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1. Introduction

1.1. Description and responsibilities

A software development team should have tools to support frequent testing throughout the development process for medium and large projects. As each new module of a project is developed, one or more test classes are developed simultaneously and incorporated into the test suite. Each test class is responsible for generating or reading all the data necessary for testing and provides visual and log file presentations of the results.  When run, this tool executes all tests that have been made a part of the suite and announces the number of tests run and the number passed.
Each new test is created as a library (dll) and placed on a know path. When run, the test aggregator loads all libraries from that path, and runs tests defined by the loaded libraries.

That’s the dream tool for every develop team. We call it Test Harness. The project proposed in this document will give a wide range of features that will contribute to do a more productive job. Some of these features are:

· Construct tests
· Shall provide interface for test function

· Shall provide interface for generating test data

· Multiple types of test data

· Mass-scale test data

· Shall provide interface for logging test results in multiple ways, and support open/close of logging
· Console Logger / Buffered Stream

· File Logger / File Stream

· Memory Logger / Memory Stream

· Shall test itself and other projects
· Aggregate tests
· Shall provide class to register tests
· Shall provide class to load existed tests from a known path automatically
· Shall run all the loaded tests

· have open / close option so that user can decide which tests to run
· UI
· GUI,  Windows, Mac, etc

· Console runner, support command line and options

· Plug-in for IDE (VS.NET, etc.)
1.2. Executive Summary

This document presents the architecture for the Test Harness.

The application will support development teams, especially with the automatic aggregator, multiple logger, and general mass test data generator. 
The modules identified in the Test Harness are:

· GUI Module


· Console (Command Line) UI Module

· Plug-in (IDE) UI Module
· Core Module
· Logger Module
· Test Vector Generator Module
Main decisions in the system are:

· Separate the core function and the UIs. Core module maintains the core functions including aggregator, test executor, etc. GUI, Console UI and Plug-in provide flexible and user friendly interface. As long as the interfaces remain the same, both two parts won’t affect each other.
· Separate the logger and Test Vector Generator from the core module
· General interface for loggers. Now the Test Harness has three loggers. They output test results to file, memory and console. It’s also easy for developer to extend the loggers and won’t affect other existed components.
· General interface for test vector generator (TVG). It provides a general interface to input testing data. To different test case/module, developer can develop their own TVG. Probably it would get testing data from XML file or database or create them randomly.
1.3. Specifications

 The Test Harness is required to support the following features:

1. Shall provide interface for constructing tests
a. Test description: test title, created date, author, etc.
b. Test Init: things to do before the beginning of the test
c. Test function: input test data from Test Vector Generator, test the function of the module and output results to the logger. 

d. Count the number of tests that pass or failed. 

e. Test cleanup: things to do after the end of the test
2. Shall provide interface for generating test data:

a. Support multiple types of test data. It can be integer, string, float, double, vector, file, etc.
b. Support mass-scale test data. It means it can have thousands of test data for one test case. E.g. Pressure test of a web site.
c. Support multiple ways to get test data. It can be from a XML file, a database, or created by itself randomly. It also needs to handle the exceptions during the process of retrieving test data.
d. Have a good communication and compatible with the test class
3. Shall provide interface for logging results:

a. Console Logger: It can output buffered stream to the console directly, showing the description, result and other related information of the test. 
b. File Logger: It can save the result and other related information to a text file in a specific path. 

c. Memory Logger: It can keep the test result in the memory stream for further use.

d. Have Open / Close options for the logger. It means it can show the test results in two ways. One is just tell whether the test pass or not, the other will also show more detailed information.
4. Shall have general use for testing. Not only it can test any dll supported the test interface, but also it can test itself.
5. Shall collect all test dlls in a user selected path (or a default path) automatically. It can tell dlls supported the test interface with those don’t. And it has proper exception handle mechanism for incorrect dlls.
6. Shall provide on / off option for each test dll. It is obvious that user can remove dll from the directory by hand. But it’s more convenient to turn it on/off for each test dll through UI.
7. Shall have UI layer
a. Window-form based GUI. Provide visual user interface of choosing test dll path, logger and test case on/off option, result demonstration, printable result and other user-friendly function. 

b. Console UI. Provide options to choose test dll path, logger on/off option, etc.

c. Plug-ins of IDE, such as VS.NET. Embedded GUI in the developing environment will help developer increase their efficiency.

d. Different UIs shall use the same core library. It ensure the compatibility of Test Harness. 
1.4. Applications and user cases

The most possible user of Test Harness would be developers. They use it to test their own modules. 
This is a list for some general uses cases:

· Build the test dll for the module to be tested
· Put test dlls to the test path
· Configure the on/off option for test dlls
· Configure the on/off option for loggers
· Run all the selected tests
· Read/Save/Print the report of test results
This is a list of some specific uses cases:
APPLICATION:
Build the test dll for the module to be tested
USER: 

developer who will use Test Harness
USE CASE: 
The developer who needs to use Test Harness to unit-test his module builds the whole test into a dll which is compatible with the interface provided by Test Harness. 
IMPACT: 
Developer should know the standard of interfaces provided by Test Harness 


The developer will create the following classes:

· A concrete test class. It should inherit from the interface provided by Test Harness so that the aggregator can collect it and run the test function. 

· If needed, it’s also necessary to build the Test Vector Generator class to provide testing data in the mean while. It should fix the testing data into a general format/interface.
· It needs to choose at least one logger for the output/result of the test. If needed, it might have more than one logger.
APPLICATION:
Put test dlls to the test path
USER: 

developer who will use Test Harness
USE CASE: 
After constructing the test dll, the developer should move it to the test path or set the test path through UI configuration so that the aggregator of Test Harness can collect the dlls to be tested.
IMPACT: 

· It’s better to keep all the test dlls in a same path so that it will save time of searching dlls throughout the disk. 

· It’s better to keep just the testable dlls in the test path so that it will save time of telling testable dlls from un-testable dlls
APPLICATION:
Configure the on/off option of test dll
USER: 

developer who will use Test Harness
USE CASE: 
When the developer run the Test Harness, the aggregator will collect all the testable dlls from the test path automatically and show it on the tree list. The developer can turn some dlls on or off before running the tests.
IMPACT: 
The developer can do it by simply clicking the checkbox on the tree list while running the Test Harness’ GUI. 
While running the console UI, it is different. The developer shall type the name of the dll and clarify it, something like option. In this way the console will know which test dlls the developer would like to run at this time.
APPLICATION:
Configure the on/off option of loggers
USER: 

developer who will use Test Harness
USE CASE: 
When the developer run the Test Harness, the aggregator will collect all the testable dlls from the test path automatically and show it on the tree list. In the same time, it will show their loggers too. The developer can turn some loggers on or off before running the tests.
IMPACT: 
There are three kinds of loggers by now. 
· File logger stores the test results to a file. 

· Console logger shows the test results on the screen.

· Memory logger stores the test results in the memory as some data structure for future use
APPLICATION:
Run all the test dlls
USER: 

developer who will use Test Harness
USE CASE: 
After configuring the test path, on/off options of test dlls and loggers, the developer now can run test dlls through the Test Harness.
IMPACT: 
Just click the Run button, the Test Harness will do the rest for the developer.
APPLICATION:
Read/Save/Print the test results
USER: 

developer who will use Test Harness

USE CASE: 
After the Test Harness run all the test dlls, the developer can read the test reports through the UI. Further more, he can also save it or print it. 
IMPACT: 
Only when the logger is turn on, the Test Harness can get the details output from the test dlls.  Otherwise, the Test Harness can only tell whether the test dll passed or failed.
1.5. Views

The Test Harness has three kinds of user interface. One is windows-form GUI, one is console UI (command line), and the other is plug-ins for IDE. These three UIs all embed the core dll of Test Harness and do the same functionalities.
1.5.1. Windows GUI
When the user run the Test Harness windows GUI, it looks like fig 1.5.1.1. 
The user can choose operations from the menu. 
The left side is a treeview list. It shows the test dlls and their related information (on/off options, loggers, etc). 
The right side is a Tab control. It includes several list boxes. The ‘Errors and Failures’ shows those failed tests and exceptions. The ‘Tests Not Run’ shows those dlls without the testable interface or not chose for test. The ‘Test Success’ shows those tests passed. And the ‘Console Out’ shows the outputs from the console loggers.
The status bar on the bottom shows some useful information: Status of Test Harness, Tests loaded number, Tests Run, Tests Failed, and Time.
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Fig 1.5.1.1 Test Harness Window’s GUI

The user can then choose the test path that holds all the test dlls. Click File->Open as shown in fig 1.5.1.2., and then choose the path and dlls in the popup dialog box as shown in fig 1.5.1.3. 
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Fig 1.5.1.2 File->Open
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Fig 1.5.1.3 choose test dlls

Test Harness show all the testable dlls on the tree view list, and their loggers are shown as child nodes (left side, Fig1.5.1.4). 
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Fig 1.5.1.4 Tests dlls in the treeview list
Each test dll has a checkbox. If it’s checked, then the Test Harness would run and test it. Otherwise, Test Harness just ignores this test dll.

Each logger also has a checkbox. If it’s checked, it would output test results in details. Otherwise, it returns true (passed) or false (failed) simply.

User can configure these on/off options before doing tests. (Fig. 1.5.1.5)
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Fig 1.5.1.5 Configure the on/off options of tests and their loggers
After the entire configuration, click ‘Operation->Run’ to run the selected tests (Fig 1.5.1.6). And then the test result will show in the right side. In the mean while, the status bar will also change (Fig 1.5.1.7)
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Fig 1.6.1.6 Run the tests
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Fig 1.5.1.7 Test Report

User can also print the test report or export it to a file (Fig 1.5.1.8)
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Fig 1.5.1.8 print of save the test result
1.5.2. Console UI (Command line)
The general command format is: 

TestHarnessConsole.exe [inputfiles] [options]

And there are several option available (More details in 2.2.2): /config=STR, /xml=STR, /transform=STR, /xmlConsole, /Filelogger=on/off, /Memlogger=on/off, /Conlogger=on/off, /output=STR, /outprint, /err=STR, /labels
, /thread, /wait, /help.
User can type command and do testing. (Fig. 1.5.2.1)
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Fig 1.5.2.1 Running Console UI

1.5.3. Plug-in for IDE
The Test Harness Plug-in integrates Test Harness and debugging into IDE such a compact Visual Studio.NET. (Fig 1.5.3.1)
The right side is the add-in of Test Harness. Users don’t need to leave the VS.NET environment to doing test. 
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Fig 1.5.3.1 Test Harness Plug-in in VS.NET
1.6. Context Diagram

Test Harness receives information from:
· GUI
· User Request: Collect tests dlls form the test path, Turn on/off logger, Run tests, etc.
· Application display results obtained for the request in the UI
· Console
· User send request to the application through the command line, including configuration options.

· Application display results to the console

· Plug-in

· Application receives user requests through the IDE: Collect tests dlls form the test path, Turn on/off logger, Run tests, etc.

· Application display results obtained for the request in the UI
· File system

· The system will collect test dlls from the file system
· The system will send test path to file system
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Fig 1.6.1 Context Diagram of Test Harness
2. Structure

2.1. Modules Diagram
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Fig 2.1.1 Modules of Test Harness
2.2. Test Harness Modules Description:
2.2.1. GUI Module

Test Harness Graphic UI module is an upper layer module communicating with user. It provides the following components:
· Test Path and test dlls selecting dialog. User can specify a test path, and the test dlls he want to test through the dialog.

· Treeview list showing all the testable dlls from the selected dlls. It’s very convenient for user to manage their dlls. Just like the windows management window. It’s simple and direct.

· Configure on/off options of test dlls on the treeview list. 
· Configure on/off options of the loggers for some test. 
· What’s more, user can also choose different dll and read the test result reports. 

· Report Listboxes: Several list boxes show the test results in catalogs. It can help users to pick up the most useful information they want.

· One shows the failed tests and exceptions. 
· One shows the tests not run and reasons. 
· One shows the passed tests and their output. 
· The other shows all the console outputs. 
· Status bar: 
· Status of the Test Harness. Loaded? Unload? Running? Etc.

· How many tests run? 

· How many tests pass?

· How many tests fail?

· How long it takes?

· Other utility: 

· Printing test results

· Save the configurations as Test Harness Project file

And it use core module to realize most of the functions.
2.2.2. Console (Command Line) UI Module
The Console (Command Line) UI embeds the core module. It can do the same thing as GUI does. The general format is: 

TestHarnessConsole.exe [inputfiles] [options]

To achieve the functions, it provides multiple command line options for the user.
· /config=STR


Project configuration to load
· /xml=STR


Name of XML output file
· /transform=STR

Name of transform file
· /xmlConsole


Display XML to the console
· /Filelogger=on/off

Turn on/off file logger
· /Memlogger=on/off

Turn on/off memory logger
· /Conlogger=on/off

Turn on/off console logger
· /output=STR


File to receive test output
· /outprint


Print the test results

· /err=STR


File to receive test error output
· /labels



Label each test in stdOut
· /thread


Run tests on a separate thread
· /wait



Wait for input before closing console window
· /help



Display help
The console UI parses the command line input and invokes functions from the core module. It acts as the intermediator between user and core module.
2.2.3. Plug-In Module
The Test Harness GUI and Console UI are, however, very primitive and require leaving the development environment (IDE, e.g. Visual Studio .NET) to use them. The plug-in streamlines your testing by moving Test Harness into a first-rate plug-in without changing your test code. This replaces the use of Test Harness GUI as the test runner for your test cases.
And it provides:

· Automatic reload of test cases on build 

· Solution wide testing -- all tests in all projects are loaded 

· Integrated debugging from a simple context menu in the editor

· Graphical test feedback
· Console redirection to the Output Window
· Automatic reference fix-up
· Non-blocking test runs -- program while you test

It communicates between user, IDE, and core module of Test Harness.
2.2.4. Core Module
The core module of Test Harness provides aggregator, interfaces of test function, logger and test vector generator.   And it also provides the public interface for UIs to invoke its functions.
· Aggregator: Search the test path and collect all test dlls automatically. It can tell whether it’s testable dll or not by using reflection. 
· Interfaces of test function, logger and test vector generator. Every test class should derive from those interfaces so that the aggregator can execute tests, input testing data and output test results.
· Interface for UIs. The core module is used by GUI, Console UI and Plug-In. And they need nearly the same functions. So it’s required to provide same interface for all UIs.
The core module provides functions for the UI, and executes tests.
2.2.5. Tests
The user can derive from the test interface (provided by core module) and develop their tests. It’s required to bind a concrete logger (File logger, memory logger or console logger by now) and create its own test vector generator class (derived from test vector generator provided by core module). So that it ensures the test has its own testing data, test result output and would be executed by the core module.
Tests are required to build as DLL.

2.2.6. Loggers
Logger is to output the test results. By now, the Test Harness has three loggers:

· File Logger – Save results to a file.
· Memory Logger -  keep results in the memory as some data structure
· Console Logger – output results to the screen
Actually user can customize his own logger. But it’s also required to derive from the logger interface. 
2.2.7. Test Vector Generators
Test Vector Generator is to provide testing data to the test dll, and the test dll use these data to test the module. Because each test has different situation, they have different needs for testing data. Some might need large numbers of testing data. E.g. pressure test of website. Some might need critical strings. E.g. C++ parser. Some might need to acquire data from user input. This TVG module is really flexible. 

And more detailed discusses are in the critical issues chapter. 
3. Operation
3.1 Test Harness (GUI) Activity Diagram 
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Fig 3.1.1 Activity Diagram of Test Harness (GUI)

3.2 Test Harness (GUI) Activity Diagram description

The Test Harness (GUI) activity Diagram illustrates the sequence of activities of running GUI. 
When user runs Test Harness GUI, he usually does these sequence steps:

· Init test path and select the test dlls
· Configure test options

· Run the tests
· Read/Print/Save test results
· Cleanup

When the GUI is executed, the main window shows nothing. No tree view list on the left and no outputs on the list boxes. 
3.2.1 Init
Choose test path and test dlls
· The user choose the path and dlls through the dialog (GUI) and let the Test Harness core module knows these information:

· Test path holding test dlls. So that the aggregator can collect all the testable dlls automatically. 
· Some test dlls. User can also specify the dlls he wants to test. 
Open an existed Test Harness Project
· A Test Harness Project holds the configuration last time the user saves. The GUI can get the test path or test dlls from the project file.
· If the dlls missing or the test path deleted, the GUI should handle this exception.
It’s required to initiate the Test Harness by one of these two activities. Either one works, but not both. 

3.2.2 Configuration
When the Test Harness is initialized, the tree view list on the left will show all the loaded test dlls. Each one is with a checkbox. User can check the box to turn it on/off. 
The treeview also shows the loggers of each test dll. And each logger has a checkbox, too. User can also turn it on/off by checking the box.
Configure on/off option of test dlls
· The treeview list will show all the test dlls in the test path after Init. 
· Each test dll has a checkbox
· If the checkbox is checked, this test will be tested later. Otherwise, it won’t be tested.
Configure on/off option of loggers
· The Test Harness will find out all the loggers of the test dlls and shows them as child nodes
· Each logger has a checkbox

· If the checkbox is checked, this logger is on and will output. Otherwise, it is off and won’t output.

These two activities are options for users. They can do both of them, one of them, or none of them. And they can change the options as they like. They can also save these configurations to the Test Harness Project file.
3.2.3 Run the tests
After the user initialize and configure the Test Harness, now he can run all the tests. 
Run the tests
· Click Operation->Run and all tests will be run
· The status bar shows its progress as “Running” or “done”
· The status bar also shows the run time and other information after its run.

3.2.4 Read/Save/Print test results
Read the test results
· The list boxes on the right side shows the following information:
· Errors and Failures: 

· The test dlls that failed and their failed reason

· The exceptions while running Test Harness 

· Tests Not Run: 

· The core module can recognize the untestable dlls and won’t run them

· The testable dlls that missing some components (TVG, Logger, etc) so that they can’t run.

· Tests Success: 

· The test dlls that return true

· Output data or other details

· Console Output: 

· General console output. 
· It’s convenient for user to read The list boxes on the right side shows the following information:

Save test results
· The console output can be saved as a text file or xml file. 
· Even the test doesn’t have a file logger, the user can do it through the GUI
Print test results
· Print the content shown in the Console Output listbox

3.2.5 Cleanup
Save the configuration to Test Harness Project file
· The configuration includes:

· The test path and test dlls selected

· The on/off options of running test dlls

· The on/off options of loggers

· User can re-open it next time he uses Test Harness

4 Critical Issues

4.1 Core Module
The major functions are integrated in the core module. So its design is critical important to the Test Harness. A good design of core module can enhance the extensibility, compatibility and performance of the whole system. 
Here are some issues for the core module:
4.1.1 How can we have a generic interface for all the tests? Since test modules might have different numbers of functions to test.
We can not provide functions like: 

bool Test1(int);

int Test2(string);

string Test3(int, string);

…
It’s impossible for the Test Harness to know the number and format of test functions of different test modules. So just have a simple and generic interface for test function like:


bool test();

We can have more than one test class derived from the test interface. Each class has a public test() function. And the class can also extend the functions in that test() function. It can have some private functions. And the test() function can invoke them inside.
And the Test Vector Generator provides testing data and logger output the test results. The return value of test() just shows that the test module passed of failed. More details can be found in the output by logger.

4.1.2 How can we tell testable dlls from un-testable dlls if the user put some dlls not satisfied with the interface provided by Test Harness?
Use reflection in .NET. (See details in Dr. Fawcett’s Prototype – Running Test Harness Prototype)

If the dll has a class derived from the interface provided by Test Harness, then it’s a testable dll. Otherwise, we just look on it as un-testable dll.

4.1.3 Can we test Test Harness itself using Test Harness? 

Test Harness can test any class derived from the test interface. So just look on the Test Harness as an ordinary project. Write a test class derived from the test interface. Build it as a dll and put it into the test path. Then run the Test Harness executable file. The aggregator will collect all testable dlls including the Test Harness test dll itself and do the test. 
So in this way, we should build the Test Harness in two ways. One is the executable version for doing test. The other is the dll version for being tested.
Another problem is that if we don’t have a runable version of Test Harness, how we can do testing? So it means, we can use Test Harness to test itself only when we already have a release version of Test Harness. In another word, we can use the previous version to test the new version. And before we do testing, we should have v1.0 at least. (
4.1.4 Shall we build the core module as a dll? 

If the core module is built as a dll, the outer layer UIs can be developed by 3rd party development team. Just like the kernel of linux, many companies work on it, such as redhat, SUSE linux, etc.
For project #2, the Test Harness is a small-scale development, and the UIs are developed by the same person, so it’s not necessary to build the corn module as dll. When the Test Harness grows large and is maintained by different groups, it’s a good idea to encapsulate it as a dll. So the UI groups don’t need to combine the code from core module and be affected by the team of core module.
4.1.5 Performance of loading dlls 

The aggregator need to check all the classes inside the test dll so that it can judge which class is derived from the test interface. If the test dll includes many classes, it’ll lower the performance of the Test Harness. Try to have fewer classes within one test dll. In another word, build the test dll as small as possible. 
Can we just build the test class as a dll? Will it link to the tested module automatically by .NET? If the answer is yes, we don’t need to have many classes in a test dll and it will reduce the time for traversing all the class. I am not sure about it yet.

4.2 Logger Module
The logger module is to output test results. 
4.2.1 Can a test class have more than one logger? If yes, how and where can we hold the loggers?
It’s easy to have just one logger for each test class. We can let the base test class hold a reference to the Logger interface. Then we can point it to a concrete logger during the construction of the derived test class. After that the concrete logger can be used in the test function. (See Fig5.1.1)
Yet it’s reasonable to have more than one logger, though it turns to be more complex. We can hold the loggers in an ArrayList. Create and add new loggers during the construction of the derived test class. And then traverse the arraylist when outputting test results.

4.2.2 Who create the loogers?
It’s impossible for the abstract base test class knows what kind of logger the derived test class will have. So it just holds the reference to the logger interface. It’s natural to create it by the derived test class. Only it knows what kind of loggers matches its own need.
4.2.3 When should the loogers be created?
As discussing in 4.2.1 & 4.2.2, it’s better to create the logger during the construction of the derived test class.
4.2.4 Can we have a generic interface for logger? 

File Logger needs the output path for writing a file. Memory Logger needs the data structure in memory. Console Logger needs nothing. 

How can we pass these parameters to different loggers? 
If the Test Harness needs to provide default and general loggers, it needs to pass these parameters from the derived test class. It’s not wise to pass them through the operation functions, because it’s hard to have a common parameter list for all the loggers. 
We can simply extend it in the constructor. Each logger holds its own special parameter as private data member and initializes it in its own constructor.
4.2.5 Can user develop his own logger for his test dll?
Sure. User can do that. Even the Test Harness provides some default loggers to reduce the redundant codes of similar functions (E.g. read/write file), user can extend his own logger. For example, user need to output XML format file instead of normal text file. So he can develop his own logger and since it’s inherited from the Logger Interface, it’s compatible with the Test Harness.
4.2.6 Can the logger derive from the stream class?
The constructor of FileStream is protected. BufferedStream is a sealed class. So we can not have loggers inherited from these two stream class. But the FileLogger and ConsoleLogger need them. So we may just aggregate these two stream class in the logger and change the design a little bit.
4.3 Test Vector Generator (TVG)
TVG is to provide testing data for test class.
4.3.1 Can we have a generic interface for TVG? 

It’s more complicated than logger module, because there are much more cases for the testing data. Tests may need different types of data. It might be int, string, double, file, object, etc. And it may need different numbers of testing data.
Here we have two solutions:

One is to return an Object Array. Every test class should define their own test data object. The object holds the data it needs. And because arraylist can hold uncertain number of object, it satisfied the requirement for generic interface. Yet every test class should develop its own test data object. And some test data might be too complex or too large to hold in a single object.

The other is to return an XML file. The test class parses the XML file and get what it needs. In this case, the test class doesn’t need to develop its own test data object. Yet it needs to consume some time in construct/parse the XML file, or even read/write XML file. So even for very small and simple test data (E.g. an integer), it consumes extra time to do it.

Both solutions have strong points and short-comings. XML file solution seems to be more generic. Object solution seems to be more efficient. So can we define interfaces for both and let the user to decide which one is suitable for his test class? 

4.3.2 Should the TVG provide testing data just one time or more than one times?

Most applications know how many testing data they needs. TVG can provide all the testing data together and let the test class digests them by itself. So the test class also needs to know the logic of dividing test data at least. It seems to be not a good idea.

Some application may need testing data in different way. For example, some random test case, the test class doesn’t know how much test data it needs. It needs TVG to provide testing data randomly until some conditions are satisfied. In this case, the TVG provides testing data more than one time.
So the TVG had better to have a call function. Every time it was called, it would provide a set of testing data. In this solution, the TVG also has a pointer pointing to the current testing data.

4.3.3 Who should develop TVG? Should the Test Harness provide some default TVG?

As we discuss in 4.3.1 & 4.3.2, the Test Harness is hard to provide default TVGs. What’s more, there are no similar codes of creating testing data; every test class has its own need. So it’s no need to provide default TVG to reduce redundant codes.

Each test class that needs testing data should develop its own TVG.

4.3.4 Must a test module need a TVG? Can it have more than one TVG? 
No. It’s totally up to the test class. Some test classes don’t need any testing data, so they don’t need a TVG. 
Why the test class needs more than one TVG? If there exists a case that the test class really needs two or more TVGs to provide testing data, surly it can have multiple TVGs. Yet I haven’t thought of such case by now, so why bother doing it? (
4.4 UIs (GUI, Console, Plug-In)
4.4.1 Which functions should be done in Core Module? And which functions can be extended by UIs?
The following functions should be done in core module:
· Aggregator

· General interfaces (test function, TVG, Logger)

· General functions (Default loggers)

The following functions can be extended by Uis

· Presenting test and test results

· Printing and other assistant functions

In another word, the functions we must use for testing should be done in the Core module. The functions that help user for convenience can be wrote in UIs.

4.4.2 Should all the UIs have the same functions? Can they extend their own special function?
It’s not necessary to have the same functions for all UIs. Different UI has different features. For example, GUI is more user-friendly, it can provide more fancy functions; plug-in has firm relations with IDE, it would help to improve efficiency for developing; console UI requires fewer resources, it’s suitable for text-based OS, such as linux.
4.5 Others
Performance, security, cost and versioning are not that important in Test Harness. Part of them are discussing in 4.1-4.4.
4.5.1 Shall we run tests for single-thread or multi-thread?
Multi-thread might be less time-consuming and efficient (Assumed that tests won’t consume all the CPU time). But single-thread is simpler in implementation. 

As a product, I would like to use multi-thread. As a course project, I would like to use single-thread. 
5 Appendix

5.1  Class Diagram
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Fig 5.1.1 Class Diagram of Test Harness
Core Module: tester, ITetst and test

Logger Module: Logger, FileLogger, ConsoleLogger and MemoryLogger

TVG Module: ITestVectorGenerator, TestVectorGenerator

GUI, Console UI and Plug-in modules are not listed in this class diagram.

5.2 Prototype Code

The TestHarness Solution includes 3 projects by now. They only have dummy functions and just for showing the views of Test Harness.
· TestHarness Project

· Tester.cs: tester class

· Test.cs: ITest interface and test class

· Logger.cs: ILogger and 3 derived loggers (FileLogger, MemoryLogger, ConsoleLogger)

· ITestVectorGenerator.cs: ITestVectorGenerator interface

· TestHarnessGUI Project

· Form1.cs: GUI win-form
· Test1 Project
· Test1.cs: aTest dll
6 CONCLUSIONS

· Test Harness is good to support frequent testing throughout the development process for medium and large projects.
· Test Harness can collect all testable dlls in the test path automatically.
· Test Harness provides generic interface of test function for user.
· Test Harness provides generic interface of logger for user. User may use default loggers or develop his own logger.
· Test Harness provides generic interface of test vector generator (TVG). User may develop his own TVG. 
· Test Harness has general use. It can also test itself.
· Test Harness provides multiple UIs for different uses.
· Critical issues are reasonably solved.
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