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ABSTRACT
Software programs are unit-tested in various aspects. For testing each of these aspects, there is the need to build up a framework, which tends to be independent and not reusable in testing other aspects of the same program codes. This paper presents a novel framework JAOUTExt, in which the test of different aspects of a java program can be united and automated. First, JAOUTExt uses a testing description language and a XML based schema to model the target program aspect which is to be tested and translates the aspect model into the AspectJ codes; Second, JAOUTExt uses a dynamic extension loading technique to allow testers to customize the test codes generation, test running and test result representation; Third, JAOUTExt runs the tests, uses runtime messages which is sent by the generated AspectJ program, as test oracles, and eventually shows the test results in terms of  the defined program aspects. 
Categories and Subject Descriptors
D.3.3 [Programming Languages]: Language Classifications—Object-oriented languages; Aspect-Oriented languages D.2.4 [Software Engineering]: Testing and Debugging — Debugging aids, design, monitors, testing tools;
General Terms
Algorithms, Experimentation, Languages.
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Unit testing is a methodology for testing small parts of an application independently of whatever application uses them. Software programs are tested for various purposes.  In general, there can be functional test, which checks during the execution of the programs, given an input, whether the actual result conforms to the tester’s expectation; as well as performance test, which tries to find out if the execution of the target program violates specified performance constraints, e.g. the memory allocation or execution time limit. In particular, a test can be designed specifically for a particular aspect of the program codes, e.g. a statement coverage test could show, either given a bunch of test cases, how many statements in a piece of code are not covered, or in another perspective, if this set of test cases are chosen well enough to reach a certain coverage threshold. 
In order to test a particular aspect of the program, a corresponding test approach and framework need to be set up -- good examples of these frameworks are JMLUnit [1], designed by Leavens and Cheon to test if the functional behaviors of a program conforms to its JML specifications; and UMLTest [2], designed by Offutt and Abdurazik to test if the program execution can cover the states transitions defined by UML state charts. However, a framework built for testing a particular aspect tends to be independent and not reusable for testing other aspects of the same program, while a few aspects are often required to be tested at the same phase. This brings about trouble to testers—it is labor-intensive to design different frameworks manually and migrate codes between them. There do exist tools which are able to test different aspects within the same platform, e.g. Aspect Test Runner [3], a JUnit [4] like testing tool, in which test cases are executed against aspect(L)s
 in AspectJ. However, the language level aspect(L)s might not exactly match the real world aspects which need to be tested. In addition, the representation of test results generated by these tools is coarse and ambiguous—the tools do not build any relationship between the results and the high level aspect with which the results are associated. A particular aspect should be able to have its own way to customize the representation of the test results, while most of these existing tools actually only display how many “errors” which have been found during the test.  To sum up, the difficulty testers are currently facing is the lack of a necessary tool, which is able to automatically test multiple aspects of a program within one platform, and clearly represent test results in the way specified by the aspect with which the results are associated. 
We design a novel testing framework JAOUTExt, which is basically an extension of our previous work JAOUT [5], an aspect-oriented test generation framework. In response to the problems mentioned above, JAOUTExt considers the following three questions, each of which corresponds to a step ahead towards the eventual solving of the problems.  
1.1 Modeling Testing Purpose
The first question which needs to be taken into account is how to model the testing purpose. In other worlds, we need to figure out a way to map a particular program aspect to be tested into a certain testing criterion, against which test cases are executed. Also, this way should apply to various program aspects, in the sense of being able to test multiple aspects within one platform. 
Aspect-oriented software development (AOSD) is a new technique that improves separation of concerns in software development [6, 7], which has gained popularity with the adoption of Aspect-Oriented Languages. Aspect-oriented programming languages, such as AspectJ [8], introduce to the common object-oriented programming languages, such as Java , some new language constructs (such as join points, advice, intertype declarations, and aspects), which makes it easier for programmers to address problems which are difficult to handle in the traditional OO environment. Since an aspect(L) construct in an AO language can be viewed as the language level representation of a high level abstract aspect of the program, we are confident that the aspect(L) is also able to reify and represent the high level to-be-tested program aspects. For simplicity, we call a to-be-tested program aspect a testing-aspect in the rest of this paper.
We use the same test description language (AOTDL), described in [5] to allow testers to model the testing-aspects. Along with the model, there is a XML based schema that JAOUTExt needs to keep. Testers are required to specify a runtime in the schema for each testing-aspect which appears in the model file. The runtime contains dynamic extension information, which is used to instrument the generated codes when the model is translated into the aspect(L) in AspectJ. The extensions in JAOUTExt are introduced in the next few sections. 
1.2 Extensible Test Generation
The second question we have to think about is how to automatically generate test codes for testing all the specified testing-aspects.  The built-in way JAOUTExt does it is similar to the way JMLUnit generates the test codes for JUnit framework. That is, by default, JAOUTExt generates JUnit codes for the target program, in which runtime messages sent by the codes instrumented with the runtime are distinguished and categorized, in order to collect the appropriate test results for different testing-aspects. 
Another novelty of JAOUTExt lies with the fact that this framework allows the simultaneity of multiple test code generations. Since testing a particular testing-aspect might require the support of a specific testing tool, e.g. JMLUnit is tailored for testing Java programs annotated with JML specifications, or testers may feel more comfortable with a tool other than JUnit, JAOUTExt provides a test generation extension technique, using which all the extension classes written by testers can be dynamically loaded, managed and executed, so that a variety of kinds of test codes are generated in order to satisfy the needs of testing of multiple aspects and testers’ preference. The test runner is also substitutable.
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If the tester specifies an extension for test generation, he/she may also want to decide which test runner to use to execute the tests. The default test runner is a JUnit test runner, which we have modified to receive multiple runtime messages. Actually all the built-in test components in JAOUTExt exist in the form of extensions.  

1.3 Test Results Representation
How are test results organized and finally represented for multiple aspects?  As mentioned above, the test outcomes should be able to be customized in terms of the testing-aspect, so that each testing-aspect has its own way to organize the test results and display them. For a statement coverage test, for example, testers may want to see how many if or else conditions are never reached and a percentage of these conditions within a certain class, while for a performance test, the final results would be whether the execution is within the limit and if not, how much time exactly the execution takes. In this sense, existing tools are not able to allow testers to report the results simultaneously in different manners. 
To solve this problem, JAOUTExt uses the same extension technique, which dynamically loads all the representation extensions written by testers.  The ID of each extension is associated with the runtime of a particular testing-aspect, and when the test is executed, runtime messages of this program aspect are dispatched to the corresponding representation extensions, which subsequently handle the messages and report the outcomes in the specified way. 
1.4 Discussions
Figure 1 shows the overview of JAOUTExt framework. A box in it stands for a part (tool) of the framework and a shadowed box means the outcome produced by the tool shown beside. The circles and dashed arrows in the right mean there are extension ports there, through which extensions can be made to the framework.  There are totally three extension ports in JAOUTExt framework, -- test generation, test runner, and representation, each of which has to be specified in the runtime before the test is processed.  
The main contributions of this paper are the answers to the above three questions, namely:

· JAOUTExt uses a test purpose description language AOTDL to model the testing aspect, which maps the abstract program aspects to be tested into the language level aspects(L) in AOP.

· JAOUTExt uses extensions to support the testing of multiple aspects within a single platform. In particular, JAOUTExt provides the extension ports for test generation, test runner and test results representation.

· The test codes are instrumented with exception-based message sending functions. Those messages are sent at runtime, if the specified conditions are violated, and identified as test oracles. The whole testing process can therefore be automated.
The rest of this paper is organized as the follows: In section 2, we introduce the AOTDL language, the runtime schema and how it is translated into AspectJ aspects(L). Section 3 presents the built-in automatic generation of test codes and the representation techniques and section 4 presents the extension mechanism in JAOUTExt. Section 5 presents related work and in section 6 we conclude the paper.
2. MODELING TESTING-ASPECTS
As introduced in the previous section, how to model the program aspects to be tested and subsequently make them be able to serve as the test criteria is the key problem we need to solve to automate the testing process. This section introduces an AOTDL language, the runtime schema, which are used to model the testing-aspects and how the model is translated. 
2.1 AOTDL—A Testing-Aspect Modeling Language
AOTDL was first proposed in our previous work JAOUT [5]. In order to allow extension in our framework, we’ve modified the original version of AOTDL in JAOUTExt framework. AOTDL is not a real language, in the sense that it does not have new programming concepts and language constructs. What AOTDL essentially does is that it provides a few structure units, in which testers may write AspectJ codes. In other words, testers use the same way to write AOTDL models as to write aspects(L) in AspectJ, but the difference is that the structure units in AOTDL divide the aspects(L) codes into a few parts, each of which essentially represents a feature of the program aspect we want to test. JAOUTExt does a source-to-source translation from JAOUT to the aspects(L) in AspectJ, and instrument the codes with the extension specifications contained in the runtime.
Figure 2 shows the prototype of a stack class and a testing-aspect written in AOTDL. The testing-aspect is named STACK_FUNCTION, which is essentially to test the basic functions of the stack implementation, -- this is the very program aspect we want to test. The first structure unit we see in the figure is Utility, which contains the declarations of all pointcuts
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and auxiliary advices, meaning advices which don’t directly represent the program aspect to be tested.  

There are two advice units in the figure. Advice unit in AOTDL actually contains the testing-advices, which are representations of the test purpose. In writing an AOTDL model for testing a particular program aspect, the first thing we need to think about is to decompose this program aspect into sub-aspects, each of which may correspond to an advice unit. In the testing-aspect STACK_FUNCTION, for example, there are two sub-aspects which can represent this aspect, one is STACK_ERROR, which means we want to check if there are functional errors in this stack implementation and the other is MEANINGLESS_TEST_CASE, meaning test cases which are not meaningful in some sense will not account in the test. Testers are allowed to add whatever advice units into a testing-aspect. 
There is some slight difference between the AspectJ advice and the testing-advice contained in the body of advice unit. We use the syntax 
advice_type: pointcut: condition: message

to denote a testing-advice. The advice-type and pointcut are the same as defined in AspectJ. condition is a boolean expression and message is a string. So a testing-advice means at the point where the pointcut is triggered in type of advice_type, if the condition is satisfied, a runtime message will be sent to the testing program with the content message. So the test-advices described in figure 2 say 1. before push is called, if the size of this stack is more than MAX, the current test case is meaningless and will therefore be ignored; 2. before push is called, if isInitialized is false, meaning init has not been called, a stack error occurs, with the message “not initialized” being sent out. 
2.2  Runtime
As mentioned in section 1, testers need to specify an additional runtime in the XML based schema, in order to enable the extensions.  The basic structure of the schema is described as follows,
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For each testing-advice, which appears in the AOTDL model, there should be a corresponding <testing-advice> tag in the schema. The <runtime> tag specifies four extension classes- the message class, which is the type of runtime messages to be sent; the generator class, which is the user-defined test code generator; the test runner class, which indicates the test runner to be used to run the test and the handle class, which is expected to handle the runtime messages in terms of their types and represent the test results. The four extension classes are instrumented into the AspectJ codes when the AOTDL model is translated. 
2.3 Translation of Testing-Aspects
JAOUTExt translates the AOTDL representation of testing-aspects into aspects(L) in AspectJ in a source-to-source manner. For the pointcuts and advices in utility unit, we leave them as they are and for the testing-advices, we translate them in the way illustrated in figure 3.  The testing-advice is interpreted to an AspectJ advice(L), which throws a JAOUTUnitTestRuntimeMessageThrowable, the super class of all user-defined runtime message classes. If the condition is satisfied, a runtime message is constructed. A runtime message is actually an instance of an exception class, which is a sub class of JAOUTUnitTestRuntimeMessageThrowable. In other words, in JAOUTExt, we adopt an exception-based approach to notifying the test receiver when and on which test case a testing-aspect is violated. Then we set four extension classes which are specified 
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in the runtime to the message which is just constructed, and eventually throw out this message. 
The basic idea behind the AOTDL and the translation is quite straightforward. That is to use the AOTDL model as the wrapper between the abstract program aspects and the AOP codes. However, the novelty is that in the first place, we are able to model multiple abstract program aspects in a single way; second, testing-advice units in AOTDL, although simple, separate the concerns on the testing-aspect; third, we use a message-driven approach to automating the test and fourth, the runtime supports extensions, which allows testers to customize their tests and provides the possibility to run different types of tests within a single framework. 
3. TEST GENERATION, RUNNING AND RESULT REPRESENTATION
This section presents the test generation, running and result representation techniques that JAOUTExt provides by default if there are no extension classes specified in the runtime. 
3.1 Test Generation
By default, JAOUTExt generates JUnit test codes from the testing-aspects described by AOTDL.  The generated codes have pretty much the same structure as the test codes generated by JMLUnit [1]. However, the codes JAOUTExt generates are simpler in the way that we don’t use a try-catch block to receive the exceptions thrown by the program—that would make test codes look coarse and hard to understand. Actually, we put the try-catch blocks in the test runner, which testers don’t need to think about. Figure 4 shows the skeleton of the generated codes.
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Given a Java class M.java, JAOUTExt generates two classes: M_Aspect_Test, M_Aspect_TestCase. M_Aspect_Test is a JUnit test class to test all methods in class M. M_Aspect_TestCase is a test case provider, which extends M_Aspect_Test and initialize test fixture. Similar to JMLUnit test framework [5], the test fixture for the class C is defined as:
C[ ] receivers; T1[ ] vT1; ... ; Tn[ ] vTn;
The first array named receivers is for the set of receiver objects (i.e., objects to be tested) and the rest are for argument objects. There will be a separate test method, testM for each target instance method (non-static), M, to be tested. The purpose of testM is to determine the outcome of calling M with each test case and to give an informative message if the test execution violates a testing-aspect for that test case. The method testM accomplishes this by invoking M with each test case and the information indicating what testing-aspect is violated is collected by the test runner.
3.2 Running the Test
We rewrite the test runner, test result, and test listener classes for JUnit to make JAOUTExt be able to identify extended runtime messages and dispatch them appropriately to their handlers. The way the messages are received and dispatched is illustrated in the following codes segment.
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When we execute the method, we try to catch three kinds of throwables, AssertionFailedError, indicating the violation of JUnit assertions; JAOUTUnitTestRuntimeMessageThrowable, indicating the violation of testing-aspects and ThreadDeath, indicating the abnormal termination of a thread is encountered. The method addExtendedViolated lets the test listener trigger an event and subsequently adds the current test and the runtime message into a collection of messages, which is going to be handled by the representation handler classes. 
If there is an test runner extension which is specified in the runtime, the extended runner class will be instantiated and the 
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                                                       Figure 6. Interfaces designed for the extension ports

runTest(Test t) method in this class will be executed to run the generated test codes. We design interface classes for each extension ports where extension classes have to implement these interfaces to be able to be loaded. We will introduce the extension in detail in section 4. 
3.3 Results Representation 
JAOUTExt uses a simple approach to reporting test results if there is not a specific representation handler class which can be found in runtime. JAOUTExt prints out the source of the violation (exception trace), the particular testing-aspect and testing-advice which are violated.  Similar to the result report in JUnit, JAOUTExt also displays the statistics of the current test. Figure 5 shows the test results reported by JAOUTExt by default. Note that the messages which are specified in the testing-advices appear in the report. Failure denotes the JUnit assertion violation, error denotes exception, other than JAOUTUnitTestRuntimeMessageThrowable thrown by the program and extendedviolation denotes the violation of testing-aspects. So this report says there are two extended violations, both are from the testing aspect STACK_FUNCTION. 
4. EXTENSIONS IN JAOUTExt
JAOUTExt attempts to unite the testing of various aspects within a single platform by allowing extensions. As briefly introduced in section 1, JAOUTExt provides three extension ports, where testers may use an extended test code generator, test runner and representation handler, other than the built-in tools presented in last section.  Figure 6 illustrates a basic overview of classes and interfaces at the extension ports. JAOUTExt uses an interface-based extension structure, where all extension classes have to implement the specified interfaces in order to be loaded at runtime. For the test code generation, there is an interface
IJAOUTUnitTestEmitter, which basically contains a few emitX methods, each of which is called to generate a certain part of the test.  The interfaces for the test runner are a bit complex—an extended test runner basically has to implement two interfaces, IJAOUTTestRunner and TestListener, where the former provides a runTest method, which runs the given test. In JAOUTExt, we have a type Test to adapt all kinds of tests to be run in the framework. So testers may be required to wrap their tests using Test before getting them run. The latter specifies a test listener which will listen on all the violations and trigger the appropriate events accordingly. 
For the representation handler, there is an interface IJAOUTExtentedHandler, which essentially specifies how the results are organized and displayed. If a class just prints the results out, it only needs to implement the method renderText, and leaves the renderGraphics empty, and vice versa. 
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Figure 7 . A simple extended graphic representation of test results

The above code segment shows how the messages are dispatched to the appropriate representation handlers. We use a factory pattern [9] to manage the registered representation extensions.  Given the runtime message, the factory will return an instance of the extended handler and then JAOUTExt displays the results by calling renderX methods. Figure 7 shows a simple extended java swing representation of the results of testing STACK_FUNCTION. This representation equals to the one shown in figure 5, but they result from the calling of rendexText and renderGraphics respectively.
5. RELATED WORK
5.1 Specification-based Approaches to Testing

There is a large body of research on specification-based testing. An early paper by Goodenough and Gerhart [14] emphasizes its importance. Many projects automate test generation from specifications, such as Z specifications [15, 16], UML statecharts [2], or ADL specifications [17, 18].  

The TestEra framework [19] generates Java test cases from Alloy [20] specifications of linked data structures. TestEra uses the Alloy Analyzer (AA) [21] to automatically generate method inputs and check correctness of outputs, but it requires programmers to learn a specification language much different than Java. 

Boyapati, Khurshid and Marinov describe Korat [22] which perform automated generation of test cases for Java programs with formal specifications. Korat can generate linked data structures based on additional Java predicates. Cheon and Leavens [1] describe automatic translation of JML specifications into test oracles for JUnit [4]. This framework automates execution and checking of methods. However, the burden of test case generation is still on programmers: they have to provide sets of possibilities for all method parameters. JMLAutoTest [23] solves this problem by generating test cases based on JML invariant clause specified in the class, and therefore does not require testers to write a special predicate method, such as repOK() in Korat.
5.2 Testing Aspect-Oriented Programs
Testing aspect-oriented programs is receiving more interests, as AOSD gains popularity. Zhou et al .[3] describe an approach that selects a test if the test covers an aspect which has not yet been exercised by previous tests. Xie and Zhao [10] develop a framework Aspectra, which applies existing test generation techniques to generating test inputs for aspectual behaviors, by using a wrapper-synthesis technique.  Zhao [11, 12] proposed a data-flow-based unit testing approach for aspect-oriented programs. For each aspect or class, the approach performs three levels of testing: intra-module, inter-module, and intra-aspect or intra-class testing. This work mainly focused on unit testing of aspect-oriented programs based on data flow. Rajan and Sullivan [13] presented an approach to expressing and automating test adequacy criteria relative to crosscutting concerns using aspect-oriented languages. Their approach represents tester intentions within source code in an explicit and abstract way. They also provided a white-box join point model and a generalized action framework to support white-box testing tools.
However, the research mentioned above focused on how to test an aspect-oriented program, as new language features appear, while our approach takes a generic view on testing OO programs in aspects. Aspect-oriented programming is just the target domain which we map the abstract testing problems into.  Our previous work JAOUT [5] presented the earliest idea of using a “wrapper “ language to map testing-aspects to the AO program, but JAOUT does not support extensions, which hinders the practical use which it is supposed to achieve—how can testers test multiple aspects in a framework which only generates tests in the fixed way? JAOUTExt extends JAOUT in the way that it enables the integration of multiple testing techniques by allowing extensions.  
6. CONCLUSIONS 
In this paper, we present JAOUTExt, a novel testing framework, which is able to unite the testing of multiple program aspects within a single platform. The novelty of JAOUTExt lies in the three points in the testing process.  
First, testers are allowed to model the abstract program aspects to be tested using AOTDL, a testing aspect description language. AOTDL provides units to separate the concerns of a particular testing-aspect into testing-advices.  In the meantime, testers are required to specify a schema, which contains the necessary runtime information for the later extensions. AOTDL models are translated into aspects(L) in the AspectJ language, which will be woven along with the programs to be tested. 
JAOUTExt provides built-in test generation and running tools if there are no extensions specified for a testing-aspect.  The key idea is to use a message-driven approach to automating the test—actually, JAOUTExt instruments the codes with exception throwing functions, identifies the exceptions as the test oracle to check if a testing-advice is violated and uses the type of an exception to select a representation handler, which shows the final results.
JAOUTExt provides extensions at three points—test generation, test running and results representation, where an interface based approach is used to load the extended classes. By writing extensions to the framework, testers are able to customize the tests, use multiple testing approaches and get the unified test reports without having to try different testing frameworks and migrate the program codes. The JAOUTExt approach can also be applied to the testing of programs written by languages other than Java.
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�we use “aspect(L)” to denote the language level aspect in an aspect-oriented language, which is different from the “aspect” we use in other places. 
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Class Stack{


  public void init(){...}


  public void push(Node n){...}

  ...


}


TestingAspect STACK_FUNCTION{

 // all pointcuts and other utility advices are 


 // declared in the Utility unit


 Utility{ 

   protected boolean isInitialized = false;

  //push is reached

   pointcut pushReached(Stack st):

target(st)&&call(void Stack.push(Integer));

  //init is reached

   pointcut initReached(Stack st):

target(st)&&call(void Stack.init(void));


   after(Stack st):initReached(st){


     isInitialized = true;


   }

 }


Testing-advice MEANINGLESS_TEST_CASE{

// 1. find meaningless test cases

    before(Stack s): 


pushReached(s):

s.getSize()>=MAX:”Overflow”;

...

}


Tesing-advice STACK_ERROR{

  // 2. find test errors 

   before(Stack s):

        pushReached(s):

!isInitialized:”Not Initialized”;

    ...


}

}


  Figure 2. The AOTDL representation of a testing-aspect
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<testing-aspect id=”STACK_FUNCTION”>


<testing-advice id=”MEANINGLESS_TEST_CASE”>


<explanation>


Advices for specifying criteria of a meaningless test case


</explanation>


<runtime  


messageclass=


     ”aounittest.jaout.exceptions.MeaninglessTestInputException”

runnerclass=


     ” aounittest.jaout.unitFramework.textui.TestRunner”

generatorclass=


     “ aounittest.jaout.unitTestEmitter”

handleclass=


     ” aounittest.jaout.unitFramework.ExtendedRuntimeHandler” />

</testing-aspect>
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---------in JAOUTTestResultRepresentor.java-----


// get the factory of registered runtime handler


ExtendedRuntimeHandlerFactory factory =    


ExtendedRuntimeHandlerFactory .getFactory();

// get the extended violations from test result


Enumeration e = result.getExtendedViolations();


While(e.hasMoreElement()){


   // get the runtime message


   JAOUTUnitTestRuntimeMessageThrowable t =


      ((TestFailure)e.nextElement()).


       thrownException();


   // get the handler class


   IJAOUTExtendedRuntimeHandler handle = 


      Factory.createExtendedHandlerInstance(


              t, t.getType());


   // show out the reports


   If(handle.getDisplayType() == 1) //text mode

       handle.renderText(printWriter);

   else  //graphic mode

       handle.renderGraphics(graphics); }

}
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.F..JAOUT Test Failure


Time: 0.016


There was 149 ExtendedViolations:


1) testpush(sample.StackTest)org.eclipse.aounittest.jaout.exceptions.TestErrorException: Thrown by testing aspect STACK_FUNCTION, reason: Not Initialized (23)


at sample.Limit.ajc$before$sample_Limit$2$bb66866(StackFunction.java:39)



at sample.StackTest.testpush(StackTest.java:69)



…

2) testpush(sample.StackTest)org.eclipse.aounittest.jaout.exceptions.MeaninglessTestInputException: Thrown by testing aspect STACK_FUNCTION, reason: Overflow (126)


at sample.Limit.ajc$before$sample_Limit$2$bb66866(StackFunction.java:54)



at sample.StackTest.testpush(StackTest.java:70)


            …

FAILURES!!!


Tests run: 149,  Failures:0,  Errors: 0,  ExtendedViolations: 149

                            Figure 5. The test results reported by JAOUTExt by default 
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public aspect Stack_function{

   ...


//pointcuts and advices in Utility unit


   ...


/* Testing-advice MEANINGLESS_TEST_CASE  


   begins here */


/* throw the root of the runtime message 


   class */


before(Stack s) throws             
    JAOUTUnitTestRuntimeMessageThrowable{

// The condition is satisfied 


if(s.getSize()>=MAX){

// The runtime message        JAOUTUnitTestRuntimeMessageThrowable e$

    = new MeaninglessTestInputException 


      (“Thrown by testing aspect   


      STACK_FUNCTION, reason: Overflow"”);


// The test generator


e$.setGenerator(


     aounittest.jaout.unitTestEmitte.class)


// The runner extension


e$.setRunner(

     aounittest.jout.unitFramework.textui


     .TestRunner.class);


//The representor extension


e$.setPeerHandler(

     aounittest.jaout.junitFramework


     .ExtendedRuntimeHandler.class);


throw e$;


 }

}


   Figure 3. The generated aspects(L) in AspectJ
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public void testM() {


final A1[] a1 = vA1;


: : :


final An[] an = vAn;

initTestcases();

   for (int i0 = 0; i0 < receivers.length; i0++)


     for (int i1 = 0; i1 < a1.length; i1++)


        : : :


        for (int in = 0; in < an.length; in++) {


          if (receivers[i0] != null) {


              receivers[i0].M(a1[i1], ..., an[in]);


      }

     }


    }

}


}


  Figure 4. Skeleton of JUnit Test codes generated by JAOUTExt
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--------TestResult.java---------

public void runProtected


     (final Test test,   Protectable p){


try{


    p.protect(); //run the test


   } catch(AssertionFailedError e){


     //catch JUnit assertion violation

     addFailure(test, e);


   } catch(


     JAOUTUnitTestRuntimeMessageThrowable e)


{


 //catch violation of testing-aspects


     addExtentedViolation(test, e);


   } catch(ThreadDeath e) {


     /* we don't catch ThreadDeath by 

        Accident */

     throw e; 


   }
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    Figure 1. An Overview of JAOUTExt framework
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