Tool Validation Compliance – TVAL-C

TVAL-C (Tool Validation Compliance) phase is aimed at checking existing commercial tools for conformity to our independent validation process.  Although a number of test tools exist for testing Java applications, and more recently for .NET applications as well, there are no prescribed product and process standards that they are required to conform to.  We focus on the V-Model, which demonstrates how the testing activities are related to analysis and design for deriving TVAL-C.  The V-Model is a German software standard (German Ministry of Defense, 1992 – refer to http://www.stsc.hill.af.mil/crosstalk/2000/06/Hirschberg.html). The objective of the V-Model is to regulate the software development process by a uniform set of activities and products that are required

during software development.  The V-Model deals with procedure, method and tool requirements and can be generally applied to any software development life cycle.  The V-Model fits into the international standard requirements such as ISO 9000 technical standards.  The V-Model life cycle process model is structured into sub-models of software development (SWD), quality assurance (QA), configuration management (CM) and project management (PM).  Our focus is mainly on SWD and QA for the TVAL-C phase, although CM and PM are definitely part of the project delivery mechanism.  We call our focused SWD & QA aspect of the V-Model as our tailored V-Model for tool validation - > TVAL-C (Tool validation compliance) model.

As shown in the V-Model diagram that follows (Figure 1), coding forms the point of the V, with analysis and design on the left hand side of the diagram, testing on the right hand side.  Unit and integration testing addresses the verification of correctness of programs.  V-Model suggests that unit and integration testing is also used for verifying the program design.  That means, that during unit and integration testing, coders and test team engineers should ensure that program design has been implemented correctly.  Acceptance testing is done by the client customer, and here, we validate the requirements by associating a testing step with the requirement specification.  This type of testing is to ensure that all requirements have been fully implemented before it passes the acceptance phase. 

The V-Model linking the left with the right hand side implies that if problems are found during V&V, then the left hand side can be reworked to take corrective action and fix, modify and improve the requirements, design and code before redoing the tests on the right hand side. V-Model makes it very explicit the iterative model of software development life cycle. V-Model focuses on activities to ensure correctness.  

TVAL-C (Tool Validation Compliance) aims to increase SME competitiveness by demonstrating a software development process and how existing software testing tools can enforce and work with a tailored process to increase software quality.  TVAL-C checks commercial testing tools for conformance to a compliance framework.

The V-Model is viewed from left to right, firstly down the left side, and then up the right side.  On the left side the software development phases are listed, and on the right, the testing phases.  The output from each software development phase becomes the input to the linked testing phase.

As each phase of software development is conducted, the level of granularity increases as we delve deeper into the application development.  Then as each phase of testing is undertaken we decrease the level of granularity, having started testing at an individual component level, we move up the V to overall testing of the application.  

The process of following the V-Model through software development and testing is an incremental iterative process, as is the nature of software development.  The application being developed is likely to run through several iterations of the V-Model during the development of an application, as each stage of the application is produced. For example, one would run through at least one iteration during the development of the back-end of an application, then another iteration for the interface between back-end and front-end, and then another iteration for the front end of the system. During each iteration the test plans may be added to or modified to include any changes.  New tests will be written for the new parts of the system. Then the tests that have already been developed will be updated as necessary, and re-run, thus revealing any errors that have been introduced to the application. 
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Figure 1. V-Model

Requirements Specification: The first phase in the V-Model is to gather requirements and put together a business case.  It is essential that the requirements are documented from a business perspective, so that the software produced performs the business functions correctly.  Once requirements have been documented, the user acceptance test cases can be planned, as they are directly related to the business case.

Architecture: In this phase, the requirements are documented from the perspective of the application software.  The software requirements document will be produced and this will describe the architecture of the system.  At this point the system tests are planned and the data to be used in each system test case is produced.

Design: During the design phase the system is modelled, by means of Use cases, Class diagrams etc.  The models are then linked to the requirements to ensure that all requirements are covered.  The Integration tests cases can be planned and the data for these test cases can be produced at this stage.

Implementation: During this phase the system is coded and user interfaces are developed.  By the end of this phase there will be a running system and unit test cases will be written.  

Unit Testing: During the unit testing phase the test cases written during the implementation phase will be run on all the code.  This will verify that the individual components are functioning as expected.

Integration Testing: This phase is where the individual components are tested together to ensure that they interact as expected.  This is done using the test plan.

System Testing: During this phase the complete system is tested to verify that it functions correctly with acceptable performance levels using the system test plan produced in the specification phase.

User Acceptance Testing: In this phase the system is verified against the system requirements, using the acceptance tests that were planned during the requirements phase.  Acceptance testing is done by the client.  All of the requirements must be covered before the acceptance testing can pass.  If the user acceptance testing passes, the client can sign off the project.

TVAL-C Conformity

In the TVAL-C phase of the project we have tested the conformity of existing commercial testing tools against the V-Model.  We identified the requirements for each phase of the V-Model, in terms of what tool features would be required for each phase.  We tailored a software development perspective of the V-Model in order to show which types of tools would be needed at each phase. We identified the features of each of the commercial tools, and then mapped the tool features into the V-Model phase requirements.  From this model we were able to use the testing tools and evaluate where they fit into the V-Model.  
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Figure 2. V-Model tailored to show which testing tool features are required at each stage.

Requirement Management tools: During requirement gathering and specification, requirement management tools are needed for the purposes of documenting and reporting the requirements.  The tools that fitted into this category were Compuware Reconcile and Rational RequisitePro.  

Test Design tools: During this time a test design tool is also needed to create test requirements and link them to functional or business requirements for validation.  The tools that fitted into this category were Compuware Reconcile, Rational TestManager and Mercury Interactive TestDirector.  

Test Management tools: From this point in the V-Model, test management tools are required to manage the test requirements and the test scripts that are created.  The tools from our selection that fit into this category are Compuware QADirector, Rational TestManager and Mercury Interactive TestDirector.

Static Code Analysis tools: While the code is being written, before it has been run, static code analysis tools may be used.  In the tools we evaluated there was no tool that fitted into this category.  

Unit Testing tools:  During Unit testing, unit testing tools such as JUnit and JUnitEE are used to assist the developer with writing and executing unit tests.  

Code Coverage tools: Code coverage tools are used while the unit tests are running to check that all possible code paths are tested.  Compuware TrueCoverage and Rational PureCoverage are examples of code coverage tools.  

Dynamic Analysis tools: During integration testing dynamic analysis tools are used to analyse the running system in order to highlight problems in the code such as memory leaks and performance bottlenecks.  Purify and Quantify from Rational, and TrueTime from Compuware are tools that fit into this category.  

Test Execution and Comparison tools: Test execution and comparison tools are used to launch tests automatically, so that tests can be run unattended.  They then log and collate test results for defect identification and tracking purposes.  These testing tools accumulated logs to help identify system quality regressions.  Tools that have these features are Compuware QADirector, Rational TestManager and Mercury Interactive TestDirector.  

Performance and Simulator tools: During the system testing phase performance and simulator tools would be used to perform automated functional testing of system to verify system functionality, and gather performance metrics.  The tools that conform to this part of the V-Model are Compuware QARun, Rational Robot and RobotJ and Mercury Interactive QuickTest and LoadTest.

Testing Tools

	
	Rational
	Mercury Interactive
	Compuware
	Open Source Software

	Test Management
	TestManager
	Test Director
	QADirector
	

	GUI Auto Testing
	Robot

RobotJ
	WinRunner
	QARun
	Abbot (http://abbot.sourceforge.net/)

	Web Auto Testing
	SiteCheck

RobotJ
	Quick Test
	QARun
	

	Requirements Management
	RequisitePro
	
	Reconcile

	

	Defect Tracking
	ClearQuest
	Test Director

	TrackRecord
	Bugzilla (http://www.bugzilla.org/)

	Program Profiling
	Quantify
	
	TrueTime
	JMP (http://www.khelekore.org/jmp/), 

Jcoverage (http://jcoverage.sourceforge.net/)

	Code Coverage
	PureCoverage
	
	TrueCoverage
	JVMDICover (http://jvmdicover.sourceforge.net/)

	RunTime Testing

	Purify
	
	BoundsChecker
, SmartCheck
, JCheck

	Clint (http://sourceforge.net/projects/clint/), 

Cqual (http://www.cs.berkeley.edu/~jfoster/cqual/),

DoctorJ (http://doctorj.sourceforge.net/), 

Compaq ESC Java (http://www.research.compaq.com/SRC/esc/Esc.html)

	Code Testing (Unit Testing)
	QualityArchitect
	
	
	JUnit (http://www.junit.org)
JUnitEE

	Load Testing
	
	Load Test
	
	Load (http://www.pushtotest.com/ptt)


Table 1 Tool equivalencies.  Tools that have been evaluated are highlighted.
� Ties together QADirector (test management) and TrackRecord (change management)


� With respect to test requirements only.


� Checking for memory leaks, exceptions and other incorrect program running. (bounds checking etc)


� C++ runtime testing


� Visual Basic runtime testing


� Java JVM runtime testing
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