
[image: image1.wmf]Workstations

Server

Back-

ground

Batch

Report

file

transfer

application

black box

Comm

on-line

access

Report

Data Base

Client

The Sombers Group, Inc. a custom software house, has been building large real-time systems for its customers for over thirty years.  Our multi-platform expertise includes Compaq Himalaya (Tandem), Compaq Alpha (Digital), IBM, Unisys, Stratus, UNIX, and PC systems. 

Because of the many turnkey systems that we have built, we have had to become experts at system testing. Not only have our people written volumes of test specifications, but we have often built extensive regression test systems to aid not only in the development of our clients’ systems, but in their long term maintenance. This white paper describes the various options that an organization can consider in evaluating the application of regression testing to their systems, and how these options were applied by Federal Express Logistics Services.
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The Automated Regression Testing System
from The Sombers Group

The telephone is the predominant testing tool in the software industry today.


Why is that? Let’s look at the typical software maintenance cycle. Software is subject to continual change. It is never bug free, and newly found faults must be fixed. The rapidly changing marketplace, and customers as well, constantly demand enhancements. And these bug fixes and enhancements must be available NOW! 
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Given these pressures, how many of you “thoroughly” unit test changes, do a quick integration test, move the new build to production, and wait for the telephone to ring? Don’t be embarrassed - you’re not alone. You’re not alone in the pressures you face, and you’re not alone in the customer frustration caused by application failures due to unanticipated effects of bug fixes and enhancements not caught in your testing. 

To do a better job is costly, both in terms of cost and schedule. But with the Quality Assurance initiatives of many companies such as yours - ISO 9001, CMM, TickIT, and others - improvement in this process is a must.


This improvement can only come through a well planned and thorough, yet cost effective, testing process. This testing process must be documented, repeatable, efficient, and easy to use. It must be ingrained in the policies of your company and accepted by management, the software developers, the customer liaison people, and the customers themselves.


Ideally, a testing facility should exist that is fully automatic. The simple press of a button on a control window should cause every business function to be automatically executed, and all discrepancies reported for verification or correction. Push a button, and six hours later out comes a compliance report.
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This ideal will never be reached. But this idyllic goal is the quest for ARTS, the Automated Regression Test Systems from The Sombers Group. 


This white paper describes the various alternatives to application testing and the considerations that lead to ARTS. It then describes the architecture of ARTS and the corporate considerations in using such leading edge testing methodology.

The Testing Problem


Proper testing is plagued by two problems:

· It is big.

· It is dull.


Testing is big. It usually is the biggest part of a project, whether development or maintenance, at least if it is properly done. No wonder all kinds of excuses are made for shortening the testing effort, often with more costly consequences.


Testing is dull. Developers just don’t like to test. It is time consuming; it is non-productive. Leave testing to someone else, even if it is the end user. It compiled clean - why shouldn’t it work (the extreme, though not unusual, attitude).


ISO 9000 considers four major areas for quality control - hardware, software, services, and processed material. Of all of these, software represents the most complex area. So complex, in fact, that a special standard - ISO 9000-3 - was created just to map ISO 9001 into the world of software. And testing is a major component of this specification.


Why is software so complex? Most products are designed, built, tested, delivered, and expected to work. Only software is expected to never quite work properly. Software systems are so large and so complex that one has simply become accustomed to the fact that they are never perfect.


As a result, new software releases are issued every week, every month, every quarter, as needed, or whatever. What would happen to the automobile industry if car components had to be replaced every month to fix problems? But in the software industry, this is expected - from the mom and pop shops to the industry giants.


A fundamental problem is that even the simplest changes in one module can have totally unanticipated changes elsewhere in the application. The only way to detect these undesirable (and often disastrous) effects is to thoroughly test all business functions even for the simplest of changes. This is the function of ARTS.


It is not unreasonable to surmise that 1% of testing is to assure that the change has achieved its desired result, and that 99% of all testing is to assure that a change has not broken the system. ARTS is focused on assuring that the original functionality of the system has not been affected. This is called regression testing, in which ARTS compares the behavior of the modified system to a baseline behavior of the system prior to the modification of the system. The integrity of new functional enhancements must additionally be verified, of course, and the results of these enhancements become part of the baseline for future tests.

The Role of Regression Testing


In terms of end-user testing, the criteria for an acceptable system is that the business functions provided by the application are correct. ARTS is focused on testing the integrity of critical business functions of an application, independent of the underlying software architecture. As such, ARTS is known as “black box” testing. It does not replace thorough unit testing of program changes nor integration testing of these changed processes into the application as a whole. It focuses on insuring that, given the changes, the entire application still functions correctly.


ARTS is not a shortcut for a proper testing cycle - unit test, integration test, system test, user test. Rather, it should be deemed to be the ultimate test prior to turning over the application to the user. It can reasonably be deemed to be the system test (the final test is always the user). To the extent that it substitutes for integration testing or, even worse, good unit testing, it will find those faults, but at a higher expense of rework to correct faults that could have been more effectively caught during earlier testing phases.
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The ultimate goal of ARTS is to reduce the dependency on the telephone as a measure of testing effectiveness.

Regression Testing

General Test Bed Architecture


Before exploring the architecture of ARTS, let us first take a generic look at regression testing.

Application Elements


Application elements for typical systems include:
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· Workstations for data entry and inquiry, as well as batch control.

· Client processes for controlling the workstations.

· Server processes which respond to workstation requests submitted via the clients.

· Background processes which periodically move transactions from one state to another, allowing large transactions to complete without holding up the workstations.

· Batch processes which run occasionally to process batches of transactions.

· Data Sets used by server, background, and batch processes.

· Reports prepared by batch processes and by certain servers in response to workstation requests.

· File Transfer Communication Links to external systems for file transfer using standard utilities such as FTP.

· On-Line Communication Links to external systems for interactive requests for data.

· Communication processes which transfer interactive requests and replies between local processes and foreign systems.

Regression Testing


A regression test exercises an application as a black box; that is, inputs are presented to the application, and its responses are compared to baseline responses in order to determine differences which may or may not reflect errors. The inputs to be driven and outputs to be compared include:
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With respect to communication links, only on-line links need to be considered as input sources or output destinations since file transfer links can be viewed as files, and therefore part of the application’s data set. That is, so far as testing is concerned, 

a file transfer operation with a remote system using a utility such as FTP can be viewed simply as an extract file which contains the incoming or outgoing data file.


A typical regression test proceeds as follows.

a)  Initialization

The regression test facility must first initialize the application’s data set with a known starting point. This may include master files and transaction files extracted from a production system, or custom files created specially with certain data in mind.

If the application expects to receive files from foreign systems for processing, the extract files containing typical data must be created.

b)  Testing

The regression test facility must then provide the following testing facilities to drive the application:

· It must drive the application with pre-determined workstation inputs and check the screen responses for accuracy.

· It must intercept on-line queries from the application to remote systems, verify these queries, and return a response to the application.

· At appropriate times, it must simulate queries from remote systems and verify the responses from the application.

· It must be able to schedule the release of pre-prepared files to the application to simulate incoming file transfers from remote systems.

c)  Comparison

Once the application has been fed all of its inputs, and all associated batch processing has been completed, then the results produced by the application must be verified against a baseline of valid results. These comparisons include:

· Screen responses to workstation inputs (unless verified as workstation inputs are generated).

· Queries generated to remote systems (unless these have been verified during the testing process).

· Responses to simulated queries from remote systems (unless these have been verified during the testing process).

· Reports, either in hard copy for manual comparison or as spooler files for automatic comparison.

· Updated files and SQL tables.
d)  Baseline

All functions of the regression test bed depend upon a baseline of input data and expected valid results. The input data is used to drive the application and the valid results are used to verify the operation of the application.

The test bed may support either manual or automatic input and verification. In any case, the baseline includes the following components:

· An initial data set which might be an extract from a production data set or specially constructed files and tables.

· Extract files to simulate batch data received from remote systems.

· Workstation input scripts defining precisely the inputs from workstations.

· Valid responses to workstation inputs.

· Valid queries generated by the application.

· Responses to be made to these queries.

· Simulated queries from remote systems.

· Valid responses to these queries.

· Valid reports generated by the application.

· Valid extract files generated by the application for batch transmission to a remote system.

· The resultant state of the data set containing all the valid updates to files and SQL tables.
Date Sensitivity


A particular problem associated with regression testing is that several processing functions may be date-sensitive. They may fail if run with testing scripts oriented to one date (i.e., the date the scripts were generated) on a test system set to a later date. For instance, an order entered on a system with system date August 10, 2001 for delivery on March 3, 2000 may well be rejected.


There are several solutions to this problem:

a)  Age the scripts and the initial data set each time the test is run to advance all dates relative to the real date (i.e., field is today’s date plus three days), or


b)  Use a fixed system date for testing by 

(1) resetting the system date to the test date prior to the test run, or

(2) using a date simulation tool to intercept system date/time calls and return a predetermined date.


Each of these approaches has its pros and cons. Solution a), aging the scripts and data base, could require a large up-front effort for automatic aging, or could result in a high error rate due to manual input errors for manual aging. In addition, application results could never be fully baselined since output dates would always change from test to test. However, date sensitivities could be tested.


Solution b), using a fixed date, precludes the testing of date sensitivities. But baselines could be complete and consistent since input scripts would not need to be changed and output dates would remain the same. Solution b) (1) can be used only if the regression test is running on a dedicated system since the system date cannot be changed if other applications are running. Solution b) (2) requires the purchase of a date simulation tool.

Regression Test Bed Alternatives


There are a variety of approaches to regression testing that trade up-front development costs for on-going testing costs. The three primary approaches described below are characterized as automatic, semi-automatic, and manual.

Automatic Regression Testing


An automatic regression test, at least in principle, is invoked by a single command. It initializes the application, runs the test to completion, compares the results, and prepares a report giving the test results - all without manual intervention. It is at one extreme of the up-front/on-going cost tradeoff in that it represents the greatest investment in test infrastructure investment but requires minimum effort to run regression tests. 
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The components of an automated regression test bed must necessarily reside on the system being tested or on platforms that interoperate closely with that system so that they can all be controlled from a single point. These components include:

· a workstation capture facility that captures workstation messages sent to the application and workstation responses returned by the application. Workstation test scripts are entered once so that workstation input and output messages can be captured for baselining and replay.

· an initial data set that will be used for all tests to provide consistent test results.
· a workstation replay facility that will replay a workstation’s captured messages to the modified application according to a schedule, and compare the application’s responses to those previously captured (the workstation baseline).

· a stub facility that can receive query messages destined for remote systems, validate them against baseline queries, and return appropriate responses.

· a driver facility that can generate simulated remote system queries according to a time schedule, send them to the application, and verify application responses against a baseline.

· a scheduling facility to move simulated files received from remote systems to the application for processing.

· a facility for comparing report spooler files to baseline spooler files.

· a facility for comparing resultant database files and tables to baselined resultant files and tables.


All compares should be intelligent in that fields that are expected to be different, such as date/time fields, can be excluded from the comparison. In addition, the results of all comparisons should be able to be gathered into a single report of test results.

Semi-Automatic Regression Testing


A semi-automatic regression facility provides generally automatic testing components, but they may not all be controllable from a single point. In addition, certain low volume test points might be implemented manually.


Semi-automatic testing can reduce the cost of test tools since a wider choice (e.g., PC-based tools) is available, and can reduce the cost of test bed implementation since less effort must be expended to totally automate the test, leaving certain functions to be performed manually. However, this means that more effort is required to run each test. Semi-automatic test infrastructures can cover the range from automatic to manual testing. 
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A typical semi-automated regression test bed would use one of several PC-based test tools on the market today.  A PC-based tool works at the screen level in a PC workstation emulator. It will capture the details of input and response screens, replay input screens, and compare the response screens to the previously captured response screens.


The downside of this approach is that several PC workstation emulators would be needed for a typical test if concurrency is to be tested. Each would have to be separately controlled and monitored manually, requiring a staff of trained testers, and each would prepare its own test report.


An example of the use of a manual approach to low volume test procedures might be communication links with remote systems. Extract files could be manually activated according to a test schedule. A simple bridge program might convert on-line remote system communications to a workstation simulating the remote system. Testers could enter queries through the workstations and validate the application’s responses. They could also view and validate queries from the application and return responses.

Manual Regression Testing


The goal of manual regression testing is to minimize the development effort of the test bed, opting instead to accept the cost penalties of a large team of testers required to run each test
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A typical test procedure would be as follows:

· The application’s data base is initialized with the test data set.

· Testers at each workstation enter data according to their scripts and verify the screen responses.

· Testers at workstations simulating on-line communication lines generate queries according to a schedule and validate the responses displayed on their screens.

· Testers at these same or similar workstations validate queries received from applications and enter appropriate responses to these queries.

· A tester releases simulated incoming files to the application according to a schedule.

· Following the testing, test personnel must compare the generated reports to the baseline reports. This comparison could be as extensive as line-by-line, or as simple as just checking certain totals and subtotals, page counts, etc.

· Optionally, the resulting data base may be verified. This could comprise a complete comparison to the baseline data base using comparison utilities, or could comprise more cursory checks such as file or table size and/or read/write counts as recorded by a performance measuring tool.

Manual testing imposes certain unique burdens on the testing process:

· Provisions must be made to synchronize the tester’s activities since there will be certain functions which depend upon the successful completion of other functions.

· Test scripts and procedures must anticipate errors on the part of testers. The results of any error must be recoverable. It would be unacceptable to face the possibility of a test cancellation after several hours of testing due to a tester’s error.
ARTS Policy


Just like any testing effort, the use of ARTS may not be popular with much of your development staff. There is always too much work, too much pressure, to bother with extensive testing. There are emergency bug fixes that have to get into production today. Good testing is like good maintenance of documentation - there is always a reason not to do it.


Therefore, if a formal testing mechanism such as ARTS is to be successful, it must be  institutionalized. It must become part of the culture of an organization. This can only be accomplished by a firm management commitment to formal testing procedures.


This institutionalization begins with a clearly stated and well-thought out policy for the use of ARTS. This policy should clearly spell out:

· Under what conditions ARTS testing is to be performed as modified applications are moved to production.


· Who is responsible for maintaining ARTS (a development test team, the QA team?).


· Who is responsible for running ARTS tests (the developers, a test team, the QA team?).


· Who is responsible for modifying scripts (the developers, a test team, the QA team, the end users?).


· Who is responsible for modifying the initial test data base (a DBA, the developer, a test team?).


· When can ARTS testing be bypassed (emergency bug fixes?).

These and many other questions need to be answered and made part of theARTS policy, which in turn becomes part of the QA policy. It is then up to management to insure that the policy is followed, and not succumb to its own pressures to circumvent its own policies.

A Case Study in ARTS


FedEX Logistics Services provides third party warehousing and delivery services for manufacturers and catalog houses. They operate a large Tandem data center to control this business. Periodically (approximately monthly), they release updated software for the system, and were experiencing an unacceptable rollback rate for their releases. The solution, they determined, was to incorporate automatic regression testing into their release process.

 The following describes a truly automated regression test bed implemented for FedEx by The Sombers Group for running the test scripts for Tandem-based applications and reporting on the results. It is based on several tools from Tandem Alliance partners, foremost of which is VersaTest from SoftSell. VersaTest is described in more detail later as the ARTS architecture is developed further.

ARTS Testing Procedure


Before describing the ARTS architecture, let us look at the testing procedure to understand the role of ARTS in this process and to identify the customization efforts that are required to adapt ARTS to a particular application.


The ARTS testing procedure is separated into four phases:

· Scripting (creating the test scripts).

· Initializing the test environment.

· Running the test.

· Validating the test results.

Scripting

As part of the customization of ARTS to test a particular application, test scripts must be prepared to exercise the application’s business functions. These scripts include:

· workstation inputs with expected screen status responses (detailed expected screen responses are captured by ARTS as part of the baseline process).


· input messages from foreign systems with expected application responses.


· expected messages generated by the application to foreign systems with appropriate responses to these messages to be simulated by ARTS.

In the ARTS architecture, these scripts are entered into Microsoft Excel spreadsheets in Sombers’ SSL (STARS Scripting Language) format. STARS is a PC-based ARTS utility, described below, that feeds the scripts to ARTS prior to each test for capture and later replay. For each test run, these scripts must be updated to reflect the new or modified scripts required to test the changes made to the application. The ARTS scripting process with STARS has several advantages:

[image: image11.wmf]Terminal

Tandem

Application

On-Line

Comm Link

Simulator

Driver

remote query

compare

respond

Stub

appl. query

Reports

Spooler

file

extract

schedule

drive

compare

drive

compare

compare

Data

Base

initialize

compare

black box

ARTS Automated Regression Test System

- Scripts are easily maintainable since they are prepared in a simple easy-to-understand format and held in Excel spreadsheets.

- In a typical test system, there will probably be hundreds of scripts associated with an application. By beginning the test with a fresh load of all scripts, there is no fear that a modified script will not find its way into the system.

- SSL allows specification of fields that must be aged (e.g., this field should be today’s date plus seven days). STARS takes responsibility for aging all scripts properly.

Initializing

There are two components to initialization:

- age and load the test scripts.

- age and load the initial data base.

Test scripts are loaded by the STARS (Script Testing and Replay Simulator) utility. STARS is a PC-based utility which reads the scripts from the Excel spreadsheets, compiles them, ages the specified fields, and feeds them to ARTS for capture and later replay. ARTS stores the scripts as Tandem interprocess messages in its message files. (STARS uses the Tandem workstation emulator Outside View to convert workstation scripts to their corresponding workstation messages).

The application’s data base is loaded from initial data which may have been extracted from a production data base, or which may have been specially generated for the test bed. In either event, ARTS is aware of the fields within the data set which must be aged, and will appropriately age these fields as part of the initiation process.

Running

Once initialization is complete, ARTS will run the test by driving the application with the test scripts in a specified sequence. It will validate all screen responses and messages to external systems, reporting on any discrepancies. It continually monitors the quality of the application’s responses, alerting the test operators with any difficulties that may call for aborting the test.

Upon the completion of the test, it will save the resulting data base, output files, and spooled reports for the validation phase.

Validating

Once the test run is complete, ARTS will compare the results of the test with the baseline. This comparison is an intelligent comparison, following rules that have been specified:

- Certain files or tables may not need to be compared if their updates have been validated by screen queries during the test run.

- Certain fields in files or tables may not be comparable because they are date/time sensitive, contain arbitrary sequence numbers, or are affected by other asynchronous or non-deterministic events.

- Reports may be compared to baseline reports in detail, or only key summary fields may be checked.

ARTS will then prepare a test report showing all discrepancies found during the test run and during the validation phase. These discrepancies are not necessarily bad. It may be expected that certain bug fixes and enhancements would cause the test results to be different from the baseline. These should be checked to make sure that the changes to the application had the desired effect.

When a test has run successfully, it will often be desirable to accept the new output as the new baseline, since it now reflects the effects of the changes made to the application. If requested, ARTS will update the baseline with these new test results.

ARTS Architecture


The ARTS regression test bed is predicated on the automated regression test tool  VersaTest from SoftSell Business Systems Incorporated of Sausalito, California. VersaTest is first briefly described below. The use and augmentation of VersaTest to build a complete test bed is then presented.

VersaTest


VersaTest is basically a Tandem interprocess message “probe” which can be inserted between any two processes in a Tandem system. As many probes as one desires can be active at any one time. The probes are highly customizable and controllable from a single point - a windows-based workstation interoperating with VersaTest on the Tandem system.


As shown in Figure 6, a VersaTest probe can monitor interprocess messages as they flow between the probed process pair. While doing so, it can:

[image: image12.wmf]Application

Desired

Results

Compliance

Report

IDEAL

TEST

BED

START


· replay messages from a message file according to a schedule of fixed or random intervals. The message file can contain captured messages or specially created messages.

· modify messages as they pass through the probe.

· drop messages so that they are not passed on.

· create response messages for selected received messages to be either returned to the originator or forwarded to a destination.

· compare selected fields of a captured message file to a baseline message file.

· measure transaction loads and response times.

· run user-provided COBOL, C, or TAL programs.

A VersaTest probe is actually a Tandem process named VPRO. It is customized via a highly specialized language called VTALK, a non-procedural message-oriented language. Using VTALK, certain message classes are specified, along with actions to be taken when a message of that class is received.


Consequently, with reference to the test bed requirements, VTALK can:

· capture and replay workstation scripts.

· compare workstation responses to baseline responses.

· act as a driver to generate simulated remote inquiries to the application and validate its responses.

· act as a stub to receive and validate application-generated queries to a remote system and generate responses to these queries.

· do intelligent compares of message streams by ignoring fields that are known to be different.

All VersaTest actions are monitored and controlled through a Windows workstation called VWIN. The status of every probe, including user generated status messages, can be viewed through VWIN, as can the message stream for any probe. User defined probe parameters can also be changed dynamically through VWIN.


VWIN can also be used to execute TACL commands on the Tandem system. Thus, the entire test can be controlled and monitored from a single VWIN workstation. Multiple VWIN workstations can be used if desired.

Architecture


In a previous figure, we showed a generic automated regression test system.  This figure is repeated below, modified to show the application of VersaTest and other tools to this environment (shown in italics). The tools required and their use are as follows:
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a)  Custom extract routines are written to extract a set of test data from production files, and to store this data as the baseline initial test data. Special routines to Create additional test data may be written, or this function could be done using the application’s data entry functions. In principle, this activity needs to be done only once, or whenever it is decided to change or enhance the test data set. It is outside the scope of the actual test, and is a stand-alone activity. 

b)  VersaTest’s VWIN monitor is used to monitor and control the entire testing sequence.

c)  Load routines move the initial test data set from the baseline into the test environment’s data base. These are simply TACL-invoked FUP calls (Tandem’s file utility). The call of the Load routines is a VersaTest task prior to running the test.

d)  VersaTest VPRO probes are used to:

- capture and replay workstation scripts.

- provide drivers for on-line communication links to generate simulated remote queries and to validate application responses.


- provide stubs for on-line communication links to receive and validate application-generated queries and to return simulated responses.

e)  A File Scheduling program notifies the appropriate application that a remote file is ready for processing. This simulates a file being received from a remote system. The File Scheduling program is invoked by VersaTest according to a predetermined schedule or in response to certain testing status points.

f) Once the test is completed, RELATE, an intelligent Enscribe file manipulation tool from SoftSell, is used to compare updated Enscribe files to the baseline files, ignoring any fields that are known to vary from the baseline. RELATE can also be used to compare the spooled reports generated by the test to a baseline of reports. 

g)  Specially created SQL scripts compare updated SQL tables to baseline tables.

h)  The invocation of RELATE and the SQL scripts to compare tables and files is the last action of VersaTest.

i)  STARS is used to age scripts, and RELATE is used to age Ensribe files. Special SQL scripts are prepared to age SQL tables.


Thus, the components involved in the test bed infrastructure include:

Alliance tools:


VersaTest (drivers, stubs, control)


RELATE (Enscribe file compare)


OPTA2000 (optional date simulator)

Customization efforts:


Extract programs
(to create test data base)


Load programs
(to initialize the test system’s data base)


File Scheduler

(to schedule simulated files received from remote 





systems)


SQL Table Compare
(SQL scripts to compare SQL tables)


VTALK scripts
(for customizing probes, aging scripts, and 

controlling the test process)


Workstation test scripts
(specifying the data entry procedures)

Stub test scripts
(specifying the expected application-generated queries
and their responses)


Driver test scripts
(specifying simulated remote queries and their 





expected responses)


One final step must be mentioned, and that is the building of the baseline. This is done by actually running the test on a known valid system. The results are captured into the baseline as follows:

· The initial data set is saved as the starting point for all scripts.


· The final updated data set is saved for test comparison.


· The workstation message stream is saved by VersaTest and compiled into VTALK replay images.


· Incoming file extracts are saved to simulate received files.


· On-line communication link messages are saved in a replay VTALK image.


· Report files are saved for test comparison.


This baseline must then be put under configuration management to protect it from unauthorized change, to track changes made to it, and to recover to previous versions if need be.

Aging


The above description of ARTS has shown how ARTS automatically takes care of aging scripts and data bases. The specification of which fields to age and how to age them can be a significant task.


An alternative to aging is to always run the test on a fixed date for which the scripts and initial data set were designed. This can be done by resetting the system date to the test date when the test is to be run. However, this approach is often not practical as the test system will usually not be a dedicated system; other uses will be made of it concurrently with testing, and will need the current date.


The use of a date simulator utility solves this problem. Such a utility intercepts system calls for date/time from designated applications and returns a specified date. Thus, the test system could be run at a specified test date whereas all other systems would still be running with the current date.


One such date utility, used heavily in the Tandem community, is OPTA2000 from TANDsoft.

Setting Up ARTS


In review, the steps necessary to customize ARTS for a particular action include:

a)  Creating test scripts in the SSL language as Excel spreadsheets, specifying the fields to be aged.

b)  Creating an initial test data base, either from a production extract or by using specially created utilities. Fields to be aged must be specified.

c)  Determine the files and tables to be verified, and any special field logic required for validation.

d)  Determine the special summary fields on reports, if any, to be used for validation.

e) List the rules under which discrepancies will abort the test, if any.

f) Adjust the VTALK VersaTest scripts to reflect the desired test procedures.

g)  Put all of the ARTS components under configuration management (see below).

h)  Establish an ARTS policy (see below).

Maintaining ARTS


ARTS is a living system, reflecting the applications which it is testing. To the extent that these applications are undergoing change, ARTS is also likely to be undergoing corresponding changes.


Before each test, scripts may have to be modified and new scripts added to reflect changes in the application that are to be tested. Likewise, the initial data base may have to be modified to add data required by new enhancements.


The responsibility for modifying the ARTS scripts must be specified in the ARTS policy described below. Should it be that of the developers? Of the test team? Of the end users?


Once a test has been successfully run, the baseline may have to be updated to reflect the effect of new changes. Fortunately, this is an automatic function of ARTS.

Configuration Management


ARTS is itself a complex system comprising hundreds of components - test scripts, initial and baseline files and tables, baseline reports, VTALK scripts, RELATE scripts, and on and on. Many of these components will be modified on a continuing basis, and will often be touched by several people.


Therefore, it is imperative that they be maintained under a good configuration management tool, just as all software should be. This tool should control access to components so that concurrent changes do not overwrite each other, component versions can be controlled, and new versions of ARTS can be built with the appropriate components.
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