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Introduction:

Executive Summary:

The purpose of the Test Harness is to ensure that the C# application under test still functions correctly following modifications or extensions of the system. Typically the modifications or extensions will be tested to ensure that they meet requirements, after which a series of tests will be run to confirm that the existing functionality still meets its requirements.

As a software is developed the reemergence of faults is unfortunately quite common. Sometimes it occurs because a fix to a problem will be fragile. i.e. if some other change is made to the program the fix no longer works. Therefore it is a good practice that whenever a bug is located and fixed, a test that exposes the bug is recorded and re-run after every subsequent change to the program. This will improve the confidence in the application under test and ensures that it is robust and reliable. The Test Harness thus ensures that the application under test has not been damaged in any obscure way.

Requirements:

The Test Harness must provide the users with the facility to write individual tests for modifications to the C# code, to generate the test data to test those modifications and to provide a user-interface which shows the Test Results. The Test Results can also be logged in a file stream to create a Re-use pack which may be used for subsequent tests. Each new test is created as a library and placed on a known path as a dll file. When the user runs the test, the system loads all libraries from that path and runs the tests defined by the loaded libraries.
The Test Harness should enable updating and adding new Test Cases. It should provide a standard interface for defining Test Cases and allow the reuse of common code among related test cases.

The number of test cases grows as fast as the system at hand grows. Thus the Test Harness should allow the composition of test cases into test suites in order to organize logically a large number of test cases into groups. 
The framework should keep flexible the way the results are reported. The possibilities include storing the results of the test in a database for project control purposes, reporting test activities on the fly and counting the number of tests.

Actors:
The Test Harness is a tool which is used to test modifications to the C# application under test. The following types of users can interact with the Test Harness in various ways.

Test Team Leader:

The Test Team leader is responsible for tasking one or more Test Analysts and Testers and monitoring their progress on agreed-on plans. He archives the Re-use pack generated by the Tester with the rest of the Project files and provides them on request.
Test Analyst/Developer:

The Test Analyst can use the Test Harness to design and implement the Test Cases and in the design and implementation of the Test Data sets. In this case he is also the developer of the Application under Test. He can assist the Tester in briefing him about the Application under Test prior to testing. 

Tester:

The Tester uses the Test Harness to perform the testing tasks as specified by the Test Team Leader. He is also responsible for the identification and logging of any observed faults. The Tester generates the Re–use pack.
Quality Assurance Analyst:

The Quality Assurance Analyst is an Independent Test Observer who formally witnesses that the Tester correctly completes all the Test Cases. He liaises with the Test Team Leader to report any problems observed during the Testing process.

User Representative:
The User Representative uses the Test Harness to confirm that the Application Under Test meets its business requirements and to provide confidence that the system works correctly and is usable before it is formally delivered to the end user.

USES OF THE TEST HARNESS:
The various ways in which the users can use the Test Harness is dicussed below.
The Developer/Test Analyst adds new features to the application under test:  The Test Harness can be used whenever the Developer/Test Analyst wants to add new features to the existing application under test. Individual tests will be written by the Test Analyst to test the new features and he uses the Test Harness to re-run all the tests following the modification of the application to ensure that the functionality of the application is not affected in any way due to the addition of the new feature.

The Developer/Test Analyst tweaks the application under test  to improve its performance: The Developer/Test Analyst may occasionally tweak the system to improve its performance. But it is necessary that no new bugs are introduced into the system following the attempt to improve the performance. Now the Test Harness can be used to re-run all the test cases to ensure that the system did not lose its functionality following performance improvements to the system.
Program Maintenance is done to an existing application under test: A large amount of maintenance effort is required every time the application is changed. To build confidence in the application that is under maintenance, the Test Harness can be used. All the test cases which were written for the application under maintenance will be re-run to ensure that the application did not introduce inadvertent bugs into the system. Thus using the Test Harness for maintenance make the application robust.
At each new phase of a new application under test: The application under test will undergo several phases during development. At each stage tests will be written to check its functionality. At each such stage the Quality Assurance Analyst and the Tester can use the Test Harness to re-run all the previous test cases to ensure that the application did not behave differently from the previous phase.
The Tester thinks that someone could have inadvertently introduced or deleted some code: It may happen that someone could have inadvertently introduced or have removed some code in the application. In that case bug-tracking becomes very difficult once you pass that stage. So at the end of each stage, the Test Harness can be used to re-run all the test cases. This would catch bugs, if any and ensure that the application has not been modified. This improves the reliability of the system.
Tester or Test Analyst wants to see if a bug in an old program has been cleared up: While testing an application, when a bug is reported, it is usually fixed. But it may happen that it works fine only at that time. So when the application is modified at a later stage the same bug may come up again. The Test Harness can be used at that time to catch those old bugs since it re-runs all the test cases. Without the Test Harness bug-tracking would be very difficult. So now the application becomes more reliable as the Tester will be confident that there are no bugs.
Note: When we run the Test Harness more frequently it is easier to track the bugs. For example if you run the Test Harness yesterday and there were no bugs and if you run it again today and there are bugs, then the period when the bugs were introduced can be traced down to a single day and locating the bugs becomes very easy. But this may not  be the case if an old bug fixed was fragile.
See if different operating systems or different versions of operating systems impact the way the application under test computes the results: The Test Harness can be used to see if the application under test can be used under different platforms without any modifications introduced to the system. So the Test Harness can be used to check portability of the application under different operating systems.

Updating the test cases:The Test Analyst/Developer can update the test cases which were written earlier for the application under test. Modifying it requires that all the test cases should be re-run so that he can confirm that the behavior of the application is the same even after updating the test cases. The same applies to updating a dll file also.
GRAPHICAL USER INTERFACE FOR THE TEST HARNESS:
An example user interface for the Test Harness is shown below.
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The User Interface provides the facility for specifying the path of the test cases using the Browse button or he can directly enter the path in the text box. The User has to click the “Run” button to start the Test Harness. 
The Test Harness then provides the information such as the total number of test cases run, total number of test cases passed and the total number of test cases failed.

The “Test Results” grid displays the results of the tests. It provides the name of the test and it specifies whether the test passed or the test failed.

When there is no error i.e., the test cases passed successfully, then no detailed information is needed about those tests. But if the test cases fail then the User should know what error or exception occurred during the execution of the test cases. The “Errors and Failures” grid gives information about the tests that failed such what exception was thrown and if necessary the stack trace.
After all the tests are completed the User may want to view the Test Result Log File for the current set of test suites executed. In that case the “View Test Result Log file” button is used to open the file for viewing. The user can activate this button only when all the test cases are completed. Till then it remains deactivated in the user interface.
Finally, the Exit button is used to stop the Test Harness and exit from the tool.

CONTEXT DIAGRAM:
The following Context Diagram shows how the Test Harness interacts with its environment.
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The Test Harness mainly interacts with the user interface, the file system and the application under test. The interactions are explained below.

Graphical User Interface:

The Test Harness interacts with the user through the Graphical User Interface. The User gives the path of the test cases, which are stored as dll files, as the input to the Test Harness. The User starts the Test Harness with a click of a single button after specifying the path. After execution of each test case the Test Harness displays the Test Results on the fly to the user through the User Interface. The User can then identify the number of tests passed and the number failed and detailed information incase of an error by providing the stack trace.

Note: The User Interface could also be a Command Line Interface. In that case the user has to specify the path of the dll files in the Command line and press Enter. The Test Results will be displayed on the Command Line on the fly on execution of each of the Test Cases.

File System Services:

Whenever the Test Harness wants to run a test case it utilizes the file system for loading the corresponding dll file from the file stream. This includes the Re-use pack which is nothing but the test cases which were archived during a previous similar test and which can be applied to this application also. The File System also stores the Test Results and they can be archived for later use in other projects. The File System also provides Test Data as input to the Test Harness in the form of an XML file. All services provided by the file system require filename of the file that needs to be accessed as well as a file handle (i.e. a reference to that file).

Modular Structure of the TEST HARNESS:
The Test Harness is divided into separate modules such that each module performs a cohesive task. Below is a diagram which visualized the module breakup of the system.

                         MODULE DIAGRAM FOR THE TEST HARNESS
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GUI Module:

The GUI Module provides the facility of getting the path of the test cases from the User. It is also used to display the results of the Test Cases on the fly to the User. 

Test Harness Executive Module:

The Test Harness Executive is used by the system to manage all the activities of the system such as loading all the test cases and executing them. The Test Harness Executive may be composed of either single test cases or by other test suites. The implementation of the test() method in the Test Executive loads all the test suites and invokes the test() method in each one of them. 

File Loader Module:

The File Loader Module is used by the Executive to load all the test cases which are stored as dll files into the memory space. It also uses the Re-use pack to load old test cases which might be useful for the application under test.

Test Module:

It provides a Test Class as the main entity of the framework. Each Test Case consists of  three parts: the initialization part, the test itself and the cleanup part. The Test Class provides a method called test() which consists of the blank methods: initialize(), executeTest() and cleanup().

The initialization part is responsible for providing an interface to the Test Vector Generator. Specific Test Cases can simply override the initialize() method to invoke the Test Vector Generator. It is optional to override the initialize() method.

The Test Class consists of an abstract method called executeTest() which is implemented by the specific Test Cases with the actual Testing code. The executeTest() adds the specific test cases to the test suite. It is mandatory to override this method in the application module.

The cleanup part contains the cleanup() function which can be overridden in the application module to provide an interface to the File Logger for storing the Test Results and for reporting test activities to the user on the fly. The implementation of this method is mandatory as the reporting of test results is a basic requirement. 

Application Test Module:

The test cases are written in the Application Test Module by overriding all the blank methods provided by the Test Class in the Test Module. The initialize() method of the Test Class can be overridden to invoke the Test Vector Generator. Specific Test Cases are written and they are added to the Test suite by overriding the executeTest() function of the Test Class. Finally the cleanup() method is overridden to store the Test Results to the File Logger and to report it on the fly in the Graphical User Interface.

Test Result Logger Module:

The Test Result Logger module is used to store the Test Results to a file stream and to report the test activities on the fly in the Graphical User Interface. The Test Harness distinguishes between errors and failures. Failures are situations when the test case does not yield an expected result. On the other hand errors are unexpected bugs in the code being tested, or in the test cases themselves. The Test Result Logger Module is responsible for reporting the failures and errors in different ways.

Test Vector Generator Module:

The Test Vector Generator is used for generating the Test Data for the Test Cases which are to be run against the application under test. The Test Vector Generator is implemented so that it can generate data by itself for some common cases. When the data is application specific, the Test Vector Generator can be supplied with an input file which can possibly be an XML file containing the required Test data and it can be pumped one line at a time to the Application Test Module.

Product Code Module: The Product Code is the source code of the application under test.

Note:

Even though the Application Test Module and the Product Code Module are not a part of the Test Harness, we have included here so that the relationships between the modules becomes clear.

ACTIVITY DIAGRAM:
The activity diagram acts as a high level description of the Test Harness. The following activity diagram shows the flow of logic in the Test Harness.

[image: image4.emf]User Action

Update Display

Load all the Test Cases

Generate Test data for a test case

Run the Test Case on the application

Analyze the Result

Store Test Result

Add detailed error information

Add Failure Information

[Success]

[Exceptions]

thrown

[Failures]

[Errors]

[Completed 

all test 

cases]

[Test cases 

yet to run]


Description:

Update Display: 
The User is presented the User Interface with the facility to provide the path of the test cases to the Test Harness. It is updated every time a test case is executed to report the test results to the user.

User Action:

The user provides the path of the test cases which are input to the Test Harness and clicks the Run button.

Load all the Test Cases: 
The Test Executive loads all the test cases from the path which is specified by the user. 
Generate Test Data for the Test Case:
The Test Data for the Test Case loaded is generated using the Test Vector Generator. 

Run the Test on the application:

The Test Case is executed on the C# application under test.

Analyze Result:

The result of the test is analyzed. i.e. whether the test passed successfully or not. If the test passed successfully, the result is displayed on the User Interface with minimal information. But if it encountered any problems, then the Test Harness adds information on the problems. It distinguishes between errors and failures and adds the appropriate information. It counts the number of tests and failures and displays them at the end.
Store the Result:

The Test Results are stored in the file stream for archiving and further reference. It then updates the user interface.
CRITICAL ISSUES:
These are the issues which are critical to the design of the Test Harness. Failure to address these issues may result in a serious flaw while using the final product. Some of the critical issues have been discussed below.
1) Problem:

How to provide generic test cases for application specific code?

Solution: Requirements can be “missing” from a specification for a number of reasons. The solution is to create a knowledgebase of test design patterns. To document this knowledge create a checklist for each type of test that is applicable to the system. Define when the test type is applicable, the rationale for doing the test, the common environment issues and the common pitfalls associated with the test. The Test Cases section should be a series of short objectives that represent a grab-bag of issues to consider, places to look, data sets to use, error conditions to try, etc when testing the application. For any given application, not all test cases in the checklists will apply. Pick and choose the ones that do, and also update the checklist regularly with new test cases as you discover them. Once developed, the generic test cases will form a valuable part of a tester’s toolkit of strategies and techniques.

2) Problem:

What if the number of test cases becomes very large? This will affect the performance of the Test Harness in loading the dll files.

Solution:

Re-running all the test cases may require an unacceptable amount of time. An alternative approach is to re-run only a subset of the initial test suite. Several safe test selection techniques have been proposed. For example let P be a program and P’ be a modified version of the program and T be the set of test cases. Then the technique of Rothermel and Harrold uses control-flow graph representations of P and P’, and test execution profiles gathered on P, to select every test case in T that, when executed on P, exercised at least one statement that has been deleted from P, or at least one statement that is new in or modified for P’.

The safe technique always found all faults that could be found given the test suites used. Therefore a safe technique is preferable to running all test cases in the test suite if and only if analysis costs are less than the costs of running the unselected test cases. 

3) Problem:

Test Cases are written by different programmers. If two tests are similar then the Test Harness executes the same tests again and again.

Solution:

The Test Harness should be used to find out which one of the tests is the most effective among them. Then the Tester will load only the dll file of the corresponding test case and ignore all others. 

The Test Harness should need to consider the following issues:

· Where will test cases be stored? 

· What is the naming scheme? 

· What is the organizing structure? 

The Tester can then make sure easily that the similar test cases are not executed again.

4) Problem:

What if the Test Harness is supplied with bad code as the input instead of the C# files.

Solution:

The Test Harness should be able to read the meta-data which is present in the dll files which are given as an input to the Test Harness prior to execution and discard all non- C# files and test cases which do not have the test() function . The Test Cases are also ignored if the dll files are damaged in any obscure way. 

5) Problem:

How will the tester test itself? 

Solution: 

As the modules of the tester are being developed they should be used to test the tester. The Test Vector generator can be used to perform the following tests on the other components of the tester to ensure that it functions properly.

· What happens when the tester is pushed beyond its performance and capacity limits? How is its recovery? 

· What is its breakpoint? 

· The Test Vector Generator can be supplied with invalid code and see what happens? Does the system recover?

For example, the Tester can be tested by making the Test Executive to create the maximum number of test case objects and determine how many test cases it can run to the maximum. Then you can supply more test cases than the maximum and see what happens. This way you can examine its recovery capabilities and its breakpoint. Run the tester as expected user will - with certain other components running, or for so many hours, or with data sets of a certain size, or with certain expected number of repetitions.

6) Problem:

What if multiple users use the test harness to test the application? How will they know which test cases to select?
Solution:

When it comes to having multiple users testing your application, it is almost impossible to run manual tests consistently and, it can be very difficult to scale up the number of users testing the application. So you probably need to make the test harness automated since with manual testing, it can be difficult to accurately reproduce the set of tests if you want to re-test your application after making changes.
7) Problem:

What if the test vector generator is supplied with invalid inputs?
Solution:

The Test Harness should not crash in this case. The Test Harness cannot handle this case by itself. The Application Test Module should handle any exceptions which are generated during the execution of the Test Cases with the invalid data.  
CONCLUSION:
The Test Harness can be used as an effective regression testing framework for medium and large sized projects.. It allows the composition of test cases into test suites, and the visualization of the test results. We have discussed the Actors and the various purposes for which the Test Harness can be used. We have also discussed the way in which the Test Harness interacts with its environment. The Test Harness was divided into cohesive modules which allow easy reusability and extensibility of the Test Harness. 
We have also discussed some critical issues which should be considered while implementation. If these critical issues are not considered seriously, then it might result in a serious design flaw which may go undetected while implementation and it may be a serious bug in the final product.
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