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Abstract 
 

 

Aspect-oriented programming is a new programming paradigm that helps to separate cross-cutting 

concerns which cannot be efficiently dealt by object-oriented programming. Most research on the 

area of aspect-oriented programming concentrates on development of strategies to handle these 

cross-cutting concerns. The area of research is still new and very few research papers talk about 

testing aspect-oriented programs. Even fewer paper talks about automated testing of aspect-

oriented programs.  

This project presents a novel framework that aids the automated testing of aspect-oriented 

programs. It converts aspect-oriented programs into equivalent object-oriented programs for testing 

using existing object-oriented testing tools. This framework was implemented with the development 

of a software tool called EvolutionaryAspectTester (EAT). EAT facilitates the evolutionary and 

random testing of aspect-oriented programs. It identifies target branches within aspects for 

automated testing. EAT also implements an extended version of the proposed framework that 

enables evolutionary testing of aspect-oriented programs with input domain reduction technique. 

EAT is the first evolutionary testing tool developed for testing aspect-oriented programs. 

The results of produced by this project were obtained from three studies performed on a collection 

of 14 aspect-oriented programs performing a variety of different tasks. The first study involved 

comparing evolutionary and random testing techniques to evaluate which technique was superior 

for testing aspect-oriented programs. The study revealed that evolutionary testing achieves better 

code coverage when compared to random testing and also takes less effort at the same time. The 

second study finds the impact of input domain reduction on evolutionary testing of aspect-oriented 

programs. The results show evidence to support the claim that input domain reduction makes 

evolutionary testing more efficient taking less effort to cover branches. An improvement in code 

coverage for non-target branches while testing individual branches were also observed. The third 

study reveals the impact of testing aspectual branches in contract to testing all branches in the 

program. The results clearly state a drastic reduction in effort for testing individual classes and the 

overall program while maintaining at least the same level of code coverage if not more. These claims 

are valid for aspect-oriented programming and as well as object-oriented programming since aspect-

oriented programs were converted into equivalent object-oriented programs for testing.  

This project lays the foundation for automated testing of aspect-oriented programs. It proves that it 

is possible to automate the testing process for aspect-oriented programs and performs the first 

every study where evolutionary testing has been applied to aspect-oriented programs. Future work 

beyond this project would involve implementing other testing techniques using this framework and 

comparison of these techniques to evaluate their effectiveness for testing aspect-oriented programs.  
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Chapter-1 
 

Introduction 
 

 

1.1 Background 
 

Aspect-oriented Programming (AOP) is a new technology that helps programmers to separate cross-

cutting concerns known as aspects. In many cases, Object-oriented programming and procedural 

approaches are insufficient to clearly manage cross-cutting concerns hence AOP was introduced as 

an extension of Object-oriented programming to handle these issues. AOP facilitates the 

modularization of cross-cutting concerns making it is easier to understand, use, maintain and 

develop. [1] 

 

Software testing is a labor intensive process which may take up to half of the cost of total software 

development. Automation of the testing process is likely to have a big effect on saving resources 

such as labor, time and money. That’s why it makes good sense to emphasize on the efforts to 

automate software testing. During testing, a test adequacy criterion is required to direct the test 

selection procedure. The branch coverage criterion focuses on the number of branches or true/false 

statement blocks covered during the test process. Branch coverage is considered as the industry 

standard as it not an extremely strict coverage criterion. [6, 13] 

 

Most of the research on aspect-oriented programs was targeted towards the parts of the system 

development lifecycle other than software testing. Hence, the field of testing aspect-oriented 

software has not been extensively explored. The test adequacy criterion for testing aspectual 

behavior is branch coverage within aspects known as “aspectual branch coverage”. [1, 6, 9] 

 

All propositions for testing aspect-oriented software using existing Object-oriented testing tools has 

so far been at bytecode level as aspect-oriented programs are compiled into standard Java bytecode 

for execution. A different approach is proposed in this project where aspect-oriented programs are 

converted into Java source code for testing AOP specific areas of the code. This means that Object-

oriented testing tools which require the source code can now be used to test aspect-oriented 

programs.  [2, 5, 6] 

 

This project provides a framework for automated testing of aspect-oriented programs using random 

and evolutionary testing techniques. This is the first study carried out for testing aspect-oriented 

programs involving evolutionary testing technique. This project performs empirical studies to find 

which testing technique achieves the highest aspectual branch coverage and proposes two novel 

ways of reducing effort for testing aspect-oriented software. As aspect-oriented programs are 

transformed into Object-oriented programs for testing, the concepts and ideas introduced by the 

project are also applicable for Object-oriented programs, leaving its mark on both programming 

fields. [1, 6, 9] 
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1.2 Aim 
 

The aim of this project is to produce a software tool that will help to automate the process of testing 

aspect-oriented software and identify novel ways of reducing the effort in testing.  

 

 

1.3 Objectives  
 

It is important to set the objectives of the project before commencing the project which needs to be 

realistic and achievable in a reasonable time frame. As this is an academic project, time posed to be 

the greatest threat the completion of this project. The objectives of this project are – 

 

� To determine novel way of testing aspect-oriented programs  

� To propose a framework for automated testing of aspect-oriented programs 

� To propose and extended framework to facilitate input domain reduction for evolutionary 

testing of aspect oriented programs 

� To facilitate the automated testing of aspect-oriented programs using random testing 

technique. 

� To facilitate the automated testing of aspect-oriented programs using evolutionary testing 

technique. 

� To device novel ways of reducing the efforts for testing aspect-oriented software programs 

� To compare random and evolutionary testing techniques for testing aspect-oriented 

programs 

� To find the impact of input domain reduction for evolutionary testing of aspect oriented 

programs 

� To find the impact of testing AOP specific structures as opposed to testing the full aspect-

oriented program.  

 

 

1.4 Scope 
 

The scope for any successful project needs to be set early to limit the extent to which it would span 

to answer the research questions asked. The scope of this project is defined as –  

 

� There are two paths to follow while testing aspect-oriented software – testing compositional 

behaviour and testing aspectual behaviour. This project focuses on the latter one.  

� The software implemented in this project would only test AspectJ programs as aspect-

oriented programs written in other programming languages are out of scope for this project. 

� This project focuses on unit testing of AspectJ programs. Integration testing is out of scope 

for this project.  

� Input domain reduction in this project relates to reducing search space related to input 

parameters. The search space related to global variables remains unchanged. 
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Chapter-2 
 

Literature Review 
 

 

2.1 Overview 
 

The topic of research – Testing Aspect-Oriented Software – has been introduced in the previous 

chapter. In this chapter its main three themes will be discussed. At first, concepts of software testing 

and various testing techniques will be reviewed. Then the key concepts of aspect-oriented 

programming will be discussed, as they are prone to being treated vaguely. Finally relevant work and 

progress of testing aspect-oriented software will be reviewed to show how this project was inspired.  

 

 

2.2 Software Testing 
 

Software testing is used to detect faults and assert the quality of developed software. Even though 

the process of testing cannot guarantee the correctness of the software, it can establish the absence 

of faults. Testing is believed to take up a significant part of the software development process. 

Hence, there has been a high level of interest to automate the testing process in software 

development. Structural testing is based on the examination of software code involving branch and 

path testing. Unit testing involves testing software modules or components separately, in contrast to 

integration testing.  [6, 10] 

 

The process of automated software testing requires a test adequacy criterion to guide the selection 

of tests. Code coverage is used for this purpose to measure the extent to which the software code 

has been tested. There are a number of different ways of measuring code coverage, the main ones 

are –  

� Statement coverage – determines whether each line or statement of the source code has 

been executed and tested. 

� Branch coverage – determines whether each true/false statement of the source code has 

been executed and tested. 

� Path coverage – determines whether every possible route in the given code has been 

executed and tested. 

 

Path and branch coverage are related as path coverage implies branch coverage, but statement 

coverage does not imply branch coverage. For this project we will only consider branch coverage as 

the test adequacy criterion since it is considered to be the industry standard for coverage 

measurement. [5, 6] 

 

 

2.2.1 Random Testing 

 

Random testing is a search based software engineering technique which involves testing programs 

with test data that has been chosen in random. It has been already established that random testing 

is an effective method of generating test data for Object-oriented programs. Random testing helps 

to cover target structures as usually many sufficient input data sets exist which can be selected to 

execute those structures in the code. [10, 14, 21] 
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2.2.2 Program Slicing 

 

Program slicing is a static analysis technique that helps to create a reduced version of a program by 

placing its attention on selected areas of semantics. The process removes any part of the program 

that cannot influence the semantics of interest in any way. Program slicing can be applied to the 

fields of software testing, measurement, debugging or used to better understand the internal 

workings of a program. [12, 13] 

 

The reduced version of the program is called a slice and the semantics of interest is known as slice 

criterion. Based on the slice criterion, it is possible to produce backward or forward slices. Backward 

slice consists of the set of statements that can influence the slice criterion based on data or control 

flow. Forward slice contains the set of statement that are control or data dependent on the slice 

criterion, which includes any statement that can be affected by the slice criterion. Program slicing 

has been used in this project to obtain backward slices of Java programs. [12, 13] 

 

 

Program for slicing Relevant Statements Backward Slice 
 

a = 1; 

b = 2; 

i = b-2; 

j = a; 

i = a+b; 

 

 

a = 1; 

b = 2; 

i = b-2; 

j = a; 

i = a+b; 

 

a = 1; 

b = 2; 

i = a+b; 

 

Figure 2.1: Backward Slicing Example 

 

 

2.2.3 Input Domain Reduction 

 

Input domain reduction technique was introduced for constraint-based testing. It typically involves 

simplifying constraints using various techniques and generating random inputs for the variables with 

the smallest domain. The process is repeated until the target structure has been covered. [10, 15] 

 

The search space for programs consist of global variables and parameters of the method containing 

target branch. When each branch is considered independently, it can be seen that not all parameters 

can influence the coverage of the target branch. Such irrelevant parameters can be identified using 

static analysis techniques such as program slicing. If these irrelevant parameters can be eliminated 

from the search space, there is potential to improve the performance of the search for test data. 

Reducing the input domain using this technique has been found to improve the efficiency of 

evolutionary testing for functional programs significantly reducing the efforts to test each target 

branch. A similar result is expected for applying this technique on Object-oriented programs. [10, 14, 

15, 22] 

 

 

Slice Criteria 
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2.2.4 Evolutionary Testing 

 

Evolutionary testing is a search based software testing approach based on the theory of evolution. 

The idea of evolutionary algorithm is based on maintaining a population of test data called 

individuals. The population is changed with a series of generations. The fitness of each individual is 

calculated using a fitness function which gives greater values for good test data. Every generation is 

produced by applying genetic operators to individuals which imitate the mating and transformation 

of natural genetics. As the generations increase, the population contains more individuals with high 

fitness function. The procedure stops when an adequate amount of fitness is has been achieved or 

the maximum number of generations have been reached. This method of testing has been found to 

achieve better performance than random testing since it concentrates the search towards finding 

test data with high fitness values. [10, 14, 15] 

 

For structural testing such as branch coverage, the fitness value is usually determined using the 

distance based approach or based on how close the test data came to cover the target branch. 

“Approximation level” depicts the distance from target in terms of level of branches and “local 

distance” represents the distance in terms of test data value. Typically approximation level and local 

distance are used in combination for fitness calculation of individual test data. For branch coverage, 

a fitness value closer to 0 is desired as a fitness value of “0” means that the branch has been 

covered. [10, 14] 

 

 

 
 

Figure 2.2: Pictorial Representation of Approximation Level for Fitness Calculation [13] 

Adopted from M. Harman’s Lecture on Evolutionary Testing  

 

Example: Fitness calculation for branch coverage – 

 

Suppose, X = 10 and Y = 5. 

Target Predicate: if (X = Y) 

Local Distance = |X - Y| = 5 

Approximation Level = 2 (from figure above) 

Fitness = Local Distance + Approximation Level = 5 + 2 = 7 

 Target 

Level 4 

Level 1 

Level 2 

Level 3 
Approximation 

Level 
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2.2.5 EvoUnit – Evolutionary Class Tester 

 

EvoUnit is an automatic test sequence generator that relies on the ideas of evolutionary class 

testing. Its main idea is to transform the task of creating test sequences that lead to high structural 

coverage of the code under test to a set of optimization problems that a genetic programming 

algorithm then tries to solve. Each uncovered code element, such as a branch when performing 

branch testing, becomes an individual test goal for which an evolutionary search will be carried out. 

EvoUnit employs the genetic programming system ECJ [16, 17, 18, 19]. 

 

EvoUnit uses a tree-based representation of test sequences which accounts for the call dependences 

that exist among the methods of the classes that participate in the test. This combats the occurrence 

of non-executable test sequences. Method call trees are evolved via sub tree crossover, demotion, 

promotion, and the mutation of the primitive arguments. [20] 

 

The fitness function that EvoUnit automatically constructs for a test goal is composed of the distance 

metrics method call distance, approach level, and branch distance. While the latter two metrics 

originate from evolutionary structural testing of procedural software [5], the former is peculiar to 

class testing. It measures the length of the sequence which could not be executed due to a runtime 

exception caused by improper method arguments (which violate an implicit method precondition). 

In this case, both approach level and branch distance will be calculated with respect to the exit node 

of the method that raised the exception. Otherwise, if the execution of the candidate test sequence 

reaches the method containing the test goal, approach level and branch distance will be calculated 

with respect to the test goal. Test goal belonging to non-public methods are addressed by 

introducing a particular penalty: if a candidate test sequence does not indirectly call the non-public 

method in question, the distance metrics are calculated with respect to the statement that calls the 

non-public methods (if multiple such statements exist in the source code, each is attached by 

individual searches), and a penalty is added to the objective value. Otherwise, if the non-public 

method has been called but the test goal has been missed, the distance is calculated with respect to 

the actual test goal and no penalty is added. [16, 17, 18, 19, 20] 

 

 

2.3 Aspect-Oriented Programming 
 

Aspect-oriented programming (AOP) is a new programming paradigm introduced by Gregor Kiczales 

and his research group at Xerox PARC. Even though Object-oriented programming (OOP) gives us 

concepts like abstraction, inheritance and polymorphism, there are many problems faced by 

programmers on a regular basis that cannot be clearly resolved using Object-oriented programming. 

[1, 9] 

 

AOP attempts to solve these problems involving cross-cutting concerns. A cross-cutting concern is an 

area of interest that overlaps in functionality within several classes making it a non-localized piece of 

code. The idea of AOP is to separate and modularize cross-cutting concerns that spread throughout 

the software code. [1, 9] 

 

The aim of aspect-oriented programming is not to replace Object-oriented programming, but to 

extend it to better mange cross-cutting concerns. These concerns that overlap in functionality are 

combined into modular units known as aspects which are easier to understand, maintain and evolve. 

Aspects include features of code execution such as logging, debugging  
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Figure 2.3: Aspects cross-cutting classes in figure editor program [9] 

Adopted from S. Singh’s Presentation on Aspect-Oriented Programming 

 

 

2.3.1 AspectJ: AOP Extension to Java 

 

AspectJ is an aspect-oriented programming extension to Java programming language. It has achieved 

wide recognition as a language that implements aspect-oriented programming. AspectJ introduces 

some new language constructs such as join points, advice, intertype declarations and aspects to 

Java. These concepts are briefly discussed below – 

 

� Join point – Join points help to identify a well defined position within the program execution 

such as method invocations or when exceptions are caught. 

 

� Pointcut – Pointcuts consist of a set of join points matching a given criterion. 

 

� Advice – Advice contains the code which is executed when a join point has been reached. 

There are three types of advices namely before, after and around advice whose code is 

executed before, after and when the join point is reached respectively. 

 

� Intertype Declaration – Intertype declarations defined within an aspect helps to add extra 

fields and methods to the target class which can later be used as join points as well. 

 

� Aspect – Aspects are modular units of code which contain join points, pointcuts, advices and 

intertype declarations.  

 

AspectJ categorizes the behavior of aspect-oriented programs into two types known as aspectual 

behavior and aspectual composition behavior. Aspectual behavior consists of the behavior 

implemented within advices. Aspectual composition behavior involves the behavior implemented 

inside pointcuts for composition between base code and aspectual behavior. This project is only 

concerned with the unit testing of aspectual behavior leaving aspectual composition behavior 

outside the scope of this project. 

 

 

Figure 

Display 

getX() 

getY() 

setX(int) 

setY(int) 

getP1() 

setP1() 

setP1(Point) 

setP2(Point) 

Aspect Modularity Cuts Across Class Modularity 

FigureElement 

Line Point 

DisplayUpdating (aspect) 
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Figure 2.4: Sample AspectJ Code for Hello Program  

Containing One Aspect and One Java Class 

 

 

2.4 Testing Aspect-Oriented Software 
 

Since the introduction of AOP in the late 1990s, research on Aspect-Oriented Software Development 

(AOSD) has been concentrated on analysis, design and implementation of aspect-oriented programs. 

Research on testing of aspect-oriented programs has received minor consideration, despite of the 

fact that software testing accounts for a significant amount of time, effort and resources in the 

software development lifecycle. Considering the style of language implementation, AOP brings new 

and hard to find errors which need to be considered during the testing process. Therefore, testing 

aspect-oriented programs still remain an inseparable part of AOSD. [1, 6, 9] 

 

 

package hello; 

public class Hello { 

    public static void main(String[] args) { 

        Hello h = new Hello(); 

        h.sayHello(); 

        for(int i = 0; i < 5; i++) { 

            h.sayGoodbye(); 

        } 

    } 

    public void sayHello() { 

        System.out.println("Hello."); 

    } 

    public void sayGoodbye() { 

        System.out.println("Goodbye."); 

        foo(); 

    } 

    public void foo() { 

        System.out.println("foo"); 

    } 

} 

package hello; 

aspect HelloAspect { 

    before(): call(void Hello.sayHello()) { 

        System.out.println("Advice: I am going to say hello."); 

    } 

    before(): call(void Hello.*()) { 

        System.out.println("Advice: I am going to say something."); 

    } 

    after(): cflow(call(void Hello.sayGoodbye()))  

        && call(void Hello.foo()) { 

        System.out.println("goodbye -> foo"); 

    } 

} 

Aspect: HelloAspect 

Class: Hello 



CHAPTER 2: LITERATURE REVIEW 

 9 

2.4.1 Related Work 

 

Quite a few approaches have been proposed for testing aspect-oriented programs, which includes 

model checking, data-flow and state-based testing. Related work in the field of testing aspect-

oriented programs is discussed below.  [4, 6] 

 

In 2002, model checking was first presented by G. Denaro and M. Monga, to verify various aspect 

properties appropriate for formal verification. The results of modal checking relied on these 

properties being maintained throughout system evolution. Later, a similar approach based on three-

valued model was proposed by H. Li, S. Krishnamurthi, and K. Fisler, which verified the features and 

interactions as a result of weaving aspect-oriented programs. [2, 6] 

 

Year 2003 witnessed the proposal of data-flow based unit testing approach for aspect-oriented 

programs by J. Zhao. This approach tests both aspects and base classes that can be affected by 

aspects. Three levels of testing are used to test each unit of code, namely inter-module, intra-

module and inter-aspect or inter-class testing. Definition-use (du) paths of an aspect or class under 

test were determined from control-flow graphs and used for selection of tests. [3] 

 

State-based testing approach for aspect-oriented programs where introduced in 2005 by D. Xu, W. 

Xu and K. Nygard. This involved using aspectual state models to record the effects of aspects on the 

state models of classes. These aspectual state models were transformed into transitions trees 

representing various paths from the root the leaves each of which represents a possible test case. 

This testing approach has been found useful for both simultaneous and incremental development of 

aspects and classes. [4] 

 

JamlUnit was proposed by C. V. Videira and T. C. Ngo, as an aspect-oriented extension of the Java 

unit testing framework called JUnit. It was specifically developed for Java Aspect Markup Language 

(JAML) where aspects are represented using Java base classes and XML binders. JamlUnit generates 

dummy objects to simulate Joinpoints to test aspectual behavior. It pointed out an important fact 

that unit testing of aspectual behavior was possible considering that some basic requirements were 

fulfilled by the AOP language. [5, 8] 

 

In 2006, Dr. T. Xie introduced the Aspectra framework for aiding in the automated testing of aspect-

oriented programs to reduce manual efforts in testing. It uses a wrapper synthesis mechanism to 

produce wrapper classes for aspects and base classes, so that existing Java testing tools can be used 

to generate tests for AspectJ programs. This framework also introduces a coverage measurement 

component that efficiently measures aspectual branch coverage in AspectJ programs. Appropriate 

JUnit test cases are selected by Aspectra based on the level of coverage achieved by each test case. 

Twelve AspectJ programs were tested using random testing to demonstrate the effectiveness of this 

framework. [6] 
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2.4.2 Automated Testing of Aspect-Oriented Software 

 

Even though automated testing is vital for reducing manual efforts in testing, only few papers talk 

about automated testing of aspect-oriented programs. Automated testing of aspect-oriented 

software requires a test adequacy criterion as a stopping rule. Branch coverage within aspects of a 

program, known as aspectual branch coverage, is considered as the test adequacy criterion in this 

project. The aspectual branches are classified into two types, namely predicate branches and 

pointcut branches. Predicate branches are any part of the statement containing a predicate or 

true/false condition. Pointcut branches are considered as the execution of methods corresponding 

to join points defined by the pointcuts within an aspect. [6] 

 

 

2.5 Conclusion 
 

Although several approaches for testing aspect-oriented programs have been proposed over the last 

few years, automated testing of aspect-oriented programs is still in an infant stage. The above 

literature survey reveals that random testing has been used to test aspect-oriented programs, but 

no study has been carried out on the effectiveness of using evolutionary testing techniques for AOP. 

This project derives motivation from this concept and uses random and evolutionary testing 

techniques to test aspect-oriented programs and evaluate which technique provides the better 

structural coverage. It has also been found that proposed testing approaches using Java testing tools 

focuses on all parts of the program including aspectual behaviour. There is a good potential for 

reducing overall effort for testing aspect-oriented programs if parts of the program not relevant to 

aspectual behaviour is skipped from testing. Furthermore, the application of input domain reduction 

technique to evolutionary testing of procedural programs has been found to make it more efficient. 

A similar approach can be adopted for testing aspect-oriented programs using evolutionary testing 

to potentially reduce the efforts for testing individual aspectual branches. 
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Chapter-3 
 

Research Questions 
 

 

 

3.1 Random Testing vs. Evolutionary Testing 
 

3.1.1 Which technique achieves better branch coverage in aspects? 

3.1.2 Which technique takes less effort to test aspect-oriented programs? 

 

 

3.2 Impact of Input Domain Reduction on Evolutionary Testing 
 

3.2.1 What is the impact on effort for testing branches with input domain reduction? 

3.2.2 What is the impact on overall code coverage with input domain reduction? 

 

 

3.3 Testing Aspect-Oriented Programming Specific Structures 
 

3.3.1 What effect do testing AOP specific structures have on testing effort? 

3.3.2 What is the impact of testing AOP specific structures on code coverage? 
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Chapter-4 
 

Framework 
 

 

4.1 Overview 
 

The principal idea of the project is to present a framework for automated testing of aspect-oriented 

programs using existing Object-oriented (OO) test data generation tools. This project implements a 

software testing tool that presents this framework integrated with random and evolutionary testing 

techniques. EvoUnit from Daimler Chrysler has been used as the OO testing tool implementing 

random and evolutionary testing techniques. An extended version of this framework has also been 

used to implement the concept of reducing the input domain for evolutionary testing of aspect-

oriented programs which potentially reduces the effort for testing individual aspectual branches. 

This project is the first to undertake an empirical study for testing aspect-oriented programs using 

evolutionary testing technique.  

 

 

4.2 Framework for Automated Testing of Aspect-Oriented Programs  
 

This framework proposes to convert AspectJ code into Java code for testing parts of the program 

that are relevant to aspect-oriented programming. Once the conversion is complete, the aspectual 

branches need to be identified from the Java code. The identified aspectual branches consisting of 

predicate and pointcut branches need to be specified as test goals to the testing tool being used. 

Then the testing process begins with the specified test goals and resulting test suites are generated. 

The test cases from the test suites are executed and aspectual branch coverage achieved is 

recorded, along with runtime and effort.   

 

 
 

Figure 4.1: Framework for Automated Testing of Aspect-oriented Programs 
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To convert AspectJ code into Java code, AspectJ Compiler 1.0.6 has been used. A modified version of 

the aspectual branch coverage measurement tool from Aspectra called Jusc has been used to 

identify aspectual branches, by performing a “dry run” using a dummy test suite. [7] 

 

This framework has been implemented with EvoUnit which can test Java programs using random 

and evolutionary testing technique. The branches identified from Jusc output required to be mapped 

back to branches from code instrumented by EvoUnit. The mapped branches were specified to 

EvoUnit for testing, which generated JUnit based test suites containing one test case for each 

branch. 

 

Finally, the aspectual branch coverage achieved can be measured with Jusc. The effort calculations 

for the testing process are output based on the testing technique used. For evolutionary testing, 

effort is calculated by in terms of runtime and number of evaluations. For random testing it is 

calculated using number of generations for random testing. As the effort for evolutionary and 

random testing is calculated using the same way, the results are directly comparable.  

 

An advantage of using this framework is that an equivalent Java version of the AspectJ program is 

available which allows the use of testing tools that require source code testing. This approach also 

focuses the testing effort towards AOP relevant parts of the program which potentially reduces the 

testing effort when compared to testing all parts of the program. 

 

 

4.3 Input Domain Reduction Framework for Evolutionary Testing  
 

This framework has been implemented as an extension to the original framework proposed above. 

This design uses evolutionary testing technique to test aspectual branches where search space 

reduction by input domain reduction is possible. The input domain is considered as the set of input 

parameters of the target method containing the branch. This part of the project is concerned with 

the reduction of input domain by identifying irrelevant parameters and excluding them from the 

scope of testing to check whether there is a reduction in effort for covering the target branch.  

 

 
 

Figure 4.2: Framework for Input Domain Reduction  

for Evolutionary Testing of Aspect-Oriented Programs 
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Search space reduction by program slicing has been used as the technique for identifying irrelevant 

parameters for each aspectual branch. After AspectJ code has been converted into Java code and 

aspectual branches have been identified, each branch line is used as the slicing criterion for 

backward slicing. The occurrence of each parameter is checked within the slice to determine its 

relevancy. If a parameter name or its type does not appear within the slice, then it is considered as 

an irrelevant parameter.  

 

Once each aspectual branch has been sliced and its parameters identified as relevant or not, a new 

version of Java code is produced for each branch where input domain reduction is possible, with the 

irrelevant parameters removed and declared as local variables within the method. Then EvoUnit is 

used to generate tests for that branch and the resulting aspectual coverage and effort in terms of 

number of fitness evaluations is recorded. EvoUnit is then used to test the same branches in the 

original version of Java code and the resulting coverage and effort is analyzed and compared to that 

of the previous testing process and any change in coverage or effort is presented from the study.  

 

 

4.4 Conclusion 
 

This project proposes a new framework for testing AspectJ programs using existing Object-oriented 

testing tools, where only aspectual branches are tested as oppose to the whole program, thus 

potentially reducing the effort for testing AspectJ programs. This project implements this framework 

with EvoUnit as the OO testing tool facilitating random and evolutionary testing of AspectJ 

programs. This project performs three empirical studies for identifying which testing technique 

achieves highest aspectual branch coverage, for identifying whether only testing aspectual branches 

reduces the overall testing effort and for finding the impact of input domain reduction on 

evolutionary testing of aspect-oriented programs, all of which is supported by the frameworks 

described above.  
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Chapter-5 
 

Software Specification 
 

 

5.1 Overview 
 

This chapter presents requirement analysis and software specification of the proposed software 

testing tool that will automated the testing of AspectJ programs. The structure of the tool is based 

on the framework proposed by this project in the previous chapter. The specification of the software 

tool is presented as functional and non-functional software requirements.  

 

 

5.2 Functional Requirements 
 

Functional requirements describe the functionalities that a system is expected to provide. This 

section presents the functional requirements of the proposed software tool in terms of input and 

output requirements and software components.  

 

 

5.2.1 Software Input  

 

The software tool will be a command line based program. It is required to accept AspectJ source 

code and other relevant options specifying the way the program under test will be processed. 

Therefore, it is required by the software to accept the location of the source code of the program 

under test and specify its package name using command line options. The user should have the 

option to choose the mode of operation as automatic or semi-automatic. In the automatic mode, all 

processing is carried out without user intervention. In the semi-automatic mode, the processing is 

still done automatically but by one part at a time. This option will be useful for debugging the tool 

and verification of the results. Other command line options to be input are to specify which testing 

technique processing options are to be used.  

 

 

5.2.2 Software Output 

 

All information output by the software will be in text format in relevant locations. The output 

requirements for the software include identified aspectual branches, program slicing details, 

location & type of each aspectual branch in the original and transformed versions of the code. The 

accumulated results of aspectual branch coverage, runtime, number of generations for random 

testing, and number of evaluations for evolutionary testing are required to be output by the 

software tool.  
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5.2.3 Software Components 

 

The software tool will be based on the following software components – 

 

� AspectJ Compiler – This component will compile the AspectJ program under test.  

 

� Java Compiler – This component will compile the Java version of the code under test. This 

can be done using the standard Java compiler available with Java Development Kit 1.4.2. 

 

� Code Converter – This component will convert AspectJ code to Java code for testing. This can 

be achieved using the “preprocess” option in AspectJ 1.0.6 compiler. It will also need to 

change the access modifier of all classes, fields and methods to “public” so that the testing 

tools can access them for testing. Finally, the Java code produced from AspectJ code, need 

to be properly formatted using a pretty-printer so that there are no inconsistencies during 

slicing.  

 

� Branch Identifier – The main purpose of this component will be to identify aspectual 

branches of interest from Java code. This can be done by performing a “dry run” with a 

dummy test suite using the modified branch coverage measurement tool called Jusc. In 

order to produce reliable results, the test suite must contain test cases which exercise the 

Java classes containing aspects and intertype declarations. The output from modified Jusc 

needs to be translated to obtain all information regarding the branches of interest. 

 

� Code Slicer – This component is required to perform backward slicing from each identified 

predicate aspectual branch. The slicing can be done using Indus Java Slicer. The resulting 

slice needs to be stored in the local file system and passed on to the code parser component 

for further processing.  

 

� Code Parser – This component is responsible for parsing the code using Eclipse AST parser to 

identify the methods and their parameters containing the aspectual branches. When slices 

are passed onto this component it should be able to identify irrelevant parameters for every 

branch.  

 

� Code Transformer – Based on the irrelevant parameters identified by code parser, this 

component will produce one version of code for each aspectual branch with irrelevant 

parameters. For each version of the transformed code, it will have the irrelevant parameters 

removed from the target method and declared as local variables with default values 

assigned. The invocations of the target method also need to be changed to reflect the 

removal of irrelevant parameters in order to successfully compile the transformed code.  

 

� Test Goal Generator – This component is responsible for specifying the test goals for the OO 

testing tool. For EvoUnit this component will generate a properties file that will specify the 

test goals identified from instrumented code and various other options such as whether to 

use random or evolutionary testing technique, target class, maximum number of generators 

and population size, and number of times to repeat the testing process, etc. One properties 

file is required for every class of the program under test.  

 

� Test Tool Runner – This component executes the testing tools with the options specified in 

the property files generated by the test goal generator component. The runtime and effort 

calculations are stored in text or CSV files after the testing is complete. Test suites are also 

generated during the testing process.  



CHAPTER 5:  SOFTWARE SPECIFICATION 

 17

� Coverage Calculator – This component accumulates all JUnit test suites generated by the 

software and executes them in order to find the coverage achieved by each test suite. The 

coverage result is calculated using a modified version of Jusc. The individual and 

accumulated coverage results of the test suites need to be stored in separate text files. 

 

 

5.3 Non-Functional Requirements 
 

Non-functional requirements are those which are not directly related with specific functions of the 

target system, but are important to be defined. In this section, non-functional requirements of the 

proposed software tool are presented in terms of reliability, performance and storage.  

 

 

5.3.1 Reliability  

 

The software tool to be developed is required to produce accurate, dependable and repeatable 

results in order to be reliable. Users may rely on the accuracy of this program to test software that 

may be mission critical. Therefore, it is important for the software to be reliable within its scope.  

 

 

5.3.2 Performance  

 

The components of the software tool may be very resource hungry and as a result the tool may take 

a long time to process, especially when repeated several times. Therefore, the tool should be fast 

enough to complete the process within a reasonable timeframe.  

 

 

5.3.3 Storage  

 

The software tool will work on Java and AspectJ code and it must preserve the initial version of the 

code after it is done processing, otherwise important code may be overwritten or lost during 

processing. It is very important that the software tool restores the source files to the original version 

after processing and as well as store intermediate versions separately in order to keep track of 

processing and for the users to refer to them when required.  

 

 

5.4 Conclusion 
 

This chapter presented the software specification of the proposed tool in terms of functional and 

non-functional requirements. The functional requirements specified the specification using the 

input, output and components, whereas the non-functional requirements detailed the reliability, 

performance and storage specifications. Some parts of the software may appear vague at this stage, 

as the specification provides an overall idea of the software’s behavior. The design and 

implementation specific parts of the software are presented in the next chapter which will provide a 

clearer view of the inner workings of the software.  
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Chapter-6 
 

Design & Implementation 
 

 

6.1 Overview 
 

The software specification of the proposed software was presented in the previous chapter. 

Following the flow of information, this chapter discusses the design and implementation specifics of 

the software.  The design of the software is presented in terms of the software components – how 

they connect together and their internal algorithms. The implementation details of the software 

depicts how other tools were modified and put together to make the software perform and how the 

developed software was tested in to ensure its reliability.  

 

 

6.2 Component Connection Architecture 
 

The software being developed contains ten major software components. The connection 

architecture of the components is presented in this section.  

 
 

Figure 6.1: Software Component Connection Architecture 

 

 

At first the AspectJ program under test is compiler using the AspectJ compiler component. Then the 

AspectJ code is converted into equivalent Java code using the code converter component. The 

resultant Java code is compiled using Java compiler component. The branch identifier component is 

used to find aspectual branches from the Java code. Based on user preference, the program then 

forwards the identified branches either to test goal generator for random or evolutionary testing or 

to code slicer for evolutionary testing of aspectual branches with input domain reduction. 

 

If the former route is chosen, then all aspectual branches are sent to the test goal generator for 

testing. If the latter route is chosen, backward slicing is performed using the code slicer component 
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on each aspectual branch and the resulting slices and previously identified branches are passed on 

to the code parser component. The code parser component identifies the branches where input 

domain reduction by removing irrelevant parameters is possible. A new version of code for each of 

these identified branches is generated using the code transformer component and the branches are 

then forwarded to test goal generator for testing transformed versions of the code with reduced 

parameters.  

 

Once the target branches and their location are specified to the test goal generator, it produces the 

relevant properties file containing all the branches as test goals and other relevant options. The 

properties file is then forwarded to the test tool runner component which instruments the classes 

under test and executes the testing process. After testing is complete, the coverage calculator 

measures the aspectual branch coverage achieved using the generated test suites and outputs the 

individual and accumulated results in the designated files.  

 

 

6.3 Algorithms 
 

Algorithms for each software component described earlier are presented below – 

 
 
AspectJ Compiler Algorithm Code Converter Algorithm 

1. Start 

2. Get AspectJ code working directory 

3. Get package name 

4. Set code working directory & package 

name to AspectJ compiler 

5. Run  AspectJ compiler  

6. Stop 

1. Start 

2. Get code working directory 

3. Get package name 

4. Set code working directory & package 

name to AspectJ compiler 

5. Run AspectJ compiler with “preprocess” 

option 

6. Verify generated Java Code in 

“ajworkingdir” sub-directory 

7. Change access modifiers of all Java 

classes to “public” 

8. Format Java code using pretty-printer 

9. Set code working directory to Java 

compiler 

10. Set package name to Java compiler 

11. Run Java Compiler 

12. Stop 

 

Table 6.1: Algorithms for AspectJ Compiler & Code Converter Component 

 

 

Java Compiler Algorithm 

1. Start 

2. Get Java code working directory 

3. Get package name 

4. Set code working directory & package name to Java compiler 

5. Run  Java compiler  

6. Stop 

 

Table 6.2: Algorithm for Java Compiler Component 
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Branch Identifier Algorithm 

1. Start 

2. Create list of classes containing aspects and intertype-declaration: 

a. Read in source files from AspectJ program directory 

b. Read in class files from AspectJ program directory 

c. For each class or aspect: 

i. Get number of fields & methods from bytecode 

ii. Get number of fields & methods from source code 

iii. If number of fields and methods are different in bytecode than source code 

iv. Add class file to intertype class list 

d. For each class or aspect: 

i. If source code cannot be parsed into Java code 

ii. Add class file to aspect class list 

3. Create dummy JUnit test suite containing instantiations of identified classes 

4. Set code working directory & package name to Java Compiler 

5. Run Java Compiler 

6. Set code working directory & package name to Jusc 

7. Set JUnit test suite name to Jusc 

8. Run Jusc  

9. Get Jusc output 

10. Get list of covered branches from Jusc output 

11. Get list of uncovered branches from Jusc output 

12. Stop 

 

Table 6.3: Algorithm for Branch Identifier Component 

 

 

Code Slicer Algorithm 

1. Start 

2. For each target branch: 

a. Backup Java code 

b. Remove existing “main” method from target class 

c. Create new “main” with invocation to target method 

d. Add generated “main” method to class 

e. Set code working directory & package name to Java Compiler 

f. Run Java Compiler 

g. Set code working directory & package name to Indus slicer 

h. Set slice criterion to Indus slicer 

i. Run Indus slicer 

j. Get line numbers of slice from Indus slicer output 

k. Read in target Java class file 

l. Construct slice using slice line numbers 

m. Filter slice to contain lines from target method only 

n. Store slice details 

o. Output slice to “slice” sub-directory 

p. Restore backed up Java code 

3. Stop 

 

Table 6.4: Algorithm for Code Slicer Component 

 
 



CHAPTER 6:  DESIGN & IMPLEMENTATION 

 21

Code Parser Algorithm Code Transformer Algorithm 

1. Start 

2. Identify Irrelevant Parameters for each 

aspectual branch: 

3. For each target branch: 

a. Get list of parameters from 

target method 

b. If parameter name does not 

occur within slice 

c. Add parameter to irrelevant 

parameter list 

d. If parameter type name occurs 

within slice 

e. Add parameter to irrelevant 

parameter list 

4. Store irrelevant parameter list of each 

branch 

5. Stop 

1. Start 

2. For each target branch: 

a. Copy Java source code to 

“transformed” sub-directory 

b. Parse source code of all classes 

c. Remove irrelevant parameters 

from target method 

d. Remove irrelevant arguments 

from invocations of target 

method 

e. Save modified code  

f. Set transformed code working 

directory to Java Compiler 

f. Set package name to Java 

compiler  

g. Run Java compiler 

3. Stop 

 

Table 6.5: Algorithms for Code Parser & Code Transformer Components 

 

Test Goal Generator Algorithm Test Runner Algorithm 

1. Start 

2. Instrument code with EvoUnit 

3. Get branch identifiers from 

instrumented code 

4. Generate EvoUnit properties file with 

identified branch identifiers 

5. Set EvoUnit options in properties file 

6. Save generated properties file  

7. Stop 

1. Start 

2. Specify generated EvoUnit properties file 

in command line option 

3. Run EvoUnit  

4. Stop 

 

Table 6.6: Algorithms for Test Goal Generator & Test Runner Components 

 
Coverage Calculator Algorithm 

1. Start 

2. Copy all JUnit test suites from specified folder to code working directory 

3. For each test suite: 

a. Create wrapper JUnit test suite 

b. Add current test suite to wrapper test suite 

c. Add dummy JUnit test suite to wrapper suite 

d. Compile wrapper test suite 

e. Run Jusc with wrapper test suite 

f. Get Jusc output 

g. Add coverage result to overall coverage list 

h. Store Jusc output 

4. Save overall coverage list 

5. Stop 

 

Table 6.7: Algorithm for Coverage Calculator Component 
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6.4 Tool Implementation 
 

The proposed frameworks for automated testing of aspect-oriented programs have been 

implemented in Java to develop a prototype tool called EvolutionaryAspectTester (EAT) to answer 

the research questions. At present prototype is only compatible with Microsoft Windows XP 

operating system. The implementation is based on the software components and their algorithms 

specified in the previous chapters. The runtime of the tool is dependent on the time taken for slicing, 

compiling, coverage measurement, EvoUnit and intermediate computations. As expected, a major 

portion of runtime is taken by EvoUnit sub-component as it performs the actual testing process.  

 

 

6.4.1 Jusc Modification 

 

For the purpose of compiling AspectJ programs, the AspectJ compiler version 1.0.6 has been used. 

Unlike AspectJ compiler version 1.5, it offered the functionality to produce an equivalent Java 

version of the AspectJ code. Further investigation revealed that these compilers performed the 

weaving process in very different ways resulting is different structures of class files. Jusc – the 

aspectual coverage measurement tool – was found to be compatible only with the latter version of 

the AspectJ compiler. Therefore, Jusc was modified to consider the structures compiled into the 

class files by AspectJ 1.0.6 compiler. As a result of the modification, Jusc is now compatible with both 

versions of AspectJ compiler.  

 

From Jusc source code, JuscInstrumenter class was modified to instrument classes compiled by 

AspectJ 1.0.6 compiler. The methods to be considered from the class files were identified using 

pattern matching in the JuscInstrumenter class. The modification involved adding patterns related to 

methods created by the weaving process of AspectJ 1.0.6 compiler. Based on the original Jusc 

implementation, it was seen that it was not feasible to cover some of the methods as they were 

redundant or not directly relevant to aspectual behaviour.  

 

Jusc is a vital part of this software as aspectual branches are identified for testing from its output. 

For finding aspectual branches, modified Jusc considers all Java branches within selected methods. 

In case of classes compiled from aspects, method selection process involves selecting all methods 

that relate to before, after and around advices and all other methods from the same class except for 

constructors and parts of the code that instantiates the aspect. In case of other classes, the methods 

related to intertype declarations, before, after and around advices are selected. The selected 

methods are searched for predicates which are later identified as predicate branches and methods 

related to before, after and around advices are considered as pointcut methods for measuring the 

aspectual branch coverage. 

 

 

6.4.2 Indus Slicer Modification 

 

Indus Java slicer has been used as the API for producing backward slices from Java code.  It was the 

only static slicer API suitable for the purpose during the period of this development. Unfortunately, 

the Indus only produced the program slices in class file or Jimple format. Jimple is an intermediate 

code format which lies between the Java source code and bytecode. There were two options get 

program slices in Java source code format.  
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First option was to decompile the slice class files to obtain the Java source code, but this option was 

quickly ruled out as no Java decompiler exists to date that can produce compilable Java source code. 

Even if compilable code could have been generated from class files, then there will be the problem 

of mapping the code to lines of code from original code due to compiler optimizations. 

 

Second option involved mapping Jimple code from Indus output to lines of original Java code. This 

approach posed a question of accuracy as Jimple code was generated in a lossy format. Further 

research revealed that this technique has been successfully implemented in Kaveri which is a sub-

project of Indus. Even though the Jimple representation is lossy, it has been found to be adequate 

for the purpose of slicing. Hence this approach was chosen to obtain program slices.  

 

To adopt this approach the Indus API had to be modified to store original source line number 

information in Jimple code. After slicing, line numbers of the slice are extracted from Jimple output 

and corresponding code from those lines were used to construct the desired slice. As only the lines 

of code from the target method is of interest to us, the generated slice was further filtered to 

contain lines of code from the method of interest.  

 

After successful implementation of the modified slicer, a problem of scoping and reachable code was 

revealed. It generated incorrect slices for classes that did not have a main method containing an 

invocation to the method containing the slice criteria. The slicer API needs static methods such as 

the main method as the point of entry to the program for slicing and if the main method does not 

exist or does not contain invocation to the target method then the slice criteria is considered as 

unreachable code – the resulting slice therefore is incorrect. To solve this problem, an appropriate 

main method was added to each class of interest before slicing. Any existing main method was 

carefully commented of and the new main method was added at the bottom of the class so that line 

numbers for rest of the code remain unchanged. This is done automatically by the code slicer 

component of the software using a combination parsing and lexical modification.  

 

 

6.4.3 Software Output 

 

The output from each software component is stored in the local file system. This information aids 

the understanding of how the software works and is useful for debugging and result verification. The 

details of output generated by every component is given below –  

 

� AspectJ Compiler – This class files as a result of compilation is produced within the same 

directory containing the AspectJ code files.  

 

Example: 

Working directory = C:\Programs\ExperimentA 

AspectJ Code Directory = C:\Programs\ExperimentA\DCM 

Class File Output Directory = C:\Programs\ExperimentA\DCM 

 

� Code Converter – The generated compilable Java source code is stored in the 

“ajworkingdir\<package name>” sub-directory.  

 

Example: 

Working directory = C:\Programs\ExperimentA 

AspectJ Code Directory = C:\Programs\ExperimentA\DCM 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 
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� Java Compiler – This class files as a result of compilation is produced within the same 

directory containing the Java code files.  
 

Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Class File Output Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

 

� Branch Identifier – The details of aspectual branches identified are stored in a text file in the 

same directory as the generated Java code directory.  

 

Example: 

Working directory = C:\Programs\ExperimentA 

AspectJ Code Directory = C:\Programs\ExperimentA\DCM 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Branch List File = C:\Programs\ExperimentA\ajworkingdir\DCM\branchlist.txt 

 

 

 
 

Figure 6.2: Screenshot of branch list output file 

 

 

� Code Slicer – Each slice output is stored is the following location -  

<Java Code Directory>/<slice>/slice<index>.txt 

 

Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Slice Output File = C:\Programs\ExperimentA\ajworkingdir\DCM\slice\slice0.txt 
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Figure 6.3: Screenshot of slice output file 

 

 

� Code Parser – The identified irrelevant parameters, branch detail and slice output is stored 

in the following location - <Java Code Directory>\transformed\branch<index>\info.txt 

 

Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Info File = C:\Programs\ExperimentA\ajworkingdir\DCM\transformed\branch0\info.txt 

 

 

 
 

Figure 6.4: Screenshot of info file 

 

 



CHAPTER 6:  DESIGN & IMPLEMENTATION 

 26

� Code Transformer – A transformed version of code is generated for every branch with 

irrelevant parameters. The transformed code is stored in the following location –  

<Java Code Directory>\transformed\branch<index>\<package name> 

 

For example:  

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Transformed Code Directory =  

C:\Programs\ExperimentA\ajworkingdir\DCM\transformed\branch0\DCM 

 

� Test Goal Generator – File containing the list of test gaols for EvoUnit is generated in the 

Java code directory.  

 

Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Test Goal List File= C:\Programs\ExperimentA\ajworkingdir\DCM\goals.txt 

 

 

 
 

Figure 6.5: Screenshot of test goal list file 

 

 

� Test Tool Runner – EvoUnit generates JUnit test cases as well as reports containing the effort 

and runtimes for each test goal. This information is stored in the reports directory – 

 

For testing all parts of code: 

<Java Code Directory>\reports\all\<class FQN> 

 

Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Reports Directory = C:\Programs\ExperimentA\ajworkingdir\DCM\reports\all 

 

For testing AOP specific parts of code: 

<Java Code Directory>\reports\aop\<class FQN> 
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Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Reports Directory = C:\Programs\ExperimentA\ajworkingdir\DCM\reports\aop\DCM.Class1 

 

For testing with parameter reduction: 

<Java Code Directory>\transformed\branch<index>\<package name>\reports\<class FQN> 

 

Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Reports Directory =  

C:\Programs\ExperimentA\ajworkingdir\DCM\reports\branch0\DCM.class1 

 

 

 
 

Figure 6.6: Screenshot of effort list file 
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Figure 6.7: Screenshot of runtime list file 

 

 

� Coverage Calculator – The aspectual branch coverage results of each iteration is stored in 

the “coverage” sub-directory in Java code directory, in the following location –  

<Java Code Directory>\coverage\iteration<index>.txt 

 

The overall coverage report is stored in the following location – 

<Java Code Directory>\coverage\OverallCoverage.txt 

 

Example: 

Java Code Directory = C:\Programs\ExperimentA\ajworkingdir\DCM 

Iteration Coverage File =  

C:\Programs\ExperimentA\ajworkingdir\DCM\coverage\iteration0.txt 

Overall Coverage File =  

C:\Programs\ExperimentA\ajworkingdir\DCM\coverage\OverallCoverage.txt 
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Figure 6.8: Screenshot of iteration coverage report file 

 

 

 
 

Figure 6.9: Screenshot of overall coverage report file 
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6.5 Conclusion 
 

EvolutionaryAspectTester (EAT) is a research prototype built in this project for answering the 

research questions asked in Chapter 3. Even though numerous technical difficulties were faced 

during the implementation process, all of them were overcome with the investment of time and 

effort. After the development phase was complete, the results generated by EAT were verified 

manually using black box testing. The evolutionary testing tool EvoUnit itself was used for white-box 

testing of the developed software. All identified bugs were fixed to ensure the reliability of the 

results produced by EAT. Then it was ready to be use to conduct the experiments necessary to 

answer the research questions asked in this project.  
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Chapter-7 
 

Empirical Study 
 

 

7.1 Test Subjects 
 

A total of 14 test subject programs have been used in this project. The test subjects are all AspectJ 

programs serving different purposes. These programs were used as benchmarks in the Aspectra 

project and projects by Sable Research Group at McGill University and Programming Tools Group at 

Oxford University. The programs have been obtained from the following web links –  

 

� http://abc.comlab.ox.ac.uk/benchmarks 

� http://www.sable.mcgill.ca/benchmarks 

 

No Program 
AspectJ 

LOC 

Java 

LOC 

Aspectual  

Branches 
Brief Description 

1 Figure 147 325 1 
Drawing program that uses aspects to handle 

GUI updates 

2 PushCount 119 137 1 
Stack program that counts the number of 

“push” operations in stack using aspects 

3 Instrumentation 96 115 2 
Stack program that counts number of stack 

operations using aspects 

4 Hello 33 86 3 
Introductory AspectJ program demonstrating 

use of advices in aspects 

5 NonNegative 94 116 3 
Stack program that only allows to “push” non-

negative values in stack using aspects 

6 NullCheck 140 134 4 
Stack program that detects null values during 

“pop” operations from stack using aspects 

7 QuickSort 131 204 4 
QuickSort program that counts the number of 

partitions and swaps made using aspects 

8 NullChecker 70 105 4 
Stack program that finds null values in stack 

cells using aspects 

9 Telecom 696 557 8 
Telephone call management program 

maintaining billing using aspects 

10 SavingsAccount 215 144 9 
Bank account program enforcing minimum 

balance and overdraft facilities using aspects 

11 Queue 545 429 9 
Queue program maintaining various states of 

queues using aspects 

12 ProdLine 1318 907 16 

Uses aspects to define system features which 

are combined as required, defining a set of 

product lines. 

13 DCM 446 375 62 
Program that computes dynamic coupling 

metrics using aspects 

14 Law of Demeter 185 1041 203 

Policy enforcer program that checks whether a 

program adheres to the Law of Demeter using 

aspects 
 

Table 7.1: AspectJ Test Subjects 
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7.2 Random Testing vs. Evolutionary Testing 
 

7.2.1 Research Questions 

 

The goal of this empirical study is to find the effectiveness of evolutionary testing technique with 

comparison to random testing of aspect-oriented programs. The significance of this study is high as it 

is the first ever study conducted involving evolutionary testing of aspect-oriented programs. To date, 

random testing has been heavily used to test aspects. As mentioned, this study will compare random 

testing with evolutionary testing to find the superior technique in terms of aspectual branch 

coverage and effort. The research questions set forth by this study are – 

 

� Which technique achieves better branch coverage in aspects? 

� Which technique takes less effort to test aspect-oriented programs? 

 

Answering the above questions will determine the superior testing technique suitable for aspect-

oriented program. Both random and evolutionary testing will be performed using the developed tool 

EvolutionaryAspectTester (EAT).  

 

 

7.2.2 Metrics & Measures 

 

Test adequacy criterions are used to measure how much of the program has been testing. Aspectual 

branch coverage is considered as the test adequacy criterion in this study as it is the industry 

standard for test measurement. The branch coverage in the test subjects have been measured with 

a modified version of Jusc which is now a component of EAT.  

 

The effort for testing is measured using different metrics for evolutionary and random testing. In 

evolutionary testing, the number of fitness evaluations required to cover a branch is considered as 

the standard measurement for effort. However, random testing uses the number of generations as 

the measurement for effort. EAT generates tests for both evolutionary testing and random testing in 

a similar way, except for random testing new individuals are generated every time and mutation 

operators are not applied. Therefore, the number of fitness evaluations for evolutionary testing and 

the number of generations for random testing are directly comparable in this comparison. The upper 

bound set for number of evaluations for evolutionary testing and number of generations for random 

testing has been set to 10,000. 

 

 

7.2.3 Experimental Steps 

 

The following steps were performed to conduct the experiment on each test subject –  

 

1. Convert AspectJ program to Java program 

2. Preprocess Java code as preparation for testing  

3. Identify all aspectual branches  

4. Test target branches in using evolutionary testing (repeated 30 times) 

5. Test target branches in random testing (repeated 30 times) 

6. Measure number of evaluations, generations and overall coverage  

7. Compare and analyze results 
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7.2.4 Experiment Results 

 

All 14 test subjects introduced in Section 7.1 has been used to conduct the experiment in this study. 

The experiments involves testing aspect-oriented programs using random and evolutionary testing 

techniques to compare and analyze their results in terms of effort taken for testing and code 

coverage.  

 

The table below presents the list of programs and their classes that was possible to be tested using 

EAT. The table also states the number of aspectual branches used as targets for testing. The 

aspectual branches include branches of all predicates, as well as pointcut branches which translate 

to covering AOP related methods after weaving.  

 

Column 1 in the table represents the numbering of classes. Column 2 represents the programs under 

test. Column 2 represents the names of classes under test. Column 4 represents the number of 

aspectual branches that were used as targets for testing.  

 

 

No Program Class Aspectual Branches/Targets 

1 Figure DisplayUpdating 1 

2 PushCount StackOrig 1 

3 Instrumentation Instrumentation 2 

4 Hello HelloAspect 3 

5 NonNegative  NonNegative  5 

6 QuickSort Stats 4 

7 NullChecker NullChecker 3 

8 Telecom Timing 3 

9 SavingsAccount MinimumBalanceRuleAspect 3 

10 SavingsAccount OverdraftProtectionRuleAspect 9 

11 Queue QueueStateAspect 12 

12 ProdLine CC 2 

13 ProdLine Cycle 2 

14 ProdLine DFS 4 

15 ProdLine MSTKruskal 4 

16 ProdLine MSTPrim 4 

17 ProdLine Number 2 

18 ProdLine Weighted 3 

19 NullCheck Stack6 6 

20 DCM ClassRelationship 2 

21 DCM Metrics 36 

22 DCM Stack4 48 

23 LawOfDemeter Percflow 31 

24 LawOfDemeter Pertarget 76 

Total 266 

 

Table 7.2: Classes under Test 

 

The results presented in the table above indicates that a total of 24 classes were possible to be 

tested using EAT from all 14 programs. It is worth mentioning that EAT cannot instrument all classes 

that relate to abstract classes, interfaces or contain static global variables of primitive types. The 

total number of aspectual branches tested is 266. All branches have been considered in this study 

regardless of whether they were covered during the test or not.  
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Figure 7.1: Effort Reduction in Classes 

 

 

This graph presents the results of effort comparison between evolutionary and random testing. The 

x-axis in the graph represents all classes that have been testing and the y-axis presents the 

percentage reduction in effort achieved by evolutionary testing in comparison to random testing. 

The values in the y-axis has been calculated using the following formula –  

 

×
Random Testing Effort - Evolutionary Testing Effort

Percentage Of Effort Reduction = 
Random Testing Effort

100  

 

The results in the graph indicate that 2 out of 24 classes has an increase in effort in evolutionary 

testing, 7 out of 24 classes took the same effort and the remaining 15 branches had reduction in 

effort when compared to random testing. The maximum reduction achieved was 98.91% by class 

MinimumBalanceRuleAspect and the maximum increase in effort was 13.89% by class CC.  

 

Further investigation revealed the fact that the classes which had increase in effort for testing 

consisted of trivial branches. The average effort for both classes was under 5 generations or 

evaluations. Theoretically, evolutionary testing should take less effort for covering branches when 

compared to random testing, but in the case of these two classes that was not the case. A thorough 

investigation revealed that evolutionary testing took more average effort due to random spikes in 

the number of evaluations. This is possible evolutionary algorithms have random test data 

generation mechanism at the heart of it.  
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Figure 7.2: Effort Reduction in Programs 

 

 

The graph above presents the effort reduction per program for evolutionary testing in comparison 

with random testing. The x-axis presents each of the 14 programs that have been testing. The y-axis 

presents the percentage reduction in effort with evolutionary. The percentage reduction in effort 

per program has been calculated using the formula –  

  

×
Random Testing Effort - Evolutionary Testing Effort

Percentage Of Effort Reduction = 
Random Testing Effort

100  

 

The results in the graph reveals that 9 out of 14 programs had no difference in effort for 

evolutionary testing and random testing, and the remaining 5 programs had a reduction in effort for 

using evolutionary testing technique. The minimum reduction is 0% by the programs Figure, Hello, 

Instrumentation, PushCount and QuickSort. The maximum reduction of 61.28% is achieved by the 

program Queue. 

 

It is to be noticed that the class CC from the program ProdLine and ClassRelationship from the 

program DCM has an increase in effort, the increase was overtaken by the larger decrease in effort 

in other classes of the program, resulting in the overall decrease in effort for both DCM and ProdLine 

programs. Finally it can be deduced that evolutionary testing takes the same or less amount of effort 

for testing the same programs when compared to random testing.  
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Figure 7.3: Coverage Improvement in Programs 

 

This graph presents the improvement in coverage after using evolutionary and random testing 

techniques on the 14 programs under test. The x-axis represents each program and the y-axis 

represents the improvement in branch coverage as a result of using evolutionary testing. The 

improvement in coverage is calculated using the following formula – 

 

Coverage Improvement = Evolutionary Testing Coverage - Random Testing Coverage  

 

From the graph it is observed that 9 out of 14 programs achieved the same branch coverage with 

evolutionary and random testing. The remaining 5 programs obtained better branch coverage with 

evolutionary testing. The maximum improvement of 42.67% in branch coverage is made by the 

program SavingsAccount with the application of evolutionary testing. An interesting observation is 

also made when the results of branch coverage improvement and effort reduction are compared. It 

is seen that all 5 programs which had an improvement in branch coverage also has a reduction in 

effort using evolutionary testing.  

 

The research questions asked in this study have all been answered. Evolutionary testing does not 

only achieve better branch coverage than random testing, it also does it with less effort. This study 

provides evidence that evolutionary testing is a better technique for aspect-oriented programs in 

comparison to random testing. 
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7.2.5 Summary of Findings 
 

This study makes a comparison between random and evolutionary testing when applied to aspect-

oriented programs. The comparison is based on effort and branches coverage achieved by both 

techniques. The same programs have been tested 30 times and the average effort and coverage 

obtained by both techniques has been used in the comparison. The results of this study provides 

evidence to support that evolutionary testing is superior to random testing when applied to aspect-

oriented programs. This claim is supported by the result that 9 out of 14 programs witnessed a 

reduction in effort and 5 out of 14 programs observed and improvement in coverage after using 

evolutionary testing. An increase in effort was observed in two classes with evolutionary testing. This 

was caused by random spikes in the number of evaluations. The branches contained within the class 

were found to be insignificant for having very low values for average effort. However, this increase 

was over taken by the larger reduction in effort in other classes resulting in reduction of overall 

effort. In conclusion, it can be said that evolutionary testing was found to be the better testing 

technique for aspect-oriented programs after comparison with random testing in terms of effort and 

branch coverage. As the aspect-oriented programs are converted to object-oriented programs, this 

claim also holds for object-oriented programming paradigm.  
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7.3 Impact of Input Domain Reduction on Evolutionary Testing 
 

 

7.3.1 Research Questions 
 

The aim of this empirical study is to find the effects of applying input domain reduction technique on 

evolutionary testing of aspect-oriented programs. The research questions asked in this study are – 

 

� What is the impact on effort for testing branches with input domain reduction? 

� What is the impact on overall code coverage with input domain reduction? 

 

By answering these questions, this study determines the effectiveness of input domain reduction on 

evolutionary testing. As test subjects are converted to Java programs for evolutionary testing, results 

of this experiment are applicable to both aspect and object oriented programming paradigms.   

 

 

7.3.2 Metrics and Measures 
 

Input domain for evolutionary testing includes global variables and input parameters. The search 

space related to input parameters is of interest to us in this study, hence the available search space 

is represented as the number of parameters and input domain reduction is presented is percentage 

reduction in the number of input parameters. In other words, the reduction in input domain is based 

on the number of irrelevant parameters for each branch of interest.  

 

In case of evolutionary testing, number of fitness evaluations required to cover target structure is 

often used as industry standard for effort measurement. The same is considered for testing 

aspectual branches in this study. For evolutionary testing, an initial population size of 50 individual 

test data is considered. If the ideal solution for the branch of interest is the third individual in the 

first generation, then the number of fitness evaluation required to cover that branch is reported as 

3. Due to the random behaviour of evolutionary testing caused by the mutation operator, each 

branch has been tested 30 times – before and after input domain reduction - and the number of 

fitness evaluations has been used in the comparison. It is important to set a common upper bound 

on number of fitness evaluations to be performed for each branch for a fair comparison. For this 

study, it was set to a maximum of 100,000 fitness evaluations per branch. 

 

Every testing technique essentially needs test adequacy criterion such as code coverage, as a 

stopping rule. This study assumes aspectual branch coverage or branches within aspects as the 

coverage criterion and as targets for testing. Only aspectual branches containing predicates are 

expected to have irrelevant parameters as pointcut branches translate to covering methods related 

to before, after or around advice after converting to Java.  

 
7.3.3 Experimental Steps 
 

The following steps were performed to conduct the experiment on each test subject –  

 

1. Convert AspectJ program to Java program 

2. Preprocess Java code as preparation for testing  

3. Identify all aspectual branches  

4. Perform slicing  

5. Identify all target branches with irrelevant parameters 
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6. Produce transformed versions of program for each target branch 

7. Test target branches in transformed versions of program(repeated 30 times) 

8. Test target branches in non-transformed/original version of code (repeated 30 times) 

9. Measure effort, overall coverage and runtime for each target branch  

10. Compare and analyze results 

 

 

7.3.4 Experiment Results 
 

All test subjects introduced in Section 7.1 has been considered in this study, but only a sub-set of 

programs was found to have aspectual branches where input domain reduction can be applied.  

 

No Program 

Aspectual 

Branches/ 

Targets 

Predicates with  

Irrelevant 

Parameters 

Branches with  

Irrelevant Parameters 

Branches  

Tested 

Always 

Covered 

Branches 

1 Figure 1 0 0 0 0 

2 PushCount 1 0 0 0 0 

3 Instrumentation 2 0 0 0 0 

4 Hello 3 0 0 0 0 

5 NonNegative 3 0 0 0 0 

6 NullCheck 4 2 4 4 3 

7 QuickSort 4 0 0 0 0 

8 NullChecker 4 0 0 0 0 

9 Telecom 8 0 0 0 0 

10 SavingsAccount 9 1 2 2 2 

11 Queue 9 6 12 12 12 

12 ProdLine 16 1 2 2 0 

13 DCM 62 23 46 42 30 

14 Law of Demeter 203 12 24 4 1 

Total 329 45 90 66 48 
 

Table 7.3: Branches with Irrelevant Parameters 

 

The table above presents the results of identifying branches with irrelevant parameters in programs 

tested. Column 1 signifies numbering of programs. Column 2 lists programs under test. Column 3 

presents total number of aspectual branches in each program reported by modified Jusc component 

in EAT. Column 4 lists corresponding number of predicates with irrelevant parameters for each 

program. Column 5 lists the number of branches with irrelevant parameters. Column 6 presents the 

number of branches with irrelevant parameters that was possible to be tested with the 

implemented testing tool. Column 7 lists the number of branches that were always covered during 

all 30 runs in testing. In other words, Column 7 does not contain any branch that was not covered in 

any run during testing. 

 

From the results, it is seen that 6 out of 14 programs have been found to contain branches with 

irrelevant parameters. A total of 329 aspectual branches were found from the programs under test, 

out of which 45 predicates have irrelevant parameters. Each predicate accounts for one true branch 

and one false branch, amounting to a total of 90 branches to be tested. It was possible to test 66 out 

of 86 branches with irrelevant parameters, due to limitations of EAT. As mentioned earlier, the tool 

cannot test all classes which reference to interfaces, abstract classes or if they contain static global 

variables of primitive types.  

 

It is observed that 48 out of 66 tested branches were always covered during the 30 runs. It is 

important to consider only those branches which have been covered during testing, as the goal is to 
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find whether there is an increase or decrease in overall coverage and effort for testing covered 

branches. So, including branches which were not always covered in the 30 runs would falsify results 

of this study.  

 

The table below lists all 90 branches where input domain reduction can be applied. Column 1 

presents the numbering. Column 2 represents each branch using its unique branch identifier. 

Column 3 represents the number of parameters available in the method containing the branch. 

Column 4 lists the number of parameters that are relevant to the branch. Column 5 represents the 

number of irrelevant parameters for each branch.  

 

 

No Branch ID 
Number of  

Parameters Available 

Number of  

Relevant Parameters 

Number of  

Irrelevant Parameters 

1 SavingsAccount2F 2 1 1 

2 SavingsAccount2T 2 1 1 

3 Queue0F 3 1 2 

4 Queue0T 3 1 2 

5 Queue1F 3 1 2 

6 Queue1T 3 1 2 

7 Queue2F 3 1 2 

8 Queue2T 3 1 2 

9 Queue3F 2 1 1 

10 Queue3T 2 1 1 

11 Queue4F 2 1 1 

12 Queue4T 2 1 1 

13 Queue5F 2 1 1 

14 Queue5T 2 1 1 

15 DCM2F 2 1 1 

16 DCM2T 2 1 1 

17 DCM7F 4 2 2 

18 DCM7T 4 2 2 

19 DCM8F 4 2 2 

20 DCM8T 4 2 2 

21 DCM9F 4 3 1 

22 DCM9T 4 3 1 

23 DCM10F 4 3 1 

24 DCM10T 4 3 1 

25 DCM11F 4 3 1 

26 DCM11T 4 3 1 

27 DCM12F 4 3 1 

28 DCM12T 4 3 1 

29 DCM13F 3 2 1 

30 DCM13T 3 2 1 

31 DCM14F 3 2 1 

32 DCM14T 3 2 1 

33 DCM15F 3 2 1 

34 DCM15T 3 2 1 

35 DCM16F 3 2 1 

36 DCM16T 3 2 1 

37 DCM17F 3 2 1 

38 DCM17T 3 2 1 

39 DCM18F 3 2 1 
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40 DCM18T 3 2 1 

41 DCM19F 3 1 2 

42 DCM19T 3 1 2 

43 DCM20F 3 2 1 

44 DCM20T 3 2 1 

45 DCM21F 3 2 1 

46 DCM21T 3 2 1 

47 DCM22F 3 2 1 

48 DCM22T 3 2 1 

49 DCM23F 3 2 1 

50 DCM23T 3 2 1 

51 DCM24F 3 2 1 

52 DCM24T 3 2 1 

53 DCM25F 3 2 1 

54 DCM25T 3 2 1 

55 DCM26F 3 2 1 

56 DCM26T 3 2 1 

57 DCM27F 3 2 1 

58 DCM27T 3 2 1 

59 DCM28F 3 2 1 

60 DCM28T 3 2 1 

61 NullCheck0F 3 0 3 

62 NullCheck0T 3 0 3 

63 NullCheck1F 3 0 3 

64 NullCheck1T 3 0 3 

65 ProdLine1F 2 1 1 

66 ProdLine1T 2 1 1 

67 LawOfDemeter11F 3 2 1 

68 LawOfDemeter11T 3 2 1 

69 LawOfDemeter13F 1 0 1 

70 LawOfDemeter13T 1 0 1 

71 LawOfDemeter14F 1 0 1 

72 LawOfDemeter14T 1 0 1 

73 LawOfDemeter15F 1 0 1 

74 LawOfDemeter15T 1 0 1 

75 LawOfDemeter17F 3 1 2 

76 LawOfDemeter17T 3 1 2 

77 LawOfDemeter18F 2 1 1 

78 LawOfDemeter18T 2 1 1 

79 LawOfDemeter19F 2 1 1 

80 LawOfDemeter19T 2 1 1 

81 LawOfDemeter20F 2 0 2 

82 LawOfDemeter20T 2 0 2 

83 LawOfDemeter21F 3 1 2 

84 LawOfDemeter21T 3 1 2 

85 LawOfDemeter29F 2 1 1 

86 LawOfDemeter29T 2 1 1 

87 LawOfDemeter42F 1 0 1 

88 LawOfDemeter42T 1 0 1 

89 LawOfDemeter43F 1 0 1 

90 LawOfDemeter43T 1 0 1 
 

Table 7.4: Irrelevant Parameter Count 
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Figure 7.4: Input Domain Reduction 

 

The graph above presents the amount of input domain reduction possible for each of the 48 

branches that has been tested. The size of reduction is represented using percentage of irrelevant 

parameters and each branch is identified using its unique branch identifier. The x-axis of this graph 

represents all branches using their branch identifiers and y-axis represents percentage of irrelevant 

parameters.  

 

The branch identifiers values used in the x-axis of this graph have been produced in the following 

format: <program name><branch index><true/false sub-branch>. For example, “DCM11T” has been 

used for the true branch with index 11 from DCM program.  

 

The values for y-axis are calculated using the formulae given below – 

 

Number Of Irrelevant Parameters
Percentage Of Irrelevant Parameters = 

Total Number Of Parameters
 

 

This graph suggests that multiple branches have achieved 100% domain reduction. This is possible 

because only search space related to input parameters is represented here. 100% domain reduction 

implies that the methods that contain these branches do not have any parameters that can help to 

cover these branches, but global variables which can affect the coverage of these branches may exist 

in the program.  

 

From this graph above, it is seen that 7 branches have 25% domain reduction, 18 branches have 33% 

domain reduction, 12 branches have 50% domain reduction, 7 branches have 66% domain reduction 

and 4 branches have 100% domain reduction. The minimum domain reduction achieved in this 

graph is 25% by branches DCM9F, DCM9T, DCM10F, DCM11F, DCM11T, DCM12F and DCM12T and 

the maximum domain reduction has been achieved by NullCheck0F, NullCheck1F, NullCheck1T and 

LawOfDemeter43F. The overall trend of the graph suggests that a considerable amount of domain 

reduction was possible for all 48 branches. 
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Figure 7.5: Effort Reduction in Branches 

 

This graph presents the change in effort after comparing the results obtained from testing each 

branch before and after input domain reduction. The number of fitness evaluations required during 

evolutionary testing has been used as the measure of effort. In this graph, the x-axis represents each 

branch identified but its unique branch identifier and y-axis represents the percentage reduction in 

effort after input domain reduction. Each value in y-axis have been calculated using the following 

formula -  

 

×100
Average Effort Before Reduction - Average Effort After Reduction

Percentage Effort Reduction = 
Average Effort Before Reduction

 

The graph shows that 25% (12 of 48) of the branches has an increase in effort, 6.25% (3 of 48) of the 

branches had no change and 68.75% (33 of 48) of the branches had a reduction in effort due to input 

domain reduction. The maximum reduction achieved is 93.67% by NullCheck0F branch and the 

minimum reduction achieved is -87.98% by Queue4T branch. Even though the maximum and 

reduction values are far apart, it is seen that majority of the branches respond positively to input 

domain reduction.  

 

The results indicate that input domain reduction can also cause increased effort of up to 87.98%. 

Further investigation revealed that 11 out of 12 branches with an increase in effort are trivial 

branches whose average effort size is small. The average effort before and after reduction for 

branches with increase in effort are given in the table below -  
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No Branch ID 
Average Effort  

Before Reduction 

Average Effort  

After Reduction 

% Reduction in  

Average Effort 

1 DCM13F 1.23 1.43 -16.22% 

2 DCM19F 1.30 1.40 -7.69% 

3 DCM7F 1.37 2.37 -73.17% 

4 NullCheck1F 1.67 1.77 -6.00% 

5 DCM20T 1.73 2.40 -38.46% 

6 DCM15F 2.20 3.07 -39.39% 

7 DCM11T 2.53 3.20 -26.32% 

8 Queue3T 3.57 4.50 -26.17% 

9 Queue0T 6.80 7.07 -3.92% 

10 Queue4T 6.93 13.03 -87.98% 

11 DCM11F 10.23 10.33 -0.98% 

12 Queue5F 91.00 115.33 -26.74% 

 

Table 7.5: Branches with Effort Increase 

 

The table above presents the average effort before and after input domain reduction for branches 

with effort increment. Column 1 lists the numbering of branches. Column 2 lists the branches of 

interest using their unique branch ID. Column 3 lists average effort before reduction. Column 4 

represents average effort after reduction. Column 5 represents percentage reduction in average 

effort before and after domain reduction.  

 

It is observed that 11 out of 12 branches have an average of 10 or less number of evaluations before 

domain reduction. Even though it is hard to set a level of significance for each branch, these 

branches can be considered insignificant based on the argument that they do not take considerable 

amount effort to be covered.  

 

In addition, this behaviour can be caused by random spikes in the number of fitness evaluations 

during the 30 repetitions of testing. The random spikes occur as there is a random test data 

generator at the heart of evolutionary testing algorithm. Thorough investigation reveals that random 

spike is the cause behind an increase in average effort after domain reduction for all 12 branches.  

 

The data for effort of each of these branches with increase in effort is given in Appendix A, Page A-2 

with all random spikes in effort after reduction marked in grey.  
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Figure 7.6: Effort Reduction in Programs 

 

This graph presents the results of effort reduction per program based only on the branches that has 

been tested and were always covered during the 30 runs. The x-axis represents various programs 

containing the 48 branches and y-axis represents percentage reduction in effort. The names of the 

programs have been used as values in x-axis. The values for percentage effort reduction in y-axis 

have been calculated using the following formula –  

 

30

Total Effort For Testing All Branches Before Reduction
Average Effort Before Reduction =  

 

30

Total Effort For Testing All Branches After Reduction
Average Effort After Reduction =  

 

×100
Averge Effort Before Reduction - Average Effort After Reduction

Percentage Effort Reduction = 
Average Effort Before Reduction

 

 

The graph shows that there has been a healthy reduction in effort in all 5 programs under test. The 

maximum reduction in effort is seen in the program NullCheck with 92.86% reduction in average 

effort and minimum reduction in effort is in the program Queue with 17.34% reduction in average 

effort.  

 

The results indicate that reduction in the size of input domain results in considerable decrease of the 

overall effort required for testing aspect-oriented programs. All programs under test have an overall 

positive effect from input domain reduction. It is claimed that the increase in effort in some of the 

branches was offset by the considerably larger reduction in effort caused by input domain reduction. 

This answers the research question asked in section 7.3.1 regarding the impact of domain reduction 

on effort for testing individual branches. In conclusion, it can be safely claimed that input domain 

reduction results in considerable reduction in effort for evolutionary testing of aspect-oriented 

programs.  
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Figure 7.7: Branch Coverage Improvement 

 

This graph represents the change in branch coverage after input domain reduction. The x-axis 

represents all 48 branches that are of interest, identified by their unique branch identifier and y-axis 

represents the improvement in branch coverage after input domain reduction is applied. The 

formula used to calculate the values for y-axis is given below –  

 
Branch Coverage Improvement = Average Branch Coverage Before Reduction - Average Branch Coverage After Reduction

 

The graph indicates that both increase and decrease in branch coverage has been observed among 

the 48 branches. It is seen that 14 out of 48 branches witnessed reduction in branch coverage, 5 out 

of 48 branches had no change and 29 out of 48 branches had an improvement in branch coverage 

due to input domain reduction. A maximum improvement of 10.9% in branch coverage was achieved 

by branch DCM19F and maximum reduction was observed by NullCheck0F at 3.33%. The reduction 

in coverage is can be considered insignificant as both the amount of reduction and number of 

branches with coverage reduction is small in comparison to the improvement achieved. A table 

containing the coverage results achieved by each of the 48 branches, can be found in Appendix-A.  

 

The process of obtaining the branch coverage involved generating test data for each individual 

branch separately and measuring the overall branch coverage of the program after testing each 

branch. Therefore, the increase observed in the majority of the branches is due to the fact that non-

target branches were also covered while trying to cover the target branch.  

 

The trend of this graph indicated that majority of branches had a considerable improvement. It can 

be concluded that input domain reduction not only improves the efficiency of evolutionary testing, 

but also considerably improves the coverage of non-target branches for while testing each target 

branch. This is an important finding as such behaviour in branch coverage improvement was not 

observed in the 3GL paradigm in previous research on the impact of input domain reduction. [10] 

This finding is applicable to both object-oriented programming and aspect-oriented programming as 

AspectJ programs are converted to Java programs for testing.  
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No Branch ID Covered By Random Testing Covered By Evolutionary Testing 

1 DCM14F No Yes 

2 DCM20F No Yes 

3 DCM21F No Yes 

4 DCM25F No Yes 

5 DCM2F No Yes 

6 DCM8F No Yes 

7 NullCheck0F No Yes 

8 NullCheck0T No Yes 

9 LawOfDemeter43F No Yes 

10 DCM10F Yes Yes 

11 DCM11F Yes Yes 

12 DCM11T Yes Yes 

13 DCM12F Yes Yes 

14 DCM12T Yes Yes 

15 DCM9F Yes Yes 

16 DCM9T Yes Yes 

17 DCM13F Yes Yes 

18 DCM14T Yes Yes 

19 DCM15F Yes Yes 

20 DCM15T Yes Yes 

21 DCM16F Yes Yes 

22 DCM20T Yes Yes 

23 DCM21T Yes Yes 

24 DCM22F Yes Yes 

25 DCM23F Yes Yes 

26 DCM24F Yes Yes 

27 DCM25T Yes Yes 

28 DCM26T Yes Yes 

29 DCM27F Yes Yes 

30 DCM28T Yes Yes 

31 DCM7F Yes Yes 

32 DCM8T Yes Yes 

33 Queue3F Yes Yes 

34 Queue3T Yes Yes 

35 Queue4F Yes Yes 

36 Queue4T Yes Yes 

37 Queue5F Yes Yes 

38 Queue5T Yes Yes 

39 SavingsAccount2F Yes Yes 

40 SavingsAccount2T Yes Yes 

41 DCM19F Yes Yes 

42 Queue0F Yes Yes 

43 Queue0T Yes Yes 

44 Queue2F Yes Yes 

45 Queue1F Yes Yes 

46 Queue1T Yes Yes 

47 Queue2T Yes Yes 

48 NullCheck1F Yes Yes 

Table 7.6: Coverage Comparison with Random Testing 
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The table above presents the results of coverage comparison between evolutionary and random 

testing for all 48 branches. For this experiment, each branch was individually tested with random 

testing to check whether it covers the branches in all 30 iterations. From the table above, it is seen 

that 9 out of 48 branches covered by evolutionary testing, failed to be covered by random testing.  If 

all branches were possible to be covered using random testing, then it would not be worth to test 

them using evolutionary testing with input domain reduction as test data generated in random 

would get the branches covered. As evolutionary testing covered 9 more branches than random 

testing, it is worth using evolutionary testing to get these extra branches covered and to make the 

testing process more efficient by applying input domain reduction technique.  

 

 

7.3.5 Statistical Analysis 
 

The results presented on effort comparison so far suggest that input domain reduction causes 

considerable amount of reduction in average effort for testing aspectual branches. It also results in 

significant reduction in overall effort for testing the programs. These results are based on 

calculations for average effort.  It is also important to prove that change in effort before and after 

input domain reduction is statistically significant. 

 

T-test gives an indication whether the means of two data sets are statistically different. It is 

appropriate to be used in cases where the means of two samples need to be compared despite of 

having different numbers of replicates. T-test has been used here to determine whether the number 

of fitness evaluations collected before and after input domain reduction are statistically different. 

The hypotheses assumed for this test are –  

 

� H0 (Null Hypothesis) – There is no change in effort for evolutionary testing of aspectual 

branches before and after applying input domain reduction.  

 

� H1 - Input domain reduction causes reduction in effort for evolutionary testing of aspectual 

branches. 

 

For the purpose of this test, the critical region is chosen to be 5%.  This is the significance level of the 

test. In order to accept H1 at 5% significance, the p value must be < 0.05. p-value is the probability of 

obtaining the observed data of H0 is true. The significance levels is not the probability of the result of 

the hypothesis test being wrong, rather it is the probability of incorrectly rejecting H0 given that it is 

correct.  

 

T-tests were separately performed on all 49 branches always covered by evolutionary testing during 

all 30 runs. The resulting p-values obtained for branches are given in the table below. Column 1 in 

the table represents the numbering of branches. Column 2 represents the branches using their 

unique branch identifier. Column 3 represents the percentage reduction in average effort for each 

branch. Column 4 represents the p-values for the branches. Column 5 represents whether the 

change in effort is statistically significant.  
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No Branch ID 

Effort Before 

Reduction 

Effort After 

Reduction Reduction p-value Significance 

1 Queue4T 6.93 13.03 -87.98% 0.0730 Not Significant 

2 DCM7F 1.37 2.37 -73.17% 0.0029 Significant 

3 DCM15F 2.20 3.07 -39.39% 0.0525 Not Significant 

4 DCM20T 1.73 2.40 -38.46% 0.0693 Not Significant 

5 Queue5F 91.00 115.33 -26.74% 0.2281 Not Significant 

6 DCM11T 2.53 3.20 -26.32% 0.1616 Not Significant 

7 Queue3T 3.57 4.50 -26.17% 0.1821 Not Significant 

8 DCM13F 1.23 1.43 -16.22% 0.0921 Not Significant 

9 DCM19F 1.30 1.40 -7.69% 0.2703 Not Significant 

10 NullCheck1F 1.67 1.77 -6.00% 0.3659 Not Significant 

11 Queue0T 6.80 7.07 -3.92% 0.4545 Not Significant 

12 DCM11F 10.23 10.33 -0.98% 0.4802 Not Significant 

13 DCM25T 1.03 1.03 0.00% 0.5000 Not Significant 

14 DCM26F 1.07 1.07 0.00% 0.5000 Not Significant 

15 DCM27F 1.00 1.00 0.00% N/A No Change 

16 DCM9F 14.23 13.87 2.58% 0.4381 Not Significant 

17 DCM21F 96.37 93.87 2.59% 0.3971 Not Significant 

18 DCM28T 1.03 1.00 3.23% 0.1628 Not Significant 

19 DCM22F 2.27 2.13 5.88% 0.3573 Not Significant 

20 DCM12F 3.63 3.37 7.34% 0.3992 Not Significant 

21 DCM24F 2.17 1.97 9.23% 0.3173 Not Significant 

22 DCM9T 3.13 2.83 9.57% 0.3412 Not Significant 

23 DCM23F 2.47 2.20 10.81% 0.2706 Not Significant 

24 DCM2F 6.07 5.27 13.19% 0.2936 Not Significant 

25 Queue2F 71.00 58.37 17.79% 0.3578 Not Significant 

26 Queue4F 2.10 1.70 19.05% 0.0774 Not Significant 

27 DCM10F 2.97 2.37 20.22% 0.2214 Not Significant 

28 DCM8T 2.73 2.13 21.95% 0.0535 Not Significant 

29 DCM14T 2.83 2.20 22.35% 0.1320 Not Significant 

30 SavingsAccount0F 4.50 3.47 22.96% 0.1065 Not Significant 

31 Queue0F 2.43 1.87 23.29% 0.0966 Not Significant 

32 SavingsAccount0T 3.70 2.83 23.42% 0.0910 Not Significant 

33 DCM14F 453.13 310.77 31.42% 0.0927 Not Significant 

34 DCM12T 15.13 10.03 33.70% 0.0407 Significant 

35 Queue3F 2.73 1.80 34.15% 0.0578 Not Significant 

36 Queue1F 2.23 1.43 35.82% 0.0466 Significant 

37 Queue2T 61.23 36.17 40.94% 0.0177 Significant 

38 DCM16F 61.77 34.53 44.09% 0.0582 Not Significant 

39 DCM25F 311.90 168.87 45.86% 0.0169 Significant 

40 DCM21T 271.27 140.77 48.11% 0.2967 Not Significant 

41 DCM15T 94.33 45.67 51.59% 0.2140 Not Significant 

42 Queue1T 18.70 8.63 53.83% 0.0087 Significant 

43 Queue5T 71.33 31.20 56.26% 0.0049 Significant 

44 DCM20F 231.57 87.67 62.14% 0.0063 Significant 

45 DCM8F 420.70 154.17 63.35% 0.0045 Significant 

46 LawOfDemeter43F 297.83 57.53 80.68% 0.1660 Not Significant 

47 NullCheck0T 14053.67 1164.90 91.71% 0.0000 Significant 

48 NullCheck0F 20112.33 1272.87 93.67% 0.0000 Significant 
 

Table 7.7: Effort Reduction 
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The results of t-test show that there are 11 out of 48 branches where the change in effort after input 

domain reduction is statistically significant. For one of the branches, it was not possible to calculate 

the p-value as all values of effort were the same before and after input domain reduction. The 

change in effort for the remaining 37 branches was found to be statistically insignificant. 

 

Further investigation reveals that the change in effort was also found to be significant for branch 

DCM7F which had the highest increase in average effort after domain reduction. The fact that its 

result was statistically significant means that the increase in effort was significant. From previous 

section, it was found that the result is caused by random spike and the branch can be considered as 

trivial due to very low average effort size.  

 

The rest of the 10 out of 11 branches display a satisfactory result. The p-value for all 10 branches in 

the t-test was lower than 0.05 which indicates a statistically significant reduction in effort after input 

domain reduction.  

 

 

7.3.6 Summary 
 

In this study, it was discovered that it is possible to reduce the input domain of aspectual branches 

for evolutionary testing of aspect-oriented programs. As a result of input domain reduction, majority 

of the branches have shown considerable reduction in average effort. An Increase in average effort 

for some of the branches has also been found. However, this increase was overtaken by the larger 

reduction in effort in other branches to result in considerable reduction in the overall effort for the 

programs. The results have also been statistically proven and the reduction in effort for 10 out of 49 

branches was found to be statistically significant. Based on the results, it is claimed that input 

domain reduction results in effort reduction for testing aspect-oriented programs. It has also been 

found that input domain reduction resulted in an increase in the coverage of non-target branches 

while testing target branches individually. This is a new finding as this result was not observed in the 

research on input domain reduction based on 3GL paradigm. As AspectJ programs are converted to 

Java programs for evolutionary testing, these findings are valid for both fields of aspect-oriented and 

object-oriented programming.  
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7.4 Testing Specific AOP Specific Structures  
 

7.4.1 Research Questions 
 

This study aims to find the impact of testing aspect-oriented programming specific structures in 

contrast to testing the full program. The structure of aspect-oriented programs is such that it tends 

to relate to only specific parts of the total program in order to address cross-cutting issues. 

Therefore, it makes good sense to test only those structures in the program that is specific to aspect-

oriented programming while attempting to test the aspects in the program. This empirical study 

answers the following questions –  

 

� What effect do testing AOP specific structures have on testing effort? 

� What is the impact of testing AOP specific structures on code coverage? 

 

It was not possible to address these questions before because it demanded the identification of AOP 

specific parts of the program after weaving. The implemented tool EAT identifies aspectual branches 

in the program after weaving. Using EAT, now it is not only possible to identify AOP specific 

structures in the program, but also possible to automate this process. 

 

 

7.4.2 Measures & Metrics 
 

This study is performed using the evolutionary testing technique. As done in the previous 

experiments, the number of fitness evaluations taken to cover each branch is considered as the 

measurement of effort. However, the results presented in this study are in terns of average effort 

per class since there is a potential of reducing the effort for testing each class in the program.  

 

The test adequacy criterion is used here is aspectual branch coverage reported by EAT. The idea in 

this study is to compare effort taken and coverage achieved for testing all parts vs. testing AOP 

specific parts of the program.  

 

 

7.4.3 Experimental Steps 
 

The following steps were performed to conduct the experiment on each test subject –  

 

1. Convert AspectJ program to Java program 

2. Preprocess Java code as preparation for testing  

3. Identify all aspectual branches for testing 

4. Test identified aspectual branches only 

5. Test all branches & methods 

6. Measure effort and overall coverage for each target branch  

7. Compare and analyze results 
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7.4.4 Experiment Results 
 

All test subjects presented in Section 7.1 has been used for this experiment. The classes and number 

of test goals tested in this study is presented in the table below. The table shows the amount of 

reduction possible in target branches by testing only aspectual branches from the classes under test.  

 

Column 1 presents the numbering of program classes that have been tested. Column 2 presents the 

programs that were tested. Column 3 presents the classes corresponding to the programs that were 

tested. Column 4 presents the total number of branches that are available in the classes. These 

branches include all targets in the class including branches and methods. Column 5 presents the 

number of aspectual branches in AOP specific parts of the classes. These include aspectual branches 

which include both predicates and methods that relate to AOP specific parts. Column 6 represents 

the percentage reduction in target branches that was possible by only testing targets in the AOP 

specific parts of the classes. It is to be noted that only the classes that was possible to be tested is 

given in the table below. 

 

 

No Program Class 
Number of  

Branches 

Number of  

Aspectual 

Branches 

Percentage Reduction 

in Target Branches

1 Figure DisplayUpdating 8 1 87.50%

2 Figure Figure 5 0 100.00%

3 Figure Line 15 0 100.00%

4 Figure Main 4 0 100.00%

5 Figure Point 13 0 100.00%

6 PushCount PushCount 8 0 100.00%

7 PushCount Stack7 8 0 100.00%

8 PushCount StackOrig 12 1 91.67%

9 Instrumentation Instrumentation 8 2 75.00%

10 Instrumentation Stack2 8 0 100.00%

11 Instrumentation Stack2Orig 10 0 100.00%

12 Hello HelloAspect 14 3 78.57%

13 Hello Hello 10 0 100.00%

14 NonNegative  NonNegative  9 5 44.44%

15 NonNegative  Stack 9 0 100.00%

16 NonNegative  StackOrig 7 0 100.00%

17 QuickSort Foo 3 0 100.00%

18 QuickSort Middle 3 0 100.00%

19 QuickSort QuickSort 15 0 100.00%

20 QuickSort Stats 13 4 69.23%

21 NullChecker NullChecker 8 3 62.50%

22 NullChecker Stack3 19 0 100.00%

23 Telecom BillingSimulation 3 0 100.00%

24 Telecom Connection 24 0 100.00%

25 Telecom Timer 6 0 100.00%

26 Telecom Timing 9 3 66.67%

27 SavingsAccount Customer 12 0 100.00%

28 SavingsAccount InsufficientBalanceException 1 0 100.00%

29 SavingsAccount MinimumBalanceRuleAspect 7 3 57.14%

30 SavingsAccount OverdraftProtectionRuleAspect 14 9 35.71%

31 SavingsAccount SavingsAccount 12 0 100.00%

32 Queue Queue 13 0 100.00%
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33 Queue QueueEmpty 4 0 100.00%

34 Queue QueueFull 7 0 100.00%

35 Queue QueueNormal 8 0 100.00%

36 Queue QueueStateAspect 24 12 50.00%

37 ProdLine _1 5 0 100.00%

38 ProdLine _2 5 0 100.00%

39 ProdLine Benchmark 5 0 100.00%

40 ProdLine CC 7 2 71.43%

41 ProdLine Cycle 7 2 71.43%

42 ProdLine CycleWorkSpace 14 0 100.00%

43 ProdLine DFS 8 4 50.00%

44 ProdLine Edge 16 0 100.00%

45 ProdLine Graph 87 0 100.00%

46 ProdLine MSTKruskal 9 4 55.56%

47 ProdLine MSTPrim 8 4 50.00%

48 ProdLine MyLog 5 0 100.00%

49 ProdLine Neighbor 6 0 100.00%

50 ProdLine NoPrinting 5 0 100.00%

51 ProdLine Number 7 2 71.43%

52 ProdLine NumberWorkSpace 4 0 100.00%

53 ProdLine RegionWorkSpace 5 0 100.00%

54 ProdLine Undirected 5 0 100.00%

55 ProdLine Vertex 25 0 100.00%

56 ProdLine Weighted 8 3 62.50%

57 NullCheck NullCheck 7 0 100.00%

58 NullCheck Stack6 19 6 68.42%

59 DCM ClassRelationship 9 2 77.78%

60 DCM DCMrecord 6 0 100.00%

61 DCM Metrics 49 36 26.53%

62 DCM Stack4 77 48 37.66%

63 LawOfDemeter Any 7 0 100.00%

64 LawOfDemeter Percflow 98 31 68.37%

65 LawOfDemeter Pertarget 151 76 49.67%

Total 1017 266 73.84%

 

Table 7.8: Target Branch Reduction 

 

 

A total of 65 classes presented in this table were possible to be tested using EAT from the 14 

programs under test. In total, 1017 branches were tested during testing all parts of the program and 

266 branches were testing while testing identified aspectual branches in the programs.  

 

It is observed that a maximum of 100% reduction in target branches were possible in 41 classes from 

13 programs. This was possible because code related to AOP did not exist in all classes of the 

programs, hence any class that does not contain aspectual branch observed a 100% reduction in 

target branches. A minimum of 26.53% reduction in target branches was observed in class Metrics 

from DCM program.  
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Figure 7.8: Effort Reduction in Classes 

 

 

The graph above presents the results of reduction in effort in every class. The x-axis presents each 

class by its name. The y-axis represents the percentage reduction in effort observed in each class. 

The values in y-axis are calculated using the formula – 

 

×
Effort For All Branches - Effort For Testing Aspectual Branches

Percentage Effort Reduction = 
Effort For Testing All Branches

100  

 

The results presented by this graph indicate that there is an extensive amount of reduction in effort 

in each class under test. The maximum reduction achieved is 100% by 42 out of 65 classes and the 

minimum reduction in effort is 0.70% by NullChecker class in program NullChecker.  

 

The overall trend of this graph suggests that there was no increase in effort for testing AOP specific 

structures, rather a tremendous amount of reduction in effort for evolutionary testing was observed. 

This concept can be applied to testing techniques other than evolutionary testing such as random 

testing, as this method identifies aspectual branches and generates tests for them only resulting in 

reduction in the number of targets for testing.  
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Figure 7.9: Effort Reduction in Programs 

 

 

The graph represents the impact of testing AOP specific structures in terms of effort per program 

tested. The x-axis represents programs tested and y-axis represents the percentage reduction in 

effort for these programs. The values in y-axis are calculation using the formula –  

 

×
Effort For Testing All Branches - Effort For Testing Branches

Percentage Effort Reduction = 
Effort For Testing All Branches

100  

 

This graph indicates that all 14 programs saw a reduction in effort as a result of testing AOP specific 

structures as opposed to testing the full program. The maximum overall reduction of 99.99% was 

possible in QuickSort program. The minimum reduction of 3.02% was observed in the program 

NullCheck.  

 

So far, the result of this study provides evidence to support the claim that by only testing aspectual 

branches, an extensive amount of reduction in effort can be achieved in each class and program. 

This answers the research question in Section 3.3 regarding the impact of testing AOP specific 

structures on effort. The next question to answer is what effect it has on aspectual branch coverage. 

The ideal result for aspectual branch coverage should indicate that the same or better branch 

coverage is achieved while reducing effort during testing aspectual branches.  
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Figure 7.10: Coverage Improvement in Programs 

 

 

The graph above presents the improvement in aspectual branch coverage for all 14 programs as a 

result of testing aspectual branches as opposed to testing all branches in the program. From the 

graph it can be seen that the difference in branch coverage is very small. The minimum 

improvement is 0% for 8 out of 14 programs which indicates that there was no change in aspectual 

branch coverage. The maximum improvement observed is in the program Queue where the 

improvement was 62.20%.  

 

Further investigation revealed that the improvement in coverage caused by the random behaviour 

of evolutionary testing technique as some branches in the program Queue was not covered while 

the testing of all branches in the program. However, during testing of aspectual branches only, some 

of these branches were randomly covered more often resulting in the spike in branch coverage. The 

improvement was random and not caused by a better technique, otherwise similar results would 

have been observed in other programs.  

 

 

7.4.5 Statistical Analysis 
 

The effort comparison after testing aspectual branches only as opposed to testing all branches 

indicates that the reduction in effort per class is considerably large. These results are based on the 

reduction in average effort per class. It is important to find whether these results are statistically 

significant.  

 

For this purpose, t-test has been used to find whether the reduction in effort was statistically 

significant. The hypothesis assumed for this test is –  

 

� H0 (Null Hypothesis) – Testing only aspectual branches does not affect testing effort 

 

� H1 – Testing only aspectual branches result in reduction in testing effort  
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For this test the critical region selected is 5% which is the significance level of the test. To accept H1 

at 5% significance, the p value must be < 0.05. p-value is the probability of obtaining the observed 

data of H0 is true. As mentioned before, the significance levels is not the probability of the result of 

the hypothesis test being wrong, rather it is the probability of incorrectly rejecting H0 given that it is 

correct.  

 

T-test was independently performed on all 65 classes under test taking the effort data collected 

from all 30 runs as input for the statistical test. The resulting p values obtained are given in the table 

below. Column 1 presents the numbering of classes. Column 2 represents the programs to which the 

classes belong. Column 3 represents the classes of interest. Column 4 presents the percentage 

reduction in effort per class. Column 5 presents the p values for each class. Column 6 presents result 

whether the reduction in effort is statistically significant or not.  

 

 

No Program Class 
Percentage 

Reduction in Effort 
p-value Significance 

1 NullChecker NullChecker 0.70% 0.0000 Significant 

2 ProdLine MSTPrim 1.76% N/A N/A 

3 NullCheck Stack6 2.57% 0.0000 Significant 

4 ProdLine MSTKruskal 3.46% N/A N/A 

5 ProdLine DFS 8.88% N/A N/A 

6 SavingsAccount OverdraftProtectionRuleAspect 39.20% 0.0000 Significant 

7 NonNegative  NonNegative  49.22% 0.0000 Significant 

8 LawOfDemeter Percflow 50.64% 0.0000 Significant 

9 LawOfDemeter Pertarget 62.04% 0.0000 Significant 

10 DCM Stack4 65.21% 0.0000 Significant 

11 ProdLine Weighted 70.25% 0.0000 Significant 

12 DCM Metrics 71.16% 0.0000 Significant 

13 Telecom Timing 73.03% 0.0000 Significant 

14 ProdLine Number 75.47% 0.0010 Significant 

15 ProdLine Cycle 76.52% 0.0000 Significant 

16 ProdLine CC 80.12% 0.0000 Significant 

17 Instrumentation Instrumentation 82.25% N/A N/A 

18 Hello HelloAspect 83.08% N/A N/A 

19 QuickSort Stats 83.38% 0.0000 Significant 

20 DCM ClassRelationship 85.91% 0.0000 Significant 

21 Figure DisplayUpdating 93.10% 0.3382 Not Significant 

22 PushCount StackOrig 94.70% 0.0000 Significant 

23 Queue QueueStateAspect 99.60% 0.0000 Significant 

24 Figure Figure 100.00% 0.0000 Significant 

25 Figure Line 100.00% N/A N/A 

26 Figure Main 100.00% 0.0000 Significant 

27 Figure Point 100.00% N/A N/A 

28 PushCount PushCount 100.00% 0.0000 Significant 

29 PushCount Stack7 100.00% 0.0000 Significant 

30 Instrumentation Stack2 100.00% 0.0000 Significant 

31 Instrumentation Stack2Orig 100.00% 0.0000 Significant 

32 Hello Hello 100.00% 0.0000 Significant 

33 NonNegative  Stack 100.00% 0.0000 Significant 

34 NonNegative  StackOrig 100.00% 0.0000 Significant 

35 QuickSort Foo 100.00% 0.0000 Significant 

36 QuickSort Middle 100.00% 0.0000 Significant 
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37 QuickSort QuickSort 100.00% N/A N/A 

38 NullChecker Stack3 100.00% N/A N/A 

39 Telecom BillingSimulation 100.00% N/A N/A 

40 Telecom Connection 100.00% 0.0000 Significant 

41 Telecom Timer 100.00% 0.0000 Significant 

42 SavingsAccount Customer 100.00% 0.0000 Significant 

43 SavingsAccount InsufficientBalanceException 100.00% 0.3378 Not Significant 

44 SavingsAccount MinimumBalanceRuleAspect 100.00% 0.0000 Significant 

45 SavingsAccount SavingsAccount 100.00% 0.0000 Significant 

46 Queue Queue 100.00% 0.1653 Not Significant 

47 Queue QueueEmpty 100.00% 0.2303 Not Significant 

48 Queue QueueFull 100.00% 0.0000 Significant 

49 Queue QueueNormal 100.00% 0.0000 Significant 

50 ProdLine _1 100.00% N/A N/A 

51 ProdLine _2 100.00% 0.0000 Significant 

52 ProdLine Benchmark 100.00% 0.0000 Significant 

53 ProdLine CycleWorkSpace 100.00% 0.0000 Significant 

54 ProdLine Edge 100.00% N/A N/A 

55 ProdLine Graph 100.00% 0.0000 Significant 

56 ProdLine MyLog 100.00% 0.0000 Significant 

57 ProdLine Neighbor 100.00% 0.0000 Significant 

58 ProdLine NoPrinting 100.00% 0.2183 Not Significant 

59 ProdLine NumberWorkSpace 100.00% 0.0000 Significant 

60 ProdLine RegionWorkSpace 100.00% N/A N/A 

61 ProdLine Undirected 100.00% 0.0000 Significant 

62 ProdLine Vertex 100.00% 0.0000 Significant 

63 NullCheck NullCheck 100.00% 0.0000 Significant 

64 DCM DCMrecord 100.00% 0.0000 Significant 

65 LawOfDemeter Any 100.00% 0.0000 Significant 

 

Figure 7.9: Effort Reduction in Classes 

 

 

The results of t-test show that there are 47 classes where the reduction in effort is statistically 

significant. There were 13 branches for which p values could not be calculated as the formula 

required division by zero in those cases. 5 out of 65 classes were found to be statistically 

insignificant. This analysis indicates that the reductions in effort for majority of the classes are 

statistically significant. Therefore, it can be concluded that the testing only aspectual branches, 

result in effort reduction and at the same time achieves same or better aspectual branch coverage.  

 

 

7.4.6 Summary of Findings 
 

In this study, it was found that the number of target branches can be drastically reduced by testing 

aspectual branches only as opposed to all branches and methods in the program. This also resulted 

in a large amount of reduction in effort for testing individual classes. A good amount of reduction in 

the overall effort was also observed for each of the 14 programs used in this experiment. The 

aspectual branch coverage obtained from testing AOP specific structures resulted in achieving the 

same and in some cases better aspectual branch coverage when compared to that of testing the full 

program. The results answers both research questions asked in Section 3.3 indicating that it is worth 

identifying aspectual branches for concentrated testing, hence reducing the effort by avoiding to 

test irrelevant branches. 
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7.5 Threats to Validity 
 

Several threats to validity exist for the experiments performed in this project. This section outlines 

these threats in brief and how they were dealt with.  

 

A potential source of bias exists if a relatively large number of test subjects and branches were not 

used in the experiments. Another source of bias can be the result of not using a wide variety of 

programs. These threats were overcome by using as many test subjects as possible obtained from a 

variety of sources. For the experiment concerning domain reduction, all test subjects which was 

possible to be tested have been used. Later on a sub-set of programs where input domain reduction 

could be applied, was selected for result analysis. 

 

In the study concerning the impact of input domain reduction, it was found that effort to test each 

individual branch was significantly reduced when the average effort required per branch was 

compared. To claim that input domain reduction technique improves the efficiency of evolutionary 

testing, the results needed to be statistically proved. The t-test has been used for this purpose where 

the reduction in effort for 10 out of 48 branches was found to be statistically significant. 

 

The third study involved finding the effect of testing aspectual branches only as opposed to testing 

all parts of the program. A potential threat to the correctness of the results depends upon the 

accuracy of identifying aspectual branches. This threat was neutralized by using modified Jusc to 

identify aspectual branches. Jusc was used in the Aspectra project for measuring aspectual branch 

coverage. The output from Jusc was translated to identify aspectual branches to avoid any 

inconsistencies. Hence, a standard and known method was used for identifying aspectual branches. 

 

The results obtained in aspect-oriented and object oriented programming paradigms may not be 

applicable to other paradigms. Hence, caution was observed before making any claims and all claims 

made were specific to only those areas that have been dealt with in this project.  
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Chapter 8 
 

Project Review 
 

 

8.1 Future Work 

 

Future work for related to this project follows two paths – extending the implemented tool EAT and 

conducting more work on automated testing of aspect-oriented programs. Only few technical papers 

talk about the automated testing of aspect-oriented programs. This project is proof that it is not only 

possible to automate the testing process, but it is possible to make evolutionary testing more 

efficient.  

 

The implemented tool EAT was successfully used to conduct the empirical studies in this project. EAT 

is a research prototype focused on answering the research questions asked in this project. It can be 

extended in various ways. A possible extension is to integrate the wrapper synthesis mechanism of 

Aspectra project with EAT to achieve even better aspectual branch coverage.  

 

Currently EAT only works under Microsoft Windows XP platform. Further work lies to implement EAT 

across various platforms to address the testing of aspect-oriented programs developed under other 

operating systems. At present EAT can only deal with AspectJ programs woven by AspectJ 1.0.6 

compiler. It can be extended to deal with AspectJ programs woven by the latest AspectJ Compiler 1.5 

complier to extend its range of applications.  

 

The experiments conducted in the project are specific to aspect-oriented programs written in 

AspectJ programming language. Future work lies in producing an automated framework for testing 

aspect-oriented programs written in other languages such as Java Aspect Markup Language (JAML).  

 

As input domain reduction improves the efficiency evolutionary testing, it can be integrated with the 

evolutionary testing engine in EAT to make a much more efficient and powerful evolutionary testing 

tool. This would mean that transformed versions of the code need not be produced saving more 

time and effort. This can be achieved by feeding the list of identified irrelevant parameters to the 

evolutionary testing engine such that it ignores them while generating tests for target branches.  

 

This project essentially deals with the input domain related to parameters. A future study can be 

conducted to see whether similar results are achieved with input domain reduction based global 

variables. The results of the study is expected to be similar to the one conducted in this project, but 

there is no strong basis to hold such assumptions. Hence, this study should be conducted in the 

future to answer this research question. 

 

This project pointed out that it is possible to apply evolutionary testing techniques for testing 

aspect-oriented programs. A comparative study of evolutionary testing against random testing 

technique was also performed in this project. Further work lies in implementing other testing 

techniques using this framework and performing such comparisons between evolutionary testing 

and other testing techniques to evaluate the effectiveness, advantages and disadvantages of using 

different testing techniques on aspect-oriented programs.  
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8.2 Conclusion 

 

This project proposed a framework for testing aspect-oriented programs automatically using existing 

object-oriented testing tools, where aspectual branches of the program are identified and tested. 

Another framework has been proposed based on this framework which enables to reduce the size of 

the input domain for evolutionary testing. The frameworks have been implemented in the software 

developed in this project called EvolutionaryAspectTester (EAT) which facilitates random and 

evolutionary testing of AspectJ programs.  

 

The project evaluates EAT by performing three empirical studies based on testing AspectJ programs. 

The first study involves the comparison of random testing and evolutionary testing technique for 

aspect-oriented programs. This study is the first study ever conducted on evolutionary testing of 

aspect-oriented programs. The study is justified in the sense that so far random testing has been 

extensively used for testing aspect-oriented programs. The comparison made in the study evaluates 

the effectiveness of using evolutionary testing in contrast to random testing.  

 

The comparison between evolutionary testing and random testing is made based on aspectual 

coverage achieved and the effort required for testing. The comparison for code coverage is based on 

which testing technique achieves better aspectual branch coverage for aspect-oriented programs. 

The results reveal that evolutionary testing offers better branch coverage than random testing. In 

case of effort comparison, number of fitness evaluations in evolutionary testing and number of 

generations in random testing has been used as comparison metrics. It was observed from the 

results that random testing takes more effort than evolutionary testing of aspect-oriented programs. 

In other words, evolutionary testing takes less effort for testing aspect-oriented programs. The 

overall result of this study indicates that evolutionary testing is superior to random testing, achieving 

better code coverage and taking less effort at the same time.  

 

The aim of the second study performed using EAT was to find the impact of input-domain reduction 

on evolutionary testing of aspect-oriented programs. This study revealed that it is possible to reduce 

the input domain for aspectual branches in AspectJ programs after being converted to Java. After 

applying input domain reduction, majority of the branches resulted in a considerable amount of 

reduction in effort during evolutionary testing. Some branches reacted negatively to domain 

reduction as a result increasing the testing effort. Investigation revealed that most of these branches 

were trivial due to the small size of average effort required to cover them. The negative result was 

caused by random spikes during evolutionary testing. However, the relatively small increase in effort 

was overtaken by the larger reduction in effort in other branches, reducing in considerable amount 

of overall effort in all programs tested. This result has also been statistically proven by the 

application of t-test where the reduction in effort was found to be statistically significant in 10 out of 

49 branches tested in this study. An interesting finding was made after comparison of results for 

code coverage before and after input domain reduction. The results indicate an increase in the 

coverage of non-target branches while testing branches with input domain reduction. All results 

found in this study are applicable to object-oriented programs as well, since the aspect-oriented 

programs were converted to object-oriented programs for testing.  

 

The goal of the third study performed with EAT is to find the impact of testing AOP specific 

structures as opposed to testing all structural targets in the program. This study was inspired by the 

fact that aspectual branches relate to only a small section of the full program after the weaving 

process. Previously, it was not possible to address this issue as it required the identification of AOP 

specific structures of the program after weaving. As a result, typically all structures in the program 

were tested at the expectation that aspectual branches will also be exercised. However, EAT 
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identifies the aspectual branches for testing in this project which made it possible to address this 

concern.  

 

The study involved experiments where evolutionary testing was performed on the test subjects once 

for testing all branches and methods, and once for testing aspectual branches only. The impact of 

testing AOP specific structures was evaluated using effort and code coverage. The results of the 

study indicate that the effort required to test each program was immensely reduced after testing 

aspectual branches only, as opposed to all branches and methods in the program. This result was 

statistically proven where 47 out of 65 classes tested indicated that the reduction in effort was 

statistically significant. The coverage of aspectual branches were also compared which revealed that 

the coverage achieved is the same or more if only aspectual branches are tested. The overall finding 

of this study indicates that testing only AOP specific structures in the program result in significant 

reduction in effort and at the same time achieving the same or more aspectual branch coverage. 

 

This project is considered a success as it presented and successfully implemented a framework for 

automated testing of aspect-oriented programs. The project developed the tool EAT which made it 

possible to apply evolutionary testing technique to aspect-oriented programs which has never been 

done before. The experiments conducted in the project made a comparison between random and 

evolutionary testing techniques for aspect-oriented programs written in AspectJ. This project also 

proposed two novel ways of reducing the effort for evolutionary testing of aspect-oriented 

programs. Due to the nature of proposed framework, all findings of this project is applicable to both 

areas of aspect-oriented and object-oriented programming. In conclusion, this project is considered 

very successful as it answered all research questions set forth and for making a unique contribution 

to the world of aspect-oriented programming. 

 

The research conducted in this project answered important questions related to automated and 

evolutionary testing of aspect-oriented programs. The success of this project has opened the 

doorway leading to many more questions that can now be researched on. Therefore, this project 

leaves a strong mark in the field of aspect-oriented programming as an essential step for 

advancement.  
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Random Testing vs. Evolutionary Testing 
 

 

No Program Class 

Average 

Effort for 

Random 

Testing 

Average  

Effort for 

Evolutionary 

Testing 

Reduction 

1 Figure DisplayUpdating 1.00 1.00 0.00% 

2 PushCount StackOrig 1.80 1.80 0.00% 

3 Instrumentation Instrumentation 2.00 2.00 0.00% 

4 Hello HelloAspect 3.00 3.00 0.00% 

5 NonNegative  NonNegative  167.10 163.43 2.19% 

6 QuickSort Stats 4.00 4.00 0.00% 

7 NullChecker NullChecker 30001.23 20001.23 33.33% 

8 Telecom Timing 4.13 4.00 3.23% 

9 SavingsAccount MinimumBalanceRuleAspect 10003.03 109.30 98.91% 

10 SavingsAccount OverdraftProtectionRuleAspect 22841.50 22841.50 0.00% 

11 Queue QueueStateAspect 903.20 349.70 61.28% 

12 ProdLine CC 4.80 5.47 -13.89% 

13 ProdLine Cycle 6.17 5.53 10.27% 

14 ProdLine DFS 488.93 275.47 43.66% 

15 ProdLine MSTKruskal 23018.77 19460.00 15.46% 

16 ProdLine MSTPrim 20006.63 19166.43 4.20% 

17 ProdLine Number 6.73 5.17 23.27% 

18 ProdLine Weighted 14.10 13.20 6.38% 

19 NullCheck Stack6 30003.80 28066.23 6.46% 

20 DCM ClassRelationship 3.07 3.13 -2.17% 

21 DCM Metrics 145472.47 48584.17 66.60% 

22 DCM Stack4 196605.57 172536.47 12.24% 

23 LawOfDemeter Percflow 300002.33 300002.37 0.00% 

24 LawOfDemeter Pertarget 430311.70 402431.90 6.48% 
 

Table A.1: Effort Reduction in Classes 

 

No Program 
Random Testing  

Coverage 

Evolutionary Testing  

Coverage 
Coverage Improvement 

1 Figure 100.00% 100.00% 0.00% 

2 PushCount 100.00% 100.00% 0.00% 

3 Instrumentation 100.00% 100.00% 0.00% 

4 Hello 100.00% 100.00% 0.00% 

5 NonNegative  100.00% 100.00% 0.00% 

6 QuickSort 100.00% 100.00% 0.00% 

7 NullChecker 2.50% 2.50% 0.00% 

8 Telecom 62.00% 62.83% 0.83% 

9 SavingsAccount 44.00% 86.67% 42.67% 

10 Queue 80.13% 81.67% 1.53% 

11 ProdLine 79.60% 79.60% 0.00% 

12 NullCheck 34.17% 51.67% 17.50% 

13 DCM 29.30% 36.20% 6.90% 

14 LawOfDemeter 0.00% 0.00% 0.00% 
 

Table A.2: Coverage Improvement in Programs 
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Impact of Input Domain Reduction on Evolutionary Testing  
 

No Branch Coverage  Before Reduction Coverage After Reduction Coverage Improvement

1 NullCheck0F 43.33 40.00 -3.33%

2 Queue2F 26.40 23.83 -2.57%

3 NullCheck0T 37.50 35.83 -1.67%

4 Queue5F 26.03 24.93 -1.10%

5 DCM10F 12.00 11.23 -0.77%

6 DCM15F 11.87 11.43 -0.43%

7 DCM16F 14.00 13.57 -0.43%

8 DCM25F 11.53 11.17 -0.37%

9 DCM8T 11.53 11.23 -0.30%

10 DCM23F 9.27 9.00 -0.27%

11 DCM15T 13.93 13.70 -0.23%

12 DCM21T 9.47 9.30 -0.17%

13 DCM20T 9.33 9.20 -0.13%

14 DCM9T 11.23 11.10 -0.13%

15 SavingsAccount0F 11.00 11.00 0.00%

16 SavingsAccount0T 11.00 11.00 0.00%

17 Queue3T 22.00 22.00 0.00%

18 Queue4F 22.00 22.00 0.00%

19 LawOfDemeter43F 0.00 0.00 0.00%

20 DCM14T 11.60 11.67 0.07%

21 DCM20F 9.37 9.50 0.13%

22 DCM25T 11.37 11.50 0.13%

23 DCM11T 11.70 11.87 0.17%

24 DCM27F 11.23 11.40 0.17%

25 DCM22F 9.53 9.73 0.20%

26 DCM24F 9.27 9.47 0.20%

27 DCM9F 11.63 11.93 0.30%

28 DCM21F 9.47 9.80 0.33%

29 DCM26F 11.30 11.67 0.37%

30 Queue2T 23.83 24.20 0.37%

31 DCM14F 11.47 11.90 0.43%

32 DCM28T 11.00 11.43 0.43%

33 DCM11F 11.23 11.73 0.50%

34 DCM12F 11.37 11.90 0.53%

35 DCM8F 11.60 12.20 0.60%

36 DCM12T 11.10 11.83 0.73%

37 DCM2F 9.70 10.50 0.80%

38 Queue0F 21.27 22.37 1.10%

39 Queue1T 22.37 23.47 1.10%

40 Queue3F 21.27 22.37 1.10%

41 Queue1F 20.53 22.37 1.83%

42 Queue5T 22.73 24.57 1.83%

43 Queue0T 21.27 23.10 1.83%

44 Queue4T 21.27 23.10 1.83%

45 DCM13F 11.60 13.77 2.17%

46 DCM7F 11.57 14.77 3.20%

47 NullCheck1F 25.83 32.50 6.67%

48 DCM19F 9.37 20.27 10.90%
 

Table A.3: Coverage Improvement in Branches 
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No Branch ID 
Irrelevant 

Parameters 

% Irrelevant 

Parameters 

Avg Effort Before 

Reduction 

Avg Effort After 

Reduction 

% Reduction 

in Avg Effort 

1 DCM10F 1 of 4 25.00% 2.97 2.37 20.22% 

2 DCM11F 1 of 4 25.00% 10.23 10.33 -0.98% 

3 DCM11T 1 of 4 25.00% 2.53 3.20 -26.32% 

4 DCM12F 1 of 4 25.00% 3.63 3.37 7.34% 

5 DCM12T 1 of 4 25.00% 15.13 10.03 33.70% 

6 DCM9F 1 of 4 25.00% 14.23 13.87 2.58% 

7 DCM9T 1 of 4 25.00% 3.13 2.83 9.57% 

8 DCM13F 1 of 3 33.33% 1.23 1.43 -16.22% 

9 DCM14F 1 of 3 33.33% 453.13 310.77 31.42% 

10 DCM14F 1 of 3 33.33% 2.83 2.20 22.35% 

11 DCM15F 1 of 3 33.33% 2.20 3.07 -39.39% 

12 DCM15T 1 of 3 33.33% 94.33 45.67 51.59% 

13 DCM16F 1 of 3 33.33% 61.77 34.53 44.09% 

14 DCM20F 1 of 3 33.33% 231.57 87.67 62.14% 

15 DCM20T 1 of 3 33.33% 1.73 2.40 -38.46% 

16 DCM21F 1 of 3 33.33% 96.37 93.87 2.59% 

17 DCM21T 1 of 3 33.33% 271.27 140.77 48.11% 

18 DCM22F 1 of 3 33.33% 2.27 2.13 5.88% 

19 DCM23F 1 of 3 33.33% 2.47 2.20 10.81% 

20 DCM24F 1 of 3 33.33% 2.17 1.97 9.23% 

21 DCM25F 1 of 3 33.33% 311.90 168.87 45.86% 

22 DCM25T 1 of 3 33.33% 1.03 1.03 0.00% 

23 DCM26T 1 of 3 33.33% 1.07 1.07 0.00% 

24 DCM27F 1 of 3 33.33% 1.00 1.00 0.00% 

25 DCM28T 1 of 3 33.33% 1.03 1.00 3.23% 

26 DCM2F 1 of 2 50.00% 6.07 5.27 13.19% 

27 DCM7F 2 of 4 50.00% 1.37 2.37 -73.17% 

28 DCM8F 2 of 4 50.00% 420.70 154.17 63.35% 

29 DCM8T 2 of 4 50.00% 2.73 2.13 21.95% 

30 Queue3F 1 of 2 50.00% 2.73 1.80 34.15% 

31 Queue3T 1 of 2 50.00% 3.57 4.50 -26.17% 

32 Queue4F 1 of 2 50.00% 2.10 1.70 19.05% 

33 Queue4T 1 of 2 50.00% 6.93 13.03 -87.98% 

34 Queue5F 1 of 2 50.00% 91.00 115.33 -26.74% 

35 Queue5T 1 of 2 50.00% 71.33 31.20 56.26% 

36 SavingsAccount2F 1 of 2 50.00% 4.50 3.47 22.96% 

37 SavingsAccount2T 1 of 2 50.00% 3.70 2.83 23.42% 

38 DCM19F 2 of 3 66.66% 1.30 1.40 -7.69% 

39 Queue0F 2 of 3 66.66% 2.43 1.87 23.29% 

40 Queue0T 2 of 3 66.66% 6.80 7.07 -3.92% 

41 Queue2F 2 of 3 66.66% 71.00 58.37 17.79% 

42 Queue1F 2 of 3 66.66% 2.23 1.43 35.82% 

43 Queue1T 2 of 3 66.66% 18.70 8.63 53.83% 

44 Queue2T 2 of 3 66.66% 61.23 36.17 40.94% 

45 NullCheck1F 3 of 3 100.00% 1.67 1.77 -6.00% 

46 NullCheck0F 3 of 3 100.00% 20112.33 1272.87 93.67% 

47 NullCheck0T 3 of 3 100.00% 14053.67 1164.90 91.71% 

48 LawOfDemeter42F 1 of 1 100.00% 66670.70 113.47 99.83% 

49 LawOfDemeter43F 1 of 1 100.00% 297.83 57.53 80.68% 
 

 

Table A.4: Effort Reduction in Branches 



APPENDIX A:  EXPERIMENT RESULTS 

 A-5 

 

 

Branch: DCM7F  Branch: DCM11F  Branch: DCM11T  Branch: DCM13F 

Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

1 1 3 1 4 4 1 8 11 1 1 1 

2 1 5 2 6 8 2 2 4 2 1 2 

3 1 3 3 10 4 3 4 2 3 1 2 

4 1 3 4 22 3 4 1 2 4 1 1 

5 1 4 5 27 2 5 1 2 5 1 3 

6 1 1 6 17 21 6 4 4 6 1 1 

7 3 1 7 11 16 7 2 3 7 2 1 

8 1 1 8 22 14 8 2 2 8 1 1 

9 3 1 9 13 16 9 1 10 9 1 1 

10 1 1 10 7 3 10 1 1 10 2 1 

11 2 1 11 8 6 11 3 1 11 1 1 

12 2 1 12 7 9 12 1 2 12 2 3 

13 1 1 13 19 3 13 4 1 13 1 1 

14 1 4 14 5 22 14 1 6 14 1 2 

15 1 1 15 8 10 15 1 1 15 1 1 

16 1 5 16 8 15 16 1 1 16 1 1 

17 2 1 17 13 9 17 1 11 17 2 1 

18 1 4 18 7 6 18 3 2 18 2 1 

19 2 2 19 5 10 19 3 4 19 1 1 

20 1 4 20 5 8 20 8 1 20 1 1 

21 2 4 21 7 41 21 4 1 21 1 1 

22 1 2 22 4 11 22 1 1 22 1 2 

23 2 1 23 11 16 23 1 10 23 2 1 

24 2 1 24 16 1 24 1 1 24 1 1 

25 1 1 25 6 9 25 1 1 25 1 1 

26 1 5 26 11 15 26 4 2 26 1 3 

27 1 4 27 7 3 27 1 1 27 1 2 

28 1 3 28 10 6 28 2 1 28 1 1 

29 1 1 29 5 16 29 5 2 29 1 1 

30 1 2 30 6 3 30 4 5 30 2 3 

Average 1.37 2.37 Average 10.23 10.33  Average 2.53 3.20 Average 1.23 1.43 

 

Table A.5: Effort for  

Branch DCM7F 

 

 

Table A.6: Effort for  

Branch DCM11F 

 

 

Table A.7: Effort for  

Branch DCM11T 

 

 

Table A.8: Effort for  

Branch DCM13F 

 

 

Note: Random spikes are marked in dark grey.  
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Branch: DCM15F  Branch: DCM19F  Branch: DCM20T  Branch: NullCheck1F 

Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

1 1 3 1 1 1 1 2 1 1 2 1 

2 2 2 2 2 1 2 2 1 2 1 1 

3 5 3 3 1 2 3 1 1 3 1 1 

4 2 3 4 2 1 4 1 1 4 1 1 

5 1 5 5 1 2 5 1 1 5 3 1 

6 2 1 6 1 1 6 1 2 6 3 3 

7 2 4 7 1 1 7 3 4 7 2 2 

8 1 1 8 4 2 8 1 3 8 1 5 

9 2 1 9 2 1 9 1 2 9 2 3 

10 3 3 10 1 1 10 8 1 10 2 1 

11 2 1 11 2 3 11 1 5 11 1 1 

12 6 3 12 1 1 12 1 2 12 2 1 

13 3 2 13 1 1 13 2 1 13 3 1 

14 1 1 14 1 2 14 3 2 14 1 2 

15 3 6 15 1 1 15 3 2 15 1 2 

16 1 7 16 1 1 16 1 2 16 1 5 

17 1 5 17 1 1 17 2 1 17 1 2 

18 4 2 18 1 3 18 2 4 18 1 2 

19 2 4 19 1 1 19 2 1 19 2 3 

20 4 2 20 1 1 20 1 5 20 3 1 

21 2 2 21 2 1 21 2 1 21 2 1 

22 2 1 22 1 1 22 1 3 22 1 2 

23 1 2 23 1 3 23 1 2 23 1 1 

24 1 3 24 1 2 24 2 3 24 1 3 

25 3 13 25 1 1 25 1 9 25 3 1 

26 1 4 26 1 1 26 1 2 26 1 2 

27 1 2 27 1 1 27 1 2 27 4 1 

28 5 1 28 1 1 28 1 3 28 1 1 

29 1 4 29 2 1 29 1 2 29 1 1 

30 1 1 30 1 2 30 2 3 30 1 1 

Average 2.20 3.07 Average 1.30 1.40  Average 1.73 2.40 Average 1.67 1.77 

 

Table A.9: Effort for  

Branch DCM5F 

 

 

Table A.10: Effort for  

Branch DCM19F 

 

 

Table A.11: Effort for  

Branch DCM20T 

 

 

Table A.12: Effort for  

Branch NullCheck1F 

 

 

Note: Random spikes are marked in dark grey.  
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Branch: Queue0T  Branch: Queue3T  Branch: Queue4T  Branch: Queue5F 

Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

 Run 

Effort  

Before  

Reduction 

Effort  

After  

Reduction 

1 3 2 1 33 10 1 24 10 1 16 16 

2 5 24 2 6 7 2 8 8 2 1 75 

3 1 10 3 2 3 3 12 19 3 329 27 

4 34 3 4 1 5 4 13 10 4 33 22 

5 15 1 5 2 9 5 2 7 5 23 24 

6 4 14 6 1 4 6 3 9 6 18 618 

7 2 6 7 1 3 7 5 2 7 100 27 

8 14 2 8 7 4 8 13 5 8 67 1 

9 2 1 9 2 1 9 3 5 9 6 92 

10 4 3 10 1 1 10 1 1 10 44 17 

11 9 10 11 1 6 11 11 6 11 125 267 

12 19 7 12 1 2 12 30 3 12 27 3 

13 6 15 13 1 4 13 9 11 13 213 12 

14 1 43 14 5 7 14 9 18 14 71 116 

15 14 1 15 1 6 15 4 31 15 13 205 

16 1 1 16 1 5 16 1 76 16 88 156 

17 3 18 17 1 2 17 3 5 17 20 25 

18 3 6 18 2 3 18 2 1 18 159 10 

19 7 4 19 2 2 19 4 90 19 315 311 

20 2 4 20 3 2 20 3 4 20 99 12 

21 1 7 21 1 1 21 2 2 21 99 20 

22 15 4 22 5 2 22 12 7 22 9 112 

23 6 3 23 1 1 23 11 3 23 1 21 

24 15 2 24 4 2 24 4 1 24 431 774 

25 3 5 25 5 15 25 1 18 25 77 3 

26 3 2 26 5 3 26 6 6 26 6 60 

27 6 1 27 3 2 27 4 4 27 1 44 

28 1 1 28 1 1 28 2 11 28 308 20 

29 1 4 29 6 13 29 4 17 29 17 302 

30 4 8 30 2 9 30 2 1 30 14 68 

Average 6.80 7.07 Average 3.57 4.50  Average 6.93 13.03 Average 91.00 115.33 

 

Table A.13: Effort for  

Branch Queue0T 

 

 

Table A.14: Effort for  

Branch Queue3T 

 

 

Table A.15: Effort for  

Branch Queue4T 

 

 

Table A.16: Effort for  

Branch Queue5F 

 

 

Note: Random spikes are marked in dark grey.  
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Testing AOP Specific Structures 
 

No Program Class 
Average Effort for 

Testing All Branches

Average Effort for 

Testing Aspectual 

Branches

Reduction

1 NullChecker NullChecker 29104.47 28900.40 0.70%

2 ProdLine MSTPrim 19509.37 19166.43 1.76%

3 NullCheck Stack6 28066.23 27344.17 2.57%

4 ProdLine MSTKruskal 20158.13 19460.00 3.46%

5 ProdLine DFS 302.30 275.47 8.88%

6 SavingsAccount OverdraftProtectionRuleAspect 37568.70 22841.50 39.20%

7 NonNegative  NonNegative  347.07 176.23 49.22%

8 LawOfDemeter Percflow 607729.07 300002.37 50.64%

9 LawOfDemeter Pertarget 1060050.00 402431.90 62.04%

10 DCM Stack4 565110.03 196605.57 65.21%

11 ProdLine Weighted 44.37 13.20 70.25%

12 DCM Metrics 168449.40 48584.17 71.16%

13 Telecom Timing 14.83 4.00 73.03%

14 ProdLine Number 21.07 5.17 75.47%

15 ProdLine Cycle 23.57 5.53 76.52%

16 ProdLine CC 27.50 5.47 80.12%

17 Instrumentation Instrumentation 11.27 2.00 82.25%

18 Hello HelloAspect 17.73 3.00 83.08%

19 QuickSort Stats 24.07 4.00 83.38%

20 DCM ClassRelationship 22.23 3.13 85.91%

21 Figure DisplayUpdating 14.50 1.00 93.10%

22 PushCount StackOrig 34.57 1.83 94.70%

23 Queue QueueStateAspect 86911.57 349.70 99.60%

24 Figure Figure 5.00 0.00 100.00%

25 Figure Line 15.03 0.00 100.00%

26 Figure Main 4.00 0.00 100.00%

27 Figure Point 13.00 0.00 100.00%

28 PushCount PushCount 20.33 0.00 100.00%

29 PushCount Stack7 12.83 0.00 100.00%

30 Instrumentation Stack2 13.50 0.00 100.00%

31 Instrumentation Stack2Orig 13.50 0.00 100.00%

32 Hello Hello 14.50 0.00 100.00%

33 NonNegative  Stack 18.73 0.00 100.00%

34 NonNegative  StackOrig 20.13 0.00 100.00%

35 QuickSort Foo 3.00 0.00 100.00%

36 QuickSort Middle 3.00 0.00 100.00%

37 QuickSort QuickSort 39075.67 0.00 100.00%

38 NullChecker Stack3 9732.00 0.00 100.00%

39 Telecom BillingSimulation 3.33 0.00 100.00%

40 Telecom Connection 24.60 0.00 100.00%

41 Telecom Timer 6.00 0.00 100.00%

42 SavingsAccount Customer 12.00 0.00 100.00%

43 SavingsAccount InsufficientBalanceException 1.77 0.00 100.00%

44 SavingsAccount MinimumBalanceRuleAspect 109.30 0.00 100.00%

45 SavingsAccount SavingsAccount 10087.93 0.00 100.00%

46 Queue Queue 17.63 0.00 100.00%

47 Queue QueueEmpty 4.13 0.00 100.00%
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48 Queue QueueFull 7.97 0.00 100.00%

49 Queue QueueNormal 8.50 0.00 100.00%

50 ProdLine _1 40001.00 0.00 100.00%

51 ProdLine _2 40001.00 0.00 100.00%

52 ProdLine Benchmark 5.00 0.00 100.00%

53 ProdLine CycleWorkSpace 4788.53 0.00 100.00%

54 ProdLine Edge 33827.87 0.00 100.00%

55 ProdLine Graph 458512.37 0.00 100.00%

56 ProdLine MyLog 5.27 0.00 100.00%

57 ProdLine Neighbor 15.17 0.00 100.00%

58 ProdLine NoPrinting 5.00 0.00 100.00%

59 ProdLine NumberWorkSpace 357.97 0.00 100.00%

60 ProdLine RegionWorkSpace 8.80 0.00 100.00%

61 ProdLine Undirected 5.00 0.00 100.00%

62 ProdLine Vertex 864.67 0.00 100.00%

63 NullCheck NullCheck 129.10 0.00 100.00%

64 DCM DCMrecord 6.00 0.00 100.00%

65 LawOfDemeter Any 9884.13 0.00 100.00%

 

Table A.17: Effort Reduction in Classes 
 

 

No Program 

Coverage for Testing  

All Branches 

Coverage for Testing  

Aspectual Branches) 

Coverage 

Improvement 

1 Figure 100.00 100.00 0.00 

2 PushCount 100.00 100.00 0.00 

3 Instrumentation 100.00 100.00 0.00 

4 Hello 100.00 100.00 0.00 

5 NonNegative  100.00 100.00 0.00 

6 QuickSort 100.00 100.00 0.00 

7 NullChecker 2.50 2.50 0.00 

8 LawOfDemeter 0.20 0.20 0.00 

9 Telecom 62.00 62.83 0.83 

10 ProdLine 68.50 69.50 1.00 

11 DCM 31.77 36.20 4.43 

12 NullCheck 42.50 51.67 9.17 

13 SavingsAccount 77.03 86.67 9.63 

14 Queue 19.47 81.67 62.20 

 

Table A.18: Coverage Improvement in Programs 
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System Requirements 

 

Recommended System Requirements for EAT: 

 

� System: Pentium 4 1.2GHz or equivalent 

� RAM: 512MB 

� Hard Drive Space: 2GB 

� OS: Microsoft Windows XP 

� Java Development Kit Version: 1.5 

 

 

Download EAT 

 

EvolutionaryAspectTester (EAT) can be downloaded from: 
 

http://nitrousfiz.googlepages.com/eat.zip 

 

 

Installing EAT 

 

Instructions for installing EAT: 

 

� Create empty directory C:\Local\EU 

� Place the downloaded zip file in C:\Local\EU 

� Decompress downloaded zip file 

� Place directory in system environment PATH variable 

 

 

Running EAT 

 

Instructions for running EAT: 

 

� Copy AspectJ program to C:\Local\EU\AspectJ 

� Open Command Prompt to C:\Local\EU\AspectJ 

� Type Command for Evolutionary Testing: 
 

java –Xmn256M – Xms512M –Xmx512M kcl.research.project.MainCLI  

–dir C:\Local\EU\AspectJ –package <Package Name>  

 

� Type Command for Random Testing: 
 

java –Xmn256M – Xms512M –Xmx512M kcl.research.project.MainCLI  

–dir C:\Local\EU\AspectJ –package <Package Name> -random 

 

� Type Command for Evolutionary Testing with Input Domain Reduction: 
 

java –Xmn256M – Xms512M –Xmx512M kcl.research.project.MainCLI  

–dir C:\Local\EU\AspectJ –package <Package Name> -reduction 

 

� Type Command for Evolutionary Testing of All Branches: 
 

java –Xmn256M – Xms512M –Xmx512M kcl.research.project.MainCLI  

–dir C:\Local\EU\AspectJ –package <Package Name> -all 

 



APPENDIX B:  INSTRUCTION MANUAL FOR EvolutionaryAspectTester (EAT) 

 B-3 

Following output will be created: 

 

� Class Files: C:\Local\EU\AspectJ\<Package Name> 

� Java Files: C:\Local\EU\AspectJ\ajworkingdir\<Package Name> 

� Branch List File: C:\Local\EU\AspectJ\ajworkingdir\<Package Name>\branchlist.txt 

� Slice Output File: C:\Local\EU\AspectJ\ajworkingdir\<Package Name>\slice\slice.txt 

� Test Goal List: C:\Local\EU\AspectJ\ajworkingdir\<Package Name>\goals.txt 

� JUnit Test Directory: C:\Local\EU\AspectJ\ajworkingdir\<Package Name>\reports 

� Coverage Directory: C:\Local\EU\AspectJ\ajworkingdir\<Package Name>\coverage\ 

CoverageList.txt 
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AccessModifier.java 
 

package kcl.research.project; 

 

import java.io.File; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import java.io.*; 

import org.eclipse.jface.text.*; 

import org.eclipse.text.edits.*; 

 

//changes access modifiers of java classes and methods 

public class AccessModifier { 

 

 IDocument idoc = new Document(); 

 String target_method = ""; 

 File file = null; 

 ArrayList<Integer> index = new ArrayList(); 

 public AccessModifier(String _file) { 

  super(); 

  file = new File(_file); 

  if (file.exists()) { 

   FileReader reader = new FileReader(file); 

   reader.loadFile(); 

   idoc = reader.getIDoc(); 

   changeModifiers(); 

  } else { 

   System.out.println("Error: File does not exist"); 

  } 

 } 

 public static void main(String[] args) { 

  AccessModifier access_mod = new 

AccessModifier("C:/Programs/test1/ajworkingdir/ants/Automaton.java"); 

 } 

 public void changeModifiers(){ 

  System.out.println("Starting AccessModifier for 

"+file.getAbsolutePath()); 

  try{ 

   String jcode = idoc.get(); 

    

   //create ast 

   ASTParser parser = ASTParser.newParser(AST.JLS3); 

   parser.setSource(jcode.toCharArray()); 

   parser.setKind(ASTParser.K_COMPILATION_UNIT); 

   CompilationUnit unit = (CompilationUnit) 

parser.createAST(null);   

   unit.recordModifications(); 

   

   //create visitor 

   AccessModifierVisitor v = new AccessModifierVisitor(); 

   unit.accept(v); 

   v.visit(unit);  

    

   //obtain changes in invocations 

   TextEdit edits = unit.rewrite(idoc, null); 

   edits.apply(idoc); 

    

   //save to file 

   file.delete(); 

   try { 

    FileOutputStream out = new 

FileOutputStream(file.getAbsolutePath()); 

    PrintStream ps = new PrintStream(out); 

    ps.print(idoc.get()); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save file after 

changing invocations"); 

    e.printStackTrace(System.out); 

   } 

   System.out.println("AccessModifier Complete...");   

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

} 
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AccessModifierVisitor.java 
 

package kcl.research.project; 

 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import java.io.*; 

import org.eclipse.jface.text.*; 

 

//visitor pattern for access modifier 

public class AccessModifierVisitor extends ASTVisitor { 

 

 public AccessModifierVisitor() { 

  super(); 

 } 

 

 public boolean visit(FieldDeclaration node) { 

  boolean is_public = false; 

  System.out.println("Before(Method): "+node.modifiers()); 

  for (int i=node.modifiers().size()-1; i>-1;i--){ 

   Modifier mod = (Modifier)node.modifiers().get(i); 

   if (mod.isPublic())   

    is_public = true; 

   if (mod.isPrivate())   

    node.modifiers().remove(i); 

   if (mod.isProtected())  

    node.modifiers().remove(i); 

  } 

 

  if (!is_public) { 

  

 node.modifiers().add(0,node.getAST().newModifier(Modifier.ModifierKeyword.P

UBLIC_KEYWORD)); 

   System.out.println("After(Method): "+node.modifiers()); 

  } 

  return true; 

 } 

  

 public boolean visit(MethodDeclaration node) { 

  boolean is_public = false; 

  System.out.println("Before(Method): "+node.modifiers()); 

  for (int i=node.modifiers().size()-1; i>-1;i--){ 

   Modifier mod = (Modifier)node.modifiers().get(i); 

   if (mod.isPublic())   

    is_public = true; 

   if (mod.isPrivate())   

    node.modifiers().remove(i); 

   if (mod.isProtected())  

    node.modifiers().remove(i); 

  } 

  if (!is_public) { 

  

 node.modifiers().add(0,node.getAST().newModifier(Modifier.ModifierKeyword.P

UBLIC_KEYWORD)); 

   System.out.println("After(Method): "+node.modifiers()); 

  } 

  return true; 

 } 

} 
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ArgumentRemover.java 
 

package kcl.research.project; 

 

import java.io.File; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import java.io.*; 

import org.eclipse.jface.text.*; 

import org.eclipse.text.edits.*; 

 

//removes arguments for irrelevant parameters 

public class ArgumentRemover { 

 

 IDocument idoc = new Document(); 

 String target_method = ""; 

 String target_class = ""; 

 File file = null; 

 ArrayList<Integer> index = new ArrayList(); 

  

 //constructor 

 public ArgumentRemover(String _file, String _target_method, String 

_target_class, ArrayList<Integer> _index) { 

  super(); 

  index = _index; 

  target_method = _target_method; 

  target_class = _target_class; 

  file = new File(_file); 

  if (file.exists()) { 

   FileReader reader = new FileReader(file); 

   reader.loadFile(); 

   idoc = reader.getIDoc(); 

   removeArguments(); 

  } else { 

   System.out.println("Error: File does not exist"); 

  } 

 } 

  

 //main method 

 public static void main(String[] args) { 

  ArrayList<Integer> i = new ArrayList(); 

  i.add(0); 

  i.add(1); 

  ArgumentRemover arg_rem = new 

ArgumentRemover("C:/Programs/test2/ajworkingdir/GPL/Graph.java", "after0$ajc", 

"MSTPrim", i); 

 } 

  

 //method removing arguments 

 public void removeArguments(){ 

  try{ 

   String jcode = idoc.get(); 

     

   //create ast 

   ASTParser parser = ASTParser.newParser(AST.JLS3); 

   parser.setSource(jcode.toCharArray()); 

   parser.setKind(ASTParser.K_COMPILATION_UNIT); 

   //parser.setResolveBindings(true); 

   CompilationUnit unit = (CompilationUnit) 

parser.createAST(null);   

   unit.recordModifications(); 

    

   //create visitor 

   ArgumentRemoverVisitor v = new ArgumentRemoverVisitor(); 

   v.setInvocationTargetClass(target_class); 

   v.setInvocationTargetMethod(target_method); 

   v.setRemoveIndexList(index); 

   unit.accept(v); 

   v.visit(unit);  

    

   //obtain changes in invocations 

   TextEdit edits = unit.rewrite(idoc, null); 

   edits.apply(idoc); 

   //System.out.println(idoc.get()); 

    

   //save to file 

   file.delete(); 

   try { 
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    FileOutputStream out = new 

FileOutputStream(file.getAbsolutePath()); 

    PrintStream ps = new PrintStream(out); 

    ps.print(idoc.get()); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save file after 

changing invocations"); 

    e.printStackTrace(System.out); 

   } 

    

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

}  
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ArgumentRemoverVisitor.java 
 

package kcl.research.project; 

 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import java.io.*; 

import org.eclipse.jface.text.*; 

 

//visitor pattern for argument visitor 

public class ArgumentRemoverVisitor extends ASTVisitor { 

 

 public ArgumentRemoverVisitor() { 

  super(); 

 } 

 

 String target_method = ""; 

 String target_class = ""; 

 ArrayList<Integer> index = new ArrayList(); 

  

 public void setInvocationTargetClass(String _class){ 

  target_class = _class; 

 } 

  

 public void setInvocationTargetMethod(String _method){ 

  target_method = _method; 

 } 

 

 public void setRemoveIndexList(ArrayList<Integer> _index){ 

  index = _index; 

 } 

  

 //change arguments in method invocations 

 public boolean visit(MethodInvocation node) { 

  if (node.getName().getIdentifier().equals(target_method)) { 

   System.out.println("Invocation to target method found!"); 

   List args = node.arguments(); 

   for (int i=args.size()-1; i>-1;i--){ 

    if (index.contains(i)) { 

     node.arguments().remove(i); 

    } 

   } 

  } 

  return true; 

 } 

  

  

} 
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AspectJCompiler.java 
 

package kcl.research.project; 

import java.io.*; 

import java.util.*; 

 

//compiler for java and aspectj files 

public class AspectJCompiler { 

 String output = ""; 

 //constructor 

 public AspectJCompiler (){ 

  output = ""; 

 } 

 //main method 

 public static void main(String[] args) { 

  AspectJCompiler ajc = new AspectJCompiler(); 

  ajc.ajcCompile("C:/Programs/preprocess/", "pushcount2"); 

  ajc.preprocess("C:/Programs/preprocess/", "pushcount2"); 

 } 

  

 //output getter 

 public String getOutput(){ 

  return output; 

 } 

 //classpath generator 

 public String getClasspath(){ 

  String classpath = ".;..;.\\instrumented"; 

  String user_dir = System.getProperty("user.dir"); 

  try { 

   File cur_dir = new File(user_dir+"\\lib"); 

   if (cur_dir.exists() && cur_dir.isDirectory()) { 

    File common_dir = new 

File(cur_dir.getAbsolutePath()+"\\common"); 

    if (common_dir.exists() && common_dir.isDirectory()) 

{ 

     FileFilter filter = new FileFilter() { 

            public boolean accept(File file) { 

                return (file.getName().endsWith(".jar")); 

            } 

        }; 

        File [] libs = common_dir.listFiles(filter); 

        for (int i=0; i<libs.length;i++){ 

         classpath = classpath + ";" + 

libs[i].getAbsolutePath(); 

        } 

     //System.out.println("CP:"+classpath); 

    } 

   } 

  }catch(Exception e){} 

  return "\""+classpath+"\""; 

 } 

  

 //java compiler 1 

 public int javaCompile(String path, String packagename){ 

  output = ""; 

        int exitVal = 0; 

   

        if (path.endsWith("\\") || path.endsWith("/")) 

   path = path.substring(0, path.length()-1); 

   

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\compile.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println(drive); 

            ps.println("CD "+path+"\\"+packagename); 

            ps.println("javac -source 1.4 -target 1.4 -classpath "+getClasspath()+" *.java"); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { System.out.println("Error: Could not save compile.bat file"); } 

 

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\compile.bat"); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            output = "Compiling...\n"; 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 
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            output = output + errorGobbler.getOutput(); 

            output = output + "Exit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){ exitVal = -1; }         

        return exitVal; 

    }  

 //aspectj compiler 

 public int ajcCompile(String path, String packagename){ 

  output = ""; 

        int exitVal = 0; 

   

        if (path.endsWith("\\") || path.endsWith("/")) 

   path = path.substring(0, path.length()-1); 

   

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\compile.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println(drive); 

            ps.println("CD "+path); 

            ps.println("ajc -classpath "+getClasspath()+" -d "+path+" 

"+packagename+"\\*.java"); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { System.out.println("Error: Could not save compile.bat file"); } 

 

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\compile.bat"); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            output = "Compiling...\n"; 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "Exit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){ exitVal = -1; }         

        return exitVal; 

    } 

 //code converter 

 public int preprocess(String path, String packagename){ 

  output = ""; 

        int exitVal = 0; 

   

  if (path.endsWith("\\") || path.endsWith("/")) 

   path = path.substring(0, path.length()-1); 

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\preprocess.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println(drive); 

            ps.println("CD "+path); 

            ps.println("ajc -classpath "+getClasspath()+" -preprocess 

"+packagename+"\\*.java"); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save preprocess.bat file"); 

        } 

 

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\preprocess.bat"); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            output = "Running AspectJ to Java converter (preprocess option)...\n"; 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "Exit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){ 

         exitVal = -1; 

        }         

  return exitVal; 

 } 

} 
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Branch.java 
 

package kcl.research.project; 

 

import java.util.*; 

 

//class implementing branch object 

public class Branch { 

 

 int branch_no; 

 boolean covered; 

 int no_uncovered_sub_branches; 

 String status; 

 String branch_type; 

 String class_name; 

 String method_name; 

 String condition; 

 int aspectj_line_no; 

 int java_line_no; 

 int no_method_parameters; 

 int no_relevant_parameters; 

 int per_input_domain_reduction; 

 ArrayList<Parameter> relevant_parameters; 

 Slice slice; 

 BranchSignature signature; 

 String juscLine = ""; 

 

 //constructor 

 public Branch() { 

  super(); 

 } 

  

 //get methods 

 public int getBranchNo(){ 

  return branch_no; 

 } 

  

 public boolean getCovered(){ 

  return covered; 

 } 

  

 public int getNoUncoveredSubBranches(){ 

  return no_uncovered_sub_branches; 

 } 

  

 public String getStatus(){ 

  return status; 

 } 

  

 public String getBranchType(){ 

  return branch_type; 

 } 

  

 public String getClassName(){ 

  return class_name; 

 } 

  

 public String getMethodName(){ 

  return method_name; 

 } 

  

 public String getCondition(){ 

  return condition; 

 } 

  

 public int getAspectJLineNo(){ 

  return aspectj_line_no; 

 } 

  

 public int getJavaLineNo(){ 

  return java_line_no; 

 } 

  

 public int getNoMethodParameters(){ 

  return no_method_parameters; 

 } 

  

 public int getNoRelevantParameters(){ 

  return no_relevant_parameters; 

 } 

  



APPENDIX C:  PROGRAM CODE 

 C-10

 public int getPerInputDomainReduction(){ 

  return per_input_domain_reduction; 

 } 

  

 public ArrayList<Parameter> getRelevantParameters(){ 

  return relevant_parameters; 

 } 

 //set methods 

 public void setBranchNo(int n ){ 

  branch_no=n; 

 } 

 public void setCovered(boolean c){ 

  covered=c; 

 } 

 public void setNoUncoveredSubBranches(int n){ 

  no_uncovered_sub_branches=n; 

 } 

  

 public void setStatus(String s){ 

  status=s; 

 } 

  

 public void setBranchType(String t){ 

  branch_type=t; 

 } 

  

 public void setClassName(String c){ 

  class_name=c; 

 } 

  

 public void setMethodName(String m){ 

  method_name=m; 

 } 

  

 public void setCondition(String c){ 

  condition=c; 

 } 

  

 public void setAspectJLineNo(int l){ 

  aspectj_line_no=l; 

 } 

  

 public void setJavaLineNo(int l){ 

  java_line_no=l; 

 } 

 public void setNoMethodParameters(int n){ 

  no_method_parameters=n; 

 } 

 public void setNoRelevantParameters(int n){ 

  no_relevant_parameters=n; 

 } 

 public void setPerInputDomainReduction(int p){ 

  per_input_domain_reduction=p; 

 } 

 public void setRelevantParameters(ArrayList<Parameter> par){ 

  relevant_parameters=par; 

 } 

 

 public Slice getSlice() { 

  return slice; 

 } 

 

 public void setSlice(Slice slice) { 

  this.slice = slice; 

 } 

 

 public BranchSignature getSignature() { 

  return signature; 

 } 

 

 public void setSignature(BranchSignature signature) { 

  this.signature = signature; 

 } 

 

 public String getJuscLine() { 

  return juscLine; 

 } 

 

 public void setJuscLine(String juscLine) { 

  this.juscLine = juscLine; 

 } 

} 
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BranchSignature.java 
 

package kcl.research.project; 

 

//class implementing branch signature object 

public class BranchSignature { 

 

 String branchType = ""; 

 int branchLine=0; 

 String className = ""; 

 String branchId1 = ""; 

 String branchId2 = ""; 

  

 //constructor 

 public BranchSignature(int _line, String _type) { 

  branchType=_type; 

  branchLine=_line; 

 } 

  

 //get methods 

 public int getBranchLine() { 

  return branchLine; 

 } 

 

 public String getBranchType() { 

  return branchType; 

 } 

 

 public String getClassName() { 

  return className; 

 } 

 

 public String getBranchId1() { 

  return branchId1; 

 } 

 

 public String getBranchId2() { 

  return branchId2; 

 } 

 

 

 //set methods 

 public void setBranchLine(int branchLine) { 

  this.branchLine = branchLine; 

 } 

 

 public void setBranchType(String branchType) { 

  this.branchType = branchType; 

 } 

 

 public void setClassName(String className) { 

  this.className = className; 

 } 

 

 public void setBranchId1(String branchId1) { 

  this.branchId1 = branchId1; 

 } 

 

 public void setBranchId2(String branchId2) { 

  this.branchId2 = branchId2; 

 } 

 

} 
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ClassFinder.java 
 

package kcl.research.project; 

import java.io.*; 

import java.util.*; 

import java.net.*; 

 

import org.eclipse.jdt.core.dom.AST; 

import org.eclipse.jdt.core.dom.ASTNode; 

import org.eclipse.jdt.core.dom.ASTParser; 

import org.eclipse.jdt.core.dom.CompilationUnit; 

 

//this class finds aspects and intertype declaration classes 

public class ClassFinder { 

 

 public ClassFinder() { 

  super(); 

 } 

  

 //main method 

 public static void main(String[] args) { 

  ClassFinder i = new ClassFinder (); 

 

  boolean result = i.isIntertypeDeclarationClass("C:/Programs/testfolder", 

"account", "account_SavingsAccount_main_Test"); 

  System.out.println(result); 

 } 

  

 private int no_bytecode_methods = 0; 

 private int no_bytecode_fields = 0; 

 private int no_bytecode_types = 0; 

 private ClassLoader cl; 

  

 //check bytecode 

 public void processByteCode(String path, String package_name, String 

class_name){ 

   

     try { 

   //load class 

   File file = new File(path); 

   //Convert File to a URL 

         URL url = file.toURL();          // file:/c:/myclasses/ 

         URL[] urls = new URL[]{url}; 

      

         // Create a new class loader with the directory 

         cl = new URLClassLoader(urls); 

       

      // Load in the class; MyClass.class should be located in 

         // the directory file:/c:/myclasses/com/mycompany 

         Class cls = cl.loadClass(package_name+"."+class_name); 

          

         no_bytecode_methods = 

cls.getDeclaredMethods().length+cls.getConstructors().length; 

         no_bytecode_fields = cls.getDeclaredFields().length; 

         no_bytecode_types = cls.getDeclaredClasses().length; 

          

     } catch (Exception e) { 

      e.printStackTrace(System.out); 

     } 

 

 } 

  

 private int no_sourcecode_methods = 0; 

 private int no_sourcecode_fields = 0; 

 private int no_sourcecode_types = 0; 

  

 //check source code 

 public void processSourceCode(String path, String package_name, String 

class_name){ 

  File file = new File(path+"\\"+package_name+"\\"+class_name+".java"); 

  if (!file.exists()) { 

   file = new 

File(path+"\\"+package_name+"\\"+class_name+".aj"); 

  } 

  FileReader fr = new FileReader(file); 

  fr.loadFile(); 

  ASTParser parser = ASTParser.newParser(AST.JLS3); 

  parser.setSource(fr.getStringContents().toCharArray()); 

  parser.setKind(ASTParser.K_COMPILATION_UNIT); 

  ASTNode node = parser.createAST(null); 

 



APPENDIX C:  PROGRAM CODE 

 C-13

  ClassFinderVisitor v = new ClassFinderVisitor(); 

  node.accept(v); 

  CompilationUnit cunit = (CompilationUnit) node;  

  v.visit(cunit); 

  v.getResults(); 

   

  no_sourcecode_methods = v.getMethodCount(); 

  no_sourcecode_fields = v.getFieldCount(); 

  no_sourcecode_types = v.getClassCount(); 

 } 

  

 //check if intertype class 

 public boolean isIntertypeDeclarationClass(String path, String package_name, 

String class_name){ 

  processByteCode(path, package_name, class_name); 

  processSourceCode(path, package_name, class_name); 

   

  File file = new File(path+"\\"+package_name+"\\"+class_name+".java"); 

  if (!file.exists()) { 

   System.out.println("Inner class"); 

   return false; 

  } 

   

  if (no_sourcecode_methods!=0 && no_sourcecode_fields!=0) { 

   if (no_sourcecode_methods!=no_bytecode_methods || 

no_sourcecode_fields!=no_bytecode_fields) { 

    return true; 

   } else { 

    return false; 

   } 

  } else { 

   return false; 

  } 

 } 

  

 //check if aspect class 

 public boolean isAspectClass(String path, String package_name, String 

class_name){ 

  processByteCode(path, package_name, class_name); 

  processSourceCode(path, package_name, class_name); 

   

  File file = new File(path+"\\"+package_name+"\\"+class_name+".java"); 

  if (!file.exists()) { 

   System.out.println("Inner class found..."); 

   return false; 

  } 

   

  if (no_sourcecode_types==0) { 

   System.out.println(class_name + "[aspect]"); 

   return true;  

  } else { 

   return false; 

  }  

 } 

 

} 
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ClassFinderVisitor.java 
 

package kcl.research.project; 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

 

import org.eclipse.jface.text.*; 

 

//implements the visitor patter for class finder  

public class ClassFinderVisitor extends ASTVisitor { 

 

 public ClassFinderVisitor() { 

  super(); 

 } 

 

 int method_count = 0; 

 int field_count = 0; 

 int class_count = 0; 

  

 public boolean visit(MethodDeclaration node) { 

  method_count++; 

  return true; 

 } 

  

  

 public void getResults(){ 

  System.out.println("no_sourcecode_methods="+method_count); 

  System.out.println("no_sourcecode_fields="+field_count); 

  System.out.println("no_sourcecode_types="+class_count); 

 } 

  

 public boolean visit(TypeDeclaration node) { 

  class_count++; 

  return true; 

 } 

  

 public boolean visit(FieldDeclaration node) {  

  field_count++; 

  return true;  

 } 

  

 public int getMethodCount(){ 

  return method_count; 

 } 

  

 public int getFieldCount(){ 

  return field_count; 

 } 

 

 public int getClassCount(){ 

  return class_count; 

 } 

 

} 
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CodeBeautifier.java 
 

package kcl.research.project; 

import java.io.File; 

import java.io.FileFilter; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

 

import org.eclipse.jdt.core.dom.AST; 

import org.eclipse.jdt.core.dom.ASTNode; 

import org.eclipse.jdt.core.dom.ASTParser; 

 

//pretty printer for java code 

public class CodeBeautifier { 

 

 public CodeBeautifier() { 

  super(); 

 } 

 

 public static void main(String[] args) { 

  CodeBeautifier beautifier = new CodeBeautifier();  

 

 beautifier.processDir("C:\\Programs\\testfolder\\ajworkingdir\\account"); 

 } 

  

 public void processDir(String dir){ 

   

  //get dir java file list 

  File code_dir = new File(dir); 

  FileFilter fileFilter = new FileFilter() { 

         public boolean accept(File file) { 

             return (file.getName().endsWith(".java")); 

         } 

     }; 

      

     File [] files = code_dir.listFiles(fileFilter); 

  for (int i=0; i<files.length;i++){ 

         try { 

          String file_path = files[i].getAbsolutePath(); 

     

    FileReader reader = new FileReader(file_path); 

    reader.loadFile(); 

     

    String file_contents = reader.getStringContents(); 

     

    ASTParser parser = ASTParser.newParser(AST.JLS3); 

    parser.setSource(file_contents.toCharArray()); 

    parser.setKind(ASTParser.K_COMPILATION_UNIT); 

    ASTNode node = parser.createAST(null); 

 

    files[i].delete(); 

              

          FileOutputStream out = new 

FileOutputStream(files[i].getAbsolutePath()); 

             PrintStream ps = new PrintStream(out); 

             ps.println(node.toString()); 

             ps.close(); 

             out.close(); 

             System.out.println(files[i].getName()+" formatted."); 

         } catch (Exception e) { 

             System.out.println("Error: Could not save "+files[i].getName()+" file"); 

             e.printStackTrace(System.out); 

         } 

 

  } 

 } 

 

} 
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CodeSlicer.java 
 

package kcl.research.project; 

 

import java.util.*; 

import java.io.*; 

import java.net.URL; 

import java.net.URLClassLoader; 

import java.lang.reflect.*; 

 

//class performing program slicing 

public class CodeSlicer { 

 

 private String className; 

 private String packageName; 

 private String workingDir; 

 private String classType; 

  

 private ArrayList<Integer> criteria_list = new ArrayList(); 

 private ArrayList<String> backup_files_list = new ArrayList(); 

 private ArrayList<String> source_files_list = new ArrayList(); 

 private ArrayList<Slice> slice_list = new ArrayList(); 

  

 //constructor 

 public CodeSlicer(ArrayList<Integer> _criteria_list, String _className, String 

_classType, String _packageName, String _workingDir) { 

  super(); 

  criteria_list = _criteria_list; 

  className = _className; 

  packageName = _packageName; 

  workingDir = _workingDir; 

  classType = _classType; 

  process(); 

 } 

  

 //main method 

 public static void main(String[] args) { 

  ArrayList<Integer> clist = new ArrayList(); 

  clist.add(15); 

  clist.add(6); 

  CodeSlicer cs = new CodeSlicer(clist, "OverdraftProtectionRuleAspect", 

"Aspect", "account", "C:\\Programs\\testfolder\\ajworkingdir"); 

  //cs.process(); 

 } 

  

 //backs up code 

 public boolean backupCode(){ 

   

  File backupdir = new File(workingDir+"\\"+packageName+"\\backup"); 

  backupdir.mkdirs(); 

   

  //copy all the java files from source dir to backup dir 

  XCopy xc = new XCopy(); 

  int exit = xc.copyDir(workingDir+"\\"+packageName, 

workingDir+"\\"+packageName+"\\backup", "java"); 

  if (exit==0){ 

   return true; 

  } else { 

   return false; 

  } 

 } 

  

 //generates main method for slicing 

 public boolean addMainMethod(String target_method){ 

  /* 

   * Get list of methods within the class 

   * Get constructor 

   * Generate code for instantiation 

   * Generate code for invokation of all methods 

   */ 

   

  //get list of methods within the class 

     try { 

   File file = new File(workingDir); 

         URL url = file.toURL(); 

         URL[] urls = new URL[]{url}; 

         ClassLoader cl = new URLClassLoader(urls); 

         Class cls = cl.loadClass(packageName+"."+className); 

          

         boolean main_method_exists = false; 
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         ArrayList<Method> method_list = new ArrayList(); 

         Method methods[] = cls.getDeclaredMethods(); 

         //System.out.println("Methods:"); 

         for (int i=0; i<methods.length; i++) { 

          String mname = methods[i].getName(); 

          method_list.add(methods[i]); 

          //System.out.println(mname); 

          if (mname.equals("main")) { 

           main_method_exists = true; 

          } 

         } 

          

         ArrayList<Constructor> cons_list = new ArrayList(); 

         Constructor constructors[] = cls.getDeclaredConstructors(); 

         //System.out.println("Constructors:"); 

         for (int i=0; i<constructors.length; i++) { 

          String cname = constructors[i].getName(); 

          cons_list.add(constructors[i]); 

          //System.out.println(cname); 

         } 

 

         FileReader fr = new 

FileReader(workingDir+"\\"+packageName+"\\"+className+".java"); 

         fr.loadFile(); 

         ArrayList<String> code = fr.getArrayContents(); 

         int main_start = 0; 

         int main_end = 0; 

          

         //comment out existing main method 

         if (main_method_exists) { 

          for (int i=0;i<code.size();i++) { 

           String ln = code.get(i).trim(); 

           if (ln.contains("main") && ln.contains("public") && 

ln.contains("static") && ln.contains("void") && !ln.startsWith("//")) { 

            //System.out.println("main method starts at line "+(i)); 

            main_start = i; 

      String body = ""; 

      for (int j=i; j<code.size();j++){ 

       body = body + "\n" + 

code.get(j); 

      } 

      String current = ""; 

      Stack mystack = new Stack(); 

      for (int j=0; j<body.length();j++){ 

       current = "" + 

body.charAt(j); 

       if (current.equals("{")){ 

        mystack.push(j); 

       } 

       if (current.equals("}")){ 

        mystack.pop(); 

        if 

(mystack.isEmpty()){ 

         body = 

body.substring(0, j+1); 

         int length 

= body.length(); 

         for (int 

k=i; k<code.size();k++){ 

         

 String curline = code.get(k); 

          if 

((length - curline.length())>0) { 

          

 length = length - curline.length()-1; 

          } 

else { 

          

 System.out.println("main method ends at "+(k-1)); 

          

 main_end=k-1; 

          

 k = code.size(); 

          } 

         } 

         j = 

body.length(); 

        } 

       } 

      } 

           } 

          } 
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          for (int i=main_start; i<=main_end;i++){ 

           code.set(i, "//"+code.get(i)); 

          } 

          /* 

          System.out.println("******************"); 

          for (int i=0; i<code.size();i++){ 

           System.out.println(code.get(i));  

          } 

          System.out.println("******************"); 

          */ 

         } 

          

         ArrayList<String> body = new ArrayList(); 

         body.add("public static void main(String[] args) throws Throwable {"); 

          

         //generate constructor 

         if (classType.equals("Aspect")) { 

          String line = packageName+"."+className+" myclass = 

"+className+".aspectOf();";  

          body.add(line); 

          //System.out.println(line); 

         } else { 

          if (cons_list.size()>0) { 

           Constructor c = cons_list.get(0); 

           //System.out.println("#ConsParam: 

"+c.getParameterTypes().length); 

            

           ArrayList<String> values = new ArrayList(); 

            

           Class[] params = c.getParameterTypes(); 

           for (int i=0; i<params.length; i++) { 

             

            //System.out.println("param type: "+params[i]); 

            if (params[i].toString().equals("byte")) { 

             values.add("0"); 

            } else if (params[i].toString().equals("short")) { 

             values.add("0"); 

            } else if (params[i].toString().equals("int")) { 

             values.add("0"); 

            } else if (params[i].toString().equals("long")) { 

             values.add("0"); 

            } else if (params[i].toString().equals("float")) { 

             values.add("0.0f"); 

            } else if (params[i].toString().equals("double")) { 

             values.add("0.0d"); 

            } else if (params[i].toString().equals("char")) { 

             values.add("'a'"); 

            } else if (params[i].toString().equals("boolean")) { 

             values.add("false"); 

            } else { 

             values.add("null"); 

            } 

           } 

            

           String param_values = ""; 

 

           //System.out.println("Values:"); 

           for (int i=0; i<values.size(); i++) { 

            //System.out.println(values.get(i)); 

            param_values = param_values +" "+ values.get(i)+","; 

           } 

            

           if (values.size()>0) 

            param_values = param_values.substring(0, 

param_values.lastIndexOf(","));  

            

           String line = packageName+"."+className+" myclass = new 

"+className+"("+param_values+");"; 

            

           body.add(line); 

           //System.out.println(line); 

            

          } else { 

           String line = packageName+"."+className+" myclass = null;"; 

           //System.out.println(line); 

          } 

         } 

 

         //generate method calls 

         for (int j=0; j<method_list.size(); j++) { 

          Method m = method_list.get(j); 
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          if (m.getName().equals("main"))  

           continue; 

           

          if (!m.getName().equals(target_method))  

           continue; 

           

          //System.out.println("Method: "+m.getName()); 

          ArrayList<String> values = new ArrayList(); 

          Class[] mparams = m.getParameterTypes(); 

          for (int i=0; i<mparams.length; i++) { 

           //System.out.println("param type: "+mparams[i]); 

           if (mparams[i].toString().equals("byte")) { 

            values.add("0"); 

           } else if (mparams[i].toString().equals("short")) { 

            values.add("0"); 

           } else if (mparams[i].toString().equals("int")) { 

            values.add("0"); 

           } else if (mparams[i].toString().equals("long")) { 

            values.add("0"); 

           } else if (mparams[i].toString().equals("float")) { 

            values.add("0.0f"); 

           } else if (mparams[i].toString().equals("double")) { 

            values.add("0.0d"); 

           } else if (mparams[i].toString().equals("char")) { 

            values.add("'a'"); 

           } else if (mparams[i].toString().equals("boolean")) { 

            values.add("false"); 

           } else { 

            values.add("null"); 

           } 

          } 

          String param_values = ""; 

          //System.out.println("Values:"); 

          for (int i=0; i<values.size(); i++) { 

           //System.out.println(values.get(i)); 

           param_values = param_values +" "+ values.get(i)+","; 

          } 

          if (values.size()>0) 

           param_values = param_values.substring(0, 

param_values.lastIndexOf(","));  

          String line = "myclass."+m.getName()+"("+param_values+");"; 

          body.add(line); 

          //System.out.println(line); 

         } 

          

         body.add("}"); 

         body.add("}"); 

          

         //System.out.println(""); 

         //System.out.println(""); 

          

         //System.out.println("Generated Main Method for "+className+":"); 

          

         //for (int i=0; i<body.size(); i++){ 

          //System.out.println(body.get(i)); 

         //} 

          

         for (int i=code.size()-1; i>-1; i--){ 

          if (code.get(i).contains("}")) { 

           code.set(i, "//last curly bracket was here..."); 

           i=-1; 

          } 

         } 

          

         code.addAll(body); 

          

         //System.out.println(""); 

         //System.out.println(""); 

        

 //System.out.println("================================================

========"); 

 

         for (int i=0; i<code.size(); i++){ 

          //System.out.println(code.get(i)); 

         } 

 

          

         try { 

          File cur_file = new 

File(workingDir+"\\"+packageName+"\\"+className+".java"); 

          file.delete(); 
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             FileOutputStream out = new 

FileOutputStream(workingDir+"\\"+packageName+"\\"+className+".java"); 

             PrintStream ps = new PrintStream(out); 

             for (int i=1; i<code.size(); i++){ 

              ps.println(code.get(i)); 

             } 

             ps.close(); 

             out.close(); 

         } catch (Exception e) { 

             System.out.println("Error: Could not save java file"); 

         } 

          

         //CodeBeautifier beautifier = new CodeBeautifier();  

   //beautifier.processDir(workingDir+"\\"+packageName); 

          

         System.out.println("Generated main method added to class "+className); 

          

     } catch (Exception e) { 

      e.printStackTrace(System.out); 

     } 

  return true; 

 } 

  

 //calls the compiler to comile code 

 public boolean compile(){ 

  System.out.println("\nStarting Java Compiler..."); 

  AspectJCompiler ajc = new AspectJCompiler();  

  int exit_value = ajc.javaCompile(workingDir, packageName); 

  System.out.println("Compilation Complete..."); 

  if (exit_value !=0) { 

   return false; 

  } 

  return true; 

 } 

  

 //calls indus slicer to perform slicing 

 public boolean performSlicing(int line, int start, int end, String method_name) { 

  JavaSlicer slicer = new JavaSlicer(workingDir, packageName, className, 

line); 

  slicer.setFilter(start, end); 

  slicer.run(); 

  Slice slice = slicer.getSlice(); 

  slice.setMethodName(method_name); 

  slice.setClassName(className); 

  IrrelevantParameterFinder pf = new IrrelevantParameterFinder(slice, 

workingDir, packageName, className); 

  slice.setRelevantParameters(pf.getRelevantParameters()); 

  slice.setIrrelevantParameters(pf.getIrrelevantParameters()); 

  slice_list.add(slice); 

  return true; 

 } 

  

 //restores the backed up code 

 public boolean restoreCode(){ 

   

  //copy all the java files from backup dir to source dir 

  XCopy xc = new XCopy(); 

  int exit = 

xc.copyDir(workingDir+"\\"+packageName+"\\backup",workingDir+"\\"+packageName, 

"java"); 

  if (exit==0){ 

   return true; 

  } else { 

   return false; 

  } 

   

 } 

  

 //performed that overall algortihm for code slicing 

 public void process(){ 

  /* 

   * Class Algorithm: 

   * Start 

   * Create Backup 

   * Identify Class Type (Aspect or Intertype) 

   * Add Main Method 

   * Compile 

   * Perform Slicing 

   * Get Slice Lines 

   * Filter Lines 

   * Get Filtered Slice Lines 

   * Output Filtered Slice Lines 
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   * Stop 

   */ 

   

  //create backup 

  System.out.println("Backing Up code..."); 

  boolean status = backupCode(); 

  if (!status) return; 

   

  for (int i=0; i<criteria_list.size();i++){ 

   System.out.println("Finding target method..."); 

   //find target method 

   ParserUtility util = new 

ParserUtility(workingDir+"\\"+packageName+"\\"+className+".java"); 

   util.process(criteria_list.get(i)); 

   String target = util.getMethodName(); 

   int start = util.getMethodStartLine(); 

   int end = util.getMethodEndLine(); 

    

   //add/replace main method  

   status = addMainMethod(target); 

   if (!status) return; 

    

   //compile modified code 

   status = compile(); 

   if (!status) return; 

    

   //perform slicing 

   status = performSlicing(criteria_list.get(i), start, end, target); 

   if (!status) return;  

  } 

   

  //restore backed up files 

  restoreCode(); 

   

  //compile code 

  status = compile(); 

  if (!status) return; 

   

 } 

  

 public String getClassName() { 

  return className; 

 } 

 

 public String getPackageName() { 

  return packageName; 

 } 

 

 public String getWorkingDir() { 

  return workingDir; 

 } 

 

 public void setClassName(String className) { 

  this.className = className; 

 } 

 

 public void setPackageName(String packageName) { 

  this.packageName = packageName; 

 } 

 

 public void setWorkingDir(String workingDir) { 

  this.workingDir = workingDir; 

 } 

  

 public ArrayList<Slice> getSliceList(){ 

  return slice_list; 

 } 

 

} 
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CodeTransformer.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.*; 

 

/* 

 * Create Transformed Code Directory 

 * Copy all source files to the directory 

 * Remove irrelevant parameters from method declaration 

 * Add irrelevant parameters as local variables 

 * Change all method invokations in all classes  

 */ 

  

 //this class generates different versions of by removing irrelevant parameters 

public class CodeTransformer { 

 

 Slice slice; 

 int branch_index; 

 String working_dir; 

 String package_name; 

 ArrayList<Parameter> parameter_list; 

 ArrayList<Integer> irrelevant_parameter_index_list = new ArrayList(); 

  

 //constructor 

 public CodeTransformer(Slice _slice, int _branch_index, String _package_name, 

String _working_dir) { 

  super(); 

  slice = _slice; 

  branch_index = _branch_index; 

  working_dir = _working_dir; 

  package_name = _package_name; 

  process(); 

 } 

 

 //main method 

 public static void main(String[] args) { 

  Slice sl = new Slice(); 

  sl.setClassName("OverdraftProtectionRuleAspect"); 

  sl.setCriteriaLine(15); 

  CodeTransformer ct = new CodeTransformer(sl, 0, 

"account","C:\\Programs\\testfolder\\ajworkingdir"); 

 } 

  

 //main processing takes place here 

 public void process(){ 

 

  //Create Transformed Code Directory 

  File trans_dir = new File(working_dir + 

"\\"+package_name+"\\transformed\\branch"+branch_index+"\\"+package_name); 

  trans_dir.mkdirs(); 

   

  //Copy all source files to the directory 

     XCopy xc = new XCopy(); 

     xc.copyDir(working_dir+"\\"+package_name, trans_dir.getAbsolutePath(), 

"java"); 

      

     //Get Method Paramteres  

     ParserUtility util = new 

ParserUtility(working_dir+"\\"+package_name+"\\"+slice.getClassName()+".java"); 

     util.process(slice.getCriteriaLine()); 

     int dec_line = util.getMethodStartLine(); 

     parameter_list = util.getParameterList(); 

     updateIrrelevantParameterIndexList(); 

 

     //Remove irrelevant parameters from method declaration 

     ParameterRemover parameter_remover = new 

ParameterRemover(trans_dir.getAbsolutePath()+"\\"+slice.getClassName()+".java", 

util.getMethodName(), irrelevant_parameter_index_list); 

     System.out.println("Parameters removed..."); 

      

     //Declare irrelevant parameters as local variables 

     FileReader reader = new 

FileReader(trans_dir.getAbsolutePath()+"\\"+slice.getClassName()+".java"); 

  reader.loadFile(); 

     ArrayList<String> file = reader.getArrayContents(); 

     ArrayList<Parameter> irrelevant_params = slice.getIrrelevantParameters(); 

     ArrayList<String> var_dec_list = new ArrayList(); 

     for (int i=0;i<irrelevant_params.size();i++){ 

      Parameter p = irrelevant_params.get(i); 
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      String value = ""; 

      if (p.getType().equals("byte")) { 

       value = "0"; 

      } else if (p.getType().equals("short")) { 

       value = "0"; 

      } else if (p.getType().equals("int")) { 

       value = "0"; 

      } else if (p.getType().equals("long")) { 

       value = "0"; 

      } else if (p.getType().equals("float")) { 

       value = "0.0f"; 

      } else if (p.getType().equals("double")) { 

       value = "0.0d"; 

      } else if (p.getType().equals("char")) { 

       value = "'a'"; 

      } else if (p.getType().equals("boolean")) { 

       value = "false"; 

      } else { 

       value = "null"; 

      } 

      String dec = p.getType() + " " + p.getName() + " = " + value + "; 

//changed by CodeTransformer"; 

      System.out.println(dec); 

      var_dec_list.add("    "+dec); 

     } 

     for (int i=0;i<var_dec_list.size();i++){ 

      file.add(dec_line+1, var_dec_list.get(i));  

     } 

      

     //save changes 

     try { 

            FileOutputStream out = new FileOutputStream(trans_dir.getAbsolutePath() + "\\" + 

slice.getClassName() + ".java"); 

            PrintStream ps = new PrintStream(out); 

            for (int i=1;i<file.size();i++){ 

             ps.println(file.get(i)); 

            } 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save jusc.bat file"); 

        } 

        System.out.println("Irrelevant parameters declared as local variables..."); 

      

        //get list of classes to transform 

        FileFilter filter = new FileFilter() { 

         public boolean accept(File file) { 

             return (file.getName().endsWith(".java")); 

         } 

     }; 

     ArrayList<String> class_list = new ArrayList(); 

     File files[] = trans_dir.listFiles(filter); 

     for (int i=0; i<files.length; i++){ 

      class_list.add(files[i].getName().substring(0, 

files[i].getName().lastIndexOf("."))); 

     } 

         

     //change method invocations in all classes 

     for (int i=0; i<class_list.size(); i++){ 

         ArgumentRemover argument_remover = new 

ArgumentRemover(trans_dir.getAbsolutePath()+"\\"+class_list.get(i)+".java", 

util.getMethodName(), class_list.get(i),irrelevant_parameter_index_list); 

         System.out.println("Method invocations changed..."); 

     } 

 } 

  

 //index list updater 

 public void updateIrrelevantParameterIndexList(){ 

  ArrayList<Parameter> irrelevant_parameter_list = 

slice.getIrrelevantParameters(); 

  for (int i=0;i<parameter_list.size();i++){ 

   Parameter p = parameter_list.get(i); 

   for (int j=0;j<irrelevant_parameter_list.size();j++){ 

    Parameter irp = irrelevant_parameter_list.get(j); 

    if (p.getName().equals(irp.getName())) { 

     irrelevant_parameter_index_list.add(i); 

    } 

   } 

  } 

 } 

 

} 
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DummyTestCaseGenerator.java 
 

package kcl.research.project; 

import java.io.File; 

import java.io.FileFilter; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import java.lang.reflect.Constructor; 

import java.net.URL; 

import java.net.URLClassLoader; 

import java.util.*; 

import java.lang.reflect.*; 

 

//genrates sample test case to identify branches 

public class DummyTestCaseGenerator { 

 ArrayList<String> intertype_class_list = new ArrayList(); 

    ArrayList<String> aspect_class_list = new ArrayList(); 

    String test_class_name = ""; 

     public DummyTestCaseGenerator() { 

  super(); 

  intertype_class_list = new ArrayList(); 

     aspect_class_list = new ArrayList(); 

 } 

 //finds aspect and intertype classes 

 public void find(String dir, String package_name){ 

  File class_dir = new File(dir+"\\"+package_name); 

  FileFilter fileFilter = new FileFilter() { 

         public boolean accept(File file) { 

             return (file.getName().endsWith(".class")); 

         } 

     }; 

     File [] files = class_dir.listFiles(fileFilter); 

  ClassFinder itcf = new ClassFinder (); 

  for (int i=0; i<files.length;i++){ 

   String file_name = files[i].getName(); 

   file_name = file_name.substring(0, file_name.lastIndexOf(".")); 

   if (itcf.isIntertypeDeclarationClass(dir, package_name, 

file_name)) { 

    intertype_class_list.add(file_name); 

    System.out.println("Intertype Class Found: 

"+file_name); 

   } 

   if (itcf.isAspectClass(dir, package_name, file_name)) { 

    aspect_class_list.add(file_name); 

    System.out.println("Aspect Class Found: "+file_name); 

   } 

  } 

 } 

  

 //get methods 

 public ArrayList<String> getIntertypeTargetClasses(){ 

  return intertype_class_list; 

 } 

  public ArrayList<String> getAspectClasses(){ 

  return aspect_class_list; 

 } 

 //writes test case to file system 

 public void writeTestClass(String dir, String package_name){ 

  String class_name = "JUnitTestCase";  

  String test = "package "+package_name+";"; 

  test =  test + "\nimport junit.framework.Test;"; 

  test =  test + "\nimport junit.framework.TestCase;"; 

  test =  test + "\nimport junit.framework.TestSuite;"; 

  test =  test + "\npublic class "+class_name+" extends 

junit.framework.TestCase {"; 

  test =  test + "\n public static Test suite() {"; 

  test =  test + "\n         TestSuite suite = new 

TestSuite("+class_name+".class);"; 

  test =  test + "\n         return suite;"; 

  test =  test + "\n }"; 

  test =  test + "\n     public static void main(String[] args) {"; 

  test =  test + "\n        

 junit.textui.TestRunner.run("+class_name+".class);"; 

  test =  test + "\n     }"; 

  int test_case_count = 1; 

   

  //Instantiate all intertype classes 

  for (int i=0; i<intertype_class_list.size(); i++) { 

   test =  test + "\n     public void 

testCase"+test_case_count+"() throws Throwable {"; 
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   test_case_count++; 

   try { 

    Thread.sleep(100); 

    File file = new File(dir + "\\ajworkingdir\\"); 

          URL url = file.toURL(); 

          URL[] urls = new URL[]{url}; 

          ClassLoader cl = new URLClassLoader(urls); 

          Class cls = cl.loadClass(package_name+"."+intertype_class_list.get(i)); 

          Constructor constructors[] = cls.getDeclaredConstructors(); 

 

          if (constructors.length>0){ 

           Constructor c = constructors[0]; 

           ArrayList<String> values = new ArrayList(); 

           Class[] params = c.getParameterTypes(); 

           for (int j=0; j<params.length; j++) { 

            if (params[j].toString().equals("byte")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("short")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("int")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("long")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("float")) { 

             values.add("0.0f"); 

            } else if (params[j].toString().equals("double")) { 

             values.add("0.0d"); 

            } else if (params[j].toString().equals("char")) { 

             values.add("'a'"); 

            } else if (params[j].toString().equals("boolean")) { 

             values.add("false"); 

            } else { 

             values.add("null"); 

            } 

           } 

           String param_values = ""; 

           for (int j=0; j<values.size(); j++)  

            param_values = param_values +" "+ values.get(j)+","; 

           if (values.size()>0) 

            param_values = param_values.substring(0, 

param_values.lastIndexOf(","));  

           String var_name = "var" + System.currentTimeMillis(); 

     test =  test + "\n 

 "+package_name+"."+intertype_class_list.get(i)+" "+var_name+" = new 

"+intertype_class_list.get(i)+"("+param_values+");";  

          } else { 

           String var_name = "var" + System.currentTimeMillis(); 

     test =  test + "\n 

 "+package_name+"."+intertype_class_list.get(i)+" "+var_name+"; // target class 

has no constructor"; 

          } 

          test =  test + "\n     }"; 

   } catch (Exception e){} 

    

  } 

  //Instantiate all aspect classes 

  for (int i=0; i<aspect_class_list.size(); i++) { 

   test =  test + "\n     public void 

testCase"+test_case_count+"() throws Throwable {"; 

   test_case_count++; 

   try { 

    Thread.sleep(100); 

    File file = new File(dir + "\\ajworkingdir\\"); 

          URL url = file.toURL(); 

          URL[] urls = new URL[]{url}; 

          ClassLoader cl = new URLClassLoader(urls); 

          Class cls = cl.loadClass(package_name+"."+aspect_class_list.get(i)); 

          Method methods[] = cls.getDeclaredMethods(); 

           

          boolean has_par = false; 

          Class params[] = new Class[100]; 

          for (int j=0; j<methods.length;j++){ 

           Method m = methods[j]; 

           if (m.getName().equals("aspectOf")) { 

            params = m.getParameterTypes(); 

            if (params.length>0) { 

             has_par = true; 

            } 

            j = methods.length; 

           } 

          } 

          if(has_par) { 
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           ArrayList<String> values = new ArrayList(); 

           for (int j=0; j<params.length; j++) { 

            if (params[j].toString().equals("byte")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("short")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("int")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("long")) { 

             values.add("0"); 

            } else if (params[j].toString().equals("float")) { 

             values.add("0.0f"); 

            } else if (params[j].toString().equals("double")) { 

             values.add("0.0d"); 

            } else if (params[j].toString().equals("char")) { 

             values.add("'a'"); 

            } else if (params[j].toString().equals("boolean")) { 

             values.add("false"); 

            } else { 

             values.add("null"); 

            } 

           } 

           String param_values = ""; 

           for (int j=0; j<values.size(); j++)  

            param_values = param_values +" "+ values.get(j)+","; 

           if (values.size()>0) 

            param_values = param_values.substring(0, 

param_values.lastIndexOf(",")); 

            

           test =  test + "\n 

 "+package_name+"."+aspect_class_list.get(i)+".aspectOf("+param_values+");"; 

          } else { 

           test =  test + "\n 

 "+package_name+"."+aspect_class_list.get(i)+".aspectOf();"; 

          } 

          test =  test + "\n     }"; 

   } catch (Exception e){} 

  } 

   

  test =  test + "\n}"; 

   

  //save testclass 

  try { 

   //package_name = package_name.replaceAll(".", "\\"); 

   String test_class_path = dir + "\\ajworkingdir\\" + 

package_name + "\\" + class_name + ".java"; 

   System.out.println(test_class_path); 

            FileOutputStream out = new FileOutputStream(test_class_path); 

            PrintStream ps = new PrintStream(out); 

            ps.println(test); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save dummy testclass"); 

            e.printStackTrace(System.out); 

        } 

   

  System.out.println(test); 

  test_class_name = class_name; 

   

 } 

  

 //deletes test case  

 public boolean deleteTestClass(String dir, String package_name){ 

   

  File testfile = new File(dir + "\\ajworkingdir\\" + package_name + "\\" + 

test_class_name + ".java"); 

  boolean del_java = testfile.delete(); 

   

  testfile = new File(dir + "\\ajworkingdir\\" + package_name + "\\" + 

test_class_name + ".class"); 

  boolean del_class = testfile.delete();  

   

  return (del_java && del_class); 

 } 

  //returns test case name 

 public String getTestClassName() { 

  return test_class_name; 

 } 

  

  

} 
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EvoUnitBranchIdentifier.java 
 

package kcl.research.project; 

 

import java.util.*; 

import java.io.*; 

 

//this class extracts evounit branch ids from instrumented code 

public class EvoUnitBranchIdentifier { 

  

 String ins_working_dir; 

 String package_name; 

 String class_name; 

 ArrayList<String> file = new ArrayList(); 

 ArrayList <BranchSignature> branch_list = new ArrayList(); 

  

 //constructor 

 public EvoUnitBranchIdentifier(String _working_dir, String _package_name, 

String _class_name) { 

  super(); 

  ins_working_dir = _working_dir; 

  package_name = _package_name; 

  class_name = _class_name; 

  process(); 

 } 

  

 //main method 

 public static void main(String[] args) { 

  EvoUnitBranchIdentifier eubi = new 

EvoUnitBranchIdentifier("C:/Programs/test2/ajworkingdir/DCM/transformed/no_reducti

on/DCM/instrumented", "DCM", "Stack4"); 

  //eubi.process(); 

 } 

  

 //processes pointcut branches 

 public static String processPointcutBranch(String file, String mname){ 

  ParserUtility util = new ParserUtility(file); 

  util.process(mname); 

  int target_line = util.getMethodStartLine()+2; 

  System.out.println("method start line = "+util.getMethodStartLine()); 

  System.out.println("target line = "+target_line); 

  FileReader reader = new FileReader(file); 

  reader.loadFile(); 

  ArrayList<String> contents = reader.getArrayContents(); 

  String ln = contents.get(target_line); 

  if (ln.trim().equals("{")){ 

   ln = contents.get(target_line+1);  

  } 

  System.out.println(mname+": "+ln); 

  ln = ln.substring(ln.indexOf('\"')+1, ln.lastIndexOf('\"')); 

  int xx = 0; 

  while (ln.contains("\", \"")){ 

   ln = replace("\", \"", "|", ln); 

   xx++; 

   System.out.println(xx); 

  } 

  return ln; 

 } 

  

 //processes other branches 

 public void process(){ 

  System.out.println("Processing..."); 

  ParserUtility util = new 

ParserUtility(ins_working_dir+"\\"+package_name+"\\"+class_name+".java"); 

  util.processBranchList(); 

  branch_list = util.getBranchSignatureList(); 

  for (int i=0; i<branch_list.size();i++){ 

   System.out.println(branch_list.get(i).getBranchLine()+": 

"+branch_list.get(i).getBranchType()); 

  } 

  FileReader reader = new 

FileReader(ins_working_dir+"\\"+package_name+"\\"+class_name+".java"); 

  reader.loadFile(); 

  file = reader.getArrayContents(); 

   

  ArrayList<Integer> remove_list = new ArrayList(); 

   

  for (int i=0; i<branch_list.size();i++){ 

   BranchSignature sign = branch_list.get(i); 

   util.process(sign.getBranchLine()); 
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   if (sign.getBranchType().equals("if"))   

    sign = 

processIfBranch(file.get(sign.getBranchLine()+1), sign, util); 

    

   if (sign!=null) { 

    if (sign.getBranchType().equals("for"))   

     sign = 

processOtherBranch(file.get(sign.getBranchLine()+1), sign, util);  

   } 

    

   if (sign!=null) { 

    if (sign.getBranchType().equals("while"))   

     sign = 

processOtherBranch(file.get(sign.getBranchLine()+1), sign, util);  

   } 

    

   branch_list.set(i, sign);  

    

  } 

   

  System.out.println(branch_list); 

  System.out.println("Done..."); 

 } 

  

 //processes if branch 

 public BranchSignature processIfBranch(String ln, BranchSignature sign, 

ParserUtility util){ 

  try { 

   String branch_id = ln.substring(ln.lastIndexOf(",")+3, 

ln.lastIndexOf("\"")); 

   String class_fqn = package_name + "." + util.getClassFQN(); 

   String method_fqn = class_fqn+"."+util.getMethodName(); 

    

   ArrayList<Parameter> params = util.getParameterList(); 

   String parameter_types = ""; 

   for (int i=0; i<params.size();i++){ 

    String comma = ","; 

    if (i==params.size()-1) 

     comma=""; 

    parameter_types = parameter_types + 

params.get(i).getType() + comma; 

   } 

   parameter_types = "("+parameter_types+")"; 

    

   String dec = file.get(util.getMethodStartLine()); 

   dec = dec.trim(); 

   dec = dec.substring(0, dec.indexOf(util.getMethodName())); 

    

   String branch_line = class_fqn + "|" + dec + method_fqn + 

parameter_types + "|" + branch_id; 

   sign.setBranchId1(branch_line); 

   //System.out.println(branch_line); 

    

   String start = branch_line.substring(0, 

branch_line.lastIndexOf("iftrue")); 

   String end = 

branch_line.substring(branch_line.lastIndexOf("iftrue")+6, branch_line.length()); 

   branch_line = start + "iffalse" + end; 

   sign.setBranchId2(branch_line); 

   //System.out.println(branch_line); 

  } catch (Exception e) { 

   return null;  

  } 

  return sign; 

 } 

  

 //processes all other branches 

 public BranchSignature processOtherBranch(String ln, BranchSignature sign, 

ParserUtility util){ 

  try { 

   String branch_id = ln.substring(ln.lastIndexOf(",")+3, 

ln.lastIndexOf("\"")); 

   String class_fqn = package_name + "." + util.getClassFQN(); 

   String method_fqn = class_fqn+"."+util.getMethodName(); 

    

   ArrayList<Parameter> params = util.getParameterList(); 

   String parameter_types = ""; 

   for (int i=0; i<params.size();i++){ 

    String comma = ","; 

    if (i==params.size()-1) 

     comma=""; 
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    parameter_types = parameter_types + 

params.get(i).getType() + comma; 

   } 

   parameter_types = "("+parameter_types+")"; 

    

   String dec = file.get(util.getMethodStartLine()); 

   dec = dec.trim(); 

   dec = dec.substring(0, dec.indexOf(util.getMethodName())); 

    

   String branch_line = class_fqn + "|" + dec + method_fqn + 

parameter_types + "|" + branch_id; 

   sign.setBranchId1(branch_line); 

   //System.out.println(branch_line); 

  } catch (Exception e) { 

   return null;  

  } 

 

  return sign; 

 } 

  

 public ArrayList<BranchSignature> getBranchIdList(){ 

  return branch_list; 

 } 

  

 //string replacer method 

 public static String replace(String oldStr, String newStr, String inString) { 

     int start = inString.indexOf(oldStr); 

     if (start == -1) { 

       return inString; 

     } 

     StringBuffer sb = new StringBuffer(); 

     sb.append(inString.substring(0, start)); 

     sb.append(newStr); 

     sb.append(inString.substring(start+oldStr.length())); 

     return sb.toString(); 

   } 

} 
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EvoUnitRunner.java 
 

package kcl.research.project; 

import java.io.File; 

import java.io.FileFilter; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import java.util.*; 

 

//this class runs evounit and auto generates eep file 

public class EvoUnitRunner { 

 

 String output = ""; 

  

 //conctructor 

 public EvoUnitRunner() { 

  output = ""; 

 } 

  

 //main method 

 public static void main(String[] args) { 

   

  String _package = ""; 

  String _dir = ""; 

   

  for (int i=0; i<args.length;i++){ 

   if (args[i].equals("-dir")) 

    _dir = args[i+1]; 

   if (args[i].equals("-package")) 

    _package = args[i+1]; 

  } 

 

   

  File target_dir = new File(_dir+"\\"+_package); 

  FileFilter filter = new FileFilter() { 

         public boolean accept(File file) { 

             return (file.getName().endsWith(".java")); 

         } 

     };  

   

     File [] clist = target_dir.listFiles(filter); 

     for (int i=0; i<clist.length;i++){ 

      if (!clist[i].equals("JUnitTestCase.java") || 

!clist[i].equals("FullTestSuite.java")){ 

       EvoUnitRunner er = new EvoUnitRunner(); 

       er.instrument(_dir, _package, clist[i].getName().substring(0, 

clist[i].getName().lastIndexOf("."))); 

    er.execute(_dir, _package, 

clist[i].getName().substring(0, clist[i].getName().lastIndexOf(".")));  

      } 

     } 

   

 } 

  

 public String getOutput(){ 

  return output; 

 } 

  

 //classpath generator 

 public String getClasspath(){ 

  String classpath = 

".;C:\\Programs\\EU\\evounit.jar;C:\\Programs\\EU\\openjava.jar;C:\\Programs\\EU\\ecj

14.jar;C:\\jdk1.5.0_07\\lib\\tools.jar"; 

  String user_dir = System.getProperty("user.dir"); 

  try { 

   File cur_dir = new File(user_dir+"\\lib"); 

   if (cur_dir.exists() && cur_dir.isDirectory()) { 

    File common_dir = new 

File(cur_dir.getAbsolutePath()+"\\common"); 

    if (common_dir.exists() && common_dir.isDirectory()) 

{ 

     FileFilter filter = new FileFilter() { 

            public boolean accept(File file) { 

                return (file.getName().endsWith(".jar")); 

            } 

        }; 

        File [] libs = common_dir.listFiles(filter); 

        for (int i=0; i<libs.length;i++){ 

         classpath = classpath + ";" + 

libs[i].getAbsolutePath(); 

        } 
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     //System.out.println("CP:"+classpath); 

    } 

   } 

  }catch(Exception e){} 

  return "\""+classpath+"\""; 

 } 

 

 //eep file generator 1 

 public String getPropertiesFile(String path, String packagename, String 

classname, String methodfilter){ 

   

  String file_path = 

"C:/Programs/EU"+"/"+packagename+"."+classname+System.currentTimeMillis()+".eep"; 

 

  try { 

            FileOutputStream out = new FileOutputStream(file_path); 

            PrintStream ps = new PrintStream(out); 

 

            ps.println("# adjust the number of generations for the GP"); 

            ps.println("generations = 200"); 

            ps.println(""); 

            ps.println("# adjust the number of individuals of the overall GP population"); 

            ps.println("individuals = 50"); 

            ps.println(""); 

            ps.println("# use the base parameters for ECJ from this file"); 

            ps.println("baseParamFileName = C:/Programs/EU/evounit.params"); 

            ps.println(""); 

            ps.println("# use this seed for ECJ (if fix and not \"time\", always same results will 

be produced)"); 

            ps.println("seed = time"); 

            ps.println(""); 

            ps.println("# specify the name of the class under test (fully qualified Java name)"); 

            ps.println("classUnderTest = "+packagename+"."+classname); 

            ps.println(""); 

            ps.println("# specify the location of the source files (top directory, expects 

packages as subdirectories);"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classPath = 

"+path+";C:/Programs/EU/evounit.jar;C:/Programs/EU/ecj14.jar;C:/Programs/EU/openjav

a.jar;C:/aspectj1.0/lib/aspectjrt.jar"); 

            ps.println(""); 

            ps.println("# to avoid ugly string operations / large GP function set"); 

            ps.println("restriction.0 = java.lang.String"); 

            ps.println("restriction.0.allow = none"); 

            ps.println("factory.0 = de.dcaiti.evounit.factories.StringFactory"); 

            ps.println(""); 

      ps.println("mapping.0 = java.awt.event.InputEvent > 

java.awt.event.KeyEvent"); 

      ps.println("restriction.0 = java.awt.event.KeyEvent"); 

      ps.println("restriction.0.allow = allCtors"); 

      ps.println(""); 

            ps.println("# specify the location where EvoUnit should put the instrumented 

source files;"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classStorageLocation = "+path+"/"+packagename+"/instrumented"); 

            ps.println(""); 

            ps.println("# specify the location where to put the results"); 

            ps.println("reportStorageLocation = "+path+"/"+packagename+"/reports"); 

            ps.println(""); 

            ps.println("# specify the number of runs (repetitions); results will be 

accumulated"); 

            ps.println("repetitions = 1"); 

            ps.println(""); 

            ps.println("# set the mode of EvoUnit:"); 

            ps.println("#  =false implies evolutionary search"); 

            ps.println("#  =true  implies random search (objective value not used, new 

individuals with each new generation, no crossover/mutation)"); 

            ps.println("isRandomTest = false"); 

            ps.println(""); 

            ps.println("# set the mode for addressing the test goals:"); 

            ps.println("#  =false implies evolutionary search for each test goal, regardless of 

covered in the process of another test goal"); 

            ps.println("#  =true  skips test goals for which a test sequence has been found while 

addressing another test goal"); 

            ps.println("shortcutCoverage = false"); 

            ps.println(""); 

            ps.println("# set the mode for individual storage"); 

            ps.println("#  =false no individuals (in textual format) will be included in the 

report"); 
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            ps.println("#  =true  all individuals will be included in the report (all intermediate!) -

- very large reports may occur!"); 

            ps.println("trackIndividuals = false"); 

            ps.println(""); 

            ps.println("# set whether to address only public methods"); 

            ps.println("#  =false all methods (public, protected, private) will be addressed"); 

            ps.println("#  =true  non-public methods will be skipped"); 

            ps.println("skipNonPublicTestGoals = false"); 

            ps.println(""); 

            ps.println("# set whether to perform an optimization or just \"simulate\" it (run 

through instrumentation and stuff, but quit before calling ECJ)"); 

            ps.println("analyzeOnly = false"); 

            ps.println(""); 

            ps.println("# adjust the order in which the test goals will be tackled (possible 

values: ascendingComplexity/descendingComplexity)"); 

            ps.println("testGoalSortOrder = descendingComplexity"); 

            ps.println(""); 

      ps.println("# set whether to exit the JVM and to dispose all GUI 

elements"); 

      ps.println("exitJVMOnFinish = true"); 

 

      ps.println(""); 

      ps.println(methodfilter);      

             

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save properties file"); 

        } 

   

  return file_path; 

 } 

 

 //eep file generator 2 

 public String getPropertiesFile(String path, String packagename, String 

classname, String methodfilter, int gen, int inv, int rep){ 

   

  String file_path = 

"C:/Programs/EU"+"/"+packagename+"."+classname+System.currentTimeMillis()+".eep"; 

 

  try { 

            FileOutputStream out = new FileOutputStream(file_path); 

            PrintStream ps = new PrintStream(out); 

 

            ps.println("# adjust the number of generations for the GP"); 

            ps.println("generations = "+gen); 

            ps.println(""); 

            ps.println("# adjust the number of individuals of the overall GP population"); 

            ps.println("individuals = "+inv); 

            ps.println(""); 

            ps.println("# use the base parameters for ECJ from this file"); 

            ps.println("baseParamFileName = C:/Programs/EU/evounit.params"); 

            ps.println(""); 

            ps.println("# use this seed for ECJ (if fix and not \"time\", always same results will 

be produced)"); 

            ps.println("seed = time"); 

            ps.println(""); 

            ps.println("# specify the name of the class under test (fully qualified Java name)"); 

            ps.println("classUnderTest = "+packagename+"."+classname); 

            ps.println(""); 

            ps.println("# specify the location of the source files (top directory, expects 

packages as subdirectories);"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classPath = 

"+path+";C:/Programs/EU/evounit.jar;C:/Programs/EU/ecj14.jar;C:/Programs/EU/openjav

a.jar;C:/aspectj1.0/lib/aspectjrt.jar"); 

            ps.println(""); 

            ps.println("# to avoid ugly string operations / large GP function set"); 

            ps.println("restriction.0 = java.lang.String"); 

            ps.println("restriction.0.allow = none"); 

            ps.println("factory.0 = de.dcaiti.evounit.factories.StringFactory"); 

            ps.println(""); 

            ps.println("mapping.0 = java.awt.event.InputEvent > java.awt.event.KeyEvent"); 

      ps.println("restriction.0 = java.awt.event.KeyEvent"); 

      ps.println("restriction.0.allow = allCtors"); 

      ps.println(""); 

            ps.println("# specify the location where EvoUnit should put the instrumented 

source files;"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classStorageLocation = "+path+"/"+packagename+"/instrumented"); 
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            ps.println(""); 

            ps.println("# specify the location where to put the results"); 

            ps.println("reportStorageLocation = "+path+"/"+packagename+"/reports"); 

            ps.println(""); 

            ps.println("# specify the number of runs (repetitions); results will be 

accumulated"); 

            ps.println("repetitions = "+rep); 

            ps.println(""); 

            ps.println("# set the mode of EvoUnit:"); 

            ps.println("#  =false implies evolutionary search"); 

            ps.println("#  =true  implies random search (objective value not used, new 

individuals with each new generation, no crossover/mutation)"); 

            ps.println("isRandomTest = false"); 

            ps.println(""); 

            ps.println("# set the mode for addressing the test goals:"); 

            ps.println("#  =false implies evolutionary search for each test goal, regardless of 

covered in the process of another test goal"); 

            ps.println("#  =true  skips test goals for which a test sequence has been found while 

addressing another test goal"); 

            ps.println("shortcutCoverage = false"); 

            ps.println(""); 

            ps.println("# set the mode for individual storage"); 

            ps.println("#  =false no individuals (in textual format) will be included in the 

report"); 

            ps.println("#  =true  all individuals will be included in the report (all intermediate!) -

- very large reports may occur!"); 

            ps.println("trackIndividuals = false"); 

            ps.println(""); 

            ps.println("# set whether to address only public methods"); 

            ps.println("#  =false all methods (public, protected, private) will be addressed"); 

            ps.println("#  =true  non-public methods will be skipped"); 

            ps.println("skipNonPublicTestGoals = false"); 

            ps.println(""); 

            ps.println("# set whether to perform an optimization or just \"simulate\" it (run 

through instrumentation and stuff, but quit before calling ECJ)"); 

            ps.println("analyzeOnly = false"); 

            ps.println(""); 

            ps.println("# adjust the order in which the test goals will be tackled (possible 

values: ascendingComplexity/descendingComplexity)"); 

            ps.println("testGoalSortOrder = descendingComplexity"); 

            ps.println(""); 

      ps.println("# set whether to exit the JVM and to dispose all GUI 

elements"); 

      ps.println("exitJVMOnFinish = true"); 

      ps.println(""); 

      ps.println(methodfilter); 

      ps.println(""); 

             

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save properties file"); 

        } 

   

  return file_path; 

 } 

  

 //eep file generator 3 

 public String getPropertiesFile(String path, String packagename, String 

classname, ArrayList<String> testgoals, int gen, int inv, int rep){ 

   

  String file_path = 

"C:/Programs/EU"+"/"+packagename+"."+classname+System.currentTimeMillis()+".eep"; 

 

  try { 

            FileOutputStream out = new FileOutputStream(file_path); 

            PrintStream ps = new PrintStream(out); 

 

            ps.println("# adjust the number of generations for the GP"); 

            ps.println("generations = "+gen); 

            ps.println(""); 

            ps.println("# adjust the number of individuals of the overall GP population"); 

            ps.println("individuals = "+inv); 

            ps.println(""); 

            ps.println("# use the base parameters for ECJ from this file"); 

            ps.println("baseParamFileName = C:/Programs/EU/evounit.params"); 

            ps.println(""); 

            ps.println("# use this seed for ECJ (if fix and not \"time\", always same results will 

be produced)"); 

            ps.println("seed = time"); 

            ps.println(""); 

            ps.println("# specify the name of the class under test (fully qualified Java name)"); 
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            ps.println("classUnderTest = "+packagename+"."+classname); 

            ps.println(""); 

            ps.println("# specify the location of the source files (top directory, expects 

packages as subdirectories);"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classPath = 

"+path+";C:/Programs/EU/evounit.jar;C:/Programs/EU/ecj14.jar;C:/Programs/EU/openjav

a.jar;C:/aspectj1.0/lib/aspectjrt.jar"); 

            ps.println(""); 

            ps.println("# to avoid ugly string operations / large GP function set"); 

            ps.println("restriction.0 = java.lang.String"); 

            ps.println("restriction.0.allow = none"); 

            ps.println("factory.0 = de.dcaiti.evounit.factories.StringFactory"); 

            ps.println(""); 

            ps.println("mapping.0 = java.awt.event.InputEvent > java.awt.event.KeyEvent"); 

      ps.println("restriction.0 = java.awt.event.KeyEvent"); 

      ps.println("restriction.0.allow = allCtors"); 

      ps.println(""); 

            ps.println("# specify the location where EvoUnit should put the instrumented 

source files;"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classStorageLocation = "+path+"/"+packagename+"/instrumented"); 

            ps.println(""); 

            ps.println("# specify the location where to put the results"); 

            ps.println("reportStorageLocation = "+path+"/"+packagename+"/reports"); 

            ps.println(""); 

            ps.println("# specify the number of runs (repetitions); results will be 

accumulated"); 

            ps.println("repetitions = "+rep); 

            ps.println(""); 

            ps.println("# set the mode of EvoUnit:"); 

            ps.println("#  =false implies evolutionary search"); 

            ps.println("#  =true  implies random search (objective value not used, new 

individuals with each new generation, no crossover/mutation)"); 

            ps.println("isRandomTest = false"); 

            ps.println(""); 

            ps.println("# set the mode for addressing the test goals:"); 

            ps.println("#  =false implies evolutionary search for each test goal, regardless of 

covered in the process of another test goal"); 

            ps.println("#  =true  skips test goals for which a test sequence has been found while 

addressing another test goal"); 

            ps.println("shortcutCoverage = false"); 

            ps.println(""); 

            ps.println("# set the mode for individual storage"); 

            ps.println("#  =false no individuals (in textual format) will be included in the 

report"); 

            ps.println("#  =true  all individuals will be included in the report (all intermediate!) -

- very large reports may occur!"); 

            ps.println("trackIndividuals = false"); 

            ps.println(""); 

            ps.println("# set whether to address only public methods"); 

            ps.println("#  =false all methods (public, protected, private) will be addressed"); 

            ps.println("#  =true  non-public methods will be skipped"); 

            ps.println("skipNonPublicTestGoals = false"); 

            ps.println(""); 

            ps.println("# set whether to perform an optimization or just \"simulate\" it (run 

through instrumentation and stuff, but quit before calling ECJ)"); 

            ps.println("analyzeOnly = false"); 

            ps.println(""); 

            ps.println("# adjust the order in which the test goals will be tackled (possible 

values: ascendingComplexity/descendingComplexity)"); 

            ps.println("testGoalSortOrder = descendingComplexity"); 

            ps.println(""); 

      ps.println("# set whether to exit the JVM and to dispose all GUI 

elements"); 

      ps.println("exitJVMOnFinish = true"); 

       

      for (int i=0; i<testgoals.size();i++){ 

       ps.println("id."+i+" = " + testgoals.get(i));  

      } 

       

      ps.println(""); 

      ps.println(""); 

             

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save properties file"); 

        } 

   



APPENDIX C:  PROGRAM CODE 

 C-35

  return file_path; 

 } 

  

 //code instrumentor 1 

 public int instrument(String path, String packagename, String classname){ 

         

  output = ""; 

   

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 

   

  //System.out.println("Before: "+path); 

  while (path.contains("\\")) { 

   path = path.replace('\\', '/'); 

   //System.out.println("After: "+path); 

  } 

   

  System.out.println("\nTarget: "+path); 

  System.out.println("\nInstrumenting..."); 

   

  String methodfilter = "methodMatchPattern = 

(.*thiscannotbeamethod.*|)";  

  String properties_file_path = getPropertiesFile(path, packagename, 

classname, methodfilter); 

   

        int exitVal = -1; 

         

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\eu.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            //ps.println("set classpath=%classpath%;C:\\jdk1.5.0_07\\lib\\tools.jar;"+path); 

            //ps.println("set 

classpath=%classpath%;C:\\Programs\\EU\\evounit.jar;C:\\Programs\\EU\\openjava.jar;C

:\\Programs\\EU\\ecj14.jar"); 

            ps.println("CD "+path); 

            ps.println("cmd /c C:\\Programs\\EU\\run.cmd "+properties_file_path); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save eu.bat file"); 

            e.printStackTrace(System.out); 

        } 

         

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\eu.bat"); 

            EvoUnitStreamGobbler errorGobbler = new 

EvoUnitStreamGobbler(proc.getErrorStream(), ""); 

            EvoUnitStreamGobbler outputGobbler = new 

EvoUnitStreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            System.out.println("Exit Value = "+exitVal); 

        } catch (Exception e){} 

         

     try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\eu.bat"); 

            EvoUnitStreamGobbler errorGobbler = new 

EvoUnitStreamGobbler(proc.getErrorStream(), ""); 

            EvoUnitStreamGobbler outputGobbler = new 

EvoUnitStreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            System.out.println("Exit Value = "+exitVal); 

        } catch (Exception e){} 

        return exitVal; 

    } 

  

 //evounit runner 1 

 public int runWithMethodFilter(String path, String packagename, String 

classname, String methodfilter, int gen, int inv, int rep){ 

         

  output = ""; 

   

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 
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  //System.out.println("Before: "+path); 

  while (path.contains("\\")) { 

   path = path.replace('\\', '/'); 

   //System.out.println("After: "+path); 

  } 

   

  System.out.println("\nTarget: "+path); 

  System.out.println("\nTesting..."); 

   

  String properties_file_path = getPropertiesFile(path, packagename, 

classname, methodfilter, gen, inv, rep); 

   

        int exitVal = -1; 

         

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\eu.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            //ps.println("set classpath=%classpath%;C:\\jdk1.5.0_07\\lib\\tools.jar;"+path); 

            //ps.println("set 

classpath=%classpath%;C:\\Programs\\EU\\evounit.jar;C:\\Programs\\EU\\openjava.jar;C

:\\Programs\\EU\\ecj14.jar"); 

            ps.println("CD "+path); 

            ps.println("cmd /c C:\\Programs\\EU\\run.cmd "+properties_file_path); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save eu.bat file"); 

            e.printStackTrace(System.out); 

        } 

         

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\eu.bat"); 

            EvoUnitStreamGobbler errorGobbler = new 

EvoUnitStreamGobbler(proc.getErrorStream(), ""); 

            EvoUnitStreamGobbler outputGobbler = new 

EvoUnitStreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            //System.out.println(outputGobbler.getOutput()); 

            //System.out.println(errorGobbler.getOutput()); 

            System.out.println("Exit Value = "+exitVal); 

        } catch (Exception e){} 

        return exitVal; 

    } 

 

 //evounit runner 2 

 public int run(String path, String packagename, String classname, 

ArrayList<String> testgoals, int gen, int inv, int rep){ 

         

  output = ""; 

   

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 

   

  while (path.contains("\\")) { 

   path = path.replace('\\', '/'); 

  } 

   

  String properties_file_path = getPropertiesFile(path, packagename, 

classname, testgoals, gen, inv, rep); 

   

        int exitVal = -1; 

         

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\eu.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println("CD "+path); 

            ps.println("cmd /c C:\\Programs\\EU\\run.cmd "+properties_file_path); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save eu.bat file"); 

            e.printStackTrace(System.out); 

        } 

         

        try { 
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            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\eu.bat"); 

            EvoUnitStreamGobbler errorGobbler = new 

EvoUnitStreamGobbler(proc.getErrorStream(), ""); 

            EvoUnitStreamGobbler outputGobbler = new 

EvoUnitStreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            //System.out.println(outputGobbler.getOutput()); 

            //System.out.println(errorGobbler.getOutput()); 

            System.out.println("Exit Value = "+exitVal); 

        } catch (Exception e){} 

         

        return exitVal; 

    } 

  

 //evounit runner 3  

 public int execute(String path, String packagename, String classname){ 

         

  output = ""; 

   

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 

   

  while (path.contains("\\")) { 

   path = path.replace('\\', '/'); 

  } 

   

  System.out.println("\nTarget: "+path); 

  String properties_file_path = getPropertiesFile(path, packagename, 

classname); 

        int exitVal = -1; 

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\eu.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println("CD "+path); 

            ps.println("cmd /c C:\\Programs\\EU\\run.cmd "+properties_file_path); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save eu.bat file"); 

            e.printStackTrace(System.out); 

        } 

         

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\eu.bat"); 

            EvoUnitStreamGobbler errorGobbler = new 

EvoUnitStreamGobbler(proc.getErrorStream(), ""); 

            EvoUnitStreamGobbler outputGobbler = new 

EvoUnitStreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            System.out.println("Exit Value = "+exitVal); 

        } catch (Exception e){} 

         

        return exitVal; 

    } 

  

 //eep file generator 4 

 public String getPropertiesFile(String path, String packagename, String 

classname){ 

  String file_path = 

"C:/Programs/EU"+"/"+packagename+"."+classname+System.currentTimeMillis()+".auto.

eep"; 

  try { 

            FileOutputStream out = new FileOutputStream(file_path); 

            PrintStream ps = new PrintStream(out); 

 

            ps.println("# adjust the number of generations for the GP"); 

            ps.println("generations = 200"); 

            ps.println(""); 

            ps.println("# adjust the number of individuals of the overall GP population"); 

            ps.println("individuals = 50"); 

            ps.println(""); 

            ps.println("# use the base parameters for ECJ from this file"); 

            ps.println("baseParamFileName = C:/Programs/EU/evounit.params"); 

            ps.println(""); 
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            ps.println("# use this seed for ECJ (if fix and not \"time\", always same results will 

be produced)"); 

            ps.println("seed = time"); 

            ps.println(""); 

            ps.println("# specify the name of the class under test (fully qualified Java name)"); 

            ps.println("classUnderTest = "+packagename+"."+classname); 

            ps.println(""); 

            ps.println("# specify the location of the source files (top directory, expects 

packages as subdirectories);"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classPath = 

"+path+";C:/Programs/EU/evounit.jar;C:/Programs/EU/ecj14.jar;C:/Programs/EU/openjav

a.jar;C:/aspectj1.0/lib/aspectjrt.jar"); 

            ps.println(""); 

            ps.println("# to avoid ugly string operations / large GP function set"); 

            ps.println("restriction.0 = java.lang.String"); 

            ps.println("restriction.0.allow = none"); 

            ps.println("factory.0 = de.dcaiti.evounit.factories.StringFactory"); 

            ps.println(""); 

      ps.println("mapping.0 = java.awt.event.InputEvent > 

java.awt.event.KeyEvent"); 

      ps.println("restriction.0 = java.awt.event.KeyEvent"); 

      ps.println("restriction.0.allow = allCtors"); 

      ps.println(""); 

            ps.println("restriction.0 = java.util.Collection"); 

            ps.println("restriction.0.allow = none"); 

            ps.println(""); 

            ps.println("# specify the location where EvoUnit should put the instrumented 

source files;"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classStorageLocation = "+path+"/"+packagename+"/instrumented"); 

            ps.println(""); 

            ps.println("# specify the location where to put the results"); 

            ps.println("reportStorageLocation = "+path+"/"+packagename+"/reports/all"); 

            ps.println(""); 

            ps.println("# specify the number of runs (repetitions); results will be 

accumulated"); 

            ps.println("repetitions = 30"); 

            ps.println(""); 

            ps.println("# set the mode of EvoUnit:"); 

            ps.println("#  =false implies evolutionary search"); 

            ps.println("#  =true  implies random search (objective value not used, new 

individuals with each new generation, no crossover/mutation)"); 

            ps.println("isRandomTest = false"); 

            ps.println(""); 

            ps.println("# set the mode for addressing the test goals:"); 

            ps.println("#  =false implies evolutionary search for each test goal, regardless of 

covered in the process of another test goal"); 

            ps.println("#  =true  skips test goals for which a test sequence has been found while 

addressing another test goal"); 

            ps.println("shortcutCoverage = false"); 

            ps.println(""); 

            ps.println("# set the mode for individual storage"); 

            ps.println("#  =false no individuals (in textual format) will be included in the 

report"); 

            ps.println("#  =true  all individuals will be included in the report (all intermediate!) -

- very large reports may occur!"); 

            ps.println("trackIndividuals = false"); 

            ps.println(""); 

            ps.println("# set whether to address only public methods"); 

            ps.println("#  =false all methods (public, protected, private) will be addressed"); 

            ps.println("#  =true  non-public methods will be skipped"); 

            ps.println("skipNonPublicTestGoals = false"); 

            ps.println(""); 

            ps.println("# set whether to perform an optimization or just \"simulate\" it (run 

through instrumentation and stuff, but quit before calling ECJ)"); 

            ps.println("analyzeOnly = false"); 

            ps.println(""); 

            ps.println("# adjust the order in which the test goals will be tackled (possible 

values: ascendingComplexity/descendingComplexity)"); 

            ps.println("testGoalSortOrder = descendingComplexity"); 

            ps.println(""); 

      ps.println("# set whether to exit the JVM and to dispose all GUI 

elements"); 

      ps.println("exitJVMOnFinish = true"); 

      ps.println(""); 

     

             

            ps.close(); 

            out.close(); 
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        } catch (Exception e) { 

            System.out.println("Error: Could not save properties file"); 

        } 

   

  return file_path; 

 } 

 //evounit runner 5  

 public int execute(String path, String packagename, String classname, 

ArrayList<String> id_list){ 

         

  output = ""; 

   

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 

  while (path.contains("\\")) { 

   path = path.replace('\\', '/'); 

  } 

   

  System.out.println("\nTarget: "+path); 

  String properties_file_path = getPropertiesFile(path, packagename, 

classname, id_list); 

        int exitVal = -1; 

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\eu.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println("CD "+path); 

            ps.println("cmd /c C:\\Programs\\EU\\run.cmd "+properties_file_path); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save eu.bat file"); 

            e.printStackTrace(System.out); 

        } 

         

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\eu.bat"); 

            EvoUnitStreamGobbler errorGobbler = new 

EvoUnitStreamGobbler(proc.getErrorStream(), ""); 

            EvoUnitStreamGobbler outputGobbler = new 

EvoUnitStreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            System.out.println("Exit Value = "+exitVal); 

        } catch (Exception e){} 

        return exitVal; 

    } 

 //eep file generator 5 

 public String getPropertiesFile(String path, String packagename, String 

classname, ArrayList<String> id_list){ 

  String file_path = 

"C:/Programs/EU"+"/"+packagename+"."+classname+System.currentTimeMillis()+".auto.

eep"; 

  try { 

            FileOutputStream out = new FileOutputStream(file_path); 

            PrintStream ps = new PrintStream(out); 

            ps.println("# adjust the number of generations for the GP"); 

            ps.println("generations = 200"); 

            ps.println(""); 

            ps.println("# adjust the number of individuals of the overall GP population"); 

            ps.println("individuals = 50"); 

            ps.println(""); 

            ps.println("# use the base parameters for ECJ from this file"); 

            ps.println("baseParamFileName = C:/Programs/EU/evounit.params"); 

            ps.println(""); 

            ps.println("# use this seed for ECJ (if fix and not \"time\", always same results will 

be produced)"); 

            ps.println("seed = time"); 

            ps.println(""); 

            ps.println("# specify the name of the class under test (fully qualified Java name)"); 

            ps.println("classUnderTest = "+packagename+"."+classname); 

            ps.println(""); 

            ps.println("# specify the location of the source files (top directory, expects 

packages as subdirectories);"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classPath = 

"+path+";C:/Programs/EU/evounit.jar;C:/Programs/EU/ecj14.jar;C:/Programs/EU/openjav

a.jar;C:/aspectj1.0/lib/aspectjrt.jar"); 
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            ps.println(""); 

            ps.println("# to avoid ugly string operations / large GP function set"); 

            ps.println("restriction.0 = java.lang.String"); 

            ps.println("restriction.0.allow = none"); 

            ps.println("factory.0 = de.dcaiti.evounit.factories.StringFactory"); 

            ps.println(""); 

      ps.println("mapping.0 = java.awt.event.InputEvent > 

java.awt.event.KeyEvent"); 

      ps.println("restriction.0 = java.awt.event.KeyEvent"); 

      ps.println("restriction.0.allow = allCtors"); 

      ps.println(""); 

            ps.println("restriction.0 = java.util.Collection"); 

            ps.println("restriction.0.allow = none"); 

      ps.println(""); 

            ps.println("# specify the location where EvoUnit should put the instrumented 

source files;"); 

            ps.println("# important: ensure that this path is not included in the Java class 

path"); 

            ps.println("classStorageLocation = "+path+"/"+packagename+"/instrumented"); 

            ps.println(""); 

            ps.println("# specify the location where to put the results"); 

            ps.println("reportStorageLocation = "+path+"/"+packagename+"/reports/aop"); 

            ps.println(""); 

            ps.println("# specify the number of runs (repetitions); results will be 

accumulated"); 

            ps.println("repetitions = 30"); 

            ps.println(""); 

            ps.println("# set the mode of EvoUnit:"); 

            ps.println("#  =false implies evolutionary search"); 

            ps.println("#  =true  implies random search (objective value not used, new 

individuals with each new generation, no crossover/mutation)"); 

            ps.println("isRandomTest = false"); 

            ps.println(""); 

            ps.println("# set the mode for addressing the test goals:"); 

            ps.println("#  =false implies evolutionary search for each test goal, regardless of 

covered in the process of another test goal"); 

            ps.println("#  =true  skips test goals for which a test sequence has been found while 

addressing another test goal"); 

            ps.println("shortcutCoverage = false"); 

            ps.println(""); 

            ps.println("# set the mode for individual storage"); 

            ps.println("#  =false no individuals (in textual format) will be included in the 

report"); 

            ps.println("#  =true  all individuals will be included in the report (all intermediate!) -

- very large reports may occur!"); 

            ps.println("trackIndividuals = false"); 

            ps.println(""); 

            ps.println("# set whether to address only public methods"); 

            ps.println("#  =false all methods (public, protected, private) will be addressed"); 

            ps.println("#  =true  non-public methods will be skipped"); 

            ps.println("skipNonPublicTestGoals = false"); 

            ps.println(""); 

            ps.println("# set whether to perform an optimization or just \"simulate\" it (run 

through instrumentation and stuff, but quit before calling ECJ)"); 

            ps.println("analyzeOnly = false"); 

            ps.println(""); 

            ps.println("# adjust the order in which the test goals will be tackled (possible 

values: ascendingComplexity/descendingComplexity)"); 

            ps.println("testGoalSortOrder = descendingComplexity"); 

            ps.println(""); 

      ps.println("# set whether to exit the JVM and to dispose all GUI 

elements"); 

      ps.println("exitJVMOnFinish = true"); 

      ps.println(""); 

      for (int i=0; i<id_list.size();i++){ 

       ps.println("id."+i+" = "+id_list.get(i));  

      } 

      if (id_list.size()==0){ 

       ps.println("methodMatchPattern = 

(.*thiscannotbeamethod.*|)"); 

      } 

      ps.println(""); 

      ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save properties file"); 

        }   

  return file_path; 

 } 

} 

 

 



APPENDIX C:  PROGRAM CODE 

 C-41

 

EvoUnitStreamGobbler.java 
 

package kcl.research.project; 

import java.io.BufferedReader; 

import java.io.IOException; 

import java.io.InputStream; 

import java.io.InputStreamReader; 

 

class EvoUnitStreamGobbler extends Thread { 

 

 InputStream is; 

    String type=""; 

 

    EvoUnitStreamGobbler(InputStream is, String type) { 

        this.is = is; 

        this.type = type; 

    } 

     

    public void run() { 

        try { 

            InputStreamReader isr = new InputStreamReader(is); 

            BufferedReader br = new BufferedReader(isr); 

            String line=null; 

            while ( (line = br.readLine()) != null) 

             System.out.println(line); 

        } catch (IOException ioe) { 

            ioe.printStackTrace();   

        } 

    } 

     

} 
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FileReader.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.*; 

import org.eclipse.jface.text.*; 

 

//file reader utility 

public class FileReader { 

  

 private File file = null; 

 private String stringContents = ""; 

 private ArrayList<String> arrayContents = new ArrayList();  

  

 public FileReader(String path){ 

  file = new File(path); 

 } 

  

 public FileReader (File _file) { 

  file = _file; 

 } 

  

 //file loader 

 public void loadFile(){ 

  stringContents = ""; 

  try{ 

   FileInputStream fstream = new 

FileInputStream(file.getAbsolutePath()); 

   DataInputStream in = new DataInputStream(fstream); 

   arrayContents.add(file.getName()); 

   while (in.available()!= 0) { 

    String line = (String)in.readLine(); 

    stringContents = stringContents + line + "\n"; 

    arrayContents.add(line); 

   } 

  } catch (Exception e) { 

   System.out.println("File Input Error"); 

  } 

   

 } 

  

 public String getStringContents(){ 

  return stringContents; 

 } 

  

 public IDocument getIDoc(){ 

  IDocument idoc = new Document(); 

  String contents = getStringContents(); 

  idoc.set(contents); 

  return idoc; 

 } 

  

 public ArrayList<String> getArrayContents(){ 

  return arrayContents; 

 } 

  

 //main method 

 public static void main(String[] args) { 

  FileReader fr = new 

FileReader("C:\\Programs\\decompile\\account\\MinimumBalanceRuleAspect.java"); 

  System.out.println("FILE CONTENTS:"); 

  System.out.println(fr.getStringContents()); 

  System.out.println("\n\n\nIDOC CONTENTS:"); 

  System.out.println(fr.getIDoc().getNumberOfLines()); 

 } 

} 
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IrrelevantParameterFinder.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.*; 

import java.util.regex.*; 

 

//this class finds irrelevant paramters by checking their occurance in files 

public class IrrelevantParameterFinder { 

 

 Slice slice; 

 int criteria_line = 0; 

 ArrayList<Parameter> method_params = new ArrayList(); 

 ArrayList<Parameter> relevant_params = new ArrayList(); 

 ArrayList<Parameter> irrelevant_params = new ArrayList(); 

  

 String method_name; 

 String class_name; 

 String package_name; 

 String working_dir; 

  

 public IrrelevantParameterFinder(Slice _slice, String _working_dir, String 

_package_name, String _class_name) { 

  super(); 

  slice = _slice; 

  working_dir = _working_dir; 

  package_name = _package_name; 

  class_name = _class_name; 

  findIrrelevantParameters(); 

 } 

  

 public void findIrrelevantParameters(){ 

  /* 

   * Get criteria line # 

   * Get parameter list of target method 

   * Search for paramter within slice 

   * if found add parameter to relevant list 

   * if not found add parameter to irrelevant list  

   */ 

  criteria_line = slice.getCriteriaLine(); 

  ParserUtility util = new 

ParserUtility(working_dir+"\\"+package_name+"\\"+class_name+".java"); 

  util.process(criteria_line); 

  method_name = util.getMethodName(); 

  method_params = util.getParameterList(); 

  String filtered_slice = slice.getFilteredSlice();  

    

  for (int i=0; i<method_params.size();i++){ 

    

   String param_name = method_params.get(i).getName(); 

   boolean relevant = checkOccurance(filtered_slice, 

param_name); 

       

   if (relevant) { 

    relevant_params.add(method_params.get(i)); 

    System.out.println("Relevant: "+param_name); 

   } else { 

    irrelevant_params.add(method_params.get(i)); 

    System.out.println("Irrelevant: "+param_name); 

   } 

  } 

 } 

  

 public boolean checkOccurance(String input, String word) { 

 

  String regex="(\\A|\\W)("+word.trim()+")(\\W|\\z)"; 

   

  // make it case-insensitive 

  Pattern p=Pattern.compile(regex, Pattern.CASE_INSENSITIVE); 

    

  // the input string 

  //String input="mall hello mall world normall test foobar"; 

  System.out.println("Input: "+input); 

   

   

  // to replace all occurrences of "mall" or "foobar" with XXX 

  Matcher m=p.matcher(input); 

  //String output=m.replaceAll("$1XXX$3"); 

  //System.out.println("Fixed: '"+output+"'"); 
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  // to display all occurrences and their position 

  boolean relevant = false; 

  m=p.matcher(input); 

  while (m.find()) { 

   String w=m.group(2); 

   int start=m.start(2); 

      int end=m.end(2); 

      System.out.println("Found '"+w+"' at ("+start+","+end+")"); 

      relevant = true; 

  } 

  return relevant; 

 } 

  

 public ArrayList<Parameter> getRelevantParameters(){ 

  return relevant_params; 

 } 

  

 public ArrayList<Parameter> getIrrelevantParameters(){ 

  return irrelevant_params; 

 } 

} 
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JavaSlicer.java 
 

package kcl.research.project; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import java.io.*; 

import java.util.*; 

 

//this class runs the Indus Java slicer 

public class JavaSlicer{ 

  

 String output = ""; 

 String path = ""; 

 String packagename = ""; 

 String classname = ""; 

 int line = 1; 

 int method_start = 0; 

 int method_end = 0; 

  

 String classpath = ""; 

 String user_dir = System.getProperty("user.dir"); 

 String criteria = createCriteriaFile(); 

 String scope = createScopeFile(); 

 String output_dir = createOutputDir(); 

 String config = createConfigurationFile(); 

  

 ArrayList<Integer> full_slice_lines = new ArrayList(); 

 ArrayList<Integer> filtered_slice_lines = new ArrayList(); 

 Slice myslice = new Slice(); 

  

 //constructor 

 public JavaSlicer(String _path, String _packagename, String _classname, int 

_line){ 

  output = ""; 

  path = _path; 

  packagename = _packagename; 

  classname = _classname; 

  line = _line; 

 } 

  

 //main method 

 public static void main(String[] args) { 

  JavaSlicer slicer = new 

JavaSlicer("C:\\Programs\\testfolder\\ajworkingdir", "account", 

"OverdraftProtectionRuleAspect", 6); 

  slicer.run(); 

  slicer.getSliceLines(); 

 } 

 

 public String getOutput(){ 

  return output; 

 } 

  

 //classpath generator 

 public String getClasspath(){ 

  String classpath = ".;C:\\Programs"; 

  String user_dir = System.getProperty("user.dir"); 

  try { 

   File cur_dir = new File(user_dir+"\\lib"); 

   if (cur_dir.exists() && cur_dir.isDirectory()) { 

 

    FileFilter filter = new FileFilter() { 

           public boolean accept(File file) { 

               return (file.getName().endsWith(".jar")); 

           } 

       }; 

        

       File slicer_dir = new 

File(cur_dir.getAbsolutePath()+"\\slicer"); 

    if (slicer_dir.exists() && slicer_dir.isDirectory()) { 

        File [] libs = slicer_dir.listFiles(filter); 

        for (int i=0; i<libs.length;i++){ 

         classpath = classpath + ";" + 

libs[i].getAbsolutePath(); 

        } 

    } 

       } 

  }catch(Exception e){} 

  return "\""+classpath+"\""; 

 } 
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 //criterion file generator 

 public String createCriteriaFile(){ 

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\criteria.properties"); 

            PrintStream ps = new PrintStream(out); 

            if (!packagename.equals("")) { 

             ps.println(packagename+"."+classname+"="+line); 

            }else{ 

             ps.println(classname+"="+line); 

            } 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save criteria file"); 

        }   

  return path + "\\criteria.properties"; 

 } 

  

 //scope file creator 

 public String createScopeFile(){ 

  try { 

            FileOutputStream out = new FileOutputStream(path + "\\scope.xml"); 

            PrintStream ps = new PrintStream(out); 

             

            ps.println("<indus:scopeSpec");  

            ps.println("xmlns:xsi=\"http://www.w3.org/2001/XMLSchema-instance\""); 

            ps.println("xmlns:indus=\"http://indus.projects.cis.ksu.edu/indus\""); 

            ps.println("indus:specName=\"scope_spec\">"); 

            ps.println("<indus:classSpec indus:specName=\"scope1\" 

indus:inclusion=\"true\">"); 

            ps.println("<indus:accessSpec>PUBLIC_ACCESS</indus:accessSpec>"); 

            ps.println("<indus:accessSpec>PRIVATE_ACCESS</indus:accessSpec>"); 

            ps.println("<indus:accessSpec>PROTECTED_ACCESS</indus:accessSpec>"); 

            ps.println("<indus:accessSpec>DEFAULT_ACCESS</indus:accessSpec>");  

            ps.println("<indus:typeSpec indus:scopeExtension=\"IDENTITY\" 

indus:nameSpec=\"(.*"+classname+".*)\"/>"); 

            ps.println("</indus:classSpec>"); 

            ps.println("</indus:scopeSpec>"); 

             

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save criteria file"); 

        } 

  return path + "\\scope.xml"; 

 } 

  

 //configuration file creator 

 public String createConfigurationFile(){ 

   

  try { 

            FileOutputStream out = new FileOutputStream(path + "\\config.xml"); 

            PrintStream ps = new PrintStream(out); 

             

            ps.println("<?xml version=\"1.0\" encoding=\"UTF-8\"?>"); 

            ps.println("<indus:compositeConfiguration 

xmlns:indus=\"http://indus.projects.cis.ksu.edu/indus\" 

xmlns:slicer=\"http://indus.projects.cis.ksu.edu/slicer\" 

indus:activeConfiguration=\"backward-executable-deadlock-ctxtEscaping\">"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"false\" indus:name=\"backward-executable-deadlock-

ctxtEscaping\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"CONTEXT_SENSITIVE_ESCAPING_SYNC_CONST

RUCTS\" slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:inApplicationClassesOnly=\"true\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"false\"/>"); 
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            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"true\" indus:name=\"backward-executable-deadlock-

ctxtEscaping-asserting\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock 

slicer:deadlockCriteriaSelectionStrategy=\"CONTEXT_SENSITIVE_ESCAPING_SYNC_CONST

RUCTS\" slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:sliceToPreserveAssertions=\"true\" 

slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"true\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"false\" indus:name=\"backward-executable-assertion-

ctxtEscaping-propertyAware\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"CONTEXT_SENSITIVE_ESCAPING_SYNC_CONST

RUCTS\" slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:inApplicationClassesOnly=\"true\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"false\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"true\" indus:name=\"backward-executable-assertion-

ctxtEscaping\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"CONTEXT_SENSITIVE_ESCAPING_SYNC_CONST

RUCTS\" slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:sliceToPreserveAssertions=\"true\" 

slicer:inApplicationClassesOnly=\"true\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"true\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 
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            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"true\" indus:name=\"backward-executable-assertion-

propertyAware\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"ALL_SYNC_CONSTRUCTS\" 

slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:sliceToPreserveAssertions=\"true\" 

slicer:inApplicationClassesOnly=\"true\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"true\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"true\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"true\" indus:name=\"backward-executable-assertion\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"ALL_SYNC_CONSTRUCTS\" 

slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:sliceToPreserveAssertions=\"true\" 

slicer:inApplicationClassesOnly=\"true\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"true\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"true\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"true\" indus:name=\"backward-executable-assertion-

sequential\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"ESCAPING_SYNC_CONSTRUCTS\" 

slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:sliceToPreserveAssertions=\"true\" 

slicer:inApplicationClassesOnly=\"true\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"true\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"COMPLETE_SLICE\" 

slicer:executableSlice=\"true\" indus:name=\"complete-executable-assertion-

sequential\">"); 

            ps.println("<slicer:criteria>"); 
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            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"ESCAPING_SYNC_CONSTRUCTS\" 

slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:sliceToPreserveAssertions=\"true\" 

slicer:inApplicationClassesOnly=\"true\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"true\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTER_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"true\" slicer:rule2=\"true\" slicer:rule3=\"true\" slicer:rule4=\"true\" 

slicer:callSiteSensitive=\"true\" slicer:useOFA=\"true\" 

slicer:useSafeLockAnalysis=\"true\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"true\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("<indus:configurationInfo slicer:slicetype=\"BACKWARD_SLICE\" 

slicer:executableSlice=\"false\" indus:name=\"backward_sequential\">"); 

            ps.println("<slicer:criteria>"); 

            ps.println("<slicer:deadlock slicer:sliceForDeadlock=\"false\" 

slicer:deadlockCriteriaSelectionStrategy=\"CONTEXT_SENSITIVE_ESCAPING_SYNC_CONST

RUCTS\" slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("<slicer:assertion slicer:inApplicationClassesOnly=\"false\"/>"); 

            ps.println("</slicer:criteria>"); 

            ps.println("<slicer:control slicer:nonTerminationSensitive=\"true\" 

slicer:explicitExceptionalExitSensitive=\"false\" 

slicer:commonUncheckedExceptions=\"false\"/>"); 

            ps.println("<slicer:interference slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:useOFA=\"false\"/>"); 

            ps.println("<slicer:divergence slicer:active=\"true\" 

slicer:natureOfDivergenceAnalysis=\"INTRA_PROCEDURAL_ONLY\"/>"); 

            ps.println("<slicer:ready slicer:active=\"false\" 

slicer:natureOfInterThreadAnalysis=\"SYMBOL_AND_EQUIVCLS_BASED_INFO\" 

slicer:rule1=\"false\" slicer:rule2=\"false\" slicer:rule3=\"false\" slicer:rule4=\"false\" 

slicer:callSiteSensitive=\"false\" slicer:useOFA=\"false\" 

slicer:useSafeLockAnalysis=\"false\"/>"); 

            ps.println("<slicer:synchronization slicer:active=\"false\"/>"); 

            ps.println("<slicer:callingcontext slicer:active=\"false\"/>"); 

            ps.println("</indus:configurationInfo>"); 

            ps.println("</indus:compositeConfiguration>"); 

          

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

         System.out.println("Error: Could not save criteria file"); 

        } 

  return path + "\\config.xml"; 

 } 

  

 //output directory generator 

 public String createOutputDir(){ 

  File output_dir = new File(path+"\\"+packagename+"\\slice"); 

  if (!output_dir.exists()) 

   output_dir.mkdirs(); 

  return output_dir.getAbsolutePath(); 

 } 

  

 //slicer runner 

 public int run(){ 

  System.out.println("\nSlicing..."); 

  output = ""; 

   

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 

   

  classpath = getClasspath(); 

  user_dir = System.getProperty("user.dir"); 

  criteria = createCriteriaFile(); 

  scope = createScopeFile(); 

  output_dir = createOutputDir(); 

  config = createConfigurationFile(); 

         

        try { 

         FileOutputStream out = new FileOutputStream(path + "\\slicer.bat"); 
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            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println(drive); 

            ps.println("CD "+path); 

            ps.println("C:\\jdk1.5.0_07\\bin\\java -Xmn256M -Xms512M -Xmx512M -cp 

"+classpath+" edu.ksu.cis.indus.tools.slicer.SliceXMLizerCLI -p 

\".;"+user_dir+"\\lib\\slicer\\"+"rt.jar;"+user_dir+"\\lib\\slicer\\"+"aspectjrt.jar;"+user_di

r+"\\lib\\slicer\\"+"jce.jar;"+user_dir+"\\lib\\slicer\\"+"jsse.jar\" 

"+packagename+"."+classname+" -l "+criteria+" -o "+output_dir+" -r -J -c "+config+" -S 

"+scope); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save javaslicer.bat file"); 

        }     

         

        int exitVal = -1; 

         

        try { 

         

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\slicer.bat"); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "\nExit Value = "+exitVal; 

            System.out.println(output); 

             

        } catch (Exception e){ 

             

        } 

         

        full_slice_lines = getSliceLines(); 

        filtered_slice_lines = getFilteredSliceLines(); 

         

        myslice.setCriteriaLine(line); 

  myslice.setFullSliceLines(full_slice_lines); 

  myslice.setFilteredSliceLines(filtered_slice_lines); 

   

  FileReader reader = new 

FileReader(path+"\\"+packagename+"\\"+classname+".java"); 

  reader.loadFile(); 

  ArrayList<String> code = new ArrayList(); 

  code = reader.getArrayContents(); 

   

  myslice.setCriteria(code.get(line)); 

   

  String full_slice = ""; 

   

  for (int i=0;i<full_slice_lines.size();i++){ 

   String delimiter = "\n"; 

   if (i==full_slice_lines.size()-1) 

    delimiter = ""; 

   try { 

    full_slice = full_slice + 

code.get(full_slice_lines.get(i)).trim() + delimiter; 

   } catch (Exception e) { 

    e.printStackTrace(System.out); 

   } 

  } 

   

  myslice.setFullSlice(full_slice); 

   

  String filtered_slice = ""; 

  for (int i=0;i<filtered_slice_lines.size();i++){ 

   String delimiter = "\n"; 

   if (i==filtered_slice_lines.size()-1) 

    delimiter = ""; 

   filtered_slice = filtered_slice + 

code.get(filtered_slice_lines.get(i)).trim() + delimiter; 

  } 

  myslice.setFilteredSlice(filtered_slice); 

         

        System.out.println("Complete..."); 

        return exitVal; 

    } 

  

 //returns list of lines in slice 
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 public ArrayList<Integer> getSliceLines(){ 

  ArrayList<String> jimple = new ArrayList(); 

  ArrayList<Integer> slice_lines = new ArrayList(); 

  File jimple_file = new File 

(output_dir+"\\"+packagename+"."+classname+".jimple_postRes"); 

  if (jimple_file.exists()){ 

   FileReader reader = new FileReader(jimple_file); 

   reader.loadFile(); 

   jimple = reader.getArrayContents(); 

   for (int i=1; i<jimple.size();i++){ 

    try { 

     int x = Integer.parseInt(jimple.get(i).trim()); 

     if (!slice_lines.contains(x)) { 

      slice_lines.add(x);  

     } 

    } catch (Exception e){} 

   } 

   Collections.sort(slice_lines); 

   System.out.println("Slice Lines:"); 

   for (int i=0; i<slice_lines.size();i++){ 

    System.out.println(slice_lines.get(i)); 

   } 

   //printSlice(slice_lines); 

  } else { 

   System.out.println("Error: Jimple file not found!"); 

  } 

  return slice_lines; 

 } 

  

 //returns filetered slice liness 

 public ArrayList<Integer> getFilteredSliceLines(){ 

  /* 

   * Get slice lines 

   * get method start 

   * get method end 

   * return slice lines which belong to target method 

   */ 

   

  System.out.println("Start:"+method_start); 

  System.out.println("End:"+method_end); 

   

  ArrayList<Integer> slice_lines = full_slice_lines; 

  ArrayList<Integer> filtered_slice_lines = new ArrayList(); 

   

  for (int i=0; i<slice_lines.size(); i++){ 

   if (slice_lines.get(i)>method_start && 

slice_lines.get(i)<method_end)  

    filtered_slice_lines.add(slice_lines.get(i)); 

  } 

  System.out.println("Filtered Lines:"); 

  for (int i=0; i<filtered_slice_lines.size(); i++){ 

   System.out.println(filtered_slice_lines.get(i)); 

  } 

  printSlice(filtered_slice_lines); 

  return filtered_slice_lines; 

 } 

  

 public void setFilter(int start, int end){ 

  method_start = start; 

  method_end = end; 

 } 

  

 //output slice 

 public void printSlice(ArrayList<Integer> slice_lines){ 

  System.out.println("Filtered Slice Output:"); 

  FileReader reader = new 

FileReader(path+"\\"+packagename+"\\"+classname+".java"); 

  reader.loadFile(); 

  ArrayList<String> code = new ArrayList(); 

  code = reader.getArrayContents(); 

  for (int i=0;i<slice_lines.size();i++){ 

   String ln = code.get(slice_lines.get(i)).trim(); 

   System.out.println(slice_lines.get(i)+": "+ln); 

  } 

 } 

 //returns slice 

 public Slice getSlice(){ 

  return myslice; 

 } 

  

  

} 
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JuscReader.java 
 

package kcl.research.project; 

import java.io.*; 

import java.util.*; 

 

import org.eclipse.jface.text.*; 

 

// this class translates the output from jusc to identify branches 

public class JuscReader { 

  

 static String type="Java"; 

 String text = ""; 

 IDocument idoc = new Document(); 

 ArrayList<String> lines = new ArrayList(); 

 ArrayList<Branch> uncov_branch_list = new ArrayList(); 

 ArrayList<Branch> cov_branch_list = new ArrayList(); 

 ArrayList<String> coverage_list = new ArrayList(); 

  

 //constructor 

 public JuscReader(String _text, String _type) { 

  text = _text; 

  idoc.set(text); 

  lines.add(""); 

  type = _type; 

  populateArray(); 

  read(); 

 } 

  

 //array populator 

 public void populateArray() { 

  try{ 

   for (int i=0; i<idoc.getNumberOfLines(); i++){ 

    int start = idoc.getLineOffset(i); 

    int end = start + idoc.getLineLength(i)-1; 

    String ln = text.substring(start, end); 

    ln = ln.replaceAll("\\t", ""); 

    lines.add(ln.trim()); 

   } 

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

  

 //main processing is done here 

 public void read(){ 

  try { 

   int uncov_branch_no = 0; 

   int cov_branch_no = 0; 

   for (int i=0; i<lines.size();i++){ 

    String ln = lines.get(i);     

    if (isUncoveredBranch(ln)) { 

     Branch branch = 

this.parseUncoveredBranch(ln); 

     uncov_branch_list.add(branch); 

     coverage_list.add(ln.trim()); 

    } 

    if (isCoveredBranch(ln)) { 

     Branch branch = this.parseCoveredBranch(ln); 

     cov_branch_list.add(branch); 

     coverage_list.add(ln.trim()); 

    } 

   } 

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

  

 //parses covered branch 

 public static Branch parseCoveredBranch(String ln){ 

  Branch branch = new Branch(); 

  branch.setCovered(true); 

  String cn = ln.substring(ln.indexOf(": ")+2, ln.indexOf(" line")); 

  branch.setClassName(cn.substring(0, cn.lastIndexOf("."))); 

  if (ln.contains(" Method ")) { 

   branch.setBranchType("Method"); 

   branch.setStatus("Method not covered."); 

   branch.setMethodName(ln.substring(ln.indexOf(" Method 

")+8, ln.indexOf("("))); 

   branch.setCondition("n/a"); 

  } else { 
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   branch.setBranchType("Predicate"); 

   branch.setStatus(ln.substring(ln.lastIndexOf(": ")+2, 

ln.lastIndexOf(" Condition "))); 

   branch.setCondition(ln.substring(ln.indexOf("Condition '"), 

ln.length())); 

  } 

  if (type.equals("AspectJ")) { 

  

 branch.setAspectJLineNo(Integer.parseInt(ln.substring(ln.indexOf(" line ")+6, 

ln.lastIndexOf(": ")))); 

  } else if (type.equals("Java")) { 

  

 branch.setJavaLineNo(Integer.parseInt(ln.substring(ln.indexOf(" line ")+6, 

ln.lastIndexOf(": ")))); 

  } 

  branch.setJuscLine(ln.trim()); 

  return branch; 

 } 

  

 //parses uncovered branch 

 public static Branch parseUncoveredBranch(String ln) { 

  Branch branch = new Branch(); 

  branch.setCovered(false); 

 

 branch.setNoUncoveredSubBranches(Integer.parseInt(ln.substring(0,ln.indexOf(" 

")))); 

  String cn = ln.substring(ln.indexOf(":  ")+3, ln.indexOf(" line")); 

  branch.setClassName(cn.substring(0, cn.lastIndexOf("."))); 

  if (ln.contains(" Method ")) { 

   branch.setBranchType("Method"); 

   branch.setStatus("Method covered."); 

   branch.setMethodName(ln.substring(ln.indexOf(" Method 

")+8, ln.indexOf("("))); 

   branch.setCondition("n/a"); 

  } else { 

   branch.setBranchType("Predicate"); 

   branch.setStatus(ln.substring(ln.lastIndexOf(": ")+2, 

ln.lastIndexOf(" Condition "))); 

   branch.setCondition(ln.substring(ln.indexOf("Condition '"), 

ln.length())); 

  } 

  if (type.equals("AspectJ")) { 

  

 branch.setAspectJLineNo(Integer.parseInt(ln.substring(ln.indexOf(" line ")+6, 

ln.lastIndexOf(": ")))); 

  } else if (type.equals("Java")) { 

  

 branch.setJavaLineNo(Integer.parseInt(ln.substring(ln.indexOf(" line ")+6, 

ln.lastIndexOf(": ")))); 

  } 

  branch.setJuscLine(ln.trim()); 

  return branch; 

 } 

  

 //check if line is uncovered branch 

 public static boolean isUncoveredBranch(String ln){ 

  String start1 = "1 uncovered branch: "; 

  String start2 = "2 uncovered branches: "; 

  if ((ln.startsWith(start1) || ln.startsWith(start2)) && (!ln.contains(" Call 

site of "))){ 

   return true; 

  } else { 

   return false; 

  } 

 } 

  

 //check if line is covered branch 

 public static boolean isCoveredBranch(String ln){ 

  String start = "COVERED: "; 

  if (ln.startsWith(start) && (!ln.contains(" Call site of "))){ 

   return true; 

  } else { 

   return false; 

  } 

 } 

  

 //returns list of target classes 

 public ArrayList <String> getTargetClassList(){ 

  ArrayList <String> class_list = new ArrayList(); 

  for (int i=0; i<uncov_branch_list.size();i++){ 

   Branch br = uncov_branch_list.get(i); 

   if (!class_list.contains(br.getClassName())) { 
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    class_list.add(br.getClassName()); 

   } 

  } 

  for (int i=0; i<cov_branch_list.size();i++){ 

   Branch br = cov_branch_list.get(i); 

   if (!class_list.contains(br.getClassName())) { 

    class_list.add(br.getClassName()); 

   } 

  } 

  Collections.sort(class_list); 

  return class_list; 

 }  

  

 //returns all pointcut branches 

 public ArrayList <Branch> getPointcutBranchList(){ 

  ArrayList <Branch> line_list = new ArrayList(); 

  for (int i=0; i<uncov_branch_list.size();i++){ 

   Branch br = uncov_branch_list.get(i); 

   if (br.getBranchType().equals("Method")) { 

    line_list.add(br); 

   } 

  } 

  for (int i=0; i<cov_branch_list.size();i++){ 

   Branch br = cov_branch_list.get(i); 

   if (br.getBranchType().equals("Method")) { 

    line_list.add(br); 

   } 

  } 

  return line_list; 

 } 

  

 private void out(Object s) { 

  System.out.println(s.toString()); 

 } 

   

 public ArrayList<Branch> getUncoveredBranches(){ 

  return uncov_branch_list; 

 } 

 

 public ArrayList<Branch> getCoveredBranches(){ 

  return cov_branch_list; 

 } 

  

 public void setType(String _type){ 

  type = _type; 

 } 

  

 public ArrayList<String> getCoverageList(){ 

  return coverage_list; 

 } 

  

 //returns the branch coverage result 

 public String getCoverageResult(){ 

  StringBuffer result = new StringBuffer(); 

  int no_total_branches = 0; 

  int no_covered_branches = 0; 

  int per_covered_branches = 0; 

  for (int i=1;i<lines.size();i++){ 

   String ln = lines.get(i); 

   String start = "#total branches: "; 

   if (ln.startsWith(start))  

    no_total_branches = 

Integer.parseInt(ln.substring(start.length(), ln.length())); 

   start = "#covered branches: "; 

   if (ln.startsWith(start))  

    no_covered_branches = 

Integer.parseInt(ln.substring(start.length(), ln.length())); 

   start = "%covered branches: "; 

   if (ln.startsWith(start))  

    per_covered_branches = 

Integer.parseInt(ln.substring(start.length(), ln.length()-1));  

  } 

  result.append("#total branches: "+no_total_branches+"\n"); 

  result.append("#covered branches: "+no_covered_branches+"\n"); 

  result.append("%covered branches: "+per_covered_branches+"%"); 

  return result.toString(); 

 } 

  

 //returns pure coverage result 

 public static float getPureCoverage(String output) { 

  String [] out = convertStringtoArray(output);   

  for (int i=0; i<out.length; i++){ 
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   String ln = out[i]; 

   if (ln.startsWith("[") && ln.endsWith("%") && ln.contains(" 

branches covered]: ")){ 

    String value = ln.substring(ln.lastIndexOf(" ")+1, 

ln.lastIndexOf("%")); 

    try { 

     Float f = Float.parseFloat(value); 

     return f.floatValue(); 

    } catch (Exception e) { } 

   } 

  } 

  return -1f; 

 } 

  

 //returns input coverage result 

 public static float getImpureCoverage(String output) { 

  String [] out = convertStringtoArray(output);   

  for (int i=0; i<out.length; i++){ 

   String ln = out[i]; 

   if (ln.startsWith("%covered branches: ") && ln.endsWith("%")){ 

    String value = ln.substring(ln.lastIndexOf(" ")+1, 

ln.lastIndexOf("%")); 

    try { 

     Float f = Float.parseFloat(value); 

     return f.floatValue(); 

    } catch (Exception e) { } 

   } 

  } 

  return -1f; 

 } 

  

 //converts string to array of lines 

 public static String[] convertStringtoArray(String s) { 

     // convert a String s to an Array, the elements 

     // are delimited by sep 

  String sep = "\n"; 

     StringBuffer buf = new StringBuffer(s); 

     int arraysize = 1; 

     for ( int i = 0; i < buf.length(); i++ ) { 

       if ( sep.indexOf(buf.charAt(i) ) != -1 ) 

         arraysize++; 

     } 

     String [] elements  = new String [arraysize]; 

     int y,z = 0; 

     if ( buf.toString().indexOf(sep) != -1 ) { 

       while (  buf.length() > 0 ) { 

         if ( buf.toString().indexOf(sep) != -1 ) { 

           y =  buf.toString().indexOf(sep); 

           if ( y != buf.toString().lastIndexOf(sep) ) { 

             elements[z] = buf.toString().substring(0, y ); z++; 

             buf.delete(0, y + 1); 

           } 

           else if ( buf.toString().lastIndexOf(sep) == y ) { 

             elements[z] = buf.toString().substring 

                                  (0, buf.toString().indexOf(sep)); 

             z++; 

             buf.delete(0, buf.toString().indexOf(sep) + 1); 

             elements[z] = buf.toString();z++; 

             buf.delete(0, buf.length() ); 

           } 

         } 

       } 

     } 

     else {elements[0] = buf.toString(); } 

     buf = null; 

     return elements; 

 } 

 

} 
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JuscRunner.java 
 

package kcl.research.project; 

import java.io.File; 

import java.io.FileFilter; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import java.util.*; 

 

//this class runs modified jusc 

public class JuscRunner { 

  

 String output = ""; 

 String package_name = ""; 

  

 public JuscRunner(){ 

  output = ""; 

 } 

  

 //main method 

 public static void main(String[] args) { 

  JuscRunner jr = new JuscRunner(); 

  ArrayList<String> tests = new ArrayList(); 

  tests.add("FullTestSuite"); 

  tests.add("MinimumBalanceRuleAspect_2007_08_06_13_00_28_421"); 

 

 tests.add("OverdraftProtectionRuleAspect_2007_08_06_13_00_34_515"); 

  jr.run("C:/Programs/testfolder/ajworkingdir", "account", tests); 

 } 

 

 public String getOutput(){ 

  return output; 

 } 

  

 //classpath generator 

 public String getClasspath(){ 

  String classpath = 

".;C:\\Programs;.\\"+package_name+"\\instrumented\\"; 

  String user_dir = System.getProperty("user.dir"); 

  try { 

   File cur_dir = new File(user_dir+"\\lib"); 

   if (cur_dir.exists() && cur_dir.isDirectory()) { 

    File common_dir = new 

File(cur_dir.getAbsolutePath()+"\\common"); 

    FileFilter filter = new FileFilter() { 

           public boolean accept(File file) { 

               return (file.getName().endsWith(".jar")); 

           } 

       }; 

    if (common_dir.exists() && common_dir.isDirectory()) 

{ 

        File [] libs = common_dir.listFiles(filter); 

        for (int i=0; i<libs.length;i++){ 

         classpath = classpath + ";" + 

libs[i].getAbsolutePath(); 

        } 

     //System.out.println("CP:"+classpath); 

    } 

     

    File jusc_dir = new 

File(cur_dir.getAbsolutePath()+"\\jusc"); 

    if (jusc_dir.exists() && jusc_dir.isDirectory()) { 

        File [] libs = jusc_dir.listFiles(filter); 

        for (int i=0; i<libs.length;i++){ 

         classpath = classpath + ";" + 

libs[i].getAbsolutePath(); 

        } 

     System.out.println("CP:"+classpath); 

    } 

   } 

  }catch(Exception e){} 

  return "\""+classpath+"\""; 

 } 

  

 //jusc runner 

 public int run(String path, String packagename, String testclassname){ 

  output = ""; 

  package_name = packagename; 

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 
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        try { 

            FileOutputStream out = new FileOutputStream(path + "\\jusc.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println(drive); 

            ps.println("CD "+path); 

            ps.println("C:\\jdk1.5.0_07\\bin\\java -classpath "+getClasspath()+" 

jusc.SelectTests -aspectj -verbose -includeTestClass "+packagename+"."+testclassname+" 

"+packagename+"."+testclassname+""); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save jusc.bat file"); 

        }     

        int exitVal = -1; 

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\jusc.bat"); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            output = "\nMeasuring Coverage..."; 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "\nExit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){} 

        return exitVal; 

    } 

  

 //jusc runner 2 

 public int run(String path, String packagename, ArrayList<String> test_class_list){ 

  output = ""; 

  package_name = packagename; 

  if (path.endsWith("\\") || path.endsWith("/")) { 

   path = path.substring(0, path.length()-1); 

  } 

   

  String included_tests = ""; 

  for (int i=1; i<test_class_list.size();i++){ 

   included_tests = included_tests + "-includeTestClass 

"+packagename+"."+test_class_list.get(i)+" "; 

  } 

  System.out.println("["+included_tests+"]"); 

   

        try { 

            FileOutputStream out = new FileOutputStream(path + "\\jusc.bat"); 

            PrintStream ps = new PrintStream(out); 

            String drive = path.substring(0,path.indexOf(":")+1); 

            ps.println(drive); 

            ps.println("CD "+path); 

            ps.println("C:\\jdk1.5.0_07\\bin\\java -classpath "+getClasspath()+" 

jusc.SelectTests -aspectj -verbose 

"+included_tests+""+packagename+"."+test_class_list.get(0)+""); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save jusc.bat file"); 

        }     

        int exitVal = -1; 

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c "+path+"\\jusc.bat"); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            output = "\nMeasuring Coverage..."; 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "\nExit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){} 

         

        return exitVal; 

    } 

 

} 
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Main.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.*; 

import java.awt.*; 

 

//this class automatically tests aspectj programs 

public class Main { 

  

 String dir, package_name, initial_jusc_output; 

 boolean test_with_reduction, test_without_reduction, random_testing; 

 int gen, inv, rep, total; 

 ArrayList<Branch> pointcut_branch_list= new ArrayList(); 

 ArrayList<Branch> methods_to_test_explicitly = new ArrayList(); 

 ArrayList<String> target_class_list= new ArrayList(); 

 ArrayList<BranchSignature> all_sign= new ArrayList(); 

 ArrayList<Branch> all_pointcut_branches = new ArrayList(); 

  

 public Main(String _dir, String _package_name, boolean _test_with_reduction, 

boolean _test_without_reduction, boolean _random, int _gen, int _inv, int _rep) { 

  super(); 

  dir = _dir; 

  package_name = _package_name; 

  test_with_reduction = _test_with_reduction; 

  test_without_reduction = _test_without_reduction; 

  random_testing = _random; 

  gen = _gen; 

  inv = _inv; 

  rep = _rep; 

 } 

  

 public static void main(String[] args) { 

  Main me = new Main("C:\\Programs\\test2", "DCM", true, false, false, 

200, 50, 30); 

  long start = System.currentTimeMillis(); 

  me.run(); 

  long end = System.currentTimeMillis(); 

  System.out.println("Runtime = "+ ((end - start)/1000) + " sec" ); 

 } 

  

 public void run(){ 

   

  boolean instrumented = true; 

   

  //delete files from previous run 

  XCopy del = new XCopy(); 

  del.deleteAll(dir+"\\ajworkingdir\\"+package_name+"\\coverage"); 

  del.deleteAll(dir+"\\ajworkingdir\\"+package_name+"\\slice"); 

 

  ArrayList<String> dir_list = 

getDirDirList(dir+"\\ajworkingdir\\"+package_name+"\\transformed"); 

  for (int i=0; i<dir_list.size();i++){ 

  

 del.deleteAll(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\"+dir_list.g

et(i)+"\\"+package_name+"\\reports"); 

  

 del.deleteAll(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\"+dir_list.g

et(i)+"\\"+package_name+"\\coverage"); 

  } 

 

 del.deleteAll(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\no_reducti

on\\"+package_name+"\\reports"); 

 

 del.deleteAll(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\no_reducti

on\\"+package_name+"\\coverage"); 

   

   

  int exit_value = 0; 

   

  //compile aspectj code 

  System.out.println("\nStarting AspectJ Compiler..."); 

  AspectJCompiler ajc = new AspectJCompiler();  

  exit_value = ajc.ajcCompile(dir, package_name); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

   

  //convert aspectj code to java 

  System.out.println("\nStarting Code Convertor..."); 
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  ajc = new AspectJCompiler();  

  exit_value = ajc.preprocess(dir, package_name); 

  System.out.println("\nConvertion Complete..."); 

  if (exit_value !=0) {return;} 

   

   

  //format java code 

  System.out.println("\nStarting Code Beautifier..."); 

  CodeBeautifier beautifier = new CodeBeautifier();  

  beautifier.processDir(dir+"\\ajworkingdir\\"+package_name); 

  System.out.println("Formatting Complete..."); 

   

  //change access modifiers 

  ArrayList<String> file_list = 

getDirFileList(dir+"\\ajworkingdir\\"+package_name); 

  for (int i=0; i<file_list.size();i++){ 

   AccessModifier access_mod = new 

AccessModifier(dir+"\\ajworkingdir\\"+package_name+"\\"+file_list.get(i)+".java"); 

  } 

     

  //compile java code 

  System.out.println("\nStarting Java Compiler..."); 

  ajc = new AspectJCompiler();  

  exit_value = ajc.javaCompile(dir+"\\ajworkingdir", package_name); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

   

  //generate dummy test case to find uncovered branches 

  DummyTestCaseGenerator test_gen = new 

DummyTestCaseGenerator(); 

  test_gen.find(dir, package_name); 

  test_gen.writeTestClass(dir, package_name); 

  String test_class_name = test_gen.getTestClassName(); 

  ArrayList<String> intertype_class_list = 

test_gen.getIntertypeTargetClasses() ; 

  ArrayList<String> aspect_class_list = test_gen.getAspectClasses() ; 

   

  //compile java code 

  System.out.println("\nStarting Java Compiler..."); 

  ajc = new AspectJCompiler();  

  exit_value = ajc.javaCompile(dir+"\\ajworkingdir", package_name); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

  //run jusc to measure coverage 

  System.out.println("\nStarting JUSC..."); 

  JuscRunner jusc_runner = new JuscRunner(); 

  exit_value = jusc_runner.run(dir+"\\ajworkingdir", package_name, 

test_class_name); 

  initial_jusc_output = jusc_runner.getOutput(); 

  System.out.println("\nJUSC complete..."); 

   

  //read jusc outout using jusc reader  

  System.out.println("\nStarting JuscReader..."); 

  JuscReader jusc_reader = new JuscReader(jusc_runner.getOutput(), 

"Java"); 

  pointcut_branch_list = jusc_reader.getPointcutBranchList(); 

  total = jusc_reader.getCoverageList().size(); 

   

  //identify all signatures 

  all_sign = getBranchSignatures(); 

   

  //find classes of pointcut branches to test 

  target_class_list = new ArrayList(); 

  for (int i=0; i<all_sign.size(); i++){ 

   BranchSignature sign = all_sign.get(i); 

   if (!target_class_list.contains(sign.getClassName())) { 

    target_class_list.add(sign.getClassName()); 

   } 

  } 

   

  //add classes without branches to target class list 

  for (int i=0; i<methods_to_test_explicitly.size(); i++){ 

   if 

(!target_class_list.contains(methods_to_test_explicitly.get(i).getClassName())) { 

   

 target_class_list.add(methods_to_test_explicitly.get(i).getClassName()); 

   } 

  } 

   

  //get list of branch line# for each class  
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  ArrayList<ArrayList> target_branch_list = new ArrayList(); 

  for (int i=0; i<target_class_list.size(); i++){ 

   ArrayList<Integer> target_branches = new ArrayList(); 

   for (int j=0; j<all_sign.size(); j++){ 

    BranchSignature sign = all_sign.get(j); 

    if 

(sign.getClassName().equals(target_class_list.get(i))){ 

     target_branches.add(sign.getBranchLine()); 

    } 

   } 

   target_branch_list.add(target_branches); 

  } 

   

  //output branch list for slicing 

  System.out.println("Branch List for Slicing (target):"); 

  for (int i=0; i<target_class_list.size(); i++){ 

   System.out.println("Class:"+target_class_list.get(i)+", 

Line:"+target_branch_list.get(i)); 

  } 

   

   

  if (test_with_reduction) {  

    

   //perform slicing and get slice list 

   ArrayList<Slice> slice_list = new ArrayList(); 

   for (int i=0; i<target_class_list.size(); i++){ 

    ClassFinder cf = new ClassFinder (); 

    String type = "Aspect"; 

    if (cf.isAspectClass(dir+"\\ajworkingdir", 

package_name, target_class_list.get(i) )) { 

     type = "Aspect"; 

    } else { 

     type = "Intertype"; 

    } 

    CodeSlicer slicer = new 

CodeSlicer(target_branch_list.get(i), target_class_list.get(i), type, package_name, 

dir+"\\ajworkingdir"); 

    slice_list.addAll(slicer.getSliceList()); 

   } 

 

   //save list of slices 

   saveSliceList(slice_list); 

    

   //test slices with reduction 

   for (int i=0; i<slice_list.size(); i++){ 

    //for each slice with irrelevant paramters 

    if (slice_list.get(i).getIrrelevantParameters().size()>0) { 

     testSlice(slice_list, i, test_class_name); 

    } 

   } 

    

   //test slices with no reduction 

   testNoReductionBranches(slice_list, test_class_name, 

jusc_reader); 

    

  }  

    

   

   

   

  if (test_without_reduction){ 

    

   ArrayList<ArrayList> junit_list = new ArrayList(); 

 

   target_class_list = new ArrayList(); 

   target_class_list.addAll(intertype_class_list); 

   target_class_list.addAll(aspect_class_list); 

    

    

   System.out.println("Classes to test:"); 

   for (int j=0;j<target_class_list.size();j++){ 

     

    ArrayList<String> methods = new ArrayList(); 

     

    for (int i=0; i<pointcut_branch_list.size(); i++){ 

     Branch br = pointcut_branch_list.get(i); 

     if 

(br.getClassName().equals(target_class_list.get(j))){ 

      if 

(!methods.contains(br.getMethodName())){ 

      

 methods.add(br.getMethodName()); 
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      } 

     } 

    } 

     

    String mf = ""; 

    for (int k=0;k<methods.size();k++){ 

     if (methods.get(k).indexOf("$")!=-1) { 

      methods.set(k, 

methods.get(k).substring(0, methods.get(k).indexOf("$"))); 

     } 

      

     String or = "|"; 

     if (k==methods.size()-1) 

      or = ""; 

     mf = mf + ".*" +  methods.get(k) + ".*" + or; 

      

    } 

     

    String methodfilter = "methodMatchPattern = 

("+mf+")"; 

     

    if (methods.size()==0) { 

     methodfilter = ""; 

    } 

     

    System.out.println("Target Class: 

"+target_class_list.get(j)); 

    System.out.println("MethodFilter: "+methodfilter); 

     

     

    EvoUnitRunner er = new EvoUnitRunner(); 

    er.instrument(dir+"\\ajworkingdir", package_name, 

target_class_list.get(j)); 

    er.runWithMethodFilter(dir+"\\ajworkingdir", 

package_name, target_class_list.get(j), methodfilter, gen, inv, rep); 

    System.out.println(target_class_list.get(j) + " tested."); 

     

     

    //List all junit tests in report dir 

    File report_dir = new 

File(dir+"\\ajworkingdir\\"+package_name+"\\reports\\"+package_name+"."+target_clas

s_list.get(j)); 

    ArrayList<String> junit_test_list = new ArrayList(); 

    if (report_dir.exists()){ 

     FileFilter filter = new FileFilter() { 

      public boolean accept(File file) { 

       return 

(file.getName().endsWith(".java")); 

      } 

     }; 

     File files[] = report_dir.listFiles(filter); 

     System.out.println("JUnit test class list:"); 

     for (int k=0; k<files.length;k++){ 

      String fname = files[k].getName(); 

     

 junit_test_list.add(fname.substring(0, fname.lastIndexOf(".java"))); 

      System.out.println(fname); 

     } 

    } else { 

     System.out.println("Report dir not found..."); 

    

 System.out.println(report_dir.getAbsolutePath()); 

    } 

     

    //add junit list to overall list 

    junit_list.add(junit_test_list); 

     

    //copy all junit tests to orig dir 

    XCopy xc = new XCopy(); 

    int exit = xc.copyDir(report_dir.getAbsolutePath(), 

dir+"\\ajworkingdir\\"+package_name, "java"); 

    if (exit!=0) return; 

     

   } 

    

   for (int i=0; i<rep;i++){ 

     

    ArrayList<String> iteration_junit_list = new ArrayList(); 

    iteration_junit_list.add("FullTestSuite"); 

    iteration_junit_list.add(test_class_name); 
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    for (int j=0; j<junit_list.size();j++){ 

     ArrayList<String> cur_list = junit_list.get(j); 

     iteration_junit_list.add(cur_list.get(i)); 

    } 

     

    System.out.println(iteration_junit_list); 

     

    //generate combined test suite 

    System.out.println("\nStarting Test Suite Merger..."); 

    TestSuiteMerger merger = new TestSuiteMerger(); 

    merger.merge(iteration_junit_list, package_name, 

dir+"\\ajworkingdir\\"+package_name); 

    System.out.println("\nTest Suite Merge Complete..."); 

     

    //compile trans orig dir 

    System.out.println("\nStarting Java Compiler..."); 

    ajc = new AspectJCompiler(); 

    exit_value = ajc.javaCompile(dir+"\\ajworkingdir", 

package_name); 

    System.out.println("\nCompilation Complete..."); 

    if (exit_value !=0) {return;} 

     

    //run jusc 

    System.out.println("\nStarting JUSC..."); 

    jusc_runner = new JuscRunner(); 

    exit_value = jusc_runner.run(dir+"\\ajworkingdir\\", 

package_name, iteration_junit_list); 

    System.out.println("\nJUSC complete..."); 

     

    //save output 

    jusc_reader = new 

JuscReader(jusc_runner.getOutput(), "Java"); 

    ArrayList<Branch> uncov_branch_list = 

jusc_reader.getUncoveredBranches(); 

    ArrayList<Branch> cov_branch_list = 

jusc_reader.getCoveredBranches(); 

    File cov_dir = new 

File(dir+"\\ajworkingdir\\"+package_name+"\\coverage"); 

    cov_dir.mkdirs(); 

    try { 

     FileOutputStream out = new 

FileOutputStream(dir+"\\ajworkingdir\\"+package_name+"\\coverage\\iteration_"+(i+1)+

".txt"); 

     PrintStream ps = new PrintStream(out); 

     ps.println("test class = "+iteration_junit_list); 

     ps.println(""); 

     for (int l=0; l<cov_branch_list.size();l++) 

     

 ps.println(cov_branch_list.get(l).getJuscLine()); 

     for (int l=0; l<uncov_branch_list.size();l++) 

     

 ps.println(uncov_branch_list.get(l).getJuscLine()); 

     ps.println(""); 

     ps.println("--------------"); 

     ps.println(jusc_reader.getCoverageResult()); 

     ps.println("--------------"); 

     ps.close(); 

     out.close(); 

    } catch (Exception e) { 

     System.out.println("Error: Could not save 

coverage file"); 

     e.printStackTrace(System.out); 

    } 

   } 

    

    

    

    

   /* 

    

   //calculate coverage for each iteration 

   File cov_dir = new 

File(dir+"\\ajworkingdir\\"+package_name+"\\coverage"); 

    

   for (int i=0; i<rep;i++){ 

    FileReader fr = new 

FileReader(cov_dir.getAbsolutePath()+"\\iteration_"+(i+1)+".txt"); 

    fr.loadFile(); 

    ArrayList<String> cov_file = fr.getArrayContents(); 

     

    float covered = 0; 
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    float uncovered = 0; 

     

    for (int j=1; j<cov_file.size();j++){ 

     if 

(jusc_reader.isCoveredBranch(cov_file.get(j))) { 

      covered = covered + 1.0f; 

     }  

     if 

(jusc_reader.isUncoveredBranch(cov_file.get(j))) { 

      uncovered = uncovered + 1.0f; 

     }  

    } 

     

    float total_branches = covered + uncovered; 

    float coverage_result = 

((covered/(total_branches))*100); 

     

    System.out.println(total_branches); 

    cov_file.add(""); 

    cov_file.add("--------------"); 

    cov_file.add("#total branches: "+total_branches); 

    cov_file.add("#covered branches: "+covered); 

    cov_file.add("%covered branches: 

"+coverage_result+"%"); 

    cov_file.add("--------------"); 

     

    //save file with result 

    try { 

     FileOutputStream out = new 

FileOutputStream(cov_dir.getAbsolutePath()+"\\iteration_"+(i+1)+".txt"); 

     PrintStream ps = new PrintStream(out); 

     for (int k=1; k<cov_file.size();k++){ 

      ps.println(cov_file.get(k)); 

     } 

     ps.close(); 

     out.close(); 

    } catch (Exception e) { 

     System.out.println("Error: Could not coverage 

file with final coverage result"); 

     e.printStackTrace(System.out); 

    } 

 

   } 

    

   */ 

    

 

  } 

   

  /* 

   * Run Jusc to Measure Coverage 

   * Map Covered & Uncovered Branches 

   * Output Coverage Statistics 

   *    # Aspectual Branch Coverage 

   *    # Total Number of Fitness Evaluations 

   *    # Number of Fitness Evaluations for each test goal (Branch) 

   *    # Total Running Time of EvoUnit 

   *    # Running time for each test goal (Branch) 

   */ 

   

 } 

  

 public ArrayList<BranchSignature> getBranchSignatures(){ 

 

  ArrayList<BranchSignature> branch_signatures = new ArrayList(); 

 

  for (int i=0; i<pointcut_branch_list.size(); i++){ 

   Branch br = pointcut_branch_list.get(i);  

    

   //reconfirm method name 

   ParserUtility util = new 

ParserUtility(dir+"\\ajworkingdir\\"+package_name+"\\"+br.getClassName()+".java"); 

   util.process(br.getJavaLineNo()); 

   br.setMethodName(util.getMethodName()); 

    

   //get branch signatures of each method 

   int start = util.getMethodStartLine(); 

   int end = util.getMethodEndLine(); 

   ArrayList<BranchSignature> class_sign_list = new ArrayList(); 

   ArrayList<BranchSignature> method_sign_list = new 

ArrayList(); 

   class_sign_list = util.getBranchSignatureList(); 
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   //create branch signatures of each class  

   for (int j=0; j<class_sign_list.size(); j++){ 

    BranchSignature sign = class_sign_list.get(j); 

    if (sign.getBranchLine()>start && 

sign.getBranchLine()<end) { 

     sign.setClassName(br.getClassName()); 

     method_sign_list.add(sign); 

     branch_signatures.add(sign); 

     //System.out.println(sign.getBranchLine()); 

    } 

   } 

   if (method_sign_list.size()==0){ 

    methods_to_test_explicitly.add(br); 

    System.out.println("Method To Test Explicitly: 

"+br.getClassName()+"."+br.getMethodName()); 

   } 

   pointcut_branch_list.set(i, br); 

  }  

   

  return branch_signatures; 

 } 

 

 public ArrayList<ArrayList> getBranchLineNoList(){ 

  ArrayList<ArrayList> target_branch_list = new ArrayList(); 

  for (int i=0; i<target_class_list.size(); i++){ 

   ArrayList<Integer> target_branches = new ArrayList(); 

   for (int j=0; j<all_sign.size(); j++){ 

    BranchSignature sign = all_sign.get(j); 

    if 

(sign.getClassName().equals(target_class_list.get(i))){ 

     target_branches.add(sign.getBranchLine()); 

    } 

   } 

   target_branch_list.add(target_branches); 

  } 

  return target_branch_list; 

 } 

  

  

 public void saveSliceList(ArrayList<Slice> slice_list){ 

  for (int i=0; i<slice_list.size(); i++){ 

  

 System.out.println("===================Slice"+(i+1)+":===================

"); 

   System.out.println(slice_list.get(i).getFilteredSlice()); 

    

   try { 

    FileOutputStream out = new 

FileOutputStream(dir+"\\ajworkingdir\\"+package_name+ "\\slice\\slice"+(i)+".txt"); 

    PrintStream ps = new PrintStream(out); 

    ps.println("Lines: 

"+slice_list.get(i).getFilteredSliceLines()); 

    ps.println("Slice: "); 

    ps.print(slice_list.get(i).getFilteredSlice()); 

    ps.println(""); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save file with 

slice"); 

    e.printStackTrace(System.out); 

   } 

  } 

 } 

  

 public void saveBranchDetails(ArrayList<Slice> slice_list, ArrayList<String> 

internal_branch_id_list, String trans_orig_dir, int i, int trans_target_branch_line){ 

  try { 

   FileOutputStream out = new FileOutputStream(trans_orig_dir + 

"\\testgoals.txt"); 

   PrintStream ps = new PrintStream(out); 

   ps.println("---------------------"); 

   ps.println("Target Branch Details"); 

   ps.println("---------------------"); 

   ps.println("Branch index: "+i); 

   ps.println("Class name: "+slice_list.get(i).getClassName()); 

   ps.println("Method name: 

"+slice_list.get(i).getMethodName()); 

   ps.println("Original code line#: 

"+slice_list.get(i).getCriteriaLine()); 
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   ps.println("Transformed code line#: 

"+trans_target_branch_line); 

   ps.println("EvoUnit internal branch id:"); 

   for (int j=0; j<internal_branch_id_list.size();j++) 

    ps.println(internal_branch_id_list.get(j)); 

   ps.println(""); 

   ps.close(); 

   out.close(); 

  } catch (Exception e) { 

   System.out.println("Error: Could not save eu.bat file"); 

   e.printStackTrace(System.out); 

  } 

 } 

  

 public void saveIterationCoverageFile(String path, ArrayList<String> itr_cov_file){ 

  try { 

   FileOutputStream out = new FileOutputStream(path); 

   PrintStream ps = new PrintStream(out); 

   for (int k=1; k<itr_cov_file.size();k++) 

    ps.println(itr_cov_file.get(k)); 

   ps.close(); 

   out.close(); 

  } catch (Exception e) { 

   System.out.println("Error: Could not save iteration coverage 

file"); 

   e.printStackTrace(System.out); 

  } 

 } 

  

 public void saveIndividualCoverageFile(String trans_orig_dir, String test_class, 

ArrayList<Slice> slice_list, ArrayList<String> coverage_list, int i, int 

trans_target_branch_line){ 

  try { 

   FileOutputStream out = new 

FileOutputStream(trans_orig_dir+"\\"+test_class+".txt"); 

   PrintStream ps = new PrintStream(out); 

   ps.println("-----------------------"); 

   ps.println("Branch Coverage Details"); 

   ps.println("-----------------------"); 

   ps.println("\nTest class name: "+test_class); 

   ps.println("\nClass name: "+slice_list.get(i).getClassName()); 

   ps.println("\nMethod name: 

"+slice_list.get(i).getMethodName()); 

   ps.println("\nOriginal code line#: 

"+slice_list.get(i).getCriteriaLine()); 

   ps.println("\nTransformed code line#: 

"+trans_target_branch_line); 

   ps.println("\nCoverage:"); 

   for (int k=0; k<coverage_list.size();k++){ 

    ps.println("\n"+coverage_list.get(k)); 

    System.out.println(coverage_list.get(k)); 

   } 

   ps.println(""); 

   ps.close(); 

   out.close(); 

  } catch (Exception e) { 

   System.out.println("Error: Could not save coverage file"); 

   e.printStackTrace(System.out); 

  } 

 } 

  

 public void saveNoReductionCoverageFile(String no_red_dir, String file_name, 

ArrayList<String> test_class, String class_name, int code_line, ArrayList<String> 

coverage_list){ 

  try { 

   FileOutputStream out = new 

FileOutputStream(no_red_dir+"\\"+file_name+".txt"); 

   PrintStream ps = new PrintStream(out); 

   ps.println("-----------------------"); 

   ps.println("Branch Coverage Details"); 

   ps.println("-----------------------"); 

   ps.println("\nTest class name: "+test_class.toString()); 

   ps.println("\nClass name: "+class_name); 

   ps.println("\nOriginal code line#: "+code_line); 

   ps.println("\nCoverage:"); 

   for (int k=0; k<coverage_list.size();k++){ 

    ps.println("\n"+coverage_list.get(k)); 

    System.out.println(coverage_list.get(k)); 

   } 

   ps.println(""); 

   ps.close(); 

   out.close(); 
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  } catch (Exception e) { 

   System.out.println("Error: Could not save coverage file"); 

   e.printStackTrace(System.out); 

  } 

 } 

  

  

 public void testSlice(ArrayList<Slice> slice_list, int i, String test_class_name){ 

   

  String trans_orig_dir = 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\branch"+i; 

  String trans_ins_dir = 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\branch"+i+"\\"+package_name+

"\\instrumented"; 

   

  int target_branch_line = slice_list.get(i).getCriteriaLine(); 

  int trans_target_branch_line = 

slice_list.get(i).getCriteriaLine()+slice_list.get(i).getIrrelevantParameters().size(); 

  int ins_target_branch_line = -1; 

   

  //run code transformer to generate a reduced paramter version of code 

  CodeTransformer transformer = new CodeTransformer(slice_list.get(i), i, 

package_name, dir+"\\ajworkingdir"); 

   

  //compile transformed code 

  System.out.println("\nStarting Java Compiler..."); 

  AspectJCompiler ajc = new AspectJCompiler();  

  int exit_value = 

ajc.javaCompile(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\branch"+i, 

package_name); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

  //instrument transformed code with EvoUnit 

  EvoUnitRunner evo_unit = new EvoUnitRunner(); 

 

 evo_unit.instrument(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\br

anch"+i, package_name, slice_list.get(i).getClassName()); 

   

  //get branches from transformed code 

  ParserUtility util = new 

ParserUtility(trans_orig_dir+"\\"+package_name+"\\"+slice_list.get(i).getClassName()+".ja

va"); 

  util.processBranchList(); 

  ArrayList <BranchSignature> trans_orig_branch_list = 

util.getBranchSignatureList(); 

  System.out.println("Branch signature list of transformed code:"); 

  for (int j=0; j<trans_orig_branch_list.size();j++){ 

  

 System.out.println(trans_orig_branch_list.get(j).getBranchLine()); 

  } 

   

  //get branches from instrumented code 

  EvoUnitBranchIdentifier eubi = new 

EvoUnitBranchIdentifier(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\branch"

+i+"\\"+package_name+"\\instrumented", package_name, 

slice_list.get(i).getClassName()); 

  ArrayList <BranchSignature> trans_ins_branch_list = 

eubi.getBranchIdList(); 

   

  //find index of target branch for this slice 

  int target_index = -1; 

  for (int j=0; j<trans_orig_branch_list.size();j++){ 

   if 

(trans_orig_branch_list.get(j).getBranchLine()==trans_target_branch_line){ 

    target_index = j; 

    j=trans_orig_branch_list.size(); 

   } 

  } 

    

  //create report directory 

  File report_dir = new 

File(trans_orig_dir+"\\"+package_name+"\\reports"); 

   

  //get evounit branch ids 

  ArrayList <String> internal_branch_id_list = new ArrayList(); 

 

  if (trans_ins_branch_list.get(target_index)!=null) { 

 

   System.out.println("Original Branch Line: 

"+target_branch_line); 
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   System.out.println("Trans Branch Line: 

"+trans_target_branch_line); 

   System.out.println("Ins Branch Line (ins): 

"+trans_ins_branch_list.get(target_index).getBranchLine()); 

   System.out.println("Index: "+target_index); 

   System.out.println("Branch: 

"+trans_ins_branch_list.get(target_index).getBranchId1()); 

  

  

 internal_branch_id_list.add(trans_ins_branch_list.get(target_index).getBranchId

1()); 

   if 

(trans_ins_branch_list.get(target_index).getBranchType().equals("if")) 

   

 internal_branch_id_list.add(trans_ins_branch_list.get(target_index).getBranchId

2());  

   

   

    

   //output target branch ids 

   System.out.println("Test Goals:"); 

   for (int j=0; j<internal_branch_id_list.size();j++) 

    System.out.println(internal_branch_id_list.get(j)); 

    

   //run evounit with target branch ids 

   EvoUnitRunner evo_unit_runner = new EvoUnitRunner(); 

   evo_unit_runner.run(trans_orig_dir, package_name, 

slice_list.get(i).getClassName(), internal_branch_id_list, gen, inv, rep); 

   System.out.println("Testing branch-"+i+" complete..."); 

    

   //save branch details for this slice 

   saveBranchDetails(slice_list, internal_branch_id_list, 

trans_orig_dir, i, trans_target_branch_line); 

    

   //get the list of all junit tests in reports dir 

   report_dir = new 

File(report_dir.getAbsolutePath()+"\\"+package_name+"."+slice_list.get(i).getClassName(

)); 

   ArrayList<String> junit_test_list = new ArrayList(); 

   if (report_dir.exists()){ 

    FileFilter filter = new FileFilter() { 

     public boolean accept(File file) { 

      return 

(file.getName().endsWith(".java")); 

     } 

    }; 

    File files[] = report_dir.listFiles(filter); 

    System.out.println("JUnit test class list:"); 

    for (int j=0; j<files.length;j++){ 

     String fname = files[j].getName(); 

     junit_test_list.add(fname.substring(0, 

fname.lastIndexOf(".java"))); 

     System.out.println(fname); 

    } 

   } else { 

    System.out.println("Report dir not found..."); 

    System.out.println(report_dir.getAbsolutePath()); 

   } 

    

    

   //copy all junit tests to transformed directory 

   XCopy xc = new XCopy(); 

   int exit = xc.copyDir(report_dir.getAbsolutePath(), 

trans_orig_dir+"\\"+package_name, "java"); 

   if (exit!=0) return; 

    

   //copy dummy test case to transformed directory 

   exit = 

xc.copyFile(dir+"\\ajworkingdir\\"+package_name+"\\"+test_class_name+".java", 

trans_orig_dir+"\\"+package_name+"\\"+test_class_name+".java"); 

   if (exit!=0) return; 

    

   for (int j=0; j<junit_test_list.size(); j++){ 

    String test_class = junit_test_list.get(j); 

     

    //generate combined junit test class for transformed 

code 

    ArrayList<String> tests = new ArrayList(); 

    tests.add("FullTestSuite"); 

    tests.add(test_class); 

    tests.add(test_class_name); 

    System.out.println("\nStarting Test Suite Merger..."); 



APPENDIX C:  PROGRAM CODE 

 C-68

    TestSuiteMerger merger = new TestSuiteMerger(); 

    merger.merge(test_class, test_class_name, 

package_name, trans_orig_dir+"\\"+package_name); 

    System.out.println("\nTest Suite Merge Complete..."); 

     

    //compile transformed code 

    System.out.println("\nStarting Java Compiler..."); 

    ajc = new AspectJCompiler();  

    exit_value = ajc.javaCompile(trans_orig_dir, 

package_name); 

    System.out.println("\nCompilation Complete..."); 

    if (exit_value !=0) {return;} 

     

    //run jusc to measure coverage 

    System.out.println("\nStarting JUSC..."); 

    JuscRunner jusc_runner = new JuscRunner(); 

    exit_value = jusc_runner.run(trans_orig_dir, 

package_name, tests); 

    System.out.println("\nJUSC complete..."); 

     

    //run jusc_reader to get coverage results 

    System.out.println("\nStarting JuscReader..."); 

    JuscReader jusc_reader = new 

JuscReader(jusc_runner.getOutput(), "Java");    

     

    //append all pointcut branches to overall list 

   

 all_pointcut_branches.addAll(jusc_reader.getPointcutBranchList()); 

     

    //Save iteration coverage result 

    String itr = 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\coverage"; 

    File itr_cov = new File(itr); 

    if (!itr_cov.exists()) 

     itr_cov.mkdirs(); 

    itr_cov = new File(itr+"\\iteration_"+(j+1)+".txt"); 

     

    //read in existing iteration coverage file 

    ArrayList<String> itr_cov_file = new ArrayList(); 

    if (itr_cov.exists()) { 

     FileReader reader = new FileReader(itr_cov); 

     reader.loadFile(); 

     itr_cov_file = reader.getArrayContents(); 

    } else { 

     itr_cov_file.add("coverage_"+j+".txt"); 

    } 

     

    //find target branches from jusc reader 

    ArrayList<Branch> uncov_branch_list = 

jusc_reader.getUncoveredBranches(); 

    for (int k=0; k<uncov_branch_list.size(); k++){ 

     Branch branch = uncov_branch_list.get(k); 

     if (branch.getJavaLineNo() == 

trans_target_branch_line && 

branch.getClassName().equals(slice_list.get(i).getClassName()) && 

!branch.getBranchType().equals("Method")){ 

     

 itr_cov_file.add(branch.getJuscLine()); 

     } 

    } 

    ArrayList<Branch> cov_branch_list = 

jusc_reader.getCoveredBranches(); 

    for (int k=0; k<cov_branch_list.size(); k++){ 

     Branch branch = cov_branch_list.get(k); 

     if (branch.getJavaLineNo() == 

trans_target_branch_line && 

branch.getClassName().equals(slice_list.get(i).getClassName()) && 

!branch.getBranchType().equals("Method")){ 

     

 itr_cov_file.add(branch.getJuscLine()); 

     } 

    } 

     

    //save iteration coverage file with target branches 

    saveIterationCoverageFile(itr_cov.getAbsolutePath(), 

itr_cov_file); 

     

    //Save individual coverage result 

    ArrayList<String> coverage_list = 

jusc_reader.getCoverageList(); 

    saveIndividualCoverageFile(trans_orig_dir, test_class, 

slice_list, coverage_list, i, trans_target_branch_line); 
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   } 

    

   //clean up files 

   xc.deleteFile(trans_orig_dir, "jusc*", "txt"); 

   xc.deleteFile(trans_orig_dir, "jusc*", "log"); 

   xc.deleteFile(trans_orig_dir, "jias*", "txt"); 

   

   //end if sign != null 

    

  } else { 

    

   //this branch was not instrumented 

   //so consider it as uncvoered 

   //add result from initial run to coverage file where branch is 

uncovered 

    

   for (int j=0; j<rep; j++){ 

 

    //Save iteration coverage result 

    String itr = 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\coverage"; 

    File itr_cov = new File(itr); 

    if (!itr_cov.exists()) 

     itr_cov.mkdirs(); 

    itr_cov = new File(itr+"\\iteration_"+(j+1)+".txt"); 

     

    //read in existing iteration coverage file 

    ArrayList<String> itr_cov_file = new ArrayList(); 

    if (itr_cov.exists()) { 

     FileReader reader = new FileReader(itr_cov); 

     reader.loadFile(); 

     itr_cov_file = reader.getArrayContents(); 

    } else { 

     itr_cov_file.add("coverage_"+j+".txt"); 

    } 

     

    //get jusc output for this branch from initial run 

    JuscReader jr = new JuscReader(initial_jusc_output, 

"Java"); 

    ArrayList<Branch> cov_branch_list = 

jr.getCoveredBranches(); 

    for (int k=0; k<cov_branch_list.size(); k++){ 

     Branch branch = cov_branch_list.get(k); 

     if (branch.getJavaLineNo() == 

target_branch_line && branch.getClassName().equals(slice_list.get(i).getClassName()) && 

!branch.getBranchType().equals("Method")){ 

     

 itr_cov_file.add(branch.getJuscLine()+"[non-instrumented branch]"); 

     } 

    } 

     

    ArrayList<Branch> uncov_branch_list = 

jr.getUncoveredBranches(); 

    for (int k=0; k<uncov_branch_list.size(); k++){ 

     Branch branch = uncov_branch_list.get(k); 

     if (branch.getJavaLineNo() == 

target_branch_line && branch.getClassName().equals(slice_list.get(i).getClassName()) && 

!branch.getBranchType().equals("Method")){ 

     

 itr_cov_file.add(branch.getJuscLine()+"[non-instrumented branch]"); 

     } 

    } 

     

    //save iteration coverage file with target branches 

    saveIterationCoverageFile(itr_cov.getAbsolutePath(), 

itr_cov_file); 

   } 

    

    

  } 

 } 

  

 public void testNoReductionBranches(ArrayList<Slice> slice_list, String 

test_class_name, JuscReader jr){ 

  //create directory for code with no reduction 

  File no_reduction_dir = new 

File(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\no_reduction\\"+package_n

ame); 

  no_reduction_dir.mkdirs(); 
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  String no_red_dir = 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\no_reduction"; 

   

  //copy all source files to no_reduction directory 

  XCopy xc = new XCopy(); 

  int exit = xc.copyDir(dir+"\\ajworkingdir\\"+package_name, 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\no_reduction\\"+package_name

, "java"); 

  if (exit!=0) return; 

   

  //compile code in no_reduction directory 

  System.out.println("\nStarting Java Compiler..."); 

  AspectJCompiler ajc = new AspectJCompiler();  

  int exit_value = ajc.javaCompile(no_red_dir, package_name); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

  ArrayList<String> branches_to_append = new ArrayList(); 

   

  //instrument all code with EvoUnit 

  for (int i=0; i<target_class_list.size(); i++){ 

    

   //instrument code with evounit 

   EvoUnitRunner evo_unit = new EvoUnitRunner(); 

   evo_unit.instrument(no_red_dir, package_name, 

target_class_list.get(i)); 

    

   //get branch signature list of original code 

   ParserUtility util = new 

ParserUtility(no_red_dir+"\\"+package_name+"\\"+target_class_list.get(i)+".java"); 

   util.processBranchList(); 

   ArrayList <BranchSignature> orig_branch_list = 

util.getBranchSignatureList(); 

   System.out.println("Branch signature list of original code:"); 

   for (int j=0; j<orig_branch_list.size();j++) 

   

 System.out.println(orig_branch_list.get(j).getBranchLine()); 

    

   //get branch signature list of instrumented code 

   EvoUnitBranchIdentifier eubi = new 

EvoUnitBranchIdentifier(no_red_dir+"\\"+package_name+"\\instrumented", 

package_name, target_class_list.get(i)); 

   ArrayList <BranchSignature> ins_branch_list = 

eubi.getBranchIdList(); 

    

   //get evounit branch ids for each remaining branch 

   ArrayList <String> internal_branch_id_list = new ArrayList(); 

   ArrayList <String> internal_branch_id_list2 = new ArrayList(); 

   ArrayList <Integer> internal_branch_line_list = new ArrayList(); 

   ArrayList <Integer> not_ins_line_list = new ArrayList(); 

   for (int j=0; j<slice_list.size();j++) { 

    Slice slice = slice_list.get(j); 

    if (slice.getIrrelevantParameters().size()==0 && 

slice.getClassName().equals(target_class_list.get(i))) { 

     for (int k=0; k<orig_branch_list.size();k++){ 

      if 

(orig_branch_list.get(k).getBranchLine()==slice.getCriteriaLine()) { 

        

       if 

(ins_branch_list.get(k)!=null) { 

       

 internal_branch_id_list.add(ins_branch_list.get(k).getBranchId1()); 

       

 internal_branch_line_list.add(orig_branch_list.get(k).getBranchLine()); 

        if 

(ins_branch_list.get(k).getBranchType().equals("if")) {  

        

 internal_branch_id_list2.add(ins_branch_list.get(k).getBranchId2()); 

        } else { 

        

 internal_branch_id_list2.add(""); 

        } 

       } else { 

       

 not_ins_line_list.add(orig_branch_list.get(k).getBranchLine()); 

       } 

        

        

      } 
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     }  

    } 

     

   } 

    

   System.out.println(internal_branch_line_list); 

   System.out.println(internal_branch_id_list); 

 

   //run evounit for each target branch 

   for (int j=0; j<internal_branch_id_list.size();j++) { 

    ArrayList<String> current_branch = new ArrayList(); 

    current_branch.add(internal_branch_id_list.get(j)); 

    if (!internal_branch_id_list2.get(j).equals("")) 

    

 current_branch.add(internal_branch_id_list2.get(j)); 

     

    //run evo unit for every branch 

    EvoUnitRunner evo_unit_runner = new 

EvoUnitRunner(); 

    evo_unit_runner.run(no_red_dir, package_name, 

target_class_list.get(i), current_branch, gen, inv, rep); 

    System.out.println("Testing complete..."); 

     

    //get the list of all junit tests in reports dir 

    ArrayList<String> junit_test_list = new ArrayList(); 

    File report_dir = new 

File(no_red_dir+"\\"+package_name+"\\reports\\"+package_name+"."+target_class_list.

get(i)); 

    if (report_dir.exists()){ 

     FileFilter filter = new FileFilter() { 

      public boolean accept(File file) { 

       return 

(file.getName().endsWith(".java")); 

      } 

     }; 

     File files[] = report_dir.listFiles(filter); 

     System.out.println("JUnit test class list:"); 

     for (int k=0; k<files.length;k++){ 

      String fname = files[k].getName(); 

     

 junit_test_list.add(fname.substring(0, fname.lastIndexOf(".java"))); 

     } 

    } else { 

     System.out.println("Report dir not found..."); 

    

 System.out.println(report_dir.getAbsolutePath()); 

    } 

     

    //copy all junit tests to transformed directory 

    xc = new XCopy(); 

    exit = xc.copyDir(report_dir.getAbsolutePath(), 

no_red_dir+"\\"+package_name, "java"); 

    if (exit!=0) return; 

     

    //delete all java files from reports dir 

    xc = new XCopy(); 

    exit = xc.deleteFile(report_dir.getAbsolutePath(), "*", 

"java"); 

    if (exit!=0) return; 

     

    for (int t=0; t<junit_test_list.size(); t++){ 

     String test_class = junit_test_list.get(t); 

      

     //generate combined junit test class for 

transformed code 

     ArrayList<String> tests = new ArrayList(); 

     tests.add("FullTestSuite"); 

     tests.add(test_class); 

     tests.add(test_class_name); 

     System.out.println("\nStarting Test Suite 

Merger..."); 

     TestSuiteMerger merger = new 

TestSuiteMerger(); 

     merger.merge(test_class, test_class_name, 

package_name, no_red_dir+"\\"+package_name); 

     System.out.println("\nTest Suite Merge 

Complete..."); 

      

     //compile no_reduction code 

     System.out.println("\nStarting Java 

Compiler..."); 

     ajc = new AspectJCompiler();  
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     exit_value = ajc.javaCompile(no_red_dir, 

package_name); 

     System.out.println("\nCompilation 

Complete..."); 

     if (exit_value !=0) {return;} 

      

     //run jusc to measure coverage 

     System.out.println("\nStarting JUSC..."); 

     JuscRunner jusc_runner = new JuscRunner(); 

     exit_value = jusc_runner.run(no_red_dir, 

package_name, tests); 

     System.out.println("\nJUSC complete..."); 

      

     //run jusc_reader to get coverage results 

     System.out.println("\nStarting 

JuscReader..."); 

     JuscReader jusc_reader = new 

JuscReader(jusc_runner.getOutput(), "Java");    

      

     //append all pointcut branches to overall list 

    

 all_pointcut_branches.addAll(jusc_reader.getPointcutBranchList()); 

      

     //Save iteration coverage result 

     String itr = 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\coverage"; 

     File itr_cov = new File(itr); 

     if (!itr_cov.exists()) 

      itr_cov.mkdirs(); 

     itr_cov = new 

File(itr+"\\iteration_"+(t+1)+".txt"); 

      

     //read in existing iteration coverage file 

     ArrayList<String> itr_cov_file = new 

ArrayList(); 

     if (itr_cov.exists()) { 

      FileReader reader = new 

FileReader(itr_cov); 

      reader.loadFile(); 

      itr_cov_file = 

reader.getArrayContents(); 

     } else { 

     

 itr_cov_file.add("coverage_"+t+".txt"); 

     } 

      

     //find target branches from jusc reader 

     ArrayList<Branch> uncov_branch_list = 

jusc_reader.getUncoveredBranches(); 

     for (int k=0; k<uncov_branch_list.size(); k++){ 

      Branch branch = 

uncov_branch_list.get(k); 

      if (branch.getJavaLineNo() == 

internal_branch_line_list.get(j) && branch.getClassName().equals(target_class_list.get(i)) 

&& !branch.getBranchType().equals("Method")) { 

       if 

(!not_ins_line_list.contains(branch.getJavaLineNo())) { 

       

 itr_cov_file.add(branch.getJuscLine());  

       } 

      } 

     } 

     ArrayList<Branch> cov_branch_list = 

jusc_reader.getCoveredBranches(); 

     for (int k=0; k<cov_branch_list.size(); k++){ 

      Branch branch = 

cov_branch_list.get(k); 

      if (branch.getJavaLineNo() == 

internal_branch_line_list.get(j) && branch.getClassName().equals(target_class_list.get(i)) 

&& !branch.getBranchType().equals("Method")) { 

       if 

(!not_ins_line_list.contains(branch.getJavaLineNo())) { 

       

 itr_cov_file.add(branch.getJuscLine());  

       } 

      } 

     } 

      

     jusc_reader = new 

JuscReader(initial_jusc_output, "Java"); 

     uncov_branch_list = 

jusc_reader.getUncoveredBranches(); 
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     for (int k=0; k<uncov_branch_list.size(); k++){ 

      Branch branch = 

uncov_branch_list.get(k); 

      if 

(branch.getClassName().equals(target_class_list.get(i)) && 

!branch.getBranchType().equals("Method")) { 

       if 

(not_ins_line_list.contains(branch.getJavaLineNo())) { 

       

 itr_cov_file.add(branch.getJuscLine()+"[null]");  

       } 

      } 

     } 

     cov_branch_list = 

jusc_reader.getCoveredBranches(); 

     for (int k=0; k<cov_branch_list.size(); k++){ 

      Branch branch = 

cov_branch_list.get(k); 

      if 

(branch.getClassName().equals(target_class_list.get(i)) && 

!branch.getBranchType().equals("Method")) { 

       if 

(not_ins_line_list.contains(branch.getJavaLineNo())) { 

       

 itr_cov_file.add(branch.getJuscLine()+"[null]");  

       } 

      } 

     } 

      

     //save iteration coverage file with target 

branches 

    

 saveIterationCoverageFile(itr_cov.getAbsolutePath(), itr_cov_file); 

      

     //Save individual coverage result 

     ArrayList<String> coverage_list = 

jusc_reader.getCoverageList(); 

     saveNoReductionCoverageFile(no_red_dir, 

test_class, tests, target_class_list.get(i), internal_branch_line_list.get(j), coverage_list); 

      

    } 

     

    //clean up files 

    xc.deleteFile(no_red_dir, "jusc*", "txt"); 

    xc.deleteFile(no_red_dir, "jusc*", "log"); 

    xc.deleteFile(no_red_dir, "jias*", "txt"); 

     

   }//end of testing remaining branches 

    

    

   //test methods to test explicitly 

   ArrayList<String> target_methods = new ArrayList(); 

   for (int j=0; j<methods_to_test_explicitly.size(); j++) { 

    Branch br = methods_to_test_explicitly.get(j); 

    if (br.getClassName().equals(target_class_list.get(i))){ 

     if 

(!target_methods.contains(br.getMethodName())) 

     

 target_methods.add(br.getMethodName()); 

    } 

   } 

    

   String mf = ""; 

   for (int k=0;k<target_methods.size();k++){ 

    if (target_methods.get(k).indexOf("$")!=-1) { 

     target_methods.set(k, 

target_methods.get(k).substring(0, target_methods.get(k).indexOf("$"))); 

    } 

    String or = "|"; 

    if (k==target_methods.size()-1) 

     or = ""; 

    mf = mf + ".*" +  target_methods.get(k) + ".*" + or; 

   } 

    

   String methodfilter = "methodMatchPattern = ("+mf+")"; 

   if (target_methods.size()==0) { 

    methodfilter = ""; 

   } 

   System.out.println("Target Class: "+target_class_list.get(i)); 

   System.out.println("MethodFilter: "+methodfilter); 

    

   if (!methodfilter.equals("")) { 
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    EvoUnitRunner er = new EvoUnitRunner(); 

    er.instrument(no_red_dir, package_name, 

target_class_list.get(i)); 

    er.runWithMethodFilter(no_red_dir, package_name, 

target_class_list.get(i), methodfilter, gen, inv, rep);  

     

    //get the list of all junit tests in reports dir 

    ArrayList<String> junit_test_list = new ArrayList(); 

    File report_dir = new 

File(no_red_dir+"\\"+package_name+"\\reports\\"+package_name+"."+target_class_list.

get(i)); 

    if (report_dir.exists()){ 

     FileFilter filter = new FileFilter() { 

      public boolean accept(File file) { 

       return 

(file.getName().endsWith(".java")); 

      } 

     }; 

     File files[] = report_dir.listFiles(filter); 

     System.out.println("JUnit test class list:"); 

     for (int k=0; k<files.length;k++){ 

      String fname = files[k].getName(); 

     

 junit_test_list.add(fname.substring(0, fname.lastIndexOf(".java"))); 

     } 

    } else { 

     System.out.println("Report dir not found..."); 

    

 System.out.println(report_dir.getAbsolutePath()); 

    } 

     

    //copy all junit tests to transformed directory 

    xc = new XCopy(); 

    exit = xc.copyDir(report_dir.getAbsolutePath(), 

no_red_dir+"\\"+package_name, "java"); 

    if (exit!=0) return; 

     

    //delete all java files from reports dir 

    xc = new XCopy(); 

    exit = xc.deleteFile(report_dir.getAbsolutePath(), "*", 

"java"); 

    if (exit!=0) return; 

     

    for (int t=0; t<junit_test_list.size(); t++){ 

     String test_class = junit_test_list.get(t); 

      

     //generate combined junit test class for 

transformed code 

     ArrayList<String> tests = new ArrayList(); 

     tests.add("FullTestSuite"); 

     tests.add(test_class); 

     tests.add(test_class_name); 

     System.out.println("\nStarting Test Suite 

Merger..."); 

     TestSuiteMerger merger = new 

TestSuiteMerger(); 

     merger.merge(test_class, test_class_name, 

package_name, no_red_dir+"\\"+package_name); 

     System.out.println("\nTest Suite Merge 

Complete..."); 

      

     //compile no_reduction code 

     System.out.println("\nStarting Java 

Compiler..."); 

     ajc = new AspectJCompiler();  

     exit_value = ajc.javaCompile(no_red_dir, 

package_name); 

     System.out.println("\nCompilation 

Complete..."); 

     if (exit_value !=0) {return;} 

      

     //run jusc to measure coverage 

     System.out.println("\nStarting JUSC..."); 

     JuscRunner jusc_runner = new JuscRunner(); 

     exit_value = jusc_runner.run(no_red_dir, 

package_name, tests); 

     System.out.println("\nJUSC complete..."); 

      

     //run jusc_reader to get coverage results 

     System.out.println("\nStarting 

JuscReader..."); 
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     JuscReader jusc_reader = new 

JuscReader(jusc_runner.getOutput(), "Java");    

      

     //append all pointcut branches to overall list 

    

 all_pointcut_branches.addAll(jusc_reader.getPointcutBranchList()); 

      

      

    } 

     

    //clean up files 

    xc.deleteFile(no_red_dir, "jusc*", "txt"); 

    xc.deleteFile(no_red_dir, "jusc*", "log"); 

    xc.deleteFile(no_red_dir, "jias*", "txt"); 

     

   } 

    

   System.out.println(target_class_list.get(i) + " tested."); 

    

   //get list of method names for this class 

   ArrayList<String> pointcut_method_names = new ArrayList(); 

   for (int k=0; k<pointcut_branch_list.size();k++){ 

    if 

(pointcut_branch_list.get(k).getClassName().equals(target_class_list.get(i))){ 

    

 pointcut_method_names.add(pointcut_branch_list.get(k).getMethodName()); 

    } 

   } 

   boolean covered = false; 

   for (int k=0; k<pointcut_method_names.size();k++){ 

    for (int l=0; l<all_pointcut_branches.size();l++){ 

     if 

(all_pointcut_branches.get(l).getClassName().equals(target_class_list.get(i))) { 

      if 

(all_pointcut_branches.get(l).getMethodName().equals(pointcut_method_names.get(k))) 

{ 

       Branch br = 

all_pointcut_branches.get(l); 

       if (br.getCovered()) { 

        covered = true; 

       

 branches_to_append.add(br.getJuscLine()); 

        break; 

       } 

      } 

     } 

    } 

    if (!covered){ 

     for (int l=0; 

l<all_pointcut_branches.size();l++){ 

      if 

(all_pointcut_branches.get(l).getClassName().equals(target_class_list.get(i))) { 

       if 

(all_pointcut_branches.get(l).getMethodName().equals(pointcut_method_names.get(k))) 

{ 

        Branch br = 

all_pointcut_branches.get(l); 

        if 

(!br.getCovered()) { 

        

 branches_to_append.add(br.getJuscLine()); 

         l = 

all_pointcut_branches.size(); 

        } 

       } 

      } 

     }  

    } 

   } 

    

    

    

  } 

   

  System.out.println("Branches to append: "); 

  for (int k=0; k<branches_to_append.size();k++){ 

   System.out.println(branches_to_append.get(k)); 

  }   

   

  for (int i=0; i<rep; i++) { 
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   //Save iteration coverage result 

   String itr = 

dir+"\\ajworkingdir\\"+package_name+"\\transformed\\coverage"; 

   File itr_cov = new File(itr); 

   if (!itr_cov.exists()) 

    itr_cov.mkdirs(); 

   itr_cov = new File(itr+"\\iteration_"+(i+1)+".txt"); 

    

   //read in existing iteration coverage file 

   ArrayList<String> itr_cov_file = new ArrayList(); 

   if (itr_cov.exists()) { 

    FileReader reader = new FileReader(itr_cov); 

    reader.loadFile(); 

    itr_cov_file = reader.getArrayContents(); 

   } else { 

    itr_cov_file.add("coverage_"+i+".txt"); 

   } 

    

   for (int k=0; k<branches_to_append.size();k++){ 

    itr_cov_file.add(branches_to_append.get(k)); 

   } 

    

   //sort coverage result 

   ArrayList<String> cov = itr_cov_file; 

   cov.remove(0); 

   Collections.sort(cov); 

   itr_cov_file = new ArrayList(); 

   itr_cov_file.add(""); 

   itr_cov_file.addAll(cov); 

    

   //save iteration coverage file with target branches 

   saveIterationCoverageFile(itr_cov.getAbsolutePath(), 

itr_cov_file); 

  } 

   

  //calculate coverage for each iteration 

  boolean correct = true; 

  File cov_dir = new 

File(dir+"\\ajworkingdir\\"+package_name+"\\transformed\\coverage"); 

  for (int i=0; i<rep;i++){ 

   FileReader fr = new 

FileReader(cov_dir.getAbsolutePath()+"\\iteration_"+(i+1)+".txt"); 

   fr.loadFile(); 

   ArrayList<String> cov_file = fr.getArrayContents(); 

    

   float covered = 0; 

   float uncovered = 0; 

   for (int j=1; j<cov_file.size();j++){ 

    if (jr.isCoveredBranch(cov_file.get(j))) { 

     covered = covered + 1.0f; 

    }  

    if (jr.isUncoveredBranch(cov_file.get(j))) { 

     uncovered = uncovered + 1.0f; 

    }  

   } 

   float total_branches = covered + uncovered; 

   float coverage_result = ((covered/(total_branches))*100); 

    

   //System.out.println("#total"+total_branches); 

    

   Float totalvalue = new Float(total_branches); 

   Float cov = new Float(covered); 

   Float per = new Float(coverage_result); 

    

   cov_file.add(""); 

   cov_file.add("--------------"); 

   cov_file.add("#total branches: "+totalvalue.intValue()); 

   cov_file.add("#covered branches: "+cov.intValue()); 

   cov_file.add("%covered branches: "+per.intValue()+"%"); 

   cov_file.add("--------------"); 

    

   System.out.println("--------------"); 

   System.out.println("#total branches: "+totalvalue.intValue()); 

   System.out.println("#covered branches: "+cov.intValue()); 

   System.out.println("%covered branches: "+per.intValue()+"%"); 

   System.out.println("--------------"); 

    

   //save iteration coverage file with target branches 

  

 saveIterationCoverageFile(cov_dir.getAbsolutePath()+"\\iteration_"+(i+1)+".txt", 

cov_file); 
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   if (total!=totalvalue.intValue()) 

    correct = false; 

  } 

   

  if (!correct) { 

   System.out.println("---------------------------------------------------------

----------"); 

   System.out.println("Fatal Error: Branch count does not match! 

Please run tests again..."); 

   System.out.println("---------------------------------------------------------

----------"); 

   System.exit(1); 

  } 

 

 } 

  

 public ArrayList<String> getDirFileList(String directory){ 

  ArrayList<String> name_list = new ArrayList(); 

  File my_dir = new File(directory); 

  if (my_dir.exists()){ 

   FileFilter filter = new FileFilter() { 

    public boolean accept(File file) { 

     return (file.getName().endsWith(".java")); 

    } 

   }; 

   File files[] = my_dir.listFiles(filter); 

   for (int k=0; k<files.length;k++){ 

    String fname = files[k].getName(); 

    name_list.add(fname.substring(0, 

fname.lastIndexOf(".java"))); 

   } 

  } else { 

   System.out.println("Report dir not found..."); 

   System.out.println(directory); 

  } 

  return name_list;  

 } 

  

 public ArrayList<String> getDirDirList(String directory){ 

  ArrayList<String> name_list = new ArrayList(); 

  File my_dir = new File(directory); 

  if (my_dir.exists()){ 

   FileFilter filter = new FileFilter() { 

    public boolean accept(File file) { 

     return (file.isDirectory()); 

    } 

   }; 

   File files[] = my_dir.listFiles(filter); 

   for (int k=0; k<files.length;k++){ 

    String fname = files[k].getName(); 

    name_list.add(fname); 

   } 

  } else { 

   System.out.println("Report dir not found..."); 

   System.out.println(directory); 

  } 

  return name_list;  

 } 

  

 public boolean deleteDir(File dir) { 

  if (dir.isDirectory()) { 

   String[] children = dir.list(); 

   for (int i=0; i<children.length; i++) { 

    boolean success = deleteDir(new File(dir, children[i])); 

    if (!success) { 

     return false; 

    } 

   } 

  } 

  return dir.delete(); 

 } 

  

  

} 
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MainCLI.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.ArrayList; 

 

 

//semi automated tester 

public class MainCLI { 

  

 static boolean modified = false; 

 static boolean convertCode = false; 

 static boolean transformCode = false; 

 static boolean instrument = false; 

 static boolean instrumentTransformedCode = false; 

 static boolean measureCoverage = false; 

 static boolean measureCoverageTransformedCode = false; 

 static ArrayList<String> seriesFileList = new ArrayList(); 

 static String dir = "", transDir = ""; 

 static String packageName = ""; 

  

 ArrayList<Branch> pointcut_branch_list= new ArrayList(); 

 ArrayList<Branch> methods_to_test_explicitly = new ArrayList(); 

 ArrayList<String> target_class_list = new ArrayList(); 

 ArrayList<BranchSignature> all_sign = new ArrayList(); 

 ArrayList<Branch> all_pointcut_branches = new ArrayList(); 

 String test_class_name = ""; 

 String initial_jusc_output = ""; 

 int total = 0; 

  

 public MainCLI() { 

  super();  

 } 

 

 public static void main(String[] args) { 

   

  for (int i=0; i<args.length; i++){ 

    

   if (args[i].equals("-convertCode")){ 

    convertCode = true; 

   } 

    

   if (args[i].equals("-transformCode")){ 

    transformCode = true; 

   } 

    

   if (args[i].equals("-instrument")){ 

    instrument = true; 

   } 

    

   if (args[i].equals("-instrumentTransformedCode")){ 

    instrumentTransformedCode = true; 

   } 

    

   if (args[i].equals("-measureCoverage")){ 

    measureCoverage = true; 

   } 

    

   if (args[i].equals("-modified")){ 

    modified = true; 

   } 

    

   if (args[i].equals("-measureCoverageTransformedCode")){ 

    measureCoverageTransformedCode = true; 

    transDir = dir = args[i+1];  

   } 

    

   if (args[i].equals("-seriesFile")){ 

    seriesFileList.add(args[i+1]);   

   } 

    

   if (args[i].equals("-dir")){ 

    dir = args[i+1];   

   } 

    

   if (args[i].equals("-package")){ 

    packageName = args[i+1];   

   } 

    

  } 
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  MainCLI main = new MainCLI(); 

   

  if (convertCode){ 

   main.convertCode(); 

  } 

   

  if (transformCode){ 

   main.transformCode(); 

  } 

   

  if (instrument){ 

   main.instrument(); 

  } 

   

  if (instrumentTransformedCode){ 

   main.instrumentTransformedCode(); 

  } 

   

  if (measureCoverage){ 

   main.measureCoverage(); 

  } 

   

  if (measureCoverageTransformedCode){ 

   main.measureCoverageTransformedCode(); 

  } 

   

  //PlaySong.main(null); 

      

 } 

  

 public void convertCode(){ 

 

  //compile aspectj code 

  System.out.println("\nStarting AspectJ Compiler..."); 

  AspectJCompiler ajc = new AspectJCompiler();  

  int exit_value = ajc.ajcCompile(dir, packageName); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

  //convert aspectj code to java 

  System.out.println("\nStarting Code Convertor..."); 

  ajc = new AspectJCompiler();  

  exit_value = ajc.preprocess(dir, packageName); 

  System.out.println("\nConvertion Complete..."); 

  if (exit_value !=0) {return;} 

   

   

  //format java code 

  System.out.println("\nStarting Code Beautifier..."); 

  CodeBeautifier beautifier = new CodeBeautifier();  

  beautifier.processDir(dir+"\\ajworkingdir\\"+packageName); 

  System.out.println("Formatting Complete..."); 

   

  //change access modifiers 

  ArrayList<String> file_list = 

getDirFileList(dir+"\\ajworkingdir\\"+packageName); 

  for (int i=0; i<file_list.size();i++){ 

   AccessModifier access_mod = new 

AccessModifier(dir+"\\ajworkingdir\\"+packageName+"\\"+file_list.get(i)+".java"); 

  } 

     

  //compile java code 

  System.out.println("\nStarting Java Compiler..."); 

  ajc = new AspectJCompiler();  

  exit_value = ajc.javaCompile(dir+"\\ajworkingdir", packageName); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

  //generate dummy test case to find uncovered branches 

  DummyTestCaseGenerator test_gen = new 

DummyTestCaseGenerator(); 

  test_gen.find(dir, packageName); 

  test_gen.writeTestClass(dir, packageName); 

  test_class_name = test_gen.getTestClassName(); 

  ArrayList<String> intertype_class_list = 

test_gen.getIntertypeTargetClasses() ; 

  ArrayList<String> aspect_class_list = test_gen.getAspectClasses() ; 

   

  //compile java code 

  System.out.println("\nStarting Java Compiler..."); 

  ajc = new AspectJCompiler();  



APPENDIX C:  PROGRAM CODE 

 C-80

  exit_value = ajc.javaCompile(dir+"\\ajworkingdir", packageName); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

 } 

  

  

 public void transformCode(){ 

  //run jusc to measure coverage 

  System.out.println("\nStarting JUSC..."); 

  JuscRunner jusc_runner = new JuscRunner(); 

  int exit_value = jusc_runner.run(dir+"\\ajworkingdir", packageName, 

"JUnitTestCase"); 

  initial_jusc_output = jusc_runner.getOutput(); 

  System.out.println("\nJUSC complete..."); 

   

  //read jusc outout using jusc reader  

  System.out.println("\nStarting JuscReader..."); 

  JuscReader jusc_reader = new JuscReader(jusc_runner.getOutput(), 

"Java"); 

  pointcut_branch_list = jusc_reader.getPointcutBranchList(); 

  total = jusc_reader.getCoverageList().size(); 

   

  //identify all signatures 

  all_sign = getBranchSignatures(); 

   

  //find classes of pointcut branches to test 

  target_class_list = new ArrayList(); 

  for (int i=0; i<all_sign.size(); i++){ 

   BranchSignature sign = all_sign.get(i); 

   if (!target_class_list.contains(sign.getClassName())) { 

    target_class_list.add(sign.getClassName()); 

   } 

  } 

   

  //add classes without branches to target class list 

  for (int i=0; i<methods_to_test_explicitly.size(); i++){ 

   if 

(!target_class_list.contains(methods_to_test_explicitly.get(i).getClassName())) { 

   

 target_class_list.add(methods_to_test_explicitly.get(i).getClassName()); 

   } 

  } 

   

  //get list of branch line# for each class  

  ArrayList<ArrayList> target_branch_list = new ArrayList(); 

  for (int i=0; i<target_class_list.size(); i++){ 

   ArrayList<Integer> target_branches = new ArrayList(); 

   for (int j=0; j<all_sign.size(); j++){ 

    BranchSignature sign = all_sign.get(j); 

    if 

(sign.getClassName().equals(target_class_list.get(i))){ 

     target_branches.add(sign.getBranchLine()); 

    } 

   } 

   target_branch_list.add(target_branches); 

  } 

   

  //output branch list for slicing 

  System.out.println("Branch List for Slicing (target):"); 

  for (int i=0; i<target_class_list.size(); i++){ 

   System.out.println("Class:"+target_class_list.get(i)+", 

Line:"+target_branch_list.get(i)); 

  } 

   

  //perform slicing and get slice list 

  ArrayList<Slice> slice_list = new ArrayList(); 

  for (int i=0; i<target_class_list.size(); i++){ 

   ClassFinder cf = new ClassFinder (); 

   String type = "Aspect"; 

   if (cf.isAspectClass(dir+"\\ajworkingdir", packageName, 

target_class_list.get(i) )) { 

    type = "Aspect"; 

   } else { 

    type = "Intertype"; 

   } 

   CodeSlicer slicer = new CodeSlicer(target_branch_list.get(i), 

target_class_list.get(i), type, packageName, dir+"\\ajworkingdir"); 

   slice_list.addAll(slicer.getSliceList()); 

  } 

 

  //save list of slices 
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  saveSliceList(slice_list); 

   

  //run code transformer to generate a reduced paramter version of code 

  for (int i=0; i<slice_list.size(); i++){ 

   if (slice_list.get(i).getIrrelevantParameters().size()>0) { 

    CodeTransformer transformer = new 

CodeTransformer(slice_list.get(i), i, packageName, dir+"\\ajworkingdir"); 

   } 

  } 

 

  //save slice details    

  for (int i=0; i<slice_list.size(); i++){ 

   if (slice_list.get(i).getIrrelevantParameters().size()>0) { 

    try { 

     FileOutputStream out = new 

FileOutputStream(dir+"\\ajworkingdir\\"+packageName+"\\transformed\\branch"+i+"\\i

nfo.txt"); 

     PrintStream ps = new PrintStream(out); 

     ps.println(""); 

     ps.println("Class Name: 

"+slice_list.get(i).getClassName()); 

     ps.println(""); 

     ps.println("Method Name: 

"+slice_list.get(i).getMethodName()); 

     ps.println("Declaration Code: 

"+getMethodDeclarationCode(slice_list.get(i).getClassName(), 

slice_list.get(i).getCriteriaLine())); 

     ps.println(""); 

     ps.println("Branch Details:"); 

     ps.println("Branch Type: 

"+getBranchType(slice_list.get(i).getClassName(), slice_list.get(i).getCriteriaLine())); 

     ps.println("Original Code Line#: 

"+slice_list.get(i).getCriteriaLine()); 

     ps.println("Transformed Code Line#: 

"+(slice_list.get(i).getCriteriaLine()+slice_list.get(i).getIrrelevantParameters().size())); 

     ps.println("Branch Code: 

"+getBranchCode(slice_list.get(i).getClassName(), slice_list.get(i).getCriteriaLine())); 

     ps.println(""); 

     ps.println("Irrelevant Parameters:"); 

     for (int j=0; 

j<slice_list.get(i).getIrrelevantParameters().size(); j++){ 

      ps.println(j+". 

"+slice_list.get(i).getIrrelevantParameters().get(j).getType()+" 

"+slice_list.get(i).getIrrelevantParameters().get(j).getName()); 

     } 

     ps.println(""); 

     ps.println("Program Slice Details:"); 

     ps.println("Lines: 

"+slice_list.get(i).getFilteredSliceLines()); 

     ps.println("Content:"); 

     ps.println(slice_list.get(i).getFilteredSlice()); 

     ps.println(""); 

      

     ps.close(); 

     out.close(); 

    } catch (Exception e) { 

     System.out.println("Error: Could not save 

coverage file"); 

     e.printStackTrace(System.out); 

    } 

   } 

  } 

   

  //save slice_list to file for evounit 

  String slice_file_loc = 

dir+"\\ajworkingdir\\"+packageName+"\\slice_list.sli"; 

  try { 

   File f = new File(slice_file_loc); 

   FileOutputStream fos = new FileOutputStream(f); 

   ObjectOutputStream oos = new ObjectOutputStream(fos); 

   oos.writeObject(slice_list); 

   oos.close(); 

  } catch (IOException ioe) {  

   ioe.printStackTrace();  

  } 

 

  //compile transformed code 

  for (int i=0; i<slice_list.size(); i++){ 

   if (slice_list.get(i).getIrrelevantParameters().size()>0) { 

    System.out.println("\nStarting Java Compiler..."); 

    AspectJCompiler ajc = new AspectJCompiler();  
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    exit_value = 

ajc.javaCompile(dir+"\\ajworkingdir\\"+packageName+"\\transformed\\branch"+i, 

packageName); 

    System.out.println("\nCompilation Complete..."); 

    if (exit_value !=0) {return;} 

   } 

  } 

 

 

 } 

 

 public void instrumentTransformedCode(){ 

 

  //read in slice_list 

  ArrayList<Slice> slice_list = new ArrayList(); 

  String slice_file_loc = 

dir+"\\ajworkingdir\\"+packageName+"\\slice_list.sli"; 

  try { 

   File g = new File(slice_file_loc); 

   FileInputStream fis = new FileInputStream(g); 

   ObjectInputStream ois = new ObjectInputStream(fis); 

   slice_list = (ArrayList<Slice>)ois.readObject(); 

   ois.close(); 

  } catch (Exception ioe) {  

   ioe.printStackTrace();  

  } 

   

  for (int i=0; i<slice_list.size();i++){ 

   if (slice_list.get(i).getIrrelevantParameters().size()>0) { 

 

    //instrument transformed code with EvoUnit 

    EvoUnitRunner evo_unit = new EvoUnitRunner(); 

   

 evo_unit.instrument(dir+"\\ajworkingdir\\"+packageName+"\\transformed\\bra

nch"+i, packageName, slice_list.get(i).getClassName()); 

 

    //get original branch id 

    ParserUtility util = new 

ParserUtility(dir+"\\ajworkingdir\\"+packageName+"\\transformed\\branch"+i+"\\"+pack

ageName+"\\"+slice_list.get(i).getClassName()+".java"); 

    util.processBranchList(); 

    ArrayList <BranchSignature> orig_branch_list = 

util.getBranchSignatureList(); 

     

    //get instrumented branch id 

    EvoUnitBranchIdentifier eubi = new 

EvoUnitBranchIdentifier(dir+"\\ajworkingdir\\"+packageName+"\\transformed\\branch"+

i+"\\"+packageName+"\\instrumented", packageName, slice_list.get(i).getClassName()); 

    ArrayList <BranchSignature> ins_branch_list = 

eubi.getBranchIdList(); 

 

    //find index of target branch for this slice 

    int target_branch_line = 

slice_list.get(i).getCriteriaLine() + slice_list.get(i).getIrrelevantParameters().size();  

    int target_index = -1; 

    for (int j=0; j<orig_branch_list.size();j++){ 

     if 

(orig_branch_list.get(j).getBranchLine()==target_branch_line){ 

      target_index = j; 

      j=orig_branch_list.size(); 

     } 

    } 

     

    ArrayList <String> internal_branch_id_list = new 

ArrayList(); 

    if (ins_branch_list.get(target_index)!=null) { 

     internal_branch_id_list.add("id.0 = 

"+ins_branch_list.get(target_index).getBranchId1()); 

     if 

(ins_branch_list.get(target_index).getBranchType().equals("if")) 

      internal_branch_id_list.add("id.1 = 

"+ins_branch_list.get(target_index).getBranchId2()); 

    } else { 

     internal_branch_id_list.add("/*branch not 

instrumented*/"); 

    } 

     

    try { 

     FileOutputStream out = new 

FileOutputStream(dir+"\\ajworkingdir\\"+packageName+"\\transformed\\branch"+i+"\\e

vounit_testgoals.txt"); 

     PrintStream ps = new PrintStream(out); 
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     ps.println(""); 

     for (int j=0; j<internal_branch_id_list.size(); 

j++){ 

     

 ps.println(internal_branch_id_list.get(j)); 

     } 

     ps.println(""); 

     ps.close(); 

     out.close(); 

    } catch (Exception e) { 

     System.out.println("Error: Could not save 

evo_unit testgoals file"); 

     e.printStackTrace(System.out); 

    } 

     

   } 

  } 

   

 

 

 } 

  

 public void instrument(){ 

 

  //read in slice_list 

  ArrayList<Slice> slice_list = new ArrayList(); 

  String slice_file_loc = 

dir+"\\ajworkingdir\\"+packageName+"\\slice_list.sli"; 

  try { 

   File g = new File(slice_file_loc); 

   FileInputStream fis = new FileInputStream(g); 

   ObjectInputStream ois = new ObjectInputStream(fis); 

   slice_list = (ArrayList<Slice>)ois.readObject(); 

   ois.close(); 

  } catch (Exception ioe) {  

   ioe.printStackTrace();  

  } 

   

  ArrayList <String> internal_branch_id_list = new ArrayList(); 

 

  target_class_list = new ArrayList(); 

  for (int i=0; i<slice_list.size(); i++){ 

   Slice s = slice_list.get(i); 

   if (!target_class_list.contains(s.getClassName())) { 

    target_class_list.add(s.getClassName()); 

   } 

  } 

 

  for (int i=0; i<target_class_list .size();i++){ 

   //instrument transformed code with EvoUnit 

   EvoUnitRunner evo_unit = new EvoUnitRunner(); 

   evo_unit.instrument(dir+"\\ajworkingdir\\", packageName, 

target_class_list .get(i)); 

  } 

     

  for (int i=0; i<slice_list.size();i++){ 

 

   //get original branch id 

   ParserUtility util = new 

ParserUtility(dir+"\\ajworkingdir\\"+packageName+"\\"+slice_list.get(i).getClassName()+"

.java"); 

   util.processBranchList(); 

   ArrayList <BranchSignature> orig_branch_list = 

util.getBranchSignatureList(); 

    

   //get instrumented branch id 

   EvoUnitBranchIdentifier eubi = new 

EvoUnitBranchIdentifier(dir+"\\ajworkingdir\\"+packageName+"\\instrumented", 

packageName, slice_list.get(i).getClassName()); 

   ArrayList <BranchSignature> ins_branch_list = 

eubi.getBranchIdList(); 

 

   //find index of target branch for this slice 

   int target_branch_line = slice_list.get(i).getCriteriaLine(); 

   System.out.println("Target Branch Line: "+target_branch_line); 

    

   int target_index = -1; 

   for (int j=0; j<orig_branch_list.size();j++){ 

    System.out.println("Current Line: 

"+orig_branch_list.get(j).getBranchLine()); 

    if 

(orig_branch_list.get(j).getBranchLine()==target_branch_line){ 
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     target_index = j; 

     j=orig_branch_list.size(); 

    } 

   } 

   System.out.println("Target Index: "+target_index); 

   System.out.println("----------------------------"); 

    

   internal_branch_id_list.add("---------------------------------------------

------"); 

   internal_branch_id_list.add("Line: "+target_branch_line); 

    

   if (ins_branch_list.get(target_index)!=null) { 

    internal_branch_id_list.add("id.0 = 

"+ins_branch_list.get(target_index).getBranchId1()); 

    if 

(ins_branch_list.get(target_index).getBranchType().equals("if")) 

     internal_branch_id_list.add("id.1 = 

"+ins_branch_list.get(target_index).getBranchId2()); 

   } else { 

    internal_branch_id_list.add("/*branch not 

instrumented*/"); 

   } 

    

   try { 

    FileOutputStream out = new 

FileOutputStream(dir+"\\ajworkingdir\\"+packageName+"\\evounit_testgoals.txt"); 

    PrintStream ps = new PrintStream(out); 

    ps.println(""); 

    for (int j=0; j<internal_branch_id_list.size(); j++){ 

     ps.println(internal_branch_id_list.get(j)); 

    } 

    ps.println(""); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save evo_unit 

testgoals file"); 

    e.printStackTrace(System.out); 

   } 

    

  } 

     

 } 

  

 public void measureCoverage(){ 

   

  ArrayList<ArrayList<String>> jUnitList = new ArrayList(); 

  int rep = 0; 

   

  //read in series files   

  for (int i=0; i<seriesFileList.size();i++){ 

   FileReader reader = new FileReader(seriesFileList.get(i)); 

   reader.loadFile(); 

   ArrayList<String> testFileList = new ArrayList(); 

   for (int j=1; j<reader.getArrayContents().size();j++){ 

    String line = reader.getArrayContents().get(j); 

    if (!modified){ 

     int start = line.lastIndexOf("\\")+1; 

     int end = line.lastIndexOf(".")+1; 

     line = line.substring(0, start) + 

line.substring(end, line.length()); 

    } 

    testFileList.add(line); 

    System.out.println(line); 

   } 

   jUnitList.add(testFileList); 

  } 

   

  //generate combines suite for each iteration 

  for (int i=0; i<jUnitList.size(); i++){ 

   ArrayList<String> currentList = jUnitList.get(i); 

   rep = currentList.size(); 

   //copy all test class to code dir 

   XCopy copy = new XCopy(); 

   for (int j=0; j<currentList.size();j++){ 

    String fromDir = currentList.get(j).substring(0, 

currentList.get(j).lastIndexOf("\\")); 

    while (fromDir.contains("/")) { 

     fromDir = fromDir.replace('/', '\\'); 

    } 

    copy.copyDir(fromDir, 

dir+"\\ajworkingdir\\"+packageName, "java"); 
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    break; 

   } 

    

  } 

   

  ArrayList<Float> pure_list = new ArrayList(); 

  ArrayList<Float> impure_list = new ArrayList();  

   

  for (int i=0; i<rep; i++){ 

   

   ArrayList<String> iteration_list = new ArrayList(); 

   iteration_list.add("FullTestSuite"); 

    

   for (int j=0; j<jUnitList.size(); j++){ 

    String c = jUnitList.get(j).get(i); 

    c = c.substring(c.lastIndexOf("\\")+1, c.length()); 

    c = c.replaceAll("-", "_"); 

    iteration_list.add(c); 

    System.out.println(c); 

   } 

    

   iteration_list.add("JUnitTestCase"); 

 

   System.out.println("\nStarting Test Suite Merger..."); 

   TestSuiteMerger merger = new TestSuiteMerger(); 

   merger.merge(iteration_list, packageName, 

dir+"\\ajworkingdir\\"+packageName); 

   System.out.println("\nTest Suite Merge Complete..."); 

    

   //compile java code dir 

   System.out.println("\nStarting Java Compiler..."); 

   AspectJCompiler ajc = new AspectJCompiler();  

   int exit_value = ajc.javaCompile(dir+"\\ajworkingdir", 

packageName); 

   System.out.println("\nCompilation Complete..."); 

   if (exit_value !=0) {return;} 

       

   //run jusc to measure coverage 

   System.out.println("\nStarting JUSC..."); 

   JuscRunner jusc_runner = new JuscRunner(); 

   exit_value = jusc_runner.run(dir+"\\ajworkingdir\\", 

packageName, iteration_list); 

   System.out.println("\nJUSC complete..."); 

    

   //save jusc output 

   File cov_dir = new 

File(dir+"\\ajworkingdir\\"+packageName+"\\coverage"); 

   cov_dir.mkdirs(); 

   String jusc_out_loc = 

dir+"\\ajworkingdir\\"+packageName+"\\coverage\\iteration_"+(i+1)+".txt"; 

   try { 

    FileOutputStream out = new 

FileOutputStream(jusc_out_loc); 

    PrintStream ps = new PrintStream(out); 

    ps.print(jusc_runner.getOutput()); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save coverage 

file"); 

    e.printStackTrace(System.out); 

   } 

 

    

   //add to overall output 

   float pureCoverage = 

JuscReader.getPureCoverage(jusc_runner.getOutput()); 

   pure_list.add(pureCoverage); 

    

   float impureCoverage = 

JuscReader.getImpureCoverage(jusc_runner.getOutput()); 

   impure_list.add(impureCoverage); 

  } 

   

  //save overall coverage 

  File cov_dir = new 

File(dir+"\\ajworkingdir\\"+packageName+"\\coverage"); 

  cov_dir.mkdirs(); 

   

  String jusc_out_loc = 

dir+"\\ajworkingdir\\"+packageName+"\\coverage\\CoverageList.txt"; 
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  try { 

   FileOutputStream out = new FileOutputStream(jusc_out_loc); 

   PrintStream ps = new PrintStream(out); 

   ps.println("Pure\tImpure"); 

   for (int i=0; i<rep; i++){ 

    ps.println(pure_list.get(i)+"\t"+impure_list.get(i));  

   } 

   ps.close(); 

   out.close(); 

  } catch (Exception e) { 

   System.out.println("Error: Could not save CoverageList file"); 

   e.printStackTrace(System.out); 

  } 

   

   

 } 

  

 public void measureCoverageTransformedCode(){ 

   

  ArrayList<ArrayList<String>> jUnitList = new ArrayList(); 

  int rep = 0; 

   

  //read in series files   

  for (int i=0; i<seriesFileList.size();i++){ 

   FileReader reader = new FileReader(seriesFileList.get(i)); 

   reader.loadFile(); 

   ArrayList<String> testFileList = new ArrayList(); 

   for (int j=1; j<reader.getArrayContents().size();j++){ 

    String line = reader.getArrayContents().get(j); 

    int start = line.lastIndexOf("\\")+1; 

    int end = line.lastIndexOf(".")+1; 

    line = line.substring(0, start) + line.substring(end, 

line.length()); 

    testFileList.add(line); 

    System.out.println(line); 

   } 

   jUnitList.add(testFileList); 

  } 

   

  //generate combines suite for each iteration 

  for (int i=0; i<jUnitList.size(); i++){ 

   ArrayList<String> currentList = jUnitList.get(i); 

   rep = currentList.size(); 

   //copy all test class to code dir 

   XCopy copy = new XCopy(); 

   for (int j=0; j<currentList.size();j++){ 

    String fromDir = currentList.get(j).substring(0, 

currentList.get(j).lastIndexOf("\\")); 

    while (fromDir.contains("/")) { 

     fromDir = fromDir.replace('/', '\\'); 

    } 

    copy.copyDir(fromDir, transDir+"\\"+packageName, 

"java"); 

    break; 

   } 

    

  } 

   

  ArrayList<Float> pure_list = new ArrayList(); 

  ArrayList<Float> impure_list = new ArrayList(); 

   

  for (int i=0; i<rep; i++){ 

   

   ArrayList<String> iteration_list = new ArrayList(); 

   iteration_list.add("FullTestSuite"); 

   iteration_list.add("JUnitTestCase"); 

    

   for (int j=0; j<jUnitList.size(); j++){ 

    String c = jUnitList.get(j).get(i); 

    c = c.substring(c.lastIndexOf("\\")+1, c.length()); 

    c = c.replaceAll("-", "_"); 

    iteration_list.add(c); 

    System.out.println(c); 

   } 

 

   System.out.println("\nStarting Test Suite Merger..."); 

   TestSuiteMerger merger = new TestSuiteMerger(); 

   merger.merge(iteration_list, packageName, 

transDir+"\\"+packageName); 

   System.out.println("\nTest Suite Merge Complete..."); 

    

   //compile java code dir 
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   System.out.println("\nStarting Java Compiler..."); 

   AspectJCompiler ajc = new AspectJCompiler();  

   int exit_value = ajc.javaCompile(transDir+"\\", packageName); 

   System.out.println("\nCompilation Complete..."); 

   if (exit_value !=0) {return;} 

    

   //run jusc to measure coverage 

   System.out.println("\nStarting JUSC..."); 

   JuscRunner jusc_runner = new JuscRunner(); 

   exit_value = jusc_runner.run(transDir+"\\", packageName, 

iteration_list); 

   System.out.println("\nJUSC complete..."); 

    

   //save jusc output 

   File cov_dir = new 

File(transDir+"\\"+packageName+"\\coverage"); 

   cov_dir.mkdirs(); 

   String jusc_out_loc = 

transDir+"\\"+packageName+"\\coverage\\iteration_"+(i+1)+".txt"; 

   try { 

    FileOutputStream out = new 

FileOutputStream(jusc_out_loc); 

    PrintStream ps = new PrintStream(out); 

    ps.print(jusc_runner.getOutput()); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save coverage 

file"); 

    e.printStackTrace(System.out); 

   } 

    

   //add to overall output 

   float pureCoverage = 

JuscReader.getPureCoverage(jusc_runner.getOutput()); 

   pure_list.add(pureCoverage); 

    

   float impureCoverage = 

JuscReader.getImpureCoverage(jusc_runner.getOutput()); 

   impure_list.add(impureCoverage); 

 

  } 

   

  //save overall coverage 

  File cov_dir = new File(transDir+"\\"+packageName+"\\coverage"); 

  cov_dir.mkdirs(); 

  String jusc_out_loc = 

transDir+"\\"+packageName+"\\coverage\\OverallBranchCoverage.txt"; 

  try { 

   FileOutputStream out = new FileOutputStream(jusc_out_loc); 

   PrintStream ps = new PrintStream(out); 

   ps.println("Pure\tImpure"); 

   for (int i=0; i<rep; i++){ 

    ps.println(pure_list.get(i)+"\t"+impure_list.get(i));  

   } 

   ps.close(); 

   out.close(); 

  } catch (Exception e) { 

   System.out.println("Error: Could not save CoverageList file"); 

   e.printStackTrace(System.out); 

  } 

   

 } 

 

 public String getMethodDeclarationCode(String className, int line){ 

  ParserUtility util = new 

ParserUtility(dir+"\\ajworkingdir\\"+packageName+"\\"+className+".java"); 

  util.process(line); 

  FileReader reader = new 

FileReader(dir+"\\ajworkingdir\\"+packageName+"\\"+className+".java"); 

  reader.loadFile(); 

  return reader.getArrayContents().get(util.getMethodStartLine()); 

 } 

  

 public String getBranchCode(String className, int line){ 

  FileReader reader = new 

FileReader(dir+"\\ajworkingdir\\"+packageName+"\\"+className+".java"); 

  reader.loadFile(); 

  return reader.getArrayContents().get(line); 

 } 

  

 public String getBranchType(String className, int line){ 
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  ParserUtility util = new 

ParserUtility(dir+"\\ajworkingdir\\"+packageName+"\\"+className+".java"); 

  util.processBranchList(); 

  for (int i=0; i<util.getBranchSignatureList().size();i++){ 

   if (util.getBranchSignatureList().get(i).getBranchLine()==line) { 

    return 

util.getBranchSignatureList().get(i).getBranchType(); 

   } 

  } 

  return ""; 

 } 

 

  

 public ArrayList<String> getDirFileList(String directory){ 

  ArrayList<String> name_list = new ArrayList(); 

  File my_dir = new File(directory); 

  if (my_dir.exists()){ 

   FileFilter filter = new FileFilter() { 

    public boolean accept(File file) { 

     return (file.getName().endsWith(".java")); 

    } 

   }; 

   File files[] = my_dir.listFiles(filter); 

   for (int k=0; k<files.length;k++){ 

    String fname = files[k].getName(); 

    name_list.add(fname.substring(0, 

fname.lastIndexOf(".java"))); 

   } 

  } else { 

   System.out.println("Report dir not found..."); 

   System.out.println(directory); 

  } 

  return name_list;  

 } 

  

 public ArrayList<String> getDirDirList(String directory){ 

  ArrayList<String> name_list = new ArrayList(); 

  File my_dir = new File(directory); 

  if (my_dir.exists()){ 

   FileFilter filter = new FileFilter() { 

    public boolean accept(File file) { 

     return (file.isDirectory()); 

    } 

   }; 

   File files[] = my_dir.listFiles(filter); 

   for (int k=0; k<files.length;k++){ 

    String fname = files[k].getName(); 

    name_list.add(fname); 

   } 

  } else { 

   System.out.println("Report dir not found..."); 

   System.out.println(directory); 

  } 

  return name_list;  

 } 

 

 public ArrayList<BranchSignature> getBranchSignatures(){ 

 

  ArrayList<BranchSignature> branch_signatures = new ArrayList(); 

   

  for (int i=0; i<pointcut_branch_list.size(); i++){ 

   Branch br = pointcut_branch_list.get(i);  

    

   //reconfirm method name 

   ParserUtility util = new 

ParserUtility(dir+"\\ajworkingdir\\"+packageName+"\\"+br.getClassName()+".java"); 

   util.process(br.getJavaLineNo()); 

   br.setMethodName(util.getMethodName()); 

    

   //get branch signatures of each method 

   int start = util.getMethodStartLine(); 

   int end = util.getMethodEndLine(); 

   ArrayList<BranchSignature> class_sign_list = new ArrayList(); 

   ArrayList<BranchSignature> method_sign_list = new 

ArrayList(); 

   class_sign_list = util.getBranchSignatureList(); 

    

   //create branch signatures of each class  

   for (int j=0; j<class_sign_list.size(); j++){ 

    BranchSignature sign = class_sign_list.get(j); 

    if (sign.getBranchLine()>start && 

sign.getBranchLine()<end) { 
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     sign.setClassName(br.getClassName()); 

     method_sign_list.add(sign); 

     branch_signatures.add(sign); 

     //System.out.println(sign.getBranchLine()); 

    } 

   } 

   if (method_sign_list.size()==0){ 

    methods_to_test_explicitly.add(br); 

    System.out.println("Method To Test Explicitly: 

"+br.getClassName()+"."+br.getMethodName()); 

   } 

   pointcut_branch_list.set(i, br); 

  }  

   

  return branch_signatures; 

 } 

  

 public void saveSliceList(ArrayList<Slice> slice_list){ 

  for (int i=0; i<slice_list.size(); i++){ 

  

 System.out.println("===================Slice"+(i+1)+":===================

"); 

   System.out.println(slice_list.get(i).getFilteredSlice()); 

    

   try { 

    FileOutputStream out = new 

FileOutputStream(dir+"\\ajworkingdir\\"+packageName+ "\\slice\\slice"+(i)+".txt"); 

    PrintStream ps = new PrintStream(out); 

    ps.println("Lines: 

"+slice_list.get(i).getFilteredSliceLines()); 

    ps.println("Slice: "); 

    ps.print(slice_list.get(i).getFilteredSlice()); 

    ps.println(""); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save file with 

slice"); 

    e.printStackTrace(System.out); 

   } 

  } 

 } 

 

 

} 
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MethodInvokation.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.*; 

 

//this class implements method invocation object 

public class MethodInvokation { 

  

 int line; 

 ArrayList<String> arguments = new ArrayList(); 

 String method_name; 

 String class_name; 

  

 public MethodInvokation(int _line, ArrayList<String> _arguments, String 

_method_name) { 

  super(); 

  line = _line; 

  arguments = _arguments; 

  method_name = _method_name; 

 } 

 

 public ArrayList<String> getArguments() { 

  return arguments; 

 } 

 

 public String getClassName() { 

  return class_name; 

 } 

 

 public int getLine() { 

  return line; 

 } 

 

 public String getMethodName() { 

  return method_name; 

 } 

 

 public void setArguments(ArrayList<String> arguments) { 

  this.arguments = arguments; 

 } 

 

 public void setClassName(String class_name) { 

  this.class_name = class_name; 

 } 

 

 public void setLine(int line) { 

  this.line = line; 

 } 

 

 public void setMethodName(String method_name) { 

  this.method_name = method_name; 

 } 

  

} 
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Parameter.java 
 

package kcl.research.project; 

 

import java.io.*; 

 

//this class implements parameters object 

public class Parameter implements Serializable { 

 

 String name; 

 String type; 

  

 public Parameter(String _name, String _type) { 

  super(); 

  name = _name; 

  type = _type; 

 } 

  

 public String getName(){ 

  return name; 

 } 

  

 public String getType(){ 

  return type; 

 } 

  

 public void setName(String _name){ 

  name = _name; 

 } 

  

 public void setType(String _type){ 

  name = _type; 

 } 

 

 

} 
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ParameterRemover.java 
 

package kcl.research.project; 

import java.io.File; 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import java.io.*; 

import org.eclipse.jface.text.*; 

import org.eclipse.text.edits.*; 

//this class removes parameters from code 

public class ParameterRemover { 

 IDocument idoc = new Document(); 

 String target_method = ""; 

 File file = null; 

 ArrayList<Integer> index = new ArrayList(); 

 public ParameterRemover(String _file, String _target_method, ArrayList<Integer> 

_index) { 

  super(); 

  index = _index; 

  target_method = _target_method; 

  file = new File(_file); 

  if (file.exists()) { 

   FileReader reader = new FileReader(file); 

   reader.loadFile(); 

   idoc = reader.getIDoc(); 

   removeParameters(); 

  } else { 

   System.out.println("Error: File does not exist"); 

  } 

 } 

 public static void main(String[] args) { 

  ArrayList<Integer> i = new ArrayList(); 

  i.add(0); 

  i.add(2); 

  ParameterRemover arg_rem = new 

ParameterRemover("C:/Programs/test1/ajworkingdir/DCM/Stack4.java", 

"around4_main", i); 

 } 

 public void removeParameters(){ 

  try{ 

   String jcode = idoc.get(); 

   //create ast 

   ASTParser parser = ASTParser.newParser(AST.JLS3); 

   parser.setSource(jcode.toCharArray()); 

   parser.setKind(ASTParser.K_COMPILATION_UNIT); 

   CompilationUnit unit = (CompilationUnit) 

parser.createAST(null);   

   unit.recordModifications(); 

   //create visitor 

   ParameterRemoverVisitor v = new ParameterRemoverVisitor(); 

   v.setTargetMethod(target_method); 

   v.setRemoveIndexList(index); 

   unit.accept(v); 

   v.visit(unit);  

   //obtain changes in invocations 

   TextEdit edits = unit.rewrite(idoc, null); 

   edits.apply(idoc); 

   System.out.println(idoc.get()); 

   //save to file 

   file.delete(); 

   try { 

    FileOutputStream out = new 

FileOutputStream(file.getAbsolutePath()); 

    PrintStream ps = new PrintStream(out); 

    ps.print(idoc.get()); 

    ps.close(); 

    out.close(); 

   } catch (Exception e) { 

    System.out.println("Error: Could not save file after 

removing parameters"); 

    e.printStackTrace(System.out); 

   } 

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

} 
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ParameterRemoverVisitor.java 
 

package kcl.research.project; 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import java.io.*; 

import org.eclipse.jface.text.*; 

 

//visitor pattern class for parameter remover 

public class ParameterRemoverVisitor extends ASTVisitor { 

 public ParameterRemoverVisitor() { 

  super(); 

 } 

 

 String target_method = ""; 

 ArrayList<Integer> index = new ArrayList(); 

  

 public void setTargetMethod(String _method){ 

  target_method = _method; 

 } 

 

 public void setRemoveIndexList(ArrayList<Integer> _index){ 

  index = _index; 

 } 

  

 public boolean visit(MethodDeclaration node) { 

  if (node.getName().getIdentifier().equals(target_method)) { 

   System.out.println("Invocation to target method found!"); 

   List args = node.parameters(); 

   for (int i=args.size()-1; i>-1;i--){ 

    if (index.contains(i)) { 

     node.parameters().remove(i); 

    } 

   } 

  } 

  return true; 

 }  

  

} 
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ParserUtility.java 
 

package kcl.research.project; 

 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import java.io.*; 

import org.eclipse.jface.text.*; 

 

//code parser utility 

public class ParserUtility { 

 

 int line = 0; 

 String method_name=""; 

 ArrayList<Parameter> parameter_list = new ArrayList(); 

 ArrayList<BranchSignature> branch_list = new ArrayList(); 

 ArrayList<MethodInvokation> invokation_list = new ArrayList(); 

 int method_start_line = 0; 

 int method_end_line = 0; 

 IDocument idoc; 

 String class_fqn = ""; 

  

 public ParserUtility(String _file) { 

  super(); 

  File file = new File(_file); 

  if (file.exists()) { 

   FileReader reader = new FileReader(file); 

   reader.loadFile(); 

   idoc = reader.getIDoc(); 

   process(line); 

  } else { 

   System.out.println("Error: File does not exist"); 

  } 

 } 

 

 public static void main(String[] args) { 

  ParserUtility pu = new 

ParserUtility("C:\\Programs\\testfolder\\ajworkingdir\\account1\\OverdraftProtectionRul

eAspect.java"); 

  pu.process("before0$ajc"); 

 } 

  

 public void process(int line){ 

  try{ 

   String jcode = idoc.get(); 

    

   //create ast 

   ASTParser parser = ASTParser.newParser(AST.JLS3); 

   parser.setSource(jcode.toCharArray()); 

   parser.setKind(ASTParser.K_COMPILATION_UNIT); 

   ASTNode node = parser.createAST(null);   

   //System.out.println(node.toString()); 

    

   //create visitor 

   ParserUtilityVisitor v = new ParserUtilityVisitor(); 

   v.setLine(line); 

   v.setIDocument(idoc); 

   v.processMethodName(true); 

   v.processParameters(false); 

   v.processBranchList(false); 

    

   //get method details 

   node.accept(v); 

   v.visit((CompilationUnit) node);  

    

   int method_start_position = v.getMethodStartPosition(); 

   int method_length = v.getMethodLength(); 

   method_start_line = 

idoc.getLineOfOffset(method_start_position)+1; 

   method_end_line = 

idoc.getLineOfOffset(method_start_position + method_length)+1; 

    

   method_name = v.getMethodName(); 

   class_fqn = v.getClassFQN(); 

   //System.out.println("Method Name:"+method_name); 

   //System.out.println("Method Start Line:"+method_start_line); 

   //System.out.println("Method End Line:"+method_end_line); 

    

   //System.out.println("Idoc1:"+idoc.get(method_start_position, 

method_length)); 
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   //get method parameters 

   v.processParameters(true); 

   v.processMethodName(false); 

   v.processBranchList(false); 

   node.accept(v); 

   v.visit((CompilationUnit) node); 

   parameter_list = v.getParameterList(); 

    

   //get branch list signature of method 

   v.processBranchList(true); 

   v.processParameters(false); 

   v.processMethodName(false); 

   node.accept(v); 

   v.visit((CompilationUnit) node); 

   branch_list = v.getBranchList(); 

    

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

  

  

 public void processBranchList(){ 

  try{ 

   String jcode = idoc.get(); 

    

   //create ast 

   ASTParser parser = ASTParser.newParser(AST.JLS3); 

   parser.setSource(jcode.toCharArray()); 

   parser.setKind(ASTParser.K_COMPILATION_UNIT); 

   ASTNode node = parser.createAST(null);   

   //System.out.println(node.toString()); 

    

   //create visitor 

   ParserUtilityVisitor v = new ParserUtilityVisitor(); 

   v.setIDocument(idoc); 

    

   //get branch list signature of method 

   v.processBranchList(true); 

   v.processParameters(false); 

   v.processMethodName(false); 

   node.accept(v); 

   v.visit((CompilationUnit) node); 

   branch_list = v.getBranchList(); 

    

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

 

  

  

 public void process(String target){ 

  try{ 

   String jcode = idoc.get(); 

    

   //create ast 

   ASTParser parser = ASTParser.newParser(AST.JLS3); 

   parser.setSource(jcode.toCharArray()); 

   parser.setKind(ASTParser.K_COMPILATION_UNIT); 

   ASTNode node = parser.createAST(null);   

   //System.out.println(node.toString()); 

    

   //create visitor 

   ParserUtilityVisitor v = new ParserUtilityVisitor(); 

   v.setLine(line); 

   v.setIDocument(idoc); 

    

   v.setInvocationTarget(target); 

   v.processInvocation(true); 

   v.processBranchList(false); 

   v.processParameters(false); 

   v.processMethodName(false); 

   node.accept(v); 

   v.visit((CompilationUnit) node); 

   invokation_list = v.getInvokationList(); 

    

   int method_start_position = v.getMethodStartPosition(); 

   int method_length = v.getMethodLength(); 

   method_start_line = 

idoc.getLineOfOffset(method_start_position)+1; 
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   method_end_line = 

idoc.getLineOfOffset(method_start_position + method_length)+1; 

    

  }catch(Exception e){ 

   e.printStackTrace(System.out); 

  } 

 } 

 

  

  

 public int getMethodEndLine() { 

  return method_end_line; 

 } 

 

 public String getMethodName() { 

  return method_name; 

 } 

  

 public String getClassFQN(){ 

  return class_fqn; 

 } 

 

 public int getMethodStartLine() { 

  return method_start_line; 

 } 

 

 public ArrayList<Parameter> getParameterList() { 

  return parameter_list; 

 } 

  

 public ArrayList<MethodInvokation> getInvokationList() { 

  return invokation_list; 

 } 

  

 public ArrayList<BranchSignature> getBranchSignatureList(){ 

  return branch_list; 

 } 

} 
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ParserUtilityVisitor.java 
 

package kcl.research.project; 

 

import org.eclipse.jdt.core.dom.*; 

import org.eclipse.jdt.core.*; 

import java.util.*; 

import org.eclipse.jface.text.*; 

 

//visitor pattern for code parser utility 

public class ParserUtilityVisitor extends ASTVisitor { 

 

 public ParserUtilityVisitor() { 

  super(); 

 } 

 

 private int line = 0; 

 private int method_start_position = 0; 

 private int method_length = 0; 

 private String method_name = ""; 

 private String class_name = ""; 

 private String class_fqn = ""; 

 private IDocument idoc = new Document(); 

 private boolean get_method_parameters = false; 

 private boolean process_method_name = false; 

 private ArrayList<Parameter> parameters = new ArrayList(); 

  

 public void setLine(int _line){ 

  line = _line; 

 } 

  

 public void setIDocument(IDocument _idoc){ 

  idoc = _idoc; 

 } 

  

 public void processParameters(boolean process){ 

  get_method_parameters = process; 

 } 

  

 public void processMethodName(boolean process){ 

  process_method_name = process; 

 } 

  

 public void preVisit(ASTNode node) { 

  if (process_method_name) { 

   try{ 

  

    int thisline = 

1+idoc.getLineOfOffset(node.getStartPosition()); 

    //System.out.println(thisline); 

  

    if (thisline==line){ 

  

     //System.out.println("Node 

Type:"+node.getNodeType()+" Contents:"+node.toString()); 

       

      boolean flag = true; 

      while (flag==true) { 

       

      if (node.getParent()==null || 

node.getParent()==node.getRoot()){  

       flag=false; 

      

 //System.out.println("NULL"+ node.getParent().getNodeType()); 

      } else { 

       if 

(node.getParent().getNodeType()==ASTNode.METHOD_DECLARATION) { 

       

 MethodDeclaration mnode = (MethodDeclaration)node.getParent(); 

        method_name = 

mnode.getName().getFullyQualifiedName(); 

       

 method_start_position = mnode.getStartPosition(); 

        method_length = 

mnode.getLength(); 

         

       } 

        

       if 

(node.getParent().getNodeType()==ASTNode.TYPE_DECLARATION) { 
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        TypeDeclaration 

tnode = (TypeDeclaration)node.getParent(); 

        class_name = 

tnode.getName().getFullyQualifiedName(); 

        class_fqn = 

tnode.getName().getFullyQualifiedName(); 

       

 //System.out.println(tnode.getName().getClass().getName()); 

       

 //System.out.println("class_name="+class_name); 

        flag=false; 

       } 

  

       node = node.getParent(); 

      } 

     } 

    } 

    

   }catch(Exception e){} 

  } 

   

 } 

 

 public boolean visit(MethodDeclaration node) { 

  if (get_method_parameters) { 

   if (node.getName().getIdentifier().equals(method_name)) { 

     

    //Get Parameter Names & Types 

    List list = node.parameters(); 

    SingleVariableDeclaration svd;  

    String par_name=""; 

    String par_type=""; 

     

    for (int i=0; i<list.size(); i++) { 

     svd = (SingleVariableDeclaration) list.get(i); 

     par_name = svd.getName().getIdentifier(); 

     par_type = svd.getType().toString(); 

     parameters.add(new Parameter(par_name, 

par_type)); 

     //System.out.println("Parameter: 

"+par_name+" ("+par_type+")"); 

    } 

   } 

  } 

  return true; 

 } 

  

  

 public int getMethodLength(){ 

  return method_length; 

 } 

  

 public int getMethodStartPosition(){ 

  return method_start_position; 

 } 

  

 public String getMethodName(){ 

  return method_name; 

 } 

  

 public String getClassName(){ 

  return class_name; 

 } 

  

 public String getClassFQN(){ 

  return class_fqn; 

 } 

  

 public ArrayList<Parameter> getParameterList(){ 

  return parameters; 

 } 

  

 boolean process_branch_list = false; 

 ArrayList<BranchSignature> branch_list = new ArrayList(); 

  

 public void processBranchList(boolean process){ 

  process_branch_list = process; 

 } 

  

 public ArrayList<BranchSignature> getBranchList(){ 

  return branch_list; 

 } 
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 public boolean visit(IfStatement node) { 

  if (process_branch_list){ 

   try { 

    int start = node.getStartPosition(); 

    int line = idoc.getLineOfOffset(start)+1; 

    BranchSignature bs = new BranchSignature(line, "if"); 

    branch_list.add(bs); 

    //System.out.println("IF: "+line); 

   } catch (Exception e) {} 

  } 

  return true; 

 } 

  

 public boolean visit(ForStatement node) { 

  if (process_branch_list){ 

   try { 

    int start = node.getStartPosition(); 

    int line = idoc.getLineOfOffset(start)+1; 

    BranchSignature bs = new BranchSignature(line, 

"for"); 

    branch_list.add(bs); 

    //System.out.println("FOR: "+line); 

   } catch (Exception e) {} 

  } 

  return true; 

 } 

  

 public boolean visit(DoStatement node) { 

  if (process_branch_list){ 

   try { 

    int start = node.getStartPosition(); 

    int end = start + node.getLength(); 

    int line = idoc.getLineOfOffset(end)+1; 

    BranchSignature bs = new BranchSignature(line, 

"dowhile"); 

    branch_list.add(bs); 

    //System.out.println("DOWHILE: "+line); 

   } catch (Exception e) {} 

  } 

  return true; 

 } 

  

 public boolean visit(SwitchStatement node) { 

  if (process_branch_list){ 

   try { 

    int start = node.getStartPosition(); 

    int line = idoc.getLineOfOffset(start)+1; 

    BranchSignature bs = new BranchSignature(line, 

"switch"); 

    branch_list.add(bs); 

    //System.out.println("SWITCH: "+line); 

   } catch (Exception e) {} 

  } 

  return true; 

 } 

  

 public boolean visit(WhileStatement node) { 

  if (process_branch_list){ 

   try { 

    int start = node.getStartPosition(); 

    int line = idoc.getLineOfOffset(start)+1; 

    BranchSignature bs = new BranchSignature(line, 

"while"); 

    branch_list.add(bs); 

    //System.out.println("WHILE: "+line); 

   } catch (Exception e) {} 

  } 

  return true; 

 }  

  

 boolean process_invocation = false; 

 String target_method = ""; 

 ArrayList<MethodInvokation> inv_list = new ArrayList(); 

  

 public void setInvocationTarget(String _method){ 

  target_method = _method; 

 } 

  

 public void processInvocation(boolean _process) { 

  process_invocation = _process; 

 } 



APPENDIX C:  PROGRAM CODE 

 C-100 

  

 public ArrayList<MethodInvokation> getInvokationList(){ 

  return inv_list; 

 } 

  

 public boolean visit(MethodInvocation node) { 

  if (process_invocation) { 

   try { 

    String name = 

node.getName().getFullyQualifiedName(); 

    if (name.equals(target_method)){ 

     int line = 

1+idoc.getLineOfOffset(node.getStartPosition()); 

     ArrayList<String> arg = new ArrayList(); 

     for (int i=0; i<node.arguments().size(); i++){ 

     

 arg.add(node.arguments().get(i).toString()); 

     } 

     MethodInvokation inv = new 

MethodInvokation (line, arg, name);  

     //System.out.println((line)+": "+name); 

      

     boolean add_inv = true; 

     for (int i=0; i<inv_list.size(); i++){ 

      MethodInvokation my_inv = 

inv_list.get(i); 

      if (my_inv.getLine()==line) { 

       add_inv = false; 

      } 

     } 

     if (add_inv) { 

      inv_list.add(inv);  

     } 

    } 

   } catch (Exception e) {}  

  } 

  return true; 

 } 

  

 public boolean visit(TypeDeclaration node) { 

  if(process_invocation) { 

   MethodDeclaration m[] = node.getMethods(); 

   for (int i=0; i<m.length;i++){ 

    MethodDeclaration method = m[i]; 

    if 

(method.getName().getFullyQualifiedName().equals(target_method)) { 

     method_start_position = 

method.getStartPosition(); 

     method_length = method.getLength(); 

    } 

   } 

  } 

  return true; 

 } 

  

  

  

 public boolean visit(AnnotationTypeDeclaration node) {return true;} 

 public boolean visit(AnnotationTypeMemberDeclaration node) {return true;} 

 public boolean visit(AnonymousClassDeclaration node) {return true;} 

 public boolean visit(ArrayAccess node) {return true;} 

 public boolean visit(ArrayCreation node) {return true;} 

 public boolean visit(ArrayInitializer node) {return true;} 

 public boolean visit(ArrayType node) {return true;} 

 public boolean visit(AssertStatement node) {return true;} 

  

 public boolean visit(Assignment node) {return true;} 

  

 public boolean visit(Block node) {return true;} 

  

 public boolean visit(BlockComment node) {return true;} 

  

 public boolean visit(BooleanLiteral node) {return true;} 

  

 public boolean visit(BreakStatement node) {return true;} 

  

 public boolean visit(CastExpression node) {return true;} 

  

 public boolean visit(CatchClause node) {return true;} 

  

 public boolean visit(CharacterLiteral node) {return true;} 
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 public boolean visit(ClassInstanceCreation node) {return true;} 

  

 public boolean visit(CompilationUnit node) {return true;} 

  

 public boolean visit(ConditionalExpression node) {return true;} 

  

 public boolean visit(ConstructorInvocation node) {return true;} 

  

 public boolean visit(ContinueStatement node) {return true;} 

  

 public boolean visit(EmptyStatement node) {return true;} 

  

 public boolean visit(EnhancedForStatement node) {return true;} 

  

 public boolean visit(EnumConstantDeclaration node) {return true;} 

  

 public boolean visit(EnumDeclaration node) {return true;} 

  

 public boolean visit(ExpressionStatement node) {return true;} 

  

 public boolean visit(FieldAccess node) {return true;} 

  

 public boolean visit(FieldDeclaration node) {return true;} 

  

 public boolean visit(ImportDeclaration node) {return true;} 

  

 public boolean visit(InfixExpression node) {return true;} 

  

 public boolean visit(Initializer node) {return true;} 

  

 public boolean visit(InstanceofExpression node) {return true;} 

  

 public boolean visit(Javadoc node) {return true;}   

  

 public boolean visit(LabeledStatement node) {return true;} 

  

 public boolean visit(LineComment node) {return true;} 

  

 public boolean visit(MarkerAnnotation node) {return true;} 

  

 public boolean visit(MemberRef node) {return true;} 

  

 public boolean visit(MemberValuePair node) {return true;} 

  

 public boolean visit(MethodRef node) {return true;} 

  

 public boolean visit(MethodRefParameter node) {return true;} 

  

 public boolean visit(Modifier node) {return true;} 

  

 public boolean visit(NormalAnnotation node) {return true;} 

  

 public boolean visit(NullLiteral node) {return true;} 

  

 public boolean visit(NumberLiteral node) {return true;} 

  

 public boolean visit(PackageDeclaration node) {return true;} 

  

 public boolean visit(ParameterizedType node) {return true;} 

  

 public boolean visit(ParenthesizedExpression node) {return true;} 

  

 public boolean visit(PostfixExpression node) {return true;} 

  

 public boolean visit(PrefixExpression node) {return true;} 

  

 public boolean visit(PrimitiveType node) {return true;} 

  

 public boolean visit(QualifiedName node) {return true;} 

  

 public boolean visit(QualifiedType node) {return true;} 

  

 public boolean visit(ReturnStatement node) {return true;} 

  

 public boolean visit(SimpleName node) {return true;} 

  

 public boolean visit(SimpleType node) {return true;} 

  

 public boolean visit(SingleMemberAnnotation node) {return true;} 

  

 public boolean visit(SingleVariableDeclaration node) {return true;} 
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 public boolean visit(StringLiteral node) {return true;} 

  

 public boolean visit(SuperConstructorInvocation node) {return true;} 

  

 public boolean visit(SuperFieldAccess node) {return true;} 

  

 public boolean visit(SuperMethodInvocation node) {return true;} 

  

 public boolean visit(SwitchCase node) {return true;} 

  

 public boolean visit(SynchronizedStatement node) {return true;} 

  

 public boolean visit(TagElement node) {return true;} 

  

 public boolean visit(TextElement node) {return true;} 

  

 public boolean visit(ThisExpression node) {return true;} 

  

 public boolean visit(ThrowStatement node) {return true;} 

  

 public boolean visit(TryStatement node) {return true;} 

  

 public boolean visit(TypeDeclarationStatement node) {return true;} 

  

 public boolean visit(TypeLiteral node) {return true;} 

  

 public boolean visit(TypeParameter node) {return true;} 

  

 public boolean visit(VariableDeclarationExpression node) {return true;} 

  

 public boolean visit(VariableDeclarationFragment node) {return true;} 

  

 public boolean visit(VariableDeclarationStatement node) {return true;} 

  

 public boolean visit(WildcardType node) {return true;} 

 

} 
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Slice.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.*; 

 

//this object implements program slice 

public class Slice implements Serializable{ 

  

 int criteria_line = 0; 

 String criteria = ""; 

 

 String method_name = ""; 

 String class_name = ""; 

  

 ArrayList<Integer> full_slice_lines = new ArrayList(); 

 String full_slice = ""; 

  

 ArrayList<Integer> filtered_slice_lines = new ArrayList(); 

 String filtered_slice = ""; 

  

 private ArrayList<Parameter> relevant_params = new ArrayList(); 

 private ArrayList<Parameter> irrelevant_params = new ArrayList(); 

  

 public Slice() { 

  super(); 

 } 

 

 public String getCriteria() { 

  return criteria; 

 } 

 

 public int getCriteriaLine() { 

  return criteria_line; 

 } 

 

 public String getFilteredSlice() { 

  return filtered_slice; 

 } 

 

 public ArrayList<Integer> getFilteredSliceLines() { 

  return filtered_slice_lines; 

 } 

 

 public String getFullSlice() { 

  return full_slice; 

 } 

 

 public ArrayList<Integer> getFullSliceLines() { 

  return full_slice_lines; 

 } 

 

 public void setCriteria(String criteria) { 

  this.criteria = criteria; 

 } 

 

 public void setCriteriaLine(int criteria_line) { 

  this.criteria_line = criteria_line; 

 } 

 

 public void setFilteredSlice(String filtered_slice) { 

  this.filtered_slice = filtered_slice; 

 } 

 

 public void setFilteredSliceLines(ArrayList<Integer> filtered_slice_lines) { 

  this.filtered_slice_lines = filtered_slice_lines; 

 } 

 

 public void setFullSlice(String full_slice) { 

  this.full_slice = full_slice; 

 } 

 

 public void setFullSliceLines(ArrayList<Integer> full_slice_lines) { 

  this.full_slice_lines = full_slice_lines; 

 } 

 

 public ArrayList<Parameter> getIrrelevantParameters() { 

  return irrelevant_params; 

 } 
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 public ArrayList<Parameter> getRelevantParameters() { 

  return relevant_params; 

 } 

 

 public void setIrrelevantParameters(ArrayList<Parameter> irrelevant_params) { 

  this.irrelevant_params = irrelevant_params; 

 } 

 

 public void setRelevantParameters(ArrayList<Parameter> relevant_params) { 

  this.relevant_params = relevant_params; 

 } 

 

 public String getClassName() { 

  return class_name; 

 } 

 

 public String getMethodName() { 

  return method_name; 

 } 

 

 public void setClassName(String class_name) { 

  this.class_name = class_name; 

 } 

 

 public void setMethodName(String method_name) { 

  this.method_name = method_name; 

 } 

 

} 
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StreamGobbler.java 
 

package kcl.research.project; 

import java.io.BufferedReader; 

import java.io.IOException; 

import java.io.InputStream; 

import java.io.InputStreamReader; 

 

//outputs current progress in verbose mode 

class StreamGobbler extends Thread { 

 

 InputStream is; 

    String type; 

    String output=""; 

 

    StreamGobbler(InputStream is, String type) { 

        this.is = is; 

        this.type = type; 

    } 

     

    public void run() { 

        try { 

            InputStreamReader isr = new InputStreamReader(is); 

            BufferedReader br = new BufferedReader(isr); 

            String line=null; 

            while ( (line = br.readLine()) != null) 

                output = output + type + line + "\n";  

             //System.out.println(line); 

        } catch (IOException ioe) { 

            ioe.printStackTrace();   

        } 

    } 

     

    public String getOutput(){ 

     return output;  

    } 

     

} 
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TestCLI.java 
 

package kcl.research.project; 

 

import java.io.*; 

import java.util.ArrayList; 

 

//class test java code using evo testing 

public class TestCLI { 

   

 public TestCLI() { 

  super();  

 } 

  

 public static String dir = ""; 

 public static String packageName = ""; 

 

 public static void main(String[] args) { 

   

  for (int i=0; i<args.length; i++){ 

    

   if (args[i].equals("-dir")){ 

    dir = args[i+1];  

   } 

    

   if (args[i].equals("-package")){ 

    packageName = args[i+1]; 

   } 

  } 

   

  TestCLI main = new TestCLI(); 

  main.testAuto(); 

   

 } 

  

 public void testAuto(){ 

  //generate dummy test case to find uncovered branches 

  DummyTestCaseGenerator test_gen = new 

DummyTestCaseGenerator(); 

  test_gen.find(dir, packageName); 

  test_gen.writeTestClass(dir, packageName); 

  ArrayList<String> intertype_class_list = 

test_gen.getIntertypeTargetClasses() ; 

  ArrayList<String> aspect_class_list = test_gen.getAspectClasses() ; 

   

  //compile java code 

  System.out.println("\nStarting Java Compiler..."); 

  AspectJCompiler ajc = new AspectJCompiler();  

  int exit_value = ajc.javaCompile(dir+"\\ajworkingdir", packageName); 

  System.out.println("\nCompilation Complete..."); 

  if (exit_value !=0) {return;} 

   

  //run jusc to measure coverage 

  System.out.println("\nStarting JUSC..."); 

  JuscRunner jusc_runner = new JuscRunner(); 

  exit_value = jusc_runner.run(dir+"\\ajworkingdir", packageName, 

"JUnitTestCase"); 

  System.out.println("\nJUSC complete..."); 

   

  //read jusc outout using jusc reader  

  System.out.println("\nStarting JuscReader..."); 

  JuscReader jusc_reader = new JuscReader(jusc_runner.getOutput(), 

"Java"); 

  pointcut_branch_list = jusc_reader.getPointcutBranchList(); 

  covered_branch_list = jusc_reader.getCoveredBranches(); 

  uncovered_branch_list = jusc_reader.getUncoveredBranches(); 

 

  for (int i=0; i<aspect_class_list.size();i++){ 

   System.out.println("Target Class: "+aspect_class_list.get(i)); 

   performTesting(aspect_class_list.get(i)); 

  } 

   

  for (int i=0; i<intertype_class_list.size();i++){ 

   performTesting(intertype_class_list.get(i)); 

  } 

     

        try { 

            FileOutputStream out = new 

FileOutputStream(dir+"\\ajworkingdir\\"+packageName+"\\gpl.txt"); 

            PrintStream ps = new PrintStream(out); 

            for (int i=0; i<internal_branch_id_list.size();i++){ 
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             ps.println("id."+i+" = "+internal_branch_id_list.get(i));  

            } 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save file"); 

            e.printStackTrace(System.out); 

        } 

 

 } 

  

 ArrayList<Branch> pointcut_branch_list = new ArrayList(); 

 ArrayList<Branch> covered_branch_list = new ArrayList(); 

 ArrayList<Branch> uncovered_branch_list = new ArrayList(); 

 ArrayList <String> internal_branch_id_list = new ArrayList(); 

  

 public void performTesting(String classname){ 

  //instrument transformed code with EvoUnit    

  EvoUnitRunner evo_unit = new EvoUnitRunner(); 

  evo_unit.instrument(dir+"\\ajworkingdir", packageName, classname); 

   

  //get branch list from orig code 

  ParserUtility util = new 

ParserUtility(dir+"\\ajworkingdir\\"+packageName+"\\"+classname+".java"); 

  util.processBranchList(); 

  ArrayList <BranchSignature> orig_branch_list = 

util.getBranchSignatureList(); 

   

  //get instrumented branch id 

  EvoUnitBranchIdentifier eubi = new 

EvoUnitBranchIdentifier(dir+"\\ajworkingdir\\"+packageName+"\\instrumented", 

packageName, classname); 

  ArrayList <BranchSignature> ins_branch_list = eubi.getBranchIdList(); 

 

   

  //get list of target branches 

  ArrayList<Integer> branch_line_list = new ArrayList(); 

  for (int j=0; j<covered_branch_list.size();j++){ 

   Branch br = covered_branch_list.get(j); 

   if (!br.getBranchType().equals("Method")){ 

    if (br.getClassName().equals(classname)){ 

     branch_line_list.add(br.getJavaLineNo()); 

    }  

   } 

  } 

  for (int j=0; j<uncovered_branch_list.size();j++){ 

   Branch br = uncovered_branch_list.get(j); 

   if (!br.getBranchType().equals("Method")){ 

    if (br.getClassName().equals(classname)){ 

     branch_line_list.add(br.getJavaLineNo()); 

    }  

   } 

  } 

   

   

  ArrayList<String> id_list = new ArrayList(); 

  for (int j=0; j<branch_line_list.size();j++){ 

   int target_line = branch_line_list.get(j);  

   int target_index = -1; 

   for (int k=0; k<orig_branch_list.size();k++){ 

    if 

(orig_branch_list.get(k).getBranchLine()==target_line){ 

     target_index = k; 

     k=orig_branch_list.size(); 

    } 

   } 

    

   if (ins_branch_list.get(target_index)!=null) { 

   

 id_list.add(ins_branch_list.get(target_index).getBranchId1()); 

    if 

(ins_branch_list.get(target_index).getBranchType().equals("if")) 

    

 id_list.add(ins_branch_list.get(target_index).getBranchId2()); 

   } else { 

    id_list.add("/*branch not instrumented*/"); 

   } 

  } 

   

  for (int i=0; i<pointcut_branch_list.size();i++){ 

   Branch br = pointcut_branch_list.get(i); 

   if (br.getClassName().equals(classname)){ 
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    String id = 

EvoUnitBranchIdentifier.processPointcutBranch(dir+"\\ajworkingdir\\"+packageName+"\\

instrumented\\"+packageName+"\\"+br.getClassName()+".java", br.getMethodName()); 

    id_list.add(id);  

   } 

  } 

   

  for (int j=0; j<id_list.size();j++){ 

   if (id_list.get(j).contains(".StaticPart")){ 

    String st =id_list.get(j); 

    st = replace(".StaticPart", "$StaticPart", st); 

    id_list.set(j, st); 

   } 

  } 

   

  internal_branch_id_list.addAll(id_list); 

   

  //run tests 

  EvoUnitRunner er = new EvoUnitRunner(); 

     er.instrument(dir+"\\ajworkingdir\\", packageName, classname); 

     er.execute(dir+"\\ajworkingdir\\", packageName, classname, id_list); 

   

  for (int j=0; j<id_list.size();j++){ 

   System.out.println(id_list.get(j)); 

  } 

 } 

  

 public static String replace(String oldStr, String newStr, String inString) { 

     int start = inString.indexOf(oldStr); 

     if (start == -1) { 

       return inString; 

     } 

     StringBuffer sb = new StringBuffer(); 

     sb.append(inString.substring(0, start)); 

     sb.append(newStr); 

     sb.append(inString.substring(start+oldStr.length())); 

     return sb.toString(); 

   } 

} 
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TestSuiteMerger.java 
 

package kcl.research.project; 

 

import java.io.FileOutputStream; 

import java.io.PrintStream; 

import java.util.*; 

 

//combines test suites to calculate branch coverage 

public class TestSuiteMerger { 

 

 public TestSuiteMerger() { 

  super(); 

 } 

   

 public void merge (String testclass1, String testclass2, String package_name, 

String dir) { 

        try { 

            FileOutputStream out = new FileOutputStream(dir + "\\FullTestSuite.java"); 

            PrintStream ps = new PrintStream(out); 

            ps.println("package "+package_name+";"); 

            ps.println("import junit.framework.Test;"); 

            ps.println("import junit.framework.TestCase;"); 

            ps.println("import junit.framework.TestSuite;"); 

            ps.println("public class FullTestSuite extends TestCase {"); 

            ps.println("   public FullTestSuite(String name) {"); 

            ps.println("      super(name);"); 

            ps.println("   }"); 

            ps.println("   public static Test suite() {"); 

            ps.println("    TestSuite suite = new TestSuite();"); 

            ps.println(" suite.addTest("+testclass1+".suite());"); 

            ps.println(" suite.addTest("+testclass2+".suite());"); 

            ps.println(" return suite;"); 

            ps.println("   }"); 

            ps.println("   public static void main(String args[]) {"); 

            ps.println("      String[] testCaseName = {FullTestSuite.class.getName()};"); 

            ps.println("      junit.textui.TestRunner.main(testCaseName);"); 

            ps.println("   }"); 

            ps.println("}"); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save FullTestSuite.java file"); 

        } 

 } 

  

 public void merge (ArrayList<String> test_class_list, String package_name, String 

dir) { 

        try { 

            FileOutputStream out = new FileOutputStream(dir + "\\FullTestSuite.java"); 

            PrintStream ps = new PrintStream(out); 

            ps.println("package "+package_name+";"); 

            ps.println("import junit.framework.Test;"); 

            ps.println("import junit.framework.TestCase;"); 

            ps.println("import junit.framework.TestSuite;"); 

            ps.println("public class FullTestSuite extends TestCase {"); 

            ps.println("   public FullTestSuite(String name) {"); 

            ps.println("      super(name);"); 

            ps.println("   }"); 

            ps.println("   public static Test suite() {"); 

            ps.println("    TestSuite suite = new TestSuite();"); 

            for (int i=1; i<test_class_list.size();i++) 

             ps.println(" suite.addTest("+test_class_list.get(i)+".suite());"); 

            ps.println(" return suite;"); 

            ps.println("   }"); 

            ps.println("   public static void main(String args[]) {"); 

            ps.println("      String[] testCaseName = {FullTestSuite.class.getName()};"); 

            ps.println("      junit.textui.TestRunner.main(testCaseName);"); 

            ps.println("   }"); 

            ps.println("}"); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save FullTestSuite.java file"); 

        } 

 } 

 

} 
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XCopy.java 
 

package kcl.research.project; 

 

import java.io.*; 

 

//copies files in the file system 

public class XCopy { 

 

 public XCopy() { 

  super(); 

 } 

 

 public int copyFile(String file1, String file2) { 

  String user_dir = System.getProperty("user.dir"); 

  String output = ""; 

        int exitVal = -1; 

  /* 

        try { 

            FileOutputStream out = new FileOutputStream(user_dir + "\\copy.bat"); 

            PrintStream ps = new PrintStream(out); 

            ps.println("CD "+user_dir); 

            ps.println("xcopy /y "+file1+" "+file2); 

            ps.close(); 

            out.close(); 

        } catch (Exception e) { 

            System.out.println("Error: Could not save copy.bat file"); 

        } 

        */     

        try { 

            Runtime rt = Runtime.getRuntime(); 

            //Process proc = rt.exec("cmd /c "+user_dir+"\\copy.bat"); 

            Process proc = rt.exec("xcopy /y "+file1+" "+file2); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            proc.destroy(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "\nExit Value = "+exitVal; 

            System.out.println(output); 

            File copy = new File (user_dir+"\\copy.bat"); 

            copy.delete(); 

        } catch (Exception e){ 

         System.out.println("Error: Could not run copy.bat file"); 

        } 

        return exitVal; 

 } 

  

 public int copyDir(String dir1, String dir2, String ext) { 

  String user_dir = System.getProperty("user.dir"); 

  String output = ""; 

        int exitVal = -1; 

        try { 

            Runtime rt = Runtime.getRuntime(); 

            //Process proc = rt.exec("cmd /c "+user_dir+"\\copy.bat"); 

            System.out.println("xcopy /y "+dir1+"\\*."+ext+" "+dir2); 

            Process proc = rt.exec("xcopy /y "+dir1+"\\*."+ext+" "+dir2); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "\nExit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){ 

         System.out.println("Error: Could not copy dir"); 

        } 

        return exitVal; 

 } 

 

  

 public int deleteFile(String dir, String file, String ext) { 

  String user_dir = System.getProperty("user.dir"); 

  String output = ""; 

        int exitVal = -1; 

        try { 
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            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c del "+dir+"\\"+file+"."+ext); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "\nExit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){ 

         System.out.println("Error: Could not copy dir"); 

        } 

        return exitVal; 

 } 

  

 public int deleteAll(String dir) { 

  String user_dir = System.getProperty("user.dir"); 

  String output = ""; 

        int exitVal = -1; 

        try { 

            Runtime rt = Runtime.getRuntime(); 

            Process proc = rt.exec("cmd /c del /q /s "+dir+"\\*.*"); 

            StreamGobbler errorGobbler = new StreamGobbler(proc.getErrorStream(), ""); 

            StreamGobbler outputGobbler = new StreamGobbler(proc.getInputStream(), ""); 

            errorGobbler.start(); 

            outputGobbler.start(); 

            exitVal = proc.waitFor(); 

            output = output + outputGobbler.getOutput(); 

            output = output + errorGobbler.getOutput(); 

            output = output + "\nExit Value = "+exitVal; 

            System.out.println(output); 

        } catch (Exception e){ 

         System.out.println("Error: Could not copy dir"); 

        } 

        return exitVal; 

 } 

 

} 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


