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FCEMD

This Technical Report was written to be one of a series of suc.-h
reports that will be incorporated into a Computer Program Management
Hancihok. As such, this report is directly applicable for use byIj Electronic Systems Division system progam managers in the a--quisi-
tion of cc•mputer program configuration items.

Supplemental guidance concerning computer program testing may be
fcL.n in AFR 80-14, Test and Evaluation of Systems. Subsystems, ani
Eruipment. and AFSC Design Handbook R 4-2, Electronic System Test
and Dvaluation.

Since this report was written, Capt. Trainor has been reassigLe&
to the Air Force Avionics Laboratory, Wright-Patterson Air Force Base,
Ohio.

This technical report has beer- reviewed anrd is approved.

CARINME PINTO, Chief
Tech Rqmts & Stds Office
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proceduresfreports. The concepts of informsJ versus formal testing
are introduced, a.ich lead to the subjects of preliinary d fo&al
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SECTION I

INERDOUCTION

1. General. Testing pe:formed as an integral plzt of the acquisition
process is governed by AFF 80-1 sand is a.dreesee in this document as
Development Test and eN-aluation (DU&E), and 'Ž,raational Test and Evalua-
tion (OT&E). The purpose of -he total test erforz is to verify the rerfor-
mance requirements and ccopliance with specifiecA- .onfL of c onfiguration
items, subsystems, and the total, integrated s st~m.

2. Development Test and Evaluation. The ME effort is divided into
the two areas of CI/Subsystem Test and System Test. Tue functions of
eacn of the two areas of ID&E are given below.

a. CI/Subsystes Test. The CI/Subsystem t.esting effc-t consists of
the develcpment testing and evaluation of the individual configuration
items (CIs), subsystems and, in certain cazes, the complct s bystem. The
Air Force ac-Ively partictipres in, evalua..-e, aLd control. the CI/Sub-
system tesL!ng; however, the tests are conducted predominantly by the
contractor who is under Air Force Systems Cnrand (MP-C) c iection and
control.

(I) The overall objective of the CI/Subsystem e 'fort is the
qualification of all CIs and subsystems or segments, thereL)y preparing
each element of the system for the subsequenr Syz-.:= test arogram. The
total objective is fulfilled by the following subordinate accomplisb-
ments:

(a) &WineerIng test and evaluation necesEsary to the
development Df an aecceptable design.

(b) Preliminary qualification Testing (PQi) to confirm
the functional integrity of mission critical functions.

(c) Formal ;-zalification Testing (NQT) of each CI, or
group, to both environment and functional performance requirements.

(d) Reliability test and analysis which confirm reli-
ability goe2 s and defines potential problems.

(e) Integration of hardware, computer programs, and
personnel subsystems.

(f) QualificaLion of system segments or st'bsystei as
specified ir, performance requirements.

(1) Government co;trol of the CI/Subsystem test program is
established primarily through provisions of the contract and require-
ments of th: specificatior.ns. Although gover-mert personn 1 wili
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normally not conduct any CI/Subsystem testing, it is intended that the
SFO will designate government representatives, on site, to perform as
monitors to determine the test progresa, adherence to test procedures,
validity of collected data, and performance of the equipment and com-
puter progrms. Normally, all Computer Program Configural ion Item
(CPCI) testing will be conducted as an integral part of tU s Cl/Sub-
system effort.

b. System Test. The System testing effort consists of testi.ng arIcŽ
evaluation spanning the integration of subsystems into a complete syst•.-!,
and development tests of the completed system in as near icm operational
configuration and environment as practicable. System testing is an Air
Force effort with contractor participation, under APSC direction anJ
control, and with active operating and suppcrting comand participation.
Actual test operation and maintenance should be performed by military
peraranel wh) have received formal system trat'ning.

(1) The objective of System testing is the fon al qualification
of the system specification requirements. Specific object ives of the Sys-
tem test effort are:

(a) Demonstrate that the system can perfo-.x the mission
as specified in Section 3 of the System Specification.

(b) Verify results of CI/Subsystem testinE with Air Force
crews in a live operational environment.

(c) Qualify and/or demonstrate the perforrance of CIs
which requi:-e full system operation for qualification.

(d) Verify the adequacy and compatibility of the main-
tenance and supply support concepts as developed.

(e) Determine the safety characteristics f the system,
and procedures necessary to operate and maintain the syst u.

(f) Provide sufficiently trained personnel for the operat-
ing commands to assume operational evaluation tasks durinr the OT&E phase.

(g) Verify required technical handbooks suid manuals.

3. Operational Test and F.'aluation. The OT&F testing ef.'ort normally
follows System testing an6. completes the testing phase of the Program
Management Plan (PFMP). OT&E tests will oe conducted by tte appropriate
operating comand with technical support by Air Force Sys .ems Comand
and Air Force Logistics Command.
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SECTION II

TEST DOcOMATION

1. Introduction. There are several types of -tA- Udocume i.ation Ur-ich,
collectively, form tne ba"Is for an effective zest program. Broadly,
these can be classed as:

a. Tcst Requiremer.ts, which are Section h of each System% (Type A)/
or CI (Type 3 or C) Specification.

b. Test Plans, which are usually the product of a validation phase
and should reflect the overall planning for Lest and evaluation of the
system or a subsystem.

c. Test Procedures, which are the detailed )roceduri I Information
for conducting each test delineated in the tea,: plans (re:. "b'" above).

d. Tesa Reports, which summarize the results and ana.iysix of each
test condueteed.

2. Test Re •aremer.ts Docu)ents. Section 4, Quality Ass.rance,' of each
y C- A) or CI (T B or C) Specification containt specified con-

tractual re. aire ents for testing of the respective syster or CI. This
specificati -n section shou_ýa depict ýA requirement to test each performance
and design -equirement ccoitained i.. Section - of ;ne spec tfication.
Generally, 3ection 4 of a Type A specification will speci- y requirements
for System Test, and Section 4 of a Type B or C specifica ion will
specify requirements for :I/Subsystem Test.

a. Section 4, Sls•-,-z S~ec-fication. S'ctiox, !, 'QuI "t:•" ,urance,'
zontains the requirementz for the System test program•. T7,ese require-
ments must be relatable to Derformanca/desigpn requirements stated in
Section 3. 7nerefore, Sfction . will norw-lly be limited to system
level test equirements, out will alao Include. requiremenTs for CI/Sub-
system engi:eering tests, qual!'icasions, and reLiability tests which
can be accozplisred only at the system test location(s). The principal
content of Section 4, n-owever, is the specification of Sy) tem test
requirements.

~. ec~(,. 4, CFZI --art ? 3jpc-atl-.r ?esI reau rements are
developed inltially oy tne contractor for incorporation i.•to Section 4
(Quality Assurance) of the Part I specification. Tr7s section should
identify test methods (to the level of detail neccssary tj clearly
estab-.sý% the scope ari Accuracy of the met.hdaa) to be employed in
qualifying -,he CCI agkins all performance d.. oesigi; requirements
specified 11i Section 3 of that C1 apeclficati,:-.. In addition, it should
identif, rc.juirements for governmena-furnishe.s equipment and facilities
to support ;he contractor' 3 computer program zest and evaluation, as weal
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as designate those performance characteristics to be demonstr& ,ed and/or
verified during preliminary qualification tests and demonstrations,
formal qualification testing, and System testing.

(1) Requirementb of Section 4 should be specified to a.e level
of detail which:

(a) Designates verification requirements and methods for
each performance/design requirement identified in Section -. The uethci
of verification to be specified may incluie insaection, review of analyt-
ical data, demonstration tests, and reviev of te. t data.

(b) Clearly establishes the scope and accu'acy of the test
method.

(2) Types of CI/Subsystem tests which may be spec, fied ii,
Section 4 of a CPCI Specification are:

(a) Computer Progra-ming Test and Evaluatior which are
tests conducted primarily to support the design and develcpment process.
They are listed in the specification only when they meet one of the
following criteria:

1. They are intended to be the only so.,-ce of data to
qualify speci.fic requirements in Section 3.

2. They must be accomplished as part of an integrated
test program involving other systems/equipment/programs.

1. They require the use of government-I nmished test
facilities or equipment.

(b) Preliminary Qualification Tests, which tre formal tests
oriented primarily towards verifying portions of the CPCI prior to formal
qualification tests of the integrated CPCI.

(c) Forwl Qualification Tests. which are formal tests
oriented primarily towards testing of the integrated CPCI, using oper-
ationally configured equipment.

(3) The System test requirements to be identified in Section 4
concern those performance/design requirements which canno, be verified
antil System testing. Emphasis should be placed on minimazing these
types of requirements and, if possible, eliminating them -itogether.
This will ensure that the CPCI that ib CI/Subsystem testei has in fact
attained a high degree of confidence. Also, chis will allow the System
test program to proceed with its prime objective, testing of system
level requirements.

(4) An important point to remember is the differentiation

between Section 4 and other testing documents. Section I, by virtue of
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being part of the Part I CFIC Specification, is a contrac .ual document,
and the contractor is required to conduct only those tests that are
called out in that section. Any changes or deviations from these re-
quirements (once baselined) must be approved by the Systemi Program
Office (SPO) through Engineering Change Proposal (ECP) acticas. Thus.
careful attention must be given to ensuring that the testing has bee-n
scoped properly, and the test requireme, tb are complete aaid acceptable.

3. Test Plans/Procedures/Reports. Figure 1 shows a typi .a2 test docu-
mentation '-tree" for a large system. The tree ie constructea from the
list of approved test plan/procedure/report data item descriptions (DIDs)
contained in AFSCM/AFLCM 310-1, Vol II.

a. System Test Plan. The System Test Plan, DID T-10-1, is the
"top document" for the test program which structures and .adifies all
subsequent test plans. Its purpose is to provide an over211 outline
of the total system test program to include planning fact re, objectives,
and scope of all phases of the test program. The system -ontractor pre-
pares the System Test Plan (DID T-101-1), normally for de ivery in the
Conceptual or early Validation Phase. This plan will con a&n basic test
planning information for all phases of the test program a-d cover the
life cycle of the system through the end of the Full Scal Development
Phase. The scope and level of detail of the information As sufficiently
broad and c:mprehensive to provide basic test inputs to t.-e Program
Management 'lan (PHP) and sufficiently detailed to provids the basis
for prepari.,g all subsequent test plani--particularly CI/:•ubsystem
(DID T-102-i and DID T-103-1) and System (DID T-106-2) plans.

(1) The System Test Plan (DID T-101-1) is based .tpon the test
concepts and requirements contained in the Program Manage;.ent Plan (PHP),
the System Specification, and related system engineerina ocumentation.
It covers all aspects of the system, including hardware, .acilities,

computer progrmsa, personnel, and procedural data with re-pect to such
consideration as the foliowing:

(a) Organizational responsibilities for testing.

(b) Basic system test concepts and objectives for CI/Sub-
system, System, Implementation, and Acceptance tests.

(c) Overall system test operations, including test control

requirements and test support requirements.

(d) Test evaluation requirements.

(e) Test reporting requirements

(W) Overall test schedules.

-I -" 1 I I I I "- I ' I I i . ...5
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(2) A primary function of the System 'best Plan (DID T-101-1)
is to guide the contractor's planning, analysis, and sys cem eW6ineer-
ing activities related to the test areas. During the Validation Phase
the contractors expand basic planning and guidance information contained
in the System Test Plan (DID T-1OI-1) and, in effect, replac, it with
the following documents:

(a) CI/Subsystem Test Plan (DID T-102-1 and T-1030-).

(b) Inputs to the System Test Plan (DID T-lit•-2).

(c) Inputs to the Implmntation Test Plan (multisite
systems; DID TlI14-1).

(3) Special problems to be considered concern4ng cr Vputer pro-
grams may iuclude provisions for computing equipment required for -olu-
tractor development and testing of computer programs. The CI-Subs 'ste
test cycle for computer program CIs will normally begin early during
the Full Scale Development Phase; it may have to be initiated using a
prototype computer and peripheral equipment, or in some cases by si=.
lation on existing computers. As development of the CPCI progresses,
testing will encompass progressively expanded groups of r utines, and
will require additional items of computing equipment for realistic test-
ing of functions. Preliminary qualificatiou testS/demonstration will
normally occur at the contractor's plant, or other locatcions of available
equipment. Formal qualification of the computer program CI may require
scheduled time at the System test site for testing those computer pro-
gram functions that depend upon the operationally configured system/
equipment and for which simulation is not adequate. For a multisite
system which requires adaptation of the operational computer program
CI at each site location, the expected sequence of events at each fol-
low-on site will be installation and checkout of equipment at the site
facility, installation testing, adaptation, installation and checkout
of cmquter programs, and implementation testing (See Figure 2).

b. CI/Subsystem Test Plan/Procedures/Reports (Equipment). The CI/
Subsystem Test Plan/Procedures data item, DID T-102-1, is the overall
planning document for the CI/Subsystem test program. It is subordinate
(in the test planning tree) only to the System Test Plan (DID T-1O1-1).
This document should provide complete planning information on each CI/
Subsystem test specified in each of the CI specificatimns on contract--
i.e., System Specification, CI Specification, Critical Component Speci-
fication, Military Specification, and other contractual documents that
include Cl/Subsystem test methods and success criteria. Note that test
planning and procedures Informtion for CI/Subsystem testing of computer
programs should not be included in this document. In the case where the
system involves computer programs, an additional test data item is used
to detail the planning and procedural information for testing of the
computer programs. This document is CI/Subsystem Test Plan/Procedurea
(Computer :rogram), DID T-103-1, which should be referenced in DID T-102-1.

7
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This data item is normally obtaine4 in the Validation Phase as a com-
plete plan and individual test informtion sheets are then updated in
the Full Scale Development phase prior to each test. Test reports are
obtained under DID T-118-1.

c. CI/Subsystem Test Flanzs/Procedures/Report (Computer Programs).
The computer program CI/Subsystem Test Plan/Procedures, DID T-103-1, is
a subordinate and supplementary document to the overall CI/Subsystem
Test Plan/Procedure, DID T-102-1. When the system Involves computer
program and equipments, DID T-l03-1 should be placed on contract
along with DID T-102-1; DID T-102-1 will apply to the CI/Subsystem test-
ing of all equipments and reference DID T-103-1 which will cover the Ci/
Subsystem testing for the computer programs.

(1) The CI/Subsystem Test Plan for computer program is a
contractor-prepared document which establishes criteria, general methods,
responsibilities, and overall planning for CI/Subsystem t,.sting of a
CPC1. Normally, the test planning information is obtained in the Vali-
dation Phase as a complete plan applicable to all computer programs of
the system. Generally, only one plan (and one volum) will be prepared
for a single system or contract--this allows for the presentation of an
integrated test plan which will apply to all computer programs for a
particular system. Exception to this guidance can be obt~ined for the
individual System. Sections of the plan which apply to computer pro-
grams for s~bsystems for which inadequate information exists at tim of
writing of -he plan, can be updated at a later date. Whert this is the
case, the section should be included nonetheless with the remark, "to
be completel later."

(a) The plan should contain detailed inforuattlo concern..
Ing the implementation of preliminary and formal qualificetios tests,
along such lines as the following:

1. Locations at which the tests will be conducted,
and schedules relative to milestones in the overall acquisition schedule.

2. General methods for preparation of input data--
i.e., simulstion and/or generation vehicles to be used.

3. General procedures for test conduct, and respon-
sibilities for test direction, operation, and observation.

_i. General procedures for analysis of test results.

5. Requirements for other computer programs, equip-
ment, and facilities.

6. Perzonnel requirements, including numbers, re-
sponsibilities, and particular knowledge and skills required.

8



(b) The plan may also set forth the requireuents and
procedures for controlling and documenting the CI/Subsystem test
program, including procedures for preparing, reviewing and revising
documentation of specific test procedures; requirements and pro-
cedures for preparing and reviewing reports of individual t,•i1-
cation tests; siumniries of the CI/Subsystem test program or pha~4
thereof; and other reports related to the CI/Subsystem test activity.

(2) The CI/Subsystem Test Procedures are produced ti thu cou-
tractor during the Full Scale Developnt Phase.

(a) For each individual Cl/Subsystem Qualification Test
(PNT or NQT) for a CPCI, the contractor will prepare a CI/Subsystem
Test Procedure in accordance with Section 2 of DID T-103-1. These
procedures are prepared incrementally during the Full Scale Develolment
Phase and submitted prior to the test date of the PQT or FQT to which
they apply. Infomration included in a test procedure includes the
f211---vng:

1. Loc"tion and schedule of the test, oriefings, de-
briefings, and any associated data redact.ton/analysis.

2. References to applicable test plan, specifications,
manuals and handbooks.

•. Detailed objectives of the test.

4. Requirements and responsibilities for console
operators, -est directors, technical consultants, data ana.lysts, or
other essential test personnel.

5. Requirements for other computer programs (other
than the CPCI being tested) or equipment.

6. Test operating procedures to specify how to
initiate the computer program operation, maintain the computer program
operation, and terminate and/or restart the computer program operation.

I. A detailed test description for each test (or
portion of a test) to be performed. This description should include
detailed information on test inputs, outputs, events, expected results,
reactions to be verified, and methods of verification.

8. Requirements and procedures for recording, re-
duction and analysis of test data.

(3) The CI/Subsystem Test Reports for computer program t.-sts
are obtained under DID T-118-1. These are contractor prepared docu-
ments, compiled incrementally during the FNll Scale Development Phase.

9



Generally, one test report (in accordance with DID T-1.18-1) is prepared
for each PQT or FQT conducted.

d. systc% Test Plian/Procedare/Report. DID T-106-2 is the basic
document wtich provides the overall integrated outline of the Syst4M
Test Program. It includes all planning factors, scope, detailed teat
objectives, identification of test areas, responsibilities of partici-
pating agercies, and associated information necessary to implement the
miniimum acceptable performance requirements of the Program Management
Directive (PMD) andor the System Specification. Normally, the con-
tractor will prepare the System Test Plan and Procedur~es -,DID T-106-2)
with the intent being to establish a teat and evaluation progrs. to
ensure that the system/equipmnt/ccmputer program meet the miniimu
acceptable performance requirements of the FW sand System/Cl Specifi-
cations in as realistic and. complete an operational environmet as
practicable. Test R~eports are obtained under DID T-1.20-2.

e. Installat ion Testir-3. Installation Testir~g, normally conducted
after completion of each installation, includes ?.reshaked..vn Tests,
which are 1performed as a cambInation alignment check and rest to assure
that the ir-stallation is properly completed; Shakedown Tests, which awe
performed to assure that all detected mrginal parts and -sterial have
been eliminated and that the instALlation is ready for op-rational
tests; and --_eratiorwa. T ?sts, which are pertorved to demonstrate that
the equipmeem. is properly - nstaliled and is carable of performing its
operatiorial mission. up to a specified int~erface with other portions of
the subsystem/system.

(1) The Inotaliation and Checkout Plan (I&C), D1l) T-112-1, is
initially Irepared by the contractor during the Validaticn Phase and
later exparied to reflect the system engineering and detail design
activity of the Full Scale Developmen'; Rhase * Procedures are prepared
to implewent the plan, based upon assenby levels of covments and
consideration of all interfaces. In general, individual Items are in-
stalled, physically and funictionally checkel out, then me .ed to other
subsystems. This graduate'4. process is applied successivel~y until the
complete system is ready for system tests.

(2) rw plans are reviewed and approved by the SPO and the
procedures aelectively reviewed and approved.

(3' Adaptati.-'n, lasasallation, and checkout (AISC) of the cu-,M
puter program will aormally occur after installation and checkout of
equipment and facilities. Norsally, the work will be accomlished by
the contractor iri acc - riance with the approved plans and procedures
obtained under Dn! T-i-12-... At the System Test Site,* AISC of the com-
puter proge-m may be followed by Formal Qualifica~cion Testing prior to
Initiation of the System Test. Based upon the experience gained at the
System Teal. Site, te ._'ie plan may oe modified an:d updated for use at
each folio'.-on site. AWb of computer programs at follow-on sites will

10



include the same basic activities as for AIC at the System test site
and will oczur in the same general sequence, i .e., follow•ng I&C of the
equipment/facilities, but prior to the start of Ilplementr IoL Tests
(see Figure 2). For computer programs, appendices maý be used to c.•ver
unique adapl~atioia features for each site.

(a) The computer program contractor must identi-y require-
ments for AIC of the computer program at the System test site, and for
maltisite s. stems, mist also include requir.aentz for AI&C at mubseq;ent
site installations. Documenta;ion shuxLI.z tnclude a detailed description
of all aspe:ts of the adaptation, installatlcn and checkoit activities.
Detailed sc..edules should be provided and all support req iireentz
clearly ideztified, including required computer time, reqtirements for
other system equipments such as ccuznication, display co.siles, etc.,
and requirements for trained personnel. Detailed informa-ion should
also be provided concerning the training of personnel for the fleld
locations, scheduled movement of field personnel, local t ansportation,
office space and facilities, and living quarters at re ýt•y located
sites. Procedures should be prepared indicating in detail the exact
manner in which the plan will be implemented.

NOTE: "Ad&atation" refers to the process of inserting into the cmputer
program the coded data which are appropriate to the geogriphy or other
characteris Ics of the given site. "Installation' refers to insertion
of the codea instruction/data into L.ne computing equipmen ; in contrast
with equipment installation, coputer program inzstallatio typical.y
involves relatively insignificant effort or time. The maor task of
AI&U is the checkout activity, which may in some cases in olve assembly
of new elements, compiling, and extensive debuggi•rg, as w-11 as person-
nel training and preliminary rehearsals of FQT procedures.

f. Imlementation Testing. Implementation Testing is a concept which
has been derined to meet the specific requirements of multisite (i.e.,
ground installation, airborne vehicles, space platforms, or tacticas
emplacementz.) electronic systems. The concept Is based cz. experience
which has Ehown that additional testing beyond Iastalati n Testing my
be required at successive operating sites To insure that these sites,
individually and collectively, function as parts of a sysýen in accor-
dance with the requirements of the system performance spezification.
These tests encompass real-time functional testing perfor ed at the
system level with the purpose of exposing faults and proniding a dean-
stration to the user that the installed site is ready for operational
use.

(1V The relation of the System Testing and ImplementatIon Test-
ing should be one of decreasing complexity and sophistication. To the
extent thal. system performance requirements set forth in the system
specificat: •n have been demonstrated by System testing, a complete re-
petition o- the effort for each follow-on system is not warranted.

Rather, Sp. ific functional performance measures which acequately define
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system response are identified at an i:,1ly point in tim, and the actual
vle for such perforuance measures (figure•s of merit) are determined
during System testing. These figures of me-rit ar-e used d•.'3Ile-

mentation T.sting as the criteria by which to gauge funct, .&! . oeq-uacy
of the system. In general, Implementation Tes.- szc.L:1 n7t attempt ts
duplicate the corehensive testing accomplished -luring Sfstem testing.

(2) To insure operational validity, zhe user as we!- a&& the
syste= designer anst participate in Impleme.tat ou Test piaraing. The
user is interested in L test that "4.11 -ove: tecU,1t7al incimpatbiblities
or functional and operational deficiencies. 1Thus, t.-e iazner in hiLcn
the system is to be employed is a vital factor in tesat pisnang.

(3) The Implementation Test Plan and Procedures aec c•cztracUtr-
prepared documents obtained under DID T-114.-1. The Implementatioc Test
Plan defines the overall scope of zhe ipleentatio- tt-str, the obhez.-
tives, mthads, and support requirements for -- e cono±. -.f this phae
of testin~g. The Imp1ezntatioa Teest ?rocecures %one se-, ~f ;.. ocedures
for each test conducted) outline a s-tep-by-step set of instruzT•ions and
criteria for each test specified in -be plan. Test resul: s are reported
under DID T-119-1.

(t') The ccoputer program contractor(s) prep -re I ýuts to the
Implementation Test Plan/Procedures zch- tne saee as for .he S-stem
Test Plan/Procedures. Since ipie=enation Les;.1r.g I's at t.e system
level, emphais will be pilaed on tnose as-ecis Df the cnpuýter pro&a-
performance which depend upocn copiex inierncirts virz- other CWIa,
personnel, -quiwmet, and data links during operation of the entire
system.

(a) Special emphAsis will be given t. those po.itiona of
the CPC:s (generally t.e operational C-CI) which vary frcm site-to-site,
i.e., envireimental data ;.-aues, special adsptattlln parameters, unique-
to-site interfaces, and site-peculiar proren routi•es.

(b) Inputs to the Iapemenration Test Flan relative to
coputer proram should be similar to the inputs to the Sysuez Test
Plan (DID T-106-2). In general, they should emphasize those azpects of
system performance which are closely associated with or dependent upon
performance of the CR3I(a). Frequently, %he inputs may represent a
selected subset of the System Test Plan (DID T-l-2) inputs.

4. Section 4. CFCI.Fvxt :T Specification. ,ior-nally, Section c,& a CI
Part TI Specification will contain quality asesurance provisions and
acceptance test requirements for follow-or. production items. However,
unlike equipment items, toere is no follow--on production process for a
computer program item; thus, the concept of acceptance tests fcr pro-
duction itema will not anppy to a CPCI. Instead, Eectioa j of a CFCI
Part II Specification should contain two subsections:
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a. Test Flan/PFrocedure Cross Reference Iaex. This subsection
should ccmntin a cross-reference diagram depicting each func ion (as
delineated in the CFCI Part I Specification) and relating thesa; fxic-
tions to the corresponding test plan/procedures that were used to
qualify the indivsdua.l requiremets of the CPCI.

b. Otner Quality Assurance Pro-visions. This subsection -. ouid
reference and/or s•ecify the test/verification rez.UlremeLzs, me.nods,
and procedures which apply to preparation and duplic-tion ot the coro-
Nuter proga (i.e., tapes, card decks, etc.).
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SECTION IlI

COMPilER PROGRAM CI/SUBSYS6rE TESTING

1. Introduction. The CI/Subsystec testing of CPCIs serves a fourfcid
purpose:

a. To est-tblish each CF.I as a cualified end item suitable for entry
into the System Test Program. This qualification is accomplished by
verifying the performance and design requir-menas of Zhe CPC1 Part I
Specification.

b. To .urnIsh the procurLng agency with the pr-ter visibility re-
quired for effective management of tbh system. This is ai-compliabed
through ju4ici.ous sc heduliri of KTs. thus establi-shing mileStone3 whicih
will provide Insight intc the ;i-OCrB.cs of the 77CI design and deva2.oo-
ment. If problems are encountered in the computer program area, early
detection can be made and more effe.-tlve management and engineeri!g• caa
be focused on these potential problem areas.

c. To serve as a standard or "straw man" abo•t which 'he contractor
can develop his internal verification procedures.

d. To devrelop a carmrenens.e test (called FQT) which can be utili2ed
nfter FCA as an tgcir , test t..olpr-zcedure f.,r retesting the CFCI. FT
is not only used for ?ormal verification prior to F.A but will be con-
tinuously updat•-i and use3 tc. reteett the C?.I "'Thenover c-hanrzes are made
to the ;ogran.

2. Types of CI/Subsystem CPCI Testing. Cr/Subsystem testing of CCi~s
can be broadly divided int- two types--info-ria1 testing and form&! test-
ing. The basic d/ffDr-ne betwPe there 't -er rtear% f?-•. the documern-
tation req'uirements; !r_'f~c t - . he co-.zrLotor s iaternal
teat dnurert~tiz,-.,. ... d frrr. i-, . . t-Tting is conducted
in accordance -4th Atz Force npproved tost plans and procedures.

a.. J~zm. . /*;t. -,--. fn(referred to as
Co.nuter P=w,-r -tn F-ni vRluti.at'n. v'* .. ill usually form the bulk
of the coGtractOr's ZI/ chsyetcsz test "ffort. It is designed to be the
contractcr's "in-hou&e" testing and requires no zovernment appro;ed test
plans/-ro'eiurs .. ener--.Iy. tbe entire. 1-iafon t'i t effo3t iiUl be
documente~d ir.trrnp.L.j by r -r~rtrnrc-., -z-at,~ will be
made svailabie -t-'v- 'rzin- enc[" .-n: ,ce-a-, lm.nial testing
begins when t f'ir firt rFi-as s -i'" r.i'd cirt.':e- ";hr.,ughrrit the
PU Scale Development Fhase.

(1) inforwmki tesain; r.',i,-,', r t.hr.-e ie,,eir far a steri-by-
step Yalidatm. 0of the CF-C-L
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(a) Subprogram level (parameter tests)

(b) Functioi-al lievel (assembly tests)

(c) CPCI level (assembly tests)

(2) Parameter tents are tests of the information processiag
logic of the individaai. CFCs. Sets of in ruts are prepareci which caxuie
all the logic paths to be exercised. The resulta:,t outputls are clie,ýea
against handi calculations which show whether the CPC has been coded~
correctly.

(3) Assembly .,Lt are tests of groups of CPCs w.:ich perform
a function of the CPCI, or In later stages, many or all. o: the func-
tions of the CFCI. Interfaces between the CPCa as well as overa-ll
information processing are tested. Sinala ted inputs to t .e CPCI are
used, and the CPCI is operarea. in real-time or simulated eal-time
mode.

()The informal Test activities are conducted solely for the
purpose of providing information required for the developmenta2. process.
As such, they do not require recognition by the procuring agency and
wouald not n-rmal.ly be identifiel. in the CI/Subsystem Test Plan. The
planning anc. conduct of informal testing is carried out I-. accordance
with the cc:.tractor' s internal mar-agement. procedures, and within the
time constrftinzs iinposc -_ oy formally scher-uled reviews arn-. qualification
testing. FLach CPC or £zub;ýrogJr&' must pass. th.-ougb a seri'-s of stages
and iterations, consistinE of such operations as desk che :king; elimi-
nation of illegal instruct~.ons, parameter tests, function i.3 testing with
controlled data inputs, v.ssenbly with additional coaponer .s of the CPCI,
assembly testwing, perfo.ý-n'ancet testing with si -11ated inpu ;s and, finally,
performance testing in the system under conditions of live operations.

(5) 7he C!/Sv~sys~ez 'Zeat ?Kan will not generally include plan-
ning infors..ition for zz:ntractor testing which is conducted as an integral
part of the design aia. development process. However, the plan will
typically aetail The -olitractor' s requirements for govern.aent facilitiets
and other support requ~irea for conducting the tests. These will include
requirements for computing and peripheral equipment whickh mist be fur-
nished or otherwise msa.e ava±3.ab-.e for the contractor's use on an ap-
propriate schedule duriDS :;he ALI! Scale Development Phase. Where
formal qualification of t"ne CIFCI Is scheduled to occur at the System
test site, it will- normally be preceded by a phase of cor.tractor test
and evaluation assoclate. .iith adaptation, Installation, and checkout
of the CPCI(s) at the sit'-: The CI/Subsystem Test Plan ý.hould include
(or reference other plarznitg doc-uments which include) requiremnts for
scheduled -.;se of the facility, system equipment, other computer program
CIs, personnel, and other items needed to support the conduct of these
contractor tests.



b. Formal Testing. CI/Subsystem formal testing is ".h,%t portion of
CI/Subsystem testing which is conducted in accordance witb Air Force
approved test plans/procedures. Thus, the Air Force has explicit con-
trol of the type, number, and frequency of tests to be performed.

(1) The CI/Subsystem formal test effort is divided .nto tvwo
distinct types of testing--Prelim1nar- Qualification Testing 'PI'') and
Formal Qualification Testing (FQT). PQT is designed to be an incre-
mental process which will provide the procuring agency prope.r vlsibllity
and control of the computer program development durirg the 'Lim period
between the Critical Design Review (CM) and FQT. Ni is designed to be
a complete and comprehensive test of the CPCI in a "one step" fashion
just prior to FCA.

(a) Preliminary Qualification Testing (•QT) 1k composed
of function level tests (assembly tests) which are conduc ed in ar-oro-
dance with Air Force approved test plans/procedures procu.,ed under
DID T-103-1. PQT is to be an incremental process whicn occurs be-waer
CDR and FQT of a CPCI's development process. For each function (of the
Part I CPCI Specification) which is desigrated for testing during PWT,
a separate test procedure i written and a formas test conducted. Wote
that, generally, not all functions of a CPCI bare tested durtrA Pqf since
experience nas proven that it is both too costly and too time.-consmaing.
Instead, on-Ly designated fuzctions of the CPCI are tested during PMT;
thus, the problem becomes oae of the selection of those ftunctlons which
should undergo PQT. Selection of these functionE should "Ie based on
the following:

1. A PQT should be conducted for e=•h 'ur.ction that
is "time-critical" to the cevelopment of 'the CPCI, subsystem, or system.
For example, the compiler function of a utIlity CPCI may be designated
"time-critical" if the development of the remaining computer programs
depend on the timely development of a cc-piler to be used for compiling
the other programs. The development of" the executi7e function of an
operational CPCI may also be designated 'tium-critical" since the
orderly progression from parameter testirm co assembly testing of the
operationsl CPCI would require the timely development of the executive
function.

2. A PN' shr-uld be conducted for each fiunctic¢ Uast
is "performance-critical to the development of the CPcI, subsystem, or
system. For example, the executive function coule be designated "per-
formance-critical" as well as "time-critical due to the utilization of
various exotic scheduling techniques. As another example, the tracking
function of a CPCI fox an or.-line radar system mighft be designated "per-
formance-critical" due ., ze utilization of rew tracking, smoothing,
and filtering techniques.

(b) PrelimirLry Qualification 'ests (PQTs) should norwally
be conducted at a contractor's development facility (i.e., contractor's
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plant or other location of available equipment), typicall., using ccn-
trolled inputs specifically prepared for the test/demonstration purpose.
The Test Plan should outline the sequence of individual and/or assembled
CPC tests, identify the CPCI performiace/fesign requirements to be veri-
fled at each PQT, and identify specal siumulatioi./recording equipment
or other support requirements for the PNT program. Each Test Procedures
document shculd be completed by the contractor and submitted to the
monitoring %gency sufficiently in advance of the schedule(! test session
(i.e., two to four weeks) to permit revied and analysis tf the procedures
prior to witnessing the sesting operations. The format nd content of a
typical Test Procedures document are specified in DID T-L03-1.

(c) Formal Qualification Testing (FQT), unlike informal
testing and .NT, is not an incremental process. FQT is designed to be
an integrated and comprehensive functional test of the CPCI as a whole,
and usually is conducted in one continuous time period just prior to
FCA. Each function of the CPCI (as delineated in the CPCI Part I Spec.-
fication) is tested during FQT, regardless of the amount of informal
testing and PNT conducted previously. Since PT is conducted during
the on-goinz design process, the PNT test procedures becCze obsolete
within a fe. weeks after the PNT tests. In contrast, since FNT is con-
ducted after the design process culminates (Just prior to FCA), the FT
test procederes can be maintained mnd updated and used tk-oughout the
remainder of the Full Scale Develonment and Deployment Phases. Thus,
each time a change is implemented in a CPCI, the FNT prr ýdures can be
used as a test tool to retest the CPCI and ensure that it still functions
in accordance with the furctional requirements set forth In the Part I
Specification.

I. For -he less complex CPCIs, or for those (i.e.,
utility) whlch are relai .ely insensitive to the system o§'erations,
formal qualification will usually be conducted at the contractor's
development facility. However, for a large operational CMCI, the sheer
complexity of the performance requirements may dictate that FNT can- only
be conducted in the contexL of tbe operationally-configured system, in-
cluding personnel ard cocRnurticatonsr. Hence, for these cases, FqT any
often not !;,- conducted at the contractor's plant (development rfaility),
but may require u-e of the System test site prior to the baginning of
System testing.

2. In t-e event that a cor:o3lex operational CPCI is
scheduled for formal qu-.lirication at the System test site, scheduling
of the AFT will normally be prior to the start. of formal System test-
ing, but following a perlod of contractor adaptation, installaticn, and
ch.eckout ol" the CCI in. :.e previously installed and tested operational
equipment/facii-ties.

In either case, MT wi1 Involve the use of sim-
ulated and controli:ýi i.nr-ts which can be designed to cover the expected
ranges of variables, syo'tem operational modes and conditions, including



capacities and limits. Full qualification of certain fuxictions may
depend upor. subsequent System testing with live inputs and conani-
cations.

4. The procedures for Formal QualificaJion Tests
(ref DID T-103-1) will be in the same format r-s the PQT procedures
prepared during design and deelopment. However, these procedures will
emphasize verifying that all functional requireme..ts are met, based on
the demonstrated performance using the complete CPCI. Since the FMI
procedures require approval by the monitoring agency, they should be
submitted initially in preliminary form. Review and analysis may result
in proposed changes which must be reso.1ved and reflected in revised
preparations for the testing activity. Hence, the preliminary document
should be completed in sufficient time (i.e., three months prior to
scheduled NQT) for tnic potentially lengthy process to be .c~complished.

3. Levels of CI/Subsystem CPCI Testing. As mentioned eaxiier, testing
of a CPCI is required at three levels: subprogram level, functional
level, aed CPCI level. Regardless of the type of testing to be per-
formed (i.e., informal versus formal testing), these three levels apply
equally to each. This relationship is portrayed in Figvre 3.

a. Subprogram Testing. Subprogram testing, sometimes called para-
meter testing, is directed toward ensuring that each subprogram (CPC or
lesser entity) interprets its inputs correctly, successfully performs
all tasks defined in the subprogram coding specifications, and adheres
to preascribel coding conventions and standards. Subprogram testing is
the most det-Aled and basic testing that is performed upon computer
programs. Since concentration is on testing basic, easily managed units
of code, the detection, isolation and correction of errors that are
exceedingly difficult to detect, isolate and correct in la*er phases of
testi.-g is greatly facilitated. Therefore, detailed attention nust be
given to the specification of rigid test requirefents sc that errors
are not overlooked that will later cause unnecessary testing and analysis.
3ach subprogram should be specifically tested for arithmetic and logical
accuracy and limitations, usually without . equiring communication with
related subprograms or external equipment. Subprogram testing ccomences
following the development of a set of coded instructions that have been
subjected to detailed visual verification (code checking) by the respon-
sible progranners, and automatic code analysis by the applicable ccmpiler
and/or assembler to eliminate errors in keypunching, formatting of code,
etc. In addition, a thoroui.h technical review of the subprogram should
be conducted by contractor personnel to ensure That violations of cod-
ing conventions and rtandards have been corrected prior to on-computer
testing. The subprre -. is then operated with a range of data that
forces use of all decision points and processing paths. The test re-
sults are analyzed to deterrmine whether the derived results are con-
sistent with the input data, the results expected from the selected
input parameters, and tne rperation of the subprogram as defined in mod-
ing specifications.
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b. Functional Area TestipA. Functional area testing, sometimes
referred to as string or assembly testing, is directed to', srd ensuring
that selected sets of functionally related subprograms interpret all
inputs correctly, successfully perform all processing tasks specified
in performance specifications, and generate output data that satisfies
the input requirements of other interfacing functional areas or equip-
ments. Functinal area testing is an extension of subprogram testing
with emphasis leing placed on inter-program communications and pro-
cessing of data within a defined grouping of subprograms or components.
Subprogram testing, on the other hand, concentrates cn intra-progrem
comnications and data processing. Examples of functional areas are
radar inputs processing and correlation, data link inputs processing,
and weapons guidance. Each functional area is composed of one or more
subprogram that must accept as inputs otber functional area outputs,
or inputs received via the operating hardware, and process them in
accordance with functional performance specifications. It must also
prepare data for use by other sets of functionally relates subprogram
as specified in detailed coding specifications. In some cases, (i.e.,
tape read), functional area testing may be the first phase of testing
performed. This will most often occur when subprogram testing requires
the excessively expensive simulation of interfacing hardware.

(1) Functional area testing is usually the first point at which
interactions with a control] subprogram are examined. Idel.1ly, the ex-
ecutive or control function is tne first to enter the funk-tional area
test phase, since the other functions can be more conveniently tested
with it. In actual practice, however, the control functi•n may not be
available or far enough along in development for this purpose. In this
event, other methods for control may be utilized. Although many func-
tional areas are usually being tested at the same time, tne scope of
testing gradually increases through higher and higher levels of assembly
as functiors; become verified until the computer program is ready to
undergo CPCI testing. tn Dractice then, functional area testing begins
as "high-level." subprogram testing and phases out as "low-level" CPCI
testing.

(2) Throughout this phase of testing, the performance of the
computer program is checked against that specified in performance re-
quirements decisions and limits that result from an intezf ace between
subprogram. Therefore, conditions that are of consequence to only one
subprogram, such as proper exits in subroutine decision paths, are
better tested in the subprogram test phase when the problems of defining
and establishing the proper test situations are not so complex. In ad-
dition to differences in levels of concentration, functional area test-
Ing examines interactions be .,een all functionally related components
while CPCI testing concentrates on interactions between functions. Also,
internally stored inputs ti .t are provided to the subprograms during
the functional area test .,aase usually result from the insertion of test
data by a t.est input tool. CPCI testing, on the other hund, uses C1
level inpu.s that are provided either by other CPCIs, or by system In-
put data generators.
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c. CFCI Testing. CPCI testing is directed toward ensuring that the
total package of computer prgram ccmponezs that comprise the CPCI
correctly interprets all input message types and values, accepting
those that are legal and properly disposing of all others; properly
processes all internally stored dsta; and correctly formats, arranges,
and outputs all required system data. Thus, CFCI testing verifies that
the CF:s operating as the CFCI fulfill the requirements of performance
specifications. Whereas subprogram testing concentrates on verifying
the correct operation of individual computer program components, and
functional area testing emphasizes inter-program comonications vithi.n
separable functional areas, CPCI testing concentrates on verifying that
the complete set of computer program functional areas correctly intrr-
acts vith each other. Therefore, CPCI testing must be accoplished
after functional area testing and prior to, or in parallel with, test-
ing with other Cls. CFCI testing can be conducted at either the con-
tractor's in-plant test facility or an installation facil-Ay (either
operationally employed or a nonoperational test site). During the
initial stages of CPCI testing, the bulk of the testing ia conducted
in-house using simulated inputs. This provides a high degree of con-
fidence prior to the release of a CI to a site location. During the
later stages of CPCI testing, eipasis shifts from the testing of func-
tional comunication to verification of overall CPCI performance in an
operational (or very nearly so) environment.
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