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As software becomes a larger partofmany products,
thorough testing becomes increasingly important. The
testing process begins before the requirements are
finished and continues until the product is discontinued.
In thispaper, we discuss the software testing process, its
difficulties and costs. We set forth the features ofa test­
ingsupport system and how the Buster test support
system-eurrently inuse at over 50 sites throughout
AT&T-helps realize those features. We also discuss
further steps to increase the effectiveness ofsoftware
testing and increase the value ofthe final product.

Introduction
In his 1983 book, Software Testing Techniques, BorisBeizer

claims that ''Testingconsumesat least halfof the labor required to pro­
duce a working program."! In mid-1985, we estimatedthat 30percent
ofallprojectstafffor the upcoming AT&T 3B4000 computerrelease
needed to be involved in systemtestingand systemquality assurance.
But if wewere to include the efforts ofunit testing, the 50percent
Beizersuggested would be a lowestimate. Weanticipated that follow­
ing the initial release there would be severalreleases (orgenerics) of
the productwitha high degree ofcode reuse. If a test suitehad to be
developed fromscratch for each release,the cost of testingwould
spiralto unacceptably high levels. We needed a process improvement
to speed up testing,reduce staffing requirements, and maintain the
effectiveness ofthe testing effort.

A"test working group"waschartered to explore this problem
and proposea timely solution for the start of the AT&T 3B4000 com­
puter systemtest. The deadline wassix months away, and the 3B4000
projectwascommitting to use the process and test environment
created by the working group.

Manyofthe problemswe encounteredin 1985 stillface testers
today. We will discuss those problems, and then suggest howa stan­
dard test environment can help solve them.
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What Is And Is Not Testing
There are as manydefinitions for testing as there

are testers. However, there are common axioms familiar
to most testers:
- Development always leavesbugs in the product.
- When testing "completes," it is desirablethat all

potential customer-observable bugs havebeen found
and repaired.

- Customer-observed bugs cost the company money­
in terms ofboth warranty cost and market share.

- Although testing adds cost to a product, it alsoadds
valuebecause it preventsfuture warranty and market
share expenses and loss.

We conclude that testing must detect as many
customer-observable bugs as possible, and at the lowest
cost. It must alsoverify that features and functionalities
that workedproperly in the past will continue to do so in
the future.

Software for testing the product resembles the
deliverable software in that it is expensive to create and
maintain. Often, test cases are developed on an ad hoc
basis for a project, but then discardedwhen that project
is finished. Aswithdeliverable code, the benefitsof
reuse and the accumulation oftest cases both are lost.
Notethat reusing an existingregression test suite, par­
ticularly when the coverageofproductcode or func­
tionality is low, can lead to a false sense ofquality in the
delivered product.

Testing,far frombeing somethingtacked on at
the end ofthe software development process, is integral
to that process. It is an ongoingactivity, begun before
the requirementsare finished and completed onlywhen
the productis discontinued.

The Problem
The problemswefound in 1985 centered around

the lackofa standard process for testing.That is, each
tester had his or her ownwayofdoingthings.This factor
alonecreated a majorexpense: the amountofskilled
labor required to create, administer, execute,and inter-
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pret tests. With no standard testing process, testers were
trained by using the "apprentice" system. Information
abouthowto write test cases, execute tests, and report
results was passed on by oral tradition. The lackofa stan­
dard testing process manifested itselfin other ways:
- There were no uniform standards for test cases on the

3B4000 project, onlysome time-tested guidelines for
writing high-level test designs.

- Sometest developers wrote in the C language, others
wrote in shell. Becausethe test cases werewritten
in different stylesand programming languages, itwas
hard to move testers betweenteams.

- Sometesters did their testing blackboxfashion-Le.,
basing their testing onlyon the product's require­
ments and documentation-and others wrotetest
cases whitebox fashion, using their knowledge ofthe
product'sdesignand implementation to guide their
testing efforts.

- When reports were givenby different testing teams,
each team countedtests differently. It wasdifficult to
determinehowmanytests had been run, howmany
had passed or failed, or howmanyremained to be run.

- Tests were not regularly reused or shared between
releases and teams.They werestored in different for­
mats and locations, and often werelostwhenthe origi­
nal testers leftthe test team.

We set out to standardize the testingprocess
and implement that standard in timefor the 3B4000 com­
puter release. We envisioned a systemthat provided
both test administration and automation in supportof the
standardized process. In addition to addressingthe
specific problemsalreadydescribed, the standard pro­
cess would help alleviate the effect ofexcessive staff
turnoversometimespresent in largeprojects with
extendedschedules.

For the administration system, wesawthe pri­
maryproblemas one oftest case resource management.
We needed to knowthe following aboutthe test cases:
- What test cases were available
- Where did they reside



- Whatwasthe status ofthe test cases.
The teamfirst developed a listofproblems facing testers,
then drewup a listofpossible solutions to those prob­
lems.' The two listswerecompared, and the solutions
that solved the mostproblems becamethe requirements
for the newtestingenvironment. Weconducted an inves­
tigation ofexisting systemsto find onewe could use.We
found that existing test management systemswere
inadequate forsomeofthe following reasons:
- Some requireda particular classofterminal or a

specific computer, and thereforewere not portable
between and amongsystems.

- Some provided test execution but did not provide
tracking or reporting. Others provided tracking and
reportsbut did not supporttest automation.

- Some systemsconsisted ofone large programthat
madethem impossible to customize. Othershad a
difficult user interface.

Whenwe determined that nonemet enoughofour cri­
teria, weset out to develop one that would.

The Ideal Testing Environment
The numberoffeatures in an ideal testing

environment probably is equalto the numberoftesters
asked. Below are the core requirements we developed
for a testingsystem.

Standardized Format. Tester training timeis greatly
reduced if alltestinggroupsuse the sametest format and
record results the sameway. Sharing test cases within,
between, and among testinggroups is alsofacilitated.

The standardtest format shouldinclude docu­
mentation to describe the purpose ofthe test andhowto
execute it.The tests should be run usinga standard exe­
cution mechanism. The combination ofdocumentation
and standardized execution will provide a stabletest envi­
ronmentthat will makelearning howto run tests easier.

Early in this effort, the test working group
agreed to use the IEEE 829 Test Documentation Stan­
dard'' as the basisfor the software testingprocessdocu­
mentation, and the test case description in particular.

Test Searching. Determining if there are tests that
canbe used or modified to suit a newproject usually
involves paging throughlistings or searching files. A
database that summarizes the information in the test files
would greatlyimprove the effort to identify tests that
meet the specific searchcriteria. Testers can searchthe
databases ofother projects to locate tests that could be
reused on their current project.

Ease of Use. Thoughsystem ease ofuse is a sub­
jective measurement, it can havea quantifiable-i.e.,
objective-effect on a tester's productivity. Testers will
not use a systemthat is too hard or tooclumsy if they
believe it will slow down their work. Thus, the costof
developing the testingsystemwill be lost. The toolmust
be flexible enoughto handle circumstances unforeseen
by the developers, but remain simple enoughforfirst­
timeor occasional users.Acollection ofinteracting tools
will provide this flexibility.

Regression Testing. The regression test set typi­
cally is used to insure that changesto a feature do not
interfere with its existing capabilities. It should therefore
be possible to specify that a collection oftest cases must
be treated as a unitby the testingsystem, and executed
"automatically" on demand-that is,with little or no
interaction withthe tester.

Whena newsoftware version forsomefeature
has been produced, these test casescanbe run to verify
that the systemis stableenoughfor testing. The regres­
siontests canalsobe run on each releaseofthe system
under test to assess compatibility between the oldand
newfeatures. Combining the regression sets forseveral
features can produce an automated test package to test
overall systemstability and availability. The test environ­
ment should supportallthese activities.

Report Generation. Notestingeffort is complete
without reports. These include both status reports during
the testinginterval and summary reports at the end.The
testingsystemcan supportthis activity in several ways.
- Format. All results recordswill haveidentical formats.
- Database. Adatabase ofresults recordsmakesit
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Figure 1. Buster sys­
tem architecture
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easierto generateand interpretcomplex reports
involving information aboutthe test casesand results.

- Analysis. If the recordscontain execution timedata
from the test runs, they canbe used to analyze
feature reliability.

Reports are only as goodas the accuracy ofthe underly­
ingdata. Thus, the test systemshould gather the needed
information as automatically and transparently as possi­
ble to guarantee accurate data.

Reliability of the Testing System. It is essential that
the testingsystembe reliable. Atester should be sure
that anyfailure wascausedby the systemunder test, not
by the testingsystem. Thus, the test systemmustbe as
simple as possible. In the context ofautomated test exe­
cution and datacollection, the test systemmust not inter­
ferewith the systemunder test.Asimple design would
also allow it to be used in several situations byadding
software or hardware attachments as theyare needed.
Wethoughtit a better strategyto allow testers to add
components than to develop potentially costly "work­
arounds" to circumvent it.

Support and Training. The systemwill reducetester
training becausethe knowledge the tester gathers is
portable acrossfeatures and acrosstestingorganizations.
Asimple test systemalso allows forfastertester startup
whentesters are newly assigned to a feature.

Test Code Source Management. Control ofthe soft­
waredevelopment processis greatly facilitated by source
codemanagement systems. Asimilar sourcecodecon­
trol technique canbe applied to test case sourcecode
management, andwill allow incremental modifications of
test cases.

Planning and Predicting. The testingsystemcan
supporttest planning in several ways. It can track test
cases-in a way similar to the feature code-as test cases
move throughthe planning, developing, testing, and run
phases. The tester should be ableto start enteringplan­
ninginformation as soonas requirements are available.

The test systemshould support tracking indivi­
dualtest casesas well as test packages. The tester

should be able to define packages, addtest casesto
them, run a package as a unit, andcollect information on
the collective resultsofthe test cases ina package.

Test Ordering. In many cases,the tester must run
a test set ina specific order.Oneexample ofthis is pro­
tocol testing, wherethe test orderwould be determined
bya finite state machine. The test system should allow a
tester to specify the order ofa test set. If one test is
requested, the rest mustcome with it andbe run in the
order specified.

The Buster Test Management System
The analysis ofthe test working groupmen­

tioned earlierled to developing the Bustertest manage­
mentsystem in1985. The development teamconsisted of
both testers and tools providers. Asystem prototype was
developed and testedby the 3B4000 computer project.
Asthis prototype wasused,welearned moreabouttes­
ters' needs,andwereable to modify the prototype until it
became the production Bustersystem.

Several factors led to why Busteris successful.
First, in the sense that the development teamwas also a
user ofits own system, it canbe saidthat Busterwas
used to test itself. The development teamhad to respond
quickly to problems reported by the user community
because it waspartofthat community. Second, wehad
members ofthe user community as partofthe design
anddevelopment team. Thus, the teamalways knew
whatits customers wanted because there was consider­
able overlap ofrolesbetween development andsystem
users.Third, the heavy use ofprototypes anda short
loop between the development teamto the testing com­
munityprevented Busterfrom diverging from the needs
ofthe testers.

Buster Design and Philosophy. Monolithic testing
systems are too inflexible to meet the needsofdiverse
testingorganizations. Busterwasdesigned as a modular
collection ofsmall interacting tools. The mostimportant
design principal wasto keep it simple. Figure 1shows the
overall architecture ofthe system.
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Hconfig:

Ctime:
Setup:

Shell:
Sconfig:

Comment:
Count:
Stime:
Ptime:

designis valuable, because each tool is small and has
limited functions. This madeit possible to isolateeach
component and test it independently. Often, Buster
needs to be run in an operating environment that is still
under development. Thus, keeping the execution com­
ponentsimple allowed Busterminimal interaction with
the operatingsystembeingtested.

This remainderofthis section will describe how
the Buster components are used duringa test's life cycle.

Testscrlpt Creation. ABuster tesiscript consists of
severaltext sectionsidentified by reservedkeywords.
(Panel 1 showsthe sections and their definitions. Panel 2
is a example ofa completed testscript.) The format is
based on the IEEE 829 Test Documentation standard and
allows for inclusion oftest case documentation as wellas
the test code.Buster does not impose a rigidstructure
on the contentsof the documentation sections. This
allows different testing organizations to use different
documentation techniqueswhile still maintaining a com­
monformat.

When the requirements fora deliverable feature
havebeen stabilized, test development can begin.The
tester uses bplan to create the initial entry into the test
database. BpI an promptsthe user for someofthe sec­
tions listed in Figure 1 and createsa database record. It
alsocreates a testscript template with somesections
filled in. The tester can then complete the testscript
including the SETUP, PROCEDURE andCLEANUP sectio~s
(as noted in the IEEE standard) that contain the UNIX sys­
tem shell code to perform the test.The testscript is
then moved intoa directory in the test storagehierarchy
(TSH) where the testing organization is free to construct
the hierarchyas it wishes. All Bustertest cases are stored
as dire~tories in the TSH. Onefile in the directoryis the
testscnpt; the others can be datafiles, executable code
documentation, or anything else neededfor the test. '

When the testscriptis complete, or whenever it
is changed,bsync is used to update the information in
the test database. The testscriptis considered the reposi­
tory ofall information aboutthe test.

Panel 1. Example Test Template
ID: Aunique test identifier
Origin: Network address ofthe test's origin
Type: Automatic, manual, orTIT
Object: Feature being tested
Contact: Authoror maintainer of the test
Keywords: Subjectareas for this test
Purpose: Part of the featurebeing tested
Reqt: Requirement number being tested
Method: Description ofhowthe test will be done
Doc: Documentdescribingthe feature or test
Package: Listofpackagesassociated withthe test
Library: Nameoftest code librariesneeded by

this test
Shellto use to run test code sections
What software must be present for the

test to work
What hardwaremust be present for the

test to work
Any other documentation
Numberoftestcases within this test
Time needed to run the setup section
Time needed to run the procedure

section
Time needed to run the cleanupsection
Codeto be executed to set up the test

environment
Procedure: Codethat performsthe test
Cleanup: Codeto restore the environment to its

original condition.

Information is passed betweenBuster modules
through simplefiles and databases; these interfaces are
well defined. Buster's modularity brings it in linewith
the UNIX® system philosophy ofcombining toolsto com­
ple~e a task. Users can replaceBuster components with
their ownprograms ifdoingso meets their needs.

From the outset, achieving reliability wasa
majorgoal in Buster's design. The multi-component
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Panel 2. Completed Buster Testscrlpt

ID: demo.twg.Ol
ORIGIN: 3b,demo.twg.Ol
TYPE: a
OBJECT: basename(l)
DOC:
KEYWORDS: command
PURPOSE: To test the basename(l) command
REQT:
METHOD: Create a data file containing pathnames for certain

files. Read the data file. one line at a time and
pass the pathname to basename(l). Compare the
output of basename to what was expected and exit
on any failures. Continue until the file is exhausted.

LIBRARY:
SCONFIG:
HCONFIG:
COMMENT:
COUNT: 1
STIME: 5
PTIME: 5
CTIME: 30
SETUP:
cat >DataFile «!EndOfDataFile
IdlldZ/fl
Idl/dZ/fZ
la/b/c
la/b/d
!EndOfDataFile
PROCEDURE:
while true
do

read PATHNAME II break
F='eval basename PATHNAME
FILENAME=' echo {PATHNAME} I cut - f4 -d " I" '
if [ SF != (FILENAME) ]

then
echo "Expected: (FILENAME). Got: SF"

fail
exit 1

fi
done <DataFile
pass
CLEANUP:
rm -f DataFile
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Panel 3. Buster Test Output

############################################################
(1.2) BUSTER SESSION STARTING Tue Apr 12 10:16:25 1989
############################################################
STARTING STATUS:

SESSION NAME iwtom576864985
RESULT FILE RES.576864985
CONFIG unk
SPOOL FILE SPL.576864985
----------------- START TEST: demo.twg.01 ------------------
----Id: demo.twg.01. Format: buster. Type: auto. Run: D-----
SETUP(timeout-5.00)----------------------------------------­
PROCEDURE(timeout-5.00)------------------------------------­
Passed
CLEANup(timeout-30. 00) - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - --­
-------- Results: 1 pass. 0 fail. 0 inc. 0 not run ---------

------------------ END TEST: demo.twg.01 -------------------
FORMATING RESULTS: RES.576864985

ID TYPE SDATE BRTIME PASS FAIL INC NR COMMENT

demo.twg.01 D

TOTALS:

04/12/88 0.08

0.08

1

1

o

o

o 0

o 0

Total Test Scripts: 1
ENDING STATUS:

Total Test Cases Run: 1

72 SESSION NAME iwtom576864985
RESULT FILE RES.576864985
SPOOL FILE SPL.576864985
CONFIG unk
############################################################
(1.2) BUSTER SESSION COMPLETED Tue Apr 12 10:16:34 1989
############################################################

Test Selection. The tester uses the bquery com­
ponentto search the database and producea listofthe
test IDs-the testlocs file-he or she wishesto run.The
bdload component then packages the testscriptsand
anysupportfiles for the user to transportto the system
under test.

There are many ways to move files between
machines. Buster does not requireanyparticular tran­
sportmechanism, allowing it to be used in anyenviron­
ment and overeither floppy or tape networks. In order to
maintain its flexibility in an ever-changing networking
environment, Busterdoes not provide a transport
mechanism.

Bdload alsoproduces anotherlist, execlist, to
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tell the Bustertest system, brun, what test cases to run.
lt alsogenerates a checksums file to determine if the
test caseswerealteredon the system undertest.

Running the Tests. In a largersystem, test automa­
tionwould provide forcomputer-assisted test case crea­
tion. Instead, Busterprovides a simple test automation
facility through the brun test executor. The brun com­
mandis allthat is neededto run oneor more tests and
collect the results. Brun executes-in order-the SETUP,
PROCEDURE andCLEANUP sections ofthe testscript using
a user-specified program, by default the UNIXsystem
shell program. The codein thosesections is responsi­
ble for determining the resultofthe test sequence, and
calls one ofthe Busterroutines-pass, fail, or inc



(for inconclusive)-to recordthe resultofrunning the
test.All inputand outputproduced duringthe test run is
also recorded. Panel 3 shows the resultsofrunning the
test illustrated in Panel 2.

Once b run completes the test session, it pro­
ducesa file with the database recordsfor eachtest that
wasrun, a file containing allinputand output, anda list
ofthe test cases modified while on the systemunder
test.These files canbe packaged by buload to be tran­
sported to the host computer.

Result Storage and Report Generation. The b s tor e
command can take the resultsfile produced by brun and
insert the records in the resultsdatabase. The results
recordscontain:
- Test identifier
- Timeand date ofthe run
- Result
- Machine nameofthe systemunder test
- How longthe test tookto run
- Any user comments.

Busterinteracts with the UNIX systemUNITY data­
base management systemto provide tools for reportfor­
matting. UNITY is used to contain the test information and
the results records, and the testers are free to use UNITY'S
facilities to generatereports inanyformat theywish.
UNITY's simplicity (i.e., alldatais storedinAmerican
Standard Code for Information Exchange [ASCII] files)
allows the tester to use an arrayofUNIX systemtools
such as awk and grep to analyze the resultsoftesting.

Is Buster the Ideal Testing Environment?
Busterhas been used successfully to test all

AT&T 3B-series computers. It has been used to test the
UNIX systemitself, as well as software development tools
and telephone switches.

Standardized format. The IEEE829 standard has
proved flexible enoughto meet the needs ofall Buster
users.Test sharingbetween projects has notproved to
be as common as wethought, but many projects report
largetimesavings by reusingtest casesfrom one release

to the next. Forexample, test casesdeveloped fortesting
UNIX systemcommands on the 3B2 computer were regu­
larly reused on the 3B4000 computer project.

Test Searching. The UNITY database was chosen
for its simplicity and because it was available as an in­
house tool. However, the development teamviews UNITY
as a temporary expedient while Busteris still in its ear­
lier releases. The Busterdevelopers are investigating the
use ofa different database with greater speedandability
to quickly process largetest databases in future releases
ofthe product.

Ease of Use. Byusingreasonable default values
forthe arguments ofcommands, andby making each
component small, little training is needed to use Buster.
Currently, amore consistent, simpler user interface for
Busteris beingdeveloped. It will makeuse ofa menu
interface likecommonly used incommercial software.
The user's guidehas been rewritten to presentthe infor­
mation needed to run Busterina moreuseful manner.

Buster'srobust, multi-component design has
allowed the different project teamsto customize it
around their needs. Indeed, nearly every project team
has madesomechangeto Bustereitherby replacing
components or bybuilding commands on topofit. One
group, to use a different database, replaced every partof
Busterexceptbruno This is a positive comment on
Buster'srobustdesign.

Because ofBuster'suse ofa standard test case
format, casesare insulated from the computing environ­
ment. Testers canassemble test casesfrom a variety of
sourcesto createa test suite. Atthe sametime, each
project's testingmethod can differ according to the
project's requirements. Project teamdevelopers andtes­
ters are neverbound by a set ofrules imposed by
Buster'sdevelopers.

Regression Testing. Regression testing involves col­
lecting a set oftest casesto examine the stability ofa fea­
ture. Bustersupports this with the concept ofpackages. A
Busterpackage is a named collection oftest casesthat
are run together, andthe package name canbe usedin
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test selection.
Reliability. Aswasmentioned before, the multi­

component designofBusterkeeps the piecessmall and
simple. Keeping the execution component simple has
allowed for minimal interaction with a highlycomplex
operating system. Overthe past fouryears,mostofour
error reportshavecomefrom the development group.
Wehaveexperienced few error reports from the field.

Support and Training. Buster is supported by the
centraldevelopment teamthrough a singlehelpline. At
the local level, each Bustersite appoints an administrator
whobecomes the local Buster subjectmatterexpertand
first-line problem solver. Thus, simple problems canbe
handled quickly, and morecomplex problems canbe
referredto a single pointofcontact. Manuals and some
sample reportgeneration techniques are provided for
both the tester and Buster administrator. We alsopro­
videvideotapes for a half-day class in Busteruse.

Test Code Source Management. Atits present stage
ofdevelopment, Buster is not directly associated with an
internal changecontrol system. If a testingorganization
wishesto use change control, it needs to extractthe test
cases from Busterbeforeusingthe bdload component.
Weare investigating futureconnectivity between Buster
and the software productadministration (SABLE) change
management system.

Planning and Predicting. Busterallows a tester to
create entries in the test database at anystageofthe test­
ing life cycle. Apartial record can be createdas soonas
identifiers are assigned. Asmore information is acquired,
the record can be filled in.

Test Ordering. Support for test orderingis difficult
becausethe ability ofeach test to run properly normally
dependson the tests that precede-and follow-it. If
tests are not run in the properorder, the systemmay
respondwith illegitimate test failures.

To provide such support, the test case would
haveto contain a description ofthe environment and con­
text expected for the test case to run properly, and select
an orderingoftest cases that would satisfy the expected
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environment foreach and everytest case in the set. One
ofour designprinciples wasto keep the test execution
systemsimple. Wedecided to not supportthis need in
the earlyversions ofBuster.

In futurereleases, the user will be allowed to
specify an orderingwithin a package oftest cases.When
this package is selected, the test caseswill be run in the
specified order.

Successes Using Buster
Busteris beingused by over50testinggroups

and is currently managing over25,000 test cases.Wedis­
cuss the experience oftwo ofthe larger users ofBuster,
and the effect it had on their work.

3B400O-Commerclal UNIX. The 3B4000 computer
project wasBuster's firstcustomer. Several members
ofthe Busterdesign teamalsoweremembers ofthe
3B4000 testingorganization, and therefore werecommit­
ted to usingBusterfrom the outsetoftheir testingeffort.
The quality ofBuster'searlyreleaseswashighenough
so they could successfully test the product. Bythe time
theywerecompleted, theyhad written over4,000 test
cases. Using Buster, onlyoneweekwasneeded to run a
regression test suite that formerly tookthree weeks.

The 3B4000 computer teamdeveloped a large
set oftoolsbuiltout of shell andUNITY commands to
track the testingeffort and generate reports. During
their tests ofthe operating system, the teamfound
several errors in the host operating system while they
wereinstalling bruno The Busterdevelopers proceeded
to develop a smaller version ofb run thatcould run on
systemswhoseoperating systemis still in a develop­
mental phase.

System 75j85-Commercial Switching. TheAT&T
Definity" private branchexchange (PBX) system project
received a copy ofBusterforevaluation purposes. Within
a short time, theyhad 14,000 test casesunderBusterand
wereusinga different database system thatwas more
efficient whenworking with the volume oftest cases they
weregenerating. Theywerealready using Relational



Technology's INGRES™ databasemanagementsystemfor
their work, and built applications to support the Buster
architecture. The architecturewas simple enough so
modulesofBuster couldbe replaced withoutassistance
fromthe developers.

In addition to changingthe database, the Definity
PBX projectteam connectedBuster to their existingcus­
tom test automation tool that used the PRAIRIE test execu­
tion languageand its relatedTraffic Regression Test Sys­
tem (TARrS). This wasa simple operation, althoughthe
twosystems were quite different and the Buster source
codewas not available to the users. The tests were writ­
ten to generate commands coded in the PRAIRIE language.
These commandswere used to controlthe test automa­
tion systemconnectedto the switching systemunder
test. The automated tests simulated telephonetraffic.

The Definity PBX projecthad vastly different
needs than previous Buster customers and wasable to
capitalize on the modulardesign ofBuster to create a
customtest managementsystem, Test SupportInforma­
tionSystem (TSIS).

Conclusion
The environment we created savedthe 3B4000

computerproject10to 15percent of the testing costs-
3 to 5 percent of the overall project cost. The effort
expended in building the Buster release used by the
3B4000 projectwasabout the same as the effort saved. It
paidfor itselfin one application and continuesto provide
savingsto projectsthroughout the company. Other pro­
jects are realizing similar savings, and stillmore projects
are beginningto investeither in using Buster, or in creat­
ing similar, customized testing supportenvironments for
their use.

There were severalfactors underlying this suc­
cess. First, wehad members ofthe user community on
the design and development team.This kept us focused
on the needs ofthe testers. Second, we developed and
deployed a prototype ofthe systemto use as a kind of

executable requirementsdocument. This insured that
Buster was not onlywhatcustomers asked for, it was
alsowhatthey wanted. Third, we designeda modular
architecturefor Buster.This allowed it to be used in pro­
jects that havequite different testing needs.This archi­
tecture has withstood the test offive years ofuse.

We discovered Buster not only is a collection of
tools, but also it is the implementation ofa testing
process-a process that consumestime and money. As
we indicated, estimatesrun fromthe 30percentwe
observed to the "at least half' estimatefromBeizerand
other sources.The potential payoff fromcontinued inves­
tigation and improvement ofthe testing processand sup­
port environments is well worth the investment.
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