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ABSTRACT

Full Name : Osama Jamil AlKrarha

Thesis Title  : Design and Evaluation of Mutation Operators for Asmetal. Language

Major Field  : Master of Science in Software Engineering

Date of Degree : May, 2014

Abstract State Machines (ASMs) have been introduced by Gurevich in 1984. Abstract
State Machines aim to bridge the gap between informal and formal descriptions by
transforming informal specifications to clear and concise specifications. ASM Models are
simple, concise, and executable. In addition, they support various levels of abstraction,
and provide a well-defined refinement models. ASMs support concurrent and non-
deterministic specifications. Several ASM-based languages were proposed to develop and
validate Abstract State Machines specifications. Asmeta is an interoperable and
integrated framework that provides a standardized infrastructure that serves different
specific domain tools and languages. Mutation testing is fault-based testing technique
aims to assess the adequacy of test suites by introducing errors into program code to
reveal the seeded errors. This thesis proposes a mutation based approach to test ASM
specifications. A set of mutation operators were designed for Asmetal. language. The
proposed Asmetal -based operators are analyzed and evaluated empirically using several
case studies. Furthermore, the proposed set of operators have been implemented in
MuAsmetal, an Asmetal. mutation testing tool, allowing for validation and execution of
mutants, as well as the generation of related statistics. As an application of the proposed
approach, test suites generated using ATGT, an Asmetal. compatible testing tool

implementing various coverage criteria, were assessed. Mutation testing is known for its

X1X




high computation cost. In this thesis, both selective and random mutation were applied to

Asmetal. mutants resulting in substantial gains in terms of effectiveness and cost savings.
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ABSTRACT

Full Name : Osama Jamil AlKrarha

Thesis Title  : Design and Evaluation of Mutation Operators for Asmetal. Language

Major Field  : Master of Science in Software Engineering

Date of Degree : May, 2014

Abstract State Machines (ASMs) have been introduced by Gurevich in 1984. Abstract
State Machines aim to bridge the gap between informal and formal descriptions by
transforming informal specifications to clear and concise specifications. ASM Models are
simple, concise, and executable. In addition, they support various levels of abstraction,
and provide a well-defined refinement models. ASMs support concurrent and non-
deterministic specifications. Several ASM-based languages were proposed to develop and
validate Abstract State Machines specifications. Asmeta is an interoperable and
integrated framework that provides a standardized infrastructure that serves different
specific domain tools and languages. Mutation testing is fault-based testing technique
aims to assess the adequacy of test suites by introducing errors into program code to
reveal the seeded errors. This thesis proposes a mutation based approach to test ASM
specifications. A set of mutation operators were designed for Asmetal. language. The
proposed Asmetal -based operators are analyzed and evaluated empirically using several
case studies. Furthermore, the proposed set of operators have been implemented in
MuAsmetal, an Asmetal. mutation testing tool, allowing for validation and execution of
mutants, as well as the generation of related statistics. As an application of the proposed
approach, test suites generated using ATGT, an Asmetal. compatible testing tool

implementing various coverage criteria, were assessed. Mutation testing is known for its
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high computation cost. In this thesis, both selective and random mutation were applied to

Asmetal. mutants resulting in substantial gains in terms of effectiveness and cost savings.
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CHAPTER 1

INTRODUCTION

The demand for high quality software has increased in various fields and disciplines.
Therefore, it led to an increased focus on the effectiveness of the processes used in the
software industry. Software testing is considered one of the most critical processes that
lead to software projects success or failure, therefore, software engineers and researchers
in this area aim to put more emphasis on the effectiveness of software testing. Software
testing spans the entire software life cycle from requirements stage to the maintenance

stage. The magnitude of faults can be reduced if they were detected at the early stages.

1.1  Motivation

The typical way to validate unstructured software specifications is through inspection [1],
which is usually carried out manually and takes considerable time and effort. In contrast,
the usage of formal specifications reduces such an effort and time, while allowing for
automated validation. Abstract State Machines (ASMs) [2] is a formal paradigm that has
proved its merit in many fields such as software requirements engineering, network
protocols engineering, and system engineering. Handling software requirements using
Abstract State Machine overcomes the natural language with the following advantages:

Simplicity, precise semantics, various levels of abstractions, and executability. In




addition, it provides a well-defined validation and verification model. Moreover, ASM

Models can be used to generate portions of the implementation.

Mutation testing technique is a fault-based technique that has been successfully used to
test various programming and specification languages. This thesis introduces a new

ASM-based mutation testing approach to assess the adequacy of ASM test suites.

1.2  Problem Statement

The goal of this research is to develop a mutation testing approach for Asmetal., an
ASM-based language. The proposed approach would allow both practitioners and
researchers to assess and improve the adequacy of Asmetal. test suites. The main goal is

decomposed into the following sub-goals:

o Sub-Goal I: Definition of a set of mutation operators for Asmetal as a concrete
incarnation of ASM mutation operators.

o Sub-Goal 2: Investigation of the applicability of the proposed mutation operators
to various case studies.

o Sub-Goal 3: Assessment of the effectiveness of the designed operators.

o Sub-Goal 4: Investigation the applicability of cost reduction techniques such as
selective and random mutation in the context of the Asmetal. language.

o Sub-Goal5: Develop an AsmetalL mutation testing tool that allows for validation

and execution of mutants and the generation of mutation related statistics.
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