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Abstract

Software producing companies want to increase their quality and efficiency. They often look at automated test tools as a part of a solution. Not many company’s use test tools, the time it takes to evaluate which test tool that suites the company best costs much in both money and time.

The development process within the IT world is so fast, this makes it difficult for any enterprise to put money in a test tool that may be useless within a few years. For a test tool to be valuable for a company it must be used during at least a few years. An automated test takes a lot of time to implement and introduce in the company.

To get the whole picture when to automate test we have looked at different test methodologies. Step-by Step Method uses tables and lists to create the test document. 

Product Life Cycle Method (CPU) describes implementing of software test in the product life cycle. Well-developed test methods can save a lot of time and make it possibly for developers to work effectively.

We have also investigated some general information about automated test like cost and when to automate. ATLM (Automated Test Life-Cycle Methodology) is a methodology that is used in order to take the correct decisions such as when to automate or not, (ATLM) is a structured methodology aiming toward ensuring a successful implementation.

We have also described some methods of automated tools. The Record/Playback Method is a feature that executes the test manually while the test tool sits in the background and remembers what has happened. It generates a script that can re-execute the test. The Functional Decomposition Method and The Key-Word Driven Method are a data-driven automated testing methodology. That allows developing automated test scripts that are more “generic”. It requires only that the input and the expected results have been updated.

In this study we have examined automated test tools offered by Rational, Segue Software Inc and Mercury Interactive to survey the tools on the market.

Segue Software Inc is aimed for e-business systems. Rational is a big company and has solutions for all parts in a software project. Mercury Interactive has several test solutions for testing and monitoring business- critical Web applications, and the WinRunner is most complex of the offered tools.

1 Authors

Ann-Chatrin Djurström, duk97acd@student.hk-r.se, anki.djurstrom@swipnet.se
Ewa Holgersson, duk97eho@student.hk-r.se, aho@karlskrona.mail.telia.com

Isabell Jonsson, duk97ijo@student.hk-r.se , Isabell.jonsson@hem.utfors.se
Blekinge Institute of Technology

Department of Software Engineering and Computer Science

S-372 25 Ronneby, Sweden

Wireless Maingate AB

(Old Naval Museum)

Amiralitetstorget 3

S-371 30 Karlskrona, Sweden
Examiner

Professor

Lars Lundberg lasse@ide.hk-r.se
Blekinge Institute of Technology

Tutors

Doctor

Ludwik Kuzniarz Ludwik.Kuzniarz@ipd.hk-r.se
Blekinge Institute of Technology

Billing System Manager

Carin Ryttberg carin.ryttberg@maingate.se
Wireless Maingate 

2 Table of contents

31 Authors


42 Table of contents


73 Introduction


73.1 Short presentation of Maingate


73.2 Intended readers


83.3 Problem Area


83.4 Purpose and Goal


94 Basic facts about Manual Tests


105 Different Test methodologies


105.1 The Step – by – Step Method


105.1.1 List Test Requirements based on the Specifications


105.1.2 Add Test Requirements for a range of inputs


115.1.3 List a Test Type for each Test Requirement


115.1.4 Review Test Types and fill in the holes


115.1.5 Write a Test Case for each Test Requirement


115.1.6 Group Test Cases into Test Scripts


125.2 Product Life Cycle Method


125.2.1 Design Phase


125.2.2 Code Complete Phase


135.2.3 Alpha Phase


135.2.4 Beta Phase


135.2.5 Zero Defect Build Phase


135.2.6 Green Master Phase


135.3 Summary


146 General facts about Automated Tests


146.1 Automated Test Lifecycle Methodology (ATLM)


146.1.1 Decision to Automate Test


156.1.2 Test Tool Acquisition


156.1.3 Automated Testing Introduction Process


166.1.4 Test Planning, Design and Development


166.1.5 Execution and Management of Tests


166.1.6 Test Program Review and Assessment


166.2 When should a Test be automated?


176.3 To introduce Automatic Tools


176.4 What is required to Successfully Implement Automated Testing?


186.5 The Costs to Automated Test


186.6 Cost Effective Automated Testing


196.7 Automated Tests Survival


196.8 Losing with Automation


196.9 Summary


207 Preparation before installing an Automated Testing Tools


218 Evaluation of Automated Tool methods


218.1 The Record/Playback Method


218.1.1 Advantages


218.1.2 Disadvantages


218.2 The “Functional Decomposition” Method


228.2.1 Advantages:


228.2.2 Disadvantages:


228.3 The Key-Word Driven or Test Plan Driven Method


238.3.1 Advantages:


238.3.2 Disadvantages:


238.4 Summary


259 Automated Tools


259.1 Introduction


259.2 Rational


259.2.1 Rational Test tool


259.2.2 Rational Tools


279.2.3 Rational Package


289.2.3 Summary


289.3 Segue Software Inc


299.3.1 SilkTest - Automated Functional and Regression Testing


299.3.2 Silk Performer


299.3.3 SilkPilot


309.3.4 SilkRadar


309.3.5 Summary


309.4 Mercury Interactive’s WinRunner


319.4.1 Support for functional testing of WAP applications


319.4.2 Easy Verification of Transactions


319.4.3 Sophisticated Introspection Capabilities


319.4.4 A simpler Test Creation Process


319.4.5 Problems with WinRunner


329.4.6 Test Developers Pronouncement


329.4.7 Working with WinRunner


349.4.8 Summary


349.5 Summary of test tools


3510 Result and Conclusion


3510.1 Comparison between Manual and Automated testing


3610.2 To make Wireless Maingate Testing more Efficient


3610.4 Conclusions


3710.5 Future work for Wireless Maingate


3811 Definition of terms


3811.1 Ad Hoc Testing


3811.2 Automation Testing


3811.3 Black Box Testing


3811.4 Boundary Testing


3811.5 Breadth Testing


3811.6 Compatibility Testing


3811.7 Functionality Testing


3811.8 Functional Localisation Testing


3811.9 Integration Testing


3811.10 Interoperability Testing


3911.11 Install Testing


3911.12 Load Testing


3911.13 Performance Testing


3911.14 Regression Testing


3911.15 Storage Testing


3911.16 Stress Testing


3911.17 Syncopated Testing


3911.18 System Integration Testing


3911.19 Unit testing


3911.20 Volume Testing


4011.21 White Box Testing or Glass Box Testing


4112 References


4313 Appendix


4313.1 Rational


4313.1.1 System requirements for Rational Suite TestStudio


4413.1.2 System requirements for Rational TeamTest


4513.1.3 Price for Rational Robot


4513.2 Segue Software Inc


4513.2.1 SilkTest


4513.2.2 Silk Performer


4613.2.3 SilkPilot


4613.3 Mercury Interactive


4613.3.1 WinRunner


4713.3.2 Tips for WinRunner Interested




3 Introduction

3.1 Short presentation of Maingate

Wireless Maingate is focused on the communication machine to machine. See [Maingate].

This involves a billing system, Geneva, and own applications made by the company. The test system is complex when the different parts are working together. This means that the company works with different operation systems and variety of databases. The biggest part involves Java, Oracle and LDAP (Lightweight Directory Access Protocol).
The two parts we have been focused on during our study is their billing system, but more important their own application in Java. The Java application is a self-care system for their clients to easily control and make changes on the web.

Figure 1.0 is a description of Wireless Maingates Platform. The platform includes DDA (Direct Data Access) and SMSC (Short Message Service Centre) etc.
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Figure 1.0   Wireless Maingate Platform

3.2 Intended readers

Readers of this essay are assumed to possess knowledge of software development.

Knowledge of software testing makes it easier to understand the use of the theory described in this essay.

3.3 Problem Area

Wireless Maingate system environment consist of a number of systems that are purchased, and applications that Wireless Maingate developed them selves. Upgrading is performed continuously with new versions for the purchased systems, and the own applications. At every upgrade a number of tests is performed to secure the quality. This is performed manually today, which takes a lot of time.

The developers have performed the tests themselves, and test routines have not been in focus.

There present testing is manual and what they are looking for is a solution of making the test phase more efficient, secure and with a better quality. That may involve an automated test tool.

3.4 Purpose and Goal

The problem Wireless Maingate has with testing is to find a solution for how the test process will be more efficient i.e. less time consuming and also the ability to reuse the test process. Our task is to examine different test methods and its advantages/disadvantages. How we can compare the manually made test and the automatic tests. High quality and reliable test result is some important standpoints in the investigation. In what way can the test methods adjust to the company’s environment?

There are two main purposes with this thesis the first one is to investigate the automated test tools on the market and find out the best suitable tools. How the test methodology should look like and which suitable tools support the work. The most important purpose is to make the testing process more efficient for the company. 

The second purpose is to answer the question whether Wireless Maingate should automate their testing, and in that case which solution they should use, or make their manual testing more efficient. If the answer is to maintain their manual testing then how will they make it more efficient? 

What does Wireless Maingate improve by using automatic tools and which problems might occur during the introduction or during the utilisation of the tools?

4 Basic facts about Manual Tests 

The test phase must be an integrated part in the development of a product. This means that during the different phases in development there must be phases of testing in between. It is necessary to track bugs during the whole development process.

To have an effective test method, it is important to use the right test in the right development phase. See heading 5 Different Test methodologies.

Some other important things to think about when creating tests:

1. Well-designed and detailed test documentation concluding among others:
· Lists of features that will be checked 

· Description of well defined goals for the test. Example of goals is how accuracy testing should bee or how much bugs is allowed.

2. Developing libraries of testing functions that can be used in lots of different tests. Those needs to be conceptually well defined and well documented, especially with regard to start and end states.

5 Different Test methodologies

Test designers who have worked with tests a long time have created their own test methodologies. This is a presentation of some methods that can be a help to create own method or just get some ideas or tips. The reason we chose these particular methodologies is because they are easy to follow and well structured.

5.1 The Step – by – Step Method

This test method is created and described by Kathlen A. Iberle in the STQE Magazine

[Iberle 1999].

The method can be used for some parts of the product that is developed. It works for both blackbox (See 11.3) and glassbox testing (See 11.21). It can be used by an individual or by a small group. It creates lists and tables that are easy for the designer to handle.

This basic test design method consists of the following six steps:

· List test requirements based on the specifications

· Add test requirements for a range of inputs

· List a test type for each test requirement

· Review test types and fill in the holes

· Write a test case for each test requirement

· Group test cases into test scripts

5.1.1 List Test Requirements based on the Specifications

Start by listing the most obvious test requirements. Test requirements are not exact statements of input and expected output, but are ideas of what should be tested. 

Investigate what this feature is supposed to do and find out if the feature does it right.

Find out how the feature is used and some of the possible interactions of the feature. 

5.1.2 Add Test Requirements for a range of inputs

Take a close look at the inputs. It is not always so easy to find out what the inputs are. Add test requirements to cover the domain of each input adequately. 

Usually this means:

· A sample average value 

· Values at the boundary conditions 

· Values beyond the boundary conditions 

· Illegal inputs 

· Error conditions 

Avoid thinking about exactly how to turn each test requirement into a real test just try to make notes.

5.1.3 List a Test Type for each Test Requirement

The next step is to widen the perspective. Different kinds of testing are needed to find different kinds of bugs. It is good to have lists of different kinds of useful test types that helps during projects; those lists are reminders to look for a wide range of bugs and test the product from a variety of angles.

5.1.4 Review Test Types and fill in the holes

Using your favourite list of test types, go through each test type and consider whether it is applicable to this particular feature. Try to generate as many test requirements as possible. Try to go back to the developers and ask their opinions on how well the feature should do in these areas. 

5.1.5 Write a Test Case for each Test Requirement

The next step is to turn test ideas into actual test cases. For each test requirement, consider how to force the conditions. What are the inputs and outputs? Are special input files needed? What kind of configuration should the test be running on? How will the tester be able to tell whether the test has passed or failed? This precise description is usually referred to as a test specification. 

The steps to follow:

· Specify inputs and expected outputs for each test requirement.

· If specific set-ups or tools are needed, specify those.

· Where there are no conflicts, combine test requirements into a single case. Often user interface switches can be tested while testing the feature that they switch.

· Do not over-combine these test requirements –you will lose track of what the test is supposed to test. Three test requirements per test case is usually the upper limit.

· Vary the inputs. If several test configurations work equally well, alternate between them.

5.1.6 Group Test Cases into Test Scripts

The final step is to group test cases into scripts or procedures. There are also some opportunities here to make efficient choices. 

· Group test cases with common set-ups and inputs together into test scripts. 

· Keep manual test scripts short enough to execute in two to three hours; the goal is to avoid having unfinished scripts at the end of the day. 

· If there are any more interesting test ideas during this process, go ahead and add them into your tests. 

· If using manual test scripts, include the test requirements in the document so the tester knows what the test is trying to test.

5.2 Product Life Cycle Method

There are many interpretations of PLC (Product Life Cycle). This is the one, described by Dave Kelly in his article Software Test Automation and the Product Life Cycle. [Kelly]

5.2.1 Design Phase

The design phase begins with an idea and it is important with good planning. Creating of the functional specification helps to describe requirements. It is important that Quality Assurance (QA) is involved in the development of test writing from the beginning.

It is too soon to automate tests at this point in time but necessary to create all test cases so that they can be run manually. These manual tests are step-by-step “pseudo” code that would allow anyone to run the test.

When the code is modified, there are always manual procedures that can be adapted to the change more quickly than an automated test script. Because the software test must be continually updated to reflect changes in the software, it can happen that automation turns out to not be feasible. There are at least tests that can be performed anyway.

It is good to select the automation tools that will be needed, not to decide exactly which tests need to be automated yet, but have an idea of the kind of tests that will be performed.

Software with a lot of user interface is well suited for automated blackbox testing. The lower the level, it is more likely that the whitebox testing (See 11.21) should be used.

5.2.2 Code Complete Phase

During the code complete phase the code has been completed and written, but not debugged.

Automatic test cases can be written. The tests that should be written at this point are breadth tests (See 11.5) that tell the status of the overall software product.

Some acceptance tests should also be created to give a quick evaluation of the status of a particular build. There should also be tests written to test the installer, boundary, compatibility, performance and interoperability.

Decision are to be made upon which tests should be automated tests and what test tools to use. 

The following checklist is a help to determine which tests should be automated.

If the answer is “yes” to any of these questions, then the test should be seriously considered for automation.

Can the test sequence of actions be defined?

Is it useful and necessary to repeat the sequence of actions many times?

Is it possible to automate the sequence of actions? This may determine that automation is not

suitable for this sequence of action.

Is the behaviour of the software under test the same with automation as without?

Comprise test non-UI (user interface) aspects of the program? 

Almost all non-UI functions can and should be automated tests.

Is it necessary to run the same tests on multiple hardware configurations?

5.2.3 Alpha Phase

The code is stable and major bugs have been found and fixed.

The compatibility, interoperability and performance tests are completed and automated as far as possible. It is time to run breadth, compatibility, interoperability and performance tests at least once. Every bug should be associated with a test case to reproduce the problem.

5.2.4 Beta Phase

The product is considered “mostly” bug free.

The acceptance tests and ad hoc (See 11.1) test will be run.

An ad hoc test is a test that is performed manually where the tester attempts to simulate real world use of the software product. It is when running ad hoc testing that the most bugs will be found.

5.2.5 Zero Defect Build Phase 

Running regression tests (See 11.14) Regression testing means running through your fixed defects again and verifies that they are still fixed.

5.2.6 Green Master Phase

The product goes through a final checkout.

After running general acceptance tests, regression tests are running. Testing fixed defects once again to verify that they are still fixed.

5.3 Summary

It is good to follow own test methods because they are usually well established in the company, which improves the test environment and simplifies the work. Well-developed test methods can save a lot of time and make it possible for people to work more effectively. Perhaps these test methodologies could bee of some use to improve an own method or just get some tips.

6 General facts about Automated Tests 

6.1 Automated Test Lifecycle Methodology (ATLM)

This is a structured methodology geared toward ensuring successful implementation of automated testing.

ATLM is a structured methodology for designing and executing test activities. The ATLM is invoked to support test efforts involving automated test tools, and incorporates a multistage process. The methodology supports the detailed and interrelated activities necessary to determine whether to acquire an automated test tool. The methodology includes the process of how to introduce and utilise an automated test tool, covers test design and test development, and addresses test execution and management. The methodology also supports the development, management of test data, and the test environment, and addresses test documentation to include problem reports. The ATLM methodology represents a structured approach, which depicts a process with how to approach and execute test. This structured approach is necessary to help steer the test team away from common test program mistakes. The ATLM process consisting of six components, witch is described in figure 2.0.
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Figure 2.0 Automated Test Life-Cycle Methodology (ATLM)

6.1.1 Decision to Automate Test

The first component outlines a structured way of approaching the decision to automate test.

It will provide guidance regarding the decision about whether the application is suitable for automated testing or not. If it is suitable: which automated test tools should be used?

How can management be convinced that automated testing is or is not beneficial for this project?

The figure 3.0 depicts this step-by-step methodology. Between each step appears a decision point, should the process continue or should it terminate with a decision not to automate test for the particular project.
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Figure 3.0   Automated test Decision Process

6.1.2 Test Tool Acquisition

Test tool costs and the formal and on-the-job training for the tool received by test team personnel represent an investment by the organisation. Given this fact, the selected tool should fit the organisation’s entire systems engineering environment. This approach allows the entire organisation to make the most use of the tool. To accomplish this goal, the test team needs to follow a structured approach for performing test tool evaluation and selection.

6.1.3 Automated Testing Introduction Process

The test process analysis ensures that an overall test process and strategy are in place and are modified, if necessary, to allow successful introduction of automated test. The test engineer defines and collects test process metrics so as to allow for process improvement.

The test tool consideration phase includes step in which the test engineer whether incorporation of automated test tools or utilities into the test effort would be beneficial to a project. It gives the project testing requirements, available test environment and personnel resources, the user environment, the platform, product features of the application under test.

6.1.4 Test Planning, Design and Development

The test planning phase includes a review of long-lead-time test planning activities. During this phase, the test team identifies test procedure creation standards and guidelines, hardware, software, network required to support test environment, test data requirements, a preliminary test schedule performance measurement requirements. The phase also includes a procedure to control test configuration and environment and a defect tracking procedure and associated tracking tool.

Setting up a test environment is part of test planning.

The test design component addresses the need to define the number of tests to be performed, the ways that will be approached, and the test conditions that need to be exercised. Test development standards must be defined and followed.

The test development need automated tests that are reusable, repeatable and maintainable, test development standards must be defined and followed.

6.1.5 Execution and Management of Tests

The test team must execute test script and refine the integration test script, based on a test procedure execution schedule. System problem should be documented via system problem reports. Finally, the team should perform regression tests and all other tests and track problems to closure.

6.1.6 Test Program Review and Assessment

Activities need to be conducted throughout the testing life cycle, thereby allowing continuous improvement activities. Final review and assessment activities need to be conducted to allow process improvement.

This is a very short description of ATLM, for more information see [Dustin 99].

6.2 When should a Test be automated?

To decide whether a test should be automated or not you need to look at the cost and design of the test. Both automation and manual testing are plausible. That is not always the case. For example, load testing (See 11.12) often requires the creation of heavy user workloads. Even if it were possible to arrange for 200 testers to use the product simultaneously, it is surely not cost-effective. Load tests need to be automated.

You first design the test and then decide whether it should be automated. It is common for the needs of automation to influence the design. This sometimes means that tests are weakened to make them automatable. 

The number of manual tests best measures the cost of an automated test. A test is designed for a particular purpose. For example: to see if some aspects of one or more features work. 

Much of the value of an automated test lies in how well it can test the product [Jenkins 99].
6.3 To introduce Automatic Tools

1. Determine your budget for automated tools.

2. List the various testing functions of your group or department. Briefly outline how these are undertaken currently [Jenkins 99].

The list can look something like this:

1. Test Planning

2. Defect Tracking

3. Performance Testing

4. Functional Testing

5. Regression Testing

3. Against each category compile a list of functions that could be automated.

4. Determine what it would cost to supply your automated testing needs based on the above assessment. 

5. Implement them.

6. Instigate a planned review process over the next two to three years to ensure that the adoption and uptake of tool is appropriately maintained.

6.4 What is required to Successfully Implement Automated Testing?

Automated testing is automating the manual testing process currently. This requires that a formalised "manual testing process" exists in the company and includes such a process:

· Detailed test cases, including predictable "expected results", which have been developed from Functional Specifications and Design documentation.

· An adequate Test Environment department, including a test database that is restorable to a known constant, such that the test cases are able to be repeated each time there are modifications made to the application.

If the current testing process does not include the above points, it will never be able to make any effective use of an automated test tool. There is no real point in trying to automate something that does not exist.

Software testing using an automatic test program will generally avoid the errors that humans make when they get tired after multiple repetitions. The test program will not skip any tests by mistake. The test program can also record the results of the test accurately. The results can be automatically fed into a database that may provide useful statistics on how well the software development process is going.

On the other side, software that is tested manually will be test with a randomness that helps find bugs in more varied situations. Since a software program usually will not vary each time it is run, it may not find some bugs that manual testing will. Automated software testing is never a complete substitute for manual testing.

The real use and purpose of automated test tools is to automate regression testing. This means that it must be developed a database of detailed test cases that are repeatable, and this suite of tests is run every time there is a change to the application to ensure that the change does not produce unintended consequences.

An “automated test script” is a program. Automated script development, to be effective, must be subject to the same rules and standards that are applied to software development. Making effective use of any automated test tool requires at least one trained, technical person.

6.5 The Costs to Automated Test

Automating a test and running it once will cost more than simply running it manually one time. How much more?

· If a manual test costs X SEK to run the first time, it will cost X SEK to run each time, for example X=1000 SEK.

· If an automated test cost Y to create, it will almost costs nothing to run from then on, for example Y=10 000 SEK.

Suppose that X runs 15 times (1000 x 15 = 15 000 SEK) and runs Y 15 times (10 000 SEK). The manual test costs 5000 SEK more for the company. That means that an automated test in this case is more cost-efficient to use.

An automated test has a finite lifetime, during which it must recoup that additional cost. Is this test likely to die sooner or later? What events are likely to end it?

The essential question is:

During its lifetime, how likely is this test to find additional bugs (beyond whatever bugs it found the first time it run)? How does this uncertain benefit balance against the cost of automation?
6.6 Cost Effective Automated Testing

Automated testing is expensive and it does not replace the need for manual testing or "down-size" the testing department. Automated testing is an addition to the testing process. It can take between 3 to 10 times as long (or longer) to develop, verify, and document an automated test case than to create and execute a manual test case. This is especially true if the "record/playback" feature (contained in most test tools) is elected as the primary automated testing methodology.

Automated testing can be made to be cost effective, if some common sense is applied to the process:

· Choose a test tool that best fits the testing requirements of the company.

· Realise that it does not make sense to automate some of the tests. Overly complex tests are often more trouble than they are worth to automate. Concentrate on automating the majority of tests. Leave the overly complex tests for manual testing.

· Automate only tests that are going to be repeated. One-time tests are not worth automating.
6.7 Automated Tests Survival

Automated tests produce their value after the code changes. Except for rare types of the tests, rerunning a test before any code changes is a waste of time. It will find exactly the same bugs as before. (The exceptions, such as timing and stress tests, can be analysed in roughly same way.)

But a test will not last forever. At some point, the product will change in a way that break’s the test ex. Changing database etc. The test will have to either be repaired or discarded. To a reasonable approximation, repairing a test costs as much as throwing it away.

6.8 Losing with Automation

Creating an automated test is usually more time-consuming (expensive) than running it manually one time. The automated tests are not free from bugs, which the tester must have in mind. The cost varies, depending on the product and the automation style.
6.9 Summary

Automated tools are not always a solution for all testing problems. 

Recognise the fact that automated tools rarely make reduce costs or increase the test coverage by themselves. Introducing an automated tool usually reduces the test coverage. It costs sources that otherwise could be devoted to manual testing.

Companies who sell automated test tools say that their tool is "easy to use" and that the non-technical testers can easily automate all of their tests by simply recording their actions, and then playing back the recorded scripts. But there is not always as easy as they say.

There are some companies who have decided to automate their tests and they have realised that implementing an automated testing solution is far more difficult than it appears and takes more time than manual tests. [Pettichord 2000]
7 Preparation before installing an Automated Testing Tools

1. An adequate test environment must exist that accurately replicates the production environment. This can be a small-scale replica, but it must consist of the same types of hardware, programs and data.

2. The test environment's database must be able to be restored to a known baseline otherwise tests performed against this database will not be able to be repeated, as the data have been altered.

3. Part of the test environment includes hardware. The automated scripts must have dedicated PC's on which to run. If one is developing scripts, then these scripts themselves must be tested to ensure that they work properly. It takes time to run these scripts, especially after a number of them have been developed. 

4. Detailed test cases that can be converted to an automated format must exist. If they do not then they will need to be developed, adding to the time required. The test-tool is not a thinking entity. You must tell it exactly what to do, how to do it, and when to do it. Data to be entered and verified must be specific data.

5. The person or persons who are going to be developing and maintaining the automated scripts must be hired and trained. Normally, test tool vendors provide training courses.

8 Evaluation of Automated Tool methods

There are three different interfaces available for testing. Some products may have all three, but many will have only one or two. API (application programming interfaces) and CLI (command line interface) are easier to automate than GUI (graphical user interfaces) because the GUI test automation requires manual scripting. In this essay we have only looked at GUI. 

[Zambelich 1998]

8.1 The Record/Playback Method

Most GUI automation tools have a feature called “record and playback” or, “capture replay” it means to execute the test manually while the test tool sits in the background and remembers what is happening. It then generates a script that can re-execute the test. It needs to learn and generate small bits of code and the technical challenge of getting the tool to work. GUI test automation involves keeping up with design changes made to a GUI.

8.1.1 Advantages

1.
The record/playback feature is useful in determining how the tool is trying to process or interact with the application under test. 

2.
It can give some ideas about how to develop test scripts.

8.1.2 Disadvantages

1. The scripts resulting from this method contain hard-coded values, which must be changed if anything changes in the application. 

2. The costs associated with maintaining such scripts are high.
3. These scripts are not reliable, even if the application has not changed, and often fail on replay.

4. If the tester makes an error entering data, etc., the test must be re-recorded. 

5. If the application changes, the test must be re-recorded. 

8.2 The “Functional Decomposition” Method
The main concept is to reduce all test cases to their most fundamental tasks, and write User-Defined Functions, Business Function Scripts, and "Sub-routine" or "Utility" Scripts which perform these tasks independently of one another.  

It is necessary to separate data from function. This allows an automated test script to be written for a Business Function, using data-files to provide both the input and the expected results verification.

8.2.1 Advantages:

1. Uses files or record to both input and verify data, reduces redundancy and duplication of effort in creating automated test scripts.

2. Scripts may be developed while application development is still in progress. If functionality changes, only the specific "Business Function" script needs to be updated.

3. Since scripts are written to perform and test individual Business Functions, they can easily be combined in a "higher level" test script in order to accommodate complex test scenarios.

4. Data input/output and expected results is stored as easy maintainable text records. The user’s expected results are used for verification, which is a requirement for System Testing.

5. Functions return "TRUE" or "FALSE" values to the calling script, allowing for more effective error handling, and increasing the robustness of the test scripts.

8.2.2 Disadvantages:

1. Requires technical personnel in the Scripting language used by the tool

2. Multiple data-files are required for each test case. There may be any number of data-inputs and verifications required, depending on how many different screens are accessed. This usually requires data-files to be kept in separate directories by test case.

3. The tester must not only maintain the detail test plan with specific data, but must also re-enter this data in the various required data-files.

4. If a simple “text editor” such as Notepad is used to create and maintain the data-files, careful attention must be paid to the format required by the scripts/functions that process the files, or script-processing errors will occur due to data-file format and/or content being incorrect.

8.3 The Key-Word Driven or Test Plan Driven Method

This method uses the actual test case document developed by the tester using a Spreadsheet* containing special “Key-Words”. This method preserves most of the advantages of the "Functional Decomposition" method, while eliminating most of the disadvantages. In this method, the entire process is data-driven, including functionality.

8.3.1 Advantages:

This method has all of the advantages of the “Functional Decomposition” method, as well as the following:

1. The detail test plan can be written in Spreadsheet format containing all input and verification data. Therefore the tester only needs to write this once. 

2. Test plan does not necessarily have to be written using Excel. Any format can be used from which either “tab-delimited” or “comma-delimited” files can be saved (e.g. Access Database, etc.).

3. If someone proficient in the Automated tool’s Scripting language before the detail test plan being written can create ”utility” scripts, then the tester can use the automated test tool immediately via the "Spreadsheet-input" method, without needing to learn the Scripting language. The tester only needs to learn the “Key Words” required, and the specific format to use within the test plan. 

4. If the detail test plan already exists in some other format, it is not difficult to translate this into the Spreadsheet format.

5. After a number of “generic” utility scripts have already been created for testing an application, these can be re-used to test another application.

* Spreadsheet
An electronic spreadsheet organises information into software-defined columns and rows. The data can then be “added up” by a formula to give a total or sum. The spreadsheet program summarises information from many paper sources in one place and presents the information in a format to help a decision-maker see the financial “big picture” for the company.

8.3.2 Disadvantages:

1. Development of “customised” (Application-Specific) Functions and Utilities requires proficiency in the tool’s Scripting language.

2. If application requires more than a few “customised” utilities, this will require the tester to learn a number of “Key Words” and special formats. This can be time-consuming, and may have an initial impact on Test Plan Development. Once the testers get used to this, however, the time required to produce a test case is greatly improved.

8.4 Summary

The Record /Playback method executes the test manually while the test tool sits in the background and remember what have happened.

The Functional Decomposition method and the Key-Word Driven method are data-driven automated testing methodology. This allows developing automated test script that are more generic; require only that the input and expected results be updated. 

Some authors suggest avoiding the record / playback method that is not cost-effective, but this is still the most used and easiest to learn method.

9 Automated Tools

9.1 Introduction

Here we describe the automatic tools we have investigated. See [MethodTools]. There are many companies who sell test tools on the market. We have chosen some of the biggest and the companies with the best reputation, which are offering test tools that are interesting for Maingate future testing environment.

9.2 Rational

One automated test tool system that we will examine more careful is the one provided by Rational. See [Rational 1]. They offer different set of tools to suite your company concerning testing and quality. No matter what you buy from Rational you have two options one is to put the system on a PC or on a server.
9.2.1 Rational Test tool

9.2.1.1 Rational Robot – Functional testing

When a project is reaching the Functional testing level. Rational Robot is testing the code with record/playback functional testing tool. This part of the Rational Suite TestStudio is working on a variety of Windows platforms and a number of environment and language.

The different language this tool is working with is Java, C++, HTML and DHTML and Oracle as a database. Every test asset that Rational Robot has created is stored in a repository. Rational TestManager provide access to this repository. With Rational Robot you can create test scripts manually or via record-and-playback mechanism. The language used for the test scripts is SQABasic, a Visual Basic syntax-compatible scripting language. See [Hendrick 99]

9.2.2 Rational Tools

9.2.2.1 Rational TestFactory – Detect application crashes

Rational TestFactory automatically finds defects in the application under test and then build a set of test script that maximise code coverage. First of all Rational TestFactory creates a hierarchical map of the application’s user interface. This is to provide maximum code coverage. Detection of hangs, crashes and exception is the main function for Rational TestFactory. There is one problem though; this program only works against Visual Basic programs. This means that Java and C++ are not supported. See [Hendrick 99]. According to a salesman at Rational Java is supported in Rational TestFactory 2001.

9.2.2.2 Rational Purify – Run-time error

This part is for unit testing (See 11.19). It detects run-time error, memory leaks and memory access errors. Rational Purify works with Microsoft Developer Studio and can be driven using Rational’s record/playback tool. That means Rational Robot. Rational Purify, Rational Visual PureCoverage and Rational Visual Quantify can be used in applications written in Java C/C++ and UNIX.

9.2.2.3 Rational Visual PureCoverage – Identify untested code

Rational Visual PureCoverage enables developers and testers to directly see what percentage of source code that have been tested, so they can find untested or insufficient tested code. PureCoverage is working with Microsoft Developer Studio, just like Rational Purify.

9.2.2.4 Rational Visual Quantify – Pinpoint performance bottlenecks
This tool is also working with Microsoft Developer Studio. Any bottlenecks in the code are detected and the developer may also see time spent on different part of the code. This is to track if there is a slow performance.

9.2.2.5 Rational RequisitePro - Track requirements

Team based requirement management. This is to make it easy for team members to understand the requirements in a project. Even when the requirement changes in a project it is important that all the members are aware of it. 

9.2.2.6 Rational ClearQuest–Track change requests and defects

This is a defect and change tracking system that captures and tracks all types of change, for any type of project, on any platform, including Windows, UNIX and the Web. Integration with other development solutions, including configuration management, automated testing and requirements management tools, ensures that all members of the team are tied into the defect and change tracking process. 

9.2.2.7 Rational Unified Process – Software development best practice

The Rational Unified Process, mentioned as (RUP) by Rational, is a software engineering process that delivers software best practices for e-business projects. This part is providing guidelines in areas such as business modelling, Web architectures and testing for the web. 

9.2.2.8 Rational SoDA – Automated reporting and documentation

Rational SoDa extracts data from various project tool databases to generate documentation for a project. The time taken for team members in a project to create and maintain documentation is substantial. With SoDa you automatically captures changes so you always have accurate, up-to-date reports.

9.2.2.9 Rational ClearCase – Version control etc

This is a part of Rational Unifying Platform that offers management functions like version control, workspace management, process configurability and build management. ClearCase is also working with Rational ClearQuest to integrate software configuration management and defect and change tracking.

9.2.2.10 Rational TestManager – Managing tests from one central point

TestManager makes the testing easy to manage from one central point. Test planning, executions and analysis activities. The team is able to analyses the test coverage via online reports. It is also possible to integrate multiple software testing tools into one single integrated system.
9.2.2.11 Rational SiteCheck

Rational SiteCheck is used to automate test concerning, management, and maintenance of Web sites. Controlling JavaScript link to detect and eliminate problems related to filename case sensitivity on the site. 

9.2.3 Rational Package

9.2.3.1 Rational Suite TestStudio

Rational is offering a complete solution for your company. This includes not only test tools but also tools to enhance the collaboration in the team and ensure the quality in a project. These are the tools that consist Rational Suite TestStudio. When you are buying this package Rational Unifying Platform is included. For system requirements see Appendix 13.1.1.
· Rational TestFactory – Detect application crashes

· Rational Robot – Functional testing

· Rational Purify – Run-time error

· Rational Visual PureCoverage – Identify untested code

· Rational Visual Quantify – Pinpoint performance bottlenecks
· Rational RequisitePro - Track requirements

See [Rational 2]

9.2.3.2 Rational Unifying Platform

This is a group of tools that are included in Rational Suite TestStudio. 

· Rational ClearQuest–Track change requests and defects

· Rational Unified Process – Software development best practice

· Rational SoDA – Automated reporting and documentation

· Rational ClearCase – Version control etc

· Rational TestManager – Managing tests from one central point

See [Rational 3]

9.2.3.3 TeamTest

Rational is also offering another package mainly for web applications. This package includes Rational Robot, Rational SiteCheck, Rational TeamManager and Rational ClearQuest for TeamTest Edition. For system requirements see Appendix 13.1.2
9.2.3.4 Rational Robot

If a company wants to buy Rational Robot and not any of the packages, Rational SiteCheck and Rational TeamManager are included. For price see Appendix 13.1.3
9.2.3 Summary

Rational has a complete solution for a company, concerning their interaction in a team and programs to perform automated tests in a project. They have a good reputation on the market and it seems like a well defined and a well thought out concept. The different tools handles functional testing, bottleneck testing, version handler, detect untested code and run-time error. All monitored from one single point. Rational offer different packages and TeamTest is mainly for web applications while Rational Suite TestStudio is a more complex and over all solution.

· Rational Robot – Functional testing

· Rational Unified Process – Best practice

· Rational ClearQuest – Defect and change tracking

· Rational Visual Quantify – Unit testing

· Rational Purify – Unit testing

· Rational Visual PureCoverage – Unit testing

9.3 Segue Software Inc

Segue have an infrastructure specially designed for e-business systems.

Segue provide among other things direct database access for testing, comprehensive testing for web applications and have tools to test Java application. They have a computing environment that involves a mix of platforms and technologies including web browser, web servers, application servers and databases. [Segue 2000]

9.3.1 SilkTest - Automated Functional and Regression Testing

SilkTest is a regression-testing product for e-business applications.

It can be used to test a Web, Java or traditional client/server application.
SilkTest tests entire applications end-to-end from front-end clients to back-end web, database and application servers. It can drive scripts from a central point of control, even when they are operating on entirely different platforms, it gives an accurate picture of how well the system components are performing together.
Component-based development allows for the mix-and-match integration of a diverse array of technologies. SilkTest recognises the multiple technologies that are found in e-business applications including HTML, JavaScript, ActiveX, Java, Windows 98 controls, Visual Basic and C++. 

SilkTest allows testing Java applets or components across multiple environments from a single script. Tests can be integrated with the Java Developers Kit (JDK) and SWING user interface components.
Web sites today are accessed from a broad variety of browsers, ranging from early non-table based browsers to current Java-enabled versions. It allows validating all browser versions to assure accurate commerce transactions. Differences in browser suppliers, versions and feature sets explode the number of configurations that need to be tested.

It invokes the recovery system both before executing the first line of the test case and during the execution of a test case. 

Every possible access method and scenario needs to be tested in order to ensure the reliability of the application. This increases testing complexity and the amount of testing that must be done, making automated testing the only viable alternative. 

SilkTest’s test language is an object-oriented fourth-generation language (4GL) designed specifically to meet all testing needs. For system requirements and price see Appendix 13.2.1

9.3.2 Silk Performer

SilkPerformer is ideally suited for load testing the applications.

It creates realistic virtual users. SilkPerformer’s recording tool, sits between a sample user and a Web application, it captures and records interactions between the two. It provides easily understandable descriptions of the interaction between virtual users and the Web application, and gives exact measurements of Web application response times. 

For system requirements and prices see Appendix 13.2.2

9.3.3 SilkPilot

SilkPilot is a way of diagnosing and controlling the behaviour of applications in a distributed object environment. As the only automated testing solution for servers using Java, RMI, EJB, and CORBA, SilkPilot leads toward an integration of sophisticated e-business application.

It supports comprehensive regression testing. It can decide which requests and replies you want to record, assign verification rules, and save scripts and test cases for future use, using XML to replay a session.

SilkPilot can use recorded tests to generate stand-alone test clients. SilkPilot make it possible to create Java objects or CORBA structures that can be saved in SilkPilot’s inventory and reused in test scenarios. For system requirements see Appendix 13.2.3
9.3.4 SilkRadar

SilkRadar is a robust defect-tracking product used to mange errors in software project.

It automates the bug-tracking lifecycle and is used to automatically capture all defects uncovered by the automated test and enter them into a central database repository. In that phase the defects can be assigned to appropriate testers. SilkRadar also support verification of fixes by automatically running tests after fixes have been made.

Supported:

· Full GUI Client: Windows NT, Windows 95

· Database Server: Microsoft SQL Server 6.5, 7.0; Oracle 7.3, 8.0
· Remote Entry Web Browsers: Netscape Navigator 3.0 and later; MS Internet

 Explorer 3.0 and later
9.3.5 Summary

SilkTest from Segue Software is regression-testing product for e-business applications.

It also offers test planning and management, direct database access and validation, a flexible and robust object-oriented test language, a built-in recovery system for unattended testing, and the ability to test across multiple platforms, browsers and technologies.

SilkPerformer - load and performance testing

SilkRadar - for automated defect tracking

SilkPilot - functional and regression testing middle-tier servers

9.4 Mercury Interactive’s WinRunner

Mercury Interactive's WinRunner [Mercury] is an enterprise functional testing tool that verifies if applications work as expected by capturing and replaying user interactions automatically. 

WinRunner's development environment provides the foundation for developing effective test automation. It uses scripting language (TSL), which must be learned by those writing the test scripts for which some degree of previous programming experience is required. This provides the building blocks for test automation.
WinRunner identifies defects and ensures that business processes, which span across multiple applications and databases, work flawlessly the first time and remain reliable throughout the lifecycle. 

WinRunner support an extensive range of Java environments, including industry leading virtual machines such as: Internet Explorer, Netscape, Sun's Java Plug-in, Applet Viewer, Oracle Initiator, JDK/JRE, Microsoft’s view, Java toolkits including Java Foundation Classes, Symantec Visual Cafe, KL Group Class, Oracle Developer, Sun's AWT and among others. For system supported see Appendix 13.3.1 and more tips about WinRunner see Appendix 13.3.2 
[Hallogram]

9.4.1 Support for functional testing of WAP applications

Using the WAP(Wireless Application Protocol) add-in it is possible to record tests, replay them and add verification points to check that WAP applications run as expected and that the correct text is displayed. 

9.4.2 Easy Verification of Transactions

WinRunner Wizard can compare information presented by the application with information in the database. It makes it possible to ensure that values displayed by the application always are synchronised with the database. 

9.4.3 Sophisticated Introspection Capabilities

By using the enhanced GUI Spy, it is possible to extract information about objects and their properties directly from the application--regardless of whether they are Java, ActiveX or standard objects.

9.4.4 A simpler Test Creation Process

WinRunner’s context-sensitive menu can even help to find a highlighted script-object in the application. The editor includes indentation and commenting features, as well as an auto-save option.

9.4.5 Problems with WinRunner

WinRunner like many automated test-tools has the ability to record input and "play back" a series of actions performed by the user. While this method is a useful technique to enhance productivity in the development of scripts, it is not viable as a long-term strategy for development nor can it effectively accommodate the requirements of System Testing:

· The recorded input can be incorrect either due to tester error during the recording session, or the test script can be incorrect in the first place. A reliance on recording alone would then require the entire input to be re-recorded.

· The resulting script contains multiple commands and statements for every action taken, is extremely lengthy and difficult to interpret and maintain.

· The data contained within these scripts, which is used for input and verification, is essentially "hard coded". If data must be changed (e.g. account numbers, etc.), all scripts must be updated with the new data.

· The GUI file (a mapping mechanism that tracks on screen objects) generated, as the user records may be inaccurate for other scripts. 

· Without the addition of some programmatic intelligence, WinRunner can only verify data that changed since the prior run. It does not verify the expected results as delineated in the Functional Specifications or System Test Plan documentation.

· If errors occur, such as unexpected screens, the recorded test script will fail, and therefore requires someone to constantly monitor the test run in order to keep it going.

      [AST]

9.4.6 Test Developers Pronouncement

WinRunner has been awarded the Reader's Choice Award by Java Developer's Journal in the Best Java Testing Tool category. Winners were selected based on the votes cast by more than 20,000 Java Developer's Journal (JDJ) readers. [Java 2000]

Here is the explanation why the WinRunner got the prise:

”Only Mercury Interactive's testing solution for Java-based applications, comprised of industry-proven products - WinRunner, TestDirector, XRunner and LoadRunner - meets the rigorous requirements for Java testing. These tools provide comprehensive functional and load testing across a wide range of platforms, browsers and architectures found in Java implementations, while leveraging test script usage between environments. They approach testing from a business-process perspective, making it easy to perform thorough testing of all aspects of the enterprise. WinRunner, for Windows-based applications, and XRunner, for Unix-based applications, automate functional and regression testing of Java clients, LoadRunner performs scalable load testing of Java-based systems and TestDirector organises the entire testing process and manages high testing volume of Java-based applications.”

TestDirector, XRunner and LoadRunner have we not described, they are not interesting for this essay. 

9.4.7 Working with WinRunner

9.4.7.1 Creating Test Scripts

To create the test is to record a business process. WinRunner tests application by operating it automatically such as ordering an item or creating a new vendor account. WinRunner records these business processes into readable scripts that can later be replayed for verification or reused with LoadRunner -- Mercury Interactive’s load testing tool.

WinRunner features two methods for creating tests -- visual recording and programming. For most users, the visual recording method provides the fastest and easiest way to create scripts. With a simple point-and- click on the GUI, even users with limited technical background can create robust tests with minimal learning curve. WinRunner also offers a programming method for power users who need the capability of editing test commands to meet complex test requirements. 

While recording a test script, users can insert checkpoints to compare expected outcomes with actual ones. WinRunner captures expected results and organises them for easy viewing to help investigating potential problems with the application.

9.4.7.2 Enhancing Test Scripts

While capturing business processes during the test creation phase, WinRunner separates the business logic from the input data, so that it is possible to vary selections and data entry based on a list of choices. For instance, real users can stress the application by creating new customer records as part of an order entry process. WinRunner’s Data-Driver Wizard easily converts a recorded business process into a data-driven test that reflects real-life actions of many users.

WinRunner’s Data Driver Wizard turns recorded or programmed scripts into multiple test scenarios automatically using a spreadsheet interface. The data records used in multiple test runs can then be manually inserted into the spreadsheet. 

9.4.7.3 Executing Test Scripts

After the scripts are built, verification checkpoints are inserted and enhancements are made, it is time to execute tests. During the running of tests WinRunner interprets the test script, line by line. WinRunner provides multiple replay modes: verify mode (to check the application), debug mode (to debug the test script) and update mode (to update the expected results). 

WinRunner includes exception handling to keep test execution on track in any situation. For example, how will the test behave when an email message alert interrupts script playback?

WinRunner can verify database values as an integrated part of the same test used or standard functional testing. WinRunner automatically displays the results to show records that have been updated/modified, deleted, or inserted. 


9.4.7.4 Analysing Test Results

WinRunner’s interactive reporting tools help to interpret test results by providing detailed reports that list the errors that were found in the tests and where they were located. They contain descriptions of the major events that occurred during the test run including errors and checkpoints. WinRunner can drill down to greater detail on any error or mismatch uncovered by the test.

9.4.7.5 Maintaining Test Scripts

WinRunner uses a GUI map for script maintainability. The GUI map represents a repository of application objects for each business process. It is created automatically when a test script is recorded. Each object within a test script has a minimum set of physical attributes that makes it unique from other objects. As the GUI map is built, WinRunner captures application objects information and organises this hierarchically, window by window. WinRunner also includes one-step verification dialogs that identify standard and non-standard attributes of each critical part of your application.

Since development changes within an application, from version to version, it can have an impact on hundreds or thousands of scripts, users only need to make modifications to a single GUI map for future reusability instead of the numerous scripts.

9.4.8 Summary

WinRunner is a popular testing program for Java applications but not so well known in Sweden. WinRunner's test can be used many times because the program can bee customized for each project/test. WinRunner gives possibility to test few application environments at the same time. This is important for the company who integrates several different programs in one process. Mercury Interactive has other test programs and supplements that can make WinRunner more complex.

 9.5 Summary of test tools

Rational has the most complex solution for software products. The company is well established and has courses and seminars in their tools. Rational has an overall solution for a software company. This means both test tools and best practice in developing software. Rational is offering different tool packages the bigger ones including version handler and code coverage tool etc the smaller packages include test manager and test tools.

Segue is a company that are more focused on e-business system. Their tools include Load testing, defect tracking and regression test.

Mercury handles many tools but we choose to write about one of them. WinRunner is a Record/Playback test tool mainly for Java applications.

10 Result and Conclusion

After our study in this subject we feel that we have only touched the surface of this subject. There is not much theory concerning automated test tools. The information we found is usually the one from the salesman and then it is difficult to hear about failures and disadvantages of automated tests.

Our goal was to compare different test tools but we found that the comparison is between manual and automation. It was also difficult to get information about automated tools from these companies because you have to buy the product to fully receive all information about it.

10.1 Comparison between Manual and Automated testing

Manual testing

Advantages:

· You can test very special and unique cases. 

· Human can notice bugs that automation ignores.

· The testers tolerate changes of the system like database or language etc.

· Find consequence errors. It means that you find an error/bug and because of that you find the next error. If you find one error in the area you often find more errors there.

Disadvantage:

· It takes time to document all errors of the test result.

· In manual testing you can miss a very imported bug.

· Stress and load test is impossible to implement manually. For example to execute and check a function 1000 times you need 100 testers and 100 terminals to do it.

Automated testing

Advantages:

· It doesn’t do any mistake under testing. 

· You get the test documentation automatic.

· An automated test suite can explore the whole product everyday. Debugging is much cheaper when there’s only been a day’s work of changes. 

Disadvantage:

· It cost a lot of money to buy.

· No variation of the test. 

· It takes often-long time to introduce in the company.

· You get costs for support or consulting when you need it.

· Must conform the test to system chancing. 

· It takes time to see profit costs of automated test.

· All sorts of tests cannot be automated.

10.2 To make Wireless Maingate Testing more Efficient

· Well-developed test methods can save a lot of time and make it possible for developers to work effectively, because the developers know the next step during the development of a project.

· The test developments should follow the whole product development from the beginning to the end

· A library with test cases for recycling.

· At every testing time you should use well-developed test templates 

· Well-documented test results to ensure that the software is properly tested etc.

· Testing the product during the hole lifetime, not only in the final stage

· A test responsible to avoid that same test are done more than ones

10.4 Conclusions

In this study we have looked at Billing and Java application pure currency in testing environment. Too look at details in this work should have been a big to handle in this essay.

We have described two manual methods, which are well-structured methods and easy to adapt.

To answer the question which of them Wireless Maingate should use we have to be more insight in the test environment. Wireless Maingate´s documentation about testing is economically. Developers are testing their own code. 

Basing on this knowledge we got, we can recommend either WinRunner or Rational Robot (Rational TeamTest package includes more tools). They both use the Record/playback methodology that suits for the testing where a new version of the program shall works in the same way as before. These tools seem to be working well with Java application. When it comes to testing web-application we recommend Silk tests. This test tool is more concentrated on e-business systems.

We have drawn the conclusion that automating may not be profitable or cheaper than manual. The time it will take to learn the tools can be costly for the company. It takes also time to develop tests cases for each testing. There are though profits in other ways, for instance the boring and tedious test will disappear. More test cases/code will be tested, but the variety when it comes to manual testing is substantially better.

10.5 Future work for Wireless Maingate

· For Wireless Maingate to start with automated tests they require a well developed test routine and test environment, and of course personnel responsible for the tests.

· Adjust a well-documented set of manual tests. Check up a set of tests that are run often. The only tests that are profitable to automate are those that you repeat continuously. First time it is easier to concentrate on a subset test to automate.

· Try to find a test tool on the market that fit this subset and have good support for introduction and during use of the tool. All different test tools have its advantages and disadvantages. A test team in Wireless Maingate must evaluate which test tool suites the test area. Software developers must be a part of this team to be able to make a good evaluation. Wireless Maingate must think about if the system will be changed within a few years, then the test tool is not profitable. This means changing programming language, database etc. It is important that Wireless Maingate make sure that the test tool is covering the change.

· Implement the test and evaluate for future test environment.
11 Definition of terms

11.1 Ad Hoc Testing 

Goal oriented passing through the product. Sometimes to prove or disprove a notion of how the product will behave.

11.2 Automation Testing

Determines how well a product works through a series of automated tasks, using a variety of tools to simulate complex test data. 

11.3 Black Box Testing 

Determines which software, during test, which is treated as a black box. You can't “see” into it. The test provides inputs and responds to outputs without considering how the software works. 

11.4 Boundary Testing 

Determines which focus on the boundary or limit conditions of the software being tested. (Some of these tests are stress tests).

11.5 Breadth Testing 

Matrix test generally cover all product components and works on an individual basis. These are usually the first automated tests available after the functional specifications have been completed and test plans have been drafted. 

11.6 Compatibility Testing

Determines how well a product works in conjunction with a variety of other products, on certain operating systems, across a broad range of hardware and component configurations and when exposed to earlier versions of the product. 

11.7 Functionality Testing

Determines the extent to which a product meets expected functional requirements through validation of product features. This process can be as simple as a smoke test to ensure primary functional operation, or as detailed as checking a variety of scenarios and validating that all output meets specified expectations.

11.8 Functional Localisation Testing

Determines how well the product works across a range of languages. Once functionality has been verified in the English language, localised versions are checked to determine whether particular language translations create failures specific to that language version.

11.9 Integration Testing 

Depth testing covers groups of functions at the subsystem level.

11.10 Interoperability Testing

Determines, to a deeper extent than compatibility testing, how well a product works with a specific cross section of external components such as hardware, device drivers, second-party software and even specific operating systems and factory delivered computer systems. 

11.11 Install Testing

Determines how well and how easily a product installs on a variety of platform configurations. 

11.12 Load Testing

Determines how well the product works when it is in competition for system resources. This competition most commonly comes from active processes, CPU utilisation, I/O activity, and network traffic or memory allocation. 

11.13 Performance Testing

Determines how quickly a product executes a variety of events. This type of testing sometimes includes reports on response time to a user’s command, system throughput or latency. Although the word "performance" has various meanings, Data Dimensions uses the word to refer to speed. 

11.14 Regression Testing

Determines if fixes to previously reported defects were successful, and that those fixes do not introduce new defects.

11.15 Storage Testing 

Determines how the program, either in resident memory or on disk, uses memory and space. 

11.16 Stress Testing

Determines, to a deeper extent than load testing, how well a product works when a load is placed on the system resources that exceeds their capacity. Stress testing can also determine the capacity of a system by increasing the load placed on the resources until either a failure or other unacceptable product behaviour occurs. Stress testing can also involve placing loads on the system for extended periods of time. 

11.17 Syncopated Testing

It works in harmony with other tests. The timing is such that both tests work together, but yet independently.

11.18 System Integration Testing

Determines, through isolation, which component of a product is the roadblock in the development process. This testing is beneficial to products that come together through a series of builds where each step in the development process has the potential to introduce a problem. System Integration testing is also used in systems composed of hardware and software (i.e., printer or scanner). In essence, System Integration testing is intended to exercise the whole system in real-world scenarios and, again through isolation, determine which component is responsible for a certain defect. 

11.19 Unit testing

Rational’s definition is the first test phase then followed by integration and system test. Unit test is testing part of the code in order to see that the data flows and control flows are working as expected.

11.20 Volume Testing 

Determines the largest tasks a program can deal with. 

11.21 White Box Testing or Glass Box Testing

Determines areas that cannot be reached from a black box level.
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13 Appendix

This appendix contains system requirement and price for the different test tools.

13.1 Rational

13.1.1 System requirements for Rational Suite TestStudio

See [Rational 4] for more information.

Price

PC approx. 77 000 SEK

Server approx. 134 000 SEK


Hardware

• Pentium 166 MHz or better

• CD-ROM drive

Memory and Disk Space

• 64 MB RAM; and 1 to 3 MB per virtual tester

• 675 MB disk space; and 1 to 3 MB per virtual tester

Operating Systems

• Windows Millennium; Windows 95 SR2; Windows 98 second edition; Windows NT 4.0, Service Pack 5 or 6a; or Windows 2000

Other Prerequisites

• Internet connection recommended for license and support services

• Netscape Navigator 4.x or Microsoft Internet Explorer 4.x

ADDITIONAL AGENT REQUIREMENTS:

Windows Systems

• For Visual Basic language test scripts, VB 6 Service Pack 3 and Windows 2000, or VB 6 Service Pack 3 and Windows NT, is required

• If you are running Java test scripts, the JDK (IBM version 1.1.7B or Sun Microsystems versions 1.2.2 or 1.3.0) is required.

• TCP/IP

UNIX Systems: one of the following operating systems:

• AIX 4.3

• HP-UX 11

• DYNIX/ptx

• Solaris 2.5, 2.6, or 2.7

• Red Hat 6.x release of Linux

• To run Java test scripts, JDK IBM version 1.1.7B or Sun Microsystems versions 1.2.2 or 1.3.0

13.1.2 System requirements for Rational TeamTest

Price

PC approx. 48 000 SEK

Server approx. 84 000 SEK


Hardware

PC-compatible with Pentium processor, 133 MHz

Memory and Disk Space

· 64 MB RAM 

· 300 MB free disk space 

Operating Systems

• Windows Millennium; Windows 95 SR2; Windows 98 second edition; Windows NT 4.0, Service Pack 5 or 6a; or Windows 2000

ADDITIONAL AGENT REQUIREMENTS:

Windows Systems 

For Visual Basic language test scripts, VB 6 Service Pack 3 and Windows 2000, or VB 6 Service Pack 3 and Windows NT, is required. 

If you are running Java test scripts, the JDK (IBM version 1.1.7B or Sun Microsystems versions 1.2.2 or 1.3.0) is required. 

TCP/IP 

UNIX Systems: one of the following operating systems:

· AIX 4.3 

· HP-UX 11 

· DYNIX/ptx 

· Solaris 2.5, 2.6, or 2.7 

· Red Hat 6.x release of Linux 

To run Java test scripts, JDK IBM version 1.1.7B or Sun Microsystems versions 1.2.2 or 1.3.0
13.1.3 Price for Rational Robot

Price

PC approx. 33 000 SEK

Server approx. 58 000 SEK

13.2 Segue Software Inc

13.2.1 SilkTest

Price

Prices for SilkTest 1.0 begin at $3,995.

Hardware Requirements

Pentium 200 MHz or higher processor 64MB RAM 40MB Hard Disk Space

Software Requirements

Windows NT, Windows 95, Windows 98 or Windows 2000

Unix 

Solaris 7 and 8 HP 10.2 and 11.x IBM 4.3

Supported Environments

Netscape Navigator 4.08, 4.5,4.61 and 4.7 x 

Internet Explorer 4 and 5ActiveX

Visual Basic 5 and 6

Java JDK 1.3

Swing 1.1

Microsoft Web browser control

Powerbuilder 6.5 and 7.0

13.2.2 Silk Performer

Price

SilkPerformer 1.0 and Surf! 2.0 start prices of $10,000 and $495 per license.
System requirements

Windows NT 4.0 or workstation with Server Pack 5 or higher or Windows 2000

13.2.3 SilkPilot

Platforms

Windows NT or 2000, SPARC, Solaris or HP-UX

System requirements
· 128MB memory, 50MB disk, JDK, browser to display online help

· Java ORB for generation of CORBA

Test clients

· Orbacus

· OrbixWeb

· VisiBroker

13.3 Mercury Interactive

13.3.1 WinRunner

Price

SIT- license approx. 40 000 SEK.

Supported Environments


WinRunner supports out of the box testing of all the following enterprise application environments, tools and objects:

· Netscape & MS Internet Explorer

· Java applets & applications 

· Web applications (HTML, DHTML, XML, ActiveX controls)

· PowerBuilder 

· Visual Basic 

· Forté 

· Numerous OCX Controls 

· C/C++ 

· SAP, PeopleSoft, Baan 

· Oracle Developer

· Legacy Systems (mainframe, AS/400, character UNIX systems) 

· Delphi 

Operating Systems

Windows 95, Windows 98, Windows NT, Windows 2000. You can also drive Unix,
but you have to use WinRunners systems product XRunner.
13.3.2 Tips for WinRunner Interested

If someone will work with WinRunner it is god to look at this links:

http://www.geocities.com/jmcgowanjr/Tips/winrunner.html
http://www.qualtech-int.com.au/winrunner_impl.htm
http://www.itechnologist.com/tech/
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