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CONSIDERATIONS FOR A SUCCESSFUL SOFTWARE TEST PROGEAM

Frank J. Mullin
T6W Defense and Space Systems Group
Redopdo Beach, Californla

Abstract

This paper discusses software testing and soft-
ware test activiries as they should occur during
the software development process. IE notes that a
well planned test program starts at the time soft-
ware requirements are being produced and continues
on through acceptance testing. It describes the
acriviries and responsibilities of the group
assigned to formally test the sofeware and dis-
cusses theilr interacrions with the people preparing
the software reguirements and the people developing
the software. Three levels of testing are defined
and suggested test support saftware is identified.

1. Introeductclion

Testing is often the most overloocked aspect of
any software development project. This is not
hecause anyone thinks it's unisportant — everyone
agrees it must be done — but simply becuase it's
semething that can be put of ! for a while, some—
thing that can be started lacer, something that
we'll do when the time is right. It's a habit
that has besn practiced by almost everyone at some
time or another, and the consequences of this mode
of development have given rise to the savimg that
"the test program i complete when the budget tuns
out.” HNesdless to sayv, this {8 not a very satis-
fying situation for either the manager of the
asof tware developnent project or his customser, and
thizs iz being recognized more and more by both
parcies. Frogran managers are becondng willing to
spend money for testing and customers are now
willing to approve these expenditures. Both real-
{ze that even thowgh the actual testing will occcur
late in the development cycle, test activities
should be started early (hopefully during the gen—
eration of the softwsre requirements) in order to
keep overall test costs within bounds.

2. The Development Envirofament

Bounding of test costs is enhanced by wtilizing
tne leverage resulting from test activities at the
start of a4 program to derive a sensible, achievable
test program which 1s intended to influence both
software requirements and software design in order
to produce high-guality, fully-testable softuare.
This paper will expand on these thoughte and dis-
cuss just what is invelved in & well-planned soft-
ware test program. It will discuss the vest acri-
vitier that should start early as well as whae
should be historically recorded after the actual
tescing has been completed. It ia hased on the
author's three years® experience op the Systems
Technology Program (formerly the Site Defense
Program) as the Assistant Frogram Manager for
Softvware Integratlon and Test, and as tha Assistant
Progran Manager for Software Development om several
medest sized ($1M to $2M) programs.

It will be keyed to the sofr sare development
phases shown in Figure 1 (Eeference 1) and will be
discussed from a position which 18 based wpom the
premise cthat testing must be a planned, integral
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part of the software development effort. In dis-
cusaing the various aspects of testing it is
assumed that the entire development process can

be characterized as being "disciplined" (Refer-
ence 2). A written set of requirements exists,
there are scheduled preliminary and detailed design
ravigws, the testers use customer-approved test
plans and procedures, and the software (wvhich has
to be delivered to the costomer by a particular
date) goes onder configuration comtrol priesr to
the start of formal testing. Each agency invalved
in the developwes: has been given an agread-to
budget and scheduie and rFeports against bBoth items,
usually on a monthly schedule.
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3. Levels of Testing

In general, there are three lewels of testing
in a good test pregram, The first is that per-
formed by the people who have developed the soft-
ware and ig called unitc tescing. It i3 incemded
to determine that thelr design has been implemented
correctly, as compared to their design documenta=
tion, and that limit checking, logical operatioms,
arithmetic calculations, etc., have all been
teated. Thie level of cescing includes the uswal
programser debugging, exhaustive stand-alone
testing and s modest amount of string tescing. It
is intended to give the designers comfidence that
their software is ready for the next lewel of
testing, in which the objective is to imtegrate
individual software modules to, in some senEe,
determine that the software functiomally does what
it 1s supposed to do. This second or intermadiace
level of testing is called integratiom testimg or
functional testipg and consists of taking indivi-
dual software modules and integrating them to form
4 complete software system (Refarence 1) which
doeg accept input data, which does produce cutput
data, and which appears to operace properly. It
is intended to provide the people who are going to
undertake the third level of tescing with sof tware
that does functlomn, thereby avoiding the very real
problem of making the softuare cycle for the first
tine when formal testimg of the software is ini-
tiated. The third level of testing will be called
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validation tescing im this paper. It is intended
to prove that the softwvare does satisfy ite per-
formance requirements, am oxpressed in & require-
nents specification, amd that the integrated sofr-
ware system does really meet system-level require-
mente when operated in the basic operational
sequences. Fractically speaking, this level of
testing has been most effective when performed by
a group which is organizacicnally independent from
the development groups. This 1s because the usual
programmer, if allowed to test his own software,
will always derermine that his sof tware doesa indesd
satisfy all of ite reguirements. (If it Jdidn'e,
he wouldn't be finished with ic.) Te avold this,
the personal aspect of testing I8 removed by having
& separate test group conduct validation testing
and independently determine whether of not the
requirsments are met. Acceptance besting, which is
undertaken te demonstrate to the customer that the
sof eware meets hie requirements, is szt the same
level as wvalidation testing and usually wists of
executing a subser of the validation tests with
the test data being analyzed by the customer.

4. Teat Activities in the Early
Development Fhases

More cest problems are created by vague and
ambiguous requiréments than any other single fac=
tor. The reason for this is straightforward. The
test group has to run a test and make a "yes/no"™
determination of whether or not the softwaré passes
the test. To do this they have to interpret all
ambiguous requirements in some definitive way and,
a8 a consequence, they often subsequently spend a
congilderable amount of tipe justifying and explain-
ing their interpretation of the uncertaln require-
ments. Since not all of their interpretacions
will be one hundred perceant correct, and what they
call a failed capability may indeed be a satis-
factory capability, the teat activievies should
start during the time the software requirements
are being produced to allow testers to work In
parallel with the people generating the require-
ments, to understand the reguirements and determine
whether or not these requirements ars testable
{(Reference 3).

This must be done to eliminate, or preclsely
define, requirements which state that the "data
processing systém shall degrade gracefully under
overload conditions™ or that the “data processing
system shall continue to operate under Intermictent
hardware errors.” This type of requirement, 1f
it is not removed from the requirements specifi-
cation, has a definite meaning to the person
writing the requirements, a secofd meaning to the
pergon designing the sofeware and will inevitably
be interpreted tc mean a third thing by the inde-
pendent tester, thereby fulfilling all aspects of
Murphy's law (Referenmce 4). This entire hassle
can be avoided by having the test people review
the requiresents before they are finalized and
determine that they cam concelve of a test to
demonstrate satisfaction of each regquirement.
Those requirements which are deemed unteatable are
flagged and called tc the attention of the systess
engineering group preparing the requirements. The
chonges to the untéstable requirements are derived
by consultations and meetings between the test and

the system engineering RToups.
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For the purposes of this paper let the software
deseribed above be called the applications soft-
wate — the software that is deliversble to the
customer — 8¢ a8 to distinguish 1t from a second
category which will now be ipntroduced. It was
mentioned that, in reviewing the software reguire-
ments, the testere conceived a test that coyld be
Tun to prove that an Individual requiremesnt would
be satisfied. This was to be done for every
requirement. In addition to reviewing reguire-
ments, this comeeptualization of tests also serves
ancther very important purpose; whonm all of these
conceptual tests are compiled and examined, they
form the basls for generatinmg tesi driver require-
ments, i.8., the requiresents on that combination
of hardware and software which is necesmary to
test the applications software. The geperation
of thesa test driver requirements is quite often
not a trivial undercaking, particularly 1if ome is
testing real-time software in & reactive, closed-
loop mode with the test driver providing & response
at the proper time ror each stimulus generated by
the applications software (Reference 5). If the
environment which has to be modeled by the test
delver ia complex, chere is th added burden of
apcertaining that the test driver adequately modals
this environment. This is necessary In order to
ayold the embarrassing situation im which the
applications scftware performs superbly with the
test driver but falls to even cycle when installed
at its operational site.

3, Test Plans

To form a solid basis for later test activities
and to also consolidate all of the ideas and con-
cepts# on testing the softuware, & tedt plan should
be produced early in the program. The test plam,
oné of which should be prepared for each category
of software being produced, contains the purpose,
goals and an owerall description of the testing
that is to be performed. The test plans for both
the unit and integration test phases are usually
informal, working=level documents while the wali-
daction and acceptance test plans are most often
contractually-deliverable documents that are for-
mally reviewsd and approved by the customer. They
are reviewad and approwed at the PDR and, after
approval, are nsed as a part of the basis for
generating test procedures. The validation best
plan should comtain the following information
(Refarenca 6):

{1} A description of th: scope, purposs and
objectives of walidation testing,

A discussion of the resources regquired
o conduct the tests,

(2)

A description of the test management and
test control procedures including:

(1

(a}
(b)
(e}
{d)

Configuration eontrol procedures,
Teat control procedures,

Reteat criteria,

Teat review,

&

{e) Test identification cosventicns



(4} Specific gesting requirements imcluding:

{a} An Identification number and test
eitle,

(b} The reguirement to be used,

{e} The conputer program element(s)
fmeplved in the tear,

{d) A brief description of the test
ipeluding the data co be colleccped,

{e) The test werification method,
(f} The acceptance criterla

(5) Sofeware requirements craceabilicy)
relacionship to Lodividual tests,

(6} Preliminary test schedule,

The ascceptance tést plan, which describes the
test cases that must be successfully execubed
bhelore the saftware 1= ll:l:l:p-I:H for npci'll:.l.m‘rﬂl
use by the customer, specifles the subset of vall=
dation test czses which are po be executed for
arceptance pufposes. In additien to the above
information che acceptance® test plan ahould
contain:

(1) An idencificacion of the support hardware,
gofware and facilicies to be gsed in
aceepbance testing,

2y A deacription af the data base to be used
and che plan for obtaining cuscomer

approwal of ic,

{3} A discusgion of the roles and redponeibili-
ties of all participants,

{4) A sunmary of all cuscemer—provided hard-
ware, Software, data, documentatiom
and support,

{5} An acceptance pest gchedule.

6. FPreparation for Testing

A prerequisite for a good sofeware ceal pro-
gram — good in L. sense that it {8 thorough and
compleated on schedule — i a good design since no
ameutnt of testing can ovorcome basic design inade-
guatias. For this reason it 18 essentlal that testc
persommel participate in both the preliminarcy
and critical design reviews (Reference 7 and 8)
and that they have a definite input eo the testing
whith is to be performed by the developers. The
former will permic then to express theilr profes-
gional judgment on the sdeguacy of che proposed
desipgn, while the latter activity 18 intended to
prevent the software from bedng turned owver to
the Eest group simple because it's the scheduled
date for the seftware te be turned over. The
lacter i3 accomplished by requiring the developers
to teatr their sofrware againgt a Functional Capa-
bilities List (FCL) generated by the testers to
guartanges that the turmed-over sof twars= has reached
some degree of maturity with respect to testing,
This guarantee is enforced by placing test per-
somel im the design group to assist them wich
thelr testing and by having rhe test group not

accept the software uatll ic heas bees completsly
tested by the developers agalnae the FCL for that
partlcu].lr plece of poftware. A sample Fyunctional
Capabilicy List 18 showmn in Flgure 2.

SFECIFICATION REGUIREMENT

——

THE DBJECT TRACE FUNCTION SHALL BE CAPARLE
OF TRACKING OBJECTS IN ESTABLISHED ORBITS
DSIRG THE TL WAVEFORM WiTH & POSITION EREROE
THAT SHALL NOT EXCEED 1000 FEET (30).

SAMFLE FCL'S

1. ONLY VALID Tl PULSES ARE USED IN THESE
COMPIFRATIONS — FOR THWVALID DATA THE
ROUTIKE I5 EXITED.

i, DATA WITH ESCESSIVELY LARGE ROISE CoH-
POKENT IS DISCARDED IN ESTIMATING THE
EPHEMERIS OF ORBITING OBJECTS.

. THE VARIANCE OH EACH COMPOMENT IS CoOM-
FUTED USING THE WOISE LEVEL AS PER
EQUATION X, XK.

Figure 2. A Partlal Fumctlonal Capabilicy Lisc

There are Beveral aspeces of the FCLe which are
vorthwhile calling to the attentiom of the reader.
Firat, as s matear of courae every FCL containa
the requirement to limit cest chat software wnit
o verify lee performamce at iee operating limigs,
to test ies operation weilng erconeous data to
drive the seftware, eo check for umnits consistency
and to hand check the srithmecic computations that
the software performs. These are the types of
cests that any experienced prograrmer=analyst
routinely performs in dne]_upin‘ his software.
Secopnd, the FCLs are basaed on the propoRed design
and mot on the reguiresents which the design is
iotended te satisfy. They are develpoped From
design documentation prodoced by the designers
for thelr design reviews (see Figure 3) and, con-
sequently, the wnlt epesting by developers is
intended to werify that their code concains those
capabilities they saild it would centain in their
design documentation, Finally, the FCL should
requiré Che software designer to eéxecuté and test
every path segment during his unit testimg. Boft-
vare teRC tools (Reference ¥ and 10) are used to
werify thar the uwale eesting causes ewary path
seghent Co be exerciged. This does pot guarsntes
chat the developer has thoroughly teated his pilece
of software; it ginply means that he has exercised
every path s*gment in his code. It does guaTances
chat the tester will think about his tests o make
certain Chat he does exercise gvery path segment;
whether or not his tests are really the proper
oneg I8 & j-udj-m:nl: that can oanly be nade from an
examination of the actual Eest cases, From &
practical view the peed to testg against FCLs and
the need to rest every path segment hos resulted
in the designérs paying conslderable sttention to
their test prograns — much more than they might
ke expected to do normally.

In addition te FCLs which address unie-level
testn, it is alsc nDecessary to prepare File to
support Integratlon testing. The lacter FCLe, as



indicaved in Figure 3, are used to define the
integration tests which will be run to bridge the
gap between the unit-level tests of Individual
software modules and the systewm=level tests com=
ducted during validaticn testing.

Test Activities

Flgure 3.

During the time the softwsre designers are
coding and testing their design, the test group is
busy preparing validation and acceptance test pro—
cer rea. Toe corresponding test plans have heen
reviewed at the Prelimdnary Design Review (PDR)
and are smong the sopport documents used Iln che
generatlon of the test procedurea (sce Flgure &),
The teat procedures document provides the derails
on 811 of the sctivities required to test the sofe=
ware and subsequently analyre the test data to
prove that the software does indeed satisfy a
definite requirement.
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Sinee the validation and acceprance [eEt pro-
cedures document contains the detailed information
on the individual tests, this docupent should
addreas the following items for each procedure:

{1} The owerall scope of each test,

{2} The cbjectives of the test,

(3} & deseripzion of the method of cesting,
(4} The conditions necessary to execute the

teat,

®» FPersonnel

®» Equipment

# Input material

» Dutput expected

n

® Test preparation and setup

& Operator actions and console inputs,
if required

® Prerequisite testing

(5} A step~by-step description of the
procedure,

(6} The acceptance criteria,
{7} The retest requiressests if the test fails.

7. Integration Testing

Integration testing is the intermediate phase
of testing which bridges the gap between the so=
called stand-alone testing of individual software
units {performed by the developers) and the system-
level walidation testing {(performed by the inde-
pendent test group). It is the type of testing
in which the individual software modules, which
inm total comprise the complete software systes,
are ‘norémentally merged and tested to form the
sofcware system to be used in validacion testing.

Just as in unit testing, Functional Capability
Lists are used to generate test cases. In this
cise systes-level Functional Capabilicy Lists are
generated by the independent test group to filrst
test the flow of data inte, out of, and within
the softwars system under aeminal or expected
conditions and then to evaluate the performance
of the system under off-nominal condiciomns. This
takes the form of testing to determine that che
gl btwar¢ system can accept input data at various
rates, that it can extract data from an inpuc
megsage, that it can produce an outpul WESSAEE,
and that the message contest is indeed remsomable.
It is teseing to show that the software systen
does have the capabilities deseribed in dts desipgn
decunentation,

Irtegration eesting is also the First bime that
the pofltware system is stimslated with an external
driver, and it is important that this test driver
te compleced prior te the start of this cescing.
If the driver 1s also undergoing testing of its
own while the software iz being integrated,
chances are that the integration test phase will
takwe lomger than the time allocated. The time to
conduct integracion testing Is further reduced 1f
an opatational data redoction program is available.
This means that test data can be analyzed and the
succets of & test determdned guickly. This i=s
particularly necessary when the test is one in
which a proposed fix to a previously-uncovered
error 1s being tested, and testing is held up
until the error is corrected.

Even though it wvas mentisnsd before, it is
worthwhile to note that there are [wo aspects of
integration testing. The first part is directed
ey integrating the sofeware modules into a cohe-
sive, nominally-executing software system which,
at the conclusion of this phase of integration
testing, can reasomably be expected o execute
satisfactorily. The interface problems have been
worked and the data beisg produced by the soft-
ware appears to be correct. It produces suffi-
clently accurate data om a proper timeline for
nominal inpats. It is ready to undergo the second



integration test phase in which a linited mumber
of aff-pominal cpersting conditions will be
invoked and the performance of the software eval-
wated for these conditiens. This testimg L8
deaigned to prepare the software for the more
extensive "off-nominal conditions” testing thac
{8 &3 be conducted durimg wvalidation cesting. It
raken no pense to walt for walidation testing for
this type of testing since it almost invariably
resyles in mome changes to the software.

The most important job of the testers fn the
preparation for integration testing ls o make
certain that they have a complete definition of
the interfaces between the software modules bedng
integrated. They must know the format and content
of all data thae is transferred between modules
and use this as the bhasls for determining that
data is Flowing correctly between the varlous
modoules. If suwch & document does oot exlst, Lt can
be produced by the imlependent teat group as parct
of its assipnment in preparing for imtegration
cesting. The same information is alse needed to
test the interface between the application sof tware
{the sofeware belng tested) and the external tesat
driver program. This i wsually available in an
Interface contrel Docyment or Interface
Specificarion.

At the conclusion of Integraticom testing the
poftware 1n turned ever te the lndependent tesE
group for walldation testing. Host of the time
an integration test report is prepared, primarily
e resard the results of individual tests. This
is often a minimal report, since 1t is usaally
not used by anvone doing validatiom testing and
perves primarily to recovd the results of indivi-
duwal integration tests for historical wsape.
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Valldation testing, the reader may recall, is
that softwnre testing whose purpose Ls to show
that the software svstem does meet all of ite
syarem=level requirements. The test objectives
are derived from the sofeware requirements speci-
ficarion and not software design documentation.
The aoftware and ite dotumentation and the vali-
dation test plans amd procedures are placed oader
configuration control before the start of this
et phase which 18 conducted by a project test
erganization which does not report to the project's
development organization. It Ls in every mense
the formal test phase of the development process
and, 1f it 18 sueceessfully completed, the accep-
tance teat phage should present oo subsequent
problems.

From a teat viewpeint, the question of when the
sofrware 18 £6 be glven to the independent test
EToup 18 a particalarly important one. The devel-
opers, and sometines the integration test Leaw,
would 1ike o give thelr software to the teae
group as late as possible; they can always use
more time to improve their desipgns or test the
software & little more, of even to document thelr
design. The test group woold like to have the
software to test as early as possible. This mini-
mizes the risk that the software will mot be
thoroughly tested when it i{s to be delivered to
the customer. Since both wiews have to be Jsccom-
oodated, a turnower date has to be negotiated by
the developers and testers. They must also AR CEe
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ofn exactly what is to be turned over to the test-
ers. Fractically speaking, however, if the turn-
over can be made on an incremental basis rather
than a8 a one-time event, both the developers and
the testers will benefic. It ids strongly suggeated
that this type of arrangement should be made 1f

at all posaslible.

At turnover, 88 a minisum the teat group should
recelve from the developers (L.e., Ehe scftware
development group and the integratlon test Ueam)
bkoth source and object code, full docunestation
on the software being turned over, a weers’ manual,
and an idemtification of all known deficiencies
that the test group should mot bother to test in
that particular relesse of the sofeware. In addi-
tion, the tesat group should cobtain meveral test
caees recently rum by the integration test team.
Thease test cases should ke re-run te gain some
direct experience with the software by operating
it under known, proven test conditiens amd to
ales verify that the software beleg turned over ie
the sgame as that used by the developers in their
testing. This is a gued check, since the software
will be placed under formal configuration control
at the tine it i8 turned over for wvalldation
testing. At turncver, when the scftware and itm
docunentation go under formal configuration con-
trol, the teat procedures do also.

The fundamental premise of wvalidation testing
is that the software i being tested against an
eatablicghed set of requirements — a baseldrn. which
is fiwed well in advance of the start of tosting
and which bhas been wsed in the generation of vali-
dation test plans and procedures. IF the require-
ments bageling i mot fixed and is changing before
amd during walidation testing, the best program
is in trouble pince the testers will not know what
they're testing against or even when they arte
finished. The problem im ewven forther compounded
by developers turnimg over updated software to
patisfy the changing requirements. The entire
question of how much re-testing of moftware is
mecessary as a result of the changing reguirements
and updated software results in a test program
which is completed "by definition" on the day that
the schedule requires testing to be completed.
This iz often summarized by test people in the
following way — "Testing against & set of require=
ments is like valking on water — it helps when it
is frozem,”

Good configuration mapagementc practices (Ref-
erence 6, Section I) are also required if the test
program i8 to be successful. The test group has
to know which version of the software it should
be using in the latest tests, which previously-
discovered errors have already baen corrected and
are contained in the updaced weraion of the seft-
ware, and the particulars of these changes as
described dn the software documentacion so that
any necessary changes to the teat procedurss can
be submitted o the Configuration Control Board
for approval. With peor configuracion management
in a vest program, seoner or later all test groups
will wind up testipg a slightly different wersion
of the software. It will also be chis way at
the finigh of the testing with no individual ver-
glon fully satisfying all of the requiressnts.

The reader has probably deduced by this time
that validation testing is Indeed something



different from testing dene by the software
develepers. It is conducted acecording te an
agreed to and controlled set of test procedures,
and its purpose is to prove that the software does
meet or exceed its requirements. It demonstrates
that the software does have the required accuracy,
that ite response times to laput stimull are
satisfactory, that the data processing systen
interfaces with the éxternal environment are cor-
rect, and that the capacity to handle the specific
data processing load is Iinherent in the operation
of the software. It is a serles of tests designed
to thoroughly test all capabilities of the soft-
ware against the requirements specification in
order to determine that the software is ready to
be used by the custemeér. It is the last sctivity
of the company developing the softwars bafore
acceptance testing.

It is important to call attemtion to the phrase
“walldation test procedures.” These procedures
contain & definicive set of tests which have been
propoged by the teat group to the customer and
which, when approved by the customer, constitute
the entire set of tests which must be succesafully
completed in order to prove that the software does
meat its requirements. The negotiation and agree-
mant gives the customer the opportunity to see
that tests he would like to have run are included
in the test program, and it provides the test group
with & situation in which they do not “stop the
test program when the program budget is expended.”
They stop when they hiave completed all of the
approved tests and do not have to worry ahout
alwvays having t6 run another customer-dictated
tast. This not only gets the customer involved
in the test program, it also forces the teat group
to really think about what they are doing since
their propoeed series of tests is golng to be
thoroughly reviewed by the customer and, when
approved, "locked In concrete” by the Configuration
Control Beoard. It is the complete 1ist of Eests
which the testers propose to do for the budget
which has been allscated to thes and, conseguently,
represénts their cosmmitment to both the Project
Mapager and his customer.

Finally, at the conclusion of any test it is
necessary that the test group prepare a test data
package for esch tesgt. The test data package which
contalns the coaplete tecord of each teat should
inelude an ldentification of the version of the
software invelved, a copy of the test procedure
used to conduct the test, the test results, and
the analysis performed on the test data. The pur-
pose of the test data package is not only te pro-
wide historical results of the test but also to
provide the fnformation needed to re-run a cest
at apme future time. The actual software for
re-running a4 test would, of course, be provided
by the Conflguration Management activity of the
praject.

9, Acceptance Ttlil‘.lg

The acceptance test phase is inieiated at che
completion of validation testing. The acceptance
tart plan was reviewed at PDR and most likely
raviewed agaim at the Detailed (or Critical) Design
Bevigw amd then approved by the customer. The
plan defipes all of the teste that must be success-
fully completed before the customer will formally
accept the softwars and {its documentation. As &
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genetal fule the acceptance tests are a subset

of the validation tests and, if all of the latter
tests have been successfully completed, no trouble
should be experienced during acceptamce testing.

Prior to the start of acceptance testing it is
nacessary to make cercain that all modifications
to the software have been incorporated, that all
falled tests (those in which errors were uncovered)
have been successfully re-run, and that the design
documentation has been updated (at lease in draft
form) for sach modification made to the software.
This will allow scceptance testing to start with
evérything in order and correspondence and will
minimize the confusiom over whether the software
or documentation 18 correct in the event some
ancmalouvs hehavior is discovered.

Eince all of ethe tests which are being run
during this phase hawe already been successfully
exécuted, one wonders how any errors at all will
be uncovered daring this phase. The response to
this question L3, of course, that the software
is not error free and that a detailled examination
of the test data by & new group of peocple, in
this case the customer and his techmical support
persemnel, will inevictably find things which were
not obvious or were overlooked during valldation
tegting. This is particularly true when future
upers of the software are members of the customer's
acceprance test team. They are well aware of the
real oparational environment and are extremely
intergated apd helpful im deternining that the
software systen meets its requirements. At the
completion of acceptamce testing, the software is
formally released to and accepted by the customer.

10. Summary and Comclusions

IE all of the above material on testing were
e be summarized succinctly, the somsary would
comey teo Ildess. Filrst, it 18 secessary that
testing be consldered early im the development
phage If the test program is to be successful amd
not cost "an arm and a leg” later em. Secomnd,
the software required to support & test program
is non~trivial and must be considered from a cost
and schedule viewpoint when initially planning
the entire software development program. Failure
e do both results in a test program which will
inevitably produce inadequately-tested software
or & teat program which will end when the budget
fund out or, more probably, a test program that
is adequate but which is sccomplished by schedule
and attendant cost overruns. There is considerabls
leverage on test dollars expended rarly in the
development phase, and a good nanager will cer-
cainly take advantage of this.
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