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INTRODUCTION

Need for Testing in Software Development
                   The Software development life cycle (SDLC) begins when an application is first conceived and ends when it is no longer in use. It includes aspects such as initial concept, requirements analysis, functional design, internal design, documentation planning, test planning, coding, document preparation, integration, testing, maintenance, updates, retesting, phase-out, and other aspects. 

                      The main problems in Software development are 

· Poor requirements - if requirements are unclear, incomplete, too general, and not testable, there will be problems. 

· Unrealistic schedule - if too much work is crammed in too little time, problems are inevitable. 

· Add on features - requests to pile on new features after development is underway; extremely common. 
· Miscommunication - Often in Software firms there is an inclination to assign different tasks of software development to different teams comprising of different no of members. The Lack of communication between teams in charge of design, development and testing leads to many leakage of bugs. 

These problems can be effectively handled by the following ways

· Solid requirements - clear, complete, detailed, cohesive, attainable, testable requirements that are agreed to by all players. Use prototypes to help nail down requirements. In 'agile'-type environments, continuous coordination with customers/end-users is necessary. 

· Realistic schedules - allow adequate time for planning, design, testing, bug fixing, re-testing, changes, and documentation; personnel should be able to complete the project without burning out. 

· Stick to initial requirements as much as possible - be prepared to defend against excessive changes and additions once development has begun, and be prepared to explain consequences. If changes are necessary, they should be adequately reflected in related schedule changes. If possible, work closely with customers/end-users to manage expectations. This will provide them a higher comfort level with their requirements decisions and minimize excessive changes later on. 

· Require walkthroughs and inspections when appropriate; make extensive use of group communication tools - e-mail, groupware, networked bug-tracking tools and change management tools, intranet capabilities, etc.; insure that information/documentation is available and up-to-date - preferably electronic, not paper; promote teamwork and cooperation; use protoypes if possible to clarify customers' expectations. 

  Some other main reasons for development problems are

· Inadequate testing - no one will know whether or not the program is any good until the customer complains or systems crash. 

 

- Adequate testing: start testing early on, re-test after fixes or changes, plan for adequate time for testing and bug-fixing. 'Early' testing ideally includes unit testing by developers and built-in testing and diagnostic capabilities. 

· Developers Cushion - Since most firms follow the specialized workforce policy where separate task forces are maintained for each desired operation. This often results in the wrong group being blamed when a major flaw was unnoticed or a huge blunder was committed at a higher level in hierarchy of development. For example often the testing team ends up getting bad remarks and burden of  bearing all responsibilities when the code was found to contain bugs and unreliable. The development team should equally share the responsibility of developing bug free code that is reliable and easy to maintain

            - The universal solution for this problem is that all firms should rethink and reorganize their development model such that

THE PERSON WHO DEVELOPS THE CODE SHOULD BE THE SAME PERSON TO DECIDE THE TEST CASES AND BE THE SAME PERSON TO CONDUCT THE TESTS. 

Popular definitions of Software Testing
"... the process of exercising or evaluating a system or system component by manual or automated means to verify that it satisfies specified requirements or to identify differences between expected and actual results ..." 

(ANSI/IEEE Standard 729, 1983).  

"... any activity aimed at evaluating an attribute or capability of a program or system and determining that it meets its required results. Testing is the measurement of software quality ..." 

(Hetzel, W., The Complete Guide to Software Testing, QED Information Sciences Inc., 1984).  

"... the process of executing a program with the intent of finding errors..." 

(Myers, G. J., The Art of Software Testing, Wiley, 1979).  

Significance of S/W Testing 
Software testing is the process of testing the functionality and correctness of software by running it. Software testing is usually performed for one of two reasons: (1) defect detection, and (2) reliability estimation. The problem of applying software testing to defect detection is that software can only suggest the presence of flaws, not their absence (unless the testing is exhaustive). The problem of applying software testing to reliability estimation is that the input distribution used for selecting test cases may be flawed. In both of these cases, the mechanism used to determine whether program output is correct (known as an oracle) is often impossible to develop. Obviously the benefit of the entire software testing process is highly dependent on many different pieces. If any of these parts is faulty, the entire process is compromised.

Software is not unlike other physical processes where inputs are received and outputs are produced. Where software differs is in the manner in which it fails. Most physical systems fail in a fixed (and reasonably small) set of ways. By contrast, software can fail in many bizarre ways. Detecting all of the different failure modes for software is generally infeasible.

The key to software testing is trying to find the myriad of failure modes --- something that requires exhaustively testing the code on all possible inputs. For most programs, this is computationally infeasible. It is commonplace to attempt to test as many of the syntactic features of the code as possible. Techniques that try to exercise as much of the code as possible (within some set of resource constraints) are called white box software testing techniques. Techniques that do not consider the code's structure when test cases are selected are called black-box techniques.

Software systems have evolved into the most complex artifacts ever created by humans. This has exacerbated the problems of testing software systems. Years ago, it was proven that testing a simple program to add only two integer inputs of 32-bits (yielding 2^64 distinct test cases) would take hundreds of years, even if tests were performed at a rate of thousands per second. If exhaustively testing a little program that adds two integers requires hundreds of years, what can be said for testing a nuclear reactor control system that has hundreds of sensors sending in information? Include all possible combinations of human inputs to the system and the problems worsen. Clearly, systems such as this must require far more analysis than simple software testing, even if the software is run on millions of test cases.

A further complication has to do with the dynamic nature of programs. If a failure occurs during preliminary testing and the code is changed, the software may now work for a test case that it didn't work for previously. But its behavior on pre-error test cases that it passed before can no longer be guaranteed. To account for this possibility, testing should be restarted. The expense of doing this is often prohibitive.

Reasons for software bugs 
· Miscommunication or no communication - as to specifics of what an application should or shouldn't do (the application's requirements). 

· Software complexity - the complexity of current software applications can be difficult to comprehend for anyone without experience in modern-day software development. Windows-type interfaces, client-server and distributed applications, data communications, enormous relational databases, and sheer size of applications have all contributed to the exponential growth in software/system complexity. And the use of object-oriented techniques can complicate instead of simplify a project unless it is well-engineered. 

· Programming errors - programmers, like anyone else, can make mistakes. 

· changing requirements (whether documented or undocumented) - the customer may not understand the effects of changes, or may understand and request them anyway - known and unknown dependencies among parts of the project are likely to interact and cause problems, and the complexity of coordinating changes may result in errors. 
· Time pressures - scheduling of software projects is difficult at best, often requiring a lot of guesswork. When deadlines loom and the crunch comes, mistakes will be made. 

· Poorly documented code - it's tough to maintain and modify code that is badly written or poorly documented; the result is bugs. In many organizations management provides no incentive for programmers to document their code or write clear, understandable, maintainable code. In fact, it's usually the opposite: they get points mostly for quickly turning out code, and there's job security if nobody else can understand it ('if it was hard to write, it should be hard to read'). 

Brief Overview of Test Harness System
                                The system provides a facility for constructing and executing test suites (series of tests). It contains an underlying architecture that supports continuous testing of C# programs. On the contrary the changes made for support of testing C++ programs is minimum. As the basic difference being that C# uses .Net Framework Class Library and each program consists of only one file that contains the source with extension .cs for c-sharp. Whereas C++ uses the Standard Class Library and each program results in the creation of two files the header file that has extension .hh and source code with extension .cpp.

The System provides interfaces for classes that represent individual tests, for logging results and for generating test data. The system also provides a class for test aggregation. The system should facilitate frequent testing throughout the development process for medium and large projects. As each module of the 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 data necessary for testing and provides visual and log file presentations of the results. When run, the test suite executes all tests that have been made a part of the suite and announces the number of tests run and the number passed.

Each test is created as a library (dll) and placed on a known path. When run, the test aggregator loads all libraries from that path and run tests defined by the loaded libraries.
Goals of Test Harness System

The base architecture of test harness should support the following features

· Methodology for continuous testing of C# programs

· Effective user friendly interface

· Suitable partitioning of the test processing into modules

· Incorporate a container that contains instances of all individual tests that serves the purpose of aggregation.

· Provide date to drive the tests

· Extract required test results

· Comprehensible visual representation of test results
· Creation of Log files for test results

· Important events and critical processing

TERMINOLOGIES USED
Testing: 

· The process of exercising software to verify that it satisfies specified requirements and to detect errors. 

· The process of analyzing a software item to detect the differences between existing and required conditions (that is, bugs), and to evaluate the features of the software item (Ref. IEEE Std 829). 

· The process of operating a system or component under specified conditions, observing or recording the results, and making an evaluation of some aspect of the system or component. 

Test Case: 

· Test Case is a commonly used term for a specific test. This is usually the smallest unit of testing. A Test Case will consist of information such as requirements testing, test steps, verification steps, prerequisites, outputs, test environment, etc. 

· A set of inputs, execution preconditions, and expected outcomes developed for a particular objective, such as to exercise a particular program path or to verify compliance with a specific requirement

Test Environment: The hardware and software environment in which tests will be run, and any other software with which the software under test interacts when under test including stubs and test drivers
Test Harness: A program or test tool used to execute a tests. Also known as a Test Driver. 

Test Suite: A collection of tests used to validate the behavior of a product. The scope of a Test Suite varies from organization to organization. There may be several Test Suites for a particular product for example. In most cases however a Test Suite is a high level concept, grouping together hundreds or thousands of tests related by what they are intended to test. 

Use Case: The specification of tests that are conducted from the end-user perspective. Use cases tend to focus on operating software as an end-user would conduct their day-to-day activities

Validation: The process of evaluating software at the end of the software development process to ensure compliance with software requirements. The techniques for validation are testing, inspection and reviewing. 

Verification: The process of determining whether or not the products of a given phase of the software development cycle meet the implementation steps and can be traced to the incoming objectives established during the previous phase. The techniques for verification are testing, inspection and reviewing

Software Requirements Specification: A deliverable that describes all data, functional and behavioral requirements, all constraints, and all validation requirements for software/ 

Software Testing: A set of activities conducted with the intent of finding errors in software. 

Quality Assurance: All those planned or systematic actions necessary to provide adequate confidence that a product or service is of the type and quality needed and expected by the customer. 

Component: A minimal software item for which a separate specification is available.

Coding: The generation of source code. 

Bug: A fault in a program which causes the program to perform in an unintended or unanticipated manner

Application Programming Interface (API): A formalized set of software calls and routines that can be referenced by an application program in order to access supporting system or network services. 

Module: According to Microsoft a module refers to a dll/exe but in test harness it refers to the source code in specific a C# file with definite structure given as input to perform repeated tests.

Executive: the main test function that keeps calling each and every individual test classes to perform test on input module.
Project: In .Net each solution developed to meet the requirements, comprises of many projects, where each is a collection of related files such as source code programs, libraries etc.

Dll (Dynamic Link Library): It is a type of library file in .NET. Its mainly called as an in-process server since the component resides in the same address space as the server. This allows faster communication and requires only one instance to execute it.

Exe (Executable): it is also a type of library file that is refered as out-process server since it has its own address space and does not rely on the server. So even if the server crashes the component is safe and usable. Since it resides in its own tier, we require two instances to execute it.

Production Code: The code that needs to be tested using the test harness system.
ACTORS AND USE CASES
Some of the important users involved in the design are listed below. The Tabular colum explains the need of each user on the test harness system and his implication on the design of the system.
S/W Architect

	Need     
	Impact

	· Lead software development process and provide design and the base architecture for constructing the software system. 

· Hold periodic meetings and reviews with respective team leaders and members about the feasibility of the design and critical issues that need to be resolved to achieve expected goals. 

· Required to do a briefing to Project Manager and provide a time estimate for completion of project.            

· Facilitate integration of software with that of the other teams.

· Support Project Manager and other team leaders during the entire development cycle.
· Explore new ways of adding functionality to the system. 

	· Ensure goals of  project are  met

· Verify if Final solution & features conforms to the laid architecture

· Support real time communication with team leaders and members
· Ability to modify or build a new system based on feedback and review



S/W Developer

	Need     
	Impact

	· Develop code for module assigned

· Conduct unit test on code written

· Maintain backup of code developed

· Integrate code with other modules

· Verify and validate System 

· Maintain source code files, source documentation files, test drivers and test documentation files

· Participate in final system test

	· Support real time communication with team leaders and members

· Request changes in design to avoid bottlenecks and solve deadlocks
· View other modules and perform integration testing with module developed

· Make references and hold instances of classes and structures in other modules

· Restructure code or introduce sub-modules to satisfy software metric constraints like cyclomatic complexity.

· 


Team Leader

	Need     
	Impact

	· Need to direct team to develop code and conduct unit tests

· Establish milestones and conduct periodic walkthroughs with team members.

· Discuss critical issues and find optimal solutions 

· Integrate their component with that of the other teams and support system testing 

· Report Status and progress made to Project Manager to ensure deadlines will be met.

Flexible to allow new members or replace existing members
	· Support real time communication with team leaders and members

· Recommend changes in design to resolve deadlocks 

· Add, modify or delete modules 
· Investigate module behavior and its interaction with environment.
· Introduce additional modules to offer excess functionality.


Project Manager

	Need     
	Impact

	· Works in conjunction with various team leaders

· Leads all the teams in the final system test

· Ensures timely completion of project

· Monitors and records progress of various teams 

· Establishes milestones to achieve to prevent lagging


	· Approve and recommend any changes in design to S/W architect
· View and modify all modules
· View/Modify dependencies shown in Assembly file to reflect  new relationships

· Scan metadata to analyze design and implementation of project

· Use code development tools like Visual Source Safe and Visual Component Manager to facilitate integration testing at different levels and different combination of modules


QA Analyst

	Need     
	Impact

	· Run quality tests on each module developed

· Record test results of quality analysis

· Check for conformity to quality standards 

· Notify Team Leaders and members if desired quality not achieved

· Build projects to check for quality


	· Rebuild system from scratch if system has poor performance

· Request modifications in design if system fails quality tests

· Promote addition of new components to enhance system performance

· Integrate or disintegrate modules to meet Standards and metrics




System Administrator

	Need     
	Impact

	· Add\delete users from the system

· Shift users like team members b/w teams as per request of team leaders or project manager
· Delete files from project modules under request of authorized persons

· Maintain multiple versions of modules to recover if any code is lost or system crashes

· Take periodic backup of files 

· Maintain log files recording user activities 

· Perform disk cleanup on completion of project to allocate resource for some other project

· Perform periodic virus scans to check for malicious code

· Perform daily system scan to check if any file has been modified by malicious user


	· Authenticate users at all levels
· Access Control to limit users from accessing authorized resources

· Design and implement efficient security subsystem to monitor entire development 

· Archive project files if necessary 




End User

	Need     
	Impact

	· Upgrade to latest versions as and when released
· Report bugs in software

· Subscribe to newsletters and upgrade notifications 
	·  Influence early release of successive versions if many bugs reported
· participate in product  enhancement by giving comments and feedback on beta versions under development
· demand patches and updates to resolve bugs
· rebuild system if performance not satisfactory



CONTEXT OF TEST HARNESS
The Context diagram represents the interaction of Test Harness System with the environment. The elements in the diagram can be categorized as : Production Code, GUI input and output, Test Harness System, File System Services, Command Line and Console. 

Context Diagram
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Component Description
1. Production Code: It refers to the product code in this context the C# module that needs to be tested. It is the code on which the tests need to be performed and based on which the test results need to be published. The functionality offered by each module may vary for instance the product code can be as diverse as a simple calculator program to a C# tokenizer that tokenizes text files as words and source code as punctuations, keywords and commands. 
2. User Interfaces: It is possible to consider the user interfaces as a part of the Test Harness System by establishing a separate module called UI which interacts constantly and effectively with the other modules. In this case the user interacts with the system via these win forms (input and output forms). The win form accepts input from users and allows them to initiate the desired operation. The output results and status of performed actions are displayed in the output section. The win forms are considered to be a part of the environment and not part of the Test Harness system itself, because they provide only means of interacting with the system by offering provisions for loading files quickly and displaying results interactively. They do not directly communicate with any module of the system like tester or test vector generator and provide specialized features for each of them. So the design of modules is simplified by considering them as part of environment.
3. File System Services: The file system is an important source of input and destination for output for Test Harness. It utilizes the services of the file system whenever it has to access a file (open or save). It also uses the services provided by the file system when it needs to access C# modules that are a part of the file system. 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). The services of file system are needed each time a test is conducted and the test information needs to be maintained in a log file.  

4. Test Harness System: It includes all the modules that constitutes the system and enables it to construct and execute test suites continuously. This involves operations like calling individual test functions, test data generation, logging test results and so on.
5. Console: According to .Net console refers to an application with no GUI but only CUI where all commands have to be remembered and keyed in properly conforming to the actual syntax. The test harness system should also be invoked by issuing commands directly and pass the name of the C# code to be tested as a parameter with the command. 
The console allows performing both I/O operations on the applications. 

6. Command Line: It is mainly used for issuing quick commands or input. It allows direct communication with the underlying base operating system. The command line should be able to invoke the test harness and pass the module to be tested as a parameter with the command issued.

7. I/O Services: It refers to the various Input/output activities that the Test Harness System needs to perform when the tests are conducted on a regular basis. These I/O activities may involve some communication with the underlying base Operating System.
MODULAR ARCHITECTURE
The Module diagram describes the processing of Test Harness System as a collection of modules each performing specific functions. The goal of the module diagram is to describe the system as a set of cohesive modules focused on a single task. Each module should not be too big and should concentrate on a simple to describe data model.  
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MODULE DESCRIPTION
1. Test Harness Executive: This is the main test function that acts as the executive calling each and every individual tests that are implemented as libraries (dll’s) in the system. So the main purpose of the executive is to create an instance of these classes and invoke them continuously. It also needs to maintain communication with the other modules like TVG responsible for input data and the logger that allows the results to be written in different formats.
2. Test Module: It inherits from the Executive and its main purpose is to connect all the other modules with the executive function thus it acts as the center for all the processing done. It communicates with the individual tests run at the application level and communicates its results by passing a function to the Executive indicating as to whether it was a success or failure. This facilitates the executive to run tests continuously and obtain their results. The Test module interacts with the Test Vector Generator that generates data or test values and test cases for the testing process. It directs the flooded data stream resulting as output to the logger responsible for displaying the Test results and updates.

3. Application Test Module: It refers to the test suite, the series of application tests that needs to be conducted on the production code for test data generated by TVG. Each Test to be performed is implemented as a class library (dll) this allows it to be independent of each other. This facilitates the addition of new tests as well as the removal of existing ones as and when required by the users. The module needs to convey the information about the success or failure of each separate test to the Test module. 
NOTE: In case one of the application test modules have been modified by authorized users or changes have been made in the libraries to incorporate new functionalities, but it doesn’t affect the overall system. This is one of the features of .NET Framework as it has capability to support multiple versions of the same dll. Unlike its previous versions whenever a dll is modified it need not be registered explicitly by typin

*Regsvr32 <dll name>    in the command prompt. The .Net version automatically recognizes the new version of the dll when it is recompiled and uses the latest version. Thus problems related to versioning are solved.
4. TVG (Test Vector Generator): This module is responsible for generating the input or test data for the tests to be conducted. The data need to be issued in a standard format so that the individual test classes can use them. Hence the universal solution is to issue the test data in XML Format

NOTE: XML stands for eXtensible Markup Language, it is a cross platform hardware and software independent markup language that allows data to be stored in structural format. It is called eXtensible because the user can extend the ability to describe data by creating customized tags (elements and attributes). 
                  The input can be given in the form of an XML file and the tests can interpret the values stored in the XML files by simply comparing it with the Document definition given either by an internal or external DTD (Document Type Definition) or in XSD (XML Schema Definition) format. For some specialized C# modules, that needs to be tested there may exist some exceptions that need to be considered when the test is run. To incorporate these exceptions we might create additional files and plug in to the TVG. So that the desired  test results are obtained. These exception files can be in any format like text or XML again. 

4. Logger: This module is mainly responsible for rendering the data into different streams. The test results can be sent to the file stream where all the information is stored in a single or multiple files. It could be sent to the Memory where the test results are stored in particular locations that can be addressed and retrieved directly or it can be issued to the console displays result as continuous flooded data stream without any visual representation making it user friendly. 
5. File, Memory and Console Logger: These modules provide the Harness with different options of rendering the output data stream. These Loggers inherit the functionalities provide by the .NET framework class libraries to provide easy to use features to the application involved in this case the Test Harness. 




ACTIVITIES INVOLVED
The activity diagram reveals all the typical activities that occur from the beginning to the end of Test Harness System. It is also important to note that this is a rather high-level activity diagram where basic activities have been shown without decomposing these activities into more detailed activities. Most activities have self-explanatory names except the ‘Run Test Harness Executive’ activity. The activities in the test harness system starts with user interface forms followed by searching and loading of test files from the file system services. It also conducts the process of generating test data in parallel to provide input cases for tests to be performed. Once the tests are executed the data or output is rendered in any of the streams. 
 The user interface allows the user to perform the following activities. 

1.  Select and Load Module: It provides the File Dialog box to view the list of modules in all directories to select and load the ones that need to be tested. 

2. Start Test: The user interface initiates the test by calling the test harness executive. The executive in turn will call the application tests that are plugged into the system continuously and the data generated by the TVG is used to drive these tests. 

3. Quit Test: The interface provides a provision for stop the execution of tests and cancel the process. Once the testing process has been quit all information regarding the test results will be deleted to avoid any inconsistencies.

4. Output: The interface also contains the facilities for representing the test results visually and interactively. The test results are displayed in 3 different formats by the Test Harness System.
1. Visual Representation: This involves showing data about the no of tests succeeded and no of tests failed. It also need to render streams of flooded data if the test has failed. This allows the user to trace the error quickly and modify his code immediately.

2. Test Report: This is a report showing the overall success of the module and the percentage of success in each test conducted. 

3. Log File: A log file will be created to record details like date and time at which test was conducted, the test result along with some data about the failure. Each test will contain an error object that will be called if the test is not successful. The error object contains two main types of information which are the error code and error description. All these will be automatically updated in the log file created.


Activity Diagram
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USER INTERFACE

For any software system that requires constant and repeated user interaction needs an effective user interface. Although the user interface in Test Harness is considered as a part of the environment as it provides a means of communication it is still an integral part of the system. It provides effective means of invoking individual modules of the system or calling any modules from the File system services or for requesting any service. 
          The design of user interface is also a critical issue as all levels of user should find it easily comprehensible and be able to perform the desired operation. The main function of any interface is to provide necessary graphical tools to facilitate upload of data and visual representation or interpretation of results. The Test Harness interface is designed with the basic principle in mind WYSIWYG – What you see is What you get and to ensure consistency with the performed operations.
        The main interface is a windows form with controls like textbox, Label and command button. All these controls are renamed and captions should be given for user comprehension. The textbox provides the facility to type the path of C# module to be tested. The command buttons perform specialized operations like Start Test, Quit Test and Call File Dialog.  
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When the browse button is clicked in the windows form the File Dialog is created. An instance of the open file dialog class is being created and being called by the click event of the Browse button. All common dialog boxes like Open File, Save File, Print File, Font, Color etc are all part of the .Net Framework Class Libraries. So we can instantiate and call them at any point of execution in our application. The dialog boxes provide the functionality of both text box and combo box. It allows selecting choices from a drop down list as well as typing some information that is used for recognizing the choice made. 


In this case the Open File Dialog is called it allows us to search the base directories for the product code or C# modules that need to be tested. It is much more easier this way of loading the modules instead of users remember the entire path and key in the information. 
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Once the user selects a module by browsing thro all the directories, the path of the file from the root directory is automatically displayed in the textbox. This is saves considerable amount of user effort. 
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The user can now invoke the Test Harness by simply clicking the test button. This button will initiate a series of tests on the module loaded using dialog box. The test suite is controlled and the test results are monitored by the test harness executive class which is the integral part of the test harness system. All information about the invocation of individual tests and underlying function calls are encapsulated from the user.

Once the test suite is completed the output window is displayed to show the results of the tests conducted. The output window provides three options of showing results which can be selected from the combo box. 
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The three options provided by the output window and its significance are
1. Test information: This going to display the cumulative result of the tests conducted. It shows basic information like the no of tests succeeded, no of test failed and the no of tests skipped. It also shows some test build information like the allocation of resources, updating the references made and referring the metadata in the Assembly file.
2. Test Report: For any kind of test conducted a comprehensive report explaining the purpose of the test, desired result, score attained and comments should be given. Similarly the overall percentage of success for the system will be displayed. This is calculated by using the formula

(S / N) x 100

S – No of tests succeeded

N- Total No of tests conducted

The name of all individual tests and the level to which is succeeded are also listed down. In case a particular test failed, a stream of flooded data should be rendered to the output stream. This stream of flooded data is generated by the ‘err’ object which is being instantiated and called when the test function fails. The err object is part of .Net Framework and it provides basic information about the error occurred like Error Number and Error Description. We are going to inherit the standard error object and implement in each of the test classes invoked, so when one of these classes fails to execute we should instantiate the err object and send it to the output stream
3. Log File: The information regarding the tests needs to be logged-in. Hence a log file is created which maintains all information like the date and time in which test was conducted and the module on which it was conducted. The log file is an extremely useful resource for users to keep track of Test History and review it to trace the performance and reliability of system over a certain period of time.  
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CRITICAL ISSUES

Certain key issues that need to be considered during the design of the system and the solutions considered are listed below.
STANDARD FORMAT FOR DATA INTERCHANGE
Issue: How to design a generic interface for TVG Test Vector Generator to generate data in different formats as required by the different test classes ?

Solution: The application test modules can intake data in different formats based on their design. It is not possible to customize the TVG to suit the needs of each test class so the universal solution is to generate data in XML format.

XML stands for eXtensible Markup Language, it is a cross platform hardware and software independent markup language that allows data to be stored in structural format. It is called eXtensible because the user can extend the ability to describe data by creating customized tags (elements and attributes). It allows you to store data in a structured format by using meaningful tags. It is possible to transfer this structure data between heterogeneous systems. Hence it is a common data interchange format for a number of applications.
VERSIONING
Issue: What happens if the test class is modified and the system fails to recognize the new one and how will problems related to Versioning resolved? 

Solution: In case one of the application test modules have been modified by authorized users or changes have been made in the libraries to incorporate new functionalities, it doesn’t affect the overall system. This is one of the features of .NET Framework as it has capability to support multiple versions of the same dll but they cannot run side by side so when a latest version is deployed it does not have any adverse effect on existing ones. As all information related to versions of components are stored in the assembly. Unlike its previous versions whenever a dll is modified it need not be registered explicitly by typing

C:\>Regsvr32 <dll name> in the command prompt.

 The .Net version automatically recognizes the new version of the dll when it is recompiled and uses the latest version. Thus problems related to versioning are solved.

MEMORY USAGE AND PERFORMANCE
Issue: What if the user inputs a large number of C# code files to Test Harness?

If the number of C# code files specified as input by the user is large and the number of lines of code is large, then the amount of memory utilized by Test Harness will be very large and will affect performance of the system.

Solution: Memory management must be given proper consideration. The memory model of Test Harness must be built in such a manner that irrespective of the number of files that the user has input, the amount of memory utilized by the system at a given time is always fixed. This can be achieved by specifying at a time Test Harness needs to access just one C# code file.

Issue: Will loading the test dll each time when the test needs to be conducted affect the performance and memory usage?

Solution: The dll is an inprocess server so it occupies the same memory space as the process required to run the test harness. So the communication is faster and the amount of memory usage is reduced. Moreover it is possible to increase the performance of the system tremendously by performing Data Caching. The Test Harness should use a reusable pool of objects i.e. instead of instantiating the dll every time the test needs to be conducted we can instead create an object when it is parsed for the first time and cache this object on the target machine for future use. This copy can hold true unless the dll code is modified and a new version is being developed.
SECURITY
Issue: What if a competitor somehow gets its hands on some of the dlls pertaining to projects being developed by an organization?

Issue: What if a disgruntled employee of the organization deletes some critical IL Code

Solution:  The .Net framework provides a feature called Zero Impact Deployment which allows all components newly developed and deployed and all components destroyed to be maintained efficiently. All the information regarding these components is present as metadata in the Assembly file which is easily accessible and not the system registry. This data is very usable if some tools like ILDASM (Intermediate Language Dissembler) are used.  

           Some level of security can be implemented by using encryption mechanisms to authenticate the identity of users and integrity of data if the Test Harness is used as a large scale Commercial product or in Huge Corporate Organizations. However we can enforce security on managed code thro the use of objects called permissions that specifies what the code can access this is achieved by using the CAS Code Access Security Model in .Net
USABILITY
Issue: How to make the tester usable for all levels of users and enhance the performance manifold. 

Solution: The Test Harness system should be incorporated with user interfaces that facilitates the operations of the user and renders the output stream in different formats for files, memory, console etc. The interface should be consistent and interactive windows form that all levels of users can comprehend easily.

MAL-WARE

Issue: What if the users inputs files with .cs extension that do not contain C# code?

Issue: What if the user inputs files of C# code that do not compile or contain unidentified bugs or intent to do malicious operations? 
Solution: It is very difficult for a program to look at a file and judge its integrity. Since this application is going to be a part of the .Net framework which implements all the .Net language compilers like C#, Managed C++, VC++, etc. Since designing such functionality into Test Harness would be time consuming and very expensive and also highly increase complexity of system. If the user does input files of code that do not compile, Test Harness will probably produce erroneous results. On the other hand, if the user inputs files that have malicious code like a virus that the Harness should check the module doesn’t replicate itself under no circumstance. This can be achieved by checking if the same test function is instantiated multiple no of times. So the Test Harness can skip the test and check for status of other tests. If those behave in the same way then quit the entire testing process automatically.
SELF INVOCATION

Issue: How can the Test Harness Test itself??

Solution: The Test Harness is controlled by the Executive which is a dll by itself residing at a specified path in the File System. So an instance of this dll can be created and passed to the Test harness System as a parameter. So an alias of the dll that implements the test harness is created and its path is specified as the product code to be tested.
EXCEPTIONS IN TESTING

Issue: How can we consider special cases while testing and is it possible to react to these exceptions in the desired way?
Solution: For some C# programs that need to be tested there may exist special cases that need to be considered while testing is performed. For eg for the C# tokeniser program there are special instance like occurrence of backslash at which it would fail to tokenize a source code file by just ignoring it. To handle these exception cases we can plug-in a file with exception handling mechanisms to the TVG while generating data. This file would be referred by the Test module and recognize exceptions when the application test modules are being called to perform tests. 

INTEROPERABILITY

Issue: If one of the test classes is developed in an alternate language like C++ makes the system infeasible and highly inflexible
Solution: The main feature of using .Net framework is the Language Interoperability and Platform Independence. This requires to make minimum changes in the Test Harness Code to recognize an alternate language source code given its compiler is part of the framework. For example. For test harness to execute C++ modules instead of C# we need to indicate the system to refer two files the source file with extension .cpp  and header file with extension .hh
RESOURCE MANAGEMENT

Issue: Does the developer need to include special code for resource management while coding the tester???

Solution: .Net offers automatic garbage collection that allows implicit de-allocation of memory by suing a managed heap to deallocate memory allocated to objects that are no longer in use by application.
MODULE HANDLING
 Issue: How will the Test harness associate each module in the directory with the tests that need to be conducted on it? Certain modules need certain tests to be conducted on it so how will this scenario be handled?

Solution: To solve it we use a feature in .NET called Reflection this allows writing some information about association of modules with tests in the metadata. This is achieved by creating a proxy module which merely reflects the functionality of Test Module but contains the association information included in the metadata.
SUMMARY

            The Test Harness is a simple program consisting of seven basic modules that are relatively independent. They support the construction and execution of Test suites on C# modules. The application tests will be plugged in to the Test Harness System and will allow the completion of these tests on the product code. The information regarding the association of test modules in directory to the tests are resolved by the design of the system. 

Thus we have discussed the proposed architecture for the test harness system considering all aspects like design issues, actors and use cases, critical issues and complexities involved in implementation. The design put forward has certain advantages and effective features. 
                Initially we discussed the context of the project and the way it interacts with the environment. Then we analyzed the functionality and behavior of the individual modules involved in the project architecture. Then the list of activities involved along with user action was analyzed. Finally a prototype GUI was proposed to enhance the usability of the system and provide output test results in different formats to suit the needs of each user. Finally all the critical issues, complexities, bottlenecks in implementation were discussed and possible solutions were analyzed and the optimum choice was selected. 
                  Thus the above discussed architecture proves to be effective and would definitely facilitate the implementation of the Test Harness System thus attaining the goals established.
                                  
          Version 1.0 – Sriram Rajesh Ramamurthy

_1156791102.vsd
File System Services


GUI Input


GUI Output


Test Harness System






Commands ‘Test’ to start test and ‘Cancel’ to stop test


filenames of C# modules to load ,













Test Results






error msg’s, Visual & Log file repst 




_1156793930.vsd
Collaboration


Test Harness Executive


TVG


Logger


Test Module


Application Test Module


File Logger


Console Logger


 Memory Logger


User Interface Module


File Handler



_1156712556.vsd
Activity


Display GUI


User Action


Show File Dialog


Is Action = ‘browse’


Display path of selected module


User Action


Is Action = ‘Test’


Run Test Harness Executive


Call Test Class


Search & Load dll from file system


Invoke TVG


Generate Input Data


Consider exception File


Translate data in XML format


Run Test


Is Test Success


Render output to Logger


Show result in file stream


Show output in console mode


Store output in memory


Quit Test Harness


Is Test suite complete





Yes





No




Yes





No



No


Yes\No



Yes




