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Abstract


This Process Improvement Experiment (PIE) was designed to improve the software testing methodology of Magic Software Enterprises Ltd. Magic’s business is related to the provision of application development tools supported on a wide range of platforms, operating systems, and networks, and interfacing with many Data Base Management Systems.


The baseline project is part of a release of Magic Version 8 - Enterprise Edition, that include expanded capability in handling of Web connectivity. In the PIE, the Data Base Gateways part of the product were re-tested using new automatic procedures, and were compared to the current manual method.


This article mainly focus on the qualitative results of the experiment, rather than the quantitative ones, to serve as an input for organizations who are considering implementation or intend to implement similar methods in their QA process. 


The project is part of an overall process to raise the level of development technology of Magic Software Enterprises from level one on the SEI CMM scale to level two.

1. 
Introduction

The principal product of the company is the Magic application development tool, which is an interactive GUI form based system that is sold world wide to broad range of customers. 

         The effectiveness of the software testing activity is to ensure forward compatibility without regression. In order to reduce the cost associated with the production and maintenance of each new system version and variant, we need to improve the efficiency and effectiveness of our software process by the use of an automated and comprehensive test environment[3]. The results of an external review of our processes have recommended the adoption of an integrated test management system as an essential step in achieving our quality goals.

1.1 
Objectives
         Specific goals such as the reduction of testing time and effort as well as improvements in effectiveness were set and measured over the development process. After the experiment is completed and any required modifications made, this technology will be replicated throughout the company.

         The specific technical objectives are as follows:

 Increase testing coverage by 25% - Test coverage is a measure of the completeness of the testing process from a developer and user perspective.

 Improve version stability by 25% - Version stability is used to determine the readiness of a software product. Evaluation criteria include rates of detected defects, and percentages of modules with changes or deletions of modifications.

 Reduce QA cycle time by 15% - QA cycle time is measured from the time a module or subsystem is transferred to QA for testing and evaluation, until completion.

 Prediction of version quality - The intent is to be able to predict version quality level within 1 month of entering the QA cycle. This relies on software reliability models [1][5][6][7][8][9]. Such models are categorized into time domain, data-based, and error seeding type models.

 Improve version reliability by 20% - Version reliability is measured by tracking actual performance of the version in terms of usage profiles and repeated failures.

1.2 
Involved companies
         Magic Software Enterprises Ltd. (MSE) - develops, publishes, markets, and supports Magic, a highly productive, table-driven, engine-based, cross-platform Rapid Application Development and Deployment (RADD) system for host, client/server, and Internet solutions, and interfaces to many different Data Base Management Systems. Magic is used by corporate MIS departments and a wide range of solutions partners, including value-added re-sellers, system integrators, consultants, independent developers, and packaged software publishers.

         KPA Ltd. (consultants) - recognized as the leading management consulting firm in Israel in the field of managing software development processes. KPA consultants are members of the IEEE committee on software metrics. Some of KPA clients include major software developers, such as Intel and Motorola, both in Israel and abroad.

         Mercury Interactive Corporation (tool supplier) - Founded in 1989, Mercury Interactive Corporation and its subsidiaries develop, market, and support a family of automated client/server testing tools for testing mission-critical enterprise applications. 

1.3 
Starting scenario
         The state of software development within the organization has been assessed in November-December 1995. The results of a six week period external review of our processes, by trained SEI CMM consultants, have recommended the adoption of an integrated test management system as a first essential step in achieving our quality goals. In terms of SEI CMM levels, the software practices of Magic are in level one, while the desired situation is to get into level two [2][3][4][5].

         The Process Assessment Report identified a list of strengths and weaknesses and recommended several corrective actions. The first action in priority order was a recommendation to adopt a method of Automated Testing as a standard in the QA process.

         When we looked into the state of software development at MSE in the beginning of the experiment, we found the following strengths and weaknesses, from a technical point of view. (S) specifies a strength, and (W) specifies a weakness, in our opinion.

         The Magic product is very complex. Magic is independent of external knowledge and of foreign software or hardware components (S). All product software components are produced and maintained in one R&D center (S). The Quality Control department (referred as QC) , a separate entity within the organization (S), is performing manual testing to the product, according to comprehensive written Test Procedures (S). The product is built in a way that makes Unit Testing difficult (W). QC teams check and test the product according the Test Procedures and report bugs to a central Bug System (S). The Bug System is monitored to check if each bug was fixed, or if a major change was made by R&D to support the bug fix. Rarely is true regression testing performed on the product on a regular basis (W).
1.4 
Work plan
         The work plan for the experiment was consist of three key phases, separated into nine well defined work packages, accompanied with a work package for project management. The first phase was defining the necessary steps for the experiment. It included the selection of the testing tool, training the PIE staff with the new technology, setting up a metrics system for the experiment, and performing an integration between the chosen testing tool and Magic 8. The step of integrating the tools is considered to be a milestone for the project.

         The second phase was creating the automated tests themselves, execution of the tests in order to track regression bugs, and collection of the information needed to perform results analysis. Although this phase is not considered a special milestone, it is important to perform a reasonable amount of the automated tests so that their outcomes can be statistically significant.

         The third phase of the experiment included the final analysis of the results, preparing the necessary reports for project dissemination, and the actual distribution. Getting a statistically significant outcome from the experiment in order to make clear recommendations for the future is considered a milestone for the last phase.

2. 
Work performed
         The project was divided into separate work packages (See fig. 1 - Project Gantt Chart). Each of them was well defined and explicitly stated the resources needed to perform the work. 

         The PIE was conducted within the boundaries of the QC department. Obviously it is the natural place for the PIE, whose aim is product quality improvement. The internal structure of the QC department consists of small teams that are responsible for different tasks. The PIE members were viewed as an independent team, although they were an integral part of the department. The location of the PIE team within the organization allowed its members to communicate freely with the members of the baseline project and vice versa.

2.1 
Technical environment
         Some changes were made in the technical environment. The major change was the introduction of a new software tool for the experiment. Aside from general knowledge about the field of automated software testing, we had no real-life experience with these kinds of tools. The PIE was built in such a way that we had all the means to choose the most suitable tool, extensively train our staff with the chosen tool, and obtain consulting services from the tool vendor. These steps ensured that the chosen testing tool, WinRunner, was smoothly adopted by the PIE team and the R&D staff.

         Other important changes were made in the “Bug System,” an internal MIS application that serves the R&D division in listing and monitoring all product bugs and malfunctions. It is a sophisticated, in-house, tailor made, and cross-departmental system, having over 100 end-users from the R&D, QC, Product Management, Technical Communications, and Technical Support departments. This system has been modified to allow the necessary data collection for the PIE. The end-users of the Bug System where trained to reflect their activity through these enhancements. 






Fig. 1 - Project Gantt Chart

2.2 
Training
         Because we introduced a new tool, WinRunner, for the experiment, we trained our QC engineers for the phase of creating and executing the automated test. We also trained our R&D engineers, as they are responsible for the task of integrating the testing tool with the Magic environment. In addition, we had a workshop dealing with software quality metrics, provided by our external consultants for the PIE, KPA Ltd., in order to help us understand the importance of defining a suitable system of metrics, and to help us to define the metrics system needed for the PIE. 

2.3 
Phases of the experiment
         The work on the project started by selecting the preferred testing tool (See also fig. 1 - Project Gantt Chart). In order to make a clear choice between two alternatives that were identified during the preparation of the project’s plan, we performed a comprehensive benchmark for both products (Mercury Interactive / WinRunner, and Platinum-RadView / C/S Test). Prior to the active benchmark we had some meetings with the tools suppliers in which we discussed different aspects of the products in general. During the running of the benchmark and after its completion, we were able to make a clear choice for Mercury Interactive and WinRunner.

         The next step was to train our staff with the new technology.  We trained our QC engineers for the phase of creating and executing the automated test. We also trained our R&D engineers, as they were to be responsible for the task of integrating the testing tool with the Magic environment. In addition, we had a workshop dealing with software quality metrics, provided by our external consultants for the PIE. As part of the training phase, we implemented a small automated test that performs a sanity check with Magic Database Gateway products. It turned out that this small system showed that the PIE team worked well, and this became known within the company because they succeeded in trapping some regression bugs. This fact supplied solid evidence about the efficiency of regression testing with automated tools. It gave the PIE team a foretaste of the main part of the experiment, in terms of internal visibility and management awareness.

         During the training phase and close to its completion, we launched some other important work packages. We started the development effort work to integrate the tools, carried out by two of our most senior engineers from the R&D department, who got assistance from two senior QC engineers. We anticipated that this task would be the most difficult for us to implement. It turned out that it was not so painful as we initially thought. This is probably due to the fact that we applied our major effort at the time, because we knew that a failure to perform this task would make the whole experiment unfeasible. Using the tool supplier’s consulting services, was another key factor to the successful completion of the task. Eventually, the integration task was performed in time and within budget, and it is more than satisfying.

         Parallel to the integration work package, we launched the work package of setting the metrics system for the PIE. We found out that it is taking us more time and more effort to define a suitable system than was anticipated. We had difficulties of different sources. One was lack of experience, which was partially been overcome by the use of external consultants, KPA Ltd., who have vast experience in this area. Another was the fact that it was hard to measure the existing environment, and we had to deal with making some changes internally in order to collect the necessary information. This included a development effort to modify the existing MIS bug tracking system, and to monitor the activity and the history of the baseline project team with better accuracy than had been done until then. It took us longer than we expected because we did all this when the company was concentrating on the  release of Magic V8, a major product revision. Eventually, we succeeded to complete this task that allows us to be certain about the accuracy of the measurements and most importantly about the availability of the measurements in a given time period.

         One of the most comprehensive work packages was launched at that time, the creating of automated tests. It was consist of the design and development of a wide range of automated tests for the Magic Database Gateway products of Magic version 8. Although we are confident that we have a feasible way of performing the work, we find that it is difficult and time consuming. The reasons for this are several. The major reason is the fact that we need to produce a well-functioning application prior to the automatic test creation. The complexity and the wide range of product options to test - takes large amount of time. Another reason is the fact that the baseline project, Magic V8 Gateways, was delayed in several months. This delay has an impact on the PIE, because the low stability of the Gateways products. We have to record a correct scenario while creating the automated test. If there are bugs in the product which need to be fixed before test completion, it causes a cumulative delay.

         Another important task performed is Execution of Tests. The QC engineers, who are responsible for that task, run the automated scripts every day, on various product builds. They were tackling some problems, but it seems as these problems are not serious and did not affect the overall schedule. We have taken the steps necessary to ensure the collection of the data needed for the results analysis, both from the baseline project and from the PIE team members working on that task. We have discovered in this phase that the process of analyzing the test results, when failures appear, is a time consuming process, taking more than the time needed in the baseline project.

         At the time of the writing of this report we are performing the last project phase, consisting of three work packages: analysis of results, producing reports and performing presentations of the work. Therefore, we have a solid evidence regarding the qualitative results of the experiment, rather than the quantitative ones.
4.
Results and Analysis

4.1 
Technical results
         During the experiment, we collected data for measuring six factors. A description of the raw data is as follows:

Testing Coverage: we have a list of the modules that were covered by the QA Test Plan and in actual tests, by the PIE project and the baseline project. It is quite likely that the testing coverage of the PIE is greater than the baseline project

Version Stability: we have a series of data, that can be attributed, according a certain bug entry date, to a specific build or beta revision. Thus we can compute the Software Maturity Index (SMI) of several consecutive builds/beta revisions and see the differences between the PIE and the baseline projects. We estimate here that we will show a better SMI for the PIE than from the SMI calculated for the baseline project.

QA Cycle Time: we can estimate, with a certain approximation, the overall time needed to perform a full QA cycle for the Gateway products. We do not have an estimation yet regarding this measurement. 

Prediction of Version Quality Level: we do not have an estimation yet regarding this measurement. 

Version Reliability: we have a stream of bugs reported from the PIE and baseline projects, according the dates. From these streams of information, we will analyze the number of software defects, normalized by a complexity factor, like the number of lines of code or number of Magic applications (MCF files) that were produced. We estimate that we can show a significant difference in favor of the PIE.

Human Resources Utilization: we have counted the test time hours of the PIE and baseline projects. When using certain amount of approximation, we can calculate this factor. We estimate that we can show a significant difference in favor of the PIE.

         In addition to the quantitative measurements that were described, we can add that we found the automated method as a good alternative to overcome the inability of the existing methods to perform Unit Testing. Since the automated tests are, in fact, a set of complete applications, in many times we trace and find bugs that reside in another “Unit”. We think that the automated method supplies an adequate width coverage to overcome the described disadvantage.

4.2 
Other results
         The project has an impact on the organizational environment. The work is well documented and well defined. The output of the project will serve as the input to other projects, including knowledge transfer, customer support, updating Magic 8 documentation, updating ISO 9000 procedures, and so on.

         We discovered some positive people-related results of the experiment. They do like the automated method, despite the difficulties. This is related to the fact that the manual method of testing is quite Sisyphean, because manual testing necessitates the constant repetition of the same tasks, over and over again. The automated method allows them to feel more satisfied because they create something that lasts.

         We may say that we saw a real added-value in implementing the automated method, in terms of the employees skills. That is due to the fact that a comprehensive automated test is in fact a complete Magic application that uses many features of the product: much more than in the manual method. Hence, employees feel that they create a complete frame, rather than working in small chunks. We think that this fact causes them to be more satisfied in their work. We believe that this is a key factor for the success of both the QA process and of the company.

5.
Summary and Conclusions

         We have no doubts about the positive effect of automated regression testing.  It is clear to us that creating a good and comprehensive automated test is a demanding time-consuming process. It is cost effective when you need to perform a certain amount of  repetitions. 

          Automated regression testing is a method complementary to other QA methods. It is not a complete substitute for manual testing. Regression tests are established on the basis of  well-function software so that the recorded scenario reflects the desired functionality.           Analysis of automated tests results is a time-consuming process that needs to be taken into consideration.           Regression testing gives a certain level of confidence, much stronger than in manual testing. The main reason is the fact that the process is automated and free of human failure. QC engineers tend to be much more creative when they produce an automated test. This is explained by their knowledge that once they have created the test, they will not have to repeat it again manually. On the other hand, the demanding process needs more professional and experienced employees.

          When the automated tests are designed properly, they can be ported easily, to test similar environments. This process is quite cost effective. In many cases, it can even substitute for almost all of the manual testing. It points to the need to develop an internal methodology, based on the PIE work and results. Bugs and malfunctions reported shortly after analyzing automated test results are usually fixed more effectively by R&D engineers, because the subject is still fresh in their memory, provided, of course, that the automated test was run close to the time of the source modification. The core of Magic, the runtime engine logic, has been kept almost unchanged through the years, since early versions. We expect that we can make re-use of the automated scripts to perform regression testing of future versions of Magic.

         Customers, knowing that we are testing Magic via automated tools, feel more confident with our products. Quality as perceived by the customer is very high. Assuming that performing automated regression tests does shorten the total QA cycle time, the company will be able to improve its time to market, in proportion. Using automated tests enables management to maintain a desired level of human resources and to deal more efficiently with workload peaks, without making any compromises in the level of the quality of the product. 
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