, J. C.; Rashid, A. 
ProteumAJv2: A mutation-based 
testing tool for Java and AspectJ 
programs. In: LA-WASP'12 (Poster 
Session) São Paulo/SP - Brazil, 2012, 
p. 47–48.



Main WindowMain Window



Project Creation Project Creation 



Mutation Operator Selection Mutation Operator Selection 



Target Selection Target Selection 



Mutant CreationMutant Creation



Mutant ManagementMutant Management



Mutant VisualisationMutant Visualisation



Test Case ManagementTest Case Management



Test ReportTest Report



Test Report – Custom ReportsTest Report – Custom Reports



Test Report – Custom ReportsTest Report – Custom Reports



Issues and LimitationsIssues and Limitations

• Known issues:
– Required fixes:

• mutant visualisation (some mutants are not 
properly displayed)

• mutant creation (SSDL operator does not work 
for some applications)

• Limitations:
– Complex infrastructure to install the tool
– Support to a subset of unit-level mutation 

operators



Future ImprovementsFuture Improvements

• Purely Java-based mutation engine to 
eliminate dependency with AspectJ-
front

• Support to higher order mutations
• Support to class level mutation 

operators



Current WorkCurrent Work

• Support for Experimentation:
– Infrastructure (IDE, Proteum/AJ, database etc.) 

installed in a virtual machine.

• Support for cost reduction strategies
– MSc Thesis defense on Monday, 20/10/2014.
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